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Andrey F. BORODIN

Complex Solutions for the Problems

of Infrastructure Development and
Transportation Resources

(TekcT cTarbu Ha aH. 13.— English text of
the article — p. 13)

lMpencrasneHbl nogxon K 060CHOBaHUIO
KOMIJIEKCHbIX cCTpaTeru opraHn3aumm
JKeJsie3HO4O0POXHbIX MepeBO30K

B yCJ/i0oBUSIX OrPaHNYeHHbIX MHBeCTMuMﬁ,
knaccugukayms akcryataymoHHbIX
pe3epBoB, MeToAoJIorn4ecKkme
nNpUHLUNIBbI KOMIMJIeKCHOro peLueHunus
npo6siemM pa3BUTUS U UCMOJIb30BaAHUS
UHPPaCTPYKTYpbl U NePeBO30YHbIX
pecypcoB Ha 6a3e BapuaHTHbIX
TeXHOJIOrn4ecCKkux pe>KxmmMmosB
PYHKLUMOHUPOBAHUS MOJINFOHOB
J)Kes1Ie3HO[4OPOXKHOM CeTH.

Knro4eBbie c/ioBa: xene3HoA0poXHast
WHPacTPyKTypa, NepeBo3Kku,
OrpaHuyYeHHble NHBECTULNN, MEeTOA0JI0MMS,
aKcryaraunoHHbIe pe3epBhbl,
Knaccugukaums, nepeBo304HbIe PECYPCHI,
BapuaHTHbIE TEXHOIOMMYECKNE PEXUMBI.

BOTPOCHI TEGP

KomnnekcHblie peweHna npoonem
pa3BuTUa MHPPACTPYKTYPHI
U NepeBO304YHbIX PECYPCOB

Bopooun Anopeii Dedoposun — doKkmop mexHuuecKux
Hayk, npogheccop, 3a6edyrouuti omoeneHuem
nepcneKmueH020 Mo0eAUpPOBaHUs NEPeEO30HHO20
npouyecca Mncmumyma 5K0HOMUKU U pa3gumusi
mpancnopma (AO «MUDPT>), Mockea, Poccus.

eyobIBalOIUi Ae(PUUIUT MOLLIHOCTU

OCHOBHBIX HampaBJeHUIl U y3JI0B

OTEYECTBEHHBIX KEJIE3HBIX JOPOT
COTIPOBOXIAETCS KECTKUM JIe(UITUTOM [10-
CTYITHBIX MHBECTUIIMOHHBIX pecypcoB. Pa3pa-
00TKa M aKTyaJn3allisl TeHEPAIbHOM CXEMBbI
Pa3BUTUSI CETU KeJIe3HBIX 1opor [1], OusHec-
TJIaHBI KPYITHBIX KOMITJIEKCHBIX MHBECTULIM -
OHHBIX ITPOEKTOB, 000CHOBAHWE NHBECTUITUIA
1Mo 00BEKTaM, MOATOTOBKA TEXHUYECKUX yC-
JIOBUII Ha TIPOEKTUPOBAHUE CTPOUTEHCTBA,
PEKOHCTPYKIIMY U TTPUMBIKAHUS KEJIe3HO/I0-
POXHBIX TTyTe#l He00111ero MOJb30BaHUs — Ha
JII0OO U3 3TUX CTAUI HEU30EXKHO MPUXOAUT-
Cs UICKaTh OTBET Ha BOIIPOC: OT YETO U B KAKOM
MOCJIEI0BATEIbHOCTU OTKAa3bIBAThCS, YTOObI
MWHUMU3UPOBATH TOTEPU TEXHOJIOTMUECKOTO
addekra?

He MeHbIIIyI0 CIOKHOCTD MPEACTaBIISIET
co0oii 1 mpobyiema onpeneaeHus Auana3oHa
BHENTHUX M BHYTPEHHUX YCJIOBUIA, TIPU KOTO-
PBIX COXpaHSIETCsI HEOOXOMMOCTh U MUHM-
MaJIbHO foryctuMasi 3pdOeKTUBHOCTh MEpPO-
MPUSTUI TI0 PA3BUTHUIO KEJIE3HOIOPOXKHOM
uH@pacTpykTyphl. Kak 13BeCTHO, HEMOIHOTA
vH(OpMaLK O pa3Mepax U CTPYKTYpe TpaHC-
TOPTHBIX TTOTOKOB Ha MePCIEKTUBY KacaeTcst
BCEX BUJIOB IBIKEHMS, @ B TPY30BOM JIBUKE-
HUUW — HE TOJIBKO I'PYKEHBIX, HO ¥ TIOPOXKHUX

® MUPT CIMOPTA, Tom 15, N2 1, C. 6-17 (2017)



O60oCcHOBaHWe UHBECTULIUA

MporHo3 PacueT TexHuko- OKoHOMMYecKas Ananus
MOTOKOB TEXHONOrUYeCKUX oueHKa puckos
napameTpoB
Pucku MHBeCTULIMOHHOrO Npouecca
HecootBetcTBME
MPOEKTHbIX N or
cyTCTBUE
Oi B Hel aKT! HecootsetctBune
OwmnGkm Owndkm B BbIGope c| :;os ;xznoamﬁ B3aUMOYBA3I CTOMMOCTHBIX
MPOEKTHbIX = P MeponpuaTun
8 — ouepepen NPOoeKTUPOBaHMUs 3Kcnnyarauum WHBECTRpOT napameTpoB
gagauvy P 1 aTanos M cTpouTenbcTBa obbekTa b
HecooTteeTtcTBHE HecooTBeTcTBUE
TEXHONOrm4ecKoro » 3KOHOMMYECKOro
achdekra achekTa

Puc. 1. Cxema MOHUTOPUHIra M OL,€ HKU PUCKOB Pa3BUTUS XKEJTI€3HO40POXHON MHPPACTPYKTYPbI.

BaroHOIIOTOKOB. HampuMmep, moctaTouyHO
CJIOKHO yKa3aTh, KaKasl TOJISI TIEPEeBO30K OyIeT
BBITIOJTHSITHCST B BAaTOHAX OTIEIBLHBIX OTIEpaTo-
POB TIOIBMXKHOTO COCTaBa, Kakasl CUCTeMa
peryJIupoBaHUS BarOHHBIX MTapKOB OyIeT
BBICTPOCHA 3TUMU omepaTopamMu. [loaTomy
aJITOPUTMBI MOHUTOPMHTA U OLIEHKA PUCKOB
(puc. 1) DOJKHBI HE TOJBKO ONMMPATHCS Ha
pe3ysIbTaThl KCClIeIoBaHus [2], HO u obecIie-
YUBaTh, C OJHOI CTOPOHBI, BLIOOP PEIIEHUIA,
KOTOpBIE He TepSIoT cBoel 3(pPpeKTUBHOCTH
TIPY BO3MOXHBIX U3MEHEHMSIX UCXOIHBIX
JIAHHBIX, a C IPYTOU CTOPOHBI — COJEPXKATh
JIOTUYECKHE YCIIOBHUS U BBHIYUCIUTEIHHBIC
TPOIEIypPhI, CHIDKAIOIINE BEPOSITHOCTD YKa-
3aHHBIX Ha cxeme (cM. puc. 1) ommoboK.

CTPATErnn OCBOEHUSA NEPEBO30K

Texxonornueckuii a(ppekT OLeHUBAIOT
Mpekae BCEero Io LeJeBbIM MOKa3aTeasIM
KOMILIEKCHBIX MHBECTULIMOHHBIX ITPOEKTOB
Pa3BUTHUS XKEJE3HOIOPOKHON UHPPACTPyK-
Typbl OAO «P2K]I», KoTOphIe, KaK MpaBuJo,
OIpeaesioT JOCTUraeMyIl0 MPONYCKHYIO
M MPOBO3HYIO CIIOCOOHOCTb YYaCTKOB U Ha-
MpaBJieHUi, MapLIPYTHYIO CKOPOCTb Iacca-
KMPCKKMX MMOE3I0B, YY4aCTKOBYIO CKOPOCTh
1 BECOBbIE HOPMBI IPY30BbIX 10€310B. TakuM
00pa3oM, perjiaMeHTUPYIOTCs TpeOoBaHUs
K IlapameTpaM KaHaJIoB B TPAHCIIOPTHOM CHUC-
TeMe (B TEpPMMHOJOTMHU, MPEeAT0XKEHHOM
npod. I1. A. Kosznossim [3, 4]), HO He ycTa-
HaBJIMBAeTCsl HUKAKUX TPeOOBaHUIA K XapaK-
TepucTuKkaM OyHKepoB. B TepmuHoOMIOrMU
JKeJI€3HOAOPOKHOIO TPAHCIIOPTA XapaKTepu -
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CTUKM KaHaja — IIPOITyCKHBIE CITIOCOOHOCTH
CTaHIINI1, y4aCTKOB ¥ BHYTPUY3JIOBBIX XOJIOB,
repepabaThIBAIOIINE CITOCOOHOCTHA COPTUPO-
BOYHBIX KOMIUICKCOB 1 TPY30BBIX TEPMUHA-
JIOB; XapaKTepUCTUKN OyHKepa — HaKOIIM-
TeJIbHBIC U PETYIUPYIOIINE EMKOCTH ITyTEBOTO
pasButHus. HemoolieHKka CBOWCTB M mapa-
METpOB OYHKepa B pa3BUTHH KEJIE3HOIOPOK -
HOI CeTH IPUBOINT K pe3yIkTaTaM OTHIONb HE
a0CTPaKTHO-TEOPETUUECKUM.

B texymem mecATHICTUN MMEIN MECTO
XKECTKHE TIOCICACTBUSL POCTa TPY30BOIO Ba-
TOHHOTO TTapKa ITPY U3MEHMBIITNXCS TTPUHITU -
Tax ero SKCIuTyaTalluy. SBIeHIe TeXHOIOTH -
yecKoro aeduimTa BaroHHoro napka B 201 1—
2013 roasl, Koraa Ipy pocTe O0IIEro HaTnIus
TPY30BBIX BaroHOB ITajgajia Haae>KHOCTH
obecreyeHs 3asIBOK TPY300TIIpAaBUTEICH
MTOTPY30YHBIMH peCypcaMu, POCIIH 3aTPyIHE-
HUS C OTIIPaBJICHUEM TPY30B — pe3yJbTaT
OTCYTCTBUSI TApMOHM3AIINY PECYPCOB MH(pa-
CTPYKTYPHI, YUCICHHOCTH BarOHHOTO TapKa
1 METOIIOB yIIpaBiieHUs IBrKeHneM. OmHOM
W3 IIPUYMH 3TOTO CTaJI, BYaCTHOCTH, IIEPEHOC
psna MEpONPUATUNA MO Pa3BUTUIO CTAHLIUKA
(B TOM 4mCIIC IPETYCMOTPEHHBIX YK€ HA3BI-
BaBIIeiics cxeMmoli [5]) Ha Gojiee TTO3THUE
CPOKM.

B pa6orax [6, 7] noka3aHO, 4TO B AMaria-
30HE U30BITOYHOTO 3aIIOJHEHUS €MKOCTH
CTaHIIMOHHOTO ITyTeBOTO Pa3BUTHUS ITPOUCXO-
IUT UCKITIOYCHNE YaCTH CTAHIIMOHHBIX ITyTei
13 pabOTHI TIO MIPOITYCKY U MepepaboTKe I10-
TOKOB ITO€310B 1 BaroHOB. [1pu 3TOM pe3ynib-
TUPYIOIIAs ITPOIYCKHAS CTIOCOOHOCTB JKeJIe3-
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Puc. 2. PegyunpoBaHune MeponpusiTyii Npy orpaHn4eHUsIX UHBECTULNIA.

HOIOPOXKHOM MH(PPACTPYKTYPHI CYIIIECTBEHHO
CHIKAETCSI OTHOCHUTEJIBHO IMaCITOPTHBIX 3Ha-
YEHM, pACCUNTAHHBIX COTJIACHO MHCTPYKIINHI
10 pacyeTy HAIMYHOM MPOIYCKHOM CMOco0-
HOCTH 3KeJIe3HBIX J0por [8].

MeTtomonorudecku chopMyaupoBaH [7]
ITOIXO.T K 000CHOBAaHWIO KOMILICKCHBIX CTpa-
TETUI OCBOCHUSI XKeJIe3HOTOPOXKHBIX ITePEBO-
30K, BKIIFOUAIOIINX WHBECTUIINM B Pa3BUTHEC
WHQPACTPYKTYpPHI, U3MEHEHUE YNCICHHOCTH
U CTPYKTYPBI TOKOMOTUBHOTO M BarOHHOTO
ITapKOB, YIyJIIICHUE TEXHOJIOT WY YITPaBICHUS
IBUKCHMEM (CHIKEHHE TOJIM HETIPOU3BOIM -
TEJTLHOTO MCITOIb30BaHNS MOIITHOCTH MH(ppa-
CTPYKTYPHI).

PenmynmupoBanue MepoIpusITUIA MHBECTH-

LIMOHHOM MPOTpaMMBI ¥ X ITapaMeTpPOB {DZJ.}
IIPY OTPAaHWYCHUSIX MHBECTHULIHNU (pHuC. 2),
obecrneynBamIlee MUHUMHU3AINIO TTOTEPh
TEXHOJIOTHIECKOTO 3hheKTa
{DR, =f(R,, DZ)},
MMpeaycMaTpMBacT PEUICHUS CIACTYIOIINX
KJIaCCOB: YMEHBIIICHNE ITOTPEOHOM ITPOITYCK-
HOI CITOCOOHOCTH YYIaCTKOB ITO TIeperoHaM
U (MJIM) CUCTEME TSTOBOTO 3JIEKTPOCHAOXKe-
HUS {Ann_yq} ; YMEHBIIIEHNE MTOTPEOHOM Tpo-
MYCKHOM CIMOCOOHOCTU CTAaHUMI 11O MapKam,
TOPJIOBMHAM M COCAMHUTEIBHBIM ITyTSIM
{An__}; yMeHblIeHE MTOTPEOHOM Tepepaba-
ThIBalOILIEl CIIOCOOHOCTU CTAaHLIMIA T10 COPTHU-
POBOYHBIM, TPY30BHIM M CIIEIIMAJIbHBIM
YCTPOMCTBaM {ANH'HEP}; YMEHBIIIEHNE HAKOTIH -
TEJIbHOM, PETYJIMPYIOIIE U CITy>KeOHO-TeXHU -
yecKoil [9] éMKOCTH MyTeBOTO pa3BUTHUSI
cranuuit {AE__}; yMeHblIeHME MOTPEOHOM
YHUCICHHOCTU IOKOMOTHBHOTO TTapKa 1 MOIII-
HOCTH YCTPOMCTB JIOKOMOTHMBHOTIO XO341CTBA
{AMH.I/I}'
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PernreHns KaxXmoro 13 3TUX KJIIaCCOB BICKYT
3a c000¥ yXyaIeHne OINpeAeTICHHBIX TPYIIIT
nmoxasaTteseif, yBeIn4eHUEe MOTPEOHOCTH
OIIpeCICHHBIX TPYIII PECYPCOB M HEOOXOIM -
MOCTB OTIPEIeICHHBIX TEXHOJIOTUICCKUX MEP
KoMrieHcaruu (Tabnmia 1), toe tommp — Bpe-
M OXKMIAaHUS OTIIPABJICHUS CO CTaHIIWM, U,
K,., — KOIMY€ECTBO OCTAaHOBOK I'PY30BbIX 110~
€3/I0B Ha y4acTke; V, — y4acTKOBasi CKOPOCTb
TPY30BBIX ITOE3I0B, KM/U; tmp, tTp, t, — Bpems
HaXOXIEHHUs Ha CTAaHIIMA BarOHOB COOTBET-
CTBEHHO TPAH3UTHBIX C IIEPepabOTKOM, TpaH-
3UTHBIX 0e3 MmepepadbOoTKM M MECTHBIX, U,
N, — CPEIHECYTOYHOE YUCIIO TTOE3I0B, 3a/1ep-
JKMBAeMBIX IT0 HETIpUEMY CTaHIINEH; kK — 9mciio
HazHAYCHMUI (DOPMHUPYEMBIX ITOE3I0B.

PaccmaTpuBaeMble KOMIIEHCAIIMOHHBIE
MepbI He BCeT/Ia MIPUBOIST K TTOJIOXKUTEIIBHBIM
pe3yibsrataMm. Harmpumep, yMEHBIIICHHUE T10-
TpeOHOT0 KOJWYECTBA M JJIMHBI COPTUPOBOYI-
HBIX IyTei Ha CTAaHIIUM TP pacueTe Ha Iep-
CIIEKTUBHBIC ITOTOKU MOXET BBI3BATh ITOTPEO-
HOCTh YKJIaAKW HE MEHBINEro (ecim He
OOJIBIIIETO) YKCIa ITyTEH B TPUEMHBIX MMapKax
IPYTUX CTAHIIAIA ¥ YCUJICHUSI TOPOK, TIPU 3TOM
3aMEUTUTCS TIPOABIKEHIE BaTOHOIIOTOKOB.

KJIACCUDUKALIUA PESEPBOB

ITpeBbIliieHrE MOIITHOCTH HaI CpeaHeCcy-
TOYHBIM 0OBEMOM pabOTHI OTIPEALISCTC:

1) moTpeOHOI ITPOITYCKHOI CITOCOOHOCTHIO
JKeJIe3HOMOPOXKHOI MHDPACTPYKTYPHI;

2) 3aJaHHBIMHM pa3MepaMHu I'Py30BOTO
M TTACCAXKMPCKOTO NBUKEHUS MECSI11a MaKCH -
MaJIbHBIX TIEPEBO30K;

3) moTpeOHOI BMECTUMOCTBIO ITyTEBOTO
Pa3BUTHS KEJIE3HOMOPOXKHBIX CTAHIINMN U TTy-
Teid HeoOI1lero MoJb30BaHus;
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Ta0imuna 1

Mepbl KOMIIEHCAIAH PeTyIIUPOBAHMS MEPONIPUSATHIA 10 PA3BUTHIO JKEJI€3HOAOPOKHOI
HHGPACTPYKTYPHI U EPEBO30YHBIX PECYPCOB

Kraccest Vxynae- IToBbllIEHHAs TOTPEOHOCTH Mepbl KOMTIEHCAIUU
pelIeHUid | Mble MoKa-
3arenu
{Ann_yq} b o K,.; | EMKOCTH cTaHumii 111 HEBBIBE3EHHBIX MapannenpHbrii rpadux (S,); mepexio-
o M0€3/10B U TSTOBO-IHEPreTUYECKUX YeHUe NaccaXUPCKUX U(UIU) TPYy30BbIX
PECYPCOB M3-3a CHIKEHHUSA YIACTKOBOM | TI0€3I0B Ha MapajuleNbHbIe Xo1a (S,);
CKOPOCTH YBEJIMYEHNE BECA U JUTMHBI TTOE3110B (S,);
YMEHBIIEHUE Pa3MEPOB MACCAXKUPCKOTO
1 IPUTOPOJHOIO ABMKEHM (S,)
{An__} (I RAN: MolHoCTH yJacTKOB M TATOBBIX pecyp- | S5 S,; S5 S,; mepepacrperneeHne CopTu-
n; K \ | COB LISl YCKOPEHUsI BBIBO3a [10C310B POBOYHOM PabOTHI (S;); UIBMEHEHUE CXEMBI
TSTOBOTO OOCIY>KMBAaHUSI U TapaHTUIHBIX
YYaCTKOB (S;); yBENMYEHHUE YPOBHS Map-
LIPYTU3aL1U NIEPEBO3OK (S.)
{AN"mp} teps s 13 EMKoCTH cTaHLMil 171 BATOHOB B OXK1/a- S,; S,; 06e3nMuMBaHNE YHUBEPCATLHOTO
e Viu HUM 1epepaboTKM U rPY30BbIX Onepaluii | BATOHHOrO napka (S,)
{AE_ .} kin; K ;5 Hepepa?aTblBalou.[en CIIOCOOHOCTH S;8,8,;8,:8;S,;S,
Vi, CTaHIINI U3-3a CHIDKEHUSI TPAH3UTHOCTU
BaroHOMOTOKOB, MOLIHOCTH YYaCTKOB
U TSTOBBIX PECYPCOB ISl yCKOPEHUST
BbIBO3a MOE3[10B
{AM_ |} (LU K,.; | EMKOCTH cTaH1mii 111 HEBBIBE3EHHBIX S,;8,:8;85,S;
» TTOE3/10B U MOIITHOCTH YYaCTKOB M3-3a
CHIXKEHMSI Beca rmoesaa

4) UMEIOIIMMUCS BO3MOXHOCTSIMH PETy-
JIMPOBAHMST BATOHOITOTOKOB.

IIpu pacuerax 1 0OOCHOBAHUSX CJICIyeT
pa3auyaTh:

1) sKcITyaTallMOHHBIE pe3epBhbI (IKOHO-
MUYECKM 000CHOBAHHOE IMPEBBIIIIEHNE MOIII-
HOCTH HaJl CPEIHECYTOTHBIM 00BEMOM pabdo-
THI B paCYCTHOM TOMY), KOTOPBIE MOTYT OBITh
WICITOJIb30BAHbI IS OCBOCHUS TOTIOTHUTETh-
HOTO 00BbEMA ITEPEBO30YHOM pabOTHI;

2) TeXHIYECKI HEOOXOMUMYIO IOJTFO MOIITHO-
CTH MHMPaACTPYKTYPhI U TIEPEBO30YHBIX PECYp-
COB, KOTOpAsT UCITIOIB3YeTCS TSI 00SCIICUCHIS
HaIEeKHOCTH ITePEeBO30YHOTO ITpolIecca (Co0Io-
JIEHUSI YCJIIOBAM B3aMMOJICUCTBUS JIEMEHTOB
VHMPACTPYKTYPHI, JOCTYKEHUS 3aJaHHBIX TeX-
HOJIOTMIECKHX 3((PEKTOB, yAepKaHUS KauecT-
BEHHBIX [TOKAa3aTeJIel 9KCILTyaTallMOHHOM pabo-
THI B TAATIa30HE JOITyCTUMBIX 3HAYCHUIA).

DKCIUTyaTallMOHHBIE Pe3epPBBI MPEICTaB-
JISIIOT CO0OM 3aItac MOITHOCTEM, 00pa3yio-
IIUICS TIPY UX BBOJIE B 9KCILIyaTaIlMIO paHee
CpOKa TOCTUXXEHUS PacUETHBIX pa3MepoB
JIBUIKEHMS, UICXOJISl M3 TIOTPEOHOCTH B CHIKE -
HUU OOIINX SKCIUTYyaTaIlMOHHBIX X CTPOUTEITb-
HBIX 3aTparT; TP 3TOM TPAHCIIOPTHHIE TTOTOKH
W yOCIbHBIC PACXOIbI B 3KCIUTyaTallii MEHb-
1IIe pacYeTHOTO 3HAYECHUSI.

TexHuueckn HY:XKHOE IJIsI YCTOMUYMBOTO
BBIBO3a ITOE3I0B KOJIMYECTBO HUTOK I'PY30BbIX
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oe310B B TpadpuKe OBIDKEHUS, Ha KOTOPOE
CJICIyeT PACCUNTHIBATH IIOTPEOHOCTH IOKOMO-
TUBOB ¥ mokazateau popmsl LIJIJI-13, a Tak-
XKe TMPUHUMATh MMOTPEOHYIO MPOITYCKHYIO
CIIOCOOHOCTD, YCTAHOBJICHO MCCIICIOBaHUS -
MM, TIPOBEICHHBIMY C IPUMEHEHNEM UMUTA -
IIMOHHOTO MOJIETMPOBAHUS Y TCOPUU HAIE K-
HocTh. OTHOCUTETHHOE ITPEBHIIIICHIE PACYeT-
HBIX pPa3MepOB IPy30BOTr0 IBMKCHUS Ham
CpemHEeCYTOYHBIMM pa3MepaMu MecsIia MaK-
CHMAaJIbHBIX TPY30BBIX TIEPEBO30K ITPAKTHYE-
cku u3MeHseTcs B auanaszoHe ot 0,14 pu 100
mapax moe3moB/cyT mo 0,205 mpu msaTH mapax
moe3noB/cyT (puc. 3). [Ipu a3TOM He3HAUM-
TEJIbHOE YK CJIO HEBBIBE3CHHBIX IIOE3I0B B TE-
YeHHEe MaKCUMaJIbHOTO Mecsliia OyIeT UMETh
MECTO He 0oJice ABYX CYTOK, UTO SIBJISICTCS
TEXHOJIOTUIECCKH TOITYCTAMBIM.

HraopupoBaHme TaHHBIX PeKOMEHIALIMI
OyIeT BBI3BIBATH XPOHUUECKNE HAPYIICHUS
B3aMMOJECMCTBUS CTAHLIMIA U yYACTKOB XeJIe3-
HBIX gopor. I1pu oTcyTCTBUM pe3epBa HUTOK
rpacdrKa HaKOTUICHNE HEBBIBE3CHHBIX IT0E3-
OB B y3J1aX IMOTPEOyeT MOIOJHUTEIBHOTO
YCTPOMCTBA IECSATKOB MMPUEMOOTIIPABOYHBIX
ImyTelt B KaXXIOM HaIIpaBIICHUM CJICTOBAHUS
(puc. 4), coemaer HEBO3MOXHBIMU CBOEBpE-
MEHHYIO TOCTaBKY Tpy30B, 3 deKTuBHOE
HCITOJTb30BaHNE TTOIBUKHOTO COCTaBa, SHEP-
TOpeCypCcoB U IITaTa.
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OTHOCUTENIbHOE NPeBbILIEHME YNCNA HUTOK rpaduKa Hag

0,250

B MecALe MaKCMMa/bHbIX NepeBo3oK

0200 |-$==—g.

Puc. 3. Texundeckmn Heobxogumoe
npesbiLeHNe PacyETHbIX Pa3MepoB

- M

rpy30BOro ABWXEHNUs Haz,
cpeaHecyToYHbIMY pa3mepamu
Mecsya MaKkCUMasibHbIX FPY30BbIX 0,100

nepeso30K.

0,050

0,000

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

C TOUHbI

0 mecaua

JononHutenbHas NOTPebHOCTb YUCNa NPUEMOOTNPABOUHBIX NYTEl ANA pasmelLeHns
HeBbIBE3E€HHbIX N0e3/0B

16

" a\

ol N\

REERNAN

0,1 0,15 0,2

OTHOCUTE/IbHOE NPEBbILEHUE YNCIA HUTOK rpaduKa HaA CPefHECYTOUHBIM NOE340MN0TOKOM
B MecsALLe MaKCMMa/IbHbIX NepeBo30K.

CpeAHeCyTOUHbIW NOE34,0M0TOK MaKCUMA/IbHOTO MecALa

——-20

~-40

—4—60

Puc. 4. YBennyeHune noTtpe6HOCTU NPUEMOOTIPABOYHbIX MyTeH NPpU HeAOCTaTKe TAroBbiX U rPaguKoBbIX
pecypcoB A4/1s1 BbIBO3a rpy30BbiX 10€340B8.

B omepaTuBHBIX yCIOBUSIX 9KCTLTyaTally-
OHHBIE 3aTPYAHEHUS PAa3BUBAIOTCS IUKIMYHO
(puc. 5). B Hacrosiiee BpeMsi 3armcaHbl 1 3a-
MPOTPaMMUPOBAHBI YpaBHEHUS Tepexoa,
peleHre KOTOPBIX MO3BOJIIET MOJIEIMPOBATh
pa3BUTHE 3aTPYAHEHUI U BBIYUCIISATH OalaHC
TIPOBO3HOM CITOCOOHOCTH XeJIE3HOMOPOKHBIX
TIOJIUTOHOB, UCXO[IS U3 00ECTICUeHUST UX Ma-
HEBPEHHOCTHU [7], TO ecThb OeCTIpensITCTBEH-
HOTO TIPOJIBUXKEHUS MTOE3I0MOTOKOB 0e3 3a-
JIEp3KeK 10 HETTPUEeMY CTAHITUSIMUA, BHEIITHUMU
CTBIKOBBIMU ITYHKTaMU MTOJIUTOHA, a TAKXKe 0e3
3aepkeK oOMeHa BaroHaMU C KeJIe3HOI0-
POXXHBIMU TTYTSIMU HEOOIIIETO TIOJIb30BAHUSI.

YKa3zaHHBIN OajaHC IPOBO3HOM CITOCO0-
HOCTH JIOJIKEH OTIPEIENISIThCS pacueToM Ha
MOJIEJISIX KOHKPETHBIX TTOJINTOHOB, TIO3BOJIS -
FOIINX BBIYUCTSTH (DYHKIIUU pacTipeneieHusT
TEXHOJIOTUIECKOTO BPEMEHU IOCTABKU TPY30B
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¥ IOPOXXHUX BaroHOB. [1o (hyHKIIMAM pactpe-
JIeJIeHUsT CIeAyeT OLIEHUBATh HAJEeXXHOCTh
BBITIOJTHEHUST I0PUANIECKUX (HOPMATUBHBIX
U JJOTOBOPHBIX) CPOKOB JIOCTaBKM, KOTOpast
JIOJKHA OBITh B YMCJIE LIEJIEBBIX ITOKa3aTeeit
WHBECTULIMOHHBIX TTPOEKTOB U TEXHOJIOTUYE-
ckux 3¢h(HeKTOB BKIIIOYAEMBbIX B HUX MEPOTIPH -
SITUTA.

NMPUHUUNbI KOMNJIEKCHOIO
PELUEHU4A

KomriekcHoe pelieHue mpodieMbl pas-
BUTHSI U UCIIOJI30BAHUS KEJI€3HOLOPOKHOM
MHOPACTPYKTYPhI ¥ IIEPEBO30YHBIX PECYPCOB
JIOJIKHO 00€CIeurBaTh B YCIIOBUSIX TEKYILEH
9KCILTyaTalluK:

— JIOCTaTOYHYIO MHBAPUAHTHOCTb HAOOPOB
PEKOHCTPYKTUBHBIX MEPOIPUITUIN K KOHB-
IOHKTYPHBIM M3MEHEHUSIM TPAHCIIOPTHBIX
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MNepenonHeHue Oedouumt
CTaHLMOHHbIX JIOKOMOTMBOB
J évxocreii
el 327€PXKM MO 3apepxku BT.4. gna
Henpuémy BblBO3a TAXENbIX
‘ noesnos noesfos
Oedvumt *
Oeduuut MOLYHOCTH \ Poct
MoLyHOCTH Y4acTKOB pa3mepoB
cTaHuui - ABWXEHUs!

I BAJIAHC NPOBO3HOW CMIOCOBHOCTH

Puc. 5. Lnknn4HocTs pa3BuTuvs aKCnayaTaLnoHHbIX 3aTpyAHeHni n 6anaaHc npoBO3HOV CrIOCOGHOCTH.

MOTOKOB (Ipy30Basi 0a3a, MaccaxKupOIOTOKH,
crcTeMa yIpaBJieHNs] BATOHHBIMY TTApKaMM);

— BO3MOXHOCTH JUJISI PETYJIMPOBAHUS Ba-
TOHOTIOTOKOB 32 CUET UX TIepepacIipeneieH s
MEXXJIy 2JIEeMEHTaMU KeJIE3HOMOPOXKHON WH-
(bpacTpyKTyphl (MCTIONB30BaHUSI TTAPATIIETh-
HBIX 3KeJIE3HOIOPOKHBIX XOJIOB, TIepepacIpe-
JIeJICHUSI COPTUPOBOYHON pabOTHl MEXIY
CTaHIIASIMU U JIP.).

Takoe perynMpoBaHue MO3BOJISIET:

1) coxpaHSITh HEOOXOMMMEIT YPOBEHb Ha-
JIEKHOCTU TPAHCTIOPTHOTO OOCIYyXWUBaHUS
B [€PUO/IBI paOOT TI0 PEMOHTY U MOJIEPHU3A -
MY UTHOPACTPYKTYPbI, CE30HHBIX U3MEHEHU
MACCaXKUPCKOTO NBUKEHMUSI U YCIIOBUI TPY30-
BOI1 pabOTHI;

2) CKOMIIEHCMPOBAaTh HEPAaBHOMEPHOCTH
TPAHCITOPTHBIX TTIOTOKOB IO OTJAEIbHBIM KOP-
PECTIOHIEHLIMSM U CHU3UTb OOILYI0 MOTPeO-
HOCTh B TIPOCTPAHCTBEHHO-BPEMEHHBIX pe-
cypcax 3a CYeT UX B3auMO3aMEHSIEMOCTH.

B OAO «PX]I» mpoBOaUTCS KOMILIEKC-
HBII TIOIXOMl K PEMOHTY U TEKYIIEMY COMIep-
JKaHUIO MTH(MPACTPYKTYPHI, TPEAyCMaTPUBALO-
MU TTIepexoa OT BapUAaHTHBIX TPadUKOB
JIBUDKEHMS TTOE3/I0B HA y9acTKaX M HarpasJie-
HUSIX K BApUAHTHBIM TEXHOJIOTUYECKUM pe-
KUMaM pabOThI MIOJTUTOHOB KEJIE3HOT0POXK-
Ho¥i cetu [7].

Boamoxxnoctu miist 3¢ ¢heKTUBHOTO Mpu-
MEHEHUSI TAKUX PEXXUMOB JOJIKHBI 3aKJIa/IbI-
BaTbCSI B MEPOTIPUSITHS TIO PA3BUTHIO MH(bpa-
CTPYKTYPBI B YACTH:

— yHUbUKAIUM Beca U JJIUHBI TPY30BbIX
TOE3/I0B Ha MapaUIeTbHBIX X0O1aX;

— pa3MelleHust U pa3BUTUS COPTUPOBOY-
HBIX CTaHIINI, TACCAXUPCKUX (B TOM YMCIIe
MacCaXUpPCKUX TEXHUYECKUX) CTAHIUIA,
TPAHCIIOPTHO-JIOTUCTUYECKUX 1IEHTPOB, Ba-
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a)

4900 T

CopTMpoBOYHaA CTaHUUA

=/

6)

BecoBas Hopma rpysoBbix noe3aos

Puc. 6. BapnaHTbl pa3meLLeHusi COPpTUPOBOYHOM
CTaHUMUN 1 BeCOBbIX HOPM rpy30BbiIX M10€340B.

TOHHO-JIMHEWHOTO U JIOKOMOTUBHOTO XO-
3SCTB;

— KOHIEHTpaUuu u (MIn) TyoJIMpOBAHUS
OJTHOPOIHBIX OTepaluii B TPAHCTTOPTHBIX
y371ax;

— OpraHM3alWK MOATOTOBKU MOPOKHUX
BaroHOB UM Pa3MeIleHUs] BATOHOB, HE yJacT-
BYIOIIIMX B ITEPEBO30YHOM TIpoOliecce.

OTHIONb HE JT00asT TOMOJIOTHUS XKeJIe3HO-
JNIOPOXHOW CEeTH TO3BOJISIET OPTaHU30BaTh
3 GEeKTUBHOE B3aUMOIEHCTBIE KEJIC3HOIO-
POXHBIX Y3JIOB 1 HaIpaBjieHuit. PaccMoTpum
JIBa BapuaHTa pa3MelIeHUs] COPTUPOBOYHOI
CTaHIIMU M YCTAHOBJIEHUSI BECOBBIX HOPM
I'PY30BBIX TIOE€3[I0B Ha XKeJIe3HOI0POXKHOM
rosiuroxe (puc. 6).

[lepBblii BapuaHT (CM. puc. 6a) Ipeaycma-
TPUBAET Ha MapaljieJbHbIX HapPaBICHUSIX
pasHbie BecoBbie HOpMbI 4900 1 6300 T, a Tak-
K€ KOHIEHTPALMIO COPTUPOBOYHOI PabOTHI
C pa3MellleHUeM COPTUPOBOYHOM CTaHLIMU
B y3Ji€, U3 KOTOPOTO BaroHOMOTOKHU OyIyT
cienoBaTh ¢ mepenpoderamu N’. JlaHHOe
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pelIeHne OrpaHMYNBACT BO3MOKHOCTH PeTy-
JINPOBaHMSI BATOHOIIOTOKOB ITPY M3MEHEHUSIX
SKCIUTyaTallMOHHOW 00CTaHOBKM: HaIlpaBJie-
HHME BarOHOB Ha TapaUIeJIbHBIN X0a TpeOyeT
OpraHM3alliM IepeIoMa Beca COCTaBOB, a BBOI
B AelicTBre 3(PHEKTUBHBIX HA3HAYEHUIA TIJIa-
Ha (hopMUPOBaHMSI Ha COPTUPOBOTHOM CTaH-
IUY TTOTPeOyeT MO0 MITUTEIHHBIX TIPOCTOCB
BaroHOB 10T HAKOIJICHUEM, TUOO HaIlpaBJie-
HHS BaroHOB Ha JaHHYIO CTAHIIMIO C TOIIOJI-
HUTEIBHBIMM TIepEIIpoOeTaMM Ha ITOIXOIax.
Takum 00pa3oM, pa3BUTHE BO3MOXHBIX 3KC-
IUTyaTallMOHHBIX 3aTPYIHEHU MOXHO OyIeT
YCTPaHSITh IMyTeM YBEJIWUCHUS 3aTPy3KU MH-
pacTpyKTypHl, YTO MOXKET ellle 00JIee OCTOXK-
HUTH OOCTAHOBKY.

Bropoii BapuaHT (cM. puc. 60) npemgycma-
TpUBaeT Ha MapaJUICIbHBIX HaIpaBICHUSIX
YHU(DULIUPOBAHHYIO BecOoBYI0 HopMmy 6300 T
U pa3MelleHNue COPTUPOBOYHON CTaHIIUH
B y3Jie, B KOTOPBIII BaTOHOTIOTOKM OYIyT Ha-
npaBisAThbed ¢ mepenpoderamMu N” < N'. Takoii
BapHMaHT MOTPeOYeT HEKOTOPOTO YBETUUCHUS
WHBECTULINI, HO MO3BOJIUT d(PGHEKTUBHO
YIIPaBIISIT BATOHOITOTOKAMU B 3HAYUTEIIFHOM
Iara3oHe M3MEHEHMS YCIIOBHI PabOTHI, UTO,
0e3yCIIOBHO, COKPATUT IIPSIMBIC TIPOM3BOICT-
BEHHBIC PACXOJIBI.

J11s1 OLIeHKU MOCIeIHUX KaXKIblil i-11 Ba-
PUAHTHBIN TEXHOJOrMYeCKuii pexum W(t,)
XapaKTepu3yeTcsl TTepUoaoM ACHCTBUS I -
TEJILHOCTBIO t, ¢ matamu Havyana T, u 3aBep-
wenus T, u ¢ HabopoM MapamMeTpoB

{W, (1), W,(t), W (1), W,(t), W(t), W(t), W,(t)},

e Wj(ti), j=1,...,7 — BexTOp, XapaKTepu3y-
0L j-10 TTOJCUCTEMY TeXHOJIOTUHU SKCILTya-
TaIMOHHOM pabOTHI IMOJIMTOHA.
[lepeMeHHBIE, cOCTaBISIIONINE BEKTOP
W, (t,), XxapaKTepu3yloT NE€HCTBYIOIIYIO Ha
TTOJIMTOHE TEXHOJIOTUIO OPTraHU3al[y BATOHO-
noToKOB; W,(t,) — ImapamMeTpbl BHYTPUY3JI0BOM
(BHYTPMCTAaHLIMOHHOI) TexHOI0THH; W, (t,) —
rpauK IBMKEHUS TIOE3I0B U TEXHOJIOTHIO
noe3Hoi pabotel; W (t) — cuctemy TAroBoro
obcnyxuBanust; W (t,) — peryampoBaHue 1o-
POXXHUX BaroHoB; W, (t) — TexHOJI0rMI0 pabo-
THI TIyTeii HEOOIIEeTo MOJIb30BAHUS U JIPYTUX
JKEJIE3HOOPOXKHbBIX MHBPacTPyKTYp; W (t,) —
MacCaXXMpPCKoOe U IPUTOPOTHOE IBVKEHUE.

IMpu sTtom nepemennnie W (t), W (t),
W.(t,) HaxoxaTcs (MOMHOCTBIO WJIM YaCTUYHO)
BHe 30HbI 0TBeTCTBeHHOCTU OAO «P2K]I» Kak
BJIaJIeJIblla TH(PPACTPYKTYPHI U TapaHTUPYIO-
1ero nepeBo3unka. [103ToMy B KOHKpETHOM
IMOCTaHOBKE YKa3aHHBIE IIEPEMEHHBIC BHICTY -
MMaroT MO0 Kak yrpasisieMble TIepeMeHHbIE
B MHOTOKPUTEPUAIbHON 3amade, MO0 KaK
crcTeMa OTpaHWYeHU B OIHOKPUTEPUATTb-
HOMW 3a1aue.

CriefyeT TakKe OMYePKHYTh, YTO 3a1a91
oTbICKaHUs 3 GEKTUBHOTO Habopa mapame-
TPOB BAPMAHTHOTO TEXHOJIOTMUECKOTO PEXKM -
Ma We (t,) TOJXKHBI yYUTHIBATH 3aTPaThl,
CBSI3aHHBIE CO CMEHOW TEXHOJOTMYECKUX
pPeXnUMOB (CTOMMOCTHYIO OILIEHKY Habopa
BO3MOXHBIX TEXHOJIOTUYECKUX U3MEHEHUIA)
Kak TIpY KOJIe0aHUSIX TIPEIbSIBIISIEMbIX TPAHC-
TOPTHBIX TTOTOKOB MAaCCaXXUPCKOTO U TPY30-
BOTO OBVKEHUS, TaK M TIPU BBIICICHHBIX Ka-
JIEHIApHBIX TIEPUONaxX MPOBEICHUS] PEMOHT-
HBIX U CTPOUTEJbHO-MOHTaXHBIX pabOT Ha
3alaHHBIX HAMPaBJIECHUSIX.
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COMPLEX SOLUTIONS FOR THE PROBLEMS OF INFRASTRUCTURE
DEVELOPMENT AND TRANSPORTATION RESOURCES

Borodin, Andrey F., Institute of Economics and Transport Development (JSC IERT), Moscow, Russia.

ABSTRACT

The paper presents an approach to justification
of complex strategies for organization of rail
transportation in conditions of limited investments,
classification of operational reserves, methodological

principles for integrated solution of the problems of
development and use of infrastructure and
transportation resources based on the variant
technological modes of functioning of the railway
network.

Keywords: railway infrastructure, transportation, limited investments, methodology, operational reserves,
classification, transportation resources, variant technological modes.

Background. The non-decreasing power
shortage of the main directions and nodes of domestic
railways is accompanied by a severe shortage of
available investment resources. Development and
actualization of the general scheme for development
of the railway network [1], business plans for large
complex investment projects, justification of
investment in facilities, preparation of technical
conditions for design of construction, reconstruction
and junction of tracks of non-public use — at any of
these stages, the question arises: what and in what
order is to be refused, in order to minimize the loss of
technological effect?

The problem of determining the range of external
and internal conditions under which the need and the
minimum permissible efficiency of measures to
develop the railway infrastructure remain is equally
difficult. As itis known, incompleteness of information
about the size and structure of traffic flows for the
future concerns all types of traffic, and in the freight
traffic — not only laden, but also empty car flows. For
example, it is rather difficult to indicate what
proportion of traffic will be carried out in the cars of
individual rolling stock operators, which car fleet
regulation system will be built by these operators.
Therefore, monitoring algorithms and risk assessment
(Pic. 1) should not only rely on the results of the study
[2], but also ensure, on the one hand, the choice of
solutions that do not lose their effectiveness with
possible changes in the initial data, and on the other
hand — contain logical conditions and computational
procedures that reduce the probability of errors
indicated in the diagram (see Pic. 1).

Objective. The objective of the author is to
consider complex solutions for the problems of
infrastructure development and transportation
resources.

Justification of investments

Methods. The author uses general scientific and
mathematical methods, comparative analysis,
scientific description, evaluation approach.

Results.

Transportation management strategies

The technological effect is evaluated primarily by
the target indicators of integrated investment projects
for development of railway infrastructure of JSC
Russian Railways, which, as a rule, determine the
achieved throughput and carrying capacity of sectors
and destinations, route speed of passenger trains,
section speed and weight norms of freight trains.
Thus, the requirements for the parameters of the
channels in the transport system are regulated (in the
terminology proposed by professor P. A. Kozlov [3,
4]), but no requirements are set for characteristics of
bunkers. In the terminology of railway transport, the
characteristics of the channel are the capacity of
stations, sections and in-junction runs, processing
capacities of sorting complexes and cargo terminals;
characteristics of the bunker — accumulative and
regulating capacities of the road development.
Underestimation of the properties and parameters of
the bunker in the development of the railway network
leads to results that are by no means abstract
theoretical.

In the current decade there have been severe
consequences of the growth of freight car fleet in the
changed principles of its operation. The phenomenon
of technological deficiency of the car fleet in 2011-
2013, when the overall availability of freight cars was
growing, the reliability of supplying shippers’
shipments fell, the difficulties with dispatch of cargo
were growing — the result of the lack of harmonization
ofthe infrastructure resources, the number of car fleet
and traffic management methods. One ofthe reasons
for this was, in particular, the transfer of a number of

Flow Calculation of Economic Risk
forecast technical- assessment analysis
technological
parameters

Investment process risks
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Pic. 1. Scheme for monitoring and assessing the risks of railway infrastructure development.
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Table 1

Measures to compensate for the reduction of activities for development of railway infrastructure

and transportation resources

Solution | Deteriorated | Increased demand Compensation measures
classes | indicators
{An b [t - Kmps; Capacity of stations for unavailable trains | Parallel graph (S); switching of passenger
- and traction and energy resources due to a | and (or) freight trains to parallel runs (S,);
decrease in section speed increase in weight and length of trains (S,);
reduction in passenger and suburban traffic
(S)
{An_} t ot tin; | Power of sections and traction resources S;; S,; S,; S,; redistribution of sorting work
_—) - for speeding up the export of trains (S,); changing the scheme of traction
service and warranty areas (S); increase in
the level of traffic routing (S.)
{ANRW} toe by Capacity of stations for cars awaiting S,; S,; depersonalization of the universal car
K oo Ve processing and cargo operations fleet (S,)
{AE } kin; Ksmpsg Processing capacity of the stations due to S;8,8,;8,8,;S,; S,
Ve reduced transit flows of cars, capacity of
sections and traction resources to speed up
the export of trains
{AM_ .} [t . KSwDS; Capacity of stations for unavailable trains | S,; S,;S;;S; S,
. and power of sections due to the reduction
in the weight of the train

Initial state of

resources

infrastructure and
transportation

Technological

l effects {R;}

Transport flows

| Set of measures

".{ Economic results {E;}

INVESTMENT
RESTRICTIONS

—_—

REDUCTION OF
ACTIVITIES{AZ}}

Change in technological
effects
{AR; = f(R;, AZ)}

— S~

Change in economic results
{AE; = f(E;, AZ))}

Pic. 2. Reduction of activities under investment restrictions.

Reduction of the activities of the investment
program and their parameters { DZ/.} under investment
restrictions (Pic. 2), which minimizes the loss of
technological effect
{DR,./.= (R, DZ)},
provides for the solutions of the following classes:
reduction of the required capacity of sections on the
hauls and (or) the traction power supply system
{An, .}, reduction of the required capacity of stations
in parks, necks and connecting tracks {An__};
reduction of the required processing capacity of the
stations for sorting, freight and special devices
{AN, ..}, reduction of accumulative, regulating and
service-technical [9] capacity of the track development
of stations {AE__}, reduction of the required number
of locomotive fleet and capacity of locomotive
facilities {AM_}.

The solutions of each of these classes result in the
deterioration of certain groups of indicators, the increase
in the need for certain resource groups and the need

measures for the development of stations (including
those envisaged by the scheme already mentioned
[5]) to a later date.

In [6, 7] it was proved that in the range of excess
filling of the capacity of the station track development,
a part of the station tracks is excluded from the work
of passing and processing the flows of trains and cars.
Atthe same time, the resulting capacity of the railway
infrastructure is significantly reduced relative to the
passport values calculated in accordance with the
instruction for calculating the available railroad
capacity [8].

An approach to the rationale of integrated
strategies for development of rail transport, including
investment in infrastructure development, changing
the number and structure of locomotive and car parks,
improving the technology of traffic management
(reducing the proportion of unproductive use of
infrastructure capacity) was formulated
methodologically [7].
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for certain technological compensation measures
(Table 1), wheret, . is the waiting time for departure
from the station, h; K, _is the number of stops of freight
trains on the section; V__is section speed of freight
trains, km/h; t, . t,, 1 is the time spent at the station of
cars, respectively, transit with processing, transit without
processing and local, h; n, is the average daily number
of trains delayed by the non-acceptance by the station;
k is the number of train assignments.

The compensatory measures considered do not
always lead to positive results. For example, a
reduction in the required number and length of sorting
tracks at a station in the calculation for future flows
may cause the need to lay not less (if not more)
number of tracks in the receiving parks of other
stations and strengthen the humps, while slowing the
progress of the car flows.

Classification of reserves

The excess of capacity over the average daily
volume of work is determined by:

1) the required capacity of the railway
infrastructure;

2) the given sizes of cargo and passenger traffic
of the month of maximum transportation;

3) the required capacity for track development of
railway stations and tracks of non-public use;

4) the available options for regulating car flows.

In the calculations and justifications, itis necessary
to distinguish:

1) operational reserves (economically feasible
excess of capacity over the average daily volume of

work in the calculated year), which can be used to
develop additional volume of transportation work;

2) the technically necessary share of the capacity
of the infrastructure and transportation resources,
which is used to ensure the reliability of the
transportation process (compliance with the
conditions for interaction of infrastructure elements,
achieving specified technological effects,
maintaining performance indicators within the
acceptable range).

Operational reserves represent a reserve of
capacity, formed when they are put into operation
before the term for achieving the estimated traffic
size, based on the need to reduce the overall
operating and construction costs; while transport
flows and unit costs in operation are less than the
calculated value.

Technically necessary for the steady export of
trains, the number of lines of freight trains in the traffic
schedule, on which the need for locomotives and the
indicators of the form CDL-13 should be calculated,
and also to take the required throughput, is established
by studies carried out using simulation and reliability
theory. The relative excess of the estimated freight
traffic over the average daily size of the month of
maximum freight transportation varies practically in
the range from 0,14 at 100 pairs of trains / days to
0,205 at five pairs of trains / days (Pic. 3). At the same
time, a small number of unavailable trains during the
maximum month will take place no longer than during
two days, which is technologically feasible.
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Pic. 5. Cyclical development of operational difficulties and balance of carrying capacity.

Ignoring these recommendations will cause
chronic disturbances in the interaction of stations and
sections of the railways. In the absence of reserve of
schedules, the accumulation of unavailable trains at
the nodes will require the addition of dozens of
receivers in each direction (Pic. 4), make itimpossible
to deliver goods in a timely manner, and efficient use
of rolling stock, energy resources and staff.

In operational conditions, operational difficulties
develop cyclically (Pic. 5). At present, transition
equations have been recorded and programmed, the
solution of which allows modeling the development of
difficulties and calculating the balance of the carrying
capacity of railway ranges, proceeding from ensuring
their maneuverability [7], that is, the unhampered
advancement of train flows without delays in
unacceptance by stations, external landfill sites, and
without delay in the exchange of cars with non-public
railway tracks.

The specified balance of carrying capacity should
be determined by calculation on models of concrete
polygons, allowing to calculate functions of distribution
of technological time of delivery of cargoes and empty
cars. Using distribution functions it is necessary to
evaluate the reliability of fulfillment of legal (normative
and contractual) delivery terms, which should be
among the targets of investment projects and
technological effects of the activities included in them.

Principles of an integrated solution

A comprehensive solution to the problem of
development and use of the railway infrastructure and
transportation resources should ensure in the
conditions of current operation:

— sufficient invariance of sets of reconstructive
measures to the conjunctural changes in traffic flows
(cargo base, passenger flows, car fleet management
system);

— opportunities for regulating car flows due to their
redistribution between the elements of the railway
infrastructure (use of parallel railway runs,
redistribution of sorting work between stations, etc.).

This regulation will allow:

1) to maintain the necessary level of reliability of
transport services during periods of repair and
modernization of infrastructure, seasonal changes
in passenger traffic and conditions of cargo
operations;
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2) to compensate the unevenness of traffic flows
for individual correspondence and to reduce the
overall need for space-time resources due to their
interchangeability.

JSC Russian Railways carries out an integrated
approach to repair and current maintenance of the
infrastructure, providing for the transition from variant
train schedules on sections and directions to the
variant technological modes of operation of the
railway network sites [7].

Opportunities for effective implementation of such
regimes should be incorporated into infrastructure
development activities in the following areas:

— unification of weight and length of freight trains
on parallel runs;

—location and development of marshalling yards,
passenger (including passenger technical) stations,
transport and logistics centers, car-linear and
locomotive economies;

— concentration and (or) duplication of
homogeneous operations in transport hubs;

— organization of preparation of empty cars and
placement of cars not participating in the transportation
process.

