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BECIMUJIOTHbLIE CYAA

mpoBeaeHH! B 11 cyobpekTax Poccuiickoit
denepanni.

Kaxk coobmmma mpecc-ciay:k6a MuHIpoM-
TOpra, MPeayCMOTPEHO YTBEPKICHUE TTOIOXKE-
HUSI O IPOBEICHNY 9KCIICPUMEHTA 110 OTTBITHOM
SKCILTyaTallid aBBTOHOMHBIX CYZIOB ITOJI TOCYIap-
ctBeHHBIM (rarom Poccuiickoit Menepanum,
B KOTOPOM 0003HaUYeHbI AcTpaxaHCcKast 00J1acThb,
Kanuannrpaackas oomactb, KpacHomapckmii
Kpaii, JleHmHrpaackas objgactb, Maraganckas
obnactb, MypMmaHckas obaactb, [Ipumopckuit
Kpaii, PoctoBckas o6iactb, Cankr-IleTepOypr,
CaxanuHckast ob6jacTh, XabapoBCKUil Kpaii,
B MOPCKUX MOPTaX KOTOPBIX 3aPeTUCTPHUPOBAHBI
aBTOHOMHBIC Cy/Ia.

PaHee TIpoeKT MTOCTaHOBICHUS TIPABUTEIIb-
CTBa O TIPOBEICHUHM SKCIIEPUMEHTA T10 SKCILTya-

M CHIbITAHUS OECMUJIOTHBIX CYAOB OYayT

TalM OCCIMIOTHBIX CYIOB MOJ POCCUUCKUM
¢aarom nmommepxkanm MUHUCTEPCTBO TpaHC-
rmopta Poccnu u mpyrue BemoMcTBa

DKcrepuMeHT HauHETCS 1 okTs10pst 2020 ro-
na v npoautces 1o 31 nekabps 2025 roga. B ok-
Ts10pe 2020 roma B HEM IPUMYT yIacTHE TAaHKEP
«Muxamn YabstHOB» («CoBKOMMIIOT» ), KOTOPHIi
COBEpIIIaeT PeryIsIpHbIC Peiichl Mexkmy MypMaH-
ckoM u MJICII «IIpupaznoMHas», 1 CyXorpys
«[oxa Auduca» (OO0 «Ilona Paii3»), KoTopblit
OymeT BBITTOJTHSTE PETYJISIPHBIC PEHCHI B aKBAaTO-
puu Yépnoro u Kacnuiickoro mopeii, a Takxke
CBsI3Ka U3 TPYHTOOTBO3HOU Oapxu «Paboyas»
u 3eMcHapsiaa «PenyT» («PocMopmiopT») B akBa-
Topuu nopra «Kaskasz».

ITo marepuanam UTAP-TACC:
https://tass.ru/ekonomika/9524169@

UNMANNED SHIPS

in 11 entities of the Russian Federation.
According to the press service of the
Ministry of Industry and Trade, it is planned
to approve regulations on the pilot project of
experimental operation of unmanned ships
flying the flag of the Russian Federation
providing involvement of the seaports of
Astrakhan region, Kaliningrad region,
Krasnodar region, Leningrad region, Magadan
region, Murmansk region, Primorsky region,
Rostov region, St. Petersburg, Sakhalin
region, Khabarovsk region, where ships are
registered.
Earlier, the draft government decree on the
experiment on the operation of unmanned ships

Tests of unmanned ships will be carried out

has been supported by the Russian Ministry of
Transport and other ministries and agencies.
The experiment will begin on October 1, 2020
and will last until December 31, 2025. In October
2020, it will involve the tanker Mikhail Ulyanov
(Sovcomflot), operating regular voyages between
Murmansk and Prirazlomnaya offshore ice-
resistant oil producing stationary platform, the
general cargo ship Pola Anfisa (Pola Rise LLC),
which will provide regular service in the Black
and Caspian Seas, as well as an interconnected
group of hopper barge Rabochaya and drag
Redoubt (Rosmorport) in the Kavkaz port area.

Compiled based on ITAR-TASS news:
https://tass.ru/ekonomika/9524169®

Domo Ha nepsoii obaodicke: caiim «HMuHoeayuontslil daiioxcecm» hitp.//www.rzd-expo.ru/innovation/stock/locomotives_of freight_traffic/; caiim H9B3 AO «Tpancmawixondune»
https.//www.nevz.com/2es5.php.
Front cover photos: Innovative Digest website http.//www.rzd-expo.ru/innovation/stock/locomotives_of freight_traffic/; website of Novocherkassk Electric Locomotives Plant (NEVZ) of
JSC Transmashholding https.//www.nevz.com/2es5.php.
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Bepuduumupyemasa CTpykrypa
TEeXHOJIOrM4YeCcKux npoLeccos

B TPEXMEPHbIX ANHAMUNYECKUX MOoaEeNax
XKEeJsIe3HOAOPOXHbIX CTaAHL NN

Anexkcanap rOJIOBHUY

UccnenytoTcss CTaHUNOHHbIE TEXHOJI0MMYeckKne
fpoLeCChbl, BOCMIPOU3BOANMbIE HA TPEXMEPHOMN MO-
A€ C Mo3nLmMmn OLEHKN JOCTOBEPHOCTU X pa3Bu-
Tnsi. OTOXAECTBASIEMbIE MOAENPYEMbIE N CMOAE-
JIMPOBaHHbIE MPOLIEeCChl COMOCTaBJISIIOTCS M0 KOH-
KPETHbIM CPaBHUTEJIbHbIM MO3ULNSIM. ITaslOHOM
CIYXXUT PUKCUPOBAaHHbIV HA6OP TEXHOJI0rN4eCcKoro
psiga onepauuii o 06C1yXUBaHWIO BarOHOMOTOKOB
BCEeX Kareropui Ha KOHKPETHOM XeJ1e3HOLOPOXHOM
cTaHumu.

Jnsi anekBaTtHOCTV MOLAEJIbHOM PEKOHCTPYKLNN
npOTOTUMY YYUTLIBAIOTCS BOSHUKAIOLLUNE OXUAAHUS
M NPOCTOM rOABUXHOIO cocTaBa, KOTopble BBOASIT-
cs1 B MOZieJ1b Kak 0COObIe pacLLeniEHHbIE COCTOSIHUS
OCHOBHbIX [MPOCTPAHCTBEHHbIX JIOKALNI MOABUXKHO-
ro coctaBa. B paspabareiBaeMori Moaen cTaHUmm
BBOAUNTCS MOHATHE «rapa@du3ndeckme KOHCTPYK-
Umu», KOTOPOE BKIIOYAET J1I0ObIE HEBO3MOXHbIE 110
PU3NYEeCKUM KaHOHaM 1 HepaLmMoHasbHbIE M0 TeX-
HOJI0rM4eckuM TPeboBaHNSIM COCTOSIHNS 0ObLEKTOB
nyTeBOro pa3BuTus U NOABUXHOIro coctasa. Jlorvka
nporpamMmMHOro KOHTPOJIS Haz NoA0OHbLIMY COCTOSI -
HUSIMU MOZEJIbHbIX CTPYKTYP OCHOBbIBAETCS Ha
aHain3e pas3peLuéHHbIX MoO3NLUNN CTaHLUMOHHbIX
006bLEKTOB MPY BbIMOJIHEHUN 3TAJIOHHbLIX TEXHOJI0MM -

Toao6nuy Asexcanop Koncmanmunosun — beaopycckuii eocyoapcmeenivlii
YyHUgepcumem mparcnopma, lomens, beaapycv*.

qyeckux ornepauuni. 3amennieHne CTaHLUMOHHbIX
ornepaumnii MOXeT C1YXUTb MPeABECTHUKOM OXUAa -
HUWV WY MPOCTOEB.

BaxkHbIM METOA0/I0rNYECKUM 0CbIUIOM AJIS1 Cr10-
coba pa3paboTku ANHAMUYEeCKOM MoAesn cTaHumm
saBasieTcsi GOpPMUPOBaAHNE CUCTEMbI BHYTPEHHEO
rporpaMMHOro aHaan3a TeKyLLer cutyaumm, pacrio-
3HaBaHWsi MOMEHTa HacCTyIn/1eHVs rnapagpu3nyeckon
cUTyaLmm v yrpexxzaeHusi eé ¢ BBeieHNMeM B HopMaJib-
HOE€ pyCJ10 LUTAaTHOro pa3BuTusl cutyaunn. Aaar-
TUPYIOLLV MOAYITb MHOPMALMOHHOM MPOTOTUMNPYIO-
Levi cpeabl A0MKEH ObITb MHTE/IEKTYA IbHBIM ar€HTOM,
obriafaroLmm pa3BUTbIMU CBOKMCTBaMU reHepaumm
UCKITIOYNTESIbHBIX CUTYaLIMK Ha OCHOBE MPOBEAEHHbIX
VIM CPaBHUTESIbHbIX TECTOB, CITOCOBHOCTHIO POPMUPO-
BaHWsi COOTBETCTBYIOLLIEV 6a3bl 3HaHWI 1 €6 UCTOJIb-
30BaHwisi B ripoLiecce AasbHeviLueri paboTsl 6e3 kKakoro-
MO0 BHELLIHErO y4acTusl [10J1b30BaTEEN.

Lenb nccnenoBaHusi, N310XXKEHHOro B CTaTbe,
cBsi3aHa ¢ pa3paboTkovi 00X TPeGOBaHWI K ANHA-
MUYECKON MOAEN XeJIe3HOLOPOXHOM CTaHuuM,
YHKUMOHUPYIOLLEV a1eKBATHO peaslbHOM TEXHUYEe-
ckovi cucteme, baaronapsi oLeHke [JOCTOBEPHOCTY
penpoayumMpOBaHHbIX CTAHLUMOHHbIX TEXHO/IOrn4e-
CKUX MPOL,EeCCOB.

Knwo4eBbie c/ioBa: xene3Hasi Aopora, Tpé’xmepHoe mMogesimpoBaHue, Xes1e3HO40POXHas CtTaHUus, Kpuv-

Tepun 4OCTOBEPHOCTN MoA4esln.

*NHdopmauma 06 aBTOpE:

FonoBHny4 AnekcaHap KOHCTaHTMHOBUY — JOKTOP TEXHNYECKNX Hayk, npodeccop kadenpbl
NPOEKTUPOBaHUS, CTPOUTENLCTBA 1 SKCMyaTaLMm TPaHCNOPTHLIX 06bEKTOB Benopycckoro
rocynapCTBEHHOr0 yHMBEpcUTeTa TpaHcnopTa, flomens, benapyck, golovnich_alex@mail.ru.
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BBEOEHUE

MoaenupoBaHue MPOLIECCOB 00CTYKUBa-
HUSI BarOHOMIOTOKOB Ha KeJIe3HOAOPOKHOM
CTaHLIMU C TPEXMEPHOU BU3yalM3allueil BbI-
TOJIHSIEMbIX TEXHOJIOTMUYECKHUX OIepalnii siB-
JisieTcst 3(p(eKTUBHBIM HaTlpaBIeHUEeM LIMdpo-
BU3allMU yIIPaBIeHUs TPAHCTIOPTHBIMU MTOTO-
Kamu. Peanuzanus aaropuTMoB (pyHKIIMOHU -
pPOBaHUST MOJIEJIbHBIX OOBEKTOB, aAeKBAaTHBIX
(u3uKe mpoieccoB B3aUMOIEHCTBUS MyTU
M MIOABMKHOTI'O COCTaBa, a TAKXKE TPeOOBAHUSIM
TEXHOJIOTMM HE TOJBKO IO BHEIIHEH (opme,
HO U MO BHYTPEHHUM CBOMCTBaM, MO3BOJIUT
co3aaTh UHGOPMALMOHHO-(GU3NYECKYI0 MO-
nenb craHuui [1; 2]. Tak Kak B OCHOBE PEKOH-
CTPYKTUBHBIX ITPOLIECCOB UBMEHEHUS COCTOSI-
HUI MOIEJIbHBIX O0BEKTOB JIESKUT KOPPEKTHASI
WHTeprnpeTauus GpU3NIeCKUX B3auMOIei-
CTBMIA TeJ, TO pe3yJbTaTOM BCEro Ipolecca
MOJICIMPOBAHUS SIBISIIOTCSI HEITPOTUBOPEUH -
BBbI€ CJIEACTBUSI, aleKBaTHbBIC PEaIbHBIM CTaH-
LIMOHHBIM COOBITUSIM. OTHAKO CTEIEHb JOCTO-
BEPHOCTH MOJEIUPYEMbIX COCTOSIHUI OyneT
3aBUCETh OT TOYHOCTU BOCIPOU3BEACHUS
BJIMSIIOIIMX BHEIITHUX CUJT, TOPOXKIAEMBIX UMU
HanpsDKeHUH, naBiaeHuit u ycwnuit. [lpu He-
KOPPEKTHBIX aJITOPUTMAX PEIIMKALIMU YCIIO-
BUII paOOTHI CYIIECTBYIOIIUX 00BEKTOB MO-
Jeab hopMUpPYeT MUP B3aUMOIEHCTBYIOIINX
PEKOHCTPYKTUBHBIX 00pa30oB, HECKOJIbKO
OTJIMYHBIM OT CJICICTBUM NEMCTBUS PEATBHBIX
(bu3nMyecKrX 3aKOHOB M TEXHOJIOTMYECKUX
TpeOOBaHUI perjIaMeHTHOTIO (DYHKIIMOHUPO-
BaHMSI TeXHUUYecKoil cuctembl. [TogobOHas
DPEKOHCTPYKIIUSI peaJbHOCTU CIIOCOOHA pa3-
BUBATbCSl B IMHAMUKE U (PYHKIIMOHUPOBATh
C oInpenea€¢HHbIMI PaBHOBECHBIMU pexKUMaMU
MOJEJIMPOBaHHBIX IpoleccoB [3]. OgHako
HEIOJIHOTa M HETOYHOCTD aJITOPUTMUYECKOM
peTmIMKalMy AeACTBUTEIbHBIX MPOIECCOB
OyIyT MPUBOIUTE K pe3y/IbraTaM MOIEIUPOBa-
HUS1, OTJIMYAIOIIMMCS OT 9TaIOHHBIX. [ToaToMy
BaXKHO OIPENEIUTD YCJIOBUS pa3BEPThIBAHUS
MOJIEJIbHOM MHTepIIpeTalliy POLIECCOB, ITPH-
BOJSIIME K HEIMPOTUBOPEUUMBOMY, C TOUKU
3peHus GU3MKU, U TEXHOJOTUYECKU KOPPEKT-
HOMY IPOTOTUNMPOBAHUIO CTAHLIMOHHBIX
onepanuii. CaM0oa0CTaTOYHOCTh MOJETIU
B 3TOM OTHOIIIEHUU JOKHA 0a3MpoBaThCs Ha
MHGOPMALIMOHHBIX MPOolieaypax caMOTeCTH-
pPOBaHUSI COCTOSIHUIT OOBEKTOB, OMPEICIISIIO-
IIMX TOCTOBEPHOCTb PEKOHCTPYKTUBHBIX
MPOLIECCOB Ha COOTBETCTBYIOIIMX CPABHUTEIb-
HBIX COITOCTAaBJICHUSIX.

Ileabio N31aTAa€MOTO B CTaThe UCCIIEIOBA-
HUS sIBasgeTcs GOpMUPOBAHUE MO3UIIAN
CpaBHEHUSI MOJEJIbHBIX U MPOTOTUITHBIX
TEXHOJIOTUYECKHUX ITPOIIECCOB PaOOTHI KeIe3-
HOJOPOXHOW CTaHIIMU C OIMpeaeIeHueM
YPOBHSI AOTYCTUMBIX OTKJIOHEHUI OT 3asiB-
JIEHHOTO 11a0JI0HA 1 KOPPEKTUPOBKY MHQOP-
MaIlMOHHON PEKOHCTPYKIIUY TTPU €€ BBIXOIE
3a TIpeieTbl HOpMaJIbHOTO (hyHKIITMOHUPOBA-
HUS CTaHLIUMU. Memod CUCTEMHOTO aHalIu3a
IMO3BOJISIET JOCTUYb IMOCTABJICHHONW 1)U
Oyraromapst TPUMEHEHUIO BXOASIINX B HETO
MPUHIIUIIOB €MUHCTBA, UEPAPXUU U MOYITh-
HOTO TMOCTPOEHMSI.

CPABHUTEJIbHbIE NO3NL A
MOLEJIU U NTPOTOTUNA

ITpu oTcyTcTBUM KOHTPOJIS HaA MTPOUCXO-
JSIIMMUA MOJIETbHBIMUA U3MEHEHUSIMU C TeYe-
HUEM BPEMEHU BO3MOXHO (hOpMHUPOBAHUE
COOBITUITHOTO MUpPA, BCE MEHEE MTOXOXETO Ha
MPOTOTUITHYIO pealbHOCTb. Yepe3 HeKoTopoe
BpeMs CMOAETUPOBAHHBINA (MMUTUPYIOLIUA
peasIbHBII) U MOAETUPYEMbII (SIBJISTIOITUICS
MPOTOTUIIOM MOJIEJBHOTO) MPOLECChl OyAyT
pa3INYaThCs MO OMpeAeIEHHBIM HAOTI0IaeMbIM
U PETUCTPUPYEMBbIM Mpu3Hakam. Hampumep,
MOJIETMPOBAHUE OMNepaluy pacHOpMUPOBAHUS
MOE3[10B HA COPTUPOBOYHOU CTAHLIMU MOXET
MPUBOAUTH K MOSIBJIEHUIO cieUU(pUIecKux
BU3YyaJbHbIX 3(P(HEKTOB, OOYCIIOBICHHBIX HE-
TOYHOU WJIM HEBEPHOU MHTEPIpEeTalUuSIMU
0COOEHHOCTEN TEXHOJIOTUU POCITYCKA COCTABOB
(TTOCTOSIHHO BBICOKAsi CKOPOCTb HaJBUTa 00-
YCJIOBUT TTOCTETIEHHOE YBEJTMYEHUE CKOPOCTU
JIBVDKEHUS OTLIETIOB MO CIYCKHOM YacTU TOPKU
C HAarOHOM OTLIETIOB U, KaK CJIEICTBUE, TPUBEAET
K HEBO3MOXHOCTHU MEPEeBOAA CTPEJIOK IS pa3-
JIEJIEHUS TPYIIIT BATOHOB MO ITyTSIM COPTUPOBOY-
HOTO TMapKa; POCHYCK C TOPKU OTLETNOB, Tpe-
OyIOIIMX OCAXKUBAHUS, OyAET SIBISATHCS TPUYH-
HOI COyIapeHUs LIMCTEPH CO B3PbIBOOMIACHBIMU
rpy3aMu, TPUBOJSILETO K CJI0KHO MOAETUpPYe-
MbIM aBapUIAHBIM COCTOSTHUSIM; YaCThII BBIXOL,
OTIIETIOB pachOpMUPOBHIBAEMOTO COCTaBa
B COPTUPOBOYHBII MapK C 3aBBIILIEHHBIMU CKO-
POCTSIMU IBUXKEHUSI BATOHOB MPUBEAET K MO-
BPEXICHUIO TPY30B U BATOHOB C TPYAHO PEKOH-
CTPYMPYEMBIMU MOJIEIbHBIMU COCTOSTHUSIMU).

ITosTOMY Ba>KHO BBIIEIUTH MO3ULIMU CPAB-
HEHUS [UISI TEXHOJOTUYECKUX OIepaluii,
B KOTOPBIX YYaCTBYIOT ONPEAeSIEHHbIE 00bEK-
ThI, YTO IMO3BOJIUT COMOCTABUTbh MOJIETUPOBAH-
HBII 1 MOJIEJTUPYEMBIii TIpotiecchl (puc. 1).
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Puc. 1. Mo3uumun cpaBHeHUs1 MOAEIbHOIO M PpeasibHOIro NPOoLeccoB (cxema aBTopa).

CormocraBieHue MperoaraeTcst mpoBo-
JINTh HA OCHOBE 3TaJIOHA — HEKOTOPOTO 3asIB-
JIEHHOTO TEXHOJIOTMYECKOTO TTpoliecca o0cITy-
JKMBaHMS BATOHOTIOTOKOB PEATbHOM 3KeJIE3HO-
JTIOPO>KHOM CTAaHIINM, C KOTOPBIM OYIET TPOBO-
JINTHCST CPAaBHEHUE aHAJIOTUYHBIX MOJETBbHBIX
onepanuii. COCTOSTHUSI MOJIETIbHBIX OOBbEKTOB,
YYaCTBYIOIIMX B TAKOM TE€XHOJIOTUYECKOM
MpoIecce, MOXHO KOHTPOJIMPOBATH 11O MO-
MEHTaM OTAEJbHbBIX 3aBEPILIEHHBIX ONEPALIAA
(TIpUOBITHS ITOE3/1a HA CTAHIINIO, 3aKPETIICHUST
COCTaBa Ha MyTSX Mapka Mpuéma, BhITPY3KU
BaroHa).

MopenbHOe cocTosTHUE Beerna (pukcupy-
eTCsl KaK CTaTUYHBIN Kaap HEKOTOPOU mc-
TOJTHeHHOM oTnepann. DTOT Kaap CTaOWIb-
HO COXPaHSIETCsI B HEU3MEHHOM BUJIE B T€UE-
HUE OTPEeeIEHHOTO BpEMEHU, TUKTYEMOTO
TEXHOJIOTUYECKUM TIPOIIECCOM OOCITyKUBa-
HUSI BarOHOIIOTOKOB. Takast BpeMeHHas 3a-
JIepKKa HAOJII0JaeTCsl B peasTbHBIX ITpoIleccax
U CBsI3aHA C OXXKUJAHUEM BBITIOJTHEHUS Clie-
NyIOLIEN onepaluu (HampuMep, 1JIs CocTaBa
B MapKe OTMHpaBieHUS] — HUTKU rpaduka
OTIpaBlIEHUs T0e3/a Ha TIEPErOH; IS BbI-
TPY>XEHHOTO BaroHa — MaHEBPOBOTO JIOKO-
MOTHBA C 1IEJTbI0 YOOPKU C TPy30BOTO (DpOH-

Ta). B 3TOM ciyyae HacTymaeTr oImpenenéH-
HbIIi TepepbIB B CMEHE COCTOSIHUI OOBEKTOB,
KOTOpBIE B IPEABITYIINX (ha3ax Mmepexoauan
B Ipyrue NpoCTPaHCTBEHHbIE MO3ULIUU, CBSI-
3aHHbIE C MEpeMeIEHMEeM MTOJBUXHOIO CO-
cTaBa IO IYTSIM, Aedopmanmeii BEpXHETo
CTPOEHMUS TOJ IefiICTBMEM Beca BaroHa Wjiu
HamnpsKeHUSIMU B peJibcax M3-3a yIapHOTO
BO3/IEMCTBUS 1O CTHIKAM.

I1pu oTOXAECTBIEHUN MPOLIECCOB BaXXHO
00eCnevymnThb BbINOJTHEHUE YCIOBUSI OMEKTUB-
HOCTU (OTHO3HAYHOCTU) UCXOAHBIX CPABHU-
TEJbHbIX MO3ULIMHA [JIS1 peajibHbIX U MOJIEJIb-
HbIX 00BEKTOB. B 9TOM cilydyae MOTryT BO3HU-
KaTb ONpeneI€HHbIE CJIOXKHOCTU, CBSI3aHHbIE
C HECOIOCTAaBUMOCTbIO TIOCTUTHYTBIX COCTOSI-
Huit. Hanpumep, onepanust pachopMupoBa-
HUS TTO€310B HAa COPTUPOBOYHON CTaHIIUU
HauyMHAETCs ¢ HaJBUTra cocTaBa Ha rOpKy
nocJje NPULIENTKYM MaHEBPOBOTO JOKOMOTHBA.
Ho xoopnuHaTHbIE MOJOXEHUST TOYEK CLIETI-
JIEHUS1 JIOKOMOTMBOB B Iapke Ipuéma ajis
peabHOM Y MOJIEJIbHOM CUTYyalluii HE COBIIA-
JAal0T U3-3a MPEeIbIAYIIMX HETOYHOCTE ! yuéTa
pasIMYHBIX (DAKTOPOB, MOBJIMSIBIIMX HA OLIEH-
Ky CKOPOCTHU MOJCITBHBIX 00heKTOB. OMHAKO
€CJIM BeJMYMHA Pa3IMuusl B MOJOXEHUSIX



TOYEK JIOKOMOTHBA PEKOHCTPYUPYEMOTO 00-
pasza ¥ MpOTOTUIA HE MPEBBIIACT MPEaeIoB
pa3bpoca 3TUX 3HAYEHUU MO pa3aUuYHbIM
Moe3aaM ¢ OMMHAKOBBIM KOJTUYECTBOM Baro-
HOB, IPUHUMAEMbIM Ha CTAHLIMIO, U MYTIM
MPUEMOOTIPABOYHOTIO MapKa ¢ copa3MepHoOIt
JUTUHOM, TO MOXHO CUMTATh, YTO UCXOIHbIE
MO3ULIUY TOXIECTBEHHBI. [Tpu 3TOM KOOpAU-
HATHbIE MOJOKEHUS JIOKOMOTUBA MOJEJIU MPU
TaKOM Pa3JIUYeHUU SIBJISIOTCS KOHTPOJBbHOM
TOYKOW JUIS TaJbHEWUIIEeH TTPUBS3KU PE3Yib-
TAaTOB MOJIEJIUPOBAHUS.

PazauyHbIMU 110 TO3ULIMSIM CpaBHEHUS JJ1sT
MOJIEJIN U 9TAJIOHA MOTYT OKAa3aThCs 3HAUEHUS
TaKMX BaXKHBIX PACUETHBIX XapaKTEPUCTUK, KaK
CKOPOCTb IBUXKEHUS OTLEIOB MPU CKaThIBA-
HUM C TOPKU, BpeMs MOTPy3KM BaroHOB Ha
IPY30BOM TepMUHAJE, MPOJOKUTETbHOCTh
MepeaBUXKEeHUS TOKOMOTUBOB MO MapIiIpyTaMm
MoAayYU K COCTaBy U 1ip. B aToM cityyae Takxke
HEOOXOAUMO OILIEHUBATh MOMEIbHbIE OTKIIO-
HEHMSI U MIPUHUMATD PELIEHUE O JOMYCTUMBIX
KOJIeOaHUSIX Pe3YJIBTATOB PETUIMKAIIUY TEXHO-
JIOTUYECKUX MPOLIECCOB B Mpeeiax 30Hbl Ba-
puabeIbHOCTH.

BaxxHoii mo3uiueil cpaBHEeHUs SIBISIETCS
COBMAaJleHUE IMOCIEeN0BATEIbHOCTU 2JIEMEHT-
HBIX OIepaluii 11 MOAEIUPOBAHHOTO U MO-
nenaupyemoro nporeccos. Hanpumep, nocie
MOrPy3KU BaroHa-3epHOBO3a TpedyeTcs Mpo-
BellcHUE Olepalii B3BEIIMBaHUS, KOTOpas
B 3aBUCUMOCTH OT KOHCTPYKIIMU BaroHHBIX
BECOB BBIMOIHSETCS Pa3IMYHBIMU CIIOCOOAMU:
HaKaTbIBAHWEM JJOKOMOTHBOM BaroHa Ha BEChI
C pacienkou win 6e3 He€, ¢ OCTAHOBKOI Ha
Becax WIK B ABWXKeHUU. B MonenbHOM mpen-
CTaBJICHUM B3BELIMBAHUE BATOHA MOXKET ObITh
onpenaesieHO OJHOM 0000IIEHHON cXxeMoii
rnepeMeleHus MOJBUKHOTO COoCTaBa uyepes3
BEChbl C CYMMapHbIM BpEMEHEM, PaBHbIM TeX-
HOJIOTUYECKOMY [IJISI TIOJTHOTO LIMKJIA BBIMOJI-
HeHUd AaHHOoI oniepauu. [Tpu MonenupoBa-
HUU TaKO¥ 1 TTOA0OHBIX eil ornepaluii BOZHU-
KaeT BOIPOC O CTEIEHU IeTaTh3alli COOTBET-
CTBYIOIIETO MPOLECCA, OTPAXKAIOIIETO
CYLIIECTBEHHBIE CBSI3U C MPOTOTUITHOM TEXHO-
Jorueii. [ToaToMy B MOIeIu 1OMyCTUMA CBEPT-
Ka HE3HAYMMBIX OIepalnii, KOTopas MpuBO-
JIUT, B KOHEYHOM UTOTre, K YBEJIUYEHUIO JTU -
TEJTBbHOCTU HEKOTOPOI MHTETPUPYIOLIEH CcXxe-
MbI, BKJIIOYAIOIIEN B ce0s1 CKpbIBaeMbIe OT
BU3yaJIM3allMd MUKPOOTepaluu 0e3 noTepu
KayecTBa MPOEKTUPOBAHUS U JOCTUTAEMbBIX
LIeJIE MOJIEJIMPOBAHUSL.

VIVIE I/ PIA A 3 i

Ecnu MonenbHast TeXHOJIOTHYECKasl OTTe-
parlust BHITTOJTHSIETCS C HApyIIEeHUsIMU pu3u-
KU MPOILIECCOB UM TPeOOBAHU I TEXHOJIOTUH,
TO MOXET BOBHUKHYTh COOBITHE, UMEHYEMOE
«ecTpykTom». [Tpu MonenrpoBaHuY pabOThI
JKEJIe3HOIOPOKHOM CTAaHIINU AeCTPYKTUBHBI-
MU CJIEIYyeT CUUTATh COCTOSIHUS, TIPUBOISI-
e K:

* TOSIBJIEHUIO Tapadu3nIecKuX KOH-
CTPYKLIMIi, HE HAOJIOMaeMBbIX B pealbHOM
Mupe (HarpuMep, IUTUTEbHBIN OTPBIB KOJIEC
TTOIBMXKHOTO COCTaBa OT OIMTOPHO# TUIOCKOCTH
JIBVDKEHMST; TTIOTPY3Ka HACHITTHOTO Ipy3a B Ba-
TOH C YIJIOM OTKOCa, Pe3KO OTJIUYHBIM OT
€CTeCTBEHHOTO0);

* BBITIOJIHEHUIO OTepalii ¢ XapaKTepu-
CTUKaMU, 3aMpelEHHBIMU TEXHOJOTUIECKM -
MM TpeOOBaHUSIMHU (CKOPOCTH JBUKEHUS OT-
IIEMOB Ha CIIYCKHOU 4YacTu Topku Oosiee
30 xM/4; BpeMs clMBa HETENPOAYKTOB U3
uuctepHbl 10 4; BbIcOTa 1ITabEIs METAJLIO-
npoxaTa B CKJIajie 5 M);

* HapyIIeHUIO0 HOPM 0e30MacHOCTH IBU-
KeHUsl (HeTJIOTHOE MpuJieTaHue OCTpsiKa
K PaMHOMY PEJIbCY CTPEJIOYHOTO MepeBO/Ia;
JIOXHAas CBOOOTHOCTH TIYTH; pa3BaJl Tpy3a Ha
OTKPBHITOM TTOJIBDKHOM COCTaBe);

* HEraTMBHBIM ITOCJIC/ICTBUSIM HAPYILIEHUSI
HOpM 6€30MacCHOCTH (CXOJI U1 CTOJIKHOBEHUE
MOJIBVXKHOI'O COCTaBa).

CiieqlyeT OTMETUTh, UTO MOJIEIMPOBAHUE
TEXHOJIOTUYECKUX OTepaInii ¢ OMacHBIMHU
COCTOSTHUSIMU 00J1a1aeT IIMPOKUM ITOTeHIMA-
JIOM HEKOPPEKTHOTO Pa3BUTHS U 3aBEPIICHUS
PEKOHCTPYMPYEMBIX TIporieccoB. OMHAKO 3TH
BO3MOXHOCTH CTIEIIM(PUIHBI U CBS3aHBI C pa3-
PpabOTKOU 0COOBIX KaTaCTPOGHBIX MOIEEN,
B KOTOPBIX TTOJIOOHBIE COCTOSTHUST SIBIISIIOTCS
pa3pel€HHbIMU [4].

TakuM 00pa3oM, COITOCTaBJICHUE CMO/IE-
JIMPOBAHHOTO U MOJEIMPYEMOTO TPOIIECCOB
10 COOTBETCTBYIOIINM ITO3UIINSIM CPAaBHEHMS
(cM. puc. 1) MO3BOIUT KOHTPOJIUPOBATH pa3-
BUTHE MOJIEJIM B Tpejesiax omnpeneaeéHHOTO
Jarna3oHa JIOIMyCTUMBIX OTKJIOHEHUI OT TH-
ITOBOTO TEXHOJIOTUYECKOTO Mpoliecca.

Takoit MOJIETbHBII MOAXO 3aUMCTBYETCS
W3 peTbHBIX TEXHUIECKUX CUCTEM, TJIE 1ajTh-
Heliliee pa3BUTHE TTpoliecca MpeaoTpeaesisi-
€TCSI KOHKPETHBIMU TEJISIMU TOCTUXKEHUS
HeobxoauMoro coctosinust. Eciin Ha MOMeEHT
3aBepIIIEHUsT HEKOTOPOIi oTeparuy TuarHo-
CTUPYETCsI 3HAUUTEbHOE OTKJIOHEHUE KOHT-
POJIBHOTO MapaMeTpa, TO COOTBETCTBYIOIITNM



10

" Basosoe '
cocmontite

rmecpamueroe cocmoarite A;

PaCTI!@I’I.'l@HHbZC COCMOAHUA

Puc. 2. Cesa3b 6a30BOro u pacLyernyiéHHbIX COCTOSSHUI (CxeMa aBTopa).

PECYPCHBIM O0ECIICUeHUEM CUCTEMBI OYIyT
MIPUHSITBI MEPBI, MPUBOASIINE K HOPMaJIU30-
BaHHOMY 3HAYEHMIO KOHTPOJIbHOIO Mapa-
MeTpa Ha MOMEHT 3aBepIICHUS CACAYIOIIeH
ornepauuu. Hampumep, nmpu 3HaYUTEILHOM
MPEBBIIIEHUN BPEMEHM HAXOXKIECHUSI MECTHO-
ro BaroHa Ha >KeJe3HOMOPOXHOU CTaHLIMU
OyIyT MPEeANPUHSITHI MEPbl IS YCKOPEHUS
MMoJayy MOABUXXHOTO COCTaBa Ha IYHKTHI
MOTPY3KU-BBITPY3KH.

I[TonoOHOe BO3AciicTBME HAa AUHAMUKY
pa3BUTHS TIPOLIECCOB MMO3BOJISIET TaKXKe UC-
MPaBJISITh IMHUU TPEHIa MOJIETbHBIX COOBITUIM
B CTOPOHY COOTBETCTBUS HabJII0daeMbIM
CIEICTBUSIM JEHCTBUSI 3aKOHOB (hU3UKU
U TPeOOBAHMSIM TEXHOJIOTMH ITPU HEKOPPEKT-
HOM OITMCAaHUU TIPOLIECCOB.

MOAEJIMPOBAHUE COCTOAHUSA
OBBbEKTOB CTAHLUU C YYETOM
OXXWAAHUA U NPOCTOEB

ITyctb O, — sneMeHTHas Onepanusl, Bbl-
TOJTHsIEMasi Ha CTaHIIMU (HarpuMep, 3aKper-
JICHUE CcOCTaBa Ha MyTU Iapka npuéma);
1., ;— BPeMsl Mepexo/ia B JaHHOE COCTOSTHUE;
O,, — cnenyiouas 3J1eMEHTHas Olepauus,
HacTyIallas yepe3 HEKOTOPbIN MMPOMEXYTOK
BPEMEHH 7, ., (1Sl IPUBOAMMOTO NpUMeEpa —
9TO BpeMsl pacKperuieHus coctaBa). Kpome
JUTUTETbHOCTA OCHOBHOTO BpEMEHH ITepexoa
B HOBOE COCTOSIHME, B MOJIEJIb BBOISTCSI BO3-
MOJXKHbIC TOTOTHUTENbHbIC OXUIAHUs A, ,
CBsI3aHHBIE C TIPOM3BOACTBOM JIPYTHMX OIlepa-
uuit, odycnosnusatomux O, (Harpumep,
MepenBrKeHe MaHEBPOBOTO JTOKOMOTHBA
T10J1 COCTaB, OCBOOOXKIEHNE MapIIPyTa BBIXO-
Jla ¢ Tapka npuéma Ha ropky). Kpome toro,
Hayao BeInonHeHus Oi,, MOXET ObITh 3a1€p-
KaHO Ha Bpems 87, , 00ecrieurBatoLIee MoIy-

YyeHHUe HEKOTOPOIro CUCTEeMHOTO 3(deKTa
(HarpuMep, OXXKMIAHKE IT01a41 MAHEBPOBOI'O
JIOKOMOTHBA B IIapK IprUEMa 13-3a HEOOXOI1 -
MOCTH PabOTHI 3TOr0 JIOKOMOTHBA B COPTUPO-
BOYHOM Tapke 1is1 hoOpMUpOBaHUS TT0€3/1a),
a TakKe CBSA3aHHOE ¢ HEIIPOU3BOAMUTEIbHBIM
[POCTOEM G, ., KOTOPBIii [UIsl pealIbHBIX XKe-
JIE3HOJOPOXHBIX CTAHIIUI SIBJISETCS, KaK
MpaBWIO, CIAEACTBUEM ACHCTBUS YeIOBEYe-
ckoro ¢akrtopa. Takum oOpa3oMm, IJIUTEIb-
HOCTB II€peX0/ia B HOBOE COCTOSIHUE 00BEKTa
JKEJIC3HOMOPOKHOM CTAHLIUM ONPEAC/ISIETCS
HEOOXOAMMBIM TEXHOJIOTMYECKIUM BpeMEHEM
M BO3MOXXHBIMU JOIOIHUTEIbHBIMU OXM/IA~
HUSIMU:

(+ A1) (+381,) (+ot, ).

tnep(i+1) = ti, i+1
Kaxk IIpaB1JI0, HOPMaAaJbHOC Pa3BUTUC

mpoiiecca TpeOyeT HOBBIX IEPeX0a0B 6e3

KaKHMX-TM00 BPEMCHHBIX 3alepXeK (7 ..\ =

ti, i+1)'

JIroboe cocTosiHe 00beKTa XapaKTepu3y-
eTcsl omnmpeneséHHbIM HabopoM aTpuOyTOB.
[Tepexom 00beKTa B HOBOE COCTOSTHHE COTIPO-
BOXIAeTCsI UBMEHEHMEM 3TUX XapaKTepUCTUK.
BpeMst HaxoXIeHUs B TaHHOM COCTOSTHUM
SIBJISIETCS OCHOBHBIM aTpUOyTOM OOBEKTA.
B onpenenéHHbIX clydasix 00beKT, HAXOASICh
B JIAHHOM COCTOSIHMM, MOXET IpeTepIieBaTh
aTpuOyTUBHBIe U3MeHeHus. Hampumep, 3a-
KpETUIEHHBII TTOABMXXHOM COCTaB B TMapke
MpréMa CTaHIIMY TTOBEPraeTCsI TEXHUIESCKUM
1 KOMMEPYECKIM OIePaLIMsIM, OCTaBasIiCh IIPU
3TOM B OTHOM U TOM € ITPOCTPAaHCTBEHHOM
TTOJIOKEHUM.

[Tepexonm B HOBOE COCTOSTHUE paccMaTpy-
BaeTCsl KakK BBITTOJTHEHUE CIICAYIOIIEH B TeX-
HOJIOTUYECKOM ITMKJIEe OTIepaIlii M BO3HUKA-
€T B pe3yJibTaTe HEKOTOPOT'O BHEIITHETO BO3-



JIEHMCTBUSI Ha OOBEKT, MPUBOISIIETO K U3Me-
HEHUIO eTro mosioxXeHus. [Ipu orcyrcTBUM
TaKOTO BO3JAEUCTBUS OOBEKT HAXOMAUTCS
B OXXUMJIAHUU CIeyIolIeit onepauu. B atom
COCTOSTHUU Y JAaHHOTO O0BbEeKTa N3MEHSIOTCS
HEKOTOPBIE €ro CBOMCTBA (B YACTHOCTU, 00-
11as1 TPOIOKUTETbHOCTh TTPeObIBAHUS B 10-
CTUTHYTOM cocTosiHuM ). [ToaTomy oxkxunaHue
paccMaTpuBaeTcsl KakK YCIOBHBIN Tepexo
B KBa3MCOCTOsSIHUE, OJIM3KOE K TEKYIIEMY,
HEeCYILIECTBEHHO U3BMEHEHHOMY. B aTOM citydae
MIPOUCXOIUT CBOEOOPA3HOE paclleIUIeHUe
NOCTUTHYTOIO COCTOAHUA A, Ha psan A
(puc. 2).

g nmpuBen€HHOTO Ha pUC. 2 TIpUMepa
HaxOXIIEHMSI COCTaBa B TTapKe Mpuéma CTaH-
11K (6a30BOE COCTOSTHUE) BO3BMOXKEH MEePEXOT
K pSIy paclIerIEHHBIX COCTOSIHUM, HE TIPH-
BOJISIIIIMX K U3MEHEHUIO TIPOCTPAHCTBEHHOTO
TTOJIOKEHUSI TIPU CIISAYIONTNX BO3ACCTBUSIX:

* At ,— BBITIOJIHCHHUH ONIEPALIMH TEXHIYe-
CKOT'0 OCMOTpa BAaTOHOB BO BPEMST HAXOXKICHUST
cocTaBa B Iapke NMpuéMa B 3aKpeTUIEHHOM
OaliMakamu cocTosTHUU. B pesynbrate ocylie-
CTBJISIETCS TTEPEX0]] B HEKOTOPOE pacIIeTUIEH-
HOE COCTOSIHUE AM);

* 8f, , — Tmojaye MaHEeBPOBOTO JIOKOMOTH -
Ba I10CJIe OCAKMBAHMSI BATOHOB B COPTUPOBOY-
HOM TTapke, 0OyCJIOBIMBAIOILIETO OXUIaHUE
COCTaBa B TlapKe Tpuéma ¢ IiepexoaoM B Ipy-
roe, CBSI3aHHOE C 6a30BbIM, PaCIIEIIEHHOE
COCTOSIHUE Am);

* ©f, , — HETNPOM3BOAUTEILHBIX MTOTEPSIX
BPEMEHMU, CBSI3aHHBIX C APYTUMU IPUINHAMUT
(HammpuMep, BBIXOAOM M3 CTPOSI CHUCTEMBI
MOJEJIMPOBAHUS IO OMMACHOMY OTKa3y), BO3-
HUKIIMX TTOCJIe 3aBepILICHUs OINepaluy TeX-
HUYECKOTO OCMOTpPA M CITOCOOCTBOBABIIIMX
repexony u3 A, B Ipyroe pacuieruiéHHOe
COCTOSIHUE AM).

ITopoGHBIEe pacuierIEHHBIE COCTOSTHUS
A, ABISIIOTCST GOPMAMU CYIIECTBOBAHMS
UHTETPaTUBHOIO 6a30BOTO A, U, MO CYTH,
TIPENCTABIISIIOT COOOI TTO3UITUH, KAUECTBEHHO
He OTJIMYaroluecs oT MOPOAMUBILIETO UX 6a30-
BOTO COCTOSTHUSI M HAXOMSIIMEcs B 00JIacTh
€ro TATOTeHMUS, TaK KaK XapaKTepu3yloTcs
HE3HAYUTEIbHO MU3MEHEHHBIM HA0OPOM aTpu-
OyTUBHBIX apamMeTpoB. [ToaToMy Bce KBa3u-
COCTOSIHUST A, ; OIHOTO A, pacCMaTPUBAIOTCSI
KakK (hyHKIIMOHAIBHO CBSI3aHHBIE C HUM, 00-
pasyloliye rpyniy dHepreTu4eckKux rapmMo-
HUK, KOTOPBIE CTAHOBSITCS CTAPTOBBIMM TIPU
nepexoje K HOBOMY COCTOSHUIO A, (s

i(rf)

i(r2)

VIVIE I/ PIA A 3 i

npuMepa Ha puc. 2 — 3To pachopMUpoOBaHUE
yepes omepaLuio /, . HalBUra cocTaBa Ha
TOPKY).

Takum oO6pa3oM, OXUJAHUS U MTPOCTOU
TaKXe SIBJISTIOTCS OTepalisiMu, TaK KakK Tpy-
BOJAT K U3MEHEHUIO CBOMCTB OOBEKTA, YBe-
JINYMBAsT BPEMsI €r0 HaXOXACHUs B TaHHOM
cocTosiHUM. Bee Tunbl onepauuii odyciioBie-
HBbI TEXHOJIOTUYECKUM MPOLIECCOM U CIOCO0-
CTBYIOT JOCTUXEHUIO OCHOBHBIX II€JIEBBIX
YCTaHOBOK (DYHKIIMOHUPOBAHMS TEXHUIECKON
cucTteMbl (6€30MacHOCTh MEPEBO30YHOTO
npoliecca, COXpaHHOCTb I'PY30B U MTOABUKHO-
ro COCTaBa, KAYeCTBEHHOE OOecrieyeHue 3a-
MPOCOB MOTPeOUTENe TPAHCITOPTHBIX YCIYT
u ap.). B aToM oTHOIIIEHUY OXXKMIAHWS U TIPO-
CTOM BBITIOTHSTIOT BaXKHYIO CUCTEMHYIO (DYHK-
LIAIO 11eJIECO00pa3HOTO B3aMMOAEUCTBUS
TEXHOJIOTUYECKOU OOIIHOCTU OOBEKTOB, BbI-
paBHUBAsi CKOPOCTH TIPOBEACHUS OTAETBHBIX
orepaluii Co B3aMMOCBSI3aHHBIMU PE3YJIbTa-
TaMu, CBOIMMBIMU K OJTHOMY BPEMEHU HX
HacTyrieHust. CucrteMa CTpeMUTCes K Haubo-
see 3(ppeKTUBHOMY JOCTUKEHUIO LIEJIU C MU -
HUMAaJIbHBIMU 3aTpaTamMu pecypcoB. [ToaTomy
OXUAAHUSI — 3TO CUCTEMHasl Mepa KOHOM-
HOTO MCTIOJIb30BaHUS BCEX CTAHIIMOHHBIX
PEeCypCoB, TTO3BOJISIIONIAS TOTYUYUTh PE3YJIbTAT
C MUHUMaJIbHBIMU OOLIMMU 3aTpaTaMU.

OXunaHusi OTJIMYAIOTCS OT MPOCTOEB MPU-
BSI3KOI K TEXHOJIOTMYECKOM 11e7IECO00Pa3HOCTH.
ITpu oxxumaHUsIX Mepexo K CJemyIolei omne-
palyy 3aI€P>KUBACTCS 110 COOOPAXKEHUSIM 00-
el 95KOHOMUMU CPEACTB Ha BBIMIOJTHEHWE BCEil
LIETIH OTIEPaLIvii COOTBETCTBYIOILIETO Tpoliecca.
ITpocTou MMeEIOT MecTo B paboTe peasbHOM
CHICTEMBI Y COTTPSIKEHBI, KaK IMPaBUJIO, C OIINO-
KaMM JIUII, MTPUHUMAIOIINX pelieHust. B Monenmm
CTaHLIUU MPOCTOU MOTYT PACCMaTPUBATHCS KaK
MporpaMMHasi BO3MOXHOCTb OCTAHOBKU TaliMe-
pa TS peleHus 3a/1a4, BEIXOASIIMX 32 TIPEIeIbl
PEKOHCTPYKTUBHBIX 11eJIeii (HarpruMep, aHaJIn3
JIOCTUTHYTOT'O COCTOSIHUST MOZIEJTU [UTSI OLIEHKU
3(bGEeKTUBHOCTU alropuT™Ma €€ padoThl WIU
OCTaHOBKa (DyHKIIMOHUPOBAHUS MOJEIU IO
MPUYUHE POTPAMMHOTO COOST).

M3 Bcex BO3MOXKHBIX MEpEXOA0B (ormepa-
1IWi1) MOKHO BBIACJIUTDH TPY THUTIA:

* 0Ee3yCJIOBHO MePEBOISIIME OOBEKT B IPY-
roe MpOCTPaAaHCTBEHHOE cOCTosiHUE (YOOopKa
BaroHOB C MOABE3AHOIO ITYyTU MOCJIE BHITPY3-
KM) (TUi A);

* (hukcupyrole TaHHOE MPOCTPAHCTBEH-
HO€ COCTOSIHUE JJTSI TPOBENEHUS UHBIX perjia-
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Taouua 1

Cas13b onepanyii, aTpudyTOB M COCTOSIHUIA 00bEKTOB CTAHIIMM (COCTABJIEHA ABTOPOM)

Turmbl omepatmii Xapakrtep U3MEHEHUSI:
aTpudyTOB COCTOSTHUS
A U3MEHSIIOTCS BCe U3MEHSIeTCST
B U3MEHSIIOTCSI HEKOTOPbIe He U3MEHSIeTCs
C YBEJIMYMBACTCS] BpEMsI HaXOXKIEHUSI He U3MEHSsIeTCs
B TEKYILIEM COCTOSTHUN

Hageur
cocTaga
Ha TOPKY

IIpuem
noesaa g fl \
HA CTAHIIIKE, 2

OTtnpapieHue
noesza
€O CTAHLHH

Vaopka
B HapK
CTAHLIHI

500

CHopka
BATOHOB

Breirpyska
BATOHOB

A-

(ri)

IlepecTanoBka
B MApPK
OTMPAB/IEHILA

OTnpapneHme
noesa
€O CTAHI[HI

ITogaua
moj
i : BBITPY3KY

: PaccTaHoBka As
BATOHOB )

“16(ri)

Puc. 3. CTpykTypa MmoAesibHbIX orepawuii penpoayumpyemMoii y4acTKOBOM CTaHUMUK (COCTaB/IeHO aBTOPOM).

MEHTHBIX OTepanuii (0CMOTp cocTaBa B TeX-
HUYECKOM M KOMMEPUYECKOM OTHOUIEHUU
MocJjie 3aKperuieHrs Ha IyTsIX Mapka npuéma,
paclernka BaroHOB ¢ HaIBUTOM Ha COPTUPO-
BOYHYIO TOpKY) (Tun B);

* 3a/lepKUBAIOIIUE JOCTUTHYTOE COCTOSI-
HUe (OXUIAHUSI U TIPOCTOM TTOJIBUXKHOTO CO-
craBa) (tum C).

XapakTeprucTrKa yKa3aHHBIX OTepaiuii
npuBeneHa B Tao. 1.

MOAEJIbHAA PEKOHCTPYKLUUSA
TEXHOJIOTMYECKUX MNMPOLLECCOB
HA CTAHLUUU

OrnpenenM TEXHOJIOTMYEeCKIE OTlepariu,
BBITIOJIHSIEMbIE Ha KEJI€3HOMOPOXKHOM CTaH-
LI U TTOUIEsKATIIIe MOACIBHOM PEKOHCTPYK-
uu. CBOJAHBIN 0000IIEHHBIN MEpeYeHb 3TUX
orepaluii BKJIIoYaeT Te, YTO MPUBOIAT K 13-
MEHEHUIO ITPOCTPAHCTBEHHOTO ITOJIOXCHUS
SIWHUII TTOABIKHOTO COCTaBa:

* puéM (oTrpaBieHue) noesaa (rnepema-
Y1) Ha CTaHIINIO;

* oTienKa (IpUIleIIKa) BATOHOB OT COCTa-
Ba (TIlepenayu, moaavn);

* pacchopMHpOBaHME COCcTaBa (Tlepeaadn,
nomaun);

* HaKOIUICHME COCTaBa Imoe3aa (Tepenaun,
TMOJa4YM) Ha ITyTU COPTUPOBOYHOTO (COPTUPO-
BOYHO-OTITPABOYHOIO) MapKa;

 momaya (yOopKa, TiepecTaHOBKa) cocTaBa
(Tlepemavu rpyIIibl, BaroHa);

* morpy3Ka (BBITPY3Ka, Meperpy3Ka) 1mo-
a4y (BaroHa);

* paccTaHOBKa (cOopKa, (hopMupoBaHuE)
noxauu (rmepenavyu, cocTana).

M3 31ux omneparnmit MOXXHO c(hOpMUPOBAThH
HEOOXOIMMBIN MepedyeHb TEXHOJIOTUIECKOTO
KOHCTPYKTHBA OOBEKTOB MOJACIHLHOTO IIPO-
crpaHcTBa. IlycTh miIss Moaean y4acTKOBOM
CTaHIIMM peanm3yeTcs rpad COCTOSTHUM 1 TIe-
pexo0B, OTOOpaKEHHBIN Ha puc. 3.

ITpuBen€HHBIN rpad COCTOSTHMIT OOBEKTOB
TMOIBMXXHOTO COCTaBa MO3BOJISIET MOIEIUPO-
BaTh TEXHOJOTUUYECKHE TIPOIIECCHI OOCTYKM-
BaHMS Pa3TMYHBIX KaTerOpuii BarOHOIIOTO-



Puc. 4. Ceszb cocTosinmii A, n A, 4epe3 A, - (cocTtaBneHo aBToOpom).

KOB: TPAaH3UTHOTO 0e3 nepepadoTKU (’0,1 —A,
- tl,z)’ ¢ nepepaboTKoOI (’0,1 - Al, e Ay 1)
M MECTHOTO (to!1 - Al, o Ap > t&l). Jlio6oe
0a30B0O€ COCTOSTHME A, TIEPEXOINT B A | uepes
eI psiJ paclerIEHHBIX COCTOSTHUM Am,
00YCJTOBJICHHBIX Pa3IMIHBIMU OKUIAHUSIMU.
KonmyecTBo pacierni€é HHbIX COCTOSTHUIM pa3-
JIMYAETCA JUI Pa3HbIX 0A30BBIX MO3ULMI A..
Hanpumep, npu pacpopmMupoBaHuU coCcTaBa
Ha TOpKe MOXET OBITh OCTAHOBKA POCIyCKa
(omHO paclIernIEHHOe COCTOSIHUE A3(r])), KO-
Topast IPUBOJINT K OXHMIAHUIO U COOTBET-
CTBYIOIIIEMY YBEJIMUEHHIO BPEMEHU HAXOXIe-
HUS B JaHHOM COCTOSTHUHM. B mpyrux cirygasx
BO3HUKAIOT OXKMIaHWSI M3-3a BIUSTHUS LIEJI0TO
psiia IPUYUH pa3IMIHOrO XapakTepa, 00-
YCJIOBIMBAIOIIMX (DOPMUPOBAHUE CIIEKTpa
pacIIeIUIEHHBIX COCTOSIHUI, HACJIEIYIOIIUX
apyr apyry (puc. 4).

Ha puc. 4 moka3aHbl TP BO3MOXKHEIX Ba-
pUaHTa CBSI3HBIX PaCIICTUIEHHBIX KBa3UCO-
CTOSIHMI Tepexona U3 A, B A,.

OLEEHKA KAHECTBA
MOOEJTIMPOBAHUA NPOLLECCOB
Ilepen BeImoMHEeHUEM TOCJenyIOLIei
ornepanuu O, IPOUCXOAUT MPOBEPKA COOT-
BETCTBUSI JOCTUTHYTOTO COCTOSIHUSI OOBEK-
TOB, 3asIBJEHHbBIX K Yy4aCTHUIO B TaHHOM orle-
pauuu, TpedOBaHUSIM TEXHOJOIMYECKOTro
npoiecca. Pa3putue MoaeabHOU peKOH-
CTPYKLIUM COOTHOCUTCS € TEKYILIUM BKCILIya-
TAallMOHHBIM MOJOXEeHUEM (3arpy3Koit ajie-
MEHTOB CTAHLIMOHHBIX MOACUCTEM, rpadu-
KOM MOAXO0Ja U OTHpPaBJE€HUS MOE300B,
IJlaHUpOBaHUEM MecCTHol pabdoThl). Eciu
B MOMEHT MOJIEJIbHOTO BPEMEHH 7, TIEPEXOJIbI
B HOBbIE€ COCTOSTHMSI OXKMIAIOTCS IO HECKOJIb-

KUM TE€XHOJOTUYECKHUM OTlepalusiM C pas-
JIMYHBIMU CTAHLUMOHHBIMU OOBEKTaAMU, TO
paccuMThIBaeTCs 3HAaUY€HUE COOTBETCTBYIO-
11ei OLeHOUYHOM (PYHKUMU TOTEPh OT OXKHU-
JIaHUI MO BCeM BapuaHTaM pacripeiesieHUs
HaJIMYHBIX PECYPCOB MEXY 3asiBI€HHBIMU
onepauusaMu. B mepeuHe pacnpeaeaseMbixX
pecypcoB: MaHEBPOBBIE TJOKOMOTHUBHI, Baro-
HBI, TTyTH MapKOB, CTAHLIMOHHbIE MAPILIPYThI
MepeIBUXEHUS, TTOTPY30-BbITPY30UHbIE
MYHKTBI, HUTKU TpaduKa OTIpaBIeHUs MO-
€3/10B CO CTaHLIMU. B pe3ynbTaTe cpaBHEHUS
pa3IMYHBIX BapUaHTOB IepexoJa K HOBOMY
COCTOSIHUIO A, OTpelenseTcs Haubosee
9 PeKTUBHBIN MO MUHUMYMY 3aTpaT Bapu-
aHT ¢ (OPMUPOBAHUEM COOTBETCTBYIOLLETO
Habopa KBa3UCOCTOSTHUI AW coJiepxKallnx
OXUAAHUSI U3 MHOXKEeCTBa {At,.’ o Stl.’ » ot g
ITopoOHBI pacy€T BBIMOJIHSAETCS IJIST BCeX
00BEKTOB CTAHIUU, MEPEXOASIIUX B HOBbIE
COCTOSIHUSI Ha MOMEHT BpeMEHU pa3BEPThI-
BaHMA MOIENLHON CUTYALNH f,.

JloCcTOBEpHOCTh MPOTOTUITUPOBAHMS OLIE-
HUBAETCsl pacU€THLIM 3HAUYEHUEM MHIEKCa
yepe3 LIKajy MPU3HAKOB, YKa3bIBaOIIUX Ha
BEPOSITHOCTD BbIXO/1a MOAECIUPOBAHHBIX ITPO-
LIECCOB 3a TpaHUIbl pPa3pelIéHHBIX JOMYCTH-
MBIX TpeOoBaHuii. [1pu mpeBbIllIeHUH 3HaUe-
HUI TaKol BEPOSITHOCTU BhIpabaThIBAeTCs
KOMIIJIEKC CTUMYJUPYIOIIUX BO3ACUCTBUI,
WUCTIPABJISIOLIUX CAEACTBUS BAUSIHUS (PaAKTO-
POB, KOTOPbIE CIIOCOOHBI HEKOPPEKTHO OTpe-
JIEIUTh TOCIeAYIOIINEe MOJIEJIbHbBIE COCTOS -
HUSL.

IlIkana npu3HaKoB, OTBETCTBEHHBIX 3a
pa3BUTHE MPOLIECca JaHHOM oTepalnu, a Tak-
K€ SIBJISTIOLIMXCS Y TOTEHIMATbHBIMU UCTOY -
HUKaMU OIIIMO0YHOI MOAEIBbHON UHTEPIIpE-
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Taruu, GOpMUPYETCST IO BCEM COOBITHUSM,
MPOUCXOISAIIUM C 0O0bEKTAMU B TeUeHUE
yKa3zaHHOW ornepauuu. Takum o6pa3oM, ciie-
Jytolasi orepanusi mMpoBOAUTCS B MOJEIHN
TocJjie OLIEHKU COOTBETCTBUST TOCTUTHYTHIX
COCTOSIHUI OOBEKTOB TPEOOBAHUSM, 3asIBJICH-
HBIM B [TPU3HAKAX COOTBETCTBYIOIIEH IITKATIbI.
CiieryeT OTMETUTD, UTO He BCe OTlepalliu,
BBITIOJTHSIEMbIE HAa CTAHIIMM, PACCMaTPUBAIOT-
sl KaK TIOTeHIIMaIbHO MosieIupyeMble. B me-
peYeHb PEKOHCTPYKTUBHBIX TEXHOJIOTUUECKHUX
onepauuii 3D-cTtanumu (cM. puc. 3) He BXOAST
MapacTpyKTUBHBIE, KOTOPBIE CIIOXHO MOJIE-
JINPOBAaTh, U WX UCKITIOUEHNE U3 PEIPOIyK-
TUBHOM MHCTAJUISIIIUU HE TIPUBOJINT K ITOTEPE
KavyecTBa HATypaJIu3aluy TeXHOJIOTMUECKUX
npoiieccoB. [lapacTpyKTUBHBIE oTlepalinu
BKJTIOUAIOT KJIacCU(UIIMPOBAHHBIN paHee TUTT
B ¢dukcupyromux orepaiuii 1 HEKOTOpbIe
Jpyrue (B3BellIMBaHUE BATOHOB, 0(hopMiIeHUE
U Tiepeada TOKyMEHTOB MEXKITy Topa3iesie-
HUSIMU CTAaHIIUM, PEMOHT ITOIBMXKHOTO COCTa-
Ba). Busyanmsanust naHHBIX oTieparuii B MO-
JIeJIA CBsI3aHa C BOCCO3JaHUEM aBaTapHBIX
00pa30B TEXHNIECKOTO ITePCOHaa, BOBJIeKae-
MOTO B CTAaHIIMOHHBIE TIPOIIECCHI. DTHU ajro-
PUTMHUYECKU TPYHLOEMKHUE KOMIBIOTEPHBIE
TIPOIIETyPHI OTIPENIETISTIOT B OCHOBHOM OO
peaTMCTUYHBIN (POH TPEXMEPHOI JMHAMMYE-
CKOI1 MoziesTu CTaHIMu. JleTanu3ais Moaeau
B HAIIPaBJIEHU Y BU3YaIbHOI PEKOHCTPYKIINU
TPOIIECCOB, OCHOBAHHBIX Ha MapacTPyKTUB-
HBIX OTIEPAIIUSIX, PAa3BUBAET MPOTOTUITUPYIO-
Y0 Cpeay C TAyOOKMMU TPUYMHHO-
CJIEICTBEHHBIMU CBA3sIMU 00beKTOB. [lo
MHEHUIO aBTOPa, 3TO YPOBEHb CTPYKTYPHOTO
pacciioeHUsT MOJIEJIbHBIX KOHCTPYKTUBOB
¢ hopMHUpOBaHMEM HAATEXHOJIOTMUYECKUX
MPOIIECCHBIX KOMIIO3UIIMH, BBIXOMISIINX 32
nepenaesbl haKTOPHBIX Bapualyii (HarmpuMmep,
orpejiesieHne ypoBHs MpodecCruoHaIbHOI
TTOITOTOBKY 103€PITUK-aHaI0ra KOHKPETHOTO
paboOTHMKA CITY>KObI TEXHUUYECKOTO ITepCoHa-
sna). Takum oOpa3zom, MpeacTaBisieTcsl BO3-
MOXHOCTb CO3MaHMS TTapaTeXHOJIOTUUECKUX
MoOJIeJiell ¢ 1eJIerojaraeéMbIMU CTUMYJIaMU
CHUCTEM OOBEKTOB, 001aaI0IIIMMU MOTUBALIM -
OHHBIMM ¥ TIOBEIEHYECKUMHU CBONCTBAMM,
TPUCYIIUMU COITMOOPUEHTUPOBAHHBIM WH-
(bopMalIMOHHBIM CHCTEMaM.

BbiBOAbl
TakuMm 06pazoM, MOXHO c(hHOPMUPOBATH
WH(OPMAIIMOHHYIO Cpely MOJETUPOBAHUS
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CTAaHLUMOHHBIX TEXHOJOIMYECKUX OTepaluii
C BU3yaJii3allMeil B TPEXMEPHOM MpeacTaBe-
HUU BCEX MPOCTPAHCTBEHHBIX U3MEHEHUIA,
CBSI3aHHBIX C MEPEABUXEHUEM ITOABUXHOTO
COCTaBa Mo MyTSIM NMapKOB CTaHUUU. Boimos-
HEHUE KaXIO0M IOCIEAYIOIIE TEXHOIOTn4e-
CKOI onepauuu npenBapsercs aHaIu30M
JIOCTUTHYTOTO COCTOSIHUSI U MOCTPOECHUEM
njaaHa JgajbHelineil paboThl MOCPEACTBOM
HaxO0XJIEHUS pallMOHAJIbBHOTO BapuaHTa MC-
MOJIb30BaHUSI HAJIMYHBIX PECYPCOB, pachpe-
JIEJISIEMbIX MEXY IJIAHUPYEMBIMU OTIE€pALIS -
Mu. Takoii KOMITbIOTEPHBIN AUCTIIETYEP COpa3-
MepSEeT TEMIIbl UCITOJHSEMBbIX Olepauui
C JOCTUXKEHUEM MaKCUMAaJIbHOTO pPe3yJibTara,
BbIpaxkaeMOro HEKOTOpoil HyHKIIMEH oTepb,
MPUBOISIIEH K TOMOJHUTEIbHBIM OKUIaHU -
SIM TIPU BBITIOJTHEHU Y TEXHOJIOTUYECKUX OTlE-
paLuii.

Kpome TexHonmornyeckux oxxuaaHuii B MO-
JIeJb CTAaHIIMU BBOAMTCS HETIPOU3BOAUTEb-
HBII TIPOCTOM o, KOTOPBIN B peaJibHbIX
YCIIOBUSIX paOOTHI CTAHLIMYA UHTEPIIPETUPYET-
Cs KaK pe3yJbTaT HEMPOAYKTUBHOI pabOThI
YIIpaBJIsSOUIEeTO MepcoHana, 00Jaaalouero
HEeIOCTaTOYHOU KBaIMUKALIUEH, Y CBSI3aH
¢ APyTUMU KauecTBaMu. B mHDopMmalimoHHOM
aHajore MpOTOTUIIUPYEMON CTAHILIMU DTOT
KOMITOHEHT IMOKa HE UMEET MPUBSI3KU K OMpe-
NeJIEHHOW MOJIEJIbHOM CUTYyallMU, HO B Aallb-
Hei1eM, BO3MOXHO, OyIeT 3a/1eiiCTBOBaH ISt
dopmupoBaHus 6ojee 3¢pHEeKTUBHON U,
BMECTe C TeM, boJiee MPUOIMKEHHOM K peaib-
HOCTU AWHAMUYECKOW MOJIEIU XEeJe3HOI0-
POXHOM CTaHLIVU.
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Verifiable Structure of Technological
Processes in Dynamic 3D Models
of Railway Stations

Alexander K. GOLOVNICH

ABSTRACT

The article is devoted to the study of technological
processes at railway stations reproduced in a three-
dimensional model from the standpoint of assessing
reliability of the development of those processes. The
identifiable simulated and virtual processes are
matched against specific comparative positions. The
benchmark is a fixed set of technological series of
operations for processing wagon flows of all
categories at a particular railway station.

To provide adequacy of model reconstruction to
the prototype, the emerging waiting time and
downtime of rolling stock are considered, which are
introduced into the model as special split states of
main spatial locations of rolling stock. The concept of
«paraphysical structures» is introduced into the
developed model of the station, which comprises any
conditions impossible according to physical canons
andirrational according to technological requirements
regarding the objects of track development and rolling
stock. The logic of program control over similar states
of modelled structures is based on the analysis of the
allowed positions of station objects when performing

Golovnich, Alexander K., Belarusian State University of Transport, Gomel, Belarus.

reference technological operations. Slowdown in
station operations can be a forerunner to waiting or
downtime.

An important methodological basis for the
technique for developing a dynamic model of a station
includes formation of a system of internal program
analysis of the current situation, recognition of the
moment of occurrence of a paraphysical situation and
its anticipation by transforming it into normally
developing standard situation. The adapting module
ofthe information prototyping environment should be
an intelligent agent with developed ability of
generating exceptional situations based on
comparative tests conducted by it, of developing an
appropriate knowledge base and of using it in the
process of further operations without any external
users’ participation.

The objective of the study, described in the article,
is associated with development of general
requirements for a dynamic model of a railway station,
functioning adequately to a real technical system due
to assessment of reliability of reproduced station
technological processes.
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Background. Modelling the processes of
processing wagon flows at a railway station with
three-dimensional visualization of the
technological operations performed is an
effective direction of digitalization of traffic
management. The implementation of
algorithms for functioning of model objects,
adequate to the physics of the processes of
interaction between the track and rolling stock,
as well as to the technology requirements not
only in terms of external form, but also
regarding internal properties, will allow
creating a physical data model of a station [1;
2]. Since the reconstruction processes of
changing the states of model objects are based
on correct interpretation of the physical
interactions of bodies, the entire modelling
process results in consistent consequences that
are adequate to real station events. However,
the degree of reliability of the simulated states
will depend on accuracy of simulation of
influencing external forces, stresses, pressures,
and efforts generated by them. With incorrect
algorithms for replicating the operating
conditions of existing objects, the model forms
a world of interacting simulated images,
somewhat different from the effects of action
of real physical laws and technological
requirements for the routine operation of a
technical system. Such a simulation of reality
is capable to dynamically develop and function
under certain equilibrium modes of simulated
processes [3]. However, incompleteness and
inaccuracy of algorithmic replication of real
processes will lead to simulation results that
differ from the referenced ones. Therefore, it
is important to determine the conditions for
deployment of a model interpretation of
processes, leading to consistent from the point
of view of physics and technologically correct
prototyping of station operations. The self-
sufficiency of the model in this regard should
be based on information procedures for self-
testing of the states of objects that determine
reliability of simulation processes based on
appropriate comparative procedures.

The objective of the research, described in
the article, is to set positions for comparing
model and prototype technological processes
of railway station operations, determining the
level of permissible deviations from the
declared template and of updating data
simulation when it goes beyond normal
functioning of the station. The method of

system analysis allows achieving this objective
due to application of its principles of unity,
hierarchy, and modularity.

Comparative positions of a model and a
prototype

In case the control over the ongoing model
changes is missing, an event world might be
formed over time, which is less and less similar
to the reality prototype. After some time, the
simulated (imitating real) and modelled (being
the prototype of the model) processes will differ
by certain observable and recorded features.
For example, modelling the operation of
disassembling trains at a marshalling yard can
lead to appearance of specific visual effects due
to inaccurate or incorrect interpretations of the
features of the technology for disassembling
trains (a constantly high speed of pushing trains
to the hump will cause a gradual increase in
speed of movement of uncoupled wagons
(blocks of them) along the incline of the hump,
that will in turn make newly uncoupled wagons
catch up with previously uncoupled ones, and
will result in impossibility of setting switches to
guide groups of wagons to different tracks of
the marshalling yard; humping of uncoupled
blocks of wagons that need further pushing for
compression might cause collision of tanks with
explosive cargo, leading to difficult-to-simulate
emergency conditions; frequent release of
uncoupled blocks of wagons of disassembled
train from the hump to the marshalling yard
tracks with overrated wagon speeds might lead
to damage to cargoes and wagons with difficult-
to-reconstruct model states).

Therefore, it is important to highlight the
positions for comparison regarding techno
logical operations in which certain objects are
involved, which will make it possible to
compare the simulated process and the process
being modelled (Pic. 1).

The comparison is supposed to be carried
out based on a standard (reference benchmark)
which is a certain stipulated technological
process of processing wagon flows at a real
railway station, with which similar model
operations will be compared. The states of the
model objects participating in such a
technological process can be monitored by the
moments of completion of individual operations
(arrival of a train at the station, securing the
train on the receiving tracks of the marshalling
yard, wagon unloading).



Identifiable processes

Simulated

Being modelled

Bijectivity of control points

Allowable difference in values
of parameters being compared

Coincidence of the sequence
of element operations

Absence of destructive states

Positions for comparison

Results of comparison by comprehen-
sive criterion

Pic. 1. Positions for comparing model processes with real processes (compiled by the author).

The model state is always fixed as a static
frame of some executed operation. This
frame is stably kept unchanged for a certain
time, dictated by the technological process
of processing wagon flows. Such a time delay
is observed in real processes and is associated
with waiting for the next operation to be
performed (for example, for a train on the
departure tracks park it is waiting for assigned
time within departure schedule to go to the
main railway track, for an unloaded wagon it
is waiting for a shunting locomotive that will
remove the wagon from the track intended
for unloading). In this case, there comes a
certain break in the change in the states of
objects, which during the previous phases
have moved to other spatial positions
associated with movement of rolling stock

along the tracks, deformation of the track
superstructure under the influence of weight
of the wagon or stresses in the rails due to the
shock effect at the joints.

When matching processes, it is important
to ensure that the condition of bijectivity
(unambiguity) of initial comparative positions
for real and model objects is met. In this case,
certain difficulties may arise due to the
incomparability of the achieved states. For
example, operation of disassembling trains at
a marshalling yard starts with pushing of a train
over the hump after a shunting locomotive has
been coupled. But the coordinate positions of
the coupling points of locomotives on the
receiving tracks do not coincide for real and
model situations due to previous inaccuracies
in consideration of various factors that
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influenced the assessment of the speed of model
objects. However, if the magnitude of the
difference in positions of points of the
locomotive of the simulated image and of the
prototype does not exceed the limits of the
scatter of these values for different trains with
the same number of wagons received at the
station and for receiving and departure tracks
with a commensurate length, then we can
assume that the initial positions are identical.
In this case, the coordinate positions of the
model locomotive with such a difference
constitute a control point for further referencing
of the simulation results.

The values of such important considered
characteristics as speed of movement of
uncoupled blocks of wagons when rolling down
a hump, loading time for wagons at the cargo
terminal, duration of movement of locomotives
supplied to the train along the route to the train,
etc., may be different for compared positions
for the model and the standard. In this case, it
is also necessary to evaluate the model
deviations and decide on acceptable fluctuations
in the results of replication of technological
processes within the variability zone.

The coincidence of the sequence of element
operations for the simulated process and the
process being modelled also constitutes an
important point of comparison. For example,
a weighing operation is required after loading
a grain-hopper wagon, which, depending on

design of the wagon scale, is performed in
various ways: by pushing the wagon onto the
scales with or without uncoupling, with a stop
on the scales or in motion. In the model
representation, the weighing of the wagon can
be determined by a single generalized scheme
of moving the rolling stock through the scales,
the total time is equal to the technological time
for the full cycle of this operation. When
simulating such and similar operations, the
question arises about the degree of specification
of the corresponding process, reflecting
significant links with prototype technology.
Therefore, the model allows the convolution
of insignificant operations, which ultimately
leads to an increase in duration of some
integrating circuit, which includes micro-
operations hidden from visualization without
loss of design quality and any impact on the
modelling goals.

If a model technological operation is
performed with violations of the physics of
processes or requirements of the technology,
then a destructive event' may occur. When
simulating the operation of a railway station,
states should be considered destructive if they
lead to:

"' The author in the original Russian text introduces

a new, not previously used, term that can be literally
translated as a noun «destruct». That is not equal to term
«destructor», but makes allusion to antonym to the term
«construct» used in programming. — Ed. note.

Photo JSC Russian Railways: https://company.rzd.ru/api/media/resources/316795



Basic state

Integrative state

Split states

Pic. 2. The relationship between the basic and split states (compiled by the author).

— emergence of paraphysical structures that
are not observed in the real environment (for
example, a long separation of wheels of a rolling
stock from the movement supporting plane;
loading of bulk cargo into a wagon under a slope
angle sharply different from the natural one);

— performance of operations with
characteristics prohibited by technological
requirements (speed of movement of uncoupled
block of wagons at the hump decline exceeds
30 km/h; time for unloading oil products from
the tank is 10 hours; height of the rolled metal
stack in the warehouse is 5 m);

— violation of traffic safety standards
(excessive gap between the point and the frame
rail of the turnout switch; false information on
the free track; collapse of cargo on open rolling
stock);

— negative consequences of violation of
safety standards (derailment or collision of
rolling stock).

It should be noted that modelling of
technological operations with hazardous
conditions has a wide capacity of incorrect
development and completion of simulated
processes. However, these opportunities are
specific and associated with development of
special catastrophe (accident) modelling in
which such states are allowed [4].

Thus, comparison of the model process
and the process being modelled according to
the corresponding positions of comparison
(see Pic. 1) will allow controlling development
of the model within a certain range of
allowable deviations from a typical techno-
logical process.

Such a model approach is borrowed from
real technical systems, where further develop-
ment of a process is predetermined by specific
goals of achieving the required state. If, at the
moment of completion of a certain operation,
asignificant deviation of the control parameter
is diagnosed, then the appropriate system
resources will be provided to implement
measures leading to the normalised value of the
control parameter at time of completion of the
next operation. For example, if normal time
spent by a local wagon at a railway station is
significantly exceeded, measures will be taken
to accelerate supply of rolling stock to loading
and unloading points.

Such an impact on the dynamics of
development of processes also makes it possible
to modify the trend lines of model events with
an incorrect description of processes towards
their compliance with the observed consequences
of the action of the laws of physics and the
technological requirements.

Modelling the state of station objects
considering waiting time and downtime

Let O be an elementary operation performed
at the station (for example, securing the train
on the receiving track); o= time of transition
to this state; O, — next elementary operation,
which occurs after a certain time interval 7, |
(for the given example, this is time of the train
dissembling). In addition to duration of the
main transition time to a new state, the model
introduces possible additional waiting time A7, ,
associated with other operations preceding O.

i+1
(for example, movement of a shunting loco-
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Table 1

Relationships of operations, attributes, and states of station objects

Types of operations Nature of changes
attributes state
A all of them change changes
B some of them change does not change
C time of stay in the current state increases does not change

Compiled by the author.

motive to the train, the release of the exit route
from the reception tracks to the hump). In
addition, beginning of the execution of O, can
be delayed by time &7, , providing a certain
systemic effect (for example, waiting for a
shunting locomotive to be delivered on the
receiving tracks due to the need for this
locomotive’s operation in the marshalling yard
to assemble a train), but also considering
uproductive downtime o7, , which for real
railway stations is, as a rule, a consequence of
the human factor impact. Thus, duration of the
transition to a new state of the railway station
facility is determined by the required
technological time and possible additional
waiting time:

tlrans([ﬂ) = ti, i+1 (+ Ati, i) (+ 8ti, i) (+ Gti, i)'

As a rule, normal development of the
process requires new transitions without any
time delays (7, ..., =1, )

Any state of an object is characterized by a
certain set of attributes. The transition of an
object to a new state is accompanied by a
change in these features. Time spent in this state
is the main attribute of the object. In certain
cases, an object, being in this state, can undergo
attributive changes. For example, a rolling
stock stationed on the receiving tracks
undergoes technical and commercial
operations, while remaining in the same spatial
position.

The transition to a new state is considered
as the execution of the next operation within
the technological cycle and arises as a result of
some external influence on the object, leading
to a change in its position. In the absence of
such an impact, the object is waiting for the
next operation. In this state, this object changes
some of its properties (in particular, total
duration of stay in the achieved state).
Therefore, waiting is considered as a conditional
transition to a quasi-state close to the current
state, but insignificantly changed. In this case,
a kind of splitting of the achieved state 4, into

the series AM.) occurs (Pic. 2).

For the example shown in Pic. 2 when the
train is on the receiving tracks (basic state), a
transition to several split states, which do not
lead to a change in spatial position, is possible
under the following influences:

— At — performance of the operation of
technical inspection of wagons while the train
is on the receiving tracks in a position secured
by brake shoes. As a result, a transition to some
split state A,m , oceurs;

— 8¢, — supply of the shunting locomotive
after pushing wagons for compression in the
marshalling yard, which makes waiting for the
train on the receiving tracks with the transition
to another split state Am) associated with the
basic one;

— ot ,—unproductive time losses associated
with other causes (for example, failure of the
modelling system due to a dangerous failure)
that arose after completion of the technical
inspection operation and contributed to the
transition from AM) to another split state AM).

Such split states Al,w,) are forms of existence
of the integrative basic 4, and, in fact, represent
positions that do not qualitatively differ from
the basic state that has given rise to them and
are in the region of its gravitation, since they
are characterized by a slightly changed set of
attributive parameters. Therefore, all quasi-
states Aiw.) of a single A, are considered as
functionally related to it, forming a group of
energy harmonics, which become starting ones
during the transition to a new state 4, (for
example, in Pic. 2 it is the dissemblance
through the operation (A of pushing the train
to hump).

Thus, waiting periods and downtime are
also operations, since they lead to changes in
the properties of an object, increasing the time
it spends in a given state. All types of operations
are due to the technological process and
contribute to achievement of the main targets
set for functioning of the technical system
(safety of the transportation process, safety and
security of goods and rolling stock, high-quality
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Pic. 3. The structure of model operations of a simulated section station (compiled by the author).

satisfaction of requests from consumers of
transport services, etc.). In this regard, waiting
and downtime perform an important systemic
function of the expedient interaction of the
technological community of objects, levelling
speed of individual operations regarding
interrelated results, which are reduced to the
single time of their achievement. The system
strives to achieve the goal in the most efficient
way with the minimum expenditure of
resources. Therefore, waiting is a systematic
measure of the economical use of all station
resources, which allows getting a result with a
minimum total cost.

Waiting time differs from downtime by the
linkage to technological expedience. In case of
waiting, the transition to the next operation is
delayed due to the overall cost savings for the
entire chain of operations of the corresponding
process. Downtime occurs in operation of a
real system and is associated, as a rule, with the
mistakes of decision-makers. In the station
model, downtime can be considered as a
software ability to stop the timer to solve
problems that go beyond simulation goals (for
example, analysis of the achieved state of the
model to assess effectiveness of the algorithm
of its operation or stopping the functioning of
the model due to a software failure).

Of all the possible transitions (operations),
three types can be distinguished:

— operations unconditionally transferring the
object to another spatial state (removal of wagons
from the access track after unloading) (type A);

— operations fixing this spatial state for
carrying out other routine operations
(commercial and technical inspection of the
train after securing it on the reception tracks;
uncoupling of wagons with pushing them to the
hump) (type B);

— operations holding the achieved state
(waiting time and downtime of rolling stock)
(type C).

The characteristics of these operations are
shown in Table 1.

Model reconstruction of technological
processes at the station

Let us identify technological operations
performed at the railway station and subject to
model reconstruction. The consolidated
generalized list of these operations includes
those that lead to a change in the spatial
position of rolling stock units:

— reception (departure) of the train
(delivery) to the station;

— uncoupling (coupling) of wagons from
the train (delivery, supply);
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Pic. 4. Relationships of states A, and A, through A, - (compiled by the author).

— disassembling the train (delivery, supply);

— accumulation of the blocks of wagons of
atrain (delivery, supply) on the sorting (sorting-
departure) tracks;

— supply (removal, rearrangement) of the
train (delivery of a group of wagons, of a
wagon);

— loading (unloading, reloading) of a
delivered wagon;

— arrangement (assembling) of a delivered
(transferred) train.

Using this listing, it is possible to compile a
necessary list of the technological construct of
the objects of the model environment. Let the
graph of states and transitions shown in Pic. 3
be implemented for the model of a local station.

The given graph of states of rolling stock
objects allows us to simulate the techno-
logical processes of processing various
categories of wagon flows: transit without
processing (1‘0’l — A, —>t1‘2), transit with
processing (’0,1 > A.. A, — I56)s and local
wagon flow (to,1 —>A,... A;—> fs ). Any basic
state A, goes over to 4, through a whole
series of split states AM due to different
waiting situations. The number of split states
differs for different A, basic positions. For
example, when a train is disassembled on a
hump, there may be a stop of dissembling
(a split state AS(H)), which leads to waiting
and a corresponding increase in time spent
in this state. In other cases, waiting arises
due to the influence of a number of causes
of different nature, and this determines
formation of a spectrum of split states
inheriting each other (Pic. 4).

Pic. 4 shows three possible variants of
intermediate split quasi-states of the transition
from A4, to A,.

Process modelling quality assessment

Before performing the subsequent operation
O,,,, the compliance of the achieved state of
the objects that will participate in this operation
with the requirements of the technological
process is checked. The development of the
model reconstruction correlates with the
current operational state (loading of the
elements of station subsystems, the schedule
for arrival and departure of trains, planning of
local operations). If, at the moment of model
time 7,, transition to new states is expected for
several technological operations involving
different station facilities, then the value of the
corresponding estimated function of losses
from waiting is calculated for all variants of
distribution of available resources between the
declared operations. The list of distributed
resources includes shunting locomotives,
wagons, yard tracks, station routes of movement,
loading and unloading points, train departure
schedule from the station. As a result of
comparing various options for transition to a
new state A, the most cost effective one is
determined with formation of a corresponding
set of quasi states AM), containing waiting time
fromtheset{As, , 8t , of }. Asimilar calculation
is performed for all objects of the station
transforming into new states at the time of
deployment of the model situation 7.

The reliability of prototyping is assessed by
the calculated value of the index using a scale



of signs indicating the probability that simulated
processes will go beyond the border of allowed
requirements. When the values of that
probability are exceeded, a system of stimulating
influences is developed, correcting the
consequences of the influence of factors that
are capable to incorrectly determine the
subsequent model states.

The scale of signs responsible for
development of the process of a given operation,
being also potential sources of erroneous model
interpretation, is formed for all events that
occur with objects during the specified
operation. Thus, the next operation is carried
out within the model after assessing the
compliance of the achieved states of objects
with the requirements stated in the features of
the corresponding scale.

It should be noted that not all station
operations are considered potentially simulated.
The list of simulated technological operations
of a 3D station (see Pic. 3) does not include
parastructural ones, which are difficult to be
modelled, and their exclusion from a simulation
does not lead to a loss of quality of naturalization
of technological processes. Parastructural
operations include the previously classified type
Boffixing operations and some others (weighing
wagons, wording and transferring documents
between station departments, rolling stock
maintenance and repairing). Visualization of
these operations within the model is associated
with the recreation of avatar images of technical
employees involved in station processes. These
algorithmically time-consuming computer
procedures define the general realistic
background of the dynamic 3D station model.
Detailing the model towards visual re-
construction of processes based on
parastructural operations develops a prototyping
environment with deep cause-and-effect
relationships of objects. In the author’s
opinion, this is the level of structural
stratification of model constructs with
formation of supra-technological process
compositions that go beyond redistribution of
factor variations (for example, determining the
level of professional qualification of a userpic
analogue of a particular employee of the
technical department). Thus, it seems possible
to create paratechnological models with goal-
oriented stimuli of object systems that have
motivational and behavioural properties
inherent in socio-oriented information systems.

Conclusions.

Thus, it is possible to develop an information
environment for modelling station techno-
logical operations with visualization through a
three-dimensional representation of all spatial
changes associated with movement of rolling
stock along the tracks of the station. The
execution of each subsequent technological
operation is preceded by an analysis of the
achieved state and construction of a plan for
further work by finding a rational option for the
use of available resources distributed between
the planned operations. Such a computer
dispatcher compares the rate of operations
performed with achievement of the maximum
result, expressed by a certain loss function,
leading to additional waiting time when
performing technological operations.

Beyond technological waiting time, an
unproductive downtime o, _is introduced into
the station model, Wh1ch in real operating
conditions is interpreted as the result of
unproductive work of the management
employees who have insufficient qualifications
or is associated with other features. In the
digital analogue of the prototyped station, this
component is not yet tied to a specific model
situation, but in the future it may be used to
develop a more efficient and, at the same time,
more realistic dynamic model of a railway
station.
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NMpoO6nembl UHTENNEeKTyaNnbHOro
aHann3a AaHHbIX NPV MOAENTMPOBaHUN
TPaHCMNOPTHbIX NOTOKOB Meranonauca

HaTtanbs KYOTUHOBA

PaccmarpuvBatoTcsi npobriematvika UCrosib30BaHus
B TPAHCOPTHOM MOLEIN MHTENI/IEKTYaIbHOMrO aHa/m3a
JlaHHbIX Kak LimppoBori niaropmMbl aHam3a AaHHbIX
TPaHCMOPTHLIX MOTOKOB MErarnoamca v rnpearnochUikv
co3aaHvis B 6yayLiem eavHbIX 6aHKOB AaHHbIX U HTer -
PYIPOBaHHOVI CPEAbI B3aNMOLEVICTBYSI MOAENEV PAa3HbIX
YPOBHeW Kak K/1aCTePOB L POBOV 9KOHOMUKM, KOTO-
pbie 6yayT y4UTbIBATL BCE BU/bl TPAHCTIOPTA [J151 OLIEH-
KW TPaHCNopTHOro crpoca v co34aHus npoeKToB Op-
raHv3aLmm OPOXHOIo ABYIKEHWUST Merarosmca.

Llenbto faHHOV paboTsl SBASETCs UCCen0BaHmne
rpOLIEeCCOB MOJIYYEHNST KOJIMYECTBEHHbIX XapakTepu-
CTMK OOBLEKTOB TPaHCMOPTHOr0 MOAEIMPOBAaHUS 1Py
co3aaHnn eANHOVI 9/IEKTPOHHOV Cpeabl C MOMOLLbIO
BbIYUCIIEHWS MPOU3BOAHbIX NMapPaMeTPOB TPAHCMOPTHOM
cetv meranosvca. Konm4ecTBeHHbIE NpOCTPaHCTBEH-
Hble XapakTepucTyky 06beKkTa CBsI3aHbl C BbIYUC/IEHN-
eM ynanEHHOCTU OT LUeHTpa ropoaa v MarnctpaabHOM
Y/ILbI Y ONPEAESISIIOTCS C MOMOLLbIO reonHGdOopMaLIm-
OHHbIX CUCTEM, BCJIEACTBUE YEro BO3HVIKAET rMpobriema
YHUGUIKaLMn 1 9GGEKTUBHOIO XPaHeHWs1 AaHHbIX.

B pamkax peanvidaumm noctaBieHHOM Len rnoka-
3aHO, YTO /151 BCEX NMEPBUYHbIX TPAHCMOPTHLIX AaHHbIX
HeobxoAMMo co3aaBaTth NMPoLeaypy npeaobpaboTku,

Kygpmunoea Hamaavsa Ipuzopveena — Mockosckuii agmomoounbHo-00poyCcHbLiL
2ocyoapcmeenHblii mexrHuyeckui ynusepcumem (MAIH), Mockea, Poccus™.

a Takxxe Banvaaumm, Tak Kak UICTOYHUKN AaHHbIX UMEKOT
pasinyHbIvi Gopmat v MPOCTPaHCTBEHHYIO MHTEPIO/ S -
LMo 1151 TDEKOBbIX AaHHbIX. [1/151 9TOro pekoMeHayeTcs
UCI0JIb30BaThb Pa3JINYHble METO/bl aHaIn3a AaHHbIX Ha
ocHoBe 'MC-TexHonorvii, LmgdpoBoro MoaemMpoBaHis
pesibega, Tornoa0rvv I0POXHOV CETH U APYIrX OObekK-
TOB TPaHCMOPTHOW CceTn Meraronavca, npu 3Tom A0
MOMEHTA VCIOJIb30BaHWS UHTEJIIEKTYa IbHbIX AaHHbIX
TpebyeTcs nposeneHvne paboTb! 110 popMaTpPOBaHUIO
U TPYNvMpOBKE NCXOAHbIX JAHHbIX B PEXUME PeaslbHO-
ro BpemeHu. Hanbonee pacrnpocTpaHEHHbIE OLLUNOKU
BO3HUKAKT Ha a1are ntepauyoHHOro npouecca s
10/1y4EHUSI KOSIMHECTBEHHbIX XapakTepUCTUK OObEKTOB
TPAaHCMOPTHOIrO MOAEINPOBAHWS U ITOCTPOEHNS OMNTU-
MaJibHbIX C TOYKM 3PEHUISI BDEMEHU poe3aa MapLLpy-
TOB IBUXKEHWS] 10 HEKOTOPOW TPAHCIIOPTHOM CETU.
TeHgeHumn pocta ropoaoB TPebyroT 7106as1bHO
LMpOoBM3aLIM BCEX 0O bEKTOB TPAHCOPTHOM MHPPA-
CTPYKTYPb, Y4UTbIBAIOLLX UBMEHEHNE PYHKLINK TPAHC-
MOPTHOV CPenbl U MHTEHCUBHOCTU TPAHCMOPTHBIX M0-
TOKOB. 3TO AVKTYET HEOOX0AUMOCTb AaslbHelLIen
pPaspaboTkyl v MPUMEHEHNST HOBbIX MH@OPMALIMOHHBIX
TeXHoJ10rvii /15 06paboTKM aHHbIX C MOMOLLbIO Hel-
POHHBIX CeTew U APYrnx UMGHPOBbLIX TEXHOSIOM.

Knro4eBbie cioBa: TpaHCNopTHas cuctema, TPpaHCroPTHbIVI TOTOK Meraroaica, UHTEJIeKTYallbHbI aHa-
JIN3 [aHHbIX, UHGOPMALMNOHHBIE N KOMMYHUKALMOHHbIE TEXHOI0MNN, TPaHCHOPTHbLIE PACYETHBIE PAKiOHBI,

T'MC-texHonorvn.

*Mndopmaums 06 aBTope:

KydTtuHosa Hatanbsa MpuropbeBHa — kaHaMAAT TEXHUYECKUX HAYK, JOLEHT Kadenpbl
aBTOMATU3MPOBaHHbIX CUCTEM yNpaBneHns MoCKOBCKOro aBTOMOOMIIbHO-A,0P0XHOr0 rocy4apCTBEHHOIO
TexHuyeckoro yHnsepcuteta, (MALN), Mocksa, Poccus, nat.gk@mail.ru.
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BBEOEHUE

ITpouecc B3pbIBHOTO pa3BUTHs UH(POpPMa-
LIMOHHBIX 1 KOMMYHUKAIIMOHHBIX TEXHOJIO-
I'Mii, crojib3oBaHue ceTeii SG crmocoOCTBYIOT
CO3IaHM1IO ¥ HAKOTIJICHUIO OOJIBIIX MAaCCUBOB
JAHHBIX, TOBBIIIAIOT aKTYyaIbHOCTb BOITIPOCOB
HE TOJIbKO KaueCTBEHHOTro cbopa nuHpopma-
LIMM, HO M CO3MaHUSI €AMHOTO MCTOUHUKA
JMAHHBIX, COMEPKAIIIETO MOJIHYIO, aKTyaJbHYIO
U JOCTOBEPHYIO MHGMOPMAILIUIO O JI000M
TpaHCIIOPTHOI cucTemMe. Ha mpakTuke oueHb
YacTO BO3HUKAIOT CJIOXHOCTU C BO3MOXHO-
CTbIO NMIPMMEHEHUS IJIsI MOAEIUPOBAHUS
TPAHCTIOPTHBIX TOTOKOB HECTPYKTYPUPOBAH-
HBIX JaHHBIX, HAIIPUMED, KacaloIIUXCsl EMKO-
CTU TPAHCIIOPTHBIX PACUETHBIX PAliOHOB,
nHGOpMaLM, HEOOXOAUMOI IJIsI COCTaBJIe-
HMST MATPULIBI MEXXKPaitOHHBIX KOPPECTTOHACH-
nuii. [MonyyeHne TakKux JaHHBIX CBSI3aHO
Takxke ¢ oopMIeHUEM ODUIINATIBHOTO T0T0-
Bopa U APYIrMMU aAMUHUCTPATUBHBIMU BO-
npocamu. IlpuMeHeHne reonH@OpPMaLMOH-
Hbix cucteM (I'MC) momoraeT nmpeonoseTb 3Th
1 UHBIE POOIEMBbI, CBSI3aHHBIC C MCIOJIb30-
BaHUEM CTAaTUCTUUECKUX JAHHBIX O (DYHKIINO-
HUPOBAHUU TPAHCIIOPTHBIX ITOTOKOB U TLJIO-
IIaaM MapKUPOBaHUS B LIEHTPAaX MacCOBOTO
TATOTEHMS HaceJIeHUsI MeTarojirca.

B HacTos111IeM MCCenoBaHUM TTOCTaBIeHa
yeab TIOCTPOCHUST MOJEIe TPOCTPAHCTBEH-
HOTO pacIipeiesieHus TToKa3aTeieii 00beKTOB
B BUJIE HETIPEPBIBHBIX MMOBEPXHOCTEI Ha OC-
HOBE IMCKPETHO 3aJaHHOM MHMOpManuu
¢ momotisio 'MC-TexHomoruii aist uccieno-
BaHMS 3aKOHOMEPHOCTE TEPPUTOPUATBHBIX
CTPYKTYpP, 00Ja1aI0IINX CBOMCTBOM CILIOIII-
HOT'0 paclpoCTpaHEeHUs, KOHTUHYaJIbHOE
MPUOJIMKEHUE KOTOPBIX 3aBUCUT OT CTETIEHU
anmpoKCUMAIIMM U TOTO, HACKOJbKO B 3TOM
IUCKPEeTHOI MHMOpPMAIIMU OTpaxkeHbI Teo-
rpapuyeckume 3aKkoHoMepHocTHu. [Ipu nc-
MOJIb30BAaHUU TPachUIECKOr0 CPEeICTBa MO-
JNeTUpPOBaHUS UCKYCCTBEHHBIX MOJIEH — UC-
KYCCTBEHHBIX M30JUHUN (TICEBIOM30JIM-
HUI) — cleayeT BBIMOJHSITH TIIATEIbHYIO
OLICHKY peTpe3eHTaTUBHOCTU HAaHHBIX, H0-
CTOBEPHOCTH I10Jy4aeMbIX BHIBOJOB U TIPH-
TOJTHOCTH Pe3yJbTaTOB alllPOKCUMALINH IS
UCIONb30BAaHUA C IPYTUMHU CloAMU Oa3
nanHbix [TUC (Bl TUC).

Jnst noCTUXEHUST TTOCTAaBJACHHOM Lieau
B MICCJIEIOBAaHUM OBLIY UCIIOIb30BaHbBI MemMo-
Jbl TIPOTHO3MPOBAHMSI CKOPOCTE U aHaIM3a
nH(OpPMALIMU O TOTIOJOTUU JOPOKHOU CeTU

VIIE oA PJA ) 3 S i

C TTOMOIIIBIO BPEMEHHBIX PSIIOB M MHTEJUIEK-
TyaJIbHOTO aHaJIM3a JAHHBIX JIJIST OTIPE/ICTICHUST
IMPOCTPAHCTBEHHBIX KOOPAMHAT. MeTOoIbI
MOHMTOPUWHTA U TIPOTHO3MPOBAHUST XapaKTe-
PUCTUK TPAHCIIOPTHOTO MOTOKA JOPOXKHOMU
CETU Ha OCHOBE MPOCTPAHCTBEHHO-BPEMEH-
HOTO TTOIX0/a K MPOTHO3MPOBAHUIO TTPOU3-
BOJIHBIX TTapaMETPOB MO3BOJSIOT 3a CUET
aHaaM3a MPEbIAYIINX TTePUOA0B CHU3UTD
BJIMSTHUE HETIOJHOTHI MH(OpPMaIIMU O TeKy-
IIIEM COCTOSTHUM TPAHCITIOPTHOTO TMOTOKA Ha
MMPOTHO3HBIE 3HAYCHUSI.

PE3YJIbTATbI

Humennexmyanvruiii anaius dannvix (Data
Mining) — 3To coBpeMeHHas KOHLEMNIINS,
W3HAYAJIBHO MpEeaIioaaramnas, 4To JaHHbIe
MOTYT OBITb HETOUHBIMU, PA3HOPOJHBIMHU,
CoAepKaTh MPOIYCKU U MTPU 3TOM UMETh TU-
raitckue o0beMmel [1; 2]. [TogrotoBka u To4-
HOCTb TaKUX JaHHBIX 3aBUCSIT OT KauyecTBa
MPOLIECCOB:

* ONpeAeieHUs] U aHaIu3a TpeOOBaHUM
K JJTaHHBIM;

* cOopa JaHHBIX B XPAHUJIUILIE;

* TpeABapUTEIbHON 00pabOTKU JaHHBIX
IIJIST OOECIIeYeHUs KaYeCTBEHHOTO aHAM3A.

OCHOBHBIMU UCTOYHUKAMU UH(OpMALINU
U151 GOPMUPOBAHUS TTO3ULIMOHHOWM YaCTH 0a3bl
naHHbIX TUC gBasioTcst KapThl pa3IMuYHOTO
HazHaueHus. Obiereorpaduyeckue KapThbl
MO3BOJISIIOT CO37aBaTh UH(MOPMAIIMOHHbBIE
00BEKTHI, OMKUCHIBAIOLIME ToMOrpaduvecKkue
OCOOEHHOCTH TEPPUTOPUH, B TIEPBYIO OUEPEb,
penbed U ruaporpa@ruyecKylo CeTb, KOTOPbIe
HCITOJIb3YIOTCSI TTpakTuiyecku Bo Bcex 'MC,
HE3aBUCUMO OT UX TeMaTUYECKOM HAIMPaBJIeH-
HocTtu. TeMaTuyeckue KapThl (HapogoHacee-
HUS1, 5)KOHOMUKHW, IPUPOJIBI) SBJISIOTCS 0a30-
BbIMU MCTOYHUKAMU JJISI TIEPBOHAYATBHOTO
(hopMUPOBAHUS U TEPPUTOPUATBHON TPUBS3-
KU COOTBETCTBYIOIIMUX MPOCTPAHCTBEHHBIX
00BeKTOB. ATpuOYTUBHAsT UHGMOPMALUS MO
Oosbleit yacT N0OABISIETCS MO3XKE U3 UC-
TOYHUKOB TAHHBIX, KOTOPBIE HE 00513aTEIbHO
SBJISIIOTCS MPOCTPAHCTBEHHO-KOOPIUHU-
poBaHHBIMU. BO3MOXHO, Hanpumep, UCTIONIb-
30BaHUE KOMITJIEKCHBIX aT/IacoB. MaTtepuasbl
JMUCTAHIIMOHHOTO 30HIUPOBAHUS 3eMJIU TO-
3BOJISIIOT CO3aBaTh MPOCTPAHCTBEHHBIE 00b-
€KThl HanpsaMyto, 6e3 GopMUpoBaHUS KapT
KaK MPOMEXYTOYHOTO WHGMOPMALITMOHHOTO
cnost. UicrouHukamu aTpuOyTUBHOM MHGDOP-
MalliU TaKXe SIBJISIIOTCS MHOTOJIETHUE TH[I-
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pPOJIOTUYECKUE U METEOPOJTOTUYECKUE TaH-
HbIE, CTATUCTUYECKNE MaTepuaibl B Lubpo-
BOil (popme, mpoure TeKCTOBbIE MaTEPUATIbI.
[J1aBHBIMU YCTIOBUSIMU BO3MOXHOCTH UCTIONb-
30BaHUSI TAKUX JAHHBIX SIBJISIIOTCS CYLIECTBO-
BaHUe, HA MOMEHT UX BBOJIa, TPOCTPAHCTBEH-
HBIX 00BEKTOB, K KOTOPHIM OHU OTHOCSITCS,
1 BO3MOXHOCTbh OTHO3HAYHOTO COOTHECEHUS
aTpUOYTUBHBIX JTAHHBIX C OMpPeAeIEHHBIM
00BEKTOM UJIU UX TPYIIIOM.

Bcero MoxXHO BBIIETUTH YETHIPE OCHOBHBIE
KoHuenrtyanbHbie pyHkumu ['MC, 13 KoTopbIx
rnepsblie 1Be (COOp TaHHBIX 1 00paboTKa JaH-
HBIX) SIBJISTIOTCS TIOATOTOBUTEJILHBIMU U pea-
JIN3YIOTCS, Yallle BCero, OMHOKpaTHO (3a uc-
kmoyeHreM 'MC, Tpedyromux mocTosSHHOMU
aKTyaau3allly CBOMX TaHHBIX, TOTAA UX COOp
1 00paboTKa BBIMOJHSIOTCSI HEOMHOKPATHO,
C omnpeeIeHHOM epUOIUYHOCTbIO). B Hau-
0oJIblIlIel CTENEHU BO3MOXHOCTb MOJTyYEHUS
HOBBIX 3HAHUII MPOSIBISIETCS MPU aHAIN3e
MPOCTPAHCTBEHHO-KOOPANHUPOBAHHBIX IAH-
HBIX, 1151 yero cpeactBamu [ UC BbImosHsIeT-
€S TIOCTPOEHUE PA3IMYHBIX KOHLIENTYaIbHbIX
U (popManbHBIX MOJIEJIEHA.

InaBnoit pynkuueit TMC saBasiercs uH-
dopmanoHHas noaepxKKa ynpaBieHIeCKUX
peleHuit, TPUHUMAEMBIX TT0 pe3yIbTaTaM
aHaJIM3a U MOAEJIMPOBAHUS Ha OCHOBE IPO-
CTPaHCTBEHHO-KOOPIMHUPOBAHHBIX TAHHBIX.
IMpuxnanueie GyHKUMK (TEXHOJOTUYECKUE
MpoLEeaypPhl), MOAAEPXKUBAEMbIE COOTBET-
CTBYIOIIIMMU MPOTPAMMHBIMU CpeICTBAMU
T'C, BritoyaoT B ce0sl LIUPOKUI ITepedyeHb
BO3MOXHOCTel. BBoO U pemakTupoBaHue
JTAaHHBIX MO3BOJISIIOT CO3AaBaTh UH(pOpMaLK-
OHHbIe 0OBEKTHI Ha OCHOBE KaK KapTorpadu-
yeckoi nHdopMaluy, U3HAYaIbHO OCHOBAaH-
HOIl Ha MPOCTPAHCTBEHHO-KOOPIUHMU-
POBAHHBIX JJAHHBIX, TaK W MYTEM TIPSIMOTO
BBOJAa KoopaAMHAT oobekTa. [Toaaepxka pas-
JIMYHBIX TPOCTPAHCTBEHHBIX MOIeel (pery-
JISPHO-STYENCTHIX, KBAIPOTOMUYECKUX, BEK-
TopHbIX) cpenctBamu ['MMC mo3Bosser Ha
OCHOBE OJIMHAKOBBIX UCXOJHBIX JAHHBIX CO-
3MaBaTh Pa3TMIHbIC BUIBI TH()OPMAIITMOHHBIX
00beKTOB. XpaHEeHWE JaHHBIX OCYIIECTBISET-
cs ¢ yYETOM HAJIMYMSI B HUX TTO3UIIMOHHOMN
COCTaBJISIOLIEH, 711 Yero, Kak MpaBuio, Uc-
MOJIb3YIOTCS TOCTATOUHO Y3KOCTIELIUATU3UPO-
BaHHBIE, a UIST aTpUOYTUBHBIX JaHHBIX, Ha-
00opoT, 6osiee mmpokue dhopMmatel. s op-
raHuzanuu 6a3el naHHbix [TMMC mMoxeT uc-
MOJIb30BaThCS MepapXuyeckash WU ceTeBast

MojieJib, HO 0oJiee pacrpoCTpaHEHHBIMU SIB-
JISIOTCS PESLIMOHHBIE 0a3bl.
TIpeobpazoBaHue CUCTEM KOOPAUHAT $SIB-
JIIETCS 4acTO MCMOJIb3YEMOU TPUKIIAAHOMN
dyukuueit TC. Takas He0OXOAMMOCTb MO-
JKET BOBHUKATh YK€ Ha CTaJIMU BBOJIA TAHHBIX
MPU UCTIOJIb30BaHUY HECKOJIbKUX MCTOUYHM -
KOB C Pa3JIMYHBIMU CUCTEMaMM KOOPJIMHAT.
B a2TOM ciydyae BBITIOTHSIETCS] TIpUBEIEHUE
JAaHHBIX K HEKOTOPO# enuHol cucteme. Yarie
BCETO TIPOM3BOIUTCS TTPeoOpa3oBaHUE Teo-
rpadmyecKnXx KOOpIUHAT B MPSIMOYTOJIbHBIE
koopauHathl (Taycca—Kprorepa), 1 HAQ000POT.
st XpaHeHUsT TTO3UIIMOHHBIX JTAHHBIX MPO-
CTPAHCTBEHHBIX 00BEKTOB OoJsiee ynoOHA
cuctema reorpadmyeckKux KOOpAMHAT; UTS UX
BU3yaJIM3alluy U BBITIOJTHEHMS] HAa UX OCHOBE
MPOCTPAHCTBEHHOTO aHaju3a 0oJiee MOIXO0-
TSIIIE SIBJISIETCS cucTeMa KoopauHat [aycca—
Kprorepa. [ltaBHast 0coOeHHOCTh ITPeodpazo-
BaHUsI KOOPAMHAT U3 OHOM CHCTEMBI B IpY-
TYIO 3aKJIFOYAETCS B TOM, UYTO KPUBOJIMHEWHBIN
Y4acTOK Ha 3eMHOM MTOBEPXHOCTH (TIOBEPXHO-
cTu chepounia) HEBOZMOXHO 0€3 MOrPeIIHO-
CTU PACMONOXUTD («pacTSIHYTh») Ha IJIOCKO-
cTu. BenmnuuHa 3T0i MOTperHOCTH HapacTa-
€T TI0 Mepe yIaJIeHUsT TOUKW OT Havasia Mpsi-
MOYTOJIBHBIX KOOPJMHAT, TTI03TOMY CUCTEMa
Taycca—Kprorepa Bceraa oxBaTbiBaeT TOJIbKO
OTHOCUTEJIbHO HEOOJIBIITYIO TIJIOIA/b, B TIpe-
JieJiax KOTOpO# yhnajieHre OT HyJIEBOW TOUYKU
He TIPeBBIIIAeT HECKOJIBKO COTEH KUJIOMETPOB.
ITpu TakX pacCTOSTHUSX MTOTPENITHOCTb KOOP-
JIWHAT OTIEIBHBIX TOUEK, a 3HAUUT, U OTIpe/ie-
JIIEMBIX Ha MUX OCHOBE JUIMH W TUTOMIAIEi
OCTa€TCsl Ha mpueMeMoM ypoBHe. OOBIYHO
BCE€ MaHHBIE, UCIOJb3yeMble KOHKPETHOM
T'UC, xpaHsTCsl B €IMHOU cucTeMe KOOpAu-
HaT, 1 HEOOXOAMMOCTh MX MPeoOpa3oBaHUS
MpY aHaJIM3e TaHHBIX BOBHUKAET peiKko. B To
XKe BpeMs JOCTATOYHO 4YacCTOW olepauuei
SIBJIIETCST TpaHcdopmalms Kaptorpadude-
CKUX ITPOEKIINI. DTO CBS3aHO C HEOTHO3HAY -
HOCTBIO TIPE/ICTaBICHUsI Ha TIJIOCKOCTU Kap-
TUHBI, U3HAYAJILHO HAXOMSIIIENCS Ha BBITTYK-
JIOW MOBEPXHOCTU 3eMHOTO I1apa. Haubosee
yacTto ucnoyibdyeMbiMu Moaenasimu B TMC
SIBJISIIOTCST pacTpoBasi M BeKTopHasi. Bo3amoxk-
HOCTb MX B3aMMHOTO TIPe0Opa3oBaHUs B aB-
TOMATUYECKOM (MJIM MAaKCUMAaJIbHO OJTM3KOM
K HEMY) PEXUME SIBJISIETCS e1IE€ OMHOM BAXKHOM
npukiiagHoit pyukiuein TMC. BoamoxHoCTH
1Mo aHaJM3y W MpeoOpa3oBaHUIO JaHHBIX,
00yCJIOBJIEHHBIE HAJTMIMEM B UX COCTaBe T10-



3UIIMOHHOU COCTaBISIOIIEH, peaau3yoTcs
rpymmnoii coorBercTByOIMX GyHKiuin ['NC.
K Heli oTHOCSTCS M3MEPUTEIbHBIC OIIepaIlui
1 OoIlepalliil aHAJITNTHYECKOM TeOMETPHH, Ta-
KMe KaK BbIYMCJIEHUE IJIMH, O0bEMOB, IJIO-
manaeit, paccrosiHuii. IloauroHanbHbIe ome-
ALY TTO3BOJISIOT BEITTOTHSITH O0ObeINHECHIE
1 pa3beAMHEHE YIACTKOB, a TAKIKE BHISIBIISITh
(hakThI UX TIEPEKPBITHAS U TTONATaHUS Ha 3a-
JTAHHYIO IUTOINaIb TOUeK 1 JIMHUIA. [TpocTpaH-
CTBEHHO-aHAJIUTUYECKNE OIEepaIluy TTPUME-
HSIOTCS JJIsl aHaau3a 0JM30CTU 0O0BEKTOB,
MOCTpOeHUsI Oy(epHBIX 30H, CETEBOTrO aHaIM -
3a (OMnpeaesieHUs CBI3HOCTU WIM HECBSI3HOCTU
CETH, BBIIBJICHUS KpaTJaiIiero MapIiipyTa).
TeoMomenupoBaHue 3akO4YaeTcsd B MPO-
rPaMMHOM peanu3aluy 3aKOHOB U3MEHEHUS
ITapaMeTpoB 0OBEKTOB, B TOM YHCJIC BO Bpe-
MEHU, C MOCJEIYIOIIUM MOAESIUPOBAHUEM
ITOBEICHUS pacCMaTPUBaeMOIt CCTEMBI O0b-
ekToB. [{udpoBoe MoaearnpoBaHue penbeda
paccMaTpuBacTCs KaK OT/Ie/IbHAST TPUKJIaTHAas
dyukuus TNC. C npouenypoit nocTpoeHust
penbeda TeCHO CBSI3aHbI 3a1a4U €T0 aHAIN3A,
TaKue, KaKk UHTePHOJISILUS BbICOT U TOCTPOE-
HUEe U30JMHUI. 3aKII0YUTEbHON MTPUKIIAI-
Hoit pyHkmeit M C saBnsieTcs BBIBOA JAHHBIX
(B TOM YMCIIe BU3yaTU3aLs IIPOCTPAHCTBEH-
HBIX 00BEKTOB, UX aTPUOYTOB), SKCHOPT AaH-
HBIX B Apyrue MHPOPMAIIMOHHBIE CUCTEMBI
[3-6].

ITpobneMa UCTIONB30BAaHUS UHTEJUIEKTY-
aJIbHOTO aHaJiu3a JaHHBIX SABJsIETCS 000C00-
JIEHHOIT HEe TOJIbKO B paboTax OTeUeCTBEHHbBIX
HcclIeqoBaTeNieil, HO 1 B MUPOBOM HayYHOM
coo01IeCcTBE, B MPAKTUKE MUCIIOJIb30BAHUS
pacnpene € HHBIX BEIYUCICHUI W, B YaCTHO-
CTH, OOJJAYHBIX BHIYMCIUTEIBHBIX CPEl, TIe
MPUMEHSIETCS MHTEeTpalys pa3InyHbIX TEXHO-
JIOTWI MHTEJUIEKTYaJTbHOTO aHAI3a JaHHBIX,
00pabOTKM OONBIINX TaHHBIX, PACTIPEAeIEH-
HBIX U 00JTAYHBIX BEIYMCIICHUIA.

HanHag mpobiemMaTUKa MpeacTaBieHa
B TTOMYJISIPHBIX M HAYYHBIX ITyOJIUKAIUSIX,
B TOM UHCJIC W TI0 TPAHCIIOPTHOM TTOJIUTHKE.
Tak, HanpuMep, razeta New York Times 060-
3HAYaeT AEeBITh MPoOJeM OOJbIIMX JaHHBIX
[7]. AHanu3 MOAOOHBIX TaHHBIX OYEHb CJIO-
JK€H, Y T03TOMY B ITOCJIeTHEE BPEeMsI 00JIbIIIOE
KOJIMYECTBO MCCIICIOBAHUI ITOCBSIIIIEHO pa3-
paboTKe HEOOXOMMMBIX JJISI 3TOTO aJITOPUT-
MOB, BKJTIOUAsT aJITOPUTMbI MHTEJIIEKTYaTbHO-
ro aHaju3a JJis1 mapajuieibHO 00paboTKU
JMAHHBIX B CHICTEeMaX 00JIaUHBIX BEIYMCIICHUIA,
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a TakKe JIJTSI MOJIEJIMPOBAHMSI TPAHCITIOPTHBIX
npoueccoB [8—12]. Hanpumep, MeTOabI UH-
TEJUIEKTYyaJbHOTO aHaJn3a JaHHBIX ObLIN
KCTOJIb30BaHBI U151 CO3AaHUs Monesel (Kiiac-
crUKaTOPOB) TSI TTPOTHOBUPOBAHUS CEPh-
€3HOCTH TpaBM B JII000I1 HOBOI aBapuu C pa-
3YMHOU TOYHOCTBIO Ha OCHOBE 5973 3anuceii
0 IOPOXXHO-TPAHCITOPTHBIX TTPOUCIIIECTBUSIX
B AOy-abu 3a mectuietHuit nepuon ¢ 2008
no 2013 ron. UccnenoBanue ObLIO HaMIpaBJie-
HO Ha YCTaHOBJIEHKE Ha0Opa MpaBuJ, KOTOPbIE
MOTYT WCITOJIb30BaThCSI TPAHCITOPTHBIMU OpP-
raHuzanusamMu O0beAnHEHHBIX ApabCcKuxX
OMupatoB (OAD) mist onpeneeHUs: OCHOB-
HBIX (paKTOPOB, BIUSIONINX Ha TSKECTh aBa-
puwm [13].

B HacTosiiee BpeMsi OMTHUM U3 CaMbIX
nonyasipHbIX cpeactB Data Mining (Hampu-
Mep, 110 Bepcun KDnuggets') siBnsieTcst cuc-
tema RapidMiner, pazpaboraHHast OMHOMMEH -
HOl KommaHuel. JlaHHbIA TPOAYKT UMEeT
OTKPBITHI ucxoaHblil kKoa (Open Source),
U BEPCHST ¢ MUHUMAJIBHBIMU (DYHKITMOHAITb-
HBIMU BO3MOXHOCTSIMU PacTpOCTPaHSIETCS
OecriatHo. RapidMiner peasin3yer KIMEHT-
cepBepHyto apxutekTypy. RapidMiner Server
MOXET HCITOJIb30BaThCs OTAEIBHO, MPEao-
CTaBJIsIs BO3MOXHOCTH MHTEJUIEKTYaTbHOTO
aHaJn3a B BUjie BeO-CEPBUCOB, TEM CaMbIM
peanu3syst MoJieJIb O0TaUYHBIX BBIYUCICHUN —
Saa S. RapidMiner peann3syet Bce HEOOXOIU -
Mbl€ ONepalMU JIs1 aHAIU3a: 3arpy3Ky U rpe-
obpazoBanue naHHbiX (ETL), mpeno6padoTKy
JIAHHBIX, X BU3YyaJIU3allAIO, pellieHre 3a1aqd
Data Mining [14]. OH uMeeT OTKPBITYIO apXU-
TEKTYPY, IPETOCTABIISISI BO3MOXHOCTD PaCII-
PATH €T0 HOBBIMU QJITOPUTMaMU, B TOM YUCJIE
U peaiudyeMbiMu 13 oudanorek Weka u R.

HcxomHbIMU TaHHBIMU JUISI pacCMaTpu-
BaeMOTO HaMU TPAHCTIOPTHOTO IMMPOTHO3UPO-
BaHUS SIBJISIIOTCSI BpDEMEHHBIE PSIIbI CKOPO-
cTeit 1 nHGOpPMAIIUST O TOTIOJIOTHH TOPOKHOMN
ceTH, TIpeJCTaBlIeHHas, HallpuMep, B BUIE
rpada. Ha ocHoBe MpoCTpaHCTBEHHO-
KOOPAMHUPOBAHHBIX JAHHBIX CO3MAI0TCS
MPOCTPAaHCTBEHHbIEe MH(MOPMAIIMOHHBIE
00beKTHI (puc. 1). B mokazaHHOM Ha pUCyH-
Ke TIpuMepe peajibHbIi (U3NIeCcKril 00bEeKT
Ha 3¢MHO# TTOBEPXHOCTU (Y4aCTOK aBTOJO-
pOTM) MpeJCTaBIeH KaK COBOKYITHOCTb ITpsi-
MOJIMHEHHBIX CErMeHTOB. TOUHOCTh TaKOTO

' CMm., Hanp.: [DaekTpoHHbIN pecypc]: https://www.
kdnuggets.com/2017/05/poll-analytics-data-science-
machine-learning-software-leaders.html.
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Puc. 1. CywiHoCcTb NPOCTPaAHCTBEHHO-KOOPANHUPOBAHHbIX AaHHbIX.
(ABTOPCKMIi PUCYHOK BbINOJIHEH HA OCHOBE paboTsl [15]).

MpeACTaBICHUS IIPU HEOOXOTUMOCTH MOXET
OBITh peajn30BaHa CKOJIb YITOIHO BBICOKOM
3a CUET yBEJMYEHHUS OOIlEero KoauyecTBa
CerMEHTOB MEHBIINX pa3MepoB. Kaxkmbrid
CETMEHT OMMUCBHIBACTCS COOTBETCTBYIOLIMM
eMy uH@opmMaluoHHbIM 00bekToM (MO-1,
HNO-2 u 1.0.). s onucaHusl cerMeHTa He-
00X0IMMO, BO-TIEPBHIX, 3a(hMKCUPOBATh €TI0
MOJIOXKEHME Ha 36MHOI MOBEPXHOCTH; JUIS
3TOr0 B pacCMaTpPMBaeMOM IIpUMepe TOCTa-
TOYHO YKa3aTh KOOPIMHATHI €70 HaYyaJ bHOU
u KoHeuHoi Touek (X1, Y1, X2,Y2). Bo-BTO-
PBIX, KaXJIblii CETMEHT aBTOJIOPOTY XapaKTe -
PHU3YETCST OIPeACTIEHHBIMU 3KCILTyaTallOH -
HBIMU TTOKa3aTeasaMu (TaKMUMU, KaK IMUpUHA
MPOE3XKeil YaCTH UJIU TUTI TOKPBITHS ), KOTO-
phle TaKXKe OTpakaloTcsl IPU CO3TaHUU UH-
¢dopMaLIMOHHOTO 00bEeKTAa (C UCITOIb30BaHU-
em atpudyToB B, TYP u NAME).
CTpyKTypa JaHHBIX JIJIs1 CO3IaHusT MH(BOP-
MaIIMOHHBIX OObEKTOB Pa3HbIX TUIIOB OYJIET,
CKopee BCero, Tak>Ke HEOAMHAKOBA, HO B JIIO-
OOM cjIydae maHHbIe OYyIyT OCTaBaThCS IPO-
CTPaHCTBEHHO-KOOPAMHUPOBAaHHBIMU. Bce
TEXHOJIOTMYECKHUe MPOLEAYPhl MpU padoTe
C MPOCTPAHCTBEHHO-KOOPAMHUPOBAHHBIMU
JaHHBIMU (X BBOJ, pelaKTHPOBaHUE, TPe00-

pa3oBaHue, XpaHEeHUeE, Tiepeaada, 0Toopake-
HHE) UMEIOT CYIIIeCTBEHHbIE OCOOEHHOCTH 10
CPaBHEHUIO C MHBIMU TUIIAMU JaHHBIX. DTH
OCOOEHHOCTH OOYCJIOBJICHBI, TIPEXIE BCETO,
HEO0XOIUMOCTBIO MOAIEPKAHMS TOCTOSTHHOMN
CBSI3M MEXJIy MO3ULIMOHHBIMU U aTPUOYTHUB-
HBIMUM JTaHHBIMU KOHKPETHBIX MH(pOpMaIIM-
OHHBIX 00BeKTOB. KpoMe Toro, Hajmuue 1mo-
3ULIMOHHOM MH(bOPMAIIUY IIPUBOIUT K ITOSIB-
JIEHWIO TIPUHIIMITMATBHO HOBBIX BO3MOXKHO-
CTeii, a 3HAYMT, U TEXHOJOTUIECKUX ITPOLICAYD
IJISl UX pealu3allii, BKJIoYass oTpakeHue
MHOOPMAIIMOHHBIX 00BEKTOB Ha 3KpaHe
(Mx BM3yanu3alus), OpraHu3aluio MoucKa
00OBEKTOB B 3aBUCMMOCTH OT X MECTOIOJIO-
JK€HUsI, B TOM YHCJI€ OTHOCUTEIbHO APYT
npyra, u T.0. JIpyroit yacTo MCmoab3yeMoi
MOJIEJIbIO TTPOCTPAHCTBEHHBIX OOBEKTOB SIB-
JiseTcs KBagpoTomuueckas (puc. 2). Ilpu eé
MMOCTPOSHUU MCIIOJIb3YETCSI TaK Ha3bIBaEMOE
KBaJIponepeBo, KOTopoe (hopMUpYyeTCs Hauu -
Hasl ¢ caMOTO BBICOKOTO M3 BO3MOXHOTO
YPOBHSI arperupoBaHust 00beKTOB. B mpumepe
Ha puc. 2 HAUBBICIINI YPOBEHb arperupoBa-
HUST — TPETHIA; TAK MOTYT OBITh OObEIMHEHBI
B €MHBINA 3JIeMEHT padMepoM 3Xx3 NeBsTh
00BEKTOB C aTpUOYTOM A.
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Puc. 2. MocTtpoeHune KkBaapOTOMUYECKOVW MOAENIN [aHHbIX.
(ABTOPCKMIi PUCYHOK BbINOJIHEH HA OCHOBE paboTsi [15]).

YKpynHEHHBII 00BEKT MapKUpPYyeTCsl Kak
1A (3mech COBMEIIEHB HOMEP 00BhEKTa M 3HA-
YeHMe aTprOyTa), 9TO OTpaxkaeTcsl Ha KBaapo-
JiepeBe 1 Ha UTOTOBOI CXEMe PaCITOIOXKCHUS
00BEKTOB.

Bonblie BO3MOXHOCTEI arperupoBaHUs
Ha ypOBHE 3 HET, M TIPOM3BOIUTCS TIEPEXO
K YPOBHIO 2. 311eCh BO3MOXKHO CO3/IaHUE IBYX
YKPYINHEHHBIX 00bEKTOB, MAPKUPYEMBIX KaK
2A u 3B, 11oc1e 9ero oCyIecTBISIeTCS TIePeXo
K HM3IIEMY YPOBHIO, Ha KOTOPOM OOBEKTHI,
HE MMEIOIINEe BO3MOXHOCTH YKPYITHEHUS,
MapKHPYIOTCS ¥ OTpaXkaloTCsI Ha KBaIpoIepe-
BE M Ha CXeMe pacmoyioxkeHus1. B pesynbrare
MMOCTPOCHMST KBAIPOTOMUUECKONM MOIEIN Ha
puc. 2 6e3 moTepu aTpuOyTUBHOI MHPOpMa-
LIMY YAAJIOCh COKPATUTh O0Iee KOJIMIECTBO
00BeKTOB ¢ 25 10 11. YMeHbIIIeHHOE KOJTNJe-
CTBO OOBEKTOB M O0YCJIOBJIEHHASI 3TUM KOM-
MaKTHOCTh XpaHEHUS MaHHBIX SBISIOTCS
MpEeUMyLIECTBAMU KBAIPOTOMUYECKOM MOJE-
mm. Kpome Toro, KBagpoaepeBo, cCo3maHHOe

Ha 3Tare MOCTPOSHMS MOIEJIN, BITOCICICTBUMN
MOXKeT 00eCneYynTh MaKCUMaJIbHO OBbICTPBIM
MOUCK O0BEKTOB MO 3aJaHHOMY aTpuOYTY.
Mopens oTinuaercst ObICTPHIM POCTOM paspe-
IIEHUsI TIPU YBEJWYEHUN YPOBHS KBaapoe-
peBa. OHa TakoKe TOITyCKaeT IMepeMEHHBIH I1ar
MMPY YMEHBIICHUW Pa3MepOB 3JIEMEHTOB IO
YPOBHSIM.

