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Oner KPACHOB

HeobxoaumbiM ycrioBrem BHeAPEHVIS TSXKeoBec-
HOIo [ABWXKEHVISI Ha XeJIe3HbIX J0porax Mvpa siBisieTcs
KOMIIEKCHas1 OLeHKa ero apekTBHOCTY, BKITOYAIO-
Ljasi uccnenoBaHne B/IVSIHUS MOBbILLEHHbIX OCEBbIX
Harpy30K Ha Aerpagaumio 3/1eMEHTOB BEPXHEro CTpoe-
HUIS MTyTU, AeOPMaLIMIOHHBIE NapaMeTPbl 6a1aCTHOrO
CJ10S1 VI HUXKHEO CTPOEHUISI IyTV Y MEPOMPUSITUL 110 CO-
OTBETCTBYIOLLEMY YCUIIEHUIO XEIE3HOLOPOXHOUN UH-
¢pacTpykTypbl. He06Xx041MO A0CTaTO4YHO TOYHO YYUTbI-
BaTb CU/I0Bble (aKTOPbI, BO3AENCTBYIOLLME HA 1YTb CO
CTOPOHbI Pa3HbIX TUIMOB MOABVXXHOO COCTaBa C Pas/iny-
HOV OceBOWi Harpy3kon. PacripeneneHve cuioBbiX
aKTopOoB /151 KOHKPETHOIO Y4aCTKa Xe1e3HOLOPOXHO-
ro nyTv IBISIeTCS MHOI0(akTOPHBIM MPOLIECCOM, KOJN-
4eCTBEHHbIE MapameTPbl KOTOPOIro 3aBUCSIT OT CTPYKTY-
bl 10€340r0TOKa, THINa rnoABUXKXHOIo COCTaBa 1 ero 4osm
B CYTOYHOM rnakeTe rnoe3Ao0B, MPOXOASILLEM 10 AaHHOMY
yHacTKy, yCTaHOBJIEHHOV CKOPOCTU ABVXXEHWS, MPOpuIs
nyTv (npsimasi, KpuBasi), TEXHUYECKOro COCTOSIHUS MO-
JIBUXKHOIO cocTaBa v 3/IEMEHTOB BEPXHEIO CTPOEHUS
nyTu.
Llenbio paboTsl siBunack paspabotka MeToanku
orpeaeneHVIss UHTErPasibHOro 3aKoHa pPacrpeaeeHus

BOINPOCHI TEGRU

MeTopouka onpepeneHus
WHTerpasbHOro pacnpeaeneHna cun,
OEeNCTBYIOLMUX HA NYTb

Kpacnoe Ouaee Iennadvesun — Hayuno-uccaedosamenvciuil u KOHCMPYKmMopeKo-
mexHoA02UMecKull uncmumym noodgudicrhozo cocmasa (AO «BHUKTH»), Koromua,

BEPTUKasIbHbIX M BOKOBbIX CWJI, BO3AEHCTBYIOLMX Ha
nyTb OT KOJIEC pa3HOro tuna roABUXHOIro cocrasa
B 3@BVICUMOCTY OT €ro 401 B CyTOYHOM rakeTe rnoes-
0roToka. VIcriosnib30Bainck METOAbI MaTeEMaTUYECKOU
CTaTUCTUKU.

B nipouecce akcriepyuMeHTasibHbIX UCCEA0BaHNN
BO34EVICTBUI Pa3Horo Turna noaBMXHOro cocrasa
orpenesneHbl CTaTuCTUYECKMe PacrpeneeHns BepTu-
KaJibHbIX Y GOKOBbIX CyJT. [MCTOrpamMMbl BEPTUKATbHBIX
1 GOKOBBbIX CWJ1 AMMPOKCUMUPOBAHbI TEOPETUHECKUMU
3akoHamu. [nsi NoATBEPXAEHUS] CrpaBeaimBoCTv
BbIGPaHHbIX PYHKLMIA arrpOKCUMAaLIMA UCI0/Ib30BasICs
KpuTepwmii cornacoBaHusi Konmoroposa—CmMupHoBa.
s cMmeLLuaHHOro ABVXEHUS Ha Xene3HbIX 4oporax
paspaboTaHa MeToavika, Mo3BOJISIOLLAs Y4UTbIBATh
BKJ1a[3 IOV K&XK0rro Turna rnoaBvXHOro coctaBa B CU-
JI0BOE BO3AEVCTBUE HA IMyTb MPU PACYETE CYMMapPHOro
Boaaevictaus. Metoauka 6a3upyeTcs Ha PeasibHbIX,
SKCMIEPUMEHTAsIbHO YCTaHOB/IEHHbIX PACTPEAETEHMNSIX
C Y4ETOM CE30HHOCTU (31Uma, J1eT0) BEPTUKAIIbHbIX
1 GOKOBbIX CWJI, CKOPOCTY [BVIXXEHUS MO paccmMartpu-
BaeMoMy y4acTKy yTh U MOXET MUCMOJIb30BarbCs Ha
yyacTkax, rae BHEAPSIETCs TSHKESI0BECHOE ABUXKEHME.

KnioyeBblie cnoBa: xenesHasi 4opora, TsSXeJI0BeCHOe ABUXeHWe, NoaABUXHOV COCTaB, MoBbILLIEHHbIE
0CEeBbIe Harpy3Kku, BepTrKasbHble M 6OKOBbIE CUJIbI, 32aKOH PACrpeaeneHusl, Bo3AercTaue, rnyTb.

*ndopmaums 06 aBTope:

vnikti@ptl-kolomna.ru.

12.08.2019.

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

KpacHoB Oner leHHagbeBUY — KAaHOVAAT TEXHNYECKMX HAYK, 3aBEAYIOLLMIA OTAEN0OM NyTH
1 cneumanbHOro NoABMXHOIo CoOCcTaBa akLMOHePHOro obLecTBa «<Hay4yHo-1uccnenoBaTenbCKuii
1 KOHCTPYKTOPCKO-TEXHOOMMHYECKUIA MHCTUTYT NOABUXHOro coctasa» (AO «BHUKTW»), KonomHa, Poccus,

CrtaTbsa noctynuna B pegakumio 25.04.2019, aktyanmanposaHna 29.07.2019, npuHaTa k nyéavkaumm

Pa6oTa BbinonHeHa no npoekty PO®U 17-20-01-088/17.
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BBEOEHUE

BHeapeHue TSAKEIOBECHOTO IBUXEHMUS
y3K€ MHOTHE IOJibl HAXOJIUTCS B LICHTPE BHU-
MaHMSI XeJIe3HbIX TOPOT MUpa B KauyecTBe
OJIHOTO M3 MHCTPYMEHTOB IMOBBILICHUS (-
(DEeKTUBHOCTH TPY30BBIX XEIE3HOTOPOXHBIX
MepeBo30K. JeiicTByeT HelpaBUTEIbCTBEHHASs
MeXIyHapoaHast aCCOIMALIMS TSXKEJIOBECHO-
ro ABUXKEHUs ', OMHOM U3 3a1a4 KOTOPOIi SIB-
JISIETCSI IPOBEICHIE HayuYHbIX UCCIICI0BAHUIA,
MPU3BAHHBIX CIIOCOOCTBOBATh PEIICHUIO
TEXHOJIOTMYECKUX MPOOIeM, CBSI3aHHBIX
C pa3BUTHUEM IOJBUKHOIO COCTaBa M MH(pPa-
CTPYKTYPBI.

Bo MHOruMx cTpaHax ImpOBOISITCS MCCIE-
JIOBaHMSI, CBSI3aHHbBIE C Pa3JIMYHBIMU aCIeK-
TaMU BHEAPEHUS TSKEIOBECHOTO ABUXKECHUS.
B yactHocTH, B pabote [1] BHIMOMTHEHBI UC-
CJIeIOBaHMS AMHAMUYECKOTO OTKJIMKA XeIe3-
HOJOPOXHOIO MYTH OT IPOJOJbHBIX CHUJI,
BO3HMKAIOIIUX B TAXKEJIOBECHBIX MOe3aaxX
B peXKrMaX TOPMOXEHMSI, ¥ BIMSHUSI BEPTHU-
KaJbHBIX CHUJI Ha NMPOJOJbHBIE HArPy3KHU
B peJibcax.

B [2] uccnenoBaHo BepTUKAIbHOE CMeEIlIe -
HMe IINaj, BAUSHUE NaBICHUN «BbIBEIICH-
HBIX» IIITaJ1 Ha 0aJlJIacT B 3aBUCUMOCTH OT UX
MOJIOKEHUS IPU IBUXEHUU TSIXKEIOBECHBIX
rmoe3noB. BeanuuHbl naBieHuil Ha GajiacT
M YCKOPEHUIA III1aJI ONPeieIeHbI B 3aBUCHMO-
CTU OT UX BEPTUKAJIbHOIO IOJOXEHUS IS
cllyyaeB YKJaAKU TeopellETKN U 0e3 Hee.
B pa6ore [3] Ha 3D-Moaenu TSKEeIOBECHOTO
1oe3/1a UCCIeA0BalOCh TMHAMMYECKOE B3au-
MOJEMCTBHUE MOJBUXHOTO COCTaBa U IYTH
¢ Y4€TOM IPOJOJIbHBIX CUJI B Ioe3e. Paspa-
00TaH MeTOJ MOBbIIIEHUS 3DOEKTUBHOCTH
BBIYMCJICHUH IJIST CIOXKHBIX CUCTEM «TSKEJIO-
BECHBII MOE3I—ITyTh», ONpeaeJeHbl OCHOB-
Hbl€ TIPUHIIUIIBI TTOBBIIIEHMSI TOYHOCTU pac-
yétoB. B pabote [4] pa3paboTaHbl TeXHUYE-
CKue TpeOOBaHUS Il JIEMEHTOB BEPXHETO
CTPOEHMS YT JUIS YCIOBUI 3KCIUIyaTalluu
TSKEJIOBECHOTO ABUXeHUs B mycThiHe Cay-
JIOBCKOI ApaBUM. YUUTHIBAINCHh MaKCUMaJIb-
HblE TeMIIepaTyphl, NIMPOKUI AMATIa30H Tie-
penajaa TeMIeparyp, yabTpadruoieToBoe 13-
JydeHHUE, CYIIeCTBEHHOE MmepeMelleHue
IEeCKOB OT BO3JIEIICTBUS BETpa.

B uccnenoBanusx [5] mpuBeneHa METOIM -
Ka pacuéTa cpoKa CJIYyXObl 3JIeMEHTOB BEepX-
HETO CTPOEHUs MYTU PACCMOTPEHHON KOH-

! [DnexrpoHHbIi pecypc]: https://ihha.net/.
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CTPYKIIUU JIJIS1 TSKEJIOBECHOTO IBMXKEHUS Ha
OCHOBaHMM yuy€Ta Jerpasallii 1 CyMMapHBIX
nedopMalunii MyTU Ha YTJIeBO3HOM XKeae3Hoi
nopore B FOAP. [IporHo3upyemblii pecypc ObL1
paccyuTaH MpU 3KCIUIyaTalluy MOABUXHOTO
coCTaBa ¢ Harpyskoii 26 T/och Ha Mepuos
40 eT ¢ cyMMapHBIM MTPOMYIIIEHHBIM TOHHA -
keM 4000 MJTH TOHH OGpYTTO U KO3 PULIMEH-
TOM Ge3omnacHocTy ot 2,4 10 6,0.

B uccinenoBaHuu, MpeacTaBieHHOM B [6],
pa3paboTaH METO TMAaTHOCTUKHU BO3IEUCTBUS
KeJIe3HOIOPOXKHOTO TTOBUKHOTO COCTaBa Ha
MyTh Ha OCHOBE M3MEPEHUSI BEPTUKAIBLHOTO
Y TOPU3OHTATBHO-TIONIEPEYHOTIO YCKOPEHMS
penbcoB. [IpencraBieH cpaBHUTEIbHBIN aHa-
JIN3 CTAaTUCTUYECKUX IMapaMeTPOB HaTpsIKe-
HUI B peibcax U YCKOPEHU I TTPU TTPOXOXKIE -
HUY MaHEBPOBBIX TJOKOMOTUBOB U MOJIyBaro-
HOB, KOTOPBIii ITOKa3aJl yIOBIETBOPUTEIbHBIE
pe3yJIbTaThl IO OTpPeNeIeHUI0 TaBIEHUI OT
KOJIEC Ha PEJIbCHI.

B pabGorte [7] npeacTaBieHbl nccaenoBa-
HUS TPOOJIEMbBI MOJETMPOBAHUS CIyYallHOTO
pacripesieJieHus HEpOBHOCTE! Ha MOBEPXHO-
CTHM KaTaHUs TOJIOBKY pejibca. OnuchiBaeTCs
IBYXCJIOWHAas MOJeJNb, MO3BOJSIONIAS
paccMaTpuBaTh MeXaHMYECKUE CBOMCTBA
KOHCTPYKIIMOHHBIX 3JIEMEHTOB TYTH W aHa-
JIN3UPOBATh B3aUMOICHICTBIE MEXITY peJibca-
MU U mmnaxamMu. JnHaMuIecKuil OTKJIMK ITyTH
OT TIPOXOXIEHUS Toe3a MpeacTaBIeH s
JIMHEWHOM U IETEPMUHUCTUYECKON MOJIENIH.

Takum oO6pa3om 3a pyOexkoM IpU BHEIApeE-
HWU TSKEJTOBECHOTO BVKEHUS TIPOBOISITCS
OOIIMPHBIE UCCIETOBAHUS IO BO3ACHCTBUIO
MTOIBUKHOTO COCTaBa Ha IMyTh.

B Poccuu aast ocBoeHUSI MPOTHO3HBIX
I'PY30ITOTOKOB M CHUXEHUS TPAHCIIOPTHBIX
usnepxek IeHepanabHOW cxeMoOll pa3zBUTHUS
cetu xeje3Hbix fopor OAO «PXK]I» Ha nmepu-
on o 2020 u 2025 ronos [8] mpenycMaTpuBa-
€TCs pa3BUTHUE Ha I'PY30HANPSKEHHBIX Ha-
MpaBJIEHUIX TSIXKETOBECHOTO NBUXKEHMS.
OnHOBpeMeHHO B cOOTBeTCTBUU co CTpaTe-
rueil pa3BUTHUS XKeJe3HOTOPOXHOTO TPaHC-
nopta B Poccuiickoit @eneparuu 1o 2030 ro-
na [9] mocTaBieHa 3agavya 10BeAeHUS TEXHU -
YeCKOT0 ¥ TEXHOJIOTMYECKOT0 YPOBHS MH(Dpa-
CTPYKTYPHI, chepbl €€ conepkaHus 1 peMOHTa
JI0 JIYYIIIMX MUPOBBIX CTaHIapTOB. Opranusa-
LU TSKETOBECHOTO ABMXKEHUS MYTEM HC-
TT0JIb30BaHMSI BATOHOB C TIOBBIIIIEHHOU O0CEBOM
Harpy3koi GopMHUpYeT TEXHOJOTUYECKYIO
3¢ (HeKTUBHOCTD, KOTOPast BEIPAXKaeTcsl B BbI-
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CBOOOXIEHUU MPOMYCKHOU CIMOCOOHOCTU
HamnpaBJeHUUN CeTU U, KaK CJleICTBUE, AAET
BO3MOXHOCTb OCYIIECTBIECHUS JOTIOJTHUTEb-
HBIX TEPEBO30K MACCOBBIX TPY30B.

OnHako npouecc BHEAPEHUS MOABUKHOTO
COCTaBa C YBEJMYEHUEM OCEBOU Harpy3sku
TpeOyeT MpOBEeAeHUST NTOMOJHUTEIbHBIX UC-
CJeOBaHU I JJI OLIEHKU BIUSIHUS ITOBBILIEH-
HBIX OCEBBIX HArpy30K Ha Jerpagaluio dJje-
MEHTOB BEpPXHETO CTPOEHUS MyTH, Nedopma-
LIMOHHBIE MapaMeTpbl 0aJJIAaCTHOTO CJIOS
U HUXHEro cTpoeHus nytu. [lpu dopmupo-
BaHUM KOMILJIEKCHOU OLleHKU 3(h(HEKTUBHO-
CTHU TSKEJIOBECHOTO ABUXKEHUS HEOOXOIMMO
YUUTHIBATH TpeOyeMble MEPOTIPUSATUS MO
YCUJICHUIO KeIe3HONOPOXHON NH(DpacTpyK-
TYpbI, YTO MOXHO CHeJaTh MPU HOCTaTOYHO
TOYHOM Y4YETE CUJIOBBIX (haKTOPOB, BO3IEii-
CTBYIOLIMX HA TYTh CO CTOPOHBI PA3HBIX TUTIOB
MOJABUXHOTO COCTAaBa U UX OCEBBIX HATPY30K.

Pacnipenenenuie cuaoBbix (GakTOpPOB M
KOHKPETHOTO yYyacTKa XeJIe3HOAOPOXHOTO
MyTU SIBJASETCS MHOTO(GAKTOPHBIM MPOILIEC-
COM, KOJIMYECTBEHHBIE TapaMeTPhl KOTOPOTO
3aBUCAT OT CTPYKTYPHI MOE3M0MOTOKA, THUMA
MOJBUXHOTO COCTaBa U €0 J0JIM B CYTOUHOM
MakeTe Moe3n0B, MPOXOASIIEM M0 JaHHOMY
YYacTKY, YCTAHOBJIEHHOW CKOPOCTHU JABUXE-
HUS, Tpodwisd NyTu (MpsiMasi, KpuBas), TeX-
HUYECKOTO COCTOSIHUS MOIBUXHOIO COCTaBa
U 3JIEMEHTOB BEPXHETO CTPOCHUS MYTH.

Ileavro paboOTHI sABASIETCS pa3paboTKa aj-
TOPUTMA OTIpe/ieJIEHUS UHTETPATbHOTO 3aKO0-
Ha pacnpe/eeHus BEpTUKAIbHBIX U O0KOBBIX
CUJI OT Pa3HOro MOJBUXHOTO COCTaBa IJs
MPOU3BOJBHOTO yYyacTKa.

715 TeopeTuyecKuX pa3paboTOK UCITOJIb-
30BaJIMCh Memodsl MaTEMAaTUUECKOM CTaTH-
CTUKU U Teopuu BeposTHocTei [10, 11].
B otnnuue ot MeTonuku [12], roe Bo3aeicT-
BUE OMpEAesaeTCsS PAaCUETHBIM MYTEM, I
MOJIy4YeHUSI KOJUYECTBEHHBIX MapaMeTpOB
MHTETPaJbHOTO paclpeieieHus] BepTUKasb-
HBIX 1 OOKOBBIX CHJI MTPEJIOKEHO UCTI0Ib30-
BaTh Pe3yJIbTaThl 9KCTIEPUMEHTATbHBIX M CCIIE-
JOBaHWI MO BO3ACHCTBUIO PAa3HBIX TUIMOB
MOJABUXHOTO COCTaBa Ha MyThb, B TOM YMCJE
OT TPY30BbIX MM0€310B, CHOPMUPOBAHHBIX U3
BaroHOB C OCEBLIMU Harpyskamu 23,3, 25,
27 Tc, MacCaxXUpPCKUX, BBICOKOCKOPOCTHBIX
M0€e370B, MOTOPBArOHHOTO U APYTMX BUAOB
MOJABUXHOTO COCTaBa, MTPOBEAEHHBIX YUEHDI-
Mu BHUKTHWU u BHUMXKT u npencrasieH-
HbIX B Tpyaax [13—18].
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PE3VYJIbTATbI

AJITOPUTM ONPEAEJNIEHUA
WUHTErPAJIbHOIO 3AKOHA
PACMNPEOEJIEHUSA BEPTUKAJIbHbIX
cun

[TpuHuMaroTCs crenyrome TomymeHNs:

* CYTOYHBII [TaKeT MOe3/0B, a TAKXKE YPOBEHb
HUX TEXHUYECKOTO COCTOSTHUS MPUHUMAIOTCS
OIMHAKOBBIMU B TEUCHME IUTUTEILHOTO CPOKA;

* KJIMMaTUYECKVE YCIOBHUS PACTIPEICIISTIOTCS
Ha JIB€ COCTaBJIsIoNIne — 31uMa U Jieto. CooTBeT-
CTBEHHO, OHUW OMPEACSIOT PA3HUILY CUIOBOTO
BO3IEHCTBUS U3-32 UBMEHEHUS KECTKOCTHU TyTH.

C y4€TOM NPUHSATHIX AOMYIIEHUI UHTETPaTb-
HOE pacrpeneieHue BepTUKAIbHBIX CUT MOXKET
OBITh OTTPEIETIEHO B CIIEIYIOLIEH MOCTIEN0BATENb-
HOCTH.

Ha ocHoBaHMYM 3HAYUTETBHOTO KOJIUYECTBA
9KCMEPUMEHTATBHBIX UCCIIEIOBAHMIA ITO BO3ACHA-
CTBUIO TPY30BbIX, MACCAXUPCKUX, BBICOKOCKO-
POCTHBIX ITO€30B, MOTOPBArOHHOTO MOIBUXHO-
IO COCTaBa Ha XeJIe3HOJOPOXHBIIA ITYTh YCTAHOB-
JIEHO, 4TO TI0 KpUTepHIo cornacoBanus Kommo-
ropoBa—CMUpHOBa pacHpeneleHnue OT
BEPTUKATBHBIX CUT, MIOJIYYEHHOE OT BO3EHCTBUS
1Moe310B, CPOPMUPOBAHHBIX U3 OJHOPOJHBIX
BaroHOB C OJU3KUMU OCEBBIMU Harpy3Kamu,
JIOKOMOTHBOB, MOTOPBarOHHOTO MOABUXHOIO
€OCTaBa, IOCTATOYHO XOPOIIO AIITPOKCUMUPYET-
Cs1 HOPMAJIBHBIM 3aKOHOM PacIpeie/iCHUSI.

[lnoTHOCTH pacnpeneseHus] BepOsITHOCTEN
BEPTUKAIBHBIX CUJT OTIPEAETSIETCS IO HOPpMasib-
HOMY 3aKOHY:

] 7(57@
205,
f (E ) - O_F’ \/E e ’
rie F,— Tekyliee 3HaueHNe BEPTUKATBHOI CHTBI;
M, —MaTeMaTUIeCcKOoe O>KMIAHNE aHCAMOJIST

BEPTUKAIbHBIX CHT;
0, — CPEIHEKBAIPaTUYECKOE OTKIOHEHHUE

aHcaMOJIs1 BEPTUKATIbHBIX CHJL.

PacnpeneneHue BepTUKaAbHBIX CUI (IIpU
y4€Te BepTUKAIbHBIX CHJI YIAPHOIO XapakTepa)
OT TPY30BBIX 10€310B, C(hOPMUPOBAHHBIX U3
Pa3HOPOJHBIX BAlOHOB C Pa3HBIMU OCEBLIMU
Harpyskamu (IIOpoXHHE, MaJloHarpyxXeéHble
1 IIOJTHOHATPYXKEHBIE ), 00J1e€ TOUYHO OITUCHIBACT-
cs1 Jorapu(pMUYECKUM HOPMATbHBIM 3aKOHOM.

[1noTHOCTH pacnpeneseHus] BeposiTHOCTEM
CJIy4aitHO BeTMYMHBI, JJorapudM KOTOpOii pac-
MpeaessieTcs 10 HOpMaTbHOMY 3aKOHY, OITHUCHI-
BAaeTCsl COOTHOIIIEHUEM:
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rae F— Texyllee 3HaYeHNe BEPTUKAIBLHOM CHIIBI,
0, — CPEIHEKBAIPaTUUECKOe OTKIOHEHHUE

BECPTUKAJIBHBIX CUJT;
’ﬁg — MaTEMAaTU4YCCKOC OXMIOaHUC BEPTU-

KaJIbHBIX CHJL.

[1pu HaIMYMK B cOCTaBe MOE3I0B IPYKEHBIX
1 IIOPOKHMX BATOHOB pacIpeae/ieHue mpeacTaB-
JISIET CYMEPIIO3ULIMIO 3aKOHOB pacipeaeIeHust
BEPOSTHOCTEI BEPTUKAIbHBIX M1 OOKOBBIX CHI,
OIpeeNEHHBIX [T0 3KCIIEPUMEHTAIbHBIM CTaTH-
CTMYECKUM JaHHBIM CO CBOMMU MaTeMaThye-
CKHMMU OXUIAHUSIMU U CPeIHEKBAIPaTUUECCKIU -
MU OTKJIOHEHHUSIMU.

BeipaxeHue 111 MHTErpajabHONM 4aCTOCTU
BEPTUKATbHOM CHJIBI F; OT pa3HbIX TUIIOB OJBUX-
HOro cocTaBa k, k,, ..., kj, Y4acTBYIOIIUX B (hop-
MUPOBAHUU 3aKOHA PaCIpeaeeHUs] YacTOCTen
TUTS CUJT Fl., MOXHO 3aIicarh B BULE:

F>P = }/kIP;:' +7kzPr’fZ +...+yk/PF’l‘f;

F,—>PF :}/k|PF]:‘ +;/,C2PF’§2 +.,.+;/k/PFk“

5 0

z ki k. k;
F->F =y P +r,Pe+..r P

e P°, P’,..., P* — MHTerpaJbHbIE YaCTOCTH BEp-

TUKTbHBIX CUIl F,, F), ..., F, OT CyTOYHOTO MaKe-
Ta MOe3/I0B;
PF,PP,...., Py — 4acTOCTU BEPTHKAIbHBIX

cull F, 0T KOHKPETHOTO THIIa MOJABUXKHOIO
cocraBa k, k,, ..., kj (cTaTUCTUYECKHUE XapaK-
TEPUCTUKU YACTOCTEM 7151 BEPTUKATbHBIX CHJT
JOJXKHBI OBITh 9KCMEPUMEHTAIbHO YCTAHOB-
JIEHBI OTAEJbHO JJISI KaXAO0ro TUIa MOABUXK-
HOTO COCTaBa);

kj — TUII TOABMXKHOTO COCTaBa, KYPCUPYIOIINI
Ha IAHHOM YYacTKe (k, — TOKOMOTHBbI);

k, — Tpy30BbIE TO€3/1a U3 TIOJTHOTPYKEHBIX
BaroHOB C HArpy3Koit 10 23,5 Tc/0ch Ha TeNeKKax
18—100;

k, — Tpy30BbIE MOE3/1a U3 MAJOTPYXKEHBIX
BaroHoB Ha Tejexkax 18—100;

k, — Tpy30BbIe MOE31a U3 MHHOBALIMOHHBIX
BaroHOB C OCEBOM Harpy3Koii 25 Tc/och;

k, — Tpy30BbIE MOE3a MHHOBALIMOHHBIX Ba-
TOHOB C Harpy3Koi 27 Tc/ock;

k, — maccaxxupckue rmoesa,

k, — CKOpOCTHbIE TTACCAXMPCKUE MOE3a
(«HeBckuii akcmpecc» u ap.);

k, — BBICOKOCKOPOCTHBIE Moesfa («Carcan»),
k, — MOTOPBATOHHBIH TTOBIKHOI COCTaB;
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Vig» Vi Vi, — HOJIA kj IIOABMZKHOI'O COCTaBa,

KYPCUPYIOILIETO0 B CYTOYHOM ITaKeTe MOe30B,
Vi H Vit t T =1;

F, F,, ..., F,— BepTUKAJIbHbIE CUJIbI B 3aKOHE
CTATUCTHYECKOTO PaCIpPeIe/ICHNUsT BEPTUKATbHBIX
CHUJI ¢ IaroM AF.,

Il onpenesieHUs] MHTErPaJbHOTO 3aKOHA
pacnpeeneHNst He0OXOIUMO YIUTHIBATH (haKTH -
YeCKM YCTAaHOBJIEHHbBIC CKOPOCTHU JABUXKEHUSI
Y KJIIMMaTUYECKUE YCIIOBUSI 3KCILIyaTalluu.

Jlyis ciydast, KOTa yCTaHOBIIEHHbBIE CKOPO-
CTH TMOJABMXHOIO COCTaBa 3aHMMAIOT IIPOMe-
XyTOYHOE TONOXKEHHME MEXIY CKopocTamu V.
u V., Ui KOTOPBIX ONpeNe/IeHbl CTaTUCTH-
YyecKHue IapaMeTphbl 3aKOHOB pacIpeieieHus,
TpeOyeTcsl BBIMOJIHUTDL NOMOJHUTEIbHbBII
pacy€T m; u & U PaKTUIECKN YCTAHOBJICH-
HOI1 CKOPOCTH Vq).

Ecu 1onycTuTh, 4To 3HAYEHUSI MaTeMaTHye-
CKOTO OXMIAHUS U CPeIHEKBAAPATUUECKOTO
OTKJIOHEHUSI JIMHEIHO M3MEHSIIOTCS C TOBBIIIIE-
HUEM CKOPOCTH, TO JUIsl (haKTUYECKU YCTAaHOB-
JICHHOW CKOPOCTH ABUXKEHMsI V, BeMIMHA MaTe-
MaTUYECKOTO OXXUIAHMS ONPEICTUTCS KaK:

— V¢_Vmin
my, = my, +AmF-V >

rae M, — MaTeMaTUYecKOoe OXMUAAHUE BEPTU-

KaJIbHBIX CUJ 7151 (paKTUYEeCKU YCTaHOBJIEHHOM

CKOpOCTHU V¢ Ha paccMaTp1MBaeMOM y4acTKe;
Amy=m, —m, — W3MECHCHHEC 3HAUYCHUI

MaTeMaTUYecKOro OKUIAHVSI BEPTUKATBHBIX CHJT

TPH TIOBBIIIEHUH cKopocTi e V. o V.
BenmmunHa cpenHeKBaipaTMueckKoro OTKIIO-

HEHWSI OTIpeeNIsieTCs aHAIOTUIHO:

[

Vmax - Vmin ’

rae & — CPeIHEKBAIPATMYECKOE OTKIOHEHUE

BEPTUKATBHBIX CHJT TS (DAKTUUECKU YCTAHOBIIEH-

HOI CKOPOCTH Vq) Ha paccMaTpyuBacMOM YYacTKe;
AG, =G, -0, — HU3MEHEHHUE 3HAYCHUSI

CPEIHEKBAIPaTHYECKOTO OTKIOHEHUS BEPTHU-
KaJIbHBIX CHJI IIPU MOBBILEHUN CKOpOCTH € V-
mov .

JIns yTOUHEHHBIX 3HAYEHUI M5, , XapaK-
TEPHBIX LTSl YCTAHOBJIEHHOM CKOPOCTH IBVKEHHS
M0€E3/10B, CTPOATCS 3aKOHbI PaclpeeNeHus
BEPTUKAJIbHBIX CUJI U KAXKIIOTO TUIIA TTOIBX-
HOT'O COCTaBa, Y4aCTBYIOILETO B CyTOYHOM IaKe-
T€ T0€3/10B, U OTPEAEIAETCA HHTErPAIIbHBIN 3a-
KOH pacrpesie/eHusl BEPTUKANbHBIX CHII LISt

(pakTHUECKOI CKOPOCTHU V¢.

KpacHoe O. I'. MeToauka onpeaeneHus MHTerpanbHOro pacnpeaeneHns cui, AENCTBYIOLLUX HA NYTh




15 y4éTa KTMMaTUYeCKUX YCJIOBUIA C yué-
TOM MPOAOKUTETbHOCTH JIETHETO U 3UMHETO
MepUOa0B, MPUHUMAS TIEPUO SKCIUTyaTallUl
Y4YacTKa XeJIE€3HOJOPOKHOTO ITyTH IS IETHUX
YCJIOBUH 32 4, a JUIS1 SKCILIyaTallui B 3SMUMHUX
YCIIOBUSIX 32 3, ONIPEAENSIOTCS UHTerpajbHbIe
pacrpeneseHust AJsl JIETHET0 U 3UMHETO Tie-
PUONIOB 3KCILTyaTallMM y4acTKa:

B> f(F);
P, > f(F).

i3v
Torpa 1J1st KOHKPETHOTO 3HAYEHUSI BEPTU -
KaJbHOW CUNbl F, WHTerpaabHas 4acToCTh
ompenessieTcs Kak F — P, =aP>+BP% | T1e
PE

ints

— MHTeTpasbHas 4aCTOCTh TSI BCEX TU-
OB MOJABMKHOTO COCTaBa, MPOXOISIIETO 10
paccMaTprMBaeMOMY YYaCTKY B TeUEHHE Toja,
¢ y4éTOM yCTaHOBJIECHHON CKOPOCTH IBMKE-
HUSI ¥ KIMMaTUYECKUX YCIOBUM «3UMa—Jie-
TO».

AJITOPUTM OMNPEAENEHUSA
UHTENPAJIbHOIO 3AKOHA
PACNPEAENIEHUY BOKOBbIX CUJ

J17151 oTIpeieIeHUsI MHTETPaJIbHOTO 3aKOHA
pacrpeeeHrst 00KOBBIX CHII OyIeM UCTIONb-
30BaTh METOAMUYECKME MOIXOIBI, KOTOPHIE
OBLIM TIPUMEHEHBI IJI OTpeAeIeHUs] WHTE-
I'paJIbHOTO 3aKOHA pacIpeleIeHHs IJIsT Bep-
TUKAJIbHBIX CUJI.

XapakTep Harpy:KeHHS PeTbCOB JKeJIe3HO-
JOPOKHOTO MYyTH B KPUBBIX yJacTKaX MyTH
MMeeT 0COOEHHOCTHU, KOTOPBIE OTIPEIeIISIIOT-
cs pagnycaMy KPUBBIX, CKOPOCTSIMU JIBUKE-
HWS ¥ BEINYNHAMU BO3BBIIICHUI HAPY>KHOTO
peibca HaJ BHYTPEHHUM, ITO3TOMY ITPH OTIpe-
JIeJICHUM WHTErpaJbHOrO 3aKOHA paclipeie-
JICHUST HEOOXOIUMO YUYUTHIBATh YKa3aHHBIE
0COOEHHOCTH.

MHTerpaibHas 9aCTOCTh OT Pa3HBIX TUIIOB
MOJBUXHOTO COCTaBa kj, Hampumep, s 60-
KOBO# cuiibl H, ¢ y4ETOM KOJIMYECTBA j TUIIOB
ITOJABIKHOTO COCTaBa, KOTOPbIE OKa3bIBAIOT
BIMSIHUE Ha (POpMUPOBaHWE MHTETPATbHOMN
YaCTOCTU OOKOBOI CUJIBI, ONTPEAeIIsieTCs KaK:

k;
vo_ phi
H, _>PHM _le/k/ PH”
=
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rae 7¥ — 00Jis TUIOB IOABIXHOTO COCTaBa k.,

YYaCTBYIOILMX B CYTOUHOM IaKeTe MOEe3/10B;
kj — TUII TIOJBMKHOTO COCTAaBa;
H,, H,, .., H,— 31a4eH1s GOKOBBIX CUII,
P ...py — 1acToCTH GOKOBBIX CILIT OT K, T10-

IBMXHOTO COCTaBa;
P, — MHTEerpajibHasi 4acTOCTb JUIst GOKOBOI

cuibl H,, chopMUpOBaHHas OT Pa3HbIX TUIIOB
TOBIXHOTO COCTaBa k;, YIaCTBYIOILINX B (Op-
MUPOBaHUH OOKOBOW cuiibl H,, ¢ y4ETOM WX
KOJIMYECTBA;

P —4acTOCTb BO3NEHCTBIS Ha IyTh; OIpe-

JeJIsIeTCs U3 IJI0THOCTEH pacnpeneneHust 60Ko-
BBIX CHJI TI0 TEOPETMYECKUM 3aKOHaM pacrpe/e-
JIEHUS ¢ YYETOM IKCIEPUMEHTAIbHO YCTAHOB-
JIEHHBIX CTATUCTUYECKUX MapaMeTpoB, AOJIU
KaXJ10r0 THIIA OJBIKHOTO COCTaBa K, ompeie-
Jisiorero (hopMUpoBaHUe GOKOBOI CHITBI H, .
[pu nonagaHuu UCXOOHBIX JAHHBIX B MPO-
MEXXYTOUHOE MOJIOKEHUE MEXIY SKCIIepUMEH-
TaJIbHO YCTAaHOBJIEHHBIMU 3HAYEHUSIMU TTapaMeT-
POB 7y, W Gy, JUIA CKOPOCTEH V. uV  4dacTo-

CTU MHTETPajibHOTO pacrpeneieHus 00KOBOM
CUJIBI Hbe OIPEIEIISIIOTCS METONAMU JIMHEHHOMN
WHTEPIOISANUN (aHAJTOTMIHO TOMY, KaK 3TO
JieaaeTcs ISl BepTUKAIbHBIX CUJI TIPU OMpee-
JICHUU MHTErPaJIbHOTO 3aKOHA paclipeesieHus
BEPTUKAJIbHBIX CUI). 30eCh M, W &, — MaTe-

MaTHYeCKOe OXMIaHWe U CpeIHEeKBaapaTuye-
CKO€ OTKJIOHEHME OOKOBBIX CHJI, OTIPEIEIEHHBIX
3KCIEPUMEHTAIBHO UL KPUBBIX KOHKPETHOTO
panuyca, yCTAaHOBJIEHHOI CKOPOCTH, [JIs1 HAPYXK-
HOTI'O U BHYTPEHHEIO PEJIbCOB, BO3BBILICHUS
Hapy>XHOTOo pejibca HaJl BHYTPEHHUM, JJIS JIeT-
HUX M 3MMHUX YCIOBUI1 OKCILTyaTalluu.

ITpu 3TOM 0COOEHHO BaXKHO YBA3aTh IJIOT-
HOCTb pacipe/ae/ieH1st OOKOBBIX CHJI 10 HapyX-
HOMY U BHYTPEHHEMY pelibCaM CO CKOPOCThIO
JIBVXKEHUSI U BO3BBIIIEHUEM. B pa3BépHyTOM
BUJIE BbIPAXEHUE IS OIIPEICICHUS MUHTETrPajb-
HBIX YaCTOCTEM JJIs1 COOTBETCTBYIOLIMX UM 0O-
KOBBIX CHJI MOXET OBITh 3aIIMCaHO B BUIE:

v .

H, - PH“,

V.

H,— PH“,

b A
Hanee cTposSITCSl MHTErpabHbIe MIJIOTHOCTH

pacrpeneneHus 115 O0KOBBIX CHJI OT CYTOYHOTO
IMakeTa MOe3M0B, MPOXOISIIUX TT0 TaHHOMY

Y4acTKy.

KpacHoe O.Tl. MeToauka onpepeneHnss MHTerpasibHoro pacnpeneneHns cun, neﬁCTByDLuMX Ha nyTb



METOOUKA ONPEAEJIEHUA
UHTENPAJIbHOIO 3AKOHA
PACNPELOEJIEHUA BEPTUKAJIbHbIX
U BOKOBbIX CUJ1

Ha ocHOBaHUY YCTaHOBJIEHHBIX 9KCIIEPUMEH-
TaJIbHBIX PacIIpeie/IeHUI BepTUKAIbHBIX 1 00KO-
BBIX CHJI OT TUIIOB IMOABUXHOIO COCTaBa, MX
CTaTUCTMYECKUX IIapaMeTPOB pa3paboTaHa METO-
JIMKa OIpele/ieH!s] MHTETPaJIbHOIO 3aKOHa UX
pacrpejie/ieHus: B 3aBUCUMOCTH OT CTPYKTYPbI
O€3/I0I0TOKA, YCTAHOBJIEHHON CKOPOCTU [IBU-
SKeHUsI, PO MYTH, KIMMATUYECKHUX YCII0-
BUIA.

B kavecTBe puMepa paccuuTaeM MHTErpajib-
HBIii 3aKOH pacrpeae/eHIs] BEPTUKAIbHBIX CHJT
Ha npssMoM y4acTtke nieperoHa lTonmyrBun—Ilon-
Junku MOCKOBCKOH Xene3Hoi Joporu, 2-it
[JIaBHBI 1yTh. MI3BECTHO, YTO HA yJacTKe ycTa-
HOBJIEHa CKOPOCTb JIBUKEHUS VyCT = 80 Km/u.

ITo naHHBIM TexHIYECKOTO oTae/a [0y TBUH-
CKOIi AMCTAaHLIMM IIyTHU: IMyTh — 1-ro Kiacca,
TpYIINa — 0cO0Orpy30HaNPSIKEHHAST, KOJI, IPYII-
mbel — O, TPY30HAINPSXKEHHOCTh MO MEPETOHY
106,8 MITH T OPYTTO, KOJIMYECTBO MACCAKUPCKUX
1moe3a0B — 46, Tpy30BbIX — 78, MOTOpBAaroOHHBII
TOIBMXXHOM cocTaB 11.

PaccunTaeM 10110 10 TUIIAM MOABMKHOTO
cocTaBa »“ TIPOMOPLMOHATLHO KOJIMYECTBY

KOJIECHBIX Map.

KommuecTBo KONECHBIX Map ONMpenessioch
HCXO[IS U3 CICAYIOIINX COOOPaKeHMIA — BEC IPY-
30BbIx 11oe310B 3600...4000 Tc rpy Bece rpyKEHBIX
TPY30BbIX BArOHOB 94 TC.

Ipy3zoBoii noe3n Becom 4000 Tc B cpeaHeM
COCTOMT 13 42 BarOHOB, TOTIA /TSl YETHIPEXOCHBIX
BaroHOB KOJIMYECTBO KOJECHBIX IMap B OJHOM
noesne coctaBuT 170 1T, a a1 78 rpy30BbIX
moe3noB — 13260 .

CyMMapHOE KOJIMYECTBO JIOKOMOTHBOB OTTpe-
JEJISIIOCh CYMMUPOBAHUEM OT TPY30BBIX U TTac-
CaXMPCKMUX MOE310B X = 78 + 46 = 124. Jlna
pacy€ToB paccCMaTpUBAEM JABYXCEKIIMOHHBIE
3JIEKTPOBO3HI C IBYMST IBYXOCHBIMU TeJIEKKaMU
B KaXJT0M CEKIIMY ¥ KOJIMYECTBOM KOJIECHBIX TTap
B JIOKOMOTHMBE, PAaBHOM 8, TOTIa CyMMapHOe KO-
JIMYECTBO onpenenuTcs Kak 8 ¢ 124 = 992 konéc-
HBIX T1ap.

KonaecTBo BAroHOB B IacCaskMPCKUX MOE3-
Jiax MPUHUMAEM paBHbIM 16 equHMIIAM, TOTaa
CYyMMapHO€ KOJJMYEeCTBO KOJECHBIX Tap Iacca-
SKMPCKHUX TT0e310B: 46 * 16 * 4 = 2944 k..

KonnyecTBo Koji€c MOTOPBAarOHHOTO TO-
JBYDXKHOTO cocTaBa: 4+ 1112 =528 k.11.
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CymMMapHOe KOJIMYECTBO KOJECHBIX Map,
TIPOXOJISIIIMX MO pacCCMaTPUBAEMOMY YJacTKY 32
CYTKH:

Lk = 13260 + 992 + 2944 + 528 = 17724.

ITpu sTOM HAGOP 3J1€MEHTOB MHOXECTBA kj
CIIEYIOLINNA:

k,=992,k,=13260,k,=0,k,=0,k;=0,k =
2944, k, =0, k, =0, k,= 528.

JoJis Kaxaoro TuIa MoJBUXHOTO cOocTaBa
B 00I1IEM TIOE30MTOTOKE COCTaBJISIET:

¢ J0JId JOKOMOTHBOB:
b _ k _ 992 _
I T hy+ ks kg + K, 992+13269+2944 + 528

-2 _0,056;
17724

¢ JI0JIs1 TPY30BBIX BArOHOB:
. 13260

1= =0, 5

17724

* J10JIs1 TaCCaXXMpPCKMUX BaroHOB!:

2944
ks _ =0 5
Ne =770~ 700

* J0JId MOTOPBArOHHOIO IMOABM2XHOIO CO-
CcTaBa.
528
b 528
Mo = 17724

Jnst mocTpoeHust (GYHKIMU pacipeaeaeHust
Y TUIOTHOCTH BEPOSITHOCTY BEPTUKATBHBIX CHJT Ha
JAHHOM YYacTKe TYTH ofpenesisieM (yHKIIMN
TJIOTHOCTH pacTpeeieHnsT Il KaXI0TO TUTa
TTOJIBVDKHOTO COCTaBa /ISl JISTHUX U 3UMHUX
YCJIOBUI 3KCILTyaTaluu:
PE =y NeBS 4y b 4y upl Pl

s

Jist mocTpoeHust GYHKIMHU pacTipesie/IeHHUsI
BEPTUKAJIBHBIX CHJT Ha TAHHOM Y4acTKe OTpe/e-
JUM (DYHKIIUW TUTOTHOCTH PACTpENEIeHHUS C YUé-
TOM JIOJIM KaXJIOTO THIa TIOABMKHOTO COCTaBa
JUTS JIETHUX ¥ 3MMHUX KIIMMAaTUYEeCKUX YCIIOBUT.

Il IoCTpOEHMSI MHTETpabHOM (DyHKIIMN
HEOOXOAMMO JUTS KaXI0i TOUKHM 1O OCH abCIuce
B3STh CE€UEHUE W NMPOCYMMHUPOBATh 3HAUCHUS
n300paXkEHHBIX Ha pucC. | QYHKUMI ¢ yIETOM
K023(hPUIIMEHTOB k, 0TOOpaXKarOUIUX AOTIO MO-
JIBIDKHOTO COCTaBa B OOIIIEM TOE3I0TOTOKE Ha
3TOM YJacTKe.

[TpumMep cyMMMpPOBAHMS TSI BEPTUKATLHOM
cunbl F,= 100 kH nokasan Ha puc. 1.

Yepes Touky F = 100 kH niposeném Beptu-
KaJIbHYIO JIMHUIO, U B TOUKAX ITEPeCeUeHMsI C Ipa-
(bukamu pacripeneieH1iA BepTUKATbHBIX CHJT UTST
Pa3HOTO MOABMKHOTO COCTaBa OMPEETMM YacTO-
cru mogsneHud cunbl F,= 100 kH ¢ yu€tom nomm
BO3IEWCTBUS Ha MyTh Pa3HOTO TIOIBIXKHOTO CO-
ctaBa. [ToyuuB MCXOMHBIE MTAHHBIE MO KaXKIOMY

KpacHoe O. I'. MeToauka onpeaeneHus MHTerpanbHOro pacnpeaeneHns cui, AENCTBYIOLLUX HA NYTh
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Puc. 1. UcxonHbie AaHHbIe 4151 pacYETa HTerpasbHOV YacToCTy AJisi BepTuKanbHoli cunbl F .= 100 kH (neThuii
nepuon).
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TUITY IIOABVDKHOTO COCTaBa, OIIPEICIIAM BETMIH-
Hy MHTETPaIbHOM YaCTOCTH VISt CUJIbI F, KaK:

P 1% = 0,056+0,0249 + 0,747+0,0145 +
0,03+0,0425+ 0,167 < 0,074 =0,0262.

AHAJIOTUYHBIC OTIEPAIIAY BHITTOMTHSIOTCS TSI
KaX/10i BepTUKAIBHOI CHIIbI F, ¢ BBIOpPAHHBIM
maroM (B JaHHOU pabote mmar mpuHaT 10 kH).
I aBTOMaTHU3aly JAHHOTO TIpoIiecca pa3pa-
0oTaHa crieraabHasl mporpamMma. B urore mpo-
BEICHUS Pacu€Ta MOMYYUTCS HaOOp MHTETPaslb-
HBIX 9aCTOCTEH IS TIOCNICIOBATEIbHBIX BEPTH-
KaJIbHBIX CUJI, KOTOPBIC MCITONB3YIOTCS IS TT0-
CTPOEHUSI MHTETPATLHOTO 3aKOHA PACTIPEACICHIS
JUTS JISTHETO TIePHOIA.

[To aHaOTMYHOMY AJITOPUTMY OIpEICIIeM
WMHTETPAIbHBIN 3aKOH PacIIpeIe/ICHIsI TNIOTHOCTH
BEPOSATHOCTU BEPTUKAIBHBIX CHJI [UIS 3UMHETO
Teprosa.

B utore moiyuntcss HabOp 3HAYCHMI IS
TIOCTPOCHMSI MHTETPAIbHON (DYHKIIMK IS JICT-
HEero ¥ 3UMHETO Teprona. B ¢Bs3u ¢ pasnmmunem
B YPOBHSIX CHJIOBOTO BO3ICHCTBUS B CHCTEME
«KOJIECO—PEJIbC» B JICTHUI W 3UMHUU IIEPUOIEI
M3-3a pa3HOU XECTKOCTHU ITyTH BBEICHBI KO3(D-
(ymmeHTH! BpeMeHM rona. JIi1st cpeaHeit Imomocht
TIPUHSTO, YTO B JICTHUX YCJIOBUSIX ITyTh paboTaeT
0,6 T, B3umuux 0,4T , rae T, — ronosoii mepuon.
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BeptukanbHas Harpyska, KH

Puic. 2. UHTerpansHblii 3aKOH pacrpefiesieHUs BePTUKasbHbIX CUJT, AEVCTBYIOLLMX HA PEJIbCbI OT CYTOYHOro
nakera noe3fos ¢ y4ETOM JIETHEro N 3UMHEro repuoaoB dKCryaTaLnum.

J11s TTonydeHHBIX HAOOPOB 3HAYCHUI HEO0-
XOIMMO BBHITIOJTHATH CYMMUPOBAHHIE B COOTBET-
CTBUU C KO3(OUIIMEHTOM BpeMeHU Toma (s
netHero nepuona — 0,6; mis 3umuero — 0,4).

Cymmapnbiit P> = 0,6 *P_+ 0,4 « P, nanpu-
mep, i F, =100 kH:

P*=0,6-P '’ +0,4+P,/%+0,6 = 0,0262 +
0,4+0,025011 =0,0257244.

B pe3sysbrate pacyéToB MoayyeH UHTerpaib-
HBII 3aKOH pacIipeIe/IeHNsT BePTUKAIBHBIX CHIT
Ha IeperoHe, KOTOPHIi ITOKa3aH Ha puc. 2.

AHaN3 TIOCTPOCHHOTO MHTETPATHHOTO 3aK0-
Ha pacIpeIeIeHIS TI0KAa3a;

— TIOJTyYeHHAs IMJIOTHOCTD pacIipeie/IeHIS
BEPTUKAJIBHBIX CHJI IMTO3BOJUT MPOBOIUTH
pacy€Thl Ha IPOYHOCTH 3JIEMEHTOB BEPXHETO
CTPOCHMUS MYTU OT JOJIM TUIIOB MOABIKHOTO
COCTaBa Y4YacTBYIOIIETO B MOE3I0MOTOKE,
B TOM YHCJe Ha KOHTAaKTHO-YCTaJIOCTHYIO
JOJITOBEYHOCTH PEJIbCOB C YIETOM IO IPy-
30BBIX BaTOHOB C TOBBIIIEHHBIMH OCEBBIMU
Harpy3KaMu;

— TIPOCMATPUBAETCS TTOI00ME UTOTOBOTO
pacIipeie/ieHusI K paclpeaeIeHIO OT TIOIBIXK-
HOTO COCTaBa, HOJISI KOTOPOTO HAaMOOJbIIAs
B Tmoe3nomnoTtoke. [t paccMOTpeHHOTO ciydast
3TO pacIpeneIeHre OT IPY30BbIX BATOHOB;

KpacHoe O.Tl. MeToauka ornpeaesieHnda MHTerpasibHoro pacripeanesneHna cun, AeﬁCTByDLuMX Ha nyTb



— Y4éT maccaXMpCcKUX TMOe310B U MOTOpBa-
TOHHOTO TOJIBMXKHOTO COCTaBa BHOCUT M3MeEHe-
HUs B hOpMy pacrpesesieHust OT IPy30BbIX Baro-
HOB, TIOBBIIIIAsI 3HAYEHUST YACTOCTEM [JIs1 BEPTH-
KaJIbHBIX CHJI 3TUX TUIIOB IOIBIKHOTO COCTABA.

KPATKMUE BblBOAbl

PaspaboTanHast METOMKA TIO3BOJISIET OTpe-
JEJIATh CYMMapHOE BO3IEHCTBUE Ha PEJIbCHI 1
BEpXHEE CTPOEHUE IyTH C YUYETOM IO KaxKI0TO
TUIIA MOABMXHOIO COCTaBa, YCTAHOBIEHHOM
CKOPOCTH IBWKCHMSI, KIMMAaTHYECKUX YCIOBUI
9KCIUTyaTaLluH.

SAKJITKOMEHUE

1. I BHeApeHMST Ha 3KeJIe3HBIX JOpOrax
TEXHOJIOTVH TSIKEIOBECHOTO IBIKEHMSI C LIEJTBIO
0oJree TOYHOTO YUETa CMIIOBOTO BO3IEHCTBUS HA
MyTh CO CTOPOHBI Pa3HBIX TUIIOB MOABUKHOIO
COCTaBa, B TOM YHCJIE TPY30BBIX BATOHOB C ITOBBI-
IICHHBIMU OCEBBIMU Harpy3KaMu, pa3paboTaHa
METOIMKA OTIPEIeICHUS MHTETPaTbHBIX 3aKOHOB
pacripeneieHs BepTUKATbHBIX M OOKOBBIX CHIL.

2. MeToauKa T0O3BOJIIET YYUTHIBATh BO3-
JIeCTBIE OT PA3HOT'O TUIIA ITOIBMXKHOIO COCTaBa
C Y4ETOM KOHCTPYKLIMH XOMOBBIX YacTei 1 BEJIN -
YMHBI OCEBBIX HAIPY30K, CKOPOCTU ABMKEHMSI,
JKECTKOCTH MTOAPETHCOBOTO OCHOBAHMS OT CE30H-
HOCTU (JIeTO, 3UMa), MOMepPeyHoro mpodus
ITyTH, JOJTIO KaskIIOTO THITA TOABIKHOTO COCTaBa
B CyMMapHOM BO3JE/CTBUH Ha IyTh.

3. OnpenenéHHbIE 10 TTPEACTABIEHHOM METO-
QK MHTETPaTbHBIC PacIipeie/ICHIS BEPTUKAb-
HBIX 1 OOKOBBIX CHJI TTO3BOJIAT IIPOBOIUTH pacué-
TBI Ha IIPOYHOCTh 3JIEMEHTOB BEPXHETO CTPOCHUS
IyTH B BEPOSITHOCTHOM acITeKTe OT JOJIU THITOB
MOIBMXKHOTO COCTaBa, YYaCTBYIOILETO B JIBVKE-
HHMM Ha KOHKPETHOM ITI€PETOHE.
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ABSTRACT

A comprehensive assessment of the effectiveness
of heavy-haul traffic is a prerequisite for its
implementation in world railway sector. The assessment
should include the study of the effect of increased axial
loads on degradation of the elements of the track’s
superstructure, deformation parameters of the ballast
layer and the track’s substructure, and of measures
intended to reinforce the railway infrastructure
accordingly. It is necessary to consider rather
accurately the force factors acting on the track and
generated by different types of rolling stock with various
axial loads. The distribution of force factors for a
specific section of a railway track is a multifactorial
process, the quantitative parameters of which depend
on the structure of the train traffic flow, the type of
rolling stock and its share in the total daily train traffic
passing through this section, speed limits set for the
section, track profile (straight line, curve), technical
conditions of rolling stock and elements of the track
superstructure.

The objective of the work was to develop a
technique for determining the integral law of

law, impact, track.

A

Technique to Determine Integral
Distribution of Forces Acting
on the Railway Track

Krasnov Oleg G., Research, Design and Technological Institute of Rolling Stock
(JSC VNIKTI), Kolomna, Russia*.

distribution of vertical and lateral forces affecting the
track and caused by wheels of different types of
rolling stock, depending on the share of the
operation of the respective types of rolling stock in
the daily train traffic flow. Methods of mathematical
statistics were used.

Inthe process of experimental studies of the effects
of various types of rolling stock, the statistical
distributions of vertical and lateral forces have been
determined. The histograms of vertical and lateral forces
have been approximated by theoretical laws.
Kolmogorov-Smirnov fit criterion has been used to
confirm goodness of chosen approximation functions. A
technique has been developed for mixed freight and
passenger railway traffic that allows to consider the
contribution of the share of each type of rolling stock in
the force impact on the track when calculating the total
impact. The technique is based on real, experimentally
established distributions of vertical and lateral forces,
traffic speed at the considered section of the track with
regard to seasonality (winter, summer), and can be used
for the sections where heavyhaul traffic is being
implemented.
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Introduction. The implementation of heavy-
haul traffic has for many years been the pole of
attention of world’s railways as a tool to improve
the efficiency of rail freight transportation. The
activities of the non-governmental International
Heavy Haul Association' include the objective
to conduct research aimed at solving
technological problems associated with
development of rolling stock and infrastructure.

Research related to various aspects of
introduction of heavy traffic is conducted in
many countries. Particularly, the [1] studied the
dynamic response of a railway track to
longitudinal forces arising in heavy-haul trains
in braking modes and the influence of vertical
forces on longitudinal loads in rails.

The [2] studied the sleeper deflection
(vertical displacement), influence of pressures
of unsupported sleepers on ballast depending on
their position during movement of heavy-haul
trains. The pressure on ballast and acceleration
of sleepers were determined depending on their
vertical position for the cases when geogrids were
used and the cases when they were not used. The
[3] used the 3D model of a heavy-haul train to
study the dynamic interaction of rolling stock
and track with the account for longitudinal
forces in the train. A technique to increase the
efficiency of calculations for complex systems
«heavy-haul train—track» has been developed,
and the basic principles for increasing accuracy
of calculations have been determined. The [4]
contains technical specifications developed for
elements of the track superstructure for operating
conditions of heavy-haul traffic in the desert of
Saudi Arabia, considering maximum
temperatures, a wide range of temperature
fluctuations, ultraviolet radiation, and significant
movement of sand due to wind impact.

The study [5] develops the methodology for
calculating the service life of elements of the
track superstructure of a given design for heavy-
haul traffic considering degradation and total
track deformations on a coal railway in the
Republic of South Africa. The predicted life
resource is calculated during operation of rolling
stock with a load of 26 ton/axle for a period of
40 years with a total processed tonnage of 4000

! [Electronic resource]: https://ihha.net/.

million tons gross and a safety factor varying
from 2,4 to 6,0.

The research, presented in [6], developed a
method for monitoring workloads of the existing
rolling stock on the track structure that is based
on measuring accelerations of the rails in the
vertical and horizontal transverse directions. The
comparative analysis of the statistical parameters
ofthe stress of the rails and of acceleration during
passing of the shunting locomotive and gondola
cars showed satisfactory results in determining
the pressure from wheels on rails.

The work [7] presents study of the problem
of modelling of stochastically distributed rail
imperfections on the surface of the rail head.
The two-layer model described in this paper
allows to consider mechanical properties of
construction elements of rail track and to
analyze interactions between rails and sleepers.
The response of the rail track to the passing train
was shown for linear and deterministic models.

Thus, the implementation of heavy-haul
traffic is preceded by extensive studies on the
effects of rolling stock on the track.

In Russia, the General Scheme for
Development of Railways Network of JSC
Russian Railways for the period up to 2020 and
2025 [8] provides for development of heavy-haul
transportation at heavy traffic sections of the
network to master forecast cargo flows and to
reduce transport costs. At the same time, in
accordance with the Strategy for the
Development of Railway Transport in the
Russian Federation until 2030 [9], the task was
set to ensure the compliance of technical and
technological condition of the infrastructure, as
well as of its maintenance, with the best world
standards. The organization of heavy-haul traffic
by using cars with increased axial load contributes
to technological efficiency by increasing
throughput of the given network sections, and
results in grown capacity to transport additional
volume of bulk cargo.

However, the process of introducing rolling
stock with an increased axial load requires
additional studies to assess the effect of increased
axial loads on degradation of the elements of the
track superstructure, deformation parameters of
the ballast layer and of the substructure. While
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developing the comprehensive assessment of the
effectiveness of heavy-haul traffic, it is necessary
to consider measures, necessary to reinforce the
railway infrastructure, which in turn requires
accurately considering force factors acting on
the track and generated by different types of
rolling stock with diversified axial loads.

The distribution of force factors for a specific
section of a railway track is a multifactorial
process, the quantitative parameters of which
depend on the structure of the train traffic flow,
the type of rolling stock and its share in the total
daily train traffic passing through the section,
speed limits set for the section, track profile
(straight line, curve), technical conditions of
rolling stock and elements of the track
superstructure.

The study’s objective is to develop an
algorithm for determining the law of integral
distribution of vertical and lateral forces
generated by various types of rolling stocks at a
random section of rail track.

Theoretical foundations were based on the
methods of mathematical statistics and
probability theory [10, 11]. Differently to the
approach contained in the Methodology [12],
where the impact is determined by calculation,
to obtain quantitative parameters of the integral
distribution of vertical and lateral forces, it is
proposed to use the results of experimental
studies on the impact of various types of rolling
stock on the track, comprising effects of cargo
trains formed with cars with axle loads of 23,3,
25, 27 tf (tonne-force), of passenger, rapid trains,
multiple unit trains, etc., obtained by the
researchers of VNIKTI and of VNIIZhT
[Russian Railway Research Institute] and
presented in the works [13—18].

Results

Algorithm of determining integral law of
distribution of vertical forces

The following assumptions are made:

+ The daily set of trains as well as their
technical condition are assumed to be similar
for a long time;

+ Climatic conditions are divided among
two components, namely winter and summer
periods, determining accordingly difference
in force action due to changed rigidity of track.
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Under the assumptions made, integral
distribution of vertical forces can be determined
in the following sequence.

Following multiple experimental
researches on the impact of freight,
passenger, high-speed, multiple unit trains
on the track it was established that according
to the Kolmogorov—Smirnov test (goodness
of fit criterion), the distribution of vertical
forces generated due to the action of the
trains formed with uniform cars with axial
loads with close values, locomotive engines,
and multiple unit trains is quite correctly
approximated by the normal (Gaussian)
distribution law.

Vertical force distribution probability
density is defined by the normal law:

_(Fomp)
1 e 207,

f(F;):O'\/% >

where F is current value of vertical force;
m, is expected value (mathematical

expectation) of the set of vertical forces;
o, isroot-mean-square deviation (RMSD,

or root-mean-square error, RMSE) of the set
of vertical forces.

The density of distribution of vertical forces
appearing due to the action of freight trains
formed with different cars with various axial
load (empty, low-loaded and full-loaded cars),
considering also the vertical impact forces, can
be more exactly described by the log-normal
distribution law.

Distribution density of probability of
random variable, whose logarithm is distributed
by the normal law, is described by the following

ratio:
1 ln(F;_mF)
F)= :
f( 1) O_F‘E\/z”exp{ 20'; ’

where F, is current value of vertical force;
o, 1s root-mean-square deviation of

vertical forces;
m, is expected value of vertical forces.

If there are loaded and empty cars in the
trains, the distribution is a superposition of the
laws of distribution of probability of vertical and
lateral forces determined with experimental
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statistical data, with relevant expected values
and root-mean-square deviations.

Expression for integral relative frequency
of vertical force F, generated due to different
types of rolling stock k,, k,, ..., kj which
participate in forming the frequency distribution
law for forces F, can be written as follows:

F > BE=y Pi+y, PR +..+y, P

F,—>PF=y, Ph+y, PP +..4+y,(jPF';f;

F > P* =yijFf“ +7k2PFlfz +,..yk/PF’,",

where PB*.P,....,P* are respective integral

relative frequencies of vertical forces F|,
F,, ..., F, generated by the daily set of trains;
Pi.PP,... Py are relative frequencies of

vertical forces F, generated due to different
types of rolling stock &, k,, ..., kj (statistical
features of relative frequencies of vertical forces
should be experimentally identified separately
for each type of rolling stock);

kj is the type of rolling stock running on this
section (k, is intended for locomotive engines);

k, designates freight trains with full-loaded
carsunder load of up to 23,5 tf/axle with bogies
of type 18—1002;

k, designates freight trains with low-loaded
cars with bogies of type 18—100;

k, designates freight trains with innovative
cars with axial load of 25 tf/axle;

k, designates freight trains with innovative
cars with axial load of 27 tf/axle;

k, designates passenger trains;

k, designates rapid passenger trains (Nevsky
express train, etc.);

k, designates trains with higher speed
(Sapsan [peregrin falcon] train);

k, designates multiple unit trains;

Yi>Yi»-- 7, are shares of rolling stock of kj

type running within the daily set of trains,
VitV Tty =1;

F,, F,, ..., Fare vertical forces in the statistic
partition of vertical forces with increment of
AF.

To define an integral distribution law,
allowance should be made for authorized

2 Model of bogies frequently used in Russia and other
countries. See, e.g., http://ukbv.ru/en/kontragentam/
documentation/tracs/1932—18—100.html — Ed. note.

running speed and climatic operation
conditions.

In case if the authorized train speed
(velocity) is within the intermediate interval
between the velocity V. and the velocity V-

for which the statistic parameters of
distribution laws are defined, it is necessary

to additionally calculate ™ and & for

currently authorized speed V.

If we assume that the expected values and
root-mean-square deviation values vary
linearly depending on increase in speed, then
the expected value of actual speed V, will be
defined as follows:

Va_Vmin
V. .-Vv..>’

max min

m, =m +Ampe

where ™% is expected value of vertical forces

for actual authorized speed V, at the relevant
section;

Am, =m, —m. is change in the expected

value of vertical forces depending on increase
in velocity from V. to V _ .

The root-mean-square deviation value is
defined similarly:

V.-V
Gpy =Gp +AG,
Fa Foin 77
max min

where % is root-mean-square deviation of

vertical forces for actual authorized speed V,
at the relevant section;
AG, =0, -0, is change in the root-

mean-square deviation of vertical forces

depending on increase in speed from V. to
min

V

max’

Considering the revised values ™0

typical of the authorized speed of trains, the
vertical force distribution laws are developed
for each type of rolling stock involved in the
daily train traffic, and vertical force integral
distribution law is developed for actual speed V.

Integral distributions for summer and
winter operating periods of a section are
defined to consider the climatic conditions
and the duration of summer and winter
periods. Operating period of track section in
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summer is taken as s and operating period in
winter is taken as w:
B> f(F), P\ > f(F).

Then for a specific value of vertical force
F, the integral relative frequency is defined
=aP* + P

iw oy

as F,—> P

istw
where P%,, is integral relative frequency for

all types of rolling stock running on the
relevant section during the year considering
the authorized speed and climatic «winter—
summer» conditions.

Algorithm of integral distribution of lateral
forces

To define the lateral force distribution law,
we shall apply methodological approaches
which have been used for defining the vertical
force distribution law.

Rail loading (stress) condition for curved
sections of rail track is defined by radius of
curves, speed and values of canting of outer
rail (its superelevation over the inner one),
and those features should be considered when
defining the distribution law.

Integral relative frequency for different types
of rolling stock kj, for example, for lateral force
H,, considering the quantity j of types of rolling
stock which impact the integral relative
frequency of lateral force is defined as:

k;
T _ k;
H, _’PH,,g = § ]k/'PH,,B 5
=

or, in expanded form as:

H, _)Pilbl =7k1'P}ll(; +}/k1'P}ll(; ~~~+7k,°P;l1c;§

H, —)Pi“ =7k,'Plf]n +}/k2.PI§ZZ ~~~+7k,.'P122§

H, _)PEM =yk1.PHk‘w +7k2.PHk:g "‘+}/kj.P}ll(:€3

where »¥ is share of types of rolling stock of

kj type involved in the daily train traffic;
kj is type of rolling stock;
H, , H,, .., Harevalues of lateral forces;
Py ... Py are relative frequencies of lateral

forces generated by rolling stock of k] type;

P, isintegral relative frequency of lateral

force H, generated by different types of rolling
stock of kj type generating the lateral force H,,
with the account for their quantity;

P istrack impact relative frequency; it is

defined from the lateral force distribution
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density by theoretical distribution laws using
the experimentally deduced statistic parameters
and basing on a share of each type of kj rolling
stock generating a lateral force H,,.

‘When the input data get in the intermediate
position in between the experimentally
deduced parameters m,, and o, forspeed V.

and speed V_ . integral distribution relative
frequencies of lateral force H,, are defined by
the linear interpolation method (similarly to
the case of vertical forces when defining the
integral distribution of vertical forces). Here
m, and &, are expected values and root-

mean-square deviations of lateral forces
experimentally deduced for the curves with
specific radius, authorized speed, outer and
inner rails, superelevation of the outer rail,
summer and winter operating conditions.

Besides, it is very important to correlate
density of distribution of lateral forces
throughout the outer and inner rails with the
speed and superelevation.

Expression for integral relative frequencies
of lateral forces can be written in expanded
form as follows:

z .
H, —)PH“,
.
H,,Z—>PH“,

z
Hy,—>P, .

Then the integral densities of distribution
of lateral forces generated by the daily set of
trains running through this section shall be
defined.

Technique to determine integral distribution
of vertical and lateral forces

Based on the experimentally defined
distributions of vertical and lateral forces
generated by different types of rolling stock,
their statistic parameters, a technique has been
developed to determine an integral vertical
and lateral forces distribution depending on
the structure of train flow, actual speed,
railway track profile and climatic conditions.

Let us by way of illustration determine an
integral distribution of vertical forces within
the straight station-to-station block section
between Golutvin and Podlipki stations of
Moscow railway [a branch of Russian
Railways] for the 2" main track. It is known
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that at that block section the authorized speed
is V_= 80 km/h.

According to the data of the technical unit
of Golutvin track maintenance division, the
track is of the class I, the block section belongs
to the group of extremely heavy loaded
sections (group code is O [EHL]), workload
is of 106,8 mln t gross, daily number of
passenger trains is 46, number of freight trains
is 78, number of multiple unit trains is 11.

Let’s calculate the shares of types of rolling
stock 7 in proportion to the amount of
wheelsets.

The total number of wheelsets has been
defined following the assumptions that the
weight of goods trains was of 3600...4000 tf,
and the weight of loaded freight cars was of
94 tf.

The freight train weighing 4000 tf contains
on average 42 cars, so the four-axle rail cars
of the train have 170 wheelsets, and 78 freight
trains will have 13260 wheelsets.

The total number of locomotives has been
calculated by summing the numbers of freight
and passenger trains X, = 78 + 46 = 124. For
calculation we refer to twin-unit electric
locomotives with two two-axle bogies per
each unit and 8 wheelsets per locomotive.
Subsequently the sum of wheelsets will be
calculated as 8 « 124 = 992.

The number of cars in the passenger trains
is assumed to be 16. Subsequently the sum of
wheelsets of passenger trains will be calculated
as 46 < 16 « 4=2944.

The number of wheelsets of multiple unit
trainsis4 « 11 « 12 =528.

So, the total number of wheelsets running
through the considered block section per day
is as follows:

0 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

P kj = 13260 + 992 + 2944 + 528 = 17724.
The kj set of elements is as follows:
k, =992, k, = 13260, k, =0, k, = 0, k, = 0,
ky=2944,k,=0, k, =0, k, = 528.
The share of each type of the rolling stock
in the total train flow is as follows:
* share of locomotives:

. k _ 992 _
T e Tk, +k + kg +k, 992413269+ 29441528
=22 056,

17724
* share of freight trains:
L 13260
e =774~

+ share of passenger trains:
i 2944

Ve = > 5

17724

* share of multiple unit trains:

528
b 2~

" =17724

To build probability distribution and
probability density function for vertical forces at
this block section we determine the density
distribution function for each type of rolling stock

for summer and winter operating conditions:

gl

Piz =}’KI'PFKl +7KZ'PFKZ +7K6'PFK° +7K9'PFK9'

To build vertical forces distribution function
at this block section we determine the
distribution density functions considering the
share of each type of rolling stock for summer
and winter conditions.

To build integral function it is necessary to
take a cross-section for each point along X-axis
and to sum the values of functions shown in
Pic. 1 regarding the coefficients k representing
a share of respective type of rolling stock in the
total train flow through this section.

Summation example for vertical forces F,=
100 kN is shown in Pic. 1.
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Pic. 2. Integral distribution of vertical forces acting on the rails due to daily set of trains with due account for
summer and winter operating periods.

Let’s draw a vertical line through point F, =
100 kN and define the relative frequency of force
F,= 100 kN at the points of its intersection with
graphs of distribution of vertical forces for different
types of rolling stock with due account for a share
of the impact of different types of rolling stocks on
the track. After obtaining initial data for each type
of rolling stock, we shall determine the value of
integral relative frequency for the force F as follows:

P /% = 0,056+0,0249 + 0,747+0,0145 +
0,03+0,0425 + 0,167+ 0,074 = 0,0262.

Similar operations shall be done for each
vertical force F, with a selected increment
(this study uses a 10 kN interval). A special
software has been developed for automation
of this process. Finally, the calculation results
will show a set of integral relative frequencies
for sequential vertical forces, which are used
for building integral distribution law for the
summer period.

Following the same algorithm, we can
define integral vertical forces distribution
probability for the winter period.

Finally, we will get a set of values for
building an integral function for both summer
and winter periods. As there is a difference in
force impact within the «wheel—rail» system
during summer and winter periods due to
different stiffness of the track, we shall introduce
season coefficients. It is assumed for the middle
climate area [in Russia] that during the summer
the track is operated for 0,6 T, and during the
winter it is operated for 0,4 Ty, where Ty is the
annual (year) period.
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Consequently, previously obtained sets of
values shall be summed up in compliance with
season coefficients (for the summer it is equal
to 0,6; for the winter it is equal to 0,4).

Total P> =0,6+P_+ 0,4+P ; so, e.g. for
F =100 kN: P>=0,6 « P/ +0,4 « P ' «
0,6 =0,0262 + 0,4 « 0,025011 = 0,0257244.

The calculations result in integral
distribution of vertical forces at the block
section which is shown in Pic. 2.

Analysis of the obtained integral law of
distribution has shown:

— obtained density of distribution of vertical
forces will allow to calculate the stiffness of the
elements of the elements of the track depending
on the share of different types of rolling stock
passing within the trains, as well as the contact
fatigue wear of the rails with regard to the share
of freight wagons with increased axial load;

— a similarity of final distribution with
distribution calculated for the rolling stock with
greatest share in the traffic can be detected
(in the considered case it is a distribution for
freight wagons);

— the inclusion of passenger trains and
multiple unit trains into calculations results in
changes in the form of distribution calculated
for freight wagons, increasing the values of
relative frequency for vertical forces caused by
those types of rolling stock).

Brief conclusions

The developed technique allows to identify
the total impact on the rails and the track
considering shares of each type of rolling stock,
authorised speed, climatic conditions.

Krasnov, Oleg G. Technique to Determine Integral Distribution of Forces Acting on the Railway Track



Conclusions

1. A technique to determine the integral
laws of distribution of vertical and lateral forces
has been developed, that can be used for
implementation of heavy-haul traffic and
intended to more accurately consider the force
impact of different types of rolling stock,
including freight wagons with increased axial
load, on the track.

2. The technique allows to consider impact
of different types of rolling stock with regard to
the design of running parts, magnitude of axial
loads, speed, stiffness of the substructure due
to seasonality (summer, winter), transverse
railway track profile, share of each type of
rolling stock in the total impact on the track.

3. Integral distributions of vertical and lateral
forces calculated with the suggested technique
will allow to calculate stiffness of the elements
of the track superstructure under probability
aspect considering share of different types of
rolling stock passing by a given railway section.
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Bopwuc JIEBUH BukTop LLBETKOB

B cBsi3y1 ¢ pOCTOM CKOPOCTEWN XENE3HOAO0POXHOrO
TpaHcropTa 1 Nepexonom K 6ecrmioTHoOMYy yrpassie-
HUIO TPaHCNopTOM BO3PACTaeT POJib TEXHOIOM i
orneparvBHOro yrpasseHvsi 6e3 U3J/INLLIHEro y4acTus
B HEM CO CTOPOHbI UEHTPAJILHOIO annapara KOMIaHWi.

Llenbto paboTbl IBUIOCH NCCIEA0BaHUE CyoCcuam-
apHOIro yrpaB/IeHWs Kak HOBOVI TEXHOJIOM YrPaB/IEHUS
NOABVXHBLIMY 0ObEKTaMU, OrpeneeHne rpaHuL, ero
appekTnBHOCTH.

Ocob6eHHOCTb CybCUaAnNapHOro ynpasieHysl B TOM,
4TO OHO 3(PEKTUBHO HE BCErAa, a TOJIbKO Ipuv orpe-
J1€JIEHHBIX YCJIOBUSIX, MOITOMY [J151 €r0 MPUMEHEHUS
HeobxoauM aHan3 ycaoBuii QYHKLMOHUPOBaHUS
TPaHCopTHbIX cpeacTs. CybcuanapHoe yrpasBieHne

BOTPOCHI TEGP

CyocupaunapHoe ynpassneHue
Ha XXene3Hou aopore

IOpwii ASIOBA

Jlésun bopuc Anexceeeun — Poccuiickuii ynusepcumem mpancnopma, Mockea, Poccus.

1[eemro6 Buxmop Slkoeaeeuu — Hayuno-uccaedosamenvckuii u npoeKmuo-KOHCMPYKMOPCKULL UHCIMUMYm
uHgopmamu3zayuL, agMoMamu3ayuu U ces3u Ha Hcene3Ho0opoxcHom mparncnopme, Mockea, Poccus.
J3ro6a FOpuii Baadumuposuu — HayuHo-uccredosamensckuii U npoeKmHo-KOHCMPYKMOPCKUL UHCIUMYM
uHpopMamu3zayuL, agmMoMamu3ayuu U ces3u Ha Hcene3Ho0opoxcHom mpancnopme, Mockea, Poccus™.

SIBJIIETCSI aJIbTEPHATUBOV Nepapxn4eckomy yrnpassie-
HUIO, KOTOPOE 3P PHEKTUBHEE B MPOCTLIX YC/IOBUSIX.

PackpbiBaeTcs CyLHOCTb CybCuanapHOCTU B CO-
LmasnbHOWV 1 TEXHUYECKOU 061acTsiX.

lMpuBoasTcs pe3ynbTarsl NCCEA0BaHUS MPUME-
HEHUS Y IPUMEHUMOCTY CYOCUANAPHOIO YrpaB/ieHUs
Ha XeJsie3HOV AopOore, aHan3npyroTCsl ero OCHOBHbIE
axTopel. [1poBOANTCS CpaBHEHME CUrHaIbHO-B/10KO0-
BOI0 yripaBrieHusi 1 CyOCUaNapHOro yrpasJsieHus, ro-
Ka3aHbl OCOOEHHOCTV OrpenesIeHNs pa3mepoB OJ1I0KOB.
OnucaHb! [0MN0oHUTE IbHBIE akTOPbl CyOCUaNapHOro
yrnpasieHuss — KOMMJIeMEHTapHOCTb, acTaTtu3m.
lponemoHcTprpoBaHa cBsi3b CyoCUanapHoro yrnpas-
JIEHUST Y KOHLIENLmuy LnpPOBOU Xes1e3HOM oPOru.

KntoyeBbie c/ioBa: TpaHCopT, yrpasaeHue, xeneaHasl 4opora, Lmugposas xeneaHas gopora, cyéeuam-
apHoe yrpasneHne, undpoBasi IKOHOMMKA, 6/I0KOBOE YrpasBieHne.

*MHdopmaums 06 aBTopax:

07.08.2019.
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BBEOEHUE. KOHUENLUUA
CYBCUOUAPHOCTU

Wneun cyGcuamapHOCTU TTepBOHAYAIbHO
3apOAWINCH B COIIMAIbHOM cdepe, HO B Ha-
CTOSIIIICE BpeMsI IOSIBUIACH BO3MOXHOCTD UX
peayM3aliii U B TEXHUYECKUX O0JIACTSX Jes-
TenbHOCTHU. CYIITHOCTD UIeU CYyOCUINAapHOCTH
B TEXHUYECKOI cepe 1 B chepe yrpaBIeHUsT
COCTOUT B IIEPEHOCE MPUHSITHSI OTIepaTUBHBIX
PEIICHUIA C BEPXHETO YPOBHSI Ha OTIEPALIMOH -
HBII YpOBEHbD [1], B TOM Umciie B OTHOLLIEHUN
yrnpanieHus ¢uiauanamu [2; 3]. Ha TpaHc-
MOPTE MOBBIIIEHUE CKOPOCTEI NBMKEHMS Ha
JKEJIE3HOM Jopore, yIpaBieHue OeCITMIOTHBI-
MU TPaHCIIOPTHBIMU cpeAcTBamu [4; 5] nena-
IOT aKTyaJIbHBIMM METO/bI OIIEPAaTUBHOTO
yIIpaBJieHMsT TTOABUKHBIMU O00beKTaMM, K
KOTOPBIM M OTHOCUTCS CYOCUIMapHOE YITpaB-
JIEHUE.

AP deKTUBHOCTL CYOCUAMAPHOTO YITpaBJie-
HUS MPOSIBIISIETCST Ha MIPUMEPE YIIPaBIICHUS
TpaHcHopToM Merarnosnuca [6; 7]. [Tpaktndecku
HEBO3MOXHO COCTaBUTh YETKMIA rpachuK mepe-
BO30K B YCJIOBMSIX TUTOTHOTO ABVDKEHUSI 1 MHO-
royuciaeHHbIX mTpobok. [Toatomy ne-dakrto
yIpaBJIeHUE TPAHCIIOPTOM METaItoIrnca siBJisi-
€TCsI MHOTOLIeJIEBBIM [7; 8] 1 ocylecTBsIeTCS
cyocuarapHo.

1leav pabomer 3aKiII04aETCS B MCCEN0BA-
HUU TEXHOJIOTUM CyOCHIMAPHOCTH M HAXOXK-
JIeHUU rpaHull 3(PPEeKTUBHOCTU €€ TPUMEHe-
HUS B chepe TpaHCIopTa.

Memodvt uccaedosanuss BKIIIOYAIOT CUCTEM -
HBII, CPABHUTEJIbHBIN U YIIpaBJIeHYECKUIA
aHajm3.

HavabHoit 1esbio uaeu cyocuamapHOCTH
OBLIO pa3pelIeHre TPOTUBOPEUMIA MEXKITY aB-
TOPUTAPHOM TMYHOCTBIO 1 0011IeCTBOM. [TprH-
LIUIT CYOCUIMAapHOCTH B COLMAIbHOI cepe
BOCXOAUT K paboTaM rpedeckux ¢puiocodon
Ilnatona u Apuctotensi. B kaTonuueckom
YYEHMU TIPUHLIMI CyOCUAMApHOCTU OBLI 3a-
¢ukcuponan Ilamoit Pumckum JIbBom XIII
(1891 rom) [9] u cran yacThio obUIIMATHLHON
JIOKTPUHBI KaTOJIMUYeCKOM iepKBU. C TTOJIUTH -
YEeCKOM 1 IpaXkAaHCKOM TOYEK 3pEHUS TIPUH-
LM CYOCUIMAPHOCTY HaIlpaBJieH Ha UCKJTIO-
YeHUE aBTOPUTAPHOI BJIACTH, YTO ITOIpa3yMe-
BaeT aBTOHOMMUIO JIMYHOCTU M MOIIepKaHUe
YyBCTBa COOCTBEHHOI'O JTOCTOMHCTBA. Bce
MHCTUTYTHI OOIIIECTBA, OT CEMbH JI0 MEXKIyHa -
POIHBIX OPTaHOB, JOJDKHBI CITYKUTh Y€JIOBEKY,
a ICTOYHUKOM ITOJIMTUIECKOI BJIACTHU SIBJISIET-
cst Hapo#d. CyocuanapHOCTh 00SI3bIBAET TOCY-
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JTapCTBO U OOILIECTBO K CO3AAHUIO YCIOBUM TSI
MOJIHOLIEHHOTO Pa3BUTHUS JIMYHOCTU, B TOM
YHce, 3a CYET 00eCTIeYeHUS COLIMATBHO-3K0-
HOMMYECKMX MpaB yesnoBeka. CyocuauapHOCTh
MOXHO TaKMM 00pa3oM paccMaTpuBaTh Kak
MPUHIIAT, KaK CBOMCTBO U KaK COCTOSTHUE.

ITpumeHeHUe TpUHLIMITIA CYOCUIUAPHOCTH
B TEXHUYECKOU 1 MHGMOPMaIIMOHHOM cepax
MO3BOJISIET BBIACIUTH OCOOBIN BUJ YIIpaBJie-
HUS — cybcuduapHoe ynpasaerue. YIBOCHUE B
YCJIOBUSIX COBPEMEHHOTO OONIECTBA KaXIble
2—3 roga 06 bEMOB UH(pOPMALIMU, UCTIOTIb3Ye-
Moli B ynipasieHuu [ 10], ycunuBaet HeqocTar-
KU, IPUCYILINE UEPAPXUYECKUM CUCTEMaM, U
TpedyeT MOMCKa HOBBIX MOAXOI0B K OpraHu-
3auuu ynpasieHust. OMHUM U3 TaKUX pelie-
HUW U cTajlo cyocuaMapHoe yIrpaBieHUE,
O3Hayvarollee rnepepacnpeneneHue GyHKInn
yIpaBJIeHUST MEXIy IEHTPAJIbHBIMU U TIEPU-
depuitnbiMu opraHamu. C pa3BuTueM UHGOp-
MAaIMOHHOTO OOIIECTBA CyOCUANAPHOE YIIPaB-
JIeHWE CTalu MPUMEHSTh Ha TpaHCHOPTE
(6eccBeTo@opHOE IBUKEHUE), B KUOEPHETU -
ke (poboToTexHuKa), B TexHosorun MHurep-
HeTa Belllell 1 B Kubepdusnyeckux cucreMax.

B 10 xe Bpemsi mpuMeHeHue cyocuauap-
HOTro ymnpasjieHUus 3(p@HEeKTUBHO HE BCeTr/a,
a TOJIBKO B OMPEEIEHHBIX YCIOBUSX.

OCHOBHbIE ®AKTOPbI
NMPUMEHEHUSA CYBCUAUAPHOIO
YMNPABJIEHUS HA )XEJIESHOW
AOPOTE

OO0bIYHOE YITpaB/IeHUE IBUXKEHUEM Ha3bI-
BalOT CUTHATbHO-010KOBBIM. OHO OCYIIIECTB-
JIIeTCsl IO CUTHAJIaM, KOTOPbIe pa3perialoT
WJIY 3aTTpelaloT IBMKEeHUE Ha yJacTKax Iy Th
(puc. 1) [11].

YnpasiieHre OTBUKEHUEM OCYIIECTBISET
ueHTp ynpasieHus (L1Y) mytém opraruzaiim
CHUTHAJIOB C ITOMOIIIbI0O KOMMYHUKAIIMOHHOTO
npoctpaHcTBa. KOMMYHUKAIIMOHHOE TIPO-
CTPaHCTBO (CBSI3b) BHITIOJHSICT BaXKHEHIITNE
(byHKIIMM TONNEPXKKUA TAKOTO YIPaBICHMS.
[MockobKy Ipyroro MpocTpaHCcTBa yrpasJie-
HMSI He OBLJIO, TO OCHOBHBIM METOJ/IOM YITpaB-
JICHUsI Ha XeJIe3HOJOPOKHOM TPAaHCIIOPTE
OBLIIO CUTHATTLHO-0JIOKOBOE.

[MosBneHre cyOCUIMApHOTO YIIPABICHUS
CTaJ0 BO3MOXHBIM OJlarogapsi BHEIPEHUIO
CITyTHUKOBBIX M HA3¢MHBIX HAaBUTAIIMOHHBIX
cucteM. BropbiM (hakTOpOoM cTasio BOSHUKHO-
BEHME W UCIIOJb30BaHUE OOPTOBBIX MHOOP-
MallMOHHBIX U aHAJIMTUIECKUX YCTPOMCTB.

JleeuH B. A., LiBeTkoB B. §1., [3106a 0. B. Cy6cnanapHoe ynpaeneHue Ha Xene3Hou aopore
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CybcunomapHoe yIIpaBIeHUE UMEET CBOIO
crienuKy. DTO OIIPEACIISICTCS PSIOM ITPHUH-
munoB [12] u dakTopoB. BaxkHbMu 31eMeH-
TaMU SIBJISTIOTCSI «ITPOCTPAHCTBO YITPABICHUST»,
«IT0JI€ YIIPABIEHUS», «CUTYyalldsl YIIpaBie-
HUST», «TIPOCTPAHCTBO PEICHUH 33124 yIIpaB-
nenust (ITP3Y)» (puc. 2).

LlenTp ynpaBieHUsT coOXpaHseTCs, HO
B OOJIBIIIEH CTETICHY BBITTOJTHSIET KOHTPOJILHBIE
(byHKIIMM ¥ BMeIIMBAETCS B CTydae UYpe3BbI-
YaHBIX cuTyauuil. [[puHIMITAATBHBIM SBJISI-
€TCSI TIOSIBJIEHE HOBOTO CPECTBA KOMMYHM -
KaIuy MEeXIY ITOABIDKHBIMU 00bEKTaMH. DTO
J0O0 T00aTbHAS HABUTALIMOHHAS CITyTHUKO-
Bag cuctema (THCC), mubo mo3umoHHbIe
CUCTEMBbl Ha36eMHOU MOOWJIBHOUW CBSA3MU.
B 06oux ciydasix, B CpaBHEHUM CO CXEMOM Ha
puc. 1, B cydcunmnapHOM yIpaBIEHUU TTOSIB-
JISIeTCSI BO3MOXHOCTh CAMOCTOSITEIBHOTO
MO3UIIMOHUPOBAHUS (KOOPAUHUPOBAHUS)
MOIBUXHOTO 00BEKTa OOPTOBBIMU YCTPOU-
CTBaMU.

[MpocTpaHCcTBO yripaBiIeHUS TPEACTABISIET
co0oti (huznueckoe 1 mapaMeTprUIecKoe mpo-
CTPaHCTBA, KOTOPBIE CIIy>KaT MCTOUHUKAMU
nHGOPMALINU O CUTYalluU, TTO3ULINU U CO-
CTOSTHUU yTIpaBiisieMoro oowekTa. OCHOBOM
OpraHM3alMy TaKOTO MPOCTPAHCTBA CITYXaT

>

HanpasneHue auxeHus

Puc. 1. CurnanbHO-6710KOBOE ABVXEHNE.

CTyTHUKOBBIE TEXHOJIOTUM U MOOUIbHBIE
TEXHOJIOTUY TTIO3UITMOHUPOBAHUSI.

IMone ympaBneHust eCTh YaCTh PeaTbHOTO
MH(OPMAIIMOHHOTO TTPOCTPAHCTBA, B KOTO-
pPOM BO3MOXHO (pu3myeckoe yrnpaBlieHUE
00BEKTOM.

CuTyauust yrpaBiaeHUST €CTh YaCTh OIS
yIpaBJieHUs] U TTapaMeTpuieckas MOJeNb
HGOPMAIITMOHHONW CUTYaluu, B KOTOPOU
HAXOIMUTCSI 0OBEKT YIIPaBICHMSI.

WMudopmanimoHHast CUTyalust XapakTepu-
3yeT OOBEKT YIIPaBICHMS 1 BCE BaXKHBIC (haK-
TOPBI, KOTOPBIE BIMSIOT Ha €ro cocTostHue. [1o
CYILIECTBY, CyOCUIMAPHOE YIIPABICHUE SBIISI-
€TCSI CUTYaTUBHBIM (ICUCTBYIOIIUM <«ITO CH-
Tyalnu» ) © OTHOCUTCS K IITKOJIE «yTIPABICHUS
TIPY HETIPEABUIEHHBIX 00CTOSITEIbCTBAX> [ 13].

ITpocTpaHCTBO peleHusT 3amad yrpasie-
HUS €CTh MapaMeTprieckoe NH(GOpMaImoH-
HOE TIPOCTPAHCTBO, KOTOPOE COAEPKUT OTIBIT
paHee TIPUHSTHIX YITPaBICHUYECKUX PEIICHUN
U CITy>KUT PECYPCOM TSI TIPUHSITUS PEIIeHU T
B Pa3JIMYHBIX BHOBb BO3HUKAIOIIINX CUTYaIlH -
sX. ETo 0cOOEHHOCTh B TOM, UTO OHO Haxo-
nutcst (puc. 2) Ha OOPTOBBIX YCTPOMCTBAX
JBIXYIIUXCS cpencTB. HeTpynHo 3amMeTuTh,
YTO pUC. 2 ABISIETCS 000OIIEeHNEM CXEMBI
nudpoBoi Kee3Hoil moporu [14]. 3amaga

MpocTpaHCTBO ynpaBneHus

Mone ynpaenexus

Puc. 2. Cy6ecupunapHoe yrnpassiieHne Ha XeJsie3How gopore.
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Puic. 3. TexHonorvsi NoABvXHbIX GIOKOB.

TTP3Y xaxaoro 60pTOBOTO YCTPOMCTBA 3a-
KJII0YAeTCsI B TOM, YTOOBI OIIepaTUBHO HAWTH
TOTOBBII CTEPEOTUII PELICHUS IS TEKYILEeH
CUTyaluu, MO0 pa3paboTaTh HOBBII aJIro-
PUTM, KOTOPBII 3aTE€M HCIIOJb30BaTh KakK
OIIBIT.

JpyrumMu BaxKHBIMU (pakTOpamMu cyoCcuam-
ApHOTIO YIIpaBJEHMS, IOMUMO CUTYaTUBHO-
CTHU, SIBJISIIOTCS MH(MOPMAIIMOHHOCTh, KOM-
IUIEMEHTapHOCTh, aJallTUBHOCTh, CUCTEM-
HOCTb, YCTOMYMBOCTb.

CUTYATUBHOCTDb

CuUTyaTMBHOCTb O3HAuYaeT yIIpaBjeHUe 110
CKJIaJbIBAIOIICHCS CUTYallMM TBUXEHMUSI.
CyOcunuapHoe ynpaBjieHUe A0MYCKaeT BO3-
MOXHOCTb ITOSIBJIEHUST HEMTPEITYCMOTPEHHBIX
moMex JIBWXeHuo. [ToaToMy npu Haauyuu
obuIero raHa neiicrBuil (rpagpuka ABUXKE-
HUST) ¥ [JIABHOM LIE/IW TEKYILasl LieJIb OIpe/ie-
JISIETCSI CUTYallueid, HalpyuMep, TPersITCTBUS -
MM Ha I0pore, TOPMOXEHUEM BIEPEIU UIY-
LLIEro COoCTaBa U Jp.

CUTyaTUBHOCTD MPOSIBIISIETCS. B TOM, YTO
JUIS TOCTHMXKEHUsI TJIaBHOM MOCTaBJIEHHOM
LeJIM HeOOXOIMMO Peau30BbIBaTh BCIIOMO-
raresibHble 3anaun. Kaxaast BcrioMoraTesibHast
3a/1a4a UMeEeT CBOIO 11eJ1b, [I03TOMY CyOCHIM -
apHOE YIpaBJeHUE SIBJISICTCS HE TOJIBKO CH-
TYaTUBHBIM, HO U MHOTOLIEJICBBIM.

B HacTosiiee Bpemsi cyocuarapHoe yIpaB-
JIeHUE peanu3yeTcs Mnpu 6eccBeTo(GopHOM
JIBMKEHUM M pa3padaThIBacTCs JUTS TPUMEHE -
HUS Ha LHU@poBOI kenae3Hoi nopore. Ha
MPAKTUKE IPUMEHSTIOT TEXHOJIOTUIO MTOIBIIK -
HBIX CUTHaJIbHBIX 0JJ0KOB (Moving block
signaling) [11]. ITo cywecTBy, 3T OJIOKHU
M 3a/1a10T CUTYaTUBHOCTbD, YTO MOSICHSIETCS Ha
puc. 3. CUTyaTUBHOCTb COCTOUT B TOM, UTO
pPacCTOSTHME MEXIY T0€31aMU BbIYMCIISIETCS
Ha OCHOBE CUTYallMOHHBIX (DAKTOPOB IBHKE -
HUSI ¥ BJIMSIET Ha XapaKTePUCTUKM IBYKEHUST
CJIEIYIOLIETO Moe3/1a.

Ha puc. 3 nmokasaHbl Tpy IIOCJIEIOBATE b~
Ho uaywmux nmoesga A, b, B u unrepBasnbl
Mexay Humu L, L,, KOTOpbIe U 3a[al0T I10-
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NBUXKHBIC OJIOKU. B TeXHOIOTMU MOIBUKHBIX
0J10KOB (pHc. 3) KaXIbIi MOABUXKHBIN O0BEKT
(Hanmpumep, B) cogepxut 60pTOBYIO UHGOP-
MalMOHHO-BBIYUCIUTEIbHYIO crUCTeMY [8]
M OCYIIECTBJIsIeT MHDOPMAIIMOHHOE B3aUMO-
NeCTBUE C APYTUMU 00BbEKTaMU (HaImpumep,
C BHEpeId UIYIIUM OObEKTOM A U Ceaylo-
LIXM Tocyie 00beKToM B).

B 3aBUCHMMOCTH OT CKOPOCTU M MacChl
1moe3na pacCUMTHIBAIOT PACCTOSIHUE MEXIY
rnoe3aamMu, KOTopoe Ha3bIBaIOT «IJTMHA OJIOKa»
(L, L).

PasmepHocTb 010Ka L He siBlsieTcs (PUK-
CUPOBaHHOM, a PACCYMTHIBACTCSI HA OCHOBE
CYMMBI KOMIIOHEHT [, [,, [, [
L=1+1,+1+I,

[Mapametp /, (MHEPLMOHHBIA WK GU3M-
YeCKUi1) SIBNISIETCSI OCHOBHBIM. OH pacCUMThI-
BaeTCsl HA OCHOBE 0€30MacCHOr0 TOPMO3HOTO
MyTH, PETyIUPYETCs IO CKOPOCTU, HAarpy3ke,
YCJIOBUSIM IBMKEHUST Y MHBIM AaHHBIM. I1a-
pameTp /, (BpeMEHHOM) orpeeseTcs oomein
BPEMEHHOI 3a¢P>KKOM MPUHSTUS PEILICHUIA.
YeM BbIIIIE OBICTPOACHCTBUE CUCTEMBI U OTTe-
paTUBHEU aJropuTMbl pacyéTa, TeM MEHbIIe
BIIMsIHUE 9TOTO Tapamerpa. [lapamerp /, (Ha-
BUTaIIMOHHBII) OINpeaessIeTCsl peaibHOM I10-
TPELIHOCTHIO OTPENCICHUS MECTOTIOIOXEHUS
Ha ocHOBe puMeHsieMoii TexHojoruu FTHCC
U UCTIONIb3yeMoro pexxuma. Kpowme toro, npu
HMCMOJb30BAaHUM MOOUJIBHOI JIOKALIMU OH
OIpeAeISICTCSI TOUHOCTBIO 3TOI TEXHOJIOTUH.
[Mapametp /, (ynpaBieH4YeCKUIA) onpeesseT-
cs 3aIePKKOM yIpaBJIeHYECKOro CUTHaia
C MOMEHTa TOoJIy4YeHUsT MHhOPMAaLMU O CO-
CTOSIHUM o0BbeKkTa [1].

JluHeliHbIl pasMep OJoKa U3MEHSIETCS
B peaJIbHOM BPEMEHU B 3aBUCUMOCTU OT CH-
Tyauuu. O4eBUAHO, YTO JJIMHA OJloKa MJIs
Pa3HbIX TPAHCTIOPTHBIX CPEACTB CYILIECTBEHHO
paznuyaeTcs. YeM Bbllle CKOPOCTh U O0JIblIIe
Macca Ioesfia, TeM KpyrnHee HOJKEH OBbITh
6710K. Ha puc. 3 yc10BHO ITOKa3aHO, YTO OJUH
6110k MeHblIe apyroro: L, <L,

BepxHss rpaHuiia MoaBUXKHOTO 6Ji0Ka
(puc. 3) ninsg oowekra (B) onpenensiercst 160
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Puc. 4. Pac4éTt 6n10ka
6e30MacHOCTU ABVXXEHNS NpU
cy6cuanapHoM yrpassieHum.

MOJIOXKEHUEM XBOCTa MPEIIIeCTBYIOLIEro Mo-
e3na (A), 1mbo IPYyruMM NPENsSTCTBUAMU,
HE3aBUCUMBIMU OT CBSI3U C OOPTOBLIMU JaT-
YUKaMU. DTO MOTYT ObITh OOBEKTHI Ha Tpacce,
dukcupyembie ¢ MOMONIBIO BUIEO-, MHGPa-
KpacHbBIX N300pakeHUI, aKyCTUUECKUX CUT-
HaJIOB, TaHHBIX OT paAMOpeSeHbBIX CTAHIIUA.

B ob1iem ciydyae roBopsIT o gajgbHeM 00-
30pe WM «clienoM» 003ope. «Ciemnoii» 0030p
0O3HayaeT 0030p MyTH, HEBUAWMOTO U3 KaOu-
Hbl MallIMHUCTA B OTCYTCTBUE ONMTUYECKOU
BUAMMOCTH, HO (PUKCUPYEMOTO C TTOMOIIbIO
TeXHUYECKUX cpeactB. JdanbHuil uudpoBoit
0030p mpeaynpexaaeT 0 HeNpeaBUISHHBIX
MPEeMSTCTBUSIX HAa TTYTH U SIBJISIETCS] BCETOTO/I -
HBIM.

ITpu 6eccBeTOOPHOM XKeJIe3HOAOPOKHOM
IBUXEHUU Ha MPUHIIMIIE CyOCUIUAPHOTO
yIpaBieHUs MOSIBISIETCS OCOOEHHOCTh, KOTO-
pasi OTCYTCTBYET MPU OOBIYHOM CUTHAJIBHOM
nBvkeHuu (puc. 1). Bogurens (MalmHUCT)
JIOJKEH KOHTPOJMPOBATh HE TOJIBKO BIIEpEan
WUIYLIMI TPAHCTIOPT, HO U OOBEKT, CAEAYIOLIM I
3a ympaBJsieMbIM MM, BO U30eXaHue Hae3na
MO3aJu UAYIIETo TPaHCIopTa.

s cydocunuapHoro yrnpapieHUs IBUXe-
HUEM T0e3/10B 3TO BbIpaxkaeTcsl B TOM, 4TO
JTMHA 6J10Ka 0e30MacHOCTH, pacCUUThIBaeMast
OOPTOBBIM KOMITBIOTEPOM, JIOJIXKHA YUUTHIBATh
BIEpenU U Mo3aau UAylIue moesaa. JTo 1Mo-
Ka3aHo Ha puc. 4.

Ha puc. 4 nmokasaHo, 4To njuHa 0OJioka
MEXIy Moe3JaMu BbIOMpaeTCs KaK MaKCH-
MaJjibHas U3 ABYX 6J0KoB L, L, (puc. 3).

Hcnonb3oBaHue cyocHanapHOTo yrnpas-
JIeHUs yBeJUuMnBaeT 3¢ (GEKTUBHOCTb U TTPO-
MYCKHYI0 cocobHOoCTh. McKimtouaeTcst 1omnoJi-
HUTeJIbHaAsl paboTa MO YCTAaHOBKE METOK
U CUTHAJIBHBIX YCTPOUCTB. Takast cxema NBU-
xeHus peanuzoBaHa Ha MIIK (MockoBckoe
LIEHTpaJIbHOE KOJb10). Mcrionb3oBaHue TO-
JBUIKHBIX OJIOK-YYaCTKOB NA€T yBeJIMYEHUE
9 (HEKTUBHOCTU ABMKEHMS C BO3SMOXXHOCTBIO
€ro MHTerpajibHOro peryaupoBaHus [15].
HMHTerpanbHOE peryaupoBaHue OCYIIECTBIs-
€TCs1 ¢ yYYETOM BPEMEHHOT0 MHTEpBaja MoMyT-
HOTO cjiefoBaHUsI, a HE PUKCUPOBAHHOIO
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L=max(L,, L;)

pacCTosTHMST MeX1y Toe3naMu. Takum obpa-
30M, B CJIy4ae BbICOKOI CKOPOCTH COXPaHSIET-
cs1 OoJIbllIasl QUCTAHLIMS MEXIY I0e31aMu,
a B cJlyyae HU3KOM OHA YMEHbIIACTCS.

APYIME GAKTOPbDI
CYBCUOAUAPHOIO YINMPABJIEHUSA
ABW)XEHUEM

Adanmuenocms. ATANITUBHOCTb CYOCUIM-
apHOTO YITpaBJIEHUST BHITEKAET U3 HEOOXOIM -
MOCTM M3MEHEHUs YCJIOBUN NBUXEHUS
COIJIACHO TeKYyIIeil cUTyalluu U TMOKOMY
rpacduky nBukeHus. OHa 00yc/IoBIeHa HEO0-
XOAUMOCTBIO CTPYKTYPHOU MEPECTPOUKHN
CXEMBI JIBIDKEHUS U JIOKATBHOM 11eJT1 YITpaB-
nenust. CTpyKTypHasi TiepecTpoiika nHhOop-
MaIMOHHOI MOJIEJN YIIpaBJIeHUsI 00JierJaeT-
Cs1 IPU HAJTMYMU DJIEMEHTapHBIX COCTaBJISIIO-
IIMX, U3 KOTOPBIX MOXKHO (DOPMUPOBATH WU
C UCIOJIb30BaHMEM KOTOPBIX IepecTpanuBaTh
Mojenb yrnpasieHus. B nndopmanmonHom
YIIpaBJICHUY TAKUMU COCTaBIISIOIINMU SIBJIST-
foTCs1 UH(OPMAIIMOHHBIe eNUHUITBI [16], KO-
TOPBIE TAKXKE SIBJISIIOTCST aHAJIOTOM 2JIEMEHTOB
CI0XHOI cucteMbl. MHbOpMallMOHHbIE
€IMHUIIBI €CTh OCHOBA JII000I MHbOpPMaIIU-
OHHOUW KOHCTPYKILIMHU, BKIMOYaAsT MOIEIb
yIpaBlIeHUS TPAHCIIOPTOM. ATanTUBHAs
MOJICTb BKJIIOYACT BUPTYaJbHOE OJIOKOBOE
yIpaBjeHue U JAOIyCKaeT UCIT0Jb30BaHUE
CHCTEM C MIEPEMEHHOU CTPYKTYpOIi, TpeOyIo-
11IE¥ 3JIEMEHTAapHOI OCHOBBI, 3 KOTOPOU OHA
co3naércs. Takoii OCHOBOM U SIBJISIIOTCS] MH-
¢opmarmoHHbIe eAMHULIBL. THBIMU clTOBaMU,
aJanTUBHOCTD TPEOYeT BKIIIOYEHUS B CyOCH-
IrapHOEe YIIpaBJICHNE HEKOETO MeXaHU3Ma,
o0ecreuynBaloIeTro afanTaiuio K MeHS0-
IIAMCS YCJIOBUSIM U CUTYAIHSIM.

HUugopmayuonnocmo. UHHoOpMaLIMOH -
HOCTb TECHO CBSI3aHa ¢ IIU(MPOBOI IKOHO-
MUKON U IO CYIIIECTBY SIBJSIETCSI OMHON U3
dopm e€ peanusauuu. [Touck «mmpoodIeMHO-
ro IPOCTPAHCTBa» U «IIPOCTPAHCTBA Pellle-
HUl» BKIIIoYaeT coop mHbopMauum u eé
00paboTky. MHpopManimoHHoe cydcuauap-
HOE yIpaBJieHWe MPUMEHsIET MHMOpMaIIM-
OHHBbIE MOJIeJIU Y UH(MOPMAILIMOHHbIE TEXHO-
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JIOTUH JUTSI aHAJIN3a U yIIpaBJIeHUs TBUXe-
HueMm. Heobxoaumo pasnuyatrb MHGpoOpMa-
IIMOHHBI MEHEKMEHT U MH(POPMaIITMOHHOE
ynpasieHue [17]. UudbopmanuoHHoe
yIpaBjJeHUEe UMEET KOPHU B TEXHUUECKOM
yrpasieHUU. MeHeIKMEeHT OoJIblie CBSI3aH
C OpraHU3alMOHHBIM yrnpaBiaeHueM. Cyo-
cuaMapHoe yrpaBieHUE SIBJISICTCS TeXHUYE-
CKUM U CBSI3aHO ¢ MH(POPMAIIMOHHBIM
ynpasieHueM. MHGOpMallmoHHOCTH CBsI3a-
Ha C UCMOJIb30BaHUEM OOPTOBBIX BHIYMCIIH -
TEJbHBIX YCTPOMCTB U HEKUX PECYPCOB IS
XpaHeHUsI UHDOPMAIIMY O CUTYaIUSIX.

Komnaemenmapuocms. Ilpu Hanuuuu
CJIOKHBIX CXEM YIIPABJICHUS MBUKEHUEM WU
MHOXECTBa YIPaBJISIEMbIX MOTYT BO3HUKATh
MPOTUBOPEYHsI, CBOETO POia Mapa3uTHIECKIe
IIUKJIBI TIPU peaan3aliii yIpaBJIeHUYECKUX
pewenuii. OnHako yrpaiieHuue 3(pdekTus-
HO TOJIBKO TOT/Ia, KOT/Ia TAKKe TTPOTUBOPEUMST
B yIpaBJIeHYECKOI cCXeMe MUHUMU3UPOBAHbI,
YTO CTAHOBUTCSI BO3MOXHBIM IPU HATUYUM
KOMITJIEMEHTAPHOCTU TEXHOJIOTUI yIIpaBJie-
Hud [18]. OTcrona cienyet, 4To e€ odecreye-
HUE B TEXHOJIOTUIECKUX U MTH(OPMAIIMOHHBIX
CpeNCTBaX YIpaBIeHUS SBISETCS BaKHBIM
¢dakTopoMm cydCcUaAMAapHOro ynpaBjieHUS B
1eJ0M. DTO HOBBIN (PaKTOp, XapaKTepPHbBII
WMEHHO JUISI CyOCUIMApHOTO YIIpaBIeHUS
TPAHCIIOPTOM, KOTOPBII TPEOYET MPOBENEHMS
JTOTIOJTHUTEJILHOTO (KOMILJIEMEHTapHOTO)
aHajm3a 151 00ecTieueHUs COTJIaCOBAaHHOCTHU
JIEACTBUIA.

Cucmemnocms. CydOcunnapHoe yrpasiie-
HUE UCITOJIB3YeT COYeTaHUEe METOMIOB, OCHO-
BaHHBIX HA paHee MOJIyYeHHOM OTIBITE, U CH-
TyallMOHHbIE, KaK CJIeJCTBUE, yIIpaBJIeHUE
Jierde OCyIIeCTBIISATh M aHATM3UPOBaTh, KOTaa
OHO MPEACTABJISIET COOOI LIETOCTHYIO CUCTEMY.
DTO IPUBOAUT K HEOOXOAMMOCTHU IPUMEHSITh
cucteMHbIi moaxon [ 19, 20] nyist opraHuzanuu
cyocuamapHoro yrnpasieHuss. CUCTEMHBIN
TOAXO]I MTOAPa3yMeEBAET UCTIOb30BaHUE dJIe-
MEHTOB KaK COCTaBJISIIONINX CUCTEMBI, U
B cyOCHIVMapHOM YIIPaBJIEHUU TaKUMU 3Jie-
MEHTaMU SIBJISIIOTCST YITOMSTHYTBIE BBIIIIE WH-
(bopMalMOHHBIE €MHULIBI.

Yemoiiuusocms. CybcuanapHoe yrpaniie-
HUE TOJIKHO OBITh YCTOMYMBBIM TIPY HAJTMYU T
TMOMeX IBUXEHUIO. DTO TIPUBOIUT K TTOHSI -
TUIO aCTaTUYECKOTO YIpaBJIeHUsT, OCHOBaH-
HOTO Ha BBIIEP>KMBAHUY ITAPAMETPOB JIBIIKE -
HUS MPY HAJIMYUU TTOMEX BHEITHE Cpeibl.
OHO 3aMETHO TIPU IBIKEHUU MOPCKUX CYIOB

® MWP TPAHCIMOPTA, Tom 17, N2 4, C. 22-35 (2019)

[21—23], He mpuMeHsIeTCs MPU CUTHAIBHO-
0JIOKOBOM JIBUKEHUU XKEJe3HOTOPOKHOTO
TpaHCTIOPTa, HO CJIab0 TIPOSIBIIICTCS U TIPU
6eccBeTO(OPHOM ABUKEHUHU, TO €CTh, MPU
cyOoCcHaIMapHOM yTpaBieHUU. DTa Teopus
MOXET OBbITh TlepeHeceHa B 001acTh cyocu-
JIIMApHOTO YMPaBICHUST Ha XeJIe3HOJ0POX-
HoM TpaHcniopTe. OHa BKJIIOYaeT pa3paboTKy
aJITOPUTMUYECKOTO 00ecTIeueHsI, OCHOBaH-
HOTO Ha MIPUMEHEHUH ONTUMMU3aIIMOHHBIX
METOJIOB TEOPUU YIIPaBJIECHUS U WIACOJIOTUHN
aBTOMATU3MPOBAHHOTO KOMITbIOTEPHOTO
MMPOEKTUPOBaHMs. B oT/iMuMe OT M3BECTHBIX
METOJIOB CMHTE3a 3aKOHOB YIpPaBJIEHUS,
YJIYYIIAOMKUX OTAEJIbHbIE TUHAMUYECKUE
XapaKTEePUCTUKHU, MHOTOLIETEBON TTOIXO]
TTOIJIEPXKUBAET COCTOSTHUE OOBEKTA YITpaBye-
HUSI KOMIUIEKCHO. B 4acTHOCTH, BaXHO,
4TOOBl OOBEKT yIpaBjieHUs1 obyagan CBOM-
CTBOM acTaTM3Ma 10 PeryJIupyeMoMy KITto-
YeBOMY MapaMeTpy, KOTOPOE COCTOUT B BO3-
MOXHOCTH CBOJUTH OIMIMOKY TapamMeTpoB
IBVKEHUS K HYJTIO TIPY HAJIMIUK BHEIITHETO
BozaelicTBus. MoaeanpoBaHue TaKMX CUC-
TeM sIBJIsIETCS HETPUBMAJIbHON 3amavei,
IMOCTAaHOBKA U pellleHne KOTOPO C MpUBJIe-
YeHUWEM COBPEMEHHBIX MaTeMaTHUYECKUX
U KOMTIBIOTEPHBIX METOMOB CYIIECTBEHHO
3aBUCUT OT TUIa 00bEKTa, €ro rmapaMeTpoB
¥ Ha3HAYeHUS.

3AKJIOMEHUE

Hcnosb3oBaHue CyOCUIUAPHOTO yIpaB-
JICHUS Ha KeJIE3HOJOPOXHOM TpaHCHOPTe
MaéT BO3MOXHOCTh OPTaHU30BaTh TMOKMUIA
1 0oJiee TUIOTHBIN rpaMK ABUXKEHHS TTOE30B.
CybOcunuapHoe yrpaBieHWe BKITIOYaeT MHO-
rolejieBoe ynpaBlIeHUE PSAIOM OOBEKTOB U
WCTIOB3YeT OOIINI MEXaHU3M U TTpaBuiIa, YTO
JleJ1aeT BO3MOXHBIM peajn3aliio TaKoTo
JIBUKEHUST HA MHTEJUIEKTYaTbHOM TPAHCITOPTE
" B Kubeppumsnaecknx cucrtemax. Cyocmumm-
apHOe yIpaBJIeHUE SIBJISICTCS aJTbTepHATUBOM
HepapXuIecKoMy YIIpaBieHuIo [24] ¢ kéct-
KM rpacdukoM aBmkeHus. OHO JormycKaer
rudKoe TIaHWPOBaHUE TIPU JOCTUXKECHUN
CTpaTernyeCcKom Lesu.

AHanmm3 cyocUIMapHOTO yIPaBJIEHUS KOH-
TEKCTHO BBISIBJISIET JIBa BaXXKHBIX (pakTopa:
MojiesTb H(MOPMAIIMOHHON CUTYalluu U MO-
e MTHMOPMAaIIMOHHBIX emnHUIL. Beé cyocn-
IapHOE yIpaBJIeHUE CTPOUTCS Ha CO3AaHUU
W MCTTOJIb30BaHUN MOJIEN T MH(OPMAITMOHHOT
curyanuu. MHpopMannmoHHble eIMHUIIBI
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CJIy’kaT OCHOBOM alanTUBHOCTU, CUCTEMHO-
CTU U ycTOWYMBOCTU ynipaBieHus. Cyocuau-
apHoe yrpaBjieHue 0COO0eHHO 3((PeKTUBHO
MpHU CUTYallMOHHOM yrpaBieHuu [25, 26]
B YCJIOBUSIX IMHAMUYECKOTO U3MEHEHUS YCII0-
BUIA IBVKEHUST, BIUSTHUS (PAKTOPOB BHEITHEN
CpeIbl U BHICOKOW MHTEHCUBHOCTH IBVKEHMST
(xapakTepHbIX s Meranonuca). OgHako
MPUMEHEHUE TOTO MOAXOIa Ha XKeJIe3HOI0-
POXXHOM TpaHCTIOPTE TPeOYeT CrelralbHbIX
MaTeMaTU4eCKUX METOJIOB aHaIu3a yCIOBUMA
JIBIXKEHUSI, KOTOPBIE B OOBIYHOM YIIPaBJIEHUMN
TPAHCIIOPTOM HE UCIOJIb3YIOT.

CylnrHocTh cyOCHMIMapHOTO U acTaTuye-
CKOTO YIIpaBJIeHUSI COCTOUT B MUHUMU3AIINU
yJacTus 4ejoBeKa B yrpaBjieHUu. DbdekT
CcyOCUIMApHOTO yIpaBJie€HUs COCTOUT B TO-
BBIIIIEHUM OTIEPAaTUBHOCTU TIPUHSITUS pele-
HUli. MOXHO paccMaTpuBaTh CyOCUIUAPHBIE
CHUCTEeMBI yIIpaBJIeHUSI KaK peakKTUBHbBIC, TO
€CThb OIEepPaTUBHO pearnupyroiue Ha u3MeHe-
Hue cutyauunu aBuxkeHus. [IpemmyrecTBo
TaKUX CUCTEM B TOM, YTO UX MOXHO TIpUMe-
HSTHh W TIPYM aBTOMAaTU3UPOBAHHOM, U TIPHU
WHTEJUIEKTYaJbHOM YIIPaBJIEHUM TPAHCIIOP-
TOM. DTO MO3BOJIIET HAKATUIMBATh OMBIT aB-
TOMaTU3UPOBAHHOTO YIPaBJICHUS AJIS Tepe-
HOCa €ro B MHTEJUIEKTyaJIbHOE yIpaBJIeHUE
TPAHCIIOPTOM U B TPaHCIIOPTHBIE KnOephu-
3U4YecKue cuctemsl [27].
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ABSTRACT

The increase in railway speeds and the transition to
unmanned transport control result in the growth of the
role of operational management technologies exempt
from excessive control of corporate headquarters.

The objective of the work is to study the subsidiarity-
based control as a new technology of controlling moving
objects, and to identify borders of its efficiency.

A subsidiarity-based control’s feature is that its
efficiency may be revealed under certain conditions only
andnotalways. Therefore, the application of subsidiarity-
based control requires an analysis of operating
conditions of vehicles. Subsidiarity-based control is an

alternative to hierarchical control which is more efficient
under simpler conditions.

The paper reveals the essence of subsidiarity in the
social and engineering field, and results of the study on
application and applicability of subsidiarity-based
control for the railways, its core factors are analyzed.
Comparison of signal block and subsidiarity-based
control systems is made, followed by description of
particularities of identification of the size of blocks within
subsidiarity-based control system. Additional factors of
subsidiarity-based control, comprising complementarity
and astatism, are described. The relationship between
subsidiarity-based management and control and
implementation of digital railway concept is shown.
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Introduction. The concept of subsidiarity

The ideas of subsidiarity were originally
born in the social sphere, but now there is an
opportunity for their implementation in the
engineering sphere as well. The essence of
the idea of subsidiarity in the management
and engineering focuses on the transfer of
decision making from the upper level to the
operational level [1], particularly regarding
subsidiary management [2; 3]. In the
transportation field the increase in speed of
railway rolling stock and the need to control
the unmanned vehicles [4; 5] requires
methods of operational control of moving
objects, comprising subsidiarity-based
control.

The efficiency of subsidiarity-based
management is evident at the example of
transport management in a megalopolis [6;
7]. It is practically impossible to draw up a
detailed transportation timetable under the
conditions of heavy traffic and numerous
traffic jams. Therefore, the management of
mass transit in a megalopolis is de facto a
multi-purpose one [7; 8] and is carried out
using the principle of subsidiarity.

Objective. The objective of the work is to
study the technology of subsidiarity and to
find the borders of the efficiency of its
application in the transportation field.

Methods. The research methods comprise
system, comparative and management
analysis.

The initial purpose of the idea of
subsidiarity was to resolve the contradictions
between an authoritarian personality and the
society. The principle of subsidiarity in the
social sphere dates back to the time of the
Greek philosophers Plato and Aristotle. In
the Catholic doctrine, the principle of
subsidiarity was established by Pope Leo XIII
(1891) [9] and became part of the official
doctrine of the Catholic Church. From a
political and civil points of view, the principle
of subsidiarity is aimed at excluding
authoritarian power and implies personal
autonomy and self-esteem. All institutions
of society, from the family to international
bodies, should serve the person. Subsidiarity
implies that the source of political power is
the people, and so obliges the state and
society to create conditions for the full
development of the personality, including the
provision of socio-economic human rights.
So the subsidiarity can be considered a
principle, as an attribute, and as a condition.

Application of the principle of subsidiarity
in the engineering and information fields
allows to distinguish a special type of
management and control, i.e. subsidiarity-
based management and control. In modern
society, twofold increase of the volume of
data used in management occurring every 2
or 3 years [10], aggravates the weaknesses
inherent in hierarchical systems, and requires
the search for new approaches to
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Pic. 1. Signal-block traffic.
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Pic. 2. Subsidiarity-based railway control system.

the organization of management. The
subsidiarity-based management is one of the
required solutions, implementing the
redistribution of powers and management
functions between central and peripheral
control bodies.

With the development of the information
society, subsidiarity-based control systems
began to be used in transportation («no traffic
lights» traffic), in cybernetics (robotics), in
the Internet of Things technology and in
cyber-physical systems. At the same time, the
application of subsidiary management is not
always efficient, but only under certain
conditions.

Results.

Core factors of subsidiarity-based control

Conventional traffic control is called
signal-block control. It is implemented
through signals that allow or prohibit
movement (Pic. 1) [11].

Traffic control is carried out by the
control center (CC) by organization of
signals by means of communication
environment. Communication environment
(communications) performs the most
important functions of supporting such
control. Since there was no other control
environment, the signal-block control was
the main railway traffic control system.

The emergence of subsidiarity-based
management was made possible by the advent
of satellite and ground-based navigation
systems. The emergence and use of on-board
information and analytical devices built the
second factor.

Subsidiarity-based management has its
own specifics. This is defined by a set of
principles [12] and factors of of subsidiarity-
based management, the most important of
which comprise «control environment»,
«control field», «situation to be managed»,
«management problem solution environment
(MPSE)» (Pic. 2).

Under subsidiarity-based management,
the control center remains, but it mainly
performs monitoring functions and intervenes
in emergency situations. The fundamental
importance belongs to the emergence of a
new means of communication between
vehicles. This is either Global Navigation
Satellite System (GNSS) or positional
ground-based mobile communication
systems. In both cases, in subsidiarity-based
management, it becomes possible to
independently position (coordinate) a vehicle
with on-board devices (Pic. 2 can be
compared to the Pic. 1).

Control environment is a physical and
parametric spaces, which serve as a source of
information about the situation, position and
condition of the controlled object. The
organization of the control environment is
based on satellite and mobile positioning
technologies.

Control field is a portion of a real
information environment in which physical
control of the object is possible.

Situation to be managed is a part of the
control field and a parametric model of the
information situation in which the controlled
object is located.
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The information situation characterizes
the controlled object and all the important
factors that affect its condition. Basically,
subsidiarity-based management is situational
(guided by situation) and refers to the school
of «management under unforeseen
circumstances» [13].

Management problem solution
environment (MPSE) is a parametric
information environment that contains
expertise of previously made management
decisions and serves as a resource for making
decisions in various new situations. Its
feature is that it is located within on-board
devices of moving vehicles (Pic. 2). It is easy
to see that Pic. 2 is a generalization of the
digital railway scheme [14]. The objective of
the MPSE of each on-board device is to
quickly find a ready-made solution stereotype
for the current situation, or to develop a new
algorithm that can then be used asa cumulated
expertise.

Other important factors of subsidiarity-
based management, besides situational
factor, are informativeness, complementarity,
consistency, adaptivity, sustainability
(stability).

Situational factor

Situational factor means controlling with
due regard to the current traffic situation.
Subsidiarity-based control admits a possibility
of appearance of unforeseen obstacles.
Therefore, once there is a general action plan
and a main objective, the current goal is
determined by the situation, involving, e.g.,
obstacles on the track, braking of a train in
front, etc.

Situational factor leads to the need to
solve auxiliary problems in order to achieve
the main goal. Each auxiliary problem has
its own purpose, so subsidiarity-based
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Pic. 3. Moving block signaling technology.

management is situation-oriented and multi-
purpose.

At present, subsidiarity-based manage-
ment is implemented in «no traffic lights»
traffic and is being developed for the digital
railway. In practices, the technology of
Moving block signaling is used [11]. As a
matter of fact, these blocks determine the
situational factor, as it is explained in Pic. 3.
The situational factor is that the distance
between trains is calculated based on
situational traffic factors and affects the
movement features of the next train.

Pic. 3 shows three sequentially running
trains A, B, Cand the intervals L, L,between
them, which define the moving blocks. In the
Moving block signaling technology (Pic. 3)
each mobile object (e.g., B) has an on-board
information computation system [8] and
performs information interaction with other
objects (for instance, with the object A in
front and the next object C).

Depending on the speed and mass of the
train, the distances between trains are
calculated, which are called «block length»
(L, L,). Block dimension L is not fixed but
is calculated using components /,, /,, [, I :
L=1+1+1 +l,.

Parameter /, (inertial or physical) is the
primary parameter. It is calculated on the basis
of safe stopping distance and adjusted according
to speed, load, traffic and other conditions.
Parameter /,, (time parameter) is determined
by the total time of delay of decision making.
The higher the system performance and the
faster the calculation algorithm are, the less is
the impact of this parameter. Parameter /,
(navigation) is determined by the actual
location error based on the Global navigation
satellite system (GNSS) technology used and
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Pic. 4. Calculation of safety block for subsidiary-based organization of railway traffic.

the mode used. Besides, when using a mobile
location, it is determined by the accuracy of
this technology. Parameter /, (a control
parameter) is determined by delay of control
signal from the moment of receiving information
on object status [1].

The linear size of the block varies in real
time depending on the situation. Obviously, the
length of the block varies considerably from
vehicle to vehicle. The higher the speed and the
larger the mass of the train are, the larger should
be the block. Pic. 3 conditionally shows that a
block is less than the other: L, < L,

The utmost limit of the moving block
(Pic. 3) for object (B) is determined either by
the rear end of the preceding train (A) or by
other obstacles which are independent of
communication with the onboard sensors.
There can be objects on the track, captured
using video, infrared images, acoustic signals,
data from radio relay stations.

In general, it is said to be a long-range view
or a «blind» view. «Blind» view means viewing
of tracks not visible from the driver’s cabin in
the absence of optical visibility but recorded
using technical means. Long-range digital
monitoring warns of unforeseen obstacles on
the track and is all-weather.

The subsidiarity-based organization of
railway traffic with no traffic lights has a
feature non-existing within regular signal-
based traffic (Pic. 1). A driver must monitor
not only the position of vehicles in front, but
also a vehicle behind to avoid rear-end
collision. It is expressed through the fact that
the length of the safety block calculated by the
onboard computer must take into account the
trains going both in front and behind. This is
shown in Pic. 4.

Pic. 4 shows that the length of the block
between trains is selected as the largest of the
two blocks: L, L, (Pic. 3).

Use of subsidiarity-based control increases
efficiency and traffic capacity excluding
additional work on installation of tags and
signaling devices. Such traffic model is
implemented at Moscow Central Circle Line.
Using of moving blocks increases the traffic
efficiency and provides opportunity to use
integral traffic control [15]. Integral control
is carried out with account of the time interval
between the trains running in the same
direction and not of a fixed distance between
them. Thus, in case of a higher speed, a larger
distance between trains is maintained and it
can be decreased in the case of lower speed.

Otbher factors of subsidiarity-based control

Adaptivity. Adaptivity of subsidiarity-based
management and control responses to the
need to change traffic conditionsin accordance
with the current situation and a flexible traffic
schedule. It is determined by the need for
structural adjustment of the traffic chart and
the local control goal. Structural adjustment
of the management information model is
facilitated by the presence of elementary
components from which the control model
can be formed or rebuilt. In information
management, such components are
information units [16], which are also
analogous to elements of a complex system.
Information units are the basis of any
information structure including a transport
management model. The adaptive model
includes virtual block management and allows
the use of systems with a variable structure.
The variable structure requires an elementary
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basis from which the structure is created,
which comprises the mentioned information
units. Adaptivity demands inclusion of a
certain mechanism into the subsidiary
management which ensures adaptation to
changing conditions and situations.

Informativeness. Informativeness is
associated with the digital economy and as a
matter of fact, is a form of its implementation.
Searching for «problem environment» and
«solution environment» involves acquisition
and processing of information. The informa-
tion subsidiarity-based management uses
information models and information
technologies to analyze and manage traffic. It
is necessary to differentiate information
management and information control [17].
Information control finds its roots in
technical control. Management is more
related to organization management.
Subsidiarity-based control is a technical
(engineering) one and is linked to information
control. Informativeness is related to the use
of on-board computing devices and certain
resources for storing information data on
different situations.

Complementarity. In the presence of
complex traffic control models or a considerable
amount of controlled objects, contradictions
and so called parasitic cycles may occur during
the implementation of management decisions.
Management is effective only when contradic-
tions in the management model are minimized.
This is possible if management technologies are
complementary [18]. Hence, an important
factor in subsidiary management is ensuring
complementarity for technological and
information management tools. Complemen-
tarity is a new factor that appears with
subsidiarity-based traffic control, and hence
requires additional (complementary) analysis
to ensure coherence.

Consistency. Subsidiarity-based manage-
ment uses expertise-based methods in
combination with situational methods.
Management is easier to implement and
analyze when it is an integrated system. This
leads to the need to apply a system approach
[19, 20] for the organization of subsidiarity-
based management. A system approach
involves the use of elements as components of
a system, which are information units.

Stability (sustainability). Subsidiarity-
based management must be sustainable in the
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presence of traffic interference. This involves
the concept of astatic control, which is based
on maintaining traffic parameters face to
interference caused by external environment.
It is vividly demonstrated regarding maritime
navigation ships [21—23], and on the contrary
is not used in the railway traffic based on
signal-blocks. It is slightly manifested in the
«no traffic lights» road traffic, that is, within
subsidiarity-based control system. This
theory can be transferred to the field of
subsidiarity-based railway management. It
includes the development of algorithmic
support based on the application of
optimization methods of control theory and
the ideology of computer-aided design. In
contrast to the known methods of synthesis
of control laws that improve separate dynamic
features, the multi-purpose approach
supports the state of the controlled object in
the most comprehensive way. It is particularly
important that the controlled object has the
property of astatism regarding controllable
key parameter, that is the ability to reduce
the error of traffic parameters to zero in the
presence of external influence.Modeling of
such systems is a non-trivial problem, as its
formulation and solution with the use of
modern mathematical and computer methods
substantially depends on the type of object,
its parameters and purpose.

Conclusion

The use of subsidiarity-based management
for railway transportation makes it possible to
organize a flexible and denser train schedule.
Subsidiarity-based management includes
multi-purpose control of a series of objects,
uses a common mechanism and rules, making
it possible to implement such traffic
organization model for intelligent
transportation and cyber-physical systems.
Subsidiarity-based control system is an
alternative to hierarchical control [24] with a
rigid timetable. It allows flexible planning to
achieve a strategic goal. The analysis of
subsidiarity-based management contextually
reveals two important factors: a model of
information situation and a model of
information units. The entire subsidiarity-
based management and control model is based
on the creation and use of a model of the
information situation. Information units serve
as the basis for control adaptability, consistency
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and sustainability. Subsidiarity-based control
is especially efficient for situational control
[25, 26] under the conditions of dynamically
changing traffic conditions, influence of
external factors and high traffic intensity.
These are just the traffic conditions of the
megalopolis. However, the application of this
approach for railway transport requires special
mathematical methods for analyzing traffic
conditions that are not used in conventional
transportation management and control. The
essence of subsidiarity-based and astatic
management is to minimize human
involvement in management. The effect of
subsidiarity-based management is to increase
the speed of decision-making. It is possible to
consider subsidiarity-based management and
control systems as reactive ones, that is quickly
responding to changing traffic situation. The
advantage of such systems is that they can be
used within automated and intelligent traffic
control system. This enables accumulation of
experience of automated control for further
transferring it to intelligent transportation and
transport cyber-physical systems [27].

REFERENCES

1. Tsvetkov, V. Ya. Application of the principle of
subsidiarity in the information economy [Primenenie
printsipa subsidiarnosti v informatsionnoj ekonomike].
Finansovij biznes, 2012, Iss. 6, pp. 40—43.

2. Manolopoulos, D. The concept of Autonomy in the
Subsidiary Management Research: A Conceptual
Investigation. Journal of Transnational Management, 2006,
Vol. 11, Iss. 4, pp. 45—62. DOI: 10.1300/J482v11n04_04.

3. Paterson, S. L., Brock, D. M. The development of
subsidiary-management research: review and theoretical
analysis. International Business Review, 2002, Vol. 11, Iss. 2,
pp. 139—163. — DOI: 10.1016/S0969-5931(01)00053-1.

4. Murthy, S. N. [ef al]. Methodology for
implementation of unmanned vehicle control on FPGA
using system generator. 7" International Caribbean
Conference on Devices, Circuits and Systems, IEEE, 2008,
pp. 1—6. DOI: 10.1109/iccdcs.2008.4542645.

5. Cummings, M. L. [et al]. The impact of human—
automation collaboration in decentralized multiple
unmanned vehicle control. Proceedings of the IEEE, 2011,
Vol. 100, Iss. 3, pp. 660—671. DOI: 10.1109/
jproc.2011.2174104.

6. Liu Y. [et al]. Metropolis parking problems and
management planning solutions for traffic operation
effectiveness. Mathematical Problems in Engineering,
Vol. 2012, Article ID678952, 6 p. [Electronic resource]:
http://dx.doi.org/10.1155/2012/678952. Last accessed
07.08.2019.

7. Fadare, S. O., Ayantoyinbo, B. B. A study of the
effects of road traffic congestion on freight movement in
Lagos metropolis. European Journal of Social Sciences,
2010, Vol. 16, Iss. 3, pp. 429—437. [Electronic resource]:
https://www.researchgate.net/ publication/287900193_A_
study_of the effects of road_traffic_congestion_on_
freight_movement_in_lagos _metropolis. Last accessed
07.08.2019.

8. Tsvetkov, V. Ya. Multipurpose Management.
European Journal of Economic Studies, 2012, Iss. 2,
pp. 140—143.

9. Leo X. Rerum Novarum. 1891. Catholic Social
Thought: The Documentary Heritage, 1931. [Electronic
resource]: http://w2.vatican.va/content/leoxiii/en/
encyclicals/documents/hf_I-xiii_enc_15051891_rerum-
novarum.html. Last accessed 07.08.2019.

10. Ozherelieva, T. A. Zipf’s law in information field
|Zakov Tsipfa v informatsionnom pole|. Slavianskij Forum,
2017, Iss. 2, pp. 62—67.

11. Shchennikov, A. N. Using virtual blocks in
transport management [ Primenenie virtual’nykh blokov v
upravlenii transportom). Nauka i tekhnologii zheleznykh
dorog, 2019, Iss. 1, pp. 17-26.

12. Kozlov, A. V. Principles of subsidiarity [ Printsipy
subsidiarnosti]. Slavianskij Forum, 2018, Iss. 2. pp. 28—35.

13. Tsvetkov, V. Ya. Development of management
technologies [Rasvitie tekhnologij upravlenija].
Gosudarstvennij sovetnik, 2015, Iss. 4, pp. 5—10.

14. Lyovin, B. A., Tsvetkov, V. Ya. Digital railway:
Principles and technologies | Tsifrovaja zheleznaja doroga:
printsipy i tekhnologiil. World of Transport and
Transportation, 2018, Iss. 3, pp. 50—61.

15. Tsvetkov, V. Ya. Integrated control of high-speed
line [ Integralnoje upravlenie vysokoskortostnoj magistralju].
World of Transport and Transportation, 2013, Iss. 5, pp. 6—9.

16. Romanov, I. A. The use of information units in
management [ Primenenije informatsionnykh edinits v
upravlenii]. Perspectives of science and education, 2014,
Iss. 3, pp. 20—25.

17. Zamyshlyaev, A. M. Information management in
the transport sector [ Informatsionnoe uravlenie v transportnoi
sfere|. Nauka i tekhnologii zheleznykh dorog, 2017, Iss. 4
(4), pp. 11-24.

18. Shchennikov, A. N. Logical complementarity in
information processing [ Komplementarnost pri obrabotke
informatsii|. ITSEM: Information technologies in science,
education and management, 2019, Iss. 1, pp. 24—30.

19. Kudj, S. A. Systematic approach [Sistemnij
podhod]. Slavianskij Forum, 2014, Iss. 1, pp. 252—257.

20. Kozlov, A. V. System analysis of subsidiary systems
| Sistemnij analiz subsidiarnykh system). Slavianskij Forum,
2019, Iss. 1, pp. 116—122.

21. Veremey, E. 1., Korchanov, V. M., Korovkin, M. V.,
Pogozhev, S. V. Computer simulation of ship navigation
control systems | Kompjuternoe modelirovanie system
upravlenija dvizheniem morskikh podvizhnykh objektov].
St. Petersburg, SPBU, 2002, 370 p.

22. Lukomskij, Yu. A., Korchanov, V. M. Marine
moving objects navigation control [ Upravienie morskimi
podvizhnymi objektami]. St. Petersburg, Elmor, 1996, 320 p.

23. Sotnikova, M. V. Multipurpose laws of digital
control of moving objects [ Mnogotselevye zakony tsyfrovogo
upravlenija podvizhnymi objektami]. Doctoral Thesis in
Physical and mathematical Sciences, St. Petersburg, SPBU,
2007, 371 p.

24. Ugolnitsky, G. A. Hierarchical management of
sustainable development [[lerarhicheskoje upravlenie
ustojchevym razvitiem]. Moscow, Fizmatlit, 2010, 336 p.

25. Dyshlenko, S. G. Situational analysis in the
transport network [ Situatsionnij analis v transportnoj setji].
Nauka i tehnologii zheleznykh dorog, 2018, Iss. 1, pp. 26—33.

26. Kovalenkov N. 1. Situational management in the
field of railway transport [Situatsionnoe upravienie v sfere
zheleznodorozhnogo transporta). Gosudarstvennyj sovetnik,
2015, Iss. 2, pp. 42—46.

27. Lyovin, B. A., Tsvetkov, V. Ya. Cybernetics and Physical
Systems for Transport Management | Kiberfizitcheskije sistemy
vupravlenii transportom). World of Transport and Transportation,
2018, Iss. 2, pp. 138—145. ®

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 4, pp. 22—35 (2019)

Lyovin, B. A., Tsvetkov, V. Ya., Dzyuba, Yu. V. Subsidiarity-Based Management and Control Systems
for Railway



@K 330.341

https://doi.org/10.30932/1992-3252-2019-17-4-36-45

BOTNPOCHI TEGPA

UHHOBaALMOHHOE pa3BuTue
TPaAHCMOPTHOMN CUCTEMbI C MPUMEHEHUNEM
TEeXHOJZIOrM MarHUTHOW NeBuUTaLun

AHaTonmit SAVILLIEB

flna COKOJIOBA

Lngposbie TpaHcopmaumm B pasindHbiX OTPaCcsX
HaLMOHasIbHOM 9KOHOMUKM MHOMMX CTPaH NPUBOASIT K POCTY
BOCTPEO6OBaHHOCTU HE TOJIbKO MHGOPMAaLMOHHbIX, HO Y UH-
HOBALMOHHbIX TEXHOJIOrNI B LIe/IOM. 9T COBPEMEHHbIE
TEHAEHLMY B [OJIHON MEPe rMPOsIBAISIIOTCS B KDYNHOMacLLTab-
HbIX TEXHOJIOMMHYECKUX UBMEHEHUSIX B Chepe TpaHCropTa.

BmecTte ¢ TeM, coaepxaHue oTpaxaiolumx TPeHa Ha
WHHOBaLWW 384a4, MPUOPUTETHOCTb X MOCTAHOBKM, @ Takxe
MexaHU3Mbl peann3aumnmy onpeaensioTcs B KOHTEKCTE CoLM-
aJlbHO-9KOHOMUWYECKUX CUCTEM M cTpaterunii pa3sutus
Kaxaoro rocynapcTea, ¢ y4ETOM ero reornomTn4eckoro
MOJIOXEHUSI, y4acTusl B PErnoHasIbHbIX 00beaANHEHVISIX 1 OP-
raHu3aumsix, MHOXecTsa Apyrux GpakTopos, BIMSIOLMNX HA
xapaktep npuHUMaeMbiX peLLueHui, opMmupoBaHue cTpa-
Tern4yeckoro ynpaBiaeHuUs MIHHOBaLWOHHbLIM Pa3BUTUEM
TPaHCMOPTHBIX CUCTEM.

B Poccum nposBoavmMasi ceroaHsl rocyaapCcTBeHHasi rno-
JIMTUKa B chepe TpaHCropTa OpUEeHTUpPOBaHa Ha peanv3a-

pa, MarHUTONEeBUTALMNOHHbIN TpaHCcroprT.

Tatbsina MAHTUHA

Saiiuee Anamoauti Anexcanoposus — [lemepOypecikuii eocydapcmeennblil yuusepcumem nymei cooOueHus:
Hmnepamopa Anexcandpa I, Cankm-Ilemepbype, Poccus.
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L0 TPaH3UTHOIO NOTeHLMana, NoBbiLLeHNe 3HHEKTUBHOCTN
TPAHCMOPTHbIX YCJIYr, yPOBHSI 9KOHOMUYECKOV CBSI3aHHOCTN
TeppPUTOPUM 3a CYET MOAEPHU3ALIMN N PACLLMPEHUS TPAHC-
nopTHOV MHGPacTPyKTypbI. PeleHne Taknx 3aaa4, obecre-
4YUBAIOLLMX B TOM YUCJIE MOBbLILLEHNE 9KOHOMUYHOCTU 1 6E3-
0rnacHOCTY TpaHcropTa, TpebyeT BHEeAPEeHUS MPUHLMINAIIb-
HO HOBbIX TEXHOJIOMMYECKUX PELLUEHWIA, NCMOMb3YIOLLUMX 10~
creaHne AOCTUXEHVISI MUPOBOW HAYKU U TEXHUKU.

Llenbio cTatbu SBISIETCS NMPEAIOXEHNE KOHLEeNnTyalb-
HOro noaxoAa K BK/IIOYEHWI0 MarHUTHOM JIeBATaLIMMN B YUCIIO
TEXHOJI0MMIA, COCOBCTBYIOLLMX CTPATErNYECKOMY Pa3BUTUIO
TPaHCMOPTHOM cuctemsl Poccuu.

B ycnoBusix akTUBHO pa3BuBatoLLErics LngpoBow 9KO-
HOMWKW BbIBOZ H& OTEYECTBEHHbIV PbIHOK KAYECTBEHHO HO-
BOro rpoAayKTa, KakoBbIM SIB/ISIOTCS] MarHUTOIeBUTALMNOHHbIE
TpaHcropTHbie cuctemsl (MJITC), cTaHeT rpopbIBHLIM pe-
LUeHWEeM B pas3BUTUM TPAHCIMOPTHOV CUCTEMbI CTPaHbI C y4€é-
TOM psifia peLuaemMbiX o KIo4eBbIX 3a4a4.

KntoyeBble crioBa: TpaHCopT, CTPaTernieckoe yrpasieHne, HaumoHaabHbIe MPOeKTbl, MarucTpasibHas MHPacTPyKTy-
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BBEOAEHUE

CocTosiHME TPAaHCIIOPTHOM OTPaCIIU SBJISI-
€TCSl OJIHUM M3 MHAMKATOPOB, OTPaXKaroIInX
YPOBEHb 3KOHOMUYECKOTO Pa3BUTUS KaxK IO
CTpaHBbI.

B ycnoBusx nudpoBuzanuu pa3aindHbIX
oTpaciieil HallMOHAJIbHBIX 9KOHOMUK MHOTUX
CTpaH IMPOMCXOAUT CTPEMUTEIbHBINA POCT
qyycjia IPUHIUIIMAIBHO HOBBIX pa3pabdarhl-
BaeMBbIX M BHEAPSIEMbBIX TEXHOJIOTHIA. DTa
TEHICHLIMS XapaKTepHa 1 [IJIs1 TpaHCIIopTa.

BwMmecre ¢ TeM, MTHHOBaLlMIOHHOE Pa3BUTHE
KaXk[10i1 CTpaHbl B CUJTY CIICIIM(PUKI COLIMAITb-
HO-3KOHOMUYECKUX CUCTEM, CJIOXKMUBILEKCS
M IUITAaHUPYeMOI KOH(bUTYpaIuy TPaHCIIOPT-
HOI CeTH, reorpauueckoro moJoXeHus,
HaJIM4Yusl pECYpPCOB, CTEIIEHU BKIIOYEHHOCTH
B IJI0OAJIbHYIO TPAHCIIOPTHYIO CUCTEMY pa3-
BHUBAETCs 110 COOCTBEHHOW TpaeKTOPUH,
omnpenessionieil popMrupoBaHUe W YCIOBUS
pean3ali COOTBETCTBYIOIIMX CTPATEIUIA.

B Poccuu cpeny Kinto4eBbIX 3a1a4 rocyaap-
CTBEHHOI IOJUTUKU B cepe TpaHCIIoOpTa —
peanu3aliys TPaH3UTHOTO NoTeHraa Poccun,
noBblieHre 3((MEKTUBHOCTA TPAHCIOPTHBIX
YCIIYT ¥ YPOBHST 9KOHOMMYECKOM CBSI3aHHOCTU
TEPPUTOPUU, MOACPHU3AIMS U PACIIUPEHUE
TPaHCIIOPTHOM MH(MPACTPYKTYPHI.

IIpu ycTOMYMBOM TEHAECHIIMU AMHAMUY-
HBIX U3MEHEHUI, IIPOUCXOASIINX B ITOJUTH -
YECKOM M COLIMAIbHO-3KOHOMUYECKOM cpe-
Jlax, 0cob0e 3HaYeHUe NPHOOpeTaeT CTparTe-
TMYeCcKOoe yIpaBJeHUEe MHHOBAIIMOHHBIM
pPa3BUTUEM TPAHCIIOPTHBIX CUCTEM.

ILleasmu cTaThu SIBISIIOTCSI 0030p M KpaT-
KM aHaJlu3 JOKYMEHTOB, OIPEIeJIsIOIIIX
rocyaapCTBEHHYIO CTPATETHIO B chepe TpaHC-
nopta, GopMyJIMpoBaHUE Ha 3TOM OCHOBE
psiia IpeUIoKEeHWI, B TOM YUCIe O KOHIIETI-
TyaJIbHOM BaXXHOCTU BKJIIOYEHMSI MATHUTHOM
JIEBUTALIMK B YMCJIO TEXHOJIOTUI, CIIOCO0-
CTBYIOIIMX CTPAaTETMUYECKOMY Pa3BUTUIO
TPaHCIIOPTHOM CUCTEMBI.

NJAAH MOOEPHU3SALUU
N PABBUTUA MATUCTPAJIbHOM
UHOPACTPYKTYPbI B POCCUU
Vkazom IIpesunenra P® ot 07.05.2018 .
Ne 204 (manee — Yka3) orpeiesieHbl HALIMOHATb-
HbIE 1IeJIM U CTPATeTMYeCKre 3aaui pa3BUTHST
ctpanbl 10 2024 rona [1]. Bo ucnonHeHue Yka-
3a pa3paboTaHbl HALMOHAIbHBIE MMPOEKTHI IO 12
MPUOPUTETHBIM HAIPaBICHUSIM COLIMATBHO-
3KOHOMUYECKOTO Pa3BUTHSI.
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«YTrBepxaeHHbit 30 ceHtssops 2018 roma
KomruiekcHbIH mi1aH MOJepHU3AUHY U PACIIIU-
peHMsT MaruCTpaibHOM MHGMPACTPYKTYpPhl Ha
niepuon 1o 2024 roma (mamee — KoMIuteKCHBIM
TJIaH)», BKJIIOYAIOIIMIA 1BE YACTU: TPAHCIIOPT-
HYIO U 9HEPIreTUYECKYI0, «IIPeayCMaTpUBAET
Pa3BUTHE TPAHCIIOPTHBIX KOPUIOPOB «3arnaa—
Boctok» u «CeBep—HOr» 11 mepeBo3Ku rpy-
30B», XKEJIE3HONOPOXKHOM, aBUAITMOHHOI, aBTO-
JIOPOKHOI, MOPCKOI 1 pe4HON MHPPACTPYKTY-
Pl B LIEJSIX 00ecneyeHrs 9KOHOMUYECKOM
CBSI3aHHOCTU TEPPUTOPUU CTPaHHI [2].

Pa3BuTHEe TpaHCMOPTHBIX KOPUAOPOB «3a-
nag—Boctok» u «CeBep—IOr» Oyner ocylecTB-
JIATBCS, BYaCTHOCTU, TOCPEACTBOM CTPOUTETb-
CTBa Y MOJIEPHU3ALIMY aBTOMOOWIBHBIX TOPOT,
cBs3biBatoux EBpony ¢ 3anamaeiM Kutaem,
MPEeAyCMOTPEHBI MaclITAOHbIE MEPONPUSATUS
110 pa3BuTUio CeBepHOro MOPCKOTO ITyTH, ITPO-
nyckHoii cnocooHoct bAMa u TpaHnccub6a.
B yucrie pe3ynbsTaToB pa3BUTHSI TPAHCTIOPTHBIX
KOPUIIOPOB YKa3aHbI COKpAILIEHUE CPOKOB TPAH-
3UTHBIX KOHTEWHEPHBIX MEPEBO30K, TIOBbIIIIE-
HUE CpeHEN KOMMEPUYECKO CKOPOCTH Ipy30-
MePeBO30K Ha XKeJIe3HOMIOPOXKHOM TPAHCIIOPTE,
MOITHOCTY BBEAEHHBIX B IKCILTyaTALINIO MYJIb-
TUMOAAJIbHBIX TPAHCITOPTHO-JIOTUCTUIECKUX
LIEHTPOB, YBEJIMYEHUE 00BbEMA SKCIIOPTA YCIyT
TPAHCITOPTHOTO KOMILJIEKCA.

st mpuMepa, B cpepe Kene3HOIOPOKHOTO
TpaHCIIOPTa TIpeIycMOTpeHa peanu3anust 104
MNpoeKToB [3].

OLIEHKA COOTBETCTBU4A
BO3MOXHOCTEMN
XEJTESHOOOPOXXHOIO
TPAHCIMOPTA NOTPEBHOCTAM
CTPAHDI

TpaHcrtopTHast OTpacib CETOMHsI CTATKMBA-
€TCSI C MHOXECTBOM 3a1ad, B YHCJIe KOTOPBIX
HEOOXOIMMOCTh Pa3BUTHUSI UH(PPACTPYKTYPHI,
MPUBJICYECHYs] YaCTHBIX MHBECTULINIA, HEIOCTA-
TOYHBII YPOBEHb 3pEJIOCTM KOMITAHUI — y4acT-
HUKOB PBIHKA, YTO CO3MAET AOIOTHUTEIbHbIC
CJTIOXKHOCTH (DYHKITMIOHMPOBAHMS TPAHCITIOPTHOM
cucremsl [4]. TTpu atom Poccust skcryatnpyer
JKEJIe3HOMOPOXKHYI0 MHOMPACTPYKTYPY 3HAUM-
TeJIPHO MHTEHCHBHEE MHOTUX CTpaH: Ha 1 KM
nyreii B 2017 rony npuiniochk 29 MiIH TOHH Tpy-
30B, TOIIIa KaK JaHHBIN noka3artesb B Kurtae Ha
yeTBepTh HIKe, a B CILIA meHbIe Gosee yeM
B 1Ba pa3a. CoracHO OIIeHKe, ComeprKaIleiics B
The Global Competitiveness Report, 1o nmpotsi-
>KEHHOCTH XeJIe3HOMOPOXKHBIX myTeir Poccust

3amnueB A. A., Cokonoea 9. B., MantnHa T. A. UHHOBaLIMOHHOE pa3BUTUE TPAHCMOPTHOW CUCTEMbI
C NPUMEHEHMEM TEXHOJIOrMN MarHUTHOM NeBUTaLUmn




Mpouwue rpysbl; 7,7%
3epHo; 3,9%

Yaob6penus; 6,7%

YépHble meTannbl;
8,9%

Hedrb; 25,9% Yronb; 46,9%

Puc. 1. CTpyKkTypa aKCrnopTHbIX rpy30B
(aHBapb—ceHTa6pb 2018 r.).

3aHUMAET TPEThE MECTO B MUPE (86 ThIC. KM), T10
KaueCTBY JKeJIE3HOJIOPOXHON MH(MPACTPyKTy-
pbl — 23-e MecTo [5].

CeromHs1 XKeJIe3HOMOPOXKHAsI CETh He CIIpaB-
JISIETCST C BO3PACTAIOIIMM TTOTOKOM 3KCITOPT-
HbIX rpy30B. [Torpy3ka Ha Bceil CeTH XKeJe3HbIX
nopor Poccuu B HarpaBIeHMU MOPCKHUX TTOP-
TOB B TIEPMOJI C sTHBaps 1o ceHTs10ph 2018 roma
Bo3pocJa 10 229 miiH ToHH (+6,1 % K ypoBHIO
stHBapsi—ceHTsI0pst 2017 roma) [6].

B 00béMe 3KCIIopTa OTAENbHBIX TOBAPOB
(puc. 1) nosst CHIPbEBBIX TPY30B COCTABISIET
92,3 %, Ha mpouue Tpy3bl, B TOM YKCJIe U Ha
TOTOBYIO TIPOYKIIMIO IIPOMBIIIIIEHHOTO KOMII-
nekca, npuxomutces 7,7 % [6]. @akTruuecku U3
HOMEHKJIaTyphI TIePEBO3UMBIX KeJIe3HOIOPOK-
HBIX TPY30B MCKJIIOUEHBI TaK Ha3bIBacMbIe
BBICOKOMAap>KMHAJIbHBIE TPY3bI, CKOPOTIOPTSI-
masicsl IpOAYKIIUsI, KOTOPbIE TTepeBO3STCS
ABTOMOOWJILHBIM TPaHCTIOPTOM.

ITpu 5TOM 00BEM BKCITOPTA YITIEBOIOPOIOB
1, TIPEXKIE BCETO, YIJIS 10 XKeJIe3HBIM TI0poTramM
Bo3pacTaeT. 2Kee3HOJ0pOXKHAsI CETh CETOAHS
HEeCITOCOOHA ITOJIHOCTHIO 00eCTIeYUTh ITOTPEO-
HOCTM OM3HEeca M rocyaapcTBa IO KOJIMYe-
CTBEHHBIM M Ka4eCTBEHHBIM TOKa3aTeJIsIM.
BBuay 60JbLIOr0 KOJUYECTBA «Y3KUX» MECT
TpaHccubd He MOXKET B3SITh TOTIOJTHUTEIbHYIO
Harpysky.

Pelienrie 0603HaYeHHBIX TTPOOJIEM TpedyeT
TIPUHATHS KOMITJIEKCA Mep I10 MPUBJICUYEHUIO
PECYpPCOB, MCIIOIb30BaHMSI WHHOBAIIMOHHOTO
TEXHOJIOTMYECKOTO MOTEHIIMAJIa, CO3IAHUS YCIIO-
BUI TSI CTAOMJIBHOTO COAJIaHCMPOBAHHOTO
Pa3BUTHS TPAHCTIOPTHOI CUCTEMBI.

B ycrnoBusix HapacTaHus CIOXHOCTU U He-
OTIpeIeJIEHHOCTH BHEIITHEN CPebl, €CTeCTBEH-
HBIX BO3MOXHOCTEN PBIHOYHOTO MeXaHU3Ma
HEIOCTATOYHO 1151 KOOPIMHUPOBAHUS MHBECTH-
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LIMOHHOM JIeITEeIbHOCTH, M BO3PACTaeT BAXKHOCTh
TOCYIapCTBEHHOM MHBECTULIMOHHOM ITOJIUTUKU
B Poccum, KoTopast moykHa pa3BUBaThCS U TTPU-
00peTaTh YepThl CTPATETMYECKOTO YIIPABICHUSI.

POJ1b CTPATETrMMECKOI'O
YMNPABJIEHUA PEAJIN3ALIMEN
HALUMWOHAJIbHbIX MPOEKTOB

Oc00EHHOCTSIMU CTPaTErMYECKOTrO yIpaBJie-
HMSI SIBJISTIOTCSI CIIOCOOHOCTD YUUTHIBATH ITPOTHO-
3bI pA3BUTHS BHYTPEHHEH 1 BHEIITHE 9KOHOMMU-
YeCKOI CUTYyalluu B MUPE, CTETIEHb UX BAUSHUS
Ha peaav3aluio MEpPOIPUSTUN MTPOTPaMMBbI
Pa3BUTHUSI, UCTIOJIB30BAHUE MHHOBALIMOHHBIX
TEXHOJIOTMI1 B YHUKATBHOI KOMITOHOBKE, THOKOE
CBOEBPEMEHHOE pearripoBaHue Ha MOCTOSTHHbIE
M3MEHEHUSsI, TIPUBJICUEHNE MHTEJIEKTYaTbHOM
SJIUTBI CTPaHbI U1 BIPAOOTKM pabOTOCIIOCO0-
HBIX METOIOB U OTITUMAILHOTO BbIOOPA OOBEKTOB
YIpaBJIECHYS.

VuéHble 1 MpakTUKKU B 00J1aCTH TPAHCIIOPT-
HOM JIOTUCTUKU, TEXHOJIOTUX TIEPEBO30YHOIO
npoliecca TOHUMAIOT PETbHYIO CUTYALIUIO U €&
TOCJIENICTBUSI [UTSI CTPaHbl U BCECTOPOHHE 000C-
HOBBIBAIOT HEOOXOIMMOCTb pealu3alii Mac-
IITAOHBIX MPOEKTOB YCUJICHUST MarkCTPabHOMN
MHGbPACTPYKTYPhI TPAaHCTIOPTA.

Poccuiickass ®enepaiiust 10JKHA HAUTH
BO3MOXHOCTb 3(P(HEKTUBHOIO MCTOIb30BAHMS
CBOEI TEPPUTOPUU [UTSI CO3MAHUST MEXKTOCYIap-
CTBEHHBIX TPAHCTIOPTHBIX KOPUAOPOB «3aran—
Boctok» 1 «CeBep—IOr», HauenuBasich Ha TeX-
HUYECKHUE, OPraHU3alMOHHbIE U SKOHOMUYE-
CKUe ToKa3aTesid, COOTBETCTBYIOIIE HOBOMY
TEXHOJIOTUYECKOMY YKJIAITY.

MATHUTOJNNIEBUTALLMOHHASA
TEXHOJN10Ins ans
UMHHOBALIMOHHOIO PASBUTUA
TPAHCIMOPTHOM OTPAC/IU
MarHuToJieBUTAIIIOHHAsT TEXHOJIOTHS He-
MpepPbIBHO COBEPILIEHCTBYETCSI U UMEET OTPOM-
HBII TIOTEHIIAJ, YTOOBI CTaTh SIPOM HOBOM
TPAHCIIOPTHOI PEBOJIIOLIMM, TIPUUEM KakK C MO-
3ULUMI YCKOPEHMS TIepeMELLeHUST, TaK U C TO3U-
111 6e30MaCHOCTY IBUXKEHUS M 9KOJIOTUYECKON
0€30I1aCHOCTH, YTO OTPaKEHO B paboTax Mpu-
3HAHHBIX MUPOBBIX SKCIIEPTOB B 3TOI 00JIaCTH
n3 CIIA, KOxwnoit Kopeun, ITepmanum [10].
DBOTIONMST BBICOKOCKOPOCTHOTO KEJIE3HOIO-
POXKHOTO TPAaHCTIOPTA HAMJISITHO IMPOIEMOHCTPU -
poBaJia TOCTUXXKEHUE (DU3UYECKOTO Tpeaena
TEXHOJIOTUU «KOJIECO—PEJIBC», TOITOMY Pa3BU-
THE TPAHCITOPTHON CHCTEMBI C TIPUMEHEHUEM
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YPOBEHb PA3BUTUA TPAHCMIOPTHOM CUCTEMbI

BNIUAHUE
T Yposnetsopexune TepputopuanoHoe CToHMOCTS
notpe6HoCTH B passuUTHE CTPaHb!, &
BHYTPEHHMX U BHEWHMUX TPAHCNOPTHOW YCAYTK,
. | nepemewieHnu ToBapos | obecneveHune CBA3HOCTH
3IKOHOMMYECKUX CBA3EH KOHKypeHTOCnocobHoCTb
W HaceneHua pervoHos
KAYECTBEHHbIE NOKA3ATENN
BAUAHUE
BE3OMACHOCTb
Ha TpaHcnopTe 1
TpaHcnopTHaa 3KONONMMYHOCTb
EHOPOCTE 6e3onacHoCTL 3KOHOMUYHOCTb MUHUManbLHoe
cylecTBeHHoe . 5
(cHWKeHue KonuyecTsa HU3KKI1 ypOBEHb BO3AENCTBME Ha
NoBLILICHNS CopOSTH aBapUIAHbIX CUTYaLWI, IKCNANYaATALUOHHbIX OKpYalowyio cpeay
nepeBo30K, BbICOKaA !
T Eirian HEBO3MOXHOCTb CX0Aa pacxopos, (coxpaHeHue
.. NOABMXKHOIO COCTaBa C | 3HepronoTpebnexus, NPUPOAHOTO
CNOCOBHOCTb 3a CHET
o nyTv BBUAY €ro CTOMMOCTY XKM3HEHHOrO | naHawadTa, oTcyTcTBMe
NONHOI aBTOMATU3ALUU
KOHCTPYKLMOHHbIX uMKna BpeAHbIX BbIBPOCOB,
ynpasnexuna -
ocobeHHoCTel; wymos, eubpauum)

CHUWEHWE BAUAHMA
yenoseyeckoro ¢pakropa)

KONIMYECTBEHHbIE MOKA3ATE/IN

Puc. 2. Knio4yeBbie noka3aresin UHHOBaLMOHHOIO Pa3BUTUSI TPAHCITOPTHOVM CUCTEMbI C MPUMEHEHUEM TEXHOJIOMNU
MarHUTHOM JIeBUTaunu.

MHHOBALMOHHOM TEXHOJIOTMM MarHUTHOM JIEBU-
TalUUM CTAHOBUTCSI MUPOBBIM TpeHIoM [11].

TlepcrieKTHBEI €€ UCTIOIb30BaHMSI Ha CEro-
THSIIHUAK JeHb PacKPbIThI HE MOJHOCThIO. On-
HaKO KJIIOYEBBIE BOIMPOCHl IKOHOMUYECKOMN
3(hHEKTUBHOCTH, CITOCOOHOCTH HOBOI TEXHOJIO-
TUM YOOBJIETBOPSTH MOTPEOHOCTU OOILEeCTBA
¥ 9KOHOMUKHU 3(P(PEKTUBHEE CYILIECTBYIOIINX
TEXHOJIOTWIA JOKa3aHbl U OYEBUIHBI.

B cBoeit pabote «Energy Consumption of
Track-Based High-Speed Transportation Systems:
Maglev Technologies in Comparison with Steel-
Wheel-Rail» aBTOpbI — 4ieHbI MEXKITYHAPOIHOTO
VIIPABJISIIOIIET0 KOMUTETA ITPUBOIST YOS IUTE b~
HbIE TOBOIbI U LIEJIbIN PsII CPAaBHUTEIbHBIX Ma-
pamMeTpoB 3HeProd(hPEeKTUBHOCTH IBYX CUCTEM:
MAarHUTOJIEBUTALIMOHHOW Y KJIACCUYECKOU BbI-
COKOCKOPOCTHOI «koseco—peinbe» [12]. Tpe-
MMYIIIECTBa MarHUTOJIEBUTALIMOHHOTO TPaHC-
nopTa OOBSICHSIOTCSI OTCYTCTBUEM TPEHUS
B CHCTEME JBIDKYIITUXCSI AJIEMEHTOB.

Heckomnbko necsatrneTvii B MexKTyHapOIHBIX
HayJHBIX Kpyrax o0cykaaeTcs 3aaadya mpuMeHe-
HUST YHUKAIbHBIX CBOMCTB CBEPXITPOBOIHUKOB
JUTS TIOBBILIICHUSI KAUECTBEHHBIX XapaKTePUCTHUK
MarHUTOJIEBUTAILIMOHHOTO TpaHcropTa [13; 14;
15]. OnmHako mMpoKoe MpUMEHEHME UX CAEPKI-
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BaeTCs CTOMMOCTbIO, KOTOpasi UMEeT TEHACHIIUIO
K CHIDKEHUIO, HO TTOKa €11I€ He TOCTUIJIA YPOBHSI,
MPUEMJIEMOTO IS IPYMEHEHHS B TPAHCTIOPTHOM
TEXHOJIOTUM.

PesynbraTel 24-it MexxayHapoaHoM KOH(e-
penumnu Maglev 2018, npouenieii B CaHKT-
INeTepOypre Ha 6a3e [TeTepOyprckoro rocyaap-
CTBEHHOI'O YHMBEPCHUTETA IMyTeil COOOIICHNUS
nmrieparopa Anekcanapa I B centsiope 2018 ro-
Jla, TTOKa3bIBAIOT, YTO YBEJIMUMBAETCS YKUCIIO
CTpaH, B KOTOPBIX pa3paboTaHbl 1 AEHCTBYIOT
CTpaTeruu U MpPOrpaMMbl BHEIPEHUST TPaHC-
TMOPTHBIX TEXHOJIOTUIA HA OCHOBE MarHUTHOM
JICBUTALIMH, a TAKXKE CTPaH, B KOTOPHIX MAarHU-
TOJICBUTAIIMOHHbBIE TPAHCIIOPTHBIE MPOEKTHI
MO0 BHEIPEHBI, TMOO TOTOBITCSA K BHEIpE-
Huto. B Kurae, dnonun, HOxHoit Kopee,
Iepmannu, CIIA n npyrux ctpaHax pacTeT
MPOM3BOACTBO BBICOKOTEXHOJOTMUYHBIX KOM-
MMOHEHTOB, UHTEHCUDUIIMPYETCS MPOLIECC
MOATOTOBKM CIIELIMAJIMCTOB sl OYyIYIIUX
MporpaMM peaau3aiuu.