Not any topology of the railway network makes it
possible to organize an effective interaction of railway
junctions and directions. Let’s consider two variants
of placement of a sorting station and establishment
of weight norms of freight trains on a railway range
(Pic. 6).

The first variant (see Pic. 6a) provides for different
directions in parallel runs different weight norms of
4900 and 6300 tons, as well as the concentration of
sorting work with the placement of the sorting station
at the node from which the car trains will follow with
over-runs N’. This solution limits the possibilities of
regulating the carload flows in the event of a change
in the operational situation: the direction of the cars to
the parallel run requires the organization of the fracture
of the weights of the trains, and putting into effect
effective design plan assignments at the marshalling
yard will require either long idle times of the cars under
accumulation or the direction of the cars to this station
with additional reruns on the approaches. Thus, the
development of possible operational difficulties can be
eliminated by increasing the utilization of infrastructure,
which can further complicate the situation.
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Sorting station

Pic. 6. Variants of
placement of the

sorting station and
weight norms of
freight trains.

=

Weight norm of freight trains |

The second option (see Pic. 6b) provides on
parallel directions a unified weighting norm of 6300
tons and the placement of a sorting station at the node
in which the traffic flows will be sent with reruns of
N" < N'. Such a variant will require some increase in
investments, but will allow efficient management of
the car flows in a significant range of changes in
working conditions, which, of course, will reduce
direct production costs.

For the evaluation of the latter, each i -th variant
technological mode W(t)) is characterized by a period
of action of duration t, with dates of beginning T, and
completion T,and with a set of parameters
(W (1), Wyt), W(t), W(t), W(t), W(t), W(t)},
where W](tl.), j=1, ..., 7 is the vector characterizing
the j-th subsystem of the polygon operational
technology.

The variables that make up the vector W (t)
characterize the technology of the organization of car
flows operating on the polygon; Wt) — parameters
ofintra-node (intra-station) technology; W (t) — train
schedule and train operation technology; W (t) —
traction service system; W(t) — regulation of empty
cars; W(t) — technology for the operation of non-
public tracks and other railway infrastructures; W(t) -
passenger and suburban traffic.

In this case, the variables W(t), W(t), W(t) are
located (in whole or in part) outside the zone of
responsibility of JSC Russian Railways as the owner
of the infrastructure and the guaranteeing carrier.
Therefore, in a specific formulation, these variables
act either as controllable variables in a multicriteria
task or as a system of constraints in a single-objective
problem.

Conclusion. It should also be emphasized that
the tasks of finding an effective set of parameters of
a variant technological regime W*(t) should take into
account the costs associated with the change of
technological regimes (cost estimation of a set of
possible technological changes), both in the case of
fluctuations in the presented traffic flows of passenger
and freight traffic, calendar periods of carrying out
repair and construction works on specified directions.
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OT KayecTBa peLueHWii NPy NPOeKTUPOBaHNN

M 3KCnIyaTauum oTAesIbHbIX JIOTUCTUYECKNX OObEeKTOB
3aBUCUT 3¢ PeKTUBHOCTb BCEV TePMUHAJIbHO-
CKNaACcKoi NHPaCTPYKTYPbl KeJ1e3HbIX [OPOr
cTpaHbl. B npegnaraemom metoge nccrienoBaHus
CTPYKTYpPbl IOTMCTUYECKOro o6bekTa B Buge rpada
ero CTpyKTypbl CUHTE3UPOBAaHbI M0JI0XXEHUS ooy el
Teopumn cuctem, Teopum rpagpoB, ANHaAMNYECKOIro
nporpaMmMupoBaHUsl U MOUCKA KpaT4yaiilero
pacctosHus. OTINYUTENIbHOV YepToli ssBasieTCs
YHUBEpPCasibHOCTb METOAa MPu UCMOJIb30BaHUN
rnokasartenevi pa3/siIn4HoOro n3mepeHnss (CTOMMOCTHOIO,
BPEeMEeHHOIro, OTHOCUTEJIbHOIO BbIPaXKeHUs).
TeopeTnyeckass OCHOBa METOAUKN — COBOKYMHOCTb
3KOHOMMKO-MaTeMaTn4eCcKnx MeTo40B8

Y KOHL,eNnTyasibHbIX M0JI0XEHWI, MO3BOJIAIOLLNX

U3 MHOXeCTBa AONnyCTUMbIX PeLUeHNii HaXOANTb
ontumasnbHoe. [IpoBegeHo kaTeropupoBaHne

u K1accugukaLms IOrMCTUYECkUX 06bEKTOB, AaHO
napameTpuyeckoe onucaHme n popmasindoBaHHoe
MozenupoBaHue ux CTPYKTypbl.

Knroyesble cnosa: obLuas Teopuvsi CUCTEM, TEOPUS

rpagoB, 10rncTu4eckuti 06bEKT, I0rMCTUYECKUIA PalioH,
JslorucTuyeckasl 0bnactb, MaTemMaTuyeckas Mogesb,
ceTeBovi rpag CTPYKTYpPbI, NapameTpbl JIOrMCTUHECKUX
006bEKTOB, Knaccudukauus, XeneaHas opora, TPaHCropT,
TePMUVHaIbHO-CKNaacKast MHGPacTpykTypa.
|
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BOTPOCHI TEGP

MeToauka nocTpoeHus
ceTeBOro rpada CTpykrTypbl
NIOrMCTNYECKOoro oobnekra

Maauxoe Oaee bopucosuu — 0oKmop mexHu4ecKux
Hayk, npogheccop kaghedput «Jloeucmurxa

u Kommepueckas paboma» [lemep6ypeckoeo
20Cy0apcmeeHH020 yHugepcumema nymeii coooujeHus,
Cankxm-Ilemepb6ype, Poccus.

Ilokposckas Okcana /[mumpuesna — kanoudam
mexHuuecKux Hayk, douenm kagedput «Jloeucmuia,
KoMMmepHecKkas paboma u noo8UdICHoOU cocmag»
Cubupckoeo eocydapc 020 YHUGBED! a nymetl
coobwenusi, Hosocubupck, Poccus.

aJIbHellIee pa3BUTUE TEPMUHAIb-
HO-CKJIaJICKOW MHGMPACTPYKTYPbI
JKEJIe3HOJAOPOXHOTO TpaHCTIOPTa
TpaHbl TIpeaycMaTpuBaeT (popmMupoBaHue
noructuueckux oowekToB (JIO), koTopsie
obecrmevaTt 3¢ (PeKTUBHYIO peann3annio
TPAaHCTOPTHO-JIOTUCTUIECKOTO CepBUCA
1 UHQPPACTPYKTYPHYIO OCHOBY TPAHCIIOPT-
HBIX CUCTEM TOCTAaBKHU TPY30B MOTpeOUTE-
JISIM.

Ou4eBUIHO, YTO OT KAUeCTBA MPOEKTUPO-
BaHUs U oKcrryatainuu JIO Ha pernoHai b-
HOM YPOBHE 3aBUCST Pe3yJbTaThl pabOThI
BCEIl TepMUHANbHO-CKJIANCKOUW MHbpa-
CTPYKTYPHBI XeJie3HbIX goporl. O0 akTyaib-
HOCTU TEMbI TAKXKE CBUIETEJIbCTBYET CIIEIY -
omee: 1) oTcyTcTBUE OOIIETIPUHSITOTO,
€IMHOTO NePapXUIECKOTO MOIX0/1a K KjIac-
cuduKaum JTOrUCTUYECKNX 00bEKTOB, UTO
YCIIOKHSIET TOHUMaHNE BCeMU YIaCTHUKAMU
mpoiiecca nepeBo3ok posu JIO; 2) HeoOxo-
JIUMOCTb KOMIIJIEKCHOTO TJIaHUPOBAHUS
pazButus JIO 1o 1enomy psiay mapamMeTpoB
C Pa3NMYHON Pa3MEPHOCTHIO B YCIOBUSIX
HEJI0CTaTOYHOU MpopaboTKU Bompoca 0O
YHUBEPCAIbHON METOIMKE MHOTOKPUTEPU -
aJIbHOTO TPOEKTUPOBAHUST ONTUMAJIBHOM
CTPYKTYPBI TOTUCTUUYECKOTO 00OBbeKTa [2].



KNACCUOUKALKMA NOTNCTUYECKUX OBBEKTOB U UX MEPAPX A
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Puc. 1. lpeanaraemas cuctema nepapxumn u knaccugukavmm J10.

Ilenblo HalIEro UCCaeOBaHUS SIBISIETCS
pa3paboTKa MeTOAUKU (POPMUPOBAHMS rpa-
¢a JIO nnsg hpopMUpoOBaHUS €TI0 CTPYKTYPhI
C HaMJIyYIIuMHM mapameTrpaMu. I1pu sTom
pelaloTcs cienyronye 3agayu: 1) katero-
pupoBaHue u knaccudpukauus JIO; 2) nmapa-
MeTpUYeCcKoe onrcaHue u (hopMaInu30BaH-
HOE MOJEIUPOBAHUE CTPYKTYPHI JTOTUCTH -
yeckoro oobekTa; 3) pazpaboTka CeTeBOTo
rpada cTpykTypsbl JIO ns1 BIOOpa HaMIy4d-
KX TTapaMeTPOB.

1. KATETOPUPOBAHMUE
U KTACCUDUKALIUA

ITon noructTuyeckum o0bEKTOM OyaeM
MOHUMATh JIIOOOW OOBEKT, BKJIIOUEHHBI
B TPAHCITOPTHO-CKJIAACKYIO MHPPACTPYKTY-
py JTOKaJdbHOTO MaciuTaba, Gpu3mIecku
00ecIeunBaloINi peaaTn3anio TPAaHCIIOPT-
HO-CKJIaJICKOTO O0CTY>KMBaHUS Pa3IMIHBIX
KJIMEHTOB ¥ COCPEIOTOYCHHEBIN ITO COBOKYII-
HOCTHU MPU3HAKOB B IMPOCTPAHCTBEHHO
onpeaeJeHHOM paiioHe.

C y4eToM MepapXuu eTro MOJOXKEHUS
B TPAHCIIOPTHO-JIOTUCTUUYECKOM CUCTEME
00BEKT TpaHCHOPMUPYETCS B OoJiee CI0XK-
Hble 00pa30BaHUs — pailloH U 00J1aCTh (CM.
puc. 1).

JlorucTuueckuii paitoH — COBOKYITHOCTh
JIO ompeneneHHON CTeNeHU 3KOHOMUYE-
CKOTO M TEXHOJIOTMYECKOI'0 B3aMMOIEICT-
BUSI, PACIIOJIOKEHHBIX B TeorpaduuecKoit
OIM30CTH UIST KOMITJIEKCHOTO JIOTUCTHUYE-
CKOro obecrneyeHus MpoLeCcCOB NEPEBO30K.
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Jloructuyeckast 06J1acTh — TEPPUTOPUATTH-
HBIE JIOTMCTUYECKKE 00pa30BaHMs IJI00ATBHOTO
Maciirada, 3aHMMAOIIe 3HAYNTEIbHYIO YacTh
TPaHCIIOPTHO-JIOTMCTUYECKOI MH(PPACTPYKTY-
PBI CTpaHbl ¥ THTEITPUPOBAHHbBIE B HALIMOHAITb-
HbIE ¥ MEXIyHAPOIHbIE TIPOIIECCHI MIEPEBO30K
[3].

B cooTBeTCTBUY C 3TUMM OIIpENeICHUSIMU
aBTOpPHI pazpaboTtanu Kiaccudukauuio JI1O,
1300pakeHHYyIo Ha puc. 1.

Tak, corjacHo KjiaccuduKauu, K JOru-
CTUYECKMM OTHOCSTCS (B TTOPSIIKE YBEJIMYE-
HUS MepPapXU4YeCKOro 3HAYEHUs C yIeTOM
KOJIMYECTBEHHBIX TTOKa3aTeJiell 1 KOMILIEKC-
HOCTH JIOTUCTUYECKOTO CEPBHCA, CM. CTPEJIKY
clieBa) OOBEKTHI, HAXOASIIMECS Ha YPOBHE
OT/IEJIbHBIX MPEANPUITUI (TPY30BbI€ PAOHBI
U CIIeLIMaIM3UPOBAaHHbBIE TIOMIAIKH, CKIIAIbI,
TEPMUHAIbHO-CKJAACKNE KOMIIJIEKCHI
M TPaHCIIOPTHBIE TEPMUHAJIBI) U Ha YPOBHE
TOPOJICKOI/Y3I0BOI arjloMepaluy (JIOTUCTH -
YECKMIA LIGHTP, TPAHCITOPTHO-JIOTMCTUYCCKUIA
y3eJ1, MYJIBTUMOAIbHbBINA TPaHCIIOPTHO-JIO-
TUCTUYECKUI LIeHTpP). 3aTeMHEHHbIE OJIOKH,
COEIMHEHHbBIE CTPEJIKOM, TIPEACTABIISIIOT CO-
00i1 TTocIeI0BaTeIbHOCTh TpaHCchOopMaLuy
(PBOIOLIMN) JTOTUCTUYECKOTO O0OBEKTA 10
JIOTUCTUYECKOI 00JIaCTU M BBIXOJA Ha IJIO-
OaJIbHBII YPOBEHb IO cXeMe «JIorucTuIecKuit
O6bekT (MTIIL)» — «Jloructuyeckuii Paiton
(TeititBeit)» — «Jloructuueckass O6JacTh
(TepmunaibHas CeThb)». DTOMY COOTBETCTBYET
HarpaBJIeHUe Pa3BUTHUSI TPAHCIIOPTHOIO KO-
pugopa (CM. cTpeiKa BHU3Y).

Manukoe O. B., NMNokpoeckas O. 1. MeToauka NOCTPOEHUS CETEBOIro rpacda CTPYKTYpbl IOTMCTUYECKOIO
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K nmoructuyeckum paiioHam mpepjiara-
€TCSI OTHOCUTDH OOBEKThI YPOBHS JTOKAIbHOU
UHOPACTPYKTYPHI: TPYy30BOI/IOTUCTUYE-
CKMIT Xab, «CyXol MOopT», TOTUCTUYECKUII/
TUCTPUOYLIMOHHBINA MapK U TeUTBE.

K noructuyeckum o61acTIM — 00BEKTHI
YPOBHSI TEPPUTOPUU (TPAHCTIOPTHO-JIOTU-
CTUYECKUU KjacTep, TPAHCIOPTHO-JIOTHU-
cTuyeckasi CUCTeMa), peruoHa (JIOTUCTUYE-
ckas ratdopma) U cTpaHbl (TepMUHATbHAS
CETh).

DTa Kiaccudukaus MOXeT UCTOIb30-
BaThcs aJs: 1) uaeHtudukauuu JIO ¢ yuye-
TOM KOHCTPYKIIUU, BUJA CKJIaAUPOBAHUS,
pa3MepoB, TEXHUYECKOU OCHAIIEHHOCTU
u ap.; 2) Beioopa JIO ¢ yueTom ero pyHKLM-
OHaJIbHBIX BO3MOXHOCTEM, MUCIOKALIUUA
u ap.; 3) onpeneneHus poau u mecra JIO
B ITpolIeccax MepeBo30kK; 4) cucTeMaTu3anmu
U yaoOCTBa UHTETPUPOBAHHOIO MPEICTaB-
JICHUS CYIIIHOCTU U BUJOBOTO MHOTOO0Opa3us
JIO; 5) ynudukauuu, npocTOTH U y100CTBA
uneHTudukanuu tuna JIO [4].

2. NAPAMETPU4YECKOE ONMNCAHMUE
n ®OPMAJIMSOBAHHAA MOLEJ1b
CTPYKTYPbI

[MapameTpuueckyio ctpykrypy JIO mio-
6oro chopMaTa MOXHO ONMUCATh MaTeMaTU-
YECKUM BBIPAXEHUEM DPsiia 3HAYMMBIX Xa-
PaKTEPUCTHUK.

Dopmanu3oBaHHAs MOJIENb CTPYKTYPbI
JIO B 061116M MOIYIbHO-0JIOYHOM BUIIE BBI-
TJISIUT CAEAYIOIUM 00pa3oM:

ZS Joi — |: npocmp ’ mpan? S cepe ’

rae S, — MOLyJIbHasl CTPYKTypa i-TO JIOTH-

e))

IKOH ’ mex :|

CTUYECKOTO 00BEKTa, COCTOSIIAst U3 1 THU-
MOBBIX 9JIEMEHTOB; S — IPOCTPAHCTBCH-
HBI MOJYJb-0JI0K; SmaH — TPaHCHOPTHBIA
MOJyJIb-0JI0K; ScepB — CEpPBUCHBII MOIYJIb-
010K; S| = — OpPraHM3alMOHHO-3KOHOMM-
YECKUI MOAYNb-0JI0K; S — KOHCTPYKLM-
OHHO-TEXHUYECKUI MOAYTb-0JIOK.
B no6iouHom Buze:

ZS/IOi = [Snpocmp ( mep’ xp);

S,,,,,a,,(Qe,,; N,,);
cepa (N yea ’ QVAL)’
S

31€UH( xp’ ep’ )’

mex(Nac/l’ anM) ’ (2)
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rae S, — MoayJibHas CTPYKTYpa i-Io JOTH-
CTMYECKOTO 00BEKTa, COCTOSIIAs U3 1 TH-
TOBBIX 2JIEMCHTOB; S | — TPYIIIa napame-
TPOB MPOCTPAHCTBEHHOTO MOJYJIb-0JI0Ka;
S, — O0LIas MIoanb TepPUTOPHH, 3aHH-
MaeMoi1 i-bIM JIOTUCTUYECKUM OOBEKTOM, Ta;
S,, — 001Iast IUIoIa b XxpaHEHUSI [-T0 JIOTH-
CTHYECKOro 00beKTa, KB. M; S — rpynma
mapaMeTpOB TPAHCIIOPTHOTO MOMIYJIb-0JIOKa;
Qrp — oburas nepepadarbiBalolasl cnocoo-
HOCTbh BCEX CITeIMaTU3UPOBAHHBIX CKJIaM-
CKUX TUIONIA0K Y TTOMEIIEeHW ISl XpaHe-
HUS Tpy3a B COCTaBe i-TO JIOTUCTUYECKOTO
00BbeKTa, TOHH/TO; NTp — KOJIMYECTBO BU-
OB TPaHCTIOPTa, OOCITYXKMBAEMBIX i-bIM
JIOTHCTUIECKUM OOBEKTOM, €15 S — TpyI-
1a MapaMeTpOB CEPBUCHOTO MOIYTb-0J10Ka;
N, — @CCOPTUMEHT JIOTUCTUICCKHX YCIIVT,
MPETOCTABISIEMBIX i-THIM JIOTUCTUYECKUM
00BEKTOM, €11.; Q,,, — 00beM 106aBIEHHOI
CTOMMOCTH 0OKa3biBaeMbIx JIO TpaHCITIOPTHO-
JIOTUCTUYECKUX U CKJIAACKUX yciayr, Value
added logistics — «J1orucTuka 106aBjJeHHOM’
croumoct», %; S, = — rpynrnaInapamMeTpoB
OpTaHMU3aIMOHHO-3KOHOMUYECKOTO MO-
nynab-010Ka; Txp — CTOMMOCTb apeH]bl
1 xB. M ckyanckoro xpanenust, pyo.; T —
CTOMMOCTb ITepepaboTKu | TOHHBI Tpy3a Ha
cknane, pyo.; T = — Tapudsl cThiKyeMbix
B JIO BUIOB TpaHcmopTa (BKJIOYAS yCIyTy
«TTOCJIETHSISI MUJISI») Y COTTYTCTBYIOIIUX TTe-
PeBO3Ke TPAHCTIOPTHBIX YCIIYT (ITOJIb30BaHUE
BaroHaMu, MHGPACTPYKTYPO#, JIOKOMOTH -
BaMu), py6.; S — Tpymnma mapameTpoB
KOHCTPYKIIMOHHO-TEXHUYECKOTO MOJYJIb-
onoka; N — KOJIMYECTBO CIELMATU3UPO-
BaHHBIX CKJIQJCKUX TUIOIIAI0K U TTOMEIlle-
HUU U XpaHEeHUs Tpy3a B COCTaBe i-TO
JIOTUCTUYECKOTO 00bEKTa, eI.; QrlpM — obec-
neyeHHOCTh JIO morpy304HO-pa3rpy304HbI-
mu MexaHu3dMamu [TPM cooTBeTcTBYIO1IEH
MPOU3BOAUTEIBHOCTH, %.
B pazBepHyTOM BUjIE:

Ncm’ xp’ mep’er’N

ya/t > QVAL > xp ’ ep > mp ’ an.u

n
201 = .3
i=1

rae S, ,— MoAyJIbHas CTPYKTypa i-ro JIOTH-
CTUYECKOTIO 06T>CKT3, cocTroduas um3 n TU-
IIOBBIX 2JIECMCECHTOB, chn — KOJINYECTBO
CIICIMAIN3NPOBAHHLIX CKJIAACKHUX ILJIOLIa-
JOK U HOMCH_ICHI/II‘/JI OJId XpaHCHUA rpy3a
B COCTaBe [-TO JIOTUCTUUYECKOTO O6’LeKTa, €.,

S — obmias rutomanb 00bEMa XpaHEeHUS i-TO

Xp
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Puc. 2. Mupamuga ontumu3sauun J10.

JIOTUCTUYECKOTO 00BbEKTA, T WU M>; SmD -
00111281 TIOIIAIb TEPPUTOPH Y, 3aHUMAEMOK
[~TBIM JIOTUCTUYECKNM O0BEKTOM, ra; Q  —
001U rpy30000pOT BCEX CHELMATU3UPO-
BaHHBIX CKJIAACKUX TUIOIIAI0K U TTOMeIIe-
HUW U XpaHEHUS TPpy3a B COCTaBE i-TO
JIOTUCTUYECKOTO0 00BEKTa, TOHH/TO; NTp —
KOJIMYECTBO BUIOB TPAHCIIOPTA, OOCTYXKU-
BAaeMBIX i-BIM JIOTUCTUYECCKUM OOBEKTOM,
en.; N, — acCOPTUMEHT JIOTUCTHICCKUX
YCIIYT, IIPEAOCTABISICMBIX {-BIM JIOTUCTUYC-
CKUM O0BEKTOM, €e11.; Q,,, — 00beM 106aB-
JIEHHOW CTOMMOCTHU OKa3biBaeMBbIX JIO
TPaHCIIOPTHO-JIOTUCTUIECKHX M CKITAICKUX
ycayr, Value added logistics — «Jtoructuka
J06aBIIEHHOI cTonMocTu», %; T,, — crou-
MOCTh apeHIBl | KB. M CKJIQJICKOTO XpaHe-
HUS, PYO.; TrlD — cebecTOMMOCTD epepadboT-
K¥ | TOHHBI Tpy3a Ha cKJIanue, pyo.; TTp —Ta-
pudsI cThiKyeMbIX B JIO BUIOB TpaHCIIOpTa
(BKJIIOYAS YCIYTY <«ITOCIEAHAA MUJIS»)
W COMYTCTBYIOIIUX ITePEBO3KE TPAaHCIOPT-
HBIX YCIIYT (TT0JTb30BaHME BarOHAMM, MH(pa-
CTPYKTYpOIii, TOKOMOTUBaMH), Pyo.; QrllDM —
obecrnieueHHOCTH JIO ITPM cooTBeTCTBYIO-
LIeil Ipou3BoAUTEIbHOCTY, %.

CrpykTypa JIO Kak c10KHO MOIYIbHOM
CUCTEMBI B OOIIIEM BUIIE:

Wio = { Wiena Wiessoror | (4)
B pa3BepHYTOM BHIEC:!
e A e
Wio =1 Weopr> Wypars> ; (5)
Woons Waparss W eonnas Wirpas
rne W, — MOIyJb TEXHOJIOTUYECKOTO
onoka; W — MOAYJb MOTPY3KHU (MpU-

nor/mnpuem

€MKM) Tpy3a; Wp — MOAYJb pa3rpy3Ku

a3rp/Bbi
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(BBImAuUM) Tpy3a; W, pr — MOLLYJIb COPTHPOB-
Ky rpysa; W — MOIYJIb XpaHeHUsl Tpy3a;
W_,. — MOJyJIb IOTIOJIHUTEILHOTO CEPBUCA,

peanusyemoro JIO Iy OTHENBHOTO I'py3a;
— MOIYIIb TEXHUYECKOTO OIIOKaA;

— MOIYJb BHECITHETO MaruCcTpajabHO-

TEXHUY

W

BHEILI
ro TpaHCIIOPTa IMpUeMa M OTIPaBIIEHMS
rpysa; W, — MOIYJb KOMILJIEKTAIluU

rpy3a; Wypn — Moayiab [TPM npuemkn-

BbIIA4Yl, pa3MelIeHUs] U BHYTPUCKIAJACKOM
rnepepaboTKu rpy3a.

CoctosiHue JIO — 3TO COBOKYITHOCTH
rnmokasaTteJieid, UACHTU(DUIUPYIOIUIUX €ro
B 00lLIell MepapXru4ecKoi cucrteMe (ornpezie-
JISIIOIIMX €TI0 TUI) U XapaKTepU3YIOLIHUX ero
paboTy B LIEJIOM.

CocrosgHue nawb6oro JIO BeipaxkaeTrcs
COBOKYITHOCTBIO MoKa3aTeseil (pecypcoB):
XIIOi = (XV Xz’ Xy X4’ X5)' (6)

Onpenensomue coctossHue JIO napame-
TpHI ((aKTOPhI €ro IBOJTIOLIMN):

X' =(2,,2,,2,Z,). (7)

HazBanHoe mo3BosseT cpopMupoBaTh
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Puc. 4. O6wunii cny4aii ceTeBoro rpaga nocTpoeHuns CTpykTypbi J10.

COCTOSILIYIO U3 3HAYALIMX MPU3HAKOB X,
Y BJIMAIOIINX Ha HUX (PaKTOPOB Z..
F=XZ +XZ,+.+X Z. (8)

Onrtumuzanust napamerpos JIO mpoxo-
JIAT TMTO3TAITHO B COOTBETCTBUU C TUPAMUIOMN
ontuMmusauuu (puc. 2). Tak, Ha HuU3LIIEM
YpPOBHE TIPUHUMAIOTCS JIOKATbHBIE pellle-
HUs, HallpaBJIeHHbIE HAa ONITUMU3AIUIO
BHYTPEHHUX mapaMeTpoB. Ha Breiciiem
YPOBHE OCYIIECTBIISIETCS TJI00ATbHOE TTO3U -
unonuposanue JIO B cocTaBe TepMUHANb-
HOW ceTu.

[anee paccMOTPUM METOIUKY TTOCTPOE-
Hus ceTeBoro rpada JIO aist onTuMaabHOTO
rnapamMeTpu4eckoro (opMupoBaHUs €ro
CTPYKTYyphl. B KauecTBe mpumepa B3SIT HU3-
W YPOBEHb ONMTUMU3ANNU TTapaMeTPOB
00BEKTa — TEXHUYECKOE pellleHue (BBIOOD
Hauayduero tuna [NPM — morpy3odHo-
pPa3Tpy30YHBIX MEXaHU3MOB JJIsI BHYTPU-
CKJTaJICKOI 00pabOTKM Ipy3a).

3. METOOUKA UCCJIEQOBAHUSA
CTPYKTYPbI C TPUMEHEHUEM
CETEBOI'O FrPA®A

B npenyiaraemoM MeToze Uccaea0BaHUs
ctpykTyphl JIO B Buge rpada ero CTpyKTyphbl
CHHTE3MPOBAHbI MIOJIOXKEHUS 0011ei TeOpUr
cucreM, Teopuu rpadoB, ceTeBoro rpaduka,
JUHAMUYECKOTO IIPOrpaMMUPOBAHUS U 10~

KMCKa KpaTyaiero pacctosduus [5, 6]. Yau-
BEPCaAJIbHOCTh METOJa XapaKTepu3yeT MC-
MoJib30BaHME IMoKa3aTejeil pa3JInuHOTro
M3MepeHUs: (CTOMMOCTHOTO, BpEMEHHOTO,
OTHOCUTEJbHOTO BBIPAXXEHUS), TEOPETHYE -
CKYIO 3HAYMUMOCTb — COBOKYITHOCTh 3KOHO-
MMKO-MaTeMaTUYeCKUX METOIOB 1 KOHIIETI -
TyaJIbHBIX TIOJIOKEHU, TTO3BOISIOIINX (-
(GEeKTUBHO HAaXOIMUTh U3 MHOXECTBA IOIY-
CTUMBIX PELIEHUI ONTUMAaJIbHOE.

JuarpamMma BbIIEICHUS siIpa pelieHuit
JUTSI TOCTPOEHMS CETeBOTO I'pacdha CTPYKTYPhI
JIO nana Ha puc. 3, rae: Lgen — MHOXECTBO
BapuaHTOB pelieHuil cTpykTypsl JIO; L —
npeaMeTHasi 00J1acThb ITOMCKa PeleHU i TPy
MOCTPOEHUU CTPYKTYpPhI; L, — MHOXeCTBO
BapuaHToB Ay napameTpa 1; L, — MmHoXe-
CTBO BapMaHTOB Ms nmapametpa 2; L, —
HMCKOMas 00J1aCTh MPUHUMAEMOTO PEIIIEHMSI.

CeTeBble Tpadbl CTPYKTYPhI IPU BEIOOpE
OINTUMAJIbHOTO PEIIEHUS IT0 TEXHUYECKOMY
OCHAIIEHN0 00BbeKTa (C Y4ETOM CTOMMOCT-
HBIX TOKa3aTejeil) 3a1aloT T0MYyCTUMOe
MHOXECTBO ITapaMeTPOB 1 MO3BOJISIIOT ITPO-
ektrpoBaTh JIO ¢ ONTUMaIBbHBIMU TTapaMe-
TpaMu CTPYKTYpHI (puc. 4).

MHokecTBOM BepliMH X Takoro rpaga
SIBJISIETCSI OTOOpakeHUe TOMYCTUMBIX TeHE -
paJIbHBIX BApMAHTOB CTPYKTYPHBIX JIEMEH -
TOB OT 1 10 M, X — IOIYCTUMBIX aJIbTepHa-

Ceresoii rpa¢ Bibopa THIa 1 KommdectBa [TPM a71st Tornctuaeckoro 00beKTa

2
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py30BHIX
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Puc. 5. Yacthbiii cnyyaii — ceTeBoii rpag Bbibopa Tuna u konmnydectsa MNPM ans noructunyeckoro o6beKra.
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TUBHBIX TeHEPAJIbHBIX BADUAHTOB OT 1 10 N,
a MHOXECTBOM JIyT Z — JIOTUYECKUX CBsI3ei
BO3MOXHOCTH MOCJIEA0BATEIbHOTO 00bEeIU -
HEHWS 9TUX JIEMEHTOB B ONITUMU3UPYEMYIO
BHYTpeHHI010 cTpyKTYypy JIO. Kaxnoii nyre
(cTpesike) Z COOTBETCTBYET OIpeNeIeHHOE
3HaueHUe (HampuMmep, 3TO MOXET ObITh
CTOUMOCTb, BpeMs, TPy30MOIbEMHOCTD,
MIPOU3BOAUTEILHOCTD WU IPYTO N3MEPH -
TeJb, B 3aBUCUMOCTH OT CITelIu(UKHN pelia-
emoii 3amaun ontumuzanun) Y (Y(y, ),
Y(4,x0)> Y(,,...)- JTokambHOE penienne M Ha
i-oMm yuactke rpada INT nmpuHumaetcs
B COOTBETCTBUMU CO CIAEAYIOIIUM yCIOBUEM:
INT (Mi) = minX. [Yi]. )

ITpu aTOM MyTW HU3IIETO MopsiaKa (UILy-
1ue OT KJIYeBOro napaMmerpa X, He Ha-
MpaBJIieHHbIE CTPEJIKOI) HE UMEIOT CTOUMO-
CTH, TIOCKOJIbKY YKa3bIBaloT Ha D — HarpaB-
JIeHVEe ONTUMM3AIUU (B IPUMEPE ITO T'PYy-
3onoabeMHOCTh [IPM), a nyru BbIcLIEro
nopsiaka (pe3yJIbTUPYIOIIUE CYMMY CTOUMO-
CTH 10 KaXI0MY aJIbTepHATUBHOMY BapuaH-
Ty NPOXOXIEHUSI CeTEBOro rpada) MMeT
WTOTOBBIE CTOMMOCTH, PaBHbIE CyMME MMU-
HUMaJIbHBIX 3HAYeHU I MapIipyTa.

bonee cinoxHasg cTpykTypa Takoro rpagda
MOKET OBITh TTOJTyYeHa TIPU OTHOBPEMEHHOM
pPaccMOTPEHMU HECKOJbKUX MTapaMeTpoB
ctpykTyphl JIO. YrpolleHHbI! Tpumep — 00-
muit Bua rpada Ha puc. 4 (pa3pbIBOM MoKa-
3aH IMepexod K pacCMOTPEHUIO HOBOTO Ma-
paMmeTpa) U YaCTHBIN CiIy4ail TTIOCTPOEHUS
ceTeBoro rpada 1t TPpUHATHS TEXHUIECKO-
ro peueHus (cMm. puc. 5).

AHaJIOTUYHBIM CITOCOOOM MOXHO CTPO-
UTh Tpad IS pelleHus adoro Bompoca
Kacarouierocs JIO, HauMHas OT €ro TeXHU-
YecKOil OCHAIIIEHHOCTHU U 3aKaHYMBasi BHY -
TPEHHUM TEXHOJOIMYECKUM 30HUPOBAHM -
€M, TIJTAaHUPOBKOM U T.]1.

BbiBO4bl

1. ®opmanuzanus GpyHIaMEHTATBHBIX
BOTIPOCOB 3h(HeKTUBHOCTH MTPOSKTUPOBaA-
HUS U DKCTUTyaTalluy JOTUCTUIECKUX O0b-
€KTOB Jitoboro opMara B cocTaBe TEpMU-
HaJbHO-CKJIAJCKON MHMPACTPYKTYPHI XKe-
JIE3HBIX IOPOT MO3BOJISIET MOJYYUTh LIeJIeBbIE
(byHKIIMYM 1 TTapaMeTpUUeCKHUe OMUCAHUS

JIO Kak CJIOXXHBIX CUCTEM, KJIIOUEBBIX 3JI¢-
MEHTOB TePMMHAJbHON CETU, CUCTEM JO-
CTaBKM OTIEJIBHBIX IPY30B U TPAHCIIOPTHOM
CHUCTeMEI cTpaHHI B 11esioM. @opmannioBaH-
Hasl MOJIJIb JIOTUCTUYECKOTO 00bEeKTa N0JIK -
Ha BBIpaXaThCs B TPEX acCIeKTax, FPYIIIU-
pyloimux ocHoBHBIE MmapameTphl JIO kak
CJIOXKHOW CHUCTEMBI U TPEeOYIOUIUX pa3HbIX
HampaBJICHUN ONTUMU3ALIUH.

2. st OAO «P2K/1» Hanmune coOCTBEH-
HOM CHCTEeMBI KJTaCCU(PUKALINK 1 KEPAPXUH
JIO pemiuT cucTeMHYI0 MPOOJeMy B3aUMO-
IeWCTBUS B y3/1axX IIPpW OpraHU3allny Tepe-
BO30K TPY30B, YIIPOCTUT UACHTHU(PUKALINIO
00BbEKTOB TPAaHCIOPTHO-JTOTUCTUYECKOU
MHGPACTPYKTYPHI C YIETOM KIIMEHTOOPHUCH-
TUPOBAHHOCTHU M 0OCCIICYNT palliOHAJIbHOE
MIPOCKTHUPOBaHNE O0BEKTOB OMTOPHOU Tep-
MUHAJIBLHOW CETU.

3. MaTtemMaTu4ecKoe MOIEIMpPOBaHUE
IMO3BOJISIET IPU MMPOCKTUPOBAHNHN JIOTUCTH -
YeCcKUX 00beKTOB (hopMasn30BaTh psiJ 3HA-
YUMBIX ITApaMeTPOB. DTO TOMOXKET BBICTPO-
WUTh IJIST XKEJIE3HBIX JOPOT TePMHUHAIBHYIO
CeThb, PabOTAIOIIYIO B peXUMe, HEOOXOIU -
MOM U TOCTaTOYHOM JIJIsI Ipy301epepadboTKu
COOTBETCTBYIOIIETO KaUyeCTBa.

4. TlpennoxeHHass METOAUKA MOXKET
HalTU MpUMEHEeHMWE MPU PeIleHUU LIUPO-
KOTO CIIEKTpa BOTIPOCOB B XOJI¢ TPOSKTUPO-
BaHUSI M SKCIIyaTallid OOBEKTOB TEPMMU-
HaJIbHO-CKJIaACKON MHOPACTPYKTyphl Ha
JIF00OM BHJI€ TPAHCITOPTA, TOCKOJIBKY OTJIH -
YaeTCcsl yHUBEPCAJTbHOCTHIO I KOMIIIEKCHO-
CThIO.
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METHOD OF CONSTRUCTING A NETWORK GRAPH OF THE LOGISTIC OBJECT
STRUCTURE

Malikov, Oleg B., Emperor Alexander | St. Petersburg State Transport University, St. Petersburg, Russia.
Pokrovskaya, Oksana D., Siberian Transport University, Novosibirsk, Russia.

ABSTRACT

The quality of solutions in the design and
operation of individual logistic objects influences the
efficiency of the entire terminal-storage infrastructure
of the country’s railways. In the proposed research
method the structure of a logistic object in the form
of agraph of its structure, the positions of the general
theory of systems, graph theory, dynamic
programming and the search for the shortest
distance are synthesized. A distinctive feature is the

universality of the method when using indicators of
different dimensions (cost, time, relative expression).
The theoretical basis of the methodology is a
combination of economic and mathematical methods
and conceptual provisions that make it possible to
find an optimal solution from a set of feasible
solutions. The categorization and classification of
logistics objects was carried out, a parametric
description and a formalized modeling of their
structure were given.

Keywords: general theory of systems, graph theory, logistic object, logistic district, logistic area,
mathematical model, network graph of a structure, parameters of logistic objects, classification, railways,

transport, terminal-warehouse infrastructure.

Background. Further development of terminal-
warehouse infrastructure of the country’s railway
transport envisages the formation of logistic objects
(LO), which will ensure the effective implementation
of transport and logistics services and the
infrastructure basis of transport systems for the
delivery of goods to consumers.

Obviously, the results of the entire terminal-
warehouse infrastructure of railways depend on the
quality of design and operation of LO at the regional
level. The relevance of the topic is also evidenced by
the following: 1) the absence of a generally accepted,
unified hierarchical approach to the classification of
logistics facilities, which complicates the
understanding of all participants in the transport
processoftherole of LO; 2) the need forcomprehensive
planning for the development of LO for a number of
parameters with different dimensions in conditions of
insufficient consideration of the question of a universal
methodology for multi-criteria design of the optimal
structure of a logistic object [2].

Objective. The objective of the study is to develop
a methodology for forming a graph of LO for formation
of its structure with the best parameters. The following
tasks are solved: 1) categorization and classification
of LF; 2) parametric description and formalized
modeling of the structure of the logistics facility;

3) development of a network graph of the LF structure
for selecting the best parameters.

Methods. The authors use general scientific and
engineering methods, mathematical apparatus,
graph construction, categorization and systematization
methods.

Results.

1.Categorization and classification

Under the logistic object we understand any
object included in the transport-warehouse
infrastructure of a local scale, physically providing the
implementation of transport and warehousing
services for various clients and focused on the totality
of the characteristics in a spatially defined area.

Taking into account the hierarchy of its position in
the transport and logistics system, the object is
transformed into more complex entities — district and
area. (See Pic. 1).

Logistic district is a combination of LO of a certain
degree of economic and technological interaction
located in geographical proximity for integrated
logistic support of transportation processes.

Logistic area is a territorial logistical entity of a
global scale that occupies a significant part of the
country’s transport and logistics infrastructure and is
integrated into national and international transport
processes [3].

CLASSIFICATION OF LOGISTIC OBJECTS AND THEIR HIERARCHY

t f

LOGIsTIC ities of
occupying a tof the country

LOGISTIC DISTRICTS-set of

i

interaction, located in a geographical | q—|

(its region, territory) and integrated into national and intemational cargo

g
of various clients, concentrated according to aset of

traffic processes proximity for complex

Ll featuresina spatially certain district

Level Country

Transport-logistic hub

Level

Level Region — Logistic platform infrastructure

local  —{— Logistic park/Logopark/Distribution park

Logistic center

1

Transport-logistic system

Transport terminal

Level Territory T

Level
H Enterprise

— Distribution center

Cargo/logistic hub

COMPLEXITY OF LOGISTICS SERVICES AND OBJECTS OF VALUE ADDED LOGISTICS.

Transport-logistic duster

TRANSPORT CORRIDOR DIRECTION

Warehouse.TWC

Cargo districts and specialized sites

Pic. 1. The proposed system of hierarchy and classification of LO.
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In accordance with these definitions, the authors
developed a classification of LO, depicted in Pic. 1.

Thus, according to the classification, the objects
that are at the level of individual enterprises (cargo
areas and specialized sites, warehouses, terminal-
warehouse complexes and transport terminals) and
at the level of the city / node agglomeration (logistic
center, transport and logistics hub, multimodal
transport and logistics center) belong to logistic
objects (in the order of increasing the hierarchical
value, taking into account the quantitative indicators
and complexity of the logistics service, see the arrow
on the left). The darkened blocks connected by an
arrow represent the sequence of the transformation
(evolution) of the logistics object to the logistics area
and the entrance to the global level according to the
scheme «Logistic Object (ITLT)» — «Logistics District
(Gateway)» — «Logistic Area (Terminal Net)». This
corresponds to the direction of the development of
the transport corridor (see arrow below).

It is proposed to attribute to the logistics districts
objects of the level of the local infrastructure: cargo
/ logistics hub, dry port, logistics / distribution park
and gateway.

The logistic areas are objects of the territory level
(transport and logistics cluster, transport and logistics
system), region (logistics platform) and countries
(terminal network).

This classification can be used for: 1) identification
of LO taking into account the design, type of storage,
size, technical equipment, etc.; 2) the choice of LO
with regard to its functional capabilities, dislocation,
etc.; 3) determining the role and place of LO in the
transportation processes; 4) systematization and
convenience of an integrated representation of the
entity and species diversity of LO; 5) unification,
simplicity and convenience of identification of type of
LO [4].

2. Parametric description and formalized
model of structure.

The parametric structure of LO of any format can
be described by the mathematical expression of a
number of significant characteristics.

The formalized model of the LO structure in the
general modular-block form looks as follows:

ZSLOi = I:Sspal; Stmn; Sscr;secon 5 Stech :I ’ ( 1)
i=l
where S,,— is the modular structure of the i-th
logistics object, consisting of n typical elements; Sspm
is a spatial module-block; S, is a transport module

block; S, is a service module block; S, is an
organizational and economic module-block; S, is a
structural and technical module-block.
In block form:

ZSLOi = [Sspal (Sler;Sst);

i=l

Siean Qeargos V)38 er (Vo3 Qi )3

Secon(Tsl;jzzargo;YIr); > (2)

Stech (Nsl 5 Qlum )

where S, is a modular structure of the i-th logistic

object, consisting of n typical elements; S_ is a
group of a spatial module-block; S, is a total area
of the territory, occupied by the i-th logistic object,
ha; S, is a total storage area of the i-th logistic object,
sq. m.; S, . is a group of parameters of a transport
module-block; ngo is a total processing capacity of
all specialized storage areas and storage facilities

on the i-th logistic object, tons/year; N, is a number
of modes of transport serviced by the i-th logistic
object, units; S_, is a group of parameters of a service
module-block; N_, is a range of logistics services
provided by the i-th logistics objects; Q ,, is a volume
of added value of transport-logistics and warehouse
services rendered by LO, Value added logistics is
«logistics of added value», %; S, is a group of
parameters of an organizational-economic module-
block; T, is a cost of rent of 1sq. m of storage, rub.;
Tca,go is a cost of processing of 1 ton of cargo at the
warehouse, rub.; T, is tariffs of modes of transport
to be joined in the LO (including the service of the
«last mile») and the services accompanying
transportation (use of cars, infrastructure,
locomotives), rub.; S, , is a group of parameters of
the structural-technical module-block; N is a
number of specialized storage areas and storage
objects in the i-th logistics object, units; Q,, is
provision of LO with loading-unloading mechanisms
LUM of appropriate capacity, %.
In the expanded form:

is V385 Siers Qeargos N
Loi — . . . . .
i=1 Nscr > QVAL > ];l > 7;argo 4 ]—;r ’ Qlum ’

where S, is a modular structure of the i-th logistic
object, consisting of n typical elements; N, is a
number of specialized storage areas and premises
for storage of cargo in the i- th logistic object, units;
S, is a total area of storage volume of the i-th logistic
object, t or m%; S, is total area of the territory,
occupied by the i-th logistic object, ha; ngo isa total
cargo turnover of all specialized storage sites and
premises for storage of cargo in the i-th logistic object,
ton/year; N, is a number of modes of transport,
serviced by the i-th logistic object, units; N_, is a range
oflogistic services, rendered by the i-th logistic object,
units; Q,,, is a volume of added value of transportand
logistics services and storage services rendered by
LO, Value added logistics is «logistics of added
value», %, T, is a cost of rent of 1 sq. m of storage,
rub.; T, . isa cost of processing of 1 ton of cargo at
the Ware%ouse, rub.; T, is tariffs of modes of transport
to be joined in the LO(including the service of the «last
mile») and the services accompanying transportation
(use of cars, infrastructure, locomotives), rub.; Q,
is provision of LO with loading-unloading mechanisms
LUM of appropriate capacity, %.

The structure of the LO as a complex modular
system in the general form:

(3)

Wi = {Wtechnical |Wlechnological} . (4)
In the expanded form:
W, {Wload/accep.;Wumoad/deuv;Wm; }
Wi Wagas Weeans W Wiom (5)

where W moosica IS @ module of a technological block;
Wioasaccen 1S @ module of loading (acceptance) of
cargo; W IS @ module of unloading (delivery)
of cargo; W, isa module of cargo sorting; W isa

module of cargo storage; W, is a module of
additional service, realized by LO for a separate type

of cargo; W,.umea IS @ module of a technical block;
W js a module of external trunk transport of
acceptance and delivery of cargo; W, is a module

of cargo packaging arrangement; W,y is a module
of LUM acceptance-delivery, arrangement and intra-
warehouse processing of cargo.
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Pic. 2. Optimization pyramid of LO.

Pic. 3. The diagram of the solution’s core
for the network graph of the LO structure.

The state of LO is a set of indicators that identify
itin the general hierarchical system (defining its type)
and characterize its work as a whole.

The state of any LO is expressed by a set of
indicators (resources):

Xior =( X1, X5, X3, X, X) (6)

The parameters determining the state of LO (the
factors of its evolution):

XEZ;“=(ZI,Z2,Z3,Z4). (7)

This allows to form a multifactorial model of the
evolution of the LO, consisting of meaningful signs Xj
and influencing factors Zi.

F=XZ+X,Z,+..+X,Z,. (8)

Optimization of LO parameters proceeds step by
step in accordance with the optimization pyramid
(Pic. 2). So, at the lowest level, local decisions are
made aimed at optimizing internal parameters. At the
highest level, global positioning of the LO in the
terminal network is carried out.

Next, we will consider the technique of
constructing the network graph of LO for the optimal
parametric formation of its structure. As an example,
the lowest level of optimization of object parameters
is taken — the technical solution ( selection of the best
type of LUM - loading and unloading mechanisms for
intra-warehouse cargo processing).

3. Methodology for studying the structure
using the network graph

In the proposed method of studying the structure
of LO in the form of a graph of its structure, the
positions of the general theory of systems, graph
theory, network graphics, dynamic programming and
the search for the shortest distance are synthesized
[5, 6]. The universality of the method characterizes
the use of indicators of different dimensions (cost,
time, relative expression), the theoretical
significance — a set of economic and mathematical
methods and conceptual provisions that allow one to
effectively find optimal solutions from a set of feasible
solutions.

Adiagram of the selection of the solution core for
constructing the network graph of the LO structure is
given in Pic. 3, where: L __ is a set of variants of
decisions of structure of Lb; L is the subject area for
finding solutions when building a structure; L, is set
of options for parameter 1; L, is a set of options for
parameter 2; L, is the desired domain of the decision.

The network graphs of the structure when
choosing the optimal solution for the technical
equipment of the facility (including cost indicators)
set the permissible set of parameters and allow
designing the LO with optimal parameters of the
structure (Pic. 4).

The set of vertices X of such a graph is the
mapping of admissible generic variants of structural
elements from 1 to m, x — admissible alternative
general variants from 1 to n, and the set of arcs Z —
logical connections of the possibility of successive
union of these elements in the optimized internal
structure of LO. Each arc (arrow) Z corresponds to a
certain value (for example, it may be cost, time, load

Network graph of design of logistic object internal structure

D = load capacity

N

N INT (1)
N
N A
INT (v W
T2 (e )
INT (Mi) / 4
7/

Pic. 4. The general case of the network graph of constructing the LO structure.
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Network graph of selection of a type and quantity of LUM for a logistic object

2t

Same type 2 cargo INT (M1)
and
production
INT (M2)

Different
type and
production

Pic. 5. A special case is a network graph of the type and quantity of LUM for a logistic object.

capacity, performance or another meter, depending
on the specificity of the optimization task being solved)
Y (Y ) Yo Y- T lOCal solution M on the
i-th section of the INT graph is taken in accordance
with the following condition:

INT (Mi) = minX [Yi]. (9)

At the same time, arcs of the lowest order
(going from the key parameter X, not directed by
an arrow) do not have a value, since they indicate
the D—direction of optimization (in the example this
is the LUM load capacity), and the higher-order
arcs (the resulting sum of the cost for each
alternative variant of the network graph passage)
have total values equal to the sum of the minimum
values of the route.

A more complex structure of such a graph can be
obtained by considering several parameters ofthe LO
structure atthe same time. A simplified example is the
general form of the graph in Pic. 4 (the break shows
the transition to the consideration of a new parameter)
and a special case of constructing a network graph
for making a technical decision (see Pic. 5).

In a similar way, it is possible to build a graph to
solve any issue related to LO, starting from its
technical equipment and ending with internal
technological zoning, planning, etc.

Conclusions.

1. Formalization of the fundamental issues of
design and operation efficiency of logistic objects of
any format within the terminal-warehouse
infrastructure of railways makes it possible to obtain
target functions and parametric descriptions of LO as
complex systems, key elements of the terminal
network, delivery systems for individual goods and
the transport system of the country as a whole. The
formalized model of the logistic object should be
expressed in three aspects, grouping the main
parameters of the LO as a complex system and
requiring different directions of optimization.

2. For JSC Russian Railways the availability of its
own classification system and the LO hierarchy will

solve the systemic problem of interaction in the nodes
when arranging the transportation of goods, simplify
the identification of objects of the transport and
logistics infrastructure taking into account the client
orientation and ensure rational design of the objects
of the core terminal network.

3. Mathematical modeling allows us to formalize
a number of significant parameters when designing
logistic objects. This will help to build a terminal
network for railways, operating in a mode that is
necessary and sufficient for cargo processing of the
appropriate quality.

4. The proposed methodology can be applied in
solving a wide range of issues in the design and
operation of terminal-warehouse infrastructure
facilities on any mode of transport, since it is versatile
and complex.
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MaHunynsunoHHble CUCTEMbI MPUMEHSIIOTCS

B Ka4eCcTBe UCIOJIHUTEJIbHbIX MEXaHU3MOB
MOOUIIbHbIX TPAHCIOPTHO-TEXHOJIOrNYECKNUX
MawmH. B cTtatbe npeasioxeHsl NoaxXoab!

K MOAE/IMPOBaHUNIO0 AUHaAMUNYEeCKUX MPOLEeCCOoB
npv aKkcnyaTaunm Takmx cucTtem. 3tm
noaxonabl 6a3upyloTcs Ha pa3paboTaHHON
aBTOPOM KOMIMJIEKCHOM MaTeMaTu4eCcKoi
Mopgenu, y4utbiBaloLye B3anmMmogeiictene
MeXAay d/1eMeHTaMu NMATUKOMIOHEHTHOM
cucremsi «Paboynii opraH — MaHunynsynoHHas
cucrema — basoBasi mawumHa — OnopHoe
ocHoBaHue — OkpyxxaioLasi cpega».

MeToaom cTaTUCTUYECKNX UCTIbITAHUA

WJIN UMUTaLMUOHHOIO MOAEJINPOBaHUS
onpeaensTcs co4yeTaHns 3Ha4eHnn
paKTOpPOB Harpy>xeHHOCTHU B npeaesnax
KaXkgoro yuksia paborsi cuctemsl. 3atem

AN KaK[0ro coyetaHns pakTopoB CTpoUTcs
KyCcO4YHasi peann3sauusi npouecca n3aMmeHeHus
ANHAMUYECKUX YCUNNI NITN MeXaHUYeCKNX
HarnpspKeHWi B UHTEPECYIOLLNX 3J1IeMeHTax
HecyLye MeTaslJIOKOHCTPYKLUnn. 1o KycoYHbIM
peanun3aumnsiMm oLeHNBaeTCsl Harpy>X€HHOCTb
MaHUNyI4NOHHOM CUCTEMbI B Te4eHUe BCero
cpoka aKcrnyaTaumn.