[nst onucaHust TpEXMEPHBIX 0OBEKTOB
HCTIOJIb3YETCST OKTOTOMMYECKast MOIEb, (pop-
MUpYIOLIasi 00bEKThI B BUIAE KyOOB epeMeH-
HOTO pa3Mepa.

BekTopHast Momenb IpOCTpaHCTBEHHBIX
JMIaHHBIX OTJIMYAETCSI MaKCMMAaJIbHOM TMOKO-
CThIO (ITOCKOJIBKY B HEil HE MPUCYTCTBYIOT
OrpaHUYeHUs 10 (POpMe OOBEKTOB, X pa3Me-
paM U pacroJIOKEHHIO), YTO OMHOBPEMEHHO
MIPUBOIUT K HEOOXOMUMOCTH ITOJTHOTO yKa3a-
HUSI BCEX TMTO3UIIMOHHBIX TaHHBIX JIJI KaXII0-
ro oobekTa. BekropHast Moaeab MOXKET ObITh
MpeacTaBieHa B IBYX BUAAX: HETOIOJIOTHYE-
CKOM U TorioiorndeckoM. Hetormonornueckast
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Puc. 3. BekTopHbie Mogenv faHHbIX: a) NICXO[HbIE MOJINT
mMoaesnb. (ABTOPCKUII PUCYHOK Bbl

Pa3HOBUIHOCTH (MOJIEJb «CIIareTTH») Moapa-
3yMeBaeT He3aBUCUMOE YKa3aHUE TPaHUII T
KaXX1oro o0beKTa. DTO IPUBOIUT K TOMY, YTO
JIAaHHBIE O TPAHULIAX COCEAHUX O0OBEKTOB 1y0-
JIMPYIOTCS U, KaK CJIeCTBUE, OOIIUI 00bEM
HCITOJIb3YyeMBIX TaHHBIX Bo3pacTaeT. Kpome
TOTO, TIPY U3MEHEHUH TPaHUIl KaKOTO-T100
00BbEKTa HEOOXOAMMO BbISIBUTh U CUHXPOHHO
W3MEHUTh I'PAHUIIBI Y BCEX COCETHMX C HUM
00bekToB. Torosornyeckasi pa3HOBUIHOCTb
MOJIEJIU BKJIIOYAET B c€0s1 HAOOP OTIAEIbHBIX
MTOJIUIUHMI (IyT), KOTOPBIE SIBIISIIOTCS TPaHU -
11aM1 0OBbEKTOB, a TAKXKE CBEICHUS O TIPUHA/I -
JIEXKHOCTH 3TUX AYT KOHKPETHBIM MMPOCTPaH-
CTBEHHBIM 00beKTaM. JlyommpoBaHust tHPOP-
MaIliy TPy 3TOM He TIPOMCXOIUT, U TIPU pe-
JMAaKTUPOBAHUM TPAHUIIBI CMEXXHBIX 00bEKTOB
U3MEHEHMS OyIyT aBTOMaTUISCKU OTPaKEHBI
IS HUX oboux. IIpumep AByX pa3HOBUAHO-
CTeil BEeKTOPHOI MOJIeJIN TIPUBEIEH Ha puC. 3,
e ToKa3aHbl aABa nojurona P1 u P2, umero-
X CMEXHYIO rpaHuiry L3.
Hertomonornueckast Mogenb CONEPKUT
TOJIBKO YKAa3aHUS O KOOPAUHATAX TPAHUYHBIX
TOYEK KaXII0To MoJauroHa (Tpu touku mjst P1

OHbI; 6) He TornosornYeckasl MoAeJsib; B) Tonosorndeckas
nosiHeH Ha ocHoBse pa6oTsi [15]).

U TISITh TOYeK 1 P2; mpu 3ToM HavajgbHasI
TOYKa BTOPOU pa3 yKa3bIBAETCS B KOHILIE CITUC-
Ka, KaK 3HaK TOTO, YTO 'paHWYHas MOJUIMHUS
3aMKHYJack). B Tomosoruueckoit Mmoaenu
cHayvasia onucanbl Tpu nyru L1, L2 n L3,
MOCJIe YeTo yKa3aHo, U3 KaKUX AYr COCTOUT
KaXIblii U3 MoAUroHoB. Tormongorunueckas
MOJIEJIb, IT0 CPABHEHMIO C HETOIOJOTMYECKOM,
OTJIMYAETCS OOJIbIIEN CIIOKHOCTBIO U 110 3TOI
MPUYMHE UCTIOJIb3YETCS PEXE, BOCHOBHOM Ha
atare GopMHUPOBAHUS TIPOCTPAHCTBEHHBIX
00BeKTOB (BBOAA MX rpaHull). Ha sTare aHa-
JIn3a U MOJEJIMPOBaHUs 0oJjiee BBICOKOE Obl-
CTpoAecTBHE 00eCIIeunBaAET HETOMOJIOTUYE-
ckas mozenb. [loctpoeHue Ha 6a3e 3J1eMeH-
TapHbIX IPOCTPAHCTBEHHBIX DJIEMEHTOB 00JIee
CJIOXHBIX 0ObEKTOB IMTPOU3BOIMUTCS B paMKax
OIpeneIEHHOW MOJEIN MPOCTPAHCTBEHHBIX
JaHHbIX. OJHOI M3 TPOCTEHUIITNX U, OJHOBPE-
MEHHO C 9TUM, HauboJee YacTo UCIMOJIb3ye-
MBIX SIBJISIETCSl PETYJISIDHO-SITYEUCTAsT MOJIEJIb,
TIpUMeEpP KOTOPOI TTOKa3aH Ha puc. 4.

ITpu ucnonb30BaHUM PETYASIPHO-SIUYEUC-
TOW MOJEJU TEPPUTOPHUS pa3dbuBaeTcsl Ha
OIMHAKOBBIC YUYACTKM (SUCHKM), KaXKIbIN U3



Puc. 4. PerynapHo-syencrasi MogeJsb AaHHbiX. (ABTOPCKUIi PUCYHOK BbINOJIHEH Ha OCHOBe pa6oTsi [15]).

KOTOPBIX SIBJIIETCSI CAMOCTOSITEIbHBIM TTPO-
CTPAaHCTBEHHBLIM 00beKTOM. Paszmep siueiiku
MIpeaoTIpeIeIIsieT TPOCTPAHCTBEHHOE pa3pe-
LIeHWE MOAEU. ATpUOYTUBHbBIE TAaHHBIE IS
KaXX/10ro 00bEKTa OMPEIESIIOTCSI HE3aBUCUMO
Ipyr oT apyra. Ha puc. 4 MOXXHO BUIETh OTIpe-
JIeJICHUE OTHOTO M3 TIATH BO3MOXKHBIX 3HaUe-
HuM atrpudbyrta. Y1o0HOII 0COOEHHOCTbIO
3TOTO BUIA MOJEJEH SIBISETCS TO, YTO IIPO-
CTPAHCTBEHHOE TTOJIOXKEHUE STYCHKU OTTpeIe-
JISIETCS TOJIBKO €€ HOMEPOM, UTO U30aBJISIET OT
HEOOXOIMMOCTH YKa3bIBaTh MOJIHBIC ITO3UIIH -
OHHBIC TaHHBIC KaXKIOM TUYEHKN (KOOPIUHATHI
BCEX YIVIOBBIX TOUYEK). DTO TaET BO3MOXKHOCTD
KOMITAaKTHOTO XpaHeHus1 nHpopmaumnu. Ha-
nmpumep, Ha puc. 4 00bEKTHI MOTYT OBIThH
OIMCaHBI B BUIE MOCIEI0BATEILHOCTH U3 25
3HaueHui atpudyTa (oT A 1o E kaxxmoe). [Tpu
3TOM, TIPX HEOOXOIMMOCTH,, KOOPIMHATHI BCEX
YIJIOBBIX TOUYEK KaXKI0T0 00bEKTa MOTYT OBITh
JIETKO BOCCTAHOBJICHBI ITO €T0 HOMepY. 3a CUET
HAJIMYMST MIYIIUX TTOAPSI STYeeK C OMMHAKO-
BBIM 3HAUYEHUEM aTpuOyTa CTAaHOBUTCSI BO3-
MOXHBIM M €llI€ 00Jiee KOMIIAKTHOE OIuca-
Hue, Hanpumep, C4DC3BDC2B2E3B2EAB3E
(roe BMecto DDDD ncrnons3oBaHo 0003Ha-
yeHue 4D ¢ skoHoMMeli 2 3HaKOB). B pery-
JISIPHO-STYEUCTHIX MOMAEISIX BO3MOXHO MC-
MoJib30BaHUE siueeK 00l nmpaBUIbHON
(G opMBI, B TOM UKCIIe KpUBOIMHEHHO. Takske
TOITyCKaeTCs IPUMEHEHME Pa3HOTO pa3pelie-
HUS U pa3HOU (hOPMEI sSTYeeK MJIST pa3HbIX aT-
pubyTOoB. B ciydyae npsIMOYrojibHBIX slueek,
€IUHCTBEHHBIM aTPUOYTOM KOTOPBIX SIBIISICT-
CsI MIX IIBET, MOJIEJIb TIPEBpaIaeTcsl B pacTpo-
By10. Hammpumep, 1151 moCTpoeHMsI ONTUMATh-
HBIX C TOYKHM 3pEHUS BPEMEHHU Ipoe3aa

MapLIPYTOB ABUXKEHUs 110 HEKOTOPOI TPaHC-
IOPTHOI ceTH TpeOyeTcsl MPOrHO3MpOBaHUE
CKOPOCTEH TPaHCIIOPTHBIX CPEICTB Ha y4acT-
Kax. [OpU30HT IPOrHO3UPOBAHUS TIPU ITOM
JIOJIKEH OBbITh HE MEHbIIIE TUITMYHOI'O BpeMe-
HU OJHOI MOE3AKM, YTOObI IIPU MOCTPOSHUN
MapIipyTa mepen BbIe3MOM MOXHO OBLIO
YUUTBHIBATh CKOPOCTH ABMXKEHUS HA y4aCTKaX
TPAHCIIOPTHOM CeTH, OJIM3KUX K LIEIU ITOe3/1-
KU.

3AKJITKOMEHUE

BmecTte ¢ TeM, KpoMe UCITOIb30BaHUS
OIMMCAaHHBIX BBIIIE AJITOPUTMOB, IJIsI IS
TPAHCIIOPTHOTO MO POBAHMS HEOOXOIUMO
PEIINTD LIEJBINA PsI MPOOJIEM, CBSI3aHHBIX CO
cOOpoM 1 00pabOTKOI MEPBUYHBIX TaHHBIX.

J7151 1OCTIDKeHUSI MAaKCUMAaTIbHOMU ITPOu3-
BOAUTEABHOCTU OLIM(PPOBKU HEOOXOIMMO
YUUTHIBATh OLIMOKHU, CBI3aHHBIE C UHTEPIIPEe-
TalMei pe3yJIbTaTOB aHaIN3a JaHHbIX, HAaIlpy-
Mep, CYUMTBIBAHUS PETUCTPALIMOHHBIX 3HAKOB
TC. OueBUAHO, UTO TIPOTHO3 3aBUCUT OT
BPEMEHHU CYTOK, JTHSI HEJCIU 1 Ce30Ha TTOe3/I-
ku. K BHEITHUM (haKTopaM MOXKHO OTHECTHU
nmoroaHbIe yciaoBusa. Kpome aToro, cymiecTBy-
0T HETPUBUATbHBIE 3AKOHOMEPHOCTH MEXKIY
CKOPOCTSIMU JBUKEHUS HA pa3IMYHBIX pEOpax
rpacda mopoxkHoi cetu [16; 17]. Hanpumep,
OYEeHb HM3Kasl CKOPOCTh Ha OIpene]EHHOM
yuyacTke (ITpoOKa) MOXKET BbI3bIBATH CHIDKEHUE
CKOPOCTHM Ha OTHUX pEOpax (pacrpocTpaHe-
HUE TTPOOKK) U OMHOBPEMEHHO MOBBIIIICHUE
CKOPOCTH Ha JApyrux pédpax 3a CYET TOro, 4YTo
PE3KO YMEHBIIIAETCSI KOJIMYECTBO TOManaro-
LIMX HA HUX TPAHCIIOPTHBIX CPEACTB (IKpaHU-
poBaHue). KonuuectBo mocToB A cbopa
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JaHHBIX U UCCIENOBAHUS JISI CO3MaHUS
TPAHCIIOPTHOM MOJIEIN Ha3HAYaeTCsl UCXOMS
U3 BO3MOXHOCTH OJHOTO YYETUMKA WU BU-
JnleokaMepbl (GUKCUPOBATh MaKCUMAJIbHOE
BO3MOXHOE YKCJIO COOBITUI IO MOHUTOPUH-
Iy TPAHCMOPTHBIX U MELIEXOJHBIX MOTOKOB.
Ho cymectByet psin mpo6jemM B OTHOILIEHUHN
OpraHu3aluy padoThl YYETYNKOB, HATIPUMED,
CBSI3aHHBIX ¢ GUKCUPOBAHMEM PA3HOPOJHOMU
nHbopMalu (OMHOBPEMEHHBIM (PUKCUPOBA-
HUEM BXOJASIIMX U BBIXOASAIIUX MOTOKOB TC
WJIY TTe1exXo10B). B oTHOIIEHUY TPUMEHEHUS
BUIEOCHEMKU KaK CpeacTBa (PUKCUPOBAHUS
LIEHTPOB MAaCCOBOT'O TSTOTEHMSI, MOXKHO BbI-
JNeJTUTh TaKue MpoOaeMbl, KaK MpOBEAeHUE
CbEMKHU B TEMHOE BpeMs CYTOK, 00paboTKa
BUJEOJaHHBIX BPYyYHY10 (ourdpoBKa AaH-
HBbIX), HEIOCTYITHOCTh BOCIPUSTUS YucCIa
naccaxupoB B UT naxe npu JErkoi «TOHU-
poBke» TC. IlepeunciaeHHble MPOOJEMBbI
MPUBOIAT K PE3KOMY CHIXEHUIO KauyecTBa
MOJTy4YaeMBbIX U UCCIIETyEMbIX TaHHBIX TPAHC-
MOPTHOTO MOAEJIUPOBAHUS.

Takue mpoo6JIeMbl MOTYT OBITh PELLIEHBI HE
TOJIBKO 32 CUET COBEPILIEHCTBOBAHUSI METOIOB
U TEXHUYECKUX CPEACTB MOJyYEeHUs MepBUY-
HBIX JAHHBIX, HO U 3a CYET pa3pabOTKX HOBBIX
UH(MOPMALIMOHHBIX TEXHOJIOTUIA X 00paboT-
KU, B YACTHOCTH, C IMOMOIIbIO HEHPOHHBIX
CeTe.
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The Problem of Data Mining
in Modelling Traffic Flows
in a Megapolis

Natalia G. KUFTINOVA

ABSTRACT

The article discusses the problems of using
data mining in a transport model as a digital
platform for analysing data on traffic flows in a
megapolis, and prerequisites for creation in
future of single data banks and an integrated
environment for interaction of models of different
levels as clusters of the digital economy, which
will consider all modes of transport to assess
transport demand and develop projects for
organizing traffic in a megapolis.

The objective of the work is to study the
processes of obtaining quantitative characteristics
of objects of transport modelling when creating a
single electronic environment by calculating the
derived parameters of the transport network of a
megapolis. Quantitative spatial characteristics of
an object are associated with calculating the
distance from a city centre and a main street and
are determined using geographic information
systems entailing consequent problem of data
unification and efficient data storage.

As part of achieving that objective, it is
shown that it is necessary to create a pre-
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processing and validation procedure for all
primary transport data, since data sources
have different formats and spatial interpolation
of tracking data. For this, it is recommended
to use various methods of data analysis based
on GIS technologies, digital terrain modelling,
topology of the road network and other objects
of the transport network of a megapolis.
Besides, the use of intelligent data should be
preceded by formatting and grouping the
source data in real time. The most common
errors arise at the stage of the iterative process
for obtaining quantitative characteristics of
objects of transport modelling and building the
optimal route in terms of travel time along a
certain transport network.

The existing trends of urban growth require
global digitalization of all transport infrastructure
objects, considering changes in the functions of
the transport environment and in intensity of
traffic flows. Theis entails further development
and implementation of new information
technologies for data processing using neural
networks and other digital technologies.
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Background. The process of burst develop-
ment of information and communication
technologies and the implementation of 5G
networks contribute to creation and accumu-
lation of big data, rising importance of issues
of high-quality data collection as well as of
development of a single data source containing
complete, relevant, and reliable information
about any transport system. In practice, a
possibility of using unstructured data (e.g., on
capacity of assessed transport areas to generate
and attract transit flows, on information
necessary to develop matrix of inter-area
trip distribution) for modelling traffic flows
often meets difficulties. Obtaining such data
is accompanied by signing of formal
contracts and other administrative pro-
cedures. The use of geographic information
systems (GIS) helps to overcome those and
other problems related to the use of statistical
data on current traffic flows and parking
areas in the centres of gravity for the
residents of the megapolis.

The study sets the objective of construction
of models of spatial distribution of indicators
of objects in the form of continuous surfaces
based on discretely specified information
using GIS technology to study the regularities
of territorial structures that have the property
of continuous distribution, the continual
approximation of which depends on the
degree of approximation and on the rate of
reflexion of geographic patterns in that
discrete information. When using a graphical
tool for modelling artificial fields, e.g.,
artificial isolines (pseudo-isolines), careful
assessment of representativeness of data,
reliability of conclusions obtained and the
suitability of approximation results for use
with other layers of the GIS database should
be performed.

To achieve this objective, the study
employed methods for predicting speeds and
for analysis of information about the topology
of the road network based on time series and
data mining to determine spatial coordinates.
The methods for monitoring and predicting
the characteristics of the traffic flow of the
road network based on the spatiotemporal
approach of predicting derived parameters
allow through the analysis of previous periods
to reduce impact of incomplete information
about the current state of the traffic flow on
the predicted values.

Results.

Data mining is a modern concept, which
initially assumes that data can be inaccurate,
heterogeneous, contain omissions and at the
same time have gigantic volumes [1; 2]. The
preparation and accuracy of such data depend
on quality of the processes of:

* definition and analysis of requirements
for data;

« collection (input) of data for storage;

» data pre-processing to ensure high-
quality analysis.

The main sources of information for
development of the positional part of GIS
database are differently purposed maps.
General geographic maps allow creating
information objects describing the topographic
features of the territory, primarily the reliefand
hydrographic network, which are used in
almost all GIS, regardless of their thematic
focus. Thematic maps (population, economy,
physical maps) are basic sources for initial
development and georeferencing of the
corresponding spatial objects. Attributive
information is mostly added later, from data
sources that are not necessarily spatially
coordinated. It is also possible to use complex
atlases. Earth remote sensing materials make
it possible to create spatial objects directly,
without developing maps as an intermediate
information layer. Sources of attributive
information are also long-term hydrological
and meteorological data, statistical materials
in digital form, and other text materials. The
main conditions for the possibility of using such
data are the existence, at the time of its input,
of spatial objects to which it belongs, and the
possibility of unambiguous correlation of the
attribute data with a specific object or their
group.

In total, four main conceptual functions of
GIS can be distinguished, of which the first two
(data collection and data processing) are
preparatory and are implemented, most often,
once (with the exception for GIS which require
constant data updating; then their collection
and processing are performed repeatedly, with
a certain periodicity). To the greatest extent,
the possibility of acquiring new knowledge is
manifested in the process of analysis of spatially
coordinated data, for which various conceptual
and formal models are constructed using GIS.

The main function of GIS is to provide
information support for managerial decisions



made following the results of analysis and
modelling based on spatially coordinated data.
The applied functions (technological
procedures) supported by the corresponding
GIS software include a wide range of
possibilities. Entering and editing data allow
creating information objects based on both
cartographic information, originally based on
spatially coordinated data, and by directly
entering the coordinates of the object. The
support of various spatial models (grid,
quadrotomic, vector models) by tools of GIS
makes it possible to create different types of
information objects based on the same initial
data. Data storage is carried out considering
the presence of a positional component in it
(for which, as a rule, rather highly specialized
formats are used); by contrast, attribute data
uses widely accepted formats. A hierarchical or
network model can be used to organize a GIS
database, but relational databases are more
common.

Coordinate system transformation is a
commonly used GIS application. Such a need
may arise already at the stage of data entry,
when using several sources with different
coordinate systems; in this case, data is reduced
to some single unified system. Most often,
geographic coordinates are converted to
rectangular ones (Gauss—Kruger coordinate
system), and vice versa. A geographic coordinate
system is more convenient for storing positional
data of spatial objects; while Gauss—Krliger
coordinate system is more suitable for their
visualization and implementation of spatial
analysis. The main feature of transformation
of coordinates from one system to another is
that a curved section on the earth’s surface (the
surface of a spheroid) cannot be positioned
(«stretched») on a plane without an error. The
magnitude of this error grows as the distance of
the point from the origin of rectangular
coordinates increases, so Gauss— Krliger system
always covers only a relatively small area, within
which the distance from the zero point does
not exceed several hundred kilometres. At such
distances, the error in the coordinates of
individual points, and hence in the lengths and
areas determined on their basis, remains at an
acceptable level. Usually, all data used by a
particular GIS is stored in a single coordinate
system, and the need to transform it when
analysing data rarely arises. At the same time,
transformation of cartographic projectionsis a

fairly common operation; this is due to the
ambiguity of representation on the plane of the
picture, which isinitially located on the convex
surface of the globe. The most commonly used
GIS models are raster and vector models. The
possibility of their mutual transformation in
automatic (or as close as possible to it) mode
is another important applied function of GIS.
Possibilities for data analysis and transformation,
due to the presence of a positional component,
are implemented by a group of relevant GIS
functions. It includes measuring operations and
analytical geometry operations such as
calculating lengths, volumes, areas, distances.
Polygonal operations allow consolidating and
separating areas, as well as revealing the facts
of their overlapping and hitting a given area of
points and lines. Spatial-analytical operations
are used to analyse the proximity of objects,
build buffer zones, conduct network analysis
(to determine connectivity or disconnectedness
of a network, identify the shortest route).
Geomodelling consists in implementation with
software of the laws of change in the parameters
of objects, including in time, followed by
modelling the behaviour of the system of
objects under consideration. Digital elevation
modelling is considered as a separate applied
GIS function. The procedure for constructing
reliefis closely related to the tasks of its analysis,
such as interpolation of heights and construction
of isolines. The final applied function of GIS
is associated with data output, including
visualization of spatial objects and of their
attributes, export of data to other information
systems [3—6].

The problem of using data mining stands
out not only in the works of domestic
researchers, but also in global scientific
community, in practices of the use of distributed
computing technologies, and in particular of
cloud computing environment, based on
integration of various technologies of data
mining, processing of big data, distributed
computing and cloud computing.

The range of associated topics is presented
in popular and research publications,
particularly in those dedicated to transport
policy. Thus, for example, the New York Times
magazine lists nine problems associated with
big data [7]. The analysis of such data is very
difficult and therefore, recently, a large number
of studies have been devoted to development
of relevant algorithms, including mining
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Pic. 1. The essence of spatial-coordinated data. (The author’s drawing is based on work [15]).

algorithms for parallel data processing in cloud
computing systems, as well as for simulation of
transportation processes [8—12]. For example,
data mining techniques have been used to
create models (classifiers) to predict severity of
injury in any new accident with reasonable
accuracy based on 5973 Abu Dhabi road
accident records during the six-year period
from 2008 to 2013. The study aimed to establish
a set of rules that can be used by the transport
agencies of the United Arab Emirates (UAE)
to determine the main factors influencing
severity of an accident [13].

Currently, one of the most popular Data
Mining tools (e.g., according to KDnuggets') is
RapidMiner system, developed by the company
ofthe same name. This product is Open Source,
and the version with the minimum functionality
is distributed free of charge. RapidMiner
implements a client-server architecture.
RapidMiner Server can be used on its own to
provide mining capabilities in the form of web
services, thereby implementing the SaaS cloud
computing model. RapidMiner implements all
the necessary operations for analysis: data
extracting, loading, and transforming (ETL),
data pre-processing, data visualization, solving
data mining problems [14]. It has an open

'E.g.: [Electronic resource]: https://www.kdnuggets.
com/2017/05/poll-analytics-data-science-machine-
learning-software-leaders.html.

architecture, providing the ability to extend it
with new algorithms, including algorithms
implemented with RWeka package.

The initial data for considered transport
forecasting is provided with time series of speed
and information about the topology of the road
network, presented, for example, in the form
of a graph. Spatial information objects are
created based on spatially coordinated data
(Pic. 1). In the example shown in the picture,
a real physical object on the earth’s surface
(a road segment) is presented as a set of
straight-line segments. The accuracy of such a
representation, if necessary, can be made
arbitrarily high by increasing the total number
of smaller segments. Each segment is described
by the corresponding information object (I10-1,
10-2, etc.). To describe a segment, it is
necessary, first, to fix its position on the earth’s
surface; for this, in the example under
consideration, it is sufficient to indicate the
coordinates of its start and end points (X1, Y1,
X2, Y2). Secondly, each road segment is
characterized by certain performance indicators
(such as the width of the carriageway or the type
of pavement), which are also reflected while
creating the information object (using the
attributes B, TYP and NAME).

The data structure for creating information
objects of different types will most likely also be
different, but in any case, data will remain
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Pic. 2. Construction of a quadrotomy-based data model (the author’s drawing is based on work [15]).

spatially coordinated. All technological
procedures when working with spatially
coordinated data (its input, editing,
transformation, storage, transmission,
displaying) have significant features in
comparison with other types of data. These
features are primarily due to the need to
maintain a constant linkage between positional
and attribute data of specific information
objects. In addition, the presence of positional
information leads to the emergence of
fundamentally new opportunities, and therefore
of technological procedures for their
implementation: reflection of information
objects on the screen (their visualization),
organization of search for objects depending on
their location, including relative to each other,
etc. Another common model of spatial objects
is using quadrotomy (Pic. 2). When building it,
the so-called quadtree is used, which is formed
starting from the highest possible level of object
aggregation. In the example in Pic. 2 the highest
level of aggregation is the third one; so nine
objects with A attribute can be combined into a
single 3 x 3 element.

The enlarged object is marked as 1A (here
the object number and attribute value are

combined), which is reflected in the quadtree
and in the final layout of objects.

Since there are no more aggregation
possibilities at level 3, the transition to level 2
is made. Here it is possible to create two
enlarged objects, marked as 2A and 3B, after
which we go to the lowest level, at which objects
that do not have the possibility to be enlarged
are marked and reflected in the quadtree and
onthe layout diagram. As a result of constructing
a quadrotomy model in Pic. 2, it was possible
to reduce the total number of objects from 25
to 11 without losing the attribute information.
The reduced number of objects, and the
resulting compactness of data storage, are the
advantages of the quadrotomy model. In
addition, the quadtree, created at the stage of
model building, can subsequently provide the
fastest possible search for objects by a given
attribute. The model is distinguished by a rapid
increase in resolution with increasing quadtree
levels number; it also allows variable spacing
when downsizing elements across levels.

To describe three-dimensional objects, an
octotomic model (octotree) is used, which
forms objects in the form of cubes of variable
size.
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The vector spatial data model is characterized
by maximum flexibility (since it does not
contain restrictions on the shape of objects,
their size and location), which simultaneously
leads to the need to fully specify all positional
data for each object. The vector model can be
presented in two forms: non-topological, and
topological. The non-topological variation
(the «spaghetti» model) implies an independent
indication of the boundaries for each object;
this leadsto the fact that data on the boundaries
of neighbouring objects is duplicated and, as
a result, the total amount of used data
increases. In addition, when changing the
boundaries of an object, it is necessary to
identify and synchronously change the
boundaries of all objects adjacent to it. The
topological version of the model includes a
set of individual polylines (arcs) that are the
boundaries of objects, as well as information
on belonging of these arcs to specific spatial
objects. In this case, there is no duplication
of information, and when editing the
boundary of adjacent objects, the changes will
be automatically reflected for both of them.
An example of two varieties of the vector
model is shown in Pic. 3, which shows two

polygons Pl and P2 having an adjacent
boundary L3.

The non-topological model contains
merely instructions about the coordinates of
the boundary points of each polygon (three
points for P1 and five points for P2; the starting
point is indicated a second time at the end of
the list, as a sign that the boundary polyline is
closed). The topological model first describes
three arcs L1, L2 and L3, after which it
indicates which arcs each of the polygons
consists of. The topological model, in
comparison with the non-topological one, is
more complex, and for this reason it is used less
often, mainly at the stage of forming spatial
objects (entering their boundaries). At the stage
of analysis and modelling, higher performance
is provided by a non-topological model.
Building of more complex objects based on
elementary spatial elements is carried out
within the framework of a certain model of
spatial data. One of the simplest, and, at the
same time, one of the most frequently used, is
grid-type model, an example of which is shown
in Pic. 4.

When using a grid model, the territory is
divided into identical sections (cells), each of
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Pic. 4. Raster grid data model (author’s drawing is based on the work [15]).

which is an independent spatial object. The cell
size determines the spatial resolution of the
model. Attribute data for each object is defined
independently of each other. Pic. 4 shows
definition of one of five possible attribute
values. A convenient feature of this type of
model is that the spatial position of a cell is
determined only by its number, which
eliminates the need to specify the full positional
data of each cell (coordinates of all corner-
points). This enables compact storage of
information. For example, in Pic. 4 objects can
be described as a sequence of 25 attribute values
(from A to E each). In this case, if necessary,
the coordinates of all corner-points of each
object can be easily restored by its number. Due
to the presence of contiguous cells with the
same attribute value, an even more compact
description becomes possible, e.g.,
C4DC3BDC2B2E3B2EAB3E (where, 4D is
used instead of DDDD, saving 2 characters).
In grid models, it is possible to use cells of any
regular shape, including curvilinear. It is also
allowed to use different resolutions and
different cell shapes for different attributes. In
the case of rectangular cells, the only attribute
of which is their colour, the model turns into a
raster one. For example, to construct the
optimal travel route in terms of travel time
along a certain transport network, it is required
to predict speed of vehicles within the segments.
In this case, the forecasting horizon should be
no less than the typical time of a single trip, so
that when building a route before leaving, one
can consider speed of movement at segments
of the transport network close to the purpose
of the trip.

Conclusion.

Besides using algorithms described above,
for the purpose of transport modelling it is
necessary to solve a series of problems referred
to collection and processing of initial data.

To achieve maximum digitization
performance, it is necessary to consider
errors associated with interpretation of the
results of data analysis, e.g., of analysis of
readings of vehicle registration plates
(number plates). Obviously, the forecast
depends on time, day of the week and season
of travel. External factors include weather
conditions. In addition, there are nontrivial
regularities between speeds of movement on
different edges of the road network graph [16;
17]. For example, a very low speed in a
certain area (traffic jam, congestion) can
cause a decrease in speed on some ribs
(congestion spreading) and at the same time
an increase in speed on other edges due to
the fact that the number of vehicles entering
them sharply decreases (a sort of «shielding»
effect). The number of posts for data
collection and survey to create a transport
model is assigned based on capacity of an
observer or video camera to record the
maximum possible number of events for
monitoring traffic and pedestrian flows. But
there are several shortcomings in relation to
the observers and counting devices, such as
recording heterogeneous information
(simultaneous recording of the number of
incoming and outgoing flows of vehicles or
pedestrians [bi-directional counting]).
Regarding the use of video recording as a tool
of monitoring the centres of gravity, it is
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worth noting some disadvantages associated
with videorecording in the dark, manual
video data processing (data digitization),
difficulty to assess the number of passengers
in private cars in case the vehicles’ windows
are even lightly tinted. The listed problems
entail a sharp decrease in quality of collected
and analysed data for further transport
modelling.

Those problems can be solved thanks to
improvement of methods and technical tools
to collect initial data, but also through
development of new information technology
of their processing, particularly involving
neural networks.
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OueHka 3NeKTPOMarHMTHOro
BO3EUCTBUA TAroBOro NnoABMXHOrro
COCTaBa Ha penbCoOBbIe Lenu

Pymen AUMUTPOB

JevicTByroLyme Ha Xene3HoA0POXHOM TPpaHCriop-
Te bosrapuy npasuna TpebyioT, 4TOObI KaxXablii HO-
BbIVi TUIM JIOKOMOTUBA AJ151 MOJIYHEeHUSI AOCTYNna K Xe-
J1E3HOLAOPOXHOV MHPPACTPYKTYPE NPOLLEN NpoLeay-
Py MPOBEPKU 3NEKTPOMAarHUTHOro BO34eViCTBUS Ha
YHKLMOHMPOBaHWE PEJIbCOBbIX LiErNew.

CooTtBeTcTBYylOLLast NpoBepka rnpou3BoanIach
AJ19 ceMu TUMOB PeJibCOBbLIX Lierevi rnepemMeHHoro
W MOCTOSIHHOIO TOKa U LUeCTY TUMOB BHOBb BBOANMBbIX
B 3KCTyaraumio JIOKOMOTUBOB — STV 3J1IEKTPOBO30B
Y 0AHOroO TerJioBo3a.

lMpuBeneHa npyHUMNaabHas cxema UCrbITaHu,
BO BPEMSI KOTOPbIX PErNCTPUPOBAINCE PopMa, Yac-
TOTa M YPOBEHb HarpsXXeHWs Ha KiieMmax ryTeBoro
npuémHuka (Ha KatyLLKe nyTeBoro pese) rnpuv cso-
604HOV (HOPMaJIbHbIN PEXVIM) Y 3aHSITOM ( LLYHTOBOV
pPEexunM) pesibCoOBON Lernu BO BPEMSI BO3AENCTBUS
06paTHOro TAroBOro TOka 3/1EKTPOBO30B, a TAKXE BO
BpeMsi BO3AENCTBUM, BbI3BAHHbIX PYHKLIMOHMPOBA-
HUeM 3/1eKTPNHECKOro 000py.A0BaHUS B Ky30B€E 1 1104
pamovi TernioBo3a.

L1151 371eKTPOBO30B VCTbITaAHWUS MPOBOANIINCE BO
BpEeMSsI LLUYHTUPOBaHWSI PeJibCOBbIX Liernevi (rnposepsie-
MOV 1 cocegHeu ¢ Hew), TporaHusi ¢ MecTta, rnpu
CHATUW W NOAHATUM naHTorpadga. [ns ternsiososa

Jumumpos Pymen — 000 « THHCA», Cogpus, boaeapus™.

UCMbITaHWSI IPOBOAN/INCH B CTaLMOHapPHOM PEXMME,
KorAa BHYTPEHHME KOECHbIE napbl LWYHTUPOBAIN
U30NIpYytoLMe CThIKU ABYX COCELHUX PEJiIbCOBbIX
uerne, A1 Pa3HbIX C/Ty4aeB pacrosioXeHns annapa-
TYPbl PENEVIHOrO Y NMPUEMHOIo KOHLI0B. Bo Bpems
UCTbITAHWV C/IEANIIN 3@ COCTOSIHUEM SIKOPS 1 KOHTaK-
TOB IyTeBbIX pene. AMMIINTYAa PErucTpupyemMbix
rnoMex CpaBHUBAACH C HarpsXXeHNeM HaAéxXHOro
BbIKJTIOYEHUSI Y BKJIIOYEHUS MYTEBbIX PEJ1e/MyTeBbIX
MPUEMHUKOB. YCTaHOBJIEHO, YTO BO BPEMS LLIYHTOBO-
ro pexvima perncTpypyemMble 0OCTaTO4YHbIe Harpsixe-
HUS Ha 1yTeBOM MPUEMHYIKE BO BPEMS BO3L4ENCTBUS
a71ekTpoB0o3a 6biv B 50 1 6osiee pa3 HuxXe Harpsixe-
HUS HaAEXHOo BKII0YEHMS 1 B 33 1 6oJ1ee pasa Huxe
HarpsixeHust HafEXHOro BbIK/IOYEHUsT NMPUEMHMKA.
Jlns TernnoBo3a pesybTarsl OKa3aancb aHaa0rn4Hbl -
MU, 3@ UCKITIOYEHNEM CJly4asi KOPOTKUX PEJIbCOBbIX
Lernes MOCTOSSTHHOIO TOKa, KorAa aMrjiuTyaa nomMex
Obln1a Bbille, HoO 6e3 0racHoOro BO34eNCTBUS Ha LLYH-
TOBOW PEXUM.

B pesynbtarte vicribiTaHuii ycTaHOBJIEHO, YTO BCE
TUIMbI PEJILCOBLIX Liernevi, MPUMEHSIEMbIE Ha XEIe3HbIX
zoporax bonrapuvu, ycToi4nBbl K 371€KTPOMArHUTHLIM
riomexam, UCXOASLUMM OT UCTIbITAHHbIX MPEeACTaBu-
Tesnel TSroBoro rnoABWXHOro cocTasa.

KnoyeBble cnoBa: XXeJle3Hasd gopora, TSIrOBbIV TOABWXHOM COCTaB, pesibCcoBble Lernu, 3J1IeKTpoMarHMTHoe

BO3aevicTBue.
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Codwus, bonrapusi, rudimitrov@mail.bg.
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1. BBEAEHUE

B cooTBeTCTBUU C AEHCTBYIOIIMMU Ha XKe-
JIE3HOIOPOXKHOM TpaHcrnopTe boirapuu mpa-
BMJIAaMU, KaXIIblii HOBBIMA TUII JOKOMOTHBA,
KOTOPBI SIBJISIETCSI COOCTBEHHOCTHIO MECTHO-
o WIM MHOCTPAHHOIO IePeBO3UMKaA, YTOOBI
MOJYYUTh JOCTYII K XKeJe3HOIOPOXKHOMN NHb-
pPaCTPYKType, MOJKEH MPOUTHU MPOLEeaypY
MPOBEPKU Ha COOTBETCTBUE TPEOOBAHUSIM
HallMOHAJIbHBIX TEXHUYECKUX MpaBWJI U Ha-
LIMOHAJIbHBIX ITpaBul 6e3omacHocTr!. OnHa u3
TaKUX IIPOBEPOK CBsI3aHa C OLIEHKOM 3J1IeKTPO-
MarHUTHOTO BO3IEMCTBUS TSITOBOTO MOIBIK-
HOTO cOCTaBa Ha (YHKIIMOHUPOBAHUE PEIbCO-
BBIX LIeTIeH JIs1 BBISICHEHUsS MX JIeKTpoMar-
HUTHO# coBMecTUMOCTU. HeobxonumocThb
TaKOil MPOBEpKHU 00YCIOBEHA ABYMS IPUYK-
HaMU:

* C OJHO CTOPOHBI, B HACTOSIIIIEE BPeMsI
BBOJSTCS B 9KCIUTyaTaluio Bc€ 6ojiee MOIII-
HbI€ JIOKOMOTHMBBI C IPUMEHEHUEM B HUX
COBPEMEHHBIX 2JEKTPOHHBIX YCTPOMCTB
(BBITIpSIMUTEJICI, KOHBEPTOPOB U JIp.), KOTO-
pble TEHEePUPYIOT 2JIEKTPOMArHUTHbIE U3JTY-
YeHUs] U MOMEXHU, He MMEBIIHUE MECTO Ha
MOMEHT pa3pabOTKM U BHEAPEHUSI COOTBET-
CTBYIOIIMX TUIIOB PEIbCOBBIX LIETEi, Mo-
CKOJIbKY TaKOI0 MOJBUKHOTO COCTaBa TOraa
He CYIIeCTBOBAJIO;

* C IPYroil CTOPOHBI, PEJIbCOBbIE LIETIH,
SKCILTyaTUpyeMble B boiarapuu, He MpUMeHsI -
[0TCS1 B OOJIBIIMHCTBE cTpaH EBporeiickoro
coro3a.

OLIeHKY 2JIeKTPOMarHUTHOM COBMECTHUMO-
CTU PEJIbCOBBIX IIEIeil C COBPEMEHHBIM TO-
JIBUKHBIM COCTAaBOM MOXHO pellaTh ABYMS
crnocobaMu:

* IIPOBEPKOIl 3J€KTPOMarHUTHOTO BO3-
JIEWCTBUSI B HATYPHBIX YCIOBUSIX C TEM, YTOOBI
BBISIBUTH HACKOJIbKO BO3MOXHBI U pealbHbI
OIAaCHBIE TIOCIEACTBUSA TaKUX BO3INEUCTBUM,
HarpuMep, BKJIIOYEHME IMyTeBOTO MpUEMHUKA
DPEeIbCOBOM LIETH B IIIYHTOBOM PEXUME;

* MIPOBEPKOI dBMUCCUN (M3TyUYEeHUTT)
BHOBb BBIITyCKa€MOI'0 MOJABMXKHOIO COCTaBa
B YaCTOTHOM JAuana3oHe, YXe 3aHSITOM s
(bYHKIIMOHUPOBAHUS PEIHCOBBIX LIETICHA.

IIpedmemom uccaedosanus B HACTOSIIICH
CcTaThe SIBJSIIOTCS BOMPOCHI METOAOJOTUU
U pe3yJbTaThl IPOBEPKHU IO IIEPBOMY CITIOCOOY

! HanmonasieH pedepeHTeH T0KyMeHT Ha Peryoinka
Bbarapust. U3nbiinutenHa areH1us «Kejie301bTHa
anMuHucTpatus», Codust, 2016.

VIIE oA PJA A 3 S

OLIEHKU 3JIEKTPOMArHUTHON COBMECTUMOCTU
MOJBUKHOTO COCTaBa C PeJIbCOBBIMMU LIETISIMU,
MPUMEHSIEMbIMU B XEJIE€3HOAOPOXHONK UHD-
pactpyktype boarapuu, a MMEHHO:

* PEJbCOBBIMU LIENSIMU MOCTOSIHHOTO
TOKa TMPU DJIEKTPOTATe MePeMEeHHOro ToKa
50 I, npousBoacTsa ObiBIIEH TJ1P;

* PeJIbCOBBIMU LIETISIMU COBETCKO pa3pa-
0OTKU U MPOU3BOJCTBA, B YUCJIE KOTOPBIX:

— UMITYJIbCHBIE PEIbCOBBIE Lenu 75 Ti1;

— KOJIOBBI€ pesibcOBBIC Lienn 75 I11;

— UMITYJIbCHBIE PEIbCOBBIE 1enu 25 Ti1;

— (pa30uyBCTBUTEIbHbBIE PEJIBCOBBIC LIETTU
25 Ty;

— PEJIbCOBBIE LIEMU B YACTOTHOM JUAIa30He
71—83 Ii1 ¢ reTepoAMHHBIM KOHTPOJIEM KOPOT-
KOTO 3aMbIKaHUS U30JIMPYIOIIUX CTHIKOB;

* KOPOTKUMM BJIEKTPOHHBIMU PEJIbCOBBI-
mu uensimu Tua KEPB Ha 30 kIix 6oarapckoii
pa3paboTKU 1 MTPOU3BOICTBA.

B cBs13u ¢ TpoBOAMMOVYA B HACTOSIIIIEE Bpe-
M$ MOAEPHU3ALUUEN XKEJIE3HOJOPOXKHOM
UH@PaCTPYKTYpbl, HEKOTOPBIE TUIBI PEJCO-
BBIX LIETeH yke He TPUMEHSI0TCS, OMHAKO Ha
MOMEHT MTPOBEPOK, O KOTOPBIX MOUAET peub
HIXe, OHU ellg ObLIM B BKCILTyaTauuu. Tem
He MeHee aBTOP CUEJ 11eJ1IeCO00Pa3HbIM MPU-
BECTHU TOJYUYEHHBIE IJIS1 HUX PE3YJbTaThl,
MOCKOJIbKY OHU TPUMEHSIIOTCS B IPYTUX CTPa-
Hax, B TOM YUCJIE HA POCCUMCKUX XKEIE3HBIX
JIOpOTax, U MOTYT MPEACTABISITh UHTEPEC IS
quTaTesen XXypHaa.

2. METOOUKA MPOBEPOK

W3BecTHO, uTO penbcoBbie nenu (PLL)
(YHKIIMOHUPYIOT B YETHIPEX peKUMax: HOP-
MaJbHOM, IIYHTOBOM, KOHTPOJbHOM U aBTO-
MaTHUYeCKO JJOKOMOTUBHOM CUTHAIU3ALUU.
BBuay pazHbIX 0OCTOSITENLCTB, MOCAEAHUN
PEXUM He HAIIE MPUMEHEHMUST Ha XKeJIE3HbIX
noporax bosrapuu, moaTomy npoBepka BO3-
JIECTBUS TATOBOTO MOJABMXKHOIO COCTaBa Ha
PebCOBBIE LIETM OCYIIECTBIsJIaCh B HOpMaJsib-
HOM M LIYHTOBOM peskruMax. KOHTponbHbBI
PEXUM, BBUAY CJIOXHOCTHU €T0 OCYIIECTBJIE-
HUSI, HE paccMaTpUBaJICS.

IIpakTka moxkasbIBaeT, YTO OCHOBHBIMU
MCTOYHUKAMU 3JIEKTPOMATrHUTHBIX MOMEX,
KOTOPbIE€ MOTYT IMOBJIMSITh HA PEXKUMbI PA0OThI
PEeJIbCOBBIX LIETIEH, SABSIOTCS MPOTEKAIOIIMIA
B peJibcax 0OpaTHbIN TSATOBBIN TOK C €0 rap-
MOHMYECKMMHU COCTABJSIOIIMMU, a TaKxkKe
9MUCCUHU OT DJIEKTPUUYECKUX arperaToB U MpU-
00pOB, CMOHTUPOBAHHBIX B Ky30Be U IO/
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Puc. 1. R,, R, — peancTopsi genntens HanpsokeHns; ANC — anekTpoHHasi nuameputesnsHas cuctema Spider-8;
IK — nepcoHanbHbili KoMnbioTep [2].

paMoOii TSTOBOTO M HETSTOBOTO ITOABMKHOTO
cocrana (ImaccaxkKMpcKUX BarOHOB).

ITpoBepka 3J1eKTPOMarHUTHOTO BO3Meii-
CTBUSI (2JICKTPOMAarHUTHOI COBMECTUMOCTH) Ha
PEeTbCOBBIC IIEITM TTPOU3BOIMIACH BO BpeMs
HaTyPHBIX UCTTBITAHUI C pETUCTpaLIeii pOPMBI,
YaCTOTBI M YPOBHS HAIIPSDKEHUSI Ha KJIeMMax
IyTEeBOTO MPUEMHIMKA (Ha KaTYIIIKe ITyTeBOTO
peJie) mpy CBOOOTHOM (HOPMATBHBIN PEXIM)
1 3aHSTO# (IITYHTOBOM PEsKMM) PeJTbCOBOM LETT
BO BpeMsI BO3IEUCTBHUS OOPaTHOTO TSITOBOTO
TOKa 3JICKTPUYECKOTO TOIBMXXHOTO COCTaBa,
a TakKe BO BPeMS BO3IEMCTBUIA, BBI3BAHHBIX
(PYHKIIMOHMPOBAHUEM 3JIEKTPUIECKOTO 000pY-
JIOBaHUS B Ky30BE U MO paMOI TSTOBOTO IT0-
JIBVDKHOTO COCTaBa C aBTOHOMHOW TSATOM.

Bce ucnbITanus IpoBOAMINCH TSI pede-
PEHTHBIX PEbCOBBLIX LIETNEN, COOTBETCTBYIO-
LIKX TUIIAM PEJIbCOBBIX LEME Ha MeperoHax
U CTAHIIUSIX C TIPUMEHEHUEM CXeMbl (puc. 1),
KOTOpasl TSI ONIPEACIEHHOCTH 3[1eCh OTHECE-
Ha K (ha309yBCTBUTEIHHOI PEJIbCOBOI IICTIN.

71 ocTaqbHBIX TUTIOB PEIbCOBBIX IIETICi
OTJIMIME CXEMBI CBSI3aHO C TUIIOM ITyTE€BOTO
perie, a B CiIydae pesIbCOBBIX IIeTICH TTOCTOSTH-
HOTO TOKa — M C OTCYTCTBUEM (DIIIBTpA.

Bo Bpems ucribiTaHUi BCE 2/IEKTPUUECKOE
000opyaoBaHNE B Ky30B€ U MOJ paMOii JIOKO-
MoTHBa (TpaHCGhOPMATOPHI, KOHBEPTOPHI,
BBITIPSIMUTEIIN, TSITOBBIC M HETSATOBBIC IBUTA-
TEJIN, OCBEIICHNE, KITMMaTUYeCcKasl yCTAaHOBKa
(eci UMeJIach), anmaparypa aBTOMaTUIeCKOM
JIOKOMOTUBHOM CUTHAIU3ALIUY (71T UMITOPT-
HBIX JIOKOMOTHBOB) U PaguOCBsI3U) OBLIO
BKJIIOUEHO, IPUYEM, KOTJIa 3TO ObLIO BO3MOX-
HO, Ha TIpeAeabHBIX pexuMax. Mcmbitanus
IMPOU3BOIMINCH BO BpeMsI KPaTKOBPEMEHHO-
T'0 HaXOXICHUS TOKOMOTHBOB B CTPaHE C I1e-

JIBIO TIOJTyYeHUS pa3pelleHrs] Ha TIpearoia-
raeMble TTocTaBKHU. [10 KaXKmoMy TUITY UCITBI-
TaHUIl NMPOBOAWIUCH ABYXKPATHBIE OIIBITHI,
YTO CBSI3aHO C OTPAaHMYCHHBIM BpeMEHEM Ha
WX MMPOBENEHNE B YCIOBUSIX pa3peIIéHHBIX
OKOH B IBDKCHUM TIOC3I0B.

a. JlonoaHumenvHovle YCA08US UCHBIMAHUIL
2/1eKMP0o60308 NpuU 31eKmpomsze nepemeHH020
moxka 50 Iy, 25 kB.

HcnbiTaHus 371€KTPOBO30B TIPOU3BOIM -
JINCH C COOTIONEHNEM CICAYIOIINX JOTIOTHU-
TEJIbHbBIX YCIIOBUIA:

* TIpY MPUOTVKEHUH TT0e31a,/JJOKOMOTHBA
K HE3aHSTOHN PeIbCOBOM 1IN (HOPMAaJIbHBIN
peXuM), a TakKe IMpU e€ 3aHITUH (IITyHTOBOM
peXrM) HEOOXOIMMO, YTOOBI OOPATHBIH TATO-
BBIA TOK TTpOTEKaJl yepe3 MPUEMHBbII, B 4acT-
HOM cJIyyae — pesneitHblii, KoHeu PLI (puc. 2),
KOr/1a 9TOT KOHELl HaXOAUTCs Ha e€ Bbixoze [1];

* Ha COOTBETCTBYIOIIEM TSATOBOM ILJIcYe,
HE JOJIKHO OBbLIO OBITH APYTOTO TSATOBOTO
TIOABMXKHOTO COCTaBa, KPOME UCITBITYEMOTO.

Bo BpeMs uCTIbITaHMI 371€KTPOBO3a PErrc-
TpupoBaiachk hopma, YacToTa M ypOBEHb HAIIpsI-
JKEHHUs Ha KJIeMMax ITyTeBOTro MpUEéMHUKA
(Ha KaTyIIke IMyTeBOTO peJjie) TPU IBIKCHUN
JlokomMoTHBa K He3aHsiToin PLI, Ha Bpemst e€ 3a-
HSTHSI, a TAKKe IPY TPOTAHUH C MEeCTa C MaKCH-
MaJIbHO BO3MOXKHBIM TSTOBBIM yermreM. Oopat-
HBIM TATOBBIM TOK (C COOMIOACHUEM YCIIOBUIA
0€30MacHOCTH ) U3MEPSIICS TOKOM3MEPHUTETHHBI-
MM Kjemamu JIuTie B MecTax IoICOeTMHEHUST
npoccenb-tpancdopmaropos (JIT) k perbcam.

0. Jlonoanumenvrvie yca08Us UCNbIMAHULL
menn060308.

B cirygae TenI0BO3HOI TSITH € 3JIeKTpUYe-
CKOI mepenayeid co0110an0Ch CAeaylollee
TOTIOJTHUTEJIEHOE, CaMOe TSKEIIOE, C IKCIUTya-



Puc. 2. YcnoBus ucnbiTaHus 3/1€eKTpoBo308 [1].

G|

15

| Pea. koHenn |

|Pe.‘1. KOHELT |

ITeTTH MATHHTHOTO ITOTA.
CO3JaBacMOr0 IO IBHAHBIM COCTABOM

Puc. 3. YcnoBus ucnbiTauns TensioBo3os [1].

TAlIMOHHOI TOYKHU 3pEHUSI, IPABUIO: B IITYH-
TOBOM PEXMME HUCHBITHIBAEMOM PEIbCOBOM
LeTHY TEIJI0OBO3 JODKEH HaXOAUThCS CTalllO-
HapHO Ha ITyTU TaKUM 00pa30oM, UTOObI TOUKU
TPUCOSAMHEHUS K pesIbcaM arapaTyphl IIpH-
€MHOrO (peIeiiHOT0) KOHIIA peIbCOBOM LIerun
OBLIY PaCIOIOXKEHBI MEXKIY TOUKAMM KOHTaK-
Ta BHYTPEHHUX KOJIECHBIX IMap ¢ pejibcamu [1].

[Tpu 3TOM MCTIBITAHUS TTPOBOAMIMCH IS
pPa3HBIX CJIyYaeB pacIIOIOKEHMS allapaTyphbl
JIBYX COCEIHMX PEIbCOBBIX 1IETeil (IBa Mpu-
€MHBIX KOHIIa, a TaKXKe MUTAIOIIMIA U pesieit-
HBI KOHEII 111 BApMaHTOB ¢ U 0e3 Apocceib-
TpaHchOpMaTOpPOB).

Bo BpeMs McnbITaHUIT TEITIOBO3a TaKXkKe
perucTpupoBaauch popma, yacToTa 1 ypo-
BEHb HAMNpPSKeHUS Ha KJeMMaX MyTEeBOI'O
npuéMHuKa (Ha KaTylIKe MyTeBOTO peJie)
B CTallMOHAPHBIX YCJIOBUSIX, Ha BPeMSI IBIKE-
HUS U TPOTaHUSI C MECTa C MaKCHUMaJIbHO
BO3MOXKHBIM TSTOBBIM ycrreM. Kornma ncrbi-
TaHUS IPOBOIUINCH Ha JIEKTPUMDUIIIPOBAH-
HOM y4yacTKe, He0OXOIMMO ObLIO yOeIUThCS,
YTO B 3TOT MOMEHT OOpaTHBIN TATOBBLIN TOK
B peJIibcax, M3MepsieMblif TOKOBBIMU KJICILIAMU
JwTiie, ObLT paBeH MU 0JIM30K K HYJIIO.

3. OBbEKTbI UCNbITAHUA

B npoBepke 3J1eKTpOMarHUTHOTO BO3AEN-
CTBUS TATOBOTO MOJABUXHOIO COCTaBa Ha
PEeJIbCOBBIE LIEMU B Pa3HOE BPEeMSsI y4aCTBOBa-
JIV IIECTh 3JIEKTPOBO30B, pabOTAIOIINX Ha
nepeMeHHOM Toke 50 [ HanpsikeHueM 25 KB,
U OJIVH TEIJIOBO3.

HcnpiTaHUAM MOABEPTIUCH CIEAYIOLINE
JIOKOMOTHBBI:

1) BrnekTpoBo3 MolIHOCThI0O 6400 KBT
(MakcuMalbHBI OOPATHBIN TATOBBINA TOK
okoJio 255 A). Bo BpeMsl UCTIBITAHUI K HEMY
OB MPULETIJIEH TPY30BOM COCTaB Maccoi
1100 T;

2) DuekTpoBo3 MolHocThiI0 6000 KBT
(MakcuMalbHBI OOPATHBIN TATOBBINA TOK
okoJio 240 A). Bo BpeMst uCTIBITAHNIT K HEMY
ObUI MPULIETIJIEH BCITOMAaraTeJIbHbIN 2JIEKTPO-
BO3, KOTOPBIH C 11eJIbI0 00eCTIEeYeHUST HArpy3-
KU paboTaj B peXXUME PEOCTATHOTO TOPMOXKE-
HU4;

3) DaekTpoBo3 MOIIHOCTHIO 5600 kBT
(MakcuMalbHBI OOPATHBIN TATOBBINA TOK
okoJio 225 A). Bo BpeMsl UCTIBITAHUI K HEMY
OB MPULETIJIEH TPY30BOM COCTaB Maccoil
1000 T;
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Puc. 4. UmnynbcHas penbcoBas yenb 25 Iy (LLyHTOBOWV pexxum v TporaHme ¢ mecrta) [2].

Puc. 5. KopoBasi penbcoBas uenb 75 I (LUYHTOBOV PEXUM U TPOraHue ¢ Mecra).
YacToTHbIV ciekTp curHana Ha KJieMmMax UMyJsibCHOro nyreBoro pese [2].

4) DaexTpoBO3 MOIIHOCTBIO 5600 kBT
(MaKCHMMaJbHBIN OOPaTHBIN TSITOBBIM TOK
okoiio 225 A). Bo Bpemst uCTIbITAaHUI K HEMY
OBLI IMPUIIETIJICH BCITOMAaraTeJIbHbII 3JIeKTPO-
BO3, KOTOPBIH C LIeJIbIO 00€CTIEYEHU S HATPY3-
K1 paboTaj B PeKMME PEOCTaTHOTO TOPMOKE-
HUS,

5) BraexkTpoBo3 MolTHOCThIO 5500 KBT
(MaKCHMMaJbHBINT OOPaTHBIN TSITOBBIM TOK
okoiio 220 A). Bo Bpemst uCTibITaHUIT K HEMY
OBLI IMPUIIETIJICH BCITOMAaraTeJIbHbII 3JIeKTPO-
BO3, KOTOPBIH C LIeJIbIO 00€CTIEYEHUS HATPY3-
K1 paboTaj B PeKMME PEOCTaTHOTO TOPMOKE-
HUS,

6) DaekTpoBO3 MOLIHOCTBIO 4250 KBT
(MaKCHMMaJbHBINT OOPaTHBIN TSITOBBI TOK
okosio 175 A). Bo Bpemst uCTibITaHUI K HEMY

ObUT TPUIIETIJIEH BCIIOMAaraTeJIbHbII 3JIEKTPO-
BO3, KOTOPBII C LIeJIbIO 00ecTIeueHUST Harpy3-
KM paboTaJl B pesKMe PeOCTaTHOTO TOPMOXKeE-
HUS;

7) TerutoBo3 MoiHOCThIO 1600 KBT.

Bo Bcex ciydasix B KOHIIE cOCTaBa Haxo-
JIMJICS DJIEKTPOBO3, KOTOPLIH y3Ke MMeJ TTPaBo
JIOCTYTIA K 3KeJIe3HOJOPOXKHOI MH(PPACTPYK-
Type. OH OCYIIECTBIISUT TTIepeIBUKEHUS TTOE3-
11a/UCTIBITYeMOTO JJOKOMOTHBA K O00BEKTaM
WCITBITAaHWI, a TaKXKe BCIIOMOTaTeIbHbIE TTe-
peaBUXEHUS B Tpoliecce UcnblTaHuii. Bo
BpeMsT HEKOTOPBIX UCITBITAHUIN B pekume
pPEOCTAaTHOTO TOPMOXKEHUS OH SIBJISIJICST Ha-
TPy3K0i1/TOBAPOM ISl UCITBITYEMOTO JOKOMO-
tBa. Ha Bpems ncnbITaHMi1 3TOT TIOKOMOTUB
He ObLJT TTOJCOeAMHEH K KOHTAKTHOM CETH.



Puc. 6. PenbcoBas uens B anana3oHe 71-83 Iy ¢c retepoanHHbIM KOHTPOJIEM KOPOTKOIro 3aMbIKaHUs
N30/IMPYIOLLMX CTHIKOB (Mepexos OT HOPMaJibHOro K LUYHTOBOMY PEeXUMY, LUYHTOBOM PEXUM U Nepexos
K HopMasibHoMy pexumy) [2].

Puc. 7. PenbcoBasi Liernb oCToOssHHOIro Toka (nepexos oT HOPpMaJsibHOro K LUYHTOBOMY
PEeXumMy, LUYHTOBOW PEXUM U Nepexon K HOpMasibHOMY pexumMy). HacToTHbIi cnekTp curHana
Ha KJ1leMMax ryTeBoro peJsie rnpv TporaHum ¢ mecra [2].

4. PE3YJIbTATbl MPOBEPOK/
UCMNbITAHUI

HcnbiTaHus 31€KTPOBO30B U TEILUIOBO3a
BBISIBUJIA HAJTW4YKE CIIeAyIoInX 3(pPeKToB:

4.1. Dddekr Ne 1: [llyaTupoBanue pelib-
COBBIX HeNeil ¥ TPOraHne JOKOMOTHBA C MeCTa

4.1.1. Hcnoimanus 31eKkmpogo306

Ha puc. 4—7 noka3zaHbl (pparMeHTHI OC-
LUJJIOTpaMM, AeMOHCTpUpylomue 3¢GpQdeKT
ITYHTUPOBaHUS pePepeHTHBIX TUTIOB PEJIbCO-
BBIX LIETICI BO BpEMSI UCTIBITAHWUI TPU BO3IET-
CTBUHM yKa3aHHBIX JJOKOMOTUBOB. BBumy
CXOXECTH MOJYICHHBIX Pe3YIBTaTOB, KOJTIE-
CTBO OCILIMUIJIOTPaMM HaMEPEHHO OTPaHUICHO.

M3 npuBeagHHbBIX OCUMIIIIOrpaMM BUIHO,
YTO BO BpeMsI UCTIBITAHUN B HOPMaJIbHOM,

a TaKoKe B IITYHTOBOM PEXXHUME He OOHAPYKEHBI
ITOMEXH, KOTOPBIE MOTJI OBI IIPUBECTU K He-
IITaTHOMY (DYHKIIMOHMPOBAHMIO Bcex pede-
PEHTHBIX TUTIOB PeJIbCOBBIX 1ierieid. [Tpu aTom:

1. B cityyae nBUXKEHUSI TITOBOIO Cpe/icTBa
K HEe3aHSITO peibCOBOM 1ienu He HabJroaa-
JINCh U3MEHEHUSI B (hOpMe 1 aMILIMTYIIE CUT-
HaJIbHOTO TOKa. B 4acTOTHOM criekTpe pesib-
COBBIX IIeTIeH ITePEMEHHOTO TOKA MPUCYTCTBO-
BaJIa UCKJIFOUMTEJIPHO YacTOTa CUTHAJIBHOTO
ToKa (puc. 5). B ciryuae pesbcoBoii LIETIH 110~
CTOSIHHOTO TOKa, KPOME YaCTOTHI TSITOBOTO
toka (50 Iir), Bo BpeMsl TporaHusi ¢ MecTa
HaOJIoIaIach M CUJIbHAS BTOpAsi TapMOHMKA
(puc. 7), KoTopble BMECTe He OKa3bIBaJIu
BIMSTHUS Ha (DYHKIIMOHUPOBAHUE PETbCOBOM
LIETIU.
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Puc. 8. PenbcoBas Lienb NnoCTOSSHHOro Toka (nepexos oT HOPMaJsibHOIO K LLYHTOBOMY PEXUMY,
LUYHTOBOW PEeXXUM, TPOraHue ¢ MecTa u rnepexos K HOpMasibHOMY pexumy). 4acToTHbIN cnekTp curHana
Ha kniemMmax nyresoro pesne [2].

2. [1py 1IyHTUPOBAHWHU TTUTAIOIIETO KOH-
112 peJIbCOBOM LIEMU, KOTAa NBUXKEHHUE OCYIIIE-
CTBJISLIOCH K MPUEMHOMY KOHILY, ITyTE€BOM
NMPUEMHUK (ITyTeBOE peJie) CTabUJIbHO Tepe-
XOIWJI OT COCTOSTHUS «ITOJI TOKOM» B COCTOSI-
HUe «0e3 ToOKa», a MPU 0CBOOOXKIEHUU pelb-
COBOIf LIENMU — OT COCTOSIHUSI «Oe3 ToKa»
B COCTOSTHUE «ITOJI TOKOM>.

3. B 1IIyHTOBOM pekuMe perucTpupyeMbie
OCTaTOYHBIC HAIMPSDKEHUST Ha TyTEBOM TIPH-
éMHUKe O0bL1r B 50 1 6oJiee pa3 HUXXe Hampsi-
>KEHUsI HaIEXKHOTO BKIIIOUEeHUs U B 33 1 OoJiee
pa3a HIKe HampsKeHUsT HafEKHOTO BBIKITIO-
YeHUs TPUEMHHUKA.

4. T1pu 3aHSITOI TOKOMOTHUBAMU:

* UMITYJIbCHOM PETbCOBOM LIETIN TTOIBVIXK-
HBI KOHTaKT MUMITYJIbCHOTO MYTEBOTO pelie
CTaOMJIBHO yIUpaJicsl B HEMOIBVKHBIM KOH-
TakT 6e3 mepemMelleHui nan apedesra;

* PEJIbCOBOIA LIETTN C HEUTPATbHBIM IyTe-
BBIM peJie UJIU C HEHTpaIbHBIM IIOBTOPUTEIEM
HUMITYJIbCHOTO IyTE€BOTO peJie SKOPb ObLT CTa-
OusbHO oTnaBIIUM. [lepea 3aHsITHEM pesibco-
BOI LIeMU, KaK U Mocje €€ OCBOOOXIECHMUS,
SIKOpb ObLT CTaOMJIBLHO MPUTSHYT. B 000mx
COCTOSTHUSIX He HaOJIOAaIUCh MOIBITKY TIe-
peMelleHui nau apedesra;

* (ba30uyBCTBUTEJIbHON PEJILCOBOI LIETU
CEKTOp MyTEeBOI0 pejie CTAOWIbHO yIUpascs
B HUDKHUMI OTpaHUYMBAIONIMIA POIUK Oe3 me-
pemelneHuit u/unu BudbpuposaHus. [lepen
3aHSTUEM PEIbCOBOM LIEMH, KaK U Tocje eé
0CBOOOXKIEHUSI, CEKTOD peJjie CTAOMIbHO U He-

TMOJIBVKHO YITHPAJICS B BEPXHUIA OrpaHUYM-
BaOIIWKA POJIUK.

4.1.2. Hcnovimanus mennogosa

Bo BpeMst cTallMOHAPHBIX MCITBITAHUIMI
TEIJIOBO3a B YCJIOBUSIX, U300paKEHHbBIX Ha
pu¥C. 3, HEIITATHOTO BKJTIOUEHMS BHIKITIOUEH-
HOTO ITyTeBOTO MPUEMHMKA/TTyTEBOTO peJie He
HabJ1I01a710Ch.

B yci1oBUSIX HOpMaJIbHOTO, a TAK3KE IIIyH-
TOBOTO PeXXMMa, BKJTIOUYast TPOTaHKUE C MeCTa,
He OOHapyKEHO CJTyJaeB HEIITATHOTO (DYHK-
LIMOHUPOBaHUS pePepPEeHTHBIX TUITOB PEJIbCO-
BBIX LIETIei. Pe3yibraThl aHATOTMYHBI CITydastM
WUCIbITAHUT 3JIEKTPOBO30B (puc. 4—7). OgHa-
KO, B clilydae KOPOTKUX PEIbCOBBIX IeMeit
MOCTOSTHHOT'O TOKa BO BPEMSI TOPMOXEHUS
M TPOTaHUsI ¢ MeCTa TeIJI0BO3a ObLIM OOHapY-
JKE€HbI TTOMEeXU ¢ aMIuIuTyaoi okoso 0,7 B
(puc. 8). I1lpy 3TOM B 4aCTOTHOM CIIEKTpe
C HauOOJbIIEH aMITJIUTYION MPUCYTCTBOBAI
curHai 50 Iir, yTo HEOOBIYHO IS TAPMOHMU -
YeCKUX COCTABJISIOIINX BBITTPSIMICHHOTO
MUTAIOLIEro HaIPSLKEHWs PeIbCOBBIX 1IETIei
noctosiHHOTO Toka. I[ToaTomy ciemyeT cuu-
TaTh, YTO UCTOUYHUKOM TToMex 50 11 1 KpaTHBIX
50 Ix aBAsIICS IPOBEPSIEMbII IOKOMOTUB, YTO
MOXHO OOBSICHUTH 3JIIEKTPOMATHUTHBIMU
SMUCCUSIMU U3-3a TIEPEKITIOUSHUI OTAETBHBIX
arperatoB. [ToaTBep:KIeHNEe 3TOMY COCTOUT
B TOM, YTO MOMEX! UMEIOT U3MEHSIOIIYIOCS
AMIUTUTYAY, YTO aCCOLIMUPYETCI C TTePeXo-
HBIMU TIpolleccaMu. Ecii TpuHSATH, 4TO UC-
TOYHUKOM 3TUX ITOMEX ACHCTBUTEIIBHO STBJISI -



Puc. 9. @a3oqyBcTBUTENBbHAS pesibcoBas uensb ¢ penae tuna [CLLU-13 (Tporanme ¢ mecta
v nepexop OT LUYHTOBOro K HopmMasibHOMY pexumy) [2].

Puc. 10. UmnynbcHas penbcoBas yenb 75 Ny [2].

€TCsl TeIJIOBO3, UTO HEJb3sl ObLIO J10Ka3aThb
a0COJIIOTHO, TO 9KCITEPUMEHT MOKa3a OAHO-
3HAYHO, YTO OHU HE OKa3bIBAIOT OMACHOTO
BJAMSHUS HAa IIYHTOBOW PEXMM pPEIbCOBOM
LIENTU MOCTOSTHHOTO TOKA.

B cirygae (pazouyBCTBUTEILHBIX PEIBCOBBIX
Liernel mpy TPOraHMU TEIJIOBO3a C MECTa U Te-
pEXO/IE OT LIYHTOBOI'O K HOPMAJIbHOMY PEXM-
My HabOJa0aaduch MOMEXU ¢ aMIUIUTYAO0N
okoJio 1,5 B, KoTophbie He 0Ka3bIBalu BO3IEi -
CTBUSI Ha COCTOSIHME HAXOJSIIErocs B CTa-
OMJIbHOM HUXKHEM IOJIOKEHUU CEKTOpa peJsie
ACII-13 (puc. 9).

4.2. Dddekr Ne 2: TenepupoBanue noMex
TIPU CHATHH U MOAHATHH NaHTorpaca 3JjexkTpo-
BO30B BO BpeMa MPOXOKIEHHS T.H. «<HEHTPAIb-
HBIX BCTABOK»

Ha puc. 10 nmokasana ocuuajorpaMmma
HamnpsKEHUS MyTEBOTO NMPpUEMHUKA (M-
mynbcHoro TyteBoro pene Tuna MMBIII-110
nocie duisrpa OI1-75) UMITYIbCHOI pesib-
coBoii enu 75 il B LIIyHTOBOM pEXUME BO
BpeMsI MCIIBITAHUST YKa3aHHOTO BBIIIIE JIOKO-
MoTtuBa Ne 1.

BunHo, 4TO aMIIUTYIBI HaNpSKEHUS
IOJIOKUTEJIbHOM U OTPULIATEIbHOM I1OJTyBOJI-
HBI Jocturaiot okoso 0,5 B, uro Gonee yem

B IIIECTh pa3 HIDKE HAPsDKEHUs HaIEKHOTO
MPUTSKeHUS sIKopst pene (3,2 B) u okono
YeThIPEX pa3 HUXKE HATPSIKEHUsT HAIEXXHOTO
oTrnagaHus sikops peie (2 B). Kpome Toro,
MMOMEX! MUMEIOT alleprOINYeCKUil XapakTep,
YTO HE CO3MAET MPEIITOCHIIOK ISl JIOKHOTO
cpabaTbIBaHUS peJie.

ITomoOHBIe pe3yabTaThl BO BpeMs BO3Ieii-
CTBUS Ha pedepeHTHBIE TUIBI PEJIbCOBBIX
LIeTIeH ITOJTyJeHBI M IJIST OCTATbHBIX YKa3aHHBIX
3JIEKTPOBO30B. TakuM 00pa30M yCTaHOBJIEHO,
YTO BO BPEMSI IIIyHTOBOTO PEXKMMa PEIHCOBBIX
LeTeil TeHepupyeMble TIOMEXU TPU CHSITUM
¥ TIOMHSITUM TTaHTorpada 3JeKTPOBO30B HE
BBI3BIBAIOT HEIIITATHOTO BKITIOUCHUSI ITyTEBOTO
perne.

4.3. Dddekt Ne 3: IllynTupoBaHue n30.m-
PYIOLIUX CTHIKOB JIBYX COCEIHHUX PeJbCOBBIX
eneii Npy nepeIBHKeHHH JJOKOMOTHBA,/TI0e31a
C O/IHO¥ PeJIbCOBOW IEN HA IPYTYI0

B nanHoM ciyuyae, npu nepeaBUXEHUN
TMOABUXKHOTO COCTAaBa OT OJTHOU UMITYJIbCHOU
peIbCOBOM LIEMU K COCeIHEM, Habroaancs
3(dEKT, KOTOPHIIA COCTOUT B TOM, YTO B IITYH-
TOBOM PEXMME OCTATOUHOE HAMPSIKEHUE Ha
MYTEBOM MPUEMHUKE UMEET 3HAYEHUE OTIINY-
Hoe oT HyJs. [Ipu a3TOM 0OHapyXMBaKTCSI
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Puc. 11. UmnynbcHas penbcoBas uens 25 Iy (Bo3geiicTBue anekTpoBo3a) [2].

Puc. 12. UmnynbcHas penbcoBas yens 75 Iy (Bo3gevicTBue TensioBos3a) [2].

XOPOIIO pPa3IMYMMBbIe MMIIYJIbCHI, XOTS
U C OYeHb HU3KOM aMILTUTYynoi (puc. 10—12).
M cTOYHMKOM 3TOro HampsDKeHUSI HE MOTYT
OBITh UCIIBITYeMbIC IOKOMOTHUBBI, [IOTOMY YTO
9TOT 3 PEKT UMEET MECTO KaK B ClIydae CO-
CTaBa U3 ABYX BJIEKTPOBO30B — UCIIBITYEeMOTO
1 BCIIOMOTaTeIbHOTO (puc. 11), Tak 1 B ciiydae
TEIJIOBO3a C IPUIICTUICHHBIM K HEMY 3JIEKTPO-
BO30M CO CHOYIIEHHBIM IMaHTOorpadom
(puc. 12).

Ocnunnorpamma (puc. 10), Ha KOTOpOit
9T0T 2pdeKT Toxke 3aPUKCUpOBaH, OTIUYA-
€TCs TEM, UTO 32 UCITBITYEMBIM JIOKOMOTHUBOM
HaXOJWJIMCh TPYy30BBIC BarOHHBI, BO BPEeMS
IIPOXOXKIECHMUS KOTOPBIX YePe3 U30TUPYIOIINE
CTBIKM OOHapy:KeHHBIN 3 (deKT He UMell
MecTa (Yy4acTOK OCIIJIOTpaMMbI OKOHYAHUS
IIYHTOBOTO pexuma). [1pu 3ToM BUIHO, YTO
HUMITYJIbCHAS TIOCJIEN0BAaTEIbHOCTh UMEET Ty
K€ 9aCTOTy U IJIUTEIbHOCTh UMITYJIbCOB, KaK
y TIATAIONIETO HAIPSKEHUST COOTBETCTBYIO-
I1X PEJIbCOBBIX LIETIEH.

Hab6monpaemslit 53pdeKT MOXHO 00BsIC-
HUTB cieayomum odbpasom. C omHOIT CTOpO-
HBI, KOJIECHBIE TTapbl TOKOMOTHBOB IIIyHTUPY -
10T PEJIbCOBYIO JIMHUIO C ABYX CTOPOH M30JIH -
PYIOIIMX CTBIKOB, YTO IIPUBOIUT K IIIyHTOBO-
My 3P deKTy Aasg KaxXaoi U3 peabCOBBIX
uerneii. C npyroit CTOpoHbI, KaXKablii N30JIM-

PYIOIIUIA CTBHIK IIYHTUPYETCS UMIIEAAHCOM
(TIOJTHBIM COITPOTHUBIJICHUEM) TSTOBOTO ITO-
IBIDKHOTO COCTaBa M aKTUBHBIM COTIPOTUBIIC-
HUEM METAJTUIECKOM KOHCTPYKIIMY TTOIBIIK-
HOTO cOCTaBa (TATOBOIO 1 HETSATOBOIO).

s BBISBJIEHUST yKa3zaHHOTO 3(deKkTa
HEeO0O0XOAMMO, UTOOBI IBE COCEAHUE PEIbCO-
Bbl€ LIEMU MMEJM PAa3HOUMEHHBIE KOHIIbI
(mpué€MHBIN KOHEIl OJHOW U MUTAIOIIUI
Ipyroii). B aToM ciydyae muTtaHue CUTHAJIb-
HBIM TOKOM C OTHOM PeJIbCOBOM LIENU IIEpe-
XOOUT K TIPUEMHOMY KOHILY Apyroii. B pe-
3yJIBTaTe YCTAHOBJICHO, KaK yKa3aHO BHIIIIE,
YTO B ITYHTOBOM pPEXMME OCTaTOYHOE Ha-
MIpsDKeHUE Ha ITyTeBOM NPUEMHMKE HE paB-
HO HYJIO, IIPU 3TOM HaOJII0JAITCsI YETKO
pa3sIMIMMBbIe UMITYJIbCHI XapaKTEPHOM Jac-
TOTHI ¥ GOPMBI C HU3KOM aMIUIMTYAO0M, KO-
TOpBIE B MaHHBIX CIy4YasiX MOXHO CUMTATh
TTOMeXaMHU.

W3 ocuumnorpamm (puc. 11, 12) BumHO,
YTO UMITYJIbCHBIE TIOMEXU UMEIOT ITPOIOJIKM -
TEJIBbHOCTh OKOJIO 5+7 C, YTO COM3MEPUMO CO
BpeMeHeM, Korja 00a JIOKOMOTHUBA (MCIIbITye-
MBIl 1 BCTIOMOTATEIbHBIN) TIePECeKaloT 30HY
HM30JIUPYIOIINX CTHIKOB, T.€. TIOMEXH IIPOH0JI-
JKaroTCSI IO MOMEHTA, KOTAa IMPeabIayIas 1o
XOMly ABMXKEHMS peibcoBas LeIb OyIeT OCBO-
o6oxneHa nmu. Cirydaii, Korja rmocje ooHapy-



KEeHHbIX ToMeX (puc. 10) B KOHIIE IIIyHTOBOTO
peXxuma clielyeT y4acTOK OCLIMJITIOTpaMMBbl 0€3
MOMEX, MOXHO OOBSICHUTh MPOXOXKIACHUEM
B 3TO BpeMsI IPYy30BbIX BATOHOB COCTaBa, YTO
HaBOJIUT Ha MBICJIb O TOM, YTO MIPUYMHA I
STUX ITOMEX CBSI3aHa C BO3JEWCTBUEM TTOJTHO-
TO COMPOTUBJIEHUS IOKOMOTHBOB.

M3 puc. 11, 12 Takke BUTHO, UTO 3aperuc-
TPUPOBAHHbBIE TTOMEXU UMEIOT aMILIUTYIY
okosio 0,5 B, KkoTopast B necsThb pa3 HUXeE
AMIUIUTYAbl CUTHAJIBHOTO TOKa, Oojiee 4yeM
B LIECTh Pa3 HUXXE HAMPSKEHUST HAEXKHOTO
NpuTsSkKeHus: sskops pene (3,2 B) u okoiso
YETBIPEX pa3 HUKE HAMPSXKEHUS HAIEXHOTO
oTnagaHus sgkops pesne (2 B). YcraHosieHo
KaTeropuyecKu, 4YTo 3TU IOMEXU He BbI3bIBa-
10T HEIITATHOTO BKJIIOUEHUS IyTEBOTO pese
BO BpeMs IIIYHTOBOT'O PEXUMa PEJIbCOBBIX
LICTICH.

CrenyeT OTMETUTh, YTO YKa3aHHBIN 2¢-
(heKT uMeeT MECTO UCKITIOUUTEIBHO B ClIydae
HUMITYJIbCHBIX, BKJTI0Yast KOJAOBBIE, PEJIbCOBBIX
neneid 75 u 25 i1, 4T0 MOXHO OOBSICHUTD UX
TIPUHITUTIOM JIECTBUSI U BHICOKOI YyBCTBM-
TEJIbHOCTHIO.

4.4. Dddekr Ne 4: BosneiicTBue 00paTHO-
T'0 TATOBOTO TOKA HA JPOCCEIb-TPAHCHOPMATOPBI

B cBOE Bpemsi, Korjga HauMHAaJIOCh BHEIpe-
HMe PeJIeHBIX LIEHTPAIU3AIINH C PETbCOBBIMU
LIETISIMU TIEPEMEHHOTO TOKa, OBLIO PEIIeHO,
YTO JUISI TIPOITYCKaHUsI OOPaTHOTO TSITOBOTO
TOKa OyayT IPUMEHSTHCS JIPOCCETb-TPAHC-
dopmatopsl (IIT) Tuma AT1-150, a mozxe —
uJIT0, 2-150, ataxxke JAT0, 6-150. MomiHocTh
3JIEKTPOBO30B, JIaXe B Clydae KpaTHOM TSTH,
TOT/Ia HE Co3/1aBajia MpobJieM B 9TOM TUIaHE.

B HacTosiiiee BpeMsi, Kak BUIHO M3 II. 3,
CUTYalllsl U3BMEHWIACh. DJIEKTPOBO3bI MOIII-
HoCTbhlO Oosiee 3750 kBT mipu ayeKTpoTsre
25 kB co3natoT 00paTHbIi TATOBBIN TOK OoJiee
150 A, u3-3a yero B ciIyvyae UCMOJIb30BaHUS UX
B KPaTHOM TSITe UMEIOTCS TTPEATTOCHLUIKH IIJIsT
TieperpeBa U Jaxe reperopaHusi TAToBOM 00-
MoTKU [T, ocobeHHO Ha meperoHax, rjie
JBIYDKEHUE TIPOMCXOINT IO PETHCOBBIM IICTISIM
nnuHoi nopsiaka 2000 m.

Bbixom 13 3TO# CUTYaIluy COCTOUT B Clie-
TTYIOIIEeM:

* 0O 3aMPETUTH KPATHYIO TSTY MOIITHBIX
3JIEKTPOBO30B Ha y4acTKaX C PEIbCOBBIMU
LIETIIMK TIEPEMEHHOTO TOKa, YTO BBI3BIBACT
BO3paXkeHUsI CO CTOPOHBI (hUPM-TIEPEBO3UM -
KOB;

VIIE oA PJA A 3 S

* 0O MEePEXOAUTh K TPUMEHEHUIO CUET-
YKUKOB OCE€il, YTO U IMPOUCXOAUT Ha BHOBb
MOJEPHU3UPYEMbIX Y4aCTKaX XeJe3HOM 10-
pOTrH, a TAKXKe B PeJICHBIX LIEHTPAIN3aLIMSsIX,
4yeil OCTaTOUHBIN pecypc el JOBOJIBHO 00JIb-
1IO¥ (IecsITh JIET U boJiee).

5. SAKJTIOMEHUE

1. McnpiTaHus yKa3aHHBIX JOKOMOTHBOB
MOKAa3aJI1, YTO, C TOUKU 3PEHMSI 2JIEKTPOMarHuT-
HOI COBMECTUMOCTH, HU OIVH 13 HUX HE MOXKET
OBITh ICTOYHUKOM 3JIEKTPOMATHUTHBIX TIOMEX,
KOTOpPBIC CO3IaBAIM OBl YIPO3y HEIITATHOM pa-
00Te IIPUMEHSIEMbIX PEJIbCOBBIX 1IETIE, a OTCIO-
Jla — yrpo3y 6€30MacHOCTU JBMXKEHUS TTOS3/I0B.

2. HecMoTpst Ha TO, UTO MEpPEeYUCIEHHAs BO
BBEICHNU CTaThU 9aCTh PEJTLCOBBIX IIETICi Obla
pa3paboTaHa B cepearHe MPOIIIOTO CTOICTHS,
a KOPOTKUE 3JIEKTPOHHBIE PEJIbCOBBIE LIS — B
1970—1980-x romax, Bce TUIIbI PEJbCOBBIX 1Ie-
e, IpuMeHsieMble Ha JKeJIe3HBIX Joporax
Boarapuu, oka3anuch O4eHb YCTOMIUBBHIMU
K JIEKTPOMArHUTHBIM TTOMEXaM, MUCXOISIINM
OT WCITBITAHHBIX MIPEICTABUTEIEH COBPEMEHHO-
IO TSTOBOT'O MOABUXKHOTO COCTaBa. DTO CBUJIE-
TEJIBCTBYET O TOM, UTO BEIOPaHHBIC B CBOE BpeMSI
METOIBI 3aIIUTH OT BO3ICHCTBUS 0OPaTHOTO
TTOBOTO ToKa yacroToii 50 [i1, Takue, Kak:

* YACTOTHBIN MPU3HaK (YACTOTHI CUTHAJIb-
Horo Toka 75 T, 25 I, 0 Iix (B oTaeabHBIX
crpaHax), 30 xIi1, apyrue);

* UMITYJbCHBIN MPU3HAK, BKIIOYAs KO-
IOBBII;

* (ba30BbIll IPU3HAK,

MPOIOJIKAIOT ObITh aKTyaJIbHBIMU U 3 heK-
THUBHBIMU U B HACTOSIIIIEE BPEMSI.

3. IIpu ucImonb30BaHUM Ha XeIE3HBIX
noporax bonrapuu 371eKTpoBO30B, MOIIHO-
ctbio 6osee 3750 kBt ipu sanekrpoTsre 50 Iir,
25 kB cnenyet 1160 3ampeTUTD IJ1sI HUX KpaT-
HYIO TATY Ha Y9aCTKaX C PeJIbCOBBIMMY LCTISIMIA
IIepeMEeHHOTO TOKa, JIN0O TIEPEXOIUTH K IIPH-
MEHEHMIO CYETUYMKOB OCEH.
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Evaluation of the Electromagnetic
Effect of Traction Rolling Stock
on Track Circuits

Rumen DIMITROV

ABSTRACT

The regulations regarding railways currently in
force in Bulgaria require that each new type of
locomotive, to get access to railway infrastructure,
must undergo a procedure for checking its
electromagnetic effect on functioning of track circuits.

The relevant testing was carried out for seven
types of AC and DC track circuits and for six types of
locomotives intended to be put into operation (five
electric locomotives and a diesel locomotive).

Schematic diagrams of testing conditions are
presented. During the tests the voltage waveform,
frequency, and level rates at the terminals of the track
receiver (on the track relay coil) were recorded for a
free (normal (common) mode) and occupied (shunt
mode) track circuit during the action of return traction
current of electric locomotives, as well as during the
action of impacts caused by operation of electrical
equipment located in the body and under the frame
of the diesel locomotive.

For electric locomotives, the tests were carried
out during the shunting of track circuits (of a tested
one and of the track circuit adjacent to it), starting
from the rest, lowering and raising pantographs. For

Dimitrov, Rumen, TINSA Ltd., Sofia, Bulgaria*.

a diesel locomotive, tests were carried out in a
stationary mode, when inner wheelsets shunted the
insulating joints of two adjacent track circuits and for
different cases of arrangement of the equipment of
the relay and receiver ends. During the tests, the state
of the armature and contacts of track relays was
monitored. The amplitude of the recorded interference
was compared with voltage of reliable switching off/
on of track relays/track receivers. It was found that
during the shunt mode, the recorded residual voltage
in the track receiver under the action of the electric
locomotive was 50 or more times lower than the
reliable operate voltage and 33 or more times lower
than the reliable drop-out voltage of the receiver. For
a diesel locomotive, the results turned out to be
similar, except for the case of shorter DC track
circuits, where the amplitude of the interference was
higher, but without a dangerous effect on the shunt
mode.

Based onthe results of the tests, it was established
that all types of track circuits used on the railways of
Bulgaria are resistant to electromagnetic interference
emanating from tested samples of traction rolling
stock.
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1. Background.

In accordance with the regulations regarding
Bulgarian railways currently in force, each new
type of locomotive, which is the property of a local
or foreign carrier, to get access to the railway
infrastructure, must undergo an assessment
procedure for compliance with the requirements
of national technical and safety regulations'. One
of these testing procedures is related to assessment
of the electromagnetic effect of traction rolling
stock on operation of track circuits to determine
their electromagnetic compatibility. The need for
such a testing is due to two reasons:

* on the one hand, more and more powerful
locomotives are currently being put into operation
and they use modern electronic devices (rectifiers,
converters, etc.), which produce electromagnetic
radiation and generate interference that did not
exist at time of development and implementation
of the corresponding types of track circuits since
such rolling stock did not exist either.

» on the other hand, track circuits used in
Bulgaria are not used in most of the European
Union countries.

Assessment of electromagnetic compatibility
of track circuits with modern rolling stock can
be solved in two ways:

« full-scale testing of the electromagnetic
effect to reveal probability of dangerous
consequences of relevant impacts, for example,
of turning on of the track receiver of the track
circuit during the shunt mode.

* checking the emissions (radiation) of the
newly produced rolling stock in the bandwidth
already occupied for operation of track circuits.

The subject of the research described in the
article refers to methodological issues and test
results regarding the first method for assessing
electromagnetic compatibility of rolling stock
with track circuits, used within the railway
infrastructure of Bulgaria, namely with:

* DC track circuits with 50 Hz AC electric
traction, manufactured in the former GDR.

* Track circuits developed and produced in
ex-Soviet Union, comprising:

— 75 Hz pulse track circuits;

— 75 Hz code track circuits;

— 25 Hz pulse track circuits;

— 25 Hz phase-sensitive track circuits;

"National reference document of the Republic of
Bulgaria. «Railway Administration» Executive Agency
| Hayuonanen pegpepenmen dokymenm na Penybauxa
bencapus. Uzneanumenna acenyus «Kenesonsmua
aomunucmpayus» |, Sofia, 2016.

— 71—83 Hz track circuits with heterodyne
control of short circuit of insulating joints.

« Shorter electronic track circuits, type
KERYV, 30 kHz, of Bulgarian design and
production.

Due to ongoing modernization of railway
infrastructure, some types of track circuits are
no longer in use, but at the time of testing, that
will be discussed below, they were still in
operation. Nevertheless, the author has
considered it appropriate to cite the results
obtained for them, since they are used in other
countries, particularly Russian railways, and
may be of interest to the readers of the journal.

2. Method of testing

It is known that track circuits (TC) operate
in four modes: normal, shunt, control, and
automatic locomotive signalling modes. Due
to various circumstances, the latter mode did
not find application on the railways of Bulgaria,
therefore, the test of the effect of traction
rolling stock on track circuits was carried out
for normal and shunt modes. The control
mode, due to the complexity of implementation,
was not considered.

The practice shows that the electromagnetic
interference that can affect operating modes of
track circuits is mainly generated by the return
traction current flowing in rails together with
its harmonic components, as well as emissions
from electrical equipment and units mounted
in the body and under the frame of traction and
non-traction rolling stock (passenger wagons).

Testing the electromagnetic effect (electro-
magnetic compatibility) on track circuits was
carried out during full-scale tests with registration
of the voltage waveform, frequency and level
rates at the terminals of the track receiver (at the
track relay coil) with a free (normal (common)
mode) and occupied (shunt mode) track circuit
during periods of exposure to return traction
current of electric rolling stock, as well as during
periods of impacts caused by operation of
electrical equipment located in the body and
under the frame of traction rolling stock with
autonomous traction.

All tests were carried out for reference track
circuits corresponding to the types of track
circuits used at railway blocks and stations using
a circuit diagram, its example here (Pic. 1)
refers to a phase-sensitive track circuit.

For other types of track circuits, the
difference in the circuit diagram is associated
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To interface equipment
of the relay end of TC

Filter

Track element

Local element
Track relay of the
type DSSh-13

EMS PC

Digital measuring device

Pic. 1. R,, R, — voltage divider resistors; EMS — electronic measurement system Spider-8;
PC — personal computer [2].

with the type of track relay, and in the case of
DC track circuits, with the absence of a filter.

During the tests, all electrical equipment
located in the body and under the locomotive frame
(transformers, converters, rectifiers, traction and
non-traction motors, lighting, climate installations
(if any), automatic locomotive signalling devices
(relevant for imported locomotives), and radio
communication devices) were switched on, and
when it was possible, operated at extreme modes.
Testing was conducted during short-term entry of
locomotives in the country to obtain permit for
supposed delivery. Each testing type comprised two
experiments due to time constraints within
established maintenance time intervals in train
traffic.

a. Additional conditions for testing electric
locomotives with electric traction of 50 Hz,
25kV AC.

The tests of electric locomotives were
carried out in compliance with the following
additional conditions:

1B 1B

Return traction
current

Return traction
current

Relay
end of
TC

» when a train/a locomotive approaches
an unoccupied track circuit (normal mode),
as well as when it is occupied (shunt mode),
it is necessary that the return traction
current flows through the receiving or
(as particular case) through relay end of the
TC (Pic. 2), when this end is at the exit from
the TC [1].

* on the corresponding section where
the locomotive was operated, there would
be no other traction rolling stock, besides
the tested one.

During the tests of the electric loco-
motive, the voltage waveform, frequency,
and level rates at the terminals of the track
receiver (on the track relay coil) were
recorded when the locomotive was moving
to an unoccupied TC, during its occupation,
and also when starting from rest with the
maximum possible tractive effort. The
return traction current (in compliance with
safety conditions) was measured with a
Dietze’s clamp meter at the points where

IB IB
RS

Train

Feed.
end of
TC

Pic. 2. Conditions of electric locomotives testing [1].



Relay end

Relay end

Loops of magnetic field generated by rolling

stock

Pic. 3. Conditions of diesel locomotive testing [1].

the impedance bonds (IB) were connected
to the rails.

b. Additional conditions for testing diesel
locomotives.

In case of diesel traction with electric
gear, an additional rule was observed which
was the most difficult one from an
operational point of view: in the shunt mode
of the tested track circuit, the diesel
locomotive should stay in a stationary state
on the track so that the points of connection
to the rails of the equipment of the receiving
(relay) end of the track circuit were located
between the points of contact of the inner
wheelsets with the rails [1].

The tests were carried out for different cases
of arrangement of the equipment of two
adjacent track circuits (two receiving ends, as
well as a feed and relay end for options with and
without impedance bonds).

During the tests of the diesel locomotive,
the voltage waveform, frequency, and level rates
at the terminals of the track receiver (on the
coil of the track relay) were also recorded in
stationary conditions, while driving and starting
off with the maximum possible tractive effort.
When the tests were carried out on an electrified
site, it was necessary to make sure that at this
moment the return traction current in rails,
measured by the Dietze current clamp, was
equal or close to zero.

3. Scope of tests

At different times, six 50 Hz, 25 kV AC
electric locomotives and a diesel locomotive
were subject to testing the electromagnetic
effect of traction rolling stock on track circuits.

The following locomotives were tested:

1) Electric locomotive with a capacity of
6400 kW (maximum return traction current of
about 255 A). During the tests, a freight train
weighing 1100 tons was coupled to it.

2) Electric locomotive with a capacity of
6000 kW (maximum return traction current of
about 240 A). During the tests, an auxiliary
electric locomotive was coupled to it, which, to
provide the load, worked in the mode of rheostatic
braking.

3) Electric locomotive with a capacity of
5600 kW (maximum return traction current of
about 225 A). During the tests, a freight train
weighing 1000 tons was coupled to it.

4) Electric locomotive with a capacity of
5600 kW (maximum return traction current of
about 225 A). During the tests, an auxiliary
electric locomotive was coupled to it, which, to
provide the load, worked in the mode of rheostatic
braking.

5) Electric locomotive with a capacity of
5500 kW (maximum return traction current of
about 220 A). During the tests, an auxiliary
electric locomotive was coupled to it, which, to
provide the load, worked in the mode of rheostatic
braking.

6) Electric locomotive with a capacity of
4250 kW (maximum return traction current of
about 175 A). During the tests, an auxiliary
electric locomotive was coupled to it, which, to
provide the load, worked in the mode of rheostatic
braking.

7) Diesel locomotive with a capacity of
1600 kW.

Inall cases, an electric locomotive was located
atthe end of the train, which already had the right
to access the railway infrastructure. It carried out
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Pic. 4. Pulse track circuit of 25 Hz (shunt mode and starting from rest) [2].

movement of a train/a test locomotive to test
objects, as well as auxiliary movements during the
tests. During some tests in rheostat braking mode,
it wasthe load/commodity for the test locomotive.
At time of testing, this locomotive was not
connected to the overhead line.

4. Results of tests
Tests of electric locomotives and of a diesel
locomotive have revealed a series of effects.

4.1. Effect No 1: Shunting track circuits and
locomotive starting from rest

4.1.1. Tests of electric locomotives

Pics. 4—7 show fragments of the oscillograms
demonstrating the effect of shunting the

reference types of track circuits during tests
underthe influence of the indicated locomotives.
Due to similarity of the obtained results, the
number of oscillograms is deliberately limited.

The above oscillograms show that during
the tests in the normal mode as well as in the
shunt mode, no interference was detected that
might have led to abnormal operation of all
reference types of track circuits. Wherein:

1) In case of a traction vehicle moving
towards an unoccupied track circuit, no
changes were observed in the waveform and
amplitude of the signal current. The frequency
spectrum of the alternating current track
circuits contained only the signal current
frequency (Pic. 5). In case of a direct current

Pic. 5.Code track circuit of 75 Hz (shunt mode and starting from rest). Frequency spectrum
at the terminals of the pulse track relay [2].



Pic. 6. 71-83 Hz track circuit with control of short circuit of insulating joints with heterodyne
(transition from normal to shunt mode, shunt mode and transition to normal mode) [2].

track circuit, in addition to traction current
frequency (50 Hz), a strong second harmonic
was also observed during starting from rest
(Pic. 7), which together did not affect
functioning of the track circuit.

2) When the feed end of the track circuit
was shunted and when movement was carried
out to the receiving end, the track receiver
(track relay) steadily passed from «energised»
state to «de-energised (no current)» state, and
when the track circuit was released, it passed
from «de-energised» state to the «energised»
state.

3) In the shunt mode, the residual voltages
recorded at the track receiver were 50 or more

times lower than the reliable operate voltage
and 33 or more times lower than the reliable
drop-out voltage of the receiver.

4) If locomotives occupied:

* A pulse track circuit, then the movable
contact of the pulse track relay stably rested
against the fixed contact without displacement
or bouncing.

* A track circuit with a neutral track relay
or with a neutral repeater of a pulse track relay,
then the armature was stably in drop-out
position. Before occupation of the track circuit,
aswell as after its release, the anchor was stably
pulled. In both conditions, no attempts to move
or bounce were observed.

Pic. 7. DC track circuit (transition from normal to shunt mode, shunt mode and transition to normal mode).
Frequency spectrum of the signal at the terminals of track relay when starting from rest [2].
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Pic. 8. DC track circuit (transition from normal to shunt mode, shunt mode, starting from rest and transition
to normal mode). Frequency spectrum of the signal at the terminals of track relay [2].

* A phase-sensitive track circuit, then a
sector of the track relay stably rested against the
lower limiting roller without displacement and/
orvibration. Before occupying the track circuit,
as well as after its release, the relay sector stably
and motionlessly rested against the upper
limiting roller.

4.1.2. Tests of a diesel locomotive

Duringstationary tests of a diesel locomotive
under the conditions shown in Pic. 3, no
abnormal switching on of the switched off track
receiver/track relay was observed.

Under normal conditions, as well as in
shunt mode, including starting from rest, no
cases of abnormal functioning of reference
types of track circuits were revealed. The results
are the same as in the cases of testing electric
locomotives (Pics. 4—7). However, in case of
shorter DC track circuits, during locomotive’s
braking and starting from rest, noise with an
amplitude of about 0,7 Vwas detected (Pic. 8).
At the same time, a 50 Hz signal was present in
the frequency spectrum with the highest
amplitude, which is unusual for harmonic
components of the rectified supply voltage of

Pic. 9. Phase-sensitive track circuit with the relay of DSSh-13 type (starting from rest
and transition from shunt mode to normal mode) [2].



Pic. 10. 75 Hz pulse track circuit [2].

Pic. 11. 25 Hz pulse track circuit (influence of an electric locomotive) [2].

DC track circuits. Therefore, it should be
considered that the tested locomotive was the
source of 50 Hz interference and of 50 Hz-fold
noises, which can be explained by electro-
magnetic emissions due to switching of its
individual units. This is confirmed by the fact
that the noise has a varying amplitude, which
is associated with transients. If we accept that
a diesel locomotive generates those noises,
which could not be absolutely proven, then the
experiment showed unequivocally that they do
not have a dangerous effect on the shunt mode
of a DC track circuit.

In case of phase-sensitive track circuits,
when the diesel locomotive started from rest

and during transition from shunt to normal
mode, interference with an amplitude of about
1,5 V was observed, which did not affect the
state of DSSh-13 relay sector which was in a
stable lower position (Pic. 9).

4.2. Effect No. 2: Generation of interference
when lowering and raising the pantograph of
electric locomotives during passage of the
so-called «neural inserts»

Pic. 10 shows an oscillogram of voltage of
the track receiver (pulse track relay type
IMVSh-110 after FP-75 filter) of the 75 Hz
pulse track circuit in shunt mode during the
test of the above-mentioned locomotive No. 1.

Pic. 12. 75 Hz pulse track circuit (influence of a diesel locomotive) [2].
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The Pic. 10 shows that the amplitude of
voltage of the positive and negative half-waves
reaches about 0,5 V, which is more than six
times lower than the voltage of reliable
attraction of the relay armature (3,2 V) and
about four times lower than the voltage of
reliable drop-out of the relay armature (2 V).
In addition, the interference is of aperiodic
nature, which does not create prerequisites for
a false relay operation.

Similar results were obtained during the
periods the rest of the indicated electric
locomotives affected the reference types of
track circuits. Thus, it has been established that
during the shunt mode of track circuits, the
generated interference when lowering and
raising the pantograph of electric locomotives
does not cause an abnormal activation of the
track relay.

Effect No. 3: Shunting insulating joints of
two adjacent track circuits when a locomotive/a
train moves from one track circuit to another

In this case, when rolling stock moved from
a pulse track circuit to the neighbouring one,
there was an effect observed, that in the shunt
mode the residual voltage at the track receiver
had a value other than zero. In this case, clearly
distinguishable impulses were detected, albeit
with an exceptionally low amplitude (Pics. 10—
12). Tested locomotives cannot be a source of
this voltage since this effect takes place both in
case of a train of two electric locomotives
(a tested and an auxiliary one) (Pic. 11), and
in case of a diesel locomotive with an electric

locomotive coupled to it with a lowered
pantograph (Pic. 12).

The oscillogram (Pic. 10) that also recorded
that effect, differs, as there were freight cars
behind the tested locomotive, during the
passage of which through the insulating joints
the detected effect did not take place (segment
ofthe oscillogram showing the end of the shunt
mode). It also shows that the pulse sequence
has the same frequency and pulse duration as
the supply voltage of the corresponding track
circuits.

The observed effect can be explained as
follows. On the one hand, wheelsets of
locomotives shunt the rail line on both sides of
the insulating joints, which leads to a shunt
effect for each of the track circuits. On the other
hand, each insulating joint is shunted by the
impedance (total resistance) of traction rolling
stock and active resistance of the metal
structure of rolling stock (both traction and
non-traction RS).

To reveal this effect, it is necessary that two
adjacent track circuits have opposite ends
(receiving end of a TC and feed end of the other
TC). In this case, the signal current supply from
one track circuit is transferred to the receiving
end of the other one. As a result, it was found,
as indicated above, that in the shunt mode the
residual voltage on the track receiver is not zero,
while clearly distinguishable pulses of a
characteristic frequency and waveform with low
amplitude are observed, which in these cases
can be considered as interference.



Oscillograms (Pics. 11, 12) show that the
pulse noise has a duration of about 5+7 s,
which is commensurate with time when both
locomotives (tested and auxiliary one) cross
the zone of insulating joints, i.e., the noises
continue until the moment when the
previous track circuit (when moving
forward) is released by them. The case when
the detected interference (Pic. 10) at the end
of the shunt mode is followed by a section
of the oscillogram without interference, can
be explained by passage of freight cars of the
train at this time, which suggests that the
reason for this interference is associated
with the effect of the impedance of
locomotives.

Pics. 11, 12 show also that the recorded
interference has an amplitude of about 0,5V,
which is ten times lower than the amplitude of
the signal current, more than six times lower
than the voltage of reliable attraction of the
relay armature (3,2 V) and about four times
lower than the voltage of the reliable drop-out
of the relay armature (2 V). It has been
categorically established that this interference
does not cause abnormal activation of the track
relay during the shunt mode of track circuits.

It should be noted that this effect takes place
exclusively in case of pulse, including code,
track circuits of 75 and 25 Hz, which can be
explained by their principle of operation and
their high sensitivity.

4.3. Effect No. 4: Impact of return traction
current on impedance bonds

In one’s time, when introduction of relay
interlocking with AC track circuits began, it
was decided that impedance bonds (IB) of
DTI1-150 type (later of DTO, 2-150, DTO,
6-150 types as well) would be used to pass the
return traction current. The power of electric
locomotives, even in case of multiple traction,
then did not create problems in this regard.

At present, as can be seen from paragraph 3,
the situation has changed. Electric locomotives
with a capacity of more than 3750 kW with an
electric traction of 25 kV create a return
traction current of more than 150 A each, that
is why, if they are used for multiple traction,
there are prerequisites for overheating and even
burnout of the traction winding of I B, especially
on within the blocks where traffic is organised
along the track circuits of the length of about
2000 m.

The solution in that situation is as follows:

« either to prohibit multiple traction of
powerful electric locomotives on sections with
AC track circuits, which raises objections from
the carrier companies,

* or to switch to the use of axle counters,
which is happening on the newly modernized
sections of the railway, as well as in relay
interlocks, whose residual resource is still quite
large (ten years or more).

5. Conclusion.

1) Testing of these locomotives has shown
that from the point of view of electromagnetic
compatibility, none of them can be a source of
electromagnetic interference that would have
posed a threat to abnormal operation of track
circuits used, and hence a threat to safety of
train traffic.

2) Even though the part of track circuits
listed in introduction to the article was
developed in the middle of the last century, and
the shorter electronic track circuits were
developed in 1970—80s, all types of track
circuits used on the railways of Bulgaria turned
out to be very resistant to electromagnetic
interference emanating from tested models of
modern traction rolling stock. This indicates
that the methods of protection against the
effects of return traction current with a
frequency of 50 Hz, chosen in one’s time, such
as:

« frequency characteristics (signal current
frequencies of 75 Hz, 25 Hz, 0 Hz (in some
countries), 30 kHz, and others);

* pulse characteristics, including code one;

* phase characteristics,
continue to be relevant and effective today.

3) When using 50 Hz, 25 kV electric
locomotives with capacity of more than
3750 kW on the railways of Bulgaria, it is
advisable either to prohibit to use them for
multiple traction on sections with AC track
circuits, or to start using axle counters.
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B HacTosiLLiee BpeMsi LLIVPOKO Pa3BUBAIOTCS MeToAbI Avar-
HOCTUPOBAHWS TEXHUYECKOro COCTOSIHUSI JIOKOMOTUBOB M0
ZlaHHbIM GOPTOBbIX MUKPOMPOLIECCOPHLIX CUCTEM YrpPaBeHusl.
B Poccum B HacTosiLee Bpemsi Takovi MOHUTOPUHI SIBJIIETCS
JeVCTBYIOLLE TEXHOIOrNE CUCTEMbI TEXHUHECKOro 06Cy-
XKVBAHWS I PEMOHTA JIOKOMOTVIBOB.

OcHoBHOV rMpob1eMovi peann3aLmm MOHUTOPUHIa SIBJISI-
ercs orpaHN4YeHHOCTL Habopa AaT4MKOB B LIersiX IOKOMOTUBA.
YBennuervie KonmyecTsa Aar4vkoB BEAET K CHUXEHWIO HAanEX-
HOCTY Y1 YBEJIMHEHWIO CTOMMOCTY JIOKOMOTUBA M €r0 XNU3HEH-
HOro UyKJIa, HO MOBbLILLIAET KA4YECTBO ANarHOCTUYECKO MHpOP-
maumn.

TNpy 3TOM Lies1ecoobpasHo METb MHTErPaLMOHHbIE 0Ka-
3aresi TEXHNYEeCKOro COCTOSIHUSI IOKOMOTuBa. B cTatbe
npeacTasieH rnporpaMmmMHbIi npoadykT ans 9BM no aHanmsy
TEXHNYECKOro COCTOSIHVSI JIOKOMOTMBA, 10 ANHAMUNYECKUM
JaHHbIM O pacxoae akTUBHOW 1 reHepaLmm peakTUBHOV 971EKT-
poaHepruv Ha Tary noe3aos. [porpammHoe obecriedyeHvie
pa3paboTaHo Ha anroputTMuyeckom siseike Visual BASIC for
Applications, BctpoeHHoro B MS Excel, ¢ vcrnonb3oBaHnem
BEPOSITHOCTHO-CTaTUCTUYECKNX METOL0B aHam3a.

OcHoBa meToza /1S ANarHOCTYPOBAaHUST TEXHUYECKOro
COCTOSIHVISI IOKOMOTVIBOB B CUCTEME VX MOHUTOPUHIa — CPpaB-
HEeHve AVHaMVIKV Pacxoaa akTUBHOM Y reHepaLmmy peakTUBHOM
BHepPruii ABYX CeKUni 04HOro JIOKOMOTUBA 110 MPUHLNITY
PYHKLMOHAIbHOro 6eHYMapKuHra. [pyi MOHUTOPUHIE TEXHU-
4ECKOro COCTOSIHUSI IOKOMOTUBOB MPEAIaraeTcs UCMosIb30BaThb
TOHSATUE «[PEAOTKAa3», ONPeAeIseMblii kak paboTocriocobHoe
COCTOSIHNE JIOKOMOTUBA MPU HAINYUN BHYTDEHHUX CKPbITbIX
L1eeKTOB v nospexaeHui. lNpeaoTkasa nposiBisieTcs B pac-
X0Ae 3neKTPoaHeprvm. [yis aHanm3a TeXHUYECKOro COCTOSIHUS
3/1EKTPOBO30B NMEPEMEHHOIO TOKa 10 PACXOAY dN1IEKTPOIHEPrn
UCXOAHbIE AaHHbIE AOJIKHbLI 06/1a4aTh BbICOKOK CTeneHbIo
YHUMOZA/ILHOCT, YTO OMPELENSIETCS OAHOTUMHOCTBIO YCI0BUK
aKcrnyaraumm.

Mony4eHHble B pe3ysibTate aHaam3a TeEXHUHECKOro COCTOS-
HUSI JIOKOMOTUBA, M0 ANHAMUYECKUM AaHHBIM O PACX0AE aK-
TUBHOW 1 reHepaumn peakTuBHOV 3/1eKTPOIHePrun Ha Tsry
10€e3/408, UTOroBbIe AaHHbIE MOXHO MCIO/IL30BaTh AJ15 Ornpe-
aenenvs gegekta, Bbi3biBaKOLLEro n3MeHeHne pacxosna
ANIEKTPOIHEPIr K, NPy 3axo[e JIOKOMOTUBA Ha TEXHUYECKOe
06CI1yX1BaHNe 1 PEMOHT.
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1. OMNbIT MOHUTOPUHIA
TEXHUYECKOIO COCTOAHUA
no AAHHbIM MCY

B HacTos111e€ BpeMsI IIMPOKO pa3BUBAIOT-
CsI METOIBI AMAarHOCTUPOBAHUS TEXHUUIECKOTO
COCTOSTHUSI IOKOMOTHBOB IT0 JAaHHBIM OOPTO-
BBIX MUKPOIIPOILIECCOPHBIX CUCTEM YIIpaBIIe-
Husg (MCY) [1]. Haubonpmmii onbIT HAaKOI-
JieH komnaHueit General Electric, roe B cu-
TyallMOHHOM LIEHTpPE 3aBOAa-U3TOTOBUTES
TernoBo30B B ropoje Dpu (CILIA) ocyiiecTB-
JISIETCSI B OHJIalH-peKMe MOHUTOPUHT TeX-
HUYECKOTO COCTOSIHUS 0oJjiee 15 ThIC. CeKIIui
TEIUIOBO30B I10 JaHHBIM, IepeaaBacMbIM
B aBTOMaTUYECKOM PEXMME ¢ OOPTa IOKOMO-
THBA OT MUKPOITPOLIECCOPHBIX CCTEM YITpaB-
nenust (MCY) ipu momotu cucteMbl Bright
Star [1; 2]. AHaJIOTUYHBIH OIBIT €CTb U Y KOM-
naHuii Siemens, Alstom, Bombardier [1].

HNHTepecHBIl ONBIT HAKOMJIEH U OTeYe-
CTBEHHBIM XeJIE3HOAOPOXKHBIM TPAHCITOPTOM
[1; 3; 4]. Hanpumep, B rpyrrme KoMIaHui
«JlokoTex» B CepBUCHBIX JIOKOMOTUBHBIX AETIO
(CJI1) co3maHbl TPYIIITBI AMAaTHOCTUKHU, KOTO-
pBIe TIPU 3aX0/Ie TOKOMOTHMBA B JIETIO CUUTHI-
BaloT ¢ 60pToBBIX MCY ¢ TOMOIIIBIO TTepeHOC-
HBIX (Jenr-HakKonuTenaeit nHGOpMaIInIo
1 paclindpoBBIBAIOT €€ HAa CTALIMOHAPHBIX
KOMIIBIOTEPaX C UCITOJIb30BaHUEM CIIeI[ab-
HOTO MPOTrPaMMHOTO O0ecrnevyeHus aBToMa-
TU3UPOBaHHBIX pabounx MecT (APM MCY).
JlaHHbIEe UCTOJIB3YIOTCS KaK 111 MOHUTOPUH-
ra pexKMMOB 9KCIUTyaTaliu JOKOMOTHUBOB [ 5],
TaK W ISl TUIAaHMpOBaHUSI 00bEMa peMOHTa
ripu 3axone jokomorusa B CJI [6]. AHano-
ruuHo HoBouepkacckuit 3J1eKTPOBO30-
crpoutenbHblit 3aBox (HOB3, . HoBouep-
kacck), KosoMeHcKkuUit TenaoBO30CTPOU-
teabHbI 3aBoA (K3, . KonomHa) u bpsiH-
CKMIA MallIMHOCTPOUTENbHBIN 3aBoa (BM3,
r. bpsauck) AO «TpaHncMamxoaauHr» [7]
OCYIIECTBJISIOT MOHUTOPUHT TapaHTUMHBIX
JIOKOMOTHUBOB. AHAJIOTUYHBII OITBIT HAKOII-
JIEH y KOMITAaHUU «YPaIbCKHE JOKOMOTUBBI»
[8] coBmecTHO ¢ HITO «CAYT» u «Tpanc-
uHdo-IIpoexr» [9].

BobII0# OITBIT TEXHMYECKOTO OOCITYKM-
BaHus u peMmoHTa (TOuP) anekTpoHHOTO
1 MUKPOIIPOLIECCOPHOTO 000PYI0OBaHUS C UC-
MOJIb30BaHUEM JaHHbIX 00pTOBBIX MCY Ha-
KormJjieH B JJOpoXXHOM LIEHTpe BHEAPEHUS
KpacHosipckoii xkelle3Hoii Joporu (nanee —
JAILIB), roe pa3paboraHa yHUKaJbHas MOJIE]Ib
TOwuP [10], monyuusmras B 2019 romy npus

OAO «PX]I» 3a nyuiiyto cuctemy B 06JacTu
yIpaBJieHUST HAIEKHOCTHIO IOKOMOTHBOB.

Bce cymiecTBylonmue cucteMbl MOHUTO-
pWHTA BBISIBJISIIOT BO3HUKIIIME OTKA3bl, JIOKA-
JI3YIOT BO3MOXKHOE MECTO X BOSBHUKHOBEHUSI
[11; 12]. ITpu TOUP 10KOMOTUBOB OoIBIINIA
WHTepeC TPEICTaBISIOT MPEA0TKAa3HbIe TeX-
HUYECKNE COCTOSTHUSI, KOTOPbIe COTJIaCHO
T'OCT 27.002-2015 [12] onpeneneHbl Kak
«CocrosiHre 00beKTa, XapaKTepu3yloleecs
MMOBBINIEHHBIM PUCKOM OTKa3a». MakTuye-
CKW — 3TO OJIMH U3 BUJIOB TTPOTHO3UPOBAHMS
ocratoyHoro pecypcano FOCT 20911-89 [11]
(pecypca nipeaenabHoro coctosinus no F'OCT
57445-2017). JIng yno06cTBa perucTpauuu
COOBITHSI aBTOPAMU JOTIOJTHUTEILHO TIpe/iia-
raeTcsl TEpMUH «IIPEAO0TKa3»: paboTOCMOCO0-
HOE COCTOSTHME O0BEeKTa TMAarHOCTUPOBAHMS
MpY HaIMIUU nedeKTa WIM TTOBPEXIeHUS
(mo TOCT 20911-89).

Hanpumep, npu MOHWXEHUU COTIPOTUB-
JIEHWSI U30JISIIIAYA UMEET MeCTO JIe(DEKT, TIOBBI-
Ao PUCK OTKa3a, HO IOKOMOTHUB OCTa-
ércs paborocnocoOHbIM. Ha puc. 1 npuene-
HbI TpadMK1 U3MEHEHUST TOKOB TITOBBIX
anekTpoasurateneit (TOJl) anexkTpoBo3a ce-
puu BJISOC mo maHHBIM CHUCTEMbI aBTOBENE-
HUsT (YHU(DUITMPOBaHHAsI CUCTeMa aBTOMaTH -
3upoBaHHOrO BeaeHus noesna, YCABII) [3].
ITpu BKJIIOUEHUM BTOPOI CTYIIEHU OcJiadJie-
Hug nons (OIT) He cpaboTajl KOHTaKTOP Of1-
Horo TO/I, B pe3ysabrare ToK onHoro TOJl He
BBIpOC — Mpou3olen oTka3. Kpome Toro, Ha
Bropoil (OI12) u tpetweii (OI13) crynmeHsx
ocnabaeHus MoJis HaOII0aJICs HETOMYCTUMO
0os1b1I0¥ pazdopoc TokoB TOJI — uMeeT MecTo
npenotkas. JIokoMoTuB paboTocrnocobeH
(3aMevaHMii HET), HO TPEOYETCSI PEMOHT KOH-
TakTopa ocyiadneHus nojs OI12 u HacTpoiika
PE3UCTOPOB OCIA0IEHMSI TTOJIS JIJIST BBIpABHU -
BaHUs TOKOB TO/] B mapajuiebHBIX LIETISIX.

[1pu tMarHoCTHPOBAHUM YaIlle UCTIOb3Y-
0T aHAJIMTUYECKWE U JIOTUIeCKUe (ITapaMeT-
pUYecKue) METOIbI: BBIXOJ MTapaMeTpoB 3a
JIOTTYCKY WJIM COOTBETCTBYIOIIMI TPEeH I, Ha-
pylieHue JOruku paboTel. OMHOBPEMEHHO
pa3BUBAIOTCS M MHTEJUIEKTYaJIbHbIE MaTeMa-
TUYECKNE METONbI TUAarHOCTUPOBAHUS B OC-
HOBHOM M0 IAHHBIM CTaTUCTUKU (data mining)
[2; 16]. HampuMep, MCIOAB3yeTCS METOJ
BBISIBJICHUST IPEIOTKA3HBIX COCTOSTHUM Y OfT-
HOTHUITHOTO 000PY/IOBaHUS TIOKOMOTHBA (TsI-
TOBBIE JIEKTPOJABUTATENIN, KPBIIIIKK IIVJIMH-
JIPOB U JIp.) TI0 KO3(PDULIMEHTY KOppeasiunu
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Puc. 1. [Mpumep o6GHapyxeHus oTka3a v npeaoTka3a rno gaHHbim MCY [3].

[13]. JaHHBIE MOHUTOPUHTA UCITOJIB3YIOTCS
B TexHoJormueckoM mpoiiecce TOuP moko-
MOTUBOB [14].

TakuMm 06pa3oM, MOHUTOPUHT TEXHHYEC-
CKOT'O COCTOSIHMSI JIOKOMOTHBOB T10 TaHHBIM
6opToBEIXx MCY B HacToslIee BpeMs SIBIsIeT-
Cs NEWCTBYIOIIEN TEXHOJOTUEH CUCTEMBI
TOuP 10KOMOTHBOB.

InmaBHO TIpoOIeMOli MOHUTOPUHTA 1O
maHHBIM MCY gBnsieTcss orpaHUYeHHOCTD
Habopa TaTYMKOB B IICIISIX JIOKOMOTHBa. Mx
YBEJIMYCHUE TMOBHIIIACT TUArHOCTUYECKYIO
MH(OPMATUBHOCTD, HO CHIKACT HAIEXKHOCTh
1 TIOBHIIIAET CTOMMOCTD JIOKOMOTHBA U €T0
KM3HEHHOTO I1KJIa. 2KeraTeJbHO UMETh MH-
TeTpallMOHHBIC TTOKA3aTeJIN TEeXHUUECKOTO
COCTOSTHUSI TOKOMOTHBA.

Hapsiny ¢ MOHUTOPUHIOM TEXHUYECKOTO
COCTOSTHUSI IOKOMOTHBOB 1 PEXKMMOB MX 9KC-
IUTyaTalliy aKTUBHO Pa3BUBAIOTCS TUCTAHIIH -
OHHbIE METO/Ibl KOHTPOJISI pacxoaa TOIIMBa
U BJICKTPO3HEPIUHU Ha TATY ITOE3I0B, 4TO
CO3AA€ET TOTIOTHUTEIbHBIE ITPEANOCHUIKM IS
MOHUTOPHWHTA TEXHUIECKOTO COCTOSIHUS JIO-
KOMOTHBOB. HammpuMmep, cucrema yaéra Tom-
JIMBa TEeIJ10Bo30B «bopT» pazpaborku Hayu-
HO-MCCJICIOBATEIbCKOTO MHCTUTYTA TEXHOJIO-
TUU, KOHTPOJISI U AUATHOCTUKU KEIC3HOIO-
poxnHoro tpaHcmopta (HUUTKI) [15]
ITO3BOJISIET KOHTPOJHMPOBATh TEXHUUECKOE
COCTOSTHME JJOKOMOTHBA KaK IO JIOTMIECKOMY
aHaAJIM3y KOHTPOJIMPYEMBbIX TEXHUUECKUX TIa-
paMeTpoB (YKMCIIO 000OPOTOB Baja IU3EsS

M MOIIIHOCTb Ha KaX/10W MO3ULIMKA KOHTPOJI-
Jiepa MallIMHUCTA, JaBJICHUE, TeMIlepaTrypa
W 1Ip.), TaK 1 [0 pacXoAy TOIUIMBA: €CIU P
HOpPMeE pacxoa Iu3ejbHoro Torumsa B 205 1/
KBt * 9 Habmomaercs pacxon B 250 1/KBT ¢ 4,
TO BBICOKA BEpOSITHOCTD HAJIMYHSI HAa IOKOMO-
THBE IPEA0TKAa3a B NM3EIb-TeHEPATOPHOI
ycranoBke (AI'Y) [16].

B HacTosIiee BpeMs Ha 3JeKTPOBO3ax
BHEIPSIIOTCSI COBPEMEHHBIC DJICKTPOHHBIC
cu€Tuynku saeKTposHeprun trumna CHOIIIT
C cucTeMOil pagmonepenauyn MHGOpMaLNU
ACHM npousBoactBa komnanun «ABIT Tex-
HOJIOTHST» B OHJIATH-peXXMMe Ha CTallMOHAp-
Hbli1 cepBep [17]. I1pu 3TOM KJ1acc TOYHOCTHU
COIIIIT cocTaBiseT B peXXUMeE TITH T10 aK-
TUBHOM 3Heprum 0,2 1 110 peaKTUBHOM 3HEp-
rum 0,5. [TokazaHus CYETIMKOB MepeaaloTCs
B nHopMaunonHbie cuctemMbl OAO «P2K/1»
(TIpUMepHO KaXKIble YeThIpe MUHYTHI). JlaH-
HbIC JOCTOBEPHBI U IOCTYITHBI, HaIlpUMep,
B Buze otuétoB YCABII (Tabm. 1).

3arpaThl Ha CO3JaHNE aBTOMATU3MPOBaH-
HOM CHUCTEMBI yU€Ta 3JEKTPOIHEPIUHU CO-
rnacHo miaHaM OAQO «P2KJI» ITOKHBI OKY-
MUTHCS 3a CUET NaJibHEHIIE SKOHOMUU
9HEPropecypcoB, U OMHOBPEMEHHO ITOSBIISI -
eTCsl TOIMOJHUTEIbHASS BO3MOXHOCTb KOM-
TUIEKCHOI OIICHKU TEXHUIECKOTO COCTOSTHUS
nokomoTuBa. B JIIIB BrimojsHeH aHanu3
BO3MOXHOCTE MOHUTOPHUHTA TEXHUIECKOTO
COCTOSTHUSI 5JIEKTPOBO30B 110 IMHAMUKE pPac-
X0JIa 3EKTPO3IHEPTUM Ha TSTY ITOE3/I0B.



Ta0imuna 1

JlanHbIe 0 pacxoje 31eKTpodHeprun u3 otuéta YCABII
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Takum o6pazomM, aBTOMaTU3MPOBAHHbIS
CHCTEeMBI YIETa SHEPTropecypcoB MPeaoCcTaB-
JISTIOT TOTIOTHUTEIbHBIE BO3MOXXHOCTH MOHH -
TOPUHTA TEXHUYECKOTO COCTOSTHUS JIOKOMO-
THUBOB.

1lenvro iccenoBaHMS SIBJISICTCS TIOBBIIIIC -
Hue 3G GEKTUBHOCTY MOHUTOPUHTA TEXHUYE-
CKOT'O COCTOSTHHS 2JIEKTPOBO30B IIEPEMEHHO -
IO TOKa C BBIMPSIMUTEIbHO-MHBEPTOPHBIMU
MpeoOpa30BaTEISIMU MemodomM TUaTHOCTAPO-
BaHUS X MCITPABHOCTH B 1IEJIOM — T10 TaHHBIM
BJIEKTPOHHBIX CUETIYNKOB 3JICKTPOIHEPTUH,
TepeaaolInX JaHHbBIC B OHJIAH-PEXIME.

2. METOOUKA UCCNEOOBAHUYA
BoJIbLIMHCTBO OTEUECTBEHHBIX 3JIEKTPO-
BO30B IEPEMEHHOTO TOKa IMPOM3BOJACTBA
HoBouepkacckoro 3j1eKTpoBO30CTPOUTEIIb-
Horo 3aBoja (TpaHCMAaIIXOJIUHT) UMEIOT
MIPUBOJ, ITOCTOSIHHOTO TOKA, YIpaBJsieMblid
Yyepe3 BBITPSIMUTEIbHO-UHBEPTOPHBIE IIPe00-
pazoBatenu (BUII) [18; 19], mo3Bossiomne
IUIABHO YIIPABJISITh PEXMMaMU TITU U PEKY-
nepauuu. dnextpoBo3wl ¢ BUIT (BJISOP,
BJI85, BIT1, DC5K) HanéxxHei O0IbIIMHCTBA
JIPYTUX JOKOMOTHMBOB, 00Jiafasi IpU 3TOM
5 GEKTUBHBIMU TSITOBBIMU XapaKTepUCTHUKA-
MU [20], TTO3TOMY BKCIIITYaTUPYIOTCS B TXKE -
JIBIX ycaoBusax BocrouHoro monurona OAO
«P2XK]I» [21—-23]. B xauecTBe Cyl1eCTBEHHOTO

VINIP SAH PJA M 3 S

HEIOCTaTKa UX CHJIOBOM CXeMBI CJICTyeT OTMe-
TUTh HU3KUHU KOdDOUUIMEHT MOIIHOCTH,
CBSI3aHHBII C 00JIBIIIMM 00BEMOM PEaKTUBHOMN
sHeprum [24; 25].