PesynbraThl MOCTOSIHHO TTPOBOAMMBIX BO
BCEM MUpE MCCIeAOBaHMI B OKaitiiem Oymy-
1LIEM TIO3BOJISIT KQUECTBEHHO Y/IYUIIIUTb TeXHU-
YecKre M 9KOHOMUYECKME ITOKa3aTe M MarHu-
TOJIEBUTALIMOHHOM TPAHCIIOPTHOM CUCTEMBI,

3amnueB A. A., Cokonoea 9. B., MantnHa T. A. UHHOBaLIMOHHOE pa3BUTUE TPAHCMOPTHOW CUCTEMbI
C NPUMEHEHMEM TEXHOJIOrMN MarHUTHOM NeBUTaLUmn



KJTIOYEBbIE XapaKTEPUCTUKU KOTOPOU YKe Cero-
JIHSI TIOATBEPKIal0T €€ 3(h(HEeKTUBHOCTD IS
WHHOBAIIMOHHOTO Pa3BUTHS TPAHCIIOPTHOU
cucTeMsl (puc. 2).

1711 THHOBALIMOHHOTO PA3BUTHSI TPAHCIIOPT-
HOI CUCTEMbI HEOOXOMMBI PEIIEHNS PYKOBOI-
CTBa CTPaHbI U OTPAC/IU, TUIAHOMEPHA 1ieJIeHa-
MpaBieHHas paboTa Mo TECTUPOBAHUIO U Pa3BU-
TUIO UHULIMATUBHBIX JIOCTVKEHUI POCCUMCKIX
urxeHepos. [Toaaep:kka rocynapcTsa v OvzHeca
CTaHOBUTCS peLIaoM (paKTOPOM JOBENECHUS
3aMaTeHTOBAHHBIX Pa3pabOTOK 10 CTAAUU MpH-
MEHEHUSI B peTbHBIX 9KOHOMUYECKUX U TEXHO-
JIOTUYECKUX YCJIOBUSIX B LIESIX O€30MacHOro
U OBICTPOTO MepeMeIIeHUs] OOJTBIIIOrO KOJuJe-
CTBa JIIONIEH 1 TPY30B Ha JIIOObIE PACCTOSTHUS.

BbIBOAbI

CrpaTernueckoe yrpasjieHUe SIBJIsIeT CO0OM
3¢ eKTUBHOE CPENCTBO JOCTUXKEHUS 1ieieit
WHHOBAIITMOHHOTO Pa3BUTHs, TTO3BOJISIONICE
00eCTIeYUTh TOCTIZKEHUE TTAHUPYEMBIX PE3YJTb-
TatoB. B 31011 CBSI3M HEOOXOMMMO paccMaTpUBaTh
MJITC KaK TeXHOJIOTHIO, HOCSITITYIO CTpaTeruye-
CKUI XapaKTep 1 3aCITy>KIBAIOIITYIO PA3BUTHS KaK
9JIEMEHT pealn3aliiy TPAHCTIOPTHOM CTpaTeruu
Poccuu.

COBOKYITHOCTb B3aUMOYBSI3aHHBIX ICCTBUI
¥ MEpPOTIPUSITUIA, HATIPaBJICHHBIX Ha obecrieve-
Hue 3(p(HeKTUBHOTO pelleHYs 3aAa41 CO3IaHUS
MIJITC, obecrieunT NOCTIKEHNE CTPATErMIeCKIX
11eJ1ell THHOBALIMOHHOTO Pa3BUTHSI TPAHCIIOPT-
HOI OTpacyin.

MarHuTtoieBUTallMOHHAsT TPAHCTIOPTHAS
TEXHOJIOTUSI, HECMOTPST Ha €€ YHUKAJTbHOCTh
¥ 3 PEKTUBHOCTD, TIOATBEPKIACHHBIC MCCITCIO-
BaHUSIMU U Pe3yJITaTaMi KOMMEPUYECKOTO MC-
MOJIb30BaHUS B pa3HBIX CTpaHax Mupa (AnoHus,
Kurait, FOxmas Kopes), siBisseTcss MTHHOBAII-
OHHBIM TIPOTYKTOM, OITHIT BHEAPEHMST KOTOPOTO
B Poccum orcyteTBYeT. MMHUMU3UPOBATH PUCKA
pean3aliy IpoeKTa Ha BCEX CTA/IUSIX €T0 OCY-
ILIECTRICHNSI B 3HAUNTEIHON CTETIEHH CTI0CO0-
HBI MTHCTPYMEHTBI CTPATETMIECKOTO YIPaBICHUS
W TUTAHWUPOBAHUSI.
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ABSTRACT

Digital transformations in various sectors of the national
economy of many countries lead to an increase in demand
for not only information, but also innovative technologies in
general. Those current trends are fully manifested in large-
scale technological changes in the field of transport.

At the same time, the contents of tasks reflecting the
trend for innovation, the priority of their formulation, as well
as implementation mechanisms are determined in the context
of socio-economic systems and development strategies of
each state, taking into account its geopolitical position,
participation in regional associations and organizations, many
other factors affecting the nature of decisions made,
formation of the strategic management of the innovative
development of transport systems.

In Russia, the current public policy in the field of transport
is focused on realizing the transit potential, improving the

Keywords: transport, strategic management, national projects, trunk infrastructure, magnetic levitation transport.

Tatyana A. PANTINA

efficiency of transport services, and the level of economic
connectivity of the territory through modernization and
expansion of transport infrastructure. The solution of such
problems, including, inter alia, increasing efficiency and
safety of transport, requires introduction of fundamentally
new technological solutions using the latest achievements of
world science and technology.

The objective of the article is to propose a conceptual
approach to inclusion of magnetic levitation in the set of
technologies that contribute to strategic development of the
transportation system in Russia.

In the context of an actively developing digital economy,
the launch of a qualitatively new product on the domestic
market, which is magnetic levitation transport systems
(MLTS), will be a breakthrough solution in development of the
country’s transport system, taking into account a number of
key tasks it solves.
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Background. The state of the transport
industry is one of the indicators reflecting the
level of economic development of each country.

In the context of digitalization of various
sectors of the national economies of many
countries, there is a rapid increase in the
number of fundamentally new technologies
being developed and introduced. This trend is
also characteristic of transport.

At the same time, innovative development
of each country due to the specifics of socio-
economic systems, the existing and planned
configuration of the transport network,
geographical location, availability of resources,
and the degree of inclusion in the global
transport system is developing along its own
path, which determines formation and
conditions for implementation of the respective
strategies.

The key tasks of the public policy in the field
oftransport in Russia comprise implementation
of the transit potential of Russia, increasing the
efficiency of transport services and the level of
economic connectivity of the territory,
modernization and enhancement of transport
infrastructure.

With a steady trend of dynamic changes
taking place in the political and socio-economic
environments, strategic management of
innovative development of transport systems is
of great importance.

The objectives of the article are to overview
and briefly analyze the documents, determining
public strategy in the transport field, and to put
forward some suggestions, particularly
regarding importance of integration of magnetic
levitation transport systems (MLTS) into the
list of technologies contributing to the strategic
development of the transportation system.

The authors use general scientific methods,
contents and comparative analysis, evaluation
approach.

Results.

Plan for modernization and development of
mainline infrastructure in Russia

Decree of the President of the Russian
Federation dated 05.07.2018 No. 204 (hereinafter
referred to as the Decree) defines the national
goals and strategic objectives of the country’s
development until 2024 [1]. Pursuant to the
Decree, national projects have been developed
in 12 priority areas of socio-economic
development.
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«The Comprehensive plan formodernization
and expansion of mainline infrastructure for
the period until 2024 (hereinafter referred to as
the Comprehensive plan)», approved on
September 30, 2018, which includes two parts:
transport and energy power», «envisages
development of West—East and North—South
transport corridors for transportation of
goods», railway, aviation, road, sea and river
infrastructure in order to ensure economic
connectivity of the country [2].

The development of the West—East and
North—South transport corridors will be
carried out, in particular, through construction
and modernization of roads connecting Europe
with Western China. Large-scale measures are
envisaged to develop the Northern Sea Route,
the capacity of Baikal-Amur Mainline and
Trans-Siberian Railway. The expected results
of development of transport corridors provide
for a decrease in the transit time of container
transportation, an increase in the average
commercial speed of cargo transportation by
rail, the grown capacity of multimodal transport
and logistics centers put into operation, and an
increase in the volume of export of transportation
comprehensive services. For example, in the
field of railway transport, 104 projects are
envisaged [3].

Assessment of railway transport capabilities’
conformity to the country’s needs

The national transport sector faces today
many challenges, including the need to develop
infrastructure, attract private investment,
insufficient maturity of companies participating
in the market, which creates additional
difficulties for functioning of the transport
system [4]. At the same time, Russia operates
the railway infrastructure much more intensively
than many other countries: 29 million tons of
cargo were transported per 1 km of tracks in
2017, while this figure is a lower by quarter in
China and twofold lower in the United States.
According to the assessment made by The
Global Competitiveness Report, Russia ranks
third in the world (86 thousand km) in terms
of railway length and 23 in terms of quality of
railway infrastructure [5].

Today, the railway network cannot cope with
the increasing flow of export cargo. The loading
on the entire railway network of Russia in the
direction of seaports from January to September
2018 increased to 229 million tons (+6,1 %
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Pic. 1. Structure of export cargo (January—September 2018).

compared to the level of January—September
2017) [6].

The share of raw materials in the volume of
export of certain goods (Pic. 1) is of 92,3 %,
while other goods, including finished products
of the industrial complex, account for 7,7 %
[6]. In fact, the so-called high-margin cargoes,
perishable products that are transported by road
are excluded from the range of railway cargo
transported.

At the same time, the volume of exports of
hydrocarbons and, above all, coal, by rail is
increasing. The railway network today is unable
to fully meet the needs of business and the state
by quantitative and qualitative indicators. Due
to the large number of bottlenecks, Trans-
Siberian Railway cannot take the additional
load.

The solution of those problems requires
taking a set of measures to attract resources,
use innovative technological capacity, and
create conditions for a stable balanced
development of the transport system.

Given the increasing complexity and
uncertainty of the external environment, the
natural capabilities of the market mechanism
are not enough to coordinate investment
activity, and under those conditions the
importance of state investment policy in
Russia, which should develop and acquire the
features of strategic management, is growing.

The role of strategic management of national
projects

The features of strategic management are
the ability to take into account forecasts of
development of the internal and external
economic situation in the world, the degree of

their influence on implementation of the
development program, use of innovative
technologies in a unique layout, flexible timely
response to constant changes, involvement of
the country’s intellectual elite in developing
practicable methods and optimal choice of
managed facilities.

Scientists and practitioners in the field of
transport logistics and transportation
technology understand the real situation and
its consequences for the country and
comprehensively justify the need for large-scale
projects to strengthen the main transport
infrastructure.

The Russian Federation should find the
opportunity to effectively use its territory to
create West—East and North—South interstate
transport corridors, focusing on technical,
organizational and economic indicators that
correspond to the new technological structure.

Magnetic levitation technology for innovative
development of the transport industry

Magnetic levitation technology is constantly
being improved and has great potential to
become the core of the new transport revolution,
both from the standpoint of accelerating
movement and from the standpoint of traffic
safety and environmental safety, which is
reflected in the works of recognized world
experts in this field from the USA, South
Korea, Germany [10]. The evolution of high-
speed rail transport has clearly demonstrated
the achievement of the physical limit of the

«wheel—rail» technology, so development of

the transport system using innovative magnetic
levitation technology is becoming a global trend
[11].
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Pic. 2. Key indicators of innovative development of the transport system using magnetic levitation technology.

The prospects for its use to date are not
fully disclosed. However, the key issues of
economic efficiency, the ability of a new
technology to meet the needs of society and
the economy more efficiently than existing
technologies are proven and are obvious.

In their work «Energy Consumption of
Track-Based High-Speed Transportation
Systems: Maglev Technologies in
Comparison with Steel-Wheel-Rail», the
authors, members of the international
steering committee, provide convincing
proves and a number of comparative energy
efficiency parameters for two, magnetic and
classic high-speed «wheel—rail», systems
[12]. The advantages of magnetic levitation
transport vehicles are explained by the
absence of friction in the system of moving
elements.

For several decades, the international
scientific community has been discussing
the problem of using the unique properties
of superconductors to improve the quality
characteristics of magnetic levitation
transport vehicles [13; 14; 15], while their
widespread use is constrained by the cost,
which tends to decrease, but has not yet
reached alevel acceptable forimplementation
in transport technologies.
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The results of the 24" Maglev 2018
International Conference, held in St. Petersburg
at Emperor Alexander I St. Petersburg State
Transport University in September 2018, show
that there is an increase in the number of
countries in which strategies and programs for
introduction of magnetic levitation transport
technologies have been developed and are
operational, as well as of countries in which
magnetic levitation transport projects are either
implemented or are being prepared for
implementation. In China, Japan, South
Korea, Germany, the USA and other countries,
production of high-tech components is
growing, the process of training specialists for
future implementation programs is being
developed.

The results of ongoing global studies will
allow in the near future to qualitatively improve
the technical and economic indicators of the
magnetic levitation transport system, the key
characteristics of which already confirm its
effectiveness for innovative development of the
transport system (Pic. 2).

For innovative development of the transport
system, strong-willed decisions by the
leadership of the country and the industry are
needed, as well as system and focused work to
test and develop initiative achievements of
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Russian engineers. State support is becoming
a decisive factor in bringing patented develop-
ments to the stage of implementation in real
economic and technological conditions in
order to safely and quickly move a large number
of people and goods at any distance.

Conclusions.

Strategic management is an effective tool
of achieving the goals of innovative develop-
ment, allowing to obtain the planned results.
In this regard, it is necessary to consider
Magnetic Levitation Transport System (MLTS)
as a technology that is strategic in nature and
deserves development as an element of
implementation of Russia’s transport strategy.

Aset of interconnected actions and activities
aimed at ensuring an effective solution of the
task of creating MLTS will ensure achievement
ofthe strategic goals of innovative development
of the transport industry.

Magnetic levitation transport technology,
despite its uniqueness and effectiveness,
confirmed by research and the results of
commercial use in different countries of the world
(Japan, China, South Korea), is an innovative
product whose implementation experience is not
available in Russia. The tools of strategic
management and planning are able to minimize
toalarge extent the risks of project implementation
at all stages of its implementation.

REFERENCES

1. Decree of the President of the Russian Federation
of 07.05.2018 No. 204 «On national goals and strategic
objectives of development of the Russian Federation for
the period until 2024» [ Ukaz Prezidenta RF ot 07.05.2018
No 204 «O natsionalnykh tselyakh i strategicheskikh
zadachakh razvitiya Rossiiskoi Federatsii na period do
2024»]. |Electronic resource]: http://kremlin.ru/acts/
bank/43027. Last accessed 06.06.2019.

2. On approval of Comprehensive plan for
modernization and expansion of the mainline infrastructure
for the period until 2024 [Ob utverzhdenii Kompleksnogo
plana modernizatsii i rasshireniya magistralnoi infrastruktury
na period do 2024 goda]. |Electronic resource]:
http://government.ru/docs/34297/. Last accessed
06.06.2019.

3. The government was offered a plan for construction
of infrastructure for 7 trillion rubles [ Pravitelstvu predlozhili
plan stroiteltva infrastruktury na 7 trin rublei]. | Electronic
resource]: https://www.rbc.ru/economics/20/08/2018/
5b76d9759a7947236¢f787c2. Last accessed 06.06.2019.

4. Overview of the Russian transport sector in 2017
[Obzor rossiiskogo transportnogo sektora v 2017 godul.
|Electronic resource]: https://home.kpmg/ru/ru/home/
insights/2018/04/transport-survey-2017.html. Last
accessed 06.06.2019.

5. Overview of cargo transportation industry in Russia.
2018 [Obzor otrasli gruzoperevozok v Rossii. 2018 god)].
[Electronic resource]: https://www.ey.com/Publication/

vwLUAssets/ey-freight-transportation-survey-2018/
$FILE/ey-freight-transportation-survey-2018.pdf. Last
accessed 06.06.2019.

6. Bulaeva, A. Loading of export cargo to ports in
January—September increased by 6,1 % [Pogruzka
eksportnykh gruzov v porty v yanvare-sentyabre vyrosla na
6,1 %|. Gudok [newspaper]. [Electronic resource]:
http://www.gudok.ru/news/? ID=1438143. Last accessed
06.06.2019.

7. Guidelines for development of national projects
(programs). Approved by the Chairman of the Government
of the Russian Federation D. A. Medvedev on June 4, 2018
No. 4072p-P6 [ Metodicheskie ukazaniya po razrabotke
natsionalnykh proektov (program). Utv. Predsedatelem
Pravitelstva RF D. A. Medvedevym 4 iunya 2018 goda
Ne 4072p-P6]. | Electronic resource]: http://docs.cntd.ru/
document/550517324. Last accessed 06.06.2019.

8. The integrated project of joint development on the
Eurasian continent (scientific and practical concept)
[ Integralniy proekt solidarnogo razvitiya na Evroaziatskom
kontinente (nauchno-prakticheskaya kontseptsiya)|. Report
of D.Sc. (Politics) V. I. Yakunin at a meeting of the
Presidium of the Russian Academy of Sciences, Moscow,
March 11, 2014. [ Electronic resource]: https://v-yakunin.
livejournal.com/83781.html. Last accessed 06.06.2019.

9. Sadchikov, A. Economist Ivan Starikov: There is a
replacement for oil! It is necessary to earn on transit from
China to Europe [ Est’ zamena nefti! Nado zarabatyvat’ na
tranzite iz Kitaya v Evropu]. [Electronic resource]:
http://www.gudok.ru/events/detail.php? ID=1358082.
Last accessed 06.06.2019.

10. Wenk, M., Kluehspies, J., Blow, L., Fritz, E.,
Hekler, M., Kircher, R., Witt, M. Practical investigation
of future perspectives and limitations of maglev
technologies. Transportation Systems and Technology,
2018, Vol. 4, Iss. 3, suppl. 1, pp. 85—104. DOI: 10.17816/
transsyst201843s185—104.

11. Zaitsev, A. A., Sokolova, Ya. V. Magnetic levitation
transport system for cargo transportation
[Magnitolevitatsionnaya transportnaya sistema dlya
gruzovykh perevozok). Trends in economic development of
the transport complex of Russia: foresight, forecasts and
strategies: proceedings of a national scientific and practical
conference, Moscow, Russian University of Transport, 2018,
pp. 109—111.

12. Fritz, E., Kluhspies, J., Kircher, R., Witt, M. Energy
consumption of track-based high-speed transportation
systems: Maglev technologies in comparison with steel-
wheel-rail [Electronic resource]: www.researchgate.net/
publication/328733747_Energy Consumption_of Track-
Based_High_Speed_Transportation_Systems_Maglev_
Technologies_in_Comparison_with_Steel-Wheel-Rail.
Last accessed 06.06.2019.

13. Murakami, M., Oyama, T., Fujimoto, H., Taguchi, T.,
Gotah, S., Shiohara, Y., Koshizuka, N., Tamaka, S. Large
levitation force due to flux pinning in Ybacuo superconductors
fabricated by melt-powder-melt-growth process. Japanese
Journal of Applied Physics, 1990, Vol. 29, Iss. 2—11, pp. 1991—
1994. DOI: 10.1143/jjap.29.11991.

14. Wang, S., Wang, J., Wang, X., Ren, Z., Zeng, Y.,
Deng, C., Jiang, H., Zhu, M., Lin, G., Xu, Z., Zhu, D.,
Song, H. The man-loading high-temperature
superconducting maglev test vehicle. /EEE Transactions
on Applied Superconductivity, 2003, Vol. 13, Iss. 2,
pp. 2134—2137. DOI: 10.1109/tasc.2003.813017.

15. Deng, Z., Zhang, W., Zheng, J., Wang, B., Ren,Y.,
Zheng, X., Zhang, J. A High-temperature superconducting
maglev — evacuated tube transport (HTS Maglev—ETT)
test system. IEEFE Transactions on Applied Superconductivity,
2017, Vol. 27, Iss. 6, pp. 1-8. DOI: 10.1109/
tasc.2017.2716842. ®

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 4, pp. 36—45 (2019)

Zaitsev, Anatoly A., Sokolova, Yana V., Pantina, Tatyana A. Innovative Development of Transport System
using Magnetic Levitation Technology




9KCMPECC-NH®OPMALNG
EXPRESS INFORMATION

KBAHTOBbIE KOMMYHUKALUA
HA XKEJIESHbIX OPOrAX

AO «P2K]1» HamepeHOo TOCTUYb TUIEePCTBA B pa3-
BUTHM KBAHTOBBIX KOMMYHUKALIUI Ha XKeJIe3HO-
JIOPOKHOM TPaHCTIOPTE.

OO0 5TOM 3asiBUJI TeHepalbHbII IUPEKTOP — Mpece-
narenb nipaBiaeHust OAO «P2K]» Osner beno3épos, BbI-
CTymasi Ha IJICHAPHOM 3acefaHuu MeXayHapOoaHOTO
XKEJIE3HOAOPOXKHOI0 cajJloHa npoctpaHcTBa 1520
«PRO//ABmxenne. DKCITO» «{udposast Tpanchopma-
LMsI ¥ TEXHOJIOTUU OYyIyIIero B KeJe3HOMOPOXHO OT-
pacin».

ITo ero coBam, B OAO «P2K]1» npunsita «Crpaterus
HayYHO-TEXHOJIOTMYECKOTO Pa3BUTHS Ha MEPUOJ 10
2025 roga u Ha niepcriektuBy 10 2030 roga», B KOTOpOii
orpeiesieHbl OCHOBHbBIC HATPaBJICHUs ”THHOBALIMOHHOTO
Pa3BUTHST XOJIMHTA. DTO CO3MaHKMe CUCTEM YITPABICHUSI
MePeBO30YHBIM MPOLIECCOM Ha OCHOBE MCKYCCTBEHHOTO
WVHTEJIEKTA, «MHTEJUIEKTYaIbHON CTAHLMM», pa3paboTKa
TEPCIEKTUBHBIX CPEICTB U TEXHOJIOTHIL ISl TyTEeBOTO
KOMITIEKCa, MPUHLIMITMATILHO HOBBIH ITOJBMXXHOM COCTAB,
pPa3BUTHUE CUCTEMBI YIIPaBICHUS 6€30MaCHOCTHIO JIBIKE-
HUSI, TSKEJIOBECHBIE U BHICOKOCKOPOCTHBIE MPOEKTHI,
9Heproa(OEeKTUBHOCTb U OXpaHa OKPYKaIOLIEei cpelibl.

«MpbI cTaBUM Tiepes1 co00it 3a1aqy ObITh TUAEPAMHU 11O
BCEeM HamnpasieHUsIM. UTOOBI IBUTAThCS Talbllie, MbI
COCPEeIOTOYMIIN CBOE BHUMAHUE HAa KBAHTOBBIX TEXHOJIO-
THsIX. DTO HaTpaBieHUE OyIET TPOPBIBHBIM [UTSI KEJIe3HO
noporu», — ckasan Oser benosépos. OH MOAYEPKHYII,
YTO KEJIEe3HOMOPOKHBIN TPAHCIOPT BCEra OTINYANICS

HaEXHOCThIO U Oe3ormacHocThio. [Ipu 3TOM OTHUM U3
BBI30BOB COBPEMEHHOCTH sIBJISIETCSI 0OecTieueHre Kubep-
06e30MacHOCTH.

KnroueBasi 0COOEHHOCTb KBAHTOBBIX KOMMYHHUKa-
11 — BO3MOXHOCTb [TOCTPOEHUSI A0COTIOTHO 3alIMIIEH-
HBIX OT «B3JIOMa» CHCTEM CBSI3U, B KOTOPbIX HEM3MEH-
HOCTb U JJOCTOBEPHOCTb MepegaBaeMoii nHGopmauuu
TapaHTUPYIOTCS (DU3UYECKUMU ITPUHLIMIIAMU, a HE MaTe-
MaTUYECKUMU aJITOPUTMAMM, KaK B CYIIECTBYIOIIMX
KpunTorpaduueckux cucremax. KBaHTOBbIE TEXHOJIOTUN
B MEPCIEKTUBE MO3BOJISAT 00ECIEeYNUTh BHICOYAMIIIYIO
CKOPOCTb U 3alIMILEHHOCTb JTaHHbIX.

Ha xxene3Hoa10p0XXHOM TPAHCIIOPTE 3Ta TEXHOJIOTHS
JIaCT BO3MOXHOCTh, B YaCTHOCTH, CO3/1aBaTh 3allIUIIEH-
HbIe CUCTeMbI cOOpa TAaHHBIX O COCTOSTHUY MH(MPACTPyK-
TYpbl M CUCTEMBbI Mepeauu yrnpasisiiollnX CUTHAIOB,
KOTOPbI€ HEBO3MOXHO MOIMEHMTD.

B Gosiee oTnan€HHOI MepCcreKTUBe MpUMeHeHue
KBaHTOBBIX KOMMYHHUKaIIMi1 BO3MOXKHO B O€CITPOBOAHOM
CBSI3U, B TOM YHCJIe CITyTHUKOBOIA.

Ogner beno3€poB OTMETHIT, UTO AAJIEKO HE BCE TEXHU-
YeCcKUe BOTIPOCHI 1€ pellieHbl U TPEOYIOTCS TaIbHEHIIe
uccaenoBanus, ogHako OAO «PXK]I» BUIUT BBICOKUIA
TIOTEHLIMAJT KBAHTOBBIX TEXHOJIOTHIA.

ITo undopmamun OAO «P2XK]I»: http://press.rzd.ru/
news/public/ru? STRUCTURE_ID=654&layer_id=406
9&refererLayerId=3307&id=94388 ®

QUANTUM COMMUNICATIONS FOR RAILWAYS

uantum communications could become a
breakthrough technology for Russian Railways.
Russian Railways intends to achieve leadership
in the development of quantum communications on railway
transport, said Oleg Belozerov, the CEO and Chairman of
the Board of Russian Railways.

Belozerov was speaking at the plenary session of the
International Railway Salon of the 1520 Space
PRO//Movement. EXPO, which was held under the rubric
of Digital Transformation and the Technology of the Future
in the Rail Industry.

According to Belozerov, Russian Railways has adopted
a Strategy of Scientific and Technological Development
for the Period up to 2025 and for the Future until 2030.

The Strategy identifies the main areas of the Russian
Railways Holding’s innovative development, which
includes the creation of transport process management
systems based on artificial intelligence, smart railway
stations, the development of promising tools and
technologies for the travel complex, fundamentally new
rolling stock, the development of traffic safety management
systems, heavy and high-speed projects, energy efficiency
and environmental protection.

«We have set ourselves the task of being leaders on all
fronts. To move on, we have focused on quantum
technologies. This direction will be a breakthrough for the
railways», said Oleg Belozerov.

® \WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 4, p. 46 (2019)

KBaHTOBbIE TEXHONOMMY Ha XXeNe3HbIX A0porax
Quantum Communications for Railways

He stressed that rail transport has always been safe and
reliable. At the same time, one of the challenges of our
time was cybersecurity.

The key feature of quantum communications is the
ability to build communication systems which are fully
protected from hacking because the underlying physical
principles guarantee the immutability and reliability of the
transmitted information, rather than mathematical
algorithms, as is the case in existing cryptographic systems.
In the long term, quantum technologies will provide the
fastest speeds and data security.

In rail transport, this technology will enable, among
other things, the creation of secure systems for collecting
data on the state of infrastructure and control signal
transmission systems that cannot be replaced.

Inthe longerterm, the use of quantum communications
is possible in wireless communications, including satellite
communications.

Oleg Belozerov also noted that not all technical issues
had been solved and that further research was needed, but
said that Russian Railways saw a high potential for quantum
technologies.

Retrieved from JSC Russian Railways news:
http://eng.rzd.ru/newse/public/en? STRUCTURE _
ID=15&layer_id=4839&refererLayerld=5074&
id=107540 ®
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Muxaun BOSPLLUMHOB

Huknta KYSHELLOB

B HacTosiiee Bpemsi Hanbosiee HebnaronpusT-
HOW, C TOYKU 3PEHUS] pyucka OJIOKUPOBKU CUCTEMbI
BbIMycka HaKOMUBLLIMMCS B HEV KOHAEHCATOM, SIBJIsi-
eTcsl 9KCr1yaTalmsi aBTOMOobUIIel B KPYIHbIX ropoaax
B 3UMHUI repuog. YacTtele nycku B OTHOCUTESIbHO
KOPOTKUI [POMEXYTOK BPEMEHM, /NGO MyCK — KOPOT-
Kuii npober — v nocaeayroLas JmMTesIbHasi CTOsIHKa
Py HU3KMX TEMEPATYpPax OnacHbl TEM, 4TO CUCTEMA
Bbirycka oTpaboTaBLLVX ra30B He yCreBaeT MpPorpeThb-
CS M yaniTb HaKONMBLLINKICS KOHAeHcaT. ExenHeBHasi
aKCrilyatauus B Takux pexvmMax criocobcTByeT Obi-
CTPOMY CKOITJIEHUIO KOHAEHCATa, a Mnocjieayollas
JUIMTEsIbHasi CTOSIHKA NPy TeMIeparype Bo3ayxa HuxXe
0°C onacHa TeMm, 4TO B 3aBUCUMOCTY OT KOHCTPYKTUB-
HbIX 0COBEHHOCTEV 3/1eMEHTOB BbIYyCKHOU CUCTEMbI
BO3MOXHbI 3aMOPaxXnBaHNE KOHAEHcara B CUCTEME
Bblrycka 0TpaboTaBLLVX ra30B, 06pa30BaHNe 1easHOM
npo6km BHyTPY NGO Ha €€ BbIXOAE U, KaK C/IeACTBUE,
HEBO3MOXHOCTb 3arlycka BuraTeJsis.

YuuTeiBas 1O, 4TO 6OJIbLLIAS YACTL TEPPUTOPUN
Poccuv HaxoamTcsl B 30HaxX yMepeHHOro v XOJ104HOMo
K/IMMaTa, NCCIen0BaHVsl, HarpaBJ/IeHHbIE Ha BbisIB/1E-
HMe 3aKOHOMEPHOCTEN (POPMUPOBaHNS YPOBHS Ha-
KarMBaHvis KOHAEHCATa B CUCTEME Bblilycka 0Tpabo-
TaBLUMX ra3oB, KOPPEKTUPOBAHMNE Ha ATOM OCHOBE

AeHcar, 3UMHUV Nepuog.

HAYKA N TEXHWKA

TemnepaTypHbIA PE€XUM CUCTEMDbI
BbINyCKa aBTOMOOWNS MPU NOHUXEHHbIX
TemMmnepartypax

bospuunos Muxaua Iennadveeun — I[lepmcruii
HAUUOHANBHBLI UCCAeO08AMENbCKULL NOAUMEXHUYECK UL
yHugepcumem, Ilepmo, Poccus.

Kysneuoe Huxuma Heopesuu — Ilepmckuii
HAUUOHANbHYLI UCCAe008AMENbCKULL NOAUMEXHUYECK UL
yHugepcumem, Ilepmv, Poccus.

nepuoanYHOCTY yaaneHus KoHAeHcaTa U3 CUCTeMbI
BbIyCKa, a TakXke OorntnMmn3aumnio KOHCTPYKTUBHbIX
rnapameTpoB CUCTEM Bbirlycka oTpaboTaBLLMX ra30B,
bosiee 4eM aKTyasibHbl.

Llesv gaHHOro nccaenoBaHys rpeaycMmatpmuBam
n3yqeHne 0CobBeHHOCTeN U3MEHEeHWS TeMneparypb!
3/IEMEHTOB CUCTEMbI Bbillycka OTpaboTaBLUMX ra30B
rpwv MPorpeBe aBTOMOOUIbHOO IBUraTesisi B yC/I0BU-
SIX [TOHVXKEHHOWI OKPYXKatoLLIeri TeMreparypbl, a Takxe
BJISIHUS PA3JTINHHBIX PEXVMOB paboThl 060rpeBaresisi
casioHa Ha TeMrneparypy 371eMeHTOB CUCTEMbI BbirlyCKa
oTpaboTaBLUnX ra30B, 0COBEHHOCTEV U3MEHEHUS
Temreparypbl OTAEJIbHbIX 3JIEMEHTOB CUCTEMbI BbIrly-
cka 0TPaboTaBLLMX ra30B B 3aBUCUMOCTY OT BDEMEHN
151 pa3/INYHbIX TEMEePaTyp OKPYyXatoLLero BO34yxa.
,ﬂﬂﬂ 3TOro rnpoBOAUNIINCHL SKCTIepPUMEeHTalslbHbIe nccJjie-
J10BaHUSI 110 3arycKy «xO0J104HOro» ABUraress u ero
rPOrpeBy B PEXMUME X0/I0CTOro XoAa.

YcTtaHoBneHHble 3aKOHOMEPHOCTU MOTYT JIe4Yb
B OCHOBY pa3pabartbiBaeMovi METOAVKMN KOPPEKTUPO-
BaHUsl NEPUOANYHOCTY MPOrpPeBa CUCTEMbI BbillyCcKa
oTpaboTaBLUMX ra30B, & TaKKe MOAEsN YCTPOICTBa,
KoTopoe 6yaeT obecre4ynBaTb OTCYTCTBUE KOHAEHCa-
Ta B cucTemMe Bbirlycka rnpuv aKcriiyaraumu aBTOM06M-
J1eVi B KPYrHbIX ropoAax B 3UMHUI epuro.

KnioyeBbie cnioBa: aBTOMOOW/Ib, OTPabOoTaBLLME ra3bl, CUCTEMA BbilyCKa, TEMMEPaTyPHbIV PEXNM, KOH-

*Mudopmaumsi 06 aBTopax:

Poccusa, 9128841776@mail.ru.

For the English text of the article please see p. 58.
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YCJIOBUSIX COBPEMEHHOTO Merarojuca
SKCIUTyaTalusi aBTOMOOWIIE XapaKTe-
PpU3YyeTCsl YaCTBIMU KOPOTKUMM TIO€3]1-

KaMM, TTPOIOJDKUTETbHBIMU IIPOCTOSIMU B 3aTO-

pax, JUTMTeJIbHOI paboTOl TBUTATEs Ha XOJI0-

CTOM XOj1y U T.11. [ IpakThKa IMoKa3bIBaeT, 4To Ipr

OTpULIATEJIbHBIX TEMIIepaTypax OKpyKarollero

BO3yXa MPOAOIKUTENbHAs paboTa aBTOMO-

OMJIHOTO NBUTATENsl B TAKUX YCIOBUSIX HE

obecreunBaeT TOCTaTOYHbIN MpOrpeB Kak ca-

MOTO JIBUTATEJIsI, TAK U 2JIEMEHTOB U Y3JIOB CH -

CTEMBI BBIITyCKa OTPabOTaBIIMX Ta30B. [IBura-

TeJTb CUUTACTCSI TIOJTHOCTBIO TIPOTPETHIM, KOTIa

TeMIlepaTypa BCEX €ro 2JeMEHTOB U paboumx

SKUIKOCTEH BBIXOIUT Ha Pabouuii pexXnm, TO

€CTb KOTZIa NP CTallMOHApHOI paboTe ABUTa-

TeJisl TeMIIepaTypbl MEPECTaHyT MEHSTHCS.

BrIicTpee Bcero mporpeBaroTcs OXJIaxkIaromast

SKUJIKOCTh U JIETaJTV BEPXHEN YaCTH IBUTATE]IS.

Macno B moaioHe nIBUraTess rpeeTcs 3HaYu-

TEJIBHO MeJyIeHHee. Jlaxe mocyie NOCTVDKEHUS

paboueit TeMrepaTypbl OXJIaXKIAOLLIEH XUIKO-

CTbIO, TEMIIEpaTypa Macjia ABUTaTes sl He JOCTH -

raet padoueil. Takas xe cutyaiust HabIoIaeT-

Cs U B KaTaJIMTUYECKOM HEWTpanm3aTope.

Bcnencrue yero 3aMmeisieTcst poLIECC BbIXOAA

Ha TpeOyeMbIil YypOBEHb TOKCUYHOCTH OTpado-

TaBIIMX Ta30B. KaTanmuTtuueckuii HeATpaam3a-

TOp TpeeTcs OT MOTOKA OTPAOOTABILIKX Ia30B,

U TeM ObICTpee, YeM OOJIbIIE UX pacXo/l U TeM-

neparypa. OIHaKO MPU OTPULIATEbHBIX TEMIIE-

paTypax OKpy>alollei Cpeibl Ha PeXXUMe XOJI0-

CTOTr'0 XO/1a KATATUTUYECKUIT HEUTpaTU3aTop He

BBIXOJIUT Ha pabOYUil PesKIM.

ITpu aKkcrutyataiiuu B 3UMHUX YCJIOBUSIX
CTEHKU CHCTEMBI BBIITYCKA OCTAIOTCSI XOJIOIHbI-
MU, U IBUXYIINECS MO CUCTeME BBIITyCKa
BMECTE C TOPSTYMMHU OTPabOTaHHBIMU TazaMU
BOJISTHBIE ITApbl KOHIEHCUPYIOTCS Ha XOJIOHOM
MOBEPXHOCTU BHYTPU 3TOM cuctemsl [1-3].
Kaxk cnencrBue, ipu [uiMTeIbHOM paboTe ABU-
ratejisi Ha HU3KUX obopoTax HabaomaeTcs
HaKOIUIEHWE KOHJeHcaTa B CUCTEME BBIITyCKa
OTpabOTaBIIMX Ia30B aBToMo0OwmId [4, c. 51].

YacTele 3amycKy JBUTATENIST aBTOMOOWIISE
Ha OTHOCUTEJILHO KOPOTKHE TTPOMEXYTKHU
BpPEMEHH, MPOTPeB aBTOMOOMIISI B 3UMHUX
YCJIOBUSIX Ha «aBTO3AITyCKe», IBUKEHUE B pe-
JKMMe KOPOTKHUX MPOOEToB M MOC/IeAYIoIIast
JUTUTEIbHAsI CTOSTHKA TIPY TeMITepaType BO3-
nyxa Huxke 0°C omacHbI TeM, YTO BO3MOXKHO
00pa3oBaHUe U 3aMOpakKMBaHUE KOHEeHcaTa
B CHCTeMe BBIITycKa OTpabOTaBIINX ra3oB,
00pa3oBaHue JeSTHON MPOOKK BHYTPU JUOO

® MWP TPAHCIMOPTA, Tom 17, N2 4, C. 48-67 (2019)

Ha e€ BBIXOJE M, KaK CJICJCTBIE, HEBO3MOX-
HOCTb 3aIycKa asuraren [5, c. 10; 6, c. 3].

BausiHue paznuyHbIX COYETaHUN KIIMMaTH-
YECKMX YCJIOBUI 1 MHTEHCUBHOCTH SKCILTyaTa-
LIMM Ha HaKarlMBaHUe KOHIEHCaTa B CUCTEME
BBIMTYCKa MaJIo M3YYeHO. DTOMY BOIIPOCY HE
yaeJsIeTCs IOJDKHOE BHIMAHKE B PyKOBOICTBAX
T10 TIOJTb30BAaHMIO aBTOMOOMIIEM. B 3101 cBA3M
TpeOyeTcsl MiccIeIOBaHMe OIIMCAHHOTO SIBJICHMS
1 pa3paboTKa Ha er0 OCHOBE peKOMEHIAIINIA ITO
noaepKaHuo padoTOCHOCOOHOCTH CUCTEMBI
BBIITyCKa OTPaOOTaBIINX I'a30B B COCTOSIHUU,
obecIreunBaronieM HaaE KHBII 3aITyCK IBUTaTe-
JISl M UICTIPaBHYIO pPabOTy aBTOMOOWJISI B IEPUOT,
TOHIDKEHHBIX TEMIIEPaTyp.

Ileau uiccnenoBaHUs:

1) BBISIBUTH (haKTOPHI, BIUSIONINE HA TEM-
reparypy dJeMEHTOB CHCTEMbI BBIITYCKa OT-
paboTaBIINX Ta30B JETKOBOTO aBTOMOOWIIS
B 3UMHUWI TIEPUOL;

2) yCTaHOBUTD 3aKOHOMEPHOCTH BIIUSTHUS
Pa3IMIHBIX TEMIIEPaTyp OKPYKAIOIIETO BO3-
JIyxXa Ha TeMIlepaTypy HarpeBa ITOBepXHOCTHU
CHUCTEMBI BBIITYCKA;

3) ycTaHOBUTb 3aKOHOMEPHOCTHU BIUSTHUS
Pa3IMYHBIX PEXKUMOB PadOThl 0OOTpeBaTEs
cajJloHa Ha TeMIlepaTypy HarpeBa IIOBEPXHOCTU
CHUCTEMBI BBIITyCKA.

B ocHOBY ucciemoBaHus ObUTH TTOJIOKEHBI
9KCIIEPUMEHTAIbHBIC Mermoobl.

DOUSUNYECKUE YC10BUA
OBPA30BAHUA KOHOEHCATA
KoHnneHncaTt oOpa3yeTcss mpu KOHTaKTe
TOpsTYMX OTPAOOTABIINX Ia30B [7—9], ABMXKY-
LIIUXCSI B CUCTEME BBIITYCKa, CO CTEHKaMU 3TOM
CHCTEMBI, UMEIOIITUMU TeMITepaTypy, 0JIU3KYIO
K TeMIIepaType OKpyXarolero Bo3myxa. B co-
cTaBe OTpabOTaBIIMX ra30B MMEETCs BoJa
B Mapo00Opa3HOM COCTOSIHUM, 00pa3yoIasicst
MPU CTOpaHUM TOILIMBa (6osiee 1,2 Kr Ha 1 KT
cropesiero Toruimaa [ 10, ¢. 66]). Kpome Toro,
BOJISIHOM Iap MOCTYIAEeT B ABUIATeIb C BO3IY-
xoM u3 atmocdeps! (mo 0,38 kr Ha 1 KT cro-
PEBIIIETO TOTUIMBA B 3aBUCHUMOCTHU OT TeMIIe-
paTypsl oKpyxarotiero Bosayxa [11, c. 83]).
B pabore [8, c. 99] moka3aHa 3aBUCUMOCTb
conepKaHusI KOJIMYECTBA BOABI B OTpabOTaB-
KX ra3aX OT UCITOJIb3YeMOTO COCTaBa TOILIH -
BO-BO3IyIIHOW cMecH. Tak, Npu AaBICHUU
0oTpaboTaBIIMX ra3oB 1 6ap Mpu CTeXHOMETPU-
YECKHUX YCJIOBUSIX OJIS1 BOASIHOTO ITapa COCTaB-
JIgeT B oTpaboTtaBimx razax 13 %, u KOHIeH-
calMsl BOIbl IIPOMCXOIUT MPU TeMIIepaType,

BospwmnHoB M. I., Ky3HeuoB H. . TemnepaTypHbIii peXXMM CUCTEMbI BbiTyCKa aBTOMOOUNS
NpY NOHUXEHHbIX TEMNepaTypax




6m3Koii kK 52°C. B cMecu, B KOTOPOIi comep-
JKATCS B IBa pa3a OoJIbIlle BO3/IyXa, YeM 3TO
HEO0OXOIMMO JIJIST CKUTAHUS TOTUTMBA, TO €CTh
npu ko3 duiimeHTe n3bbITKA BO3AyXa, paB-
HOM JIBYM, KOHIIEHTpAIlMsl BOASHOTO Tapa
nJocturaet 6 %, Mpy 3TOM TOYKa POCHI MTOHU-
xkaetcst 10 36°C. Haubosnee BbICOKME 3HAYE-
HUST TEMIIepaTypbl TOYKU POCHI COOTBETCTBY-
0T CTEXUOMETPUUYECKUM YCIOBUSIM, KOTIa
M30BITOK BO3yXa OTCYTCTBYET WJIM UMEETCS
M30BITOK TOTUIMBA, BCIIEACTBUE YETO HE MPO-
HUCXOIUT 00eTHEHUE TOTUIMBHON CMECH.

[Mpu oxnaxaeHUM OTpabOTABIIETO raza
MMETOIINICS N30BITOK BOIBI OCAXKIAETCsl Ha
OTHOCHUTEJIBHO XOJIOJHBIE CTEHKU CUCTEMBI
BBIITyCKa M HAaKaIlJINBAaeTCsI B CUCTEME.

OueBUIHO, YTO HAKOTJICHUE KOHIeHCaTa He
TIPOVICXOMT B CJTydae MporpeBa CTeHOK CUCTe-
MBI BBITTYCKa OTPa0OTABIIIMX TA30B 0 TeMIIepa-
TYP, TIPY KOTOPBIX BOJISTHBIE AP, HAXOSTIINE-
Cs1 B KOHTAKTe CO CTEHKAMU BBIMTYCKHOM CUCTe-
MBI, HE OXJIaKIIAIOTCSI IO TeMIIepaTyphbl TOYKU
pocbl. COOTBETCTBEHHO, HE TIPOMCXOINUT KOH-
JIeHCalIMsI BJIar'd Ha CTeHKaX BBITTYCKHOM CHUCTe-
Mbl. TpeOyeMblii MPOrpeB AJOCTUTAETCs, KOTraa
JIBUTATEJTh ABTOMOOMJISI padOTAET IPH TIOCTATOY -
HOW Harpy3Ke, COIPOBOXIAIOIIEHCST UcTape-
HKeM 00pa30BaBIIIerocsl KOHIeHcaTa U BEIOpO-
COM OTPa0OTABIIIMX TAa30B, COAECPXKAIIUX BOILY
B TTapo00pa3HOM COCTOSIHUM, U3 BBITYCKHOM
CHUCTEMBI, TO ECTb TIPH TTOE3KAX Ha IPOIOJIKH-
TEJIbHbIE PACCTOSTHUSI WJIW TPY TBVXKEHUM Ha
CKOPOCTHBIX YyJacTKax.

SKCMNEPUMEHTAJIbHASA CTAOUA
MUCCJIEQOBAHUSA

ITockonbKy OCHOBHOM MPUUYMHOI 00pa3o-
BaHUS KOHIEHCATa BHYTPU CUCTEMbI BBIITyCKA
SIBJISIETCS Pa3HOCTb TeMIlepaTyp OTpaboTaB-
LIKX Fa30B U CTEHOK Ta300TBOJIHBIX KAHAJIOB,
ABTOPAMU BBITIOJTHEH DS SKCIIEPUMEHTOB 11O
OMNpeaesIeHUI0 TeMIlepaTyphbl 2JIEMEHTOB
CHUCTEMBI BBIITYCKHOTO TPAKTa BO BPEeMSI MPO-
rpeBa IBUTATeIs TPU €ro paboTe Ha XOJI0CTOM
Xofy.

HN3mepeHue temnepaTtypbl 3J1€MEHTOB
BBIIYCKHOI CUCTEMBI TPOU3BOAWIOCH C UC-
MOJIb30BAHUEM CIIELIMATbHOTO 000PYIOBaHUS
[12,c.7]:

* MOJYJid BBOJA aHAJIOTOBBIX CUTHAJIOB
OBEH MBI110-8A, mpenHazHaueHHOTO TSI
CUUTHIBAHUS U NTPEOOPa30BaHUS JIEKTPUYE-
CKOTO CUTHaJa C TaTYNKOB U3MEPEHUS TeM-
neparypsl B rpanychl Llenbcus;
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* aBTOMAaTHYECKOTO Mpeobpa3oBaTesist
nHtepdeiicoB USB/RS-485 OBEH AC4,
OCYIIECTBIISIONIETO CBSI3b MEXIY MOIYJIeM
BBona OBEH MB 110-8A u nepcoHalbHbIM
KOMITBIOTEPOM, MCITOIb3YeMbIM IIJIsT cOopa,
XpaHeHWUsI, MPeoOpa3oBaHMsI, OTOOPAKEHUS
Pe3yJIBTaTOB 3KCITEPUMEHTATbHOTO UCCIIEN0-
BaHUS;

* TepMoIIap ¢ paboYuM IUAIa30HOM U3-
MepsieMbIx Temrieparyp ot -50 mo +500°C,
WCTIONIBb3YEeMBIX [UTSI U3BMEPEHMS TeMIIepaTyphl
3JIEMEHTOB BBIITYCKHOM CUCTEMbI OTPaOOTaH-
HBIX Ta30B;

* mporpammHoro obecrnieuenusi SCADA
OwenProcessManager (OPM), BeIlOHS0-
1ero oOMeH JaHHBIMM B PEeXKMME PeaIbHOTO
BpemeHHU ¢ ycrporictBamu OBEH, monkito-
YEHHBIMU Yepe3 MpeodpazoBaTenn UHTepdeit-
coB OBEH ACA4.

B miporiecce akcniepruMeHTaIbHBIX UCCTIe-
JIOBAHU M3y4aJiOCh BIMSTHUE HA TEMITEPATYPy
3JIEMEHTOB CUCTEMbI BBITTYCKa JIETKOBOTO aB-
TOMOOWJISI B 3SMMHUIA TIEpUOJ OCHOBHBIX (haK-
TOPOB:

* TeMITepaTypbl OKpPYXKalOIIeil cpebl
B auamasone ot -23°C 1o +9°C;

* YacTOTHI BpallleHUsT KOJEHYATOro Bajia
JIBUTATEJIsI B peXXMMe MyckKa M IporpeBa Ha
XOJIOCTOM X0y B Auana3zoHe oT 750 mo 1500
00/MUH;

* pexumMa paboThl BEHTWIATOPA 000Tpe-
Baressl caJloHa aBTOMOOWISI B IMalia30He OT
HepabOTaIOIIEro COCTOSTHUS 10 MaKCUMaJIb-
HOI CKOPOCTH BpallleHUS.

ITocnenoBaTeTbHOCTD TPOBEICHUST IKCIIE-
PUMEHTAJbHOTO MCCIENOBaHUS COCTOSLIa
B 3aITyCKE «XOJIOJHOIO» IABUIATEIsl, TEMIIEPA-
Typa KOTOpOTO (KaK M TeMITepaTypa CUCTEMbI
BBITTyCKa) paBHA TEMIIEPaType OKPYKAIOIIEro
BO3IyXa, U paboTe IBUTATENS B PEKME XOJIO-
croro xoaa B TeueHue 30 MuHyT. OTHOBpEMEH-
HO C 3aITyCKOM JBUTATENIs1 PETUCTPHUPOBAIAChH
TeMrieparypa 3JeMEHTOB CUCTEMBI BBITTyCKa
oTpaboTaBIIMX ra30oB. OMbBIT TPaKTUYECKON
9KCIUTyaTalli aBTOMOOWIISI TOKA3bIBAET, UYTO
B OOJIBIIIMHCTBE CIIy4yaeB 3TOTO BPEMEHM J10-
CTaTOYHO ISl IPOTPEeBa IBUTATEJISI 10 paboyeit
TEMIIepaTyphl.

W3 ananm3a pe3yIbTaToB paCCMOTPEHHBIX
pabort ciieayeT, 4To HanuboJjee MpUeMIeMbIM
METOIIOM U3MEPEHUSI SIBJISIETCS] KOHTAKTHBIN
METOJI U3MEPEHUS C TTOMOIIIbIO TEPMOTIap
Y TEPMOMETPOB conpoTuBieHus. B pabote mo
W3MEPEHUI0 TeMIIEPaTyPhbl TTIOBEPXHOCTU CH-
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Puc. 1. To4ku ycTaHOBKM TepMorap Ha NoBepPXHOCTU CUCTEMbI BbIlyCKa:
1 — npuémHas Tpy6a; 2 — kaTann3sarop; 3 — IPOMeXYTOo4YHas Tpyba; 4 — rnyLmTeb.

Tabmuma 1
Yeaosusa NPOBEACHUA SIKCNIEPUMEHTAJIbHBIX ncc.ne;lonannﬁ
Ne Temmepartypa BiaxxHOCTb Bo3myxa CxopocTb BeTpa' Pexxum paGoThl
WCIIBITAHUS | OKPYKAIOIE CpeIbl oborpeBaTerisi’
1 +9°C 36 % 3m/c 1/7
2 +5°C 40 % 1m/c 1/7
3 0°C 50 % 2M/c 1/7
4 -4°C 62 % 1Mm/c 1/7
5 -8°C 60 % 1m/c 1/7
6 -16°C 75 % 3m/c 1/7
7 -23°C 71 % 3m/c 1/7

' MHOMKAaTUBHO, TaK KaK 9KCIIEPUMEHTHI IIPOBOAMIMCH Ha 3alIIUIIEHHOM OT BETPa MPOCTPAHCTBE.
21/7 — nepBblii (MUHMMAJIbHBIN) U3 CEMU BO3MOXHBIX PEKMMOB pabOThI 000rpeBaTes.

CTEeMBbI BBIITyCKa OTPAOOTABIINX Ta30B UCTIONb-
30BAJINCH TEPMOIIAPHI.

3anuch MokazaHuii TepMoIap BBITIOTHS-
Jlach TIPY Pa3IMYHBIX TEMIIEpaTypax OKpy-
JKaIOIIEro BO3MyXa M Pa3TUYHBIX PeXUMax
paboThl 0O6OrpeBaTesis CaJIoHA.

J71s1 yMeHbIIIeHUsT BAUSHUS BTOPUYHBIX
(bakTOpoOB Ha MpoIecc HarpeBa/OXIAXKICHUS
9JIEMEHTOB JIETKOBOTO aBTOMOOMJISI KCIIEPU -
MEHTBI TTPOBOAWIIMCH Ha TEPPUTOPUH, 3ATITH -
E€HHOM oT Betpa. [lepen Havasiom u3Mepe-
HUIT 00eCcTieurBaIOCh PABEHCTBO TEMIIEPaTy-
DBl CUCTEMBI BBITTyCKA W IPYTUX IETaNei aB-
TOMOOUJISI TeMIlepaType OKPYXKalIlero
BO3yXa, VTSl Yero Tepe/i Ha4aJioM U3MepeHU
aBTOMOOWJTb BBIIEPKUBAJICS HA TUTOLIAIKE HE
MeHee BOCbMU YacoB.

DKcnepuMeHTaTbHOE CCIeOBAaHNE TTPO-
BOAWJIOCH JIJISI 2JIEMEHTOB CUCTEMBI BhITTyCKa
oTpaboTaBIIMX razoB apTomodmist «Toyota
Camry», cocrosieii (puc. 1) u3 BhIITyCKHOTO
KoJIeKTopa (T103. a), KOTOPbIif OMHOBPEMEH -
HO BBITIOTHSIET (DYHKIIUIO TIPEIBAPUTEIHLHOTO
KATAUIMTAYECKOTO HEUTpaIM3aTopa; CpeaHen
YACTU CUCTEMBI BBITTYCKA, COCTOSIIIEH U3 HIK-
HETO KaTajau3aTropa W MepeTHero TIyIINTeNs
(1103. b); MPOMEXYTOUHOI TPYOHI (I103. C) U

® MWP TPAHCIMOPTA, Tom 17, N2 4, C. 48-67 (2019)

3amHero raymmTens (1mo3. d). Tepmormnapsr 1—4
(puc. 1) ObLTM YyCTAaHOBJIEHBI HA BHEIIHEH
TTOBEPXHOCTH 2JIEMEHTOB CUCTEMBI BHITTYCKA.

B Tabnuie 1 yka3aHbl ycaoBUSI TPOBENE-
HUST 9KCTIEPUMEHTOB TI0 U3MEPEHUIO TeMIIe-
paTypbl 2JIEMEHTOB BBITTYCKHOU CCTEMBI OT-
paboTaBlMx ra3oB. Bo BpeMs nmpoBeaeHuUs
9KCIMEPUMEHTATbHBIX UCCIIEIOBAHUI aBTOMA-
TUYECKUI pexXuM paboTbl oborpeBaTens
(KITMMaT-KOHTPOJIb) ObUT OTKJTIOUEH.

PesynbTaThel M3MepeHUsT TEMIIEPaTyphl
9JIEMEHTOB CUCTEMBI BBITTYCKA OTPabOTaBIINX
ra30B B 3aBUCUMOCTH OT BPEMEHU U PacIioio-
JKEHMSI TepMOoTIap JIJIs HEKOTOPBIX TEMIIEpATyp
OKPY3KaloIeTo BO3ayXa IMpencTaBIeHbl Ha
puc. 2.

[MonyyeHHbIE pe3ynbTaThl U3MEPEHUN
TOKa3bIBAIOT, YTO TIPU BCEX OTPUIIATEIBHBIX
TeMIepaTypax OKpYXKalolllero BO3ayXa pac-
TpeiesIeHre TeMIIepaTyphbl PA3HbBIX 2JIEMEHTOB
CHCTEMBbI BBIITYCKA OTPA0OTABIIMX Fa30B HOCUT
OIHOTUIIHBIN XapakTep. B mepBoii Touke us-
MEepEeHUs UMEETCSI THTEHCUBHOE MOBBITIIEHUE
TEMITepaTypbl TIPU MPOTPEBE ABUTATEISL.

HaoGmomaeTcsa mocienoBarebHOE MTOHM-
JKEHME TeMIIepaTyphl OT MEeCTa PACTIONIOXKEHUSI
TEePBOT0 TEPMODJIEMEHTA K TTOCIETHEMY, UYTO
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a)

6)

B)

1] [2]

BIIOJIHE COOTBETCTBYET (DM3MUYECKOMY IpEI-
CTaBJICHUIO 00 OXJIaXKIECHUN OTpabOTaBILIEro
rasa 1o Mepe ero IpOABMKEHUST OT BBIITYCK-
HOTro KOJUIEKTOpa (TeMIiepaTypa HapyKHOMI
cteHku 115—175°C B 3aBUCUMOCTH OT BHEIII-
Hell TeMIepaTyphl) K 3aJHEMY LIIYIIUTEIIO
(temmneparypa 40—58°C). B koHI11e paccMaTpu-
BaeMoro 30-MUHYTHOTO OTpe3Ka BpeMEHU
HaOJoIaeTcs 0011Iee HEOOJBIIIOE TTOHKEHE
1 BBIpaBHUBAHKE TEMIIEPATYpPhI TOBEPXHOCTH
BBINTYCKHOI CHCTEMBI.

Puc. 2. Temnepatypsl MOBEPXHOCTU CUCTEMBI Bbiflycka rpy paboTe ABUraTesisi Ha XO/I0CTOM XOAY; BpeMs
nporpesa: a — 10 MunyT; 6 — 20 MuHyT; B — 30 MUHYT; YUCaMu Ha[ KPUBbIMY 0603HaYeHa Temrneparypa
OKpy)XaroLero BO3ayxa; B KBafipaTHbIX CKOOGKax yka3aHo MoJioXeHne TepMonap cornacHo cxeme Ha puc. 1.

YcTaHOBIEHBI HEKOTOPBIE 3aKOHOMEP-
HOCTHU BJIMSIHUS TeMIIEpaTyphl OKPYKaio-
[IEeTO BO3AyXa Ha TeMIepaTypy Harpesa
MOBEPXHOCTU CUCTEMBI BBIITyCKa:

* HaMMEHBIIUIA TPOTPEB CTEHOK CUCTE-
MBI BBIITyCKa OTPabOTaBIINX Ta30B HAOI0-
JAETCSI TIPU MOJOXUTEIBHBIX TEMIIEPATYPax
OKPYKAIOIIETO BO3IyXa;

* MpPU MOHMKEHUU OTPULATETbHBIX
3HAaYCHUI TeMIEepaTyphl OKPYXAKOIIETO
BO3AyXa OTMEUYaeTcsI POCT TeMIIEpaTyphl
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IMMOBEPXHOCTU CUCTEMBI BBITIycKa (puc. 2,
ToukH 1, 2, 3).

TToBbIlIeHUE TeMTIepaTypbl ITOBEPXHOCTH
CHCTEMBI BBIITyCKa IPY TOHVKEHUM OTpUIIa-
TEJIbHOW TeMIIEPaTypbl OKPYKAIOIIETO BO31Y-
xa 00yCJIOBJIEHO, TTO-BUAUMOMY, OoJiee Mo3/1-
HUM BBIXOJIOM JBUTATENISI HA paOOUMii TeTUIO-
BOW peXWM: €ClIU TIPU 3arycKe IBUTATEIs
OXJTaXAI0IIAs XKUIKOCTh MMeeT 6osiee HU3-
KYIO TEMIIEPATYPY, COOTBETCTBYIOIILYIO TEMITE-
paType OKpyXKalolllero Bo3ayxa, TO Mporpes
JIBUTaATEsIs1 TpeOyeT 0oJiee MIMTEIbLHOTO Bpe-
MeHu. HarpeB oxmnaxnaronieil KuaKocTu
M caMOro JBUraTesiss TpedyeT Oosiee Mpoao-
JKUTEJIbHOM €ro paboThl TIPY MMOBBIIICHHOM
YacToTe BpallleHUs KOJIEHYaTOro Bajia, 4YeM
3TO TpedyeTcs mpu 60J1ee BBICOKUX TeMIepa-
Typax OKpy>Kalolllero BO3ayxa.

ITpu moBBIIIIEHHBIX 000POTAX JIBUTATES
Yyepe3 BBIMYCKHYI0 CUCTEMY aBTOMOOWIISI TIPO-
XOJIUT OONbIINI 00BEM ropsiunX OTpadoTaB-
IIAX Ta30B, MHTEHCUBHO HArpeBaloIInX dJie-
MEHTBHI BBIITYCKHOM CUCTEMBI, U 3TO IIPUBOIUT
K 00Jsiee BBICOKOI TeMmepaType MOBEPXHOCTU
BBITTYCKHOI CUCTEMBI.

B 10 xe Bpemst 1o Mepe TTOHVDKEHUST TeM-
nepaTypbl OKpyXalollleil cpenbl TeMmnepaTypa
B TOUKe 4 TaKXe CHMXKAETCS, M 3TO MOXET
OBITB CBSI3aHO C TEM, UTO TITYIIUTETh CUCTEMBI
BBITTyCKA UMEET 3HAYMTEIbHBIN 00BEM U TTpH
HU3KMX TeMIlepaTypax BO BpeMsl pabOThl Ha
XOJIOCTOM XOJy ITPOTPEBAETCSI HE3HAUUTETBHO.

Ha puc. 3 npencraBieHbl JaHHbIE O 3aBU-
CHUMOCTH TeMIIepaTyphbl TTOBEPXHOCTH CUCTE-
MBI BBIITyCKa OT TEMIIePaTyPhl OKPYKAIOIIETO
BO3/yXa Ha Pa3HbIX BpEMEHH®IX dTanax pabo-
ThI IBUTATEJIS HA X0socToM Xony. M3 cpaBHe-
HUST KPUBBIX, TIPEICTABJICHHBIX HA 3TOM PH-
CYHKE, CJIeYeT 4TO:

* B 00JIaCTU PaCIIOJIOXEHUs MEPBOI Tep-
momnapsl (puc. 3, Kpusas 1) cuctema BbIIycKa
HarpeBaeTrcs a0 temieparypsl 110—176°C,
obecreyrBaroeil UCIapeHue U BBIHOC CKO-
MUBIIETOCSI paHee KOHJeHcaTa ¢ TOTOKOM
OTpabOTaHHBIX TAa30B (TeMreparypa MmoBepX-
HOCTHU TIPEBBIIIAET TEMITepaTypy KUITeHUS
BOJZIbI) BO BCEM UCCIEAOBAHHOM IMaIa30He
TeMIepaTypbl OKPY>KalOIIero BO3AyXa;

* B MECTE PacIlOJI0XeHHUs BTOPOI TepMO-
napsl (puc. 3, KpuBasi 2) cucTeMa BbIITycKa
HarpeBaeTcs 10 TeMneparypsl 92—122°C npu
OTPUIIATEIbHBIX 3HAUYCHUSIX TeMITepaTypbl
Bozyxa u 10 42—83°C — 1pu MOJIOKUTETbHBIX
TeMIiepaTypax; B IOCJIETHEM CITy4ae COXpaHs-
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€TCST BOBMOXHOCTh KOHJIEHCAIIU 1 HAaKOTLIe-
HUSI BJIaTU B CICTEME BBITTyCKA, M 3TO MOXET
TPUBOIUTH K 3aMOPaXUBAaHUIO CKaIUIMBAIO-
IIEToCsT KOHMIEHCaTa TIPU CHUXKEHUU TeMIle-
paTypbl 10 OTPULIATETLHOI;

* B paifoHe pa3MeIleHUsT TPETheil U YeT-
BEPTOI TepMoTmap 3JeMEHThl BBIITYCKHOM
CHCTEMBI TIPOTPEBAIOTCS 10 TEMITepaTyphl He
Boiire 60°C; B 3TUX 00/1aCTSIX BO3HUKAIOT
OJIaTOTIPUSATHBIC YCIOBUS IS 00pa30oBaHUS
M CKaIlJIMBaHUsI KOHJIeHCaTa BO BCEM JIMara-
30HE pPACCMOTPEHHBIX TEMITIEPATYP OKPYXKaro-
IIIETO BO3/IyXa.

Ha puc. 4 nokazaHa 3aBUCUMOCTb TeMIIe-
paTypbl TTOBEPXHOCTU JIEMEHTOB CHUCTEMBI
BBITTYCKA, Ha KOTOPBIX YCTAaHOBJIEHBI TEPMOTIa-
pBI, OT BPEMEHMU, MPUUYEM IUJISI PA3TUIHBIX
3HAUYEHUI TEMITepaTyphbl OKPYXAaIOIEro BO3-
JtyXa Ipy paboTe ABUTATEIISI HA XOJIOCTOM XOMIY:

* MPU TEMIIEPATYPE OKPYKAIOIIETO BO3IY-
xa ot -4°C no -15°C oTMeuaeTcs HaIu4uue
MaKCHMYMOB TeMIIepaTypbl HarpeBa AJIeMeH-
TOB CUCTEMBI BBIITyCKa OTPa0OTABIIIMMU r'a3a-
MU BO BpeMsI HEYCTAHOBUBIIETOCS peXuMa
paboTel gBUTaATENS (pUC. 40, B, T) ¥ TOHIKE-
HUE TeMIIepaTyphbl 3TUX JIEMEHTOB K KOHILY
paccMmarpuBaeMoro 30-MUHYTHOTO Teproia
C JAJIbHEWIITUM BBIXOZIOM Ha CTallMOHAPHBIN
TETIJIOBOW PEXUM;

* TIpU TeMIiepaType OKpyKalollero Bo3-
nyxa ot -21°C go -23°C temriepatypa rnoBepx-
HOCTU CHUCTEMBI BBIITYyCKA B KOHTPOJbHBIX
TOYKaX OBICTPO JOCTUTAET CTAllMOHAPHBIX
3HAUYEHUN M MPAKTUYECKU HE U3MEHSIEeTCS
B TeUEHME pacCMaTPUBaeMOTO OTpe3Ka Bpe-
MEHU.

BnusiHue pexxriMoB paboThl 000TrpeBaTeNs
caJloHa Ha TeMIIepaTypy JIEMEHTOB CUCTEMBbI
BBIITyCKa OTPabOTABIIMX Ta30B MMOKA3aHO Ha
puc. 5. O6o3HaueHUE 7/7 COOTBETCTBYET MaK-
CUMaJIbHOW YacTOTe BpallleHUs JiomacTeit
BeHTWIsATOpA; obo3HaueHUe 0/7 cOOTBET-
CTBYET BBIKJIIOUEHHOMY BEHTUIATOpPY. Bo
BpEMST pacCMaTPUBAEMBbIX UCTIBITAHUI TEMTTEe-
patypa Bo3ayxa coctasisiia -8°C.

B 30H€ pacrionoxeHus IepBoit TEpMOTIaphl
yepes 30 MUHYT (puc. SB) TeMIlepaTypa AOCTU-
raeT 120°C npu BBIKJIIOUEHHOM O00OTpeBarese
u 190°C — npu pexxrime paboThl 000rpeBaTesIst
7/7; B 30He pa3MeIIeHNUsSI BTOPOTO TEPMO3JIe-
MeHTa cootBeTcTBeHHO 80°C 11 147°C, B 30He
pAacCIOIOXKEHUST TPETHETO TEPMOBJIeMeHTa
cooTBeTcTBeHHO 52°C 1 85°C npu yKa3aHHBIX
pexumax oborpeBa cajoHa.

BospwmnHoB M. I., Ky3HeuoB H. . TemnepaTypHbIii peXXMM CUCTEMbI BbiTyCKa aBTOMOOUNS
NpY NOHUXEHHbIX TEMNepaTypax
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Puc. 3. 3aBucumocTs TemMneparTypbl NOBEPXHOCTU CUCTEMbI BbilTyCKa OT TeMrnepaTypbl OKpy)XaioLLero Bo3ayxa
npu paboTe ABUraTtesiss Ha XOJIOCTOM XOAY; BpeMsi paboTbl ABUraTens:
a — 10 MmuHyT; 6 — 20 MUHYT; B — 30 MUHYT; B KBaApaTHbIX CKOOKax yKa3aHbl M0JI0XeHUs1 TepMornap corsnacHo
cxeme Ha puc. 1.

CrenyeT oOpaTUTh BHUMaHME Ha OoJce
MO3IHWI BBIXOJ ABUTATE]IS] Ha paboOuMii pe-

TETIOBOM peKUM OOBSICHSIETCS TEM, UTO LIMP-
KyJUPYOIIast OXJIaKaaloasl XKUIKOCTh, Ha-

JKVIM U TIOBBILIIEHUE TEMIIEPATYPbI 3JIEMEHTOB
CHCTEMBI BHIITYCKa OTPaOOTaHHBIX Ta30B C YBe-
JIMYeHUEM 4Kcjia 000pPOTOB BEHTUISITOPA
oborpeBaTeJis CaJIoOHA ITPU MOCTOSTHHOM TEM-
rnepaTtype oKpyxalwliero Bosayxa. bojee
JUTUTEIbHBINA BBIXOJ ABUTATENsT Ha padoumii

® MUP TPAHCMOPTA, Tom 17, N2

rpeBasi BO3IyX B cajloHEe aBTOMOOMIJISI, caMa
OXJIaXKIAeTCs B paqraTope 000orpeBaTeis, TeM
caMbIM 3aMeJJisisl IPOrpeB paboTamLIero
JBUTATEJIS.

B yactHOCTH, TP yBEJIMYECHUM CKOPOCTHU
BpallieHKsI BEHTUIIITOpa 000rpeBaTelis cajio-
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Puc. 4. 3aBucumocTs TeMnepatypbi MTOBEPXHOCTHN 3JIEMEHTOB CUCTEeMbI BbilTyCKa OT BpeMeHU rnpun pabore
ABUrarteJsisi Ha X0JIOCTOM xXo4y: a — NpuémHas Tpyba, 6 — katann3aTop, B — MPOMEXYTO4YHas Tpyba, r — r/yLwnTenb.
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Ha, OTOOp TeIIa Yy OXJIaXKIaloIIeil KUIKOCTH
B pampaTtope o0orpeBaTesst IPONCXOIUT UH-
TeHCUBHEE, M, COOTBETCTBEHHO, IIPOIrPEB
JIBUTATEJIS JaxKe IIPH ITOBBIIIEHHBIX 000pOTaxX
XOJIOCTOTO XOfa IMPOMCXOINT MEUICHHEE.
Bmecte ¢ TeM, ITpH MOBBILLIEHHBIX 000pOTaX
JIIBUTATEJIS 3a TOT K€ ITPOMEKYTOK BPEeMEHH
Yyepe3 BBITYCKHYIO CHCTEMY aBTOMOOMJIS TTPO-
XOIIUT OOJTBIIINIT 00BEM TOPSTIMX OTPAOOTABIIINX
ra30B, MHTCHCUBHO HarpeBaOIINX 3JICMCHTHI
BBIITYCKHOM CUCTEMbI, YTO IIPUBOIUT K ITOBbI-
LLIEHUIO 3HAYEHMI1 TeMIIepaTyphl IIOBEPXHOCTHU

® MUP TPAHCMOPTA, Tom 17, N2

Puc. 5. BaBucumocTts TemMnepaTypbl NOBEPXHOCTU 3JIEMEHTOB CUCTEMbI BbilTyCKa OT M10JI0XXEHUsI TePMOonapb!
(4ncna Ha ocu) n pexxuMoB paboTbl o6orpeBaTtenisi casioHa: Bpems nporpesa: a — 10 MUHyT; 6 — 20 MUHYT;
B — 30 MUHYT; APO6Y — pexxuMbl paboTbl o6orpeBaTesisi casioHa (MosiCHeHue B TeKCTe).

3JIEMEHTOB BBIMTYCKHOU cucTeMbl. TakuM 00-
pazoM, 3adUKCHUpPOBaHA CBSI3b TOBBIIICHUS
TEMIIepaTypbl TOBEPXHOCTHU JIEMEHTOB CUCTE-
MBI BBITTYCKA ITPY YBETMUEHU U YUCIIa 000POTOB
BEHTUJISITOpa 000TpeBaTesist cajloHa.

CrietyeT OTMETUTBD, YTO TTOCKOJIbKY YBETH-
YEeHUE CKOPOCTU BpAllEHUSI BEHTUJISATOpPA
oborpesatesisi caJloHa TPUBOAUT K yBeJINYe-
HUIO MPOIOJKATETbHOCTU ITPOTPEBA JBUATATE-
JIs1 aBTOMOOWUJIST 10 paboueit TeMIiepaTypbl, Ha
COBPEMEHHBIX aBTOMOOWJISIX TIPEAYCMOTpPEHA
BO3MOXXHOCTb OTKJIIOUEHUST BEHTUIISITOPa 000-
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rpeBaTeIsl cCaJloHa B TICPBBIC MUHYTHI 3aITyCKa
JIBUTATENIsl TIPU MOHMKEHHBIX TeMIlepaTypax
OKPY>KaIOLIEH CPebl, YTO CITIOCOOCTBYET boJiee
OBICTPOMY BBIXOMly CAMOTI'0 IBUTaTe sl Ha pabo-
YU TETUIOBOM PEXMM.

ITpoBenéHHbIE 3KCIIEpUMEHTATbHbBIE HC-
CJIeIOBAHUS TIO3BOJUIN JOTIOJHUTEIbHO
YCTaHOBUTb:

* Ha OCThIBAHME CUCTEMBbI BBIITyCKa 10
TeMIepaTypbl OKPY>KaloIero Bo3ayxa Tpeoy-
eTcst OT 3 710 4 4acOB B 3aBUCUMOCTH OT TeM-
nepaTypbl OKPYKaloIlero BO3ayxa;

* TIPY OTPULIATEIIHOM TEMITepaType OKpy-
JKaIOIIETo BO3MyXa 3aMHUI TITyLIUTETb CUCTEMbI
BBITTYCKa OTPAOOTaHHBIX TA30B PACCMOTPEHHO-
ro aBTOMOOWJISI HE CIIOCOOEH IMPOrpeThest TIpU
paboTe TBUTATEIISI HA XOJIOCTOM XOJTy /IO TeMITe-
patypsl 100°C.

BbIBO4bl

BrInoiHeHO 3KCIeprMeHTaIbHOE HCClie-
JNIOBAaHUE TO OMpPENeeHUI0 TeMIIepaTyphl
3JIEMEHTOB CUCTEMBI BBIITYCKa OTPabOTaBIINX
ra3oB Ha 3Tare HeyCTaHOBUBIIENCS pabOThI
ABTOMOOUJIGHOTO IBMTATENS IMPU MOHIKEH-
HBIX TeMIlepaTypax. B sKcIriepuMeHTaIbHOM
HCCJIeIOBAaHNUM YCTAHOBJICHO, UTO:

* MTIOHWXXEHME TeMIlepaTypbl OKpyXKalollie-
T0 BO3IyXa IIPUBOAUT K 3aMeIJICHUIO ITporpe-
Ba JABUTATENIs aBTOMOOWJISI U OMHOBPEMEHHO
K BO3pacTaHMUIO TeMIIEpaTyphl SIEMEHTOB
CHUCTEMBI BBIITYCKA;

* MOBBIIICHNE CKOPOCTH PAOOTHI BEHTH-
JIiTOpa oborpeBaressl cajioHa MPUBOAUT
K TIOHIDKEHUIO TeMITepaTyphl OXJIaKIaloIIeit
JKMIKOCTH, CITOCOOCTBYET MOBBIIIEHUIO TEM-
mnepaTyphl 3JIeMEHTOB CHUCTeMBI BBIIIYCKa
Y OJHOBPEMEHHO YBEJUYEHUIO BDEMEHU Bbl-
X0JIa TBUTATEJISI Ha pabOUMit PEKIIM.

LleHHOCTh yCTaHOBJIEHHBIX 3aKOHOMEPHO-
CTeil MOXET Jiedb B OCHOBY pa3padaTbiBaeMoii
METOJIUKU KOPPEKTUPOBAHUS TTEPUOIUYHOCTH
porpeBa CUCTEMBI BBHIITYCKA OTPabOTaBIINX
ra3oB, IPMMEHEHME KOTOPOIi CHUXKAeT 3aTpaThl
Ha KOHTPOJIb TEXHUYECKOTO COCTOSTHUS CUCTE-
MBI BBIITYCKA 1 3aTPaThl, BOSHUKAIOILIME B CITyJae
Heymasierocs rmycka JIBC B XOJI0THBIX KITMMa-
TUYECKUX YCJIOBUSX. TakKe MpakTUuecKas
LIEHHOCTb 3aKJTI0YaeTCsl B OOOCHOBAHUY pa3pa-
OOTKM MOJEIN YCTPOICTBa, KOTOpOe OydeT
obecreunBaTh OTCYTCTBUE KOH/IEHCATa B CUC-
TEMe BBIITyCKa P SKCIUTyaTallid aBTOMOOMICH
B KPYITHBIX TOPOIaX B 3UMHHUIA TTIEPHO.
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ABSTRACT

Currently operation of cars in large cities
in winter is the most unfavorable from the
point of view of the risk of blocking the
exhaust system by condensate accumulated
in it. Frequent starts during relatively short
period of time, or the cycle of start-up — short
run — and subsequent long-term parking at
low temperatures are dangerous because the
exhaust system does not have time to warm up
and remove the accumulated condensate. Daily
operation in such modes contributes to rapid
accumulation of condensate, and subsequent
long-term parking at ambient temperatures
below 0°C are equally dangerous because,
depending on the design features of the exhaust
system elements, condensation may occur and
freeze in the exhaust system, icing can occur
inside it or at its exit, causing inability to start the
engine.

Given that most of the territory of Russia is
located in the areas of moderate and cold
climate, the relevance of studies, aimed at
identifying the patterns of condensate formation
and accumulation in the exhaust system, at

winter period.

Thermal Regime of Automobile Exhaust
System at Low Temperature

Boyarshinov, Mikhail G. — Perm National Research
Polytechnic University, Perm, Russia.

Kuznetsov, Nikita I. — Perm National Research
Polytechnic University, Perm, Russia*.

adjusting on this basis the frequency of
condensate removal from the exhaust system,
as well as at optimizing the design parameters
of the exhaust systems, is quite evident.

The objectives of this study were: to identify
the features of changes in temperature of the
elements of the exhaust system when the
automobile engine warms up at low ambient
temperature, the effect of various modes of the
heater operation on the temperature of the
elements of the exhaust system, as well as the
features of the temperature change of individual
elements of the exhaust system depending on
time for various ambient temperatures.

To achieve those objectives a series of
experiments has been conducted to study the
process of starting the «cold» engine, and of its
warming up in idle mode.

The found dependencies can be used to
develop methodology to adjust the recommen-
ded periodicity of warming up of the exhaust
system, as well as a model of a device that will
ensure the absence of condensate in exhaust
systems during the operation of cars in large
cities during winter period.

Keywords: car, automobile, exhaust gases, exhaust system, thermal regime, condensate,
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Introduction. In a modern metropolis,
car operation is characterized by frequent
short trips, prolonged downtime in traffic
jams, prolonged engine idling, etc. Practices
show that at low ambient temperatures,
continuous operation of an automobile
engine under such conditions does not
provide sufficient heating of either the
engine itself or of the elements and
components of the exhaust system. The
engine is considered fully warmed up when
the temperature of all its elements and
working fluids enters the operating mode,
that is, during stationary operation of the
engine, the temperatures ceases to change.
Warming up of coolant and parts of the
upper part of the engine is the quickest. Oil
in the oil pan heats up much more slowly.
Even after the coolant reaches operating
temperature, the engine oil temperature
does not reach the operating temperature.
The same situation is observed in the
catalytic converter. As a result, the process
of reaching the required level of exhaust
emissions is slowed down. The catalytic
converter is heated by the flow of exhaust
gases, and the greater are their flow rate and
temperature, faster it is heated. However, at
negative ambient temperatures, at idle
mode, the catalytic converter does not enter
the operating mode.

During wintertime operation, the walls
of the exhaust system remain cold, and water
vapor moving along the exhaust system
along with hot exhaust gases condenses on
a cold surface inside this system [1—3]. As
a result, during prolonged operation of the
engine at low speeds, condensate
accumulation is observed in the exhaust
system of the car [4, p. 51].

Frequent starts of the car engine for
relatively short periods of time, warming up
the car in winter conditions through remote
starting, driving in short-run mode and
subsequent long-term parking at air
temperatures below 0°C are dangerous
because condensation can appear and freeze
in the exhaust system. A formation of an ice
plug inside it or at its outlet is also possible,
causing inability to start the engine [35, p. 10;
6, p. 3].

The influence of various combinations
of climatic conditions and operating
intensity on accumulation of condensate

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

in the exhaust system has not been enough
studied. This issue misses due attention in
car manuals. In this regard, it is necessary
to study the described phenomenon and to
develop, on the basis of research, recommen-
dations for maintaining operability of the
exhaust system in a state that ensures
reliable engine start and proper operation
of the vehicle during low temperatures
period.

Objectives of the study were:

1) to identify factors affecting the
temperature of the elements of the exhaust
system of a passenger car in winter;

2) to establish the laws of influence of
various ambient temperatures on the heating
temperature of the surface of the exhaust
system;

3) to establish the patterns of influence
of various modes of operation of the heater
of a passenger compartment on the
temperature of the heating of the surface of
the exhaust system.

Methods. A series of experiments has
been conducted to study the process of
starting of a «cold» engine, and of its
consequent warming up at the idle mode for
30 minutes. Simultaneously with the engine
starting, the temperature of the elements of
the exhaust system was recorded. To measure
the surface temperature of the exhaust
system, the contact method of measurement
using thermocouples was used.

Results.

Physical conditions for condensation

Condensate is formed upon contact of
hot exhaust gases [7—9] moving in the
exhaust system with the walls of this system
having atemperature close to the temperature
of the ambient air. The exhaust gases contain
water in the vapor state that is formed during
combustion of fuel (more than 1,2 kg per
1 kg of burnt fuel [10, p. 66]). Besides, water
vapor enters the engine with air from the
atmosphere (up to 0,38 kg per 1 kg of burnt
fuel, depending on the ambient temperature
[11, p. 83]).

The work [8, p. 99] showed the depen-
dence of the amount of water in the exhaust
gases on the composition of the fuel-air
mixture used. So, with an exhaust gas
pressure of 1 bar under stoichiometric
conditions, the proportion of water vapor in
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the exhaust gases is 13 %, and water
condensation occurs at a temperature close
to 52°C. In a mixture that contains twice as
much air than it is necessary for burning
fuel, that is, with an excess air coefficient of
two, concentration of water vapor reaches
6 %, while the dew point drops to 36°C. The
highest dew point temperatures correspond
to stoichiometric conditions when there is
no excess air, or when there is an excess of
fuel, as a result of which there is no depletion
of the fuel mixture.

When the exhaust gas is cooled, the excess
water present is deposited on the relatively
cold walls of the exhaust system and
accumulates in the system.

Obviously, condensate does not accumulate
if the walls of the exhaust system are heated
to temperatures at which water vapor in
contact with the walls of the exhaust system
does not cool to the dew point temperature.
Accordingly, moisture does not condense on
the walls of the exhaust system. The required
heating is achieved when the car engine is
running under a sufficient load, accompanied
by evaporation of the formed condensate and
emission of exhaust gases containing water in
a vapor state from the exhaust system, i.e.
when traveling for long distances or when
driving in high-speed sections.

The experimental stage of the study

Since the main reason for formation of
condensate inside the exhaust system is the
temperature difference between the exhaust
gases and the walls of the exhaust ducts, the
authors have conducted a series of experiments
to determine the temperature of the elements
of the exhaust duct system during engine
warm-up when it is idling.

The temperature of the elements of the
exhaust system was measured using special
equipment [12, p. 7]:

« an analogue input module OWEN
MV110-8A, designed to read and convert an
electrical signal from temperature sensors to
degrees Celsius;

 an automatic converter of USB/RS-485
OWEN AS4 interfaces, which communicates
between OWEN MB 110-8A input module
and a personal computer used to collect,
store, convert, display experimental research
results;

* thermocouple with an operating
temperature range from -50 to +500°C used
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to measure the temperature of the elements
of the exhaust system;

» SCADA OwenProcessManager (OPM)
software that performs real-time data
exchange with OWEN devices connected via
OWEN AS4 interface converters.

In the process of experimental research,
the influence of the main factors on the
temperature of the elements of a passenger
car exhaust system in winter was studied. The
studied factors were:

* ambient temperature in the range
from -23°C to +9°C;

* frequency of rotation of the crankshaft
in idle start-up and warm-up modes in the
range from 750 to 1500 rpm;

» operation mode of the fan of the heater
of the passenger compartment of the car in
the range from the inoperative state to the
maximum rotation speed.

The sequence of the experimental study
consisted in starting a «cold» engine, the
temperature of which (like the temperature of
the exhaust system) is equal to the temperature
of the ambient air, and in operating the engine
in the idle mode for 30 minutes. Simultaneously
with the engine starting, the temperature of the
elements of the exhaust system was recorded.
The experience of the practical operation of
the car shows that in most cases this time is
enough to warm the engine to operating
temperature.

From the analysis of the results of the
considered works, it follows that the most
acceptable measurement method is the
contact measurement method using
thermocouples and resistance thermometers.
Thermocouples were used to measure the
surface temperature of the exhaust system.

Thermocouple readings were recorded at
various ambient temperatures and various
modes of operation of the interior heater.

To reduce the influence of secondary
factors on the heating/cooling process of
passenger car elements, experiments were
carried out in a territory protected from the
wind. Before the start of the measurements,
the temperature of the exhaust system and
other parts of the car was equal to the ambient
temperature, to obtain those conditions the
vehicle had been kept at the site for at least
eight hours before the measurements.

An experimental study was carried out for
elements of the exhaust system of the exhaust
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Pic. 1. Installation points of thermocouples on the surface of the exhaust system:
1 - front pipe; 2 — catalyst; 3 — intermediate pipe; 4 — muffler.

system of a Toyota Camry car, consisting
(Pic. 1) of an exhaust manifold (pos. a),
which simultaneously serves as a preliminary
catalytic converter; middle part of the
exhaust system, consisting of lower catalyst
and front muffler (pos. b); intermediate pipe
(pos. c¢) and rear muffler (pos. d).
Thermocouples 1—4 (Pic. 1) were installed
on the outer surface of the elements of the
exhaust system.

Table 1 shows the test conditions for
measuring the temperature of the elements
of the exhaust system. During experiments,
the automatic operation of the heater
(climate control) was turned off.

The results of measuring the temperature of
the elements of the exhaust system depending on
time and location of the thermocouples for some
ambient temperatures are presented in Pic. 2.

The obtained measurement results show
that at all negative ambient temperatures, the
temperature distribution of various elements
of the exhaust system is of the same type. At
the first measurement point, there is an
intense increase in temperature when the
engine is warming up.

A gradual decrease in temperature is
observed from location of the first
thermocouple to the last one, which is
consistent with the physical idea of cooling
the exhaust gas as it moves from the exhaust
manifold (outer wall temperature was of
115—175°C depending on the external
temperature) to the rear muffler (temperature
was 0f40—58°C). At the end of the considered
30-minute period of time, there is a general
slight decrease and equalization of the
surface temperature of the exhaust system.

Table 1
Experimental conditions
No. test Ambient Air humidity Wind speed! Heater mode?
temperature
1 +9°C 36 % 3m/s 1/7
2 +5°C 40 % 1 m/s 1/7
3 0°C 50 % 2 m/s 1/7
4 -4°C 62 % 1 m/s 1/7
5 -8°C 60 % 1 m/s 1/7
6 -16°C 75 % 3m/s 1/7
7 -23°C 71 % 3m/s 1/7

! It is indicative, since the experiments were conducted in a space protected from wind.
21/7 — first (minimum) of seven possible heater modes.
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Pic. 2. The surface temperature of the exhaust system when the engine is idling; warm-up time: a — 10 minutes;
b — 20 minutes; ¢ — 30 minutes; the numbers above the curves indicate the ambient temperature; the square
brackets indicate the position of the thermocouples according to the chartin Pic. 1.
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Pic. 3. The dependence of the surface temperature of the exhaust system on ambient temperature when the
engine is idling; engine operating time: a — 10 minutes; b — 20 minutes; c — 30 minutes; the square brackets
indicate the positions of thermocouples according to the chart in Pic. 1.

Some regularities of influence of ambient
temperature on the heating temperature of
the surface of the exhaust system are
identified:

» the smallest heating of the walls of the
exhaust system is observed at positive ambient
temperatures;

» with a decrease in negative values of the
ambient temperature, an increase in the surface
temperature of the exhaust system is noted (Pic. 2,
points 1, 2, 3).

The increase in the surface temperature of
the exhaust system with a decrease in the
negative ambient temperature is apparently
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Pic. 4. Dependence of surface temperature of the elements of the exhaust system on time when the engine is
idling; a — front pipe, b — catalyst, ¢ — intermediate pipe, d — muffler.
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Pic. 5. Dependence of the surface temperature of the elements of the exhaust system from the position of the
thermocouple (numbers on the axis) and the operating modes of the heater; warm-up time: a — 10 minutes;
b — 20 minutes; ¢ — 30 minutes; fractions — operating modes of the interior heater (explanation in the text).
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due to a later reaching by the engine of
operating thermal mode: if, when starting the
engine, the coolant has a lower temperature
corresponding to the ambient temperature,
then warming up the engine takes a longer
time. Heating the coolant and the engine itself
requires longer operation at an increased
crankshaft speed than is required at higher
ambient temperatures.

Atincreased engine speeds, a larger volume
of hot exhaust gas passes through the car
exhaust system, intensely heating the elements
ofthe exhaust system, and this leads to a higher
surface temperature of the exhaust system.

At the same time, as the ambient
temperature decreases, the temperature at
point 4 also decreases, and this may be due to
the fact that the muffler of the exhaust system
has a significant volume and slightly warms up
at low temperatures during idle operation.

Pic. 3 presents data on dependence of the
surface temperature of the exhaust system on
ambient temperature at different time stages of
the engine idling. From a comparison of the
curves presented in this picture, it follows that:

* in the area of location of the first
thermocouple (Pic. 3, curve 1), the exhaust
system is heated to a temperature of 110—
176°C, which ensures evaporation and
removal of the previously accumulated
condensate with the exhaust gas flow (surface
temperature exceeds the boiling point of
water) in the entire studied range of ambient
temperature;

* in the area of location of the second
thermocouple (Pic. 3, curve 2), the exhaust
system is heated to a temperature of 92—122°C
at negative air temperatures, and to 42—83°C
at positive temperatures; in the latter case, the
possibility of condensation and accumulation
of moisture in the exhaust system remains,
and this can lead to freezing of the accumulated
condensate when the temperature drops to
negative;

* in the area of location of the third and
fourth thermocouples, the elements of the
exhaust system warm up to a temperature not
exceeding 60°C; in these areas, favorable
conditions arise for formation and
accumulation of condensate in the entire
range of the considered ambient temperatures.

Pic. 4 shows the time dependence of the
surface temperature of the exhaust system
elements on which the thermocouples are

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 4, pp. 48-67 (2019)

installed, for various values of ambient
temperature when the engine is idling:

+ atambient temperature of -4°C to -15°C,
there are maxima in the heating temperature
of the exhaust system elements during an
unsteady engine operation mode (Pic. 4b, c,
d) and a decrease in temperature of these
elements by the end of the 30-minute period
under considered period with further access
to the stable thermal regime;

+ at ambient temperature from -21°C
to -23°C, the temperature of the surface of the
exhaust system at the control points quickly
reaches stable values and practically does not
change during the considered period of time.

The influence of the operating modes of
the passenger compartment heater on
temperature of the elements of the exhaust
system is shown in Pic. 5. Designation 7/7
corresponds to the maximum rotation speed
of the fan blades; 0/7 indicates the fan is off.
During the considered tests, air temperature
was -8°C.

In the area where the first thermocouple is
located, after 30 minutes (Pic. 5c¢), the
temperature reaches 120°C with the heater
turned offand 190°C with the heater operating
mode 7/7; in the zone of location of the second
thermocouple, respectively, 80°C and 147°C,
in the zone of the third thermocouple,
respectively, 52°C and 85°C under the indicated
modes of heating the passenger compartment.

It is necessary to pay attention to the later exit
ofthe engine to the operating mode and an increase
in temperature of the elements of the exhaust
systemwith an increase in the number of revolutions
ofthe fan ofthe heaterofthe passengercompartment
at constant ambient temperature. A longer exit of
the engine to the operating thermal mode is
explained by the fact that the circulating coolant,
heating the air in the car interior, is itself cooled in
the radiator of the heater, thereby slowing down
the heating of the working engine.

In particular, with an increase in the speed
of rotation of the fan of the passenger
compartment heater, heat extraction from the
coolant in the heater radiator occurs more
intensively and, accordingly, the engine warms
up even at higher idle speeds more slowly.

At the same time, at increased engine
speeds over the same period of time, a larger
volume of hot exhaust gases, intensively
heating the elements of the exhaust system,
passes through the exhaust system of the car,
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which leads to an increase in surface
temperature of the elements of the exhaust
system. Thus, the relationship of an increase
in surface temperature of the elements of the
exhaust system with an increase in the
number of revolutions of the heater fan of the
passenger compartment is fixed.

It should be noted that since an increase in
speed of rotation of the fan of the heater of the
passenger compartment leads to an increase in
duration of warming up of the car engine to
operating temperature, it is possible on modern
cars to turn off the fan of the heater of the
passenger compartment in the first minutes of
starting the engine at lower ambient
temperatures, contributing to a faster transition
of the engine to working thermal mode.

The conducted experimental studies made
it possible to additionally establish that:

* it takes 3 to 4 hours to cool the exhaust
system to ambient temperature, depending on
ambient temperature;

* at a negative ambient temperature, the
rear muffler of the exhaust system of the car in
question is not able to warm up when the engine
is idling to a temperature of 100°C.

Conclusions. An experimental study was
carried out to determine temperature of
elements of the exhaust system at the stage of
unsteady operation of a car engine at low
temperatures. That study has shown that:

* lowering ambient temperature leads to a
slowdown in heating of a car engine and, at the
same time, to an increase in temperature of the
exhaust system elements;

* increase in speed of the fan of the heater
of the passenger compartment leads to a
decrease in temperature of the coolant, helps
to increase temperature of the elements of the
exhaust system and, at the same time, increases
the time the engine enters operating mode.

The value of the established patterns can be
helpful for development of a methodology for
adjusting frequency of heating of the exhaust
system, the use of which will reduce costs of
monitoring the technical condition of the
exhaust system and the costs incurred in the
event of an unsuccessful start of ICE in cold
climatic conditions. Practical value can be also
attributed to substantiation of development of
a model of the device that will ensure the
absence of condensate in the exhaust system
when operating cars in large cities in winter.
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Crabunun3aumns MHOroJ1eTHEMEP3JIbIX PYHTOB
OCHOBaHUs 3e€MJISIHOrO 10JI0THa, COOPYXaeMoro
C AonyLeHnemM oTraviBaHusl, 3a CHET YYHLLEHNS NX
MPOYHOCTHbIX XapakTeEPUCTUK TPebyeT pa3paboTku
¥ BbIOGOPA paLmoHaIbHbIX KOHCTPYKTUBHO-TEXHOJIO-
rNYeCKUX peLLIeHW.
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BBEOAEHUE

TIpu cTpouTenbCTBE TPAHCIIOPTHBIX OOBEK-
TOB /151 00eCIIeYeHUsI MX HaIeXKHOCTU He00X0-
JIMMO YYUTBIBATh IIPUPOTHO-KIMMATUYECKUE,
TMAPOJIOTMYECKIE M MEP3JIOTHBIE IpoLiecChl [1;
2], UTHOpMpOBaHNE KOTOPHIX HEOIArONPUITHO
CKa3bIBAaeTCs HE TOJILKO Ha XOJIe CTPOMTEIILCTBA,
HO 1 Ha IAJIbHEMIIeH SKCIUTyaTaluy 00ObeKTa.

Lleavio uccnenoBaHus SBIISIETCS aHAINU3 3¢-
(beKTMBHOCTH MCITIOJIb30BaHMS BEPTUKAIbHBIX
CTOJIOOB U3 IIEOHS B KPUOJIMTO30HE U MX BJISI-
HMsI Ha IPOYHOCTHBIE XapaKTEePUCTUKK IPYHTOB
OCHOBaHUsL. J1J1s1 JOCTVDKEHUS YKa3aHHOM Lie/n
MCTOJIB30BAIMCH OOIIEHAYYHbIE Memodbl, MOJIE-
JIMPOBAHYE Y CPABHUTEIbHBIIA aHAIU3.

J17151 000CHOBAHHOI'O BHIOOPA paLIIOHATEHBIX
KOHCTPYKTMBHO-TEXHOJOTUYECKUX PEIICHUI
Heo0X0IMMO IPOaHaIM3UPOBaTh U yYECThb IIPU
MPOEKTUPOBAHUY MHKEHEPHO-T€0JIOTMYECKIE
U IIPUPOIHO-KIMMaTHYeCKKe (DaKTOphI paiioHa
CTPOUTEIILCTBA.

B cooTBeTCTBIY C 3TUM TSI y4aCTKOB C MHO-
TOJIETHEMEP3JIBIMU TPYHTaMU pa3paboTaHa
TIPUHIMITHATBHAS CXeMa TEXHOJIOTUH COOpYXKe-
HUS1 3eMJISTHOTO TOJIOTHA, BO3BOAMMOTO C JIOITY-
IIIEHNEM OTTauBaHUsl, C IPUMEHEHUEM apMUPO-
BaHUS BEPTUKATBHBIMU CTOJIOAMU U3 IIEOHS.

BeptukanbHble CTONOBI U3 IEOHS SIBIISTIOTCS
OJTHUM U3 METOIOB CTAOMIU3AIIMHU CIAOBIX TPYH-
TOB, IPUMEHSIEMBIM /s TTOBBIIIEHUS TPOYHOCTH
1 HAJIEXKHOCTU 3eMJTSTHOTO TTOJIOTHA, YTUIOTHEHUST
TPYHTOBOTO MacCHBa 1 yMEHBIIIEHUS BIaXKHOCTU
rpyHTOB [3, . 17].

NMPUHUUNMUATNIbHAA CXEMA
TEXHOJ10r'Mn APMUPOBAHUYA
BEPTUKAJIbHbIMU CTOJIBAMU
N3 LWIEBHA

[pennoxeHHast MPUHIMITHAIbHAS CXeMa
(puc. 1) mMeeT OJIOIHYIO CTPYKTYPY, OOBEIN-
HSIIOIIYIO CTAJINK peaTu3allii TaHHOM TeXHO-
JIOTUU.

IToaroroBuTEALHBIN dTAN

(onpenenenne GU3NKO-MEXaHUUECKUX M TETUIO(QU3NIECKUX XaPAKTEPHCTHK )

v

Ompenenenne XapaKTepUCTHK OCHOBAHUS 3E€MIITHOTO IIOJIOTHA,
coopyxkaemoro no II mpunnumy npoexkrupoBanuss Ha MMIT ¢

JOOIMYHIICHUEM OTTaBAHUA

ne(hOpMUPYEMOTO COCTOSTHUS

MopenupoBanue TeIOGU3NUECKUX TPOLECCOB M HaINpsKEHHO-

v

HET

Kyer> 1,2

Crapus 1. —

VYeTpoiicTBO BepTUKAIBHBIX CTOJIOOB U3 MEOHS U MEOEHOUHOMH IOy KK

HET

Kyer> 1,2

Cranus 2. Pl

JlonoTHUTENTPHOE YIUTOTHEHNE BHOPOKATKOM

> Coopy:xeHne HACHINH

Puc. 1. MpuHynnuanbHas cxeMa COOPYXXeHUsI 3eMJISIHOIO MoJIOTHA C A0MNyLeHNeM OTTauBaHUs IPYHTOB
Ha MHOroJIeTHeMEpP3J1bIX OCHOBaHUSAX C NPUMEHEeHUeM apMUpPOBaHNs BePTUKaslbHbIMU cronbamm n3 wwebHs:
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MM — mHOoroneTtHemMép3anbie rpyHTbI; K o KO3 PULUNEHT yCTONYNBOCTN OTKOCOB HaCbIMNM.
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B mmoaroToBUTENBHBIN TTEPUOT HEOOXO-
JIMMO TIPEAYCMOTPETh BO3MOXXHOE BIUSIHUE
HEeTaTUBHBIX (DAKTOPOB Ha OymyIIee OCHO-
BaHUE 3eMJISIHOTO MOJIOTHA U ITPEAIIPUHSITD
MepBHI 110 UX JIUKBUAALUU. 11 3TOro npo-
BOIMTCS IPOTHO3MPOBAHNUE TEILIOTEXHUYE -
CKUX M (PU3NKO-MeXaHUUECKUX ITPOLIECCOB
U TEXHOJOTUUYECKOE pEeryJiMpoBaHUe nmapa-
METpPOB, KOTOPBIE €Tr0 MOMYyCKaIoT. DTO
CKOPOCTh KOHCOJIMAALUU U OTTaMBaHUS,
BEJIMUMHA OTHOCUTEIbHOM OCaIKu, I1yOu-
Ha IIpoMep3aHUs U OTTauBaHMUSsI, BIIAXKHOCTb
TPYHTOB, TEMJIONPOBOAHOCTb CJIOEB U HIP.
Ha nmoaroroBuTeibHOM 3Talle TaKXe OIpe-
JeJsIeTCsl HeCcyllasi CHOCOOHOCTb AeSATE N b-
HOTO CJIOSI BOCHOBAHMU IO, HACHITIbIO 1O,
JNIEUCTBYIOIIEH DKCIUIYaTAllMOHHOU HArpy3-
KOI.

I cTanpus npemjiaraeMoil TeXHOJOTUU
BKJIIOYAET YCTPONCTBO IIeOEHOYHBIX CBall
1 MeO0EHOYHOM MOAYIIKM B OCHOBAaHUU
HaCBhINU AJI YAYYLIEHUS NPOYHOCTHBIX
XapaKTepUCTUK TPyHTOB. DYHKIIMOHUPO-
BaHUE 1IeOEHOUYHBIX CBAll KaK BEpTUKAJb-
HBIX JpEH ONpeaesieTCsl Ha OCHOBE 3aKO0-
HOMEPHOCTE MPOILIECCOB B cj1aboM cioe [4,
c. 12].

Ha Il cTagyuu npyHIMOMAaAbHOU TEXHO-
JIOTUYECKOM CXEMBbI peain3yeTcs YIpouHe-
HHUE TPYHTOB OCHOBAHUS MYTEM AOMOJHU-
TE€JAbHOTO YIJIOTHEHUS BUOpOKATKaAMM,
ecinu TpebOyeMBle Hecylias CIIOCOOHOCTh
OCHOBAaHMS U YCTOMYMBOCTbH HACBINU HE
OBLIM JOCTUTHYTHI HA TIPEABIAYIINX CTAIN -
SIX.

Ha xaxpmoit u3 craguit npeajiokeHHOM
TEXHOJOTUIECKOU cxeMoit (puc. 1) mpemy-
CMaTpUBAETCs YTOUYHEHUE COOTBETCTBUS
YCTOMYMBOCTHU, HECYIIE CIIOCOOHOCTH
U OCaJKM OCHOBaHUS HOPMATUBHBIM Tpe-
o6oBaHMAM. CienyeT yTOYHUTD, 9YTO B X0l
CTPOUTENHCTBA HEOOXOAUM TOCTOSTHHBII
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Puc. 2. KpuBonuHeriHass TOBepxXHOCTb BO3MOXHOIro cmeLeHus [7].

MOHHUTOPHUHT (DU3UKO-MEXaHUICCKUX
¥ TeTI0(U3NICCKUX XapaKTePUCTUK IPYH-
TOB OCHOBaHMUSI.

TEOPUYA PACHETA SEMJIAHOIO
MOJZIOTHA

B xauecTBe 00beKTa MOACTMPOBAHUS B3SIT
ydacTok CeBepHOro MMPOTHOTO X0a HOBOI1
XKenae3HogopoxHoit nuHun Oo6ckas—Cane-
xapa ITK 01+50-TTK 06+50.

DTOT y4aCTOK MPeACTaBIIsSIET COOO0I CKIIOH
BOJOPa3IeIbHON TTOBEPXHOCTU JIGAHUKOBO-
Mopckoro reHesuca (m, gm II—III), monoro
HaAKJIOHHBII B CTOPOHY py4bs BeiHasna. Bui-
COTHBIE OTMETKM PaBHOMEPHO TTOHUXKAIOTCS
K py4Ybl0. YKIIOH MOBEPXHOCTH B CpeIHEM
cocTaBisieT 3—5°. Teosornuyeckoe cTpoeHue
paspe3a: 10 INIyOMHbBI 6 M BCKPBIBAIOTCST MSIT-
KOIUIACTUYHBIA M TEKY4YEIJIAaCTUYHBINA Cy-
IJIMHKY, HYKE, Ha TJIyOrMHE 7 M BCKphIBaeTCs
MEpainas cynech. MOIIHOCTh CE30HHO-MEP3-
Jjioro ciiost 1,5—2 M, ce3oHHO-Tamoro — 2,9—
3,0 M. B mpenenax paccMaTpuBaeMoro y4yacr-
Ka 3allpOeKTUpOBaHa HACHIIb BBICOTOMU 6
MeTpoB [5, c. 16].

B xone nccaenoBaHus IpoOU3BEAeH PACUET
Ko3(GULIMEeHTa YCTOMUUMBOCTUA U MOJTyYeHa
TeopeTUYecKasi TOBEPXHOCTh OOpYyIIeHUS
JaHHOI HackInmu. PacyéT mpousBeneH MeTo-
JIOM KPYDJIOIUIUHAPUIECKON MOBEPXHOCTHU
npod. I. M. laxyuaHua [6, c. 37].

IIpoBepka yCTOMYMBOCTU MPOU3BOIUTCS
UCXOMIS U3 PaCCMOTPEHUS KPUBOJUHEMHOMN
TMOBEPXHOCTH BO3MOXKHOT0O cCMellleHUs. Takoit
NpuéM pacrnpocTpaHEH TMPU BHIMOJHEHUU
pacyETOB Ha BO3MOXHOCTb CMEIIIEHUS TPYHTa
HACBIIY 1 BOBJICUCHUSI B IepopMaLIMIO TPYH-
Ta ocHoBaHus (puc. 2) [6, c. 37].

Wcxonst u3 toro, 4To KpUBOJUHEIHAS
TMOBEPXHOCTb BO3MOXKHOIO CMEIICHUS IPeI-
CTaBJISIET IMMOBEPXHOCTh KPYIJIOTO IIUIUH/PA,
pacy€T Ha yCTOMUMBOCTD CBOMISIT K paCCMOTpe-

LllenuTtbko T. B., ApTioweHko U. A., Oonrog 1. [. ApMUpOBaHMe rPYHTOB OCHOBaHUS BEPTUKaNbHbIMU

cTon6amMu U3 LEeOHS B KPUOJIUTO30HE



Puc. 3. Cxema onpegeneHuns Kycr HacbInu MeToA40M KpyriounnnHapuyeckux nosepxHocte I. M. LUaxyHaHuya:
Q,- cuna, gevicTeyioLasl Ha MOBEPXHOCTb BO3MOXHOIO CMeLLeHUsl, CKN1aAbIBaloLLasiCs U3 BeCa OTCeKa U Harpy3sku
Ha Hero, KoTopasl packnaasisaeTcs Ha HopmansHyio N,.= Q coso, u TanreHumnansHyio T,= Qsino,; fN,— cunsi
TpeHusi; ¢,l,— cnnbl cuenneHns.

Puc. 4. TeopeTnyeckass NOBePXHOCTb OOPYLUEHUs M0 pe3ysibTaTaM Ppac4yéTa yCTONYNBOCTU HACBINN
Ha MK 01+50-IK 06+50 yyactka O6ckass—Canexap.s HOBOV Xene3HOA0POXHOW IMHUM CeBePHbIN LUNPOTHbIA
xoA4, cMoAeNnupoBaHHas B NporpaMmMHOM komriiekce Plaxis 2D (MyuHumManbHoe 3HayeHue koagppuumneHrTa
ycron4ymnsoctu — 0,953).

HUIO YCIOBUN BO3MOXHOCTU MU3MEHEHUS
MacChl TpyHTa TTPY €TO TIEPEMEIIIEHUH 110 ITON
MOBEPXHOCTU OTHOCUTEJIBHO OCU KPYIJIOTO
mwinHapa. KoadduumeHt ycroitunBoctu KyCT
MacCHBa OMPEEISIOT MPU 9TOM KaK OTHOIIIe-
HUSI MOMEHTOB CHUJI OTHOCHUTEJIbHO 3TOW
ocu O (puc. 3), COMPOTUBJISIOIINXCS CMEIIIe-
HUIO, K MOMEHTY CUJI OTHOCUTEIHHO TOM Xe
OCH, CTPEMSIIIINXCST €TO CMECTHUTb.
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KoaddumumenT ycroitumBocT KyCT orpe-
JIEJIIIOT 1o (hopMyIIe:

o SN eSeh ST,
o ZT;COK

rme Tiyﬂ — TaHTEHIIMAaJbHAsI COCTaBJISIOIIAs,
COIPOTUBJISIONIASCS CABUTY MacCHBa TPYHTA;
T, — TaHTeHUMalbHasl COCTABIAIONIAs,

e
CTPEMSIIIASICS CIBUHYTh TPYHTOBBIN MacCUB.

M
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TaHreHLMaIbHAsT COCTABISIONIAsT COMPO-
TUBJIEHUS CIIBUTY OTIpeessieTCs o hopMyie:

ST, = YN, + e, )

rae N, — cunbl Tpenus;

¢l. — cuibl cuerieHus.

[TonyyeHHoe 3Hayenne K~ cpaBHUBAIOT
C IOITyCKaeMbIM 3Ha4eHUeM KoadbduiimeHTa
YCTOUYMBOCTU, HOPMUPOBAHUE KOTOPOTO
npusoautcs B CIT238.132600.2015 [8, c. 70].
Ecmy sHaueHue K MeHbIIe HOPMATHBHOM
BEJIMYMHBI K, ClIeyeT MPUMEHUTb TEXHOJIOT U -

Puc. 5. TeopeTnyeckass NOBepxXHOCTb OOPYLUEHUs 10 pe3ysibTaTaM pac4yéra yCToONYNBOCTU HAChINN
Ha K 01+50-IK 06+50 yyactka O6ckasi—Canexapa HOBOW XeJle3HO[0POXHOM inHn CeBepPHbI LUNPOTHbIA
xon, cMoAeIMpoBaHHasi B NporpammMHom komrnekce Midas GTS NX B TpéExmepHOM npocTpaHCcTBe (MUHUMaJlbHOe
3HayeHue koagpPpuumneHTa ycroriynsoctu — 1,077).

YECKUEC PpCHICHUA IO YIAYUYIICHUIO ITPOYHOCT-
HBIX XapaKTCPpUCTUK OCHOBAHUA 3EMIIAHOTO
ITOJIOTHA.

MOZEJIMPOBAHUE YCTOU4YNBOCTHU
OTKOCOB HACbLINMU

B kauecTBe MHCTpyMEHTa aHATUTUYECKOTO
HCCIIeIOBaHUS B paboTe MCTIOIb30BATUCH ITPO-
rpaMMHbIe Komruiekebl Midas GTS NXu Plaxis
2D [9; 10]. ITpoBepka Ha yCTOMYMBOCTb M CCIIE-
JTyeMOM IIECTUMETPOBOI HACHITIN BBHITTOJTHEHA
B TUIOCKOU 1 TpEXMEPHOI mocTaHOBKe. B pe-

Puc. 6. TeopeTnyeckasi TOBepXHOCTb OOPYLLUEHUs 10 pe3ysibTaTaM pac4yéra yCTONYNBOCTU HAChINu
Ha MK 01+50-IK 06+50 yyacTka O6ckass—Canexap.s HOBOH Xesie3HOA0POXHOW InHUU CeBePHbIN LUMPOTHbIA X04
(MuHnmanbHoe 3Ha4eHne kodpduuneHTa ycroviynsoctn — 1,852).
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3yJIBTaTe PACYETOB MOTYYEHO, UTO KO DUiu-
€HT YCTOMYMBOCTU COCTaBJISIET, COOTBET-
CTBEHHO, KYCT= 0,953n Kyc’r= 1,077 (puc. 4, 5).

B cooTBeTcTBUM ¢ TpeOoBaHUIMU «UH-
CTPYKIIMHU TI0 COAEPXKAHUIO 3eMJISTHOTO TT0-
JIOTHA XeJe3HbIx popor» [11, c. 13], npu
COOTBETCTBUU TEOMETPUIECKUX ITApaMETPOB
3eMJISTHOTO TTOJIOTHA TUTTOBBIM TTOTIEPEYHBIM
npodussaM, pacu€THbIN KodpbUuueHT
YCTOMYMBOCTHU OTKOCOB 36 MJISTHOTO TIOJIOTHA
JIOJIXKEH OBbITh He MeHee 1,2.

BrlnomHeHHBI pacy€T MOKa3bIBAET HEOO-
XOIMMOCTh YJYYIIEHUSI CBOMCTB TPYHTOB
OCHOBaHMs. B KauecTBe BapuaHTa TaKoTo
YJIYYIIeHUsT IPUHST BapuaHT MX apMUPOBa-
HUS BEPTUKAIBHBIMU CTOJIOAMU U3 I1IEOHS,
KOTOpBIE TIpeaHAa3HAYEHBI IS YIyqIIeHUS
C1a0bIX TPYHTOB OCHOBAHWSI IO/ 3MaHUSMU
1 coopykeHusIMU. [1pr 9TOM CTBOJT CKBAXKUHBI
dopmupyetrcs metronoM BUOpodIOTALIUHA,
MOCJIOHOE 3aM0JIHEHUE CKBaXXKUHbI IIEOHEM
1 TpaMOOBKa €ro OCYIIECTBIISIOTCS C TIOMO-
110 BUOpOGJIoTaTOpa MOJ BO3JAECTBUEM
BUOpalMM U COOCTBEHHOTO Beca CHapsiia
C MCITOJIb30BAaHUEM CXKATOTO BO3IyXa WJIN
KOMOMHAIIMKY Bo3ayxa ¢ Bonoii. Crnemyromuit
aTan — nojaya IebHs B OyHKep BUOpodIio-
TaTopa C TMOMOIIbI0 TOTPY34YMKa, 3aTEM I10
TpyOOIpPOBOAY — Ha 32001 CKBaXKMHBI. 32 CUET
BO3BPATHO-ITOCTYMATEIbHBIX IBVKEHUI (hop-
MUPYETCS TeJIO CBaM C 3aJlaHHBIMM PACYETHBI -
MM ITapaMeTpaMu, KOTOpbIe 3aBUCST OT (pu-
3UKO-MeXaHUYECKUX CBOMCTB IPYHTOB,
obecneuynBasl TpeOyeMyI0 HECYIIYIO CIOCO0-
HOCTb WM (PUITBTPAIIMOHHBIE CBOMCTBA.

st IpOEKTUPOBAHUST BEPTUKATBbHBIX
CTOJIOOB U3 11IeOHST U TMOKOTO POCTBEPKA UC-
MMOJIb30BaH TPAHUTHBIN e0eHb (paKInu
20—40 mMMm.

Hcronb3oBaHWe BepTUKATbHBIX CTOJIOOB
U3 1eOHs (MaTepuaia ¢ BBICOKOM MPOYHO-
CTBIO Ha CABUT) CO31aET OOKOBOE COMPOTUB-
JieHue B rpyHTe. biiarogapsi ucrosib3oBaHUIO
BEPTUKAJIBHBIX CTOJIOOB U3 IIEOHST MTPONCXO-
JIUT YITy4IIeHre TTPOYHOCTHBIX XapaKTEPUCTUK
TPYHTOB OCHOBaHMSI, YTO YMEHBIIIAET OCAIKY
(byHIaMEHTOB M yBeTMIMBAET HECYIIYIO CIIO-
cobOHoOCTb TpyHTa [12, c. 757].

Tak ke KaK ¥ 10 yCUJIeHUsI TPYHTOB OCHO-
BaHWs, MMOcjie BUOPOMIOTAlMM BHITTOTHEH
pacuét koahGUuLreHTa yCTOHYNBOCTH UCCIe-
JTyeMOI1 HAaCBITY 110 METO/Ty KPYTJIOIVIMIPY -
yeckux nmosepxHocteit mpod. I M. IlaxyHsiH-
11a. Pe3ynbraThl pacuéra mpuBeaeHbI Ha puc. 6.
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ITosyyeHO, YTO MUHUMAJIEHOE 3HAYCHUE
K03 PULIMEHTA YCTOMYMBOCTH COCTABUIIO Kycr =
1,852, 4T0 Ccy1IeCTBEHHO OOJIbLIIE, TTO CPABHEHUIO
€O 3HaueHueM Ko GUIIMEHTa YCTOMYMBOCTH
Hachlnu 0e3 ycuyieHust ocHoBaHus (1,077 —
Midas GTS NX; 0,953 — Plaxis 2D). 13 coro-
CTaBJIEHMsI TIPEACTABIEHHBIX PUC. 4—6 BUIHO,
KaK M3MEHSIETCSI TTIOBEPXHOCTb OOPYIIICHUS —
OITacHBIC YIACTKN OTKOCOB MCCIICIYyeMOI HAChI-
M1 CTAOWJIM3UPYIOTCS Y IIPUXOMAST B HOPMY.

BbiBOJ,

Ananu3s pabdotsl Haceimu Ha TTK 01+50-
K 06+50 yuactka O6ckasi—Canexapa HOBOI
KeJNe3HOMOPOXHOM muHuKn CeBepHBIN K-
POTHBIN XOJ, YCUJIEHHOUW BepTUKATbHBIMU
CcTOoJI0aMU U3 1IeOHsI, IToKa3aj, YTO OINacHbIe
YYaCTKH TEOPETUIECKOI TTOBEPXHOCTH 00pY-
LIIEHMST OTKOCOB HACHITTH CTAOMIIU3UPOBAIIICH,
KOO GUIIMEHT yCTORYUBOCTU BO3POC 110
1,852. ITomy4yeHHBII pe3ynbTaT TOATBEPXKIAET
TeXHUYECKYI0 3 (HEKTUBHOCTh UCTIOIb30Ba-
HUSI BePTUKAJIBHBIX CTOJI00B U3 IICOHS I
YCUJIEHUST HACBITIEH, COOpPYKaeMBbIX C IOy~
IIeHWeM OTTauBaHMSI Ha OCHOBAaHUSX, CJIO-
JKEHHBIX MHOTOJIETHEMEP3JIBIMUA TPYHTaMU.
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ABSTRACT

Stabilization of permafrost soils of the roadbed
base, constructed with assumption of thawing, thanks
to improvement of their strength characteristics,
requires development and selection of rational
structural and technological solutions.

The objective of the study was to analyze the
effectiveness of use of vertical columns of crushed
stone in the permafrost zone and their influence on
strength characteristics of the soil base. The study
has used general scientific methods, modeling,
simulation and comparative analysis.

This article proposes a method for improving
strength properties of soil of the roadbed base
within Obskaya—Salekhard section of the Northern
Latitudinal Railway thanks to reinforcement of the
roadbed base made with vertical columns of
crushed stone, which increases stability of the
structure.

Base Soil Reinforcement with
Vertical Crushed Stone Columns
in Cryolithozone
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The proposed basic technological model of
construction of the roadbed includes the following main
stages: preparatory stage, 1 stage — arrangement of
vertical columns of crushed stone and granular sub-
bases, 2 stage — additional compaction with a vibratory
roller in case of mismatch of stability of bearing capacity
and precipitation of the base to operating standards.

The studied object of the transport infrastructure
was simulated both without the use of technology for
reinforcing it with vertical columns of crushed stone
and with its use. The stability coefficient was
calculated, andthe theoretical surface of embankment
collapse was obtained using Midas GTS NX and Plaxis
2D software packages. The stability test of this
structure was carried out both in a flat and in a three-
dimensional setting.

The efficiency of using vertical columns of
crushed stone to strengthen the embankments
constructed on permafrost soils has been shown.
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Preparatory stage
(determination of physico- mechanical and thermophysical characteristics)

v

Determining the characteristics of the foundation of roadbed,
constructed according to II design principle on PS with the

assumption of thawing

v
Modeling of thermophysical processes and stress-strain state
v
K> 1,2
Stage 1.

Arrangement of vertical columns of crushed stone and granular sub-bases

YES

Ka>1,2

Stage 2.
Additional vibratory roller compaction

> Embankment arrangement

Pic. 1. Principal model chart of construction of roadbed with the assumption of thawing of permafrost soils

using reinforcement with vertical columns of crushed stone: PS — permafrost soils; K

. — coefficient of stability of

st

slopes of the embankment.

Introduction. During construction of
transport facilities to ensure their reliability,
it is necessary to take into account climatic,
hydrological and permafrost processes [1;
2], while ignoring those factors could
adversely affect not only the progress of
construction, but also further operation of
the facility.

Objective. The objective of the study is to
analyze the effectiveness of use of vertical
columns of crushed stone in the permafrost
zone and their influence on strength
characteristics of the soil base.

Methods. To achieve this objective, general
scientific methods, modeling, simulation and
comparative analysis were used.

Forareasonable choice of rational structural
and technological design solutions, it is
necessary to analyze and consider the
engineering-geological and natural-climatic
factors of the construction area.

For the areas with permafrost soils, a
conceptual technology model has been
developed intended for construction of the
roadbed, erected with the assumption of
thawing, using reinforcement with vertical
columns of crushed stone.

Vertical columns of crushed stone are one
of the methods for stabilizing soft soils, used to
increase strength and reliability of the roadbed,
compact the soil mass and reduce soil moisture
[3,p. 17].

Results.

Principal technology model of reinforcement
with vertical columns of crushed stone

The proposed principal model (Pic. 1) has
a block structure that combines the stages of
implementation of this technology.

In the preparatory period, it is necessary to
provide for the possible impact of negative
factors on future foundation of the roadbed and
take measures to eliminate them. For this,
forecasting of heat engineering and physico-
mechanical processes along with technological
regulation of parameters of forecasting is
carried out. This regards speed of consolidation
and thawing, value of relative precipitation,
depth of freezing and thawing, soil moisture,
thermal conductivity of layers, etc. At the
preparatory stage, bearing capacity of the active
layer in the base under the embankment under
the current operating load is also determined.

I stage of the application of the proposed
technology includes arrangement of crushed
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Pic. 2. Curved surface of possible displacement [7].

Pic. 3. Scheme for determining K , of the embankment
by the method of circular cylindrical surfaces
of G. M. Shakhunyants: Q, is the force acting on the
surface of possible displacement, consisting of
weight of the compartment and the load on it, which
decomposes into normal N,= Qcoso, and tangential T,=
Q;sino; f.N,are friction forces; ¢l are adhesion forces.

stone piles and granular sub-bases at the base
of the embankment to improve strength
characteristics of soils. The functioning of
crushed stone piles as vertical drains is
determined on the basis of the laws of processes
developing in a weak layer [4, p. 12].

At Il stage of the implementation of the basic
technological scheme, soil strengthening is
carried out through additional compaction with
vibratory rollers, if the required bearing capacity
ofthe base and stability of the embankment have
not achieved in the previous stages.

At each of the stages of the proposed
technological chart (Pic. 1), it is envisaged to
clarify conformity of stability, bearing capacity
and base precipitation to regulatory
requirements. It should be clarified that during
construction, constant monitoring of the
physico-mechanical and thermophysical
characteristics of the soil of the base is necessary.

Theory of roadbed design calculation

As the object for modeling, we have taken
the section of Northern Latitudinal Railway of
new Obskaya—Salekhard railway line limited
by points PK 01 + 50-PK 06 + 50.

® \WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 4, pp. 68-78 (2019)

This section is a slope of the watershed
surface of the glacial-marine genesis (m, gm
II-1II), which is gently sloping towards
Vyndyad stream. The elevations are evenly
lowering towards the stream. The surface slope
averages 3—5°. The geological structure of the
section: up to a depth of 6 m, soft-plastic and
fluid-plastic loams are revealed; below, at a
depth of 7 m, frozen sandy loam is found.
Thickness of the seasonally frozen layer is of
1,5—2 m, seasonally thawed layer is of 2,9—
3,0 m. An embankment with a height of 6
meters has been designed within the considered
section [3, p. 16].

During the study, stability coefficient was
calculated and theoretically collapsible
surface of this embankment was obtained.
The calculation was made by the method of
round cylindrical surface of professor
G. M. Shakhunyants [6, p. 37].

The stability test is carried out on the basis
of consideration of the curved surface of a
possible displacement. Such a technique is
widespread when performing calculations on
possibility of displacing the embankment soil
and involving the base in the soil deformation
(Pic. 2) [6, p. 37].

As the curved surface of a possible
displacement represents the surface of a round
cylinder, calculation of stability reduces to
considering the conditions of possible changes
in the mass of the soil when it moves along this
surface relative to the axis of the round cylinder.
The stability coefficient K of the array is
determined in this case as the ratio of the
moments of forces relative to this axis O
(Pic. 3), resisting displacement, to the moment
of forces relative to the same axis, trying to
displace it.

Stability coefficient K is determined
according to the formula:
K - SN Al +>T,,

st ZTZS}; ’

I
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where T, , is the tangential component,
resisting the shift of the soil mass;

T, is the tangential component that seeks
to move the soil mass.

The tangential component of shift resistance
is determined by the formula:

zTiud = zfiNi +Zci1i 5
where £N, are friction forces;
¢, are adhesion forces.
The obtained value of K  is compared to
the permissible value of stability coefficient,
the normalization of which is given in SP
[Construction Rules] 238.132600.2015 [8,
p. 70]. If the value of K  is less than the
standard value k, then engineering solutions
should be applied to improve the strength
characteristics of the foundation of the
roadbed.

()]

Modeling stability of embankment slopes

As an analytical research tool, the Midas
GTS NXand Plaxis 2D software packages were
used [9; 10]. The stability test of the studied
six-meter embankment was performed in a flat
and three-dimensional settings respectively. As
a result of calculations, it was found that the

Pic. 4. The theoretically collapsible
surface according to the calculation
of stability of the embankment
at PK 01 + 50-PK 06 + 50 of the
section Obskaya—Salekhard of the
new Northern Latitudinal Railway
line, simulated with the Plaxis 2D
software package environment
(the minimum value of the stability
coefficient is 0,953).

Pic. 5. The theoretically collapsible
surface according to the results
of calculating the embankment
stability at PK 01 + 50-PK 06 + 50 of
Obskaya—Salekhard section of the
new Northern Latitudinal Railway
line, simulated in Midas GTS NX
software package environment
in three-dimensional space (the
minimum value of the stability
coefficientis 1,077).

stability coefficients were, respectively, K =
0,953 and K = 1,077 (Pic. 4, 5).

In accordance with the requirements of the
«Instructions for maintenance of the roadbed
of railways» [11, p. 13], subject to geometric
parameters of the roadbed consistent with
roadbed typical cross-sectional profiles, the
calculated coefficient of stability of slopes of
the roadbed must be at least 1,2.

The calculation showed the need to improve
the properties of the soil base. As an option for
such an improvement, the decision on
reinforcing them with vertical columns of
crushed stone, which are intended to improve
the weak soil of the base under buildings and
structures, was accepted. In that case, the
wellbore is formed by the method of
vibroflotation, layer-by-layer filling of the well
with crushed stone, and tamping of it is carried
out using a vibroflotator under the impact of
vibration and dead weight using compressed air
or a combination of air and water. The next
stage was to supply crushed stone to a
vibroflotator hopper using a loader, and then
through the pipeline to the bottom of the well.
Due to reciprocating movements, a pile body
is formed with predetermined design
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Pic. 6. The theoretical collapse surface according to the results of calculating the embankment stability
at PK 01 + 50-PK 06 + 50 of Obskaya—Salekhard section of the new Northern Latitudinal Railway line
(the minimum value of the stability coefficient is 1,852).

parameters, which depend on physical and technical efficiency of the use of vertical
mechanical properties of soils, providing columns of crushed stone to strengthen the
required load-bearing capacity or filtration embankments constructed with the assumption
properties. ofthawing on the bases composed of permafrost
For design of vertical columns of crushed soils.
stone and a flexible grillage, granite crushed
stone of a fraction of 20—40 mm was used. REFERENCES
The use of vertical columns of crushed stone 1. Roman, L. T. Mechanics of frozen soils | Mekhanika
. . . merzlykh gruntov]. Moscow, MAIK «Nauka/
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JIYHLUMNE KAHECTBA JIOKOMOTUBA

25 mons 2019 rona Ha HoBocudupckom
3JIEKTPOBO30PEMOHTHOM 3aBOJI€ COCTOSIOCH
ouepeanoe 3acenanne Copera mo B3auMoeii-
ctBuio OAO «P2K]I» ¢ npennpusTHIMYI TPAHC-
MOPTHOro MamMHOCTpoeHus1. Ero mpose reHe-
PAJIbHBII TUPEKTOP — NMpeAceaaTe b NPABJICHUS
komnanuu Ojer beno3épos.

ToBOpS 0 TTepCHEKTUBHBIX MOIESIX TATO-
BOTO MOABUXHOro cocrtasa, rimaBa OAO
«PXK]I» momuepKHYII, YTO KOMIIaHIU HEO0OX0-
M JIOKOMOTHB C YIIyYIIEHHBIMH ITOTPEOM-
TEJbCKUMU KAa4eCTBAMM U IU(PPOBEIC pellie-
HUS IIPU €T0 SKCITTyaTalluy ¥ 0OCITY>KUBaHU.

«OAO «PX]1» co3naér ceTb MTHHOBALIMOHHBIX
TUTOIAIOK JIJIST TIPUBJICUCHUSI TEXHOJIOTMYHBIX
KoMmnaHuii o Bceit Poccuu. Takue mtomanku,

LOCOMOTIVE WITH

On 25 July 2019, a regular meeting of the
Council for Cooperation between Russian
Railways and Transport Engineering Enterprises
was held at the Novosibirsk Electric Locomotive
Repair Plant. It was chaired by the Chief
Executive Officer and Chairman of the Board
of Russian Railways, Oleg Belozerov.

Speaking about promising rolling stock
models, the head of Russian Railways stressed
that the Company needed a locomotive with
improved consumer qualities and digital solutions
for both its operation and maintenance.

«Russian Railways is creating a network of
innovative sitesand platformsto attract technology
companies throughout Russia. We hope that such

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

Jlyyline Ka4ecTBa JJIOKOMOTUBA
Locomotive with Better Qualities

Kak Mbl HazieeMcs1, OyayT ClIOCOOCTBOBATh CO3Ma~
HUIO HOBBIX HAYYHBIX U TTPOM3BOACTBEHHBIX
cBs3eif. [Ipolly akTMBHEe BKITIOYATHCS B BTY
paboty», — otmetiut Oer benosépos.

Emé omgHuM mpaiiBepoM OOJIKHBI CTAaTh
KJTI0YeBbIe 1IM(DPOBBIE PEIICHUST «YMHBIN JIO-
KOMOTHB» U «JloBepeHHas1 cpena JIOKOMOTHB-
HOT'O KOMITJIEKCa», Ha 0a3e KOTOPBIX MTPEJICTOUT
TeperTv Ha MaJIOTIOIHbIE 1 OE3/TIOMHBIE TEXHO-
JIOTUY Y TIOJTHOCTBIO 1IM(POBOE YIIpaBieHNE
MPOIIECCaMU KM3HEHHOTO IIMKJIa JOKOMOTHBA.

Hosoctu OAO «PXK]JI»: http://press.rzd.
ru/news/public/ru? STRUCTURE_
ID=654&layer_id=4069&refererLayerId=33
07&id=94220 ®

BETTER QUALITIES

centers will help create new scientific and
industrial ties. I ask you to become more actively
involved in this work», Oleg Belozerov said.

Also key digital solutions «Smart
Locomotive» and «Trusted Environment of
the Locomotive Complex», will help to
switch to technologies employing less people
or fully unmanned ones, and to the fully
digital control of the locomotive life-cycle
processes.

Compiled fromJSC Russian Railways

news: http://eng.rzd.ru/newse/public/en?
STRUCTURE_ID=15&layer_id=4839&refer
erLayerId=5074&id=107523 ®

17, 1ss. 4, p. 79 (2019)




@ K 656.223

https://doi.org/10.30932/1992-3252-2019-17-4-80-89

Anppeii LULATOXUH

B ycnoBusix pocta rpy30rnepeBo30K Xene3-
HOZIOPOXHbIM TPAHCIOPTOM U rovicka nyTen
MOBbILLUEHUS] X 3GHEKTUBHOCTU BO3HUKAET
HeobxoAMMOCTb COBEPLLEHCTBOBaHUS HOPMa-
TUBHO-pPaBoBovi 6a3bl B3aUMOLEICTBUSI BCEX
y4acTHUKOB MepeBO30YHOro npouecca Ha
XKeJ1e3HOLOPOXHOM TPAHCIMOPTE U TEXHOJIO-
rym opraHu3auunn rnpornycka v nepepaboTku
BaroHOMOTOKOB Ha ryTsix obLyero rnosibL308a-
HUSI, CHUXXEHUSI CYLLIE@CTBYIOLUNX U3AEPXKEK.
310 06yC1I0BIMBaAET aKTYasibHOCTb MPopaboT-
KM BOMPOCOB YMEHbLLIEHNS1 OO bEMOB MaHEBPO-
BoVi paboTbl NyTém riepexona K rmbkovi rnpu-
BSI3KE€ BarOHOB K CTaHLUMSIM Ha3Ha4eHusl.

Llensto uccnenoBaHus crtana paspaboTka
CUCTeMbl BUPYTaJIbHOV COPTUPOBKM MOPOX-
Hero BaroHoriotoka. B pabore ucrnosb30Ba-
JINCb METObl CUCTEMHOIO aHann3a v aHasam-
TUYECKNE MHCTPYMEHTbI YrpaBiaeHUsI ABUXE-
HUEM Ha XeJsle3HbIX Joporax.

v nepepaboTKy BaroHOB.

BupTtyanbHaa COPpTUPOBKA:
COBEpPLUEeHCTBOBaHME OpraHn3auum
nponycka v nepepadoTky NOPOXXHUX

BaroHONOTOKOB

Illamoxun Andpeii Andpeesun — Hayuno-uccredosamenvckuii u npoeKmHo-
KOHCMPYKMOPCKULL UHCIMUMYM UH(DOPMAMU3AUUL, A8MOMAMU3AUUU U CEA3U
Ha Jcene3nodopoxcrom mparcnopme, Mockea, Poccus*®.

B peasynbrare npeaioxeHa TeEXHOI0rs «BUp-
TyaJslbHOVi COPTUPOBKM MOPOXHMX BArOHOB>.

TexHosorvsi 6a3vpyeTcs Ha 3aMeHe pusnye-
CKOVI riepecTaHOBKU MOPOXHUX BaroHOB rpu
BbIlNOJIHEeHN MaHeBpOBOVI paﬁOTbl n3MeHeHnem
B COMPOBOXAAIOLLMX BArOH JOKYMEHTaxX CTaHLN
Ha3Ha4eHwvs1 v rioJiy4arerisi.

OHa rno3BosisieT COKPaTnUTb NOPU3OHT rJiaHu-
poBaHusi paboTbl MOPOXHUX BArOHOB 38 CHET
YTO4YHEeHVS X Ha3Ha4YeHu B ripouecce ocraBkv
n, Kak csiengcrteuvie, rnoJiy4nTb CyLLleCTBeHHbIVI
OKOHOMUYECKUV 3PEKT 3a CHET COoKpaLLeHUs
pacxoaoB Ha nepepaboTKy TPaH3UTHbIX BArOHO-
IMOTOKOB, CHW>KEeHUs pUCKOB Heobecrnie4yeHus
r10rpy3Ku MOPOXHVIMIM BAroHamu, MpyBIe4eHnNe
ZIOMOJTHATETbHBLIX OO LEMOB MOrpPYy3Ku, YCKOPEHUS
obopoTa BaroHoB v Apyrux 3¢ ¢pekToB. B koHeu-
HOM CYE€Te, e€ BHeaApPEeHNEe MOXET MOBbICUTb
KOHKYPEHTOCMOCOOHOCTb Xe/1€3HOA0POXHOMO
TpaHcnopTa.

Knoyesbie cnoBa: Xene3HoA0POXHbIM TPaHCMIOoPT, YrpaBaeHUe MopPOXHUMY BaroHaMmu,
6anaHcoBbIVi MeToA, pacrnpeneseHne nopPoXHUX BaroHoB, 3asiBKa Ha Morpy3ky, CTaHumm
Ha3HayeHusl, BUPTyasibHas COPTUPOBKA, COKPAaLLYEeHNe pacxonoB, yCKOPEHUE Mpornycka

*MHndopmaums 06 aBTope:

For the English text of the article please see p. 85.
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a XeJyie3HbIX goporax Poccuiickoit

Denepanuy mpu niepexone Ot OalaH-

COBOTrO METO/IA YIIPABJICHUS TOPOXKHU-
MM BarOHOTIOTOKaMU K PhIHOYHOMY OCHOBHBIE
U3MEHEHMS KOCHYJIMCh TTOpsIIKa HaIPaBIeHUS
TMOPOXHUX BarOHOB Ha CTaHIIMU TOTPY3KH.
Ecnu panbliie nepenaya nopoXKHsSIKA OCYILIECT-
BJISUIACh B MOPSIIKE PETYIMPOBOYHBIX 3aJaHUI
C UCIIOJIb30BaHMEM 0aJlaHCOBOTO METOja,
a CTaHUUM MOTPY3KU OMPENeSUIUChH JUCTIET-
YEPCKUM MEPCOHATIOM Ha CTaIMM CMEHHO-CY-
TOYHOTO MJIaHUPOBAHUS, TO B HACTOSIIEE
BpeMs 3aajJpecoBKa MOPOXHEro BaroHa
o opmIIsIeTCs MO MOJHBIM MePEBO30YHBIM
JIOKyMEHTaM C YKa3aHUEeM CTaHIIMU Ha3Haye-
HUS Y ToJTyvyaTtesisi Barosa [ 1, 2].

B takux ycioBusix pacnpenesieH1e mopox-
HUX BaroHOB Ha CTAHIIMU TOTPY3KU CTAJIO
BBITIOJTHATHCST HE HA CTaIUM CMEHHO-CYTOUHO-
O IJITAHUPOBAHUS, a TOPA3/I0 PaHbIiIe (JI0 CEeMU
CYTOK M 0oJiee) B 3aBUCMMOCTU OT BpeMeHU
TMOPOXHETO pelica, UTo CYIIeCTBEHHO CHU3WIIO
TOYHOCTb TUITAHUPOBAHUS UX PaOOTHI [3—6].

WM3-3a Hanmuuusl cCTaHIIMN Ha3zHAYEHUS
Y BCEX MOPOKHUX BATOHOB YBEIUYWICS O0BEM
COPTUPOBOYHOUN M MaHEBPOBOW pabOTHI Ha
TEXHUYECKUX U TPY30BBIX CTaHIMsX. [Topox-
HUE BarOHbI OJTHOTO TUIIA Y OJTHOTO COOCTBEH-
HUKa ITPUXOINTCS TTepepadaThiBaTh B COOTBET-
CTBUM C Ha3HAYEHUEM HE3aBUCHMO OT MX
pacTOJIOKEeHUSI Ha CTAHIIMOHHBIX TYTIX
U B cocTaBe noesaa. [1pu aTom [utd mosyyatens
BaKeH CBOEBPEMEHHBII MOJIBOJ] BATOHOB OMpe-
JIEJIEHHOTO TUIA U KOHCTPYKLIMOHHBIX OCOOEH-
HocTel 6e3 KaKOM-1100 MPUBI3KU K HOMEDY.

Ha mMHormx 3apy0eskHbIX XKeJIe3HbIX J0PO-
rax MOpOXXKHWE BarOHBI UMEIOT XKECTKYIO TTPH -
BSI3KY K CTAHIIMSIM HAa3HAYESHUS U OTIIPABUTE-
JISIM, TaK KaK 3TO OMpPaBAaHO CYIIECTBEHHO
MEHBIUIUM PACCTOSTHUEM MOPOXHEro peiica
BaroHa, BbICOKOH crielMaiu3aiueil oIBIX-
HOTO COCTaBa U MapIIpyTU3alueii epeBo30K,
a TaKKe HATMYMEM pa3BUTON HH(PPACTPYKTYPhI
Y1 OTHOCUTEJIBHO HEBBICOKOV MHTEHCUBHOCTBIO
e€ ucrnonb3oBanus [7, 8]. Tem He MeHee onu-
CaHHasl BBIIIIE CUTYaIMs, IO MHEHUIO aBTOpa,
MOKET CKJIaIbIBAThCS U Ha XKeJIE3HBIX TOporax
JIPYTUX CTPaH, YTO JesaeT mpobjaeMy U Leb
HCCIENOBAHUS TOCTATOYHO YHUBEPCATbHBIMMU.

OCHOBHO¥ eunome3otl JJisl UCCIEIOBAHUS
SIBJISIETCSI TO, YTO O0BEM MaHEBPOBOI pabOThI
MOXET ObITh CHUXKEH ITPU MEePEXOJIE OT XKECTKOMN
MPUBSI3KM BarOHOB K CTAHLIMSIM Ha3HAYCHUSI
K TMOKOWi, Koraa JOIMyCKaeTcs U3MEHEeHUE
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Ha3HaYeHMH ITOPOKHIX BATOHOB OHOTO THTIA
¥ KOHCTPYKLIMOHHBIX 0COOEHHOCTEIA.

Llenvio NicceIOBaHNS SIBJISIETCST COBEPILICH-
CTBOBaHWE CUCTEMBI YIIPABJICHUS BarOHOITO-
TOKaMM B TIOPOKHEM COCTOSIHUU B YCJIOBHUSIX
MPUHALJICXKHOCTH BCETO MapKa BarOHOB OIle-
paToOpcKUM KoMItaHusIM. Mcrnonb3ytoTces 00-
LeHAyYHbIE, NUHXKEHEePHbIE 1 MaTeMaTUYECKIe
Memodbl, CACTEMHBII aHaJIN3, CYIIICCTBYIOIIAST
TEXHOJIOTUS OpTaHW3alli BATOHOIIOTOKOB Ha
JKEJIE3HBIX OPOTAX.

BUPTYAJIbHAS1 COPTUPOBKA:
3AO0A4YU N PELLLEHUSA

IIpu BuUpTyalbHOM MepepacnpencieHun
TOPOKHUX BaroHOB IO CTAHLIVSIM Ha3HAYEHUST
HEOOXOAMMO YUUTHIBATH HE TOJTBKO T TTOIBUK-
HOTO COCTaBa, HO Y KOHCTPYKIIMOHHBIE OCOOEH-
HOCTH BaroHOB IO IPy30MOIBEMHOCTU, OOBEMY
Ky30Ba U apyrue. [j1st 5Toro Heo6Xoammo Tipe-
BapUTETbHO BBITIOTHUTH ICKOMITO3ULIMIO:

* TIapKa BaroHOB IO BCEM IapamMeTpam,
KOTODbIE YYUTBIBAIOTCS TIPU PACTIPEETICHUN
TMOPOXXHUX BATOHOB MO/, TOTPY3KY;

* 3aBOK Ha MOTPY3KYy MO JAOMYCTUMbBIM
rnmapaMeTpam BaroHOB.

DTO MO3BOJINT TSI TAKMX BATOHOB 3aMEHUTH
UX (PU3NUYECKYIO MEPECTAHOBKY MTYTEM BBITION-
HEHUSI MAaHEBPOBOW pabOTHl U3MEHEHUEM
B COMTPOBOXKAAIOIINX BarOH JOKYMEHTAX CTaH-
LIMM Ha3HAYEHUSI U TIOJTydaTeisl.

Takast BUpTyabHasi COPTUPOBKA MTOPOXHUX
BaroHOB TO3BOJIUT:

* COKPATUTh OOBEM MaHEBPOBOW PabOTHI
Ha CTaHIIUSIX BBITIOJIHEHUS TPY30BbIX ONEPALINIA
3a CUET YACTUYHOW BUPTYATbHON MOAOOPKU
TPYIIIT BATOHOB JIJIS1 TIPUIIETIKY U1 TTO/IauH;

* COKpaTUTh OOBEM U YCKOPUTD BBITIOIHE-
HME COPTUPOBOYHOU pabOTHI Ha TEXHUYECKUX
CTaHLIMSIX 32 CYET COKpAIEHUsI KOJIMYECTBa
OTILICTIOB B COCTaBax MOE3/0B;

* COKPATUTh BPeMsI HAKOTUIEHUSI COCTAaBOB
3a CUET BUPTYAIIbHOTO (hOPMUPOBAHUST 3aMbl-
KaIONIMX TPYMI U/WIN BUPTYaTbHOTO CTYIIIE-
HUS MOJBOJA BaTOHOB /I HAKATLIMBAEMOTO
Ha3HAYEHMUS,

* MOBBICUTb TATBHOCTD CJIEJOBAHUS TEXHU-
YECKMUX MapIIpyTOB 3a CUET (hOPMUPOBAHUS
Moe310B OoJiee TaJIbHUX HAa3HAYEHU MpU
BUPTYaJIbHOM CTYLIEHWUY MOAXO/A MOPOKHUX
BaroHOIMOTOKOB OMPEACAEHHOTO Ha3HAYEHUSI.

[lepexon Ha JaHHYIO TEXHOJIOTUIO OyIEeT
BBITOJIEH U KPYTTHBIM OIlEpaTOpaM BarOHOB, Tak
KaK MOSIBUTCST BO3MOKHOCTh 3aMEHSITh HEAKTY-
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Tlocite BIPTYAJILHOTO MepeMelle ISl MaKeTOB 3/ IEKTPOHHBIX IePeBO30THLIX
JOKYMEHTOB Me/KIY MOPOKHIMH BArOHAMH OTHOT'O THIIA H OTHOT0 omepaTopa
KOJIHYIeCTBO OTIENOB B COCTABe M0e371a COKPATHIIOCH HA 8

Puc. 1. CokpawjeHne
KO/InYecTBa OTLErNoB Ha
npumepe KOHKPEeTHOro roe3aa.
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YcnoBHble 0603HaueHUA:

" — rpynna BaroHoB, KpOMe NMOPOXKHUX nonysaroHos OAO «[MK»;

4384| — rpynna BaroHoB 13 NOPOXHMX nonysaroHoB OAO «[MK» ¢ ykasaHnem ECP cTaHUMW Ha3HauyeHUs;
o0

— rpaH1Ubl MeXay OTLenamun B cocTase noesaa;

M — BMPTyanbHadA COPTUPOBKA BaroHOB C 3aMEHOW WX Ha3HAYEeHUN.

aJbHBIC CTAHIIMY HA3HAYCHUS TTOPOXKHIX Baro-
HOB aKTyaJIbHBIMH, OTICPATUBHO BOCTIOJIHSITH
ITOTEePH ITOTPY30YHBIX PECYPCOB B paMKaXx Orpa-
HMUYCHUI, 3aIaBaeMbIX ITTAHOM (hOPMUPOBAHIS
ITO€3I0B ¥ IPYTUMU HOPMATUBHBIMH JOKYMCH-
TaMU, OTIPEIICIISTIOIIMMHU YCIIOBUST OpTaHU3aINI
MECTHOM pabOThI M pabOTHI CTAHIIWIA.

DTO TaKKe MO3BOJUT COKPATUTh PUCKH,
CBSI3aHHBIC C HEPAaBHOMEPHOCTBIO ITPOITYyCKa
IMOPOKHUX BAarOHOIIOTOKOB M BO3MOXKHBIX
W3MEHEHUH TUTAHOB TTOTPY3KM TP MHOTOCY-
TOYHOM TIJITAHMPOBAHUM MOIBOAA MOPOKHUX
BaroHOB MO/ OTPy3KY [9]. YuureiBas TeHIeH-
LIVIO YKPYITHEHUSI OIePaTOPCKUX KOMITAHUIA,
3D PeKTUBHOCTH MCITONIB30BaHUS TaHHOK
TEXHOJIOTUU OyIeT YBEIMINBAThCS, T.K. OyIeT
BO3pacTaTh JOJISI BATOHOB OTAEIBHBIX OIepa-
TOPOB B O0IIIEeM BarOHOITOTOKE.

AHanmm3 pa3MeUeHHBIX HATYPHBIX JINCTOB
IPY30BBIX TTOE310B, COAEPKAIINX ITOPOXKHUE
monyBaronsl OAO «I1I'K», mmokaszan memeco-
00pa3HOCTh BBITIOJIHECHUST BUPTYaTbHOI COp-
TUPOBKY Ha3HAUYCHUH TSI HUX JaKe B paMKax
omHoro moe3na. Tak, B OTOEIbHBIX CIyJasx
(puc. 1), BO3MOXKXHO COKpaIllcHIE KOJTNIeCTBa
OTLIETIOB B COCTaBe I1oe3/1a Ha 6—7, 4To I03BO-
JINT YCKOPUTBH CKOPOCTh POCITYCKA COCTaBa Ha
COPTUPOBOYHOM CTaHIIMK. TaKKe TeXHOJIOTUS
BUPTYaJIbHOI COPTUPOBKHU ITO3BOJIMUT COKpa-
TUTb OOBEMBI MAHEBPOBOI pabOTHI HA CTaH-
LIMH, KOT/Ia IIOA00P TPYIIIT IIOPOKHUX BATOHOB
IIJIST TIOJAYM Ha TPy30BOI (DPOHT, MPULIETIKI
K TI0e31Iy 1 IPYTUX OTiepalivii OymneT Ipon3BO-
IUTHCS TIYTEM BUPTYaAJIbHOU IEepeCTaHOBKU
Ha3HAUYCHWI BarOHOB B 3JICKTPOHHBIX TOKY-
MEHTax, a He CAaMMX BarOHOB.

LENEBAY ®YHKUNA

Lenesas ¢pynkunst 3¢pPeKTUBHON BUPTY-
aJIbHOI COPTUPOBKU ITOPOKHMX BATOHOB 10JIK~
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Ha o0ecITeunBaTh MUHHNMM3AINIO KOJTMYECTBA
TPYIIII BAaroHOB OAHOTO HAa3HAYCHMS B COCTaBax
TIO€310B 1 HAa CTAHIMOHHBIX ITyTAX:
Z( JOCOP™ yyCOPIL | JMECTN  MECII o decm y yecmn 4 J-2p 2P
‘nod

omy " “omy npuy, " “npuy omy  “omy nod

) — min,

copm

£ae kom's Hom' — COOTBETCTBEHHO BECOBOM KO-

3(hHULMEHT ¥ KOJIMYECTBO OTIIETIOB B COCTaBe
1oe3/1a WM Ha CTAaHIIMOHHBIX MYTsIX (ITO1I Ha-
KOILJIEHUEM);

Jreemn MecmH

wouy > py~ — COOTBETCTBEHHO BECOBOM

K03(pOUIIMEHT M KOJIMYECTBO IPYIII BarOHOB
Ha CTAaHLIMOHHBIX MYTSIX K MPULIETIKE B COOT-
BETCTBUM C TUTAHOM (POPMMPOBAHMUS,

ko, ™ — COOTBETCTBEHHO BECOBOU

omy omy

KO3 GUIIMEHT U KOJIUYECTBO I'PYIIT BATOHOB
B COCTaBe Ioe3/1a WIK MO/ HAKOTUIEHUEM K OT-
LIeTIKe Ha CTAaHLIMM Ha3HAYeHUs WK 0a30BOit
CTaHIINY;

ki), nh, — COOTBETCTBEHHO BECOBOI KOA(D-

(ULIMEHT M KOJIMYECTBO TPYIIT BaTOHOB B CO-
CcTaBe Ioe3/1a WJIM Ha CTAaHIIMOHHBIX ITYTSIX
K Mojiaye Ha rpy30Boii (hpOHT.

I1Ipu orpaHnYeHUSIX:

* obecrieyeHre CBOeBPEMEHHOTO TTOIBOIA

MOPOXXHUX BATOHOB Ha CTAHLIMM Ha3HAYEHMUSI:
TS B

npu = L pacu T ¥ peiie>

* HOBas CTaHIMI Ha3HAYEeHMs BaroHa
JIOJDKHA YIOBIIETBOPSITH TPEOOBAHUSM ITUIaHA
GopMHUPOBaHUS TPY30BBIX IMOE3I0B U IPYTHUX
HOPMATHBHBIX JTOKYMEHTOB, OMPEICISIOIINX
YCJIOBUSI OpraHU3aI MECTHOM pabOThI M pa-
OOTHI CTAHIIUI:

e, ek

* 110/1BO/A TPeOYeMOro KOJIMYECTBa Baro-
HOB B COOTBETCTBUH C 3asIBKAMU OTITPaBUTEIEN
10 TIeproJaM TUTAaHUPOBAHUS £

Z”:x(t)},- =q,(0);
=
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* HEINpeBbIIICHNE HATMYHON MPOMYCKHOMN
U TiepepadaThIBaIOIIeii CTOCOOHOCTH UCTIOJb-
3yeMbIX 00BEKTOB UH(MPPACTPYKTYPHI U MyTei
HeoOUIero MoJjb30BaHUs MO MepUoIaM IIaHu-
poBaHus r.

" n

22 x(0; S N();

J=1i=1

* COOTBETCTBME KOHCTPYKIIMOHHBIX OCO-
OeHHOCTel BaroHa (THUIT, MOJIEJb, XapaKTepU-
CTUKU MOJIEJTN ) AOTIOJTHUTEbHBIM TPEOOBaHU -
sIM 3as1BKU Ha MOTPY3KY:

hoeH,;

* IOCTaTOYHOCTU OCTAaTOYHOTrO Mpoodera
BaroHa Jio TIaHOBOTO PEMOHTA 7SI BBITIOJIHE-
HUS TUIAHUPYEMOW TEPEBO3KU:

[ > (I + 1),
roe f,,; — MpeanojiaraemMas nara norpy3ku

WX IJIAHOBOE BpeMsI IIPUOBITHSI BaroHa 1101
IOrPy3KY, Yac;

! ex — BPEMSL pacuéra, yac;

% — TUIAHUPYEMOE BpEMS JIOCTABKM Baro-
Ha OT TEKYILIETO COCTOSIHYSI IO CTAaHIIMY Ha3HAa-
YeHUsI, yac;

€, — KOJI CTaHLINN HA3HAYCHHSI j TOPOXKHE-
ro BaroHa Ioclie onepauuu «BUPTyaJlbHas
COPTUPOBKa»;

E;— nomyctimbie IMana3oHb! KOIOB CTaH-
LM Ha3HAYEHUST BATOHA, 3aBUCSIIIINE OT TEKY-
el TUCTIOKAINK I, TEXHOJIOTMYECKOTIO CO-
CTOSTHUSI, TUTaHa (pOpPMUPOBAHUS TPY30BbIX
MOE3/10B, TEXHOJIOTUY OpraHU3allui MECTHOM
paboThI;

x(7) ; — KOJIMYECTBO BArOHOB, CIICIYIOIINX
CO CTAHIIMU { Ha CTAHITUIO j TIOCJIE BBITIOJTHEHMSI
BUPTYaJIbHOM COPTUPOBKY TI0 TIEPHUOIaM TIIa-
HUPOBaHUI f;

qj(t) — (PyHKILIMS crpoca Ha TTIOPOXKHUE Ba-
TOHBI 10 CTAHIIMH j TTO TIeproaM TIIaHUPOBa-
HUS 1

N (f) — BO3MOXHOCTH IO MPOITYCKY WA
nepepaboTKe MMOPOXKHUX BATOHOITOTOKOB 00b-
€KTOB MH(PPACTPYKTYPHI 10 TIepHUOIaM TUTaHK -
pPOBaHWUS 1,

h; — mapaMeTpbl BaroHa, HalpPaBICHHOIO
Ha CTaHIIUIO j TOCJIE BUPTYaJIbHOM COPTUPOBKU;

H,— MHOXXeCTBO JIOTTYCTHMbIX TapaMeTPOB
BaroHa JUtsI 3as1BKU Ha IOTPY3KY 110 CTaHIIUM /;

0%

em — OCTATOUYHBIA npo6er BaroHa o ruia-

HOBOTO PEMOHTa, KM;

Jocm

ey — PACCTOSTHUE OT TEKYLLEH TUCTOKAIIH

BaroHa J0 CTaHLIMM ITOTPY3KH, KM;
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[} — pacCTOsSIHUE TUTAHUPYEMOT'O IPYKEHO-

Io pelica BaroHa B COOTBETCTBUM C 3asIBKOM Ha
MOTPY3KY, KM.

IlepectaHoBKa Ha3HAYEHMI TODKHA TIPO-
M3BOJMTCS B MAacCUBE MOPOXHUX BaroHOB
OIIHOTO orepaTopa (M1 KOHCOIUIMPOBAHHO-
IO ITapKa HECKOJILKIX OIIEPaTOPOB), IPUHSITHIX
K ITepeBO3KE 1 HE MOIaHHbIX Ha ITyTU HEOO111e-
ro moib3oBaHusA. [1o cyTH, 3TO yrouHeHME
pacripeiesieHrs BATOHOB 10 CTAHLIMSIM ITOrpy3-
KU C YYETOM MX TEKYILIETO COCTOSIHUS C LIEbIO
COKpallIeHUs pacxoa0B OTBETCTBEHHOM 3a 3TO
komraHuu (B HameM cirydae — OAO «P2K]I»)
Ha BbIMOJIHEHUE TT€PEBO3KHY MTPU COPTUPOBOY-
HOM M MaHEeBpPOBOM paboTe M COKpaIleHUS
HEIPOM3BOAUTENbHbIX OTNIEpaLIMi C TOPOXKHU-
MM BaroHaMM, BO3HUKAIOIIMMU U3-32 KOPPEK-
TUPOBKMU TJIaHA TPY30BOI pabOThl U HEPABHO-
MEPHOCTBIO ITPO/IBMKEHUSI BATOHOIIOTOKOB.

Pacuér croumocTu moposkHero peiica mpu
peanuzalyy TEXHOJOTUU BUPTYaTbHOM COPTU-
POBKM IOJIKEH BBITIOHSTHCS 11O (DAKTUIECKO-
MY PacCTOSIHMIO, KOTOPOE MPOLLET MOPOXKHUIA
BaroH.

STANblI BHEOPEHUSA

YauThIBast CIIOKHOCTH TEXHOJIOTMY BUPTY-
aJTbHOM COPTUPOBKU MOPOXKHUX BarOHOB 1Ie-
JIecooOpa3HO OpraHM30BaTh €€ BHEAPEHUE
B HECKOJIHKO 3TArOB.

1-i1 5man: BLINOJIHEHUE BUPTYaJIbHOI COpP-
TUPOBKU B PyYHOM PEXUME 1 B COCTaBE OMHO-
romoe3na. Ha maHHOM aTarie orpabaThIBaeTCs:

+ B3aumoreiictBre ACY orieparopa BATOHOB
¢ MH(OPMAITMOHHO-YTIPABJISTIONIMU CUCTeMa-
mu OAO «PXK]1» Byact hopMupoBaHusi orpa-
HUYECHWI Ha 3aMeHY Ha3HAYeHUI TTOPOKHIX
BaroHoB (cM. puc. 1), ¢ yuéTtoM TuIa U KOH-
CTPYKIIMOHHBIX OCOOEHHOCTE BATOHOB;

* MH(MOPMAIIMOHHOE 00eCIIeYeHNEe TEXHO-
JIOTUU OTIepallii BUPTYAIbHOM COPTUPOBKU
B ACY OAO «PXK]l».

2-ii 5man: peann3anysi BUPTyaJIbHOM cop-
TUPOBKU BHYTPY MAaccuBa TOE3M0B, CIEIYIO-
11X B pachopMUpOBaHNUE HA OIHY COPTUPO-
BOUHyI0 ctaHuuio. Ha naHHom atamne Oynet
OTpabaThIBATHCSI 3aMeHAa Ha3HAYEHWIT MEXIy
MMOPOXXKHUMHU BarOHAMH, CJICIYIOIINMU B pa3-
HBIX ITOE3/1aX.

3-il 5man: peann3aiysi BUPTYaJIbHOM cop-
TUPOBKU JIJIST TOPOKHUX BATOHOB, CJICIYIOIIINX
B MeCTHOM coobieHnuu. Ha ganHoM aTtame
OyzmeT oTpadaThIBaThCsl BUPTYaJbHASI COPTH-
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pOBKa BATOHOB B MECTHOW paboTe ¢ YaCTUYHOMN
IMOA0OPKOIT TPYIIIT BarOHOB K OTIEIKE/TIPH-
LIETIKe, ITo/1a4ye Ha rpy30Bbie (DPOHTHI.

4-ii sman: peanuzaiys BUPTyaJIbHON COp-
TUPOBKU JIJIST TIOPOXKHUX BAarOHOB HAa CETEBOM
YPOBHE ¢ TepepacrpeneieHueM MOPOKHUX
BaroHOB B MacilTabax CETU B COOTBETCTBUU
C 3aJJaHHBIMM OrpaHMuYeHUsIMU. Ha maHHOM
JTare oTpabaThIBAeTCsT B3aUMOIEUCTBHE C OTTe-
paTopaMu TIOABUKHOTO COCTaBa IO 3aMeHe
YaCcTU HeaKTyaJIbHBIX HA3HAYCHU I TTIOPOKHUX
BaroHOB aKTyaJIbHbIMU, TIOJIBOJ] TTOPOXKHUX
BaroHOB K CPOYHBIM 3asiBKaM U BOCTIOJTHEHUE
«IIOTePY TIOTPY304YHOTO pecypca» 3a CUET me-
pepacripenejieHus] UX Ha3HAYeHUU B MyTH
CJIeIOBaHUsI, YCKOPEHHOTO (hOPMUPOBAHUS
COCTaBOB 3a CUYET BUPTYaAJbHOTO CTYIICHUS
MOJIBOJa BarOHOB 3a/JlaHHBIX Ha3HAYeHUI
K COPTUPOBOYHOM CTAHIIMH.

5-i1 sman: peanv3auys BUPTYaIbHOU cop-
TUPOBKU JUIST TIOPOKHUX BarOHOB pa3HBIX
cob0cTBeHHUKOB. [lepepacripeneneHue Ha3Ha-
YEeHU I TOPOKHUX BATOHOB Pa3HBIX COOCTBEH -
HMKOB C LIEJIBIO IOCTVKEHUS MUHUMYMa 11eJie-
BOW (DyHKIIUMU.

BbiBOdbl

OCHOBHOIi BBIBOJ, KOTOPBIN CIIEAYyeT U3
TPOBENEHHOTO UCCIEA0BAHNS, — 3TO BO3MOX-
HOCTb TOJIyUeHUST MMO3UTUBHOTO 3 dekTa,
B MEPBYIO OYepPelb, IKOHOMUYECKOTO, TTPU
BHEIPEHUU TEXHOJIOTUY BUPTYAJIBHOU COPTHU-
POBKU JIJT1 BCEX YYACTHUKOB MEPEBO30YHOTO
mporecca.

DKoHOMMYECKNI d(PDEKT TSI OTBETCTBEH-
HOW 3a TIPOLIECC COPTUPOBKH MTOPOKHUX Baro-
HOB KoMmmaHuu (B HameM ciydae — OAO
«P2XK/») npu peainzaliivi TEXHOJIOTUU BUPTY-
ATbHOW COPTUPOBKU MOPOXHUX BarOHOB J10-
CTUTAETCS 3a CYET CIIEAYIOIINX COCTABIISIOIINX:

* COKpallleHWE pacXoioB Ha NepepadoTKy
TPAH3UTHBIX BATOHOTIOTOKOB;

* CHIXEHME PUCKOB HEOOECTIeUYeHUS MOo-
Tpy3KU MOPOKHUMU BATOHAMU U TIPUBJICYCHUE
JTOTTOJTHUTEJIBHBIX O0BEMOB MOTPY3KU;

* YCKOpEeHWe 000poTa BATOHOB, YTO MTO3BO-
JIUT TIOBBICUTh KOHKYPEHTOCTIOCOOHOCTbD Ke-
JIE3HOOPOKHOTO TPAHCITOPTa;

* COKpAllleHWE PAcXoJ0B M BPEMEHM Ha
pacopMHpOBaHNE COCTABOB ITPU COKPAIICHNAN
B HUX KOJINYECTBA OTLEIIOB;

* YCKOpPEHME HAaKOTUICHNSI COCTABOB 3a CYET
BUPTYAIHOTO (hOPMUPOBAHUST 3aMBIKAIOTIINX
TPYTIIT BATOHOB [UIS1 HAKATJTMBAEMbIX COCTABOB
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TTOE€37I0B ¥ BUPTYAJILHOTO CTYIICHUST ITOIBOIA
BaroHOB B OT/AEJIbHBIC TIEPHOIbI;

* COKpallleHMe MaHEeBPOBOI pabOThI Ha
CTaHLMSIX IPY30BBIX OIEpaLiMii IIpU 1Ioadope
TCPYIII BaroOHOB JJis MMOJA4Yy Ha IPY30BOM
(G pOHT, IpUIIeNKe,/OTIEITKE BATOHOB OT COCTa-
BOB I10€3110B M IPYTUX OICPALIMIA.