Knoyesble ciioBa: MaHUMySLMOHHas cuctema,
TPaHCropTHO-TEXHOJIOrn4yeckasi MaluvHa,
OriopHas roBepxHOCTb, Maremarunieckas MmoaeJib,
AnHamuika, Harpy>KeHHOCTb.

BOTNPOCHI TEGP

KoMniiekcHass MmaTemaTtunyeckas
MozAenb MaHUNYNSAUMOHHOMN
cUcTeMbl MOOMNIbLHOM TPAHCMOPTHO-
TeXHONIOrM4Yeckov MaLUUHbI

Jlazepes Heopv Arexcandposuy — kanouoam
MexXHU4ecKux HayK, douenm Kagpeopul
«HUHopmamuka u npukraoHas Mexanuka»
bpsanckoeo eocydapcmeentoeo yHueepcumema umeHu
akao. U. I. [lemposckoeo, bpsuck, Poccus.

AHUTYJISIITUOHHBIE CUCTEMBI (1a-
nee — MC) ycraHaBIMBaIOTCS Ha
MOOWJIbHBIE TPAHCIOPTHO-TEXHO-
Jorndyeckue MamuHbl (naree — MTTM),
WCTIONIb3YeMble B Pa3IMUHBIX oTpaciisax. OHu
TaKKe MOTYT ITPUMEHSITHCS B KAYECTBE UCTION -
HUTEJIbHBIX MEXaHU3MOB JIJIsI YCTAHOBKY pa-
0OYMX OpraHOB CIEMAIbHBIX MaliH. Han-
OoJiblliee pacpOCTPaHEHUE MOJYYUSIU THI-
paBJIMYeCcKre MaHUTYJATOPBI (KpaHbI-
MaHUMYJASTOPBI) 00Ilero Ha3HaYeHUs,
MPEVMYIIIeCTBEHHO JIJISI BHITIOJIHEHUST TTOTPY-
30YHO-Pa3rpy30YHBIX pA0OT B YCIOBUSIX Orpa-
HUYEHHOTO MpocTpaHcTa [1].
Cy1iecTByIOIIMe METOAUKHA MOJIETMPOBA-
HUS 9KCITyaTallMOHHOW Harpy>XXeHHOCTHU
MC, kak mpaBWJIO, pacCMaTPUBAIOT UX KakK
M30JIMPOBAHHBIN OOBEKT, yCTAHOBJIEHHBI Ha
HETMOJIBMXHOM ocHOBaHUM [1—5]. 3BeHbs
MaHUITYJISILIMOHHOM CUCTEMBI MOTYT MOJIEITH -
poBathcst 6e3 yueta [ 1—3] wim ¢ yuetom [4, 5]
yrpyroii mogatiuBoctu. Ho B peanbHBIX
ycnoBusix akcrtyatauu MTTM He rapaHTr-
pyeTcsl BBITIOJHEHUE JAaHHOTO AOMYIIEHUS.
B wactHocTH, B pabote [6] paccMoTpeHa MO-
nenp nBukeHuss MTTM c rpy3om nipu Hepa-
0oYeM COCTOSIHUM KpaHa-MaHUITYIITOpa,
cojepxallas 3JeMeHTbhl 0a30BOTO LIACCU
1 MaHUTYJISIMMOHHOM crucTeMbl. OqHaKO JJIsT
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psana MTTM pab6orta MC MOXET COIMPOBOXK-
JIaThCs TepeaBUKeHEM 0a30BOi MaITUHBI
(JrecHasi TeXHMKa, 9KCKaBaTophl). Kpome Toro,
JlaXke MOJ YCTaHOBJCHHBIM Ha ayTpurepax
mraccu mpu padbore MC Bo3MokHa aedopMa-
UST OTIOPHOM MOBEPXHOCTH (YIUIOTHEHUE
rpyHTa) [7]. B cBA3M ¢ 3TUM TpebyeTcs najb-
HelIee COBEepIICHCTBOBAHWE MaTeMaTHye-
CKUX MOJEJICH, YTOOBI JydIlle YIUTHIBATh
B3auMHoe BiugHue MC, 6a30BoTO 1Iaccu
MTTM u necopMUpPyeMOTO OITIOPHOTO OCHO-
BaHUS.

IIpenmaraemast mas MOAOOHBIX Ieeid
KOMIUICKCHAsI MaTeMaThuJecKasi MOJEIb CO-
CTOUT M3 COBOKYITHOCTH ITOJMOJICIICH, YIUTHI-
BarOIIMX TMHAMUKY KaXKIOTO M3 KOMITOHEHTOB
cucteMbl «Pabounii opraH — MaHuIyasILM-
oHHas cuctema — bazoBasg mammHa — Otop-
Hoe ocHOBaHMe — OKpyXamiIas cpema»
(puc. 1).

IMoncucrema 0 0ObeAMHSICT BHEIITHUE BO3-
IeMCTBUS OKpYXKalolieil cpenbl (BeTpoBas
Harpys3ka, TeMIlepaTypHOe BO3ICHCTBUE,
MMITYJIbCHOE BO3ICHCTBHE).
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IMoncucrema I BKiTIouaeT B ce0s1 2JIEMEHTHI,
pacnioyioxkeHHble mog MTTM, co3pawiiue
CWJIBI peaKLIMU Omop. BiustHue 31eMeHTOB
moacucTeMbl Ha padoTty MC y4uUTHIBAIOT:
MaTeMaTh4YecKasi MOICIb OTIOPHOM TTOBEPX-
HOCTH (MOIEIIN MaKpO- U MUKPOHEPOBHOCTH )
1 MaTeMaTUJecKast MOIEINIb Ae(POpMIPYeMOTo
OITOPHOTO OCHOBaHUs (IIPU MEPEeABIKCHUN
0a30BOI1 MAIIIMHBI WX paO0OTE MAHUITYJISIIIN -
OHHOI CHCTEMBI OTTIOPHAs TOBEPXHOCTH ITOC-
TOSHHO M3MeHSeTCsI). MOXHO BBIICIUTH
CJIeIyIOIIINE BUABI Ae(hOPMUPYEMOTO OITOPHO-
IO OCHOBAHUSI: IJIsI CYXOITyTHBIX TPAHCIIOPT-
HBIX CPEACTB (TPYHT, JOPOTA), XKeJIC3HOTOPOXK-
HBII MyTh, XXKUIKOCTD (VIS TUTABYIMX TpaHC-
ITOPTHBIX CPENICTB).

IToacucrema Il BkIIOUAaEeT 31€MEHTH
MTTM (6e3 anemerToB MC) — 3JIeMEHTBI
6a30Boii MarHbl. OCHOBHBIMM M3 HUX SIBJISI -
FOTCSI KOPITYC, 3JEMEHTHI TTOIBECKH, TBVXKH-
TeJIb, IBUTATEIb C TPAHCMUCCHCH, ayTPUTEPHI.
ITpu padore MC yuuThiBaeTCsA BIMSHUC ay-
TpUrepoB, a npu aBuxeHun MTTM — He
YUUTBIBACTCSI. MOXHO BBIIEIUTD CICIYIOIIIE

Jlarepes U. A. KomnnekcHas maTemMaTudyeckas Mmoaesib MaHUNynsa4uOHHON CUCTEMbI MOOUITBHOW
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Puc. 2. 0606weHHas mogens 6azosoro waccu MTTM.

BU/IbI 0A30BbIX MAIIMH: KOJIECHOE WU Tyce-
HUYHOE [IaCCH, XeJIe3HOIOPOKHbBIN KUTIAXK,
TJIaByvee TPaHCTIOPTHOE CPENICTBO.

IMoacucrema I11 Bmouaet anemeHTH MC:
3BEHbS MIAPHUPHO-COUYTIEHEHHOU CTPEJbI,
TUAPOLVJIMHAPHI, AapHUPHI. Takxke B 3Ty
TIO/ICICTEMY BXOJISIT IOBPEXICHUS,, TIOJTyIeH-
uble MC B Xofie 9KCIITyaTalinm (pa3pymeHus,
JOQTHI).

IToacuctema IV BKJIOUaeT rpys, 3akpen-
JICHHBI/ Ha XE€CTKOM WJIM TMOKOM TIO/IBece
BMECTE C TpPy303aXBaTHBIM OPraHOM, WJIU
CIeurualiu3upoBaHHbI pabouyuii opraH
MTTM (rpeiichepHbiil 3axBat, Cyukope3Hast
TOJIOBKa, (ppe3a, Korep).

Ecnu 3Benbst MC cunTatorcst abCooTHO
KECTKUMU, TO UX JUHAMUKA OTIMCHIBAETCS
ypaBHEHUEM BUA:

[H(@){q”} +{C(q, ¢, H}={1},

roe {t} — BEKTOp 00OOIIEeHHBIX YCHUJIMIA;
[H(g)] — maTpuiia nHepUMU, KOMITOHEHTBI
KOTOPOW 3aBUCAT OT OOOOIIEHHBIX KOOPAU-
Hart; {q”’} — BEeKTOp 0000IIEHHBIX YCKOPEHMUIA;
{C(q, q’, F)} — BekTOp, 3aBUCIIINI OT 0000-
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LLIEHHBIX KOOPIUHAT, 0000I1IEHHBIX CKOPOCTEH!
¥ BHEIIIHUX Bo3zeiicTBuit F [2].

YpaBHeHus nBrkeHust 3seHbeB MC ¢ yue-
TOM yNPYTroi MOAATIMBOCTU CTPOSITCS C UC-
TIOJTB30BAaHUEM METOJIa MHOXUTENeH JlarpaH-
Ka, TO3BOJISIIOIIETO YYECTh KOHCTPYKIIMOH-
HbI€ OTPAHUYEHUS:

Mg, + CqTﬁ' = Q,,,le -0, - Qﬁ,. >

e C, — MaTpuLia ypaBHeHMIA CBSI3H; A — MHO-
xutenu Jlarpanxa, Q — BEKTOP BHELIHUX
cuit; Q. — BEKTODP YCUJIMI, 3aBUCAILIUX OT
KBaJIpaToOB CKOPOCTeid; O, — BEKTOP YIIPYTHUX
cu [4, 5].

IMoctpoeHa MateMaTruecKast MOAEIb CU-
JIOBOTO TUIIPOTIPUBO/IA, OPMEHTHPOBAaHHAsI HA
ee BKJIIOUEHUE B CTPYKTYPY KOMIUIEKCHOM
MaTeMaTU4eCKOW MOJeJ M MHOTOIEeeBOM
MTTM. Mogesib NO3BOJISIET ONMPEIETUTh
ycuIusi, AeiicTBywomme Ha 3BeHbst MC,
M TIpe/ICTaBIIsieT coboit cuctemy nuddepeH-
LIMAJIbHBIX U alreOpanyeckKux ypaBHEHU I
OTHOCHUTEJIbHO MCKOMBIX HEM3BECTHBIX: JaB-
JieHue (p,) U pacxon (Qj).

Jlarepee U. A. KomnnekcHas MaTeMaTu4eckasd MoAesib MaHUNYNALUOHHON CUCTEMbI MOOUITbHOM
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Puc. 3. MeToamnka moaenmpc av

Cy1iecTByeT OOJIBbIIOE KOJIUYECTBO 0a30-
BbIX maccu MTTM, npenHazHaYeHHBIX IS
YCTaHOBKM MaHUMYJISILIMOHHBIX cucTeM. Han-
OoJpllice BAMSHWE Ha JUHAMUKY 0a30BOi
MAallIUHBI OKa3bIBaeT TUIT ABKuTeas1. O0600-
EHHAaA MOAEJIb 0a30BOM MaIlIMHBI TTOKa3aHa
Ha puc. 2.

VYpaBHeHUST IBUKEHUST CUCTEMBI B 00IIIEM
BUJIE TIpUBEAEHBI HYKe. J171s1 ToppeccopeHHOM
Macchl 0a30BOI MallTMHBI Han0oJIee BasXKHBIMU
SIBJISTFOTCSI TIEPBBIE TPY YPaBHEHUST ABVKEHMUSI.
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koW Harpy>xeHHocTu MC MTTM.

e c, ,, o, ,,— KO3(MMUIMEHT YIIPYTOCTH 1 BA3-

KOCTU 23JIEMEHTA IMOABECKM MAaCChI mk”; Ciop

o, ,, — KOO(hOULUEHT YIPYrOCTU U BA3KOCTU

QJIEMEHTAa ITOABECKU MaCChI mkzl.; Coi O™ KO-

(P GUINEHT YIPYrocT U BSA3KOCTU PaMbl
0a30BO MaIlIMHBI IJI BO3IAENCTBUI CO CTO-

POHBI DJIEMEHTA MOABECKH MacCChl m, ; C, .,

o, — KOI(OULMEHT YIPYrOCTU U BA3KOCTU
paMBbl 0a30BOT MAILLIMHBI 1JIST BO3IEIICTBUS CO

CTOPOHBI 2/IEMEHTA [OIBECKN MACCBI M, ,; C .

T s KO2(DOULIMEHTHI YIIPYrOCTU

U BSI3KOCTH ayTPUTEPOB U paMbl 6a30BOIi Ma-
LIMHBI JUISI BO3ACHCTBUSI CO CTOPOHBI ayTpH-
repoB; ¢, o, — KOI(POUIKMEHT yIpyrocTu
M BSI3KOCTHU paMbl 0a30BOM MalllMHbBI IJIsT
BO3IEMCTBUSI CO CTOPOHBI MAaHUIYJIATOPA;
§, — MHOXHUTEJb IS BbIOOpa 3HaKa (eciu
CHJIa CO CTOPOHBI OIIOPHOIO 3JIEMEHTa IIPU-
BOIMT K IOJIOXUTEIHBHOMY BpalLEHUIO s¢=1,
K OTPHLIATEIBHOMY — 5, = —1); Rykij’ Ryakij —pac-
CTOSIHME OT LIEHTPA TSDKECTU 10 TOYKM Kpell-
JIEHUSI OIIOPHOTO 3JIeMEeHTa BIOJIb OCH y; R

xkij®

Rxakij — pacCTOsIHHE OT IIeHTpa TSKECTU 10

TOYKHU KPETUICHUST OIIOPHOTO 3JIEMEHTA BIOJIb
ocux; F, N Fy - Fy i — YIIPYTHE CHIIBL, IIPH
CABUTAX BIOJIb OCEI X 1 Y BHIYMCIISIEMbIE aHa-
JIOTUYHO cuam F, i 1 Faﬁ, HO C COOTBETCTBYIO-
IIUMHU KECTKOCTIMU U KO3 PUIIMeHTaMU
JVICCUTIALIVH; X, U ¥, — KOMITOHEHTBI BEKTOPOB

R; B—BbIcoTa TOUKM G HAJl LIEHTPOM TSKECTH.
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AVHaMUKN NPY ABWKEHUN PYKOSITU: .
a — rpacpuk nameHeHus1 0606 eHHO
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6 — rpagpuk U3MEeHeHUs1 MaKCUMasibHbIX 6)
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[TapameTpbl onpenensitoTes 1100 aHaTUTHYe-
CKUM TTyTeM, JIMOO C MOMOIIbIO METO/Ia KO-
HEYHBIX 2JIeMEeHTOB [8]. MaHUIyISILIMOHHAs
cucTteMa BO3IEeHCTBYeT Ha 0a30BO€ IacCU
MOCPEACTBOM IIECTU CUJIOBBIX (DAKTOPOB: CUJT
P, Py, Pz 1 MOMEHTOB M, My , Mz.

Hedopmalist OOpHOro OCHOBaHMsI £ MOL
OTOPHBIM 2JIEMEHTOM UCCJIEYEeTCS C UCTIOb-
30BaHUEM HEJIMHEWHON TEOpUU YIPYyro-Bsi3-
KO-TUTaCTUYHBbIX MaTepuraioB. C 3Tolt 1ie/blo
CTPOUTCS 3aBUCUMOCTb IS OTHOTO U3 BUIOB
1IaCCU: TYCEHUYHOTO WJIM KOJIECHOTO CO Cla-
0olf uiM cuabHOI Hakaukoil konec. Takas
3aBUCUMOCTD BBITJISIIUT CJIEAYIOIIMM 00pa-
30M:

e =¢e(t,E,K,0,t1),

rae ¢t — BpeMsi; £ — MTHOBEHHBI MOJYJb
nedopmarmm; K — GyHKINS CKOPOCTH 10T~
3y4ecTu; ¢ — HampsiKeHus (JaBieHue)
B TOYKE KOHTaKTa OMOPHOTO 3JeMeHTa
1 OMOPHOTO OCHOBAHUA; ! — BpPeMsl KOHLA
npotecca aedopMaluy rpyHTa nojJ OoropHbIM
ajieMeHTOM [7].

s pacyera METAITOKOHCTPYKIIUM MaHU-
MyJISIUMOHHOM CUCTEMbI Ha TPOYHOCTh HEO0-
XOJMMO OTPEeTUTh HEMOCPEICTBEHHO Jeii-
CTBYIOIIIME HA Hee Harpy3Kud U BeJIUUYMHBI
COOTBETCTBYIOLIMX HAIPSKEHUN B OMACHBIX
TOUKaX, CEUEHMUSIX, 2yieMeHTax. OlieHKa T1MHa-
MMYECKOI Harpy>k€HHOCTU MPOBOAMTCS TO-
cJie MOCTPOEHUST BEPOSITHOCTHOTO CeMeCTBa
peanu3alnuii mpouecca U3MeHEHUsT HarpsiKe-
HUI B omacHbIX MecTax. OO aJlTOPUTM
OLIEHKU AUHAMWYECKOI Harpy>keHHOCTH CO-
CTOUT U3 TANoB, MOKa3aHHBIX Ha puc. 3.

1. B xone *MUTallMOHHOTO MOJAEIUPOBaA-
HUS OTIPEAEJISIIOTCSl TOUHbIE 3HAYEHUs CIIy-
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JailHbIX (PAKTOPOB HArpyxXeHHOCTH Q, ISt
KaXJJI0ro 1MKJIa paboTbl MAaHUMYISILIMOHHOMN
CUCTEMbl MOOWJIBHOM TPAaHCTIOPTHO-TEXHOJIO-
TUYECKON MalllMHbI B TEUEHWE UCCIEAYeMOTO
nepuoaa padboThl.

2. MoaenupyloTcsl AMHaMU4YeckKue Mmpo-
1eccel B MC ¢ ucnojib30BaHUEM JETEPMUHU -
POBAaHHOW KOMILIEKCHOU IMHAMUYECKOW
moaenu. CMoaeaMpoBaHHbIE 3HaUYeHUS (hak-
TOPOB HArpy>keHHOCTHU CJIy>XaT UCXOAHBIMU
napameTpamu 3TUX Mojeneit. Pesynsrat Mo-
JIeTUPOBAHUS TTPEeICTaBIsIET COO0I KYCOUHYIO
peanuzaluio mpolecca Pj(t) M3MEHEHUS Xa-
pakTepucTUK HarpyxkeHHoctu MC.

3. B pesysbrare U3 KyCOUHBIX peaiu3aliuid,
COOTBETCTBYIOIIUX PA3TUYHbIM COYETAHUSIM
(bakTOpPOB HAaTrpy>KEHHOCTHU, CKJIaIbIBa€TCs
UTOTOBas peanusalus P(t) nmpolecca usMeHe-
HUS XapaKTEPUCTUKU HArPy>KEHHOCTH (IMHa-
MUYECKUX YCUJIUI WU HATIPsDKEHW I B MeTalT-
JIOKOHCTPYKILIUM).

4. JaHHBII MPOLIECC MHOTOKPATHO MOBTO-
psieTcs1, TToce Yero oka3biBaeTcst cChOopMupo-
BaHHbBIM BEPOSITHOCTHOE CEMENCTBO peayin3a-
uuii. [Tpy HEOO6XOAUMOCTU BBIMOJHSIETCS
cxeMmaTu3alus pe3yabTaToB MOAEIUPOBAHUS
Harpy>K€HHOCTU (CTPOSITCSI OJJOKM WY OMpe-
NIEJISIIOTCS 3aKOHbBI pacpeieIeHus ).

C ucnoyib30BaHMEM pa3paboOTaHHOI MO-
JIEJTU BBITTOJTHEHO MOJIEIMPOBAHUE TMHAMUKU
Tpex3BeHHOM MC MTTM ACT-4-A Ha 6a3ze
TYCEHUYHOTO TpejeBouHoro TpakTopa TT-4M
[5, 6, 8]. MaHUITyISILMOHHAS CUCTEMA JaHHON
MalIMHbI COCTOUT U3 TPEX 3BEHbEB: MOBOPOT-
HOM KOJIOHHBI, CTPEJIbI U PYKOSITU, HA KOTOPOI
3aKperieHa KplokoBas mojaBecka. 3seHbst MC
MOTYT JBUTAThCSl KaK pa3faesbHO, TaK U COB-
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Puc. 5. Ipacpuk nameHeHns: BepTUKasibHOV KOOPANHaTBI TOYKM noaBeca rpysa MC MTTM ACT-4-A:
1 — npu pa3aensHOM ABWXeHUN (CHa4Yana ABUXeTCSs CTpesa, MOTOM — PYKOSITb);
2 — npu cOBMECTHOM ABVMXXEHUUN 3BEHbEB.
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Puc. 6. pagpuk namenenuns ycunuii B rugpounnuHapax MC MTTM ACT-4-A: 1, 2 — rugpounnnHap npusoaa
cTpenbi; 3, 4 — ruapounnuHap npusoAa pykosatu; 1, 3 — npu pasaenbHOM ABWXeHUU (CHaYana ABUXeTcCs CTpena,
NMOTOM — PYKOSiTb); 2, 4 — NPy COBMECTHOM ABVXXE€HUMN.

MeCTHO. Pe3ynbsraThl MOACIMPOBAHMS TMHA-
MUKU IIPpU ABVDKeHUU pyKositiu MC mipuBene-
HBI Ha puc. 4. [TomoxkxeHue ee onpeneaseTcs
00001IIeHHOI KOOPAMHATOM ¢ -

Yrpyrocts 3BeHbeB MC 00yciaBanBaeT
KoJe0aTeIbHBIN XapakTep rpaduKkoB (puc. 4)
Jaxke Ha 3Talle yCTaHOBUBIIIETOCS AIBIDKCHUS,
KOTIa pelIeHue I MOACIN C XECTKUMU
3BEHBSIMU JacT HyJIeBoe 3HaueHMe. Pazmax
KOJIe0aHUI BEeTUYUHBI YCKOPESHUS TIPA 3TOM
nmocturaeT 15—20 MIla. JInutenbHOCTD nepe-
XOIHOTO IIpollecca MpU Hadayie TBWXKCHUS
3BeHa yBenumunBaetcs ¢ 0,1—0,2 ;o 2,0—-2,5c.

I[uaponpuBoa 1 KMHeMaTUYeCKasl cxema
MC MTTM ACT-4-A morryckaeT OmTHOBpE-
MEHHOE ABIDKCHUE PYKOSITU U cTpesl. [Tpu
9TOM IT0oJa4a Hacoca PacIpeiesiseTCsT MEXKIy
TUAPOLMINHIAPAMHU depe3 IeIUTEeTb pacxoma.
Ipacduk n3MeHeHNST BEPTUKATBHOU KOOPIH-
HaTBI TOYKH TTOJIBECA TPy3a IIPU COBMECTHOM
IBVDKCHWU CTPEJIbl U PYKOSTU MOKa3aH Ha
puc. 5. Uepe3 15—16 ¢ pyKosTb TOCTUIaeT
KpalHEeTo MOJI0XKEeHNS 1 ¢ TIPUBOI OTKJTI0Ya-
eTCs. DTO BBI3BIBACT BPEMECHHOE YBEITMICHIE
AMIUTUTYIbI KOJIeOaHM (TTepeXOqHBIN TTPO-
necc). OctaabHOE BpeMsl paboTaeT TOJIbKO
TIpUBOJI CTpebl. Kak TobKOo cTpesia ocTura-
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€T KpaliHero mosioxeHus, ruapornpusons MC
MOJIHOCThIO OTKI0UYaeTcs. CoBMmenieHne
JIBUKEHU I MPUBOAUT K COKPAIIIEHUIO BpeMe-
Hu 1ukia Ha 40—50 %.

Ipaduk n3MeHeHUsT yCUIUIA B TUAPOLM-
suHapax MC MTTM ACT-4-A ipu coBMeCT-
HOM JIBMXXEHUM CTPEJIbl U PYKOSITU MOKa3aH
Ha puc. 6. BugHo, 4TO COBMeEIlEHUE TBUKE-
HUI MPUBOAUT K YMEHBIIEHUIO YCUIUI Ha
25-30 %.

OnHoW U3 Leei co3aaHus KOMILIEKC-
HOW MOJEJIU SIBJISIJIaCh BO3MOXHOCTD OLIEH -
ku yctoituuBoctu MTTM c yueToMm BIusiHUS
0a30BOIf MallIMHBI U AeopMaLInii OTTOPHOKI
noBepxHOCTU. PaccMoTpuM cityyait pe3koro
MpoceJaHusl TPYHTA MO OJHOM U3 TYCEHUI]
MTTM ACT-4-A. [1ocnie ycTaHOBKY Malllu-
Hbl Ha OMOPHOE OCHOBAaHUE MPOUCXOAUT
YIUIOTHEHHUE IpyHTa (CYTJIMHKA) Moa 00euMu
ryceHuuamu (puc. 7a). ToT npouecc AJIuT-
cAat, B MoMeHT BpeMeHU ¢ = 2 ¢ HAUMHAaeT-
cs moabeM rpysa. B TeueHue HEKOTOPOro
BPEMEHM /| TMHAMUYECKIE HArPY3KHU, BBI3-
BaHHbIe paboToit MC, NpuBOASIT K JTOTOJI-
HUTEJbHOMY YIIJIOTHEHUIO TPYHTA MO ryce-
Huuamu. CyMMapHOe YIJOTHEHUE AOCTU-
raet 3,1 cMm.
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Puc. 7. Pe3ynbratbl MOgenNpoOBaHUS MPOCanKu rpyHTa
nog MTTM ACT-4-A:
a — gecopmauyms rpyHTa nog ryceHuuen
Ne 1; 6 — nedpopmauyus rpyHTa nog ryceHuueii N@ 2;
B — 0006LeHHasi ckopocTbk pykositu MC; r — yron
60K0BOIro KpeHa 6a30BOro LacCyu MaLLNHbI.

Uepes 9,5 ¢ mocie Havaia rnogbeMa rpysa
HauMHAETCs MpOoCceNaHre IPyHTa O/ OTHOMN
U3 TYCeHUII, BEI3BAHHOE BHEITHUMU BO3MIEii-
CTBUSIMU (pa3MbIB UM OOPYIIIEHNE TIO3eM-
HOM TTYCTOThI). DTO MMPUBOIUT K PA30PYKEHUIO
OJTHOI TyceHUIIbl (pUc. 7a) U TOSIBIIEHUIO
cwibHOro kpeHa MTTM B mockocTH ycTa-
HoBku MC (puc. 7r). B MOMeHT BpemMeHU
t = 18 mpocanka rpyHTa MoJ Harpy>XeHHOM
TYCeHUIIEW, HeCylleld OCHOBHYIO HarpysKy,
HauMHAaeT CTPEeMUTETLHO BO3pacTaTh (puc. 70).
C HekoToprIM 3amo3ganuemMm B 0,3—0,5 ¢
MallvuHa HAaYMHAETCSI PE3KO HAKPEHSTHCS
(puc. 7t). Yron ycroitunBoctu mist MTTM
ACT-4-A cocrasisier 62,6°. IIpeBbliilieHKe

€ro NpuBeJET K NOTepe yCTOMYMBOCTU Malllv -
Hbl. I3 puc. 71 BUgHO, 4TO ¢ yuyeToMm aedop-
Maluii rpyHTa yxe Ipu ¢ = 55° HaunHaeTCs
pe3Koe yBeJInYeHUe yrjla HaKJIOHA MallluHBI,
KOTOPOE MPUBOJUT 3aTEM K €€ ONMPOKUIbIBA-
HUIO (TToTepe 0011el YCTOMUYUBOCTH).

BbiBO4bl

PazpaboTaHHas KOMIUIEKCHAs MOJIEIb MO-
JKET OBITh UCTIOIB30BaHA ISl MOJEIUPOBAHUS
JAHAMUKA U OLUEHKW JUHAMUYECKOW Harpy-
sxeHHoctT MC MTTM nipu paznuyHbIX pabo-
YUX PeXUMAaX: IBUXKEHUU OTIEJIbHBIX 3BEHbECB
CTpeJibl, COBMECTHOM BUXEHUU 3BEHBEB,
JBIDKEHUU 0a30BOI MAIlIMHEI C TPY30M Ha He-
moaBuxHoit MC, mpocaake TpyHTa TOJI
MTTM. Ilpu coBMelleHUU ABUXEHUU
3BeHbeB MC MTTM Bpemst IMKJ1a coKparia-
ercst Ha40—50 %, a ycunust, IpeofosieBaeMble
TMIPOILIIMHIpaMU, CHIKatoTcst Ha 25—30 %.
Peskast mpocaaka rpyHta nogx MTTM moxker
MPUBOAUTH K MOTEpPe OOLIEH yCTONYMBOCTH.
Puck Takoro pa3BUTHS COOBITUI MOXET ObITh
OLICHEH C UCIIOJb30BaHUEM pa3padOTaHHOU
KOMITJIEKCHOM MaTemMaTnueckoit momean MC
MTTM.
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COMPLEX MATHEMATICAL MODEL OF

THE MANIPULATION SYSTEM

OF A MOBILE TRANSPORT-TECHNOLOGICAL MACHINE

Lagerev, Igor A., Bryansk State University named after Acad. I. G. Petrovsky, Bryansk, Russia.

ABSTRACT

Manipulation systems are used as executive
mechanisms of mobile transport-technological

takes into account the interaction between the
elements of the five-component system «Working
body — Manipulation System — Basic Machine —

Reference Base — Environment». By the method of
statistical tests or simulation modeling, combinations
of load factor values within each cycle of the system
operation are determined. Then, for each combination
of factors, a piecewise implementation of the process
of changing dynamic forces or mechanical stresses
in the elements of the structural steel that are of
interestis constructed. For piecewise implementations,
the loading of the manipulation system during the
entire service life is estimated.

Keywords: manipulation system, transport-technological machine, bearing surface, mathematical model,

dynamics, loading.

Background. Manipulation systems
(hereinafter — MS) are installed on mobile transport-
technological machines (hereinafter — MTTM), used
in various industries. They can also be used as
actuators for the installation of the working bodies
of special machines. The most common are
hydraulic manipulators (general-purpose cranes),
mainly for loading and unloading operations in
confined spaces [1].

Existing methods of modeling the operational
loading of MS, as a rule, consider them as an isolated
object installed on a stationary basis [1-5]. The links
of the manipulation system can be modeled without
taking into account [1-3] or taking into account [4, 5]
elastic compliance. But in real operating conditions,

MTTM is not guaranteed to fulfill this assumption. In
particular, in work [6] the model of motion of MTTM
with a load is considered with the non-working state
of the manipulator crane, containing elements of the
base chassis and manipulation system. However, for
a number of MTTM, the MS operation can be
accompanied by the movement of the base machine
(forest machinery, excavators). In addition, even
under the chassis mounted on the outriggers, the
deformation of the supporting surface (compaction
of the soil) is possible during the operation of the MS
[7]. In this connection, further improvement of
mathematical models is required in order to better
take into account the mutual influence of MS, the basic
chassis of MTTM and the deformable support base.
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Mathematical model | : TR T— Ay \\
i 2| ofthe manipulation | ] Articulate ojfo s of links an . '\\ Y
i " b ", \
g system i \ \ \
i i . . . ",
i ;, Hydraulic drive of links , \\_ \\\
-] (hvdrocvlinders) ™ A N, \
] : h , Y
] i N \
i IS H J \ ™, A A
i 8 i \
: s 2P i : N, Y, 4
g Wheeled chassis “ N, Y \
H = £ : \ N, AY \
i . RN S
- = [Mathematical model | Tracked chassis Impact of ¥
g of the basic machine | | |}~ environment I y Operator
=S : Ll Railway vehicle T |
{5 T
Floating vehicle_ *a
] /
£
- /
. : Micro unevenness
Mathematical model it A ,f'" 5 S
of supporting base - + . .‘"
Macro unevenness
— ; /
g (area topology) /
2 / Model time ¢
A Deformable supporting | /
5 ‘base (for ground vehicles) /
7 | f
Mathematical model | : R 1 !
of deformable 1 Railway track (substructurel
. i and superstructure)
supporting base .
Subsystem 0 Liquid (for floating
i vehicles)

Pic. 1. Structure of complex mathematical model.
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Pic. 2. Generalized model of the basic chassis of MTTM.

Objective. The objective of the author is to components, the propulsor, the engine with the
consider a complex mathematical model of the transmission, the outriggers. When the MS is working,
manipulation system of a mobile transport- the influence of outriggers is taken into account, and
technological machine. when moving MTTM - is not taken into account. We

Methods. The author uses general scientificand  can distinguish the following types of basic machines:
engineering methods, mathematical methods, wheeled ortracked chassis, railway carriage, floating
calculation methods. vehicle.

Results. The complex mathematical model Subsystem lll includes MS elements: links of
proposed for such purposes consists of a set of  articulated jib, hydraulic cylinders, hinges. Also in this
submodels that take into account the dynamics of  subsystem there are damages received by the MS
each of the components of the system «Working  during operation (destruction, backlash).
body — Manipulation system — Base machine — Subsystem IV includes a cargo fixed to a rigid or
Support base — Environment» (Pic. 1). flexible suspension with a load-holding body, or a

Subsystem 0 combines external environmental specialized working body MTTM (clamp hook,
influences (wind load, temperature influence, impulse  delimbing head, milling cutter, ram engine).
impact). If the links of the MS are considered absolutely

Subsystem | includes elements located under  rigid, then their dynamics is described by an equation
the MTTM, creating the reaction forces of the ofthe form:
supports. The influence of the elements of the [H(q)]{q”’} + {C(q, q’, F)}={t},
subsystem on the work of the MS is taken into account ~ where {t} is a vector of generalized forces; [H(q)] is
by: the mathematical model of the support surface  a matrix of inertia, the components of which depend
(macro- and microroughness models) and the on the generalized coordinates; {q’’} is a vector of
mathematical model of the deformable support base  generalized accelerations; {C(q, q’, F)} is a vector,
(when the base machine moves or the manipulation depending on the generalized coordinates,
system works, the support surface is constantly  generalized velocities and external influences F [2].
changing). It is possible to distinguish the following The equations of motion of the links of the MS with
types of deformable support base: for land vehicles account of elastic compliance are constructed using
(ground, road), railway track, liquid (for floating the method of Lagrange multipliers, which allows
vehicles). taking into account the structural limitations:

Subsystem Il includes elements of MTTM ~ M,§,+C;4=0 -0,,-0 ,

(without MS elements) — elements of the base where Cq is a matrix of coupling equations; A\ are
machine. The main ones are the hull, the suspension  Lagrange multipliers, Q,is a vector of external forces;
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Q. is a vector of forces that depend on the squares  suspension element m,,; ¢ ., o .. is coefficient of

ofthe velocities; Q,,is a vector of elastic forces [4, 5].

A mathematical model of the power hydraulic
drive is designed, oriented to its inclusion in the
structure of the complex mathematical model of the
multipurpose MTTM. The model makes it possible to
determine the forces acting on the links of the MS,
and is a system of differential and algebraic equations
with respect to unknowns: pressure (p,)) and flow rate
(Q).
" There is a large number of basic chassis MTTM,
designed for installation of manipulation systems. The
greatest influence on the dynamics of the base
machine is provided by the propulsion type. A
generalized model of the base machine is shown in
Pic. 2.

The equations of motion of the system in general
form are given below. For the sprung mass of the base
machine, the first three equations of motion are the
most important.

AP aﬂ]
1.4, ZZZ[
Jy¢y7222[ sSeRuy + Fys,R,0y | =M, ~ POZ + PB;
mg, *ZZZ[ i+ Fu )= P,

ZZZ[ g+ B ]= P,

d ¢ zzz[ iV, T Xﬂ!'y&k/ +F;1kr/ +Fj‘“1ﬂxkgkj}7
=M_+POZ

R, |=M, +PB;

ﬂl/ s¢ xaij

L +( Coji +Ck!/)(xk!f 89 Ry =S, R +§kij(,))+

+( &y + Ay )(xkij =%, S¢¢yRykl S¢¢x xkr/) 0;

Mm%, + (clljl + € ) (xaji =2, = SRy =S, 0 Ry + fa,,(t))

+(aujl + anuy )(xaji %, S¢¢yRyaji - ¢¢x xajl)

where c,,, o, ,.is coefficient of elasticity and viscosity
of the mass suspension element m, ., C,,, o, IS
coefficient of elasticity and viscosity of the mass

elasticity and viscosity of the frame of the base
machine for the action of the mass suspension
element m,,; c ,, o, is coefficient of elasticity and
viscosity of the frame of the base machine for the
action of the mass suspension element m,,; Cop Coap
o, o, .are coefficients of elasticity and viscosity of
the outr/ggers and the frame of the base machine for
impact from the outriggers; c,, o, is coefficient of
elasticity and viscosity of the frame of the base
machine for manipulator action; s, is the multiplier for
selecting the sign (if the force on the side of the
reference element leads to positive rotation s = 1, to
negative rotation-s=-1); R i yak,/ is distance from
the center of gravity to the point of attachment of the
support element along the y axis; ka,/ Rxak,/ is distance
from the center of gravity to the point of attachment
of the support element along the x axis; ka,/, anﬂ, Fyk,/,
F,.; are elastic forces, with shifts along the x and'y
axes, calculated similarly to the forces F,, and Faﬂ, but
with the corresponding rigidity and dlSSlpatlon
coefficients; x, and y, are components of vectors R;

Bis height of the point G above the gravity center. The
parameters are determined either analytically or by
the finite element method [8]. The manipulation
system acts on the base chassis by means of six force
factors: the forces P, P, P, and moments M,, M, M,.

The deformation of the support base e, under the
support element is studied using the nonlmear theory
of elastic-visco-plastic materials. For this purpose,
the dependence is constructed for one of the chassis
types: tracked or wheeled with weak or strong
pumping of the wheels. Such a relationship is as
follows:
g,=¢eft, E,K,0,t),
where t is time; E is instantaneous modulus of
deformation; K, is a function of creep speed; c,is
stresses (pressure) at the point of contact of the
support element and the support base; t,_is the end
time of deformation process of the soil under the
support element [7].

To calculate the metal structure ofthe manipulation
system for strength, it is necessary to determine the
loads acting directly on it and the values of the
corresponding stresses at hazardous points, sections,
and elements. The evaluation of the dynamic loading
is carried out after the construction of a probabilistic
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Pic. 4. Results of modeling dynamics when moving the handle:
a — graph of the change in the general coordinate of the handle (angle of rotation);
b — graph of the change in the maximum equivalent stresses in the links;
1 - stresses in the handle; 2 — stresses in the lift arm.
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family of realizations of the process of changing move both separately and together. The results of
stresses in hazardous locations. The general modeling the dynamics when moving the MS handle
algorithm for estimating dynamic loading consists of — are shown in Pic. 4. Its position is determined by the
the steps shown in Pic. 3. generalized coordinate q,.

1. During the simulation, the exact values of the The elasticity of the MS links causes the oscillatory
random load factors Q,are determined for each cycle  character of the graphs (Pic. 4), even at the stage of
of operation of the manipulation system of the mobile  steady motion, when the solution for the model with
transport-technological machine during the period of  rigid links gives a zero value. The range of oscillation
work under study. of the magnitude of acceleration thus reaches 15—

2. Dynamic processes in the MS are simulated 20 MPa. The duration of the transient process at the
using a deterministic complex dynamic model. The  beginning of the movement of the link increases from
simulated values of loading factors serve as the initial ~ 0,1-0,2to 2,0-2,5 s.
parameters of these models. The result of the Hydraulic drive and kinematic scheme MS MTTM
simulation is a piecewise realization of the process AST-4-A allows simultaneous movement ofthe handle
P/ t) of changing the load characteristics of the MS. and liftarm. In this case, the pump feed is distributed

3. Asaresult, from the piecewise implementations  between the hydraulic cylinders through the
corresponding to different combinations of loading consumption divider. The graph of the vertical
factors, the final realization P(t) of the process of  coordinate change of the suspension point of the load
changing the loading characteristic (dynamic forces  when the lift arm and the handle are moving together
or stresses in the metal structure) is added. is shown in Pic. 5. After 15-16 seconds, the handle

4. This process is repeated many times, after reaches its end position and its drive switches off. This
which a probabilistic family of realizations is formed.  causes a temporary increase in the amplitude of the
If necessary, the simulation results of load modeling  oscillations (transient process). The rest of the time
are performed (blocks are constructed or distribution  only the lift arm drive works. As soon as the lift arm
laws are determined). reaches its extreme position, the hydraulic actuator

Using the developed model, the dynamics of the  MS is completely shut off. Combination of movements
three-link MS MTTM AST-4-A was simulated on the  leads to a reduction in cycle time by 40-50 %.
basis of the crawler tractor TT-4M [5, 6, 8]. The The graph of the change in the forces in the
manipulation system of this machine consists ofthree  hydraulic cylinders MS MTTM AST-4-A with the
links: a rotating column, an arrow and a handle, on  joint movement of the lift arm and the handle is
which a hook suspension is fixed. The MS links can  shown in Pic. 6. It can be seen that the combination
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Pic. 7. Results of simulation of subsidence under MTTM AST-4-A:
a — deformation of soil under the track No. 1; b — deformation of soil under the track No. 2; c — generalized speed
of the MS handle; d — angle of the side heel of the base chassis of the machine.

of movements leads to a decrease in effort by
25-30 %.

One of the goals of creating a complex model was
the possibility of assessing the stability of MTTM, taking
into account the influence of the base machine and the
deformation of the support surface. Let’s consider the
case of a sharp subsidence of the ground under one of
the tracks MTTM AST-4-A. After installing the machine
on the support base, the soil(loam) is compacted under
both tracks (Pic. 7a). This process lasts for Lo At the
time t = 2 s, the load begins to rise. For some time, t |
dynamic loads caused by the operation of the MS, lead
to additional compaction of the soil under the tracks.
The total compaction is 3,1 cm.

After 9,5 seconds after the beginning of the lifting
ofthe load, subsidence starts under one of the tracks,
caused by external influences (erosion or collapse of
the underground cavity). This leads to the disarmament
of a single track (Pic. 7a) and the appearance of a
strong roll of MTTM in the installation plane of the MS
(Pic. 7d). Attime t = 18, subsidence under the loaded
track bearing the main load begins to increase rapidly
(Pic. 7b). With a delay of 0,3-0,5 s, the machine
begins to abruptly lean (Pic. 7d). The stability angle
for MTTM AST-4-A is 62.6". Its exceeding will lead to
loss of stability of the machine. From Pic. 7d it can be
seen that, taking into account the deformations of the
ground, a sharp increase in the angle of inclination of
the machine begins at ¢, = 55°, which then leads to its
overturning (loss of overall stability).

Conclusions. The developed complex model can
be used to simulate the dynamics and estimation of
the dynamic loading of MS MTMM under various
operating conditions: movement of individual lift arm
links, joint movement of links, movement of the base
machine with the load on the stationary MS,
subsidence of the ground under the MTTM. When the
movements of MS MTMM links are combined, the
cycle time is reduced by 40-50 %, and the forces
overcome by hydraulic cylinders are reduced by
25-30 %. The sharp subsidence of the ground under
MTTM can lead to a loss of overall stability. The risk
of such a development of events can be estimated

using the developed complex mathematical model of
MS MTTM.
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PaccmoTpeHbl BOnpochkl
8/1eKTPOMarHUTHOW COBMeCTUMOCTHU
YCTPOWCTB TAroBOIro 3/;1eKTPOCHabXeHus
C peJibCOBbIMMU LiernsiMu rnpui r OﬂOﬂ'e'ﬂHle
SIBJICHUSIX HQ KOHTaKTHOM ripoBoge.
MNMpuBoasaTcs pacyeTHblie COOTHOLLIEHUS
A9 onpegenieHnss 3Ha4eHUsl TOKOB
nogmMmarHn4ymBaHuvusi gpoccesib-
TpaHcOPMaTOpPOB NPU 3J1IEKTPUYECKOM
Ayre, BO3HUKaloLL e BcsiegCTBue
o6pa3oBaHna Haslean Ha KOHTaKTHOM
npoBoge, a TakXke aHaJIn3upyloTcs
npUYnHbI JIOXKHOM 3aHATOCTU pesibCoBbIX
ueneu Ha cTaHUuu.

KnroyeBsie cnoBa: anekTpoMarHuTHasi
COBMEeCTVIMOCTb, JIOXKHasl 3aHSATOCTb,
pesibcoBasi Lernb, 3J1eKTpu4eckas ayra,
KO3 OUUNEHT aCUMMETPUN, TSrOBbIV
TOK, KOHTaKTHbIV MpoBoA, YAe/IbHOe
corpoTuBsieHne peJsibCoB.
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BOTPOCHI TEGP

AHanNu3 aneKTpoMarHUTHOM
COBMECTUMOCTMU PEJibCOBbIX
Leriem u TAroeBoro
3J1IeKTPOCHa0XeHuns

3enxosuu FOpuii Hocughosun — 3acayscenivlii
usobpemamens Poccuu, kanouoam mexHu4ecKux
Hayk, doyenm Mockogckoeo eocyoapcmeeHHoeo
yHugepcumema nymeii cooouenusi (MUHUT), Mockea,
Poccus.

Heanenxo Anexcanop Asexcanoposus — Ha4anbHUK
mexHu4ecKoeo omoena denapmamernma 6e30nacHocmu
dsuncenus OAO «PXKIl», Mockea, Poccus.

a yJacTKax 3KeJIe3HBIX JTOPOT IIPH 3JIeK-
TPOTSITe TIEPEMEHHOI0 TOKa HabJrona-
I0TCS CJTydaM JIOXKHOM 3aHSITOCTU Pellb-
COBBIX IIeTICH TIpY 00JIeACHEHNN KOHTAaKTHOTO
mpoBoaa. Kak mpaBwmiio, OHM UMEIOT MECTO Ha
CTAHIIMSIX ¥ OYCHB PEIKO Ha ITeperoHax.
JloxxHasi 3aHSITOCTh HACTYTIAET M3-3a BO3/IEH-
CTBUSI TSITOBOTO TOKA Ha armapaTypy peIbCOBBIX
eI ¥ TIPOSIBIISICTCST TIPY TIPUOIVKEHUH T10-
e37a K BXOTHOMY CHTHAJy CTaHIINM, KOTOa
BHE3AITHO pa3pellarolidii CUTHAI BXOITHOTO
cBeTohopa TepeKphIBAETCS Ha 3amperiaoniee
TOKa3aHNe Mepe/l BCTYTUIEHUEM MOe3/1a Ha yCTa-
HOBJICHHBIN IIJISI HETO MapIIpyT ABIDKCHUS IT0
CTaHINK. B pe3yssraTe 3TOro MalHICT MOXKET
npoexarhb 3arpelapliee moka3aHue BXOAHOTO
cBetodopa, YTo KBaTUOHUIMpPYyeTCs KaK Hapy-
IICHUE ITPaBIIT 0€30TTaCHOCTY ABYDKEHUS 1 9KC-
TUTyaTalluy XeJIe3HOI0POKHOTO TpaHCIIopTa.
ITpoBeném moapoOHBIN aHATU3 MPUYUH
BO3HMKHOBEHMSI TAKMX COOEB B pabOTE YCTPOICTB
CLB B mepron To0IETHBIX SIBICHNN Ha KOH-
TakTHOM mipoBozae. Ha puc. 1 npencrasieHa
CXeMa TATOBOTO 3JIEKTPOCHAOXKEHUS 2JIEKTPO-
BO3a, BKJTIOYAIOIIAs B CcOS TSITOBYIO TTOICTAH-
mro TII, permscoBbie tien 1PLI-3PLI ¢ mpoc-
cenb-TpanchopmaTopamMu AT, K BTOpUIHEIM
00MOTKaM KOTOPBIX ITOIKITIOUACTCS alllapaTypa



KOHTaKTHbIV NpoBoA
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AMK APK AMNK APK
nTaroiero Konna AITK penbcoBoit ienu u am- nm
naparypa peneitHoro konua APK. Ha puc. 1 5 o ; 3
TTOKa3aHBI TAKKE CXeMa TOKOChEMa SJICKTPOBO- Ukn T W E J,U
3a C TSITOBBIM 00OpYIOBaHMEM 2JIEKTPOBO3a J L r 5]
(TOD) nTArOBLIE TOKMU i, i ), i), IPOTEKAIOLIME

Yyepe3 KOHTAKTHBIH TTPOBOI M T10 peJibcaMm, TIpH-
M i =i i,

ITpu obpazoBaHUM HaeA Ha KOHTAKTHOM
MPOBOJIE MEXIY JbDKel maHTorpada 3J1eKTpo-
BO3a M KOHTAKTHBIM IIPOBOJIOM BO3HUKACT
aneKkTprudeckas ayra [1]. Jlng aHanm3a ycnoBuii
BO3HMKHOBEHMSI TyTU MOXKET OBITh HCITOJIb30Ba-
Ha 3JIEKTpUUECKast CXeMa 3aMeILeHNs TITOBOTO
3JICKTPOCHAOXKEHMS 3JIEKTPOBO3a B BUIIE, TIPE/I-
CTaBJICHHOM Ha puc. 2, Tne L — 5KBUBajieHTHas
WHIYKTUBHOCTH TpaHchOpMaTopa TSATOBOM
noacranuu TT1 1 TpancdopmaTopa 371eKTpo-
Bo3a. CompoTHBIIEHNEe KOHTAKTHOTO IPOBOIA
U peibCOB OOpaTHOM TSITOBOM CETU MOXKHO
CUMTAThb AKTMBHOM BEJIMYMHOMU F, TaK KaK HX
WHIYKTABHOCTH BO MHOTO Pa3 MEHBIIIC BeJTUIU-
Hol L. [MepeximoyareneM I1 0yneT tMMTHPOBATh-
CsI TIPOLIECC BCTYIUICHHUS 3JICKTPOBO3a Ha yJac-
TOK C HaJIeIbI0 Ha KOHTAaKTHOM TIPOBOJIE U, CJIe-
JOBATEJIbHO, TIEPEXOMHBII ITPOIIECC, BHI3BIBAIO-
IMHA 3aXKUTaHUE BJIEKTPUUYECKOU NIyrH,
HamnpscKeHUe Ha KOTOpoil 06o3HaueHo U.

Ha puc. 3 mokazaHa npuOImkKeHHas Kycod-
HO-JIMHEIHAS alIPOKCUMALINS XapaKTePUCTUKI
3JICKTpUYecKoii myTu. J1o Tex mop, moka Hampsi-
JKeHUe MeXIy rpaduToBO BCTABKOM M0OJI03a
TOKOIIPUEMHHUKA 3JICKTPOB0O3a M KOHTAKTHBIM
NPOBO/IOM HE JIOCTUTHET BeMYKHbI U, iyra He
TOPUT U 3NIEKTPUUYECKasI LIS IIPY BKIIOUEHHOM
pyounsHUKe I (prc. 2) pazopsaHa. [1pu 1moBsI-
IIEHUU HAMPsDKEHUs Ha Jiyre 10 3HayeHus U,
JyTra 3aXUTaeTcs M Ha Hell yCTaHaBIMBACTCS
Hanpspkenne U, CHUXeHUe HalpsKeHUs CO
3HayeHusa U | 10 Uznpoylcxo/:[m He MTHOBEHHO,
OIIHaKO TPU HM3KOK yactore ucrounuka U ,
paBHoii 50 i1, ¥ mpu ynpomgHHOM paccMOTpe-
HUM 3a7a4u 0e3 y4éTa MHEePLIMOHHOCTU AYT'U
MOXHO 3THIM BpEMEHEM IPeHeOpeyb ¥ CINTATh,
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Puc. 2.