B ILIB pazpaboTaHbl MeTOAMKA U COOTBET-
CTBYIOIIIEE TIPOrpaMMHOE OOCCITIeUeHUE IS
MOHMTOpPMHTA 31eKTpoBo30B ¢ BUIT [26]: o
MTMHAMAYECKUM JaHHBIM O PacX0Ie aKTUBHOM
¥ peaKTUBHOM 3JIEKTPOIHEPTUHU Ha TATY TT0e3-
OB (TabJ1. 1) BRIMIOTHSIETCS aHAINU3 TeXHUYE-
CKOTO COCTOSIHUSI JOKOMOTHBA. [IporpamMmHoe
obecrnieueHre pa3paboOTaHO Ha aJITOPUTMUYE-
ckoM sa3bike Visual BASIC for Applications
(VBA), BctpoenHoro B MS Excel [27], ¢ nuc-
TTOJIb30BaHKEM BEPOSITHOCTHO-CTATUCTUIECKIX
MeTon0B aHanu3a [28]. YToObl n3bexarthb
BJIVISTHYSI YCIOBHI 9KCIUTyaTallii IOKOMOTHBA
Ha pe3yJIbTaThbl aHaIM3a 3G GEKTUBHOCTA MO-
NMepHU3AINHN, TIpeIIaraeTcs MoaBepraTb Mo-
NEepHMU3AIMKA OIHY CEKIIMIO 3JIEKTPOBO3a,
CpaBHUBAsI MMapaMeTphl €€ IKCITyaTallli CO
BTOPOU HEMOJAEPHU3UPOBAHHOM CEKLIUEH,
paboTarolell B TOUHOCTH TaKUX K€ YCITOBHUSIX
(Trpo0er, Macca noe3na, mpouiib, KITMMaThue-
CKHe M MOTOIHBIe yCIoBUs, np.). Kpome a-
(EKTUBHOCTY MOJIEPHU3ALIMN MOKHO KOHTPO-
JINPOBATh ¥ TEXHUIECKOE COCTOSTHUE CeKIIMIA,
CpaBHUBASA UX APYT C APYTOM.

B Havaje paGoThl ImporpaMmsl 10 3aJaH-
HOMY IMaIia30Hy ¥ MHTEPBaIy CyMMUPOBAHUS
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PacuéT pacxoaa 3/1eKTpO3HEPruM Mo NOKA3aHUAM CYETYNKOB

Tabmua 2

Jlata u yac coobITUS PaccuuTaHHbIil pacxof 2JeKTpoaHepruu, KBAp « u

BJISOP Ne 1793A BJISOP Ne 1854b

Wal er Km 1 Wa} Wr3 Km3
19.07.2020 11:00 1694,0 1466,0 0,756 1288,0 1048,0 0,775
19.07.2020 15:00 2660,0 2041,0 0,793 2666,0 2067,0 0,790
19.07.2020 19:00 2939,0 2275,0 0,790 2943,0 2315,0 0,786
19.07.2020 23:00 588,0 488.0 0,769 634,0 523,0 0,771
20.07.2020 00:00 922,0 1201,0 0,608 939,0 1238.0 0,604
20.07.2020 04:00 1014,0 1237,0 0,634 1015,0 1230,0 0,636
20.07.2020 08:00 2928,0 2308,0 0,785 2961,0 2346,0 0,784

Orxirouenne BUTT
TIePBOI CEKIUH

Puc. 2. iunamuka nameHeHns NoTpebieHns akTUBHOV 3HepPrun AByMs CeKLUSIMU 3J1IeKTPOBO3a
(cocraBneHo asTopamm).

ITOKAa3aHMS DJIEKTPOHHBIX CYETYNKOB KaXKIOMU
ceK1nH (Taob. 1) IepecunThIBAlOTCS B TaHHBIC
0 pacxofie JIeKTPOsHeprun (Taor. 2).
Pacxon akTuBHOI U peaKTUBHOM SHEPTUiA
pacCYMTHIBAETCS I10 pa3HUIE MMOKa3aHUI
CUYETIMKOB KaXKIOW CEKIINM JIEKTPOBO3a 3a
CMeXXHBIe TIeprobl (Tadu. 1). [TomHast amekT-
posHeprust W, u KospPULMEHT MOIIHOCTH
K, 3amepuon i pacCYUTHIBAIOTCS IO aKTUB-

HOU W, 1 peaKTUBHOM sHEpruam W, :

W= W, +W; (1

Ky~ e )
e wrewr oW

JJ1s MCKITIOYEHUST TIOTPEITHOCTH M3-3a
ACMHXPOHHOCTH MOCTYTUICHMST TaHHBIX C KaXK-
JIOW CEKIIUM U TTOBBIIICHUS] TOYHOCTH M3MeE-
PEHMS TOCTYTIAOIINE CO CYETUNKOB JIOKOMO-
THBA JaHHble W, TpyNIupyoTcs MyTéM MX
CYMMUPOBaHUSI:
W=3_W, 3)

[JIE 1 — YKMCJIO TOCTYIMBIINX JaHHBIX 32 BbIO-
paHHBIN IIEPUOJ BPEMEHM, KPATHBIN Jacy.

B pesynbraTe cTposITCSl IMHAMUYECKHE Tpa-
dbukm pacxoma anexkrpoaHepruu. Ha puc. 2
TIpUBENICHBI TaHHBIE 271eKTpoBo3a BJISOP-1793A/
1854B, o KoTopbIM 3a(PUKCUPOBAHO OTKITIO-
yeHue ogHoro BUII BTopoii cexiinu ¢ mociue-
IYIOIIIUM BOCCTAHOBIICHUEM €T0 pabOTOCIIO-
COOHOCTH: TI0 JMHAMMYECKUM IHarpamMmam
MOXHO B OHJIATH-peXXMMe OLIEHUTD TeXHUYE-
CKOE€ COCTOSTHHE JJOKOMOTHBA.

Ha puc. 3 nokazaHa 3aBUCMMOCTb KO3~
GbunmenTa MOIHOCTM K OT TEKyIEH MOLI-
HocTu W (Tabi. 2) Kak pacxom 2JIEKTPOIHEep-
ruu 3a 4yac. [1pu norpebisieMoil MOIIHOCTU
meHee 200 kBT * 9 ((pakTUYeCKH, MOITHOCTD,
paccyrTaHHas IO PACXOIY JIEKTPOIHEPTUHN )
3HaYeHue KO3(P(PUILIMEHTa MOIITHOCTU HOCUT
XapakTep 0eJ10To 1ryma (13-3a COu3MEPUMOTo
BIMSTHUSI HAa PacXoj 3JIEKTPOSHEPTUM BCIIO-
MoraTeNIbHBIX MallinH). [ToaTomy 1ist aHaTHM -
3a JaHHBIE TIPU MAJION MOIIHOCTH (puUc. 2) K
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Puc. 3. ToyeyHas gnarpamMma 3aBUCUMOCTH KO3 PULMEHTa MOLLHOCTHU OT NoTpebasieMori aHeprumn
(cocTtaBneHo aBTopamm).

PacCMOTPEHUIO TTpeIIaraeTcss He TPUHUMATh:
IporpaMma IpeodpasyeT UCXOIHYIO Ta0IUILy
(Tabm. 2) B aHAJIOTMYHYIO, HO ¢ OT(WIBTPO-
BaHHBIMU TaHHBIMMU.

IIporpamma mnocienoBaTeIbHO AJ1s1 00eUX
CeKIINI pacCYMTHIBACT U BU3YaTU3UPYET Ma-
TeMaTUYEeCKOoe OXuaaHue rmapamMeTpoB MA,
HUX CpemHeKBaIpaTUUYHOE OTKJIOHEHHE GA,
koappunmeHT Bapnaunn KVA, MUHUMAab-
HOE M MaKCHMMaJIbHOE 3HAYCHMS TTapaMeTpa,
BCTpeyaBllIMecs B BEIOOpKe [28].

BaxHoe cBOWMCTBO CTaTUCTUUYECKOW Bbl-
0OpKM, MOATBEPXKAAIOIIEee TOCTOBEPHOCTh
HMCXOTHBIX JAHHBIX M KOPPEKTHOCTH UCCIIEIO0-
BaHUS — 3TO yHUMomaidbHOCTh. CorjlacHO
3aKOHY 00JIBIINX yncen [28], moboe pacnpe-
JieJIeHUe CTPEMUTCS K HOPMaTbHOMY, €CJTA HET
JTOMMHUPYIOLIUX Bo3aeiicTBuil. Eciu B BbI-
OOopKe 3aMeIIaHoO IBa HE3aBUCUMBIX ITPOIIEC-
ca, TO pacrpeaejeHue OyaeT OMMoaaaIbHbIM
1 1axke MYJTBTUMOIAIbHBIM, HATIPUMED, €CIIA
B OIHOI BRIOOPKE MCITOJIb30BaHBI TOKOMOTH -
BBI Pa3HBIX CEPUA, pa3HBIX IIOJIUTOHOB, B pa3-
HBIE BpeMeHa rofa u p. B pe3ynsraTe BBIBOIBI
MOTYT OBITh C/IeJJAHBI HA OCHOBE HEKOPPEKT-
HBIX TaHHBIX. [IpoBepsITh YHUMOMAIBHOCTH
MaHHBIX TIpeljiaracTcs 4yepe3 BepOSITHOCTh
COOTBETCTBUSI pacIpene/ieHUsT JaHHBIX P of1-
HOMY 13 3aKOHOB PaCIpPEACICHUS CIydaliHOM
BEJMYMHBI C MCIIOJIb30BAaHNEM KPUTEPUS
KomamoropoBa—CwmupHoBa [28] ¢ puabsrparm-
el ICXOMHBIX TaHHBIX IO TIPABUITY TPEX CUTM:
OTOPAKOBBIBAIOTCS MCXOAHBIC JaHHBIC BHE
nuanasoHa M, + 3. G,

VIVIE walnl Hd A Vi 5> WIN= D 39

IIporpaMmma mo ycTaHOBJIEHHOI B Hell
KOHCTaHTe pa30MBaeT OOLIMIA IUAra3oH OT
MUHUMAaJIBHOTO 10 MAaKCUMaJIbHOIO 3HAYEHUSI
Ha 12 moaauana3oHOB KaK ONTHUMAaJIbHBIX T10
pe3yabTataM IpeaBapUTeIbHbIX UCCIeI0Ba-
HUi1. 3aTeM pacCUMTBhIBAeTCS YUCIIO ToMaaa-
HU B KaxXIbli auara3oH i. PaccunTeiBaercs
Pa3HOCTb A MEXIy MHTEHCUBHOCTSIMM T10TIa-
JlaHW$ B IMaNa3oH: TeOpeTUYeCKuil R, 1 dak-

TUYeCKUl R, . bepéTcs MakcuManbHast OOHa-

pyXeHHasi pa3HOCTb:

R, = VT, /Vr; (4)
Ry, =V./V; (5)
A= Max(|R, - R, ), (6)

rae V' — 00bE€M CTaTUCTUYECKON BBIOOPKMU;
V. — 00BEM T€OPETUYECKOI BEIOOPKH;
V, — 00BEM pacUETHBIX MOTMANaHWI B INa-

Ma3oH i:
=M’

V, =Vpo(/(oo2eme[le (7)
ITpuMeuaHue: neiicTBUE UHTETPUPOBAHUS

peann30BaHO KaK CyMMMPOBAaHUE TUTOLIAIEH

MPSIMOYTOJILHUKOB C IManasoHaMu (x, — k).
Kpurepuit Konmoroposa—CmupHoBa D

IIJIST HOPMAJIBHOTO 3aKOHA pacIIpeleIeHUS

CJIy4allHOM BEJIMUYUHBI KAK:

D=2V ~0,001+0,85//V ). 8)

BeposTHOCTb COOTBETCTBUSI 3aKOHY pac-
npeneyieHus1 P 1 BEpOSTHOCTb JOCTOBEPHBIX
OTJIMYMM XapaKTEPUCTUK NBYX CEKLIMIA OIIpe-
NEJITIOTCS 110 Ta0aUIIEe 110 3HaUYeHu1o D.
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Taoamna 3

OO0mue pe3yabTaThl aHAIH3A

TMapameTpsl HccreyeMble mapbl CEKIMiA OHOTO JIOKOMOTHBA

1793A/1854b | 1769A/1776A | 1764A/1764b | 1764A/1784b | 1791A/1791b
Ormimane W, % -0,4 % -7,1% 6,9 % 8,6 % 0,2 %
Otmuune W, % -0,2 % -16,3 % -4,4 % -10,0 % -6,9 %
Ormuune W, % -0,3 % -11,4 1,0 % -0,9 % -3,5%
Ormmune K, % -0,1% 4,9 % 5.8% 9,6 % 3,8%
YHUMOIATbHOCTh 59 % 88 % 51% 61 % 45 %
MakcHMaibHas, %
J10CTOBEPHOCTD OTIIMIHIA 0,001 % 5% 2% 6 % 0,001 %
no W, %
J10CTOBEPHOCTD OTJINYUIA 0,55 % 81 % 93 % 84 % 52 %
noWw, %
JIOCTOBEPHOCTh OTIIMYHIA 0,001 % 41 % 0,001 % 0,3% 0,7 %
no W, %
J10CTOBEPHOCTD OTJINYMIA 20,8 % 99,7 % 99 % 97 % 95,8 %
noK ,%
KoadduimeHT Koppesiimu napaMeTpoB
W /W 0,984 0,998 0,967 0,987 0,992
W /W 0,986 0,959 0,951 0,982 0,987
K, /K, 0,985 0,924 0,981 0,985 0,989
W, /W, 0,937 0,941 0,915 0,934 0,949
W,/W, 0,947 0,986 0,934 0,954 0,962

[pumeuanue: 3HaK B cTpokax «otamyne» W, W, W, K mnokasbiBaeT HanpasieHUE OTIMYNiA BTOPOK CEKIMU

10 OTHOLIEHHUIO K HCpBOﬁ.

Pacuér A mpou3BoOAUTCS O UHTEHCUBHO-
CTU TONaJlaHus B AUANas3oH [ MepBOil R,
U BTOPO# R, CeKILuii:

A= Max(R —R,). 9

IIpu cpaBHeHUM ABYX ceKuMii pacyer D
MMPOU3BOAUTCS TI0 (popmyJie:

D=2V +1/(6+V). (10)

TecTupoBaHUe MpOrpaMMbl U pacyer Te-
CTOBBIX MIPUMEPOB MO3BOJIUI MaKCUMaIbHO
aBTOMATU3UPOBATh PACYETHI, MUHUMU3UPO-
BaB MPU 3TOM BEPOSITHOCTh OIIMOOK B BbI-
yucaeHusx. TakuMm obpa3oM, pa3paboTaH
METOM UccaeaoBaHUsI 3HEProdPOEeKTUBHO-
CTU ¥ TEXHUYECKOI'O COCTOSTHUSI OTEYECTBEH -
HBIX 2JIEKTPOBO30OB MEPEMEHHOI0 TOKa
¢ BUII, obnapgaromuii cieayiommuMu mpe-
HUMYILECTBAMMU:

* MPUBSI3Ka K CYIIECTBYIOLIMM aBTOMaTH -
3UPOBAHHBIM MH(MOPMALIMOHHBIM UCTOYHU-
kam OAO «P2XK]I» o pacxoje 371eKTpOIHEPT U
Ha TATY I0e3/10B;

* aBTOMaTUYECKUl pacyéT craTUcTUYe-
CKUX TOKa3aTeJieil Mo 0OJIbLIOMY O0BEMY
UCXOAHBIX AaHHBIX (10 2800 cyTOK);

* BU3yaJIM3allusl pe3y/JIbTaTOB PacuéToB;

* IIpocTasi ¥ HaTJSIIHAS amanTaiys Ipo-
rpamMMbl B cpene VBA [26] mox ocobeHHOCTH
peIraeMbIX 3a1ad.

TakuMm obpa3zoM, pazpaboTaHHAsI METOAM -
Ka ¥ IIporpaMMHOE 00eCITeYeHIE TTO3BOJISTIOT
BBITTOJTHUTh HAayYHO-TEXHUUECKUN aHAIN3
BO3MOXXHOCTH MOHMTOPHWHTA TEXHUYECKOTO
COCTOSTHUS 3JICKTPOBO30B IIEPEMEHHOTO TOKa
¢ BUII o gaHHbBIM 0 pacxojie aKTUBHOM U pe-
AKTUBHOM 3JICKTPOSHEPTUHN Ha TSTY ITOE3I0B.

3. PE3YJIbTATbl MOHUTOPUHIA
TEXHUYECKOIo COCTO9HUSA
CEKUUA

B ILIB o nanubiM otuétoB YCABII [17]
C UCIOJIb30BaHMEM pa3pabOTaHHOM METOIUKI
¥ TIpOrpaMMHOro obecrieueHust [26] BbIMOJI-
HEH aHaJI1u3 PAacXo/a dJICKTPOIHEPIUU DJIEKT-
poBo3oB cepuu BJISOP [21] (B T.4. B TpEXCEK-
LUOHHOM ucnoxHeHun): 1793A/1854b,
1769A/1776A, 1764A/1764b, 1764A/1784b,
1791A/1791b. B taba. 3 npuBeneHbl OCHOB-
HbIE€ PE3YJIBTAThl UCCIENIOBAHUNA MO JaHHBIM
3a yeThIpe Mecsa 2019 roma (B cpenHeM 110
36 ThIC. CTPOK (TabJ1. 1) MCXOMHBIX JAHHBIX).

K 0CHOBHBIM pe3yJibTaTaM aHajinu3a OTHO-
CATCsI CEAYIOLINE:



a — koapuyuenm mowHocmu

6 — akmuenas OHepeus

6 — peaKkmueHas SHepeusl

Puc. 4. Qui

Jms napameTpos cekumii BJISOP-1769A (1) u BJISOP-1776A (3)

(cocraBneHo aBTopamm).

1. UcxomHble naHHBIE 00/1a1aI0T BBICOKOI
CTETIEHBI0O YHUMOMAJIBHOCTH, UYTO OIpPEHeIIsi-
€TCST OMHOTUITHOCTBIO YCIIOBUI 3KCITTyaTalluy
(mpoub, Macca oesna, MoroAHbIC YCIOBUS
u 1p.) Ha Boctounowm rmoymurone OAQO «P2K]I».

2. TorbKO OIWH M3 IISITU JIOKOMOTHBOB
(BJISOP-1793A/1854b) MOXHO CUUTATh TEX-
HUYECKHU UCTIPaBHBIM (0e3 ITPU3HAKOB IIPeI-
OTKAa30B), T.K. pa30poc MOTpeOACHUS DJIEKT-
poaHepruu He npessbiiaet 0,4 %. Y ocraib-
HBIX JOKOMOTHBOB OYEBUIHO €CTh ITPOOIEMBI
C UX TEXHUYECKUM COCTOSTHHMEM — MMCIOT
MECTO IIPEIOTKA3HI.

3.CaMbIM YYBCTBUTECIBHBIM OKa3ajcs
mapameTp «/10CTOBEpHOCTh OTJIMUMIA IO KO-
s duimenty MomHocT! K », onpenesseMblii
mo kpurepuio Koamoroposa-CmupHoOBa.

Haxe y BJISOP-1793A/1854b ripu MuHMMATh-
HOM pa30poce 3HaUeHMI ITapamMeTpoB «JlocTo-
BEPHOCTH OTJIMIMIA 110 KOA(PPUITMESHTY MOIII-
Hoctu K » cocraBuna 20,8 %. Y ocTalbHBIX
JIOKOMOTHBOB 3TOT IapameTp ObL BbiLie 95 %.

4.CaMBIM HEYYBCTBUTEJIHLHBIM IapaMeT-
poM okasascst mapamerp «OTIINYHs 110 001IEei
SHeprun W », 4To BbI3BAHO Pa3HOHAIIPABJIEH-
HOCTBIO OTJIMYMI IT0 aKTUBHOI 1 pEaKTUBHOM
3JIEKTPOIHEPIUSIM.

5.KoaddumeHT Koppenasiiuy oTpaxkaeT
BU3YAJIbHO OYCBUIHOE pas3ddne B IMHAMMU-
YeCKMX rpadrKax mapaMeTpoB ABYX CEKIINIA.

Takum 06pazoM, MOHUTOPUHT TEXHUYECKOTO
COCTOSTHUS 3JICKTPOBO30B IIEPEMEHHOIO TOKa
BO3MOXKCH I10 TaHHBIM O PacXoje aKTUBHOM
¥ TeHEepaIy PEaKTUBHOM 3JIEKTPOSHEPTI UM,
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a — Kodghpuyuenm mowHocmu

6 — akmueHas OHepeusi

6 — peaKmueHds SHepeusl

Puc. 5. 4 a

napameTtpos cexuuii BJISOP-1791A (1) n BJISOP-17915 (3)

(cocraBneHo aBTopamm).

Ha puc. 2 npeasinyiuero pazaena npuse-
JIeHa TMHaMu4ecKas [uarpaMmmMa UCIpaBHOTO
anekTpoBo3a BJISOP-1793/1854b (ta6a. 3),
Ha KOTOPOii HabJIIogaeTCsl MPaKTUIECKU IOJI-
HOE COBNaJieH!e rpaMKoB pacxoa 3JIEKTPO-
SHEPTUU TMEepBOi U BTOPOI CeKLUi (Kpome
nepuoaa otTkioueHust onHoro BUIT B cexinm
BJISOP-1793A). [Ipu 3ToM MOXHO OUarHo-
CTUPOBaTh KPAaTKOBPEMEHHOE OTKJIIOUEHUE
onHoro BUII. OTkioHeHUE XapaKTEepUCTUK
CEKLUI IpyT OT Apyra y IpYrUux JOKOMOTUBOB

CBUIETEIBCTBYET O HAJIMYUM TPEIOTKA30B
obopynoBaHus: y JokomoTusa BJISOP-1769/
1776A (puc. 4) HabmomaeTcst pa3dpoc Mo
K03(hGUIMEHTY MOITHOCTU U PeaKTUBHOM
MOIITHOCTH, YTO MOATBEPKAAETCS HUZKUM
KO3(D(UITMEHTOM KOPPEJSIIUU MEXITy Iapa-
metpamiu (0,959 u 0,924). Paz6poc 1o akTus-
HO MOIITHOCTY HU3KUIA, YTO MOATBEPKIAET-
Cs1 BBICOKMM KO3(h@MUIIMEHTOM KOPPEISLIMU
(0,998). AHanoruyHble 3aKOHOMEPHOCTH
u 'y anekTpoBo3a BJISOP-1791 (puc. 5).



a — BJISOP-17934

0 — BJISOP-1854F

6 — BJISOP-17914

2 —BJISOP-1791b

0 — BJISOP-17694

oc — BJISOP-17764

Puc. 6. juHamuka nameHeHus akTUBHOV N PeaKTUBHOM MOLLHOCTY cekumm (nyHktup — W, HepaspsisHas imkns — W)
(cocraBneHo aBTopamum).

TakuMm 00pa3oM, 1o KodhHULIMEHTY KOP-
pesiliiy OMHOTUIIHBIX ITapaMeTPOB IBYX
cexuuit 7 < 0,99 MOXHO TUAarHOCTUPOBATH
HaJIM4Yue MpeaoTKA30B.

Ha puc. 6 npuBeneHo cpaBHeHUE pacxoaa
akTUBHOW W u peaktuBHOW W MoliHOCTH
JIByMsI UICIIPABHBIMU CEKLIUSIMU OJTHOT'O JIOKO-
MOTHBa (puc. 6a 1 60) U CEKLIUSIMU C IIPEIOT-
Kaszamu (6B, 61, 611, 6:K). Y UCIPaBHOIO JIOKO-
MOTHBA U3MEHEHHE aKTUBHON W 1 peakTuB-
HOW W MolHOCTe y 00enX CeKIMi Mpouc-

XOIUT CUHXPOHHO. Y JAPYrMX CUHXPOHHOCTD
OTCYTCTBYET. Y BCeX CEKLIMI eCTh CMEHa COOT-
HouleHus MotHoctei: W > W, W < W  Ho
Y CEKLIMH C IMPEAOTKA30M 3TO ITPOMCXOINUT HE
BCerza CUHXPOHHO.

4. ANATHOCTUPOBAHUE
No AKTUBHOWN U PEAKTUBHOM
MOLLHOCTHU

SJICKTI)OBOSI)I INEPEMCHHOI'O TOKa C BbI-
OPSIMUTETbHO-UHBEPTOPHBIMU ITPeodpa3oBa-

n
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Puc. 7. MpuHunnuaneHas cuioBas 3sieKTpu4Yeckas cxema 3nekTrpoBo3a BJ/1I8OP [20-24].

a — aneopumm ynpaenenusi BUIT

6 — Juaepamma nanpsicenus BUIT

Puc. 8. YeTbipExsoHHoe ynpasneune BUI anektposo3a BJIS8OP [20—-24].

TEJISIMHU UMEIOT TUIIOBYIO 3JEKTPUICCKYIO
cxemy (puc. 7) [18—24]: mepBuaHass 0OMOTKa
CUJIOBOTO TpaHcdopmaTopa aekTpososa U, =
25 xB muTaeT nBe rpynIibl BTOPUYHBIX 0OMO-
TOK (Ha puc. 7 TOKa3aHa OHa TPpyIINa) HaIpsi-
xkenuem 300 B, 300 B, 600 B, koropoe nocry-
ITaeT Ha BXOJI BBIITPSIMUTEIBHO-MHBEPTOPHOTO
npeob6pasosarens (BUIT, VS —VS). K Bbixo-
ny BUII noakiaroueHbl MMocjeaoBaTeIbHO
crnaxuBatomuii peakrop CP u gBa mapai-
JISTBHO pabOoTaIOIINX TSITOBBIX 3JICKTPOIBU-
raresist (TD/]) TOCTOSTHHOTO TOKa ¢ TTOC/Ien0-
BaTeJIbHBIM B0O30yxkneHuem M1, M2. Bce
BUIT y BJ80OP monyuaror yrnpaBiasomimie
CHUTHAJIBI HAa OTKPBITHE TUPUCTOPOB C OMHOTO
0JI0Ka yIIpaBIeHUsI, KOTOPbIE peau3yIoT ajl-
TOPUTM yIPABJICHUS COTIACHO pHUC. 8.

Hanuune peakTMBHOW MOIIHOCTU 00-
YCJIOBJICHO HAJIMUMEM MHIYKTUBHBIX HAaTPY30K
B LIEMHU 3JIEKTPOBO3a [29] — 3To cuioBoit
TpaHchOpMaToOp, CINIAXKXUBAIOIINN peakTop
¥ caMmu TSToBbIe aBurateau (puc. 7). Jomo-
HUTEIBHO 3ama3ablBaHuEe TOKA OT HaIpsoKe-
HUS Ta€T TUPUCTOPHOE yIpaBIeHUE, TO3BO-
JISTIOIIIEE YIIPABIISITH BRINPSIMJIICHHBIM HaIlpsI-
JKEHUEM TOJIbKO «CJIeBa» — Ha OTKPBITHE
(puc. 8) [24]. [ToaTOMY y 2JIEKTPOBO30B IEpe-
MeHHoro Toka ¢ BUTT HoMuHanbHBIN KO-
(bULIMEHT MOILIHOCTU HUXKE U cocTaBiseT K =
0,84 [19]. B BBIITOTHEHHBIX MCCICTOBAHUSIX
Y UCIIPaBHOTO JIOKOMOTHBA MaTeMaTUIECKOe
oxunanue K = 0,69 npu ¢ = 10 n ynumo-
nanbHocTh 3 %. MakcuMalibHOE 3HaueHUE He
npesbimano K <0,83.



Puc. 9. AKTuBHas (CUHUI NYHKTUP, BEPXHSISI JINHUS) U peaKTUBHasi (Hepa3pbiBHasi KpaCHasi HUKHSS
JINHUSI) COCTaBAISIIOLWMNE 3HEPrun O4HOIro JIOKOMOTUBA UCINIPaBHOM CEKLMN U ceKLnn ¢ oTkasasLumm BUTT
(cocTtaBneHo aBTopamm).

MaxkcumanbHbIll pa3dpoc MOTyT AaBaTh
TSTOBBIE AJICKTPOABUTATEIIN, HO TOITYCTAMBIM
pa3dopoc MX XapaKTePUCTUK HE IMPEBHIIIACT
3 %. Y criaxuBalolX PeaKTOPOB, AaxkKe eCIn
€CTb He3HAYUTENIBHBIN Pa30poc, TO OH BHOCUT
ITOCTOSTHHYIO TTIOTPEITHOCTb.

Takum obpa3oM, U3 yCTPOICTBA IOKOMO-
THUBA 1 €TO CUCTEMbI YIIPABJICHUS CIICIYET, UTO
CYILLIECTBEHHOI'0 pa3dpoca B MoTpedJieHU
AaKTUBHOM M PEAKTUBHOM 3HEPTUU y IBYX
MCOPABHBIX CEKLMN OAHOTO JIOKOMOTUBA
TEOPETUIECKH OBITh HE TOJKHO.

[MpuyuH 11T U3MEHEHUST COOTHOIIIEHUS
AKTUBHOM M PEAKTUBHOW MOIIIHOCTU MOXET
OBITH IBE: HETTPOTIOPIIMOHAIBHOE M3MEHEHNE
AKTMBHON MOIITHOCTH M/WJIM HETIPOTIOPIINO-
HaJIbHOE U3MEHEHME PEaKTUBHOI MOIITHOCTH.

PeakTuBHaAsT MOITHOCTH JIOKOMOTHBA
HMeeT MECTO, MPEXIe BCEro, U3-3a TUPHUC-
TOPHOI CXeMBbI YITpaBJIeHUsI, KOTIa OTKPBITHE
BUII (110 cyT” — BBITIPSIMUTEILHOTO MOCTA)
MIPOMCXOAUT IO UMIYJIbCY YIpaBiaeHMs 9° <
oPET < 156°. Takum 00pa3oM, oTCTaBaHue
TOKa OT HAIPSIKEHUST BCETAa MMEET MECTO
(puc. 80).

JomoMHUTEeIbHOE OTCTaBaHUE TOKa OT
HaIpsDKeHUST 00YCIIOBICHO BpeMEHEM KOM-
MyTallu¥ TUPUCTOPOB Y (puc. 80), MIUTETb-
HOCTb KOTOPOTO 3aBUCHUT OT 3HAYCHUSI MHIYK-

TUBHOMW HaTrPy3KM: CIJIAKUBAIOIIETO peakTopa
W IBYX TATOBBIX 3JIeKTponBurateieii. [1pm
OJTHOM M TOH X€ MO3ULIMU PETYJIMPOBAHUS
HENMPONOPLUMOHAIBLHOE UBMEHEHWE HAarpy3KH
MOXET ObITb TOJbKO 32 CUET U3MEHEHMUSI Ta-
paMeTpOB TSITOBOTO 3JICKTPOABUTATEIS, B T.4.
n3-3a oTkiaoueHusa. Y TO]l uMmeeTcs mocTo-
sSIHHAs1 MHIYKTUBHOCTB L\, KoTopast ompe-
TIEJIIETCSl €TO KOHCTPYKTUBHBIM MCTIOTHEHM -
eM, U TIepeMeHHasi — 3a CUET SIBJICHUI caMO-
WHAYKIIAW ¥ B3aMMHOM nHAyKunu [29—31].

Ha puc. 3 npuBenén npumep odoHapyxe-
HUS aBApUAHOTO OTKJIIOUEHMS YaCTU CUJIOBOU
LIENU CeKIMU 3JIEKTPOBO3a, YTO IMPUBOIUT
K CYIIICCTBEHHOMY CHIDKEHHIO 3HEProIoTpeo-
JIEHUSI CEKIIAN . TP OTKITI0YeHN M ogHOTO TO]T
noTpebJieHUE 3JIEKTPOIHEPI MY Ha TSATY YIaaET
Ha 25 %, onnoro BUIT — nHa 50 %. OnHako
MIpY UCIIPaBHOM pabOTe BCIIOMOTATEIbHBIX
MaIH (MOTOP-BEHTHISITOPOB U KOMITPECCO-
pa), norpebusomux a0 20 % ot ob6iiero
pacxoa 3JIeKTPO3HEePruu, TaJIeHe COCTaBUT
nipumepHo 21 % u 42 %. B npumepe Ha puc. 3
nageHue cocraBuio 41—45 %. Ipu aTom co-
OTHOILIEHME aKTUBHOU Y PEAKTUBHOIM SHEPIUii
He U3MEeHWIOCH (puc. 9).

[naBHOI MPUYMHON U3MEHEHUST TOKa Of-
HOI ceKunu (KpoMe OTKITIOUEHUS CEKIIWH,
BUIT vnm TO/1) siBnsieTcst 00KCOBaHME OJHOM

73



74

WA HECKOJIBKIX KOJIECHBIX ITap, KOTOPOE IPH
HEeM3MEHHOM HaITPSTKEHUH Ha TSITOBOM 3JIEKT-
poxsuratesne U, = const cONpoBOXIACTCsI
POCTOM BJIEKTPOABUXKYIIUK cuiibl E (3.1.C.)
U nageHueM Toka TOJI ITaﬂ [30]:
UTBZL = ITZ-)E[ ) rTC—)Zl + E = ITC—)Z[ ‘ rTZ—)Zl +
+C- Doy * CDTZ-)H’
[IE I, — COMPOTHBICHUE TO;

n.,. — CKOpocTh BpaueHus TO/;

o0
®__  — MarHUTHBIN TOTOK TO/I;

™0

C — KOHCTaHTa.

IToBbIlIEHHOE OOKCOBAaHUE BO3HUKAET
y TEPBOTO MO XOAY JBUXKEHUS KOJECHO-
moTtopHoro 6;10ka (KMbB), y KMBb ¢ Hapy1ie-
HUeM pa3BecKu JokoMoTnBa, y KMb ¢ MeHb-
UM AUaMETPOM OaHIaxa KOJECHON maphl
D,,,, T.K. IpY PaBHOM KPYTAILEM MOMEHTE
Kosn€cHol mapel M, cuna taru F. Gyner
YBEJIMYEHHOI:

M _=F-D_/2. (12)

ITpu 6okCcOBaHUM TOK TMaAaeT, KakK Ciel-
CTBUE, MAJAET MOTPeOIeHUE SJIEKTPOIHEPTUM.
[Tpu HEM3MEeHHOM COTIPOTUBIIEHUN U MHIYK-
TUBHOCTH L€ aKTUBHAs M peaKTHUBHas
MOIITHOCTH JOJIKHBI YMEHBIIUTHCS TIPOTIOP-
HIMOoHanbHO. OJHAKO 3TO HE TakK: Mpu OOKCO-
BaHUM y Oykcyroniero TOM pacTéT UHAYKTUB-
HOE conpoTuBieHue oL:
oL= (oL +oLl)/(oL +o0,l), (13)
rae o, L, o, L, — MHAYKTUBHOE COMPOTHUBIIE-
HUE TepBoro u BToporo TO/I;

w=2m°f;

f — yacroTa U3MEHEHUST CUTHAJIA.

B mipenerne nipu f — co MHAYKTUBHOE CO-
npotuiieHue nByx TOJl Bo3pacTeT BABOE.

Takum 06pa3oMm, TTpu OOKCOBAHUY ITPOUC-
XOJUT yMEHbIIIEHE MOTPeOIsIeMOIl MOIITHO-
CTH C YBEJIMYEHUEM JTOJIN PEAKTUBHOI MOIII-
HOCTU M yMEHbIIeHueM KoadduiunueHTa
MOIITHOCTH CEKIIMU JJOKOMOTHBA. TakuM 00-
pa3oM, MeHblliee MOTpedIeHUe MOLIHOCTU
C yMeHbllIeHeM KoahbUIueHTa MOITHOCTA
MOKET OBITh TTIPU3HAKOM HAJIMYHSI TTOBBIIIICH -
HOTO OOKCOBaHMUSI.

Ha puc. 1 mokazaHo, 4To mIpu OcIadIeHUU
TOKa MOTYT BO3HMKATh CYIIECTBEHHbBIE Pa3-
o6pochl ToKOB TO/I. ¥V TO]I ¢ MEHBLINMM TOKOM
OyneT MeHbIIIe MTHIYKTUBHOE COTIPOTHBIICHUE,
YTO TOXKE TOJKHO OTPa3UThCSI HA 3aKOHOMEp-
HOCTSIX aKTUBHOU 1 p€aKTUBHOMW MOIITHOCTEN.

TakuM oOpa3zoM, BCE OCHOBHBIE BMbI
HEWMCIIPABHOCTE! B CHJIOBBIX LIETISIX DJIEKTPO-
Bo3a ¢ BUII BiausiioT Ha xapakTep pacxoja
AKTUBHOM M pEaKTUBHOM 3JI€KTPOIHEPTUIA.

an

5. SAKJTIOHEHUE

1. C uenblo noBbIlIeHUS 3(PGHEKTUBHO-
CTM MOHUTOPMHIA TEXHUUYECKOTO COCTOSI-
HUS 3J1EKTPOBO30B MEPEMEHHOTIO TOKa
C BBIIIPSIMUTEIbHO-MTHBEPTOPHBIMU ITPE00-
pa3oBaTeISIMU MPEIJIOXKEH METOI AUATrHO-
CTUPOBAHMS UX UCIIPABHOCTH B II€JIOM, IO
JaHHBIM 3JCKTPOHHBIX CUETUYMKOB DJICKT-
pO3HEPTHHU, MepeaalolnX JaHHBIC B OH-
JIJAH-pEeXUME.

2. BoIloTHEHHbIE UCCIENOBaHUS TTOKa3a-
JIU, YTO AUHAMUYECKUE JaHHBIE O pacxoje
AKTUBHOW M PEAKTUBHOM 3JIEKTPOIHEPTUA,
aBTOMaTHUYECKU cobupaeMble B OHJIANH-
peXUMe C OTeYeCTBEHHBIX IOKOMOTHUBOB T1e-
PEMEHHOTO TOKa C BBIMPSIMUTEIbHO-UHBEP-
TOpHBIMU ITpeodpasoBatenssmu (BUIT), moryt
OBITh UCITOJIb30BAHBI TSI AMAarHOCTUPOBAHUS
TEXHUYECKOT'O COCTOSTHUSI IOKOMOTHBA B CUC-
TeMe ux MoHuUTopuHra. OcHoBa MeToma —
CpaBHEHHME NMHAMUKU Pacxoaa aKTMBHOU
YW PEAKTUBHOM SHEPIUI ABYX CEKIIMI OOHOTO
JIOKOMOTHBA IT0 TIPUHITUITY (DYHKIIMOHAIEHO-
ro 6cHYMapKUHTA.

3. IIp1 MOHUTOPUHTE TEXHUYECKOTO CO-
CTOSTHUS IOKOMOTHUBOB CJICAYET UCTTOIb30BaTh
MOHSTUE «PEAOTKA3», ONpeaessieMoe Kak
paboTocriocoOHOE COCTOSTHUE JTOKOMOTUBA
TIpY HAJIMIWU BHYTPEHHUX CKPBITHIX Ie(heK-
TOB WU moBpexaeHui. [TpenoTkas nposBisi-
€TCs1 Ha pacxojie 2JIEKTPOIHEPIuY — BbI3BaB-
IIUHA ero aedeKT CAeAyeT ONMpeaeasiTh Mpu
3axone JokomotuBa Ha TOuP.

4. Hanbosee 4yBCTBUTEIbHBIM K MPEIOT-
KaszaM sIBJsIeTCsl mapameTp «1ocToBepHOCTh
OTJINYMIA 110 KOI(DOULUEHTY MOLIHOCTU K »,
OITpENeISIeMbIii C UCITOTb30BaHNUEM KPUTEPUST
KoaxmoropoBa—CmupHoBa. HamMeHee 9yB-
CTBUTEJILHBIM K ITPeIOTKAa3aM OKa3aJIcs Iapa-
MeTp «JJoCTOBEpHOCTh OTIMIMIA TT0 OO
SHEPTUW».

5. B manpHeUmx ucciae10BaHUSIX aBTOPBI
HaMepeHbl YCTAHOBUTh 3aKOHOMEPHOCTU
(byHKILIMOHANBHBIE CBSI3U) MEXKIY MPOSIBIIE-
HUSIMU TTPEIOTKA3HBIX COCTOSTHU ITO TAHHBIM
0 pacxojie aKTUBHOM U peaKTUBHOM coCTaB-
JISTIOIIUX 3JIEeKTPOIHEPTUM U BO3HUKIIUMU
B LIEMSX 3JEKTPOBO3a MEPEMEHHOI0 TOKa
¢ BUIT nencrnpaBHOCTSIMU.
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ABSTRACT

Currently, the methods of monitoring the technical condition
of locomotives using data of on-board microprocessor-based
control systems are widely used. This monitoring of Russia has
become an operating technology of the locomotive maintenance
and repair system.

The main problem of monitoring is the limited set of sensors
in locomotive circuits. Increased number of sensors leads to a
decrease in reliability and to an increase in the cost of a
locomotive and of its life cycle, while allowing to achieve better
quality of diagnostic information.

Besides, it is advisable to have integrated indicators of the
technical condition of a locomotive. The article presents a
computer software product for analysing the technical condition
of a locomotive based on dynamic data on consumption of
traction active power and generation of reactive power. The
software was developed by using algorithmic language Visual
BASIC for Applications, embedded in MS Excel, using
probabilistic and statistical methods of analysis.

The method for diagnosing the technical condition of a
locomotive within the monitoring system is based on a
comparison of dynamics of consumption of active and
generation of reactive power by two sections of the same
locomotive according to the principle of functional benchmarking.
For monitoring the technical condition of locomotives, the term
«pre-failure» is suggested, which is defined as the operable
condition of alocomotive while there are internal hidden defects
or damage. Pre-failure manifests itself in power consumption.
To analyse the technical condition of AC electric locomotives in
terms of electricity consumption, the initial data must have a
high degree of unimodality, which is determined by uniformity
of operating conditions.

The resulting data obtained following the analysis of the
technical condition of a locomotive based on the dynamic data
on consumption of tractive active energy and generation of
reactive power can be used to determine a defect that causes
a change in consumption of electricity at the moment when the
locomotive enters technical maintenance and repair depot.
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1. Experience in monitoring technical
condition based on MPCS data

At present, methods for diagnosing the
technical condition of locomotives based on
the data of on-board microprocessor-based
control systems (MPCS) are being widely
developed [1]. The greatest experience has been
accumulated by General Electric Company,
whose situational centre of the diesel locomotive
manufacturing facility in Erie (USA) monitors
online the technical condition of more than 15
thousand sections of diesel locomotives based
on data transmitted automatically from
on-board locomotive MPCS using the Bright
Starsystem [1;2]. Siemens, Alstom, Bombardier
companies have similar experience [1].

Interesting expertise has been accumulated
by the Russian domestic railways sector [1; 3;
4]. Forexample, LokoTech group of companies
has created diagnostics groups in locomotive
maintenance depots (LMD), which, when a
locomotive enters the depot, read information
from on-board MPCSs using portable flash
drives and decode it on stationary computers
using special software at automated workplaces
AWP MPCS. The information is used both for
monitoring the operating modes of locomotives
[5] and for planning the volume of maintenance
and repairs works when a locomotive enters
LMD [6]. Similarly, NEVZ electric locomotive
plant (Novocherkassk), KZ (Kolomensky
Zavod) and BMZ (Bryansk engineering plant)
diesel locomotive plants of TransMashHolding
Group [7] monitor locomotives under the
warranty. A similar experience has been
accumulated by Ural Locomotives Company
[8] together with NPO [Research and
Production Society] SAUT and Transinfo-
Project [9].

Extensive experience in technical main-
tenance and repair (TMR) of electronic and
microprocessor equipment using data from
on-board MPCS has been accumulated in the
Railroad Centre of Technology Implementation
of Krasnoyarsk Railway, where a unique TMR
model was developed [10], which was awarded
by JSC Russian Railways in 2019 as the best
system in the field of locomotive reliability
management.

All existing monitoring systems identify
failures that have occurred, localize the possible
place of their occurrence [11; 12]. But pre-
failure technical conditions are also of greater
interest for conducting TMR of locomotives.

According to GOST [State Standard] 27.002-
2015 [12], they are defined as «The state of an
object characterized by an increased risk of
failure». In fact, this is one of the types of
forecasting the residual resource according to
GOST 20911-89 [11] (or the resource of the
limiting state according to GOST 57445-2017).
For convenience of event registration, the
authors additionally suggest the term «pre-
failure» as the operable state of the examined
object while there is a defect or damage
(defined according to GOST 20911-89).

For example, when the insulation resistance
decreases, a defect occurs that increases the
risk of failure, but the locomotive remains
operational. Pic. 1 shows the graphs of changes
in the currents of traction electric motors
(TEM) of an electric locomotive of VL80S
series according to the data of automatic driving
system (uniform system of train automatic
driving, USTAD/USAVP) [3]. When the
second phase of field-weakening (FW2) was
turned on, the contactor of a TEM did not
work, as a result, current of a TEM did not
increase that resulted in a failure. In addition,
at the second (FW2) and third (FW3) phases
of field-weakening, an unacceptably large
spread of TEM currents was observed, so it was
a pre-failure. The locomotive is operational
(no observations), but repair of FW2 field-
weakening contactor and adjustment of field-
weakening resistors to equalize TEM currents
in parallel circuits are required.

When examining, analytical and logical
(parametric) methods are often used which can
indicate that parameters go beyond tolerances
or the corresponding trend, that there is a
violation of the logic of operation. At the same
time, intelligent mathematical methods of
diagnostics are developing, mainly based on
statistics (data mining) [2; 16]. For example, a
method is used to identify pre-failure conditions
in the single-type locomotive equipment
(TEM, cylinder covers, etc.) according to the
correlation coefficient [13]. Monitoring data
are used in the technological process of TMR
of locomotives [14].

Thus, monitoring the technical condition
of locomotives according to data of on-board
MPCS is currently an operating technology of
the locomotive TMR system.

The main problem of monitoring based on
MPCS data is the limited set of sensors in
locomotive circuits. Their growth in their
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Pic. 1. An example of detection of a failure and a pre-failure according to MPCS data [3].
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number increases the diagnostic information
content but decreases reliability and increases
the cost of the locomotive and its life cycle. It
is desirable to have integrated indicators of the
technical condition of the locomotive.

Along with monitoring the technical
condition of locomotives and their operating
modes, remote methods of monitoring traction
fuel and electricity consumption are actively
being developed, which creates additional

prerequisites for monitoring the technical
condition of locomotives. For example, the fuel
accounting system «Bort» for diesel locomotives
developed by Research Institute of Railway
Technology, Control and Diagnostics [15]
makes it possible to monitor the technical
condition of the locomotive using both logical
analysis of the controlled technical parameters
(the number of revolutions of the diesel engine
shaft, power at each position of the driver’s



Table 2

Calculation of energy consumption according to meter readings

Date and hour of the event Calculated energy consumption, kVAr* h

VL8OR No. 1793A VL8OR No. 1854B

Wa, Wr, Km, Wa, Wr, Km,
19.07.2020 11:00 1694,0 1466,0 0,756 1288,0 1048,0 0,775
19.07.2020 15:00 2660,0 2041,0 0,793 2666,0 2067,0 0,790
19.07.2020 19:00 2939,0 2275,0 0,790 2943,0 2315,0 0,786
19.07.2020 23:00 588,0 488.0 0,769 634,0 523,0 0,771
20.07.2020 00:00 922,0 1201,0 0,608 939,0 1238,0 0,604
20.07.2020 04:00 1014,0 1237,0 0,634 1015,0 1230,0 0,636
20.07.2020 08:00 2928,0 2308,0 0,785 2961,0 2346,0 0,784

controller, pressure, temperature, etc.), and
fuel consumption rates: if, at a diesel fuel
consumption standard rate of 205 g/kW+h, a
consumption of 250 g/kW « h is observed, then
there is a high probability of a pre-failure of a
locomotive’s diesel generator set [16].

At present, electric locomotives are using
modern electronic electricity meters of SEPPT
type with ASIM radio online transmission to a
stationary system produced by AVP Technology
company [17]. In this case, the accuracy class
of SEPPT in the traction mode for active energy
is of 0,2 and for reactive power is of 0,5. The
meter readings are transmitted to the
information systems of JSC Russian Railways
(approximately every four minutes). The data
is reliable and available, for example, in the
form of USTAD reports (Table 1).

The costs of creating an automated
electricity metering system, according to the
plans of JSC Russian Railways, should be
recompensed through further energy savings.
At the same time, an additional opportunity
appears for a comprehensive assessment of the
technical condition of locomotives. The
Railroad Centre of Technology Implementation
of Krasnoyarsk Railway of Krasnoyarsk railway
has made the analysis of possibilities of
monitoring the technical condition of electric
locomotives by dynamics of traction electricity
consumption.

Thus, automated energy metering systems
provide additional opportunities for monitoring
the technical condition of locomotives.

The objective of the study is to increase
efficiency of monitoring the technical condition
of AC electric locomotives with reversible
converters by diagnosing their total serviceability
based on the data from electronic electricity
meters transmitting data online.

2. Research methodology

Most of domestic AC electric locomotives
manufactured by the Novocherkassk Electric
Locomotive Plant (TransMashHolding Group)
have a DC drive controlled through reversible
(rectifying and inverting) converters (RC) [18;
19], which allow smooth control of traction
and recuperation modes. Electric locomotives
with RC (VL8OR, VL85, EP1, ES5K) are more
reliable than most other locomotives, while
possessing effective traction characteristics
[20], therefore they are operated in harsh
conditions of the Eastern range of JSC Russian
Railways [21—23]. The low power factor
associated with a large volume of reactive
energy [24; 25] should be noted as a significant
drawback of their power circuit.

The Railroad Centre of Technology
Implementation of Krasnoyarsk Railway of
Krasnoyarsk railway has developed a metho-
dology and corresponding software for
monitoring electric locomotives with RC [26]:
based on dynamic data on consumption of
traction active and reactive energy (Table 1),
the technical condition of the locomotive is
analysed. The software was developed with the
algorithmic language Visual BASIC for
Applications (VBA), embedded in MS Excel
[27], using probabilistic and statistical
methods of analysis [28]. To avoid the
influence of operating conditions of the
locomotive on the results of the analysis of
effectiveness of modernization, it is proposed
to upgrade one section of the electric
locomotive, comparing the parameters of its
operation with the second non-modernized
section operating in exactly the same conditions
(mileage, train weight, profile, climatic and
weather conditions, etc.). In addition to
efficiency of modernization, the technical
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Shutdown of RC
of the first section

Pic. 2. Dynamics of change in consumption of active energy by two sections of electric locomotives
(compiled by the authors).

condition of the sections can also be monitored
by comparing them with each other.

At the start of the program, the readings of
the electronic meters of each section (Table 1)
are converted into data on energy consumption
(Table 2) according to the specified range and
the summation interval.

The consumption of active and reactive
energy is calculated based on the difference
between the meter readings of each section of
the electric locomotive for adjacent periods
(Table 1). Apparent electricity W, and power
factor KX, for period i are calculated based on

active W, and reactive W, energy:

W= W, +W; e))

w, W,
Ky =t =g @

Y JWEW;? W
To eliminate errors due to asynchronous

data flow from each section and to increase the
measurement accuracy, the data W, coming
from the locomotive meters are grouped by
summing them:
W= W, 3)
where n — number of received data for the
selected time period, a divisible of an hour.

As a result, dynamic graphs of energy
consumption are built. Pic. 2 shows the data
for VL8OR-1793A/1854B electric locomotive,
according to which the shutdown of a RC of
the second section was recorded with subsequent

restoration of its operability: according to
dynamic diagrames, it is possible to evaluate the
technical condition of the locomotive online.

Pic. 3 shows the dependence of the power
factor K on the current power W (Table 2) as
the power consumption per hour. When power
consumption is less than 200 kW « h (in fact, the
power calculated from the power consumption),
the power factor value has the character of white
noise (due to the commensurate influence of
auxiliary machines on the power consumption).
Therefore, for analysis, data on low power
(Pic. 2) is proposed not to be taken into
consideration: the program converts the original
table (Table 2) into a similar one, but with
filtered data.

The program sequentially for both sections
calculates and visualizes the mathematical
expectation (MA) of parameters, their standard
deviation cA, the coefficient of variation kVA,
the minimum and maximum values of the
parameter found in the sample [28].

An important property of a statistical sample,
which confirms reliability of the initial data and
correctness of the study, is unimodality. According
to the law of large numbers [28], any distribution
tends to normal, if there are no dominant
influences. If two independent processes are
involved in the sample, then distribution will be
bimodal and even multimodal, for example, if
locomotives of different series, different polygons,
in different seasons, etc. are used in the same
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Pic. 3. Point diagram of the dependence of power factor on consumed energy (compiled by the authors).

sample. As a result, conclusions may be drawn
based on incorrect data. It is proposed to check
unimodality of data through probability of
correspondence of the data distribution P to one
of'the distribution laws of a random variable using
the Kolmogorov—Smirnov test [28] with filtering
the initial data according to three-sigma rule: initial
data outside the range M, + 3+ o, is rejected.
The program, according to the constant set
in it, divides the total range from the minimum
to the maximum value into 12 subranges, as
optimal according to the results of preliminary
studies. Then the number of data got in each
range i is calculated. The difference A between
the intensities of getting into the range is
calculated: theoretical R, andactual R, ones.

The maximum detected difference is taken:

Ry, =V, [Vys 4)
R, =V, /V; ®)
z:Max(\& -R,]. (6)

where V'is volume of statistical sample;
V., is volume of theoretical sample;
v, — volume of calculated cases of getting

in the range i

=M, )’

Vp=Ves(/(oe2emefle = (7)

Note: integration action is implemented as
summation of the areas of rectangles with
ranges (x, — k).

Kolmogorov—Smirnov criterion D for
normal distribution of a random variable is
calculated as:

D=2V -0,001+0,85/ V). (8)

The probability of compliance with the
distribution law P and the probability of reliable
differences in the characteristics of two sections
are determined from the table by the value D.

The calculation of A is made according to
the intensity of the first R and second R,

sections getting in the range i:
A= Max(‘Rll -R, \). 9)

When comparing two sections the cal-
culation of D is made according to the formula:
D=2V +1/(62V)). (10)

Testing the program and calculating test cases
made it possible to automate the calculations as
much as possible, while minimizing the probability
of errors in calculations. Thus, a method for
studying the energy efficiency and technical
condition of domestic AC electric locomotives
with RC has been developed, which has the
following advantages:

« linking to the existing automated infor-
mation sources of JSC Russian Railways on
traction electricity consumption.

» automatic calculation of statistical
indicators for a large amount of initial data
(up to 2800 days).

« visualization of calculation results.

81



82

General results of the analysis

Table 3

Parameters 1793A/1854B Pairs of sections of a locomotive under study

1793A/1854B | 1769A/1776A | 1764A/1764B | 1764A/1784B | 1791A/1791B
Difference W, % -0.4 % -7,1% 6,9 % 8,6 % 0,2 %
Difference W,, % -0,2 % -16,3 % -4,4 % -10,0 % -6,9 %
Difference W, % -0,3% -11,4 1,0 % -0,9 % -3,5%
Difference K, % -0,1 % 4,9 % 5,8% 9,6 % 3,8%
Unimodality maximum, % 59 % 88 % 51% 61 % 45 %
Validity of differences by W , % 0,001 % 5% 2% 6 % 0,001 %
Validity of differences by W, % 0,55 % 81 % 93 % 84 % 52%
Validity of differences by W, % 0,001 % 41 % 0,001 % 0,3 % 0,7 %
Validity of differences by K , % 20,8 % 99,7 % 99 % 97 % 95,8 %
Factor of parameters’ correlation
W /W, 0,984 0,998 0,967 0,987 0,992
W, /W, 0,986 0,959 0,951 0,982 0,987
K /K, 0,985 0,924 0,981 0,985 0,989
W /W, 0,937 0,941 0,915 0,934 0,949
W /W, 0,947 0,986 0,934 0,954 0,962

Note: the sign in the «difference» lines regarding W, W, W, K shows the direction of differences of the second

section in relation to the first one.

* simple and visual adaptation of the
program in VBA environment [26] for the
peculiarities of the tasks being solved.

Thus, the developed methodology and
software make it possible to perform a scientific
and technical analysis of the possibility of
monitoring the technical condition of AC
electric locomotives with RC based on data on
consumption of traction active and reactive
energy.

3. Results of monitoring of the technical
condition of sections

The Railroad Centre of Technology Imple-
mentation of Krasnoyarsk Railway of
Krasnoyarsk railway according to USTAD
reports [17] using the developed methodology
and software [26], conducted the analysis of
energy consumption by electric locomotives
of VL80R series [21] (including three-section
version): 1793A/1854B, 1769A/1776A,
1764A/1764B, 1764A/1784B, 1791A/1791B.
Table 3 shows the main research results based
on data for four months of 2019 (on average
36 thousand rows (see Table 1) of the initial
data).

The main results of the analysis are as
follows:

1.The initial data has a high degree of
unimodality, which is determined by uniformity

of operating conditions (profile, train weight,
weather conditions, etc.) at the Eastern range
of JSC Russian Railways.

2.0nly one of five locomotives (VL8OR-
1793A/1854B) can be considered technically
sound (without signs of pre-failures) since the
spread of electricity consumption does not
exceed 0,4 %. The rest of the locomotives
obviously have problems with their technical
condition; there are pre-failures.

3. «Reliability of differences in power factor
K », determined by Kolmogorov—Smirnov
criterion turned out to be the most sensitive
parameter. Even for VL8OR-1793A/1854B,
with a minimum scattering of parameter values,
«Significance of differences in power factor K »
was 20,8 %. For the rest of the locomotives, it
was above 95 %.

4. The parameter «Differences in total
energy Wy» turned out to be the least sensitive
parameter which is caused by multi-directional
character of differences in active and reactive
energy.

5.The correlation factor reflects the visually
obvious difference in the dynamic graphs of the
parameters of two sections.

Thus, monitoring the technical condition
of AC electric locomotives is possible based on
data on consumption of active energy and
generation of reactive energy.



a — power factor

b — active energy

¢ — reactive energy

Pic. 4. Dynamics of changes in parameters of sections VL80R-1769A (1) and VL80R-1776A (3)
(compiled by the authors).

Pic. 2 of the previous section shows a
dynamic diagram of a serviceable electric
locomotive VL8OR-1793/1854B (Table 3):
there is an almost complete coincidence of the
graphs of electricity consumption of the first
and second sections (except for the period of
shutdown of one RC in section VL80R1793A).
In this case, it is possible to diagnose a short-
term disconnection of one RC. The deviation
of the characteristics of the sections from each
other regarding other locomotives indicates
the presence of equipment pre-failures: for

VL80OR-1769/1776A locomotive (Pic. 4),
there is a scatter in the power factor and
reactive power, which is confirmed by the low
correlation factor between the parameters
(0,959 and 0,924). The spread in active power
rates is low, which is confirmed by a high
correlation factor (0,998). Similar patterns are
observed for VL8OR-1791 electric locomotive
(Pic. 5).

Thus, the presence of pre-failures can be
diagnosed by the correlation factor of the same-
type parameters of two sections » < 0,99.
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a — power factor

b — active energy

c — reactive energy

Pic. 5. Dynamics of changes in parameters of sections VL80R-1791A (1) and VL80R-1791B (3)
(compiled by the authors).

Pic. 6 shows a comparison of consumption
of active W, and reactive W_power by two
serviceable sections of one locomotive
(Pics. 6a and 6b) and by the sections with
pre-failures (6c¢, 6d, 6e, 6f). For a serviceable
locomotive, the change in active W, and
reactive W _power in both sections occurs
synchronously. Others lack synchronicity. All
sections have a change in the power ratio:
W >W,W <W,butforsections with pre-

failure this does not always happen
synchronously.

4. Diagnostics by active and reactive power

AC electric locomotives with reversible
converters have a typical electrical circuit
(Pic. 7) [18—24]: the primary winding of the
power transformer of the electric locomotive
U, = 25 kV feeds two groups of secondary
windings (only one group is shown in
Pic. 7) with a voltage of 300 V, 300 V, 600 V,



a—VL80R-17934

b - VL8OR-1854B

c—-VL80R-17914

d - VL80R-1791B

e —VL80R-17694

g-VL80P-17764

Pic. 6. Dynamics of changes in active and reactive power of the section (blue dotted line — W, red continuous
line — W) (compiled by the authors).

which is fed to the input of the RC (VS —VS,).
A smoothing reactor SR and two parallel
operating DC traction electric motors with
sequential excitation M1, M2 are connected to
the output of RC. All RC at VL80R receive
control signals for opening thyristors from a
single control unit, implementing control
algorithm according to Pic. 8.

The presence of reactive power is due to the
presence of inductive loads in the electric
locomotive circuit [29]: it is a power transformer,
a smoothing reactor and the traction motors
themselves (Pic. 7). Additionally, a thyristor
control, which allows controlling the rectified
voltage only «on the left» — for opening,
produces the current delay from the voltage
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Pic. 7. Principal power circuit scheme of an electric locomotive VL8OR [20—-24].

(Pic. 8) [24]. Therefore, for AC electric
locomotives with RC, the rated power factor is
lower and is K_= 0,84 [19]. In the studies
performed for a serviceable locomotive, the
mathematical expectation is K = 0,69 at ¢ =
10 and unimodality is of 3 %. The maximum
value did not exceed K_<0,83.

Traction electric motors (TEM) can give
maximum spread, but permissible dispersion

Opera-
tion

RCarms

Zone
Semi
period

Designations
of regulation
angles

Traction

Recuperation

a — RC control algorithm

of their characteristics does not exceed 3 %.
For smoothing reactors, even if there is a slight
scattering, it introduces a constant error.

Thus, it follows from the structure of the
locomotive and the design of its control system
that theoretically there should not be a
significant dispersion in consumption of active
and reactive energy for two serviceable sections
of one locomotive.

b — RC voltage diagram

Pic. 8. Four-zone control of RC of an electric locomotive VL8OR [20-24].



RC

Pic. 9. Active (dotted line, above) and reactive (direct line, below) components of energy of a locomotive
of an operable section and section with failed RC (compiled by the authors).

There can be two reasons for changing the
ratio of active and reactive power: a dispropor-
tionate change in active power and/or a
disproportionate change in reactive power.

The reactive power of the locomotive takes
place, first, due to the thyristor control circuit,
when the opening of RC (in fact, of the
rectifier bridge) occurs according to the
control pulse 9° < aREG < 156°. Thus, the
delay of the current from the voltage always
occurs (Pic. 8b).

An additional delay of the current from the
voltage is due to the thyristor switching time y
(Pic.8b), the duration of which depends on the
value of the inductive load: of a smoothing
reactor and two traction motors (TEM). With
the same control position, a disproportionate
change in the load can only be due to a change
in the parameters of the traction motor,
including due to disconnection. TEM has a
constant inductance L, which is determined
by its design and the variable inductance is due
to the phenomena of self-induction and mutual
induction [29—31].

Pic. 3 shows an example of detecting an
emergency shutdown of a part of the power
circuit of an electric locomotive section, which
leads to a significant reduction in the section’s
energy consumption: when one TEM is
disconnected, traction power consumption will
fall by 25 %, for one RC — by 50 %. However,
with proper operation of auxiliary machines
(fan motors and compressors), which consume
up to 20 % of the total power consumption, the
drop will be approximately by 21 % and 42 %.
In the example shown in Pic. 3 the drop was of
41—45 %. In this case, the ratio of active and
reactive energies did not change (Pic. 9).

The main reason for change in current of
one section (except for disconnecting a section,
RC or TEM) is skidding of one or several
wheelsets, which, with a constant voltage on
thetractionmotor U__ = const, isaccompanied

TEM
by an increase in the electromotive force F

(emf) and a drop in TEM current 7, [30]:
UTEM = ITEM ) rTEM + E = ITEM * I-TEM +
+C.nTEM.FTEM’ (11)

where r..,, — TEM resistance;
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N — TEM speed of rotation;

F.\, — magnetic flux of TEM;

C — constant.

Increased skidding occurs near the first
(in the direction of travel) wheel-motor unit
(WMU), near WMU with a violation of the
locomotive hanging, at WMU with a smaller
diameter of the tire of the wheelset D, , because
with equal torque of the manual gearbox wheel
set M, the traction force F will be increased:
M,,=F +D_/2. (12)

When skidding, the current falls, and
consequently power consumption also falls.
With a constant resistance and inductance of
the circuit, the active and reactive power should
decrease proportionally. However, this is not
the case: when skidding, the inductive resistance
oL of a skidding TEM increases:
oL= (oL oLl)/(oL +o0,l), (13)
where o L, o,L, — inductive resistance of the
first and the second TEM; @ = 2+nf; f —
frequency of signal change.

Within the limit f — oo, the inductive
resistance of two traction motors will double.

Thus, during skidding, power consumption
decreases with an increase in the share of
reactive power and a decrease in the power
factor of the locomotive section. Thus, lower
power consumption with decreasing power
factor may be an indication of increased
skidding.

Pic. 1 shows that when current is weakened,
significant spreads of TEM currents can occur.
A traction electric motor with a lower current
will have less inductive resistance, which should
also affect the laws of active and reactive power.

Thus, all the main types of faults in the
power circuits of an electric locomotive with
RC affect the nature of consumption of active
and reactive energy.

5. Conclusion

1.To increase the efficiency of monitoring
the technical condition of AC electric
locomotives with reversible converters, a
method for diagnosing their serviceability
according to the data of electronic electricity
meters transmitting data online is proposed.

2.The performed studies have shown that
dynamic data on consumption of active and
reactive energy, automatically collected online
from domestic AC locomotives with reversible
converters, can be used to diagnose the
technical condition of a locomotive within the

system of their monitoring. The method is
based on comparison of the dynamics of
consumption of active and reactive energy of
two sections of a single locomotive according
to the principle of functional benchmarking.

3.When monitoring the technical condition
of locomotives, the term «pre-failure» can be
used, which is defined as the operable condition
of'alocomotive when there are internal hidden
defects or damage. Pre-failure is manifested in
the consumption of electricity; the defect that
caused it should be determined when the
locomotive undergoes TMR.

4. The parameter «Significance of dif-
ferences in power factor K », determined
using Kolmogorov-Smirnov criterion, is the
most sensitive to pre-failure. The parameter
«Significance of differences in total energy»
turned out to be the least sensitive to pre-
failure.

5.In further studies, the authors intend to
reveal regularities (functional relationships)
will be established between the manifestations
of pre-failure states according to the data on
consumption of active and reactive components
of energy and the faults that have arisen in the
circuits of AC electric locomotive with RC.

REFERENCES

1. Monitoring of the technical condition and operating
modes of locomotives. Theory and Practice [ Monitoring
tekhnicheskogo sostoyaniya i rezhimov ekspluatatsii
lokomotivov. Teoriya i praktika]. Ed. by 1. K. Lakin.
Moscow, LLC Locomotive Technologies, 2015, 212 p.

2. Hedlund, E. H., Roddy, N. E., Gibson, D. R.,
Bliley, R. G., Pander, J. E., Puri, A., O’Camb, T. E.,
Lovelace, J. H., Steven, L. Apparatus and Method for
Performance and Fault Data Analysis. US Patent 6,651,034
B1,2003; US Patent 7,013,239 B2, 2006. Assignee: General
Electric Company.

3. Lakin, I. I. Monitoring of the technical condition
of locomotives according to the data of onboard hardware
and software complexes. Ph.D. (Eng) thesis [ Monitoring
tekhnicheskogo sostoyaniya lokomotivov po dannym
bortovykh apparatno-programmnykh kompleksov. Dis...
kand. tekh. nauk]. Moscow, MIIT publ., 2016, 211 p.
[Electronic resource]: https://www.miit.ru/content/% D0
%94 % D0 %B8 %D1 %81 % D1 %81 % D0 %B5 % D1 %80
%D1 %82 %D0 %B0 %D1 %86 %D0 %B8 %D1 %8F.
pdf?id_wm=756728. Last accessed 13.05.2020.

4. Abolmasov, A. A. Management of the technical state
of traction rolling stock in the conditions of service. Ph.D.
(Eng) thesis [Upravlenie tekhnicheskim sostoyaniem
tyagovogo podvizhnogo sostava. Dis... kand. tekh. nauk].
Moscow, MIIT publ., 2017, 180 p. [Electronic resource]:
https://docplayer.ru/49152812-Abolmasov-aleksey-
aleksandrovich-upravlenie-tehnicheskim-sostoyaniem-
tyagovogo-podvizhnogo-sostava-v-usloviyah-servisnogo-
obsluzhivaniya.html. Last accessed 13.05.2020.

5. Pustovoy, V. N., Lyangasov, S. L., Lakin, I. K.
Monitoring of violations of operating modes of locomotives
according to MPCS data [ Monitoring narushenii rezhimov



ekspluatatsii lokomotivov po dannym MSU]. Transport
infrastructure of the Siberian region: materials of the sixth
international scientific and practical conference. Irkutsk,
2015, pp. 354—358.

6. Pustovoy, I. V. Development of an information-
dynamic model of service maintenance. Ph.D. (Eng) thesis
|Razrabotka informatsionno-dinamicheskoi modeli
upravleniya servisnym tekhnicheskim obsluzhivaniem. Dis...
kand. tekh. nauk]. Omsk, OmGUPS publ., 2019, 181 p.
[Electronic resource]: https://www.usurt.ru/uploads/
main/065/5b97add2b36f8/%D0 %94 % D0 % B8 % D1 %81
%D1 %81 %D0 %B5 %D1 %80 %D1 %82 %D0 %B0 % D1
%86 % D0 %B8 % D1 %8F_%D0 %9F%D1 %83 %D1 %81
%D1 %82 %D0 %BE%D0 %B2 %D0 %BE%D0 %B3 % D0
%BE_%D0 %98 %D0 %BB%D1 %8C%D0 %B8_%DO0
%92 % D0 %BB%D0 %B0 %D0 %B4 %D0 %B8 %D0
%BC%D0 %B8 %D1 %80 % D0 %BE%DO0 %B2 % D0 %BS8
%D1 %87 % D0 %B0.pdf. Last accessed 13.05.2020.

7. Official site of JSC TransMashHolding. Section
«Enterprises». [Electronic resource]: https://www.
tmholding.ru/about_us/enterprises/. Last accessed
13.05.2020.

8. Official website of LLC Ural locomotives. Section
«Products». [Electronic resource]: http://ulkm.ru/
produkciya/. Last accessed 13.05.2020.

9. Golovin, V. 1., Nagovitsyn, V. S. ACS with safety
function for electric locomotive 2ES6 [ASU s funktsiei
bezopasnosti dlya elektrovoza 2ES6]. Website SCBIST, 2018,
Iss. 4. [Electronic resource]: http://scbist.com/. Last
accessed 13.05.2020.

10. Semchenko, V. V., Lakin, I. K., Chmiley, I. E.
Operation and maintenance of electronic control systems
foralternating current electric locomotives | Ekspluatatsiya
i tekhnicheskoe obsluzhivanie elektronnykh system
upravleniya elektrovozov peremennogo toka). Krasnoyarsk,
Publishing house of the road implementation center of
Krasnoyarsk railway, 2010, 72 p.

11. GOST [State standard] 20911-89. Technical
diagnostics. Terms and Definitions. [ Electronic resource]:
http://docs.cntd.ru/document/1200009481. Last accessed
13.05.2020.

12. GOST [State standard] 27.002-2015. Reliability
intechnology (SSNT). Terms and Definitions. [Electronic
resource]: http://docs.cntd.ru/document/1200136419.
Last accessed 13.05.2020.

13. Lipa, K. V., Grinenko, V. 1., Lyangasov, S. L.,
Lakin, I. K., Abolmasov, A. A. [et al]. Method of technical
diagnostics of locomotive equipment and a device for its
implementation. Patent (invention), dated July 21, 2017,
No. 2626168 [Sposob tekhnicheskogo diagnostirovaniya
oborudovaniya lokomotiva i ustroistvo dlya ego
osushchestvleniya. Patent na izobretenie ot 21.07.2017 g.
No 2626168). |Electronic resource]: https://yandex.ru/
patents/doc/RU2626168C2_20170721. Last accessed
13.05.2020.

14. Lipa, K. V., Grinenko, V. 1., Lyangasov, S. L.,
Lakin, I. K., Abolmasov, A. A. [ef al]. Method for managing
maintenance and repair of railway transport and a system
for its implementation. Patent (invention), dated
24.10.2013 No. 2569216 [ Sposob upravleniya obsluzhivaniem
i remontom zheleznodorozhnogo transporta i Sistema dlya
ego osushchestvleniya. Patent na izobretenie ot 24.10.2013 g.
No 2569216]. |Electronic resource]: https://yandex.ru/
patents/doc/RU2569216C2_20151120. Last accessed
13.05.2020.

15. Official website of NIITKD. Section «Locomotive
economy». [Electronic resource]: http://niitkd.com/
locomotivnoe/ekspluatatsiya/armapaTHO-TpOTpaMMHBII-
Komruiekc-6opr-detail. Last accessed 13.05.2020.

16. Ovcharenko, S. M. Improving the efficiency of the
system for diagnosing diesel locomotives. D.Sc. (Eng)

thesis [ Povyshenie effektivnosti sistemy diagnostirovaniya
teplovozov. Dis... dokt. tekh. nauk]. Omsk, OmGUPS, 2007,
366 p.

17. Official website of the company AVP Technology.
Section «Monitoring». [ Electronic resource]: https://avpt.
ru/projects/monitoring-i-kontrol/. Last accessed
13.05.2020.

18. Tikhmeneyv, B. N., Trakhtman, L. M. Rolling stock
of electrified railways. Theory of the operation of electrical
equipment. Electric circuits and devices [ Podvizhnoi sostav
elektrifitsirovannykh zheleznykh dorog. Teoriya raboty
elektrooborudovaniya. Elektricheskie skhemy i apparaty].
Moscow, Transport publ., 1980, 471 p.

19. Kapustin, L. D., Kopaney, A. S., Lozanovsky, A. L.
Features of arrangement and operation of VL8OR electric
locomotive |Osobennosti ustroistva i ekspluatatsii elektrovoza
VLSOR]. Moscow, Transport publ., 1979, 175 p.

20. Gorban, V. N., Donskoy, A. L., Shabalin, N. G.
Electronic equipment of VL80 electric locomotive: Repair
and maintenance |Elektronnoe oborudovanie elektrovoza
VLS0: Remont i tekhnicheskoe obsluzhivanie]. Moscow,
Transport publ., 1984, 184 p.

21. Electric locomotive VL8OR. Operation manual
| Elektrovoz VLSOR. Rukovodstvo po ekspluatatsii]. Moscow,
Transport publ., 1982, 541 p.

22. Electric locomotive VL85. Operation manual
| Elektrovoz VL8S5. Rukovodstvo po ekspluatatsii]. Moscow,
Transport publ., 1986, 572 p.

23. Mainline electric locomotive 2ES5SK (3ES5K).
Manual. Book 1. Electrical circuits | Elektrovoz magistralniy
2ESK (3ES5K). Rukovodstvo po ekspluatatsii. Kn. 1.
Elektricheskie skhemy]. Novocherkassk, 2004, 248 p.

24. Kapustin, L. D., Kopanev, A. S., Lozanovsky, A. L.
Reliability and efficiency of VL8OR electric locomotives
in operation [Nadezhnost’ i effektivnost’ elektrovozov
VLSOR v ekspluatatsii]. Moscow, Transport publ., 1986,
240 p.

25. Semchenko, V. V., Vlasyevsky, S. V. Device for
increasing the power factor of a reversible single-phase AC
converter. Utility model patent No. 192613, dated
24.09.2019 [Ustroistvo dlya povysheniya koeffitsienta
moshchnosti vypryamitelno-invertornogo preobrazovatelya
odnofaznogo peremennogo toka. Patent na poleznuyu model’
Ne 192613 ot 24.09.2019]. |Electronic resource]:
https://yandex.ru/patents/doc/RU192613U1_20190924.
Last accessed 13.05.2020.

26. Certificate of state registration of the computer
program No. 2020613912 Russian Federation. Energy
efficiency analysis program for AC electric locomotives
with reversible converters. Semchenko, V. V., Lakin, I. K.,
|et al.]; copyright holder Joint Stock Company Railroad
Centre of Technology Implementation of Krasnoyarsk
Railway. No. 2019665780, app. 05.12.2019, publ.
24.03.2020, 1 p.

27. Osetrova, I. S., Osipov, N. A. Microsoft Visual
Basic for Application. St. Petersburg, NIU ITMO publ.,
2013, 120 p.

28. Ventsel, E. S. Probability theory: Textbook [ Teoriya
veroyatnosti: Uchebnik]. 12" stereotype ed. Moscow,
Yustitsiya publ., 2018, 658 p.

29. Bessonov, L. A. Theoretical foundations of
electrical engineering [Teoreticheskie osnovy
elektrotekhniki]. Moscow, Vysshaya shkola publ., 1996,
638 p.

30. Dynamic inductance [Dinamicheskaya
induktivnost’]. |Electronic resource]: http://www.
transportine.ru/inets-455-2.html. Last accessed
13.05.2020.

31. Zakharchenko, D. D., Rotanov, N. A. Traction
electric machines [7yagovie elektricheskie mashiny].
Moscow, Transport publ., 1991, 343 p. [

89



90

YIK 004.9+625
DOTI: https://doi.org/10.30932/1992-3252-2020-18-90-108
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lMpuBoasTcs TeopeTndeckme rnpPeanochisIkKN BO3BEAEHVS
aBTOLOPOXHbIX yTENPOBOAOB JIMGPTOBOIrO TUINa A4J1s epeceye-
HUS1 KENIe3HOLOPOXHbIX [yTel aBTOMOOU/TbHBIM TPAHCIOPTOM.
lpensoxeHo TexHn4eckoe peLueHve, no3eossioLLee obecre-
4Y1BaATH repeceyeHne 1erkoBbIMY aBTOMOOWIISIMU «[POBTIEMHBIX»
KE/Ie3HOAOPOXHBIX MEPEE3A0B B IEPUOab] X A0 OBPEMEHHO-
o 3aKpbITVS1 AN151 ABVXKEHMS1 aBTOMOBW/IbHOIO TpaHcnopTa. 910
Xe peLueHne MOXeT ObiTb UCMO/Ib30BaHO /1 OpraHn3aumn
aBTOLIOPOXHOIO ryTenpoBoAa B HEOOX0ANMbIX MecTax, rae
KesIe3HOAOPOXHbIV nepeess oTcyTcTByeT. CamMo TEXHNYECKOe
peLLeHne 0OCHOBaHO Ha VCMOIb30BaHUN HaA3E€MHbIX aBTOLO-
POXHBIX [1yTENPOBOAOB U SBASETCS «00Er4EHHO» Konue
peLLeHvsi, peann3oBaHHOro VinoHom Mackom v ero kKomnaHmei
BJloc-AHmkenece Ha OCHOBE TOHHEJS, ABVXKYLLMXCS AaTt¢hopm
1 rpy30BbIX MTOB. [Mpm pa3paboTke aBTOLOPOXHbIX MYTErpo-

BOZIOB /IMTOBOro TUMa MUCMOL3YIOTCS PACYETHBIE METOLbI
TEOPETUHECKO MEXaHVKIA, TEXHNHECKOWM ANarHOCTVIKU Y MOHU-
TOPUIHIa, a Takke Teopuy MacCoBOIro OOCYXVBaHVIS /151 OLIeH-
KU1 KOJIMHECTBA MPOrycKaeMblx aBTOMOOUIIEN NPy 3aKpbITUN
riepee3aoB. [MpeayioxeHo camm KOHCTPYKLMY HAA3EMHOIO I1y-
TenpoBoaa «BCTpanBaTh» B1aHALLadT, 060pyA0BaTh a/lbTEPHA-
TUBHBLIMU UCTOYHUKAMY SHEPrOCHAOXEHUSI N TEXHNYECKUMU
cpeacTBamy KOHTPOJIS, ANarHOCTUPOBaHUS Y MOHUTOPUHIA
10BVXKHOIO XEIe3HOLOPOXHOO COCTaBa v MecTa Herocpes-
CTBEHHOIO repeceyeHsi aBTOMOOUIILHOM Y Xee3HOU A0por
(opraH130BbIBaTb 30HY UHTEJIIEKTYasIbHOrO MOHUTOPUHIA).
lpeanoxeHHoe NepcrnekTMBHOE TEXHUHECKOE PELLEHNE B BUAE
aBTOZAOPOXHOIO MyTernpoBoAa MO3BOJISIET MOBLICUTHE KOMPOP-
Tabe/IbHOCTH aBTOMOOUIIbHBIX MePEBO30K M 6e30MacHOCTb
[JBVIKEHYIS Ha repee3aax.
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nyTenpoBoA IMGTOBOro TMna, OnTUMU3aLmns ABUXKEHNS, MTHHOPMALMOHHbIE CEPBUCHI HA XETe3HOAOPOXHbIX nepeesnax.

*MHdpopmaums 06 aBTopax:

EdaHoB AMutpuia BUKTOPOBUY — JOKTOP TEXHUYECKMX HAYK, AOLIEHT, 3aMeCTUTENb reHepasibHOro AMPEKTOPa No Hay4HO-
ncecneposatensckoi padote OO0 HTLL «KoMnnekcHble cucTembl MOHUTOPUHIa», CaHkT-MeTepbypr;, Poccus; npodeccop
Kadeapbl aBTOMATUKM, TENEMEXAHUKM 1 CBSA3W Ha XXENE3HOA0POXHOM TpaHcrnopTe POCCUMIACKOro yHMBEpPCUTETA TPAHCMNOPTa,

Mocksa, Poccusi, TrES-4b@yandex.ru.

MsuuH Banepwuii HukonaeBuy — LOKTOP TEXHNHYECKMX HAYK, MPOGMECCOP, reHepasibHbIV AMPEKTOP Hay4yHOo-1ccnenoBaTensckoro
1 NMPOEKTHOIO MHCTUTYTA TEPPUTOPUASIBHOIO Pa3BUTUSA U TPAHCMOPTHOM MHPPACTPYKTYpbl (HUTTU TPTU); reHepanbHbIin AMPEKTop
00O HTL, «<KomnnekcHble cucteMbl MOHUTOPUHra», CaHkT-MNeTepbypr, Poccus, vmyachin@ipr.ru.

Ocapuwii fepman BnagumupoBud — texHnyeckunin aypektop OO0 HTL, «KomnnekcHble CUCTEMbI MOHUTOPWHIA», CTapLUNIA
npenopasaresb kapeapbl aBTOMATUKM 1 TENIEMEXaHVKM Ha XeNe3HbIx Aoporax MeTepOyprckoro rocyaapCTBEHHOro
yHMBepcuTeTa nyTein coobieHus Vimnepatopa AnekcaHgpa |, CaHkt-Metepbypr, Poccus, osgerman@mail.ru.

Crartbs noctynuna B pegaxkumio 09.10.2020, npuHsaTa k nydnavkaumm 11.11.2020.

For the English text of the article please see p. 100.

VINPML PAH A Vi



BBEOEHUE

MecTta nepeceyeHUs aBTOMOOUIbHBIX
M KeJIe3HBIX JOPOr B OJHOM YPOBHE, WJIU
JKeJIe3HOIOPOXKHbIE repee3abl 1], mo cratuc-
TUKE SIBJISIOTCS CaMbIMM YaCTBIMM MECTaMu
BO3HMKHOBEHMSI HapYIIIEHU B paboTe XKese3-
HOJOPOXHON TPaHCIIOPTHON CUCTEMBI. DTHU
JNlaHHbIe aKTyaJbHBbI IJIsI BCETO MMpa, a He
TOJBKO IJISI OTAEJABbHO B3SITOM CTpaHbl WU
peruona [2; 3]. B ogHoii Toabko Bennkoopu-
TaHUM Ha TEPPUTOPUM ILIOIIAbI0 243 809 KMm?
COCPEIOTOYEHO OKOJIO 6 ThIC. 3KeJIE3HOTOPOXK-
HBIX Mepee3n0B (MPUMEPHO OIUH Mepee3 Ha
40 xm?) [4], a B cTpanax EC pacnoyioxeHo
cBoie 100 ToIC. TIepee3noB [3], cpeau KOoTo-
PBIX 0K0JIO 49 % SIBIISIIOTCSI HEOXPAHSIEMBIMU.
KenesHomopoxxHbie Tepee3abl SIBISIOTCS
MecTaMU MOBBIIIEHHOIO pUcKa /I 6e30mac-
HOCTM Kak IoJib30BaTe/ieli aBTOMOOUIbHBIX,
TaK U >KeJe3HbIX TOPOT.

[TpuurHBI HAPYIIEHU I Ha XKeJIE3HOI0POXK -
HBIX Mepee3nax KpaiiHe pa3HOOOpa3HbI, OqHa-
KO BC€ OHU MOT'YT OBITh CBEIIEHBI K OIIMOKaM
B paboTe YeJO0BEKO-MAlIMHHONW CUCTEMBI:
JIecTBUS BoguTe e aBTOMOOMILHOTO TPaHC-
opTa MOIYT OBITh CIIPOBOLIMPOBAHBI HEIpa-
BIJIbHO MOHUMAaeMbIMU UMU AEUCTBUSIMU
JKEJIE3HOIOPOXKHOTO TpaHCIIOpTa B pexKuMe
OXUIaHUS pa3pelIeHus] Ha MpocjieI0BaHNe
yepes nepees, YTo MPUBOIUT K JOMYIIEHUIO
VMU HapylIeHUI TPaBUII JOPOXKHOTO TBUKE-
HUs. B 2TOT MOMEHT OHM M CTAaHOBSTCS HUC-
TOYHUKAMU OMACHOTO BJAMSIHUS Ha XKeJIe3HO-
JIOPOXKHYIO CUCTEMY.

Hapy1iieHust BO3HMKAaIOT 4acTo U3-3a TOTOo,
YTO IMepee3 11 ABMKEHUST aBTOTPaHCIIOpTa
3aKpbIBAETCSI 3a0JIarOBPEMEHHO M OTKPbIBa-
eTCs TakKxXKe He MOMeHTanbHo. I1pu aTom
B 3aBUCUMOCTHU OT KaTETOPUU XKeJIe3HOIOPOXK-
HOI JIMHUMU, IMYyTEBOTO Pa3BUTHUS U MaKCH-
MaJIbHBIX IOITYCTUMBIX CKOPOCTEi mepeMeliie-
HUSI ITO€3/10B BpeMsI OXKHMIAHUST MOXKET CYIIe-
CTBEHHO BapbMpoBaThcs. YacTo mepeesnsl
MOTYT HaXxOIUTbCS B 30HAX CJIOXUBIIEKCS
ropoacKoit UHGPACTPYKTYpPhl U BBI3BIBATH
BECOMBIE MEpPephIBbI B IBUXeHUU. Tak, me-
YyaJlbHO M3BECTEH Mepeesn Ha TUHUKM CaHKT-
ITeTepOypr—MockBa, rjie KypcupyloT CKO-
poctHbie Toe3na «CarmncaH», B I. KoianuHo
(Cankr-ITeTepOypr), KOTOpbIil 3aKpbIBaeTCS
3a 20 MUH [0 MpOCJIeJOBaHUs Moe31a U OT-
KpbIBaeTcs ToJabKO crnyctsa 20 muH. Ecnu
yuecTb, 4To st «CarncaHa» YCTaHOBJICHO
TaKTOBOE IBUXKEHUE, TO MEPEPHIBHI IS MPO-

VIIE oA PJA ) 3 S 1 O

cJIeToOBaHMSI TIepee3/ia CTaHOBSTCS OJTM3KUMU
K nosydacy [5]. I[TonaB B nmpoOKy, BOAUTEb
CTaHOBUTCS 3aJIOKHUKOM CHUTYallMd U BbI-
HYKJIEH TEPSITh BpeMsI, a TAKXKE CTAOMITbHOCTD
TICUXOJOTUYECKOTO COCTOSTHUS, UTO, HECO-
MHEHHO, OKa3bIBaeT U BIUSHME Ha TPaHC-
TOPTHYIO CUCTEMY.

J1J1s1 30H B3aMOJIECTBUST aBTOMOOWITEHO-
T'O 1 XK€JIe3HOIOPOXKHOT O TPAaHCITOpTa, TI0100-
HBIX OTIMCAaHHBIM B TIPUMEpPE, HAMITYUIIUM
C TIO3UIINU ¥ HAJIEKHOCTH, U O€30TIaCHOCTH,
U CKOPOCTH TIPOCIIEIOBAHUS SIBJISIETCSI CTPOM -
TEJTLCTBO MHOTOYPOBHEBBIX Pa3Bsi3oK. OmpHa-
KO y TaKOTO PEIIeHUsT €CTh JBa CYIIECTBEH-
HBIX, JaXe OMpeesIIonX, HeJloCTaTKa.
IMepBhIii 3aKkT09aeTcs] B 9KOHOMUYECKUX
acriekTax M B OOJIBIIIMX 3aTpaTax Ha CTPOU-
TEJIbCTBO MHOTOYPOBHEBBIX pa3Bsi30K. BTopoii
CBSI3aH C OCOOEHHOCTSIMU TPagoCTPOEHUS
U C TeM, 9TO B psijie palilOHOB CO CJIOXMBIIIEH-
¢s1 MH(GPACTPYKTYPOI MOPOIl YMCTO TEXHUYE-
CKU CTPOUTEILCTBO MHOTOYPOBHEBBIX Pa3Bsi-
30K CTAaHOBUTCS HellesecooopasHbiM. Crieny-
€T OTMETUTb, YTO MO JaHHBIM [3], OCHOBHBIMU
HampaBJeHUSIMUA Pa3BUTUS B 00JacTu 0e3-
OTAaCHOCTH JIBWKEHUST Ha TTepee3ax sSBIsIeTCs
MMOBBIIIEHUE YKMCIa TEXHUYECKUX CPENCTB
aBTOMAaTU3allUM YIIPaBJICHUS Tepee3aoM,
OJTHAKO YIYIIEHBI BO3MOXHOCTHA COBPEMEH-
HBIX MHGOPMALMOHHBIX cucTeM [6—8].

OQHUM U3 pelleHui Mo ONTUMU3AINYU
JIBVDKEHUST Ha Tlepeesaax sIBJIIeTCsl MHTerpa-
LIUST TAaHHBIX OT KeJIE3HOMOPOXHBIX CHCTEM
OpraHu3alluy W yIpaBIeHUS IBUXEHUEM,
a TaKKe aBTOMATUKK U TeJIEMEXaHUKHU B MO-
OWJIbHBIE HaBUTAIIMOHHBIE CUCTEMBI U TIO-
CTPOEHWE MapIIPYTOB TSI IBUKEHUST aBTOMO-
OWJIBHOTO TPAHCIIOPTA C YYETOM ITPOTHO3HOTO
BPEMEHU 3aKPBITUSI U OTKPBITUS Tepee3n0B
[9; 10]. IIpu HEBO3MOXKXHOCTU MOJYYEHUS
JTAHHBIX OT XKeJIE3HOIOPOXKHOU TPAaHCITOPTHOM
CHCTEMBI €CTh BADUAHT peain3allii CUCTEMbI
IPOTHO3MPOBAHUSI C COOCTBEHHBIMU JIaTYM -
KaMU, yCTaHaBJIMBaeMbIMM BOJIM3U TIepee3/ia.
Takoe pelieHUe TTO3BOJISIET TaBaTh YIaCTHU -
KaM JIBVDKEHUSI, KaK BOJIUTENISIM aBTOTPAHC-
rmopra, Tak ¥ MallMHUCTaM JJOKOMOTHUBOB,
IIPOTHO3 COCTOSIHUS Tepee3a U MPOrHo3
pa3MepoB ABUXKEHUS U IBVKEHUST KaK TaKO-
BOTO B 30HE TepecedeHus] aBTOMOOMJIbHOM
U KeJIe3HOW JOpOT. DTOT MPOrHO3 caM I0
cebe sBIsIeTCS LIeHHeeil nHdopmanuein
111 obecriedeHrs: 0€30MacHOCTU IBUKEHMUS:
YUCJIO CJIy4yaeB aBapuii U KPYLLIEHU I TapaHTU -
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POBaHHO COKPATUTCS, TaK KaK YyYaCTHUKU
JIBUXKEHMS TOJydaT MHOOPMAIUIO «O Ou-
KaiieM OyaylIeM» U BIOEPYT JOIMYCTUMbIE
JIEUCTBUS.

Emé ogHuM mepcrieKTUBHBIM BapUaHTOM
OpraHM3alluM IBVDKEHUS Ha Iepeesnax SBiisi-
€TCST UCITOJIb30BaHUE CITEIIMAIN3UPOBAHHBIX
IPY30BBIX JIM(TOB M HAI3EMHBIX aBTOIOPOXK-
HBIX TTyTENPOBOMIOB, MpeaHa3HAYeHHBIX IS
TPOCJIEIOBAHNST aBTOMOOWIBHBIM TPAHCITOP-
TOM MecTa TepeceuyeHMsT aBTOMOOUIbHOU
u xeye3Hoit gopor. [TogobHbIe aBTOMOOUIIb-
HbIE€ MYTEMPOBOABI JUGTOBOTO TUIIA MOTYT
yCTaHABJIMBATHCS HE TOJBKO B HEIMOCPE -
CTBEHHOI OJM30CTU K Tepee3maM, HO
1 BCTPAMBAThCS B CYILIECTBYIOIILYIO TOPOICKYIO
UH@PACTPYKTypy C YYETOM HauboJiee Hampsi-
SKEHHBIX YYaCTKOB JUIST IBUXKEHUsI. ABTOMO-
OuIMCT OyAeT UMETh BBIOOD MIJISI MCITOJIb30Ba-
HUSI TaHHOTO 00BeKTa TPAaHCITOPTHOM MH(bpa-
CTPYKTYPHI (TTOI00HO HATMIUIO aTETePHATUBBI
B IBMDKEHUWU B KPYITHBIX TOPOJIaX: 1o OecruiaT-
HBIM U IUIaTHBIM Joporam). [1pu pazpadoTke
KOHCTPYKIIMY TPEOYeTCsT yYUTHIBATh METOIbI
TEOPETUIECKOI MEXaHUKH JIJIsI BBLIOOpA MOIIT -
HOCTEl nBUTaTeseil 151 ToIbEMa aBTOMOOM -
JIeli Ha OTTpeIeIEHHYIO BBICOTY, a TAKXKE METO-
JIbI TEOPUU MAacCCOBOTO OOCITy>KMBAaHUSI JJIst
OILIEHKH KOJIMYECTBA IMPOITYCKaeMbIX aBTOMO-
Owteil Ipu 3aKpBITUY TTepee3noB. DTO, OIHA-
KO, IOTpeOyeT MOIETMPOBAaHUS paOOTHI ITyTe-
TPOBOIA B PA3TMYHBIX IOPOXKHBIX CLIEHAPUSIX.

Takoe MHHOBAIIMOHHOE pellleHue TpeoyeT
JTOTIOJTHUTETLHOTO U3yYeHUs M aHaJTn3a.

Ilenvio OTIMCBHIBAEMOTO B CTAThe UCCIIEN0-
BaHUs SIBJIIETCS M3yYeHUE 0COOeHHOCTEH
00yCcTpOIicTBa aBTOMOOWIBHBIX IyTEITPOBOIOB
C Y4€TOM TIPUMEHUMBIX MHHOBALIMI U TIep-
CTIEKTUB MX MaccoBOTO BHeapeHwus. [1pu
TPOBEIEHUU MCCIIeI0BAHUS UCTIOIb30BATNCh
MemoOdbl TEOPETUIECKON MEXaHUKU, TEXHUYE-
CKO¥ TMAarHOCTUKU M MOHUTOPUHTA, a TAKXKe
TEOPUU MaCCOBOTO OOCTYKMBAHMUSI JIJIST OTICH -
KU KOJIMYECTBA MPOITYCKAeMbIX aBTOMOOMIEI
TIpY 3aKPBITUM TIepee3noB. PesynsraToM sIB-
JisieTcs pa3paboTaHHOE MHHOBAIIMOHHOE pe-
LIEHUE JIJIST TIepecedeHns] XKeJIe3HBIX J0POT,
OCHOBaHHOE Ha MCITOTb30BaHU Y aBTOIOPOXK-
HBIX TTyTETIPOBOJIOB JIM(TOBOTO THUTIA.

Crenyetr oOpaTUTh BHUMaHUE Ha TO, YTO
AQHaJIOTOM TaKOTO PEIIEHUSI MOXKET CUUTATHCS
nzobpereHue The Boring Company MioHa
Macka, BHenpéHHoe B Jloc-AHmxenece, rue
TakXe MCIOJIb3YIOTCS TPY30BbIe JTUMTHI, HO

JIOCTABJISTIOT OHU aBTOMOOYUIM Ha CIICIIHATb-
HbIe IBWKYIIHMECS TIaThOpPMbI IO 3eMIIIO,
a IBUKEHME OCYILIECTBIISIETCS 110 TOHHEeO [11;
12]. Takoe peuieHue, OAHAKO, OKa3bIBAETCS
BeCbMa JOPOTOCTOSIIIMM, B OTIMYUE OT MpPe.I-
JlaraeMOro aBTOpaMu.

HAASEMHbBIE NYTENPOBOADbI ANA
ABTOMOBWJIbHOIO TPAHCIMOPTA

ABTOJIOPOKHBIN MyTEMPOBOJ, JIM(PTOBOTO
THTIA MOXET IIPEICTABISTh COOOM CITeIaIb-
HYI0O KOHCTPYKIIMIO, COBMEIIAOIIYIO B ceOe
HaI3eMHBIH IyTeTIPOBO. M KOHCTPYKIIMH TSI
BEPTUKAIBHOTO MOIbEMA HA HETO MO0 000UM
KOHIIaM C UCTIOTb30BaHMEM TPY30BOTO JIN(TA.

BosBeneHue npeacTaBieHHOM KOHCTPYK-
LMY He TpeOyeT M3MEHEHMSI 3aCTPOIKY B paii-
OHE TepecevyeHrs] aBTOMOOUIIBHOM U XKeJe3-
HOI1 TOPOT, a TaKKe CTPOUTEIbCTBA ITOIXOI0B,
YTO KpaliHe aKTyaJIbHO B YCJIIOBUSIX CIOXHB-
IIEMCs 3aCTPOMKM U HE BIIMSIET Ha apXUTEK-
TYpHbIA 00JIMK TOpoja.

B kauecTBe ycTpOICTB JOCTaBKHA aBTOMO-
OIS Ha TTyTEITPOBOJ MOKHO MIPUMEHSTH CITe-
HUaTbHBIC TOTABEMHUKHY WA TUQTHI, ITUPOKO
WCTIOb3YeMbIe B KPYITHEUIIINX TOPOIaX BCETO
Mupa. Bo MHOTHX ropojiax Bce CHIIbHEE OIILy-
[IaeTcs HexBaTKa CBOOOIHOTO MPOCTPAHCTBA,
U pa3MellleHue aBTOMOOWJIe moj 3eMIeit
C TIOMOIIIbIO TOABEMHOTO MEXaHU3Ma He Hapy-
IIaeT OKPYKAMIIYI0 apXUTEKTypy. ABTOMO-
OuJIbHbBIE TU(TH HAIIJIM CBOE TIpUMEHEHUE
¥ B TOPTOBBIX IICHTPAX C TAapKOBKaMU Ha KPbI-
1IIe, a B XXWJIBIX IOMaX — B TTOIBAJIC.

ABTOMOOWIBHBIN TTOABEMHUK (puc. 1)
MPECTaBIIsIET CO00I KOHCTPYKIINIO, COCTOSI -
IIYI0 U3 OTIOPHOW CHUCTEMBI M MeXaHM3Ma
npuBoaa. Pabora ycTpoiicTBa MpOUCXOIUT
cleaytoimm oopa3zomM. ABTOMOOUIIb 3a€3KaeT
Ha TUIOIAJKY, JaTYMKU rabapuTa (OHU Haxo-
ISITCSI Ha KOHIIAX OrpakaaloliuX Mepu)
CUYMTBIBAIOT IPABUJILHOE TTOJIOKEHHUE AaBTOMO-
OuJIsI, 1 OTIOpHAs CUCTeMa MPUXOINUT B IBU-
JKEeHHE, TIOMHUMAsi aBTOMOOMJTb Ha HEOOXOI1 -
MYIO BEICOTY.

Y HOXHUYHBIX TOABEMHUKOB (puc. la)
IBVDKEHUE TIAT(POPMBI TIPOUCXOIUT C TIOMO-
IIBIO PHIYAr0B, HAXOASIIINXCS IO HEl 1 pac-
MOJIOXXEHHBIX 110 TUITY HOXHUII. Bo3meii-
CTBYIOIIIME Ha PhIYard IMJIWMHAPHI 3aCTABIISTIOT
MX pacKIaablBaThCsl, YTO TTO3BOJISIET MOAHSITh
aTopmy BBEPX.

MuHycoOM MCIOIB30BaHUST HOKHUYHBIX
MOIBEMHUKOB SIBJISIETCSI OTCYTCTBHE CTEHOK



Puc. 1. BapunaHT nogbEMHbIX yCTPOWCTB: a) HOXHUYHbIN aBTOMOOW/IbHbIN NOAbEMHUK; 6) KOJIOHHbIA
aBTOMOOW/IbHbBIV NOAbLEMHUK; B) aBBTOMOOU/IbHBINA TNGT [MOAroTOBEH aBTOPaMu].

y ux miatdopmsl. To ecTh BhIIeNX (CIy-
YaiiHO WJIM TIpeIHaMEpPeHHO) IaccaknupoB,
KaK 1 CaMOT0 BOIUTEJISI, HUYETO HEe 3aIlMIIa-
€T OT MaJeHUs] WIK MOJIyYeHUs] TpaBM Ha Ta-
KoM noabéMHUKe. Kpome Toro, yctaHoBKa He
CIBUHETCS C MECTa, €CJIM MallliHA Ha IUTOIIIa I -
Ky 3aexajla HelpaBMJIbHO. DTO MPUBEAET
K IOTIOTHUTEILHBIM ITepeMeIeHUSIM (MaHEB-
PUPOBAHNIO) aBTOMOOMJIS Ha TIOIIANKE
MOABbEMHUKA, YTO YBEJTMIUT BPeMSI 3aHSITOCTHU
MOIbEMHIKA U TTepeCeIeHUS XKeJIe3HOTOPOK-
HOM TUHUU. DTY KOHCTPYKIIUIO CJIIOKHO OyIeT
peanm3oBaTh, TaK KaK OHa He CITOCOOHA BbI-
JiepXaTh MOAbEM aBTOMOOWUIIS Oojiee TPEX
TOHH Ha BBICOTY CEMM METPOB (UTO HEOOXO-
JIMMO T10 YCJIOBUSIM ITPUOIMKEHUSI rabapuTOB
CTPOCHUSI).

BapuaHT nogbéMHuKa Ha puc. 10 mnpen-
CTaBIsIeT cO00 KOHCTPYKIMIO M3 ABYX
(110 omHOIi ¢ GOPTOB aBTOMOOWIIST) WIJTH YEThI-
péx (110 aBe ¢ GOPTOB ABTOMOOMJIST) KOJTOHH-
HAITPaBJISIIONINX, PACIIONOXKEHHBIX MePIeH-
IUKyIsspHO Tuiatdopme. B atom ciayuae
MOABEM MPOUCXOAUT 3a CUET TUAPOLMINH-
npoB. OHM TIepeMeIIaoT KapeTKH, TTPUKpPEIT-
JEHHBIE K TuIaTdopMe, IO CIIeUalbHOMI
CUCTEME, B KOTOPYIO BXOJST TSATOBBIE LIEMU
1 MOJIUCTIACTHBIE MeXaHU3MbI. CTaHIapTHBIM
3HAYCHHUEM BBICOTHI, Ha KOTOPYIO MOXHO
MOJHSIThL aBTOMOOUIb, siBasieTcss 7 M. Ho,
K COXaJICHUIO, BCE OCTAJIbHbIC MUHYCHI TIep-
BOTO BapMaHTa MOIObEMHUKA (CM. puc. 1a)
OCTAIOTCSI U 371ECh.

Haubonee coBepilieHHBIM BapUaHTOM,
JIMIIEHHBIM 0003HAUYEHHBIX HEIOCTATKOB,
SIBJISICTCST aBTOMOOMIIBHBIN TUDT (puc. 1B) —
TOT e TPY30BOi1 JIU(PT, CITOCOOHBIN MOTHU-
MaTh Ha HEOOXOIMMYIO BBICOTY Tpy3, Macca

KOTOPOTO He T0JKHA OBIT 0oJibiie 3,5 T. [Tpn
MaHHOM BapuaHTe MOABEMHMKA HE HYXHO
CIIeIUTH 3a cpabaThIBAaHMEM JaTYUKOB U Tie-
pecTaBISITh TPAHCIIOPT B «0oJiee yoIoOHOe»
nojioxeHue. B aTom ciydae, mpu 3ae3ne aB-
TOMOOMJIS B KaOMHY TU(Ta, MOIBEM HAUMHA -
eTCs cpa3y Xe MOCJE MOJHOTO 3aKPBITHUS
JIBEpeit.

Jlyu3zaiitH myTernpoBoaa MOXET ObITh afarn-
TUPOBAH K JIaHAIIAdTy 1 JIETKO BITMCAH B HE-
ro (puc. 2, 3), a IyTenpoBOJ MOXET UCIIOJI-
HSTBCS KaK C OMHUM TOHHEJIEM ST TBVKE-
HUsI, TaK ¥ C AByMSI TOHHEJISIMUA (OHM MOTYT
OBITH PACITOJIOKEHBI KaK TapajjieibHO, TaK
W IPYT Hajl IPYTOM).

LlenecooObpa3HO MCMONB30BATh TaKOW
«TIepee3MHbI» TUPT KaK MHXEHEPHOE CO-
OpYyXEHUeE, MPEI0CTABISIONICE «IOIMOJTHM-
TEJIbHYIO YCIYTY» IJSI aBTOMOOUIBHOTO
TpaHCIOPTa, a He KaK OOBIYHOE CPEACTBO
nepecevyeHus xkene3Hon noporu. Ha moaxo-
nax K Ju(Ty YyCTaHABIUBAIOTCS 30HBI KOHT-
pousi, paboTalolre B aBTOMaTUIYECKOM pe-
XuMe (TT0 TUITY paOOTHl 30H MOAX0Ia aBTO-
MOOWJIBHOTO TPaHCIIOPTA B a3POITOPTax UK
MO THUITY pabOTHl 30H OILJIaTHI IMpoe3aa Ha
BBIIEICHHBIX BHICOKOCKOPOCTHBIX MarucTpa-
ns1x). [Ipu 3TOM BO3MOXHA OpraHu3alus
3JIEKTPOHHOI ouepean Ha IUMT ¢ pa3TunIHbI-
MU IIPUOPUTETAMHU, HATIPUMED, B IIPOCIICIO-
BaHUM MallMH CKOPOW MOMOIIU. YI0OHO
M TIPOCTO HEOOXOAMMO B CBSI3U C TOTAIbHBIM
HCITOJIb30BaHNEM MOOMJIBHBIX TTPUJIOKEHU I
pa3pabaTbiBaTh U BHEAPSITH MOOMJIbHbIE TTPU-
JIOKEHUSI TS TIOBBIIIEHUS KoMdopTadenb-
HOCTH HCITOJIb30BAaHMS TIPEIOCTABISIEMOTO
cepBuca, 3a0,1arOBPEMEHHOTO TUTAHUPOBA-
HUS ¥ ONITUMU3AIIAY IBUKCHUS.
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Puc. 2. BapnaHT pacronoxeHus nyTenposoAa ¢ 30HOV O4HOCTOPOHHEro Nnpocsie40BaHns (Bug n3 KabuHol
aBToMOGMNs) [MOAroTOB/IeH aBTOPamMu].

Puc. 3. BapuaHT pacrnosioxeHus nyTenposoaa ¢ 30HON 04HOCTOPOHHEro NnpocseaoBaHus (BUA C BbICOTbI
nTuYbero noséta) [MoaroToBsieH aBTopamuj.

CUEHAPUU OBPA3OBAHU4A
OYEPEJEN Y NYTENPOBOOA
B HEMOCPEACTBEHHOW BJIN30CTU
K NEPEE34QY

PaGoTa Hag3eMHOro IyTenpoBoaa C OHUM
U C IBYMSI TOHHEJISIMU OIIpeesisieTCsl OCOOSH -
HOCTSIMM 00pa30BaHUsI aBTOMOOMJIbHBIX T0-
TOKOB, 3aMHTEPECOBAHHBIX B €TI0 UCITOJIb30-
BaHUMU, IO OOEUM CTOPOHAM ITyTepPOBOIA CO
CTOPOHBI aBTOMOOWMIBHOI foporu. PakTude-
CKM TIpeyiaraeMoe TeXHUUYeCKOe pellicHUe
SIBJISIETCS TMOO OJHOKAHAJbHOM, JINOO ABYX-

KaHAJIbHOW CHCTEMOW MacCOBOTO OOCITYXM-
Banus (CMO) [13; 14].

ITpu oboux BapuaHTax OpraHu3alUU
HaI3¢MHOTO MTyTENPOBO/A JJISI aBTOMOOUITb-
HOTO TpaHCHOPTa OTpaHUYEHUSIMU Ha pabo-
Ty SBJSIIOTCS TIEPUOABI, KOTAa Mepeess OT-
KPBIT 11 NIBUXEHUS aBTOMOOUIBHOTO
TpaHCIOPTa, OTCYTCTBYIOT TOPOXHO-
TPAHCMOPTHBIE MPOUCIIECTBUS, MEIIAIOIINE
MPOCJIEA0BAHUIO YePe3 XKEJTE3HYI0 TOPOTY
u nip. UMeet cMbIci paccMaTpuBaTh padboTy
CMO TOIbKO B MOMEHTBI BDEMEHU OT 3aKPhI-
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Puc. 4. YcnoBHbie 0603Ha4YeHus.

TUS Tiepee3aa sl ABUXKEHUSI aBTOMOOWJIb-
HOTO TpaHCMHOPTA 10 €ro OTKpbITUS. TouHee,
OT HEKOTOPOTO MPOTHO3HOTO BPEMEHHU, TTO-
3BOJISIIONIETO 3a0JJarOBPEMEHHO aKTUBU3U-
poBaTb pabOTy CUCTEMbI HAA3€MHOTO IMyTe-
MPOBOJA /11 aBTOMOOMJILHOIO TPAHCIIOPTA.
CylecTByeT M clydaii, Ipud KOTOPOM B MO-
MEHT ITPOOKU Ha MePee3Ie B Clyyae BbICOKO-
MPUOPUTETHOM 3asIBKM BO3MOXXHa paborta
HaJA3eMHOrO0 Mnepeesaa, OAHAKO ATOT cayJyai
npeajiaraeTcsl He paccMaTpyMBaTh B BUILY OT-
CyTCTBUS Kak TakoBoii CMO 1ipu 3TOM Ba-
pUaHTe: B cllyyae MPOOKU BbICOKOMPUOPU-
TeTHasl 3as1BKa MOXET ObITh 00CIy:KeHa MO-
MEHTAaJIbHO, a COOBITUSI MPUOIUKEHUS IBYX
BbICOKOMPUOPUTETHBIX TPAHCHOPTHBIX
CpeaCTB ¢ 00erX CTOPOH OT MyTeNpoBOAa
ManoBeposITHbI. OMHAKO M B 3TOM ClIy4yae
TEXHUYECKOE pPelleHNEe BBIMOJHUT CBOIO pa-
00Ty, MPOIMYCTUB CHayajla OAWH TPAHCIIOPT-
HBII 00BEKT, 3aTEM BTOPO.

3asBKH, MOCTYMAOIINe Ha pacCMaTprBae-
MbIii TEXHUUYECKUI OOBEKT «HAA3EMHbIN ITy-
TEMPOBO/ IJ1s1 aBTOMOOUIbHOTO TPAHCITOpTa»
B MOMEHT €ro paboThl, B CAMOM O0OILIEM CTydyae
UMEIOT CJIEIYIOLIME TTapaMETPhI:

— ¢ 00erx CTOPOH IyTeINpoBOIa MOCTYyIa-
IOT 3as1BKU C OJMHAKOBBIM MPUOPUTETOM
Y UHTCHCUBHOCTAMM A, U A;

—C 00enx CTOPOH BO3MOXHO MOSIBJIEHWE
BbICOKOTIPUOPUTETHOM 3asIBKM C MHTEHCUB-
HOCTbIO 4" U 4} ;

— cpeHee BpeMst 00CTy>KUBAHUSI KaXKIOM
3asIBKU OTIPEIEIISIeTCSI BDeMEHHBIMU TTapame-
TpaMU MOABEMA aBTOMOOMJIS, TIPOC/IEIOBAHUS
HaJl XeJIe3HOJOPOKHBIM MTOJIOTHOM U CITYyCKa
1 BBIpaXkaroTcsl B OOIIEM CiIyyae BEIUIMHOM

PaccmoTpum cueHapuu (popMUpOBaHUS
oyepeneil y myTernpoBoaa B ABYX BapHMaHTax
ero peaJin3auu — ¢ IByXCTOPOHHUM JIBIKE-
HHUEM 1 C OMHOCTOPOHHUM JIBIDKEHUEM (C BO3-
MOXHOCTbBIO PEBEpCUPOBAHUS).

Ha puc. 4 npuBeaeHbI yCJIOBHbIE 0003HA-
YEHMSI.

OnuieM ciaydail IyTeIIpoBoaa C ABYX-
CTOPOHHUM JBMXXeHueM (puc. 5). IIpexnae
BCero, OyaeM IojiaraTh, 4To CIyJau pacCMOT-
PEHUSI TTOTOKOB C IBYX CTOPOH PaBHO3HAYHBI
1 UCKIIOYUM M3 PACCMOTPEHUS OIUH M3
«CUMMETPUYHBIX BAapUAHTOB» (HaIlpUMeED,
Koraa IMOTOK UMEETCsI TOJIbKO C OHOM CTO-
POHBI WJIK TOJIBKO € Ipyroii cTopoHsr). Torma
MOKHO BBIICIUTH IEBSITh Pa3TUYHBIX CUTYa-
LUH.

Ilepevlii cuenapuii, noka3aHHbBIN Ha puc. Sa,
XapakTepu3yeT ciaydyaif, Korma odepeab U3
HU3KOTIPUOPUTETHBIX 3aIBOK 00pa3yeTcs
TOJBKO C OMHOM CTOPOHBI IMyTEIIPOBOIA.

Bmopoii cyenapuii (puc. 50) onuchIBaeT
cayJyail BOSHUKHOBEHUSI BBICOKOIIPUOPUTET-
HOW 3asiBKU C OTHOM M3 CTOPOH MYyTETIPOBOAA
MPU OTCYTCTBUM TpaduKa ¢ Ipyroi (pakTu-
YeCKH1, aHAJIOTUYCH TIEPBOMY CIICHAPHIO).

Tpemuii cyenapuii (puc. 5B) OMMCHIBAET
cutyanuio (GopMUPOBaHUS KaK HU3KOIIPHO-
PUTETHBIX, TaK ¥ BHICOKOIIPUOPUTETHBIX 3a-
SIBOK C OJHOI M3 CTOPOH ITyTeIpoBOAa MpPHU
OTCYTCTBUM TpadurKa ¢ Ipyroii.

Yemeépmulil cyenapuii (puc. 5T) XxapakTe-
pU3yeT CUTyalMio, Koraa ¢hpopMHUPYIOTCS
HU3KOIIPUOPUTETHBIC 3asIBKU C 00X CTOPOH
MMyTeTIpoBOIa. DTOT CIyvail TpeacTaBIsieTCs
HanboJiee UHTepeCHBIM. B ciyuae popmupo-
BaHMS 3asIBOK C 00€MX CTOPOH ITyTEIpOBOAa
TpedyeTCsl YCTAaHOBUTH MPUOPUTET B IBIKE-
HUU C KaKO#-IM0O0 U3 CTOPOH. DTOT IPUOPH-
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Puc. 5. CueHapumn o6pa3oBaHus oyepeaeii y ByXCTOPOHHEro HaA3€eMHOro nyrenposoAa
[moaroroBnex aBTopamu].

TET MOXET yCTaHaBJIMBATBHCSI, UCXOIS U3
Yyucya 3asiBOK M OTpaHMYEHUI Ha BpeMsl pa-
60ThI 1. [TonoxxuMm, 171 peryJupoBaHus o4e-
pereii ycTaHaBIMBAIOTCS CBETO(MOPHI C 00enx
CTOPOH HaJI3eMHOTO TyTernpoBoxa. Toraa
11eJ1eCO00pa3HO C YYETOM BPEMEHM T HACTPO-
UTb paboTy cBeTO(GOPOB TaKUM 0Opazom,
YTOOBI TIPY IBUKEHUU B 000MX HATIPaBJICHU -
SIX 32 BpeMsI T ObUIO MPOITYIIEHO OIMHAKOBOE
KOJIMYECTBO MAlTMH B KaXIOM HaTlpaBJICHUN.
B aToM ciydae ripy MajioM 3HaYEHUU T MOXKET
OBITh BEIOPAH MPUOPUTET OTHOM U3 oUepenei

r 1 ..
1 BKIIIOYCHO Ha BPEMA [E—*j pa3p€II€HHOC
)7

MoKa3aHue JJIs 9TO oYepeau 1 Ha TaKoe Xe
BpeMs1 — Ui BTopoii. Eciiv BpeMsi T HacTOJIb-
KO MaJjio, YTO MOXKET OBbITh ITPOIYILIEHO MaJioe

YUCJIO aBTOMOOUJIEH, cilieayeT MpPUuOpPUTET
JNBUXEHUS YCTAHOBUTH COTJIACHO MPEeaBapU-
TeJbHBIM 3asiBKaM Boauteseil. Ecnu Bpems t
Besvko (mipeBbiinaet 10—20 MUHYT), TO CBe-
TOMOPBI MOTYT MEPEKITIOYATHCS IO HECKOIBKY
pa3, BbLIEpXKUBas oOlliee BpeMsl IBUKEHUS
B KaXXJIOM U3 HampaBieHUN — % .

Ilamuiii cyenapuii (puc. 50) MoKa3bIBaeT
HaJIMuKe IBYX ITOTOKOB 3as1BOK C 00EUX CTOPOH
MyTENpOBOJA, ONUH U3 KOTOPBIX SIBJISIETCS
BBICOKOTIPUOPUTETHBIM, BTOPOI — HU3KO-
MPUOPUTETHBIM. B maHHOM ciiydyae BbICOKO-
MPUOPUTETHBIC 3asIBKU OOCITYKMBAIOTCS OT-
nenbHo. CrenyeT OTMETUTh, YTO BHYTPU T10-
TOKa BBICOKOTIPUOPUTETHBIX 3asIBOK MOTYT
OBITh YCTAHOBJIEHBI CBOY IPUOPUTETHI, OTHA-
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Puc. 6. CueHapumn o6pa3oBaHus o4epeaeri y 0o4HOCTOPOHHEro (C peBepcupoBaHneM) HaA3eMHOro rnyTenposoaa
[noarorosnex aBTopamu].

KO IIeJieco00pa3HO MX HE paccMaTpMBaTh,
OLICHMBAS TOJIbKO BO3MOXHOCTH OOILIeil pa-
0OTHI MyTENPOBO/IA MO TAHHOMY CLIEHAPUIO.

Illecmoii u cedvmoii cyenapuu (puc. 5e, X)
OIMCBIBAIOT UACHTUYHbBIC CUTyallu, KOTIa
C OJIHOI 13 CTOPOH MyTenpoBoaa hopMupy-
F0TCSI HU3KOIIPUOPUTETHBIC 3asIBKM, a C IPY-
roil — M HU3KO-, U BBICOKOIIPUOPUTETHHIC
3asiBKM. B maHHOM cily4yae NpeuMyIIecTBO
OTHa€TCs BLICOKOIIPUOPUTETHBIM 3asiBKaM, 110
Mepe UCITOJIHEHUsI KOTOPBIX ITyTEIIPOBO/I Ha-
YyHaeT paboTaTh MO yX€ PAaCCMOTPEHHOMY
BBILIE YETBEPTOMY CIICHAPUIO.

Bocomoii cuenapuii (puc. 53) onuchiBaeT
IOXOXYIO Ha MPeIbIIyLIie IBe CUTyalluu 3a
TEM JIMIIb UCKITIOYEHUEM, YTO C 00EUX CTOPOH
IIyTeNpoBo/ia HOPMUPYIOTCS BHICOKOIIPHOPH -
TETHBIC 3asBKM, a C OMHOM M3 HUX — eIl
M HU3KOIIPUOPUTETHHIE. B aTOM Cllyyae BHa-
yajie UCIIOJHSIOTCS BbICOKOIIPUOPUTETHBIE
3asIBKM C 00EUX CTOPOH, a 3aTeM — HM3KO-
MIPUOPUTETHBIC ¢ OMHOM 13 HuX. [1pu nucmnoJ-
HEHUU BBICOKOIIPUOPUTETHBIX 3asSIBOK IIOTOKHU
MOXHO CUMTaTh PABHOLIEHHBIMU, a PEXUM

VIVIE SAH PTA A 8 [0 I 3

MCIOJHEHUST 3asIBOK MOXKHO OIPENEISATh UC-
XOJIs1 U3 JUIMHBI 04ePeIH C COOTBETCTBYIOLIMM
BpeMEHEM OOCTYKMBaHMS KaxK/I0i 3asiBKU.
Meesmulit cuenapuii (puc. S1) oxBaTbIBaeT
caMblii OOIIMIA citydali hopMUPOBaAHUS 0OOUX
BUIOB 3asIBOK C JBYX CTOPOH ITyTepoBOja.
PabGora opraHnusyercst aHaTOTUYHO ONTUCAaHHO-
My BBILLIE aJITOPUTMY ISl CIIy4aeB BBICOKO-
IPUOPUTETHBIX 3asIBOK C 00EMX CTOPOH 1 HU3-
KOIPHUOPUTETHBIX 3asSIBOK C 00EUX CTOPOH.
AHaJIOTUYHO MpeICcTaBIeHHBIM Ha pUC. 5
cueHapusM (GOpMHPOBAHUST 3asIBOK JUISI ITyTe-
IIPOBOIA C IBYXCTOPOHHMM JBMXKEHUEM Ha pHC. 6
MPUBEIEHBI CLICHAPUHU J1JIs1 (DOPMUPOBAHUST 3a-
SIBOK JIJISI OTHOCTOPOHHETO ITyTeIpoBoa (C BO3-
MOXHOCTBIO peBepcrpoBaHyst). MOXHO cKa3aThb,
YTO JaHHBII BApUAHT OPraHM3all1K ITyTeIIPOBO-
Jla MOXKET OBITb PACCMOTPEH Ha OCHOBE OT/IE b~
HBIX CJIydaeB IIEpBOIO BapyuaHTa OpraHU3alluu
nBrokeHus. [1o 3Toil npuurHe Kakoe-11bo J10-
TOJIHUTEJIbHOE OIMCAHKUe HEe TTPUBOIUTCSI.
Pacuér npusenénnoit CMO MOXeT ObITh
BBIIIOJTHEH ITYTEM MMUTALMOHHOTO MOJIEIM -
poBaHus (B 1TaHHOI pabOTe HE IPUBOIUTCSH).
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AOOMOJIHUTENbHbIA ®YHKLUUOHAN
ABTOAOPOXXHOIO NYTENPOBOAA

ABTOIOPOXHBIN MyTEMPOBO. TUPTOBOTO
TUIIA — YHUKAJIbHOE TEXHUYECKOE PellIeHuEe,
MO3BOJISIOIIEee BCTPpauBaTh YAOOHBIE Cpel-
CTBa IePeCeYeHMS KeJIe3HBIX JOPOT B PETr0o-
HaXx C YK€ CJIOXMBIIeHCst MHGPaCTPYKTypOI.
CaMo TexXHUUYeCKoe pelIeHUe He TOJbKO
MOXKET OBITh PeaJIM30BaHO C AU3aTHOM, UC-
aJIbHO BITMCHIBAIOIIMMCS U HE HapyIIaloIIUM
OCHOBHOI «JIMHUMW» TaHaIadTa, HO U CHab-
KaThCsl Pa3BUTBIM (DYHKIIMOHAJIOM, ITO3BO-
JISIIOIIAM C/IeJIaTh He MPOCTO KOHCTPYKIIUIO
JUIST peLlIeHUsT OTHOM M3 3a/1a4, HO U ITOCTPO-
WUTh MHOTO3ala4yHblii KoMIuieKc. CTpoeHUst
1 00BEKTHI TPAHCITIOPTHOI MH(MPACTPYKTYPHI
JIaBHO CJIe[lyeT IepecTaTh paccMaTpUBaTh
TOJIBKO KaK CTaTUYHbIC OOBEKTHI, IPEIHA3-
HauyeHHbIE CYTy0O0 JUIsI pelIeHUs OJHOM Y3KOM
3agaun. Mx cienyeT paccMaTpuBaTh Kak
00BEKThI, CO3MAHHBIE YEJIOBEKOM TSI yI00-
CTBa MCIOJIb30BaHUsI, MUHMUMU3ALIUU 3aTpaT
KaK BPEMEHHBIX, TaK U JTEHEXHBIX, IS T10-
BBIIICHUST 3(POEKTUBHOCTU DKCILIyaTalluu
TPaHCIOPTHOrO KOMILIeKca U 6oJiee KOM-
(opTabesbHOro UCIOIb30BaHUSI TPAHCIIOPT-
HOIl CUCTeMbl KOHEUYHBIM T0JIb30BaTEIIEM.
TexHuueckue 00bEKThl Hy>KHO MAaKCUMaJIbHO
MPUOJIU3UTD IO UX CBOMCTBAM K CBOMCTBaM
JKMBBIX 00BEKTOB M3 OMOJIOTUYECKOTIO MUpa
U HaJCJIUTh UX HEKOTOPBIMU «T€XHUYECKUMU
YYBCTBAMM» — «TEXHUICCKUM CIIyXOM», «T€X-
HUYECKUM 3pEHUEM», «TEXHUIECKUM WHTEJ -
JiekToM». KpoMe Toro, He0OX0IMMO MaKCH -
MaJIbHO «03€JICHUTh» TEXHUUECKUE PEIICHNSI,
HCIMOJIb3ysl aJlbTepHATUBHbBIE UCTOYHUKU
SHEPruu, Kjaaccu@uuupys norpedutenei
U peain3ys TaKue TeXHUYeCKUe pelleHus,
KOTOpbIE HECYT MOHVKEHHBIN YIJIepOIHbII
cien [15].