DKoHOMUYEeCKHI 3(PDEKT I omepaTop-
CKMX KOMITAHHWI JOCTUTACTCS 110 CICAYIOIINM
COCTaBJISTIOLIIM:

* COKpallleHUe MOBTOPHBIX MOPOXHMUX
pelicoB BarOHOB, IIPOCTOEB B OXUITAHUN TI0-
TPY3KH, CIIy4acB ITO3THETO ITPUOBITHS BATOHOB
Ha CTaHIIUIO CIIPOCa;

* 3aMeHa HeaKTyaJbHbIX Ha3HAYCHUI 110~
POKHUX BATOHOB aKTyaJbHBIMU U BOCIIOJIHE-
HUS TTOTEPU TTOTPY309HOTO pecypca B ITpoliec-
ce JIOCTaBKH;

* mepepacnpeneieHe Ha3HAYeHUI 10~
POXKHIX BaTOHOB C YIETOM HEPAaBHOMEPHOCTH
MpoTIycKa IMTOPOXHETO BAarOHOITOTOKA;

* TapuurKalys TOPOKHEro peiica BArOHOB
110 (haKTUYECKU PO HHOMY PACCTOSIHUIO OT
CTaHIIMU BBITPY3KHU IO CTAaHIIMU TTOTPY3KHU 0e3
yuéTa U3MEHEHUs Ha3HAYEHUII BATOHOB IIPU
OIepaly BUPTYaJIbHOI COPTUPOBKU MTOPOXK-
HMX BarOHOB.
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Virtual Sorting: Improving
Organization of Moving and
Processing of Empty Car Flows

Andrey A. SHATOKHIN

ABSTRACT

The growth in railway cargo carriage,
followed by the search for its more efficient
implementation results in the need to improve
the regulatory framework for interaction of all
participants in the transportation process on
railways and the technology of organization of
moving and processing of car flows on public
tracks, reducing existing costs. This explains
topicality of reducing shunting operations
through flexible arrangement of wagons by
destination stations.

The objective of the study is to develop the
technology of «virtual sorting of empty cars».
The work has used methods of system analysis
and the specific tools of railway traffic
management and control.

Shatokhin, Andrey A., JSC NIIAS, Moscow, Russia*.

The technology is based on replacing physical
rearrangement of empty cars when performing
shunting work by introducing changes into the
documents, that accompany the car, regarding
the destination station and the recipient.

It allows to reduce the planning horizon of
turnover of empty cars by clarifying their
destination assignments within the delivery
process and, as a consequence, to obtain a
significant economic effect by reducing the costs
of processing transit car flows, by reducing the
risks of not providing empty cars for loading, by
attracting additional loading volumes, by
accelerating the turnover of cars and other effects.
Ultimately, the implementation of the suggested
technology can increase the competitiveness of
railway transport.

Keywords: railway transport, empty car control, balance method, distribution of empty cars,
application for loading, destination stations, virtual sorting, cost reduction, acceleration of

movement and processing of cars.
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Background. The main changes on the
railways of the Russian Federation during
the transition from the balance method of
managing empty car flows to the market
method referred to the procedure of
directing empty cars to the loading stations.
If earlier the delivery of empty cars was
carried out according to the adjustment
assignments using the balance method, and
the loading stations were determined by the
dispatching personnel at the shift-daily
planning stage, then currently the empty car
is directed to destination according to the
complete set of transportation documents
indicating the destination station and the
recipient of the car [1, 2].

Under such conditions, the distribution
of empty cars by loading station was
performed not at the stage of shift-daily
planning, but much earlier (up to 7 days
before or earlier) depending on the run time
of the empty run, which significantly
reduced the accuracy of planning of their
operation [3—6].

Due to the assignment of exact stations
of destination for all empty cars [that is the
destination is linked to the wagon’s
registration (reference) number], the
volume of sorting and shunting work at
technical and cargo stations increased.
Empty cars of the same type and belonging
to the same owner have to be processed in
accordance with their destination, regardless
of their location on the station tracks and
within the train. At the same time, it is
important for the recipient to get timely
supply of cars of a certain type and design
features regardless of their registration
(reference) number.

On many foreign railways, empty cars are
tightly tied to destination stations and
senders, since this is justified by the
significantly smaller distance of the empty
car’sjourney, high rolling stock specialization
and transport routing, as well as by
availability of developed infrastructure and
relatively low intensity of its use [7, 8].
Nevertheless, the situation described above,
in the author’s opinion, can also take shape
on the railways of other countries, which
makes the problem and the purpose of the
study quite universal.

The main hypothesis for the study is that
the amount of shunting work can be reduced
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when moving from rigid scheme of binding
cars to destination stations to flexible
model, when changes in the appointment of
empty cars of the same type and design
features are allowed.

The objective of the research is to
consider virtual sorting process for empty
car flows. The author uses general scientific
and engineering methods, mathematical
methods, comparative analysis, railway
traffic control analytic tools.

Results.

Virtual sorting: tasks and solutions

In the virtual redistribution of empty cars
by destination stations, it is necessary to
consider not only the type of rolling stock,
but also the design features of the cars as for
their carrying capacity, body volume and
others. To do this, it is necessary first to
perform a decomposition of:

« fleet of carsaccording to all parameters,
which are taken into account when
distributing empty cars for loading;

* requests for loading according to
permissible parameters of cars.

Regarding those cars this will allow to
replace their physical rearrangement by
performing shunting work with a change in
the accompanying documents of the
destination station and of the recipient.

Such virtual sorting of empty cars will
allow to:

» reduce the amount of shunting work
at the stations performing cargo operations
thanks to a partial virtual selection of groups
of cars for coupling and supply;

» reduce the volume and speed up the
performance of sorting work at technical
stations, thanks to the reduced number of
cuts within the trains;

» reduce the time of accumulation of
trains thanks to the virtual formation of
closing groups and/or to virtual thickening
of the supply of cars cumulated for a
destination;

* increase the distance range of technical
routes thanks to formation of trains for more
distant destinations with a virtual
condensation of the supply of empty car
flows assigned to a specific destination.

Transition to this technology will also be
beneficial for large car operators, since it
will be possible to replace irrelevant stations
of destination of empty cars with current
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After virtual movement of packages of electronic shipping documents
between empty cars of the same type and of the same operator, the number
of uncoupling operations in the train was reduced by 8
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code of the destination station

group of cars, except for empty gondola cars of JSC FFC;
group of empty open cars of JSC FFC with indication of ESR (single rail network setting)

boundaries between uncoupled sections in a train

virtual sorting of cars with rearrangement of their destination points

Pic. 1. Decrease in number of uncoupling operations at the example of a particular train.

ones, to quickly compensate for the loss of
loading resources within the limitations set
by the train formation plan and other
regulatory documents that determine the
conditions for organizing local work and
stations’ work.

It will also reduce the risks associated with
uneven transit of empty car flows and possible
changes in loading plans due to planning of
the supply of empty cars for loading for many
days [9]. Considering the tendency to
consolidation of carrier companies, the
efficiency of using this technology will
increase, since the share of cars of individual
operators in the total car flow will increase.

Analysis of marked wagon lists of freight
trains containing empty open cars of JSC
First Freight Company (JSC FFC) showed
the feasibility of performing virtual sorting
of appointments for them even within one
train. So, in some cases (Pic. 1), it is possible
to reduce the number of uncoupling
operations in the train by 6—7 operations,
which will accelerate the speed of the sorting
of a train’s cars at a sorting station. Also,
the technology of virtual sorting will reduce
the volume of shunting work at stations,
when the selection of groups of empty cars
for moving them to the cargo loading
facilities, for coupling to trains and other
operations will be performed by virtual
rearrangement of appointment of cars’
destination in electronic documents, rather
than by physical moving of the cars.

Target function

The target function of efficient virtual
sorting of empty cars should ensure
minimization of the number of groups of
cars of one and the same destination in
trains and on station tracks:
Dk + kgl + Kieug M + innt® ) = min,

S

where Kk, M, are, respectively, the

weighting coefficient and the number of
uncoupling operations in the train or on
station tracks (during accumulation);

kb, n% — respectively, the weighting

coup> "eoup

coefficient and the number of groups of cars
on station tracks prepared for coupling
operations in accordance with the formation
plan;

loc

K ons Py — Tespectively, the weighting

coefficient and the number of groups of cars
in the train or cumulated for further uncoupling
operations at the destination station or at core
station;

feareo  peareo
sup ? sup

— respectively, the weighting

coefficient and the number of groups of cars
in the train or on station tracks prepared to be
supplied to the cargo loading facilities;
Constrains to be met:
 ensuring timely supply of empty cars at

the destination station:
1>t 1Y

arr cale run

* new car’s destination station must meet
the requirements of the freight train formation
plan and other regulatory documents defining
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the conditions for organizing local work and
station operation:
e ek
* supply of the required number of cars in
accordance with the applications of the senders

for planning periods #:
21, =4,0);

* non-exceedance of the available
throughput and processing capacity of the used
infrastructure facilities and of non-public tracks
during planning periods

SIS0, < N, 0;

Jj=1i=1

« compliance of the car’s design features
(type, model, model characteristics) with the
additional requirements of the application for
loading:

hoeH,;

« sufficiency of the residual run of the car
until the scheduled repair/maintenance to
perform the planned transportation:

(e, +10,),

est

where ¢, is estimated date of loading or

planned time of arrival of the car for loading,
hours;

t . — time of calculation, hours;

" — estimated time of delivery of the car

from the current position to the destination
station, hours;

e, — code of the destination station j of the
empty car after the «virtual sorting» operation;

Eg- — allowable range of codes of destination
station of the car, depending on the current
location i, technological condition, plan for
formation of freight trains, technology for
organizing local work;

x(7) i number of cars moving from station
i to station j after virtual sorting according to
planning periods t;

qj(t) — function of demand for empty cars
at station j for planning periods

N, (1) — capacity to allow passing or to
process empty car flows of infrastructure
facilities for planning periods #;

hj — parameters of the car, sent to station j
after virtual sorting;

Hj — set of permissible parameters of the car
for the application for loading at station j;

I —residual car mileage before scheduled

maintenance, km;
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Jres

empty

— distance from the current location

of the car to the loading station, km;
1", —planned travel distance of the loaded

car in accordance with the application for
loading, km.

The rearrangement of appointments should
be made in an array of empty cars of one and
the same operator (or regarding a consolidated
fleet of several operators) accepted for
transportation and not supplied to the track of
non-public use. Essentially, this is a refinement
of distribution of cars by loading stations, taking
into account their current state in order to
reduce the costs of the company responsible
for this (in our case, JSC Russian Railways) to
carry out transportation during sorting and
shunting work and to reduce unproductive
operations with empty cars due to adjustment
of the cargo handling plan and the uneven
movement of the car flows.

The calculation of the cost of an empty car’s
travel when implementing a virtual sorting
technology should be performed regarding the
actual distance that the empty car has traveled.

Stages of implementation

Given the complexity of the technology of
virtual sorting of empty cars, it is advisable to
organize its implementation through several
stages.

1% stage: performing virtual sorting in
manual mode and regarding a single train. At
this stage, the following is fulfilled:

* interaction of automated control systems
(ACS) of the car operator with information
management systems of JSC Russian Railways
in terms of development of restrictions on
rearrangement of appointments of empty cars
(Pic. 1), taking into account the type and design
features of the cars;

« information support of the virtual sorting
technology operation in the automated control
system of JSC Russian Railways.

2" stage: implementation of virtual sorting
within the array of trains, which are to be sorted
at one and the same sorting station. At this
stage, rearrangement of appointments between
empty cars in different trains will be made.

3 stage: implementation of virtual sorting
for empty cars moving within local traffic. At
this stage, virtual sorting of cars operated locally
with a partial selection of groups of cars for
uncoupling/coupling and for supplying to cargo
loading facilities will be made.

Shatokhin, Andrey A. Virtual Sorting: Improving Organization of Moving and Processing of Empty Car Flows



4" stage: implementation of virtual sorting
for empty cars at the network level with
redistribution of empty cars along the
network in accordance with the specified
constraints. At this stage, interaction with
rolling stock operators is being organized in
terms of replacing part of irrelevant
appointments of empty cars with currently
required destinations, supplying empty cars
to meet urgent requests and replenishing the
«loss of loading resource» due to redistribution
of their assignments during the transit
process, accelerated formation of trains
thanks to virtual thickening of the cars’
supply of assigned destinations to the sorting
station.

5" stage: implementation of virtual sorting
for empty cars of different owners.
Redistribution of appointments of empty cars
of different owners is made in order to
achieve the minimum of the target function.

Conclusions. The main conclusion that
follows from the conducted research is the
proved possibility of obtaining a positive
effect, first of all, an economic one, when
introducing the technology of virtual sorting
for all participants in the transportation
process.

The economic effect for the company
responsible for the sorting process of empty
cars (in our case, JSC Russian Railways)
when implementing the technology of virtual
sorting of empty cars is achieved thanks to
the results that follow:

» reduction of costs of processing of
transit car flows;

» reducing the risks of not providing
empty cars for loading and attracting
additional loading volumes;

* acceleration of car turnover, increasing
thus the competitiveness of railway transport;

 reduction of costs and time for sorting
trains, thanks to diminished number of
uncoupling operations;

* acceleration of accumulation of trains
thanks to the virtual formation of closure
groups of cars for accumulated trains and
virtual thickening of supply of cars in certain
periods;

* reduction of shunting work at the
stations of cargo operations during selection
of groups of cars to be supplied to the cargo
loading facilities and coupling / uncoupling
of cars from trains and other operations.

The economic effect for carrier companies
is achieved through the following:

+ reduction of repeated empty voyages of
cars, of downtime during waiting for loading,
of cases of late arrival of cars to the station of
demand;

 replacement of irrelevant appointments
ofempty carswith actual onesand replenishment
of the loss of the loading resource in the process
of delivery;

« redistribution of appointments of empty
cars, taking into account the unevenness of the
empty car flow;

« tariffing of an empty voyage of cars
according to the actual distance traveled from
the unloading station to the loading station
without taking into account the change in the
car assignments during the operation of virtual
sorting of empty cars.
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HAYKA N TEXHWKA

CoBepLueHCTBOBaHUE
MEeTOAMKU pacyeTa napamMmeTpoB
COPTUPOBOYHbIX FOPOK

Wean CTAPLLOB

Banepuit KOB3EB

«P2XKJI», Mockea, Poccus.

B paboTe npeacTtasieH HOBbIV NoAXoA K BbIOOPY
pPacyETHLIX HOPMATVBOB MPU NMPOEKTUPOBaHUN COP-
TUPOBOYHBIX FOPOK, KOTOPbIE SIBASIIOTCS OAHUM U3
BaXXHEWLLNX 3/1eMEHTOB Xe/1€3HOLOPOXHbIX CTAHLIA.
BbicOTa COPTUPOBOYHbLIX FOPOK SIBASIETCS Onpeae-
NISOLUMM 11apamMeTpoM B 06ecrne4eHny ycrieLuHom
v 6e3onacHovi paboTbl Mo PachopPMUPOBAHUNIO CO-
CTaBOB Ha cTaHuusx. Hambonbliee BansHue Ha
PacyETHYIO BbICOTY COPTUPOBOYHBIX FTOPOK OKa3blBa-
10T AnmHa rnpobera v BesimyyHa OCHOBHOIO Y4e/1bHO-
ro CornpOTUBIIEHNS IBUXEHUIO PACYETHBIX OErYHOB.

B cBsi3u ¢ u3MeHeHueM B HacTosiLee BpeMsi
CTPYKTYpbI rnepepabarbiBaeMoro BaroHornoToka Ha
cTaHumsix TpebyeTcsi NepecMoTP CYyLLECTBYIOLLNX
meToavk. Lenbio nccnenoBaHus siBsieTcs nepe-
CMOTP CYLLECTBYIOLLEel MeToaAnK/ Bbibopa pacyér-
HOro 6eryHa mv pac4éTHOM TOYKM Py ONpPeaeneHnn
PacHYETHOW BbICOTbI COPTUPOBOYHbIX FOPOK.

Esrenuii CbIYEB

Cmapwoe Hean Ilempoeun — Poccuiickuii ynusepcumem mpancnopma, Mockea, Poccus.
Koo63eeé Baaepuii Anamoaveeun — [Ipoexmmuo-koncmpykmopckoe 610po no ungpacmpykmype — gpuauas OAO

Cotuée Eeeenuii Heanoeuu — Poccuiickuii ynusepcumem mpancnopma, Mockea, Poccus*®.

o pesynbTaram npoBeaEHHOro ¢ NCroJib30B8a-
HUeM MeTonoB CTaTUCTUYECKOro U maremaruye-
CKOro aHasnavi3a vccrienoBaHns Bec PacyE€THOro
bOeryHa npeanaraeTcsi onpeaensTs no cpegHen
Be/IMYMHE BCero BaroHornoToka, nepepabarsiBae-
MOro Ha COPTUPOBOYHOM ropKe, a pPacyETHYIo
A7VHY npobera n pacyéTHY TOYKY MPUHUMATh
C y4ETOM 0J1€3HOV [JINHBI U YKIIOHOB COPTUPOBOY-
HbIX [yTeN. [IpUMEeHeHne NPeaIoXEeHHbIX UISMEHEHWI
B METoAvIKe onpeaeneHns noTpebHow BbICOTbI COp-
TUPOBOYHbLIX rOPOK ByAeT criocobCTBOBATH MOBbILLIE-
HUIO 3¢ PekTMBHOCTN 1 6€30MacHOCTU nx PaboThl.
MeTtogonorus nccnenosaHus, NPy TOM, 470 Hero-
CpeAcTBEHHO LnpPOBbIe BbIBOAbI MPeAHa3Ha4YeHbl
/19 UCIOJIb30BAHNS HA POCCUMCKUX XENIe3HbIX [0~
porax, TeM He MeHee MOXET ObiTb MPUMEeHeHa npu
npoBeAeHNV aHaI0rMYyHOro aHaan3a B yCJ/10BUSX
J1I0ObIX APYrvX Xes1e3HbIX JOPOr.

KnoyeBble ci0Ba: Xene3HoA0POXHbIV TPAHCMOPT, CTaHLMSI, COPTUPOBOYHAST rOPKa, BaroH, PacYETHbIN
6eryH, napameTpbl COPTUPOBOYHbIX FOPOK, METOAMKA PacyéeTa.

*Nudopmanms 06 aBTopax:

For the English text of the article please see p. 94.
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OPTUPOBOYHBIE TOPKHU SIBJISIIOTCST OTHUM
13 BaKHEUIIINX 3JIEMEHTOB XeJIe3HOI0-
POXKHBIX CTAHIIHIA TIO PAaChOPMUPOBAHUIO

1 (hOpMMPOBAHUIO BarOHOIIOTOKOB Ha CETH JKe-

JIe3HBIX TOpor. OTpenessiomuM apaMeTpoM

B 00ecrieYeHnH yCenIHO! 1 6e30MmacHOi paboThI

1Mo pachopMHMPOBAHUIO COCTABOB HA CTAHITMSIX

SIBJISIETCS TIOTPEOHAsT BBICOTA COPTUPOBOYHBIX

TOPOK, KOTOpast 3aBUCUT OT MHOTHX (DPaKTOPOB:

0COOEHHOCTEI TIepepadaThIBAEMOTO BAaTOHOTIOTO-

Ka, XOIOBBIX CBOMCTB BaroHOB, XapaKTEPUCTUK

MyTH, METEOPOIOTMYECKUX YcIoBuil. Hanboss-

111ee BJIMSHUE Ha BBICOTY COPTHPOBOYHBIX TOPOK,

KaK ITOKa3bIBAIOT OTIBIT M COOTBETCTBYIOIINE Pe-

3yJITAThl CTATUCTMYECKOTO ¥ MaTeMaTUYECKOTO

aHaJIM3a, OKa3bIBAIOT PacuéTHasl JUIMHA Tpobera

BaroHOB U BEJIMYMHA OCHOBHOTO YIEILHOTO CO-

TIPOTUBJIEHUS IBMKEHUIO PACUETHBIX OETYHOB.

B uTepaTypHBIX NCTOYHUKAX M POCCUICKMX
JEeHCTBYIONIMX HOPMAaTUBHBIX TOKYMEHTAX IO
MPOEKTUPOBAHUIO COPTUPOBOYHBIX YCTPONCTB
[1—5] pacuéTHas BbICOTa COPTMPOBOYHBIX TOPOK
(Hp) onpeJessieTcsl Mo yCIOBUIO AOKAThIBAHMS
pacuétHoro 6eryHa (Tura BaroHa M ero Macchl) 10
pacuétHoil Touku (PT) ¢ yuétom ero xomoBbIX
CBOICTB, XapaKTepUCTUK TTyTH, KPUBBIX U CTPe-
JIOK, METEOPOJIOTUIECKUX JaHHBIX, COOTBET-
CTBYIOLIMX PACUETHOMY MECHILY:

LT (M
fLow 107 Yoy

e Y cH 20"’
g

K
H, =175 Lw, + > (4w, +0,56v2n, +0,23v?4%) 107 +
i=1

rie 1,75 — Koo UIMEHT OTKITOHEHHS PACYETHBIX
3HAYCHU yIebHBIX COTTPOTHBIICHWIA TBIKEHUIO
OT UX CPETHUX 3HAUCHMIA;

Lp — pacu€THas JjIMHa mpobera BaroHa oT
BepILMHbI ropku 10 PT, m;

W, — OCHOBHO€ Y/IEJIbHOE COMPOTUBIECHHE
JBIKEHUIO BaTOHOB, KI'C/TC;

W_ — YAENbHOE CONPOTHBIIEHUE JBXEHMIO
BaroHa OT BO3MYIITHOM Cpebl K BETpa, KIC/TC;

0,56vl.210'3 — CpemHsis ynenbHas paboTa cui

CONPOTHBIICHMS ABMXKCHUIO BATOHA OT YIapOB 00
OCTPSIKM, KPECTOBMHY Y KOHTPPEJIbChI OHOTO
CTPEJIOYHOrO IIepeBo/ia, M 5H. B.;

V, — CPEe/IHssA CKOPOCTb JIBMXEHMSA BaroHa Ha
PaCcYETHOM i-OM yJacTKe, M/C;

N . — YKCJIO CTPEJIOYHBIX IEPEBOIOB Ha IIyTH

C1

CIICIOBAHMS BaroHa Io i-My pac4€THOMY YJacTKY;

0,23\).210_3 — CpeaHdad yacjabHasda pa60Ta
1

(B MeTpax 3HepPreTUYeCKOi BHICOTHI) CHJT COTIPO-
TUBJICHUS IBMXEHMIO BarOHA Ha POJIMKOBBIX
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MTOIIIUITHIKAX B KPUBBIX YIaCTKAX ITYyTH Ha KaX-
IIbIiA TpayC yIia oBopoTa;
. — CyMMa YIJIOB IOBOpOTa B (Tpamycax)
Kl

B KPMBBIX, BKJII0YAsl IIEPEBOIHBIC KPUBBIE CTPE-
JIOYHBIX IIEPEBOJOB, Ha PACYETHOM i-OM y4ACTKE;
L., — paccTosHue OT Hayaa roJJOBHOIO CTpe-
JIOYHOTO IePeBO/Ia Iy4Ka COPTUPOBOYHBIX ITyTei
IO PaCU€THOM TOYKHU, M;
W, — CpelHee YAeJbHOEe CONPOTUBIEHUE

C

JIBIDKEHUIO BarOHA OT CHEra U MHesl,
'
2g’'

KMHETUYECKas SHEPIHsl), COOTBETCTBYIOLIAS pac-

YETHOI CKOPOCTH POCITYCKa COCTaBa M 9H.B.;

V, — Pacy€THas CKOPOCTh POCITYCKa COCTaBa,
M/C;

g’ = g/(1+ g) — BenMuUMHA YCKOPEHUS CUIIBI
TSDKECTU BaroHa ¢ Y4€TOM BJIMSIHUSL MTHEPLIUK €TI0
BpalLlaIOIIMXCsI Mace, M/c?;

£=0,42 n /q — K03 PULMEHT, yIUTHIBAIOLIMIA
BJIMSIHUE MHEPLIMK BPAIAIOLIMXCS MACC BarOHa,

n,, q — COOTBETCTBEHHO YMCIIO OCEil U BeC
pacuérHoro OeryHa OpyTTO, TC.

Pacuérnas Touka (PT) mpuHuMaeTcs Ha pac-
YETHOM TPYAHOM (TIO YCJIOBUSIM JIBUXEHUS Baro-
HOB I10 YKJIOHaM, KPMBBIM U CTPEJIOYHBIM Y4acT-
KaM) COPTHPOBOYHOM IYTH Ha paccTossHuu 50
METPOB OT BHIXOIHOI'O KOHIIa TapKOBOIi TOPMO3-
HOU TIO3ULIMU, TIPU STOM I10jI€3Hasl IIMHA apKO-
BBIX ITyTeii HE YUYUTBIBACTCSI.

Bec pacuérHoro GeryHa ycraHaBimMBaeTcs |3,
¢. 25] Ha OCHOBAaHUM aHAJIN3a CTPYKTYPhI BATOHO-
II0TOKA, IepepadaThiBAEMOI0 Ha TOpKe B Haubosiee
HanpseKEHHBIM M HeO1aronmpUSITHBIIN TIEpUOJI roa.
Ecmu nepepabaTbiBaeMblii BATOHOIIOTOK OTHOCHUT-
€1 K CMELIIaHHOMY THITY (4MCJIO JISTKOBECHBIX Ba-
TOHOB cocTapJisieT 6osiee 10 %), To Bec pac4€THOIO
OeryHa IpUHUMAETCS KakK CpeIHEB3BEIIEHHOE
3HaYeHKE Beca BArOHA B BbIIEICHHOM TPYIIIIE JIeT-
KOBECHBIX BaroHoB. Eciu mepepabaTbiBaeMblii
BaroHOIOTOK OTHOCHUTCS K TPYKEHOMY TUITY (41C-
JI0 JIETKOBECHBIX BaroHoB MeHee 10 %), To Bec
pacu€THoro 6eryHa mpuHUMAeTCs Kak CpeIHeB3Be-
LIEHHOE 3HA4YeHME Beca BaroHa B BbIICICHHOMU
rpyre (0kojo 10 % BaroHOIOTOKA), COCTOSILEH
13 BarOHOB JIETKO ¥ CpeIHEl BECOBBIX KATETOPHIA.

OCHOBHOE yJIeJIbHOE COIPOTHUBICHHE IBIKE-
HUIO BAaTOHOB TIPY CKATbIBAHMU UX C TOPKHU pac-
CMaTpMBaeTCsl KaK CIydaiiHast BeJIMYMHa, pacipe-
JIeJIeHre KOTOPOM MOXHO aIlllpOKCUMUPOBAThH
ramma-pacnpegenenueM [35, c. 20; 6, c. 127].
YucrneHHble 3HAYEHNS W, TIPMHUMAKOTCS BHE 3a-

=h —HepreTMyeCcKas BbICOTA (yIeTbHast
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Ta0muua 1

YucoBble XapaKTEPUCTHKH pacnpenenenus w,, (Kre/Tc)
JUIS1 PA3JINYHBIX BECOBBIX KATErOpPHii BATOHOB

Jlnana3oH Beca BecoBas kaTeropusi BATOHOB YucnoBble XapaKTePUCTUKU PACTIPEACTICHUS
BaroHoB, g, TC W, KIC/TC
HaumeHoBaHue O0603HaYeHNEe CpeaHee 3HaUeHUE CpenHee
W, KBaJIpaTUIHOE
OTKJIOHEHUE

o 28 JIérkas J 1,75 0,67

28—44 Jlerko-cpenHsisi JIC 1,54 0,59

44—60 CpenHss C 1,40 0,50

60—72 CpenHe-Tsoxénast CT 1,25 0,38

Cabitire 72 Taxénas T 1,23 0,35

BHUCHMOCTH OT TeMITepaTyphl HAPYKHOTO BO3IyXa
MIPUMEHUTETLHO K BECOBBIM KAaTETOPHUSIM OIMHOY-
HBIX BATOHOB B COOTBETCTBUY C TAOIMIICH 1.

[1pu BBITIOJTHEHNM TOPOYHBIX KOHCTPYKTOP-
CKHX U TeXHOJIOTHIECKHUX ITOBEPOUHBIX PACUETOB
3HAYECHUS OCHOBHOTO YICTHHOTO COTPOTHUBIICHUS
W, IBUKEHHIO PACYETHBIX OETYHOB OOBIYHO ITPH-
HHMAFOTCS CIICIYIOIIMU:

* oyeHb oxoii oeryH (OIl) — 4,5 krc/1c;
mroxoii oeryH (IT) — 4,0 xre/Tc;

+ xopommii 6eryH (X) — 0,8 Krc/Tc; 09eHb
xoporuii 6eryH (OX) — 0,5 Kre/Tc, T ecTh 001t
pa3dpoc CONMPOTUBIICHUI IBIKEHUIO TOCTATOYHO
OOJIbLION.

st Gonmee TOYHOTO y4éTa BIMSIHUS Beca Ba-
TOHOB OCHOBHOE YIeJTbHOE COIIPOTUBIICHHE TBH-
JKCHMIO BATOHOB M CpeIHEE KBAAPATHUHOE OTKIIO-
HEHHE MOTYT PaCcCUUTHIBATHCS IT0 (DOpMYIaM:
w, = 188/ q+80, 2)
c, =67/ q+80. 3)

[IpakTuka mokasbiBaeT, YTO HauOOJIbIIEE
Biusinue (60—65 %) Ha BBICOTY COPTUPOBOYHBIX
TOpPOK 0Ka3bIBAalOT pacuéTHas UIMHa Tpobdera
1 BeIMYMHA OCHOBHOT'O YIEJIbHOIO COMPOTUBIC-
HUSI IBUKEHUIO, TIO3TOMY BHIOOD ¥ 000CHOBaHUE
STUX BEJMYMH SIBJISIETCSI BaXXHBIM (PaKTOPOM
B OMpeie/IeHUH ONITUMAJIbHBIX TApaMeTPOB FOPKHU.

BJINSHUE USMEHUBLLUXCSA YC/IOBUIA
B Hacrosiiiee Bpemst CyIIeCTBEHHO M3MEHH-
JIICh 9KCILTyaTallMOHHbIE YCIIOBUS pabOThI JKee3-
HbIX gopor Poccuu [7, c. 12; 8, c. 34], moatomy
BBIOOD TOJIBKO 10 % BaroHONOTOKA ITPH OITpeIesie-
HUM PACYETHOM BEJIMYMHBI W HE OTPAXKAET COBPE-
MEHHbIC pealbHbIe YCIOBUSI PabOThI ropoK. Tak,
ripu niepexone B eprosn 2004—2012 It poccuitckux
JKEJIE3HBIX I0POT K paboTe C MPUBATHBIM BATOHHBIM
MapKOM MHOXECTBEHHOCTb OIIEPaTOPOB MOIBIK-
HOTO COCTaBa MpuBesa K pocty 10 41 % mopoxHe-
ro rpo6era BaroHoB. [1py 3TOM CyI1IeCTBEHHO U3-
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MEHIJTACh M CTPYKTYpa IepepadaTsIBacMOro Baro-
HOIIOITIOTOKA HA CTAHIIMSIX (TabmmIIa 2).

CeromHs HepeIKY CITyJIau, KOT/Ia IETKOBECHbIC
BaroHbI COCTABIISIOT 0OJIee IMOJIOBUHBI OOIIEro
00BEMA ITOCTYTIAIOIINX Ha COPTUPOBOYHBIC TOPKH,
TOTJa KaK paHee 5TOT T0Ka3aTelb ObUT B 2—3 pa3a
MeEHBIIIe. B CTOXUBIIMXCS YCTIOBUSX CYILIECTBYIO-
1ast pacy€THasl BbICOTA OOJIBIIMHCTBA COPTUPO-
BOYHBIX TOPOK OKa3bIBACTCS HEIOCTATOYHOMA.
B pesynbraTe 3HaUNTENIBHAS YaCTh IMTOPOXKHIX Ba-
TOHOB He I00eTaeT aaiee cepeaHbI COPTUPOBOY-
HBIX TyTei. ISl MX oCakMBaHMSI TIPUXOIUTCS
TIPOM3BOINTH IOTIOTHUTEIILHYI0 MAHEBPOBYIO pa-
00Ty B COPTHPOBOYHOM Iapke. Ha ocHoBaHMM
M3JI0KEHHOTO MOKHO 3aKJTIOUMTh, YTO CYIIECTBYIO-
1I1asT METOIMKA BBIOOPA pacuéTHOTO OeryHa 1 pac-
YETHOM TOUKM TIPU OIpeIeIeHUN PACYETHOM BbI-
COTBI COPTHPOBOYHBIX TOPOK TPEOYET ITepecMOTpa.

Takum o0pa3oM, yenvbro UCCAeIOBAHUS SIBIISI-
€TCsI TIEPECMOTP CYIIECTBYIONICH METOMUKHU BhI-
0opa pacyETHOTO OeryHa M PacUETHOM TOUKY TP
OTpee/IeHUN PacuéTHOM BBICOTHI COPTHPOBOY-
HBIX TOPOK.

NPEOJTATAEMASAA METOOUKA

Bec pacu€tHoro GeryHa mpejaraeTcs omnpe-
JEJISITh 110 CpeHEl BeIMYMHE BCETO BATOHOIIOTO-
Ka (n), mepepabaTeIBa€MOT0 Ha TOpKe B HanboJee
HaIpseKEHHBIM M HeOIaronpysITHBIN TIEPUOJ roja,
a He 10 BblJIeJIEHHOM IPyIIe BATOHOB, TO €CTh!

=32, )

k=1 n

u ganee no tadauie 1 umu gpopmyie (2) onpeae-
JIATh CPETHION PACYETHYIO BEIMIMHY W .

Pacuértnyto nnuHy npobera (lp") u p“acqemy}c“)
TOYKY IpejiaraeTcsl MpUuHUMAaTh ¢ YYETOM Bcelt
TOJIE3HOM JUTMHBI (I ) COPTHPOBOYHBIX ITyTei OT
MapKOBOM TOPMO3HOM MO3UIIMHU 10 TPOTUBOYKIIO-
Ha. B aToM ciyyae mosiHasi pacu€THas JIMHA
npobera ¢ y4ETOM pacCTOSTHUS OT BEPIIMHBI TOP-

Crapuuos WU. ., Ko63ee B. A., Cbiuée E. . CoBepLUEeHCTBOBaHNE METOAUKU pacyéTa napamMeTpoB
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Ta0anma 2

3meHeHne CTPYKTYPBI MepepadaThiBAeMbIX BATOHONIOTOKOB (B %) HAa COPTHPOBOYHBIX FOPKax
B pa3Hble roJibl HX KCILTyaTaIiH

Becosast kateropusi, Tc 1970 ron 1990 rox 2016 rox
JIérkast (mo 28) 17 % 7,3 % 61 %
Jlerko-cpeauss (28—44) 15% 2,7 % 4%
Cpennss (44—60) 18 % 25 % 8 %
Taxénas (cbiue 72) 50 % 65 % 27 %

KM 10 MapKOBOM TOPMO3HOW MO3ULIUA lBr oyner
paBHa:
1 =1 +1. (5)
pn Br - cn

PacuéTHyio BbICOTY COPTHUPOBOUYHBIX TOPOK
CIICIyeT ONPENeTISTh IO (hopMyJIe:

K
Hy =[L, W, + Y (W, +0,56vin, +0,23v;a2) |10 +

il i

= (6)
+L w107 Yo

‘o VY cH 2gr’

e Lp = 1pn = 1Br + lm — MOJTHAs pacy€THasl AJ1HA
po0Oera BaroHa OT BEPIIMHBI TOPKH 10 PACUETHOM
TOYKU B KOHIIE COPTUPOBOYHBIX MTYTEIA;

W, = W ° — CPEIHAA BEJIUYMHA OCHOBHOTO
YIETBHOTO COTIPOTUBIICHHUST IBUKEHUIO BATOHOB,
COOTBETCTBYIOLIAS CPEIHEH BEMINHE (q ) BCETO
BaroHOIOTOKA PACYETHOTO MeCsIIa.

[penBaputenbHbIE OLIEHKH TOKA3bIBAIOT, YTO
M3MEHEHUE BBICOTHI COPTUPOBOYHBIX TOPOK TIPU
pacuérte o GopmyJie (6) MOXET COCTABISITh
+10—-20 % 1o cpaBHEHUIO C BeJTMYMHAMM, pac-
cuntaHHbIMU 110 hopmyiie (1). [Tpu aTom pacuérs
110 hopmyiie (6), 10 HALLIEMY MHEHUIO, SIBJISIIOTCS
0oJ1ee TOYHBIMU, T.K. B HEii YIUTHIBAIOTCS TIOJTHbBIE
peajibHble BarOHOMOTOKHU W TIOJIe3HAs JIMHA
COPTUPOBOYHBIX TTyTEH.

BbIBOObI

1. OmBIT pabOTHI U TIPOESKTUPOBAHUS COPTU-
POBOYHBIX TOPOK MOKa3aj, YTO HauboJbIIee
BJIMSIHYME HA X OCHOBHBIE OTPEIEIISIONINE TTapa-
METPBI (BBICOTY U TTPOIOJIBHBIN MTPOQIITH) OKa3bI-
BAalOT pacy€THas JUIMHA MMPpo0era U BeIMYMHA OC-
HOBHOTO YIIEJTbHOTO COTIPOTUBJICHUST TBIKEHUIO
PACUETHBIX OETYHOB.

2. B HacTosiiiee BpeMs, B CBSI3U C TEPEXOI0M
OAO «PZK]I» x paboTe ¢ IpUBaTHBIM BATOHHBIM
MMapKoOM HabJI0IaeTCs POCT MOPOXKHETO Mpobera
BaroHoB (110 41 %) M, COOTBETCTBEHHO, CYIIIEe-
CTBEHHOE U3MEHEHUE CTPYKTYPhl BATOHOIOTO-
TOKOB Ha CTaHUHUAX, YTO TpeOyeT mepecMoTpa
METOJMKY pacyéTa i HOPMATUBHOTO JOKYMEHTA
[5] o MpOEeKTUPOBAHNMIO COPTUPOBOYHBIX TOPOK.

3. B cBs131 ¢ ©13MEHEHMEM CTPYKTYPHI Baro-
HomomnoTokoB Ha ctaHIgx OAO «PXJI» Bec
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pacuéTHoro 0eryHa Ha COPTUPOBOYHOI TOpPKe
MpeJIaraeTcs ONpeaesTh M0 CpeIHEN Beau-
YHHE BCEro BarOHOMOTOKA, iepepadaThiBaeMO-
T'O Ha TOpKe B HamboJjiee HaNPsKEHHBIN 1 He-
0JIaTONIPUSATHBIN TIEPUOM TOola, a PacUETHYIO
JUTMHY Mpo6era U pacyE€THYIO TOUKY MPUHUMATh
C YYETOM TOJIE3HOM JJIMHBI COPTUPOBOYHBIX
MyTe.

[TpumMeHeHuUe NpeasoXeHHbIX U3MEHEHUI
METOIMKH PacuéTa OymaeT CIIOCOOCTBOBATH OITH-
MU3AIIH Pa0OTHI COPTUPOBOYHBIX TOPOK, COKpa-
LIEHUIO 9KCIUTyaTallMOHHBIX PACXONOB U MOBbI-
IIeHMIO 6€30I1aCHOCTH POCITYCKA.

Metonoaorust UCCienoBaHus, MPU TOM, 4TO
HETTOCPEACTBEHHO IM(POBBIC BHIBOIbI IIPETHA3HA-
YEHBbI U151 UCTIOJIb30BaHMS HA POCCUMCKUX XKese3-
HBIX JIOpOTax, TeM HE MEHEE MOXET ObITh MPUMeE-
HEHa MpU MPOBEJCHUM aHAJIOTUYHOTO aHaIu3a
B YCJTOBUSIX JTIOOBIX IPYTHX JKEJIC3HBIX JOPOL.

JINTEPATYPA

1. MHCTPYKIIMSI 10 IPOEKTUPOBAHMIO CTAHIIVIA U Y3JI0B
Ha xeje3Hbix moporax Corosa CCP. BCH 56—78. — M.:
Tpancnopr, 1978. — 175 c.

2. [TpoekTrpoBaHue MHOPACTPYKTYPHI KeTE€3HOTOPOXK-
HOTO TpaHCIOpTa (CTAHIINY, KeJIe3HONOPOKHbIE ¥ TPAHC-
MOpTHbIE y3ibl): YueOHuK nox pea. H. B. [IpaBauna
u C. I1. Bakynenko. — M.: YMII 1o o6pazoBaHUIO Ha XKe-
JIE3HOIOPOKHOM TpaHcmopte, 2012. — 1086 c.

3. Ieitkun B. I1. Dkcrtyaraunsg MexaHU3MPOBAHHbIX
COPTHPOBOYHBIX TopoK. — M.: Tpancmopr, 1992. — 240 c.

4. Ponumos b. A., TTasnos B. E., TTpokunosa B. 1. ITpo-
eKTUPOBaHME MEXaHU3UPOBAHHBIX M aBTOMATU3UPOBAHHBIX
COPTHPOBOYHEIX TOpoK. — M.: Tpaucmopt, 1980. — 96 c.

5. [paBuiia 1 HOPMbI TPOEKTUPOBAHMUS COPTUPOBOYHBIX
YCTPOMCTB Ha KeJe3HbIX Aoporax Koseu 1520 mm. — M.:
Texundopm, 2003. — 168 c.

6. Yucrskos B. I1. Kypc Teopun BeposiTHOCTEi / 8 U311,
ucnp. — M.: URSS, 2015. — 304 c.

7. llankuu U. H., Ocumnos P. A., Koxanos E. H. Hop-
MHUPOBaHUE U TMPOTHO3UPOBAHUE HA XKEJNE3HBIX TOPOTax:
METOJIbI, aJITOPUTMBI, TexHOJIOTUs pacuéra. — M.: UCITU
PAH, 2006. — 265 c.

8. lendennn K. I1., Cornukos E. A. PazButue mMeTo-
JIOB YIpaBIeHUsI EPEBO30YHBIM MPOLIECCOM Ha XKeJe3HO-
JIOPOKHOM TPaHCIIOPTE B COBPEMEHHBIX YCIOBUSIX. — M.:
Hayunsrit Mmup, 2015. — 200 c.

9. Pynanosckuit B. M., Crapuios 1. I1., Ko63es B. A.
O mombITKE KPUTUKHU TEOPETUYECKUX MTOTOXKEHU I AMHAMU-
KV CKaThIBAHUSI BArOHA 110 YKJIOHY COPTUPOBOYHOI FOPKU
// BroaneteHb TpaHCIOPTHOM MHbopManuu. — 2016. —
Ne 6. — C. 19-28. [ ]

CrtapuioB U. ., Ko63ee B. A., CbiuéB E. U. CoBepLLUEeHCTBOBaHME METOAUKN pacyEéTa NapaMeTpoB

COPTUPOBOYHBLIX TOPOK




SCIENCE AND ENGINEERING

as://doi.org/l0.30932/1992-3252-2019—]7-4-90-97

Improving the Methodology
for Calculating the Parameters
of Hump Yards

Ivan P. STARSHOV

Valery A. KOBZEV

‘Moscow, Russia.

ABSTRACT

The paper presents a new approach to
selection of design standards in design of hump
yards, which are among the most important
elements of railway stations. The height of gravity
hump is a key parameter to ensure succesful and
safe operations of separating railway cars at
stations. Estimations of the gravity hump’s height
are influenced mostly by the path length and the
value of the main specific resistance to movement
of the estimated free axles.

Following currently changing structure of the
processed car flow at stations, it is necessary to
update the current methods. The objective of the
study is to update the existing method of choosing of
estimated free axle and estimated point while

parameters of hump yards, calculation procedure.

Evgeny |. SYCHYOV

Starshov, Ivan P., Russian University of Transport, Moscow, Russia.
Kobzev, Valery A., Infrastructure Design and Development Bureau — a branch of JSC Russian Railways,

Sychyov, Evgeny 1., Russian University of Transport, Moscow, Russia *.

calculating the estimated height of marshalling gravity
humps.

Following the results of the study that used statistical
and mathematical analysis the weight of the estimated
free axle is proposed to be determined by the average
value of the total car flow processed at the hump yard,
and that calculations of estimated path length and
estimated point should take into account the useful
length and slopes of the sorting tracks.

The application of the proposed changes in the
methodology for determining the required height of
gravity humps will help to increase the efficiency and
safety of their operation. The methodology of the
study, while its conclusions in the form of calculated
values are intended for Russian railways, can be
applied for conducting similar analysis at any railway.
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Background. Hump yards are among the
most important elements of railway stations
for separating and formation of car flows on
the railway network. The decisive parameter
in ensuring successful and safe operation of
separating of trains at stations is the required
height of humps, which depends on many
factors: characteristics of a processed car flow,
running properties of cars, track characteristics,
and meteorological conditions. The experience
and the results of statistical and mathematical
analysis show that the estimated path length
of cars and the value of the main specific
resistance to movement of the estimated
sample free axles have the greatest influence
on the design of the humps’ height.

Objective. The objective of the authors
is to consider methods for improving the
methodology for calculating the parameters
of hump yards.

Methods. The authors use general
scientific and engineering methods,
mathematical calculations, statistical and
mathematical analysis.

Results. The scientific papers and
Russian current regulatory documents on
design of sorting devices [1—5] suppose that
the estimated height of humps (H)) is
determined by the conditions of how an
estimated sample free axle (a type of wagon
considered together with its mass) rolls to
the estimated point (EP), taking into
account its running properties, chara-
cteristics of a track, curves and switches,
meteorological data corresponding to the
considered month:
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where 1,75 is coefficient of deviation of
estimated values of specific resistance to
movement from their average values;

L, — estimated path length of a car from
the top of the hump to EP, m;

w, — main specific resistance to
movement of cars, kgf/tf;

w_ — specific resistance to movement of

Ic

a car caused by air and wind, kgf/tf;

0,56vl.210‘3 — average specific work of

forces of resistance to movement of a car
caused by impacts against points, a frog and

counter-rails of a switch, m en. h. (meters
of energy height);

v, — average speed of a car on the
estimated i-th section, m/s;

n, — number of turnouts along the cars’
path along the i-th considered section;

0,23v21073 — average specific work (in
1

meters of energy height) of forces of resistance
to movement of a car on roller bearings in
curved sections of a track per each degree of
rotation angle;

aé’i — sum of rotation angles in (degrees)

in curves, including curved turnouts of
switches, for the considered i-th section;

L — distance from beginning of the head
turnout of the sorting tracks set to the
estimated point, m;

w_ — average specific resistance to
movement of a car caused by snow and
hoarfrost;

v2

0=h
o

2 — energy height (specific kinetic
g

energy) corresponding to the estimated speed
of separating of the wagons of a train m en.h.;

v, — estimated speed of separating of
wagons of a train, m/s;

g’ = g/(1+ g) — value of acceleration of
gravity of a car, taking into account influence
of inertia of its rotating masses, m/s?;

g = 0,42 n /q — coefficient taking into
account influence of inertia of rotating
masses of a car;

n,, q — accordingly, the number of axles
and the gross weight of the estimated sample
free axle, tf.

The estimated point (EP) is assumed to
be located on an estimated «difficult» track
(with regard to the conditions of movement
of cars along slopes, curves and switch
sections) of a sorting track at a distance of 50
meters from the output end of the yard brake
position, while the useful length of the yard
tracks is not taken into account.

The weight of the estimated free axle is
calculated [5] on the basis of the analysis of
the structure of the car flow processed at the
hump yard during the most intense and
unfavorable period of the year. If the
processed wagon flow is of the mixed type
(the share of lightweight cars is more than
10 %), then the weight of the estimated free
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Table 1

Numerical characteristics of distribution w,, (kgf/tf) for different weight categories of wagons

Weight range of | Weight category of wagons Numerical characteristics of distribution w,, kgf/tf
wagons, g, tf Name Designation Average value w, Standard deviation
Upto28 Light L 1,75 0,67

28—44 Light-medium LM 1,54 0,59

44—-60 Medium M 1,40 0,50

60—72 Medium-heavy MH 1,25 0,38

Csbile 72 Heavy H 1,23 0,35

Table 2

Change in the structure of processed wagon flows (in %) at hump yards during different
years of their operation

Weight category, tf 1970 1990 2016
Light (up to 28) 17 % 7,3 % 61 %
Light-medium (28—44) 15 % 2,7 % 4%
Medium (44—60) 18 % 25 % 8%
Heavy (above 72) 50 % 65 % 27 %

axle is taken as the weighted average weight
of a car in the selected group of lightweight
cars. If the processed wagon flow belongs to
the loaded type (the share of lightweight cars
is less than 10 %), then the weight of the
estimated free axle is taken as the weighted
average value of the car weight in the selected
group (about 10 % of the car flow), consisting
of light and medium weight cars.

The main specific resistance to movement
of cars rolling down the hump is considered as
a random variable, the distribution of which
can be approximated by the gamma distribution
[5, p. 20; 6, p. 127]. The numerical values of
w, are considered regardless of the outdoor
temperature and are applied to the weight
categories of single cars according to Table 1.

When performing hump design and
technological verification calculations, the
values of the main specific resistance w, to
movement of the estimated free axles are
usually taken as follows:

— a very bad free axle (VB) — 4,5 kgf/tf;
bad free axle (B) — 4,0 kgf/tf;

— a good free axle (G) — 0,8 kgf/tf; a very
good free axle (VG) — 0,5 kef/tf, that is, the
total spread of resistance to movement is quite
large.

To more accurately take into account the
influence of weight of cars, the main specific
resistance to movement of cars and the
standard deviation can be calculated by the
formulas:

w, = 188/q+80, )
G, = 67/q+80. 3)

Practice shows that the greatest impact
(60—65 %) on the height of humps is exerted by
the estimated path length and the value of the
main specific resistance to movement, so the
choice and justification of these values is an
important factor in determining the optimal
parameters of the hump.

The impact of changing conditions

Currently, the operating conditions of the
Russian railways have changed significantly [7,
p. 12; 8, p. 34], so the choice of only 10 % of the
car flow when determining the estimated value
of'w, does not reflect the current real conditions
of hump yards. In 2004—2012 Russian railways
were developing operations with private wagon
fleet, and the multiplicity of rolling stock
operators has led to an increase to 41 % of the
rate of empty run of cars. At the same time, the
structure of the processed wagon flow at stations
has significantly changed (Table 2).

Today, it is not uncommon for lightweight
railcars to make up more than half of the total
volume of wagons arriving at hump yards,
whereas earlier this indicator was 2—3 times
less. Under those circumstances, the current
estimated height of most humps is insufficient.
As a result, a significant portion of empty cars
stops at the middle of sorting tracks. For their
further marshalling it is necessary to perform
additional shunting work at the hump yard.
Based on the foregoing, it can be concluded that
the existing methodology for choosing the
estimated sample free axle and estimated point
in determining the design height of humps
requires revision.
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Proposed methodology

It is proposed to determine the weight of the
estimated sample free axle by the average value of
the total wagon flow (n) processed at the hump
yard during the most intense and unfavorable
period of the year, and not by the specified group
of cars, that is by formula:

g =Y,

1 n

4)

and then, according to Table 1 or formula (2),
determine the average estimated value w ™.

Itis proposed to take the estimated path length
(lepl) and the estimated point taking into account
the entire useful length (1)) of the sorting tracks
from the yard brake position to the opposite
elevation (inverse slope). In this case, the total
estimated path length taking into account the
distance from the top of the hump to the yard brake

position I, will be equal to:
lepl = lth + 1 51 . (5)
The estimated height of humps should be
determined by the formula:
H, =[L w,+ i(l‘.wm +0,56v7n, +0,23v24%)]
i=l

. (6)
07+ L,w, 107 ——, m,

2g

where L = IS 1, +1, is full estimated path length
of the car from the peak of the hump to the
estimated point at the end of the sorting tracks;

w_=w_» — average value of the main specific
resistance to movement of cars, corresponding to
the average value (q.*) of the total car flow during
the calculated month.

Preliminary estimates show that the change in
the height of humps using formula (6) can be of
+10—20 % compared with the values calculated
by formula (1). Moreover, the calculations
according to formula (6), in our opinion, are more
accurate, because that formula takes into account
the full real car flows and the useful length of sorting
tracks.

Conclusions.

1. The practices of designing of hump yards
showed that their main parameters (height and
longitudinal profile) are most influenced by the
estimated path length and the value of the main
specific resistance to movement of estimated
sample free axles.

2. Currently, as Russian Railways work with a
private car fleet, there is an increase in empty
mileage of cars (up to 41 %) and, accordingly, a
significant change in the structure of car flows at
stations, requiring a modification of the calculation

method and of the regulatory document [5]
regarding design of hump yards.

3. Following the change in the structure of car
flows at the stations of Russian Railways, the weight
of'the estimated sample free axle at the hump yard
is proposed to be determined by the average value
of the total car flow processed at the hump yard
during the most stressful and unfavorable period
of the year, and the estimated path length and the
estimated point should be considered with account
of the usefull length of sorting tracks.

The application of the proposed changes in the
calculation method will help optimize the
operation of hump yards, reduce operating costs
and increase safety of separating the wagons of the
trains.

The suggested methodology, while valuesin the
research have been calculated at the example of
Russian railways, can be applied for similar analysis
for any other railways.

REFERENCES

1. Instructions for design of stations and junctions on
the railways of the USSR. VSN56-78 [Instruktsiya po
proektirovaniyu stantsuu i uzlov na zheleznykh dorogakh
Soyuza SSR. VSN56-78]. Moscow, Transport publ., 1978,
175 p.

2. Designing the infrastructure of railway transport
(stations, railway and transport hubs): Textbook
| Proektirovanie infrastruktury zheleznodorozhnogo transporta
(stantsii, zheleznodorozhnie i transportnie uzly); Uchebnik].
Ed. by N. V. Pravdin, S. P. Vakulenko. Moscow, TMC for
education for railway transport, 2012, 1086 p.

3. Sheikin, V. P. Operation of mechanized hump yards
| Ekspluatatsiya mekhanizirovannykh sortirovochnykh
gorok]. Moscow, Transport publ., 1992, 240 p.

4. Rodimov, B. A., Pavloy, V. E., Prokinova, V. D.
Design of mechanized and automated hump yards
| Proektirovanie mekhanizirovannykh i avtomatizirovannykh
sortirovochykh gorok]. Moscow, Transport publ., 1980, 96 p.

5. Rules and regulations for design of sorting devices
on 1520 mm gauge railways | Pravila i normy proektirovaniya
sortirovochnykh ustroistv na zheleznykh dorogakh kolei
1520 mm). Moscow, Tekhinform publ., 2003, 168 p.

6. Chistyakov, V. P. Course in probability theory [ Kurs
teorii veroyatnostei]. 8" ed., rev. Moscow, URSS publ.,
2015, 304 p.

7. Shapkin, I. N., Yusipov, R. A., Kozhanov, E. N.
Standartisation and forecasting at railways: methods,
algorithms, calculation technology [Normirovanie
i prognozirovanie na zheleznykh dorogakh: metody, algoritmy,
tekhnologiya rsascheta]. Moscow, ISPI RAS publ., 2006,
265 p.

8. Shenfeld, K. P., Sotnikov, E. A. Development of
methods for controlling the transportation process by
railways in modern conditions | Razvitie metodov upravleniya
perevozochnym protsessom na zheleznodorozhnom transporte
v sovremennykh usloviyakh|. Moscow, Nauchniy mir publ.,
2015, 200 p.

9. Rudanovsky, V. M., Starshov, I. P., Kobzey, V. A. On
an attempt to criticize the theoretical positions of the
dynamics of rolling of a wagon down the slope of a gravity
hump [O popytke kritiki teoretichekikh polozhenii dinamiki
skatyvaniya vagona po uklonu sortirovochnoi gorki|. Bulletin
of Transport Information, 2016, Iss. 6, pp. 19—28. [ ]

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 4, pp. 90-97 (2019)

Starshov, Ivan P., Kobzev, Valery A., Sychyov, Evgeny I. Improving the Methodology for Calculating
the Parameters of Hump Yards




@K 656.2+ 06

https://doi.org/10.30932/1992-3252-2019-17-4-98-110

Cepreiit KOBAJIEB Augpeit CYXAHOB

Kene3HonopoxHasi CopTUPOBOYHas CTaHLysl 3aHUMaeT
LeHTpasibHoe MecTo B TEXHOJI0MNYECKOM uero4yke rpy30BbiX
nepeBo304HbIX MPOLIECCOB, MOCKOJIbKY CKOPOCTL rnepepa-
60TKM Xene3HOAOPOXHbIX COCTABOB Ha Hevi onpeaenser
06BbEM 1 CTOMMOCTbL 1epeBo30k. [103ToMy pa3BuTne CPeAcCcTB
aBTomarnsaumm v l/lH(DOpMaTMQaLlMM COPTUPOBOYHbIX PO~
LeccoB BeAET K MOBbILLEHUNIO 3PPEKTUBHOCTY rPy30BbIX
epeBo30K B LIe/IOM.

Lleﬂblo paGOTbI sBJideTcs q)opmanmaaumi 3a4a41 KOHT-
OJIsi BAroHOB B Xe/1€3HOA0POXHOM COPTUPOBOYHOM rapke
v paspaboTka MeToaa eé peLLueHus, OCHOBaHHOIO Ha UCTIO0 b
30BaHUK aJiIroPUTMOB pacrio3HaBaHVs v No3nLMoOHNPOBaHs
AnHamMun4ecknx 006bLEKTOB l'lyTéM MHTEeJ1JIeKTyaslbHOIro aHasim-
3a fJaHHbIX TOTOKOBOIo BUAEO0.

B pa60Te rnpeagcrassieH HOBBbIV rnoaxon4 K peLueHuro 3a-
12411 KOHTPOJIS1 MOABUXHbIX EAVHWL, B TOAMOPOYHOM (COpTU-
POBOYHOM) rapke Xesne3HOAOPOXHbIX COPTUPOBOYHbIX
CTaHLU/IIZ. /_IpMBO,qﬂTCﬂ OCHOBHbIe Kputepuun onpegesieHus
CKOpPOCTU ABVDKEHUST U MO3NLIMOHUPOBAaHWS rpyrn BaroHOB
npyv Ux ABUXEHUW 10C/1e PacGHOopMUPOBaHUS HA COPTUPO-
BOYHOU ropke. Onpe,qeneHo, 4YTO KOHTPOJib NoABUXXHbIX

JaHHbIX, LMppoBU3aLms.

HAYKA N TEXHWKA

UHTennektyannsauna KOHTPONA
BaroHOB B XXeJIe3HOA40POXXHOM
COPTUPOBOYHOM Napke

Koesaaée Cepeeii Muxaiiaoeun — Pocmosckuii punuan
AO «Hayuno-uccaedosamensckuil u npoeKmuo-
KOHCIMPYKMOPCKUL UHCIMUMYM UHDOPMAmU3ayuu,
asmoMamu3ayuu U c8A3u Ha JHcene3Ho00PONCHOM
mpancnopme», Pocmoeéckuii 2ocydapcmeentblii
YVHUeepcumem nymeii cooouenus, Pocmos-na-/lony,
Poccus.

Cyxanoe Andpeii Baaepvesun — Pocmosckuii hunuan
AO «Hayuno-uccaedosamenvckuii u npoeKmuo-
KOHCIMPYKMOPCKUL UHCIMUMYM UHDOpMaAmu3ayuu,
asmomMamu3ayuu U c8A3uU Ha JHcene3Ho00POINCHOM
mpancnopme», Pocmoesckuii cocyoapcmeentbiii
YVHueepcumem nymeii cooouenus, Pocmos-na-/lony,
Poccus*.

eqViHWL, B COPTUPOBOYHOM apKe sIB/IIeTCs MeHee aBToMa-
TU3NPOBaHHbIM MPOLECCOM M0 CPaBHEHWIO C KOHTPOIEM Ha
COPTUPOBOYHOV ropke. [ns peLueHus nocTaBieHHoOV 3aa-
4y aBTOMAaTU3aLMN KOHTPOJISI MOABUXHBIX €ANHNL, B COPTU-
POBOYHOM Mapke MpeaioxXeH aaroputmM Ha 6a3e MeTonoB
WHTEIeKTyabHOro aHaau3a BuaeonaHHbIX — KOMIboTep-
HOro 3peHusi — 1 NpeAcTaB/eHa ero MoAe b peann3aumm Ha
KOHKDETHOM 06BbEKTe.

MeTtozabl paboTbl OCHOBaHbI Ha TEOPUN KOMITbIOTEPHOIr0
3PEeHUSs ¥ HarnpaB/ieHbl Ha Pacrno3HaBaHNe K/IIOYEBbIX ANHA-
MUYecknx 0ObEKTOB Ha NMOTOKOBOM BUAEO C VX OC/EAYI0-
LUMM MO3ULIMOHUPOBAHNEM.

PesynbTatom npoBenéHHow paboTsl iBISETCss 060CHO-
BaHWe aKkTyaslbHOCTU MCIMOJIb30BAaHUSI KOMMbIOTEPHOIro
3peHust B npouecce pacehopmMupoBaHusi-GopMUpPoBaHNs
XKesie3HOA0POXHbIX COCTaBOB. B fanbHeriem nnaHupyeTcs
COBEPLUEHCTBOBAHNE MPeACTaBlIeHHbIX pa3paboTok A/s
roAroToBKY rOTOBOro POrpPaMmMHOro rnpoAyKTa, rno3BoJisio-
Ljero 06bLeKTNBN3NPOBATL UHOPMALMIO O COPTUPOBOYHOM
rnapke 151 NOBbILLUEHUS 3P PEKTUBHOCTY MPULEITIBHOMO TOP-
MOXEHWSI Ha COPTUPOBOYHOV ropke.

Knio4eBble cnoBa: TpaHCopT, Xene3Hasi 4opora, aBToMaTu3auysi COPTUPOBOYHbIX MPOLECCOB, 3aroHEHne nyTen
COPTUPOBOYHOIO rnapka, no3nNLMOHNPOBaHNE XENe3HOA0POXHbIX MOABUXHBIX EAVNHUL, UHTENEKTYallbHbIV aHaan3 BUaeo-
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OpPTUPOBOYHASI CTAHIMS SIBIISIETCS

BaXKHEUIIIMM 3BEHOM TEeXHOJOTHUYE-

CKOM 1IeTIOYKHM TIEPEeBO30YHOTO TIPO-
11ecca, IMOCKOJIbKY ce0eCTOMMOCTD TIEPEBO30K
TJIaBHBIM 00pa3oM M HampsIMyIO 3aBUCUT OT
JloJiel mpocTost BAaroHoB Ha Hel [1]. TToBkie-
HUe 3(D(PEKTUBHOCTU TEXHOJIOTMUECKUX TIPO-
1IECCOB, MPOTEKAIOIINX HA COPTUPOBOYHBIX
CTAHIIUSIX ¥ COPTUPOBOYHBIX TOPKAX, JOCTUTA-
€TCsI 32 CYET COBEPIIEHCTBOBAHUS CPEICTB
aBToMaru3aluu u napopmartusauu. CoBpe-
MEHHBIE CPeJICTBa aBTOMATHU3AaIlM COPTUPO-
BOYHBIX ITpolileccoB, Takue kak KCAY CII [2],
MSR-32 [3], DDC-III [4] u apyrue, ocyle-
CTBJISIIOT TOJTHBIA KOHTPOJIb MOJBUKHBIX
eNVHUIL (OTIpeNeIeHre CKOPOCTHU JIBUKEHUS
W TTO3ULIMOHUPOBAHNE ) TIPU CJIETOBAHUN UX TIO
copTupoBOUYHOi1 Topke. [Tocie BbIxoma mo-
JIBVKHOM €TMHULIBI U3 COPTUPOBOYHOM TOPKH
Ha IMyTh COPTUPOBOYHOTO TapKa OTpeiesieHre
CKOPOCTH He TIPOU3BOAMTCS, & TO3UIIMOHUPO-
BaHME JIOCTYITHO TOJIBKO ISl TIOCJIEAHETO 3a-
IIE/IIIETO B TIAPK BaroHa, YTo MIPUBOIUT K He-
00XOIMMOCTA UMUTAIIMOHHOTO MOJIEIMPOBA-
HUST IBVKEHUST BATOHOB HAa OCHOBE CTATUCTH -
YeCcKUX JaHHBIX C MPUBJICYCHUEM PYYHOTO
Tpy/Ja OCMOTPILIMKOB BaroHoB. Bc€ aTo npuBo-
JIUT K YMEHBIIIEHNIO TOYHOCTH Y 00 BEKTUBHO-
CTY KOHTPOJISI ABMXKEHMSI BATOHOB B COPTHPO-
BOYHOM TapKe 1, KaK CJIeCTBHE, K IPEBBIIIIE-
HUIO CKOPOCTE COyIapeH st BATOHOB U TTOSIB-
JIEHWIO OKOH Ha ITyTSIX TapKa, 4YTO HETaTUBHO
BIUsIeT Ha 3(PHEKTUBHOCTD COPTUPOBOYHOTO
Tpolriecca B LIEJIOM.

Lleavio paboThI sIBISIETC (hOopMaTU3aLKs
3a/1a4¥ TTO3UIIMOHUPYIOIIETO KOHTPOJIS Baro-
HOB ITPY BBIXOJIE UX U3 COPTUPOBOYHOM TOPKHU
M CJIE[IOBAHUU 10 ITyTSIM JK€JI€3HOTOPOKHOTO
COPTUPOBOYHOTO T1apKa ¢ OTpelnesieHueM
CKOPOCTH UX JIBVDKEHUS U coynapeHusi. Kpo-
Me TOTO, B paboTe MpeICTaBIeH METO/I pellie-
HUST (HOPMaTM30BaHHOM 331891, OCHOBAaHHBII
Ha MCII0JIb30BaHU Y aJITOPUTMOB pacIio3HaBa-
HUS ¥ TTO3ULIMOHUPOBAHUS TUHAMUIECKUX
KJTIOUYEBBIX OOBEKTOB Ha CILIEHE TTyTEM UHTEI -
JIEKTYaJIbHOTO aHaJIN3a JaHHBIX TTOTOKOBOTO
BUJIEO C TIOMOIIBIO CPECTB KOMITHIOTEPHOTO
3peHusI.

B pabote ncnonb3yrorcs ABe PYyMIbI Me-
modoé KOMITBIOTEPHOTO 3peHUsI, TepBasi U3
KOTOPBIX peau3yeT paclio3HaBaHHWE KIToue-
BBIX IBVDKYIIIMXCST OOBEKTOB Ha OKPYXKAIOIIEeM
(oHe, BTOpast — MO3UIIMOHNPOBAHNE U3BECT-
HBIX 3apaHee 00bEKTOB Ha CIIEHE.
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NMOCTAHOBKA 3AJA4YU

CoBpeMeHHbIE CUCTeMbl aBTOMAaTH3allM1
JKEeJIe3HOIOPOXKHBIX COPTUPOBOYHBIX ITPOLIEC-
COB [2—5] OoCYILIECTBSIOT MOJHBI KOHTPOJIb
JIBVDKEHMSI TPYIII BATOHOB (OTLIEIIOB) Ha COP-
THUPOBOYHOI TOPKeE I10 MPOXOXKICHUIO UMK
KOHTPOJIbHBIX y4acTKoB (puc. 1). Ha Topmo3-
HBIX MO3MIUSIX KOHTPOJIb BEAETCS IMOCPE-
CTBOM PaJMOJIOKALIMOHHBIX U3MEpPUTEICH
CKOPOCTH, Ha ITyTEBbIX y4acTKax MEXIy TOP-
MO3HBIMU ITO3UIIUSMU — IIOCPEICTBOM U3ME-
peHUsI CKOPOCTH I10 JaT4MKaM CY€Ta OCeil.
YcTpoiicTBa KOHTPOJIBHBIX Y4aCTKOB I03BO-
JISIIOT TOYHO OIIPENEIsiTh CKOPOCTh BATOHOB,
COOTHOCHTD €€ C MAaTeMaTUYECKOM MOJIEIbIO,
IOJYYEHHOM OT CUCTEMbl aBTOMATUYECKOM
peryanpoBku ckopoctu (APC) 1 onepaTUBHO
KOPPEKTUPOBATh AJITOPUTMBI pAGOTHI TOPMO3-
HBIX CPEACTB, a, IPU HEOOXOAMMOCTH,
M CUCTEM MapLIPYTU3alIMU OTLEIIOB.

ITocne BbIxoma OTLIENa U3 BarOHHOTO 3a-
MEJUIMTEJIsI MapKOBOW TOPMO3HOM MO3ULIMU
Ha COPTUPOBOYHBIN ITyTh OIpPEAeIeHUE CKO-
POCTH IBMKEHMS U OObeAMHEHMS OTIIeTIa CO
CTOSIIIMMM Ha ITyTSIX BATOHAMU HE TIPOU3BO-
JIATCS, PACUET BEAETCST UCXOIST U3 MMUTAIIM-
oHHoi1 Mogenu APC, mpu nocTpoeHUU KOTO-
pOii YYMTHIBAIOTCS CTaTUUYECKUE HaHHbIC
O COCTOSIHUHU IIPOAOJIBLHOIO MPOohMIsd MyTH,
TEKYII1E METEOPOJIOIMUECKIE YCIOBUS U XO-
JIOBBIE CBOMCTBA BATOHOB (BECOBast KATErOpYs,
TUIT OYKChI, YCJIIOBHAS JJIMHA).

CornacHo «MeToauke MpoBEPKU CKOPO-
CTHU COyIapeHusI BATOHOB Ha ITyTsSX COPTUPO-

HEHEEg I|IIlI]IIIIl R

CopTHMpoBOYHBIA
Mapk

—
3

Puc. 1. CxemaTtun4yeckoe pasgeseHne copTUPOBOYHOM
ropKu Ha KOHTPOJIbHbIE Y4aCTKU C MPUMbIKAIOLLIUM
CcopTUPOBOYHbIM napkom (TI — TopMmo3Hast No3nuuns).
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Puc. 2. PaamelwyeHne kamep BuaeoHabnioaeHns
AJ151 KOHTPOJISI.

BOYHBIX (IIOATOPOYHBIX) ITAPKOB» !, B 00sI3aH-
HOCTU OCMOTpPIIMKA BXOIST €XXKECMEHHBIC
U3MEPEHUSI CKOPOCTE 00beIMHEHMSI BATOHOB
B TTOATOPOYHOM Tapke mig 20 BaroHOB Mpu
ITOMOIIN PAaTUOJOKAIIMOHHBIX U3MEPUTEICH
ckopocTH. [TorpenrHoCcTh U3MEPEHMS CKOPO-
CTM TaHHBIM ycTpoiicTBoM +0,2 KM/4, 4TO
9KBUBaJIEHTHO 4,3 % OT cpelHeil CKOpOCTU
JIBUKCHMST BATOHOB B TIapKe.

KonnuectBo nepepadaTbiBaeMbIX BATOHOB
Ha KPYITHOM COPTUPOBOYHOM CTaHIINU, 000-
PYIOBaHHO IBYMSI COPTUPOBOYHBIMM T'OpKa-
MU, 3a CMEHY B cpeaHeM cocTtasisgeT 9000
LITYK B cyTKH [6]. CiteroBaTeibHO, U3MEPEHUE
ocMmoTpiuKamu 80 BaroHOB B CYTKHU (IBe
CMEHBI Ha JIBYX TOpKax) 3KBHUBAJICHTHO TIO-
KpbITHIO Beero 0,9 % ot KonmuecTBa rnepepa-
OaTpIBacMBIX BaroHoB. Kpome Toro, mpu
VXYAIICHUHW TTOTOAHBIX YCIOBUM pe3KO CHU-
JKaeTcsT KaK KOJIMIECTBO, TaK U IOCTOBEPHOCTD
MaHHBIX, YTO MOATBEPKIACTCS aHAJTM30M,
IIPOBOIMMBIM B KOMITJICKCHOM CCTEME aBTO-
MaTH3MPOBAHHOTO YIIPABICHUS COPTUPOBOY-
HbIM TipolrteccoMm (KCAY CII) [2]. Takum
00pa3oM, TOCTOBEPHOE 3HAHME O XapaKTepe
TepeMEeICHNS ITOABDKHBIX € IMHMIL Ha ITYTSIX
COPTUPOBOYHBIX ITAPKOB B CBSI3M CO BCE 00JTb-
1Ieil aBToMaTU3alneil mpoiiecca pacopmMu-
pOBaHMSI COCTaBOB SIBISICTCS BCE Ooyiee Ha-
CYIITHOM MOTPEOHOCTBIO CITYKO KeJIe3HOIO0-
pPOXXHOI aBTOMAaTHKH 1 TeJIEMEXaHUKM.

! Pacropskenne OAO «P2KJ1» or 12.08.2010 &. Ne 1735p.
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Ha ocHOBaHMY BBIIEN3TOKEHHOTO, 3a/a-
Yya KOHTPOJISI CKOPOCTH ABVKEHUSI Y OObEIM -
HEHUs BaroHOB Ha MYTSIX COPTHUPOBOYHBIX
ITapKOB IIPU BeIEHUU POCITYCKa Ha aBTOMATH -
3UPOBAHHBIX TOPKaX SIBJISIETCST BECbMa aKTy-
AJIBHOM.

Pentenue naHHOM 3a1auy KJIAaCCUIECKUM
crmoco6oM (yCTaHOBKA TPYIIbl JAaTYNKOB
cyéTa oceil Ha MPOTSKEHHOCTU BCeX IMyTeu
COPTUPOBOYHOTO MapKa) He MPeICTaBISeTCs
3 OEKTUBHBIM IT0 MaTEPUATLHBIM 1 SKCTUTya-
TallMOHHBIM TTOKa3aTessiM (o0luas AjauHa
MyTeil COPTUPOBOYHOTO MapkKa B CPEIHEM
oosiee 50 km). 17151 e€ pelieHUsI HEOOXOAUMO
pa3paboTaTh MHCTPYMEHT, IMO3BOJISIONINIA
3¢ (HEeKTUBHO KOHTPOJIMPOBATH OTIIETIBI B COP-
TUPOBOYHOM TIapKe. B kauecTBe Takoro mH-
CTPYMEHTa MOTYT OBITh MCITOTb30BaHbI KaMe-
pBl BUIEOHAOIIONCHUS, 3aKPETUIEHHBIE Ha
MauTax OCBElLleHUd napka (puc. 2).

Jns aBTOMaTUYeCKOro mpeodpazoBaHUs
BUJIEOCUTHAJIOB B KOJIMYECTBEHHBIE XapaKTe-
PUCTUKHU IBUKEHUSI KOHTPOJIMPYEMBIX Baro-
HOB (CKOPOCTb M TIOJIOXKEHUE) TpeIIaraeTcst
WCTIOJIb30BaHNE METOIa MHTEJUIEKTYaJIbHOTO
aHaaM3a BUICOJAHHBIX — KOMIIBIOTEPHOTO
3peHMs, YXKe 3apeKOMEHIOBABIIETO ce0s1 B 00-
JIaCTU KOMMEPYECKUX KeJe3HOTOPOXKHBIX
Ipy30TepeBO30K MPY pacrio3HaBaHUU HOME-
POB BaroHoB [7], Mpu KOHTPOJIE COCTOSTHUS
JKEJIE3HOIOPOXKHOTO MyTH [8], mpu obecrnieue-
HUM TPAaHCTIOPTHOM 6e3omacHocTH [9] u ap.

Jist petiieHyst 3aa9u KOHTPOJIST IBUKEHUST
BaroHOB B TEPMUHAX KOMITHIOTEPHOTO 3pEHUST
[10] HEoOXOaAMMO peuIuTh ABE MOA3adauu.
OHM — caeaylolue:

1. Pacrio3HaBaHue (CerMeHTalMs ) KITIoue-
BbIX OOBEKTOB.

2. [To3uLIMOHUPOBAHUE KITIOUEBBIX 00bEK-
TOB B BUJIEOITOTOKE.

B nocnenytoniux pasneiax cTaTbu OTIUCHI-
BAIOTCSI OCHOBHBIE TIarW PEIIEHUsT MOCTaB-
JIEHHBIX BBIIIE 3a[a4, a TaKXe MPUBOISITCS
aJIbTepHATUBHBIC METOMIBI peaTnu3aliuu.

CErMEHTALMSA KNTIOYEBbIX
OBbEKTOB

Peutenue 3agaun cerMeHTaIIMM TTO/Ipa3y-
MEBaeT BbIJeJIeHNE KOHTYPOB KJIIOUEBBIX
00beKTOB Ha OKpyxatoiem doue. [Tpu cer-
MEHTAIUU JIBVKYIIUXCS OOBEKTOB KOHTYPBI
ONpPEAESISIIOTCS ISl CYLLIHOCTEM, MoIoXKeHue
KOTOPBIX OTJIMYHO XOTsI ObI B IBYX TOCJIENIO-
BaTesbHBIX Kanpax [11]. CnemoBarenbHO,
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B) PazmeiToe
MP- m300paxeHue

r) KoHTypsI 00BEKTOB

1) Beinyxssie obonouxm

¢) Boiaenenne kmovueBoi
000nouKn

#) CerMeHTHpOBaHHbIi
00BEeKT

Puc. 3. CermeHTauuns ABMKYLLErocs KJIl04eBoro o6beKkTa-BaroHa yepes3 aHasin3 MeXxKanpoBOii pa3HULbI.

TMEPBBIM ATAIOM CETMEHTAILIMM KIIFOUEBBIX
00BEKTOB OyIeT oIlpelesieHrue TOUeK, MOJ0-
JKEHME KOTOPBIX U3MEHSIETCS OT Kaapa K Kajpy.
st ero peanm3aliiy B HacTosIeir pabore
HCITOJIB3YETCS METOI MEXKKaIPOBOM pa3HUIIBI
(MP) [12], B KOTOpOM TIpenjiaraeTcsl UCTIONb-
30BaTh Pa3HUIY MEXIy WHTCHCUBHOCTSIMH
MUKCEJIEN IBYX TOCIIEN0BATEIbHBIX KalpoB /,
ul e I1pu 3TOM [1J181 BBISIBJIGHUS ABUKYLLIAXCST
TOYEK HEOOXOAMMO BbIOpAaTh TPAHUYHOE 3HA-
YeHME Pa3HUIIBI, BBIIIE KOTOPOTO 00JIaCTh
MOJy4eHHOro U300paxkeHus1 OyIeT OTHeCeHa
K ABIDXYIIUMCS 00bEKTaM, YUIM — B TIPOTUB-
HOM cltydae — K ¢oHy (puc. 30):

, eciu ‘[(x,y)—l (x,y)‘>r
t t-1 ,

0]

I(x,y)= ]
0, wuHaue
IIe X, Y — KOOpAUHATHI TIMKCEJIS;

T — IPaHUYHOE 3HAYEHME PA3HULIBI MHTCH-
CUBHOCTEN TTUKCEIIEH.

Br16op t© 00yc/IOBIEH SMOUPUIYECKUM
BBIYMCJICHNEM MUHUMAJIbHO B3SITOTO 3Haue-
HUS, TIPU KOTOPOM elllé¢ He 3aMETeH IITyM
BO3IEICTBUS OKpYKarolero hoHa.

Clie Iy oM 3TarioM SIBJISICTCS BBIICICHUE
KOHTYpPOB 00beKTOB. B mpeacrapisieMoM uc-
CJICIOBAHUM JIJISI €T0 peaan3allii NCIO0JIb30-
BaH ajJrOPUTM BBIAEJICHMSI KOHTYPOB, Ipel-
naraemblii B [13]. CyThb anropurMa COCTOUT
B BBIUMCJIEHUN KOHTYPOB (puc. 3T) IBUXKY-
KXcs 0O0BEKTOB Ha MOP(OJIOTMIECKU pac-
mupeHHoM MP uzobpaxeHuu (puc. 3B)
C MOCJICAYIOIINM UX ITPe00pa30BaHUEM K BbI-
MYKJIBIM 00010uKaMm (puc. 31).

Pasmep cTpykTypHOTO 6J10Ka MOPhOJIOTH-
YyecKoro paciiupenus [14] BeiOupasncs pas-
HBIM TOJIOBUHE MUHUMAJIBHOTO PACCTOSIHUS
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(B mMUKCeNAX) MEXIYy paccMaTpUBAaCMBIM
M COCEHUM IIyTSIMU JJ151 TTOJTyYEH s Herepe-
CEeKaloIIUXCsI KOHTYPOB 00beKTOB. B kKauecTBe
TOYEK KOHTYPOB MCHOJIb30BaHbI O€/Ible TTUK-
Celau, Y KOTOPBIX XOTS Obl ONUH COCEIHUIA
MUKCETb UMEET HYJIEBYIO MUHTEHCUBHOCTD. 115t
MOJIyYeHMSI KOHTYPOB B BUJIE BBIITYKJIbIX 000-
Jlodyek B paboTe mpUMeHEH ajaroputm xap-
BHca, GOpMUPYIOIINIT MHOXECTBO TOUEK
KoHtypa P={p,, p,, ..., p,}, TAKOE, UTO YroJ
MEXTy TIPAMOIA p, p, U IPAMO¥ p p,., — MaKCH~
MaJIbHBbIN.

ITonydyeHHbIE KOHTYPbBI, XapaKTepU3ylo-
11I1e pacrnojiokeHrue 00beKTOB, HEOOXOIUMO
KJacCcU(UIINPOBATh Ha KITIOUEBBIC U HE KITIO-
yeBble. KiTroueBBIMM OyieM CUUTaTh KOHTYPHI,
YIOBJIETBOPSIIOLIUE IBYM KPUTEPUSIM:

1. KoHTyp pacnosioxeH Ha JIMHUW aHaJIu-
3UPYEMOTO ITyTU COPTUPOBOYHOTO TapKa.

2. KoHTyp nMeeT pa3mMephl, COITOCTaBUMBIC
C 3apaHee U3BECTHOU IJIMHOM OTLeTIa, 3HadYe-
HME KOTOPOU IMOTYYE€HO OT COOTBETCTBYIOLIEH
CUCTEMbI aBTOMATU3AlIMU YIIPABJIECHUS COp-
TUPOBOYHOM TOPKOMA.

ITpoBepka BBINOJHEHUS TIEPBOrO KpUTE-
pus SABASIETCS TPUBUAIBLHOU M He TpebyeT
nosicHeHuii. [IpoBepKa BbITTOJHEHUSI BTOPOTO
KpUTEPUS TPEOYET COMOCTABICHUS TUKCEEH
M300paXeHUsl C peaibHbIMKA KOOpAMHATAMU
nyrteit B rmapke. Jis 3TOro MoxeTt ObITb UC-
MoJib3oBaHa (hopMya KaJIMOPOBKUA KaMEpHI,
npeacTasiieHHast B [15] 1 mo3BoJisitolast Bbl-
YUCJIUTh peaJIbHOE paCCTOSTHUE Ha ITyTU B MET-
pax yepe3 paccTosiHME Ha M300paxXeHuu

B ITUKCEJIAX:
LK
W/x-1+ K’

(2
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rae D — MCKOMOoe pacCTosTHUE 10 00BEKTa, M;

L — nnvHa nyTu, M;

W — nnHa IyTH B TIMKCEIISIX;

X — PacCTOSTHUE OT Havajia IyTH 10 aHaJIU -
3UPYeMOI TOUKHM Ha M300pakeHUU B ITUKCE-
JISIX;

K — xXo3(dduLreHT HaKJI0oHa KaMephl,
paccuMTBIBaeMbIii TIO (hopMyJie:
=22, Q)
rne M — paccTosiHue OT Havyasia 1o CEpeIuHbI
IyTH B ITUKCEJISX.

Ha puc. 3e npencraBieHa HaHeCEHHAas
SKCIEePTOM JIMHUS aHAIU3UPYEeMOTO ITyTH
COPTUPOBOYHOTO MapKa Co HIKAJION paccTos -
HUI B METpax, MOJy4eHHO Ha OCHOBE (hop-
MyJHI (2). CorracHo MHGOPMALINH, TTOJTYIeH-
HOI OT CHCTEMBI aBTOMATU3aIIH YIIPABICHUS
COPTUPOBOYHBIM TPOIIECCOM, UIMHA BaroHa
cocrapsier 14 METpOB, YTO COOTBETCTBYET
JUTMHE BBIJIEJIEHHOTO 00bEKTa Ha paCCUUTAH -
Hoit mikase. TakuM o0pa3oM, U300paKEHHBI
Ha puc. 3¢ KOHTYp XapaKTepu3yeT KJII0UeBOi
OOBEKT U SIBJISIETCS pEIIICHUEM 3a1aull CeTMEH-
TaIu.

Ha puc. 3 npencrasieHo n3o0paxeHue,
Ha KOTOPOM CeTMEHTHUPOBAHHBINM KITIOUEBOM
00BEKT OTMEUCH IMPSIMOYTOJIBHUKOM C MUHU -
MaJIbHBIMHM pa3MepaMu, MO3BOISIOIUMA
00BECTHU BCE €r0 KOHTYPHI.

NO3UNLUNOHUPOBAHUE KJTIOYEBbIX
OBbEKTOB B BUAEOMNOTOKE

[Mo3unmoHupoBaHue pemnaeT 3aaady Bbi-
YUCJIEHUST U3MEHEHUSI TIOJIOXKEHUST 00BEKTa
C U3BECTHBIMU HAYaJIbHBIMU KOOPAMHATAMU
OTHOCUTETLHO OKpPYKalolero (hooHa Ha OCHO-
BE€ U3BECTHBIX XapaKTePUCTUK 00BEKTa B TTpe-
IbITyIeM Kaape. biarogapst ucnob30BaHUIO
anpuopHoit nHGopMaluunu 00 00bEKTE MO31-
LIMOHUPOBAHMSI B KAUECTBE BXOIHBIX TAHHBIX,
TaKOU MOIXOI SIBJIsIETCST 60siee (D (hEeKTUBHBIM
U COTTPOBOK/IAETCSI MEHBIIIMMU BPEMEHHbIMU
3aTpataMu, 4eM MOBTOPHAsI CEeTrMEHTAIIUsI
KJIFOUEBOTO OOBEKTA B KaXKIOM HOBOM Kajipe
[16].

B mpemyiaraemom ucciienoBaHUU B Kade-
CTBE arlPUOPHBIX JAHHBIX 00 OOBEKTE MO3U-
LIMOHUPOBAHUS UCTIOJIb3YETCsT U300paXkeHue
C pa3MeueHHOI 00JIACThIO PACITOJIOXKEHUS
o0BekTa (puc. 3xK).

B otnuume ot aroputMa cerMeHTUpPOBa-
HUs, TTO3BOJISIIONIETO TPU UCIOJb30BAHUU
0a30BbIX MOJIXOJ0B MOJYYUTh JOTTYCTUMOE
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pelieHue TIepBoi 1o13a1a91 UCCIIeIOBaHMS,
JUTSI TIO3ULIMOHUPOBAHUST HEOOXOIMMO TT010-
OpaTh ONITUMATbHBIN KOMILJIEKCHBIH ITOAXO/,
MOCKOJIbKY 0a30Bblit anroput™ Adaboost [17],
KOTOpPBIN (hOpMUPYET 3HAYEHUE CXOXKECTH
KaXKII0TO IMUKCEJISI, COCETHETO K pa3MeUeHHOMI
Ha o0yyarolieM U300paxeHUU MpSIMOYTOJib-
HOI1 00J1aCTH, OKa3aJICs He TIOAXOMSAIIAM JIJIsT
MO3UIMOHNpoBaHus (puc. 4, 1 cTonbelr).

Hwxe mpuBeneHo cpaBHEHME TPEX COBpeE-
MEHHBIX QJITOPUTMOB MO3UIITMOHUPOBAHUS,
TTO3BOJISTIOIIVX TIOCTUY b HAaN00JIee TOITyCTUMBIX
PEe3yJIbTaTOB PEIlIeHUs 331a9M TO3UITMOHUPO-
BaHUSI OTIIETIOB; MHOTOBapUaHTHOE O0yueH1e
(Multiple Instance Learning, MIL) [16], mu-
HUMaJIbHasI cCyMMa KBaJIpaTUIHBIX OIIMOOK
(Minimum Output Sum of Squared Error,
MOSSE) [18], aMCKprMUHATUBHBIA KOPpEsi-
LIMOHHBIN (UIBTP ¢ KAHAJIBHOW U TTPOCTPaH-
CTBEHHOI HaaéxHocThio (Discriminative
Correlation Filter with Channel and Spatial
Reliability, DCF-CSR) [19].

AnroputMm MIL ocHOBaH Ha To ke unee,
uyto u Adaboost. OrpomMHasi pa3HM1LIa COCTOUT
B TOM, 4TO, KPOME MCXOTHBIX TaHHBIX, aJIr0-
PUTM TaKXe paccMaTpUBaeT CoCeHre 00ia-
CTU M300paXkeHUsI, KOTOPbIE MOTEHIIMAIBHO
CUYUTAET PACTIONOXEHUEM 00bEKTa C HEKOTO-
pBIM 3HAaYeHUEM JOBEpHUs. DTO MO3BOJISIET
CKOPPEKTUPOBATD ITO3UITMOHUPOBAHUE B CITY-
yae HEBEPHOTO OTpeie/ieH!sI TPaHUI] 00beKTa
Ha TIpeIbIIYIIEM T1are.

AnroputM MOSSE Benér rouvck obiact
B KaJipe, MaKCUMaJIbHO IMOX0Xei Ha n300pa-
JKEHME M3 MHOXECTBa, MOJyYEHHOTO MyTéM
HeOobIINX aMHHBIX MPeoOpa3oBaHuUii BXO/I-
HOro n300paxeHus (007aCTU ¢ OOBEKTOM).
B xavecTBe KpuTepus Morcka HOBOI 06J1acTr
¢ 00BbEKTOM Ha TeKYIIleM KaJipe aBTOPHI TTpe/T -
JlaraloT UCTOJIb30BaTh MaKCMMaIbHOE 3HaUe-
HUe Koppesiunu G Mexny n3oopaxeHueM I,
SIBJISTIOIIMMCS MTOTEHIIMATbHOM 00aCThIO
¢ 00BEKTOM Ha TeCTOBOM M300pakeHUW,
U UIeaTbHBIM (WIBTPOM /A, XapaKTepu3yto-
M BXOIHOE U300pakeHne, B MPOCTPAHCTBE
®Dypee:

G = F(1)o (i) , 4

roe F(-) — OpIcTpoe ITpeobpasoBanue Pyphe;
© — I03JIEMEHTHOE YMHOXEHUE MaTPUIL;

¥ — KOMIUIEKCHOE COIPSIKEHUE MATPHULIBL.

3agaya CBOIMTCS K MOMCKY MACAaTbHOTO

dusrpa i, ypbe npeobpazoBaHure KOTOPO-
TO YIOBJIETBOPSIET (hopMyIIe:
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min Y |F(1)© Fy' - Fg)[*, ©)

rae [, — i-oe ahuHHOE MpeodpasoBaHKE BXO/I-
HOTO U300paXeHUs;

g, — WIeaIbHbII OTKIIMK Ha i-0¢ ahUHHOE
mpeobpa3oBaHueE.

W neanbHBIN OTKITUK ITPEICTABIISICTCS B BU-
ne layccoBoii pyHKIMM:

o (G=x)+-p)
pmca{ =2 2022 ) ©
TJIE X, ¥, — KOOPAMHATHI LIEHTPa 001acTH;

X, ¥ — KOOpIMHAThI TOYKU Ha U300paxe-
HUU.

Anroputm DCF-CSR sBnsercss onHAM U3
Han0oJIee COBPEMEHHBIX aJITOPUTMOB ITO3UILIO-
Huposanus. OH, nogooHo MOSSE, ncrnonb3y-
€T KOppesIIUOHHbIe (GUIBTPhI. OTINYNTETb-
HOI 0COOEHHOCTBIO aJITOPUTMa SIBJISICTCST MC-
M0JIb30BaHUE KAPThl MPOCTPAHCTBEHHOM Ha-
JNEXHOCTHU, MO3BOJISIIOLIE UTHOPUPOBATH
3aBEIOMO M3BECTHbIE LITYMBbI ITyTEM ITPUCBOEHUST
Kax/I0il TOYKe 3HAYCHMS IIPUHAMIEKHOCTU
K IMO3ULIMOHUPYEMOMY OOBEKTY, UTO IIPUBOIUT
bopmyiy (5) K Buy:

mm(z w|F(1)© F(hy - F(g,.)|2) ,

F(h)

(7

IJie W, — BEC COOTBETCTBYIOIIETO (DUIILTPA Ha
OCHOBe CTeleHU apuHHOCTHU TIpeoOpa3oBa-
HUSI, KOTOPOE OH peajn3yeT Ha BXOJHOM
M300paKeHUU.

C TOUKM 3peHUsI TOUHOCTU Hanbosiee -
(beXTMBHBIM aJITOPUTMOM TTO3UIIMOHUPOBA-
Hus asiasiercss DCF-CSR. [Ing cpaBHeHUs
OCTaJIbHBIX aJITOPUTMOB OBLIO UCITOIb30BaHO
cpenHee OTHOIIEHHUE YKCia TOUeK MepeKphl-
TSI 00JIaCTE MTO3UIIMOHNPOBAHHSI K 001IIEMY
YUCIIy TOYEK 00JIACTU TO3UIIMOHUPOBAHUS
DCF-CSR. PesynbraThl cpaBHEHUS TTPEICTaB-
JIEHBI B TA0JI. 1.

Ta0imuna 1
CpaBHeHHe TOYHOCTH TO3MIHOHUPOBAHUS

AJroput™M TouHoCTh
Adaboost 0,53
MIL 0,91
MOSSE 0,67
DCF-CSR 1
Ta6amuna 2
CpaBHeHHEe CKOPOCTH MO3MIHOHUPOBAHUS
AJNTOpUTM FPS
Adaboost 24
MIL 15
MOSSE 45
DCF-CSR 7

CpaBHeHUE OBICTPOTHI aJITOPUTMOB Ha
Intel Core i54200U (8 I'6 DDR3) ¢ ncrnons-
3oBaHneM 6moaorek OpenCV 4.0 moka3zaHo
B Ta0m. 2.

s onpenejeHUsI CKOPOCTU ABMXEHUS
OTIIeIa ¥ IPOMACHHOIO UM PaCCTOSIHUSI ObL1a
KUCIIOJIb30BaHa IlIKajia, onpeaca€HHas Ha
puc. 3e. UcxonHoe n o6paboTaHHOE BUIEO
C KCIIOJIb30BaHUEM IO3ULMOHUPOBAHUS
DCF-CSR Boirpyxensl Ha YouTube?3. Pe-
3yJIBTaThl UCCJICAOBAHMS BHEAPEHbI B Kaye-
CTBE DKCIIEPUMEHTAIbHOTO IIPOEKTAa B IIOAI0-
POYHOM ITapKe HEYETHOI TOPKU COPTUPOBOY-
Ho¥# ctanuu Muckas 3amagHo-Cubupckoii
KEJIE3HOM TOPOIH.

SAKJIOMEHUE
B pabore omucanHa 3amadya KOHTPOJIS 110~
JIBVDKHBIX €IMHNLL B TOATOPOYHOM ITapKe Ke-

2 Vehicle tracker NIIAS. [QnekrponHsiii pecype]:
https://youtu.be/x-1V7zwyp6k.

3 Video for vehicle tracking (NIIAS) [DnexTpoHHbIH
pecypc]: https://youtu.be/tGmImKFyQ4U.

Puc. 4. CpaBHeHue anroputMmoB no3numoHnposaHus (1 cronbey — Adaboost, 2 cronbey — MIL,
3 cronbey — MOSSE, 4 cron6ey — DCFCSR).
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JIE3HOAOPOXHOU COPTUPOBOYHON CTAaHUUU
U TIPEJICTaBJIeH aropuT™M e€ perieHus. [1pen-
JlaraeMasi pa3paboTKa SIBJISIeTCS aKTyaJIbHOM
B CBSAI3U C HE3((PEKTUBHOCTHIO UCTIOIb30BAHUS
TPAIUIIMOHHBIX MOAXOJ0B, MPUMEHSIEMbIX Ha
COPTUPOBOYHON ropke. B pabore onucaHbl
OCHOBHbIE KPUTEPUU 3a1a4U U TTPEICTaBICHBI
1Iarv BO3MOKHOTO PEIeHNSI, a TAKXKE TTPOUJI-
JIIOCTPUPOBAHBI PE3YJIBTaThl KOHTPOJIS ABUKE -
HUSI OTHOBAarOHHOT'O OTILIEMNA B MapKe.

Kak cienyet n3 mpoBe1€HHOTO UCCIEN0-
BaHWsI, pa3pabOTaHHbBIN AITOPUTM SIBISETCS
AKTyaJIbHBIM B UCTIOJIb30BAHUU Ha COPTUPO-
BOYHBIX XE€JIEe3HONOPOXKHBIX CTAHIUSX,
a TakXe MOXeT ObITh MPUMEHEH B JAPYTUX
00J1aCTSIX, TIe UEbIO SIBJISeTCS aBTOMaTUye-
CKMIf KOHTPOJIb CKOPOCTU U MECTOITOJI0XKE-
HUSI OOBEKTOB OTHOCUTEJIBHO PACTIONOKEHUS
BUICOKAMEDPHI.

PesynbraTom HacTosiIeit paboThl SIBISET-
cs1 000CHOBaHME aKTyaJIbHOCTHU UCITOJIb30Ba-
HUSI KOMITBIOTEPHOTO 3peHUs B 00J1aCTH XKe-
JIE3HOIOPOKHBIX COPTUPOBOYHBIX ITPOLIECCOB.
BHenpenue pa3pabaTbiBaeMbIX aIrOPUTMOB
B CUCTEMbl aBTOMATU3aLIUU XKeJIe3HOIOPOXK-
HBIX COPTUPOBOYHBIX ITPOLIECCOB (HAIIpuMep,
KCAY CII) nmo3BouT 00beKTUBU3UPOBATH
nojayyaemMyo MHGOPMAILUIO O COCTOSTHUU
COPTUPOBOYHOTO MapKa. DTO B UTOTE CO3AACT
BO3MOXHOCTb 00Jiee TOUYHOW MOACTPOUKU
MOJCUCTEMbI MPULIEIBHOTO TOPMOXKEHUST Ha
TrOpKe, 4YTO COKPATUT KOJUYECTBO OMACHBIX
COyJapeHUil U MpenoTBPAaTUT MOSIBJIECHUE
«OKOH» MEXIy OTLIeTIaMU HA COPTUPOBOYHBIX
MYTSX.

B kauecTBe nanbHEHIIMX MCCIeIOBAHUN
IUTAHUPYETCSI COBEPIIIEHCTBOBAHUE MTPENCTAB-
JICHHOTO aJirOpuTMa IJIs KOHTPOJIS IBUXKY-
IIUXCS OTLEINOB, CoAepXkKalluX IBa U Ooyiee
BaroHa, a Takke TECTUPOBAaHME pa3padOTaH-
HOTO MOAX0/1a MPU IUIOXO0M BUAUMOCTU (HOY-
HOE BpeMsI CYTOK Y HEOJIaronpusITHbIE MOTO/T -
HbIE YCJIOBUS).
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Implementation of Intelligent
Monitoring for the Marshalling Yard

Sergey M. KOVALYOV

Andrey V. SUKHANOV

ABSTRACT

The railway marshalling station occupies a central place
in the technological chain of freight transportation processes,
since the speed of processing trains at marshalling yards
determines the volume and cost of transportation. Therefore,
development of automation and computerization of sorting
processes results in growing efficiency of freight
transportation in general.

The objective of the study is to formalize the problem of
cars’ monitoring within the railway marshalling yard and to
develop a method for solving it with the use of algorithms of
recognizing and positioning of dynamic objects through the
intelligent data analysis of streaming video.

The article presents a new approach to solution of the
problem of monitoring moving units in the hump (sorting) yard
of marshalling stations. The article suggests core criteria for
identifying speed and positioning of the railway wagons when
they are running after been separated at the hump. The article

Kovalyov Sergey M., Rostov branch of JSC NIIAS,
Rostov State Transport University, Rostov-on-Don,
Russia.

Sukhanov Andrey V., Rostov branch of JSC NIIAS,
Rostov State Transport University (RSTU), Rostov-on-
Don, Russia*.

specifies that monitoring of moving units at hump yard is less
automated in comparison with the monitoring at the hump
itself, and that confirms the relevance of the research. To get
the problem of the automation monitoring of moving units in
the hump yard solved, the authors have suggested an
algorithm that is based on the image data intelligent analysis,
that is on computer vision, and have described the model of
its implementation at a station.

The methods used are based on the theory of computer
vision and are aimed at recognizing key dynamic objects in
streaming video and at their subsequent positioning.

The study has resulted in substantiation of acceptability
of the use of computer vision in the process of separation
and formation of trains. It is planned to proceed with further
improvement of the presented approach to develop a
software product allowing to objectify information about hump
yard in order to increase the efficiency of targeted braking at
the hump.

Keywords: transport, railway, classification process automation, classification yard track occupancy, positioning of railway

vehicle units, intelligent analysis of video data, digitalization.
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Background. The railway marshalling
station is the most important segment of
transportation process chain, since trans-
portation costs mainly and directly depend on
wagons’ idle time spent at them [1]. Growth in
efficiency of technological processes at the
marshalling yards and hump yards is achieved
through improving the IT and automation
equipment. The modern automation equipment
of classification processes, such as KSAU SP
[2], MSR-32 [3], DDC-III [4] et al., provides
for complete monitoring of railway vehicle units
(identification of a wagon speed and location)
while they are moving along the hump yard.
After a moving unit leaves the hump towards
marshalling yard tracks, the speed is not
identified and only the last wagon that enters
the yard can be localized, that results in the
need for simulation modeling of wagons’
motion based on statistical data using manual
labour of yard controllers. All this reduces the
accuracy and objectivity of monitoring of
railcar moving within the marshalling yard and,
as a result, causes wagons’ collisions at
overspeed and probability of appearance of time
intervals on the yard tracks, that negatively
affects the efficiency of the marshalling process
as a whole.

Objective. The objective of the work is to
formalize the problem of positioning control
of cars when they exit the hump and follow the
tracks of the railway marshalling yard with
identifying speed of their movement and
collision. In addition, the paper presents a
method for solving a formalized problem, based
on the use of algorithms for recognizing and
positioning key dynamic objects on the stage

Classification
yard

Pic. 1. Schematic division of the hump yard into
control sections with an adjacent classification yard
(RP means a retarder position).

1 1
1 1
1 1
RP |RP|
1 1
' 1
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through the intellectual analysis of streaming
video data using computer vision.

Methods. Two groups of computer vision
methods are used, the first of which implements
recognition of key moving objects against the
surrounding background, the second
implements positioning of previously known
objects on the scene.

Statement of the problem

The current rail marshalling process
automation systems [2—5] provide for complete
monitoring of railcar groups (cuts) movement
in the hump yard when they are passing the
control sections (Pic. 1): yard retarder positions
(RP) are monitored by radar speed meters,
track sections between retarder positions are
monitored by speed measurement using axle
counter transmitter. The control section
equipment permits to precisely determine a
wagon’s speed, to correlate it with the
simulation model received from Automatic
Speed Control system and quickly correct
brake operation algorithms and algorithms of
cut routing systems if needed.

After the cut leaves the wagon retarder yard
RP to the sorting track, the speed of the cut and
the velocity of its unification with other cars on
the tracks is not determined. The calculation
is based on the Automatic Speed Control
simulation model considering statistical data
on the state of the vertical alignment of track,
current meteorological conditions, running
characteristics of railcars (weight, box type,
nominal length).

According to «Procedure for checking the
wagon collision speed on the tracks of
marshalling (hump) yards»!, each yard
inspector must measure speed of unification of
20 wagons in the hump yard per shift using
radar speed meters. Metering accuracy of this
device is 0,2 km/h that is equivalent to 4,3 %
of car average speed in the yard.

Number of the cars to be marshalled at large
marshalling yard, equipped with two humps, is
about 9000 pcs. per day [6]. Thus, 80 wagons
measured by inspectors per day (two shifts at
two humps) is equivalent to the coverage of
about 0,9 % of the number of marshalled
wagons. Besides, in poor weather conditions
both the quantity and the reliability of the data
decrease sharply, which is confirmed by the

! Directive of JSC Russian Railways dated August 12,
2010, No. 1735p.
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analysis made by the computer-aided
classification process control system (KSAU
SP) [2]. Due to growing automation of train
separation processes, reliable knowledge of the
characteristics of movement of mobile units
along the tracks of marshalling yards is a must-
have for automatic and telemetry control
railway units.

With reference to the above, the problem
of monitoring the speed of wagons’ movement
and unification on the tracks of the
classification yards when conducting train
separation at automated humps is now of great
relevance.

By material and performance criteria, the
problem solving in the classical way (installation
of a group of axle counter transmitters all over
the length of the classification yard tracks) is
not efficient (the total classification yard track
length is on average of above 50 km). To solve
this problem it is necessary to develop a tool,
which allows monitoring the cuts in the
classification yard. Video surveillance cameras
mounted on the yard lighting towers can be
used as such tool (Pic. 2).

For automatic conversion of video signal
into quantitative characteristics of the
monitored cars (speed and position), it is
proposed to use the intelligent video data
recognition method which is a computer vision.
It has been already well developed for the
commercial railroad freight activities when
identifying car numbers [7], when monitoring
the railway track conditions [8], when providing
the transportation safety [9] and for other
activities.

For solving the car movement monitoring
problem in terms of computer vision [10] it is
necessary to solve two sub-problems:

1. Key object recognition (segmentation);

2. Positioning of key objects within
streaming video.

The further sections describe the basic steps
toward a solution of the above problems, as well
as provide alternative implementation methods.

Key object segmentation

Segmentation problem solution means the
key object edge extraction against the
environment background. When segmenting
moving objects, the edges are determined for
entities whose position is different in at least
two consecutive frames [11]. Thus, the key
object segmentation’s first stage is to determine
points whose position varies from frame to

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol
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Pic. 2. Arrangement of Video Surveillance Cameras for
monitoring.

frame. For its implementation, this article uses
the interframe difference (ID) method [12] that
suggests to use the difference between the pixel
intensities of two consecutive frames / u /,_,.In
this case, to identify moving points, it is
necessary to choose the boundary value of the
difference, above which the image area will be
assigned to moving objects or to the background,
if otherwise (Pic. 3b):

N LACSHES ANESY B
|0, otherwise

(D

where X, y are pixels coordinates;

T — boundary value of the pixel intensity
difference.

The choice of t is based on the empirical
calculation of the minimum value when
background noise is still absent.

The next stage consists in object’s edge
extraction. For its implementation, this
research uses the edge extraction algorithm
suggested in [13]. The algorithm essence is to
detect the moving object’s edge (Pic. 3d) in a
morphologically expanded interframe
difference image (Pic. 3c), followed by their
transformation to convex hulls (Pic. 3d).

The size of the morphological expansion
structural block [14] was chosen equal to half
the minimum distance (in pixels) between the
track concerned and the next one to obtain
non-overlapping object’s edges. White pixels,
which have even one adjacent pixel with zero
intensity, are used as edge points. For obtaining

.17,1ss. 4, pp. 98-110 (2019)
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a) Current image

b) Interframe difference (ID) image

e) Convex hulls

the edges as convex hulls, the research uses
Jarvis’s Algorithm forming a set of edge points
P={p,p, ..., p,}, so that the angle between
p,p,and pp,  straight lines is maximum.

The resulting edges characterizing the
object location have to be classified as key and
non-key ones. The edges meeting two following
criteria would be considered as key:

1. The edge is located in the line of the
analyzed classification yard track;

2. The edge sizes are comparable to the cut
length value, known beforehand, and which is
obtained from the corresponding hump yard
control automation system.

The verification of compliance with first
criterion is trivial and is self explanatory. The
verification of compliance with second criterion
requires matching the image pixels with actual
coordinates of the yard tracks. To do this, it is
possible to use the camera calibration formula
stated in [15], which allows calculation of the
actual distance on the track in meters using the
image distance in pixels:

LK
w /x-1+K ’

2

where D is required distance to the object, m;

L — track length, m;

W — track length, pixels;

x — distance from the beginning of the track
to the analyzed point in the image, pixels;

K — camera slope coefficient calculated by
the following formula:

w-M

=

3)
where M — distance from the beginning of the
track to the midway, pixels.

Pic. 3g shows the analyzed hump yard track
line traced by the expert along with the scale of
distance in meters, obtained by formula (2).
According to the data obtained from the
computer-aided classification process control
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f) Key hull extraction

c¢) Poor ID image

g) Segmented object

Pic. 3. Segmentation of the key moving object (wagon) by interframe difference analysis.

system, the car length is 14 meters that
corresponds to the marked object length on the
calculated scale. Hence, the edge in Pic. 3f
characterizes the key object and is the
segmentation problem solution.

Pic. 3g shows the segmented key object
marked with a rectangle of minimum sizes
allowing to outline all its edges.

Positioning of key objects within video
streaming

Positioning task is to calculate the change
in the position of an object with known initial
coordinates relative to the surrounding
background based on the known object’s
characteristics in the previous frame. Because
of the use of a priori information about the
object to be positioned as input data, this
approach is more efficient and less time
consuming than repeated segmentation of the
key object in each new frame [16].

This research uses the image with the
marked object position area (Pic. 3g) as a prior
information on the object to be positioned.

Contrary to the segmentation algorithm,
which allows, when using the basic approaches,
to obtain an acceptable solution to the first
research subproblem, positioning needs to select
the efficient integrated approach since the basic
Adaboost algorithm [17], which generates the
similarity value of each pixel next to the rectangular
area marked in the training image, is unsuitable
for positioning (Pic. 4, first column).

Below is a comparison of three advanced
positioning algorithms that allow to get the most
acceptable results for positioning the cuts:
Multiple Instance Learning, MIL[16], Minimum
Output Sum of Squared Error, MOSSE [18],
Discriminative Correlation Filter with Channel
and Spatial Reliability, DCF-CSR [19].

The MIL algorithm is based on the same
idea as the Adaboost. Though there is a great
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difference between the two algorithms as that
algorithm considers both the initial data and
the adjacent image areas, which potentially are
considered as an object’s location with a certain
confidence value. This allows to refine the
positioning in the case of incorrect determina-
tion of the object’s boundaries at the previous
step.

The MOSSE algorithm searches for the area
in the frame that is as similar as possible to the
image from the set obtained by small affine
transformations of the input image (the area with
an object). Asasearch criterion of a new area with
an object in the current frame, the authors offer
to use the maximum correlation value G'between
image / that is a potential area with an object in
the test image and an ideal filter 4 characterizing
the input image in the Fourier domain:

G = F(I)oF(h) , 4)
where F(-) — fast Fourier transformation;

© — step-by-step matrix multiplication;

* — complex matrice conjugation.

The problem is confined to search an ideal
filter A, the Fourier transformation of which
satisfies the formula:

min Z\F(L) O F(h)' - F(g,)

2

, (&)

where I, — i-th input image affine transfor-
mation;

g, — ideal response to i-th affine
transformation.

The ideal response is shown as Gaussian-
type function:

2 2

w]’ (6)

where x , y_are coordinates of the area center;

x, y— coordinates of the point in the image.

The DCF-CSR algorithm is one of the most
advanced positioning algorithms. Similar to
MOSSE, it uses correlation filters. A distinctive
feature of the algorithm is the use of the spatial
reliability map, which allows to ignore known
noise by assigning each point with a value of
belonging to the object to be positioned that
result in formula (5) as follows:

r}gg(ZW,- [F(I)© F(hy - F(g) ] : @)

where w, is mass of the corresponding filter
based on degree of the affine transformation
which it implements in the input image.

In term of accuracy, the DCF-CSR
algorithm is the most efficient positioning

algorithm. For comparison between the other
algorithms provision has been made for using
the general-to-mean positioning area
overlapping point number ratio of DCF-CSR.
Comparison results are stated in Table 1.

Table 1
Positional Precision Comparison
Algorithm Accuracy
Adaboost 0.53
MIL 0.91
MOSSE 0.67
DCF-CSR 1

Table 2 shows comparison of algorithm rate
using Intel Core i54200U ((8 GB DDR3)
including the OpenCV 4.0 libraries.

Table 2
Positioning Speed Comparison
Algorithm FPS
Adaboost 24
MIL 15
MOSSE 45
DCF-CSR 7

For specifying the cut speed and mileage,
the scale stated in Pic. 3fwas used. The original
and processed video with DCF-CSR
positioning have been uploaded to YouTube? 3.
The research results have been put to use as a
pilot project in the downyard shunting at Insk
classification yard of West Siberian Railway.

Conclusion

The article considers a problem of monitoring
of railway vehicle units in the hump yard and
presents the solution algorithm. The proposed
development is well-timed in the context of the
inefficiency of using traditional approaches existing
at the hump yard. The paper describes the main
criteria of the problem and presents the steps of a
possible solution, as well as shows the result of
monitoring the single cut moving in the yard.

As follows from the above research, the
developed algorithm is the most urgently
needed for use at the rail classification yards,
as well as in other fields requiring monitoring
for speed and location of the objects relative to
the video camera position.

2 Vehicle tracker NIIAS. [Electronic resource]:
https://youtu.be/x-1V7zwyp6k.

3 Video for vehicle tracking (NIIAS) [Electronic resource]:
https://youtu.be/tGmIMKFyQ4U.
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Pic. 4. Comparison of positioning algorithms (the first column for Adaboost, the second column for MIL, the third
column for MOSSE, the fourth column for DCFCSR).

The result of this work is substantiation
of the relevance of using computer vision in
the field of railway classification processes.
The implementation of the developed algorithms
in the automation systems of railway classification
processes (for example, KSAU SP) allows to
objectify the received information about the state
of the classification yard. As a result, this will
create the possibility of a more precise adjustment
of the targeted braking subsystem at the hump,
reducing thus the number of dangerous collisions
and avoiding appearance of «windows» between
cuts on the classification tracks.

As further studies, it is planned to improve the
presented algorithm for monitoring moving cuts
containing two or more cars, as well as testing the
developed approach under poor visibility (night
time and adverse weather conditions).
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LUudpoBnsauunsa, asTomatnsauus,
nageHTudunkauna n MapKupoBkKa
JNIOrMCTNYECKUX 00BLEKTOB ANs peLleHns
3a4a4 KJIMEHTOOPUEeHTUPOBAHHOCTU

OkcaHa MOKPOBCKASA

Jloructuyeckuii CerMeHT AesiTe/IbHOCTU Xene3-
HOZIOPOXHbIX XOJIANHIOBbIX KOMMaHWUK B YC/I0BUSIX
uHGpopmaTnsaun n ungpoBmudaumn TpaHcnopTa
nepexwvsaeTt nepuos AMHaMmnYHOro PasBuUTusl, Tpe-
OyroLLEero CyLLeCTBEHHbIX Y/TyHLLIEHNI TEXHOIO0MMIA,
rnpoLeccoB v rnpoLeayp.

Llesnbio JaHHOro ccien0BaHus SIBISIETCS TONCK
onTuMasbHbIX PeLleHni B cgpepe aBTomaTmuaaumm
npoueayp naeHTudukaLmm, MapkupoBKU v MPOeK-
TUPOBAaHUS Xe1e3HOA0POXHbIX JIOrNCTUYECKUX
00bEKTOB. VIcrosb30BanuCcb UHCTPYMEHTbI CTaTU-
CTUNYEeCKOro, CUCTEMHOIro, 9KOHOMUYECKOro aHasm-
3a, KOMIMbIOTEPHOr0 MOLAENPOBAHMSI.

lMpencTasneHbl pe3ynbTaTbl pa3paboTky rnpes-
JIOXKEHWI Mo aBTomMatTndaunm, naeHTudukaymm,
MapKUpPOBKE U NPOEKTUPOBAHWIO XE1€3HOLOPOXHbIX
JIOrMCTUYECKUX OOBEKTOB U151 YHUDUKALIMU U1 YIIPO-
LeHUSI MPUHSITUS TEXHUKO-3KCayaTaLnoHHbIX
Y 9KOHOMUYECKUX peLueHuii. Vix peannsaumns no-
3BOJIAT peLuatb Lesbli KOMIIeKC 3aaa4y yrpasJsie-

Iloxpoeckas Oxcana J{mumpuesna — [lemepOypeckuii eocyoapcmeenHblii
YHugepcumem nymeii coobujernus Umnepamopa Anexcanopa I (IIT'VIIC),
Cankm-Ilemep6ype, Poccus*.

HUs 06beKkTaMy TePMUHAaIbHO-CKIaACKOV MHppa-
CTPYKTYpbI, a Takxe 6yaet criocobcTBoBaTb pac-
LUMPEHUIO KJIMEHTCKOW 6a3bl Xene3H0A0POXHbIX
KoMnaHui, B paccMoTpeHHomMm cay4ae — OAO
«PXK/[]», 3a CYET rnoBbILLEHNS 4OCTYNHOCTU, MPOCTO-
Tbl Y KIIMEHTOOPUEHTUPOBAHHOCTY MHGOPpMaLnu
0 JIOrNCTUYECKMX 0O BbEKTAX.

PaspaboTaHa KOHLUenLus aBToMaTn3npoBaH-
HOV CUCTEeMbl yrnpaBieHusi TEPMUHATIbHON CEeTbIO
XKeJIe3HOLOPOXHOro TpaHcropTa. lporpammHbie
npoaykTel obecrneyar BO3MOXHOCTb pacyéra KJio-
4eBbIX MapamMeTpoB OLEHKU, MHBEHTapuaaumu,
KOHTPOJIS M peksiaMbl JIOrMCTUYECKMUX OOBLEKTOB.
Bo3MOXHO e€ rnpumeHeHve B Ka4eCTBE OCHOBbI 151
peknambl rpy GopMUPOBaHUY rmbkKux KOMMep4e-
CKUX NpeasoxXeHuii. BHeapeHne KoHuenumy v co-
npoBoOXAAWNX €€ NHOOPMALIMOHHbIX PELUEeHUNH
no3BoMT chOPMUPOBATH EANHYIO K/TNEHTOOPUEH-
TUPOBAHHYIO MHPOPMALMOHHYIO CPeay v AOCTUYb
4-5 ypOoBHSI 1OrMCTU4ECKOro npoBangnHra.

Knoyesbie c/10Ba: xenesaHasi 4opora, Xene3Hon0POXHbIV 6busHec, umngppoBsasi xenesaHas gopora, TpaHc-
MMOPTHO-JIOrNCTUYECKAs AESTE/IbHOCTb, KIIMEHTOOPUEHTUPOBAHHOCTb, MAEHTUGUKaLNS, MapKUPOBKa, J1I0rv-

cTuyeckuii 06beKT, TepmMvHasibHasi CeTb.

*NHdopmaumsa 06 aBTOpE:

MokpoBckas OkcaHa MUTPUEBHa — JOKTOP TEXHNYECKMX HayK, npodeccop kadenpbl
XEeNne3HoA0POXHbIX CTaHLMIA 1 y310B [NeTepOyprckoro rocyaapCTBEHHOr0 yHMBEPCUTETa NyTei
coobuweHuns Mmnepatopa AnekcaHapa | (MNIYrcC), Caxkr-Metepbypr, Poccus, insight1986@inbox.ru.
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pymnHeiile TpaHCHOPTHbIE KOMITa-

HUU MUpa TpaHCHOPMUPYIOTCH

B TPAHCTHOPTHO-JIOTUCTUYECKUE XOJI-
JTUHTU. JIOTUCTUYECKUI CETMEHT CTAHOBUTCS
BaXKHBIM PECYpPCOM MOBBIIIEHUS 3(PHeKTUB-
HOCTH UX AESITEIbHOCTHU. YCIEIIHbIM MPUMe-
pPOM OpraHu3alKu TPAaHCIOPTHO-JIOTUCTUYE-
CKOI 1eSITeJIbHOCTH SIBJISIETCS OTIBIT XKeJIe3HO-
JOPOXHBIX XOJAWHTOBBIX KOMIIAHUUN —
«Joitae ban» (DB), OAO «P2KI».

BwmecTte ¢ TeM maHHOe HarpaBjieHUE Jesi-
TEJIBbHOCTU B YCJIOBUSX UH(POpMaTU3ALUU
¥ G pOBU3ALIMY SKOHOMUKU U TPAHCTIOPTA,
BHEIPEHUST HOBBIX TEXHOJIOTUI 00paboOTKU
UHGOpPMaLIUK, TIepexoaa B3aUMOOTHOILIEHU I
MOCTAaBUIMKOB YCIYT U KIMEHTOB B UH(MOpMa-
LIMOHHOE MPOCTPAHCTBO HAXOMUTCS B TUHA-
MUWYHOM Pa3BUTUU, TPEOYIOLIEM HETIPECTaH-
HOTO MOMCKa HOBBIX METOJIOB COBEPIIEHCTBO-
BaHUS NESITEIbHOCTU, TEXHOJIOTUM, TTpoLec-
COB U MpPOLIeAYpP, MO3BOJSIOIINUX JOOUTHCSI
CYILIECTBEHHBIX YJIYYIIEHUH.

L]eavio TAaHHOTO UCCIIENOBAHUS SIBISICTCSI
aBTOMAaTU3alMs MPOLEAyp UACHTU(DUKALINH,
MapKUPOBKU U TPOEKTUPOBAHMUS KeJIE3HOIO-
POXHBIX IOTUCTUYECKUX OOBEKTOB ISl YHU-
(ukanmuy u ynpoueHus NpUHSATAS TEXHUKO-
SKCILTyaTallMOHHBIX ¥ 9KOHOMUYECKUX pelle-
HUI MPU YIIPaBJIeHUU 00bEKTaMU TEPMUHAITb-
HO-CKJIAJICKOI MH(PPACTPYKTYPHI, a TAKXKE IS
pacIIMpeHUs] KIUEHTCKOM 0a3bl XXeJIe3HOI0-
pOXHBIX KoMONaHUu#l (Ha mpumepe OAO
«PXK]I») 3a CUET MOBBILIEHUS TOCTYITHOCTH,
KJIMEHTOOPUEHTUPOBAHHOCTU U MPOCTOTHI
«Trofaauu» uHGopmauu 06 00beKTax TEPMU-
HaJIbHO-CKJIAAICKON MH(MPACTPYKTYPHI.

TTpu npopaboTKe npenoKeHui MPUMEHU -
TeabHO K nedareabHoCcTH OAO «PXKI» yuuThI-
BaJUCh MIPUOPUTETHI, yKa3aHHbIE B [1, 2],
a TaKXe B KOMITJIEKCHOM TpoekTe «L{ndposas
KeJie3Hast foporax [3].

OCHOBHBIE 3a/1a4¥, pelllaeMble UCCIEeN0-
BaHUEM:

1) chopmyaupoBaTh KOHLETIIUIO U MO-
NYJIbHYIO CTPYKTYPY aBTOMAaTU3UPOBAHHOM
CHUCTEMBI YIIPABJIECHUSI TEPMUHAIBHON CEThIO
JKeJIE3HOOPOXKHOTO TPAHCTIOPTA;

2) coriacHO MOJUTUKE KIIMEHTOOPUEHTU -
POBAHHOCTH, pPeaju3yeMOil XOJAUHTOM
«PXK», pazpabotaTh cUCTEMY MapKHPOBKHU
U UACHTU(PUKALIUA TIOTUCTUYECKUX OO BEKTOB
KEJIE3HOAOPOXKHOIO TPAHCIOPTA, MTIOHSATHYIO
KaXJIOMY YYaCTHUKY IMePEBO30YHOIO MPOLIEC-
ca;
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3) pazpaboTraTh porpaMMHoOe obecrne-
YyeHHe, B KOTOPOM aBTOMaTU3UPOBAHBI
MU3JIOKeHHbIE METONMKU UACHTU(PUKAIINHN,
MapKHUPOBKM ¥ TPUHUMAaEMbIe TI0 HUM pe-
IeHUSI.

Peanuzanus npenyioxkeHuii mo3Bosinia Obl
KEJIe3HOMNOPOXHOW KOMMAaHUM, B HalleM
ciiyuae — OAO «PXK]l», 1oOUTHCS 11€J1eBOTrO
COCTOSIHUS, TP KOTOPOM ObUTU ObI BO3MOXK-
HBI:

* «BbIJIauya» KJIMEHTAM B MaKCUMaJIbHO
CKOHIIEHTPUPOBAHHOM 1 €MKOM BUJIE Tapa-
METPOB JIOTUCTUYECKNX OO BEKTOB, 3HAUMMBIX
MPpU 3aKa3e JOTUCTUYECKOTO CEPBUCA;

* HeMeJIEHHOE TPUMEHEHUE MPeIIoxKe-
HUSI KaK MapKeTUHTOBOW peKOMEHIAInun
B PEKJIAMHBIX KaMITaHUSX, a TAKXKE CTPYKTY-
paMu XeJe3HOMNOPOXKHOW KOMIIAHUU TPU
BBIPAOOTKE TMOKMX KOMMEPUYECKUX MPemio-
KEHUIA;

* TMOATOTOBKA «LIM(POBOH MJIaTHOPMBbI»
[3] u, B cnyuae OAO «PXK», «ycnoBuii mis
TpaHcOpPMAIUU... B CTATyC JIOTUCTUYECKOTO
nposaiizepa 4 ypoBHsi» [1];

* yBeJMYEHUE MTPOTSKEHHOCTU U TITYOUHBI
KOHTPOJIUPYEMbIX KOMIIAaHUEH JIOTUCTUYE-
CKUX 1IeTIeii (He TOJIbKO «OT CTAHIIUY JIO CTaH-
LIMW», HO «OT KJIMEHTA 0 KJIUEHTa»);

* MOJIHAsl aBTOMAaTU3alUs PacUYETHBIX
U METOANYECKUX MTPOLEAYD;

* POCT «TOTaJbHON YIPaBISIEMOCTH 00b-
€KTOB TepMUHAaJbHO-CKJIaACKOW MHDpa-
CTPYKTYpPbI» [2], BOBMOXHOCTU OLIEHKM MX
JIeSITeIbHOCTU, UHBEHTAPU3ALUU U OTCIIEXKM -
BaHUS TEKYIIMX TAPAMETPOB B peXXKUME peallb-
HOTO BPEMEHU;

* MPOCTOTa U YONOOCTBO MPUMEHEHUS
B COBPEMEHHBIX YCIOBUSIX BEIEHUS TPAHC-
MOPTHO-JIOTUCTUYECKOTO OU3HECA;

* Ka4eCTBEHHBII TOTAJILHBIN KOHTPOJIb 32
JIOTUCTUYECKUMU OOBEKTAMU, U, KaK CeM-
CTBHE, 32 BCEMM JIOTUCTUYECKUMM TIETISIMU,
BBICTPABAEMbIMU XOJIIUHTOM TIPU OpraHu-
3allMU TIEPEBO30K I'PY30B;

* pacuIMpeHue KJIMeHTCKOM 0a3bl 3a CUET
MH(GOPMATUBHOCTU U TIPOCTOTHI CBEACHUN
0 JIOTUCTUYECKUX 0OBEKTaX;

* «POCT MTHBECTUITMOHHOM ITPUBJIEKATETh-
HOCTU KaK pabOTaoIIMX Ha OITOPHOM XKeJe3-
HOJIOPOXKHOM CETU IOTUCTUUECKUX OOBEKTOB,
TaK U MPOEKTOB CTPOUTEILCTBA U MOITAITHOTO
Pa3BUTUSI TEPMUHATBHO-CKJIAACKON UHDpa-
CTPYKTYPBI BBICOKOTO KayeCTBa, «TSTOTEIO-
LIE¥» K TPY30BBIM XKE€JI€3HOTOPOXKHBIM CTaH-

Mokpoeckasa O. . Ulndpoeusaumns, aeTomatnsauusa, uAeHTUGUKaLNA 1 MapKUPOBKa JIOTUCTUYE CKUX
OOBLEKTOB A5 pELLEeHUs 3aa4 KIIMEHTOOPUEHTUPOBAHHOCTHU




LUSIM» (COTJIACHO MPUOPUTETAM, YKa3aHHBIM
B[1, 2]);

* peanm3zanus «1ugpoBoii TpaHchopma-
LIMM» TEPMUHATTbHO-JIOTUCTUIECKOM JesITe Th-
HOCTU KOMITAaHUU TIYTEM «CO3IaHUsI eIMHON
“H(GOPMaALIMOHHON cpenpl» [3] Wid B3auMo-
JNEUCTBUS KEIEe3HOIOPOXKHOTO TpaHCHOpTa
C KJIMEHTAMU 1 BeJICHUST eIMHOI 0a3bl TaHHBIX
0 JIOTUCTUYECKUX OOBEKTaX, YIPOIICHUS
TpoLeayp KOHTPOJS, YU€Ta U OLEHKU Jes-
TEJLHOCTH 3KeJIe3HBIX JOpor [4, ¢. 25];

* MOBBIIIEHNE KOHKYPEHTOCITIOCOOHOCTH
npenoctaBiasgeMbix OAO «PX/» Tepmu-
HaJIbHO-JIOTUCTUYECKUX YCIYT B LIEJOM [5,
c. 159].

B xone uccienoBaHus UCIOJb30BATUCH
00I1IIeHAayYHBIE MemoO0bl, THCTPYMEHTHI CTaTH -
CTUYECKOTr0, CUCTEMHOI0, 5KOHOMUYECKOTO
aHaM3a, KOMIbIOTEPHOTO MOJETUPOBAHUS,
TpOTpaMMHBIE CPE/ICTBA.

PE3YJIbTATDI

TepmMunoiorus

Bseném psn onpenesieHUI, KOTOPbIMU
OyaeM OornepupoBaTh.

Tepmunanvroti cemovto OyaeM CUUTATD «...CO-
BOKYITHOCTB JIOTUCTUIECKIX OOBEKTOB pa3iInd-
HOTO (hYHKIIMOHAJIEHOTO TUTIA W COCAMHSIO-
WX UX TPAHCIIOPTHBIX YIACTKOB, KOTOPHIC
00OCITY>KMBAIOTCSI YHUMOIATBHO VTN MYJIETH -
MOIAJIBHO, TSI PAlIMOHATBHON OpTaHM3alNT
TIPOIIECCOB TPy30IlepepaboTKU, IIEPEBO3KHU
¥ TIOBBILIICHUS TOOABJICHHOM CTOMMOCTH TOBa-
OB TP JOCTaBKE OT KIIMEHTA-TPy300TITPaBU-
TeNS K KITMEHTY-TPY30IT0TydaTe o,

Jloeucmuueckue 06sexmol — 3TO «...00bEK-
THI TPAHCIIOPTHO-CKIIAACKON MHPPACTPYKTY-
PBI, KOTOPBIE TI0 COBOKYITHOCTHU TIPU3HAKOB
CKOHIICHTPUPOBAHBI B IMTPOCTPAHCTBEHHO
omnpencaéHHOM reorpadMIecKoM paifoHe
¥ (PU3NICCKH BBITIOHSIIOIINE ITUPOKUIA ac-
COPTUMEHT OITepaliii KOMITJICKCHOTO TePMU-
HaJIbHO-JIOTUCTUYECKOTO O0CITyXXUBaHUS
PAa3IMYHBIX KJIIMEHTOB 1 UX IPY30B B CHCTEMax
JIIOCTAaBKM OT HAYaJTbHOTO TPY300TIIPABUTEIIS
JI0 KOHEYHOTO rpy3omojydareis» [6, c. 70].

B kauecTBe diceneznodopodicHoeo aoeucmute-
CK020 00BeKma paccMaTpUBAeTCsI OOBEKT Tep-
MHWHAJIBbHO-CKIaACKO MHPPpaCTPpYKTYPHI
JKEJIE3HOMOPOKHOTO TPAHCIIOPTa, KOTOPBII
peanu3yeT GYHKIIAY Y3JIOBOTO BJIEMEHTA Tep-
MUWHAJIBHOM CETH KaK JIOTUCTUUECKOM CHCTe-
MBI ¥ O0CCITeUnBaeT TEXHUIECKYIO 1 MH(ppa-
CTPYKTYPHYIO TTOMIEPKKY TP (PU3NIECCKOM
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BBITIOJTHEHUM Pa3JIMIHBIX YCIYT (ITIOTPY3KH,
BBITPY3KH, XpPaHCHUS, pacTIpee/ICHIS TPY30B,
JIOBENIEHNE TPY30B 10 KOHEUHOTO IMOTpeOuTe -
JIs1) TIpY B3aUMOIEUCTBUM C IPYTUMU yIacT-
HUKaMM Mpolecca nepeBo3ok [7, c. 18].

KineHToOpreHTHPOBAHHDIE pelieHus] sl
TePMHHAJLHO-JIOTUCTHYECKON JeATeTbHOCTH
2KeJIe3HOI0POKHOM KOMIIAHUM: UIEHTU(DUKALNS
U MapKHPOBKA JIOTHCTUYECKNX 00BEKTOB

BHocuMbIe npeutoXeHUsT, KOTOPbIe UMe-
0T BO MHOTOM YHUBEPCAJIbHBIN XapaKkTep
B OTHOIIIEHUH XeJIE3HOOPOXKHBIX XOJJIMHTO-
BBIX KOMITAHUI, B CHJTy HEOOXOIUMOCTH Jie-
MOHCTpaIK UX KOMIUIEKCHOTO, CHUCTEMHOTO
XapakTepa, YYUTHIBAIOIIETO ClielnuKy
NesITeTbHOCTU B KOHKPETHBIX PBIHOYHBIX
YCJIOBUSIX, PACCMaTPUBAIOTCS IPUMEHUTETLHO
K OAO «PXII».

B riepBy1o ouepenb, mpeiaraeTcst mpuMe-
HUTb IPUHIATIB KIIMEHTOOPUEHTUPOBAHHO-
CTU B MH(OPMAIIMY O TePMUHATbHO-CKIIaI -
CKMX 00BEKTaxX XOJIIMHTA, CIIPOC Ha YCIIyTH
KOTOPBIX CETOAHS YCTOMUMBO pacTeT. K coxa-
nmeanto, OAO «PXK]I» TepsieT MOTEHIIMATbHBIX
KJIMEHTOB, KOTOPBIE «yXOASAT» Ha IIPUBATHEIC
JIOTUCTUYECKUE 00BeKThl. Bo MHOTOM Takast
CUTYalIMS «<OTTOKa» BEICOKOIOXOTHBIX TPY30B
C MECT O0IIero Mnojib30BaHUs 00yclIOBIEHA
HU3KOI KIIMEHTOOPUEHTUPOBAHHOCTBIO CBE-
JIEHUI O IOTUCTUIECKUX O0BEKTaX JKeJIe3HBIX
JIOPOT 1 UX (pyHKIIMOHAJIE. DTO HE TI03BOJISIET
KJIMEHTaM UMETh IOTHYI0 MHGMOPMAITUIO IS
TIPUHSITHSI PEIIEHUI U CYIIIECTBEHHO CHIKA -
€T JOCTYITHOCTb CBEIEHUI O JJOTUCTUIECKUX
00beKTaX U 0 KOMIUIEKCHOM TPaHCIIOPTHO-
JIOTUCTUYECKOM CEPBUCE XOJIIMHTA B LIEJIOM.

IIpu 5TOM OOILIEU3BECTHO, YTO OCHOBOM
KJIMEHTOOPUEHTUPOBAHHOTO CepBUCA STBJISI-
€TCsl ero JOCTYMHOCTb, TMOKOCTh, UH(pOpMa-
TUBHOCTbH 1 YIOOCTBO, a TAKXKE TOCTATOUHBII
YPOBEHb «OCBEIOMIEHHOCTU» KJIMEHTOB
0 peau3yeMbIX yCayrax. YnpolleHue 1 «ud-
pOBHU3AIMs» OTHOIICHUI C KJIMEHTaMM pac-
CMaTpUBAETCSI C TIO3UIIUI OpraHU3alUK CO-
[IMATbHO-3KOHOMMWYECKOTO U TEXHOJOTUYE-
CKOTO mpolecca co3nanus ieHHoctu aist OAO
«P2K]I» kak rocraBiInKa BHICOKOKA4eCTBEH-
HBIX JIOTUCTUYECKUX YCITYT.

TpebyeTcs MakcuMabHOE OOHOBJIEHUE
¥ BU3yaJu3alus CBEICHUI O JJOTUCTUIECKUX
o0bekTax. Crnenarh 3T0 BO3MOXHO C TTOMO-
11IbI0 MAPKUPOBKHU, HyMepaliuu (Koja), «Kjac-
ca» ISl KaXI0To JIOTUCTUYECKOro 00beKTa

MNMokpoeckas O. [l. Uudpoensauus, aeTomatusaumus, naeHTudmnKauma u MapkMpoBKa JIOrMCTUYE CKUX
00BLEKTOB A9 peLLIeHUs 3aAa4 KIIMEHTOOPUEHTUPOBaHHOCTHU



JIOT'OTHUII KOMITAHUH-
BJAJEJIBOA JIO ®,™

T — 250 «A»
80 %

KOJIBIIEBASI YACTh
MAPKHPOBKH - «I'PY3bl»

YMCJIO UBETHBIX CEKTOPOB —
KOJIMYECTBO TUINOB I'PY30B,
[IEPEPA BIBAEMBIX H (0}

].lBETA CEKTOPOB THUIbBI FPYBOB,
TIEPEPABATBIBAEMBIX HA JIO
HEHTPAJIBHAS YACTD MAPKMI’! )BKH —
«CK. BHEIIHWI ACIIEKT»:
JIOTUCTUYECKHH THII JIO,
KAYECTBEHHBIE U KOJITMYECTBEHHBIE
MAPAMETPbI J10, TPAHCIIOPTHASI
JIOCTYIIHOCTh

T ¢

CEPASI 3AJIMBKA - TPEBYIOTCSL
MUHBECTULIUM W/WJIA
JIONOJIHUTEJIbHBIE 3ATPATBI
KJIMEHTA J1IO

12 33 JIEBASI YACTh MAPKHPOBKH —
e | «CKJIAJL BHYTPEHHUI ACIIEKT»:
KPBITBIi CKJIAJL M OTKPBITAS TUIOLIA/IKA
COOTBETCTBEHHO
] IPABAS YACTh MAPKMPOBKH —
10 =
«TPAHCIIOPT»
3 ®OHOBASI YACTb MAPKMPOBKY —
/ - «MHBECTHLIMU 1 JIONOJIHUTEJILHBIE
2,5 // 3ATPATBI»
< 10-1

HET 3AJIMBKU - UHBECTULIUU U
JONOJHUTENBHBIE 3ATPATBI
KJIHMEHTA HE TPEBYIOTCSI

Puc. 1. CocTaB MapKupoBOYHOIro 3Haka JIorMCTUYeCKOro oobeKTa.

C TOJHBIM UH(MOPMAIIMOHHBIM MOKPBITUEM.
B coBpeMeHHBIX yCI0BUSIX TPAHCITIOPTHO-J10-
TUCTUYECKOTO PhIHKA CTAHOBUTCSI HEOOXOIM -
MBbIM ITePEX0] «Ha OOILMH SI3bIK» C KIMEHTaMMU.
Hanpumep, B hapMaiieBTUYECKO TPOMBIIII-
JICHHOCTH «alleTUJIcCaIuIIUI0Basl KUCI0Ta»
nuMeeT 0oJiee MpoCcToe, MOTPEOUTETbCKOE
Ha3BaHUE — «aCITUPUH».

B yacTtHOCTH, MpeaTOXEeHO 3aKPENuUTh 3a
KaXJIOU XeJEe3HONOPOXKHON CTaHUMEN, OT-
KPBITOM U151 TPY30BBIX ONepalluid, 1oeucmuye-
CKUll Kaacc, UHOU8UuOyanbHulil U0eHmupuKayu-
OHHbLIL HOMEP U MApKupoeouHslil 3Hak. Takast
cuctemMa 0003HaYeHUI JaCT KIUEHTaM KITIO-
YyeBYy10 MHGMOPMAIIMIO O JOTUCTUYECKOM Cep-
BUCE, TIPEIOCTABISIEMOM KaXKIbIM JIOTUCTUYE-
CKHUM OOBEKTOM — CKJIaJ0M, TEPMUHAIbHO-
CKJIaICKMM KOMILIEKCOM U MPOYUMU CTPYK-
TypaMu, UMEIOIIMMUCS Ha CTAaHLIUU.

Jloeucmuueckuii kaacc JOTUCTUYECKOTO
00beKTa XKeJe3HbIX TOPOTr MPEACTaBsIeT CO-
0oit apabckyto uubpy ot 1 10 9, onpenenéH-
HYIO MO Oa/UIbHOW METOAMKE IKCIIEPTHBIM
MYTEM MO BCEM JIOTUCTUYECKUM (DYHKLIMUSIM
W orepauusiM, BbIMOJHSIEMbIM Ha CTaHLIUU,
C YYETOM UX KOMILIEKCHOCTU. JIOTUCTUYECKUIA
KJ1aCC CTaHLIMU TOJKEeH NPHUCBaUBaThCsT DKC-
MEePTHBIM MYTEM (KOMMEPYECKO-PEeBU3UOH -
HOM cTy*00ii, He3aBUCUMBIMU IKCIIEPTaMU,
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KJIMEHTaMM ) 110 0aJUTbHOI METOAMKE U pa3Me-
LIAThCS B OOIIIEM JOCTYIIE.

IMpennaraemblii «1o0eucmuueckuii Kaacc»,
B OTJIMYHME OT OOIIETPUHSITOM CUCTEMBI KJ1ac-
CHOCTHU M KOAMPOBAaHUS OOBEKTOB CTAHIIMI
[8—11], oTpaxkaeT ¢pyHKILIMOHATbHBIE U TEX-
HUKO-TEXHOJIOTMYECKIE OCOOEHHOCTU Tep-
MUWHaJIbHO-CKJIaJICKOI MH(MPACTPYKTYPHI,
pacITOJIOXKEeHHOM Ha CTAHIIMHU, @ TAKXKE aCCop-
THMEHT TPAHCIIOPTHOTO, CKJIAJICKOTO ¥ KOMII-
JIEKCHOTO JIOTUCTUYECKOTO cepBuca. MHbIMU
CJIOBaMU, JIOTUCTUYECKUI KJIaCC HAIMPSMYIO
CBSI3aH C MapaMeTpaMu, MaKCUMaJIbHO 3Ha-
YUMBIMU JUTSI KITMEHTA XOJIMHTA TIPY TTPUHSI -
THUM PEILIeHUST O TI0JIb30BAHWUHU YCIYTaMU TOTO
WU MHOTO JIOTUCTUYEeCKOro oobekTa [12,
c. 117].

Mapkupogounbvlii 3HAK 102UCMUUECKO20
00seKma — 3TO KpaTKasi, HO CoJiepXKaTeJIbHast
HAJITUCh, IO KOTOPOI JIETKO OIpEeIsIeTCs
KJIACCHOCTb 00beKTa (3TO MOJIE3HO ISl apeH-
JIaTOPOB, HECBEMYIIUX B KJIACCHOCTH JIOTUCTH -
yecKoil uH(pacTpykTyphl). JI1st cocTaBieHUsI
MapKUPOBOYHOI'O 3HaKa B PEaIbHBIX YCIOBH -
SIX BeJIeH1s1 OM3Heca aBTOpOM ObLjia pa3pado-
TaHa aBTOMaTU3MPOBaHHAs ITporpaMma.

Mo>kHO ToJiarath, YTo Ha IIBETOBOM (hOHE
yI0OHO HAHOCUTb HAJIITUCU HETTOCPEICTBEHHO
Ha (hacagax CKJIaACKMX MTOMEIICHUI, a TAKXKe

Mokpoeckasa O. . Ulndpoeusaumns, aeTomatnsauusa, uAeHTUGUKaLNA 1 MapKUPOBKa JIOTUCTUYE CKUX
OOBLEKTOB A5 pELLEeHUs 3aa4 KIIMEHTOOPUEHTUPOBAHHOCTHU
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‘ PACCTOAHNE OT .10 10 ALTPAHCTOFTHOT O Y L1A,

FACCTOANME OT .10 10 MOPCKOTO HIOFTA KM

HCTIOJIb30BaTh COBMECTHO C HOMEPOM WICH-
TU(UKALIMU, B TOM YKUCJIEe — B PEKJIAMHBIX
mensix. MapKupoBKa TTO3BOJIUT BJIAICIIbILY
TEPMUHAIBHO-CKIIAICKON MHQPPACTPYKTYPHI
(xonguury «P2K/1») COKOHOMUTH Ha peKJia-
Me — YBUJIEB U ITPOYUTAB €€, KITUEeHT «HAnAET»
O00BEKTHI CAMOCTOSITETHHO.

Ha puc. 1 mokazaH TMITUYHBIN COCTaB Ta-
KOTO MapKMPOBOYHOTO 3HaKa.

MapxupoBKa JTOTUCTUYECKOTO 00BEeKTa
B 0OOIIIEM ciIyJ9ae COCTOWT M3 TISITH 30H (Hal-
Tcein):

Yacts 1. «I[py3b». UKCI0 IBETHBIX CEKTO-
POB yKa3bIBaeT Ha YMCJIO TPY30B, KOTOPHIE
MOXKET TlepepadaThiBaTh MTaHHBIN JIOTUCTHYE-
ckmii 00beKT. LIBeT Kaxkmoro cekropa yKasbl-
BaeT Ha TUTI Tpy3a.

Yacts 2. «Ckrnag». T — TpaHCTIOPTHBIN
TepMuHai; 250 — oO1as moje3Hast Tioaab
XpaHEeHUs TPY30B Ha JIOTUCTUYECKOM OOBEKTe,
KB. M; A — KJTACCHOCTb CKJIAZICKUX 3MaHUI Ha
J10, knacc «A»; 80 % — «IOKpBITUE» CTaH-
JAPTHBIX TPAHCTIOPTHO-CKJIAICKUX YCIIYT JI0-
TIOJTHUTETBHBIM JIOTUCTUIECKIM 00CITYK1Ba -
HueM, B %. Ha puc. 2 onucaHbl mpodrie 000-
3HAUYEHUS 4acTU 2 MapKUPOBKU.

Yacts 3. «Cxan (TexHUKo-KOMITOHOBOY -
HOE pellieHne)»: yKas3aTeIb TUIA MPUMbIKa-
HUS XeIe3HOAOPOXHOTO MYTU K KPHITOMY
CKJIQJICKOMY KOMIUIEKCY Ha JIOTUCTUIECKOM
00BEKTe; yKa3aTeslb TUIA TTPUMEHSIEMOTO Ha
KPBITBIX CKJIa[IaX JJOTUCTUYECKOTO 00BhEeKTa
(BBEPXY) CTeJUIaXXHOTO 00OpPYAOBaHMS; YKa-
3aTeib TUIA TPUMEHSIEMOTO Ha JIOTUCTUYE-
CKOM 00BbEKTE BHYTPUCKIIAICKOTO TTOTPY309-
HO-pasrpy3oyHoro obopymosanusi. Ha map-
KHUPOBKE N300paXkaeTcsi KOMITOHOBKA KPBITBIX
CKJIaJIOB M OTKPBITBIX TIONMIAN0K. B cityuae,
€CJTM BHYTPY KPBITBIX CKJIAZ0B TSI OTHOTHUII-
HBIX TPY30B MMPUMEHSIETCST HECKOIBKO THUTIOB
000pyIOBaHUSI, YKA3bIBAETCST TOJBKO OJIMH,
MPEUMYIIIECTBEHHBI, THTT. TakKe MPUBOIST-
cs: yKaszaTeJib TUTAa OTKPBITON TUIOMIAIKN
(BHM3Y); yKa3aTesb MOJE3HOU IPy30TOabEM-
HOCTH MCITOJIb3yeMOTO TTOTPY309HO-Pa3rpy-
309HOTO 00OpYAOBAHUS JIOTUCTUUECKOTO
00bEKTa Ha OTKPBITHIX TJIOTIAKAX.
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33 PACCTOAHME OT 30,10 TAMOKEHHOTO NMYHRTA
FOCYIARCTREHHON FRANIIM, KM

PACCTORNNE OF 30 10 ARTOMOGHARRON TPACCH

l 0 GEIEPATBHONO BEANENIR F ABTOROMNANOT O

TPANCHOPTHOTO KOFILIOPA, KM

Puc. 2. O603Ha4YeHNs B LEHTPaIbHOM 4aCTU MapKUPOBKN.

Yactp 4. «TpancnopT». 3 — cpemHsis TIpo-
JOJDKUTEIBHOCTH 000POTa BaroHa B JIOTUCTH -
yeckoM 00beKTe, yac; 10 — 4yncio BaroHOB
B OJHOI XapaKTepHOU Tofaye, BAarOHOB; | —
WHTEpBaJI Moy, yac.

Yactb 5. «MHBecTuium». EcTh 3aiMBKa —
TpeOyIOTCS MOTMOJHUTEIbHbIE WHBECTUIINYN
(3aTpaThl KTMEHTA), HET 3aJIUBKU — HE Tpe-
Oytorcs. «JloroTur» KOMITaHUM-Baaeblia
JIOTUCTUYECKOTO 00BEKTa SIBIISETCS JOTION -
HUTEJbHOW HaIMMCHIO U MOXET OTCYTCTBO-
BaTh. YCIIOBHO MapKMPOBOYHBIH 3HAK MOX-
HO pa3leiuTh Ha MATh YacTeil: «(hoHOBasI»
(4. 5), «xkompueBass» (4. 1), «IeHTpaIbHAS»
(4. 2), «ieBasi» (4. 3) u «mipaBasi» (4. 4). [pe-
WMYIIECTBEHHO MCTIOIB3YIOTCS HATypalb-
HBIE TT0Ka3aTean, HanboJjee ynoOHbIe IS
KJmeHTa (1o matepuaiam «Jloructuaeckoro
pykoBoncTBa» [13, c. 98]).

HoenmugpuxayuonHbwiil HoMep TIPECTaBISIET
co00if TMOKOE aKTyaJlbHOE KOMMEpPUYECKOe
TpeJIoKeHUE TSl KITMeHTa, KOTOPOE MOXKET
OBITh peaJTM30BaHO B HECKOJIBKMX BapHaHTaX.
JIBa BapuaHTa TpenCTaBIeHUs] UACHTU(hUKA -
IIMOHHBIX HOMEPOB JIaHbI B PAa3BEPHYTOM JIJIST
BiIajiesiblia (BapuaHT |, «paciIMpeHHBIN»)
¥ B KPaTKOM KJIMEHTCKOM BUIE (BapuaHT 2,
«KJTMEHTCKUit»). [1py cocTaBieHUM CUCTEMBI
UICHTU(UKAITMOHHOM HyMepalluy NCTTOJTb30-
BaJIUCh PE3YJIbTaThl, MOTyYeHHBIC B UCCIIEIO-
BaHusIX npodeccopamu ManukoBbiM O. B.
[14], KypenkossiM I1. B. u npyriumu mccneno-
BaresiMu [15—19], a Takke B paHee OImy0JI-
KOBaHHBIX paboTax aBTopa [20—27].

Bapuant 1
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1[2]4][5[6]7] 8 | 8

Ne cereBoro paiiona
peseps s 10
3ATPATBI KIIMEHTA

Tlopsikossiii Ne JIO
THIT JOTIOJIHUTEJIBHOT'O
CEPBUCA

Pasnenmrens
TUITJIO
T| CTABKA APEH/IbI CKJIAJIA
7| THUITK.JI. OFBEKTA HA JIO
peseps s 13

s[s|sfofo]1[ - T

w

JI 0

re — JJIs BapMaHTa «pacllipeHHbIN»:

Yacrs 1. «CeTeBoii paitoH» (IBe TIO3ULINN).
85 — HOMep ceTeBOTO pailoHa, B COOTBETCTBUM
C €IMHOM CEeTeBOW pa3METKOM.

MNMokpoeckas O. [l. Uudpoensauus, aeTomatusaumus, naeHTudmnKauma u MapkMpoBKa JIOrMCTUYE CKUX
00BLEKTOB A9 peLLIeHUs 3aAa4 KIIMEHTOOPUEHTUPOBaHHOCTHU



Yactp 2. «Homep oObekTa» (4 mo3uimm).
8001 — mopsimKoBbIf HOMEP OOBEKTA B CETEBOM
paiioHe. «Paznenutenp» (1 mo3uius).

Yacts 3. «Tun JIO» (onHa nmo3uuus). T —
TPAHCTIOPTHBIN TepMUHAN (TUIT JIOTUCTUYE-
CKOTO 00beKTa 1Mo aBTOPCKOM Kiaccuduka-
1uu: P — rpy3oBoii paiioH, rpy3oBas M0 -
ka, C — ckiaja, TepMUHAJIBHO-CKJIaICKOM
KoMIuIekc, L — pacripenetuTeNIbHbIN LIEHTP,
JI — noructryeckuii neHTp, ¥ — TpaHCIOPT-
HO-JIOTUCTUYECKUI y3esq, M — MyJIbTUMO-
JMaJbHBI TPAHCITIOPTHO-JIOTUCTUYECKU I
ueHTp; H — 6ykBa 1aTuHCcKOro ajihaBUTa, IO
WHTEpPBaJTy CTOUMOCTH).

Yactp 4. «CTtaBKa apeHIB» (OIHA ITO3M-
nust). CraBka xpaHenus Ha JIO, eBpo/1 enu-
HUILIA XpaHeHus B cyTKH (1 mayuiera, 1 KoHTEH-
Hep, 1 TonHa rpy3a) — 31—50 eBpo/KB. MeTp.

Yactb 5. «J1onoMHUTENbHBIA CEpBUC» (OIHA
no3uuus). 9, JI — ykazaHue Ha BBITIOJHSIEMbIe
Ha JIOTUCTUYECKOM O0BEKTE YCIyTU: D — 9KC-
neaupoBaHue, JI — mu3uHr u ap. «Pe3eps» (11
YacTu 5, oJiHA MO3ULIKS).

Yactb 6. «3aTpaThl KIMEHTa» (OIHA TO3M-
1ust). YKazaHue Ha HEOOXOAUMOCTb TOTTOJTHU -
TeJIbHBIX 3aTpart (Ha apeH Iy TPy30BOi TEXHUKH,
odopmIIeHNE TOKYMEHTAIMH, TIEPCOHAN, pe-
MOHT 00OpYIOBaHUS U 3MaHUsI, COOCTBEHHO
obopynosaHue...): 0 — Het (1 — ecTb).

Yactb 7. «Tun xenezHogopoxHoro JIO»
(nns yactu 7, onHa nosuuust): K, IT — B coot-
BETCTBUM C MHCTPYKIIMEW 1O KOAMPOBAHUIO
O00BEKTOB CTAHIIMI U TPY30B Ha KEJIE3HBIX
JIOpoTax, paclIMPeHHBIN emg Tpemsl BUIaMKI
O00BEKTOB; C YUETOM: TUIMA CKJIAIUPOBAHMSI,
JIOTUCTUYECKOU pOJu 00beKTa, TUIIA Tpy3a
(K — xoHreliHepHbIil MyHKT, [T — myHKT niepe-
Ipy3KH/mepeBanku) (COTJIacHO MPOEKTY
«JlorucTnyeckoro pykoBOICTBA KeJIE3HOIO0-
POKHOTO TPAaHCTIOPTa», pa3pabOTaHHOTO aBTO-
powm, [13, c. 88—98]).

Bapuanr 2

1] [ 3 4 [s[ef7] 8

CEPBHC OKCIUIYATALIMS

9 [ u [ 1
CTOUMOCTh

&l

Tun cknaga
Tlonesnas niomabL
XpaHeHus
Tun cxemsi [IPP
Vposetb ceppica
Trpys., yac/Bar.
Lmax, yci.par.
Crommocts I1PP,
€Bpo/TPY3. ell.
CroumocTh
OJ1B30BAHMS
npacTpyKTypoil,
eBpo/Bar.

A M 1 S o[s[7] 1 [ 2 TJ2] 1 ] o

rIe — Ul BapUaHTa «KJIMeHTCKUN»:

Yactb 1. «Cxiany». 1 — yCJIOBHBIN U3MEpH-
TeJIb, TUIIOJOTUS cKJIanoB Ha JIO (mpeBanu-
PYIOLLIMIA TUIT) IO MEXIYHAPOAHOM KiIaccH-
(bukanmm cKIaaCcKuX 3MaHUi 1 TIOMEIIEHW,

® MWP TPAHCIOPTA, Tom 17, N2 4, C. 112-135 (2019)

OykBa JaTuHckoro aindasuta A, B, C, D
(1o M3BECTHOM MeXTyHapOJHOU Kiaccudu-
karnuu komranuu Knight Frank); 2 — ycioBHBI
M3MepUTENTh, 00IIAsI TToJIe3HAs TUTOIIaIb XpaHe -
Hus Ha JIO: M — Medium (1400—1799 k8. M);
3 — YCJIOBHBIN M3MEpPUTESb, KOMITOHOBKA
MOTPY30YHO-PaA3rpy304HOU cxeMbl (ITOaX0Md
XKEJIe3HOAOPOXKHOTO MyTU/TyTei, TUII UC-
MOJIb3yeMoro/ucronb3yembix [1PM), 1 —
C UCITOJIb30BaHUEM KO3JI0OBOTO KpaHa.

Yactp 2. «CepBUC». 4 — S — makeT CepBU-
ca (Small): ctaHmapTHbIe YCayru (morpyska-
BBITPY3Ka, IpUEM-BbIJa4a, o(poOpMIIEHUE 10~
KyYMEHTAIINH, XpaHEHUE, YCIIYTU «OT ABEPH 10
JNBEPU», «TTOCTETHSISI MUJIS»).

Yactsb 3. «DKcmnyaranusi». 5, 6 (IBe Mo3u-
LIMW) — HaTypaJbHbI U3MEPUTEb, CPEIHSIST
MIPOIOIKUTEIbHOCTD TTOTPY3KHU (BBITPY3KHN)
onHoro BaroHa Ha JIO, 1., 7, 8 (aBe mo3uimn)
— HaTypaJIbHBII N3MEPUTEITh, MAaKCUMAaJTbHAS
JIJIMHA COCTaBa, IOAaBaeMOro IO/ MOTPY3KY-
BBITPY3KY, YCJIOBHBIX BarOHOB.

Yactp 4. «Ctoumoctb». 9, 10 (1Be mo3u-
1IM1) — TUIaTa 3a BBIIOJTHEHUE TTOTPY309HO-
BBIIPY30UHBIX paboT ¢ | enuHuLEl rpy3a
(manneTa, TOHHA, KOHTeliHep), eBpo/exn.; 11,
12 (nBe mo3uMKM) — TUIaTa 3a MOJb30BaHUE
nHQPaCTpyKTypoii (apeHaa MecTa), eBpo/Bar.
(cormacHO MPOEKTY «JIOTMCTUIECKOTO PYKO-
BOJCTBA IJISI K€JIE3HOMOPOXHOTO TpaHC-
nopra», pa3paboTaHHOTro aBTOpoMm, [13,
c. 79—88)).

Tum cKITaacKoro MOMEIICHUST IIPUBOIUTCST
COTJIACHO TPeOOBaHUSAM MEXIYHAPOIHBIX
kinaccudukanuit, Hanpumep, [28—29].
O4eBUIHO, YTO BIOCICACTBUM IS 00IIeceTe-
BOTO TIPUMEHEHUS MOTPeOyeTCsT Co3maHue
0a3bl JTaHHBIX NICHTU(PUKAITMOHHBIX HOMEPOB
1 MapKMPOBOYHBIX 3HAKOB. ABTOPOM TIOJTyUe-
HbI CBUIETENbCTBAa PocniaTeHTa Ha mporpamMmm-
Hoe obecrieuyeHre MapKUPOBKU, UACHTU(UKA-
LIMY ¥ IPOSKTUPOBAHUS JIOTUCTUISCKUX O0b-
eKToB. Bo3MOXXHO co3nanue Takxke 1 poBo-
ro macropra JOTUCTUYECKOTO 00beKTa, BUI
KOTOPOTO aH Ha puc. 3.

PEAJINSAUUA NTPUOPUTETOB
«LLMDPOBOW XXEJIEZBHOM
AOPOI'n» NPU YNPABJIEHUU
AEATEJIbHOCTbIO JIOTUCTUYECKUX
OBbEKTOB

B cBs131 ¢ pocTOM IOTPEOHOCTE I KITMEHTOB
u pazButueM IT-texHonoruit nonutuka OAO
«P2K» HyknaeTcs B pepOpMUPOBAHUY CBO-

Mokpoeckasa O. . Ulndpoeusaumns, aeTomatnsauusa, uAeHTUGUKaLNA 1 MapKUPOBKa JIOTUCTUYE CKUX
OOBLEKTOB A5 pELLEeHUs 3aa4 KIIMEHTOOPUEHTUPOBAHHOCTHU
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eli IesITeIbHOCTU B HAaTpaBJIeHUU 1IU(PPOBU-
3allMM U WHHOBAIIMOHHOTO Pa3BUTUSI.
B 2017 roay xonauunr «P2K]I» B pamkax y4da-
ctus B nporpamme «lludposast skoHOMMKa»
3amycTuil mpoekT «lludpoBas xene3Hast 10-
pora» TIo pa3padboTKe 1 BHEAPEHUIO T(PPOBBIX
TEXHOJIOTUH B KITIOUEBBIE OM3HEC-TIPOIIECCHI
U ycryrn KommnaHuu. [IpoexT mpeacTasisieT
€000l COBOKYIMTHOCTb «...MH(OPMAITMOHHBIX
TEXHOJIOTHUIA, TIPOIIECCOB U CTAH/IAPTOB B3au-
MOJIEHICTBUSI, COOTBETCTBYIOIINX IIU(MDPOBOIA
Momeau ou3Heca» [3].

Kontenimss ”HHOBAIIMOHHOTO Pa3BUTHS
JKEJIE3HOIOPOXKHOTO TPAHCTIOPTA TIPE/IToJIara-
€T TIepeXoll «OT TUIAaT(hOPMOIIEHTPUUECKOTO
TMOX0/a YIPaBICHUSI K CETEIIEHTPUIECKO-
My» — TO €CTb, OT Pa3BUTHSI MH(OPMAITMOHHBIX
1aTopM 1 CUCTEM K X UHTETPAIIU B €TITHOE
nHbopmarmonHoe mose [30, 31]. Dro mo3Bo-
JIUT TIEPEeBO3YMKAM, TPY300TIPABUTEIISIM,
TPY30TTOJTyJaTesisiM, COOCTBEHHUKAM TTO/IBIIK -
HOTO COCTaBa M MH(MPPACTPYKTYPhI KOOPAVHU -
pOBaTh AeCTBUS ¥ TPUHUMATh OTIEPAaTUBHBIC
pEeIIeHusT Ha OCHOBE TTOJIHOW M TOCTOBEPHOMU
nHbOpPMAIINK O XOJIe TTpoIiecca.

CeromHs koMItaHuM xouauHra «P2KJI»
00eCIeunBaloT KOMITJIEKCHOE JIOTUCTUYECKOE
0o0cmyXnBaHMe KJTMEHTOB, BKIIIOUast ooecre-
YEHUE CKJIAZICKOTO OOCTY>KUBaHUSI, KOHCAJ-
TUHTA, IOTUCTUKU, MYJTBTUMOAATbHBIX TTepe-
BO30K U JIp.

st cOBpeMEHHOU HayKM M TPaKTUKK
OYEBUIIHO, YTO IN(DPOBBIE CEPBUCH — Jpaii-

® MWP TPAHCIMOPTA, Tom 17, N24,C. 112-135 (2019)
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Puc. 3. Ctpyktypa anekTpoHHoro nacropta J1O B egquHom nHgopmaymnoHHom nosie OAO «PXK/[».

Bepbl MUPOBOTO 9KOHOMMYECKOTO pocTa. [1o
oneHke ItodanbHoro nHcTUTyTa McKinsey
K 2025 . yBenmmuenue BBIT Kurast no 22 %, a
CIA 1o 19 % npousoiinér 3a cuét MHTepHeT-
TexHoJyioruit. [1pu 3TOM, KaK yTBEpKIalOT
aKcnepThl «PocOn3HecKOHCATTUHTay,, d(PheKT
mudposuzamnuu Tpancrnopra PO ysenuuut
BBIT k2025 1. Ha 4,1—8,9 TpiH py6., 10 34 %
oxugaemoro pocta BBIT [33, c. 10].

CormacHo [3], undpoBBIe YCIYTU — 3TO
«...KOMTUIEKC OPTaHU3AIMOHHO-TEXHUIECKIX
¥ METOJOJIOTUYECKUX MEPOTIPUSTHIL B chepe
H(MOPMAIIMOHHBIX TEXHOJIOTUH IO TIPEao-
CTaBJICHUIO KJIMEHTAM aBTOMAaTU3UPOBAHHOMN
(GyHKIIMOHATBHOCTH cepBUca». KoHenms
HaTlpaBJieHa Ha CO3MaHUe I KIIMEHTOB aB-
TOMaTU3UPOBAHHOTO CEPBUCA, C TTOMOIIHIO
KOTOPOTO 3aKa3 M ohopMJIeHUE TIEPEBO30K
OyaeT mpoiiie. DTO MO3BOJIUT YBEIUIUTH 00BE-
MBI TIEPEBO30K, a, CJIE0BATETHLHO, ¥ TOXO/ OT
pean3anu U(pPOBOTO «OKOJIOTPAHCTIOPT-
HOTO» CepBuUca.

OCHOBHBIEC HATIPABJICHUST: CO3AHNE €M~
HOU mopoxHOUW KapTel Ha ceTtu PXKJI,
«MHTepHeTa Bemieit», TeXHOMOTUN OOJIBIITNX
JAaHHBIX, MHTEJUIEKTYaTbHbBIX CUCTEM, MO-
OUIBHBIX TIpUJIOXeHul. M3BecTHO, 4TO J0-
CTUKEHUE PEeHTA0ETbHOCTH 32 CUET IIEHOBOM
TMOJIUTUKYU HE BCeTAa BO3MOXHO. [Toaromy,
TOMUMO 6a30BoI1 yeiryTh 1o iepeBoske, OAO
«P2K/1» pa3zBuBaeT NOMOJHUTEIbHbBIN CEPBUC
Kak Crioco0 MPUBIEUYCHUS U YIEPXKAHUST KT -
€HTOB.