YTO Cpa3sy Mocje 3aKUTaHus IyTH Ha Hel ycTa-
Hap/mBaetcd Hanpspkenue U, Hanpsokenue Ha
JyTe U2 0OCTaéTCcsT HEeM3MEHHBIM, BITJIOTh IO MO-
MEHTa, KOTJa TOK B IIETTN ITPOXOIUT Yepe3 HyJIb
u ayra racHeT. Eciii 3a Havaso oTcuéra BpeMeH!
BBIOpPATh MOMEHT 3aXKMTaHUSI IyTH, TO TIEPEXOI-
HBII IIPOLECC B IJEKTPUUYECKON LIEMU CXEMBI
(puc. 2) OymeT XapaKTepru30BaThCs CICAYIOITMMKI
TapaMeTpaMu:

U, = U, Sin(ot+a,)-U, (1)

.U,
rae o, =arcsin(—).
Um
B atom ciyuae Tok repexogHoro mpoiecca
IUTS i >0 MOXXET OBITB IPENCTABIICH B BUIIE:
sin(wt + o, — ) — U '
m _ -2 1_ _;
e F4me), @
e 7 -sin(a, — @)

i=

e ¢ = arctg(wl/r), 2=(oL)’ +r’ t=L/r.
Ha puc. 4 npeacraBieHsl rpauKy 3aBU-
CUMOCTH Hanpskenus U M ToKa i, a Takxe
HarnpsbkeHust Ha nyre U = iUz. Kak BunHoO 13
rpacduka, yCTAaHOBUBIIMICS PEXUM TOKa
i B uHTepBasie BpeMeHu ot 0 1o 1 onpenenseT-
Cs1 UBMEHSIOLIMMCS BO BpEeMEHM HaTPSIKeHU -
em U_, KoTtopoe He pocturaer 3HaueHus U,
1 OTMMCHIBaeTCs ypaBHeHHEM (2). IHTepBabl
rmoracaHus Ayrd Mexay Tokamu 1-2 m 3—4
3aBUCSIT OT [TAPAMETPOB JIEKTPUIYECKOM Lien
U MOTYT OBbITh CBEIEHBI K HYJIIO, TO €CTh 3JIEK-
TpUYECKasi yra MOXET rOpeTh HEMpPepPhIBHO.
YcinoBueM HeNmpepbIBHOTO TOPEHUSI B 3TOM
Cly4ae sIBJISIETCSI COOTHOIIIEHME MEX/Iy HaIlpsi-
XeHusamu B Touke 1 (puc. 4) xorna U,> U,
YTO, B CBOIO OYepelb, 3aBUCUT OT aMILJIUTYI -
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Puc. 3.

HOTO 3HayeHus U Ha KOHTaKTHOM MNPOBOJIE
1 UHAYKTUBHOCTHU L.

IIpu mocTaTouyHO OOJBIIMX 3HAYCHUSIX L
u U, jmyra MOXeT ropeThb HelpepbiBHO. PaccmoT-
PUM YCIIOBHSI, TIPH KOTOPBIX 3TO OYIET MPOMC-
XOJIUTh.

Ecminpu i = Onanpsikenue U= |U | > |-U |,
TO Jyra TOpUT Oe3 TIepPephIBOB, a TOUKK | 1 2, 3
1 4 COOTBETCTBEHHO CIMBAIOTCS B ONHY. B aTOM
clyJyae yCTAaHOBMBIIMICS PEXUM HACTYIIUT,
KOI/Ia yTOJI 0., ©BMEHUTCS U TIPUMET HEKOTOPOE
HauOOJIbILIEE 3HAYECHHE O, .

HanpsokeHue ucTouyHMKa, TIPU KOTOPOM
M3MEHSIETCS ITOJIIPHOCTD TOKA IyTH, TAKKE YBe-
JIMYUTCS 0 HEKOTOpOro 3HayeHust U > |—U 1|~

Benmmumna o, MOXer OBITh OIpelesecHa U3
VCIIOBUSI, UTO BPEMST MEXKITy MOMEHTAMU 3aXKH-
TaHUs OYyTW U TIPOXOXICHUS TOKa Yepe3 HyJIb
paBHO TIOJIOBMHE Tieproga w. B 3ToM ciydae
OyIeM UMETb:

U sin(e, —@+7)— o
- z ——2(l—-e @7)=0
(i ; , ()
e Tesin(a,, — @)

OTKYy/IA:

a,=¢p— arcsin M

4)

U, oro(l+e o)

[Tpu cyiecTByONIMX 3HAUYEHUSIX UHIYKTUB-
HOCTHU L ¥ HanpsiKeHUSI KOHTAKTHOM CETH TSTO-
BOTO JIEKTPOCHAOXKEHUS Tyra FOPUT HETIPEPhIB-
Ho. OnHaKo Mpoliecc HEMPEPHIBHOTO TOPEHUS
HE MOXET BbI3bIBaTh COOM B paboTEe YCTPOUCTB
CIIb, Tak KaK TOK i HE COIEePKUT ITOCTOSTHHOM

0, U

Puc. 4.
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COCTaBJISIIONICH, a OT BBICIINX TAPMOHUIECKIX
COCTABJISTIOIINX 3TOTO TOKA MMEETCSI JOCTAaTOUHO
HanexXHas 3allliTa, OCHOBaHHAsI Ha TIpUMEHe-
HUHM CUHXPOHHBIX (Pa30UyBCTBUTEIBHBIX TIPH-
émunkoB tuna JCIII [2], B KOTOPBIX ITyTeBBIE
¥ MECTHBIC IIeTIM ITMTAIOTCS OT pa3HbIX U He3a-
BUCHMBIX NICTOYHUKOB ITUTAHMS.

B 10 3Xe BpemsI citemyeT OTMETHUTD, UTO 3JICK-
TpUUYECKasl IyTa COMTPOBOXKIACTCS MOIITHBIM Te-
IUIOBBIM TIPOLIECCOM, KOTOPBI BHIOpAaChIBAacT
B OKPYXAIOIIYIO CPeIy OIPOMHOE KOJIMYECTBO
Teruta. Bermensiemast aieKTpuaecKasi MOITHOCTD
B cpenHeM cocTapiseT oT 50 1o 100 kBA. Takas
SHEPrus CII0COOHA MTHOBCHHO PaCTUIaBUTh JIEMT
B OKPECTHOCTH I10J103a TOKOITPUEMHHKA 1 BOC-
CTaHOBUTH KOHTAKT B CUCTEME SJICKTPOCHA0XKe-
HMS 3JIEKTPOBO3a, TO €CTh ITOTACUTD SJICKTpHUIC-
ckyro ayry. ITocye moracanmst Iy ¥ OCTHIBAHMS
5JIEMEHTOB TOKOCHhEMA 3IEKTPOBO3a IIPU €O
HeTIPEePhIBHOM ABMXKEHUU ITPOUCXOINUT CHOBA
Hae3[ Ha HaJleIb KOHTAKTHOTO TIPOBOIA 1 3aXKH1-
raHue 3JIEKTpUIecKoit ayru. Takum o6pa3om, BO
BpeMsI IBIKCHMS 2JIEKTPOBO3a MIPOUCXOMISIT
MePUOINYECKOE BKITIOUCHNE W BBIKIIOUCHIE
3JIEKTPUYECKOU IYTU U CBSI3AHHBIA C 3TUMU
SIBJICHUSIMH TIPOIIeCC KOMMYTAIIAY TIEpEeMEHHO-
IO TOKa C HAKOITUTEJISIMU SHEPTUH.

M3BecTHO, YTO MpY BKIIOYCHUHN CHHYCOM-
JATbHOTO HATIPSDKEHUS B 3JICKTPUICCKOM TICTIH,
copepKalieli ”HIYKTUBHOCTh L M aKTUBHOE
COTIPOTUBIICHHME ' (pHC. 2), 00pa3yeTcs Iepexo-
HBI ITpo1Iecc, IPU KOTOPOM TOK i OyIEeT comep-
XKaTh BBIHYXKIEHHYIO i, 1 CBOOOIHYIO COCTaBJIsA-
OIIYIO /!
i=i+i. (5)

[Tpu 3TOM i, OTIPENENSIETCA U3 BHIPAKEHUA:

i = ﬂsin(a)t +y—9), 6)
Z

L
re z=(@L) +r7, gp=2=
p

A cBOOOJHAS COCTABIISIONIAs TOKA i MOXeT

OBITH pacCurTaHa IO BHIPAXKEHUIO:
t

U, . -
[, =——"tesin(y —g@)ee 7, (7
<
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rae t = L/r, y— TeKylee 3HaueHue (hasbl CUHY-
COUIATbHOIO TOKA.

YuuteiBasi, 4TO IIPOLIECC KOMMYTALIUU 3JI€K-
TPUUECKON LIeNU MPOUCXOAUT MEePUOINIYECKU
C HEKOTOPBIM IepuoaoM T, KOTOpPhIii, B CBOIO
ouepe/ib, 3aBUCUT OT psifia TAKUX (PaKTOPOB, KaK
TOJIIIMHA JIbJla HA KOHTAKTHOM IIPOBOJIE, CKO-
POCTB IBIKEHMS SJIEKTPOBO3a, TTOTPEOISIEMBIIA
3JIEKTPOBO30M TOK U JIp., TO B [IEPEMEHHOM TSI~
TOBOM TOKE 3JIEKTPOB03a 00pa3yeTcsl HEKOTOPOe
cpenHee 3HaYeHME MOCTOSIHHOM COCTABJISIIOLIEN
TOKa:

15,
e I i, (0. ®)

Cpennee sHauenue I, ,TIPeICTaBJIsIeT co0oit
TTOCTOSTHHBIH TOK, KOTOPBIH MPOTEKaeT B 00pat-
HOIf TSATOBOM CETU HapaBHE C MEPeMEHHBIM
TSITOBBIM TOKOM /,. OTOT TOK /, IPOXOLNT 4epe3
TSTOBBIE 0OMOTKM JIpOCCeib-TpaHC(HOpMaTopoB
AT (puc. 1) ¥ npu HaAATUYUU ACUMMETPUU
B PEJIbCOBOI JTMHUM HaMarHUYMBAeT MarHMT-
HYI0 CHCTEMY JIpoccelib-TpaHc(opmaropa, He
MMEIOLIYI0 BO3AYLIHOTO 3a3opa [3, 4]. B atom
cJTydae IpOMCXOIUT CMEIIeHHe paboveii TOYK!
anekTpoMaruuTHoi cucteMbl AT, u cucrema
BXOJIUT B HACBIILIEHUE, TO €CTh MHIYKITUS TIe-
pecTaéT M3MEHSThCS MO/ ICHCTBUEM CUTHAIb-
HOTO TOKa PeJIbCOBOM IIeTU, KOTOPHI TOXe
MPOTeKaeT yepe3 0OMOTKY IpOCCeTb-TpaHC-
(opmaropa, HO UMeEET YacTOTy, OTJINYHYIO OT
YacTOTHI TATOBOTO TOKa. B pe3ynbrate mpoiiec-
ca ipoccelib-TpaHcopmarop He HaBoauT DJ1C
OT CUTHAJIbHOTO TOKA B JOIOJHUTEIBHYIO 00-
MOTKY, TJIe TTOJKJTIOUEHA arlrapaTypa peJibcOBOM
LIETTH, ¥ HaTIPSDKEHME Ha IyTeBBIX peJie MajaeT
JI0 HaIpsLKeHUsT OTITYCKaHMS sIKopsl pelie [5].
DTO MPUBOIUT K JIOXHOM 3aHATOCTH PETbCOBOI
meru. Heobxommumo Takske 3aMeTUTh, YTO MaK-
CUMAaJIbHOE 3HAYEHUE i, TOKa MEPEXOIHOTO
Tpoliecca MOXeT COCTaBJISITh YABOEHHOE 3Ha-
YEHHME aMILUIATYbl BBIHYXKIEHHOTO ToKa [°
(puc. 5).

B skcmryatupyeMbIx ceifyac pebCOBBIX
LIeTISIX TIPU 3JIEKTPOTSTe MePeMEHHOr0 ToKa
ACUMMETpPHSI PEJIbCOBOI JIMHUM OLIEHWBAETCS
110 TIEPEMEHHOMY TSTOBOMY TOKY, IPOTEKalo-
IeMy 4epe3 TSITOBYI0 OOMOTKY JIPOCCEINb-
TpaHcdopmaropa. YcTaHOBJIEHHbIE HOPMbI Ha
ACMMMETPMIO IT0 TIEPEMEHHOMY TSITOBOMY TOKY

Puc. 5.

00€eCIeYnBalOT YCTOMUMBYIO pabOTy PETBCOBBIX
LIeTie i B yCIIOBUSIX 9KCTUTyaTalluK ITPU OTCYTCT-
BUU HAJIEJIX HA KOHTAaKTHOM TipoBojie. O6esne-
HEHME KOHTAaKTHOTO MTPOBOJA MPUBOIUT K U3-
MEHEHUIO COCTaBa TSITOBOTO TOKA, B KOTOPOM
TIOSIBISIETCST HAPSIAY C MMEPEMEHHBIM TOKOM
yacTtoTtoit 50 [i1 u mocTossHHEIN TOK. [Ipmuem
ACUMMETPUSI 1O TMOCTOSTHHOMY TOKY MOXET
VMETh COBEPILIEHHO NPYTUe 3HAYEHMUSI 110 CPaB-
HEHUIO C KOHTPOJUPYEMbIMU 3HAYCHUSIMU Ha
TIEPEMEHHOM TOKE. DTO OOBSICHSIETCS TEM, UTO,
HaTmpuMep, Mpyu MPOAOJbHON aCUMMETPUU
PENIbCOBOI JIMHUU YIAEIbHOE COMPOTUBICHNE
penbcoB Ha yactote 50 [11 B 6—8 pa3 Bhiilie, 4eM
yIeIbHOE COTPOTUBIEHUE HA TTOCTOSTHHOM
Toke. CiemyeT K TOMY Ke OTMETUTh, YTO KOH-
TPOJTUPOBATH ACUMMETPUIO TIO TIOCTOSTHHOMY
TOKY MCIIOJIb3YeMbIMU B IKCITTyaTal[uu U3Me-
pUTETHbHBIMU TIPUOOPAMK HE TIPEICTABIISIETCS
BO3MOXKHBIM, JIa ¥ cCaMa MpoIieypa U3MEepeHUsT
ACUMMETPUU TI0 TIOCTOSTHHOMY TOKY HE TIpe[-
YCMOTpeHa B rpauke TeXHOIOTUIECKOTO 00-
CITy>KUBaHUSI PEIbCOBBIX 1IETIEH.
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ANALYSIS OF ELECTROMAGNETIC COMPATIBILITY OF TRACK CIRCUITS AND

TRACTION POWER SUPPLY

Zenkovich, Yuril., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Ivanenko, Alexander A., JSC Russian Railways, Moscow, Russia.

ABSTRACT

The issues of electromagnetic compatibility of
traction power supply devices with track circuits are
considered in case ice phenomena on the contact
wire. The calculated ratios for determining the value

of the bias currents of the choke-transformers in the
electric arc, which arises from the formation of ice
on the contact wire, as well as the reasons for false
occupation of track circuits at the station are
analyzed.

Keywords: electromagnetic compatibility, track circuit, electric arc, asymmetry coefficient, traction current,

contact wire, resistivity of rails.

Background. On sections of railways with AC
electric traction, there are cases of false occupation
of track circuits when icing of the contact wire. As a
rule, they take place at stations and very rarely on
hauls.

False occupation occurs because of the influence
of traction current on the equipment of track circuits
and manifests itself when the train approaches the
station input signal, when suddenly the permissive
signal of the entrance traffic light overlaps the
prohibitory indication before the train enters the
destination route established for it. As a result, the
driver can pass the prohibitive indication of the
entrance traffic light, which is qualified by an event
associated with violation of safety rules for movement
and operation of the railway transport.

Objective. The objective of the authors is to
analyze electromagnetic compatibility of track circuits
and traction power supply.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
mathematical apparatus.

Results. We will conduct a detailed analysis of
the causes of such failures in the operation of the
signaling devices in the period of glacial phenomena
on the contact wire. Pic. 1 shows the scheme of
traction power supply of an electric locomotive
including a traction substation TS, track circuits
1TC-3TC with choke-transformers ChT, to the
secondary windings of which the equipment of the
feeding end EFE of the track circuit and the equipment
ofthe relay end ERE are connected. Pic. 1 also shows
the scheme of current collection of an electric
locomotive with electric locomotive traction equipment

the conditions for appearance of the arc, an electric
circuit for replacing the traction power supply of an
electric locomotive in the form shown in Pic. 2 can be
used, where L is the equivalent inductance of the
transformer of the traction substation TS and the
electric locomotive transformer. Resistance of the
contact wire and rails of the reverse traction network
can be considered as an active value of r, since their
inductance is many times less than the value L. The
switch S will simulate the process of the electric
locomotive entering the area with ice on the contact
wire and, therefore, the transient process that causes
the ignition of the electric arc, the voltage at which is
denoted by U.

Pic. 3 shows an approximate piecewise linear
approximation of the electric arc characteristic. As
long as the voltage between the graphite insert of the
current collector of the electric locomotive and the
contactwire does not reach the value U,, the arc does
not burn and the electric circuit with the cut-off switch
S (Pic. 2) is broken. When the arc voltage rises to U,,
the arc is ignited and the voltage U, is set on it. The
decrease in voltage from the value U, to U, does not
occurimmediately, however, at a low frequency of the
source U, equal to 50 Hz and with a simplified
consideration of the problem without taking into
account the inertia of the arc, this time can be
neglected and it is assumed that immediately after
ignition of the arc, the voltage U, is set on it. The
voltage on the arc U, remains unchanged, until the
momentwhen the currentin the circuit passes through
zero and the arc goes out. If the timing of the arc
ignition is selected as the time reference point, the
transient process in the electrical circuit of the scheme

(ELTE) and traction currentsiy, i.,, i, flowing through ~ (Pic. 2) will be characterized by the following
the contact wire and along the rails, and i,.= i, +i,,. parameters:
Inthe formation of ice on the contact wire between  U_, = U, - Sin(ot+a, )-U,, (1)
the pantograph slide of the electric locomotive and U,
the contact wire, an electric arc arises [1]. Toanalyze ~ where a, = afcsm(y) :
TS_| Contact wire - 3
e —
- W <>
- ELTE
T ir 3'{ 'lo Yew
Pic. 1. Electric locomotive
|
71 — *
= e [JgggE]  t H [3E 3]~
S -
P ChT chT gl i ChT  ChT
EFE ERE EFE ERE
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In this case, the current of the transient for i>0
can be represented as:
U sin(wt + o, — @) — U, ‘%
i=—%| -——2(l-e") (2)
Z e -sin(e, - @) 4 ’

where ¢ = arctg(olL/r), z=J(@L) +r’  t=L/r.

Pic. 4 shows the graphs of dependence of voltage
U, andthe currenti, as well as the voltage across the
arc U = +U,. As can be seen from the graph, the
steady-state current mode i in the time interval from
0 to 1 is determined by the time-varying voltage U ,,,
which does not reach the value U, and is described
by the equation (2). The intervals of arc extinction
between currents 1-2 and 3-4 depend on the
parameters of the electrical circuit and can be
reduced to zero, that is, the electric arc can burn
continuously. The condition for continuous combustion
in this case is the relationship between the voltages
atpoint 1(Pic. 4) when U,> U, which in turn depends
on the amplitude value U, on the contact wire and the
inductance L.

For sufficiently large values of L and U, the arc
can burn continuously. Let’s consider the conditions
under which this will occur.

If, for i = 0, the voltage U= |U,| > |-U,|, then the
arc burns without interruptions, and points 1and 2, 3
and 4 respectively merge into one. In this case, the
steady-state mode will occur when the angle o,
changes and takes a certain largest value o .

The voltage of the source, at which the polarity of
the arc current changes, will also increase to a certain
value U > |-U,|.

The value of o can be determined from the
condition that the time between the moments of
ignition of the arc and the passage of the current
through zero is equal to half the period . In this case
we will have:

ﬂ[sin(ac —p+m)—e o sin(a, - (0)} =

K

_ﬂ(l_e_ﬁ)=0, (3)
r

hence:

.= p—arcsin| Yrz:0=¢ ™D |

— (4)
U, -r-(I+e ©)

With the existing values of the inductance L and
the voltage of the traction power grid, the arc burns
continuously. However, the process of continuous
combustion cannot cause a malfunction in the
operation of the signaling devices, since the current
i does not contain a constant component, and from
the higher harmonic components of this current there
is a sufficiently reliable protection based on the use
of synchronous phase-sensitive receivers of the DSSh
type [2], in which the track and local circuits are
powered by different and independent power sources.

At the same time, it should be noted that the
electric arc is accompanied by a powerful thermal
process, which emits a huge amount of heat into the
environment. The electric power output is on average
from 50 to 100 kVA. Such energy is able to
instantaneously melt ice in the vicinity of the current
collector’s panel and restore contact in the electric
locomotive power system, that is, to extinguish the
electric arc. After the extinction of the arc and the
cooling of the elements of the electric locomotive’s

s Y
(o _:”. 6
Ua | (o) lu
! L ]
- AR W |
Pic. 2.
i
-U ‘ ‘ ‘ ‘ u
—U; ‘-Ul I‘Jz l‘Jl
Pic. 3.

current collector, when it moves continuously, there
is again run-over the ice on the contact wire and the
ignition of the electric arc. Thus, during the movement
of an electric locomotive, periodic switching-on and
switching-off of the electric arc and the process of
commutation of the alternating current with energy
storage devices connected with these phenomena
occur.

It is known that when sinusoidal voltage is
switched on in an electrical circuit containing
inductance L and the active resistance r (Pic. 2), a
transient process is formed at which the current i will
contain the forced i,and the free component i :
i=iti,. (5)

At the same time i is determined from the
expression:

(6)

. U, .
i :781n(a)t+|//—¢),

L
where z=+/(oL) +r*, 1gp= wT :
And the free current component i, can be
calculated by the expression:
1

U, . -
l,r=—7“~sm(t//—¢)~e o5 (7)

where t© = L/r, y — current value of the sinusoidal
current phase.

Given that the process of commutation of an
electrical circuit occurs periodically with a certain
period T, which in turn depends on a number of factors
such as the thickness of the ice on the contact wire,
the speed of the electric locomotive, the current
consumed by the electric locomotive, etc., thenin the
alternating traction current of the electric locomotive
a certain average value of the constant component of
the current is formed:

17
e ! i, (tydr. (8)

The average value | is a direct current that flows
in the reverse traction network on a par with the
variable traction current i.. This current |, passes
through the traction windings of the choke-
transformers ChT (see Pic. 1) and, in the presence of
asymmetry in the track circuit, magnetizes the
magnetic system of the choke-transformer, which
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Pic. 4.
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Pic. 5.
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does not have an air gap [3, 4]. In this case, the
working point of the ChT electromagnetic system
shifts, and the system enters saturation, that is, the
induction ceases to change under the influence of the
signal current of the track circuit, which also flows
through the winding of the choke-transformer, but has
a frequency different from the frequency of the
traction current. As a result of the process, the choke-
transformer does not direct the EMF from the signal
current to the additional winding where the track
circuit equipment is connected, and the voltage on
the track relays drops to the relay armature release
voltage [5]. This leads to a false occupation of the
track circuit. It should also be noted that the maximum
value i of the transient current can be twice the
amplitude of the forced current I (Pic. 5).
Conclusion. In the currently operated track
circuits with AC traction, the asymmetry of the track
circuit is estimated from the variable traction current
flowing through the traction winding of the choke-
transformer. The established norms for asymmetry in
variable traction current ensure stable operation of
track circuits under operating conditions in the
absence of ice on the contact wire. Icing of the contact
wire leads to a change in the composition of the
traction current, which appears along with alternating
currentof 50 Hzand direct current. And the asymmetry
with respect to direct current can have completely
different values in comparison with the controlled
values on alternating current. This is because, for
example, with longitudinal asymmetry of the track
circuit, the specific resistance of the rails at a

frequency of 50 Hz is 6-8 times higher than the
resistivity at direct current. It should also be noted that
it is not possible to control the asymmetry in direct
current by the measuring instruments used in
operation, and the procedure for measuring the
asymmetry in direct current is not provided for in the
schedule of technological maintenance of track
circuits.
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B ctaTtbe npegnoxxeHa npuHunnuanbHas
cxema TroBou nogCTaHynmu CUCTEMbI
aneKkTpocHabxeHuns 2x25 kB

¢ TpéxdpasHbimMu TpaHcHopmaTopamm
M BEeKTOPHOU anarpamMmmon
HanpsiXeHUn [J1s1 BbICOKOCKOPOCTHbIX
marucrtpanei. [lpoBegeHo cpaBHeHue
cUcTeM 3J1eKTPOCHabXXeHus

2x25 kB ¢ ogHOpa3HbIMN

Uy TPExgasHbIMU TpaHcHopmaTopamu,
peKkomMeHaoBaHa MOLLHOCTb
TPExga3Hbix TPaHCHOPMaTOPOB AN
BbICOKOCKOPOCTHbIX MarucTpasemn.

U BCE 31O C y4ETOM HOBbIX
crneumnasibHbIX TEXHUYECKUX YCJIOBUN,
KOTOpbie BbipaboTaHbl nog 3aga4yv
npPoOeKTUpPoBaHUsl, CTPOUTEJIbCTBA

un akcnnyatauuv poccurickux BCM.

KnioyeBbie crioBa: xene3Hasi 4opora,
BbICOKOCKOPOCTHasi MarucTpasib, TaroBasi
rnoAcTaHuUusl, cucTema 31eKTPOCHabXEeHM s
2x25 kB, TpéxgasHbivi TpaHcgHopmMaTop,
oAHOoGa3HbIVi TpaHcghopmMaTop,
crieymnasbHble TEXHUYECKUE YCII0BUSI.
|
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Cuctema aneKkrpocHadxeHus
Cc Tpexda3HbIMKU
TpaHcdopmaTtopamu gna BCM

Onecs KOKOPUHA
Olesya Yu. KOKORINA

Yepnoe FOpuii Anmono-
euy — JOKMop mexHu-
ueckux HayK, npogheccop
Mockosckoeo cocydap-
CMBEHHO020 YHUBEpCUme-
ma nymeii cooOujerus
(MHUHUT), Mocksa,
Poccus.

JImumpueea Hamaaosa
IOpveena — sedywuii
UHIICEHeP NPOeKMHO-U3bl-
CKAmenscKo20 UHCMuny-
ma «Moceunpompatc»,
Mockea, Poccus.
Koxopuna Oaecs FOpves-
Ha — UHIICeHep UHCIMUMY-
ma «Moceunpomparc»,
Mockea, Poccus.

BICOKOCKOPOCTHBIE MacCaXXUpCKue
MePeBO3KY MPUOBLUTLHBI U OKYITAIOT
ce0s1, IPUHOCS TOCYTapCTBY MPSIMYIO

9KOHOMUYECKYIO BBITOMY, a TAKXe Pa3BUTHE

PETHUOHOB, IO KOTOPHIM IPOXOIMT Tpacca

MarucTpaseii, u orpeneIéHHbIN CTaTyC B MU-

POBOM COOOIIIECTBE.

B Hameit ctpaHe 3amnynieHa U QYHKINO-
HUPYET MepBasi BBICOKOCKOPOCTHAS Maru-
crpaib (BCM) MockBa—Cankr-IletepOypr.
OHa a1eXTpuUIIUpPOBaHa Ha MMOCTOSIHHOM
ToKe HamnpsikeHueM 3 kB. K coxanenuro,
MpaKTUKa TTOKa3bIBACT, YTO BOZHUKAET MHO-
JKECTBO TIpO0OJIEM TIPU 3KCIUTyaTalluy 2JIeK-
TpUGUIIUPOBAHHON Ha MOCTOSHHOM TOKE
CKOPOCTHOI MarucTtpaiu. DTo, B MEPBYIO
o4Yepelib, CEPbE3HBIE «IIPOCATKI» HAIPSIKeE-
HUSI Ha TOKOIIPUEMHUKE 3JIEKTPOTIOIBUKHO-
ro coctaBa (DIIC) B cepeaune dumepHoit
30HBI U, KaK CJIEICTBUE, HEOOXONMMOCTD UC-
TOJIb30BAaHUSI TPOMO3IKHUX BOJIBTON00aBOY-
HBIX YCTPOMCTB Ha TSITOBBIX IMTOACTAHLIMSX, da
el1Ie ¥ BRIHYKIEHHOE OIrpaHNYeHUE CKOPOCTHU
Ha OmpeaceHHBIX yyacTKax. Ho mis atoit
MarucTpajyd He BEIOMpaIM PO TOKa, a JINIIhb
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Puc. 1. MpuHunnuanbHas cxema T9roBow noAacTaHumy ¢ ogHogasHbIMU TpaHchopmMaTopamu.

MOJEPHU3UPOBAIN UMEIOIIHUECS TSATOBbBIC
MOACTAHIIH.

OIBIT 2J1eKTPUDUKAITIN BBICOKOCKOPOCT-
HBIX MarucTpajieil B AMoHuM mokasaj, 4To
IIPU MOIIHOCTH 3JIEKTPOIIOe3/1a MopsiaKa
16 M BT Hau6oJtee 1ejiecoo0pa3Ho UCITOIb30-
BaTb aBTOTpaHCHOPMATOPHYIO CUCTEMY DJIEK-
TPOCHAOXXEHUsI, TIOJYYMBIILYIO Y HAC Ha3BaHUE
cucTeMa TSATOBOTO 3JIEKTPOCHAOXKEHUS
2x25 kB (CTD 2x25 xB). Ecnu B Anonuu Ha
MEepBOIi CKOPOCTHOM Maructpanu Tokuo—
Ocaka npu cucteme 3JeKTpocHadkeHus 25 KB
pacCTOSTHUE MEXITY TSTOBBIMU ITOJACTAHIIUSIMU
obu10 Topsiaka 20 KM, TO TIpU MPOAOJKEHU N
3EKTPUMUKALIMA MaTUCTPaIU IO CUCTEME
2x25 kB 3T0 paccTrosiHue YyBEIUYUIOCH [0
50 km [1].

Ha naHHBIIT MOMEHT BeayTcsl paboOThI 110
npoektupoBaHnio BCM-2 MockBa—KazaHb—
ExatepuHOypr u cieaHo 000CHOBaHUE MH-
Bectuuuit 11 BCM-3 MockBa—Amiep. [1pu
OTCYTCTBUM B HayaJjie MPOEKTUPOBAHUS POC-
CUICKMX HOPMAaTUBHBIX JOKYMEHTOB, perjia-
MEHTHUPYIOIIMX TPEOOBAHUSI ITO CTPOUTEIHCT-
BY M 3KCIUIyaTalluM CIICLIMAIU3UPOBAHHBIX
JKEJIE3HOAOPOXKHBIX JIMHUI CO CKOPOCTHIO
IBUXEHMS MacCaXMPCKUX IMOE3IO0B 10
400 xm/4, o 3akazy OAO «CKOpOCTHBIC Ma-
ructpain» IlerepOyprcKuM rocynapcTBeH-
HBIM YHUBEPCHUTETOM ITYTeid COOOIIECHUS
(TIT'YTIC) ¥ psimom Ipyrux OpraHu3aiiii moj
pykoBoacTBoM mpodeccopa A. T. Bypkona
pa3zpaboTtaHbl «CrienMaJbHbIE TEXHUYECKUE
ycoBust «2Keie3HOIOPOXKHOE 3JIEKTPOCHA0-
KeHue yuactka MockBa—Kazanb—ExarepuH-
oypr. TexHuyeckue HOpMbI U TpeOOBAHUS
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K IIPOEKTUPOBAHUIO U CTPOUTEIILCTBY» (asiee
CTY). B CTY ykazaHo, 4To pu MPOEKTUPO-
BaHMU JOJDKHBI OBITh PACCMOTPEHBI BADUAHTHI
CXEM TSATOBBIX TIOACTAHIIMI C UCITOJIb30BaHM -
eM ogHo(a3HbIX, TPEXGa3HBIX CUTOBBIX
TpaHC(hOPMaTOPOB, TPAHC(HOPMATOPOB C CUM-
MeTpUpyoInuM 3¢ (HEKTOM, YCTPOMCTB ITOBbI-
LIEHMS KAYeCTBa DJIEKTPOIHEPIUM.

B o6ocHoBaHuu mHBectTuuuii BCM-2
MpeIaraeTcst IMOCTPOUTh CUCTEMY 2JIEKTPO-
CHAOXeHHUs M3 yJacTKa ITOCTOSTHHOTO TOKa
(MockBa-HornHck) u yyactka nepeMeHHOTO
Toka 2x25 kB (Horunck—Ka3zaHb), 4To peko-
meHaoBaHo CTY.

CTatbsl MOCBsIIEHAa BHIOOPY pallMOHATIb-
HOTO BapMaHTa CXeMbl TpaHC(HOPMaTOPOB
TATOBBIX OJACTAHIINI CUCTEMBI 3JIEKTPOCHA0-
KeHust 2x25 kB maructpanu. Bonmpoc Bo3HUK
He ciydaitHo. ITo pe3ynbraTaM TAroBBIX pac-
yeToB, caeaHHbix OAO «JIeHrumpoTpaHc» Ha
cTanuyd 000CHOBAaHUS MHBECTULIMI, OBLIO
PEKOMEHI0BAaHO MPUMEHEHME OTHOMA3HBIX
TSATOBBIX TPAaHC(HOPMATOPOB MOIIHOCTHIO
48 MBA, 4TO He COOTBETCTBYET TPEOOBAHUIO
CTY BbIOMpaTh 000pYyI0BAHKE U3 Psila HOMU-
HaJIbHBIX 3HAYE€HWI, YCTAHOBJICHHBIX CTaH-
napToM. K ToMy e HU OIH U3 OTeUECTBEH-
HBIX 3aBOJIOB HE BBIITyCKaeT omHoda3HbIe
TpaHCc(hOPMATOPHI TAKOI MOIITHOCTH.

1.

Kaxk nmpaBuJio, B Hallleil cTpaHe Ha TSTOBBIX
MOACTAHIMSIX JUISI TUTAHUST TSITOBOW CEeTH
cucteMbl 2x25 kKB ycTaHaBIMBalOTCS OAHO-
¢azHbIe TpaHCPOPMATOPHI ¢ pacIIEIIEHHOM
BTOpUYHOI oOMoTKoOI [2]. UMeeTcss onbIT

YepHoe 0. A., Amutpnesa H. 0., KokopuHa O. 0. Cuctema snekTpocHabXeHUs ¢ TpexdasHbIMn
TpaHcdopmaTopamu ans BCM
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Puc. 2. MpuHunnuanbHas cxema TSroBosi NOACTaHLUNMN CUCTEMbI 3/IEKTPOCHabXeHns 2x25 kB ¢ TpéxpasHbimu
TpaHcgopmaropamu (a), cnipaBa — BeKTOpPHas anarpaMmMa HanpsixkeHuii (6).

ucnoab3oBaHus Ha [IpUBOIKCKOT XKeJle3HOM
nopore 1 paHee Ha BAM Tpéx@a3HbIX TpaHC-
¢dopMaTopoB B cucteme 2x25 KB.

Ha puc. 1 mpuBeneHa cxeMa TSITOBOM O~
CTaHLIMK ¢ ogHO(Ma3HBIMU TpaHc(opMaTopa-
MU, yuuTeiBaomiasa pekomenmanuu CTYVY:
CTOMPOILIEHTHOE Pe3ePBUPOBAHNE CUIIOBBIX
TpaHC(GOPMATOPOB U MUTAHUE HETATOBBIX
IMOTPEOUTENIC OT ABYX JTOIMMOTHUTEIBLHBIX
Tp€xda3HbIX IBYXOOMOTOYHBIX TPaHC(hOpMa-
TOPOB C BHICIIMM HampsikeHueMm 220 kB
1 BTOpUYHBIM HamnpskeHueM 20 xB. Takas
cxeMa paccMOTpeHa M B 000OCHOBaHWH MHBE-
crurmii BCM-2. IlepBuyHbIe OOMOTKHU IBYX
tpanchopmaTopoB T1 1 T2 coeqHEHBI B OT-
KPBITbIM TPEYroJibHUK. JlOTIOJTHUTEIbHbI
TpaHchopmaTop T3 gaBnsgeTcss pe3epBHBIM.
Jna nmutanug TpexdasHbIX MTOTpedUuTeNein
C HEIBI0 PEe3epPBUPOBAHUS MTPEIYCMOTPEHBI
nBa Tpéxdas3HbIx TpaHchopmaTopa T4 u T5.
Ha pucynke KC — koHTakTHas ceth, [1I1 —
NUTaINA TpoBo, P — penbChl.

CylrecTBeHHBIM HEIOCTATKOM CXEMBI
¢ ogHOo(a3HBIMU TpaHchopMaTOpaMM CTajla
HeHanexXHas paboTa YCTPOMCTB peryIrupoBa-
HUS HanpsikeHUs mon Harpyskoit (PITH).
CKOpOCTb ABIKEHUS TI0€31a 3aBUCHUT OT Ha-
npsokeHus Ha TokonpuémMuauke DI1C. B CTY
YCTaHOBJICHO MUHMMAJIbHOE 3HAYCHIE HATIPSI-
XKeHMsI Ha TOKOIpUEMHNKe He MeHee 21 KB.
HomunanbHOE HaIIpsDKEHNE B TATOBOM CETH,
IIPY KOTOPOM BBIITOJTHSIIOTCS TSTOBBIE pac-
yéThl, 25 KB. CHMXeHMe HanpsKeHUs Ha
BCM 10 MUHMMAIBHO JOIYCTUMOTO TIPUBO-
IuT K norepe moigHoctu DIIC Ha 15 %
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¥ K YMCHBIIICHUIO CPEeTHETEXHNICCKOI CKO-
poctui Ha 7—8 % [3].

OIHUM U3 CPeNICTB 00ecTIeYeHIs HE00X0-
IMOTO YPOBHS HAIIPSDKEHUS B TSITOBOM CETH,
B TOM YHCJIC U 3a CUCT U3MECHCHMS HaIIpsTKe-
HUS Ha TIEPBUYHBIX IIMHAX TSATOBBIX IIOICTaH-
LU, SIBJIICTCST aBBTOMAaTHUECKOE PETYIMPOBa-
Hue HanpsokeHus: (APITH) Ha Tpancdopma-
TOpax TSITOBBIX ITOACTAHLIMIA. B riepBbIii 3ke rox
9KCIUTyaTalliM CUCTEMBI 3JICKTPOCHAOXKECHUS
2x25 kB ¢ ogHO(Ma3HBIMU TpaHC(hOpMaTOpaMU
Ha Bs13eMcKoiil nucTaHIINM 3J1eKTpOCHa0XKe-
HUSI MOCKOBCKOI KeJIe3HOM JOPOIr'y Ha OMHOM
W3 TOACTAHIINI BBIIIJIA U3 CTPOST OOMOTKH
TOHKOTO PETyJIUPOBaHUS HAIIPSLKEHUSI, OCY-
IIECTBIISIONINE CTYTICHYATOE PEryIMPOBAaHIE
HampskeHUs1. B pesynbraTre Mx MpUIIIOCH
3aITYHTUPOBATH [4].

Boeixonwio u3 crpos yctpoiicto PITH Ha
TSTOBOM TMoACcTaHIIMUM MyxTo0BO [OpbKOB-
CKOM XKeJie3HOU moporu. Ha moacranuuu
Ceprad paboTaloT TOJIbKO HEYETHBIE TO3UIINT
TaKoro peryisitopa HanpstkeHus. [1o 3ampocy
aBTOPOB MojrydeH oTBeT oT LIBT OAO «PXK]I»,
yto APITH B cucteme 2x25 kB He ncmonb3y-
eTCs 110 TIPUYKMHE HeHaIEXXHOI ero paboThI.

Henanéxnasa pabora yctpoiicts PITH
o0ycJioBJieHa caeayolMy npuurnHamu. 1o
YCIIOBHSIM M3OJISIIIMKM 3TH YCTPOMCTBA, TIPeI-
Ha3HaYeHHBIC JUIS PeTyJIUPOBaHMS 4YMCIIa
BUTKOB B HEWTpai TIEPBUYHOM Tpex(a3HO
0OMOTKM, BKJTIOUEHBI B IBE CEKIIMH PACIIICII-
JIEHHOM BTOPUYHOI 0OMOTKM HU3KOTO HAIIPS -
JKEHMSI CO CTOPOHBI pejibcoB. [Ipn HM3KOM
HaMpPSDKeHWU Pe3KO YBEJIMIMBAIOTCS TOKH,

YepHoE 0. A., Amutpuesa H. 0., KokopuHa O. 0. Cuctema sneKTpoCcHa0oXeHUs C TpeEXda3HbIMMN

TpaHcdopmaTopamu gns BCM
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Puc. 3. Cxema ¢pasupoBku Tpéx nogcraHuwmii (M1-I13) co ctaHaapTHbiMu TPExgasHbIMM TpaHcHopmaTopammn
B cucrteme 2x25 kB.

MPpOTEKAIOIIIMe TOJIbKO Yepes ABe (ha3bl CXEMBI.
ITpu aTOM Uepe3 nmepekItoyarolee yCTpoucT-
BO, MOIKIIOYEHHOE K KOHTAKTHOW CETH,
MPOTEKAET CYIIECTBEHHO OOJbIINIA TOK, YeM
yepes YCTPOMCTBO, MOJKIIOUEHHOE K MUTAI0-
1LeMy TPOBOY, U3-3a OOJIBILIETO COPOTHUBIIC-
HUSI KOHTYpa, MUTAIOIIEro MPOBOI-PEbChI,
B KOTOPBIii MOCAEA0BATEIbHO BKJIIOUEHBI CO-
MPOTUBJICHUS JTUHEHHBIX aBTOTpaHCc(HoOpMa-
TopoB. KpoMe Toro, Ha HaJi€¢XKHOCTb pabOThI
yerpoiictB PITH, ocobeHHO ¢ HU3KOi cTopo-
Hbl, IPU MUTAHUU TSATOBOW HArpy3Ku Cylle-
CTBEHHO BJIMSIOT 00Jiee YacTble KOPOTKUE
3aMbIKaHUSI B TATOBOI CETU MO CPABHEHUIO CO
CTallMOHAPHO 3HepreTukoi. bobliias yac-
TOTa KOPOTKMUX 3aMbIKAaHWI BbI3bIBAETCS
BO3[CHCTBYEM MOCTOPOHHUX Tea (4acCTH Ba-
TOHOB, MTUIIBI), TOBpexaeHus MU Ha DIIC,
HEUCMPaBHOCTHIO TOKONIPUEMHUKOB, METEO-
YCJIOBUSIMU (TPO3bI, CUJIbHBIN BETEP), HEUC-
MPaBHOCTSIMU KOHTAKTHOM CETH.

OTU 00CTOSTENBCTBA MPUBEIU K TOMY, UTO
B cucteme 2x25 kB ¢ ogHo(Ma3HbIMU TpaHC-
(opmaTopaMu aBTOMaTUYECKOE PETyIMpOoBa-
HUE HaMPsKEeHUs MO Harpy3KOoii, 1o TaHHbIM
MocxkoBckoit u [opbKOBCKOI XKeJIe3HbIX 10-
por, He mpakTukyetrcs. OgHako B [3] nas
YCUJIEHUS CUCTEMBI 2JIeKTpocHabxeHuss BCM
PEKOMEH/IyeTCsl aBTOMaTUUYECKOe MOAIepKa-
HUE HAMIPSKEHUST HA TOKOMIPUEMHUKE 32 CYET
peryupoBaHUsl HAMIPSDKEHUS Ha IIWHAX TsI-
TOBBIX MOJCTAHIIUMA.

2.

ITpu pa3paboTke NepBbIX TSITOBBLIX MOJ-
cTaHIOIUI cucteMbl 2x25 kB mng Baiikaino-
Amypckoit maructpaiu MUWUT, BHUMXKT
1 TpaHCOIEKTPOINPOEKT MPEMTIOKUIU CXeMY
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COeNMHEHUS TpaHC(HOPMATOPOB MOACTAHIIUH,
KOTOPYI0O MOXHO Ha3BaTh (MO aHAJIOTUU CO
cxemamu CkoTta 1 Bynopumxka) cxemoit Yep-
HOBA, C UCIOJIb30BaHUEM TPEX(a3HbIX TPAHC-
¢GopMaTOPOB C rPYIMIION COeAMHEHUST OOMOTOK
V/I1-11, BBITTyCKa€MbIX CEPUITHO JIJTST CHCTEMBI
TSITOBOTO 2JIeKTpocHabxeHus 25 kB [5].

B aT0ii cxeme, mokaszaHHOI Ha puc. 2a,
MocJeA0BaTEIbHO COEIMHEHBI IBe (ha3bl BTO-
PUYHBIX OOMOTOK JABYX TpE€X(da3HbIX TpaHC-
¢dopMaTOpOB, OAUH U3 KOTOPBIX UMEET rPyII-
my coeiHeHust ooMoTok Y /J1-11, a apyroii —
rpynmy coenuHenust Y/[A-1. I[1pu aTom oguH
TpaHcopMaTop MOAKIIOYAETCS K KOHTAKT-
HBIM ITPOBO/IAM U CIIPaBa, U CjieBa OT TSTOBOM
MOJCTAHIIMU, a BTOPOIl — K MTPOBOIAaM U Tpa-
BOTO, 1 JIEBOTO Tjiey nuTaHus. [pymna coequ-
HeHus Y/I1-1 obpasyeTcs myTeM OTHOUMEH-
HOM IBOMHO¥ IepeMapKUPOBKHU JIBYX BbIBOJIOB
cTaHaapTHoro TpaHcgopmaTtopa. Hauano
BTOPUYHOM OOMOTKH «a» COEIMHSIETCSI C KOH-
LIOM BTOPUYHOI OOMOTKU «Z».

BekTopHble AuarpaMMbl MepBUYHBIX
U BTOPUYHBIX HAMPSKEHUI MpPUBEIEHbI Ha
puc. 20, rae JOMOJHUTEIbHO 0003HAUYEHBI
aBToTpaHchopMartopsl (AT).

C 1ebl0 CUMMETPUPOBAHUS HArpy3Ku
¢a3 nuTaroliei ceTu, YTo NPeayCMOTPEHO
B CTY, cienyeT yepeaoBaTh pUCOESIMHEHUE
HauMeHee HarpyXeHHbIX (dha3 MoACTaHIUMI
K BBICOKOBOJIBTHOM TMHUU (cXeMa (ha3upoB-
ku). [1pu 3TOM cxema MOAKIIIOUEHUsI TPAHC-
¢dopMaTopoB, MPUCOCTUHEHHBIX K KOHTAKT-
HBIM MpoBojaM, Takas xe, kKak u B CTD
25 kB. Cxema azupoBku TpaHCcHOPMATOPOB,
MOAKIIOUEHHBIX K MUTAIOIIUM MPOBOJAM,
MoJIy4yaeTcsl aBTOMAaTUYECKHU, YTO MTOKa3aHO
Ha puc. 3.
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Puc. 4. MpuHunnuanbHas cxema paboTel TAroBOV MoAcTaHUuMu cucTeMsl 2x25 kB B aBapuiiHOM pexume.

Cxema TATOBOM MOJICTaHIINM C TpExdas-
HBIMU TpaHCopMaTOopaMu, COeTMHEHHBIMU
ITOCJIEA0BATEILHO, YCTYIMIA CXeMe C OITHO-
dazHpIMM TpaHC(OpMaTOpaMu, IIOTOMY UTO
IepBOHAYAIbHO ObLIa ITPEIIOKeHa KaK CXeMa
¢ aByMs TpEX(a3HbBIMHU TPEXOOMOTOUYHBIMU
TpaHchopMaTtopamu. PesepBupoBaHme mpe-
I10JIaTaJloCh OCYIIECTBIATH CICIYIOIIUM
obpasom. [1pu Beixome u3 cTpos TpaHCcHOp-
MaTopa, IMIPUCOCANHEHHOTIO0 K MUTAIOIINM
IIPOBOMIaM, OCYIIECTBIISICTCS ITMTaHUE KOH-
TaKTHOU CETU C 00€MX CTOPOH ITOACTAHIINH IO
omkaimmx aBroTpaHcpopmatopos mo CTHD
25 kB (puc. 4).

binuxaiimuii K moacTaHIUKA aBTOTpaHC-
¢dopMaTop noBbIIIacT HaTIpsikeHue 10 50 kB,
U B pe3yJbTaTe Ha BCEM YJYacTKe 3a HUM IO
CJICAYIOIIEH TSITOBOI IMOACTAHIIMK paboTacT
cuctema 2x25 KB ¢ IByCTOpOHHUM ITUTaHUEM
TsiroBOI ceTu. [1pu BBIXOAE M3 CTPOS TpaHC-
dopmaropa, MPUCOSAMHEHHOTO K KOHTAKT-
HBIM TIPOBOIAM, OH 3aMEHSeTCS TpaHChOop-
MaTOpPOM, MMPUCOCINHEHHBIM K ITUTAIOIINM
IIPOBOIAM, ITYTEM OITePaTUBHBIX ITePEKITIOUC-
Huii. Bo Bpemsi oriepaTUBHBIX ITEPEKITIOUEHU I
MIPONOJIKUTCS IMTUTAHUE TSITOBOM CETH OT IBYX
MOACTAHLIMIA.

ITpu peamzanmm CTD 2x25 kB ¢ omHOda3-
HBIMU TpaHCchopMaTopamu Ha BAM ortonum
OT UJIeU IBYyXTpaHC(hOPMATOPHOI TTOICTAHIINH.
Ji1s pe3epBUPOBaHMS TI000TO 13 OMHOMA3HBIX
TpaHC(OPMATOPOB YCTAaHABIMBACTCS PE3EPB-

HbI. 17151 muTaHms Tpéxda3HbIX TOTpeOnTeNCH
Ha TepPUTOPUHU TSITOBOM ITOICTAHITNH ITPEIyC-
MaTpUBAIOTCS ABa TpEX(Pa3HBIX TpaHCcHopma-
Topa. B pesyibrare, eciii MOITHOCTb OTHOTO
TSTOBOTO TpaHc(hOpMaTopa IOCTaTOYHA IS
MUTAHUS TATOBOI HATPY3KHU IlIeUa TTUTAHUS,
Ha TIOJICTAHIIUNM YCTAaHABIMBACTCS MUHUMYM
ST TpaHC(POPMATOPOB.

OTxomd OT uaeu ABYXTpaHC(HOPMATOPHOM
TATOBOM IMOACTAHIIMU B cucrteMe 2x25 kB
TO3BOJIMJI TIPSIJIOXKUTE M B CUCTEME C TPEX-
¢a3HBIMU TpaHC(OpPMaTOpPaMU YCTAHOBKY Ha
TMOACTAHIINU TPETHETO (PE3ePBHOTO) TATOBOTO
TpaHcgopmaropa [6]. CxeMa pesepBUpOBaHUS
MoKasaHa Ha puc. 5.

ITo cucreme 2x25 kB ¢ Tpexda3HbIMU
TpaHchopMaTopaMU MPEIITOIarafoch JIeK-
Tpuduimponats Ha KOBXK]I muHmio KoueToB-
ka—PrtumeBo. C aroii ueiabio B 1987 roay
XaprumpoTpaHC BBITTOIHUI ITIPOCKT SJICKTPH -
dukanum >1oit nuHUM Mo CTHO 2x25 kB
¢ Tpexda3HbIMU TpaHchopMaTOpaMM Ha 4Ye-
TBIPEX TATOBBIX oacTaHIMAX: Hukndoposka,
PacckazoBo, Kupcanos, BepryHoBcKasi.
ITpoexT OBLT yTBEP>KIEH U TTOJIyY I CPEIICTBA.
Ho B cBsI31 ¢ yXyOIIMBIINMCS 3KOHOMUYE-
CKHUM TIOJIOKEHMEM B CTpaHE TaK M He OBLIT
BOIUTOIICH B XKWU3Hb. B IToceaHMe romas! Bep-
HYJIHUCH K 3JIeKTpUDUKAIIUN ITON JTUHUMH,
n TpaHCAIEKTPOIIPOCKTOM OBLI BBIMYIICH
TIPOEKT y3Ke C IISTHIO TSTOBBIMU TTOACTAHIIU -
SIMM.
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Puc. 5. MpuHuunuanbHas cxema rnoaklo4YeHus pe3epBHOro TArosoro TpaHcgopmatopa B CT3 2x25 kB
¢ TpéExga3HbIMU TpaHCPOpMaTopamu.

Cucrema 2x25 kB ¢ Tpexda3HbIMU TpaHC-
(opmaTopaMu TO3BOJISIET IIPOCTO OPTAHU30-
BaTh IIPOXOXIEHNE BBICOKOCKOPOCTHOM
JKEJIE3HOIOPOKHOM MarucTpajibio KPYITHBIX
roponoB (Bmamumup, Huxawuit HoBropon,
Yeobokcapnl, KazaHb), ormmpasich Ha CyIIecT-
BYIOIIYIO B HUX CUCTEMY TSITOBOTO BJIEKTPO-
cHabxeHus 25 kB ¢ TpéxdasHbIMU TpaHC-
dopmaropamu. [Ipu 3TOM BO3MOXHO OTBET-
BJICHME IJIS MMAacCaXMUPCKHUX ITOE3T0B CO
ckopocTthio 1o 200 KM/9 Ha MarucTpain
C IIpeXXHeN cucteMoit 25 kB.

3.