INpennaraemas «o00aer4€HHAsI» KOS TeX-
HMYECKOro peleHust komranuu Mitona Macka
MPEICTABIISIET CO0O0IT Ga30BYIO CUCTEMY, KOTO-
past JIETKO pacIIUpsieTCs] M HapalluBaeTcs 10
MHOTO(YHKIIMOHAJIBHOTO KOMILIEKca, 00J1a-
JIAIOIIETO CJIEMYIOIMMU OCOOEHHOCTSIMU:

— KpbIlla KOMILUIEKCa TTOKPBIBAETCST COJI-
HEYHBIMM MTaHEJISIMU TSI OPTaHU3alMK SHEP-
rOCHAOKEHUST HEe TOJIBKO OT MECTHOM 3JIEKTPO-
CETH, HO 1 OT aJIkTePHATMBHOTO MCTOYHMUKA,
U (hakTUIeCK! caMa KOHCTPYKIIMS MpPeICTaB-
JIIeT CO00I «MUKPOIJIEKTPOCTAHIINIO» C HAKO-
MUTEJISIMU SHEPTUU (BIOJHE BO3MOXKHO, YTO
SHEPruy XBaTUT U IS TUTaHUSI OOBEKTOB aB-

TOMAaTU3aL1H, a TAKXKE COCETHUX C HAI3EMHBIM
MYTENPOBOIOM KUJIBIX OOBEKTOB);

—BO3MOXHO COBMellleHUue (PYHKIUU
3JIEKTPO3aMpaBKU 17151 COBPEMEHHbIX 2JIEKTPO-
MOOUJIE OT UICTOYHUKOB «MUKPOIJIEKTPO-
CTaHLINN»;

— Ol MOJIOM BHE HapyuleHus rabapura
cJie0BaHUS TOJBUXKHOTO COCTaBa YCTAHABIIM -
BaeTcs CIelUaTu3upOBaHHOE TUATHOCTUYE-
CKoe 00opyIoBaHUe 1T TPOBEPKU 3arpyKeH-
HOCTU BaroHOB, COCTOSTHUSI KOHTaKTHOW CETU
(ecnu popora 2;1eKTpruULIUpOBaHa);

— 10 G0KaM KOHCTPYKIIMHY YCTaHABIUBACT-
cd 000pynoOBaHUE KOHTPOJISI LETOCTHOCTUA
MI10MO BaroHoOB, pacmo3HaBaHUS HOMEPOB
BaroHoB, JAe(eKTOCKOMUU OYKCOBBIX Y3JIOB
(BO3MOXEH BapUaHT C UCIOJIb30BAHUEM TEX-
HOJIOTUM MOBEPXHOCTHBIX aKYCTUUYECKUX BOJIH
JUTSI MOHUTOPUHTA);

— B 30HE MepeceyeHusi aBTOMOOWIbHOMN
U XKeJIe3HOM mopor (Ha caMOM Mepees3/ie) ycra-
HaBJIMBAIOTCS YCTPOICTBA KOHTPOJISI, TEXHU-
YECKOTO TMarHOCTUPOBAHUS U MOHUTOPUHTA
COCTOSTHUS HETTOCPEICTBEHHOTO MepeceYeHUst
JKEJIe3HOU U aBTOMOOWJIbHOI TOPOTH U T.1.

TTono6HBIN (yHKIIMOHAT MO3BOJISIET pea-
JIU30BaTh B OMHOM KOMIUIEKCE CJIIOXHBIN TeX-
HUYECKUI «OpTaHU3M», PellaloIIuil pa3HO00-
pa3Hble 3a1a4M U O0ECIIeYeHNs OTKa30yCTOM -
YUBOCTH, U 6€30MaCHOCTU CaMO TPAHCITOPT-
HOU cUCTeMbl, U KOM(MOPTHOCTU ABUXEHUS
MOJIb30BaTeNeii aBTOMOOUIIEHA.

SAKJIIOHEHME

BHenpeHnue Ha3eMHBIX MyTEPOBOIOB IS
ABTOMOOMJIBHOTO TPAHCIIOPTa B «KPUTHUYE-
CKHMX 30HaxX» TMepeceuyeHUs] aBTOMOOMIBHBIX
7 XEJIE3HBIX JOPOT MO3BOJISIET CYIIECTBEHHO
ONTUMU3UPOBATH MOE3AKU B KPYITHBIX TOPO-
JlaX U peTMoHaxX CO CJIOXUBLIEWcSd UHppa-
CTPYKTYpoi. [1pn 3TOM cy1ecTByeT BOZMOXK-
HOCTb UHTETPALIMM TEXHUYECKOTO pelIeHUSs
C MOOWJIbHBIMU NPWIOKEHUSIMU U HABUTALIU -
OHHBIMU CEPBUCAMU TaKUM 00Pa30M, YTOOBL
o4yepen Ha MCIOJb30BAHUE HAA3EMHOTO
MyTenpoBoa (POPMUAPOBATIUCH 3apaAHEE U yUU -
TBIBAJIUCH MTPU COCTABICHUU U ONITUMU3ALUU
MapuIpyToB. bosiblioe 3HaueHre MOXET UMETh
U COLUMATBHBINA 2P HEKT OT UCTIOTb30BAHUS
ABTOAOPOXHBIX MYTENPOBOAOB JIU(PTOBOTO
TUIA B YCJIOBUAX IUIOTHOW TOPOJACKOU 3a-
CTPOMKU COBPEMEHHBIX TOPOJIOB.

[TpemoxeHHbIE pellieHUs MOTYT ObITh KaK
OTIEJbHBIMU MOOUIbHBIMU MPUJTOKEHUSIMU,



TaK ¥ THTETPUPOBAaHHBIMU CEPBUCAMU B UMEIO-
IMecsT HABUTAlIMOHHbIE M 0AHKOBCKUE CHC-
TeMmbl. [TomoOHast MHTErpalus MO3BOJISIET
YIPOCTUTH B3aMMOACHCTBUE TTOJb30BATEIS
C TPAHCTIOPTHOM CUCTEMOM, COKPaTUTh BpEMS
Ha ITpoBeIeHME OTIepallnii, 00ecTieunTh Oosee
KOM(bOPTHOE IBVDKEHUE U, B KOHEUYHOM UTO-
re, ONTUMU3AIINI0 BpeMEHHBIX M (DMHAHCOBBIX
3aTpat MoJIb30BaTeIs.

Crenyert elig pa3 NoauepkKHYTh, YTO aBTO-
JIOPOXHBIE ITyTEMPOBOIBI JIU(MTOBOTO THUTIA —
3TO HE MacCOBOE€ TeXHUYECKOE pellleHue,
a IJIaTHOE TIOBBIIIIeHNEe KOM(DOPTaOeIbHOCTH
TIePEeBO30K U CPENICTBO ONEPATUBHOTO ITPOITY -
CKa aBTOMOOUJIE SKCTPEHHBIX CIIyK0. Kpome
TOTO, MOAOOHOE TEXHUUECKOE PellIeHUe Tpr
€ro MOIYJIbHOM HWCIIOJHEHUU U OBICTPOM
Pa3BEPTHIBAHUM MOXKET OKA3aThCSI ITOJIE3HBIM
MpY MPOBEAEHUU IJIUTEITbHBIX TIJIaHOBBIX
paboT, HaIpUMeED, CBSI3aHHBIX C PEKOHCTPYK-
1IMeii mepees3ioB, 3aKPhITUM UX Ha ITPOI0JIKM-
TeJIbHOE BpeMsI 1 IMp. MakCUMaJIbHO ITPOCTO
BO3BOJIMTCS TIPEACTABICHHAS KOHCTPYKIIMS
JUTSI OTHO- W IBYXITYTHBIX 3KeJIE3HOIOPOKHBIX
JTuHUi. BpeMs ke mpoesna omnpenensieTcs

o1 o
BCJIMYNHOU ; , CYIHECTBEHHO 3aBUCALLIEN OT

TUIOB yCTAaHaBJIMBAEMbIX MOIBEMHUKOB,
CKOpPOCTH 3ae3aa B JINQT, Moabeéma, mpoesaa
10 KOPUAODPY, CIyCcKa W Bble3na u3 Judra
1, TIO TIPEIBAPUTEILHON OLIEHKE, HE TOJIKHO
TPEBBINIATH OHOW MUHYTHI. [{J1 ucKiItoue-
HUsI CKOIUJIEHUs ouepelieil 1enecooopa3Ho
3apaHee OpPOHMPOBATH MYTEMPOBOJ, B psilie
cliydaeB JJIsl ONTUMU3ALNU Pa3MeEIleHUs
TPAHCTIOPTHBIX CPEICTB — CTPOUTH CTIEIIM -
aJTbHO 00OpPYIOBaHHBIE OTCTOWHUKU TIEpeT
3ae3noM. Bce aT0, ecrecTBeHHO, TpeOyeT
JaJbHENIIe 1eTaTbHON NpopaboTKU C yué-
TOM YCJIOBUIl CTPOUTEIHCTBA HETIOCPEI-
CTBEHHO Ha 00bEKTE BHEAPEHUS U SKOHOMMU -
yeckoro addeKTa, MpOCYUTHIBAEMOTO J0-
MOJHUTEIBHO (HA UTO BJIUSIIOT KATUTAIbHbIE
BJIOKEHUSI, 3aTPAThl HA OOCTyXUBaHUE,
BOCTPeOOBAHHOCTH Yy TMOJIb30BaTeNIel, BO3-
MOXHOCTb MPUBJEUECHUS peKJIaMoJaTeNei
TIPU UCTIOJIb30BAHUY MOOMJIBHBIX TTPUTOXKE-
HUH U T.1.).

B 3axsioueHre HEOOXOAUMO OTMETUTH
TakxXe, 4TO TPeJCTaBIeHHOEe TEXHUYECKOe
pelIeHre MOXET ObITh BCTPEUEHO C OCTOPOXK-
HOCTBIO CTIELIMATTUCTAMU, OTBETCTBEHHBIMU 32
TIPUHSTHE PEIIEHUI TIO CTPOUTETLCTBY MHHO-

VIIE oA P A | 3 = ) O

BallMOHHBIX OOBEKTOB HA TPAHCIIOPTE, U, €CTE-
CTBEHHO, TOTPeOYyeT TOMOTHUTEIbHBIX UCCIIe-
JIOBaHMIA, HO BITOJIHE 3aCTy>KMBAeT AabHEei-
[IEr0 BHUMAHMS B CUJY CBS3aHHBIX C HUM
MOTEHIIMATBHBIX MOJIOXUTETbHBIX 3(D(HEKTOB.
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ABSTRACT

The theoretical prerequisites for construction of road
overbridges of car lift type for crossing railways by automotive
vehicles are suggested. A technical solution has been proposed
that makes it possible to ensure the crossing by cars of «problem>»
railway crossings during periods of their long-term closure for
road traffic. The same solution can be used to organise a road
overbridge in other locations where there is no railway crossing.
The technical solution itself is based on the use of overhead road
overpasses and is a «simplified» version of the solution
implemented by Elon Musk and his company in Los Angeles based
on a tunnel, moving platforms and freight elevators. For

development of car lift type road overbridges, computational
methods of theoretical mechanics, technical diagnostics and
monitoring, as well as the theory of queuing should be used to
estimate the number of cars passed through it when crossings
are closed. It is proposed that the structures of the overbridge
should be «built-in» into the landscape, equipped with alternative
sources of energy supply and technical means of control,
diagnostics and monitoring of rolling stock and of location of direct
intersection of automobile and railway roads (an intelligent
monitoring zone). The proposed promising technical solution in
the form of a road overbridge makes it possible to increase
comfort of road transportation and improve traffic safety at level
crossings.
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Background. Points of intersection of
highways and railways at the same level, or level
crossings [1], according to statistics, are the most
frequent places of occurrence of violations in
operation of the railway transport system. These
data are relevant for the whole world, and not
only for a single country or region [2; 3]. In
Great Britain alone, on an area of 243 809 km?,
there are about 6 thousand level crossings
(approximately a level crossing per 40 km?) [4],
and in the EU countries there are over 100
thousand level crossings [3], of which about 49 %
are unguarded. Level crossings are places of
increased safety risk for both road and rail users.

The causes of violations at level crossings
are extremely varied, but they can all be
reduced to errors in operation of the man-
machine system: actions of drivers of road
vehicles can be provoked by the incorrectly
understood actions of railway transport while
the drivers are in the waiting mode for
permission to pass through the level crossing,
and that is the cause of violations of traffic rules
by them. At this point, they become sources of
dangerous impact for the railway system.

Violations often occur due to the fact that
the crossing is closed for movement of vehicles
in advance and also does not open immediately.
At the same time, depending on the category
of the railway line, track development and the
maximum permissible speeds of train
movement, waiting time can vary significantly.
Crossings can often be located in areas of
existing urban infrastructure and cause
significant interruptions in traffic. For example,
a crossing on St. Petersburg—Moscow line,
where high-speed Sapsan trains run, in Kolpino
(St. Petersburg) is notorious, as it closes 20
minutes before the train enters the crossing and
opens only 20 minutes after it passes. If we
consider that the consecutive two train schedule
is set for Sapsan trains, the breaks for following
the crossing become close to half an hour [5].
Once in a traffic jam, the driver becomes a
hostage of the situation and is forced to waste
time, as well as to lose the stability of the
psychological state, which undoubtedly has an
impact on the transport system.

For areas of interaction between road and
railway transport, like those described in the
example, construction of multi-level inter-
changes is the best solution from the standpoint
of both reliability, safety, and speed of passage.
However, this solution has two significant, even

deterministic, disadvantages. The first one is
associated with economic aspects and high costs
of construction of multi-level interchanges. The
second one is associated with the peculiarities
of urban planning and with the fact that in a
number of areas with an established
infrastructure, sometimes construction of multi-
level interchanges becomes inappropriate from
the purely technical point of view. It should be
noted that according to [3], the main directions
of development in the field of traffic safety at
level crossings are focused on increasing the
number of technical means of automation of
level crossing control, however, the potential of
modern information systems has been somehow
overlooked [6—8].

One of the solutions to optimise traffic at
level crossings is integration of data from
railway systems for organising and controlling
traffic, as well as from means automation and
telemechanics into mobile navigation systems
and building routes for road traffic, considering
the predicted closing and opening times of
crossings [9; 10]. If it is impossible to obtain
data from the railway transport system, then
there isan option forimplementing a forecasting
system with its own sensors installed near the
crossing. Such a solution allows to provide
traffic participants, both motor transport
drivers and locomotive drivers, with a forecast
of the situation at the crossing and with a
forecast of size of traffic and with information
on the traffic itself in the area of intersection
of the road and the railway. This forecast by
itself is the most valuable information for
ensuring traffic safety: the number of accidents
and crashes is guaranteed to decrease, as road
users will receive information «about the near
future» and will choose acceptable actions.

Another promising option for organizing
traffic at level crossings is the use of specialized
freight elevators and road overbridges designed
for the motor vehicles could cross the
intersection of the road and railways. Such car
lift type road overbridges can be installed not
only in the immediate vicinity of the crossings,
but also be built in the existing urban
infrastructure environment, considering the
most intense traffic areas. The car driver will
have a choice to use this transport infrastructure
object (similar to an alternative that he has in
large cities: to travel by free either by toll roads).
When developing a design, it is necessary to
consider the methods of theoretical mechanics

101



102

Pic. 1. Variant of lifting devices: a) scissor car lift; b) column car lift; c) car lift [compiled by the authors].

to choose engine power for lifting cars to a
certain height, as well as methods of the theory
of queuing to estimate the number of cars that
will use that opportunity when the level
crossings is closed. This, however, will require
simulating operation of the overbridge for
various road scenarios.

This innovative solution requires further
study and analysis.

The objective of the study described in the
article is to examine the features of arrangement
of road overbridges, considering implied
innovations and the prospects for their mass
implementation. The study has used the
methods of theoretical mechanics, technical
diagnostics, and monitoring, as well as the
theory of queuing to estimate the number of
cars served when level crossing is closed. The
study has resulted in development of an
innovative solution for railway crossings, based
on the use of car lift type road overbridges.

It should be noted that such a solution can be
considered as the analogue of the invention of The
Boring Company by Elon Musk, implemented in
Los Angeles, where freight elevators are also used,
but to deliver cars underground to special moving
platforms, and further movement is carried out
through a tunnel [11; 12]. This solution, however,
turns out to be quite expensive, in contrast to the
one proposed by the authors.

Road overbridges

A car lift type road overbridge might be a
special design that combines an overhead
overpass and structures for vertical ascent to it
at both ends using a freight elevator.

The construction of the presented structure
does not require changes in development in the
area of intersection of the road and railway, as
well as construction of approaches, which is
extremely important in the conditions of the
existing development and does not affect the
architectural appearance of the city.

It is possible to use special lifts or elevators,
which are widely used in major cities around
the world as devices for delivering a car to the
overbridge. In many cities, the lack of free space
isincreasingly felt, and placing carsunderground
with the help of a lifting mechanism does not
disturb the surrounding architecture. Car lifts
are also used in shopping centres with rooftop
parking, and in residential buildings with
parking lots in the basement.

A car lift (Pic. 1) is a structure consisting of
a support system and a drive mechanism. The
device operates as follows. The car drives onto
the platform, gauge sensors (they are located
at the ends of guardrails) read the correct
position of the car, and the support system starts
moving, raising the car to the required height.

In scissor lifts (Pic. 1a), the platform moves
with the help of levers located under it and
shaped as scissors. The cylinders acting on the
levers force them to unfold, which allows to lift
the platform up.

The disadvantage of using scissor lifts is the
lack of walls at their platform. That is, passengers
who left (accidentally or intentionally), as well
as the driver himself, are not protected by
anything from falling or getting injured on such
alift. In addition, the installation will not budge
if the machine has entered the site incorrectly.



Pic. 2. Variant of location of an overbridge with a one-way traffic zone (view from the car)
[prepared by the authors].

Pic. 3. Variant of location of the overbridge with a one-way traffic zone (bird’s-eye view) [prepared by the authors].

This will lead to additional movements
(manoeuvring) of the car on the platform of the
lift, which will increase time the lift is occupied
and time of a car’s crossing the railway line. It
will be difficult to implement this design, since
it is not able to withstand the lifting of a car of
more than 3 tons to a height of 7 meters (which
is necessary to ensure the clearance conditions
regarding dimensions of the structure).

The lift option in Pic. 15 is a structure of two
(each of which is located opposite respective side
of a car) or four (each two of them are located

opposite respective side of a car) guide columns,
located perpendicular to the platform. In this
case, lifting is produced by hydraulic cylinders.
They move the carriages, attached to the platform
with a special system, which includes traction
chains and block-and-tackle mechanisms. The
standard value of the height to which the car can
be lifted is 7 m. But, unfortunately, all other
disadvantages of the first version of the lift
(Pic. 1a) are consistent with that version as well.

The most perfect option, devoid of the
indicated disadvantages, is a car lift (Pic. 1c)
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Pic. 4. Symbols.

which is the same freight elevator capable of
lifting a load to the required height, the mass
of which should not exceed 3,5 tons. With this
version of the lift, it is not necessary to monitor
the sensors and rearrange the transport to a
«more comfortable» position. In this case,
when the car enters the elevator cabin, the
ascent starts immediately after the doors are
completely closed.

The design of the road overbridge can be
adapted to the landscape and easily fit into it
(Pics. 2, 3), and the overbridge can be built both
with a single tunnel for traffic, and with two
tunnels (they can be located both parallel and
above each other).

Itisadvisable to use such a crossing elevator
as an engineering structure that provides an
«additional service» for road transport, and not
asan ordinary means of crossing the railway. At
the approaches to the elevator, control zones
might be installed that work in automatic mode
(according to the type of operation of the
approach zones for road transport at airports
or according to the type of operation of toll
zones on dedicated high-speed highways). At
the same time, it is possible to organize an
electronic queue to access an elevator fixing
different priorities, forexample, forambulances.
It is convenient and simply necessary in
connection with the universal usage of mobile
applications to develop and implement mobile
applications to increase comfort of using the
provided service, to provide advance planning
and traffic optimisation.

Queuing scenarios in direct proximity to the
overbridge and level crossing

The operation of an overbridge with one and
two tunnels is determined by the peculiarities

of formation of flows of vehicles interested in
its use on both sides of the overpass from the
side of the highway. In fact, the proposed
technical solution is either a single-channel or
two-channel queuing system (QS) [13; 14].

With both options of organizing an
overbridge for road transport, its operation is
restrained during the periods when the level
crossing is open for road traffic, when there are
no road traffic accidents that impede the
passage through the railway, etc. It is practicable
to consider QS only in the periods from level
crossing closure till its opening for road traffic.
More precisely, from some forecast moment,
which allows to activate the work of the
overbridge for road transport in advance. There
isalso a case when during traffic jam at the level
crossing overbridge can be operated to meet a
high-priority application, but this case is
proposed not to be considered in view of the
absence of classical QS in this case, since in
case of a traffic jam, a high-priority application
can be served instantly, and simultaneous arrival
of high priority vehicles at both sides of the
overpass are unlikely. However, in this case, the
technical solution will do its job, skipping first
a transport object, then the second one.

Applications regarding the considered
technical object «overbridge for road transport»
at time of its operation, in the most general
case, have the following parameters:

« applications with the same priority and
intensities A, and A, arrive from both sides of
the overbridge.

 on both sides, a high-priority application
with intensity 4’ and 4] is possible.

* average service time of each application

is determined by time parameters of a vehicle’s
ascent, its movement over the railway bed and
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Pic. 5. Scenarios of queuing at a two-way overbridge [prepared by the authors].

descent, and is expressed in the general case by

1
the value — .
u

Let us consider two versions of scenarios of
queuing near the overbridge when it is intended
for two-way, and for one-way traffic (with the
possibility of reversing).

Pic. 4 shows the symbols.

Let us describe the case of a two-way
overbridge (Pic. 5). First, we will assume that
the cases of considering flow from each side are
equivalent and exclude from consideration one
of «symmetric options» (for example, when
there is a flow on only one side or only on the

other side). Then nine different situations can
be distinguished.

The first scenario shown in Pic. 5a,
characterizes the case when a queue of low-
priority applications is formed only on one side
of the overbridge.

The second scenario (Pic. 5b) describes the
case of a high-priority application from one
side of the overbridge in the absence of traffic
from the other (in fact, it is similar to the first
scenario).

The third scenario (Pic. 5¢) describes the
situation of formation of both low-priority and
high-priority applications from one side of the
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Pic. 6. Scenarios of queuing at a one-way (reversible lane) overbridge [compiled by the authors].

overbridge in the absence of traffic from the
other.

The fourth scenario (Pic. 5d) characterizes
the situation when low-priority applications
are formed on both sides of the overbridge. This
case seems to be the most interesting. In case
of formation of applications from both sides of
the overbridge, it is required to establish a
priority for the traffic from either side. This
priority can be set based on the number of
applications and constraints regarding the
operating time t. We can suppose that traffic
lights are installed on both sides of the
overbridge to regulate queuing. Then it is
advisable, considering time t, to adjust the
operation of traffic lights in such a way that
during time t the same number of cars will pass
in both directions. In this case, for a small value
of 1, the priority of one of the queues can be
selected and the green light for this queue can

be turned on for time (%*ij and for the same

time it then can be turned on for the second
queue. If time t is so short that only a small
number of cars can be allowed to pass, the
traffic priority should be set according to the
preliminary applications of drivers. If time 7t is
long (exceeds 10—20 minutes), then the traffic

lights can be switched several times, keeping

the total travel time in each direction as % .

The fifth scenario (Pic. 5e) shows the
presence of two streams of applications on both
sides of the overbridge, one of which is high-
priority, the second is low-priority. In this case,
high priority applications are served separately.
It should be noted that within the flow of high-
priority applications there may be own
priorities, however, it is advisable not to
consider them, assessing only the possibilities
of total operation of the overbridge according
to this scenario.

The sixth and seventh scenarios (Pic. 5f, g)
describe identical situations when low-priority
applications are formed on one side of the
overpass, and low- and high-priority
applications on the other. In this case, priority
is given to high-priority applications, and once
they are fulfilled, the overpass begins to operate
according to the fourth scenario already
discussed above.

The eighth scenario (Pic. 5h) describes a
situation similar to the previous two situations,
with the only exception that high-priority
applications are formed on both sides of the
overbridge, but low-priority applications are



also formed at one side. In this case, first, high-
priority applications are executed from both
sides, and then — low-priority applications
from that given side. When high-priority
applications are executed, the flows can be
considered equivalent, and the execution of
applications can be further based on the queue
length with the corresponding service time for
each application.

The ninth scenario (Pic. 5i) covers the most
common case of formation of both types of
applications at both sides of the overpass.
Operation is similar to the algorithm described
above for serving high priority applications from
both sides and low priority applications from
both sides.

While Pic. 5 shows scenarios for formation
of applications to use overbridge with two-way
traffic, Pic. 6 shows scenarios for formation of
applications for a one-way road overbridge
(with the possibility of reversing traffic). We can
say that this option for organizing the overpass
can be considered based on individual cases of
the first option. For this reason, no additional
description might be provided.

The calculation of the given QS can be
carried out by means of simulation (not
presented in this work).

Additional functionality of the road overbridge

The car lift type road overbridge is a unique
technical solution that allows to integrate
convenient means of crossing railways into the
areas with an already established infrastructure.
The technical solution itself can not only be
implemented with a design that fits perfectly
and does not violate the main «line» of the
landscape, but also be provided with developed
functionality that allows you to make not just
a structure for solving a single task, but also to
build a multipurpose facility. The buildings and
objects of transport infrastructure should long
ago cease to be considered only as static objects,
«tuned» purely to solve a single narrow
problem. They should be considered as objects
created by man for ease of use, minimization
of costs of both time and money, to increase
the efficiency of operation of the transport
complex and to obtain more comfortable use
of the transport system by the end user.
Technical objects should be as close as possible
in their properties to the properties of living
objects from the biological world and endowed
with some «technical senses»: «technical

hearing», «technical vision», «technical
intelligence». In addition, it is necessary to
achieve maximally «green» technical solutions
using alternative energy sources, classifying
energy consumers, and implementing such
technical solutions that have a reduced carbon
footprint [15].

The proposed «simplified» copy of the
technical solution of Elon Musk company is a
basic system that can be easily expanded and
enlarged to a multifunctional complex with the
following features:

+ The roof of the complex is covered with
solar panels to organise energy supply not only
from the local power grid, but also from an
alternative source, and in fact the structure
itself is a «micro-power plant» with energy
storage devices (it is quite possible that there
will be enough energy to power the automation
objects, as well as neighbouring residential
buildings).

« It is possible to combine its functions with
electric charging for modern electric vehicles
from sources of «micro-power plant».

» Diagnostic equipment can be installed
under the floor of the structure respecting
clearance conditions for rolling stock traffic to
check the workload of wagons, the state of the
contact network (if the road is electrified).

* Equipment for monitoring the integrity
of wagon seals, recognition of wagon numbers,
flaw detection of axle boxes can be installed on
the sides of the structure (it is possible to use
the technology of surface acoustic waves for
monitoring).

* Inthe area of intersection of the road and
railway (at the level crossing itself), devices for
control, technical diagnostics and monitoring
of the state of the level crossing, etc., are
installed.

Such functionality makes it possible to
integrate into a single facility a complex
technical «organism» that solves various tasks
and ensures the fault tolerance, safety of the
transport system, and comfort of movement of
car users.

Conclusion

The implementation of road overbridges in
«critical zones» of the intersection of roads and
railways can significantly optimise traveling in
large cities and regions with an established
infrastructure. At the same time, it is possible
to integrate the technical solution with mobile
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applications and navigation services in such a
way that queues for using the overbridges are
formed in advance and considered for routing
and route optimisation purposes. The social
effect of the use of car lift type road overbridges
in the conditions of dense urban development
in modern cities can also be of great importance.

The proposed solutions can be either
separate mobile applications or integrated
services as part of existing navigation and
banking systems. Such integration makes it
possible to simplify the user’s interaction with
the transport system, reduce time spent on
operations, provide more comfortable travel,
and, ultimately, optimise user’s time and
financial costs.

It should be emphasized once again that car
lift type road overbridges are not a mass
technical solution, but a toll increase in comfort
of transportation and a means allowing prompt
passage of emergency vehicles. In addition,
such a technical solution, having modular
design and suitable for rapid deployment, can
be useful for long-term planned work, for
example, related to reconstruction of crossings,
their closure for a long time, etc. The presented
structure for one- and two-track railway lines
can be erected as simply as possible. The travel

time is determined by a value % that depends

significantly on the types of car lifts installed,
speed of entering the lift, ascending, driving
along the corridor, descending, and exiting the
lift and, according to preliminary estimates,
should not exceed 1 minute. To avoid long
queuing, it is advisable to provide possibility to
pre-book the service; in some cases, to optimise
location of vehicles, it is advisable to build
specially equipped waiting lots in front of car
lift. All this, of course, requires further detailed
study, considering building conditions directly
at a construction site and economic effect
calculated additionally (which is influenced by
capital investments, service costs, user demand,
the ability to attract advertisers when using
mobile applications, etc.).

In conclusion, it should also be noted that
the suggested technical solution might be met
with caution by specialists responsible for
making decisions on the construction of
innovative transport facilities, and will quite
naturally require further study, but merits
attention thanks to its potential positive effects.
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B HacTosiLee Bpems ungposusaLms, BHeApsiemasi BO BCe chepb!
Z1esITe/IbHOCTY YesI0BeKa, BKJII04asi Y TPaHCMOPTHbIE MPOLECChI, Tpe-
OyeT ornepaTuBHOCTY B MOJly4eHum 1 06paboTke nHpopmaLmm, a Tak-
Xe CBOEBPEMEHHOCTU MPUHUMAEeMbIX Ha €€ OCHOBEe peLueHUi.
CoBpemeHHasi cucTema aKCrtyaraLmnm Xene3Hon0P0XHOro TAroBoro
MoABMXHOIO0 cocTaBa xapakTepuayeTcs OTCYTCTBUEM OHavH-
MHGOPMaLMKU O TeKylL|eM TeXHNYECKOM COCTOSIHUU U OCTaTO4HOM
pecypce ero coCTaBHbIX YaCTe! /151 IPUHSITUSI PELLIEHWSI.

B cratbe npeaniaraeTcs peLuatb npobaemy nocpescTBOM BHE-
peHusi B cepy aKkcryaraLmm T9roBoro noABUXHOro coctasa agarn-
TUBHOW CUCTEMbI ANCTAHLIMOHHOIO OHIakH-MOHUTOPUHIA TEXHUYECKUX
napameTpoB aKCryaTupyemMbix 06bekToB. AfanTuBHasi cuctema co-
JZIepXUT porpaMmHoe obecrneqeHme, OTHOCSLLEEeCs K peKoMeHaaTesb-
HbIM cUCTeMaM NPUHSATAS peLleHuii. OTANYNTENIbHOM HePTOVM CUCTEMBbI
SIBJIIETCS HAJINYNE BJIEMEHTOB UCKYCCTBEHHOIO UHTE/IIEKTa, KOTOPbIi
camooby4aeTcs nyTém KoMObuHaTopHoKU 06paboTKu NCTOPUHECKOIA
6a3bl AaHHbIX 06 SKCMayaTaLmm aHHOro v aHaao0rMyHoOro TexHuYe-
CKOIro 06beKTa Y COOTBETCTBYIOLLMX UM TEKYLLMX SKCTyaTaLMOHHbIX
rniokasarene.

lMpeanaraemeiii anroputm o6paboTku nHGOpPMaLMn oTanYa-
eTCsl YHUBEepCalbHOCTbIO M B MPUHLMIE MOXET paboTarb ¢ pa3Ho-

06pa3sHbIMN UCTOYHUKAMMU [J@HHBIX, B TOM YUCTIE U C CYLLIECTBYIOLMN-
Mu ycTporicTBamy 6€30MacHOCTU TSroBOro rnoABUXHOMO cocTaBsa.
OHnaviH-MOHUTOPUHI TEXHNYECKUX TapaMeTPOB 9KCITyaTupyeMbiX
06bEKTOB MOXET ObITb PacrnpoCTPaHEH 1 Ha rpy30MnacCcaxupckuii
noABUXHOM COCTaB, M Ha COMyTCTBYIOLUME BCIIOMOraresbHble
ycTpovicTBa (nyTeBbie MallnHbl, KpaHbl, rOPOYHbIE 3aMennnTenn
nrt.na.).

Ha ocHose aHanun3a nony4aemori nHgpopmaumm nporpamMmmMHoOe
obecrieyeHne GopmupyeT v nepenaét pekoMeHAaLUmm o TeKyLUM
HEOTJIOXHBIM AEACTBUSIM /151 PYKOBOASLLMX PAOOTHUKOB 1 OBCYXU-
BaroLLiero nepcoHana.

Kpome Toro, npeanaraemas TexHonorusi aét BO3MOXHOCTb
rpescKa3biBaTh NPU3HaKu aBapuiiHOCTY IKCITyaTnpyeMbix OObEeKTOB
B PEXUME peasibHOro BDEMEHH, YTO rMO3BOJISIET 061erynTb NpoLecc
AMarHOCTVKM 1 ONTUMU3MNPOBATh OPraHN3aLmnio TEXHUYECKOro 06Cy-
XKUBaHWSI, CHU3UTb Ce6eCTOUMOCTb COAEPXaHUS MOABUXHOIO COCTaBa,
rnoBbicuTE 6€30MacHOCTL NePeBo304HOro npoLecca.

PaCCManI/IBaeMaﬂ B cTartbe agarituBHass cucrema guctaH-
LIMOHHOI O OH1akiH-MOHUTOPVHIa 9KCri1yaTaLmoHHoU 6e30MacHoCTy
TEeXHNYECKNX 0OBbEKTOB Ha OCHOBE PUCK-OPUEHTUPOBAHHOIO MoA-
Xxofa sIB/ISIETCS yHNKaNbHOM paspaboTKOM, He MMeroLLei aHaoros.

Knioyesbie cnoa: xeneaHasi 4opora, AUCTaHUNOHHBIF MOHUTOPUHT, NCKYCCTBEHHbIN UHTEIEKT, 6€30MacHOCTb, MPOrHo3upoBaHme

puvcka, IOKOMOTUBbI.
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BBEOEHUE

AHaIM3 MaTepuajIoB, OMPENeISIIOIINX CTpa-
TerMyecKue MepCcreKTUBbI Pa3BUTHSI MUPOBOI
OTpacyiu KeJIe3HOAOPOXKHOIO TpaHCIIopTa,
MOKa3bIBAET, YTO ITPU ITPOUYMX PABHBIX YCJIOBU -
SIX KJTIIOUEBBIM TPEHIOM SIBJISIETCS CO3MaHUe
«unpoBoit keae3Hoi noporu» [1—3]. OmHako
npolecc rnepexoaa K 0e30IHON TEXHOJIOTUU
JIOJKEH OBITh MO3TAINHBIM, ITyTEM 3BOJIIOLIM -
OHHOI'0 MCKJIIOUEHUS YeJoBeKa U3 ydyacTus
B Mpoliecce AMarHOCTUPOBAHUS U TTOCTEIYIO-
1LIeTO MPUHSTUS CYOBEKTUBHOTO PEIIeHMSI.
I1pu 3TOM HEOOXOAMMO YUUTHIBATh, UTO KJTIO-
YEBOU MOACUCTEMOMN B CTPYKTYPE KEJIE3HBIX
JIOPOT SIBJIIETCS MOABUXKHOM COCTaB B 1I€JIOM
U TATOBBIA MOABUXHOMN COCTaB B YACTHOCTH.

Tak, Hanmpumep, cTpaTerus Hay4yHO-
TEXHUYECKOTO pa3BuTus xonauHra PXK]]
BKJIIOYAET B MPUOPUTETHBIX HaIPaBICHUSIX
paszenbl, CBsI3aHHBIE ¢ LU POBOI TpaHChOP-
Malueil XOJAMHTa, TO €CTh C CO3MaHUEeM
«1IU(DPOBOI XKeAe3HOI TOPOrM» Ha OCHOBE
METO/IOB MCKYCCTBEHHOI'0 MHTEJIEKTa MPU
00111e#1 HaNpaBJEHHOCTY Ha MCIIOJIb30BaHUE
POCCUMCKMX MPOTPAaMMHBIX M amIiapaTHBIX
cpencts [4; 5].

Yto KacaeTcs TSIrOBOIO IMOABMKHOTO CO-
CTaBa, TO B KOHTEKCTE 3TOI cTpaTeruu cop-
MYJIMPOBaHbI TPEOOBAHUS K HEMY KaK OObEKTY
11 POBOIL KEJIE3HOI JOPOTH, 3aKTI0YAIOIINE-
cs B peaii3allii TeXHOJOTUU «YMHBIN JJOKO-
MOTUB». [IpuuéMm npu peanuszaunm OHJIANH-
TEXHOJIOTUU JOJIKHBI OBITh CO3aHbI YCIOBUS,
MO3BOJISIIOIIME aKKyMYJIMPOBaTh U aHaIN3M-
poOBaTh 3HAYUTEIbHbIE MH(MOPMAIIMOHHbIE
MacCCHBBI, IiepeiaBaeMble OT 00BEKTOB MH(Mpa-
CTPYKTYphbI U JIOKOMOTHBa. Bcé 310, B CBOIO
oyepeab, TOJKHO CO3laBaTh BO3MOXHOCTh
OIIePaTUBHOIO MPHUHSTUS PEIICHUI MO IKC-
TUIyaTaldu TSTOBOTO MOIBUXKHOIO COCTaBa
M TEXHOJIOTMYECKOT0o 000pynoBaHus [4].

OpnHako, peanu3alus OHJIalH-XeJe3HO-
JIOPOXHBIX TEXHOJOTUI Kak B Poccuiickoit
Depepaiiuu, Tak 1 3a pyoesKOM CBsI3aHa C pe-
IIEHWEM 1IeJIOT0 psifa MpobjieM, OCHOBHbIE
TEHICHLMU MPEONOJEeHUsSI KOTOPHIX ObLIU
copmynuposatbl B MaTepuanax OAO «P2KT»
[6]. DTH BBIBOIBI MOXKHO TOMOJTHUTH aHATM30M
CHCTEM O0CITy>KMBaHMSI IOKOMOTUBOB, BBITIO-
HEHHBIM aBTOpamu [7].

B Hacros1ee Bpemsi B 00J1aCTH IKCIUTyaTa-
LIMY U PEMOHTA TSATOBOTO MOJIBMXKHOTO COCTa-
Ba OAO «P2XK]I» Ha ypoBHE ITPOU3BOACTBEHHBIX
YYacTKOB CJIOXWJIACh CUTyallusl, CBsI3aHHas
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C HECBOEBPEMEHHOCTBIO TIOJTydeHMsT MHMOP-
Malli1 O TEXHUYECKOM COCTOSTHUM,, TIPOTHO3M -
PYEMbBIX HEHUCIIPABHOCTSIX M OCTAaTOYHOM pe-
Cypce COCTaBHBIX YacTell YCTPOMCTB Oe3orac-
HOCTH JIOKOMOTHBOB TIPU €TO ITOCTAHOBKE Ha
IJIAHOBOE TEXHUYECKOEe OOCTy>KMBaHHUE U pe-
MOHT [6].

DTO 00BSICHSETCS TEM, YTO OCHOBHBIM
CPENCTBOM ISl oOecTiedeHust 0e301MacHOCTH
JIBUZKEHUS TIOE37I0B HAa CETH XKeJIe3HBIX JOPOT
Poccuu v ctpan CHI siBASIOTCS KOMILIEKCHBIE
WJIN JIOKAJIbHBIE JIOKOMOTUBHBIE YCTPOICTBA
6e3omacHocTH, HarpuMep, «BOPT», «KJTYB»,
«CAYT», «<BJIOK» u T.n. Takue ycTpoiicTBa
YCTaHABJIMBAIOTCSI HA JIOKOMOTHUBE U BBITION -
HSIIOT CJIEAYIOIIME OCHOBHBIE (DYHKIIUU:

* MpUEM IO MapIIPyTy CJAeTOBaHUS WH-
¢dopmalu 06 orpaHUYEHUSIX CKOPOCTHU;

* oTIpeJiesIeHe TI0 CUTHAIaM HaBUTaIlMOH-
HBIX CHCTEM KOOPAMHAT TEKYIIIETo HaXoXKIe-
HUSI OJBMXKHOTO COCTAaBa;

* HEIPEePHIBHBIN KOHTPOJIb CKOPOCTHBIX
IMapaMeTpoB JJOKOMOTHBA U OCYIIECTBICHUE
SKCTPEHHOTO TOPMOKEHUST IPY HEOOXOIMMO-
CTH;

* TIpUEM UHGOPMAIIMU O CUTHAJIAX MyTe-
BBIX CBETO()OPOB C UCKITIOUEHUEM TTpoe3/ia Ha
3alpellaroLInA;

* WCKIJTIOUEHME HEYIPaBJISIEMOTO JIBUXKE-
HUSI IOKOMOTHBA;

* KOHTpPOJIb pabOTOCIOCOOHOCTH Mallu-
HUCTA U T.1.

B GosbIIMHCTBE CilyyaeB perucTpupyeMble
rmapamMeTpbl paboThI JIOKOMOTHBA B IpoIiecce
9KCIUTyaTallMy 3alMChIBAlOTCS HA ChEMHBIN
HOCUTETh MH(OpMAIUK, KOTOPBIi TT0 OKOHYA-
HWU TIOE3KM CAAETCS B OTEN paciindpoBKU
9KCTUTYaTallMOHHOTO JIOKOMOTUBHOTO JETI0
cBoeit npuricku. [Tocne pacimdpoBKy naH-
HBIX BBISIBJICHHEIC 3aMEUaHUSI BHOCSITCS B aB-
TOMATU3UPOBAHHYIO CUCTEMY HapyIIeHUN
0e301acHOCTH JABUXKEHUSI, Ha YTO YXOAWT OT
3-X 10 5-TU CYTOK, W MOCJe MOCTyNaloT CIie-
1IMaJTUCTaM MPOU3BOIACTBEHHBIX Y4AaCTKOB,
dopMUPYIOITM MH(MOPMAIIUTO TS UCITOTHU -
TEJILHOTO TIepCOHaJIa O HEOOXOAMMOCTH JIOTTOJT-
HUTETBHON TIPOBEPKHU Y3JIOB U arperaton Jio-
KOMOTHBA [6].

O4eBHUIHO, YTO TAKO MOAXOJT HE TIO3BOJISI-
€T OTIepaTUBHO OTCJIEXMBATh HAPYIIEHUS
B HOpPMaJIbHOI paboTe y3J0B TITOBOTO TO-
JIBUKHOTO COCTaBa 1 3a0J1arOBpeMEHHO YCTpa-
HSTb IPUIMHEI BEPOSTHOTO 0TKa3a. MakTnye-
CKU TIOJTy9aeTCsl, UYTO Ha TEXHUIECKOE 00CITy-

m
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KUBaHUE U PEMOHT TSTOBBII TTOIBIDKHOM CO-
CTaB HaIIpaBJIsIeTCs Tocie 3a(pMKCUPOBAHHOTO
oTKa3a B paboTe y3JI0B, a He 3a01aroBpeMEHHO,
IO €T0 BO3SHMKHOBECHUSI.

B Takux yciaoBUSIX prCK BO3HUKHOBEHUS
OTKAa30B TEXHUYECKUX CPEICTB JIOKOMOTHBA
COTTPOBOK/IAETCSI pUCKAaMM yliiepOa oT 3a1ep-
JKEK IBYDKEHUS TI0Ee310B, a IIPU BO3HUKHOBE-
HUU 0TKa3a Ha MapIIpyTe ITOCICICTBUS MOTYT
OBITb U 00JIee CepPbEZHBIMU.

AHaM3 CTOXWBIIECICS CUTYALINH C YIETOM
TpeOoBaHuii [6] T03BOJISIET BBIAEINUTH OCHOB-
Hble MPU3HAKKA TTOTEHIIMATBLHOTO PelIeHUs
CJIOXKUBLIECS TTPOOJeMbl OHJIAMH-MOHUTO-
puHTa:

* COKpalllecHHE¢ BPeMEHM Ha BEISIBIICHUE,
yCTpaHEeHUWe U pacclieiIoBaHue MPUINH cOOeB
B paboTe YCTPOICTB 0€30IMacHOCTH;

* TIPOTHO3MPOBAHME BEPOSITHOCTH OTKA3a
KOHKPETHOTO y3JIa WJI ICTAJTA B 3aBUCIMOCTH
OT €ro TEKYIIEro TEXHNIECKOTO COCTOSTHYS;

» obecrnieyeHue TpeboBaHU1 Oe30ImacHo-
CTH IBVKEHUS TTOE3I0B 3a CUET TTPEyTIpekKIe-
HUS BBIXOAa Ha JIMHUIO TITOBOTO IOIBIKHO-
IO COCTaBa ¢ MOTEHLIMAIbHO HENCITPABHBIMK
YCTPOMCTBaMU;

* CHMDKEHME KOJIMYECTBa OTKA30B U cO0eB
B pabOTE JJOKOMOTHUBHBIX Y3JI0B U YCTPOIMCTB
0e30MacHOCTH 3a CUET UX IMPEBEHTUBHOI'O
00CTy>KMBaHUS;

* aBTOMaTtu3alus rpoiiecca coopa u aHa-
JIN3a TMOJYYEHHBIX ¢ ITOIBMIXHOTO COCTaBa
JTaHHBIX C TTOCTEAYIOMUM (hOpMUPOBAHUEM
PEKOMEHIATeIbHBIX PEIICHIH TSI 00CITYKI-
BaloOIIIEeTo TIepCOHAIA.

Takum obpa3om, CYIIHOCTb pellaeMoi
MMPO0OJIEMBI TIPUMEHHUTENIBHO K TATOBOMY IT10-
JIBUKHOMY COCTaBY COCTOUT B ITOBBIIICHUH
0e30MMacHOCTH ABIKEHUS 33 CUET IMPOTHO3M -
pyeMoii BEpOSITHOCTH MPEIOTKA3HOTO COCTOS -
HUS Y3JI0B JJOKOMOTHWBA, OLIEHKU PUCKa eTo
TaJTbHEWIIed 3KCIUTyaTallud U TeHepaluu
PEKOMEHIyeMBIX IEMCTBUI MO ero TeXHUUe-
CKOMY 00CITy>KMBaHUIO.

Hcxons u3 BellllecKa3aHHOTO, TIPOLIecC
ITOMCKA PAIMOHATIBLHOTO PEIICHMSI, OUEBUIHO,
JTOJIKEH TIPOMCXOUTD ITPY CIISTYIONINX Orpa-
HUYCHUSIX:

* 000pynoBaHME JOJDKHO YCTaHABIMBATh-
CsI Ha TSITOBOM ITOJBIDKHOM COCTaBe M 00ec-
IMeYNBATh HEIIPEPBIBHYIO THMATHOCTUKY €TO
COCTOSTHUSI;

* TIporpaMMHOE OoOecreyeHue JOKHO
OBITh COBMECTUMO C CYIIECTBYIOIITNMHU CUCTE-
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MaMU KOHTPOJIS TITOBOTO COCTaBa M aBTOMa-
TU3UPOBAHHBIMU CHCTEMaMM TPAHCIIOPTHOMN
KOMITaHWU, COOMparoLIMMU 1 00pabdaThiBato-
IMUMHU TeXHUUYECKYI0 MHGOPMAIINIO O IO-
JIBWKHOM COCTaBe;

* TSITOBBIM MOJABUXHOMW COCTaB OJIKEH
OBITH 000PYIOBAaH CEHCOPAMMU;

* BHEAPCHUE OHAAUH-MOHUMOpUHed HE
JIOJDKHO TIPUBOINTH K YBEJIMICHUIO YUCIICH-
HOCTH OOCITYXKMBAIOIIETo IMepcoHanxa Ui
TPYIOEMKOCTH OOCTYKUBAHUS;

* B CJIOKUBIIIMXCS MAaKPOIKOHOMUIECKIX
YCIIOBMSX IIpeajaracMoe o0OpyIoBaHUeE
JIOJKHO 001a1aTh BBICOKOI KOHKYPEHTOCTIO-
COOHOCTBIO.

PE3YJIbTATbI

Hns pelieHUST BBIIIEONTMCAHHON MPo0-
JIeMBI TIpejiaraeTcs afgarTUBHas cCUCTeMa,
MO3BOJISIIONIAs HA OCHOBE PUCK-OPUEHTUPO-
BaHHOTO nojxoaa u I'T-TexHoJioruii ocyIecT-
BJISITh AUCTAHIIMOHHBIM MOHUTOPUHT 3KC-
TUTyaTallMOHHO 0€30MTaCHOCTU TEXHUIECKUX
00bekTOB [8—11] 1 cocTosIIas U3 arnapaTHoO
U IIPOrPaMMHOM YacTeil, KOTOPbIE [O3BOJISIOT
B peXWMe peaJibHOTO BpeMEHU coOMpaTh
B eIMHY10 0a3y MH(MOpMaLIUIO:

* 0 TeKYyIIMX IKCIUTyaTallMOHHBIX Tapa-
MeTpax 00beKTa;

* 00 OCTaTOYHOM pecypce COCTaBHBIX
yacTeil 00beKTa;

* O COCTOSIHUU JIOKATbHBIX CUCTEM 0e3-
OTIACHOCTH CaMOTO OOBEKTA;

* 0 BEPOSITHOCTH PA3BUTHSI aBapUITHBIX
CUTYaLIUA.

[Tpennaraemoe mporpaMmMHoOe odecrieye-
HUE OTHOCUTCS K peKOMEHIaTeTbHBIM CHCTE -
MaM TIPUHSITUS pEelICHUN TPpU yIpaBIeHUN
TEXHUYECKUMU OOBEKTaMU U 00JIagaeT dJjie-
MEHTaMU MCKYCCTBEHHOTO MHTEJIIEKTa, KO-
TOPBI caMOOOyJaeTcsl MyTéM KOMOWHATOp-
HOTO B3aMMOJICCTBUSI UCTOPUIECKOI Oa3bl
JaHHBIX 00 BKCIUTyaTallMy NaHHOTO (WU
aHAJOTMYHOTO) TEXHUUYECKOTO 00beKTa
(BKITIOUAsT TIPU3HAKU aBAPUHHOCTU) M COOT-
BETCTBYIOIINX UM TEKYIINX 3KCITyaTallMOH-
HBIX noka3atesneil. CieayeT OTMETUTh, YTO
JITOPUTM pacy€Ta pucKa aBapuii TMHaAMUIe-
CKU KOPPEKTUPYETCSI.

Ha ocHoBe aHanu3za nosyyaeMoit nuHpop-
Maluy IporpaMMHoe obecriedeHre hopMu-
pyeT u TiepenaéT peKOMEeHAAIMN K TeKYIITUM
HCOTJIOXKHBIM JECUCTBUSM IJISI PYKOBOMSIIIIAX
PabOTHUKOB U OOCITY>KMBAIOIIIETO MIepcoHaa



B BUJIC MPWIOXEHUI Ha UX CTallMOHAPHBIE
1 MOOUJIbHbBIE YCTPOWCTBA.

Bcé aT0 B npwiokeHUU K TATOBOMY I1O-
JIBIDKHOMY COCTaBY ITO3BOJISIET B PEXUME pe-
aJTbHOTO BPEMEHM:

* IUCTAHIIMOHHO (OPMHUPOBATH TIIaH
MEPOTIPUSITUI TIO TEXHUYECKOMY O0CTTYK1Ba-
HWIO TTOIBMDKHOTO COCTaBa B 3aBUCUMOCTH OT
€r0 TEKYIIETO COCTOSIHUS;

* MTPOBOJUTH €3KECMEHHYIO IMHTBUCTUYE-
CKYI0 TPOBEPKY pPabOTOCIIOCOOHOCTHU BCEX
KOHTPOJIUPYEMBIX CUCTEM TOJIBMXKHOTO CO-
cTaBa U IepenaBaThb MH(pOpPMaLKUO B 0a3y
JMIAaHHBIX COOTBETCTBYIONIEH CIYyXOBbl U Ha
MOOWJIbHBIE YCTPOMCTBA MAIIMHUCTOB, JMC-
TEeTYePOB U TIPEJACTABUTEIIE YITPABIISIONIETO
3BeHa C BO3MOXKHOCTBIO BU3yaTM3alliy B BUJIE
IITKAJTBI IIBETOBBIX MHANKATOPOB;

* (hpopMupoOBaTH B ABTOMATUIECKOM PEXKM-
M€ pPeKOMEHAIMU T10 OIIEHKE BEePOSITHOCTHU
aBapuii MOJBUKHOTO COCTaBa B 3aBUCUMOCTH
OT €r0 TEKYIIeTo COCTOSIHUS, C Tiepeaadeii
B COOTBETCTBYIOIINE CITYKObI OPraHU3alnu;

* coOMpaTh CBEeJIEHUS O HApYIIIEHUU Tpe-
0OBaHWIT HOPMATUBHBIX TOKYMEHTOB 00CITY-
SKUBAIOIIMM TIEPCOHAJIOM, TIPEYCMOTPEHHBIX
JTIOJDKHOCTHBIMU M TIPOU3BOJICTBEHHBIMU
WHCTPYKIUSIMU, C Tepeadeit Ha MOOMIIbHbBIE
Y CTallMOHApHbBIE YCTPOKCTBA COOTBETCTBYIO-
IUX CIYyXO0, MAaIIMHUCTOB, TUCIIETYEPOB
Y TIpeJICTaBUTEJIC YITPaBISIOIIEro 3BeHa;

* 00pabaThIBaTh MH(GOPMAIIUIO C CYIIECT-
BYIOIIWX U IOTIOJTHUTETHHO YCTaHABIMBAEMBIX
Ha TTOJIBVDKHOM COCTaB CeHCopax.

AJITOPUTM 1 KOMIUIEKC KPUTEPUEB, XapaK-
TEePU3YIOIIUX YPOBEHb 0€30MTaCHOCTU 00bEKTa
BO BpPEMEHU, aaNTUPYIOTCS K 0a3aM TaHHBIX,
OOHOBJISTIOIIIMMUCST B COOTBETCTBUU C BBISIB-
JIEHHBIMU MIPUIMHAMU aBapyii U MUHITUIEHTOB
TIPY KCIUTyaTalluy APYrux 00bekToB. MHBIMU
CJIOBaMU, peaqnu3yeTcsl MHTEJJIEKTyalbHast
cucTeMa, IO3BOJISTIOIIAst OCYIIECTBUTD IIEPEXO]T
13 HECTPYKTYPUPOBAHHOTO MHOTOMEPHOTO
HEYETKOTO MPOCTPAHCTBA MTOKA3aTeNeid, XapaK-
TEPU3YIOIINX TEKYIIEe COCTOSTHIE Oe301TacHO-
CTHU 00BEKTA, K OTHOMY MHTETPAJIbHOMY ITOKa-
3aTesto B BUE [IBETOBOW raMmbl [9—12].

[Tpenensl OTKIOHEHUS TEKYIIUX WHTET-
PaJIbHBIX MIOKA3aTeJ e OT UX «ONMTUMATbHBIX»
3HAUYCHU pa30MBalOT, HAIIPUMEpP, Ha TPU
00JIaCTH MO TIPOTHO3UPYEMOIl BeJIMUUHE U
pUcKa aBapuu, MCIIOJIb3Ys KTy IIBETHBIX
MHIMKaTopoB. Eciu 3HaUEHUS TEKYIIMX T10-
Kazaresei U3BMEeHSIOTCS B 00J1aCT ONTUMATb-
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Ta0mmuna 1

OlLieHKa prcKa aBapuu Mpu
SKCIUTyaTallii 0ObeKTa

Wnnukaropsl pucka

JlomycTHMBIN yPOBEHb u<u
pHUCKa — OOBIUHBIA PEXIM
SKCILTyaTaluu (3eJEHDIIN)

‘min

TToBbIIEHHBII YPOBEHD u_
pucKa — pexkuM

9KCIUTyaTalliy TIPpU
MTOBBIILICHHOM KOHTPOJIE
(KENTHIN)

n<u<uma

X

Bbicokuii ypoBeHb prcka — u>u
SKCILTyaTalus 3anpelieHa
(KpacHbIi)

HBIX 3HAYEHUH, IMPOTHO3UpYyeMas BeIUInHA
WHAMKATOpPA PHCKa IIepeMeIIaeTCs B KENTYIO
30Hy (u, <u<u ), IpU JOCTHXEHUY aBa-
PUIHBIX 3HAYEHUI — B KpacHymo (u > umm)
1 COOTBETCTBEHHO B 3€JIEHYIO ITPU OTCYTCTBUM
pucka aapuu u <u . . Illkana MHAMKATOPOB
npuBeneHa B Tao. 1.

K aTomy ciieayeT 106aBUTh, UTO IMTOCKOJIbKY
OXBaTUTb CEHCOPaMM KOHTPOJISI BECh KOMILIEKC
IMArHOCTUYECKMX TTapaMeTPOB, XapaKTepH-
3YIOLIMX KCITyaTallMOHHYIO0 0€30MacHOCTb
TeXHUYECKUX OOBEKTOB, HE MPEACTABIISICTCS
BO3MOXHBIM, TO MIPH JIMHTBUCTUYECKOI THrar-
HOCTHUKE KJTFOUeBBIM (PAaKTOPOM CTaHOBUTCS
HCTIOJIb30BaHME YEIOBEYECKOTO MHTEIIICKTA,
TO €CTh YUYUTBIBAIOTCS 3HAHWSI, YMEHM ST, HABBI-
KU ¥ OTIBIT OOCITY>KMBAIOILIETO U KOHTPOJIUPYIO-
mero nepcoHana [9—12]. PazpaboraHHbie
MEPOTIPUSATHUSI 00ECITIEUNBAIOT BO3MOXHOCTD
CpaBHUBATH TEKYIITYIO MTH(MDOPMAITUIO O COCTOSI-
HUU BbIOPAHHOTO 00BbeKTa C JaHHBIMU 00
aBapUITHBIX CUTYALIMSIX HAa aHAJIOTUIHBIX 00b-
eKTax, a TaKKe C U3MEHEHUSIMU, BHECEHHBIMU
B HOPMaTUBHYIO JOKYMEHTAIIUIO.

Takum obpa3oM, 0COOEHHOCTbBIO Mpeia-
raeMoi CUCTEMBI SIBIASIETCS CITOCOOHOCTh
WHTETPUPOBATh aHTPOITOMOP(MHBIE U MAIIINH-
HBIE TIpOLIECCH cOopa 1 00padboTKu MHMOP-
Malli¥M B PeXUMe pealbHOTO BPEMEHHU C HUC-
MoJb30BaHWEM Habopa aJropuTMOB Ha Oase
HEMPOHHBIX CETEM, TO €CTh C MIPUMEHEHUEM
TEXHOJIOTUU MCKYCCTBEHHOTO MHTEJIJIEKTA.
OCHOBHBIM pe3yJIbTaTOM PabOThI CUCTEMBI
SIBJISIETCSI COOP M aHaJIMU3 BCEM JOCTYNHOM
nH@OpPMAIINU ¢ OLIEHKOI PUCKOB U (popMu-
poBaHUEeM MHGOPMAIIMOHHO-PEKOMEH1a-
TEJILHOTO COIIPOBOXKICHUS TIPUHSATHS pelie-
HUS omniepatopoM [8—12].

PaszpaboranHas aganTuBHasI cucteMa au-
CTAaHIIMOHHOTO MOHUTOPUHTA OTJINYAETCS
YHUBEPCAIBHOCTHIO M MOXET MPUMEHSITHCS
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Puc. 1. Cxema B3anmopgeicTBUSI NPOrpamMmHOA
M annapaTtHovi YacTeli peKoMeHA[aTeIbHOW CUCTEMBbI
6e30MacHOCTY B MPUIIOKEHNM K IOKOMOTUBY:
1 — nokomoTuB, ocHaLEHHbIV cucTemori KJ1Yb;
2 — 6a3a AaHHbIX; 3 — UeHTpasbHbIl cepBep;

4 — Beb6-caiit; 5 — nporpammuoe Web-npunoxeHune;
6 — pe3ynbTaTbl O4EeHKN PUCKa B LiBETOBOW
ramme; 7 — IOKOMOTHUBHas 6puraga (MalwnHNUCT-
UHCTPYKTOP); 8 —mHcnekTop-npuémwymnk LT
OAO «P>)X[»; 9 — 3aBoackovi nHcnekrop L|TA
OAO «P)X[»; 10 — peBu3opsi pernoHaabHo
u ueHTpanbHov cTpykTypbl OAO «PXX/».

B LLIMPOKOM CITEKTPE MPOMBIIUIEHHBIX O0bEK-
TOB, BKJIIOYAsl TPAHCHOPT: KAaHATHBIN, aBTO-
MOOWIBHBIN, BOIHBIN, BO3AYIIHbBIN U Xene3-
HOJOOPOXHBIN [13; 14].

ITpuMeHUTETBHO K TSITOBOMY TTOABUKHO-
MY COCTaBY CHUCTeMa MOXET UCIOJIb30BaThCS
COBMECTHO C IIIUPOKO MPUMEHSIEMbIMU B Ha-
crosliee BpeMsl cucteMaMu 06e30MacHOCTH,
Hanpumep, «bOPT», «KJIIVB», «CAYT»,
«BJIOK» nu ..

K ocHOBHBIM pe3ysisraTaM 00y4eHus Heli-
POHHBIX CeTeil Ha OCHOBE MPEeIJIOXEHHOM!
TEXHOJIOTMU C UCIOJIb30BAaHUEM JTMHTBUCTHU-
YECKUX 1 (PYHKIIMOHATbHBIX KPUTEPUEB AUAT-
HOCTHUPOBAHMS B MPUJIOXKEHUU K JIOKOMOTHUBY,
000pyAOBAaHHOMY, HAIpUMEpP, CUCTEMO
«KJTYDB» [15], MOXXHO OTHECTH:

* MOBBILLIEHUE TOCTOBEPHOCTU JUCTAHIIU -
OHHOTO KOHTPOJIS;

* MOBBILLIEHUE KAYECTBA U CBOEBPEMEHHO-
ctu opMUPOBaHUSI PEKOMEHAALUI MO TeX-
HUYECKOMY OOCTY>KUBAHUIO;

* ONTUMU3ALIMIO MTPOLIeCcCa TEXHUYECKOTO
00CIyXXMBaHUS 32 CYET MPOTHO3UPOBAHUS
CPOKOB U TPYAOEMKOCTHU MTAHUPYEMBIX pa0OT
10 06CITy>KUBAHUIO JIOKOMOTHUBOB;

* o0lIee CHUXXKEHUE aBapUUHOCTU TPU
SKCIUTyaTalluu;

* COKpallleHWe YUCIEHHOCTH MepcoHanta
U MHCIIEKTOPCKOTO COCTaBa U, KaK CJIeCTBUE,
pPacXoJ0B Ha UX COEPXKaHUE.

IIpennaraemast TeXHOIOTUS MO3BOJIUT
00ecnevyuTh pacno3HaHue aBapuiHbIX hak-
TOPOB, CBSI3aHHBIX C KOHTPOJIEM CKOPOCTHO-
ro pexuMa, CAMOTIIPOU3BOJbHBIM JBUXEHU -
€M, MHAWKAIMEN CUrHaI0B cBeTODOpPOB
U T.1., MPUMEHUTEIbHO K Pa3TUYHBIM PEXU-

VINPJ PA P LG INE

MaM JIBUKEHUS (TporaHue ¢ MecTa, IBUXKe-
HU€ TI0 MarucTpajuv, MaHEBPOBBINA PEXUM,
OyKCOBaHUE U T.1.), U TPOYMMU MOKA3aHUS -
MU MPUOOPOB OE30MAaCHOCTH, IITATHO YCTa-
HaBJIMBaeMbIX Ha JJokoMoTuBbI. Ha puc. 1
CXeMaTUYHO M300paxXeHO B3aMMONEHCTBUE
CTPYKTYPHBIX COCTABJISIIOIINX MPEIaracMoi
aIanTUBHOW CUCTEMBI 0€30MMaCHOCTHU, COJIEP-
XKalllell anmapaTHYIO U TPOrpaMMHYIO YacTH.

Takoii moaxom MO3BOJISIET Peau30BaTh
JTUCTAHLIMOHHBIA MOHUTOPUHI YCTPOWCTB
JIOKOMOTHMBA C UCITOJIb30BaHUEM MOOMIbHBIX
MPWIOXKEHUM, MyTEM MOCTOSTHHOTO O0Y4YeHUS
HEHPOHHON CeTU MO UCTOPUYECKUM JAaHHBIM
npubopoB Kommaekca «KJIYb», ¢ yuétom
JTUHAMUKU U3MEHEHUS 3TUX JaHHBIX B MPO-
1iecce 3KCIUTyaTaluu.

Takum 06pa3oM, MPUMEHUTENbHO K TsI-
TOBOMY TOJABUXHOMY COCTaBY, Ipejjiarae-
MBI KOHLIENTYaAbHbINA MTOAXOI MOXET OBITh
peanu3oBaH sl cOopa ¥ aHaIM3a OTePaATUB-
HOW MH(MOPMaLUK O TEKYIIEM U TPEI0TKA3-
HBIX COCTOSTHUSIX COCTABHBIX YacTell JOKO-
MOTHBA, a TakXe IS OLEHKU puckKa ux
JNaJbHEeWIe sKCIUIyaTallu, B TOM YUCTe
PEKOMEHAYEMBIX NEHCTBUI MO UX TEXHUYE-
cKkomy obOciyxuBaHuto. Hampumep, J1oKo-
MOTUBHAasl Opuraga ¢ UCMOJb30BaAHUEM
JIMHTBUCTUYECKUX U DYHKIIMOHAJIbHBIX
KpUTEpPUEB NTUArHOCTUKHU, COTJIACHO WUH-
ctpykuuu (pacropskenue Ne 2070/p) [16],
MOXKET OLEHUTb COCTOSTHUE 2JIEKTPOBO3a
B paMKaX TeXHUYECKOTO O0CIyXKUBaHUSI
TO-1 npu npuéMke, a UMEHHO:

* MIPOBEPUTH YCTAHOBKY JIEMEHTOB TOP-
MO3HOU U AeMIIbUPYIOLIEl CUCTEM;

* OCMOTPETD 3aTSKKY PE3bOOBBIX COSIU-
HEHUI B MpeloXPaHUTEIbHBIX YCTPONCTBAX;

* MIPOBEPUTH HATUYKE CMA3KU Ha TPYILINX-
Cs TOBEPXHOCTSIX;

* MPOBEPUTH paboTy MmaHTorpada;

* OCMOTPETb COCTOSTHUE TSTOBOTO 3JIEKT-
poIBUTATES U BCIIOMOTaTebHBIX CUCTEM;

* MPOBEPUTH PabOTY OCBETUTEIbHBIX
U 3BYKOBBIX YCTPOWCTB;

* MPOBEPUTH HAJUUUE Mecka U paboTy
YCTPOICTB MECKOMNOIauK;

* TIPOBEPUTh YPOBEHb Macjia B TTOBOM
TpaHchOopMaTope;

* TIPOBEPUTH MPABUJIBHOCTb MOKA3aHUS
pabounx v aBapUHBIX TPUOOPOB;

* MPOBEPUTH PabOTy aKKyMYJISTOPHOU
OaTtapeu;

* UT.O.



ITpu 3TOM pe3yabTaThl IPOBEPKU B pe-
>XMMe peaJIbHOTO BpeMeHU OyayT oOpadaThl-
BaThCS M TepeaaBaThcs B 0a3y JaHHBIX
LIEHTPaJIbHOTO CEPBEPa CUCTEMBI UYepe3 CeTh
HMHuTepHer.

Hcxons u3 BhllllecKa3aHHOTO, MOXKHO TO-
BOPUTBH O BO3MOXHOCTH MCITOJIb30BAHUS Ta-
KOTO TIOJIX0/Ia B MPMJIOXKEHUM K TTaccaxkup-
CKMM BaroHaM, MOTOpP-BarOHHOMY ITOJBUX-
HOMY COCTaBY, TSDKEJTBIM MyTeBBIM MaIlIMHAM,
TOPOYHBIM 3aMEUTUTENISIM 1 T.11.

[TpemtoxeHHas TEXHOJIOTHS allpodbUpoBa-
Ha B KaBka3zckom ynpasieHuu PoctexHanzo-
pa Mpu MPoBeAEHUU KOMILIEKCHBIX MEPO-
MPUSITUI, CBSI3aHHBIX C TIPEAyIpeXIeHuEM
BHEIITATHBIX CUTYalIMil HA 00EKTAaX BTOPOTO
U TPEThEro KJacCoOB OMACHOCTU U, B YACTHO-
CTH, MPU KOHTPOJIE HAll CUCTEMOM Ge3omac-
HocTU Ha baieHHoM KpaHe Kb-408.21. Kpan
OBbLT YCTAaHOBJICH B MHAYCTPUAIBLHOM IapKe
000 «Macrep», mpuHaIIeXKaIeM Kopropa-
uuu ITAO «KamA3». Takum obpaszoM, 3Ta
TEXHOJIOTUSI ObLIa arpoOMpoBaHa Ha TEXHU-
YeCKMX 00BEKTaxX, MMEIONIUX pa3Hoe DyHK-
IIMOHAIbHOE Ha3HAUYEHME M KOHCTPYKTUBHOE
WCITOJTHEHUE.

SAKJIIOMEHME

PaccmaTtpuBaemast B crathe aganTHBHasI
cucTeMa JUCTAHIIMOHHOTO MOHUTOPUHTA
AKCITTyaTallMOHHOM 0€30MacHOCTH TeXHUYE-
CKUX 00BEKTOB Ha OCHOBE PUCK-OPUEHTHUPO-
BaHHOTO TOJIXO/a SIBISETCS YHUKAJIbHOM
poccuiickoii pa3paboTKOl, He UMelollei
aHaJjoros [8].

YHUBEpPCaJIbHOCTD JAaHHOW TEXHOJOTUU
KOHTPOJIsI TIO3BOJISIET 00padaThIBaTh O 3aMaH-
HOMY aJITOPUTMY JaHHBIE, TOCTYIAOIINE OT
IIMPOKOTO CTIEKTPa MPOMBIIIIEHHBIX 00BEK-
TOB.

[TpuMeHUTENBHO K TSTOBOMY TTOJIBVXKHO-
My COCTaBy Tpeijiaraemasl TEXHOJOTHUST Ma-
IIMHHOTO OOYyYEeHUs MO3BOJUT MOBBICUTH
(akTryeckyo 06e30MacHOCTb ABUXEHUS 3a
CYET TIOBBIILIEHUST YPOBHS TTPOTHO3MPOBAHUS
BEPOSITHOCTH OTKa3a eTo Y3JI0B, OLIEHKH PHUC-
Ka ero NajbHEeN el SKCITyaTalluy U TeHepa-
LIMU PEKOMEHIyeMbIX ICHCTBUIA IO €ro TeX-
HUYECKOMY 00C/TyKMBaHUIO.
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ABSTRACT

Currently, digitalization, being implemented in all
spheres of human activity, including transport processes,
requires efficiency in obtaining and processing information,
as well as timeliness of decisions made on its basis. The
modern system of operation of railway traction rolling stock
is characterized by the lack of online information about the
current technical condition and the residual life of its
components for decision making.

The article proposes to solve the problem by
implementing an adaptive system for remote online
monitoring of technical parameters of operated objects
into the field of traction rolling stock operation. The
adaptive system contains software related to recommen-
dation decision support systems. A distinctive feature of
the system is the presence of elements of artificial
intelligence, which self-learns by combinatorial processing
of the historical database on operation of this or a similar
technical object and current performance indicators
corresponding to them.

The proposed information processing algorithm is
versatile and, in principle, can work with a variety of data
sources, including existing traction rolling stock safety devices.
Online monitoring of technical parameters of operated objects
can be extended to both cargo-passenger rolling stock and
related auxiliary machinery and devices (track machines,
cranes, hump retarders, etc.). Based on the analysis of the
information received, the software generates and transmits
recommendations regarding current urgent actions for
managing staff and maintenance personnel.

In addition, the proposed technology makes it possible to
predict indicators of accidents at operated objects in real time,
providing an opportunity to facilitate the diagnostic process,
optimize organisation of maintenance, reduce the cost of
maintaining rolling stock, and increase safety of the
transportation process.

The adaptive system of remote online monitoring of
operational safety of technical objects, considered in the
article, through a risk-based approach, is a unique development
that has no analogues.
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Background. The analysis of materials that
determine the strategic prospects for
development of the global railway transport
industry shows that, all other things being
equal, the key trend is associated with creation
of the «Digital Railway» [1—3]. However, the
process of transition to the unmanned
technology should be a step-by-step process,
through the evolutionary exclusion of a person
from participation in the diagnosis process and
subsequent adoption of a subjective decision.
It should be borne in mind as well that the
rolling stock in general and particularly traction
rolling stock constitute key subsystems in the
structure of railways.

So, for example, the strategy of scientific
and technological development of Russian
Railways holding company includes in its
priority areas sections related to digital
transformation of the holding company, i.e.
creation of «Digital Railway» based on artificial
intelligence methods, with a general focus on
the use of Russian software and hardware [4; 5].

As for traction rolling stock in the context
of this strategy, the requirements for it as an
object of a digital railway are formulated, which
consist in implementation of the «smart
locomotive» technology. Moreover, when
implementing online technology, conditions
must be created that allow accumulating and
analysing massive datasets transmitted from
infrastructure facilities and the locomotive. All
this, in turn, should create the possibility for
prompt decision-making on operation of
traction rolling stock and technological
equipment [4].

However, implementation of online railway
technologies, both in the Russian Federation
and abroad, is associated with solution of a
number of problems, the main trends of
overcoming which were formulated in the
materials of JSC Russian Railways [6]. The
conclusions there-of can be supplemented by
an analysis of locomotive maintenance systems
performed by the authors [7].

Current situation in the field of operation
and maintenance of traction rolling stock at the
workshops of JSC Russian Railways is partially
associated with delay in obtaining information
about the technical condition, predicted
malfunctions and the residual life of components
of locomotive safety devices when a locomotive
is delivered for scheduled maintenance and
repair [6].

This is due to the fact that the main tools
for ensuring safety of train traffic on the railway
network of the Russian Federation and the CIS
countries comprise integrated or local
locomotive safety devices, for example, of
«BORT», «CLUB» [integrated locomotive
safety device], «SAUT» [system for automatic
control of braking], «BLOCK» [integrated
locomotive safety unit] types, etc. Such devices
are installed onboard a locomotive and perform
the following main functions:

* Receiving information about speed limits
along the route.

+ Getting coordinates of current location
of rolling stock using signals from navigation
systems.

» Continuous monitoring of speed para-
meters of the locomotive and implementation
of emergency braking if necessary.

* Receiving information about railway
signals to exclude passing signal at danger.

* Excluding uncontrolled movement of a
locomotive.

* Monitoring work capacity of a locomotive
driver, etc.

In most cases, the recorded parameters of
the locomotive operation during operation are
recorded on a removable storage medium,
which, at the end of the trip, is handed over to
the decoding unit of the locomotive operating
(main) depot to which it belongs. After
decoding data, the identified comments are
entered into the automated system of traffic
safety violations, which takes from 3 to 5 days,
and then they are sent to specialists of
production workshops, who develop infor-
mation for the maintenance workers about the
need for additional checks of locomotive
components and units [6].

Obviously, this approach does not allow to
quickly track failures in normal operation of
traction rolling stock units and to eliminate the
causes of a possible failure in advance. In fact,
it turns out that traction rolling stock is sent for
maintenance and repair after a fixed failure in
operation of units, and not in advance, before
its occurrence.

In such conditions, the risk of failure of the
technicalunits of the locomotive isaccompanied
by the risk of damage from delays in train
traffic, and if a failure occurs on the route, the
consequences may be even more dangerous.

Analysis of the current situation, considering
the requirements [6], allows us to highlight the
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main features of a potential solution to the
current problem of online monitoring;:

« Reduction of time for identification,
elimination and investigation of the causes of
failures in operation of safety devices.

+ Forecasting the probability of failure of a
specific unit or part, depending on its current
technical condition.

+ Ensuring safety requirements for train
traffic by preventing operation of traction
rolling stock with potentially faulty devices.

+ Reducing the number of failures and
malfunctions in operation of locomotive units
and safety devices due to their preventive
maintenance.

« Automation of the process of collecting
and analysing data obtained from rolling stock
with subsequent development of recommended
decisions for the maintenance personnel.

Thus, the essence of the problem being
solved in relation to traction rolling stock is to
increase traffic safety due to the predicted
probability of a pre-failure state of locomotive
units, assess risks of its further operation and
generate recommended actions for its mainte-
nance.

Based on the above, the process of finding
arational solution, obviously, should occur with
respect to the following constraints:

* The relevant equipment should be
installed onboard the traction rolling stock and
provide continuous diagnostics of its condition.

+ Software must be compatible with the
existing traction stock control systems and

automated systems of the transportation
company that collect and process technical
information about rolling stock.

* Traction rolling stock must be equipped
with sensors.

* Implementation of online monitoring
should not lead to an increase in maintenance
personnel or the labour intensity of main-
tenance.

* Inthe current macroeconomic conditions,
the proposed equipment should be highly
competitive.

Results.

To solve the problem described above, an
adaptive system is proposed that allows, using
risk-based approach and IT technologies, to
remotely monitor operational safety of
technical objects [8—11]. It consists of hardware
and software components ensuring collection
information in a single database and in real time
about:

» Current operational parameters of an
object.

» Residual life of component parts of an
object.

« State of local safety systems of an object
itself.

« Likelihood of emergencies.

The proposed software belongs to recom-
mendation decision support systems for
managing technical objects and has elements of
artificial intelligence, which self-learns by
combinatorial interaction of the historical



Table 1

Accident risk assessment during operation of an object

Risk indicators

Risk is acceptable: ordinary operation mode (green)

usu

min

Higher risk rate: operation should be performed under increased control (yellow)

u_. <u<u
min m

ax

High risk rate: operation is prohibited (red)

max

database on operation of this (or similar)
technical object (including risk indicators of
accidents) with the current operating indicators
corresponding to them. It should be noted that
the algorithm for calculating the risk of accidents
is dynamically adjusted.

Based on the analysis of the information
received, the software generates and transmits
recommendations on current urgent actions
for managing staff and maintenance personnel
in the form of applications at their stationary
and mobile devices.

All this, applied to traction rolling stock,
allows in real time to:

* Remotely form an action plan for
maintenance of rolling stock, depending on its
current state.

« Carry out a daily linguistic check of
operability of all monitored systems of rolling
stock and transfer information to the database
of the corresponding division and to mobile
devices of drivers, dispatchers and managing
employees with the possibility of visualization
in the form of a scale of colour indicators.

» Automatically generate recommendations
for assessing the probability of rolling stock
accidents, depending on its current state, with
transfer to relevant division of the organization.

+ Collect information on violation of the
requirements of regulatory documents by the
maintenance personnel, provided for by the
work and production instructions, with transfer
to mobile and stationary devices of relevant
divisions, drivers, dispatchers and managing
employees.

* Process information from existing sensors
and those additionally mounted onboard a
rolling stock.

The algorithm and a set of criteria that
characterize the safety rate of an object in
time are adapted to databases that are
updated in accordance with identified causes
of accidents and incidents during operation
of other objects. In other words, an intelligent
system is being implemented that allows for
transition from an unstructured multi-
dimensional fuzzy space of indicators

characterizing the current state of safety of
an object to a single integral indicator in the
form of a colour scale [9—12].

The limits of deviation of the current
integral indicators from their «optimal» values
are divided, for example, into three areas
according to the predicted value u of the
accident risk, using a scale of coloured
indicators. If the values of the current indicators
change within the area of optimal values, the
predicted value of the risk indicator should
move to the yellow zone (u  <u<u_. ), when
the emergency values are reached, it is moved
into the red (u > u_. ) zone, and, accordingly,
if there I no risk of an accident (u<u__ )it is
movedto the green zone. The indicator scale is
shown in the Table 1.

To this it should be added that since it is
not possible to cover the entire complex of
diagnostic parameters characterizing
operational safety of technical objects by
monitoring sensors, then in linguistic
diagnostics, the use of human intelligence
becomes a key factor, that considers
knowledge, skills, and experience of main-
tenance and supervisory personnel [9—12].
The developed measures provide an
opportunity to compare the current
information about the conditions of the
selected object with data on emergency
situations occurred with similar objects, as
well as with changes made to the regulatory
documentation.

Thus, a feature of the proposed system is
the ability to integrate anthropomorphic and
machine processes of collecting and processing
information in real time using a set of algorithms
based on neural networks, that is, using
artificial intelligence technologies. The main
result of the system is collection and analysis
of all available information followed by risk
assessment and development of information
and recommendation support for decision-
making by an operator [§—12].

The developed adaptive remote monitoring
system is notable for its versatility and can be
used in a wide range of industrial facilities,
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Mobile devices

«CLUB»

Adaptive system of remote online monitoring

Pic. 1. Diagram of interaction of software and hardware components of the safety recommendation system
as applied to the locomotive: 1 — locomotive equipped with CLUB system; 2 — database; 3 — central server;

4 — website; 5 — software Web application; 6 — results of risk assessment in colours; 7 — locomotive crew
(train driver instructor); 8 — inspector of the Traction directorate of JSC Russian Railways; 9 — factory inspector
of the Centre of technical audit of JSC Russian Railways; 10 — inspectors of the regional and central structures

of JSC Russian Railways.

including cable, road, water, air, and railway
transport [13; 14].

Regarding traction rolling stock, the system
can be used together with currently widely used
domestic safety systems, for example, «BORT»,
«CLUB», «SAUT», «<BLOCKb», etc.

The main results of training neural networks
based on the proposed technology and using
linguistic and functional diagnostic criteria,
regarding a locomotive equipped, for example,
with a CLUB system [15], include:

* Increased reliability of remote control.

* Improved quality and timeliness of
developing of recommendations for mainte-
nance.

» Optimization of the maintenance process
by predicting timing and labour intensity of
planned maintenance of locomotives.

» General reduction of number of accidents
during operation.

* Reduction in the number of personnel
and inspectors and, consequently, in the cost
of their wages.

The proposed technology will make it
possible to ensure recognition of emergency
factors associated with speed control, sponta-
neous movement, indication of signals, etc. in
relation to various modes of movement (starting
from rest, movement on main line, shunting
mode, skidding, and slipping, etc.), and other
indications of safety devices that are normally
installed onboard a locomotive. The Pic. 1
schematically shows interaction of structural
components of the proposed adaptive safety
system, containing hardware and software.

This approach allows remote monitoring of
locomotive devices using mobile applications,
by constantly training the neural network using
the historical data of CLUB complex devices,

considering the dynamics of changes in these
data during operation.

Thus, as applied to traction rolling stock,
the proposed conceptual approach can be
implemented to collect and analyse operational
information about current and pre-failure
states of locomotive components, as well as to
assess the risk of their further operation,
including the recommended actions for their
maintenance. For example, alocomotive crew
using linguistic and functional diagnostic
criteria, according to the instruction (order
No. 2070/r) [16], can assess the condition of
an electric locomotive as part of its accepting
after maintenance and repair works, namely:

* check the installation of elements of the
brake and damping systems;

« inspect tightening of threaded connections
in safety devices;

» check the presence of grease on wear
surfaces;

» check operation of the pantograph;

« inspect the condition of traction electric
motor and auxiliary systems;

» check operation of lighting and sound
devices;

« check the presence of sand and operation
of sand feeding devices;

 check the oil level in the traction trans-
former;

* check correctness of readings of work and
emergency devices;

» check operation of the storage battery,
etc.

The results of the check will be processed
in real time and transmitted to the database of
the central server of the system via the Internet.

Based on the foregoing, we can talk about
the possibility of using this approach when



applied to passenger wagons, multiple-unit
trains, heavy track machines, hump retarders,
etc.

The proposed technology was tested at the
Caucasian Directorate of Rostekhnadzor
[Federal Environmental, Industrial and
Nuclear Supervision Service] when taking
complex actions related to prevention of
emergency situations at facilities of the second
and third classes of danger, when monitoring
the safety system on KB-408.21 tower crane.
The crane was installed in the industrial park
of LLC Master, owned by the PJSC KamAZ
corporation. Thus, this technology has been
tested on technical objects with different
functional purposes and design.

Conclusion.

The adaptive system for remote monitoring
of operational safety of technical objects
through risk-based approach considered in the
article is a unique domestic development that
has no analogues [8§].

The versatility of this control technology
allows processing data from a wide range of
industrial objects according to a given algorithm.

Regarding traction rolling stock, the
proposed machine learning technology will
improve the actual traffic safety by increasing
the level of predicting the probability of failure
of its units, assessing risks of its further
operation and generating recommended
actions for its maintenance.
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OueHka KayecTBa NepeBO30K NacCaXxupos
B ropoae Boskckom no tpedboBaHuam
coumnanbHOro cTaHgapTa

Fanuna YEPHOBA Mapuna BEJIMKAHOBA

Bnapucnas KOKLLUXJ10B

Yepnoea luauna Anamoavesna — Boncocpadckuii 2ocydapcmeeHHblil mexHuuecKuil ynugepcumem, Boaxcckuil,
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B cTarbe paccmaTtpuBatoTCs BONpOCh! OpraH13a-
Lnm TPaHCMOPTHOro O6CAYXUBAHUS NacCaxupos
0061LeCTBEHHbIM TPaHCNOPTOM C OL|EHKOW ero Kkaye-
cTBa 1o TpeboBaHWsIM coUuMasIbHOro ctaHaapTa. Llens
cTarby — OnpeaenTb Ka4ecTBO NepeBo30kK rnacca-
XKVPOB MYyHULMNAbHbIM MaCCaxXUPCKUM MpPeanpusi-
TMeM Ha aBTobycax 60JIbLLIOV Y CPeAHEV BMECTHMO-
CTU U UHANBUAYAbHBIMU PEANPUHUMATENSIMU,
OCYLLECTBJISIIOLLMMU NEePEeBO3KM Ha aBTOBycax Masiok
BMECTUMOCTU. B cTatbe ncrnosnb30BaHbl OTYETHbLIE
marepuasibl rno NepPeBo3Ke NacCaxupoB MyHULNNA Ib-
HbIMU V1 HaCTHbIMY r1epeBo34nkamu. [11s1 AOCTUKEHUS
nocTaB/IeHHOW Lesv Npoun3BeaéH pacyér nokasare-
eVt Ka4ecTBa repeBo30K MacCaxupoB 00LLEeCTBEH-
HbIM TPaHCMOPTOM C MCMO/Ib30BaHNEM MEeTOANKUN

coumanbHoro ctaHgapta MuHtpaHca P®. Onpene-
JIEHO KO/IM4eCcTBO 6aslyioB 10 KaX4oMy OrpeLaesiEH-
HOMY coumnaibHbIM CTaHgapTOM noka3aTesio A4J1s
MYHULMNATIbHbIX MEPEBO3YNKOB Y MHANBUAYATIbHbBIX
npeanpuHumarenen, npeacTaBaeHbl Pe3yabTarsbl
pacy4étos. [lpoBenéH aHaansg kavyecTsa yciyr rno
riepeBo3Ke raccaxupoB MYHULINNAIbLHbIMA U 4acT-
HbIMU riepeBo34nkamu. KonmyecTBeHHble xapakTe-
PUCTVKM NMoKa3aTe e kKa4ecTsa Mo3BOoJIMIIv Orpese-
JINTb TEKYLLIEE COCTOSTHUE YCIIyr 10 repeBo3Ke nac-
CcaxupoB, BbIIBUTb HEAOCTATKU U AaTb MPOrHO3
ynyywenns kadectsa ycayr. C uenbio yayqLueHns
Ka4ecTBa yCJyr 1o nepeBo3Ke raccaxvpoB rnpeasio-
XKeHbl MepOonpUSTUS AJ151 OPraHn3aTopoB epeBo30K
Y NepeBO34MKOB.
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Tpylax U UCCIETOBAHUAX YUEHBIX,

3aHUMAIOIINXCS U3YYeHUEM BOIIPO-

COB OpraHM3allly TTePeBO30K Tacca-
SKUPOB OOIIIECTBEHHBIM TPAHCITOPTOM, TTPE/T -
JlaraeTcsi BBECTU KOJIMYECTBEHHYIO OIIEHKY
YPOBHSI KadyecTBa. DTa OllEeHKa KadyecTBa
BO3MOXHa Ha BCEX YPOBHSIX OpraHM3allNu
1 yIIpaBJeHUST TIepeBO3KaMU TacCaknupoB
(MUHUCTEpPCTBA, AIMUHUCTPALIUU TOPOJIOB,
TIPEATIPUSITHS), @ TAKXKe IS OTpPeIeIEHHOTO
nepuona BpeMeHu. [ToaXoabl pa3IMIHBIX
aBTOPOB K BOIIPOCAaM KaueCcTBa MepeBO30YHO-
IO Mpoliecca MpeacTaBieHbl B padorax [1—6].

Ho ycranosneHnust B 2017 rogy couuanb-
HOTO CTaHJapTa TPAaHCITOPTHOTO OOCITYXKMUBA-
HUs HaceJeHUs allMUHUCTPAllu TOPOIOB
1 TIOCEJIEHWI B POCCUIICKUX PeruoHax ycTa-
HaBJIMBAJIM CBOM KOJIMYECTBEHHBIE ITOKA3aTe-
JI Ka4ecTBa TPAHCIIOPTHOTO OOCITy>KMBaHUS
HaceJieHUsT OOIIEeCTBEHHBIM TPAHCIIOPTOM,
KOTOpbIE OBIIM HEOOXOAMMBI JUJISI OLIEHKHU
YPOBHSI OpraHU3alIMK MIePEBO30K MACCaKUPOB
1 pa3pabOTKN MEPOTIPUSITUIA TSI YTydIIEHUST
KavecTBa MepeBO30K.

OmHMMU U3 TIEPBBIX OTPACIEBBIE PETrro-
HaJIbHbIE HOPMATHUBbI KAYeCTBa TPAHCTIOPT-
HOTO OOCJTy>XMBaHWSI HaceJIeHUs IO pery-
JISPHBIM MYHUIIUTIATBHBIM ¥ MEXMYHUIIM -
MaJbHBIM MapuIpyTaM aBTOMOOUJILHOTO
TpaHCTOPTa OOIIEro MOJb30BAHUS OBLIN
ycTaHOBJIeHB B Pecnyonuke Tatapctan
B 2008 roay [7]. OcHOBOIi pa3paboTOK pe-
TMOHAJIBHBIX CTAHIAPTOB SIBJISUIUCH TPeOO-
BaHus 'OCToB, B KOTOPBIX YCTAHOBJICHBI
TpeOOBaHUS K YCJIyraM IMMaccaxXmpckKoro
TpaHCIoOpTa U OlpenesieHa HOMeHKJIaTypa
rnokasarteJsieit kKauectna [8§—13].

MuHuctepcTBoM TpaHcnopTa Poccuu (na-
Jiee — MuHTpaHc) pazpaboraH «ColManbHbIN
CTaHIAPT TPAHCITOPTHOTO OOCTY>KMBAaHUSI TIe-
PEBO30K ITacCaXXMPOB U Oaraka aBTOMOOWITb-
HBIM TPAHCIIOPTOM M TOPOJCKUM Ha3eMHBIM
3JIEKTPUYECKUM TpaHcropTom» [14] (naee —
COLIMAJTLHBIN CTAHIAPT), B KOTOPOM OTIpe/iesie-
HBI KOJIMYECTBEHHBIE MTOKAa3aTen KauecTBa
TIPEIOCTaBIEHUS YCIIYT T10 TIePEBO3Ke Tacca-
SKMPOB OOIIIECTBEHHBIM TPAHCTIOPTOM.

ColmanbHbIi CTAaHAAPT HOCUT PEKOMEH-
JaTeJIbHBIN XapaKTep, OJJHAKO OH OIpeesieT
eIWHBINA TTOAXOM JUISI BCEX OpTaHM3aTOPOB
MepeBO30K MacCaXXMpPOB U MEePEBO3YUKOB
K OlLIEHKEe KauecTBa MepeBO30K MacCaKUpOB.

B ropone BoyskckoM repeBo3Ky maccau-
POB 0011IeCTBEHHBIM TPAHCITOPTOM TTPOU3BO-

VIIE oA PJA A 3 S

I9T MyHUIIUTIATbHOE YHUTAPHOE TIPEATIPUSI-
e «Bomkckas A/K Ne 1732», (aBTOOYCHI
00JIbIION U cpeaHelt BMECTUMOCTU) U UHIU-
BUIyaJIbHBIC TTPEIITPUHNMATEIIN Ha aBTOOycax
manoit BMectumoctu I'A3ensb [15].

ObecneyeHue Hajaiexalllero KauyecTna
TPaHCHOPTHOTO OOCTYKMBAHMSI ACCAXKUPOB
SIBJISIETCS TIEPBOOYEPETHON 3a1a4eil opraHu-
3aTOPOB B JIMLIE MECTHOTO CaMOYMpaBJIeHUs
M TIEpEeBO3YMKOB MAcCaXKPOB HA OOIIECTBEH-
HOM TpaHcnoprte. Ileabro Uccieq0BaHUS SIB-
JIsIeTCsl orpeie/ieHre rmokKasaTeyieil KauecTBa
MepPEeBO30K IaccaxkupoB B ropoae Bomkckom
MYHHUIIATIATBHBIMYA Y YaCTHBIMU TTePEBO3YM -
KaMM 1 COOTBETCTBHE UX COLIMATbHOMY CTaH-
JapTy.

B xauecTBe NCXOTHBIX JAHHBIX JIJISI OTIpe-
JieJIeHUs TToKa3aTeseil KauecTBa UCT0Jb30-
BaJIMCh clieAylolle Habopbl JAHHBIX: DJEK-
TpOHHas KapTa ropoja BoJikckoro, Koau-
YeCTBO XXMUTeJIell B YeThIpEX 30Hax ropoja,
IepedeHb OCTAHOBOYHEIX ITYHKTOB, TTapaMe -
TPHI ACATEIBHOCTH MYHUIIATIATBHBIX U YaCT-
HBIX TTIEPEBO3YNKOB U XapaKTEPUCTUKU aB-
TOOYCOB.

Jns onpeneneHus] KOJIMUECTBEHHBIX Xa-
PaKTepUCTUK ITOKa3aTelieil KauecTBa IepeBo-
30K B ropojie Bo/kckoMm aBTOpaMM MCIOJIb-
30BaHa Memoduka, IpeACTaBieHHas! B COLIM-
aJlbHOM cTaHaaprte [14].

IMpuHIMIIAMA cTaHAAPTA SBJISTFOTCST YHU-
BepCaJbHOCTb MOKa3aTeseli, MPUOPUTET Tac-
caxxupa, IBYCTOPOHHUI KOHTPOJIb. CTPYKTY-
pa cTaHaapTa ycTaHaBJMBaeT Cleayloliue
rnokasaresid KauyecTBa: moKa3aTeu JOCTYITHO-
CTH, ToKazaTeJM HaAEXHOCTU, MoKa3aTean
KOMGOPTHOCTH.

TTokazarenu JOCTYMHOCTU JAOJIKHBI Olie-
HUBATh BO3MOXXHOCTb MOJYYEHUS HACeJIeHU -
€M YCJIYT MO0 MepeBO3Ke MacCcakMpoB: paCCTOS -
HHE 10 OCTAaHOBOYHBIX MYHKTOB He OoJiee
400 M, K O0TbHULIAM U MOJMKIMHUKAM — He
6osiee 300 M; obecrieyeHre JOCTyIa K OCTa-
HOBOYHBIM IYHKTaM, aBTOBOK3ajaM M aBTO-
CTAaHIIMSIM, a TaKKe K TPAHCIIOPTHBIM Cpe/I-
CTBaM IS MAaJIOMOOMIBHBIX TPYIII HaceJe-
HUS;, IIeHOBasl TOCTYITHOCTD ITOE3IKN — HE
6ojiee 7 % OT CpeaHEMECSIUYHOro J0X0Ia;
OCHAILIEHHOCTb aBTOBOK3aJI0B, aBTOCTaHLIMIA
¥ OCTAHOBOYHEBIX ITYHKTOB MH(MOpMAITUEH T
naccaxKMpoB; 4acToTa oOCIy>KUBaHUSI OCTa-
HOBOYHBIX ITYHKTOB.

TTokazatenb HaIEXKHOCTU 0OeCTIeurBaETCS
COOJTI0IEHMEM pacTIMCaHUsI MAPLIPYTOB PEry-
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Taouua 1

OleHKa Ka4yecTBa TPAHCIIOPTHOTO 00CTYKMBAHUS HACEJIEHHS

WnrepBaibHbie 3HaueHUss KO

KauecTtBo TPAHCIIOPTHOTO 06CIIy)KI/IBaHI/IH HacCeJICHUA

KO<30% HEYJIOBJIETBOPUTEILHOE
30 % < KO <50 % MUHUMAaTbHOE
50 % < KO< 80 % cpenHee

KO >80 %

BBICOKOC

HUcrounuk: Pacriopstkenne MunTpanca Poccun ot 31.01.2017 & Noe HA-19-p «ConanbHbIit cTaHAapT TPAHCTIOPTHOTO
00CITy>KMBaHMSI TIEPEBO30K MACCaKMPOB U Oaraxka aBTOMOOMIIBHBIM TPAHCTIOPTOM ¥ TOPOIICKMM Ha3eMHBIM

3JIEKTPUYECKUM TpaHcriopTom» (per. 13. 04. 2018 ).

JISIPHBIX TTIEPEBO30K: CIIyJar OMO3IaHUs aBTO-
Oyca CBBIIIIE IBYX MUHYT HE TOJDKHBI TTPEBhI-
waTh 15 % ot 0011ero KOJIMYeCcTBa PEicoB.

IMoxazareau KOM(OPTHOCTH OTIPEACIISIOT-
Csl ypOBHEM yI00CTBa MOJIb30BAHMS YCIIyTaMKU
10 TIePEeBO3Ke MMacCaXXMpPOB, B TOM UKCIIC OT-
CYTCTBHEM (DU3MOJIOTMUECKOT0 1 IICUXOJIOTH -
yeckoro nuckomdopra. B mokazartenn KoMm-
(GOpPTHOCTU BXOHST: OCHAILIEHWE aBTOOYCOB
cucTeMaMM MHGOOPMHUPOBAHMS TACCaXKNPOB;
TeMIlepaTtypa B cajoHe: 3UMMOI — HEe MeHee
12°C, netom — He 6ostee 25°C; HOpMa BMECTU-
MOCTH: 3 maccaxupa Ha 1 M? TuIoLaau moJja
aBTOOYCa; CPOK CIIy>kObl aBTOOYCOB He OoJiee
JIECSITU JIET; DKOJIOTMYHOCTh aBTOOYCOB: EB-
po-4, EBpo-5; KoMMuecTBO Tepecagok: He
0oJiee IByX B MyHULIMINAbHBIX 00pa30BaHUSIX
C YMCJICHHOCTBIO HaceneHust 6oxee 500000
YeJI0BeK, He 00JIee OMHOM B OCTATbHBIX MyHH -
LUIaJbHbIX 00Opa3oBaHusX. TpeboBaHUSs
K ITOKa3aTeIsIM OTpeie/ieHbl B HOPMAaTUBHBIX
mokyMeHTax [16—19].

MakcumanbHOE KOJHUYECTBO 0ajioB,
ompenensieMoe 1o KaxkaoMy IoKa3aTeso,
paBHo 10. ¥YpoBeHb KayecTBa TPAHCIIOPTHOTO
00CTy>KMBaHMS HaCeJICHUS IO MapIIpyTaM
perynsipHbIX iepeBo3ok (KO) ompenensiercs
o opmyiie:

KO=b,/b,, * 100 %, (D)
rae b, — koauyecTBO HabpaHHbBIX GaJIOB,
IMOCYUTAHHOE CYMMUPOBaHUEM OAJIJIOB, TIPH -
CBOCHHBIX TTOKA3aTeIISIM;

b, — MakcumanbHOE BO3MOXHOE KOJTMYE-
CcTBO OasoB, paBHoe 130 Gayimam 11 Hace-
JIEHHBIX ITYHKTOB C YNCJICHHOCTHIO HACEJICHMS
MeHee 250 yenoBek; 120 6aymiam — uist OCTallb-
HBIX HaCEeIEHHBIX ITyHKTOB. 17151 ropoa Bosk-
CKOT0 KOJIMUeCcTBO O0aymioB — 120.

ITo ntoram pacu€ToB (popMUPYETCS BLIBOI
0 Ka4yeCTBE TPAHCIIOPTHOTO OOCIYyKMBAHMS
HaceJeHUs MO MyHULUITAJIbHBIM MaplipyTamM
PETYJISIpDHBIX TIEPEBO30K B COOTBETCTBUM CO
3HauYeHUsIMU Tab. 1.

VINPML PAH A W SIN-

PE3YJIbTATbI

ABTOpaMu TPOBEAEH PACUET MOKa3aTeei
1Mo COLIMaJIbHOMY CTaHaapTy MuHTpaHca,
B pe3yjbrare pa3paboraHa TabdJl. 2, B KOTOPOI
MpeCTaBIeHBl pacCUMTaHHBIE TTOKa3aTen
KavyecTBa MepeBO30K MaccaxkupoB B TOpoJe
Bosxckowm [20].

IMokazarenu kKauyecTBa pacCYMTHIBAIINCH
KaK JUTs TIEPEBO3YNKOB, KOTOPBIMHU SIBIISIIOTCS
MYHUIIATIAIbHOE YHUTAPHOE TPEANPUSITHE
«Bomxkckass A/K Ne 1732» Ha aBTOOYycax cpe-
Hell U OONBIION BMECTUMOCTH M YAaCTHBIC
MepeBO3UYMKHY Ha aBTOOYCaX MaJIOi BMECTUMO-
CTH, TaK W JJISI OpraHu3aropa MepeBO30K —
AIMUHUCTpaUnu ropoaa Boirkckoro.

IMokazarensiMu, 3aBUCSIIIIUMA OT AIMIHU -
CTpallM — OpPTaHM3aTopa TMEePeBO30K, SIBJIS-
FOTCS: TepPUTOPUATIbHAS U TIeIIeXOIHAas J10-
CTYITHOCTb OCTAHOBOYHBIX ITYHKTOB; TOCTYTI-
HOCTB OCTAHOBOYHBIX ITYHKTOB, aBTOBOK3aJI0B
¥ aBTOCTAHUMI JUIST MaJOMOOVUTBHBIX TPYIIIT
HacCeJIeHUsT; 1IeHOBasi OCTYITHOCTh TTOE3I0K
10 MYHHUIIATTAJTEHBIM MapIIpyTaM peTyIsIpHBIX
MEepPeBO30K; OCHAIEHHOCTh aBTOBOK3aJIOB,
ABTOCTAHIIMI M OCTAHOBOYHEIX ITYHKTOB;
KOJIMYECTBO Mepecagok. DTU MmoKa3arein
sapastoTcs oommumu st MYIT «Boskckas
A/K Ne 1732» (MYII B/AK Ne 1732) u mepe-
BO3YMKOB Ha aBTOOycax Majioil BMECTUMOCTH
(MapIIpYTHBIX TaKCW) U UMEIOT OIMMHAKOBEIC
3HavyeHus. OTAeTbHO IS TEPeBO3YMKOB pac-
CUUTAHBI CJIEIYIOIINE TTOKAa3aTeu: TOCTYII-
HOCTh aBTOOYCOB JIJISI THBAJIMIOB U ITaCCaXKu-
POB C KOJISICKAMM,, OCHAILIEHHOCTh aBTOOYCOB
CHCTEeMOU MH(MOPMUPOBAHUS, TeMIIepaTypa
B CaJlOHEe, 9KOJIOTUYECKNE XapaKTePUCTUKU
U BO3pacT aBToOycoB. B Taba. 2 B ckoOKkax
JlaHbl pacUE€THBIE MOKA3aTeJ MO UTOTaM
BHEIPCHUS MEPONPUSITUI IO YIAYUIICHUIO
KauecTBa MepeB0o30K naccaxupos [20].

Pacuét mokaszareneit kayecTsa Mo COLU-
aJIbHOMY CTaHIapTy MUHTpaHca rokasai, YTo
Ka4yeCcTBO TPAHCTIOPTHOTO OOCIYyXXUBaHUS



Tabumua 2

IToka3aTem KayecTBa NepeBO30K NACCAKUPOB B ropojie Bo/KCKOM (CocTaBieHO aBTOpaMM)

ITokazarenu KauecTBa KonuuectBo 6ainoB

MVII B/AK Ne 1732 YactHble

TEePEeBO3UYMKU

TepputopuanbHast 1OCTYITHOCTb OCTAHOBOYHBIX MyHKTOB (OIT) 9
HocrymHocts OI1, a/B 1 a/c s MATOMOOWIIBHBIX TPYIIIT 6/(8)
HaceneHuss (MMIH)
HocrynHocts TC nist MMI'H 7/ (@) 1
LleHOBast JOCTYITHOCTb MOE3/10K 10
OcHalgHHOCTb a/B, a/c u nHdopmalueit 06 OIT 4/(6)
CobiroaeHre pacrucanust 10 1
OcHaIEHHOCTb TPAHCIIOPTHBIX CPEJICTB CPEICTBAMU 10 10
MH()OPMUPOBAHMS TTACCAKUPOB
Temriepatypa B caloHe aBTOOYCOB 8/(1) 1
CobatoneHne HOpM BMECTUMOCTHU 10 10
KonuuecTBo nepecanok 10 10
DKOJIOIrMYHOCTh 5/(8) 1
TIpeBbllieHe YCTAHOBIEHHOTO 3aBOIOM-TIPOM3BOIUTEIEM cpoka | 6 / (8) 4
ciyx6er TC
Bcero 6annos 95/ (103) 67 /(71)
MVYII B/AK Ne 1732 95+ 100/ 120=79% /

(89 %)
YacTtHble epeBo3YnKU 67+ 100/120 =

56 % / (59 %)

IMpumeuanue: 3HaueHne KO Haxomutest mexiy 50 % u 80 % (50 % < KO < 80 %): ypoBeHb KayecTBa
00CTy:KMBaHUS HaceJIeHUsl cpenHuii. [Tpy BbIMOJIHEHUN MEPOTIPUATHI ypoBeHb KauecTBa — 89 % (KO > 80 %),

BbIcokoe st B/AK No 1732.

HacesneHust MYTI «Bomxkckas A/K Ne 1732»
cpennee, 3HaueHne KO paBHo 79 % (Tabim. 1
u?).

J1J1s1 YaCTHBIX MEPEBO3YMKOB Ha MapIIpyT-
HBIX TaKCHU KauyeCTBO OOCIYXXMBAHMS TOXE
cpenHee, 3HaueHue KO paBHO 56 %.

IToka3zaTenu KayecTBa y YaCTHBIX ITEPEBO3-
YUKOB HIKE, YeM Y MYHULIUITAJTBHBIX.

OTinuust KayecTBa MepeBO30K MaccaKu-
poBy MVII u uHAMBUAYATBHBIX TPEATTPUHU -
Mareyei:

1. locmynHocmbs mpancnopmmubsix cpeocme
051 MANOMOOUNBHBIX 2DYNI HACEeNeHUS.

B aBTokosonHe u3 176 aBrodycoB — 111
HM3KO- WJIM CPEIHEIIONbHBIX, ITO3BOJISTIONINX
MePEBO3UTh MHBAJIMIOB U MACCaXkKNUPOB C KO-
JIICKaMU. B MapmipyTHBIX TaKCH YaCTHBIX
MePEBO3YMKOB JOCTYITHOCTHU JIJISI TIEPEBO3KHU
MaJJOMOOMJIBHBIX TPYII MACCaXKUPOB HET.

2. Haodéxucnocmo. CobarodeHue pacnucanus
Mapuipymoe pecyaspHbix nepego3okx.

CobrofeHure pacrycaHus B aBTOKOJOHHE
BBITTOJIHSIETCST BCEMU BoauTeIsIMU. Perymsip-
HOCTH BBITIOJTHEHUST PACITUCAHUS TBUKCHMST
aBToOyCca Ha MapIIpyTe KOHTPOJUPYETCS
LIEHTPaJbHOM AUCIIeTYePCKON CTyK001i aBTO-
KOJIOHHBI. DTUM 00ecIeunBaeTcsl rapaHTUs

VINPAL PAH PJIA L SN jo) P4

MOEe3IKHU MaccaxxupoB. s aToro B KabuHe
BOIMTEJISI yCTAaHOBJIEH HaBUTaTOp. [TpuMeHsi-
J0TCs1 1BA BU]a HABUTATOPOB: «IpaHUT-2» nnun
«IpaHuT-4». MOOWIBbHBIN OJIOK PETUCTPUPYET
MOJIOKEHHME U CKOPOCTD IMOABUKHOIO 00beK-
Ta v (PUKCUPYET MX B ITAMSITHU Yepe3 3alaHHbIC
MPOMEXYTKM BpeMeHU. JlaHHbIe O TeKylleM
MECTOTOJIOXKEHUN TPAHCIIOPTHOTO CPEACTBa
nepeaaloTcst Ha AUCIIETYEPCKUIA MMyHKT T10-
cpeactBoM GPRS unu CSD/SMS coenune-
Hust. CSD/SMS coeauHeHue UCIIONb3YeTCs
B KaueCTBe aJIkTepHATMBHOI'O KaHaJ1a Iepe/ia-
4yM naHHbIX, Korna HegoctyrneH GPRS. IMony-
YyeHHasi uH(opMaLusi OToOpaxxaeTcsl Ha MO-
HUTOpPE AMCIIeTYepa B BUIE KapThl 00CTYXKM-
BaeMoOU Tepputopuu. Jlucreryep MOXET
YCTAHOBUTb TEKYIIEe MECTOIOJOXEHME
TPaHCIIOPTHOTO CPEJCTBA, 3alIPOCUThH MapIIl-
PYT 3a 110001 Mepruoa BpeMeHU, KOHTPOJI-
pOBaTh COCTOSIHME NATYMKOB U YIPABISATH
WCMOJTHUTEIBHBIMM YCTPOMCTBAMU. YCTaHOB-
JIEHHAasI CUCTeMa MOHMTOPUHTA Yepe3 MOLYJTb
ITTTOHACC/GPS no3Bosser aucrnetyepy
LLJC orcnexuBaTh peryjsipHOCTb BbIMIOJIHE-
HUs pacnvcaHus IBUKEHMS aBTOOYCOB. JlaH-
Hasl cUCTeMa MOTMBUPYET BOJIUTEISI U 00ec-
MeYrBaeT MUHUMM3AIIUIO 33/IEPXKEK U OT103/1a-
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Puc. 1. Taxorpag «LUTPUX-TaxoRUS» [nekTpoHHbIV pecypc]: www.auto.shtrih-m.ru/. Qoctyn 03.09.2020.

HUI B paboTe TpaHCIIOPTa Ha KaXI0M MapIii-
pyTe.

Ha Bcex aBToOycax aBTOKOJIOHHbBI yCTAHOB-
neHbl Taxorpadbl «ILITPUX-Taxo RUS»
(puc. 1).

BosMoxxHocTu Taxorpada:

* HaKOIUIEHWE 1 XpaHEHME TaHHBIX 3a 366
IHEH;

* KOHTPOJIb 32 peXKMMaMU TPya 1 OTIbIXa
BOJUTEJICH;

* UHAUKAIUSA U COXpaHEHUE B MaMSITHU
YCTpOICTBa CKOpOCTH, Tipodera TC, pexkumoB
paboThl BoguTENeH U T.1I.

KoHTpoJIb peryisipHOCTH BBIITOJHEHUS
pacrucaHusl IBUXKEHUST aBTOOYCOB Ha Maplll-
pyTax 4acCTHBIX MEPEBO3YMKOB OTCYTCTBYET.
[TpoBoaKMBbIe TJIaHOBBIE MPOBEPKU YACTHBIX
MePEBO34YMKOB Ha MapIIPYTHBIX TAKCH YITPAB-
JICHUEM TOCYIapCTBEHHOI'O aBTOAOPOXHOTO
Hanzopa (ABTOAOPHAA30POM) U ATMUHUCTpaA-
et ropojaa BoKCKOro mokasbiBaloT, 4TO
3a4acTylO YaCTHBIC MEPEBO3YMKHN HAPYILIAIOT
pacrucaHue U paboTaioT TOJbKO B Yachl MUK
MPpY HaUOOJIbLIIEM TTACCAXKUPOITOTOKE.

st obGecriedeHus KOHTPOJIst ABTOIOPHA I -
30D MPU BblAAue JMLIEH3MOHHBIX CBUICTEILCTB
YaCTHBIM IE€PEBO3YMKAM OCYIIECTBUII MPH-
BSI3KY TOCY/IapCTBEHHBIX HOMEPOB K MapIIpy-
Ty. B manpHeiiemM ADMUHUCTpaLMs ropoja
IJIAHUPYET YCTAHOBKY KaMep BUACOHAOIII0/IE -
HMSI HA OCTAHOBOYHBIX ITYHKTAX JIJISI KOHTPOJISI
3a pabOTOI YaCTHBIX MEPEBO3YMKOB, B YaCT-
HOCTH 3a COOJIIOJICHUEM PaCIIMCAHUS IBUKE-
HUSI.

3. Komgpopmuocmo. Ochawénnocmos mpauc-
NOPMHbBIX CPpeocme cpedcmeamu UHPOpMUposa -
HUsL ACCANCUPO8.

ABTOOYCHI MyHMIIMIIAJbHBIX U YaCTHBIX
MePEeBO3YMKOB OCHAILIEHbI CPEACTBAMU WH-
(opMHMpOBaHUS TTACCAXKUPOB COIJIACHO TPE-
6oBaHusiM [TpaBrJI MepeBO30K MacCaXKUpPOB.

JlonoaHuTtenbHass MHGOpMALIUS TIPUMEHS-
ercsa B aBToOycax MVYII «Bomxckasa A/K

VINPML PAH A W SIN-

Ne 1732». [TaccaxxupoB U3BeLIalOT 00 OCTAHO-
BOUHBIX ITYHKTaX Yepe3 OTHOCTOPOHHIOI IPOM -
Ky1o cBs13b. Kpome Toro, nHgopmaiys Moxer
OBITh MOJly4YeHa OT KOHJIYKTOpa U HEMOCpen-
CTBEHHO BoaMTelIsl. ABTOOYCHI «Volgabus-6270»
n «Volgabus-5270G2» cHabOXeHbI «Oeryiei
CTPOKOI» BHYTpU cajioHa. MH(opmalius B «0e-
IyLIEl CTPOKE» CONEPKUT Ha3BaHHE OCTAHOBOY -
HOTO IIyHKTa, TeMIIepaTypy OKpYXKarollero
BO3/IyXa, peKJIaMy pa3IMYHOro Xxapakrepa, BT.4.
CBeNIeHUsI U O0BSIBIIEHUS aBTOKOJIOHHBI. Kpome
TOro, UMetoTcs MHGOPMalLMOHHbIE TabJ0 Ha
Hapy>KHOI1 TTOBEPXHOCTH aBTOOYCA.

MYVII «Bomxckas aBTokosoHHa No 1732»
3anyctuia ¢ 21 cenrsopsa 2017 roga cepBuc
«TpaHcnopt — onjaiiH». CepBuUC MO3BOJISIET
B peXXuMe pealbHOrO BpEMEHHM OTCIICKMBATh
MECTOHAXOX/IeHWEe OOIIECTBEHHOI'O TPaHC-
nopra. Kpome Toro, 31ech ke MOXKHO MOJy-
YUTh MHGOPMALIMIO O BpEeMEHU MPUOBITUS
aBToOyca Ha KOHKPETHYIO ocTaHOBKY. CepBuc
oasupyerca Ha gaHHbIX [JIOHACC, a Takke
JUCTIETYEPCKON CTyKObl aBTOKOJIOHHBI. Ha
MOOUIBHBIX YCTPOUWCTBAX B MHTEPHET-
marasuHe «Play Market» mpujioskeHHe Ha3bl-
BaeTCs «YMHBII TPAHCIIOPT».

[Taccaxkupbl TAKXKe MOTYT BOCIIOJIb30BaTh-
c MOOUJBHBIM MPUTOXKEHUEM «YMHBII
TPAHCITOPT» JIJIsI TOTO, YTOOBI Y3HABaTh O JIBU -
JKeHUU aBTOOYCOB ¢ TejiepoHa (puc. 2).

[TpuioxeHue MO3BOJSET Maccaxupam
OTCJIEXXMBATh BpeMs IOJIX0aa aBTOOYCOB
K OCTAaHOBOYHOMY ITYHKTY IO KaxKJIOMy KOH-
KPETHOMY aBTOOYCY, pallMOHAJIbHO CILIAHM-
poBaTh CBOI1 rpapuK U CBOM Moe3aKU. Takke
yepe3 MPUJIOXKEHUE B cMapTOOHE MOXHO
y3HaTh pacnucaHue MpUOBITUSI aBTOOyca Ha
Kaxayro u3 octraHoBoK. Ha miomanu Csepa-
JoBa (0OCTaHOBOYHBIN MYHKT «[lnomanb
CBepajioBa») HaAnmpoTuB MeauUMHCKOTO
KOJIJIe/IKa YCTaHOBJICHA TTepBast M MOKa eI H -
CTBEHHasl B roponie Bokckom «yMHasi» ocTa-
HOBKa (puc. 3).



Puc. 2. UHpopmaums o ABMKeHnN aBTOBYCOB 10 NMPUI0XKEHUIO «YMHBbIA TPaHCMOPT». PycCcKOsS3bIYHbIi
uHTEepgeric. [AnekTpoHHbIV pecypc]: http://www.bus62.ru/Google.Play https://play.google.com/store/apps/
details?id=ru.bus62.SmartTransport&hl=ru. foctyn 03.09.2020.

[TaBunboH o6opynosan USB-nopramu mist
3apsIIKU Pa3IMYHbIX TeJeOHOB U Oecruiat-
HbIM Wi-Fi. Ha BCTpOEHHOM 3JIEKTPOHHOM
TabJ0 MOXHO MOCMOTPETh KapTy ropoia,
Y3HaTh IBUXEHUE aBTOOYCOB MO pa3HbIM
MapIipyTam, Bpemsi IpUOBITUSI OOIIECTBEH-
HOTO TPAaHCHOPTa Ha JaHHYI OCTaHOBKY
U KOHEYHBIII MyHKT ciienoBanus. MmMeetcs
Oeryuiasg cTpoka, Ha KOTOPOU yKa3bIBaeTCs
BpeMs MPUOBITUS ONMKailiero MapuipyTa.
Mexny TeM, BOJKaHE YXe 3aMEeTWIN, YTO Ha
3KpaHe U TabJI0 0TOOPAXKAIOTCS MaPIIPYTh
JIaxe TeX aBTOOYCOB, KOTOPbIE HE OCTAHABJIU-
BalOTCs Ha MaHHOM octaHoBKe (NeNe 5, 7, 14
u 34). B maBusIbOHE YCTAHOBJIEHO CBETOIMO] -
HOE OCBEUIEHUE, a TAKXKe Kamepa BUIeOHa0-
moneHus. CTeHbl NaBWIbOHA UMEIOT aHTU-
BaHIAJIbHOE 3aIIUTHOE ITOKPBITHE.

ITo pesynsraTam ornpeneaeHns U aHaJIn3a
nokasateseil kadyecta [20] aBTopamu co-
BMECTHO ¢ AIMUHUCTpaluen ropona Box-
CKOTO pa3paboTaHbl MEPOIPUATHUS TIO YITyd-
IIEHUI0 KayecTBa MEPEBO30K MACCAXUPOB.
B Tabu1. 2 B cKoOKax MpeCcTaBIeHbI YIyYllIeH-
HbIE MMOKA3aTeJu KayecTBa IO pe3yJibTaTaM
pa3paboTaHHBIX MEPOIPUATUM.

ITpu MoxepHU3ALIMY OCTAHOBOYHBIX ITyHK-
toB (OIl) mnaHupyeTcs yCTaHOBUTD B TOPOIE

26 TIPO3payHbIX OCTAHOBOYHBIX MABUJIBOHOB
13 MHOTOCJIOMHOTO CTeKJIa (TPUTLIEKC) ¢ «Oe-
ryuieit cTpokoit», a B [IpomblluieHHO 30He
LIECTh METATJIMYECKNX OCTAHOBOYHBIX Ma-
BUJIbOHOB. AIMUHUCTpalUeld TPOBOAUTCS
3aMeHa OCTAHOBOYHBIX MYHKTOB Ha HOBBIE
COBpPEMEHHbIE, 0OecreyrBatone nHMopmu-
pOBaHUE MacCaXkupoB.

ViyynieHue TOCTYIMHOCTH OCTAaHOBOYHBIX
MMYHKTOB JOCTUTHYTO 3a CYET CTPOUTEJIHCTBA
HoBbix OII B cTapoiif yacTu ropoja, a Takxke
MPU BBOJI€ HOBBIX OOBEKTOB I MUKPOPAOHOB
ropoaa. B pesynabraTe Koa(pduumneHT Hace-
nénHoctu yBenuuuicd B I, 111 u IV 30Hax
(puc. 4), XaK 1 B 11eJI0M I10 Topoay: ¢ 78,4 %
10 89,9 %.

B Tabs. 3 npencrasieHa neuiexoaHast 10-
CTYMHOCTb TS XuTeseil BokcKoro octaHo-
BOYHBIX ITyHKTOB Mo 30HaMm [20]. B mepBoii
30HE B palioHE KeJIe3HOTOPOXHOTO BOK3ajla
KO2(DULIMEHT HACeJIEHHOCTU B 30HE Tellie-
XomHo# poctynHocTy 42,1 %, To ecThb B 9TOM
30HE OTCYTCTBYIOT OCTAHOBOYHBIE IMYHKTHI
U He 00eCITeYyrnBaeTCsI KAYeCTBO YCIYL.

Ha puc. 5 u 6 npencrasienst I u IV 30HbI
ropona BoimkcKoro ¢ HaHeCEHHBIMU paanyca-
MU memiexonHou moctymHoctu 400 m. Ha
PUCYHKAaX LIEHTP c1ab0ro KOHTypa (InameTpa)

Puc. 3. «YmHasi octaHoBka» Ha nnowanu Ceepanosa (¢poTo aBTopos).
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Puc. 4. 3oHnpoBaHue Tepputopum r. Bomkckoro (pa3apaboraHo aBTopamum).

Puc. 5. Pagunycsel newwexoaHoii gocTtynHocTu B | 30He (pa3paboTaHo aBTopamu).

Taoamna 3

IemexoaHas JOCTYNHOCTD AJIs1 XKuTeIeil BOZKCKOro 0CTAHOBOYHBIX MYHKTOB IO 30HAM
(pa3pa®oTaHo aBTOpaMM)

Ne 30ub1 | Kos-Bo xureneit Yucno xureneit IInomank 30HbI,
B 30He BHe 30HbBI K- Hacenéunocty | KM
MeIeX0IHOMI TICILIEXOIHOM B 30He II / nocrym,
TIOCTYITHOCTH TTOCTYITHOCTH %

1 26826 11284/22742 15542/3084 42,1/84,8 2,134

2 77835 67684 10151 87 4,666

3 117585 101108/ 104380 16477/13205 86/88,8 5,64

4 104479/107779 102730/ 106619 1749/1160 98,3/98,9 7,854

326725 282806 43919 78,4/89,9 20,294

PACITOJIOKEH Ha CYIIECTBYIOIIEM OCTAHOBOY -
HOM IMYHKTE, LIEHTp TEMHOI0 KOHTypa Ha
HOBBIX OCTAHOBOYHBIX IIYHKTaX, 000pyI0BaH-
HBIX B COOTBETCTBUU C TPEOOBAHUSIMU COLIM-
aJIbHOTO CTaHIapTa.

J71s1 mocTyna MHBaJIMIOB Ha BCEX OCTAHO-
BOYHBIX ITYHKTaX UMEIOTCSI Che3/IbI JUISI MHBA-
JIMAHBIX KoJsicok. Ha aBToBOK3aje OymeT
obecrieueH J0CTYIT MHBAIMIOB K 3IaHUIO aB-
TOBOK3aa; obecIieueH AOCTYN K OMJIETHLIM
KaccaM; MMEIOTCSI TPU KpecJia ISt UIHBAJIUIOB,

Jocka MHGOpPMAIMM ¥ COOTBETCTBYIOIIAS
pa3metka. JIjist mepeBO3KY MHBAJIUIOB B J10-
MOJTHEHME K CYIIECTBYIOIIMM HU3KO- U CPE/I-
HEIOJIbHBIM aBTOOYCaM IJIaHUPYyeTCs TPUo0-
peteHue 50 HOBBIX HU3KOTMOJIbHBIX aBTOOYCOB
C KOHIMLIMOHEepaMU 9KOJOTMYECKOI0 Kiiacca
EBpo-5, Ha ocHoBaHuU TpeboBaHwmii [20].

B pesyibrate BbIIOJHEHUS TUIAHUPYEMbIX
MEpOIPUSITUIA ITOKa3aTe/Ib YPOBHSI KauecTBa
00CIy>KMBaHUS U IEPEBO3KU IaCCaKUpPOB
B B/AK No 1732 moCTUTHET BBICOKOTO



Puc. 6. Pagunycsi newexogHovi goctynHoctu B IV 3oHe (pa3paboTaHo aBTopamm).

Puc. 7. CTpykTypa ynpaBsieHusi u KOHTPOJIS NepeBO3KaMu NnacCcaXmpoB 00LLeCTBEeHHbIM TPaHCMOPTOM
(paspaboTaHo aBTOpamm).

(o cranmapry KO > 80 %) yposusa: KO =
89 %. st uHAMBUIYaIbHBIX MTPEANPUHUMA-
TeJieil ypOBEHb KayecTBa 00CIyKMBaHUS
yBeauuutcsi ¢ 56 % no 59 % TonbKo 3a CYET
MEPONPUITUIA CO CTOPOHBI ATMUHUCTPALIMY.

B obecrieueHnu u yaydileHUM KayecTBa
MEPEeBO30K MacCaXupoB OOIIECTBEHHBIM
TPAHCIOPTOM YYaCTBYIOT OPIraHM3aTOPBI U MC-
MOJIHUTENIU. YIpaBlieHUE MePEeBO30YHBIM
MPOLIECCOM aBTOKOJIOHHBI M MHIMBUAYaIb-
HBIX IIPEANPUHUMATENICH TOJKHO OCYIIECTB-
JIAThCS Yepe3 LEHTPAIbHYIO TUCIIETYEPCKYIO
cayx0y (HJC) AaMuHUCTpaLuu ropojaa

VINNE OAH PIA / 3 =

Bomxckoro. I KOHTpOJISI 32 KAa4eCTBOM
MEePEBO30K MMaCCaKMPOB U KOOPAMHALIUN MY~
HUIMITAJTbHBIX U YaCTHBIX IEPEBO3YUKOB
TakXe He0OXOAMMO YIIPaBICHHUE CO CTOPOHBI
AnMmuHuctpauuu yepe3 LleHTpanbHyl0o auc-
neT4yepcKylo ciayxoy. [Tnanupyemast CTpykTy-
pa ynpasJieHUsI iepeBo3KaMu B ropojie Bosk-
CKOM IIpeCTaBeHa Ha puc. 7.