MNMokpoeckas O. [l. Uudpoensauus, aeTomatusaumus, naeHTudmnKauma u MapkMpoBKa JIOrMCTUYE CKUX
00BLEKTOB A9 peLLIeHUs 3aAa4 KIIMEHTOOPUEHTUPOBaHHOCTHU
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EJVHOE ACYTC
HH®OPMALMOHHOE (ABTOMATH3UPOBAHHASI CHCTEMA YIIPABJIEHHS
MOJIE - OCHOBA TEPMHUHAJIBHO-CKJTAZICKOM HHOPACTPYKTYPOU
JOTMCTHYECKOTO TEPMHUHAJIbHBIMU CETSIMH)
MPOBAIi/IMHTA 5 YPOBHS

BJIOK «JIOTMCTUYECKHUE OB BEKThI»

MOJIb30BATEJIN:

—— N ——

: YYACTHHKH IEPEBO30YHOTO IPOIIECCA
BJAJEJIbLBI (OMEPATOPbI, AEBEJIONEPbI) 1O (KPOME 0AQ «PAK]I»)
(KPOME 0AQ «PHID) ACY HENIPO®ECCHOHAJIbHBIX YUACTHUKOB
BA3A TAHHBIX 3AIBOK 1 3ATPY3KH MOUIHOCTEW JIO CETH ) TIEPEBO3KH (IO W TTT)
SNEKTPOHHBIE TACNOPTA W MAEHTHOHKAIIMOHHBIE HOMEPA (ACY TIPO®ECCHOHAIbHBIX YYACTHHKOB HEPEBO3KI/I)
JIOTMCTHYECKHX OBBEKTOB (ONEPATOPOB, KCIIEJIMTOPOB...)

( ACY OTJIEJIbHBIX JIO, RFID-QR-CUCTEMBI, XPAHUJIMLIE METOK JIO >

( ACY TAMOKEHHOM CJYKBbI )

C|
( CTPY30M HA 1O

UCTEMA OTOBPAKEHUS HHOOPMALIMHU OB ONEPALIUAX, BLIHOJIHHEMI)I?

(ACY B3AMMOJIEHCTBYIOLIHX B JIO BUIOB TPAHCIIOPTA)

CHCTEMA KOHTPO.ISl, CHTYATHBHOI'O AHAJIM3A K
MPUHATHS PELIEHWIA

Puc. 4. O6was apxutektypa ABTOMaTu3npoBaHHOV CUCTEeMbI yripaBieHus «TepMUHaIbHasi CeTb».

B nmporpamMe KIIMeHTOOPHEHTHPOBAHHO-
ctu ecThb a5eMeHTh Konnerunm «udposas
XKeJle3Hast gopora». [IpuBeném nmpumepsl:
«00paTHasI CBSI3b C KIIMEHTOM»; «KaTaJIoTu3a-
LM YCIAYI», «eauHas 0a3a JaHHBIX —
«MHTepHeT Beleii» 1151 ooMeHa MHMopMaln-
el MEeXIy MepeBO3UYMKOM U KIMEHTOM>»;
«paciIipeHue reorpacduu IMepeBO30K»; «I0-
CTYITHOCTb MH(OPMALIMOHHBIX YCIYT U TIOP-
TaJIOB»; «COBEPIIICHCTBOBAHUE CUCTEM CIIEXKe-
HUS U KOHTPOJISI»; «KOMIUIEKCHOCTD YCJIyT»
(cocTaBieHo o MaTepuanam [1—3]).

s peanm3aliii OCHOBHBIX HAITPaBICHUIA
1o co3gaHmio «L[nppoBoii XKeJle3HOI TOpOTH»
¥ BHEAPEHUS TPUHITATIOB KJIMEHTOOPUECHTH -
poBaHHocTH xoaauHroM «P2K/I» B 2018 .
cozgano OO0 «Iludposasg noructrka» s
pa3paboTKU 1 pean3aiiy HU(PPOBBIX CEPBU-
coB xonauHra P2K]I ¢ mcrosib3oBaHUEM 3JIEKT-
POHHOI1 TOProBoii iomaaku «Ipy3oBble Te-
PEBO3KI».

PaccmoTpuM B cBeTe peann3yeMoli ToJIu-
TUKU «IUPpoBU3aLINN» OM3HEca MPOEKT aB-
TOMaTU3UPOBAHHON CUCTEMBI YITPABICHUS
«TepMuHaIbHas CETh», KOTOPast MOXKET CTaTh
«1GpoBoii rIaTdopMoii» I peaan3alunmn
TePMUHAITBLHO-JIOTUCTUIECKOI OM3HEeC-aK-
tuBHOCTU OAO «PXK]I».

® MWP TPAHCIOPTA, Tom 17, N2 4, C. 112-135 (2019)

ABTOMATU3SUPOBAHHAY CUCTEMA
YNPABJIEHUSA «TEPMUHAJIbHAYA
CETb»

ACY «Tepmunanvhas cemv» — 310 «Ipo-
Bas TutatpopMar 7151 BECHUST TEPMUHATTBHO-
JIOTUCTUYECKOTO OM3Heca XOAauHroM « P2K/1»
«CO CKOPOCTBIO KJTMKa», KOTOpasi MPeACTaB-
JisieT coboil 00IIEPOCCUICKYIO CETEBYIO 0a3y
TMIaHHBIX (BO3MOXEH (hopmaT «obaka» WiIn
«CaTeJUINTa» JUTSl U3BECTHBIX CUCTEM, HATIPU-
Mep, eIUHO CeTeBOI pa3METKU 1 KJTACCHOCTH
CTaHUWI) KaK KJIMEHTOOPUEHTUPOBAHHBIN
OHJTAH-CEPBUC IJI5T 3aKa3YMKOB U TTOCTABIIH -
KOB JIOTUCTUIECKOTO CepBIUcCa.

ABTOpOM ObUIa pa3paboTaHa MPUHIUATIU-
aJibHasl CTPYKTypa TaKOW €IWHOU CUCTEMBI
YIPaBJICHUS IOTUCTUIECKUMU O0BEKTaAMU —
«ABTOMATU3WPOBAHHAS CUCTEMA YITPABIICHUST
«TepMuHanbHast ceTh» (puc. 4).

B03MOXKHBITT MOIYJIBHBIN COCTaB aBTOMA-
TU3UPOBAHHON CUCTEMBI YIIpaBICHUS
«TepMuHabHAS CETh» TTIOKA3aH Ha pUC. 5.

B pazBuTue npemioxxeHuit o uneHTuhn-
Kalluv U1 MapKUPOBKE JIOTUCTUIECKUX OOBEK-
TOB BO3MOKHO COCTABJICHUE «UHMEPAKMUBHOLL
Kapmbi» pabOTAIONINX HA OTTOPHOM KeJIe3HO-
JTIOPOXKHOM CETU JIOTUCTUIECKUX OOBEKTOB TSI
yu€Ta MX TEKYIIETO COCTOSTHUS, KITFOUEBBIX

Mokpoeckasa O. . Ulndpoeusaumns, aeTomatnsauusa, uAeHTUGUKaLNA 1 MapKUPOBKa JIOTUCTUYE CKUX
OOBLEKTOB A5 pELLEeHUs 3aa4 KIIMEHTOOPUEHTUPOBAHHOCTHU




O0naxo 0ashl JaHHBIX
AMHHHCTpATOPa
KE/E3HOLOPOKHOrO

O01axo 0a3b! JAHHBIX CTOPOHHIX
YHACTHUKOB MPOLIECCA ITEPEBO30K
(aBTOTpAHCIIOPT, SKCTIEAUTOP,

AMQKeHHBII GpoKep...)

ACY TC

TEPMUHAJIbBHBIMH CETSIMM)

KAPTA (TPAHCIIOPTHBIE U
TEPMHWHAJIbHBIE CETH,
JAUCJIOKALIUA U 3ATPY3KA
JOI'MCTUYECKUX OB BEKTOB)

CIHIPABOYHUKH LIS KTUEHTA

(YCJIYTH, LIEHBI) )

BA3bI JAHHBIX ITACITIOPTOB U
HOMEPOB

OTJEJIBHBIX JIOTUCTUYECKHUX

UH®OPMAIIMOHHBIE PECYPCBI
OBBEKTOB

AHAJIMTHYECKHE PECYPC])I)

MmapaMeTpoB, a Takxke UX 3¢h(HeKTUBHON 3a-
IPY3KU, MOLITHOCTU U BU3YyaJIM3aLIMU UX YUCIa
U AUCIOKAIMM Ha TEPPUTOPUY CETEBBIX paii-
oHoB. Takasi KapTa ¢ «0bpamHoii c8s13610» MO-
JKeT ObITh MOJIE3HA U IIPU PELLIECHUU «BOIIPOCOB
STAITHOTO Pa3BUTHS U/WIIA IMTPOSKTUPOBAHMS
tepmuHanbHoIi cetu OAO «P2XK/I» (1o npuo-
puTeTaM, yKazaHHbIM B [1—3]), a Takke npu
pelIeHusIX 00 UHBECTUPOBAHUU OObEKTOB.

IIpennaraemast aBToMaTU3MpPOBaHHAs
cucTeMa ynpaBjieHUs TePMUHAIbHO-CKIaI -
CKOM MH(MPACTPpYKTYpOil U TepMUHAJIbHOM
cetbio OAO «P2XKJ/I», nHTErpUpOBaHHA
¢ 00beKTaMU B3aUMMOACUCTBUS, TTO3BOIUT
aHaJIM3UpoBaTh pabOTy JOTUCTUUYECKUX
00BEKTOB M BCEi CeTH, BECTU BU3YaJbHbBIA
KOHTPOJIb OMEepPaTUBHON OOCTaHOBKU IO
3arpy3ke TepMMHaJIbHbBIX MOIIHOCTE!, 00-
pabaTbiBaTh 3asIBKM Ha JIOTUCTUYECKU I
CEePBUC «B OJHO OKHO».

® MWP TPAHCIMOPTA, Tom 17, N24,C. 112-135 (2019)

CHCTEMA YITPABJIEHHS
TEPMHHAJIBHO-
CKJIAJICKOil
HHOPACTPYKTYPOIT H
TEPMHHAJbHBIMH

CETAMH)

(Obako HH(OPMALHOHHO-
CIPABOYHBIX PECYPCOB /UIA KIHEHTA

O61ako 6a3bl 1AHHBIX
JIOTHCTHYECKHX 00BEKTOB

(ABTOMATH3UPOBAHHASI CHCTEMA YITPABJIEHUSA
TEPMUHAJILHO-CKJIAJICKON UH®PACTPYKTYPOI U

PECYPChbI:

KOJUIEKTUBHOI'O ITIOJIb30BAHU S

KOJUVIEKTUBHOI'O INOJIb3OBAHU S

KOJUIEKTUBHOI'O NIOJIb30BAHUA

TOJBKO JJIs1 AAIMUHUCTPATOPA
OIrPAHUYEHHOTI'O TOCTYINIA

OIrPAHUYEHHOI'O JOCTYIIA

Puc. 5. CocTtaB nH¢popMaLnOHHO-CNPaBOYHbIX N aHAJINTUYECKNX PECYPCOB ABTOMaTU3NPOBaHHOM CUCTEMbI
ynpasnenunsi «TepMmuHasibHas ceTb» (cokpaujenmne: ACY TC — ABTOMaTu3npoBaHHON CUCTEeMbI YripaB/1eHUs
«TepMuHanbHasi ceTb»).

IIpeanockuikoii e€ co3maHus ClIeayeT CUM-
TaTh BEJICHUE BPEMEHM: CETOIHS XOJIUHTY
«P2KJI» 00beKTUBHO HEOOXOAUM €AUHBII
uHTepdeiic, TPUEeMJIEMbIii IJIs1 BCEX YYaCTHU -
KOB IIpoliecca rnepeBo3ok. Bc€ ato Mmoxer
1 JOJKHO cTaTh (DYHKLMOHATBHBIM UHCTPY-
MEHTOM IIpU PelIeHUH MPo0JIeM B3auMOJIEH -
CTBUSI YYaCTHMKOB IIpollecca MepeBO30K
M co31aTh MH(pOpMallMOHHOE obecreuyeHue
Beixoga OAO «P2K]l» Ha HOBBI YpOBEHb JIO-
TUCTUYECKOTO TpoBaiiauHra (4—5 ypoBeHb
JIOTUCTUKM), MpeANnoiaralomuii Haaudaue
€IMHOM 3JIEKTPOHHOI CPeIbl JIOTUCTUIECKOTO
orieparopa, CoKpailieH/e 00J1acTeii BUIMMOCTH
JAHHBIX ¥ CHUXKCHUE HAarpy3Kyd Ha CHUCTEMY
«3JIEKTPOHHAST TPAHCIOPTHAsI HaKJaaHas»
(BTPAH).

MoxxHO ToJarath, 4TO BHEIPEHUE aBTOMa-
TU3UPOBAHHOM CHCTEMBbl YyIpaBJICHUS
«TepMuHaIbHAsI CeTh» MOBBICUT 3(D(HEKTUBHOCTD

MNMokpoeckas O. [l. Uudpoensauus, aeTomatusaumus, naeHTudmnKauma u MapkMpoBKa JIOrMCTUYE CKUX
00BLEKTOB A9 peLLIeHUs 3aAa4 KIIMEHTOOPUEHTUPOBaHHOCTHU
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Cxema ceTu X.4., cxema X.A. 1 a.4., uHanbHaAa ceTb
10, AcnoKauma KAMeHTypbl

KnueHtckas nHdopmaums o /10

(B, MHAMBMAYaNbHBIX HOMEPOB 1 3HAKOB)
—

«OfHO OKHOY» ANA KAMEHTa, OHNaH-3aABKa,
OTCNEXMBAHME OMEePaLMit C rpy30m

TOMCKASA OB

3arpyska MOLLHOCTE X.A. MO y4acTKam
1 M0 y31am TepMuHanbHo cetv (6ann, %)

Tun rpy3a / AccopTumenT cepsuca /
Tun /10 /7TOrUCcTUHECKMit KNace 3.4, cTaHumm /
CobcTBeHHMK / CTOMMOCTb yeayr

Puc. 6. O6wwuii BUA BO3MOXXHONM MHTEPaKTUBHOWN KapTbl ABTOMaTU3NPOBaHHOV CUCTEeMbI yrpaBieHnus!
«TepmMuHanbHas ceTb» (cokpawyeHnus: J10 — noructnyeckuii o6bekT, B[] — 6a3a gaHHbIXx).

YIIpaBJI€HYECKMUX PEILICHUI 1 BeACHWS OHJIaliH-
KOHTPOJISI TEPMUHAIbHO-CKJIaICKON OU3HeC-
akTUBHOCTH XoJmuHTa «P2K]I» B 1iemom. B cBoto
ouepelib, 5TO 00ECTIEUUT MPUHSITUE aleKBATHbIX
PELIeHMIA 10 OpraHu3aluu TPAHCIIOPTHO-JIOTU-
CTMUYECKUX CUCTEM JIOCTaBKU TPY30B Yepe3 XKe-
JIE3HOMOPOKHYIO TEPMUHAIBHYIO CETb.

CocTaB MHTepaKTUBHOW KapThl MPeICTaB-
JIEH Ha puC. 6.

B coctaB cuctembl NOJKHBI BXOIUTH Clie-
Nylolue OJIOK-3JIeMEHTHI: «HHpopmayuorHo-
cnpasouHble pecypcbl» T KimeHTa; «Cucmembt
YHpagaeHus», UMEIoLIe TPSIMOI TOCTYII K aB-
TOMaTU3UPOBAHHBIM CHCTEMaM YIPaBICHUS
JKEJIE3HOJOPOKHOIO TpaHCIIOpTa U APYTUX
YYaCTHUKOB Mpoliecca NepeBo3ok; «basza dau-
HbIX 0 102Ucmu4ecKux 00sekmax» (MapK1upoBOU-
HbI€ 3HAaKU, UACHTU(DUKAIIMOHHbIE HOMEpa
U BJIEKTPOHHBIE MacropTa JOTUCTUYECKUX
00BeKTOB); «MHmepakmuenas Kkapma mepmu-
Hanvroil cemu» OAO «P2XKI», orpaxaromas
CYIIECTBYIOIIEE COCTOSIHUE U pa3MelleHue
JIOTUCTUYECKUX OOBEKTOB (B TOM YHMCIIE TSITO-
TEIOLIMX K CETH XKeJIe3HbIX J0POr), BU3yaau3a-
111s1 €€ BO3MOXKHOCTEM (TeXHUYeCcKast OCHAIEH-
HOCTb, KJIIOYEBbIE MapaMeTpbl, aCCOPTUMEHT
JIOTUCTUUYECKOTO cepBUca), €€ 3arpy3Ku (moJi-

® MWP TPAHCIOPTA, Tom 17, N2 4, C. 112-135 (2019)

HOTBI UCTIOJIb30BaHMsI ), @ TAKXKE MPOEKTHI Mep-
CIEKTUBHOTIO PAa3BUTHSI C YYETOM KaTUTAIOEM -
KOCTH U IPUOPUTETHOCTU peaiu3aliuu; «/Ipyeas
uHpopmayus» — U AMMUHUCTPATOPOB — MPeJI-
CTaBUTEJIEH XKeJIe3HOAOPOKHOIO MEPeBO3UMKa,
KOTOpbIE MOTYT PeJaKTHPOBaTh MHGMOPMALIUIO
0 JIOTUCTUYECKHX OOBEKTAX B PEXKUME PeaTbHO-
IO BpEMEHU, Peasii3ysi MPUHLIMITbI KIIMEHTOOPH -
€HTHPOBAHHOCTHU U PAOOTHI «B OTHO OKHO».

ABTOMAaTU3UPOBAHHASI CUCTEMa YIIpaBJie-
Hus «TepMUHaIbHas CeTh» TOJIKHA 00J1a1aTh
TaKMMU MPpU3HAKaAMU, KaK:

* CeTeBOIi xapakTep,

* ¢JIMHCTBO YIIPaBJICHUS U BEPTUKAJIbHO-
MHTErpUpPOBaHHAs CTPYKTYpPa,

* BO3MOKHOCTb [IPOCMOTPA U peIaKTUPO-
BaHUS 0a3bl JAHHBIX B PEXUME pPeajbHOrO
BPEMEHU.

I1pu aTOM €€ MpuMeHeHUe AOJKHO ObITh
OPUEHTUPOBAHO Ha KJIMEHTa /ISl pPabOThI «B
OJIHO OKHO», a TaKKe Ha CJIy>keOHOe Mpume-
HeHue B onepaTuBHbIX Leasix OAO «PXKI»
JUTSL aHaJIu3a CUTYyalluu U KOPPEKTUPOBKU
CBeleHul 00 00beKTax.

[l KTIMEeHTOB aBTOMAaTU3UWPOBaHHAs
crucTema yrpasiieHus1 « TepMUHaIbHAsS CeTh»
MO3BOJIUT BHIOPATH MOAXOASIIMIA 1O TapaMeT-
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paM U yclyram TepMUHaJbHO-CKIaACKOU
00BEKT U Ty TPY30BYIO CTAHIIMIO, HA KOTOPOMA
OH pacrosioxeH. [Tocie BO3MOXHO He TOJIbKO
MoJlyYeHUe McuepnbiBaoleil nHGopMaluu
0 JIO u odopmiieHUe 3aKa3a, HO U MOIOOp
MakeTa JOMOJHUTEbHBIX YCIYT [0 KOMIUIEKC-
HOMY JIOTUCTUYECKOMY «COIMPOBOXKICHUIO»
IPY30BVKEHUSI.

Hs OAO «P2K]/I» aBTromMaTU3upOBaHHasI
cucrtema yrpanieHus: «TepMuHaabHash CETb»
MO3BOJIUT OLIEHUBATh YPOBEHb JIOTUCTUYECKO-
ro 00CTyXXMBaHUS KaK IO BCEU MPOTSKEHHO-
CTH CETH XKeJIE3HBIX JOPOT, TaK U IO €€ OTAEb-
HbBIM MOJIUTOHAM, a TakxXe MJaHUpPOBaTh
pa3BUTUE COOCTBEHHON TEPMUHATIBLHOU CETH
Ha OCHOBE aBTOMAaTU3MPOBAHHOTO pacuéTa
JIOTUCTUYECKUX TTOKA3ATEIIEH.

BrliensnoxeHHOe MO3BOJISIET MMOJArarth,
4yTO chOpMyIMPOBAHHBIE B UCCAECIOBAHUU
MPEeIJOXEHUSI COOTBETCTBYIOT OCHOBHBIM
KPUTEPUSIM, TIPEABSIBISIEMBIM K CBOMCTBAM
MPeI0CTaBISIEMOUN KIUEHTY UH(MOpPMALIUU,
KoTopsle oTpaxeHsl B [30; 31, c. 11].

NMPUMEHUMOCTDb PE3YJIbTATOB
N NOTEHUUWAJIbHASA
ODODEKTUBHOCTb

K ocHOBHBIM pe3ynbraTaMm UCCae0BaHUS
MOKHO OTHECTH:

1) aBTOMaTU3MpPOBAHHBIE PEIICHUS TIO
UASHTUDUKAIINT, MAPKUPOBKE U TPOEKTUPO-
BaHWIO XEJIe3HOMOPOXHBIX JIOTUCTUYECKUX
00BEKTOB 151 yHUGUKAIUU U yITPOIIECHUS
TMPUHSATUS TEXHUKO-IKCIUTyaTallMOHHBIX
Y SKOHOMUYECKUX PELLIEHU;

2) KOHIIeN1i0 (hOPMUPOBAHUS U CTPYK-
TYpBI aBTOMaTU3MPOBAHHOI CUCTEMBI YITPaB-
JIEHUSI TEPMUHATBHOM CEThIO KEJIe3HOTOPOXK-
HOTO TpaHCTIOpTAa.

ITo utoram npoBeAEHHON pabOTHI MOATrO-
TOBJIEH MPOEKT «Jloeucmuueckoeo pykogoo-
cmea» ISl XKeJIe3HOMOPOXKHOTO TpaHCTopTa
B Bune moHorpaduu [13]. [Tpoexr:

1) BKITIOYaeT METOAMKY pacu€Ta v OIICHKHU
JIOTUCTUYECKUX TTOKa3aTeiell paboThl TEPMU-
HaJIbHO-CKJIAJICKOU MH(PPaCTPYyKTYPHI XKeJe3-
HOJOPOXHOTO TPAHCTIOPTA;

2) coepKUT TUTIOJIOTUIO Y TTapaMeTpruie-
CKUE PsIIIbI TOTUCTUIECKUX OOBEKTOB;

3) MOKET UCTIOJIb30BaThCST KAK OCHOBA TSI
TOCYIapCTBEHHOTO CTaHAApTa B chpepe TepmMu-
HaAJIbHO-JIOTUCTUYECKO AeSITeTbHOCTHU U JIO-
TUCTUYECKOTO HOPMUPOBAHUST HA KEJIE3HO-
JIOPOXXHOM TPAHCITOPTE.
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Takum ob6pa3oM, peanmsalivs BHECEHHbBIX
MIPeIOKEHUI TTO3BOJIUAT ITPEeBPATUTh KOMIIA-
Huu OAO «PXK» «ynywennyro» BbITOLY B pe-
anavbHyw, paBHYIO0 He MeHee 133 mupa pyo.
Broj. B pabote [32, c. 450] yctaHOB/IEHO, UTO
«ynywennas» Boiroga OAO «P2XK]I» ot notepu
MOTEHLMATbHBIX KJIMEHTOB, KOTOpPHIE ITOJIb-
3YI0TCS YCIYyTraMy ITPUBATHBIX JIOTHCTUIECKIX
00BEKTOB, HE BXOISIINUX B TEPMUHAIBLHO-
CKJIQICKYIO0 UH(PACTPYKTypy XOJAUHIA, CO-
cTaBJIsIIoT He MeHee 133 muipa py0./Tof.

B Poccuu Ha ceTu xXee3HbIX J0pOT aeii-
CTBYIOT IOPSIIKA MSATU ThICSY Pa3INYHbBIX IO
(yHKIMOHAy, TUITY U (popmaTy Ou3Heca J10-
TUCTUYECKUX OOBEKTOB, Ha UH(DPACTPYKTYpP-
Hoii 0a3e kKotopbix koMmmaHusi OAO «P2K/1»
MpeaoCTaBsIeT IUPOKUIN aCCOPTUMEHT Tep-
MUHalbHO-JIorucTuueckux ycayr [1]. Cnenyer
OTMETUTb, uTO B 2017 roay m0Jisl TaKUX YCJIyT
B noptdene xonauHra «P2XK» cocraBasna
npumepHo 20 % [2].

C oaHoit cTopoHbl, XonauHT «P2K]I» pas-
rpaHUYUBaET chepbl AeATeTbHOCTU U UMEET
JBa 000COOJIEHHBIX MOApPA3AeIeHUs B CBOEH
CTPYKType: IO YIpPaBJeHUIO MePeBO3KaMU
U T10 YIIPaBJICHUIO TEPMUHATBbHO-CKIAACKUM
komruiekcoM. C npyroii, crpeMurcs odecne-
YUTh KOMILIEKCHOE OOCIyXKMBaHUE TPYy30B
U TPY30BJaAeblIEB.

ITpu Tpanchopmanum kommnanuu «P2K/»
U3 MepeBO30YHON U MHGMPACTPYKTYPHOU
B TPAHCIIOPTHO-JIOTUCTUYECKYIO YCTpaHEHUE
3TOr0 MPOTUBOPEUMS IPUOOPETACT I HAYKU
M IIPaKTUKU 0COOYI0 aKTyaJIbHOCTh. CUTyauust
YCIOXHSIETCSI HEOOXOAUMOCTbIO PEIeHUs
1IeJIOTO psiia pa3HOTUIAHOBBIX 3a/1a4 10 COBEP-
ILIEHCTBOBAHWIO TEXHOJIOTMY KOMILIEKCHOTO
00CTy>XMBaHUS KJIMEHTOB Ha TEPMUHATbHO-
JIOTUCTUYECKON MHGMPACTPYKType U MO TMpU-
BJICYCHHIO HOBBIX BBICOKOOXOTHBIX I'PY30I10-
TOKOB Ha TEPMUHAJIbHYIO CETh B COBOKYITHO-
CTHU.

PesynbraThl ucciaenoBaHUsS MOTYT ITpUMeE-
HSTBCS TPAHCIIOPTHO-TOTUCTUYECKUMU KOM-
MaHUSIMU IS pEelIeHUs 1eJI0ro CIeKTpa
MPUKJIaIHBIX 3a/1a4:

1) ngpentnpukanmnu JIO ¢ yy€ToM KOH-
CTPYKLIMH, BUJA CKIaIMPOBAHUS, pa3MEpOB,
TeXHUYECKOM OCHAIIEHHOCTHU U JIP.;

2) BeIOOpa kimeHTOM JIO ¢ yuéTtoM ero
(YHKIIMOHATBHBIX BO3MOXHOCTEH U 1Ip.;

3) OLIEHKH MMPOEKTOB CTPOUTEIHCTBA U Pe-
KOHCTPYKIIMY 00OBEKTOB TepPMUHAIBHO-CKJIA/I-
CKOM MH(MPACTPYKTYPHI KEJIE3HBIX TOPOT;
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Ta0imuna 1

Pesynbrat

Bo3moxkHast cdepa UCImob30BaHMsI

1. IIporpaMMHBIil KOMILIEKC
«Knaccudukanus
JIOTUCTUIECKUX OOBEKTOB»
KOMITAaHUM U KJIMEHTA;

yHUbUKALNS TEPMUHOJIOTUY U TPeOOBAaHUH K IOTUCTUIECKUM O0BEKTaM,
TMpUMeHUMast U B IPAKTUKE CAEIO0K MO CKIaACKOIi HeIBUXKUMOCTH;
TPOCTOTA U yAOOCTBO MPUMEHEHUS TSI TPAHCTIOPTHO-JIOTUCTUYECKOI

CKJIA[ICKast JIOTUCTUKA, YIIPABJICHHE LIETISIMU [TOCTABOK, yIIpaBIeHUE
npoleccaMy NepeBo30K Yepe3 TEPMUHAIBHYIO CeTb, Pa3BUTHE TEPMUHAIBHO-
CKJIA[ICKON UHPPACTPYKTYPHI.

2. [IporpaMMHBIi1 KOMILIEKC

rOK1e KOMMepUuecKre MpeyIoKeHUsT KIMEeHTaM B KOHIICHTPUPOBAHHOM

HOBBII (hopMaT peKJIaMHOI KaMTIaHUU YCIIYT TPaHCIIOPTHO-JIOTUCTUYECKOTO

«Anentuduxamnus 1 npocToii hopme 06 0ObeKTaX;
¥ MapKHPOBKA JIOTHCTUYECKHX
0OBEKTOB» XOJIIMHTA;

YIIpOILleHIE B3aUMOAEHCTBIUS yIACTHUKOB MPOLIECCa MEPEBO30K,
aBTOMaTH3aLlMsI TPYCBOCHUST YHUBEPCATbHOM HyMEpallK 1 I0CTYyIa K 6ase
JAHHBIX TEPMUHATIBHO-CKIIAICKOI MH(PPACTPYKTYPBI.

3. O0111as1 KOHLIETTLMS
U apXUTEKTypa

aBTOMATU3UPOBAHHOM
CHUCTEeMBbI YITPABJICHUSI
«TepMUHaJIbHASK CETh»

coznanue IT-mnardopmbl 1151 TOATOTOBKY BbIXO/1a TPAHCITIOPTHO-
JIOTUCTUIECKOI KOMITAHMY Ha YPOBEHB JIOTMCTUYECKOTO TipoBaiinepa 4—5 PL;
co3aHue eMHOI 0011IeceTeBOI 6a3bl CUCTEMATU3MPOBAHHBIX JAHHBIX

0 pabOTAIOIINX HA CETH XKeJIEe3HBIX JOPOT 00BEKTaX TEPMUHATLHO-CKIIAJICKOM
MHGPaACTPYKTYpHI (Iacrnopra, HoMepa, 3HaKu);

COBEPIIIEHCTBOBAHNE PAOOTHI «B OJTHO OKHO» IO TIPUHITUITY
KJIMEHTOOPUEHTUPOBAHHOCTH.

4, 5. IIpoexThl cTaHaapTa
U JIOTUCTUIECKOTO
PYKOBOJICTBA

PasBUTUA OTPACIIU.

CTaHAapTU3aLus U YHUDUKALKs TapaMeTPOB TEPMUHATBHO-CKITaACKHUX
00BEKTOB, KJIacCM(MKALMOHHOTO ITOJX01a M TEPMUHOJIOTUYECKOTO arrapaTa
B CErMEHTE IPy30BOro GM3Heca TPaHCIIOPTHO-JIOTMCTUYECKOI KOMITAHUY,
MeTOonuIecKoe obecrieyeHre MPOSKTUPOBAHMS IOTUCTUUECKUX OOBEKTOB;

B JaJibHEleM — pa3padboTka 3(DHEeKTUBHBIX TPOrpaMM CTPaTErn4ecKoro

4) OlLIEHKU JIOTUCTUYECKOU AesITeIbHOCTH
TEPMUHAJIBHOU CETU KOMITAHUU B LIEJIOM;

5) KOHTPOJISI ¥ ayinTa PabOThl TEPMUHAb-
HOW ceTu;

6) nmpoektupoBanus JIO ¢ onTUMaTbHBIMU
napameTpamu;

7) I1aHUPOBAHUS PAOOTHI KEJIE3HOTOPOXK-
HOTO TPaHCMOPTA, YTO 0OECIIEYUT POCT T0XO-
JIOB OT JIOTUCTUYECKOU JEATEbHOCTU B Lie-
JIOM.

KJIKO4YEBbIE BblBO bl

1. O heKTUBHOCTD U3TOXKEHHBIX MTPEITO-
KEHUI 3aKITI0YaeTCd B IPUBJICYEHUU HOBBIX
KJIMEHTOB Ha XeJIE3HOJOPOKHbIN TPaHCITOPT,
«TIEPEKTIOYEHUN» C ABTOMOOWIIBHOTO TPAHC-
NopTa MOTEHIUATBHBIX TPY30ITOTOKOB BBICO-
KOIOXOJHBIX TPY30B 32 CYET TMOKUX KOMMEp-
YECKUX MPEJIOKEHUN B MAKCUMAJIBHO y100-
HOM, YIIPOUIEHHOM BWJIE, TTOBBIIICHUS UX
nHdopmaruBHocTH. [IprMeHeHMe TTpeIoxe-
HUIA MOXET OBITh PEaTM30BAHO MPU MOATOTOB-
K€ PEKJIaMHBIX MPEAJIOXKEHUN U PACCHLUIKE
TIPEJIOKEHNI KIIMeHTaM. DTO B TIOJTHOM Mepe
«...N0BbICUM KOHKYPEHMOCHOCOOHOCHb Jicene3-
HOOOPOJICHO20 Nepeso3vUKa Ha MpPaHCHOPMHO-
Jnoeucmu1eckom pviHke» [ 1], a Takke Mo3BoauT
c(hopMUPOBATH «eOUHYIO KAUESHMOOPUEHMUPO-
BAHHYI0 UHPOPMAUUOHHYIO cPedy KAK OCHOBHOe
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yeaosue 0451 102UCmU4eckKo20 nposaiiounea 4u 5
ypoers» |2, 3], K JOCTHXEHUIO KOTOPOTO Ce-
TOITHSI CTPEMSITCSI MHOTHE XKeJIe3HOI0POXKHbBIE
KOMITaHUU.

2. [TomyyeHHBIE pe3yJIbTaThl HAMPABICHBI
Ha TIOJITOTOBKY 1IM(DPOBOIA TUIATHOPMBI U aB-
TOMAaTHU3ALIMIO TPUHSTHUS PELLIEHU A TTO CKBO3-
HOMY, KOMIUIEKCHOMY YITpaBJIeHUIO OO BbEKTa-
MU TePMUHAIIBHOM ceTu. B cBotO ouepesnb, 310
MO3BOJUT PaCHIUPUTh KIUEHTCKYIO 6a3y
U TIOBBICUTD 3G (HEKTUBHOCTh PabOTHI JIOTU-
CTUYECKOTO 0JIOKA 3KeJIe3HOTOPOXKHBIX KOM-
MaHWii. DTO JOCTUTAETCS 3a CUET YIIPOIICHUS
B3aMMOJICICTBUS C KIMEHTAMM, MPEIOCTaB-
JIeHWsI THPOPMALIUK O JIOTUCTHYECKHUX O00b-
eKTax M ycayrax B CKOHLIEHTPUPOBAHHOM
M aIanTUPOBAHHOM IO MHTEPEChl KIMEeHTa
(opmare. TakuMu HOBBIMU, KITMEHTOOPHEH-
TUPOBAHHBIMU, (popMaTaMu Togauu MHGOP-
MallMu MOTYT CTaTh: «102UCHUHECKUI KAaAcc»
CTaHIINU, «<MAPKUPOGOUHBLI 3HAK» VI «UOeHMU -
QukauuoHubLil HOMEpP» TOTUCTUIECKOTO 00b-
€KTa, a TaKXe «UHmepaKmuenas yugposas
naameopma», obecrieunBaroIiasi YaCTUIHOE
packpbITe MHGOPMAIIMK U aKTUBHOE yJacTHe
KJIMEHTOB.

3. O030p NMOTEHIMATBHBIX Chep MPUMeHe-
HUS MOJIyYEHHBIX PEe3yJIbTaTOB CBEIEH B Ta0-
guny 1.
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Digitalization, Informatization, Identification
and Labeling of Logistics Facilities for the
Purposes of Enhanced Customer Focusing

Oksana D. POKROVSKAYA

ABSTRACT

Following the digitalization and informatization
trends in transport sector the logistics segment
ofthe activities of railway holding companies has
entered a period of dynamic development,
requiring considerable improvement of
technology, processes and proceedings.

The objective of the research is to search for
optimal decisions in the field of automation and
informatization ofthe procedures of identification,
labelling, and designing of railway logistics
facilities. The research used tools of statistics,
system and economic analysis, computer
simulation.

The results present development of proposals
for automation, identification, labeling and
designing of railway logistics facilities to unify and
simplify decision-making in technical, operational
and economic fields. Their implementation will
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allow to solve a whole range of tasks for
managing terminal-warehouse infrastructure
facilities and will also help to expand the
customer base of railway companies, e.g. of JSC
Russian Railways, by increasing availability,
simplicity and customer focus of information on
logistics facilities.

The developed concept of an automated
control system for the railway terminal network
suggests that respective software products will
provide an opportunity to calculate key
evaluation, inventory, control and advertising
parameters of logistics facilities. It can be used
as a basis for developing flexible commercial
offers. The introduction of the concept and
accompanying information solutions will allow to
create a single customer-oriented information
environment and to achieve 4"-5" levels of
providing of logistics services (4PL; 5PL).
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Introduction. The largest transport companies
in the world are transformed into transport and
logistics holding companies. The logistics
segment is becoming an important resource for
improving efficiency of their activities. A
successful example of organization of transport
and logistics activities is shown through the
practices of the railway holding companies —
Deutsche Bahn (DB), JSC Russian Railways.

At the same time, this area of activity under
the conditions of informatization and
digitalization of the economy and transport,
introduction of new information processing
technologies, transition of relationships
between service providers and customers into
the information space is subject to dynamic
development, requiring an ongoing search for
new methods to improve activities, technologies,
processes and procedures that allow to achieve
significant improvements.

The objective of this study is to automate
identification, labeling and designing
procedures for railway logistics facilities to
unify and simplify process of making technical,
operational and economic decisions when
managing terminal-warehouse infrastructure
facilities, as well as to expand the client base
of railway companies (using the example of
JSC Russian Railways) by increasing
availability, customer focus and simplicity of
presentation of information about terminal-
warehouse infrastructure facilities.

‘When developing the proposals with respect
to the activities of JSC Russian Railways, the
priorities indicated in [1, 2], as well as in the
comprehensive project «Digital railway» [3])
were taken into account.

The main tasks solved by the study were:

1) to formulate the concept and modular
structure of an automated control system for
the terminal network of railway transport;

2) in accordance with the customer focus
policy implemented by the Russian Railways
holding company, to develop a system for
labeling and identification of logistics facilities
for railway transport, understandable to each
participant in the transportation process;

3) to develop software in which the stated
methods of identification, labeling and
decision-making are automated.

The implementation of the proposals would
allow the railway company, in our case, JSC
Russian Railways, to achieve the desired state
that will comprise a set of possibilities:
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» presentation to customers in the most
concentrated and capacious form of the
parameters of logistics facilities that are
significant when ordering a logistics service;

» immediate application of the proposal
as a marketing recommendation in advertising
campaigns, as well as by the railway company
structures in development of flexible
commercial offers;

» development of a «digital platform» [3]
and, in the case of JSC Russian Railways, of
«conditions of achieving... of the status of a
logistics provider of level 4» [1];

* increasing the length and depth of the
logistics chains controlled by JSC Russian
Railways (not only «from station to station»,
but «from client to client»);

« full automation of payment, clearing and
methodological procedures;

» growth of «total controllability of
terminal-warehouse infrastructure facilities»
[2], of the ability to evaluate their activities,
to monitor and track current parameters in
real time;

» simplicity and ease of use in modern
conditions of the transport and logistics
business; and as a consequence:

* high-quality total control over the
logistics facilities, and, as a consequence, over
all the logistics chains built by the holding
company for transportation of goods,

» expanding the customer base due to the
informativity and simplicity of information
about logistics facilities,

» «growth of investment attractiveness
of both logistics facilities operating on a
supporting railway network, and of
construction projects and the phased
development of high-quality terminal-
warehouse infrastructure» gravitating «to
cargo railway stations» (according to the
priorities indicated in [1, 2]);

« implementation of «digital
transformation» of the terminal and logistics
activities of the company by «creating a
unified information environment» [3] for
interaction of railway transport with customers
and maintaining a unified database of logistics
facilities, simplifying procedures for
monitoring, recording and evaluating the
activities of railways [4, p. 25];

* increasing the competitiveness of the
terminal-logistics services provided by JSC
Russian Railways on the whole [5, p. 159];
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The study used general scientific methods,
tools of statistical, systemic, economic analysis,
computer modeling, as well as the developed
software.

Terminology

We introduce a number of definitions that
we will further use.

We consider a terminal network as «...a set
of logistics facilities of various functional types
and the transport sections connecting them,
which are served unimodally or multimodally,
for rational organization of the processes of
cargo handling, transportation and increasing
the added value of goods during delivery from
a consignor to a consignee».

Logistics facilities are «...objects of transport
and storage infrastructure that are concentrated
in a spatially defined geographical area and
physically render a wide range of integrated
terminal and logistics services for various
customers and their cargoes in delivery
systems from an initial shipper to a final
consignee» [6, p. 70].

The object of the terminal-warehouse
infrastructure of railway transport, which
implements the functions of a nodal element of
the terminal network as a logistics system and
provides technical and infrastructural support
for physical implementation of various services
(loading, unloading, storage, distribution of
goods, bringing goods to final consumer) when
interacting with other participants in the
transportation process is considered as a railway
logistics facility [7, p. 18].

Customer-focused solutions for terminal and
logistics activities of a railway company:
identification and labeling of logistics facilities

The proposed proposals, which are in many
respects universal in relation to railway holding
companies, due to the need to demonstrate
their integrated, systemic nature, taking into
account the specifics of activities in particular
market conditions, are considered in relation
to JSC Russian Railways.

First of all, it is proposed to apply the
principles of customer focus in information
about terminal-warehouse facilities of the
holding company, the demand for services of
which is now steadily increasing. Unfortunately,
JSC Russian Railways is losing potential
customers who «leave» towards private logistics
facilities. In many ways, this situation of
«outflow» of highly profitable cargo from public
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logisitcs facilities due to the low customer
orientation of the information about the logistics
facilities of railways and their functionality. This
does not allow customers to have complete
information for making decisions and
significantly reduces availability of information
about logistics facilities and of comprehensive
transportation and logistics services provided by
the holding company on the whole.

At the same time, it is well known that the
basis of a customer-oriented service is its
accessibility, flexibility, information content
and convenience, as well as a sufficient level of
«awareness» of customers about the services
provided. The simplification and «digitalization»
of relations with customers should be considered
from the point of view of socio-economic and
technological process of creating value for JSC
Russian Railways as of a supplier of high-
quality logistics services.

Maximum updating and visualization of
information about logistics facilities is required.
This can be done with the help of labeling,
numbering (code), assigning of a «class» for
each logistics facility, with full information
coverage. In modern conditions of the transport
and logistics market, it becomes necessary to
switch «to acommon language» with customers,
following the example of the pharmaceutical
industry: «acetylsalicylic acid» has a simpler,
consumer name — «aspirin».

In particular, it was proposed to assign a
logistic class, an individual identification number
and a mark to each railway which is open for
cargo operations. Such a naming system will give
customers key information about the logistics
service provided by each logistics facility: a
warehouse, terminal-warehouse complex and
other structures available at the station.

A logistic class of a logistic facility of railways
is an Arabic numeral from 1 to 9, determined
by a point method by experts for all logistic
functions and operations performed at the
station, taking into account their complexity.
The logistic class of a station should be assigned
by experts (commercial-audit service,
independent experts, customers) according to
the point method and placed in the public
domain.

The proposed «logistic class», in contrast to
the generally accepted classification and coding
system for station facilities [§—11], reflects
functional, technical and technological features
of the terminal-warehouse infrastructure located

.17,Iss. 4, pp. 112-135 (2019)
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Pic. 1. The composition
of a mark of a logistics
facility.

" Logo of the owner ~ (G PART OF LABELING - «CARGO»
of the logistics facility ™
N NUMBER OF COLORED SECTORS - NUMBER
T ‘OF TYPES OF CARGO, PROCESSED AT L
COLORS OF SECTORS - TYPES OF CARGOES,
T — 250 «A» FROCESSED AT 1Y

CENTRAL PART OF LABELING -
«WAAREHOUSE, EXTERNAL ASPECT»:
OGISTIC TYPE OF LF, QUALITATIVE AND
QUANTITIVE PARAMETERS OF LF,
TRANSPORT ACCESSIBILITY

80 %
2

LEFT PART OF LABELING -

o i
COVERED WAREHOUSE AND OPEN SITE,
RESPECTIVELY

BACKGROUND PART OF LABELING —
INVESTMENTS AND ADDITIONAL

‘GREY FILL ~ INVESTMENTS AND/
l:l ‘OR ADDITIONAL COSTS OF LF

CLIENT ARE REQUIRED

NO FILL - INVESTMENTS AND
ADDITIONAL COSTS OF THE.
CLIENT ARE NOT REQUIRED

Pic. 2. Designations in the
central part of labeling. 2
' NODE, KM

at the station, as well as the range of transport,
warehouse and integrated logistics services. In
other words, the logistic class is directly related
to the parameters that are most significant for a
client when he is making a decision on the use
ofthe services of a particular logistics facility [ 12,
p. 117].

A mark of a logistic facility is a short, but
meaningful inscription that can easily
determine a class of a facility (this is useful for
tenants who are not familiar with the classes of
the logistics infrastructure). To compose a mark
in real business conditions, the author has
developed an automated program.

It can be assumed that it is convenient to make
inscriptions against a color background directly
on the facades of the warehouse, and also use it
together with the identification number, including
for advertising purposes. Labeling will allow the
owner of the terminal-warchouse infrastructure
(Russian Railways holding company) to save on
advertising: having seen and read it, the client will
«find» it on his own.

Pic. 1 shows a typical composition of such
a mark.

Labeling of a logistics facility in the general
case consists of 5 zones (labels):

Part 1. «Cargo». The number of colored
sectors indicates the number of different
cargoes that this logistics facility can process.
The color of each sector indicates the type of
cargo.

Part 2. «Warehouse». T — transport terminal;
250 — total usable area of cargo storage at the
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DISTANCE FROM LF TO A RAILWAY TRANSPORT

12 DISTANCE FROM LF TO A SEA PORT, KM
—

33 DISTANCE FROM LF TO CUSTOMS POINT/STATE
— BORDER, KM

‘ DISTANCE FROM LF TO HIGHWAY OF FEDERAL
10 SIGNIFICANCE/ROAD TRANSPORT CORIDOR, KM

logistics facility, sq. m; A — classes of warehouse
buildings at LF, class «A»; 80 % — «coverage»
of standard transport and storage services with
additional logistics services, %. Pic. 2 describes
other designations of part 2 of labeling.

Part 3. «Warehouse (Technical and Layout
Solution)»: a pointer to the type of railway track
adjoining to the indoor warehouse complex at
the logistics facility; indicator of the type of
logistic facility used in covered warehouses
(above) of shelving equipment; a pointer to the
type of intra-warehouse handling equipment
used at the logistics facility. The labeling shows
the layout of indoor warehouses and outdoor
areas. In case that several types of equipment
are used inside covered warehouses for the same
goods, only one, preferred type is indicated.
There are also: indication of the type of open
area (bottom); an indicator of payload capacity
of the used loading and unloading equipment
of a logistics facility in open areas.

Part 4. «Transport». 3 — average duration of
car turnover at the logistics facility, hours;
10 — number of cars in one characteristic
delivery, cars; 1 — delivery interval, hour.

Part 5. «Investment». Ifit is color filled, then
additional investments are required (customer
expenses), if it is not color filled then investments
are not required. The «logo» of the company,
owner of the logistics facility is an additional
inscription and may be absent. Conventionally,
the mark can be divided into 5 parts:
«background» (part 5), «ring» (part 1), «central»
(part 2), «left» (part 3) and «right» (part 4) parts.
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The natural indicators that are most convenient
for the client are mainly used (based on the
materials of the «Logistic Guide» [13, p. 98]).
Identification number is a flexible, up-to-
date commercial offer for the client, which can
be implemented in several versions. Two
options for presenting identification numbers
are given in expanded form for the owner
(option 1, «expanded») and in a brief client
form (option 2, «client»). When compiling the
identification numbering system, we used the
results obtained in studies by professors
0. B. Malikov [14], P. V. Kurenkov and other
researchers [15—19], as well as in previously
published works of the author [20—27].

Option 1

1[2]4]5[6[7] 8 [ 8 9 10 11 12 13 14
>
@ =
k3 < =l |
£l o= 2 |z g | g
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i | f S8
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s[s[8[oJo[1] - [T H F B 0 € Tr

where — for «expanded» option:

Part 1. « Network District» (two positions).
85 — number of the network district, in
accordance with a single network markup.

Part 2. «Facility Number» (4 positions).
8001 — serial number of the facility in the
network area. «Divider» (1 position).

Part 3. «<LF Type» (one position). T —
transport terminal (type of logistic facility
according to the author’s classification: D —
cargo area, cargo area, W — warehouse,
terminal-warehouse complex, C — distribution
center, L — logistics center, N — transport and
logistics node, M — multimodal transport and
logistics center; H — letter of the Latin
alphabet, according to the cost interval).

Part 4. «<Rent Rate» (one position). Storage
rate on LF, euro/1 storage unit per day (1 pallet,
1 container, 1 ton of cargo) — 31—50 euro/sq.
meter.

Part 5. «Additional Service» (one position).
F, L — an indication of the services performed
at the logistics facility: F — forwarding, L —
leasing, etc., and «Reserve» (for part 5, one
position).

Part 6. «Customer Costs» (one position).
Indication of the need for additional costs (for
the rental of trucks, paperwork, personnel,
repair of equipment and buildings,
equipment ...): 0 — NO (1 — YES).

Part 7. «Type of Railway LF» (one position):
K, P — in accordance with the Instructions for
coding of station and cargo objects on railways,
expanded by three more types of facilities;
taking into account: type of storage, logistic
role of a facility, type of cargo (C — container
point, Tr — transshipment point) (according to
the draft «Logistic Guide for Railway Transport»
developed by the author, [13, pp. 88—98]).

Option 2

1 [ 2 [ 3] 4

WAREHOUSE SERVICE

s[e[7[ 8 9 Jw[ 11 [ 12
OPERATION COST

Warehouse type
Z| Useful area of storage
—| Type of LUW schemme
Level of service
Tcargo., h/car
Lmax, con.car
Cost of LUW,
euro/cargo unit
Cost of use of
infrastructure, euro/car

A

S 0[s|7]1

5}
S}
o

where — for option «client»:

Part 1. «Warehouse». 1 — conditional index,
typology of warechouses at LF (prevailing type)
according to the international classification of
warehouse buildings and premises, the letter of
the Latin alphabet A, B, C, D (according to
Knight Frank’s well-known international
classification), 2 — conditional index, total
usable storage area at LF: M— medium (1400—
1799 sq. m), 3 — conditional index, layout of
the loading and unloading scheme (railway/
track approach, type of used/used LUM),
1 — using a gantry crane.

Part 2. «Service». 4 — S — service package
(Small): standard services (loading-unloading,
reception-delivery, documentation, storage,
door-to-door services, «last mile»).

Part 3. «Operation». 5, 6 (two positions):
natural index, average duration of loading
(unloading) of one car at LF, h; 7, 8 (two
positions): natural index, maximum length of
the train supplied for loading and unloading,
conventional cars.

Part 4. «Cost». 9, 10 (two positions):
payment for loading and unloading with 1 unit
of cargo (pallet, ton, container), euro/unit; 11,
12 (two positions): payment for the use of
infrastructure (renting a place), euro/car
(according to the project «Logistic Guide for
Railway Transport» developed by the author,
[13, pp. 79—88]).

A warehouse type is given in accordance
with the requirements of international
classifications, for example, [28—29].
Obviously, subsequently, for network-wide
application, a database of identification
numbers and marks will be required. The

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 4, pp. 112-135 (2019)

Pokrovskaya, Oksana D. Digitalization, Informatization, Identification and Labeling of Logistics Facilities
for the Purposes of Enhanced Customer Focusing




2- Identification number of  3-Logistic class
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1-Type of LF
s LF
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f 5- Full name of LF,
4-Photo of  jnformation

LF the owner

6-Additional data about  7- Mark of LF
LF, not reflected in 1-5

Pic. 3. The structure of the electronic passport of LF
in a single information environment of JSC Russian
Railways.

author obtained certificates of Rospatent
[Russian Federal Service for Intellectual
Property] for software for labeling,
identification and design of logistics facilities.
It is also possible to create a digital passport
of a logistics facility, the view of which is
shown in Pic. 3.

Implementation of priorities of «Digital
Railway» in management of logistics facilities

Following the growing needs of customers
and development of IT technologies, the
policy of JSC Russian Railways needs to
reform its activities in view of digitalization
and innovative development. In 2017,
Russian Railways holding company, as part
of «Digital Economy program», launched
«Digital Railway» project to develop and
implement digital technologies in key
business processes and services of the
company. The project is a combination of
«...information technology, processes and
standards of interaction, consistent with the
digital business model» [3].

The concept of innovative development of
railway transport involves the transition «from
a platform-centric management approach to a
network-centric» — that is, from development
of information platforms and systems to their
integration into a single information
environment [30, 31]. This will allow carriers,
consignors, consignees, owners of rolling stock
and infrastructure to coordinate actions and
make operational decisions based on complete
and reliable information about the process.

Today, Russian Railways holding company
provide comprehensive logistics services to
customers, including provision of warechouse
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services, consulting, logistics, multimodal
transportation services, etc.

Formodern science and practice, it is obvious
that digital services are the drivers of global
economic growth. According to the McKinsey
Global Institute, by 2025, up to 22 % of China’s
GDP growth will be generated by Internet
technologies, and in the United States this figure
will be of up to 19 %. At the same time, according
to Rosbusinessconsulting experts, the effect of
digitalization of transport of the Russian
Federation will increase GDP by 4,1—8,9 trillion
rubles by 2025, to ensure up to 34 % of expected
GDP growth [33, p. 10].

According to [3], digital services are «...a
set of organizational, technical and metho-
dological measures in the field of information
technology to provide customers with
automated service functionality». The concept
is aimed at creating an automated service for
customers, with which it will be easier to order
and arrange transportation. This will increase
the volume of transportation, and, consequently,
income from implementation of digital
transport related services.

Key areas will comprise: creating a unified
infrastructure map on Russian Railways
network, the «Internet of things», big data
technology, smart systems, and mobile
applications. It is known that achieving
profitability through pricing is not always
possible. Therefore, in addition to the basic
transportation service, JSC Russian Railways
is developing an additional service as a way to
attract and retain customers.

The program of enhancing focus on
customers contains some elements of Digital
Railway concept. We can quote «customer
feedback»; «cataloging of services», «a single
database — «Internet of things» for exchange
of information between the carrier and the
client»; «expansion of the geography of
transportation»; «accessibility of information
services and portals»; «improving tracking and
control systems»; «comprehensive services»
(compiled based on materials [1—3]).

In order to implement the main guidelines
for creation of «Digital Railway» and to
implement the principles of customer focus,
Russian Railways holding company established
LLC Digital Logistics in 2018 to develop and
implement digital services of Russian Railways
holding company using «Cargo Transportation»
electronic trading platform.
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Let’s consider from the point of view of the
implemented policy of «digitalization» of
business, a project of automated control system
«Terminal Network», which can become a
«digital platform» for implementation of
terminal-logistic business activity of JSC
Russian Railways.

Automated control system «Terminal
Network»

ACS «Terminal Network» is a «digital
platform» for conducting terminal and logistics
business by Russian Railways holding company
«at a click speed», which is an all-Russian
network database (a «cloud» or «satellite»
format is possible for well-known systems, for
example, for common network marking and
assigning stations with classes) as a customer-
oriented online service for customers and
logistics service providers.

The author has developed the basic structure
of such a unified system of management of
logistics facilities — «Automated control system
«Terminal Network», Pic. 4.

A possible modular composition of the
automated control system «Terminal Network»
is shown in Pic. 5 (at the next page).

To develop proposals for identification and
labeling of logistics facilities, it is possible to
draw up an «interactive map» of logistics
facilities operating on a supporting railway
network to take into account their current
status, key parameters, as well as their effective
load, capacity and visualization of their
number and location in the network regions.
Such a map with «feedback» can be useful in
resolving «issues of staged development and/
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or design of the terminal network of JSC
Russian Railways» (according to the priorities
specified in [1—-3]), as well as in decisions on
investing in facilities.

The proposed automated control system
for the terminal-warehouse infrastructure and
the terminal network of JSC Russian Railways,
integrated with the objects of interaction, will
allow to analyze operation of logistics facilities
and the entire network, conduct visual
monitoring of the operational environment
for loading terminal capacities, and process
requests for a logistics services through a
«single window».

The prerequisite of its creation should be
considered as the imperative of time: today Russian
Railways holding company objectively needs a
single interface acceptable to all participantsin the
transportation process. All this can and should
become a functional tool in solving the problems
of interaction between participants in the
transportation process and create information
support for JSC Russian Railways to reach a new
level of logistics provider (4™ or/and 5" level of
logistics), which assumes the existence of a single
electronic environment for the logistics operator,
reduction of data visibility and of the load on the
electronic bill of lading system (ETRAN).

It can be assumed that introduction of
«Terminal Network» automated control system
will increase the effectiveness of management
decisions and online monitoring of the
terminal-warehouse business activity of
Russian Railways holding company as a whole.
In turn, this will ensure making adequate
decisions on organization of transport and
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Pic. 5. Composition of reference and analytical
resources of the Automated control system «Terminal
Network» (abbreviation: ACS TN — Automated control

system «Terminal Network»).

logistics systems for delivery of goods through
the railway terminal network.

The layout of the interactive map is shown
in Pic. 6.

The system should include the following
block elements: «Information and reference
resources» for the client; «Control systems» with
direct access to automated control systems for
railway transport actors and other participants
in the transportation process; «Database of
logistic facilities» (marks, identification numbers
and electronic passports of logistics facilities);
«Interactive map of the terminal network» of JSC
Russian Railways, reflecting the current state
and location of logistics facilities (including
those gravitating to the railway network),
visualizing its capabilities (technical equipment,
key parameters, assortment of logistics
services), its loading (completeness of use), as
well as long-term development projects taking
into account capital intensity and priority of
implementation; «Other information» — for
administrators — representatives of the railway
carrier who can edit information about logistics
facilities in real time, implementing the
principles of customer focus and «a single
window» operations.

Automated control system «Terminal
network» should have such features as:

* network character;
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* unity of management and vertically
integrated structure;

« ability to view and edit the database in
real time.

At the same time, its application should be
focused on the client, operating in «a single
window» mode, as well as on the use for
operational purposes by JSC Russian Railways
to analyze the situation and adjust information
about objects.

The automated control system «Terminal
Network» will allow clients to choose a terminal
and storage facility that is suitable by parameters
and services and a cargo station at which it is
located. After that, it is possible not only to
obtain exhaustive information about LF and
place an order, but also to select a package of
additional services for integrated logistics
«support» of cargo movement.

For JSC Russian Railways, the automated
control system «Terminal Network» will make
it possible to evaluate the level of logistics
services both for the entire length of a railway
network and for its individual sectors, as well
as to plan development of its own terminal
network based on the automated calculation of
logistics indicators.

The foregoing suggests that the proposals
formulated in the study correspond to the main
criteria governing the properties of the
information provided to the client, which are
reflected in [30; 31, p. 11].

Applicability of results and potential
effectiveness

The main results of the study include:

1) automated solutions for identification,
labeling and design of railway logistics facilities
to unify and simplify making technical,
operational and economic decisions;

2) concept of development and structure
of an automated control system of the terminal
network of railway transport.

Based on the results of this work, a draft
«Logistic Guide» for railway transport was
developed in the form of a monograph [13].
The draft:

1) includes a methodology for calculating
and evaluating the logistics performance of the
terminal and warchouse infrastructure of
railway transport;

2) contains a typology and parametric series
of logistics facilities;

3) can be used as the basis for the state
standard in the field of terminal and logistics
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activities and logistic regulation in railway
transport.

Thus, implementation of the proposals
will make it possible for the JSC Russian
Railways to turn the «lost» profit into real,
equal to at least 133 billion rubles a year. In
[32, p. 450] it was established that the «/ost»
profit of JSC Russian Railways from the loss
of potential customers who use the services
of private logistics facilities that are not part
of the holding’s terminal-warehouse
infrastructure is equal to at least 133 billion
rubles/year.

In Russia, about 5 thousand logistics
facilities with different functionalities, types
and formats of business operate on the
railway network, on the infrastructure base
of which JSC Russian Railways provides a
wide range of terminal and logistics services
[1]. It should be noted that in 2017 the share
of such services in the portfolio of Russian
Railways holding was approximately of
20 % [2].

On the one hand, Russian Railways
holding company delimits areas of activity
and has two separate divisions in its structure:
transportation management and terminal and
warehouse complex management. On the
other hand, it seeks to provide comprehensive
services for goods and cargo owners.

When Russian Railways holding company
is transformed from a transportation and
infrastructure company to a transport and
logistics one, solution to this contradiction
becomes especially relevant for science and

practices. The situation is complicated by the
need to solve a number of diverse problems
in improving the technology of integrated
customer service at the terminal and logistics
infrastructure and in attracting new highly
profitable cargo flows to the terminal network
in total.

The results of the study can be used by
transport and logistics companies to solve a
wide range of applied problems:

1) identification of LF taking into account
design, type of storage, size, technical
equipment, etc.;

2) LF choice by a client taking into
account its functionality, etc.;

3) assessment of construction and renewal
projects of terminal and warehouse
infrastructure of railways;

4) assessment of the logistics activities of
the terminal network of the company as a
whole;

5) control and audit of the terminal
network;

6) design of LF with optimal parameters;

7) planning of work of railway transport,
which will ensure the growth of income from
logistics activities in general.

Key conclusions

1. The effectiveness of the proposals
presented is explained through attracting new
customers to the railway transport, «<switching»
from road to railway transport of potential cargo
flows of highly profitable goods due to flexible
commercial offers in the most convenient,
simplified form, increasing their informativity.
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Table 1

Result

1. The software package «Classification
of logistics facilities»

Possible sphere of application

unification of the terminology and requirements for logistics facilities,
applicable in the practice of transactions in warehouse real estate;
simplicity and ease of use for the transport and logistics company and the
client;

warehouse logistics, supply chain management, transportation process
management through the terminal network, development of terminal-
warehouse infrastructure.

2. The software package «Identification
and labeling of logistics facilities»

flexible commercial offers to customers in a concentrated and simple
form about the facilities;

new format of an advertising campaign for transport and logistics holding
services;

simplification of interaction of participants in the transportation process,
automation of assignment of universal numbering and access to the
database of terminal-warehouse infrastructure.

3. The general concept and architecture
of the automated control system
«Terminal Network»

creation of an IT platform for preparing the transport and logistics
company to reach the level of the logistics provider 4—5 PL;

creation of a unified network-wide database of systematized data on
terminal-warehouse infrastructure facilities operating on the railway
network (passports, numbers, signs);

improvement of the «in one window» operation based on the principle of
customer focus.

4, 5. Drafts of the standard and logistics
guidelines

standardization and unification of parameters of terminal-warehouse
facilities, classification approach and terminology apparatus in the cargo
business segment of the transport and logistics company, methodological

support for design of logistics facilities;
in the future — development of effective programs for strategic
development of the industry.

Application of suggestions can be implemented
through development of promotional offers and
distribution of offers to customers. This fully
«...will increase the competitiveness of a railway
carrier in the transport and logistics market» [1],
and will also allow creation of a «single
customer-oriented information environment as
the main condition for level 4 and 5 logistics
providers» [2, 3], the objective many railway
companies are seeking today to achieve.

2. The results obtained are aimed at
developing a digital platform and automating
decision-making on end-to-end, integrated
management of terminal network facilities. In
turn, this will expand the customer base and
increase the efficiency of the logistics block of
railway companies. This is achieved thanks to:
simplification of interaction with customers,
provision of information about logistics
facilities and services in a concentrated and
adapted format for the interests of the client.
Such new, customer-oriented formats of
information delivery can be: the «/ogistic class»
of the station, the «mark» and «identification
number» of the logistic facility, as well as the
«interactive digital platform», which provides
partial disclosure of information and active
participation of clients.

3. Range of potential areas of application
of the results is shown in Table 1.
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Feopruii FOFPUMNAHU

AHTOH JIFLLEHKO

B nocneaHve necatnnetus Habno[aeTcs 3Hayu-
Te/IbHOE PacLUVPEeHVNe MUPOBOK TOProsav He@dTH, 4To
CrocobCTBYeET Pa3BUTUIO COOTBETCTBYIOLLEV TPAHCOPT-
HOW MHGPACTPYKTYPbI, COBEPLLEHCTBOBAHWIO U yriybne-
HUIO [Ee/10BbIX CBSI3€M Ha MUPOBbLIX S3HEPreTU4eCcKux
PbIHKax v yCKOPEeHWio nx rnobanvsaummn. Poccusi urpaet
BCE 6osiee BaxHylo poJib B cpepe akcriopta HepTu
v HeTenpoayKToB, TeM CaMbiM OKa3blBAET CEPLEIHOE
BANSIHNE Ha Puandeckne 06bEMbI BHELUHETOPIrOBbIX
ornepauuii, LieHbl, ypOBeHb Cripoca v npeanoxexvs. [pu
3TOM 04eBUAEH NHTEPEC K POCCUICKOM HEDTU C y4ETOM
MUCMoJIb30BaHNsI CHOPMUPOBAHHON NN /1aHNPYEMON
TPaHCNopPTHOV MHGPACTPYKTYpPbl. HecmMoTpsi Ha xapak-
TEPHbIE 3HAYNTEJIbHBLIE KOJIebaHUs LieH, KOTopble 00-
YC/10BJ1EHbI PA3/INYHBIMU paKkTopamm 3KOHOMUYECKOro,
reornoIMTMYECcKoro, NOIMTUYECKOro Xxapakrepa, O4eBu-
HO COXpaHeHne 06LUMX TEHAEHLMI MOBLILLIEHUS LIEH Ha
HedTb Ha POHe o0XuaaeMoro yBen4eHuns crnpoca Ha
Xunakoe Tornveo. [JaHHoe 3aklo4eHne MOXHO CAenarb,
ucxons N3 N3nepxKek rno Aobbi4e 3HePropecypcos, op-
raHm3aumm 10rMcTUHECKoV COCTaBASIoLLEN, BO3pacTa-
HWS1 COOTBETCTBYIOLUMX MOJINTUHECKNX PUCKOB, COrTIaCHO
KOHKYPEHTHbIM peanvsiM. B aToli cBs3u npuobpetaet
0CO06YI0 3HAYMMOCTb BbIGOP ONTUMAasIbHOIO TPAHCIOPT-
HOro mapLupyTa.

Llenbto nccnenoBaHus sBasieTcs anpobauus paspa-
60TaHHOro aBTopamy aaropuTMa peLLeHyis MHOrOKpu-
TepuanbHOM 3aaa4yv rno Bbl6oOpy paLmoHaabHOro rnyTv

CtpaTternyeckoe passutue
nocTaBoOK HedTerpysos
Poccum B [NanecTuHy

Tozpuruanu Ieopeuii Beneouxmoeuu —

AO «BHUUKT»>, Mockea, Poccus.

Jlawmenxo Aumon Huxoaaeeun — Munucmepcmeo
IKoHOMUHecKoeo passumus Poccuu, Mockea, Poccus™.

J0CTaBKy TOM/MBa B pamkax JIOrMCTUYEeCKUX Lierner oT
HegTenepepabarsiBatoLero 3asoga (HIM3) go notpe-
burerns.

Anpobauusi npoBoanTCs Ha npumMmepe pa3paboTku
runoTeTUYEeCKMX nocTaBok Hegrerpy3os n3 Poccum
B rocyanapctso [ManectuHa. Vicrnonb3yoTcs MeTonbl
9KOHOMUWYECKOIro aHaiam3a, peLueHuss MHOroKpuTepu-
asibHOW 3aaa4u, 9KCrepTHbIX OLEHOK. [peacrasneHne
3ana4 B MHOrOKpUTEpMasibHOW MoCTaHOBKE C rpume-
HeHneM pa3paboTaHHOro AeTepMUHUPOBAHHOIO Me-
TOAa NMO3BOJISET B KAXA0M KOHKPETHOM CJly4yae 00b-
eKTUBHO HawnTu sy4yliee rnpakTnyeckoe pelueHue.
B pe3ynbtate npoBeAEHHOro aHanan3a n3 4eTbipEx
BapuaHTOB MOATBEPXAEHa BO3MOXHOCTb MCI0J1b30-
BaHVs NPeasIoXeHHOro airopuTMa peLleHnss MHOro-
KpuTepuanbHoOW 3aaa4n A5 Bblbopa onTumMasabHOro
mapLupyTa.

Pa3paboTaHHbIVi TEOPETUYECKIIA 10AXO0A MO3BOJISET:
00BbEKTVIBHO BbIAENTH JTyyLLIEe NPEeaoXeHne n3 Bo3-
MOXHbIX; MOBbLICUTbL K&4€CTBO 10J1ly4eHHOro pe3ysbTara
He TOJIbKO M0 LM@PPOBBLIM 3HAYEHUSIM MPUHSITLIX KPUTE-
puveB, HO 1 B pe3ysibTare y4éTa ux 3Ha4uMOCTU; YTOYHUTL
MPOMEXYTOYHbIE fiaHHbIE MyTEM NCI0JIb30BaHNS INHE -
HOIro 1 HEJIMHEVIHOrO MHTEPINO/INPOBaHUSI; PACCMOTPETh
BO3MOXHbIE€ (PYIHAHCOBbIE, BPEMEHHbIE U UHbIE PUCKU;
CTaBUTb M peLuaTh 3aAa4y ¢ Y4ETOM rurnoTeTu4eckmnx
nyTes NnepeBo30K XUAKOro TOMmBa v CpaBHUBaTh 01y~
4eHHble Pe3ysbTaTbl C CYLLECTBYIOLLMMU CXeMaMU.

KntoyeBsbie ciioBa: TpaHcropT, 10rMcTuka, MysbTUMOAAIbHbIE MepeBo3ku, 00beKTUBHbIV MeTOZ, AoCTaBka HegTerpy3os,
Bapuaumu nyTed, paumoHasbHbId MapLIPyT TPaHCMOPTUPOBKM.

*MHdbopmaumsa 06 aBTopax:

MWP TPAHCIOPTA, Tom 17, N2 4,

lorpuumnanmn leopruin BeHeanKTOBUY — JOKTOP TEXHNYECKMNX HAYK, MPOHECCOpP, PYyKOBOAUTENb
KOHcynbTaunoHHoro Lentpa AO «BHUWMXXT», Mocksa, Poccus, press@vniizht.ru.

JIaweHnko AHTOH HukonaeBuY — BealyLLnii KOHCYNbTaHT JenaptamerTta Asun, Appuku n JTaTMHCKOM
Amepukn MuHakoHompassutusa Poccun, Mocksa, Poccus, an-lyashenko@yandex.ru.

CTtaTbs noctynuna B pegakumio 27.12.2018, npuHaTa k nyénvkauum 05.06.2019.

For the English text of the article please see p. 142.
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Mpoliecce pocta MUPOBOI TOPTOBIU
He(THIO B CBSI3M C TTOSIBJICHUEM HOBBIX
MMOCTaBIIMKOB U MOTPEeOUTENECi, BO3-

HUKHOBEHMEM HOBBIX KOMMEPUYECKUX CBS3E
pacIIMpsIeTCsT YMCIIO MAPIIPYTOB OT MYHKTOB
HedTenepepadoTKU U MOrpy3K1 K KOHEUYHBIM
MOTPEOUTEISIM.

B paborax [1—4] mo TpaHCITIOPTHO-3KCTIE-
JTUTOPCKOMY 00eCTIeUeHUI0 TTOCTaBOK Hed-
Terpy30B Kak Ha 9KCITOPT, TaK ¥ Ha BHYTPeH-
HUI pBIHOK, OTpaXkeHa MPUOPUTETHAST Ha-
MPaBJICHHOCTh HAa MHHOBAILIMU B TPAHCITOPT-
HOU MH(MPACTPYKType, COBEPIIIEHCTBOBAHUE
yIpaBjieHUsI, o0ecTieueHue JOCTYITHOCTH
TPaHCTIOPTHBIX ycIyT. OMHOBPEMEHHO C BbI-
IIETepeYNCIAEHHBIMU TPYIaMH HY>KHO OTMe -
TUTb 3apyOexXHbIe padOThI B HE(TECETMEHTE,
B TOM 4ucJie B 00J1aCTU Y4ETa pUCKOB, JIOTU-
CTUKU HEDTIHBIX MapLIpyTOB [5—9].

B pesynbrate caoXminch 00beKTUBHbBIE
MPEATIOCHUTKY (hOPMUPOBAHUST €AMHOTO IO -
XOJ1a JUTsI OTIpeieSIEHUSI B MyJIBTUMOJAIBHBIX
TepeBo3Kax ONTUMAIBHBIX PEIIEHUI HE TOJTb-
KO TI0O CTOMMOCTHBIM U BPEMEHHBIM (haKTo-
pam, 4To caMo To cebe OYeHb BaxKHO, HO
U C YYETOM IPYTUX MOKa3aTeseil, B TOM Yucie
BO3MOXHBIX PUCKOB.

Bo MHorux ciydyasix tpedyercs mpeny-
CMaTpUBaTh CITOXKHYIO IOTUCTUIECKYIO 1IeTTh
IMOCTaBKM C MCIIOJIb30BAHUEM HECKOJIbKUX
BUJOB TpaHCIopTa. Tak, MpakTUIeCKUMU
MYJIBTUMOIQJIbHBIMU TIOJTUTOHAMMU, Ha TTPU -
Mmepe ctpaH bauxHero BocToka, MOXHO
cuutath Cupuiickyio Apadckyto Pecryonmky,
TocynmapctBo IlanectuHa.

B a1ux ycnoBusix 60sblli0e 3HaYEHUE TTPU-
o0peTaeT MOUCK HaIEXHOro METoJa pacueéTa
OTITUMAJTLHOTO MapIIIPyTa, YIUTHIBAIOIIIETO PSIIT
KpUTEPUEB, B TOM YUCJIE BPEMEHH 1 CTOUMOCTH.

Panee aBTopamu ObLT pa3zpaboTaH ajaro-
PUWTM pelieHus ToI00HO0 MHOTOKPUTEPHAITb-
Hoit 3agaum [10—14].

B uccinenoBanum, ormcbIBaeMOM B HACTOSI-
IIeH CTaThe, AITOPUTM ObLJT IPUMEHEH B TIEJISIX
€r0 arpodaIvu K peleHnIo 3a1a4u paKThJe-
CKOTO BBIOOpa MaplipyTa Mpu OpraHu3aIu
IMOCTAaBOK C MCIOJIb30BaHUEM HECKOJBKUX
BUJIOB TPaHCIIOpPTa U MHOTOBAapUAaHTHOTO
Mapuipyta. Pabora mocBsieHa peiieHuIo
MHOTOKPUTEPUATLHOM 3a1auu 110 BEIOOPY pa-
IIMOHAJIBHOTO ITyTH TMITOTeTUYECKOM TOCTaBKU
TOTUTMBA B COOTBETCTBUU C JIOTUCTUIECKUMU
LIETISIMM OT HedbTeriepepadaThIBAIOIIETro 3aBoIa
(HTI3) Adwurickmii (6im3 mopta HoBopoccuiick)
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Puc. 1. lMnaH BO3MOXXHbIX MapLUPYTOB.

B TocynapctBo Ilanectuna. Ilpu paccmoTtpe-
HUM yKa3aHHOTO HallpaBJeHUS] TTOCTaBKHU
HebTU 1 HeTenpoaykToB B [TanecTuHy MOTyT
OCYIIECTBIISITHCS YETHIPbMSI BO3MOXHBIMU
MapuIpyTaM# C y9acTUEM HECKOJbKUX BUIOB
TpaHcropTa. OTMETHM, UTO B HACTOSIIIIEE BPE-
Mms [ocymapctBo [lanecTuHa 3aHMMaeT BepxHUe
MECTa IO LIEHOBO# MOJIMTHKE B ITPOIaKe IHEP-
rOpecypcoB, B YaCTHOCTU OeH3MHA, KOTOPbI
10 CBOEY CTOMMOCTH IIPEBBIIIAET LIEHbI Ha
tepputopun Poccuiickoit Denepaiiviv mpu-
MEpHO B TPM pasa.

PaccMatpuBaroTcs ciieyonye miaHupye-
Mbl€ MapUIpyThl TPAHCITOPTUPOBKY TOTLJIMBA
n3 Poccuiickoit @epepaniiv Ha TEPPUTOPUIO
Tocynapcrsa I[Tanectuna (puc. 1):

1. IlepeBo3ka TOMmIMBA MOPCKUM TpaHC-
MOPTOM B OPT TapTyc U gajiee aBTOTPaHCTIOP-
TOM uepe3 Tepputopuio Cupuiickoit Apabckorii
Pecry6uku.

2. MapuipyTt no Mopio 1o nopta Akada
u nayee 4yepe3 MopaaHnio aBTOMOOUILHBIM
TPAHCIIOPTOM.

3. locTtaBka He(TU MO MOPIO B MOPT
Xaria u 3arem no tepputopun M3paunns
aBTOTPAHCIIOPTOM.

4. JloctaBka HeTU MO MOPIO B MOPT
Anexcanapus (Eruner), najnee aBToTpaHc-
TTOPTOM.

NMOCTAHOBKA 3AOAYU

B Hacrosieit padore no pazpadboTaHHOMY
anroputMmy [10; 12] npeacraBaeHo penieHue
MHOTOKPUTEPHUATBHOM 3a/1a4u 110 OTpeiesie-
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HUIO pallMOHaIIbHOTO MapIIpyTa JOCTaBKH
ToruBa Maccoit M, = 3000 ToHH 1o ofHOMY
13 pacCMaTPUBAEMBIX UETBIPEX TPAHCIIOPTHBIX
nyreit. Ha puc. 1 mokaszaH JOrucTuYeCKuit
MOJIUTOH, BKJIIoUatoIuii repputoputo or HIT3
Adunckuit 6au3 noprta HoBopoccuiick 1o
MyHKTa Ha3HauyeHus1 — TocynapcrBa Ilanec-
THHA.

Kaxnwiit us myreii S ,..., S, (BapuantoB
ITepEeBO3KN) COCTOUT U3 YIACTKOB:

S, —x.n., repmunan T, mope, T,, aBT.1.;

S, —x.n., repmunan T, mope, T, aBT.1.;

S, —x.n., repmunan T, mope, T,, aBT.1.;

S, — x.n., repmunan T , mope, T, aBT.a.

bl y9acTKOB nyTei S ..., S, cienyro-
197 (H

S, —x.1. = 130 xm, Mmope = 3241 KM, aBT.1.
= 605 KM™;

S, —x.1. = 130 KM, Mope = 2622 KM, aBT.IL.
= 333 kM;

S, —x.1. = 130 xm, Mope = 3294 KM, aBT.1.
= 147 xm;

S,—x.1. = 130 kM, Mope = 3051 KM, aBT. 1.
=989 km;

B kagecTBe paccMaTpruBaeMbIX KPUTEPUEB
IepeBO3KHU TOTUINBA ITPUHSITHL:

K, — CTOMMOCTb IepPEBO3KM TOILIMBA KOH-
KPETHBIM BHIIOM TPaHCIIOPTa, Pyo.;

k, — uncToe BpeMs MEPEBO3KM TOILIMBA
KOHKPETHBIM BUIOM TPaHCIIOPTAa, Yac;

Kk, — cTOMMOCTb IepeBaIKV TOILIMBA B TEP-
MMHaJIaX ¢ YIETOM BUIOB TpaHCIIOpTa, pyo.;

k, — Bpems nepeBaKy TOIIMBA MEXIY
BUIAMM TPAHCIIOPTA, B TCPMUHAJIBI 1 00paTHO
yac;

K, — pUCK 1pu NepeBo3Ke TOILUIMBA KOH-
KPETHBIM BHIIOM TpaHCIIOpTa, OaJl;

Kk, — PUCK TIpy nepeBajiKe TOIIMBa, 6aiu,

K, — BpeMs HaXOXIeHUS TOHHbI TOILINBA
B TepMUHAJIE, CYT.;

Kk, — CTOMMOCTb HaXOX/I€HUSI TOHHBI TOII-
JINBa B TEpMUHAJIE, PYO.;

K, — PMCK 110 I0CTaBKe TOIUIMBA B JOTO-
BOpHOE BpeMsi, Oal.

Pemrenue 3amaum pacrpocTpaHseTcsT Ha
IIAPOKYI0 HOMEHKJIATYPY KUIKOTO TOILINBA,
B KOTOPYIO BXOJISIT ChIpast He(hTh, Ma3yT, IN3CITb-
HOE TOITMBO, OeH3MH. CTOMMOCTB JIOTUCTHYC-
CKUX YCIIYT B 3aBUCHMOCTH OT BHJIa TOILIABA
BapbupyeTcs B nipeaesax 5—10 % u TeM caMbIM
MMPaKTUIECKH SKBUBAJICHTHA, UTO JaET BO3ZMOX-
HOCTb c/ieJIaTh 00OOIIEHHBIN BBIBOJ, IO OIpe-
JIeJICHUTO 3(P(heKTUBHOTO MapIIIPyTa TPAHCTIOP-
TUPOBKHU XXKHUIKOTO TOILTMBA OT MECTA OTIIPAB-

® MUP TPAHCMNOPTA, Tom 17, N2 4, C. 1

JIEHWsI 10 MECTa HA3HAYECHMSI B OTHOILIEHUU BCEW
paccMaTpruBacMOil HOMEHKJIIATypbl rpy30B. Jist
peleHrs] MPUHUMAIOTCSI YCPENHEHHBIE BXO-
HbI€ JaHHBIE, TAaK KaK MPUMEHSIEMbI TTOIXO0
B JAHHOM CJydae HauesieH Ha 3(GheKTUBHBIA
BBIOOP MaplIpyTa 3aKa34NKOM Ipy3a WU IKC-
MEeANTOPCKUMU KoMTTaHUsIMU. CTaBKUA W UH-
(hopMallOHHbIE JAHHBIE B3SIThHl U3 KOMMepYe-
CKOU TPaHCIIOPTHOM Cpe/ibl U MOTYT BapbUpPO-
BaThCS B 3aBUCUMOCTU OT MOJIMTUKU KOMITAHWUM,
BHEITHETOJIUTUYECKOH CPeJbl, SKOHOMUYECKUX
(akTOpOB, TOPrOBO-3KOHOMUYECKHX OTHOIIIE-
HUI € TOCYIapCTBaMU, YbU TEPPUTOPUU BKITIO-
YEHBI B 1IETb ITOCTABOK.

PELUEHUE 3A0A4YU

Jyist pelieHrs 3a1a49u MPUHSTHI CIIeayio-
1I[1€ YNCITOBBIC 3HAYCHUS TS pacu€Ta KpUTe-
pues.

CTOUMOCTB MepeBO3KM | TOHHBI KUJIKOTO
TOIIMBA (KpuTepuii K ) Ha 1 Km:

* T10 3XeJie3Ho gopore: 11,3 py06. (Ha Tep-
puropuu Poccuu ¢ Abunckoro HIT3);

* TI0 aBTOMOOMJIbHO# Jopore: JUIst Bapu-
anTa S, — 56 py6., S, — 42 py6., S, — 76 pyb.,
S, —49py6.;

* MOPCKUM TPAaHCIIOPTOM: JIJISI BapUaHTa
S, —21py6., S, — 19 py6., S, — 26 pyo, S, —
17 py0®.

Ipu onpeneneHUN CTOUMOCTH JTOCTaBKU
TOTLJIMBA ITO aBTOMOOMILHOM TOPOTe MPUHSITO,
YTO B IIpoliecce MepeBO3KH MO HAITPaBJICHUSIM
S,—S, 3azmeiicTBoBaHO 50 aBTOLIMCTEPH IPy30-
noabEMHOCTBIO 30 TOHH TOTUTMBA Kaxkaas. M3
YCIIOBUS 3alaHHOUW MaccChl MEePEeBO3KHU
3000 ToHH ompemnenseTcss HEOOXOAUMOE KO-
JIMYECTBO aBTOMAIIWH MPU OTHOM XOIKE JJIsT
nepeso3ku TorumBa (3000/30 = 100). ITo
MOJIyYCHHOMY Pe3yJIbTaTy OnpeaessieTcst He-
00X0IMMOe KOJTMUYECTBO peiicoB st 50 aBTo-
MammH. M3 mpakTUuecKuX cooOpaskeHUid
HazHavawoTcs 50 aBTOIMCTEPH 110 2 Kpyropeti-
ca. M3 mostydeHHOTO pe3yJibpTaTa OnpeaesisieT-
Csl CTOMMOCTh MEePEBO3KM 3aTaHHON MacChl
TOITMBA aBTOTPAHCIIOPTOM, YYMTHIBAIOIIAS
TIOPOKHMI TTpoOET aBTOMCTEPHEH! (Tad. 1).

J7ns1 pacuéra YMCcI0BOTO 3HAYEHUS KPUTE-
pus K, CKOPOCTb IBMIKEHUS TI0 XKEJIE3HOI
Jopore 3anaércst 60 KM/4ac, 1o aBTOMOOUIIb-
Hoit — 50 kM/9ac, 1o Mopio — 30 km/gac. [Tpn
3TOM YYMTHIBAETCS HEOOXOMMMOCTB OCYIIIECT-
BJICHUSI TIPUHSITBIX aBTOPEWCOB OT MYyHKTa
OTMPaBJICHUS J0 MyHKTa MPUOBITUSI U 0OpaT-
Ho. [To 3amaHHO CKOPOCTH TpaHCIIOpTa MO
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aBromopore (50 KkM/Jac) omnpenessieTcss Heoo-
XOIMMOE BpeMsI JUIS TIEPEBO3KM BCE MacChl
TorumBa S, = (605 km * 3)/50 kM) = 36,3 yaca;
S, = 19,98 yacos; S, = 8,82 yacos; S, = 59,34
Yacos.

ITpuHUMaeTCs, YTO CTOMMOCTb ITepeBai-
KM TOTIMBa (Kputepuii k,) B repmunaie T,
coctaBuT 190 py6. B xo/1e KaxKa0ro rmpolec-
ca 3a ofHy ToHHY. OTHOBpEeMEHHO TIPOUC-
XOJIAT JBa Tpoliecca — MOCTYIIEHUEe XU/ -
KOTO TOTUTMBA B TEpPMUHAM U 3aKayka Hed-
Terpysa B TaHKep. AHaJTOTMYIHBIE TTPOIECCHI
TMIPOUCXOIAT IO KaXKIOMY TEPMUHAJY C Ba-
puanueir BugoB TpaHcnoprta. CTOMMOCTD
TepeBaJKM TOTIMBA B TEPMUHAJBI U U3 HUX
(cymMMapHO ABa mpoliecca) COCTaBIsIeT AJist
tepMmuHana T, — 220 py6. 3a TOHHY, A
tepmuHana T, — 340 py6., g TepmuHana
T,— 420 py6. 3a ToHRY, a1 TepmuHana T, —
380 py0. 3a TOHHY.

Bpewms nepeBanku Torimsa (Kpurepuii k)
W3 KeJIE3HOMOPOXKHBIX IIUCTEPH B TEPMUHAI
I IpUHATOM Macchl Toruiba M. = 3000 ToHH
COCTaBUT 2 yaca, U3 TepMUHaja B TAHKEp — 5
YacoB.

ITo nanpasienuto Cupuu nepeBaika
C MOPCKOTO TPAHCITOPTa B HE(DTIHON pe3ep-
Byap — 7 9acoB, U3 He(TSTHOTO pe3epByapa Ha
ABTOMOOWJIBHBIN TPAHCTIOPT — 5 YacCOB.

ITo nanpaBnenusim Mopnanusi, MU3pauin,
Eruner BpeMsi iepeBaJIKii ¢ MOPCKOTO TPaHC-
MopTa B TEpMUHAJ MPUHUMAETCS 3a 3 yaca, 13
TepMUHaJIa Ha aBTOMOOMJIbHBIN TPAHCTIOPT —
3yaca. [Tpu 3TOM BpeMs HaxOXIeHUS TOILTU-
Ba B Tepmunane T, — 2 cyrok, T, — 4 cyToK,
T,—2cyrok, T, — 3 cytok, T, — 5 cyTOK.

Mudposoe 3HaveHne Kputepus K, (pruck
MpY TIEPEBO3KE) PACCUMTHIBAETCS C YIETOM
Oamna ki’ B OTHOLIEHUM KOHKPETHOIO BUIA

TpaHcnopra, Macchl M Torumiaa (3 000 ToHH)
¥ pacCTOSTHUSA | TTIepeBO3KM:
k(l)
D= -2,
=i )

B cOOTBETCTBUM C aJITOPUTMOM PEIICHUS
MPUHKUMAETCS, YTO YEM BBIIIIE CTETICHb PUCKa
(B peaenax ot 0 1o 1), Tem HUXe ero LHugpo-
Boe 3Hauenue kY. IIpUHATEI cleqyrolme

3HayeHnd kY :
a) MOPCKOIi TpaHcropT ki, =0,96 ;
0) XKeJIe3HOJOPOXHBII TpaHCIOPT
K0, =09
50K =75

B) ABTOMOOMIILHBII TpaHCHOPT kiy,=0,8 .
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3HauyeHue PUCKa ITpH IICPEBAJIKE TOILIMBA

JJI1 BApUAHTOB S R S 4 ICPEBO3KHU TOTIJINBA
PACCUUTHIBACTCA IO BBIPAKECHUTO!
k@
D =—6_ . 2
= 2

IMpu stom k, mpuHKUMaeTcs:

a) IpU MepeBajike C MOPCKOI'0 Ha aBTOMO-
OWIBHBII TPAaHCTIOPT Kia, =0.9;

0) Tpu TepeBaJiKe C XKeJe3HOTOPOKHOIO
TpaHCIOPTA B TepMUHAT Kitkr = 0,88 ;

B) IIpY IlepeBaJIKe U3 TepMUHAJIa Ha MOpP-
ckoit Tpancnopt Ky, =0,86 ;

I) IIpY [IepeBajIkKe ¢ MOPCKOTO TPaHCIIOPTa
B TepMuHan Ky, =0,86 .

) IIpU TIepeBaJiKe U3 TepMUHAJIa Ha aBTO-
MOGUIbHBII TpaHcnopT Ky = 0,89.

BpeMst HaxoxkIeHUs TOILUIMBA B TepMUHAJIE
nopra Hosopoccuiick T, (kputepwmit k,) mipu-
HUMaeTcs 3a 2 CYTOK, B TepMUHaJie rmopTa Taptyc
T, — 4 cyrok, B TepmuHae nopra Akaba T, — 2
CyTOK, BTepMUHasie nopra Xaiica T, — 3 cyTok,
BTepMUHae nopTa Asnekcanapus T, — 5 cyTok.

CTOMMOCTD COfiepKaHUsI TOIUIMBA B TEP-
muHanax: T, = 120 py0. B cyTku (Kputepuit
k), T,=87py6., T,= 110 py6., T, = 150 py6.,
T, = 130 pyo.

Pucku no mocraBke TOILUIMBA B KOHEUHbIE
IIYHKTBI PACCYMTHIBAIOTCS IO BBIPAKEHUIO:

Dy, :[ZZI....m /kl,...mli1 ) (3)

IyTei IO KaxkI0My pacCMaTpUBaeMOMY Bapu-
aHTY JOCTaBKM TOIJIMBA. 31eCh UeM OoJbIIe /,
TeM MeHbllIe IM(GPOBOE 3HAUECHME U, TEM Ca-
MBbIM, OOJIbIIIE PUCK.

B cooTBeTCTBUM C aIrOPUTMOM pa3pado-
TaHHOTO MeToja MoCTpoeHa Tabauua 1, rie
MOMelleHbI Bce LMppoBbie 3HaueHust D pac-
CMaTpUBaeMbIX KPUTEPHUEB IS BAPUAHTOB
MEPEBO30K S, ..., S, KUIKOTO TOTLINBA.

B cooTBeTcTBMUM ¢ aJrOPUTMOM IIPUMeE-
HSIEMOTO METOJIa 110 3HAYEHMSIM TaOJuIlbl 1
cTpouTCsl Tabauia 2 CyMMapHbIX 3HaYeHU I
KaXXII0TO YU CJIOBOTO 3HAYEHUSI KPUTEPUEB 10
KaXx1oMy BapuaHTty S, ..., S,. lanee ¢ uc-
MMoJb30BaHUEM LIMGPOBON MHOOPMALIUU
TaOaUIIbI 2 onpenesssoTes MecTa M Kaxaoro
BapMaHTa S MO KaXIOMy KPUTEPHIO, YTO
3aHOCUTCS B Ta0au1y 3 (B KBaapaTHBIX CKOO-
kax). [1pu aToM J1ydilieMy MecTy NprucBavBa-
ercst 6osbiuas nuudpa (MakcuManabHOE 3Ha-
yeHue — 4).

B cBsi3u ¢ TeM, UTO paccMaTpUBaeMbIe BbIILIE
KPUTEPUU HE PaBHOLIEHHBI MEXJIy CO0Oii 1Mo
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3HayeHusi KpUTEpUEB 1/ BADHAHTOB S , ..., S

4

Ta0muua 1

BapuanTst

3HAYCHHS

KPHTEpPHEB

Tz T

¥
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¥
=

Ts aBT.JL.
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b5
¥
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o
=

K,

=

Ti

Ts

s
g

152460000 | £
g

149454000 |2 | &

4
4407000
1
4407000
1

62937000
4407000
1

2
256932000 | € | P

|
50274000
4407000

2
155601000 |3 | »

]
218074500 | £

2 5
Z| 20a83000 | |2
|

Do 22 S S 36,3 22 o

%
o
S

2
o
3
N
o

- 109.8 S 8,82 22

=
~
|

59,34

Dis 1140000 660000 1140000 1020000

1140000

1260000

1140000

1140000

Dis 2 5 7 5 2 5 3 3

2 5

3 3

5 3 3

Dis 23410 ‘ 9,87+10°% ‘ 441107

2,310 | 1,22¢107 l 8,01-107

2,310

9,7¢10°%

1,810

2,310

1,05107 274107

29410
2,810

2,910
2,810
2,810 2,810
2,9-10* 2,9.10*

2,910+
2,810
2,810
2,9410

2,910
2,810
2,810
2,910

Dir 2 4 2 2

2

3 2

5

Dis 720000 1044000 720000 660000

720000

1350000

720000

1950000

Do 0,00023 0,00030

0,00027

0,00022

Tabamma 2

OO0mpe 3HAYEHNA KPUTEPHEB LIS BAPUAHTOB S , ..., S,
Yucnosbie 0003HaYeHUST KOBDHOUIIMEHTOB BapuaHTbl
3HAYUMOCTHU Sl S2 83 S4
D, 361050000 216798000 311613000 378082500
D, 146,53 109,58 120,82 163,24
D, 1800000 2160000 2400000 2280000
D, 19 13 13 13
D, 2,85+10°° 3,23+10°° 4,22+10°° 2,68+10°°
D, 0,00116 0,000116 0,000116 0,000116
D, 6 4 5 7
D, 1764000 1380000 2070000 2670000
D, 0,00023 0,00030 0,00027 0,00022

CBOEI 3HAYMMOCTH, TO BBOAUTCS KOADGDULIEHT
3HAYUMOCTH K 5TUX KPUTEPHUEB METOIIOM 3KC-
MEepTHBIX olieHOK (B mpenenax 0—1). [Tpu atom
YeM KpUTEPUIA 3HAYUMMEE, TEM COOTBETCTBYIOLLIUIA
KO3 GULIMEHT km omoxke K equHuLe. B yactHoMm
cilydae 3HaYeHMsl Pa3HbIX K MOTYT COBIIa/IaTh.
Huxe panbl Koo puIMeHTH 3HAYUMOCTH
k BCEX KpUTEPUEB, C YYETOM KOTOPHBIX OTIpE-
JEJISIIOTCS YTOUYHEHHBIE 3HaUeHUusT M MecT
paccMaTpuBaeMbIX BapuaHToB, rie M;=MKk ..
B paccmarpuBaemoii 3amadye IPUHSATHI Clie-
JYIOUIME 3HAYEHUA K UISI KpUTEPHERB:

Kpurepun
k k k k k. k, k, k,

1 2 3 4 S 6

0,85 10,75 (0,8 0,2 |0,25 |0,7
TakuMm o6pa3zoM, oKoHYaTeIbHbIE MecTa M
IUIS KaKIOTO U3 BADUAHTOB S, ..., S, TI0 KaxX-
JTOMY KPUTEPUIO OTIPEICIISTIOTCS ITyTEM YMHO-
XeHus 3HayeHuss M Ha Ko3(pULIMEHT 3Ha-
YUMOCTH COOTBETCTBYIOIIETO KPUTEPUSI.
OKOHYaTeTbHBIC Pe3yIbTaThl M IT0 BEIOO-
py Jy4IIeTo BapraHTa JOCTaBKU TOITJIMBA ITO

1] k9

0,75 | 0,7
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KOMILJIEKCY KPUTEPHEB IOJIydaeM IYyTEM CJIO-
JKEHMS BceX M OTIEeIbHO MO KaXKI0My Bapu-
anry S, r.e. M;= M(k ), roe ilwg. bonbiree
3HAYCHHUE M COOTBETCTBYET JIy4IleMY Bapu-
aHTy JOCTaBKM TOILIMBA IO MPHUHSTHIM B 3a-
Ja4e KPUTEPUSIM.

JlydiM BapuaHTOM S IePeBO30K SIBJISET-
Csl BAPUAHT S, T.K. COOTBETCTBYIOLIEE 3TOMY
BapHUaHTy M UMeeT MaKCUMaJIbHOE 3HaUYEHHUE.

SAKJIIOMEHUE

Takum o6pa3om B pesyabTraTe pelIeHUs:
MHOTOKPUTEPUAIbHON 3aJauyu ONpeneaeH
JIYYILUI 110 TIPUHSITHIM KPUTEPUSIM BapUaHT
nepeBO3KMU Xujakoro tonausa ot HII3
Adunckuii (Poccus) B I1anectuny, cocros-
IIUHA U3 TepeBO3KU TOILJIMBA MO XKeJIe3HOM
nopore 10 nopta « HoBopoccuiick» (st Bcex
paccMaTpuBaeMbIX BApUAHTOB), Jajiee yepe3
IBa TepMHUHajla MOpeM a0 nmopTta Akaba
(Mopnanus), najee Mo aBTOMOOUIBHOM 10-
pore no TocynapctBa Ilanecruna. Paccum-
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Ta6mmuoa 3
Yrounénnbie Mecra M (B KBaAPaTHBIX CKOOKAX) BAPMAHTOB S , ..., S, € yu€TOM
K03 (uIMEHTOB 3HAYMMOCTH <K » KpUTEpHeB

BapuaHTb!

Sl SZ S3 S4
M,, [2]-1=2 [4]1=4 [3]<1=3 [1]-1=1
M, [3]-0,85=2,55 [4]-0,85=3,4 [3]+0,85=2,55 [1]+0,85=0,85
M,, [4]-0,75=3 [3]0,75=12,25 [1]0,75=0,75 [2]-0,75=1,5
M, [1]-0,8=10,8 [2]-0,8=1,6 [2]-0,8=1,6 [2]-0,8=1,6
M, [2]-0,2=0,4 [3]+0,2=0,6 [4]+0,2=0,8 [1]°0,2=0,2
M, [1]0,25=0,25 [1]+0,25=0,25 [1]+0,25=0,25 [1]+0,25=0,25
M, [2]-0,7=1,4 [4]-0,7=2,8 [3]1-0,7=2,1 [1]+0,7=0,7
M, [3]+0,75=12,25 [4]-0,75=3 [2]+0,75=1,5 [1]+0,75=0,75
M, [2]-0,70=1,4 [4]+0,70=2,8 [3]1+0,70=2,1 [1]+0,70 =0,70
m 14,05 20,70 14,65 7,55

TaHHBII BapMaHT MaKCUMAaJIbHO YIOBJICTBO-
psieT BceM TpenbsBICHHBIM TPeOOBaHUSIM
(kpuTepusm).

TIpemnoxxeHHBIN aITOPUTM MOXKET OBIThH
WCTIOJIB30BAH IIJISI CXOXKMX 3a/1a4, CBI3aHHBIX
C MpopabOTKOM MapIIPyTOB UHBIX BUIOB I10-
CTaBOK U MCTIOJIb30BAHMEM HECKOJIBLKIX BUIOB
TPaHCIIOPTa W BHIOOPOM M3 UX YUCJIA ONTHU-
MaJIbHOTO Ha OCHOBE HECKOJIBKMX KPUTEPHUECB
¢ Y4€TOM KO3 (PUIIMEHTOB 3HAYNUMOCTH.

1. PazpaboTtaHHas Teopust ITO3BOJISIET O0b-
€KTUBHO BBIICINTD JIydIliee TTPEeIOKEHNE U3
BO3MOXHBIX B MYJIBTUMOIAIBHBIX TIEPEBO3KAX
JKMIKOTO TOILIMBA ITPU PACCMOTPEHUU MHOXKE-
CTBa KPUTEPHUEB, B TOM YHUCJIE TIPOTUBOPEUM -
BBIX.

2. Teopust TTO3BOJISIET TOBLICUTH KaueCTBO
TOTYYEHHOTO Pe3yJIbTaTa He TOJIBKO IO LU po-
BBIM 3HAUCHUSIM NPUHSATBIX KPUTEPUEB, HO
M B pe3yJIbTaTe yuéTa 3HAUMMOCTH Pa3TUIHBIX
KPUTEPHUEB MEXIy COOOI MO BIMSHUIO UX Ha
paccMaTpuBaeMBblIii TTpoIIece.

3. JI;1st TIOBBILIEHUS TIPU HEOOXOIUMOCTH
KayecTBa MOJIyYaeMbIX pe3yIbTaTOB pacyéTa
peaycMOTpeHa BO3MOXHOCTh YTOUHEHUS
TIPOMEKYTOUHBIX TaHHBIX ITyTEM HCITOIb30Ba-
HUS INHEWHOTO U HEJIMHETHOTO UHTEPTIOI-
pOBaHUSI.

4. TIpouecc omnpenesieHUs JIYYIINX CXeM
MYJIBTUMOIATBHBIX TIEPEBO30K KUIKOTO TOII-
JINBA COTIPOBOKIAETCS PACCMOTPEHHUEM BO3-
MOXHBIX (PMHAHCOBBIX, BPDEMEHHBIX 1 MHBIX
PUMCKOB ITyTEM Y4Y€Ta COOTBETCTBYIOIIMX KPH-
TEepUEB B pacyeTe.

5. Teopus MoO3BOJSET CTABUTh M pelliaTh
3a71a9M C yYETOM TUTIOTETUIECKUX ITyTe mepe-
BO30K XHMJIKOTO TOIUIMBA M CPaBHUBATD ITOJTY-
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YEHHBIC PE3YJIBTATHI C CYIIECTBYIOIIUMU CXe-
MaMH.
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ABSTRACT

Recent decades have seen a significant expansion
of world oil trade, which contributes to development
ofappropriate transport infrastructure, improvement
and deepening of business ties in world energy
markets and acceleration of their globalization. Russia
plays an increasingly important role in export of oil
and oil products, thereby seriously affecting physical
volumes of foreign trade operations, prices, and the
level of supply and demand. At the same time, interest
in Russian oil is obviously taking into account the use
of the existing or planned transport infrastructure.
Despite the featured significant fluctuations in prices,
which are caused by various factors of economic,
geopolitical, and political nature, it is obvious that the
general tendencies towards increase in oil prices
remain against the background of the expected
increase in demand for liquid fuel. This conclusion
can be made on the basis of the costs of extracting
energy resources, organizing the logistics component,
of growing relevant political risks, according to
competitive realities. In this regard, selection of an
optimal transport route is of particular importance.

The objective of the study is to test the algorithm
developed by the authors for solving the multicriteria

variations, rational transportation route.

Strategic Development
of Oil Shipments from Russia
to Palestine
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Moscow, Russia.

Lyashenko, Anton N., Ministry of Economic
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problem of choosing a rational route of fuel delivery
within the framework of logistics chains from an oil
refinery to a consumer. Testing is carried out at the
example of development of hypothetical oil shipments
from Russia to the State of Palestine. The use of the
methods of economic analysis, multicriteria problem
solving, expert assessments, representation of tasks in
amulti-criteria setting using the developed deterministic
method allows in each case to objectively find the best
practical solution. The results of the analysis based on a
sample of four options, have confirmed the possibility
of using the proposed algorithm for solving the
multicriteria problem to select the optimal route.

The developed theory allows to objectively select
the best proposal among possible variants; to improve
the quality of the result obtained not only by the digital
values of the accepted criteria, but also by taking into
account the significance of different criteria among
themselves by their influence on the process under
consideration; to refine the intermediate data by using
linear and nonlinear interpolation; to consider possible
financial, time and other risks; to pose and solve
problems taking into account hypothetical ways of
transporting liquid fuel and compare the results with
existing schemes.

Keywords: transportation, logistics, multimodal transportation, objective method, oil cargo delivery, track

*Information about the authors:

(JSC VNIIZHT), Moscow, Russia, press@vniizht.ru.

Article received 27.12.2018, accepted 05.06.2019.

Gogriciani, Georgy V. — D.Sc. (Eng), professor, head of the consulting center of Railway Research Institute

Lyashenko, Anton N. — leading consultant of the Department of Asia, Africa and Latin America of the
Ministry of Economic Development of the Russian Federation, Moscow, Russia, an-lyashenko@yandex.ru.

For the original Russian text of the article please see p. 136.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 4, pp. 136—-147 (2019)
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Pic. 1. Scheme of possible routes.

Background. In the process of growth in
world oil trade following emergence of new
suppliers and consumers, emergence of new
commercial ties, the number of routes from oil
refining and loading points to final consumers
is expanding.

The works [1—4] on freight forwarding of
oil deliveries both to export and to the domestic
market, are focused on innovations in transport
infrastructure, improving management, and
ensuring the availability of transport services.
Simultaneously with the above-mentioned
works, it is worth noting works of researchers
of many countries in oil segment, referring to
accounting, logistics of oil routes [5—9].

As aresult, objective prerequisites were met
to develop a single approach to find optimal
solutions in multimodal transportation not only
through cost and time factors, which is very
important in itself, but also taking into account
other indicators, including possible risks.

In many cases, a complex supply chain
using several modes of transport is required.
Amidst the Middle East countries we can quote
the Syrian Arab Republic and the State of
Palestine as being examples of fields of
multimode transportation practices.

Under these conditions, search for a reliable
method for calculating the optimal route,
taking into account a number of criteria,
including time and cost, is of great importance.

Previously, the authors developed an
algorithm for solving such a multicriteria
problem [10—14].

In the study described in this article, the
algorithm was applied in order to test it to solve
the problem of practical route selection when
organizing deliveries using several modes of
transport and having several route options. The
work is devoted to solving the multicriteria
problem of choosing a rational way for a
hypothetical fuel delivery within the logistic
chains from Afipsky oil refinery (near the port
of Novorossiysk) to the State of Palestine.
‘When considering this itinerary of supply of oil
and oil products to Palestine, there are four
possible routes involving several modes of
transport. It should be noted that currently the
State of Palestine occupies the top places in the
pricing policy in trade of energy resources, in
particular gasoline, and its value exceeds the
price in the Russian Federation by three times.

The following planned routes for
transporting fuel from the Russian Federation
to the territory of the State of Palestine are
considered (Pic. 1):

1. Transportation of fuel by sea to the port
of Tartus and further by road through the
territory of the Syrian Arab Republic;

2. The route by sea to the port of Agaba and
further through Jordan by road;

3. Oil delivery by sea to the port of Haifa
and then through Israel by road;

4. Oil delivery by sea to the port of
Alexandria, then by road.

Objective. The objective of the research was
to test the algorithm developed by the authors
for solving the multicriteria problem of

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 4, pp. 136-147 (2019)

Gogriciani, Georgy V., Lyashenko, Anton N. Strategic Development of Oil Shipments from Russia
to Palestine

Nﬁm}’“‘““:

3»&3,,,&‘;



choosing a rational route of fuel delivery within
the framework of logistics chains from an oil
refinery to a consumer.

Methods. The authors use general scientific
methods, economic analysis, multicriteria problem
solving, expert assessments, representation of tasks
in a multicriteria setting using the developed
deterministic method.

Results.

Formulation of the problem

In the present work, according to the
developed algorithm [10; 12], a solution of the
multicriteria problem for determining the rational
route for delivery of fuel with a mass of M = 3000
tons along one of four transport routes under
consideration is presented. Pic. 1 shows a logistics
range that includes the territory from Afipsky oil
refinery near the port of Novorossiysk to the
destination point in the State of Palestine.

Each of routes S, ..., S, (transportation
options) consists of sections:

S, — railway, terminal T, sea, T,, road;

S, — railway, terminal T, sea, T,, road;

S, — railway, terminal T, sea, T,, road;

S, — railway, terminal T, sea, T, road.

The length of track sections S , ..., S, are as
follows:

S, —railway = 130 km, sea = 3241 km, road
=605 km;

S, — railway = 130 km, sea = 2622 km, road
=333 km;

S, —railway = 130 km, sea = 3294 km, road
= 147 km;

S, — railway = 130 km, sea = 3051 km, road
= 989 km;

The following criteria have been adopted
for transportation of fuel:

k, — cost of fuel transportation by a specific
mode of transport, rubles;

k, — net fuel transportation time by a
specific mode of transport, hour;

k, — cost of transshipment of fuel in the
terminals, taking into account the types of
transport, rubles;

k, — time of transshipment of fuel between
modes of transport, to the terminals and back
hour;

k, — risk during transportation of fuel by a
specific mode of transport, point;

k, — risk during fuel transshipment, point;

k, — time of stay of a ton of fuel in the
terminal, days;

k, — cost of stay of a ton of fuel in the

1

terminal, rubles;
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k, — risk of fuel delivery at the agreed time,
point.

The solution to the problem extends to a
wide range of liquid fuels, which include crude
oil, fuel oil, diesel fuel, gasoline. The cost of
logistics services, depending on the type of fuel,
varies between 5—10 % and is therefore almost
equivalent, which makes it possible to draw a
generalized conclusion on determining the
effective route for transporting liquid fuel from
the place of departure to the destination with
respect to the entire cargo range under
consideration. For a decision, averaged input
data is accepted, since the applied approach in
this case is aimed at effective choice of a route
by a customer of cargo or forwarding companies.
Rates and informational data were compiled
from the commercial transport environment
and may vary depending on a company’s policy,
foreign policy environment, economic factors,
trade and economic relations with the states
whose territories are included in the supply
chain.

The solution of the problem

To solve the problem, the following
numerical values for calculating the criteria are
adopted.

Cost of transportation of 1 ton of liquid fuel
(criterion k) per 1 km:

» along a railway: 11,3 rubles (on the
territory of Russia from Afipsky oil refinery);

+ along a road: for option S, — 56 rubles,
S,— 42 rubles, S,— 76 rubles, S, — 49 rubles;

* by sea transport: for option S — 21 rubles,
S,— 19 rubles, S,— 26 rubles, S, — 17 rubles.

‘When determining cost of delivering fuel by
road, it was assumed that 50 tank trucks with a
capacity of 30 tons of fuel each were involved
in the transportation process in directions
S,—S,. From the condition of a given mass of
transportation of 3000 tons, the required
number of cars is determined with one go for
transportation of fuel (3000/30 = 100). Based
on the result, the required number of trips for
50 cars is determined. For practical reasons, 50
trucks making each 2 round trips are considered.
From the result obtained, the cost of
transporting a given mass of fuel by road is
determined, taking into account the empty
mileage of the tank truck (Table 1).

To calculate the numerical value of the
criterion k,, speed of movement by railway is
set to 60 km/h, by road — 50 km/h, by sea —
30 km/h. This takes into account the need for

Gogriciani, Georgy V., Lyashenko, Anton N. Strategic Development of Oil Shipments from Russia
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implementation of accepted road trips from the
point of departure to the point of arrival and
back. Given the speed of transport on the road
(50 km/h), the necessary time is determined
for transportation of the entire mass of fuel
S, = (605 km*3)/50 km) = 36,3 hours; S, =
19,98 hours; S, = 8,82 hours; S, = 59,34 hours.

It is assumed that the cost of transshipment of
fuel (criterion k) in terminal T, will be 190 rubles
during each process per one ton. At the same time,
two processes are taking place — liquid fuel entering
the terminal and oil cargo being pumped into the
tanker. Similar processes occur at each terminal
with a variation in modes of transport. The cost of
transshipment of fuel to and from the terminals
(two processes in total) is 220 rubles for the terminal
T, per ton, for the terminal T,—340 rubles, for the
terminal T,—420 rubles per ton, for the terminal
T,—380 rubles per ton.

Time of fuel transshipment (criterion k)
from railway tanks to the terminal for the
accepted mass of fuel M, = 3000 tons will be 2
hours, from the terminal to the tanker — 5
hours, then:

If a destination is in Syria, transshipment
from sea transport to the oil tank is 7 hours,
from the oil tank to road transport it is of 5
hours.

If destination points are in Jordan, Israel,
Egypt, time of transshipment from sea transport
to the terminal is 3 hours, from the terminal to
road transport — 3 hours. At the same time, fuel
stay in the terminal T, — 2 days, T,— 4 days, T,
— 2 days, T,— 3 days, T,— 5 days.

The numerical value of the criterion k, (risk
during transportation) is calculated taking into
account the score k for a particular type of

transport, fuel mass M, (3000 tons) and
distance / of transportation:
k(l)
D, =3
k5 Mf[ 5

)]

Inaccordance with the considered suggested
algorithm, it is accepted that the higher is the
degree of risk (ranging from 0 to 1), the lower
is its digital value. The following values of k¢’

are accepted:
a) sea transport ki, =0,96 ;

b) railway transport ki, =0,9;
¢) road transport ki, =0,8.

The value of risk during transshipment of
fuel for options S , ..., S, of fuel transportation
is calculated by the expression:

D,, =X’ 2)
k6 — Mf ]

In this case k, is accepted:

a) during transshipment from sea to road

transport K, =09 ;

b) during transshipment from railway
transport to the terminal ki, =0,88 ;

¢) during transshipment from the terminal
to sea transport Kicrs, =086 ;

d) during transshipment from sea transport

to the terminal ki, =0,86 .

¢) during transshipment from the terminal
to road transport ki, = 0,89.

Time of stay of fuel in the terminal of the
port of Novorossiysk T (criterion k.) is 2 days,
in the terminal of the port of Tartus T, — 4 days,
in the terminal of the port of Aqaba T, — 2 days,
in the terminal of the port of Haifa T, — 3 days,
in the terminal of the port of Alexandria T,— 5
days.

The cost of maintaining fuel in the terminals:
T, = 120 rubles per day (criterion k), T, = 87
rubles, T, = 110 rubles, T, = 150 rubles, T, =
130 rubles.

Risks associated with the delivery of fuel to
final points are calculated by the expression:

Dy = [z[l...,m /kl,...mlil ) (3)

where lI, o lengths of the pathways for each
considered option of fuel delivery. Here, the
larger is /, the smaller is the digital value and
therefore the greater is the risk.

In accordance with the algorithm of the
developed method, Table 1 is constructed,
where all the digital values D of the considered
criteria are located for transportation options
S, ..., S, of liquid fuel.

In accordance with the algorithm of the
applied method the values of Table 1 are used
to construct Table 2 of total values of each
numerical value of the criteria for each option
S, ..., S,. Further, using the digital information
in Table 2, the places M of each option S are
determined for each criterion, those values are
putin Table 3 (in square brackets). In this case,
the best place is assigned to a larger number
(maximum value — 4).

Due to the fact that the criteria considered

above are not equivalent to each other in their i

significance, a coefficient of significance k  of
those criteria is introduced by the method of expert
estimates (within 0—1 range). Moreover, the more
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Table 1
Values of D criteria for options S , ..., S,
Options
Numerical
values of Si S Ss Sy
criteria rail- |, sea T, road il T, sea Ts road itk T, sea Ta road rail- T sea Ts road
way way way way
D 22 | - | 10803 | - | 363 | 22 | - | 874 | - | 1998 | 22 | - | 1098 |- | 88 |22| - 1017 | - | 5934
D 1140000 660000 1140000 1020000 1140000 1260000 1140000 1140000
Dis 2 05 75 2 05 3 3 2 05 3 3 2 05 3 3
Dis 23410 ‘ 9,87+10°% ‘ 441-107 | 2310 ‘ 1224107 | 8,01-107 | 2,3-10¢ 9,7+10°% 1,810 | 2,3410° | 1,05+107 2,7+107
2.9:107 29410 29410 29410
2,810 2,810 2,810 2,810
Dis 2,810 2,810 2,810 2,810
2,9+10* 2,9410* 2,910+ 2,9410*
Dy 2 4 2 2 2 3 2 5
Dy 720000 1044000 720000 660000 720000 1350000 720000 1950000
Dy 0,00023 0,00030 0,00027 0,00022
Table 2
Total values D of criteria for options S , ..., S,
Numerical Options
designations S S S S
of significance ! 2 3 4
coefficients
N 361050000 216798000 311613000 378082500
D, 146,53 109,58 120,82 163,24
Dk3 1800000 2160000 2400000 2280000
DH 19 13 13 13
DkS 2,85+10° 3,23-10°° 4,22+10°° 2,68+ 10°°
Dk6 0,00116 0,000116 0,000116 0,000116
Dk7 6 4 5 7
Dk8 1764000 1380000 2070000 2670000
Dk9 0,00023 0,00030 0,00027 0,00022

significant is the criterion, the corresponding
coefficient k _ is closer to unity. In the particular
case, the values of different k| may coincide.
The significance coefficients k_ of all
criteria are given below, they are taken into
account to specify more exact values of M
places of the considered options, where
M,= MKk .. In the considered problem, the

following k  values are accepted for the
criteria:

Criteria
kl k2 k3 k4 kS kﬁ k7 kX kq
k. |1 0,85 10,75 [0,8 02 1025 (0,7 0,75 10,7

Thus, the final places M for each of the
options S, ..., S, following each criterion are
determined by multiplying the value of M by
the coefficient of significance of the
corresponding criterion.
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The final results m for choosing the best
option for fuel delivery according to a set of
criteria are obtained by adding all M separately
foreachoption S, i.e. M;=M,(k ), wherei, ..
A larger value of m corresponds to the best
option for fuel delivery according to the criteria
adopted in the task.

The best option for § transportation is
option S,, as m corresponding to this option
has a maximum value.

Conclusion. Thus, as a result of solving
the multicriteria problem, the best option for
transporting liquid fuel from Afipsky oil
refinery (Russia) to Palestine was determined
according to accepted criteria, consisting of
transporting fuel by rail to the port of
Novorossiysk (for all options considered),
then through two terminals by sea to the port
of Aqaba (Jordan), then by road to the State

Gogriciani, Georgy V., Lyashenko, Anton N. Strategic Development of Oil Shipments from Russia

to Palestine



coefficients «k_» of criteria

Table 3
Clarified places M (in square brackets) of options S , ..., S, taking into account significance

Options

S, S, S, S,
M, [2]-1=2 [4]-1=4 [3]-1=3 [1]-1=1
M, [3]+0,85=2,55 [4]+0,85=13,4 [3]1-0,85=2,55 [1]1-0,85=10,85
M, [4]+0,75=3 [3]+0,75=2,25 [1]1+0,75=0,75 [2]+0,75=1,5
M, [1]1-0,8=0,8 [2]-0,8=1,6 [2]+0,8=1,6 [2]-0,8=1,6
M, [2]°0,2=0,4 [3]1°0,2=0,6 [4]-0,2=0,8 [1]1°0,2=0,2
M, [1]1+0,25=0,25 [1]+0,25=0,25 [1]1+0,25=10,25 [1]1+0,25=0,25
M, [2]-0,7=1,4 [4]+0,7=12,8 [3]-0,7=2,1 [1]-0,7=0,7
M, [3]+0,75=2,25 [4]0,75=3 [2]+0,75=1,5 [1]1+0,75=0,75
M, [2]+0,70=1,4 [4]+0,70 =2,8 [3]1+0,70 =2,1 [1]1+0,70 =0,70
m 14,05 20,70 14,65 7,55

of Palestine. The calculated option maximally
satisfies all the requirements (criteria).

The proposed algorithm can be used for
similar tasks related to elaboration of routes of
other types of deliveries and to the use of several
modes of transport and choice of the optimal
one based on several criteria, taking into
account significance coefficients.

1. The developed theory allows to
objectively increase the best option possible
in multimodal transportation of liquid fuel
when considering many criteria, including
contradictory ones.

2. The theory makes it possible to improve
the quality of the result obtained not only by
the digital values of the accepted criteria, but
also by taking into account the significance of
different criteria among themselves by their
influence on the process under consideration.

3. To improve, if necessary, the quality of
the obtained calculation results, it is possible
to refine the intermediate data by using linear
and nonlinear interpolation.

4. The process of determining the best
schemes for multimodal transportation of
liquid fuel is accompanied by consideration of
possible financial, temporary and other risks
by taking into account the relevant criteria in
the calculation.

5. The theory allows to pose and solve
problems taking into account hypothetical ways
of transporting liquid fuel and compare the
results with existing schemes.
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Ymupgunna UBPATMMOB

MaxmyaxoH TOXUPOB

baMOTHO BbICTPOEHHAasI cTpaTerus opmMmpo-
BaHUs1 U Pa3BUTUSI MEXAYHaPOAHbIX TPAaHCMoPT-
HbIX KOPUAOPOB, NPOXOASLUNX Yepel3 CTPaHb!
LleHTpanbHou A3um, obecrneynBaeT 3KOHOMUYe-
CKO€e pa3BUTNE HE TOJIbKO PACIOI0XKEHHbBIX B 9TOM
pervioHe rocyaapcTs, HO 1 APYrux CTPaH-y4acT-
HUL| NepeBo30K.

Bmecte ¢ tem, B npaktvke ¢opmMupoBaHus
MeXAyHapoLaHbIX TPaHCMOPTHbIX KOPUAOPOB Cy-
LecTByeT psia npobiem: HeCOOTBETCTBUE HOPMa-
TUBHO-PAaBOBbIX akKTOB Y4aCTBYIOLMX CTOPOH,
pPasInNYgns TEXHUYECKUX CTaHAAPTOB, HEYHUGULM-
[POBaHHOCTb X€/1e3HOL0POXHOM Koeu, A/INTE b
HOCTb TAMOXEHHOro 0GpOPMIIEHYSI.

Llenb paboTbl 3akio4anack B NCCAEA0BAHNN
TPAaHCMOPTHbIX KOPMAOPOB LieHTpasibHow, 3anaaHovi
u KOxHOU A3y v CyLLECTBYIOLLMX [J151 X Pa3BUTHSI
WHPAaCTPYKTYPHbIX, OPraHN3aLOHHbIX Y TEXHOJIO-
rNYECKVX OrpaHNYeHni. VIcronb308ammcs MeToab!
9KOHOMUYECKOIr0, CTaTUCTUYECKOI O, MHXEHEPHOIro
aHam3a.

dopmupoBaHme eguUHONro N BHELLHEe
MHTErpupoBaHHOIro TPaAHCMNOPTHOrO
npocTpaHcTea B LleHTpanbHON A3un

Hopaeumos Ymuouara Hazpuaraesun —

AO «Y36exucmorn memup iyanapu», Tawkenm,
Y36exucman.

Toxupoe Maxmyoxncon Mypodxcon yeau — Poccuiickuii
YHusepcumem mpancnopma, Mockea, Poccus /
Tawkenm, Y3bexucman*.

PaccmoTpeHs npobiems B popMupoBaHum
MeXAYHapOAHbIX TPAHCMOPTHbLIX KOPUZOPOB 1 UX
peLLeHne C MOMOLLbIO OpraHn3aumm nepeBo30K
€4MHbIM 0repaTopoM Y36ekucTaHa.

U3y4eHO COBPEMEHHOE COCTOSIHUE TPAHCIOPT-
HbIX KOPUZOPOB, CBsI3bIBaOLMX LleHTpasibHyo,
Banagryro, OxHyro A3no n Kutar co cTpaHamu
EBpocoro3a, B TOM 41c/ie, BOrpoChk! pOpMmpoBaHms
KEIe3HOAOPOXHBIX KopraopoB Kutari—EBpocoros.
B aTOM KOHTEKCTE aHa/ImM3npyeTcs Psa NpaBoBbIX,
opraHu3aLnOHHbIX, TEXHOJIOMMYECKNX (akTopoOBs,
a TaKke MHPPaCTPYKTYPHbBIX OrPaHNYeHUI Ha rpu-
Mepe Xes1e3HOL0POXHOM JIMHVN Ha y4acTke KaLurap
(Kuntaii)-Oww (Keiprsi3ctaH), 40O CTPOUTENLCTBA KO-
TOPOV MpeasiaraeTcs NCroJsib30BaTk HA 9TOM y4acTke
riepeBo3KV APYriMu BUAaMM TPAHCopTa.

Takoxe BblIBUHYTbI MAEV CO34aHVIS TDAHCTIOPTHO-
noructndeckori accoumaumm LLIOC v pa3paboTkm
KOHCTPYKUMN YHUBEPCA/TbHbIX BarOHOB C Pa3aBuX-
HbIMY KOJIECHBIMU niapamu, 84arnTypPOBaHHbIX K 9KC-
r1yaraumm Ha Xene3HbIX 0porax pas/m4HON Kosieu.
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Hbl€ NepeBO3KY, YA IbHbIV Tapu@, CTOUMOCTL epeBO3KU, KOHTENHEP, pasaBUXHbBIE KOJIECHbIE rapbl.

*MHdopmaums 06 aBTopax:

30.08.2019.

U6parnmoe Ymuaunna Haspunnaeeund — kaHAMAAT TEXHNYECKUX HAYK, HAYaIbHUK yNpaBneHus
obecneyeHns MHbopMaLMOHHOM 6e3onacHoCTU 1 MHdopMaUMOHHOMo pa3BrTus AO «Y30eKMCTOH TeMUp
nynnapw», TawkeHT, Y3beknctaH, almaz-umid@mail.ru.

ToxupoB MaxmyzaxoH Mypoa)koH yrnu — cTyaeHT POCCUIACKOro yHMBepcuTeTa TpaHcnopTta, Mockea,
Poccus / TawwkeHT, Y36ekmncTtaH, mahmudjon.tohirov.99@mail.ru.

Cratbs noctynuna B pegakumio 15.10.2018, aktyanmanposana 19.08.2019, npuHaTa k nyéavkaumm

For the English text of the article please see p. 158.

® MWP TPAHCIMOPTA, Tom 17, N2 4, C. 148-165 (2019)



2,99%

83,74 %

1,21%.0,24% 0.22%0.87 %

M Vpan

B KbIprei3zcTan

M Ta/pKUKUCTaH
® TypxmenucTan
M Ka3axcraH

o Kuraii

M V30ekucran

Puc. 1. ons rocyaapcte popmMmupoBaHns rpy30MoTOKOB B 00bEMe rnepeBo30K rpy30B B MEXAYHapPOAHOM
coobLeHnn, Npoxoasiem Yepes3 TeppuTopuio rocyaapcts LienTpanbHori Aann.

BBEOAEHUE

Bo3MOXXHOCTM M HampaBIeHUsT pPa3BUTHS
OT/IEJIbHO B3SITHIX CTPaH BO MHOTOM OMPEIEIIsi-
[0TCsI reorpauecKrM IoJiokeHreM. B mupe
HacuuThiBaeTcsa 0ojee 40 rocymapcTB, He
MMEIOLIMX IPSIMOT0 TOCTYIa K MOPCKUM Tiepe-
BO3KaM 1 TeM CaMbIM OTPE3aHHBIX OT HauboJiee
JIIIEBOrO BUAa TPAHCIIOPTHBIX COOOIIEHMIA.
Bocemb u3 11 ctpaH LleHTpanbHoii u 3anagHoi
A31M He MIMEIOT BBIXO/1a K MOPIO 1 MCIIBIThIBA -
0T 13-3a 3TOr0 CXOXHue IMpobiembl. Bmecte
C TeM, Y HUX MMEIOTCS TTOTEHILIMA U BO3MOXK-
HOCTH JIJISl y9aCTUST B MEXKIyHAPOIHBIX TPAHC-
MOPTHBIX Kopuaopax [1].

Kak oTMeTu1 OMH U3 aBTOPOB UCCIEI0-
BaHUs B BBICTYIUICHUM Ha COCTOSIBLIEICS
B 2018 roay B TamkeHTe MeXIyHapOIHON
KoHpepeHuu «LleHTpanbHast A31si B CUCTe-
M€ MEXIyHapOIHBIX TPAHCIIOPTHBIX KOPHUJIO-
POB: cTpaTern4eckue nepcrekTUBbI U Hepea-
JIN30BaHHBIE BO3MOXHOCTHU», «TPAMOTHO
BBICTpOCHHasl cTpaTterus ¢GopMHUPOBaHUS
M Pa3BUTHS MEXIYHAPOIHBIX TPAHCITOPTHBIX
KOPUI0POB 00OecrneynBaeT 3KOHOMUUECKOE
pa3BUTHE HE TOJIBKO rocyaapcT LleHTpanbHOM
A31M, HO U IPYTUX CTPAH-YYaCTHUII MEPEBO-
30K».

BwMmecTe ¢ TeM, B mpakThKe (DOPMUPOBAHUS
MEKIyHapOIHBIX TPAHCIIOPTHBIX KOPUIOPOB
CYILLECTBYET Psili po0JieM: HECOOTBETCTBUE
HOPMaTHBHO-IIPABOBBIX OCHOB Pa3IUYHbBIX
CTpaH-y4acTHUIL TIEPEBO30YHOIO Ipoliecca;
pa3IMyHble TEXHUYECKHUE CTaHIapThl; OTCYT-
CTBUE YHU(DUIIMPOBAHHOM KeJIE3HOIOPOKHOM
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KOJIeW Ha BCEM MYTH CJICIOBAHUS, a TaKXKe
IIPOCTOM TPAH3UTHBIX TPY30B Ha TpaHUIIAX
W3-3a JJINTEJIBHOTO TPoIecca TaMOXEHHOTO
odopmiteHUS.

Ileav viccenoBaHMS 3aKJII0YAIach B HC-
CJIeIOBAaHMM TPAHCIOPTHBIX KOPUIOPOB
LenTpansHoit, 3anagHoit u KOxHOI A3uu
W CYIIECTBYIOIINX [UIST UX Pa3BUTUS MHGpa-
CTPYKTYPHBIX, OPraHU3ALIMOHHBIX U TEXHOJIO-
TUYECKUX OTPAaHUICHUIA.

Hcrionp3oBaich menodst SKKOHOMHYECKO-
T0, CTATUCTUIECKOTO, MHKEHEPHOTO aHAJIN3A.

AHAJIN3 COCTOAHUSA PbIHKA
NMEPEBO30K

B Hacrosiiiee Bpems B o0lieM o0bEME
TePEBO30K TPY30B B MEXITYHAPOIHOM CO00-
IIEHUY T10 a3UaTCKUM CTpaHaM JIUIUPYIOIIe
rmo3unuu 3aHnMaeT Kuraii (puc. 1).

Kax m3BecTHO, B HacToOsIIee BpeMs
nopsiaka 83 % Bcex rpy30B, HAIIPaBJISIEMbBIX
n3 Kurasi, o0CHOBHO# CTpaHBI TeHepaluu
TPAH3UTHOTO TPY30IMOTOKA Yepe3 CTPAHBI
LentpansHoit A3un, B EBpony mepeBo3siT-
Csl MOPCKUM TPAHCIIOPTOM.

BmecTte ¢ TeM, CylIiecTBYIOT 3HaUYMMBbIE
MPEITOCHITKN PAa3BUTHUSI HA36MHBIX TPAHC-
KOHTUHEHTAJIBHBIX TOPTOBBIX MapIIPyTOB,
orpeesieMble CIeAYIOINMY (haKTopamu:

* OTpaHWYEHHAsT MPOITyCKHAs CITOCO0-
HocTh Cya1IKOTO KaHaja;

* BOEHHO-TIOJIMTHYECKast cuTyalus B bab-
5J1b-MaHaeO6CcKOM MPOJIMBE, Yepe3 KOTOPBIA
Kopabu rorafatoT B Cys1Knii KaHa,

NoparnmoB Y. H., Toxupoe M. M. ®dopmunpoBaHne eANHOro U BHELLHE MHTErTPUPOBAHHOIO TPAHCMOPTHOIrO
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e Kopuaop «3anag-BocTok»

e KOpuaop «Ceep—tOr»
CTPOSILLMECS ¥ NPOEKTUPYEMbIE NUHIM
AnbTepHaTUBHbLIE MOPCKME MapLUPyThI

Puc. 2. CywecrByrowme mapLupytbl u3 Kuras B EBpony ¢ y4actnem xese3HO[0PO0XHbIX UHPPaACTPYKTYpP
Kaszaxctana n Poccun.
Ta6muma 1
Pacuér nporaosnoro o0péma mepeBo3ok uyepe3 MI'CII JlocThIK—AIaAIIAHBKOY
(Kazaxcran—Kuraii) 1o 2035 r.

Ton | BBII crpan, muipn USD O0bEM
Kasax- |Kwurait |Sdnonus |Tepma- |Poccus |Asctpa- |Kopes |MWumo- | Y36eku- |1€P€-

;:;raH X, X, ;I(I/I}I X, ;1/1;1 X, §C3PIH cTaH 21(:132:01(’

1 4 6 8 X9 TOHH

IMporHoz*

2020 | 315 13014 6454 3770 2758 1839 1443 1378 94 41281
2021|333 13782 6518 3819 2868 1883 1487 1458 102 45598
2022 | 352 14595 6584 3869 2983 1928 1533 1543 110 50264
2023|372 15456 6649 3919 3102 1974 1581 1632 119 55306
20241393 16368 6716 3970 3226 2022 1630 1727 128 60755
2025|415 17334 6783 4022 3355 2070 1681 1827 139 66645
2026 | 439 18356 6851 4074 3489 2120 1733 1933 150 73012
2027 | 464 19439 6919 4127 3629 2171 1786 2045 162 79893
2028 | 490 20586 6989 4181 3774 2223 1842 2164 175 87331
2029|518 21801 7058 4235 3925 2276 1899 2290 189 95371
2030 | 548 23087 7129 4290 4082 2331 1958 2422 204 104062
2031|579 24449 7200 4346 4245 2387 2018 2563 220 113457
2032 (612 25892 7272 4402 4415 2444 2081 2711 238 123613
2033 | 647 27419 7345 4459 4592 2503 2145 2869 257 134591
2034 | 684 29037 7419 4517 4775 2563 2212 3035 277 146458
20351723 30750 74933 4576 4966 2624 2280 3211 299 159286

McTouHuk: www.pwc.co.uk/economics.

* 3arpYyXEHHOCTh TJIAaBHBIX MOPTOB TMEPEBO3KHU IPy30B, OTCYTCTBUE TaMOXKEH-

EBpazun; HBIX MOIIJIMH B MPOCTpaHCTBE TaMOKEHHOTO
* IMHAMW4YHOE pa3BuTHe 3KOHOMUK Co0103a, a TaKxKe HEBBICOKME BPEMEHHBIE
3anagHoro Kuras, Unaun u [Makucrana. M3IEePKKU Ha MOTPAaHUYHBIX Mepexoaax.

B Hacrogiee Bpems cyliecTBYIOT Mapil-  OTpuUIaTeIbHBIMU Xe CTOPOHAMM, OCOOEH-
pyThl u3 Kumas ¢ Eépony Cc ydacTUeM Jcese3- HO Ha MapLIpyTe, MPOXOOSIIeM IO
HodopoocHbix ungpacmpykmyp Kazaxcmana TpaHccuOy, sIBISIFOTCS 0ojiee ITOJTUN CPOK
u Poccuu (puc. 2). Ux TmaBHBIMHM TIpEUMY- JTOCTaBKM TPYy30B U AJMHHBIC TapuUdHBIE
LIEeCTBAMMU SIBJISIIOTCS HM3Kasi CTOUMOCTb  PacCTOSIHUS.
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Puc. 4. CoBpemeHHOe cocTosiHue nepeBo30k u3 KoXxHovi A3un B ctpaHbl EBponerickoro Coro3a.

Jpyroii TpaHCITOPTHBIN KOPUAOP, TTPOXO-
nsmmii mo KazaxcraHy, iMeeT MOPCKYIO CO-
crapisonryo. KpoMe 3Toro, rpy3sl TpaH3M-
TOM TIOCTYITAIOT B ACHCTBYIOIINE ITOTPAHUY-
Hble mepexoabl JocThIK—AJallaHbKOy
1 Xoproc—AATbIHKOJb. OgHaKo, B OmKaii-
1IIeM OYIyIIIeM IIPOITYCKHAs CITIOCOOHOCTD 3THX
JIMHUI MOXET He COOTBETCTBOBATh TMHAMUKE
o0beMa riepeBo3ok Mexxay Kuraem n EBponoit
(Tabmuma 1).

Bcero mo MexXrocynapCTBEeHHBIM CThI-
koBbIM myHKTaM (MI'CIT) Kuraii—Kaszax-
ctad K 2020 romy mpoTHO3UPYETCS CIIeA0-
BaHHUE O0ojice 9 MJIH TOHH TPaH3UTHBIX
rpy30B B LleHTpaibHO-A3MaTCKNUE CTPAHBI
u B ctpanbel EC. K 2035 roagy oxupaercs
yBeJIMUeHUE 3TOTO 00bEMA MO CPaBHEHUIO

® MWP TPAHCIOPTA, Tom 17, N2 4, C. 148-165 (2019)

¢ 2020 romom Oojiee 4eM B YETHIpE pasa
(puc. 3).

BcenencTBrue 3T0TO0 BO3pacTéT HEOOXOMM-
MOCTb B aJIbTEPHATUBHBIX CYXOITyTHBIX MapIII-
pyTax, 110 KOTOPBIM MOXKHO OYIIeT JOCTaBIISITh
rpy3bl B EBpony 1 oOpaTHO.

KOPUAOOP NAKUCTAH-
APrAHUCTAH-Y3BEKUCTAH

B3anMHBII TOProBhIii 000POT IBYX HAM-
0ojiee PKOHOMUYECKU Pa3BUTHIX CTPaH
IOxxnoit Asuu — Uanuum u [lakucrana — co
ctpanamu EC moka3biBaeT cTaOMIIbHBIN
pocT (puc. 4, 5), 4TO TakXe SIBIAsIeTCs haK-
TOPOM MOSIBJICHUSI CITPOCA Ha aJIbTEPHATUB-
HbIe BUIBI TPAHCIIOPTA: aBUa-, aBTO- U Xe-
JI€3HOOOPOKHBIA.
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Hapsiny ¢ aTUM HE0OXOIMMO OTMETHTD,
yto B 2017 rony Uuausg n [MakucraH craau
noJiHonipaBHBIMU YieHamu LIIOC, uto MozkeT
CTaTh CTUMYJIOM IJIsI pa3BUTUS TOPTOBIU
1 pOCTa TPAHCITOPTHBIX CBA3ei [2].

Kopunmop IMakucran—Adranmcran—
V36ekucTaH MOT ObI pacCMaTpUBAThCS KakK
Bo3poxkaeHue apeBHero «Benmukoro MHanii-
cKOro myTu». OMHUM U3 BapUaHTOB PELLICHUS
MMPOOJIEMBI OTCYTCTBUSI XKEJIE3HOIOPOKHOTO
coennHenus Mumun u IMakucrana ¢ LeHr-
paibHO# A3ueit U IpyrMMM TOoCydapCcTBaMU
MOXKET CTaTh CTPOUTEIBCTBO XKeJIe3HOIOPOXK-
Hoit muaun Mazapu-1llapud—XyaeM—ITynn-
Xympu—/Jlomu—Cypabaii—/Ixenanadban—
Topkxam (ITakucrtaH) ¢ OTBETBJICHUEM OT
Cypabas go Kabyna. 3HaueHue qeiicTByIONIEi
XKeJEe3HOAOPOXHOM cTaHIUM TopKxam
(ITakucTaH) COCTOUT B BBIXOAE uepe3 Heé
K KPYITHOMY TTOPTY B ApaBHIICKOM MOpPE 1 CO-

Bulukek

Xavipapabag

Puc. 5. IuHamMnka 3KCrnopTHO-UMIMOPTHbIX MePeBO30K MOPCKUM TPaHCMIOPTOM
cTpaH EC ¢ Ungueii n MaknctaHom.

Anmatbl
(Anma-ATta)

Hosas x.4. nuHns
Bonawwak (KasaxcraH)—
Cepxertsika (TypkMeHWUCTaH)

CTposLyascs XK.4. TMHUS
Anrpen-Tan

mmm mmm mm OAVH U3 BAPUAHTOB NpoekTa
KA. MUHUN TaXuKncTaH—
AdranncraH—TypkMEHUCTaH

MpoekT x.A. NMuHuKM Poccusi—
KasaxctaH-Kbiprbiactan—
TapXukucTaH
m Mpeanaraemslit BapuaHT
CTPOUTENBCTBA X.A. NMHUN
Masapu-LLapuh—Xynbm—
Mynu-Xympu—[own—
Cypabaii—[xenanabag—
Topkxam (MakncraH).

Puc. 6. MpoekT xxene3HoaopoxHou nmHnn Masapu-LLapug—Xynsm—Iynn-Xympu—Aowmn—Cypabari—
Axenanaban—Topkxam (Makuctan).

eINHEHUN C XEJIEe3HOAOPOXHON CEeThIO
Nunnu.

CTpouTeNIbCTBO HOBO KeJIe3HOIOPOXKHOIM
JIMHUUA MOXET BBI3BaTh MHTepec Poccum,
crpan EC u npyrux crpaH, a Takke B IUIaHe
nponBrkeHuss EBpa3uiickoro sKoHOMHUYE-
CKOTO IMPOCTPAHCTBA Ha 10T 1 UCTIOJIb30BaHUS
JMAHHOTO MapIIpyTa I TPAH3UTHBIX IIEPEeBO-
30K. B kon1e XIX Beka Poccueii yxxe paccmar-
puBacs nmpoekt MHmo-Bomkckoii xkere3Hoi
JIOPOTH.

OnHaKoO CTPOUTEIbCTBO HJAHHOUN JUHUMU
YCIIOXKHSICTCS HaJIMIMEM HEKOTOPBIX MPO0-
JIeM, HaTlIpuMep, HEOTIPeIeIEHHOCTHIO Fe0Io-
JIMTUYECKO cuTyalnu B ApraHuctaHe u J10-
POTOBU3HOI CTPOUTEIHCTBA OTAEIBHBIX Ke-
JIE3HOAOPOKHBIX YIACTKOB.

B 10 Xe BpeMsi, 10 CTPOUTETbCTBA XKeJle3-
HOIOPOXHON JIMHUM, MOXHO MCITOJIb30BaTh

CYILIECTBYIOIIYIO MEXIYHAPOIHYIO aBTOTPACCY.
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Puc. 7. NMpoekt UHao-Bosmkckon

Jxene3How goporu bapaHoBckoro
(1874r.).

XEAB3HAA AOPOTA
110 MBICAM CT. EAPAHOBCKATO.
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Co3snaHue JIOTUCTUYECKHX LIEHTPOB Ha CTaH-
uun Mazapu-Illapud (Adranucran) u Ha
cranuuu Topkxam (ITakucran) a1 opraHu3a-
LMY MHTEPMOAAIbHBIX MEPEBO30K (3KEJIE3HO-
JIOPOKHBIM 1 aBTOMOOMJIBHBIM TPAHCIIOPTOM)
MO3BOJIUT TIPUBJIEYb MHTEPEC K MEePEeBO3KaM
TPY30B I10 3TOMY HampasiaeHuIo [3].
ITpoTSKEHHOCTH 3TOTO YyYacTKa COCTaB-
JIseT 673 KM. A IPOTSKEHHOCTD BCEM TOpO-
ru ot IlemaBapa no Tepmesa (BkJoYas
M KeJIE3HOMOPOXHYI0 4YaCcTh) COCTaBJIsIET
748 xM (TapudHoe paccTosiHue «Mazapu-
Tapud—XaiipatoH» cocTaBisieT 75 KM).
Co3naHue MaplLIpyTa MOXeT CTaTh 3KOHO-
MUYECKH BBITOJIHBIM ISl Y30eKrcTaHa, B TOM
qucie B Cilydae, eCiiv 10 CTPOUTEIbCTBA XKe-
JIE3HO JOpOru OyIyT UCII0JIb30BAThCSI ABTO-
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Puc. 8. ABTomob6unbHas gopora
Maszapu-LUapun¢ (ApranncraH)—
Topkxam (rpaHuua MakuctaHa).

MEePEeBO3KM 10 Tapudam, 9KBUBaJICHTHBIM
JKeJIe3HOMOPOKHBIM (Tabnuiel 2, 3, 4) [5].

B 10 ke BpeMst 6e3 coeTMHEHUS XKeJIe3HbIX
nopor Kuras u Y3oekucrana yepe3 Kbiproi-
CTaH KOHKYPUPOBATh C KEJIE3HOI0POXKHbBIM
HanpasieHreMm KazaxcraH—TypkMeHrCTaH—
HpaH nipearoaraeMoMy KeJIe3HOTOPOXKHOMY
HanpasneHuto Mazapu-Illapucp—IepaT Oyner
OYEHb CJIOKHO.

KOPUAOP KUTAU-KbIPIbIBCTAH-
Y3BEKUCTAH

Takoit Kopumop MOT ObI pacCMaTPUBATHCS
KakK OJTHO M3 OTBETBJIICHUI npeBHero «Bemu-
KOTO IIETKOBOTO MyTH».

Kwurait 1 UHaust Ha NpOTSZKEHUU JOJITOTO
BpeMEHHU ObLIM 3aMHTEPECOBAHBI B BBIXOME 110
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Taoauna 2
CT0OHMOCTH CMEKHBIX IIEPEBO30K
40-dyToBoro KoHTeiiHepa, rPyKEHOTO
TeHepaJIbHBIM IPY30M, 10 MAPUIPYTY
«Kapakammakcran—Ilemasap» ¢ pa3nejiennem
HA TPH COCTABJISIIONIUX YIACTKA
C Pa3IMYHBIMHU TApUDaAMu

KpaTyaiImmM CyXOITyTHBIM qoporamM B EBporty.
OTU Be BEIMKUE CTPAHBI HE CBSI3aHbI MEXITY
€000i1 XKeJIe3HONOPOKHBIM TPAHCIIOPTOM, a XKe-
niesnbie noporu MHmum u [akucrana He UMeIoT
BBIXOJIA K XeJIe3HBIM Jtoporam LleHTpanbHOM
A3uM 1 IpyruX peTMOHOB [4].

B ciydae ycrieniHoit peanMzaiiny mpoeKTa
CTPOUTENILCTBA XKEJIC3HOMOPOXHON JTUHUU
Kuraii—Ksipreizcran—Y36ekuctad chopmupy-
eTcs elé OAWH KOPUIOp, CBI3bIBAIOIINIA
LentpanbHyto A3uio ¢ Kuraewm.

3a HavaJio MapuIpyTa B3siTa CTAaHIIUS
Kamrap, Tak kak B6au3u ropoaa Karirap
(Kamm) HaxoauTcst oluH U3 Haubosee AuHa-
MWYHO Pa3BUBAIOIINXCS PAalOHOB Ha 3araje
Kuras. ®@opmupyemblii KOpUIOpP HAMHOTO
KOpOYE CYIIECTBYIOIIMX.

B 10 3ke BpeMsi, 10 CTPOMTETLCTBA KEJIE3HO-
JIOPOXKHOM JIMHUY MOXKHO MCITOJIb30BATh CYIIIE-
CTBYIOIILYIO MEXIYHApOIHYIO aBTOTpaccy OT
JNEeMCTBYIONIETO JOTUCTUYECKOTrO ILIeHTpa
AnmkaH go Karrapa, mo Kotopoii ¢ oeBpaist
2018 roga HayaTo KypcUpOBaHUE IPy30BBIX
aBTromMoOmIIeit. [1To tTaHHOMY MapIIpyTy CIeIyIOT

MapuipyT ciefo- Tapucdnoe CronumocTh rpy3bl U3 Y30ekucraHa B Kuraii u ooparHo [7].
BaHUA ]é)li.f{(;TOHHHC f[lgfé)a;friioro TIpencraBieH pacy€T B3MMaHUsI CTOUMOCTH

e aBTOMNEPEBO3KU MO Taprdam, SKBUBATIEHTHBIM

(7o) JKEJIe3HOJOPOXKHBIM, KOTOPbIE TOpa3io IeIIeB-
Temapap—Masapi- | 673 ku 1950 Jie aBTOMOOWJIbHBIX. BbIunciieHa pa3Hulia pas3-
[apud Mepa I0TalliK NePeBO30K MEXKITy aBTOMOOMITb-
Masapu-Tllapud— | 75 kn 500 HBIM U X€JIE3HOJOPOXHBIM TPAHCIOPTOM.
Tanaba PesynsraT roBOpUT O BBITOIHOCTH ITEPEBO30K 32
Tana6a—Kapakai- 1735 kot 3900 CYET TUIMOTETUYECKON MEPEOPUEHTALIMU COOT-
nakcTaH BetctBeHHO 10, 20, 30 % rpy30B (puc. 10), me-

peBo3uMbix ceituac yeped MI'CIT Kuras
u Kazaxcrana.

TEXHUYECKMUE PELLEHUSA

PazBuTune TpaHCTIOPTHBIX KOPUIOPOB IO
Tepputopuu LleHTpasibHOI A3uUM TPUBEAET
K (GOPMUPOBAHUIO €IUHON TPAHCIIOPTHOU
CUCTEMBI U TIOCIYXUT TOTYKOM K TTOUCKY
JTOTIOJTHUTEIBHBIX BBIXOAOB MPOAYKIIMM Ha
MEXIYHApOIHbIC PbIHKU.

Kpome Toro, moptel MpaHa BBIXOIST
B [lepcuackuii 3a11B U JUTSI OCTaBKU TPY30B
K CyslKOMYy KaHaly HeoOXOAMMO OrubdaThb
ApaBuUiiCKUi MOJIYyOCTPOB, U TepeceKaTh
ApaBuiickoe Mope, YTOObI MOMACTh K TOPTaM
WMHunuiickoro okeaHa.

B 5TuX ycI0BUSIX CTPOUTETHCTBO XKeJIe3HOM0-
poxHoit iuHuM ot Mazapu-Illapuda go Iepata

Ta6uuna 3

Oxuaemble J0X0/bl OT NEPEBO30K TPAH3UTHDBIX IPY30B 10 TEPPUTOPHH Y30eKHCTaHA

To, ; L2 ) v 5 Lom oo
EEE o B S 2 = E g g = 8(es g FEG|R o
EEEE siiis |S8g e EEES|SE8Esg|R5EE
258§ s 2B &8 L s 8 B8 ° B g EEasS|Es B
g8 35 SEEZ g £ e% EcgFfzelsEEsr"(aeds
2019 525,39 260,83 66,66 202,55 58,29 467,1
2020 546,69 271,51 69,62 210,84 60,67 486,22
2021 569,24 282,6 72,46 219,45 63,15 506,09
2022 592,66 294,24 75,45 228,49 65,75 526,93
2023 617,05 306,34 78,55 237,86 68,46 548,6
2024 642,47 318,96 81,78 247,66 71,27 571,19
2025 666,96 332,12 85,16 257,9 74,22 594,76
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Taommna 4
IIporHo3 00béMoB nepeBo3ok Mexay Muaueii, [Takucranom u EC

10 BHIAM COOOIIEHHS
Tonsr OO6mmit
2016 2018 [2020 [ 2022 12025 TIpHpOCT
Bazosbiii | [IporHo3s, Thic. TOHH
06t 06BEM TOPrOBITH 31272,32 | 34150,16 |37292,82 |40724,7 |46473,64 |62,3

MopCKUM TPaHCTIOPTOM, ThIC. 30616,67 |33562,27 [36791,26 [40330,92 |46289,03 |72,9
TOHH
ABTOMOOWJIBHBIM TpaHCITOPTOM, | 728,12 762 797,45 834,56 893,48 28,4
TBIC. TOHH
B nepepacuere 128,5 139,2 1509 163,6 184,1 61,5
Ha 1OD, ThIC.
TmoTetnueckoe 3855,5 4177 4526,7 4907 5522,4 61,6
nepepacrpeneacHue 4acT
IPY30II0TOKA

Ha MapIIpyT, IPOJIETaIOIIHIA
yepe3 AO «YTU», ThiCc. TOHH

|

\\ =~/
\ f e
) ﬂ:;}unpuusypr-c.

Kasaxcran

Puc. 9. CpaBHeHue Tpacc pa3inyHbiX TPAHCMOPTHbIX KOpuaopos Kutari—-Y36ekucraH:
1. ¥Ypymun-Locteik—Bbonawak—Cepxersaka—Capaxc; 2. Ypymun—Xoproc—bonawak—Cepxetraka—Capaxc;
3. Ypymun-Locteik—Capbiaray—Xomkunaasnet—Capaxc; 4. Kawrap—TopyrapTt—Kapacy—-Casaii—Xomkunaasner—
Capaxc; 5. Ypymun—Xoproc—Capsbiara4y—Xomxunasnet—Capaxc.

Tabsmmna 5
CrounmocTh U cpok noctaBku 40-(yToBoro Konreiinepa aBTOMOOWIbHbIM TPAHCIIOPTOM
MapuipyT cienoBaHuUst CymMapHoe pac- CTOMMOCTb AOCTaBKU Cpok poctaBku™
CTOSTHUE 40-cdyToBoro KoHTeitHepa (101.) (dac)
Kamrap—Crimkana—pker- 572 km 1950 40

TaM—CapbiTaii—O1—AHIMXKaH

* B HacTosIIee BpeMsl CyILIECTBYET aBTOI0pOXHas MHMpacTpykTypa B Kbipreidctane «Mpketram—Capbitani—
O, KoTopast cBsi3bIBaeT KuTarickuii Karrap n y3dekckuit AHakaH. [TpoTsskEHHOCTh 9TOTO yUacTKa COCTaBIsSIET
258 kM. A MPOTSKEHHOCTD Beeit joporu oT Kanirapa 1o AHnuxkaHa (BKI0Yast U XKeJIe3HOI0POXKHOE PACCTOSTHUE)
cocTaBiser 572 KM.

BAdranucraHe oodecrieunt Bixof LleHTpasbHO-  a Takoke obecrieueHMsT Bbixoaa yepe3 Typuuio
azuaTckux xeyuesHbix gopor Ha Mpan u ero B EC no tpaHcacgraHckomy Kopuaopy [8].

nopTel. B pesyisrare nosBuIach ObI BOZMOX- Ha mexnyHaponHo# KOoH(pepeHOUU
HOCTb coeuHeHus myteit ¢ Katapom, OmaHoMm,  «lleHTpanbHas A3usl B CUCTEME MEXIyHAPOI-
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i
}‘ # OO6BEM U JOXO/IBI OT TPAH3UTHBIX MIEPEBO30K O0BEM 1 10XO/IBI OT TPAH3UTHBIX MTEPEBO30K
\ npu 10 % nepeopueHTauun npu 20 % nepeopueHTAIN
5000 = 4241 500 | | 10000 = 8481 1000
o0 437 S 875900
3000 300 6000 600
2000 =159 200 | | 4000 " 3191 40
19 8o, | ﬂ 134300 | | 2000 2 ’ m 268,00
o 9 = 50 o o =58 = 101 o
2020 2025 2030 2035 2020 2025 2030 2035
mmmm OGBEM TPAH3HTHBIX IPY30B, ThIC. TOHH s OGBEM TPAH3UTHBIX TPY30B, ThIC. TOHH
~o— Jloxonsi o TpoeKTa no K MJIH JOJUL. =®— JI0XO/bI OT pealu3aliy POEKTa Mo TeppuTopn Kbipreiscrana, MIH 1051,
~@— Jloxoabi OT npoeKTa no v MJIH 10/, ~®-~  JloX0abl OT TIpOeKTa 1o v MJIH JI0JU1.
OO6BEM U 10XO0/IbI OT TPAH3UTHBIX NIEPEBO30K
npu 30 % mepeopreHTaNH
15000 - 12722 1500
10000 = 8028 1312 1000
5000 m 2745 500
8 > 401
0 =87 " 151 253 o
2020 2025 2030 2035
mmmm OGbEM TPAH3UTHBIX TPY30B, ThIC. TOHH
=@ JI0XO/Ibl OT peajiu3alliH POEKTa N0 TepPHTOPHH KbIprbi3cTana, MIH J10J11.
=&~ JloX0/bI OT TIPOEKTa 1o y MJIH 1011
Puc. 10. lMporHo3 o6bEma n goxoaa npu nepeopueHTUPoOBaHNN.
Tab6uuna 6
O)Kld,l]aeMble J0XO0JbI OT NEPEBO30K TPAH3UTHBIX I'PY30B IO TEPPUTOPUHA Y30ekucrana
Ton Jloxombt 3arparbt 3arpaTbl VYobiTOK Hrorosblit 10Xo01
OT NePEBO3KU Ha epeBO3KU Ha [EePEeBO3KY OT JOTUPOBAHUS OT [EPEBO30K
TPaH3UTHBIX IPy30B | TPAH3UTHBIX TPY30B | TPAH3UTHBIX IPY30B | 3aTpar Ha TPaH3UTHBIX IPY30B
110 KeJIE3HBIM aBTOMOOWJIbHBIM 10 TEPPUTOPUU aBTOMOOUIIbHbIE 10 MapIIpPYTy
Jloporam Y306eKHCTaH, | TPaHCIIOPTOM Keipreiscrana, ecii | mepeBo3Ku Kamrap—Xukmuuer,
MJIH J0JLIL. 10 TEPPUTOPUM B3UMaTh Tapu® Kak | 1o TeppuTOpUn MJIH J0JLL.
Keipreiscrana, 3a XK.J1. IEPEBO3KH, Keipreiscrana 3a cuér
MJIH JI0JLL. MJIH JI0JLT. JIOXOJI0B
OT NepeBO30K
110 XKeJIE3HBIM
Joporam Y30eKkucraHa,
MJIH J0JLIL.
2019 367,625 414,375 193,375 221 146,625
2020 410,875 463,125 216,125 247 163,875
2021 454,125 511,875 238,875 273 181,125
2022 497,375 560,625 261,625 299 198,375
2023 547,112 616,687 287,875 328 218,212

HBIX TPAHCIIOPTHBIX KOPUIOPOB: CTpaTeruye-
CKHE TEePCIEeKTUBB U Hepealu30BaHHbBIC
BO3MOKHOCTH» OblLJIa 3aTPOHYTa IpodieMa
pPa3HMIIBI CTAHIAPTOB ITMPUHBI KEJIE3HOIO-
poxHoI Kojien. Kak u3BecTHO, MMpuHa KO-
neny Kuras, Upana, EC — 1435 mm, y Unaun,
ITakncrana— 1676 mm, ay ctpan LleHTpaibHO#
Azum n Poccun — 1520 mMm. Ha ceronusaimnmii
JIeHb pa3HbIMU CTpaHaAMU PETMOHA TPUMEHSI -
I0TCSI CJIENYIOLIME CIIOCOOBI PeIleHUs 3TOM
MpOo0JIeMbl Ha TOTPAHUYHBIX >KEJIE3HOTIO0POXK-
HBIX ITepexoaax:

* MeperpysKa rpysa Bpy4yHyrO WIM KOHTeH -
HEpOB MEXaHMYECKUM CII0COOOM 13 BarOHOB
C OTHOM IIMPHUHOM KOJIEU HAa BaTOHBI C IPYTOM
mupunoit (Kutait—Kazaxcran: MI'CII

«JJocThIK—ANallaHbKOY», «ANTBIHKYJIb—
Xoproc»);

* CMEHa XXeJIe3HOIOPOKHBIX TeJIeKEK, TPU
KOTOPOI BaroHbI MOJHUMAIOTCS JIsI 3aMEHBI
TeJIeXKeK ONMHON KoJien Ha apyryio (MpaH—
Typxkmenucrtan: MI'CIT «Cepaxc»).

IIpemnaraercss opraHu3anus TPOU3BOI-
CTBa HOBBIX YHUBEpPCAaJIbHBIX BarOHOB Ha
MPOMBIIICHHBIX MPEANPUSATUSIX BarOHO-
crpoeHust LentpanbHoit Asum (KazaxcraH,
V306ekucTaH) ¢ pa3ABUKHBIMU KOJIECHBIMU
napamu. B pe3ynbraTe Ha CTBIKOBBIX CTAHIIU -
ax KpIpreidctana u A¢praHucTaHa MOXKHO
OyIeT CMOHTUPOBATh MEPEBOIHBIC MYTEBbIC
ycTpoiicTBa sl (PYHKIITMOHUPOBAHUST KPYII-
HBIX MTePEeBAJIOYHBIX LIEHTPOB.
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1. ITpoToTun rpy30Boii TeNEKKU

C pa3ABUKHBIMHA KOJIECHBIMU rnapamu

3. OO0mmii BUJ pa3ABMWKHOM KOJIECHON

maper SUW 2000 (TToxbrma)

2. Tenexka ¢ pa3aBHKHBIMA
konécHpMu napamu Tansro (Mcenanus)

4. IlepeBotHOE YCTPOHUCTBO CHCTEMBI
SUW 2000 (IToxpma)

Puc. 11. Tenexku c pa3aBuXHbIMU KOJNIECHbIMU NMapamu.

BbiBOAbl U NPEOJIOKEHUSA

Pa3BuTHe TpaHCOPTHBIX KOPUIOPOB Ha
Tepputopun LleHTpanbHO A3nK SBISICTCS BbI-
COKOTIEPCTIEKTUBHBIM C TOUKH 3pEeHUST (hOpMU-
pOBaHMS €AWHON TPAHCIIOPTHOM CHCTEMBI
W pacIIMpeHus] BO3MOXKHOCTEH AJIs1 MEeXITyHa-
POIHOM TOPTOBJIM.

[To MHEHMIO aBTOPOB, 11€J1I€CO00Pa3HO:

—Bo-niepBbIx, yupeautb «MexXIyHapoIHYIO
TPaAHCIIOPTHO-JIOTUCTUYECKYIO acCOIMAIINIO
[IOC», B KOoTOpPYIO OYIyT BXOAUTH BCE CTPAHBI-
YYaCTHMIIBI TIEPEBO30YHOTO TPOLIECCa, a TAKKe
Ha 1aTdopme accouranuu chopMUpPOBaTh
«EnnHbIi MTHTEpaKTUBHBIN MOPTAT TPAHCTIOPT-
HO-JIOTUCTUYECKUX YCIIYT», TOCTYITHEIN depes
WHutepHer.

— Bo-BTOpBIX, OPraHM30BaTh aBTOMOOUIIb-
HbIE TIEPEBO3KU IPY30B IO CYILIECTBYIOIIUM aB-
TOMOOWTBHBIM foporam u3 Kairrapa (Kurait) mo
AnnuxaHna (Y3oekucraH) u ot Topkxama
(ITakucran) no Mazapu-I1lapuda (Adranucran)
CO B3UMaHMEeM Tapuda, SKBUBAJICHTHOTO TUIaTe
32 3KeJIE3HOIOPOXKHBIE TIEPEBO3KU. DTO TIO3BOJTUT
TIePEOPUEHTUPOBATh TPY30BJIa/IE/IbIIEB Ha TIepe-
BO3KH I'PY30B [0 CYXOITyTHBIM MapIlIpyTaM.

— B-TpeTbnx, Ha 6a3e HaydHBIX TEXHTYECKIX
YUpeKIeHUT He0OXOMUMO pa3paboTaTh KOH-
CTPYKLIMM YHUBEPCATbHBIX BATOHOB C PA3IBIIK-
HBIMU KOJIECHBIMU TTapaMU, aTanTUPOBaHHbIX
K 3KCILTyaTalliy Ha XeJIe3HBIX TOpOrax pa3ind-
HOM KOJIEeH.
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ABSTRACT

Competently built strategy for development
of international transport corridors passing
through the countries of Central Asia ensures
economic development of not only the states
located in this region, but also of other
countries participating in transportation
processes.

At the same time, the practices of
development of international transport
corridors reveal several problems which
comprise inconsistency of regulatory acts of
the parties involved, differences in technical
standards, lack of uniformity of railway gauge,
duration of customs clearance.

The objective of the work was to study
transport corridors of Central, Western and
South Asia and the existing infrastructural,
organizational, and technological limitations
for their development. The methods of
economic, statistical, and engineering
analysis were used.
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Background. Geographic location
considerably determines the opportunities and
directions of development of individual
countries. There are more than 40 countries
in the world that do not have direct access to
sea transportation and hence they are
separated from the cheapest type of transport
links. Eight of 11 countries in Central and
Western Asia are landlocked and are suffering
similar problems.Meanwhile they have
potential and possibilities to participate in
international transport corridors [1].

As it was mentioned by one of the authors
of the study in his speech at the international
conference «Central Asia in the system of
international transport corridors: strategic
outlooks and missed opportunities» held in
2018 in Tashkent, «a competent strategy for
development of international transport
corridors provides economic development not
only for the countries of Central Asia, but also
for other countries participating in
transportation».

Meanwhile, the practices of international
transport corridors formation face some
problems which are inconsistency of the
regulatory basis of various countries involved
in transportation process; unmatched technical
standards; the lack of a unified railway track
gauge along the entire route, as well as
downtime of transit goods at the borders due
to the time-taking customs clearance process.

Objective. The objective of the article is to
study the transport corridors of Central,
Western and South Asia and infrastructural,
organizational and process resctrictions
obstructing their development.

Methods. Economical, statistical and
engineering methods of analysis were used.

Results.

Analysis of the transportation market status

Currently, the share of goods originating in
China leads within the total amount of
international cargo transportation through the
Asian countries (Pic. 1).

It is commonly known that at present about
83 % of all goods sent from China, which is the
main country generating transit cargo flow
through Central Asian countries, are
transported to Europe by sea.

In the meantime there are considerable
prerequisites for development of land
transcontinental trade routes, determined by
the following factors:

+ limited throughput capacity of the Suez
canal;

* political and military situation in Bab-el-
Mandeb strait, through which the ships enter
the Suez Canal;

+ congestion of the main Eurasian ports;

+ dynamic development of the economies
of Western China, India and Pakistan.

Currently, there are routes from China to
Europe involving the railway infrastructure of
Kazakhstan and Russia (Pic. 2). Their main
advantages are the low cost of goods
transportation, the absence of customs duties
within the Customs Union, as well as short time
spent at border crossing points. The
disadvantages are longer time for cargo delivery
and long tariff distances, especially on the route
along the Trans-Siberian Railway.

Another transport corridor passing through
Kazakhstan has a maritime component.
Besides, the transit goods arrive at the existing
border terminals Dostyk—Alashankou and
Khorgos—Altynkol. However, in the nearest
future their throughput capacity will probably
not comply with the dynamics of traffic
between China and Europe (Tablel).

Totally, by the year of 2020 more than 9
million tons of transit cargo are forecasted to
pass through China—Kazakhstan interstate
crossing points to the Central Asian countries
and the EU countries. By 2035, a four-fold
increase is expected compared to 2020 (Pic. 3).

As a result, there is a growing need for
alternative land routes through which it will be
possible to deliver goods to Europe and vice
versa.