Ha BCM npodeccopom A. T. BypkoBbim
TPEIOXKEeH OPUTUHAIBHBIN CITOCOO CHIKE-
HUS TIOTEPb HATIPSIKEHUSI B TSITOBOM CETH
BBEJICHNEM ITaKETHOTO IpadmKa IABUKEHUS
BBICOKOCKOPOCTHBIX ITO€3I0B ¢ MHTEPBAJIOM
HE MEeHee BPeMEHHU X0/1a TToe3/1a 1o HanboJee
JUJIMHHOW MEXITOACTAHLIMOHHOM 30HE, 4TO
obecrieynBaeT HaXOXIEeHNE Ha OJHOM ITyTU
MEXIY TSITOBBIMHU IOICTAHIUSIMU TOJBKO
oxHoro noesna [3]. B atom ciydae ripu cpen-
HHUX PACCTOSHUSAX MEXAY MOACTaAaHIIUSIMU
B SAnonun n ®paHuun cooTBeTCTBEHHO 50
M 55 KM MeXITOe3IHOI MHTEpBaI paBeH 9—12
muHyTaMm. [TogoOHBI MHTEepBaJI CYIIECTBEHHO
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CHMXKAET MUKOBYIO Harpy3Ky MpOBOJOB TITO-
BOI1 ceTH, TpaHCHOPMATOPOB TSITOBBIX MO~
CTaHU MM, TIOTEPU JIEKTPOIHEPTUU BO BCEX
3JIEMEHTaX CUCTEMBbI DJEKTPOCHAOXEHU S
U TIOBBILIAET KAYECTBO 2JIEKTPOIHEPTUM Ha
IIMHAX TATOBbIX MoacTaHuui. I1pu Takoit
OpraHM3allMM ABUXKEHMUS TOE310B MUKOBas
Harpyska NOACTaHUMUK OyaeT OJHOILIeUE,
KOTI/J1a IBa BCTPEYHbIX MOE3/1a HAXOISITCS MEX-
Ny IBYyMS TOACTAHUUSIMU, U ABYXIUIEYEH —
MPU HAXOXAEHUM BCTPEUHBIX MOE3I0B IO
pa3HbIe CTOPOHBI OT MOJACTAHIIMH.

IIpu peanusaluy MpemIoXeHHOTO B [3]
WHTepBajia MTaKeTHOTo IpadrKa IBIKCHUS
MMpUMEHEHNEe CUMMETPHUPYIOIINX TpaHChOp-
matopoB CkoTra u Bynopumxka B cucreme
2x25 kB na BCM B 0CHOBHOM M3-3a OJHOILIE-
4eli Harpy3KM TATOBBIX ITIOACTAHLINMI IIPAKTU-
YeCKH He NaET UM MPEeUMYLIECTBA 1O CHUXE-
HHUIO TOKOB OOpaTHOM MOCAeA0BATEIbHOCTU
B MUTaloueil cetu. Bo3aMoxeH oOpaTHBIN
pe3yabTaT npu odbecrneyeHUuUu TpeOdoBaHUS
CTY 0 He0OXOIMMOCTH TTapalJIeJIbHOI pabo-
THI TTOBBIX ToACTaHLIMi. Ecii mpu omHOba3-
HBIX ¥ TpEX(pa3HBIX TpaHCHOpMaTOpax 3a CUET
yepemoBaHMS HAarpy30K a3 oT mapaijie IbHO
padoTAOIIMX TTOJCTAHIINI TOKK OOpaTHOM
MOCJAe10BaTEIbHOCTU UCTOUHUKOB IMUTAHUS
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OT Harpy30K pa3HbIX MTOJICTAHIIMI CKJIabIBa-
I0TCST BEKTOPHO 11011 yriioM 120°, TO TIpu O;THO-
I1e4Yeil Harpy3kKe TOKM 00paTHOM mocyieaoBa-
TEJTbHOCTH UCTOYHUKOB MMUTAHUST OT CUMME-
TPUPYIOLIMX TPaHCHOPMATOPOB CKITAIbIBAIOT-
cs apudmeTndecku co caBurom Ha 180° or
Harpy30K € OITHOM U JPYrOil CTOPOHBI TATOBOM
rojcTaHiuu. ToJIbKO TIPU paBEHCTBE HATPY-
30K C JBYX CTOPOH, 4TO BO3MOXHO Ha BCM
B €IMHUYHBIX CIIy4yasix, peau3yeTcsi CHMMe-
TpUPYOIIUA 3h@EKT.

B pabore [3] yeTKo moKa3zaHo, 4TO B CXeMe
I cucteMbl 2x25 kB Ckotra—Bynopumka
TpaHc(opMaTop He MPUCOEANHEH K PEJIbCY.
U Torna Ha ctropoHe 50 kB TpedyeTcst oCHOB-
HOe 000pyIoBaHME Ha 3TOT KJIacC HaIpsiKe-
Hus. B Poccuu HeT Takoro kjaacca HampsiKe-
Hus1. Peamszanusi cxeMbl BO3MOXHA TOJTHKO
TPY UCIIOJIb30BAaHUM B HEWl OCHOBHOTO 000-
pynoBaHus kjacca 110 kB, 4To 3HaYUTENBHO
nopoxe. C 11e/IbI0 KCTIONIb30BaHUST 000PY/I0-
BaHus kjacca 35 kB B PY 2x25 kB B Hameit
cTpaHe TpaHCc(hOPMATOPhI MTPUCOEANHSTIOTCS
K pejbcaM, YTO OMpeJelisieT HEPAaBEHCTBO
Harpy30K 0OMOTOK TpaHC()OPMATOPOB, TIPU-
COEIMHEHHBIX K KOHTAaKTHOM CETU U IMUTAI0-
LIEMY [TPOBO/LY.

IMpennoxenue npodeccopa A. T. Bypkona
MO3BOJISIET MIPOCTO OLIEHUTHh HEOOXOIUMYIO
MOIIHOCTb TpéXxda3HbIX TpaHCHOPMATOPOB
B cucteme 2x25 kB Ha BCM. AHanu3 ocHOB-
HBIX TTapaMEeTPOB BBICOKOCKOPOCTHBIX IMOE3-
noB [3] moka3bIBaeT, YTO MaKCUMAJbHYIO
MoITHOCTh 18,24 MBT nmeeT moe3n, BbIMMy-
meHHbIi B Anonuu B 1995 rony. Ha ocHoBa-
HUM BTOTO JJI1 OL@HKHW MOIIHOCTHU Tpéxdaz-
HBIX TpaHC(hOPMATOPOB B cucteme 2x25 kB
TPUHSITA HarOOIbIAasT MOITHOCTD 3JIEKTPO-
noesaa 20 MBT, motpe6Jisitoiiias oT 00MOTOK
TpaHC(OPMATOPOB TSATOBBIX ITOACTAHITUI TOK
727 A. YuTéM, UTO B cilydyae HaxXOXJIEeHUS
moe3aa Mexmry aBToTpaHchopMaTOpaMU TPEX-
da3HbIlt TpaHC(HOPMATOP, BKIIOUYEHHBIN
MeXJIy KOHTaKTHBIM IPOBOJIOM M PEIbCOM,
HarpyxeH Ha 10 % GoJblie, yeM TpaHchop-
MaTop, MOAKITIOYEHHBI MEXIY TMUTAIOIINM
npoBoaoM U penbcamu [7]. TTocneaHee ornpe-
JIeJISIETCS OOJIBIITUM COTIPOTUBJIEHUEM Hepac-
LIETUIEHHOTO MUTAIOIIIETro MPOBO/IA U TOCe-
JIOBATEJIbHO BKJIIOYEHHOTO C HUM aBTOTpaH-
chopmaropa. B pesynbrate Harpyska mjeya
MUTAaHUsI, TTOAKIIOYEHHOTO K Hanbosee Ha-
IPy>XK€HHOMY TpaHC(HOPMATOPY MEXITY KOH-
TaKTHBIM TPOBOIOM M PEJIbCOM, OT OJHOTO

® MWP TPAHCIMOPTA, Tom 15, N2 1, C. 48-62 (2017)

noesaa coctaBut 400 A (55 % ot Toka moesna)
TPY OTHOCTOPOHHEM MTUTAHUM TSITOBOM CETH.
B nanpHeiiieM nona Harpy3koiu ruieya muta-
HUSI TIOHUMAETCsI Harpy3Ka, MPUXOISIIasiCs
Ha TpaHc(opMaTop, TPUCOETMHEHHBIN K KOH-
TaKTHBIM IPOBOJIAM.

O1leHMM BO3MOXKHOCTH MCITOJIb30BAHUS
npu MOLIHOCTHU 3JiekTporoesna 20 MBT nByx
MOCJIeA0BATEIbHO BKIIOUEHHBIX TPEX(DAZHBIX
TpaHcdopMaTopoB MonTHOCTEIO 40 MBA nipu
OJHOCTOPOHHEM MUTAHWUU TITOBOW CETH.
OlieHKa poBeieHa 111 HauboJiee HarpyXeH-
HOTO TpaHchopMaropa.

CranaapTHbIi TpéxdasHblil TpaHchopma-
Top MourHocThio 40 MBA ¢ HampstokeHUeM
BTOpUYHOI 00OMOTKM 27,5 KB umeeT HoMuU-
HaJIBHBIN TOK 00MOTKHU 485 A. TTockonbKy Ha
00MOTKY Tpé€xazHoro TpaHcdopmaTopa rnpu-
XOJIMTCSI HE BeCh TOK Tuleva MUTaHus (B OT/IU -
qre oT ogHo(a3Horo TpaHcopmaropa), a 2/3
€ro, TO HOMUHAJIbHBIM TOK (ha3bl TOCTUTACTCS
MpU OJHOILIeYel Harpy3ke 727 A, 4TO paBHO
TOKY noesja rnpu ero MmoiHoctu 20 MBT. [Tpu
OIIMHAKOBOI Harpy3ke C JIByX CTOPOH HOMU-
HaJIBHBIN TOK JIBYX HamOoJiee Harpy>KeHHBIX
(a3 TpaHchopMaTopa JOCTUTAeTCS TPU TOKaX
550 A Ha KaXIoM IuIeye.

ITpu pacTioyioKeHNU IBYX ITOE3/I0B C TOKA-
M1 400 A 110 pa3Hble CTOPOHBI OT MOACTAHITUN
TOKU ABYX HauboJjiee Harpy>kKeHHBIX (ha3 OyayT
MEHBIIIe X HOMUHAJIBHBIX 3HAUEHUA.

B cityuae HaxoXXIeHUST ABYX TTOE3/10B MEX-
JIy TIOAICTAHITUSIMU CJIEYeT PaCCMOTPETh JIBa
BapMaHTa UX B3aMMHOT'O PaCIIOJIOXEHUS.
bornee serkuit BapuaHT — KOT/1a Moe3/1a Haxo-
JSITCST MeX Iy aBToTpaHcdopmaTopamu. Torna
OofHOILIeYast Harpy3ka oT AByX moe3noB 8§00 A
MPEBBICUT HOMUHAJIBHBIN TOK Hanbosee Ha-
rpyXXeHHoI (a3bl TpaHchopmaTopa Ha 10 %.
MakcumMalbHBIE KPaTKOBPEMEHHBIN TTUK
OJIHOTUIEYE# HAarpy3KW HanboJjiee HarpyKeH-
Holt a3bl TpaHchopmaTopa OyAeT, Koriaa
BCTPEUYHbIE MOe3/1a OKAXYTCS C OHOI CTOPO-
HBI HEMTOCPENICTBEHHO Y TSTOBOM MOACTAaHIINMN.
ITpu 3TOM BO3HUMKAET OJHOTUIEYAs] HArpy3Ka
OT IBYX I0e310B. MexXay nmociaenoBaTeIbHO
BKJIIOYEHHBIMU TpaHC(hOpMaTOpaMuy OHa pac-
MpeaesieTcss 00paTHO MPOMOPIIMOHAIBLHO
OTHOCHTEJIBHO COTIPOTUBJICHMS TpaHC(hopMa-
TOpa, MOIKIIOYEHHOTO K KOHTAKTHBIM TIPO-
BOZaM, 1 CyMMapHOTO COTIPOTUBIIEHUST KOH-
Typa, COCTOSIIIIETO U3 COMPOTUBIEHUS] KOH-
TaKTHasI CETb—PEJIbCHI 10 OJIVDKAMIIIero aBTo-
TpaHcdopmaropa, COPOTUBIEHUSI CAMOTO
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Ta0auna 1

CpaBHeHHe KaNUTAJBHBIX 3aTPAT HA TPaHC(oOpMaTopHOe
00opynoBanue TArosbix noactannuii CTD 2x25 kB

CrouMocThb
Tun Kom-Bo, | Utoro,
CxeMHOe pelIeHHe TpaHcopmMaropa,
TpaHchopmaropa IIT. |OTH. ex.
OTH. €Il

Hoacranuus ¢ Tpemst 0HODA3HBIME 1| OP JTHYK-25000/220 1 3
IBYMs TpEX(DasHbIMU 4,313
TpaHc(opMaTopaMu TJIH-10000/220 0,656 2
[Moxcrannus ¢ nareio Tpéxdpasuemvu | TAHXK-25000/220 0,937 3 bk
Tpanc(opMaTOpaMI TJIH-10000/220 0,656 2 ’

AT, conpoTuBJIeHUsS KOHTYpa, MUTAIOIIETO
TPOBOA—peNbehl 10 Ommkaiimero AT, u co-
TPOTUBJICHUSI TpaHC(HOPMAaTOpPa, TOIKITIOUEH-
HOTO K MUTAImMMUM mpoBogaM. [1ocKoabKy
COIIPOTHUBIICHNUE OT T10€3/1a B CTOPOHY TPaHC-
dopmMaTopa, NOAKIIOYEHHOTO K MMUTAIOIINM
MPOBOJAM, CYIIECTBEHHO OOJIbIIIe, TO 3HAYM -
TeJbHAsl YaCTh HATPy3KHU IBYX IT0E3I0B IPH-
IETCs Ha TpaHC(OpMaTOp, MOAKIIOUEHHBIN
K KOHTaKTHBIM TIPOBOIAM.

Kak moka3zano B [7], ABa GauKailImx
K nogctanumu AT Tiepenanyt Ha TpaHCchop-
MaTop MEXIy MUTAIOIIAM IIPOBOIOM U PeJib-
coM 10 15 % Harpy3ku KaxXaoro Ioesja.
B pesynbraTe omHOMOMEHTHAasl Harpyska
TpaHchopMaTopa, MOIKIIYECHHOTO MEXIY
KOHTAKTHOM CEThI0 M PEIbCOM, COCTABUT
70 % OT CyMMbI IBYX IIO€3/10B, YTO IIPEBBICUT
Ha 40 % HOMMHAJIbHBII TOK HanboJIee HArpy-
XKeHHOoI (a3bl. [1pogoKUTETbHOCTh 3TOTO
M1Ka — CEKYHIIBI, TaK KaK BCTPEYHBINA TTOE3T
nepeinéT Ha Apyryro hUIepHYIO 30HY, a BTO-
poii 1moe3a JOCTUTHEeT OJMXKalllero K moji-
cranuun AT. Ha temriepatypy oOMOTOK 1 Ha
CTapeHMeE U30JISILIMU PACCMOTPEHHBIN CIydan
HE TIOBJIMSIET, TIOCKOJIBKY OH MaJIOBEPOSITCH
W TIPOUCXOIUT TIPU HEAOTPY3KE IBYX APYTUX
¢a3 TpaHcopMaTopa, HAXOASIIUXCS C Hau-
OoJiee HaTpy>KeHHOI (pa3oii B 001Iei MacsI-
HOW BaHHE.

CrenyeT UMETh B BULY, YTO IIPUBEICHHBIC
Teperpy3ku OyIayT TOJIbKO y TpaHchopMaTopa
MoITHOCTBIO 40 MBA, mOaKIIIO4YeHHOTO MEXK-
Iy KOHTaKTHO CEThIO M PeIbCaMU ITPU MOTII-
HOCTH 3JieKTporioe310B 20 M BT, korga Mexmy
TMOACTAaHIIMSIMU HaXOMSTCS IBa TTOe311a B CITy-
yae NMUTaHus TIrOBOM CeTU OT OJJHOU MOJACTaH -
nuu. [Ipym MOIIHOCTH 3JEKTPOIOE3I0B
12 M BT neperpy3ku He OyIeT, Kak 1 B cIydyae
OHOCTOPOHHETO TTUTAHUSI.
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[Tpu ABycTOpOHHEM ITUTAHWHU TSATOBOI CETH
neperpy3ku Tpancdopmaropa He OyIeT 1 mpu
JIBYX IToe31ax MolrHocThio 20 M BT, korna onn
HaXOISITCSI MEXIY aBTOTpaHC(hOpPMaTOpaMu.
B cirygae omHOBpeMEHHOTO HaXOXKIESHUST IBYX
nmoe3a10B MoIIHOCTLIO 20 MBT ¢ onHOI cTOpO-
HBI HETIOCPEICTBEHHO Y ITOACTAHIINN BO3MOX-
Ha KpaTKOBpeMEHHasI reperpys3Ka TpaHcdop-
MaTtopa 1 IIpy ABYCTOPOHHEM IMUTAHUM TSITOBOM
cetu, Ho MeHee 40 %. Takas meperpyska
KPaTKOBPEMEHHO JTOITyCTUMa JUTSI TpaHchop-
Maropa Iaxe Ipu OTHOBPEMEHHOM Ieperpy3Ke
Tpé€X da3. OTMeTUM, YTO NpU TPEXDa3HBIX
TpaHc(hopMaToOpax BEPOSITHOCTh OMHOCTOPOH-
HETOo IMUTaHMSI TATOBOM CETH B 2 pa3a MEHBIIIE,
yeM MpU OgHO(A3HBIX.

ITpu HEOOXOAMMOCTH TIEPETPY3KY TPaHC-
¢dopmaTopa, IMTOAKIIOUEHHOTO K KOHTAKTHOM
CeTH, MPU ABYX IT0E3/1aX C OMHOM CTOPOHBI OT
MMOACTAHIIMHY MOXHO YCTPAHUTD YBEJTMICHUEM
3arpy3Ku TpaHcgopmaTopa, MOAKIIOYSHHOTO
K TIUTAIOIIEMY ITPOBOY, ITyTEM YMEHBIIICHUS
COITPOTHUBIICHUSI KOHTYPa TATOBOI CETH MEXK-
Iy TIOCJICIOBATEIbHO BKJIFOUEHHBIMHU TPaHC-
dopmaropaMu. DTO MOXHO OCYIIECTBUTH
pacuieTuieHueM IMUTaIoNIeTo MmpoBoaa Ha
yJacTKe MKy MOJICTaHIMer 1 OIKad M
AT, ycTaHOBKOI1 MTPOIOJbHON KOMIIEHCALIUN
Ha TIOACTAaHIIMM B KOHTYDP MUTAIOLIAN TIPO-
BOI—PEJIbCHI, a TAKXKE YMEHBIIICHUEM PacCTO-
SHUWS OT MOACTAHLINY 10 OvKarirero AT.

Taxnm 0Opa3oM, MOIITHOCTU ABYX TpEX(Da3-
HBIX TpaHcopMmatopoB 1o 40 MBA, coenn-
HEHHBIX MOCJIEI0BATEIbHO, JOCTATOYHO IS
MMUTaHUS BBICOKOCKOPOCTHBIX ITOE3I0B MOIII-
HocThio 10 20 MBT npu uHTEpBane MeXay
HUMHJ HE MEHee BpeMEeHH X0/1a IToe3/1a 110 Hau -
0oJiee JUTMHHOM MEXITOACTAHLIMOHHOI 30HE.

ITo 3aka3y aBTOpOB 3aBOIOM-U3TOTOBH -
TeJeM TpaHC(HOPMaTOPHOTO 000PYIOBaHUS
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3A0 «DHepromaiun (Exatepunoypr)—Ypai-
3JIEKTPOTSIKMaIIl» IPOBeeHa OlleHKa OTHO-
CUTEJIbHOW CTOMMOCTHU TpaHC(HOPMaTOPOB
OPJIHX-25000/220; TAH-10000/220;
TATHXK-25000/220. ITockoabKy Ha JaHHBIN
MOMEHT 3aBOJI He BBIITyCKaeT ogHOo(a3HbIe
TpaHcdopmaTopsl Tuna OPIAHXK moiHo-
ctbio 6osee 25000 kBA, 3a equHUIly TPUHS -
Ta U3BECTHAss CTOMMOCTh OMHO(a3HOTO
TpaHcgopmaropa MolHocThio 25000 KBA.
Hcxonst onsaTh Xe M3 U3BECTHOM CTOMMOCTH
TpexdasHbIX TpaHCHOPMATOPOB, OMpeIese-
Ha UX CTOUMOCTb B OTHOCUTEJbHBIX €TUHU-
nax. [Tockonbky B 06eux cxemax PY 2x25 kB
MOXKHO BBITIOJIHUTh OMUHAKOBO, C UCIIOJIb-
30BaHNEM OTEUECTBEHHOT'O 000PYIOBaHUS,
TO IMPOBEIEHO CPAaBHEHME IBYX CXEM TOJIHBKO
M0 CTOMMOCTU TpaHchopmaTopoB. IBa
tpancdopmaropa TJTH-10000/220 Heobx0-
JUMBI JUTISI TATAHWST HETSITOBBIX TTOTPEeOUTE -
JIeil Ha TSITOBBIX MOACTAHIIMSIX B 000UX
ciy4dasix. Pe3ynbsraTel OTHOCUTENIBHOM OlIEH-
KA CTOMMOCTHU TPaHC(HOPMATOPOB TATOBBIX
noactaHuuit CTHO 2x25 kB npuBeneHbl
B Tabsuie 1.

PesynbraThl B TAO/MMIIE MOKA3bIBAIOT, YTO
TPY OMMHAKOBOU CTOMMOCTH TpaHC(hOpPMaTo-
POB JUISI MUTAHUS HETATOBBIX MTOTpeOUTENIEH
BapuaHT ¢ ogHO(ha3HBIMU TpaHchopMaTopa-
MU HECKOJIbKO JIOPOXe BapuaHTa ¢ Tpéxdaz-
HBIMU TIPY OIMHAKOBOM MOIITHOCTU CUJIOBBIX
TpaHchopmaTopoB. [Ipy 3TOM clienyeT yuecTb,
4yTO OHO(MA3HBIN TpaHCHOPMATOP C Mpeia-
raemMoif MoITHOCTEIO 48 MBA OyneT mopoxe
TpéxdazHoro MmourHocThio 40 MBA.

BbiBOAdbl

1. YuuteiBast pa3Mepsl Hallleil CTpaHbI
¥ pa3MelleHre HapoJIOoHaCeIeHUs TI0 CpaB-
HeHulo ¢ SlmoHuel u cTpaHamMu 3amajgHou
EBporbl, a Takke YMCIIEHHOCTh HaceJIeHUS
Poccun no cpaBHeHuio ¢ Kurtaem, mpoek-
TUPOBATH CUCTEMY BJIEKTPOCHAOXEHUS
BCM c nuHTEepBaIOM ABMKEHUS 5 MUHYT Ha
Oommkaiimme 25 et (CpoK CIy>KObI TpaHC-
(bopmaTopoB) TipencTaBiseTCsT HEleIeco-
o0Opa3HbIM. boJjiee pallMoHaJbHO U 9KOHO-
MUYHO /Ui Poccuu mpu MpoeKTUpOBaHUU
cucTeMbl 3J1eKTpocHaOxkeHnsT BCM ncxo-
JIIUTH U3 TIPEIOKEHHOU CXeMbl OpraHu3a-

LMW JABUXEHUS MOE310B, KOrja MHTepBal
MOMYTHOTO CJHEIOBAaHUS OMNpenenasieTcs
BpeMeHeM Xoja noe3aa o HauboJiee JIUH-
HOI MEXMOACTAaHIIMOHHOH 30He. B 3aBucu-
MOCTU OT CKOPOCTM MO€3[a 3TOT UHTEepBa
Oynet paBeH 9—14 MUHyTaM.

2. [IpyuHuMas BO BHUMaHME PsI Cylle-
CTBEHHBIX MPEUMYILIECTB PACCMOTPEHHO
cxeMbl ¢ TpéxdaszHbIMU TpaHcHopmaTopa-
MU 1 0COOEHHO HAJEXHYI0 pabOTy yCTPOICTB
PITH tpéxdasnbix TpaHchOpPMaTOPOB, aB-
TOPBI MPeIaraT AJIsI CUCTEMBI DJIEKTPO-
CHa0XeHUsI BBICOKOCKOPOCTHBIX MarucTpa-
jqeit Poccuu cxemy ¢ nByms pabouyumu,
CEepUITHO BBIMYCKAe€MbIMU NIJI51 CUCTEMBbI
TSATOBOTO 3J1€KTpOoCHabX)eHus 25 KB Tpéx-
(a3zHbIMU TpaHChHOpPMATOPAMU MOLIHOCTbIO
40 MBA, coennHEHHBIMHU TTOCTIEI0BATEb-
HO, U OTHUM Pe3epBHBIM TpaHC(HOPMATOPOM
Tako#l xe mMomHocTu. [Ipu aTOoM ecnu
B 00bIUHOI cucTteMe 25 KB ycTaHOBIEeHHAas
MOUIHOCTb TpaHC(hOPMATOPOB HA MOACTAH-
nusx papHa 80 MBA, To Ha BCM oHa cTtaHeT
120 MBA, 4TO COOTBETCTBYET MUPOBOI
npakTUKe.
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POWER SUPPLY SYSTEM WITH THREE-PHASE TRANSFORMERS FOR HSR

Chernov, Yuri A., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Dmitrieva, Natalia Yu., design and survey institute Mosgiprotrans, Moscow, Russia.
Kokorina, Olesya Yu., design and survey institute Mosgiprotrans, Moscow, Russia.

ABSTRACT

The article presents a schematic diagram of a
traction substation of the 2x25 kV power supply
system with three-phase transformers and a vector
voltage diagram for high-speed lines. Power supply
systems 2x25 kV with single-phase and three-phase

transformers are compared, the power of three-
phase transformers for high-speed main lines is
recommended. And all this taking into account the
new special technical conditions that are worked out
for the design, construction and operation of Russian
HSR.

Keywords: railway, high-speed railway, traction substation, 2x25 kV power supply system, three-phase
transformer, single-phase transformer, special technical conditions.

Background. High-speed passenger
transportation is profitable and pays for itself, bringing
direct economic benefits to the state, as well as
development ofthe regions along which the main lines
pass and a certain status in the world community.

In our country, the first high-speed rail (HSR)
Moscow-Saint Petersburg has been launched and is
functioning. Itis electrified with a direct current of 3kV.
Unfortunately, practice shows that a lot of problems
arise in the operation of a DC-electrified high-speed
railway. First of all, this is a serious «drawdown» of
voltage on the current collector of electric rolling stock
(ERS) in the middle of the feeder zone and, as a
consequence, the necessity of using bulky volt-adding
devices in traction substations, and even forced speed
limits in certain areas. But for this main line, the type
of current was not chosen, but only existing traction
substations were modernized.

The experience of electrification of high-speed main
lines in Japan showed that with an electric train power
of about 16 MW, it is most advisable to use an
autotransformer power supply system, which we called
2x25 kV traction power (2x2 kV TSP). If in Japan on the
first high-speed main line Tokyo—Osaka with a power
supply system of 25 KV this distance was about 20 km,
with continuation of electrification of the main line using
the system 2x25 kV the distance increasedto 50 km [1].

At the moment, work is underway to design the
HSR-2 Moscow-Kazan-Yekaterinburg and the

A

investment justification for the HSR-3 Moscow-Adler
is made. In the absence of early design Russian
documents regulating the requirements for the
construction and operation of specialized railway lines
with the speed of passenger trains of up to 400 km / h,
at the request of JSC «High-speed main lines»
Petersburg State Transport University (PSTU) and a
number of other organizations under the leadership
of professor A. T. Burkov developed «Special technical
conditions» Railway power supply of Moscow—-Kazan—
Yekaterinburg section. Technical standards and
requirements for design and construction»
(hereinafter referred to as STC). The STC specifies
that the design should consider options for traction
substation schemes using single-phase, three-phase
power transformers, transformers with a balancing
effect, devices for improving the quality of electricity.

In justification of the investment of HSR-2 it is
proposed to build a power supply system from the DC
section (Moscow-Noginsk) and the 2x25 kV
alternating current section (Noginsk—Kazan), which
is recommended by STC.

The article is devoted to the choice of a rational
variant of the scheme of transformers of traction
substations of the power supply system 2x25 kV of the
main line. The question arose not by chance. Based
on the results of traction calculations made by JSC
«Lengiprotrans» at the stage of investment
Jjustification, it was recommended to use single-phase
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Pic. 1. Schematic diagram of traction substation with single-phase transformers.
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traction transformers with a capacity of 48 MVA, which
does not meet the STC’s requirement to choose
equipment from a number of nominal values
established by the standard. In addition, none of the
domestic factories produces single-phase
transformers of this power.

Objective. The objective of the authors is to
consider power supply system with three-phase
transformers, which can be applied on HSR.

Methods. The authors use general scientific and
engineering methods, comparative analysis, scientific
description, mathematical calculations.

Results.

1.

Asarule, inour country, single-phase transformers
with a split secondary winding are installed in traction
substations for supplying the traction network of the
2x25 kV system [2]. There is an experience of using
three-phase transformers in the 2x25 kV system on
the Privolzhskaya railway and earlier on the BAM.

Pic. 1 shows the scheme of a traction substation
with single-phase transformers, taking into account
the recommendations of the STC: 100 % redundancy
of power transformers and supply of non-traction
consumers from two additional three-phase double-
wound transformers with a higher voltage of 220 kV
and a secondary voltage of 20 kV. Such a scheme is
also considered in justifying the investment of HSR-2.
The primary windings of two transformers T1 and T2
are connected to an open triangle. The additional
transformer T3 is reserved. Two three-phase
transformers T4 and T5 are provided for supplying
three-phase consumers for redundancy purposes. In
the figure, CN is the contact network, SWis the supply
wire, and R is the rails.

A significant drawback of the circuit with single-
phase transformers was the unreliable operation of
voltage-controlled load devices (VCL). The speed of
the train depends on the voltage on the current
collector of ERS. In STC, the minimum value of voltage
on the current collector is not less than 21 kV. Nominal
voltage in the traction network, at which traction
calculations are performed, 25 kV. Reducing the
voltage on HSR to the minimum allowed leads to a
loss of ERS power by 15 % and to a decrease in the
average technical speed by 7-8 % [3].

One of the means to provide the necessary
voltage level in the traction network, including through
changing the voltage on primary buses of traction
substations, is automatic voltage regulation (ARPV)
on transformers of traction substations. In the first
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Pic. 2. Schematic diagram of the traction substation of the power supply system 2x25 kV with three-phase
transformers (a), on the right — vector diagram of voltages (b).

year of operation of the 2x25 kV power supply system
with single-phase transformers at the Vyazemskaya
power supply distance of Moscow Railway, at one of
the substations the fine voltage regulation windings
failed that perform stepwise voltage regulation. As a
result, they had to be shunted [4].

The VCL device at the traction substation
Mukhtolovo of Gorky Railway failed. At the substation
Sergach only odd positions of such a voltage regulator
work. At the request of the authors, a response was
received from the CET of JSC Russian Railways that
ARPV in the 2x25 kV system is not used because of its
unreliable operation.

Unreliable operation of VCL devices is caused by
the following reasons. According to the insulation
conditions, these devices, designed to regulate the
number of turns in the neutral of the primary three-
phase winding, are included in the two sections of the
split low-voltage secondary winding on the side of the
rails. With a low voltage, the currents flowing through
only two phases of the circuit sharply increase. In this
case, significantly larger current flows through the
switching device connected to the contact network
than through the device connected to the supply wire,
because of the greater resistance of the loop feeding
the wire-rails, to which the resistance of the linear
autotransformers is subsequently connected. In
addition, the reliability of the VCL devices, especially
on the low side, when powering the traction load is
significantly affected by more frequent short circuits
in the traction network compared to the stationary
power. A greater frequency of short circuits is caused
by the influence of foreign bodies (parts of wagons,
birds), damage to ERS, malfunction of current
collectors, weather conditions (thunderstorms, strong
wind), faults in the contact network.

These circumstances led to the fact that in the
2x25 kV system with single-phase transformers
automatic regulation of voltage under load, according
to the Moscow and Gorky Railways, is not practiced.
However, in [3] it is recommended to automatically
maintain the voltage on the current collector to
improve the power supply system of the HSR by
adjusting the voltage on the bus bars of the traction
substations.

2.

When developing the first traction substations of
the 2x25 kV system for the Baikal-Amur Mainline, MIIT,
VNIIZhT and Transelectroproekt proposed a
connection scheme for substation transformers,
which can be called (by analogy with the Scott and
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Pic. 3. Scheme of phasing of three substations (S1-S3) with standard three-phase
transformers in the 2x25 kV system.
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Pic. 4. Schematic diagram of the operation of the traction substation of the 2x25 kV system in emergency mode.

Woodbridge schemes) the Chernov scheme, using
three-phase transformers with the winding group
U/ D -11, produced serially for the traction power
supply system of 25 kV [5].

In this scheme, shown in Pic. 2a, two phases of the
secondary windings of two three-phase transformers
are connected in series, one of which has a winding
group U /D-11, and the other is a U / D-1 connection
group. In this case, one transformer is connected to
the contact wires to the right and to the left of the
traction substation, and the second to the wires of both
the right and left arms of the power supply. The U /D- 1
connection group is formed by the double-labeling of
two terminals of a standard transformer. The beginning
of the secondary winding «a» is connected to the end
of the secondary winding «z».

Vector diagrams of primary and secondary
voltages are shown in Pic. 2b, where autotransformers
(AT) are additionally indicated.

In order to balance the load of the phases of the
supply network, as provided in the STC, alternating
the connection of the least loaded substation phases
to the high-voltage line (phasing scheme) should be
alternated. In this case, the connection diagram of
the transformers connected to the contact wires is
the same as in the TSP 25 kV. The phasing scheme of
the transformers connected to the supply wires is
obtained automatically, as shown in Pic. 3.

The scheme of the traction substation with three-
phase transformers, connected in series, yielded to

the circuit with single-phase transformers because it
was originally proposed as a circuit with two three-
phase three-winding transformers. The reservation
was to be carried out as follows. In case of failure of
the transformer connected to supply wires, the
contact network is powered from both sides of the
substation to the nearest autotransformers according
to the TSP 25 kV (Pic. 4).

The nearest autotransformer to the substation
increases the voltage to 50 kV, and as a result, on the
whole section, a 2x25 kV system with a two-way power
supply of the traction network operates behind it to the
next traction substation. If a transformer connected to
the contact wires fails, it is replaced by a transformer
connected to the supply wires, by means of operational
switching. During the operative switching, the traction
networkwill continue to be powered from two substations.

When implementing STP 2x25 kV with single-
phase transformers at the Baikal-Amur Mainline
departed from the idea of a two-transformer
substation. To reserve any of the single-phase
transformers, a backup is installed. Two three-phase
transformers are provided for the supply of three-
phase consumers on the territory of the traction
substation. As a result, if the power of one traction
transformer is sufficient to supply the traction load of
the power supply, at least five transformers are
installed at the substation.

A departure from the idea of a two-transformer
traction substation in the 2x25 kV system made it
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Pic. 5. Schematic diagram of connection of a backup traction
transformer in STP 2x25 kV with three-phase transformers.

possible to offer installation of a third (backup) traction
transformer in a system with three-phase transformers
[6]. The redundancy scheme is shown in Pic. 5.

A 2x25 KV system with three-phase transformers
was supposed to electively connect the Kochetovka—
Rtishchevo line to the South-East Railway. To this end,
in 1987, Khargiprotrans completed the project of
electrification of this line for 2x25 kV STP with three-
phase transformers at four traction substations:
Nikiforovka, Rasskazovo, Kirsanov, Vertunovskaya.
The project was approved and received funds. Butin
connection with the deteriorating economic situation
in the country was not implemented. In recent years,
we have returned to the electrification of this line, and
Transnelectroproject has already issued a project with
five traction substations.

The 2x25 kV system with three-phase transformers
makes it possible to simply organize the passage of
high-speed railway of large cities (Vladimir, Nizhny
Novgorod, Cheboksary, Kazan) based on the existing
25 kV traction power system with three-phase
transformers. At the same time, a branch for
passenger trains with a speed of up to 200 km / h on
a main line with the old 25 kV system is possible.

At HSR professor A. T. Burkov proposed an
original way to reduce voltage losses in the traction
network by introducing a package schedule for the
movement of high-speed trains with an interval of at
least the train travel time along the longest inter-
substation zone, which ensures only one train on one
track between traction substations [3]. In this case,
at medium distances between substations in Japan
and France, respectively, 50 and 55 km, the inter-train
interval is 9—12 minutes. Such an interval substantially
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reduces the peak load of traction network wires,
transformers of traction substations, loss of electricity
in all elements of the power supply system and
improves the quality of electricity on the tires of
traction substations. With this arrangement of train
traffic, the peak load of the substations will be a one-
armed, when two oncoming trains are located
between two substations, and two-armed — when the
oncoming trains are on opposite sides of the
substation.

When implementing the interval of the package
traffic schedule proposed in [3], the use of Scott and
Woodbridge symmetrizing transformers in the 2x25 kV
system on HSR, mainly due to the single-armed load
of the traction substations, practically does not give
them an advantage in reducing the negative sequence
currents in the supply network. The reverse result is
possible while ensuring the requirements of the STC
on the need for parallel operation of traction
substations. If for single-phase and three-phase
transformers due to the alternation of phase loads
from parallel operating substations, the currents of
the reverse sequence of power supplies from the
loads of different substations are folded vectorally at
an angle of 120°, then for single-armed loads the
currents of the reverse sequence of power supplies
from balancing transformers are added arithmetically
with a shift of 180° from the loads from one and the
other side of the traction substation. Only when the
loads are equal on both sides, which is possible on
the HSRin single cases, a balancing effectis realized.

In [3] itis clearly shown that in the scheme for the
2x25 kV Scott Woodbridge system the transformer is
not connected to the rail. And then on the 50 kV side,
the main equipment is required for this voltage class.
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Table 1

Comparison of capital costs for transformer equipment of traction substations STP 2x25 kV

Cost of
Circuit design Transformer type | transformer, rel. Quanty, Otal? rel
units pes units
. . i ORDNZh-
Substation with 3 single-phase and 2 25000/220 1 3 4313
three-phase transformers TDN-10000/220 0,656 )
Substation with 5 three-phase TDNZh-25000/220 0,937 3 4123
transformers TDN-10000/220 0,656 ’

In Russia there is no such class of voltage. The
implementation of the scheme is possible only with
the use of the main equipment of the 110 KV class,
which is much more expensive. In order to use
equipment of 35 kV class in RU2x25 kV in our country,
transformers are connected to rails, which determines
the unequal load of windings of transformers
connected to the contact network and the supply wire.

The proposal of professor A. T. Burkov allows us
to simply estimate the necessary power of three-
phase transformers in a 2x25 kV system on the HSR.
Analysis of the main parameters of high-speed trains
[3] shows that the maximum capacity of 18,24 MW is
possessed by the train, produced in Japan in 1995.
Based on this, to estimate the power of the three-
phase transformers in the 2x25 kV system, the
maximum power of the electric train is 20 MW,
consuming 727 A current from the windings of the
transformer of the traction substations. We will take
into accountthatin the case a train is located between
autotransformers, a three-phase transformer
connected between the contact wire and the rail is
loaded with 10 % more than the transformer connected
between the supply wire and the rails [7]. The latter
is determined by the greater resistance of the unsplit
supply wire and the autotransformer connected in turn
with it. As a result, the load of the power arm,
connected to the most loaded transformer between
the contact wire and the rail, from one train will be
400 A (55 % of the train current) with unilateral power
supply of the traction network. In the future, under the
load of the power arm is understood the load coming
from the transformer, connected to the contact wires.

Let’s estimate the possibility of using 20 MW of
electric power for two successive three-phase
transformers with a capacity of 40 MVA at unilateral
power supply of the traction network. The estimation
is carried out for the most loaded transformer.

A standard three-phase transformer with a
capacity of 40 MVA with a secondary winding voltage
of 27,5 kV has a rated winding current of 485 A. Since
the whole current of the supply arm (in contrast to a
single-phase transformer) does not fall on the winding
of a three-phase transformer, but 2/3 of it, noniml
current of the phase is achieved with a single-armed
load of 727 A, which is equal to the current of the train
at its power of 20 MW. With the same load on both
sides, the nominal current of the two most loaded
phases of the transformer is achieved at currents of
550 A on each arm.

With the arrangement of two trains with currents
of 400 A on either side of the substation, the currents
of the two most loaded phases will be less than their
nominal values.

In case two trains are located between substations,
two options for their mutual arrangement should be
considered. The easier option is when trains are
between autotransformers. Then a single load from
two trains 800 A will exceed the nominal current of the
most loaded phase of the transformer by 10 %. The
maximum short-term peak of a single-armed load of
the most loaded phase of the transformer will be when
the oncoming trains are on one side directly from the
traction substation. This causes a single-armed load
from two trains. Between the series-connected
transformers it is distributed inversely with respect to
the resistance of the transformer connected to the
contact wires and the total resistance of the circuit
consisting of the resistance of the contact network—
rails to the nearest autotransformer, the resistance of
the AT itself, the loop resistance, powering wire—rail
to the nearest AT, resistance of the transformer,
connected to supply wires. Since the resistance from
the train to the side of the transformer connected to
the supply wires is much larger, a significant part of
the load of the two trains will have to be connected to
the contact wires.

As shown in [7], the two closest to the AT
substation will transmit 15 % of the load of each train
to the transformer between the supply wire and the
rail. As a result, the one-stage load of the transformer
connected between the contact network and the rail
will be 70 % of the sum of the two trains, which will
exceed by 40 % the nominal current of the most
loaded phase. The duration of this peak is seconds,
since the oncoming train will go to another feeder
zone, and the second train will reach the nearest AT
station. The considered case will not affect the
temperature of the windings and the aging of
insulation, since it is unlikely and occurs when two
other phases of the transformer are underloaded with
the most loaded phase in the common oil bath.

It should be borne in mind that these overloads
will only be for a 40 MVA transformer connected
between the contact network and the rails at the
capacity of electric trains of 20 MW, when there are
two trains between the substations in case the traction
network is supplied from one substation. With the
capacity of electric trains of 12 MW there will be no
overload, as in the case of unilateral power supply.

With two-sided feeding of the traction network,
the transformer will not be overloaded and with two
20 MW trains, when they are between autotrans-
formers. In case of simultaneous presence of two
20 MW trains on one side, a short-term transformer
overload is possible directly at the substation and with
a bilateral power supply of the traction network, but
less than 40 %. This overload is briefly permissible for
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the transformer, even if three phases are
simultaneously overloaded. Note that with three-
phase transformers, the probability of unidirectional
feeding of the traction network is 2 times less than in
single-phase transformers.

If necessary, the overload of the transformer
connected to the contact network with two trains on
one side of the substation can be eliminated by
increasing the load of the transformer connected to
the supply wire by reducing the resistance of the
traction network between the series-connected
transformers. This can be done by splitting the supply
wire in the section between the substation and the
nearest AT, installing a longitudinal compensation at
the substation in the circuit feeding the wire-rails,
and also reducing the distance from the substation
to the nearest AT.

Thus, the power of two three-phase transformers
of 40 MVA connected in series is sufficient to supply
high-speed trains up to 20 MW with an interval
between them no less than the train travel time along
the longest inter-station zone.

By order of the authors, the manufacturer of the
transformer equipment of CJSC Energomash
(Yekaterinburg)-UralElectrotyazhMash estimated
the relative cost of the ORDNZh-25000/220
transformers; TDN-10000/220; TDTNZh-25000/220.
Since at the moment the plant does not produce
single-phase transformers of the ORDZH type with
a capacity of more than 25000 kVA, as a unit is taken
a known cost of a single-phase transformer with a
capacity of 25000 kVA. Proceeding again from the
known cost of three-phase transformers, their cost
is determined in relative units. Since in both schemes
2x25 kV can be executed in the same way, using
domestic equipment, then two schemes are
compared only for the cost of transformers. Two
transformers TDN-10000/220 are necessary for
supplying non-traction consumers to traction
substations in both cases. The results of the relative
cost estimation of transformers of traction
substations STP 2x25 kV are given in Table 1.

The results in the table show that with the same
cost of transformers for supplying non-traction
consumers, the variant with single-phase
transformers is somewhat more expensive than the
three-phase variant with the same power of the
power transformers. It should be noted that a single-
phase transformer with a proposed capacity of
48 MVA will be more expensive than a three-phase
40 MVA.

Conclusions.

1. Considering the size of our country and
population distribution in comparison with Japan and
countries of Western Europe, as well as the
population of Russia in comparison with China, it is
not advisable to design a power supply system for
the HSR with an interval of 5 minutes for the next 25
years (transformer service life). It is more rational
and economical for Russia to design the power
supply system of the HSR to start from the proposed

scheme for organizing train traffic, when the interval
of passing trains is determined by the time of the
train travel through the longest inter-station zone.
Depending on the speed of the train, this interval will
be 9-14 minutes.

2. Taking into account a number of significant
advantages of the considered scheme with three-
phase transformers and especially reliable operation
of VCL devices of three-phase transformers, the
authors propose for the system of electric power
supply of high-speed main lines of Russia a scheme
with two working commercially available for the
traction power supply system 25 kV with three-phase
transformers of 40 MVA, connected in series, and
one backup transformer of the same power. At the
same time, ifin an ordinary 25 kV system the installed
capacity of transformers at substations is 80 MVA,
then it will become 120 MVA at the HSR, which
corresponds to the world practice.
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3KCMNPECC-UH®OPMALINA
EXPRESS INFORMATION

OTKPbITUE UHXXUHUPUHIOBOI'O LLEHTPA OAO «P>XXA» U «CUMEHC»
no ANCTAHUMOHHOMY AHAJIN3Y TEXHUYECKOIo COCTOAHUA
NMNOE3A0B «JIACTOYKA»

3 dreBpana B Mockse OAO «P2K]I» u KoMnanus
«CumeHc» 3amycTHiiM yHUKaJIbHbIi LlenTp 00padot-
KH ¥ AaHAJIN32 IAHHBIX, TOJIyJAeMbIX MPH IKCILTyaTa-
MU NO/IBIZKHOTO COCTABA W XKeJIe3HOI0POKHOI HH-
c¢pacTpykTyphI.

B 1iepeMOHMM OTKPBITUSI TPUHSUTA YUacTHE CTap-
it Buue-tipe3uneHT OAO «P2K]I» Banentun lamna-
HOBWY, IMPEeKTOp ToapasneeHns «CepBrcHast Tof-
JepkKa 3aKa3umka» aernaprameHTa « MoOWTbHOCTE
konuepHa «Cumenc Al» Moxanec DMesrpxaifHi
U nipe3uneHT «CumeHc» B Poccun utpux Ménnep.

HoBblii LIeHTp co31aH Ha 6a3e MOTOPBATOHHO-
ro geno [loagMocKoBHasl, rne OCYUIECTBISETCS
NMMAarHOCTUKA U CepBUCHOE OOCITYXMBaHUE DJIEK-
Tpomnoe3noB «JlacToukar.

LleHTp 00pabOTKM M aHAIM3a JAaHHBIX SIBJISICT-
Cs1 MHHOBALIMOHHOM TIIONIA/IKOIA, Ojaroaapsi Ko-
TOPO MOSIBJISIETCS] BO3MOXXHOCTh TPOrHO3UPOBATH
COCTOSIHME Y3JI0B T0€3/1a, YBEJIUUYUBATh CTENIEHb
TOTOBHOCTH ITOJIBMXKHOTO COCTaBa M MH(MPACTPYK-
TYpBI K 9KCTUTyaTalluu, IPU TOM ONITUMU3UPOBATH
3KCILTyaTallMOHHBIE PACXO/IbI M ITOCTETICHHO Tepe-
XOJIUTh K «CEPBUCY MO COCTOSTHUIO» (CEPBUC COOT-
BETCTBYET TEXHUYECKOMY COCTOSIHUIO TIOE€3]10B
1 UH(GPACTPYKTYPHI).

JlaHHbIe, MOCTYMAIOIIUE B LIEHTP B PeXUME
«OHJIAliH», OyIyT aHAJTM3UPOBATHCS U TTepeaaBaTh-
csI cCepBUCHBIM MHXeHepaM. [1lonooHas nHTeeK-
TyaJlbHasl aHaJIUTUYecKas crucTeMa o0paboTKu
rnokasaTtesieil TTOMOXeT MepeiiTH Ha aBToOMaTu4e-
CKO€ ITPOTHO3UPOBAHUE TEXHUYECKOTO COCTOSTHUS
COCTaBOB, BbIpabaThIBaTh PEKOMEHAAIUN IS
CEPBUCHBIX MHXXEHEPOB, a TAKXKE CHU3UTD KOJIMYe-
CTBO OTKA30B AKCIUTyaTUPYIOIINM TIOpa3aeIeH -
am OAO «PX/I». Kpome Toro, B 3amauu 1eHTpa
OyzneT BXOOUTh MPOBENEHNE MCCIeI0BaTEIbCKUX
paboT B 001aCTH BHeApeHUs LIU(PPOBBIX TEXHOJIO-
Uit U1t THOPACTPYKTYPhI U MOABMKHOTO COCTaBa
JKEJIe3HOOPOKHOTO TPAHCITOPTa OOIIETO MOTh30-
BaHUSI.

M HHOBaLIMOHHBIN LIEHTP 00pabOTKMU 1 aHa-
JIu3a JaHHBIX BBEJEH B OKCILIyaTalllio B paMKax
CTpaTErnyecKoro COTpyaIHMYECTBA IBYX KOMMa-
HUH ¥ COTJIACHO MEMOPaHAYMY, TOAMUCAHHOMY
B mioHe 2016 roma Ha ITeTepOyprcKoM Mexay-
HapOIHOM dKOHOMUYECKOM (hopyMe, SIBISIETCS
aHaJIOTOM IIeHTpa 00pabOTKU JaHHBIX B MIOH-
XEHeE.

ITo maTepuanam npecc-cayxk0b1 OAO «PXK/I» @

ENGINEERING CENTRE OF RUSSIAN RAILWAYS AND SIEMENS REMOTE
ANALYSIS OF TECHNICAL CONDITION OF LASTOCHKA TRAINS

Russian Railways and Siemens have launched a
unique processing and analysis centre to handle data
received from the operation of rolling stock and
railway infrastructure.

The opening ceremony was held in Moscow on
3 February 2016 and attended by the Senior Vice-
President of Russian Railways Valentin Gapanovich,
the Director of the Customer Services Department
at the Mobility Services division of Siemens AG
Johannes Emmelheinz and the President of Siemens
in Russia and Central Asia Dietrich M ller.

The new centre is based at the Podmoskovnaya
railcar depot, which carries out diagnostics and
maintenance of the Lastochka electric trains.

The Data Processing and Analysis Centre is an
innovative platform which facilitates predictions of
the condition of the train units and increases the
degree of rolling stock and infrastructure operational
readiness, while at the same time optimising
operating costs and gradually moving to «service
according to condition» — service corresponds to
the technical state of the trains and infrastructure.

The innovation Data Processing and Analysis Centre
was put into operation in the framework of strategic
cooperation between Russian Railways and Siemens.
According to the memorandum signed at the
St. Petersburg International Economic Forum in
June 2016, it is analogous to the Munich data centre.

Data received online by the Centre will be
analysed and transmitted to the service engineers.
This kind of smart analytical processing system of
performance indicators will facilitate the switch to
the automatic forecasting of the train formations’
technical condition and the ability to make
recommendations to the service engineers, as well
as reduce the number of failures at the operating
divisions of Russian Railways.

The Centre’s functions will also include
conducting research in the field of digital technology
for the infrastructure and rolling stock of public rail
transport.

Based on releases of press service
of JSC Russian Railways @
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lMpenmyLyecTBO NCroJsib30BaHNS
BO300HOBJIIeMOoJi 3Hepruv s
PesibCOBOIro nNaccaXxXupckoro TPaHcnopTa
oyeBuaHo. Ho noTtomy >ce u BC€ 60sibLIEE
3HayeHue npuaaeTcs 3KOHOMUN SHEPTNU,
noucky 6osiee geLeBbiX U JOCTYMHbIX

ee UCTOYHUKOB. ABTOP CTaTb UMEHHO

C 3TOW TOYKU 3PEHUsI MOAXOAUT

K aHanu3y pacTywmx B nocsiegHue

rosbl BO3MOXHOCTEW npuMeHeHus!
BO300HOB/IIEMbIX UCTOYHUKOB 3HEPruu
Ha )ene3Ho40POXHOM TpaHcrnopTe

Y TeHAeHLUWii Ux pa3BUTUS, BbiAENSAS
BOAOPOAHbIE TOMJINBHbIE 3/IEMEHTbI,
poToanekTpuyeckme yCTaHOBKU, 3IHEPruio
BeTpa, Co/IHLua, CaMOi HaLUueu NaaHeTbl.
Ocob6oe mecTo yaeseHo npobsiemam
HakonaeHus aHeprun, BapuaHTam ee
paumMoHasibHOro nepepacnpeneseHns

Ha cetu. [lpu 3TOM noka3aHa Hay4YHO-
unccnepoBartenbckas, NPOeKTHasa

v BHeApeH4Yeckasi npakTuka Lesioro psaa
CTpaH.