J11si MOBBIIIEHUsI KauyecTBa MepPeBO30K
accaxkMpoB 0011IECTBEHHBIM MaCCaXKUPCKUM
TPaHCIIOPTOM HEOOXOIMMO ITPUMEHSITh TAKXKE
COBPEMEHHbBIE METOMOJIOTUM, TIpeaaraeMble
BEIYLIMMU YIEHBIMU [21].
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BbIBOAbl

ITpoBen€HHbBII pacyéT YpOBHS KauecTBa
00CIyXXMBaHMS MacCakupOB OOIIECTBEH-
HBIM TPAHCIIOPTOM I1O3BOJIMJI OIPEACIUTh
HEIOCTaTKU B OpraHu3alluu U pa3paboTaTh
COOTBETCTBYIOIINE MEPOIPUSITUS I10 YIyd-
LIEHUI0 00CIyXKMBaHUSI HaceJeHUs ropoja
Bosxckoro 3a cuét obecreyeHUs meexo-
HO#l TOCTYIHOCTU U MPUMEHEHUSI aBTOOY-
COB, obecrneuynBamIIMX KOMGOPTHHIE YCII0-
BUSI [IJISI IACCAXKMPOB U YJIYYIIEHUE IKOJI0-
U IJI TopoxkaH. MeponpusTus yYuThiBa-
I0TCsI AAMUHUCTpalMeil Tropona u Npu
pa3paboTKe TOPOICKOro TOKYMEHTA IIaHM -
pPOBaHMSI PEryJIsSIPHBIX ITePEeBO30K BKJIIOYA-
IOTCS B HETO.
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The article considers organisation of transportation
services for passengers with public transport followed
by their quality assessment in conformity with the
requirements of the social standard. The objective of
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transportation by a municipal passenger enterprise
with buses of large and medium capacity and by
individual entrepreneurs carrying out transportation
with minibuses. The article uses reporting materials
on transportation of passengers by municipal and
private carriers. To achieve the purpose, quality
indicators of passenger transportation by public
transport were calculated using the methodology of

the social standard approved by the Ministry of
Transport of the Russian Federation. The number of
points for each indicator defined by the social
standard for municipal carriers and individual
entrepreneurs is determined, the results of relevant
calculations are presented. The analysis of quality of
passenger transportation services provided by
municipal and private carriers was carried out. The
quantitative characteristics of quality indicators values
made it possible to determine the current state of
passenger transportation services, identify
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Background. The works and studies of
researchers studying the issues of organisation
of passenger transportation by public transport
propose to introduce quantitative assessment
of the quality level. This quality assessment is
possible at all levels of organisation and
management of passenger transportation
(ministries, city administrations, enterprises),
as well as for studied time periods. The
approaches of some authors of quality of the
transportation process are presented in [1-6].

Prior to establishment in 2017 of the social
standard for transportation services for
residents, the administrations of cities and
settlements in Russian regions established their
own quantitative indicators of quality of public
transportation services, which were necessary
to assess the level of organisation of passenger
transportation and to develop measures to
improve transportation quality.

One of the first sectoral regional standards
for quality of public transportation services
provided on regular municipal and inter-
municipal routes of public motor transport were
established in the Republic of Tatarstan in 2008
[7]. The development of regional standards
based on the requirements of GOSTs [State
standards], which established the requirements
for passenger transportation services and
determined the nomenclature of quality
indicators [8§—13].

The Ministry of Transport of Russia has
developed a «Social standard for transportation
services for transportation of passengers and
luggage by road and urban land electric
transport» [14], which defines quantitative
indicators of quality of services of passenger
transportation by public transport.

The social standard is of a recommendatory
nature, but it defines a single approach to
assessment of quality of passenger transportation
for all organisations responsible for passenger
transportation and carriers.

In the city of Volzhsky, public passenger
transportation is carried out by the Municipal
Unitary Enterprise «Volzhskaya A/K No. 1732»
[bus enterprise; or «motorcade» if literally
translated] that operates buses of large and
medium capacity, and by individual
entrepreneurs [individual businesses] operating
GAZelle low-capacity buses [minibuses] [15].

Ensuring proper quality of passenger
transportation services is the primary task of
the responsible body, which islocal government,

and of public passenger carriers. The objective
of the study is to determine quality indicators
of passenger transportation in the city of
Volzhsky by municipal and private carriers and
their compliance with the social standard.

The following data sets were used as the
initial data to determine quality indicators: an
electronic map of Volzhsky city, the number
of residents in 4 zones of the city, a list of
stopping points, parameters of activities of
municipal and private carriers, and buses’
specifications.

To determine quantitative characteristics of
quality indicators of transportation in the city
of Volzhsky, the authors used the technique
presented in the social standard [14].

The principles of the standard include
universality of indicators, passenger priority,
bilateral control. The structure of the standard
establishes the following quality indicators:
availability indicators, reliability indicators,
and comfort indicators.

Availability indicators should assess the
range of possibilities for the inhabitants to
receive passenger transportation services: the
walking distance to stopping points should not
exceed 400 m, and 300 m to hospitals and
clinics; providing access to stopping points, bus
stations and bus terminals, as well as to vehicles
for people with limited mobility; affordability
of the trip (costs of traveling with public
transport should not be higher than 7 % of the
average monthly income); equipment of bus
stations, bus terminals and stopping points with
devices for informing the passengers; frequency
of service of stopping points.

The reliability indicator is ensured by respect
ofthe schedule of regular transportation routes:
cases of a bus delay of more than two minutes
should not exceed 15 % of the total number of
trips.

Comfort indicators are determined by the
level of convenience in using passenger
transportation services, including the absence
of physiological and psychological discomfort.
Comfort indicators include equipping buses
with passenger awareness systems; interior
temperature in winter should not be less than
12°C, and in summer not more than 25°C;
capacity standard: 3 passengers per 1 m? of bus
floor area; the service life of buses should not
exceed ten years; environmental friendliness of
buses: compliance with Euro-4, Euro-5
standards; number of transfers [during a trip]:



Table 1

Assessment of public transportation services quality

Interval value of TQ

Quality of transportation services provided to the population

TQ<30%

non-satisfactory

30% <TQ<50% minimal
50% <TQ<80% average
TQ >80 % high

Source: Decree of the Ministry of Transport of the Russian Federation dated 31.01.2017 No. NA-19-r «Social
standard for transportation services for transportation of passengers and luggage by road and urban land electric

transport» (as amended on 13.04.2018).

no more than 2 in municipalities with
population of more than 500000 people, no
more than a single one in other municipalities.
Requirements for indicators are specified in
regulatory documents [16—19].

The maximum number of points that can
be achieved per each indicator is 10. The level
of quality of public transportation services
along regular routes (KO) is determined by the
formula:

TQ=B_/B,, * 100 %, (D
where B is total number of points scored,
calculated by summing the points scored when
assessing each indicator;

B,, is maximum possible number of points,
equal to 130 points for settlements with
population of less than 250 people; 120 points
for any other settlements, thus for the city of
Volzhsky, the number of points obtainable is
equal to 120.

Based on the results of the calculations, a
conclusion isdrawn about quality of transportation
services provided to the population along regular
municipal routes in accordance with the values
indicated in Table 1.

Results.

The authors upon calculating the indicators
values according to the social standard of the
Ministry of Transport developed Table 2, which
presents the calculated indicators of quality of
passenger transportation in the city of Volzhsky
[20].

Quality indicators were calculated both for
carriers, which are the municipal unitary
enterprise «Volzhskaya A/K No. 1732» operating
buses of medium and large capacity and private
carriers operating minibuses, and for the body
responsible for organisation of transportation
which is the Administration of the city of
Volzhsky.

The indicators that depend on the Admini-
stration comprise: territorial and pedestrian

accessibility of stopping points; availability of
stopping points, bus stations and bus terminals
for people with limited mobility; affordability
of trips on municipal routes of regular
transportation; equipment of bus stations and
stopping points; number of transfers. These
indicators are common for MUE «Volzhskaya
A/K No. 1732» and carriers operating
minibuses (fixed route taxis) and have the
same values. The following indicators were
calculated separately for carriers: accessibility
of buses to disabled people and passengers with
prams, equipment of buses with devices for
informing the passengers, temperature in the
compartment, environmental characteristics,
and age of buses (Table 2). The Table 2 also
contains indicators (in brackets) targeted
following implementation of measures to
improve quality of passenger transportation
[20].

Calculation of quality indicators according
to the social standard of the Ministry of
Transport showed that quality of public
transportation services provided by the MUE
Volzhskaya A/K No. 1732 is average, and the
value of TQ is 79 % (Tables 1, 2).

For private carriers operating fixed route
taxis, the quality of service is also average, TQ
value is 56 %.

The quality indicators of private carriers are
lower than those of municipal carriers.

The differences in quality of passenger
transportation between MUE and individual
entrepreneurs are further shown:

1. Accessibility of vehicles for people with
limited mobility.

The municipal bus enterprise A/K No. 1732
has 111 low- or medium-floor buses out of 176
vehicles, allowing transportation of disabled
people and passengers with prams. In fixed
route taxis of private carriers, there is no
availability for transportation of passengers with
limited mobility.
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Table 2

Indicators of quality of passenger transportation in the city of Volzhsky
(compiled by the authors)

Quality indicators Number of points

MUE V/AK Ne 1732 | Private carriers
Territorial availability of stopping points 9
Accessibility of stopping points, bus stations and bus terminals for |6 / (8)
people with limited mobility (PLM)
Vehicle accessibility for PLN 7/(8) | 1
Price affordability of trips 10
Equipment of bus stations, bus terminals and stopping points with |4 / (6)
devices for informing the passengers
Compliance with the schedule 10 1
Equipment of vehicles with devices for informing the passengers 10 10
Temperature in the passenger compartment of buses 8/(1) 1
Compliance with capacity standards 10 10
Number of transfers 10 10
Environmental friendliness 5/(8) 1
Exceeding the service life of vehicles set by the manufacturers 6/(8) 4
Total score 95/ (103) 67 /(71)
MUE V/AK No. 1732 95100/ 120=79% /

(89 %)
Private carriers 67-100/120 =

56 % / (59 %)

Note: the value of TQ is between 50 % and 80 % (50 % < KO < 80 %), therefore the rate of quality of services
provided is average. When performing the activities, the quality level of 89 % (TQ > 80 %) is high for V/AK No. 1732.

Pic. 1. «<SHTRIKH-TahoRUS» tachograph. [Electronic resource]: www.auto.shtrih-m.ru/. Last accessed
03.09.2020.

2. Reliability. Respect of the schedule of
regular transportation routes.

The schedule is respected by all the drivers of
the municipal bus enterprise. The regularity of
the bus conformity with the schedule on the route
is controlled by the central dispatch service of the
municipal bus enterprise. This guarantees the
travel of passengers. For this, a navigator is
installed in the driver’s cabin. Two «Granit-2» or
«Granit-4» types of navigators are used for this
purpose. The mobile unit registers the position
and speed of a moving object and fixes them in
memory at specified intervals. Data on the current
position of the vehicle is transmitted to the
dispatch centre via GPRS or CSD/SMS
connection. CSD/SMS connection is used asan
alternative data transmission channel when

GPRS is not available. The information received
is displayed on the dispatcher’s monitor in the
form of'a map of the serviced area. The dispatcher
can identify the current position of the vehicle,
request a route travelled for any period, monitor
the status of sensors and executive devices. The
installed monitoring system via GLONASS/GPS
module allows the VTS dispatcher to track
regularity of the respect of a bus schedule. This
system motivates the driver and ensures that
delays are minimized on each route.

All buses of the municipal bus enterprise are
equipped with «S SHTRIKH-Taho RUS»
tachographs (Pic. 1).

Tachograph features:

» accumulation and storage of data for 366
days;



Pic. 2. Information about bus positioning using Smart Transport application. Russian language interface.
[Electronic resource]: http://www.bus62.ru/Google.Play"https://play.google.com/store/apps/details?id=ru.
bus62.SmartTransport&hl=ru. Last accessed 03.09.2020.

* control over the modes of work and rest
of drivers;

+ indication and storage in the device
memory of indices of vehicle speed, mileage,
driver working time, etc.

There is no control over the regularity of the
bus schedule on the routes of private carriers.
The regular inspections of private carriers
operating fixed route taxis by Avtodornadzor
[Office for road transport supervision] and
Volzhsky City Administration show that private
carriers often violate the schedule and work
only during peak hours when there is the
highest passenger traffic.

To ensure control, Avtodornadzor, when
issuing license certificates to private carriers,
has bound vehicle state registration numbers
[number plates] to the given route. In the
future, the City Administration plans to install
CCTYV cameras at stopping points to monitor
the work of private carriers, and, particularly,
the respect of the schedule.

3. Comfort. Equipping vehicles with passenger
information systems.

The buses of municipal and private carriers
are equipped with passenger information
devices in accordance with the requirements
of the Passenger Transportation Rules.

Additional information is provided in the
buses of MUE Volzhskaya A/K No. 1732.
Passengers are informed on stopping points
through a one-way speakerphone. In addition,
information can be obtained directly from the
conductorand the driver. Buses of «Volgabus-6270»
and «Volgabus-5270G2» models are equipped

with a creeping line inside the compartment.
Creeping line information contains the name of
the stopping point, ambient temperature,
advertising of various nature, including
information and announcements of the municipal
bus enterprise. Besides information boards are
installed on the outside of the bus.

MUE Volzhskaya A/K No. 1732 has
launched the «Transport Online» service since
September 21, 2017. The service allows
tracking the position of public transport in real
time. Besides, information about time of arrival
of the bus at a specific stopping point can be
also obtained. The service is based on data from
GLONASS and bus enterprise’s dispatching
service. The application is called Smart
Transport for mobile devices in the Play Market
online store.

Passengers can also use the Smart Transport
mobile application to find out about movement
of buses from their phone (Pic. 2).

The application allows passengers to track
time of approach of buses to the stopping point
for each specific bus, to rationally plan their
schedule and their trips. Also, through the
application installed on the smartphone, it is
possible to find out the schedule of arrival of
the bus at each of the stopping points.

Also, the very first and so far, the sole smart
stop in the city of Volzhsky was arranged at
Sverdlov Square (Sverdlov Square stop)
opposite the Medical College (Pic. 3).

The pavilion is equipped with USB ports
for charging various phones and with free Wi-
Fi. On the built-in electronic display, passengers
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Pic. 3. «Smart» stop at Sverdlov Square (authors’ photo).

Table 3

Pedestrian accessibility for Volzhsky residents of stopping points by zones

(developed by the authors)

No. Number of residents | Number of residents Zone area, km?
O Of whom live in Outside the Population ratio
the zone of walking | walking distance in the zone /
distance accessibility, %
1 26826 11284/22742 15542/3084 42,1/84,8 2,134
2 77835 67684 10151 87 4,666
3 117585 101108/ 104380 16477/13205 86/88,8 5,64
4 104479/107779 102730/ 106619 1749/1160 98,3/98,9 7,854
326725 282806 43919 78,4/89,9 20,294

Pic. 4. Zoning of the territory of Volzhsky (developed by the authors).

can see the map of'the city, find out the different
routes of bus traffic, time of arrival of public
transport vehicle at a given stop and its
destination. There is a creeping line showing
the arrival time of the nearest bus. Meanwhile,
Volzhsky residents have already noticed that
the screen and the display show the travelled
routes of even those buses that do not stop at
this stopping point (routes No. 5, 7, 14 and 34).
The pavilion has LED lighting and a video
surveillance camera. The walls of the pavilion
have a vandal-proof protective coating.

Based on the results of identification and
analysis of quality indicators [20], the authors,
together with the Administration of the City of
Volzhsky, have developed measures to improve
quality of passenger transportation. Table 2
shows (in brackets) the improved quality
indicators based on the results of the developed
activities.

During modernisation of stopping points,
it is planned to install 26 transparent triplex
glass stopping pavilions with creeping lines in
the city, and six metal stopping pavilions in the



Pic. 5. Radii of pedestrian accessibility in zone I (developed by the authors).

Pic. 6. Radii of pedestrian accessibility in zone 1V (developed by the authors).

City State road traffic
administration Szﬁg;ﬁfjﬁg‘ State office for road transport
Committee of Interior supervision [Gosavtodornadzor]
for urban
planning and
road management
Routes
Body responsible
for organisation Route
of transportation contract
Non-
Regulated
. regulated
tariff i
Contract » tari
for operational _§
control =
S
Municipal
Single dPi“eafh tbus _ Individual
dispatch ispatc enterprise entrepreneurs
serpvice control [MUE V/AK
No. 1732]
Control
of service
provided

Pic. 7. The structure of management and control of public passenger transportation (developed by the authors).
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Industrial Zone. The City Administration is
replacing stopping pavilions with new modern
ones, able to display information for passengers.

Improved accessibility of stopping points
has been achieved through construction of new
stopping points in the old part of the city, as
well as during construction of new facilities and
microdistricts of the city. As a result, the
population ratio in zones I, III and IV (Pic. 4)
has grown, and the total city population ratio
has also increased from 78,4 % to 89,9 %.

Table 3 shows the pedestrian accessibility
for Volzhsky residents of stopping points by
zones [20]. In the zone I near the railway
station, the population ratio in the zone of
pedestrian accessibility is42,1 %. That is, there
are no stopping points in the zone I and
required quality of services is not provided.

Pics. 5 and 6 show zones I and IV of
Volzhsky city with marked pedestrian access
radii of 400 m. In the pictures, the centres of
pale-coloured circles are located at the existing
stopping points, the centres of the deep colour
circles are at new stopping points equipped in
accordance with the requirements of the social
standard.

There are wheelchair ramps at all stopping
points to enhance access of people with limited
mobility. The bus station will provide access for
people with limited mobility to the bus station
building; the access to ticket offices has been
provided; there are three wheelchair accessible
chairs, an information board, and related
marking.

Besides existing low- and medium-floor
buses, it is planned to purchase 50 new low-
floor buses of Euro 5 ecological standard and
equipped with air conditioning systems,
capable to carry people with limited mobility
based on the requirements [20].

As aresult of implementation of the planned
measures, the indicator of the quality of
transportation and service provided to
passengers by municipal bus enterprise will
attain a high level (according to the standard
high level should have TQ >80 %): TQ = 89 %.
For individual entrepreneurs, the level of
service quality will increase from 56 % to 59 %
only due to measures taken by the City
Administration.

All bodies responsible for transportation
and carriers are involved in ensuring and
improving the quality of passenger
transportation with public transport. The

management and control of the transportation
process carried out by the municipal bus
enterprise and individual entrepreneurs should
be executed through the central dispatch
service (CDS) of the Administration of the City
of Volzhsky. It is also necessary to provide the
City Administration a possibility to control the
quality of passenger transportation and to
coordinate municipal and private carriers
through the CDS. The planned structure of
traffic management in the city of Volzhsky is
shown in Pic. 7.

To improve quality of public passenger
transportation, it is also necessary to apply
modern methodologies proposed by leading
researchers [21].

Conclusions.

The performed calculation of the level of
quality of passenger service provided by urban
public transport made it possible to identify
shortcomings in organisation and to develop
appropriate measures to improve the services
provided to the residents of the city of Volzhsky
by ensuring pedestrian accessibility and offering
buses that provide comfortable conditions for
passengers and are more environmentally
friendly. The activities are considered and
embodied by the City Administration when
developing planning documents on scheduled
transportation.
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AHanu3 KkayecTBa camTa
rpysonepeBo34MKa C Lesbio NoBbiLUeHUS
JIOAJSIBHOCTU KJIMEHTOB-4YaCTHbIX UL,

Poccus*.

Onbra OCYNOBA

B nepvion naHAemMuy KOHKYpeHTHasi 6opbba 3a
roTpebuTessi u3 popmara XunBoro ob6LLEeHVs rnepemMe-
CTWIach B M/I0CKOCTb yAanEHHOIO B3auMOAeicTBUS
B 7100aJ/1bHOM MPOCTPAHCTBE. VICK/II0YeHNEM He §iB-
niseTcs v chepa rpy30nepeBo30Kk, rAe BbICOKOKOHKY-
PEHTHbIV PbIHOK XapakTepuayeTcs npucyTcTBuem
60J1bLLIOrO HYMC/Ia TPAHCMIOPTHO-TI0MMCTUYECKMX KOM-
rnaHvii, akTMBHO NMPUMEHSIIOLLIMX B 60pbbe 3a KimeHTa
ANCTaHLMOHHbIE TEXHOJIOMM, BEAYLLIee MECTO B Mpo-
JBVKEHU KOTOPbIX MPUHAIIEXUT CaiTy KOMMIaHUU.
C nosnumm MapKkeTuHra camT npu3HaéTcs OgHNM 3
BeayLnx MHCTPYMEHTOB npoaax. KomnaHuu-
rpy30rnepeBO34KY, 6a3VPYOLLME CBOIO AESTE/TbHOCTb
Ha MPUHLMNAax KITMeHTOOPUEHTUPOBaHHOCTY, yAENSIoT
BOIMNpOCcaM ka4ecTBa COOCTBEHHOI O cavita rnpuopuTeT-
HOE BHUMAaHUE, B CBSI3U C 4eM pa3paboTka MeToanKu
ero OLeHKM, SIB/ISIIOLLAsICS LiesTbio AaHHOIo MCCen0-
BaHus, UMeeT 0COBYIO aKTyaslbHOCTb.

B ka4ectBe 06bekTa uccnenoBaHusi bl BbibpaH
cauniT OZIHOV N3 KPYMHENLLMX KOMMaHWi, npeamMmeTom
uccnenoBaHvsl cTan pasfen cavita, obecrneqvsalo-
LYW MPeAoCTaBIEHNE YCIYIrv 10 epeBO3ke COOPHbLIX
rpy30B 10 0roBOpam C YaCTHbIMU JiMLiaMu — OTrpa-
BUTENIIMU rpy3a.

FOcynoea Oavea Anamoavesna — Poccuiickuii ynueepcumem mpancnopma, Mockea,

B ctatbe npeasioxeHa aBTopckasi MeToauka
OLIEHKM KayecTBa cavita rpy30rnepeBo304HO KOMa-
HUW C NO3NLNIA KITMEHTOOPUEHTUPOBAHHOCTHU. B oc-
HOBE METOAMKU JIEXUT aBTOpCKasi CUCTEMA O0LMX
Vv crieumnasibHbIX KPUTEPUEB, OMUCHIBAIOLLMX KAYECTBO
calita, oueHBaeMbIx no cTobasibHOW LuKajle 3Ha-
YeHWl 1 necaTnbasnibHOM LWKane 3HaYMMOCTU aJ1s]
pecrnoHaeHTa. MeTos oueHKn — OTKPbITbIN OrnNpoc
notpebuteneri B [nobasnbHoli cetn. PaspaboTtaHHasi
MeToavka SIB/ISIETCS YHUBEPCAIbHOM N MOXET ObITh
necnosib3oBaHa s1to60o KoMnaHue-rpysonepe-
BO34YUKOM [IJ/151 [NOBbILLIEHUS] KA4EeCTBa TPAaHCMOPTHOIrO
o6CnyXnBaHMS.

lMpennoxeHHas B pamMkax cTarbu MeToAuKa
no3B0OJISET ANarHOCTUPOBAaTh OTAEJbHbLIE «Y3KNEe»,
10 MHEHUIO NoTpebuTeseri ycyru, Mecta pasaena
cavita KOMraHuii, NOCBSILLEHHOIO NPeAoCTaBAEHUIO
yenyru. PegyumpoBaHue KIMEHTCKUX KOMMEHTa-
PUEB OTHOCUTEJIbHO BbICTaBJIEHHbIX 6a/1/10B MO3BO-
JINJ10 BbISIBUTH MPUYUHbI 60/1€€ HU3KUX OLIeHOK
v npeanoxnmTs 060CHOBAHHbIE MEPOrPUSTUS 10
COBEPLUEHCTBOBAHUIO carita KOMMAaHum B LessiX
r10BbILLEHUS] YPOBHS KA4€CTBa TPaHCrNoOpPTHOro o6-
CTYXUNBAHMUSI.

KnioyeBble cioBa: TpaHCopT, KA4eCTBO cavita TPaHCNoOPTHOM KOMIaHUU, KPUTEPUV KA4eCTBa, rpy30Bble
nepeBo3Ku, KITIMEHTOOPUEHTUPOBAHHOCTb, COOPHbIE rPy3bl.

*Mndopmaums 06 aBTope:

IOcynoBsa Onbra AHaTONbEBHA — KAaHAMAAT 9KOHOMUYECKMX HayK, OOLEHT kadeapbl GUHAHCHI 1 KpeauT
Poccurickoro yHuBepcuteTa TpaHcnopTta, Mocksa, Poccusi, gwerty6020@mail.ru.

Cratbs noctynuna B pegakumio 05.09.2020, npuHaTa k nyénukaumm 03.11.2020.

For the English text of the article please see p. 146.



NMOCTAHOBKA NMPOBJIEMbI

OO01IeMUPOBOI BCIJIECK Pa3BUTUS IM-
CTaHIIMOHHBIX TEXHOJIOTUI PAOOTHI C KJIMEH-
TaMU B MEpUOJ MaHIEeMUU 3aTPOHYJI BCE
chepnl 6usHeca. KonkypeHTHast 6opbba 3a
noTpeduTess u3 popmaTa KUBOTO OOILIEHUS
rnepeMecTuiach B cdepy ynai€HHOTO B3aUMO-
NeicTBUS B I100aJbHOM MPOCTPAHCTRBE.
B c¢Bs131 ¢ 9TUM OM3HEC-MO/IEIb XO35IICTBYIO-
IIMX CYOBEKTOB I10 BCEMY MUPY MEePEXKUBaET
cepbE€3HbIe TpaHChOpMaILU, afalTUPYICh
K HOBBIM YCJIOBMSIM, TI€ Pa3BUTOCTb LIMDPO-
BBIX PECYPCOB UTPAET IIEPBOOYEPETHYIO POIIb
B (hopMUpoBaHUU (DPMHAHCOBBIX PE3YyJILTaTOB
KOMIaHMU.

HckiroueHreM He SBISIIOTCS U Ipy30Iie-
DPEBO3KHU, TIe BHICOKOKOHKYPEHTHBIN PHIHOK
XapaKTepu3yeTcsl MPUCYTCTBUEM OOJIbIIOTO
Yycjia TPAHCIIOPTHO-JTOTUCTUYECKUX KOMIIa-
HUI, aKTUBHO TIPUMEHSIOIIMX B 00pbhOe 3a
KJIMEHTa JUCTaHIIMOHHbIE TEXHOJIOTMU, BEIY-
111€€ MECTO B IMPOABWXKEHUU KOTOPBIX IIPUHAI-
JIEXKUT LHU(POBOMY «IUILY» KOMITAHUU B MUPE
o6usHeca — e€ caiity. UMeHHO OH ¢ MO3ULUn
MapKeTUHTIa SIBASETCS OMHUM M3 BEIyIIUX
MHCTPYMEHTOB Ipoaax. KommnaHuu-rpy3o-
MEepeBO3UYNKU, OA3UPYIOIINE CBOIO JESITEb-
HOCTb Ha MPUHIUIIAX KIMEHTOOPUEHTUPO-
BaHHOCTHU, YAEJSIOT BONpocaM KayecTBa
COOCTBEHHOTO caiiTa MPUOPUTETHOE BHUMA-
HUe, B CBSI3U C YeM pa3paboTKa METOIUKU €T0
OLICHKMU, SIBJISTIOIIASICS e1bH0 TAHHOTO UCCIe-
JIOBaHUsI, UMEET 0COOYI0 aKTyaJlbHOCTb.

ITpobGnemaTnka KauecTBa OKa3aHUsl yCIyT
MepeBO3KU COOPHBIX IPY30B U3yvyaiach aBTO-
pPOM B IMPEIIECTBYIOIIMX JaHHON ITyOuKa-
1y ucciaenoBaHusx [1]. beuta npeanoxeHa
OpUT'MHaJbHAasI aBTOPCKasi CUCTeMa KpUTePU-
€B OLICHKM KauyecTBa Ipy30IepeBO30K s
KJIMEHTOB-(DU3UYECKHUX JIUII C YKJIOHOM Ha
KJIMEeHTOOPHUEHTUPOBAaHHbIE TTapaMeTPhl, OC-
HOBaHHas Ha cOOpe MHEHMI cCaMUX KJINEHTOB,
pa3paboTaHa MeTOAMKA UX OLIeHKU. MeToau-
Ka Hallula TpakKTU4YecKoe MIpMMEeHEHNe B aHa-
JIN3e CepBUCa MPU 3aKJIIOYEHUN JTOTOBOPOB
¢ (huzMYeCKUMU JTULIAMU-TPY300TIIPABUTEISI -
MU Ha IIePeBO3KY COOPHBIX TPY30B.

B pesyabrate ObLT BBISIBICH P «y3KMX
MeCT» YKa3aHHOTO CepBUCa, CPEIU HUX — He-
VIOBJIETBOPUTEIbHAS OLICHKA TOTPEOUTEISIMU
BO3MOXKHOCTH YIAJIEHHOTO 3aKa3a [2—4] yciyr
yepe3 cailT Kommnanuu. Lleassmu gaHHOM cTa-
TBU SIBJISTIOTCSI pa3paboTKa aBTOPCKOM memo-
duxku OLIEHKU KauyecTBa caiiTa TpaHCIIOPTHOM

KOMTIaHUU, YIJIYOJEHHBIN aHAIU3 TTPUYNH
OIIEHOK KauyecTBa 3TOTO pecypca, MaBaeMbIX
MOJTb30BaTEJISIMUA YCIIyTH, pa3paboTka 00oC-
HOBAHHBIX ITyTeH yIyJIIIEHUST Ka4ecTBa YCITy-
T'Y, TIPEIOCTABISIEMOU C MCITOJIb30BAHUEM
nudpoBoro opmara.

JocTuxxeHne 0003HaYEeHHOM 11€JIM CTaBUT
repes uccienoBaresieM psij 3a1ad, B TOM
quce:

* 000CHOBaHUE CUCTEMBl KPUTEPUEB
OLIEHKM KayecTBa caiiTa KOMITAaHUU-TPY30-
MepeBO3YNKa;

* pa3paboOTKa METOJMKHU UX OLIEHKH;

* (hopmupoBaHue (POKyC-TPyMIT 151 IKC-
MEPTHOU OLIEHKM;

* TIPOBEJICHME OITPOCa CPEIU PECTIOHIEH-
TOB;

* SWOT-aHanu3 1 olleHKa Pe3yJIbTaToB,
(opMHpoBaHUEe BHIBOIOB U TIPEUTOKECHUIA.

PA3PABOTKA CUCTEMbI KPUTEPUEB

ITo MHEHUIO aBTOpa, CUCTEMa KPUTEPUEB
OLIEHKM KauyecTBa caliTa JOJDKHA OBITh T10-
CTpOoeHa TakKuMm o0pa3oM, YTOObI, C OJHO
CTOPOHBI, Y 9KCIIEPTOB ObLIa BO3MOXKHOCTh
OILIEHUTH OOIIME XapaKTEepUCTUKU caiTa,
C Ipyroit — ero creruduiecKoe HaroJTHEHUE,
00YCJIOBJIECHHOE BUIIOM OKa3bIBAEMBIX YCIIYT,
B IAaHHOM CJTyyae — IepeBo3Ka COOPHBIX TPY-
30B TI0 JOTOBOpaM ¢ (M3NIECKUMU JINIIAMU.
[MoaToMy aBTOpOM OBUIO MPUHSITO pEIICHUE
nuddepeHImpoBaTh XapaKTepUCTUKY Ha JIBE
TPYTITBL; OOIINE U CTIeIIMalbHbIe, TaK KaK X
OIIeHKa 00eCTIeunT HanboJiee TOJTHOE UCcie-
JIOBaHME KIMEHTOOPUEHTUPOBAHHOCTY caiiTa
TPAHCIIOPTHOI KOMITAHUU.

IMockoyibKy yHUBEpCATbHBIX KPUTEPUEB
TS OLIEHKM KayecTBa caiTa ¢ IMO3ULUAN K-
E€HTOOPUEHTUPOBAHHOCTH HE CYIIIECTBYET, Ha
OCHOBE [5] aBTOpOM ObLIN COCTaBJIEHBI IPYII-
TTbI XapaKTEPUCTUK, HAaNOOJIee TOCTYITHBIX JIJIST
TMOHUMAaHUS MOJIb30BATENI0 — MOTEHIIUATb-
HOMY KJIMEHTY Tpy30B0Oil KommaHuu. B ocHO-
BY K€ CICTEMBI CTICTIUAIBHBIX KPUTEPUEB ObLIT
TTOJIOKEH CaM MEeXaHW3M OKa3aHUsI YCIIYTH 110
TepeBo3Ke COOPHBIX TPY30B IO JIOTOBOpaM
¢ GU3NIECKUMU JINIIaMU1, BKITIOYAasi TIpeaBa-
PUTEIBbHBINA PACYET CTOMMOCTHU Ha caliTe Te-
peBO3uMKa, 3aKII0YeHNE JOTOBOpa TIEPeBO3-
K1, 3aKa3 JOTOTHUTEIBHBIX YCIIYT, OTLIATY,
OTCJIEXKMBaHUE Tpy3a.

Kpurepuu, npeiiaraemMbie aBTOPOM B paM-
Kax KJIMEHTOOPUEHTUPOBAHHOTO TTOAXO/A,
MpeacTaBIeHbI Ha puc. 1.
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Kpurepuu oneHkn kayecTBa caiiTa rpy3onepeBo304Hoil KOMIaHUT

v

v

O0uue KpuTepun

KauecTBO KOHTEHTA
(moHOTA, peKiIama, MOJIE3HBIe CCHUIKH,
oOpaTHast CBSI3b )

@OyHKIMOHAIBHOCTH (JIETKOCTD
OpPHEHTALUH, HABUTALIUH, BPEMsI
OTKJIMKA, TIPAaBUIIHOCTH PAOOTEI

CCBLIOK)

Juzaitn (kauecTBO OTOOpaKeHuUs,
yn00cTBO mpuTa, HATHINE JTUITHUX
SIIEMEHTOB)

Y 1006CcTBO MCIOJIB30BaHUS (BbIIavya
B TIOMCKOBBIX 3aIIPOCaX, KOIMYECTBO
OTKJIMKOB JIS1 TOCTHKEHUSI KOHEYHOM
LIEJIH, BCIUIBIBAIOIIUE MTOICKA3KH )

CrneuuajbHble KPpUTEPUH

[Tpo3payHocTh MEXaHU3Ma pacuéra
CTOMMOCTH yCIIyTH

Bo3MoxxHOCTB BBIOOpA criocoba
JIOCTaBKH

Y 106¢TBO 0(hOpMIICHHS TOTOBOpa U
HaJIMYKe TUITOBBIX OJIAHKOB JIOKYMEHTOB

Y 1n06cTBO cepBuca yIaaEHHOMN OTUIATHI
YCITyTH

Y 100CcTBO cepBHCa OTCIAECKHUBAHUS IPy3a

ITone3HOCTh OTBETOB HA TUIIOBHIE
BOTIPOCHI

N

_/

OneHKa 3HaUeHH s

KpUTepHst
o CTO0ANILHOM

O1neHKa 3HAYNMOCTH
KpUTepHs
10 AeCATHOALILHOM

HIKaJjge

KaJjae

Puc. 1. Cuctema KpurepueB OL€HKU CaiiTa rpy3onepeBo304HON KoMnaHum (pa3paboTtaHa aBToOpom).

ANMPOBALUA METOAUKU
[IpencraBieHHas Ha pUCYHKE CHUCTeMa
KpUTEpHEB ObLIa MOJ0XEHa B OCHOBY aHKe-
TUPOBaHUS, OpraHM30BaHHOTO B [T100aIbHOI
CeTU Cpelu ToJIb30BaTe/eli YCIYTU Mo mepe-
BO3KE COOPHBIX I'PY30B IJIsT (PU3UUYECKUX JIULL
nmocpeactBoM ceppuca «Google @opmbi».
AHKeTa Oblja mpemyioxeHa 135 pecrioHaeH-
TaM-I10JIb30BaTE/ISIM YCIYTH OIHOM U3 KPYyII-
HeMIINX KOMIIaHUN B cdepe MmepeBO3KHU
COOpHBIX TPY30B 3a MEPUOJ alpeib—UIOHb
2020 roma. DKCIepThl OLEHUBAIN KPUTEPUU
KayecTBa caiiTa mo cToOa/UIbHOM IIKaJe,
a TakKe UX 3HAYMMOCTbD I10 AeCATUOAITLHOMN
mkaie, riae 0 — 3To Hu3Kasl 3Ha4YMMOCTh, 10 —
BbICOKasi 3HAYUMOCTb. [Ipu BeICTaBIEHUU
oneHku Huxe 100 GamnoB pecnoHIeHTaM
MpeUIaraloch OCTaBUTh KOMMEHTapHii B CBO-
oonHoMm Tose. [Tocnemytoias 00paboTKa 3TUX

KOMMEHTapUeB MO3BOJIMIA OLEHUTb 00bEK-
TUBHOCTb BbICTaBJIEHHBIX OLIEHOK, BbIJICIUTD
HauOoJIee 4acTo BCTpeyarolInecs 3aMeYaHusl,
MpoaHaJIM3MUpPOBaTh UX CYThb U, TAKUM 0Opa-
30M, c(popMHUpPOBATh HANOOJIee TOUHBIE PEKO-
MEHJIallM1 MO COBEPIIEHCTBOBAHUIO CaliTOB
koMmaHuit. ®opMyIpoBKa KpUTEPHUEB OCY-
11IeCTBJIeHa aBTOPOM TaKUM 00pa30M, UTOOHI,
C OJHOI CTOPOHBI, CAEIaTh UX MOHSATHBIMU
JIJIS. PECTTOHAEHTOB-(U3NUYECKUX JIULL, C ApY-
roit — MO3BOJIUTh IMTPOBECTU OLIEHKY KauecTBa
OKa3bIBa€MOIi YCIIyTH U BBISIBUTH COCTAB ITPO0-
JieM, TpeOyIOIIUX PEeIIeHUs] C TOUKU 3PEHUS
norpedureneii [1; 6—7].

HMToru npoBeaéHHOrO orpoca B rpadpuue-
CKOM BUJIe TIpeJCTaBleHbl Ha pUC. 2.

ITpoBen€HHbBII OMPOC MO3BOJINII BHISIBUTD
PSII CUJIBHBIX U CJIAOBIX CTOPOH C TOUKU 3pe-
HUS KJIMEHTCKOI OLIEHKM KauyecTBa CalToB,
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Puc. 2. Pe3ynbratbl npoBeAEHHOIO Ornpoca cpean pecrioHAeHToB
(cocTaBsieHO aBTOPOM 10 pe3ysibTaTam ornpoca).

MPEICTaBISIONINX YKa3aHHYIO YCIYTy. DKC-
TMePThI BHICOKO OLICHWIN TaK1e KPUTEPUH, KaK
(DYHKIIMOHAIBHOCTD (JIETKOCTb OPUEHTALINH,
HaBUTAlLIMU, BPeMsI OTKJIMKA, IMPaBUIbHOCTh
paboTHI CCHIIOK), AU3aliH (KayecTBO 0TOOpa-
JKEeHUsI, yI00CTBO IpudTa, HATNIME TUITHUX
5JeMEeHTOB), paboTy cepBUca yIad€HHOI
OIIaTHl (IOCTAaTOYHO BBECTHM HOMEp 3aKasa
U TIATEXKHbBIE TaHHBIE KapThl) U OTCIEKUBa-
HUs Tpy3a (Mo HOMepy 3akKasa), Mpu 3TOM
MOCAeIHUE IBA KPUTEPUS IS TOTpeOUTe el
SIBJISIIOTCSI BBICOKO 3HAUMMBIMM (9 OasJIOB 110
JIecATUOANILHOM 1IIKaJe).

C nomoIbio MPoBeAEHHON 3KCIEPTHOM
OLICHKU yIaJOCh BMECTE C TEM BBISIBUTD PSIIT
Mpo0JIeM B BOCTIPUSITUM MOTPEOUTEISIMU Ka-
YeCTBa CAiTOB KOMIIAHUM, CPEIN HUX:

» «KayecTBO KOHTEHTa» — €r0 SKCITEPThI
OLIEHWJIN Ha 62 GaJiia, rmoJiarasi ero 3Ha4MMbIM
(8 6amnos);

* «IIpo3payHocTh MexaHU3Ma pacyéTra
CTOMMOCTH YCJIYTH» — €r0 9KCIEPThI OLEHUIN
Ha 51 6a1 (3HaYUMOCTh JUTSl HUX 9 0aslioB);

* «Bo3MoxHOCTBL BhIOOpa criocoba Jg0-
CTaBKM» — €ro BKCIEePThl OLEHUIN Ha 25
0asu1oB (3HAYNMOCTh — 4 Oaa);

* «[loye3HOCTh OTBETOB Ha TUIIOBbIE BO-
IIPOCHI» — €r0 IKCIEePThI OLIEHWIN Ha 6 Oa/IOB
(3HAUMMOCTh — 5 OalJIOB).

[To mpuumrHe TOTO, YTO IJIST ONPOIIEHHBIX
HauOoJiee 3HAYMMBI 0Ka3aJ1Ch TaK1e XapaK-
TEPUCTUKU, KaK «KayecTBO KOHTeHTa» (10JI-
HOTa KOHTEHTa, peKJiaMa, TTOJIe3HbIE CChLIKH,
obpaTHas cBA3b) U «IIpo3payHOCTh MEXaHU3-
Ma pacyéTa CTOMMOCTU YCIYTU», UCCIeIyeM
MIPUYUHBI UX HU3KOM OLIEHKU 00JIee NEeTaIbHO.

VIVIE SAH PJA A 3 S

JlocTrxeHue 3TOM 111y IMOCTaBUIIO Tepe
aBTOPOM DsIJT 3a11ay:

* U3y4eHUe KOMMEHTap1eB PECTIOHIEHTOB
K BBICTaBJIEHHBIM OLlEHKaM B CBOOOIHOM
MOJIe aHKETHI;

* TIpM HEOOXOIMMOCTU UX MHTEpIIpeTa-
s, TIpoBepkKa UCTUHHOCTHU (KOTaa B HUX
colepXaaruch CPaBHEHMSI C caiiTaMy KOHKY-
PEHTOB U Mp.);

* BBIZCJICHME HanboJiee YacTo BCTpevaro-
LLIUXCSI OTBETOB, UCKJIIOUEHNE KOMMEHTapYEB,
MMEIOIINX eMMHUYHBIN XapaKTep;

* cUCTeMaTU3alKsl KOMMEHTapHEB.

IMpoBenéHHoe nccienoBaHUE MO3BOJISIET
3aKJII0OYUTh, YTO KOMMEHTAPUU MMOJIb30BaTe -
JIelt K olleHKaM KpuTepueB «KauyecTBo KOH-
TeHTa» U «[Ipo3payHOCTh MeXaHU3Ma pacyé-
Ta CTOMMOCTH YCJIYIU» CXOXKH, IO DTOM
MpPUUYKMHE ObLIO TIPUHSTO pellieHrue 00bean-
HUTb UX B OIUH 0JIOK. ABTOPOM OBIJIO IeTallb-
HO M3YYeHO coleprkaHHEe OCTaBJEHHBIX
KOMMEHTapHreB, 4acTh U3 HUX colepkaia
>KaJIOObI, BBIpaKeHNE HETOBOJILCTBA B apec
KayecTBa YCJIyT, Ha3BaHMSI APYTUX MEPEBO3-
YUKOB, OTCBUIKM Ha CAaWThl IPYTUX TPaHC-
MOPTHO-JIOTUCTUYECKUX KoMmTaHuit. UHpop-
Mallus, coaepKalnasics B KOMMEHTapHUsIX,
MmoJBeprajach MpoBepkKe, HEOOOCHOBaHHbBIC
9MOIIMOHATbHbBIE MTPETEH3UN HE YYUThIBA-
JIMCh TIpU 00paboTKe pe3yabTaToOB UCCJIeN0-
BaHMUSI.

AHaJIn3 OTBETOB PECITIOHICHTOB ITO3BOIII
CHCTeMaTU3MPOBaTh KIIMEHTCKME TPEOOBaHUS
K caifiTaM B YaCTH ITePEBO3KU COOPHBIX TPY30B
Mo A0oroBopaMm ¢ GU3MYECKUMHU JULIAMU
(YCIOBHO «y3KMe MeCTa» MOJIOOHBIX CAUTOB):
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* IIpeIOCTaBICHNE KIIMEHTAaM BO3MOXKHO-
CTH yKa3aTh XapaKTep cOOpHOTO Tpy3a (Ha-
ImpuMep, UHTepbep, 3aIT4acTh, TeXHUKa, 13-
IIEJIVSI M3 CTEeKJIA 1 JIP.) U eTO OCOOBIX XapaK-
TEPUCTUK (XPYNKUIA, CBITTYUUAd, XKUAKUHI 1 AP.)
IIPpY TIpEeABAPUTECIHHOM PacueéTe CTOMMOCTH
MepeBO3KM Ha OCHOBE BBITAAI0IIETO CIMCKA,
YTO IMO3BOJIUT OIICHUTH €€ CTOMMOCTD 00Jice
TOYHO, OTIPEACINTh KOHKYPEHTOCTIOCOOHOCTh
MIPeUTOKEHUS KOMITAHWH, TIPUHATH 000CHO-
BaHHOE PEIlICHIE;

* yKazaHWe KOJMUYECTBA TPY30BBIX MECT —
KJIMEHTY BaXKHO TTOHSITh BIMSTHIC KOJIMIeCTBa
MECT Ha CTOMMOCTD IIepEeBO3KI W OTBETUTH
cebe Ha BOIIPOC, CTOMT JIX TIepeyIakoBaTh IPy3
Tepe OTIIPABKOM IJIST CHYKEHUS LICHBI, TN0O0
00beIMHEHNE MECT TPUBEAET K YBEJIUUECHUIO
Beca M MI3MEHEHUIO KaTeTOPUM TPpy3a Ha «He-
rabapuTHBIN»;

* BKJIFOUCHUE B rpaddmaecKuii mHTepdeiic
caiiTa OHJIAH-KaJIBKYJISITOpa 00bEMa Ipy3a;

* TIpM pacuéTe CTOMMOCTH 3aKa3a o0ecIIe-
YeHHEe BO3MOXHOCTHU YKa3aTh OOBSIBICHHYIO
CTOMMOCTD Tpy3a, 4YTO ITO3BOJISICT KIUCHTY
MIPUHSTH pellleHre JTU00 B IT0JIb3y BBICOKOM
OOBSIBICHHON CTOMMOCTH, JINOO B TOJB3Y
CTpaxoBaHUsI TPy3a;

* BBIOOp Uepe3 CailT JOMOTHUTEIBHBIX
YCIIYT HAa OCHOBE TIepeYHs 1 BKIIIOUCHUE MX
CTOMMOCTH B 3aKa3 YK€ Ha 3Tarle IpeaBapu-
TEJIBHOTO CaMOCTOSITCILHOTO pacuéra. Pedn
UIOET O TAKMX YCIIyTax, YIIOMSHYTBIX B KOM-
MECHTApUsIX OIPOIICHHBIX KCIEPTOB, KakK
BBIE3M Ha aapec IMpuéMa M cIadu Ipysa, I0-

VINPJ PA P LG INE

Tpy30-pa3rpy30uHbIie pabOTHI, IIPOBEACHNIE
OTTPY3KH B Hepabouee BpeMs, 3ae31I Ha BTOPOI
ajzipec, yrnakoBka (TajeTHbI O0pT, 1epeBsH-
Hasg oOpeméTka, XECTKUi KopoO, MeIIKH,
IOTIOJHUTEIbHASA YIaKOBKa, BO3AYIIHO-
My3BIPbKOBas TUIEHKA, KAPTOHHBIE KOPOOKMU,
crelumragbHasl yIIaKoBKa IJIsI aBTOCTEKOJI,
cITeIIajbHasI yIlaKoBKa TSI aBTO3amJIacTeit),
MapKHpOBKa, XpaHeHNE, CTpaxoBaHUE, KC-
negupoBanue. Cchlka Ha HEOOXOIMMOCTD
BKJIFOUCHUS B PacYET CTOMMOCTH 3aKasa JI0-
TIOJTHUTETbHBIX YCIIYT BCTpeUyaaach B KOMMEH-
TapusIX HanboJjee 9acTo.

AHanm3 pe3yJabTaToOB OIIpoca, IPeacTaB-
JICHHBIX Ha pUC 2, TaKXXKe CBHUIETECIHCTBYECT
0 HU3KOM YIOBJIETBOPEHHOCTHU ITOTPEONTETICIA
«B03MOXHOCTBIO BEIOOPA CITOC00A TOCTaBKI»
(25 6amnos mpu 3HAUMMOCTHU 4 6aa) u «I1o-
JIE3HOCTBIO OTBETOB Ha TUIIOBBIE BOIIPOCKI» (6
0asu10B TIPU 3HAYMMOCTH 5 0aJIOB).

YTo KacaeTcs MepBOM XapaKTePUCTUKU,
TO OTHOCHUTEJIFHO He€ 110 MTOraM aHajan3a
KOMMEHTapHeB PECIIOHICHTOB y aBTOpa
copMHUpPOBaATIOCh MHEHHE O lIeJIecooopas-
HOCTH JOITOJTHUTEIEHOTO CeTMEHTHUPOBAHUS
KJIMEHTOB KOMITAaHUSIMU, BBHISIBIICHUE HX
YHUKAJBHBIX TIOTPEOHOCTEH IT0 IIPUOPUTETAM
CKOpPOCTH OKa3aHUS yCIYIU, HAIIpUMeED,
OOBIYHOI, YCKOPEHHOM, 3KCIIPECC JOCTaBKU.
DT0 OyIeT CII0COOCTBOBATD MOBBIIICHHUIO UX
JIOSUTbHOCTH.

Kpurepnit «Iloje3HOCTh OTBETOB Ha TH-
TIOBBIE BOIIPOCHI» OTHOCHUTCSI K OIIEHKE pas/ie-
JIa, KOTOPBII Ha CETOAHSIHUI IEHb SIBJIIETCS

https://old-visual.rzd.ru/dbmm/images/56,/12488/50389.



HEOThEMJIEMOI YaCThIO ITPOTPAMMBI Pa3BUTHUS
JIOSTLHOCTH KJTUEHTOB JIJIST JTFO00I KOMITAaHWH,
YIpoLIaeT yaaJléHHOe B3aUMOIECTBIE, YCKO-
psIeT TIPUHSTHE PEIICHUST MOTCHIINATbLHBIM
3aKa39MKOM, TPAHCIMPYET KIMEHTOOPUECHTH -
POBAaHHOCTh KOMIIAHUI HEOTPaHUYCHHOMY
KPYTY JIII.

B KoMMeHTapusaX K OTBETaM Ha BOITPOCHI
SKCIEPTHI TTOJIOXKUTETBHO OICHUBAIN Xa-
PaKTEPUCTUKU ITPOCTOTHI PaOOTHI ¢ caliTOM
1 JIETKOCTU OPUEHTAlMU, OHU OTPa3UINCh
Ha BBICOKMX OajijlaX KpUTEpPHEB yI00CTBa
HCITOJIb30BaHMSI, PYHKIIMOHAIBHOCTH, TH-
3aifHa. [TogpoOHO CyTh 3TUX KOMMEHTapreB
HE paccMaTpUBaJiach B paMKaX CTaThbH B CH-
Jy cbalaHCUPOBAHHOTO COOTHOIIEHUS
OLICHKM U 3HAYMMOCTH IToKa3aTejeii. OgHa-
KO CJICAYET OTMETHUTh, YTO B KOMMEHTAPHUSIX
MMoJIb30BaTeJIE copepKaauch 3alpochl Ha
COKpallleHWe Yyucia MepexonioB sl JOCTU-
KEHUS KOHEUHOM IIeN, pacIIupeHUs Te-
pEeYHSI THUITOBOM JOKYMEHTAIlMM Ha caiiTe
KOMITaHWH, a TaKXKe OpraHU3aluu JUCTaH-
LIMOHHOTO Oo0cayXuBaHus 0e3 BU3UTa
B oduc.

BbIBO4bl

[MpencraBneHHast B cTaThe aBTOPCKast Me-
TOIMKA OIEHKM KauyecTBa caiiTa C TO3UIUI
KJTMEHTOOPUEHTUPOBAHHOCTH SIBJISIETCST YHU -
BepCaIbHON U MOXET OBITh MCITOJIb30BaHA
J1I0001 KOMIaHUEN-TPY30MePEeBO3ZYNKOM IS
TIOBBIIIIEHUS KAYeCTBA O0CTYKMBAaHUSI.

B ocHOBE METOIMKM JIEXKAT MPEIOXKEHHBIE
aBTOPOM OOIIME U CITeIMaIbHbIe KPUTEPUH.
Nx skcmepTHast olleHKa MYTEM OTKPBITOTO
onpoca norpedburenein B [1obanbHOI ceTu
TTO3BOJTWJIA IMATHOCTUPOBATH YCIIOBHO «y3KHE
MecTa» (C TOUKU 3peHUs MOTpeduTeseii) pas-
Jiea caiita TUTIOBOW KOMITAHUM TIO TIPEIO-
CTaBJICHUIO YCIIYTH TePEBO3KU COOPHBIX TPY-
30B. [IpoGyieMbl ObLIM BBISIBJIEHBI B TaKUX
XapaKTepuCcTUKaxX, Kak KOHTEHT, pacueT
CTOMMOCTH YCJIYT, BBIOOP CIIoco0a TOCTaBKH,
OTBETHI Ha TUTIOBBIE BOMIPOCH. Pemyrmpona-
HUE KIIMEHTCKUX KOMMEHTapueB OTHOCUTEITb-
HO BBICTaBJICHHBIX 0aJUIOB TTO3BOJIUIIO BbI-
SIBUTh TIPUIMHBI HU3KUX OIICHOK U TIPEIJIO-
SKUTh 000CHOBaHHBIE MEPOTIPUSITHS TIO COBEP-
IIeHCTBOBAHUIO CaiiTa KOMIIAHUM B IIEJISIX
TTOBBIIIIEHUS YPOBHST Ka4eCTBA TPAHCTIOPTHO-
T0 0OCITy>KBaHUS.

ABTOpCKasi METOAMKA, COCTABJISIONIAs
colepXaHue JaHHOW CTaTbU, MOXET OBITh

VIIE oA PJA A 3 S

WCIIOIb30BaHA U JUTST OLIEHKM Ka4ecTBa CaiiToB
MEXIYHAPOMAHBIX TPAHCIIOPTHO-JIOTUCTH -
YECKUX KOMTIAaHU, CPey KOTOPBIX JINJepaMu
asastorcsa: DHL, UPS, Federal Express,
SNCE Kuehne + Nagel International AG, DB
Schenker, Nippon Express Co, C.H. Robinson,
Panalpina. [IpoBenéHHoe ucciesoBaHUe MoO-
KazaJio, 4TO JIOTMKA IMOCTPOCHUST UX CaTOB
COOTBETCTBYET ONMMCAHHON B CITEIIMATbHBIX
KPUTEPUSIX OLIEHKU KayecTBa. OCOOEHHOCThIO
SIBJIICTCS TO, YTO OCYIIIECTBIISIEMbIC UMM TIe-
PEBO3KM HOCST, KaK MPaBUJIO, MEXIYHAPOI-
HBII XapakTep, IMO3TOMY MOTEHUMAIbHOMY
KJIMEHTY TpeJyiaraeTcs BbIOpaTh ciocob o-
CTaBKU: aBHa-, aBTO-, MOPCKUE, XKeJIE3HOI0-
poXHEBIC TIepeBO3KU. Kpome Toro, mipn op-
MUPOBAaHUU CTOUMOCTH YCIYTU HEOOXOIUMO
TIOTIOJTHUTENIPHO OIIEHUTh HAJIMUME Ha caiiTe
KOMTIaHWY BBITIAIAIOIIETO ITePEYHsI JOTTOTHM -
TeJIbHBIX COOPOB 3a JOCTaBKY B OTHAJEHHBIE
PETMOHBI, a TAKXKE TOTLIMBHBIX COOPOB, CTaB-
Ka KOTOPBIX 3aBUCUT OT LIEHbI HAa aBUALIMOH-
HOE TOILJIMBO.
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ABSTRACT

During the pandemic, the competition for the
consumer has moved from the format of live
communication to the plane of remote interaction
in the global environment. The sphere of cargo
transportation makes no exception for that, since
a highly competitive market is characterized by
the presence of many transport and logistics
companies that to struggle for a client actively
use remote technologies, the leading place
among which belongs to the company’s website.
From a marketing standpoint, the website is
recognized as one of the leading sales tools.
Freight carriers that base their activities on the
principles of customer focus give priority
attention to quality of their own website, and
therefore development of a methodology for its
assessment, which is the purpose of this study,
is of relevance.

The website of a leading company was
chosen as the object of the study, while the
section of the website dedicated to providing
service for transportation of groupage cargo
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under contracts with individual shippers was its
subject.

The article proposes the author’s method of
assessing quality of the website of freight carriers from
the standpoint of customer focus. The methodology
is based on the author’s system of general and special
criteria describing quality of the website and assessed
according to a 100-point scale of values and a ten-
point scale of significance for a respondent. The
assessment method is an open survey of consumers
in the Global Network. The developed methodology
is universal and can be used by any cargo carrier to
improve quality of transport services.

Within the framework of the methodology
suggested in the article, it is possible to
diagnose, based on customers’ opinions, the
«bottlenecks» of the section of a company’s
website devoted to providing the service.
Reducing customers’ comments regarding the
points awarded allowed the author to identify the
reasons for lower ratings and to propose
reasonable measures to update corporate
website to improve quality of transport services.
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Problem’s scope

The worldwide surge in development of
remote technologies for working with clients
during the pandemic affected all areas of
business. The competitive struggle for the
consumer has moved from the format of live
communication to the plane of remote
interaction in the global space. In this regard,
the business model of business entities
around the world is undergoing serious
transformations, adapting to new conditions,
where development of digital resources plays
a primary role in shaping corporate financial
results.

Cargo transportation is not an exception,
since its highly competitive market is
characterized by the presence of a large
number of transportation and logistics
companies that actively use remote techno-
logies to struggle to get a client, and corporate
website, as a digital image of a company in
the business world plays the leading role to
promote remote technologies offered to
customers. The website, from the marketing
position, is one of the leading sales tools.
Freight carriers that base their activities on
the principles of customer focus give priority
attention to quality of their own website, so
development of a methodology for its
assessment, which is the purpose of this study,
is quite relevant.

The problem of quality of provision of
services for transportation of groupage cargo
was studied by the author during other
research prior to that publication [1]. An
original author’s system of criteria for assessing
quality of cargo transportation for individual
customers with a focus on customer-oriented
parameters was proposed, and a methodology
for their assessment based on survey of
opinions of customers themselves was
developed. The method has also found
practical application in the analysis of the
service when concluding contracts with
individual shippers for transportation of
groupage cargo.

As a result, a number of «bottlenecks» of
the service were identified, that particularly
comprised unsatisfactory assessment by
consumers of the possibility of remote
ordering of services [2—4] through the
company’s website. The objective of this
article is to develop the author’s methodology
for assessing quality of a transportation

company’s website, to conduct in-depth
analysis of the reasons for quality rating of this
resource by service users, and to develop
reasonable ways to improve the services
provided using digital format.

Achieving the designated objective sets
several tasks for the researcher, including:

+ Substantiation of the system of criteria
for assessing quality of the website of a freight
carrier.

* Development of a methodology for the
assessment of the compliance with those
criteria.

+ Formation of focus groups for expert
assessment.

* Conducting a survey among individual
respondents.

* SWOT analysis and evaluation of its
results, development of conclusions and
proposals.

Development of criteria system

According to the author, the system of
criteria for assessing quality of the website
should be built in such a way that the experts
could assess general characteristics of the
website, on the one hand, and its specific
content, explained by the type of services
provided (which in the considered case is
transportation of groupage cargo under
contracts with individual shippers) on the
other hand. Therefore, the author decided to
differentiate the characteristics into two
groups (general and specific ones), as their
assessment will provide the most complete
study of the customer focus of a transportation
company’s website.

Since there are no universal criteria for
assessing quality of a website from the
standpoint of customer focus, the author,
based on [5], has formulated groups of
characteristics that are most understandable
for a user who is a potential client of a freight
company. The system of special criteria was
based on the mechanism of providing services
for transportation of groupage cargo under
contracts with individual shippers, including
a preliminary calculation of the cost on the
carrier’s website, signing of a transportation
contract, ordering additional services,
payment, tracking the cargo.

The criteria proposed by the author in the
framework of the client-oriented approach are
shown in Pic. 1.
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Criteria for assessing quality of the website of a freight forwarding company

v

L 4

General criteria

Content quality (completeness, ads,
useful links, feedback)

Functionality (ease of orientation,
navigation, response time, links’
correctness)

Design (image quality, font usability,
absence of unnecessary elements)

Ease of use (response to search queries,
the number of responses to achieve
the final goal, tooltips)

Special criteria

Transparency of the service cost
calculation mechanism

Possible choice of delivery mode

Ease of drawing up a contract and
availability of standard forms of documents

Convenience of the remote payment
service

Convenience of the cargo tracking
service

Usefulness of answers to typical
questions

N

_/

Assessment of a

criterion value using
a 100-point scale.

Assessment of a
criterion value using

a 10-point scale.

Pic. 1. System of criteria for assessment of the website of a freight carrier (developed by the author).

Approbation of the technique

The system of criteria presented in the
picture served as the basis for a survey
organized in the Global Network among users
of the groupage cargo transportation service
for individual shippers through the Google
Forms service. The questionnaire was offered
to 135 respondents who used services of one
of the largest companies in the field of
transportation of groupage cargo in April—
June 2020. The experts evaluated the website
compliance with quality criteria using a
100-point scale, as well as the significance of
criteria using a 10-point scale, where 0 meant
low significance, and 10 meant high signifi-
cance. If the respondents were awarding a
score below 100 points, they were asked to
leave a comment in a free field. The subsequent
processing of these comments made it possible

to assess objectivity of ratings, highlight the
most common remarks, analyse their essence,
and thus form the most accurate recom-
mendations for improving corporate websites.
The formulation of criteria was carried out by
the author in such a way as to make them
understandable for individual respondents, on
the one hand, and, on the other hand, to make
it possible to assess quality of the service
provided and identify the problems that need
to be addressed from the point of view of
consumers [1; 6—7].

The results of the survey are presented
graphically in Pic. 2.

The survey made it possible to identify a
number of strengths and weaknesses in the
client’s assessment of quality of the websites
providing the considered service. Experts
highly appreciated such criteria as functionality
(ease of orientation, navigation, response
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Possible choice of
delivery mode
Ease of drawing up a
contract and standard
forms of documents
Ease of the remote
payment service
Ease of the cargo
trackina service
Usefulness of answers
to standard questions

Pic. 2. Results of the survey among respondents
(compiled by the author based on the survey results).

time, correct links), design (image quality,
font usability, presence of redundant
elements), remote payment service (it is
enough to enter the order number and card
payment data) and cargo tracking (using order
number), and the last two criteria were
assessed as highly significant for consumers
(9 points on a 10-point scale).

With the help of expert assessment, it was
possible to identify a number of problems in
perception of quality of a company’s website
by consumers, among them:

+ «Content quality» got 62 points from
customers, while its significance received 8
points.

* «Transparency of the mechanism for
calculating the cost of the service» got 51
points, while its significance received 9 points.

* «Possibility of choosing a delivery mode»
got 25 points, while its significance received
4 points.

* «Usefulness of answers to standard
questions» got 6 points, while its significance
received 5 points.

Due to the fact that the characteristics
of «Content quality» (content completeness,
advertising, useful links, feedback) and
«Transparency of the mechanism for
calculating the cost of a service» turned to
be the most significant for the respondents,
it is worth investigating the reasons for their
low rating.

To achieve this goal the author had to solve
a number of tasks:

* To study the comments of respondents
made in the free field of the questionnaire.

* To proceed with their interpretation,
verification of their truthfulness (when they
contained comparisons with competitors’
websites, etc.).

* To highlight the most frequent answers,
excluding comments of a single nature.

* To systemise the comments.

The conducted research allows us to
conclude that the comments of users to
assessment of criteria «Content quality» and
«Transparency of the service cost calculation
mechanism» are similar, for this reason it was
decided to combine them into a single block.
The author studied in detail the content of the
comments left. Some of them contained
complaints, dissatisfaction with quality of
services, names of other carriers, references
to the websites of other transportation and
logistics companies. The information in the
comments was checked, and unfounded
emotional claims were not considered when
processing the survey results.

The analysis of the respondents’ answers
allowed the author to systematise the client
requirements for the websites in terms of
transportation of groupage cargo under
contracts with individual shippers (condi-
tionally called «bottlenecks» of relevant
websites):

* Providing customers with the opportunity
to indicate the nature of groupage cargo (for
example, furniture, spare parts, equipment,
glass products, etc.) and its special chara-
cteristics (fragile, bulk, liquid, etc.) with a
preliminary calculation of the cost of
transportation based on the drop-down list,
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which will allow the customers to determine
its rate more accurately, to assess the
competitiveness of a company’s proposal, and
to make an informed decision.

 Indication of the number of packages
since it is important for the client to understand
the influence of the number of pieces on the
cost of transportation and to answer the
question whether it is worth repackaging the
cargo before shipment to reduce price or
combining the pieces will lead to an increase
in weight and change the category of cargo to
«oversized».

* Inclusion of an online calculator of
cargo volume into the graphical interface of
the website.

* When calculating the cost of an order, it
is important to get a possibility to indicate the
declared value of cargo, which allows the
client to decide either in favour of a high
declared value or in favour of cargo insurance.

» Choice through the website of additional
services based on the proposed list and
inclusion of their cost in the order already at
the stage of preliminary self-calculation. This
refers to such services mentioned in the
comments of the interviewed experts as: arrival
at the site of acceptance and delivery of goods,
loading and unloading operations, shipping
during off-hours, arrival at a second address,
packaging (pallet board, wooden crate, rigid

box, bags, additional packaging, bubble wrap,
cardboard boxes, special packaging for auto
glass, special packaging for auto parts),
labelling, storage, insurance, forwarding. The
reference to the need to include additional
services in the calculation of the cost of
ordering was found most often in the
comments.

Analysis of the survey results presented in
Pic. 2 also indicates low consumer satisfaction
with the «Possibility of choosing a delivery
mode» (25 points awarded with a significance
evaluated at 4 points) and «Usefulness of
answers to standard questions» (6 points with
a significance of 5 points).

As for the first characteristic, according to
the results of the analysis of the respondents’
comments, the author formed an opinion
about advisability of additional segmentation
of customers by the companies, of identi-
fication of their unique needs according to the
priorities of delivery speed (e.g., regular,
expedited, express delivery). This will help
increase their loyalty.

The criterion «Usefulness of answers to
standard questions» now refers to the
assessment of the section which constitutes an
integral part of the customer loyalty develop-
ment program for any company, simplifies
remote interaction, speeds up decision making
by a potential customer, and broadcasts a

https://old-visual.rzd.ru/dbmm/images/56,/12488,/50389.



company’s customer focus to an unlimited
number of people.

In the comments to the answers to the
questions, the experts positively assessed the
characteristics of simplicity of working with a
company’s website and ease of orientation,
those features were reflected in high scores of
criteria assessing usability, functionality, and
design. The essence of these comments was
not considered in detail within the framework
of the article due to the balanced ratio of
assessment score and significance of indicators.
However, it should be noted that users’
comments contained requests to reduce the
number of transitions to achieve the goal, to
expand the list of standard documentation on
the website, and to organise remote service
without a visit to the office.

Conclusions.

The author’s methodology for assessing
quality of the website from the standpoint of
customer focus presented in the article seems
to be of universal nature and can be used by
any freight carrier to improve quality of service
provided.

The methodology is based on the general
and specific criteria proposed by the author.
Their expert assessment through an open
survey among customers in the Global
Network made it possible to diagnose
bottlenecks (as they are seen by customers) in
the sections of websites of a typical company
operating in the field of transportation of
groupage cargo. Problems were identified in
such characteristics as content, calculation of
the cost of services, choice of delivery mode,
answers to standard questions. Reducing
customers’ comments regarding the points
awarded allowed the researcher to identify the
reasons for low rating and to propose
reasonable measures to update companies’
websites to improve quality of transportation
services.

The author’s methodology, which is the
content of this article, can be used to assess
quality of websites of international transport
and logistics companies, comprising the leading
ones: DHL, UPS, Federal Express, SNCEF,
Kuehne + Nagel International AG, DB
Schenker, Nippon Express Co, C.H. Robinson,
Panalpina. The study showed that the logic of
building their websites corresponds to that
described by specific criteria for assessing

quality. A special feature is that transportation
they carry out is, as a rule, of international
nature, so the potential client is invited to
choose a delivery mode among air, road, sea,
railway modes of transportation. Besides, when
costing the service, it is necessary to additionally
assess the presence on a company’s website of
a drop-down list of additional charges for
delivery to remote regions, as well as fuel
surcharges, the rate of which depends on the
price of aviation fuel.
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MeToauyeckum noaxopn,
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lMpn pa3paboTke NPOeKTOB BHEAPEHUS
B aKcriyaraymio aBsTobycoB Ha aJ1ekTpuye-
CKOW TsIre v onpenaesieHus noTpebHov NHe-
pacTpyKkTypbl HEO6X0AMMO 0OOCHOBATb KOH-
uenuuo, MeToan4Yeckme noaxosabl K Bbioopy
MapLLIpYyTOB, paccyYnTaTb KOJIMYECTBO 3apsi-
HbIX CTaHUWA B 3@BUCUMOCTU OT UX TUNa
M POBECTU 9KOHOMUYECKYIO OLIeHKY rnpeasa-
raemMbix PeLIeHni B KOHKPETHbIX YCJ/1I0BUSIX
akcnayaraumu.

B ctatbe paccmarpuBaloTcsi OCHOBHbIE
BOMpPOCHI opraHn3aumm paboTsbl aBTOOYCOB Ha
B/IEKTPUYECKON Tsre (3/1eKTpobyCOB) Ha MapLL-
pyTax Ha3eMHOro ropoACKOro naccaxupckoro
TpaHcriopTta obLero rnosib3oBaHus. lNposeaéH
nepBUYHbIV aHaIn3 Kak TeKyLUnX, Tak v rnep-

CMEeKTUBHBIX 3/1EKTPOBOYCHbIX MapLUPyTOB
B Mockae.

Ha ocHoBe knaccuyecknx MeTofoB ornpe-
AesieHns NoTpebHOro KO/M4ecTBa NoABUXHOIO
cocTaBa Ha MapLupyTe fo 3aAaHHOM NPon3B0-
ANTENIbHOCTH, MO NaccaxuvpornoToKy U o 3a-
JAaHHOMY WHTEPBAaJly ABUXEHUS MPeas1oXeHb!
afanTuBHbIE MEeTOAb! PacHETa.

PaccMOTpeHbl TekyLasi  NepcrekTuBHbIE
CXeMbl pasMeLLeHVSs 3apsiaHbIX CTaHLUWM, npes-
JI0XKEeHa MeToAvKa OrnpeneeHus nx noTpebHo-
ro Koam4ecTsa.

AnantupoBaH MeToANYECKUI noaxon
K orpenesieHuIo rnpsiMbIX PacxoaoB, Hernocpes-
CTBEHHO CBSI3aHHbIX C NMNepeBo3KaMu rpu 9KC-
ruyaraumm 31eKTpobyCoB Ha MapLLpyTe.
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BBEOEHUE

[TosTanHbIi Mepexoa OT IKCILTyaTalluu
JIM3EIbHBIX aBTOOYCOB K MCIIOJIb30BaHUIO
aBTOOYCOB Ha 3JIEKTPUUECKOM TATe (JTEKTPO-
OycOB) Ha MaplIpyTax HA3eMHOI'O FOPOACKOT0
MacCcaxkMpCKOro TPaHCIIOPTa OOIIETO MOJIb30-
BaHUs B HACTOsILIEe BPEeMsI SIBJISIETCST OOIIIe-
MUPOBBIM TpeHaoM. Bo MHorux crpanax EB-
ponni, CeBepHoit AMepuku, B Kutae, Ano-
Huu, Kopee u npyrux rocynapctsax BeIyTcst
Hay4YHO-3KCIIEpUMEHTAIbHbIC KCCIIEI0OBAHMS
BHEAPEHUS B 9KCILTyaTallMIO Pa3IMUYHBIX Ba-
puaHTOB 3JeKTpodycoB [1]. B Poccun nnum-
LIMATOPOM BHEIPEHUSI B 9KCIUTyaTallliO aBTO-
OyCOB Ha 3JICKTPUYECKOI TSITe Ha TPAaHCIIOPTe
0011Iero moJib30BaHus cTana MocKBa.

ITpu pa3paboTKe MPOEKTOB U OIpenaesie-
HUM HEOoOXOonUMOI MHMPACTPYKTYphl HEOO-
XOIMMO 000CHOBATh KOHIIETMIO, METOINYE-
CKUe MOJXO0Ibl K BHIOOPY MaplIpyTOB, Opra-
HU3alMU TIEPeBO30K, PACCYUTATh ITIOTPEOHO-
CTU B 3apSIIHBIX CTAHLIMSIX B 3aBUCUMOCTHU OT
MX TUIIA U IIPOBECTH 9KOHOMUYECKYIO OLIEHKY
MpeajaraeMbIX pelieHUiA B KOHKPETHBIX YCIIO-
BUSIX 9KCIUTyaTauuu. OTOeabHbIM BOIIpocam
3 HEKTUBHOM OpraHM3aluu padOThl TpaHC-
mopTa OOIIEero MoJb30BaHUSI MOCBSIIECHBI
pabortsl [2—5].

ABTOOYCHI Ha 9JIEKTPUYECKO TSTE SABJISI-
FOTCSI OTHOCUTEJIbHO HOBBIM TUITOM ITOIBIK -
HOTO COCTaBa, YTO IIPeAOIpeaeIsieT He00X0-
JUMOCTb B3BEIIEHHOTO U 00BEKTHUBHOTO
000CHOBaHMS BIOOPA TE€X MM MHBIX aJIbTEP-
HATUBHBIX BADUAHTOB TEXHUYECKHUX, TEXHO-
JIOTMYECKMX, OpraHU3allMOHHbIX, SKOHOMM -
YECKUX U IPYTUX PEILIEHUN.

ITpoBen€HHEBIN paHee aBTOpaMU aHaIU3
pPEeryJIMpoBaHUs M OpraHU3alMy IIEPEBO30K
MaccaXkupoB HAa3eMHBIM 3JIEKTPUIECKUM
FOPOJCKHUM TPAHCIIOPTOM ITO3BOJIMJI BbI-
SIBUTh, YTO B HACTOSIIIIEEC BPEMSI IPUMEHSIIOT-
Csl pa3IMYHbIE CUCTEMBbl KJIacCU(PUKALIUU
TPAHCIIOPTHBIX CPEACTB, OJHAKO TEPMUH
«2JIeKTpoOyc» He yTBepXkuéH [6]. K ropoa-
CKHM 3JICKTPUYECKUM TPAHCIIOPTHBIM CpeJI-
CTBaM I0PUIMYECKM IIOKA OTHOCSITCS TPaMBau
W TPOJIEHOYCHI.

Hcxons u3 TpeboBaHMit K JOIYCKY BOAM-
TeJei K yIpaBJIeHUIO 3JIeKTpoOycaMu, OHU
OTHOCSITCSI K TPAHCITIOPTHBIM CPEICTBAaM Ka-
teropuu «D», To ecTb K aBTOOycam. CoracHO
KOHIICIIIIUSIM CKOPOCTHU 3apsiiKu OaTtapeu
3JIEKTPOOYCOB, MX MOXKHO pa3le/iuTh Ha He-
CKOJIBKO KJIACCOB U IpyII [6].

VIIE oA PJA A 3 S

B Hacrosiee BpeMs y uMccienoBaTeliei
M IIPAKTUKOB HET OMHO3HAYHOTO OTBETA OTHO-
CUTEJTbHO 9KOHOMUUECKOI 11e71eC000pa3HOCTH
Tepexojia OT IU3eIbHBIX aBTOOYCOB Ha 2JIEKT-
pudeckre. B HEKOTOPBIX cTpaHaX W TOpoaax
MO-TIPEXKHEMY €CTh IPUBEPKEHIIBI ITIepeBoaa
TOPOJICKOTO TpaHCIIOpTa Ha razoo0pa3Hoe
TOIUTMBO, BOIOPOM, TMOPUIHEIC YCTAHOBKH
W IpyTHE aJbTepHATUBHBIC BUABI TOILJIMBA.
B KOHKpETHBIX YCIIOBUSIX 3KCILTyaTallun
1 MHGPACTPYKTYPHI KaKIbIi BAPUAHT MOXET
OBITh PKOHOMMYECKHU OTpaBaaH. bosbioe
3HauYeHuWe NpU 0OOCHOBAHUM Tepexona Ha
2JIEKTpOOYChl MMeeT TUM (KJjacc) aBrodyca,
MaccaXXMpoBMECTUMOCTh U T.JI. B Hacrosiiee
BpeMsI, KaK B MHUpe, Tak U B Poccun, mpm pas-
paboTKe MPOEKTOB BHEAPEHHsI IeKTPOOYCOB
B 9KCIUTyaTalIMIO, KaK MPaBUIIO, pacCMaTprBa-
JOTCSI TPAHCITOPTHBIE CPEACTBa IJIMHOM 12
METPOB — aBTOOYCHI 001b1I0r0 Kacca. [ToHsT-
HO, 4TO Y aBTOOYCOB KJIACCOM HUXKE WUJTU BBIIIIE
OyIIeT COBEPIIIEHHOTO Ipyrasi 9KOHOMUKA.

Borpoc BEI0Opa KOHILIETIINT 1 9KOHOMHU-
YECKOU OIIEHKU B HACTOSIIIIEE BPEMSI SIBJISIETCST
JIMCKYCCUOHHOM TEMOI Ha MeXIyHapOIHOM
YPOBHE, U HET OJHO3HAYHOTO IPUHSITOTO
nonaxona [7—10].

MHHoBalIMOHHOE pa3BUTHE B 11000 ce-
pe dKOHOMUKM SIBJISIETCSI apeHOM TMoMcKa
aJbTepPHATUBHBIX BAPUAHTOB M KOHIICITIIVIA.
TpaHcropT o611IeTO TTOJIb30BAHUSI HE SIBJISIET-
cd UCKITIOUeHUeM. TeHIeHIINM YKPYITHEHUS
aryioMepaluii Bo BceM Mupe [4; 5], yxylieHue
DKOJIOTMYECKOI OOCTAHOBKM B HUX [6], ITp0OG6-
JIEMBI C YBEJIMICHUEM KOJIMIeCTBA TPAHCTIOPT-
HBIX CPEICTB Ha YJIMYHO-TOPOXKHOMN CeTH
[1—4] 3acTaBisitoT ropockue BAacTy MPUHU-
MaTh pellleH!sI, HallpaBJIcCHHbBIC Ha pa3BUTHE
TpaHCITOPTa Ha aJbTepHATUBHBIX BUIAX TOIT-
JIABa.

PA3BUTUE MAPLLUPYTHON CETU
SJIEKTPOBYCOB

B cooTrBeTcTBUM ¢ odUIIUATBHBIM pe-
ectpoMm ot 27.12.2019 . B ropoge Mockse
3apeructpupoBaHo 1049 MyHUIIMTIATIBHBIX
MapIIPYTOB PETY/ISIPHBIX TEPEBO30K, BT.Y. 771
oocayxuBaeMbix I'YIT «Mocroprpanc» .

" OdunmanbHblii caiit Mapa Mocksbl. Peectp
MYHULMIIATBHBIX MAPIIPYTOB PETYJISIPHBIX TEPEBO30K
MaccaxkupoB U Oaraxxa aBTOMOOWIBHBIM U Ha3eMHbBIM
9JIEKTPUYECKUM TPAHCTIOPTOM B roposie MockBe OT
27.12.2019 . [DnekTpoHHBII pecypc]: https://Www.mos.
ru/dt/documents/view,/223682220/. doctym 23.03.2020.
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Puc. 1. Ctpyktypa napka noaswkHoro coctasa 'Yl «MocroptpaHc»
(cBepenuns npenoctasneHs! Yl «MocropTpaHc»).

B Hacrosiee Bpems I'YIT «MocroprpaHe»
SIBJISIETCSI TAKKE TJIABHBIM 3KCILTyaTallMOH -
HBIM TIPEANPUITUEM aBTOOYCOB Ha JIEKTPU-
YECKOM TSATe U eMIMHCTBEHHBIM B I. MOCKBeE.

BbinosiHeHHBII aHAJIM3 CTPYKTYPHI ITapKa
noaBuxxHoro coctaBa I'YIT «MocroprpaHc»
no cocrosiHuio Ha 01.01.2020 r. moka3sai, 4To
00111ee KOJIMYECTBO TPAHCIIOPTHBIX CPEICTB
cocrapisteT 8926 ex. (puc. 1), B T.4. aBTOOYCOB
Ha ayiekTpudeckoit tsre — 300 en.

CortacHO CBeICHUSIM eIMHOI MH(pOopMa-
LIMOHHO# cucTeMbl B chepe 3aKymnok B 2018 ro-
JIy 3aKJIFOYEHO JIBa KOHTpaKTa Ha roctaBKy 200
aBTOOYCOB Ha 3JIEKTPUIECKON TsTe B hrtra
«CeBepo-BocTouHbli» ¢ OKa3aHUEM YCIIYT ITO
UX TIOCJIE/IYIOIIEMY CEPBUCHOMY OOCITYXKMUBa-
HUIO U peMOHTY B TeueHue 15 yieT. [To pe3yb-
TaTaMm IMpOBeAeHUs] KOHKYpCa MOCTaBJICHO
100 ex. snexkrpobycoB moaenn KamA3-62822
u 100 en. JInA3-62743.

CorntacHO MPUHSTHIM pelieHusiM, B 2018 *
obL10 TIpuobpeTeHo 100 en. anekTpoOycoB
monenu KamA3-6282 ¢ moctaBkoit B GuiéB-
CKUI aBTOOYCHO-TPOJICHOYCHBIN Mapk du-
ymana «LlenrpanbHblii» ['YIT «MocropTpaHc».

B 2020 rony npenycmoTpeHa moctaska 200
aBTOOYCOB Ha 3JICKTPUUYECKOM TSATE MOIETN

2 OunmanbHerii caiit EMC. DieKTpoHHBbII
aykimoH Ne 0173200001417001533. [DneKTpOHHBII
pecypc]: https://zakupki.gov.ru/epz/order/
notice/ead4/view/supplier-results.html?regNumb
er=0173200001417001533. doctym 23.03.2020.

3 OdpunmanpHbii caiit EMC. DieKTpoHHbIi
aykumoH Ne 0173200001417001534. [DnekTpoHHBII
pecypc]: https://zakupki.gov.ru/epz/order/
notice/ead4/view/supplier-results.html?regNumb
er=0173200001417001534. doctym 23.03.2020.

* Odunmanphbiii caiitt EC. D1eKTpOoHHbBIN
aykioH Ne 0173200001417001532. [DaekTpoHHBI
pecypc]: https://zakupki.gov.ru/epz/order/
notice/ead4/view/supplier-results.html?regNumb
er=0173200001417001532. doctym 23.03.2020.

KaMA3-6282 Ha TeppUTOpHIO IKCIUTyaTalll-
OoHHo mioiaaku I[MepBoro TposeiidoycHOToO
napka u 100 aBToOycoB Ha 2JEKTpUYECKO
tare JINA3-6274 Ha TeppUTOPUIO SKCILTyaTa-
nuoHHOM Turomanku duaeBckoro aBToOyC-
HOTO-TpoOJUIeliOyCHOTO TapKa ¢duiamnana
«entpampabiit» ['YIT «Mocroptpane»™°.

ITo coctosinuio Ha I kBaptan 2020 . aBTO-
Oychl Ha 2JIEKTPUYECKON TATe 0OCTYKMBAIOT
23 perynsipHbix MapuipyTa. O61ne sKcrya-
TallMOHHBIE XapaKTepPUCTUKU MaplIpyTOB
npeacTasiaeHbl B Ta0. 1. Tpacchl cienoBaHus
MapuUIpyTOB ITOKa3aHbl Ha puc. 2.

B cootBeTcTBUM C TIIIaHAMU pa3BUTHUS Ha
2020 . rutanupyetcs nepeBo 10 Tposieiidyc-
HbIX U 14 aBTOOYCHBIX MapIIpyTOB Ha 00CIIy-
XKMBaHWE aBTOOycaMy Ha 3JeKTPUUYECKOM
Tare. [lepcrniektuBHasg MapipyTtHasi ceTb [ Y11
«MocropTtpaHc» 1T aBTOOYCOB Ha 3JIEKTPH-
YeCKOM TsTe TpelcTaBieHa Ha puc. 3.

T1pu pazpaboTke nmpoeKkTa co3naHust UHP-
PacCTpYKTYphl 9KCIUTyaTallil BHICOKO3KOJIO-
TUYHBIX 3JIEKTPUIECKUX TPAHCIOPTHHIX
CPEJICTB, MPU BHEAPEHUN B DKCILTyaTallUIO
aBTOOYCOB Ha 2JIEKTPUYECKOM TATE C TUHAMM-
YeCKOI 3apsIIKON TTpeuIaraeTcsl yauThiBaTh He
TOJIbKO MEePCIIEKTUBBI PA3BUTHUSI MapIIPYTHOM
CEeTH aBTOOYCOB Ha ayiekTpuyeckoit Tsre I'YI1
«MocropTpaHc», HO U IEHCTBYIOIIYIO TPaHC-
TMOPTHYIO0 MHGPACTPYKTYPY TPOJUIEHOYCOB.

> Odbunmanbhbiii caitt EMUC. D1eKTpoHHbIT
aykumoH Ne 0173200001419001670. [DnexTpoHHBIM
pecypc]: https://zakupki.gov.ru/epz/order/
notice/ead44/view/common-info.html?regNumb
er=0173200001419001670. Joctym 23.03.2020.

¢ Odbunmanpheiii caiit EMUC. D1eKTpoHHbBII
aykumoH Ne 0173200001419001671. [DnekTpoHHBI
pecypc]: https://zakupki.gov.ru/epz/order/
notice/ead44/view/supplier-results.html?regNumb
er=0173200001419001671. Joctym 23.03.2020.



Puc. 2. Tpaccel crieqoBaHNs MapLIPYTOB aBTOOYCOB Ha 3J1IeKTPUYECKOW Tare
(kapTa cocTaB/ieHa Ha OCHOBe AaHHbIx opuumnanbHoro cavita 'Yl «MocropTpaHc»
C ucnosib30BaHNneM nporpammHoro kommnnekc F’NC «MocropTpaHc»).
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Puc. 3. MepcnekTuBHas 371€KTPOBYyCHas MapLUPyTHasl CeTb
(UcTo4Huk: nporpammHusivi komnnekc F’MC «MocropTpaHc»).
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Taouua 1

DKCITyaTaloHHbIe MOKA3aTe M MAPHIPYTOB
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93 BIHX (10xH.)—MeTtpo «MeaseakoBo» D1 6/-/- 86,4 10,9 15,1 17,6 3,4 803/991/2218
/6/-
107 Mertpo «Dunescknii mapk»—ILiatd. B 6/-/6/- | 53,8 6,6 14,7 11,3 53 713/729/1691
MartBeeBckas /-
205K | Kuesckuit Bok3an—Yi1. JIoBXKeHKO B 6/-/6/- | 41,5 6 17,4 9 6,7 933/725/1950
/-
622 Merpo «O3épHas»—MeTtpo «ClaBaHCKMi 1 9/-/9/- | 87,3 14 19,2 10,7 5,6 1621/1573/3969
OynbBap» /-
649 Slcuprit p.—OcTalKoBeKas YiI. a1 5/-/5/- | 59,7 6,4 12,9 16,7 3,6 403/380/879
/-
778 Puxckwuii Bok3an—CrapTakoBeKas 1il. D1 4/-/4/- | 42,3 5,4 15,3 13 4,6 432/485/1153
/-
791 Kuescknit Bok3an—4-it CeTyHbCKHUIA TIP. DI 7/-/7/- | 32,9 4,6 16,8 5,9 10,1 1521/1101/3479
/-
810 Puxckuii Bok3an—TuxBUHCKast yJ1. BJ1 3/-/- 43,9 3,6 9,8 25 2,4 -/-/-
/3/-
832 Kpoinarckoe—CrioprueHTp «Kpbuiatckoe» DI 5/-/5/- | 43,4 5.4 14,9 9 6,7 658/639/1554
/-
Sk1 TMK/Cubyp—Xa6 B 3/-/3/- | 36 59 19,7 23,1 2,6 -/-/-
/-
H3 Vecypwiickast yi1.—Metpo «Kuraii-ropom» D1 6/-/6/- | 138 20,4 17,7 37,5 1,6 -/-/332
/-
T14 CeBepsIHUHCKUI Ty TeMPOBOI— o1 16/- 143,7 15,2 12,7 12 5 -/-/-
DJIeKTPO3aBOICKHIT MOCT /16/-/-
T17 Metpo «O3epHas»—Kuesckuii Bok3an DI 20/~ 103,4 12,6 14,6 5.8 10,3 6846/6473/16629
/20/-/-
T25 Tpocn. BynénHoro—Metpo «JIy6siHKa» DI 11/- 82,4 7,6 11,1 9 6,7 -/-/-
/11/-/-
T34K | Y. KpaBueHko—KueBcKuit Bok3an B 17/- 96,2 10,9 13,6 6,3 9,5 5937/4947/12032
/17/-/-
T36 BAHX (10xH.)—[ImMuTpoBcKoe 1., 155 a1 15/- 112,9 13,1 13,9 9,2 6,5 -/-/-
/15/-/-
T42 Prxckuit Bok3ani—Metpo «[1eTpoBCKuid mapk» DI 14/- 56,8 5,8 12,2 6 10 -/-/-
/14/-/-
T47 beckynH1KOBCKHMit nep.—CaMoTEYHast TII. a1 20/- 95,7 12 15,1 6 10 6737/5275/15090
/20/-/-
T56 Basosckas yn.—Teepckas 3actaBa 91 20/- 109,6 13,8 15,1 4,7 12,8 1736/2469/6279
/20/-/-
T73 6-it Mxp. bubupesa—BIHX (10xH.) BJ1 34/- 105,4 12,4 14,1 3,7 16,2 -/-/-
/34/-/-
T76 Xommoropekast yi.—Merpo «BIIHX» 31 28/- 69,3 8,8 15,2 2,9 20,8 -/-/-
/28/-/-
T80 6-if Mxp. br6npesa—OcTalIKoBeKast VL. 31 10/- 68,3 7,1 12,5 8.8 6,8 -/-/-
/10/-/-
T83 Veceypuiickasi yia.—Metpo «[Ipeobpaxerckast > | DJ1 17/- 78,3 8,9 13,6 5,8 10,3 -/-/-
/17/-/-

Hcrounuk: nporpamMmmHublii KoMmruieke ['MC «MocroprpaHcs.

B epByto ouepens npemiaracTcs OpraHu-
30BaTh aBTOOYCHBIE MapIIPYThI, Tpacca Clie-
JIOBaHUSI KOTOPBIX TTOJTHOCTBIO TIPOXOIUT T10
TpOJJIeHOyCHBIM. BbhimONMHEHHBI aHanu3
MapIIPYTHOI CETH TTO3BOJIWII BBIIEIUTD 12 Ta-
KHX MapuIpyToB (Tadi. 2).

VIVIEJ PARCIIOEIA VT O IN - D2

KYZAPSITOBIVI AT | JORKOTICHROE ARD SEAVDVCE T,

[dDITCKTPOOYCHBIX VPP yTraxs

BMmecre ¢ Tem mpemiaraeTcsl UCKIIOYUTh
9KCIPECCHbIE MAPIIPYThl U MapILPyThl, 00-
CITy>KMBaeMble aBTOOycaMu 0c000 OOJIBIIIOTO
knacca (903, 907, T144K, T63, T71), no-
CKOJIbKY 9KCILIyaTalus 3JeKTpoOycoB Ha
yKa3aHHbIX MapLIPyTax MOXET OKa3aTh CYILE-

2021

VICTOOVMHC UKV SAVONROPDI AN SdONMAICPDCEUSOUR



Tabumua 2

DKCIIyaTalMOHHbIE XapAKTEPUCTHKH ABTOOYCHBIX MAPIIPYTOB
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903 Xosnmoropekas yn.— | 27/15/12/-/- | 80,3 13,4 20 2,8 21,4 9657/10121/26521
Mertpo «IIpocrr.
Mupa»
907 Kammpckoe m., 148— | 15/15/-/-/- 97,7 17,8 21,9 9,2 6,5 6338/7429/17725
Metpo
«/1oOpbIHUHCKas»
T18 Puxckuii BOK3aI— 14/-/14/-/- 108,8 10,7 11,8 6,6 9,1 5217/5095/12910
CrpenbOuieHCKU i
miep.
T26 KapauapoBckuit 12/-/12/-/- 105,8 13,8 15,6 10,7 5,6 8113/6711/18298
MyTeTPOBOI—
ABTO03aBOJICKHil MOCT
T32 Yccypuiickast yi.— 17/-/17/-/- 141,8 17,1 14,5 13 4,6 2472/2811/8281
TapaxHast yJ1.
T51 1. ConoBenKux 1/-/11/-/- 49,2 4,8 11,7 4,8 12,4 5640/4855/14926
FOHr—Merpo
«M3maiinoBckas»
T63 138-it kB. Boixuna— | 15/15/-/-/- 105,2 14,1 16,1 8,2 7,3 8500/9801/24023
Metpo «Taranckas»
T67 Karmupcekoe ., 148— | 6/-/6/-/- 112,5 18,2 19,4 23,1 2,6 1650/1971/4803
ABTO3aBOJICKUil MOCT
T71 Karmmpcekoe ., 148— | 15/15/-/-/- 123,4 17,8 17,3 9,7 6,2 7501/6863/18749
Metpo
«/100pbIHUHCKASI»
T86 CepelpsiHblit 6op— 12/-/12/-/- 1934 11,7 15 8,6 7 5274/3713/11646
Metpo «Cokoin»
T88 [Mpocn. bBynéunoro— | 6/-/6/-/- 51,3 5,4 12,6 10,9 5,5 1942/1668/4929
Komcomorbekast 1.
T144K | Yn. KpaBueHko— 10/-/10/-/-/ | 51,3 8,8 20,6 6,9 8,7 3607/4708/9961
Metpo
«OKTSIOpbCKast»

CTBEHHOC€ BJIMAHME Ha KAa4YE€CTBO TPaHCIIOPT-
HOTro O6CJ'IY)KI/IBaHI/IH HaCCJICHUAA.

PACYET NOTPEBHOIO KOJIMMECTBA
3APSAOHbIX CTAHLUUA

CorjiacHO IpOBeIEHHOMY aHaJIM3Y KOH-
KYPCHOM TOKYMEHTAllUU, OJHOBPEMEHHO
C TIOCTaBKOIi aBTOOYCOB Ha 2JICKTPUUIECKOM
TsIre IpeaycMOTpeHa ITOCTaBKa U YCTAHOB-
Ka 98 3apsaHbIX cTaHIMii. CxemMa pa3Melre-
HUS 3apsIAHBIX CTAaHIWI TIpeacTaBlieHa Ha
puc. 4.

OO0111as epcneKTUBHAs cxeMa pa3Melle-
HUS YIbTPAOBICTPBIX 3aPSIAHBIX CTAHIIMIA
MpejcTaBeHa Ha puc. S.

st pacy€Ta mOoTpeOHOro KOJIMYECTBA 3a-
PSAHBIX CTAHLMI MEPBUYHBIM SIBISIETCS

YA pPH BUVI A’ JOKOTICHKOBAND SR\ NPDVCE Y, VIE

oIpeaeeHNe KOJTMISCTBAa MOABIKHOTO CO-
craBa Ha Mapuipyte. [1pu pacuére KonmuyecTBa
NOJABUXHOIO cocTaBa A HEOOXOAMMBIMU
WCXOIHBIMU TaHHBIMU SIBJISTIOTCS:

1) maHHBIE O MacCaXXMUPOTIOTOKE: B pa3pese
10 YyacaM CYTOK, THSIM HeIeJU U OCTAHOBOY-
HBIM IYHKTaM (BXO[I/BbIXOI);

2) maccaxkmpoBMECTUMOCTh aBTOOyca Ha
3JEKTPUIYECKOM TSrE;

3) sKcIuTyaTallMOHHBIE JaHHBIE MapLIpyTa
(BpeMst 000pOTHOTO pelica, JIMHA MaplIpyTa,
9KCIUTyaTallMOHHAsI CKOPOCTD | TIp. ).

[Tpu 3TOM TTaccakuPOBMECTUMOCTb OTIPEe-
TIEJIIeTCS C YYETOM KOJIMUECTBa MECT JIJIsI CH-
IeHUST U MECT IJisI Tipoe3na ctos (He Oojee
BOCBHMU YEJIOBEK Ha KBaApaTHBIN METp He3a-
HSTOH TIIOIIAAN MECTaAMU JIJISI CUICHUS ).
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Puc. 4. Cxema pa3meLyeHns 3apsiaHbIX CTaHLUNA.

Puc. 5. MepcnekTuBHas cxema pasmeLleHns 3apsaHbIX CTaHLUNA.
UcTtoyuuk: nporpammubivi komnnekc F’MC «MocropTpaHc» u KOHKYPCHasi LOKYMEHTauus.

Pacuyé€r 4 HEOOXOAMMO BBINOJIHATL OT-
IeNbHO IJIS BeCeHHEe-JIETHEero rnepuoaa
U OCEHHE-3UMHEeT0, OYAHUX U BBIXOJHBIX
JIHEM, 9acOB MUK 1 MEXITMKOBBIX TTEPUOJIOB.

AHanu3 pa3anyHbIX TTOAXOJ0B K PaCUeTy
A, IO3BOJIMII KX CTPYIIMPOBATh MO TPEM I10-
Kas3aTessM:

VINPML PAH A M 5 MIN-

1) mo 3amaHHOM MPOU3BOAUTEIHLHOCTHU
aBTOOYyCa Ha DJIEKTPUUICCKOM TSITE;

2) Mo MaccaxkuporioToKYy;

3) 110 3a7aHHOMY MHTEPBAITy IBVKCHUSI.

OTIMUnTETbHOM 0COOEHHOCTHIO pacyéTa
BPEMEHU 000POTHOIO peiica 7 . Ipu onpejie-
JIEHUH A BHE 3aBUCMMOCTH OT BBIOOpa LieJie-



BOTrO TOKAa3aTesis SBJISIeTCS] HE0OXOIMMOCTh
y4y€Ta BpeMeHU 3apsiiku OaTtapeu, COOTBET-
CTBEHHO:

toe= 2t, T2t T2t 2t

rie £, — BPeMsI IBVKEHUSA Ha MapILIpyTe;

t  — BpEMs MPOCTOS Ha MPOMEXYTOUHBIX
OCTAHOBOYHBIX ITYHKTAX JUTS ITOCAJIKM/BbICA -
KU TacCaXXupoB;

t ,— BPEMS TEXHOJIIOTUYECKOTO ITPOCTOST HA
KOHEUYHBIX OCTAHOBOYHBIX ITyHKTAX;

utK — BpeMs 3apsiia aKKyMYJISITOPHBIX OaTa-
peii, ompenessieMoe Kak MPOU3BeIeHUE T0-
TPeOHOro KOJMYECTBO LUKIJIOB 3apsiiKU Ha
BpEMsI 3aTPAuMBAEMOE Ha OIVH LUK 3aPSIIKU.

HeobXxonumo oTMETHTh, 4TO 2t > () Ipu
SKCIUTyaTallii aBTOOYCOB Ha 3JIEKTPUYECKOM
TSTe C KOHLIETIIWEeH MEIJIEHHON U YJIBTPaObI-
CTpoOii 3apsioK. Y aBTOOYCOB Ha 2JIEKTpUYe-
CKOIi TSITe ¢ IMHAMMYECKOM 3apsanKkoi 2., = 0,
MMOCKOJIbKY MMUTaHUE 0aTapeu BO3MOXHO
OCYUIECTBJISITh MPU ABMKEHUU OT KOHTAKTHOM
CEeTHU TPOJUIEHOYCOB.

B nanbHeiieM pacyéT moTpeOHOro Koau-
YyecTBa aBTOOYCOB Ha 3JEKTPUYECKON Tsre
MpeIaraeTcsl OCYIIECTBIATh B 3aBUCUMOCTU
OT BBIOPAHHOTO TTOKa3aTeJs.

ITo 3amaHHOl MPOU3BOAUTETBHOCTU aBTO-
Oyca Ha JJIEKTPUYECKOM TsATe PACY€T A, BbI-
MOJIHSAETCS Mo (hopMyJIe:

0+, Bt DT
T4 7k VB

A

9

rae Q — MpOM3BOAUTEILHOCTh aBTOOYCa Ha
3JIEKTPUYECKOM TATE;

lp — JUTMHA pelica;

V, — TexHr4eCKas CKOPOCTb;

B — koa(dULMEHT UCTIONIB30BAHUS MPO-
Oera;

T',,— BpeMst pabOThI MapILpyTa,

g — MacCaXUPOBMECTUMOCTb;

Y,,, — KOO(MOUILIMEHT UCTIOTb30BaHU TTac-
CaXXMPOBMECTUMOCTH;

K, — KO3 OULIMEHT CMEHHOCTH MACCAXM -
POB Ha MapIuIpyTe.

[To maHHBIM O MaccaKUPOTIOTOKE PACUET
MOTPeOHOTO KOJIMYECTBA AaBTOOYCOB HA 3JIEKT-
PUYECKOM TSire A3 BBIIOJHSETCS 11O (POPMYJIE:

Ol

9°Yen

rae Q,  — MaKCUMalbHask accakupoHamnps-
KEHHOCTb Ha YYaCTKe MapllpyTa.

ITo 3amaHHOMY MHTEpBaNy ABUXEHUS
Pacy€T A BBHIMOTHSETCA MO GopMyJIe:

VIIE oA PJA A 3 S

A=60t /1,
e [, — 3amanHblil MHTEPBAJ IBUKEHUS aBTO-
OyCOB Ha 2JIEKTPUYECKOIA TsTe.

Pacuér xosnuecTBa 3apsaHbIX CTAaHUUN
HamnpsiIMylo 3aBUCUT OT BHIOPAHHOU KOHIIETI-
LM 3apsiIKU aBTOOYCOB Ha 3JEKTPUUECKO
TSTE.

Tak cucTema sHeprocHabXeHus aBTO0Y -
ca Ha 3JIEKTPUYECKOU TATE C TMHAMUYECKOUN
MOA3apsIKON MOXKET CTaTh OCHOBOM €TMHOM
3apsaHON MHOPACTPYKTYPHI BCETO 3JEKTPO-
TpaHCHoOpTa ropoja, 6jarogapsi CoeauHe-
HUI0 00BbEKTOB KOHTAKTHOM ceThio’. Mc-
MOJIb30BAHUE KOHTAKTHBIX CETEW MO3BOJUT
0TKa3aThCs OT OOJBLIOTO 00BEMA 3eMJISTHBIX
paboT, YTO COKPATUT CPOKHU peanusaluu
MPOEKTOB.

bnarogaps auHamMu4Yeckoil moazapsiake
MPU IBUXKEHUU OT KOHTAKTHOM CETH, aBTOOY-
Chbl Ha 3JIEKTPUYECKOI Tsre J100oro kjacca
MOTYT yCTOMYMBO paboTaTh 24 yaca Ha Maplii-
pyTe, 6€3 MoTepu BpeMeHU Ha 3apsia OaTapei.

CTraHIMM 3apsSIKU YaCTHBIX 3J€KTPOMO-
Ouseii, TaKCU 1 KaplIepyuHra ¢ MUTaHUEM OT
KOHTaKTHOU CeTU MOTYT ObITh UHTETPUPOBA-
HBI B OITOPY KOHTaKTHOM CEeTH.

Tsarosast moacTaHUMS C YCTAHOBKOM 0J10-
KOB €MKoCTel 111 3(pHEeKTUBHOTO UCITOIb30-
BaHUS peKynepaluu U COTHEYHbIX (PoTOdIe-
MEHTOB MOBBICUT 3HEPro3(PHEKTUBHOCTD.

B HOuHOE BpeMms npeanpusiTvs, KOTopble
pacroJjaraloTcs B10JIb TPaCCUPOBKU KOHTAKT-
HBIX CETel, UCMOJb3YIOT MOIIHOCTU ISt
CTaHLIMI MeJUIEHHOH 3apsiIKi KOMMYHATbHBIX
1 KOMMEPUYECKHUX JIEKTPOMOOUIIEHA.

Pacuér xosmuecTBa 3apsaHbIX CTAaHUUA
Yy aBTOOYCOB Ha 2JIEKTPUYECKON TsTe C Mel-
JICHHOM U yJIBTPaObICTPOI 3apsiiKoii TpedyeT
JTOTTOJTHUTEJIbHBIX BIYUCIeHUI. B HacTostiee
BpeMsI HET €IMHOr0 MOAX0Aa K Pacu€Ty MoT-
pebHOro KOoJanYecTBa 3apsAHbIX CTAHIIUA.
Pacuét npu BeIOOpE TaKO KOHLIETILIVY MPEeI-
JIaraeTcsl OCYLIECTBJISITh HA OCHOBE JaHHBIX
TEXHUYECKOTO 3aJaHUS Ha 3aKyTKY 2JEKTPO-
OyCOB U B UeThIpe dTamna:

7 PacniopsikeHne MUHKMCTEpCTBa TPaHCIIOpTa
Poccuiickoit ®enepauun ot 18 anpens 2013 .

Ne HA-37-p «O BBeieHUU B jieiicTBre MeTOAMYECKUX
PEKOMEHIaLIMii 110 pacy€Ty SKOHOMUYECKHU
000CHOBAHHOI CTOMMOCTH ITePEBO3KH MACCAKUPOB

u 6araxa B rOpPOICKOM U ITPUTOPOJIHOM COOOILIEHU
ABTOMOOWJIBHBIM 1 TOPOJICKUM Ha3eMHBIM
3JIEKTPUYECKMUM TPAHCIIOPTOM OOILIETrO MOJb30BaHUS».
[DnexTpoHHBI pecypc]: https://www.mintrans.ru/
press-center/news/5761. Joctym 23.03.2020.
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1.Pacuét ynenbHOro pacxoja 3JeKTpO-

160 sHepruu Ha MapLIpyTe:

W, = ((1,68+V))/16) + 1), kBt * 4,
e V, — 9KCIuyatalmoHHast CKOpPOCTb;

1,68 — pacxom 2JEKTPOPHEPTUU HA TITY
B KBT*u mipu ckopoctu 16 kM/4 (cpemaHsst
CKOPOCTb ABMXEHUS coracHo T3 Ha 3aKynKy
9J1€KTpOOYCOB), a TaKXe MOMOJHUTEIbHO
1 kBT *4 Ha paboTy yCTaHOBKM KJIMMaT-
KOHTPOJISI.

2.Pacu€T noaHoro pacxoja aJIeKTpO3Hep-
MY Ha MaplipyTe:

W = Wyﬂ *L,,kBrey,
rie W, — yIeJIbHbII pacXoJl 9JIEKTPOSHEPriu
Ha MapIipyTe;

L, — nmvHa Mapuipyra.

3.Pacuét BpeMeHu, HEOOXOAMMOro Ha
3apsIIKY TSATOBBIX OaTapeii:

t, = (W, +24)/70, mun,
rae W, — pacxofl 9JIEKTPOSHEPTMH Ha MapIil-
pyTe;

70 — rcnoib3yeMasi EMKOCTb aKKyMYJISITO-
pa kBT u.

4.Pacy€T noTpeOHOro KOJUYeCTBa 3apsi-
HBIX CTAaHLIWWA:

N, =t/ en.,

rae / — IMIaHOBBIN MHTEPBaJI MPUOBITHUS aBTO-
OyCcOB Ha 2JEKTPUUYECKOMN TsATe K 3apsiAHON
CTaHIIVU.

Pacuét mnaHoBoro uHTepBaga NpuoObITUS
HEOOXOAMMO OCYULIECTBJISATh C YUETOM HAJIO-
>KEHMSI TpacC CIeTOBaHUSI MapLIPYTOB, O0CITY-
KMBaeMbIX aBTOOyCaMU Ha 3JIEKTPUUYECKOU
TsTE.

OKOHOMUYECKASA OLEHKA
NPEOJIATAEMbIX PELLUEHUA

DKOHOMHUYECKAS OLlEHKA BHEIPEHUS
U 9KCTUTyaTallii aBTOOYCOB Ha 2JIEKTpUYe-
CKO1 TSITe Ha TOPOACKUX MapIIpyTaXx sIBJISIET-
Csl OTHOCUTEJIbHO HOBBIM, HO OU€Hb aKTyalTh-
HBIM TIPEIMETOM WCCJIEOBAHUS KaK B MHO-
CTPaHHBIX, TAaK U B OTEYECTBEHHBIX HAyYHO-
MPaKTUYECKUX KPYyTax.

B HacTtosiiiee BpeMsi 0OTeueCTBEHHBIMU
" 3apyOeXXHBIMU MCCIIEAOBATENSIMUA yXKe pa3-
paboTaHbl 00IMEe METOIUYECKUE TTOAXOIbI
K 9KOHOMUWYECKON OIIEHKE IKCITTyaTalliu aB-
TOOYCOB Ha 2JIEKTPUUYECKOM TSTE Ha TOPOJCKUX
Mapuipytax. Bmecte ¢ TeM, mpeyioxkeHHbIe
METOAWKHU U PE3YJIbTAaThl UX arpodanuu He
TO3BOJISTIOT CAENaTh OMHO3HAYHBIX BHIBOJIOB
0 11eJ1IeCO00pa3HOCTH Mepexoia Ha OKCIUTyaTa-
1M aBTOOYCOB Ha 3JIEKTPUIECKOM TSITE.

VINPML PAH A M 5 MIN-

OIHOBPEMEHHO CJIeyeT OTMETUTh OTCYT-
CTBME€ HOPMATUBHBIX MPABOBBIX aKTOB 10
pacyéraM 3KOHOMMUYECKOT0 00OCHOBaHUS
ce0eCTOMMOCTHU IKCILUTyaTallud aBTOOYCOB Ha
3JIEKTPUYECKOM TATe, aHAJTOTUYHO TPOJUICH-
OycaM, TpaMBasiM, IU3€JbHBIM aBTOOycaM
" T.JI.

Bomnpoc BeiO0Opa KOHLEMIIUY 3KOHOMUYE-
CKOI1 OLIEHKM B HACTOSIIIEE BPEMsI SIBIISIETCS
JMIUCKYCCUOHHOU TEMOW, M Ha MEXIyHapOJI-
HOM YpOBHE HET OJHO3HAYHO TPUHSTHIX
MOJIXOMOB.

HacTtosiuii moaxoa ocHOBaH Ha METOIU-
YEeCKUX peKoMeHAauusix MuHucrtepcTtBa
tpaHcnopta Poccuiickoit denepariu, yTBepK-
JNEHHBIX pacriopsikeHreM oT 18 anpens 2013 .
No HA-37-p [14], u peKOMEHIyeTCS K UCTIONb-
30BaHUIO TIPU OTIPENEIEHUN TIPSIMBIX PAcX0-
JIOB, CBSI3aHHBIX HEMTOCPEACTBEHHO C MEPEBO3-
KaMU.

Llenbto fTaHHOTO METOANMYECKOTO MTOAXO01A
SIBJISIETCST OTpeAeieHUe CTOUMOCTU 1 Kuo-
MeTpa npobdera aBTodyca Ha JAEKTPUIECKOMN
TSTE.

W cxomHbIMU TaHHBIMY TTPU PACUETE SIBIISI-
IOTCSL:

1) aKcIuTyaTalliOHHBIE TTapaMeTPhI MapIII-
PYyTOB;

2) pacnicaHue ABUXKEHMUS;

3) 00bEM mepeBo30K ((hakTUUeCKuii Uin
TUTAaHOBBIIA).

Pacuér npeasnaraercsa onpenensiTe IS
KaXJIoi i MapKU U MOJIEe T aBTOOyCa Ha J1eKT-
puUecKoii Tsre 1o gopmyiie:

n

ZSZDiKM = P‘DOTI’KM + Pmi»w + Paid&u«ww +

i=1

+P,

CMiKM

+P

wikm

+P,..+P

mnikm 3ciKm?

+AM, , +P

KKiKM

py6./1 KM mpobera,
rae Py .. — doHmomnarel Tpyna BOAUTENEH;
P — pacxobl Ha TOIUIMBO MPU OCHALIE-
HUU 3JIEKTPOOYCOB aBTOHOMHBIMU JIN3EJTbHbI -
MW OTETUIUTEJISIMU, J1/4;
P o e — DACXOJIBI BJIEKTPOSHEPIUM HA
NBUKEHUE (3apsIIKY);
iy — PACXOJIBI HA DKCILTyaTallMOHHO-
CMa30YHbIE MaTEPUAIIBL;
iy — PACXOJIBI HA SKCIUTyaTaLIMIO LIKH;
AM,-KM — aMOopTU3alLus;
P _ .. — DPacxoibl Ha KabGeJbHYIO CETh;
— pacxXo/ibl Ha TATOBBIE TTOICTAHIINY;
iy — PACXOIIBI HA 3aPANHBIE CTAHLIMH.
[Tpu skcrutyaranuu aBTodyca Ha JIEKTPH -

YEeCKOH TATe B pacxobl HE BKJIIOYAIOTCA 3aT-

TIIKM



paTbl HA TCXHUYECKOC O6CI[Y)KI/IBaHI/IC n pe-
MOHT, ITOCKOJIbLKY OHHM BKJIIOYEHBI B CTOMMOCTDH
TPAHCIIOPTHOIO CPEACTBA COIIaCHO YCJIOBUAM
KOHTpAaKTa XKM3BHCHHOI'O IIMKJIA.

Pacuér cebecroumocTy 1 MECTO-KUIOMET-
pa, 1 nacCakMpo-KnNjaoMeTpa n nNepeBO3KU
OIHOTrO Imaccakupa mnpeaiaracrcda BbIITOJIHATD
o (l)opMyJTaM, COOTBETCTBEHHO!

SI‘[aCCAMECTOAKM i = Sik/qi’ py6’
SnaccAKMi = SHaCC,MeCTO,KMi/’Y’ py6’

=5 +/ , pyo.,
Tacc.: Tnacc. KM cp .
Te ¢, — MacCaXupOBMECTUMOCTD i MapKH
Y MOJIEJIU 3JIEKTpoOycCa;
Y — cpeaHee 3HaueHUE KodbdullMeHTa
HCTIOJIb30BaHUS MACCAXKMPOBMECTUMOCTH;
| — cpemHssl NaJbHOCTb MOE3IKU OJHOTO

cp
maccaxmupa, KM.

SAKJIIOMEHME

B cTaTthe BBIMOJSHEH aHANW3 TEKYIIETO
YPOBHS U OCBEIIEHbI OJIMKae meperneK-
THUBBI Pa3BUTUS SKCIUTyaTalluu aBTOOYCOB Ha
3JIEKTPUYECKOU TIre Ha MYHUILAMTATbHBIX
MaplipyTax ropona MockBbI.

PaccmoTtpeHs 001111e BOpoChl OpraHn3a-
MU paboThl aBTOOYCOB Ha JIEKTPUYECKON
TATre Ha MapuIpyTax Ha3eMHOIO TOPOACKOTO
MaccaXupcKOro TpaHCIOPTa OOLIETo MOIb30-
BaHud. [IpenmoxeHHble METOABI pacuéTa
MOTPEOHOI0 KOJIMYECTBA MTOJABUKHOTO COCTa-
Ba Ha MapIIpyTe OCHOBAHBI HA KJTACCUYECKUX
TOAX0JaxX C Y4ETOM OCOOEHHOCTEN SKCITTya-
Talu 3JeKTpoOycoB. Takxke mpenjaraeTcs
METOJMKA pacu€Ta MOTPeOHOro KoJudecTBa
3apsIHBIX CTAHIUU Ha Mapuipyte ¢ y4éTom
JMTAHHBIX TEXHUYECKUX 3aJaHUI Ha 3aKYyMKY
3JIEKTPOOYCOB.

IIpennaraetcd MeTOAMYECKUN MOAXOM
K 9KOHOMUYECKOW OLIEHKE BHEPEHUS B DKC-
TUIyaTalldio 3JeKTPOOYCOB, OCHOBAHHBIN Ha
OIpeieJICHUH TIPSIMBIX PACXOMIOB, CBSI3aHHBIX
HEIOCPEACTBEHHO C MTEPEBO3KAMU.

JaHHBI METOAWYECKUN TMOAXO] MOXET
OBITH UCIIOIB30BAaH KaK OCHOBA IMPU pa3padboT-
K€ MPOEKTOB BHEAPEHUS B IKCITyaTalIUIO
aBTOOYCOB Ha 2JIEKTPUYECKON TsTE.

HanpasieHnueM naqbHeHIINX UCCIEN0BA-
HUI BJIsIeTCS pa3paboTKa YaCTOTHOM MeTo-
JIUKU OLIEHKM KayecTBa TPAHCIIOPTHOTO 00-

CITY>KMBAHMST HACEJICHUSI Ha 3JIEKTPOOYCHBIX
MapIIIpyTax.
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ABSTRACT

When developing projects for introduction
of electric buses into operation and determining
the required infrastructure, it is necessary to
justify the concept and methodological
approaches to choosing of routes, to estimate
the number of charging stations, depending on
theirtype, andto conduct economic assessment
of the proposed solutions in specific operating
conditions.

The article discusses the main issues of
organising operation of buses with electric
traction (electric buses) on the routes of public
urban surface transport. A primary analysis of
both current and prospective electric bus

routes was carried out regarding the city of
Moscow.

Adaptive calculation methods are proposed
based on classical methods for determining the
required number of vehicles for a route
regarding a given transit capacity, passenger
traffic flow, and a given traffic interval.

The current and prospective schemes for
location of charging stations are considered, a
method for determining their required number
is proposed.

A methodological approach of determining
direct costs associated with transportation has
been adapted to operation of electric buses on
the route.
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Background.

The phased transition from operation of
diesel buses to the use of buses with electric
traction (electric buses) on the routes of the
public urban surface passenger transport
currently constitutes a global trend. Scientific
and experimental research is being conducted
on introduction of various versions of electric
buses into operation in many countries of
Europe, North America, in China, Japan,
Korea, and other states [1]. In Russia, the city
of Moscow has become the initiator of
introduction of electric buses for urban public
transport.

When developing projects and determining
the required infrastructure, it is necessary to
substantiate the concept and methodological
approaches of selecting routes, organising
transportation, to quantify the needs for
charging stations depending on their type, and
to conduct an economic assessment of the
proposed solutions regarding specific operating
conditions. Some specific issues of efficient
organisation of operation of public transport
are considered in the works [2—35].

Electric buses are a relatively new type of
vehicles, and that predetermines the need for
a balanced and objective substantiation of the
choice of certain alternative options for
technical, technological, organisational,
economic, and other solutions.

An earlier analysis of regulation and
organisation of passenger transportation by
urban surface electric transport conducted by
the authors made it possible to reveal that at
present various systems of vehicle classification
are used [in Russia], but the term «electric bus»
has not been approved [6]. For the time being,
only trams and trolleybuses are legally classified
as urban electric vehicles.

Based on the requirements for admission of
drivers for the right to drive electric buses, they
belong to vehicles of «D» category, i.c., to buses.
According to the concepts of battery charging
speed, the electric buses can be divided into
several classes and groups [6].

At present, researchers and industrial
employees do not have a clear answer regarding
economic feasibility of switching from diesel
buses to electric ones. In some countries and
cities, there are still adherents of converting
urban transport to gaseous fuels, hydrogen,
hybrid plants and other alternative fuels. In
specific operating conditions and with specific

infrastructure, each option can be economically
justified. Type (class) of the bus, its passenger
capacity, etc. are of great importance in
justifying the transition to electric buses.
Currently, both in the world and in particularly
in Russia, when developing projects for
introduction of electric buses into operation,
vehicles with a length of 12 meters, which are
large class buses, are usually considered. It is
evident that buses of a class of a lower or higher
capacity will have completely different
economic features.

The issue of choice of the concept and
economic assessment is currently a debated
topic at the international level, and the
unanimously accepted approach is missing
[7—10].

Innovative development in any area of the
economy is a field of searching for alternative
options and concepts. Public transport is no
exception. The tendencies of agglomeration
enlargement throughout the world [4; 5],
deterioration of the ecological situation in them
[6], problems emerging due to an increase in
the number of vehicles on the road network
[1—4] force the city authorities to make
decisions aimed at development of transport
using alternative fuels.

Development of the route network of electric
buses

1049 municipal routes of regular transpor-
tation are registered in the city of Moscow,
including 771 routes serviced by Mosgortrans
[Moscow City Transport] State Unitary
Enterprise in accordance with the register of
December 27, 2019,

At present, SUE Mosgortrans is the main
operating enterprise of buses using electric
traction [in the country] and the sole in the city
of Moscow.

The analysis of the structure of vehicles of
SUE Mosgortrans as of 01.01.2020 showed that
the total number of vehicles was 8926 units
(Pic. 1), including 300 electric buses.

According to the information of the single
information system (SIS) in the field of
procurement, in 2018 two contracts were

! Official website of the Mayor of Moscow. Register of
municipal routes for regular transportation of passengers
and luggage by road and surface electric transport in the
city of Moscow dated December 27, 2019. [Electronic
resource]: https://www.mos.ru/dt/documents/
view/223682220/. Last accessed 23.03.2020.
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Trolleybus Electric bus

Pic. 1. Structure of vehicles of SUE Mosgortrans (data provided by SUE Mosgortrans).

Pic. 2. Routes of buses with electric traction (the map was compiled on the basis of data from the official website
of SUE Mosgortrans using GIS Mosgortrans software).

concluded for supply of 200 buses with electric
traction to the North-Eastern branch with the
provision of services for their subsequent
maintenance and repair for 15 years. According
to the results of the competition, 100 units of
KamAZ-6282? and 100 units of LiAZ-62743
model were delivered.

According to the decisions taken in 20184,
100 units of KamAZ-6282 model were
purchased with delivery to Filevsky bus and
trolleybus depot of the Central branch of SUE
Mosgortrans.

2 Official website of SIS. Electronic auction

No. 0173200001417001533. [Electronic resource]:
https://zakupki.gov.ru/epz/order/notice/
ead4/view/supplier-results.html?regNumb
er=0173200001417001533. Last accessed 23.03.2020.

3 Official website of SIS. Electronic auction

No. 0173200001417001534. [Electronic resource]:
https://zakupki.gov.ru/epz/order/notice/
ead4/view/supplier-results.html?regNumb
er=0173200001417001534. Last accessed 23.03.2020.

4 Official website of SIS. Electronic auction

No. 0173200001417001532. [Electronic resource]:
https://zakupki.gov.ru/epz/order/notice/
ead4/view/supplier-results.html?regNumb
er=0173200001417001532. Last accessed 23.03.2020.

In 2020, it is planned to supply 200 electric
buses of KamAZ-6282 model to the territory of
the operating site of the First trolleybus depot and
100 electric buses of LIAZ-6274 model to the
operating site of Filevsky bus and trolleybus depot
of the Central branch of SUE Mosgortrans> °.

As of the first quarter of 2020, electric
buses operate on 23 regular routes. The
general operational characteristics of the
routes are presented in Table 1. The routes are
shown in Pic. 2.

In accordance with development plans for
2020, it is planned to convert 10 trolleybus and
14 bus routes into electric bus routes. The future
route network of SUE Mosgortrans for buses
with electric traction is shown in Pic. 3.

3 Official website of SIS. Electronic auction

No. 0173200001419001670. [Electronic

resource]: https://zakupki.gov.ru/epz/order/
notice/ead44/view/common-info.html?regNumb
er=0173200001419001670. Last accessed 23.03.2020.

¢ Official website of SIS. Electronic auction

No. 0173200001419001671. [Electronic resource]:
https://zakupki.gov.ru/epz/order/notice/
ead4/view/supplier-results.html?regNumb
er=0173200001419001671. Last accessed 23.03.2020.



Table 1

Operating indicators of routes
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93 VDNH (south)— EL 6/-/-/6/- | 86,4 10,9 15,1 17,6 3,4 803/991/2218
Medvedkovo metro
107 Filevsky park metro— | ELC 6/-/6/-/- |53,8 6,6 14,7 11,3 5,3 713/729/1691
Matveevskaya platf.
205K Kievsky station— ELC 6/-/6/-/- | 41,5 6 17,4 9 6,7 933/725/1950
UL Dovzhenko
622 Ozernaya metro— C 9/-/9/-/- | 87,3 14 19,2 10,7 5,6 1621/1573/3969
Slavyansky bulvar
metro
649 Yasny pr.— EL 5/-/5/-/- |359,7 6,4 12,9 16,7 3,6 403/380/879
Ostashkovskaya ul.
778 Rizhsky station— EL 4/-/4/-/- | 42,3 5,4 15,3 13 4,6 432/485/1153
Spartakovskaya pl.
791 Kievsky station— ELC 7/-/7/-/- | 32,9 4,6 16,8 5,9 10,1 1521/1101/3479
4-Setunsky pr.
810 Rizhsky station— EL 3/-/-/3/- 43,9 3,6 9,8 25 2,4 -/-/-
Tikhvinskaya ul.
832 Krylatskoe—Sport ELC 5/-/5/-/- | 43,4 5,4 14,9 9 6,7 658/639/1554
center Krylatskoe
Skl TMK/Sibur—Hub ELC 3/-/3/-/- |36 5,9 19,7 23,1 2,6 -/-/-
H3 Ussuriiskaya ul.— EL 6/-/6/-/- 138 20,4 17,7 37,5 1,6 -/-/332
Kitay-gorod metro
T14 Severyaninskiy EL 16/-/16/- | 143,7 15,2 12,7 12 5 -/-/-
overpass— /-
Elektrozavodsky bridge
T17 Ozernaya metro— ELC 20/-/20/- |103,4 12,6 14,6 5,8 10,3 6846/6473/16629
Kievsky station /-
T25 Prosp. Budennogo— EL 11/-/11/- | 82,4 7,6 11,1 9 6,7 -/-/-
Lubyanka metro /-
T34K ul. Kravchenko— ELC 17/-/17/- | 96,2 10,9 13,6 6,3 9,5 5937/4947/12032
Kievsky station -
T36 VDNH (south)— EL 15/-/15/- | 112,9 13,1 13,9 9,2 6,5 -/-/-
Dmitrovskoe sh /-
T42 Rizhsky station— ELC 14/-/14/- | 56,8 5.8 12,2 6 10 -/-/-
Petrovskiy park metro /-
T47 Beskudnikovsky per.— | EL 20/-/20/- | 95,7 12 15,1 6 10 6737/5275/15090
Samotechnaya pl. /-
T56 Bazovskaya ul.— EL 20/-/20/- | 109,6 13,8 15,1 4,7 12,8 1736/2469/6279
Tverskaya Zastava /-
T73 6-mkr. Bibireva— EL 34/-/34/- | 105,4 12,4 14,1 3,7 16,2 -/-/-
VDNH (south) /-
T76 Kholmogorskaya ul.— | EL 28/-/28/- 169,3 8,8 15,2 2,9 20,8 -/-/-
VDNH metro /-
T80 6-mkr Bibireva— EL 10/-/10/- | 68,3 7,1 12,5 8,8 6,8 -/-/-
Ostashkovskaya ul. /-
T83 Ussuriiskaya ul.— EL 17/-/17/- 78,3 8,9 13,6 5,8 10,3 -/-/-
Preobrazhenskaya pl. -
metro

Source: Mosgortrans GIS software system.

When developing a project to create an
infrastructure for operation of highly
environmentally friendly electric vehicles, and
introducing electric traction buses with
dynamic charging, it is proposed to consider
not only the prospects for development of the

WORI FA RANSPORTIANDY RANSPORTATION®VO!

AUUrySnovalvi aXinmmA PrOKOPENKOVIAIEXdNUETryV AYTICY,

ANSPOTTatioNn VN EIectric BUS ROULES:

route network of electric buses of SUE
Mosgortrans, but also the existing transport
infrastructure of trolleybuses.