Pakistan—Afghanistan—Uzbekistan corridor

Mutual trade turnover of two most
economically developed countries of South
Asia, India and Pakistan, with the EU countries

2,99%

— 1,21%.0,24% 0.22%0,87 %

M [ran

o Kyrgyzstan

o Tajikistan

B Turkmenistan
® Kazakhstan

# China

u Uzbekistan
83,74 %

Pic. 1. The share of countries of origin of goods within

the total amount of international cargo transportation

passing through the territory of Central Asian
countries.
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Pic. 3. Forecasted amount of transit cargo through the corridor China—Kazakstan.

Table 1
Calculation of the expected traffic flow through interstate crossing point Dostyk—Alashankou
(Kazakstan—China) up to the year of 2035.

Year | GDP of the countries, billion USD Traffic
Kazakhstan China Japan Germany Russia Australia Korea Indonesia | Ugzbekistan | volume,
X, X, X, X, X, X, X, X, X, thous. tons

Forecast*

2020 315 13014 6454 3770 2758 1839 1443 1378 94 41281
2021 333 13782 6518 3819 2868 1883 1487 1458 102 45598
2022 352 14595 6584 3869 2983 1928 1533 1543 110 50264
2023 372 15456 6649 3919 3102 1974 1581 1632 119 55306
2024 393 16368 6716 3970 3226 2022 1630 1727 128 60755
2025 415 17334 6783 4022 3355 2070 1681 1827 139 66645
2026 439 18356 6851 4074 3489 2120 1733 1933 150 73012
2027 464 19439 6919 4127 3629 2171 1786 2045 162 79893
2028 490 20586 6989 4181 3774 2223 1842 2164 175 87331
2029 518 21801 7058 4235 3925 2276 1899 2290 189 95371
2030 548 23087 7129 4290 4082 2331 1958 2422 204 104062
2031 579 24449 7200 4346 4245 2387 2018 2563 220 113457
2032 612 25892 7272 4402 4415 2444 2081 2711 238 123613
2033 647 27419 7345 4459 4592 2503 2145 2869 257 134591
2034 684 29037 7419 4517 4775 2563 2212 3035 277 146458
2035 723 30750 74933 4576 4966 2624 2280 3211 299 159286

Source: www.pwc.co.uk/economics.
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Pic. 4. The current state of
transportation from South Asia to EU
countries.

Pic. 5. Dynamics of export-import
transportation by sea transport
between India and Pakistan and EU
countries.
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shows steady growth (Pic. 4, 5), which is also
afactor of demand for alternative transportation
modes: by air, road and rail.

At the same time, it should be noted that in
2017 India and Pakistan became full-fledged
members of the SCO, which may become an
inducement for the trade development and the
growth of transport links [2].

Pakistan—Afghanistan—Uzbekistan
corridor might be regarded as a revival of the
ancient Great Indian Route. One of the
solutions to the problem of the lack of a
railway connection between India and Pakistan
with Central Asia and other states may pass
through construction of Mazar-i-Sharif—
Khulm—Pul-i-Khumri—Doshi—Surobi—
Jalalabad—Torkham railway line (Pakistan),
with a branch from Surobi to Kabul. The
significance of the existing Torkham railway
station (Pakistan) is that it is a connection
point giving access to a large port on the
Arabian Sea and a connection to the Indian
railway network.

The construction of a new railway line may
stimulate the interest of Russia, the EU and
other countries, as well as in terms of
development of Eurasian economic space
southward and of using this itinerary for transit
transportation. Russia, e.g., has already been

considering the Indo-Volga railway project at
the end of the 19" century.

However, the construction of this line is
complicated by some problems, for instance,
the instability of the geopolitical situation in
Afghanistan and the high cost of construction
of some railway sections.

Meanwhile, it is possible to use the existing
international motor road route prior to construction
of a railway line. The logistic centers at the station
of Mazar-i-Sharif (Afhanistan) and at the station
of Torkham (Pakistan) for arrangement of
multimodal transportations (both by rail and motor
roads) will attract interest to cargo transportation
using this itinerary [3].

The length of this section is 673 km, where
as the length of the whole road from Peshawar
up to Termez (including railway part as well) is
748 km (tariff distance Mazar-i-Sharif—
Hairatan is 75 km).

Development of this route may be
economically beneficial for Uzbekistan, also in
case if motor transportation will be rated at the
tariffs equivalent to railway tariffs until the
railway is constructed (Tables 2, 3, 4) [5].

At the same time, without connecting the
railways of China and Uzbekistan through
Kyrgyzstan, it will be very difficult for the
proposed Mazar-i-Sharif—Herat railway line
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Bolashak

Pic. 6. The project of
railway line Mazar-i-
Sharif-Khulm-Pul-i-
Khumri—-Doshi—Surobi—
Jalalabad—-Torkham
(Pakistan).

Bandar Abbas

Karachi

to compete with Kazakhstan—Turkmenistan—
Iran railway.
China—Kyrgyzstan—Uzbekistan Corridor

This corridor could be considered as one of

the branches of the ancient «Great Silk Road».

For along time China and India have been
interested in transport access to Europe using
the shortest land roads. These two great
countries are not connected by railway and
Indian and Pakistan railways do not have
access to the railways of Central Asia and other
regions [4].

In case of successful implementation of the
project for construction of China—Kyrgyzstan—
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Pic. 7. Baranovsky’s Indo-Volga railway project
(1874).
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New railway line
Bolashak (Kazakhstan)—
Serhetyaka (Turkmenistan)

The railway line under
construction Angrem-Pup

e mmm mm One of design alternatives
for Tajikistan—Afghanistan—
Turkmenistan railway line

......... ... The designed project railway
line Russia—Kazakhstan—
Kyrgyzstan-Tajikistan

m The assumed variant
of construction of railway line
Mazar-i-Sharif-Khulm—
Pul-i-Khumri-Doshi—
Surobi-Jalalabad—

Torkham (Pakistan).

Hyderabad

Uzbekistan railway line, one more corridor will
be created ensuring the connection of Central
Asia with China.

Kashgar railway station is considered as the
start point of the route, since the area near city
of Kashgar (Kashi) is one of the most
dynamically developing parts in the West of
China. The developed corridor is much shorter
than the existing ones.

Meanwhile, until the railway line is
constructed, it is possible to use the existing
international highway from the existing
Andijon logistics center to Kashgar, which was
open for freight traffic in February 2018. Goods
are transported along this route from Uzbekistan
to China and vice versa [7].

We suggest calculation of road transportation
tariffs in case they are equal to railway tariff rates,
the last ones being currently much lower than road
ones. We also calculated the difference in subsidy
volumes for motor and railway transportation. The
results have shown the profitability of transportation
if a share of goods now transported via interstate
border crossing points between Kazakhstan and
China will be redirected to that road facility
(Pic. 10: for case of redirecting respectively 10, 20
and 30 % of cargo flow).

Technical solutions

Development of transport corridors
throughout the Central Asia will result in
formation of a single transport system and will
lead to search of new ways for product access
to the international markets.

Moreover, ports in Iran are located on the
Persian Gulf and for cargo delivery to the Suez
Canal it is required to navigate round the
Arabian Peninsula and cross the Arabian Sea
to reach the ports of the Indian Ocean.
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Under these conditions construction of the
railway line from Mazar-i-Sharif to Herat in
Afghanistan will ensure access of Central Asian
railwaysto Iran and its ports.As a result, it will make
it possible to connect the routes with Qatar, Oman,
and to ensure access to the EU through Turkey via
the Trans-Afghan transport corridor [8].

The international conference «Central Asia
in the system of international transport
corridors: strategic outlooks and missed
opportunities» discussed among other problems
the issue of difference in rail track gauge. As it
is well known, the track gauge in China, Iran,
the EU is 1435 mm, in India, Pakistan — 1676
mm, and in countries of Central Asia and in
Russia it is 1520 mm. At present, different
countries of the region apply the following

Pic. 8. Motor road Mazar-i-Sharif (Afghanistan)—
Torkham (Pakistan border).

Table 2
Cost of multimodal transportation
of a 40-feet container loaded with general
cargo along the Karakalpakstan—Peshawar
route, divided into three sections

methods to solve this issue at the railway border AT
crossings: foue distance | 40-fost container
* manual transshipment of cargo or (km) (US dollar)
mechanical transshipment of containers from | Peshawar—Mazar-i- |673km | 1950
wagons designed for one type of the track gauge | Sharif
to wagons designed for different gauge (China— | Mazar-i- 75 km 500
Kazakhstan: interstate border crossing points | Sharif —Galaba
Dostyk—Alashankou, Altynkul—Khorgos), Galaba— 1735km | 3900
« change of railway bogies, when cars are | <@rakalpakstan

lifted for change of bogies of one gauge to
another (Iran—Turkmenistan: interstate border
crossing point Serakhs).

It is suggested to arrange production of new
universal wagons with variable gauge wheel sets
at the car manufacturing enterprises in Central
Asia (Kazakhstan, Uzbekistan). As a result, it
will be possible to install railway switch devices
for operation of transshipment centers at the

connection stations of Kyrgyzstan and
Afghanistan.

Conclusion and suggestions

Development of transport corridors
throughout the Central Asia is highly promising
with regard to development of the integrated
transport system and expansion of international
commerce.

Table 3
Expected revenues from transportation of transit goods through Uzbekistan
Year Revenues from | Fee for the Mazar-i- The cost of Loss from Total

transportation | goods transit Sharif—Galaba | transportation | subsidizing revenue from

of transit goods | by motor (600 US a 40-foot the costof transportaion
by railroads of | road Mazar- dollars for 40- | container by road transport | of transit goods
Uzbekistan, i-Sharif— foot container, | motor road, across along the

mln USD Peshawar, min | min USD) if charged Afghanistan Galaba—

USD at tariffs through Karakalpakstan
equivalent to | transportation | route, min
railroad tariffs | revenues, min | USD

USD
2019 525,39 260,83 66,66 202,55 58,29 467,1
2020 546,69 271,51 69,62 210,84 60,67 486,22
2021 569,24 282,6 72,46 219,45 63,15 506,09
2022 592,66 294,24 75,45 228,49 65,75 526,93
2023 617,05 306,34 78,55 237,86 68,46 548,6
2024 642,47 318,96 81,78 247,66 71,27 571,19
2025 666,96 332,12 85,16 257,9 74,22 594,76
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Table 4
Forecast of transportation volume between India, Pakistan and the EU by modes of transport

Years Total
increase
2016 [2018  [2020  [2022  [2025
Basic Forecast, thous. tons
Total trade volume 31272,32 | 34150,16 | 37292,82 | 40724,7 |46473,64 | 62,3
Sea transport thous. tons 30616,67 | 33562,27 | 36791,26 | 40330,92 | 46289,03 | 72,9
Automobile transport, thous. tons 728,12 762 797,45 834,56 893,48 28,4
In terms of TEU, thous. 128,5 139,2 1509 163,6 184,1 61,5
Hypothetical redistribution of traffic 3855,5 |4177 4526,7 | 4907 5522,4 |61,6
flow portion to the route running along
«O’zbekistonTemirYo’llari» JSC facilities, thous.
tons

Kasaxcran

Pic. 9. Comparison of various
transport corridors China—
Uzbekistan:

1. Urumqi—Dostyk—Bolashak—
Serhetyaka—Sarakhs; 2. Urumqi—
Khorgos—Bolashak—Serhetyaka—
Sarakhs; 3. Urumqi—Dostyk—
Saryagach-Khojidavlet-Sarakhs;
4. Kashgar-Torugart-Karasu—Savay—
Khojidaviet-Sarahs; 5. Urumqi—

Khorgos—Saryagach—Khojidaviet—
Sarakhs.
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Pic. 11. Bogies with
variable gauge wheel sets.

2. Talgo (Spain) bogie
1. Bogie prototype with variable with variable gauge wheel sets
gauge wheel sets

3. General view of SUW 2000

(Poland) variable gauge wheel sets 4. SUW 2000 (Poland) track

gauge-changing facility
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Table 5

Cost and delivery time of 40-foot container by automobile transport

Sarytash—Osh—Andijon

Route Total distance Cost of 40-foot Delivery time* (hour)
container delivery
(USD)

Kashgar—Symkana—Irkeshtam— 572 km 1950 40

* Currently, Kyrgyzstan has a road-transport infrastructure Irkeshtam—Sarytash—Osh, which connects Kashgar
(China) and Andijon (Uzbekistan). The distance of this section is 258 km, whereas the total length of the road from
Kashgar to Andijon (including the railway distance as well) is 572 km.

Table 6
Revenues of expected transient cargo transportation throughout Uzbekistan
Year Revenue from Freight costs Freight costs Loss from Total revenue
transit cargo of transit cargo of transit cargo allocating from transit cargo
transportation transportation transportation subsidy for road transportation on
via railway of by motor throughout transportation via | route Kashgar—
Uzbekistan, mln | transport through | Kyrgyzstan, if the | Kyrgyzstan at the | Hikmet, min
USD Kyrgyzstan, mIin | applied tariff will | expense of income | USD
USD be equal to the from the railway
tariff for railway transportation via
transportation, Uzbekistan, min
mln USD USD
2019 367,625 414,375 193,375 221 146,625
2020 410,875 463,125 216,125 247 163,875
2021 454,125 511,875 238,875 273 181,125
2022 497,375 560,625 261,625 299 198,375
2023 547,112 616,687 287,875 328 218,212

According to the authors’ opinion it is
advisable:

Firstly, to establish «International
transportation logistics association of the
SCO», which will include all countries
involved in the transportation process, and
to develop «Single on-line portal of
transportation logistics services» accessible
via Internet.

Secondly, to arrange cargo transportation
via existing roads from Kashgar (China) to
Andijon (Uzbekistan) and from Torkham
(Pakistan) to Mazar-i-Sharif (Afghanistan)
using the rates equivalent to the railway tarrif.
It will allow to refocus cargo owners to goods
transportation via land route.

Thirdly, it is required to develop with the
assistance of research institutions design of
universal wagons with variable gauge wheel sets
adapted for operation at railways with different
track gauges.
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Jiiogmuna BYAHOBA

Onbra MYAPOBA

B riocnenHvie ronbl BO3pacTtaeT MHTEPEC K CXVXKEH-
Homy ripupoaHomy rady (CIll7) kak k 6yHKePHOMY TOr-
SIMBY A7151 cyA0B. OTO 00YC/I0B/IEHO LieJIbIM PSAOM
MPUYYH 3KOJIOMMHYECKOro (CHUXEHWE Bbibpoca cepbl
cyaamu B COOTBETCTBUY C MEXAYHaPOAHOV KOHBEHLM-
evi MAPIIQJ1 73/78), akoHomu4eckoro (6osiee Hu3kas
ueHa CI1I" no cpaBHEeHWIO C ANCTUIIASITHBIM TOM/IMBOM,
yaosneTBopsitoLmmMm TpeboBaHusm MAPIOJ1 73/78),
TEXHNKO-9KOHOMUYECKOIO (CHUXEHME pacxonos o
coAepXaHuio Cya0B Y YBEJIMHEHNE Pecypca aKCrya-
Taumm) xapaktepa. 3Tv BbIBOAbl B oTHOLeHun CI1
MPUMEHVIMbI K CYAiaM PassiNyHbIX TUIMOB, NPeaHa3Ha-
YEeHHbIX /151 MOPCKOIO Vi PEYHOIO r1/1aBaHyisi.

B 10 xxe Bpemsi nepexosa peyHbIX CYAOB 1 MOpP-
CKUX CYA0B NMPUOPEXHOro rniaBaHus Ha 6yHKepOBKY
CrlII" B HacTosee BpeMs CAEPXNBAETCS, B TOM
qucae B Poccuu, psiaoM MpuydviH, O4HON N3 KOTOPbIX
aBnseTcs cnaboe orucTuyeckoe obecrieyeHue
noctasky ClII oT mecT npoun3BoAcTBa 40 MyHKTOB
6yHKkepoBku cynoB. Bcnencreue atoro passutue
pbiHKka 6yHkepoBku cyaos Cl1I" TpebyeT coBepLleH-
CTBOBAHWS JIOTMCTUHECKOr0 06EeCreyeHmsi JOCTaBKM
masnioToHHaxHoro Cl1IT, koTopasi MOXET BbIrOJIHSITb-

LNCTEepHA, TaHK-KOHTENHEP, Tapud.

IKOHOMWKA

Jlorncrtuka
ManoToHHa)Horo CIr

Byanoea Jlrvoomura Huxoaaesna — Llenmpanvhoiii
Hay4HO-UCCAe008aMeNbCK UL U NPOCKMHO-
KOHCIMPYKMOPCKULL UHCMUMYM MOPCK020 hroma,
Cankm-Ilemep6ype, Poccus.

Mpyoposa Oavea Muxaiinoéna — LlenmpanvHolii
Hay4HO-UCCAe008amenbCKuil U NPOeKmHo-
KOHCMPYKMOPCKULL UHCMUNMYM MOPCK020 ¢aoma,
Cankm-Ilemepbype, Poccus*.

Csl C UCI0/1b30BaHNEM HECKOJIbKUX BUAOB TPaHC-
nopra.

Llenbto nccnenoBaHus sBnsieTcsl pa3paboTka rnpak-
TUYECKOro airopUTMa OLeHKN CTOMMOCTY TPAHCop-
TupoBkm CI1I" ans 6yHKEPOBKM CY0B C y4ETOM 0COOEH-
HOCTEN HTEPMOAAIIbHO JIOrNCTUKU. B OCHOBY METO-
Z10J10rvn MICCEA0BAaHUNS MOJIOXKEH aHaaINTUYeCKuii
meTo Ha 6a3e CUCTEMHO-CTPYKTYPHOIO roAXoAa.

Ha npumepe Poccun pa3paboTaHbl anroputm
BbI6OPA ONTUMAITLHO TPAHCMOPTHO-TEXHOIOMMYECKOK
cxembl (TTC) pocraBku manoToHHaxHoro Cl™ n akc-
rnayarauMoHHO-39KOHOMUYECKNE MOLEN pacyéTa
YA€esIbHOV CTOMMOCTY MEPEBO3KU, XPaHEHUs 1 rnepe-
Basiku CII™.

Anpobauumsi moaeneii Ha PacyETHbIX MapLupyTax
103BOM/1a OLUEHNTL CTOUMMOCTbL TPaHcropTuposku Cl™
1o BapuiaHTaMm TPaHCrIoPTHO-TEXHOIOMNYECKUX CXEM
U151 HJIMBHOIO M KOHTEHEPHOI o Criocob0B 0CTaBKu
v cchopmypoBats BbiBOAbI. [1py1 3TOM UCO/Ib30BaH-
Hasi METOL0J10rvisl SIBISIETCS B OOJIbLLION MEDE YHUBED-
caslbHOW 1 M03BOJISIET UCIMO/b30BaTh MPE/IOXEHHbIE
noaxoab! A5 pa3pabotku TTC NpuMeHUTEsIbHO K APY-
M CTpaHam.

KnioyeBble c/10Ba: peyHble u MOPCKUe Cyaa, BHYTPEHHWI BOAHbIV TpaHcropT, ClI, noructvka, TpaHc-
MOPTHO-TEXHOJIorn4eckasl Cxema, LieHa 0CTaBKu, 9KCI/1yaTaloOHHO-9KOHOMMYecKasi MoAe b, OyHKepoBKa,

*MHdopmaums 06 aBTopax:

BysHoBa JliogMmuna HukonaeBHa — JOKTOP 9KOHOMUYECKNX HaykK, MPodeccop, BeAyLUNA HayYHbIA
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BBEOEHUE

HMHTepec K CXKUXEHHOMY TIPUPOTHOMY
ragy (CIII') kak Kk OyHKepHOMY TOILJIMBY IJIsI
CYIIOB B ITOCJICTHME TOIbI 3HAUUTEIbHO BO3-
pacTaeT Mo MHOTUM MPUYNHAM:

» ucnonb3oBaHue CIII' mo3BoaUT BBI-
NOJHUTHL TpeboBaHus [lpunoxenus VI
MexayHapoaHoit Kousenuun MAPITOJI
73/78 mo cHUXKEHUIO BIOpOCa cephl CyaaMu
(¢ 1 auBaps 2020 roga comepkaHue Cepbl
B CyIIOBOM TOILJIMBE BO BCEX pailoHax Mupa
He moJKHO npesbimath 0,5 % mo macce);

» 0onee Hu3kas croumocth CIIT mo
CPaBHEHMIO C NUCTUISATHBIM TOIUIMBOM,
VIOBJIETBOPSIOIINM TpeboBaHUsIM KoHBeH-
1K;

* HaJIMUME psifa TEXHUIECKUX (paKTOPOB,
CHUXKAIOIIMX PACXObI ITO CONEPKAHUIO CYIOB
B 9KCIUTyaTallMU: OTCYTCTBME HEOOXOIMMO-
CTU OYMCTKHU OTXOISIIIIMX Ia30B OT SOX BBUIY
orcytcTtBUs cepbl B CIII, cymecTBeHHOE
CHMXKEHHE COolepKaHUsST NOx B OTXOOAILINX
razax HepreTM4YeCKrX YyCTaHOBOK, MPaKTHU-
YECKH MOJTHOE OTCYTCTBUE B OTXOISIIIMX ra3ax
TBEPIBIX YACTULL. DTO MMO3BOJISIET OTKA3aThCs
OT pa3MeIleHMsT Ha CyIHE PeaKTOPOB M30M-
paTeabHOM KaTaJIUTUYECKON peaKluu U ca-
JKeyJioBuTenei. B 1esioM mpoucxoauT yBean-
YeHHe MOTOpecypca IMOPIITHEBbIX IBUTaTeIeH
¥ CHMXKEHME Harapooopa3oBaHUS B HUX.

B 10 ke Bpemsi mepexo cyaoB Ha OyHKe-
poBky CIIT B HacTosIee BpeMs caepKruBa-
eTCs pSIIOM TIPUYHMH, B TOM YHCJIE U CTa0bIM
JIOTUCTUUYECKUM OOecleyeHrueM TO0CTaBKU
CIIT oT mMecT NMpou3BOACTBA A0 IMYHKTOB
OYHKEPOBKM CYIO0B. IJ1s1 IMPOKOTO Mepexo-
na cynoB Ha CIIT HeoOxomumo, 4TOObI
npouecc OyHkepoBku cynoB CIIT He BbI3bI-
BaJly CyIOBAAEbIIEB CEPbE3IHBIX ITPOOJIEM.

DTOT BOIMPOC OCOOEHHO aKTyaJieH B OT-
HOIIIEHWU Ta30TOIIMBHOTO (h10Ta, UCTIOb-
3yeMOro JJisl HaBUTAlMM B MIPUOPEKHBIX
BOJAaX U HA BHYTPEHHUX BOJHBIX MYTSIX.

1leawvro iccnenoBaHuUs cTajaa pa3padoTKa
MpPaKTUYECKOro aJiIrOpUTMa OLIEHKM CTOM-
mocTu TpaHcnioptupoBku CIIT mns 6yHke-
POBKHU PEYHBIX CYIOB C YIYETOM OCOOEHHO-
CcTell MHTePMOJaTbHOM JOTUCTUKU. B ocHO-
BY Memodoaoeuu VCCIEI0BaHUS TOJOXEH
aHaJUTUYECKUI MeTon Ha 6a3e CMCTeMHO-
CTPYKTypHOTO Toaxoaa. Jljns anmpobdauuu
HMCTOJIb30BAJIMCh AIMIIMPUUECKUE U MPOT-
HO3HbIE JaHHbIE IPUMEHUTEIbHO K Poccuii-
ckoit enepanun.
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PE3YJIbTATbI

JlocTkeHre TOCTaBACHHOM 1IeJIU Uccie-
JIOBaHUS OCYIIECTBISIIOCH B CJICAYIOIIEH Mo~
CJIeIOBaTeIbHOCTH.

1. Hccaedosanue 2eoepagpuu pasmeuienus
NYHKMOG OYHKepOBKU HCUOKUM HepmAHbIM
MONAUBOM CYO06 BHYMPEHHE20 600H020 MPAHC-
nopma

Ha ocHoBe naHHbIX PeecTpa rocraBIIMKOB
OyHKepoBouHoOro ToriuBa [ 1] u Poccuiickoii
accolMaly MOPCKUX U PEYHBIX OYHKEPOB-
IUKOB [2] ObIT chopMUPOBAH MepevYeHb
MMOPTOITYHKTOB, B KOTOPBIX OCYIIIECTBISIETCS
OYHKEpOBKa PEUHBIX CYIOB.

ITo pe3ynbratam ucciae10BaHUS BbISIBJICHbI
HauboJjiee BOCTpeOOBaHHbBIE B HACTOSsIIEe
BpeMs MOPThl OYHKEPOBKMU PEUYHBIX CYIOB
KUAKUM HEPTSIHBIM TOTUIMBOM.

B Hacrosiee BpemMst OyHKEpOBKa peUHbIX
CYIOB OCYIIIECTBJISIETCS B ITYHKTAaX, PacroJio-
XKEHHBIX Ha peKax eIMHOI TJTyOOKOBOIHOM
CcUCTeMBI eBpornelickoii yactu Poccun, pekax
Cubupu u lansHero Boctoka. Hanbonbiiee
KOJIMYECTBO OYHKEPOBOYHBIX KOMIIaHUH pa-
0oTaeT B peYHBIX MOPTax, TaKUX Kak
Yepenosel, Spocnasnb, Huxxnuiit HoBropon,
Kazanb, Camapa, Bonrorpan.

2. Hccaedosanue 2eoepaguu pazmeuienus
KOMNAEKCO8 N0 CHCUNCEHUIO NPUPOOHO20 2a3a

KomMruiekcsl o ¢xKM>XKEeHUI0 TTPUPOIHOTO
raza (KCIIT') B 3aBUCMMOCTHU OT rOI0BOTO
00BbEMa MPOM3BOACTBA TTOAPA3NESIOTCS Ha
KPYIMHOTOHHAXHbBIC, CPEIHETOHHAXHbBIE
1 MaJIOTOHHaXHBIE.

JleiicTBytoIIME KPYITHOTOHHAXKHbBIC 3aBO-
nbl (Hampumep, B mpoekTe «Aman-CIII» 3aBon
MO CXKMKEHUIO ra3a pacrlojioXeH B MOPTY
CabeTTa) OpMEHTUPOBAHBI TOJIHKO Ha OTIPY3-
Ky CIIT Ha sKcOopT ¢ MCIOJb30BaHUEM
KPYMHOTOHHAXHBIX Ta30B0O30B (TuUMa
«Christophe de Margerie» mpoekra Yamalmax
BMmecTuMocTbIo 170 Thic. M%) [3]. Tlepcnek-
TUBHBIE TIPOEKTHI, TaKMEe KaK «APKTUK
CIIT-2», «BaraguBoctok CIII'» u KCIIT
B Ycrb-Jlyre (ObiBimit «bantuiickuit CITI»)
[4—6], npeamnoararoT HaJIMYKE BO3MOXKHOCTH
OYHKEPOBKM MOPCKMX CYIOB.

CpenHetonHaxHoe npousBoactBo CIIT,
HauuHag ¢ 2019 roma, Oynet pa3BEPHYTO B OC-
HOBHOM Ha ceBepo-3anajae Poccuu. Do
npoekT «Kpuoras-BrICOIIK» MOIIHOCTBIO
660 Teic. T CIIT B rox [7] u tepmunan CIIT
kommanuu [TAO «Jaznmpom» B paiioHe KOM-
npeccopHoii cranuuu «[loprosasi» (r. BeiGopr

BysaHoBa J1. H., Myaposa O. M. Jlornctmuka manotoHHaxHoro CINr




YcnoBHble 0003HAYCHUS:

I]:I] — KcIIr S cyauo-norpeburens CIIT;

—> — o0s3arenbHas K pacuéry croumocts [1PP;

—+> — uecoGssarenshas K pacuéry croumocts IIPP, Bkirou€HHas B JApyrue 3BEHbs
JIOTUCTUYECKOM IEMOYKN
- — JI0CTaBKa aBTOMOOMJIbHBIM TPAHCIIOPTOM;

“ — JIOCTABKA JKEI€3HOI0POKHBIM TPAHCIIOPTOM;

v — pabota OyHKEpOBIIHNKA; @ — pabora xpanunma CIIT.

Puc. 1. Bapnantel goctasku CII B unctepHax.

JlenuHrpaackoii 00J1.) MOIITHOCTbIO 1,5 MIIH T
CIIT Bron [8].

Ha repputopuu Poccuu GyHKIIMOHUPYIOT
13 MaJTOTOHHAXHBIX TTPOU3BOJCTB: IIECTh
cocpenorodeHbl B CeBepo-3araaHoM 3KOHO-
MUYECKOM PEruoHe, TpU — B YPaIbCKOM,
nBa — B 3anagHo-CuOUpPCKOM U aBa —
B JlanbHeBOCTOUHOM. B Oyvkaiiiine rombl
3aTUTaHMPOBAHBI K 3aITyCKY €11I€ YeThIPe 3aBO-
na.

[TpruMeHUTENBHO K 11eJIU JAHHOTO UCCIIe-
JIOBaHWSI TIpU (hOPMUPOBAHNUM MapIIPyTOB
noctaBku CIIT ucronb3ytoTcst AeiCTRYIOIIME
MaJIOTOHHa)KHbIE TIPOU3BOJICTBA.

3. @opmuposarue nomeHUUAIbHBIX MapuL-
pymoe docmaexu maiomonnaxcrozo CIII om
Mmecm npou3e00cmea 00 NYHKmMo8 OYHKepoSKu
PeunbIx cy0os

ITpu hopMupoBaHUU MapIIPYTOB AOCTaB-
KU ra3a yYuThIBAIUCH CIIEAYIOIIUE TTapaMeT-
pBI: pacCTOSTHUE MEXAY MPOU3BOACTBAMU
CIITI' u OyHKEepPOBOYHBIMU MOPTOMYHKTAMM,
Harpy3ka (BoCTpeOOBaHHOCTb) OYHKEpPOBOY-
HBIX IMOPTOMYHKTOB, MOIIIHOCTh W 3arpy3ka
KoMIuieKcoB 1o rpousBoacTBy CIII, Hannuume
ABTOMOOMJIBHBIX M KeJIe3HBIX JOPOT.

C y4€ToM nepeuucaeHHbIX (aKTOPOB WIS
BBITTOJTHEHUST PACUYETOB OBUIM OMpeaeaeHbI
chaenyomue Mapupythl goctaBku CIITN (ma-
Jiee — pacy€THbIE):

1. KCIIT «ITeteprogd» (Cankr-IleTepoypr)
— Ycrp-CrnaBsiHKa.
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2. KCIIT" «Kunrucenmn» (Kunrucenm) —
Yepermnosaell.

3. KCIIT «Pa3zBunka» (MockBa) —
Apocnasib.

4. KCIIT «Kantocsra» (ITepmb) — KazaHb.

5. KCIIT «I'PC-4 ExatepuHOypr»
(Exarepunoypr) — Camapa.

6. KCIIT «MutnHo» (HoBOKy3HeLK) —>
bapnay:.

4. Anaauz 603mMoNCHBIX CNOCO006 Mpanc-
nopmupoexu CIIT ¢ pazpabomkoii uenouex
A02UCMUYECKUX Onepayuil no evlOpanHHbvIM
mapupymam

Cyl11ecTBYIOT Ba CIoco0a J0CTaBKY rasa
OT 3aBOJIOB-M3TOTOBUTEJIEH IO ITyHKTOB OYH-
KEpOBKM: JIOCTaBKa ra3a HAJIMBOM U B TaHK-
KOHTeHepax.

I1pu moctaBKe ra3a HAJIMBOM PAaCCMOTPEHBI
BapuUaHTHI, TPUBEAEHHBIE HA puC. 1.

Cnoco6 TpaHCIOPTUPOBKHU ra3a HaJMBOM
pacrpocTpaH€H, HO CJIeyeT yIYUThIBATh, YTO
xpaHuth CIIT B uuctepHax HebGe30MacHO
1 9KOHOMUYECKU HeBhITOmHO. [TpocToii xke-
JIE3HOTOPOXKHBIX M1 aBTOMOOMJIBHBIX ITUCTEPH
3HAUUTEIbHO YBEJIMYMBAET CEOECTOMMOCTD
noctaBku rpysa, moatomy CIII 3arpyxator
B IIMCTEPHY Tepejl OTIpaBIeHUEM, a Cpa3y
MocJjie TOCTaBKM pa3rpyXaroT, TepeKaunBast
B pe3epByap JUISI XpaHEHUST WJIA OCYIIECTBIISIST
OYHKEPOBKY «C KOJIEC», YTO TPEOYET COImocTa-
BUMOCTH KOJIMYECTBA TOCTABJISIEMOTO 1 OyH-
KepyeMOro TOILIMBA M COTJIaCOBAaHHOM pabOThI

BysaHoBa J1. H., Myapoea O. M. Jloructuka manotoHHaxHoro CINr



26)

2r)

Puc. 2. BapunaHnTtbl goctaBku CI1I B TaHK-KOHTeliHepax (yC/10BHble 0603Ha4Y€eHUs1 aHanornyHbl puc. 1).

pa3HbIx BUIoB TpaHcnopTta. CoriacHo BP/]
39-1.10-064-2002 [9] mpu mepeBoske CIIT
cienyeT u3deratb WU 0 MUHUMyMa COKpa-
1IaTh YUCJIO U BPEMSI CTOSTHOK.
Tpancnoprupoka CIII' B cnelyanusupo-
BaHHBIX LIMCTEPHAX TPEOYET NOMOJTHUTEIbHOMN
00paboTKM U mepesiuBa, 4YTO yBEJMUYMBAET
MOTepH MPOAYKTA U pUCK aBapuitHocTH [10—
12]. Takum oGpa3oM, NepeBajka ¢ aBTOMO-
OUJIBHOTO Ha XKeJIe3HOMOPOXHBIN TPAaHCIIOPT
1 00paTHO, MPU COOTIONEHNUU COOTBETCTBYIO-
IIUX MPaBUJI, TEOPETUYECKN BO3MOXHA, HO
JTIOJKHA OBITh 9KOHOMUYECKU 0O0CHOBaHa.
ITpu nocraBke CIIT' B KoHTeliHepax-
LIMCTepHAaX (U1 TAHK-KOHTEeHEpax) pacCMOT-
PEHbI BapUaHThI, MPUBEIEHHBIE HA PUC. 2.
TaHK-KOHTeHepbl UCMOJb3YIOTCS Ha Cy-
Jax-TOTPEOUTENSIX B pEXKMME CMEHHBIX MOy~
JIel, TIOCTaBJISIEMBIX «C Oepera» 1 ¢ OYHKepOB-
11IMKa, B KAYeCTBE KOTOPOTO MOXKET BBICTYIATh
CYOHO-KOHTeiiHepoBO3. TaHK-KOHTEHEp
MpeacTaBisieT CO00i KOHTEHHEP, COCTOSIILIMIA
U3 Kapkaca (paMHbBIX 2JIEMEHTOB) U LIUCTEP-
HbI, 000PYTOBaHHOU CIMBHOUW apMaTypoi
W YCTPOMCTBAMU JJTs1 OCYIIECTBIECHUS pa3rpy3-
KU.
KitoueBbIM MperMyIecTBOM TEePEeBO30K
B TaHK-KOHTeHepax sIBJISIETCSI BO3MOXKHOCTh
TPAHCHOOPTUPOBKU HECKOJbKMUMU BUIAMU
TpaHCHOPTa U OTCYTCTBHME HEOOXOIMMOCTHU
CTPOUTD CITELMAJIbHbIE TOPOTOCTOSIIINE 00b-
€KTBbI 10 MPUEMY, XPAHEHUIO U pacIpeAeIeHUIO
CIII. Ilorpy3ka 1 pa3rpy3ka TaHK-KOHTeiHe-
OB OCYLIECTBJISIETCS TTPU OMOIY MTOIBEMHO-
ro KpaHa Wiy puuctakepa. BoaMoxkHo HakoI-
JIeHUE TaHK-KOHTEHHEPOB Ha CIIeLIMaTU3UPO-
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BaHHBIX ILIOIIANKaxX XpaHeHus. [TockoibKy
TaHK-KOHTEWHEP SIBJISIETCSI OJTHOBPEMEHHO
M TPAHCTIOPTHBIM CPEIICTBOM, U TPAHCTIOPTHOM
Tapoi, OTCYTCTBYIOT ITOTEPU Ipy3a IPH oriepa-
MsIX cvBa-HaiauBa. Ho macca TpaHcropTu-
PYeMOTo ITpOIyKTa B TAHK-KOHTEHepe 00bI4-
HO MEHBbIIIE, YeM B IIUCTEPHE.

5. Jlonywenus npu pacuémax

IMocne aHanM3a TEXHOJOTUM TPAHCITOPTH -
poBku u nepeBanku CIII, a Takke ycaoBuii
OILIAThl JIOTUCTUYECKUX YCIyT KOMMIaHUM-
YYaCTHUKOB JIJIST BBITTOJTHEHUSI TIOCJIETYFOIIIMX
pacy€ToB OBLIM MPUHSTHI CJEMYIOIINE TOTTY-
IIEHUS:

s noctaBku CIIT" HanuBoMm:

— ctoumoctb CIII' Ha BbIXOJe y 3aBoja-
M3TOTOBUTEJISI BKITIOYAET CTOMMOCTD ITOTPY3KH1
Ha BBIOpAHHBII BUJI TPAHCIIOPTA;

— IIPU JOCTaBKE CIEHUATbHBIM aBTOMO-
OWJIBHBIM TPAHCITIOPTOM CTOMMOCTD OTIepalvii
C/IMBa-HaJMBa YYUTHIBAETCS B CTOMMOCTH
JIOCTaBKH;

— MpU TepeBO3Ke IO XKeJIe3HOW nopore
Meperpy30yHbie oNepauy He yIUThIBAIOTCS
B Tapude, NX HEOOXOAMMO YIUTHIBATh OTACIb-
HO;

— B paboTe XpaHWIMIIIA yITeHa CTOMMOCTh
orepaluii CiMBa-HaJINBa;

— B paboTe OyHKEpOBIIMKA YYTEHBI OIle-
paluu ero 3armpaBKv U OyHKEPOBKU CYIOB-
noTpeduTeeii;

— IepeBO3Ka B CMEIIaHHOM aBTOMOOWIIb-
HO-XeJIE3HOIOPOKHOM COOOIICHUH STBJISIETCS
koMOuHanuei cxeM 1A u 1b.

» nas noctaBku CIIT' B TaHK-KOHTeiHe-
pax:
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— CTOMMOCTb I'PY30BBIX OTIepalnii paccum-
TBIBAETCS JIJIST BCEX 3BEHBEB 11ETTOUKH ITOCTaB-
ku CIII' 1 He BKJIIOYAeTCsl B CTOMMOCTD J10-
CTaBKU KaKUM-JTM0O BUIOM TPAHCIIOPTa;

— Tieperpy3ka TaHK-KOHTEHEPOB C CyTHa-
KOHTeiTHepoBO3a Ha cyqHO-TToTpeouTess CITT
BBITIOJTHSIETCSI CPENICTBAMU TTOPTOBOM MeXa-
HU3alNN;

— MepeBO3Ka B CMEIIaHHOM aBTOMOOUITb-
HO-XeJe3HOJA0POXHOM cooluieHuu (2B)
sIBJIsIeTCSl KoMOuHaiuein cxem 2A u 2b.

ITpuBenEHHBIC CXeMbI TPAHCTIOPTUPOBKHU
CIITI o151t HATUBHOTO ¥ KOHTEMTHEPHOTO CII0-
CO0OB TOCTaBKM COOTBETCTBYIOT MUPOBOM
TEOPUH U MPAKTUKE OPTaHU3AILINHU JIOTUCTH-
YECKMX CXEM IMTOCTaBKM Ta30MOTOPHOTO TOII-
auBa [13—18].

Takum obpazom, 151 KaXKI0ro MaplipyTa
P HAJIMIUU BCEX YCIIOBUIT OBIITN cHOpMM-
poBaHbl TTC ¢ UCTOJIb30BaHUEM BO3ZMOXKHBIX
BUJIOB TPaHCIOPTa (aBTOMOOUIBLHOTO, XKeJe3-
HOJOPOXHOTO, BOAHOIO) U X KOMOWHAIIWIA.
Hns xkaxnoit TTC cocTaBiieH iepedyeHb He00-
XOIVMBIX TPY30BBIX orlepainii. st KaxKaoro
snemeHTa TTC paccunTaHa IJIUTEIBHOCTH
BBITIOJTHEHUSI OTIepaIliH.

6. Kpumepuu evi6opa onmumaavnoii TTC
docmaexu CIIT

B xauecTBe KpuTepust BEIOOpA ONTUMAJTb-
Horo BapuaHTa TTC nocraBku CIIT" ncromb-
30BaHa leHa goctaBku (Llx) rpysa ais i-oro
pac4y€THOTO MapIpyTa:

L, = U, + Lx, + Lro, (1
rae L, — neHa nepeBo3Ku rpy3a OIHUM MU
HECKOJIbKUMU BUaMU TPAHCIIOPTA T10 i-OMY
pPacYETHOMY MapILpPYTY;

LIx, — neHa xpaHeHus rpysa (Ui croco6a
JIOCTaBKU HAJIMBOM) TIO i-OMY pPacy€THOMY
MapuipyTy;

I_["roi — 1LI€HA IPY30BbIX OTIEPALIMA 110 i-OMY
pacYéTHOMY MapIIpyTy.

Beioupaercst Bapuant TTC ¢ MUHMMAaIb-
Hoi1 meHou moctaBku CIIT.

I1pu paBHO 1leHE JOCTaBKM B KayecCTBE
JTIOTIOJTHUTEJIEHOTO KPUTEPHsI MCTIOJIb30BAaHO
BpEMsI JIOCTaBKH, a JJIsI IEPEBO30K B IIUCTEP-
Hax — TPETUN KPUTEPUU: KOJIUYECTBO Iepe-
BaJIOK.

7. Paspabomxa 3Kxcnayamauuonno-3K0H0-
Mmuueckux mooeqeil pacuéma yoeavHou cmou-
Mocmu nepe6osxu, xpanerus u nepesaixu CIII

Jsg pacué€ra teHsl goctaBku CIIIN aBTo-
TpaHCITOPTOM ObLiIa pa3paboTaHa 9KCTUTyaTa-
IIMOHHO-3KOHOMUYECKasi MOJieJIb PabOThI
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TPAHCIIOPTHOU KOMITAaHUH, C TIOMOIIIbIO KO-
TOPOI BBITIOJTHEHA OIIEHKA CTPYKTYPBI 3aTpaT
TPAHCIIOPTHOM KOMITAHUY Y KOHEYHOI CTOM -
moctu goctaBku CIIT mist moTeHIMaaIbHOTO
3aKa3uuka. B paspaboTaHHOU Moneau y4TeHO
6outee 20 cTareii 3aTpat, B TOM YKCJie 3apaboT-
Hasl I1aTa, CTpaxoBble B3HOCHI, aBBTOMOOUJTb-
HOE TOIJIMBO, CMa304YHbIE MaTepUabl, TEX00-
CIIyXXMBaHMWE W SKCITyaTallMOHHBI PEMOHT,
M3HOC U PEMOHT aBTOMOOMJIbBHBIX IIWH,
aMOpTHU3alMsl TTOBMKHOTO COCTaBa, orjiara
cucteMbl «I11aToH», Tpoure pacxobl.

CTOMMOCTB JIOCTaBKHM KeJIE3HOTOPOKHBIM
TPAHCIIOPTOM OLIEHMBAJIACh IO CYIIECTBYIO-
M HopMmaTtuBaM OAO «P2KT» [19].

g onieHKU ctouMocTtu goctaBku CIIT
cyIaMU-OyYHKEPOBITUKAMU Pa3TUIHOTO TH-
nopa3Mepa ObLIM BBIITOJTHEHBI YKPYITHEHHbIE
PACUETHI CTPOUTEILHOM CTOMMOCTHU CY/IHA, €r0
pacy€THOI (hpaxTOBOI CTaBKM M IKCTLTyaTa-
IIMOHHBIX 3aTpaT, KOTOPbIe ObUTN O(hOPMIIEHBI
B BUJIE 9KCILTyaTallMOHHO-3KOHOMMWYECKOU
MOJEU pabOThl OYHKEPOBIIUKOB HA PACUET-
HBIX JIMHUSIX 9KCILTyaTallun.

st oieHku ctoumocty xpaHeHust CITT
B CTAllMOHAPHOM XPaHWJIUIIE ObLIO BBITION -
HEHO MOJIEJTMPOBaHUE SKCILTyaTalluu oT 1 10
23 KpUOTEHHBIX EMKOCTEl 00bEMOM 44 M3,
Pacuér nenst xpanenust CI1T 6b11 BEITIOTHEH
10 YKPYITHEHHBIM CTaThsIM 3aTpaT C 3aJIaHHBIM
YPOBHEM peHTa0ETbHOCTH.

Pacu€T 1ieHbI rpy30BBIX OTIEpAlIMiA BBITION -
HEH C CTI0JIb30BaHNEeM HOPMAaTUBOB, TIPUMe-
HSIEMBIX Ha XeJIe3HOIOPOXHOM 1 aBTOMO-
OMJIBHOM TpaHCIIOPTE, aHalu3a OTKPBITHIX
WCTOYHUKOB IO CTOUMOCTHY apeH bl KOHTE -
HEPHBIX IMOTPY3YMKOB C BOIUTENIEM U CBEJIE-
HUIT 0 Tapudax Ha TepeBaKy KOHTEHEPOB
T10 OT/IETBHBIM ITopTaM. [TorydeHHbIe JaHHbIe
ObUTM (hOPMaIM30BaHbI B 9KCILTyaTallMOHHO-
9KOHOMMYECKYIO MOJIENIb pacuéra yueabHOn
CTOMMOCTHY T'PY30BBIX OTIEPALTUIA.

8. Pacuém uenvt docmasku maiomonnaic-
noeo CIIT no eapuanmam TTC

Jns1 BBITTOJTHEHUST pacy€TOB ObLT 3aaH
CYTOYHBI 00BEM OYHKEPOBKU CYAO0B-IOTPE-
outeneir CIIT, BBIOpaH pexxuM pabOThI OyH-
KEpOBIIMKA, MOATOTOBJIEHBI UCXOMHBIEC TaH-
HbIE [IJIST BCEX BapUaHTOB. PazMep rpy3oBbIX
MapTUii COOTHECEH C BMECTUMOCTBIO OYHKe-
POBIIMKOB W COCTaBJISIET IJISI TIEPEBO3KHU
B uucrepHax — 1110 TOHH, 0J1s MepeBO3KMU
BTaHK-KOHTeliHepax — 1430 ToHH. Pe3ynbraTh
CTPYNIIMPOBAHBI TIO CTIOCOOY MOCTaBKU: Ha-
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py6./T * KM

K.
8,00

8,00

7,00

6,00

= a/m

5,00
4,00 -
3,00
2,00 -

1.00 -

0,00 -

m a/m, X. A.

= a/m, cyaHo

6 Ne mapwpyta

Puc. 3. TapugHas ctaBka Ha gocrtasky CII B ynctepHax no BapmaHtam TTC 4ns pacyETHbIX MapLUPYTOB.

Ta6amua 1
Pacuér kommiekcnoro Tapuca Ha noctaBky CIIT' B mucrepHax no Bapuantam TTC
(c yuérom HIC)

Ne ITyHKT OTIIpaB- Ilyukrt Ha3Ha- | Bug tpaHc- Paccrosinue, | Bpems mo- Tapudnas
JICHUST YeHUs! rnopra KM CTaBKU CTaBKa,

pyo./T * KM

1 r. Cankr-Ile- Yerp-Cra- a/™M 54 24 15 MuH 4,94
Tepoypr, KCIIT BSIHKA
«[Teteprod»

2 JlenuHrpanckas Yepermoselr- a/M 660 94 3,66
obnact, KCIT EUIIODH a/M, X.I. 624 Scyr. 1u 15 5,09
«KuHrucenmn» MUH

3 Mocksa, SIpocnaBckuii | a/M 300 6 9 30 MuUH 3,81
MKAJ, 24-#ikm, | nopt a/m, X 353 Scyr1u20 [7,99
AO «MITI3» AR e ’

a/M, CyIHO 548 lcyr 17440 |8,90
MUH

4 IMepmckmit kpait, | Kazanckuit a/M 670 94 50 Mun 3,58
nep. Kantocsira, mnopr e 652 5 ey 2950 517
KCIIT «Kanio- A Mflf ! '
caTa»

a/M, CyIHO 1074 3cyr 109 5,57
40MuH

5 ExartepunoOypr, Camapckuii a/M 1000 154 3,63
Hosocsep- nopt a/M, KL 1163 Geyr 1u30  |[3,34
nosckoit TOLL Yt
MPOM30Ha

6 KemepoBckast Bapnayibckuii | a/m 360 64 3,48
obnactb, Hoo- | mopr a/M, K.1L. 328 4yt 34 8,80
KY3HELKWii pailoH,

KCIIT' «Mutuno»

nuBoM (Tabnuua 1, puc. 3) U B TaHK-KOHTE -
Hepax (tabmumna 2, puc. 4). Jdnsg ymodcTBa
aHaJIM3a pe3yJIBTaTOB IIeHa TOCTaBKU MHTEP-
TpeTUPOBaHa B BUIE KOMIUIEKCHOM TapudHOI
CTaBKM, YUUTHIBAIOLIEH CTOMMOCTD TOCTaBKK

U ITPY30BbIX oniepaliuii. PAacyéTbl BbIITOIHEHbI
B 1leHax oKTs10ps 2018 rona.

PacuéTbl ToKa3bIBaKOT, YTO BLICOKASI CTOU -
MOCTbh ITePEBAIKHU XKEJIC3HOMTOPOXKHBIX IIH-
crepH nenaet TTC ¢ yyacTreM XKeJle3HOI0-
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Ta6mna 2
i Pacuér kommiekcnoro tapuga Ha noctaBky CIII' B TaHK-KOHTeiiHepax
‘ no Bapuantam TTC (c yuérom HJIC)

Ne TTyHKT TTyHKT Bun Paccrosinue, | Bpems Tapudnas
OTIPaBIECHUST HasHAYeHUsI | TpAHCIIOPTa KM JIOCTABKH CTaBKa,

pyo./T * KM

1 . Cankr-Ile- Yerp-Crna- a/M 54 1 440 MuH 7,81
Tepoypr, KCIITI BSIHKa
«[leteprod»

2 JlenuHrpanckas Yepermnoselr- a/M 660 8 u 30 MuH 4,33
oodmacte, KCIT | kuii opt a/M, KL 647 eyt 1430 |3,32
«Kunrucernm» MUH

3 Mocksa, MKAJI, |SIpociaBckuit |a/M 300 64 4,81
24-1i kv, nopt a/m, x 355 9cyr. 1us0  |4,92
AO «MITI3» it i ’

a/M, CyITHO 548 leyr 17410 |5,23
MHH

4 Tlepmckuii kpaii, | KazaHckuii a/M 670 94 20 MUH 4,21
ftep. Kaniocsra, LopT L 647 12cyr. 1450 |[3,49
KCIIT «Kanio- e Mnf{yT ! '
csiTa»

a/M, CyTHO 1074 3cyr. 10y 3,81
10MuH

5 EkaTepuHOypr, Camapckuii a/M 1000 14 4 30 MmuH 4,18
Hosocsepi- nopr a/M, K. 1168 l4cyr 1y 2,40
noBckoi TOLL
MPOM30Ha

6 KemepoBckast BapHaynbckuii | a/m 360 54 30 MuH 4,33
obnacts, IfOBO: nopt a/M, K.JI. 340 9cyT. 24 5,12
KY3HELKUI paifoH,

KCIIT «Muruno»
py6./T-km
9,00
8,00
7,00
6,00 |
5,00 - =a/m
malm, x.4.
4,00 + ®a/m, cyaHo
3,00
2,00
1,00 -
0,00 -
1 2 3 4 5 6 Ne mapwpyta

Puc. 4. Tapugras craska Ha aoctaBky CII B TaHK-KOHTeliHepax rno BapnaHTtam TTC Ans pac4ETHbIX MapLUPYTOB.

POXXHOTO TPaHCIIOPTa HElleJIecO00pa3HbIMU, —IIEHWH, KaK IMPaBUJIO, TOPOXKE IPYTUX Bapy-
€CJIM pacCTOsIHUE MEPeBO3KHU To XKejae3dHoit aHToB TTC.

nopore coctapiaseT meHee 1000 km. TTC Takum obpaszoM, 3a CUET OoJIee HUBKOM
B CMEIIIAHHOM aBTOMOOMJIbHO-BOIHOM COO0-  CTOMMOCTH IPY30BBIX OTICpALIMil TTPY KOHTEH -
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HepHOM criocobe noctaBku, TTC ¢ yuactuem
JK€JIe3HOIOPOKHOTO TPAHCITOPTAa 9KOHOMMUY -
Hee TIpU TIepeBO3Kax IO XeJe3HOM ITopore
ceeire 600 xm. JocraBka CIIT BomHBIM
TPaHCIIOPTOM KOHKYPEHTOCITOCOOHA TI0 OT-
HOILIEHUIO K IPYTUM BHIIaM TpaHCIIOpTa

st oboux crioco6oB poctaBku CIIT 1o
KPUTEPUIO BpeMeHU AocTaBKU BbironHee TTC
B MMPSIMOM aBTOMOOMJIBHOM COOOIIEHUMU.
3arem cieaytot TTC ¢ ucnosb3oBaHUEM BOI-
HoTo TpaHcmopta. Hambosiee 3aTpaTHBI 11O
BPEMEHMU MTEPEBO3KY C yUaCTHUEM KeJIe3HOIO-
POXHOTO TpaHCTIOpTa.

BbiBO4bl

Pa3paboTaHbl airOpuT™M BBIOOpPA OMTU-
MaJbHOW TPaHCTIOPTHO-TEXHOJOTUYECKOU
CXeMBI JOCTaBKM MamoToHHaxHoro CIIT
1 OKCTUTYaTallMOHHO-9KOHOMUYECKUE MOJETN
pacuéra yneJlbHOUW CTOMMOCTH TePeBO3KH,
xpaHeHus u nepeayiku CITT.

B pamkax peanmzanny BeJOMCTBEHHOTO
npoekta MunnpomMmropra Poccuu «Pa3zButue
ra30TOIIMBHOTO (PJIOTA [/IsI HABUTAITVY B TTPH -
OpeXHBIX BOJAX M Ha BHYTPEHHUX BOIHBIX
MyTSIX» TPOBeeHa ampodalus Moaeeit Ha
PacUETHBIX MapIIPyTax. DTO IMO3BOJIMIIO OlIe-
HUTHh CTOUMOCTH TpaHcroptupoBku CIIT o
BapMaHTaM TPAHCIIOPTHO-TEXHOJIOTMYECKUX
CXeM JIJIs HAJTMBHOTO U KOHTEMHEPHOTO CITO-
c00O0B 10CTaBKY 1 C(POPMYIMPOBATH YACTHBIE
BBIBOJIBI B OTHOIIIEHWN ONITUMAJIBHOCTU Pa3-
JIMYHBIX CXEM T10 KPUTEPUSIM BPEMEHU U CTOM -
MOCTH.

[MpennoxeHHasT METOOJIOTHS SIBIISIETCS
B OOJIBIIION Mepe YHUBEPCATLHOI 1 TI03BOJIS -
€T UCIOJIb30BaTh MPEITOXKEHHBIE TTOIXOIbI
qutst pazpadoTku TTC mpuMeHUTENBHO K IpY-
TUM CTpaHaM.
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ABSTRACT

In recent years, there has been an increasing
interest in liquefied natural gas (LNG) as a bunker
fuel for ships. This is due to a number of reasons
of environmental (reduction of sulfur emissions by
vessels in accordance with MARPOL 73/78
international convention), economic (lower price
of LNG compared to distillate fuels meeting
MARPOL 73/78 requirements), technical and
economic (reduction of maintenance costs of
vessels and an increase in service life) character.
These conclusions regarding LNG are applicable
to vessels of various types intended for sea and
river navigation.

At the same time, the transition of river ships
and coastal vessels to LNG bunkering is currently
being restrained, including in Russia, by a number
of reasons, one of which is weak logistics support
for LNG delivery from production sites to vessel
bunkering points. As a result, the development of
LNG vessel bunkering market requires
improvement of logistics for delivery of low-
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Introduction. The interest in liquefied natural
gas (LNG) as a bunker fuel for vessels has
increased significantly in recent years for many
reasons:

* the use of LNG will make it possible to fulfill
the requirements of MARPOL 73/78 Annex VI
to the International Convention on Reduction of
Sulfur Emission by Ships (from January 1, 2020,
the sulfur content in marine fuel in all regions of
the world should not exceed 0,5 % by weight);

* lower cost of LNG compared to distillate
fuels satisfying the requirements of the
Convention;

* the presence of a number of technical factors
that reduce the costs of maintaining vessels in
operation: the absence of the need for purification
of waste gases from SO_due to the absence of sulfur
in LNG, a significant reduction in the content of
NO, in the exhaust gases of power plants, and the
almost complete absence of solid particles in the
exhaust gases. This allows to avoid installation of
selective catalytic reaction reactors and of traps to
collect soot on the vessel. In general, there is an
increase in the motor resource of piston engines
and a decrease in carbon formation in them.

At the same time, the transition of vessels to
LNG bunkering is currently constrained by a
number of reasons, including the weak logistics
of LNG delivery from production sites to vessel
bunkering points. For a wide conversion of vessels
to LNG, itis necessary that the bunkering process
of LNG vessels does not cause serious problems
for shipowners.

This issue is particularly relevant for the gas
fuelled fleet used for navigation in coastal waters
and on inland waterways.

The objective of the study was to develop a
practical algorithm for estimating the cost of
LNG transportation for bunkering of river vessels,
taking into account the features of intermodal
logistics.

The research methodology is based on an
analytical method applied through a system-
structural approach. For testing, empirical and
forecast data were used in relation to the Russian
Federation.

Results

The achievement of the research objective was
carried out in the following sequence.

1. Research on the geography of location of
points of liquid oil fuel bunkering operations of
inland vessels

Based on the data from the Register of
Bunkering Fuel Suppliers [1] and the Russian
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Association of Seaand River Bunkering Companies

[2], alist of ports of river ships bunkering has been
compiled.

Following the results of the study, the most
demanded currently ports of bunkering river vessels
with liquid oil fuel were identified.

Currently, bunkering of river vessels is carried
out at points located on the rivers of the Single
Deepwater System of the European part of Russia,
the rivers of Siberia and the Far East. Most
bunkering companies operate in the river ports of
Cherepovets, Yaroslavl, Nizhny Novgorod, Kazan,
Samara, Volgograd.

2. Research on the geography of location of
natural gas liquefaction complexes

Natural gas liquefaction complexes (NGLC)
depending on the annual volume of production
are divided into large-capacity, medium-capacity
and small-capacity ones.

The existing large-capacity plants (forexample,
the gas liquefaction plant within Yamal-LNG
project is located in the port of Sabetta) are focused
only on export of LNG using large-capacity gas
carriers (Christophe de Margerie type of the project
Yamalmax with a capacity of 170 thousand m?®) [3].
Promising projects, such as Arctic LNG-2,
Vladivostok LNG, and NGLC in Ust-Luga
(former Baltic LNG) [4—6], suggest the possibility
of bunkering of sea vessels.

Starting in 2019, medium-tonnage LNG
production will be deployed mainly in the
North-West of Russia. This is Cryogas-Vysotsk
project with a capacity of 660 thousand tons of
LNG per year [7] and LNG terminal of PJSC
Gazprom in the vicinity of Portovaya compressor
station with a capacity of 1,5 million tons of
LNG per year [8].

Thirteen small-capacity production sites
operate in Russia: six are concentrated in the
North-West economic region, three in the Urals,
two in the West Siberian region and two in the Far
East. In the coming years, four more plants are
scheduled to be launched.

For the purpose of this study, and to explore
LNG delivery routes we consider existing small-
capacity facilities.

3. Development of potential routes for
delivery of low-tonnage LNG from places of
production to bunkering points of river vessels

When forming gas delivery routes, the
following parameters were taken into account:
distance between LNG production sites and
bunkering port points, the load (demand) of
bunkering port points, the capacity and loading
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Pic. 1. Options of LNG delivery in tanks.

of LNG production complexes, and availability
of roads and railways.

Given the above factors, the following LNG
delivery routes (hereinafter referred to as
«calculated») were determined for the
calculations:

1. NGLC Petergof (St. Petersburg) — Ust-
Slavyanka;

2. NGLC Kingisepp (Kingisepp) —
Cherepovets;

3. NGLC Razvilka (Moscow) — Yaroslavl;

4. NGLC Kanyusyata (Perm) — Kazan,;

5. NGLC GRS-4 Yekaterinburg
(Yekaterinburg) — Samara;

6. NGLC Mitino (Novokuznetsk) —
Barnaul.

4. Analysis of possible methods of LNG
transportation with development of logistics
operation chains for the selected routes

There are two ways to deliver gas from
manufacturers to bunkering points: gas delivery
in bulk and in tank containers.

When delivering gas in bulk, the options
shown in Pic. 1 are available.

A method of transporting gas in bulk is
common, but it should be borne in mind that
storing LNG in tanks is unsafe and not
economically viable. Downtime of railway and
automobile tanks significantly increases the
cost of cargo delivery, so LNG is loaded into
the tank before departure, and immediately

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 4, pp.166—180 (2019)

after delivery it is unloaded by transferring it
to the storage tank or by bunkering «from the
wheels», which requires a comparable amount
of delivered and bunkered fuel and coordinated
work of different modes of transport.
According to VRD39-1.10-064-2002 [9],
when transporting LNG, the number and time
of parking should be avoided or minimized.

LNG transportation in specialized tanks
requiresadditional processing and transshipment,
which increases product losses and the risk of
accidents [10—12]. Thus, transshipment from
road to railway transport and vice versa, subject
to the relevant rules, is theoretically possible, but
should be economically justified.

When delivering LNG in tank containers,
the options shown in Pic. 2 are considered.

Tank containers are used on fuelled vessels
in the mode of interchangeable modules
delivered «from the shore» and from a bunkering
vessel, which can be a container ship. A tank
container is a container consisting of a frame
(frame elements) and a tank equipped with
drain valves and devices for unloading.

The key advantage of transporting LNG in
tank containers is the ability to transport it by
several modes of transport and the absence of
the need to build special expensive facilities for
reception, storage and distribution of LNG.
Tank containers are loaded and unloaded using
a crane or a reach stacker. The accumulation
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of tank containers at specialized storage sites is
possible. Since a tank container is both a vehicle
and a transport container, there are no cargo
losses during loading and unloading operations.
But mass of a transported product in a tank
container is usually less than in a tank.

5. Calculation assumptions

After analyzing the technology of
transportation and transshipment of LNG, as
well as the terms of payment for the logistics
services of participating companies, the
following assumptions were made for subsequent
calculations:

» for LNG delivery in bulk:

— cost of LNG when leaving manufacturer’s
plant includes the cost of loading on the
selected mode of transport;

—upon delivery by special motor transport,
the cost of loading and unloading operations is
included in the cost of delivery;

— when transported by rail, transshipment
operations are not included in the tariff, they
must be taken into account separately;

— storare operations include costs of
loading and unloading operations;

— bunker operation includes its refueling
and bunkering of fuelled vessels;

— transportation in mixed road-rail traffic
is a combination of schemes 1A and 1B.

» for LNG delivery in tank containers:

—the cost of freight operations is calculated
for all segments of LNG supply chain and is
not included in the cost of delivery by any single
mode of transport;

— reloading of tank containers from a
container ship to a LNG consumer ship is
performed by port mechanization facilities;

— transportation in mixed road-rail traffic
(2C) is a combination of schemes 2A and 2B.

The above LNG transportation schemes for
bulk and container delivery methods correspond
to the world theory and practices of organizing

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

Pic. 2. Options of LNG
delivery in tank containers
(legend is the same
asin Pic. 1).

20)

logistic schemes for supply of motor gas fuel
[13—18].

Thus, for each route, with respect to all the
conditions, transport and technological
schemes (TTS) were developed using possible
modes of transport (road, rail, water) and their
combinations. A list of necessary freight
operations has been compiled for each TTS.
For each TTS element, duration of the
operation was calculated.

6. Selection criteria for optimal TTS of LNG
delivery

As a criterion for choosing the best option
for TTS of LNG delivery, the delivery price (Pd)
of cargo for the i-th calculated route was used:

Pd,= Pt,+ Ps,+ Pco,, (1)
where Pt, — price of transportation of goods by
one or more modes of transport along the i-th
calculated route;

Ps, — price of storage of cargo (for the
method of delivery in bulk) along the i-th
calculated route;

Pco, — price of cargo operations along the
i-th calculated route.

A TTS option is selected by a minimum
LNG delivery price.

For the equal delivery price, the delivery
time was used as an additional criterion, and
for transportation in tanks the number of
transshipment operations was used as the third
criterion.

7. Development of operating and economic
models for calculating the specific cost of
transportation, storage and transshipment of LNG

To calculate the price of LNG delivery by
road, an operational and economic model of
the transport company operation was
developed, with the help of which the cost
structure of the transport company and the final
cost of LNG delivery for the potential customer
were estimated. The developed model takes into
account more than 20 cost items, including
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Table 1
Calculation of the integrated tariff for LNG delivery in tanks according to TTS options
(including VAT)
No. | Departure point Destination Mode of Distance, | Delivery time Tariff rate,
point transport km rub./t*km
1 St. Petersburg, NGLC Ust-Slavyanka | road 54 2h 15 min 4,94
Petergof
2 Leningrad region, NGLC | Cherepovets road 660 9h 3,66
Kingisepp port road, railway | 624 5day 1 h 15 min 5,09
3 Moscow, MKAD Yaroslavl port | road 300 6 h 30 min 3,81
[Moscow Ring Road], road, railway | 353 Sday 1h20min | 7,99
24" km, JSC MGPZ -
road, vessel 548 1 day 17 h 40 min 8,90
4 Perm region, village Kazan port road 670 9 h 50 min 3,58
Kanyusyata, NGLC road, railway | 652 5day2h50min | 5,17
Kanyusyata -
road, vessel 1074 3day 10 h40 min | 5,57
5 Yekaterinburg, Samara port road 1000 15h 3,63
Novosverdlovskaya TPP road, railway | 1163 6 day 1 h 30 min 3,34
[termal power plant]
industrial zone
6 Kemerovo region, Barnaul port | road 360 6h 3,48
Novokuznetsk district, road, railway | 328 4day3h 8,80
NGLC Mitino
Table 2
Calculation of the integrated tariff for LNG delivery in tank containers according to TTS
options (including VAT)
No. | Departure point Destination Mode of Distance, | Delivery time | Tariff rate,
point transport km rub./t e km
St. Petersburg, NGLC Petergof | Ust-Slavyanka | road 54 1 h 40 min 7,81
2 Leningrad region, NGLC Cherepovets road 660 8 h 30 min 4,33
Kingisepp port road, railway | 647 I1day1h30 |3,32
min
3 Moscow, MKAD, 24" km, JSC | Yaroslavl port | road 300 6h 4,81
(€122 road, railway | 355 9day 1h50 [4,92
min
road, vessel 548 lday17h10 |5,23
min
4 Perm region, village Kazan port road 670 9 h 20 min 4,21
LEIE R RLCIEG road, railway | 647 12day 1h50 |[3,49
Kanyusyata T
road, vessel 1074 3day10h 10 |3,81
min
5 Yekaterinburg, Samara port road 1000 14 h 30 min 4,18
Novosverdlovskaya TPP road, railway | 1168 l4day 1 h 2,40
industrial zone
6 Kemerovo region, Barnaul port | road 360 5h 30 min 4,33
%\\I/I(_)zokuznetsk district, NGLC road, railway 340 9day2h 5,12
itino

other expenses.

Railways [19].
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wages, insurance premiums, car fuels,
lubricants, maintenance and service repairs,
tire wear and tear, depreciation of rolling stock,
payment for Platon system [toll road payment,
from Russian abridged «payment per ton»] and

The cost of delivery by rail was estimated
according to existing standards of JSC Russian

In order to estimate the cost of LNG
delivery by bunkering vessels of various sizes,
large-scale calculations of the vessels’
construction cost, its estimated freight rate
and operating costs were performed, which

were framed in the form of an operational-

operation.

economic model of the operation of
bunkering vessels on the calculated lines of
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Pic. 3. Tariff rate for LNG delivery in tanks according to TTS options for calculated routes.
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Pic. 4. Tariff rate for LNG delivery in tank containers according to TTS options for calculated routes.

To estimate the cost of LNG storage in a
stationary storage tank, we simulated the
operation of 1 to 23 cryogenic tanks with a
volume of 44 m?. The calculation of the LNG
storage price was carried out using enlarged cost
items with a given level of profitability.

The calculation of the price of cargo
operations was carried out using the standards
applicable in rail and road transport, an analysis
of open sources for the cost of renting container
trucks with a driver, and information on tariffs
for transshipment of containers at specific
ports. The data obtained were formalized into
an operational and economic model for
calculating the unit cost of cargo operations.

8. Calculation of the price of delivery of low-
tonnage LNG using different TTS options

To carry out the calculations, the daily
bunkering volume of LNG consumer vessels was
set, the bunkering mode of operation were
selected, and the initial data for all options were
prepared. The size of cargo lots is correlated with
capacity of bunkers and amounts to 1110 tons

for transportation in tanks, 1430 tons for
transportation in tank containers. The results
are grouped by delivery method: in bulk (Table 1,
Pic. 3) and in tank containers (Table 2, Pic. 4).
For convenience of analyzing the results, the
delivery price is interpreted in the form of an
integrated tariff rate, taking into account the cost
of delivery and cargo operations. The calculations
were made using October 2018 prices.

Calculations show that the high cost of
transshipment of railway tanks makes TTS with
participation of railway transport impractical if
the distance of transportation by railway is less
than 1000 km. TTS in mixed road/water traffic
is usually more expensive than other TTS options.

Thus, due to the lower cost of cargo operations
using a containerized method of delivery, TTS
involving railway transport is more economical
when LNG is transported by rail over 600 km.
LNG delivery by water is competitive with regard
to other modes of transport.

For both methods of LNG delivery,
according to the criterion of delivery time, TTS
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using direct road traffic is more advantageous,
followed by TTS using water transport.
Transportation involving railway transport is
most time-consuming.

Conclusions. An algorithm has been
developed for choosing an optimal transport
and technological scheme for delivery of low-
tonnage LNG. Operational and economic
models for calculating the unit cost of
transportation, storage and transshipment of
LNG have been suggested.

As part of the departmental project of the
Ministry of Industry and Trade of Russia
«Development of gas fuelled fleet for navigation
in coastal waters and inland waterways», models
were tested on calculated routes. This made it
possible to estimate the cost of LNG
transportation according to the options of
transport and technological schemes for bulk
and container delivery methods and to
formulate particular conclusions regarding
optimality of various schemes according to the
criteria of time and cost.

The proposed methodology is largely
universal and allows the use of the proposed
approaches for development of TTS in relation
to other countries.
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MNPOBJIEMbI YTIPABJIEHRY

KnactepHbin aHann3 mapLupyToB
HOBOW MOoAEeNU yrnpaBJIEHU Ha3eMHbIM
ropoackKMM NacCaXMpPCKUM TPaAHCNOPTOM
oOLLero nosib3oBaHUgA

Makcum KYAPSLLOB

PaauoH AUPUEB

yHugepcumem (MAIH), Mockea, Poccus*®.

B MockBe BHeapeHa HoBasi MOAE/1b yrpaBssie-
HWSI HA3€MHbIM FrOPOACKYM MacCaXnpPCKUM TPaHC-
roptom (HMY). B Liensix noCTOSIHHOro MOHUTOPYIH-
ra ka4ecTBa TPaHCropTHOro 06C/yXNBaHWNS Ha-
CeJIeHUsI MPEeAnonaraeTcsi BHEAPUTb METOANKY
€ro OLIeHKU.

E€ anpobauunto npeanosaraeTcs rnpoBoanNTb
Ha MapLLpyTax, 00C/1yXXnBaeMbiX KOMMEPYECKUMU
npeanpusTUSIMU B pamMkax rocynapCTBeHHbIX
KOHTPAaKTOB Ha OKa3aHue yCJyr 1o obecrne4eHuio
TPaHCropPTHOro 06CayXNBaHWNSI HACEIEHNS aBTO-
MOBWIIbHBIM TPAHCNOPTOM OBLLEro ro/1b30BaHus
Ha MapLLpyTax PEryspHbIX MePEBO30K NacCaxu-
poB n baraxa aBTOMOOU/IbHbIM TPAHCMOPTOM
B ropoAcKOM COOBLLEHUNM.

Ucxopas na aToro, Lesbio nccrenoBaHus SBUIT-
csl BbI6Op 0OBLEKTOB B LIEJISIX NPOBEAEHNS arpo-

leopruit OBHAHSAH
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6avLmv MEeToAVKM OLLEHKY Ka4eCTBa TPaHCMOPTHO-
ro o6cayxnBaHVsl HaceeHysi HA3eMHbIM ropoa-
CKUM NaccaxupckumMm TPaHcnopToM obLuiero
nonb3oBaHus (HITIT) Ha mapLupyTax, o6cayxu-
BaembIx B pamkax HMY.

BbInosHeHo Hay4HO 060CHOBaHHoOe pa3bue-
Hvie 3a4aHHOV BbIGOPKM MapLLPYTOB.

MapLupyTsl kKnaccuuumMpoBaHsbl C NCMOIb30-
BaHMeM K/1aCcC4eCcKoro MeTona nepapxm4eckoro
KJaCTepHOro aHanansa, rae B Ka4ecTBe Mepbl
671M30C T UCIOJIb30BAHO EBKIINLAO0BO PACCTOSIHNE
C OAMHOYHBIM MPaBuIOM 0O0bEANHEHVS KacTe-
pos. lMpoueaypa knactepusauymm BbiNoJIHEHa
C vcrosib30BaHnem metoga Bapaa.

o pe3ynbTaram BbirOJIHEHHOr O KNacTepHOro
aHanm3a BblbpaHo AECATb MapLUPYTOB, noasiexa-
LYMX fAasbHesLemMy aHaamn3ay.
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HOBAA MOJAEJIb YNPABJIEHUSA
HA3SEMHbIM rOPOACKUM
NMACCAXUPCKUM TPAHCINMOPTOM

CucremMa ropoacKoro maccaxxupckoro
TpaHCITOPTA SIBJIICTCS BaXKHEMIIIEH colraib-
Holi cepoit ropoga MockBbl. OT 3 heKTUB-
HOCTH e€ (DYHKIIMOHUPOBAHMSI 3aBUCSIT Kaue-
CTBO XXM3HU HACEJEeHUSI U MPOAYKTUBHOCTD
paboThl pa3IMYHBIX OTpacjieil SKOHOMUKH.
CoBepllIeHCTBOBAHUE CUCTEMbI TPAHCITOPT-
HOro o0CJIYy:KMBaHUSI HaceJeHUs TpedyeT
peayn3aly KOMIUIEKCHBIX UCCIIeI0BaHUI 10
OlIEHKE, aHAJIU3Y U BBISIBJICHUIO aKTyaJbHbBIX
Mpo6JieM OpraHM3allMK ITePEBO30K MacCaXKu -
poB M Oaraxa Ha TeppuTopuu roposaa [1,
c.1-9;2,c. 1-14].

B ycioBusix pocta aBTOMOOMIM3ALIUU
M KOJMYECTBAa MHAMBUAYAJIbHBIX MOE3I0K
B TOpOJIe K CUCTEME TOPOJICKOTO MacCaKup-
CKOTO TpaHCIOpTa OOIIETOo IMOJb30BaHUS
MPEBSIBISIOTCSI TPeOOBAHMS ITO TIOBBILIIEHUTO
KavyecTBa TPAHCIOPTHOIO OOCIYXXUBaHMUS
HaceJIeHUSI.

Pabota TpaHcnopTa 06111ero MoIb30BaHUS
JIOJIKHA COOTBETCTBOBATh BCEM HOPMAaTUBHO-
MPaBOBBIM TPEOOBAHUSM I10 00ECITEUYEHUIO
6€30MacHOCTH 3KOJIOTUH, TOPOKHOTO IBHKE-
HUS ¥ TTAaCCaXXUPCKUX TTEPEBO30K.

Ha ocHoBaHuM aHa/IM3a TEKYILETO COCTOS -
HUSI CUCTEMBI TOPOJICKOTO MacCaXKupCKoro
TpaHcriopta B MoCKBe, TPOBEIEHHBIX paHee
Hay4YHBIX KCCJIEIOBAaHUIA M IIEPETOBOTO OIThITa
Pa3BUTHST TPAHCTIOPTHBIX CUCTEM TOPOJIOB
mupa JlemapraMeHTOM TPaHCIIOPTa U pa3Bu-
THEM JOPOXKXKHO-TPAHCIIOPTHOM MH(MPACTPYK-
TYpbI roposia MOCKBBI pa3pabaThiBaeTCsl psiji
Mep, peaau3alys KOTOPbIX MO3BOJUT CYIIe-
CTBEHHO ITOBBICUTh KA4€CTBO 1 0€30IMaCHOCTh
paboTHI TpaHCTIOpTa OOIIETO MOJTb30BAHUS B
CTOJIUIIC.

BaxkHeilmm HarpaBIeHMEM TTOBBILLIEHUST
KavyecTBa TPAHCIOPTHOIO OOCIYXXUBaHMUS
HaceJIeHUsT Ha3eMHBIM FTOPOACKUM ITacCaXKMp-
CKMM TPAHCIIOPTOM OOIIETO MOJIb30BaHUS
(HTTIT) sBasieTcst mepexon B ropojae MockBe
Ha HoBy10 Moaenb yripapiaenust HI'TIT (HMY
HI'TIT), npeaycMaTpuBaloiiyo oKka3zaHue
YCJIYT TI0 TPAHCIIOPTHOMY OOCITY>XKHWBaHUIO
HaceJIeHWs] Ha MYHUIIMIIATbHBIX MaplIpyTax
PETYJISIPHBIX TIEPEBO30K MAaCCaKMPOB 1 Oaraxka
B paMKax roCcy1apCTBEHHBIX KOHTPAKTOB.

HMY HITIT npeaycmaTpuBaeT MHTerpa-
LIVIO YACTHBIX aBTOTPAHCITOPTHBIX TIPEATIPHSI -
TUI B CUCTEMY TPAHCIIOPTa OOILETrO MOJIb30-
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BaHUs Topojia C TIePeX0J0M Ha eJIUHbBbIe
CTaH/IapThl OKa3aHUST HACEIIEHUIO TPAHCTIOPT-
HBIX YCITYT.

Jlormyck KOMMepUYECKUX aBTOTPaHCIIOPT-
HBIX TIPEANPUATUII K paboTe Ha MaplipyTax
PETYJISIPHBIX TIEPEBO30K B TOPOJCKOM CO00-
IIEHWU OCYIIEeCTBIEH Ha OCHOBE rocyaap-
CTBEHHBIX KOHTPAKTOB Ha TPaHCIIOPTHOE
00CITy>)KMBaHUE HaceJeHUs 1O pe3ysibTaTaM
MPOBEIEHMST OTKPBITHIX KOHKYPCOB.

C nepexogom Ha HMY HIII'T pa3zpabo-
TaHa W BHeApeHa HOBasl MapUIpyTHasl CeTh
C y4€TOM yCTpaHEHUs TyOTMPYIOIINX MapI-
PYTOB, CHUXXEHUS 3aTPy>KeHHOCTU TpaHC-
MMOPTHOMW CETU, COKpAIlEHUS] MHTEPBAaIOB
JIBUXKEHUS U TIOCJIEAYIONIEN KOPPEKTUPOBKHU
pacnucaHus OBUXeHUsd. JIJIsT Kaxkaoro
MaplIpyTa mono0paH ONTUMaJIbHBIN Kiacc
MOJIBUKHOTO COCTaBa.

CornacHo TtpeboBaHusim [3, Ilpunoxe-
Hue 1, c. 1] Becb MOABUXKHOI COCTaB JOJKEH
COOTBETCTBOBATh 9KOJIOTMUYECKOMY KJIacCy He
HUXe «EBpo-4», OBITh ananTupoBaH IS Tie-
PEBO3KM MAJIOMOOMJTBHBIX I'PYITIT HACEICHUS,
000py/IOBaH KOHIUIIMOHEPaMU, CCTeMaMu
OTOIUIEHMSI, yKa3aTeJsIMU MaplipyToB U UH-
opmartmoHHbIMU TabJ10, OOPTOBHIMU HABU -
rallMOHHO-CBSI3HBIMU TEPMUHAJIAMU, PATNO-
CTaHUMSIMU, CUCTEMOU BUIECOHAOIIONCHUS
U T.JI.

KoHTpo:b 3a KauecTBOM OKa3aHMS TPAHC-
TTOPTHBIX YCIIYT OCYIIIECTBIISIETCS] B ABTOMATH -
YECKOM PEXMMeE KOHTPOJIS paOOThI MOIBUK-
HOTO COCTaBa Ha JIMHWU B YaCTH COOJTIOIEHUS
Tpacchl CJIeIOBaHUST MapIIpyTa, BHITOJHEHUST
pacrucaHusi, COOTBETCTBHS BU/Ia TIOJIBUKHO-
rO COCTaBa yCTAaHOBJIEHHOMY B TlapaMeTpax
MepeBO30K, YUCTOTHI CajloHA, UCTIPABHOCTH
armapesy JUisi MaIoMOOMJTBHBIX TPYTIIT Hace-
JIEHUS1, MPUMEHEHUS eIUHOTO OuieTa, CoOIto-
JIEHWST CKOPOCTHOTO PeXrMa U T.]I.

YpoBeHb KauecTBa TPAHCIIOPTHBIX YCIIYT,
MPEJIOCTABISIEMBIX HAaCEJEHUIO YaCTHBIMU
TepeBO3YMKaMU, TOJIKEH OBITh HE HYDKE, YeM
Ha MaplipyTax, o0CIy>KMuBaeMbIX rocyaap-
CTBEHHBIM IT€PEBO3YNKOM.

Bcero Ha ayKIMOHBI OBUIM BBICTaBJIEHBI
211 MapiipyToB 110 63 10TaM, TOOEIUTEISIMU
KOTOPBIX CTaJIA BOCEMb YaCTHBIX KOMITAaHU-
MePeBO3UYNKOB, 3aKJIIOYNBIINX TOCYTapPCTBEH-
HbIe KOHTPAKThI Ha TPAHCTIOPTHOE 00CITY XK1~
BaHUeE HaCEeJIEHUsI CPOKOM Ha ITh JeT [3].

OCHOBHBIM aBTOTPAHCIIOPTHBIM TIpe.-
MpUSATUEM, 00CIYXUBAIOIIUM MapIIPyThl

Kyppsiwoe M. A., Ainpues P. C., OBHaHsH . M. KnacTepHbii aHanu3 MaplupyToB HOBO MOAENu
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Q). -MEKOKDYKHBIE MAPIIPYTEL
(110 2-X OKpyTOB)

Puc. 1. Ipa¢ Tpacc cneposaHnsi MapLLPYTOB.

B paMKaX TOCyIapCTBEHHBIX KOHTPAaKTOB,
asisietcs OO0 «TpaHcaBTOINU3», BXOISIIEE
B I'PYMITY KOMITAHUM «ABTOJIAiTH».

BrImmotHeHHBIM aHAIU3 TTapaMeTPOB Tie-
peBo3ok [3, IIpunoxenne 3] u Peectpa [4]
B YaCTH Tpacc cieaoBaHus Mapiipyros HMY
HITIT B pa3pes3e mo okpyram rnokasal, 4To:
141 mapuIpyT 00CITy>KMBaET IO OMTHOMY OKPY-
ry, 61 MapIIpyT 00CIy:KUBAET 110 IBa CMEX-
HBIX OKpyra (puc. 1) u 9 mapuipyToB ooCiIy-
KWBAIOT 110 TPU U 0o0JIee OKPYyroB ropoja
MockBbl. Hanbomnpiiee KoJM4ecTBO Tpacc
CIIeIOBAaHMST BHYTPUOKPYKHBIX MapIIPyTOB
mpuxonutcs Ha OBAO (33 mapmipyra), Ham-
MeHbIiee — Ha LIAO (3 mapmipyra). O61mmas
MIPOTSKEHHOCTD TPACC CIICTOBAHUS MapIIIpy-
TOB cocTaBisteT 6osiee 3600 km [3, 4]. IIpu
3ToM 43 % MapuIpyTOB 00CTYKMBAIOTCS aB-
ToOycaMu MaJioro Kjiacca.

OBOCHOBAHMUE U BblIBOP OBbEKTA
UCCIEAQOBAHUSA

Ileavro viccneqoBaHus SIBISIETCS BBIOOD
00BEKTOB B LIEJISIX TTPOBEACHUS anpodalnn
METOIMKM OLIEHKM KayecTBa TPaHCIIOPTHOIO
00CIyKMBaHUST HACEIEHUST HA3€ MHBIM FOPO/I-
CKUM I1aCCaxKMpPCKUM TPAHCIIOPTOM OOILIEro
MOJIb30BaHMSI Ha MapllpyTax, 00CIyXK1Bae-
MBIX B paMKaxX HOBOIl MOJEIU yIIpaBJICHMUSI
Ha3eMHbIM FOPOACKUM IACCaKUPCKUM TPAHC-
TOPTOM.
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Anpo0alnio METOIMKN OLIeHKN KauyecTBa
TPaHCIIOPTHOTO OOCITYXKMBaHUS HaceICHUS
B cootBercTBUU co CtaHgapTom [5, 6] npen-
ToJIaraeTcs TPOBOAMTH Ha MapIIpyTax, 00CITy-
JKMBAEMBIX KOMMEPYECKUMU TIPEAITPUSITUSIMHI
B paMKaX TOCyJapCTBEHHBIX KOHTPAKTOB Ha
OKa3aHMe YCIIYT 10 O0SCITCYCHUIO TPAHCIIOPT-
HOTO 00CITY>KMBaHMS HACEICHUS aBTOMOOMITb-
HBIM TPAHCIIOPTOM OOIIETO TTOJIb30BaHMS Ha
MapIIpyTax peTyIsIPHBIX IIEPEBO30K ITaCCaKM-
pOB 1 6araxka aBTOMOOMJIBHBIM TPAHCTIOPTOM
B TOPOJICKOM COOOIIEHUH.

B 1ienmsax ipoBeneHMs arpo0aiii METOIUKI
OLICHKH TOCTUTHYTOTO YPOBHSI Ka4ecTBa TPaHC-
TIOPTHOTO OOCITY>KMBAaHS HACEJICHHS, COTITIACHO
[5, 6], npemnaraeTcst BBIIOIHEHKME HAy4HO 00-
OCHOBaHHOTO pa30MEHMSI 3aIaHHOI BBIOOPKH
MapHIpyToB G, 00CTy:KBacMbIX B paMKax HMY
HI'TIT, Ha Henepecekaroecs TOAMHOXEeCTBa
0,0, ..., 0,10 3a1aHHbIM KPUTEPUAM X, TaK,
YTOOBI KaKIBIIA MapIIPyT Gj MpUHAIJIEXAal O~
HOMY ¥ TOJTbKO OITHOMY TIOIIMHOKECTBY pa3one-
HUS 1 YTOOBI MapIIpPyTHI, IIPUHAIJICKAIINE
OIHOMY 1 TOMY K€ TIOIMHOKECTBY, OBLIM CXOJI-
HBIMH, B TO BpeMsI KaK MapIIPyThl, IPHHAIIC-
JKalllye pa3HbIM KilacTepaM, OBUIM pa3HOPOI-
HBIMH, C TTOCJICAYIOIINM BBIOOPOM MapIipyTa
W3 KaXI0i c(hOpMUPOBAHHOI TPYITITHL.

Hns 1menaeil HaCTOSIIIETO MCCICTOBAHMS
TIpeUIaracTCs MCTIONb30BaHMUE Memoda KitacTep-
HOro aHamm3a. [IpenmyIecTBo, oTIMyaronee

Kynpsios M. A., Aiipues P. C., OBHaHsH . M. KnacTepHbii aHanu3 MaplupyToB HOBO MoAenu
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[Koseren 1]

(e |
CKO knactepa

Puc. 2. MatemaTtun4yeckune xapakTepuUCcTUKU Kaactepa.

€ro OT OOJIBILIMHCTBAa MAaTEMAaTUKO-CTATUCTUYC-
CKMX METOMIOB, 3aKJII0YaeTCs B OTCYTCTBUU
OTrpaHUYEHMIT Ha BUI pacCMaTPUBAEMbIX 00b-
€KTOB ¥ BO3MOXHOCTU PACCMOTPEHUS MHOXE-
CTBa UCXOAHBIX JaHHBIX [ 7, ¢. 7]. Takke ucmosb-
30BaH Memod He3aBUCMMOI MHOTOBapUaHTHOM
SKCIEPTU3BI.

PE3YJ1bTATbI KJIACTEPHOIO
AHAJIU3A

MareMaTniyeckue XapaKTepuCTUKH Kiac-
Tepa MpencTaBIeHbl Ha pUC. 2.

LlenTp KiacTepa — 3TO CpeHEEe TEOMETPU-
YecKoe MECTO TOUYeK B TIPOCTPAHCTBE Iepe-
MEeHHBIX. Pannyc kiactepa — MakcMMallbHOE
paccTosiHMe TOUYEK OT 1IeHTpa Kiactepa. Pa3-
Mep KJIacTepa MOXET OBbITh OMpPEAESIEH TN0O0
10 paauycy Kjiactepa, 1100 Mo cpeJHeKBaapa-
TUYHOMY OTKJIOHEHWIO OOBEKTOB ISl 3TOTO
knactepa. OOBEKT OTHOCHUTCS K KJIacTepy,
€CJIV PACCTOSTHUE OT 0OBEKTA JI0 IIEHTpa KJlac-
Tepa MeHbIlIe paauyca Kiacrtepa [7].

Jnst pelieHus 3aaun KIacTepHOTO aHa-
JIn3a HEOOXOMMMO OTIPEeIUTh TTOHSITHE
CXOZCTBA U Pa3HOPOIHOCTU. MapiipyTsl i-ii
W j-¥ TIONaJatoT B OJMH KJIacTep, Koraa pac-
CTOsHKE (OTHANEHHOCTD) MEXIY TOYKAMU X,
1 X, TOBOJIPHO Majia, ¥ TONajaioT B pasHbIe
KJTacTePhl, KOT/Ia 3TO PACCTOSTHUE IOCTATOUHO
Oouibiioe. Takum 00pa3oM, monagaHue B OIUH
WJIN pa3Hble KIACTEePhl OTIPEICIISIeTCS TIOHS -
THEM PACCTOSTHUS MEXIY X, 1 Xj Kpurepuem
JUTSI OTIPENIeJIEHUST CXOXKECTU U Pa3Iuuus
KJIaCTEPOB SIBIISIETCS PACCTOSTHUE MEXITY TOU -
KaM1 Ha TarpaMMme pacCeuBaHUSI.

Kpurepuem ontuManbHOCTH pa3OoMeHUsT
W OTIpe/ieSIeHUsT ONTUMAJIBHOTO KOJIMYECTBa
KJIaCTEPOB ITPUHSITa BHYTPUTPYIIIIOBAsI CyMMa
KBaJ[paTOB OTKJIOHEHUSI:

® MWP TPAHCIOPTA, Tom 17, N2 4, C. 182-195 (2019)

n n n ¢
=533 43 ). o
J=1 Jj=1 j=1

I7ie X; — KOO GULHMEHT NTapHOii KOPPEIISILIMH.

Takum o6pa3oM, Mpolieccy rpynrnupoBKU
JIOJIKHO COOTBETCTBOBATH MOCJIEIOBATEb-
HOe MMHUMAaJIbHOE BO3pacTaHWe 3HAYCHUS
KpUTEpUSI.

B ciyyae HeOTHOPOTHOCTH SIMHUIT U3MEpe-
HUsI TTapaMEeTPOB U BBITEKAIOIIIEH OTCIOIa HEBO3-
MOXKHOCTH OOOCHOBAHHOTO BBIPKEHMS 3HAUC-
HUII B OTHOM MaciiTtabe BO3HUKAeT 3amada
HOPMUPOBAHMSI UCXOTHBIX 3HAYEHUIT BHIOpAH-
HbIX TapaMeTpoB. [ IprBeIéM OCHOBHBIE CLIOCOOBI
HOPMUPOBaHMSI ITapaMeTPOB (TIEPEXOJT OT MICXOJI-
HbIX 3HaYeHU1 X K HOpMUPOBAHHBIM Z):

(x=X) . X, x .

227, Z:j s Z:ﬁn
e} X X
X X —)7

z-X ;7= @)

xmax xmax - xmin
rne Z— HOPMUPOBAHHOC 3HAYCHUE ITapaMeET-
pax;

X—X — CpefHee 3HaYeHUe apaMeTpa X;

G — CPEAHEC KBAIPAaTUYHOEC OTKIIOHECHUE,

X — HOpMaTUBHOE (3TaJOHHOE) 3Haue-
HUE X;

X, 00> X, — MAKCUMAIbHOE M MUHMMAJIbHOE
3HA4YeHUsI IapamMeTpa X.

Hapsiny co cranmaptuzaiimeii nepeMeHHbIX
CYILIECTBYET BapuMaHT MPUIAHUST KaXIou U3
HUX OTpeaeaeHHOro KoadduiimeHTa Bask HO-
CTU WX Beca, KOTOPbI ObI OTpaXkasl 3HaYM-
MOCTb COOTBETCTBYIOIIIEH MepeMeHHoi. On-
HUM U3 HauboJjiee HayYHO 0O0OCHOBAHHBIX
METOJIOB TTOJIyUeHMST IKCIIEPTHBIX OLIEHOK
SIBJISIETCSI METOJ HE3aBUCUMON MHOTOBapH-
aHTHOI 3KcnepTusbl [8—12].
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Puc. 3. @PparmeHT geHAorpamMmmMsl K1acTEPHOIro aHann3a.
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KiaccuduuupoBaTh MapIIpyThI IIpeia-
raeTcsl ¢ MCIOJIb30BaHUEM KJIACCHYECKOTO
MeTo/a MepapXuuecKoro KiIacTepHOTO aHa-
JIN3a, TJe B KAYeCTBE MePhl OJU30CTU OyIeT
HMCTIOJb30BaHO €BKJIUIOBO PACCTOSIHUE
C OOVMHOYHBIM MPaBUIOM OO0bEIMHEHUS
knactepoB. [Iponenypa kKjiactepusanuu
BBIMTOJIHEHA C WCMOJbh30BaHMEM METOMa
Bapma [7, c. 19].
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TTapamMeTpsbl, Ha OCHOBE KOTOPBIX Mpeia-
raeTcs KacTepu3arusi:

1. Okpyra, yepe3 KOTOpbIe TTPOXOIUT
Tpacca CJeIOBaHUS MapuIpyTa B MPSIMOM
1 00paTHOM HampaBieHUsIX. JJaHHOMY napa-
METpPY NPUHALIEXHOCTUA TPACChl MaplIpyTa
CJIEIOBAHMS K OTIPENETIEHHOMY OKPYTY COOT-
BETCTBYeT 3HaUeHUE «1» 1 «0» B MPOTUBHOM
ciyyJae.
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2. O611ast IpOTSIKEHHOCTh TPACCHI CJIEA0-
BaHWUsI, OTIpenesisieMast Kak CyMMa JJTMH MapIi-
DPYTOB B IIPSIMOM 1 00OpaTHOM HaIlpaBJICHUSIX.

3. KosmuecTBO TPAHCIOPTHBIX CPEACTB,
KOTOPbIE UCTIOJIB3YIOTCS 151 TEPEBO30K.

4. Knacc rmoaBuHOTO COCTaBa.

5. Oneparop nepeBo3oK.

HeonHopoaHOCTh eIMHUI U3MEPEHUS
¥ BBITEKamIas OTCloa HEBO3MOXHOCTD
000CHOBAHHOTO BBIpaXKEHUST 3HAUEHUN pa3-
JIMIHBIX TTOKa3aTeleld B OMHOM MaciiTtabe
CTaBAIT 3a/la4y HOPMUPOBAHUST UCXOTHBIX
3HaYEHUII BBIOPAHHBIX KPUTEPUEB, TO €CTh
BBIpaKEHUE Yepe3 OTHOIIEHNE ITUX 3HAUEHU I
K HEKOTOPOU BEJIMUMHE, OTPaKaIoIIeli oIpe-
JIeIEHHBIE CBOMCTBA TAHHOTO KPUTEPHS.

HopmupoBka aHHBIX KaXI0T0 TTapaMeTpa
BBITIOJTHEHA ITyTEM JIeJIEHUsI LIEHTPUPOBAaHHOM
BEJIMYMHBI Ha CpeHee KBAIPAaTUIHOE OTKIIO-
HEeHUe TTapaMeTpa.

ITon 1ieHTpUpOBaHHOI BETMIMHOM, COOT-
BETCTBYIOIIEH OIpeneIEHHOMY TapaMeTpy,
MOHUMAETCSI OTKJIOHEHHE (Pa3HOCTh) MEXITY
CJIyJaifHOI BETMYMHOM 1 €€ MaTeMaTUYeCKUM
OXMITAHUEM.

OTMETUM, YTO JaHHBIIf METOJ HOPMUPOB-
KU TIperojaraeT pu3HaHue BCeX mapaMeT-
POB PaBHOILIEHHBIMU C TOUKY 3PEHUSI BBISICHE-
HUST CXOJICTBA pacCMaTpPUBaeMbIX OOBEKTOB.
Pesynbrarhl nepapxuueckoi Kiiaccudukamm
MpeICTaBICHBI B BUJIE BEPTUKAIBHOM JEHIPO-
rpamMMbl (puc. 3), Tae 0cbh aOCUKCC COAEPXKUT
3HAYeHUsI HOMEPOB MapIIPYTOB, a OCh OP/M -
HaT — eBKJIMIIOBO PacCTOSTHUE.

st onipenesieHrs KOJM4YecTBa KJIacTepoOB,
MoIekalvX JaJbHEeHIIeMy aHaIn3y, HeoO0-
XOIMMO BBIOpATh MOPOTOBOE PACCTOSTHUE
C TIOCJIEYIOIIUM OTIpeeIEHUEM KOJIUYeCTBa
nepeceyeHut ¢ BETBSIMU NEeHAPOTPaMMBbI.
Br160p KoMuecTBa KIaCTEPOB BBHITTOTHEH Ha
OCHOBe aHau3a rpacduka nporecca o0beau-
HEHUSI MapLIpyTOB (pUC. 4) ¥ TAOIMIIBI IIATOB
00benMHeHUs1 00beKTOB. Och abcuucc coaep-
JKWT 3HaYEHWsI HOMepa I11ara, a OCh OpIMHAaT —
€BKJIUJIOBO PACCTOSTHUE.

AHanu3 rpaduka 00beIUHEHUS MPETIO-
Jaraet (puc. 4) ornpeieieHNue TOUKU «I1ePEJIo-
Ma» U HOMepa 1ara m, Ha KOTOpOM MPOU30-
LLIET TIEPEJIOM, C MOCJIEAYIOIIUM ONpPeaeIeHU -
€M KOJIMYECTBa KJIAaCTEPOB PABHBIM n-m, TIIE
1 — KOJIMYECTBO MapIIPYyTOB B KJIacTepe.

JIOTIOJTHUTETbHO BBITIOJIHEH aHaJIu3 Tad-
JIMIIBI 1IarOoB O0BbEeAMHEHUsI MapIIpyTOB,
W HaliZIeH TaKoW HOMep 11ara #, 00beIMHEHUE
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Puc. 5. Tpaccel cnegoBaHnst MapLUPYTOB.

Ha KOTOPOM IIPOU3OIILJI0 Ha CYLIECTBEHHO
OOJIbIIIEM PACCTOSSHUM, YeM Ha mare m-1,
C IOCJICAYIOIIMM OIpeieIeHUEM KOIMYeCTBa
KJIaCTEPOB PaBHBIM 71—, TIIE 1 — KOJTNICCTBO
MaplIpyTOB B KJIacTepe.

ITo pe3ynabraTaM aHaaM3a YCTAaHOBJICHO,
YTO TOYKOI mepenoma ssBisieTcs 201 miar,
CJIe10BaTeIbHO, KOJIMYECTBO KJIACTEPOB, IO/ -
JIeXallux JajIbHeIeMy aHaIu3y, paBHsIeTCsI
211-201 = 10, ¢ TocaeIyIoIINM BhIIeJICHUEM
JM1000T0 MapIipyTa U3 cOPpMHUPOBAHHBIX
rpymn KiaacTepos (Tadnuia 1).

Tao6mmma 1
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Tab6auna 2
ITapameTpsl Tpacc cjie0BaHUs 00C/IEIyeMbIX MAPIIPYTOB
Ne knacrepa Ne mapuipyra Ha3spanue mapiipyra
1 311 miard. OcranknHO—M. «[lapTr3aHcKas»
2 350 M. «TekcTmblku»—7-it MKp. MapbrHckoro ITapka
3 99 138-i1 kB. BeixiHa—ABT03aBOICKMI MOCT (M. «ABTO3aBOJICKASI»)
4 141 yi1. MonocToBbix—M. «CeMEHOBCKasT»
5 19 M. «TumupsizeBckasi»—M. « TuMHUpsI3eBCKasi»
6 282 M. «BoiikoBckas»—yi1. KopHeituyka
7 63 Jlo6HeHcKas yia.—JIobHeHCKasT yiI.
8 456 8-t MKp. MutnHa—8-it Mxp. MutrHa
9 550 M. «PacckazoBka»—mnard. [lepenenkuHo
10 553 M. «JleHuHckuit mpocnekT»—M. «Te€mbiit Ctan»
SAKJTIONMEHUE 5. Pacniopstkenre Muntpanca Poccunor31.01.2017 &

Jns neneit gaabHEHIIMX MCCaeJOBaHUI
OBLIO OTOOPAHO TT0 OJHOMY MapIIPYTY KaxK-
noro kiactepa (Tadauia 2). Tpacchl ciaenoBa-
HUS MapIIpyTOB, MOMJEXAIIUX aHAIMU3Y,
TMpUBEACHBI Ha PUC. 5.

HamnpapieHueM najbHEHRIIINX UCCIEI0BA-
HUM SBJISIETCS alpodans METOIUKM OLIEHKHU
JIOCTUTHYTOI'O YPOBHS KavyecTBa TPAHCIIOPT-
HOro o0ciyXuBaHus [5, 6] Ha BeIOpaHHBIX
mapuipyrax HMY HITIT ¢ yuéTtom paHee
BBIMIOJIHEHHOTO aHajIM3a M OLIEHKU €€ amar-
TUBHOCTHU [12].
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ABSTRACT

The city of Moscow has implemented a new
management model for surface urban
passenger transportation (NMM). To
consistently monitor the quality of transportation
services it is suggested to introduce a
methodology of its assessment.

The methodology for assessing quality of
public transport services is supposed to be
tested on routes serviced by commercial
enterprises under state contracts for provision
of public transportation services by public
transport on the routes of regular passenger
and baggage transportation by road in urban
traffic.

The objective of the research was to select
objects in order to test the methodology for
assessing quality of public transportation
services provided by surface urban public mass
transit (SUPMT) on routes serviced in the
framework of NMM.

A scientifically substantiated partition ofa given
sample of routes has been performed. The routes
have been classified using the classical method of
hierarchical cluster analysis, where the Euclidean
distance with a single rule of cluster joining was
used as a measure of proximity. The clustering
procedure was performed using the Ward method.

Based on the results of the cluster analysis,
ten routes were selected that are subject to
further analysis.

Keywords: urban transport, management, new management model for surface urban mass

transit, cluster analysis.
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New management model for surface urban
mass transit

The system of urban passenger transport is the
most important social sphere of the city of Moscow.
Quality of life of the population and productivity
of various sectors of the economy depend on
effectiveness of its functioning. Improving the
system of transport services for the population
requires implementation of comprehensive
research on assessment, analysis and identification
of urgent problems of organizing transportation of
passengers and baggage in the city of Moscow [ 1,
pp. 1-9; 2, pp. 1—14].

With the growth of motorization and of the
number of individual trips in the city of
Moscow, the requirements for improving
quality of public transportation services are
being imposed on the public passenger
transportation system.

The work of public transport must comply
with all regulatory requirements to ensure
safety of the environment, road traffic, and
passenger transportation.

Based on the analysis of the current state of
the urban passenger transport system in
Moscow, previous research and best practices
in development of transport systems of world
cities, the Department of transport and
development of road transport infrastructure
of Moscow is developing a number of measures,
implementation of which will significantly
improve quality and safety of mass transit in
Moscow.

The most important direction for improving
quality of public transport services provided in

the sphere of surface urban public mass transit
(SUPMT) is the transition in the city of Moscow
toanew model of SUPMT management (NMM
SUPMT), which provides for provision of
transport services for the population on
municipal routes of regular transportation of
passengers and baggage under state contracts.

NMM SUPMT provides for integration of
private motor transport enterprises into the
public transport system of the city of Moscow
with the transition to uniform standards for
provision of transport services to the population.

The admission of commercial motor
transport enterprises to work on regular
transportation routes in urban traffic was
carried out on the basis of state contracts for
public transport services based on the results of
open tenders.

With the transition to NMM SUPMT, a
new route network was developed and
implemented taking into account elimination
of duplicate routes, reducing congestion of
the transport network, reducing traffic
intervals and then adjusting the timetable.
For each route, the optimal class of rolling
stock was selected.

According to the requirements of [3,
Appendix 1, p. 1] the fleet must comply with
an ecological class of at least Euro-4, be
adapted for transportation of low-mobility
groups of people, equipped with air
conditioning, heating systems, route indicators
and information displays, airborne navigation
and communication terminals, radio stations,
video surveillance systems, etc.
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Pic. 1. Graph of itineraries of the routes.
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Pic. 2. Mathematical characteristics of the cluster.

Quality control of provision of transport
services is carried out in the automatic mode of
monitoring the operation of the fleet on the line
regarding compliance with the itinerary of the
route, schedule, compliance of the type of vehicles
with the parameters of transportation, cleanliness
of the passenger compartment, operability of the
ramp for people with limited mobility, use of a
single ticket, compliance with speed mode, etc.

The level of quality of transport services
provided to the population by private carriers
should not be lower than on the routes served
by a public carrier.

In total, 211 routes within 63 lots were
suggested for tender, the winners of which were
eight private carrier companies that concluded
state contracts for transport services for a period
of 5 years [3].

The main motor transport company
serving routes under state contracts is LLC
Transautoliz, which is part of Autoline group
of companies.

The performed analysis of transportation
parameters [3, Appendix 3] and the Register
[4] regarding the routes within NMM SUPMT
in the context of districts showed that: 141
routes serve 1 district, 61 routes serve 2 adjacent
districts (Pic. 1) and 9 routes serve 3 or more
districts of the city of Moscow. The greatest
number of intra-district routes goes through
SEAD [Southeast administrative district] (33
routes), the smallest — in CAD [Central
administrative district] (3 routes). The total
length of the routes is more than 3600 km |3,
4]. At the same time, 43 % of the routes are
served by small class buses.

Justification and selection of the object of
study

The objective of the study is selection of
objects in order to test the methodology for
assessing quality of public transport services for
surface urban public mass transit on routes
served by the new management model for
surface urban mass transit.

It is proposed that the methodology for
assessing quality of public transport services in
accordance with the Standard [5, 6] should be
applied on routes served by commercial
enterprises under state contracts for provision
of services for the population by public road
transport on the routes of regular passenger and
baggage transportation in city traffic.

In order to test the methodology for assessing
the achieved level of quality of public transport
services according to |5, 6], it is proposed to carry
out ascientifically sound partition of a given sample
of routes G, served as part of NMM SUPMT, into
disjoint subsets Q,, Q,, ..., @ , according to the
given criteria X' so that each G route belongs to
only one subset of the partition and that the routes
belonging to the same subset are similar, while the
routes belonging to different clusters are of different
family, and then the route of each formed group
could be selected.

For the purposes of this study, the use of the
cluster analysis method is proposed. The
advantage of this method, which distinguishes
it from most mathematical and statistical
methods, is the absence of restrictions on the
type of objects under consideration and the
possibility of considering a variety of source
data [7, p. 7].
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Results of cluster analysis

The mathematical characteristics of the
cluster are presented in Pic. 2.

Cluster’s center is geometric mean of the
points in the space of variables. Cluster’s
radius is maximum distance of points from
cluster’s center. The cluster size can be
determined either by cluster’s radius, or by root
mean square deviation (RMSD) of objects for
this cluster. An object belongs to a cluster if the
distance from the object to the cluster’s center
is less than the cluster’s radius [7].

To solve the problem of cluster analysis, it
is necessary to define the concept of similarity
and heterogeneity. The i-th and j-th routes fall
into one cluster when the distance between
points X, and Aj is quite small, and fall into
different clusters when this distance is
sufficiently large. Thus, getting into one or
different clusters is determined by the concept
of the distance between X, and X. The criterion
for determining similarity and difference of
clusters is the distance between the points on
the scattering diagram.

The criterion for optimizing partition and
determining the optimal number of clusters is
the intragroup sum of squared deviations:

E=8,=3(x-%) =2 fl[zx] SENCY

where x, — pair correlation coefficient.

Thus, the grouping process should
correspond to a sequential minimum increase
in the value of the criterion.
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Pic. 3. A fragment of dendogram of cluster analysis.

In case of heterogeneity of the units of
measurement of parameters and the consequent
impossibility of a reasonable expression of
values on one scale, the task of normalizing the
initial values of the selected parameters arises.
Here are the main ways to normalize the
parameters (the transition from the original
values X to normalized Z):

7 (x-X) . 7 X . X,

T T Ty
7- X . 4 (x—x)

:T’ :ﬁ’ (2)

where Zis normalized value of the parameter
X5

X—X — average value of the parameter x;

o — root mean square deviation;

x — normative (reference) value of x;
Xx _are respectively maximum and

X pax? min
miniﬁcum value of the parameter x.

Along with standardization of variables,
there is the option of giving each of them a
certain coefficient of importance, or weight,
which would reflect the significance of the
corresponding variable. One of the most
scientifically substantiated methods for
obtaining expert estimates is the method of
independent multivariate examination [8—
12].

It is proposed to classify routes using the
classical method of hierarchical cluster
analysis, where the Euclidean distance with a
single rule of cluster joining will be used as a
measure of proximity. The clustering procedure
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Pic. 4. The process of combining routes into clusters.

was performed using the Ward’s method [7,
p. 19].

Clustering is proposed to meet the
parameters that follow:

1. The districts through which the route goes
in forward and reverse directions. This
parameter of the route’s belonging to a certain
district corresponds to the value «1», orto value
«0» otherwise.

2. The total length of the route, defined as
the sum of the lengths of routes in forward and
reverse directions.

3. The number of vehicles used for
transportation.

4. The class of vehicles.

5. Transportation operator.

Heterogeneity of the units of measure and
the consequent impossibility of a reasonable
expression of the values of various indicators
on one scale pose the task of normalizing the
initial values of the selected criteria, that is, the
expression that through the ratio of these values
to a certain value reflects certain properties of
this criterion.

Normalization of data of each parameter is
performed by dividing the centered value by
the root mean square deviation of the parameter.

A centered quantity that corresponds to a
certain parameter means deviation (difference)

between a random variable and its mathematical
expectation.

It is worth noting that this normalization
method involves recognition of all parameters
as equivalent in terms of clarifying similarity of
the objects under consideration. The results of
hierarchical classification are presented in the
form of a vertical dendrogram (Pic. 3), where
the abscissa axis contains the values of the route
numbers, and the ordinate axis — the Euclidean
distance.

To determine the number of clusters to be
further analyzed, it is necessary to choose a
threshold distance, followed by determining

Table 1
The composition of clusters allocated
by the Ward method

Cluster’s number

Number of routes in the cluster
31
28
15
17
18
32
13
14
4
39

O (o | [N ||| N | —

—_
(=]
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Pic. 5. The layout of the routes.

Table 2
Parameters of the routes under study
No. of the cluster | No. of the route | Name of the route
1 311 platform [rail station] Ostankino—m. [metro station| «Partisanskaya»
2 350 m. Tekstilshchiki—7" microdistrict of Maryinsky Park
3 99 138" quar. Vykhina—Avtozavodsky bridge (m. «Avtozavodskaya»)
4 141 st. Molostovykh—m. «Semenovskaya»
5 19 m. «Timiryazevskaya»—m. «Timiryazevskaya»
6 282 m. «Voikovskaya»—Korneichuk st.
7 63 Lobnenskaya st.—Lobnenskaya st.
8 456 8" microdistrict Mitina—8™ microdistrict Mitina
9 550 m. «Rasskazovka»—platf. Peredelkino
10 553 m. «Leninsky prospect>—m. «Teply Stan»

the number of intersections with the branches
of the dendrogram. The number of clusters
was selected based on the analysis of the
schedule of the process of combining routes
(Pic. 4) and a table of steps for combining
objects. The abscissa axis contains step

number values, and the ordinate axis contains
Euclidean distance.

The analysis of the merger schedule involves
(Pic. 4) determining the «fracture» point and
step number m at which the fracture occurs,
with the subsequent determination of the
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number of clusters equal to #n-m, where n is the
number of routes in the cluster.

In addition, the table of steps for combining
routes was analyzed and such a number of step m
was found that merged at a significantly greater
distance than at step m- 1, followed by determining
the number of clusters equal to n—m, where 7 is
the number of routes in the cluster.

According to the results of the analysis, it
was found that the fracture point is step 201,
therefore, the number of clusters to be further
analyzed is 211-201 = 10, with subsequent
selection of any route from the formed cluster
groups (Table 1).

Conclusion.

For further research purposes, a route per
each cluster was selected (Table 2). The routes
to be analyzed are shown in Pic. 5.

Further research is focused on testing the
methodology for assessing the achieved level of
quality of transport services [5, 6] on the
selected routes of NMM SUPMT taking into
account the previously performed analysis and
evaluating its adaptability [12].
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AHanu3 meToA0B onpeaesieHns
ONTUMAaNbHOIro KONn4YecTBa
aBTOMOOUNEen-Takcuv B Meranosmcax

AmuTtpuin MOPO3
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B coBpemMeHHbIX KpYHbIX ropogax BECOMOVi COCTaBHOM
4acTblO rOPOACKON TPaHCMOPTHOV CUCTEMbI SIBASIETCS Tak-
COMOTOPHBIV napk. CTeneHb pa3BUTOCTY U BINSIHUS TaKCO-
MOTOPHbIX MePEBO30K Ha Ka4E€CTBO TPaHCMOPTHOro ob6cy-
XKNBaHUS XUTENEH N HaxoasLmxcs B ropoae rnpoes3anom
os1b30BaTesIeri 3aBUCUT OT MHOXeCTBa ¢pakTopos. Ho ogHum
13 6a30BbIX SBASETCS ONTUMAJ/IbHOE COOTHOLLEHNE KON4e-
cTBa aBToOMobuIeli-Takcu v cripoca Ha nepeBo3Ku UMU.

Llenbio cTatby cTan aHaanTu4ecknyi 0630p Hay4HO-mC-
C/1e0BaTesIbCKUX Y MPaKTUHECKUX paboT B 061aCTv METOLOB
peLueHns 3aaa4 opraHn3aumm v yHKLMOHNPOBAHNS TaKCO-
MOTOPHbIX MEPEBO30K, B M1EPBYI0 04epenb, OnpeneseHus
CyLLEeCTBYIOLLEro crnpoca HacesaeHnss Ha TakCOMOTOPHbIE
repeBo3Km M HEOBXOAMMOIro KOJIMYECTBA JIerKOBbIX aBBTOMO-
6uneri-takcu. Micnonb30Basncs MeToa KOHTeHT-aHaamsa
paboT aBTOPOB psiAa CTPaH, B TOM YUCJIE Y POCCUKCKUX.

Anekcangp MPOKOMEHKOB

Mopo3 /Imumpuii Iennadveeur — Mockosckuit agmomoounbHO-00poNCHbLIL 20CYOaPCMEeHHbLI MeXHUYeCKULl
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mexnuueckuti ynugepcumem (MAJH), Mockea, Poccus™.

lMpuBeAEHHbIN aHann3 CyLecTByLMNX NoLX040B
K onpeaesieHnio crpoca HacesneHns Ha TakCOMOTOPHbIE
nepeBo3ku v pac4éTa HeobXoAMMOIro Kom4ecTsa aBTo-
MoOunei-Takcu rnokasas, 4To B HAacToslee Bpems Ajs
3TOrro He CyLecTByeT eANHOro yHNBepcasabHo Npu3HaH-
HOro Meroaa.

Ucnonb3yembie MeToanky 6a3npyoTCs Ha Pa3INYHbIX
MeTofax — CTaTUCTUHECKUX, COLMOIIOrMYeckmx (onpocax,
HaboneHVsIX), MaTeMaTn4eckmx, BCe LUMPe UCIMO/b3Y-
eTcs aHam3 60JIbLUNX AAHHBIX, TOJTY4EHHbIX C TOMOLLbIO
NHPOPMaLIMOHHbIX CUCTEM MEeraroJsucos.

Jenaetcs BbiBOA, 4TO Ha3pesa 06bekTuBHas Heob-
XOAMMOCTb MCCiefoBaHuii B 061acTy pa3paboTku yHu-
BepcaibHOW MeToauku onpeaesneHns HeobxoamMmMoro
(npeaenbHOro) koan4ecTsa aBToMobuIeli-Takcu B arsio-
Mepauusix.

KnoyeBble ¢/10Ba: ropoLCKON TPaHCMOPT, CrPOC HacesieHusi Ha TaKCOMOTOPHbIE NNepeBo3Ku, onpeaesie-
HMe HeobXxoAMMOro KOJIMYECTBA JIEMKOBbIX aBTOMOOUIIEi-TaKCH, TaKCOMOTOPHbIE repeBO3KU.
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BBEOEHUE

B Hacrosiee BpemMsi, HACKOJbKO Mbl MO-
JKeM CyIUTh Ha OCHOBE aHaIM3a U3yYEHHBIX
HayYHBIX UCTOYHMKOB psifia CTpaH, He CyIle-
CTBYET €IMHOTO IMOAX0/Ia K PELIEHUIO ITpobJie-
MBI OTITUMAJIbHOTO COOTHOILIEHUS MEXIY
CIIPOCOM HaceJIeHUsI Ha TAKCOMOTOPHBIE TIe-
DPEBO3KU JIETKOBBIM aBTOMOOMJIbHBIM TpaHC-
TMOPTOM U IIPENIOKEHUEM, TPEACTABIISIIOLIINM
€000l HEOOXOAMMOE YUCIIO JIETKOBBIX aBTO-
MOOMJICI-TaKCH.

[naBHas mpobGema B TOM, YTO CIIPOC B Me-
raroJjmcax He siBJISIeTCsI CTaTUYHbIM, OH IIOCTO-
SIHHO MEHSIETCSI, CIeI0BaTeIbHO, HEOOXOIUMO
TOCTOSTHHO KOPPEKTUPOBATH KOJIMYECTBO aBTO-
MOOWIE-TaKCH UIS €ro MOJHOTO YIOBJIETBO-
penus [1]. Heobxonumo Takke OTMETUTD, YTO
B CYLIECTBYIOIIUX YCJIOBUSIX OpraHU3alluu
TaKCOMOTOPHOM 1eTeTbHOCTU JOCTUYb ONTH-
MaJIbHOTO PaCU€THOTO COOTHOIIIEHUSI MPaKTH-
YeCKU HEBO3MOXKHO 0€3 UCIIOIb30BaHs MaTe-
MaTHUYeCKOTO MOJEIUPOBAHUS C MMOMOIIbIO
DBM, 6e3 yyéta MHOXeCTBa (PaKTOPOB, HAPU-
Mep, HepaBHOMEPHOI Harpy3Ku I10 JHSIM Hezle-
JIM, BPEMEHU CYTOK, MyHKTaM I10CaIKu, B TOM
YucIie ¢ YYETOM MPOBEACHUS MaCCOBBIX MEPO-
MNPUSITUI, BBISIBJICHUS] MHOXECTBa TOM 4acTu
HEyIOBJIETBOPEHHOTO (MPEABSBIEHHOIO) CIPO-
ca HaceJIeHMsI Ha TAKCOMOTOPHBbIE TIEPEBO3KH,
KOTOpasl yIOBJIETBOPSIETCS ITyTEM HCII0Ib30Ba-
HUsL APYIrMX BUAOB TpaHCIOPTa, KapllepuHra,
apeHI0BaHHbBIX aBTOMOOWJIEH, a B HEKOTOPBIX
CITyJasix — ITOCPEICTBOM HeJleraIbHbIX ITEPEeBO3-
YHKOB, pabOTaIONIMX 0€3 pa3pelleHUIA.

B Hacros1ee Bpemst Hazpesia 00beKTUBHAS
HEoOXOAMMOCTD IMPOBEICHUS UCCIEIOBAHUI,
HaIpaBJeHHBIX Ha pellIeHNe OCHOBHBIX 3a1a4
OpraHM3alliu TaKCOMOTOPHBIX MEPEBO30K
B YCJIOBMSIX Pa3BUTHUS PbIHKA arperaTopos,
OCHOBaHHBIX Ha OIpEJeJICHUM CIIpOca Hace-
JIGHUsI Ha TIePEBO3KU JIETKOBBIMU aBTOMOOU -
JIIMU-TaKCU U TIpeUIOoXeHUsl (TTPpeaesibHOro
KOJIMYecTBa aBTOMOOUJIE-TaKCH), a TaKxkKe
JOCTUXKEeHUS uX OanaHca [2].

IlepBBIM 1IarOM Ha 3TOM MYTU U UeabHO
HUCCIIeNOBaHUS SIBISIETCS MpPeacTaBICHHbBIN
aHAJUTUYECKUI 0030p HayYHO-KCCIeI0Ba-
TEJbCKUX U MPaKTUYECKUX pabOT B 00JacTu
METOJOB pelleHUs 3aJady opraHu3alUuUu
1 (GYHKIMOHUPOBAHUS TAKCOMOTOPHBIX ITe-
DPEBO30K, B MEPBYIO OUepelb, ONpPeaeIeHUSs
CYILECTBYIOLIETO CIIpOca HaceJleHUs Ha TaK-
COMOTOpHBIE MEePEeBO3KU U HEOOXOAMMOTIO
KOJIMYECTBA JISTKOBBIX aBTOMOOMIIe-TaKCH.

® MWP TPAHCIOPTA, Tom 17, N2 4, C. 196-207 (2019)

Wcnonb3oBaincd memod KOHTEHT-aHAIN3a
paboT aBTOPOB psijia CTpaH, B TOM YKCJIE U pOC-
CUICKUX.

MUCNOJIb3YEMbIE B PA3JIN4YHbIX
CTPAHAX METO/bl: OBLLEE
N OCOBEHHOE B NOAXOOAX

AHaN3 UCMTOIB3YEMBIX B MUPE METOIOB
omnpeneIeHUST HEOOXOTUMOTO KOJIMYeCcTBa
aBTOMOOMJICI-TaKCH CBUICTEIBCTBYET, YTO
MoJaBJIsitoliee OOJBIIMHCTBO UCCIIeI0BATE -
JIell IpUMEeHsIeT MHOTOKpPUTEpUaIbHBIiI
MOAXO/ K ONpeAeeHUI0 UX YUCIEHHOCTH.

Hanpumep, yautsiBatoTcs Takue (pakTo-
pBI, KaK YMCJIEHHOCTbh HaceJeHUs, BXOMIsI-
UK 1 UCXOOSIINNA TaCCaXKMPOIIOTOK a3po-
IMOPTOB, YMCJIO CEMEH, BIAICIOIINX TPaHC-
ITOPTHBIM CPEICTBOM, U IPYTHE.

TpyaHOCTbh MOIETMPOBAHUSI 3aKJITIOUAET-
cs B TOM, YTO CUCTeMa HEIMOCTOsIHHA U 3a-
BUCUT OT MHOTHUX BHELIHUX MEPEMEHHBIX.
Ha cripoc yciyru MOTyT MOBAUSITH HESIBHBIE
dakTOophl, HAIpUMEp, BpeMsI OXUIAHUSI
momadyyd TakKCH, HaAEXHOCTH MEPEBO3KH
¥ BIIEYATIICHUS OT MPEABIAYIINX ITOE3I0K,
n3MeHeHne TapudoB Ha MapKOBKY B KITIO-
YeBBIX MECTaX TOpoaa, CTOMMOCTb ITOE3IKH,
3aBUCUMOCTb OT BPEMEHMU CYTOK U JEUCTBUS
yaca MUK, CE30HHOCTh U JaxXe MOTroJHbIe
YCJIOBUSI, a TaKXKe TPOBEACHNE KYJIbTYPHBIX
¥ COLlMANIbHBIX MepornpusaTuii [3—5]. Mox-
HO 3aMETUTh, YTO PEIIUTh TaKyIO 3a1aq9y C
MHOKECTBOM IEPEMEHHBIX BO3MOXKHO TOJIb-
KO C MpUMeHEeHEeM UMUTALIMOHHOTO MOJIE-
JIMpOBaHMS (METOIOB U MOJIEJICH TIPOTHO3M -
poBaHus).

HccnenoBanus, ony0JIMKOBaHHBIE ITPOILI-
JIBIM JIETOM B XypHane Nature rpynmnoi
HnccieaoBaTeneii, KoopauHupyemoii Kapio
Pattu, nupekropom Senseable City Lab u3
MaccauyceTckoro TeXHOJIOTMYeCKOTO MH-
crutyTa [6], npemioxuan 3¢pGeKTUBHBINA
METOH ONTUMAaJbHOTO yIpaBJCHUS TOPOJ-
CKUM TaKCH, SIBISIOIIUIACS MoagUudUKaLuein
anroputma Xonkpodra—Kaprma a1t opueH-
TUPOBAHHOTO alluKJIn4Yeckoro rpacda. B uc-
CIIeOBAaHUM OTIUCHIBACTCS CETEBOEC PEIICHHE
MUHUMU3ALUN ITapKa TOPOICKOTO TaKCH
B METaIoJjifce, YIUTEIBas HabOp MOe3moK
(c yKazaHMEeM IYHKTa OTIIPaBJICHUS M Ha-
3HaYeHUs, a TakKxKe BpEMEHM Hayasa), KO-
TOPO€ HEOOXOMUMO 11 UX OOCTyKMBaAHUS
0e3 yBeJMYEHMSI BPEMEHU OXUIAHUS IS
maccaxkupoB. JJaHHBI MeTOI BIEpPBhIE MO-

Mopos A1.I., AoneHko [1. B., IpokoneHKOB A. B. AHann3 METOA0B ONpeaeNeHnsa OoNnTUManbHOro
KOJIM4EeCTBa aBTOMOOMEe-Takcu B Meranoamcax




3BOJIFUI PEIINUTH 3aaUy pacuyéTa MUHUMAITh-
HOTO MapKa TaKCH TaKUM 00pa3oM, 4TO OH:

* MacIITabUpyeTcs Ha COTHU THICSY U 1a-
K€ MUJUTMOHBI €XeTHEBHBIX OE3I0K (IIpe-
IBIAYIIAE aJITOPUTMBI ITO3BOJISIIN AeIaTh 3TO
JINIIB TSI HECKOJIBKUX THICSY ITOE3I0K);

* TTO3BOJISIET YIIPABJISITh BCEMHU ITOE3Ka-
MM B peaJTbHOM BpEMEHU U3 €AUHOTO IIeHTpa
YIIpaBIICHHUS,;

+ obecrieunBaeT 0JIM3KOe K ONTUMAaJIbHO-
My pellieHHe 3a/1a4u;

* He TpeOyeT HUYEero MEHSTh (3aKOHHI,
TIPUBBIYKY BOAUTEIECH U MACCaXKUPOB U T.11.),
KpoMe TiepeBo/ia Ha €AMHYIO TUCIIETYEPCKYIO
CITy0y BCeX TAKCH 1 OCHAIIIEHUST BCEX BOIM -
TeJIeil eIMHBIM TTPUIOXKEHUEM JUTSI cMapTho-
HOB.

AJTOPUTM TIpENCTaBIsIeT MapK TaKCH
B BUJe rpacdrKa, MaTeMaTUIeCKOil abcTpak-
LIMU, COCTOSIIIEH U3 Y3JIOB (I OKPYKHO-
cTeil) u pedep (IMHUN MeXAy y3JaaMM).
B aToM city4ae y3/1bl IpeACTaBIISIOT ITOE3IKH,
a pé€0pa mpeacTaBsiOT TOT (haKT, YTO OJHO
KOHKPETHOE TPAaHCIIOPTHOE CPEACTBO MOXKET
00CJIy>XMBaTh IBE KOHKPETHBIE MOE3IKMU.
Hcnonb3yst naHHbIM rpadyK, aITOPUTM CMOT
HaWTH Jydlee pelieHue s COBMECTHOIO
HCII0JIb30BaHUsI aBTOMapKa.

Komanpa, B koTopyto Takxke Bxonuiau Mo
Basude, nepBblit aBTOp CTaThby U OBIBLIMIA
BellyLMii Hay4HbI# coTpynHuK Senseable City
Lab, /IxxoBanHu Pecta, HaydHbIi1 COTpYIHUK
WHctuTyTa MHGOPMATUKUA U TeJIeMaTUKU
CNR, u Ctusen Crporaii, mpogeccop MaTe-
MaTuku B KopHeJUICKOM YHHMBEpPCUTETE,
MpOBepMJIa pellieHue Ha Habope TaHHbBIX U3
150 MUITMOHOB TI0€3I0K Ha TaKCH, COBEp-
mwéHHbX B Hpio-Mopke B TeueHue oxHoro
roja.

OHM paccyuTaav BpeMsl B IyTU, UCIOJIb-
3ys (haKTUUECKYIO TOPOXKHYIO ceTb MaHXaT-
TeHa ¥ olleHKHU Ha ocHoBe GPS, monyyeHHbIe
13 Habopa JaHHbBIX MMOE3IKKM Ha TAKCH.

OHM 0OHApPYXUJIU, YTO peaau3alus Me-
TO/A B peXMME PealbHOIO BPEMEHHU C MIOUTU
OINTUMAaJIbHbIMU YPOBHSIMU OOCITYXXMBaHMUS
TO3BOJIMJIA COKPAaTUTh pa3Mep rmapka Ha 30 %.

PelteHue He mpenamnoJiaraeT, 4YTO Kakue-
MO0 JIIOAU TOJIKHBI pa3iejnuTh MOE3IKY.
BMecTo 3TOro mpocTo BKJIIOYAeT peopraHu-
3alMI0 Oepaluy AUCIIeTYePU3alUK TaKCH,
KOTOpasi MOXKET ObITh BBIIIOJHEHA C MIOMO-
LIBIO IPOCTOIO MPUIOXKEHMSI AJ1s1 cMapTdoHa

[6].
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FEHE3UC PA3BUTUA METOA0OB
B POCCUM

AHanu3upyss pocCUiCKMe HayuyHbIe
U MpakTUyeckue paboThl, MOXHO caesiaTh
BBIBOJ O TOM, UYTO KOJJMYECTBO COBPEMEHHBIX
Hay4YHbIX MCCJIEIOBaHUI B 00JJaCTH peIleHUs
OCHOBHBIX 32/1a4 OPraHU3alM1 PabOThI JIETKO-
BBIX aBTOMOOMJIEII-TaKCH, TAKMX KaK OIpeie-
JIEHUME CYIIIECTBYIOIIETO CITpOca HACeIeHUST Ha
TaKCOMOTOPHbIE MEPEBO3KU U ONpenesieHue
HEOoO0XOAMMOT0 KOJIMYECTBA JIESTKOBBIX aBTOMO-
Ouseii-TakcH, 1OCTaTOYHO HEBEIUKO. bojib-
IIMHCTBO U3 HUX pacCMaTpUBaIOT METOIMKU
pacuéra, KOTOpbie ObIIU TPEAIOXKEHBI €lIé
B 70—80-€e roabl mponuioro Beka. B ocHoBHOM,
a10 pabotsl I1. I1. AbosHa, M. /1. bnaTHoBa,
JI. A. bponureiina, B. /1. Iepamu, T. B. Jlaza-
peHko, A. FO. TypykuHa u T.1.

B HacTosi111ee BpeMs CyI1IeCTBYIOT HEKOTO-
puie uccienoBaHus [7—12], mocBAEHHbIE
pacyETy HEOOXOAMMOTIO KOJIMYECTBA JIETKOBBIX
aBTOMOOUIe-TakCcU B ropone. OCHOBHBIM
HEIOCTaTKOM 3TUX PadOT SIBJISIETCS TO, YTO
B KayeCTBE MCXOIHOU MH(pOpMaLIMK TIpeia-
raeTcsl UCIOJb30BaTh cmamucmu4eckue 0aH-
Hble O KOJIMYECTBE TMOE3M0K 3a MPeablIyIine
Mepuoabl, BCACACTBUE YETro IMOJydyarTcs
BecbMa MPUOIMKEHHBIE PE3YIbTaThI.

ITpu aTOM, HaMPOTUB, MPAKTUIECKYIO LICH-
HOCTb NPECTABJISIIOT TaHHbIE O PEAIbHO CYIIe-
CTBYIOILIEM CIIPOCE HaceIeHUsI Topoia Ha TaKCO-
MOTOpPHBIE MEePEeBO3KU, TaK KaK TOJbKO OHU
MOTI'YT 00eCeUnTh 00Jiee TOUHbIE PE3YIBTaThI
pacyéTa HeoOXOAMMOI0 KOJMYECTBA JIETKOBBIX
aBToMoOWIIeli-Takecy B ropone. Mcnonb3yembie
B BBILLIENIEPEUMCICHHBIX pabOTax METOIbI pacyé-
Ta He TIO3BOJISIIOT MOJIYYUTh JOCTOBEPHbIE JTaH-
HbIE B 3TOM OTHOILICHUMU.

BaxxHoe 3HaueHue MeeT UMEHHO OObEKTUB-
Hasl tHGOpMAaLIMS, KOTopasi MOXKET OBbITh TOJTY-
YyeHa B pe3yJIbTaTe pas3InIHbIX Memodos mpanc-
NOPMHbIX 00C1e008aHULL, K KOMOPbIM OMHOCAMCS
AHKeMHbLil, CMamucmu4eckuil, madau4Hublil,
VUEMHbLIL, BU3YANbHYLI.

W3 Bcex BbIIENEPEUYMCICHHBIX METOJI0B
HauOOobIIYI0 MH(GOPMATUBHOCTh HECET B cede
aHKeTHbI MeTo. CriocoObI oNpeaeIeH s CIIpo-
ca HaceJIeHUsI Ha TePEeBO3KU JIETKOBBIMU aBTO-
MOOWISIMU-TAaKCU PaCCMOTPEHBI B paboTax [7;
13—16], B KOTOPBIX aBTOPBI CTAPAIOTCS pa3pabo-
TaThb METONUKY TaKUX oOcyienoBaHuit. OqHako
OCHOBHBIM HEJIOCTATKOM 3THX paboT SIBJISIETCS
TO, YTO MPEUIOKEHHbIE B HUX METOAUKHU OTpe-
JIeJISTIOT JIUILLb peant308aHHbLIL CHpoc, B TO BPeMsI
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KaK 10AHOU nhompebHocmu HaCeJIeHUSI B IEPeBO3-
Kax He OTpe/esieTcsl.

CrielyeT TaKoKe OTMETHUTD, 4TO METOIBI OTTpe-
JIeJIEHUsT CIIPOca HaCeJIeHUS TS MapIIpyTU3H -
POBaHHBIX BUIOB TPAHCIIOPTA HE MOTYT OBITh
TPUMEHUMBI IT0 OTHOIIIEHUTO K TAKCOMOTOPHBIM
TepeBo3KaM, Tak Kak Ha (popMUpoBaHKeE CIIpoca
Ha ITepeBO3KU JIETKOBBIMUA aBTOMOOMIISIMUA-TaK-
CH 3HAUUTEJTbHOE BITMSTHUE OKA3bIBAIOT (haKTOPhI
CJTyJaifHOTO TIOPSIIKaA, TIO3TOMY [UTSI HUX HEBO3-
MOXKHO TIPUMEHUTD AETEPMUHUPOBAHHYIO MO-
neib. CrieoBaTesIbHO, JUTS PEIIeHUs] OCHOBHBIX
3aj1a4 OpraHM3ali TAKCOMOTOPHBIX IIEPEBO30K
HEOOXOMMO BOCTIOIB30BaThCSI MATEMATUUECKI -
MU METOAMU TEOPUU BEPOSITHOCTEN.

Mamemamuueckue memoodb: NCTIONb30BaHbI
B pabotax [17; 18], MOCBSIIEHHBIX UCCIIENTOBA-
HUIO (PYHKIMOHUPOBAHUST TAKCOMOTOPHBIX
cTosTHOK. OCHOBHBIM HEIOCTAaTKOM JaHHBIX
PaboT SIBJISIETCST OTCYTCTBHE B HUX METOJIOB OTIPe-
JIeJIeHWsI TIOTPEOHOCTH HACeJIEHUST B TAKCOMO-
TOPHBIX TIEPEBO3KaX.

OfHUM U3 TPYAOB, MOCBSAIIEHHBIX OIpee-
JIEHUIO CTIpOca HaceJIeHUsT Ha TAKCOMOTOPHBIE
TIePEBO3KMU, SIBJISIETCSI MeToAMKa MUHABTOTpaH -
ca PCOCP [19]. B nanHOoIi paboTe cIIpoc Hace-
JIEHUST Ha TAKCOMOTOPHBIE TIEPEBO3KHU OTTpe/ie-
JISIETCSl Ha OCHOBE BBISIBJICHUST HEYIOBJIETBOPEH-
HOTO (TPEIbSIBJIEHHOTO) CIIPOCca C IMTOMOIIIBIO
CIIEIMATTbHOI METOIMKY 00CIIEIOBAHMS, KOTO-
pasi 3aKJII0YAETCS B AHKEMHOM ONpoce HaceneHUs
eopoda no mecmy ducumenscmea. OIHAKO TaKOe
aHKEeTUPOBaHME He TTO3BOJISIET TTOJyYUTh HE00-
XOIMMYIO MH(OPMAIIMIO, TaK KaK MPEIOXKEH -
HBII METOI 00C/IENOBAHMST COMEPXKUT SIEMEHThI
cyobeKkTUBHOCTHU. ClIeyeT Tak’Ke OTMETUTh, YTO
METOJMKA TIpeaycMaTpUBaeT BO3MOXHOCTD
pacyéra moTpeOHOCTH B TAKCOMOTOPHBIX Iepe-
BO3Kax 1 03 ITPoBeIeHUS 00CIIeIOBaHUSI, [TyTEM
ornpeaeaeHus: KoadduiimeHTa HeyaI0BJIeTBO-
p€HHOTrO crnpoca. Bripouewm, ero 3HaueHus
MpUBOASITCS 0€3 KaKUX-JIM00 000CHOBAaHUIA,
BCJIE/ICTBUE YETO CHIKAETCST IECHHOCTh METO/IH -
KU ¥ OTPaHMYMBAETCSI BO3MOXHOCTD €€ TIpUMe-
HEHMsI.

TTonbiTKa BBISIB/IEHMSI TOJTHOM MOTPEOHOCTH
ObL1a npeanpuHsTa B padote I1. IT. AbosiHa [20],
BKOTOPOI (haKTUYECKMIA CIIPOC ONPEIEIISIICS IO
pesyJsTaTaM MmpaHcnopmHo20 00cAe008a UL, CO-
CTOSILLIETO U3 AHKEMHO20 ONpoca NAccaicupos
N1€2K08bIX A8MOMOOUNCII-MAKCU VI 8U3VANBHO20
Habnt00eHus Ha TAKCOMOTOPHBIX cTosTHKax. Oc-
HOBHBIE HEOCTATKU pabOThI 3aKJITIOYAIOTCS
B TPYOOEMKOCTU W 3HAYUTEJIbHOU 3aTpaTe
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CPENICTB 1 BpeMEHM Ha OPraHU3a1InIo, TIPOBEIe-
HUE 1 00pabOTKy pe3y/IbTaToB 00CIeI0BAHMSI.

ITpumepHas ¢opma aHKET, 3aIlIOJTHSIEMBIX
BOIUTENISIMU WJTH TTacCakKMpaMH, TIpe/ICTaBIeHa
Bpaborax [16;21; 20—24]. OCHOBHBIM HEOCTAT-
KOM MpeiaraeMbIX aHKET SIBJISLTUCH UX OOBEM-
HOCTbh M OTCYTCTBHE YCJIOBHOTO OYKBEHHO-
1 pOBOTO 3aINOTHEHMSI, KOTOPOE TTO3BOJIAIIO
OBl 3HAUNTEIEHO COKPATUTh BPeMsT Ha 3aTlojTHe-
HUEe 1 00pabOTKy BHECEHHBIX B AaHKETY IAHHBIX.

B pa6orax B. /1. Iepamu [25—27], mOCBSILIEH-
HBIX COBEPIIIEHCTBOBAHMIO OPTaHU3AIIMY PA0OTHI
JIETKOBBIX aBTOMOOWJIeli-TaKCH, ObLIa pa3padoTa-
HaMETOMKa Ha OCHOBE MaTeMaTUIECKOM MOTIENTN
C WCTIOJTb30BAaHMEM TPOTPaMMbI KOMILIEKCHOTO
TTO/IX0/1a, GJ1aroIapst KOTOPOI CTAJI0 BO3BMOXKHBIM
onpe/e/ieHre HEeYITOBIETBOPEHHOTO (TTPEIbSIB-
JICHHOTO) CIIpOCa HACEJIEHMsI, YTO B CBOIO OUepe/ib
TTO3BOJTUJIO BBISIBUTB ITOJTHYO ITOTPEOHOCTh Hace-
JIEHWSI B TAKCOMOTOPHBIX TTEPEeBO3KaX, a TAKKeE
paccumMTaTh HEOOXOIMMOE YHCITO JIETKOBBIX AaBTO-
MOOWJIEN-TaKCH CO 3HAYUTETLHO MEHBITUMU
3aTpaTamy BpeMEeHM Ha OpraHU3alInIo, TIPOBeIe-
HUe o0cieIoBaHusI 1 00pabOTKY pe3y/IbTaToB.
OHaKo ecTh HEOOXOIUMOCTb POBEPKI COOTBET-
CTBUST TAHHOW METOIMKY COBPEMEHHBIM YCIIOBH-
SIM BKCIUTYaTallMK TAKCHU TTyTEM MCTIOIB30BAHMST
HOBBIX KOMITBIOTEPHBIX TEXHOJIOTHA.

[TorbITKa TOATBEPANTH AIEKBATHOCTb METO-
nuku B. 1. Tepamu Oblia npeAnpuHsiTa B padoTte
A. 10. TypykuHa [28], B KkoTOpo¥i pa3padboTaHa
W Ha TIpaKTHKe TpUMEHEHa ITPOoTrpaMMa dgmoma-
MU3UPOBAHHOLL 00PAOOMKL OGHHBIX 00CAe008AHUS
PpaboTHI JIETKOBBIX aBTOMOOWMIIEN-TaKCH U (DYHK-
UOHUPOBAHUS TAKCOMOTOPHBIX CTOSTHOK
(Ha mpumepe . MockBbI), 6azupyroiascs Ha
aIanTUPOBAHHBIX K HOBBIM YCIIOBUSIM 9KCTLTya-
TalMM CYLIECTBYIOLLMX (popMax 00caeI0BaHMS,
aJTOPUTMAax UX CHCTEMaTU3alluy M pacyéTa.
INpousBeneHa 1Mo TaHHON METOIMKE CTATUCTH-
yeckasl 00paboTKa pe3y/ibTaToB MPOBEIEHHOTO
o0cenoBaHus, pa3paboTaH U MIPUMEHEH Ha
MpaKTUKe ¢ oMol DBM onTMMHU3aLIMOHHbI
METOJI OTTpe/ieIeHHsT HEOOXOIMMOTO KOJTMYEeCTBa
JIETKOBBIX aBTOMOOMJIEN-TAKCH C YUETOM CIIpoca
HaceJIeHUsT Ha 0a3e MamemMamu4ecko2o Mooeau-
POBAHUS, BOCHOBE KOTOPOTO JIEXKUT UMUMAUUOH-
Has Modens ¢ dneMenmamy Cmamucmu4ecKoo
Modeauposarus Tiporiecca (hyHKIIMOHMPOBAHUS
TaKCOMOTOPHOTO TPaHCTIOPTA.

Oco0blit UHTEpPEeC K paCCMOTPEHUIO MPOO-
JIeMbI OOOCHOBAHMSI M YCTAHOBJICHUST OITTH-
MaJIbHOTO YMCJIa aBTOMOOMIICi-TaKCH B MeTa-
nojuce npenacrasiset cratbd H. O. bayasna
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u JI. I. Mopo3a [29]. B cTtaTbe aBTOpHI B pe-
3yJIbTaTe aHAJIM3a CYIIECTBYIOIIUX MOIX0A0B
K ONpEAeSIeHNI0 KOJIUYECTBa aBTOMOOMIIEH -
TaKCU W COBPEMEHHOW MPaKTUKK TPUIILIN
K BBIBOJLY, UTO B HACTOSIIIIEE BpeMs He Cylle-
CTBYET €IMHOTO YHUBEPCATBHOTO METOAA UX
oIpenesieHus, a TaKKe YKa3bIBalOT Ha HEOO-
XOJUMOCTh Pa3pabOTKU METOAMKU, KOTOpast
OyZeT yYuThIBaTh BCE CYILLIECTBYIOIIUE METOIbI
B COBOKYITHOCTU U UMETh BO3MOXXHOCTb aiar-
TUPOBATHCS K MTOCTOSTHHO MEHSIIOIMMCS T10-
TPEOHOCTSIM PbIHKA TAKCOMOTOPHBIX ITEPEBO-
30K B paCCMaTpUBaEMOM PETUOHE.

B pa6ore [30] npuBOAUTCSI METOAMKA pac-
yéTa HeOOXOIUMOTO KOJUYECTBa aBTOMOOU-
JIEH-TaKCU 6 eopodax Kypopmmuuix 30H. Pacuér
YUCJIEHHOCTU aBTOMOOWIEN-TaKCU B YacChl
MaKCUMAaJIbHOIO CIPOCa OCYIIECTBISIETCS 1O
CReyuanbHoil hopmyne, yIUTHIBAIOIIIEH CIIETYIO-
1IKe MoKa3aTeau: CPeIHECYTOUHBIN Mmpoder
ABTOMOOWIS-TaKCU; KOA(POUILIUEHT HEPaBHO-
MEPHOCTHU TIEPEBO30K IO YacaM CYTOK, JHSIM
Heleau U Mo MecsliaM KypOPTHOTO CE30Ha;
cpelnHee KOJIMYECTBO MePEeBO3UMBIX MTACCaAXKM -
POB 3a OJIHY MOE3[KY; CPEIHNUI OIJIaYeHHBIN
npooer Ha aBTOMOOWIe-TaKCcH; KO3 GUIIMEeHT
KCIOJb30BaHMsT mpobera. OCHOBHBIM HelO-
CTaTKOM JaHHOU METOAUKMU SIBJISIETCS TO, UTO
B (hopMyJie, HAaIIpUMeEp, HE YUUTHIBACTCS TAKOMU
BaXKHBII 1TOKa3aTeNlb, KaK BPeMsT OXKUIAHUS
MoAaYy aBTOMOOUJISI-TAKCU, KOTOPBIA B CBOIO
ouepeb, Kak OTMEYasioCh BhIIIIE, B COBPEMEH -
HBIX YCJIOBUSIX TAKCOMOTOPHOTO OOCTYXKUBa-
HUSI HAMIPSIMYIO 3aBUCUT OT KOJIMYECTBA aBTO-
MoOOWIel-TaKCU B peruoHe. Takke cleayeT
OTMETUTb, YTO PopMysia HE MOXKET OBbITh UC-
MOJIb30BaHa IS pacyéTa KOJTM4YeCTBa aBTOMO-
Ousieil B Merarosuce, Tak Kak B Hell He YYUThI-
BaeTCs MHOXECTBO BaXXKHbIX MapaMeTpPOB
CBOWCTBEHHBIX METAIIOIKCY, HAIIPUMED, KO-
YECTBO HACEJIEHUS, BJaICIOIIEro JIMYHbIM aB-
TOTPAHCIIOPTOM, KOJTUYECTBO MaCCOBBIX MEPO-
MPUSATUI B TOPOJIE U T. 1.

METOAbl PEFYJINPOBAHU4A
YUCJIEHHOCTU TAKCH

XOTSI TeMa peryIupoBaHUsT YUCICHHOCTH
aBTOMOOWJIEN-TaKCH SABJISIETCS 000COOJEHHOM
1 TpeOyeT OTAeIbHOTO aHAIIN3a, TEM HE MEHee
OHa TECHO CBsI3aHa C OOIIEH IMOCTaBICHHOMN
MMpo06IeMON MX ONTHUMAIBHOTO YKCIA U T10-
STOMY 3aCTyKUBAET XOTsI ObI KpaTKOTo 0030pa.

Bce nepeunciienHbie (hakTOphl 1 MHOTHE
JIPyrue HeOOXOAMMO YIUTHIBATh U CO3IaBaTh
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«TMOKY10» CUCTEMY, CIOCOOHYIO pearupoBaTh
Ha U3MeHEeHUs BHellHel cpeabl [31; 32].

ITo onbITy peryJiupoBaHUsl YUCIEHHOCTHU
aBTOMOOWJIEi-TaKCU B Pa3IMUYHBIX TOpoaax
MHpa MOXHO OTMETUTB, YTO OCHOBHBIM HMH-
CTPYMEHTOM BO3MIEICTBUS Ha UX YHCIIO STBJISI -
€TCs UCTIOIb30BaHUE JTULIEH3UPOBAHUS Iepe-
BO30YHOM JA€sTeIbHOCTU aBTOMOOWJISIMU -
TaKCH.

Hns obecriedeHUsI AOCTYITHOCTU TaKCH MO
BCEeMY TOpOJIy TPOBOISTCS PETYJISIPHBIE OLIEH-
KU1 9K CJIa BRIIAHHBIX JIMICH3WI. B TpoTBHOM
clIy4yae MOXHO TIOJIYYUTh MEPEeU30bITOK WIU
HAIIpOTUB — Ne(UIIUT aBTOMOOMIICH-TaKCH,
4YTO CKaXKeTCsl Ha KauyeCTBe OKa3bIBAEMBbIX
yciyr u Tapudax. Ipu paborte ciMikoM ma-
JIOTO YKCJia TAKCU BO3HUKAET AeULIUT Npe-
JIOXEHUS, YTO MOPOXKIAET MNOJroe BpeMs
OXUIaHWS WIK OTKAa3 Ha 3alpoc MepeBO3KH,
YTO CHMXKAET KaYeCTBO OKa3bIBA€MbIX YCIIYT.
PabGota ype3amMepHOro KoJimuecTBa aBTOMOOU -
JIei-TaKCW TIPUBOIUT K YCTapeBaHUIO M He-
MpaBUIBHOMY UCITOJb30BAHUIO MOABUXKHOIO
COCTaBa, BBICOKOM «TEKYyYKe» CPear Majio
OoIrlayMBaeMbIX U CJ1a00 KBaau(ULIMPOBaH-
HBIX BOIUTEJICH TaKCH, YTO OITSITH XKe YXY/IIIa-
€T Ka4yeCTBO MePEeBO30K.

TIpu 2TOM CylIECTBYIOT pa3iuyHbIE TOA-
XOIBI K YHCITy BbIIABaeMBIX JIMIICH3WI — OT
JIOepasbHOTO, 3asIBUTEJIBHOTO XapaKTepa, 10
JIOCTAaTOYHO XKECTKOTO PEryjaMpoBaHus (Ipu
3TOM B [MOAABJISIONIEM OOJIBIITMHCTBE CIIyYaeB,
¥ TIPY TOM, X TIDY IPYTOM BapyUaHTe eCTh IO -
Jiexalinue 00s3aTeIbHOMY BBIITOJHEHUIO
TeXHUYECKUE TpeOOBaHUSI).

CTOUT OTMETUTH, UTO TTPOBEAEHHEIC MC-
cJieOBaHUSI MHOTMX FOPOJIOB MUpa YKa3bIBa-
IOT Ha TO, YTO B TOPOJAaX CO CXOXeU gemorpa-
¢bueit 2>pHeKTUBHOCTb PabOTHl CUCTEMBI
TakCcu, TeM He MeHee pasiuyaeTcs. bproc
[Tamtep B cBOEH KHUTE MMUIIIET, YTO B TOPOIAX,
r7ie €CTb KOHTPOJIb Ha/l KOJMYECTBOM TaKCH,
HabJonaeTcs 6ojee a(ppeKTUuBHOE U Kaue-
CTBEHHOE OKa3aHHUe YCIyT, a TaKXe Cyllle-
CTBEHHO OTPaHMYCHEI PUCKH KOPPYITLIMOHHOMN
cocrasiisoneii. [IpegmeTom peryaupoBaHus
SBIISTIIOTCS TIpaBIJIa BXOIA Ha PBIHOK HOBBIX
OTepaToOpPOB TMEPEBO30K, NATbHEWIINIA KOHT-
pPOJIb 32 HUMU, BIUSTHUEC Ha KOJMUECTBO BbI-
JTAHHBIX JIMIICH3WI 1 X BUIOB, OT3BIB JIMIICH-
3uii [31; 32]. B Mockse, HanipuMep, abdek-
TUBHBIM METOJOM CTAJIO YCTAHOBJIEHUE CPOKa
JNEWCTBUS JIULEH3UU, YTO UCKIIIOUWIO €€ Te-
penavy u rnepenpoaaxy Mexmy nepeBo3unka-
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MU, KakK 3TO ObLIO Opru HCOrpaHMYCHHOM
CpOKE JECTBUTEILHOCTH.

SAKJTOMEHUE

AHaJIM3 CYIIECTBYIOIINX IOIXOHOB K OITpe-
JIEJIEHUIO CITpOca HaceJIeHNWsI Ha TAKCOMOTOP -
HbIE TIEPEBO3KU M PaCUYETy HEOOXOAUMOTIO
KOJIMYEeCTBa aBTOMOOMIIEI-TaKCU [MOKa3all,
YTO B HACTOSIIEE BPEMSI HE CYIIIECTBYET €/IH -
HOTO YHUBEPCAJbHOTO METO/Ia, KOTOPBIiA ObI
YYUTBIBAJ BCE BOBMOXHBIE (PaKTOPbI, BIIMSIIO-
III¥e Ha CIIPOC HAaCeJICHUS Ha TAKCOMOTOPHOE
o0cyXXUBaHUE U PabOTY JIETKOBBIX aBTOMO-
Oouseii-Takcu. JlajapHeille uccieIoBaHus
JIOJKHBI OBITH HallpaBJIeHbI Ha pa3pabOTKy
€IUHON METOIMKU pacyéra, KoTopas OyaeT
OCHOBBIBAThCSI HA COBOKYITHOCTH pacCMaTpu-
BaeMbIX METO/IOB, a TAKXKe CIIOCOOHOIM ajar-
TUPOBATHCS K IOCTOSIHHO MEHSIOIIUMCS
MOTPEOHOCTSIM PBIHKA TIEPEBO30K MCCIIEIye -
MOTO perruoHa.
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Analysis of Methods for Determining
the Optimal Number of Taxi Cars
In Megacities
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ABSTRACT

In modern large cities, taxi fleet is a significant
component ofthe urban transport system. The degree
of development and impact of taxi services on quality
oftransport services for residents and users traveling
in the city depends on many factors. But one of the
basic ones is the optimal ratio of the number of taxi
cars and the demand for transportation by them.

The objective of the article was an analytical
review of scientific research and practical work in
the field of methods for solving the problems of
organizing and operating taxi services, in particular,
determining the existing population demand for taxi
transportation and the required number of taxi cars.
For analysis, the research used the method of

of taxicabs, taxi service.
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content analysis of the works of authors of several
countries, including Russian ones.

The conducted analysis of existing approaches to
determining the demand of the population for taxi
transportation and to calculating the required number
of taxi cars showed that at present there is no single
universally recognized method for this.

The methods used are based on various methods
which comprise statistical, sociological (surveys,
observations), mathematical methods. The analysis of
big data obtained using information systems of
megacities is increasingly being used.

It is concluded that there is an objective need for
research in the field of developing a universal
methodology for determining the required( limit) number
of taxi cars in metropolitan areas.
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Introduction. Currently, as far as we can
judge on the basis of the analysis of the
scientific sources from a number of countries,
there is no any common approach to solving
the problem of a balance between the
population demand for taxi service and
supply of the required number of taxis. The
major problem is that the demand is not
static, it is variable. Hence, the taxi number
has to be corrected for supplying the demand
[1]. It should also be noted that in the existing
conditions for organizing taxi activities, it is
almost impossible to achieve the optimal
design ratio without using mathematical
modeling, using a computer, without taking
into account many factors, for example,
uneven load by days of the week, time of day,
boarding points, including taking into
account mass events, identifying the part of
the unsatisfied (presented) demand of the
population for taxi services, which is satisfied
by using other types of transport, car sharing,
rented cars, and in some cases services of
illegal carriers operating without permits.

It is high time to carry out researches for
solving the taxi service management and
operation tasks under the conditions of
development of the aggregator market based on
matching of the supply (the overall number of
taxi vehicles) to the population demand for taxi
service, as well as getting the balance between
them [2].

Objective. The first step towards such
research and the objective of the study is to
provide an analytical overview of scientific
researches and practical works in the field of
methods for solving the problems of organizing
and operating taxi services, first of all,
determining the existing population demand
for taxi transportation and the required number
of taxi cars.

Methods. The method of content analysis
of the works of the authors from several
countries, including Russian authors, was used.

Results.

Methods used in different countries: general
and specific approaches

The analysis of the methods used worldwide
to determine the required number of taxi cars
indicates that the vast majority of researchers
use a multi-criteria approach to determining
their number.

For example, factors such as population
number, incoming and outgoing passenger flow
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of airports, number of families owning a
vehicle, and others are taken into account.

The difficulty of modeling lies in the fact
that the system is not constant and depends on
many external variables. Implicit factors can
influence the demand for a service, and
include, for example, taxi waiting time, reliable
transportation and impressions of previous
trips, changes in parking tariffs in key places of
the city, cost of travel, dependence on time of
day and peak hours, seasonality and even
weather conditions, as well as cultural and
social events [3—5]. It is possible to notice that
solving such a problem with many variables is
possible only with the use of simulation
modeling (forecasting methods and models).

The study published last summer in the
journal Nature by a group of researchers
coordinated by Carlo Ratti, director of
Senseable City Lab at Massachusetts Institute
of Technology, proposed an efficient method
for optimizing city taxi management, which is
a modification of Hopcroft—Karp algorithm
for a directed acyclic graph [6]. The study
describes a network solution to minimize the
city taxi fleet in a metropolis, taking into
account the set of trips (indicating departure
and destination points, as well as the start time),
which is necessary for their service, without
increasing waiting time for passengers. This
method for the first time allowed to solve the
problem of calculating the minimum taxi fleet,
so that it:

* scales to hundreds of thousands and even
millions of daily trips (previous algorithms
allowed to do this only for a few thousand trips);

+ allows to manage all trips in real time
from a single control center;

 provides a near-optimal solution to the
problem;

* does not require changing anything (laws,
habits of drivers and passengers, etc.), except
for transferring control over all the taxis to a
single dispatch service and equipping all drivers
with a single application for smartphones.

The algorithm represents a taxi fleet in the
form of a graph, a mathematical abstraction
consisting of nodes (or circles) and edges (lines
between nodes). In this case, the nodes
represent trips, and the ribs represent the fact
that one particular vehicle can serve two
particular trips. Using this graph, the algorithm
was able to find the best solution for sharing a
fleet of vehicles.

.17, Iss. 4, pp. 196-207 (2019)

Moroz, Dmitry G., Dolenko, Danila V., Prokopenkov, Alexander V. Analysis of Methods for Determining
the Optimal Number of Taxi Cars in Megacities




The team, which also included
M. M. Wazifeh, the first author of the article
and former lead researcher at Senseable City
Lab; Giovanni Resta, Research Fellow at CNR
Institute for Informatics and Telematics; and
Stephen Strogatz, a professor of mathematics
at Cornell University, tested the solution on a
dataset of 150 million taxi rides made in New
York within one year.

They calculated travel time using the actual
Manhattan road network and GPS-based
estimates from the taxi ride dataset.

They found that real-time implementation
of the method with near-optimal service levels
reduced fleet size by 30 percent.

The decision does not imply that any people
should share the trip. Instead, it simply includes
reorganization of the taxi dispatch operation,
which can be performed using a simple
smartphone application [6].

Genesis of method development in Russia

Analyzing Russian research and practical
works, it is possible to conclude that the
amount of modern scientific research in the
field of main problems of organizing the work
of passenger taxi cars, such as determining
the current population demand for taxi
transportation and determining the required
number of passenger taxi cars, is small
enough. Most papers consider calculation
methods that were proposed back in the
1970—80s. This is mainly the works of
P. P. Aboyan, M. D. Blatnov, L. A. Bronstein,
V.D. Gerami, T. V. Lazarenko, A. Yu. Turukin,
etc.

Currently, there are some studies [7—12]
devoted to calculating the required number of
taxi cars in a city. The main drawback of these
works is that it is proposed to use statistical data
on the number of trips for previous periods as
initial input data, that becomes the cause of
very approximate results.

At the same time, on the contrary, the
practical value is provided by the data on real
demand of the population of the city for taxi
services, as soon as they can provide more
accurate results of the calculation of the
required number of passenger taxi cars in the
city. The calculation methods used in the above
works do not allow obtaining reliable data in
this regard.

The objective information, which can be
obtained as a result of various methods of
transport surveys: questionnaire, statistical,
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tabular, accounting, visual monitoring, is of
particular importance.

Of all the above methods, the questionnaire
method looks to be the most informative. Ways
to determine the demand of the population for
transportation by taxi cars are considered in [7,
13—16], in which the authors try to develop a
methodology for such surveys. However, the
main drawback of these works is that the
methods proposed in them determine only the
realized demand, while the total demand ofthe
population for transportation is not determined.

It should also be noted that the methods for
determining the demand of the population for
routed modes of transport cannot be applied to
taxi transportation, since formation of demand
for transportation by passenger taxi cars is
significantly influenced by random factors,
therefore it is impossible to apply a deterministic
model for them, therefore, to solve the main
problems of organizing taxi transportation, it
is necessary to use mathematical methods of
probability theory.

Mathematical methods were used in [17;
18], devoted to the study of functioning of taxi
ranks. The main disadvantage of these works is
the lack of methods for determining the needs
of the population for taxi services.

One of the works devoted to determining
the demand of the population for taxi
transportation is the Minavtotrans RSFSR
[ministry of road transportation of former
Russian Soviet Federative Republic]
methodology [19]. In this work, the demand of
the population for taxi services is determined
on the basis of identifying unsatisfied
(presented) demand, using a special survey
technique, which consists in a questionnaire
survey of the city population at the place of
residence. However, such a survey does not
allow to obtain the necessary data, since the
proposed survey method contains elements of
subjectivity. It should also be noted that the
methodology provides for the possibility of
calculating the need for taxi services without
conducting a survey by determining the
coefficient of unmet demand. However, its
values are given without any justification, as a
result of which the value of the method is
reduced and the possibility of its application is
limited.

An attempt to identify the total demand was
made in the work of P. P. Aboyan [20], in which
the actual demand was determined by the
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results of a transport survey, consisting of a
questionnaire survey of passengers of passenger
taxi cars and visual observation at taxi ranks.
The main disadvantages of the work are
complexity and significant cost and time spent
on organizing, conducting and processing the
survey results.

An approximate form of questionnaires
filled in by drivers or passengers is presented in
[16;21; 20—24]. The main disadvantage of the
proposed questionnaires was their volume and
the lack of conditional alphanumeric filling,
which would have significantly reduced time
for filling and processing the data entered into
the questionnaire.

In the works of V. D. Gerami [25—27],
devoted to improving organization of passenger
taxi cars, a technique was developed based on
a mathematical model using an integrated
approach program, which made it possible to
determine the unsatisfied (presented) demand
ofthe population. Consequently, it was possible
to identify the complete need of the population
for taxi transportation, and also to calculate the
required number of passenger taxi cars with
significantly less time spent on organizing,
conducting the survey and processing the
results. However, there is a need to verify the
compliance of this methodology with modern
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conditions of taxi operation by using new
computer technologies.

An attempt to confirm the adequacy of the
methodology by V. D. Gerami was made in the
work of A. Yu. Turukin [28], in which a program
was developed and put into practice for
automated processing of data for examining
operation of passenger taxi cars and functioning
of taxi ranks (at the example of Moscow) based
on existing survey forms adapted to new
operating conditions, algorithms for their
systematization and calculation. Statistical
processing of the results of the survey was
carried out using this technique, an optimization
method for determining the required number
of taxi cars was developed and applied in
practice using computers, taking into account
the demand of the population on the basis of
mathematical modeling, which in turn is based
on a simulation model with elements of
statistical modeling of functioning of taxi
vehicles.

Analysis of the problem of justifying and
establishing the optimal number of taxi cars in
a metropolis can be found in the article by
N. O. Bludyan and D. G. Moroz [29]. In the
article, the authors, as a result of the analysis
of existing approaches to determining the
number of taxi cars and modern practices,
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came to the conclusion that at present there is
no single universal method for determining
them, and also pointed out the need to develop
a methodology that would take into account all
existing methods together and would be able to
meet the ever-changing needs of the taxi market
in the region.

The work [30] provides a methodology for
calculating the required number of taxi cars in
the cities of resort areas. The calculation of the
number of taxi cars during peak hours is carried
out according to a special formula that takes
into account the following indicators: average
daily mileage of a taxi car; the coefficient of
uneven transportation by hours of the day, days
of the week and by months of the holiday
season; average number of passengers carried
per trip; average taxi car mileage; mileage
utilization coefficient. The main disadvantage
of this methodology is that, for example, the
formula does not take into account such an
important indicator as waiting time for a taxi
car, which, in turn, as noted above, in modern
conditions of taxi service directly depends on
the number of taxi cars in the region. It should
also be noted that the formula cannot be used
to calculate the number of cars in a megalopolis,
since it does not take into account many
important parameters inherent in a megalopolis,
for example, the number of people who own
private cars, the number of public events in the
city, etc.

Taxi quantity regulation methods

Although the topic of regulating the number
of taxi cars is separate and requires a separate
analysis, nevertheless it is closely related to the
general problem of their optimal number and
therefore deserves at least a brief review.

All these factors and many others need to
be taken into account and a «flexible» system
capable of responding to changes in the external
environment [31; 32] should be created.