KnoueBble croBa: xene3Hble 40por,
anekTpocHabxeHne, BO306HOBISEMbIE
WUCTOYHUKY 3HEPIrvU, MOUCK, Pa3BUTHE,

3HepreTuyeckas Ky/bTypa.
|
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Bo3o0OHOBNSIeMaa aHeprusa
Ha XXeJIe3HO4O0PO)XXHOM
TpaHcnopTe

Ioavdenbepe Baadumup — dokmop, esponelickuii
acene3nodopooichoiil uncenep (EURail-1ng.),
Hncmumym mexHon02u1ecko20 u Hay4Ho20
mpancgepa Ynusepcumema npukaaoHvix HAyK
Ayecoypea, unen Coro3a HeMeyKux UHICeHEPOs-
acenezrnodopoxcruxos (VDEIL), Ayecoype, lepmanus.

CTIOJIb30BaHME BO30OHOBIISIEMBIX

ncrouHukoB sHeprun (BUD) B po-

MBIIIJIEHHOCTH W Ha TPAHCTIOPTE M X
JajbHelIIee pa3BUTHE — 3TO CETOIHS HACTO-
STebHAst HEOOXOAUMOCTD C MO3ULIUMN DKOJI0-
WU, SHEPTETUIECKON 3P HEKTUBHOCTH U TTO-
TPEOUTETLCKOI MPUBJIEKATEILHOCTH Kee3-
HOJIOPOXXHOTO TPAHCTIOPTa.

TToBblieHUe 3(hHEeKTUBHOCTU UCTIOIB30Ba-
HUSI 9HEPTETUIECKUX PECYPCOB U TIPEXKIIE BCETO
BO300HOBJISIEMBIX ICTOYHUKOB SHEPTUU OTKPbBI-
BAIOT IIJISI 3KEJIE3HOUW JOpOTH HEeoOO3puMbIe
BO3MOXHOCTH. B 001116CTBEHHOM TMaccaxkup-
ckoM coobtenn (OPNV) okoio 66 % tpanc-
MOPTHOU pabOThI, BBIPAXXEHHON B Maccaxu-
POKWJIOMETpax, MPUXOAUTCST Ha DJEKTpUYE-
ckylo sHepruto. Ha Hemeuxkoii xene3Hoit
nopore (DB AG — Deutsche Bahn AG) 6omee
90 % sHEepruu Ha TATY COCTABISIET DJIEKTPOI-
Heprusi. DTOT MoKa3aTeNlb s KeJIe3HOI0-
POXHOTO MEXIYTOpOAHEro COOOIIeHUS
(Fernverkehr) moctur yxe 98 %. [1peumyiiie-
CTBO MCITOJTb30BAHUS JIEKTPUUECKOI SHEPTUN
JUTSI PEJTbCOBOTO MMAaCcCaXKMPCKOTO TPaHCIIOpTa
0UeBUTHO. IMEHHO ITO3TOMY 3KOHOMUY HEP-
U NpUAAETCs 0co0oe 3HAUeHUEe, OCOOEHHO
B YCJIOBUSIX TIOCTOSTHHOTO POCTA €€ CTOMMOCTH.

Crienmyet, oTHaKO, UMETH B BUILY, YTO TPAHC-
mopTHBIM cpeacTBoM Ne 1 B [epmanuu u cTpa-



Hax EBpocoroza sBisieTcst aBTomooub. Y mist
DB 5T0 cuibHBI (aKTOp KOHKYPEHIIUU.
Kpowme Toro, npyrue npeanpustus Kejie3Ho-
JIOPOXKHOTO TPaHCIIOpTa, UMEIoIe coOCT-
BEHHBII MOABUXHOW COCTaB U OCYILECTBIIS-
[OII[Me IPY30BbI€ U MACCAKUPCKUE IEPEBO3KU
Ha cetr DB, yKpemnsioT cBou MO3ULIMU Ha
TPAHCTIOPTHOM DPBIHKE W MPEACTABISIOT IS
KOMITAaHUM BCE BO3pacTalollyl0 KOHKYpPEH-
LU0,

ITnanupyercs, uro k 2050 rogy smuccus
YIJIEKUCJIOTO ra3a YMEHBIIUTCS MpaKTuye-
CKM 10 HYJISI, U XKEJIE3HOJOPOKHBIN TpaHC-
MOPT MOJHOCTEIO ocBoboauTCA 0T CO,—T.€.
OyIdeT NOCTUTHYT «3€JEHBIA HYIb». DTO
BO3MOXHO B TOM 4YucCJie U TToTomy, yTo DB
SKCILTyaTUPYeT COOCTBEHHYIO CETh DJIEKTPO-
cHaOXeHus (HampuMep, UMeeT COOCTBEH-
Hble TUAPORJIEKTPOCTAHLIMU U HEKOTOPBIE
W3 HUX MUTAIOT KOHTAKTHBIE CETH YaCTOTOM
16,7 1) 1 cama peryJupyeT 3aKyIKy 2JIeK-
TPOHEPTUU.

Tem He MeHee moJIHBIN TTepexon Ha BUO
MpencTaBisieT cobOil CI0XHYIO 3amauy elne
W 110 TOY TPUYMHE, YTO PA3TUIHbIC UCTOYHU -
KW DHEPTUM HE BCeraa UMEIT JOCTATOYHBIN
KOJINYECTBEHHBI M paBHOMEPHBIN KO3 du-
IIUEHT BHIPAOOTKY IHEPTUU.

TTpaButenbctBo Tepmanuu, Gopmyaupys
SHepreTuyeckyto KoHuemnuuto B 2010 romy,
MOCTaBUJIO 3a/1a4y CHU3UTh IHEpronorpeodie-
Hue Ha TpaHcmopTe 10 2020 roma Ha 10 % v 1o
2050 roma Ha 40 % 1o otHomeHUIO K 2005
roxy [1].

W3BecTHO, YTO KeJIe3HOIOPOKHBIA TpaHC-
MOPT MO CPaBHEHUIO C IPYTUMU BUAAMU
TPaHCTIOPTa XapaKTepusyeTcs 6oJiee HU3KUM
YIEIbHBIM MOTPEOJEHUEM SHEPTUU U 3aPEKO-
MeH10BaJ cebst 6osiee SKOIOrMYHbIM. CTpaHbI
C OrPaHUYEHHBIMU COOCTBEHHBIMU (POCCUITB-
HBIMU pecypcaMy B MOCJIEIHUE TObl UHTEH-
CUBHO UHBECTUPYIOT B TEXHOJOTUYECKUE
pa3paboTKU U BHEIPEHUE BO30OHOBISIEMBIX
WCTOYHUKOB 3HEpruu. Takum o6pa3omM 3aBu-
CUMOCTb OT He(dTU U ra3za yMeHbIIAeTCs,
a KpOME TOT'0 YMEHbIIIAETCS U 3aBUCUMOCTb OT
UMITOpTa SHEpProHOoCcUTeNel. [epMaHus aKTUB-
HO UCMOJIb3YeT pa3InyHble aJlbTepHATUBHbIE
WCTOYHUKHU HEPIUM (BEeTPOBasi, COJHEUHasl,
TUAPOIHEPrUsi, buomacca).

DB Buaur cebs ¢paBoputoM B 00JacTU
5KOJIOTMYECKH OPTaHU30BAaHHOTO TPaHCTIOpTa
¥ 9KOHOMUM dHepruu. DB 1o pereHuo Takoit
pecnekTadeTbHON MeXIyHapOIHOW OpraHu-
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npoune
0,1 %

aTomHas
3Heprus
15,8 %

B0306HOBNS-
emas aHeprus
42 %

KaMeHHBbIil yromnb
30,0 %

NPUPOAHbIN ra3
6.0 % Bypblit yrons
6,1%

Puc. 1. UcTouyHukn nony4eHns aHepruv Ha DB
B2015r., (nepepaboTaHo aBTOPOM).

3auuu, Kak CDP (Carbon Disclosure Projekt),
MpU3HAHA JIYYIlIei XKeJIe3HOl Toporoi Mupa
B 00JIaCTH 3KOJOTMYeCcKOi ynucToThl. OHA
3aHs1Ia [IEPBOE MECTO B PIHKMHTE.

IMpumenenue BUD nmoanepxuBaeTcs
B [epMaHMM 3aKOHOM O BO30OHOBJISIEMOM
sHepruu (EEG), 4TO MOJOXUTENBHO CKa3bi-
BaeTCs U Ha 3KeJIE3HOIOPOKHOM TPAHCIIOPTE,
KOTOPbII SIBJISICTCS BAXKHEMIIIMM Y4aCTHUKOM
SHEPreTUYeCKOM MOJIMTUKH, TJIe, KaK U Be3JIe,
OT IMOJIOKEHUS «CTPEIKM» 3aBUCUT HaIpaBJie-
HUe Oymyliero pa3sutus [2, 3].

OHEPTETUYECKAA 3DDPEKTUBHOCTb
HA XXEJIEBHON JOPOTE U B CEKTOPE
noaBM>XHOIo COCTABA

ITo nanueiM DB nonst Bo3oOHOBIsIEMOTH
SHEPTUHU B 2JIEKTPONMOTPEOIEHUN Ha TATY
nIoykHa Obuta BodpacTtu K 2020 roay no 35 %,
OJIHAKO 3TOT MoKa3aTesib YXe MPeB30iaeH
u goctur 40 % B 2015 roay [4] (puc. 1). dns
cpaBHeHus: B 2010 roay 1oJisi BO30OHOBIIsIE-
MBIX UICTOYHUKOB SHEPTUU Ha KeJIe3HOTOPOXK-
HOM TpaHcnopTe coctapisiia 19,8 %. Bo3amok-
HOCTU WCIMOJIb30BaHMS aJbTepHATUBHBIX
WCTOYHUKOB 2HEPTUM Ha XKeJIE3HOW Jopore
04YeHb MHOT000pa3Hbl. C MO3ULIUIA CETOAHSIII-
HETO JIHSI 3TO: SHEPTHUs JJIsl TSITU TOEe3/I0B,
9KCIUTyaTallMOHHasl pabdoTa, MH(PPaCTPyKTy-
pa, NoABUXKHOI cocTaB (paboTa BcriomMora-
TEJIbHBIX arperaToB, OCBEIIEHUE, CUCTEMBI
KOHIWUIIMOHUPOBAHUST BO3IyXa), CETh KOM-
MMbIOTEPOB, MOIIepKaHe (YHKIINIA BHEIITHIX
00YyCTPOICTB, HAKOIIJICHUE SHEPTUU, OCBEILIEe-
HUE 31aHui U T.1. JIpyrue BO3MOXHOCTH T10-
BBILLIEHUS SHEProa(dOEeKTUBHOCTU 3aKJII0Ua-
I0TCS B Iepexojie Ha 00JIerY€HHbIE KOHCTPYK-
IIMM TIOJBUKHOTO COCTaBa, MPOU3BOJCTBE
0oJiee 5KOHOMHBIX JOKOMOTHBOB 1 MOTOPBa-
TOHHOTO TIOJIBUKHOTO COCTaBa, a TAKKe B OTI-
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Puc. 2. @oToanekTpuyeckas ycTtaHoBKa Ha Kpbilie Bok3ana B Bepnanne. doro: DB.

TUMaJIbHOM CIIOCOOE yIPaBJIeHMS MOE3IaMM.
CireiyeT OTMETUTh, YTO Ha XKeJIe3HOI Jopore
pPElICHMS 110 TIOBBIIICHUIO SHEPIreTUYECKOM
3¢ HEKTUBHOCTH ITOJIy4alOT BECbMa 3aMETHYIO
otnaudy. Jlo 8 % o01ero moTpeGIeHusT SHEP-
Iy, K IpUMEpPY, MOXET ObITh BO3BpAIllcHO
B KOHTaKTHYIO CETh [IEPEMEHHOTO TOKa 3a CYET
peKyIepalyy Ipy TOPMOXKESHUN UJIN aKKYMY-
JINPOBATBCSI.

DHeprocHabKeHe CUCTEM KOHIUIIMOHK -
pPOBaHMSI, BCIIOMOTATeJIbHBIX arperaToB 1 OC-
BEILEHMS OCYLIECTBIISICTCS IIPEUMYIIIECTBEH-
HO OOBIYHBIM CIIOCOOOM, a TAKXKE MOXET 10~
TOJTHSTHCS 3a CUET BOZOOHOBIISIEMBIX MCTOY-
HUKOB BHEPIruu (KOHIECIIIUU I'MOPUIHOTO
MPUBOAA B COYETAHUU C (POTORICKTPUICCKM -
MM MOJIYJISIMM, BOAOPOIHBIMU TOILUIMBHBIMU
BJIEMEHTAMM U T.1I.). DHEPreTUYECKU ONTH-
MaJIbHBII CIIOCOO YIpaBJIeHUsI IBUXKEHUEM
IOE3I0M TOXKE CO3JaeT JAOIOJHUTEIbHBIN
MoTeHLMal 3KoHoMUM. OIHAKO CTallMOHAP-
Hasl BbIpabOTKa dHEPrUuM OCTaeTCs IoKa
B 0003pMMOM OyayIlIeM BaXKHEHIIINM CIIOCO-
60oM ee nmpousBoAcTBa. [Ipuuém 370 ycremHo
JIOTIOJIHSICTCSI MHTEJJIMTEHTHBIMU CIIOCO0aMM
yrpasieHus (Smart Grid), B ocoOeHHOCTHU
C BO3pacTaHMeM TPpeOOBaHMII K SHEPreThde-
CKHM CETSIM U B CBSI3M C pocToM a0 BUD Ha
JKEJIE3HOIOPOXXKHOM TPAHCIIOPTE.

[TpousBoacTBO 00JErYEHHOTO MOABMKHO-
IO COCTaBa M MCIIOJIb30BaHUE KOMITO3UTHBIX
MaTepHalioB C IIEPBOKJIACCHBIMU CBOMCTBAMU
(Ha cTeKJI0- U yrieBosoKoHHOI ocHoBe GFK
n CFK) — e11ie onuH pecypc 2KOHOMUHU SHEP-
MU, YMEHBIIACTCs BeC KOHCTPYKIIMI U ye-
meBJsieTcst mpousBoacTBo Ha 20—30 %. Ho-
Bbl€ TOPU30HTBI OTKPBIBAET TAKXKE MPUMEHE-
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HUE HAHOTEXHOJIOTUIA Ha MOABMKHOM COCTa-
Be U 00bEeKTaX MH(PPACTPYKTYPHI.

Hayka na€t HeMajo pa3Iu4yHbIX TeXHUYE-
CKHX BO3MOXHOCTEI U IIPOIYKTOB, KOTOPbIE,
OJIHAKO, TI0KAa He BCeraa MOTYT ObITh UCIIOJIb-
30BaHbl, TTOCKOJILKY elll¢ He d3POEeKTUBHBI
C 9KOHOMMYECKOI TOYKU 3peHUsT (PEHTA0C b~
HOCTbh), a TaKXe HE JOCTUIJIM PHIHOYHOM
3PEJIOCTH.

NMPAKTUYECKOE NPUMEHEHUE
BoaopoaHbie TOIIMBHbIE 3J1EMEHTBI
Hcnonb3oBaHue MprBOIa Ha BOJOPOIHBIX

TOTUUIMBHBIX 3JIEMEHTAX IJIsl TATU MOE310B

BMECTO JM3EJIbHOM WIK 3JI€KTPUIYECKOM TATH

B OnmkaiiieMm OyayiieM TpyaHO cede mpen-

CTaBUTD. J1eJI0 B TOM, UTO JUISI TSITM HY>KHA He

TOJIbKO 0OJIbIIasi MOIIHOCTh BOAOPOIHBIX

TOIJIMBHBIX 2JIEMEHTOB, HE MEHEE BaXKHO

HMMETh U OOJIbIIIOE KOJMYECTBO BhIpabaThIBa-

eMoli aHepruu. J1jist moTpeOHOCTEM XKe BCITo-

MOTraTeIbHbIX arperaroB 3TO BO3MOXKHO YXe

ceroaHs. Ho Bo Bcex cityyasix psiioM U TEXHU -

KO-3KOHOMMYECKas 3a/1a4a — CyIIECTBEHHOE

MOBBILIEHUE PEHTA0CIBPHOCTH 3TOIO 3KOJIO-

TMYECKU YMCTOrO UCTOYHMKA SHEPTUM.
Huke npuBeneHbl HEKOTOPbIE PUMEDPbI

JUTSI TSITOBOTO TOJIBMXKHOTO COCTaBa, TJIe UC-

MMOJIb3YIOTCS TUOPUIHBIE dHEPreTuYecKue

YCTaHOBKHM Ha BOJOPOJIHOM TOTUIMBE.

» @upma «Alstom» noanmucana Ha MexKIy-
HapoaHoii spMapke «InnoTrans 2014» B bep-
JIMHE IOrOBOPbI O HAMEPEHMU 10 MOCTABKE
B ueThipe DenepajbHble 3eMyin [epMaHuu
TSTOBOTO TOJBMXKHOIO COCTaBa Ha BOJAOPOI-
HOM ToIUIMBe. DTa Xe (upma mocraBuiia
B 2015—2016 rompl 11st 3aBoAa aBTOMOOMIIE-

lonbaeHGepr B. BO30GHOBNSiIEMas S3HEPrus Ha Xene3HOA0POXHOM TpaHCnopTe



CTpouTebHOTO KoHlepHa «Audi» B . MH-
TOJBIITAAT TUOPUIHBIE TOKOMOTUBBI IJIsI
rpy30BbIX epeB030K. Kak nu3BecTHo, pabo-
Ta B 1IeXax 3TOTO 3aBOJa pa3pelulieHa JuIllb
JIJIS1 JOKOMOTHUBOB, HE CO3AAI0IINX SMUCCUIO
BBIXJIOITHBIX Fa30B.

» 3aBepIlE€HHbIN MMPOEKT B paMKax rocy-
JlapCTBEHHO-4YacTHOro maptHepcTsa (Public
Private Partnership), B KOTOpoM ydacTBOBas1
LIeJIBIIA PSIT KOMITAHU A, TOATBEPXKIAET aKTUB-
HOCTb B 3ToM HanpasieHuu B CIIA. B 2009
roay Oblja yCHELIHO MpoBeAeHa MpooHas
noe3/Ka JOKOMOTHBA Ha BOTOPOIHOM TOILIU -
Be. DTO, MoXKanyi, caMblif KPYITHBII JIOKOMO-
TUB TaKOro pojJa Ha CerogHSIIHUNA AeHb
(dupma BNSF). Ero MoliHOCTb Mpy AJTUTE T b-
HOM pexXuMe paboThl cocraBisgeT 240 kBT.
TTuxoBoit MoutHOCcTH B pasmepe | MBT xBa-
TaeT Ha HeCKOJIbKO MUHYT [5].

» Ha Poccuiickux xene3nbix nopor (OAO
«PXK]l») mpoBoAsTCS UCCAEAOBAHUS MO KC-
MOJIb30BAHUIO BOJOPOAHBIX TOTUIMBHBIX dJIe-
MEHTOB [IJISI MAHEBPOBOTO JJOKOMOTHBA COp-
TUPOBOYHOU ropku. [Ipu aTOM mosiyueHue
BOJIOPOJA OCYILECTBISIETCS KOHBEPCUE U3
MPUPOJHOTO ra3a, BO3UMOro Ha OOpTy JOKO-
MoTHBa. JIpyrre mpoeKThl HalleJeHbl Ha TPU-
MEHEHUE BOJOPOJHOTO TOTUIUBA JJISI IPE3UH,
PEBCOBBIX AaBTOOYCOB 1 BATOHOB C 9HEPTeTHU -
YeCcKOW YCTAaHOBKOM JIJIs1 00ecreuyeHus J1eK-
TPUYECTBOM IMPU MPOBENCHUN TOHHEIBbHBIX
pabor.

DoT03/IeKTPUYECKHE YCTAHOBKH, SHEPrusi
BeTpa

Wcnonb3oBaHue COJTHEUHON SHEPruu Ha
JKEJIE3HOAOPOXKHOM TPAHCITOPTE NAET OYEHb
MHOTO TipeumyuiecTB. OHa MpuUroaHa ajas
3JIEKTPOMUTAHUSI OOPTOBOTO OOOPYIOBAHUS,
YCTPOWCTB KOHIULIMOHUPOBAHUS BO3ayXa, IS
SHeprodecreyeHus MajoAesITeIbHbIX CTaH-
Ui U palloHOB, €€ cleayeT paccMaTpUBaTh
KaK 9KOHOMUYECKH BBITOJHYIO AJIETEPHATUBY,
B 0COOEHHOCTMU TaM, Tle MOAKIIUYEHUE
K JIEKTPOCETH (€C/IU TaKOBas UMeeTcs BOJIH -
31) moporo. J1oJisi sHEpTUu BeTpa B UCTOYHU -
Kax MOJIyYeHUS] SHEPTUU TaKkKe MOCTOSIHHO
pacTeT.

* Bo ®nopenuum (Mramus) eme B 2004
rofy ObUI MPeICTaB/IEH 3aBEPIIEHHBIN TPOEKT,
B paMKax KOTOPOTO pa3padoTaH BaroH ¢ CoJi-
HeuHbiMU naHesiMu (Photovoltaik Train). 9tot
npoekT MTanbsgIHCKUX XeJe3HBbIX T0POT
(Trenitalia) KoTopbIil GDHAHCUPOBAJICS B paM-
Kax nmporpammbl EBpocoto3sa (1,25 MitH eBpo).
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Puc. 3. Kpbiwa tynnens tpaccsoi lMapwk-Amctepaam.
®oro: JinkoSolar.

IMonBrzKHOI COCTaB C COTHEYHBIMU TTAHEISIMU
Ha KpBIIIIe HaXOAUTCS B 3KCIUTyaTayu. Beipa-
OaTbIBacMOIi SHEPIUM XBaTaeT IS OCBEIIICHUS,
KOHIUIIMOHUPOBAHUS BO3IyXa U PaOOTHI OOp-
TOBBIX cucTeM. ClieIyeT OTMETUTD, YTO B TeUe-
Hue psna et B Utamum nMeet MecTo «CoJisip-
HBII OyM», MO0 TOCYIApPCTBO 3a CYET (PUHAH-
COBBIX CTUMYJIOB ITOBBICUJIO TTPMBIIEKATEIIb-
HOCTb TIPOCKTOB B 00JIACTH MCITOJIb30BaHUS
COJTHEUHBIX UICTOUHUKOB 3HEPIUH.

» CojHeuyHast PHEPIUsl HAXOOUT MPUMe-
Henue B oonactu CLIB Ha xxene3Holt qopore
yXe Ha TMPOTSLKeHWM MHOTHUX JIeT. DHEpro-
CHAOXXeHMEe CUCTEM TJIO0AJTBHOTO MO3ULIMO0-
HupoBaHus (GPS) B rpy30BBIX BaroHax Takxke
MIPOU3BOINTCSI C TIOMOIIBIO COJITPHOTO (COJI-
HEYHOT0) ToKa. MI3BeCTHBI TpUMEPHI UCTIONb-
30BaHMS COJISIPHBIX MMaHEJCH B IITyMO3aIIUT-
HBIX CTEHaX Ha TPaHCITOPTeE.

* Baxxnyro poJsib 11 COJTHEUHOM 9Hepre-
Tuku urpamot Kpeimu. C 2003 roma B 3KC-
IuryaTauuy (pOTO3JIEKTpUUECcKas YCTaHOBKA
Ha I03KHOM CTOpOHE TJIaBHOTO BoK3aJia B bep-
ymHe (puc. 2). Takue ycTaHOBKM Ha KphIIIax
BOK3aJIOB UMEIOTCS YXe B IICJIOM psae
CTpaH.
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1 KM =1670 sleepers

‘One kilometer of Greenrail
contribute to recover

35ton of EoL.T 35ton
(End of Life Tyres) recycled Plastic.

Puc. 4. Wnana c nbe3o3nemeHTamu. Porto: Greenrail.

« Jlist TpaHCIIOpTHOTO MIpeAnpusiTust Ke-
HeBckoro kaHTtoHa (IlIBefimapust) dhupmoit
«Hoft & Wessel» moctaBineHo 6onee 700 aBTo-
MaToB TI0 TIpoJaXke OUJIETOB, KOTOPHIE yCTa-
HOBJIEHBI B CAMBIX «COJTHEYHBIX» MECTaX.

» Kuraiickas pupma «JinkoSolar» mpons-
BeJa M MOCTaBUJa COJSIPHbIE MOMYJIM IS
KPBIIIIY TYHHEIST BBICOKOCKOPOCTHO TPacChl
Mexay [Tapukem 1 AMcTepamaMoM Ha Tpacce
Bbenpruiickux xxene3nsix gopor (puc. 3). Comn-
HEYHBIC OaTapeu, YCTaHOBJICHHBIC Ha KPHIIIIe
TYHHEJSI JJMHOM 3,6 KM, BhIpabaThiBalOT
3300 MBT * 4 3Hepruu B roa. DieKTpudeckas
SHEPTUS UCTIOJIBb3YeTCs IS TTOe310B U 00beK-
TOB MH(PACTPYKTYphl. DMuccuss CO, yMeHb-
maercs Ha 2400 T B rox [6].

* MeTtponoauteH ropoga Mexuko uc-
IMOJIb3YeT SHEPTUIO TTOTOKA BO3MyXa IBUXKY-
muxcs moe3noB. Tok, BeIpabaThIBaeMBblIii
BETPOBBIMU TeHEpaTOpaMHU, YCTAHOBJICHHBIMU
B IIIaXTaX, PaCXOMyeTCs Ha OCBEIIEHUE CTaH-
LU METPO.

Haxkonnenue sneprun

BrIpaboTka sHeprum oJIKHa 003aTeTbHO
COYETAThCSI C BO3MOXKHOCTSIMM €€ HaKOILIe-
HHUS. DTO MpeaycMaTpPUBaeTCs CEeTOMHS
B 9HEPreTM4eCcKOM KoMmIuiekce. DPheKTUuB-
HBII MEHEDKMEHT CUHXPOHU3UPYET MOTPeO-
JIEHWE DHEePTUU U €€ BBIpaOOTKY 13 (DJIYKTYH -
PYIOIIMX NCTOYHMKOB 1 00eCIIeunBaeT He0O0-
XOIMMYIO peHTabeIbHOCTh. HermocTosHCTBO
BBIpaOOTKM 3Hepruu u3 BUD co3naeT omHOB-
PEMEHHO CTUMYJI K TTOMCKY HaIEXKHBIX 11 9KO-
HOMUWYHBIX ee Hakomnureaeirt. KomOnHanmnsg
WCTOYHUKOB C HAKOTIUTEISIMU SHEPTUU JAET
JIOCTaTOYHOE PHEProodeCTIIeUeHUE TS TIEPHO-
JIOB CJ1a00# COTHEUHOI WJTU BETPOBOI aKTUB-
HOCTH.

[IpeumymiecTBO BEIpaOOTKHM 3JEKTPO-
U TETIOBOI SHEPTUM 3aKII0YaeTCs TaKxXKe
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B TOM, YTO 3TU UCTOYHUKU NEIEHTPAIN30Ba -
HBI. B ciyyae M30BITOYHOTO IMPU3BOICTBA
9HEPIUM BO3HUKAET MOTPEOHOCTH BO3BpaTa ee
B 9HEPIEeTUYECKYIO CETh C TIOJyYeHUEM OTLIa-
ThI, K €€ HAKOTIJICHUIO Y CO3JaHUIO PE3EPBOB.
CyIIecTBYIOT TIpUMEpPHI, KOTa N30bITOUHAS
HEPIUSI TIPOCTO «TAPUTCST» IPYTUM COCETHUM
CTpaHaM, TIOCKOJIbKY TTPUOCTAHOBKA BHIPA0OT-
K1 9HEPTUU 00XOAUTCSI MHOTA JIOPOXKE.

AKKYMYJISIIMS TEIIa

W3BecTHBI pa3TUIHbIE BOBMOXKHOCTH aK-
KyMYJIUPOBAaTh TETUIO U €r0 TPAaHCIIOPTUPO-
BaTh. MHHOBAIIMOHHBIM CITOCOOOM SIBJISIETCST
WCITOJIb30BaHME JATEeHTHBIX HaKOMUTEJIeH
TETUIOBOI 3HEPTUM, KOTNa BCE OTpeaesisieT
M3MEHEHUE arperaTHOTO COCTOSTHUST HAKarLIv -
BalOIIero MearyMma IMpu MOABEIeHUN WU
OTBeleHUHM TerIa. [1lepeBo3Ku KOHTeitHepa «C
TETJIOM» OCYIIIECTBJISTIOTCSI T10 1I0CCe, a TIPU
HAJIMYUH ITOABE3THBIX MyTei MOTYT ITPOU3BO-
IUTHCS MO XeJIe3HOoU mopore. JlaTeHTHBIE
HaKOTIUTEI IPUMEHSIOTCS UTsl 000TpeBa N
oXJIaKIeHUs 3naHuii. 111 TpaHCIIOPTUPOBKHI
WCTIONB3YIOTCSI TAHK-KOHTeHephl. OnuH 13
npuMepoB yxe aeictByromeit ¢ 2013 roga
MOOUMJIBHOM CUCTEMBI TTEePEBO3KU «TeTlia»
nmeetcs B Ayrcoypre (Iepmanust), rae Ha TOLL
MycopomnepepadaTbiBalolIero 3aBoaa «AVA»
TaHK-KOHTEMHEPHI «3apsKaoTcs TETIOM»
W TPAHCTIOPTUPYIOTCS TSI 000TpeBa IMIKOJIb-
HOTO IIeHTpa coceaHero ropona @pundepra.
ITonoOHbIi BapuaHT 1a€T 0koj10 2500 KBT * u
sneprun. KITJI cucrembl coctasisier 85 % [7].

HaxkonyieHune 3/1eKTpHYecTBa

PesynbraThl UCMOMB30BaHUSI CYITEPKOH-
neHcaTopoB (Supercaps) IS HaKOIUIEHUS
9JIEKTPUYECKOI 3HepTruu Brieyatysitor. Ceron-
H$I TaKKE PEIIeHWsI He HOBBI TSI HAKOTUIEHUST
9HEPrUu, MOJYIeHHOM, HATIPUMED, OT BETPO-
CWJIOBBIX U COJTHEUHBIX YCTAHOBOK. DTHU CHUC-
TEMBI B COCTOSTHUY aKKyMYJTMPOBATb JIEKTPH -
YeCKYl0 9HEpPruio B 0OJbIINX 00bEMax. Yxke
M3BECTHBI CYNEPKOHAECATOPBI EMKOCTHIO JI0
5000 dapan, XOTs BEIUYMHbBI HAMPSXKEHUS
y unx Manbel. KITJ cocraBiasger 90—95 %,
¥ TIOTeHIIMaJ IPUMEHEHNSI OYeHb BBICOK.
Monynsipuszanusi Ha TTOJABUKHOM COCTaBe
BO3MOXHA U JAET XKeaaeMblil 3 @eKT.

ITprMepbl MX UCTIOJIB30BaHUST B KOMOUHA-
UM C aKKyMYJSITOpaMU UMEIOTCS B psiae
crpaH. KoHiepH «Siemens» cian B aKCILIya-
TalMIo TpaMBaliHyto TMHUIO B T. Jloxa (KaTap)
B 2016 romy. B aToii pesibcoBoii cxeMe 6eCKOH-
TaKTHOM CETU TIPUCYTCTBYET T’MOPUIHAST CUC-
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TeMa HaKOIIEHUSI JIEKTPUIECKON IHEPTUH:
JIBYXCJIOMHBIE CYTIEPKOHIEHCATOPBI JTOTTOJTHS -
[OTCSI INTUI-MOHHBIMU OaTapesiMu. 3apsiaKa
MpY HEOOXOAMMOCTHU OCYIIECTBIISIETCST OYK-
BaJIbHO 3a CEKYHJbl Ha JII0OOI M3 CTaHLMIA
TpamBaiiHolt cetu [8].

DHeprusa 3emimn

st ABUKEHUS TI0e3/I0B BakHa Oecriepe-
OoliHast paboTa CTpeJIOUHBIX NepeBoaoB. Mx
000TpeB B 3MUMHUX YCJIIOBUSX BO3MOXEH He
TOJBKO C MOMOIIbIO 3JIEKTUYECTBA, HO
U C IPUMEHEHUEM HePTUM 3eMJIU. DTH CUC-
TEMBI UCTIOJIB3YIOT TAKXKe TETUIO TMOA3EMHBIX
BOJI, BO3/lyXa WM CTOYHBIX BoJ. COBpeMeH-
HBbIE TEIUIOBBIE HACOCHI MMO3BOJISTIOT 9KOHO-
MuTh He MeHee 40 % sHepruu.

* TlepBblii TpUMEpP MCITOIB30BAHUS T€0-
TEPMUYECKOTro oborpesa cTpeiok Ha DB ot-
Hocutcsa K 2007 rony B XoJbUMUHAEHE
(Holzminden). B 2010 roay Ha TamOyprckoii
MOPTOBOM XeJe3HOW Aopore ObLT MPUHST
B 9KCIUTyaTallli0 TeOTepMHUYECKUil 000TrpeB
CTpeJIoK 0e3 MpUMEeHEHUS TOKa.

* C2005roga B ban Jlayrepoepr—bapouc
HauHuu [érTtuHreH—Hopaxay3eH HaXoauT-
Cs1 B 9KCILUTyaTalluy CUCTEMa 000TpeBa XKeJe3-
HOIOPOKHOM MIaT(GOPMBbI TAKXKE C UCTIONB30-
BaHMEM Teruia 3eMJIU.

» @upwma «Triple-S-GmbH» numeet Hema-
JIO BBITIOJTHEHHBIX TTPOEKTOB 110 000PYI0Ba-
HUIO CTPEJIOYHBIX TIEPEeBOAOB, TLIATHOPM,
TPAHCTIOPTHBIX IJIOIIAEH 1 MOCTOB CICTEMA -
MU reotepMuueckoro ooorpena. OHa moyyum-
Jla 10MyCK K MPOU3BOACTBY paboT Ha DB
M, B yacTHOCTU, paspeteHue P2XKJI Ha ycra-
HOBKY IMWJIOTHO! CUCTEMbI HOBOT'O TTOKOJICHUST
Ha IBYX CTpeJIOYHbIX iepeBogax B CaHkT-I1e-
Tepoypre. O0cayKuBaHUE YCTPOUCTB OCY-
IIECTBIISIETCS B IMCTAHIIMOHHOM PeXrMe U3
Tepmanun. CeromHsI YMCIIO TEOTEPMUYECKUX
CHCTEM Ha XXeJIe3HOH JIOpOoTe pacTeT Mocyie uX
YCITEIITHOTO TeCTUPOBAHUSI.

* Ha oT/ie/IbHbIX CTAaHIIMSIX METPOTIONUTE -
Ha I. BeHBI MCMOJTB3YIOTCS TETIIOBBIE HACOCHI
W TEIUIO TYHHEJICH.

CositHeYHasl TENJIOBASI SHEPTHS M CAHUPOBA-
HHe 3JaHui

» KoMrIuiekcHOe MCIoJIb30BaHNUE BO300-
HOBJIIEMBIX UCTOYHUKOB 9HEPTUU JIEMOH-
ctpupyeT B KénbHe npoekt DB nepBoro
B [epMaHMU 3KOJTOTUYECKU YMCTOTO TIPE-
npugTus mno oocayxuanuio noe3nos ICE,
r7ie TUIAaHUPYETCss MaKCUMaJbHO MMOKa3aTh
caMylo COBPEMEHHYIO TEXHOJIOTHIO B 00J1aCTH
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OXpaHbI OKpYKalolleit cpenbl. 3Aech Mpemyc-
MOTPEHO TIPUMEHEHUE Te€OTePMUIECKON
9HEPIrur, HOTOIEKTPUUECKUX YCTAHOBOK,
TETJIOBOM SHEPTUHU COTHIIA U OyIyT Mpeod.ia-
JlaTh JIPYrue MHHOBAIIMOHHBIC PEIIeHUS.
[MpeanpusiTue ocHACTAT CUCTEMOM KOHIUIIM-
OHUPOBaHUS Ha 0a3e TEMJIOBBIX HACOCOB
U TeTUTOOOMEHaA € ITo13eMHOI Booit. ComHeu-
HbIE TETUIOBbIE KOJUIEKTOPHI 00ecIievar Terio-
CcHaOXeHue 0011IeCTBEHHOTO 3AaHMUs, TOCTaB-
JISISE TOPSTYYIO BOAY JJIsI OBITOBBIX HYXKII.
Cymmapnas montHocts 1200 dborosnekTpu-
YECKUX MOJIYJIEl, paCTIOJIOKEHHBIX Ha KPBIIIIe
nHoi 433 M, coctaBut 300 MBT.

EcTtecTBeHHO, YTO MpK TMKOBBIX HATrpy3-
Kax dHeprusi OyIeT MOCTYINaTh U U3 JAPYTUX
9KOJIOTUYECKH YNCTHIX UICTOUHUKOB SHEPTUM.
JL1st moA3apsiAKK 3JIeKTpOIBUTaTEIe i TOPOXK-
HOTO TPAHCIIOPTA TTOCTPOSIT «COJISIPHBIE» 3a-
npaBku. [IpexycMOTpeH psii ApyTUX COBpe-
MEHHBIX PEILIEHU I, TOCTPOWKA JOTTOTHUTEb-
HBIX IIIYMO3AIIUTHBIX CTEH C COJTHEYHBIMU
OaTapessMu, 3BYKOU3OJSIUS 30aHUM U T.II.
Vxe B2017 roay 3mech OyayT IPpOXOIUTH MPO-
(mnakTUIecKnii OCMOTP BBICOKOCKOPOCTHBIE
rmoesnaa, Bkiovast oyayiiee mokojieaue ICE4
(ICx).

OO0111as1 5KOHOMUSI SHEPTUM cOCTaBUT 15 %.

* VYreneHue acanoB, KPbIII U CTEH BOK-
3aJI0B, a TAKXe APYIUX 30aHUN ABIAETCA CO-
CTaBHOI1 YaCThIO MPOTPAMMBI 9HEPTeTUUECKON
abdextuBHocTH DB. KpoMme TerioBoii n3o-
JISIIAY TIPOM3BOAMTCST 3aMeHa CTapbhiX OKOH
U CHCTEM OTOIUICHUs. 3a TPOIIEAIINE TOIbI
Oosiee 30 3maHU, TPEUMYLIECTBEHHO HAXO0-
JISIIIMXCS TTOJI OXPaHOI rocyaapcTba Kak Ia-
MSITHUKHW CTApWHBI, OBLIA 3HEPTeTUUECKU
canupoBaHbl. ExxerogHo B [epmanuu Mmozep-
HU3UPYIOTCS TPY BOK3aJ1a, KOTOPHIE ITOJTy4aioT
HOBBII SHEPreTUYECKUIA MACIIOPT.

HAYYHbIE UCCJIEAOBAHUSA
N NPOEKTbI

JloBOJIBHO MOJIOfast UTANTbSTHCKAs (pupma
«Greenrail» (greenrail.it) Mpou3BOAUT HOBBIE
ITIAJTbI, KOTOPbIE BEIPA0ATHIBAIOT TOK 3a CUET
JaBJICHUSI, TIPOU3BOAMMOTIO MPOXOISIIIUMU
HaJ HUMU Toe3namu. MHTerpupoBaHHbIE
MbE303JIEMEHTBI, SIBJSIOLLNUECs reHepaTopa-
Mu, gaot g0 150 kBt *u/kM sHepruu npu
npoxoxaeHuu 10 15 moe3noB. CoBMeCTHO
¢ [MonurexHuueckum yHuBepcuretom Muja-
Ha U JpYTMMHU TTIapTHEpaMu (pupma MpoiBU-
raeT 3TOT MPOAYKT Ha PhIHOK (puc. 4). B 2016
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TOZly OHa OCYIIECTBWJIA TeCTUpOBaHUE 1 KM
ITyTH C TUMU HOBBIMHU IITTIAJIAMU.

* B pamkax npoekra «IlToe3n Oynyiiero
nokosieHusi» (Next Generation Train) B Ha-
IIMOHAJIbHOM MCCJIEIOBATEILCKOM IIEHTpE
ITepmanuu DLR MeTogamu cucteMHOro aHa-
au3a uccaenayercs 3¢pGHeKTUBHOCTh HOBBIX
TEXHOJIOTUIA U peleHuii (B ToM yucie BUO)
B MIPOEKIIMU Ha BCIO KOMITJIEKCHYIO JKeJIe3HO-
JIOPOXKHYIO CUCTEMY. DTOT KPYITHBIN TTPOEKT
MPEeICTaBIsIeT COOOM B3MISA B 3aBTPALIHUMA
JIeHb XKeJE3HOAOPOXKHOT0 coo0IIeHMs [9].

* B2015 rony B Mockse B pamkax V Mex-
JNIYHaApOJAHOTO XeJe3HOJOPOXHOr0o cajoHa
«9keno-2015» 611 peacTaBieH MHHOBALIM -
OHHBI MaHEBPOBBIN ra3oTeryioo3 TOM-19,
TTOCTPOEHHBIN Ha BpsTHCKOM MallIMHOCTPOM -
TEJIbHOM 3aBojie « TpaHCMalIXOoJJIMHTa» I10
3akazy P2XKJI. JIokoMOTHB MpOLLIET HEOOXOAM -
Mbl€ MCIIBITAHUST U 3aIJIAHUPOBAaH K CepUii-
HOMY BBITTYCKY. [a30TerioBo3 uMeeT ra3o-
TTOPIITHEBON ABUTATEb MOIITHOCTHIO 880 KBT
1 paboTaeT TOJIBKO Ha CXKEHHOM TIPUPOI-
HOM Ta3e. DTO OTJIMYHBIN TPUMED pean3aruu
nporpammMbl P2XKJI 1o BHeapeHUIO0 pecypco-
cOeperarolx TeXHOJIOTUIA.

* B 3aBeplI€HHOM HCCIENOBAHUN B paM-
Kax IMPOEKTa M0 IHEPTeTUKE KeJIe3HOTOPOXK-
Horo TpaHcnopTa (7-i ucciaeaoBaTeabCKOM
pPaMOYHOI TIporpamMMbl, (hPMHAHCUPYEMOU
EBpocoro3oM) na€tcst aHaJIu3 pe3yJIbTaToB Mo
1IeJIOMY PSIIY CTPaH IJisg pa3JIudyHOTO THUTIA
TTO/IBVMDKHOTO COCTaBa O IPUMEHEHUM SHEPTe-
THYeCKU 3(PHEKTUBHBIX TEXHOJOTHIA M pac-
CMaTpUBAIOTCSI BApUAHTBI TIPUHSATUS pellie-
HU1 MO MHBECTULIMSIM C TTO3ULIUI TTOTPEOHO-
cTu B oHepruu, Bbiopoca CO, v peHTabeIbHO-
CTH.

* YHUBEPCUTET NMPUKIIAAHBIX HAyK Ayrc-
Oypra coemectHo ¢ MUMUT perynsipHo opra-
HU3YET CTaXXMPOBKU, TTPOBOAUT COBMECTHBIE
uccaenoBaHus. B mporpamMmax CTaKupoBKU
MpUHsIM ydyactue 6osee 400 crielmagincToB
P2K]I, npenogaBaTeseii U CTyI€HTOB.

3AKJTIOMEHUE

OpueHTaIus XKeJIe3HBIX TOPOT Ha UCTIONb-
30BaHUE BO30OHOBJISIEMON SHEPTUU UTPAET
BaXKHYIO POJIb I obecrieyeHust 3(pdexkTun-
HOCTH, TOJITOBPEMEHHOTO 1 HaZIE>KHOTO 3HEP-

TOCHAOXECHMS M XapaKTepHU3yeT STMOXATbHYIO
TeHAeHLUIO e€ pa3BuTusl. B aTOM Tipoluecce
MHOTO «aKTEPOB»: MOJIUTHUKA, TTPOMBIIIUICH-
HOCTb, KeJIe3HbIe TOPOTH, HayKa, YHUBEPCH -
TEThI, 001IeCTBO U Jtoau. W 3amnylieHHbI
MeXaHM3M OYZIeT XOpOIIIo (PYHKIIMOHUPOBATh
JINIIB TIPU TTOJTHOM B3aMMOIEHCTBUU BCEX
YY4aCTHUKOB Tporiecca. [IpruMeHeHe HOBBIX
WCTOYHHMKOB SHEPIUH, PECypCOCOeperarImx
TEXHOJIOTHIA JOJIKHO 3aTparuBaTh BeCh XKeJie3-
HOJIOPOXHBIMA KOMILJIEKC, UMEIOLINAIA OTPOM-
HBII TTOTEHIIMA S5KOHOMWY SHEPTUM, U TOTIa
3(P(PEeKTUBHOCTh DHEPTOCHAOXKEHUS CTAaHET
cyliecTBeHHO Bhilie. HoBast sHepreTryeckast
KyJIBTypa ITOJTyIrIa CeTOMHS OOJIBIIIOE Pa3BU-
THE B OOIIECTBE M Ha XEJIC3HOAOPOXKHOM
TpaHcmopte. [lepexom K AelleHTpaIM30BaH-
HOMY 3HEPTOCHAOXEHHIO obecIieunBaeT
OOJIBIITYI0 AaBTOHOMUIO, HE3aBUCUMOCTD 1 0€3-
OITACHOCTB OTPaCICBOU C(PEPHI.

DHepreTuyecKast peBOJIIOINS — IIpoliecc,
KOTOPBII CJIeMyeT COIMPOBOXKAATh X BOBPEMSI
KOPPEKTUPOBATh CO CTOPOHBI MHCTUTYIINO-
HaJbHOM MOJIMTUKU. DTO HE TOJIBKO OpOIIIeH-
HBIIA BBI30B, HO U OOJIBIION ITAHC, KOTOPBIH
HAaJI0 MCITOJIb30BAaTh.
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RENEWABLE ENERGY IN RAILWAY TRANSPORT

Goldenberg, Vladimir, Augsburg University of Applied Sciences, the Union of German Railway Engineers

(VDEI), Augsburg, Germany.
ABSTRACT

The advantage of using electric energy for rail
passenger transport has long been evident. But
because of this, more and more importance is paid
to saving energy, searching for cheaper and more
affordable sources. From this point of view, the author
of the article approaches the analysis of the growing
opportunities in recent years for the use of renewable

energy sources in rail transport and the trends in their
development, distinguishing hydrogen fuel cells,
photoelectric installations, wind, solar, and our
planet. A special place is given to the problems of
energy storage, to variants of its rational redistribution
on the network. At the same time, research, design
and implementation practices of a number of
countries are shown.

Keywords: railways, power supply, renewable energy sources, search, development, energy culture.

Background. The use of renewable energy
sources (RES) in industry and transport and their
further development is today an urgent need in terms
of ecology, energy efficiency and consumer
attractiveness of rail transport.

Increasing the efficiency of the use of energy
resources and, first of all, renewable energy sources
open immense opportunities for the railway. In public
passenger traffic (OPNV), about 66 % of the transport
work, expressed in passenger kilometers, falls on
electricity. On the Deutsche Bahn AG (DB AG), more
than 90 % of energy for traction is electricity. This
indicator for railway long-distance traffic has already
reached 98 %. The advantage of using electric power
for rail passenger transport is obvious. That is why
energy saving is given special significance, and also
because its cost increases.

It should, however, be borne in mind that the
vehicle N2 1 in Germany and the countries of the
European Union is a car. And for DB itis a strong factor
of competition. In addition, other railway companies
that have their own rolling stock and carry out freight
and passenger transportation on the DB network,
strengthen their positions in the transport market and
present increasing competition for the company.

It is planned that by 2050 the emission of carbon
dioxide will have decreased practically to zero, and
the railway transport will be completely freed from
CO,~i.e. «green zero» will be reached. This is possible
also because the DB operates its own power supply
network (for example, it has its own hydroelectric
power plants and some of them supply contact
networks with a frequency of 16.7 Hz) and itself
regulates the purchase of electricity.

Nevertheless, a complete transition to RES is a
difficult task also for the reason that different energy
sources do not always have a sufficient quantitative
and uniform energy production factor.

The German government, in formulating the
energy concept in 2010, set the goal of reducing
energy consumption in transport by 2020 by 10 % and
by 2050 by 40 % compared to 2005 [1].

It is known that rail transport in comparison with
other modes of transport is characterized by lower
specific energy consumption and has proved more
environmentally friendly. Countries with limited own
fossil resources in recent years have been intensively
investing in technological development and the
introduction of renewable energy sources. Thus,
dependence on oil and gas decreases, and in
addition, dependence on energy imports also
decreases. Germany actively uses various alternative
energy sources (wind, solar, hydropower, biomass).

DB sees itself as a favorite in the field of
environmentally organized transport and energy

saving. It was recognized by the respectable
international organization CDP (Carbon Disclosure
Projekt) as the world’s best railway in the field of
environmental cleanliness, ranking first in the rating.

The application of RES is supported in Germany
by the law on renewable energy (EEG), which has a
positive effect on rail transport, which is a major
participantin energy policy, where, as elsewhere, the
direction of future development depends on the
position of the «arrow» [2, 3].

Objective. The objective of the author is to
consider prospects of renewable energy sources
application in the field of railway transport.

Methods. The author uses general scientific
methods, comparative analysis, scientific description.

Results.

Energy onthe roads and in the rolling stock sector

According to DB, the share of renewable energy
in power consumption for traction would have been
increased to 35 % by 2020, but this figure has already
surpassed and reached 40 % in 2015 [4] (Pic. 1). For
comparison: in 2010 the share of renewable energy
sources in railway transport was 19.8 %. The
possibilities of using alternative energy sources on
the railway are very diverse. From today’s perspective,
it is: energy for train traction, operational work,
infrastructure, rolling stock (the work of auxiliary units,
lighting, air conditioning systems), a network of
computers, maintaining external functions,
accumulating energy, lighting buildings, etc. Other
possibilities for increasing energy efficiency are the
transition to lightweight rolling stock designs, the
production of more economical locomotives and
motorized rolling stock, as well as the optimal method
for controlling trains. It should be noted that decisions
onincreasing energy efficiency on the railroad receive
very noticeable returns. Up to 8 % of the total energy

other
0,1%

nuclear energy
15,8 %

renewable
energy
2%

black coal
30,0 %

brown coal
1%

Pic. 1. Sources of energy production for DB in 2015,
(revised by the author).
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« The completed project within the framework of
the Public Private Partnership, in which a number of

T “:.T-iii;‘a .
)

Pic. 2. Photoelectric installation on the roof of the
station in Berlin. Photo: DB.

consumption, for example, can be returned to the AC
contact network by recuperation during braking or
can be accumulated.

Power supply for air conditioning systems,
auxiliary units and lighting is carried out mainly in the
usual way, and can also be supplemented by
renewable energy sources (hybrid drive concepts in
combination with photoelectric modules, hydrogen
fuel cells, etc.). An energetically optimal way of
controlling train traffic also creates an additional
saving potential. However, stationary generation of
energy remains in the foreseeable future an important
method of its production. Moreover, it is successfully
supplemented by intelligent management methods
(Smart Grid), especially with increasing requirements
for energy networks and in connection with the growth
of the share of renewable energy in railway transport.

Manufacture of lightweight rolling stock and the
use of composite materials with first-class properties
(on glass and carbon fiber basis GFK and CFK) is
another energy saving resource, design weight is
reduced and production costs are reduced by 20—
30 %. New horizons are also opened by the use of
nanotechnology on the rolling stock and infrastructure
facilities.

Science provides many different technical
capabilities and products, which, however, cannot
always be used so far, because they are not yet
economically efficient (profitability), nor have they
reached market maturity.

Practical use

Hydrogen fuel cells

The use of the drive on hydrogen fuel cells for
traction of trains instead of diesel or electric traction
in the near future is hard to imagine. The fact is that
for traction, not only the high power of hydrogen fuel
cells is needed, it is equally important to have a large
amount of generated energy. For the needs of
auxiliary units this is possible already today. But in all
cases, the technical and economic task is also a
significant increase in the profitability of this
environmentally friendly energy source.

Below there are some examples for traction rolling
stock, where hybrid power plants using hydrogen fuel
are used.

« Alstom signed an agreement at the international
fair «InnoTrans 2014» in Berlin on the delivery of a
traction rolling stock on hydrogen fuel to four Federal
States of Germany. The same company supplied
hybrid locomotives for cargo transportation in 2015-
2016 for the plant of the Audi automobile concern in
Ingolstadt. As it is known, work in the plant’s
workshops is allowed only for locomotives that do not
generate exhaust gas.

® \WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 1, pp. 64-74 (2017)

companies participated, confirms the activity in this
direction in the USA. In 2009, a test trip of the
locomotive on hydrogen fuel was successfully carried
out. This, perhaps, is the largest locomotive of this
kind for today (firm BNSF). Its power with a long
operating mode is 240 kW. The peak power of 1 MW
is enough for a few minutes [5].

* Research on the use of hydrogen fuel cells for
the shunting locomotive of the shunting locomotive
of the marshalling yard is carried out on the Russian
Railways (JSC RZD). Atthe same time, the production
of hydrogen is carried out by conversion from natural
gas transported on board the locomotive. Other
projects are aimed at the use of hydrogen fuel for
railcars, rail buses and cars with an energy installation
to provide electricity for tunneling.