First, it is proposed to implement bus
routes, which completely coincide with
trolleybus routes. The analysis of the route

RadionoMviethodical Approacnioorganisatiol
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Pic. 3. Prospective electric bus route network. Source: GIS Mosgortrans software package.

Pic. 4. Layout of location of charging stations. Source: Tender documentation. Terms of reference.

network made it possible to identify 12 such
routes (Table 2).

At the same time, it is proposed to exclude
express routes and routes served by buses of
a super large class (903, 907, T144K, T63,
T71), since the operation of electric buses on
these routes can have a significant impact on
quality of transportation services for the
population.

Calculation of the required number of
charging stations

According to the analysis of the tender
documentation, along with supply of buses with
electric traction, supply, and installation of 98
charging stations is envisaged. The layout of
location of charging stations is shown in Pic. 4.

A general perspective layout of location of
ultrafast charging stations is shown in Pic. 5.



Table 2

Operating characteristics of bus routes

& £ |z <
5 g N
i k] = é g [y % g
= 2 g = = 5 28
7 IS < 54 s E = =
= < 2 =3 e &
2 9] £ = & 2 8 23
] 2 SR = on o0 g & S 2
=) k=) S = g = — = R =l
2 g PO P k3 £ < S o
kS 2 z s S = 2 g i Ez |g %
8 =) LTSN .g = b5} = 2= S 5
S 2 $O g E g 3 2 = =g |82
z o & E = £ [~ o = =2 |[& E
903 Kholmogorskaya ul.— 27/15/12/- | 80,3 13,4 20 2,8 21,4 9657/10121/26521
Prosp.Mira metro /-
907 Kashirskoe sh., 148— 15/15/-/-/- | 97,7 17,8 21,9 9,2 6,5 6338/7429/17725
Dobryninskaya metro
T18 Rizhsky station— 14/-/14/-/- | 108,8 10,7 11,8 6,6 9,1 5217/5095/12910
Strelbishchensky per.
T26 Karacharovsky overpass— 12/-/12/-/- | 105,8 13,8 15,6 10,7 5,6 8113/6711/18298
Avtozavodsky bridge
T32 Ussuriiskaya ul.— 17/-/17/-/- | 141,8 17,1 14,5 13 4,6 2472/2811/8281
Garazhnaya ul.
T51 PI1. Solovetskikh Yung— 11/-/11/-/- | 49,2 4,8 11,7 4,8 12,4 5640/4855/14926
Izmailovskaya metro
T63 138-kv Vykhina— 15/15/-/-/- | 105,2 14,1 16,1 8,2 7,3 8500/9801,/24023
Taganskaya metro
T67 Kashirskoe sh., 148— 6/-/6/-/- 112,5 18,2 19,4 23,1 2,6 1650/1971/4803
Avtozavodskiy bridge
T71 Kashirskoe sh., 148— 15/15/-/-/- | 123,4 17,8 17,3 9,7 6,2 7501/6863/18749
Dobryninskaya metro
T86 Serebrynniy bor—Sokol 12/-/12/-/- | 93,4 11,7 15 8,6 7 5274/3713/11646
metro
T88 Prosp. Budennogo— 6/-/6/-/- 51,3 5,4 12,6 10,9 5,5 1942/1668,/4929
Komsomolskaya pl.
T144K | Kravhceneko ul.— 10/-/10/- 51,3 20,6 6,9 8,7 3607/4708/9961
Oktyabrskaya metro /-/

The primary step to determine the required
number of charging stations is to assess the
number of vehicles operated on the route.
When calculating the number of vehicles A4 ,
the necessary initial data are:

1. Data on passenger traffic flow in the
context of hours of the day, days of the week
and stopping points (entry/exit).

2. Passenger capacity of an electric bus.

3. Operating data of the route (time of
turnaround trip, route length, operating speed,
etc.).

In this case, the passenger capacity is
determined considering the number of seats
and standing places (no more than eight people
per square meter of the arca which is not
occupied by seats).

Calculation of 4 must be performed
separately for the spring-summer period and
the autumn-winter period, weekdays and
weekends, rush hours and inter-peak hours.

The analysis of various approaches of
calculating 4 made it possible to group them
according to three indicators:

1. According to the given performance of
the bus using electric traction.

2. According to the passenger flow.

3. According to the set traffic interval.

A feature of calculating time of the
turnaround trip 7, when determining A4 ,
regardless of the choice of the target indicator,
is the need to consider the battery charging
time, respectively:

Tta = ztm + ztsl +zttsl +Ztch’
where ¢ — time of movement on the route;

t,— idle time at intermediate stopping
points for embarking/disembarking passengers;

t.,— technological idle time at terminal
stopping points;

¢ ,— battery charging time which is defined
as the product of the required number of
charging cycles by time spent on one charge
cycle.

It should be noted that X7, > 0, when
operating buses with electric traction within
the models of slow and ultra-fast charging. For
buses powered by electric traction with
dynamic charging, >.r, = 0 since the battery
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Pic. 5. Prospective layout of location of charging stations. Source: Mosgortrans GIS software
system and tender documentation.

can be powered when driving from the trolleybus
overhead line.

In the future, it is proposed to calculate the
required number of buses with electric traction,
depending on the selected indicator.

For a given performance of a bus powered
by electric traction, the calculation of 4 is
performed according to the formula:

_0+(, +V, * p+(Zto+Xich)
0 Tr.q.}/pc.cpr.vl.ﬁ

A

where Q — performance of a bus on electric
traction;

[ — trip length;

V. — technical speed,;

B — coefficient of mileage use;

T — time of route operation;

g — passenger capacity;

Voo — coefficient of passenger capacity use;

C,,— coefficient of rotation of passengers
on the route.

According to data of the passenger flow, the
calculation of the required number of buses
with electric traction 4 is made according to
the formula:

A= Qmax 'tra
¢ 4V pe °

where QO is maximal passenger intensity on
the route segment.

According to the set interval of movement the
calculation of 4 is made according to the formula:
4,=601,/1,
where [ is a set interval of electric buses traffic.

The calculation of the number of charging
stations depends directly on the chosen concept
of the mode of charging electric buses.

Thus, the power supply system of a bus
powered by electric traction with dynamic
recharging can become the basis of a single
charging infrastructure for the entire electric
transport of the city, thanks to the connection
of objects with a contact network’. The use of
contact networks will make it possible to avoid
large earth works, which will shorten the project
implementation time.

Due to dynamic charging when moving
from the contact network, buses with electric

7 Order of the Ministry of Transport of the Russian
Federation dated April 18, 2013 No. NA-37-r «<On
enactment of Guidelines for calculation economically
substantiated cost of transportation of passengers and
luggage on urban and suburban routes with public
road and urban surface electric transport». [ Electronic
resource]: https://www.mintrans.ru/press-center/
news/5761. Last accessed 23.03.2020.



traction of any class can work steadily for 24
hours on the route, without wasting time on
charging the batteries.

Charging stations for private electric
vehicles, taxis and shared cars can be integrated
into the catenary support.

The traction substation with installation of
blocks of capacitances for the efficient use of
recuperation and solar photoelectric cells will
increase energy efficiency.

At night, businesses that line the overhead
networks use power for slow charging stations
for municipal and commercial electric vehicles.

Calculating the number of charging stations
for electric buses with slow and ultra-fast
charging requires additional calculations.
Currently, there is no uniform approach of
calculating the required number of charging
stations. The calculation of the required
number of charging stations when choosing the
concept of slow and ultra-fast charging is
proposed based on the data of the terms of
reference regarding procurement of electric
buses and in four stages:

1. Calculation of specific energy consump-
tion on the route:

W, = ((1,68+V)/16) + 1), kW=h,
where V_is operating speed,;

1,68 — power consumption for traction in
kW « hs at a speed of 16 km/h (average speed
according to the ToR regarding purchase of
electric buses);

+1 means additional amount of 1 kW<h
consumed by climate control equipment.

2. Calculation of the total energy
consumption on the route:
W,=W_-L,kW-+h,
where WSp — specific energy consumption on
the route;

L — route length.

3. Calculation of time required for charging
traction batteries:
t,=(W_+24)/70, min,
where W_— energy consumption on the route;

70 — used capacity of the battery kW« h.

4. Calculation of the required number of
charging stations:

N,=t,/Lun,
where I — planned interval of arrival of buses
with electric traction to the charging station.

The calculation of the planned interval of
arrival should be carried out considering
overlaying of routes, served by buses with
electric traction.

Economic assessment of proposed solutions

The economic assessment of introduction
and operation of electric buses on urban routes
is a relatively new, but relevant subject of
research, both for foreign and domestic scientific
and practical community.

Currently, domestic and foreign researchers
have already developed general methodological
approaches of economic assessment of operation
of buses with electric traction on urban routes.
At the same time, the proposed methods and the
results of their approbation do not allow making
unambiguous conclusions about advisability of
switching to operation of buses with electric
traction.

At the same time, it should be noted that
there are no regulatory legal acts in the country
on calculations of economic justification of the
cost of operating buses with electric traction,
while there are regulations regarding trolleybuses,
trams, diesel buses, etc.

The issue of choosing the concept of
economic assessment is currently a debatable
topic, and there are no unambiguously accepted
approaches at the international level.

The further described approach is based
on the methodological recommendations of
the Ministry of Transport of the Russian
Federation, approved by order of April 18,
2013 No. NA-37-r [14] and is recommended
for use in determining direct costs associated
with transportation.

The purpose of this methodological approach
is to determine the cost of 1 kilometre of a bus
run using electric traction.

Initial data in the calculation are:

1. Operating parameters of the routes.

2. Traffic schedule.

3. Transportation volume (actual or planned).

It is proposed to make calculation for each
ibrand and model of a bus with electric traction
according to the formula:

Zsaoikm :P +P +P +P +P +
i=1

DWikm fikm eimovkm olikm tikm
+ Dikm+Pcnikm+Ptsikm chsikm”
rub./1 km of mileage,
where P, — driver’s wage fund,
Pﬁkm — fuel costs when equipping electric

buses with autonomous diesel heaters, 1/h;
— energy costs for movement

eimovkm
(charging);
P — costs for operating and lubricating

olikm

materials;
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P — costs for operation of tires;
D,  — depreciation;

P_ .. — costs for the cable network;
P, — costs for traction substations;
P, ., — costs for charging stations.

When operating a bus with electric traction,
the costs do not include the costs of maintenance
and repairs, since they are included in the cost of
the vehicle according to the terms of the life cycle
contract.

Calculation of the cost of 1 seat/kilometre, of
1 passenger/kilometre, and of transportation of
1 passenger, is to be performed according to the
formulas, respectively:
=S5, A rub.,
pass.kmi = Spas&seat‘kmi/y’ rub"
pass.i = Spas& kmi ) lav’ rub"
where q, —passenger capacity of i brand and model
of an electric bus;

v — average coefficient of use of passenger
capacity,

1 —average distance of a trip of one passenger,
km.

pass.seat.km i

Conclusion.

The article has analysed the current level and
highlighted the immediate prospects for
development of operation of buses with electric
traction on municipal routes of the city of Moscow.

The general issues of organising operation of
buses with electric traction on the routes of public
urban surface transport have been considered.
The proposed methods for calculating the
required number of vehicles on the route are based
on classical approaches, considering the
peculiarities of operation of electric buses.
Similarly, a method is proposed for calculating
the required number of charging stations on the
route, considering data of terms of reference for
purchase of electric buses.

A methodological approach of economic
assessment of introduction of electric buses into
operation is proposed, based on determination of
direct costs related to transportation.

This methodological approach can form the
basis for development of projects for introduction
of electric buses into operation.

Further research is aimed at development of a
frequency method of assessing quality of transport
services provided to customers on electric bus
routes.

REFERENCES

1. Ayriev, R. S., Kudryashov, M. A. Outlook on
Development of Ecological Transport System in a
Megalopolis. World of Transport and Transportation,
Vol. 16, 2018, Iss. 2, pp. 220—232. [Electronic resource]:
https://mirtr.elpub.ru/jour/article/view/1449/1725. Last
accessed 02.08.2020.

2. Bludyan, N. O. To the concept of development of
transport services for the population in Moscow region
| K kontseptsii razvitiya transportnogo obsluzhivaniya
naseleniya v Moskovskom regione]. Avtotransportnoe
predpriyatie, 2009, Iss. 2, pp. 11—13. [Electronic resource|:
https://www.elibrary.ru/item.asp?id=12049698. Last
accessed 02.08.2020.

3. Bludyan, N. O. Alternative approach to the concept
of modernization of the transport system of Moscow
metropolis [Alternativniy podkhod k kontseptsii modernizatsii
transportnoi sistemy moskovskogo regiona). Avtotransportnoe
predpriyatie, 2013, Iss. 7, pp. 2—6. [Electronic resource]:
https://www.elibrary.ru/item.asp?id=19421478. Last
accessed 02.08.2020.

4. Bludyan, N. O., Ayriev, R. S., Kudryashov, M. A.
Methodological foundations of multimodal passenger
transportation management [Metodicheskie osnovy
upravleniya multimodalnymi passazhirskimi perevozkami).
Vmire nauchnykh otkrytii, 2015, Iss. 10 (3), pp. 1249—1259.
[Electronic resource]: https://www.elibrary.ru/item.
asp?id=24858928. Last accessed 02.08.2020.

5. Bludyan, N. O., Ayriev, R. S. Agglomeration
approaches to solving transport problems [ Aglomeratsionnie
podkhody k resheniyu transportnykh problem].
Avtotransportnoe predpriyatie, 2014, Iss. 8, pp. 2—7.
[Electronic resource]: https://www.elibrary.ru/item.
asp?id=21832594. Last accessed 02.08.2020.

6. Kudryashov, M. A., Prokopenkov, A. V., Ayriev, R. S.
On the Issues of Regulatory Support for Passenger Electric
Vehicles Operation. World of Transport and Transportation,
2020, Vol. 18, Iss. 1, pp. 196—211. [Electronic resource]:
https://mirtr.elpub.ru/jour/article/view/1836,/2268. Last
accessed 02.08.2020.

7.Rogge, M., vander Hurk, E., Larsen, A., Sauer, D. U.
Electric bus fleet size and mix problem with optimization
of charging infrastructure. Applied Energy, 2018, Vol. 211,
pp. 282—295. [Electronic resource]: https://www.
sciencedirect.com/journal/applied-energy/vol/211/
suppl/C. Last accessed 02.08.2020.

8. Gohlich, D., Tu-Anh Fay, Jefferies, D., Lauth, E.,
Kunith, A., Xudong Zhang. Design of urban electric bus
systems. Design Science, 2018, Vol. 4. [ Electronic resource]:
https://www.cambridge.org/core/journals/ design-
science/article/design-of-urban-electric-bussystems/1C0
E4AAO0SF6E1FBFS8AS45E13F6A8D2DE. Last accessed
02.08.2020.

9. Aber, J. Electric Bus Analysis for New York City
Transit. Columbia University, New York, 2016. [Electronic
resource]: http://www.columbia.edu/~ja3041/Electric%20
Bus%20Analysis%20for%20NYC%20Transit%20by %20
J%20Aber%20Columbia%?20University %20-%20May %20
2016.pdf. Last accessed 02.08.2020.

10. Kunith, A., Mendelevitch, R., Goehlich, D.
Electrification of a city bus network. An optimization
model for cost-effective placing of charging infrastructure
and battery sizing of fast-charging electric bus systems.
International Journal of Sustainable Transportation, 2017,
Vol. 11, No. 10, pp. 707—720. DOI: https://doi.org/10.
1080/15568318.2017.1310962. Last accessed 02.08.2020. @

Acknowledgements. The research was conducted with the support of the Committee on public
relations and youth policy of the City of Moscow, application 2019-0417.



ceHTs6ps 2020 roga B paMkax
(opyma cocrosutoch rieHap-
HOE 3acelaHKe, B KOTOPOM

TPUHSIIA y4acTe TpencTaButesii MuHu-
cTepcTBa TpaHcIopTta, MUHUCTEPCTBA
MmpocBelieHnsi, MUHUCTEPCTBA HAyKU
U BbIcuiero oopasoBaHus Poccuiickoii
®enepaunn, DegepalbHOrO areHTCTBA
KeJIe3HOOPOXKHOro TpaHcnopTa, I[TAO
«CoBkomdiior», OAO «PXK]I», peKTopsl
BBICIIINX YY€OHBIX 3aBeIeHNIA TPAHCITOPT-
HOT'O KOMIUIEKCA.

PykoBoautens Pocxkennopa, 3amecTu-
TeJb MUHUCTpaA TpaHcnopta B. Tokapes
OTMETWJI, YTO TPAHCIIOPTHBI KOMILIEKC
NMHAMUYHO Pa3BUBAETCS, CIEIys TJI0-
OaJIbHBIM TeHIEHIUsM. BekTop nBrKe-

® MWP TPAHCIOPTA, Tom 18, N2 5 (2020)

WORLD OF TRANSPORT AND TRANSPORTATION, Vol

HUS OIpEeIessIioT HallMOHAJIbHBIC LIEJIN
pazButus g0 2030 roga, ocHOBOIOJIarat-
LM CTPAaTeTUIECKIE JOKYMEHTHI, HAaLINO-
HaJIbHBIE€ ITPOEKTHl M TOCIPOTPaAMMBI.
Heob6xoaumbl cucTeMHOE OOHOBJIEHUE,
rnmepecTpoiika oopa3zoBaTeJIbHBIX TTPO-
rpaMM ¥ MOJIEJIA B3aUMOICUCTBHUS BY30B
¢ paboropatensimu. Kpome TpaguiiioH-
HBIX IIPOTPaMM ITOATOTOBKM OYIYT aKTy-
aJIbHBI HAIIPaBJICHUSI, CBSI3aHHBIC C TEX-
HOJIOTUSIMU MCKYCCTBEHHOTO MHTEJUIEKTA,
OOJIBIIMMY TaHHBIMU, BHICOKOCKOPOCT-
HBIM Ha3eMHBIM TPaHCIIOPTOM, Oe3011ac-
HOCTBIO, COXpaHEHUEM OKpYyXaloliei
cpenbl, TOPOACKUMM TPAHCIOPTHBIMH
cUCTeMaMM, — cKa3ajl 3aMeCTUTENIb MU-
Huctpa. — Ha TpaHcropre HeoOXoamumo

. 18, Iss. 5 (2020)



3aBEPIINTh HUGPOBU3AINIO OCHOBHBIX
OM3HEC-TIPOIIECCOB, ONTUMU3UPOBATH
MaTepuaJbHO-TEXHUYECKYIO 0a3y, mpu-
BJICYD JIYYIINUX CICIUAINCTOB Yepe3 COo-
3maHue KOM(POPTHBIX YCTIOBUI 1 KPeaTHB-
Hoii cpensl. Ha 6aze PYT (MUUWT) Haua-
Jlach peanu3alus MpoeKTa CO3MaHUs
MHOTO(YHKIIMOHAJIBHOTO TeXHOJIOTHYE-
ckoro kiactepa «O0pa31oBo» — CoBpe-
MEHHOU MH(MPACTPYKTYPHI, OOECIIeun -
BaloIIel IMOATOTOBKY KaJpOB IO CaMbIM
aKTyaJllbHBIM HampaBieHusMm. Ha ero
riomaaKax oyayT ooydaThcsi, JKUTh U pa-
6oT1aTh cBbILIe 20 THICAY CTYIEHTOB U CITy-
1aTesiel mpoUIbHBIX 00pa30BaTEIBHBIX
nporpamm. Ha 6ase kiactepa OyayT Takxke
MMPOBOAUTHCS MPUKJIATHBIC MCCIEeIOBa-

® MWP TPAHCIOPTA, Tom 18, N2 5 (2020)

WORLD OF TRANSPORT AND TRANSPORTATION, Vol

HUSI, U pa3BUBATbCsS MHHOBAIIMOHHAS
TIeSITeIBHOCTD.

B pamkax ¢opyma Takxke cOCTOSI-
Joch 3acenanne KoopamHalimoHHOTO
coBeTa MO TPaHCIIOPTHOMY oOpa3oBa-
HUIO C yYaCTHUEM PEKTOPOB TPAHCITOPT-
HbIX BY30B, Ha KOTOpoM pektop PYT
(MUHUT) A. KnuMoB BBICTYIIUJI C TOK-
JIJaZoM O BEIOMCTBEHHOM IIPOEKTE
«ObecnieyeHNE TPAHCTIOPTHOI OTpacaIn
KBaJIU(PUIMPOBAHHBIMH KaapaMu».

Ha ocnoBe marepuasioB npecc-meHTpa
MuHucTepcTBa TPAHCIIOPTA
Poccuiickoiit ®enepanun:
https://mintrans.gov.ru/press-center/
news/9711 @

.18, Iss. 5 (2020)



n September 24, 2020, a plenary

session was held within the

framework of the forum, which
was attended by representatives of the
Ministry of Transport, the Ministry of
Education, the Ministry of Science and
Higher Education of Russian Federation,
Federal Railway Agency, PJSC Sovcomflot,
JSC Russian Railways, rectors of transport
higher education institutions.

Vladimir Tokarev, the head of the
Federal Railway Agency and Deputy
Minister of Transport noted that the
transport complex is dynamically
developing, following global trends. The

® MWP TPAHCIOPTA, Tom 18, N2 5 (2020)

WORLD OF TRANSPORT AND TRANSPORTATION, Vol

vector of movement is determined by
national development goals until 2030,
fundamental strategic documents, national
projects and state programs. It is necessary
to systematically update, restructure
educational programs and models of
interaction between universities and
employers. In addition to traditional
training programs, areas related to artificial
intelligence technologies, big data, high-
speed land transport, safety, security,
environmental preservation, and urban
transport systems will be relevant, the
Deputy Minister said. In transport sector,
it is necessary to complete digitalization of

. 18, Iss. 5 (2020)



main business processes, optimize the
material and technical base, attract the best
specialists through creation of comfortable
conditions and a creative environment.
Within the campus of Russian University
of Transport, a project has started which
will result in creation of a multifunctional
technological cluster «Obraztsovo», a
modern training facility providing training
in the most relevant areas, and where more
than 20 thousand students and attendees
to specialized educational programs will
study, live, and work. The cluster will be
basis for applied research and innovative
activities.

® MWP TPAHCIOPTA, Tom 18, N2 5 (2020)

WORLD OF TRANSPORT AND TRANSPORTATION, Vol

Within the framework of the forum, a
meeting of the Coordinating Council for
transport education was held. It was
attended by rectors of transport universities.
Alexander Klimov, the rector of Russian
University of Transport, made a report
highlighting the departmental project
«Provision of the transport industry with
qualified personnel».

Based on the materials
of the Press Centre of the Ministry
of Transport of Russian Federation:

https://mintrans.gov.ru/press-center/
news/9711 @
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00 ucropum
MaTemMaTn4ecKux onmMmnuag

Poccus*.

Onbra MNJIATOHOBA

Jllobas onumnuana — oaHa M3 3Hayu-
MbIX ¢pOpPM pas3BUTUSI MO3HABATE/IbHOM
akTMBHOCTU 4YesioBeka. Maremarnyeckme
onMnuaabl 45 LKOJIbHUKOB B HaLUEN
CTpaHe rpoBOAATCS YXXe HECKOJIbKO Aecs-
TUneTu. Takas «4oJirasi Xmu3Hb» OJIMMIIN -
a/ZlHOro ABUXEHUSI TOBOPUT O BaXHOCTU
aTovi popmbl. B cTatbe paccmarpuBatoTcs
OCHOBHbI€ 3Tarlbl CTAHOBJ/IEHUS Y PA3BUTUS
maremarmndeckmx onumnuag. Jaércs kpar-
K 0630 BO3HUKHOBEHWYISI OJTUMIINGLLHOO
ABvXXeHus1 B Poccum v Apyrux cTpaHax.
Ocoboe MecTo 0TBEEHO OrbITY MPOBesAe-

Ilaamonosa Oavea Aaexceeena — Poccuiickuii ynueepcumem mpancnopma, Mockea,

HUSI TaKUX OSIMMIa B CTEHax Poccuiickoro
yHUBEpcUTeTa TpaHcriopTa, rae Mmarema-
Tnyeckue onaumnuanbl npoBoAsITCS
¢ 2000 roga, B cusly 4ero TekyLmni roa
MOXHO cymuTaTtb buneriHbiM. B cTatbe
npuBoOASITCS HEKOTOPbIE (POPMbI PaboThi
CO LLKOJIbHUKaMM, KOTOPbIE NPeaLLIEeCTBO-
BaJIN rOsIBJIGHWNIO MAaTeMaTn4eCKnx OJIMM-
nuan B yHusepcutete. Obcyxaaetcs
BaXkKHOCTb Takow paboTbl, KOTOpas Harpas-
JIeHa Ha pasBUTNE MHTEPECA K NHXEHEP-
HoMmy obpa3oBaHuio 1 6osiee riybokomMy
U3YHEHWIO MaTeMAaTUKU.

Knro4eBble crioBa: Marematu4eckme OJIMMInNaabl, MHXEHEPHOE o6paaoBaHme, TpaHc-

rnopTHoe obpa3oBaHue.

*Mndopmaums 06 aBTope:

MnatoHoBa Onbra AnekceeBHa — kaHanaaT GU3NKO-MaTeMaTUYECKNX HAYK, AOLEHT Poccuiickoro
yHMBepcuTeTa TpaHcnopTta, Mocksa, Poccus, platonova_o_a@mail.ru.

Cratbs noctynuna B pegakumio 18.09.2020, npuHaTa k nyénukaumm 04.11.2020.

For the English text of the article please see p. 181.



ak roBopumy Muxaun JIoMOHOCOB:

«A mamemamuky yace 3amem Y4umao

caedyem, ymo oHa yM 8 NOPs00K NPUBO-
dum» [1]. [ToaTOMY OSIBJICHNE MaTeMaTHUe-
CKUX OJTUMIUAM ObLIO SIBIEHUEM HY>XKHBIM,
TT0JIE3HBIM U 3aKOHOMepHBIM. Eciii roBopuTh
CYXUM SI3BIKOM OIpPEeJICHU, TO «Mamema-
muueckas oaumnuada — 3mo npeomemuas
0MUMRUAOA MeNHCOY YHAUUMUCS UK O UNU 8Y308
N0 peuleHur0 HeCMaHOapmubiX mamemamuye-
ckux 3aday». T1pn opraHu3aiuy OJIMMITUAIbI
CTaBUTCS 3371a4a He TOJIbKO BBISIBIIEHUS CUJTh-
HBIX, OMapEHHBIX YYEHUKOB, HO U CO3IaHUsI
o01Ieit aTMocdepbl mpa3aHUKa MaTEMAaTUKU,
pPa3BUTHSI MHTEPEca K PEIIeHNIO 3a1ad U ca-
MOCTOSITEJTbHOCTU MBILILICHUSI.

CocTs3aTeTbHOCTh M MHTEPEC K MaTeMa-
THUKE OBLITW CBOMCTBEHHBI YEJIOBEKY BCET/A.
A camMu MaTeMaTUYeCKue COCTSI3aHUS T0-
SIBWJIMCH TaK e JaBHO, KaK U IIapuila HayK.
Hcropuyeckn nx TOXe pelInjiv Ha3bIBaTh
omuMmnuagamMu. Cambie TIepBble YITOMWHA-
HUSI O TTOJMOOHOTO PoJa COPEeBHOBAHUSIX
BCcTpeyvaroTcs enle B ucropuu pepueit MH-
nuu. HamMHoro mosxe yxxe ApXyuMe/ IOChI-
JlaJl CBOMM COTIEpHUKAM U KoJlleraM JTI000-
MBITHBIE MaTeMaTUYeCKHe 3alauu B AJleK-
caHapuio [2].

MareMarndeckue TYpHUPHI, HAIpUMeED,
npoBoauuck B Heanmonmnranckom Koposnes-
ctBe O®punpuxa Il Torenmraydena. C Humu
CBsI3aHO MMs (M3BECTHOE HaM, Ojaromapst
poMany /JIsHa bpayna «Koxa na Bunun») ma-
teMatnka Jleonapmno @ubdonauauu (Jleonapmo
TTuzanckuii u3 IMussl, oxk. 1170—1250 rr.).

Dopmyna uts perieHus KBaapaTHBIX ypaB-
HeHuil Obuta HalineHa ele B ipesHeM BaBu-
JoHe. M Bce BbIaolmrecs MaTeMaTUuIecKue
YMBI JIBa THICSTYEJIETUST O€3PE3yIBTaTHO TThITA -
JIUCh HAWTH (POPMYJIBI JIJIST pEIIEHUI ypaBHeE -
HUI TPEThETO U YeTBEPTOTO TTopsiKa. B aroit
MOJIHOI IpaM U TaiiH UCTOPUU HE TTOCJIeTHEE
MECTO OTBOJMIIOCH «<MaTeMaTUUYECKUM COPEB-
HoBaHUsM». [IpaBna, Torma oHu HOCUIIM GoJiee
JIMYHOCTHBIN XapakTep. CocTs3aHusl, B KOTO-
poix yuactBoBasu Morann [lanepmckuii
u Jleonapno IMuzanckuii (XIII Bex) uau
Huxxkono Tapransst 1 AHTOH @uop (XVI B.),
MOXHO CKOpee Ha3BaTh «MaTeMaTUIeCKUMU
ITy3JISIMH» . JIFOOOTIBITHO, UTO MHTEJUTUTEHTHAS
Iy0JIMKa TOTO BPEMEHU JOBOJIBHO aKTMBHO
WHTepecoBajach 9TUMHU ny3siMu. B xone
OITHOTO TAaKOTO TOoeNNHKa, HanpuMmep, Huk-
koJ1o Taptanbs HalEn hopMyITy VTS pelIeHUS

Mpoguns Apxumena Ha meganu dungca — camon
npecTvxHoOW Harpaae B o6s1acTu MaTeMaTukn.
[AnekTpoHHbIli pecypc]: https://elementy.ru/

nauchno-populyarnaya_biblioteka/434859/Arkhimed.
Aoctyn 18.09.2020.

Hukkono ®@onraHa Taptanes (1499/1500-1557),
uranbssHCKuMi matemartuk. lMepeBén Ha NTanbsIHCKNI
«Hayana» EBknuaa n caenan KOMMEHTapuii K HUM.
[nekTpoHHbIti pecypc]: https://elementy.ru/
nauchno-populyarnaya_biblioteka/432699/Skandal_
davno_minuvshikh_dney. Qoctyn 18.09.2020.

Kyoudeckoro ypaBHeHus. M 3To crajno Benu-
YallM OTKPBITUEM B MaTeMaTuke [3].

B XVIII Beke ctanu nomyasgpHbl «Cope-
HOBaHWUsI I10 TiepernucKe». B Takoii mepernmcke
obutn 3aMedeHbl Morann bepuynu, lotdbpun
Jleitonuu, Mcaak HetoToH, JIeoHapa Diinep...
PesynbraThl aMUCTONIIPHOTO XaHpa, Kak Ipa-
BWJIO, MyOJMKOBAJINCH B HAYYHBIX XypHasIax
TOro BpeMeHu. HarpuMep, B HeMellkoM Acta
Eruditorum.

Tak B utoHe 1696 roga 1mBeiiLapcKuil Ma-
Tematuk MoranH bepHy/uiu pa3ociiajl CBOUM
HauboJiee BBIIAIONINMCS KOJUIeraM OOHY
JIIOOOMBITHYIO 337a4y 0 OpaxucToxpoHe. B Helt
TpebOBaJIOCh «HAUTU KPUBYIO, IBUTASICh 110
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Auxpaperi Hukonaesny Konimoropos (ypoxaéHHbIi
Kartaes) (1903-1987) — pycckuii u coBeTckuii
MaTemMaTuK, OTHOCSILLIMICS K YUCITY KPYMHEeWLLINX
maremartukoB XX Beka. OANH N3 poAoOHa4YasibHUKOB
COBpPEMEHHOV Teopuun BepOSITHOCTEN. [DNeKTPOHHbIA
pecypc]: https://interesnyefakty.org/andrej-
kolmogorov/. floctyn 18.09.2020.

KOTOPOHW MCKIIIOYUTEJIBbHO TOJ AEUCTBUEM
CUJIBI TSDKECTH, TEJIO MPOMAET MyTh U3 TOUYKHU
A B Touky B 3a HaumeHblllee BpeMsi». B Mae
1697 roga ObLIO OMYOJIMKOBAHO pelleHue
JleiitbHu1a. Beero xe ObL10 MOJTy4eHO YeThIpe
pelleHusi, aBTOpaMu KOTOpbIX ObLiu JIeiio-
Hul, Mapku3s Jlonutanb, Ako6 bepHyiu
u aBTop 3agauu — MoranH bepnyuiu. Ho emg
OBIJIO pellieHre OTHOTO HEM3BECTHOTO aBTOPa,
KOTOpOe ObLJIO OMyOJMKOBAHO B XypHasie
«Putocodcekue 3armucku» B stHBape 1697 ro-
J1a, TO ecTh uepe3 nmosiroaa. Kak Bce yxe 3Halor,
5TUM HEM3BECTHBIM aBTOpoM Obl1 Mcaak
HrbioToH. YBUAEB yIMBUTEIBHO MPOCTOE pe-
mweHue u3 77 cnos, MoranH bepHysiu, Ko-
HEYHO, yrajajl aBTopa 1 MpoOu3HEC 3HaAMEHM -
Toe: « Tanquam ex ungue leonem» — «I1o Korrsim
Y3HAIOT JibBa» [4].

[To3xe MOSIBWJIMCH COCTSI3aHUS Ha TIPU3
dpaniysckoit Akagemuu Hayk. Codbs KoBa-
JIEBCKasi OJHAXKJIbI CTajia ero MmooeaunTesieM,
a He MeHee reHuanbHblii bepuxapa Puman,
06e3 KOToporo He ObLTO Obl TEOPUU OTHOCU-
TEJIbBHOCTH, OBUT PSIOBBIM YYaCTHUKOM B 9TUX
COCTSI3aHUSX.

B XIX 1 XX Bekax Bo @paHIIM1 MPpOXOI1-
s Concours General (00111e COpeBHOBAHUS)
u Concours of the French grandes ecoles (co-
peBHOBaHUS «boJblIKX 1IKOI»). Bee 3HatOT
0 3HaMeHUTHIX KaMOpHUIKCKMX MaTeMaTuie-
ckux sk3ameHax (Mathematical Tripos), raoe
LIeJIbIO ObLIa He TTo0ea, a MOJIyYeHUE BICILIEH
OlIEHKU. Bbiiarotiuecst peKop/ibl TaKHUX 9K3a-
MEHOB 3alloOMMHaloTCsI HaBcerna. Jlo cux mop
He IMOOUT pe3yJIbTaT OgHOTO 18-1eTHero dhpaH-

VINPJ PA P LG INE

1y3ckoro mkoabHuka 2Kaka ConomoHa Ana-
mapa (1865—1963), KOTOPbIii B JI€TCTBE HEHA -
Bues apudmeTnieckue 3aladyku, HO CTall
BCEMUPHO M3BECTHBIM MaTeMaTMKoM. Ha
aK3aMeHax B OKoJib [ToIUTeKHUK OH YCTaHO-
BuJ pexkopa — 1834 6anna uz 2000 Bo3MOX-
HBIX, HO [I7151 y4€0bI BbIOpas Dkosib Hopmais.
Takoro pesynbTaTra He MOKa3bIBaJl HUKTO
U HuKoraa [5].

OueBUIHO, YTO TIEPEUYMCICHHBIC BBIIIE
COCTSI3aHUSI UMeNIN 0oJiee «BBICOKME» I1IEJIH,
YeM MPOCThIE IKOJIbHBIE MaTEMAaTUYECKUE
OJIMMITUAIIBI, HO, KaK TOBOPUTCS «ILIOX TOT
COJIIAT...».

TTIpooOpa3zom cOBpeMEHHBIX COpPEeBHOBA-
HUM ITIKOJIbHUKOB MOKHO CUUTATh DTBEIIICKOE
copeBHoBaHue B Benrpuu B 1896 1., craBiiee
MEePBOI1 MATEMATUYECKON OJMMITUALOM [6].
®opmart 3a1aHu i MPaKTUIeCK He UBMEHUIT-
cs ¢ Toro BpeMeHu. Ha orGopouHom atare
YYaCTHUKM HOJIKHBI PEIIUTH 3agauydl M3
IIKOJILHO TIPOTrpaMMBbI (OT 3JIeMEHTaAPHBIX 10
3a7a4 cpenHeit cioxHoct). Kak mpasuiio,
B OCHOBE TIpeJUIaraeMbIX JIJIST PeIIeHUsT 3a1a4
JiexxaT MHTepeCHbIe WU, yrajaB KoTophbie,
BO3MOXHO YCTHOE peIlleHHWe WJIW pelleHue
C MUHUMAaJIbHBIMU BIYUCTICHUSIMU. CITOXKHBIC
3a/la4M Ha TIEPBOM 3Tarle He TpeliaraloTcs.
Bropoii (3aki1tounTeIbHBIN) 3Tall OJIUMITAAIbI
Y2Ke JIOJIKeH BKITI0YaTh 3a/1a49M IMOBBIIIIEHHOM
CJIOXKHOCTH (OT CPETHUX IO OYEHD TSIXKETBIX).
DTO MOTYT OBITH 3a7a4M, KOTOpbIE TPEOYIOT
CepPBE3HBIX PAa3MBIIIICHUN U KPOMOTINBBIX
noacuyéToB. Ho 3amanusi Bc€ paBHO COCTaBIIS -
FOTCSI C YYETOM TOTO, UTO PEIIeHUs] HE JOJDKHBI
TpeOoBaTh 3HAHUI BHE IIIKOJILHOM ITpOTpam-
MBbI. A J1s1 TOOeIbl yYaCTHHKAM TpeOyeTcs eliié
oIpeieNIEHHAs «MaTeMaTIeCKast KyJIbTypa».

AcTtpoHoMuyeckoe 00111ecTBO Poccuiickoit
Mmnepuu B KoHle XIX Beka cTajio MepBbIM
yupeauteaem «OauMnuanabl Aas ydaiencs
moJionexu». K coxaneHuto, HUKaKux TOKY-
MEHTaJIbHBIX CBUIECTEIbCTB C 3alaHUSIMMU,
y4aCTHUKAMU, TTO0eIUTENIMU 00 3TOM He
octasiock. HemMHoro nosxe B 1884 romy crap-
TOBAJI BBHIITYCK KypHasila «BeCTHUK OITBITHOM
(GU3UKKU U dIeMeHTapHON MaTeMaTUuKU»,
B KOTOPOM ITyOJIMKOBAJIMCh KOHKYPCHBIE 3a-
JaHWs IJ1s1 IKOJBbHUKOB. DTO Oblla mepBast
3a04yHas oJuMnuana. M Hayanao ObUIO TI0JIO-
JKEHO...

B nexabpe 1911 rona B Cankr-IletepOypre
npoxonuu IlepBoiit Becepoccuiickuii cbe3n
rpernoaaBaTesieil MaTeMaTUKM, Tjie cOOpaiich



YUHUTEIIS U3 BCeX TYOepHUI U TIpeITogaBaTe I
OCHOBHBIX yHUBepcUteToB (1217 yyacTHuU-
KoB). Ha cbe3ie oueHb aKTUBHO 00CYKIAIUCH
IMpOoOGJIeMBI TIpEeIogaBaHsd MaTeMaTUKU
U UJIesl COCTSI3aTeIbHOCTH B Helt [7].

B 1922 roay ctynent MI'Y, HaunHamui
MaTeMatuk, 19-nerHuit Auapeit Koimoropon
HauaJl ToApabaThIBaTh ITperogaBarteieM B [1o-
TBUTMXCKOU OITBITHO-TTOKA3aTeIbHOM IIKOJIE
Hapxkomnipoca B MockBe. OueHb JII00O0IbIT-
HBI (haKT, YTO 3Ta DKCIICpUMEHTAIbHAsA
IITKOJIAa OTYACTH ITOBTOPSIIa 3HAMECHHUTYIO HbIO-
MopKcKylto mkoay JansroHa (e€ «obeccMep-
TWI» Bynu AneH B puwibMe «MaHXITTEeH»).
B [JanbsroH-TUIaHE 3aJeKIapUPOBAHO: «0A5
VCHEewH020 00y4eHUs: HYyICHbL c80000a, camo-
CMosimeabHOCMb, COmpyoHu4ecmeo» [8].

JanpToH-TIJIaH, IO KOTOPOMY paboTain
B IIIKOJIE, Tae cTyaeHT Konmoropos mperoaa-
BaJl GU3UKY U MaTeMAaTHKY, IIpeIycMaTpUBaI
WHINBUAYAJIBHBIN IJIaH pabOThI KaXIOTO
ydyeHuKa. Pe6EHOK caMOCTOSITEIbHO COCTaB-
JIST TTpOrpaMMYy 3aHSITUI Ha MecsL. « Kajcobiil
WKOABHUK OONBULYIO HACTb UK OAbHOR0 8DEMEHU
npoeooUA 3a c8OUM CIOAUKOM, WEN 6... OUOAUO-
MeUKU GblHYMb HYICHYIO KHUNCKY, YMO-HUOYOb
nucasn, — BcmoMuHall KojiMoropos B cBoéM
TocJieIHEM UHTEPBBIO. — A npenodasamens
cuden 8 yeonke, yuman, U WKOAbHUKU HOOX00U~-
Al N o4epedl, NOKA3bIBANU, YN0 OHU COCAANU» .
DTy KapTUHY — YIUTENIb, MOJYA CHISIINIA
B YIJIy, — JCCATWICTHS CITYCTSI MOXKHO OyIeT
YBUICTh HA 3aHSTUSIX MATEeMaTHUECKUX KPYK-
KOB [9].

Bnpouem, 1mkosa ¢ Takoil pacKoBaHHOI
TBOpPUYECKOI aTMOc(hepoii IPOCTO He MOoIIa
nouiro cymectBoBath B CCCP. 1 B 1930-¢
roasl JlabTOH-TIIaH OCYAVIIN U 3aIIPETHIIN.

MartemaTuKa, KjiaccuyecKas My3BIKa,
ITO33USI, 3aHATHSI CITOPTOM U OOMEH HMIESIMU
C IPY3bSIMH — TAKOB 00pa3 MIeaJTbHOTO YeJI0-
BeKa M MIeaTbHOI IIKOJIEI 10 KoJIMOTopoBYy.
TTpumepHO B COPOK JIeT OH cocTaBu «KoH-
KPETHBIN IUTaH TOTO, KAaK CAeIaThCS BEIMKIM
YeJIOBEKOM, €CJIM Ha TO XBaTUT OXOTHI U ycep-
aus». Tne-1o k 60-tu KoJMOropos mojmKeH
OBLT IIPEKPATUTh HAYYHYIO pabOTy U ITOJTHO-
CTBIO MOCBITHUTH XKM3Hb ITPEITOJaBaHUIO
B CpeaHeit mkoste. M oH XKUJI 10 3TOMY IIJIaHy
[9].

Peanm3oBath pelreHrst TOro CaMoro Che3-
Jla TIperogaBaTeieil MaTeMaTUKHA CMOTIIHN
toJibKo B CoBeTckom Coro3se, koraa B 1933 ro-
Iy 3HAMEHUTHIN TTUTePCKUiIT MaTeMaTUK bo-

VIIE oA PJA A 3 S

Xene3HogopoxHas wkona-cemunetka N2 2. YyeHukun
3a paboToii B CTO/IsPHOV MacTepckosi. KoHey
1920-x—na4ano 1930-x rr. [BneKkTpoHHbIii pecypc]:
russiainphoto.ru/. Qoctyn 18.09.2020.

puc [leaoHe MpeUIoKUT HOBYIO CUCTEMY pa-
0O0THI € 1eTbMU. B OCHOBE 3TOI CUCTEMBI Jie-
JKaJii MaTeMaTUIeCcKue KPy>KKHU TPH IIKOJIaxX
u lomax nuoHepoB. B KoHIIe Kax10ro yueo-
HOTO TO/Ia TOJDKHBI OBLIA IIPOBOIUTHCS] UTO-
TOBBIC OJIMMITMAIBI, KOTOPBIC M BBISIBIISLIN
nobeauTesne.

JI1000MBITHO, UTO 3TU MEPBHIC OJTUMITHA b
He IeIMIMCH TI0 BO3pacTaM, 1 BCe IIIKOJbHU -
KM pelllajii onuHaKoBble 3aaaHus. [Tobenu-
TEJIA NEePBOM MUTEPCKOM MATEMaTUYECKOM
OJIMMIIMAILI TIOTYIMIN B IMTOJAPOK KOXAHBIC
mopTdenn ¢ HaAMMUChIO 30JI0TBIMUA OyKBaMMU:
«B nayke nem wiupokxoii cmoaboeoil dopoeu,
U MOAbKO MOm Modcem 0CMuUeHymb e€ Cusito-
WUX 8epuut, Kmo, He cmpauiacy ycmanocmu,
Kapabkaemcs no eé KamMeHUCmulM mponam»
(K. Mapkc). Takske To0eauTeIsIM IpeaocTaB-
JISIIOCH TTPaBO ObITh 3aUMCAEHHBIM 0€3 9K3a-
MEHOB Ha BbIOpaHHYIO (PU3UKO-MaTeMa-
TUYECKYIO CITeIIMaIbHOCTh JICHMHTpaacKOro
yHuBepcurera [10].

Ocobast IpuBIeKaTeIbHOCTD MaTeMaTHde-
CKMX OJMMIIMAA COCTOMT B TOM, UTO B HUX
MOTYT TIPUHUMATh y4acThE IaXe YUeHUKU
MJIAIIIIUX KJIACCOB, a OPraHM3aTOPBI MOTYT
ropaszo paHbIlle HANTH «CBOETO YYEHUKa».

ABTOp KHUTH «3aTeiHbIe 3amaun» bopuc
Kopnemckuit uier: «/Trwbas 3adaua na co-
00pazumenbHOCMy maum 6 cebe U3HMUHKY,
Cc0OCMBEeHHYI0 Heno8mopumocms, dace ecau
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Bopuc Hukonaesuy Jenoxe (1890-1980).
[dnekTponHbiii pecypc]: https://risk.ru/u/
img/154/153981.jpg/. Aoctyn 18.09.2020.

omHuocumcs K onpedeaénnomy muny 3ada4. Ona
npedcmasasem coboil MaK HA3bl8AeMblil <Kpen -
KUil opeutex», packycumsos KOmopblil He mak-mo
Ae2K0, Ho mem bonee 3amanyueo» [11, c. 6].

B 1935 rony MaTeMaTuuecKre OIMMITUA b
JIOOpaIMCh U 1O CTOJIMIIBI, YTO «CITydaitHO»
COBITAJIO C Iepee3ioM B cronuity bopuca Jle-
JloHe. Yxe BecHol Benukue Kosmoropos
U AJNeKCaHApOB opraHn3oBaiu B MockBe
TEepBYI0 MaTEMATUYECKYIO OJIMMITUALY JJIS
JleTeit, KoTopas Tpoljia Mpu CONeUCTBUMN
MOCKOBCKOTO MaTeMaTU4eCcKOro oOIIecTBa.
OMBIT JICHUHTPAJICKMX KOJIJIET 0Ka3aJICsl OU4eHb
KcTatu. B KoHIle (heBpasst 1o mKoyaM pac-
MPOCTPAaHUIN OOBSIBICHUE O MPOBEICHUN
OJIMMMUAABI U 00pa3Libl 3aJa4 11 TOATOTOB-
k1. CopeBHOBaHWE TPAJTUIIMOHHO MIPOXOIUIIO
B IBa Typa. Ha mepBblil Typ ObLIO MOAaHO
6osiee 300 3as1BOK, MPUYEM HE TOJBKO OT
LIKOJbHUKOB. B OnumMmnuane pemuiu ceos
nonpoooBath U padbchakoBIIbl, U yYallUeCs
BeuepHUX 1mkos. CaMmoMy IOHOMY MaTeMaTH-
Ky ObL10 14 net, camoMy ctapiiueMy — 29. 3a-
JlaHWs1, KaK OBLJIO IIPUHSITO Be3/le, HE BHIXOIM -
JIA 32 PAMKM ITKOJIbHOM TTPOTPaMMBI.

Bropoii Typ 3amraHupoBasiu Ha JETO,
U K yyactuto gonyctuiu 131 yenosek. bonee
TOTO, BCE pedsiTa, KOTOPBIE CITPABUIINCH C TIeP-
BBIM TYpOM, OBIJTM TIPUTJIAIIeHBI Ha JEKIINU
CaMBbIX BBIIAIOIIMXCS COBETCKUX MaTeMaTH-
koB: [laBna CepreeBuya AjieKcaHApoOBa,
Huna Anexcanaposuua Inaronesa, AHapest
HukonaeBuua Konmoropona, AnekcaHapa
ITennanuesuua Kypoua. [Tobenutensamu Toi
repBoi onuMnuanbl craau Mrops 3Bepes,
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Huxkonait Kopo6oB u AuHa Mpiikuc. Brio-
CJIeICTBUY OHM MOCTyNuIu Ha MmexMat MI'Y,
OTTy/a OBbLIM TIPU3BaHbI Ha BOMHY: AHHA TI0-
ru6bna B 1943 rony, Urops u Hukonaii BepHy-
JIUCh U MpernoAaBaiu Ha MexMmare [12].

Omumrranbl B MOCKBE HE TTPOBOIUIUCH
¢ 1942 o 1944 rogwl. Ho 3T0 HEe 3HAYUT, YTO
OHU HE TIPOBOAMIMCH BOOOIIE — COCTSI3aHUSI,
KakK ¥ JIIO/IN, TOXEe ObUIM «3BAaKyUPOBAaHBI»:
B Amxaban n Kazanb. Ho cpa3sy nocie okoH-
YaHWS BOWHBI BepHYJIUCh B Mockay. [Tpubiu-
3UTEJIbHO B 3TO BPEeMs OJIMMITUAIbI CTaIU
npoBoautcs B Tounucu u Kuese. C 1947 1. —
B Bosiorne, UBanose, MUpkyTrcke, CMOJIEHCKE;
¢ 1949 . — B Caparose; ¢ 1950 . — B benapycu
u psine npyrux pecnyoauk CCCP [12, c. 5—17;
16, c. 3-20].

B 1961 rony npoiiia nepsast Bcepoccuii-
cKas oJIMMITMaaa mo MaremaTuke. B 1964 rony
HayaJl paboTy 00beIMHEHHDBI KOMUTET OJIUM-
Mmuaj MmoJ MpeaceaaTeIbcTBOM aKaleMUKa
Tletpa Kanuubl. Yepes roa 3TOT NMOCT 3aHSUI
(usuk-skcnepumentatop Mcaak KoHcraH-
tuHOBWY KukouH. UMeHHO oH BMecTe ¢ Kou-
MOTOPOBBIM OCHOBaJI 3HAMEHUTYIO MaTeMa-
TUYECKYIO IIKOMY-UHTepHAT pu MI'Y (HbIHE
CYHI um. A. H. KoimMmoroposa) u cran
TePBBIM TJIABHBIM PENTaKTOPOM 3HAMEHUTOTO
«KBaHTa», 110 KOTOpOMY YYWJIMCh BCE YBJIE-
YEHHBIE MATEMATUKOM IETU, UMEHHO OH JI0-
OWJICS JILTOT JIJISI TOOEANTENeH OIMMITHAT TTPU
MOCTYIIJICHUU B BY3HI.

B 1967 rony Munmnpoc PCOCP 6bu1 mipe-
o0pa3oBaH B COIO3HOE MUHUCTEPCTBO
¥ OJTUMITHATBI TIOJTYIWIIM CTATyC BCECOIO3HBIX
(¢ 1992 rona — onath Becepoccuiickux). Co-
OTBETCTBEHHO, C 3TOTO roja CTajau MPOBO-
IUThCS Bcecolo3Hble oMMITMAbI 110 MaTe-
Martuke, husznke u xumuu. [lepBasi Bcecoros-
Hag onuMnuana npouuia B Tounucu. Cucre-
Ma MHTEJIJIEKTyaIbHbIX COPEBHOBAHMIA B 3TOT
MOMEHT O4YeHb OBICTPO Pa3BUBAJIACh: TOSIB-
JISLIOCh BCE 0O0JIbIIE 3a0YHBIX COCTSI3aHUMA,
OTKPBIBAIMCH IIIKOJIBI C YITYOJEHHBIM M3yde-
HUEM TIPEeIMEeTOB, OPTaHU30BBIBAINCH JIET-
HUeE IIKOJBI (B TOM YMCJE, B 3HAMEHUTOM
«OpnéHke»).

B 1980-x romax BeuepHsid MaTeMaTUyecKast
mkosa nogBuiaack 1 B MUNTe. U3BecTHO,
yto yxe B 1970-e ronsl npenonasatesu Mo-
CKOBCKOTO MHCTUTYTa MHXEHEPOB TPaHC-
MopTa MPUHUMAJIM aKTUBHOE YJacThe B IPO-
BEJIECHUM MaTeMaTUYeCKNX OJTMMITHAT U CO-
3MaHUU OJTUMITMATHBIX 3a1a4. Co BpeMeHeM



CTaJIv MOSIBJIITHCS U MAaTEMaTUYECKUE OJTAM-
MUAaabl, TPOBOAUMBIE OTACTbHBIMUA UHCTUTY-
tamu. Tak B MOTU nipumymanu cBoo crucTe-
MYy GU3UKO-MAaTeMaTUYECKUX OJUMMITHAAL.
CTyneHThl, aCIMPaHThl U MpenoaaBaTeiu,
ye3xasl Ha KaHUKYJIbl, IPOBOAWIN OJIMMITHAA-
Iy B poaHbIX roponax. [Totom Bce paGoThI
CBO3UJIMCh B MOCKBY U TPOBEPSIUCH.

O4eBUIHO, YTO HE BCE MPU3EPHI MaTEMa-
TUYECKUX OJTMMIMA] CTAHOBUJIUCH WIN CTa-
HOBSITCSI KPYITHBIMUA MaTeMaTHKaMU 1 BHIOW -
paloT «llapully HayK» eJOM Bceil cBOeid
JKW3HU, HO OOJIBIIMHCTBO U3BECTHBIX YUEHBIX
CBOM TEpBbIC IIar¥ B HAYKY JeJaJIi UMEHHO
Ha onuMnuagax. Cpeau HUX, HAPUMED, TPU
COBETCKMX MaTeMaTHKa Pa3HbIX MOKOJIEHUMH,
KaXXIbIA U3 KOTOPBIX TPOCIABUJICS PELIEHUEM
OIHOM 13 «1mpobem [uapdbepTar, mocTaBieH-
HbIX Ha pyoexe XIX—XX BB. — B. 1. ApHoJibz,
10. . Marusicesuu, B. M. Xapnamos.

B MexxmyHaponHbIX MATEeMAaTUYECKUX OJTAM-
MH1agax COBETCKUE IKOJbHUKH CTaTW y4aCTBO-
BaTb B CaMOM MepBOi U3 HUX, TPOBEAEHHOM B
1959 rony B PyMbIHUY, [i€ 3aHSUI JIUILb IIECTOE
MECTO B OOILIEKOMAHTHOM 3a4€Te, BCICICTBUE
Yero ObLTM OTCTPAHEHBI OT YUACTHS Ha CJIETYIO-
mue aBa roga. Bropas nmonbiTka B Ilpare
B 1962 romy npuHecia CosetrckoMy Coro3y
nepBoe Mecto. Brutots 1o 1991 roma Haira
KOMaHZa TOJIbKO TPY pa3a OIMycKajaach HUXeE
TPETHEro MecTa.

C 1967 rona B MeXIyHapOIHON MaTema-
TUYECKOU OJMMITMANle CTald y4acTBOBATh
Benmukob6putanns, Hseumst, Utanus, @pan-
LIUS1, CIIUCOK CTPaH MOCTOSTHHO MOTMOJHSJICS
U ceifuac BKJIIOYAET 0oJiee CTa CTpaH.

Kak u B 11060M OJIMMITUIICKOM ABUXKEHUH,
3[eCh TOXE TJIaBHOE — He nmobena, a yyacTue
«paau YIpo4yeHUs ApYyKObl U OYIYyIIEero co-
TPYAHUYECTBA B MEXIYHAPOAHOM HAyYHOM
coo0111ecTBe». X0TS MeAaIu Pa3HbIX TOCTO-
WHCTB BPYYaloTCs MOOENUTETIM UMEHHO
B JIMYHBIX 3a4€Tax. Ho rpu aTOM camoe riaB-
HO€ — 3TO0 HeoDUIIMATbHBIE UTOTU KOMaH/I-
HOTO MepBeHCTBAa. Ero HUKTO HE OTMEHSUT. DTU
UTOTU HETJACHO MOACYMTHIBAIOTCS BCEraa
U CITy>XaT JY4YIIMM WHIAUKATOPOM HAyYHOTO
MoTeHIMalla B «0O0JIbIION TPOKe» HayK: Ma-
TeMaTukKe, GU3UKe U XUMUMU.

B cepenuHe mpoiuioro Beka MareMaTuka
ObLTa HACTOJIBKO MOMYJ/ISIpHA, YTO MTPaKTUYe-
CKU CTajia MaccoBoil nmpodeccueir. Y onum-
MU1aabl BCEX YPOBHEU B 9TOM Ipoliecce Urpa-
JIU He nocienHtolo pojb. Ha XV Matemartu-
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yeckoM KoHrpecce (Mocksa, 1966 r.) ObLIO
OOBSIBJICHO O «PEIIeHUH IIPOOIeMbI OTTCAHUS
BCEX BBITTYKJIBIX TPEXMEPHBIX MHOTOTPaHHM -
KOB, TpaH! KOTOPBIX — IIPOU3BOJILHBIC TIpa-
BWIbHbIE MHOTOYTOJIbHUKW». DTO ObLI1a pabo-
Ta 12 mKoabHUKOB 11 K1acca TIeHUHIpaaCKOoM
mkoabl Ne 239 [13]. B konue 70-x romos
B 3TOI Xe 1IIKOJIe TIperiofaBal OJWH 13 BET-
yaliux mMareMatukoB XX Beka [puropuit
IMepenbmaH. YueHUKM 3TOM IIKOJIBI IIPOJION-
>KaJIv ToOeX1aTh Ha TOPOJICKUX, BCECOIO3HBIX
¥ MEXIYHApOTHBIX OJTUMITHAIAX.

C 1962 mo 1991 rr. Ha onMMIIKUAgAX IO
MareMaTuKe ObUT OIMH OECCMEHHBIN TuIep —
Cogetckuii Coto3 (14 mepBbIX MECT, 5 BTOPBIX
u 3 TpeTbux). CepbE3HYI0 KOHKYPEHIIUIO CO-
crtaBagau toabko CIIA (yyactBoBanu
¢ 1974 roma u 10 1991 roga umenu B CBOEM
aKTUBE TPHU IIEPBBIX W IO YEThIPE BTOPBIX
u TpeTbux MecT). C nosiBiieHueM B 1985 romy
Ha OJIMMITUIICKOM HEOOCKJIOHE IITKOJTbHUKOB
u3 IMogHebecHol Bc€ uameHunoch. CtapToBa
Kwuraii ¢ 32 Mecta B KOMaHIHOM 3a4€Te, HO
yXe uepe3 Tpu roja, B 1988 r., ctan nepBbIM.
3a 35 mociaenHUX OJUMMOUAA KUTaWCKas
KOMaH/a CTaHOBUJ1ach nepBoii 21 pa3, BTopoii
BOCEMb U JIBa pa3a TPEThENA.

Poccust nmocne 1991 roga nuiib aBaxibl
CTaHOBUJIACh MEePBOI, BOCEMb pa3 BTOPOU
W NSTh — TpeThell. To ecTh MocaeaHIe TPU-
nuath et KHP — 6e3ycioBHbIN T1aep, 3a HUM
¢ 6oapnm otpeiBoM UaET CIIIA, a 3a amepu-
KaHIIaMHU ¢ eIl OoJIbIINM OTpbIBOM Poccuii-
ckasg @emepanus.

CaMBIMM HEYTaYHBIMU JIJI HAC OBLIN IT0-
cienqHue roabl. B 2015 . — BocbMoe MecTo,
B2016 . —cenpmoe, B2017 . — OAMHHAILIATOE,
B 2019 1. — ecToe MecTo, BIepean Hac oKa-
3aquch Komanasl u3 Kuras, CIIA, KH/P,
IOxHoit Kopeu u Taunanna. IMocnennss,
61-g9 MexnyHapoaHas MaTeMaThU4decKas
onuMnuana npoxoauia B CankTt-Iletepbypre
B CEHTS0pe 3Toro roga. 1o ObL1a mepBas
OJIMMITHAJIa, KOTOpast IIPOXOIMJIa TUCTAHIIN -
onHo. Komanna u3 Poccuu 3aHsina BTopoe
mecto. Ha nepBom mMecte — coopHast Kurtas,
Ha TpetbeM — CIIA.

B MexxmyHapoIHBIX OJIMMITHANAX 1O DU~
3UKe CUTyalus moxoxa: B 20 oJmMITMagax
CoBeTCcKOro repuoa Mbl 3aHUMAaJIU TIEPBOE
KoMmaHHoe MecTo 11 pa3, Bropoe 3 pazau 4
paza TpeTbe MecTo. Ho moTom cHoBa mo-
aBuicg Kurait. B 1990 rony mMbl noaeauiu
MepBOE MECTO, a B TaJIbHEUIIIEM KUTaliCK1E
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IKOJbHUKN CTAHOBUJINCH MOOEAUTEISIMU
B oOuiekoMaHaHOM 3auéte 21 pa3. Poccus
B 9TU Tojbl ObUTa TIepBOY TpUXIbl. Takke
Heo(hUIIMaTbHOE TTEPBEHCTBO IBAXKIbl BbI-
urpeiBanu TaiiBaHb, 1BaxXabl paH 1 onuH
pa3z CHIA.

KapTuHa Ha XUMHWYECKOW oIUMIIUaIe
TPUMEPHO TaKasl e, C OIHOM JIIITh Pa3HU-
1Ieii: 371ech Ha TibejiecTae Bech pernoH FOro-
BocrouHoit Azuu.

Poccuiickast komaHaa BIajeeT yTemTe b
HBIM CTaTyCOM «OJHOTO U3 (paBopuToB». Ha
HalleM cuéry Oosiee TpEX AECATKOB 30JI0ThIX
Menaneil B Tu4HOM 3auéte. OObIYHAs «KOJI-
JIEKTUBHas» TpoliKa mobdeautenaeil — 3To
Kurait, Kopes u TaitBanb. MHoTHa OHU Me-
HsIIOTCSI MecTamu [14].

WHTepeceH OIbIT IPOBEACHUS MaTEMaTH -
yeckux onumnuan B CIHIA. BoablMHCTBO
COpEeBHOBaHMI IUTaTHEIE (TTopstaka 50 moiia-
poB 3a yyactue). CaMu oIMMIIUAAbl MOXHO
pa3meNnTh Ha TPU BUAA: «TECTOBBIC» OJIMM-
Muajbl, e Halo pelnTh nopsaka 20 3amay
¢ BBIOOpPOM BapuaHTa oTBeTa. K HUM MOXHO
OTHECTH:

* Washington State Math Championship;

* Michigan Mathematics Prize Competi-
tion;

» New York City interscholastic mathema-
tics league;

* Snow College Mathematics Contest;

+ Knights of Pi Math Tournament (Grades
5-8);

* Math is Cool.

«Kitaccnueckue» onmmmIanasl — HECKOJb-
KO CJIOXKHBIX 3a/1a4 M1 MHOTO BpeMEHU Ha pe-
meHune. K HUM MOXXHO OTHECTH:

« Utah Math Olympiad;

+ United States of America Mathematical
Olympiad (USAMO).

HyxHo umets B Buny u Canadian Mathe-
matical Olympiad (CMO).

N ectb emié exerogHas onumnuaga The
USA Mathematical Talent Search (USAMTS).
[Tpoxonut oHa B TeUeHME TO/Ia HECKOIbKUMU
araramu. Ha pelreHue 3agad ogHOTO 3Tana
(Kax MmpaBwWJIO, JTOBOJIBHO CJIOXHBIX, TBOPYE-
CKHUX U UCCIIENOBATEIbCKUX) NAETCS MECSILI.

Y yCcreuHbIX y4acTHUKOB 3TOM OJIUMITHA -
JIbI TTPOOJIEM C TTOCTYIUJIEHUEM (U TTOJTyYEHUEM
BHYIIUTEJbHOW CKUIKW) B CaMble MPECTUXK-
Hbie yaHuBepcutetsl CIIIA u KaHanab! He Bo3-
HUKaeT. Bo Bcex aMeprKaHCKUX OJTMMITHAIAX
HEeT CTPOTOTO MTpaBUJjIa, YTO CIIOKHOCTh 3aja-
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HUI IOJDKHA TOYHO COOTBETCTBOBATD IITKOJTh-
HOW MporpaMme.

Eiwé B CIIIA mpoXoauT exeromHast MaTe-
MaThyecKas OJIMMITMAAA «TOJIKO IS IEBO-
yek» Math Prize for Girls. [TpoBoautcst oHa
¢ 2009 roma. bynymum «Codbrsam Kopases-
ckum» nipeiaraercs 20 3amay v 2,5 yaca Ha
pelieHne. 3amauynd HEMPOCThIe — YTOOBI UX
pelInuTh, HalO0 OYEeHb JIOOUTh MaTeMaTHUKY.
EcrecTBeHHO, MOOENUTEIBHUIIAM BPYJalOT
JIOPOTHE IOBEIMPHbBIE YKPAIICHUS U KPYITHBIE
JIEHEXXHBIE TTPU3BI.

Ecth MaTemaTuueckasi oaumIiManga st
neBouek u B Kutae, npoBonutcs ¢ 2002 rona.
DTa oIMMIIMaaa OTIIMYAETCS] OYEHb CIIOKHBIM
YPOBHEM 3aja4, BIIOJIHE Ha ypoBHEe Mexmy-
HapOJHOW OJIUMITUA/IBI.

B Kurtae oueHb MHOTO MaTeMaTUYECKUX
1LIKOJI 1 €CTb UY€TKasl cucTeMa oToopa jaeTeit.
3HaMeHUTOe KUTailcKoe Tpyaoodue Toxe
WTPAET BaXXHYIO POJIb B OCBOGHMU JIFOOO
HayKu. Y KUTACKMX CTYIEHTOB W IIKOJbHU -
KOB TIPUHATO OYeHb MHOTO U TSDKEJIO 3aHU-
MatbCsl.

OCHOBHBIMU MaTeMaTUIECKUMU KOHKYP-
camu B [epmaHuu siByisieTcst 001IIEHAIMOHATb-
Has onumnuana u MenepanbHblif KOHKYPC 110
matemaTuke. [Tpuuém Onumnuana crapToBa-
ja umeHHo B IZIP B 1961 roxy.

B Wtanuu npoBonsTcs Tak Ha3bIBaeMble
«rpbel Apxumena». [Tobeautens 3TUX UTP
MoJTy4aeT BO3MOXKHOCTD ITOCTYIIIeHsT B Roma
Tre University. ObiagaTesisiM BTOPOTo U TPETh-
ero Mect nojioxkeHa 50 % ckuika Ha oOydeHre
B 3TOM Xe By3e. Emie B tanuu Kaxablil roq
MPOBOJUTCS HE TOJILKO 3Ta HallMOHAJbHAs
OJIMMITMA/IA TT0 MaTeMaTuKe (MPU3EPHI KOTO-
pOii 3aTeM MMPUHUMAIOT Y9acTHe B MEXIyHa-
pPOIHOI MaTeMaTUYeCKOW oJiuMIiuane), Ho
W HalIMOHAJIBHBII MaTeMaTUIeCKnii MapadoH.
Otor MapadoH (Maratona Nazionale di
Matematica) mpoBOAUTCS CTPOTO Cpeaur yue-
HUKOB Tepua Meaua [15].

Benymiue By3bl Halleidl cTpaHbl Bceraa
WCKaJW CTIOCOOBI TIPUBJIEYb B CBOU CTEHBI
caMbIX SIPKMX IIKOJILHUKOB. He ObLT nckio-
yenueM u PYT [16, c. 142—147; 5, c. 163—165;
17, c. 120—124]. Ionyagpusanus UHXeHep-
HBIX TIpodeccuii, TOUCK TaJaHToOB... s
TPaHCTIOPTHOTO OOpa30BaHUsI MaTeMaTUde-
CKHe KOMITETEHIINY — HEOTheMJIeMOe TpeOo-
BaHue. O4epTUTh POJIb MaTEMaTUKK B IpaK-
TUYECKUX MHXXEHEPHBIX 00JIACTSIX TTpaKTUye-
CKU HEBO3MOXKHO.



VYIuBuUTEIbHO, HO MaTeMaTHUKa B COBpe-
MEHHBIX peajlsIX BCTpedyaeTcs TaK 4acTo,
YTO, MOXHO CKa3aTbh, IIPUMEJIbKaJIacCh.
B npodeccusix, B KOTOPbIX OHA UCIOJIb3Y-
eTCsI, BaXXHBI JIOTMKA, TOYHOCTb M PACUET.
Jlio6as cdepa nesATeabHOCTU, KAKO Obl
TOYHOI1, TBOPUYECKOU UJIM aOCTPaKTHOI He
ObLI1a, BCeTIa B CBOEGH CyTH CONEPKUT caMoe
IIPOCTOEC — MEXaHU3M JEHCTBUS, TO, UTO
MOXHO Pa3JOXHTh Ha MaTeMaTH4YeCKUe
¢dopmyinbl. [ToaTOMy MaTeMaTUKa — CKeJeT
Jroboro npoiecca. Marematuka Hac OKpy-
xkxaeT Besne. Conupys uim B cumMOuo3e
¢ IpyruMM HayKaMu, oHa oOpasyeT pyHaa-
MEHT U1 Bcero HOBoro. C €€ moMoubio
MOXHO PEIIUTh CaMbIe CIIOXKHBIC TCXHUYE-
ckue MmpoOJieMbl B pa3paboTKe TpaHCIIOPT-
HOTO CpelcTBa Ha OCHOBE MaTeMaTUIeCKUX
MoJiesieii, KOTOPBIE TTO3BOJISIIOT MOIEJINPO-
BaTh JBUTATEJIN, JOKOMOTHUBEI, PEaKTOPHI
Wi caMOJIETbl. MOTYT OBITh BBIYMCJIEHBI
IIPOTHO3HBI, HAIIpUMeEp, MOBEICHUS Ky30Ba
TPAHCIIOPTHOTO CPeACTBA MPHU yIape W
BO3JECTBUS BO3IYIUIHOM TypOYJICHTHOCTH
Ha KPBUTbS BO3AYIITHBIX cyaoB. W, Hatipu-
Mep, IJis1 pa3paboTKu 3(PGeKTUBHBIX CUCTEM
YIIpaBJICHUS TS 3KeJIE3HOIOPOXKHBIX TPaHC-
IMMOPTHBIX CPEJCTB MMEHHO MaTeMaTHKU
CTPOSIT KOMITOHEHTHI 3JIEKTPOIIPUBOIA JIO-
KOMOTHBA B MEHbIIIMX MaciuTadbax. B gomoJi-
HeHUE K TaKUM 3JICKTPOMEXaHUICCKUM
MOJIEJISIM MOXKET CO3IaBaThCsI MaTeMaTHIe -
cKasl MOJeJb, ONMCHIBAIOIasd TUHAMUKY
CHCTEMEI Uepe3 ypaBHEHHUSI. DTO ITO3BOJISIET
MOIEIMPOBATh BCIO CUCTEMY, HallpuMmep,
IIPOTHO3MPOBATh, KaK M3MCHEHUS B Iapa-
MeTpax IMOBJIHSIECT Ha 3Ty CUCTEMY.

PernonanpHast MaTeMaTudecKasl OJIUM-
nuaga PYT B aToM rony ormeuaeT cBoe 20-Je-
tue. C 2009 roma oHa cTajia Ha3bIBaTbCS
«[Tapyca Hagexnbl». [eorpadus 31O oUM-
IMaIbl BIIeYaTIsieT. B pasHbIe roabl OHA TIPO-
Boauiachk B benropone, Bopkyre, Bnanubo-
croke, Exatepunoypre, Enbue, 2KeaezHorop-
cke, Upkyrcke, Kazanu, Kapacyk, Kypcke,
JIbrose, JlabbiTHaHrH, Jluneuke, HuxxHem
Hosropone, Omcke, PocroBe-Ha-J/loHy, Mu-
yypuHcke, Camape, Cankr-IletepOypre,
Couu, XabapoBcke.

B Mockse onummnuana Bcerga MpoBOAU-
JIach B IBa IHS, TaK KaK B OMMH HEBO3MOXKHO
ObLT10 BMECTUTH Beex xKeatoiux. I[To Poccun
YUCJIO YYaCTHUKOB 3aKJIFOUUTEILHOTO 3Tara
JIOXOJUJIO 10 ABYX—TPEX ThICSY.
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Han co3manuem 3amay MaTeMaTU4eCKOMN
OJIMMITAAJIBI B pa3HbIE TOMBI TPYIWICS OOJTb-
LIOW KOJUTEKTUB aBTOpoB: M. H. ApiuHoB,
B. C. AutoHeHko, A. 1. Iyces, B. H. HecHsH-
ckuit, B. b. MunacsiH, A. C. MujeBckuit,
B. M. Cadpo, B. X. XaxansH.

K onmuMninanmHbeIM 3aiadyam, MOBTOPIOCH,
NpeabaBIsSIOTCS 0coOble TpeboBaHUs1. OHU
JTIOJDKHBI OBITH KPACUBBI, IPKU, pa3HOO0Opa3-
HBI KaK I10 COJIEP>KaHUIO0, TaK U T10 JIeXKAIIUM
B OCHOBE uX penieHus uaessm. [Tpu aTom ux
peleHus, Kak 0ObIYHO, He TIOJIKHBI BBIXO-
JIUTH 32 pAMKU ITKOJILHOM TTPOTPAMMBI.

Cpenu TmipeayiaraBIIuxcs 3agady, KOHeU-
HO, OBLIM 3a7a4yu, pellleHrue KOTOPHIX Tpe-
00BaJI0 CBOOOIHOTO BAAJEHUS IIIKOJIbHBIMUA
3HaHMUSIMU 10 MaTteMmaTuke. Ho OblIM M 3a-
Jlayu, pelreHre KOTOPBIX TpedoBaio orpe-
JIeJIEHHO 10JIM COOOPa3UTETbHOCTU U YME-
HUS B3TJISTHYTH Ha 3a/1ady ¢ HEOXUJIaHHOMN
CTOPOHBI.

ITo3BoJtio cebe mpuBeCTU MPUMEDP TaKOU
3a1a49H.

buino 63amo uemvipe aucma d6ymaeu. He-
KOmopble U3 3mux AUcmos 6uLau pa3pe3ansl Ha
4uacmu. 3amem HeKkomopble U3 YemeepmuHoK
CHOBa paspezaru Ha 4 wacmu u makx daaee.
IIpu nodcuéme 6cex NOAYUEHHbIX KYCKO8 NO-
ayuunocs 2016. Jokazams, ymo nodcuém Ovin
npouseedén HegepHo.

J71s1 pelieHust 3TOi 3aa4yu T0CTaTOYHO
3aMETUTh, YTO TIPU pa3pe3aHu OJTHOTO JIN-
cTa o0I1ee KOJTMIECTBO YacTeil yBeIMIMBa-
ercs Ha 3. Ecaiu Obl moacu€T ObL1 Mpou3Be-
JIEH TIPaBUJIbHO, TO PA3HOCTH OOIIEro Yncia
KYCKOB 1 YeThIPEX HaYaIbHBIX ObLJIa KpaTHA
tpéM. Ho 2016—4 = 2012, u Ha Tpu He Je-
JITCS.

I[IpounTaB penreHue 3agadyu, MOXHO
MoAyMaTh, YTO 3aaydya CIUIIKOM JIETKas.
CMero Bac yBepuTh, OUeHb HEOOJIBIIIOE YU C-
JIO YYaCTHUKOB OJIMMITHAMIBI CIIPAaBUIOCH
C € pelleHUEM.

C 2009 ropa craproBajia 00beIUHEHHASs
MEXBY30BCKas OJTMMITHANa TI0 MaTeMaTUKe.
PYT c camoro Hauana mpoBeAeHUS 3TOM
OJIMMITUANBI SIBJISIETCST OMHOM M3 €€ TuIola-
nok. [1penonaBaTeiv yHUBEpCUTETA AKTUB-
HO COTPYIHUYAIOT C OPTKOMUTETOM OJIUM-
MUajbl, YIaCTBYIOT B pa3pabOTKe OJTUMITH -
aJHBIX 3aj1a4.

B 2016 rony PYT pewwn co3aath emgé
OJIHY MaTeMaTUYeCKYIO OJIMMITAAY B YECTh
BBIJAIOIIETOCsI COBETCKOTO MaTeMaTHKa,
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aBTOpa y4eOHMKOB, IIpO3anKa, JOKTopa
TEXHUYECKUX HayK, Ipodeccopa ExeHbI
CepreeBHBI BeHTIIETD.

Enena BeHTlienb — KpynHeHmii y4eHbl,
MHOTO JIET IIpopaboTaBIIasi B HaIlleM YHUBEP-
cuTeTe, aBTOp PyHIAMEHTAIbHBIX TPYAOB IO
TEOPUH BEPOSITHOCTEH Y MCCIICIOBAHMIO OITe-
pauuii. MHorum Enena CepreeBHa Takxke
M3BeCTHa mon ncesgoHnMoMm M. Ipexosa,
aBTOpP HAIIyMEBIIIMX B CBOE BpeMsI POMaHOB:
«Kadenpa», «Bnosuit napoxon», «Ilepesrom»
H Jp.

KoneuHo, MaTeMaTU4YeCcKIE OJTUMITHAIEI
COOMpaloT TeNeph He TAK MHOTO YIaCTHUKOB.
Ho uHTepec K PoccuitckoMy YHUBEPCUTETY
TpaHCIIOpTa BeJMK. U ceityac BO MHOTHUX TO-
ponax Poccuy MIKOJTBPHUKHU IMTPUHUMAIOT
yJyacTue B MaTeMaTuyeckoi onummnuane «Ila-
pyca HafeXIbl» U CBI3BIBAIOT CBOE Oymyliee
¢ PoccuiickM YHUBEpCUTETOM TPaHCIIOPTA.
A ob11eH1e TTeJaroroB, padoTaloIMX B KO-
JIaX, ¢ BeIYIIMMU IIpeIiogaBaTeIIMA By3a
ObLI0 BOCTpeOOBaHO Bceraa U BOCTpeOOBaHO
ceituac [17, c. 254—258].

XoueTcs elli€ pa3 BCMOMHUTb OPraHU3aTo-
pa IepBOW MUTEPCKON OJIUMITHANBI IS
IIKOJBHUKOB 4YJIeH-KoppecmoHaeHTa AH
CCCP bopuca [lenoHe. OH ObLT 0OYeHb OJa-
PEHHBIM YeJIOBEKOM B COBEPIICHHO Pa3HBIX
1, Ka3aJloCh, B HECOUETAIOIINXCS 00JIACTSIX:
MaTeMaTHuK, OIWH 13 ITepBbIX B Poccum aBua-
KOHCTPYKTOPOB U IJIAHEPUCT, U3BECTHBIN
B CTpaHe aJbITMHUCT... [10 BOCIIOMUHAHMSIM
CTY/ICHTOB BO BpeMsl cBouXx Jjekuuii B JIT'Y
bopuc HukonaeBuy 4aCTEHbKO «I€MOHCTPU -
poBaJl» CTOMKY Ha TOJIOBE Ha Kadeape, ITOTOM
CIIPBITUBAI U TOBOPUIL: «Hy, npodoaxcum»...

Jlio6as onuMmnuanga B XXKU3HU KaxKJI0ro
YYaCTHUKA — 3TO JIMIIb IPKUIA, HO KOPOTKHI
anu3on. Ilocae 3Toit «CTOWMKMU Ha ToJIOBE»
MPEICTOUT «OOBITHAS B3pOCast» KU3Hb, Kak
y BCeX, Hy WJIM TTOYTH KakK y Bcex. Ho ommMm-
IMMaIbl OYCHb BaXKHBI, 0COOCHHO BaXKHBI IIJIS
OynylImMx uccienoBaTeseil M1 nHxeHepoB. Ha
CEeTONHSIIIHUI IeHb B Poccum mpoBoanTCsS
OKOJIO BOCBMH COTEH oymMmuan. [Tosatomy
YTO-TO BaXKHOE M MHTEPECHOE TSI Ce0SI MOXKET
HaWTU KaXKIbII IIKOJIbHUK BHE 3aBUCUMOCTH
OT BO3pacTa, TAJIAHTOB W YBJIICUCHUIA.

«YucTeIMIU» MaTeMaTUKAMU CTaHOBSITCS
OKOJIO TTOJIOBUHBI YIaCTHUKOB «BBICOKUX»
ommmIian. [TpraéM Tak IMPOMCXOINUT HE TOJTb-
KO C pOCCHIICKMMM y9acTHUKaMH. [IprumepHO
TaKMe Xe IToKa3aTelIv U B IPYTUX CTpaHax, TIe

VINPML PAH A W SIN-

OJIMMIIMATHOE ABIKeHUE pa3BuTo. OCTab-
HBIE YXOISAT B «CMEXKHBIC» ITPOPECCUN: KTO-TO
CTAHOBUTCS TTPOTPAMMMCTOM, KTO-TO aHAJIM -
TUKOM B 0aHKe, KTO-TO OCBauBaeT IMpopeccuio
WHXEHepa... B 9TuxX o61acTsax ToxXe HYXKHO
XOpOIIIO AyMaTh. A MaTeMaTHKa OYeHb CITO-
CcOOCTBYeET 3TOMY!
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s Mikhail Lomonosov said: «And then
182 A you should learn mathematics, that it puts

your mind in order> [1]. Therefore, the
emergence of mathematical Olympiads was a
necessary, useful and natural phenomenon. If
we speak in the dry language of definitions, then
«a mathematical Olympiad is a subject Olympiad
between students of schools or universities in
solving non-standard mathematical problems».
When organizing the Olympiad, the task is not
only to identify the most gifted students, but
also to create a general atmosphere of a holiday
of mathematics, to develop interest in solving
problems and independent thinking.

Competitiveness and interest in mathematics
have always been inherent in a man. And
mathematical competitions themselves
appeared as long ago as the queen of the
sciences. Historically, they also decided to call
them Olympiads. The very first mentions of this
kind of competition are found in the history of
Ancient India. Much later, Archimedes sent
curious mathematical problems to Alexandria
[2] to his rivals and colleagues.

Mathematical tournaments, for example,
were held in the Kingdom of Naples by
Frederick Il von Hohenstaufen. Associated
with them is the name (known to us, thanks to
Dan Brown’s novel The Da Vinci Code) of the
mathematician Leonardo Fibonacci (Leonardo
Pisano, 1170—1250).

The formula for solving quadratic equations
was found in Ancient Babylon. And all the
outstanding mathematical minds for two
millennia tried in vain to find formulas for
solving equations of the third and fourth order.

Archimedes’ profile at the Fields Medal — the most
prestigious award in mathematics. [Electronic
resource]: https://elementy.ru/nauchno-
populyarnaya_biblioteka/434859/Arkhimed. Last
accessed 18.09.2020.

In this story full of dramas and secrets, not the
last place was given to «mathematical
competitions». True, then they were more
personal in nature. Competitions in which
Johannes of Palermo and Leonardo Pisano
(13" century) or Niccolo Tartaglia and Anton
Del Fiore (16™ century) took part can rather
be called «mathematical duels». It is curious
that the intelligent public of that time was quite
actively interested in these duels. During one
such duel, for example, Niccolo Tartaglia found
a formula for solving a cubic equation. And this
was the greatest discovery in mathematics [3].

In 18" century, the correspondence
competition became popular. Johann Bernoulli,
Gottfried Leibniz, Isaac Newton, Leonhard
Euler were noticed in such correspondence...
The results of the epistolary genre, as a rule,
were published in scientific journals of that
time. For example, in the German Actfa
Eruditorum.

Thus, in June 1696, the Swiss mathematician
Johann Bernoulli sent out to his most
distinguished colleagues a curious problem on
the brachistochrone. It required «fo find a curve,
moving along which solely under the action of
gravity, the body will travel from point A to point
B in the least amount of time». In May 1697,
Leibniz’s decision was published. In total, four
solutions were obtained, the authors of which
were Leibniz, the marquis de L’Hopital, Jacob
Bernoulli and the author of the problem,
Johann Bernoulli. But there was also a decision
by an unknown author, which was published in
the journal «Philosophical Notes» in January
1697, that is, six months later. As everyone
already knows, this unknown author was Isaac
Newton. Seeing a surprisingly simple 77-word
solution, Johann Bernoulli, of course, guessed
who the author was, and said the famous:
«Tanquam ex ungue leonem» — «They recognize
a lion by the claws» [4].

Later there were competitions for the prize
of the French Academy of Sciences. Sofya
Kovalevskaya once became its winner, and no
less brilliant Bernhard Riemann, without
whom there would be no theory of relativity,
was an ordinary participant in these competi-
tions.

In 19 and 20™ centuries, France hosted the
Concours General (general competition) and
the Concours of the French grandes ecoles (Big
Schools competition). Everyone knows about
the famous Cambridge Mathematical Tripos,



where the goal was not to win, but to get the
highest mark. Outstanding records of such
exams will be remembered forever. Until now,
the result of a 18-year-old French schoolboy
Jacques Solomon Hadamard (1865—1963),
who hated arithmetic problems as a child, but
became a world famous mathematician, has
not been beaten. At the exams at the Ecole
Polytechnique, he set a record — 1834 points
out of 2000 possible, but chose Ecole Normal
to study. Nobody ever showed such a result [5].

Obviously, the above competitions had
«higher» goals than simple school math
Olympiads, but, as they say, «it’s a poor soldier
that never wants to become a general».

The prototype of modern schoolchildren’s
competitions can be considered the Eotvos
competition in Hungary in 1896, which became
the first mathematical Olympiad [6]. The
format of the assignments has remained
practically unchanged since that time. At the
qualifying stage, participants must solve
problems from the school curriculum (from
elementary to problems of medium complexity).
Asarule, the problems proposed for solving are
based on interesting ideas, guessing which it is
possible to make an oral solution or a solution
with minimal calculations. Complex tasks are
not offered at the first stage. The second (final)
stage of the Olympiad should already include
problems of increased complexity (from
medium to very difficult). These can be tasks
that require serious thought and painstaking
calculations. But the assignments are still
compiled taking into account the fact that
solutions should not require knowledge outside
the school curriculum. And to win, the
participants also need a certain «mathematical
culture».

At the end of 19" century, the Astronomical
Society of the Russian Empire became the first
founder of the Olympiad for Student Youth.
Unfortunately, there is no documentary
evidence with tasks, participants, winners about
this. A little later, in 1884, the publication of
the journal «Bulletin of Experimental Physics
and Elementary Mathematics» was launched,
in which competition assignments for
schoolchildren were published. This was the
first correspondence Olympiad. And that was
the start.

In December 1911, the First All-Russian
Congress of Mathematics Teachers was held in
St. Petersburg, which brought together teachers

Niccolo Fontana Tartaglia (1499/1500-1557),
Italian mathematician. He translated Euclid’s
«Elements» into Italian and commented on them.
[Electronic resource]: https://elementy.ru/nauchno-
populyarnaya_biblioteka/432699/Skandal_davno_
minuvshikh_dney. Last accessed 18.09.2020.

from all provinces and professors from major
universities (1217 participants). The problems
of teaching mathematics and the idea of
competition in it were vividly discussed at the
congress [7].

In 1922, a student at Moscow State
University, an aspiring mathematician, 19-year-
old Andrey Kolmogorov began working as a
teacher at Potylikh Experimental School of the
People’s Commissariat for Education in
Moscow. A very curious fact is that this
experimental school partly repeated the famous
New York school of Dalton (it was «immor-
talized» by Woody Allen in the film «Man-
hattan»). In the Dalton plan, it is declared: «for
successful learning you need freedom, indepen-
dence, cooperation» [8].

The Dalton plan, according to which they
worked at the school where student Kolmogorov
taught physics and mathematics, provided for
an individual work plan for each student. The
child independently drew up a training program
for a month. «Each student spent most of his
school time at his table, went to ... libraries to take
out the book he needed, wrote something»,
Kolmogorov recalled in his last interview. «4And
the teacher was sitting in the corner, reading, and
the students came up one by one and showed what
they had done». This picture — a teacher sitting
silently in the corner — decades later can be
seen in the classroom of mathematical circles

[9].
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Andrey Nikolaevich Kolmogorov (nee Kataev)
(1903-1987) — Russian and Soviet mathematician,
one of the greatest mathematicians of XX century.

One of the founders of modern probability theory.
[Electronic resource]: https://interesnyefakty.org/
andrej-kolmogorov/. Last accessed 18.09.2020.

However, a school with such a relaxed
creative atmosphere simply could not exist in
the USSR for a long time. And in the 1930s,
the Dalton Plan was condemned and banned.

Mathematics, classical music, poetry,
playing sports and exchanging ideas with
friends — this is the image of an ideal person
and an ideal school according to Kolmogorov.
At about forty years of age, he drew up
«A Concrete Plan of How to Become a Great Man,
if There is Enough Desire and Diligence». By the
time he was 60, Kolmogorov had to stop
scientific work and devote his life entirely to
teaching in high school. And he lived according
to this plan [9].

The decisions of that very congress of
mathematics teachers were only implemented
in the Soviet Union, when in 1933 the famous
St. Petersburg mathematician Boris Delone
proposed a new system of working with
children. This system was based on math circles
at schools and houses of pioneers. At the end
of each academic year, final Olympiads were
to be held, which determined the winners.

It is curious that these first Olympiads were
not divided by age and all schoolchildren solved
the same tasks. The winners of the first St.
Petersburg Mathematical Olympiad received
leather briefcases with the inscription in gold

letters: «There is no royal road to science, and
only those who do not dread the fatiguing climb
of its steep paths have a chance of gaining its
lumin» (K. Marx). Also, the winners were given
the right to be enrolled without exams for the
chosen physics and mathematics specialty of
Leningrad University [10].

The special appeal of the mathematical
Olympiads is that even primary school students
can take part in them, and the organizers can
find «their student» much earlier.

The author of the book «Intricate Problems»
Boris Kordemsky writes: «Any task of quick wits
is fraught with zest, its own uniqueness, even if it
belongs to a certain type of problem. It is a
so-called «tough nut», which is not so easy to bite,
but all the more tempting» [11, p. 6].

In 1935, the mathematical Olympiads also
reached the capital, which «by chance»
coincided with the move to the capital of Boris
Delone. Already in the spring the great
Kolmogorov and Aleksandrov organized in
Moscow the first mathematical Olympiad for
children, which was held with the assistance of
Moscow Mathematical Society. The experience
of our Leningrad colleagues turned out to be
very useful. At the end of February, an
announcement about the Olympiad and
samples of tasks for preparation were distributed
to schools. The competition was traditionally
held in two rounds. More than 300 applications
were submitted for the first round, and not only
from schoolchildren. In the Olympiad, both
workers’ faculty and students of evening schools
decided to try themselves. The youngest
mathematician was 14, the oldest was 29. The
assignments, as was customary everywhere, did
not go beyond the school curriculum.

The second round was planned for the
summer and 131 people were allowed to
participate. Moreover, all the guys who coped
with the first round were invited to lectures by
the most prominent Soviet mathematicians:
Pavel Sergeevich Alexandrov, Nil Alexandrovich
Glagolev, Andrey Nikolaevich Kolmogorov,
Alexander Gennadievich Kurosh. Igor Zverey,
Nikolay Korobov and Anna Myshkis became
the winners of that first Olympiad. Subsequently,
they entered the Faculty of Mechanics and
Mathematics at Moscow State University, from
there they were drafted to war: Anna died in
1943, Igor and Nikolay returned and taught at
the Faculty of Mechanics and Mathematics
[12].



Railway seven-year school N2 2. Pupils at work in a carpentry workshop. Late 1920s—early 1930s. [Electronic
resource]: russiainphoto.ru/. Last accessed 18.09.2020.

The Moscow Olympiads were not held from
1942 to 1944. But this does not mean that they
were not held at all — the competitions, like
people, were also «evacuated»: to Ashgabat and
Kazan. But immediately after the end of the
war, they returned to Moscow. Around this
time, the Olympiads were held in Tbilisi and
Kiev. Since 1947 — in Vologda, Ivanov, Irkutsk,
Smolensk; from 1949 — in Saratov; since
1950 — in Belarus and a number of other
republics of the USSR [12, pp. 5—17; 16,
pp. 3—20].

In 1961, the first All-Russian Olympiad in
Mathematics was held. In 1964, the Joint
Olympiad Committee began its work, chaired
by Academician Pyotr Kapitsa. A year later,
this post was taken by the experimental
physicist Isaak Konstantinovich Kikoin. It was
he, together with Kolmogorov, who founded
the famous mathematics boarding school at
Moscow State University (now the Kolmogorov
specialised training and research centre) and
became the first editor-in-chief of the famous
«Quantum», which was used by all children

keen on mathematics, it was he who achieved
benefits for the winners of the Olympiads
regarding admission to universities.

In 1967, the Ministry of Education and
Science of the RSFSR was transformed into a
union ministry and the Olympiads received the
status of all-union (since 1992 — again all-
Russian). Accordingly, from this year, All-
Union Olympiads in mathematics, physics and
chemistry began to be held. The first All-Union
Olympiad was held in Tbilisi. The system of
intellectual competitions at this moment
developed very rapidly: more and more
correspondence competitions appeared,
schools with in-depth study of subjects were
opened, summer schools were organized
(including the school in the famous «Orlyonok»
youth summer camp).

In the 1980s, an evening mathematical
school appeared at Moscow State University
of Railway Engineering (MIIT). It is known
that already in the 1970s, the teachers of
Moscow Institute of Transport Engineers took
an active part in conducting mathematical
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Boris Nikolaevich Delone (1890-1980). [Electronic
resource]: https://risk.ru/u/img/154,/153981.jpg/.
Last accessed 18.09.2020.

Olympiads and creating Olympiad problems.
Over time, mathematical Olympiads began to
appear, conducted by individual institutes. This
is how MPTI came up with their own system
of physics and mathematics Olympiads.
Students, graduate students and teachers,
leaving on vacation, held the Olympiad in their
hometowns. Then all the work was taken to
Moscow and checked.

Obviously, not all prize-winners of mathe-
matical Olympiads have become or are
becoming major mathematicians and choose
the «queen of sciences» as the work of their
entire life, but most famous scientists made
their first steps into science at the Olympiads.
Among them, for example, three Soviet
mathematicians of different generations, each
of whom became famous for solving one of the
«Hilbert problems» posed at the turn of 19—20™"
centuries — V. 1. Arnold, Yu. I. Matiyasevich,
V. M. Kharlamow.

Soviet schoolchildren began to participate
in the international mathematical Olympiads
starting from the very first one held in 1959 in
Romania, wehere they got only sixth place in
the team classification, and then were
suspended for the next two years . During the

second attempt in Prague in 1962 the Soviet
Union ranked first. Until 1991, our team
dropped below third place only three times.

Since 1967, Great Britain, Sweden, Italy,
France began to participate in the International
Mathematical Olympiad, and the number of
participating countries was growing and has
attained more than 100 states.

As in any Olympic movement, the main
thing here is not victory, but participation
«for the sake of strengthening friendship and
future cooperation in the international scientific
community». Although medals of various
denominations are awarded to the winners
who obtain best personal scores. But the most
important are the unofficial results of the
team championship. Nobody canceled it.
These totals are always tacitly calculated and
serve as the best indicator of scientific
potential in «big three» of sciences:
mathematics, physics and chemistry.

In the middle of the last century, mathe-
matics was so popular that it practically
became a mass profession. And the Olympiads
of all levels played an important role in this
process. At the 15" Mathematical Congress
(Moscow, 1966), it was announced about
«solving the problem of describing all convex
three-dimensional polyhedra, whose faces are
arbitrary regular polygons». This was the work
of 12 schoolchildren of the 11*" grade of
Leningrad school No. 239 [13]. At the end of
the 1970s, one of the greatest mathematicians
of 20" century, Grigory Perelman, taught at
that school. Pupils of this school continued to
win at city, all-Union and international
Olympiads.

From 1962 to 1991 the Soviet Union
permanently lead at the Olympiads in
mathematics (14 first places, 5 second and 3
third). The United States made the strong
competence (participating from 1974 the USA
had got three first places, four second places,
and four third places until 1991). With the
appearance of schoolchildren from China in
1985 on the Olympic horizon, everything
changed. China started from 32" place in the
team competition, but three years later, in 1988,
it became the first. In the last 35 Olympiads,
the Chinese team has become the first 21 times,
eight times it came at the second place, and
twice at the third place.

Since 1991 Russia only twice became the
first, eight times the second and five times the



third. That is, for the past thirty years, the PRC
has been the undisputed leader, followed by the
United States with a large margin, and the
Russian Federation is behind the Americans by
an even greater margin.

The last years have been the most disastrous
forus. In 2015 — eighth place, in 2016 — seventh,
in 2017 — eleventh, in 2019 — sixth place, ahead
of us were teams from China, the United States,
North Korea, South Korea and Thailand. The
last, 61 International Mathematical Olympiad
was held in St. Petersburg in September this year.
This was the first Olympiad to be held remotely.
The team from Russia took second place. The
national team of China was the first, and the
national team of the United States got the third
place.

In international physics Olympiads, the
situation is similar: during 20 Olympiads of the
Soviet period, we took the first team place 11
times, the second 3 times and the third place 4
times. But after China has appeared in stage, in
1990, we shared the first place, and later on,
Chinese schoolchildren became winners in the
team classification 21 times. Russia during these
years was the first three times. Also, the unofficial
championship was won twice by Taiwan, twice
by Iran and once by the United States.

The picture at the chemistry Olympiad is
about the same, with only one difference: the
whole podium is occupied by the representatives
of the Southeast Asian region.

The Russian team has the consolation status
of «one of the favorites». We have more than
three dozen gold medals in the individual
standings. The usual «collective» three winners
are China, Korea and Taiwan. Sometimes they
change places [14].

The experience of conducting mathematical
Olympiads in the USA is of interest also. Most
of the competitions are paid (about $50 for
participation). The Olympiads themselves can
be divided into three types: «test» Olympiads,
where you have to solve about 20 problems with
a choice of answer options. These include:

» Washington State Math Championship;

* Michigan Mathematics Prize Competi-
tion;

* New York City interscholastic mathe-
matics league;

* Snow College Mathematics Contest;

+ Knights of Pi Math Tournament (Grades
5-8);

* Math is Cool.

«Classic» Olympiads — several difficult
problems and a lot of time to solve. These
include:

« Utah Math Olympiad,;

+ United States of America Mathematical
Olympiad (USAMO).

We should also mention Canadian
Mathematical Olympiad (CMO).

And then there is the annual USA
Mathematical Talent Search (USAMTYS)
Olympiad. It goes through several stages
throughout the year. A month is given to solve
problems of a stage (as a rule, rather complex,
creative and research ones).

Successful participants in this Olympiad
have no problems with admission (and receiving
an impressive discount) to the most prestigious
universities in the USA and Canada. In all
American Olympiads, there is no strict rule that
complexity of tasks must exactly match the
school curriculum.

The USA also hosts the Math Prize for
Girls, an annual math Olympiad for girls only.
It has been held since 2009. Future «Sofya
Kovalevskaya» is offered 20 problems and 2,5
hours to solve. The problems are not easy — to
solve them, you have to love mathematics very
much. Naturally, the winners are awarded
expensive jewelry and large cash prizes.

There is also a math Olympiad for girls in
China, which has been held since 2002. This
Olympiad is distinguished by a very difficult level
of problems, quite at the level of the International
Olympiad.

There are a lot of mathematical schools in
China and there is a clear selection system. The
famous Chinese hard work also plays an
important role in development of any science.
It is customary for Chinese students and
schoolchildren to study a lot and hard.

The main mathematics competitions in
Germany are the National Olympiad and the
Federal Mathematics Competition. Moreover,
it started in the GDR in 1961.

The so-called «Games of Archimedes» are
held in Italy. The winner of these games will be
eligible for admission to Roma Tre University.
Holders of the second and third places are
entitled to a 50 % discount on tuition at that
university. Besides that National Olympiad in
Mathematics (the winners of which then take
part in the International Mathematical
Olympiad), the Italian National Mathematical
Marathon is held as well. This marathon
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(Maratona Nazionale di Matematica) is held
strictly among the students of the terza media
[15].

Leading universities in our country have
always looked for ways to attract the brightest
students to their walls. Russian University of
Transport (RUT) was no exception [16,
pp. 142—147; 5, pp. 163—165; 17, pp. 120—
124]. Regarding popularization of engineering
professions, search for talents for transport
education, mathematical competence is an
essential requirement. It is almost impossible
to delineate the role of mathematics in practical
engineering fields.

Surprisingly, mathematics in modern
realities is met so often that, one might say,
it has become familiar. In the professions in
which it is used, logic, precision and calcu-
lation are important. Any field of activity,
no matter how precise, creative or abstract
it is, always in its essence contains the
simplest thing — the mechanism of action,
that which can be decomposed into
mathematical formulas. Therefore,
mathematics is the skeleton of any process.
Mathematics surrounds us everywhere.
Soloing or in symbiosis with other sciences,
it forms the foundation for everything new.
It can help solve the most complex technical
problems in development of a vehicle based
on mathematical models that allow you to
simulate engines, locomotives, reactors or
airplanes. Predictions of, for example, the
behavior of the vehicle body on impact or
the effects of air turbulence on aircraft wings
can be computed. Or, for example, in order
to develop efficient control systems for
railway vehicles,the mathematicians build
the electric drive components of the loco-
motive on a smaller scale. In addition to
such electromechanical models, a mathe-
matical model can be created that describes
the dynamics of the system through
equations. This allows us to simulate the
entire system, for example, to predict how
changes in parameters will affect that
system.

RUT Regional Mathematical Olympiad
celebrates its 20" anniversary this year. Since
2009, it has become known as the «Sails of
Hope». The geography of this Olympiad is
impressive. Over the years, it was held in
Belgorod, Vorkuta, Vladivostok, Yekaterinburg,
Yelets, Zheleznogorsk, Irkutsk, Kazan,

Karasuk, Kursk, Lgov, Labytnang, Lipetsk,
Nizhny Novgorod, Omsk, Rostov-on-Don,
Michurinsk, Samara, St. Petersburg, Sochi,
Khabarovsk.

In Moscow, the Olympiad was always held in
two days, since it was impossible to accommodate
everyone during a single day. In Russia, the
number of participants in the final stage reached
two to three thousand.

Over the years, a large team of authors worked
on creation of the problems of the Mathematical
Olympiad: M. N. Arshinov, V. S. Antonenko,
A. L. Gusey, V. N. Desnyansky, V. B. Minasyan,
A. S. Milevsky, V. M. Safro, V. Kh. Khakhanyan.

There are special requirements for the
Olympiad problems. They should be beautiful,
bright, diverse both in content and in the ideas
underlying their solution. Moreover, their
decisions, as usual, should not go beyond the
school curriculum.

Among the proposed problems, of course,
there were problems, the solution of which
required fluency in school knowledge of
mathematics. But there were also problems, the
solution of which required a certain amount of
ingenuity and the ability to look at the problem
from an unexpected angle.

Let me give you an example of such a task.

Four sheets of paper were taken. Some of these
sheets were cut into 4 pieces. Then some of the
quarters were cut into 4 pieces again, and so on.
When counting all the pieces received, it turned out
2016. Prove that the counting was done incorrectly.

To solve this problem, it is enough to notice
that when one sheet is cut, the total number of
parts increases by 3. If the counting was done
correctly, then the difference between the total
number of pieces and the four initial pieces would
be a multiple of three. But 2016—4 = 2012, and
is not divisible by three.

After reading the solution to the problem, you
might think that the problem is too easy. I dare to
assure you that a very small number of participants
in the Olympiad coped with its solution.

Since 2009, a joint interuniversity Olympiad
in mathematics has been held. RUT from the
very beginning of this Olympiad has been one
ofthe venues for its holding. University teachers
actively cooperate with the organizing
committee of the Olympiad, participate in
development of Olympiad problems.

In 2016, RUT decided to create another
mathematical Olympiad in honour of the
outstanding Soviet mathematician, author of



textbooks, prose writer, D.Sc. (Eng), professor
Elena Sergeevna Ventzel.

Elena Ventzel is a prominent scientist who
has worked at our university for many years, the
author of fundamental works on probability
theory and operations research. Elena Sergeevna
is also known to many under the pseudonym of
Irina Grekova, the author of the sensational
novels of the time: «The Chair», «The Ship of
Widows», «The Turning Point», etc.

Of course, now there are not so many
participants in the Mathematical Olympiads. But
interest in Russian University of Transport is great.
And now in many cities of Russia schoolchildren
take part in the mathematical Olympiad «Sails of
Hope» and link their future with Russian University
of Transport. And the communication of teachers
working in schools with leading university teachers
has always been in demand and is in demand now
[17, pp. 254—258].

I would like to once again recall the
organizer of the first St. Petersburg Olympiad
for schoolchildren, Corresponding Member of
the USSR Academy of Sciences Boris Delone.
He was a very gifted person in completely
different and, it seemed, rather incompatible
fields: a mathematician, one of the first aircraft
designers in Russia and a glider pilot, a famous
mountaineer in the country... According to the
memoirs of students during his lectures at
Leningrad State University, Boris Nikolaevich
often «demonstrated» a headstand at the table,
then jumped down and said: «Well, let’s
continue»...

Any Olympiad in the life of each participant
is just a bright but short episode. After this
«headstand» there will be a «xnormal adult» life,
like everyone else has, or almost like everyone
else. But Olympiads are very important,
especially important for future researchers and
engineers. Today in Russia there are about eight
hundred Olympiads. Therefore, every student
can find something important and interesting
for himself, regardless of age, talents and
hobbies.

About half of the participants in the «high»
Olympiads become «pure» mathematicians.
And this happens not only with the Russian
participants. Roughly the same indicators are
in other countries where the Olympic movement
is developed. The rest go to «related» profes-
sions: someone becomes a programmer,
someone becomes an analyst in a bank,
someone masters the profession of an engineer...

In these areas, you also need to think well. And
mathematics is very conducive to this!
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MaJIOUHTEHCUBHbIX XeJie3HbIX Jopor
B COBPEMEHHbIX YCJIOBUAX
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irTara rno CoAepXaHuio MHPPaCTPYKTYPbl Ha
npumMepe MyKyHbCKON ANCTaHLUMN MHPPAaCTPyK-
Typbl CeBepHou Aupekumnn nHGpacTpyKTyphbl.
lMpyumepom aucTaHumm rno sKcrisiyaraumm nH-
GpacTpyKTypbl B cTatbe paccMmarpuBaeTcs
bepnvHckas ancTaHums MHGPacTpPyKTypbl Xe-
nie3HbIx gopor lepmaHnn. PaccmotpeHa rnocra-
HOBKa 3aAauv ro opraHvn3auvm AesiTesibHoOCTU
MHPACTPYKTYPHOrO JIMHENHOIro nNpeanpusaTys
ryTeBOro KOMiiekca, BK/o4atoLLero paboTHm-
koB auctaHumm rnytu (M4), nepcoHasn no ob6cny-

Kosaaenko Hukoaaii Heanosuu — Poccutickuii
YHugepcumem mpancnopma, Mockea, Poccus.
Kosaaenxo Huna Arexcandposna — Poccuiickuii
YyHugepcumem mparncnopma, Mockea, Poccus™.

XUBAHWIO CUrHanmM3aunun, LeHTpanmaaumm
n 6nokuposku (CLE), paboTtaroLmx rno cucteme
YKPYMHEHHbIX Opuran vi 6puras rno HEOT/10KHbIM
pabotam, OCHaLIEHHbIX MYyTePEMOHTHbIMU J1e-
Ty4Kamu, X035MCTBEHHbIMU 110e34amMu 1 aBTo-
mobunsamu KamA3. [lns aHanvi3a nHpopmaum-
OHHOW HEOoNnpenenEHHOCTY npeasaraeTcs uH-
¢popmaumoHHast Moae b, A1 KOTOPOU pUcK
paccmaTtpuBaeTcs B BUAE ONpPeaes1eH s NoTepsb.
Ha ctagunu npeasaputesibHbIX Pac4EToB n3me-
HEeHMe YUCIIEHHOCTY OOCITYXUBAIOLLIEro nepco-
HaJsia no3BOJIAT MOJTY4YNTb COKPALLIEHNE SKCITya-
TaLUMOHHbIX pacxogos Ha nosmroHe MPKJ13a cHér
BKOHOMUYV poHAAa 3apabOTHO rnnaThbl.

KnioyeBble crioBa: MaioOMHTEHCUBHbIE Xe/1€3HOA0POXHbIE iHuu (MXKJ1), yKpyrnHEHHbIN y4a-
CTOK, TeXHU4Yeckoe obcnyxuBaHue, MHPPaCTPYKTYPHbIE JINHEHbIE NPeanpuUsiTUs, NyTeBoi
kommneke, pabotHukm MY, nepcoHan CLIE n cBs3u, ykpyrnHEHHas bpuraaa, nyTepeMOoHTHas!
nieTyyka, bpuraaa rno HeoT/10XHbIM paboTam, XO35IMCTBEHHbIV r1oe3s, aBToMobuib KamA3, vH-
¢popmaLmoHHast HeornpeaeaEHHOCTb, LeHa pycka.

*NHdopmanma 06 aBTopax:

KoBaneHnko Hukonai UBaHOBUY — JOKTOP TEXHNYECKNX HayK, Mpodeccop POCCUINCKOro yHnBepcuteTa

TpaHcnopTa, Mockea, Poccus, kni50@mail.ru.

KoBaneHko HuHa AnekcaHpgpoBHa — KaHaMOAT TEXHMYECKMX HayK, AOLEHT POCCUINCKOro yHBepcuteTa

TpaHcnopTta, MockBa, Poccus, nina-alex-kov@mail.ru.

Cratbs noctynuna B pegakumio 01.12.2019, aktyanusmposaHa 16.02.2020, npuHsTa kK nybnvkaumm

19.04.2020.

For the English text of the article please see p. 196.



BBEAEHUE

CokpanieHue pacxofoB (lLiejb CTaTbu —
HaWTU TaKOe pellieHKE ) TI0 OCHOBHBIM BUIIAM
NeSITeJIbHOCTH, B IEPBYIO OYepeab, MaJIOMH-
TeHCUBHBIX TMHUI (nanee — M2KJI) Bo3mMox-
HO 3a CU€T U3MEHEHUS OpraHM3allMOHHOMI
CTPYKTYPbI JUHEWHBIX IPEANIPUITUN 11O
TeXHUYECKOMY OOCTYKMBaHUIO KeJIe3HOI0-
POXHOIO MYTU U BCEU B3aMMOCBSI3aHHOM
UHOpacTpyKTyphl. B KauecTBe naibHe11Iero
Takoro coBepieHcTBoBaHUs B OAO «P2XK]1»
paccMaTpuBaeTCs Co3aaHue MHMPACTPYKTYp-
HBIX JIUHEUHBIX MIPEeaNpUsITUil (1agee —
1Y), o6beauHSIOMMX 1eSITeIbHOCTD pabOT-
HUKOB 110 00CTy>KMBaHUIO MYTH (Hgajiee — pa-
ootHuku [14), mepcoHan mo coaepXaHUIO
YCTPOMCTB CUTHAJIM3AaLMHU, LIEHTPpaaIu3aluu
onokupoBku (nanee — nepcorHan CLb u cBsi-
31) U CHELUATNCTOB HEPIEeTUKOB (1ajee —
cneuunanuctoB DY) [1].

MmMeommuMcs 0Te4eCTBEHHBIM U 3apy-
0€XXHBIM OIBITOM TEKYIIEro COAepXKaHUS
JKeJIE3HOJOPOXKHBIX TUHUM UH(DPACTPYKTYP-
HBIMU TUHEWHBIMU nipeanpusatuamu (M4)
OTMeYaeTcsl pa3inyMe yJacTKOB IO Xapak-
Tepy NepeBO30K. AHAJTOTMYHbIE Pa3IUIUs
OTMeYaloTCs U B 3apyO0ekHOI MpaKTUKe
[2—4].

AHaIM30M 3apy0OeKHOTI0 OIbITa DKCILTya-
Talluy MaJOMHTEHCUBHBIX XKeJIe3HOI0POXK-
HBIX JIMHUM YCTaHOBJIEHBI CAEAyIOlIue Xa-
PaKTEePUCTUKU TaKUX TUHUM [5—8]:

* HaJW4yue OJHOTrO WM, KaK UCKIII0Ye-
HUe, ABYX IJIaBHBIX MYTeil Ha MeperoHax;

* B KauecTBe pa3aeJbHbIX TYHKTOB 2KC-
NJAyaTUPYIOTCS pa3be3abl C KOJIUYECTBOM
nyTei He 0osee TPEX;

* Ha OOJIBLIMHCTBE pa3ieIbHbIX MYHKTOB
NpakKTUYECKU OTCYTCTBYET I'py30Basi U Ma-
HeBpoBas pabora.

[TpuMepoM IUCTAaHLMM IO BKCIUTyaTa-
UM MHOPACTPYKTYPbl MOXET CIYXHUTh
bepauHckasa nuctaHust UHGPACTPYKTYPhI
Keye3HbIX popor Tepmanuu [9], obcnyxu-
Baromas 100 kM pa3BEpPHYTOI IJIMHBI 0€3-
0aIJ1acTHOTrO XeJIe3HOIOPOXKHOTO MyTH, Ha
KOTOPOM OCYIIIECTBIISIETCSI BHICOKOCKOPOCT-
HOE Maccaxupckoe aBuxeHue. O0CIyxu-
BaIIMI MepCcoHaN AUCTAHIIUU BKJIIOYAET
250 padotHukoB CLb u c¢Bs13u, 100 crienna-
JIMCTOB-PaOOTHHUKOB IYTEBOTO XO35IHCTBa
u 100 cmeunaaucToB SHEPTETUKOB.

B 00s13aHHOCTY IMCTAHIIMY BXOAUT Ha -
30p 3a MyTéM, UCKYCCTBEHHBIMU COOpYXKe-

VIIE oA PJA A 3 S

HUSIMU, CTPEJIOYHBIMU MEPEBOJAMU U yCTpa-
HEHUE MEJKUX HEUCIPaAaBHOCTEI, BO3HU-
KaloIUX MPU SKCIUTyaTallluu.

J 15l TAKKUX yYaCTKOB MYyTU HEUCTTPABHO-
CTU, OOHapyXEHHbIE NUATHOCTUYECKUMU
cpeacTBaMu, NOJXHBI ObITh YCTPaHEHBI
B T€UEHUE IIECTU Helelb. B ciaydae usnoma
pEbCOB OHU OepyTCs B HAKJIAAKU C 3aXKU-
MOM CTPYOUMHAaMU U YyCTaHaBJIWBaETCH
CKOPOCTb IBUXEHUSI C OTPAaHUUYEHUEM
120 xM/4gac. Ha crenyrommii feHb 1e@eKT-
HOE€ MECTO BbIpe3aeTcsl paboOTHUKAMU M-
CTAaHLIMU UHGPACTPYKTYPhl U YCTAHABIIU-
BaeTcs penbcoBas pyoka. Kak BpeMeHHas
Mepa, NOAPIJIHON OpraHU3alMueidl MOXET
MPOU3BOIUTHCS ATIOMUHOTEPMUTHAS CBap-
Ka peJbCOBOI pyOKM MpU TemIlepaType
OKpY>KaloIllero Bo3ayxa 1 BIaXHOCTHU, KO-
TOPBIE COOTBETCTBYIOT TEXHUYECKUM YCJIO-
BUSIM. B nanpHeitiieM A5 MOCTOSIHHOM
9KCIJyaTallud MYTU, B MPOLIECCE BBIMOJI-
HEHMUSs TUIAaHOBO-TIPEeAYNpPEAUTEIbHBIX pa-
00T, JaHHas peJbcoBast pyoKa 3aMeHsIeTCs
Ha peJIbCOBYIO BCTaBKY, BBAPEHHYIO DJIEK-
TPOKOHTAaKTHBIM CITOCOOOM.

ITpousBoaCTBO Bcex pabOT HA MYTU MO
3aMeHe 3JIEMEHTOB BEPXHET0 CTPOEHUS
MyTU MPOU3BOAUTCS B Poccuu moapsiaHbI-
MU OpTaHU3alMUSIMU, BBIUTPABIIMMU KOH-
Kypc Ha BblnoJiHEHUE paboT [10].

OnHOU U3 OCHOBHBIX MPOOJIEM Ha CETU
xKene3Hbix nopor OAO «P2KJI» npu npume-
HEHUU YYaCTKOBOTO METOJa TEKYUIEeTO COo-
JNepKaHUs MYTU SBJISIETCS HECBOEBPEMEH-
Has nocTaBKa paboueil CUIbl, MEXaHU3MOB
1 obopyaoBaHUS K MECTY MPOU3BOACTBA
paboT U BO3BpallleHUue Ha 0a3bl TUCIOKa-
LIMU. AHAJIOTUYHas MpodjemMa oTMedaeTcs
1 3apy0OekHBIMU MCCaegoBaTeNsAIMU [2;
5-9].

OpUEHTUPYSICh HA MOJOXUTEIbHBII
MEXIYHAPOAHBIN OMBIT TEXHUYECKOTO 00-
CIyXWBAaHUS XeJe3HOMOPOXKHBIX JUHUK
UHOPACTPYKTYPHBIMU JTUHEUHBIMU TIPEI -
npusATusiMu, pykosoactsom OAO «PXK/I»
Ha OpOTSXKeHUU mociaeaHux §—10 jer
paccMaTpUBaeTCs BO3MOXHOCTb UCTIOb30-
BaHUSI aHAJIOTMYHBIX [epMaHUU U OPYrux
CTpaH CTPYKTYPHBIX MOApa3AeJeHUN ais
OAO «PX]II» [11—14].

TlepBas onbiTHast MY 6b11a chopmupo-
BaHa B 2014 roay Ha 6aze CouMHCKOI
nuctaHuu myt CeBepoKaBKa3CKOM NUPeK-
1 uH@pacTpyktypsl. JanHas MYin o0b-
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Puc. 1. Cxema goctaBku pabo4eii cuibl, MEXaHU3MOB Y UHCTPYMEHTOB 1o MukyHbCKOMy MHPPACTPYKTYPHOMY
JINHEeHHOMY NpeAnpusTUIO.

enuHuna pabotnukos ITY, nepconan CLIb
U CBSI3U U CHELMaJIUCTOB-3HEPIETUKOB,
KOTOpPBIE PETHMOHAIBHO PaCIIOIarajuch B Of1-
HoM MmecTe. CounnHckasg MY umena xopo-
LK€ IOJOXUTEIbHbIC Pe3yIbTaThl PAOOTHI.
B Hacrosiee Bpems B coctaBe COUYMHCKOI
NYn oobenunensl padbotHuku [1Y 1 mepco-
Haiu CLIb u cBs13u.

OpHEHTUPYSICh HA MOJYYEHHbI I10JIO-
XKUTENIbHBIN ONMBLIT padoThl CounHckoit U4,
pykoBoactBoM OAO «PXK/I» peiraercs 3a-
Jlaya [0 OpraHu3aliy aHaJIOTUYHBIX CTPYK-
TYPHBIX MMOApPAa3AeieHUN HAa TEPPUTOPUIX
Bcex 16 permoHanbHbIX Aupekuunii nHppa-
cTpykTypbl-punuanoB OAO «PXKJI» (ma-
nee — JIN).

BuactHOCTH, Ha TeppuTopuu CeBepHOIt
W B2016 rony opranuzoBaHa MUKyHbCKast
IUCTaHLIMS UHPPACTPYKTYpHI (Hajgee — Mu-
KyHbcKkast MYm).

OTINYUTEIBHON 0COOEHHOCThIO Mu-
KyHbckoii MY saBisieTcsl BKIIIOUEHUE B CO-
craB Y padotHukoB ITY u nepconan CLIb
U CBSI3M, 3a MCKJIIOYEHUEM CIICLMAIUCTOB
DHEPreTUKOB. B mepBylo ouepenb Takoe
o0ObeIMHEHME BBI3BAaHO crieunGukoit Mu-
KyHbcKol MY, KoTopas nmpeaHa3zHayeHa
JUIST 00CIYyXMBAaHUSI MaJOMHTEHCHBHBIX
JIMHUM XKeJIe3HOMA0POXHOr0 IMyTH 00IIEero
IOJIb30BAaHUSI C HEBBICOKOM I'py30HAIIPsI-
XKEHHOCTBIO U HU3KON 3DPEKTUBHOCTHIO

VINPML PAH A M 5 MIN-

paboThl, XapaKTEPHBIX JJISI JAHHOTO IOJIM-
roHa CeBepHO# IMPEeKUIUU MHPPACTPYKTY-
PBIL.

Jpyroit 0co6eHHOCTBIO OOCITY:KMBaHUSA
JaHHOTO MmoauroHa MukyHbckoit MYn gaB-
JisieTCs IpUMEHEeHMe TEIUIOBO3HOM TAIU.
JIOIOJHUTEIBHO 3TO TaKXe OTPa3uIoCch Ha
pellleHMM He BKJIIOYaTh B COCTaB JAHHOM
NYn cieinanucToB-2HEPIETUKOB.

CohopmupoBanHasgd MukyHbckass MUn
MMEeT ISITh 3KCIUIyaTAllMOHHBIX YYaCTKOB
(puc. 1).

OpraHuzanus ISITU y4acTKOB Ha Mu-
KyHbckoil MY BbI3BaHa ygoOCTBOM opra-
HU3alUU JOCTaBKU paboyeil CUJIbI, Mexa-
HU3MOB M UHCTPYMEHTA.

OO6m1as mraTHast YUCISHHOCTh PpAOOTHU-
KoB MukyHbckoii MY cocTaBnsier mopsiaka
280 uesnoBek, U3 HUX 63 % NMpuxoaUTCs Ha
pabouure CIelMaIbHOCTU, CPeAr KOTOPBIX
pa6orHuku ITY cocrasnsaior 75,5 %, nepco-
"an CLb u cBasu — 24,5 %.

YcTaHOBJIEHHASI YMCJIEHHOCTh PA0OTHM -
KoB Y7 BbI3BaHA 3HAYMTEIbHBIMU MACIIITa -
0aMM ITOJUIOHA OOCIYKMBAaHUS KeEJIE3HO-
JTOpOXHBIX AuHUN (puc. 1). Hanpumep,
OIHOITYTHAsl JIMHUS B HAIpaBJICHUU CTaH-
1y BeHanHra uMeeT npoTs>k€HHOCTD OoJiee
176 KM, OZHOITYTHAsI IMHUSI B HATIPABJIEHU N
craHuuu CBHIKTBIBKAp UMeEET JJIMHY Ooliee
95 KM M TIPOTSKEHHOCTD ABYXITYTHBIX TUHUK



B HaIlpaBJAE€HUU CTAHUMU ThIBa COCTaBISIET
6osiee 99 kM.

OCo00eHHOCTbIO OpraHu3aluy J10CTaBKU
paboueil cuibl Ha TepPBOM, BTOPOM U TPETh-
€M 3KCMJyaTallMOHHBIX y4acTKax MYyTHU
(puc. 1) saBisieTcs uCnob30BaHUE pabOYEro
rnoes3na, JOCTaBJISIONIET0 OpUraabl YUCIEH-
HocThio 62, 13 1 20 paGOTHUKOB, COOTBET-
CTBEHHO, K MECTy NpPOU3BOACTBA pPaboOT
1 00paTHO K MEeCTaM IUCIOKAIIUH.

s onTUMU3alUY BPEMEHU TPaHCTIOP-
TUPOBKU U COKpAILEeHUs 3aTpaT MO JOCTaB-
K€ Ha yIaJIEHHBIX Y4acTKax MOJUTroHa (BTO-
pOii, UeTBEPTHIN U MATHII YyU4aCTKU) pacmo-
JIOXXEHBI MecTa 0a3UpPOBaHUS TPY30BbIX aB-
Tomobuneit tTuna KamA3 (puc. 1).

JaHHBIM BUIOM TPAHCIIOPTA 10 SKCILTya-
TAllMOHHBIM yJ4acTKaM BBITIOJHSIETCS Mepe-
MEIllEHNE CIIEAYIOIIETr0 KOTUYecTBa paboT-
HUKOB: OT CTAaHUMU MUKYHb — 24 4eJI0BeKa;
ctaHuuu EaBa — 27 4deloBeK W cTaHUUU
Azens — 10 yenosex. st ynobcTBa TpaHc-
MOPTUPOBKU MEXaHU3MOB, 000PYIAOBaHUS,
MaTepUaaoB BEPXHETO CTPOEHUS IMYyTU UC-
MOJIb3YIOTCSI TPAHCITOPTHbIE MMyTEBbIE TEIEXK -
ku (TTIT-4).

ITpennoxeHHBI BApUAHT YUCIEHHOCTU
nepconana MYa mo3BosisieT COKpaTUTh 00-
CJIyXMBAIOIIUIA MEPCOHAJI, HAIIpUMEp, Ha
noaurone M2KJI, oG1eii MpoTIKEHHOCTHIO
nopsiaka 1217 KM, OpUEHTUPOBOYHO Ha
18+20 yesnoBexk.

MATEPUAJIbl U METOAbI

Ang ananuza MHGOPMAUIMOHHOW He-
omnpeneiréHnoctu (P, ): HampuMep, HECBOE-
BPEMEHHOCTU JOCTaBKM paboueil CUIIbI,
3a/iepXeK B JTOCTaBKE MEXaHU3MOB WU
MaTepuanaoB M Tak Jajee — TpeaaraeTcs
UH(GOpPMalLIMOHHAsI MOJEb, Al KOTOPO
PUCK paccMaTpUBaeTCsI Kak BO3MOXHOCTh
omnpeneneHus norepsb (P), Hampumep, Bpe-
MEHU JOCTAaBKM WU HEOMpPEeNeTEHHOCTHU
BpEMEHU Havajna (OKOHYaHUS) pabouyux
ornepanuii Ha yyactke mojuroHa (L), Bo3-
HUKAIOINI BCISNCTBUE TIPUHSTUS pa3ind-
HBIX YIPaBJISIONNX PEIICHUN B YCIOBUIX
HeoTnpeaeaéHHocTu [15].

Kpome Toro, mpu olieHKe prcka peKo-
MEHAYETCs YYUTHIBATh WHAUBUIYAJTbHYIO
TOJIEPAHTHOCTbD K pUCKYy (J), KOTOopas onu-
ChIBaeTCs KpUBBIMU MHAUGDGDEPEHTHOCTH
WKW TI0JIe3HOCTU. TakuM oOpaszoM, s
OMMUCaHWs pUCKa MOXHO MCIOJb30BaTh

MepedrciaeHHBIe TPU ITapaMeTpa, GopMy-
na (1):

P, ={P;L;J} (1

ITpu npoBeaeHUM CPAaBHUTEIBHOTO aHA-
Jii3a BCEX BBILIEHA3BAHHBIX KPUTEPUEB
pUCKa BBISIBJIEHBI TOCTOMHCTBA U HEAOCTAT-
KM WX MpakKTUYecKoro npumeHeHus. Ha
OCHOBE MPOBEAEHHOTO aHaIM3a Mpeajara-
eTcsT 0000IIEHHBIN KPUTEPUI — «IIeHa PUC-
Ka» (C ), KOTODBIi XapaKTePU3YET BENUYH -
HY YCJIOBHBIX MOTEPb, BO3ZMOXHBIX MPU
peaius3aluy ynpaBJIeHYECKOro pelieHus,
KOTOpbIE OMPENENSIOTCS B COOTBETCTBUU

c[l6]:
Cu =12 P}, ()

rae Z ONIpeAcadCTCA KaK CyMMa IPAMBIX
IIOTEPHb OT YIIPABJICHYCCKOI'O PCIICHMA.