According to the experience of regulating
the number of taxi cars in various cities of the
world, it can be noted that the main tool for
influencing their number is the use of licensing
of transportation activities by taxi cars.

To ensure the availability of taxi cars
throughout the city, regular assessments are
made of the number of licenses issued.
Otherwise, it is possible to get an excess or, on
the contrary, a shortage of taxi cars, which will
affect quality of services and tariffs. When
working with too few taxis, there is a shortage
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of supply, which gives rise to a long waiting time
or refusal to request transportation, which will
reduce quality of the services provided. The
work of an excessive number of taxi cars will
lead to obsolescence and misuse of fleet, high
turnover among low-paid and poorly qualified
taxi drivers, which again will worsen quality of
transportation.

At the same time, there are various
approaches to the number of licenses issued —
from a liberal, application-based nature, to
rather strict regulation (in the vast majority of
cases, and in this case also, there are certainly
technical requirements subject to mandatory
fulfillment).

It is worth noting that studies conducted in
many cities around the world indicate that in
cities with similar demographics, the efficiency
of the taxi system nonetheless varies. Bruce
Schaller writes in his book that in cities where
there is control over the number of taxis, there
is a more efficient and high-quality provision
of services, and the corruption risks are
significantly limited. The subject of regulation
is the rules of entry into the market of new
transport operators, further control over them,
the impact on the number of issued licenses
and their types, revocation of licenses [31; 32].
In the city of Moscow, for example, the
establishment of the license validity period
became an effective method, which excluded
its transfer and resale between carriers, as was
the case with an unlimited validity period.

Conclusion. The analysis of some approaches
to estimating the demand of the population for
taxi services and the required number of taxis
showed that currently there is no common valid
estimation method, which could take into
consideration all possible factors impacting
population demand for taxi service. Further
researches should develop acommon estimating
methodology that would take into consideration
all available methods in the aggregate and will
be able to meet dynamic taxi market needs in
the region.
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BukTop LUAPOB

Anmac TJIEYXAHOB

OpfHoi n3 rnaBHbIx 3aa4 COBEPLUIEHCTBOBaHUS
yrpaBJsieHus NepPeBO304YHbIM MPOLIECCOM SIBISIETCS
nepexon K opueHTUPoBaHHOMY Ha Y0B/I€TBOPEHNE
TpeboBaHUii Mo1b30BaTeneli Ka4eCcTBy TPAHCMIOPT-
HOro obcnyxvBaHusl NPV 4OCTUXEHUN Hanbosiee
9KOHOMUYHbIX PE3YIbTATOB BCEX COCTABJISIOLNX
aTarnoB TeXHOJI0rn4yeckoro rnpouecca. Kayectso
npeasaraeMbix yCayr Ha Xeae3HOLOPOXHOM
TpaHcrnopTe nocTerieHHo cTaHoBUTCsl BCE bosiee
3HaYMMBbIM rokKa3aTesemM 3KOHOMUYECKON 3¢ pek-
TUBHOCTU Kak y nepeBo34MKOB, Tak 1y rpy3oBsa-
ZesbLeB.

KnneHTbl rotoBbl rnokynatb BCE 60/bLUe Kade-
CTBEHHbIX YCIIyT 17151 SKOHOMUY BDEMEHU, PACLLMPE-
Hus1 6u3Heca, YA0BJIeTBOPEHUSI HOBbIX MOTPEOHO-
cTel. 310 06ycoBAMBaeT HEOOX0ANMOCTbL paspa-
60TKM COBPEMEHHbIX MOAX0A0B K ONTUMUI3aLMN NC-
no/Ib30BaHUsI MMEILLENcs MHGPacTPyKTypbl
XKes1e3HbIX J0POr, B TOM YUCJ1E 3a CHET yCTaHOB/IEHUS
MPUOPUTETOB MPY OPraHn3aLmnm ABVXEHUS.

Lenbto nccnenoBaHus iBASIOChL M3y4YeHue rno-
psigka yCTaHOBIIEHUS] ANHAMUNYECKUX TPUOPUTETOB

MNPOBJIEMbI YTIPABJIEHRY

OuHamMmunyeckue npuopuTeThbl
nponycKa rpy30BbiX N0e340B
B KOMMEPYEeCKUX Lensax

Illapoeé Buxmop Aaexcanoposuu — Poccuiickuii
YHugepcumem mpancnopma, Mockea, Poccus.
Treyxanoe Armac Acxamyavt — HUnicunupuneogolii
yenmp AO «Ka3ATK», Acmana, Kazaxcman®.

U151 OpraHn3aLmm rnporiycka rpy30Bbix noe3aos. s
JAOCTVXKEHWS yKa3aHHOW Liesin UCr0JIb30BaIiCh Me-
TOZ CPaBHUTEJIbHOIO aHaan3a, CrneLmnasbHbIe MHXe-
HEPHbIE METOAbI PACYETOB, CBSI3aHHbIE C OpraHu3a-
unen ABUXeHVs1 Moe340B.

B xone viccnenoBaHus npoBeaéH CPaBHUTEIbHbIN
aHasin3 OCHOBHbIX XapakTepUCTUK PSaa Xese3HbIX
J10pOr APYrvx cTpaH. B cBsiaun ¢ 4ETKO 0603HAYEHHOM
cTparerveri paboTbl Xene3Hol gqoporu Poccurickori
benepaunm, HalLeeHHON Ha KIMEeHTOOPUEHTUPO-
BaHHOCTb, B JaHHOM cTaTbe rnpuBeaeHsl npeasapu-
TeJIbHble Pe3y/ibTatbl NCC/IE40BaHWUM, BbIBOAbI KOTO-
PbIX BbISIBUIN Li€s1eco0bpa3HOCTb Mporycka rpy3o-
BbIX M0€340B C ANHAMUYECKUMU MPUOPUTETAMMU.
OCco6eHHO aKkTyaslbHO peasin30BbiBaTh 3TV MOAXOAb!
B YCJIOBUSIX ONEepPaTtuBHOIrO N3MEHEHUST Moe3aHOM
cuTyaummu B CJy4asix BOBHUKHOBEHUST HeLUTaTHbIX
COObITUI HA MHGPACTPYKTYPE 1 BO3MOXHOIO CHUXE-
HUS1 PUHAHCOBBIX MOTEPb MPY300TNPABUTENCN U FPY-
3oriosyyaresnei.

311 xe noaxoabl NPaBoOMepPHO UCrOoJIb30BaTh Ha
XenesHoui qopore Pecriybnvku KasaxctaH.

Knto4yesble cnoBa: xeneaHas 4opora, npuopUTeTHOCTb MPOIlycKa rPy30BbiX 03408, kKa4eCTBO 06Cy-
XKVBaHWS, yripaB/ieHne, NepeBo3ka, rpapuk ABVXXEeHVS Noe3aoB, KIMeHTOOPUEeHTUPOBAHHOCTb.

*MHdopmaums 06 aBTopax:

AcTaHa, KasaxcTaH, hatkz888@mail.ru.
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HacTos1Iee BpeMsl BO MHOTMX CTpaHax

TPY30BbI€ IMEPEeBO3KU KEIE3HOIOPOXK-

HbIM TPaAHCMOPTOM 3aHMMAIOT Beay-
e no3uuuu. OCobeHHO 3TO CIpaBeIIMBO
B otHoweHuu Poccum n Kazaxcrana. Bmecre
C TEM, B KOHKYPEHILIUHU 3a pacnpeaeiecHue
KJIMEHTOB MeXAy BUAAaMM TpaHCHOpTa BCE
OosiblIee 3HaUeHUe MPUOOPETAIOT TTOKa3aTe-
JIU, XapaKTepU3YIOIlMe KaueCTBO MepeBO3KU,
B TOM 4MCJIe CBOeBPEMEHHOCTb. B 9THX ycio-
BUSIX HEOOXO0a1MMa pa3pabOTKa COBPEMEHHBIX
MOAXOJ0B K MOUCKY MyTE ONTUMU3ALUU
MCIIOJIb30BaHUS UMeloLLecst UHPPACTPYKTy-
PBI XeJIe3HBIX IOpOor. [leavio vccienoBaHUS
SIBJISIETCSI M3yYeHUE MOPsaKa YyCTaHOBIEHMS
JTUHAMUYECKUX TTPUOPUTETOB IS OpraHu3a-
MU TIPOITyCKa I'py30BbIX Moe3noB. Mcnob-
30BaJINCh OOIICHAYYHBIE Memodbl, METON
CPaBHUTEJbHOrO aHajlu3a, chelualbHble
WHXXEHEPHbIE METOAbl Pacu€TOB, CBSI3aHHbIE
C opraHu3auueit IBUXKEHUS MOe310B.

MEXAYHAPO/HbIN ONbIT
OPrAHU3ALUUN TPY30BbIX
XENE3HOO0POXXHbIX MEPEBO30K:
OBLUUME NOAXOoAbl

[Mpy M3ydeHnn MEKIyHApOITHOTO OIThITa
JKeJIe3HOIOPOXKHOTIO TpaHCIIOPTa 0OpaIialT
Ha ce0s1 BHUMaHME: «aMEPUKAHCKUI» U «E€B-
poIeicKuii» OIBIT (POPMUPOBAHUST MOAEIEI
PBIHKA TPY30BBIX 3KEJIE3HOIOPOXKHBIX IIEPEBO-
30K; HAJIMYME B YCIOBUSIX BBICOKOTO YPOBHS
Pa3BUTHUSI PHIHOYHBIX MHCTUTYTOB M 3KOHO-
MHKHU KaK MOIIHBIX HAIlpaBJICHUU I'Py30II0-
TOKOB, TaK 1 JINHWI ¢ HEOOJIBIIION 3arpy3KO0ii;
0COOEHHOCTH, 00YCIIOBICHHBIC TeoTpaduie-
CKMM PacIOJIOXKEeHUEM KaXKI0i1 CTpaHbI 1 CIIO-
XUBIIEHCS B HE Cpenoii KOHKYPEHILINY XKe-
JIE3HBIX IOPOT C AJIBTEPHATUBHBIMU UM BHUIA-
MU TpaHCITOpTa.

B CeBepHoit AMepuKe Ha CeTOIHSIITHUI
JIEeHb B paMKaX ¢IMHOU CETH XKeJIe3HBIX TOPOT
CYIIIeCTBYET AesieHre Ha 3 Kitacca. K mepBoMy
KJ1acCy TPUUYMCIICHO CeMb XKEJIe3HBIX JOPOT
(BNSF Railway, Canadian National, Canadian
Pacific u T.1.). Bosee 550 mopor oTHECEeHBI KO
BTOPOMY U TPEThEMY KJIaCCaM, BKITIOYAIOIIINM
JIMTHUYM KOPOTKOM MPOTSKEHHOCTH U JOPOTH
MecTHOro 3HadeHund. CorjracHO JaHHBIM Ac-
COLIMAIIMNA aMEPUKAHCKUX XKEJIC3HBIX JOPOT
(Association of American Railroads) Ha moio
JIOPOT TIEPBOTO Kjacca IMPUXOIUTCS OKOJIO
70 % Bceil MPOTSKEHHOCTH XKeJIE3HOI0POXK-
Heix Tiyteit CLLIA u 90 % ot cymmapHOro
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YKCITa 3aHSTHIX Ha XKeJIe3HOIOPOKHOM TpaHC-
nopre [1].

Bo3MOXHOCTh amanTaiym aMepuKaHCKON
MOJIEJTU TSI POCCUCKUX XKEJIE3HBIX TOPOT pac-
CMaTpUBAJIACh B CBOE BPEMsI B pPaMKaxX PEKOMEH-
naiuii O9CP u BecemupHoro banka, B ToM
YUCJIe M U3BECTHBIM aMePUKAHCKUM SKOHOMU-
ctoM Paccenom [TutrmMaHOM, KOTOpBI OTMeE-
yaJi, 4To XeJIe3HOMOpOoXKHasl ceTh Poccuiickoii
®Denepaliny B e€ eBpOIeiCKOi YacTh TIO3BOJISI-
€T peaTM30BaTh CXeMY KOHKYPEHIIMY WHTETPH -
pPOBaHHBIX KOMMOaHuiA [2, c. 11].

OnHuM 13 HauboJtee ycnelrHbix B EBporne
MPU3HAETCS OMBIT [epMaHUM, B KOTOPOU pe-
(opma xene3HOI0POKHOTO TpaHCITOPTa Ha-
yanach eni€ B 1994 romy. CyliecTBeHHBIM
¢dakToM OBLIO TO, YTO OHA MPOUCXOIMIA HE
MPOCTO KaK aKIIMOHUPOBAHUE TOCYIapCTBEH-
HOTO TIPEIIPUSITHUS, a KaK CIUSHUE B OTHY
kommanuio Deutsche Bahn AG (DB AG) nByx
JKEeJIe3HOIOPOXKHBIX TIpeanpusiTuii: Deutsche
Bundesbahn (®PT') m Deutsche Reichsbahn
(6niBLIEit ['JIP). OnHOBpeMeHHO ObLIO 00pa-
3oBaHO DenepaibHOE BEIOMCTBO JKEJIe3HBIX
nopor (Eisenbahnbundesamt), KoTopoe Bblja-
10 DB AG paspenieHue Ha 3KCIUTyaTaluio
MHOPACTPYKTYPHI U OCYIIECTBJIEHUE Tacca-
XXKUPCKUX U TPYy30MepeBO30K [3].

M3 Tabauiiel 1| MOXHO yBUAETH, UTO MOKA-
3aTeJIv CETH XeJle3HbIX nopor PD 3HaunTe b-
HO OTJIMYAIOTCS OT 3KEJIE3HBIX TOPOT BETYIITNX
crpaH EC B 60J1b1IYI0 CTOPOHY U 3HAYUTEb-
HO OJTKe, YeM OHU, K rmokasaresisiMm KaHamb
u CIIA.

B Kazaxcrane B utoHe 2016 roay B pe3y/ib-
Tare peaausaliu MPoeKTa MO MO3TAITHOMY
Mepexony K IeJeBOi OpraHu3alMoOHHON
CTpYyKTYype B paMkax «I[IporpamMmmbl TpaHchop-
Mauuu OusHeca» YHKIUU OKa3aHUs YCIyT
10 MepeBO3Ke I'Ppy30B OBLIU TepeaaHbl
AO «KTXK-Ipy3oBbie nepeBo3ku». JJaHHBII
MPOEKT TTO3BOJIWJI ONITUMU3UPOBATH PSIT 10-
yepHux opranuzanuit AO «<HK «KTXK» [4].

HauvonaneHblil nepeBo3unk Kazaxcrana
(«KazaxctaH TeMip Xo0jbl») MOAMKUCAT He-
CKOJIBKO CTPAaTEerMUeCKUX COTJIAIEeHUIA:

1) o coTpynHUYeCTBE B TPAHCTIOPTHO-JIO-
ructuyeckoit chepe ¢ kommanusmu DHL
(Tepmanus) u John Deere (CIIA). Cornaiie-
HUEM TIPETYCMOTPEHO CO3IaHNe Ha TEPPUTO-
puH crielnaibHOW 3KOHOMMYECKOU 30HBI
(CB3) «Xoproc—BocTtouHbie BOpoTa» LIgHTpa
KOHCOJIMIAIUA U AUCTPUOYIIMU TIPOAYKIINN
John Deere Ha EBpa3uiickoMm pbIHKE;

LllapoB B. A., TneyxaHoB A. A. IuHaMn4yeckne NpMopmuTeThbl NPONYCKa rPy30BbiX NO€3A0B B KOMMEPYECKUX
uensx




Ta6amua 1
Binsinue ycnoBuii (hyHKIMOHHPOBAHUS 3KeJI€3HOAOPOXKHOI CeTH
Ha B])Iﬁop Moae/n CprKTypHOﬁ OpraHu3anuy oTpacim
CrpaHbl Cpennwuii Bec rpy3oBoro | CpenHee koi-Bo Baro- | CpeiHee paccTosiHue
rnoes/a, TOHH HOB B IPY30BOM I10€3/Ie | TPY30BOIl MEPEBO3KM, KM

Tepmanust 500 12 320

Dpanuys 380 10 375

BenukobpuraHust 800 20 215

Tonbma 640 17 245

Kanana 2900 72 1100

CLIA 2850 69 915

Poccniickas ®enepanst 2255 61 1700

Ucrounuk: anamus UTTEM ([DnexrponHslit pecypc]: http://ipem.ru/files/files/research/23_04_2013_rail_
foreignreform.pdf; http://ipem.ru/news/publications/676.html).

2) 0 pa3paboTKe, MoCTaBKe U 00CTy>KMBa-
Huu JokoMoTuBoB ¢ General Electric
Transportation (CILIA) [5].

B 2017 roay 06b€M TpaHCHOPTHO-JOTH-
CTUYECKOro pbhiHKa B Poccuu oueHuBancs
B 2,5 TpJH pyo., a ycsiyra 6a30Boii IepeBO3KHU
0€30roBOPOYHO OCTaBaJIaCh OCHOBHOM yCITy-
roit Ha pbIHKE (10J1s1 B 001IEM 00BbEME TpaHC-
MOPTHBIX U JIOTUCTUYECKUX YCIYT COCTaBIIsIa
88 %), uTO B LIeNISIX peaanu3aly MOTeHIMaaa
pocTa MepeBO30K SIBIASIETCS CTUMYJIOM IS
pa3paboTKM HOBBIX yciyr [6, c. 15]. s no-
cTuxkeHus 3Toit ueau B 2017 rogy Havaiach
pa3paboTka enMHOro KaTajora yciayr, OKa3bl-
BaeMbIx XoauHrom «P2XKJI», uTo cTamo Takke
U €CTECTBEHHON peaklireil Ha akTUBU3ALUIO
Ipyrux BUAOB TpaHcropTa. KoHKypeHIus
C aBTOTPAHCITOPTOM 3a MEPEBO3KY I'Py30B Ha
CpeHUX U JaJbHUX MaplIpyTax BO3ZHUKAET
JIOCTaTOYHO PEryjsipHO, B TOM YHUCJIE U3-3a
neduirMTa MPOBO3HbBIX CIIOCOOHOCTEN Ha OT-
JIeJIbHBIX >KEJI€3HOTOPOXKHBIX HAaMIPABACHUSIX.
Ho B HacTos111€€ BpeMSI B OTHOLIEHUSIX MEXKITY
STUMU BUIAMU TPaHCIIOpTa BCE OoJiee Bo3pa-
CTaeT 3HAYEeHMUE KauyecTBa OOCIY>XXMBaHUS
U, B TIEPBYIO OYEPE/lb, TAKOTO €T0 MToKa3aTes,
KaK CBOEBPEMEHHOCTb JOCTaBKYU I'Py30B, UTO
CTaBUT 3a7a4y MOMCKa IMyTeil onTUMU3ALUU
MPOITyCcKa IPy30BbIX MOE3I0B.

BO3MOXXHbIE MYTU
NMPUOPUTETHOIO NPONYCKA
rPy30BbIX MOE3A00B

CornacHo IIpaBmiaM TeXHMYECKOI 3KC-
njyaTaluu Xeje3Hbix nopor Poccuiickoi
Denepanyu |7, m. 5 Tpwtoxenust Ne 6], me-
peBO3Ka I'py30B HaXOUTCSI HA IEBSITOM MECTE
B YCTAaHOBJICHHOI OYEPEAHOCTU MPUOPUTET-
HOCTHU T10€3110B, YTO OObSICHSIETCS TpeboBa-
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HUsIMU Oe30ImacHOCTH. Jlajee OHM paHXKUpy-
FOTCSI C KOMMEPYEeCKMX TTO3UIINI U TIPU T11a-
HUPOBAHWU IPY30BbIX IIEPEBO30K OKOHYATEITb-
Hasl MIPUOPUTETHOCTD BOTLIOIIAETCS B Tpahuke
JBUXKEeHMSI TToe3oB |8, ¢. 33—35].

BaxXHBIM I1aroM B COBEPIIEHCTBOBAHUU
JIBVDKEHUST TPY30BBIX TTOE30B 10 PaCMCaHUIO
ctayiu pa3padbotaHHbie B OAO «PXK]I» «Komri-
JIEKCHasI TIporpaMMa Ioa3TaItHOTo Tiepexojia Ha
OpraHM3alIMIO IBMKEHMSI TPY30BbIX ITOE3I0B 10
pacnucanmio Ha 2011—-2015 roab» u «Komri-
JIeKCHasi THTETpUPOBaHHASI TEXHOJIOTHSI YITPaB-
JICHUST IBVKEHMEM TPY30BbIX TTOE30B T10 pac-
nucaHuio» [9], rae 5T MPUOPUTETHI 3a1a0TCs
3apaHee. B HacTosiiiee BpeMsi IpUOPUTETHI IPU
pa3paboTke rpacduka JBIKSHUS TPY30BbIX IO~
€3/10B MPENOCTABIISIIOTCS B IIEPBYIO 0YePETh TEM
rmoesaam, KOTOpble UMEIOT 00Jjiee BBICOKYIO
KOMMEPYECKYIO LIEHHOCTb.

BapuaHnTbel o0OpaiiieHuss TaKMX MMOE3/10B
HayYHO 00OCHOBAHBI U OMYyOJIMKOBaHbI B OT-
KpbiToM poctyre [10, ¢. 21]. B mpoBoaumbix
HaMU MCCJeJOBaHUSIX MOCTaBJIeHa 3agadya
JeTaJIbHOU MpopaboTKU BoIpoca Iiejieco-
00pa3HOCTH TPOMYCKa TPY30BBIX MOE3I0B
¢ TMHAMUYECKUM MPUOPUTETOM, TO €CTh
MPUOPUTETOM, U3MEHSIOIIMMCST B YCIIOBUSIX
OIepaTUBHOTO M3MEHEHMS TTOE3THOM CUTYya-
197078

PaboTa kes1e3HOTOPOXKHOIO yyacTKa Kak
TPAHCTIOPTHOM CUCTEMBI TIPU OTCYTCTBUM I10-
€3/10B IMOBBIIIEHHOTO Ka4eCTBa MePeBO30K
¢ muddepeHIIMPOBAaHHBIM PEXKUMOM CJIeI0Ba -
HUSI, B TIEPBYIO OYepe/ib, 3aBUCUT OT KO3 hu-
LIMEHTa 3arpy3KH Y, ONIPEe/ISIeMOTO KakK:

:NQ(Tm)zi’ (1)

N(T,) u
e N<D( T m) — (pakTHUECKOE KOJIMYECTBO TT0E3-
JIOB, IPOIYIIEHHBIX 10 y4acTKy 3a nepuon 7, ;
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N (T, ) — MaKCMMAJIbHO BO3MOXKHOE KOJIM -
YECTBO MOE310B, KOTOPOE MOXKET IIPOCIIEI0BATh
10 YYaCTKY, UCXO/ISl U3 HAJIMYHOW MTPOITYCKHOM
criocobHocT 3a iepron T

A — MIHTEHCUBHOCTb ITPEAbSIBIICHUS MTOE310B
JUTSL TIPOITYCKa M0 YYacTKY (BXOASILEro Ha yya-
CTOK M0€3/10M0TOKA);

L — MTHTEHCUBHOCTb MTPOITYCKa MOE3/I0B 110
y4acTKy (0OCITY>KMUBaHUST BXOSIIIETO TI0€3/10-
TIOTOKA).

Brnusinue y Ha mokaszaren paboThI yyacTka
BBIpaXKAeTCs yepe3 NU3MEHEHNE CKOPOCTH TIPO-
MycKa Moe3I0MnoToKa (Harpumep, Byq =fv),
HEOOXOIMMOCTh CO3MaHUST JOTIOJTHUTETHHOTO
IyTEBOTO Pa3BUTHS Ha Pa3esIbHbIX TYHKTaxX
(OydbepHBIX yCTPOICTB) /IJIsT YCIIOBU MTOTEHIIN -
THLHOTO HapPYIIEHUsT HOPMAJTbHOTO pexkuMa
(byHKIIMOHMPOBAHMS yJacTKa U3-3a TEXHUYE-
CKUX WJIN TEXHOJIOTUYECKUX COOEB.

Beenenue moe3nos ¢ auddepeHIMpoBaH-
HBIM PEXMMOM TIPOJIBUKEHUST, UMEIOIINX 00-
Jiee BBICOKMI TIPUOPUTET TIPU TPOITyCKe IO
YYacTKy M HapylIalIuX MPUHIUT PabOThI
«TIEPBBIM TIPUIIIENT — TIEPBBIM OOCTYXWJIN»,
0e3yCJIOBHO, JOJKHO CKa3aThCsl Ha BhIEICH-
HBIX TTOKA3aTeJIsIX.

B paccmarpuBaemMoM Tmipumepe Tpoliecchl
MPOTIyCKa TMOe310B MUMEIOT JBa Pa3IUIHbBIX
BUJIa IPUOPUTETOB: Cramu4eckuii i OUHaAMU-
yeckutl. [IpMOPUTETHI — 3TO TPOCTO YCIIOBHBIE
3HAUYEeHUs, BhIpaXaloline OTHOCUTEIbHYIO
3HAYNMOCTh, KOTOPasi NOJDKHA OBbITH TIPUCBOE -
Ha TIpolieccy Winu o0beKTy mpoliiecca. Yem
BBIIIIE TIPUOPUTET, T€M OOJIbIIE €ro MIaHChI
TOJTYYIUTh IOCTYTT K OOCTY>KUBaHUIO.

Takum o6pazom, cmamuuecKuil npuopumem
HE U3MEHSIETCS ¢ TeYeHWeM BpeMeHU (B Ha-
meM ciaydae — 9T1o TpeboBanusa [1TD, rue
TIPUOPUTETHI TTPOITYCKA IMTOE30B PACCTABICHbBI
JUTST TPY30BBIX TIO€37I0B, a TPy30BbIe Toe3a
PaHXUPYIOTCS B HOPMAaTUBHOM Tpacduke),
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a JuHamuveckuil npuopumem CHXAETCS WU
MMOBBIIIACTCS IS KOHKPETHOTO TPYy30BOTO
rmoe3aa ¢ TeYCHNEM BPEeMEHM OXUIaHUS 00-
CITY>KUBaHMS (M 00eCIIeYCHISI CBOCBPEMEH-
HOI1 TOCTaBKHU Ipy3a).

JI1st HarISIIHOCTH MOXKHO TPEACTaBUTH
CcTaTMYeCKUe MPUOPUTETHI, KOTIa B HOpMa-
TUBHOM TpaduKe MPOKIaAbIBAIOTCS HUTKHU
71T yCKOPEHHBIX TPY30BBIX ITOE310B (KOHTE -
HEPHBIX, CO CKOPOMOPTAIINMUCS TPy3aMU
W T.JI.) WJIU TTI0€30B C COTJIaCOBAaHHBIM BpeMe-
HEeM MPUOBITHS, a TMHAMWYECKHE TTPUOPUTE-
TBI, KOTJA TIPUXOAUTCS BHOCUTHh M3MEHEHNE
B Tpad¥K M3-3a MPOIYCKA OIMa3IbIBAIOIINX
TPY30BHIX ITOE3I0B WX MIPEIbSIBICHUS TPY30-
BOTO TI0€3/1a ¢ OCOOBIMHM TPEOOBAaHUSIMU IO
BPEMEHH JOCTAaBKH €To IoIyJaTelto (Hampu-
Mep, 3aMBIKAIOIIETO CYIOBYIO IAPTHUIO B ITOP-
Ty WIN COSPKUBAOIICTO TEXHOJIOTMICCKUI
MpolLIecC MPeaIpUITUS N3-3a Ae(UIINTA T10-
CTYMAIOLIEro ChIPbs).

Ha sTane mpenBapuTeIbHOTO IIAHMPOBA-
HUS IPUHUMAEM, YTO MOMEHTBI IIOCTYIIICHUS
ITOe3I0B Ha OOCITY>KMBAaHNE U ITPOTOJIKUATEITb-
HOCTb 3TOT0 OOCTY:KMBAaHUS U3BECTHHI, T.C.
MOXKEM pacCMaTpUBATh CUCTEMY KaK JeTCPMU-
HUPOBAaHHYIO.

B cuny cnetmmduku moe3noodpa3oBaHus,
a TaKKe M3-3a TEXHUTIECKIX U TEXHOJIOTUIECKIX
OTKa30B B pabOTe yJacTKa B ONpeneIEHHBIC
IepUOIBI MOTYT BO3HUKHYTh OTKJIOHEHUS OT
CTallMOHAPHOTO COCTOSIHMSI, U K MOMEHTY [ =1,
B CHICTEME BO3MOXHO CIIOpanTnieckoe o0pas3o-
Banue ouepeneit N(1) = {0, 1, 2, ..., m}, tne
m — MaKCUMaJIbHOe KOJIMUYECTBO TPeOOBaHMIA
B CHCTEME B OXKMIAHNH OOCITYKIBAHUSI, OTIpe-
nensieMoe e€ EMKOCTBIO (B HaIlleM IIpUMepe —
KOJIMIECTBOM ITyTei Ha pa3ae/IbHOM ITYHKTE).

IToaToMy IpencTaBiIsIeT THTEPEC BUPTYalb-
HOE BpeMsI pa3Trpy3KH CUCTEMEBI, KOTIa 0uepeab
ITOJTHOCTBIO INKBUIUPYETCS M OUePETHOE TPe-
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OoBaHMe 0e3 3a1ePXKKU IMTOCTYITUT Ha OOCITY KK~
BaHUeE (cUCcTeMa BEpHETCS B CTallMOHAPHOE
COCTOSTHME) TIPU HAJIMYUU W OTCYTCTBUM TIPU-
OpPUTETOB.

Ecin paccmarpusathb f  Kak JIOIyCTUMOE
BpeMsi MpeObIBaHUS i-TO TPEOOBaHUS B CUCTEME,
TO Ha 00CITy>KMBaHKE BEIOUpaeTCs TPeOOBaHUE,
Y KOTOPOTO OCTaBIIIeeCs TOMYCTUMOE BpeMs
MpeObIBaHUS B CUCTeMe MUHMMaIbHO. [1pu
TAKOM OIMCAHUM KJIACC TTPUOPUTETHOCTH SIB-
JisieTcsl (PyHKIIMe BpeMeH! HaXOXIeHMS Tpe-
0OOBaHUS B OUEpey.

7151 pacCMOTPEHHOM 3a/1a4y TIOIXO/ He-
CKOJIBKO MEHSIETCSI B CUITY TOTO, YTO KPUTEPUEM
Ha3HAYeHUs IPUOpUTETa CTyXaTHe £, a AT{(l lf)
U BBITEKAIOIIME U3 3TOr0 (DMHAHCOBBIE TIOKA-
3arenu (6o noxon D, ecin AT(lj) = Ti‘b(lj) —
Ti“(lj) < 0, 6o wrpad I, ecin AT(ll_) > 0).
J17151 OLIeHKY BEPOSITHOCTH TTOJTYIEHMSI J0X0aa
WJIM BBHITUIATHI IITpacda B 3aBUCUMOCTH OT Be-
JIMYrHBL A T(| Ij), WUCIIOJIb3yeEM MAaTEMATUYECKUIN
UHCTPYMEHT, paHee M3JOXEeHHBbIN B [11,
c. 110—112].

JAMHaMWYECKUil TIPUOPUTET CIIEMYeT yCTa-
HaBJIMBaTh, ITOJIb3YSICh ITOKa3aTeJIeM MOTeHITU -
abHOTO yobITKa I (! lj) U151 i~V OTITPABKY Ha j-M
o6bekTe. Ero BennunHa onpenesnsercs Kak:

M) = W (1= P{T(,) < T AT ()} 2

rae A — penmunna wrpada 11 i-i oTrpaBKu
B COOTBETCTBUH C JIOTOBOPOM;

P{1(l) <T HH|ATI.(1,.)} — BEpPOSITHOCTb BbI-
TOJTHEHUST JIOTOBOPHOTO CPOKa JOCTaBKU OT-
npaBku 7T,", ecnu Ha 0ObEKTE j BEJANYMHA
OTKJIOHEHMsI OT HOPMAaTUBHOTO 3HAYEHUS
Tl.”(l,.) CcocTaBMIIa ATI.(II).

XapaKkTepHBI B 3TOM KOHTEKCTE TEHICH -
IIUM TIEPEBO3KM «IOPOTUX» TPY30B, HAIIPU -
Mep, CKOPOMOPTAIINXCS WU 3€PHOBBIX.
PocT 00b€MOB epeBO3KU 3epHOBBIX I'PY30B
JKeJIE3HOOPOXKHBIM TPAHCITOPTOM OTJIMYa-
€TCsl HEPaBHOMEPHOCTBIO OTIPY3KH IO TTe-
pUOIaM rojia, B BBIXOJIHbBIC U MPa3IHUIHbBIC
JIHU, HU3KUM YPOBHEM MaplupyTusanuu 12,
c. 43]. AKTyalbHBIM CTAHOBUTCS U yCKOpPE-
HUe 000pOoTa BaroHOB CIIEIIMATU3MPOBAH-
HOTO ITapKa, 0CO0eHHO MpU (POpMUPOBAHNK
CYIOBBIX MapTUii. YTBepKAEHHBIN « EqUHBI
nepeueHb padoT U yCyT, okasbiBaeMbix OAO
«P2K]1» mpu opraHu3a1vu MepeBo30K rpy3a»
(Ne 1574/p ot 24.07.2018 1.) mo3BOJSIET
TaKXe BBIIEIUTH MPUOPUTETHOCTD TTEPEBO-
30K IPY30B IIPU OKa3aHUM YCIIyTH «[py30Boit
BKCIpPEeCcC», IPU MEePeBO3Ke IPY30B U MOPOXK-
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HHUX BarOHOB OOJIBIION CKOPOCTBIO M PSII
npyrux [13].

KPATKUE BbiBO bl

TakuM 00pa3oM, MOXHO ClieiaTh BBIBO/I,
YTO Jaxe MpU pa3paboTaHHOM rpaduke ABU-
JKEHMSI TPY30BBIX ITOE3[0B CO CTATUUECKUMM
TIPUOPUTETAMU BO3MOKHO U IIeJIeCO00pa3HO
B OTIEIbHBIX OTICPATUBHBIX CIYJIasIX MCITOJb-
30BaTh TMHAMHWYECKUI TTPUOPUTET B LEISIX
CHWXKEHUS TTOTepb KOMITAHUHW TIPU peasin3a-
MU pYCKa HapyIIeHUsI CpoKa JOCTaBKU OT-
MPaBKU, IPUBOJISIIIETO K CEPhE3HBIM (DHMHAH -
COBBIM IOTEPSIM.
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Commercially Focused Dynamic
Priorities in the Organisation
of the Transit of Cargo Trains

Victor A. SHAROV

Almas A. TLEUKHANOV

ABSTRACT

One of the main tasks in improving
management of the transportation process is
the transition to enhanced quality of transport
service focused on meeting users’ requirements
while achieving the most economical results for
allthe components of the technological process
stages. The quality of the services offered by
railway transport is gradually becoming an
increasingly significant indicator of economic
efficiency for both carriers and cargo owners.

Customers are ready to buy more and more
qualitative services to save time, expand their
business, and meet new needs. This
necessitates development of modern
approaches to optimizing the use of existing
railway infrastructure, including by establishing
priorities in organizing traffic.

The objective of the research was to study
the procedure for establishing dynamic priorities
for organizing transit of cargo trains. To achieve

Sharov, Victor A., Russian University of Transport,
Moscow, Russia.

Tleukhanov, Almas A., LLP Engineering Center, JSC
KazATK, Astana, Kazakhstan.

this goal, a comparative analysis method,
special engineering calculation methods
associated with organization of train traffic were
used.

During the study comparative analysis of
main characteristics of a number of world
railways was carried out. Following clearly
defined strategy of railways of the Russian
Federation aimed at customer focus, this
article provides preliminary research results,
the findings of which revealed the expediency
of establishing dynamic priorities for cargo
trains transit. It is especially important to
implement these approaches in the context
of an operational change in the train situation
in the event of emergency events on the
infrastructure and for a possible reduction in
the financial losses of consignors and
consignees.

The same approaches can rightfully be used
on the railway of the Republic of Kazakhstan.

Keywords: railway, priority of transit of cargo trains, quality of service, management,

transportation, train schedule, customer focus.
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Background. Currently, in many countries,
cargo transportation by rail occupies a
leading position, this is especially true for
Russia and Kazakhstan. However, in the
competition for distribution of customers
between modes of transport, indicators
characterizing quality of transportation,
including timeliness, are becoming
increasingly important. Under these
conditions, it is necessary to develop modern
approaches to finding ways to optimize the
use of existing railway infrastructure.

Objective. The objective of the study is to
study the procedure for establishing dynamic
priorities for organizing transit of cargo
trains.

Methods. The authors used general
scientific methods, a comparative analysis
method, special engineering calculation
methods related to organization of train
traffic.

Results.

International experience in organizing
cargo rail transportation: common approaches

When studying the international
experience of railway transport, attention is
drawn to: «American» and «European»
experience in formation of models of the
market for cargo rail transportation; the
presence under the conditions of highly
developed market institutions and the
economy of both powerful directions of cargo
flows and lines with a small load; features due
to the geographical location of each country
and the prevailing environment of
competition of railways with alternative
modes of transport.

In North America today, within the
framework of a single railway network, there
is a division into 3 classes. The first class
includes seven railways (BNSF Railway,
Canadian National, Canadian Pacific, etc.).
More than 550 railways are assigned to the
second and third classes, including short lines
and local railways. According to the
Association of American Railroads, first-
class railways account for about 70 % of the
total length of US railways and 90 % of the
total number of people employed in railway
transport [1].

The possibility of adapting the American
model for Russian railways was considered
in one’s time in the framework of the
recommendations of the OECD and the
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World Bank, as well as by the well-known
American economist Russell Pittman, who
noted that the railway network of the Russian
Federation in its European part allows
implementing a competition scheme for
integrated companies [2, p. 11].

The experience of Germany, in which the
reform of railway transport began back in
1994 is recognized as one of the most
successful in Europe. The essential fact was
that it happened not just as a corporization
of a state owned enterprise, but as a merger
of two railway enterprises: Deutsche
Bundesbahn (Germany) and Deutsche
Reichsbahn (former GDR) into one company
Deutsche Bahn AG (DB AG). At the same
time, the Federal Railways Authority
(Eisenbahnbundesamt) was formed, which
issued DB AG permission to operate the
infrastructure and to carry out passenger and
cargo transportation [3].

From Table 1 it can be seen that the
indicators of the Russian railway network are
significantly different from the railways of the
leading EU countries being larger and much
closer than they to the indicators of Canada
and the United States.

In Kazakhstan, in June 2016, as a result
of the project on a phased transition to the
new organizational structure as part of the
Business Transformation Program, the
functions of providing cargo transportation
services were transferred to JSC KTZ—
Freight Transportation. This project allowed
to optimize a number of subsidiaries of JSC
NC KTZ [4].

The national carrier of Kazakhstan
(Kazakhstan Temir Zholy) has signed several
strategic agreements:

1) on cooperation in the transport and
logistics sphere with DHL (Germany) and
John Deere (USA). The agreement provides
for creation of a center for consolidation and
distribution of John Deere products on the
Eurasian market in the territory of Free
Economic Zone (SEZ) Khorgos—Vostochnye
Vorota;

2) on development, supply and
maintenance of locomotives with General
Electric Transportation (USA) (the
transaction amount is estimated at $900
million) [5].

In 2017 the volume of the transport and
logistics market in Russia was estimated at 2,5
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Table 1

The influence of conditions of functioning of the railway network on the choice of a model of
structural organization of the industry

Countries Average weight of a cargo train, tons | Average number of cars in | Average distance of cargo
a cargo train transportation, km

Germany 500 12 320

France 380 10 375

Great Britain 800 20 215

Poland 640 17 245

Canada 2900 72 1100

USA 2850 69 915

Russian Federation | 2255 61 1700

Source: IPEM analysis*.

trillion rubles, and the basic transportation
service unconditionally remained the main
service in the market (the share in the total
volume of transport and logistics services was
88 %), which for the purpose of implementation
of transportation growth potential is an incentive
for development of new services [6, p. 15]. To
achieve this goal, in 2017, development of a
single catalog of services provided by the Russian
Railways holding began, which also became a
natural reaction to growing activities of other
modes of transport. Competition with road
transport for transporting goods on medium and
long-distance routes arises quite regularly, due
particularly to a shortage of carrying capacities
at individual railway sections. But at present, for
relations between modes of transport, the
importance of quality of transport services, and,
first of all, of such an indicator as timely delivery
of goods, is becoming increasingly higher, setting
the task of finding ways to optimize transit of
cargo trains.

Possible ways to prioritize transit of cargo
trains

According to the Rules for technical
operation of railways of the Russian
Federation [7, clause 5 of Appendix No. 6],
cargo transportation is in the ninth place in
the established priority order of trains, which
is explained by safety requirements. Then it
is ranked from commercial positions and
when planning cargo transportation, the final
priority is embodied in the train schedule [8,
pp. 33-35].

An important step in improving movement
of cargo trains according to schedule was

“ | Electronic resource]: http://ipem.ru/files/files/
research/23_04_2013_rail_foreignreform.pdf; http://
ipem.ru/news/publications/676.html.

made with the approval of the «Integrated
program for a phased transition to organizing
movement of cargo trains according to
schedule for 2011-2015» and «Integrated
integrated technology for managing
movement of cargo trains according to
schedule» developed at JSC Russian Railways
[9], where these priorities are set in advance.
Currently, priorities in development of cargo
train schedules are given primarily to those
trains that have a higher commercial value.

The circulation options of such trains are
scientifically substantiated and published in
open access [10, p. 21]. In our studies, we set
the task of addressing the issue of feasibility
of setting dynamic priority for transit of cargo
trains, that is, a priority that is changing in
the context of an operational change in the
transportation situation.

The work of the railway section as of a
transport system in the absence of trains of
high priority with a different traffic mode,
primarily depends on the load factor v,
defined as:

NAT,) _ A

SN, u
where N/(Tpl) — actual number of trains that
have passed through the section for the period
T,y

N ( Tp ) — maximum possible number of
trains that can run through the section, based
on the available transit capacity for the period
T

A — intensity of delivery of trains that
should be passed through the section (input
train flow);

p — intensity of train transit through the
section (service of the incoming train flow).
The influence of y on performance of the

section is expressed through a change in the

)]
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speed of the train flow transit (for example,
B..=/(1)), the need to create additional track
facilities at operation points (buffer units) for
the conditions of a potential violation of the
normal mode of operation of the section due
to technical or technological failures.

The introduction of trains with a
differentiated transit mode, which have a higher
priority when in transit through the section and
violate the principle of «first come, first served»,
should certainly affect the selected indicators.

Within that example, train transit processes
have two different types of priorities: static
priority and dynamic priority. Priorities are
simply conditional values expressing the
relative importance that must be assigned to a
process or process object. The higher is the
priority, the greater are its chances of accessing
the service.

Thus, static priority does not change over
time (in our case, these are the requirements
of Rules for technical operation (RTO),
where the priority of train transit is set to
cargo trains, and cargo trains are ranked
within the standard schedule), and the
dynamic priority decreases or increases for a
particular cargo train over extra time waiting
for service (or with regard to ensuring timely
delivery of goods).

For clarity, one can imagine static priorities
when time slots are set within the standard
schedule for speedy cargo trains (container
trains, trains with perishable goods, etc.) and
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for trains with an agreed arrival time, and
dynamic priorities when it is necessary to
make changes to the schedule to allow transit
of late cargo trains or of a cargo train with
special requirements for time of delivery to its
recipient (for example, train with cargo that
should close a shipload in a port or hindering
the technological process of the enterprise due
to the lack of incoming raw materials).

At the preliminary planning stage, we
assume that the moments of train arrival for
service and duration of this service are known,
i.e. we can consider the system as deterministic.

Due to the specifics of train formation, as
well as due to technical and technological
failures in the section’s operation, deviations
from the stationary state may occur during
certain periods, and by the time 7 =1, sporadic
formation of queues N (1) ={0, 1, 2, ..., m} may
occur, where m is the maximum number of
requirements in the system awaiting for service,
determined by system’s capacity (in our
example, the number of tracks at an operation
point).

Therefore, virtual unloading time of the
system is of interest, when the queue is
completely eliminated and the next request for
service arrives without delay (the system returns
to a stationary state) for the cases when
priorities exist or are absent.

If we consider 7, as the permissible
residence time of the i-th request in the
system, then the request for which the
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remaining permissible residence time in the
system is minimal, is selected for service.
With this description, the priority class is a
function of the time during which the
request is in the queue.

For the considered problem, the approach
changes somewhat due to the fact that the
criteria for assigning priority are not 7, but
AT (lj) and the financial indicators resulting
from this (either income D, if AT(lj) =
Tl.f(lj) — T/(l) < 0; orafine F, if AT(1) > 0).
To assess the likelihood of obtaining income
or paying a fine depending on the value
AT(lj), we use the mathematical tool
previously described in [11, pp. 110—112].

Dynamic priority should be established
using the potential loss indicator L (. l,) for the
i-th dispatch at the j-th object. Its value is
defined as:

L) =E"(-P{TU)<T) |AT.())})

(2

where F? — the amount of fine for the i-th
dispatch in accordance with the contract;

P{T(l) < TDN|ATl.(ll)} — probability of
fulfilling the contractual delivery time for
sending TV if at the object j the deviation
from the standard value TI,N(I,) is AT(1).

The trends in transportation of
«expensive» goods, for example, perishable
or grain, are most typical in that context.
The growth in the volume of transportation
of grain cargo by rail is characterized by
uneven shipment over the periods of the
year, on weekends and holidays, and by a
low level of routing [12, p. 43]. Accelerating
the turnover of cars of a specialized rolling
stock, especially when forming shiploads,
also becomes relevant. The approved «Single
list of works and services rendered by JSC
Russian Railways in organization of cargo
transportation» (No. 1574 /r dated July 24,
2018) also makes it possible to single out the
priority of cargo transportation for the
provision of Cargo Express service in
transportation of goods and empty wagons
with high speed, etc. [13].

Brief conclusions. Thus, we can conclude
that even with the developed schedule for
cargo trains with static priorities, it is possible
and advisable to use dynamic priority in some
operational cases in order to reduce company
losses when there is a risk of violation of
delivery time of the shipment, leading to
serious financial losses.
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s 06ycTporicTBa CeBEpHbIX TEPPUTOPUIA, 06ECTIEYEHISI HOPMaSTb-
HOVI XU3HY PaGOoTalOLLMX TaM JI0AE HEOOXOAUMbI B 3HAYNTESTbHBIX KOJIN-
4ecTBax CTPOUTE IbHbIE MaTepuasibl, TOMIMBO, MalLyHbI, 060pyAOBaHMe,
PO/IOBO/ILCTBEHHBIE 1 APYre TOBaphl, 3HAYUTETIbLHYIO YaCTb KOTOPbIX
HEeobXoAMMO 3aBO3UTb Ha 3TV TEPPUTOPUN.

Oco6eHHOCTL MPOLIECCOB NEPEBO3KM rpy308 Ha CeBep aBTOMOOWUIIb-
HbIM TPaHCIOPTOM 3aK/04aeTcsi B TOM, 4TO OOJIbLUasi 4acTb fpoLecca
r1epeBO3KY BbIMOHAETCS 110 BPEMEHHbLIM aBTOMOGW/TbHBIM A0POram — aB-
TO3UMHUKaM [1, 2]. B oTam4me OT MOCTOSIHHbIX aBTOMOOWIIbHbIX AOPOr
C TBEPABIM MOKPLITUEM, MMEIOLLMX COOTBETCTBYIOLLME /IeMEHTbI MHGPa-
CTPYKTYPbI COAEPXKaHMs MPOE3Xer YaCTv, aBTO3UMHUKV UMEIOT TPaccy
ZIBVDKEHVSI, MPEACTAB/ISIOLLYIO OYNLLIEHHYIO OT CHEra roJiocy, He UMEIOLLYIO
crieLmasbHO MOAroTOB/IEHHbIX C/IOEB AOPOXHON oAexab!. Tpacca umeet
BpPEMEHHbIe OpueHTVps! [3, 4]. OnHako, B yCI0BUSIX HEMOrOAbl, Pe3KuX
U3MEHEHWVI TeMepaTypHOro PexviMa TPaccy MOXHO «[10TePSiTb», YTO
OTPULATESLHO B/MSIET HA HAAEXHOCTb 1 6E30MaCHOCTH MPOLIECCOB repe-
BO3KM.

Cpesctsa reomHpopmaTvki no3BoisiioT Co34aTb BUPTYaabHYIO
MPOCTPaHCTBEHHYIO MOAEJTb BDEMEHHOV aBTOMOGWILHOM A0POr, KOTopasi
MOXET ObITb OTPAXEHa Ha 3N1IEKTPOHHOV kKapTe [5—7]. CpeacTsa criyTHVKO-
BOVi HaBUraLym popMUPYIOT aKTyasibHble HaBUraLMOHHbIE AaHHbIe, KOTO-
pble CPeAcTBaMm reouHPOPMAaTVIKV «PUBS3bIBAIOTCS» K TDACCE MapLUPYTa.

AKTyasibHOe MEeCTOMNO/IOXEeHNe TPaHCMOPTHOro CPEACTBa Ha Tpacce asTo-
3UMHMKa MOXET ObiTb 0TOBPAXEHO C MOMOLLbIO 3/IEKTPOHHOM KapTbl
MECTHOCTV Ha 3KpaHe amcrinest 6opToBoro Tesiemartndeckoro 6sioka [8—10].

Lenbio cTarbu sIBISIETCS PACCMOTPEHME OCHOBHBIX 38/1a4, KOTOpbIe
PELLAIOTCS CUCTEMOW AVCTIETYEPCKOIO YrpaB/IeHVs [Py KOHTPOJIE BVXe-
HYIS1 aBTOMOOWJIbHBIX TDAHCTIOPTHBIX CPEACTB 10 BPEMEHHBIM aBTOMOOW/Tb-
HbIM OPOram — aBTO3MMHMKaM.

C 1Crionb30BaHMeM MaTeMaTuyeckux MeToL0B aHan3a v niaHnpo-
BaHus1 IepeBo30K aBTOMOOW/TbHBIM TPaHCMOPTOM pa3paboTaHa MeToan-
4eckasi OCHOBA 151 [OBbILLIEHVS YDOBHS aBTOMAaTVU3aLm 6a30BbIX yHKLMI
JZIMCeT4epCcKOro yrpasieHusi NepeBo3Koii rpy308 aBTOMOOU/IbHLIM
TPaHCIIOPTOM B CMELLIaHHOM MyJIsTUMOAA/IbHOM COOOLLIEHVM Ha OCHOBE
UCMO0/Ib30BaHVs IHHOPMALIMK, GOPMUPYEMOV r7100as1bHOM HaBUraLIMOH-
Hovi cuctemori [TTOHACC. Moka3aHo, YTO UCOIb30BaHNE CPELCTB reOnH-
popmarnku, MOBMILHOV CBSI3U U CYTHNKOBOW HaBUraLmy no3sosmT
3HAYNTEsILHO MOBLICUTL HAAEXHOCTL 1 6e30MacHOCTb MPOLIECCOB repe-
BO3ku rpy30B B ycrosusix Cesepa Poccuu. 1o oLeHkam crieumaamcTos
UCOIb30BaHNE MPEAIOXEeHHON MeToA010rK 03BOSISIET COKPATUTL
Bpemsi Ha 06paboTKy rpy308 B cpeaHem Ha 30 % v BDeMsi MpuHSITUS peLLe-
HWii — Ha 50 %, a Takxke yBennYnTs 3PEKTUBHOCTb UCTO/Ib30BaHVs aBTO-
TPaHCIMOPTHBLIX CPEACTB 3a CYET COKpaLLieHus Ha 95 % 4mncra cXonoB aBTo-
MOBWAEN C NIaHVPyEeMOro MapLLpyTa.

KnioyeBble cnoBa: TpaHcrnopT, aBTOMOBOUIIbHLIN TPAHCMOPT, reouHGopmarka, CryTHUKOBasi HaBuraums, npoCcTpPaHCTBEHHas Lngposas
moZzesnb MapLupyTa, rpy3s CeBepHoro 3aBo3a, BDeMeHHbIe aBTOMOOUIIbHbIE JOPOr.
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BBEOEHUE

TpaHcTOpT sIBISIETCS] OMHUM M3 pellaro-
KX (haKTOPOB YCIIEITHOTO Pa3BUTHUSI POU3-
BOIUTEIBHBIX CWJI, pa3BeIKN U JOOBIYM T10-
JIE3HBIX MCKOTMAEMBbIX, 00CCIIeUeHUS KMU3HE-
NesITeIbHOCTH B CEBEPHBIX pailoHaX CTpaH,
YacTh TEPPUTOPUU KOTOPBIX PACIIOIOXKEHA 3a
TTongapHBIM KpyroMm.

Ha teppuropun Kpaitnero Cesepa Poccuu
TPaHCIIOPTHAsI CETh B OCHOBHOM OCTaéTCs
CE30HHOI (BOIHBIEC MYTH, aBTO3UMHMKH).
JOCTYIMHOCTh JAaHHBIX TPAHCIIOPTHBIX ITyTei
B 3HAYUTEJIHHO CTeTIEH! 3aBUCUT OT IMPUPOI-
HO-KJIMMaTUYeCKUX YCTOBUA.

B HacTosiee BpeMst 6oJiee TTOJTOBUHBI
MPOTSIKEHHOCTU JOPOXHON CETH CEBEPHBIX
palioHOB HOBOT'O OCBOEHMSI COCTaBJISIOT aBTO-
3UMHMKHU. 3HAYMTEIbHBIC TPYI03aTpaThl Ha
X CE30HHOE CO3/IaHNe U CofepKaHUe TTPUBO-
IISIT K TOMY, YTO ce0eCTOMMOCTh aBTOIIEPEBO-
30K 110 3MMHUMKaM Bbilie Ha 70 %, HeXeJu 1o
aBTomoporam I11-IV knacca.

[TpruMeHeHUe TeXHOJOTU MHTEIICKTY-
aJTbHBIX TpaHCcOpTHBIX cucteM (MU TC) B paii-
oHax Kpaitnero CeBepa 1 MECTHOCTSIX, TP~
pPaBHEHHBIX K HUM, O0ECIIEUUT BO3MOXHOCTh
TMPOTHO3UPOBAHUS COCTOSIHUSI BPEMEHHBIX
TPAHCIIOPTHBIX ITyTeil, MOHUTOPUHT ITPOIIEC-
COB IMEPEBO3KU IPYy30B, KOHTPOJIb COCTOSTHUS
MepeBO30YHOTO Mpoliecca, UHTETrpalunio
TPAHCIIOPTHO-JIOTUCTUYECKOI MHMOpMauu
M JOCTYM K Hell B 110001 BpeMEeHHO# TTepuo/I
BCEM yyaCTHUKaM TPaHCIIOPTHOTO Ipoliecca.
DTO TO3BOJUT MOBLICUTH 3(PGHEKTUBHOCTH
1 0e30MacHOCTh MpoIlecca N10CTaBKU TPY30B
B CeBepHBIE PETUOHBI.

[lepeBo3ka 1o JIemoBoii Tepernpane U aB-
TO3UMHUKY TPeOyeT MOBBIIIICHHOTO BHUMAHUS
CO CTOPOHBI BCEX YYACTHUKOB JIBUKCHUS.
ITpakTuyeckoe MCMoJb30BaHNUE aBTO3UMHM-
KOB B YCJIOBUSIX HETTOTOIbI TTOBBIIIIAET YPOBEHD
pucka ripu nepeBo3ke. J1is yBennueHus 6e3-
OIACHOCTHU ABVKEHMS U C LIEJIBIO MTOBBILLICHUS
TeXHUKO-3KCITyaTallMOHHBIX TTOKa3aTeei
HEO0O0XOAMMO HCITOJIb30BaTh cucteMy «DPA-
TJIOHACC». TpaHcniopTHBIE CPEACTBa, BbI-
nyckaeMble B Poccum riociie 2017 roaa, 10K~
HbI 000pPYI0BaThCSI CUCTEMOI 3KCTPEHHOTO
pearupoBanusi «PA-TTIOHACC» [8], ocHOB-
HOe Ha3HaueHUe KOTOPOif — aBTOMaTU4YeCKOe
(bopmupoBaHue U Mepegavya CUrHaaa B CIyxK-
0y «112» ripu Bo3HMKHOBeHUM aBapuu. C 3Toit
1IeJIbIO TPAHCTIOPTHOE CPEICTBO 0OOPYAyeTC s
crelMaibHbIM MOOMJIBHBIM OJIOKOM CBSI3U
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HaBUTALIMU, KOTOPBIU IIPY aBAPUH OTIPEICIIS -
€T CTEeIeHb TSKECTH aBapHuU, MECTOIIOIOKE-
HHUE TPaAHCIIOPTHOrO CPeICTBa U MepeaacT
CUTHaJ OeaCTBUS Yepe3 J0O00ro COTOBOTO
oreparopa, 4eii CUrHaJl B JaHHOM MecTe OyneT
CaMBbIM CUJIbHBIM. BOpTOBOIT GJIOK BKITIOUAET
KHOTIKY CHUTHaJIa OSICTBUS, KOTOPYIO BOIM-
TeJTb MOXKET HaXKaTh B 3KCTPEHHOM clTyJae ISt
BbI3OBa omepaTtopa cucteMbl «DPA-
TJIOHACC» BpyuHyio.

Ha mpeamnpustusx rpy30BOro aBTOMO-
OMJIBHOTO TPAaHCITOPTa COBPEMEHHEBIE TEXHO-
JIOTUM CITYTHUKOBOW CBSI3M M HaBUTALIUU
JIOJDKHBI BHEAPSITHCSA B paMKaX aBTOMAaTH3H -
POBaHHOI HABUTAIIMOHHOM CUCTEMBI IUCTICT-
YePCKOTO YIIPABICHUS M KOHTPOJIS IBVKCHUS
TPaHCIIOPTHHIX cpeacTB. Kaxkmoe TpaHciopT-
HOE CPEeICTBO MPEAIIPUITUS JOKHO OBITH
00opynoBaHO HAOOPOM TeJieMaTUUYECKUX
YCTPOMCTB.

Ileavio cTaTbu ABISIETCS PACCMOTpPEHUE
OCHOBHBIX 33J1a4, KOTOpPbI€ PeIIaloTCsI CUCTe-
MO TUCTIETISPCKOTO YIIPABJICHUS ITPU KOHT-
poJie 3a TepeBO3KOM rpy30B TPaHCIOPTHBIMU
CpeICcTBaMU IT0 BpeMEHHBIM aBTOMOOVIIBHBIM
IoporaM — aBTO3MMHHUKaM. B 3Toi1 cBs3M,
B 9YaCTHOCTH, pacCMaTPHUBAIOTCS BOIIPOCHI
Ppa3paboOTKU MPOCTPAHCTBEHHOM MOJIEIN Bpe-
MEHHOI1 aBTOMOOWIHLHOM HOPOTH (aBTO3MM-
HUKA).

Onpenesienne paccTOSHUSA, NPOHIEHHOTO
IPY30BbIM aBTOMOOMJIBHBIM TPAHCIIOPTOM Ha
MapumipyTe, ¢ OMOIIBIO IM(POBOI MoAe M

ABTOMAaTUYECKUI KOHTPOJIb TLJIaHA BbI-
MOJIHEHUSI MIEPEBO30K TPY30B MO MAPIIPYTY
OCYUIECTBJISIETCS] HA OCHOBE MCITOJIb30BaAHMS
«(DYyHKITUY PACCTOSTHUS» , KOTOPAst TSI 3a/1aH-
HOT'O MOMEHTa BPEMEHMU OTIPENIENISIET PACCTOSI-
HUE, MPONACHHOE KOHTPOJUPYEMBIM TPAHC-
MOPTHBIM CPEICTBOM OT HAYAJIBHOTO MyHKTa
mapipyta [11, 12].

B o61iem Bune hyHKIUS pacCTOSTHUS 3a-
MHUCBIBAETCS CIEAYIOIINM 00pa3oM:
S=f(e(t), w(v), dt), (1)
raet — MOMEHT BpeMEHU, B KOTOPbIiA omnpe/e-
JISieTCsl 3HaYeHue (hyHKIIUU PACCTOSTHUS

(o(t), w(t)) — KOOpAMHATHI TOYKU MOJIETIH,
K KOTOPOIA MpUBsI3aaach TeKyIllasi HABUTallU -
OHHAas OTMETKa B MOMEHT BPEMEHHU t.

Ha npakTuke uudposas Moieab MapuipyTa
peann3yeTcsl ¢ UCIOJIb30BAHNEM KYCOUHO-
JIOMaHHOW (PYHKIIMU, MOJETUPYIOLIEN y4acT-
K1 Mapuipyta. B aToM ciyyae ¢yHKIuMs pac-
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CTOSIHUS UCIIOJb3YeT TabJIUIy PacCTOSTHUMN
MapllpyTa C 3aMUCSIMU CJIEAYIOIIEH CTPYKTY-
pol: «<Homep oTpe3ka 1udpoBoii Moaean»,
«[lmHa oTpeska, M». PaccTosiHue oT Havasia
Mapuipyta (IJuHa MPOUIeHHOTO TyTH) S
PaCCUUTBIBAETCS CIEAYIOIIUM 00pa3oM.

1. Ecnu HaBUTalMOHHAS OTMETKA MPUBSI-
3aJ1ach K TOYKE, SIBJISIOIIEICS KOHIIOM N-Tro
OTpe3Ka, TO MPOMIEHHOE PACCTOSTHUE PACCUM -
ThIBaeTCS Mo popmyJie:

S()=3,

e | — JUtnHa i-ro oTpe3ka MOJIENH, M.

Ecnu tekyiasi HaBUralimoHHasi OTMETKa,
MOJIy9eHHass B MOMEHT BpeMeHU t, TIpUBs3a-
JIach K TOYKE, SIBJISTIOIIEUCS IIPOMEXYTOIHOM
TOYKOH N-TO OTpe3Ka ¢ KoopanHaTamu (¢(t),
y(t)), TO MPOAIEHHOE PACCTOSTHUE PACCUUTHI-
BaeTcs 1Mo hopmyie:

S(1)= L1+ 5a(0),

e | — AMHa i-ro oTpe3ka MoZIeu, M;

S (t) — IeKapTOBO paccTOsSHME OT Havaja
N-ro oTpe3Ka A0 TOYKU MOJCIIM ¢ KOOPIUHA-
tamu ((t), y(t)), K KOTOpO# MpuBsizagach
HaBUTaLIMOHHAsI OTMETKA, IOJIy4eHHasT B MO-
MEHT BPEMEHU t, M.

Benumna S () onpesesiszeTcs o popmyiie:
8,(0=(c,(6,-(1) +(c, -y (1)), 4

rae (o(t), w(t)) — KoopaArHATBI TOYKU MOJIETH,
K KOTOPOIi TIpUBsI3ajach TEKyIllasi HABUT AL~
OHHasi OTMETKAa B MOMEHT BPEMEHH t;

(¢, V,) — KOOPAMHATHI TOYKHU HaYajIa n-ro
OTpe3Ka;

CgD — Koa(ppuiMeHT nepeBoaa rpaaycHom
MephbI IIUPOTHI B METPUYECKYIO;

CW — KO3(ULIMEHT nepeBoaa rpaaycHO
MepBI I0JITOThl B METPUYECKYIO.

IMoncrapnss BeipaxkeHue (4) B (3) moay-
YUM:

NOE ili + (e, (-9 (1) +(c, (v, - (1)) .

2

(€))

&)

O1neHKa BeJIMIHHDbI OTKJIOHEHHS 3aIIAHUPO-
BAHHOT'O BPeMEHHU JBMKEHHSI TPAHCIOPTHOTO
CpeACTBa B NMPOU3BOJIbHbIE MOMEHT BpeMeHH
M KOHTPOJIb BEJIMYMHbI OTKJIOHEHHSI IUcTieTYep-
CKOM CHCTEMOI

O1eHKa BeJTMYNHBI OTKJIOHEHUS TTepeBO3-
KU TPY30B aBTOMOOMJIBHBIM TPAHCIIOPTOM OT
3alJIaHUPOBAHHOTO BpeMEHMU ABUXKEHUS
B IIPOM3BOJIbHBINA MOMEHT BpeMEeHU ITIPOU3BO-
JIUTCSI aBTOMATUYECKU Ha OCHOBAaHUM CpaB-

® MWP TPAHCIMOPTA, Tom 17, N24,C. 218-231 (2019)

HEHMUS [JTAHOBOTO U (DaKTUYECKOTrO MECTOIIO-
JIOXEHUS TPAHCIIOPTHOT'O CPEeICTBA Ha Maplil-
pyTe B IaHHbBII MOMeHT BpeMeHu. [lnaHoBoe
MECTOITOJIOKEHNE TPAHCTIOPTHOTO CPENCTBA
omnpeaessieTcss Ha OCHOBaHUU UHGbOpMaIuu
C KOHTPOJIbHBIX TOYEK IBUKEHUSI, B COOTBET-
CTBUU C YEM TSI KAXKIOM KOHTPOJBbHOU TOUKU
Ha MaplIpyTe B KaXOI0Ui MepeBo3Ke UMeeTcs
TJTAHOBOE BPeMsI €€ TIPOXOXKIEHHUSI.

PaccmoTpum anist ynpoueHus: pacu€éToB
ciy4yai, KoTja TPaHCIIOPTHOE CPENCTBO Ha-
XOAUTCS MEXIY KOHTPOJbHBIMU TOYKAMU
Mapipyta ¢ Homepamu i u (i + 1). ITpu aTom
€ro MECTOIOJIOXKEHHUE MO TUIAHY TAKXKE COOT-
BETCTBYET PACCTOSTHUAIO MEXAY KOHTPOJIbHbI-
MU Toukamu ¢ Homepamu i U (i + 1). ITycTp
tp(i), t i+, — TUVIAHOBbIC BPEMEHA ITPOXOXKIie-
HUS KOHTPOJILHBIX ToYeK i v (i + 1). ITycTh 1,
1,1, — paccTostHue OT Havajla MapIIpyTa Jo
KOHTPOJIbHOM TOUKM ¢ HOMepamu i u (i + 1)
cooTBeTcTBeHHO. Torma BenmumHa SP(t) —
TUTAaHOBOE PACCTOSTHME OT Havyajia MapIipyTa
B MOMEHT BpEMEHU t, MONaJatolIil B UHTEP-
BaJl BpeMeHH [t ], onpenenurtcs mo
¢dopwmyiie:

n-1
s7(1)=21;+8:(1),
i=l

rze |, — utiHa i-ro oTpe3ka MoJIeNu, M;

SP (t) — IEKapTOBO PACCTOSIHME OT Havyasa
N-TO OTpe3Ka 0 TOYKU MOJEJH, COOTBET-
CTBYIOIIIEI MECTOITOJIOXEHUIO B TJIAHOBBIN
MOMEHT BPEMEHH t, M.

ITraHoBasT cpeHSIsST CKOPOCTh ch Ha yJacT-
Ke MapIIpyTa MeX1y OCTAHOBKaMU C HOMepa-
muiu (i+ 1)onpeneauTcs U3 BbIpaKeHMUSI:

I:l(m) - li:l 7

Vo™ |:tﬂ(i+l)_tﬂ(i):| ‘

Torna sHauyenune SP (t) MOXHO pacCcuUTaTh
o opmye:

MHH

oy = o)

p(i)’ tD(i + 1)

(6)

®)

IlepBbiit yaeH (1podb) B ¢opmyne (8)
OIpeeIIsIeT TUTAHOBYIO CPEIHIOI0 CKOPOCTh
JBIDKEHUST MEXKTy KOHTPOJBbHBIMUA TOUYKAMK
¢ HoMepamu i u (i + 1). BTopoii unen (pas-
HOCTB) OMpe/essieT IJIaHOBOEe BpeMsl, TPo-
Ie/IIee ¢ MOMEHTa IIPOXOXKICHUST KOHTPOJTb-
HOI TOYKM C HOMEPOM i 0 TEKYIIIETO MOMEH -
Ta BpeMeHHU t. [loacrasiss BoipaxkeHue (8)
B (6), TOJTy4nM:

s*()=31 +M[’ i)

=l |:tp(i+1) )

&)
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Puc. 1. Cxema KOHTPOJISI ABVMK€HUSI TPDAHCIMOPTHOIO CpeACTBa Ha MapLipyTe

PaccmotpuM ciyvait, Koraa M MjIaHOBOE,
" (pakTIYECKOE MECTOMOIOKEHNE TPAHCTIOPT-
HOTO CPEACTBA MPUHAMLIEXKAT OMHOMY OTPE3Ky
MEXIY KOHTPOJbHBIMU TOUKAMU C HOMEpaMU
im(i+1).

Pasnuna AS Mexny hakTUUECKUM U IIa-
HOBBIM PacCTOSIHUEM B MOMEHT BpeMEHH t
onpeaennTcs 1o hopmyie:

AS = S(t) — S°(t). (10)

OTKJIOHEHUE 10 BpeMeHU At IBUXEHUS
TPy30BOTO aBTOMOOMJIBHOTO TpaHCIIOPTa
OIPENCIUTCS U3 BBIPAKECHUS:

arBSO=8"(0)
Ve

(11)

OTKJIOHEHUE MO BpeMEHU PaBHO abCOIOT-
HOM BeJIMYMHE Pa3HHULIBI IJIAHOBOTO U (haKTH-
YeCKOTO MPOMAEHHOTO PACCTOSTHUST B MOMEHT
BpPEMEHH t, IeIEHHOTO HA CPETHIOI0 CKOPOCTh.
B 1esix aucneT4epeKoro yrpasieH st MOXKHO
paccmarpuBaTh BeIMuuHy A co 3HakoM. Ecin
(bakTHUECKM MPOiIEHHOE PACCTOSTHUE B MO-
MEHT BPEMEHHU t OKaxkeTCsl O0JIbIIIE TTaHOBO-
IO PACCTOSTHUSI, TO IBMKEHUE TPAHCITOPTHOTO
CPEACTBA OCYIIECTBISIETCS CO CPEIHE CKO-
pPOCTBIO BBIIIE 3alJIAHMPOBAHHOK. B aToM
cilydyae BeIMYMHA At OKAXETCsl MOJTOKUTE b~
Hoit. Eciu hakTruecKu npoiiieHHOE paccTosi-
HUE B MOMEHT BPEMEHHU t OKaXKETCS MEHbIIIE
MJIAHOBOTO PAaCCTOSIHUSI, TO UMEET MECTO

[1 is) =

«OTCTaBaHWE», T.€. NIBUKEHUE CO CpeaHei
CKOPOCTBIO HIKE 3aTUTAaHUPOBAHHOM. B aTOM
cydae BeJMunHa At OKaXeTcsl OTpUIIaTe Tb-
Hoii. IToacrasisss BMecTo S(t), ch, Se(t) mux
BeIpaxkeHust u3 popmyi (5), (7), (9) u nmpose-
nisl ipeoOpa3oBaHus, moaydum (12).

Ha puc. 1 cxematuyecku oToOpaxeHa
aBToMaTMUeCcKasi CUCTeMa KOHTpOJIs Tpachuka
NBUXEHUS TPAHCIIOPTHOTO CPeACTBa Ha
MapIipyTe.

OnucaHHasT BBIIIE MOJETb IMO3BOJISET
CHCTEME TIOCTOSTHHO ¥ aBTOMAaTUYECKH OTCIIe-
KUBaTh BeqMunHy At. [Ipw 3TOM TexHOJIOT
CUCTEMBI 3aa€T MPEeNeIbHO JTOTYCTUMBIE
3HAYCHUS BEJIMYMHBI At, TIPU TIPEBBIIICHUN
KOTOpBIX cucTeMa (POpMUPYET CUTHAJT JIUC-
reT4yepy 0 HeOOXOAMMOCTH TIPOBEACHUS pe-
TYJIUPYIONTNX BO3ICHCTBUI C 11eJIbI0 BO3BpaTa
Tpoliecca MepeBo30K K IJIaHOBOMY COCTOSI-
HUIO WJIW, €CJIA 3TO HEBO3MOXHO, C IIEJTbIO
YMEHBIIIEHHUST OTPUIIATEILHBIX TTOCIEACTBUI
JOTyIIIeHHOTO HapyieHus. Ha pucyHke rpa-
duyeckr oToOpaxkEH MpoliecC YBeIUYECHUS
oTkiIoHeHusI ABvkeHnst TC oT 3aTtaHupoBaH-
HOTO BPEMEHU W MOMEHT BPEMEHH, TIPU KO-
TOopoM 3aUKCUpPOBaH (HaKT JOCTUKEHUS
MPeNETbHO TOTTYCTUMOM BeJTMIMHBI OTKJIOHE-
HUs, 4TO B ycioBusx CeBepa MOXET OBITh
He0e30ITacHO IS BOAUTENST TPAHCIIOPTHOTO
CpelncTBa.

/ p(;)]

Je,(8,-(1)? +(c, (v, (1)) -

At

(i)~

Lo(s)

(12)

| Loy = L (i)
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OneHKa IJIaHa TEPEeBO3KHN IPY30B AaBTOMO-
OWJIbHBIM TPAHCIIOPTOM MEXKIY KOHTPOJIbHBIMHU
TOYKAMH

OlieHKa r1aHa NepeBO3KU rPy30B aBTOMO-
OUIBHBIM TPAHCITOPTOM MEXIY KOHTPOJIbHBI-
MM TOYKaMU OCHOBaHA HAa CPAaBHEHUM TLIAHO-
BOTO 1 (PaKTUYECKOTO BPEMEHU MPOXOKACHUS
TPAHCHOPTHBIM CPEICTBOM KOHTPOJbHBIX
IMyHKTOB MapuIpyTa, OTMEUYEHHBIX CITeLIUaTH -
CTaMM IO OpTraHU3aLU U TePEBO30K 1T KOHT-
posisi, 6€30MaCHOCTU U HAAEXKHOCTH MePEBO-
30K I'py30B. B KauecTBe KOHTPOJIBHBIX ITyHK-
TOB Ha MaplIpyTe B CUCTEME 00s3aTEIbHO
YKa3blBalOTCS HavyaJlbHBIA U KOHEYHBII
MMyHKTHI, a TAKXKE OIUH, ABA WU TPU ITpOMe-
JKYTOUHBIX KOHTPOJIbHBIX MYHKTa B 3aBUCH-
MOCTHU OT IJIMHBI MapuipyTa. C 1LeJblo aBTO-
MaTUYECKO OLIEHKH TJTaHA EPEBO3KU FPY30B
ABTOMOOWJIBHBIM TPAHCTIOPTOM JJISI KaXKA0TO
KOHTPOJIbHOT'O ITyHKTA YKa3bIBAETCS Mpeesib-
HO JOTMyCTUMasl BeJIMUYMHA OTKJIOHEHUS OT
3aIJIAHUPOBAHHOTO BPEMEHU (+Atnp) M OTCTa-
BaHU (-Atnp). Ecnu daktrueckas Be1uynHa
OTKJIOHEHUS, JOMYIIeHHas: MpU MPOXOXIe-
HUM KOHTPOJBHOTO IMYHKTA, YKJIaabIBACTCS
B UHTEpBal [-Atnp, +Atnp], TO CUCTEMA aBTO-
MaTUYECKM 3aCUUTHIBaeT (haKT 3ariaHUupPO-
BAHHOTO MPOXOXIEHUS KOHTPOJIbHOIO IMyHK-
Ta. [Ipu 5TOM (hakTHUEecKoe BpeMst TPOXOK/Ie-
HUSI KOHTPOJILHOTO MYHKTAa OMpeaesieTcs
clienyroium oopa3oM. Jist Kaxkaoro KOHT-
POJIBHOTO ITyHKTA OINpPeAeseTcs U MaTeMaTu -
YeCKM OIMUCHIBAETCS HEKOTOpasi MpOCTpaH-
CTBEHHAas 30Ha, BKJIIOYAIOIIIasl MECTOIOJIOXKE -
HUE KOHTPOJIBHOTO ITyHKTAa, KOTOPasi Ha3bIBa-
€TCST «30Ha BIIUSIHUSI KOHTPOJIBHOTO ITyHKTa».
Ecnu HaBUTralilMOHHBIE OTMETKU, MOCTYIal0-
1€ OT TPAHCIIOPTHOIO CPEICTBA, MPUBSI3bI-
BAlOTCS K 30HE KOHTPOJBHOIO MyHKTA, CUM-
TaeTCs, YTO TPAHCTIOPTHOE CPEACTBO HAXOAUT-
Cs Ha COOTBETCTBYIOIIEM KOHTPOJbHOM
nyHkTe. [TpaBuia, Mo KOTOPbIM CUCTEMA aB-
TOMaTUYECKU ompenesieT hakTuuyeckoe
BpeMsI MPOXOXKAEHUS KOHTPOJIBHOTO MYHKTA,
hopmynupyroTcs cleayommnuM o0pa3om:

1) ecniv KOHTPOJIbHBIN MYHKT SIBJISETCS
HayvyaJbHBIM IIYHKTOM MaplipyTa, To (pakTu-
YecKOoe BpeMsI Hayajia MaplipyTa 3aCYuThIBa-
€TCs CUCTEMOM Mo BpeMeHU (popMUPOBAHUS
MOCJIEAHE N HABUTALIMOHHOM OTMETKH, TTOCTY-
MUBILEI OT TPAHCITOPTHOTO CPEACTBA, HAXO-
JSIIerocs B Mpeaeax 30HbI MePBOro KOH-
TPOJIbHOTO ITyHKTa — HAYaJbHOTO MYHKTa Ha

MapuipyTe;
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2) eci KOHTPOJbHBIM TyHKT SIBJISIETCS
3aKJTIOYUTEJbHBIM ITYHKTOM MapuipyTa, TO
dakTuyeckoe BpeMsi OKOHYaHUSI MapIIpyTa
3aCUMTHIBAETCS 110 BpeMeHU (POPMUPOBAHUS
MepBOl OTMETKM, MOCTYNMUBIIECH U3 30HBI
MOCJIEAHET0 KOHTPOJIbHOIO IMyHKTA — 3aKJII0-
YUTEJBHOTO MYHKTA Ha MapIIpyTe;

3) ecau KOHTPOJBHBIA MyHKT SIBJISIETCS
TPOMEXYTOYHBIM ITyHKTOM Ha MapuipyTe, TO
bakTUUECKOE BpeMsI TPOXOXKIECHUS TPOMEXY-
TOYHOTO KOHTPOJIBHOTO MYyHKTa 3aCUUTHIBA-
€TCsI 0 BpeMeHU (pOpMUPOBaHMST HABUTALIM -
OHHOU OTMETKU M3 30HbI POMEKYTOUYHOTO
KOHTPOJIBHOTO IMyHKTa, KOTOPOE 0Ka3aJioCh
MaKCUMAaJIbHO OJIM3KMM WU COBIAJIO C IJia-
HOBBIM BpPEMEHEM IPOXOXICHUST TaHHOTO
KOHTPOJILHOTO ITyHKTa Ha MapIipyTe.

C 1esnplo opraHu3aluu aBTOMaTUYECKON
OLIEHKU TJIAHOBO! MEPEBO3KU IPY30B TEXHOJIOT
CHUCTEMBI YKa3bIBAET, KAKOE KOJIUYECTBO KOHT-
POJIBHBIX ITYHKTOB Ha MapuipyTe TOJKHO
npoiiTy 6e3 cooeB (T.e. He TTpeBbIIIas 3aAaHHbIX
MpeaebHbIX OTKJIOHEHUN OT MJIaHOBOTO
MaplIpyTa), YTOObI MapLIPYT LIEJTUKOM 3aCUM-
THIBAJICSI KaK 3arulaHMpoBaHHBIN. OOBIYHO
JIOTTYCKaeTCsl TIPOXOKAeHUE He 60jiee 0OHOTro
KOHTPOJIbHOI'O ITYHKTA HA MapIlIpyTe C MPEBbI-
ILIEHUEM MTPEAETbHO IOMYCTUMOTO OTKJIOHEHUS
MPpY YBEJIMUEHUU BPEMEHU WJIU TIPU OTCTaBa-
HUU, YTOOBI MapILIPYT ObLT 3aCUMTAaH CUCTEMOM
Kak 3aruilaHupoBaHHbIN. Hanpumep, ecnu st
MapIIpyTa OIpe/e/ieHbl TIATh KOHTPOJbHBIX
MYHKTOB, TO TEXHOJIOT MOXET yKa3aTh 3Haye-
HUE «9€ThIPE KOHTPOJIBHBIX ITyHKTa» IJISI 3a4€-
Ta 3aMJaHUPOBAHHOTO MPOXOXAEHUS
mapuupyTa. [Tpu 3ToM [T cUCTEMBbl HE UMEEeT
3HAYEHMsI, KAKOU TIYHKT U3 TISITU OyIeT Ipoii-
JIeH He3arutaHupoBaHHO. Eciu TpaHcniopTHOE
CPENCTBO MPOXOAUT HE MEHEE YeM YKa3aHHOe
TEXHOJIOTOM YUCJIO KOHTPOJIbHBIX TYHKTOB Ha
MaplIpyTe, TO MepeBO3Ka aBTOMAaTUYECKU 3a-
CUUTBIBAETCS B CUCTEME KaK 3arIaHUPOBaH-
Hasg. MHaye mepeBo3Ka 3aCUMTHIBAETCS KakK
He3alJIJaHUPOBAHHAS.

Iudposas Moaesib aBTO3MMHUKA

OOBbeKTHI Yupposoi MOAEIN BPEMEHHOTO
MapuIpyTa — aBTO3MMHUKA CJIeTyIOIINe:

1) Tpacca, BKJIIOYaeT:

1.1) HudpoBoe onucaHue MpoOCTpaH-
CTBEHHOM MOJEJN TPACCHhI.

1.2) CemaHTHUeCKOE OMMcaHue crienuu-
YyeCcKMUX YYacTKOB (IeperpaBa, OmacHbIe
YYaCTKU U T.10.).
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1.2.1) KoHTposbHbIE MYHKTHI (OCTAHOB-
KH).

1.2.2) OnacHble y4acTKUA C CEMaHTUKOM
(omacHble MOMEHTHI, BO3HUKAIOIINE Ha
MapllpyTe).

2) Ilepuonbl BpeMeHU (AeCTBUE OIpee-
JIEHHBIX OMACHOCTE! ¢ BO3MOXHOCTBIO MPO-
rpaMMHOI 00pabOTKU MaHHBIX CUTYyalluid
B pa3IMIHbIC TIEPUOIBI TO/Ia MJTU B pa3IUIHBIC
TepUOJIbl CYTOK, WJIM TOT/IAa Y TOT/A).

3) MecTomnoJjiokeHUe OMACHBIX MYHKTOB
W UX TPOTSIKEHHOCTH B OMMCAHUN XapaKTe-
PUCTUKU TBVKEHUSI.

Ecnu cutyanus Ha MapiipyTe yxXyaiaeTcs,
JIACTIETYEP MePeNacT ONepaTUBHYI0 OOCTaHOB-
KY BOJAMTEJI0 TPAHCIOPTHOTO CPEACTBa.
CraHgapTHbIEe COOOIIEHUS 3apaHee Mporpam-
MUPYIOTCSl Ha CIydail BCeX BO3MOXHBIX HeE-
OmaronpusATHBIX cutyauuii. [Ipu atom auc-
neTyep BhIOMPAET HYXKHOE COOOIIeHUE U3
CIMCKA U OTIPAaBJIsIeT BOAUTENIO C MPOChOOA
MOATBEPAUTD TIPUHSATHE coobienus. [Tom-
TBEPKAEHUE COOOIIEHUST 003aTeIbHO, €CIU
qucnerdyep nepenaét KomaHay «M3MeHUThb
MapupyT». Jlucneryep HaOUpaeT KOPOTKUM
TeKCT npuMepHo 20 CMMBOJIOB, KOTOPBIU
nepenaércss Ha OOPTOBOM HaBUTALIMOHHBIM
TEPMUHAJ M OTpaxkaeTcsl Ha 9KpaHe TepMUHa -
Ja. Ha sKkpaHe TepMrHaIa OTpaxkaeTcsl TakKe
BpeMsI TT0 YacaM CUCTeMHI |14, 15].

VY BoauTeNnss TpaHCTOPTHOTO CPENCcTBa
TaKKe ecThb 3apaHee cHOpMUPOBAHHBIE COO0-
IEeHWST — BBI3OB IMOJUIIMU, TTOXKAPHUKOB,
CKOPOI1 ITOMOIIIH, TIPETISITCTBUE Ha MapIIpyTe,
KOTOpBIE OH MOXKET BBHIOMpPATh M3 CIHCKA
U TIOChUIaTh AUCIETYEPY BMECTO TOJIOCOBOM
CBSI3M.

4) CemMaHTHUYECKOE U TTPOCTPAHCTBEHHOE
OTMCaHNe KOHTPOJIbHBIX ITyHKTOB.

CeMaHTUYECKOE U MPOCTPAHCTBEHHOE
OTMCaHNe KOHTPOJIBHBIX ITYHKTOB 3aBUCUT OT
TUTIa KOHTPOJIBHOTO TTyHKTA.

IIpu 3aBepiieHUM OINEPATUBHBIX CYTOK
B CHCTEME MOSIBJISIETCS MH(OPMALIKS O Pe3yJib-
TaTax epeBO30YHOro npouecca. MHbopmarms
JIOCTYITHA BCEM JIESTUTUMHBIM MOJIb30BaTE/ISIM.
OHa MOXeT BKJIIOYaTh OCTaTKH 00BEMOB TPY30B
Ha cKJ1aJiax, MPOrHO3 MOCTYIUIEHUS IPY30B Ha
JIEHb, Heleto, Mecsll, BpeMs MOCTYIUIEHUS
MPOTHO3UPYEMBIX ITAPTHii TPy3a.

Dopmupyercst IPOTHO3 BPEMEHU JIBUXKE-
HUSI TPAHCTIOPTHBIX CPEICTB MO0 KOHTPOJIBHBIM
IyHKTaM MapuipyTa, IpOTHO3UPYETCST BpeMs
JIOCTaBKU IPy30B MOTPEOUTEITIO.
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CpaBHeHHe TPAIUIMOHHBIX U NPEIAraeMbIX
NIPMHIMIIOB KOHTPOJISI IBMKEHNS TPAHCTIOPTHBIX
CPe/ICTB HA BPEMEHHBIX ABTOMOOUIbHBIX I0PO-
rax (aBTO3UMHUKOB)

1. TTpyHUIUITBI KOHTPOJIS IBMKEHUS B Tpa-
JMUIIMOHHOW CUCTEME YITPaBJICHUS:

1.1. YopaBneHue ocylecTBIASIETCS TOJbKO
B OIpeie/IEHHBIE MOMEHTHI BpeMeHU (Havasia
MapuipyTa U KOHell MaplipyTa).

1.2. KoHTpoJib OCYIIECTBIISIICS TOJBKO
B KOHKPETHBIX TOUKaX (TIepeBAIOYHBIX ITyHK-
Tax).

2. IIpuHUMNIBI KOHTPOJISI IPU UCTIOIb30-
BaHUU IM(PPOBOI MOJIETN MapIIPyTa.

BHenpeHue HaBUTAIIMOHHOTO 00OPYI0Ba-
HUST ¥ IM(PPOBOI MO TPACCHI ITO3BOJISIET:

1) Onpenensitb pacCTOSIHUE U BPEMSI 1B -
SKEHUSI JI0 OYePETHOTO KOHTPOJILHOTO ITyHKTAa.

2) KoHTpoMpoBaTh Ha KaXX0M 3ariaHu-
pPOBAHHOM 3Tarle MeXIy KOHTPOJIbHBIMU
ITyHKTaM¥ OTKJIOHEHHUE OT rpayKa IBUKEeHUS
C CTTOJIb30BaHNEM (DYHKITUH, OTTMCHIBAOIIIEH
IJIAHOBOE PACCTOSIHUE OT HAYaJIbHOM TOYKU
MapupyTa Kak dbyHkuuu Bpemenu: F(l) =
F(, t). ®yHKIMS TTO3BOJISIET OTIPEACIIATh OT-
KJIOHEHUE OT rpacduKa IBVXKEHUS — BpeMs
3agepxku (T3).

KoHTpo.b TeKy1Iero CoCTOSHNS NepeBaioy-
HOTO IYHKTA — KJIIOYEBOr0 00bEKTa TPAHCTIOPT-
HOW MH(PACTPYKTYPbI

LudpoBas Moaenp Kaxaoro nepepaaoyd-
HOTO MYHKTA, B TOM YUCJIE TEPMUHAJIA, MOXET
OBITh OIKMCaHa B TEPMUHAX CUCTEM MacCCOBOTO
o0cayXXuBaHUs. DTO ONMMUCaHUE BKJIIOYAET
napaMeTpuiyecKoe ONMrMCaHue OTACTbHBIX 00b-
€KTOB TepMuHaJja (CBOOOAHBIE MIOIIAAU,
3arpy3ka MmocToB OOCIyXUBaHUS, OYEPEaU
TPAHCITOPTHBIX CPEACTB B 30HBI OOCTYXXUBa-
HUS TIOTOKOB Pa3IMYHBIX TPY30B (HaBaJIOY-
HbIE, TTaKETUPOBAHHBIE, TAPHO-IITYYHBIE,
KOHTEITHEpHbIe, HAJTUBHbIE, HeTabapUTHbBIE
U Tpy3bl OOJIBIION MacChl U T.[1.), OYEpenn Ha
00CTy>)KMBaHUE MO KJIACCYy U HAIPABJICHUIO).
®opmupyeTcst TPOrHO3 BO3HUKHOBEHUST CH-
Tyaluy OTKa3a OT OOCTYKMBaHUS U3-3a Mepe-
TPY3KU MOITHOCTEN (TeKyIIUI MPUEM 3as1BOK
MPEBBIIITAET TIJIAaHOBBI HAa ONepaTUBHBIN
ieHb). B mepcnekTuBe B cuUcTeMe NOJKHA
COXPaHSThCSI TUHAMUYecKass MHhOpMaIns
0 COCTOSIHUM TepMUHAJIA U IPOTHO3UPOBATh-
Cs1 BO3MOXHOCTb [IepeHarnpaBIeHUs], TTepepac-
MpeaeeHUs YacTU TPY30B Ha IPYTrUe TepMu-
HaJIbI.
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C TOYKM 3peHUST OCHOBHBIX (DYHKIIWI
TepMUHAaJa, TJIAaHUPOBaHUE OOCITYKMBaHUS
BXOJISIIIIETO TIOTOKA 3asIBOK OCYIIECTBIISIETCS
C WCIIOJIb30BAHUEM CJICTYIOIINX MCXOTHBIX
JTAHHBIX:

1. ITporHo3 BpeMeHU MPUOBITHS TPY30B Ha
TEPMUHAJI TIO CYTKaM MJIM YacaM.

2. ITporHos BpeMeHu 00CTyXKBaHUS (00b-
€M rpysa, Bpemsl Ha 00pabOTKy U T.1I.).

3. IIporHo3 BpeMeHU HaXOXJAEHUS B oue-
penu Ha o0CTyKUBaHUE.

4. TIporHo3 3arpy3ku paboymx 30H IO
crieliann3anuy (IyHKThl OOCTy>KUBaHUS 110
crienuaIn3aluu).

HcxonHble naHHbIE JUTSI IPOTHO3A:

N — KOJIMYECTBO MOCTOB;

n, n, .., N — KOIM4ecTBO MOCTOB IO
CcIielaIn3alnm;

O — ouepeau Ha OOCIIY>KMBAHUE;

O,(1), O,(1), ..., O (t) — oyepeau K moctam
T10 CTieIaanu3aiun

[TapaMeTpbl TOTOKOB 3asIBOK:

P', P!, ..., P! — Komu4ecTBO 3asBOK Ha
CJIeMYIONINIA IEHDb K TIOCTaM 10 CIielnaan3a-
1u;

P2, P2, ..., P’ — Konu4ecTBO 3asBOK Ha
BTOPOI IeHb (OT TEKYIIE# 1aThl) K ITOCTaM I10
CcIielaIn3alnm;

P, P", ..., P" — KOJINYECTBO 3aBOK Ha
rnocjaenytolue JHA (OT TeKyLIeH AaThl) K Mo-
CTaM 10 Criennaan3alnu;

m — TOPU3OHT IMPOTHO3a B THSIX.

BbIBOAbl

PaspaboTtaHHast MeTonM4ecKast OCHOBA JJIsT
TOBBIIIICHUS YPOBHSI aBTOMATHU3aIIMK 6a30BbIX
(byHKIIMI OUCTIETYEPCKOTO YITpaBICHUS Tie-
PEBO3KOV rPy30B aBTOMOOWIBbHBIM TPAHCTIOP-
TOM B CMEIIAHHOM MYJIBTUMOJAIBHOM CO00-
IIEHUY Ha OCHOBE UCTIOJIb30BaHMS MH(MOpMa-
u, GopMUPYeMOli TT06ATBHON HaBUTAIIU-
onHoit cuctembl ITIOHACC, nmo3BoJseT 110
OlICHKAM CIELMaTUCTOB COKPATUTh, B CPE/I-
HeM, BpeMs Ha 00paboTky rpy3oB Ha 30 %
U BpeMsI IPUHATHUS peleHunit Ha 50 %.

PaspaboTanHbIe HOBBIC TTOAXOIBI K (Pop-
MHPOBAHUIO CUCTEMbI TIEPEBO3KH, TTOBBIIIIAI0-
e 3G dOEKTUBHOCTD UCIOTh30BAHUST aBTO-
MOOWMJIEHOTO TPaHCIIOpTa, PabOTaIOIIEeTO MO/
KOHTPOJIEM HABUTAIIMOHHBIX CUCTEM JMCIIET-
YepCKOTO YIPaBJICHMS, TIO3BOJISTIOT TaKKe Ha
95 % cOKpaTUTh CXOIbI aBTOMOOWIIEH C 3aria-
HUPOBAHHOTO MapIlpyTa.
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ABSTRACT

To develop the northern territories and ensure a normal life for
people working there, significant quantities of construction materials,
fuel, machinery, equipment, food and other goods are needed, a
significant part of which must be transported to these territories.

The peculiarity of the processes of transportation of goods to the
Northern regions by road is that most of the transportation process is
carried out using temporary roads which are called winter (or snow)
roads [1, 2].Unlike permanent paved roads with corresponding
infrastructure maintenance elements, winter roads have a traffic track
representing a snow-cleared lane without specially prepared layers of
pavement. The track has temporary landmarks [3, 4]. However, in bad
weather, sudden changes in temperature, the route can be «lost», which
negatively affects reliability and safety of the transportation process.

Geoinformatics tools allow to create a virtual spatial model of a
temporary road, which can be shown on an electronic map [5-7].
Satellite navigation tools form actual navigation data, which are « linked»
to the route by means of geoinformatics. The current location of a

vehicle on a winter road track can be displayed using an electronic
terrain map on a display screen of an on-board telematic unit [8—-10].

The objective of the article is to consider the main tasks that are
solved by the supervisory control system when monitoring movement
of vehicles on temporary winter roads.

Using mathematical methods and special methods of analysis and
planning of road transportation, a methodological basis has been
developed to increase the level of automation of basic functions of the
dispatch control of road transportation of goods in mixed multimodal
traffic based on the use of information generated by GLONASS global
navigation system. It is shown that the use of geoinformatics, mobile
communications and satellite navigation will significantly improve
reliability and safety of the processes of cargo transportation in the
North of Russia. According to experts, the use of the proposed
methodology allows reducing time for cargo handling by an average of
30 % and decision-making time by 50 %, as well as increasing the
efficiency of using vehicles by reducing by 95 % the number of
deviations from the planned schedule.

Keywords: transportation, road transport, geoinformatics, satellite navigation, spatial digital model of the route, cargo of the northern delivery,

temporary roads.
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Background. Transport is one of the decisive
factors for the successful development of
productive forces, exploration and mining, and
ensuring vital functions in the northern regions
of countries, part of which is located beyond
the Arctic Circle.

In the Northern regions of Russia, the
transport network remains mainly seasonal
(waterways, winter roads). The availability of
these transport routes is largely dependent on
climatic conditions.

At present, more than half of the length of
the road network of newly developed northern
regions consists of winter roads. Significant
labor costs for their seasonal creation and
maintenance lead to the fact that the cost of
road transport on winter roads is 70 % higher
than on roads of ITI-1IV class.

The use of Intelligent Transport Systems
(ITS) technologies in the areas of the Far North
and areas equated to them will provide an
opportunity to predict the state of temporary
transport routes, monitor the processes of cargo
transportation, monitor the status of the
transportation process, integrate transport and
logistics information and to provide access to
it at any time to all participants to the
transportation process. This will improve the
efficiency and safety of the process of cargo
delivery to the Northern regions.

Crossing frozen rivers and transportation
using a winter road require increased attention
from all traffic participants. The practical use
of winter roads in bad weather increases the
level of risk during transportation. To increase
traffic safety and to improve technical and
operational performance, it is necessary to use
ERA-GLONASS system. Vehicles
manufactured in Russia after 2017 should be
equipped with ERA-GLONASS emergency
response system [8], the main purpose of which
is automatic generation and transmission of a
signal to the 112 [emergency call number]
service in case of an accident. For this purpose,
a vehicle is equipped with a special mobile
navigation communication unit, which in case
of an accident determines severity of an
accident, position of a vehicle and transmits a
distress signal through any mobile operator
whose signal in this place will be the strongest.
An on-board unit includes a distress signal
button, which a driver can press in an emergency
to manually call the operator of ERA-
GLONASS system.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 4, pp. 218-231 (2019)

The enterprises of cargo road transportation
should introduce modern satellite
communications and navigation technologies
as part of an automated navigation system for
dispatch control and vehicle traffic control.
Each vehicle of an enterprise must be equipped
with a set of telematic devices.

Objective. The objective of the article is to
consider the main tasks that are solved by the
dispatch control system when monitoring cargo
transportation by vehicles on temporary winter
roads. In this regard, in particular, issues of
development of a spatial model of a temporary
automobile road (winter road) are considered.

Methods. The authors use mathematical
and specific informatics methods.

Results.

Determining the distance traveled by trucks
on a route using a digital model

Automatic control of the plan of cargo
transportation along the route is carried out on
the basis of the use of the « distance function»,
which for a given point in time determines the
distance traveled by the controlled vehicle from
the starting point of the route [11, 12].

In general, the distance function is written
as follows:

S=£(¢(), w(v), db), (1)
where t is point in time at which the value of
the distance function is determined;

(d(t), w(t)) — coordinates of the model
point to which the current navigation mark is
attached at time t.

In practice, the digital route model is
implemented using a piecewise-broken
function that simulates sections of the route.
In this case, the distance function uses a table
of route distances with entries of the following
structure: «Number of the digital model
segment», «Length of the segment, m». The
distance from the start point of the route
(distance traveled) S is calculated as follows.

1. If the navigation mark is tied to a point
that is the end of the n-th segment, then the
distance traveled is calculated by the formula:

S0)=31, @)

where 1. — length of the i-th segment of the
model, m. If the current navigation mark
obtained at time t is tied to a point that is an
intermediate point of the n-th segment with
coordinates (¢(t), y(t)), then the distance
traveled is calculated by the formula:
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S(0) =3 1i+54(0) 3)

where 1. — length of the i-th segment of the
model, m;

S (t) — Cartesian distance from the
beginning of the n-th segment to the model
point with coordinates (¢(t), y(t)), to which
the navigational mark obtained at time t is tied,
m.

The value of S (t) is determined by the formula

8,(0)=J(c,(8,-4(1)* +(c, (v, (1)) 4)

where (¢(t), y(t)) — coordinates of the model
point to which the current navigation mark is
attached at time t;

(9., v,) — coordinates of the start point of
the n-th segment;

C. — coefficient of conversion of a degree
measure of latitude to metric;

CW — coefficient of conversion of a degree
measure of longitude to metric.

Substituting the expression (4) in (3) we get:

(6))

Estimation of deviation of the planned time
of vehicle movement at an arbitrary point in time
and control of deviation by the dispatch system

The deviation of cargo transportation by
road transport from the planned traffic time
at any moment is estimated automatically
based on a comparison of the planned and
actual location of the vehicle on the route at
a given time. The planned location of the
vehicle is determined on the basis of
information from control traffic points, as
each vehicle should pass each control point at
exact scheduled time.

To simplify the calculations, we consider
the case when the vehicle is between the control
points of the route with numbersiand (i + 1).
Moreover, its location according to the plan
also corresponds to the distance between the
control points with numbers i and (i + 1). Let
AP be the planned times for passing the
control pomts iand (i+1). Letl, I ) be the
distance from the beginning of the route to the
control point with numbers i and (i + 1),
respectively. Then the value SP (t) which is the
planned distance from the beginning of the
route at time t falling into the time interval [tID
(1)’ p (. N |>] is determined by the formula:

)=Sis(0)
i=1

S0)= 117+, B9 () + 6, b, (1) .

(6)

where 1. — length of the i-th segment of the
model, m;

Sr (t) — Cartesian distance from the
beginning of the n-th segment to the model
point corresponding to the position at the
planned time t, m.

The planned average speed V_ on the route
section between stops with numbers i and (i +
1) is determined from the expression:

[1 )~ 1 1]

Vo= .
|:tl’(i+l) - tl’(i):|

Then the value of S? (t) can be calculated
by the formula:

S,’,’(t) _ [l(i+l)_li:|

T[t_’ )

The first term (fraction) in formula (8)
determines the planned average speed of
movement between the control points with
numbers i and (i + 1). The second term
(difference) determines the planned time
elapsed from the moment of passing the control
point with number i to the current time t.
Inserting the expression (8) to (6) we obtain:
Sp(t 21: M |:t_tl7(i+]):| . (9)
|:tp(,+1) tp( ):|

Let’s consider the case when both the
planned and actual location of the vehicle
belong to the same segment between the control
points with numbersiand (i + 1).

The difference AS between the actual and
planned distance at time t is determined by the
formula:

AS = S(t) — SP(t). (10)

The time deviation At of movement of cargo
vehicle is determined from the expression:

tz‘S(t) S (t)‘ . (11)

The time deviation is equal to the absolute
value of the difference between the planned and
actual distance traveled at time t divided by the
average speed. For the purposes of dispatch
control, one can consider the value of A with a
sign. If the actual distance traveled at time t is
greater than the planned distance, then there is
movement of the vehicle at an average speed
higher than planned. In this case, At will be
positive. If the actual distance traveled at time t is
less than the planned distance, then there is a
«lag» (delay), i.e. driving at an average speed lower
than planned. In this case, At will be negative.
Substituting S(t), V, , S(t) with their expressions

)

®)

Pogion) ~ Loy
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4 Maximum lag (delay
regarding the traffic schedule)

Deviation from the vehicle
traffic schedule on the route
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[ The maximum permissible lead

(advance) with regard to
the traffic schedule when passing
the control point
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Exceeding the permissible lag from the
traffic schedule when passing the
control point

Pic. 1. Scheme of control of vehicle movement on the route.

from formulas (5), (7), (9) and having performed
the transformations, we obtain:

Ve, @,-9(1) + (¢, -y (1) -
[1 o) 1 ,,(f)]

S Pt L2
_tp(i+l)_tp(i):||: " IJ

Loy =1t ,,(,.J

Pic. 1 schematically shows an automatic
system for monitoring the respect of the
schedule by a vehicle on a route.

The model described above allows the
system to continuously and automatically
monitor the At value. In this case, the system
technologist sets the maximum permissible
values of At. When they are exceeded, the
system generates a signal to the dispatcher
about the need for regulatory actions in order
to return the transportation process to its
planned state or, if this is impossible, in order
to reduce the negative consequences of the
violation. The picture graphically displays the
process of increasing the deviation of the
vehicle movement from the schedule, and the
point in time at which the fact of reaching the
maximum permissible deviation is recorded,
which can be unsafe for vehicle driver in the
northern conditions.

Estimation of the plan of cargo transportation
by road transport between control points

Estimating the plan of cargo transportation
by road transport between control points is based
on a comparison of the planned and actual time
when the vehicle passes the control points of the
route, particularly specified by experts in

At =

(12)
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organization of transportation for the reasons of
control, safety and reliability of cargo
transportation. As control points on the route,
the system must indicate the start and end
points, as well as one, two or three intermediate
control points, depending on the length of the
route. In order to automatically estimate the
respect of the plan of cargo transportation by
road transport for each control point, the
maximum permissible amount of deviation
(lead) from the planned time (+Atper) and lag
(—Atper) are indicated. Ifthe actual deviation from
the schedule allowed during passage of the
control point falls within the interval [—Atper,
+Atper], the system automatically takes into
account the fact of planned passage of the
control point. In this case, the actual time taken
to pass the control point is determined as follows.
For each control point, a certain spatial area is
determined and mathematically described,
including the location of the control point,
which is called the « zone of influence of the
control point». Ifthe navigational marks coming
from the vehicle are tied to the zone of the
control point, it is considered that the vehicle is
located at the corresponding control point. The
rules by which the system automatically
determines the actual time taken to pass the
control point are formulated as follows:

1) if the control point is the starting point
of the route, then the actual start time of the
route is counted by the system according to the
time of formation of the last navigation mark
received from the vehicle, located within the
zone of the first control point which is the
starting point on the route;
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2) if the control point is the final point of
the route, then the actual time of the end of the
route is calculated according to the time of
formation of the first mark received from the
zone of the last control point which is the final
point on the route;

3) if the control point is an intermediate
point on the route, then the actual time of
passing by the intermediate control point is
counted as the time when the navigation mark
was formed within the zone of the intermediate
control point, which turned out to be as close
as possible or coincided with the planned time
of passage of this control point on the route.

In order to organize an automatic
assessment of the planned cargo
transportation, the system technologist
indicates how many control points on the
route should be passed without failures (i.e.,
not exceeding the specified limit deviations
from the planned travel time) so that the
entire route is counted as planned. Usually
it is allowed to pass no more than one control
point on the route outside fixed time, i.e. with
exceeding the maximum permissible
deviation when overtaking or when lagging,
for the system should consider the travel plan
as respected. For example, if five control
points are defined for a route, then the
technologist can specify the value «four
control points» to confirm that the travel plan
has been respected. At the same time, it does
not matter for the system which point out of

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

five will not be passed within the set schedule.
If the vehicle passes no less than the number
of control points specified by the technologist
on the route within the schedule, travel is
automatically considered as conform to the
plan in the system. Otherwise, transportation
is counted as not conforming to the plan.

Digital model of a winter road

The objects of the digital model of the
temporary winter road are as follows:

1) Track, includes:

1.1) Digital description of the spatial model
of the road.

1.2) Semantic description of specific
sections (river crossing, dangerous sections,
etc.).

1.2.1) Control points (stops).

1.2.2) Dangerous areas with semantics
(dangerous moments arising on the route).

2) Time periods (impact of certain dangers/
threats with the possibility of programmed
processing of these situations at different
periods of the year or at different periods of the
day, or in both cases).

3) Location of dangerous points and their
extent in the description of the characteristics
of traffic.

If the situation on the route worsens, the
dispatcher informs the driver on the operational
situation. Standard messages are pre-
programmed for all possible adverse situations.
In this case, the dispatcher selects the desired
message from the list and sends it to the driver

.17,Iss. 4, pp. 218-231 (2019)
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with a request to confirm reception of the
message. Confirmation of the message is
mandatory if the dispatcher sends a « Change
Route» command. The dispatcher types a short
text of approximately 20 characters, which is
transmitted to the on-board navigation
terminal and is displayed on the terminal
screen. The system time is also shown on the
terminal screen [14, 15].

The driver of the vehicle also has pre-
formed messages: calling the police, firefighters,
ambulance, and an obstacle on the route, which
he can choose from the list and send to the
dispatcher instead of voice communication.

4) Semantic and spatial description of
control points.

The semantic and spatial description of
control points depends on the type of control
point.

Atthe end of the operational day, information
about the results of the transportation process
appears in the system. Information is available
to all legitimate users. It may include balances
of cargo volumes in warehouses, forecast of
cargo arrival for a day, week, month, time of
arrival of forecasted consignments.

A forecast of time of movement of vehicles
at control points of the route is formed, time
of delivery of goods to the consumer is
predicted.

Comparison of traditional and proposed
principles for monitoring movement of vehicles
on temporary roads (winter roads)

1. Principles of motion control in a
traditional control system:

1.1. Management is carried out only at
certain points in time (the beginning of the
route and the end of the route).
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1.2. Control is carried out only at specific
points (transshipment points).

2. Control principles when using a digital
route model:

The introduction of navigation equipment
and of a digital track model allows to:

1) determine the distance and time of travel
to the next control point.

2) control deviation from the traffic
schedule on each planned stage between
control points using a function that describes
the planned distance from the starting point of
the route as a function of time: F(I) = F (1, t).
The function allows to determine the deviation
from the traffic schedule which is delay time
(Td).

Monitoring the current state of the
transshipment point: the key object of the
transport infrastructure

The digital model of each transshipment
point, including the terminal, can be described
in terms of queuing systems. This description
includes a parametric description of individual
terminal facilities (free areas, loading service
posts, vehicle queues in the service areas of various
cargo flows (bulk, packaged, tare-piece, container,
bulk, oversized and large loads, etc.), queues for
service by class and direction). A forecast is
formed for occurrence of a denial of service
situation due to capacity overload (current
acceptance of applications exceeds the volume
planned for the operational day). In the future,
dynamic information about the state of the
terminal should be stored in the system and the
possibility of redirecting, redistributing part of the
cargo to other terminals should be predicted.

From the point of view of the basic functions
of the terminal, planning of processing of the

Filippova, Nadezhda A., Vlasov, Vladimir M., Belyaev, Vladimir M. Navigation Control of Cargo

Transportation in the North of Russia



incoming application flow is carried out using
the following initial data:

1. Forecast of time of arrival of goods to the
terminal by days or hours.

2. Service time forecast (cargo volume,
processing time, etc.).

3. Forecast of time spent in the queue for
service.

4. Forecast of loading of work areas by
specialization (service points by specialization).

Initial data for the forecast:

n — number of posts;

n, n,, .., N — number of posts by
specialization;

O — service queues;

O,(1), O,(1), ..., O_(t) — queues for posts by
specialization.

Applications flow parameters:

P', P, .., P! — number of applications
for the next day by specialized posts;

P2, P2, .., P>, — number of applications
for the second day (from the current date) by
specialized posts;

P, P, .., P" — number of applications
for next days (from the current date) by
specialized posts,

where m is forecast horizon in days.

Conclusions. The developed methodo-
logical basis for increasing the level of
automation of basic functions of dispatch
control of cargo transportation by road
transport in mixed multimodal traffic based
on the use of information generated by
GLONASS global navigation system allows,
according to experts, to reduce, on average,
time for cargo processing by 30 % and
decision-making time by 50 %.

The developed new approaches to formation
of the transportation system, which increase
the efficiency of the use of road transport,
which works under control of the navigation
systems of the dispatch control, can also reduce
deviations of vehicles from the planned travel
time by 95 %.
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Banepwii BYPYEHKOB

B cTatbe paccmoTpeHa nnaHoBO-npeanyrnpeam-
TesIbHasi CUCTEMA PEMOHTA, OCHOBHOV HEAOCTATOK
KOTOPOW 3aKk/Il04aeTcsi B TOM, YTO OHa SIBJIIETCS M0
CyLEeCTBY Pa30MKHYTOW CUCTEMOU TEXHUYECKOIO
KOHTPOJIS, HE y4UTbIBaIOLLEeli OObEKTUBHYIO OLIEHKY
rOABUXHOIO COCTaBa «IM0 COCTOSIHUIO».

Llenbio nccnenoBaHusi SBASIINCH AeTalslbHbIN
0630p 1 0060061LeHNE UMEILLIMXCS UCCEN0BaHNi
v pa3paboTka npeaioxeHuii o coBepLIeHCTBOBAa-
HUIO CUCTEMbI PEMOHTa rnoABUXXKHOIMo cocrasa.

Ha ocHoBe aHann3a v 06006LLeHVs nccnenoBaHui
B J@HHOW cgepe npeasioxeHo a4js COKpaLleHus
marepuasibHbIX YU TPYAOBbIX 3aTpaT Ha TEXHUYECKoe
006CyXnBaHNE BarOHOB cAesiaTb CUCTEMY TEXHUNYE-
CKOU ANarHoCTUKY 3aMKHYTOM. B kauecTBe obparHoii
CBSI3U Lies1eco0bpasHO MCoIb30BaTh aBToMarnye-
CKYIO CUCTEMY TECTOBOIro AMarHOCTUYECKOro KOHT-
POJIs, OCYLLECTBASIOLYIO ONpeneneHne ne@exkTon
BaroHOB Ha XoAy noe3Aa, 470 M03BOJINT CYLLECTBEH-
HO COKpaTtuTb KOJINYECTBO PYYHbIX orepauunii rno
OCMOTPY MOABUXHOIO cocTaBa B rnapkax rnpubbiTvs
COPTUPOBOYHbIX CTAHLUM 1 aBTOMATU3NPYET NPUHSI-
TVe peLLeHnii 0 rnocsenyoLLevi aKCrtyaraumm rnpo-
KOHTPOJIMPOBAHHOIO MOABUXHOIO COCTaBa, UCXoAas
13 ero ¢aKkTM4eCcKoro COCTOSIHUSI.

cTUpoBaHue, Knaccupukaums 4epexkTos.

NMpuHAaTHe pewleHnn No pesynbraTam
aBTOMATU4YECKOro AuarHocTUpoBaHUS
AeTtasie 1 y3s0B NOABUXXHOIO COCTaBa

Bypuenxos Baaepuii Bacuaveeun — benopyccikuii eocydapcmeentblil yHusepcumem
mpancnopma, lomens, Beaapyce™.

lpennoxeHa meToavka A1 OLEHKY Pe3YJ/IbTaToB
TeXHUYEeCKOV ANarHOCTUKN MOABVXHOIO CoCTana,
B KOTOPOU MCIMOJIb30BaHbl BEPOSITHOCTHbIE OLIEHKU
Cc pasaeneHnemM Hanbosiee 3HaYUMbIX AEPEKTOB
0b6beKTa KOHTPOJIS Ha TPV Kacca o CTerneHy OTBeT-
CTBEHHOCTU. YCTaHOBIEHO, 4TO pacrnpeneneHuo
Belibynia cOOTBETCTBYIOT yCTaIOCTHbIE AEQDEKTHbIE
sABAIeHUS], @ pacripeaeneHunio Penes — U3HOCHbIe siB-
JIeHUSI C MOCTOSIHHOWM WM Nepuoandeckor paboyeri
Harpy3Kou.

Ansa BeisBaeHns: Ae@®eKTHbIX BAroHHbIX KOJIEC
u 6YKCOBBbIX Y3/10B MPEAJIOXEHA ANHAMUYECKas
cuctema, B COCTaB KOTOPOW BXOAST: OObEKT KOHT-
pois — Koneco wav 6ykca, annaparypa asTomaruye-
CKOro TecTtoBOro AMarHoCTU4eCKOro KOHTPOJIs
Vv peLuatoLyee yCTPOMCTBO A/ MPUHSTUSI PELLIEHNS
0 AalibHelLeM cenoBaHUM BbisIBIEHHOIO AeMeKT-
HOIro BaroHa (HarnpumMep, o ABVXeHun 6e3 orpaHu-
YeHW, fBVXXEeHUN [0 bmxariLLuero peMOHTHOro 4ero
2151 IPOPUAAKTUHECKOrO OCMOTPA M PEMOHTA, He-
MeneHHOM UCKJI0YEeHUN N3 3KCrayaraumu).
OnTumasibHoe ypaBHEeHWe pasaensoLlen QyHkumm
«JIOXXHOVI TDEBOIr» U «[1POI1ycKa» rnoJly4eHo Ha OCHO-
Be kputepus barvieca, KOTOPbIi MUHUMU3UPYET
CPEAHNII PUCK MPUHSITUSI HEMPaBUJIbHOIO PELLEHUS.

KnioyeBbie cnoBa: xene3Has qopora, 6e30rnacHOCTb ABUXEHUS, MOABUXHOV COCTaB, TECTOBOE AnarHo-
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BBEOAEHUE

WMHreHcudukanys nepeBo304YHOro Ipo-
1ecca o0yCJI0BMJIa Pa3BUTHE TEXHUYECKOM
JMMarHOCTUKM, IOJYYMBILEH IIIMPOKOE pac-
MPOCTPaHEHUE Ha KeJIe3HOIOPOXKHOM TPaHC-
nopte. BMecTe ¢ TeM, K HacTosiIieMy BpeMeHU
CJIOXMJIMCh YCJIOBUs, KOraa 06e3 IIUPOKOIo
BHEIPEHUSI OObEKTUBHBIX METOIOB U «OTBE-
YaloUIUX COBPEMEHHOMY YPOBHIO LIM(DPOBBIX
CPEICTB KOHTPOJISI TEXHUYECKOI'O COCTOSIHUS
JIOKOMOTHBOB U BaroHos» [1, c. 9] TpyaHo
PacCUMTHIBATD Ha CYIIECTBEHHOE ITOBBILLICHHE
3(HEeKTUBHOCTY UCTIOJIb30BaHMS TTOIBIKHO-
IO COCTaBa M yJIy4IlIEeHUE KaYeCTBa €ro TeXHU -
YeCKOTro 00CITy>KMBaHUS U peMoHTa [1].

Co3nmaHbl «pa3HOOOpa3Hbie BHEIIHME
M BCTPOCHHBIE, YHUBEPCAJIbHbIC U CIICIIAATIM -
3UPOBAaHHbBIE CPEICTBA TEXHUYECKOI'O TUArHO-
CTUPOBAHUS TTOABUXKHOTO cOCTaBay» [2, ¢. 14]
M HAKOILIEH OOJIbIIO OIBIT MX IIPUMEHEHUSI.
OnHako, coejJaHHOEe B 3TOM o0JlacTu ele
3HAYMTEIBHO OTCTAET OT MMOTPEOHOCTE MpaK-
TUKU.

Kak orMeuaeTcst aBropaMu UCCIICTIOBAHUIA,
«JIJIS1 TIOJIep>KaHMsI BATOHOB W JIOKOMOTUBOB
B IIOCTOSIHHOM 3KCIUTyaTallMOHHOM MCIIpaB-
HOCTHU Ha XeJIe3HbIX Joporax Poccuiickoii
®Denepanyu 1 benapycu Haluia IpUuMeHeHUEe
IUIAHOBO-TIPEIyIpeIUTEIbHAS CUCTEMA Pe-
MOHTA, BOCHOBY KOTOPOI ITOJIOXEHBI CJICTYIO-
1IMe IPUHLMUITBD |3, ¢. 78—80]:

a) «IIepUOJMYHOCTb PEMOHTA, YCTAaHOB-
JIEHHas B IJITAHOBOM IIOPSIIKE, ONpeAe/ieHe
00BbEMa paboT [J19 BOCCTAaHOBIEHUST pabOTO-
CIIOCOOHOCTM BaroHa (JIOKOMOTHBA) 10 BUIaM
MEePUOANYECKIX PEMOHTOB;

0) «OpraHM3aIus MeXXPEMOHTHOI'O TEXHM -
YeCKOIo 00CIy>KMBaHUSI BATOHOB, YCTAHOBJIE -
HUE MPOAOKUTEILHOCTA MEXPEMOHTHOIO
Iepro/ia B pEMOHTHOM IIMKJIE B 3aBUCUMOCTHU
OT THUIIa BarOHa U YCJIOBUI ero paboThl»;

B) «II€PUOANYECKOE OCBUIETEILCTBOBA-
HUE, PEBU3MsI U IIPOBEPKa COCTOSIHUSI y3JIOB
M arperaToB BaroHa» [3, c¢. 78—80].

Hapsiny ¢ u3BeCTHBIMU IPEUMYIIECTBAMU
3Ta CHUCTeMa MMeeT U HeAoCTaTKu. [J1aBHbIIA
M3 HUX 3aKJII0YAETCS B TOM, YTO OHA SIBJISIETCSI
I10 CYLIECTBY PA30MKHYTOI CUCTEMOI TEXHU -
YeCKOT0 KOHTPOJIsS, MpeaycMaTpuBalolieii
00s13aTeIbHOE BBIITOJIHEHHME OIPEIeIEHHOIO
MepevyHs paboT U He YYMTHIBAIOIIE 00beK-
TUBHYIO OLIEHKY ITOJBMXHOI'O COCTaBa «IIO
cocTosiHUIO». CuTyalust ycyryoJseTcs: TeM,
YTO «UIs OCMOTpPA COCTaBa B ITyHKTaX TEXHU -
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yeckoro obciyxuBanus (ITTO) Beimensiercs
OrpaHMYEHHOE KOJIMYEeCTBO BpeMeHU (B Ipe-
nenax 20—30 muHyT)» [3, ¢. 96].

3HaYUTEILHOTO COKPAIEHUSI MaTeprab-
HBIX 1 TPYJOBBIX 3aTpaT Ha TEXHUIECKOE 00-
CIIyXXWBaHWE BaroHOB IPU OJHOBPEMEHHOM
TTOBBIIICHUU YPOBHSI MX TEXHUYECKOTO CO-
CTOSTHUST MOXHO JTOCTWUYb, €CJIM CHeaTh
CHCTEMY TEXHUYECKOM TMarHOCTUKY 3aMKHY-
toii. [IpemoxeHo B KauecTBe 0OpaTHOU
CBSI3M MCTIOJIb30BAaTh pelalolee yCTporcTBO,
KOTOPOE OTIPEICSIUT YCJIOBUS TTOCIEIYIONIei
9KCIUTyaTallii TIPOKOHTPOIMPOBAHHOTO T10-
JIBDKHOTO COCTaBa, MCXOMS U3 eTo (haKThye-
CKOTO COCTOSTHUSI, ¥ TIO3BOJIUT «CYIIIECTBEHHO
COKPAaTUTh KOJIMYECTBO PYYHBIX OTTepalnii rmo
OCMOTpY MTOJIBMXKHOTO COCTaBa B MapKax Mpu-
OBITUS cTaHLMI» [4, c. 44]. i Tol e
aKTyaJIbHO MCITOJTb30BaHWE aBTOMATU3UPO-
BaHHBIX CICTEM TECTOBOTO HEPA3PYIIAOIIETO
KOHTPOJISI U AMATHOCTUKHM,, OCYIIECTBIISTIONINX
ornpejeneHre nedeKTOB BATOHOB Ha X0y
roe3aa mpu Mmoaxoje K craniuu. [Ipu atom
OTOpaKOBKa y3J1a WM JIeTaJIM BaroHa «Oy/eT
TTPOM3BOANTHCS aBTOMAaTUIECKN, 0€3 yJacTHs
omnepaTtopa» [2; 5—9].

HMHTepec K TeXHUIECKOMY TECTOBOMY IMa-
THOCTUPOBAHUIO JIOKOMOTUBOB U BaroHOB
CBSI3aH €II€ U C TeM, UYTO «CJIOXHOCTb KOH-
CTPYKIIMM, MHTEHCUBHOCTD 2KCILTyaTalluu
U TIOBBIIIIEHUE TPeOOBaHUS K HANEXHOCTHU
1 6€30ITaCHOCTHY He TIO3BOJISTIOT MHTYUTUBHBIM
U PYYHBIM CITOCOOOM OTIPENEIUTh UX TEXHU-
yeckoe cocTosiHue» [4, c. 46]. «[IpumeHeHue
CIIeIIMaTM3UPOBAHHBIX CPENCTB AUATHOCTH -
poBaHUs AAET BO3MOXHOCTH JOCTOBEPHO
OIPENETUTh TEXHUIECKOE COCTOSTHUE ITO0-
JIBMDKHOTO cocTaBa» [10, c. 41].

Kaxk 3ameuaroT uccienoBareim, «aBTo-
MaTU3MPOBAHHBIE TMATHOCTUYECKUE KOM-
TUIEKCHl KOHTPOJISI TEXHUYECKOTO COCTOSI -
HUS BaroHOB M JJOKOMOTHUBOB Ha XOJY IT0-
€371a TOJIKHBI BBISIBJISITH CIEAYIOIIE HENC-
MPaBHOCTU Hambojiee OTBETCTBEHHBIX
y3JI0B MOJBUXHOTO COCTaBa: KOHTPOJb
TeMIlepaTypbl OYKCOBBIX Y3JI0B U 3aTOPMO-
JKEHHBIX KOJIEC; KOHTPOJIb TEOMETPUIECKUX
pa3MepoB U 1e(EeKTOB KOJIEC MO MTOBEPXHO-
CTU KaTaHWUS; KOHTPOJIb TaOapUTHBIX pa3-
MEPOB BaroHOB; KOHTPOJIb ITapaMeTpOB
yIapHO-TATOBOTO MEXaHM3Ma aBTOCIIETIOK;
BBISIBJICHWE BOJIOYAIIIMXCS NeTajeil HeucC-
MMPaBHOW TOPMO3HOW CUCTEMBI BarOHOB
uT.o.» [2,c. 147].

BypueHkoB B. B. [[puHaTHE peLleHnn nNo pe3yibTaTaMm aBTOMaTU4eCKOro ANarHoCTUMPOBaHNS AeTanevn
W Y3J10B NOABUXHOIO COCTaBa




Imin I Timax

=
JI cn N P

Puc. 1. Tpéxno3nymnoHHoe oLleHuBaHue COCTOSIHUS
ob6bvekrTa (yana).

J171s51 OLIeHKM pe3yJIbTaToB TEXHUUYECKOM qua-
THOCTUKU JIOKOMOTUBOB MPEIOXKEH BEpOSIT-
HOCTHBIN moaxon. Ha xene3HOOOPOXHOM
TPaHCIIOPTE CYILECTBYET MpodJieMa OLIEHKH J10-
CTOBEPHOCTU PE3y/IbTaTOB TUArHOCTUKU JIOKO-
MOTHBOB U BaroHoB [4, ¢. 106]. «[Tox noctosep-
HOCTBIO IMarHOCTUPOBAHUSI IIPUHSITO TIOHUMATh
KOJIMYECTBEHHYO OLIEHKY CTENIEH COOTBETCTBUS
PpE3YJIBTaTOB IMarHOCTUPOBaHUs (DaKTHIECKOMY
TEXHMYECKOMY COCTOSTHUIO O0BbEeKTa. DTa OlIeHKa
SIBJISIETCSI BEPOSITHOCTHOM U 1S €€ onpeeIeHUsT
HEoOXOJMMO HaKOILJIEHUE CTaTUCTUYECKOro
Matepuana. Mcciaenyemblii y3en oObeKTa KOHT-
pOJIsl B pe3ysibTaTe JUarHOCTUYECKOro aHaIu3a
MOXET OBITb ITPU3HAH FOIHBIM WM 3a0pakoBaH
(1 cooTBeTcTBeHHO 0003HaueH I' unu b)» [4,
c. 106—107].

Te >xe aBTOpbI MOAYEPKUBAIOT, UTO «Kaye-
CTBO IMarHOCTUYECKOTO O0OPYIOBAHUST MOXK-
HO OLIEHUTb JOIMYCTUMOMN BEPOSITHOCTHIO
OLIMOKM IMAarHOCTUPOBAHUS PH. DTy BeJIUUU-
HY MOXHO OMNpeIeUTh IKCIePUMEHTaIbHO
M0 3TaJJOHHOMY 00pas3ily METOJA0M MHOIO-
KpaTHbIX UCcbITaHUi. Ecu KonuyecTBo Uc-
MbITAHUK paBHO N, KOJIMYECTBO MPABUIBHO
NPUHATBIX PEIIEHUIA N |, YUCITIO OLIMOOYHBIX
petennii Ny, To olieHka P npyu 1octatoqHO
OOJIBIIMX 3HAYEHUSIX N OnpeneuTCs U3 Bbl-
paxenus» [4, c. 107]:
Pﬂzl—Nn/N=NO/N=a+B. (nH
BEPOSATHOCTHASA OLLEHKA
AOCTOBEPHOCTU OUATHOCTUKHU
JIOKOMOTUBOB

ITocnenoBaB coBeTy uccienoBaTeneit,
«00paTUMCST K BEPOSITHOCTHBIM OILICHKAM
JTOCTOBEPHOCTU TMATHOCTUKM C MO3WILINHI
SKCILUTyaTalliy JIOKOMOTUBOB M S5KOHOMUYIHO-
cTu ux obcayxuBaHus. Ilpomnyck nedexra
000pyIOBaHMS TJOKOMOTHBA MOXKET ITPUBECTH
K HapyIICHHUIO 0€30TIaCHOCTH IBYKCHYS B ITy-
TH ciiegoBaHus. Kpome IToTeph OT 0CTAaHOBOK
ITOE3/I0B, YTO MOXKHO OLICHUTh KOJIMUECTBEH-
HO, BO3MOXHBI 1 0oJiee TSKEBIE CIydyawu,
KOTOpPEHIE OLIEHUBAIOTCS 110 IPYTUM KPUTEPH -
aM (Hammpumep, IMoTepb OT KPYHMIeHHUI T10-
IBUKHOTO COCTaBa M aBapuii)» [4].
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B 1o xe Bpems ommboyHOE Mpu3HaAHUE
TOJHOr0 00BbEKTa HEUCIPABHBIM CBSI3aHO
C IOTIOJTHUTEIbHBIMU 3aTpaTaMu IMPU PEMOH-
Te. ConmocTaBieHUE U ONTUMAJIbHBIN BBIOOD
nokasatejieil cpeid 3TUX COCTABISIOLINX
MPOU3BOIAT OOBIYHO IMITUPUUYECKU. «C Tex-
HUYECKON TOYKM 3pEHUS] CHUKEHUE BEPOSIT-
HOCTE! OITMOOK MPSIMO CBS3aHO C KAY€CTBOM
TEXHOJIOTMYECKOr0 000PYIOBAHM U aITOPUT-
MaMU JUarHOCTUpOBaHus» [4, c. 108].

«[TapameTp, BbIOpaHHBIIA B KAYECTBE Olle-
HOYHOTO /I TMaTHOCTUPOBAHUS, CPAaBHUBA-
€TCSl C YCTAHOBKOW — IPAaHUYHBIM 3HAUEHUEM
3TOoro napametpa. Eciu 3HaueHue napameTrpa
He MPEeBBIIIAeT YCTAHOBKY, 0OBEKT CUUTAETCS
TOJTHBIM, B IPOTUBHOM CJlTy4ae OH OpakyeTcsi»
[4, c. 109]. «YcnoBust IPUHATUS IMATHOCTH -
YECKOTO pellleHUs BO BPEMEHU MEHSIOTCS,
TPU TOM TMTOBBIIIIAETCS BEPOSITHOCTh OLLIUOKM.
IToporoBblie 3HAUEHMS TSI TIPUHSITUS peIle-
HUS pa3Hble Y KaXA0ro 9K3eMIUIspa JuarHo-
CTUPYEMOTO U3JEUs, BCAEACTBUE YErO KOH-
KPETHOE 3HaYE€HUE YCTAaHOBKU pacCIIUpsIeTCs
JIO TIOJIS1 BO3MOXKHBIX 3HAYEHU I, YTO 3aTPYI-
HSIeT MPOLIECC TUArHOCTUPOBAaHUS. 3HAUU-
TeJbHOE BJIWSHUE HA YBEJIUWYEHME YUCIa
OIMUOOK AUAaTHOCTUPOBAHUS OKAa3bIBAIOT
BHEUIHNE YCIOBUS (BJIAXXHOCTb, TEMITEpaTypa,
MOMEXHU, DJIEKTPOMArHUTHBIE MOJs). DTO
BJIMSIET KaK Ha paboTy AMAarHOCTUYECKOTO
YCTPOICTBA, TAK U HAa CaM OOBEKT TUarHOCTU-
poBaHus» [4, c. 109].

«BcnencTBue ykazaHHBIX TIPUYWH TIPUHS -
TUE PEIIEHUS O COCTOSIHUU 00beKTa OyIeT
0oJiee OOBEKTUBHBIM HE TIO TTOPOTY, a Mo A1a-
MMa30Hy ToJIeli TOMycKoB» (puc. 1)» [4].

«31ech I'Imin " l'Imax MUWHUMAaJbHOE U MaK-
CUMaJIbHOE 3HAYEHUS JUATHOCTUPYEMOTO
napamerpa, IT, u I1, — 30Ha Heompenen€HHO-
ro pemeHus (Ha puc. 1 3TO COOTBETCTBYET
peteHuto H). ATropuT™ NpuHATHS pellieHUust
MOIUGUIAPYETCS CAEAYIOLIUM 00pa3oM:

* €CJIM AUArHOCTUPYEMBIi TTapaMeTp Ha-
xoautcs B quanasone [IT . 5 I1 ], To mpuHu-
MaeTcs pellieHue O TOMHOCTU O0BEKTa;

* €CJIM MapaMeTp HaXOAUTCS B Mpeaesax
[TL,; TT ], TO OOBEKT CUMTAETCS HEMCITPAB-
HBIM;

* IPY 3HAYECHUSX TTapaMeTpa B I1arna3oHe
[IT; IT,] peiieHne 0 TOMHOCTH CYUTAETCS HE
TIPUHSITHIM, Y TIPOIIECC TUAaTHOCTUKY TOJIKEH
OBITH MOBTOPEH.

IIpu aTOM IS ompeneseHus: TOAHOCTHU
TPUMEHSIIOT IPYTUE TOTIOJTHUTEIbHBIC KPUTE -
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PUU U CITOCOOBI TMarHOCTUPOBAHUS WU T10-
BTOpEHHUE IKCIIepUMeHTa» [4, c. 46; 15].

«[Tokaxem, 4To B cTydae UCITOJIb30BaHUS
OTNMCaHHOTO (POPMUPOBAHUS PEIIEHUS BEPO-
SITHOCTb OIIMOKM CHUXaeTcs. IJist aToro
TIPUMEHSIETCST BEPOSITHOCTHBII ITOIXOJ U pac-
CMaTpUBAETCS OIVH U3 ABYX AJITEPHATUBHBIX
ciaydaeB (YCTPOMCTBO MCIPABHO WJIM HEUC-
npaBHo). [1pu ncripaBHOM yCTPOICTBE TLIOT-
HOCTB pacIpeeIeHusT BepOSITHOCTU KOHTPO-
JIMPYeMOTo TapaMeTpa JOCTaTOYHO TOYHO
armpoKCUMUPYETCs pactpeaeneHueM Penest»
[4, c. 110]:

p(x) = (x/c?) exp[—(x,/0)], (2)
IJie X — 3Ha4YeHUe KOHTPOJIMPYEeMOTO Tapa-
MeTpa;

G — CpeIHEeKBaIpaTUIECKOe OTKIIOHEHNE;

P(X) — IIIOTHOCTB pacrpeie/IeHUsI BEpOsIT-
HOCTH.

«Pacnpenenenue (2) uMeeT SIBHO BbIpa-
SKEHHBII aCUMMETPUYHBIN XapaKTep ¢ MaKCH -
MYMOM U C TTaJIcHUEeM XapaKTePUCTUKH K HY-
JIIO U SIBJISIETCSI YACTHBIM CITy9aeM pacripefie-
JieHus1 BeliOya ¢ mIoTHOCTbIO:

é(x)zg(X/o)V‘lexp[—(X/o)V} (3)

pu oL = 2 1 YaCTHBIM CJIydaeM pacripeaeaeHust
CIIYyYaiiHOM BENMYMHBI $= X, /n C MJIOTHO-

CThIO:

]
vI(n/2)\ w2 2\
npun=2»[4,c. 111].

K pacnpenenenuio BeitOynna npuBoasT
YCTAJIOCTHBIC SIBJICHUSI, a K pacipeaeIeHUIO
Penest — M3HOCHBIE SIBJIEHMSI C TIOCTOSIHHOM
WY MEePpUOANYECKON paboyeii Harpy3Koi
C ITOCTOSTHHOM aMITIUTYnoi. Takum o6pa3om,
pacnpezaesienue Pesest uMeer B onpeneicH-
HOM CMBICJI€ YHUBEPCAJIbHbII XapaKTep U MO-
JKET OBbITh UCIOJIb30BAHO MPU U3YYEHHUU CO-
OTBETCTBYIOILIMX ITOTOKOB OTKA30B.

«KonécHble mapbl OTHOCSITCSI K XOIOBBIM
YacTSIM U SIBJISIIOTCSI OHUM 13 HanboJiee oT-
BETCTBEHHBIX 3JIEMEHTOB BaroHa. IToaromy
K HUM TIPEIBSIBIISIOT 0COObIE, MOBBIIIEHHbIC
TpeboBaHus [occtanpapra, [1paBun TexHuye-
CKOI 3KCILUTyaTalluy XKeJe3HbIX gopor, MH-
CTPYKLIMHM [0 OCBUIETEILCTBOBAHUIO, PEMOH-
Ty U (POPMUPOBAHUIO BATOHHBIX KOJECHBIX
nap, a TakXKe IpyruX HOpMaTUBHBIX JOKYMEH-
TOB NPU MPOCKTUPOBAHUU, U3TOTOBJICHUU
M copepxxaHum» [13, c. 46].

4
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Ocob0e BHUMaHUE CJIEAYeT YACISITh KOHT-
POJTIO COCTOSTHUSI KOJIECHBIX TIap Ha X0y T10-
€3/1a, YTO TT03BOJISIET 3apaHee BBISBIISITH JIe-
(eKTHbIE KOJIECHBIE TTaphl, epeaaBaTh MoJy-
YeHHYI0 UHOpMaLIMI0O HA «OJaMXKanIui
MYyHKT TexHuyeckoro ocmotpa I1TO ¢ uenbio
JIETATBHOTO OCMOTpa TEXHUYECKUM MepCoHa-
JoM» [14—18].

«B cTpykTypHOM BHIIE CICTEeMa aBTOMATH-
YeCKOW TeCTOBOW MMAarHOCTUKU OYKCOBBIX
Y3JIOB TIPENCTABIISIET COOOI CIIOXKHYIO TMHA-
MHYECKYIO CUCTEMY, B COCTaB KOTOPOI BXOJISIT:
00BEKT KOHTPOJISI — KOJIECO WJTH OyKca, arma-
paTypa TECTOBOTO JMArHOCTUYECKOTO KOHT-
poJIsl 1 perialoliee YCTpOMCTBO ISl OTpe/e-
JICHUS YCJIOBUI NaJIbHEHMIIEH 3KCIUTyaTalluu
TPOKOHTPOJIMPOBAHHOTO MOABMXXHOTO COCTa-
Ba» [4, c. 138]. D10 ycTpoiicTBO 0beceunBa-
€T IPUHSTUE pelieHns (Ha OCHOBaHUH KJlac-
ca, TPUCBOEHHOTO BHISIBJIEHHOMY Je(eKTy)
0 NaJTbHEUIIeM ciieoBaHUM 1e(hEeKTHOTO Ba-
roHa (Hampumep, o ABMXKeHUU 0e3 orpaHuye-
HUM, IBUXKEHUU 10 OJIMKAUIIEro pEMOHTHO-
ro AeTo IJIsT MpOoGUIaKTUIECKOTO 0OCMOTpa
U PEMOHTA, HEMEIJIEHHOM UCKJIIOUeHUU U3
sKkcrutyatauuun). O6mas byHKIMoHaIbHaAS
CX€Ma TeCTOBOTO alapaTypHOTo TMarHOCTH -
poBaHMS TIpUBE/IeHa Ha puc. 2.

«[TpeobpazoBarenb mapamMeTpoB Mpeodpa-
3yeT MPOCTPAHCTBO COCTOSTHUI KOHTPOJIUPYeE-
Moro 0o6bekTa E B TPOCTpaHCTBO 2/IeKTpUYE-
CKHWX CUTHAJIOB S, MOJIEXAaINX JaTbHeH e
00paboTKe:

S, = Q(E), (5)
rae Q — orneparop npeoopa3zoBaHus MPOCTPaH-
CTBa COCTOSIHUIT 00beKTa B MPOCTPAHCTBO
CUTHANOB. ANTOPUTM (DYHKIITMOHUPOBAHUS
9TOTO OIepaTopa COOTBETCTBYET JEHCTBUIO
aHaJ0ro-1M¢ppPOBOro Mpeodpa3oBaTesi, UC-
TTOJIB3YeMOTO [UTSI U3MEPEHUST HEeTIPEPHIBHBIX
BEJIMYMH U3MEPSIEMbIX Ie(hEKTOB 1 BbIIAIOIIIE-
ro 11M(POBOI SKBUBAJIEHT B (popMe, cOTmaco-
BaHHOI ¢ paboToii (hopMupoBaTessl MprU3Ha-
KOB» [12, c. 145; 19].

«@opMupoBaresb MPU3HAKOB (Koma co-
CTOsIHUS 00beKTa) Mpeodpa3yeT MPOCTPaH-
CTBO CUTHAJIOB S B MPOCTPAHCTBO MPU3HAKOB
X, XapaKTepu3yIOIINUX COCTOSTHNE O0BEKTa!
X.=R(S), (6)
rne R — omepaTtop mpeoOpazoBaHUsS MPO-
CTPaHCTBA CUTHAJIOB B ITPOCTPAHCTBO MPU3HA-
KOB.

KiaccugukaTop Ha OCHOBE aHaJIM3a ITPU-
3HAKOB COCTOSTHUS 00BbEKTa BBITIOJHSIET
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Annapartypa aBTOMaTH4Y€CKOr0 TeCTOBOI0 IHATHOCTHYECKOT0 KOHTPOJIsSt
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BaHMs

| P yceTpoiicTBo
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Puc. 2. CTpykTypHasi cxeMa cucTeMbl aBTOMaTN4€CKOIro TeCTOBOIro ANarHOCTUYE€CKOro KOHTPOJIsi 6YKCOBbIX
Y3J10B U KONEC Npy ABMKEHUU noe3aa.

Ta6mmma 1
Pacnpenenenne uudposbix nokaszareseii 1edekToB KOJEC MO KjaaccaM HeMCpaBHOCTel
Nen/m | HammeHoBanue nedexrta nin KOHTPOJIUPYeMOro Lludposbie mokazarean
TapaMeTpa PasperieHa Vci10BHO HewmemierHoe
SKCIUTyaTallus | AOITyCTUMAs VCKITIOYEHNE
SKCIUTyaTalusl | U3 9KCIUTyaTa-
C OCTAHOBKO# | MU
Ha Omrkaiiiei
CTaHLUU
[poxkar 1o Kpyry KataHus Kojieca, MM 0-3 3-7 7 u 6onee
TTon3yH Ha MOBEPXHOCTU KaTaHUsI, MM 0-0,5 0,5—-1,0 oouee 1,0
BriiepOMHBI 1T BMSITUHBI HA TIOBEPXHOCTH 0—1,0 1,04 6omee 4
TpeOHs, MM
MecTtHoe wiu obl1uee yBeJnuyeHre WMpruHbl banga- | 0—3 3-6 6osee 6
JKa Wim 00071 11eJIbHOKATAHOTO KOJIeca, MM
KosnblieBbie BBIpaOOTKM Ha OBepXHOCTH KaTaHus | 0—0,5 0,5-2 Gouee 2
Ha paccTosiHUM 110 40 MM OT Hapy>XHOTO TopLa
OaHgaxa, TIyOMHOI, MM
HaBap Ha MOBepXHOCTU KaTaHUsI, BLICOTOM, MM 0-0,1 0,1-0,5 6osee 0,5

¢GyHKLIMIO KIaccu@uKaluu, To eCTh BbIpada-
THIBa€T CUTHAJI, YKa3bIBAIOIIMI Ha TIPUHAI-
JIESKHOCTH BEKTOPA IMPHU3HAKOB COOTBETCTBYIO-
IIEMY KJIACCY COCTOSIHUI:

7= LX), (7
rae L — anroputm paboThl KilaccupukaTopa»
[12, c. 146].

PerucrpaTop, pyKOBOICTBYSICH TPUHSITHIM
KJIaccu(pUKaTOPOM PELIEHUEM Y,, BBIIAET
UHMOPMaLKIO J ., 0 TPUHAIUIEXHOCTH COCTOSI-
HUSI KOHTPOJHUPYEMOTO 00bEKTa COOTBET-
CTBYIOIIIEMY KJIACCY COCTOSIHHIA, TO €CTh:
J,=HG), ®)
rane H — oneparop nmpeobpa3oBaHust curHaja
KJaccugukaTopa "HOOPMATOPOM.

«TakuMm 0Opa3oM, 0000IIEHHAST aHATUTH -
YyecKasl 3aIiCh IIpoIlecca armapaTypHOTo Te-
CTOBOTO OOHApPYXEHUsI HEUCIIPABHOCTH, T10-
CTpOEHHAasl Ha OCHOBaHUMU BbIpaxkeHUU (5),
(6), (7) u (8), umeeT BuU:

J,, = H(L(R(Q(E))))» [12, c. 146]. )

Pemraroriee yctpoiicTBo, Ha OCHOBAaHUM
ne(eKTOB COCTaBHBIX YacTe M HEIOITyCTH-
MBIX 3HaUCHUI MapaMeTpOB KOJECHBIX T1ap,
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npuBeIEHHBIX B PyKoBonsineM TOKYMEHTe
BHUWMKTa[13] u BcranmgapTe rocyaapcTBEH-
Horo oobennHeHus «bemopycckas xene3Has
nopora» CTIT bBY 17.310-2015, onpenensier
rpaganyy HupOoBLIX ITOKa3aTelieil 1e(peKToB.
Pacnipenenenne undpoBbIX ITOKa3aTelein 1e-
(heKTOB KOJIEC TI0 KJIaccaM HEUCITpaBHOCTEM
npeacTaBieHo B Tadauie 1.

PasHeceHue neekToB KOIEC HAa TpU KaTe-
TOPUU COOTBETCTBYET aJITOPUTMY (DYHKITMO-
HUPOBAHUSI «aBTOMATU3UPOBAHHOM CUCTEMBbI
KoHTpoust moaBmxkHoro cocraBa ACK T1C,
obecIIeurBaroIeii aBTOMaTUYECKYTO KJIacCH-
UKaIMo mapaMeTpoB KOJIECHBIX Map MO TPEM
rpynmaM: «TpeBora 0» — HopMaJibHasA KC-
TUTyaTalus TMOABIDKHOW eMMHUIIBI;, « TpeBo-
ra 1» — yCcJI0BHO JOITyCTUMAasl SKCIUTyaTaLust
TMOABIKHOM €IMHUIIBI CO clieskeHneM; «Ipe-
Bora 2» — HeMeJieHHasl OCTaHOBKa I10e3/1a
¥ OCMOTp Ae(PEKTHOM MOABMKHOM eTMHULIBI»
[18, c. 38].

IIporpamMmHOe obecrieueHre CUCTEMBI
ACK TIC npenycmaTpuBaeT yrnpaBlieHUE
Pa3IUYHBIMU ITOJCUCTEMaMU TUaTHOCTUKMH,
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HauyuHas ¢ nepudepuifHbIX yCTAHOBOK,
aBTOMATU3UPOBAHHBIX pabouux mecT APM
TITO u Gpurag BaroHHUKOB 10 KOHTPOJS
pe3yJabTaTOB UCTIOJHEHUS. 30eCh U pealu-
3yI0TCS MpeuMyllecTBa HUDPOBON TEXHO-
JIOTUU: «I€TePMUHUPOBAHHBIE TECTOBBIE
JNIaHHbIE O Pe3yJbTaTaX KOHTPOJS KaXI0TO
KOHKPETHOTrO BaroHa v JIOKOMOTHBA COOU-
paroTcs B eAUHYI0 0a3y A5 MOCAEAYIOIIEro
aHayiu3a u paboThl C HUMU. DTO o0ecreyu-
BaeT MOTOK 0OBEKTUBHOI U TOUHOU MHGOP-
Malliu, Mo3BoJsglIed HubpoBOMY KOMII-
Jiekcy (opMUpOBaTh yIPaBSIONINE BO3-
neiicTBusg 0e3 yyactus omepatopon» [20,
c. 154].

SAKJIIOMEHUE

Hcnonb30BaHME TECTOBOTO TEXHUYECKOTO
JMUATHOCTUPOBAHUS MO3BOJIUT CYLIECTBEHHO
TMOBBICUTh JOCTOBEPHOCTbh OLIEHKU TeXHUYE-
CKOTO COCTOSIHUS MTPOKOHTPOJIUPOBAHHOTO
TIOABVKHOTO COCTaBa.

Kiaccudukamnus nedekroB moaBukHOTO
COCTaBa U €r0 OTBETCTBEHHbIX J€TaJICi TOBbI-
IIaeT HATJISIAHOCTh OTOOpaKeHUsT UH(MOpMa-
IUA U CUCTEMATU3UPYET CBEACHUS O BBISB-
JICHHBIX epeKTax B MPOKOHTPOJIUPOBAHHOM
MOJBUXHOM COCTaBe.

[TprmeHeHre aBTOMATU3UPOBAHHBIX TUAT-
HOCTUYECKUX CUCTEM KOHTPOJIS MO3BOJISET
OTHOBPEMEHHO BBISIBUTh U YCTPAHUTh HEUC-
MPaBHOCTU XOJOBBIX YaCTEU MOABUXHOTO
COCTaBa, BO3HUKAIOIINE B MPOLIECCE SKCITTya-
TalluM, a TaKXe CYIIECTBEHHO COKPaTUTh
KOJMYECTBO PYYHBIX OMepaluil T0 OCMOTPY
MOIBUXHOTO COCTaBa B Mapkax nmpuéma
¥ 00ECTICYUTB MTOJTHYIO aBTOMAaTU3ALUIO TIPO-
mecca CJIeXeHHUs 32 TAKUMU BaroHaMy Ha
XOJ1y TToe3/1a.

CoueraHue peaBapUTesIbHO 00paboTaH-
HBIX JAHHBIX O IPOKOHTPOJMPOBAHHBIX MTOE3-
nax Ha noaxone K I[TTO y3nmoBbIX cTaHIMiA
NOBBICUT 3(PHEeKTUBHOCTH (PYHKIIMOHUPOBA-
HUS UHTETPUPOBAHHOU LMOPOBOK MOAEIU
BaroHHoro mapka B Macitabe ACK TI1C Bceit
JKEJIE3HOW TOPOTH.
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ABSTRACT

The article reviews a preventive maintenance
system for repairs, the main disadvantage of which
is that it is essentially an open system of technical
control that does not take into account objective
assessmentofrolling stock «as itis». The objective
of the study was to review and summarize the
existing researches and to word the proposals to
develop the system of rolling stock maintenance.
Based on the analysis of the researches in that field
it is proposed to reduce material and labor costs
for maintenance of cars by making the system of
technical diagnostics closed. As a feedback, it is
advisable to use an automatic test diagnostic
control system that detects car defects while the
train is running. It will significantly reduce the
number of manual operations for inspecting rolling
stock in the arrival parks of sorting stations and
automate decision-making on possibility of
subsequent operation of controlled rolling stock
based on its actual condition.

Decision Making Based on the Results
of Automatic Diagnostics of Parts
and Assemblies of Rolling Stock

Burchenkov, Valery V., Belarusian State University of Transport, Gomel, Belarus*.

A technique is proposed for evaluating the
results of technical diagnostics of rolling stock
in which probabilistic estimates are used,
dividing the most significant defects of the
controlled object into three classes according
to the degree of their significance for operation
safety. It has been established that Weibull
distribution corresponds to fatigue defective
phenomena, while Rayleigh distribution
corresponds to wear phenomena with constant
or periodic workload.

To identify defective car wheels and axle
boxes, a dynamic system is proposed, which
includes: the controlled object which is a wheel
or axle box, automatic test diagnostic equipment
and a resolver for deciding on further operation
of the identified defective car. The optimal
equation of the separating function of «false
alarm» and «acceptance» is obtained on the
basis of the Bayes criterion, which minimizes
the average risk of making a wrong decision.
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Background. The intensification of the
transportation process led to development
of technical diagnostics, which is widely
used in railway transport. At the same time,
conditions have now developed when,
without widespread introduction of objective
methods and «digital means of monitoring
the technical condition of locomotives and
cars that meet the current level» [1, p. 9], it
is difficult to count on a significant increase
in efficiency of rolling stock operation and
improving quality of its maintenance and
repair [1].

«A variety of external and built-in,
universal and specialized means of technical
diagnostics of rolling stock have been
created» [2, p.14] and extensive experience
in their application has been accumulated.
However, what has been done in this area
still lags far behind the needs of practice.

Objective. The objective of the article is
to review and summarize studies on decision
making process based on the results of
automatic diagnosis of parts and assemblies
of rolling stock.

Methods. The author uses general
scientific and engineering methods,
comparative and content analysis methods.

Results. «To maintain the cars and
locomotives in constant operational
condition on the railways of the Russian
Federation and Belarus, a preventive
maintenance system is being used that is
based on the following principles» [3,
pp. 78—80]:

a) «frequency of repairs established in a
planned manner, determining the amount
of work to restore serviceability of a car
(locomotive) according to the type of
periodic repair;

b) organization of overhaul maintenance
of cars, establishment of duration of an
overhaul period in the repair cycle,
depending on the type of car and its working
conditions;

¢) periodic inspection, certification and
checking of the condition of units and
assemblies of a car» [3, pp. 78—80].

Along with the well-known advantages,
this system also has disadvantages. The main
one is that it is essentially an open system
oftechnical control, providing for mandatory
performance of a certain list of works and
not taking into account objective assessment
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of rolling stock «as it is». The situation is
aggravated by the fact that «a limited
amount of time (within 20—30 minutes) is
allotted for inspection of the train at
maintenance points» [3, p. 96].

A significant reduction in material and
labor costs for maintenance of cars and at
the same time the increase in their technical
condition can be achieved if the technical
diagnostic system is closed. It is proposed to
use a resolver as feedback, which will
determine the conditions for subsequent
operation of the controlled rolling stock
based on its actual state and «will significantly
reduce the number of manual operations for
inspecting the rolling stock in the arrival
parks of stations» [4, p. 44]. For this
purpose, the use of automated non-
destructive testing and diagnostics test
systems that determine the defects of cars
within the moving train while approaching
the station is relevant. In this case, rejection
of a unit or a part of a car «will be carried
out automatically, without participation of
an operator» [2; 5—9].

The interest in the technical test diagnosis
of locomotives and cars is also related to the
fact that «complexity of a design, intensity
of operation and increasing requirements
for reliability and safety do not allow
intuitive and manual way to determine their
technical condition» [4, p. 46]. «The use of
specialized diagnostic tools makes it possible
to reliably determine the technical condition
of rolling stock» [10, p. 41].

«Automated diagnostic systems for
monitoring the technical condition of cars
and locomotives, while the train is running,
should identify the following malfunctions
of the most critical components of rolling
stock: temperature monitoring of axle boxes
and braked wheels; control of geometric
dimensions and defects of wheels along the
running surface; control of overall
dimensions of cars; control of parameters
of draw-and-buffer mechanism of automatic
couplings; identification of dragging parts
of the faulty brake system of cars, etc.» [2,
p. 147].

To assess the results of technical
diagnostics of locomotives, a probabilistic
approach is proposed. In railway transport,
there is a problem of assessing reliability of
results of diagnostics of locomotives and cars

.17,lss. 4, pp. 232-243 (2019)
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Pic. 1. Three-position assessment of the state of an object (node).

[4, p. 106]. «Diagnostic reliability means
quantitative assessment of the degree of
correspondence of diagnostic results to the
actual technical condition of the object.
This estimate is probabilistic and
accumulation of statistical material is
necessary to proceed with the estimate. The
investigated unit of the controlled object
following diagnostic analysis can be
recognized as suitable or rejected (and
accordingly designated S or R)» [4, pp. 106,
107]. The same author noted that «the
quality of the diagnostic equipment can be
assessed by the admissible probability of an
error in diagnosing P, This value can be
determined experimentally from the
reference sample by the method of repeated
tests. If the number of tests is N, the number
of correctly made decisions is N, the
number of erroneous decisions is N, then
P, estimate for sufficiently large values of N
will be determined from the expression» [4,
p. 107]:
P, ~1—-N,/N=N/N=a-+§. (1)

Probabilistic assessment of reliability of
locomotive diagnostics

Following the advice of the researchers,
«let us turn to probabilistic estimates of
reliability of diagnostics from the standpoint
of operation of locomotives and cost-
effectiveness of their maintenance. Missing
a defect in the equipment of a locomotive
can lead to a violation of traffic safety during
the trip. In addition to losses from train
stops, which can be quantified, more severe
cases are possible, which are evaluated
according to other criteria (for example,
losses from rolling stock wrecks and
accidents)» [4].

At the same time, erroneous recognition
of a suitable object as malfunctioning one is
associated with additional repair costs.
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Comparison and optimal selection of
indicators are usually carried out empirically.
«From a technical point of view, reduction
in probability of errors is directly related to
the quality of technological equipment and
diagnostic algorithms» [4, p. 108].

«The parameter selected as evaluative for
diagnostics is compared with the boundary
value of this parameter. If the parameter value
does not exceed the setting, the object is
considered suitable, otherwise it is rejected» [4,
p. 109]. «The conditions for making a diagnostic
decision change over time, while the probability
of error increases. The threshold values for
decision making are different for each unit of
the diagnosed product, as the result the specific
value of the setting expands to the field of
possible values, complicating thus the
diagnosing process. A significant impact on the
increase in the number of diagnostic errors is
exerted by external conditions (humidity,
temperature, interference, electromagnetic
fields). This affects both operation of a
diagnostic device and a tested object itself» [4,
p. 109].

«For these reasons, a decision on the
condition of an object will be more objective,
if it will be made not by the threshold, but
by the range of tolerance fields» (Pic. 1).

«Here Pr . and Pr_ are the minimum
and maximum values of the diagnosed
parameter, Pr, and Pr, are the zone of the
indefinite solution (in Pic. 1 this corresponds
to the solution I). The decision algorithm is
modified as follows:

« if the diagnosed parameter is in the
range [Pr_. ; Pr ], then a decision is made
on suitability of the object;

* if the parameter is within [Pr,; Pr
then the object is considered faulty;

« with parameter values in the range
[Pr; Pr)] the decision on suitability is

max] 2
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Pic. 2. Structural diagram of a system of automatic test diagnostic control of axle boxes and wheels during
train movement.

considered not made, and the diagnostic
process should be repeated.

Moreover, to determine suitability, other
additional criteria and methods for
diagnosing or repeating the experiment are
used» [4, p. 46; 15].

«We show that in the case of using the
described solution algorithm, the probability
of an error decreases. For this, a probabilistic
approach is applied and one of two
alternative cases is considered (the device is
fault-free or faulty). With a working device,
the probability distribution density of the
controlled parameter is rather accurately
approximated by the Rayleigh distribution»
[4, p. 110]:

p(x) = (x/c?) exp[—(x,/0)], (2)
where x — value of the controlled parameter;

o — standard deviation;

p(x) — probability distribution density.

«Distribution (2) has a clearly expressed
asymmetric nature with a maximum and
with a decrease in the characteristic to zero
and is a special case of the Weibull
distribution with density:

&0 = £(x/0)* e[ -0 /o) (3)

when o 2 and a particular case of
distribution of a random variable S = \/x72 /n

with density:

o (xdn N nfxY
PO= s\ ovz) P _E(E) >
when n = 2» [4, p. 111].

Fatigue phenomena lead to the Weibull

distribution, and wear phenomena with
constant or periodic workload with constant

4)

amplitude lead to the Rayleigh distribution.
Thus, the Rayleigh distribution is, in a
certain sense, universal in nature and can be
used to study the corresponding failure
flows.

«Wheel sets belong to the running parts
and are one of the most critical car elements.
Therefore, special, increased requirements
of Gosstandart [state standard], the Rules
for technical operation of railways,
Instructions for inspection, repair and
assembling of car wheel sets, as well as other
regulatory documents in design, manufacture
and maintenance are applied to them» [13,
p. 46].

Particular attention should be paid to
monitoring the condition of wheel sets
during train movement, which allows to
pre-identify defective wheel sets, transmit
the information «to the nearest point of
technical maintenance for the purpose of
detailed inspection by technical personnel»
[14—18].

«In a structural form, the system for
automatic test diagnostics of axle box
assemblies is a complex dynamic system,
which includes: the controlled object which
is a wheel or an axle box, test diagnostic
control equipment and a resolver for
determining the conditions for further
operation of controlled rolling stock» [4, p.
138]. This device provides decision making
(on the basis of the class assigned to the

detected defect) about further operation of

the defective car (for example, on operation
without restrictions, taking it to the nearest
repair depot for routine inspection and
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fs‘:‘ Table 1
i Distribution of digital indicators of wheel defects by fault classes
“ No. | Name of defect or controlled parameter Digital indicators
Operation | Conventional Immediate
allowed operation with stop | decommissioning
at the nearest station
High flange, mm 0-3 3-7 7 and more
Adjustable slide on the running surface, mm 0-0,5 0,5—-1,0 more than 1,0
3 Shelled treads or dents on the surface of the ridge, 0-1,0 1,0—4 more than 4
mm
4 Local or general increase in the width of bandage or | 0—3 3—-6 more than 6
rim of a wrought wheel, mm
5 Ring workings on the running surface at a distance | 0—0,5 0,52 more than 2
of up to 40 mm from the outer end of the bandage,
depth, mm
6 Weld-on deposit on the running surface, height, mm | 0—0,1 0,1-0,5 more than 0,5
repair, immediate decommissioning). The J, = H(y), (8)
general functional diagram of the test where H is operator of transforming the
hardware diagnostics is shown in Pic. 2. classifier signal by an informant.
«The parameter converter converts the «Thus, a generalized analytical record of

conditions’ space of the controlled object £ the process of hardware test fault detection,
into the space of electrical signals S to be built on the basis of expressions (5), (6), (7)

further processed: and (8), has a form:
5,= O(E), (5)  J,= H(L(RQ(E)))> [12,p. 146].  (9)
where Q is operator of transforming the The resolver, on the basis of defects in

conditions’ space of an object into a signal components and invalid parameter values of
space. The functioning algorithm of this wheel sets given in Guidance document of
operator corresponds to the action of an VNIIZhT [13] and in the standard of the
analog-to-digital converter used to measure state association Belarusian Railway STP
continuous values of measured defects and BCh 17.310-2015, determines the gradation
issuing a digital equivalent in a form of digital indicators of defects. The
consistent with operation of a signifier» [12, distribution of digital indicators of wheel

p.145; 19]. defects by fault classes is presented in
«The signifier (forming object conditions” Table 1.
coding) converts the space of signals § into The allocation of wheel defects into three
the space of signs X characterizing the state categories corresponds to the functioning
of the object: algorithm of the «<ASK PS automated rolling
X =R(S), (6)  stock control system, which provides automatic
where R is operator of transforming the classification of wheel set parameters into three
space of signals into the space of signs. groups: «Alarm 0» — normal operation of a

Based on the analysis of signs of the moving unit; «Alarm 1» — conditionally
conditions of an object, the classifier permissible operation of a moving unit with
performs the classification function, thatis, further monitoring; «Alarm 2» — an
it generates a signal indicating that the immediate stop of a train and inspection of
feature vector belongs to the corresponding a defective moving unit» [18, p. 38].

class of states: The software of the ASK PS system
y=L(X), (7)  provides for control of various diagnostic
where L is algorithm of the classifier» [12, subsystems, starting from peripheral
p. 146]. installations, workstations of automated

The registrar, guided by the decision y, workplaces ARM PTO and workers, to
made by the classifier, provides information monitoring performance results. Here the
J,, that the state of the controlled object advantages of digital technology are realized:
belongs to the corresponding class of states, «deterministic test data on the results of the
that is, control of each specific car and locomotive
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are collected into a single database for
subsequent analysis and processing. This
provides a stream of objective and accurate
information that allows the digital complex
to form control actions without participation
of operators» [20, p. 154].

Conclusion. The use of test technical
diagnostics will significantly increase
reliability of assessing the technical
condition of controlled rolling stock.

The classification of defects in rolling
stock and its critical parts increases visibility
of information and systematizes data about
detected defects of the controlled rolling
stock.

The use of automated diagnostic
monitoring systems can simultaneously
identify and eliminate malfunctions of the
running parts of rolling stock that arise
during operation, as well as significantly
reduce the number of manual operations to
inspect rolling stock at the receiving tracks
and ensure full automation of the monitoring
of such wagons during train movement.

The combination of pre-processed data
on controlled trains at the approaches to
maintenance points of the central stations
will increase the efficiency of the integrated
digital model of the car fleet within the ASK
PS of the entire railway.
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NPOBJIEMbI YTIPABJIEEA

MHHOBaALMOHHAA 3KOCcUctema
XXeNne3HoA40pPO0XXHOro TpaHcnopTa:
npakTukKa Beaywmx KoMmnaHum

Oner KAPACEB

Makcum XXEJIEBHOB

Poccus.
Mockea, Poccus.

Poccus*.

2KeneaHonopoxHasi 0Tpac/ib IBSIETCS OAHOM U3 KIIOYEBbIX chep
TPaHCMOPTHOU AESITE/IbHOCTY /1 MHOIMX CTPaH Myupa, B YaCTHOCTU
ans Poccuiickori ®enepaunmn. VIHHOBaLMOHHOE pa3BuTie AaHHOM
oTpacin v KOMﬂaHMﬁ, BXogsLwmx B Heé, SIBJISI€TCS Ba>XHbIM aCriekTom
Pa3BUTUSI SIKOHOMUKN U MHd)paCprKTypbl COOTBETCTBYIOLUMNX CTPAH.

VIHHOBAaLIMOHHas 3KocUCTeMa CO34aET HEOBXOANMYIO /151 TaKOIro
pasBuTvs GaronpuUsITHyIO Cpeay.

Llenb;o anHoﬁ CcTarby sIBJISI€TCS aHa/lin3 KOMINOHEeHTOB NMHHOBAa-
LIMOHHOM 9KOCUCTEMBI — CTOCOO0B OpraHu3aLuuy MHHOBALMOHHOM
AedATesIbHOCTU, npearosararoLymx nx KﬂaCCM(DMKaLU/HO Ha BHYTPEeHHne
W BHelLUHWe TUrbl opraHu3aumu. Mccne,aosam/le npoBoANTCS Ha OCHO-
BE CPaBHUTEJILHOIO aHaN3a NPaKTKu Hanboee KOHKYPEHTOCnocob-
HbIX MUPOBbIX XX€/1e3HOA0POXHbIX KOMMaHWi.