Photoelectric installations, wind power

The use of solar energy in rail transport has many
advantages. It is suitable for the power supply of on-
board equipment, air conditioning devices, for power
supply to low-capacity stations and areas, it should
be considered as an economically viable alternative,
especially where the connection to the power grid
(ifany is near) is expensive. The share of wind energy
in sources of energy production is also constantly
growing.

« In Florence (lItaly), in 2004, a completed project
was presented, within which a car with solar panels
(Photovoltaik Train) was designed. This is the project
of Italian Railways ( Trenitalia), which was funded under
the EU program (1.25 million euros). Rolling stock
with solar panels on the roof is in operation. The
generated energy is sufficient for lighting, air
conditioning and operation of onboard systems. It
should be noted that for a number of years in Italy
there has been a «solar boom», because the state,
through financial incentives, has increased the
attractiveness of projects in the field of using solar
energy sources.

« Solar power has been used in the field of
signalization on the railway for many years. The power
supply of global positioning systems (GPS) in freight
cars is also carried out with the help of solar current.
Examples of the use of solar panels in soundproof
walls on transport are known.

* Roofs play an important role for solar energy.
Since 2003, a photovoltaic system has been in
operation on the south side of the main station in Berlin
(Pic. 2). Such installations on the roofs of the stations
are already available in a number of countries.

« For the Geneva Canton transport company
(Switzerland), Héft & Wessel more than 700 ticket
machines have been supplied that are installed in the
sunniest places.

« The Chinese firm JinkoSolar produced and
supplied solar modules for the roof of the high-speed
tunnel between Paris and Amsterdam on the Belgian
railroad track (Pic. 3). Solar panels installed on the
roof ofa 3.6 km long tunnel generate 3,300 mW+h of
energy per year. Electric energy is used for trains and
infrastructure. The emission of CO, decreases by
2400 tons per year [6].

« The metro of Mexico city uses the energy of the
airflow of moving trains. The current generated by the
wind generators installed in the mines is used to
illuminate the metro stations.

Accumulation of energy

The production of energy must necessarily be
combined with the possibilities of its accumulation.
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This is foreseen in the energy complex today. Effective
management synchronizes energy consumption and
its production from fluctuating sources and provides
the necessary profitability. The inconstancy of energy
production from renewable energy creates at the
same time a stimulus to the search for reliable and
economical storage devices. The combination of
sources with energy storage provides sufficient
energy for periods of weak solar or wind activity.

The advantage of generating electricity and heat
is also that these sources are decentralized. In the
case of excessive production of energy, there is a
need of its return to the energy network with payment,
its accumulation and to creation of reserves. There
are examples where excess energy is simply «gifted»
to other neighboring countries, since the suspension
of energy production is sometimes more expensive.

Accumulation of heat

There are various possibilities for accumulating
heat and transporting it. An innovative way is to use
latent thermal energy storage devices, when
everything is determined by the change in the
aggregate state of the accumulating medium when
heat is applied or removed. Transportation of the
container «with heat» is carried out on the highway,
and in the presence of access roads can be made by
rail. Latent storages are used for heating or cooling
buildings. For transportation, tank containers are
used. One example of the mobile heat transport
system that already operates since 2013 is in
Augsburg, Germany, where the tank containers are
«charged with heat» at the heat station of the «AVA»
garbage processing plant and transported to heat the
school center of the neighboring town of Friedberg.
Such an option gives about 2500 kWh - h of energy.
The system efficiency is 85 % [7].

Condensation of electricity

The results of using supercondensers(Supercaps)
for the accumulation of electrical energy are
impressive. Today such solutions are not original when
collecting energy, for example, from wind power and
solar installations. These systems are able to
accumulate electrical energy in large volumes.
Supercondensers with a capacity of up to 5000 farads
are already known, although the voltage values are
small. The efficiency is 90-95 %, and the application
potential is very high. Modularization on the rolling
stock is possible and gives the desired effect.

Examples of their use in combination with
batteries are available in several countries. Let’s
say that the Siemens concern is putting into
operation a tram line in Doha (Qatar). In this rail
system without a contact network, there is a hybrid
system for accumulating electrical energy: two-
layer supercapacitors are supplemented with
lithium-ion batteries. Charging, if necessary, takes
place literally in seconds at any of the stations of
the tram network [8].

Energy of the Earth

For the movement of trains, the smooth operation
of turnout switches is important. Their heating in winter
conditions is possible not only with the help of
electricity, but also with the use of the energy of the
Earth. These systems also use the heat of underground
water, air or sewage. Modern heat pumps save at least
40 % of energy.

« The first example of the use of geothermal
heating of switches on a DB refers to 2007 in
Holzminden. In 2010, the geothermal heating of the
switches without the use of a current was
commissioned on the Hamburg port railway.

Pic. 3. The roof of Paris-Amsterdam route tunnel.
Photo: JinkoSolar.

« Since 2005, in Bad Lauterberg—Barbis, a
heating system for the railway platform is also in
operation on the Géttingen—Nordhausen line, also
using the heat of the Earth.

« «Triple-S-GmbH» has a number of completed
projects for equipping turnout switches, platforms,
transport areas and bridges with geothermal heating
systems. It received an admission to the work on the
DB and, in particular, the permission of RZD to install
a new generation pilot system at two switch points in
St. Petersburg. The devices are serviced remotely
from Germany. Today, the number of geothermal
systems on the railway grows after their successful
testing.

+ At individual metro stations in Vienna, heat
pumps and heat of tunnels are included in everyday
use.

Solar thermal energy and sanitation of
buildings

+ The comprehensive use of renewable energy
sources is demonstrated in Cologne by the DB project
of Germany’s first environmentally friendly train
service company ICE, where it is planned to show the
mostadvanced technology in the field of environmental
protection. Here, geothermal energy, photovoltaic
installations, solar thermal energy are envisaged and
other innovative solutions will prevail. The company
will be equipped with a conditioning system based on
heat pumps and heat exchange with underground
water. Solar thermal collectors will provide heat supply
to the public building, delivering warm water for
domestic needs. The total capacity of 1200
photovoltaic modules located on a roof 433 m long
will be 300 mW.

Naturally, under peak loads, energy will come
from other environmentally friendly energy sources.
To recharge the electric motor road transport «solar»
refueling stations will be built. A number of other
modern solutions is provided, construction of
additional noise-protective walls with solar batteries,
soundproofing of buildings, etc. As early as 2017,
high-speed trains, including the future generation of
ICE4 (IC), will be inspected here.

The total energy savings will be 15 %.

+ Warming of facades, roofs and walls of railway
stations, as well as other buildings is an integral part
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1 KM =1670 sleepers

‘One kilometer of Greenrail
contribute to recover

35 ton of EoLT 35ton
(End of Life Tyres) recycled Plastic.

Pic. 4. Sleeper with piezoelements. Photo: Greenrail.

of the energy efficiency program DB. In addition to
thermal insulation, old windows and heating systems
are being replaced. Over the past years, more than
30 buildings, mostly under the protection of the state
as monuments of the past, were energetically
sanitized. Annually in Germany three railway stations
are modernized, which receive a new energy
passport.

Scientific researches and projects

The newly founded lItalian firm «Greenrail»
(greenrail.it) produces new sleepers, which produce
current due to the pressure produced by trains
passing over them. Integrated piezoelectric elements,
which are generators, give up to 150 kW-+h / km of
energy when passing up to 15 trains. Together with
Polytechnic University of Milan and other partners,
the company promotes this product to the market
(Pic. 4). In 2016, it is testing 1 km of track with these
new sleepers.

« Within the framework of the «Next Generation
Train» project at the National Research Center of
Germany DLR, using the methods of system analysis
the effectiveness of new technologies and solutions
(including RES) is studied in the projection on the
entire integrated railway system. This major project
represents a look into the future of rail traffic [9].

+ In 2015, an innovative shunting gas-turbine
locomotive TEM-19, built at the Bryansk machine-
building plant «Transmashholding» under the order of
Russian Railways, was presented in Moscow within
the framework of the 5th international railway salon
«Expo-1520». The locomotive passed the necessary
tests and is scheduled for serial production. The gas
turbine locomotive has a gas piston engine with a
power of 880 kW and operates only on liquefied
natural gas. This is an excellent example of the
implementation of the Railways program for the
implementation of resource-saving technologies.

« The final study of the railway energy project(7th
EU-funded research program) analyzes the results
for a number of countries for different types of rolling
stock on the use of energy-efficient technologies and
examines options for making investment decisions
from the standpoint of the need for energy, CO,
emissions and profitability.

« The Augsburg University of Applied Sciences
together with the MIIT regularly organizes internship,

conduct joint research. About 300 specialists from
Russian Railways and teachers took part in the training
programs.

Conclusion. The orientation of railways to the use
of renewable energy plays an important role in
ensuring the efficiency, long-term and reliable energy
supply and characterizes the epochal trend of its
development. In this process, there are many
«actors»: politics, industry, railways, science,
universities, society and people. And the running
mechanism will function well only with full interaction
of all participants in the process. The use of new
energy sources, resource-saving technologies should
affect the entire railway complex, which has a huge
potential for saving energy, and then the efficiency of
energy supply will be significantly higher. A new
energy culture has received a great deal of
developmentin the society and in rail transport today.
The transition to decentralized energy supply ensures
greater autonomy, independence and security of the
industry sector.

The energy revolution is a process that should be
accompanied and corrected on time by institutional
policy. This is not only an abandoned challenge, but
also a great chance to be used.

REFERENCES

1. Umwelttrends in Deutschland. Daten zur Umwelt
2015. Umweltbundesamt.

2. Goldenberg, P, Goldenberg, V., Reppich.
Anwendungsm glichkeiten erneuerbarer Energiequellen
im Bahnsektor. EI-Eisenbahningenieur, 2/2012, S. 22—29.

3. Goldenberg, V., Goldenberg, F. Renewable sources
ofenergy and its economy in railway transport. Development
trends [ Vozobnovlyaemye istochniki energii i ee ekonomiya
na zheleznodorozhnom transporte]. OSJD Bulletin, 2016,
Iss. 1, pp. 25—36.

4. Mit dem Zug automatisch gr n unterwegs | Electronic
resource]: http://www.bahn.de/p/view/service/umwelt/
klimaschutz.shtml. Last accessed 26.07.2016.

5. Information about the projects of Fuelcell
Propulsion Institute [Electronic resource]: http://www.
fuelcellpropulsion.org/projects.html. Last accessed
26.07.2016.

6. JinkoSolar versorgt Solar Tunnel mit Energie
[Electronic resource]: http://www.,jinkosolar.com/press_
detail_131.html?lan=ge. Last accessed 26.07.2016.

7. Goldenberg, P.: Mobile W rmespeicher f rden Lkw-
oder Zugtransport? EI-Eisenbahningenieur, 2013, Iss. 5,
pp. 97—100.

8. Schl sselfertiges Tramsystem fr Katar mit
oberleitungslosen Avenio-Stra enbahnen [Electronic
resource]: http://www.siemens.com/press/de/
feature/2012/infrastructure-cities/rail-systems/2012—08-
avenio.php?content[|=MO. Last accessed 26.07.2016.

8. [DnexTpoHHbIif pecypc]: http://www.siemens.com/
press/de/feature/2012/infrastructure-cities/rail-
systems/2012—08-avenio.php?content[|=MO. Joctyn
26.07.2016. Berlin, 17. April 2015.

9. Der NGT: Next Generation Train [Electronic
resource]: http://www.dlr.de/fk/desktopdefault.aspx/
tabid-10718/18625_read-27293/. Last accessed
25.07.2016. ¢

Information about the author:

Goldenberg, Vladimir - Dr., European Railway Engineer (EURail-Ing.), Institute of Technological and
Scientific Transfer of Augsburg University of Applied Sciences, member of the Union of German Railway
Engineers (VDEI), Augsburg, Germany, vliadimir.goldenberg@HS-Augsburg.de.

Article received 26.07.2016, accepted 09.11.2016.

® \WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 1, pp. 64-74 (2017)

Goldenberg, Vladimir. Renewable Energy in Railway Transport



3KCMNPECCE
EXPRESS INFORMATION

NH®OPMALNA

HOBbIAA MATCTPAJIbHbIN 3JIEKTPOBO3 23C7
AN TAXXENOBECHOIO ABUXXEHUA

HoBblii MarucTpaibublii 3jekTpoBo3 29C7 ¢
HOs10ps 2016 roxa nposes 30 TSKETOBECHBIX MO-
e3710B BecoM 6 Thic. ToHH no Baiikano-Amypckoii
MATHCTPAJH.

HanomHuM, coBpeMeHHBbII IMOABMKHOI COCTaB
MPOXONJI TSITOBO-2HEPreTUUECKHE UCTIBITAHUS Ha
Boctouno-Cubupckoii xene3Hoil 1opore B OKTSI-
Ope-Hos0pe TPOIIIOTO rofa Ha yyactke TaiieT
— Takcumo. [1o pesynbratam Moe3noK 3J1eKTPOBO-
3a GBI cleNIaH BBIBOJA O BO3MOXKHOM TTOBBITIIEHUY
MaccChl TI0€3/10B U MPU TOM COKPAIIEHNUH SKCILTY-
aTallMOHHBIX pacxonoB Ha 12 %.

Panee mo BAMy 1noe3ia ¢ TakuM BECOM BOJIU -
JIM TPEXCEeKIIMOHHBIE JIOKOMOTUBHI «Epmak»
39C5K, numeomue 12 TAroBbIX OCeil U OOIIYIO
MoIIHOCTE 9,84 MBT. JlokomoTuB 2DC7 MOIIIHO-
cThi0 8,8 MBT 11 BOCEMBIO TSTOBBIMH OCSIMM YCTIEIII-
HO TpeoaoJie] aHaAJIOTMYHbIN yyacTok Taifmer—
TakcrUMO C BeCOM 6 ThIC. TOHH, TIPU 3TOM MOKAa3ajl
0oJiee HU3KUIA, B cpeaHeM Ha 25 %, pacxo 2JIeKT-
pPO3HEpPruu. DTO CTAJO BO3MOXHBIM Ojarogapst
YCOBEPILIEHCTBOBAHHOI OYCTEPHOM CHCTEME JIEKT-
poBo3a 2DC7 1 TATOBBIM XapaKTepUCTUKAM aCUH-
XPOHHBIX 2JIEKTPOIBUTaTENEH.

Ha yuacrtke Taitmier—TakcuMo coueTaeTcs
LebIli KOMTIIEKC (PakToOpoB, 3aTPYAHSIOUIAX
SKCITyaTalMIo0 TOKOMOTUBOB. 3/1€Ch Pacloyo-

JKeHO HauboJIbIlIee KOJUYECTBO TepeBaTbHBIX
Y4acTKOB M KPUBBIX MAJIOTO paauyca, TeMrepa-
Typa BO3[yxa KojebJieTcs B 1Mana3oHe oT III0C
50 rpamycoB geToMm o MUHYC 50 rpagycoB — 3u-
moit. Kpome Toro, 60iblioe KOIM4ecTBO CHera,
3aChIMNAIOIIETO PEJIbChI, YCIOXKHSIET MepeaBIXe-
HUE I10 MYTSIM B 3UMHee BpeMsi. Takke B yCIIOBU-
SIX XOJIOIOB TSITOBBIN MOABUXKHOUW COCTaB MOI-
BEpraeTcs pe3KUM IepenanaM BHELIHUX TeMIIe-
patyp, ripoxos o CeBepoMyiicKOMY KeJIe3HO-
JIOPOKHOMY TOHHEJIO MPOTSKEHHOCTHIO CBBIIIE
15 kM. 3a cyeT TeXHOJOTMYEeCKMX 0COOEHHOCTE !
conepXaHUs TOHHENS TeMmMIepaTtypa B HEM
KPYTJOTOIMYHO HE OIMyCKaeTcsl HMXe TLIoc 15
rpaaycoB. 3UMOU M3-3a Pa3HULIBl TEMIIEpaTyp
BO3/IyXa CHApyXW W BHYTPU TOHHEJST Harpys3Ka
Ha BCE CUCTEMBI, Y3JIbl U MaTepHUabl JTOKOMOTHU-
Ba MHOTOKPATHO YBEJIUYMUBAETCSI.

29C7 — mepBbiilt B Poccuu MarucTpaibHbIT
TPY30BOIi 2JIEKTPOBO3 MEPEMEHHOTO TOKa C aCUH-
XPOHHBIM TSITOBBIM MpuBoaoM. Co3iaH Ha 3aBone
«Ypanbckue JoKoMoTuBB» B 2013 rony. B Hem
NPUMEHEH ACUHXPOHHBIU TATOBBIU IBUTATEIb,
MO3BOJISTIOLIMIA IOKOMOTHUBY MCITOJIb30BATh BBICO-
KYIO CWJTY TSTH.

ITo marepuasiam npecc-cayx0b1 OAO «PXK]I» @

NEW 2ES7 MAINLINE ELECTRIC TRAIN PULLS 30 HEAVY
LOCOMOTIVE FOR HEAVY TRAINS

The new 2ES7 mainline electric train was tested
for its traction and power on the Taishet—Taksimo
stretch at East Siberian Railways during October-
November 2017.

Since November 2016, this modern rolling stock
has hauled 30 heavy trains weighing 6,000 tons along
the Baikal-Amur Mainline.

As a result of these tests, it was concluded that
the mass of the trains pulled could be increased,
while at the same time reducing operating costs
by 12 %.

Earlier on the Baikal-Amur Mainline, trains
with such a weight hauled three-section Ermak
3ES5K locomotives with 12 traction axles and a total
capacity of 9.84 MW.

The 2ES7 locomotive, which has a capacity of
8.8 MW and eight-axle traction, successfully hauled
a train weighing 6,000 tons along a similar stretch
between Taishet—Taksimo and used on average 25 %
less electrical power thanks to an improved booster
system on the 2ES7 and the traction characteristics
of asynchronous electric motors.

The Taishet—Taksimo stretch combines a whole
range of factors that impede the operation of

locomotives, including a large number of passes and
tight curves, air temperature ranging from plus 50°C
in the summer to minus 50°C in the winter, while
heavy snowfall on the rails complicates movement
along the tracks in winter.

In terms of cold weather, traction rolling stock
is also subject to sudden changes in external
temperatures when passing through the Severomuisk
railway tunnel, which is over 15 km in length. Due
to the technological features in maintaining the
tunnel, its internal temperature never falls below
plus 15°C all the year round. As a result, the high
temperature difference between the air inside and
outside the tunnel in winter places a much greater
stress on all the locomotive’s systems, components
and materials.

The 2ES7 is Russia’s first mainline electric
freight AC asynchronous motor drive. Created at the
Ural Locomotives plant in 2013, it utilizes an
asynchronous traction motor, which gives the
locomotive high pulling power.

Based on releases of press service
of JSC Russian Railways ®
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HoBbii MarncTpanbHbii 9N1€KTPOBO3 23C7 ANA TAXXENIOBECHOIO ABMKEHUS
New 2ES7 mainline electric locomotive for heavy trains
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UccnepnosaH npouecc npoxoxa noesaa
noa TOKOM o BETBSIM U30JINPYIOLLEero
BO34YLUHOIO NMPOMEXYTKAa TAroBoi ceTu
MOCTOSIHHOro TOKa, rnoka3aHbl MPUYUHbI
OTKJIIOYEHUNS BETBU, HA KOTOPYIO Bbe3XaeT
noe3a. [nsa peweHus yeneBbix 3agaqy
MOBbILLUEHUS MPON3BOANTEITIbHOCTU

W CHUDKeHWs U3aepxxek B pabote
3/1eKTPUPULNPOBAHHOIO
JKes1e3HO40POXXHOIro TpaHcropTa
npeasioxeHa cxema 6/710KUPOBKUN
HeCcaHKLMOHUPOBaHHOIO cpabaTbiBaHUs
ObICTPOAEVICTBYIOLLIErO BbIK/IIOYaTeNs.
C nomMoLybio MoAEeINPOBaHUs NnpoLuecca
NU3MEHEeHUSs TOKa B CeTu ornpenesieHbl
napamMmeTpbl AOMOJIHUTEJIbHOM

KaTyLWKN MarHUTornpoBsoAa pesie-
AnddepeHunanbHOro wyHTa gns
noAk04YeHNs1 6JIOKUPYIOLLEro
ycTpoucTBa.

Knwoyesble croBa: xenesHas gopora,

TSroBasi CeTb, pene-anpoepeHumnanbHbIi
LIYHT, cXemMa 6ﬂOKl/lpOBKM, nmMuUuTaunoHHoe
mMoaennMpoBaHne, napameTpbl KaTyLLuKu
MarHuTonpoBoAaa.
|
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HAYKA 1 TEXHWKA

MoaenupoBaHue npoueccos
B TArOBOU CE€TU U napamMeTpbl
NoAKJII0YEeHUa 0JIOKMPOBKMU

3amopckas Jlada Ilasaoena — couckamenv Kagpedpsi
«DnekmposHepeemurxa mpancnopma», NOMOUHUK
NpOpeKmopa no 0peanu3ayuoHHO-nPOU3E800CHBEHHOU
pabome Mocko8cKkoeo 20cyoapcmeeHH020
YHusepcumema nymeti coooujenusi (MUHT), Mockasa,
Poccus.

JIEKTpUPULIUPOBAHHAS XeJle3Hast

Jlopora — CHCTEMa CJIOXHEWIINX

TeXHUYECKUX COOpYyXeHUil. OgHuM
U3 nokaszareseil ux 3(pHeKTUBHOCTU SBSIETCS
YBEJIMYEHUE MPOITYCKHON CITOCOOHOCTH JIH-
Huil. Ocoboe 3HaueHue Mpu STOM MpUodpe-
TaeT COCTOSIHUE TATOBON ceTu. Benb npu ka-
KUX-TO COOSIX B NBUKEHUU, HEOXUAAHHOMN
OCTAaHOBKE OJHOTO MOJIBMXHOTO COCTaBa
BBIHY>KIEHHO MPOUCXOIUT 33 PKKa U IPYTUX
HaxXOOSIIMXCS Ha MeperoHe noe3non. M Bax-
HO HE MPOCTO OMpPeIeTUTh MPUYUHBI OCTAHOB-
KU, HY>KHO 3HaTh BCE BO3MOXHBIE MOCJIE/I-
CTBUSI.

SALLUUTA OT TOKOB KOPOTKOIO
3AMbIKAHUA

ITocTrosiHHOE BO3AEHCTBIE METEOPOTOTH -
YeCcKUX (DAKTOPOB, MEXaHNICCKIUX 1 TETUIOBBIX
Harpy30K, 3JIEKTPOMarHUTHBIX MOJIEH, UCKpe-
HUS IPUBOIMUT K OTKA3y 2JIEMEHTOB TITOBOM
CETHU, COMPOBOXAAIOIIEMYCS YMEHbIIEHUEM
€€ COIMPOTUBJIEHUS C PE3KUM YBEJIUYEHHEM
TOKA, YTO MPUBOAUT K KOPOTKUM 3aMbIKaAHU -
M. B aBapuiitHOM pexkrMe KOPOTKOTO 3aMbl-
KaHUsl, BO3HUKAIOIIIETO MO CAMbIM Pa3JIMYHbIM
NpuYMHaM, HapylaeTcs paboTa CUCTEMBbI
TSITOBOTO 3JIEKTPOCHAOXEHUS, TIPOUCXOAST
cOoM B IBMXKEHUM TTOE310B.



Puc. 1. Mpouecc
ABWXEHUs1
anekTposBo3a
no BeTBIM
n3onmpyioLiero
BO34YLLHOIro
npomexyTka.

Toku KOpOTKOTO 3aMBIKAHMSI, BO3HUKIIIC-
ro BOJIM3M TITOBOI MOACTAHLIMM (IIPU TaK
Ha3bIBaEMBIX OJTM3KMUX KOPOTKMX 3aMbIKaHU -
SIX), MOTYT MPEBBIIIATh BSIMINHY HOPMalb-
HBIX TOKOB Harpy3ku B 20—40 pa3. Takue Be-
JIMYMHBI JaXe TIPU OYeHb MaJIOW JUTUTETEHO-
CTU B pe3yJIbTaTe IMHAMUYECKOTO BO3IEICT-
BUS MOTYT HNPUBECTH K pa3pyIIeHUIO
KOMMYTAIIMOHHBIX alllapaToB M Pa3IMYHBIX
KOHCTPYKLIUAK.

B T0 e BpeMsi, TOKM KOPOTKOT'O 3aMbIKa-
HUsI, BOSHUKIIIETO HAa 3HAUMTEIIFHOM PacCTO-
STHUU OT TATOBOM MOICTAHIINM (TaK Ha3bIBae-
MBbI€ YIaJleHHBIE), B OTAEIbHBIX CIyJasx Ha-
CTOJIBKO MaJTbl, 9TO MX 3HAYCHME HE TOCTUTA-
€T YypPOBHSI OOBIYHBIX TOKOB Harpysku. Ilpu
IUTUTETbHOM BO3ICHCTBUU MaJIOTO TOKa KO-
POTKOTO 3aMbIKaHMS BBIIEJISIONICECS TEILIO
B MECTe KOHTaKTa C 3a3¢MJICHHBIM 3JICMCHTOM
MOXKET BBI3BATh ITEPEKOT KOHTAKTHOTO TIPO-
BOJa, 0COOCHHO MPY BO3ZHMKHOBCHUM DJICK-
TPUYECKOW OYTH.

Kpome aBapuiAHBIX pesKMMOB paOOTHI TsI-
TOBOI1 CETHU CYIIECTBYIOT IITAaTHBIC CUTYaIINH,
TIpY KOTOPBIX ITapaMeTPhl TOKOB U HAIIPsSTKe-
HU#t puIepoB KOHTAKTHOM CETU OJIU3KM T10
3HAUYCHUIO K ITapaMeTpaM KOPOTKOTO 3aMBbl-
KaHUs.

Bo Bcex Ha3BaHHBIX Cydyasix 3HaUCHME
TOKa IUTAOIIETo (praepa N3MEHSIETCS cKad-
K0OOOpa3HO, YTO MOXKET IPUBECTH K HECEJIeK-
TUBHOU paboTe ObICTPOEHCTBYIOIIETO Bbl-
KiTrouaTenst puaepa, OTKIIOYCHUIO 30HBI -
TaHUsI, OCTAHOBKE IT0€3/1a, BOSHMKHOBEHUIO
3JIEKTPUYECKOI IyTHU 1 ITepeKory KOHTaKTHO-
TO IIPOBOJA.
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TsaroBble Harpy3kM B IITaTHOM pPEXHME
B OTJIMYME OT HArpy30K IPYTrvX MOTpeouTeaei
3JICKTPOSHEPTUU XapaKTePU3YIOTCS OCOOBIMU,
MPUCYIIMUMHU TOJbKO UM CBOWMCTBAMU: 3HAUE-
HHE€ UX BCE BPEMSI U3MEHSIETCS, a UBMEHEHUS
HOCST CJTyYalHBIN U HAPACTAIOIIMU XapaKTep.
AHaJI0TUYHBIE IO XapaKTepy U3MEHEHMS TOKa
HaOII0IAI0TCS IPU aBapUHBIX PEXUMaXx.

CounsMepruMOCTh 3HAYCHUI TOKOB B pa3-
JIMYHBIX CUTYaLIUSIX YKA3bIBA€T HA CJIOKHOCTh
B UX KJlaccubukauuu. B Takmx ycraoBusIx
paboTa yCTpONCTB 3alUThI OT TOKOB KOPOT-
KOTO 3aMbIKaHUS B TSTOBOM CETU MOCTOSTHHO-
ro TOKa MpUuoOpeTaeT OINpeaeIeHHYIO CIIe-
Gbuky.

Hano otMeTuTsh, 4TO AJs1 ONpeaesieHus
BO3MOKXHOM MPUIMHBI OTKIIIOUCHUS (humep-
HBIX OBICTPOAEUCTBYIOIINX BbIKJIIOUATEIEH
clieAyeT Ha IPOTSLKEHUU IJTUTEIbHOTO BpeMe-
HU ocUMIIorpacdrpoBaTh IMPOIECC U3MEHE-
HUSI TOKa B TATOBOM CeTU (TIEPEXOTHBIC IIPO-
IIecchl TOKa M HaIpsKeHUs pumepa Hemo-
CPEACTBEHHO Mepe1 OTKJIIOYEHUEM 1 BO BpEMS
HETO).

OmHUM M3 OCHOBHBIX HaIlpaBJICHUM MC-
CJIEIOBAHMS SIBJISIETCS OTpPeeIeHe MHOXE-
CTBa MapaMeTPOB B paboOTe TITOBOM CETH
C MCITOJIb30BAaHUEM MOJICJIMPOBAHUS TPOLIEC-
COB U Ha OCHOBE MOJYYEHHBIX JAHHBIX IO-
CTPOEHUE XapaKTEPUCTUK C LIETbIO TPOTHO3U -
pOBaHUSI CBOMCTB U MOAEPHU3ALIMU OTIEJIb-
HBIX YCTPOMCTB 3aLLUTHI.

I1poGiema 3Ta U3BECTHA U €14 TTOCBSILLIEHBI
TPYIbl MHOTUX YYE€HBIX M OpraHu3alni, UH-
TEPECYIOLIMXCSI BOMMPOCAMU TATOBOM ceTu
MOCTOSTHHOTO TOKa U ee HajaexXHocTu. [IIupo-
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KHM CTICKTPOM MCCJICTOBaHMI 3aHATA, B 4aCT-
HOCTH, IIBeM1IapcKas KomrmaHusg Secheron [1].

XAPAKTEPUCTUKA PEJIE-
ANDODOEPEHLUMUAJIbHBIX LUYHTOB

CKayk¥ TOKa B CETU BO3HUKAIOT I1O pa3-
HBIM Ipu4YrMHaM. PaccMoTpuM onHy M3 HMX:
BO BpeMs 3aMbIKaHMSI TOKOTIPUEMHUKOM
9JIEKTPOBO3a IO TOKOM BETBEil M30JIUPYIO-
11IeTO BO3IYIITHOTO IIPOMEXYTKA TSATOBOI CETU
TIOCTOSTHHOTO TOKa. TOK Harpy3Ku, 10CTaBJIsI-
eMBIii paHee 110 JIeBOMY (hUIEPY, IO KOTOPOMY
JIBUTAJICSI 3JIEKTPOBO3, MepepacipeneseTcs
MEXIY TaHHBIM Y TTOIKJTFOUMBIIMMCS ITPaBbIM
dunepom (puc. 1).

[IpoucxoauT oTpuIaTEJbHBIN CKAauOK
TOKa Ha JIeBoM (duiepe, 1o KOTOpOMY ABUTAJI-
Cs1 9JIEKTPOBO3, U TAKOM K€ MOJIOXUTETbHBIA
CKaYOK Ha MOAK/IIOUMBIIIEMCS IIPpaBOM (ue-
pe. Ha puc. 2B u3o0paxeH uaeaabHBINA TIPO-
1ecc mepepacnpeneaeHus TOKOB MEXIy -
TaloKUMU PuaepaMu.

Ckaukoo0Opa3Hoe M3MEeHeHUe TOKa MpHu-
BOJIUT K CpabaTHIBAHUIO OBICTPOAECHACTBYIOIINX

® MUP TPAHCMOPTA, Tom 15, N2 1, C. 76-89 (2017)

a) lon
,’I
/o
|
%
lore )
' C
t , t ’
6) Jog I tm tv Va
Puc. 2. Mpouyecc
nepepacnpesneneHns r’
TOKOB o BeTBsIM / . .
NUTaHNS N30AINPYIOLLLEro / ‘\
BO34YyLUHOro / \
npomexyTka. | \
o e t,c
S
tr tm tv . tw tis
B) Jon
-
/
/
)
)
>
//
lonp) te
¢l
tr tm try

YCTPOMCTB CMEXKHBIX (DUIECPOB M HECAHKIINO-
HUPOBAHHOMY OTKJTIOUCHMIO 30HBI ITUTAHUS
(puc. 2a, 0). 3ammmTa CMEXHBIX (DUIECPOB TSI-
TOBOIT CETU MOCTOSTHHOTO TOKA OCYIIIECTBIIS -
eTCsI C TIOMOIIIBIO HEIIOJSIPU30BaHHBIX BHI-
KJTIOYaTeNIeil M MepBUYHBIX TaTYNKOB 3alll-
TH — pelie-guddepeHInaIbHBIX IIYHTOB
(PILL). N3-3a cpabaTbiBaHus pene-audde-
PEHIIMATLHOTO IITYHTA B OTBET Ha CKAYOK TOKa
OTKJTIOUCHUE BETBU MPaBOTo (puaepa, Ha KO-
TOPYIO BBE3XKaAeT 3JICKTPOBO3 ITOJ TOKOM,
MOXET IPOU30MTH B MOMEHT t,, KaCaHUs TO-
komnpuémMHuKa BeTBU (puc. 2a). Eciu xe or-
KJIIOYEHMsI B MOMEHT t, HE MPOU3OLLIO, TO
c ele OOJbIIeii BEpOSITHOCTBIO IO TOM 3Ke
NPUYMHE OHO MPOU3OMIET B MOMEHT t,, Che3/1a
C BETBHU JICBOTO (huaepa, 110 KOTOPOI IBUTAII-
csl 9NIEKTPOBO3 (puc. 20).
Pene-muddepeHIMaIbHBIN IIYHT IPEI-
cTaBiisieT coboil MmarHuTomnposon 9 (puc. 3)
¢ sikopeM 7. BHyTpu MarHuronpoBona aucd-
(epeHILIMAaIbHO TTPOXOIAIT ITUHEI |1 1 2 HepaB-
HOTO CEUeHUs, IpUIeM Ha IITMHE MCHBIIIETO
ceyeHNs | HacakeHBI TTAKETHI C JKEIE30M 3.
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Puc. 3. Cxema pene-
AanpdepeHumanbHoro
WyHTa
C 4OMNOJIHUTE/IbHOM
KaTyLUKOM.

SKopb ¢ 3aKpeTIeHHBIM Ha HEM TTOABIKHBIM
KOHTaKTOM 5 OTTSIHYT OPUEHTHUPYIOIICH TIpy-
JKUHOM 6 10 yIIopa ¢ HeIOABMXKHBIM KOHTAK-
TOM 4 (KOHTaKThl HOPMaJIbHO 3aMKHYTHI).
CosmaBaeMasi OT U3MEHEHHUST TOKA B CETHU
pa3HMIIAa TOKOB B IIIMHAX BBHI3BIBACT B MarHMU-
TOINIPOBOJE MAarHUTHBIMA MOTOK PM Takoit
CHJIBI, KOTOpasi, IIPEOI0JICB CYITY HATSKEHUS
TIPYXUHBI, TIPUTATUBACT SIKOPh K MarHUTO-
TIPOBOY, Pa3beAUHSIS TIPU 3TOM TTOABVIKHBIN
W HEMOABWXHBIN KOHTAaKTH. [Ipomcxomsar
cpabaThIBaHME TIEPBUYHOTO JATIMKA 3aITUTEI
¥ OTKJIIOYEHHE TIUTAIONIETO hraepa.

Ecnu mpuHSTH, YTO HapacTaHME TOKa ITPO-
HMCXOIUT IO SKCITOHECHITNAIBHOMY 3aKOHY (UTO
OJIM3KO K IEHCTBUTEILHOCTH), TO XapaKTEPH-
CTUKM cpabaThIBaHUS pejie OMMCHIBAIOTCS
TpeMsI mapaMeTpaMu:

— BEJIMYMHON yCTAaHOBUMBIIETOCS TOKA,
TPEIIIeCTBYIONIETO MPUPAIICHUIO (CKAUKY)
Toka I ,,;

— BEJIMIMHOM ITpHUpaIIeHNUS (CKayKa) TOKa
DI,.;
— TOCTOSTHHOI BpeMEeHM MpUpaIIcHUS
(ckauka) Toka T,.

Ha puc. 4 (Besmuunst 1, u DI, ykasaHbl
B OTHOCUTEILHBIX €AMHUIIAX) BUITHO, HATIPH -
Mep, 9TO IIPH IIPEAIICCTBYIOIIEH Harpy3Ke Ha
bunepe 1,. n mocnenyoiemM nNpupaneHun
Toka DI, pesie cpaboraet, eciim TOCTOSTHHAs
BpeMeHM NpupaiieHus Toka pasHa T, (06-
JIacTh cpabaThIBAaHUS peJie NI CKAaYKOB C T10-
CTOAHHOM BpeMeHu T, oTIITpUXOBaHa) U He
cpaboTaeT, eCIM MOCTOSTHHASI BpeMEHM CKad-
Ka paBHa T,.

To ecTb mpu HEU3MEHHOI IMMOCTOSIHHON
Bpemenu cet T, He 3aBucsmeit or 1, BbI-
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KJTI0YaTeNIb pabOTaeT TOJBKO OT CKaukKa ToKa
BEJTMUMHOM AL VT TOJIBKO OT yCTAHOBHUBIIIE-
rocst 3Ha4eHust Toka Al ,, eciin eMy mpefiie-
CTBOBAJI YCTAHOBUBUIUMCS TOK [,

BenmmunHa I, aByIsieTCs CTaTUYECKOIM, @ Be-
JNYUHA AII, — JIUHAMMUYECKOW yCTaBKaMu
BbIKITIOYaTeNst. JluHamudeckas ycraBka Al ,
3aBMCHUT OT ITOCTOSTHHOM BpeMeHu cetu T .

B peasibHBIX YCIOBUSIX TTOCTOSIHHAST Bpe-
MeHU ceT T| CJI0KHBIM 06pa3oM 3aBUCUT OT
yCTaHOBHMBIIIETrOcs 3HaueHus Toka I,. [Toatomy
MIPY TTIOCTPOCHUHN XapaKTEPUCTUKHI CpadaThI-
BaHU$ BBIKJIOYATESI A ONPEAEJIEHHOTO
ydacTKa He00X0AMMO 3HAaTh KaK MEHSIETCS €T
JIUHAMMYECKasl yCTaBKa Mo MEpe U3MEHEHUSI
nocrostHHOM BpeMenu cetr T . Ha mpakruke
LLIMPOKO IMTPUMEHSIETCS MOJEIMPOBAHME MTPO-
IIECCOB B TATOBOM CETU WJIM Ha KaKOM-JIM0O
TeXHUYECKOM djieMeHTe. B wactHocTH, rpa-
GUKM U3MEHEHHUSI TOKOB B TSITOBOM CETH,

Alx
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Puc. 4. Xapaktepuctuka cpabarbiBaHusl pesne-
AnddepeHunanbHOro LWyHTa.
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Puc. 5. Cxema 6710KMPOBKU C MOMOLUbIO PEJIE HAMPSKEHUS.

ITOJTyYCHHBIC TAKUM 00pa3oM, CIy*KaT OCHO-
BOW IJIS1 majJbHEWIIEW MOOEPHU3ALUU
YCTPOWCTB.

XapakTep HapacTaHUSI TOKa B CETU U T10-
CTOSIHHASI BDEMEHMU CETH SIBJISIIOTCSI 00beKTa-
MM uccienoBaHus Secheron [ 1], 9To ToaTBep-
XaaeTcsl TIpUBEJIEHHBIMU XapaKTepuCTUKa-
MM — pe3yJibTaTaMUi ITMHAMUYECKOTO MOJIE -
poBaHUS CETU IOCTOSSHHOTO TOKa IO
pa3paboTaHHOMY ITPOTPaMMHOMY obecIieue-
HUIO. B OCHOBY IMOJI0XXEHO MPOrpaMMHOE
MoeIMpOBaHMe JJIsl pacyeTa CUCTeMbl ITUTa-
HUSI, TTIAJCHUS] HAMNPSKEHUST BAOJb JIUHUMU,
pacdeTa ONTHMAaJIbHBIX TTApaMETPOB OBICTPO-
NEWCTBYIOLINX BBIKJIIOYATEJIEH, CO3MaHUS
CXEMBI 3aIIUTHI.

MPUYUHbBI TOXXHbIX OTKJIIOYEHUN

Pene-mnddepenumanbHblil myHT [2] 1M0-
pa3HOMY pearupyeT Ha MeJIEHHbIE U OBICTPbIE
U3MEHEHUsT ToKa (umepa, u cpadbaThbIBaHUE
€ro B IIEPEXOJHOM peXMME OTpeacsieTcs
yKa3aHHBIMU BBIIIE TpeMs mapaMeTpaMu
(B OTHOCUTEIbHBIX CAMHUIIAX).

DTO YCTPOMCTBO MO3BOJISIET OTKIIIOYUTD
dumep TATOBOI CETH TIPU MaJIOM 3HAUYEHUU
OBICTPO M3MeHsoNIerocst Toka. OIHAKO 3TO
xe cBoiictBo P Il u cTaHOBUTCSI MPUYMHOMK
JIOXKHBIX OTKJIFOYEHM I BhIKITIOUaTeneii pue-
POB TIpU Bbe3[e Ha M30JUPYIOIINI BO3IYIII-
HBII TPOMEXYTOK TTOABMXKHOTO COCTaBa MO/
ToKoM. HaumHasg ¢ MOMeHTa OTpbIBa TOKO-
MPUEMHMKA DJIEKTPOBO3a C BETBU U30JIUPYIO-
ILIETO BO3IYIIHOIO MPOMEXYTKA, MUTaeMO
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JIEBBIM (PUICPOM, ¥ BbE311a HA OTKJIIOYCHHYIO
30HY ITpaBOTro pumepa, ABMKECHHE SJIEKTPOBO-
3a TIPOMCXOINUT 3a CUET MOMICPKUBAHMS T -
TaHUS TOJBKO OT JIEBOTO (hbuaepa, BBI3bIBasI
TIOSIBJICHUE TYTH.

[TpuymHa e pesKoroB MPOBOIOB U30JIUPY-
FOIIIETO TTPOMEXKYTKA 3aKITI0YaeTCs B JIOKHOM
paborte pene-mruddepeHIINATBHOTO IIIyHTa 10
CKauKy TOKa 1, CJICHOBATEJIbHO, YCTPAHUTH
TIPUYMHY ITePEKOTOB MOXKHO, JINIITb YCTPAHUB
JIOXKHBIC OTKITIOUeHMS. 715 petreHust BOIpo-
ca ecTb JIBa Iy TH.

OnvH U3 HUX COCTOUT B YCTPaHEHUU pe-
aKuu peie-nuddhepeHIINATBHOTO IIIyHTa Ha
npupameHns (CKauyku) Toka. OgHaKO 3TOT
MyTh HEXeNaTeJeH, TOTOMY YTO TEM CaMbIM
OTHOBPEMEHHO YCTPAHSIETCS BO3MOXHOCTh
peJsie pearnpoBaTh Ha MaJIble TOKA KOPOTKOTO
3aMBIKaHUSI, UYTO MOXKET OBITh UpeBaTO €IIe
0oJree HEMPUATHBIMU TMOCICACTBUSIMA — OT-
JKMTOM TIPOBOIOB KOHTAKTHOM CETH.

Hpyroii myTh mpencTaBisieTcst 6onee 3¢-
dexktuBHBIM. OH MpenaronaraeT BBeAecHNE
CHeIMAIBHBIX OJIOKMPOBOK, IIPEI0TBpaIIlaio-
IIMX OTKJIFOYCHHUE 10 CKAYKY TOKa BBIKJTIOYA-
TeJlel CMEXHBIX (DUIepOB, MTUTAIOIINX BETBU
M30IUPYIOIINX BO3AYITHBIX ITPOMEXYTKOB
TSTOBOM CETH IMTOCTOSTHHOTO TOKa.

CXEMA MOOEPHU3UPOBAHHOIO
LUYHTA

B cxeme (puc. 3) MomepHU3aLIMS 3aKITIO-
4aeTcsl B TOM, YTO HA MATHUTOIIPOBOJIE peJie-
IuddepeHIMaabHOro IIyHTa HaMOTaHa J0-

3aTtopckas J1. 1. MoaenupoeaHue NpoLLECCOR B TArOBOW CETU M MapamMeTpbl MOAKIIOYEHUS OSTIOKUPOBKMN



noJiHuTeNbHasa Katymka 11. biokupoBka
cpabaTbIBaHUS JJOCTUTAETCS TTyTeM COeIUHM-
TEJIbHOM CXeMbI OJIOKMPOBKY 1 IeMTI(hUpOBa-
HUEM MarHUTHOTO 1oToka dM B MarHUTOIIPO-
Boje pene-audepeHIMalbHOrO IyHTa
npotuBomnoTokoM @1 (puc. 5).

TTpu KacaHWY TOKOMTPUEMHUKOM BJIEKTPO-
BO3a 00erX BETBEI BO3AYLIHOTO TPOMEXYTKA
BO3HUKHYT ONIMHAKOBBIE 110 BEJTMIMHE CKAUKU
ToKa — oTpuuareiabHbiii (—DIb1) Ha 1eBom
dunepe u monoxurensbHeiit (+DId3) Ha mpa-
BoM. OTpHUIIaTEeTbHBIM CKAYKOM TOKa Ha Jie-
BOM ¢ujiepe HaBOIUTCST HATIPSIKeHUE Ha €ro
JIOTIOJTHUTEJIbHOM KaTyllKe, KOTOPOe 3aCTaB-
JIsIeT cpaboTaTh peJie HANpSKeHUs JIEBOTO
¢dunepa 13, MOCKOJAbKY HampaBjieHUE TOKa
B LIETTM KaTYIIIKX TIPY 3TOM COBIMAAET C TMPO-
BOJSILIMM HampasieHueM auoaa 12. Benenct-
BHE 3TOTO peJie HAMPsDKEHUST 3aMbIKAeT CBOU
HOPMaJIbHO Pa30MKHYTHIE KOHTaKThI, Yepe3
KOTOpBIE MOJAETCsl HAMPSIKeHUE OTlepaThB-
HOTO TTOCTOSIHHOTO TOKa Ha KaTyIIKy peJie
HampspkeHus ipaBoro unepa 14. IMocnentee
cpabaTbIBaeT U CBOMMU KOHTaKTaMU 3aMbIKa-
€T JOMOJHUTEIbHYIO KaTylKy 11 pene-aud-
(hepeHIMaNBHOTO LIYHTa Yepe3 Ao puaepa.

B 3T0 € BpeMsI MOTOKUTENbHBIN CKaYOK
TOKa Ha TTpaBoM (uziepe HaBeaeT B €ro JOMoJI-
HUTEJIbHOW KaTyIIKe HaIlpsoKeHMe, HaIlpaB-
JIEHUE KOTOPOTO COBITAJIAET C MPOBOASIIAM
HampaBjaeHueM nuona 15. B pesynbrare 1o
JIOTIOJTHUTETbHOM KaTyITKe HAaYMHAET ITPoTe-
KaTh TOK. [ToTok P11 B MAarHUTOTIPOBO/IE pelie-
nuddepeHIMaIbHOro 1ryHTa dunepa, co3na-
BaeMbIil 3TUM TOKOM, 1O 3akoHy JleH1a
TPOTUBOITOJIOXKEH IMTOTOKY DM, cozmaBaeMoMy
MOJOXUTENbHBIM CKaukoM Toka +DId3
B MarHUTOIIPOBOJIE IITyHTa TIpaBoro duaepa.
TToaTomMy cymMMapHbBIif TOTOK MAarHUTOIIPOBO-
na (Om — @) OyzmeT 6JU30K K HYJTIO U TTep-
BUYHBII TaTYMK 3alIATHI TTpaBoTo dumepa Ha
TOJIOKUTEIBHBIN CKaY0K TOKa He IMpopearu-
DYeT, T.€. ero JOXKHbIe CpadaThIBaHUSI OT CKay-
Ka TOKa OYIyT UCKJTIIOYEHBI.

BenuuuHa ckauka Toka ¢unepa —DIbl1,
BBI3bIBAIONIAS] YKA3aHHYIO pabOTY YCTPOIICTBA,
PETyIMpyeTCs BETMYMHOM YCTaBKY IO HATIPSI -
JKEHUIO peJie HaIpsDKEeHUS JIeBOTo huaepa.

JaHHOE YCTPOIICTBO C €ro XapaKTepUCTH-
KaMH MO3BOJISIET HE OTKIIIOYAThCS TIEPBUYHO-
My JaTYUKY 3aIIUTHI OT CKaYKa OTIepaTUBHOTO
TOKa BO BpeMsI TTpoe3/1a 10 BETBSIM U30JIUPY-
IOIIEr0 BO3AYIIHOTO MPOMEXYTKAa TOKOTIPU-
€MHMKa 3JIEKTPOBO3a IOl TOKOM, HO B TO Xe
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BpEMA 00ecrneynBaeT OTKJIIOUEHUE 30HbI IIpu
BO3HMKHOBEHWU Ha HEW KOPOTKOT'O 3aMbIKa-
HUHA.

MOJOEJIMPOBAHUE NMPOE3OA
SJIEKTPOBO3A

CpabateiBaHme pese-auddepeHIIMaIbHO-
ro IIyHTa OOYCJIOBJIEHO BO3HUKHOBEHUEM
B €0 MAarHUTOIPOBOIE MATHUTHOI'O ITOTOKA,
3aBUCSIIIETO OT Pa3HULBI TOKOB B €0 IIMHAX
HEpPaBHOTO CEYCHUSsI, CO3aBAeMOi N3MEeHe-
HHUEM TOKA B CETH.

CKauyKy TOKOB B CETH U ILIMHAX pejie-aud-
(hepeHLMATbHBIX LIYHTOB CMEXHBIX (GUAEPOB
[IPU IBVKEHUU TOKOMPUEMHUKA DJIEKTPOBO-
3a 10 BETBSIM M30JIUPYIOIIETO BO3MYITHOTO
IIPOMEXYTKa TATOBOI CETU IOCTOSIHHOTO
TOKa UMEIOT XapakTep MepexoIHOTOo Mpoliec-
ca. MozaenupoBaHue rpoliecca GopMUpyeTcst
MyTeM TTOCTPOCHHUSI TPEX MOCIIeNOBATETbHBIX
sTanos [3]:

— JIBUKEHUE TOKOIIPUEMHUKA 3JIEKTPOBO-
3a [10 BETBU TSTOBOM CETU, IIUTAEMOIA JIEBBIM
dunepom (puc. 6a);

— JIBYKEHUE 9JIEKTPOBO3a I10 ABYM BETBSIM
M30JTUPYIOIIETO BO3MYIIHOTO MPOMEXYTKa
U IIUTAHUE €ro JIEBBIM U IIPaBbIM uaepamu
(puc. 60);

— OTPBIB TOKOIIPUEMHHMKA JIEKTPOBO3a OT
BETBU M30JIMPYIOIIETr0 BO3AYIIHOTO MPOMe-
JKYTKa, IUTAEMO JIEBBIM (DUAEPOM, U IBIXKE-
HHME TOKOIIPUEMHMKA 3JIEKTPOBO3a 110 BETBU
TSTOBOI CEeTU, MUTAEMOM MPaBbIM (HUACPOM
(puc. 6B).

Lenbio MomeTMpoOBaHUST SIBJSIETCS] OTIpe-
JeJieHre 3aBUCUMOCTU M3MEHEHUS TOKOB
B BETBSIX OT BPEMEHN B KOHKPETHBI MOMEHT
C TIOMOIIBIO OOIIE BTEKTPUUECKON CXeMbl
yuyacTKa ceTu. Bce BeIMUMHBI CXeMbI IPUHK-
MaloTCsl OIM3KUMU K PeaibHbIM WIK XKe pac-
CUYNTBIBAIOTCS.

Ecnu Kk MOMeHTY che3na maHTorpacda aiek-
TPOBO3a C BETBE N30JIMPYIOIIETO BO3AYIIIHO-
ro npomMexyrtka (puc. 6B) BbIKIIOYATEb
npaBoro ¢uaepa OTKIIOYAETCS, MEXIY MaH-
TorpaoM 1 BETBbIO MMOSIBIISICTCS DJIEKTPUYE-
cKast yra.

Pesynsratrom MoeTMpOBaHMSI CTAHOBSTCS
3aBHCHUMOCTH TOKOB B IIMHAX pejie-audde-
PEHLIMAJIBHOTO LIYHTA U HAIPSLKEHUS B 10-
[MOJIHUTEJIbHOM KaTyILKe B GYHKLIUKU BpEMEHU
B TeYeHHUE BCEro Mepuoia MOAETUPOBAHUS
(puc. 7), roe:

I, — ToK dunepa;

3aTtopckas J1. 1. MoaenupoBaHue NPOoLIECCOB B TArOBOM CETU N NapaMeTpbl NOAKITIOYEHUsS 0JIOKMPOBKA
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Puc.6. dransl MmogenupoBaHus nNpoxoaa 3/1eKTPoBo3a
o BeTBSIM U30/INPYIOLLEro BO3AYLIHOIO NPOMEeXYTKa.

I,, I,— Toku B mHax pene-auddepeHum-
aJIbHOTO IITYHTA MCHBIIIETO 1 OOJIBIIIETO ceUe-
HHS COOTBETCTBEHHO);

I, — I, — pasHOCTb TOKOB B IIMHAX peJie-
nudbepeHIINATBHOTO IIIyHTA;

U, — HamnpsoKeHHe B TOTNOJTHMUTEIbHON
KaTylike peje-auddepeHIIMaIbHOTO IITYHTA.