PE3YJIbTATbI

J g onpeaesieHus LieHbl pUCKA UCTIOJIb-
3YIOTCSI TAKME MOKA3aTe N, KOTOPBIE YUUTHI-
BalOT 00€ KOOPAMHATHI «BEKTOPa»: TUCTIEP-
cud, CpeAHEKBaAPaTUUYECKOE OTKJIOHEHUE,
kKo3b@uUUMeHT Bapualluu U TaK Jaliee.
IIpennaraeTcss yTOUHEHHOE OMpeneIeHUE
pucka ucciaeayemoro npoekta (/P).

Puck IP (R,,) — 370 cuctema hakTopoB,
MPOSIBJISIONIASICS B BUAE KOMILJIEKCA PUCKOB,
WHIVBUAYAJIBHBIX I KaXJI0TO yYaCTHUKA
IP xak B KOJIMYECTBEHHOM, TaK U B Kaude-
CTBEHHOM OTHOIIEHUU, (OopMYJbl (3):

R,,R,,R:,R R

1127125 53220452 Tl
_ R2|7R22’R23’RZ4""'7R2n

R, R,,R R ... R

'm12 5 m2> 5 tm3> Fimd

RIP

Tlie # — BO3MOXHOE KOJIMYECTBO PUCKOB /P,

m — KOJIMYECTBO YYaCTHUKOB IMPOU3BO/I -
CTBEHHOTO Mpoliecca.

AKIIEHT B OIpeieIeHUU PUCKOB COCTOUT
B TOM, 4TO pUcK [P mipencraBiasieT coboii
CJOXHYIO CUCTEMY C MHOTOUYMCJEHHBIMU
B3aMUMOCBSI3SIMU, MPOSIBISIOIUMUCS 5
KaXkJ0ro U3 y4aCTHUKOB /P B BUJie UHAUBU -
NyaJbHOW KOMOMHAIMU — KOMILIEKca, TO
€CTb PUCK i-20 Y4aCTHHUKA NTPOU3BOACTBEH-
HOTO Tpolecca (R) Oyaer onucaH B BUIE

dopmynl (4):
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199 R ={(R,R

R;R, .. R}

ir N2 Ny 4

Cronbeu MaTpullbl (3) Mpu 3TOM MOKa-
3bIBAET, YTO 3HAUYECHUE JTIOOOT0 pucKa IS
KaXJIOTO y9aCTHMKA MPOU3BOJICTBEHHOTO
rpoiiecca MPOosIBISIETCS TakKe WHIUBUILY-
aJIbHO.

JaHHBI MOAXOMA CIYXKUT OCHOBOM aJiro-
puTMa puck-meHemkMeHTa. OH TTO3BOJISIET
paccMaTpuBaTh pa3BUTUE MHCTPYMEHTOB
KOJIMYeCTBEeHHOro aHanusa IP. Jlns peuie-
HUS 331249 9TOTO ATara pa3paboTaH ajeKkBaT-
HBII, YCOBEPIIEHCTBOBAHHBIN MHCTPYMEH-
Tapui.

B yactHOCTHM, pa3zpaboTaH MHCTPYMEH-
Tapuii MOpTHEJTHLHOr0 aHaIu3a MPOU3BOJI -
CTBEHHOTO TIpollecca, Tae IpeajaraeTcs
HCTI0JI30BaTh TEOPUIO TOPTQEJIS ISl perie-
HUS 3324 UHBECTULIMOHHOTO MPOEKTUPO-
BaHWs ISl IPOTHO3UpPOBaHUs 3 heKTUB-
HOCTU OpTaHU3alMK IMPOU3BOJICTBEHHBIX
MPOIECCOB, K KOTOPBIM CJIEIYyeT OTHECTHU
opraHusanuio aesgteabHoctu MYom.

Hamnpumep, pacuér cTaBKM AUCKOHTUPO-
BaHUs MMPU OTpeae/ieHuN Kputepues a¢-
dextuBHocTU IP. Insa pacuéra cTaBKU
JTVUCKOHTUPOBAHUS UCITOJb3YEM MOJEJb,
MPEACTaBISIONIYI0 COO0Il CMHTE3 MOJIEHN
(CAPM — Capital Asset Pricing Model)
U KyMYJISITUBHOTO TTOJXO/a:
r=r, +tb(r —r),

e r, — 6e3puCcKoBas CTaBKa 10X0/a;

r, — PbIHOYHAs CTaBKa,

b — xoa(punueHT prcka, onpeneasieTcs
o gopmyJe (6).

[TpeumyiecTBO MpemjiaraeMoro MeToaa
3aKJII0YAETCS B TOM, YTO OH COYETaeT JOCTO-
nHCTBa 00eux Mopaeneil. OcCoOGeHHOCTHIO
MeToaa SBJSIETCS pacuyeéT KoagdulimeHTa
pucka — b:

b = Cov(F, r): Var(r) *b, + Cov(F, r):
Var(r) *b, +...+ Cov(F , r): Var(r) *b,. (6)

Kpowme Toro, mjist KOMIUIEKCHO# OLIEHKU
WHHOBAIIMOHHBIX MPOEKTOB Ha XKeJIe3HOI0-
poxxHOM TpaHcmopte [17], BeIsiBIeHa HEOO-
XOJIMMOCTD YU4€Ta ITPOCTPAHCTBEHHBIX OTHO-
IIEHW, YTO, B CBOIO OYEPE/Ib, TPEOYET MpH-
MEHEHMST METOJIOB TeOMH(MOPMATUKU U LI -
¢poBuzauuu [18; 19].

%)

OBCYXXAOEHUE
Ha ctaguu rmpexBapuTeIbHBIX PACUETOB
(dpopmyna 7) UBMEHEHUE YUCTEHHOCTHU 00-

VINPML PAH A M 5 MIN-

CJIY>KMBAIOLIETo MepcoHasa MO3BOJIUT MOJTy-
YUTh COKpalleHUEe DKCIIyaTallMOHHBIX
pacxonoB Ha nmoauroHe M2XKJI CesepHoii
Hupekiuu nHGPacTPYKTYPHI.
OpUeHTUPOBOYHO, B MacluTabax ceTu
OAO «PX» Ha nonmurone M2KJI axoHoMust
(oHaa 3apabOTHOM IJIATHl MOXET ObITh MO~
JiydeHa B paszmepe nopsaka 180+200 muH
pyoseii B rof.
E  =H

MGL

Ly Zeoop* Kiprr PYO.,

vorw * Lver * 46 (7
rae E, ., — skoHoMuyeckas apGeKTUBHOCTD
MEPOTIPUITHI TIO0 ONITUMM3AIUU PACXO0B
M 3aTpaT MaJIOUHTEHCUBHBIX YI4aCTKOB Xe-
JIE3HOAOPOXKHBIX JIMHUH, pYO.;

H, o)y, — HOPMUDPYEMas YUCIEHHOCTD
MOHTEPOB MYTH Ha TEKYIIEM COAECPXaHUU
nepBoro kM nytu MXKJI, onpenensemas
B cooTBeTCcTBUM ¢ «HopMaTuBamu yuciaeH-
HOCTU pabOTHUKOB, 3aHSTHIX Ha TEKYIIEM
CONlEp>XXaHUU KEeJE3HOAOPOKHOTO MYyTU»,
YTBEpXIAEHHBIMU pacnopsxeHuem OAO
«PXI» ot 26.12.2016 . Ne 2667p, u «Ilo-
orepallMOHHBIMU HOPMaMU pacxoja Mare-
pUAJIOB Ha TEKYIIEE COAEPKAaHUE XKEJTE3HO-
JIOPOKHOTO TTyTU», YTBEPKIEHHBIMU PACTIO-
psxenuem OAO «PXJ» ot 15.04.2015 r.
Ne 978p, yenoBeK/KM;

L., — UIMHa pacCMaTpUBaEMOro y4acT-
Ka MyTH, KM;

Z,,, — CPEIHEro10Bas 3apaboTHas IiaTa
MOHTEpA MyTH, pyo.;

Kipg = (12 8ycy) — KO3(hOULUEHT, OTpa-

i=1

JKAIOIINIT COBpeMEHHBIN YPOBEHb TEXHUYC-
CKOTO COCTOSIHUS JaHHOro ydyactka M2XKIJI,
COBPEMEHHBIC OCOOCHHOCTHU €TO IKCILIya-
TalliM, COBPEMEHHBIE OpraHM3allMOHHbBIC
OCOOEHHOCTH OCYIIIECTBICHUS TEXHUUECKO-
T0 00CTYXMBaHUSI ITyTU ¥ THOPACTPYKTYPHI
W Apyrue OCOOCHHOCTM BKCIIIyaTalluu
JaHHoro yyactka M2KJI;

n

D Syey — TIPOLEHT (MO €IUHULIBI) CHU-

i=l

KeHUS (YBETUUYEHUS ) YUCTIEHHOCTU OOCTY XU~
BAIOLLETO MepcoHasa il BBIIIOJIHEHUS TeX-
HUYECKOTO OOCTYXMBaHUS MyTU U UH(Ppa-
CTPYKTYpHI U Apyrue ¢hakTopbl dKCIITyaTa-
uu gaHHoro yyactka M2KJI;

i=1, ..., n — IepeyeHb Pa3INYHbIX OCOOEH-
HocTel aKcrtyaTaumu yyactka M2KJI, Biausto-
IIMX HA YUCIEHHOCTb €ro 00CTy>KUBAIOIIETO



NepcoHasa Jijisi BBIOJIHEHUS TEXHUYECKOTO
00CTy>XKMBaHUS MyTU U NUHGPACTPYKTYPHI.

BbiBO4bl

PaccmoTpeHHbIe, Ha npeaBapuTeIbHOM
CTaaiuM, OpraHU3allMOHHbIE 0COOEHHOCTHU
WH@PACTPYKTYPHBIX JIMHEHHBIX TTPEATTPUSITUI
MyTEBOTO XO34ICTBa Ha TpuMepe MUKYHBbCKOMN
MY, nmo3BossItOT ceaath BBIBOA O LIEJIECO-
00pa3HOCTU aHAJIOTMYHBIX CTPYKTYPHBIX IO~
pasaeneHuii JUisi ONTUMU3ALUK yIIpaBJIeHUs
B JESTEIbHOCTU TMHEMHBIX peanpusitiii OAO
«PXKI».

B nanbHeiiiieM HeOOXOAUMO BBITTOJHUTD
TEXHUKO-3KOHOMUYECKYIO OLIEHKY UX JIeSITe b~
HOCTM ISl YTOUHEHUSI ONTUMAJIbHBIX TPaHUIL
MOJUroHa O0CIYXXMBAHUS aHAJOTUYHBIMU
MOApa3IeCHUSIMU, a TaKXKe OINpeaeUTh YUC-
JIGHHOCTb IITATOB MTPOU3BOACTBEHHOIO MEPCO-
HaJla ¥ ero rnepcoHn(UKaLIUIO MO TEXHUYECKO-

My 00CITY>KMBaHUIO MH(PPACTPYKTYPhI ITyTEBOTO
KOMIUIEKCA XKeJIe3HONOPOXKHOTO MyTH.
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ABSTRACT

The article is devoted to clarification of the
structure of maintenance of low-intensity
railways by optimising infrastructure
maintenance operational personnel using the
example of Mikunsky infrastructure section of
the Northern Infrastructure Directorate of
Russian Railways. As an example of the
distance for operation of infrastructure, the
article considers Berlin section of infrastructure
of German railways. The task of organising the
activities of the infrastructure linear enterprise
of the track complex, including track section
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considered. For the analysis of information
uncertainty, aninformation modelis proposed,
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determining losses. Atthe stage of preliminary
calculations, a change in the number of
maintenance personnel will make it possible
to obtain a reduction in operating costs.

Keywords: railway, low-intensity railway lines (LRL), enlarged section, maintenance,
infrastructure linear enterprises, track complex, PC workers, SCB and communication
personnel, enlarged brigade, track repairs, emergency work team, information

uncertainty, the price of risk.

*Information about the authors:

Kovalenko, Nikolay I. — D.Sc. (Eng), Professor of Russian University of Transport, Moscow, Russia,

kni50@mail.ru.

Kovalenko, Nina A. — Ph.D. (Eng), Associate Professor of Russian University of Transport, Moscow,

Russia, nina-alex-kov@mail.ru.

Article received 01.12.2019, revised 16.02.2020, accepted 19.04.2020.

For the original Russian text of the article please see p. 190.



Background.

Reducing costs for the main types of activities,
primarily low-intensity railway lines (hereinafter
referred to as LRL), is possible by changing the
organizational structure of linear enterprises of
maintenance of the railway track and all
interconnected infrastructure. As a further
improvement, JSC Russian Railways considers
creation of infrastructure linear enterprises
(hereinafter referred to as IL), combining the
activities of track maintenance workers
(hereinafter referred to as TM workers), personnel
for maintenance of signaling devices, centralized
blocking (hereinafter referred to as SCB and
communication personnel) and power engineering
specialists (hereinafter referred to as PE specia-
lists) [1].

The existing domestic and foreign experience
of current maintenance of railway lines by
infrastructural linear enterprises (IL) points out
the difference in the sections by the nature of
transportation. Similar differences are noted in
foreign practices [2—4].

The analysis of foreign experience of operating
low-intensity railway lines established the
following characteristics of such lines [5—8]:

+ the presence of one, or, as an exception, two
main tracks on the hauls;

* sidings with no more than three tracks are
operated as run-off points;

+ at most of the run-off points, there is
practically no cargo and shunting operations.

An example of the section for operation of
infrastructure is Berlin section of the DB
infrastructure [9], which maintains 100 km of the
extended length of the ballastless railway track,
on which high-speed passenger traffic is carried
out. The service personnel of the section comprises
250 employees of SCB and communication, 100
specialists of track facilities and 100 specialists in
power engineering.

The section personnel should supervise the
track, artificial structures, turnouts and
elimination of minor malfunctions arising during
operation.

For such track sections, faults detected by
diagnostic tools should be repaired within six
weeks. In case of a break in rails, they are
reinforced with brackets with a clamp, and speed
is limited to 120 km/h. The next day, the defective
point is cut out by the workers of the infrastructure
section, and a cut rail section is installed. As a
temporary measure, the contractor may perform
aluminothermic welding of the rail section at

ambient temperature and humidity that meet
specifications. In the future, for continuous
operation of the track, in the process of performing
scheduled preventive work, this rail cut section is
replaced with a rail insert welded in by an electric
resistance method.

All works on the track to replace the elements
of the track superstructure are carried out in
Russia by contractors that won the tender for the
work [10].

One of the main problems on the railway
network of JSC Russian Railways when using the
sectional method of current track maintenance is
untimely delivery of labour, machinery and
equipment to the work site and their return to the
base of deployment. A similar problem is noted
by foreign researchers [2; 5 9].

Based on the positive international experience
in maintenance of railway lines by infrastructural
linear enterprises, the management of JSC
Russian Railways has been considering over the
past 8—10 years a possibility of using structural
units similar to Germany and other countries
within JSC Russian Railways [11—14].

The first experimental IL was formed in 2014
on the basis of Sochi track section of the North
Caucasus Directorate of Infrastructure. This IL
brought together TM workers, signalling and
communication personnel, and specialists in
power engineering who were normally located in
one and the same settlement. Sochi [L had shown
positive operational results. At present, Sochi IL
includes TM workers and personnel of SCB and
communication.

Based on the positive experience gained at
Sochi IL, the management of JSC Russian
Railways is solving the problem of organizing
similar structural divisions in the territories of all
the 16 regional Infrastructure Directorates —
branches of JSC Russian Railways (hereinafter
referred to as ID).

In 2016, Mikunsky infrastructure section
(hereinafter Mikunsky IL) was organized within
the operation area of the Northern ID.

A distinctive feature of Mikunsky IL is the
inclusion of TM workers and SCB and
communication personnel, except for specialists
in power engineering, into IL staff. First, such a
combination is caused by the features of Mikunsky
IL, which is designed to service low-intensity
public railway lines with low traffic density and
low operational efficiency, typical for this network
segment of the Northern Infrastructure
Directorate.
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Pic. 1. Scheme of delivery of labor, mechanisms and tools for Mikunsky infrastructure linear enterprise.

Another feature of maintenance of this test site
of Mikunsky IL is the use of diesel traction, and that
also influenced the decision not to include specialists
in power engineering into this IL’s staff.

The formed Mikunsky IL has five operational
sections (Pic. 1).

The organization of five sites on Mikunsky IL is
due to convenience of organizing delivery of
workforce, mechanisms, and tools.

The total number of the staff of Mikunsky IL is
about 280 people, and of the total number of full-
time workers of Mikunsky IL, workers make up 63
% (75,5 % of them belong to TM unit), and the
personnel of SCB and communication represents
24,5 %.

The number of IL employees is explained by the
significant range of the railway service area (Pic. 1).
For example, a single-track line in the direction of
Vendinga station has a length of more than 176 km,
a single-track line in the direction of Syktyvkar
station is more than 95 km long, and the length of
double-track lines in the direction of Tyva station is
more than 99 km.

A feature of organizing delivery of employees to
the first, second and third operational sections of
the track (Pic. 1) is the use of a work train that
deliversteams of 62, 13 and 20 workers, respectively,
to the place of work and back to the locations.

To optimise transportation time and reduce
delivery costs, there are locations for KamAZ trucks
at remote areas of the network area (second, fourth
and fifth sections) (Pic. 1).

This type of vehicle is used in the operational
areas for transportation of 24 workers from the
station Mikun; of 27 people from Edva station, and
of 10 people from Yazel station. For convenience of
transportation of mechanisms, equipment, materials
of the track superstructure, and so on, transport
track carts (TTC-4) are used.

The proposed version of the number of 1L
personnel makes it possible to reduce the
maintenance personnel, for example, at LRL

network section with a total length of about 1217
km, approximately by 18+20 people.

Materials and methods

For the analysis of information uncertainty
(Piuc): for example, late delivery of employees,
delays in delivery of mechanisms or materials,
and so on — an information model is proposed,
for which risk is considered as the possibility of
determining losses (P), for example, expressed in
delivery time or uncertainty of the start time (the
end) of operations at the network site (L), arising
because of making different control decisions
under the conditions of uncertainty [15].

In addition, when assessing risk, it is
recommended to consider individual risk
tolerance (J), which is described by indifference
or utility curves. Thus, the following three
parameters can be used to describe the risk,
formula (1):

Piuc=1{P; L, J}. (1)

When conducting a comparative analysis of
all the above-mentioned risk criteria, the
advantages and disadvantages of their practical
application were revealed. On the basis of the
analysis, a generalized criterion is proposed
which isthe «cost of risk» (Crisk), characterising
the amount of conditional losses that are
possible during implementation of a
management decision, and that are determined
in accordance with [16]:

Crisk = {Z; P}, ?2)
where Z is defined as the sum of direct losses from
management decisions.

Results

To determine the cost of risk, such indicators
are used that consider both coordinates of the
«vector»: variance, standard deviation, coefficient
of variation, and so on. An updated definition of
the risk of the project under study (/P) is
proposed.



IP risk (R,,) is a system of factors that
manifests itself in the form of a complex of risks
that are individual for each /P participant both in

quantitative and qualitative terms, formulas (3):
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where n — possible number of /P risks;

m — number of participants in the production
process.

The emphasis in identifying risks is that /P
risk is a complex system with numerous
interrelationships that appear for each of /P
participants in the form of an individual
combination — a complex, that is, the risk of the
i-th participant in the production process (R, )
will be described in the form of the formula (4):
Ri ={ RiI’ R[Z’ R[j’; R[4’ e Rin} : (4)

At the same time, the column of the matrix
(3) shows that the value of any risk for each
participant in the production process also
manifests itself individually.

This approach serves as the basis for the risk
management algorithm. It allows us to look at
development of /P quantitative analysis tools. To
solve the problems of this stage, an adequate,
improved toolkit has been developed.

In particular, a toolkit for portfolio analysis of
the production process has been developed, where
it is proposed to use portfolio theory to solve
investment design problems to predict efficiency
of organization of production processes, which
should include organization of IL activities.

For example, it can deal with calculating the
discount rate when defining /Pperformance criteria.
To calculate the discount rate, we use a model that
is a synthesis of a model (CAPM — Capital Asset
Pricing Model) and a cumulative approach:
r=r, +b(rn—r), (5)
where r, — risk-free rate of return;

r, — market rate;

b — risk coefficient, determined by the formula
(6).

The advantage of the proposed method is that
it combines the advantages of both models. A
feature of the method is calculation of the risk
coefficient b:

b =Cov(F, r): Var(r) *b, + Cov(F, r):
Var(r) b, +...
+Cov(F, r): Var(r) *b,. (6)

In addition, for a comprehensive assessment of

innovative projects in railway transport [17], the

need to take into account spatial relations was
identified, which, in turn, requires the use of
geoinformatics and digitalization methods [18; 19].

Discussion

At the stage of preliminary calculations
(formula 7), a change in the number of
maintenance personnel will allow for a reduction
in operating costs.

Tentatively, on the scale of JSC Russian
Railways network at LRL network, the salary fund
savings can be obtained in the amount of about
180 + 200 million rubles per year.

Saving the wage fund for Mikunsky IL will be
about 1,2+1,8 million rubles per year (formula 7):

E:LRL = HNORM * LSEC .Z_YEAR * KCURR’ rub" (7)
where E,,, — economic efficiency of measures to

optimize the costs and expenses of low-intensity
sections of railway lines, rubles;

H,z, — normalized number of track fitters
needed for current maintenance of the first km of
LRL track, determined in accordance with the
«Standards for the number of workers employed
in the current maintenance of the railway track»,
approved by the order of JSC Russian Railways
No. 2667r dated December 26, 2016 and
«Operational rates of material consumption for
the current maintenance of the railway track»,
approved by the order of JSC Russian Railways
dated April 15, 2015 No. 978r, person/km;

L, . — length of the track section under
consideration, km;

Z,. . — average annual salary of a track fitter,
rubles;

Keumn = [1 * Zﬁcom] — coefficient reflecting the

current level of the technical condition of this
LRL section, modern features of its operation,
modern organizational features of maintenance
of the track and infrastructure and other features
of operation of this section of LRL;

> conp — percentage (unit fraction) of

i=1
reduction (increase) in the number of maintenance
personnel to perform maintenance of the track
and infrastructure and other factors of operation
of this LRL section;

i =1, .., n— alist of various features of
operation of LRL section, affecting the number
of its maintenance personnel to perform
maintenance of the track and infrastructure.

Conclusions. Organizational features of the
infrastructure linear enterprises of the track
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division considered at the preliminary stage on
the example of Mikunsky IL, allow us to
conclude that similar structural units are
expedient for optimizing management in the
activities of linear enterprises of JSC Russian
Railways.

In the future, it is necessary to carry out a
technical and economic assessment of their
activities in order to clarify the optimal
boundaries of the service area for similar units,
as well as to determine the number of production
personnel and their personification for
maintenance of the infrastructure of the railway
track complex.
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aHKT-IleTepOypr, Kak BCEM XOPOIIIO

W3BECTHO, — TOPOJ] Ha OOJIBIION BOJE.

W nemocTaB 3aHMMaeT 0co0Oe MECTO

B CympOe Topoma M ero ucropuu. JloctarouHo

BCIIOMHUTH OJ10Kamy Jlenunrpana. Hesa Bo Bce

BpeMeHa U B J1I000e BpeMsl roja Oblia «TpaHC-
TOPTHOM apTepuei» ropoa.

VYhaukansHocTh IleTepOypra cocrout emé

U B TOM, 9YTO OH CTOUT Ha OYCHb ITMPOKOI

1 OYEHB ITyOOKOI peKe. A IIEHTPOM ropoa

(akTIIEeCKU SIBISICTCS OTPOMHOE BOITHOE ITPO-

CTpPaHCTBO. 3MMOI 3TO CaMOe BOTHOE ITPOCTPaH-

CTBO ITOKPBIBACTCS JIHIOM. TaKOro MacITabHoO-
IO «TOPOICKOTO» JIeIoCTaBa, Oe3yCIIOBHO, HET
0OJIbIIIe HUTAE B MUPE.

Brutots 1o cepeanabl XIX Beka B «ropoze Ha
Hege» He ObUTO «HacTosIIIMX MOCTOB». [loue-
My?! ToMy ecTb TpY IIPOCTHIX OOBSICHEHNUS.

Bo-niepBrix, [1étp I cunran akBaTopuio
IleTepOypra ogHOI 6OJBIION raBaHbIO, B KOTO-
PYIO JOJDKHBI 3aXOIUTH KOPaOJII M3 BCEX CTPaH
EBpomnbl. A MOCTHI MellIajid Obl CyTOXO/ICTBY.

Bo-BTOpBIX, MOCTBI HE CTPOMIINCH U3 CO00-
PpaxkeHMi1 6e30ITaCHOCTH — B TOPOIC TIOCTOSTHHO



CJTy9aTiCh HABOJHEHMSI U IIITOPMOBBIE BETPHI
co cropoHbl DUHCKOTO 3a/T1Ba, KOTOPbIE MOTIIN
TTOBPEIUTH 3TU COOPYKEHMUSI.

breina v Tpethst npuuunHa. [1ETp xoTesn 3acTa-
BUTh XXUTEJIeH CTOJTUIIBI TIEPEMEIIIaThCsI IO PeKe
Y MHOTOUMCJIEHHBIM KaHaJIaM Ha JIOJIKAaX M 4acT-
HBIX KOPaOJIsIX, KaK 3TO MPOUCXOIIIIO B AMCTEp-
name. OH XOTeJT TPUYIUTh TOPOICKMX XKUTETeH
TJ1aBaTh Ha CyJax.

Ho xak ke Toraa netepOypKIiibl MOTaaaim
Ha Jpyroii Geper 10 MOSBJIEHUS TTOCTOSTHHBIX
MOCTOB? A 3TO ObLIO €XEeIHEBHON MOTPeOHO-
CTbl0, 0COOEHHO MexKy BacuibeBCKM oCcTpo-
BOM U AnmMupanteiickoil yacTteio. [1epBblii
HaIJIaBHOI MOCT ObLT HaBelgH B 1727 rofy, oH
coeqnHUN BacuibeBcKUiA OCTPOB U HBIHE-
mHeto CeHaTckylo Toiomians. YTo Takoe «Ha-
I1aBHoOM MocT»? Ero ei€ npuHsITo ObLIO Ha-
3bIBaTh IUIALLKOYTHBIM (C HUAEpJI. plaatschuit;
oT plaat — riockoe, ot schuit — noaxa). [mam-
KOYT — 3TO HEOOJIBIIIOE TPY30BOE CYIHO, KOTO-
poe 0YEeHb YIAYHO MTOOIILIO B KAYECTBE OTIOPHI
JUTSI HaTJTaBHOTO MocTa. Ho TOT mepBbIit MOCT
y CeHaTCKOil IIOMIAaN TTPOCTOSUT BCETO TOI,
3aTeM ero pa3o0pajiu 1 00JIblle He BOCCTaHAB-
JIVBAJIH.

Uepes 11Th JIeT ATMUPAITENCKAsT KOJUTET ST,
KOTOpasl Be/laJia CTPOMTEIbCTBOM MOCTOB, TTPH-
HslJla pellieHre O BOCCO3IaHWH TUTAIIIKOYTHOTO
MocTa. HoBblit MocT Ha3Bam McaakneBCKUM.
B uects Mcaakus loamaTtckoro. Ha mecre, rie
ceituac crout MenHbIi BCaAHUK, HAXOMMIaCh
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1epkoBb cBsToro Mcaakus Jloamarckoro, mo-
crpoeHHas ewg rpu Ilerpe 1. Moct 6bL10 pe-
1LIEHO HaBOAUTb HernoAaneky. Ilocie nenoxona
U JI0 CJIEMYIONIETO JieflocTaBa OH obecTrieunBal
repexon uepe3 Heny.

3a mepexoq 1o MOCTY B3MMaJlach IuiaTa:
1 konerika — ¢ reniero, 2 Koneiku — ¢ JJOLaau,
5 Komeek — ¢ KapeTbl. DTO Oblaa BIOJIHE MO-
CUJIbHASI CyMMa — CPeIHECTATUCTUICCKUMA
rpaxkJIaHuH MoT cede 3To mo3BouThb. Ho K ce-
penune XVIII Beka no pacnopstkenuto Envza-
BeThI [1eTpOBHBI TIaTAa 32 ITPOE3I I10 TIeperrpaBe
ObL1a OTMEHEeHa.

HacTosmine mocTossHHBIE MOCTHI Yepe3
Hesy nosiBunch TosbKo B cepearHe XIX Beka.
IlepBbili apOYHBI MOCT OBLT MOCTPOEH
B 1850 rony. Ero Ha3Banu HukonaeBckuit
(¢ 1918 . — mocrt neiiteHanTa Imunara,
¢ 2008 . — biaroBelleHCKUit).

TTocne Toro Kak 6bL1 moctpoeH Hukonaes-
cKuii MocT, MlcaakreBCKUiA epeHecIv B CTOPO-
Hy bupxu — rae ceituac ctouT JIBOPLIOBBII
MOCT, CTPOUTEIBCTBO KOTOPOr0 HAYaIoCh
B 1913 roay. Torna McaakueBcKuii BEpHY/IU Ha
MpeXXHEe MECTO.

OH npocTosit BIioTh 10 1916 roma. Mckpa
U3 TIPOXOAUBIIETO MMUMO OYKCHUpa IToraia
B TUTAIIKOYT. McaakmeBCKMiT MOCT OCBEIIAICS
KEPOCHMHOBEIMU (POHAPSIMM, M BHYTPU CYIHA
XpaHWJICS KepocrH. MOCT Cropert 10T, a ero
KycKH TDIeIH 110 HeBe B ctopony @UHCKOTO
3a71vMBa. AHHa AXMaToBa cTaja Cay4yalHbIM
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CBUZETEJIEM 3TOTO MTOXKapa 1 OIKCaIa ero B CBO-
€M IHEBHUKE.

Ho xorna B IletepOypre elié He ObLIO MOC-
TOB, XKUTEJIX TOPOJa MePEnpaBIsIUCh C OHOTO
Oepera Ha IPYroil Ha JOMOYHBIX MEPEBO3aXx.
KpynHelil 1oq0ouHbBIi IEpeBO3 ObLT TaM, IIe
ceifuac pacronaraetcsi [arapuHckas ynauua.
W HasbiBaeTCs 3Ta yjaulia HE B Y€CTh MEPBOTO
KOCMOHABTa, KaKk MHOTHE TyMaloT, a oT «[ara-
PVHCKOI ITeperpaBbl» , KOTOpast TpuHaiexana
KkHs310 TarapuHy. 3uMoll Katepa 3aMEHSUTUCh
CaHHBIMU IKUTTIAXKAMU.

B XVIII Beke, kak Tosibko HeBa 3acTbiBana,
HaruTaBHbIE MOCTBI pa30upaiuck. JItoau Hauu-
HaJIu riepemeniarhbes npocTo 1o Jibay. Ho Mcaa-
KHUeBCKUI HariaBHoil MocT B XIX Beke neii-
CTBOBAJ yXe U BO BpeMs JjenoctaBa. Yepes
HeBy Hy>kHO ObUIO IEPEBO3UTH MHOTOUUCTIEH-
Hble KpyITHOTabapuTHBIE TPY3bl, a MO JIbIY Ha
CaHsIX 3TO JieJlaTh ObLTO OMACHO U HE OYEHb
YIOOHO.

Ho camMbIM HEOOBIUHBIM «TPAHCIIOPTHBIM
MPOEKTOM Ha JIbIy» MOXHO CMEJIO Ha3BaTh
«JlenoBblit TpamBaii» B CankT-IlerepOypre.
«Camas HeoObIuHasi» B Poccuu, 1a u B Mupe,
TpaMBaiiHasl TMHUS Mopaxasa He TOJbKO TeM,
yTO nerictBoBasia ¢ 1895 roga OoT KOHTaKTHOMN
CeTHU.

B 1874—1876 rr. pycckuii urxeHep Mémxop
AnosonoBuY [Tuponkuii MpoBEN psizt ONBITOB
0 Tiepeaaye ToKa Mo pesibcaM Ha PacCTOSIHUE
1 kM. J11s1 3TOit L1eJIM OH MCIOJIb30Bajl 3a0po-
LIeHHBI ydyacToK CecTpopelKoii XKejle3HOok
JTIOPOTU, OJIVIH U3 PETBCOB KOTOPOU ObLT TPSIMBIM
MPOBOJIOM, a APYroil — obpaTHbIM. OMBITHI
TMPOILLTH YCTIEITHO, 1 y3ke B 1876 1. [Tuporkuit
YCTAaHOBWJI 3JIEKTPUYECKUIA TBUTATEN b HA OMTHOM
u3 BaroHoB [leTepOyprckoil KOHHO-KEIe3HOM
noporu. Ilocne cepur MpOBENEHHBIX UCTIbITA-
Huii, 22 aBrycta 1880 . B 12 yacos aHs B [1etep-
Oypre, Ha [1eckax, 310 Ha yrity BolOTHO yuLIbI
u JlertapHoro nepeysika, B nepBbiii pa3 B Poc-
cuu ObUTa ITPOBEPeHa BOZMOXKHOCTb IBUXKEHUS
TpaMBaifHOTO BaroHa «3JIEKTPUUECKOIO CUJIOIO,
UIYIIEeH MO peabcaM, MO0 KOTOPbIM KaTATCs
KoJiéca BaroHa». MOTOp, MOABEIIEHHbIN CHU3Y,
nepegaya BpallleHUs! ¢ MTOMOIIBIO 1IECTEPEH
U LEJbIA PSIT IPYTUX NPUCTIOCOOIeHUI ObUT
cnenanbl camuM DEmopom [uporkM coBMecCT-
HO C IPYTM BbIAAIOIIUMCS SJIEKTPOTEXHUKOM —
Brnagumupom HukonésbiM. beIBlIIEMY KOHOY-
HoMmy BaroHy No 114 ObUTIO CyXIEeHO CTaTb
MEePBbIM B MUPE JIEKTPUUYECKUM TPAMBAEM.
Hecmotps Ha Gosnbliyio Harpy3ky — 40 nacca-
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SKMPOB — BaroH JIBUTAJICST «CO CKOPOCTHIO KOH-
CKOM pbich» (OKOJIO 36 KM/4), IOCTATOUHOM
CKOPOCTBIO [UTsT Topojickoro TpaHcropTa. Co-
XPaHWIVCh OTYETHI, U3 KOTOPBIX CIIEAYET, YTO
OIBIThI TPOAOIKAIMCH HECKOJIBKO AHEN: 1, 14,
15, 16 ceHTAODSI.

BaroH, KOTOpBIif TTepeABUTaJICSI CAMOCTOSI-
TEJIBHO, TIPUBES B U3YMJIEHUE BCEX 3PUTEIIEH,
cobpasiuxcs B PoxnectBeHckom mapke. [1o
CJIOBaM OITHOTO M3 HUX: «CTPAHHO, JaXe JKYTKO
CTaHOBUTCSI CMOTPETh Ha BarOH, KOTOPHIiA TBU-
KeTcsl 6e3 Jlomaay U KOTOPBIN M0 OJHOMY
TOJIbKO KEJIAHWIO YITPABIISIONIETO UM Kydepa
MOZKET BHE3aITHO OCTAHABIMBATHCS U JIBUTATHCS
B 00OpPaTHOM HaMpaBJIeHUN».

HecMoTpst Ha yauHbIii 9KCTIEPUMEHT, BJla-
JIEJTBITBI OOIIIECTB KOHHO-KEJIE3HBIX JIOPOT He
OUYeHb 00PATOBAIMICh ITOMY U HE TTOIePKaJIN
HoBIecTBo. [IepeobopynoBaHue neiicTByoIIeiH
KOHHOI JTOPOTH B 3JIEKTPUIECKYIO TPeOOBaJIO
BJIOKEHMSI BHYIIUTEIBHBIX CPEJICTB, a JOTTOJI-
HUTEJIHHBIX BHITOJT BIIAIETBIIBI «<KOHHOXKEIE3KI»
He yBuienu. M3-3a 3TOro oTKphITHE TpaMBali-
Horo aBrkeHus B [etepOypre 3amepKanoch Ha
HeJbIx 27 JeT.

Bcé neno 6bUT0 B TOM, UTO MEXAY AKIIMO-
HEPHBIM OOIIIECTBOM KOHHO-KeJIe3HBIX JOPOT
U TOPOJCKUMU Bhactsamu ¢ 1875 roma ObLn 3a-
KJTIOYEH JTOJITOCPOYHBIN TOTOBOP, 3arpeliaro-
M TIepeaBaTh MPaBo Ha MacCaKMpPCKUe Tie-
peBo3ku B [TetepOypre Komy-160 eiié. Boiky-
TUTH KOHHO-3KeJIE3HbIE TOPOTY ITPABUTEITHCTBO
MOIJIO TOJIBKO uepe3 15 JieT, wim yepe3 copok
JIET TOPOTH IOJKHBI OBLIT CAMU BEPHYTHCS TIO]T
KOHTPOJIb PaBUTEILCTBA.

K aTtoMy BpeMeHM TpamBaii CTal IPUBBIY-
HBIM BUJIOM TPAHCITOPTA, KOTOPBIH yKe BOBCIO
xoaw o ynuuaM Burebcka, EkareprHocnana,
Kurtomupa, Kazanu, Kuesa (3nech TpamBaii
HavaJ paboTtaTh IepBbIM, B 1892 roxy), Kypcka,
Mocksbl, Huxknero Hosropona, Opia, CeBa-
cromnoss... A B I[lerepOypre caMbIM MacCOBbIM
BUJIOM TPAHCITOPTA OCTABAIVICH KOHKHU, TIOSIBUB-
mmecst B ropozae B 1863 romy.

JIBe JIomIaam TSHYJIU 110 peibcaM MeTaJUTv -
YeCKHUii BArOH, BHYTPY KOTOPOTO PaCIoarainch
MecTa JUTs TtTaccaxknpoB. Ha 3amHeit mionaake
pacrionarajach JIeCTHHMIIA, KOTOpasl Bejia Ha
nMIiepuai (KpbIliry), TaM CTOSUTU JIBE CKaMbU
CIIMHOM ApYyT K apyry. B Hayane Barona Obuta
HeOOoJIbIIIas TUIOIIAIKA TSI BOXATOTO, YIIpaB-
Jsrortiero JioaabMu. CKOpOCTb TaKKX BATOHOB
He TIpeBbIlIajia BOCbMU KUJIOMETPOB B yac.
ITpoe3n BHYTpM BaroHa CTOMJI 5 KOIleeK, Ha



Kkpbitie — 3 Koreliku. B 90-x romax XIX Beka
KOHKa €XeTroJHO IepeBo3uJia 0KOJIO 57 MJIH
MacCaXXpOB U IPUHOCKJIA OTPOMHBIC JTOXOMIBI.

ITockonbKy 3aKOH orpaxaan KOHOYHUKOB
OT KOHKYPEHIIMM TOJBKO Ha CYIlIe U YIUIIax
ropona, B 1894 rony Muxeneps O6IIeCcTBa
(DUHISTHACKOTO JIETKOTO MapOXOACTBA IO Py-
xoBozactBoM P. K. ¢hon [aprMana, mpumymaBiive
3TOT TPAHAMO3HBIN MPOEKT, PEIIMIN ITyCTUTh
BaroHsI IO 3aMEp3Ieil peke, MPOJIOKUB TaM
IITIAJTBI U PEIbCHI M YCTAHOBUB BMOPOXKEHHBIC
B JIEM, CTOJIOBI.

OHU OPraHU30BaJIM TaK Ha3bIBACMBIIA «PeJTb-
COBBI MEPEKAT», KOTOPBIN YCIICIITHO AECTBO-
BaJs1 aBe 3uMbl. CHavajia BarOHbI ObUTA HEOOJTb-
MU U JBUTATUCH €CTECTBEHHBIM CITOCOOOM
10 HAKJIOHHOMY MapIIpyTy OT OZHOTO Oepera
Hesol K npyromy.

Cawmas riepBasi ie1oBast JMHMS ObLIa ITPOJIo-
>keHa roriepek HeBbl mexkny CeHaTcKol 11o-
aabpio M BacuibeBCKUM OCTPOBOM M MMeEa
mumHy Beero 180 caxkeneii (okoso 380 M), T.e.
(hakTYEeCKM 3TO OB ITPOCTO IIEPEBO3 C OTHOTO
Oepera Ha Apyroit. Tem He MeHee OH T0JIb30BaJl-
Cs OTPOMHOI TIOMyJIIpHOCTHIO. [ToaToMy yxke
B CJICIYIOIIIEM IOy ObLIO co3maHo «Bricouarite
yTBepxKa¢HHOe ToBapuIlecTBO 151 3KCILTyaTa-
1w anekrpuaectsa M. M. [Tomobemosa u K,
KOTOPOE TIPOJIOXKMUIIO TI0 JIbAY CHavyaja TpUu
TpamMBaitHBIX MapiIpyTa: oT CeHaTCKOi1 romia-
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v Ha BacuibeBcKuii ocTpoB, oT BopioBoit
HabepexXHoi Ha MBITHUHCKYIO HaOEepesKHYIO,
ot CyBOpoBcKoO# Tutiolanu Ha Beiboprekyio
ctopony. Ilocne yero no6aBuin e oauH
MapiipyT: oT CyBopoBCKoii Tutomany Ha Ile-
TepOyprckyio cropoHy. CaMu mepeBO3bl TOXE
MpUHAaIIeKaa (BO3MOXKHO, HE BCE) TOBApHIIIE-
ctBy M. M. ITono6enosa n K°.

Ha cMeHy MUHMATIOpHBIM OTKPBITHIM Baro-
HaM MPUIIET HACTOSIILIUI TpaMBaii Ha 3JIeKTPU-
YECKOM TSITe, KOTOPBI TOpOoXKaHe Cpa3y Ha3BaIU
«JIEIOBBIN TpaMBaii».

Ha mmoaroToBKy K 3aITycKy TpamBasi IO JIbIY
Hesrl 66110 IOTpaueHO 28 THIC. pyoIIeii. 19 sH-
Baps1 1895 roma mo ctapomy ctumio (2 deBpaiis
110 HOBOMY) OBLT ITYILICH TIEPBBIi JICKTpUYIC-
CKUI TpamMBaii.

DTO OBUT MEPBBI JOCTYITHBII 00IIIECTBEH-
HBII TPAaHCIIOPT Ha 3JIeKTpUYecKoii Tsre. Tok
Ha pesIbChl Y3KOKOJICHKM ToIaBajga TMHAMO-
MalllHa, yCTaHOBJICHHAas Ha bapke y MBITHUH-
cKoit HabepexkHOoM. TOKONMPUEMHNK ObLT IITaH-
roBbIiA, Koses 1067 MM, HanpspokeHue 225 B,
ckopocTb 20 kM/4, mocanodHbix MecT 20. JIunum
OIIHOITYyTHBIE, HO ObLIN U IBYXITYTHBIE BCTABKH -
pasbe3nnsl. CKopee Bcero, JIEM Mo MOJOTHO
JTOTIOJTHUTETLHO HapaIlMBaJIu, TIOJIMBast BOIOM.
B n€én BMopaxkuBaiu cTo10bl, IO KOTOPbIM TSI-
HyJI TIPOBOJIA, a TI0 HUM U pebcaM ITyCKaIn
TOK. BaroH ucrons3oBajics oT KOHKH. CTou-
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MOCTb TIPOEe3/1a COCTaBJIsIIa OT TPEX JI0 TSITH
KOTIEeeK, ISl IETe i TIPY POIUTEISIX — OeCIUIaTHO.

Kaxk mucan B 1895 rogy xypHan «Bcemup-
Hasl WJUTIOCTpaLusi»: «Bo @pems dgudicenus 6a-
20HA 8 HEPOBHBIX MECMAX NPOBONOKU, CONPUKA-
carowetics ¢ 21eKmponpuUEMHUKOM, NOABAAIOM -
€51 UCKDbL, NPOU3800UjUe NOO0NBIMHOE 3peaule.
Jleudicenue 6acona pecyaupyemcs 3aMolKaHUeM
U OMMbIKAHUEM 21eKMPU1ecK020 moxKa U 0co-
obimu mopmo3zamu. Beex eaeonoé noka nasna-
YeHo 045 Nepeso3Ku Naccaxicupos uemolpe,
U naama 3a 603Ky HA3HA4eHa Mmpu Koneuku
¢ naccaxcupa».

Hu pasy 3a Bc€ Bpems1 CylIeCTBOBaHUS 3TO-
ro TpaMBasi He ObLIIO MPOBAIOB Mo €. MHxe-
HepbI pabOTaI OUEHb IPAMOTHO, IIPOCYUTHIBA-
JIV TOJIIITUHY JIbJIA, PEJTECHI YKIIAIbIBAIICH B TEX
MeCTax, r1e € 0bL1 Kpernok. CaMble CepbE3HbIe
aBapyu, KOTOPbIE CITyIWIIMCH 32 BCE BPeMsI 9KC-
IUTyaTallliy, — 3TO OOPBIB IIPOBOIOB M «CaMO-
XO[l» TpaMBasi 63 BOMUTEISI, KOT/Ia BATOH HAUM -
HaJl caM 110 cebe cKob3uTh. Ho aBapum Bee xe
ObUTM. B muTepcKux razerax TOro BpeMeHU
OBLJIO OMMCAHO HEeCKOJIbKO ciiydaeB. Kak-To
CO00II1AJIOCH O Pa3pbIBE ITPOBOJIOB, B PE3YJIBTa-
Te 4ero TpaMmBail BCTaJl Ha CepelvHe PEKH,
Y TIaccaKpaM MpUIILIOCh MATH TietikoM. M of-
HaXXJIbl COOOIIIATIOCh 00 OTTEIENU, KOTIa «peKa
TTOTHSITACH U TIOATIOPTHIIA TTYTH».

JlenoBble TpaMBau €30WJIU TI0 YETHIPEM
MapIpyTam:

* «CeHarckuii nepeBo3» Mexay CeHaTCKOM
TIomaabio 1 PyMstHIIEBcKM ckBepoM Ha Ba-
CUJIBEBCKOM OCTpPOBE;

* «/IBOPILIOBBI MTEpeBO3» OT 3UMHETO IBOP-
1a 10 MbITHUHCKOI HabepexxHoil Ha TleTpo-
TPaJCKOil CTOPOHE (BEPOSITHO, €IIE CYIIIECTBO-
BaJI OCTAHOBOYHBINM MyHKT HETMOAANEKY OT
cTpenku BacuiibeBCKOro ocTpoBa);

* JIunus u3 paitona CyBOpOBCKOIA ILI0IIA-
1 Ha BeIOOPrcKyto cTopoHy;

* JIunus u3 paitona CyBOpOBCKOIA ILI0IIA-
1y Ha IleTporpaackyto cTopoHy (ObL1a mposo-
JKEHa T03Xe).

[epBast anekTpuduIIMpoBaHHAsK TMHUS Ha
JIbly CcTajla «O0JIbIIMM yI0OCTBOM IS OOBbIBa-
teneii [leTporpanckoii CTOpOHbBI», THCal BCE TOT
ke XypHal « BceMupHast wintocTparivsi»: 3a Tpy
KOTIEIKM OHU TIOJIYYWJIM «OTJIMIHOE CKOpOe
COOOIIIEHUE C IEHTPATLHBIMU YaCTSIMUA CTOJTU-
ubl». I[lepeceur HeBy mo apay or 3uMHero
JIBOpIIA 10 300JI0TMYECKOT0 caja B MAJICHbKOM
«CaMOXOJTHOM» BarOHYMKE CUNTAIIOCH BECEITBIM
3MMHUM aTTPaKIIMOHOM.
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TTo cmoBaM cOTpyITHUKOB «[OpasIeKTpOTpaH-
ca» [lerepOypra, 3UMBI B Ty ITIOPY CTOSLTU CYPO-
BbI€, U TIOJIb30BaThCSI TAKUM TPAHCIIOPTOM T1e-
TepOYpPKIIbI HUCKOJIBKO HE OIacalicCh, a ¢ Ha-
CTYTUICHAEM BECHBI, TTIOCIIE JIEIOX0a, Ha TEX Ke
MapIlpyTax Ha4YMHaIM CHOBa JeCTBOBATh I1a-
pOMHBIE TTeperpaBbl. HaunHam paboTty «1emo-
BbIE TPaMBau» €1Ba JIE CTAHOBUJICS KPETTKUM —
oxoJio 20 stHBapst, 3aKaHYUBAIK B MapTe — 21.

[TpoekT okazajicsi AOBOJbHO MPUOBLIb-
HBIM — 3a TICPBBIA CE30H yHAJIOCh MEPEBE3TH
0K0s10 900 ThIC. MacCcaXkMpoB, YTO MOATOIKHYJIO
TOPOICKME BIIACTU K CYIeOHOM TSDKOE C BIafe/b-
LHaM1 KOHHO-eJIe3HbIX Topor. Tspkba minnach
¢ despaist 1896 o centsiops 1902 T, ¢ Lie/bIO
TIPU3HATh HEICWCTBUTETLHBIM BBIIIICYTTOMSITHY -
ThIi moroBop 1875 roxa. IMocie modens! B cyme
Topornckast myma mipyHsiIa peleHrue O CTPOU-
TeJIbCTBE HA3eMHBIX IMHUIA TpamBasi. 16 cCeHTsI0-
pst 1907 rona 6bU1 OTKPHIT MEPBbIA MapILIPYT OT
Il1aBHOTO 11ITA0a 10 8-i1 TMHMKM BacuibeBcKoro
octposa. Ho «iensiHoii TpamBaii» elg Tpu roaa
TIPOIOJIKAJI TIEPEBO3UTH MACCaKMUPOB.

B 1910 roay TpamBaiiHble TUHUU MO JbIY
HeBbl ObUIM TIpOJIOKEHBI B TIOCASIHUMN pas.
K coxanenuio, Kpome depTexeit, XpaHsIImxcst
B FOPOACKOM My3ee, HUKaKUX CBUICTECIbCTB
1 00pasIloB WIEISTHOTO TpaMBas» HE COXPaHU-
Jock. K koH1ry 80-X rogoB Mmpolioro Beka cuc-
TeMa TpaMBaiiHOTO IBUXeHUsA B CaHKT-
ITetepOypre cTana camoii OONbIIOI B MUpPE
1 ObU1a BKIItoueHa B KHury pekopaoB [MHHecca.
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t. Petersburg, as everyone knows, is a

city on high water. And freezing takes

aspecial place in the fate of the city and
its history. It is sufficient to recall the blockade
of Leningrad. At all times and at any time of
the year the Neva was the city’s «transport
artery».

The uniqueness of St. Petersburg lies in the
fact that it stands on a very wide and very deep
river. And the centre of the city is actually a
huge body of water. In winter, this very body of
water is covered with ice. Such a large-scale
«urban» freeze-up, of course, is not found
anywhere else in the world.

Until the middle of 19" century, there were
no «real bridges» in the «city on the Neva». Why?!
There are three simple explanations for this.

Firstly, Peter I considered the water area of
St. Petersburg to be one large harbour, into
which ships from all European countries should
enter. And bridges would interfere with
shipping.

Secondly, the bridges were not built for
safety reasons — the city constantly suffered
floods and storm winds from the Gulf of
Finland, which could damage these structures.

There was also the third reason. Peter
wanted to force the inhabitants of the capital
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to move along the river and numerous canals
in boats and private ships, as was the case in
Amsterdam. He wanted to teach city dwellers
to sail on ships.

But how then did the Petersburgers get to
the other side before appearance of permanent
bridges? And this was a daily requirement,
especially between Vasilievsky Island and the
Admiralty district. The first pontoon bridge was
erected in 1727, it connected Vasilievsky Island
and the current Senate Square. What is a
«floating bridge»? It was also customary to call
it pontoon (from Dutch plaatschuit: plaat — flat,
schuit — boat). A pontoon is a small cargo ship
that is very well suited as a support for a floating
bridge. But that first bridge at Senate Square
stood only for a year, then it was dismantled
and was never restored.

Five years later, the Admiralty Collegium,
which oversaw construction of bridges, decided
to recreate the pontoon bridge. The new bridge
was named Isaakievsky in honour of Isaac
Dolmatsky. In the place where the Bronze
Horseman now stands, there was the Church of
St. Isaac of Dolmatsky, built during the reign of
Peter 1. It was decided to build the bridge nearby.
After the ice drift and until the next freeze-up,
it provided the passage across the Neva.

For crossing the bridge, a fare was charged:
1 kopeck — from a pedestrian, 2 kopecks — from
a horse, 5 kopecks — from a carriage. It was
quite a feasible amount — the average citizen
could afford it. But by the middle of 18"
century, by order of Elizaveta Petrovna, the fare
on the crossing was cancelled.

Real permanent bridges across the Neva
appeared only in the middle of 19" century. The
first arched bridge was built in 1850. It was
named Nikolaevsky (since 1918 — Lieutenant
Schmidt Bridge, since 2008 — Blagoveshchen-
sky).

After the Nikolaevsky bridge had been built,
Isaakievsky was moved towards the Stock
Exchange — where the Palace Bridge now
stands, the construction of which began in
1913. Then Isaakievsky bridge was returned to
its original place.

It stood until 1916. A spark from a passing
tug hit the pontoon. Isaakievsky bridge was lit
with kerosene lanterns and kerosene was stored
inside the ship. The bridge burned to the
ground, and pieces of it floated along the Neva
towards the Gulf of Finland. Anna Akhmatova
became an accidental witness of this fire and
described it in her diary.

But when there were no bridges in
St. Petersburg yet, the inhabitants of the city
were ferried from one bank to the other by boat.
There was a large boat trip where Gagarinskaya
Street is now located. And this street is called
not in honour of the first cosmonaut, as many
think, but thanks to the «Gagarin ferry», which
belonged to prince Gagarin. In winter, the boats
were replaced by sled carriages.

In 18" century, as soon as the Neva froze, the
floating bridges were dismantled. People just
started to move on the ice. But Isaakievsky
pontoon bridge in 19™ century was already in
operation during the freeze-up period. Numerous
oversized cargos had to be transported across the



Neva, but it was dangerous and not very convenient
to do this on ice on a sled.

But the most unusual «transport project on
ice» can be safely called the «Ice Tram» in
St. Petersburg. The «most unusual» in Russia,
and in the world, the tram line amazed not only
by the fact that it operated from 1895 from the
contact network.

In 1874—1876 Russian engineer Fyodor
Apollonovich Pirotsky conducted a series of
experiments on transmission of current along
rails over a distance of 1 km. For this purpose,
he used an abandoned section of Sestroretsk
railway, one of the rails of which was a direct
wire, and the other was a reverse. The
experiments were successful and already in
1876 Pirotsky installed an electric motor on
one of the carriages of Petersburg horse-drawn
railway. After a series of tests carried out, on
August 22, 1880 at 12 noon in St. Petersburg,
on Peski, this is at the corner of Bolotnaya
Street and Degtyarny Lane, that for the first
time in Russia the possibility of a tram car
movement was tested by «electric force running
on rails along which the wheels of the carriage
are rolling». The motor suspended from below,
the transmission of rotation by means of gears
and a number of other devices were made by
Fyodor Pirotsky himself together with another
outstanding electrical engineer — Vladimir
Chikolev. The former No. 114 horse carriage
was destined to become the world’s first electric
tram. Despite the heavy load — 40 passengers —
the carriage moved «at the speed of a horse trot»
(about 36 km/h), sufficient speed for urban

transport. There are reports from which it
follows that the experiments continued for
several days; September 1, 14, 15, 16.

The carriage, which moved independently,
amazed all the spectators gathered in the
Rozhdestvensky park. In the words of one of
them: «/tis strange, even creepy to look at a carriage
that moves without a horse and which, at the mere
request of the coachman driving it, can suddenly
stop and move in the opposite direction».

Despite the successful experiment, the
owners of horse-drawn railways were not very
happy about this and did not support the
innovation. Re-equipment of the existing
horse-drawn road into an electric one required
an impressive investment, and the owners of
the horse track did not see any additional
benefits. Because of this, the opening of tram
traffic in St. Petersburg was delayed by as much
as 27 years.

The whole point was that between the Joint
Stock Company of Horse Railways and the city
authorities since 1875 a long-term agreement
was concluded prohibiting the transfer of the
right to passenger transportation in St. Petersburg
to anyone else. The government could redeem
the horse-drawn railways only after 15 years, or
in forty years the roads themselves had to return
under government control.

By this time, the tram had become a familiar
form of transport, which was already in full
swing on the streets of Vitebsk, Yekaterinoslav,
Zhitomir, Kazan, Kiev (here the tram started
operating first, in 1892), Kursk, Moscow,
Nizhny Novgorod, Orel, Sevastopol... And in

209
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St. Petersburg, the most popular form of
transport was horse-drawn trams, which
appeared in the city in 1863.

Two horses were pulling a metal carriage
along the rails, inside of which there were seats
for passengers. On the back landing there was
a staircase that led to the imperial (roof), there
were two benches with their backs to each other.
At the front part of the car there was a small
platform for the cabman driving the horses. The
speed of such cars did not exceed eight
kilometres per hour. A ride inside the carriage
cost 5 kopecks, on the roof — 3 kopecks. In the
90s of 19" century, the horse tram carried about
57 million passengers annually and brought
huge profits.

Since the law protected horse-traders from
competition only on land and city streets in
1894, the Engineers of the Society of the
Finnish Light Shipping Company under the
leadership of R. K. von Hartmann, who came
up with this grandiose project, decided to start
the carriages along the frozen river, laying
sleepers and rails there, and installing pillars
frozen in the ice.

They organized the so-called «rail roll»,
which successfully operated for two winters. At
first, the cars were small and moved in a natural
way along an inclined route from one bank of
the Neva to the other.

The very first ice line was laid across the Neva
between Senatskaya Square and Vasilievsky
Island and had a length of only 180 fathoms

(about 380 m) —i.e. in fact, it wasjust a transport
from one coast to another. Nevertheless, it
enjoyed immense popularity. Therefore, the very
next year, the «Imperially approved Partnership
for operation of electricity by M. M. Podobedov
and Co» was created, which first laid three tram
routes across the ice: from Senatskaya Square to
Vasilyevsky Island, from Palace Embankment
to Mytninskaya Embankment, from Suvo-
rovskaya Square to the Vyborg side. Then
another route was added: from Suvorovskaya
Square to the Petersburg side. The transports
themselves also belonged (perhaps not all) to the
partnership of M. M. Podobedov and Co.

The miniature open cars were replaced by
a real electric tram, which the townspeople
immediately called the «ice tram».

28 thousand rubles were spent on
preparations for the launch of the tram across
the ice of the Neva. On January 19, 1895
according to the old style (February 2 according
to the new), the first electric tram was launched.

It was the first affordable electric public
transport. The current on rails of the narrow-
gauge railway was fed by a dynamo installed on
a barge near Mytninskaya embankment. The
pantograph was rod-type, 1067 mm track, 225
V voltage, speed of 20 km/h, 20 seats. Single-
track lines were operated, but there were also
double-track inserts-passing. Most likely, the
ice under the roadbed was additionally
reinforced by pouring water. Pillars were frozen
into the ice, along which wires were pulled, and



current was sent along them and on the rails.
The carriage of the horse tram was used. The
fare was from three to five kopecks, for children
with parents the ride was free.

Asthe magazine «World Illustration» wrote
in 1895: «During movement of the carriage,
sparks appear in uneven places of the wire in
contact with the electric receiver, producing a
curious sight. The movement of the car is
regulated by closing and uncoupling of the electric
current and special brakes. All carriages have
been assigned for transportation of passengers so
far, and payment for transportation is set at three
kopecks per passenger».

During the entire existence of this tram there
have never been sinkholes under the ice. The
engineers worked very competently, calculated the
thickness of the ice, the rails were laid in those
places where the ice was strong. The most serious
accidents that have happened over the entire period
of operation are wire breakage and «self-propelled»
tram without a driver, when the car began to slide
by itself. But there were still accidents. Several cases
were described in St. Petersburg newspapers of that
time. Somehow it was reported that the wires were
broken, as a result of which the tram stopped in
the middle of the river, and the passengers had to
walk. And once a thaw was reported, when «the
river rose and spoiled the rails».

Ice trams travelled on four routes:

* «Senatsky transport» between Senatskaya
Square and Rumyantsevsky Square on
Vasilievsky Island;

* «Palace transport» from the Winter Palace
to Mytninskaya embankment on the
Petrogradskaya side (probably, there was still a
stopping point near the spit of Vasilyevsky
Island);

* Line from the area of Suvorovskaya square
to the Vyborg side;

* Line from the area of Suvorovskaya square
to the Petrogradskaya side (was laid later).

The first electrified line on the ice became
«a great convenience for the inhabitants of the
Petrograd side», wrote the same magazine
«World Illustration»: for three kopecks, they
received «excellent fast communication with the
central parts of the capital». Crossing the Neva
on ice from the Winter Palace to the Zoological
Garden in a small «self-propelled» trailer was
considered a fun winter attraction.

Accordingtoemployeesof «Gorelektrotrans»
of Petersburg, winters at that time were severe,
and Petersburgers were not at all afraid to use

such transport, and with the onset of spring,
after an ice drift, ferry crossings began to
operate again on the same routes. The «ice
trams» started work as soon as the ice became
strong — around January 20, and finished on
March 21.

The project turned out to be quite
profitable — in the first season, about 900
thousand passengers were transported, which
prompted the city authorities to litigate with
the owners of the horse-drawn railways. The
litigation lasted from February 1896 to
September 1902, with the aim of invalidating
the aforementioned 1875 treaty. After the
victory in court, the City Duma decided to
build ground tram lines. On September 16,
1907, the first route from the General Staff
Building to the 8" line of the Vasilyevsky Island
was opened. But the «ice tram» continued to
carry passengers for three more years.

In 1910, tram lines were laid on the ice of
the Neva for the last time. Unfortunately,
apart from the drawings kept in the city
museum, no evidence and samples of the «ice
tram» have survived. By the end of the 80s of
the last century, the tram system in
St. Petersburg became the largest in the world
and was included in the Guinness Book of
Records.
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Pepakups BbipaxaeT Npu3HaTeNbHOCTb COTPYAHMKaM 61bnnoTekn Poccuiickoro yHneepcuteTa

TPpaHCMNopTa 3a NOMOLLb B NOArOTOBKE MaTtepuasna.

NEPEABUXXEHUE NACCAXNPOB UTPY30B
NO BE3SPEJ/IbCOBOMY NYTH

KUTIaXU C aKKYMYJISITOPaMU SJIEKTPH -

YeCKMMU OKa3aJIMCh 00J1ee TPUTOIHbI

IJIsI ABUZKEHUST 110 0e3peTbCOBOMY
IyTU W, HECMOTPSI Ha ITOTEPU SHEPIHU, CBSI-
3aHHBIE C MOCJEeNOBaTEIbHBIMU 3apSIIKON
U pa3psiioM OaTapeu, U ObICTPbIM M3HAIIVBA-
HUEM 3JIEKTPOIOB, OBIBAIOT YCIOBUS, KOTIa
MMPUMEHEHE TAKOBBIX BITOJTHE OITPaBAbIBACT-
¢, KaK YBUIUM HIKeE.

Ewme BuirogHee, ogHakKo, HEMOCpE -
CTBEHHas IToJavya 3JeKTPUIYECKON DHEPTUN
MIPpY MOMOIIM BEPXHEro MmpoBoxa (IBO-
HOIro — TSI TToJayd M 00paTHOTO OTBOJA
SHEPTUHN) K BIIEKTPOMOTOpaM, MOIBEIICH-
HBIM K OCSIM BDKHIIaxa, eClIU IPOTSKEeHUE
JIMHWI orpaHUYMBaeTCs 3—4 KrmioMeTpaMu
U HampaBJieHUe ABUKEHUS BIIOJHE OTpee-
JIEHHOE pa3 U HaBcerAa. B nanpHelieM Mbl
1 MepeiaéM K PaCCMOTPEHMIO 3THX IBYX
THUITOB, HAYaB C aKKYMYJIITOPHOTO JIEKTPH -

VINPML PAH A M SIN-

YeCKOT0 3KMIIaxa, UMEIoIIero 3a coboi
MPEerMYIIEeCTBO CBOOOIbI ABUXEHUS B JIO-
OOM HampaBJIeHUU Ha MPOTSKEHUU A0 75
KWJIOMETPOB 0€3 HOBOM 3apsiIKU.

[TonoGHbIe KUK MTOSIBUJIMCH BIIEPBBIC
B 1898 1. cucremnl Krieger B [Tapuke (cM.
crartbto Sieg B E. T. Z. 1908 NeNe 52 1 53); c Tex
Iop B JeTalud MOCTPOMKU BBEIEHO MHOTIO
YCOBEPILIEHCTBOBAHMSI, HO TJIaBHBII 9JIEMEHT:
aKKyMYyJISITOpHas 0aTtapest XXKAET ellé OKOHYa-
TEJILHOTO YCOBEPIIIEHCTBOBAHMSI.

[TpuMeHsieMble 10 CHX TTOP CBUHIIOBBIC
3JIEMEHTBI U PACTBOP KUCJIOTHI CEPHOM, IPei-
CTaBJSIIOT NOBOJbHO 3HAYUTEJbHBIN BecC,
a UMeHHo | KkujgorpaMma Ha 7,5 BaTT-4acoB
MPOU3BOIUTEILHOCTU; UMEIOTCSI KOHCTPYK-
1mu, Becsimue 1 kr Ha 30 BaTT-4acoB MPOU3-
BoauTenabHocTu (cM. J. C.), HO TakoBO€e 00-
JIETYeHUE JOCTUTAETCS B yILEPO JOJTOBEYHO-
CTH, KOTOpasi BOOOIIIe HEBEIMKaA.



[Tpu ABYKEHUY aKKyMYJISITOPHBIX BATOHOB
10 PEJIbCOBOMY TYTH, TJI¢ TOJYKOB MEHBIIIE,
IJIaCTUHBI ciyKaT He 6osee kak 100000 kumo-
METPOB Mpobera, B cpegHeM. [lomoxurenbsHbie
100—120000, otpuratenbHbie He 60mee 60000.

ITpu nBrXXeHUU MO OE3pebCOBOMY ITyTU
CPOK CJIYXOBI JIOJDKeH TTOHU3UTHCS HECO-
MHEHHO.

Tak Ha3bIBaeMble IIEJIOUHbIE OaTapeu
C IIMHKOBBIMU WJIU XeJIe3HO-HUKEJIeBBIMU
3JEeKTpPONaMU MOKa He OlNpaBlaJIuCh;
3JIEKTPOJABUTATEIbHAS CUJIa MMOJOOHOTO
ajeMeHTa Bcero 1,2 BoyibTa, TOTHa Kak
B KUCJOTHBIX 2 BoabTa. KoapdpuuueHt
otmauu Bcero 50 % B mepBBIX, TOTAa Kak
B IIOCJIEAHUX 1OXOAUT 10 75 %. CTOMMOCTD
X Takxke Bbille. B AMepuke nmpoaoKaloT-
Csl UCTIBITAHUS 0aTapey CUCTEMbI DIMCOHA,
oOelaBiieir B CBOE€ BpeMsI MHOTO, HO 10
OKOHYATEeJIbHOTO YCOBEPIIEHCTBOBAHUS
el nanexo.

YTo KacaeTcst MOTOPOB, TO TTPUMEHSIIOTCST
2 Tumna:

1. Boicmpoxodubiii TETKAH, TTOXBEIINBAC-
MBIii K pame ¢ 3y0uaToii uiu LermHou nepeaa-
Yel K BeaylIen OCH...

Beny1iieii ocblo TIpenoYTuTeIbHee UMETh
3a[IHIOI0 — MEHBIIIE IIIAHCOB TTOBPEXIACHUS,
1 TIEPETHIOI0 OCh TOT/IA JIEJIAI0T C ITIOBOPOTOM
KaXKJI0TO KoJieca OTIETbHO, KaK B aBTOMOOM-
JISIX OEH3UHOBBIX.

2. Tuxoxoonwiii — 150—250 060pOTOB B MU~
HYTY, HETTOCPEICTBEHHO COeMHEHHBIN C KO-
JIECOM.

[TpencraBisis HEKOTOPBIE TPEUMYIIECTBA,
Oyraroyapsi OTCYTCTBUIO TIepenadyn, MOTOPBI
MOJOOHON KOHCTPYKIIUM MOJIy4aroTcsl 60Jb-
X pa3MepPOB, TIPU CTOJKHOBEHUM JIETKO
MOABEPraroTCs Mopye U MHOro Tsexenaee. O06-
MOTKa ITOCJIeIOBaTeIbHAS WM IITyHTOBAs, T.€.
BO30YyXXJ€HWE B OTBETBJICHUU; MOCTETHSIS
OTIPaBIBIBAETCST HA YyJacTKaX C IepeMexaro-
IIUMUCS YKIIOHAMU U TIObEMaMMU.

Mpb1 He OyneM BIaBaThCs B JeTaJIM KOH-
CTPYKIINM, TaK KaK 11eJTb 3aMETKHN — BbISICHUTD
CTOMMOCTD 3KCITTyaTaluu. TakoBast omnpese-
JIUJIaCh B HEKOTOPBIX CIIydasiX TPUMEHEHUs
OTIMCHIBAEMOI CUCTEMBI CIIEAYIONIUMHU TUD-
pamu:

1. Hoxcapnuiii Hacoc 6 bepaune — 20006011
npobee = 1500 km.

Ha 1 xm
Pacxozbl o copepxaHuio 6arapen 31,50 }28
ITo BO306GHOBIEHUIO SHEPTUN 391,73 n.

423,23 mapku

VIIE oA PJA A 3 S

CozepxaHue MOTOpa, KOHTPOJISI, TPOBO/IL. 30 2

Cwmaska 12 0,8
Pe3uHoOBbIC TUHBI 457 30,4
[pucniocobneHus Wit yCTpaHEHUST

ckoJibxkeHust («Derapant») 100 6,65
WcnpasneHue Ky3oBa 45 3

PasHoe (B ToM uucIie 3apsiaKa

okos10 600 K.y.4.) 137,779,15
Hroro 1205 mapox 80 nicp.
a 1151 4 HacOCOB BCEro 4820 mapok
TpY MTapoBOM TSTE 6920

TIpY JIOLIAMHOM TATe 17281

BCJIEJCTBUE HE3HAYUTEIbHOCTU TOJTOBOTO
rmpodera 1 He0OXOIMMOCTH COIePXKAaTh JIOIIA-
JIeW KPYIJIbIA rog.

Bec nopo6Horo sakunaxa 4,5 TOHHBI, pa3-
BUBaeMasi CKOPOCTb JBUXKEHUS IO CyXOMY
acdanbry mocturaia 36 kwiom./dac. ITpu
3TOM pacxoj dHepruu (68 ammep X 145 BoJibT)
/(36 x4,5) = 56,4 BarT-4ac/T * KM

U pacxon Ha kustoMeTp ripobera 56,4 x4,5=
00 254 BaTT-4ac, a 3apsiika Toka, CumuTasi Koad-
unmenT otmaun = 75 % oo 340. Dkumax Mor
MPOWTH 86 KIJIOMETPOB IO MOJHOIO UCTOILIE-
Hus (cuntag 56,4: 0,75 = 76 BaTT-4ac/T * KM,
B IEMICTBUTEIBHOCTH B CPETHEM PACXOI0BAJIOChH
97 BarT-4ac/T * KM» (cM. cT. Sieg 1.c).

ITonoOHBII Xe dKUITax MoxKapHOro obo3a
B [roccenpnopde nan pacxon B 59,6 BaTT-yac
Mo MOKpoMy acdanpry mpu v = 36 KM/4
U CUJILHOM BETpeE.

ITpu v = 18 XM/4 pacxoa SHEPTrUH yIiaj 10
41,5 BaTT-4ac/T * KM.

Dkunax cuenai npooder B 108 kM, 1 6ara-
pes ellé He ObLIa UCTOLIEHA.

Dxunax mpeoaosieBai yKioHs! 10 100 %o
CO CKOPOCThIO 18 KM/4, HE OCTaHaBIUBAJICS
B CHEry 4 T.1I.

2. Kapemku 045 nepeco3Ku 00NbHbIX.

B KénbHe, exxeqHeBHbIN TpobOer oKoJo
50 km;

ronoBoe coaepxxanue... 7200 Mapok;

MPU JIOLIAAWNHOM TsAre O6b1710... 9400 Mapok.

B Tapnaxunre 6113 MioHxeHa — Mpeoao-
neBaeT yKIoH B 170 %o Ha nipoTskeHnu 600
METpOB;

roJ0BOE coaepxXaHnue... 4360 Mapok;

MPU JIOIIAAVNHOM TATE... 5548.

3. Kapemku ons coopku nucem u3 noumoauix
AUUKO08 MAKICe OKA3ANUCH 8bl20OHBIMU 8 IKC-
nayamayuu.

MpbI puBOAMM eI JaHHbIE 00 SKCILTya-
TallMK YIUIHBIX dKHUIAaXel, TPU XOpOIIeM
COCTOSTHUM MOCTOBBIX.

B BepnuHe neiicTByeT KpyImHOE TIpeAnpusi-
Tue nopobHoro pona «Bedag» (Berliner-
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Elektromobil-Droschken A. G.) ¢ kKanutajiom
B 2 * 10° Mapoxk.

Boipyuka u pacxoj 1Mo 3ToMy Mpearnpusi-
TUIO BBIPA3WJIUCh CIEAYIOIIMMU LUbpaMU:
(E. T. Z. 08. No 28):

Boipyuka: 3a 1907 (5 mec.)
390000 mapoxk (36,39)
Pacxon

3a 1908 (5 mec.)

895000 (36,80 sxuIL.-CyTKM).
-615000

+280000

BcienctBue oTcyTcTBUS 3amaxa oTpado-
TaBIIMX ra30B, 0€30MAaCHOCTU B MOKXapHOM
OTHOIIEHUW, MEHBIIINX COTPSICEHUI TIpU pa-
0oTe aJieKTpoMoTopa U 6oJjiee yrIoOHOTo
yIpaBJieHUs, TTOA00HbBIE SKUTAXU, TT0 MHE-
HUIO MHOTHX, TOJDKHBI BEITECHUTh OCH3MHO-
Bble aBTOMOOWIM B 00JIACTU YJIMYHOTO JIBU-
KEHUSI, HO peraroniuM (hakTopoM SIBJISIETCS
CTOMMOCTb IKCILTyaTalnu.

XoTs conepkaHue JIeKTPOMOTOpa 00X0-
JIATCS IeIIEBIIe CONEPIKAHMS IBUTATEISI BHYT-
PEHHEro CropaHusI, HO PacXo/l Ha colepKaHue
Oatapeu 1oka ell€ J10BOJIbHO BEJIMK, BHICOKA
Y TIJ1aTa 3a TOK JUIS 3apsiIKU.

BHauaste, Kor/ia orpaHUIMBAJIMCh MaKCH-
MaJIbHOIO CKOPOCTBIO IBIMKEHUS B 15 KM/,
Bec aKuMaxa He rnpeBocxoaui 1400 kr, BKIt0-
yas 3 ceIoKOB, U coJiepKaHue baTapeu, pac-
XOJI Ha TOK Y IITUHBI OBLT MEHbIIIE, YeM TeTIePhb
B 9KMIIaXax, MOTYIIIUX Pa3BUTh CKOPOCTbH JIO
25 km/4 u Becsmux 2000 kT 1 6oee.

CrutonrHbIe pe3MHOBBIE IITMHBI 15T TTO100-
HOM CKOPOCTH HETTPUTOIHBI, HY>KHBI ITHEBMa -
TUKHW; a 3TO, B CBOIO OYepe/b, MOBBIIIAET
pacxoJl paboThI, KaK TOKa3bIBaeT HUKEIPH -
BOJIMMAsl TaOJIMUKa:

* Tlepen. konéca 3anHue Pacxon

B BaTT-vac/

SKUI. KWJIOM.
1 Cruows. pesuna [ ITHeBmart. cHaOX.

«derapant» 179 BarT-yac

2 TlueBMaTHK 162 BaTT-4ac
3 CmowH. pesuda | CrutowH. pes. 11 148 BarT-uyac
4 «» Il TlueBmaTuk 131 BarT-yac
5 «» I Crutows. pes. IT 116 BarT-4yac
OrtHowenue 1:5=1,5.

Pacxon Ha sKuIax-KUJIOMETp onpeaessiercs ceityac B [epma-
HUU ciiell. undpamu:

1. IIuHbBI pe3uHOBBIE 10 ndp.
2. Copmepxanue 6atapeu (0T 5 10 8) BcpenH. 6 nid.
3. Toxk st 3apsinku, cumtas 250—300 BaTT-yac

u 8—12 nd. KM.-u 4 nd.
4. ConepxxaHue MOTOpa, KOHTPOJLIEPa,

U TIPOBOJIOB. 1,5 nd.
5. Cop. Ky30Ba, pecc. U 1Ip. 1,5 nd.
WTtoro axum.-KuaomeTp. 23 no.

Boxatslii mosyyaet 2 Mapku wiu 1 Mapky
U OTpeNesIEHHbINA % BalOBO BBIPYYKH, YTO

VINPML PAH A M 5 MIN-

MOXET COCTaBUTH 10 6 MAPOK B CPETHEM UJIH,
npu AéHHOM Tipobere B 60—70 KUIOMETPOB,
emt€ 10 nd. Mtoro 33 neHHUTA/SKUTTIAK-KM.
K aToit udpe Hago nprubdaBUTh €11IE PaCXOIbI
10 collep>KaHMIo rapaxa, % Ha 3aTpayeHHbIN
KaImmraJ, roralieHue, CTpaxoBKY, HAJIOTH.

Pacxonpl, B 00I111eM, HE Ha MHOTO BBIIIIE,
yeM Uil OEH3MHOBBIX aBToMoOwieil. Hemo-
CTaTKOM SIBJISIETCS] 3aBUCUMOCTD OT CTAHIINH,
TJIe IPOM3BOINTCS 3apsiiKa M TIOTepsl BpeMEH!
Ha 3Ty 3apsaaKy. Ho, kak MbI BUAEIH, €CTh
CrielMaibHbIe Clydau, KOoraa MpuMeHeHUe
MOAOOHBIX 9KUTIAaXe il BBITOTHO, XOTSI OHU He
TaK YHUBEpPCaJIbHbBI, KaK OEH3WMHOBBIE aBTO-
MobOuau. Emg 6osee cBsI3aHbl 3KUITAXU, M0~
JIyJarolye HePTUio OT BO3IYIITHOTO IPOBOJIA,
HO MX 3KCIUTyaTalus HaCTOJbKO JelieBa, YTO
MMPUMEHEHUE TaKOBBIX OTIPABABIBAETCS BO
MHOTUX CJTyJasix, KaK IToKa3asl OIlbIT.

B pycckoii mutepaType 0 moJoOHbIX KU~
naxax Brepsblie TpakToBai B. I1. lybepckuii
(cM. KypHan Munuctepctsa [1yt. Coob1il. 3a
1902 1. NeNe 4 m 5). C tex mop ciejlaHO MHOTO
YCOBEPIIIEHCTBOBAHUI,, yBEIMIUIOCH U YUCIIO
JIMHUM, 00CTy>XKBaeMBbIX IO 3TOI CUCTEME.

UYTo KacaeTcst MoBECKH IMPOBO/IA, TIOBO-
JISIIero TOK, M KOHTaKTa, Ha/lo OTMETUTDH 2
KOHCTPYKIIMU, PE3KO OTJIMYAIOLIHAECS IPYT OT
npyra.

1. Cuctema luman (Max Schiemann,
puc. 1), — B Heif KOHTAKT MPUKUMAETCS CHU -
3y K JBOMHOMY pabouyeMy MpPOBOLY U MPU
TOCPENCTBE U30JIMPOBAHHOTO IITHYpa 3aKJTI0-
Y€HHas B IMOJYIO TPOCTb SHEPTUs MoAagTCs
K MOTOpaM. YKpeIuieHHue TPOCTU IOIyCKaeT
OTKJIOHEHUE IKUTIaxka OT JTUMHUU ITPOBOJIA.

2. Cucrema Mepcedec-Inexmpuk-IlImons
(Mercedes-Elecktrique-Stoll) — mo aBoitHOMY
paboueMy MpOBOAY KaTUTCS TesexKa Ha 4
KoJIECUKAaX, COeAUHEHHA C DKUITaXKEM I10-
CPEICTBOM M30JMPOBAHHOIO Kabess (puc. 2
u 3). JloctaTouHas JJiMHa Kabesisi, MOTYIIETO
HaMaTbIBaTbCS U CMaThIBaThcsl ¢ OapabaHa,
YKPETUIEHHOTO Ha 9KUIIaxe, JaeT OOJIbIIYIO
CBOOONY OTKJIOHEHUSI dKUITaXa OT JUHUU
paboyero mMpoBoJa, YTO BaxKHO Ha ciiydyai
HEOoOXOJMMOCTH O00BEXaTh MPENsITCTBUE Ha
MyTH. DTa CUCTeMa IPEICTaBIIsIeT HEKOTOPhIe
TPENMYIIECTBA: TIPY CKPEIIEHNH 2 TIOT00HBIX
AKUMaXei, NBUXKYIIMXCS HaBCTpedy OpyT
JIPYTY, SKUTIaXK1 0OMEHUBAIOTCSI KOHTAKTaMU -
TeJexXKamu, GJlarofapst pa3pe3aHHoOMYy Kabe-
JIIO ¥ KOHTaKTaM Ha 3KUIIaxe, 9YTO TTPOU3BO-
JIUTCST OYEHb OBICTPO U YIOOHO.



Puc. 1.

Puc. 3.

I1pu cucreme 1 oauH KOHTAaKT CHUMAETCS
C IIPOBOJIa ¥ BHOBb CTABUTCS IO IIPOE31E KM -
naxa, IPOI0JIKAIOIIETO IBIKCHUE.

BcrencTtBue ocobeHHOCTE KOHTaKTa,
MoaBecka paboyero MmpoBoja MPOU3BOAUTCS
B cucTeMe 2 uHade, 4yeM B cucteme 1 (puc. 4
us).

Ot1nnyarorcs 00e KOHCTPYKIME 1 TUTIOM
yCTaHABIMBAeMBIX Ha 3KHUIMAXe 3JIEKTPOMO-
TOPOB.

B cucreme 1 anekTpoMoTOp JNErKMiA, ObI-
CTPOXOAHBIN C 3y0uaToii nepegaveit K nepe-
Heit ocu (puc. 6a). B cucteme 2 371eKTpoMOTOP
HEIOCPEICTBEHHO YKPETUIEH B KoJlece 3aTHei
ocu (puc. 60). Kaxnast cuctema uMeeT CBOU
JMIOCTOMHCTBA U HEAOCTaTKM, HO OOEUM IIpU-
CyIIN: He3HAUYUTEJbHbIC TIEPBOHAYAIbHBIC
3aTpaThl, 10 CPABHEHUIO C YCTPOHCTBOM PeJib-
COBBIX IIYTEN C IJCKTPUUYECKOU TITOM; HE3HA-
YUTEJIbHBIN BeC 9KUITaXKa U IMPOCTOTa yIIpaB-
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Puc. 2.

Puc. 4.

Puc. 5.
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Puc. 6a, 6.
Tabmmua 1
Cucrema M. IlTumana
Havano | Ipo- Mak- Tyt Taccaxknpckoe 1 ToBapHOE
Jieii- TAK. CHUM.
CTBUS TIOIBEM
Jlanrendenbai—Manreiim Mait 4 xm 33 %o locce —
(Peiinck. mip.) 1904
IpeBenOploK—buibiireitn Hionn 9 kM 57 %o locce u GyabokHasS 2 Bar. 24 M 1 2;1exTpOBO3
Kupxseitiesne (Bectdanst) 1904 MOCTOBast Bec 4,8 ToHHBI 6 TOHH
Ckopoctb 12 km/4 Tapud 5 BO30B 110 2 TOHHBI
5 nd./km CkopocTtb 6—8 kM/4
(Charbonniére—les-Bains) Asryct | S5KmM 85 %o locce Ha Oy/bIKHOM 2 Bar. 30 M
Llap6onbep—ie ban FOxHas 1905 OCHOBaHUM Jsur. 15/22 ..
Dpanumst) Bec 3,4 TOHHBI
CkopocTb 15 km/u
Heiienap—Apgeiiiep—Banmopii- | Maii 5,5 KM TlapaieabHO IMHUT 3par 18 cun.+2ct m
reitm (Peiinck. nip.) 1906 TIpycek. KaszeH. k.. Jsur. 15/22 n..
Bec 3,25 TOHHBI
CKopocTb 22 KM/4
3 npuuenHbIx X 19 M
Bec 1,65 TOHHBI
Tapud 5 nd./xkm
MionbrayseH B Dib3ace Hionb 1,7 xm 83 %o locce, acdansr u Oy- 4 Bar. x 20 M
1907 JIBDKHAs MOCTOBAst JBur. 15/22 n.o.
Bec 2,8 ToHHBI
IMupano— OKTS6pS | 5,7 KM - Mo 6epery Mops mto- 3Bar. x20 M
IMopropose B Utanuu 1909 THH. JIopora Jsur. 15/22 .
Bec 2,8 TOHHBI
2 MPULETTHBIX

JICHUsI, a TTOTOMY 1 HEBBICOKME IKCITTyaTall-
OHHBIC PAacXOMbl, KaK 3TO SIBCTBYET U3 HUKE-
MPUBEAEHHBIX OTYETOB. DTUM OOBSICHIETCS
ITOCTEIICHHOE pacIIpoCTpaHeHUEe 00enX CHC-
TEM.

ITocTpoennsie o cucreme M. Illumana
JIMHUU yKa3aHbl B Ta0JI. [1], 10 cucteme Mep-
cenec—IlTons B Tabn. [2]. Pe3ynbraThl 3KC-
IUTyaTallud OOHOW W3 JIUHUM MO CHUCTEeMeE
M. IllumaHa ipuBeAeHbI B Ta0. [3].

He MeHee mHTepeCcHBI pe3yslbTaThl KC-
miyatauuu auHuu B IMioHae, pabdoraroieit

no cucreme Mepcenec— Il tons. O6cmyxuBa-
€TCSI COOOIIIEHNE TOPOIKa C XKeJIe3HOTOPOXK-
HoMl craHuuei. [lepBoHavasibHOE MPOTSKE-
Hue — 27 kM, 1 skumax B 16 MecT 1 oTIesIeHre
1ust mouthl. 3a Bpemst ¢ 15.VII o 15.X.1907 .
caemnano 8030 skuImaxk-kM 6e3 peMOHTa, eJiast
exxeaHeBHO ¢ 5 4. 30 M. yrpa 10 9 4. 30 M. Be-
yepa 110 32 peiica, ¢ 1 okta6ps gaxke 1o 34,
a M0 BOCKpeCHBIM aHAM no 50 peiicoB
(1o 2,7 xm).

3a 3To Bpems nepeBe3eHbl 24304 macca-
Kupa, 9yto maét B cpeaHeM 24304:8030 = 3

DESPCIIB BOMYTTYTW
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raccaxupa Ha 3KUITaX-KM, IoJjaras, 4To
TraccaXkup COBEPIIAET BECh PEIIC, YMCIIO 3aHSI-
ThIX MecT = 3 x 2,7 = 8,1 B cpeiHEM U3 UMEB-
mmxcst 16-tu. Pacxon sHepruu Ha SKUMax-
KWJIOMETpP COCTaBWJI, TIPU OOIIEM pacxoje
3JIeKTpP. DHEPTUM 3a YyKa3aHHOE BpeMs
B 1234 kBt-4, 1234000:8030 = 153,6 BaTT-
4acoB, a Ha Maccaxup-kwioMmerpl53,6:3 =
51 BaTT-4acos.

TpamBaitHbIil BAaroH, KaTSIIAACS 11O Peib-
COBOMY ITyTH, PACXOIYeT, B CPETHEM, CBBIIIIE
600 BaTT Ha BAarOHO-KWJIOMETp (TaHHbIE pyC-
CKMX TOPOJOB 0€3 3HAUUTEJbHbBIX MOIbEMOB
Ha nuHuu; B CeBacTomnose, Hamp., TaKOBOM
pacxon gocturaet 800—900 BatT).

Tak KaK 4MCIO TacCaXupoB, TIPUXOIsI -
IIUXCST HA BATOHO-KUJIOMETP, COCTABJISIeT 2—0,
TO PACXOJI IHEPTUM Ha MACCAKUPA-KIITIOMETP
B oporocTosiiieM TpamBae oT 100—300 BarT-
yac, Wi oT 2 10 6 pa3 6ojiee. DTO OOBICHS -
€TCSI 3HAaUYUTEJIbHBIM BECOM TPaMBaiHOTO
BaroHa, okoJio 8§ ToHH = 480 mynoB. Jlaxe npu
18 maccaxxupax ux Bec '/, Beca BaroHa.

AHanornyHag yctaHoBka Klosterneuburg—
Weidling, B ABCTpuu Xe, IPOTSIKEHUEM JIU-
HUU B 3—8 KM, TIpY YKJIOHaX Ha YacTU IyTU
B 30 %0 u 60 %o, nana pacxon Toka B 173
BaTTa Ha 9KUIAX-KM, TIPY Bece IKUIaxka —
2,44 TouHbI M 21 MecTe 1151 maccaxupos. [Tpu
ueHe Toka B 0,26 kpoHbl (okoJjio 10 Kort.) 3a
KBT-4 cTOMMOCTD 2HEpPruM Ha SKUIAXK-KM
okoJ0 0,045 kponsl (MeHee 2 kort.). [TpaBna,
pacxojl Ha pe3VMHOBBIE IITMHBI MHOTO 3HAYM -
TeJibHee, YeM Ha OaHIaXu KOJIEC TpaMBaitHO-
ro BaroHa, HO B yCTaHOBKe [MIOHI mocie
8000 kM mpobera He HabJII01AIOCh 3aMETHOTO
W3HAIIUBAHUS; 3aBOJTUUKU TapaHTUPYIOT
15000 kM, HO U3BECTHBI CTy4au 3aMEHbI JIUIIb
nocie 24000 kM. Bc€ 3aBUCUT OT XapakTepa
MyTH, KIMMaTUYEeCKUX YCIOBUI M YCIOBUI
€3/IbI, T.€. IIPUXOAUTCS JTU 9aCTO OCTaHABIIM-
BaThbCs (ITPU TOPMOKEHUM BO3MOXHO CKOJTb-
JKeHUE, TPOHYTh C MecTa TpeOyeT Takxke
oousbiioro yeunus). [leppoHavyaabHble 3aTpa-
ThI HE BEJINKH 110 CPABHEHUIO C TPaMBalHBIM
coopyxkeHueM. B To BpeMsi Kak yCTpOHCTBO
TpaMmBasi pesbcoBoro B Klosterneuburg—
Weidling noyxHO ObUTO 06oMTHCH B 380000
KPOH, CTOMMOCTb ITPUOOPETEeHUSI TPEX IKUTIA-
K€, YCTPOMCTBO TTPOBOAKM, Tapaxa ! T.I.
o6ormwtock Bcero 120000 kpoH. ObcmykuBa-
HUE, TeM He MEeHee, UAET BITOJIHE YIOBJIETBO-
PUTENILHO: TIPU KOJIMYECTBE TaccakupoB
B 90000 rpu JioLIaAUHON TsITe, paCCUMTHIBAIN
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npu yaydureHHo# Tare Ha 130000—150000
naccaxupoB B rog U Ha BbIpyuky B 32000
KPOHBI. MeXIy TeM B TeUeHUE OTHOTO MeCsi-
na (maii) nmepene3deHo 37549 maccaxkxuposn
1 BeIpydeHo 7630,10 KpoH, BMECTO IIPEIO-
JnaraeMbIX 11666 maccaxkupoB, U BBIPYUKHU
2666 kpoH. B TeueHue omHoro aHs (31 mas)
OBLTO MEepeBe3eHO TpeMs aKunaxamu 2534
naccaxupa u BeipydyeHo 512,30 kpoH.

B IMtonze croumocts 06opynoBaHus 42000
KpoHbI (okosio 1900 py6.). B 3Ty cymmy BKITIO-
YyeHa IoCTpoiiKa capasi Ha 4 9KuIaxa, ycTpoi-
CTBO BO3AYLIHOIO paboyero npoBoja B 2,7 KM,
JUTMHBI, TIONBEIIEHHOTO K METaUTMIECKUM
KpOHIIITEIHAM Ha JEepeBSIHHBIX CTOJ0OAX,
YCTPOMCTBO MUTAIOIIMX IMPOBOJIOB OT UMEB-
1Ieiicst 1eHTpaibHOM cTaHLuu, B 600 MeTpoB
MPOTSTKEHUSI, ¥ TIPUOOPETEHNE IKUTIAXKA.

B mepBbie 3 Mec. aKMMax MepeBO3UII,
B cpefHeM, 265 maccaxkKupoB B IeHb; MaKCH-
MaJIbHO€ YMCJIO B OJWH NeHb AocTurio 940
MacCcaxXnupoB.

DKcruTyaTalluOHHBIE PACXObl 3a TIEPBBIE
3 mec. (16.VIL.—mo 15.X.1907).

ZKanoBaHbe BOXKATHIM (B KPOHAX) ..cvvveenvrrennnes 408,32
CTOMMOCTb 3JIEKTPUYECKOTO TOKA, TIOJIy4aeMOTO OT UMeI0-
LIeiicst LeHTpasibHOI ctaHLmu 1o uexHe 0,30 KpoHbl/KBT-4,
BKJTIOYAsi OCBEILCHNUE:

Capas 1284,5 x 0,30
Cwma3zka 1 00TUp. MaTepua
PaGoTsl 110 coA1. ¥ peMOHTY BO3IYLIH. JIMHUIT
bunersl, 00bsiBICHUS
CrpaxoBKa, Ha CJIy4. HECYACT. C JIIOIbMU
«» ToXxapa 2
B3HOCHI B 60JIbHUYHYIO Kaccy ... ....5,60
ITOTO oot 944,19
3areM crnmcaHo:

4 % Ha 3aTpady. Karurall......
10 % « moraiieHue CTOMM. IKUTIaxa.

...385,36
18,02

29,64
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.. 74,25

420
412,50

5 % « capasi, BO3AYILIH. TIPOB ...319

W3HaIKB. pe3UHOBBIX LIKH,

cuntas 0,06 Kp./KM 1poo.... ....480
...1631,50,

a Bcero pacxona 2575,69 wiu 0,32 KpoHbI Ha
SKUTAXK-KUIOMETP.

Joxonbl Beipasuanuch 3146,46, cienoBa-
TeabHO + 570,77 (tabnuua 3) win 5,4 % Ha
3aTpavyeHHbIN KaIuTajl CBepX CIIMCaHHbBIX 4 %.
B 3uMHee Bpems ABUKEHUE ciabee, HO BCE XKe
3a 9 mec. iepeBe3eHo 70000; mpu mocTpoiike
paccuutbhiBasin Ha 24000 maccaxupa B rof
U BIpYYKY B 7200 KpoH.

BrienpuseaéHHbIE UG PBI TOKA3BIBAIOT,
YTO TIOJOOHOE MPEATNPUITUE OKYyTaeTcs, Oy-
JIy9u OPTaHU30BaHHO B CaMbBIX CKPOMHBIX
pa3mepax, cje1oBaTeIbHO, IO CHITYy He0OJTb-
LIIOMY TOPOJICKOMY YIIPaBJIEHUIO.
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Puc. 7. Jinnuns Jlavrenbgenvag—Manreiim. LLlocce n3 we6Hs Ha nec4yaHol nogcTuike; AnMnHa 4 KM; HanbosbLunii
noavéM 33 %o. Maccaxupckoe v rpy3oBoe ABmxeHue oTkpbiTo B mae 1904 roga. Ha cton6ax noaBeLueHbl
npoBoAa TOKa BbICOKOIro HanpsixeHus n3 3osamHreHa B MaHreim.

Puc. 8. (Bocrnipon3soanTcs OPUruHaIbHbIA PUCYHOK).

Joxon 3a 3 mec. (16.VI1.—15.X.07) Ha iuauun ImioHa 2,7 KM:
32 O0BSIBJICHUSI TIOJTY4EHO
C @OOHEHTOB ......eevvenne.

12204 6uera o 0,10
6500 6uitera 1o 0,06 paboumx.
1240 6unera o 0,06 (neTcKux)
4400 6unera o 0,20 (puesxue)
500 mecra Garaxa o 0,20
100 mecra 6araxa mo 0,40
3a 1mepeBo3KY IMOUTHI .

...45 xpon
.30 KpoH
.1220,40
.390
....74,90
....880

... 100

VINPML PAH A W SIN-

Kpome Toro, uto He TpebyeTcst 3HAaUUTEb-
HBIX 3aTpaT Ha lIepBOHAYaTbHOE 000PYIOBaHUE,
€CJTU UIMEETCsI CTAHLIMSI 3JIEKTPUYECKAsT; YBEIM -
YUBAIOIIUIACS CIPOC JIETKO YIOBIETBOPSIETCS
MOCTENEHHBIM YBEJIMUEHUEM YK C/Ia SKUTTakKe.
C Apyroii CTOpOHbI, €Iy Obl BBISICHUIOCH, UTO
CIPOC Ha MePEeIBIKEHUE HEJJOCTATOYEH, COOPY-
JKEHUEe MOXET ObITh MepeHeceHOo Ha Apyrue
YLl U JOPOTH 0e3 OOJTbIIMX 3aTpaT.
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Tok MOXXHO I1oJy4yaTtb M1 OT SHCKTpH‘ICCKOﬁ

222 YCTaHOBKM B MMEIOLIEMCS TIPOMBIILIEHHOM

NpeAnpusITuA (MeJIbHUIIA, 3aBOJ, XKeJe3HO-
JIOPOXXHBIE MACTEPCKUE U T.I1.).

OnucaHHas cucTeMa AaéT BO3MOXHOCTh
TPOMBIIIIJIEHHOMY TIPEIITPUSITUIO OPTaHU30-
BaTh EPEBO3KY IPy30B K OJIMKalilei xenes-
HOJIOPOXXHOM CTAaHIIMU WK TpucTaHu. Ham
MPUIIIOCH BUJIETh TPY30BOE JIBUXEHUE T10
9TOMi cucteme 1pu cT. BypueH (B Cakconun,
Ha nmyty u3 Jlefinuura B Hpe3neH). [TpoTsike-
Hue myti = 4 kM. UMmerotcs 3 a1eKTpoBo3a o
6 TOHH BeCOM, IByXOCHbBIE; Ha KaXKI0i OCH 10
3JIEKTPOMOTOPY; IIWHBI METaJIMUyeCcKue
150—200 MM IIMpUHBI; JaBeHWE Ha IIMHbI
100—75 kre*cM, T.e. B Ipenesiax HOpM, ycTa-
HOBJIEHHBIX B Poccun.

[pu mombeémax B 40 %o 11 50 %o, MOTOOHBII
5JIEKTPOBO3 TSHET 3 BO3a IO 5 TOHH IPy30-
TTOABEMHOCTH YIJISI VUIK MYKU.

CKOpOCTb IBMKEHUST 6—8 KM/Jac.

ITnata 23—27 npeHHnra/T * KM UM OKOJIO
0,2 Korl. 3a MyI0BEPCTY.

ITpu mocpencTBe TpEX 371eKTPOBO30B, 10
YTOJILHBIX U 27 BO30B IS MyKH, IIPOBO3 B
cpenHeM okosio 300 TOHH eXemHEBHO, T.€.
HOpMa, MOrylllasi onpaBaaTh MPOJOXEHUE
peIbCOBOTO MYTHU, HO HE BCErJa BO3MOXHO
MOJYYUTh pa3pelieHue Ha MPOKIIAAKY TaKo-
BOTO MO IIOCCE OOUIEro Mojb30oBaHUsI. Bo3-
MOXHO OJHOBPEMEHHOE O0CIyXUBaHUE
MaccakMpcKOTo M I'Py30BOTO IBUKEHUS
(puc. 7).

B 3akitoueHre HagoO OTMETUTH BO3MOX-
HOCTh 9KOHOMMU BJIEKTPUIECKON DHEPTUU
TIPY JIBMKEHUU Ha JIMHUSIX TOPHOTO XapaKTe-
pa, T.e. CO 3HAYUTEJbHBIMUA MOAbEMAMU
U YKJIOHAMHU.

JlocTaTOYHO YyCTAHOBUTH HA IKUMaX
5JIEKTPOMOTOP C LIIYHTOBBIM BO30YXIEHUEM,
YTOOBI SHEPTUIO, TTOJTyIaeMYyO ITPY IBIKEHUN
0 YKJIOHY, KOTJJa MOTOP HAaYMHAeT padboTaTh
KaK TeHepaTop, MOChLIaTh B BO3IYIIIHBIE ITPO-
BOJIa M yTUJIM3UPOBATH TS IBVKEHUST 9KUTIa-
>Ka, uayuero o noabeéMy. Ha puc. 8 uzoopa-
>KEHO O0CIyXXUBaHUE DJEKTPUUYECKOUN IHEp-
ruei yyactka B 2 KUJIOMETpa.

PestoMupyst BCE BBIIIEU3TOXKEHHOE, Mbl
BIIpaBe YTBEPK/IATh, UTO NIEPEBO3Ka, IMPHU T10-
CpeICTBE 3JEKTpOMOOUIE ¢ BO3NYIIHBIM
MPOBOJOM Ha HEOOJIbIINE paccTosIHUS (2—4
KUJIOMETpa) SIBJISIETCS caMOil AeIIEBOM
B CMbICJIE KCIUTyaTaluu (cM. Tadi. 4) u Tpe-
OyeT HaMMEHBIIIMX 3aTPaT IO TepBOHAYATb-

VINPML PAH A M 5 MIN-

HOMY 00OpPYZOBaHHUIO, a ITIOTOMY Be3Je, e
HMMeeTCst MaJIo-MaJIbCKU CHOCHAST IOpora, OHa
3aCJIy>KMBAET IMOJIHOIO BHUMAHUS I IIepe-
BO3KU KaK IMaCCaXXUpOB, TAK U IPY30B.

IIpedcedamens: T1o3BoabTe OIarogapuTh
IoKIIaganka (anaoducmermot). MOXET OBITb,
KTO-HUOY/Ib U3 MPUCYTCTBYIOIINX XeJlal Obl
MOJIyYUTh HEKOTOPBIE Pa3bsiCHEHUSI, B TAKOM
CcITyJae s TIpOCHJT ObI JKeJTaroIIMX 3a1aTh BOTIPO-
CBI WIM TIOJIyYUTh HEKOTOPBIE TOTIOTHUTEIb-
HbIE CBEICHUSI, OOPATUTHCSI K JTOKJIATIUKY.

Ecnm xxenalonumx HeT, TO TTO3BOJITE TIPUM-
KHYTb K TOMY TTOXEeJTaHU 10, KOTOPOE BhICKA3aJl
JOKJIQTIUK, W, MOXET ObITh, PACIIUPUTD Ta-
koBoe. CaMoe BaXKHOE U XKeJIaTeIbHOE 3TO TO,
YTOOBI IKUTIAX TPU MOMOIIY TOW WJIKA MHOM
3HEPruu MOT OBl ITUPKYJIUPOBATH COBEPIIIEH-
HO CBOOOJHO, YTOOBI BCE YCJIOBUSI €T0 IIUPKY-
JIAIIUHY 3aKJTI0YaINCh B caMoM akumaxe. [1lar
B 9TOM HaIpaBJIeHUM OB CleslaH UMEHHO
AKUITaXaMy BHYTPEHHETO CTOpaHus.

Hac o3HakoMWIM ¢ YCIIOBUSIMU TIEpEIBU-
JKEHMSI OKUTIaXkKa, €CJIM MOXKHO TaK BHIPA3UTh-
s, HE TI0 PEJIbCOBOMY, a IO TIPOBOJIOYHOMY
IyTH, PACcTIOJIOXKEHHOMY ITOBEPX TOM JIOPOTH,
10 KOTOPOI KaTUTCST SKUTIAK.

HymaeTcss MHe, 4TO, B KOHIIE KOHIIOB,
CJIeyeT XenaTh, YTOObl IKUIaXH KakK Tepe-
BO30YHOE CPENICTBO, HE ObLIN CBS3aHBI HU CO
CIIeIIMaJIbHBIMU YCTPOMCTBAMU T10J COOOIA,
TOHSITHO, HE KacasiCh YCTPOEHHOM IOPOTH, HU
CO CITelIMaJIbHBIMU YCTPOUCTBAMU Hajl COOO0
JUTST TIOJTYYEHMST ABVIKYIIEH CUJIbI, @ YTOOBI
OHU ObUTH HE3aBUCUMBIMU HOCUTEJISIMU SHEP-
ruu. Sl mymaro, 4TO OITBITHI C armapaTamu
BHYTPEHHETO CTOpaHMSI HE MOTYT CUMTAThCS
3aKOHYEHHBIMU. Temnepb 2JIEKTPUUECKYIO
3HEPIUIO TBITAIOTCS ITOIBOANTD K TIEPEBO30Y-
HBIM CPeICTBaM M3BHE, TIPU ITOMOIIY TIPOBO-
JOB. VITaJTbSHITBI OUEHb YIaYHO Ha3BaJIM 3TUM
CIT0cCOOOM 000pyHOBaHHEIE TOPOTU — filovia,
B OTJIMYME OT XKeJIE3HBIX JOPOT — ferrovia.

A nymato, B OynyiieM HUKaKuX filovia He
moTpedyeTcsl I MOJBOAKM dHepruu. MHe
KaxeTcsl, YTO B 9TOM JajbHeMIIas 3amaya
3JIEKTPOTEXHUKHU, M OHa, HECOMHEHHO, ITOJTy-
YUT CBOE peIlIeHUe, U TOJIBKO TOTIIA IePeBO-
304HbIE CpeJcTBa OyayT CBOOOIHO, COOCTBEH-
HOW 5HEepruei HMpKyJIMpOBaTh 10 JOPOTaM.

OOBABIIAIO 3acelaHNe 3aKPBITHIM.

(Kenesnonopoxnoe neno. — 1910. —
Ne 43. — C. 171-185)®
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THE MOVEMENT OF PASSENGERS AND GOODS
ALONG A RAILLESS TRACK

Carriages with electric batteries turned out
to be more suitable for driving on a railless track
and, despite the energy losses associated with
the sequential charging and discharging of the
battery and rapid wear of the electrodes, there
are conditions when their use is fully justified,
as we will see below.

Even more profitable, however, is the
direct supply of electrical energy by means
of the upper wire (double — for supply and
return of energy) to electric motors suspended
on the axles of the carriage, if the length of
the lines is limited to 3—4 kilometres and the
direction of movement is quite definite once
and for all. In the future, we will move on to
considering these 2 types, starting with a
battery electric carriage, which has the
advantage of freedom of movement in any
direction for up to 75 kilometres without a
new charge.

Carriages of this kind first appeared in 1898
with the Krieger systems in Paris (see Sieg’s
article in E. T. Z. 1908 No. 52 and 53). Since
then, many improvements have been made to

the design details, but the main element — the
battery — still awaits final improvement.

The lead elements and sulfuric acid solution
used so far represent a rather significant weight,
namely 1 kilogram per 7,5 watt-hours of
production; there is a construction weighing
1 kilogram for 30 watt-hours of performance
(see J. C.), but such relief is achieved at the
expense of durability, which is not great at all.

When battery vehicles move along a rail
track, where there are fewer shocks, the plates
serve no more than 100000 kilometres on
average: positive ones 100—120000, negative
ones — no more than 60000.

When driving on a railless track, the service
life should undoubtedly decrease.

So-called alkaline batteries with zinc or
iron-nickel electrodes have not yet come true;
the electric motor force of such an element is
only 1,2 volts, while acidic one [attains]
2 volts. The return rate is only 50 % in the
former, while in the latter it reaches 75 %.
Their cost is also higher. In America, Edison
battery tests continue, it was very promising
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Pic. 1.

at one time, but the final improvement is still
far away.

As for motors, 2 types are used:

1. High-speed lightweight, suspended from a
frame with a gear or chain drive to the drive axle...

It is preferable to have the rear axle as the
driving axle — there is less chance of damage,
and the front axle is then made with each wheel
turning separately, as in gasoline cars.

2. Low-speed — 150—250 rpm, directly
connected to the wheel.

Presenting some advantages due to the lack
of transmission, motors of this design are large,
easily damaged in a collision, and much
heavier. The winding is sequential or shunt, i.e.,
excitation in the branching; the latter is justified
in areas with intermittent inclines and rises.

We will not go into the details of the design,
as the purpose of the post is to find out the cost
of operation. This was determined in some
cases of application of the described system by
the following figures.

1. Fire-pump vehicle in Berlin, yearly run = 1500 km.

Per 1 km

Costs of battery maintenance 31,50

. 28 Pfg.
Power recharging 391,73 }
423,23 mark
Motor, control gear maintenance, cable 30 2
Lubrication 12 0,8
Rubber tires 457 30,4
Device to avoid slipping 4
(«Derapant») 100 6,65
Body repair 45 3
Miscellaneous (including charge about
600 kW h.) 137.77 9.15

Total 1205 mark 80 Pfg.
4820 mark

6920

17281

following insignificant yearly run but the need to keep the horses all-the-

and for 4 pumps in total
with steam traction
with horse traction

year-round.

The weight of such a coach is of 4,5 t, the
speed on the dry asphalt road attained 36 km/h.

The energy consumption was (68 Ax 145V) /
(36 x4,5) =56,4 W-h/t  km and consumption
per kilometre of run 56,4 x 4,5 = 0 254 c.-h.,
and charging current, counting the output
coefficient = 75 % oo 340. «The vehicle could
go 86 kilometres to complete exhaustion
(counting 56,4: 0,75 = 76 watt-hours/
tonne * km, in reality, on average, 97 watt-
hours/ tonne * km» (see article Siegl.c.).

A similar carriage of a fire-fighting wagon
train in Dusseldorfgave a consumption of 59,6
watt-hours on wet asphalt at v = 36 km/h and
strong winds.

At v = 18 km/h energy consumption
dropped to 41,5 watt-hours/tonne * km.

The carriage made a run of 108 km and the
battery was not yet exhausted.

The carriage overcame slopes up to 100 %o at
aspeed of 18 km/h, did not stop in the snow, etc.

2. Carriages for transportation of patients.

In Cologne, the daily mileage is about 50 km;

annual MAINLENANCE ....cc.vevreeieieeieriienieenieeee e seees 7200
marks;
with horse traction it Was ..........cccceeevveeniieeiniecniineennes 9400
marks.

In Harlaching near Munich it overcomes a slope of 170 %o per
600 meters;

annual MAINLENANCE ....cc.vevreeeeiieiieriieeieeeeeeee e 4360
marks;
With hOTSe traCtion ........ccoueevieriieriieiieie e 5548.

3. Carriages for collecting letters from
mailboxes also proved to be profitable in operation.

We also provide data on operation of street
carriages, with the pavements in good condition.

In Berlin, there is a large enterprise of this
kind Bedag (Berliner-Elektromobil-Drosch-
ken A. G.) with a capital of 2 « 10° marks.

Revenues and expenses for this enterprise
were expressed in the following figures: (E. T. Z.
08. No. 28):

Revenue: 5 months of 1907 ........ 5 months of 1908

390000 Marks (36,39) .......c........ 895000 (36,80 vehicle- day).
Costs -615000
...... +280000

Due to the lack of exhaust odour, fire safety,
less shaking from the electric motor and more
convenient handling, such carriages, according
to many, should replace gasoline cars in the
field of traffic, but the decisive factor is the cost
of operation.

Although maintenance of an electric motor
is cheaper than maintenance of an internal
combustion engine, consumption of the battery



is still quite high, and the costs of charging
current are high.

At first, when the maximum speed of
movement was limited to 15 km-hours, the
weight of the carriage did not exceed 1400
kilograms, including 3 riders, and the battery
maintenance, current consumption and tires
were less than now in carriages that could reach
speeds of up to 25 km/h and weighing 2000
kilograms and more.

Solid rubber tires are unsuitable for this
speed, pneumatic tires are needed; and this, in
turn, increases consumption of work, as the
table below shows:

*  Front wheels Rear wheels Consumption
watt-hour

carriage-km

1 Solid rubber I Pneumatic tire with

«derapant» 179 watt-hour
2 Pneumatic tires 162 watt-hour
3 Solid rubber I Solid rubber 11 148 watt-hour
4 «» 11 Pneumatic tires 131 watt-hour
5 «» I Solid rubber 11 116 watt-hour
Ratio 1: 5=1,5.
Costs per carriage-kilometre is now identified in Germany by the figures
that follow:
1. Rubber tires 10 Pfg.
2. Average battery (form 5 through 8) maintenance .................... 6 Pfg.
3. Current for charging, counting 250—300 watt-hour
and 8—12 Pfg. km/h........ 4 Pfg.
4. Motor and control gear maintenance, cables ...............ccceeun. 1,5 Pfg.
5. Body and springs maintenance, etC.........cocueveerueeruerveneernennes 1,5 Pfg.
Total carriage-km 23 Pfg.

A driver receives 2 marks, or 1 mark and a
certain % of the gross revenue, which can be up to
6 marks on average or, with a daily mileage of
60—70kilometres, another 10 Pfg. So, it meansthe
total of 33 pfennigs/carriage-km. To this figure
must be added the costs of maintaining the garage,
% ofthe capital spent, repayment, insurance, taxes.

Costs are generally not much higher than for
petrol vehicles. The disadvantage isthe dependence
on the station where the charging takes place, and
the loss of time for this charging. But, as we have
seen, there are special cases when the use of such
carriages is beneficial, although they are not as
versatile as gasoline cars. The carriages, which
receive energy from the overhead wire, are even
more constrained, but their operation is so cheap
that the use of such vehicles is justified in many
cases, as experience has shown.

V. P. Shubersky first reported in the Russian
literature about such carriages (see the Journal
of the Ministry of Transport for 1902, No. 4
and 5). Since then, many improvements have
been made, and the number of lines served by
this system has also increased.

Pic. 2

Pic. 3.

Pic. 4.
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Pic. 5.

Pic. 6 a, b.

As for suspension of the current supply wire
and the contact, 2 designs should be noted that
are sharply different from each other.

1. Schiemann system (Max Schiemann,
Pic. 1), — in it, the contact is pressed from
below to the double working wire and through
an insulated cord, enclosed in a hollow cane,
energy is supplied to the motors. Reinforcement
of the cane allows the carriage to deviate from
the wire line.

2. Mercedes—Electric—Stoll system — a
trolley on 4 wheels, connected to the carriage
by means of an insulated cable, rolls along a
double working wire (Pics. 2 and 3). A
sufficient length of cable that can be wound
and unwound from a drum attached to the
carriage gives the carriage more freedom to
deviate from the line of the working wire,
which is important in case it is necessary to
make detour of an obstacle on the way. This
system has some advantages: when 2 similar
carriages are crossing, moving towards each
other, the carriages exchange trolley contacts,

thanks to the cut cable and the contacts on
the carriage, which is very quick and
convenient.

With system 1 one contact is removed from
the wire and again placed along the passage of
the carriage continuing to move.

Due to the peculiarities of the contact, the
suspension of the working wire is made in the
2n gystem differently than in the 1% system
(Pics. 4 and 35).

Both differ in the design and type of electric
motors installed on the carriage.

In the 1% system, the electric motor is light,
high-speed with a gear drive connected to the
front axle (Pic. 6a). In the 2" system, the
electric motor is directly attached to the rear
axle wheel (Pic. 6b). Each system has its own
advantages and disadvantages, but both are
inherent in: insignificant initial costs, in
comparison with arrangement of railways with
electric traction; low weight of the carriage and
ease of management, and therefore low
operating costs, as it is evident from the reports



Table 1

M. Schiemann System

First Length Maximum Road Passenger and cargo
operated slope (grade)
Langenfeld—Mannheim | May 1904 4 km 33 %o Highway —
(Rheinland)
Grevenbriick—Bilstein— | June 1904 9 km 57 %o Highway and cobblestone | 2 carriages, 24 places. 1 electric locomotive.
Kirchveischede pavement Weight 4,8 tonnes. 6 tonnes.
(Westfalen) Speed 12 km/h. 5 carts,
Tariff 5 Pfg./km 2 tonnes each.
Speed 6—8 km/h
Charbonniéres— August 1905 | Skm 85 %o Highway with 2 wagons, 30 places
les-Bains, Sud de cobblestone base Engines 15/22 r.l.
France Weight 3,4 tonnes.
Speed 15 km/h
Neuenahr—Ahrweiler— May 1906 5,5 km Parallel to the line of Prussian state 3 wagons, 18 seats
Walporzheim railway + 2 standing places.
(Rheinland) Engines 15/22 r.l.
Weight 3,25 tonnes.
Speed 22 km/h,
3 trailer wagons x 19 places.
Weight 1,65 tonnes.
Tariff 5 Pfg./km
Miilhausen [now July 1907 1,7 km 83 %o Highway, asphalt, 4 wagons x 20 places.
Mulhouse], Alsace cobblestone pavement Engines 15/22 r.l.
Weight 2,8 tonnes
Pirano—Porto Rose October 5,7 km — Dam road along the 3 wagons x 20 places.
in Italy [now Piran— 1909 seacoast Engines 15/22 r.l.
Portorozin Slovenia] Weight 2,8 tonnes.
2 trailer wagons

below. This explains the gradual spread of both
systems.

The lines constructed according to the
M. Schiemann system are indicated in Table
[1], those built according to system Mercedes-
Stoll — in the Table [2]. The results of operation
of one of the lines of M. Schiemann system are
given in Table [3].

No less interesting are the results of
operation of the line in Gm nd, which
operates according to the Mercedes-Stoll
system. The communication of the town with
the railway station is served. Initial length =
27 km, [there is] 1 vehicle with 16 seats and a
post compartment. During the time from 15%
July to 15" October 1907, 8030 carriage-km
were made without repairs, making every day
from 5:30 am to 9:30 pm 32 trips, from
October 1 even 34 trips, and on Sundays up to
50 trips (2,7 km).

During this time, 24304 passengers were
transported, which gives an average of
24304:8030 = 3 passengers per carriage-km.
Assuming that the passenger completes the
entire trip, the number of occupied seats = 3 x
2,7 = 8,1 on average out of the 16 available.
The energy consumption per carriage-km was,
with the total consumption of electricity energy
for the specified time in 1234 kW-h,
1234000:8030 = 153,6 watt-hours, and per
passenger-kilometre: 153,6:3 = 51 watt-hours.

Atram car, rolling on a rail track, consumes,
on average, over 600 watt per car-kilometre
(data from Russian cities without significant
rises on the line; in Sevastopol, for example,
this consumption reaches 800—900 watt).

Since the number of passengers per car-
kilometre is 2—6, the energy consumption per
passenger-kilometre in a more expensive tram
is from 100—300 watt-hours, or from 2 to 6
times more. This is due to the significant weight
of tram car, about 8 tonnes = 480 poods [pood
=16 kg]. Even with 18 passengers, their weight
is 1/6 of the weight of the car.

A similar facility Klosterneuburg—Weidling,
in Austria, with a line length of 3—8 km, with
slopes on the part of the track of 30 %o and 60 %o,
gave a current consumption of 173 watt per
carriage-kilometre, with a carriage weight of 2,44
tonnes and 21 seats for passengers. With a current
price 0f 0,26 kronen (about 10 kopecks) per kW-h
the cost of energy per carriage-kilometre is about
0,045 kronen (less than 2 kopecks). True, the
consumption rate for rubber tires is much more
significant than for wheel rims of a tram car, but
in the Gmind facility after 8000 kilometre run
no noticeable wear was observed; manufacturers
guarantee 15000 km, but there are known cases
of replacement only after 24000 km. It all depends
on the nature of the track, climatic conditions
and driving conditions, that is, whether you have
to stop often (when braking sliding is possible,

227



‘saruedwod uononnsuod Aq paysignd sjuawndop ul uey) JagIe] pajedrpur st uondwnsuod JUALIND ‘90IN0S 3Y) 0) SUIPIOOI. ‘SouRI Ul pajuasald are 901d JuaLIng ‘JJLIe) ‘OnuaAdl :9J0N

(W 7) 3 0027 =d

adofs oy} BuISLI UAYM /Wy G[—p[ =Q (W gg) 3005 =d wg'e
‘01 'ON 1S 0161 [IAID 21UaD) sjuOWISas [BIUOZLIOY Ik /Ui 0§ —G7 = Q ‘w GG 9SeLLIed JO T pIepuelg aseqg
(‘Aowr S[RAYM )
— — - - - - - - - — — — — SI 094 091 4 - - oSeLued | Sinquopn(
ageLred | [90100pNg
- - - - - - - - - - - - - ¥ - - - - 289D mou] stompng
0£°0
0T°0
A0S 0S°0 (14 00z1)
£€°0 v1°0 80°0 | uowsas - £9°0 SLTTe 09°1 0005 0S0¢ - [4143 - ¥ 9% 08 8'S 00001€ | 6061 AIf [eaeiserg mou] Singssaid
0T°0
SI°0 14 409
010 syjuowr saSeLLed SYIUONW
NT0SS 0£°0 € SuLmnp €| ¢8utmp o1t Aem[re1 UIYINOS Jo
97°0 0T°0 90°0 | IuowWSds 009 0r'0 ¢8eel 4 06209 0S¥T 000€9 0610€ 0ze w %% €1 8¢ 000091 | 6061 AInf uone)s—amgsyey
001
01°0 Tojurm
AT08S URIp[IYd 091 8061 Jopsuueweg
0€°0 S1°0 01°0 0T°0 - LY*0 0688C s 0001¢T 0S61 - 00919 | towtuns ¥ 9% 06 [4 0000LI | 1290100 —Hopsuiejzied
ANUIAAI
0T°0 14 01¢
/01°0 SOTEIIIED
AT00S JuRWIBAS € 061
67°0 970 90°0 0€°0 002t - 009%¢ SL'T 00058 008¢ 0000€T 000501 0TI w 9% 0L L 0000L1 | 8061 ABIN uone)s Aem[reI—Sul[proy
90°0
SIDLIOM
01°0 “preAur
U-M NTObY uaIp[IyYd sureq g
0€°0 0€°0 90°0 070 | 7d000C or'0 S18TT € 069091 0021 00006 | W 000LS un{ 001 81 %% 0% un{ €°¢ | LI 000SL | LOGT AInf | uone)s Aemrei—A)o punwn
el 3 g g g gl 88| &F g g g zZ| g% £ 2 o
€ = 8 = = 2. < o= <K =) 9 & 3 Z @ i<t a
22 ° = = g &% 5 = & 5 gl Ee B 5 S
= o = s S = 2 = m @ B, e S 2 = 2
3 8 z B 5 =8 3 5 = 5 s =3 E g
2 : S 5 =8 g g 5 & by 5= 2 5
E £ 8 GIER 8 s g L g g i 5 S g 2 &
e oy 2 /uoSem &g I= =5 £ > & 3 =
=2 o 2 g .
g = z 1d ‘uen ° 2 ] g = =
= = = 3 ¢ =) 2
g = 8 8 @ & g
7] S © 2
ANUAARY a9

9IqeL

228

WI)SAS [[0}S—SIPIIIITA] JO UIe) sSfrey

~

LIALION

\ANSEUR

LHA

ANSPOR LA

Iaf

Ay

WVORLCD

MvesS

al

NCWS'

dCK

ANTUAAO0USIAIOTTgENR AT ESS!

LEASSETYC)

IEAVIOVETTICTI



moving from rest also requires a lot of effort). The
initial costs are not high compared to a tram
structure. While the installation of a rail tram in
Klosterneuburg—Weidling was supposed to cost
380000 kroons, the cost of purchasing 3 carriages,
installation of wiring, a garage, etc. cost only
120000 kronen. The service is nevertheless going
quite satisfactorily: with the number of passengers
at 90000 with horse traction, with an improved
traction 130000—150000 passengers per year and
a revenue of 32000 kronen were awaited.
Meanwhile, within one month (May), 37 549
passengers were transported and 7 630,10 kronen
were accounted, instead of the estimated 11666
passengers and 2666 kronen. During a single day
(May 31), 2534 passengers were transported by 3
carriages and 512,30 kronen were raised.

In Gmiind, the cost of equipment is 42000
kronen (about 1900 rubles). This amount
includes the construction of a shed for 4
carriages, the installation of an overhead
working wire of 2,7 km of length suspended
with metal brackets on wooden poles, the
installation of supply wires from the existing
central station, 600 meters in length, and
acquisition of a vehicle.

In the first 3 months the carriage carried an
average of 265 passengers per day; the maximum
number during a single day reached 940
passengers.

Operating costs for the first 3 months (July
16—October 151907).

Drivers’ salary (in Kronen) .........ccooecveevveeevveeneeenineenns 408,32
Cost of electricity current received from the existing central plant
at the price 0,30 kronen / kW-h, including lighting of:

the shed 1284,5 x0,30
Grease and lubricating material

Maintenance and repair of overhead lines..................... 29,64
Tickets, advertising

Insurance in case of accidents with people.................... 74,25
€« CASE OF FITE ..vveveeieeieiieiieieee e 2
Health insurance premium payment..........ccceecveeeeneen. 5,60
TOtAL e 944,19
Then written off:

4 % for spent capital ..........ccoovveevuveiviieeiieeeiee e 420

10 % for spent capital on repayment of cost of the

VERICIE .. 412,50
5 % for spent capital regarding the shed,

overhead liNeS .......coveeieeieeiierieiieieeieee e 319
Wear of rubber tires, counting

0,06 kronen /Km of TUN ........ooiiviiiiiiiiiiecieiee e, 480
TOLAL. e 1631,50

and total expenses 2575,69 or 0,32 kronen per
carriage-km.

Incomes were expressed as 3146,46, hence
+ 570,77 or 5,4 % on the capital spent in excess

of the written off 4 %. In winter, movement is
weaker, but still for 9 months 70000 passengers
were transported; during construction they
counted on 24000 passengers per year and a
revenue of 7200 kronen.

The above figures show that such an
enterprise pays off, being organized in the most
modest size, therefore, within the power of a
small city government.

Revenue for 3 months (July 16 — October 15, 1907) at Gmiind
line of 2,7 km:

For announcement ..
From subscribers ......
12204 tickets, 0,10 each
6500 tickets, 0,06 each (workers)................... 390
1240 tickets, 0,06 each (children)......
4400 tickets, 0,20 each (non-residents)
500 pc. of luggage, 0,20 each
100 pc. of luggage, 0,40 each
For transportation of post
Total

In addition, significant costs for the initial
equipment are not required if there is an electric
plant; the increasing demand is easily met by a
gradual increase in the number of carriages. On
the other hand, if it were found that the demand
for movement is insufficient, the structure can
be moved to other streets or roads without great
expense.

The current can be obtained from an
electrical installation in an existing industrial
enterprise (mill, factory, railway workshops,
etc.).