Pe3synbTarsl o3BOJISIOT CAEMaTb BbIBOA, YTO 6O/bLIMM yPOB-
Hem KOHKypeHTOCﬂOCOﬁHOCTM M TEXHOJI0OrM4eCcKoro pa3BuTuns xa-
PaKkTepun3yrTCcs Xesie3HOA0POXHblIe KOMNaHuu, npuMeHsoLwne
MHCTPYMEHTbl KaKk BHelWHero, tak u BHyTpeHHero T1uros. Ecnn
BHEeLUHWA T opraHunzauynn MHHOBaLU/lOHHOﬁ AedaTesIbHOCTU oKka-
3bIBAET [10J10XKNTEJIbHOE BJ/INSTHNE Ha CHUXXEeHNe N34epXek, a Takxe
cnocodcrsyer aKTUBHOMY Baawmoneﬁcrsmo C BHEeUHUMU rnpo-

Anekceii BEJIOLLUULIKUIA Erop LUUTOB

Keaesnoe Maxcum Maxcumosun — Hayuonanvhwiii uccaedosamensciuii Mockogeckuii eocydapcmeentblil
cmpoumenwvHolil yHusepcumem (HUY MICY), Mockea, Poccus.

Kapacée Oaee Heopesun — Mockosckuii cocydapcmeennviii ynugepcumem umenu M. B. Jlomonocosa, Mockea,
bBeaowuuruii Anexceii Baaepveeuu — Mockoscicuii eocydapcmeenuiii yuusepcumem umenu M. B. Jlomonocosa,

IIIumoe Eeop Aaexcandposuyu — Mockogckuii eocyoapcmeennbiii ynugepcumem umenu M. B. Jlomonocosa, Mockaa,

PUNLHBIMY KOMIAHWUSIMU, TO OAHOCTOPOHHSISI OPUEHTAaLMS Ha Hero
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OcyLecTBneHve nccienoBaHuii u pa3paboTok B paMKax COOCTBEH-
HbIX MIHHOBALMOHHbIX aboparopuii u R&D LeHTpoB no3Bonsiet
Kes1e3HOA0POXHbLIM KOMIaHNSIM CYLECTBEHHO CHUXaTb MOA0GHYI0
3aBUCUMOCTb, OAHAKO MPUBOANT K BbICOKOMY YPOBHIO U3AEPXEK,
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3TOM BaxeH BbIOOP Hanpas/eHUii TEXHOJIOrMYeCKoro pa3BuTus,
B pamkax KOTOPbIX BO3MOXHO U Lje1eCo06pa3Ho npoBeseHne ca-
MOCTOSITE/IbHbIX UCCAeA0BaHNii 1 Pa3paboToK B HACTOSILLEE BPEMS],
a Takxe Tex, popMupoBaHne KOMMNETEHLUMI Mo KOTOPLIM AJisl ca-
MOCTOSITe/IbHOV AeSITe/IbHOCTY UN y4acTusi B MHHOBALMOHHbIX
KOHCOPLUMYyMax BO3MOXHO B 1epCrieKTnse.
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OBpPEMEHHEBIN 3Tal pa3BUTUS MU-

pOBOIl 9KOHOMUKHU OTpeaesieTcs

CTaHOBJICHUEM TTapaUTMbI IIIECTO-
0 TEXHOJOTMUYECKOTO YKJIaaa U YKOpeHe-
HUEeM NMpuHUMNOB mHAycTtpum 4.0 [1].
MarucTtpajlbHBIM HallpaBJICHUEM Pa3BUTHS
B YKa3aHHBIX YCJIOBUSIX SIBJISIETCSI MacCOBast
¢ poBU3alMs BCeX OTpacaeii SKOHOMUKHU
W COIIMATbHOM chephl.

JlokoMOTMBaMM OCYIIECTBICHUS ITPO-
PBIBHOTO HAyYHO-TEXHOJIOTUYECKOTO U CO-
IMaJbHO-3KOHOMMYECKOTO pa3BUTHS,
B YaCTHOCTY BHEIAPEHUS TTepeIOBBIX TEXHO-
JIOTUiA, MOTYT CTaTh OTPAC/IM C HEOOXOIM -
MBbIM MaciuTaboM MpoM3BOACTBaA [2].

QOnHoli U3 oTpacieit, o61agarInX HE00X0-
JTMMBIM Hay4yHO-TEXHUUYECKUM 3alIeJIOM, Mac-
IITaboM 1 ITOTEHITMAIBEHBIM CHHEPTETHUCCKIM
3(dEKTOM, pacpoCcTpaHsIeMbIM Ha CMEXKHbIE
OTpacyiu, SIBJsIeTCs XKeJle3HOoIopoKHas [3].

B 27011 CBSI3U Yeablo TAHHOU CTaTbU SIB-
JISIeTCST aHAJTM3 KOMITOHEHTOB MHHOBAIIMOH -
HOM 9KOCHCTEMBI — CITOCOOOB OpraHM3aIun
WHHOBAIIMOHHOM eI TeIbHOCTH, TIPEITOoJIa -
ralolimnx ux Kjaaccudukauio Ha BHYTPEH-
HU€ ¥ BHEIITHNE TUITB OpraHW3alluy IIpuMe-
HUTEJIHHO K XKeJIe3HOIOPOKHOMY TPaHCITOP-
Ty. MccnenoBanue MpoOBOAMTCSI HA OCHOBE
CPaBHUTEIHLHOTO aHAJIN3a TPAaKTUKU HAaubo-
Jiee KOHKYPEHTOCITOCOOHBIX MUPOBBIX XKe-
JIE3HOJTOPOXHBIX KOMIIaHUM.

UMHHOBALIMOHHOE PASBUTUE

U UNDOPOBU3ALNA

B POCCUNCKOWN ®EAEPALIUMN
3amauyy MHHOBAIIMOHHOTO Pa3BUTHS

B YCJIOBUSIX YETBEPTOU MPOMBIIIUIEHHOW pe-

BOJIIOIIM ¥ OOYCJIOBJICHHOM €10 TTapaaurMbl

(G POBU3ALINY SIBJISTFOTCS aKTYaTbHBIMU TSI

OOJIBLLIMHCTBA CTPaH MUPA.

B Poccuiickoit ®emepanun peanm3aiins
MEepPOTIPUSITHIA, HAIIPaBJICHHBIX Ha IIOBHIIIICHIE
YPOBHS U(PPOBU3ALIMI SKOHOMUKH U COLIM-
anpHOI cepsl Poccuiickoit Penepannu,
OCYIIIECTBIISICTCSI B COOTBETCTBUU C YKa30M
IIpe3unenrta Poccuiickoit degepamuu oT
07 mas 2018 1. Ne 204 «O HalIMOHATBHBIX HEJISIX
M CTpaTeTUUYECKUX 3amadax pa3Butust Poccuii-
ckoit Penepaumu Ha Trepuon 1o 2024 romar.
JU1st MOCTUKEeHUS YKa3aHHBIX 1eJiell ObLiu
pa3paboTaHbl HAIIMOHAIBHBIC IIPOCKTHI (TIPO-
TpaMMBI), BKITIOUYAsT HAITMOHAILHYIO IIPOrpaM-
my «ludposas skonomuka Poccuiickoir De-
Iepanun» (manxee — HammmoHaxpHasT Tporpam-

® MWP TPAHCIOPTA, Tom 17, N2 4, C. 244-258 (2019)

ma). e HanmoHanibHON MporpaMMbl Ha-
TIpaBJIeHbI Ha BCEOOBEMITIONITYIO ITM(POBU3ALINIO
TPUOPUTETHBIX OTPACIIeil SKOHOMUKH U COITU -
ampHOI ceprl Poccuiickoit deneparun [4].
Ocy1iecTBIeHUE POPHIBHOTO HAYYHO-TEXHO-
JIOTUYECKOTO M COLIMATbHO-3KOHOMMUYECKOTO
pa3BUTHS TUTAHUPYETCST 00ECIIEYUTh, B TOM
YuCIIe TTIOCPENCTBOM pean3allii TPUOPUTET-
HBIX TIPOEKTOB C MIPUMEHEHUEM «CKBO3HBIX»
UM POBBIX TEXHOJOTUI, K YUCTY KOTOPHIX
OTHOCSTCSI: OOJIBIIINE JaHHBIe, KBAHTOBbBIE
TEXHOJIOTMY, KOMIIOHEHTHl POOOTOTEXHUKH
U CEHCOpMKA, HEMPOTEXHOJIOTUM U UCKYC-
CTBEHHBI MHTEJIEKT, HOBbIE TIPOU3BOJI-
CTBEHHBIE TEXHOJIOTUU, TPOMBITIIIEHHBIT
WHTEPHET, CUCTEMBI pacTIpeeIEHHOTO pee-
cTpa, TEeXHOJIOTUM OECITPOBOIHON CBSI3M,
TEXHOJIOTUU BUPTYAJIbHOW M TOMOTHEHHOU
peanbHOCTU. BhIMoHEeHWE 3a1a4 1Mo ocyle-
CTBJIEHUIO IIPOPBIBHOTO PA3BUTHUSI 1 MACCOBOM
1MPOBU3AIMH, B TOM YHCJIE TIyTEM peain3a-
IIUY TTPOEKTOB HAa OCHOBE NMPUMEHEHUS
«CKBO3HBIX» ITU(MDPOBBIX TEXHOJIOT U TTPEIITO-
JlaraeT Takxke Heo0X0IMMOCTh MOJIEPHU3AIINY
WHHOBAIIMOHHOW 9KOCHCTEMbI KaK Ha MaKpo-,
Tak 1 HAa MUKPOYPOBHE.

IMacrmoptr HanmmoHanbHOM MMporpaMMBbl
BKJTIOUAET B ceOsI psili MEPOTIPUSITUI, OpUEH-
THPOBAHHBIX HA yJTy4YllIeHEe MHHOBAIIMOHHOM
9KOCUCTEMBI BEIYIIIUX OTEYECTBEHHBIX TOCY-
JIAapCTBEHHBIX KOPMOpAIMii 1 KOMIIaHUI1
C TOCYIapCTBEHHBIM ydyacTHeM, OCOOEHHO
B YaCTH pa3BUTHUS HUMPOBOIl MOBECTKH,
BKJTIOYAs:

* pa3paboTKy M YTBEPKIEHUE CTPATETUil
udpoBoit TpaHcHopMaLUK;

* Ha3HauYeHUE 3aMECTUTEJIEH TOJIKHOCT-
HBIX JIIL B TOCYIapCTBEHHBIX KOPIIOPALIMSIX
1 KOMITAaHUSIX C TOCYIapCTBEHHBIM yUaCTUEM,
peaNu3yoInX CTpaTern HUGPOBOIl TpaHC-
opmaruu, HameTEHHBIX TTOJITHOMOYUSMU U
o0ecTieueHHbIX pecypcaMu Il peanu3aiun
COOTBETCTBYIOIINX MHUIIMATUB U TIPOEKTOB —
nasznaueHue Chief Digital Officers;

* (hopMUpOBaHME KOMILIEKCHOI CUCTEMBI
(mHaHCHMpPOBaHUS TPOEKTOB Ha OCHOBE TIPU-
MEHEHUST «CKBO3HBIX» LIM(PPOBBIX TEXHOIOTU I
" T1aThOPMEHHBIX PEIIEHU TP aKTUBHOM
Y4aCTUU TOCYAAapCTBEHHBIX KOpPIOpAIUii
M KOMIIAaHUM C TOCYTapCTBEHHBIM Y4aCTHEM.

OnvH 13 pa3ieioB CTpaTeTuu MUMPOBHIX
TpaHchopMalnii IMOCBIIIEH BOIIpOcaM pas-
BUTHSI CUCTEMBI yIIPaBIeHUSI MHHOBAIIUSIMU
W MHHOBAIIMOHHOW MH(MPACTPYKTyphI, B3au-

XenesHoe M. M., Kapacee O. U., Benowuukun A. B., LLInToe E. A. UHHOBaLlMOHHaa SKOCUCTEMA
XKene3HOA0POXHOIro TPaHCNopTa: NpakTuka BeayLmnx KoMnaHnum




, ég' | VIHHOBAUMOHHas SKOCHCTEMA KCICIHOTOPOXHO OTpac i
Mexaynaponnbie acconnanan (MCIK/L; Shift2Rail; ERRAC; IRRB u ap.)
=l

B3anMofelicTEHe KOMOAHHEH XKele3HOTOPOXKHOR
OnpeenexHe IPHOPHTETHHIX BeKTOpoB HTP 0TpacIH

KOOIepalHi
CTHMYIHpOBaHHe YIaCTHHKOB ¢ ¢ ? T ¢ # ? ?
K HHHOBAIIHOHHOMY PA3BHTHIO. IPOBeIeHHI0 ITHP CuMedcHble ompac
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Puc. 1. MecTto u posib MeXAyHapoAHbIX accoumnaLnii B UHHOBaLMOHHOWN 3KOocUcTeme
JKesIe3HO[A0POXKHOM OTpac/u.

MozeiicTBuio Kommnanuii co cropounumu  «PXKI» GblI0 BHIOpaHO B KavyecTBe Juaepa

OpraHU3aLUsIMU. pa3paboToOK B 00JaCTH, CBI3aHHOM C pa3BU-
KpUTUYHOCTb pa3BUTHS JAHHOTO HAaNpaB-  TMEM KBAHTOBOIA CBsA3M [6].

JIEHUSI TPUMEHUTEIIBHO K XKeJIe3HOIOPOKHO-

My TpaHcropry noarsepsxkaaercs npuopure- MWPOBDBIE MPAKTUKU 5

TOM Hay4HO-TexHosormdyeckoro paszsutuss OPFAHU3ALUN NHHOBALMUOHHOW

Poccuiickoii ®enepaunn — «Casizannocts HEATEJIBHOCTU
teppuTopun Poccuiickoit depepanmu 3a CUET N UHHOBALIMOHHbIX 3KOCUCTEM:

CO31aHMs MHTeJUIeKTYaIbHbIX Tpatcrioprsx  MEXKAYHAPOAHBIE ACCOUMALIMK
U T€JIEKOMMYHUKALMOHHBIX CUCTEM, A TAKXKE CylecTByeT MHOXECTBO TPHMMEPOB JIy4-

3aHATUS U YOEPXKAHUS JTUAEPCKUX mo3uiui  [HHAX MUPOBBIX IIPAKTHK OPraHU3allii NHHO-
B CO3IaHUU MEXIYHAPOAHBIX TPAHCIIOPTHO- BaHHOHHOfI JEATCIIBHOCTU U PECTPYKTYPUPO-
JIOTHCTHYECKUX CHCTEM, OCBOGHHH M UCTIONb-  BAHWSI MTHHOBALIMOHHOM 9KocuCTeMBl [7, 8].

30BaHMU KOCMUYECKOI'0 ¥ BO3AYILIHOIO IIPO- [IpuMEHNTENIBHO K AeSATEIbHOCTH XKeJie3-
CTpaHCTBa, MUpOBOTro OKeaHa, ApKTUKM HBIX TOPOT BCE GoJibliiee BAMsSHUE TIPUOOpE-
U AHTapKTUKW» [3]. TalOT MEXAyHapoAHbIe acCoLMaluu, 3aHU-

IMorenuman n KPUTUYHOCTDH XK€JIEe3HOAO0- Marolune OTACJIbHOC ITOJIOKEHNE B MHHOBA-
POKHOI1 OTpac/Iv KaK OJIHOTO U3 IOKOMOTUBOB ~ LIMOHHOM 3KocHucTeMe (CM. puc. 1).
Hay4YHO-TEXHOJIOTUYECKOro pa3Butus Poc- 3HauuMast poJib NOJO0OHBIX OPraHU3ALIUIT,
cuiickoii Degepaluy MOATBEPKIAETCA UCTO-  IPEACTABIISIOIINX COO0M aHAJIOr CETEBBIX
pUYECKU: HAYaJl0O pa3sBUTUA MOOMIBHON MEXAYHAPOIAHBIX aJbsHCOB, 3aKJIIOYACTCS
cBs3u B Poccuu xapakrepusyercst €€ IepBo- B HECKOJIBKUX KITIOUEBBIX aCTIEKTax (KOTOphIe
HayaJIbHBIM BHEIPEHUEM M MOJEPHM3ALMEN  BKJIIOYAIOT, HO HE OrpaHMYMBAIOTCS IIEPEeYnC-
Ha xeJje3HbIx goporax. 30 mas 2019r. OAO  JIeHHBIMU):

Taommna 1
NunoBamuonnsie nporpammsl Shift2Rail

CTpyKTypHbIE ¥ (DYHKIIMOHAIbHBIE MOACUCTEMbI UIT 1 Il 2 WII 3 HIT 4 NIT 5

JlosrocpoyHble MOTPeOHOCTU
¥ COIMATbHO-9KOHOMUYECKUE UCCIIEIOBAHNUS

C MOBBILLIEHHOM MPOMYCKHON

CIIOCOOHOCTBIO

VYMHbBIE MaTepualibl U IIPOLECCCHI

, ycToiuuBas

CucremHast MHTerpaius, 6e30MacHOCTb
¥ COBMECTUMOCTD

DHepreTrKa v yCTONUMBOE pa3BUTHE

€BPOIENCKUX IPY30IIEPEBO3OK

UYetoBeueckuit Karuran
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DdbeKkTrBHBIE U HANEKHbIE
rmoesa, BKJIovasi moesaa
MTOBBIIIEHHO BMECTUMOCTH
U CKOPOCTHBIE TI0€e3/1a
[1poaBUHYTHIE CHCTEMBI
yIpaBIeHUST 1 KOHTPOJISE
ITaCCaXXMPCKOTO MOTOKA
DddexruBHas

¥ HaaExXHasg MHGPACTPYKTypa
MHdopmaloHHbIe pelieHus:
TSI TIPUBIIEKATETbHOCTH
JKEJIE3HOIOPOKHBIX CEPBHCOB
TexHomoruu aist
JIOCTUKEHHUST YCTOMIMBOCTH

¥ TIPUBJIEKATEIbHOCTH




* 00BeIMHEHNE KITIOYEeBBIX KOMIIETEHIIVHA,
YMEHWIA, pecypcoB, TEXHOJOTUN W OITbITa
Pa3IMYHBIX YIaCTHUKOB B LIEJISIX ITOTYYCHUST
CUHEpIuu;

* 00CyXIIeHNe KPUTUIECKUX BOTIPOCOB,
Mmpo0JeM U WHUIIMATUB, 3aTparuBalomnx
MHTepeChl 0OJIbIIIOTO Kpyra CTeMKXO01epoB,
BKJTIOYAsl KOMMEpUYECKre KOMITAaHUU U TOCY-
JIAPCTBEHHBIE OpPTaHbI BJIACTH;

* ompeesieHre TPUOPUTETHBIX BEKTOPOB
JIOJITOCPOYHOTO Pa3BUTHS OTPACIIN, BKITIOUAst
HampaBJIeHUs HAYyYHO-TEXHOJOTHYECKOTO
Pa3BUTHSI, Y B3AMMOJEHCTBHYSI CO CMEXHBIMU
CEeKTOpaMu SKOHOMUKHU [9].

MexnyHapomaHbIe acCOIMAIlMK BBICTYTA-
[OT B POJIM BU3UOHEPOB, (DOPMUPYST Maru-
CTpaJIbHOE BUICHUE PA3BUTHUS OTPACIH JUIS
OOJBIIMHCTBA KJIOYEBBIX €€ YIaCTHUKOB,
B TOM UHCJIE KeJIe3HOIOPOXKHBIX OIIEPaTOpOB,
BJIaleSIblIEB UH(MOPACTPYKTYPHBIX OOBEKTOB,
MPOU3BOAUTENEH XKeJIe3HOTOPOKHOM 1 BCITO-
MOTaTeJIbHOW TEXHUKHU U 00OpYJIOBAHUS.
O61amas TOCTYNOM K MEXIyHAapOIHON MeX-
OTpaceBOI IKCMEPTU3E, MEXIyHAPOTHbBIE
accoIMallvy MPEeACTaBIISTIOT COO0I OHOBPE-
MEHHO KBaTW(GUIMPOBAHHBIX 3aKa3YMKOB
¥ OTBETCTBEHHBIX UCTIOTHUTEJIEH TII00aTbHBIX
WCCIIeIOBAHU, TTOCBSIIIEHHBIX OTIPEACICHUIO
TPEH/IOB U TEHIEHIINH.

Cpenu HanboJsiee XapaKTepHbIX TPUMEPOB
MOHO OTMETHTh:

* (dopcaiit-ucciengoanue MexayHapo-
HOTO CO03a XeJIe3HBIX JOpoT (manee —
MCIXK]) «A Global Vision for Railway
Development»;

* (popcaiiT-uccnengopanre ERRA!
2050 Vision».

Dopcaiim-uccredosanue MC2K/] «A Global
Vision for Railway Development» comepkut
JIOJITOCPOYHOE BUICHUE PA3BUTHS KEJIE3HO-
JIOPOXHOM OTPaCIIM, a TAKKE OTIPEAEIISIeT P
KJTFOUEBBIX JIBVDKYIITUX CHJT, HEOOXOTUMBIX JIJIST
ero ckopeiiirero foctuxkeHus [ 10], Bkovas:

* COTJIaCOBaHHOE yIpaBJIeHUE 3HAHUSIMU,
YUUTBIBAIOIIEE TEXHUYECKUE TPeOOBAHMS
K pe3yJibTaTaM MCCIeI0BaHN U pa3paboToK,
a TaKKe MOTeHIIMaIbHbIe PUCKU, CTOUMOCTD
U OTKPBIBAIOIINECS BOBMOXKHOCTH;

» obecriedyeHre OTKPBITOTO TOCTYTIa K OT-
pacyieBbIM 3KCIIEPTHBIM 3HAHUSIM;

* aKTHMBHYIO MEXIYHAapOIHYIO KOooIepa-
LU0 TTOCPENCTBOM (DOPMUPOBAHUS YCTONIM -
BBIX TTAPTHEPCTB C YIaCTUEM MaJIOTO W Hayd-
HO-UCCJIeI0BATEIbCKOTO CEKTOPOB;

«Rail

® MWP TPAHCIOPTA, Tom 17, N2 4, C. 244-258 (2019)

* pa3BUTHE MEXOTPACTIEBOM KOOIEepallvy.

ITo 3asBaeHUI0 OBIBIIETO T€HEPATBbHOTO
nupektopa MCX] XKau-Ilsepa JIyouny,
MOJBEOMCTBEHHAS €My OpraHU3alUs 3auH-
TepecoBaHa B COACWCTBUU KOOIEpaluu eé
YYaCTHUKOB U3 PA3JIUYHBIX PETMOHOB U CO-
BMECTHOM MOMCKE OTBETOB Ha KJIIOUEBbIE
BBI30BBI XKEJI€3HOIOPOXKHOM oTpaciu. B yact-
HOCTH, ISl MOJOOHBIX Lieseit Ha 6aze M C2K/]
(GYHKIMOHUPYET MEXTYHAPOIHbBIN XKeJIe3HO-
JIOPOXKHBIN UCCIIe0BATEIbCKIIA COBET, MPe-
CTaBJISIOIIMI 000 TmaTopMy B3auMonaei -
CTBUSI M 0OMEHa pe3yibTaTaMy UCCeI0BaHU I
U UHHOBallUU B cdepe Keae3HOAOPOKHOTO
TpaHCIoOpTA.

B nensax pa3sButus MexXayHapoOAHOU KO-
orepaluu, MOAAEePKKU U KOOPAUHALIMY Ha-
YYHO-HCCJIEN0BATEbCKON 1 UHHOBALIMOHHOM
JIeSITEeIbHOCTHU B 00JIACTU PA3BUTHS KEJIE€3HO-
JIOPOXKHBIX TIepeBo30K B 2014 1. 6bu1a chop-
mupoBaHa Shift2Rail, mpencrasnstonias co-
00i1 mepBYyIO esponeiickylo UHULIMATUBY
B XK€JIE3HOJOPOXHON OTpaciu, HarpaBlIeH-
HYIO Ha BeICHUE MUCCIeNOBAHUI, MTOUCK UH-
HOBALMI U PBIHOYHBIX PEILIEHUI.

Shift2Rail aBisteTcss SpKUM IIPUMEPOM
MHCTUTYTA (accouualuu), 00beIUHSIOIEro
3aMHTEePECOBaHHbIE CTOPOHBI ¥ 3aHUMAlOLIE-
rocsl akcejepamnueil pa3paboTok U BHE-
peHUEeM MHHOBAlUU B XXeJIE3HOIOPOXKHOMN
otpaciau. Hacrosias nuHuimatBa oopa3oBa-
Ha Ha cpok 10 2024 r. ¢ 00muM 00BEMOM
duHaHcupoBaHus 6osiee 900 MTH eBpo.

HayuHo-uccienoBaTenbcKas nesTeib-
HocTh Shift2Rail cKkoHIIeHTpHUpOBaHa B paM-
Kax TSITY TIPUOPUTETHBIX HAITPABICHUI — MH-
HOBaLIMOHHBIX mporpamm (nanee — UIT) [11],
OXBaThIBAIOIIUX BCE KIIIOUEBBIE CTPYKTYPHBIE
U (PYHKIIMOHAJIbHBIE MMOACUCTEMBI XKeJIE3HO-
JIOpOKHOI oTpaciu (Tabauua 1).

Peanuzauus npeacraBaeHHbIX nisitu UT1T
nojapa3yMeBaeT UCIOJb30BaHUE KaK O -
JKETHBIX, TaK ¥ BHEOIOKETHBIX MCTOYHUKOB
(dUrHaHCUPOBaHUS, BKIIIOYAsi COOCTBEHHbBIE
CpeAcTBa KOMITAaHUU, BXOJSIIUX B COCTaB
Shift2Rail. OgHoli 13 KJIFOUeBbIX 00513aHHO-
CTEW YyYaCTHUKOB JAaHHOU €BPOIENCKON
WHULMATUBKI SIBJISIETCS CAMOCTOSITEIbHOE
MpoBeleHue UCCIeN0BaHUN U pa3paboToK
B obJyiactax, aHajoruuyHbix WUIT. Takum 06-
pa3zoMm Shift2Rail oka3zsiBaeT Hemocpen-
CTBEHHOE BJIMSHME Ha WHHOBALIMOHHYIO
CUCTEMY U Pa3BUTUE XKEJIE3HOMLOPOXKHOM
OTpacC/Iu B LIEJIOM.
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Kak mogu€pkHyTO BbILIE, MEXIYHAPOI -
HbIE acCOILIMAIlMK UTPAIOT 3HAYUMYIO POJIb
B MHHOBALIMOHHOM 3KOCUCTEME KEJE3HO-
JIOPOXHOI OTpaciu, BBICTYIAasl B POJU BU-
3MOHEPOB U KOOPAUHATOPOB MHHOBAIIMOH-
HOW HeSTebHOCTH, peaIu3yeMOl KIfoue-
BBIMU 3aMHTEPECOBAHHBIMU IMPEACTABUTE-
JISIMU OTpaciiy.

OPrAHU3ALNA UHHOBALIMUOHHOWM
AEATENIbHOCTU: NPAKTUKA
BEAYLWUX XKENNTESHOAOPOXHbIX
KOMMAHUA

XKenesHomopoxXHBIE KOMITAaHUU YaCTO
MpeacTaBAsiOT cO00f MHOTOMPOGUIbHbBIE
XOJIIMHTOBBIC CTPYKTYPhI, OCHOBHBIM BHIOM
JIeSTeTbHOCTU KOTOPBIX SIBJISIIOTCSI pa3InuHbIe
HaIpaBJICHUSI: IPy30Bbie TIEPEBO3KU, Iacca-
XKUPCKUE TTepeBO3KU, 0OCTYKMBaHNE UH(ppa-
CTPYKTYPHBIX OOBEKTOB, IIPEAOCTaBICHIUE JIO-
KOMOTUBHOM Tru U T.1. [Tono6Has cneuudu-
Ka 00yC/IaB/IMBAET LIMPOKOE PaCIIpOCTpaHEeHUE
B OpraHM3allMOHHON CTPYKType KOMMaHUM
pPa3BUTHIX HAYYHO-TEXHUYECKUX OJIOKOB,
BKJTIOYAIOIINX B ce0sI KaK KJIaCTePhI B COCTaBE
Hay4YHO-MCCJIeI0BATEIbCKUX LIEHTPOB, UHCTU -
TYTOB U JJaOOpaTOpUid, TaK U C yJaCTUEM CIie-
LIMATM3UPOBAHHBIX aOUTMPOBAHHBIX 1 ITAPT-
HEPCKUX BY30B.

B 30HY OTBETCTBEHHOCTM yKa3aHHBIX WMH-
CTUTYTOB B 00JIaCTH OpraHM3aIl MHHOBAIIH -
OHHOW MOJIUTUKU XKETE3HOTOPOXKHBIX KOMITa-
HUI BXOOST (BKJIIOYAasl, HO HEe OTPaHUINBAsICh
MepeYrCICHHbIM):

* MOJATrOTOBKA U MEPENOAroTOBKA BHICOKO-
KBaIU(pUILIMPOBAaHHBIX KAIPOB B COOTBETCTBUU
C IIPMOPUTETAMU M 3aJa4aMH HayIHO-TEXHO-
JIOTUYECKOTO U MHHOBALIMOHHOTO Pa3BUTUSI;

* MPOBeJACHNE AaHATUTUYECKUX U CTpaTer-
YECKUX UCCENOBaHUI B LIEJSIX ONpeaeaeHust
Y3KMX 30H 1 TPUOPUTETOB Pa3BUTHUSI KOMITAHUU
B KpaTKO-, CPeIHE- U JOJITOCPOYHOM BPEMEH-
HOM TIepHOIC;

* OopraHu3alys U OCYILIECTBJIEHUE UCCIe-
JIOBaHUI 1 pa3pabOTOK B COOTBETCTBUM C CU-
CTEMOI CKBO3HBIX HayYHO-TEXHOJOTUYECKUX
U CTPATErMUeCKrX IPUOPUTETOB;

* OCYIIECCTBIICHHE BHEIITHETO M BHYTPEH-
HeTo (MEXIY CTPYKTYPHBIMU ITOIpa3acICHIUS -
MU, TOYCPHUMHA U 3aBUCUMBIMU KOMITAHUSIMH,
¢unrasamMu roJJOBHOM KOMITAHWM) TEXHOJIO-
rMYecKoro TpaHcdepa;

* B3aMMOJIEHCTBME C yYaCTHUKAMU BHEIII-
HEW MTHHOBALIMOHHOM Cpe/ibl B LIEJISIX OBBILIE-
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HUSI YPOBHST KOHKYPEHTOCITOCOOHOCTH 1 Hayy -
HO-TEXHOJIOTUYECKOTO Pa3BUTHSI.

OrnvicaHHbIe BBIIIE CITOCOOBI OPraHU3aIuN
SIBJISTIOTCSI KOMITOHEHTaMU WHHOBAIIMOHHOM
9KOCUCTEMBI KEeJIE3HOOPOXKHBIX KOMITAHUIA.
JaHHbIe cTOCOObI OpraHU3ALIMU TAKXKE YCTIOBHO
JIeJIATCS Ha [iBa TUIA:

* BHYTPEHHWI TUIT OpraHMU3allud MHHOBA-
IIMOHHOM IESITeTbHOCTH OTJIMYAETCS HUTMINEM
CTPYKTYPHOI €IWHUIIBI, IIEHTPAJIN30BaHHO
3aHUMAIOIIEICS TTPOBEICHNUEM UCCIIeOBaHUIA
1 pa3pabOTOK; CAaMOCTOSITENIbHBIM Pa3BUTHEM
1 KOMMeplaiu3alyeid THHOBAIIMOHHBIX pe-
IIEHUH; OTCYTCTBMEM B3aMOJIEICTBUS C BHE-
[ITHAMY OpraHU3aLMsSIMU;

* BHEITHUI TUIT OpraHM3allii MHHOBAIIU-
OHHOI IeATETLHOCTH OTIIMYAETCS OTCYTCTBUEM
CTPYKTYPHOI €IUHUIIBI, IIEHTPAJIU30BaHHO
3aHUMAIOIIEICS TTPOBEICHUEM UCCIIeOBaHUIA
U pa3paboTOK; TPUOOPETEHUEM FOTOBBIX pellie-
HUIA U YCITYT; IMTUPOKUMM MTAPTHEPCKUMU CBSI-
35IMU; B3AaUMOJIEHICTBMEM C TEXHOJIOTUUECKIMU
[IEHTpaMU, UTHKYO0ATOpaMH1 1 CTapTariaMu.

B ycnoBusix MaccoBoii i poBU3aLIMU BCEX
OoTpaciieil 5)KOHOMUKU U COLIMAIbHON cdephl,
KOor/ia TEXHOJIOTUYECKUI 1 MHHOBALIMOHHBIN
IIMKJTBI TIOIBEPTAIOTCS] 3HAYUTEILHOMY COKpa-
IIEHWIO TI0 BPEMEHU peasn3alivii, OIHUM U3
OOIIIEMUPOBBIX TPEHIOB SIBJISIETCST AKTUBU3ALINST
COTPYJIHUYECTBA KOMITAHU C YIaCTHUKaAMU
BHEIITHE THHOBAIIMOHHOM CPEJIbI ITO IPUHIIN -
Iy «OTKPBITBIX MHHOBAIIMIi», B TOM 4uUCJIe
C TIPE/ICTABUTEJISIMUA MaJIOTO W CPEIHETO TIpe-
npuHUMaTebeTBa (manee — MCIT). JlaHHbIi
TPUHLIMT ITOAPa3yMEBAET KOOTIEPALIUIO C TPETh-
UMM JIUIaMu (HaripuMep, YHUBEPCUTETaMU,
KOHKYPEHTaMM WA KJIMEHTaMU), YTO OTKPHI-
BaeT JIOCTYIT K KOMILJIEMEHTAPHBIM 3HAHUSIM,
pPbIHKaM U ceTsim [12].

B npakTtuke Bemymumx 3apyoekKHbIX Xee3-
HOIOPOXKHBIX KOMITaHU (CM. Tab1. 2) BobO1acT!
OpraHu3alliu KCCIEeIOBaHUI U pa3paboTOK
HaunOoJIblllee pacpoCTpaHEHUE TOJTYYUIU
CJIeyolI1e UHCTPYMEHTHI:

1) opraHuzanus JesITeIbHOCTU CaMOCTOSI-
TEJIbHBIX THHOBAIIMOHHBIX JJAOOPATOPHIA /T
LIEHTPOB UCCJIEIOBAHUIA 1 pa3pabOTOK;

2) opraHM3aius 1 poBeIcHNEe MHHOBAIIU-
OHHO-OPUEHTUPOBAHHBIX MEPOTTPUSITUIA, BKJTIO-
Yasi XakaTOHBI;

3) B3aumozeiicteue co ctaptaramu 1 MCIT,
B paMKax (pyHKIIMOHUPOBAHUS:

* KOPMOPATUBHBIX WY MAPTHEPCKUX OU3-
Hec-aKceepaTopoB U OM3HEC-UHKYOATOPOB,
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Tabumua 2

HpaKTl/IKa OpraHu3anuuv WHHOBAIIMOHHOM JeSITeJbHOCTH BeaylIMMHA 3apy6e)xm>an
KeJI€e3HOAOPOKHBIMY KOMITAHUSAMU

DB (Iepmanust)
FSI (Urtanust)

IR (Munust)

JR (SImonwst)
NR (AHrms)
BB (ABcTpusi)
SBB (LlIBetima-
SNCF (®pan-

Korail

P
AN &
< CR (Kwurait)

(\

M HHOBaLIMOHHBII
(R&D) uentp

< | (HOx. Kopes)
< | pus)

<\
<
<\
<\

BusHec-akcene-
parop

<\
(\

BusHec-uHky6aTOp
UTSI CTapTaIioB

NI IR

KopnopaTtuBHbIit
BEHUYPHBII (hOHI

v v

XaKkaToHbI

NI RN RN

' — COOTBETCTBYIOLIMI MHCTPYMEHT UCIOJb3YeTCS B KOMITAHUM;

Fy — TPUCYTCTBYIOT KOCBCHHBIC ITPU3HAKU MPUMEHCHNA COOTBETCTBYIOILIECIO MHCTPYMEHTA B KOMITAHUU

«—» — COOTBETCTBYIOIINI MHCTPYMEHT He TIPUMEHSIETCS B KOMITAHUH.

* KOPTIOPATUBHBIX U MYJBTUKOPITIOPATUB-
HBIX BEeHIYPHBIX (DOHIOB.

[TpoBeneHne MTHHOBAIIMOHHO-HATIPABJICH-
HBIX MEPOTIPUSATHIA, B3aUMOJIEUCTBUE C BHE-
IIHAMU MapTHEpaMU, BKIIOYAsT CTapTallbl,
OU3HEC-UHKYOATOPbI Y OM3HEC-aKCeNIepaTophl,
00ecreynBaeT JOCTYII K MePEIOBbIM pa3padoT-
KaM U TEXHOJIOTHUSIM, JIEXKAIIIAM 3a TIpe/iesiaMn
BHYTPEHHETO KOHTYpa KOMITAHUH 1 CIICTI (-
K1 otpaciu [12].

B Tabnutie 2 mpencrasieHo pacnpenesieHue
BBIJICJIECHHBIX NHCTPYMEHTOB OpTaHU3aluN
HCCIeNOBAHUI U pa3pabOTOK B BEMYIIMX 3apy-
OEXHBIX XeJTEe3HOMOPOKHBIX KOMIAHUSIX.
B pamkax aHanm3a ucciaeaoBach KOMIIaHUT
CO cXOxkel ¢ (PyHKITMOHMPOBAHNEM POCCUICKOM
koMmmanun OAO «P2XK]I» 6u3Hec-MOIeIbio.

OtmetnM, uTo OAO «P2XK]JI» pa3BuBaer
MHOTYE He TIPUCYIINE 3apyOeXXHON MpaKTHUKe
(bopMmBbI TOIEP>KKY MTHHOBAIIMOHHOM JESTeITh-
HOCTU, B TOM YUCJIE B OTHOIIICHUM CTY/IEHTOB
TPaHCITOPTHBIX BY30B, MPOAYKTUBHOE COTPY/I-
HuuectBo ¢ PAH. Tak, apkuM nprMepoM UHU-
matuBsl OAO «P2K]1» 110 mommeps:kKe MTHHOBA-
IIMOHHOM NeSITeIbHOCTY KaK BHYTPH, TaK 1 BHE
Koproparuu siysiercst «EnquHoe okHO MHHO-
Bauuii». JlaHHas cuctema, padoraolias no
TIPUHIINITY «OTHOTO OKHa» M peajM30BaHHasI B
BUJIE CTICIIMATM3UPOBAHHOTO MHTEPHET-TIOPTA -
Jla obecrneynBaeT MPUEM MHHOBAITMOHHBIX

TIPEUTOKEHUH 1 VX TIOCIEYIOIIee PacCMOTpe-

! [9nekTpoHHHBIIT pecypc]: https://innovation.rzd.ru/front/.
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aue crienanctamu OAO «P2K]T». [Tpemmoxe-
HUS 110 THHOBAIIMOHHBIM PEHICHUSIM MOTYT
TOCTYTATh KaK OT (PM3NIECKUX, TAK 1 OT I0pH-
JMIAYECKUX JIUL PA3IMYHBIX OPraHU3aLMOHHO-
TPaBOBBIX (hopM'.
OCHOBHBIMY BUITAMU JIESTETEHOCTH PACCMO-
TPEHHBIX 3apYOEXKHBIX KOMITAHUI SIBJISIOTCS:
* TMACCAXUPCKUE U TPY30BBIC XKEIE3HOMO0-
POKHBIE TIEPEBO3KH;
* TIPEIOCTABJICHUE JIOTUCTUIECKUX YCITYT;
* TIPEAOCTABJIEHUE AOCTYNA K XKEIe3HOI0-
POXHBIM MH(OPACTPYKTYPHBIM OOBEKTAM.
B npaxTrike Bcex mpeacTaBIeHHBIX B TAOIALIE
2 XeJe3HOIOPOKHBIX KOMITAaHWI aKTUBHO pea-
JIU3YIOTCST MEPOTIPUSITHSI, HATpaBJIeHHbIE Ha
Ppa3BUTHE KPUTUIECKOTO MBIIIICHUS COTPYTHM-
KOB, BHEIPEHKE IPUHIIMITOB IIPOEKTHOTO YIIPAB-
JieHus (BKJTI0Yasi IPUHIUTIBI OepeXITMBOTO
TIPOM3BOICTBRA) Y CUCTEM YTIPABJICHNSI 3HAHMSIMI.
'YKa3zaHHbIC MTHUIIMATHBBI CTIOCOOCTBYIOT, B TOM
YHCIIe, PA3BUTHIO BHYTPUKOPITOPATUBHOTO TIPEJI-
TPUHUMATEJICTBA: PeATU3ALMU WHHOBALIMOH-
HBIX TIPOEKTOB COTPYTHUKAMU KOMITAHUU OT-
TICITEHO OT OCHOBHO 3aHsATOCTH [13].
JI7151 TpaMOTHOTO YIIPaBJIEHUS MTHHOBALIUSI-
MM HEOOXOIMMO, YTOOBI MEPCOHAT OCO3HABA
X BOCTPeOOBAaHHOCTH, a TaKXKe YTOOBI BCE
YYaCTHUKU JAHHOTO Mpolecca 06Iagaiu mpo-
deccrnoHaTbHBIMI KOMITCTCHIUSAMU [ 14].
HawnGonbinas THHOBaITMOHHASI AKTUBHOCTh
U TIPUMEHEHNE TIIMPOKOTO CIIEKTPa Pa3TIMIHBIX
WHCTPYMEHTOB ObLTH BBIIECTICHBI B CJISTYIOIIINX
KOMITaHUSX:
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* Deutsche Bahn (DB): Iepmanus;

* SNCF. ®pannust;

* JR Group (JR): SImoxwust;

+ SBB-CFF-FFS (SBB): lIseiiapus;
* FS Italiane (FSI): Utanus.

BaxxHoit 0cO6eHHOCTBIO MPEICTABICHHbIX
BEYIIIMX XeJIe3HOMOPOXKHBIX KOMITAHUIA SIBJISI-
€Tcs1 IPUMEHEHME CMEIIIaHHOTO TUTIa OPTraHn3a-
1MV MTHHOBAILIMOHHOM JIesSITeTbHOCTU. B MexiTy-
HapOTHOM MPAKTUKE TAKKE MMEIOTCSI KOMITAaHWUH,
B OPTraHM3alIMOHHOM CTPYKTYPe KOTOPBIX OTCYT-
CTBYIOT BHYTPEHHUE TTOAPA3/IC/IEHUsI, OTBET-
CTBEHHBIE 32 YITPABJICHNE, KOOPIMHALIMIO M OCY-
IIECTBJIEHNE VCCIIENIOBAaHUI 1 Pa3pabOTOK, Ha-
mpumep: Amtrak (CILIA), NSB (Hopserus).

B cBolo ouepenb, Bce yka3zaHHbBIE B Ta0-
Jitie 2 >keJie3HONOPOXKHbBIE KOMITAHUM aKTUBHO
TIPUMEHSTIOT CTPATETHIO BHICTPANBAHMS B3aIMO-
BBITOTHBIX JIOJITOCPOYHBIX TTAPTHEPCKUX OTHO-
IIEHWIA M OpraHW3alMy COBMECTHBIX TIPETIPHSI-
TU, BKITIOYasi OPraHU3aIMio COBMECTHBIX T1eH-
TPOB MCCIIENOBAaHUI 1 pa3pabOTOK: HAIPUMED,
B Kurtae 310 cOBMECTHBIII MHHOBAIIMOHHBIN
neHtp China Railway 1 TeJileKOMMyHUKALIMOH-
Hoit komraHnu Huawei.

SNCEF stisieTcsl y9aCTHIKOM B3aMOBBITOJI-
HBIX MAPTHEPCKUX CcomTallieHuii 6onee yem ¢ 30
WVHIYCTPUAILHBIMU KOMITAHUSIMU, HAyYHO-UC-
CJIeTOBATEeIbCKMMKM MHCTUTYTAMM Y MEXKJTyHa-
POIHBIMM JTA0OPATOPUSIMU B PA3TTMIHBIX CEKTO-
Ppax 9KOHOMUKH. B pamKax TaHHBIX COTIalIeHU
SNCF npunep:krBaeTcsi KOHUETLIMU OTKPBITHIX
WHHOBALIMIA, CHOCOOCTBYIOLLEN 0011IeMY pa3BU-
THIO XKeJIE3HOIOPOKHOI OTPACIH.

Kenesnomopoxknaast kommannst SBB-CFF-
FFS gaBasieTcss mHTETrpaTOpoM pas3IMIHBIX
WHHOBAIIMOHHBIX pemneHuii B LlIBeitiapuu
W YJIeJISIET CYIIECTBEHHOE BHUMaHKE Pa3BUTHIO
MPaKTUKKU BBICTPAMBAHUST B3aUMOBBITOIHBIX
U JIOJITOCPOYHBIX TTAPTHEPCKUX COTJIAllIeHUH
C HayYHO-MCCIIEeIOBATEIbCKUMU MHCTUTYTaMU
U YHUBEPCUTETAMM.

BbIBOAbI

AHanM3upysd TOCTOMHCTBA U HEAOCTATKU
BHEIIHETO ¥ CMELIAHHOTO TUTIOB OPTaHU3aLN
VHHOBALIMOHHOW AESTEJIbHOCTH CIIEAYET OTME-
TUTb, YTO OOJIBLIMM YPOBHEM KOHKYPEHTOCITO-
COOHOCTH Y TEXHOJIOTUYECKOTO Pa3BUTHSI XapaK-
TEPU3YIOTCS XKEJE3HOAOPOXKHbBIE KOMITAHUH,
MPUMEHSIONINEe UHCTPYMEHTBI KaK BHEUIHETO,
TaK U BHYTPEHHETO TUIIOB.

BHenrHuil TiIT opraHu3ali UTHHOBAI[MOH-
HOW NeSITeTbHOCTH OKA3bIBACT MTOJIOXKUTEIBHOE
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BJIMSIHUE HA CHIDKEHUE U3NEPKEK, TPeOyeMbIX
JUTS1 OpraHU3aLUU U TIOAAEP>KaHUSI COOCTBEHHOM
MHOPACTPYKTYPHI U TTOpa3Ae/IeHUil, OTBET-
CTBEHHbIX 32 IPOBEICHUE UCCIICTOBAHUIA U pa3-
PpaboTOK, a TAKXKE CITOCOOCTBYET JTyUILIEMY TOHU-
MaHUIO TEXHOJIOTMYECKUX U PHIHOYHBIX TPEHIOB
W TeHIEHUUIA BCJIEACTBUE aKTUBHOIO B3alMO-
JIEVCTBYSI C BHEIITHUMU IMPOMUITBHBIMU OPTaHu -
3aLUSIMU M KoMIaHusIMU. OHAKO TPUAEPXKU-
BasiCh B paMKaX OCYILIECTBJICHUS] MHHOBALIMOH-
HOW JeSTeIbHOCTU MCKITIOUUTETbHO BHEIIHETO
TUIA, KeJIe3HONOPOXKHbIE KOMITAHUU B 3HAYU-
TEJIBHOM CTENEeHU 3aBUCSIT OT CTOPOHHUX Opra-
HU3aIUi 110 OOJIBIITMHCTBY acTIeKTOB CBOEH
JIeSITeIbHOCTH.

Peanmu3zanus perieHuiA, COOTBETCTBYIONITNX
BHYTPEHHEMY TUITY OpPraHU3allii MTHHOBAIIM -
OHHOI JeSATeIbHOCTU, TO €CTh, OCYIIECTBJIEe-
HUE UCCleIoBaHUIM U pa3pabOTOK B paMKax
COOCTBEHHBIX MTHHOBAIIMOHHBIX TA00paTOpUiA
1 R&D 11eHTpoB, MO3BOJISIET KEIE3HOTOPOXK-
HBIM KOMTIAHMSIM CYIIECTBEHHO CHUXATh
noao0HYI0 3aBUCUMOCTb. HemocTtaTKoM BHY-
TPEHHETO THUIIA SIBJISIETCSI BHICOKMI YPOBEHD
U3IepXKeK, TpeOyeMbIX ISl TIPOBEACHUS UC-
clieloBaHUIA U pa3paboOTOK, MOATOTOBKHU BbI-
COKOKBJTM(DUIIMPOBAHHBIX KaIPOB, a TAaKXKe
uX obecrneyeHns He0OXOAMMbIM 000pyI0Ba-
HueM u pecypcamu. [IpoBeneHue UCKIIOUYU-
TeJIbHO COOCTBEHHBIX UCCIEIOBAHUI U pa3pa-
OOTOK COMPOBOXIAETCS PUCKOM MOJyYEHUS
pe3yJITaTOB, HE COOTBETCTBYIOIIMX JIyIIIIEMY
MHUPOBOMY YPOBHIO.

OnTuMaibHbBIM U 3P HEKTUBHBIM CITOCO-
OOM OpraHM3aIuy MTHHOBAIITMOHHOM IESATE b~
HOCTH K€JIE3HOIOPOKHO KOMIIAaHW U SIBJISI -
eTcsl CMeIIaHHbIN TUTI, BKITIOYAIOIINIA B ce0s1
KaK 2JIEMEHTBI CAMOCTOSITEJIbHOTO MPOBEIe-
HUS UCCEOBAaHUI U pa3pabOTOK, TaK U aK-
TUBHOTO B3aMMOJIEUCTBHUSI C BHEITHUMHU Op-
raHU3alusIMU, KOMITAHUSIMU U CITeI[AaIH -
cTaMu. DTO MOATBEPXKAAETCS TeM, UTO
OOJIBIIIMHCTBO aHAJIM3UPYEMBIX KOMITAHUI
MPUIEPKUBACTCS JAHHOTO TUIIa OpraHu3a-
IV MHHOBAIIMOHHOM IeATeIbHOCTH, CaMO-
CTOSITEJIBHO OCYIIECTBSS UCCIeI0OBaHUS
U pa3pabOTKU B paMKaX cOOCTBeHHbIX R&D
IIEHTPOB W/ WJIM MTHHOBAIIMOHHBIX JJAOOpaTo-
pHii, a TaKXXe aKTUBHO COTPYIHUYAsI C TPETh-
VMU KOMITAHUSIMU U CTapTaliaMH.

OnpeneneHne HampaBlIeHU TEXHOJIOTH-
YECKOTO pa3BUTHsI, B paMKaX KOTOPBIX BO3-
MOXHO U 1IeJIec000pa3HO MPOBEAEHUE CaMO-
CTOSITEJIbHBIX MCCJIENOBAaHUI U pa3padoToOK
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B LEJIX MOJIYYEHUS PE3YJIbTATOB, COOTBET-
CTBYIOIIIMX BbICOKOMY YPOBHIO KOHKYPEHTO-
CMOCOOHOCTH, OCYILECTBISIETCS BeAYLIUMU
3apyOCXKHBIMU XKeJIe3HOTOPOKHBIMU KOMIIa-
HUSIMU B COOTBETCTBUM C TEKYILIUMU 3HAHUSI -
MU, KOMITETEHLIUSIMU U TEXHOJIOTUSMHU, KOTO-
PbIMU OHM 00J1a1AI0T U KOTOPbIE HEOOXOAUMbI
IUTST JOCTHKEHUSI TTOJOOHBIX PE3yJIbTaTOB.
PasBuTue HampaBleHUI TEXHOJOTUYECKOIO
pa3BUTHS, TIO0 KOTOPBIM XKEJIE3HOIOPOXKHAs
KOMITaHMST He 00J1afaeT JOCTaTOYHbIM OIbI-
TOM U 3HAHUSMMU, OCYILIECTBISIETCS B paMKax
BHEIIIHETO TUIA OPTaHMU3aLMU UHHOBALIMOH-
HOW JIeSTEIbHOCTU, B YACTHOCTU, B PaMKax
TMOJUTUKU YUCTOTO ITOTPEOICHUS TEXHOJIOTU -
YECKUX U TPOAYKTOBBIX PELICHUIA B BUJIE TO-
TOBBIX TEXHOJIOTHIA (YCIIyT).

B nanbHeviieM, pu yCIOBUY TTOBBILLIEHUS
KBaTM(UKALIUKA COTPYTHUKOB KOMITAHUU U JI0-
YEepHUX OpraHU3aluit U TPUOOPETEHMS COOTBET-
CTBYIOILIMX 3HAHWI W KOMIICTEHLIUI, Pa3BUTHE
MOAO0OHBIX TEXHOJOTUM U pellleHunid, BKIToJas
pELIEHUS CIIEMYIOIIETO TTOKOJIEHUST, MOXET OCYy-
IIECTBJITHCS KOMITAHUEN CAMOCTOSITEIbHO WU
B PaMKax KOHCOpLIAyMA.
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Innovative Railway Transport
Ecosystem: Practices of Leading
Companies

Maxim M. ZHELEZNOV

Oleg I. KARASYOV

ABSTRACT

The railway industry is one of the key areas of transport activity for
many countries, in particular for the Russian Federation. The innovative
development of this industry and of its corporate actors is an important
aspect of development of economy and infrastructure of the respective
countries.

An innovative ecosystem creates an enabling environment
necessary for such development.

The objective of this article is to analyze the components of the
innovation ecosystem: the ways of organizing innovative activities,
suggesting their classification into internal and external types of
organizations. The study is based on a comparative analysis of the
practices of the most competitive world railway companies.

The results show that railway companies using tools of both
external and internal types are characterized by a high level of
competitiveness and technological development. If the external type
of organization of innovative activity has a positive effect on reducing
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costs, and also promotes active interaction with core external
companies, then a one-sided orientation to it leads to an increase in
dependence on third-party organizations.

Carrying out research and development within the framework of
own innovative laboratories and R&D centers allows railway companies
to significantly reduce this dependence, but leads to a high level of
costs, increases the risk of obtaining results that do not correspond to
the best world standards. The optimal and effective way to organize the
innovation activity of a railway company is to implement a mixed type
organization, which includes elements of independent research and
development and active interaction with external organizations,
companies and experts. This choice is confirmed by the activities of
most of the analyzed companies. At the same time, it is important to
choose the directions of technological development, within which it is
possible and expedient to conduct independent research and
development at the present time, as well as those requiring further
development of competencies for independent research activities as
well as for participating in innovative consortia.
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Background. The current stage of
development of the world economy is determined
by the formation of the paradigm of the sixth
wave of innovation and the rooting of the
principles of the industry 4.0 [1]. The main
direction of development in these conditions is
the massive digitalization of all sectors of the
economy and social sphere.

Industries with the necessary scale of
production can become the drivers of
breakthrough scientific, technological and
socio-economic development, in particular of
introduction of advanced technologies [2].

One of the industries with the necessary
scientific and technical backlog, scale and
potential synergistic effect on related industries
is the railway industry [3].

Objective. In this regard, the objective of this
article is to analyze the components of the
innovation ecosystem and the ways of organizing
innovative activities, to suggest their classification
comprising internal and external types of
organization with regard to railway transport.

Methods. The study isbased on a comparative
analysis of the practices of the most competitive
railway companies.

Results.

Innovative development and digitalization in
the Russian Federation

The tasks of innovative development under
the conditions of the fourth industrial revolution
and the digitalization paradigm are relevant for
most countries of the world.

In the Russian Federation, measures aimed
at increasing the digitalization of the economy
and social sphere are carried out in accordance
with the Decree of the President of the Russian
Federation dated May 07, 2018 No. 204 «On
national goals and strategic tasks of development
of the Russian Federation for the period until
2024». To achieve these goals, national projects
(programs) were developed, including the
national program «Digital economy of the
Russian Federation» (hereinafter — the National
Program). The objectives of the National
Program are aimed at comprehensive
digitalization of priority sectors of the economy
and social sphere of the Russian Federation [4].
The implementation of breakthrough scientific,
technological and socio-economic development
is planned to be ensured, inter alia, through
implementation of priority projects using «end-
to-end» digital technologies, which include: big
data, quantum technologies, components of
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robotics and sensorics, neurotechnologies and
artificial intelligence, new manufacturing
technologies, industrial Internet, distributed
registry systems, wireless technologies, virtual
and augmented reality technologies. Fulfillment
of the tasks of breakthrough development and
mass digitalization, including through
implementation of projects based on the use of
«end-to-end» digital technologies, also implies
the need to modernize the innovation ecosystem
at both the macro and micro levels.

The passport of the National Program
includes a number of activities aimed at
improving the innovation ecosystem of leading
domestic state-owned corporations and
companies with state participation, especially
regarding development of the digital agenda,
including:

« development and approval of digital
transformation strategies;

+ appointment of deputy officials in state
corporations and companies with state
participation, implementing digital
transformation strategies, empowered and
provided with resources for implementation of
relevant initiatives and projects that is the
appointment of Chief Digital Officers;

» development of an integrated project
financing system based on the use of «end-to-
end» digital technologies and platform solutions
with active participation of state corporations
and companies with state participation.

One of the sections of digital transformation
strategies is devoted to development of innovation
management system and innovation
infrastructure, interaction of companies with
third-party organizations.

The criticality of development of this
direction with respect to railway transport is
confirmed by the priority of scientific and
technological development of the Russian
Federation in terms of «The connectedness of
the territory of the Russian Federation through
creation of intelligent transport and
telecommunication systems, as well as the
attaining and keeping leadership positions in
creation of international transport and logistics
systems, development and use of space and
airspace, the oceans, the Arctic and the
Antarctic» [5].

The potential and criticality of railway sector
asone of the drivers of scientific and technological
development in the Russian Federation are
confirmed historically: during their early
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Innovation ecosystem of the railway industry

International associations (UIC, Shift2Rail, ERRAC, IRRB etc.)

— .

Identification of priority vectors of scientific- |
technical development

Coordination of common efforts, promotion of
cooperation

Interaction of companies of the railway industry

Stimulating participants for innovative
development, R&D

Organization and implementation of joint
projects, R&D

vy t1 vy tt

Related industries

Pic. 1. The place and role of international associations in the innovation ecosystem of the railway industry.

developments mobile communications in Russia
were initially introduced and then modernized
on the railways. On May 30, 2019, JSC Russian
Railways was selected as a leader in developments
in the field related to development of quantum
communications [6].

World practices of organizing innovation
activity and innovation ecosystems: international
associations

There are many examples of world best
practices in organizing innovation activity and
restructuring an innovation ecosystem [7, 8].

With regard to the activities of railways,
international associations, occupying an
important position in the innovation ecosystem,
are becoming increasingly influential (see
Pic. 1).

The significant role of such organizations,
analogous to network international alliances, is
explained through several key aspects (which
include, but are not limited to, the listed):

* combining key competencies, skills,
resources, technologies and experience of
various participants in order to obtain synergy;

« discussion on critical issues, problems and
initiatives affecting the interests of a wide range
of stakeholders, including commercial
companies and state authorities;

* identification of priority vectors for long-
term development of the industry, including
areas of scientific and technological
development, and interaction with related
sectors of the economy [9].

International associations act as visionaries,
forming a long-distance vision for development
of the industry for most of its key participants,
including railway operators, owners of
infrastructure facilities, manufacturers of railway
and auxiliary machinery and equipment. With
access to international interdisciplinary
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expertise, international associations are both
qualified customers and responsible actors of
global research dedicated to identify future
trends.

Among the most characteristic examples are:

« foresight study of the International Union
of Railways (hereinafter referred to as UIC) «A
Global Vision for Railway Development»;

» foresight study ERRAC «Rail 2050
Vision».

The UIC foresight study «A Global Vision for
Railway Development» contains a long-term
vision of development of the railway industry,
and also identifies a number of key driving forces
necessary for its speedy achievement [10],
including:

» coordinated knowledge management,
taking into account technical requirements for
research and development results, as well as
potential risks, costs and opportunities;

« providing open access to industry expertise;

* active international cooperation through
formation of sustainable partnerships with
participation of small and research sectors;

* development of intersectoral cooperation.

According to the statement of the former
UIC Director General, Jean-Pierre Loubinoux,
the UIC isinterested in facilitating cooperation
among its participants from various regions and
in joint search for answers to key challenges of
the railway industry. In particular, for such
purposes, the international railway research
board (IRRB) has been created under the
auspices of the UIC, being a platform for
interaction and exchange of research and
innovation results in the field of railway transport.

Inorderto develop international cooperation,
support and coordinate research and innovation
in the field of railway development, Shift2Rail
initiative was put forward in 2014, which is the
first Furopean initiative in the railway industry

Zheleznov, Maxim M., Karasyov, Oleg |., Beloshitsky, Alexey V., Shitov, Egor A. Innovative Railway
Transport Ecosystem: Practice of Leading Companies



Table 1

Innovation programs of Shift2Rail
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aimed at research, innovation and market
solutions.

Shift2Rail is a prime example of an institution
(association) that brings together stakeholders
and accelerates development and innovation in
the railway industry. This initiative was
established for a period up to 2024 with a total
funding of more than Euro 900 million.

Research activities of Shift2Rail are
concentrated in the framework of 5 priority
areas — innovative programs (hereinafter
referred to as IP) [11], covering all key structural
and functional subsystems of the railway industry
(Table 1).

The implementation of the presented 5 IP
implies the use of both budgetary and
extrabudgetary sources of financing, including
own funds of the companies involved in
Shift2Rail. One of the key responsibilities of the
participants in this European initiative is
independent conduct of research and
development in areas similar to IP. Thus,
Shift2Rail has a direct impact on the innovation
system and development of the railway industry
as a whole.

As emphasized above, international
associations play a significant role in the
innovation ecosystem of the railway industry,
acting as visionaries and coordinators of
innovative activities implemented by key
industry stakeholders.

Organization of innovation activity: practices
of leading railway companies

Railway companies are often multidisciplinary
holding structures whose main activities refer to
various areas: cargo transportation, passenger
transportation, maintenance of infrastructure
facilities, provision of locomotive traction, etc.
Such specifics determine wide presence within

the organizational structure of companies of
developed scientific and technical entities that
include clusters in research centers, institutes
and laboratories, as well as clusters with
participation of specialized affiliated and partner
universities.

The area of responsibility of these institutions
in the field of organization of innovation policy
of railway companies includes (including, but
not limited to):

* training and retraining of highly qualified
personnel in accordance with priorities and
objectives of scientific, technological and
innovative development;

« conducting analytical and strategic studies
in ordertoidentify narrow areas and development
priorities of the company in the short, medium
and long-term time period;

» organization and implementation of
research and development in accordance with
the system of end-to-end scientific, technological
and strategic priorities;

» implementation of external and internal
(between structural divisions, subsidiaries and
dependent companies, branches of the parent
company) technological transfer;

* interaction with participants in the
external innovation environment in order to
increase the level of competitiveness and to
enhance research and technological
development.

The organization methods described above
are components of the innovation ecosystem of
railway companies. These methods of
organization are also conditionally divided into
two types:

* internal type of organization of innovative
activity is characterized by the presence of a
structural unit that is comprehensively engaged
in research and development; by independent
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Table 2
Practices of organizing innovative activities by leading foreign railway companies
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«¥'» — the corresponding instrument is used in the company;
«*» — there are indirect signs of using the corresponding instrument in the company;
«—» — the corresponding instrument is not used in the company.

development and commercialization of
innovative solutions; by lack of interaction with
external organizations;

* external type of organization of innovative
activity is distinguished by the absence of a
structural unit within corporate HQ that is
exclusively responsible for research and
development; by acquisition of ready-made
solutions and services; by wide-range partnerships;
by interaction with technology centers, incubators
and startups.

In the context of mass digitalization of all
sectors of the economy and social sphere, when
the technological and innovation cycles are
significantly reduced in terms of implementation
time, one of the global trends is intensification of
cooperation between companies and the actors
belonging to the external innovation environment
following the principle of «open innovation»,
including representatives of small and medium-
sized enterprises (hereinafter — SME). This
principle implies cooperation with third parties
(for example, universities, competitors or
customers), which opens up access to
complementary knowledge, markets and
networks [12].

Practices of leading foreign railway companies
(see Table 2) in the field of organizing research
and development show that the following tools
were most widely used:

1) organization of independent innovation
laboratories and / or research and development
centers;

2) organization and conduct of innovation-
oriented activities, including hackathons;

3) interaction with startups and SME, within
the framework of functioning of:

* corporate or partner business accelerators
and business incubators;
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» corporate and multi-corporate venture
funds.

Carrying out innovation-oriented events,
interaction with external partners, including
startups, business incubators and business
accelerators, provides access to advanced
developments and technologies that lie outside
the company’s internal control and industry
specifics [12].

Table 2 shows the distribution of selected
research and development organization tools
within leading foreign railway companies. As part
of the analysis, we studied companies with a
business model similar to the JSC Russian
Railways.

It is worth noting that JSC Russian Railways
is developing many forms of support of innovative
activities that are not typical of other companies’
corporate practices, e.g. regarding the students of
transport universities, development of close and
efficient interaction with Russian academy of
sciences. Single innovation «window» (office) of
Russian Railways is another eloquent example of
the initiative in the field of support of intercorporate
and extra corporate innovative activities. This
initiative is implemented through dedicated
Website that enables reception of innovative
proposals and offers and their processing by
corporate experts. Suggestions can be sent by
individuals as well as by legal entities with different
legal status*.

The main activities of the reviewed companies
are:

* passenger and cargo railway transportation;

* provision of logistics services;

* provision of access to railway infrastructure
facilities.

* [Electronic resource]: https:// innovation .rzd .ru/
front/ .
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All railway companies presented in Table 2
are actively implementing measures aimed at
developing critical thinking of employees,
principles of project management (including the
principles of lean production) and knowledge
management systems. These initiatives contribute,
inter alia, to development of internal business:
implementation of innovative projects by
company employees independently from their
main employment [13].

For competent management of innovations,
it is necessary to develop employees’ awareness
about the importance of innovation and
professional competencies of all the stakeholders
[14].

The greatest innovative activity and the use of
a wide range of different tools can be highlighted
regarding the following companies:

* Deutsche Bahn (DB): Germany;

* SNCEF: France;

* JR Group (JR): Japan;

* SBB-CFF-FFS (SBB): Switzerland;

» FS Italiane (FSI): Italy.

An important feature of leading railway
companies is that they implement a mixed type
of organization of innovative activity. There are
also companies that have no internal units
responsible for management, coordination and
implementation of research and development,
for example: Amtrak (USA), NSB (Norway).

In turn, all the railway companies listed in
Table 2 actively apply the strategy of building
mutually beneficial long-term partnerships and
joint ventures, including organization of joint
research and development centers: for example,
in China it is a joint innovation center of China
Railway and Huawei telecommunications
company.

SNCEF is a party to mutually beneficial
partnerships with more than 30 industrial
companies, research institutes and international
laboratories in various sectors of the economy.
Under these agreements, SNCF adheres to the
concept of open innovation, contributing to
overall development of the railway industry.

The railway company SBB-CFF-FFS is an
integrator of various innovative solutions in
Switzerland and pays significant attention to
development of the practices of signing mutually
beneficial and long-term partnership agreements
with research institutes and universities.

Conclusions. Analyzing advantages and
disadvantages of the external and mixed types of
organization of innovative activity, it should be
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noted that railway companies using tools of both
external and internal types are characterized by
a high level of competitiveness and technological
development.

The external type of organization of innovation
activity has a positive effect on reducing the costs
required to organize and maintain its own
infrastructure and departments responsible for
conducting research and development, and also
contributes to a better understanding of
technological and market trends thanks to active
interaction with external organizations and
companies. However, adhering to an exclusively
external type in implementation of innovative
activities, makes those railway companies largely
dependent on outside organizations regarding
most aspects of their activities.

The implementation of solutions that
correspond to the internal type of organization
of innovation activity, that is, implementation
of research and development within their own
innovation laboratories and R&D centers, allows
railway companies to significantly reduce this
dependence. The disadvantage of the internal
type is high level of costs required for research
and development, training of highly qualified
personnel, as well as providing them with
necessary equipment and resources. Conducting
exclusively own research and development is
associated with the risk of obtaining results that
do not correspond to the best world standards.

The optimal and effective way of organizing
the innovation activity of a railway company
passes, in our opinion, through implementation
of a mixed type, which includes both elements
of independent research and development, and
active interaction with external organizations,
companies and specialists. This is confirmed by
the fact that most of the analyzed companies
adhere to this type of organization of innovative
activity, independently carrying out research and
development within their own R&D centers
and/or innovative laboratories, as well as actively
cooperating with other companies and startups.

The identification of areas of technological
development, within the framework of which it
is possible and expedient to conduct independent
research and development in order to obtain
results corresponding to a high level of
competitiveness, is carried out by leading foreign
railway companies in accordance with current
knowledge, competencies and technologies that
they possess and which are necessary to achieve
such results. The exploration of technological
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development areas in which a railway company
does not have sufficient experience and
knowledge is carried out within the framework
ofthe external type of organization of innovation
activity, in particular, within the framework of
the policy of net consumption of technological
and product solutions in the form of ready-made
technologies (services).

In the future, subject to further training of
employees of a company and its subsidiaries and
acquisition of relevant knowledge and
competencies, development of such technology,
including next-generation solutions, can be
carried out by such a company independently
or as part of a consortium.
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AnaTtonuii CAGOHOB

Bsauyecnase 0)KAKCBAEB

lpw pelieHnn Bornpocos obecrne4eHus
6e3onacHOCTV MonEToB 0ObEKTaMM Hay4HOro
uccesiegoBaHus BbICTYNaT aBuaLmnoHHbIe
cUCTEeMbI Pa3/IN4YHOro MacLutaba. lNpeametrom
n3ydeHust Teopum 6e30nacHOCTY NMOAETOB sIB-
JI0TCS YHKLIMOHNPOBaHNE KOHKPETHO aBua-
LIMOHHOWV CUCTEMbI «9KUMaxX—BO3AYLLIHOE CyA-
HO» (3-BC), BbisiBIeHWE 1 OLIeHKa OrnacHbIX
paKkTopoB, a Takxe uvx joKaamsauuns niuv
yCTpaHeHue.

3almTHbIe cBoVicTBa aBUALIMOHHOV CUCTEMBbI
«akunax—-BC» Ao/kHbI 06ecrieqnBaTh rMPOTUBO-
ZevicTBue BO3HUKHOBEHWIO OCOObLIX CUTYaLNIA.
ABuvaLmnoHHas nNpakTyka rnokasblBaeT, 4TO He
Bcer/a 3allnTHbIe CBOVICTBA CUCTEMbI B COCTOS-
HUW NMpeaoTBPaTuTb Pa3BUTHE ONMacHOCTU, U Ka-
TacTpoga cTaHOBUTCS Hanbosiee BepPOSITHbIM
nexonoM nonéra. [pv BO3HMKHOBEHWN IOA0OHbIX

MoaenupoBaHue AeATEeNIbHOCTU
JIETHbIX 3KUMNaXen BepToNeETOB
B aBapUUHbIX CUTyaunax

Caghonos Anamoauii Anamoaveeun — Boennubiii
YuebHO-HayuHbLil yeHmp Boenno-6030yuHbix cun
«Boenno-603dywnas axademus umenu npogeccopa
H. E. XKykosckoeo u I0. A. [aeapuna», Coi3pans,
Poccus.

JDicakcoaee Bavecaae A60yaaeeuy — BoeHHbilil
YuebHO-HayuHbLil yeHmp Boenno-6030yunbix cun
«Boenno-603dywnas axademus umenu npogeccopa
H. E. 2Kykosckoeo u 0. A. [acapuna», Coi3pans,
Poccus*.

CUTYaLMVi SKNMaX B UHTEPECax CHUXXEHUS TsXKe-
CTU aBuaLmoHHbIX ripoucLuectTsuii (All) v npen-
oTBpalLeHnss CO6CTBEHHOV rubesiv AoJIXKeH
NPUMEHUTL CPEACTBA criaceHus. B ctatee npen-
CTaBJIeHbI Pe3ysibTarbl CETEBOr0 MOAEIMPOBAHUS
asiroputMa AesiTesibHoCTU JIETYVKA 1 orpeaesie-
HWS1 BEPOSITHOCTY CBOEBPEMEHHOIO BbIHYXAEH-
HOro rnokuaaHusi BEPTo/IETa CO criacaresibHbIM
rapaLuoTOM.

Llenbio nccnenoBaHus IBASIETCS OLEHKa
3P PEKTUBHOCTY 3aALLNTHBIX CBOVCTB CUCTEMbI
O-BC Ha BepTonéTax B MUHTEPECAX CHUXKXEHUS
TSXKECTU aBUALIMOHHbIX MpoucLuecTBui. s
MPOBEPKU rNrnoTe3bl O BOSMOXHOCTU NPUMEHe-
HUS aKunaxamul BepTOJIETOB CPELCTB CriaCeHus
UCIMOJIb30BaIMICb BEPOSATHOCTHO-CTATUCTUYE-
CKUV€E 1 SKCMIEePUMEHTasIbHO-PaCc4YETHbIE METOAb!
UCC/Ie0BaHUS.

KnouyeBbie c/ioBa: TpaHCnopT, aBmaunsl, BepPToaEThl, aBapuiHasi cutyauus, cpeacrsa cra-
CeHusl, napaluTHas CUCTeMa, BEPOSITHOCTb, aJIrOPUTM.

*NHdopmaumsa 06 aBTopax:

safonov.tt@yandex.ru.

dzhaksbaev@mail.ru.
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Havaysa XXI Beka B aBUALIMOHHBIX
cranaapTtax [1, 2], periaMeHTUpyIo-
IKUX yIpaBjeHue 0e30MacHOCThIO
MOJIETOB, aKTUBHO MCTIOJIb3YeTCST KOHLICTTIIHST
«TIPUEMJIEMOTO pUCKa» Ha OCHOBE BEpOST-
HOCTHOTO mojaxoaa. OnMHAaKO MpUMEHEeHUE
BEPOSITHOCTHO-CTATUCTUIECKUX METOMIOB
OLIEHKM 0€30T1aCHOCTH (hyHKIITMOHUPOBAHUS
aBUAIIMOHHOW CUCTEMBI SIBJISIETCST TIPUBUIIC-
TUEW CIeInaarCcTOB MO paccieloBaHUIO
aBapuii u KaTacTpod, uTo, 6€3yCIIOBHO, CKa-
3bIBaeTCs Ha Tpoliecce obecriedeHus 0e3-
OITaCHOCTU CHUCTEM B3KCIUTyaTaHTaMM aBUa-
LIMOHHOMN TeXHUKU. AHAIU3 MPUUYUH OOJIb-
IIOTO YKCJa MPOU3OIIeIIINX B MOCIeIHES
BpeMsI ¢ BEpPTOJIETAMU aBUAIIMOHHBIX COOBI-
THi1, B TOM YKCJIE U C TPAXIaHCKUMU, TTIOKa-
3aJ1, YTO TPAAUIIMOHHASI METOIMKA ITOITOTOB-
K1 JIETHOTO COCTaBa K MEWCTBUSM B OCOOBIX
CJIyJasix He B TTOJTHOM Mepe OTBEeYaeT COBpe-
MEHHBIM TpeOOBaHUSIM. AKTYaJTbHOCTh MC-
cJeloBaHUIi 00YCIIOBIeHa HEOOXOTMMOCTBIO
0o0y4YeHUsI aBUAIlMOHHBIX CIIEIIMAJUCTOB
METOJaM OIeHKM OIMAaCHOCTH Ha MpeaMeT
BEPOSITHOCTU PUCKA 0€30MTaCHOCTU U CePhE3-
HOCTH ITOCJIEICTBUIA B TIpOIlecce IKCIITyaTa-
LMK JeTaTeJbHbIX anmapaToB (JIA).

B pa6ote A. I. Arponuka u JI. 1. OpeH-
Oypra OoTMEY€HO, UTO «...U3y4eHue Cmamucmu-
YecKUX Mamepuano8 no asapusm npueeno 3apy-
0eJCHbIX CNeUUaNUCMO8 K PeuleHUio, caudemens-
CMBYIoWeMy, 4mo 603MOICHOCHb UCHONb308AHUS
cpedcme asapuiiHo2o NOKUOAHUS HA 8epMOoNé-
max oepanu4eHa 0coOeHHOCmAMU e20 60e6020
npuMeHeHuss Ha NPeoesbHO MAAbIX 8bLCOMAX
U CPAGHUMENbHO O0ALULUX CKOPOCIAX, A MAKICe
CAOICHOCMAMU NPUHAMUS NEMUUKOM DelleHUs
Ha nokudanue» |3, c. 168]. [IeiCTBUTEILHO,
B pe3yJIbTaTe aKTUBHOTO TIPUMEHEHUST aBua-
muu CIIA Bo BretHame (1964—1975 rr.)
6bL10 yTpaueHo 5607 BepToOJNETOB, O6IIast
YUCIEHHOCTb ITOTUOIIINX IMJIOTOB ITPEeBBICHITIA
JIBE TBHICSIYM 4YesioBeK [4], UYTO M TOCITYXUIIO
OCHOBOM JIUIS peayi3aliivuy Ui poTUBOyIap-
HOW 3alIUThI 9KUMaXeN BEPTOJIETOB.

M3yyeHune KOHCTPYKTUBHBIX OCOOEHHO-
cTell BepTONETOB BeAYIIMX 3aMagHbIX MPO-
usBonuteneit Airbus Helicopters, Boeing,
Sikorsky Aircraft Corporation, Leonardo
(Augusta Westland), Bell Helicopter moka-
3aJ10, 4YTO Haubosee 3PPEeKTUBHBIM Cpe/-
CTBOM CTIaCEHUsI JIETHOTO COCTaBAa SIBIISIOTCS
CHUCTEMBI ITACCUBHOM 3aIlIUThI, OCHOBAaHHBIE
Ha MPUMEHEHUU CTIEIMaIbHBIX YCTPOUCTB,
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MOTJIONIAIONINX 9HEPTUIO yiapa Ipy aBapuii-
Holi mocanke. ba3oBbie MPUHIIMITBI 0OecHe-
YEHUs BBDKMBAEMOCTH IKUITaXe BEpTOIE-
TOB u3JIoxkeHbl B pabore [I. @. [llanaxaHa
(D. E Shanahan) [5].

[J1aBHBIMM IPUYMHAMY TUOEITN SKUTIAKE T
BEPTOJIETOB IIPY BOBHUKHOBEHUY aBUAIIMOH-
HBIX TIPOMCIIECTBUI Ha3BaHBI: yaapHas Ha-
rpy3Ka (4pe3MepHoe YCKOpeHUe); HETOCpeI-
CTBEHHas TpaBMa OT KOHTaKTa C TBEPABIMU
IMMOBEPXHOCTSIMM;, BO3AECTBUE BHEITHUX
(akTOpOB OKpYXKaOIIeil Cpeabl Tocie aBa-
pUIfHOM MOcanKu (OrOHb U TIPOAYKTHI Tope-
HUSI, BOJa, BPeIHbIE M TOKCUYHBIEC BEIlIeCTBa
u np.). CnenoBareabHO, 3(DGHEKTUBHBIE KOH-
crpykuuu JIA 1oJXHBI 0071a0aTh HAOOpOM
CBOMCTB, CMOCOOHBIM 3alIMTUTh IKUITAX
M TTacCaKMpPOB OT BO3ACUCTBUS BO3MOXHBIX
HMCTOYHUKOB TPAaBMUPOBAHUS KaK B TIpoliecce
aBapUITHOIM MOCAIKM, TaK U OT €€ HETaTUBHBIX
rnocjaeacTsuii [6—9].

Ha Beprtonérax UH-60 Black Hawk
u AH-64 Apache ycTaHOBJIEHBI aMOPTH3ALIM -
OHHBIE CTOWKM IIACCU C JABYXCTYIeHYATON
aMOPTHU3alIMeii, KOTOPbIE MTO3BOJISIIOT CHU3UTH
BosJeiicTBHe yaapa 1o 60 % u obecreunBaoT
BBDKMBaHME 9KUTIAXKE TTPY TIPU3EMIIEHUM CO
ckopocTbio 1o 12,8 M/c. B nanbHelineM ynap-
Hasl Harpy3Ka racutcs 3a CYET SHEPrororio-
LLIAIOLIMUX YCTPOMCTB Kpecesl U aedhopMaluuu
KOHCTPYKIIUU BEPTOIETA. DIEMEHTHI Kperuie-
HUSI CUJIOBBIX arperaToB IMpeaoTBpallaoT
CMelleHe IBUTaTesIeil v TJIaBHOTO PeayKTopa
BO BHYTPEHHEE MPOCTPAHCTBO (Pro3eisika nmpu
yaape BepToJi€Ta o 3eMJIio. ToriMBHasI cucTe-
Ma OTJINYAeTCsl TIOBBIIIEHHOW XUBYUYECTHIO.
ABTOMaTHYeCKasi FepMeTH3alusl TPyooIrpo-
BOJIOB YMEHBIIIAET BEPOSITHOCTh BO3HUKHOBE -
HUs ToXkapa. KOHCTPYKTUBHBIE 2JIEMEHThI
11acCy BEPTOJIETA yIaJleHbl OT TOTUTMBHBIX
0aKoOB U MpHU yIape o0 3eMJII0 He IIPOHUKAIOT
BHYTpPb (ro3essika. B HacTosiiee BpeMs ak-
TUBHO paccMaTpUBaeTCsI BOIPOC 00 000pya0-
BaHUU KaOWH BEPTOJETOB «ITOAYIIKAMU»
O6e3oracHocTH (airbag).

AHaIN3 CYIIECTBYIOIIMX OOPTOBBIX CUCTEM
CITaceHMsT IKUTIaXeil OTe4eCTBEHHBIX BEPTO-
JIETOB CBUJIETEJILCTBYET, YTO HAPSITy C 000pY-
JIOBaHWEM OTAEIbHBIX TUTIOB JIA crucreMamMu
npotuBoyaapHoil 3amutsl [10; 11], craca-
TeabHble MapalloTHbie cuctembl (ITC)
MO-TIPEKHEMY OCTAIOTCSI B AKCITTyaTaIluu.

D@ hHeKTUBHOCTD CPECTB aBapUNHOTO
nokugaaHus JIA orpenessieTcst UeIbIM PsiioM
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CJydailHbIX BEJIMYUH, PACUETHl KOTOPBIX BbI-
MOJIHSIOTCS C IPUMEHEHEeM TeOPUU BEPOSIT-
HOCTU U MaTeMaTUYeCKOI CTAaTUCTUKU. YCTa-
HOBJIEHO, YTO HanboJjiee MOJTHO OLIEHUTD (-
(EeKTUBHOCTb MTPUMEHEHUSI CPEICTB CIIaCeHUs
MO3BOJISIET MOKAa3aTe/Ib BEPOSITHOCTU crace-
Hug J€Ttyuka [12], monaBiiero B aBapuitHy1o
CUTYyallMIO, KOTOPBII omnpeaensercs no dhop-
MyJie:
VVcn =W PnpuM’ (1)
rae W— BeposSITHOCTb ClTaceHUs JIETYMKA IPpU
MPUMEHEHUU CPEACTB CACeHUs;

PinlM — BCpOHTH“OCTBU MPUMEHEHUSI CPEICTB
CcraceHusl B aBapuitHOMI CUTyalluu.

BepositHocTh criaceHust W MoxHO mpen-
CTaBUTb B BUIE (PYHKLIMU:

flv.o,. H.y.0.0,0,0.n,]
flop by, u, p, A],

TIe v, v, v, H, 0, n,— (GyHKLIMM pacrpeneie-
HUS TapaMeTPOB MOJIETa BEPTOIETa (TOPU30H-
TaJbHON U BEPTUKAJIBbHON COCTABISIOININX),
KpEH, TaHTaX, BBICOTHI MOJIETA;

©,, ®, O, — YIIOBbIC CKOPOCTH BPALICHHS
BO BCEX MPOCKIIUSX;

n,— BO3IEHCTBHE HOPMAJIbHOM IIEpeTrpy3-
Ky Ha JIA 1 Ha TI€TYMKa TPU BOZHMKHOBEHUS
aBapuitHOM cuTyaluu; (yHKIIMM pacrpee-
JICHUSI TapaMeTPOB MaleHUs Teja JETIMKA;

L, — HavyaJbHast CKOPOCTh MPHU OTAEIEHUU
OT BEpPTOJIETA;

f, — BPEMs HAXOXIEHUS Tela JETYMKA
B 30HE IOCSITAeMOCTH JIOMACTeil HeCcyIlero
BuHTa Beprosnéra (HB);

U — TOPU3OHTAIbHAS COCTABJISIONIAS CKO-
pOCTH TafeHus JIETUNKA;

p — TaHTEHC yIJia afacHUS

A — BeIMYMHAa OTHOCA OT ITePBOHAYAIBHOM
TOYKM OTACJICHHUS OT BEPTOJIETA.

KpurepusiMu BepoSITHOCTH TIPUMEHEHUS
I1C cnyxaT BpeMeHHble XapaKTepPUCTUKU
JeUCTBUIA IETYMKA (OIlepaTopa) MpU BO3HUK-
HOBEHUU aBAPUMHBIX CUTYaLIMIA:

Pnp :f[tnorp’ tJ‘lMM’ Ton]’ (3)
rae f ., 1., — COOTBETCTBEHHO, noTpedHoe
M JIMMUATUPOBAHHOE (pacrojiaracMoe) BpeMst
JUTSL TIPEeIOTBpaIleHUST KaTaCTPOhUIEeCKUX
TIOCJIEACTBUI aBApUIMHOM CUTYalIUH;

T,, — OBICTPOZIEICTBIE YeNIOBEKA-OMEepa-
TOpa.

TpeOyemoe Bpemst Ha BHITTOJIHEHNE HEOO0-
XOAUMBIX IEVCTBUU OMNPENEsIeTCs BbIpaxe-
HUEM:

! :t06+tou+tnp+t

noTp oK’

@)

“

® MWP TPAHCIMOPTA, Tom 17, N2 4, C. 260-271 (2019)

rie f . — BPeMsl OOHAPYXEHUs BOCIIPUATHS
U J€KOAUPOBaHUS UHGMOPMALIUK;

f,, — BPEMsI OLICHKH ¥ TepepaboTK MH-
dopmaruy;

1., — GOpPMHpOBaHUE KOHLENTYalIbHOI
MOJIEJIU JEATETbHOCTY U MPUHSATHUE PELICHUS,;

t .. — BPEM: Ha MPaKTUYECKYIO pearnsa-
LIMIO IPUHSATOTO PEUIECHUSI.

OnpeneneHne pacrogaraeMoro BpeMeHH,
HeOoOXOIUMMOTro [Jisl peau3aluu AeUCTBUA,
HarpaBJieHHbIX Ha TpuMeHeHue [1C, 3aBucut
OT OOJIBILIOTO KOJIMYECTBA (haKTOPOB B KAXKIOU
KOHKPETHOU aBapuiiHOl cutyaunu. MHoro-
JIeTHUE HaOJI0eHUS MTO3BOJMUIIMU CleaTh
BBIBOJI, UTO K KaTtacTpoduuecKumM Mocie-
CTBUSM Ha BEPTOJIETAX MPUBOASAT: OTKa3bl
TpaHCMUCCUU (IJIABHOTO, MPOMEXYTOUHOTO
1 XBOCTOBOTO PENYKTOPOB); MOBPEXACHUS
HECYIIEro U pyJeBOro BUHTOB; OTKa3 OCHOB-
HOW M AyOaupylollleil THIPOCUCTEM; pa3py-
IIEHUE DJIEMEHTOB CUCTEMBI YIIPaBJICHUSI.
PazBuTne ocoObIX CUTYallMiA MTPOUCXOAUT
CKOPOTEYHO U TpedyeT He3aMeTUTEIbHOTO
MPUMEHEHUS TapalllOTHBIX CUCTEM JUIS CTia-
CeHHUSsI dKUIaXeW MpU HAJTUYUU BBICOTHI,
obecrieunBaromeii mpumeHenne [1C.

st pa3pabOTKM MOJENU AesTeJIbHOCTU
YJieHa IKUMaXxa BepTOJIETa MPU BOZHUKHOBE-
HWU aBapuitHO cutyaruu v npumeHeHnn [1C
BOCITOJTb3yeMCSI CETeBBIM MeTooM [13; 14].

CrporHo3upoBaTh U ONPEIETUTD BEPOSIT-
HOCTb CBO€BPEMEHHOTO BBIMIOJTHEHUS Ieil-
CTBUIA MO BBIHY>XKIEHHOMY MOKUJAHUIO BEp-
TOJIETA TIPU HAJIMYUM 3aIaHHOTO HOpMaTHUBa
t..» MOXHO C TOMOLIBIO BHIPAKEHMSL:

J

a0)=Plewsi}= [ F(oH 5)

rae f =1 — HOPMaTMBHO OINPEIETEHHOE
pacmnojiaraeMoe BpeMsl BBHIIOJHEHMS Aeii-
CTBUI.

JlesITeNbHOCTD JIETUMKA TOApa3AesieTCs
Ha 3JeMeHTapHble onepauuu [15; 16]. [Ipu
BBIMIOJIHEHUH CETEBOIO MOACIMPOBAHUST OHU
Ha3bIBaIOTCS paboTaMU, a MOMEHTHI X 3aBep-
meHusa — cobowiTusaMu. Kaxkngast onepauus
XapaKTepu3yeTcsl MaTeMaTUUeCKUM OXMIa-
HUEM UM AUCIIepCUeil MPOIOIKUTEILHOCTU
pa6otel. IIpu ycaoBuM He3aBUCUMOCTU OT-
JeJIbHBIX OTlepalii, BeJuuyrnHa ObICTpOaeii-
CTBUSI G, XapaKTepU3YeTCs MapaMeTpamu,
MOTYMHEHHBIMU HOPMAaJIbHOMY 3aKOHY pac-

TpeaeaCHUS:
o, = 0',]2. s
i

Ton = 2555 (6)
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Taomuma 1
BpeMeHHbre XapaKTePHCTHKH JIE€ATEIHOCTH KOMAHAMPA 3KUINAXKa BepTo1éTa Mu-8 B oco0oii
curyanun (paspymenue npusoaa PB)

Kon onepatiun | Cozmepskanue ornepaiuu (padboThl) 7 e G, MC
V)
1-2 BocnpusitTue BecTUOYJIIPHOTO CUTHAA (CTUMYJIa) 320 30
OT 3BOJIIOLIMIA BEPTOIETA
2-3 TTepeHoc B3mIsiia Ha BHEKAOMHHOE MPOCTPAHCTBO 260 30
3—4 O1eHKa MPOCTPAHCTBEHHOTO MTOJIOKEHUST ¥ IPUHSITHE PEIICHUST 800 120
Ha yCTpaHEeHME OTKJIOHEHUIT BEepTOJIETa
4-5 TlepeMenieHue pplyara iar-ra3 BHU3 660 50
4—6 OTKJIOHEHUE PYyYKHU YIIPABICHUS BIEBO U Ha ceOst 660 70
4-7 CuuThIBaHUE U BOCIIPUSITUE TIOKA3aHUI TPUOOPOB 2090 150
7-8 IMouck, oOGHapyXeH1e 1 BOCTIPUSITHE CBETOCUTHATTBHOTO Ta0JIO 790 50
«OTKA3»
8-9 Ouenka MHGOPMALIMK U BbIIEICHNE COBOKYITHOCTH 800 280
MH(POPMATUBHBIX TPU3HAKOB
9-10 AKTyanu3aiyst U3 aMsITh CUTHAJIA O CIIOXKUBIIEICS CUTyallun 900 390
10—11 DdopmupoBaHue KOHLENTYaJIbHOW MOJCIIN IeATETbHOCTH 1900 650
Y TIPUHSITHE PEIICHUS Ha TOKUIaHe BePTOIETa
11-12 TMongaua KomMaH/Abl Ha BBIHYKIIEHHOE MOKKAaHue (4—35 clioB) 2000 1200
11-13 TlepeHoc B3IJIsiAa Ha BHEKAOMHHOE MTPOCTPAHCTBO 260 30
13—14 O1eHKa MPOCTPAHCTBEHHOTO MOJIOXEHUST BEPTOIETA 800 70
14—15 TlepeHoc B3rIsiIa Ha pyKOSITKY cOpoca JieBoro Giucrepa 260 30
15—-16 JleByto pyky nepenectu ¢ PLIT Ha pykosiTKy cOpoca barctepa 480 50
16—17 JleBoii pyKoii BbIIEPHYTH PYKOSITKY aBapuitHOTro copoca oiauctepa | 360 50
17—-18 JleBoii pykoii onepeTbest B HUXKHUIA JIEBBII yroJl poéma 280 30
15—-19 [lepeHoc B3rIsiaa Ha 3aMOK MPUBSI3HBIX PEMHEH| 260 30
19-20 [payro pyky nepeHectr ¢ PY Ha 3aMOK MPUBSI3HBIX peMHE 240 30
20-21 ITpaBoit pykoil pacCTerHyTh 3aMOK MPUBSI3HBIX PEMHE 560 70
21-22 [lepeHoc B3mIs1a HA TTOMYMSITKYIO MTETITIO 260 30
22-23 TIpaBoii pykoii B3IThCS 3a TIOJYMSITKYIO MTETIII0 B BepxHeM mpoéme | 400 30
onucrepa
18—24 IIpaByio HOTY BBIHECTU B MIPOXOJ] MEXKILY CUIIEHbSIMU 750 100
24-25 [TpunoaHsATHCS, BBIBECTH MAPAIIIOT U3 YAIlIKU CUICHbS 950 300
25-26 Pa3BepHYTbCS BIIEBO JIUIIOM K TTPOEMY, TIOBOPOT Koprtyca Ha 90° 720 70
2627 TTocTaBUTB JIEBYIO HOTY Ha YallKy CUICHBS 750 250
25-28 TlepeHoc B3rsiAa Ha yKas3aTeib MCTUHHOM BBICOTHI TTOJIETA 260 30
28-29 CuyuTbiBaHUE MOKa3aTes el pauOBBICOTOMEPA 480 70
29-30 KoHTposib MOKMIaHUS WieHAaMU dKUIaxa 540 150
27-31 TomukoM 06erx HOT C OTHOBPEMEHHBIM JIBUXKEHUEM PYK 740 200 Viie A
K ce0e OTICIUTHCS OT BEPTOJIETA ;’Z{
31-32 BbinepruBaHue BHITSDKHOTO KOJbLIA 3000 500 it
32-33 PackprbiTre napaiinora 1000 100

® MWP TPAHCIOPTA, Tom 17, N2 4, C. 260-271 (2019)

CadoHoB A. A., [Ixxakcboaer B. A. MoaenupoBaHue [eATeNIbHOCTU JIETHBIX 9KUMaXXEeN BEPTONTETOB
B aBapUNHbIX CUTYyaLUaX




Toe 7, 1 G_— COOTBETCTBCHHO MaTCMaTU4e-

CKO€ OXKMIaHUe Y TUCTICPCHH TTPOIOJLKUTEITh-
HOCTH ONepalnii.

OOuiee BpeMs BBIMOJHEHUS 3aauyu 1O
BBIHYKIIEHHOMY MOKWIaHUIO BEPTOJIETA paB-
HO CyMMe¢ ITPOIOJIKUTEIBHOCTH OIIepamuii
VI KPUTUYECKOMY TTYTH (aJITOPUTMY) CeTe-
BOWA Mozienu L
T, = max L. (7)

(T I T T 1T s 102%
H = 600 3} e =95 % mo "_]
0 Y e O O O '.r.
\f [3= 140 'y
e — —— :};J)?
= T oy
/= Mg | e =2 N VJ
e o T L = o s s s s &mﬁp—M]
3nux.=31 IE
Lv_ g
{anan= ] % =
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Puc. 1. @parmeHT CAPI nporpammsi aBuaLuoOHHOI o NpoucLuecTBus BeptTonéra Mu-8
(paspyLweHune npusoAa pysieBoro BUHTa).

Jlnsg mpoBeaeHMSI MOETMPOBAaHUS BbIOpa-
Ha JIesTeJIbHOCTh KOMaHAMpa dKUIaxa Bep-
ToJIETa MU-8 TIpu BO3HMKHOBEHUU OCOOOI
CUTyalUU B MOJIETE, CBSI3aHHOM C pa3pylle-
HUeM IpuBojaa pyiaeBoro BuHTa (PB). ITpu-
HSIThl JOIYIIEHUSI, YTO MOJETHOE 3aJaHue
BBIIIOJIHSIETCS 10 MpaBUjaM BU3yaJlbHOIO
nonéra (ITBIT) Ha BeicoTe He MeHee 500 M.
BruimonHsgeMbie TETYNKOM oniepalilnd — 0e3-

Puc. 2. CeTeBas Mogenb AeSTENbLHOCTA KOMaHAMPa dKANaxa npv paspyLeHnn npusoaa pyesoro BUHTa
Y BbIHYXXAEHHOM nokugaHun eeptTonéra Mu-8.
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omubouHkle. [TocienoBaTeIbHOCTD OMepa-
U U UX BPEMEHHbIE XapaKTEePUCTUKU
npencTaBieHbl B Tabauie 1.

TlepBoHaYanbHBIMU MPU3HAKAMU, XapaK-
TepU3yIIUMU pa3pyuieHue B mojére PB,
SIBJISIIOTCS 3BOJIIOLIMU BEPTOJIETA B MPOCTPAH-
ctBe. JIA pe3Ko pa3BopauynBaeTCs BIEBO, U3-
MEHEHUs YIJI0B KpeHa U TaHraxa JOCTUTAIOT
MnpenebHbIX 3HAYEHUI 3a KOPOTKOE BpeMs
(puc. 1).

IlepBoHauanbHOI peakuueil JIETUMKA,
HaXOMASIIErocsl B KOHTYpe yIpaBlIeHUs, KaK
MpaBWIO, SIBISETCS UHTYUTUBHOE XeJIaHUe
BOCCTAHOBUTh MPOCTPAHCTBEHHOE MOJIOXKE-
HUE BEpTOJIETa, BO3ACUCTBYS Ha OpPraHbl
ynpasieHus (oreparuu 4—5, 4—6). Paspa6o-
TaHHas ceTeBasi MOJENb (PUC. 2) YUUTHIBAET
nocjie1oBaTeIbHO-TTapaJlIEIbHbINA XapaKTep
BBITIOJTHEHUS OTJEIbHBIX CEHCOPHO-MOTOP-
HBIX, MOTOPHBIX U JJOTUYECKUX OIEPaLIUA.

Onepanuu (25—28, 28—29) HeoOXoaUMBI
IUISL OTIpeNie/IeHUsSI UCTUHHOM BBICOTHI MTOKU-
JIaHUS BEPTOJIETA U BbIIEPKUBAHUS BPEMEHU
B cBOOOAHOM mafaeHuu no packpbitus I1C.
Kputnueckuit myts misg mogenu 1—2, 2—3,
34, 4-7, 7-8, 8-9, 9—-10, 10—11, 11-13,
13—14, 14—15, 15—-19, 19-20, 21-22, 2223,
18—24, 2425, 25-26, 2627, 27-31.

JBuxeHue Tesia mocie OTAeJeHUs BepTo-
néra (31—32) u packpsiThe napaiitora (32—
33) He yYUTBIBAIOTCS B MPOIOKUTEILHOCTU
NeITeIbHOCTHU JIETYMKA.

BeposgTtHocTts npumenenust [1C onpenensi-
€TCsI BIPAKEHUEM:

Py = P{ty St} = [ £()e =

ZQO[?OH j+®0(tﬂMM _?OH]’
O.T O-‘L'

rae f ~— HOPMATUMBHOE BPEMS BBIIIOJHEHUS
aiaroputMa aeiicteuil. Mlcroap30Baich HOP-
MAaTUBBI TPEHAXKEPHOI TTOJTOTOBKHU TIO OTICH-
Ke NeUCTBUI NETYNKA B OCOOBIX CUTYAILIMSIX
B MOJIETE.

BeposiTHOCTH CBOEBpEMEHHOTO TOKU/IA-
HUSI BEPTOJIETA TIPU YCTAHOBJIEHHOM JIMMUTE
t...= 15ccocraur P_ =52 %, npu yennue-
HUU JuMuTa BpemeHu no 20 ¢, cooTBeT-
CTBEHHO U BEPOSITHOCTH mpumMeHeHus [1C

BO3pacreT 10 96 %.

®)

SAKJIIOMEHUE
ITpoBenéHHbIe MccaenoBaHMs M CO3AaHHAs
Ha MX OCHOBE CeTeBas MOJEJIb IeITeJIbHOCTU
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JIETYMKA TIPU BO3HUKHOBCHUM aBapUHON
CUTYaIINU IO3BOJISTIOT 00JIee TOYHO OIIPEICITUTh
CITOCOOBI CIaCeHUsI JIETHBIX SKHUIIaXKei BepTO-
JIETOB B ILEJISIX CHIDKCHUS CTETICHU TSKECTHU
aBMAIIMOHHEBIX ITpoucIecTBriA. Ha 3Toit ocHO-
BE MOXXHO pa3BUBAaTh PallMOHAIbLHEBIC METOIV -
YeCKHe TIPUEMBI KOHTPaBapUITHOM ITOATOTOBKH
JIETHOTO COCTaBa.

J11s1 060CHOBaHUSI BEPOSITHOCTU CITACEHUS
JIETHBIX 9KUITaXeN MOTPEOYeTCS YHUBEPCATb-
Hast MaTeMaTruJecKast MOZIeJb, YIUThIBAIOIIAST
IMHAMUKY BCEX 3aeiCTBOBAHHBIX OOBEKTOB
(Bepronaéra, nétunka, [1C) B aBapuiiHbIX CU-
Tyamusix.
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Anatoliy A. SAFONOV

ABSTRACT

Flight safety assurance problems solving
focuses on aviation systems of different size as
the objects of the study. Flight safety theory
addresses such subjects of the study as
operation of a specific aviation system «crew-
aircraft» (C-A), detection and evaluation of
hazards, as well as their localization or
elimination.

Protective features of «crew—aircraft»
aviation system should provide resistance to
occurrence of abnormal cases. Aviation
practices show that the protective features of
the system are not always able to prevent
development of danger, and a catastrophe
becomes the most likely outcome of a flight.

probability, algorithm.

VyacheslavA. DZHAKSBAEV

Simulation of Activities of Helicopter
Flight Crews in Emergency Situations

Safonov, Anatoliy A., Military Training and Scientific
Center of the Air Force «Air Force Academy named
after Professor N. E. Zhukovsky and Yu. A. Gagarin»,
Syzran, Russia.

Drhaksbaev, Vyacheslav A., Military Training and
Scientific Center of the Air Force «Air Force Academy
named after Professor N. E. Zhukovsky and Yu. A.
Gagarin», Syzran, Russia*.

When encountering such abnormal cases, the
crew must use rescue equipment in order to
reduce severity of the aviation accident and to
prevent their own death. The article presents
the results of network modelling of the pilot’s
activity algorithm and of determining the
probability of timely forced escape from of a
helicopter with a rescue parachute.

The objective of the study is to assess
effectiveness of protective features of C-A
system in helicopters with the aim to reduce
severity of aircraft accidents. To test the
hypothesis about the possibility of using rescue
equipment by helicopter crews, probabilistic
statistical as well as experimental and calculation
research methods were used.
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Background. Since the beginning of 21
century, the aviation standards [1, 2]
governing flight safety management systems
have actively used the concept of «acceptable
risk» based on a probabilistic approach.
However, the use of probabilistic and
statistical methods for assessing safety of
functioning of the aviation system is a
privilege for specialists in accident and
incident investigations, and that certainly
affects the process of ensuring systemic safety
by aircraft operators. The analysis of causes
of large number of aviation accidents and
incidents that occurred with helicopters,
comprising civil helicopters, showed that the
traditional methodology for training flight
crews for operations in abnormal cases does
not fully meet modern requirements. The
relevance of research is due to the need to
train aviation specialists in risk assessment
methods to identify hazards and severity of
the consequences during the operation of
aircrafts.

Objective. The objective of the study is to
assess effectiveness of protective features of
C—A system in helicopters with the aim to
reduce severity of aircraft accidents.

Methods. To test the hypothesis about the
possibility of using rescue equipment by
helicopter crews, probabilistic statistical as well
as experimental and calculation research
methods were used.

Results.

The work of A. G. Agronik and L. I. Eren-
burg notes that «...the study of statistical
materials on accidents led foreign experts to a
solution indicating that the possibility of using
emergency escape equipment in helicopters is
limited by the features of its combat use at
extremely low altitudes and comparatively high
speeds, as well as by a difficulty for a pilot to make
a decision to escape» |3, p. 168]. Indeed, as a
result of the active use of US aviation in
Vietnam (1964—1975), 5607 helicopters were
lost, the total number of deceased pilots
exceeded two thousand people [4], and that was
the reason for implementation of the ideas of
shock protection of helicopter crews.

The study of design features of helicopters
of leading Western manufacturers like Airbus
Helicopters, Boeing, Sikorsky Aircraft
Corporation, Leonardo (Augusta Westland),
Bell Helicopter showed that passive protection
systems based on the use of special devices that
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absorb impact energy during emergency
landing are the most effective means of saving
the flight crew. The basic principles for ensuring
survival of helicopter crews are described in the
work of D. E Shanahan [5].

The main causes of losses of helicopter
crews in the event of an accident were named,
they are: shock loading (excessive acceleration);
direct injury from contact with hard surfaces;
impact of external environmental factors after
emergency landing (fire and combustion
products, water, harmful and toxic substances,
etc.). Therefore, effective aircraft design should
have a set of properties that can protect the crew
and passengers against the effects of possible
sources of injury both during emergency
landing and against its negative consequences
[6-9].

UH-60 Black Hawk and AH-64 Apache
helicopters have shock absorption struts with
two-stage shock absorption, which can reduce
impact by up to 60 % and ensure crew survival
during landing at a speed of up to 12,8 m/s.
After that shock loading is absorbed due to
energy absorbing devices of seats and
deformation of the helicopter structure.
Fastening elements of power units prevent
displacement of engines and the main gearbox
into the interior of the fuselage when the
helicopter hits the ground. The fuel system is
characterized by increased survivability.
Automatic pipe sealing reduces a risk of fire.
The structural elements of the helicopter
chassis are put away from the fuel tanks and,
when they hit the ground, do not penetrate the
fuselage. Currently, the issue of equipping
helicopter cabins with airbags is being actively
considered.

An analysis of existing onboard crew rescue
systems of domestic helicopters indicates that,
along with equipment of certain types of
aircraft with shockproof protection systems
[10; 11], rescue parachute systems (PS) are still
in operation.

The effectiveness of aircraft emergency
escape is determined by a number of random
variables, the calculations of which are
performed using probability theory and
mathematical statistics. It has been established
that the efficiency of using rescue equipment
can be most comprehensively assessed through
the index of probability of rescuing a pilot in
emergency situation [12] that can be determined
by the formula:
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Pic. 1. Fragment of the APRA software recording of the accident with Mi-8 helicopter
(destruction of the tail rotor drive).
W .=W-+P,_, (1)  wherev, L, H, 0, n,— distribution functions of
where W — probability of rescue of a pilot when  the helicopter flight parameters (horizontal and
using rescue equipment; vertical components), roll, pitch, flight altitude;
P —probability of using rescue equipment 0,0,0 — angular speeds of rotation in all
in an emergency situation. projections;
The probability of rescue W can be n,— effect of normal overload on an aircraft
represented as a function: and on a pilot in the event of an emergency
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Table 1
Temporal characteristics of the activities of a crew commander of the Mi-8 helicopter
in an abnormal situation (destruction of a tail rotor drive)

g)lzgation Content of operation (job) 7, , ms G, ms
1-2 Perception of a vestibular signal (stimulus) from evolution of a helicopter | 320 30
2-3 Transfer of sight to the outside of the cabin 260 30
3—4 Assessment of spatial position and decision making on elimination of 800 120
deviations of a helicopter
4-5 Moving collective pitch lever down 660 50
4—-6 Tilt a control handle to the left and toward a pilot 660 70
4-7 Reading and perception of instrument readings 2090 150
7-8 Search, detection and perception of «Failure» light-signal board 790 50
8-9 Assessment of information and highlighting a set of informative features | 800 280
9—10 Activation of pre-memorized signal about the current situation 900 390
10—11 Formation of a conceptual model of activity and decision-making on 1900 650
escape from a helicopter
11-12 Submission of a command for forced escape (4—5 words) 2000 1200
11-13 Transfer of sight to the outside of the cabin 260 30
13—14 Assessment of the spatial position of a helicopter 800 70
14—15 Transfer of sight to the reset handle of the left blister 260 30
15—-16 Transfer the left hand from collective pitch lever to the blister reset handle | 480 50
16—17 With the left hand, pull out the emergency blister relief handle 360 50
17—-18 Lean with your left hand in the lower left corner of the opening 280 30
15—-19 Transfer of sight to the seat belt lock 260 30
19-20 Transfer the right hand from control lever to the seat belt lock 240 30
20-21 Open the lock of the seat belts with your right hand 560 70
21-22 Transfer of sight to a semi-soft loop 260 30
22-23 With your right hand, grasp the semi-soft loop in the upper opening of 400 30
the blister
18—-24 Take out the right foot into the aisle between the seats 750 100
24-25 Get up, take the parachute out of the seat bucket 950 300
25-26 Turn left towards the opening; rotate the body 90° 720 70
2627 Place the left foot on the seat bucket 750 250
25-28 Transfer of sight to the indicator of true altitude 260 30
28-29 Reading altimeter 480 70
29-30 Control of escape by crew members 540 150 Vi
27-31 By the push of both legs with simultaneous movement of the arms 740 200 f’? '
towards oneself to separate from a helicopter e
31-32 Pulling out the release ring 3000 500
32-33 Parachute opening 1000 100

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 4, pp. 260-271 (2019)

Safonov, Anatoliy A., Dzhaksbaev, Vyacheslav A. Simulation of Activities of Helicopter Flight Crews
in Emergency Situations




Pic. 2. A network model of the crew commander’s activity during destruction of the tail rotor drive and forced
escape from Mi-8 helicopter.

v, — initial speed when leaving a helicopter;

t — time of pilot’s body stay in a range of
reach of blades of helicopter’s main rotor;

u — horizontal component of pilot’s fall
speed;

p — tangent of incidence angle;

A — value of removal from an initial point
of separation from a helicopter.

The criteria for probability of using PS are
temporal characteristics of actions of a pilot
(operator) in case of emergency:

P =t i Tl 3)
oq® Dim — respectively, required and

limited (available) time to prevent catastrophic

consequences of an emergency situation;

Top ™~ speed of reaction of a human operator.

The required time to perform the necessary
actions is determined by the expression:
treq: tdet + tas + tdm + tpr’ (4)
where ¢, — time of detection of perception and
decoding of information;

t . — time of assessment and processing of
information;

t,. — formation of a conceptual model of
activity and decision making;

= time for practical implementation of
the decision made.

The determination of available time
necessary for implementation of actions
aimed at the application of PS depends on a
large number of factors in each specific
emergency situation. Long-term observations
have led to the conclusion that catastrophic
consequences in helicopters are caused by:
transmission failures (main, intermediate and
tail gears); damage to the main and tail rotors;
failure of the main and backup hydraulic
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systems; destruction of control system
elements. The development of abnormal
situations occurs transiently and requires the
immediate use of parachute systems to rescue
crews if the altitude allows the use of PS.

To develop a model of activity of a helicopter
crew member in the event of an emergency and
the use of PS, we will use the network method
[13, 14].

Itis possible to predict and to determine the
likelihood of timely execution of actions for
forced escape from a helicopter in the presence
of a given standard 7, , using the expression:

a(t)=Plz, St}=£ f (o), Q)

where ¢ = f. — normatively determined
available time for execution of actions.

The activities of a pilot are divided into
elementary operations [ 15; 16]. When performing
network modelling, they are called jobs, and the
moments of their completion are called events.
Each operation is characterized by a mathematical
expectation and dispersion of duration of work.
Given the independence of individual operations,
the speed of reaction c,, is characterized by
parameters subject to the normal distribution law:

ip:z‘?’if'; o, = zo'i,z-) (6)

where 7,, and c_— respectively, mathematical

expectation and variance of duration of
operations.

The total execution time of the task of
helicopter forced escape is equal to the sum of
duration of operations or the critical path
(algorithm) of L, network model:

T,, = Max L. 7
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To conduct simulation, activity of a crew
commander of Mi-8 helicopter was chosen in
the event of an abnormal flight situation related
to destruction of the tail rotor drive. It is
assumed that a flight mission is performed
according to the rules of visual flight (VFR), at
the altitude of at least 500 m. The operations
performed by a pilot are error-free. The
sequence of operations and their temporal
characteristics are presented in Table 1.

The initial signs characterizing destruction
of a tail rotor in flight are associated with the
changes of the attitude of a helicopter in space.
The aircraft turns sharply to the left, changes
in roll and pitch angles reach their limit values
in a short time (Pic. 1).

The initial reaction of a pilot in command
is, as a rule, an intuitive desire to restore the
spatial position of the helicopter by acting on
control devices (operations 4—5, 4—6). The
developed network model (Pic. 2) takes into
account the series-parallel nature of
performance of individual sensory-motor,
motor and logical operations.

Operations (25—28, 28—29) are necessary
to determine the true altitude of leaving the
helicopter and to withstand time in free fall
until the PS is opened. The critical path for the
model is described as 1-2, 2—3, 3—4, 4-7,
7-8, 8-9, 9—10, 10—11, 1113, 13—14, 14—
15, 15-19, 19-20, 21-22, 22-23, 18—24,
24-25,25-26, 2627, 27-31.

The movement of the body after leaving the
helicopter (31—32) and opening of the
parachute (32—33) are not taken into account
in duration of the pilot’s activity.

The probability of using PS is determined
by the expression:
Pvr=P{fopS’Iim}=jf(7)dT=Fo(T°p]+E)[thma;ropj, (8)

O,

7

where 7, — standard time for execution of the
algorithm of actions. The standards of simulator
training were used to assess the actions of a pilot
in abnormal situations in flight [15].

The probability of timely helicopter escape at
asetlimitz, = 15swillbe P =52 %. If the time
limit will be extended to 20 s, then the probability
of using PS will respectively increase to 96 %.

Conclusions. The studies and the network
model of the pilot’s activity in the event of an
emergency make it possible to more accurately
determine the rescue methods for helicopter
flight crews in order to reduce severity of

aircraft accidents. It is so possible to further
develop rational methodological methods of
training of flight crews to counter emergency.

To justify the probability of rescue of flight
crews, a universal mathematical model is
required that takes into account the dynamics
of all the objects involved (helicopter, pilot, PS)
in emergency situations.
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BESOINACHOGCITE

BnusHue noBepeH4Yeckoro ¢pakropa
BOAMTENId Ha oOpa3oBaHue
TPaAHCNOPTHOro 3aTopa

Bnagumup BACKOB

Bapbs KPACHUKOBA

JlBxeHvie B aBTOMOOU/IbHOM [TOTOKE oApa3yMeBaeT BOB/IeYEH/ e
B CJIOXHbIE [JOPOXHbIE CUTyaLMu, OTPULIATENIbHO BINSIIOLLIME Ha BPEMS
peakumn BoaUTe s, KOTopasl B CBOIO 0Yepesb y4MTbIBAETCS Mpy orpe-
Ae/IeHn TOPMO3HOrO MyTy TPaHCIOPTHOro CPeACTBa 1 onpeaenset
6e30MacHOCTb [IOPOXHOIO ABMXEHMs. OTa B3anMOCBsI3b NnokasbiBaeT
BJISIHUE MOBEAEHWSI BOAUTENEl B TDAHCIOPTHOM MOTOKE Ha JJOPOXHO-
TPaHCIOPTHYIO CUTYaLMIO.

Llenbio niccnenoBarus Gbiio u3y4eHue noBeaeH4ecKmx pakTopos,
BJIMSIIOLLMX HA MPUHSITVE BOAUTENSIMU peLleHuii. B xone nccnenosanuns
UCI0/Ib30BaHbl METO/Lbl MOAE/IMPOBaHVS OBEAEHUS1 BOANTENeH, Ma-
Temarn4eckoro MoAeMPOBaHusl, SKCrIepUMeHTasbHbIE UCCIe0BaHNs
MICUXNHECKNX U ITCUXONIOrNHECKNX QYHKLNG BOANTENEN.

MopgenvpoBa+ne noseneHus BOAUTENS C y4ETOM pPasiniHoro
COYeTaHVsi MHOXeCTBa MOBEAEHYECKUX U UHbIX (aKTOPOB MpUBOANT
K 6OJIbLLIOMY KOJINYECTBY BapPUAHTOB MaTemMaTn4eCKkoro OrmcaHusi Tako-
ro rioBefieHusl, 4T0 3aTpyAHSIeT NpUMeHeHne 4aHHOro rnoaxoaa npu
onncaHnY NOBEAEHVISl BOANTES1el B YCIIOBUSIX PeasTbHOM yIN4HO-A0POX-
HOVi ceTu.

lMpoaHan3npoBaHbl paboTkl, TOCBSILLEHHBIE U3YHEHMIO YIPaBIIsiio-
Ljero Bo34eViCcTBusI BOANTEJIS C UCIOIb30BAHUEM HEN3BECTHbIX KOI(-
PULIMEHTOB, OMUCHIBAIOLLNX MOAE/Tb ABVXEHUS TPAHCMOPTHBIX CPEACTB
C YY4ETOM TOYHOCTY yrpaBieHusi M. PaccMOTpeH Hanbonee CIOXHbIA
U riokasartesibHblii BapuaHT oBeAeHVsl BOAUTEIs Iy npoe3ze Hepery-

ExaTtepuHa UCAEBA

backoe Baaoumup Huxoaaeeun — Capamogckuii 20cyoapcmeenHblil mexXHU4ecKui YHUGepCumem umMeHy
10. A. Taeapuna (CI'TY um. 1O. A. [aeapuna), Capamos, Poccus.

Kpacnuroea /lapes Andpeeena — Capamogckuii 20cyoapcmeeHHblil mexHUu4ecKuil yuugepcumen umenu
10. A. Taeapuna (CI'TY um. FO. A. laeapuna), Capamos, Poccus.

Hcaesa Examepuna Heopesna — Capamogckuii 20cy0apcmeeHHblil meXHu4ecKuil yHueepcumem umeHu
10. A. Taeapuna (CI'TY um. IO. A. Iaeapuna), Capamos, Poccus™.

JIMPYeMOoro rnepeceyeHusi. YcTaHoBI€HO, YTO NPy MOLENPOBaHNN
TPaHCIOPTHOIO IOTOKa HEOOXOAMMO y4UTLIBATL CTENEHb PELUNTEIbHO-
CTy BoauTesnel (4epes onpeneneHne Koap@uLUMEeHTa PeLLINTEIbHOCTY —
cayqariHylo BeJIMYuHy ¢ y4ETOM pacrnpenesneHus: BeposTHOCTU ero
3Ha4eHus1 B COBOKYNHOCTY C pacrpeeeHnem BeposiTHOCTe! yHKLm
UHTEHCUBHOCTU TPaHCMOPTHOIO oToKa). [poaHamavnpoBaHo pacrpe-
Aenenvie KoapPuLUMeHTa PeLLnTeIbHOCTY BOANUTENEH, MoJ1y4eHHOe Mo
IKCNEPUMEHTAsIbHBIM AAHHBIM.

OnpepneneHo, 4To Ha hopMUpPOBaHMe TPaHCOPTHOMO 3aTopa oka-
3bIBAET B/INSIHUNE CTUJIb BOXAEHWS, [U1s1 OLIeHKU KOTOPOIo UCMO/b3YIOT
YC/I0BHY!O KIlacCUuKaLmio oBeAeHs BoauTesnel Ha opore, a UMeHHO
nposiBeHne arpeccumn n poboctu. [lpy u3yyeHnn noBeaeHus: PobKuxX
U arpeccuBHbIX BOAUTENIEI PACCMOTPEHO HECKOJILKO rap TPaekTopuii
JBVYXEHUS N AMHaMyKa COOTBETCTBYIOLLEN MIOTHOCTY TPaHCIIOPTHOIO
10TOKa, KOTOPble paccy1TaHbl Ha 0OCHoBe Moaesm Edie’s. MoaTsepxaeHo,
4T0 HanboJibLLee OTPULATENIbHOE B/INSIHNE TPAHCIMOPTHbIE 3aTOPb! OKa-
3bIBAIOT Ha BOAUTESIEN-X0NIePVKOB 1 Ha BOAUTENel-CaHr BUHNKOB. Kpome
TOro, NPOC/IEXNBAETCS B3AMMOCBSI3b MEXY BDEMEeHeM peakLmmn Boau-
TeJs151 M NISMEHEHUEM ero QYHKLMOHA/IbHOIO COCTOSIHUSI.

CaenaH BbIBOA, YTO B LiEJISIX M0BbILLEHMS1 6€30M1aCHOCTU JOPOXHO-
ro ABWXeHs 3a CHET 60/1ee TOYHOW OLIeHKM BO3MOXHbBIX PUCKOB BO3-
HUKHOBEHWIS 3aTOPOBLIX CUTYaLmii HOOXOAMMO y4UTbIBATL MOBEAEHYE-
CKUe XxapaKTepuCTVKN BOANTENEN N UX TeMNepamMeHTbI.

KnioyeBbie cnoBa: aBTOMOOUIIbHBIN TPAHCMOPT, TPAHCIOPTHBIN 3aTOP, TPAHCMOPTHBIN MOTOK, Y/IMYHO-A0POXHAs CETb, MOBEAEHYECKUEe
d)aKTOpr BOﬂMTeﬂeﬁ, CTWJIV BOXAEHUS, TeMrnepamMeHT, PeLUnTeslbHOCTb BOﬂMTeﬂeﬁ, 6e3onacHoCTb LOPOXHOIro ABVXKEHMS.

*NHdopmauma 06 aBTopax:

For the English text of the article please see p. 277.
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BBEOEHUE

Bonurtenu siBisitoTCs BaxXKHEHIITUM 31eMEH-
TOM B MOJesIX TpaHcnopTHoro notoka (TTI).
TToBeneHueckuii pakTop B 00JIACTU TPUHSITUS
pelIeHus B OOJIbILIMHCTBE CyYaeB OIpenesi-
etcs ycaoBusmMu aprkeHust B TIT. Cam mpo-
1iecC MPUHSITUS pelleHus BKIOYaeT B cebs
HeolpeneJIEHHOE KOJTMYECTBO COCTABISIONINX,
KOTOpBIE 3aBUCAT OT OIbITa BOXACHUS, MOJia
1 BO3pacTa BOAUTEIS, ICUXO(DU3UOJOTUUECKIX
Ka4yeCTB BOAUTES, MOTOAHO-KIMMaTUIECKIX
YCJIOBUM, TEXHUKO-2KCIUTyaTalluOHHOIO CO-
CTOSTHUSI TOPOT'H, TEXHUUYECKOIO COCTOSIHMS
1 TUHAMUYECKUX CBOWMCTB TPaHCIIOPTHOTO
cpenctsa (TC), nokazareneii TI1, mapameTpoB
JIOPOTH U T.1I.

MopenupoBaHue MOBEACHUS BOAUTES
C YYETOM Pa3IMYHOIO COYETaHUsI MHOTOOOpa-
318 3TUX (haKTOPOB MPUBOIUT K OOJIBILIOMY
YHCJy BapMaHTOB MaTeMaTUYeCKOro oIuca-
HUSI JaHHOTO TTOBEIEHUS, YTO MpOaHaIU3M-
poBaHO aBTOpaMu B pabote [1]. DTOT (pakTt
JieJaeT HeBO3MOXKHBIM ITPUMEHEHUE MaTeMa-
TUYECKOTIO MOAX01a K OMMMCAHUIO MOBEACHUS
BoaUTeNel Ha yInuHo-nopoxHoii cetu (Y C)
B paMKax MOJAEJIMPOBAHMS NIBUKEHMS TPaHC-
TMOPTHBIX ITOTOKOB B YCJIOBUSIX TOPOJa, IIe Ha
JIOporax IBMXKYTCsI IECATKU ThICSY aBTOMOOU -
neit [2, 3].

«[IpeomosieHre TaKMX «y3KMX MECT» B IBU-
JKYIIEMCSI IIOTOKE, KaK MepeKPECTKH, BOBIEUE-
HUE B CJIOXKHBIE TOPOXKHbBIE CUTYalMU, TPAHC-
TIOPTHBIE 3aTOPbI HETaTUBHBIM 00Pa30M CKa3bl-
BAaeTCsS Ha BPEMEHM peaklLUu BOAUTENsS» [4].
Bpewmst peakiiy BomuTesisi OKa3bIBaeT 3HAYM-
TeJIbHOE BIMSIHUE Ha JUTMHY TOPMO3HOIO IyTH
TC, ocobeHHO 3TO KacaeTcsl 3KCTPEHHOTO
TOpMOXKeHUs. Bee 911 mapameTphbl BXOAST B 11~
HaMUYeCKUil rabapuT aBTOMOOWIISI, KOTOPBIi
SIBJISIETCST OMHUM 13 (paKTOPOB, ONPEACSIONINX
0e30MacHOCTb TOPOXKHOTO IBVKEHUSI.

C Bo3pacTaHUEM CKOPOCTU IBMKEHUS YBe-
JIMYUBAETCS AMHAMUYECKUI rabapUT aBTOMO-
OWJIsI, COCTOSTHUE OOpaTHOE €My IPUBOIUT
K YMEHBIIEHUIO MPOITYCKHOI CITOCOOHOCTH,
a B UTOTre K 00pa30BaHMIO TPAHCIIOPTHOI'O 3aTO-
pa 3a cYeT yBeJMYEHUST BpEMEHHU peakiiiK BO-
JUTeseil. DTa B3aMMOCBSI3b I0KA3bIBAET, KAKUM
00pa3oM BIUSIET ITOBEICHYE BONUTEIEH B TpaHC-
TIOPTHOM IIOTOKE Ha JOPOKHO-TPAHCIIOPTHYIO
CUTYyaIIUIO.

1leavro uccnenoBaHus SIBISIETCS OIIpeesie-
HUE BIUSHMS Pa3JUMYHBIX MOBEAEHUYECKUX
(hakTOpOB HA NEMCTBUSI BOMUTEIISI TPAHCIIOPT-
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HOTO Cpe/cTBa, OCOOEHHO BeIylIre K 00pa3o-
BaHMIO TOPOKHOTO 3aTOpa.

NUmeetcs Oosbllioe KOJIMYECTBO padoOT,
MMOCBSIIEHHBIX M3YUEHUIO YIIPABIISIONIETO
BO3IEIICTBHS BOOUTENISI, YYUTHIBAIOIINX pa3-
JIMYHBIE KOA(MOUITMEHTHI, KOTOPHIE OIMMCHIBA-
10T MoJeb ABvxkeHus TC ¢ y4€ToM TOUHOCTHU
yrpasiieHUsT M. C ITOMOIIIbIO TAKOTO TTOIX0-
JIa MOKHO TOCTUYb BHICOKOM JOCTOBEPHOCTH
IIPY MIPOBEICHUN aHalNM3a YIPaBIsIEeMOCTH
W YCTOMYMBOCTH aBTOMOOMJIST BO BPeMsI YCKO-
peHus (B TITOBOM pEXUME), TOPMOXKECHUS
1 B pexXrMe cBOOOIHOTO KaueHus. Bo Bpems
MOIEJIUPOBAHUS ABMXEHUS Kaxmoro TC
B TPAHCITOPTHOM ITOTOKE BBIIIETICPEUMCIICH -
HBIE YCIIOBUS IBVKEHUS COCTABIISTIOT MHOTO-
KOMITOHECHTHYIO MOJIEJIb C TeCSITKOM HEU3-
BECTHBIX KO3(h(UIINECHTOB, UCIIOIb30BaTh
KOTOpBIC TIPU MOIEIMPOBAHUM TOCTATOYHO
CJIOXHO.

B cBsI31 ¢ 3TMIM TS MCTTOJTE30BaHUS B MO-
JIEJISIX IBYDKEHMSI TPAHCIIOPTHOTO ITOTOKA ITOBE-
JIEHYECKOTO (haKTOpa BOMUTESI, CJIETYET YIIPO-
CTUTB BXOJSIIIYIO MH(OPMAIIHIO, TO €CTh MOIEITh
MOBEICHUST U TIPUHSTUST PEIICHUST BOIUTEIIS
MOXHO CBECTU K CMOXACMUYECKUM MOOeIM
TpaHCIOpTHOro ToToka [5]. CroxacTuyeckue
MOJIE/IM TPAHCITOPTHOTO ITOTOKA XapaKTepHU3y-
FOTCST BEPOSITHOCTBIO TIpoe3aa OIpeAeIcHHOTO
KOJIMYECTBAa aBTOMOOWMIIEH Yepe3 ceueHre T0pO-
', K YeMy IIpUMEHMMO pactipeneireHne [Tyac-
COHa:

pn=-Le, )

e P (1) — BepOATHOCTH TIPOE3/a N-ro KOJIM-
YecTBa TPAHCIOPTHBIX CPEACTB 3a BpeMs t;

A — mapameTp pacrnpeneieHust (MHTEHCHUB-
Hoctb TII), aBT./C;

— JUTATEeJTbHOCTb OTPE3KOB HAOJIOACHUS, C;

n — KoanuyectBo HabmogaeMbix TC.

Ha ocHoBe meopuu éeposmuocmu MOXHO
3a/1aTh BEPOSITHOCTb TPUHSITHUS TOTO WU UHO-
ro pelieHus B YCIOBMSIX NBUKEHUS TPaHC-
MOPTHOTO MoTOoKa. PacnpeneneHue BepoOsSITHO-
CTel MPUHSATUS PElIEHUN HeoOXOoauMOo
ONpPENESITh 9KCNEPUMEHMANbHIM NYMEM.

NOBEAEHUE BOOUTEJIEN HA
HEPEFYJIMPYEMOM NEPEKPECTKE
Hawnbosiee cnoXHBIM U MOKa3aTeIbHBIM
OyneT moBeAeHUEe BOAUTEE MpU Mmpoesje
HeperyaupyeMoro nepeceyeHus (puc. 1).
«[ToBeneHne BoguTENS, KOTOPBINA MOIb-
exajl K MmepekKpECTKY 1Mo BTOPOCTETIEHHOM

Backoe B. H., KpacHukoea [l. A., Ucaeea E. . BnusHue noBegeH4Yeckoro pakropa BOAUTENS Ha
obpa3oBaHNe TPAHCNOPTHOIO 3aTopa
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Puc. 1. Cxema HanpasneHwii gBmxeHus TI1
Ha HeperysmpyeMoM repeceyeHum.

Jlopore, B clydae MpaBOTO MOBOPOTa 3ajeli-
CTBYET ONpPENEIEHHBIN 3amac BpeMeHu t_, 1o
HUCTEYEHUIO0 KOTOPOTO MPOU3BOIUT TTOBOPOT.
W3 TeopeTyecKKMX OCHOB BpeMs t , HEOOXO-
JIMMOE JIJIST BHITIOJTHEHUSI TIPABOTO TIOBOPOTA,
KOTOPOE€ YUYMTHIBAET Pa3roH 0 CKOPOCTHU
JIBVKYILIETOCS B ITPSIMOM HAITPaBJIEHUM TPAHC-
TTOPTHOTO TTOTOKA, OTIPENIETSIETCS C TIOMOIIBHIO
METOJ0B U3 TEOPUU aBTOMOOWMIIS» [6].

C 1enbio obecrieyeHus 3amaca BpeMeHu
peaxIuy BOIUTENN, KaK TTPABUIIO, HECKOJBKO
TepPEeoIIeHUBAIOT BPEeMsI U IPUHUMAIOT pele-
HUS 0 Hayasle MaHEBpa MPH YCIIOBUM £ > 1 .

Kak cuuTaror ucciaenosarenau, «CTEMNEHb
PEIIUTETbHOCTU BOIUTENSI TIPU MPUHSATUN
pelIeHUs] MOXHO OTIPEICIUTh CIEeIyIOIIUM
koadduimeHTom» [8]:
erm = tTl'/ thSB’ (2)
e f,, — (akTuYecKuii 3amac BpeMeHH, KO-
TOPBIN OTIPEIEIISIET CTeTIeHb PEIINTEIbHOCTU
TIpY IPUHSITAU PEIIEHUS, B TEYEHUE KOTOPO-
ro BOOUTEJb IOJIKEH TPUHSTH pelieHue
O BBITIOJTHEHUU MaHEBpA.

Hzmenenune koadduiieHTa, olieHuBao-
IIETO 1T0KAa3aTe b PEITUTETbHOCTHY BOAUTEIEH,
MOXHO 3aKJTIOYUTh B CJICAYIONINIA T1aTIa30H:
0<K, <1 3)
«PacmipeneneHue BeposITHOCTU Kp .., HEOOXO-
JIMMO TIOJTYYUTh 9KCTIEPUMEHTATBHBIM TTYyTEM
WU3BECTHBIMU METOAMU, HATTIPUMEP, C TIOMO-
11610 (hOoTO-, BUIEODUKCAIIUY TPAHCTIOPTHO-
'O IOTOKA, KOTOPHIiA TPOXOIUT Yepe3 paccMar-
prBaeMoe TepeceueHue, ¢ najbHenIei cra-
TUCTUIECKOI 00paboTKOI» [8].

ITpu nBUXEeHUM aBTOMOOWJIEH Yyepe3 He-
peryaupyemMblii IEpeKpPECTOK B MPSIMOM Ha-
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MpaBJIeHUY BOIUTEIb TOJDKEH IMTPUHSITH pellle-
HUE ¢ YIETOM 3araca BpeMeHMU:
. min(t_;t ), 4)
TPY OCYIIIECTBJIEHUM JIEBOTO ITOBOPOTA:

t =min(t _;t ;1 ). ®)

Heobxomnmo ydecTb, UyTo TIOKa3aTelb pe-
IIUTEJIbHOCTA BOIUTEIISI 3aBUCUT OT BUIa Ma-
HEBpa Ha mepecedyeHUU (MMOBOPOT HAJIEBO,
Hampaso, MO0 Mpoe31 NpsiMo). B ¢Bsi3u ¢ aTm
KO3 GUIMEHTHI PEIIUTEIBHOCTH TOJIKHBI
PACCUMTHIBATHCS IJIsT KAXKIOTO MaHEBpaA B OT-
nenapHocTU. Pacripenenenue koaddbuiueHTa
PEIIUTETbHOCTU BOIUTEJIEH NMEET BUIL, TIPET-
CTaBJICHHBII Ha puc. 2.

«DKCcMepuMeHTAIbHbBIE TaHHBIE O IBUXKE-
HUU TPAHCTIOPTHOTO IMOTOKA Yepe3 HepeTyTH -
pyeMoe repeceueHne B 3HaUMTeTbHOI YacTh
3aBUCST OT IMapaMeTPOB TPAHCIIOPTHOTO T10-
TOKa, OCOOEHHO OT MHTEHCUBHOCTH JBUKE-
HUS, YeM OOJTbIlIe MTHTEHCUBHOCTb, TEM PEIIy -
TeJIbHEe JOJIKHBI IeICTBOBATh BOAUTEIU» [7].

DTO BUIHO Ha KpUBOI (pHC. 2) — cMelle-
HUe KPUBOW pacripelesieHusl BIIPaBO MpHU
YBEJIMUYEHUU MHTeHCUBHOCTY nBvikeHus TT1.
M3MeHeHre MHTeHCUBHOCTU ABvxXeHus TI1
TakXe HeoOXOAMMO aHaJIM3UPOBATh 1O IKC-
MePUMEHTATbHBIM TAHHBIM.

To ecTb, B ITpoliecce MOACIMPOBAHUS T1a-
paMeTpOB TPAHCITOPTHOTO MTOTOKA TpedyeTcst
MPUHUMATh BO BHUMaHUE MOBEACHUYECKUI
akTop BogUTEsI, KOTOPBI MOXHO OTpe/ie-
JIUTH C MTOMOUIBIO «KO3(hDULIMEHTA PELIUTETb-
HocTUu Boauteneit. OH mpeacTaBisieT coooi
CIIyJaifHy10 BEJIMUYMHY C YYETOM pacrpenesie-
HUST BEPOSITHOCTU €TO 3HAYEHUST B COBOKYII-
HOCTU C paclipeesieHueM BepOosITHOCTeH
dyHkuuu uHTeHcuBHOCTH TTI» [8].

ArPECCUBHbBIE U POBKME
BOOUTEJIN

IMpoBoauaKuCh UCCIea0BaHUSI, OTIpee-
JIUBLINE 3aBUCUMOCTb YPOBHSI pPUCKa o0Opa-
30BaHUs 3aTOpa, YBEJMYUBAIOLIUIICS IPU
MMOBBILIEHUN KOJUYECTBA «arpeCCUBHBIX»
BOJMTEJIC, KOTOPbIE AepxKaTcs OJM3KO
K BOEpeny UAyLIeMYy aBTOMOOMIIIO U ABUTA-
FOTCSI MAKCUMAJIbHO OBICTPO 10 OTHOLLUEHUIO
K «pOOKHUM» BOOUTENISIM, KOTOPBIE A€pXKAaT
OOJIBIIYIO TUCTAHIIMIO U HU3KYIO CKOPOCTh
nBuskeHus [10].

J1s MaIoCcTpaluy MOBEAEHUSI pOOKUX
M arpecCUBHBIX BOAUTENEH Ha puc. 3 ToKa3a-
HO HECKOJIbKO I1ap TPAEKTOPUIA JBUXKEHMS
M JUHAMUKA COOTBETCTBYIOLIEH IMIOTHOCTU

BbackoB B. H., KpacHukoea [1. A., UcaeBa E. 1. BanaHue noBeaeH4YecKoro (pakropa BoauTens Ha

06pa3oBaHMe TPaHCNOPTHOIO 3aTopa
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Puc. 3. TpaekTopus aBnxeHUs1 aBTomobuen, AMHAMNKA NOTOKOB MNJIOTHOCTH:
a), 6) — «pobkue» BOAUTENN; B), I') — arpeccuBHbIe BOAUTENN.

TPaHCIIOPTHOrO IoToKa. OHU pacCUUTaHbI HA
ocHoBe Mojenu Edie’s [11].

J1st uKciia aBTOMOOWIICH N, HAXOASLIUXCS
B TPAHCITOPTHOM ITOTOKE BHYTPHU 00J1acTH A,
(bopMysia UMeeT ClIeAyIOLInIA BUI:
T, &b g 2D

k= ==, v=docmit
2P I RS

i
=l VI R =
rae k, ¢ U v — MJIOTHOCTb, MHTEHCUBHOCTD
U CKOPOCTB TPAHCITOPTHOTO TIOTOKA B 00JIACTH
A.

(6)

;

|A] — 06sacTb A;

T, D, — i-e BpeMs IBUXEHUSA TPAHCTIOPT-
HOTO CPENCTBA ¥ MPONAEHHOE UM PACCTOSTHUE
BHYTpHU obJjiactu A.

Kaxnplii MajleHbKMI KpyT Ha puc. 3 co-
OTBETCTBYET IUVIOTHOCTU MOTOKA BHYTPU
OIpeeIEHHOU 00J1aCTH HA MPOCTPAHCTBEH -
HO-BpeMeHHOU nuarpamme. Enunuiia Ha
PUCYHKaX YKa3bIBaeT Ha IEPBOE U3MEPEHUE,
OCTAJIbHBIE U3MEPEHUS MOCIEq0BATEIbHO
N00aBJEHBI U BBICTPOEHBI B TPAEKTOPHUIO
nBukenus [11]:

* poOKVEe BOAWUTENN 3aMEIJIUIUCH BAOJb
paBHOBECHOW BeTBU |—5(a) U yCKOPUIUCH
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BIOJIb «HIDKHE» BeTBU 1—8(0), Bo3Bpalasich
K UCXOJHOMY COCTOSIHUIO;

* arpeCCUBHbIC BOAUTEIN 3aMEIJIUIUCh
BIOJIb «BEPXHEI» BeTBU 1—7(B) M YCKOPWINCH
BIOJIb BeTBU 1—3(T), BO3BpaliasiCh K COCTOSI -
HUIO PABHOBECHSI.

Bckope nociie mosiBjeHYsl TAKOTO IMOBEE-
HMS BOOUTENICH, TPUBOISIIETO K HEpaBHOBEC-
HOMY COCTOSIHMIO CUCTEMBI, CKOPOCTb TPAHC-
IOPTHBIX CPEACTB OBICTPO CTPEMUTCS K HYJIIO,
YTO IIPUBOAMT K TPAHCIIOPTHOMY 3aTODY.

TUN TEMNEPAMEHTA U NOBEOEHUE
BOAUTEJIEN

«B cBo1O ouepenb, IBMXKEHHUE B YCIIOBUSIX
TPaHCIIOPTHOTO 3aTOpa MPUBOAUT K YXY/IIIE-
HUIO (PYHKIIMOHAIBHOTO COCTOSIHUST BOIUTEJIST
BCJIEJICTBUE BPEMEHHOT'O PacCTPOMCTBA €ro
HEKOTOPBIX IICUXUYECKUX U TICUXOJIOTMYECKUX
GyHKLMi» [12].

C yuéToM pa3HOro TUIIa TeMIIEpaMEHTa,
BOJIUTEJIN [IO-Pa3HOMY BelyT ce0sl B TPAHCIIOPT-
HoM 3atope. «MX GyHKLIMOHaIBbHOE COCTOSIHUE
TP 3TOM OLIEHMBACTCSI IyTEM aHAJIM3a CePIey -
HOT'0 PUTMa U OTIPeIeICHMsI ITOKA3aTeIst aKTUB-

BackoB B. H., KpacHukoea [1. A., caeea E. U. BninsaHue noBeaeH4YecKkoro ¢pakropa BOAUTENS Ha

06pa3oBaHMe TPaHCNOPTHOro 3aTopa




HOCTH PErYJIITOPHBIX CUCTEM (ITO METOIY TIPO-
deccopa P. M. baesckoro)» [13].

HccnenoBaHUSIMU yCTAaHOBJIEHO, YTO HAU-
0oJsbplliee OTpULIATESIbHOE BIAUSHUE TPAaHC-
MOPTHBIE 3aTOPHI OKA3bIBAIOT HA BOAUTENICH -
XOJIEPUKOB 1 Ha BoAUTe/e-CaHrBUHUKOB. Ha
BOIUTENE OCTalbHBIX TEMIIEPAMEHTOB
TPAHCIIOPTHBII 3aTOP HE OKAa3bIBAET 3HAUYU-
MOTO BJIUSTHUSA.

DKcrnepuMeHTabHbIE ucciaenoBatHus [ 14]
JTaJii BO3MOXHOCTb ONPEeIUTh M0Ka3aTeb,
OLIEHUBAIOLIUM «XapaKTep U3MEHEHUS BpeMe-
HU peakluy BOAUTEEH pa3HbIX TEMITIEPAMEH -
TOB IMOCJI€ BBIXO/Ia U3 TPAHCTIOPTHOTO 3aTOpa»
[15]. Bbu1o mpoaHaaM3UpPOBAHO MOBEAEHUE
100 BomuTeneli KpyrmHOro aBTOTPAHCITOPTHO-
ro npeanpusitus . CapaToBa BO BpeMs Tpe-
ObIBaHUS B TPAHCIIOPTHOM 3aTope. B xome
SKCIEPUMEHTA ObUIO OOHAPYXKEHO, YTO IS
pa3HbIX TPYMIT BOAUTENEN MoKa3aTesb, Ole-
HUBAIOIIMIA XapaKTep U3MEHEHUS BpEMEHU
peakiuy BOIUTEJEN pa3HbIX TEMIIEPAMEHTOB
MmocJje BbIXOJa U3 TPAHCIOPTHOTrO 3aTopa,
pasHblit. Hanpumep, Bpemst peakiiuv BOIUTE-
JISI-XOJIeprKa Ha TIEPBOIA MOJOBUHE y4acTKa
MMyTU MEXIy MepeKkpeécTkamu OoJblile, a Ha
BTOPOM YYacTKe — MEHbIIIE.

DTO CBUAETENBCTBYET O MOSIBJICHUU OTaC-
HBIX 30H Ha y4acTKax TPAaHCIIOPTHOW CETU
[14], Tome mMeeT MecTO BEICOKUIA YpOBEHB Be-
POSITHOCTU BO3HUKHOBEHUSI TPAHCITOPTHBIX
3aTOPOB U JOPOKHO-TPAHCHOPTHBIX MPOUC-
IIECTBUM.

KPATKUE BbIBO4bl

Taxum obpaszom, Ipu ONTUMHU3ALIUU YCIIO-
BUII JOPOXHOTO IBUXEHUS HEOOXOIUMO
YYUTBIBATh U MPUHUMATh BO BHUMaHUE MOBe-
JIEHYeCKUE XapaKTepUCTUKU BOAUTENICH U UX
TeMmepaMeHT [16] ¢ Leabl0 MOBBIILIEHUS
0€30MacHOCTH IBUXKEHUS ITOCPEICTBOM yUETA
PUCKOB 3aTOPOBBIX CUTYyaIU A, BOSHUKAIOLIIX
110 BUHE BOIAUTEIIEH.
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ABSTRACT

Driving in a traffic flow implies involvement in difficult traffic
situations that adversely affects response time of a driver, which in turn
is considered when estimating stopping distance of a vehicle and
determines road safety. This relationship shows the effect of driver
behaviour in traffic flow on the road traffic situation.

The objective of the study was to study behavioural factors that
influence driver’s decisions. The study used methods of driver behaviour
modelling, mathematical modelling, experimental studies of the mental
and psychological functions of drivers.

Modelling the driver’s behaviour, considering various combinations
of many behavioural and other factors, leads to a large number of
options for mathematical description of driver behaviour, which makes
it difficult to use this approach to describe behaviour of drivers under
the conditions of a real street-road network.

The research has analysed several works devoted to the study of
control action of drivers, using unknown coefficients, describing a model
of movement of vehicles considering accuracy of their control. Driving
through an unregulated intersection is considered as the most complex
and informative version of driver’s behaviour. It is found that when
modelling a traffic flow, it is necessary to take into account the degree

of resoluteness of drivers (through determination of a coefficient of
resoluteness which is a random variable that takes into account the
probability distribution of the coefficient’s value in conjunction with the
probability distribution of the function of traffic flow intensity). The
distribution of the coefficient of resoluteness of drivers, obtained from
experimental data, was subject to analysis.

It is determined that the driving style affects formation of traffic
congestion. The assessment of the driving style is made through
conditional classification of driver behaviour on the road, namely marked
by manifestation of aggression and timidity. When studying the
behaviour of timid and aggressive drivers, several pairs of trajectories
and the dynamics of the corresponding traffic flow density, were
considered and calculated based on Edie’s model. It has been
confirmed that traffic congestion has the greatest negative effect on
choleric drivers and sanguine drivers. Besides, there is a relationship
between the response time of a driver and the change in his functional
condition.

It is concluded that to improve road safety thanks to a more
accurate assessment of possible risks of formation of congestion
situations, it is necessary to consider behavioural characteristics and
temperaments of the drivers.

Keywords: road transport, traffic congestion, traffic flow, street-road network, behavioral factors of drivers, driving styles, temperament,

determination of drivers, road safety.
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Background. Drivers are an essential
element in traffic flow models (TF). The
behavioural factor in the field of decision-
making in most cases is determined by traffic
conditions in a TE. The decision-making
process itself includes an indefinite number of
components that depend on driving experience,
gender and age of a driver, psychophysiological
features of a driver, weather and climate
conditions, technical and operational condition
of a road, technical condition and dynamic
properties of a vehicle, traffic flow indicators,
road parameters, etc.

Modelling the driver’s behaviour, taking
into account various combinations of the
variety of these factors, leads to a large number
of options for mathematical description of this
behaviour, which was analyzed by the authors
in the work [1]. This fact makes it impossible
to apply a mathematical approach to describing
behaviour of drivers on a street-road network
(SRN) in the framework of modelling traffic
flows in a city where tens of thousands of cars
move on roads [2, 3].

«Overcoming such «bottlenecks» in a
moving flow as intersections, involvement in
difficult traffic situations, traffic jams negatively
affect the driver’s response time» [4]. The
response time of a driver has a significant
impact on the braking distance length of a
vehicle, especially with regard to emergency
braking. All these parameters are included in
the dynamic dimensions of a car, which is one
of the factors that determine road safety.

O
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With increasing speed the dynamic
dimensions of a car also increase, the reverse
state leads to a decrease in transit capacity, and
ultimately to formation of traffic congestion
due to increase of driver’s response time. This
relationship shows how the behaviour of drivers
in a traffic flow affects the road traffic situation.

Objective. The objective of the study is to
determine the influence of various behavioural
factors on the actions of the driver of the
vehicle, especially on those that cause formation
of traffic congestion.

Methods. The authors used general
scientific and engineering methods, modelling,
experimental studies.

Results. There are many works devoted to
the study of the control action of a driver, taking
into account various coefficients, which
describe vehicle’s motion model considering
accuracy of its control. This approach has high
reliability when analyzing controllability and
stability of a car during acceleration (traction
mode), braking, and in free-wheeling mode.
During simulation of movement of each vehicle
in a traffic flow, the above traffic conditions
make up a multicomponent model with a dozen
unknown coefficients, which are difficult to be
used when modelling.

In this regard, for the driver’s behavioural
factor to be used in traffic flow models, the
input information should be simplified, that is,
the driver behaviour and decision model can
be reduced to stochastic transport flow models

[5].

Oy
A

Pic. 1. Scheme of directions of vehicles at an unregulated intersection.
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Pic. 2. The scheme of distribution of the coefficient of resoluteness of drivers.

Stochastic models of transport flow are
characterized by a probability that a certain
number of cars will pass through a section of
the road to which the Poisson distribution
applies:

O

1’"(’)—7 5

()
where P (1) — probability of transit of the n-th
number of vehicles during time t;

A — distribution parameter (transport flow
intensity), car/day;

t — duration of observation segments, sec;

n — number of observed vehicles.

Based on probability theory, it is possible to
set the probability of making a decision under
traffic conditions. The probability distribution
of decision making must be determined
experimentally.

Drivers at an unregulated intersection

The behaviour of drivers when driving
through an unregulated intersection will be the
most complex and demonstrative (Pic. 1).

«The behaviour of a driver who has
approached an intersection on a secondary
road, in the case of a right turn, involves a
certain margin of time t__, after which he
makes a turn. From the theoretical foundations,
the time t , necessary to perform a right turn,
comprising acceleration to speed of a traffic
flow moving in the forward direction, is
determined using methods of automotive
engineering» [6].

In order to ensure a reserve of response
time, drivers, as a rule, overestimate time
somewhat, and make decisions about the
beginning of a maneuver, subject to:
tmar > ttt'

According to the researchers, «the degree
of resoluteness of a driver when making a
decision can be determined by the following
coefficient» [8]:

Kres = ttt/ tacttr’ (2)
where 7 is actual time redundancy that
determines the degree of resoluteness when
making a decision, during which a driver must
decide on a maneuver.

The change in the coefficient that evaluates
resoluteness of drivers can be included in the
following range:
0<K, <1 3)

«The probability distribution of K needs
to be obtained experimentally by known
methods, for example, by means of photo and
video recording of a traffic flow that passes
through the intersection under consideration
with further statistical processing» [8].

When cars move through an unregulated
intersection in the forward direction, a driver
must make a decision taking into account time
margin:

tmarr = min(tmar; ttt) £ (4)
when making a left turn:
tmarl = min(tmar; ttt; ttr) : (5)

Please note that driver’s resoluteness
depends on the type of maneuver at the
intersection (turning left, right, or driving
straight). In this regard, decisive factors must
be calculated for each maneuver separately. The
distribution of the coefficient of determination
of drivers has the form shown in Pic. 2.

«The experimental data on a traffic flow
through an unregulated intersection largely
depend on parameters of a traffic flow, especially
on traffic intensity, the greater is intensity, the
more decisively drivers must act» [7].

This can be seen on the curve (Pic. 2)
that shows the shift of the distribution curve to
the right with increasing traffic intensity. The
change in traffic intensity also needs to be
analyzed using experimental data.

That is, in the process of modelling the
parameters of a traffic flow, it is necessary to take
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into account the behavioural factor of a driver,
which can be determined using the «coefficient of
resoluteness of drivers». It is a random variable
considering the probability distribution of its value
in combination with the probability distribution of
TF intensity function» [8].

Aggressive and timid drivers

Studies were carried out that determined
the dependencies of the risk level of congestion
formation, increasing with an increase in the
number of agressive drivers who keep close to
the vehicle in front and move as fast as possible
as compared to timid drivers who keep a great
distance and low speed» [10].

To study the behaviour of timid and
aggressive drivers Pic. 3 shows several pairs of
trajectories and dynamics of the corresponding
density of a traffic flow. They are calculated
based on the Edies model [11].

For n-cars located in the transport flow
inside area A4, the formula has the following
form:

30T I

i Z -{E
where k, g and v — density, intensity and speed
of the transport flow in the area A;

|A| — area A4;

T, D,— i-th time of movement of the vehicle
and the distance traveled within the area A.
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Pic. 3. The trajectory of cars, the dynamics of density flows:
a), b) — timid drivers; c), d) — aggressive drivers.

Each small circle in Pic. 3 corresponds to
the flow density within a certain area in the
space-time diagram. The unit in the pictures
indicates the first dimension, the remaining
dimensions are sequentially added and built
into the trajectory of motion [11]:

 timid drivers slowed down along the
equilibrium branch 1—5(a), and accelerated
along the «lower» branch 1—8(b), returning to
the initial state;

« aggressive drivers slowed down along the
«upper» branch 1—7(c), and accelerated along
the branch 1—3(d), returning to the equilibrium
state.

Soon after such a behaviour of drivers
manifests, leading to a nonequilibrium state of
the system, speed of vehicles quickly tends to
zero, which leads to traffic congestion.

Type of temperament and driver behaviour

«In turn, movement under the conditions
of traffic congestion leads to deterioration in
the functional condition of a driver due to a
temporary distortion of some of his mental and
psychological functions» [12].

Given the different types of temperament,
drivers behave differently in traffic congestion.
«Their functional condition is assessed by
analyzing the heart rate and determining the
activity index of regulatory systems (according
to the method of Professor R. M. Baevsky)» [13].
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Studies have found that traffic jams have
the greatest negative effect on choleric drivers
and sanguine drivers. Traffic congestion does
not have a significant effect on drivers of
other temperaments.

Experimental studies [ 14] made it possible
to determine an indicator that evaluates the
«nature of change in the response time of
drivers of different temperaments after
leaving a traffic congestion» [15]. The
behavior of 100 drivers of a large motor
transport enterprise of the city of Saratov
during their stay in a traffic jam was analyzed.
During the experiment, it was found that for
different groups of drivers, the indicator
evaluating the nature of the change in the
response time of drivers of different
temperaments after leaving a traffic jam is
different. It was found that it is different for
different groups of drivers. For example, the
response time of a choleric driver in the first
half of the section of the path between the
intersections is longer, and in the second
section it is less.

This indicates the emergence of hazardous
areas in the areas of the transport network
[14], where there is a high level of likelihood
of traffic jams and traffic accidents.

Brief conclusions. Thus, when optimizing
traffic conditions, it is necessary to take into
account the behavioral characteristics of
drivers and their temperament [16] in order
to improve traffic safety by considering risks
of congestion situations arising from the fault
of drivers.
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ABUALUMNOHHBIE TEXHOJIOINA
n MEXAUNCUUTNJIMHAPHOE OBYYHEHUE

JIto npuHsna yyactue B MexayHapoa-

HOI aBMAallMOHHOI KOHMepeHIUHU
YHuusepcutera XaHceo, KOTopast Obliia opra-
HU30BaHa B COTPYAHUYECTBE C MUHUCTEP-
CTBOM 3eMeJIbHBIX PECYPCOB, MH(PPACTPYKTY-
pbl 1 TpaHcniopta Pecnybnvku Kopest u BbI-
CTyNuWJia C OCHOBHBIM TOKJIAIOM.

OTMETUB OBICTPBIE TEXHOJIOTUYECKUE U3-
MEHEHMS B ABUALIMOHHON OTpaciiu, BKJIIOYast
BHEAPEHUE UCKYCCTBEHHOTO UHTEJUIEKTA,
JIPOHOB M TEXHOJIOTHI1 «OJIOKICITH» , TeHEpallb-
HBIIi ceKpeTapb MOTYEPKHYJIa HEOOXOIUMOCTD
aBUALIMOHHON MOATOTOBKHU, KOTOpasi Oymet
CIMOCOOCTBOBATh MOSIBJIEHUIO «<HOBOTO CMEJIO-
TO TIOKOJIEHUS CO CBEXWMU UACSIMU U SHTY-
3Ua3MOM».

«B TOM, UTO KacaeTcss aBUALIMOHHOM MO -
TOTOBKM, KpaiiHE BaXXHO, YTOOBI Mbl CMOTJIU
OMNPENENUTh T€ JaHHBIE, KOTOPbIE MO3BOJISAT
HaM OBICTPO MOJYYUTh ONTUMAJIBHBIE pellie-
HUSI B 00JIaCTM aBMAIIMOHHOM MONTOTOBKY,
YAOBJETBOPSIONINE pacTyue TpedboBa-
HUs», — 3asgBmia 1-p JIio. «OcHOBHAasI 3amada

r eHepasbHbIl cekpetapb MKAO n-p @an

COCTOUT B TOM, YTOOBI YUeOHbIC 3aBEACHUS
MOTJIM OOBENUHUTH Ha TIOCIEN0BATETbHOMN
" (PyHKIIMOHATHHOW OCHOBE TIOJIE3HYIO JUISI
TIPUHSATUS PellieHnt nH(opMaIuio u3 pas-
JIMYHBIX TUCHIUTUTH».

[enepanbHBIN cekpeTaph MOSICHWIA, YTO
MNKAO usBnexna ypoku B mipoiiecce pedop-
MUPOBAHUSI CBOUX MOAXOA0B K OOyYEHUIO,
OTMETHUB, YTO «KOHBEPTeHTHBIM MOIXOM»
MPUOOPEN KPUTUYECKU BasKHOE 3HAYCHUE [TST
TpaHchOpPMaIIMU CTPATeTUI U peIlIeHUI B 00-
JIACTU IMTOATOTOBKM. «3a IIPOIIEAIIIE TOIBI MBI
3aMETWIN, YTO, COOMPAsT U UCTIONB3YS ITNPO-
KU CIIEKTP MaTepuaioB U3 Pa3TUIHBIX WC-
TOYHUKOB, Mbl MOXEM HAWITY4YIIIUM 00pa3om
JIOCTUYb LieJIel 00yYeHMsl, KOTOPbIE 1eIMCTBU-
TEJIbHO OYIIyT COOTBETCTBOBATh MMOTPEOHOCTIM
OoTpacian», — OTMETHJIA OHa.

Ha ocnoBe marepnanos UKAO:
https://www.icao.int/Newsroom/Pages/RU/
Dynamic-aviation-technology-and-growth-
demands-tailored-and-multidisciplinary-
training.aspx @

DYNAMIC AVIATION TECHNOLOGY AND TAILORED
MULTIDISCIPLINARY TRAINING

in the aviation industry, including the
implementation of artificial intelligence,
drones, and block chain, ICAO Secretary
General Dr. Fang Liu stressed the need for
aviation training that will support «a bold new
generation with fresh ideas and enthusiasm».
She delivered this call through her keynote
addressed at Hanseo University’s International
Aviation Conference, which was organized in
cooperation with the Republic of Korea’s
Ministry of Land, Infrastructure and Transport.
«In the field of civil aviation training, it is
critical that we identify the appropriate
intelligence that will allow us to rapidly provide
optimal aviation training solutions that meet the
demands of growth», Dr. Liu declared. «The key

P ointingto the rapid technological changes
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is to integrate the decision-useful information,
from multiple disciplines, into training
organizationsin a coherent and functional way».

The Secretary General explained that ICAO
had learned from the reform of its own training,
noting that the «convergent approach» had
become critical to the evolution of training
strategies and solutions. «<We have noted over the
years that by collecting and leveraging a wide
range of inputs, from a variety of sources, we can
best realize training outcomes which truly meet
the needs of the industry», she said.

Compiled from ICAO news: https://www.
icao.int/Newsroom/Pages/Dynamic-aviation-
technology-and-growth-demands-tailored-and-
multidisciplinary-training.aspx ®

ABMALINOHHBIE TEXHONOMMU U MEXAUCLUMIMHapHOE O0y4YeHne
Dynamic Aviation Technology and Tailored Multidisciplinary Training
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Gopuc Slkobu — nzobpertaresib
anekTpoABuraresns.

XEJNNESHOAOPOXXHOE
OBPA30BAHME

U YNPABJIEHUE
NMEPCOHAJIOM

110 NET HA3SAJ, 301
|

e Ananrtaumsi MoOJs10AbIX
crneumnaancTos.

e ATTEecTauus v npemMmpoBaHne
COTPYAHVNKOB XeJ1€3HbIX 4OPOr
aCCEeCCMEHT CylLLIecTBOBal

v Toraa.

o OrbIT rocy4apCTBEHHO-
4aCcTHOro napTHEPCTBA:
XKeJIe3HOAOPOXHbIE YyYnInLLA
¢puHaHc1poBaso He 0aHO
JIMLLIL rOCyAapcTBO, HO U caMu
CryXKallme XeJie3HbIX OPOr.

o )Kesie3Hbie goporu

v Toraa 66U coUmasbHO
OTBETCTBEHHbIM
paboTonarenem: T0/1IbKO OHU
cornatlaanch rnpeaocTas/isTh
JIETHIOIO MPAaKTUKY CTyAEeHTaM.
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Boris S. Jacobi, the inventor of
the electric motor.

RAIL EDUCATION

AND HRM 110

YEARS AGO 305
|

e Adaptation and involvement of
young professionals.

e Certification and bonus plans
for the railway employees:
assessment existed a century
ago.

e EFarly PPP practices: railway
vocational schools were funded
by public authorities and by
railway employees.

e Railways have always

been socially responsible
employers: they were among
rare companies that agreed to
accept students for summer
internship.
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Hukonaii FPUTOPbEB

185 net Ha3aa, B 1834 roay mosioaow y4é-
HbIi Mopuy fepmar ¢oH Skobu cobpas B He-
mMeukoMm KéHurcbepre (HbIHE POCCUCKUI
KanvHuHrpan) nepBbiv peasibHo paboTaroLmii
anekTpoasuraresib. Hanbosnee BaxHbiM B 3TOM
n3o06peTeHn Obls10 OTKPLITUE NPpUHLMNa 6ec-
rpepbIBHOro BpaLLaTebHOro ABVXXeHMS.

Crarbsi NOCBSILLEHA XU3HEHHOMY MyTv Y Ha-
YYHBIM AOCTUXEHUSIM 3HAMEHUTOro y4EHOro,
M3BECTHOCTb K KOTOPOMY rocJse rnepeesaa
B Poccuio npuwnaa nog nmeHem bopuca
CeméHoBun4a Slkobu.

K ero 3acsnyram, B 4aCTHOCTU, OTHOCUTCS
paspaboTka meToaa rasibBaHOMN1acTyku, rnoJsio-
XKVBLLIErO Ha4aso LesI0My HarnpasIeHUIO Mpu-
KnagHoV S71eKTPoOXumMun. XapakTepHo, 4TO0
pe3ynbTarbl 3TOr0 NCCAEA0BaHVs Y4EHbIV OT-
pasaua B 006LLenOoCTYNHO WK, UCMOb3Ys CO-
BPEMEHHbIE TEPMUHbI, PA3MELLEHHOV B OTKPbI-
TOM A0CTYyre nyéavkauymm.

HayuHo-TexHunyeckoe TBOpYecTBO SKO6U
6b110 MHOroobpa3aHsiM. OH n306pEs1 HECKOJ1b-
KO BuAoB rpubopa A1 U3MEPEHUSI 3NIEKTPU-

KOJIECO NCTOPH

Bopuc CeméHoBunY 9koom

Ipuzopves Hukoaaii /[mumpueeuy — kanouoam mexruyeckux Hayk, Mockea, Poccus™.

4eCKOro CcornpoTUBIEHUS], HA3BAHHOIO0 UM
BO/IbTAroMeTpPoOM. 3Ha4YUTE/IbHbIE yCnexu
O6bl/IN AOCTUTHYThI B 061aCTU Tenerpapumv, um
OblsT CKOHCTPYMPOBAH TesierpagHbIv annapar
CUHXPOHHOI0 AeNCTBUSI C HEMOCPEACTBEHHOM
(6e3 paclumnppoBkm) MHAMKaLNEV B MPUEMHU-
ke nepenaBaemMbix OYkB v UNGD v Nepsbiii B
muipe bykBoneyaTtatoLmil TenerpagHbivi anna-
pat. OH pykoBOAW CTPOUTEILCTBOM MEPBbLIX
kabesnbHbix uHWYi B CaHkT-leTepbypre v
mexnay CaHkT-lleTepbyprom u Llapckum
Cesnom. 5lkobu pa3pabartbiBasi rajibBaHN4e-
ckue barapeu, MHOro paboTas Haz co3aaHnemMm
npoTmnBokopabesibHbIX MUH HOBOro Tuna, Obis1
UHNLMATOPOM (POPMUPOBAHUS raslbBaHnye-
CKUX KOMaHL B carnépHblX 4acTsX PYCCKOM
apmuun. o nHuLmatee v nog PyKkoBOACTBOM
Gopuica Skobu 6b110 MOI0XKEHO Ha4as10 BblIOO-
py B Poccum eanHuL uaMepeHunii, ycTtaHoOB/e-
HUIO METPUYECKON CUCTEMbI, pa3paboTke
9TaslOHOB MEP 1 BECOB.

MHoro4vcieHHble HayyHble AOCTUXEHUS
rnpuHecn 5Ikobw 3acs1y)XeHHOe Npu3HaHue.

KnioueBble cnoBa: Slkobu, MCTOpUsI TPAHCOPTA, 3JIeKTPOABUraTeslb, KOMMYTaTop, 3J1€KTPO-
MarHuTbl, rajibBaHWYE€CKNIA 3/IEMEHT, raJIbBaHOMN1acTuka, MexaHM4eCcKne reHeparopbl, MarHUToO-
BJ1IEKTPUYECKNI reHeparop, TenerpaHeiv annapar sikoou.

*NMHdbopmaumsa 06 aBTope:

Npuropbes Hukonain AMUTprneBuY — KaHONAAT TEXHNYECKMX HayK, Mockea, Poccus.
Crtatbs noctynuna B pegakumio 13.02.2019, npuHaTa k nyénukauum 22.05.2019.

For the English text of the article please see p. 293.
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€JIbIO TIPEJICTABISIEMOTO UCTOPUYE-
CKOTO OUepKa SIBJISIeTCST ONTMCaHKNe Ha
OCHOBE UICTOPUKO-PETPOCTIEKTUBHO-
IO ¥ HAyYHOTO aHaJIN3a KU3HEIeATeIbHOCTH
BUAHOro yuéHoro bopuca Axkobu, aBropa
TIePBOTO MTPAKTUICCKU IIPUTOTHOTO 3JICKTPO-
JBUTATEJIs.