The described system enables an industrial
enterprise to organize transportation of goods
to the nearest railway station or pier. We had to
see freight traffic on this system at st. Wurzen
(in Saxony, on the way from Leipzig to
Dresden). Track length = 4 km. There are 3
electric locomotives of 6 tonnes in weight,

Pic. 7. Line Langenfeld-Mannheim. A highway
of crushed stone on a sandy mat; length 4 km;
the highest rise is 33 %o. Passenger and freight traffic
was opened in May 1904. There are also high voltage
wires from Solingen to Mannheim suspended from
the poles.
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Pic. 8. [The original picture is reproduced as illustration].

biaxial; on each axle there is an electric motor
of 25; metal tires of 150—200 mm width;
pressure on tires is 100—75 kilogram-
centimetres, i.e. within the limits of the norms
established in Russia.

With rises of 40 %o and 50 %o, such an
electric locomotive pulls 3 carts of 5 tonnes of
coal or flour carrying capacity.

The speed of movement is 6—8 km/hour.

See 23—27 pfennig/tonne-km, or about 0,2
kopecks for pood-verst [16 kg-1/0668 km].

With the help of 3 electric locomotives,
10 coal wagons and 27 wagons for flour are
transported; daily transportation, on average,
is about 300 tonnes, i.e., it is a standard
freightage that can justify the laying of rail
track, but it is not always possible to receive
permission to lay rail track on the highway of
general use. Simultaneous servicing of
passenger and freight traffic is possible
(Pic. 7).

In conclusion, possibility should be noted
of saving electrical energy when driving on
mountain lines, that is, with significant ups and
downs.

Itis enough to install an electric motor with
shunt excitation on the carriage, so that the
energy obtained when driving on an incline,
when the motor starts to work as a generator,
is sent into the overhead wires and utilized for
the movement of the carriage going up the
ascent. Pic. 8 depicts maintenance of electric
energy on a site of 2 kilometres.

Summarizing all of the above, we have the
right to assert that transportation, by means of
electric vehicles with an overhead wire, over
short distances (2—4 kilometres) is the cheapest
in terms of operation and requires the lowest
costs for initial equipment, and therefore
wherever there is a more or less good road, it
deserves full attention for transportation of both
passengers and goods.

Chairman. Let me thank the speaker (applause).
Maybe someone present would like to receive some
clarification, in which case I would ask those who
wish to ask questions or get some additional
information, contact the speaker.

Ifthere are no volunteers, then let me adhere
to the wishes expressed by the speaker, and,
perhaps, expand it. The most important and
desirable thing is that the carriage, with the help
of'this or that energy, could circulate completely
freely, so that all the conditions of its circulation
are contained in the carriage itself. It was the
internal combustion carriages that made a step
in this direction.

We were familiarized with the conditions of
movement of the carriage, so to speak, not along
the rail, but along the wire track located on top
of the road along which the carriage is rolling.

It seems to me that in the end one should
wish that the carriages, as a means of transport,
were not connected either with special devices
under them, of course, without touching the
arranged road, or with special devices above
them to obtain driving force, but that they were
independent carriers of energy. I think that
experiments with internal combustion devices
cannot be considered complete. Now they are
trying to supply electrical energy to vehicles from
the outside, using wires. The Italians very aptly
called the roads equipped with this method —
filovia, as opposed to railways — ferrovia.

1 think in the future no filovia will be needed
to supply energy. It seems to me that this is the
further task of electrical engineering, and it will
undoubtedly receive its solution, and only then
the means of transportation will circulate freely
along the roads with their own energy.

I declare this meeting closed.

(Zheleznodorozhnoe Delo
[Railway Business],
1910, No. 43, pp. 171-185) ®
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AOPOr U CTPaHbl
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Wropsb LUANKUH

JleBun []. 10. C. IO. Butre — xenes-
HOLOPOXXHUK, BbiB4aloOLWMIACS rocygap-
CTBEeHHbIVi gesarenb. — M.: YML] no o6-
pa30BaHUIO HA XXE€JIe3HOL4OPOXHOM
TpaHcnoprte, 2020. — 376 c. ISBN 978-
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KHurn o «BblaaroLemMcsi Xesne3Hoa0-
poxHuke N2 1» n3naroTcs 0BOJIbHO HacTo,
Tem 6osiee uyto B 2019 rony otMeyanoch ero
170-netne. JindHoctb Cepres KOnbeBuya
BuTtTe Bceraa nputsirmBasia 3HaToKoB U JIH0-
butene pycckori uctopumn. Hoeasi kHura

Ilanxun Heope Hukxoaaesuu — Poccutickuii yHueepcumem mparcnopma, Mockea,

LAmutpus JleBuHa «C. KO. Butte — xenes-
HOZLIOPOXHUIK, BbIAAIOLLMICS FOCYA8PCTBEH-
HbI gesitesib» 0 HEM, pedopmarope, Ha-
YaBLUEeM Kapbepy Ha Xese3Hov Aopore.
ABTOp repBoOro YcraBa >eJsie3HbIX OPOr,
cosfaresib Teopumn TaprugoB, UHULNATOP
pPepOopPMbI CTPOUTEILCTBA U IKCISIyaraumm
XKeJIe3HbIX J0POr, PakTU4eCKui PyKOBOAM -
Tesb cTpouTenbCcTBa TpaHcCcnbupCcKor
mMarvncTpasnu, CTaBLUn MOJIMTUKOM, roCy-
AapCTBEHHbIM AesiTesIeM, ANMIIOMAaToOM,
QPUHaHCUCTOM — 3TO MaJiasi YaCcTb TOro, 4To
ycnen caenarb Butre a5 cTpaHsbi.

Kniouyesbie cnoBa: C. (0. Butte, xenesHasi 4opora, Teopvsi TapudoB, YCTaB Xes1e3HbIX

Aopor, Benvikuii COupCckui nyTsb.

*NHdopmauma 06 aBTOpE:

LWankux Uropb Hukonaesuy — JOKTOP TEXHMYECKMX HAayK, Npodeccop kadeapbl ynpaBaeHus
aKcrnyaTauMoHHOM paboTol n 6e30MacHOCTbIO Ha TpaHcnopTe Poccuinckoro yHMBepcuTeTa TpaHcnopTa,

Mockga, Poccus, shapkinO5@mail.ru.

PeueH3ns noctynuna B pegakumio 16.10.2020, npuHsTa k nyénukaumm 05.11.2020.

For the English text of the article please see p. 238.



MPENMCIOBUM K KHUTE OTMEUYEHO, UTO
BuTTe octaBuI sipKuii ciie/l B UICTOPUH
CTpaHbl, XKU3HU POCCUIACKOTO 0011Ie-

ctBa. O1ieHnBast MacITab JMYHOCTH, CIICIYeT

TOBOPUTh O HEM KaK O KPYITHOM Tocyaap-

CTBEHHOM Jesitesie Poccuu, yesoBeKe Bblaato-

LIErocs yMa, BOJIU U SHEPTUU, OPTaHU3aTOPE,

CIOCOOCTBOBABILIEM B CJIOXKHBIN EPEXOTHBIN

nepuoa nopedopmeHHoil Poccuun noabeémy

TIPOU3BOIUTETHHBIX CUJT, SBOJTIOLINN COLTAITb-

HO-2KOHOMUYECKOW CUCTEeMbI O0IlleCTBa.

C. 1O. ButTe npeaioxut 1 BO MHOTOM YCHelll-

HO pean30Bajl CBOU B3IJIsIAbI HA TPEOJOJICHIE

OTCTaJIOCTU, MOfiepHU3aluu Poccuu Ha pesib-

cax pbIHOYHOW 9KOHOMMKM C TOCYIapCTBOM

B POJIA JJIOKOMOTHBA.

C. 10. Butre poauncsa 17 utonsa 1849 r.
B Tudnuce B ABopstHCKOM ceMbe. [Tociie OKoH-
YaHWUsI THMHA3UM OH TMOCTYITUI Ha (DU3NKO-
MaTteMaTudeckuii dakyiapreT Omecckoro
(unuana HoBopoccuiickoro yHuBepcUTETA.
TTocne okoHuanus odoyyenus C. FO. Burre
XOTeJI OCTaThCsl B YHUBEPCUTETE U CTATh MPO-
deccopom. Ho nox BiusiHUEM ero MaTepu
W AU, MUHUCTD TIyTeil coobIeHust, rpad
B. A. bobpuHckuii yropopui 1oHoro Butre
JlesaTh Kapbepy Ha XKeJle3HOi nopore.

Hauas ¢ nomxHOCTH Kaccupa, MpoaoIKUB
KOHTOPIIUKOM, KOHTPOJEPOM, PeBU30POM
JIBVDKEHUSI M HavayibHUKOM ctaHimiu, C. FO. But-
T€ JOBOJIbHO OBICTPO MOAHUMAJICS 10 CITYKe0-
HOW JIECTHUIIE U ObLT Ha3HaUeH HAYaJIbHUKOM
KOHTOpPBI NBUXeHUsT OaeccKoi Xeae3Hou
JIOPOTH.

Bo BpeMeHa Hauana CTpOUTebCTBA U pa3-
BUTHS XKEJIE3HOAOPOXHOTO TpaHcnopTta Onec-
CKag eJie3Hasi 1opora COCTOs1a U3 HECKOJIb-
KMUX y4yacTKoB oT Oneccol no bantel. s
TTOJTHOTHI KAPTUHBI aBTOP KHUTU Ha MaTepua-
Jie cBoeli paboThl «PazBuTHeE XKeJe3HbIX J0POT
Poccuu B XIX Beke» mokazai gajabHellee
passutue Onecckoit u FOro-3anagHoit xenes-
HOII JOpPOTrU, Ha KOTOPOW MOo3Xke padoTal
C. 1O. Burre.

Boszrnasnsag Onecckyto XeJle3Hy0 T0pOory,
Butte nmposiBu He3aypsimHbIE TBOpUYECKUE
CIMOCOOHOCTHU, MPEIOKUB HOBOE OOCITYXKU-
BaHME ITapOBO30B MAIIMHUCTAMU, YBETUINB
pa3Mephl IBWKEHUS ITOe3M0B TIpy Aeduimnre
MPOMYCKHOI CITOCOOHOCTU, PELIUB BO BPEMSI
Pyccko-Typenikoit BOHBI Tpo0ieMy epeBo3-
KU paHEHBIX.

ITocne okonvanus BoiiHbl B 1878 . Onec-
cKag XeJle3Hast Jopora Obuta 00beAMHEHA C He-

CKOJIbKUMU IPYTUMU TOPOTaMU, 00pa30BaIoCh
Oo6mectBo FOro-3amagHbIX JKele3HbIX JOPOT.
C. 0. Burre nonyuni MecTo HadyaabHUKA 9KC-
TuTyatauroHHoro otnena FOro-3anmamHbix ke-
Jie3HbIX gopor 16 despaitst 1880 roxa C. 0. Bur-
Te ObUT Ha3HAYEH HAYaJIbHUKOM CJIY>KObI 9KC-
ruryataunu FOro-3amagHbIx XKeJle3HbIX JOPOT,
a TI03:Xe — YITPaBJISIIOIINM JOPOL

[naBHO¥I 3agayeii MOJIOJOTO HavYalbHUKA
OBLTO YBEJTMUCHNE SKCILTYaTAllMOHHBIX JOXOIOB.
D1y 3amady oH perw B iepuon 1881 mo 1885 rn
Yuctelii goxon O6111ecTBa OT SKCIUTyaTalliy €ro
nopor Beipoc ¢ 4 MiH 300 ThIC. pyd. 10 13 MIIH
600 TBIC. pyO., WJIN B TPH C JIMIITHAM pa3a.

Takoii pe3yabTaT ObLI JOCTUTHYT OJ1aroga-
ps TMOKOM TapudHoil moauTke. O6061Iasa
pe3yabrarhl cBoeii aearenbHoctH, C. FO. Bur-
Te Hamucan KHUTY «[IpuHLNIIB XKeJle3HOmM0-
POXHBIX Tapu(POB MO MEPEBO3KE TPY30B»,
n3naHHyo B 1884 1. B KueBe u mepensnaHHyo
B [lapmxe B 1910 .

YuacTBys B BbhIicOUaiiiie yypexkaEHHOMU
Komuccuu nis uccneqoBaHUs Keae3HOMO-
poxkHoro aenra B Poccum mop npeacenaresib-
crBoM rpaga D. T. bapanosa, C. 0. Burre
pa3paboTa MPOeKT YcTaBa PYCCKUX KeJIe3HbIX
JIOPOT, KOTOPBIi 6611 01006peH [ocynapcTeeH-
HBIM coBeTOM U 12 utoHs 1885 T. yrBepKaEH
MMIIePaTOPOM.

8 mapra 1889 . moce yrBepXKIeHus AJeK-
canapom III TapudHoe 3aKOHOZATEIHLCTBO
OBLJIO COCPEIOTOYCHO B HOBOM JlenaprameHTe
JKEJIE3HOMOPOXHBIX el MuHHMCTepCcTBa (hr-
HaHCcOB, a 10 MapTa mociie MPOou3BOICTBA
B ICHICTBUTEIIBHBIC CTATCKIE COBETHUKHU — -
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peKTOpoM AermapTaMeHTa OB Ha3HAYeH
C. 1O. Burre.

15 despans 1892 . C. FO. Burre 6511 Ha-
3HAYCH yMPaBISIOMNM MUHUCTEPCTBA ITyTei
coobmeHusi. Ha 3Tom mocTy oH TIpoIeMOH-
CTPMPOBAJI HeIIOKUHHBIM TaJJaHT. YCTaHOBU -
JIach TBEpHasi uaes O TOCyIapCTBEHHOM 3Ha-
YEHUU XKEJIe3HBIX TOPOT, B COOTBETCTBUU
C KOTOpO# MCKIIOYaaach BO3MOXHOCTh
CTPOUTENILCTBA M AKCITyaTallMU KEJEe3HBIX
JIOPOT YacTHbIMU oO1iecTBaMmu. [locnenoBan
BBIKYM XKeJIE3HBIX TOPOT U3 PYK YACTHBIX 00-
IIECTB 1 COOPYKEHUE XKeJIe3HBIX TOPOT Ka3-
HOW.

30 aBrycra 1892 1. C. O. Butre 6bLT Ha-
3HaYeH YNPaBASIOIIUM MHUHHCTEPCTBOM
¢unHaHCOB, a ¢ 1 sHBapsa 1893 . ctan moHO-
IMpaBHBIM MUHHUCTPOM (rHaHCOB. biraromaps
sHeprum C. FO. Butre Havanoch coopykeHue
Benukoit Cubupckoii keje3HOil TOpPOTH.
CHavaJia OH IpeIJIoKIII 00pa30BaTh OCOObII
KOMUTET IIJIsI 3aKOHOAATEJIbHOTO PEIIeHUS
BOINPOCOB YIIPABJICHUS NOCTPOUKOM TOPOTU
ITOJ1 ITPEICEAATEIbCTBOM Hac/IeAHMKA-1Iecape-
Buya (Oymymero nmmmeparopa Hukomnas I1),
a3aTeM 00eCIeunl BblIEIEHUE HEOOXOAMMBbIX
¢unancos. C. FO. Burre nocTtossHHO KOOpau-
HUPOBAJI M KOHTPOJIUPOBAI CTPOUTEIHCTBO
JKEJIe3HOH JTOpOrv, MHUIIMUPOBAI BOIIPOCHI
opranm3anmu repeceneHus B Cuoups. C 1897
o 1914 ron HaceneHue CuOMpHY yBETUINIOCH
¢ 4,6 1o 7,6 MuIH YesloBeK, HaceseHue dajb-

VINPML PAH A M 5 MIN-

Hero Bocroka — ¢ 0,9 go 1,6 MJIH 4esloBex.
CTpouTeNbCTBO XKeJIE3HOW TOPOTY 3aKOHUMITU
B 1915 rony.

bnaronapst munuctpy uHancos C. FO. Bur-
Te B 1894 1. ObUI 3aKJIIOYEH BBITOAHBIN IS
Poccuu riepBhIit TOProBbIii 1oroBop ¢ [epma-
HUE, KOTOPBIif OXBAaThIBaJI TOPTOBBIE, 9KOHO-
MWYECKWE U MOJTUTUIECKIE MHTEPECHI U T10-
JIOXKUJI KOHELl TAMOKEHHOM BOWiHE. DTO ObLIO
OOJIBIION TMYHOU MOOe 10l MUHKCTPA (PUHAH-
COB.

Oco0blil UHTEPEC MPenCcTaBIsIeT BBeASHNE
Ka3€éHHOW BMHHOUW MoHomnoauu. [MuteiiHas
pedopma, nposeacéHHas C. FO. Burre, Briep-
BbIEe BBEJIa aKIIM3HYIO CHCTEMY, KOTOpasi He
MO3BOJIsLJIa TIPOJIaBaTh BOAKY HUKOMY, KpOMe
rocynapctba. BomkeT yBeManics mouTy Ha
30 %. B xone aHTHAJIKOTOJIbHOM KaMITaHUK
C. 1O. Burre ¢ MHCMIEKTOPCKUMU MOE3AKaAMU
TTOCETUJI MHOTHE TYOepHUM.

C. 1O. Burte HacToiuMBO OOpOJICS 32 OCYy-
1IeCTBJIEHUE 30JI0TOI pepopMbl. B Hauane
JNeHeXHOW pedopMbl OH 0OOCHOBAJ CBOIO
no3uLuto: «OepomHoe 3HaueHue 3010Mmoli a0~
Mbl 3aKAHAeMCcsl, npedcoe 6ceeo, 8 MOM, YMO
npedcmasisiem 30A10Moil MOCM, NepeKUHYMblil U3
boeamvix cmpat 6 6ednvie. Ilpu Heil yckopsemcs
8b1X00 U3 bedHocmu, moeoa KaK npu OyMancHoll
sanome oH 3amedasiemcs». B 1894 romy ocyiie-
CTBJIEHA JIeHEXKHasI pechopMa, KOTOPOil BBOAM-
Jlach 30JI0Tasl BayitoTa. BriepBble poccuiickuit
pYyOJIb CTall KOHBEPTUPYEM.

HesarenbHocTh C. FO. Butre Bbhixoauia
JIAJIEKO 3a TPAIUIIMOHHBIE paMKu MUHUCTeP-
ctBa ¢hmHaHcoB. OH BTOprajicsi BO MHOTHUE
chepsl, BKIOYAST BHEIIHIOK TOJUTHUKY.
C nepBbIX JIeT TPeObIBAHMSI HA MUHUCTEPCKOM
TOCTY OH TIPOSIBUJI ce0sl KaK TeoIOoJUTHUK,
CTPEMUBIIUIACS YKPETIUTh W PaCIIUPUTh T10-
3unnu Poccum Kak BEJIMKOM IepXKaBbl.

Ero nuriomaTudeckas 1esiTeIbHOCTb Ha-
yayiach OJMCTAaTeILHBIM ycriexoM B bepiuHe
B 1894 rony npu noanvcaHuy TOProBoro A0-
roBOpa ¥ 3aKOHYMJIACh OJTMCTATEIbHBIM yCIIe-
xoM B ITapuxe 1906 ., B rog MWIIMApIHOIO
3aiima.

B centsa6pe 1902 1. C. FO. Butte coBepmi
nyTteuiecteue Ha HanbHuii BocTok, ObLI
B [lopT-Aptype, BraguBoctoke u B JlaibHEM,
O03HAKOMMJICSI C TIOJIOKEHMEM Ha JajbHei
okpauHe. ITo Bo3BpameHuu C. 0. Burte
COCTaBWJI JIOKJIaJl, B KOTOPOM HacTamBasl Ha
BBIBOJIE HAIITUX BOMCK M3 MaHbWKypHUH U He-
00X0IMMOCTH coTJaleHus ¢ SImoHueii.



16 aBrycta 1903 r. ykazom Hukonas I1
C. IO. ButTte 0611 0CBOOOXIEH OT TOKHOCTHU
MUHUCTPA (PMHAHCOB M Ha3HAUEH TIpesceaa-
tenem Komurera MUHMCTPOB. 3a BpeMs
yrpasiaeHust C. FO. Burre MuHuctepcTBOM
(bmHaHCOB 3HAYUTENILHO YKPEITUIICS OI0KET
CTPaHBI, MTOCTOSIHHO JTOXOJBI TIPEBHIIIAIN
pacxoibl, 3a YTO €ro MOCTOSTHHO KPUTHUKOBA -
Jii. OH cUrTal, YTO MPU OTPOMHO 3aT0JIKEH -
HOCTH CTpaHbl HEOOXOIUMO NepXKaTh He-
CKOJIBKO COT MUJUIMOHOB PyOJieid, KOTOpbIe
MpY HEOJIAroMPUSATHBIX 00CTOSATEIbCTBAX,
B TOM UHMCJIe TIPY HEYPOKAsIX, MOTJIA ObI OCTa-
HOBUTH TaseHne pycckux ¢onmon. Korma
C. 1O. Burte ymén uz MunucrepctBa hMHaH-
COB, OH OCTaBWJI CBOOOJHYI0O HAJIUYHOCTD
B cymMme 380 MJTH py0., KOTopasi 1ajia BO3MOX-
HocTb Poccuiickoit umnepuu mocje Hayaja
SoHCKOM BOMHBI HECKOJIBKO MECSIIEB XKUTh
0e3 3aliMOB.

ITocne nopaxkeHust B AAnoHCKoOI BOitHE BeTasl
BOITPOC O HA3HAYEHWH TJIABHOTO YTIOJTHOMOYEH-
HOTO JJISI BeJAEHUsSI MUPHBIX TTEPETOBOPOB.
TormamrHMit MUHUCTP MWHOCTPAHHBIX JeJT
B. H. Jlam3aopd u apyrue npeTeHaeHThI OTKa-
3auck BecTU nieperosopsl. Torma Hukomnaii 11
npeaaoxu 3ty muccuto C. FO. Burrte. [1epero-
BOpbI U [TOpTCMYTCKUIT MUPHBIIA TOTOBOP, 3a-
KJTIOYEHHBII B HAPSLKEHHOM O0pbhOe Ha BBITO/T-
HBIX U1 Poccnu yelmoBUsIX, CTayl AUTUTIOMATH-
yeckuM Tpuymbom C. FO. Butre. OH cHucKan
ce0Oe aBTOpUTET Ha MUPOBOIA apeHe.

Bepnysiuce nocie I[Toprecmyra B [Tetep-
oypr B ceHts106pe 1905 ., C. }O. Butre cran
CBUJIETEIEM HapaCTaBILIETO Bajia PeBOJIIOLIUH.
OH MHOTO AyMaJl ¥ aHAJIM3UPOBAJT TTPUIMHBI
peBomoruy. OCHOBHOU PUYMHOM 3a0acTO-
BOK 1 0€CTIOPSIIKOB OH CUMTAJ HEPEIIEHHbII
KPECThSIHCKU I BOIIPOC.

Tocne noxnaga umneparopy rpad C. FO. But-
Te MOJArOTOBUJ ITPOEKT MaHudecTa, 17 oKTsI0-
PsI LIapb U3/1aJT 3TOT BhICOYAIINii MaHUpecCT
«O0 ycoBepIIIEHCTBOBAHUU TOCY1aPCTBEHHO-
TO TOPsIIKa», KOTOPBI TTPOU3BEN OTJTYIIN-
TeJbHOE BIleUaTIeHUE Ha POCCUIACKOE OOIIIe-
cTBO. [IpoBo3riamaemMbie MaHU(BECTOM
TIPUHIIUITBI IOMaJTA BEKOBOM YKJIal M yIIpas-
HSUIM OJIHY U3 OCHOB POCCHUICKOM rocymap-
CTBEHHOCTU — HEOTpaHUUYEHHOE caMojiepxka-
Bue. Cpasy xKe nocije o0bsIBAeHUsI MaHUPecTa
17 oxTs6ps mo Bceit Poccuun mpokatuiach
BOJIHA KOHTPPEBOJIIOIIMOHHBIX BEICTYTIIICHU.

20 oxTs6ps1 1905 1. rpac C. FO. Burre 6611
Ha3HaueH npencenarenseM CoBeta MuHU-

VIIE oA PJA A 3 S

cTpoB. M3-3a cTpaxa repen CTUXueit peBoJIio-
LIMY MHOTHE U3 TTPEIJI0KEHHBIX UM KaHIUIa-
TYp JUJISI 3aMEIeHUSI TTOCTOB B ITPABUTETHCTBE
oTKazanch. DopmMupoBaHue TPaBUTEIHCTBA
3aTSIHYJIOChH IO KOHIIa OKTSIOPsI.

ITo pacnopsixkenuto C. 0. Butre 6bu1n
pa3ocyaHbl TeJlerpaMMbl aIMUHUCTPAIIASIM
0acTOBaBIINMX 3aBOJIOB, B TeJleTpaMMax ObLIT
MPU3bIB K pab0YrM, 4TOOBI OHU TTEepecTaaIun
CIYIIaTh JIUII, SIBHO BEAYIIUX K Pa30PEHUIO
u rojiony. 5 Hos16pst CoBeT pabouux mocTa-
HOBUJ MpeKpaTuTh 3a0acToBKU. [Ipencena-
tenab Cosera I. C. Hocapsb, a 3atreM U BeCh
COBET ObLIM apecTOBaHbI. 7 HOSIOps 3aba-
CTOBKU IMPEKPATUIUCh, U TOCYAapb-UMIIepa-
top Harucan C. 10. Butre: «Padyrocs, umo
beccmbicAeHHAs CMayKka OKOHYUAACH, SMO
00AbULOI HPABCMBEHHDLI YCNEeX NPpAsUMeNb-
cmear.

IlepBoe Bpems, mocie 17 okTs16ps 1905 .,
Hukonait Il mpucnaymuBancs K MHEHUIO
C. 10. Butrte, HO MO Mepe TOTO KaK CTpax
repe BHEe3aITHO! PeBOTIOIMEN HaYall TPOXO0-
JIATh, TOCYIAaph MePECTall CUNTATHCSI C MHEHU -
eM Butre, Havan nmeiicTBoBaTh MOMUMO U B
taiiHe oT Hero. C. FO. Butre He 3axoTen
OCTaBaThCs MOJTYHOMUHAIBHBIM TJIaBOM TTpa-
BUTEJILCTRBA.

16 anpesist 1906 1. co BceMU MOJI0KEHHBIMU
nouectsamu C. FO. Butte 0611 0CBOOOXAEH OT
nmoskHocTH. TTociie oTcTaBKY OH MPOIOJIKAT
OCTaBaThCsl CTaTC-CeKpeTapéM U WwieHoM [o-
CyIapCTBEHHOTO coBeTa. bosblyio 4yacThb
BPEMEHM OH TTOCBSIIAJ JIUTEPATYPHBIM TPY-
Jam.
Ipad C. 1O. Burre — ¢urypa cioxHas
U MPOTUBOPEUYNBasi, YTO BO MHOTOM CBSI3aHO
€ 0COOEHHOCTSIMM TOTO BpeMeHU. OH BOLLE
B MCTOPUIO CTPaHBl U HaBCEI/Ia OCTAHETCS
B Heil. OcTaHeTcs Kak 4eJI0BeK PeIuTeTbHON
BOJIM U BBIJAIOIIUICST OPTaHU3aTOP, KaK ONH
W3 CaMBIX KPYITHBIX TTOJINTUKOB, CITOCOOCTBO-
BaBIUX MOIBEMY TTPOU3BOAUTETBHBIX CHJT
Poccum, pazBuTHio Xeae3H0I0POKHOTO jiesia
U O3IIOPOBJICHUIO IEHEXKHOW CHUCTEMBI, KakK
SIPKUIA TIPEICTABUTEb POCCUMCKON LIKOJIBI
9KOHOMUYECKOI MBICIIH.

Knura Omutpus Jlesuna «C.FHO. Butte —
JKEJIe3HOIOPOKHUK, BBIIAIOIIMIICS TOCynap-
CTBEHHBII €SI Te/Ib» paCCUMTaHA HA IIUPOKUIA
KpPYT YMTaTesieii, OylneT MHTepecHa BCeM, KTO
VHTEPECYETCS] POCCUMCKON MCTOPUEH, JTNY-
HOCTBIO B UCTOPMHU, UCTOPUEH KeTe3HBIX
JIOPOT. ®
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Books about the «outstanding railway
man No. 1» are published quite often,
especially since 2019 that marked his 170"
birthday. The personality of Sergey Yulievich
Witte has always attracted connoisseurs and
lovers of Russian history. Dmitry Levin’s new

Shapkin, Igor N., Russian University of Transport, Moscow, Russia*.

book «S. Yu. Witte — railwayman, an
outstanding statesman» [S. Yu. Witte —
zheleznodorozhnik, vydayushchiisya
gosudarstvenniy deyatel’] is about him, a
reformer who began his career on the
railway. The author of the first Charter of
Railways, the creator of the theory of tariffs,
the initiator of the reform of construction and
operation of railways, the acting head of
construction of the Trans-Siberian Railway,
who became a politician, statesman,
diplomat, financier — this is a small part of
what Witte had managed to do for the
country.

Keywords: S. Yu. Witte, railway, tariff theory, Charter of Railways, Great Siberian Route.

*Information about the author:

Shapkin, Igor N. — D.Sc. (Eng), Professor at the Department of Operations Management and
Transportation Safety of Russian University of Transport, Moscow, Russia, shapkinO5@mail.ru.

Review received 16.10.2020, accepted 05.11.2020.

For the original Russian text of the article please see p. 234.



he preface to the book notes that Witte
I left a bright mark on the history of the
country and the life of Russian society.
Assessing the scale of the personality, one
should speak of him as a major statesman of
Russia, a person of outstanding intelligence,
will and energy, an organizer who contributed
to the rise of productive forces in the difficult
transition period of post-reform Russia, the
evolution of the socio-economic system of
society. S. Yu. Witte proposed and successfully
implemented his views on overcoming
backwardness, modernizing Russia on the rails
of a market economy with the state as a
locomotive.

S. Yu. Witte was born on June 17, 1849 in
Tiflis in a noble family. After graduating from
high school, he entered the physics and
mathematics faculty of Odessa branch of
Novorossiysk University. After graduation,
S. Yu. Witte wanted to stay at the university and
become a professor. But under the influence of
his mother and uncle, the Minister of Railways,
Count V. A. Bobrinsky persuaded young Witte
to make a career on the railway.

Starting from the position of a cashier,
continuing as a clerk, ticket collector, traffic
inspector and station chief, S. Yu. Witte
quickly rose through the ranks and was
appointed head of the traffic office of Odessa
railway.

Atthat time, construction and development
of railway transport began, the Odessa railway
consisted of several sections from Odessa to
Balta. To complete the picture, the author of
the book, based on his work «Development of
Russian Railways in 19" Century», showed
further development of Odessa and South-
Western Railways, on which S. Yu. Witte later
worked.

As the head of Odessa railway, Witte
showed extraordinary creativity, proposing a
new system of driving steam locomotives by
drivers, increasing the size of train traffic with
a shortage of capacity, solving the problem of
transporting the wounded during the Russian-
Turkish war.

After the end of the war in 1878, Odessa
railway was merged with several other railways
and the Society of South-Western Railways
was formed. S. Yu. Witte got the position of

the head of the operational department of the
South-Western Railways. On February 16,
1880, S. Yu. Witte was appointed head of the
operation service for the South-Western
Railways, and later — the manager of those
railways.

The main task of the young boss was to
increase operating income. He solved this
problem from 1881 to 1885. The Company’s
net income from operation of its roads
increased from 4 million 300 thousand rubles
up to 13 million 600 thousand rubles, or more
than three times.

This result was achieved by a flexible tariff
policy. Summarizing the results of his activities,
S. Yu. Witte wrote the book «Principles of Railway
Tariffs for the Carriage of Goods», published in
1884 in Kiev and republished in Paris in 1910.

Taking part in the imperially established
Commission for the Study of Railway Business
in Russia, chaired by Count E. T. Baranov,
S. Yu. Witte developed a draft Charter of
Russian Railways, which was approved by the
State Council and on June 12, 1885, approved
by the emperor.

On March 8, 1889, after the approval of
Alexander III, the tariff legislation was
concentrated in the new Department of
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Railway Affairs of the Ministry of Finance,
and on March 10, after being promoted to
acting state councilors, S. Yu. Witte was
appointed director of the department.

On February 15, 1892 S. Yu. Witte was
appointed manager of the Ministry of
Railways. In this post, he showed remarkable
talent. A firm idea was established about the
state importance of railways, in accordance
with which the possibility of building and
operating railways by private companies was
excluded. The purchase of railways from the
hands of private companies and construction
of railways by the treasury followed.

On August 30, 1892, S. Yu. Witte was
appointed manager of the Ministry of Finance,
and from January 1, 1893, he became a full-
fledged minister of finance. Thanks to the
energy of S. Yu. Witte, construction of the
Great Siberian Railway began. First, he
proposed to form a special committee to
legislatively decide on management of
construction of the railway under the
chairmanship of the heir-crown prince (the
future Emperor Nickolay II), and then
ensured the allocation of the necessary

finances. S. Yu. Witte constantly coordinated
and supervised construction of the railway,
initiated organization of resettlement to
Siberia. From 1897 to 1914, the population of
Siberia increased from 4,6 to 7,6 million
people, the population of the Far East — from
0,9 to 1,6 million people. The construction of
the railway was completed in 1915.

Thanks to the Minister of Finance
S. Yu. Witte, in 1894, the first trade agreement
with Germany, which was beneficial for
Russia, was concluded, which covered trade,
economic and political interests and put an
end to the customs war. This was a great
personal victory for the finance minister.

Introduction of a state-owned wine
monopoly is of particular interest. The alcohol
reform carried out by S. Yu. Witte was the first
to introduce an excise system that did not allow
sale of vodka to anyone except the state. The
budget has increased by almost 30 %. During
the anti-alcohol campaign, S. Yu. Witte visited
many provinces on inspection trips.

S. Yu. Witte persistently fought for
implementation of the gold reform. At the
beginning of the monetary reform, he
substantiated his position: «The tremendous
value of the gold currency lies, first, in what is the
golden bridge thrown from rich countries to poor
ones. It accelerates the way out of poverty, while
with paper currency it slows down». In 1894, a
monetary reform was carried out, which
introduced the gold currency. For the first time,
the Russian ruble became convertible.

S. Yu. Witte’s activities went far beyond the
traditional framework of the Ministry of
Finance. He invaded many areas, including
foreign policy. From the first years of his
tenure as a ministerial, he showed himself as
a geopolitician who sought to strengthen and
expand Russia’s position as a great power.

His diplomatic career began with a brilliant
success in Berlin in 1894 with signing of a trade
agreement and ended with a brilliant success
in Paris in 1906, the year of a billion-dollar
loan.

In September 1902 S. Yu. Witte traveled to
the Far East, was in Port Arthur, Vladivostok
and Dal’niy (now Dalian), got acquainted
with the situation on the far outskirts. Upon
his return, S. Yu. Witte drew up a report in



which he insisted on the withdrawal of our
troops from Manchuria and the need for an
agreement with Japan.

On August 16, 1903, by decree of Nikolay 11,
S. Yu. Witte was relieved of his post as Minister
of Finance and appointed Chairman of the
Committee of Ministers. During S. Yu. Witte’s
management of the Ministry of Finance, the
country’s budget was significantly strengthened,
revenues constantly exceeded expenses, for
which he was constantly criticized. He believed
that with the country’s huge debt, it was
necessary to keep several hundred million
rubles, which under unfavorable circumstances,
including crop failures, could stop the decline
of Russian funds. When S. Yu. Witte left the
Ministry of Finance, he left free cash in the
amount of 380 million rubbles, which made it
possible for the Russian Empire to live without
loans for several months after the start of the
Japanese War.

After the defeat in the Japanese War, the
question arose of appointing a chief
commissioner for conducting peace
negotiations. The then Minister of Foreign
Affairs V. N. Lamsdorf and other applicants
refused to negotiate. Then Nikolay II proposed
this mission to S. Yu. Witte. The negotiations
and the Portsmouth Peace Treaty, concluded
in a tense struggle on terms favourable to
Russia, became a diplomatic triumph for
S. Yu. Witte. He has earned himself authority
on the world stage.

Returning from Portsmouth to Petersburg
in September 1905, S. Yu. Witte witnessed the
growing wave of revolution. He thought a lot
and analysed the causes of the revolution. He
considered the unresolved peasant issue to be
the main cause of strikes and riots.

After a report to His Majesty, Count
S. Yu. Witte prepared a draft manifesto; on
October 17, the tsar issued this imperial
manifesto «On improvement of state order»,
which made a deafening impression on
Russian society. The principles proclaimed by
the manifesto broke the age-old way of life and
abolished one of the foundations of Russian
statehood — unlimited autocracy. Immediately
after the announcement of the manifesto on
October 17, a wave of counter-revolutionary
actions swept across Russia.

On October 20, 1905, Count S. Yu. Witte
was appointed chairman of the Council of
Ministers. Because of fear of the elements of
revolution, many of the candidates he
proposed to fill positions in the government
refused. The formation of the government
dragged on until the end of October.

By order of S. Yu. Witte, telegrams were sent
to the administrations of the striking factories, the
telegrams contained an appeal to the workers to
stop listening to those who were clearly leading
to ruin and hunger. On November 5, the Workers’
Council decided to end the strikes. The chairman
of the Council, G. S. Nosar, and then the entire
council were arrested. On November 7, the strikes
stopped, and the Emperor wrote to S. Yu. Witte:
«I am glad that the senseless strike is over, this is a
great moral success for the government.

At first, after October 17, 1905, Nickolay 11
listened to the opinion of S. Yu. Witte, but as
the fear of a sudden revolution began to pass,
the sovereign ceased to reckon with the
opinion of S. Yu. Witte, began to act apart
from him, and even in a secret way. S. Yu. Witte
did not want to remain the semi-nominal head
of the government.

On April 16, 1906, S. Yu. Witte was
dismissed with all the due honours. After his
resignation, he continued to be Secretary of
State and a member of the State Council. He
devoted most of his time to literary works.

Count S. Yu. Witte is a complex and
contradictory figure, which is largely due to
the peculiarities of his time. He inscribed his
name into the history of the country and will
forever remain in it. He will remain as a man
of decisive will and an outstanding organizer,
asone of the largest politicians who contributed
to the rise of the productive forces of Russia,
development of the railway business and
improvement of the monetary system, as a
bright representative of the Russian school of
economic thought.

The book by Dmitry Levin «S. Yu. Witte —
railwayman, an outstanding statesman»
[S. Yu. Witte — zheleznodorozhnik, vydayush-
chiisya gosudarstvenniy deyatel] is intended for
the attention of a wide range of readers, will
be interesting to everyone who is interested in
Russian history, personality in history, the
history of railways. °
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Byrpees H. B. Ilosbimenne 3¢¢eKTHBHOCTH
TUIAHHPOBAHMS M MPOU3BOJCTBEHHOM JeSATETHbHOCTH
JTMCTAHIUA CUTHATM3AINH, HEHTPAIM3AHHA U OJI0KH-
poBkH / ABToped. muC... KaHI. TeXH. HayK. — M.:
PVT, 2020. — 24 c.

Ha ocHoBaHUY BBHIMIOJTHEHHBIX UCCIEIOBAHUIA
U3JI0KEHBI HOBbIe, HAyYHO 000CHOBAaHHBIE METO-
YecKre, TeXHOJIOTUUEeCKME U OpTraHU3allMOHHO-
yIpaBJIeHYECKUE PEIICHUS] N0 COBEPILIEHCTBOBA-
HWIO TJTAHUPOBAHUSI TTPOU3BOICTBEHHOM €SI TE b~
HOCTH TIPENIPUSTUI KeJIe3HOJOPOXKHOTO TPaHC-
MopTa, UMEIOIINE CYIIECTBEHHOE 3HAUYeHUEe IS
Pa3BUTHSI CTPAHBI.

[TosrydeHsl crienyronme TeopeTUIeCcKre v IMpakK-
TUYEeCKUE Pe3yIbTaThl:

* O6ocHOBaHa HEOOXOAUMOCTD Pa3pabOTKU
HOBBIX METOJIOB M TEXHOJIOTU I MTPOU3BOJCTBEHHO-
TO TUTAHUPOBAHUS ACSITETLHOCTH CTPYKTYPHBIX
rozipa3iesieHnit HOPACTPYKTyPHOTO KOMITIeKCa
OAO «Poccuiickue xene3Hble 1oporu». [lokazaHo,
yTO HMdpoBast TpaHchopMaLUsl MTPOU3BOICTBEH-
HBIX ITPOLIECCOB Ha XeJIe3HOIOPOKHOM TPAaHCTIOPTE
TTO3BOJISIET TTOBBICUTH 3(D(PEKTUBHOCTD TUIAHUPO-
BaHUsI TPYIOBBIX M MATEPUATTbHBIX PECYPCOB 32 CYET
HaJIM4MsI HOBBIX, HEAOCTYITHBIX pPaHee BO3MOXHO-
cTeil aBTOMaTU3WMPOBAHHOTO cbopa M aHaiIM3a
00JIbIINX 00BEMOB Pa3IMUHON CTAaTUCTUYECKOMN
nHbOpMaLNY, UCTIOIb30BaHUs OoJiee COBEPILIEH-
HBIX TEXHOJIOTUYECKUX aJITOPUTMOB.

* Pa3paboTtaH HOBBIII METOJ CTATUCTUYECKOM
OIIEHKU pe3epBa BpeMeHH, HeOOXOIUMOTO 1 T0CTa-
TOYHOTO JJI51 BBITIOJTHEHUST KOMITIEKCa AOTIOIHU-
TeJbHbIX PabOT AUCTAHLUSIMU CUTHATU3ALUHU,
LIEHTPAJTN3aINY U OJIOKUPOBKH, a TAKXKE IPYTUMU
CTPYKTYPHBIMU TTONIPA3IETCHUSIMU XO3SIICTBA aB-
TOMATUKU U TEJIEMEXaHUKU.

* IlpemnoxeHa MeToauKa pacuéra Heperia-
MEHTUPOBAHHbBIX 00bEMOB pa0dOT MPOU3BOICTBEH-
HOTO TIpollecca TEXHUIECKOU IKCIUTyaTally CUC-
TEM U YCTPOWCTB XKEJIE3HOAOPOKHOM aBTOMATUKMY,
OCHOBaHHAasl Ha KOMIO3ULMY 3aKOHOB pacrpese-
JIEHUSI CITyJailHBIX BeJTUIMH.

* Pa3paboTraH anTOpuUTM OLIEHKUW M aHaIn3a
pe3epBa BpeMeH! Ha BBITIOJTHEHUE HEPeTJIaMeHTH -
POBaHHBIX 00BEMOB pabOT MpU IJIAHUPOBAHUU
MMPOM3BOJCTBEHHOU NESATEIbHOCTU TUCTAHIIUI
CUTHAJIU3AINH, IEHTPATN3alUN U OJIOKUPOBKU.

» [IpennoxeH U 060CHOBaH HOBBI METO.
MJTAaHUPOBAHUSI TTOKa3aTesei esITeTIbHOCTH CTPYK-
TYPHBIX TIOJpa3AesIeHUI XO3sCTBA aBTOMAaTUKU

VINPML PAH A W SIN-

u tenemexaHuku OAO «Poccuiickue xkeae3Hbie
IOPOTH», YIUTHIBAIOIIUI TEXHUYECCKUE PUCKH,
CBSI3aHHBIC C HEHAEXHBIM (DYHKIIMOHUPOBAHNEM
00BEKTOB TPAHCIIOPTHON MHMPACTPYKTYPDI, U UX
BJIMSTHUE HA TIOKA3aTeJIy IePeBO30YHOTO Mpoliecca.

» Pa3paboTaHa mpakThuecKass MeTOINKa pac-
yéTa OXMIAEMbIX U TIJIAHOBBIX 3HAYEHUIT MHTET-
pabHbIX, 6a30BbIX U JOTIOJHUTEJbHBIX TTOKa3aTe-
JIeil OeITebHOCTU Pa3IMYHBIX CTPYKTYPHBIX
MoApa3IeIcHUI X03iCTBAa aBTOMATUKH U TeJIeMe-
XaHUKU, a TaKXKe MoKa3aress KayecTBa (yHKIIMO-
HUPOBaHUS UHOGPACTPYKTYPhI B TpaHULIAX POU3-
BOACTBEHHOI nesarenbHocTr nuctanimuy CL(b.

» [IpoBenéH aHaNIM3 MPOIECCHON MOIEIN
TEXHUYECKOTO 0OCITYKMBAaHUS U PEMOHTA CUCTEM
M YCTPOMCTB XeJe3HOA0POKHOI aBTOMATUKH B 1~
cranuuu CLLB, chopmynupoBaHbl peKOMeHAALUU
MO COBEPIICHCTBOBAHUIO MPOLECCHON MOAETU
C YYETOM MPEITOXKEHHBIX METOAMK IJIAHUPOBAHUS
MPOU3BOICTBEHHO EATEbHOCTH.

* [IpemnoxeHHbIe B pabOTe METOBI, TEXHO-
JIOTMYECKME U OPTaHU3aIIMOHHO-YITPaBICHICCKIE
pelIeHUs TTPOIIUTH alpoOallMIo U HALILIU MPaKTH -
Yyeckoe MpUMEHEHHUEe Ha CeTH KeJIe3HbIX JOPOoT
Poccuiickoit @enepanuu. B HacTosiee BpeMst
METOIMKA MPOXOIUT OIBITHYIO SKCILTyaTalliio Ha
MOJUTOHAX BCeX XeJe3HbIX aopor. Ha ocHoBe
MPEIIOXEHHBIX B IUCCePTAIllMU METOA0B U METO-
UK pa3pabOTaHbl TPU HEMOCPEICTBEHHOM yvac-
TAU aBTOpA, YTBEPKACHBI U TIPUHSITHI K MPAKTH-
YeCKOMY MCTI0JIb30BaHUIO BA OTPACIEBBIX JOKY-
meHTa (Metoaukn) OAO «Poccuiickue xene3Hbie
JIOPOTU».

B niepcriekTrBe HanboIee aKTyabHOI 3amaueii
SIBJISIETCS] aBTOMATHU3ALIMS TTPEUIOXKEHHBIX aBBTOPOM
METOJIOB U METOIMK IJIAHUPOBAHUS ACSATEIbHOCTU
CTPYKTYPHBIX ITO/Ipa3aesieHu it UHGPACTPYKTYPHO-
ro komiuiekca OAO «Poccuiickue Xejie3Hble 10-
poru». PelieHre naHHOM 3amayn 3arJIaHUPOBAHO
B JlopoxHoIi KapTe peaiusaiuu mpoekta «Lludpo-
Basi TpaHchopMaLKs MPOLIECCOB XO35ICTBA aBTO-
MAaTHKW U TeJIEMEXaHUKI» B paMKaX peaan3aiuu
Crpateruu uudpopoii TpaHchopmauuu OAO
«Poccuiickue xene3Hble noporu» 1o 2025 roja.

05.02.22 — Opeanu3zauus npouzeoocmea (mpauc-
nopm). Paboma evinoanena é Poccuiickom yHueepcu-
meme mpancnopma.

2Kykos A. C. O0ocHOBaHNE KOHCTPYKIIUA Ky30Ba
NACCAXKUPCKOro BaroHa 13 3KCTPYANPOBAHHBIX AJTI0-
MHMHHEBBIX NaHeJieil / ABToped. auc... KaHI. TeXH.
Hayk. — Tsepb: 3A0 HO «TUB», 2020. — 20 c.

Ha ocHoBaHMM aHAJIM3a 3apyOEXKHOTO U OTeUe-
CTBEHHOT'O OIbITA POEKTUPOBAHMUST, U3TOTOBJICHUSI
MAaCcCaXNPCKUX BATOHOB C KY30BaMU U3 alTIOMUHHUE-
BBIX CILIAaBOB MPEIIOKEH BapUaHT KOHCTPYKIIMU
Ky30Ba MacCaXMpPCKOTO BaroHa ¢ MOMEPEUHbIM
CeueHUeM 1 TOPILIEBBIMU YacTsIMU, CHOPMUPOBAH-
HBIMU M3 3KCTPYAUPOBAHHBIX aJIFOMUHUEBBIX
npoduieit (maxenei).



OmnpeneneHa HEOOXOAUMOCTD TOTIOJTHEHUS
CYILIEeCTBYIOIIEl HOpMATUBHON 6a3bl 1JIsl MPOBE-
NEHMST TIPOEKTHBIX PabOT TPeOOBAHUSIMU K dJie-
MEHTaM OOIIMBKM KPBIIIU U OOKOBBIX CTEH KYy30-
Ba BaroHa ¢ KOHCTPYKIIMEH, OTJIMYHOU OT Tpaam-
LMOHHOM.

[TpuBenéH noaxona, MO3BOJISIONIMI Ha 3Tare
MPOEKTUPOBAHMUS TIPOBEPUTH COOTBETCTBUE Ky30-
Ba IMacCaXXMPCKOTO BaroHa ¢ KOHCTPYKIIUE, OT-
JIMYHOM OT TPaJAMLIMOHHON, TpeOOBaHUSIM 0Oe3-
OIAaCHOCTH, YKa3aHHBIM B HOPMAaTUBHOM JTOKY-
MeHTauu, u chopMyJIupoOBaHbl TpeOOBaAHUS
K 2JIEMEHTaM OOIIMBKU KPBIIINA U OOKOBBIX CTEH
Ky30Ba BaroHa ¢ IornepeyHbIM CEYeHUEM, BBITION -
HEHHBIM U3 DKCTPYIMPOBAHHBIX aTIOMUHUEBBIX
TMaHEeJen.

Pa3paboraHa KOHEYHOBJIEMEHTHAsT MOJAEIb
aJTIOMUHUEBOTO Ky30Ba, IMTPOBEACHBI PACUETHI 10
I u III pacu€THBIM pexumaM, MOATBEPAMBIIUE
COOTBETCTBUE TpeljilaraeMoro BapuaHTa KOH-
CTPYKLIMU TPeOOBAHUSIM ITPOYHOCTH.

J17151 MpOBEPKU BHITTOJTHEHHOM MOJIEIN 1 OTIpe-
NeJIeHUsT pa3MepoB KOHEYHBIX 3JIEMEHTOB, 00ec-
TEeYMBAIOIINX HEOOXOINMYIO TOYHOCTD BBIYUCTIE-
HUI TIpU MUHUMAJIbHOW 3aTpaTe BpeMEHHU Ha
pacyéT, MpoBeIeHO IKCIIEPUMEHTAIbHOE UCCIe-
JIOBaHUE SKCTPYAMPOBAHHOM MaHe 1, TIpejiarae-
MO 71T (hOPMUPOBAHUS TTONIEPEUHOTO CEUSHMUS
Ky30Ba BaroHa.

PaspaboTtaHa MmeToauKka pacyéra SKCTpyIUpO-
BaHHBIX ATIOMUHUEBBIX MPOGbUIICIA, ITO3BOJISIONIAs
3HAYUTEJIbHO YIIPOCTUTH HavaJbHBIE CTAINU
pa3pabOTKM KOHCTPYKIIMU Ky30Ba.

BoinmonHeH cpaBHUTeAbHBIN pacuéT CXKII
ATIOMUHUEBOTO U CTAJIbHOTO BATOHOB, PE3YJIBTaThl
KOTOPOTO TTOATBEPKIAIOT BO3MOKHOCTH CO3/TaHUS
5KOHOMUYHOM KOHCTPYKIIUM C UCITOTb30BaHUEM
aJIOMUHUEBBIX CILIaBOB.

Pe3ynbraThl, MoJydeHHbIE TTPU BBIMOJIHEHUN
JIMCCEPTALIMOHHOM paboOThl, MOTYT OBITh UCITOJIb-
30BaHBbI TSI pa3pab0TKN KOHCTPYKTOPCKUX pele-
HUI TIpY MPOEKTUPOBAHUU Ky30BOB IaCCaXUpP-
CKHX U TPY30BBIX BATOHOB ¢ KOHCTPYKIMEH, OT-
JINYHOM OT TPagUIIMOHHOM, U3 Pa3IMYHBIX KOH-
CTPYKLIMOHHBIX MaTepUaIOB.

IlepcnekTUBOM JajibHeIe pa3paboTKU Te-
MBI SIBJISIETCSI PACCMOTPEHME BOTIPOCOB ONTUMM-
31N TIPEIIOKEHHON KOHCTPYKIINY (CHUKEeHUE
METaTOEMKOCTH, TIPUMEHEHNE aTIOMUHUEBBIX
CMJaBOB C YJYUYIIEHHBIMUA XapaKTepUCTUKaAMU
u11p.), e€ nopadboTKa ¢ y4ETOM CIIOCOOOB yCTaAHOB-
KM TIOJIBATOHHOTO Y BHYTPUBAroHHOTO 000py10-
BaHWUs (B TOM YHCIIE, TIPU PACCMOTPEHUN BO3MOXK-
HOCTU KPYMHOOJOYHOI COOPKM), YTOUHEHME
9KOHOMUYECcKOro acrnekra B pamkax CXKII.

Cneuyuanvrocms 05.22.07 — Iodeuscroii cocmas
Jcene3nbix dopoe, msaea noe3008 u INeKmpuUpUKayusl.
Paboma evinoanena 6 Teepckom uncmumyme 8aeo-
nocmpoenus (340 HO «THUB»). 3awuma cocmos-
aacw 6 Poccuiickom yHusepcumeme mpancnopma.

VINNE OAH PIA / 3 =

IIyraueB A. A. DHeproadeKTHBHBIE IIEKTPO-
NPUBObI ¢ ACHHXPOHHbIMH IBUTATEISIMH /ISl Maru-
CTpPAJIbHBIX JJOKOMOTHBOB / ABTOped. auc... JOK.
TexH. HayK. — M.: PYT, 2020. — 48 c.

W3n0xeHBl HOBBIE HAYYHO OOOCHOBaHHBIE
TeXHUYECKHE pellieHus], HarpaBJIeHHbIe Ha obec-
neyeHUe BbICOKOU dHeproabdeKTUuBHOCTHU
3JIEKTPOITPUBOIOB Ha MATrMCTPAIbHBIX IOKOMOTH -
Bax, BHEAPEHNE KOTOPHIX BHOCUT 3HAUMTEIbHBIN
BKJIaJl B pa3BUTHE CTPAHBI.

IToydeHbl HOBBIE HayYHBIE Pe3yJIbTaThl, chop-
MYJIUDOBAaHHBIE B CJIEAYIOLIUX [TOJIOKEHUAX.

[Tpu BeHTUIISITOPHOI Harpy3Ke BCIIOMOTaTe b~
HBIX 2JIEKTPOIPUBOIOB JJOKOMOTUBOB, YUYUThIBAS
CTOMMOCTHbIE TTOKa3aTeJM COBPEMEHHBIX MpPeoo-
pazoBarteJieil YacTOTHI, IieJlecoo0pa3Hee MPUMEHSITh
YaCTOTHO-PETYIMPYEeMbIe 3JICKTPOTIPUBOIBI C all-
TOPUTMaMM CKaJISIPHOTO YIIpaBICHUS.

CuHTe31MpOBaHa CUCTeMa CKaJISIPHOTO yIIpaB-
JIEHUSI 2JIEKTPOTIPUBOJIA C ACUHXPOHHBIM JIBUTATE-
JIeM, OCYILECTBIISIONIas MUHUMM3AIIMIO TOKA CTa-
TOopa, a, CJeI0BaTeJbHO, U MOTEPU MOUIHOCTH
B YCTAHOBMBIIMXCS peKMMax paboTsl. [1py MoMeH-
T€ COTIPOTUBIIEHUSI, HE PABHOM HOMUHAJILHOMY,
BeanuuHa KIIJL 3a cuét mpuMeHeHUs] CUCTEeMBbI
MUHMMU3AIMU TOKA CTaTOpa MOXET ObITh YBEIM-
yeHa Ha 20 %, a moTepb MOIITHOCTH — CHIKEHbBI Ha
50 %.

CpaBHUTEIbHBIN aHAIN3 3JIEKTPOIIPUBOIOB
MoKazaJl OYeBUIHOE MPEUMYIIECTBO CUCTEM CKa-
JISIPHOTO YIIpaBJIeHUsI, paOOTAIOIIMX MO TPUHLIMITY
MUHMMYyMa TOKa CTaTopa, KOTOPbIE TIOIePKUBAIOT
TpebyeMoe 3HaueHNe MOMEHTa ¢ MEHBIIIMMU 3Ha-
YEeHUSIMM TOKa cTaTopa, HaMpsKeHUs craTopa,
a, CJleIoBaTeIbHO, M C MEHBIIMM 3HaYeHUEM Mar-
HUTHOTO TIOTOKA, YTO IMPUBOAUT K YBEJINYCHUIO
K03 GULIMeHTa TOOPOTHOCTH ¥ CHUDKEHUIO DJIEKT-
POMarHUTHBIX Harpy3ok. Bmecte ¢ aTum, mpose-
NEHHBIN aHaIU3 MoKa3adl HeOOXOAMMOCTb yuéTa
BJIMSIHUS TeMIIepaTypbl OOMOTOK Ha 3HAYCHMS
HampsiKeHUs cTaTopa W MapaMeTpbl CUCTEMBbI
yIpaBJCHUS B CBSI3U C BAMSIHUEM Ha BEJTUYMHbI
MHMHUMYMa TOKa CTaTopa u, 0COOEHHO, ONITUMAaTb-
HOTO a0COJIIOTHOTO CKOJIbKEHUsI, 00ecTieunBao-
IIET0 dKCTPeMaIbHOE YIIpaBIeHUE IO MUHUMYMY
TOKa cTaTopa.

PaszpaboraH anroput™m opmMupoBaHus 3a1a-
HUST Ha TOKM CTaTOpa U MMOTOKOCIIETIEHUE POTopa
aCUHXPOHHOTIO IBUTATENSI TIPU MCITOJb30BAaHUU
CHCTEMbI BEKTOPHOTO yIpaBJieHUsI, 00ecreurBao-
WA MUHUMYM TIOTepb MOIIHOCTHA. B KauecTBe
JIMMUATUPYIOIINX (PaKTOPOB IMIPUMEHEHBI OIrpaHU-
YeHUsI 110 TOKY M HANIPSDKEHUIO cTaTopa ABUTATe-
JIsI, MOLIIHOCTH IU3€/Tb-TeHEPATOPHOI YCTAHOBKU.
CuHTe3MpoBaHa CUCTeMa YIPaBJICHUS TATOBOTO
3JICKTPONPUBOJIA C ACUMHXPOHHBIM JIBUTATEIIEM,
obecrieunBaloIast HeToCpPeICTBEHHOE PEeryInupo-
BaHUE CKOJIbXXEHUS KOJNEC, C TTOAYUMHEHHOM CUC-
TeMOi MUHUMU3AIU TTOTePb MOIIHOCTH. YCTa-
HOBJIEHO, YTO MMpUMEHeHUe pa3paboTaHHON
CHCTEMBI yIIpaBJIeHUS MPUBOAUT K YMEHBIIEHUIO
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notepb MomHocTu. Hanbonbinit abCOMOTHBIN
3(pdeKT mpu A00BIX MOMEHTAX COMPOTUBIICHUS
JIOCTUTAETCST B OKPECTHOCTH HOMUHAJIHOM YacTo-
ThI BpAaLIEHWs MAarHMTHOTO MOJA cTaropa m,,
MPUYEM TIPU TPUOITMKEHUY YACTOTHI 71 K 9aCTOTE
m,, €O CTOPOHbI MEHBIINX 3HAYECHUI I DEKT OT
MPUMEHEHMsT pa3paboTaHHOI CUCTeMbI BO3pacTa-
eT B 3HAYUTEIbHO OOJIbIIEN CTeTeHU, YeM TIpu
NPUOIVKEHUN M K M, €O CTOPOHbBI OOJIBIINX
3HaYCHU.

IIpemnoxena ynpouiéHHasl TeIioBasi cxeMa
3aMelleHusl TS OTIpeieIeHNsT TeMITepaTyphbl 00-
MOTKHU ¥ MarHUTONpoBoaa cratopa. CUHTEe3UpO-
BaHbl YpaBHEHUS TETJIOBOTO paBHoBecus. Paspa-
GoTaHa METOIMKA OIIpeie/IeHHs 3HAaUeHU I TeT10-
BBIX COITPOTUBJIEHUI cTaTOpa P TIOMOIIIU J1ab0-
paTopHOU yCTaHOBKHM, KOTOpasi YUUTHIBAET
0COOEHHOCTHU OXJIaXKJACHUSI KOHKPETHOrO THUIla
NBUTATeNIei U U30aBJIsieT OT HEOOXOAMMOCTH pac-
CMOTPEHUSI aCHHXPOHHOTO JIBUTATEJISI KaK a3POJIH-
HaMUYEeCKOM CUCTeMBI. Pe3ynbraThl 3KCIIepuMeH-
TaJbHBIX MCCIENOBAHUI TTO3BOJMIN YCTAHOBUTH
BJIMSIHME YACTOThl BpallleHUs] pOTOpa ABUTATENS
U 00bEMA OXJIAXKJAIOIIEr0 BO3/1yXa Ha 3HAYEHMUS
TETJTIOBBIX COMTPOTUBJICHUIA.

Paspabortan MeToa MaAeHTU(MDUKALIMY aKTUBHO-
T'O COMPOTUBJICHUSI 0OOMOTKHU POTOPa ACUHXPOHHO-
TO JIBUTATEJISI TIO CUTHAJIAM C TaTYMKOB TOKA U Ha-
MPsDKEHUS CTaTopa U JaTYMKa YaCTOTHI BpallleHUS
BaJla poropa. Ha ocHoBaHuM ajirebOpanueckux
ypaBHEHMH, OMKMCHIBAIOIINX 3JIEKTPOMEXaHNYe-
CKoe TIpeoOpa3oBaHNe SHEPTUY BO BPAILAIOIIMXCST
B3aMMHO NEPIEHINKYISIPHBIX OCSIX, CHHTE3UPOBaH
aJITOPUTM OMpeAeSICHUSI COMTPOTUBICHUS U TEMIIE-
paTypbl 0OMOTKM poTopa. Pe3yiasraThl MMUTALIM-
OHHOTO MOJIEJTUPOBAHMS TIPEIOKEHHOTO METOa
B IMporpaMMHOM KoMrutekce MatLab Simulink mrst
ACUMHXPOHHOIO JABUTATEs] MOIIHOCTBIO 11 KBT
MOKa3aJId BBICOKYIO CXOIMMOCTh, MaKCUMaJIbHOE
PACXOXIEHUE HE MPEBLICHIIO 9 %.

[IpemtoxkeH MeTO OTpeIe/IeHUSI COTIPOTUBIIE-
HUS U TeMIepaTypbl OOMOTOK cTaTopa U poTopa
MepPUOINYECKUM T00aBIeHUEM K HaMPSIKEHUIO
cTaTopa HaIpsKeHMST BBICOKOW 4acTOThI U/WJIN
TTOCTOSTHHO# COCTAaBJISTIONIEH HATTPSKEHU S, BBITION -
HeHa OlIeHKa ero TOYHOoCTu. /lobGaBiieHue MoCcTo-
STHHOM COCTaBJISIONICH HAMPsSKeHUsI TTO3BOJISIET
OTIPENeISITh CONTPOTUBIIEHUE U TeMIIepaTypy 00-
MOTKH CTaTopa; J00aBJIcHUE HAIMPSKEHUS BBICO-
KO YaCTOThI MO3BOJISIET OMPEACIISTH COMPOTUBIIE-
HMe U TeMIIepaTypy 0OMOTOK CTaTopa M poTopa Inpu
VX OTMHAKOBOM Harpese. B ciydae HeonmnHakoBO-
TO HarpeBa 0OMOTOK CTaTOpa U pOTOpa HEOOXOIM -
MO COBMECTHOE J00aBIeHNE TOCTOSTHHOM 1 BBICO-
KOYaCTOTHOI COCTaBJISIIOIIMX HarnpspkeHust. [Toka-
3aHO BJIWSTHUE HE MIIEaTbHOCTU XapaKTePUCTUK
CMJIOBBIX KJIIOU€il MHBepTOpa HampsikeHus. Pe-
3yJIBTaThl MOACIMPOBAHUS OKA3aJIM, YTO OIIMOKA
orpe/ieJIieHUs] COMPOTUBIIEHUSI OOMOTKM CTaTopa
cocrasisieT 1 %, B TO BpeMsl Kak OIIKMOKa OIpese-
JICHUSI COMTPOTHBIICHUSI pOTOpPa MOXET JOCTUTATh
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6 % nipu 100aBIEHUY IIEPEMEHHOM COCTABIISTIOLIEH
HanpspkeHus ¢ yactoroit 150...250 I,

PazpaboTtaHbl aBTOMaTUYECKHE CUCTEMBbI PETy-
JIUPOBAaHUS TEMIIePATyPhl TSITOBBIX JBUTATENICH,
TATOBBIX ITpeoOpa3oBaTesieii YaCTOThl M SHEPTETH -
YeCcKOi yCTaHOBKM aBTOHOMHOTO JIOKOMOTHMBA
¢ MPUMEHEHMEM 3JIEKTPOIIPUBOIa BEHTUIISITOpA
OXJTAXKJIEHUST KaK MCTIOJTHUTEITbHO-PETYINPYIOIIETO
YCTpOICTBa, 0OECIIeYMBalOIINe pacIMpeHne q1ua-
Ma3oHa M3MEHEHMs YaCTOThI BpallleHUSI Bajia BEH-
TUJISITOPA, a, CJIeoBaTeIbHO, CHYDKEHME Arara3o-
Ha U3MEHEHUST PEeryIMpyeMOoil TEMIIEPaTypHhI.

PazpaboTana cucrema yrpaBieHUs, OCYIIECTB-
JISTo1Iasl YMEHbIIIEHUE TTOTePb MOIIIHOCTU B CUJIO-
BBIX TTOJTYIIPOBOIHMUKOBBIX TPUOOpPaxX aBTOHOMHO-
TO MHBEPTOpPa HAMPSIKEHUsI TATOBOTO TIpeodpa3o-
BaTeJIg YaCTOTHI U KOHTPOJb MX TeMIIepaTyphl,
npeaHa3HaYeHHas /I UCITOIb30BaHUSI B COCTaBe
CHCTEMBI YIIPABJICHUST TSITOBOTO 3JIEKTPOIPUBO/IA.
BxomHBIMU CUTHATTAMU CUCTEMBI SIBJISTFOTCST TEMITE -
paTypbl KPUCTAJIJIOB CHJIOBBIX TTOJYTIPOBOTHUKO-
BBIX MPUOOPOB U TOK CTAaTOpa TTOBOTO ABUTATEJIS.
BbIXOIHBIMU CUTHAIAMU CUCTEMBI SIBJISTFOTCST 3a/1a-
HHUE Ha 9aCTOTY KOMMYTAIlUU CUJIOBBIX MTOJTYTIPO-
BOJHMKOBBIX IMPUOOPOB U 3aJaHME Ha BETUIMHY
MaKCUMaJIbHOIO TOKa.

OueHkKa 9KOHOMUYECKOl 3(hheKTUBHOCTHU
MPUMEHEHUS BJIEKTPOTIPUBOIA BEHTUJISITOPA
OXJIAKIIEHMSI C IIpeoOpa3oBaTeieM YacTOTHI M aCHH-
XPOHHBIM JBUTATeeM ¢ 3HeproaheKTUuBHOMN
CHCTEMOI CKaJIIPHOTO YIIPaBJICHUS B COCTaBe aB-
TOMAaTUYECKOI CUCTEMBI PETYJIMPOBAHUS TEMITepa-
TYpbl SHEPIeTUYECKON YCTAHOBKU, MPOBEAEHHAS
no Metoauke, paspadboranHoit Bo BHUTU, noka-
3aj1a, YTO 9KOHOMHUS TOIUIMBA MOXKET COCTaBUTD
16 T 992 KT B TO/I HAa CUCTEMY OXJIAXKICHUS SHEepre-
TUYECKON YCTAaHOBKM aBTOHOMHOTO JIOKOMOTHBA
MoutHocThio 2200 KBT 110 cpaBHEHMIO C pesieiiHOI
CUCTEMOM pEryJmpoBaHusl.

05.09.03 — DaexmpomexnuuecKue KOMNACKCbL
u cucmemol. Paboma évinoanena é Poccuiickom yHu-
eepcumeme mpancnopma.

Cosomun A. B. Pa3Butne Teopun JMHEHBIX
TATOBBIX YCTPOMCTB BHICOKOCKOPOCTHOIO MArHUTO-
JIEBUTAIIMOHHOIO TPaHcHopTa / ABToped. Juc... T0K.
TexH. HayK. — Pocros u//[: PTYIIC, 2020. — 38 c.

B pesynbrare ncciaenoBaHus perieHa HayaHast
npo6JsieMa MOBBIIIEHUs 0€30MaCHOCTU JBMKEHUS
BBICOKOCKOPOCTHOTO TPaHCIIOPTa Ha MAarHUTHOM
nonsece (MJIT) 3a cuér yaydiieHus morepevyHon
IWHAMHWKU TIPU TTOMOIIM HOBBIX KOHCTPYKIIWIA
MHOTO(GYHKIIMOHAIbHBIX TSITOBBIX JUHEHHBIX
ACMHXPOHHBIX IBUTATEJIEH C MTPOI0IbHO-TIOIIEped-
HBIM MaTHUTHBIM ITOTOKOM, Pa3BUBAIOIIINX YCUITUST
OOKOBOI caMOCTaOMIM3AIUN JICBUTUPYIOIINX
SKUMNAXEN OTHOCUTEIbHO MYTEBOU CTPYKTYPhI
U pelieHa HayyHas mpobJiemMa MoBbIleHUs 3D heK-
TUBHOCTH WCITOJIb30BAHUS JIMHEWHBIX ACUHXPOH-
HbIx nurateneit (JIAJl) Ha BBICOKOCKOPOCTHOM



MUJIT nyTtém pa3BuTHS UX TEOPUU, UTO TTO3BOJIUIIO
MOBBICUTH TOYHOCTh PACYETOB U CO3AHUST HOBBIX
KoHcTpykuuii JIAJL. BeinojHeHHbIE UCCIIeA0BAHMS
MO3BOIWIIN C(POPMYJTUPOBATE PSIT OCHOBHBIX BBI-
BOJIOB.

AHanu3s nyoauKanuii, ypoBeHb TEXHUKH U 9KO-
HoMuKM B Poccuiickoit denepannu m Ipyrux
MPOMBIIIJIEHHO Pa3BUTBIX CTpaHaX MO3BOJISIOT
c/ieJ1aTh BBIBOJ O TOM, YTO Ha TIEPBBIX 3Tarax co3-
JIaHUSI TTOE3JI0B CO CKOPOCTSIMMU JIBUKeHUsT 350—
500 kM/4 GoJiee TTEPCIEKTUBHBIMU SIBJISTIOTCSI
MAarHUTOJIEBUTALIMOHHBIE TPAHCITOPTHBIE CUCTEMBI
C TATOBBIMU JTMHEITHBIMU aCUHXPOHHBIMU JIBUTA-
TEJISIMMU.

Bricokue ckopoctu MJIT TpeOyroT 3HaUUTE b~
HOTO TIOBBIIICHUS YPOBHS GE30MMaCHOCTH JIBUXKE-
Hust. OOUH U3 TIyTeil pelieHusT 3TON HayIHO-
TEXHUYECKOU MpoOIeMbl — CO3/IaHNE HOBBIX TSITO-
BBIX JINHEWHBIX ACMHXPOHHBIX MPUBOJOB, pabo-
TAIOLLMX HA HOBOM IIPUHIUIIE AEHACTBUS, KOTOPBIA
MpeUIOXKEeH B IUCCePTALIAM, C YIYIIIIEHHOU TToTIe-
PEYHOM NMHAMUKOM, pa3BUBAIOLIMX HE TOJBKO
TSTOBBIE YCUIIUST, HO M YCUJTHSI TIOTIEPEYHOM caMO-
CTaOMIN3alMNA BHICOKOCKOPOCTHOTO MarHUTOJIE-
BUTALIMOHHOTO 3KUIIaXka OTHOCUTEJBHO ITyTEBOM
CTPYKTYPBHI.

Omnpenen€H criocod yaydyieHus mornepevyHon
JMUHAMWKHU BEICOKOCKOPOCTHOTO MarHUTOJICBUTA-
LIMOHHOTO TpaHcnopTa ¢ TaroBbiMu JIAJL 3a cuér
MCITOJb30BaHUSI B IMHEMHBIX IBUTATEJISIX HOBOTO
(pr3MYEeCKOro MpUHIIKMIA BCTPEYHO OETYIINX B MO~
MepPEeYHOM HaIpaBJICHUN MAarHUTHBIX oJiei. [1pu
HapyIICHUU X CUMMETPHUH (TIOTIEPeUHOE CMETIIe -
HUe 3KHWIaxa) co3larTcs OOKOBBIE YCUIIUS,
Bo3Bparatoime skunax MJIT B mpexHee 1moJio-
KeHue. Ha ocHOBe pelieHMsT TToJIeBbIX 3a/1a4 CO3-
JTaHbI OCHOBBI TEOPUH OTIPEIeSICHUS TTOTIePEYHOI
caMoCTabuau3aluu ¢ YYETOM B3aMMOCBSI3€ei
MEXIY FeOMETPUUECKUMU pa3MepaMy MHIYKTOpa
v BTOpu4yHOTO 37eMeHTa JIAIL u BemunHoi 60-
KOBOTO CMEIIICHMSI.

PeiieHre onTrMU3aliMOHHON 3a1auu TTO3BO-
JIWJIO YCTaHOBUTH 30HBI HAWBBITOAHEHIIIETO MC-
nosab3oBaHus JIAJl ¢ ronepeyHbIM MarHUTHBIM
MOTOKOM, YTO HEOOXOAUMO JIJIST TIPOCKTUPOBAHUS
JIMHEMHBIX IBUTATENIC 111 MATHUTOJIEBUTAIIMOH -
Horo TpaHcnopTa. [TokazaHo, uTo ko3 dULEeHT
ocCJ1abIeHUs BJICKTPOMArHUTHOW CUJIBI (TSITOBOTO
YCWJIMS) 3aBUCUT OT paclipele/ieHUsT TUIOTHOCTH
TOKa BO BTopuuHOM 3jieMeHTe JIAJIL, onpeneneHbl
CMOCOObI €ro CHUXXEHUS MYyTEM HampaBJIeHHOTO
M3MEHEHUSI COOTHOLICHUS €T0 TeOMETPUUYCCKUX
pa3MepoB.

AHaJIUTUYECKUM ITyTEM TTOJTYyYEHbI COOTHOILIE-
HUs s pacuéra KoadduimeHTa ocaadieHus
3JICKTPOMArHUTHOM cHJTbI TToBOTO JIAJI ¢ morme-
PEYHBIM MarHUTHBIM ITOTOKOM, YYUTBIBAIOIINAE
pacnpeneieHue MJIOTHOCTH TOKa BO BTOPUYHOM
3JIEeMEHTE, BeJIMUMHY BO3/IYIIIHOIO 3a30pa U More-
peuHblil KpaeBoil 3(PeKT. YcTaHOBIEHBI ONTU-
MaJIbHbIe 3HAYEHUS TJIOTHOCTH TOKA BTOPUYHOTO
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3JIeMEHTa, YYUTHIBAIOIINE CKOPOCTh IBVKCHMUS
MUJIT u reomeTpuyeckue pa3mephl JBUTraTeIsl.

YcTaHOBIIEHBI aHAJTUTUYECKHE COOTHOIIICHMS
UTSI pacyu€Ta IMIIOTHOCTU TOKA MHIYKTOPOB TATOBBIX
JIAl ¢ mpomOaBHBIM U TIOTIEPEYHBIM MAarHUTHBIM
MOTOKOM TyTEM peleHust auddepeHmatbHbIX
ypaBHEHWI1, yIUTHIBAIOIIME TEOMETPUIECKIE pa3-
Mepbl MHAYKTOPAa WU BTOPUYHOTO 3JIEMEHTA U UX
B3aMMHOE BIIMSTHUE Ha pacTipeaesieHue TMJI0THOCTH
TOKA B JIOOOBBIX YACTSX OOMOTKM, YTO MOBbIILIAET
TOYHOCTb Pacuy€Ta TSITOBOTO YCHJIUSI.

CdopmMynupoBaHa 1 pellieHa KpaeBasi IoJieBast
3a7a4a, TI03BOJIMBIIIAS TIOJTYYUTh COOTHOLICHUS JJIST
pacyéTa MIOTHOCTU TOKA BO BTOPUYHOM 2JIEMEHTE
1siroBoro JIAJ ¢ mpo10JibHbIM MAarHUTHBIM MOTO-
KOM TpU y4€Te BIUSIHUSI MarHUTHOTO TIOJS 3a
MpeaesiaMy MHAYKTOPA, YTO ITO3BOJISIET IIOBBICUTh
TOYHOCTb pacuéra TSIrOBbIX yCUIuid. Pe3ynbrarhbl
TEOPETUYECKUX MCCEI0BAaHUI TTO3BOJUIN yCTa-
HOBUTB, 4TO 3(P(PeKTUBHOCTb B3aUMOJIEHCTBUS
TOKOB MHIYKTOpa MU BTOPUYHOTO 3jeMeHTa JIAJL
C MPOAOJbHBIM MAarHUTHBIM ITOTOKOM 3aBUCUT OT
BEJIMYMHBI UX (ha30BOTO CIBUTA U OKA3bIBAeT 3Ha-
YUTETHHOE BIIUSTHIE HA BEJTMUMHY TSITOBOTO YCITUST
MJIT. AHaTUTUYECKMM MYTEM TTOJTYyYEHbl COOTHO-
LIeHUs 11 pacyéta KoadduumreHTa ociadieHus
9JIEKTPOMArHUTHON CHUJIbI (TSITOBOTO YCUJIMS)
B 3aBUCHUMOCTH OT pacTipe/ie/;IeHUsI TOKa BO BTOpUI-
HOM 3JIEMEHTE, UTO MOXET OBITh UCTIOJIb30BAHO IMPHU
MPOEKTUPOBAHUU JUHEMHOTO aCUHXPOHHOTO
JIBUTATeNs s BBICOKOCKOPOCTHOIO MarHuToJe-
BUTAlIMOHHOTO TPAHCTIOPTA.

Pa3zpaboraHbl MaTemMaTUUeCKUE MOICTN IS
pacuéTra TOKOB BO BTOpuuHOM 3jieMeHTe JIA/L ¢ rmo-
MepeYHbIM MarHUTHBIM ITOTOKOM Ha OCHOBE YpaB-
HeHuil MakcBeiia, Mo3BOJISIIONINE YYUTHIBATh
BEJIMYMHY BO3AYLIHOTO 3a30pa MPU MarHUTHOU
MOJBECKE BBICOKOCKOPOCTHOTO IKUIIaXkKa, pacrpe-
JeJieHrue MarHUTHOM MHIYKIMU B MOTIEPEYHOM
HaIpaBJIeHUU 1 B3aUMOCBSI31 MEXKITy TeOMeTpuie-
CKHMM pa3MepaMM MHAYKTOPa U BTOPUYHOTO
aneMeHTa. [IpemiokeHa HoBass MaTeMaTU4ecKasi
MOJIeJIb paclipelesieHUs] TOKOB BO BTOPUYHOM
3JIeMEeHTe, YUYUTBIBAOIAsT TTOTIEPEUHBIN KpaeBoil
3G dEKT, 4TO MO3BOJIACT Ha CTAINH ITPOECKTHUPOBA-
HHS MAarHUTOJIEBUTALLMOHHOMW TPaHCIIOPTHOM
cucteMbl ¢ JIAJl BriOUpaTh €€ palMoHadbHbIE
pa3mepsl. [losydeHb HOBbIE COOTHOIICHUS TSI
orpeneaeHUs KO3 GUIIMEeHTa 0CIa0IeHUS JIeKT-
poMarHuTHoM cuiibl JIAJL 171 BBICOKOCKOPOCTHO-
ro MJIT ¢ yuétom cpeauHHbIX 3(PHEeKTOB, UTO
TTOBBIIIIAET TOUHOCTh PACYETOB.

OrpenesieHbl ONTUMATbHBIC 3HAUEHUSI CpeTHEN
TUIOTHOCTHM TOKa BTOpUYHOTro asemeHTa JIAJL mist
MUJIT, yuuThsiBaloLIre B3aUMOCBSI31 MEXKIy CKOPO-
CTBIO IBIKEHUST 1 TEOMETPUIECKUMU pa3MepamMu
nBuratens. JlokazaHo, 4TO MpUpalleHUe TUIOTHO-
CTU TOKa BTOPUUYHOTO 351eMeHTa TsiroBoro JIAJL mpu
CMEIICHUU €ro OT OCH CUMMETPUU B JIIOOYIO CTO-
poHy Oynet oTpuiateabHbIM. WcciemoBanue
OKPECTHOCTEH SKCTpeMyMa (MaKCMMyMa) CpeaHei
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IJIOTHOCTH TOKa BTOPUIHOTO 2JIeMEeHTa IM0Ka3aJo,
YTO aXke HE3HAYUTETbHOE OTKJIOHEHUE OT OMTU-
MyMa MPUBOIUT K CYIIECTBEHHOMY CHUKEHUIO
TJIOTHOCTY TOKA Y YMEHBIIIEHUIO TSITOBOTO YCVITHSI.
DTO 0COOEHHO PE3KO MPOSBISIETCS TIPU MaJbIX
3HAUEHMSIX MOTIOCHOTO IEIEHUST IBUTATEIS.

HccnenoBaHbl 0COOEHHOCTU PEryJIMPOBAHMS
JIMTHEITHOTO aCMHXPOHHOTO JBUTATEJIS C U3MEHSIe-
MBIM COTIPOTHBIIEHUEM KOPOTKO3aMKHYTOI OOMOT-
KM BTOPUYHOIO 3jieMeHTa. PeléH psia mojeBbix
3a/1ay, yCTaHABJIMBAIOIIUX B3aUMOCBSI3H MEXIY
rapaMeTpaMH 1ma3a BTOPUIHOTO 3JIEMEeHTa TSITOBO-
ro perynupyemoro JIA/l 1 MAaTHUTHBIM TIOJIEM
BTOPUYHOTO 2JIEMEHTA MPY YACTUIHOM 3aMbIKAaHUU
TPOBOIHUKOB CTEP3KHST. YCTaHOBJICHBI 3aKOHOMEP-
HOCTU M3MeHeHUsI KO3 MUIINEHTOB yBEeTUICHUS
aKTUBHOTO Y YMEHBIIIEHWST MHIYKTUBHOTO COTIPO-
TUBJIEHUSI 0OMOTKM BTOPUYHOTO 2JIEMEHTA B 3aBU-
CHMOCTH OT KOJIMYECTBA ¥ PACTIOIOXKEHMSI 3aMKHY-
TBIX HAKOPOTKO MPOBOJHUKOB. [lokazaHO, 4TO
3¢ deKT BHITECHEHUST TOKA B T1a3y BTOPUYHOTO
2JIEeMEHTa TIPOSIBISIETCS OCOOEHHO Pe3Ko MpH 3a-
MBIKaHUU HAKOPOTKO YacTH ITPOBOIHUKOB, 3aHH-
Matomux cBeire 50 % 1o BeicoTe masza. B Takux
CIyJasix MpY pacuére peryaupyeMoro TATOBOTO
JIAJL B pexxumax Tporanus skunaxa MJIT ¢ mecra,
TOPMOXEHUsI, U3MEHEHUsI CKOPOCTHU JIBVKEHMSI
00s13aTesieH YUYET BBITECHEHHUS TOKA B Tasy.

DKcrepuMeHTaTbHbIE UCCIeI0BaHMS Ha 1abo-
paTOpHBIX U MaKeTHBIX oOpa3iax JIAJL pist Bbico-
KOCKOPOCTHOTO MarHUTOJIEBUTAIIMOHHOTO IT0-
NBIDKHOTO COCTaBa IMOKa3ajiv, YTO PacXOXIeHUe
TEOPETUUECKUX U OTBITHBIX Pe3yJabTaTOB HE Tpe-
Boitaer 10 %.

Pa3paboTaHbl KOHCTPYKIIMKA HOBBIX TSITOBBIX
JIAJl st MarHUTOJIEBUTAIIMOHHOTO TPAHCIIOPTA,
3alIUIIEHHBIE 2 aBTOPCKUMU CBUAETEIbCTBAMU
CCCP u 25 natentamu Poccuiickoit @enepannm.

Pe3sysibTathl AMcCcepTalIMOHHOTO KCCIIEI0BaHUST
TTOJTYY TV TIPAKTUIECKOE TIPUMEHEHHNE B KOHCTPYK-
LMY CTEH 1A TS CCIIeIOBAHUSI PABHOBECHSI, YCTOM-
YUBOCTH U ABUKEHUSI KOMOMHUPOBAHHBIX 2JIEKTPO-
MarHUTHBIX U JIEKTPOIMHAMUYECKIX ITOIBECOB ST
BBICOKOCKOPOCTHOTO MarHWUTOJIEBUTAIITMOHHOTO
tpaHcnopta (AO <HUMU DDA um. /1. B. Eppemonar,
Tockopnopanus «Pocatom» ), a Takke UCTONb3YIOT-
Csl TIPY BBITIOJIHEHWM MCCIIEIOBAHUI 1O HOBBIM
BUIaM TpaHCIIOpTa B pamKax rpaHTa POOU_PXK]]
Ne 17-20-04236 «MarHuTHOE OXJIaXKIEHUE ITEPCIIEK-
TUBHBIX TPAHCTIOPTHBIX U SHEPTETUUECKUX CUCTEM»
BOI'BYH «MHCTUTYT pamOTeXHUKH U JJIEKTPOHM -
ku uM. B. A. KorensHukoBa» PAH npu pazpadorke
CTEHJIOB TIO MCCIIENIOBAHUIO aTMOCGHEPHBIX 1 BaKy-
YMHBIX MarHUTOJIEBUTALIMOHHBIX TPAHCIIOPTHBIX
CUCTEM, MIPUMEHSIOTCS B yueOHOM TMpoliecce
PT'YIIC, npuHSTHI K BHEAPEHUIO HA PEANPUSITUSIX
TPAHCIIOPTA U MPOMBIIIIEHHOCTH.

05.22.07 — Ilodsuscroii cocmas xcene3nvix dopoe,

msea noe3006 u snekmpugurauus; 05.09.01 — Daex-
mpomexanuka u snexmpuyeckue annapamot. Paboma
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evinonnena 6 Pocmosckom eocyoapcmeennom yHugep-
cumeme nymeii cooOujeHusl.

Tpodumora JI. C. Hayunbie OCHOBBI TEKyIEro
IUIAHAPOBAHUS PAOOTHI FPY30BOTO ABTOTPAHCIIOPT-
HOTO MPEANPUATHS B YCIOBUSX HeompeneJeHHOCTH
pa3Butusi / ABToped. AuC... 10K. TEXH. HAYK. — OMCK:
Cu6A/IN, 2020. — 32 c.

BrImtoTHeHHBIE MCCieA0BaHUS B3aMOCBSI3U
IPY30BbIX aBTOMOOMJIbHBIX TepeBo3ok, TO u TP
MoJBUXHOTO cocTaBa npu padore ATII ¢ npume-
HEHUEM HOBBIX UH(POPMALIMOHHBIX TEXHOJOTUI
B BUJe TporpamMM ist DBM B ycioBusax Heorpe-
JIeJIEHHOCTU Pa3BUTHSI MOXKHO KBaJIM(DULIMPOBATh
KaK HOBbIE HayYHbIC U OpraHM3allMOHHBIE pa3pa-
GOTKM JJIs TEKYIIETO TUTAHUPOBAHUSI, HATIPaBJIeH-
HBbIC Ha pellleHre MPOoOIeMbl, UMEIOIIE BaKHOE
3HaYeHMeE ITPU BBITTOJIHEHU U 1IeJIeBbIX TTOKa3aTeeit,
0603HaueHHBIX B TpaHcopTHOI cTpaTternu PM Ha
nepuon a0 2030 roga B ob6aactu 3(ppeKTUBHOTO
Pa3BUTHSI aBTOMOOWJIBHOTO TpaHcopTa PD.

3a cuéT pa3paboTaHHO KOHLEMIUYU TEKYILEro
IJIAHUPOBAHUSI, KOMIUIEKCA MPUHIIUIIOB TIPUMe-
HEeHUST METOMIOB TeKYIIeTO TUTAHUPOBAHUSI, MaTe-
MaTUYECKUX MOJIeNIeH 1 METOIMK MHHOBAITMOHHOM
HanpaBJIEHHOCTH pellieHa KPYITHasi HaydyHasi Tpo0-
JleMa, MMelolasl BaXKHOe X03sIICTBEHHOEe 3Haue-
HUe — pa3paboTaHbl TEOPETUYECKUE U METOJI0JIO-
TUYECKHME OCHOBBI TEKYILETO TJIaHUPOBaHMS Pabo-
Tbl ATTI, yunTbiBalolye B3auMOCBsI3b IePEeBO30K
rpy30B 1 BbinoHeHus1 TO u TP noasuxHoro co-
cTraBa JiIsl COOJTIOIEHNSI OCHOBHBIX JECTBYIONINX
nonoxeHuii MenepanpHoro 3akoHa «O Ge3omac-
HOCTHM TOPOXKHOTO ABMKEHUSI» U HaIlpaBJIeHHbBIC
Ha IOCTVKeHUE MHIMKATOPOB Pa3BUTHsI aBTOMO-
OUJIBHOIO TpaHCIopTa, 0003HAaYeHHBIX B TpaHc-
noptHo# crpaterun P® Ha nepron mo 2030 roma
B YCJIOBUSIX CYIIECTBYIOIIEH HEOmpeaea¢éHHOCTH.
Anpobaliusi 1 BHeIpEHUE PE3YJIbTaToOB MCCIeI0Ba-
HUI obecrieunT pa3BuTre SKoHOMUKU P 3a cuér
peann3alny BaxXHO COIMaTbHO-3KOHOMUYIECKOM
posii TekyIero ranupoBaHus padbotsl ATII npu
BBITTOJIHEHUY YCJIOBUIA TOTOBOPOB.

BririoTHeHHBII aHaAJIU3 TOKa3aTesieit, XxapakTe-
PU3YIOIINX COBPEMEHHOE COCTOSTHIE aBTOMOOMITb-
Horo TpaHcnoprta P®, mo3Bo/ui ycTaHOBUTD, YTO
uHAMKaTopel TpaHcmopTHO# cTpareruu Poccuii-
ckoii Denepanun Ha iepuon 10 2030 roga 3aBUCIT
oT moka3zarejeit pabotsl ATII, dopmupyrommxcs
¢ Y4€TOM M3MEHEHUsI CIpoca Ha aBTOTPAHCIOPT-
HbIE YCIYTU IO CTPYKTYpe MePEeBO3MMBIX TPY30B,
ux 00béMaM, TpeOOBAHUSIM CO CTOPOHBI 3aKa3un-
KOB K CITeLIMaJTM3UPOBaHHOMY ITOIBDKHOMY COCTa-
BY, CPOKaM TEPEeBO30K I'Py30B. YCTaHOBJIEHBI TO-
KazaTeJIu, BIMSIOIINE Ha pe3y/IbTaThl PYHKITMOHM -
poBaHusg ATII B ycinoBusix HeonpeaeJaeHHOCTU
pa3BUTHUA, KOTOpbIe HEOOXOAMMO YYUTHIBATH
B TEKYILIeM IJIaHUPOBAHUY TPUMEHMUTEIbHO K TIe-
peBoske rpy3oB, TO u TP noaBuxHoro cocrapa 1o
tunopasmepaM ATTI 1151 BBIMOJHEHUS IOTOBOPOB
W TIOJTy9eHUS TTPUOBLUIH.



YTOUHEH MOHATUITHBIN armapar, HalpaBicH-
HBII Ha Pa3BUTHUE TEOPETUUECKUX OCHOB TEKYILIETO
ruiaHupoBaHust padotsl ATTI, yuuTbIBalomx Be-
POSITHOCTHOE COCTOSIHME TTOKa3aTesieil mepeBo30K
rpy30B, TO u TP moaBm:kKHOT0 cocTaBa M CBOMCTBA
BUJIOB JIESITEIBHOCTUA MPU UX B3AMMHOM BJIMSIHUU
JIPYT Ha IpyTa, BbISIBJICHHbIE B X0OJ1€ pa3pabOoTaHHOM
Kiaccupukau BuaoB gestenbHoctr ATTI.

PazpabotaHa cTpaTerusi mpMeHEHMSI TEKYIIETO
rutaHupoBanust padotbl ATTI, ocHoBaHHAast HA HOBOI
KOHLICTILIMY TEeKYIIero riaHupoBaHusi padbotbl ATTI,
PYKOBOZSILIEN Uieeli KOTOPO¥ SIBJISIETCSI CUHTES TIe-
peBo3ok Tpy3oB, TO u TP monBmXHOTO cocTaBa,
1 BKJTIOYAET B ce0sl TPUHIIUIIBI MPUMEHEHUSI METOIOB
TeKyl1ero ruiaHupoBaHus B padote ATII v koHLiern-
TYaJIbHYIO CXEMY TEKYILIEro TUIaHUPOBAHUS PaOOThI
ATTI, obecrieunBaronyo JOCTVKEHUE KOJTUYECTBEH-
HBIX U KaueCTBEHHBIX IMOKa3aTeseil, M0 KOTOPhIM
MoxeT (pyHKImoHupoBaTb ATTI 1151 BBITOTHEHUST
YCJIOBUIA JOTOBOPOB U MOJIyYE€HUS TPUOBLIH.

[IpemtoxkeHbl METOMBI JISI TEKYIIETO TIIaHW-
poBanust padotsl ATTI, HanpaBiieHHbIE Ha OIpe-
JieJieHre BEPOSITHOCTHBIX MoKazaTeeil QyHKIMO-
nuposanus [1C tunopazmepon ATTI mpu nepeBo3-
K€ TPY30B B TOPOJIE ¥ B MEXIYTOPOTHOM COOOIIIE-
HUM AJS BBITMTOJHEHUS YCJIOBUM JOTOBOPOB
U MOJYy4YeHUs TPUObUIN.

Pa3paboTaHHbBIl TEOPETUKO-MPAKTUYECKUI
MHCTPYMEHTapHUii TEKYIIETO TUTAaHUPOBaHMS pado-
bl ATTI BKJItOYaeT co3maHHbIE MaTeMaTUYECKue
MoJenu GYyHKIIMOHUPOBAHUS CIeLIMaTu3upPOBaH-
Horo I1C tunopasmepoB ATII mis BbIOTHEHUS
YCIIOBUIA JOTOBOPOB ITPH TIEPEBO3KE TPY30B B TOPO-
JIe U B MEXITYTOPOTHOM COOOIIEHUU U TTPOTpaMM-
HO-MareMaTtuyeckoe obecrieyeHue 1jisi pa3pabo-
TaHHBIX MATEMATUYECKUX MOJIETIEH.

OmpenelieHbl BEpOITHOCTHBIE MTapaMeTphl
MaTeMaTU4YeCKUX MOJIeJIeii C TOBEpUTETbHOM BepO-
ATHOCTBIO 0,95 MO yCTaHOBJIEHHBIM 32aBUCUMOCTSIM
BJIUSTHUSI TEXHUKO-9KCIUTyaTallMOHHbIX [TOKa3aTe-
JIeli Ha BBIpaOOTKY U IMpo0eT CrielMain3upoBaHHO-
ro INC TunopasmepoB ATII, rmojydeHHBIM B pe-
3yJIbTaTe UCCIEA0BAHUM, MPOBENEHHBIX IKCTIEPU-
MEHTaJIbHO B MPOU3BOJCTBEHHBIX YCIOBUSIX.
YcraHoBIeH TorapudMUIecK HOpMaTbHbBIN 3aKOH
pacrnpeneaeHus UTMHbBI €31KM C TPY30M B TOpPOJIe
1 B MEXIYTOPOJHOM COOOIIEHUU, HOPMATbHbII
3aKOH pacIpe/ieIeHUs MacChl OTIIPaBKU rpy3a
B MEKIyTOPOIHOM COOOIIICHNUH.

Pa3paboTtaHbl METOAMKM TEKYILETO MIaHUPO-
BaHUs pabOThI CIIELIMATU3UPOBAHHOTO MOJBUKHO-
ro coctaBa tunopasmepoB ATII npu nepeBoske
TPY30B B TOPOJIE U B MEXKIYTOPOIHOM COOOIIIEHWH,
B KOTOPBIX MPUMEHSIIOTCSI MaTeMaTUYeCK1e MoJie-
JIU M TPOrpaMMHO-MaTeMaTuyeckoe odbecreyeHue
K HUM, MO3BOJISIIOLIIKE:

* TUTAaHUPOBATh (PYHKIIMOHUPOBAHUE CIIEIINA-
JIM3UPOBAHHOTO MOJIBMXKHOTO COCTaBa TUITOpa3Me-
poB ATTI 11t BBINOJHEHMST YCJIOBUI IOTOBOPOB IO
MOoKa3aTeJIsiM BEIPAOOTKH 1 ITpobera ¢ TOBEPUTEITb-
HO#1 BeposTHOCTHIO (,95;

VINIP SAH PJA M 3 S

* OIpeaensiTh 00bEM MepeBO30K IPY30B C YUE-
TOM BEPOSITHOCTU BBHIMOJHEHUSI TPAHCIOPTHOM
paboTsl crietuanu3upoBaHHbiM [1C TUopazMepoB
ATTI B ropojae, MpoOBOIUTH OLIEHKU 00bEMA Tepe-
BO30K I'py30B crienmanu3nupoBaHHbM [1C turopas-
mepoB ATII B MeXAYyropogHOM COOOILIEHUU 1O
JTOTOBOpaM TPU COOTBETCTBUU JUTMH €31I0K C Ipy-
30M, BEJIMYMHBI KOTOPBIX YCTAHOBJICHBI C IOBEPU-
TeJbHOI BEPOSITHOCTHIO 0,95;

* BbIOMPATH PEXUM pabOYEro BpeMEHH U CIO-
€00 opraHu3alyy Tpyaa BOAUTEIEH U1 BBITTOTHE-
HUSI YCIIOBMIA JJOTOBOPOB TI0 BPEeMEHU MEePEeBO30K
TPY30B B MEXXIyTOPOTHOM COOOIIECHNUN;

* ONpenessiTh KOJIMYECTBEHHbIE U KaUeCTBEH-
HbIE TIOKa3aTesu NepeBo30K rpy3oB, TO u TP no-
NBUDKHOTO COCTaBa, 3aTpPaThl, Pe3y/IbTaT U MpU-
ObLTb.

TeopeTuko-3KcriepuMeHTaabHast arpodaus
pa3paboTaHHBIX METOMOJOTMYECKNX OCHOB,
nposenéHHast Ha ATII u B yuebHOM mpoluecce
By3a C IPUMEHEHWEM HOBBIX IMPOTPaAMM JJIs
DBM, noaTBepxaaeT HAyYHYIO U MPAKTUYECKYIO
3HAYMMOCTh MOJYYEeHHBIX Pe3yJbTaTOB MCCle-
JI0BaHUI. YCTaHOBJIEHHBIE 00BEMBI TTEPEBO30K
IrPy30B, KOTOpBIC OBIIM yKa3aHbl B JOTOBOpPax
mexay ATIT u 3aka3uynMkom, ObLIM BbITTOJHEHBI
B ITOJIHOM 00bEMeE, MoJydyeHa MpuobLib, KOTOpast
MpeBbICUJIA TPUOBIITb, PACCUUTAHHYIO IO TTOKa-
3aTeIsIM paHee pa3paboOTaHHOM METOIMKMU Ha
14,5 % (339248 py6.) — mpu nepeBO3Ke rpy30B
B ropoje, Ha 10,8 % (1281170 py6.) — nipm 1e-
PEBO3KeE IPy30B B MEXIYrOPOJHOM COOOIIIEHUU.
[IpumeHeHne HOBBIX MporpaMm st DBM mo3-
BOJIMJIO CHMU3UTH OOILIYI0O TPYAOEMKOCTH Ha
7,7 4elsl.* 4 NMpPU MJIAHUPOBAHUU MEPEBO30K
Ipy30B B ropojie, Ha 9,6 4es. * 4 — Mpu IJIaHUu-
POBaHMU TIEPEBO30K TPY30B B MEXIYTOPOITHOM
COOOIIIEHUU JJISI MOABUXKHOTO COCTaBa OJHOTO
tunopasmepa ATII. DpbeKTUBHOCTh HOBBIX
nporpamm s 9BM onpeneneHa MUHUMAIb-
HBIM BpeMeHEeM OTKJIMKA CUCTEMbI Ha IeCTBUS
MEHeJIXKepa U cocTaBuja He OoJiee TPEX MUHYT.
IIpakTuyeckast anpobauus pa3padoTaHHBIX
TpeboBaHWY U peKOMEHIAIIN JJTsI OTIPeIeICHUST
peXuMoOB paboyero BpeMeHHU U cIiocoba opra-
HU3alM¥ TPyJa U OTJbIXa BOAMTEEI MO3BOIMIA
unzbexatb A TII no BuHe BoauTe e, CBSI3aHHbIX
C YCTAJIOCTBIO 32 PYJIEM MpPU MEPEBO3KE IPy30B
B MEXXIYTOPOJIHOM COOOIIEHUMN.

JlanpHelilme ncciaenoBaHus OyayT HampaBie-
HBI Ha pa3pabOTKy yCOBEPIIEHCTBOBAHHBIX TEOPE-
TUYECKUX OCHOB | METOIOIOTMIECKUX KOHIIETIIINIA
IUIs T1aHupoBaHust padotel ATII, nmpuMmeHeHue
KOTOPBIX HaIlpaBJeHO Ha pellieHre MpodeM pas-
BUTHSI aBTOMOOMJILHOTO TPAHCIIOPTa B COOTBET-
CTBUY C U3MEHEHUSMU B 9KOHOMUKe PO.

05.22.10 — Dxcnayamayus agmomoodusbHO20
mpancnopma. Paboma evinoanena ¢ Cubupckom eo-
€y0apcmeeHHoOM asmomMoOUNbHO-00POICHOM YHUBED-
cumeme (CubAIHN). ®
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Bugreev, N. V. Improving the efficiency of
planning and production activities of centralised
signalling and block section unit. Abstract of
Ph.D. (Eng) thesis [Povyshenie effektivnosti
planirovaniya i proizvodstvennoi deyatelnosti
distantsii signalizatsii, tsentralizatsii i blokirovki.
Avtoref. dis... kand. tekh. nauk]. Moscow, RUT
publ., 2020, 24 p.

Based on the research carried out, new
scientifically grounded methodological,
technological, organizational and managerial
solutions for improving planning of production
activities of railway transport enterprises, which
are essential for development of the country,
are presented.

The following theoretical and practical
results are obtained:

* The necessity of developing new methods
and technologies for production planning of
the activities of structural subdivisions of the
infrastructure complex of JSC Russian Railways
was substantiated. It is shown that digital
transformation of production processes in
railway transport makes it possible to increase
the planning efficiency of labour and material
resources due to availability of new, previously
unavailable capabilities for automated
collection and analysis of large volumes of
various statistical information, and the use of
more advanced technological algorithms.

* A new method has been developed for
statistical assessment of the necessary and
sufficient time that should be reserved to
perform a complex of additional work by
centralised signalling and blocking section
units, as well as by other structural units of
automation and telemechanics facilities.

* A method for calculating unregulated
volumes of work of the production process of
technical operation of systems and devices of
railway automation was developed, based on
the composition of the laws of distribution of
random variables.

* An algorithm was developed for assessing
and analysing the time reserve for performing
unregulated volumes of work when planning
production activities for centralized signalling and
block section units.

» A new method of planning performance
indicators of structural units of automation and
telemechanics facilities of JSC Russian Railways
was proposed and substantiated, considering the
technical risks associated with unreliable operation
of transport infrastructure facilities and their
impact on the indicators of the transportation
process.

* A practical method has been developed for
calculating the expected and planned values of
integral, basic and additional indicators of activities
of various structural divisions of the automation
and telemechanics economy, as well as an indicator
of quality of infrastructure functioning within the
boundaries of the production activity of the
signalling system distance.

» The analysis of the process model of
maintenance and repair of systems and devices of
railway automation in the distance of the signalling
system was carried out, recommendations were
formulated for improving the process model,
considering the proposed methods of planning
production activities.

» The methods, technological and organi-
zational and managerial solutions proposed in the
work have been tested and found practical
application on the railway network of the Russian
Federation. At present, the technique is being
tested at test sites of all railways. On the basis of the
methods and techniques proposed in the thesis,
two branch documents (techniques) of JSC
Russian Railways were developed with direct
participation of the author, approved and accepted
for practical use.

In the long term, the most urgent task is to
automate methods and techniques for planning
the activities of structural subdivisions of the
infrastructure complex of JSC Russian Railways.
The solution to this problem is planned in the
Roadmap for implementation of the project
«Digital transformation of automation and tele-
mechanics economy processes» as part of
implementation of the Digital Transformation
Strategy of JSC Russian Railways until 2025.

05.02.22 — Organization of production
(transport). The work was performed at Russian
University of Transport.



Pugachyov, A. A. Energy-efficient electric
drives with asynchronous motors for mainline
locomotives. Abstract of D.Sc. (Eng) thesis
[ Energoeffektivnie elektroprivody s asinkhron-
nymi dvigatelyami dlya magistralnykh
lokomotivov. Avtoref. dis... doc. tekh. nauk].
Moscow, RUT publ., 2020, 48 p.

New scientifically grounded technical
solutions aimed at ensuring high energy
efficiency of electric drives on main-line
locomotives, the introduction of which makes
a significant contribution to development of
the country, are outlined.

New scientific results have been obtained,
formulated in the following provisions:

With a fan load of auxiliary electric drives
of locomotives, considering cost indicators of
modern frequency converters, it is more
expedient to use variable frequency drives with
scalar control algorithms.

A scalar control system for an electric
drive with an asynchronous motor is
synthesized, which minimizes stator current
and, consequently, the power loss in steady-
state operating modes. When the moment of
resistance is not equal to the nominal one,
the efficiency value due to the use of the
stator current minimization system can be
increased by 20 %, and the power losses can
be reduced by 50 %.

Comparative analysis of electric drives
showed an obvious advantage of scalar control
systems operating on the principle of minimum
stator current, which maintain the required
torque value with lower values of stator current,
stator voltage, and, consequently, with a lower
magnetic flux value, which leads to an increase
in the quality factor and a decrease in
electromagnetic loads. At the same time, the
analysis showed the need to consider the
influence of the winding temperature on the
stator voltage values and control system
parameters in connection with the influence
on the values of the stator current minimum
and, especially, the optimal absolute slip, which
provides extreme control of the stator current
minimum.

An algorithm for generating a reference for
stator currents and flux linkage of an induction
motor rotor when using a vector control system,
providing a minimum power loss, has been
developed. Limiting factors were applied to the
limits on the current and voltage of the stator
ofthe engine, the power of the diesel generator

set. A control system for a traction electric drive
with an asynchronous motor has been
synthesized, providing direct control of wheel
slip, with a subordinate system for minimizing
power losses. It was found that the use of the
developed control system leads to a decrease in
power losses. The greatest absolute effect at any
moments of resistance is achieved in the
vicinity of the nominal frequency of rotation
of the stator magnetic field m, , and when the
frequency m approaches the frequency m,
from the side of smaller values, the effect from
the use of the developed system increases to a
much greater extent than when m approaches
m, from the side values.

A simplified thermal equivalent circuit is
proposed for determining the temperature of
the winding and stator magnetic circuit.
Equations of thermal equilibrium are
synthesized. A method has been developed for
determining the values of stator thermal
resistances using a laboratory setup, which
takes into account the cooling features of a
specific type of motors and eliminates the need
to consider an induction motor as an
aerodynamic system. The results of experimen-
tal studies made it possible to establish the
influence of the engine rotor speed and the
volume of cooling air on the values of thermal
resistance.

A method has been developed for identifying
active resistance of the rotor winding of an
induction motor based on signals from the
stator current and voltage sensors and the rotor
shaft speed sensor. An algorithm for determining
resistance and temperature of the rotor winding
is synthesized based on algebraic equations
describing electromechanical conversion of
energy in mutually perpendicular rotating axes.
The results of simulation modelling of the
proposed method in MatLab Simulink software
package for an 11 kW induction motor showed
high convergence, the maximum discrepancy
did not exceed 9 %.

A method is proposed for determining the
resistance and temperature of the stator and
rotor windings by periodically adding to the
stator voltage a high frequency voltage and/or
a constant voltage component, and its accuracy
is assessed. The addition of a DC voltage
component allows determination of the stator
winding resistance and temperature; the
addition of high frequency voltage makes it
possible to determine the resistance and
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temperature of the stator and rotor windings at
the same heating. In case of unequal heating of
the stator and rotor windings, it is necessary to
jointly add constant and high-frequency voltage
components. The influence of the non-ideal
characteristics of the power switches of the
voltage inverter is shown. The simulation results
showed that the error in determining the stator
winding resistance is 1 %, while the error in
determining the rotor resistance can reach 6 %
when adding an alternating voltage component
with a frequency of 150...250 Hz.

Automatic temperature control systems
have been developed for traction motors,
traction frequency converters and a power plant
of an autonomous locomotive with the use of
an electric cooling fan drive as an executive-
regulating device, which provide an expansion
of the range of variation of the fan shaft speed,
and, consequently, a decrease in the range of
variation of the controlled temperature.

A control system has been developed that
reduces power losses in power semiconductor
devices of an autonomous voltage inverter of a
traction frequency converter and controls their
temperature, intended for use as part of a
traction electric drive control system. The input
signals of the system are temperatures of the
crystals of power semiconductors and the stator
current of the traction motor. The output
signals of the system are the setting for the
switching frequency of power semiconductor
devices and the setting for the maximum
current.

Assessment of the economic efficiency of
using an electric drive of a cooling fan with a
frequency converter and an asynchronous
motor with an energy-efficient scalar control
system as part of an automatic temperature
control system of a power plant, carried out
according to the method developed at VNITI,
showed that fuel savings can be 16 t 992 kg per
year per cooling system of the power plant of
an autonomous locomotive with a capacity of
2200 kW in comparison with a relay control
system.

05.09.03 — Electrotechnical complexes and
systems. The work was performed at Russian
University of Transport.

Solomin, A. V. Development of the theory of
linear traction devices of high-speed maglev

transport. Abstract of D.Sc. (Eng) thesis
[ Razvitie teorii lineinykh tyagovykh ustroisty
vysokoskorostnogo magnitolevitatsionnogo
transporta. Avtoref. dis... doc. tekh. nauk].
Rostov-on-Don, RGUPS, 2020, 38 p.

As a result of the study, the scientific
problem of increasing traffic safety of high-
speed vehicles on a magnetic suspension (MLT)
was solved by improving lateral dynamics with
the help of new designs of multifunctional
traction linear induction motors (LIM) with
longitudinal-transverse magnetic flux, which
develop lateral self-stabilization efforts of
levitating vehicles relative to the track structure,
and the scientific problem of increasing
efficiency the use of linear induction motors
on a high-speed MLT by developing their
theory, which made it possible to increase the
accuracy of calculations and create new LIM
designs. The research carried out allowed us to
formulate several main conclusions.

Analysis of publications, the level of
technology and economy in the Russian
Federation and other industrialized countries
allow us to conclude that at the first stages of
creating trains with speeds of 350—500 km/h,
maglev transport systems with traction linear
induction motors are more promising.

High MLT speeds require a significant
increase in traffic safety. One of the ways to
solve this scientific and technical problem is
creation of new traction linear asynchronous
drives operating on a new principle of action,
which is proposed in the thesis, with improved
transverse dynamics, developing not only
traction forces, but also the efforts of transverse
self-stabilization of the high-speed maglev
vehicle relative to the track structure.

A method for improving the transverse
dynamics of high-speed maglev transport with
LIM traction using a new physical principle of
magnetic fields counter-running in the
transverse direction in linear motors is
determined. If their symmetry is violated
(lateral displacement of the vehicle), lateral
forces are created that return the MLT vehicle
to its previous position. Based on solving field
problems, the foundations of the theory for
determining lateral self-stabilization were
created, considering the relationship between
the geometric dimensions of the inductor and
the secondary element of LIM and the value of
the lateral displacement.



The solution to the optimization problem
made it possible to establish the zones of the
most advantageous use of LIM with transverse
magnetic flux, which is necessary for design of
linear motors for maglev transport. It is shown
that the coefficient of attenuation of the
electromagnetic force (tractive effort) depends
on distribution of the current density in the
secondary element of the LIM, methods for its
reduction by directionally changing the ratio
of its geometric dimensions are determined.

Analytically, relations were obtained for
calculating the attenuation coefficient of the
electromagnetic force of traction LIM with a
transverse magnetic flux, considering the
distribution of the current density in the
secondary element, the size of the air gap and
the transverse edge effect. The optimal values
ofthe current density of the secondary element
are determined, taking into account the speed
of the MLT and the geometric dimensions of
the engine.

Analytical relations are established for
calculating the current density of LIM traction
inductors with longitudinal and transverse
magnetic flux by solving differential equations,
considering the geometric dimensions of the
inductor and the secondary element and their
mutual influence on the current density
distribution in the winding frontal parts, which
increases the accuracy of calculating the
traction force.

The boundary field problem was formulated
and solved, which made it possible to obtain
relations for calculating the current density in
the secondary element of LIM traction with a
longitudinal magnetic flux, considering the
influence of the magnetic field outside the
inductor, which makes it possible to increase
the accuracy of calculating the traction forces.
The results of theoretical studies made it
possible to establish that the efficiency of the
interaction of the currents of the inductor and
the secondary element of the LIM with the
longitudinal magnetic flux depends on the
magnitude of their phase shift and has a
significant effect on the magnitude of the
traction force of the MLT. Analytically,
relations have been obtained for calculating the
coefficient of attenuation of the electromagnetic
force (tractive effort) depending on distribution
ofthe current in the secondary element, which
can be used in design of a linear induction
motor for high-speed maglev transport.

Mathematical models have been developed
for calculating the currents in the secondary
element of a LIM with a transverse magnetic
flux on the basis of Maxwell’s equations, which
make it possible to take into account the size
of the air gap with the magnetic suspension of
a high-speed vehicle, distribution of magnetic
induction in the transverse direction and the
relationship between geometric dimensions of
the inductor and the secondary element. A new
mathematical model of distribution of currents
in the secondary element, considering the
transverse edge effect, is proposed, which
allows choosing its rational dimensions at the
design stage of the maglev transport system with
LIM. New relations are obtained for
determining the coefficient of attenuation of
the electromagnetic force of the LIM for high-
speed MLIT, taking into account the median
effects, which increases the accuracy of
calculations.

The optimal values of the average current
density of the secondary element of LIM for
MLT have been determined, considering the
relationship between speed of movement and
the geometric dimensions of the engine. It is
proved that the increment of the current density
of the secondary element of the traction LIM
when it is displaced from the axis of symmetry
in any direction will be negative. The study of
the vicinity of the extremum (maximum) of the
average current density of the secondary
element showed that even a slight deviation
from the optimum leads to a significant
decrease in the current density and a decrease
in the tractive effort. This is especially
pronounced at low values of the pole pitch of
the motor.

The features of regulation of a linear
induction motor with a variable resistance of
the short-circuited winding of the secondary
element are investigated. Several field problems
have been solved, establishing the relationship
between the parameters of the groove of the
secondary element of the LIM controlled
traction and the magnetic field of the secondary
element with partial closure of the rod
conductors. Regularities of changes in the
coefficients of an increase in the active and a
decrease in the inductive resistance of the
winding of the secondary element, depending
on the number and location of short-circuited
conductors, have been established. It has been
proven that the effect of current displacement
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in the secondary element groove manifests itself
especially sharply when a part of the conductors
that occupy more than 50 % of the groove
height is short-circuited. In such cases, when
calculating an adjustable LIM traction in the
modes of starting the MLT from rest, while
braking, changing the speed of movement, it is
necessary to consider the displacement of the
current in the groove.

Experimental studies on laboratory and
prototypes of LIM for high-speed maglev
rolling stock showed that the discrepancy
between theoretical and experimental results
does not exceed 10 %.

Designs of new traction LIM for maglev
transport have been developed, protected by 2
copyright certificates of the USSR and 25
patents of the Russian Federation.

The results of the thesis research have
received practical application in the design of
the stand for the study of the equilibrium,
stability and motion of combined electro-
magnetic and electrodynamic suspensions for
high-speed maglev transport (NITEFA named
after D. V. Efremov, JSC State Atomic Energy
Corporation Rosatom), as well as are used in
research on new modes of transport within the
framework of the RFBR_RZD grant No. 17-
20-04236 «Magnetic cooling of promising
transport and energy systems» at Kotelnikov
Institute of Radio Engineering and Electronics
of the Russian Academy of Sciences when
developing stands for the study of atmospheric
and vacuum maglev transport systems, in the
educational process of RSTU, adopted for
implementation at transport and industrial
enterprises.

05.22.07 — Rolling stock of railways, train
traction and electrification; 05.09.01 —
Electromechanics and electrical devices. The
work was performed at Rostov State Transport
University.

Trofimova, L. S. Scientific foundations of
the current planning of the operations of a
freight motor transport enterprise under
conditions of uncertainty in its development.
Abstract of D.Sc. (Eng) thesis [ Nauchnie
osnovy tekushchego planirovaniya raboty
gruzovogo avtotransportnogo predpriyatiya vy
usloviyakh neopredelennosti razvitiya. Avtoref.
dis... doc. tekh. nauk]. Omsk, SibADI publ.,
2020, 32 p.

The performed studies of the relationship
between freight road transport, maintenance
and technical support of rolling stock during
operation of motor transport enterprise using
new information technologies in the form of
computer programs under conditions of
uncertainty in development can be qualified
as new scientific and organizational
developments for current planning aimed at
solving a problem that is important in
fulfilment of the target indicators outlined in
the Transport strategy of the Russian
Federation for the period up to 2030 in the
field of effective development of road transport
in the Russian Federation.

Due to the developed concept of current
planning, a set of principles for application of
methods of current planning, mathematical
models and methods of innovative orientation,
a major scientific problem of great economic
importance has been solved — theoretical and
methodological foundations for current
planning of motor transport enterprise work
have been developed, taking into account the
relationship of cargo transportation and
implementation of technical maintenance and
current repair of rolling stock to comply with
the main provisions of the Federal Law «On
Road Safety» and aimed at achieving indicators
of development of road transport, indicated
in the Transport Strategy of the Russian
Federation for the period up to 2030 in the
context of existing uncertainty. The
approbation and implementation of research
results will ensure development of the Russian
economy through implementation of the
important socio-economic role of the current
planning of the work of motor transport
enterprise when the terms of contracts are
fulfilled.

The performed analysis of indicators
characterizing the current state of road
transport in the Russian Federation made it
possible to establish that the indicators of the
Transport strategy of the Russian Federation
forthe period up to 2030 depend on performance
indicators of the motor transport enterprise,
which are formed taking into account changes
in demand for road transport services in the
structure of transported goods, their volumes,
requirements with the parties of the Customers
to the specialized rolling stock, the terms of
cargo transportation. Indicators have been
established that affect the results of motor



transport enterprise functioning in conditions
of development uncertainty, which must be
considered in current planning in relation to
transportation of goods, maintenance and
repair of rolling stock by motor transport
enterprise standard sizes in order to fulfil
contracts and make a profit.

The conceptual apparatus, aimed at
developing theoretical foundations of the
current planning of motor transport enterprise
work, has been clarified, considering the
probabilistic state of indicators of
transportation of goods, maintenance and
repair of rolling stock and the properties of
types of activities in their mutual influence on
each other, identified in the course of the
developed classification of motor transport
enterprise activities.

A strategy for application of the current
planning of motor transport enterprise work
has been developed, based on a new concept
of current planning of motor transport
enterprise work, the guiding idea of which is
the synthesis of transportation of goods,
maintenance and technical requirements of
rolling stock, and includes the principles of
applying the methods of current planning in
operation of motor transport enterprise; a
conceptual scheme for current planning of
motor transport enterprise work, ensuring
achievement of quantitative and qualitative
indicators, according to which the motor
transport enterprise can operate to fulfil the
terms of contracts and make a profit.

Methods for current planning of motor
transport enterprise work are proposed, aimed
at determining the probabilistic indicators of
functioning of rolling stock of the motor
transport enterprise standard sizes when
transporting goods in the city and in intercity
traffic to fulfil the terms of contracts and make
a profit.

The developed theoretical and practical
toolkit for current planning of motor transport
enterprise operation includes created
mathematical models for functioning of a
specialized rolling stock of motor transport
enterprise standard sizes for fulfilling the terms
of contracts for transportation of goods in the
city and in intercity traffic, and software and
mathematical support for the developed
mathematical models.

The probabilistic parameters of mathe-
matical models were determined with a

confidence level of 0,95 according to the
established dependences of the influence of
technical and operational indicators on
production and mileage of a specialized
substation of standard sizes of motor transport
enterprise, obtained as a result of studies carried
out experimentally in production conditions.
Alogarithmically normal law of distribution of
length of a ride with a load in the city and in
intercity traffic, the normal law of distribution
of the mass of a shipment of cargo in intercity
traffic has been established.

Methods have been developed for current
planning of operation of specialized rolling
stock of standard sizes of motor transport
enterprise for transportation of goods in the city
and in intercity traffic, in which mathematical
models and software and mathematical support
are applied to them, allowing:

* to plan operation of specialized rolling
stock of standard sizes of motor transport
enterprise to fulfil the terms of contracts in
terms of production and mileage indicators
with a confidence level of 0,95;

* to determine the volume of cargo
transportation, taking into account the
probability of performing transport work by a
specialized substation of standard sizes of
motor transport enterprise in the city, assessing
the volume of cargo transportation by a
specialized substation of standard sizes of
motor transport enterprise in intercity traffic
under contracts, if the lengths of trips with
cargo correspond, the values of which are set
with a confidence level of 0,95;

* to choose the working hours and the way
of organizing the work of drivers to fulfil the
terms of contracts on time of transportation of
goods in intercity traffic;

* to determine quantitative and qualitative
indicators of cargo transportation, maintenance
and repair of rolling stock, costs, results, and
profits.

Theoretical and experimental approbation
of the developed methodological foundations,
carried out at the motor transport enterprise
and in the educational process of the university
with the use of new computer programs,
confirms the scientific and practical significance
of'the research results. The established volumes
of cargo transportation, which were indicated
in the contracts between the motor transport
enterprise and the Customer, were fully
implemented, a profit was obtained that

253



254

exceeded the profit calculated according to the
indicators of the previously developed
methodology by 14,5 % (339248 rubles) —
when transporting goods in the city, by 10,8 %
(1281 170 rubles) — when transporting goods
in intercity traffic. The use of new computer
programs made it possible to reduce the total
labour intensity by 7,7 people ¢ hours when
planning cargo transportation in the city, by 9,6
people ¢ hours when planning long-distance
freight transportation for rolling stock of the
same standard size of motor transport
enterprise. The effectiveness of new computer
programs is determined by the minimum
response time of the system to the actions of
the manager and was no more than three
minutes. Practical testing of the developed
requirements and recommendations for
determining the working hours and the way of
organizing the work and rest of drivers made it
possible to avoid accidents due to the fault of
driversassociated with fatigue while transporting
goods in intercity traffic.

Further research will be aimed at
development of improved theoretical founda-
tions and methodological concepts for planning
the operation of motor transport enterprise, the
application of which is aimed at solving the
problems of development of road transport in
accordance with changes in the economy of the
Russian Federation.

05.22. 10 — Operation of road transport. The
work was performed at Siberian State Automobile
and Highway University (SibADI).

Zhukov, A. S. Substantiation of the design
of a body of a passenger car made of extruded
aluminium panels. Abstract of Ph.D. (Eng)
thesis [Obosnovanie konstruktsii kuzova
passazhirskogo vagona iz ekstrudirovannykh
alyuminievykh panelei. Avtoref. dis... kand. tekh.
nauk]. Tver, JSC NO «TTV», 2020, 20 p.

Based on the analysis of foreign and
domestic experience in the design and
manufacture of passenger cars with bodies of
aluminium alloys, a variant of the body
structure of a passenger car with a cross-section
and end parts formed from extruded aluminium
profiles (panels) is proposed.

The necessity of supplementing the existing
regulatory framework for carrying out design
work with the requirements for the elements of
the roof cladding and side walls of the car body

with a design different from the traditional one
has been determined.

An approach is presented that allows at the
design stage to check the compliance of the body
ofa passenger car with a design different from the
traditional one to safety requirements specified
in the regulatory documentation and formulates
the requirements for the elements of the roof and
side walls of the car body with a cross section made
of extruded aluminium panels.

A finite element model of an aluminium
body was developed, calculations were carried
out for I and III design modes, which confirmed
the compliance of the proposed design option
with strength requirements.

To verify the model and determine
dimensions of finite elements that provide the
required accuracy of calculations with a
minimum amount of time spent on the
calculation, an experimental study of the
extruded panel, proposed for forming the cross-
section of the car body, was carried out.

A method for calculating extruded
aluminium profiles has been developed, which
makes it possible to significantly simplify the
initial stages of developing the body structure.

A comparative calculation of the life cycle
of aluminium and steel cars was performed, the
results of which confirm the possibility of
creating an economical structure using
aluminium alloys.

The results obtained during implementation
of the thesis work can be used to develop design
solutions for design of bodies of passenger and
freight cars with a design different from the
traditional one, from various structural
materials.

The prospect of further development of the
topic is to consider optimization of the
proposed design (reduction of metal consump-
tion, the use of aluminium alloys with improved
characteristics, etc.), its refinement,
considering the methods of installing
undercarriage and car interior equipment
(including when considering the possibility of
large-block assembly), clarification of the
economic aspect within the framework of the
steel and aluminium car.

05.22.07 — Railway rolling stock, train
traction and electrification. The work was
performed at Tver Institute of Wagon Design
(CJSC NO TIV). The defence took place at
Russian University of Transport. L
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Puc. Bnagumup VieaHos / Viadimir lvanov

HA OBO4YUNHE

® He Bepsre cBeTOhOPY — BEphTe
MIPUOIKAIOIIEMYCSI TPAHCIIOPTY.

® Eciau BaM CUTHAJIAT U3 Mallk-
HBI, a BbI HE Y3HAJIA BOAUTEIIS, TO JTYYIIIE
IIPOCTO YWTH C MIPOE3KEHN YacTu.

® Hukorza He meiiTe 3a pyJaéM.
Ecnu B Bac BpexXeTcs TOT, KTO 3a PYJIEM
MUILIET COOOIIEeHUS B TeeOoHE, BUHO-
BaTBIMM OKaKeTeCh BHI.

®  Kak GbLI0 MIJIO JTIONSIM HAa3BaTh
CaMOKaThl CaMOKaTaMM elIé 10 TOTo,
KaK OHM HayJwInch e3muth camu! Ho
MBI B HUX BEPUIN, | OHU HE TOIBEH.

CoBpemMeHHble adpopu3mbl

Modern sayings

B Urpy BCTynaetT MateMaTuka.

mathematics at play.

® Ha camoMm fZiefnie y)acHO MHOro MaTemMaTuKun TpebyeTcs
OJ191 NPOEKTUPOBAHUS XEeNe3HoW Joporn, NoaaepXxaHus eé
B pabo4yem COCTOAHUM N 06eCcneyYeHns Toro, YTobbl BCE
paboTano onTuMasnbHO. Kaxabili pas, korga BaMm HY>KHO,
YTOObI YTO-TO ObIIO ONTUMaIbHLIM, OKa3bIBAETCS, YTO

XaHHa Ppaii
® There’s actually an awful lot of mathematics that
goes into designing a railway, keeping it running, making
sure everything runs optimally. Every time you need
something to be optimal there’s going to be some

Hannah Fry

JeXypHbii no pyopuke — A. KopHeeB.
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