PAHHUE rogbl

Bynyuuii ya€Hblil B 001aCTH 2JIEKTPOTEX-
HUKM, akageMuk Mmnepatopckoit CaHKT-
IletepOyprckoii akagemMmuun HaykK Mopuil
Tepman (¢ 1837 . bopuc CeméHnoBuu SIko6n)
bon Axodbu pomumncs 21 centsopsa 1801 .
B L. [Torcname (IepmaHust) B cocTOATENBHOMN
ceMbe JIMYHOTO OaHKMpa Kaiizepa (KOpOJsT)
IMpyccun @punpuxa Bunbrensma 111 [1-9].
HauanbHoe oOpa3zoBaHMe OH TOTYYUII ToMa
W B TUMHa3nu. B 19 jer roHOIIa mOCTYIUI
B bepnuHCcKUiT yHUBEPCUTET, a 3aTeM UYepes
roJI mepeBecs Ha PU3UKO-TEXHUIECKUN (ha-
KyJabTeT [€TTMHTEHCKOTO YHUBEPCUTETA.
C 1823 1. mocite OKOHYAHUS Kypca U TTOJTyde-
HUSI TUTITIOMa MHXXEHEepa-CTPOUTEIst padboTat
B CTpOUTENbHOM JenaprameHTe [Ipyccum,
TPOEKTUPYST KPYITHBIC 3MaHUST U PYKOBOJIS UX
Bo3BeaeHueM B [Torcname. UM Oblu paspa-
OOTaHBl MPOEKTHI OOJBIIOTO AJOPOKHOTO
MOCTa ¥ KaHaJjia JIsl pETyJTMPOBAHUS PEUHBIX
Boj1 B paiioHe . OpanueHOypr. B 1829 r. mocie
nipuHSTHS B «CO103 TTOOIIPEHUS TIPOMBITIUIEH -
Holt nesarenbHocTU B [Ipyccum» Axkobu npu-
CBOWJIY 3BaHUE apXUTEKTOpA.

SJIEKTPOABUIATEIN

B 1833 1. SIkoom mepeexan B Kénurcoepr
(upiHe KammHuHTpan) u yBiaEkcs: teopueit
U TIPAKTUKOM 2JIEKTPOMarHeTu3Ma, HOBOM
TOT/Ia OTPAC/bIO 3HAHUI, BKJIAJ B pa3BUTHE
KOTOPOI BHEC/IV MHOTYIE 3HAMEHUTHIE U, K CO-
JKaJICHWI0, MEHee M3BEeCTHhIe ceiiuac yueHble
1 1300peTarTesin, B Ynciie KOTOPBIX AJieccaHipo
Bousbra, [lomunuk @pancya XKan Aparo, AH-
npe-Mapu Ammep, Matikn @apaneit, [Turep
Bapnoy, Xanc Kpuctuan Bpcren, JIxozed
Tenpu, Yunesim CtépmkeH, AHbomn MimTeaH
HWemmx, Aunpeac poH baymrapraep, CanbBa-
tope Jdanb-Herpo, Unmonut [Nuken, Dmummia
Jlenu, Yunbsam Puuun. [MocnenHuii UMEHHO
B 1833 romy B cTaThe «ONBITHBIC KCCIICTOBAHMS
T10 3JIEKTPOMATrHETU3MY U MAaTHUTORJIEKTpUYIe-
CTBY» OTIMCaJI TPUOOP, B KOTOPOM €MY C TTIOMO-
IO HEMOJABUXHOTO MOJAKOBOOOPa3HOTO
MarHUTa YAaJIOCh MOJYYUTh BpallaTeIbHOe
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b. C. Slko6u (1801-1874).
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LIBRAIRIE DE PERDINAND RIEGEL

MpwxnsHeHHoe nagaxume Tpypa b. C. Slkoou.

JIBUXKEHVE BOKPYT BEPTUKATTLHOI OCH 2JIEKTPO-
MarHurta (3keJe3HOM MoJI0Chl, 0OBUTON TPOBO-
JIOKOW) TIpU TIepeMeHe TMoMocoB. Ikoou Tak
0TO3BaJICSI 00 OMTHOM M3 TIOAOOHBIX aTNapaToB:
«TaKoi mpudop OyneT He Oosbliie, YeM 3a0aB-
HOW UTPYIITKO /7151 000TalIeHUsT (PU3NIECKUX
KaOWHETOB, €ro HeJb3sl OylIeT NMPUMEHSITH B
OoJbLIOM MaclTabe ¢ KaKoW-HUOYAb 9KOHO-
MUYECKOUN BBITOION».

Axo6m B 1834 1. coOpat 371eKTPOIBUTATETh
(MarHUTHBIN amnmapar) OpUTMHAIBHOM KOH-
CTPYKIIMU C HETIPEPHIBHBIM BpallleHUEM BaJia
yacToToii 80—120 000pOTOB B MUHYTY 1 MOIII-
HOCTBIO 15 BT. DTO MMeno MpuHIMITHAIBHOE
3HAYEHMeE, TaK KaK JUIsi KOHCTPYKIINU PacTIpo-
CTPaHEHHBIX B TO BPEMSI TAPOBBIX U AJIEKTPU-
YECKUX YCTAHOBOK TMPUBBIYHON ObLIa cxema
BO3BPAaTHO-TOCTYNATEJbHOTO IBUXEHUS
TOPIIHS WM KavyaTeIbHbIX KOJIeOaHWH T0-
JBUXKHOM paboueii yactu. B To Bpemst uzoope-
TaTeJIN TIpeTarajiv UCIIOIb30BaTh IBUTATEb
IIJIST TIpUBECHUST B JIBUKEHUE BECEN, YTOObI
3aMEHUTH TPeOIIOB MU CO3/1aTh NIEPEIBUTAIO-



lMepBbiii B MUpe peasnibHO AeiCTBYIOWNA
anektpogsurarens Sikobu [12; https://www.eti. kit.
edu/english/1376.php].

LIUIACS MEXaHU3M, TTOIPAXKAIOIINIA JBUXKEHUIO
HOT JIOIIA/IN.

O CBOEM 2JIeKTPOABUTATENIE OH BIEPBHIE
coobum B 1834 1. B Tpynax [Mapuxckoit Aka-
JIEMUM HayK B «3aMeTKe O MarHUTHOM MaIlivHe,
B KOTOPOI MarHEeTU3M UCTIONB3YeTCs KaK ABU-
rarejibHast CUJia», a TOJpPOOHOE OTTMCAHUE IO
Ha3BaHUeM «MeMyap 0 TpUMEHEHUH JIEKTPO-
MarHUTHOM CUJIBI K IBVKEHUIO MAIIIH» HaTIe-
yatan B [lorcname u B Tpyaax poCcCUKCKON
HMmnepaTopckoii akaneMuu Hayk.

Ero snexrpoasurarenb, OCHOBAaHHBIN Ha
MIPUHILIUIIE TTPUTSIKEHUST U OTTAIKUBAHUS
MeXIy KoMIuieKTamu [1-00pa3HbIX 271eKTpo-
MarHuToB, paboTaj oT GaTapeu 69 TaybBaHK-
YECKUX 3JIEMEHTOB aHTJIMICKOTO YYEHOTO
V. P. [poBe 1 cOCTOSLT U3 ABYX FPYMIT SJIEKTPO-
MarHuTOB TI0 § CTEpXHEI MSATKOTO Xeye3a
JTAHOM 110 7 mroiiMoB (177,8 MM) 1 TONIIIMHOM
1 mroiim (25,4 MM), ooMoTaHHBIX 320 pyTamm
(96 M) MeTHOW TTPOBOJIOKU TUAMETPOM B OJTHY
yeTBEPTYIO HUM (3,17 MM) U pacIonoXeH-
HBIX Ha ABYX IKMCKax (OIHA rpyrmrma Obuia He-
MOJABUXHOM, 3aKPEIUIEHHON HA paMe, Apyras
Bpalajach BOKPYT OCH) TIOJI TIPSIMBIM yTJIOM
Y CUMMETPUYHO OIHA 110 OTHOIIEHUIO K IPY-
TOli TAKUM 00pa3oM, 4TOOBI TIOJIIOCHI TTPUXO-
JIWJTUCH OIMH TIPOTUB Apyroro. OOMOTKY He-
TTOIBUXHBIX 3JIEKTPOMATHUTOB OBLITN COEIM-
HEHBI TIOCTE0BaTeIbHO. TOK B HUX UMEN
OITHO U TOXe HarpasieHue. s monepeMeH-
HOTO M3MEHEHMUSI TTOJISIPHOCTU TTOABOUMOTO
TOKA TMOABUKHBIX JIEKTPOMATHUTOB CITYXKWIT
MPUAYMAHHBI UM KOMMYTaTOp, TPUHIIUAT
YCTPOICTBA KOTOPOTO MCTOb3YeTCs 10 Ha-

® MUP TPAHCMOPTA, Tom 17, N2 4, C. 284-300 (2019)

Npuropbes H. 1. Bopuc CeméHoBUY k00U

CTOSILETO BPEMEHU B KOJIJIEKTOPE TATOBBIX
aJiekTpoaBurateneit Ha tpancmopre [10; 11
u ap.]. KommyTaTop COCTOST U3 YETBIPEX
METaJUIMYECKUX KOJIEL, YCTAHOBJICHHBIX Ha
Bajly U U30JUPOBAHHBIX OT Hero. Kaxmoe
KOJIBLIO C YETBIPbMS BBIpE3aMU MO OJHOU
BOCBMOW YaCTU OKPY>KHOCTH, 3aTTOJITHEHHBIMU
U30JUPYIOLIUMU BKJIAAKAMU, ObUIO CMEILIEHO
Ha 45 TpamycoB M0 OTHOIICHUIO K TIPEIbITY-
wemy. [To poBHOU M OTMOJMPOBAHHON TO-
BEPXHOCTU OKPYXXHOCTHU KOJIbLIA CKOJIb3UJ
phIuar, MpeACTaBIISTIONINI co00i cCBOeoOpas-
HYI0 LIETKY, BTOPOI KOHEL] KOTOPOTO ObLIT
MOTPYXEH B COCYIl C PTYThIO, COEAMHEHHBIN
MPOBOTHUKAMU C TaTbBAHUUYECKOI OaTapeeii.
K oO6MoTKaM 371eKTpOMarHuToB Bpallarolie-
rocsi IUCKa, COEAMHEHHBIX ITOCIEI0BATENBHO,
OTXOIWJIU OT KOJIELI TPOBOJHUKU, YKPETUIEH-
HbIE Ha BaJTy asiekTpoasuraressi. C moMoIIbo
KOMMYTaTopa 3a OAuH 000pOT Baja BOCEMb
pa3 U3MEHSIUCH B MOJBUXKHBIX JIEKTpOMAr-
HUTAaX HampaBJeHUs TOKAa U MOJSIPHOCTD,
¥ OHU MOOYEPETHO NPUTATUBAIUCH U OTTAJI-
KUBAJTUCh JIEKTPOMArHUTaMU HETIOIBUXKHO-
ro auckKa. DTO 3acTaBiIsIO BPAIIAThCs TO-
NIBVDKHOUM OUCK W COSAMHEHHBIN C HUM Ball
aJieKTpoaBuUraTessi. B cBoém anekTponBura-
TeJjie u300peTaTesib BIEPBbIE TPUMEHWIT TPU
WUIIEU: BpallaTeIbHOE IBUXXEHUE Baja; KOM-
MyTaTop C TPYIIUMUCST KOHTaKTaMu, 0e3 KO-
TOPOTO HEBO3MOXHO O0ECTIEUNTh BpAIllaTeTb-
HOE JBUXEHUE MOJBUXHON 0OMOTKHU; UC-
MOJIb30BaHUE JIEKTPOMArHUTOB, KOTOPBIE IO
CPaBHEHUIO C MOCTOSTHHBIMUA MAaTHUTAMU JAI0T
OOJIBLIYIO CUITY IPUTSKEHUS U TIPU COTPSICE-
HUSX U yaapax He pa3MarHuuuBaorcs. Jlei-
CTBYIOIIASl MOZEJb €ro 3JIEKTPOIBUTATENS
B HacTosilee BpeMst HaxoauTcs B [lomurex-
Hu4yeckoM My3ee . Mocksbl. [1o pekomeHa-
mu Kaiizepa @puapuxa Bunbrenbpma 111 3a
co3maHue 3yeKkTponBurarenst KEHurcoepr-
CKMIi YHUBEPCUTET NPUCBOMII €MY CTETEHb
nokropa dunocodun.

Kaxk ykassiBator ncciemoBatenu, Axoou
«0e3 COMHEHUSI TIEPBBIM CO3/1aJI MPAKTUUECKN
NPUMEHUMBIN BPAIAIOIINNCS 3JIEKTPOABU-
raresib» | 12], mpr 9TOM OH OJTHO3HAYHO yKa3all
B TTaMSITHOM 3ammcke B 1835 romy, uTo oH He
SIBJISIETCS €IMHCTBEHHBIM M300peTarenem
3JIEKTPOMAarHUTHOTO MOTOpa KakK TaKOBOTO,
CChUIAJICSI HA MPUOPUTET U300peTeHuit [Ixxy-
3erme Jlomennko borro n CansBarope dainb-
Herpo [12].



Mo4ToBbii KOHBepT C u306pa)KeHueM aneKkTpoasurarensa Slkobu n3 konnekuunmn MonnrexHnyeckoro My3es.

T1epBolii anexkTpoaBUraTe b SIKOOU MocTa-
BWJI MUPOBOIA PEKOPJI TOTO BpEMEHU 10 CBOMM
XapaKTepUCTUKAaM, KOTOPbI YIePKUBAJICSI UM
1o 1838 roga, korga cam ke SIkoOu yaydimn
ero. Tonbko B 1839—40 rr. apyrue uzobpeta-
TEJIM CMOTJIM TOCTUYb TaKMX XK€ XapaKTepu-
CTHK, a YJIYYIIUTh UX CMOLJIM TOJIbKO ITO3IHEE
[13].

B 1835 1. Slko6u nepeexan B lepnt (HbIHE
Tapty, DctoHust), cran paboTtaTh npodecco-
POM IpaXKIaHCKOM apXUTEKTYPhl B YHUBEPCH -
TEeTe.

B 1837 1. oH aJ1s1 CBOET0O 3/1€KTPOABUTATENS
YCOBEPIICHCTBOBAJI TaJIbBAHUYECKMIA 2JIEMEHT
aHnmiickoro nzooperaresns Ix. @. Januens,
KOTOPLIiA B 1836 I. MOMECTIIT MEIHBINA DJIEKT-
poI B pacTBOP MEIHOTO Kyropoca (cyibdar
Me/I1), KOTOPbIi He B3aMMOJCICTBYET C Me-
Ib10. AKoOU ObLIO MPEATOXKEHO Y IMHKOBOIO
3JICKTPOJA MPUMEHSTh B Ka4eCTBE DJICKTPO-
JINTa HEe paCTBOP CEPHOI KMCIIOThI, @ pACTBOP
cyibdaTa 1IMHKA, KOTOPbI HE B3aMMOJIEii-
CTBYET C IMHKOM. JIepeBSIHHBIN SIIMK Tajlb-
BaHUYecKoro ajeMeHTa JJaHnuens—Axkoou,
TYMMMPOBaHHBIM achaJbTOBBIM LIEMEHTOM,
ObLI pa3jiesi€H Ha JBe OAMHAKOBbIE YacTU
TMOPUCTOM MEPErOPOIKOI U3 CJ1a00 000K KEH-
HOU TJIMHBI. B 0gHOM OTIE/lIeHUuM cocyna
MEIHBIN 3JIEKTPOJ HAXOAUJICSI B pacTBOpE
MEIHOTO KyIIOpoca, B IPYIOM LIMHKOBBIA —
B pacTBope cyJibdara ruHKa. [1pu 3aMbIkaHUN
3JICKTPUYECKOI LIEMH TOK IIEN OT IIMHKOBOI'O
3JIEKTpoJa K MeaHOMY asiekTpoy. [1pu atom
raJibBAaHU4YECKUIA DJIEMEHT JaBajl HE YMEHb-
Hafoieecst, a CTabMJIbHOE MOCTOSIHHOE Ha-
MPsDKEHKUE MIOYTU OIMH BOJIBT, U, B TO BPeMs,
Takasl CXeMa Hallljla IIMPOKOe TIpUMEHEeHUe
Ha MpakTUKe.
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B 1837 1. SIkoOu npuHSI pyccKoe MoaaaH-
cTBO, UMs U oTyecTBO bopuc CeMEéHOBUY
u niepeexan B Cankt-IleTepOypr 1151 paboThl
B «Komuccum m1st Ipon3BOACTBA OITBITOB
OTHOCHUTEJTLHO ITPUCTIOCOOICHMS 3JIEKTpOMar-
HUTHOM CUJIBI K IBMKEHHMIO MAaIllMH IO CITO-
co0y npodeccopa SAkobu», cozgaHHON 1O
XO/IaTaliCTBY MUHUCTPA IMTPOCBEIIEHUS U ITpe-
sugeHTa Poccuiickoit AH C. C. YBaposa.

HOBbI MOTOP, SJIEKTPU4YECKUA
BOT U BYAYLLUUA TPAMBAN

B 1838 . cocTostmoch ceMruacoBoe I1aBa-
HUE pacCTOSHUEM 14 KM IIPOTUB TCUCHUSI
" cujibHOTO BeTpa nmo HeBe m Ha KaHanax
Cankr-IleTepOypra cymHa ¢ 14 maccaxkupamu,
rpebHbIe KOJIEca KOTOPOTO BIIEPBbIE MPUBOI-
JIMCh B IBVMKEHUE ITOCPEICTBOM «MarHETH3Max»
coszmanHoro fkoou B cteHax Cankr-Ilerep-
OyprcKoro YHUBEpPCUTETa CYIOBOTO 3JIEKTPO-
JIBUTATEJIsI HOBOM KOHCTPYKIIUM MOIITHOCTBIO
0,75 n.c. (552 Bt). OH mpeacTaBisuI co0oit
koMOmHanmio 40 HEOONBIINX JICKTPOIBUTA-
TeJieit, KOHCTPYKTUBHO OObeAMHEHHBIX B OIUH
arperar 1o 20 IITYK Ha IBYX BaJlax BBICOTOM
1,2 M, YCTaHOBIIEHHBIX BEepTUKAJIBHO B Aepe-
BIHHOI cTaHWHE muHOU 0,9 M M IIMPUHOMN
0,77 m. BparieHue BepTUKaJIbHBIX OCEil C T10-
MOIIIbIO KOHMYECKUX IIIeCTePEH TIepeIaBaioch
Ha TOPU30HTAJIEHYIO OCh, Ha KOTOPOI KpeT-
JIMCh rpeOHble Kojigca. g mUTaHus: TOKOM
0OMOTOK 3JIEKTPOMAarHUTOB Ha CyIHE, Ha3BaH-
HOM 3JIEKTPUYECKUM OOTOM, OBUTA YCTAaHOBJIE-
HbI 320 TaTbBAaHMYECKIX 3JIEMEHTOB. M3MeHe-
HHE HaIlpaBJIeHUS TOKa B 0OMOTKAaX ITOIBIIK-
HBIX 3JICKTPOMAarHUTOB OCYIIECTBISIOCH
KOMMYTaTOpaMU, aHAJIOTUIHBIMU 110 KOH-
CTPYKIIMU TIEpBOMY 3JIeKTpoaBUTaTeNIO [ 14].



B npyrom BapuaHTe 2J1eKTPOIBUTATEIb MOT
KaTaTh MO pejbcaM 4YeJoBeKa B TeJIeXKe
U SIBUJICS TIOCJIe pabOT PycCKOTO M300peTaTe-
1 @. A. TTupotkoro [15] mpoobpazomM coBpe-
MEHHOTO TpaMBasl M 2JIEKTPOITOe3/1a.

OMNBITH TIEPBBIX TIPUMEHEHUI 3JIEKTPO-
MarHeTu3Ma K MepenBUKEHUI0 B OOJIBIINX
pa3Mepax Ha 3JIEKTPOITPUBOIHOM CYIIHE TIPO-
Josskauch 1o 1840 1, Toka OHU He TIPUBEIN
Y4EHOTO K BBIBOJY, YTO pellleHKe BOIpoca
O IIIMPOKOM ITPUMEHEHUHM JIEKTPOABUTATES
3aBUCUT OT CO3aHus 0ojiee EMKOTO, HalEX-
HOTO, 5KOHOMUYHOTO 1 yI0OHOTO UCTOYHUKA
TOKa, YeM rajibBaHnuyeckue 6arapeu. B nanb-
HeIIeM 1ocjie Co31aHusT MeXaHUIEeCKUX Te-
HepaTOpPOB 2JIEKTPOJIBUTATENIA TTOCTOSTHHOTO
TOKa CTaJIv UCIIOTb30BaThCS B PETYIUPYEMOM
3JIEKTPOTIPUBO/IE, B KPAHOBBIX U TTOIBEMHBIX
yCTaHOBKaX, B KAUeCTBE ITyCKOBBIX y IBUTATE-
JIeii BHYTPEHHETO CTOpaHMWs U TSATOBBIX
(Ha KeJIe3HOJOPOKHOM M MOPCKOM TpaHC-
rmopre, B METPO, TpaMBasiX, TpoJjuieiidoycax,
MOJBOAHBIX JIOAKAX, Ha 3JIeKTpoKapax). OHu
001a1a10T OOJIBILION MTeperpy304HoOit crocoo-
HOCTBIO, MOTYT O0ECITeUUTh IJIABHOE U 3KO-
HOMMYHOE PeryJIMpOBaHME YacTOThI Bpalle-
HUSI Bajia OT JAECSITKOB 10 HECKOJIbKUX THICSY
000pOTOB B MUHYTY, UMEIOT BBICOKOE 3HAYE-
HME MYCKOBOTO BpAIllalOIIero MOMEHTa Tpu
OTHOCHUTEJIbHO HEOOJTBITION KPaTHOCTH ITYCKO-
Boro Toka [16, 17 u ap.].

FAJIbBAHOMJIACTUKA

SIKo6u U3ydas 1 yCOBepIIIEHCTBOBAI Tajlb-
BaHWYECKHE 3JICMEHTBI, IPUMEHSIOIIIAECS [UTST
MuTaHus snekTponsuraresst. B 1836 ., padoTas
C DNIEKTPOIaMH, OH 00paTIII BHIMaHWE Ha TO,
9TO HA OTPUIIATEITHHOM JJIEKTPOJIE U3-3a DJIEK-
TPOJIN3a, 3aKOHBI KOTOPOTO OBUIM OTKPBITHI
B 1833—1834 romax aHTIUNCKUM YYEHBIM
M. ®apazeeM, oceaetT TOHKUM POBHBIM CJIO-
€M MeIlb, KOTOPYIO 3aTeM MOKHO OBLTO TIeITH -
KOM OTOpBath OT anekTpona. Mopma moBepx-
HOCTH MEJTHOTO JINCTOYKA MOJTHOCTHIO 1 B TOU-
HOCTH 3¢pKaTbHO BOCTIPOM3BOJIMIIA BCE HEPOB-
HOCTU M OCOOEHHOCTH MOBEPXHOCTHU
anekTpona. OH MPUMEHWIT B KAYeCTBE OTPHULIA-
TEJTLHOTO 3JIEKTPO/Ia TPABUPOBAHHYIO HOIIIEY -
KY OT CBO€i1 BUBUTHOM KAPTOUKH U YBUIEJ, UTO
OTOPBAaHHBIIM OT BJIEKTPOIA JTUCTOUYEK TPe/-
CTaBJIsIET COOOW HETaTUBHBIN OTMEYaTOK JIO-
MEYKU C HAATUCHIO. 3aTeM CO3HATEITbHO
M OYEHb YIAaUHO €MY YIAJIOCh CHSITh KOTIUIO C
MOHETBI, KOTOPYIO Cpa3y YHUUTOXUI, YTOOBI
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He MmocYuTau (paybIIMBOMOHETYMKOM. Mc-
cJleioBaTeIb Ha3BaJl 3TOT IMPUEM ralbBaHOTLIA-
CTUKOM 1 CTaJl IpoTiaraHIMpoBaTh €To PacIpo-
cTpaHEeHUE W MPUMEHEHWE Ha TPAaKTHUKE.
B 1838 . Oblna npeacrasiaeHa B MimmnepaTop-
ckyto CaHkT-ITeTepOyprckyio akaaeMuIo HaykK
JOKJTaTHAasT 3a1cka 00 OTKPBITUM UM TaJlbBa-
HOITJIACTUKH, KOTOPAsI IIO3BOJISIET C TIOMOIIIBIO
rajbBaHu3Ma (3JIEKTPOJIN3a MEIHBIX PacTBO-
POB) TIOJTy9aTh MeIHbIe KOITUK U3IEJINIA C IT0-
BEPXHOCTHU TIpenMeToB. Poccuiickoe mpaBu-
TEJIbCTBO KYMWIO Y YIEHOTO MCI0 TalIbBaHO-
rutactuku 3a 25000 py6aeii cepedpom U rpe-
JIOKUJIO OTyOJIMKOBATh BCE IMOJYUYEHHBIC
CBEJCHUS B OTKPBITOM I€YaTH, YTOOBI OHU
crayim nocTyrHbI BeceM. B 1840 1. Obu1a ory6sm-
KoBaHa pabota bopuca Ako6u «[aneBaHoMIA-
CTUKa WU crnocob Mo JaHHBIM oOpasiam
MIPOU3BOIUTH MEIHBIC M3IEIIHS M3 MEIHBIX
PacTBOPOB ITOMOIIIBIO TaTbBaHN3Ma», BHAYAJIe
B «KypHane MaHybaktyp 1 Toprosiu» (1840 .,
Ne 4), a moTOM M3/1aHa OTIETbHON KHUTOM.
DTO OBLIO OOCTOSTENIBHOE MPAKTUYECKOE
PYKOBOJICTBO, CHaOXEHHOE YepTeXaMu
U OTIMCaHUEM. DJIEKTPOJIUTUIECKOE OCaXkIe-
HME METaJIJIOB Cpa3y e HAILIO ITPAaKTUIECKOoe
MpUMeHEHUe B TosMrpadum, TKaHereyaTa-
HUU, MeaJIbepHOM Jiesie U T.J1. OHO SBUJIOCH
B JaJbHEUIIIEM OCHOBOUW CO3MaHUSI METOIIOB
HaHECeHMsT Ha TTOBEPXHOCTh MpeaMeTa U3
MeTajlia, IN3JIEKTPpUKa, TUTICa, BOCKA TOHKUX
TMOKPBITHIL BOCCTAHOBJIEHHOTO MeTajlia (Me-
I, cepedpa, 30J10Ta, IMHKA, XKeJie3a, HUKeJIs,
XpoMa) C 3alIUTHOM 1IeJIbI0 OT HETOTOIbI
W IPYTUX IIPUYNH — TajbBaHOCTeTHH. B cepe-
nuHe XIX Beka B Poccum u 3a rpaHuuei
BO3HMKIIM KPYITHBIC TaIbBAHOTEXHUYCCKHE
TIPOMBIIIUICHHBIE TIPSANIPUITUSI, HA MHOTHUX
3aBOJIaX ObUIM CO3aHbl FaJlbBAHUYECKHE Ma-
CTEPCKHE, YTO TIOCTYKUIIO HaYaJIoM HaIlpaB-
JIeHUS TIpUKJIaAHON aekTpoxumuu. B Mo-
ckBe 1 B CaHKT-IleTepOypre ¢ mMOMOIIBIO
raJIbBAaHOIUIACTUKY TTO3/THEE OBIITN YKpaIIeHbI
MeJIbIO U 30JI0TOM KYTIOJia, CTaTyu U Gapesib-
ednr Xpama Xpucra Cracurens, Mcaakues-
cKoro cobopa, Dpmurtaxa, 3UMHEro ABOplia,
IleTpomnaBioBCKOTO cOOOpa, MPOU3BEACHBI
MeIHbIe KOTIMY ¢ (DOpM TSI TTIedaTaHuUs TOCY-
JApCTBEHHBIX OyMar 1 JIeHeT, TeorpauuecKnx
KapT, ITOYTOBBEIX MapOK, XyIZOXKECTBEHHBIX
TpaBIOp, Yero HeJb3sT ObUIO JOCTUTHYTH Tpa-
BUPOBKO# Kiniile. [aTbBaHOIIIaCTUKA ITOCTE -
MeHHo Obla BHeApeHa B TUnorpadckoe
1 MOHETHOE JIeJIO, a TaKXKe JUISI TPOU3BOICTBA
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XYIOKECTBEHHBIX U3ICIUN B MOIUTpadum
(remorpadust, rambBaHOTpadus ¥ TaIbBaHO-
akyctuka). B 1839 1. 3a uzobpereHue raibsa-
HOTUIAaCTUKU AKOOU yTBepAUIU B 3BAHUU
aIpIoOHKTA (MTOMOIIIHMKA TTpodeccopa) Mmre-
paTtopckoit CankT-IleTepOyprckoit akameMuu
HayK, B 1840 1. — HarpaauIu pecTUKHOM B TO
BpeMs JdeMuaoBCKON mpeMmueir B pazMmepe
25000 pyOmeii (meBsITOC MPUCYXKICHUE),
B 1842 1. — m30paau 3KCTpaoOpAMHAPHBIM
(CBepXIITaTHBIM ) aKATCMUKOM.

B 1859 . Bopuca CeméHoBMYA TPUBJICKITN
K U3YYCHUIO CTIIOCOO0B 00paOOTKM TIATHHEI
CITOCOOOM THIIPOIIEKTPOMETAILTYPTHH (31K~
TPOOCAXKICHUS ) ¥ 3JCKTPOTUTAICCKOTO CITO-
c00a ITPON3BOICTBA OECITOBHBIX MEIHBIX TPYO.

«MO0ABOAOHbIE ONbITbI»

Sxo6u B coctaBe « KomMuTeTa 0 MOABOIHBIX
ombiTax» ¢ 1839 1. pa3pabartbIBaj ISl pyCCKO-
ro ¢iaota ¥ apMUU TIPOTUBOKOpPaOETbHBIE
MOPCKME MMHBI HOBOTO THMMa (IJIaBydYne
SIKOPHBIE C BO3AYIIHON KaMepou B KOPIIyce,
raJlbBaHOYIAPHbBIC CAMOBOCIIJIAMEHSTIOIITECS
¥ C 3armajoM OT MHIYKIMOHHOM KaTyIIKH,
TPEACTaBIISIONIEN cO00M TTEPBYIO MCKPOBYIO
CHCTEMY 3aKUTaHMS BHICOKOTO HATIPSDKCHUS ).
3aHNMasICh YCOBEPIIIECHCTBOBAHMEM METOIOB
BJIEKTPUYECKOTO B3pbIBAHMS MUH, OH B 1842 I.
TIOCTPOMJT MATHUTORJIEKTPUIECKUI TeHepaTop
C PYYHBIM TIPUBOJIOM BpallleHMST 3y0JaTOM
nepenavyeii Baja KaTyIIKU SIKOPSI B TI0JIE TI0-
CTOSTHHBIX MarHUTOB, B KOTOPOI1 HABOIMJIACh
BJIEKTPONBIMKYIAs cuya. Ha Baiy mMmenoch
KOMMYTHPYIOIIIEe YCTPONCTBO B BHUIE IBYX
MOJNYHMJINHAPOB, TIPEICTABISIONIee CO00
MPOCTEUIININ ABYXIIJIACTUHYATHIN KOJIEKTOP.

® MWP TPAHCIOPTA, Tom 17, N2 4, C. 284-300 (2019)

Mpuropbes H. 1. Bopuc CeméHoBUY AKO0OMU

DTO OBUI TIEPBBLI MAarHUTOJIEKTPUIECKUI
TreHepaTop, IPUHSITHIN Ha BOOPYKCHUE Tajlb-
BaHUYECKMX KOMaH/I B caliépHbIX OaTalbOHAX
PYCCKO# apMHUHU, UCITOJIb30BABIINX €TI0 I
MUCTAaHIIMOHHOTO BOCIUIAMCHEHUSI JICKTPH -
YeCKMM TOKOM MUHHBIX 3amayioB. B 1847 r.
OBIJTA TIPOBEJICHBI UCITBITAHUS OOEBBIX MO -
BOIHBIX MUH MexXmy KpoHmragrom u OpaHu-
eHbaymoM (HbIHE T. JIoMoHOCOB B JIeHUHTpaI-
ckoii oonactu). [Tpu pa3oMKHYTOM SJIEKTPH-
YECKOM LETM, COCAUHSIOIEN raJlbBaHNYE-
CKyIo OaTapero ¢ MUHAMM, CBOM KOpabam
MIPOXOIMJIM Hald MUHAMH, HE MOIBEprasich
onacHocTu. [1py 3aMKHYTOI IIenu CyIHO,
poXoas HaJ MUHOM, 3aneBaio e€. CpadbaThi-
BaJI 3apsI U TIPOMCXOOWI B3phIB. Bo Bpems
KpwiMckoit (BocTOUHOI) BOMHB B 1853—
1856 rogax 1o mpemIoKeHHO UM CUCTEME
ObLT 3aMUHNPOBaH KpoHITanckuii peitn, 4To
HE TTO3BOJIMJIO aHTJIMMCKUM ¥ (DpaHITy3CKUM
BOCHHBIM KOpaOJIsIM MOIONTH K MOPCKOM
6aze u mopty u npoiitu B Cankr-ITeTepOypr.

CPEAOCTBA CBY3U1

Axo6u mocne cmeptu B 1837 . cozmarens
ayieKTpoMarauTHoro tenerpada I1. JI. [lnn-
ymHra [ 18] B 1841—1843 romax 3aHsijics co3aa-
HUEM MOA3eMHbBIX U MOABOMHBIX Kabeei
CBsI3M, pa3pabOTKOI TEXHOJIOTUU UX IPOU3-
BOJICTBA 1 ITOI00POM 3JIEKTPOU30ISILIMOHHBIX
MatepuanioB. ITo3nHee 3TO OBLIO MCIONB30-
BaHO IpPM OCYILECTBIEHUU TeaerpadHou
cBs13u u3 EBpornibl B AMepuKky. OH pyKOBOIMIT
MPOKJIANKOM MePBBIX TeJieTpadHBIX Kadellb-
HBIX JIUHUA MeXaAy 3MMHUM IBOPLIOM
B Cankr-IletepOypre u nBopuiom B Llapckom
cene (abiHE T. [TymkuH, crrytHUK CaHKT-I1e-




TepOypra), ¢ [l1aBHbIM 11Ta00M U ¢ [N1aBHBIM
yrpaBlieHUeM IyTeil coobuieHus. Bnepsbie
co31ajql METOAUKY M1 KOHTPOJBHBIX U 9KC-
TJTyaTallMOHHBIX MCTIBITAHUH TS TIOIepKa-
Hus TeserpadHbIX JUHUIA B paboyeM COCTOSI -
Huu. bopuc AKodu U300pEn TakKe «KOHTP-
OaTapeto» i TejaerpadupoBaHus MO IMI0XO
MU30JIMPOBAHHBIM MTPOBOJAM U pa3paboTas At
apMMU MIEPEHOCHOU CTPEeIOYHbIN Tenerpad-
HBII amapat, KOTOPbIii ObLT TPUHST Ha BO-
OpyXeHue.

VY4€HbIM OBLIO CKOHCTPYUPOBAHO OKOJIO
10 TunoB TenerpadHBIX anmnapaTtoB, B TOM
yyrcye B 1839 1. mepBbIiA UYL OYKBEI, a HE
3HaKu a30yku Mopa3e, B 1845 . epBblii anrmna-
paT CUHXPOHHOI'O AEMCTBUS C HEmoCpe-
CTBEHHOI (6e3 pacunbpoBKU) UHAUKALIUEH
B MpUEMHUKE MepeaaBaeMbiX OYKB U LMD,
a B 1850 . — mepBbIii OyKBOIEYaTaOIIUIA Te-
sierpadHbiii annapaT. OCHOBHBIMU BJ/IEMEHTa-
MM €T0 2JIeKTPOABTOMATUYECKUX U TeleMeXa-
HUYECKUX YCTPOUCTB ObUTU 2JIEKTPOMATHUTHI
U 2JIEKTPOMarHuTHbIE pesie. B uucie cKoH-
CTPYMPOBAHHBIX UM YCTPOUCTB — 3JIEKTPOME-
XaHUYECKUIl PErrucTpaTop MMITYJILCOB B TH-
LIyIux Teaerpadax, ycTpoicTBa CUHXPOHU -
3UPOBAHHOTO BpallleHUS B CTPEJOYHOM
u OykBormeyararouieM tejaerpadax, pejaeiiHbie
YCTPOWCTBA 7151 aBTOMATUYECKOTO 3aMbIKAHUS
Lenu B TesierpadHbix annapatax. OCoOeHHO-
CThIO MUILYLIETO TejaerpadHoro amnmnapara
AKo06u ObLIO TO, UTO BMECTO MYJIBTUTIMKATO-
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pa B HEM HMCIIOJb30BAJICS JIEKTPOMATHUT
C MEIHBIM CTEpXXHEM, MPUBOAUBIINNA TIPU
TOMOIIM CUCTEMBI PbIYaroB B JIeiCTBUE Ka-
pangam. [lepenatyuk rnpeactaBisii co000
KJTI0Y, 3aMBIKAIOIIUI M Pa3MbIKAIOITN I 3JIEKT-
PUYECKYIO 1eTb. [1py MPUTSKEHUU U OTITY-
CKaHWU SIKOPSI CTePKEeHb C KapaHIaIlIoM Tie-
peMelaics BBEpX M BHM3, U KapaHalll Bbl-
YepurBal BOJIHUCTYIO TUHUIO Ha (hapdopoBoit
JIOCKE, KOTOpasi IBUTAIaCh B TOPU30OHTATTLHOM
HarpaBJeHUU MTePIIEHANKYJISIPHO KapaHaaliry
10 KapeTKe IoJI NeliCTBMEeM YacOBOTO MeXa-
Hu3Ma. JlomaHasi JIMHUS COOTBETCTBOBAJA
OnpeaesieHHOM a30yKe.

Ha nepenaronieit 1 npuéMHONU CTaHIMSIX
OykBoIIeyaraloniero TejaerpadgHoro arrapara
SAxobu nmoa AeficTBUEM IBUXKYLIUXCS DJIEKTPO-
MarHuTOB CUHXPOHHO BpalllaJIiCh yKa3aTellb-
Hble cTpesiki. OHM 3aHUMAJIU B KaXKIbIA MO-
MEHT OJIMHAKOBOE MOJIOXKeHUe Hal Liudepo.ia-
Tamu ¢ OykBamu. Ha oHOI ocH co CTpeskoid,
JKECTKO CBSI3aHHOE C Hell, HaXOIMUJIOCh TUTIOBOE
Kosieco ¢ OykBaMu. UTOOBI MepeaaTh Hy>KHYIO
OyKBY, Tejerpaduct npyu noMoinu mrudTa
yCTaHaBJIMBAJ CTPEJIKY HANIPOTHUB HYXHOMU
OyKBbl. OTHOBPEMEHHO Ha MTPUEMHOI CTAHLIMU
MPOTUB TOM K& OYKBHI yCTaHABJIMBAJIACh YKa-
3aresibHasi CTpeJiKa BMECTe C TUTIOBBIM KOJIe-
COM. DJIEKTPOMArHUThl CpabaThIBAIN 1 TIPU-
SKMMaJIU K TUTIOBOMY KOJIECY OyMakKHYIO JICHTY,
Ha KOTOPOI OTIEYaThIBATUChH HY>KHbBIE OYKBBI
ojlHa 3a Jpyroii. PazpaboTaHHbIN UM B 2JIeK-
TPOMarHUTHOM TeJierpade MPUHIIMIT CUHXPOH -
HO-CUH((}Aa3HOI CBSI3U, KOTJa CTPEJIKHU Tiepe-
JIAFOILIETO Y TIPUEMHOTO arrapaToB COBEPILIAIOT
PaBHOMEPHO-TIPEPHIBUCTOE 111aTr0OBOE JIBKE-
HUe, TIepeMenIasich C OMHAKOBOW CKOPOCTHIO
(CMHXPOHHO) U 3aHUMasl OJWHAKOBOE MPO-
CTPaHCTBEHHOE MOJIOXeHUe (CUHGbA3HO), UC-
noJib30Bau aApyrue uzooperareau (5. B. Cu-
meHc, 1. KO3 u gp.). Hemeukast aiekTpoTex-
Huveckas dupma «CumeHc u [anbcke» cpasy
K€ OpraHM30BaJia CepUilHOE MPOU3BOICTBO
C HEKOTOPBIMU M3MEHEHUSIMU €ro OyKBoOTIeya-
TaloUIUX TeserpadHbIX arrapaToB v BHeApUIa
nx B Poccun, AMepurke 1 eBporeiicKux cTpa-
Hax. DTOT NMPUHLIMUIT JIEKUT B OCHOBE COBpE-
MEHHBIX OYyKBOII€YaTaloUX MTPUOOPOB, TEX-
HUKU IUCTAaHIIMOHHOM Mepeaaydu v CAesIIero
anekTponpuBoaa. B 1854 . yu€Hnlit coznan
TesterpadHbIN aTrapar 15 CBSI3U Ha OOJTbIITNX
repexoax MeXKIy KaroToi KarMraHa v MallliH-
HBIM OTIIEJICHUEM.



MATFHUTHBIE CBOUCTBA XEJIE3A

B ToO BpeMms1 OTCYTCTBOBaIM JaHHBIE I10
MAarHUTHBIM CBOICTBaM XxeJjie3a. COBMECTHO
¢ akagemMukoMm Mmneparopckoit CaHKT-
ITeTepOyprckoii akagemuu Hayk D. X. JIeH-
1eM fAAxkoou B 1838—1844 rogax 3aHuMamics
HCCJIe0BaHMEM HaMarHMYMBaHMS XKejie3a,
MPUTSKEHUEM 2JIEKTPOMArHUTOB U IIPEJIJIO-
JKWJI METOJUKY UX pacy€Ta B JIEKTPUUYECKHUX
MallMHax (IpUMEeHsUIach 10 YCTAaHOBICHMS
B 1871 1. pycckum dpuszukom A. I. Ctonero-
BbIM [19] cBOIICTB HAMarHMYMBaHUS MSITKO-
ro xeinesa). Jlenuem u Jkodbu Obina ycra-
HOBJIEHA MIPOIOPLUOHAIBHOCTh ACHCTBUS
HaMarHU4YMBaHUsI XeJjie3a CUJIe JIeKTPpUYe -
CKOI'0 TOKa 1 YMCJy BUTKOB (110 COBPEMEH-
HOI TEPMUHOJIOTUM YKUCITY aMIIeP-BUTKOB).
OHM oKa3ajlu, YTO MAarHUTHBIA ITOTOK,
CO3/1aBaeMblii B XEJIE3HOM CTEPXHE 3JIeK-
TPOMAarHuTa, He 3aBUCUT OT JMaMeTpa BUT-
KOB U JuMaMeTpa CeYeHUs, ¥ MaTepuasa
IIPOBOJIOKH.

OBPATHAS SJIEKTPOABUMXYLLAA
U MATHUTOOBWXXYLUAYA CUNA
SAKoOM OTKpbLI MOSIBAEHUE 0O0paTHOM
BJIEKTPOABVIKYIIEH CUJIBI B OOMOTKE SIKOPSI
JIBUTATEJISI TIPU €€ BpallleHUH 1 OTyOJIMKOBaJ
nBe cratbu «O MPUHIUIIAX JIEKTPOMAarHuT-
HbIX MalIuH» (1840 ) 1 «O Teopuu 3J1EKTPO-
MarHuTHBIX MamuH» (1850 L), B KOTOPBIX
coJiepxkajics IepBbIil HAyYHbII aHAIM3 pAOOTHI
3JIEKTPOJBUTATEJISI MIOCTOSTHHOTO ToKa. [1pu
TEOPETUYECKOM aHaIM3e paOOThI 2JIEKTPOIBY -
ratejisi OH UCXOAWI U3 3aKkoHOB OMa, coxpa-
HEHUsI DHEPTUU, 3JIeKTPOMarHUTHOM MHITYK -
MM U M3 YCTAHOBJEHHBIX UM COBMECTHO
¢ JleHIeM 3aKOHOMEPHOCTEM JIJIsI 3JIEKTPO-
MarHuToB. bblu n3yueHbl HanboJiee BaXKHbIC
JUTSI XapaKTePUCTUK JIEKTPOIBUTATE]IS ITapa-
METpPbI: CKOPOCTb BpallleHUsI Bajia; BeJIUIMHA
JNEeUWCTBYIOIIMX 2JEKTPOMAarHMTHBIX CHII;
MOIIHOCTb; 9KOHOMUYECKU 3¢pdeKT (1Mo co-
BPEMEHHOI TEePMUHOJOTUU KOIDDULIMEHT
noJsie3Horo aeictBus). B mydaukanusx yue-
HOTO B TOYHOI MaTeMaTU4ecKoi popme 1mo-
Ka3aHo, YTO MeXaHM4YecKasi MOIIHOCTh Ha
BaJTy IBUTATEJISI MOXET OBIThH MOJTy4eHa TOJIb-
KO TTyTEM 3aTpaThl MPOMOPLIMOHATIBHOTO KO-
JIMYECTBA BJICKTPUIECKON SHEPTUM, a TaKXKe
BIIEpBbIe OblIa BbIBeIeHa (hopMyJia I Mar-
HUTOJBMXYILEW CUIBI M TIOJYYEeHO COOTHO-
IIEHKE TOKOB B TOPMO3HOM U paboveM peku-
Max.
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UW3MEPEHUE MATHUTHbIX BEJINYUH

bopuc Axod6u B 30-x rogax XIX Beka
(coBmecTHO ¢ JIeH1IeM) pa3paboTtan 6aaau-
CTMYECKUI METOJI 3JIEKTPOU3MEPEHHUSI Mar-
HUTHBIX BEJMYUH, IIPOBEJT CpaBHEHUE I0-
Ka3aHUi 3JIEKTPOMArHUTHBIX U DJIEKTPOXM -
MUUYECKUX rajbBaHoMeTpoB. B 1839 . um
OblLIa IIpoBelieHa IepBasi IMOMbITKA I'Pagyy-
poBku raabBaHomerpa. B 40—50 romax
XIX Beka oH co3maj pTyTHBII BOJbTaroMeTp
(mpubop 1T U3MEPEeHUS JIEKTPUIECKOTO
COMPOTUBJICHUSI) U HECKOJBKO KOHCTPYK-
LM rajbBaHOMETpOB. [Ipennoxus usme-
pSTh CHJIYy TOKa IO KOJMYECTBY cepebpa,
BBIIEJICHHOTO M3 PacTBOpa CEPHOKHUCIOTO
cepebpa (B 1893 r. Ha MexnyHapoaHOM
3JIEKTPOTEXHUYECKOM KoHTpecce B [1apuke
B OCHOBY IIPUHSITUSI COOTBETCTBYIOIICH €11~
HULIBI U3MEPEHUsI ObLI ITOJI0XEH 3TOT IIPUH-
LI1IT), pa3paboTaJl 1Jis1 peryJIMpOBaHMS CUIIbI
TOKA B 3JICKTPUYECKOM 1LIeTIU IepBbie KOH-
CTPYKIUMK MPOBOJOYHBIX M KMIKOCTHBIX
peoCTaToB, PEOXOPIOB, MAara3uHOB COIIPO-
TUBJIEHUI U APYTUX NOLOOHBIX YCTPOMCTB.
Cos3maHHblii UM B 1846 I. IPOBOJIOYHBIM
MEIHBIA 3TaJIOH COIMPOTUBJICHUS TOJYYMIT
pacnpocTpaHeHue B Poccum M B pasHbIX
crpaHax EBponbl. B TeueHue psiga et aToT
3TaJIOH MIPUMEHSUICS B JIEKTPOTEXHUYECKUX
J1abopaTopUsIX, YTO CIIOCOOCTBOBAJIO pa3pa-
0OTKe Mep ISl BOCIIPOU3BEACHUS (hU3UIe-
CKOIi BeJIMYMHBI 3aJaHHOTO pa3Mepa.

OBPA30BATEJIbHbIE MPOrPAMMbI

B 40-x ropax XIX Beka SIkobu mist co-
3JaHHOM yueOHOI rabBaHUYECKOM KOMaH-
IIbl pa3paboTaj MporpaMMbl U TPOBEN Tep-
BbI€ KYPChI TEOPETUUYECKUX U MPAKTUUECKUX
3aHSATUI B HEll TTO TIPUKIJIATHOMN 371eKTPOTEX-
HUKe. YueOHas rajbBaHMYecKass KoMaHaa
MoJA ero pyKoBOICTBOM B TeueHue 15 jer
rOTOBUJIA KaApPhl TEPBbIX TAJIbBAHEPOB B ca-
MEPHBIX YACTIX PYCCKOW apMUU U SIBUJIACh
OCHOBOM, Ha KOTOPOI BMOCJEICTBUU BbI-
pociia pycckas BbIclIasi BOGHHasl 3JeKTpO-
TeXHUYecKas 1IKoJa.

3ACJIYITU U OCTUXKEHUSA

B 1847 1. oH ObLT U30paH OpAMHAPHBIM
(wraTHbIM) akageMukoM MmmnepaTopckoit
Cankr-IletepOyprckoii akageMuu Hayk,
aB 1864 1. moJIy4mn1 TOTOMCTBEHHOE IBOPSTH-
CTBO M y4aCTBOBaJl B KOMUCCUW MUHUCTEP-
cTBa (PMHAHCOB MO pa3paboTKe CIocOoO0B




OIpeaeseHUs] KPeroCTU aJIKOTOJbHbBIX Ha-
nuTKoB. UM ObLI M300peTéH ammapar s
OTHEeJIEHUS Y U3BMEPEHUS TIOTHOCTH KUJKO-
CTU PA3IMYHOIO YIEJbHOIO Beca, KOTOPBIA
HalEn MpUMMEHEeHNe B KaueCTBE MPOBEPOY-
HOTO NMpubopa Ha BUHOKYPEHHBIX 3aBOIAX.

B 1867 1. Ha BcemupHoii BeicTaBke B [1a-
pwke bopuc CeménoBny SIko6u ObIT HATpaXK-
JIeH 30JI0TOW Menajblo U npemuein. OH
npenctasisiyi Poccuio B MeXIyHapOAHOU
KOMUCCHUHU JJIST BBIPAOOTKM OOIIMX €IMHUIL
Mep, BECOB U MOHET. B ToM ke rogy ero us-
Opanu nHoCcTpaHHBIM WieHoM KoposieBckoii
benbruiickoit AH, xoppecrionaentTom O6-
mectBa Hayk B Porrepname (HunepiaHnbr),
MOYETHBIM uieHOM [lonuTexHru4YecKoro 0o-
wectBa B Jlerinuure (Iepmanus), Koposes-
ckoit TypuHckoit akagemuu (Mranus),
BputaHckoro obuiectBa sl MOOLIPEHUS
nosie3HbIx uckycctB. C 1865 1., mocie cMmep-
™ JleH1a, eMy ObLJIO MOPYYEHO 3aBEI0BATh
usmueckm kabuHeToM CaHkT-IleTepOypr-
ckoit AH. B 1872 . B [lapuxe oH cHOBa
y4acTBOBaJI B KaueCTBE PYCCKOro jeserara
B pabote MexayHapoaHON# KOMMCCUM MO
BBIOOPY METPUYECKOI CUCTEMbI EAUHULL U3-
MEpeHUIt, OTCTanBas €€ MPEeUuMyIlecTBa, YTO
CMocoOCTBOBAJIO YCTAHOBJIEHUIO OTHOOOpa3-
HOW CUCTEMBI MEP U BECOB.

Bopuc Ceménosuy Sxo6u ymep 11 mapra
(27 despans o crapomy ctuiio) 1874 . ot
CepACYHOTo MPUCTYIIa B Bo3pacTe 72 JIeT, Mo-
xopoHeH B CaHkr-IleTepOypre Ha CMOJICH-
CKOM JIIOTEpaHCKOM Kjaabuiiie Ha BacuibeB-
CKOM OCTpOBE.

WM ObLIM U300pETEHBI TIEPBBII 2JIEKTPO-
JIBUTATEJIb C HEIMMOCPEACTBEHHBIM BpallleHUEM
Bajia, KOJJIEKTOPHO-IIIETOYHOE YCTPOMCTBO
SJIEKTPUYECKUX MAUIMH MOCTOSIHHOTO TOKA,
raJIbBAaHOIUTIACTUKA, CTPEJIOUYHBIN U 3J1€KTPO-
MarHUTHBIN 1 OyKBoIeyaTaloluii Teaerpad-
Hble annapaTbl. OH ObLT YJIEHOM MHOTUX Ha-
YYHBIX YUYPEXIEHUN U XIOPU KOHKYPCOB
U BBICTAaBOK, MPOBOJMJ 3KCHEPTU3Y U300pe-
TEHU, PEUEH3UPOBAJI CTATbU U Y4aCTBOBAJ
B HayYHO-OOIIECTBEHHON XU3HU CBOETO
BPEMEHU.

B 1889 . Pycckum TexHUUYECKUM O01Ie-
CTBOM OBILJI0 TOPXKECTBEHHO OTMeueHO S0-J1e-
THE CO THS U300pETEHUS TaIbBAHOIIIACTUKH,
MPUPABHEHHOU MO CBOEMY 3HAYEHUIO K OT-
KPBITUIO KHUTOTIEUYaTaHUsI, C OpraHu3aiuei
IO6uneitHoii BbICTaBKHU, HA KOTOPOIl IEMOH-
CTPUPOBATIMCh MAaTHUTORJIEKTpUYECKasT Ma-
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IIMHA JIUT B3pbIBa MUH, TeJeTrpadHbIii aria-
paT, raJlbBaHOIIACTUYECKUE M3IEHs, TOKY-
MEHTbI, pYKOIMMCHas aBToonorpadus u apy-
rUe MpeaIMeThl, OTHOCSILIMECS K AeSITeJIbHOCTH
YYEHOTO.
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ABSTRACT

185 years ago, in 1834 the first really
working and sufficiently powerful electric
motor was assembled by the young scientist,
Moritz Herman von Jacobi in Kénigsberg
(now Russian city of Kaliningrad).

The article is dedicated to the life and
scientific achievements of the scientist
who became known under the name of
Boris Jacobi after he moved to Russia and
took the Russian first name.

His merits, in particular, include
development of a method of electroplating,
that laid foundation for the entire field of
applied electrochemistry. It’s worth noting
that the scientist revealed the results of the
study in publicly available, or, in modern
terms, open access publication.

Jacobi worked in different fields. He
invented a series of devices to measure
electric resistance, called by him

Jacobi

Grigoriev, Nikolai D., Ph.D. (Eng.), Moscow, Russia*.

voltagometer (rheochord, or slide-wire). His
research activities were also successful in
the field of telegraphy, he invented
synchronously acting telegraph device with
direct (without further decoding) indication
of the letters and numbers at the receiver
and first ever letter-printing telegraph
device, he administered the project of
construction of first cable lines in St.
Petersburg and between St. Petersburg and
Tsarskoe selo (Emperors’ residence). Jacobi
developed galvanic batteries, anti-ship
mines of new type, initiated creation of
galvanic teams within pioneer units of the
Russian army. Boris Jacobi initiated and
managed unitage, establishment of metric
system, and of weight and measure standards
in Russia.

Thanks to numerous scientific
achievements Jacobi received well-deserved
recognition of his contemporaries.

Keywords: Jacobi, history of transport, electric motor, commutator, electromagnets,
galvanic cell, electroplating, galvanoplasty, electrotyping, electrodeposition, mechanical
generators, magnetoelectric generator, Jacobi telegraph apparatus.
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he objective of the proposed essay is,
I using historical-retrospective and
scientific analysis, to describe life and
main research oeuvres of Boris (Moritz
Hermann von) Jacobi, prominent scientist in
the field of electrical engineering, inventor of
the first really working electric motor.
Early years
Future scientist in the field of electrical
engineering, academician of the Imperial Saint
Petersburg Academy of Sciences Moritz Herman
von Jacobi (since 1837 his name changed for Boris
Semyonovich Jacobi) was born on September 21,
1801 in Potsdam (Germany) in a wealthy family
of the personal banker of the Kaiser (king) of
Prussia Friedrich Wilhelm III [1-9]. He received
primary education at home and in the gymnasium.
Being 19 years old, the young man entered the
University of Berlin, and a year later he moved to
the Faculty of Physics and Technology of the
University of Gottingen. From 1823, after
completing the course and after obtaining a
diploma in civil engineering, he worked in
Prussia’s building department, designing large
buildings and supervising their construction in
Potsdam. He developed projects for a large road
bridge and a canal to regulate river waters near
the city of Oranienburg. In 1829, after his
admission to the «Union for Promotion of
Industrial Activities in Prussia», he was given the
title of the architect.
Electric motors
In 1833, Jacobi moved to Konigsberg (now
Kaliningrad) and became interested in the
theory and practice of electromagnetism, then

Mémoire
SUR L'APPLICATION .

PElectro- Magnétisme

Mouvement des Machines. -
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DOCTEUR DEN AciENCEN ET PROVANIIVR 4 L'umTERSITE IMrdBtiLY’
x Doavar. .
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FOTSDAM, 1835,
LIBRAIRIE DE PEMDINAND RIEGEL

Lifetime edition of the work of B. Jacobi.
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quite a new branch of knowledge, that was
developed thanks to the contribution of many
famous and, regretfully, now less known
scientists and inventors, comprising Alessandro
Giuseppe Antonio Anastasio Gerolamo
Umberto Volta, Dominique Frangois Jean
Arago, Michael Faraday, André-Marie Ampére,
Hans Christian Oersted, Peter Barlow, William
Sturgeon, Istvan (Anyos) Jedlik, Andreas von
Baumgartner, Joseph Henry, Savatore dal
Negro, Hippolyte Pixii, William Sturgeon,
Heinrich Friedrich Emil Lenz, William
Ritchie. It was just in 1833 that W. Ritchie in
his article «Experimental Studies on
Electromagnetism and Magnetoelectricity»
described a device in which using a stationary
horseshoe magnet he managed to obtain
rotational movement around the vertical axis
of the electromagnet (iron band wrapped in
wire) during a pole shift. Jacobi expressed his
opinion about one of similar devices, by saying
that «such device will be only a toy for physics
laboratories, it can’t be used for wider range of
purposes with whatever profitability».

In 1834 Jacobi assembled electric motor
(magnetic apparatus) of the original design with
continuous rotation of the shaft at a frequency
of 80—120 revolutions per minute and power
of 15 W. This was of fundamental importance,
since a scheme of reciprocating piston motion
or jigging oscillations of a movable working part
was customary for the design of steam and
electrical installations common at that time. At
that time, the inventors proposed using the
engine to move oars or skulls, to replace rowers
or create a moving mechanism that mimics
movement of a horse’s legs.

He first reported about his electric motor
in 1834 in the works of Paris Academy of
Sciences in «Note on a magnetic machine in
which magnetism is used as a motor force», and
a detailed description entitled «Memoirs on
application of electromagnetic force to machine
motion» was published in Potsdam and in the
works of Russian Imperial Academy of Science.

His electric motor, based on the principle
of gravitation and repulsion between sets of
U-shaped electromagnets, worked from a
battery of 69 galvanic cells invented by English
scientist W. R. Grove and consisted of two
groups of electromagnets with 8 rods of soft
iron 7 inches (177,8 mm) long and 1 inch
(25,4 mm) thick, wrapped with 320 feet
(96 m) of copper wire with a diameter of one-



fourth line (3,17 mm) and located on two discs
(one group was fixed on the frame, and the
other rotated around axis). The groups were
located at right angles and symmetrically one
to the other in such a way that the poles opposed
one another. The windings of stationary
electromagnets were connected in series. The
current in them had the same direction. For
alternately changing polarity of the supplied
current of moving electromagnets, Jacobi
invented the commutator (circuit changer), the
design principles of which are used up to now
in the collector of traction electric motors for
transport [10; 11, etc.].

The commutator consisted of four metal
rings mounted on a shaft and isolated from it.
Each ring with four cuts, one eighth of the
circumference, filled with insulating inlays, was
shifted by 45 degrees from the previous one.
Along the smooth and polished circumference
of the ring, a lever slid, which was a kind of
brush, the second end of which was immersed
in a vessel with mercury connected by
conductors to a galvanic battery. Conductors,
mounted on the motor shaft, departed from the
rings to the windings of electromagnets of the
rotating disk, connected in series. With the help
of the commutator, during one revolution of
the shaft, the direction of current and polarity
changed eight times in mobile electromagnets,
and they were alternately attracted and repelled
by electromagnets of a fixed disk. This forced
the rotating disk and the motor shaft connected
to it to rotate. In his electric motor, the inventor
for the first time applied three ideas: rotational
movement of the shaft; commutator with
rubbing contacts, without which it is impossible
to ensure rotational movement of the moving
winding; use of electromagnets, which, in
comparison with permanent magnets, give a
greater force of attraction and are not
demagnetized in case of jolts and impacts. The
acting model of his electric motor is currently
located in Moscow Polytechnic Museum. On
the recommendation of the Kaiser Friedrich
Wilhelm III the University of Konigsberg
awarded him a Ph.D. for creation of an electric
motor.

According to researchers, Jacobi is
«undoubtedly the first to create a usable
rotating electric motor» [12]. However, he
expressly claimed in the memorandum of 1835
that «he was not the sole inventor of the
electromagnetic motor itself», referring to the
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Post envelope with the image of Jacobi’s motor from
the collection of Moscow Polytechnic Museum.

«priority of the inventions of Guiseppe
Domenico Botto and of S. Dal Negro» [12].
«The first electric motor set a world record in
performance that stood for four years and was
improved in September 1838 only by Jacobi
himself. It was not before 1839—1840 when
other developers worldwide managed to build
motors of similar and later also of higher
performance» [13].

In 1835, Jacobi moved to Dorpat (now
Tartu, Estonia) and started working as a
professor of civil architecture at the university.

In 1837, for his electric motor, he improved
a galvanic cell of the English inventor John
Frederick Daniell, who in 1836 placed a copper
electrode in a solution of blue vitriol (copper
sulfate), which does not interact with copper.
Jacobi proposed to use for zinc electrode not a
solution of sulfuric acid as an electrolyte, but a
solution of zinc sulphate, which does not
interact with zinc. The wooden box of Daniell—
Jacobi galvanic cells, gummed with asphalt
cement, was divided into two equal parts by a
porous partition of weakly burned clay. In one
compartment of the vessel, the copper electrode
was in a solution of copper sulphate, in the
other, zinc electrode was in a solution of zinc
sulphate. The current in the electrical circuit
was flowing from the zinc electrode to the
copper electrode. In this case, the galvanic
element gave not decreasing, but a stable
constant voltage of almost one volt and found
wide application in practice.

In 1837, Jacobi was naturalized in Russian
Empire, changed the name and patronymic for
Boris Semyonovich, and moved to St. Petersburg
to work in the «Commission for production of
experiments on adaptation of electromagnetic
force to movement of machines following the
method of Professor Jacobi», created at the
request of the Minister of Education and
President of the Imperial Saint Petersburg
Academy of Sciences Sergey Uvarov.

.17, Iss. 4, pp. 284-300 (2019)



First usable rotating electric motor of Jacobi [12;
https://www.eti.kit.edu/english/1376.php].

New motor, electric boat, and future tram

In 1838 a vessel with 14 passengers made a
seven-hour voyage for a distance of 14 km
against the current and strong wind along the
Neva and on the canals of St. Petersburg. Its
rowing wheels for the first time were driven by
«magnetism» of the vessel’s electric 0,75 hp
(552 W) motor created by Jacobi in
St. Petersburg University. It was a combination
of 40 small electric motors, structurally
combined into one unit of 20 pieces on two
shafts 1,2 m high, installed vertically in a
wooden frame 0,9 m long and 0,77 m wide. The
rotation of vertical axes with the help of bevel
gears was transferred to the horizontal axis, to
which the rowing wheels were attached. 320
galvanic cells were installed to power the
windings of the electromagnets on a vessel
called an «electric boat». Changing the
direction of current in the windings of movable
electromagnets was carried out by commutators,
similar in design to those of his first electric
motor [14].

Another embodiment of the electric motor
could help to drive a person in a cart along the
rails, that application of the electric motor after
the works of the Russian inventor E A. Pirotsky
[15] appeared to be a prototype of the modern
tram and electric train.

Experiments on the use of electromagnetism
on a larger electrically driven vessel continued
until 1840, until they led the scientist to
conclude that the solution to the issue of
widespread introduction of electric motors
depends on creating a more capacious, reliable,
economical and convenient current source than
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galvanic batteries could be at that time.
Subsequently, after creation of mechanical
generators, direct current electric motors began
to be used in a regulated electric drive, in crane
and lifting installations, as starter motors for
internal combustion engines and for traction
(on railway and sea transport, in the subway,
for trams, trolley buses, submarines and electric
cars). They have a large overload capacity, can
provide smooth and economical regulation of
the shaft rotational speed from tens to several
thousand revolutions per minute, have a high
starting torque value with a relatively small
starting current ratio [16; 17 and others].

Galvanoplasty”

Jacobi studied and improved the galvanic
cells used to power the electric motor. In 1836,
while working with the cell, he paid attention
to the fact that because of electrolysis, the laws
of which were discovered in 1833—1834 by the
English scientist Michael Faraday, a thin even
layer of copper settles on the negative electrode,
and that this layer could then be completely
detached from the electrode. The shape of the
surface of the copper leaf completely and
exactly mirrored all the irregularities and
surface features of the electrode. He applied an
engraved plate, used to print his business card,
as a negative electrode and saw that the leaf cut
off from the electrode was a negative imprint
of a plate with an inscription. Then,
consciously and very successfully, he managed
to make a copy of the metal coin, which he
destroyed following the advice of his
colleagues, so as not to be considered a
counterfeiter. The researcher called this
technique galvanoplasty and began to promote
its dissemination and implementation.

In 1838, he presented to the Imperial
St. Petersburg Academy of Sciences a
memorandum on his discovery of galvanoplasty,

“ The use of different terms referring to the topic of

this chapter can be subject to further discussion and
research as galvanoplasty is currently often referred

to as galvanoplastics, electroplating, and depending

on the sources those terms (and their derivatives, e.g.
electrotyping, electroforming, electrodeposition) are
assumed to be synonymous or to have nuances regarding
their use. As this issue is not considered in the article, we
do prefer to use the term «galvanoplasty» in the article
as in historical context it is closer to the original Russian
term initially used in Jacobi’s works to describe the
method to reproduce copies of engraved copper-plates
by voltaic (galvanic) action (the term «galvanoplasty»

or «galvanoplastics» in its Cyrillic form is used in
Russian language till now), and the more modern term of
electroplating. — Ed. note.
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which allows using galvanic effect (electrolysis
of copper solutions) to obtain copper copies of
the surface of objects. The Russian government
bought from him the idea of galvanoplasty for
25,000 rubles in silver and offered to publish all
the information received in the open accessed
press so that it became accessible to everyone.

In 1840 his work «Galvanoplasty or the
method of producing copper items using given
samples from copper solutions using voltaic
action» was published in the «Journal of
Manufactures and Trade» (1840, No. 4), and
then as a separate book.

It was a thorough practical guide, supplied
with drawings and descriptions. Electrolytic
deposition of metals immediately found
practical application in printing, fabric
printing, medal making, etc. It later became
the basis for creating methods for coating the
surface of metal, dielectric, gypsum, wax
items with thin layer of reduced metal
(copper, silver, gold, zinc, iron, nickel,
chromium) in order to protect it from bad
weather and other negative factors which
further was called electrodeposition.

In the middle of the 19t century, large
electroplating industrial enterprises arose in
Russia and abroad, electroplating workshops
were established at many factories, which
marked the beginning of a new direction in
applied electrochemistry. With the help of
electroplating, Moscow and St. Petersburg’s
domes, statues and bas-reliefs of the Cathedral
of Christ the Savior, St. Isaac’s Cathedral, the
Hermitage, the Winter Palace, the Peter and
Paul Cathedral were later decorated with
copper and gold. Copper copies were made
from printing forms of state papers and
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banknotes, geographical maps, postage stamps,
artistic engravings, which could not be achieved
by engraving cliché (stereotypes). Electroplating
was gradually introduced into printing and
coinage, as well as into publishing of artistic
products in the printing industry (heliography,
galvanography (electrotyping), and
galvanocautery). In recognition of his invention
of galvanoplasty Jacobi was approved as adjunct
(assistant professor) of the Imperial
St. Petersburg Academy of Science in 1839, he
was awarded with the prestigious Demidov
Prize of 25000 rubles (he was only ninth person
to be awarded that prize) in 1840, and then he
was elected extraordinary (supernumerary)
academician in 1842.

In 1859, he was invited to study the methods
for processing platinum by the method of hydro
electrometallurgy (electrodeposition) and the
electrolytic method of producing seamless
copper pipes.

«Underwater experiments»

Jacobi from 1839 made part of the
«Committee on Underwater Experiments» and
developed anti-ship sea-mines of a new type
for the Russian fleet and army (floating
anchored mines with an air chamber in the hull,
mines with self-igniting galvanized impactors
and a fuse from an induction coil, which was
the first high-voltage spark system). Being
engaged in improvement of electric blasting of
mines, he built in 1842 a magnetoelectric
generator with a manual drive of rotation of a
shaft of the armature coil by a tooth gear located
in the field of permanent magnets, in which an
electromotive force was induced. There was a
switching device on the shaft in the form of two
half-cylinders, representing the simplest two-
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plate collector. It was the first magnetoelectric
generator, adopted for the use of «galvanic
teams» in the sapper battalions of the Russian
army, which used it for remote ignition of
minefields by electric current.

In 1847, underwater mines were tested in
the area between Kronstadt and Oranienbaum
(now the city of Lomonosov in Leningrad
Region). With an open electric circuit
connecting the galvanic battery with the mines,
the friendly ships passed over the mines without
danger. With a closed circuit, the ship, passing
over a mine, touched it, a charge was ignited
and an explosion occurred. During the
Crimean (Eastern) War in 1853—1856,
according to the proposed system, Kronstadt
raid was mined, which did not allow British and
French warships to approach the naval base and
port, either St. Petersburg.

Communication

Jacobi after the death in 1837 of Pavel
L. Schilling, the creator of the electromagnetic
telegraph [18], in 1841—1843 was engaged in
creation of underground and underwater
communication cables, development of the
technology of their production and selection
of electrical insulating materials. Later they
were used in organization of telegraph
communications from Europe to America. He
supervised the laying of the first telegraph cable
lines between the Winter Palace in St. Petersburg
and the palace in Tsarskoye Selo (now Pushkin,
satellite city of St. Petersburg), he in
collaboration with the General Staff and with

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 4, pp. 284-300 (2019)

Grigoriev, Nikolai D. Boris S. Jacobi

the General Directorate of Communications
for the first time created a methodology for
control and operational tests for maintaining
telegraph lines in working condition.

Jacobi also invented «contrbattery»™ (as he
called it) to smuggle telegraphs over poorly
insulated wires and developed a portable
switchgear telegraph for the army, which was
brought into service. He designed about 10
types of telegraph devices, including the first
one writing letters and not Morse code in 1839,
the first device of synchronous action with
direct (without decoding) indication in the
receiver of transmitted letters and numbers in
1845, and the first direct-printing telegraph
device in 1850.

Electromagnets and electromagnetic relays
constituted core elements of his simplest
electro-automatic and telemechanical devices,
comprising an electromechanical recorder of
pulses in writing telegraphs, synchronized
rotation devices in the switch and direct-
printing telegraphs, relay devices for automatic
circuit closing in telegraph devices. The
peculiarity of his writing telegraph device was
that instead of a multiplier it used an
electromagnet with a copper rod, which
powered a pencil system using levers. The
transmitter was designed as a key, closing and
opening the electrical circuit. During attraction
and release of the anchor, the rod with a pencil
moved up and down, and the pencil traced a
wavy line on the porcelain board, which moved
in a horizontal direction perpendicular to the
pencil along the carriage under the action of a
clock mechanism. A broken line corresponded
to a specific alphabet.

The transmitting and receiving stations of
the direct-printing Jacobi telegraph devices had
pointing arrows synchronously rotating under
the action of moving electromagnets. At each
moment they occupied the same position over
the dials with letters. On one axis with an arrow,
there was a typical wheel with letters rigidly
connected with it. To transmit the desired letter,
the telegraph operator used a pin to set the
arrow opposite the desired letter. At the same
time, at the receiving station, an index arrow

" Polarized platinum battery, that is switched to the circuit
in such a manner that after extinction of telegraph signal
the battery sends the current into the line oppositely to
incoming extra current, so that to neutralize the impact of
the latter on the line electromagnet of the receiving station
station. — Ed. note.



was installed against the same letter, along with
a typical wheel. The electromagnets worked
and they pressed paper tape to the standard
wheel, on which the necessary letters were
printed one by one. The principle of
synchronous-phase communication developed
by him in the electromagnetic telegraph, when
the arrows of the transmitting and receiving
devices perform uniformly intermittent step
motion, moving at the same speed
(synchronously) and occupying the same
spatial position (in phase), was used by other
inventors (Ernst Werner von Siemens, David
Edward Hughes, etc.). The German electrical
engineering firm «Siemens and Halske»
immediately organized mass production with
some changes to its direct-printing telegraph
devices and introduced them in Russia,
America and European countries. This
principle is the basis of modern direct printing
devices, remote transmission technology and
tracking electric drive.

In 1854, the scientist created a telegraph
apparatus for communication during long
passages between the captain’s cabin and the
engine room.

Magnetic properties of iron

At that time, there were no data on magnetic
properties of iron. In 1838—1844, together with
Academician of the Imperial St. Petersburg
Academy of Sciences E. K. Lenz, Jacobi studied
iron magnetization, attraction of electromagnets,
and proposed a method for calculating them in
electrical machines (used until Russian physicist
A. Stoletov found in 1871 [19] magnetization
properties of soft iron). Jacobi and Lenz
determined proportionality of magnetization of
iron to the electric current and the number of
turns (according to modern terminology, the
number of ampere-turns). They proved that the
magnetic flux generated in the iron rod of an
electromagnet does not depend on the diameter
of coils and the diameter, cross-section and
material of the wire.

Back electromotive force and magnetomotive
force

Jacobi discovered the appearance of a back
electromotive force in the motor armature
winding during its rotation and in 1840 and in
1850 published the articles «On the Principles
of Electromagnetic Machines» and «On the
Theory of Electromagnetic Machines», which
contained the first scientific analysis of the
operation of a DC motor. In the theoretical
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analysis of operation of an electric motor, he
proceeded from the laws of conservation of
energy and of electromagnetic induction, of
Ohm’s law, and from the laws established by
him and Lenz for electromagnets. He studied
the parameters that determined the action of
an electric motor and were most important for
its characteristics: shaft rotation speed; the
magnitude of the acting electromagnetic
forces; power; economic effect (according to
modern terminology — efficiency factor). He
showed in the publications in exact
mathematical form that the mechanical power
on the motor shaft can only be obtained at the
expense of a proportional amount of electrical
energy. Also for the first time a formula for the
magnetomotive force was derived and the ratio
of currents in the braking and operating modes
was obtained.

Measurement of magnetic values

Jacobi in the 30s of 19" century (together with
Lenz) developed a ballistic method of electrical
measurements of magnetic quantities, compared
the readings of electromagnetic and
electrochemical galvanometers. In 1839 he
carried out the first attempt to calibrate a
galvanometer. In the years 1840—1850, he created
amercury «voltagometer» (a device for measuring
electrical resistance) and several designs of
galvanometers. He proposed to measure the
current strength according to the amount of silver
extracted from silver sulphate solution (the
measurement unit based on this approach was
adopted in 1893 at the International
Electrotechnical Congress in Paris), developed
the first wire and liquid resistors, rheochords,
resistance stores and other similar devices. The
wire copper standard of resistance created by him
in 1846 became widespread in Russia and in
different countries of Europe. For several years,
this standard had been used in electrical
laboratories, contributing to develop measures to
reproduce the physical quantity of a given size.

Education and training programs

In the 1840s, Jacobi developed programs
for created «learning galvanic team» and
conducted the first courses of theoretical and
practical classes in applied electrical
engineering. The «learning galvanic team»
under his leadership for 15 years trained the
staff of the first galvanizers in the sapper units
of the Russian army and was the basis on which
the Russian higher military electrical
engineering school subsequently grew.
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Achievements and merits

In 1847, he was elected an ordinary (full-
time) academician of the Imperial Saint
Petersburg Academy of Science, and in 1864
he received hereditary nobility.

He participated in the commission of the
Ministry of Finance to develop ways to
determine the strength of alcoholic beverages.
He invented an apparatus for separating and
measuring the density of liquids of various
specific gravities, which found use as a test
instrument in distilleries.

In 1867, Jacobi was awarded the Grand
Gold Medal and the prize at the World Fair in
Paris, where he represented Russia in an
international commission to work out common
units of measures, weights and coins. The same
year, he was elected a foreign member of the
Royal Belgian Academy, a correspondent
memberto the Society of Sciences in Rotterdam
(Netherlands), an honorary member of the
Polytechnic Society in Leipzig (Germany), the
Turin Royal Academy of Sciences (Italy), and
the British Society for Promotion of Useful
Arts. From 1865, after the death of Lenz, he
was entrusted with management of the office
of physics of the Imperial St. Petersburg
Academy of Science. In 1872, he participated
in Paris as a Russian delegate in the work of the
International Commission on the choice of a
metric system of units, defending its advantages,
which contributed to establishment of a
uniform system of weights and measures.

Boris Semyonovich Jacobi died on March 11
(on February 27, Julian date used in Russia at that
time) 1874 from a heart attack at the age of 72, and
was buried in St. Petersburg at the Smolensk
Lutheran cemetery on Vasilyevsky Island.

He invented the first electric motor with
direct rotation of the shaft, the collector-brush
device of electric machines of direct current,
galvanoplasty (electroplating), switch,
electromagnetic and direct-printing telegraph
devices. He was a member of many scientific
institutions and of a jury of contests and
exhibitions, conducted an examination of
inventions, reviewed articles and participated
in the scientific and public life of his time.

In 1889, the Russian Technical Society
solemnly celebrated the 50" anniversary of the
invention of galvanoplasty, «equated in its
significance to the opening of printing»,
organized the Jubilee exhibition, where
demonstrated a magnetoelectric mine explosion
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machine, telegraph device, electroformed
products, documents, handwritten
autobiography and other exhibits referred to
the activities of the scientist.
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MPECC-APXUB

YMPABJIEHUE NEPCOHAJIOM 110 JIET HASA

Kazpossiii Bonpoc Ha xeJie3Hbix qoporax 110 jet Ha3aa: MoJIo/Ible CIIeNHAIMCTDI, TPAKTHKA,
B3aHMOJIEHCTBHE 0OPOT C By3aMH... VIHOTHE pelieHHs MOXKHO CMeJIO T03aHMCTBOBATD M CEro/IHs,
1 3TOT MaTepHaJ MOr Obl ObITH IOMEMIEH B Pa3/ie1, MOCBAMEHHDI 00pa3oBanuio u Kaapam. Oco-
0EHHO 3TO KacaeTcs NPeII0KeH A, CBA3AHHBIX C MOTHBAIIMEH COTPYIHUKOB.

Y10 HYKHO A YIAyYHIEHHS JTUIHOTO CO-
cTaBa CIyXKaIUX HAa JKeJe3HbIX A0porax? —
DTOT BOMPOC, COCTABISIOMINI TIpeaMET
0C000I aHKETBI, TPEAMPUHSITON B MOCTC-
Hee BpeMsl Ha MHOTHMX XeJe3HbIX JOporax,
MmoGyKIaeT MEHsT BbICKa3aTh U CBOM B3IUISIA
10 3TOMY TIPEAMETY.

Borpoc KOCHYJICSI, TIaBHBIM 00pa3oM,
CIyXallluX Mo ciIyxb6e aBrxeHus. focron-
CTBYyIOIIeE MHEHUE CKIIOHHO BUAECTh IPUUL-
HY HEYIOBJETBOPUTEIBHON CIYXKObI 3TUX
AreHTOB B OTCYTCTBUHU WJIM HEJIOCTAaTKe 00-
paszoBaTeNbHOTO 1LieH3a. B mogHaTum obpa-
30BaTEIbHOTO YPOBHSI BUAAT MaHALEIO IS
HCKOpEHEeHUs 60J1e3HN. MHe KaxeTcs, 4To
KOPEHb 3J1a Hy>KHO UCKATh FOpasuo riyoxe,
W YTO HYXKEH LIeJIBbIA PSI IPYTUX Mep KaK JUIs1
YIy4IIeHUS TTOA00pa CyKaIUX, TaK U IS
MPOOYXIAEHUSI B HUX CAMOACATEIbHOCTU
M CO3HATETLHOIO OTHOIIEHUS K JeIy.

ITepexoxy, B YaCTHOCTH, K BOSHUKIIIEMY
Ha HEKOTOPBIX HOPOTrax MPeArnoaokKeHUIO
3aMelaTh JOJKHOCTH HavyaJbHUKOB CTaH-
LU ¥ UX TTOMOIIHUKOB TOJBKO JIULIAMH,
MMEIOIIMMU 00pa3oBaTElbHbIA LIEH3 HE
HUXE Kypca CpeIHMX YYeOHBIX 3aBeICHUI
U, CBEPX TOTO, ATTECTOBAHHBIMU Y4COHBIMU
3aBeJcHUSIMU. Sl COMHEBAIOCh, BO-TICPBBIX,
B TOM, YTOOBI HA OTU JOJIKHOCTH MPU CYIIIE-
CTBYIOIIMX YCIIOBUSIX CIYKOBI M BO3HATPAX-
JIEHUSI, SIBUJICS JOCTATOUYHBI KOHTUHIEHT
TaKHUX KaHAUAAaTOB; BO-BTOPbIX, €CIU UME-
€TCSI B BUIY MPUBJICYb HA YIIOMSHYThIE OT-
BETCTBEHHbBIC TOKHOCTU MOJIOABIX JIIOACH
MPSIMO CO IIKOJBHOM CKaMbU, TO BPSIA JIX
MOJIb3a OT U3YYCHUS] UMU TIPEIMETOB MPO-
rpaMMBbl YPaBHOBECUT TOT PUCK U Bpe IS
CIyXXObI, KOTOpPbIe, HECOMHEHHO, OyaeT
MPEACTABISATh OTCYTCTBUE Y 3TUX IOHOLIEH
HE TOJIbKO CIY:KEOHOT0, HO U MPOCTO XKU-
TEWCKOrO OIbITa, TAKTa U YPABHOBEILIEHHO-
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CTU IJIS1 JEJIOBBIX CHOIIEHUN C MyOJMKOM
U JIJIST paclopsaAUTeNbHbBIX O1eHCTBUM, OT
KOTOPBIX HEPEIKO 3aBUCUT 0€30MacCHOCTh
IBUXKEHUS MOE310B; B-TPEThUX, €CIU 00-
IIMPHBIA KOHTMHTEHT MJIAIIINX CAYKallNX-
KOHTOPIIMKOB, TeJerpaducToB U MPOUYUX,
HE3aBUCHMO OT UX CITOCOOHOCTEM U 1eTOBBIX
Ka4yecTB, JUIIUTh MEePCHEKTUBBI MOBBIIIIE-
HUS IO CIyk0e, 1aB JOPOTY YUYEOHBIM AU -
JIOMaM 1 aTTecTataM, TO MOXEeT MOJyYUThCs
B pe3yjabTaTe, 4YTO CIIOCOOHbBIC, JapOBUTHIC
CaMOpPOJKH, C LIapéM B roJioBe, HO Oe3 aTTe-
cTaTa B KapMaHe, KOTOpbIe 10 CeTo BpEMEHU
Ha XXeJIe3HOIOPOXHOM C1yk0e BCTpeyaroTcs
yalie, YeM Ha BCSIKOM IPYroM MOIpPUIIEe, —
BC€ OHU OYAYT YXOIMUTh C XKeJIE3HON TOPOTU
B Ipyrue o0JacTu Tpyaa, Ie LeHATCS TOJIb-
KO JIeJIOBbIEe KaueCcTBa, BHE 3aBUCUMOCTHU OT
TOTO, AOCTUTHYTHI JIM OHU IIKOJIBHBIM ITyTEM
WIM ITyTEM caMOo0o0Opa30BaHUs U caMOpa3BU-
Tus. Ha kaxmoii xejie3HOl 1opore u B Ha-
cTosiiiee BpeMs B IMYHOM COCTaBe CllyXa-
LIMX eCTh JOCTaTOUHBIN 3arac Jraeil ¢ 00-
pa30BaTeJbHBIM LIEH30M, HO €CJI1 3a4acTyIO
Mpu MepeaBUKEHUU MO CIyK0e OHU ocTa-
IOTCS MO03aau, TO HE CJAEeAYeT JU B 3TOM
YCMOTPETh TOJIBKO 3aKOH CBOOOIHON KOH-
KYPEHIIMU, €CTECTBEHHO BBIABUTAIOUIUMI
BIEpEN IoAei Tpyia, UHULIUATUBBI U JIET0-
BBIX criocoOHocTelt. Eciiu BBeCTH MOKPOBU-
TEJIbCTBO YUYEOHBIM aTTecTaTaM, TO, KOHEU-
HO, POJIM MEPEMEHSITCSI, HO BPSII JU TaKoe
MOBBILIEHUE 00pa30BaTEbHOTIO 1ieH3a OyaeT
CMOCOOCTBOBATD YIYUIIEHUIO KAYECTBEHHO -
IO YPOBHS CTyXXallluX.

3J10 He TOJBbKO XKEJEe3HBbIX TOPOT, HO
U BCEX OPYTUX MPEANpUATUIA U BELOMCTB
B HallleM OT€YeCTBE, 3aKJII0YAETCs HE CTOb-
KO B HEJJOCTaTKe 00pa3oBaTeIbHOIO 1IeH3a,
CKOJIbKO B HEJOCTAaTOYHOI BBICOTE HpPaB-
CTBEHHOTO YPOBHSI CyXXalluX; HEe JOCTAET




He IUIJIOMOB, HO ropasao 0osiee BaXKHOTO:
YEeCTHOCTH, TPYIOJIO0OUS M MHUIIMATHUBBI.
U Bpsn n1u [MpaBineHus u YopaBieHuUs xe-
JIE3HBIX TOPOT MOTYT IT03aBUAOBAThH B 3TOM
OTHOUICHUY APYTUM BEIOMCTBaM, 1€ IIPO-
LIBETaeT cucTteMa AUIIOMOB. JIOCTaTOUHO
yKa3aTh Ha HAIlW IIPUBUJICTUPOBAHHBIC
MOPCKOE UM BOEHHOE BeIOMCTBa, Ha BECh
BBICIIMI YMHOBHBIN MUP «IBAAIIATOTO YUC-
JIa», — Be31Ie MBI BUIUM ITOJTHOE OTCYTCTBHE
CaMOJEeSITeIbHOCTU, 0eCIIeYHOCTh, (DaKTU-
YeCcKoe HEBEXXECTBO U XUIIHUYECKOE OTHO-
IIeHNe K MHTepecaM Ka3Hbl.

HWrak, mo MoeMy MHEHUIO, BBeACHUE
00s13aTeIbHOTO 001Ie00pa3oBaTEIbHOTO
LIKOJBbHOTO LIeH3a s CyXallUuX Ha J0PO-
rax BpsII JJU OyIeT CIToCOOCTBOBATH ITOBHI-
LIEHMIO KQaUeCTBEHHOTO IOA00pa CIyKalll1X;
ropasao BaxKHee ObLIO Obl JIJISI MUHTEPECOB
CJIY>XKObI YyUpeXJaeHUE 0OCOObIX AK3aMeHall1-
OHHBIX KOMUCCHI TP YIIPaBIEHUSIX JOPOT,
IS UCTIBITAHUS TYTEM cobeceaoBaHUs,
CITyKeOHBIX, CIEIUATbHBIX U OTYACTH 00-
WX 3HAHWI JUI, TIPEACTaBIsIeMbIX K I1O-
BBIIIEHUIO MO cayxbe. Takue sK3aMeHBI
Jaau 0bl BO3MOXKHOCTb YIpaBAeHUIO 10PO-
T'H TIPOBEPSTh aTTeCTAlluU OJMXKaNIIeTro
HayaJbCTBa M KOJUIETHAJIbHBIM CIOCOOOM
IIPOU3BOAUTE OIEHKY HE TOJBKO JIEJIOBBIX
CIOCOOHOCTEN ClTyKalllero, HO 1 O0ILIEro ero
pa3BUTUS, IJIST ONIPEACICHUS CTeIIeHU TIPH-
TOIHOCTH €TO JJIS 3aHSITHST BBICIICH JOXK-
HOCTH.

3aTeM ObLIIO ObI BeCbMa I0JIE3HO BBEJIE-
HUE OCOOBIX CEKPETHBIX €KETOMHBIX aTTe-
crauuit o1uxaiero HavyanbeTBa: Hauanb-
HukoB OTaeneHust, HaualbHUKOB CTaH-
IUA — O KaXIOM M3 IMOOJYMHEHHBIX UM
CITy>KallnX B OTHOIIEHWHU UX HPaBCTBEHHO-
CTU, TPYIONIOOUS, CaMOIESITEeIbHOCTH
1 TIpOY. ATTeCTalluy 3T MOTJIN OBl 3aKJTIO-
YaThCs B OTBETaX Ha BOIIPOCHI, BEIpabOTaH-
Hble YTnpaBJieHMEeM JOoporu, Ha OJaHKax
0COOBIX ATTECTAIIMOHHBIX JIUCTOB U — I
ya00CTBa COIMOCTABJIEHUI U CpaBHEHUN —
MOIJIM ObI OBITH BbIpaXkKeHbI MO LU(GPOBOI
OanapHON cucTteme. DTU OTMETKU, MPOU3-
BOJIMMBIE TTIEPUOANIECKU pa3HBIMU HadaTh-
CTBYOIIMMHU JIUILIaMU, B BUAY Mepexona
CJIyKalllero co CTaHUMU Ha CTAaHLIMIO UJIU U3
OJIHOTO OTAEJEeHMS B IPYyroe (4To caeaoBao
OBI B MHTEPECax Jejia v IMIPaBIIbHOMN OLIEHKH
cllykalero aejaTh BO3MOXHO yallle), 1 3a-
HOCHMEIE€ B ITOCIYXXHBI€ CITUCKU CIyKa-
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KX, — AaBajau Obl YOpaBJIeHUIO SICHOE
MpeAcTaBIeHUE O CPAaBHUTEIbHBIX Kaye-
CTBaxX BCEX CYXalIUX U CIYXUJIU Obl KpU-
TepueM 151 BbIOOpa KaHAUJATOB Ha MOBbI-
IeHUe Mo cayxbe, MpUUYEM, KOHEUHO,
JIOJIKEH ObLIT Obl — HapsAy ¢ IPYrUMHU (ak-
TOpaMu OLIEHKW — MPUHUMATbLCSI BO BHUMA-
HUE U 00pa30BaTEIbHbIN LIEH3.

BecbMma BaxxeH Takxke caM Cmocod OLIeHKU
CJTy>Kalllero B OTHOILIEHUU ero JeJTOBbIX Ka-
yectB. HecnipaseinBo 1 HellenecoobpasHo,
pa3zyMeeTcsl, COCTaBJISITh MHEHUE O CIyXa-
1IEM TI0 BBITOJHOMY BHEIIIHEMY BIleyaTJie-
HUIO U IO OOMKOCTU OTBETOB Ha MOCTABJICH -
HbIE BOMPOCHI MPU MPOE3[ae HAYaIbCTBA MO
JINHWW; BAXKHO CYIUTh HE MO BUY U CJIOBaM,
amno aenam. st OeHKU NesITeIbHOCTHU CTap-
11X, OTBETCTBEHHBIX ar€HTOB CAMbIM PaLIMO-
HaJbHBIM, IO MOEMY MHEHMUIO, ObLI ObI
Ccnocob CTaTUCTUYECKUIA, B BUJIE BCECTOPOH-
HUX 3aIMceil 0 1esITeTbHOCTU KaXIOoi CTaH-
LIMU, KaXaA0To oTnejseHus. Tak, Hampumep:
0 IMPOCTOE BArOHOB U MTOE3/10B, O KOJINYECTBE
HeJ0CTay U MOPYU IPYy30B, O YHCIE MPOUC-
LIECTBUIA IO BUHE CTyXKAIIUX SKCIITyaTalluu,
0 YHucJie TPUHECEHHBIX XaJlI00 CO CTOPOHBI
MacCcaXXupoB U IPY30BJIAEIbIIEB, O KOTUYE-
CTBE BBIIIPABOK KOHTPOJISI COOPOB, O YKCIE
3aMeUYaHUil, cleJJaHHBIX KOHTPOJEpaMu
BCSIKMX HAMMEHOBAHU I (IBUXKEHUST, CTAHIIU -
OHHOTO CYETOBOJCTBA) U mpouero. Bce atu
3aMucu, MpUBeAEHHbBIE B LIU(POBOE COOTBET-
CTBUE C pa3MepaMU TEXHUYECKON U KOMMeEp-
yecKoll paboThl CTAHUMU WJIW OTIEJEeHUS
U BbIpaXKEHHBIE B OMPENETEHHOM OT CBOJIKU
NEeSITeIbHOCTU BCEX CTAHIIMIA U BCeX OTHAeIe-
HUlt BUJe, — MPEACTaBISIM Obl HAWJTYY 1IN
MoKa3aTejb CTEIEHU YCTEIIHOCTU pabOoThI
JaHHOM YYETHOM eAMHUILIBI (CTAHLIMU, OTAE-
JIEHUS), a, CIeq0BaTEIbHO, U CIY>XXWIU Obl
OecrpucTpacTHON XapaKTepPUCTUKOW Mmes-
TEJIbHOCTU OTBETCTBEHHBIX areéHTOB, 3aBe-
JYIOIIMX 9TUMU €TUHULIAMU.

Ho xpome OlleHKM EeJOBBIX KauyeCTB
CIIyXallluX, TAKOW CIOCOO0 MOTr OBl MOCHIy-
XXKUTh IS BBEACHUSI pa3HOOOPa3HbIX Mpe-
MUPOBOK, C COOTBETCTBYIOIIMMU BblUETAMU
MpU YKIOHEHUU OT OMPEAEEHHBIX HOPM.
ITpaBUJIbHO U pallMOHABHO OPraHU30BaH-
Hasl CTaTUCTUKA U YUET B OOLIMPHBIX TIPe/I-
MPUSATUSIX 3aMEHSIET X03SMCKUIA TJ1a3, mpe-
MUPOBKA X€, SIBJISSICh BUIOM y4aCTHUSI CIIY-
JKaIero B MPUOBLISX, 3aBUCSIIMX OT YCTIEII-
HOTO Y XO3SIiICTBEHHOT'O OTHOILIEHUS K JIEJTY,
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npeBpaniaeT paboTHUKA B Xx03suHa. BoTt
MOoYeMy HU MOBBIIIEHUE OKJIAMOB XKajJoBa-
Hbs1, HU BbIJlaya HarpaaHbIX JeHET KaxXXIbli
pa3 Mo YCMOTPEHUIO U PACTOJOXKEHUIO Ha-
YaJIbCTBA, YACTO 3aBUCSIIIUM OT CIyYallHbIX
MNpPUYUH, HUKOTJA HE JOCTUTAIOT TOro 3(-
(exTa, KOTOPHBIA MoyyaeTcs OT MPaBUIBHO
U 11eJecoo0pa3Ho MOCTaBAEHHOW MpeMu-
DPOBKU, KOTJa CY>XalllUii B KaXKIOM JIUIITHEM
yace MpOCTOsI WJIM HENPOU3BOAUTEIbHOTO
npobera BaroHa, B KaXJ10M MpOIaBIIEM
nyae rpy3a, B KaXJIO0M MOBPEXIEHUU MO-
JIBUKHOTO COCTaBa WU APYrOoro UMYIeCTBa
JIOPOTU — C YUCTO XO351MCKOTt 00JIbIO B CEP/I-
11e BUAUT CBOU TUYHBIN yiiep6. [TpeBpamas
CJIyXallleTo B XO35IMHa, aAMUHUCTPALIUAS
n306aBisieTcss OT HEOOXOAUMOCTU HAIOMMU-
HaHUM, MOHYXIEHUN U YTPo3, TPEOYIOIIUX
JIOJITUX, HETIPUSTHBIX U, B OOJIbIIUHCTBE
CJlydyaeB, HEJOCTUTAIOIIUX LU €XKETHEB-
HBIX IEPETOBOPOB CO CTAHIIMSAMU MO anmna-
paTy 00 YCKOPEHUU TMOTPY3KHU, BBITPY3KU
1 BO3BpaTa BaroHOB, IIMTOB U MPOYETO.
JIuyHas maTepuasbHas 3aMHTEPECOBAH-
HOCTb HAaYaJIbLHUKOB CTaHLUWI B Haubosiee
OBICTPOM 000POTE BarOHOB, TPY30B, LIIUTOB
W MIPOY. U HEYMOJUMBI TOYHBIN U POBOA
YYET 3TOro 060poTa, HECOMHEHHO, SIBSITCS
3HAYUTEJIbHO OOJIbIIIECH TapaHTUEl ycrexa
Jieia, HeXeNW YHUXalIue TOCTOUHCTBO
CTapIIMX aT€HTOB €XeAHEBHbIE HATOMUHA-
HUS UM 00 00SI3aHHOCTSIX, B MPEANOI0XKE-
HUU — aBOCh 3TO MOAEUCTBYET U 3aCTaBUT
X CAeNaTh BO3MOXHO OoJbliIee.

BeeneHue npemuii TpedyeT, 01HAKO Xe,
00JbIION 00AYMAaHHOCTHU, CTPOTOM MaaHO-
MEPHOCTHU U TMPEABAPUTEIbHOTO TUIATENIb-
HOT0 U3YYeHMsI BCeX 0COOEHHOCTEeN Kax a0
CTaHIIMU, CIOCOOCTBYIOIIMX UJIU, HA000POT,
HeOJIaroNnpUsATCTBYIOIIMX HOPMAJbHOMY
Xxony AaHHoro nejna. HecobnoaeHue aTux
YCJIOBUIi BeCbMa YaCTO MPUBOIUT K HEyCIIe-
Xy IPEMUPOBKHU, 3aCTABIASIONIEMY aIMUHU-
CTpalMI0 pa304yapoBBIBATHCSI B CaAMOM
MpUHILIMAIIEe TTPeMUIT, MEXIY TeM KaK HeYCIex
3TOT OOBSCHSIETCS UM HECOOTBETCTBEHHBIM
NpUMEHEHUEM U3MEPUTEIST TaHHOU (DYHK-
1MW, WK XX€ Ha3HAYEHUEM CJIUIIIKOM BbICO-
KUX, WIN HEITOMEPHO HU3KUX HOPM, HeE
OTBEYAIOIIUX YCIOBUSAM DaKTUUECKOU cpe-
Hell paboThl, UK, HAKOHEI, HeleJeco00-
pa3HbIM pachpeaesieHueM NpeMUuil Mexay
YYaCTHUKAMMU, 10 TPOU3BOJY U YCMOTPEHUIO
HavyaJbCTBa, BMECTO TOYHOTO YY€Ta UHIU-
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BUyaJlbHOI pabOTHI, MATEMATUUECKHU OIpe-
JIEJISTIOLIETO A0JII0 KaXI0T0 YYaCTHUKA.
JlonroneTHss ciayxeOHas MpakTUKa
MpeacTaBiseT, TI0 MOEMY MHEHUIO, OAHY U3
IJIaBHEUIIMX FrapaHTU U MTOJIE3HOCTHU CIIyKa-
11ero, ero HpaBCTBEHHOW HaA€XHOCTU
U MIPUBS3aHHOCTH K Aefy. [Ty6oko o1nbdou-
HBIM MpPEeJACTaBISIETCS MHE MHEHE MHOTHX,
4YTO CAYKALIMI C TEYEHUEM BPEMEHU CITYX-
Obl OOpalaeTcsl B BbIXKAThI TMMOH, KOTO-
pbIil 3aTeM OCTa€TCs TOJbKO BbIOPOCUTD.
Ecau c ronamu aHeprus ero, 1eiiCTBUTEIb-
HO, yOBIBaeT, 3aTO 3Ta YObLIb C U3OBITKOM
KOMIEHCUPYETCS HAKOTLJIEHUEM CITy>KeOHO-
aIMUHUCTPATUBHOIO U XUTEHCKOTO OIbITa
M TakTa, KOTOpble IMMOMOTAIOT €My C Hau-
MEeHbIlIell 3aTpaTO dHEPTUU NOCTUraTh
Hauoboblleid TPOU3BOIUTEIbHOCTU U TIO-
JIE3HOCTU CBOUX JAeMCTBUIt, uszberas Tex
OIIMOO0K M MPOMaxoB, KOTOPble HEU30EKHbI
y HauuHaloUero AesaTess, MOJHOro 3Hep-
TMU, HampaBJIsIEMO# 3a4acTyl0 Ha COBEp-
LLIEHHO OECIT0JIE3HYIO U HAMIPACHYIO JIOMKY,
Ha U3JIUIIHUE TPEHUSI, 000CTPSIOLIME NI
OTHOIIEHUS ¢ MpeacTaBUTEISIMU APYTUX
CJIyk0 1 BEIOMCTB M OTBJIEKAIOII1E €0 TPY/I
Y BHUMaHME B CTOPOHY COBEPIIEHHO HEMPO-
M3BOJUTEbHOMN U JaXxe BpeJHOU paboTHhI.
BoT noueMy s moJiarato, 4To CTapociy-
JKallue SIBJISIIOTCSI BeChbMa LIEHHBIM 3JIEMEH -
TOM JMYHOTIO COCTaBa KeJe3HOIOPOXHOI
CJIY>KObI M UTO B MHTEpPECax TOPOTHU ClIeayeT
BCEMEPHO MOOLIPSATH HanboIee MPOTOJIXKU-
TEJAbHYIO CIY>KOY CBOUX areHTOB, YKPEILIsis
He TOJIbKO JUYHYIO, HO U TTOTOMCTBEHHYIO
CBSI3b UX C IOPOI0l0, JJIsI Yero BaxKHO pac-
MpOCTpaHsITh 3a00THl HA UX CceMeicTBa, Ha
BOCITMTAHUE UX AETEN U HA MPENMYIIIECTBEH-
HO€ MpeaocTaBieHe MOCIAEAHUM CIYKObI
Ha popore. B aTux Bugax BecbMa MOJIE3HO
OBbLIIO OBl YBEIMYUTD UMCIIO XKETE3HOTOPOXK-
HBIX CPEAHUX U HUBILUX IIKOJI U pACIIUPUTH
UX TIpoTpaMMy, BBe/sl B TAKOBYIO Mpemnoaa-
BaHME CHelMaJbHBIX MPEAMETOB XeJe3HO-
JIOPOKHOTO Aejia, C LeJblo MOATOTOBKH JIie-
Tell CIyXKalluxX, KpoMe TeXHUYECKUX 10X~
HOCTe, Ha MecTa TejerpaucToB, KOHTOP-
IIIMKOB, BECOBLUIMKOB U NMpoy. Becbma
MoJIe3HO ObIIO Obl TakXke KaXAoil mopore
MMETbh HECKOJIbKO CTUIIEHAUN B BBICILINX
TEXHUYECKUX YUEOHBIX 3aBeACHUSIX s Jie-
Tel clyXallliX Ha J0pore, C BO3JOXEHUEM
Ha CTUIIEHAMATOB 00S1I3aHHOCTH MPOCTYKUTh
Ha Jopore He MeHee OMNpeaeIEHHOIo yucia




JeT (3—5), HaurHas ¢ HU3LIMUX TEXHUYECKUX
JIOJKHOCTE N — MAIIMHUCTA U JOPOKHOTO
Macrepa.

ITonHsATHE CAMOAESATETBHOCTH CITYKAIIIUX
MyTEéM JUYHON 3aMHTEPECOBAHHOCTU UX
B YJIYUILLIEHUU XO3UCTBEHHOI pabOThI 1OPO-
T'W; TPUMEHEHUE HAWJIYUYLIUX CITOCOOOB
OLIEHKU UX NESITEbHOCTHU IS TOCTUXEHUS
MOBBILIEHUS IO CIYX0€ JIUIIb N CTBUTEb-
HO JOCTOUHEWIINX areHTOB; yKpeIlJIeHHuEe
MPUBSI3aHHOCTU CIyXalluX K Aopore obec-
MeYeHueM U JeTSIM UX CIyXObl Ha Iopore
IocJjie CrnenuuaJbHON WIKOJbHOU K TOMY
MOATrOTOBKU; CLIOCOOCTBOBAHME MOBBIILIEHUIO
00pa30BaTeJbHOTO 1IeH3a CayXalux, 0e3
HapylIeHUsI MPUHIIMIIA CBOOOJHON KOHKY-
PEHIIMU LIKOJbHBIX 3HAHUN C JAETOBBIMU
KauyecTBaMU U CIYKE€OHBIMU 3aCTyTraMu.

Bot TOT myTh, KOTOPBIiA, IO MOEMY MHE-
HUIO0, MOXET MPUBECTU K MOBBIIIEHUIO Ka-
YEeCTBEHHOTO YPOBHS JUYHOTO cOCTaBa
ClyXKalluX Ha XKeJIe3HbIX JOPOorax Kak B 00-
pa3oBaTEJbHOM, TaK U B HPAaBCTBEHHOM,
U 1€JIOBOM OTHOIIEHUSIX.

H. MeabHukoBa
(Keaesnogopoxuoe aeno. — 1909. —
Ne 33. — C. 184—186)

IIpasa mo o0pa3oBaHuUIO HA XK. /. CIYXKOE. —
Munuctp nyteit coobmenust C. B. Pyxios
npeaioXuwi HayanbHUKy FOro-3aman.x.n.
clesiaTh pacropsikeHue, 4ToObl Ha JIoporax
BEJICS 0COOBIN YYET JIMIlaM, OKOHUYMBIIUM
BBICIIIME YYeOHBIe 3aBeICHMS Y TIOCTYITUBIITUM
B YIIpaBJIEHUE JTOPOT Ha HU3IINE JTOKHOCTH.
JIvi aTUX MpeanuchBaeTCs Ha3HavYaTh Ha
Takule CTaHIUM, TJe Obl OHM MO PYKOBOI-
CTBOM CTapIINX areHTOB MOTJIM B YKOPOYEH-
HBII CPOK O3HAKOMUTHCSI C 00S13aHHOCTSIMU
HU3IIKX cirykanmx. Kpome Toro, Heodxomam-
MO TIPEIOCTABIISITh UM JIBUKEHUE TIO CITyX0e
BHE OUYepea U I10 MCTEYEHUH Troja CO JTHS
TTOCTYTIICHUST 329K CIISITh Ha TOCYIapCTBEHHYIO
CIIyX0Y, He3aBUCUMO OT 3aHUMAaeMOW TOJIXK-
HocTH («Kueg. Muvicav», No 138).

(Keaesnogopoxuoe aeao. — 1909. —
Ne 33. — C. 188)

Kenesnogopoxuoie yuuanma. — He-
CKOJIBKO JIET TOMY Ha3aJl HayaJlbHUKOM
M.-Kypckoii, Huxeropoackoit u Mypom-
CKOM X.Ja. uHxXeHepoM JLloOpoBOJIbCKUM
MpUrjalmaiuch ciayxaliue K akTUBHOMY
YY4acTUIO B Pa3BUTUM IIKOJBHOTO Jeja Ha
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JIOpoTax, MyTEM OTYMCICHUS IJIS1 9TOM LIeJTN
1 % u3 ux oknagoB coiepxaHus. Ternepb
BBISICHUJIMCh MHTEPECHBIE PE3yJIBTATHI.

C 1902 1. mo 1907 cymma oTuucieHUM
Bospocia ¢ 3470 py6. mo 18000 py6., a ac-
CUTHOBaHMWE Ka3HBl Ha TOT XK€ MpeaMET
yBeauumioch ¢ 22300 py6. mo 76800 py6.,
YTO JIAJI0 BO3MOXKHOCTH 00yYaTh B 3KeJIE3HO-
JTOPOKHBIX IKoJax 4430 geTeit 060ero moia
BMecTo 1560. Kpome Toro, ycuaeHue qeHexX-
Horo ¢oHa 1aéT BO3MOXHOCTb OKa3bIBaTh
MMOMOIIb TEM CHYXAIlUM, AT KOTOPBIX
MPOJ0JKEHNE 00pa30BaHMS AeTel B yUMIIH -
Iax BBICIIETO TUTIA JIOKUTCS TIXETBIM
OpeMeHeM Ha UX CKPOMHOM OIoIKeTe.

Kaxnaplii yyaiuiicst 3a BC€ BpeMsi CBOETO
MpeObIBAHUS B YIMITUIIE HE TOJIHKO OCBOOOXK-
JAeTCs OT TIIATHI 32 00yYeHUe, HO U MOJIb3Y-
eTcst 0e3BO3ME3THO BCEMU BUIaMU YYeOHOTO
nHBeHTaps. Ho «cmpoc Ha obpaszoBaHue
3HAYUTEJBHO OTIepeInJI BO3MOXHOCTh €T0
yIoBIeTBOpeHUsI». Tak, HampuMep, B 1907 1.
npu ctaHuusax Kospos, Huxnwnii, Opén,
OBLTM BBICTPOEHBI BTOPbIEC YUMJIUIIIHBIC 3/1a-
Hus ¢ 10 Ki1acCHBIMM KOMHaTaMM KaxJoe,
W OHU yXe mepernojHeHbl. Toxe camoe
B O6upanoske, CenuBaHOBE U 30JI0TyXUHE.

I. oOpoBOJIbCKMIT HAMOMUHAET CJIyKa-
MM, YTO «TOJIBKO IPU IPYKHOM conuaap-
HOCTHU OTHOIIIEHUS K TAKOMY BaKHOMY BO-
pocy, Kak o0ydyeHre U BOCITUTaHUE eTei,
oOpa3oBaTesibHbIE HYXJIbl Ha BBEPEHHBIX
eMy Joporax MOTYT OBITb yIOBJIETBOPEHBI
¢ OOJIbIIIei MTOJTHOTOM, YeM 3TO Ha0JIIo1aeT-
cs B HacTosIulee BpeMs» («Pannee Ympo»,
No 6, 9 ane. 1909 e.).

(Kenesnongopoxknoe aeno. — 1909. —
Ne 14—15. — C. 88)

He xenawt. — Ha 3anpoc nupexkTopa
TTeTepOyprckoro TeXHOJOTMYECKOro UHCTU -
TyTa npod. BopoHoBa o mpegocraBieHUN
CTyIleHTaM JIETHe ! TpaKTUKK Ha (habpuKax,
3aBOJIaX M XEJEe3HBIX TOpOTrax, Mo4YTU BCe
YacTHBIE MPEINPUATUS OTBETUIIN OTKA30M.
TobKO OT HEKOTOPBIX XK. JI. TIOJTy4YeH 0J1aro-
MPUATHBIN OTBET («Bosea», No 60, 1909 e.).

(Kenesnomgopoxknoe aeno. — 1909. —
Ne 30. — C. 176)

Penakuus Bpipaxkaer 0JIaroapHoCTh
nepconaxy omoanorekn Poccuiickoro yHu-
BEPCHUTETA TPAHCIOPTA 32 MOMOLIb B MOAr0-
TOBKEe MaTepuaJa. °
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HUMAN RESOURCES MANAGEMENT:
HOW IT WAS ORGANIZED 110 YEARS AGO

NEWS FROM THE ARCHIVES

Railway staffing 110 years ago: young professionals, internship, interaction with higher
schools... Many solutions could be implemented now, and this compilation might be published
within the chapter on education, training and staff.

What is needed to improve the staff of
employees on the railways? — This question,
which is the subject of a special questionnaire,
undertaken recently on many railways,
prompts me to express my own view on this
subject.

The question touched mainly on employees
of traffic control service. The prevailing
opinion tends to see the reason for
unsatisfactory service of these agents in the
absence or lack of educational qualifications.
In raising the educational level, they sece a
panacea for eradicating the disease. It seems
to me that the root of evil must be sought much
deeper, and that a whole range of other
measures are needed both to improve the
selection of employees, and to awaken in them
self-activity and a conscious attitude to work.

I turn, in particular, to the proposal that
has been put forward on some roads to replace
the positions of station chiefs and their
assistants only with persons having an
educational qualification not lower than the
course of secondary schools and, moreover,
certified by educational institutions; I doubt,
firstly, that these positions, under the existing
conditions of service and remuneration,
should have a sufficient contingent of such
candidates; secondly, if it is intended to attract
young people directly from school to the
above-mentioned responsible positions, it is
unlikely that the benefits of studying the
school disciplines of the program would
balance that risk and harm to the service,
which, undoubtedly, will be present due to the
absence with young men’s of simply everyday
experience, tact and balance for business
relations with the public and for managerial
actions, on which safety of train traffic often
depends; thirdly, if an extensive contingent of
junior office clerks, telegraph operators and

others, regardless of their abilities and business
skills, will be deprived of prospects for
promotion, giving way to academic diplomas
and certificates, it may result in the fact that
talented individuals, having their heads
screwed on the right way, but without a
certificate, who until now in the railway
service are more common than in any other
field, will all leave the railway to other areas
of work where only business skills are valued,
regardless of whether they have been achieved
at school or through self-education and self-
development. On each railway and now in the
staff of the employees there is an adequate
supply of people with educational
qualifications, but if they are often left behind
when promoting in the service, would it not
be necessary to perceive only the law of free
competition, which naturally brings forward
people of labor and business ability. If we
introduce patronage of educational
certificates, then, of course, the roles will
change, but it is unlikely that such an increase
in educational qualifications will help to
improve the quality of employees.

The evil not only of railways, but of all
other enterprises and departments in our
fatherland, lies not so much in the lack of
educational qualifications as in the insufficient
height of the moral level of the employees;
lacking not diplomas, but much more
important: honesty, hard work and initiative.
And it is unlikely that the Board and the Office
of Railways may envy in this regard other
departments where the system of diplomas
flourishes. It is enough to point out our
privileged naval or military departments, to
the entire highest burcaucratic world,
everywhere we see a complete lack of initiative,
carelessness, actual ignorance and a predatory
attitude toward the interests of the treasury.
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¢ 11 Hukodaesnya Gmona.
(10 okTatps 1908 1)

TIpi TOPIECTBEHHOMS OTKDHTIM COCTOSBLIATOCS BT
TleTepOyprh, 8 aprycta 1902 r., MexayHapoaHaro se-
AB3H0NopoRHaro Konrpecca, I. Musmctpb Mytedl Co-
obuenis, C. 10. ButTe, Bb npupbTCTREHHON phuM yKa-
Saib, MEXAY NPOYHNT, Ha TOTb JECTHbI 15 WHOCTpaH-
WX TOCTel (aKTh, Y4TO B OTHOWEHIH TexHHYecKol
CTOpOHE NOCTPOIiKM i IKCHAOTALiM KETBSHHX J0POTH
POCCiA 1071,308a1aCh Pe3yLTATANH  ONHTA ADYTHXb
cTpams. JIBACTBHTENbHO, NPH MePBOHAYANLHON OpraHM3a-
Uil Ha BHOBb COOpYXQeMHXb OPOTaxh MPHXORIOCh,
1O HEAOCTATKY CBOWX YCCKHXD TeXHHSECKHXb CHID,
07b30BATHC YCAYTAMH HHOCTPAHHBXD TeXHMKOBD. Ho
Bb uHCTE cTpouTenel u
HaNePBHXD NOPAXb BHABAWINCE pycCKie ABATENM, 3aT-
il CoOMMN TANBITRMNI SSUPAIER KOWErs.

-
Tiia CooGuenis: Daxs Gesn
i Barois 413 nepesosii

pyc 0p;

Guuna pupakena Hukonan Hukonaesndy ekpennss Gra-
TORAHOCTL KAKD 32 3TOTH, Takb W 52 MEMUIECTHOBAD-
wie_ero Tpyas o OGueny Cwl

B 1889 rony Hukonali HuKoiaeswsn uoupaercs
Tosapuuexs Mpeachratens Obuwaro Crb31a u &b 570l 1
OTKHOCTH MPUHMMAETD HA CeGAi PYKOBOACTBO TpyAawh
nepebx TapHPHHXD CbEIN0BD; 3aTEMB, Bb 1894 rony,
Oifb MBOHPAETCA Ha NOCTH NpeAchiaTens M ocTaeTcs Ha
3TOMb MOCTY AO AHS CBOEH KOHWMHH.

B, nokofiHows Hukonah Hukonaesusb coueraicy
Bch TH KauecTsa, KOTOPHMM AOMKeHb 067ajaTh Maeah-
Hoill PEACBAATEN W 7peTesicKili CyAbt: TPRBOCXOMHOE
ananie K12, OGHEKTHEHOCTS, CrIOKOHCTBe, ynbHie Bhsc-
HUTH pascHATDHBACMH BOTDOCY, BCECTOOHHE €0 ocab-
THT, W HallTH ClpaBejINBOe, SaKokHoe phuerie. O61a-
iy TANGHTAMBBALIAXD DYCCKMXD kenbaHofo- | as japown ciosa, Hukonaii Hukonaesuun, mhpaxanca
DO)KHHX’L AbaTene, 3HaTOKOBL IKCMAOATALIOHHO-KOM- BCErja MpOCTO, 6e3b BCAKMXDH BHIYYPHHXB O060POTOBDL
Mepueckoli OTPACTH, OIHO H3b MEPBXT MBCTD JOMKHO | pbuM, Ge3b «usbTOBb KpacHopBuisin, KOTOpHNM Hepbiko
OMTb OTBEJIEHO HeJaBHO i 0CTOTR M
OGuixh Cb3i0T MPCACTABHTE/eH KETBIHHXT JOPOTb |  CEPACAHOCTE G OTIHMNTETLHMUMM YepTai GOraTo 02~
Hukonaio Hikoaesusy . CyuloBy, SanMMasieMy 5TOTh | peniofl HaTypu noofiwaro Haero npepckparens. Ira
nocts v 1894 ropa. CepACHHOCTS NPOSRTANACH B OCOGEHHOCTH BO BCEXD Ciy=

Vake Ha nepouxt OOuwxw Cubomaxs Hukonai Hu- | uasxw, KUK NOMMNAICH BOMPOCD (MAGHTPOMHYECKATO
KOTAGBHY MIpOSBANb CBOM fapoBais, 3Heprio i Tpy- ‘ choficTsa, HanpuwBpb: 0 BHAawh nocobia_crymaueny Ha

nomoGie.  Byayu  mabpawb Cvbsgown Bb 1891 1. bb | nbuexbe, 0 BCMOMOUIECTBOBANiM 1 T, n. Borbaw 3a npo-
Kowmccito 1o o6pesmaosanin abstensnoctn Komnrerano | ureniens JoRAR G R, KB, crbrosano phuerie

<ty npo-
M3HOCHMOE Ch yAapeHleNb, TOHONb, He JOMyCKAIWINb
Bospaeniil.

Hukonall  Hukonaemuun npectanuas XXIIl -~ Obueny

W3BEHEHHO MM CANOTHMHO. DEBH3iN, CB NOXPOOHS- Bhicoko A Tpyau  MacTuTaro npeachrarens (ewy

Wk, onucaniews mbiis, npiospTeHHaro s

cTpOf-
CTBA NepBar0  WHBAMMAHAro foma. OGwHNT Cm‘k:nomm

610 78 1BTH), HCNOAHFBLIATO TY He AETKYID JOMKHOCT
B Tegenic 15 ABTH, NPEACTABTENN KaKb KeTBIHOO: .

[ Cwbany, MOXHO CKa3aTh, KIACcHuCKil ROKNUND O Npo- |

So, in my opinion, introduction of
compulsory general educational school
qualifications for the employees on the
railways is unlikely to contribute to an increase
in the quality selection of employees; it would
be much more important for the interests of
the service to set up special examination
commissions at the Road Administration, for
testing by interviewing of official, special and
partly the general knowledge of those who are
being promoted. Such examinations would
enable the Road Administration to check skills
certification of the nearest authorities and in
a collegial way to evaluate not only the
business skills of the employee, but also his
overall development, in order to determine his
degree of suitability for the most senior
positions.

Then it would be very useful to introduce
special secret annual certifications by the
nearest authorities: Heads of the Department,
Heads of the station — of each of the employees
subordinated to them with regard to their
morality, diligence, amateur performance, and
so on. These certifications could consist of
answers to questions developed by the Road
Administration, on special certification sheets
and, for convenience of comparisons, could
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be expressed using a digital point system.
These observation records, made periodically
by different executive persons, in view of the
employee’s transfer from station to station or
from one department to another (which
should have been done as often as possible in
the interests of the business and correct
assessment of the employee), and entered into
the employee’s service records — would
provide a clear idea of the comparative
qualities of all employees and would serve as
a criterion for selecting candidates for
promotion, and, of course, education
qualification would have to be taken into
account along with other assessment factors.

The method of assessing an employee in
relation to his business qualities is also very
important. It is unjust and inappropriate, of
course, to form an opinion about the employee
by a favorable external impression and by
dullness of answers to questions posed when
the authorities are passing through along the
line; it is important to judge not by appearance
and words, but by deeds. To assess the
activities of senior, responsible agents, the
most rational, in my opinion, would be a
statistical method, in the form of
comprehensive records of the activities of each

News from the Archives. Human Resources Management: How It Was Organized 110 Years Ago



station, each department, for example: about
idle time of cars and trains, about the number
of shortages and damage to cargo, about the
number of incidents caused by the operating
employees, the number of complaints from
passengers and cargo owners, the number of
refutation control checks, the number of
comments made by inspectors of all kinds
(traffic, station accounting) and other. All
these records, digitized in accordance with the
size of the technical and commercial work of
a station or branch and expressed
independently of the record of activity from
all stations and all branches, would represent
the best indicator of the degree of success of
a given accounting unit (station, branch), and
therefore would serve as an impartial
description of the activities of responsible
agents in charge of these units.

But, in addition to assessing the business
qualities of employees, this method could
serve to introduce a variety of premiums, with
appropriate deductions when evading certain
norms. Properly and rationally organized
statistics and accounting in large enterprises
replaces the master’s eye, premiums and
bonuses, being the type of employee’s
participation in profits that depend on a
successful and economic attitude to business,
turns an employee into a master. That is why
neither the increase in salaries, nor the
issuance of award money each time at the
discretion of the authorities, often dependent
on random causes, will never achieve the effect
that is obtained from correctly and expediently
assigned premium, when an employee in every
extra hour of idle time or unproductive
mileage of a car, in every missing load of cargo,
in every damage to rolling stock or other
property of the road — will see his personal
damage with a purely master’s pain in his
heart. By transforming an employee into a
master, the administration eliminates the need
for reminders, compulsions and threats that
require long, unpleasant and, in most cases,
unmet goals of daily remote negotiations with
the stations to speed up the loading, unloading
and return of cars, shields, and so on. Personal
material interest of station chiefs in the fastest
turnover of cars, cargo, shields, and so on and
the inexorable exact digital accounting of this
turnover will undoubtedly be a much greater
guarantee of business success, rather than
degrading daily reminders to senior agents of

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

their duties, assuming that it will act and force
them to do as much as possible.

The introduction of premiums requires,
however, great deliberation, strict planning and
prior careful study of all features of each station,
contributing to or, conversely, unfavorable to
the normal course of the business. Failure to
comply with these conditions very often leads
to failure of the premiums, forcing the
administration to be disappointed in the
principle of premiums itself, while this failure
is due cither to the inappropriate use of the
meter of this function, or to the appointment
of too high or prohibitively low standards that
do not meet the conditions of the actual average
work, or finally to the inexpedient distribution
of bonuses among the participants, at the
discretion of the authorities, instead of accurate
accounting of individual work, which
mathematically determines each participant’s
share.

Long-term service practice is, in my
opinion, one of the most important guarantees
of the employee’s usefulness, his moral
reliability and attachment to work. I think
that the opinion, shared by many people, is
deeply erroneous that an employee turns into
a squeezed lemon over time, which then can
only be thrown away. If, over the years, his
energy actually decreases, then this decrease
ismore than compensated for by accumulation
of administrative and everyday experience
and tact that help him with the least
expenditure of energy to achieve the greatest
productivity and usefulness of his actions,
avoiding those mistakes and blunders that are
inevitable for a beginner, full of energy, often
directed to completely useless breaking, to
excessive friction, aggravating only relations
with representatives of other services and
departments and distracting attention
towards a completely unproductive and even
harmful work.

That is why I believe that senior employees
are a very valuable element of railway service
personnel and that it is in the interests of the
road that the longest service of their agents
should be encouraged worldwide,
strengthening not only their personal, but also
their hereditary ties with the road, for which
it isimportant to extend care to their families,
to raising their children and to the preferential
provision of service on the road to the latter.
For those purposes it would be very useful to
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increase the number of railway secondary and
lower schools and expand their program by
introducing into such teaching special subjects
of the railway business, in order to train
children of employees with skills allowing to
occupy not only technical positions, but also
positions of telegraph operators, clerks,
weighers and so on. It would also be very useful
for every road to have some scholarships in
higher technical educational institutions, for
children of employees of the road, with the
obligation for scholars to serve no less than a
certain number of years (3—5) on the road
after graduation, starting from the lowest
technical positions: train driver or road master.
Raising self-initiative of employees can
pass through developing their personal
interest in improving the economic work of
the road; the use of the best ways to evaluate
their activities in order to achieve promotion
of only really worthy agents; strengthening
attachment of employees to the road by
providing them and their children with jobs
on the road after special schooling for that;
contributing to improvement of educational
qualification of employees, without violating
the principle of free competition of school
knowledge with business skills and merit.
This is the path that, in my opinion, can
lead to an increase in the quality of personnel
serving on the railways, both educationally
and from moral and business points of view.
N. Melnikova
(Zheleznodorozhnoe delo [Railway
Business], 1909, No. 33, pp. 184—186).

Education rights at railway service. —
Minister of Railways S. V. Rukhlov proposed
to the head of South-West railway to issue an
order that the roads make special consideration
of persons who have graduated from higher
educational institutions and have entered the
administration of roads at lower positions. It
is prescribed to appoint these persons to such
stations, where, under the guidance of senior
agents, they could, in a shorter period, become
familiar with the duties of the lower employees.
In addition, it is necessary to provide them
with promotion in the service out of turn and
after a year from the date of admission, to
enroll them to the civil service, regardless of
their position («Kiev. Mysl», No. 138).

(Zheleznodorozhnoe delo [Railway
Business], 1909, No. 33, p. 188).
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Railway schools. — Several years ago, the
head of Moscow—Kursk, Nizhny Novgorod
and Murom railways, engineer Dobrovolsky
invited employees to actively participate in
development of schooling on the railways, by
deducting for this purpose 1 % of their
salaries. Now, interesting results have become
clear.

From 1902 to 1907 the amount of
deductions increased from 3470 rubles to
18 000 rubles, and appropriation of the
treasury for the same item increased from
22300 rubles up to 7600 rubles, which made
it possible to train 4430 children of both sexes
instead of 1560 in railway schools. In addition,
strengthening the monetary fund makes it
possible to assist those employees for whom
education of children in higher education
schools becomes a heavy burden on their
modest budget.

Each student during his stay in school is
not only exempt from tuition fees, but also
uses all kinds of educational equipment free
of charge. But «the demand for education is
far ahead of the possibility of meeting it». So,
for example, in 1907, at the stations Kovroy,
Nizhny, Orel the second school buildings with
10 classrooms each were built, and they were
already overcrowded. The same is in
Obiralovka, Selivanov and Zolotukhin.

G. Dobrovolsky reminds employees that
«only with friendly solidarity in relation to
such an important issue as education and
upbringing of children, the educational needs
on the roads entrusted to him can be satisfied
more fully than it is observed at present»
(«Rannee Utro», No. 6, January 9, 1909).

(Zheleznodorozhnoe delo [Railway
Business], 1909, No. 14—15, p. 88).

Do not wish. — Almost all private enterprises
refused the request of the director of Petersburg
Technological Institute, professor Voronov on
provision of summer practices (internship) to
students at factories, plants and railways. Only
some railways responded in a favourable
manner («Volga», No. 60, 1909).

(Zheleznodorozhnoe delo [Railway
Business], 1909, No. 30, p. 176).

The editorial board expresses gratitude to
the staff of the library of Russian University of
Transport for assistance in preparing the
material. L
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ABTOPE®EPATHI 310
|

e HevicripaBHOCTY CTPEsIOK

C a/1eKTpoABUraTesIsMm
nepemMeHHoro Toka.

® HaBuraymoHHble faHHbIe rpu
riocazke ¢ 1croJsib30BaHNeM
CrMYTHUKOBBIX
pPananoHaBUraLiMlOHHbIX CUCTEM.
o ABTOMaTn3npoBaHHas
ANarHoCTVIKa CKpernaeHum
6€ecCTbIKOBOro nyTu.

e Monesnb HaaéxHOoCTn
[BYKaHaslbHbIX CUCTEM.

° SPPHeKTUBHOCTb yripaBieHus
TEXHUYECKUM COCTOSIHUEM
MarvcTpasbHbIX IOKOMOTUBOB.
o [loBbiLLeHVE pecypca
CTPEesI04HbIX NePEBOOB.

HOBbIE KHUTU

O TPAHCNOPTE 314
|
Hay4Hble nsanaHusi POCCUNCKNX
v 3apyBexXHbIX N34aTesIbCTB.

KHMXXHASA J1IOLUUA « BIBLIO-DIRECTIONS

SELECTED
ABSTRACTS

OFPH.D.THESIS 312
|
e Malfunctions of switches with
alternating current electric
motor.

e Automated diagnostics of
fastenings of a continuous
welded rail track.

e Model for calculating reliability
of dual-channel systems.

e Ways to increase the resource
of turnout switches.

e Improving efficiency of
managing the technical
condition of mainline
locomotives.

e Navigation data for landing
using satellite radio navigation
systems.

NEW BOOKS
ON TRANSPORT AND
TRANSPORTATION 315

Scientific editions of Russian
and global publishing houses.




ABTOPE®DEPATDI

AUCCEPTALUA

Selected abstracts of Ph.D. theses
submitted at Russian transport universities
and research institutions
(aHrn. Tekct — English text — p. 312).

hitps://doi.org/10.30932/1992-3252-2019-17-4-310-313

Benoycos C. B. MeToap! 1 a/IropuT™Mbl TMATHO-
CTHKH HEMCIPABHOCTEIi CTPEJIOK ¢ 3J1eKTPoBUraTe-
JISIMA TIepeMEeHHOT0 TOKa / ABToped). AMC... KaH/.
texH. HayK. — CII6.: [ITYIIC, 2019. — 16 c.

OrnpenesieHbl KPUTEPUHN, TTO3BOJISIIONINE O€3
TOTepU MPU3HAKOB HEUCTIPABHOCTEW COKPATUTH
00bEM MH(pOpMaIY, HEOOXOAMMOI /I TUArHO-
CTUKU CTPEJIOK C JIEKTPOIBUTATEISIMU MTEPEMEH-
HOTO TOKa.

PaszpaboTraHbl METOIbI AMATHOCTUKY HEUCITPAB-
HOCTE CTPEJIOK C 2JIeKTPOABUTATESIMU ITEPEMEH-
HOTO TOKa, OCHOBaHHbBIE Ha IPUMEHEHUN TEOPUU
HEMPOHHBIX CETEN.

[IpennoxeH alropuT™ paclmpeHust odyyatro-
el BBIOOPKU, TIPUMEHEHNE KOTOPOTO YBEJTUIH-
BaeT CKOPOCTh 00yYeHMSI HEPOHHOI CETH.

PazpaboTaHbl METOIBI JOTMYECKOTO aHATU3a
(byHKIIMY MOILITHOCTH TIepeBOIa CTPEIIOK.

[IpemnoxkeHbl METOOUMKYU BbIIEICHUST UHGOP-
MaTUBHBIX 30H PaOOThI CTPEJIOYHOTO AIEKTPOTIPU-
Boza Ha rpaduke HYHKIIMM MOIIHOCTH TIepeBoIa
CTpEJIKU.

[Ipoun3BenéH cuHTE3 METOIOB TEOPUM HEMPOH-
HBIX CeTell 1 JIOTUYECKOTO aHaJIn3a B MHTETPUPO-
BaHHBII METOJ TUATHOCTUKU CTPEJIOK C JIEKTPO-
NBUTATEJISIMU MEPEMEHHOTO TOoKa Mo QyHKIINKU
MOII[HOCTH TE€PeBOjIA.

Cneuuanvrocms 05.13.06 — Aemomamu3zayus
U ynpaeaeHue mexHoA02UYeCKUMU npoyeccamil U npo-
uzeodocmeamu (mpancnopm). Paboma evinosnena
6 [lemepGypeckom eocydapcmeennom yHugepcumeme
nymeii coobuenuss Mmnepamopa Anexcanopa I.

3apamumun O. . MeTtoap! noBbieHNs 11€10CT-
HOCTH W HEMPEPHIBHOCTH HABUIANMOHHBIX TAHHBIX
TPH TOYHOM 3aX0J€e HA MOCAJAKY MO MpudopamM BO3-
JYIIHBIX CYJ0B C MCNOJb30BAHHMEM CIyTHHKOBBIX
Pa/IMOHABUTAIIMOHHBIX cucTeM / ABToped. muc...
KaHj. Texd. HayK. — M.: MI'TY TA, 2019. — 22 c.

[MpoBenéH KoaMYeCTBEHHBIN CUCTEMHBIi aHa-
3 HaKTOPOB HETATUBHOTO BO3IEHCTBUS HA CUT-
Hanel CPHC u crioco60B NOBBIIIEHUST LIETOCTHO-
CTHM U HEMPEPHIBHOCTU HABUTAIIMOHHOTO obecrie-
YeHUST BO3AYIIHBIX CYIOB B palioHe aspoapomMa
U IIPY TOYHOM MHCTPYMEHTAJIBHOM (TIPUOOPHOM)
3aX0/Ie Ha MOCaKy MeToIoM AU hepeHIIMaTbHOTO
pexuma THCC B dopmare cranmaptoB (SARPs)
MKAO, a Takke KOMIUIEKCUPOBAHUSI paIMOTEXHU -
YECKUX M ONITUUECKUX CPEACTB (pa3nuyHo pusu-
YeCKOI TIPUPOIIBI) € 1IeJIbIo 00ecTieueHus Tpedye-
MbiX MKAO HaBUTrallMOHHBIX XapaKTEePUCTUK

MWP TPAHCIOPTA, Tom 17, N24,C. 3 (2019)

ABTOpedepaThl AUccepTaunm

B ycioBusix paguornomex 1 CMY (tymaH, o6yay-
HOCTb U IIp.).

IIpemtoxeHHble B paboTe CrocoObl odecreye-
Hus tpeboBanniit UKAO k curnany T'HCC nernmu
B OCHOBY CO3IaHMsI TTepBOro B Mupe u Poccuiickoit
Deneparivl MporpaMMHO-aIIapaTHOTO KOMIUTEKCa
CITyTHUKOBOI CHCTEMbI HAaBUTALIMU U TOYHOTO aB-
TOMaTUYECKOT0 3aX0/ia Ha MOCAIKY MO IBYM CIyT-
HukoBbIM cucteMaMm [JIOHACC/GPS Ha Bce Tutb
adpOIPOMOB U BEPTOAPOMOB (TIONSIPHbIE, TOPHBIE,
JIeIOBBIE U [IP.), COOTBETCTBYIOIIMX CTaHIAPTAM
HMKAO.

Bmecte ¢ knaccnueckumu auddepeHimanb-
HBIMU MTPaBKaMM, OMpPeNeIEHHBIMU KaK Pa3HOCTU
BBIYMCIICHHBIX U U3MEPEHHBIX TICEBIOAATLHOCTEH,
B paboTe MpeIIoXKeH METO/I OLIEHKH OIIMOO0K hop-
MHPOBAHUS STUX ITOMPABOK 10 KaXKIOMY CITYTHUKY
" Tepenaya B-BenwuuH u Apyrux mapameTpos,
conepxxainx “HGOPMaIUIO O TOUHOCTH U LIETOCT-
HocTH U depeHIaabHBIX MOMPaBOK, HA OOPT
BC, 49To mo3BonMIIO0 00eCIeunuTh TpeOOBaHUS
MKAO no nenocrHoctu curHaia [HCC u peann-
30BaTh B OOPTOBOM arnapaType CIlyTHUKOBOI MO-
caJiKu pacu€T ypoBHEM 3allUThl, MTO3BOJISIIOIIUHT
3HAUYUTEIBHO TOBBICUTH MEPY MOBEpPUs U HEIpe-
PBIBHOCTB onpezesieHus KoopauHat BC, ocodeHHO
B YCJIOBUSIX HAJIMUUS TITYMOBBIX TIOMEX M MOHO-
cepHBIX LITOPMOB B palioHe a9pOapoOMa.

C L1e/1b10 MOBBILLIEHHUSI LIEJIOCTHOCTUA CUTHATIOB
T'HCC B mpocTpaHCTBe B paboTe MPEITOKEH METOT
OLIEHKM CITyTHUKOBBIX TaHHBIX (DQM) 1 kayecTBa
curHaioB (SQM), nepenaBaeMbIX CO CITYTHUKOB,
MpenlecTBYIONIMA 3Tany pacuéra auddepeHim-
aJIbHBIX MOMPABOK K TICEBIOAATBHOCTIM. JlanHoe
pelieHre MO3BOJIMIIO MPAKTUYECKU HUCKIIOYNUTD
BO3MOXHOCTH MCITOJIb30BaHUS HETOCTOBEPHBIX
OOPTOBBIX CITYTHUKOBBIX HABUTAITMOHHBIX JAHHBIX
MpY ONpe/ieIeHUU KoopArHaT B AnddepeHunatb-
HOM peXuMme.

IIpennokeHHbIN B pabOTe HOBBIM METOJI OLIEH-
KM KayecTBa CIIYTHUKOBOTO HaBUTALlMOHHOTO
cUTHaJIa 00eCTIeYnBaeT He TOJBKO 3aIIUTY OT TPEX
moneneit uckaxenus I[1CIT (A, B, C), npemnarae-
Mbix MKAO, HO Tak:ke 1 3allUTy 110 U3MEPUTEIb-
HBIM TaHHBIM OT JIIOOBIX IPYTUX (hOPM MCKAKESHUS
CUTHAJIa B peaJIbHOM BPEMEHU.

Cneyuanvnocms 05.22. 13 — Hasueayus u ynpas-
JeHue 8030yuHbIM 0sudiceHuem. Paboma évinoanena
6 Mockoeckom eocydapcmeenHom mexHu4ecKkom
VHUgepcumeme 2paxcOaHcKoll asuayuu.

MakapoB A. B. ABToMaTH3MPOBAHHASL TUATHO-
CTHKA CKpeIUieHHii 0eccThIKOBOro Myt / ABToped.
IMC... KaHI. TexH. HayK. — M.: AO «BHUWKT»,
2019. - 16 ¢c.

OmnpeneneHbl GYHKIIMY U3MEHEeHUST Koahdu-
LIMEHTOB, XapaKTEPU3YIOLIUX TUIT IPOMEXYTOUHO-
IO PeJIbCOBOTO CKPETUICHUsI, CTETIeHb MPUXKAaTHUsI
CKpEIUIEHUEM peJibca K MOAPeIbCOBOMY OCHOBA-
HMIO U MOMEHT 3aTSDKKU TPUKPETTUTEsI, O3B0~
JISTIOIIME Pa3paboTaTh METOl aBTOMATU3MPOBAHHOM
TMUATHOCTUKY COCTOSTHUS CKPETICHUA.



YcranoBneHa yHKIIMOHAIbHAS 3aBUCUMOCTh
BEJIMYMHBI 3aTSDKKY TPUKPENTUTENe MPpOMeXyTod-
HBIX PEJTbCOBBIX CKPETUIEHUI OT BEIMINHBI 1ehop-
Mal¥ 3JIEMEHTOB CKPETUIEHUIA.

OmnpeneneHbl KO3(pGULIUMEHTb U3MEHEHUS
YCTOMYMBOCTH OECCTHIKOBOTO ITyTH TIPY TEHCTBUM
TeMIIepaTypHBIX CUJI, XapaKTepPU3YIOIINe BIUSHIE
CTeTIeHU MPYXKATUS peJibca K MOAPEIbCOBOMY OCHO-
BaHMIO B 3aBUCHMOCTH OT BEJIMUUHBI IehopMaIiun
CKPETUIEHUI 1 MOMEHTA 3aTSKKY TTPUKPETTATEIICH.

OrnpeneneHbl U3MEHEHUsT BeJIMUUH AedopMma-
U Pa3IMIHBIX TTPOMEXYTOUHBIX PEITbCOBBIX
CKPEIUIEHU B 3aBUCUMOCTU OT TPUJIOXKEHHOU
BEPTUKATbHOI Harpy3Ku.

Cneyuanvhocms 05.22.06 — 2KeneznodopoucHbiii
nymo, U3bICKAHUE U NPOEKMUPOBAHUE JCeNe3HbIX
dopoe. Paboma evinonnena 6 Axyuoneprom obuecmee
«Hayuno-uccaedosamenvcKuii uHCmMumym jicenesHo-
00POICHO2O MPAHCHOPMA».

IIpoyp3un O. B. Mozens pacuéra HATEKHOCTH
JBYXKAHAJIBHBIX CHCTEM C Pe3ePBHPOBAHHEM HA OC-
HOBe aJIbTePHUPYIONINX MPOLECCOB BOCCTAHOBJIEHHUS
/ Astoped. auc... kana. texn. Hayk. — CII6.:
MI'VIIC, 2019. — 16 c.

BBemeHbI B paccMoTpeHME TSI ABYXKAHATBHOM
CHCTEMBI C pe3epBUPOBAaHUEM YITPaBJIsieMbIe TTapa-
METPbI TAPAHTUIHBIX CPOKOB PabOThI €€ dIeMeH-
ToB. PemeHa 3amaya onTuMaabHOTO BEIOOPA ITUX
mapamMeTpoB C 1IeJIbIO TIOBBIIICHUS TTOKa3aTeieit
HaaéxXHocTu U 3(pdekTuBHOCTU cucTemMbl. Ob0C-
HOBaH M peajn30BaH ONTUMAIbHBIN, C TOUKHU
3pEeHMsS] SKOHOMUU MAIIMHHBIX PECypCOB, aliro-
PUTM TSI TOCTPOEHUSI IMHUI YPOBHS (OYHKIIUI OT
NIBYX apryMeHTOB, KOTOPBIN TIPUMEHSIETCS IS
rpaUIeCKOTO aHAIN3a CIOXKHBIX (DYHKIIWIA.

TTosydyeHHbII HAyYHO-METOIMYECKHUI anmapar
TTO3BOJTVIT BEIYMCIISITh U aHATTM3UPOBATH TTOKA3aTe-
JIM HAJIEKHOCTH JIByXKaHATbHOM CUCTEMBI C pe3ep-
BHUPOBaHMEM, 00J1a/IAI01IIE il HEOKCITOHEHTUATbHbI-
MM pacTpeie;IeHUsIMU BpeMeHU PeMOHTA 1 BpeMe-
HM 6€30TKa3HO# PabOThl KAXIOTO KaHaa.

Cneyuanvhocms 05.13.18 — Mamemamuueckoe
MOOenuposanue, YUcieHHvle Memoobl U KOMHACKCbL
npoepamm. Paboma evinonnena ¢ I[lemepbypeckom
20Cy0apcmeeHHoM yHueepcumeme nymeti cooOujeHusl
Hmnepamopa Anexcandpa 1.

Cymuunckuii O. I1. [ToBbiuenne 3¢yeKTHBHOCTH
YHIpaBJieHNs TEXHUIECKHM COCTOSIHHEM MATHCTPATb-
HBIX JIOKOMOTHBOB / ABTOped. IHC... KAHA. TEXH.
HayK. — Omck: OMI'VIIC, 2019. — 20 c.

PazpaboraHa MeTOIVKA YIIPABICHMSI TEXHOJIO-
TMYECKUMHU TIPOLIECCAMU PEMOHTA JIOKOMOTHUBOB
C MCTOJIb30BAHUEM CETEBOTO MITAHUPOBAHUS LTSI
KOHTPOJISI 1 KOPPEKTUPOBKU BBITIOTHEHUST TEXHO-
JIOTUYECKUX OTePALIHii.

TIpenioxeH arOpuTM ONpeNeTeHNsT HeOOXOH-
MOTO TIEPEXOTHOTO O0OPYIOBaHUSI, 3aTTACHBIX YaCTel
U MaTepuajoB Uil 0OeclieyeHus] KaYeCTBEHHOTO
BBITIOTHEHSI TEXHOJIOTMYECKIX IIPOLIECCOB PEMOHTA
JIOKOMOTHBOB HOBBIX CEPHii 1 HOPM PAacXo/ia Marte-
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ABTOpedepaTbl AUccepTaunm

PHAJIOB TP HETIJIAHOBBIX PEMOHTAX C YYETOM Bepo-
SITHOCTY BOSHUKHOBEHUSI OTKA30B B 9KCILTyaTalliu.
Pa3paborana MeToaMKa ornpeeeHus moKasa-
TeJsT 9HeProa(PPEeKTUBHOCTU 3JIEKTPOBO3a I
KOHTPOJISI M YIIPaBJIEHUSI KAUECTBOM BBITTOJTHEHUST
TEXHOJIOTMIECKUX TPOIIECCOB PEMOHTA M OLIEHKU
3(hheKTUBHOCTHU UCTIONTB30BAaHUST MATUCTPAIbHBIX
3JIEKTPOBO30B Ha OCHOBE IMPOTHO3UPOBAHUS 10-
TTOJTHUTETbHBIX TIOTEPb MOIITHOCTH B y3JIaX U arpe-
raTax, JUMUTUPYIOIINUX KX PAOOTOCITOCOOHOCTD, TIO
pe3yJibraTaM BbIIIOJTHEHHOTO PEMOHTA.

Cneyuanvrocms 05.22.07 — Ilodeusncroit cocmaeé
JIcene3Hbix dopoe, msea noe3008 U INeKmpuGuUKauusl.
Paboma evinoanena ¢ Omckom eocydapcmeennom
yHueepcumeme nymeii cooduerus (Oml'YIIC).

Inmukuna U. B. IloBbienne pecypca cTpeok
CTPEJIOYHBIX MePeBOIOB 32 CYET YCOBEPIIEHCTBOBA-
HHS NPUKPeNJIeHHs] PeJbCOBBIX 3/1€eMEHTOB CTPEJKH
K OCHOBaHHIO / ABTOped). IHC... KaH]. TEXH. HAYK. —
M.: PVYT, 2019. — 24 c.

B xone uccienoBaHust BriepBble BBIITOJHEHBI
9KCTIEPUMEHTAJIbHBIE U TEOPETUYECKUE pa3padboT-
KU TI0 WCCEAOBAHUIO BIUSHUS KOHCTPYKIINU
CKpETUIEHUI1 Ha CTPeJIKe CTPEIOYHOTO NMepeBoia Ha
UX pecypc.

[MonyueHbl cpaBHUTETBHBIE PE3YIBTATHI AMHA-
MUKO-TIPOYHOCTHBIX MCIBITAHUN MOIKJIaA0K
C MOAYUIKOM Pa3TMYHbIX KOHCTPYKLIMIA VTS OTIpe-
NeNeHUs UX HaMpsXEHHO-Ae(OpMUPOBAHHOTO
COCTOSTHMSI T1O1 BO3IEHCTBUEM TOE3/I0B C YUYETOM
0COOEHHOCTEH pa3HbIX TEXHOJIOTUI U3TOTOBJIEHUSI.

[pencraBnen aHaIM3 CPOKOB CITY>KOBI 2JIEMEH-
TOB MPUKPEITIEHUST OCTPSIKOB U PAMHBIX PEJTbCOB
K OCHOBaHMUIO.

ITocTpoeHa BepoATHOCTHAST MOAETb PAOOTHI
METaJUTMYEeCKUX MOAKIAI0K C MOMYIIKON CTPeToK
CTPEJIOYHBIX MEPEBOIOB, XOPOILIO COMIACYIOIIASCS
C pe3yaBTaTaMy OMBITHOW 9KCIUTyaTallny, KOTopast
TO3BOJISIET PACCUUTHIBAThH pacipenesieHue 0TKa30B
TTOAKJIATIOK C MOIYIIKOM B 3aBUCUMOCTH OT XapakTe-
PUCTHK MeTajUla, U3 KOTOPOTO OHU M3TOTOBJIEHBI,
HavyaJbHOM 3aTSIKKU MPUKPENUTENIeit U CIeKTpa
HarpspKeHUH, BOSHUKAIOILIUX OT [TOE3IHOM HAarPy3KH.

[MonyueHbI 3aBUCMMOCTH OTKa30B TOJKIANI0K
C MOJYIIKOH C MOMOIIIbIO pa3pabOoTaHHOI METOAU-
KU, KOTOpasi 1aéT BO3MOXHOCTb TJIAHUPOBATh 3a-
MEHY TIOJKJIANOK Ha CTPEJTOYHBIX TIepeBOIaxX Mpu
CMEeHEe OCHOBHbIX METALTMYECKUX YacTeH.

IMpu uccnenoBaHUM BBISIBICHBI HOBbIE BUIIbI
nedeKTOB MPUYNH OTKA30B MOIKIAM0K C TOMYIII-
KOM.

J171s1 BBISIBJIEHUSI TIPUYMH M3JIOMa TTOAKIIATI0K
C MOIYIIKOM OB TPOU3BEIEH XUMUUECKUI aHATTU3
U MeTajiorpaduiecKe NCCcae10BaHusI MOAKIAAKI
C MOYIIKOI B CEUEHUSIX U3JIOMOB.

Cneuuansrocms 05.22.06 — 2Keneznodopoxchuoiii
nYymb, U3bICKAHUE U NPOeKMUPOBAHUE JHCeNe3HbIX
dopoe. Paboma evinoanena ¢ Poccuiickom ynusepcu-
meme mpancnopma.

IMoaroroswna H. OJIEMHUK @
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Belousov, S. V. Methods and algorithms for
troubleshooting switches with alternating current
electric motors [Metody i algoritmy diagnostiki
neispravnostei strelok s elektrodvigatelyami
peremennogo toka]. Abstract of Ph.D. (Eng) thesis.
St. Petersburg, PSTU publ., 2019, 16 p.

Criteria have been determined that allow,
without loss of signs of faults, to reduce the amount
of information needed to test switches with AC
motors.

Methods for troubleshooting switches with AC
motors based on the theory of neural networks have
been developed.

An algorithm for expanding the training sample
is proposed, the use of which increases the speed of
training of the neural network.

Methods for the logical analysis of the power
function of the setting of switches have been
developed.

The methods of selection of informative zones
of operation of the switch actuator on the graph of
the power function of the setting of the switch have
been proposed.

The methods of the theory of neural networks
and logical analysis have been synthesized into an
integrated diagnostic method for switches with AC
motors according to the power function of setting of
switches.

Specialty 05. 13.06 — Automation and management
of technological processes and production (transport).
The work was performed at Emperor Alexander |
St. Petersburg State Transport University.

Makarov, A. V. Automated diagnostics of
fastenings of a continuous welded rail track
[Avtomatizirovannaya diagnostika skreplenii
besstykovogo puti]. Abstract of Ph.D. (Eng) thesis.
Moscow, JSC VNIIZhT, 2019, 16 p.

The functions of changes of coefficients
characterizing the type of intermediate rail fastening,
the degree of pressing by rail fastening of a rail against
the rail base and the fastener tightening torque,
allowing to develop a method for automated
diagnostics of the condition of fastenings, are
determined.

The functional dependence of the value of
tightening of the fasteners of intermediate rail
fastenings on the magnitude of deformation of the
fastening elements has been established.

The coefficients of change in stability of a
continuous welded rail track under the action of
temperature forces, which characterize the influence
of the degree of rail pressure on the rail base,
depending on the magnitude of deformation of
fastenings and the torque of tightening, have been
determined.

The changes in deformation values of different
intermediate rail fastenings have been determined
depending on the applied vertical load.

Specialty 05.22.06 — Railway track, survey and
design of railways. The work was performed at Joint
Stock Company «Railway Research Institute».

Prourzin, O. V. Model for calculating reliability
of dual-channel systems with redundancy based on
alternating restoration processes [Model rascheta
nadezhnosti dvukhkanalnykh system s rezervirovaniem
na osnove alterniruyushchikh protsessov
vosstanovleniya]. Abstract of Ph.D. (Eng) thesis.
Moscow, PSTU publ., 2019, 16 p.

The controllable parameters of warranty periods
for operation of its elements are introduced for a
two-channel system with redundancy. The problem
of optimal selection of these parameters in order to
improve reliability and efficiency of the system is
solved. The optimal algorithm from the point of view
of machine resources saving, for constructing the
lines of the level of functions from two arguments,
which is used for graphical analysis of complex
functions, has been substantiated and implemented.

The obtained scientific and methodological
apparatus will allow one to calculate and analyze
the reliability indices of a dual-channel system with
redundancy, which has non-exponential
distributions of repair time and uptime of each
channel.

Specialty 05.13.18 —Mathematical simulation,
numerical methods and program complexes. The work
was performed at Emperor Alexander I St. Petersburg
State Transport University.

Shishkina, I.V. Increasing the resource of
turnout switches by improving fastening of switch
rail elements to the base / Povyshenie resursa strelok
strelochnykh perevodov za schet usovershenstvovaniya
prikrepleniya relsovykh elementov strelki k
osnovaniyu|. Abstract of Ph.D. (Eng) thesis.
Moscow, RUT publ., 2019, 24 p.

In the course of the study, experimental and
theoretical developments were carried out for the
first time to study the influence of design of
fastenings of the switch points on their resource.

Comparative results of dynamic strength tests
of pads of various design to determine their stress-
strain state under the influence of trains, taking into
account the features of different manufacturing
techniques, were obtained.
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The analysis of the service life of the elements
of fastening of stock rails and points to the base is
presented.

A probabilistic model of operation of metal pads
of turnout points was constructed, which complies
with the results of test operation, which allows one
to calculate distribution of failures of pads depending
on characteristics of metal from which they are
made, on the initial tightening of fastenings and the
stress spectrum generated by train load.

The dependencies of the failures of pads were
obtained using the developed technique, which
makes it possible to plan replacement of pads on
turnout switches when changing the main metal
parts.

The study revealed new types of defects that
cause failures of pads.

To identify the causes of breaks of pads chemical
analysis and metallographic studies of pads in the
fractured sections were carried out.

Specialty 05.22.06 — Railway track, survey and
design of railways. The work was performed at Russian
University of Transport.

Supchinsky, O. P. Improving efficiency of
managing the technical condition of mainline
locomotives [Povyshenie effektivnosti upravleniya
tekhnicheskim sostoyaniem magistralnykh
lokomotivov]. Abstract of Ph.D. (Eng) thesis. Omsk,
OSTU publ., 2019, 20 p.

A method has been developed for managing the
repair process of locomotives using network planning
to monitor and adjust implementation of
technological operations.

An algorithm is proposed for determining the
necessary transitional equipment, spare parts and
materials to ensure high-quality implementation of
technological processes for repairing locomotives of
new series and consumption rates of materials for
unplanned repairs, taking into account likelihood
of operation failure.

A method has been developed for determining
the energy efficiency index of an electric locomotive
for monitoring and controlling of quality of
technological repair processes and for assessment of
efficiency of operation of main electric locomotives
based on predicting additional power losses in nodes
and assemblies that limit their performance as a
result of the repair performed.

Specialty 05.22.07 — Rolling stock of railways,
train traction and electrification. The work was
performed at Omsk State Transport University.

Zavalishin, O. I. Methods to improve integrity
and continuity of navigation data during precision
approach landing of aircrafts using satellite radio
navigation systems /Metody povysheniya tselostnosti
i nepreryvnosti navigatsionnykh dannykh pri tochnom

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol
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zakhode na posadku po priboram vozdushnykh sudov
s ispolzovaniem sputnikovykh radionavigatsionnykh
sistem]. Abstract of Ph.D. (Eng) thesis. Moscow,
MSTU CA, 2019, 22 p.

A quantitative systematic analysis of the
negative impact factors on SRNS signals and ways
to improve integrity and continuity of navigation
support of aircraft in the airfield area and during
an instrumental landing approach using the
differential mode of GNSS in the ICAO standard
format (SARPs), as well as integration of radio
engineering and optics (of various physical nature)
in order to provide the ICAO-required navigation
characteristics in the presence of radio interference
and SMU (fog, clouds and others), have been
suggested.

The proposed methods for meeting the
requirements of the ICAO GNSS signal formed the
basis for creation of the world and national Russian
ever first software and hardware satellite navigation
system and for the automatic precision landing
approach using two GLONASS/GPS satellite
systems for all types of airfields and heliports (polar,
mountain, ice and others) compliant with ICAO
standards.

Together with the classical differential
corrections, defined as the difference between the
calculated and measured pseudoranges, the paper
proposed a method for estimating the errors in
formation of these corrections for each satellite
and transmission of B-values and other parameters
containing information on accuracy and integrity
of the differential corrections to the aircraft, which
allowed to satisfy ICAO requirements for integrity
of the GNSS signal and to implement in the
on-board satellite landing equipment a calculation
of the levels of protection, allowing a significant
increase in the measure of confidence and
continuity of determination of coordinates of
aircraft, especially in the presence of noise
interference and ionospheric storms in the vicinity
of the aerodrome.

In order to improve integrity of GNSS signals in
space, the paper proposes a method for estimating
satellite data (DQM) and quality of signals (SQM)
transmitted from satellites, which precedes the stage
of calculating the differential corrections to
pseudorange. This solution allowed to virtually
eliminate the possibility of using unreliable onboard
satellite navigation data when determining the
coordinates in the differential mode.

The proposed new method for assessing quality
of the satellite navigation signal provides not only
protection against three pseudo-random sequence
distortion models (A, B, C) offered by ICAO, but
also protection of measurement data from any other
forms of signal distortion in real time.

Specialty 05.22.13 — Navigation and air traffic
control. The work was performed at Moscow State
Technical University of Civil Aviation. [
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AsneeB A. B., Enun /1. B., Monnuesckas JI. I
u ap. loctyrHas cpefia uisi THBIMIOB Ha TPaHC-
nopre: YueoHuk. — M.: YMII no obpazoBaHuIO
Ha XeJIe3HOMOPOXHOM TpaHcropte, 2019. —
229 c. — ISBN 978-5-907055-73-5.

AremikrHa H. A. OpraHuszaiusi naccaxup-
CKUX TIEPEeBO30K M OOCTYy:KMBaHUE MACCAXUPOB
(3kee3HOMOPOKHBIN TPAHCIIOPT): YUeOHUK. —
Caparos: Aii [1Tu Ap Menaua: [IpodobpaszoBaHue,
2019. — 432 c. — ISBN 978-5-4497-0109-1.

Aiizatyiosa A. 1., Anekceesa M. 1O., Ba-
cunweBa H. B. u ap. Mcropust tpancnopra Poc-
cun: Yueonuk / IMom o6m. pen. T. JI. ITamxko-
Boit. — M.: YMII 1o o6pa3oBaHUIO Ha KeIe3HO-
IopoxXHOM TpaHcropte, 2019. — 378 ¢. — ISBN
978-5-907055-03-2.

bouxkapeBa H. A. [lepeBo3ka rpy30B Ha 0co-
OBIX YCJIOBUSIX (3KE€JI€3HOOPOXKHbBIM TPAHCIIOPT):
VuebHuk. — Caparos: Ait [Tu Ap Menua: [1pod-
obpazoBanue, 2019. — 312 c. — [ISBN 978-5-4497-
0177-0.

Bennxuna JI. Y., Jonuenko B. B., EBctur-
HeeBa H. A. 1 1p. DKonorus TpaHcropTa 1 yCcTom-
YKMBOE pa3BUTHE: TeXHOC(EepHast 0e30MacHOCTb U
MIPUPOI000YCTPOMCTBO, TeXHOCHEepHast 6e30Iac-
HocTh: Yueonuk / IMox pen. M. B. KapaneTsiHi,
E. W. [TaBnoBoii. — M.: YMII no o6pa3oBaHuiO
Ha XeJIe3HOMOPOXHOM TpaHcropte, 2019. —
368 c. — ISBN 978-5-907055-72-8.

3emiuH A. ., Koznos B. B. TIpotuBoneii-
cTBUE TeppopusmMy. OpraHu3alMOHHO-TIPABOBOE
obecrieyeHre Ha TpaHCTopTe: Yueb. mocodue. —
M.: FOpaiir, 2019. — 181 ¢. — ISBN 978-5-534-
10013-6.

HBanosa T. A. MexayHapoaHble aBTOMO-
OUJIbHBIE U MOpPCKHME TepeBo3Ku rpy30B / Tlon
pen. A. A. AnanbeBoii. — Caparos: Hayka, 2019. —
133 c. — ISBN 978-5-9999-3121-4.

JleontneB P. I. HeObl1b 0 «MOAEISIX KOHKY-
PEHIIUM» POCCUICKUX MOPCKUX TTOPTOB: KBa3M-
Teopus 1 TIcCeBAOMeTOa0I0Ts: MoHorpadus. —
Branusoctok: IBDY, 2019. — 102 c. — ISBN
978-5-7444-4537-9.

HosukoB A. H., Tpsacuun A. I1. Hudpossie
TEXHOJIOTMU Ha TpaHcropTe: Yueb. mocodue. —
Opén: OT'Y um. Y. C. Typrenena, 2019. — 127 c. —
ISBN 978-5-9929-0725-4.

IMaBnosckuii B. A., Peyukuii A. C. Terodu-
3UYECK1E OCHOBBI MOPCKO# TPAHCIIOPTUPOBKY U
OYHKEpPOBKHM CXMXEHHOTO MPUPOAHOTO raza. —
CII6.: KpbL1oBcKuii roc. HaydHbIi eHTp, 2019. —
169 c¢. — ISBN 978-5-903002-91-7.
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HoBeble KHUrn o0 TpaHcnopTe

ITnotnukosa E. C. YpaBiieHre THBECTULIHSI -
MM Ha BHYTPEHHEM BOJTHOM TpaHcmopTe: MOHO-
rpacust. — M.: TpancJlut, 2019. — 175 ¢c. — ISBN
978-5-94976-131-6.

TTpoexkTpoBaHMEe OCTAHOBOK U Tiepecanoy-
HBIX y3JI0B 00I1IeCTBEHHOTO TpaHcnopTa. Standard
zastavek PID: cTanmapt mepecamoyHBIX Y3JI0B U
OCTaHOBOK MHTETPUPOBAHHON CUCTEMBI 0OIIIe-
ctBeHHOTO TpaHcrnopTa [Iparu u CpeaHeuencko-
ro kpasi // Accounaiiusi TpaHCIIOPTHBIX MHXeHe-
poB / Ilox pen. B. Bannuna; niep. ¢ gemr. I1. Ky-
3uHa, J. JltotoBa. — CI16.: Kocra, 2019. —
310 c. — ISBN 978-5-91258-424-4.

PrionukoB A. M., Peionukosa . A. Crieuna-
JIN3UPOBAHHBIC MEPErpy30UYHbIC KOMIIIEKCHI
B MOPCKUX ITopTax: Yueb. mocodue. — HoBopoc-
cuiick: TMY um. agmupana ®. @. Ymakosa,
2019. — 148 c.

Cwmoponunuesa E. E., fxymes H. B. Bzan-
MOJeliCTBUE BUAOB TpaHCcIopTa 2-¢ u3n. — Exa-
TepuHOypr: YpI'VIIC, 2019. — 246 ¢c. — ISBN
978-5-94614-471-1.

Coxkoinos lO. 1., Mexox 3. I1., JlaBpos 1. M.
U Ip. YrpaBjieHUEe KaueCTBOM MPOAYKIIMKU Ha
JKEeJIe3HOMOPOXKHOM TpaHCTopTe: YyeGHOe TMo-
cobue / Ilox pen. FO. U. CokonoBa. — M.: YMI|
1Mo 06pa30BaHMIO Ha KeJIE3HOAOPOXKHOM TPAHC-
mopte, 2019. — 197 c. — ISBN 978-5-907055-
18-6.

Tepémmna H. I1., I[Togcopun B. A. DkoHomu-
Ka MHHOBaIuii Ha TpaHcmopre. — M.: PYT (MU-
HT),2019. — 401 c. — ISBN 978-5-7876-0380-4.

Tepémmna H. TI1., IToacopun B. A., Coko-
noB 10. U. u np. DKOHOMMKa XKeJIe3HOTOPOXKHO-
ro TpaHcmopTa: YueoHuk. — CapartoB: Aii [1u Ap
Menua, 2019. — 414 ¢. — ISBN 978-5-4497-
0052-0.

Tepémmna H. I1., Tokapes B. A., Unozemiie-
Ba C. M. Pacxonbl UH(PpaCTPYKTYphI XKeJIe3HOI0-
POXHOTO TPAaHCTIOPTA: TEXHUKA U TEXHOJIOTUH
CTPOMTEJILCTBA, SKOHOMMKA U yIIpaBJieHe: Y4eo.
nocobue. — M.: YMLI no obpazoBaHuto Ha Xe-
JIE3HOIOPOXXHOM TpaHcmopTe, 2019. — 262 ¢. —
ISBN 978-5-907055-84-1.

Xomou M. C., bauypun A. A., Criupux U. B.,
CaBocuHa M. M. Opranm3zamust cepBUCHOTO 00-
CIYXXUBaHUs Ha aBTOMOOMJILHOM TpPaHCIOPTe:
VYueonuk / IMox pen. M. C. Xonoia. — 3-e us.,
ucrp. — M.: Akagemus, 2019. — 286 c¢. — ISBN
978-5-4468-8198-7.

Yynpukosa 3. B., Baxpameesa M. B., Men-
HukoBa O. B. u np. LHudpoBrie TexXxHOTOTUNU
9KOHOMUYECKUX MPOIECCOB Ha TPAHCIIOPTE:
Mouorpadusa / IMon pea. JI. A. KapruHoii,
A. B. Pezepa. — M.: BUHWUTHU PAH, 2019. —
217 c. — ISBN 978-5-902928-83-6.

IITa6ypoB C. C. OcHOBHI ynpaBjieHuUs, Ija-
HUPOBAHUS U OPTAaHU3ALIMK CTPOUTETHCTBA, Pe-
MOHTa, COIepXaHUs aBTOMOOMJIBHBIX JOPOT:
Vueb. nocoodue. — Upkyrck: M3n-Bo MpkyTckoro
Hall. ucciiesi. Tex. yH-ta, 2019. — 433 c. — ISBN
978-5-8038-1364-4.

Ioarorosunaa H. OJIEMHUK @
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