BeanynHa HampsiKeHUSI, HABOANMMOTO
B IOIIOJIHUTEJIPHOU KaTylke peje-mudde-
PEHIIMAIBHOTO IIIyHTA, 3aBUCUT OT Pa3HUIIBI
TOKOB, MMPOTEKAIOIINX MO ero muHaMm. Ha
OCHOBE TIOJIyUeHHBIX TaHHBIX pa3paOOTaHBI
ImapaMeTpPbl CXEMbI OJIOKMPOBKH OT JIOKHBIX

OTKITFOUCHUI OBICTPOACHCTBYIOIINX BBIKITIO-

YyaTeeil CMeXHBIX (PUISPOB, 000PYIOBaHHBIX
pene-auddepeHIMalbHbIMU ITYHTAMMU.

NMAPAMETPbI KATYLLUKW N4
NoAKJIOYEHUSA BJTOKUPOBKU

ITo pe3ynbraramMm MoOJETMPOBAHUS TIEpe-
XOJIHOTO TTPOLIECca ¥ MOTyYeHHBIM 3aBUCUMO-
CTSIM TOKOB U HaMPsKEHUST OT BpEMEHU BEJTH -
YMHA HaMPSDKEHUsST OJJHOTO BUTKA TOTIOJIHU -
TEJTbHOM KaTYyIIKU, PACTIONIOXKEHHOM Ha Mar-
HUTOMpPOBOAEe peie-muddepeHInaIbHOTO
IIIyHTa, paBHA:

U, =e, =25 107B.

TMoaxmoueHre BEIBOAOB TOTIOJTHUTETHHOMN
KaTymku pesne-auddepeHInalIbHOTO IIyHTa
MPOU3BOIUTCST K cXeMe OJIOKMPOBKU C KC-
MOJb30BAHUEM peJie HANPSKEHUs] TUIa
STI14A c mapamerpamMu R = 28 Om, L= 25MA,
U,=0,7B.

ITpuMeM BeTWYMHY COTIPOTUBIICHUS J0-
TOJTHUTETbHOM KaTYIIKW 3HAYUTEIBHO TIpe-
BBILIAIONIEH BEIMUUHY COTIPOTUBJICHUS peJie
HaMpsKeHUS (Rm>Rp). Torna mpu Ucnoyb-
30BaHUM KATYIIKUA C KOJUYECTBOM BUTKOB
w = | u3 MegHOTO MpoBoa fuameTpom 0,1 MM
W IJTMHOM BUTKA 15 ¢M (B COOTBETCTBUM C pa3-
MepaMu MarHUTOIPOBO/A) COTIPOTUBJICHUE
¥ TOK UMEIOT 3HAYEHUSI:

R, =R / =0,34 Owm,

1B = TpoBOAa  IMPOBOAA
I=e, *w/R *+w=8MA.

HeobOxoanmag BeunHa ToKa B 25 MA He
obecrneyrnBaeTcsl.

Hnsa cpabaTbiBaHUS peJie HAMpPsSKEeHUs
HEOOXOINMO YBEIUIUTD TOK B MOTTOJTHUTEITb-

HOU KaTyliKe IIpyu nNoMOIIHr OornepaliMOHHOIO

1

Puc. 7. BaBucumoctu
TOKOB B LUNHaxX peJie-
andgepeHUmnanbsHOro
LYHTa U HanpsHkeHus
B AOMOJIHUTEIbHOM

KarTywke
B pesynbrare
MogenupoBaHus.
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YCWIUTEIIS M JICTTUTEIISE TOKA, TIO3BOJISTIOIIETO
IpU YBEIUYCHHOM TOKE JTOIIOJHUTEIBHOMN
KaTYIIKX 00CCIeYNUTh PaboTy BHIOPAHHOTO
YCWJINTEIIS C €r0 TTapaMeTpaMM.

ITo paccumTaHHBIM paHee ITapamMeTpaM
BbIOMpaeM ycuauTelb Y16, UMeroIuii BXOI -
HOE COMPOTUBIICHNE RBXy= 1000 OM u BxO[I-
Hol ToK [ =5 ¢ 10-% A, BBIXOJHOE COIpO-
TuBIeHuEe R = 50 OM ¥ BBIXOIHOH TOK

BBIX
Imy= 25 <103 A.

st onpeneneHUsT KOJIMYECTBA BUTKOB
KaTyIIKKA ypaBHEHHE TIOJIyJaeT BUI;

Wele RlB A/ IBxy + IBxy BXY’
OTKyIa W = IBxy RBXy/ e—R,, IBXy =0,2.

To ecTb MOCTaTOYHO OMHOTO BUTKA, YTOOBI
00ecTieynTh PadboTy YCUITUTEJIS IO BXOISIIIIAM
XapaKTepUCTUKAM.

ITo moy9eHHBIM TaHHBIM MOKHO CKa3aTh,
YTO BEJIMYMHA HAIIPSDKEHUS Ha BBIBOMAX JIO-
TIOJTHUTEIbHOM KaTYIIIK!, paBHAST BXOTHOMY
HaIPSDKEHUIO YCWITATEIS, Majla. A HABOTUMOE
HaIpsDKeHUE OT 000pYIOBaHMSI, CMOHTHPO-
BaHHOTO BOJIM3U YCTAaHOBKU, CPABHUMO IIO
BEIMYMHE C PACCUMTAaHHBIM HaIlpsKEHUEM
OIHOTO BHUTKa: ¢ ~e_ . JlIs HalaxXeHHO!
paboTBI cXeMBbl HEOOXOIMMO 00eCIeYnTh
ycloBue: €, >>¢e . 4ero MOXHO TOOUThCS
YBEJIMUCHUEM YK CJIa BUTKOB KaTYIIIKH, TO €CTh
JIOJKHO BBITIONTHSITHCS YCIIOBHE:

elB w>>e HaBell .

7151 OKOHYATETLHOTO OTpeIeICHUSI KOJIH -
YeCcTBa BUTKOB JOMOJHUTEIBHON KaTYIIKH,
JIOCTAaTOYHOTO JIJIT pA0OTHI CXEMBI, 3aIaTUMCSI
COOTHOIIIEHUEM RBXy =R, = 1000 Om:

w =(Rnxy/ RZH + 1) ¢ RBxy/ elB ¢ (IOORZJI +
TR, R,/R, tR_ y) L= 40 BUTKOB.

3 pacu€ToB MOXHO clieaaTh BbIBOI, YTO
IUTSE MOCTVKEHYS TTIOMEXOYCTOMUYMBOCTH IIPE-
JIOKCHHOM CXEMBI JOCTATOYHO HAa MarHUTO-
npoBoa pefe-auddepeHIINaTbHOTO IIIYHTa
YCTaHOBUTD JOTIOJTHATEIBHYIO KaTYIIKY C KO-
JINYECTBOM BUTKOB, paBHBIM 40.

Taxcke Ha OCHOBE PE3yJIBTaTOB MOIIEINPO-
BaHMS OIpPEaeIsIeTCs] KOJINUECTBO BUTKOB
IOIOJTHUTEIbHOM KAaTYyILIKKW, CO3dalolei
Jgemiidupyionmii moTok ®n B MarHUTONPO-
Boze pesie-nudGepeHIINaTbHOTO IIIyHTA.

ITpu mpoxoze moe3na oI TOKOM IT0 BETBSIM
M30JIMPYIOIIIETO BO3AYIIIHOTO IIPOMEKYTKA peJie
HanpsoKeHMS cpaboTaeT B KITFOUEBOM PEKIIME.

UBHX

v \ 4

Puc. 8. Cxema nogkio4eHns 4ornosIHUTEIbHOR
KaTyLUKu K cxeme GJIOKUPOBKHN.

Ecnu xxe mponu3oiaeT KOpoTKoe 3aMbIKa-
HUE B TITOBOU CETH, JOTIOJIHUTEIIbHAS KATYILI-
Ka 0CTaeTcsT pAa30MKHYTOM U pese-nuddepeH-
LIMAJTBHBIN IITYHT cpabaThIBAET B ONIEPATUBHOM
pexume, OTKJIo4as 30HY IUTaHUS, TIe 3a-
dukcupoBaH aBapuiiHblli pexum. Kpome
TOTO, TIOSIBJISIETCS BO3MOXHOCTh HE 3arpyo-
JISITh YCTaBKY, 00€eCreuynBasi CeJIEKTUBHOCTD
3aALLUTHI.

[TonoxXUTEeTbHBINT 5KOHOMUYECKUIA 3~
(eKT OT MpUMEHEHUSI CXeMbl OJTIOKUPOBKU
JloKazaH pacueramu [4], oCHOBaHHBIMU Ha
YMEHBIIIEHUU PACXOJ0B Ha MaTepUasIbl U OI-
JIaTy TpyJa PEMOHTHBIX Opural, paHee 3aTpa-
YUBAEMBIX HAa BOCCTAHOBJIEHUE MPOBOJIOB
U KOHCTPYKUUIN U30JIUPYIOLINX BO3MYIIHBIX
TMIPOMEXYTKOB OT TIEPEXOTOB UX DJIEKTpUYEC-
CKOM IyTrOM.
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MODELING PROCESSES IN THE TRACTION NETWORK AND THE PARAMETERS
FOR CONNECTING THE INTERLOCKING
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ABSTRACT

The process of passing a train under the current
along the branches of an insulating air gap of a DC
traction network is studied, the reasons for
disconnection of the branch to which the train enters
are shown. To solve the tasks of increasing
productivity and reducing costs in the work of

electrified railway transport, a scheme for blocking
the unauthorized operation of a high-speed switch
is proposed. Using the modeling of the process of
current variation in the network, the parameters of
the additional coil of the magnetic circuit of the relay-
differential shunt for connection of the locking device
are determined.

Keywords: railway, traction network, relay-differential shunt, blocking scheme, simulation modeling, coil

parameters of magnetic circuit.

Background. Electrified railway is a system of
complex technical structures. One of the indicators
of their effectiveness is the increase in the capacity
of the lines. Particular importance in this case is
attributed to the state of the traction network. After
all, with some disruptions in traffic, unexpected
stoppage of one rolling stock, there is also a delay
of other trains on the haul. And it is important not
just to determine the reasons for the stop, but also
to know all possible extensions.

Objective. The objective of the author is to
consider modeling processes in the traction
network and the parameters for connecting the
lock.

Methods. The author uses general scientific
and engineering methods, evaluation approach,
mathematical apparatus.

Results.

Protection of currents against short-circuit

Constant influence of meteorological factors,
mechanical and thermal loads, electromagnetic
fields, sparking leads to the failure of traction
network elements, accompanied by a decrease in
its resistance with a sharp increase in current, which
leads to short circuits. In the emergency mode of
short-circuit, which occurs for a variety of reasons,
the operation of the traction power system is
disrupted, and there are disruptions in movement
of trains.

Short-circuit currents that occurred near the
traction substation (for so-called close short
circuits) can exceed the value of normal load
currents by 20-40 times. Such values, even with a
very short duration, can result in the destruction of
switching devices and various structures as a result
of dynamic action.

At the same time, short-circuit currents that
originated at a considerable distance from the
traction substation (the so-called remote ones) are,
in some cases, so small that their value does not
reach the level of conventional load currents. If the
short-circuit current is applied for a long time, the
heat generated at the place of contact with the
grounded element can cause the contact wire to
burn, especially when an electric arc occurs.

In addition to the emergency operation modes
of the traction network, there are regular situations
in which the parameters of the currents and
voltages of the feeders of the contact network are
close in value to the short-circuit parameters.

In all these cases, the current feeder current
varies in a jerky manner, which can lead to a non-
selective operation of the fast-acting feeder switch,
power-off, train shutdown, arcing and burnout of
the contact wire.
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Traction loads in the normal mode, in contrast
to the loads of other consumers of electricity, are
characterized by special properties inherent only
to them: their importance is constantly changing,
and the changes are of an accidental and increasing
nature. Similar changes in current are observed in
emergency modes.

The commensurability of the values of currents
in various situations indicates the difficulty in their
classification. In such conditions, the operation of
short-circuit protection devices in a traction DC
network acquires a certain specificity.

It should be noted that in order to determine the
possible reason for the disconnection of feeder-
type high-speed circuit breakers, it is necessary to
oscillograph for a long time the process of current
variation in the traction network (transient processes
of current and voltage of the feeder immediately
before and during disconnection).

One of the main directions of the research is the
determination of a set of parameters in the work of
a traction network using the modeling of processes
and based on the data obtained, the construction
of characteristics in order to predict the properties
and the modernization of individual protection
devices.

This problem is known and it is devoted to the
works of many scientists and organizations
interested in the DC traction network and its
reliability. A wide range of research is, in particular,
the Swiss company Secheron [1].

Characteristic of relay-differential shunts

Current jumps in the network occur for various
reasons. Let us consider one of them: during the
closing of the electric locomotive under the current
of the branches of the insulating air gap of the DC
traction network by the current collector. The load
current, delivered earlier on the left feeder, along
which the electric locomotive was moving, is
redistributed between the given and the connected
right feeder (Pic. 1).

There is a negative current jump on the left
feeder, along which the electric locomotive moved,
and the same positive jump on the connected right
feeder. Pic. 2c shows the ideal process of
redistribution of currents between feeding feeders.

A sudden change in current leads to the
activation of high-speed devices of adjacent
feeders and unauthorized disconnection of the
power zone (Pic. 2a, b). Protection of adjacent DC
traction feeders is provided by unpolarized switches
and primary protection sensors — relay differential
shunts (RDS). Due to the actuation of the relay-
differential shunt in response to the current jump,
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Pic. 1. The process of the movement of an electric locomotive along the branches of an insulating air gap.

the cut-off of the branch of the right feeder, to which  the same reason, it will occur at the time t,, of the

the electric locomotive drives under the current, movement of branch of the left feeder, along which

can occur at the moment of t, touching the collector  the electric locomotive moved (Pic. 2b).

of the branch (Pic. 2a). If there is no switch-off at The relay-differential shunt is a magnetic core 9
then with even greater probability, for  (Pic. 3) with an anchor 7. Inside the magnetic circuit,
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Pic. 3. Diagram of a relay-differential shunt with an additional coil.

tires 1 and 2 are unequal in cross-section, and on the
bus of a smaller cross-section 1, packets with iron 3
are placed. The anchor, with the movable contact 5
fixed on it, spring 6 to the stop with the fixed contact
4 (the contacts are normally closed). The difference
in currents in the buses caused by a change in the
current in the bus causes in the magnetic circuit a
magnetic flux Fm of such a force that, breaking the
force of the spring tension, attracts the armature to
the magnetic circuit, disconnecting the movable and
stationary contacts. The primary protection sensor is
triggered and the feeder is disconnected.

If we assume that the current increases according
to an exponential law (which is close to reality), then
the characteristics of the relay operation are
described by three parameters:

aly

0 L 051, 1 L

Pic. 4. Characteristic of the operation of the relay-
differential shunt.
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—the value of the steady-state current preceding
the increment (jump) of the current | ;

— magnitude of increment (jump) of the current
Al

" time constant of the increment (jump) of the
current T,.

Pic. 4 (the values of |, and Al,. are given in
relative units), itis seen, for example, that when the
previous load on the feeder |,. and the subsequent
current increment Al,. the relay will work if the time
constant of the current increment is equal to T, (the
range of the relay for jumps with time constant T is
shaded) and will not work if the time constant of the
jumpis T,

That is, with a constant time of the network T,
independent of 1,, the switch only operates from a
current jump of magnitude Al , or only from a steady-
state currentvalue Al ,, if it was preceded by a steady-
state current 1,..

The value of 1. is static, and the value Al,.is the
dynamic settings of the switch. The dynamic setting
Al,.depends on the network time constant T,.

Under real conditions, the time constant of the
network T, depends in a complex manner on the
steady-state value of the current 1.. Therefore, when
constructing the circuit breaker response
characteristic for a certain section, it is necessary to
know how its dynamic set point changes as the
network time constant T, changes. In practice, the
modeling of processes in a traction network or on
some technical element is widely used. In particular,
the graphs of current changes in the traction network,
obtained in this way, serve as the basis for further
device upgrades.

The nature of the current rise in the network and
the time constant of the network are the objects of the
Secheron study [1], which is confirmed by the resulted
characteristics — the results of dynamic modeling of
the DC network by the developed software. The basis
is software modeling for calculating the power system,
voltage drop along the line, calculating the optimal
parameters of high-speed switches, creating a
protection scheme.
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Pic. 5. Blocking scheme using a voltage relay.

Causes of false disconnections

The relay-differential shunt [2] reacts differently
to slow and rapid changes in the current of the feeder,
and its operation in the transient mode is determined
by the above three parameters (in relative units).

This device allows to disconnect the feeder of the
traction network at a low value of the rapidly changing
current. However, the same property of the RDS also
causes false disconnections of the feeder breakers
at the entrance to the insulating air gap of the rolling
stock under the current. Starting from the moment of
separation of the electric locomotive current collector
from the branch of the insulating air gap fed by the
left feeder and entering the disconnected zone of the
right feeder, the movement of the electric locomotive
occurs due to the support of power only from the left
feeder, causing the appearance of an arc.

The reason for the overburning of wires of the
insulating gap is the false operation of the relay-
differential shunt by the current jump and,
consequently, the cause of the burns can be
eliminated only by eliminating false disconnections.
There are two ways to solve the problem.

One of them is to eliminate the response of the
relay-differential shunt to the increments (jumps) of
the current. However, this way is undesirable, because
at the same time the possibility of the relay to react to
small short-circuit currents is eliminated, which can
lead to even more unpleasant consequences — the
annealing of the wires of the contact network.

The other way seems more effective. It involves
the introduction of special interlocks preventing
disconnection from the current jumpers of adjacent
feeders feeding the branches of the insulating air gaps
of the DC traction network.

Scheme of the modernized shunt

In the scheme (Pic. 3), modernization consists in
the addition of an additional coil 11 on the magnetic
circuit of the relay-differential shunt. The activation
blocking is achieved by connecting the locking circuit
and damping the magnetic flux Fm in the magnetic
circuit of the relay-differential shunt opposite to Fn
(Pic. 5).

When the current collector touches the electric
locomotive of both branches of the air gap, the current
Jjumps equal in magnitude will occur-negative (-Alf1)
on the left feeder and positive (+Alf3) on the right. A
negative current jump on the left feeder induces a
voltage on its additional coil, which forces the voltage
relay of the left feeder 13 to work, since the direction
of the current in the coil circuit coincides with the
conductive direction of the diode 12. As a result, the
voltage relay closes its normally open contacts
through which the voltage of the operative direct
current to the coil of the voltage relay of the right
feeder 14. The latter operates and closes its contacts
with an additional coil 11 of the relay-differential shunt
through the feeder diode.

At the same time, a positive current jump on the
right feeder will induce in its additional coil a voltage
which direction coincides with the conducting
direction of the diode 15. As a result, a current begins
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Pic.6. Stages of modeling the passage of an electric
locomotive along the branches of an insulating air gap.
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to flow through the additional coil. The flux of Pn in
the magnetic circuit of the relay-differential shunt
feeder, created by this current, is, in accordance
with Lenz’s law, the opposite of the flux Fm produced
by the positive current jump + Alf3 in the magnetic
circuit of the shunt of the right feeder. Therefore, the
total flux of the magnetic circuit(Fm—Fn) will be close
to zero and the primary protection sensor of the right
feeder will not react to a positive current jump, i.e.
its false triggering from the current jump will be
eliminated.

The value of the feeder current jump —Alf1, which
causes the indicated operation of the device, is
regulated by the value of the voltage setting of the
voltage relay of the left feeder.

This device with its characteristics allows not to
disconnect the primary protection sensor from the

v v v
— e T —
4 | h
Rcoil[] i [] ERrelay
Uin Uout E

Pic. 8. Scheme of connecting an additional coil to the
blocking scheme.
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Pic. 7. Dependences of the currents in the buses of the relay-differential shunt and the voltage in the additional
coil as a result of simulation.

surge of the operational current while traveling along
the branches of the insulating air gap of the current
collector of the electric locomotive under the current,
butatthe same time ensures the shutdown of the zone
in the event of a short circuit on it.

Modeling of electric locomotive motion

The operation of the relay-differential shunt is
caused by the appearance of a magnetic flux in its
magnetic circuit, which depends on the difference in
currents in its unequal cross-sectional buses, created
by a change in the current in the network.

Current jumps in the network and the buses of
relay-differential shunts of adjacent feeders during
the motion of the current collector of the electric
locomotive along the branches of the insulating air
gap of the DC traction network have the character of
a transient process. Simulation of the process is
formed by constructing three consecutive stages [3]:

—movement of the current collector of the electric
locomotive along the branch of the traction net fed by
the left feeder (Pic. 6a);

— movement of the electric locomotive along two
branches of the insulating air gap and feeding it to the
left and right feeders (Pic. 6b);

— separation of the current collector of the electric
locomotive from the branch of the insulating air gap
fed by the left feeder and the movement of the current
collector of the electric locomotive along the branch
of the traction net fed by the right feeder (Pic. 6¢).

The purpose of the simulation is to determine the
dependence of the current change in the branches
on time at a particular time using a common electrical
circuit of the network section. All values of the scheme
are taken close to real ones or are calculated.

If the switch of the right feeder is switched off at
the moment of exit of the electric motor pantograph
from the branches of the insulating air gap (Pic. 6¢),
an electric arc appears between the pantograph and
the branch.
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The result of the simulation is the dependence of
the currents in the buses of the relay-differential shunt
and the voltage in the additional coil as a function of
time during the entire simulation period (Pic. 7), where:

1., is feeder current;

1, I,— are currents in the buses of the relay-
differential shunt of smaller and larger cross section,
respectively;

1, - 1,is difference of currents in the buses of the
relay-differential shunt;

U, is voltage in the additional coil of the relay-
differential shunt.

The magnitude of the voltage induced in the
additional coil of the relay-differential shunt depends
on the difference in currents flowing through its
busbars. Based on the obtained data, the parameters
of the blocking scheme were developed from false
trips of high-speed switches of adjacent feeders
equipped with relay-differential shunts.

Coil settings for interlocking

Based on the results of the simulation of the
transient process and the obtained dependences of
the currents and voltage on time, the voltage value of
one turn of the additional coil located on the magnetic
circuit of the relay-differential shunt is:

U,=e, =25-10"°V.

Connection of the outputs of the additional coil of
the relay-differential shunt is made to the blocking
scheme using a 5P14A type voltage relay with
parametersR =28 Ohm, I =25mA, U 0,7 V.

We take ‘the value of the resistance of the
additional coil significantly exceeding the resistance
value of the voltage relay (R ,,>R,). Then, using a coil
with an amount of turns w = 1 from a copper wire of
0,1 mm in diameter and a turn length of 15 cm
(in accordance with the dimensions of the magnetic
circuit), the resistance and current have the following
values:

Rw = Rwrre wire 34 Ohm
I=e,, - w/F|’ -w=8mA.

The required current value of 25 mA is not
provided.

For the operation of the voltage relay, it is
necessary to increase the current in the additional coil
by means of an operational amplifier and a current
divider, which, with an increased current of the
additional coil, ensures the operation of the selected
amplifier with its parameters.

According to the previously calculated parameters,
we select an amplifier UD6 having an input resistance
R,,,= 1000 Ohms and an input current |, =5-10°A,
an output resistance R, = 50 Ohm and an output
currentl,, =25-10" SA

To defermine the number of coil turns, the
equation becomes:

=R, wl_+I R, hence
iny ln y in y’
_ImyRmy/e v m 02

Thatis, one turnis enough to ensure the amplifier’s
performance in terms of incoming characteristics.

According to the received data it can be said that
the voltage value at the terminals of the additional coil,
equal to the input voltage of the amplifier, is small.
And the induced voltage from equipment installed

uty

near the installation is comparable in magnitude to
the calculated voltage of one turn: e, ~e, . For the
functioning of the circuit, itis necessary to ensure the
following condition: e, >> e, , which can be achieved
by increasing the number of coil turns, that is, the
following condition must be fulfilled:

e, w>>e,

For the frnal determ/natron ofthe number of turns
of the additional coil sufficient for the operation of the
circuit, let us set the ratio R,, = 1000 Ohm:

WE(R,/ R, + 1)R, /6, ( 100R 20 % Ry B/ Py
+R, y) =40 turns

It can be concluded from the calculations that in
order to achieve interference resistance of the
proposed scheme, itis sufficient to install an additional
coil with a number of turns equal to 40 on the relay-
differential shunt magnetic circuit.

Also, based on the simulation results, the number
of turns of the additional coil creating the damping
flux Fp in the magnetic circuit of the relay-differential
shunt is determined.

Conclusion. When the train passes under the
current along the branches of the insulating air gap,
the voltage relay will operate in the key mode.

If there is a short circuit in the traction network,
the additional coil remains open and the relay-
differential shunt is activated in the operational mode,
disconnecting the power zone where the emergency
mode is fixed. In addition, it becomes possible not to
set the set point, ensuring the selectivity of the
protection.

The positive economic effect from the application
of the blocking scheme has been proved by
calculations [4], based on a reduction in the cost of
materials and labor of repair teams previously spent
on the restoration of wires and structures of insulating
air gaps from electric arc burns.
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ABTOpPbBI NpegiaraioT NPUHLUNNNAIbLHO
HOBBIVi NoAxXo4 K peLueHnto npoobsiemsi
npeososieHus1 4BYX TEXHOJIOrNYe€CKNX
npeaesioB pocTa CKOPOCTH,
CyLLEeCTBYIOLLNX AJ1s1 PeJIbCOBbIX
TPpaHCropTHbIX cpencTs. OueHnBarTCcs
npeumyLjecTtBa BaKyyMHOro
MarHuToJ1IeBUTaLNOHHOIo TpaHcnopTa
Mo CPaBHEHUIO C TPa[NLNOHHBIMU
TPAHCMOPTHLIMU CUCTEMAaMMU.
OnpepaensoTcs nepcrneKkTuBb!
npuMeHeHUs 3Toro Buga TpaHcriopra
NMPUMEHUTEJIbHO K CTpaTernn pa3Butus
TPaHCIroOPTHOM cuctemsl Poccun.

KnoyeBbie crioBa: BaKyyMHbI
MarHuTOEBUTALIMOHHbIV TPAHCMOPT,
yAesIbHbIe 9HepPro3arparbl, TPaH3UTHbIV
TPaHCMOPTHbIV PECYPC, MarHUTHbIV
rnoaBec, BakyyMHbIii TPYO6ONMpPOBO.
|
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HAYKA N TEXHW

NepcnekTuBbl BaKYyMHOIo
MarHUToOJJIeBUTaALMOHHOIO
TpaHcnopTa

Jlpo3doe Bopuc Buxmoposuu — dokmop mexnu1eckux
Hayk, eenepanvhblil oupekmop HHUU ungopmayuonto-
ananumuveckux mexuonoeuit (HUH UAT), Mockea,
Poccus.

Tepenmoes IOpuii Anexceeeus — He3a8UCUMDBLIL
aKcnepm, opuyuansHolii npedcmasumens «ET3»

6 Poccuiickot Pedepayuu, Mockea, Poccus.

TOOBl CTaTh HMUBUJIN3ALUOHHBIM

LIEHTPOM Ha €BPOa3MaTCKOM KOHTH-

HeHTe, Poccuu HE0OXOAMMO aKTUBH -
3MPOBATh CBOE y4acCTHE B peaiu3aluul reo-
CTPATeTUYECKUX MPOEKTOB, KIYEBYIO POJIb
B KOTOPBIX OyIYyT UTpaTh TPaHCIOPTHHIE
CHUCTEMBI.

J171s1 COBpeMEHHBIX TPAIUIIMOHHBIX TPAHC-
TMIOPTHBIX TEXHOJIOTUH YK€ cefiyac O4eBUIHO,
YTO OCHOBHBIMU JIUMUTUPYIOIITUMU UX (hak-
TOpaMU ¥ TOPMO30M TIpOTpecca CTaIu Hello-
CTaTOYHBIE MpPEIebHbIE CKOPOCTU TPAHC-
noptHBIX cpenctB (TCP), Huskue TpaHc-
nopTtHast 3 PEeKTUBHOCTD, MPOMyCcKHAs
U TIPOBO3HAsT CITOCOOHOCTU MarucTpaiei.
B uactHocTH, Ha XXeJie3HbIX foporax Poccuu
JUU1S1 U3HAYAJbHO UCTIOIb3YeMOM TEXHOIOTUU
IBUXKEHUST «KOJIECO—PEIbC» HAMETUINUCH
npoOJieMbl TIPU MOCAEA0BATEIIbLHOM TOCTU-
SKEHUU TPAHCITOPTOM JBYX TEXHOJIOTUIECKUX
npenenoB pocta ckopoctu TCP.

IlepBbiit penesn cBsi3aH C OTpaHUYEHUEM
IWHAMHUKU pasroHa u TopmoxkeHust TCP,
3aBUCSIIUM OT CLIETJIEHUS KOJIECA C PEJIbCOM
M HaAEXHOCTU TOKOCHhEMA Ha IMMOCTOSHHOM
U IepeMeHHOM ToKax. BTopoii mpenen cBsizaH
C OrpaHUYEeHNEM BO3MOXHOCTH AaJIbHEHIIIe -
ro noBbeIeHUs ckopoctu TCP mpumepHo 10



500 xm/4, 00yCTTOBIEHHBIM POCTOM B TPETh-
el CTeNeHU 3aTpaT SHEPrUU Ha MPEOJ0JIeHUE
pacTyuiero aapoIMHaMUYE€CKOTO COMPOTUB-
JICHUS €ro JBUXKEHMUIO.

B nmepBoM ciydae JJOTUYHBIM BUIMTCS
nepexon Ha OECKOHTAaKTHbIE (MarjieB) WU
MarHUTOJIEBUTAIIMOHHBIE TPAHCIIOPTHHIE
(MJIT) npyHUMITBI OPraHU3aL UK JIBUXKEHUS
TCP, akTUBHO pa3BUBaeMble B TOM YHUCJIE
u B Hatre#t crpane [1—4]. JloctonHcTBa, He-
JNIOCTAaTKU U HEOCITIOPUMBIE MPEUMYIIeCTBa
MarHUTOJIEBUTALIMOHHBIX BBICOKOCKOPOCT-
HBIX (0KO0J10 500 KM/4) TEXHOJIOTHIA, peanu-
3yeMBbIX B €CTECTBEHHBIX «aTMOCHEPHBIX»
YCJIOBUSIX OKPYXAaIOLIEi cpefibl, MO CpaBHE-
HUIO C TPAAUIMOHHON BBICOKOCKOPOCTHOM
penbcoBoii (BCP) rexHonorueit 1ocTaTouHoO
noaApOOHO pacCMOTPEHBl U 0OOOCHOBAHBI
B paboTax OTEYECTBEHHBIX U 3apyOexKHBIX
ucciaenosarenei [1-5].

MarnuronesutaurorHbiil (MJIT) «atmoc-
(bepHBIIT» TPAHCTIOPT SBIISIETCS TIEPCTIEKTUB-
HBIM TIepPBBIM 3TAIllOM Pa3BUTHUS BBICOKO-
U CBEPXBBICOKOCKOPOCTHOTO HAa3eMHOTO
TpaHcropTa. B cTparernueckoii nepcrnexkTuse,
peanu3anus 3TOro NpoeKTa U ero nepeaoBoi
oTeuecTBeHHOM pa3padotku «MarTpanCuTu»
[1—3] B koMOMHALIUM C BAKYYMHOI MarHUTO-
JieBUTAaLIMOHHOM TexHotoruei (BMJIT) [6, 7]
MO3BOJIUT JOOUTHCS, K IPUMEPY, CBEPXCKO-
POCTHOTO TPAHCTIOPTHOTO COEIMHEHUS aKBa-
Topuil Tuxoro u ATJTaHTUYECKOTO OKEaHOB
yepe3 EBpazuiickuii KOHTUHEHT 110 TEPPUTO-
puu Poccum 1 oTKpoeT HOBBIE BO3MOXHOCTH
K CO3MaHUI0 MEXKOHTUHEHTATbHBIX TPAHC-
MOPTHBIX MarucTpaseii, MOsSBICHUIO LEJI0ro
psila HOBBIX TEXHOJOTUYECKUX pelIeHUi
B 00JIACTU SHEPTETUKHU, CBEPXITPOBOJUMOCTH,
KPUOTEHUKU, CIOCOOHBIX CYIIECTBEHHO W3-
MEHUTh KOJIOTUYECKYIO CUTYyallul0 B MUDE.
ITpu sToM Poccust MOXeT peain3oBaTh MOIII-
HYI0 9KCIIOPTHYIO COCTaBJSIOIIYIO B BUIE
TPaH3UTHOTI'O TPY30BOr0 MOTOKA, B YACTHOCTH,
B HanpaBneHusix Cesep—IOrt, Boctrok—3amnan
MEXIy CTpaHaMu A3UaTCKO- TUXOOKeaHCKOTO
peruoHa u EBporioii.

Ho naxe B TexHOI0THM «aTMOC(HEPHOTO»
MIJIT no mepe pocTa CKOPOCTU JABUXEHUS
KBaJIpaTUYHO BO3pacTaeT adpoauHaMUYe-
ckoe conpoTuBiieHue nBuxkeHuo TCP u mpu
JOCTUTHYTBIX UM YK€ ceiluac peKOpIHBIX
ckopocTax 6osee 1000 kM/9, ocHOBHAs
yacTh MolrHOCTH ipuBoaa TC BEIHYKIEHHO
3aTpayrBaeTCsd Ha MPEOJO0JeHUE TaKOTro
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COMNPOTUBIICHUS, ONIPEAEss IPEIebl TPU-
MEHUMOCTHU U 3TOU MPOrpecCUBHOMN TEXHO-
JIOTUH.

Hamu npennaraeTcss MpUHUUMOUAIBHO
HOBBI MOAXO/ K PELIEHUIO MPOOJIeMBbI TIpe-
O0JIEHUSI OMHOBPEMEHHO U MEPBOTO, U BTO-
poro nipenesoB yBeanueHus ckopoctu TCP
Ha OCHOBE OYEBUAHBIX TPEUMYILIECTB «BaKy-
YMHO-TPYOONIPOBOMNHOW TPAaHCIOPTHOM
texHosorum» (BT3) [6—9].

Konmenumsa BMJIT 1o aToit TexHOJI0TUI
SBJISIETCS TPUMEPOM 3D (PEKTUBHON KOHBEP-
TeHLIMM MarHUTOJIEBUTALIMOHHOM, CBEPXITPO-
BOIHUKOBOW W BAKYYMHOUW TEXHOJIOTUM 1151
Ha3eMHOT0 TPaHCIIOPTa, MO3BOJISIONIEH eMy
B MMOTEHIIMAJIe TOCTUTaTh CKOPOCTU JBUXKE-
Hus mopsiaka 6500 KM/4 U GoJiee, MpUYEM
MPU BeCbMa BBICOKOW MPOIMYCKHOM CITOCO0-
HOCTU MarucTpajbHOIO MyTENpoBOaa, MpU-
eMJIEMOIi CTOMMOCTH TepeMelleHUs macca-
XKMPOB U IPY30B, a TAKXKe PeKOPJAHO HU3KUX
3aTpatax aHepruu. Tak, mo gaHHbIM [8, 10]
nepeBoska 1800 maccaxkupoB Ha pacCTOSTHUE
1 kM TpeOyeT 3aTpaT HEPruu B Mpeaenax
1 xBr*u 1 0,004 kBT *4/T * KM Ha JOCTaBKY
TPY30B.

OCHOBHBbIE MPUHIUITBI CUMOMO3a ABYX
UIel — KOHUENIUY TPaHCOPTa HA MarHUT-
HOM TMOJIBECE U B UCKYCCTBEHHO CO3JaHHOM
pa3pexXeHHOW BaKyyMHOW cpene BHYTPU
repMETUYHOrO TpyObOopoBOAa — ObLIU BIEP-
Bble C(HOPMYJIMPOBAHbI, Pa3pabOTaHbI U OMY-
OJIMKOBAaHbI OTEYECTBEHHBIM YUYEHBIM-T€0-
¢uzukom b. I1. Beiin6eprom [11] u moznHee
pa3BUTHI U omucaHbl B [6—10].

B »T0i1 cTaThe Ha 6a3ze U3JIOXKEHHOTO
MPUHIAIIA pacCMaTPUBAETCI KpyITHOMAac-
IITaOHBI UHPPACTPYKTYPHBIN MPOEKT CO-
3JaHUS B CTPATErn4ecKOu MmepcreKTuBe
HOBOM MHTErpaJibHOM TPAHCIIOPTHOM CUCTE-
Mol (TC), mo3BoJdIOIIei, B YaCTHOCTH, pe-
LIUTh MPOOJIEMY TPAHCTIOPTHOM TOCTYITHOCTU
B cTpaHax EBpasuiickoro corwo3a Ha OCHOBE
00beIMHEHUS UMEIOLIMXCS ceifuac Tpaauiiu-
OHHBIX BUJOB TPAaHCTIOPTa U HOBBIX 0€3a3p0-
NPOMHBIX aM(DUOUNAHBIX, SKPAHOMIAHHBIX,
a’pOCTATHBIX U IPYTUX MWHHOBAILIMOHHBIX
CPEeICTB TPaHCIIOpTA.

CpaBHUM pa3ivyHbIe TPAHCIOPTHBIE
CUCTEMBI ITO TAKOMY BaxKHeUIIeMy KoJuye -
CTBEHHOMY ITOKa3aTeJilo, KaK yAeJdbHbIE
9HEepro3aTrpaTbl Ha MEePeBO3KY €IUHUIIBI
rpy3a Ha €IWHUIY pacCTOSIHUS (B KUJIO-
JKOYJISIX Ha T * KM) B TEpMUHAX TaK Ha3bl-
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Ta6mmua 1
E)Heprem'lecmle MOKa3aTeJId PA3JIMYHBIX TPAHCIOPTHBIX CUCTEM
Ne TpaHcrnioptHast Bun MOILIHOCTD, CKopocTb, Bec nonesHoro | Ypeo
cucreMa TpaHcropra | MBt M/c rpy3a, T KK /T * kM
1 Bounr-747 aBua 71 253 64 4380
2 DKpaHOIUIaH aBua 137 138 120 8333
«JIyHb»
3 Ipy3oBoit KL 4,4 20,0 2000 110
cocraB
4 BCM- Maructpasip | X.1I. 8.8 83,3 50 2173
TGV
5 ABTOTpEiiIEep aBTO 0,338 22,2 20 761
6 CTIO CTPYHHBII 0,040 3,3 4 120
7 ABTONapoM MOp. 17,6 10,8 3345 487
8 CIIK «Buxpb» Mop. 3,5 19,4 26 7009
9 BMJIT BMJIT 0,5 (umm., 16¢) | 180 0,4 14,05

0O603HayeHust: BCM — BbicokocKopocTHast Maructpaiib; TGV — tun 3anagHoesporneiickoit BCM; CTHO — ctpyH-
Hbli TpaHcnopt FOuwuIKoro; CITK — cynHO Ha TOABOIHBIX KPBUTBSIX.

BaeMoil «(pU3NYECKON 3KOHOMUKU». Oc-
HOBHBIM 3HEPTeTUYECKUM KpUTEePUEM Iie-
pPEeBO3KM 31€Ch BBICTYNAaeT KpUTepUi
yIeJbHBIX dHEepro3saTpaT Ha MEpeBO3KY
eIMHUIIbI Beca Ipy3a Ha €IMHUILY pacCTOsI -
Hus [12]. DToT KpuTepuii, o6o3HavyaeMblit
Vp3 (yoenabHBI pacxon 3HEPTUuM), UMeeT
pa3MmepHocTh KJX/T * kM. Benumunna Ypos
onpenensieTcss GopmyJioit:
Ypa=N/MxYV,
roe N — moJsie3Hasi MOITHOCTb TSITOBOW Ma-
IIWHBI (TSITOBOTO IBUTATENS) TPAaHCITIOPTHOM
cucTeMbl, B KuioBartax (1 kBt = kJIx/c);

M — macca nepeBO3MMOro rpysa, B TOH-
Hax;

V — CKOpOCTb, C KOTOPOI MEPEBO3UTCS
I'py3 TPaHCIIOPTHOM CUCTEMOI, KM/C.

C moMolIblo moka3saTess yAeJIbHBIX
aHepro3aTpar Yp3 MOXHO pellaTh 3ajady
OIpeIeICHUS MEePCIEKTUBHBIX HalpaBiIe-
HUI pa3BUTHUs Pa3IMYHBIX BUIOB TpPaHC-
nopta, B ToM uuciae u BMJITC. B radbnuue 1
Ha OCHOBE JaHHBIX [ 13] mpuBeAeHBI pe3yib-
TaThl CPAaBHEHMS I10 TIOKa3aTeio Ypa Tpa-
JIUIIMOHHBIX M MEPCIEeKTUBHBIX BUIOB
TpaHCIIOpTa, BKJII0Yast HA3EMHBIi1, MOPCKOM
(BOIHBIN) ¥ BO3AYIIHBIM, a HUXKE — OLICHKA
niast BMUIT.

Kak BugHo mu3 Tabauubl 1, 6e3 yuéta
BMJIT, Haunydiue nmapamMeTpbl dHEpTreTH-
yeckoil 9(pHeKTUBHOCTHU (HO He BCeraa ¢ co-
IMOCTABUMOM CKOPOCTBIO ITEPEBO30K) NMEET
10 BLIOpAaHHOMY KPUTEPUIO KeJIe3HOTO0POXK -
HBII TPAHCITOPT KJIACCUYECKOT0 TUIIA, OJTHA -

Ta0amnua 2

CoBOKyNHbIE IOKA3aTeJH YIeJbHbIX JHEPro3aTpaT U BpeMeHH A0cTaBKu 1 pa3auunbix CT
¥ C1IOCO0OB NEPEBO3KH rPy30B

N | Tun TpaH3uTa Ypo, I Cx P, Bpewms nocraBku
n/n (IDK/ T kM) | (KM) (kJLK/T) | Tpy3a (CYTKM)
1 Kene3HOTOPOXHbIN (POCCUICKUIA 110 10000 1.1-10° 12 (7)
Tpan3nT) (Kurait—@uHIsHANS)
Mopckoit (Kutait—OuHissHINs) 54,3 21000 1.14+10° |28
3 Kene3HoIOpOXHbIN (POCCUICKUI 110 11000 1.2+10° 14
TpaH3uT) (Kopes—3an. EBpona)
Mopckoit (Kopesi—3arn. Esporia) 54,3 22000 1.2+10° 30
5 Kene3HOTOPOXHbIN (pOCCUCKU 110 11000 1.21+10° 15
Ttpan3uT) (Kuraii—3armn. EBpormna)
6 Mopckoii (Kuraii—3ar. EBporma) 54,3 23000 1.25+10° | 27—46
(Lanxaiti—AmcTepaam)
7. | Poccuiickuii TpaH3UT 14,05 11000 1,54+10° 0,1
(Kuraii—3an. EBpomna)
TC BMIJIT
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Taoamna 3

CpaBHHUTe/IbHbIE XaPAKTEPUCTHKH PA3JIMYHBIX BUIOB TPAHCIIOPTA

No Bug CpenHsisi CKo- Cpennsist VnenbHble 3Hep- | TpaHcnopTHast
/I | TpaHcrnopTa POCTh, KM/4 CKOpPOCTb, rozarparsbl, abexkTuBHOCTD
M/c JI/M KT
(MIx/T * KM)*
1 Kenesnas gopora 60 17 0,15 100
2 MopcKoii TpaHCITOPT 40 11 0,08 125
3 ABTOMOOWJIb 100 28 2,0 15
4 Camonér 700 194 2,2 90
5 WneprmanbHbIil TpyoompoBoaHbIi | 500 139 0,009 16000
TPaHCIOPT
6 TlepcrnieKTUBHBIN 1UpUXKAOIb 150 42 0,021 1900
7 BMJIT 6500 1800 0,014 128500

* — B niepecuéTe K MepBUYHBIM SHEPIrOHOCUTENSAM; ** — TpaHCTIOpTHAs 3(DGHEKTUBHOCTh — OTHOLIEHUE CKOPOCTH

K yIACJIbHBIM HEpro3arparam.

Ko u oH yctynaetr BMJIT no acddexTuBHOCTU
MOYTH Ha MOPSA0K.

ITpuMeHeHHBI SHEepTeTUYECKUI moKa-
3aTesib MPU OLIEHKE TPAHCHOPTHBIX CUCTEM
MOXET OBITh UCMIOJIb30BaH U MIPU OIpeaese-
HUM TPAH3UTHOTO TPAHCIOPTHOTO pecypca
Poccuu.

B kauecTBe Kputepus 1ejiecoodpazHo
B OTOM CJyyae UCIOJIb30BaTh COBOKYIHbBIE
SHEepro3aTpaThl Ha MepeMelleHUe TOHHBI
rpy3a U3 TOYKM OTIPABICHUS B TOUKY MPU-
ObITUS (B KUJIOIXOYJISIX HA TOHHY), T.e. P =
Vpa-+ L, rne L — paccrosiHue. Pe3yabraThl
CpPaBHEHMUS IBYX CIOCOOOB JOCTaBKU Ipy3a
(MOpPCKOIi M XeJe3HONOPOKHBIN) IS TPaH-
3uta EBporna—A3ust mpuBeeHbI B Ta0IUIIE 2
Ha ocHOBe maHHBIX [13]. 3mech ke OollcHKa
AHAJIOTUYHOIO poccuiickoro Tpanisuta Ku-
taii—3ananHas EBpora ¢ moMoIbio TpaHC-
nopTtHoii cuctembl BMIJIT.

W B Tabauue 2 coBeplIeHHO OYEBUIHO
npeumyiectBo BMJIT Ha 6aze ET3 no Bcem
CpaBHUBAEMBbIM MapaMeTpaM, MPUUYEM IO
OCHOBHOMY, LieJIeBoMy IapameTpy, P — coBo-
KYMHBIM BHepro3arpaTaM OHU MEHbIIIE TOYTH
Ha MopsIIoK, T.e. o4t B 10 pa3 myuiire.

KoHeuHo, ncnoap30BaHuEe TOJBKO OJJHO-
ro 0000IIEHHOTO YHEPreTUYEeCKOro MoKa3a-
Test Ypa (M CBSI3aHHOTO C HUM MOAUDUIIN-
poBaHHoro — P) HegocTaTOYHO, YTOOBI
OMUCHIBATh U YIPABJISITh TAKOU CIOXHON
CUCTEMOM, KAKOW SBJISIETCS TPAHCIIOPTHBIN
KoMIutekc. OmHOMEpHask MOJIENb IS J1I000-
ro TpaHCIOPTa HE B COCTOSIHUU aIeKBaTHO
OTPa3uTh CJI0XHbIE MHOTOMEPHBIE U IUHA-
MUYECKME MPOLECChl U B3aUMOCBSI3U CUCTE-
Mbl. Heobxoaumo nipu pazpaboTtke ¢pusnuue-
CKOI 9KOHOMUKM [IJIs1 TPAHCITOPTa (KaK U 151
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JNIPYTUX CUCTEM XKH3HeobecreueHus1) pa3pa-
OaThIBaTh 1IeJbIi HA0OP B3aMMOCBSI3aHHBIX
U hbU3NYECKU U3MEPUMBIX TTOKa3aTesneit [12].

XOTsI, KOHEUHO, MCITOJIb30BaHUE, Maxe
B TIEPBOM IMPUOJIMKEHUN TOJTBKO OJTHOTO TaK
Ha3bIBAEMOTO IMOKa3aTeNsl «TPAaHCIIOPTHOM
adbdextuBHoctn» (C) [14], paBHOTO OTHO-
meHunto ckopoct TCP B M/C K €ro yieabHbIM
9Hepro3aTparam B [IIX/KT * M|, OlleHUBaO-
mero npeumyinecTsa TC emé u ¢ ya€Tom
pa3In4nii B UX CKOPOCTU, MOXET CIIy>KUTh
XOPOIIIMM OPUEHTUPOM MPU CPAaBHEHUHU pa3-
JIMYHBIX TPAHCIIOPTHBIX CUCTEM U MX IPdhek-
TUBHOCTH.

B ra6nuiie 3 cnenaHo cpaBHEHUE IO JaH-
HOMY KPUTEPUIO HEKOTOPBIX TPATUIIMOHHBIX
BUJIOB TPAHCIIOPTA, a TAKXKE U OLIEHKA PEXM-
MOB pa0OOThI OTHOM M3 MEPCTIEKTUBHBIX KOH-
CTPYKUMI OUpUkKabiaeli MHHOBAIIMOHHOTO
TUTIA U CBEPXBBICOKOCKOPOCTHOI, KOTOpast
OJJHOBPEMEHHO COYeTaeT B cebe Kak Ipe-
MMYIIECTBO CBEPXBBICOKOI CKOPOCTH Tepe-
MeIlleH!s TPY30B, TaK U HU3KUX IHEProsa-
TpaT, WK MPEeuMYIIecTBa BECbMa BBICOKOM
9HEeProa(pGeKTUBHOCTU B COYETAHUU C ObIC-
TPOI TPAHCHOPTUPOBKOM IPy30B.

M3 sToro cpaBHeHUs OYEBUIHO, YTO
TpaHcrnopTHas 3¢ dexkTuBHocts TC BMIJIT
Ha HECKOJIbKO TIOPSIIKOB BBIIIE TPAHCITOPT-
HOM 3 (PEKTUBHOCTHU BCEX OCTATbHBIX CPaB-
HUBaeMBbIX 31€Ch TPAIUIIMOHHBIX BUIOB
TpaHCMOPTa U B pa3bl BbllIe caMmoro 3¢ dex-
TUBHOTO U3 CPaBHUBAEMBbIX B TabuIie 3, HO,
MOKa eni€ TUIOTETUIECKOTO — MHePIIMalb-
HOTO TPYOOIIPOBOIHOTO TpaHcmopTa [14].

TakuM 06pa3oM, IO yPOBHIO SHEpPreTuye-
CKOW M TpaHCHOPTHOU 3P HEeKTUBHOCTHU
BMIJIT He umeeT cebe paBHBIX CPEIU OCTaTb-
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HBIX BUIOB TpaHcropTta. OHa BITOJHE crIpa-
BEUTMBO MPETEHIYyeT Ha POJIb OCHOBHOM MN
LIEHTpaJIbHOM, MaructpaibpHoii TC B psay
COCTaBJISIONIMX WHTETPATbHON CUCTEMBI
U B CTPATErMYecKoi MepcreKTuBe — Cpeaun
TpeIaraeMbIX K CO3/IaHNI0 MTHHOBAIIMOHHBIX
TPAHCTIOPTHBIX CUCTEM.

BakyyMHO-TpyOOMIpOBOIHAS TPAHCTIOPT-
Hasl TEXHOJIOTHUS UIeaIbHO OTBEYAET HyKIaM
XXI Beka. OHa ToJiepaHTHA K OOJBIIMHCTBY
CYIIECTBYIOIINX TPAHCTIOPTHBIX, B TOM YHCJIE
U TI000MY THUITY MarjieB-TexHoJjiorui [1—4].

B 001111x yepTax OCHOBHBIE €€ KOHIIETITY-
allbHble TIPUHIIMIIBI ONMUcaHbl B [6—11]
U (opMyIUpPYIOTCSI, HAIIpUMeEp, TaK: B pas-
PEXXEeHHOI cpelie CIBOGHHOTO BaKyyMUpPO-
BaHHOTO MarucTPaJibHOTO MarHUTOJIEBUTA-
IIMOHOTO TyTEeNpoBOJa, pacrojaraeMoro
9CTaKaJHO HaJ OTHOCHUTEJILHO PaBHUHHOM
TTOBEPXHOCTHIO 36MJIM, B TOHHEJIE TTOJT 3eMJIEH
WJTU J1aKe TI0]T TIOBEPXHOCTHIO BOJHOM TTper-
pazbl, TIepeMeIarTcsl Ha TPUHIIATIAX Oec-
KOHTaKTHO MarHUTHOM JIEBUTAIIUM JIETKKE,
KOMITaKTHBIE U T€PMETUUYHBIE KaTlCyJbl
C pa3MepaM¥, ONITUMU3UPOBAHHBIMU TSI
3aja4 TPAHCIIOPTUPOBKYU KakK Jfolel, Tak
Y TPY30B CO CKOPOCTSIMU BILTOTH 10 6500 KM/4
u dosee.

[To cpaBHEHMIO C MMOE31aM1 BHICOKOCKO-
POCTHO¥ peJIbCOBOW CUCTEMBI, MaTepua-
noémkocth BMJIT B mepecuere Ha OJHOTO
rnaccaxupa coctaBuT MeHee 1/20 yactu ma-
tepranoémkocTu BCP, a 1o yaerbHBIM 3Hep-
ro3zarpatam BMJIT He umeeT cebe paBHBIX.
3arpaThl Ha CO3/IaHUE U TIOJIFIEp>KaHUE BaKy-
yMa TaKXe He CTOJIb BeJIUKU U yxe rpu KITT
BaKYyMHBIX HacocoB B paiioHe 0,5 3aTpaThl
Jlake Ha TMepBUYHOE, HanboJjiee 3aTpaTHOE
BaKyyMUpPOBaHUE COCTaBsAT He OoJee
500 py0./KM UIs1 ONITUMAJIBHOTO Ty TEIPOBO-
na puametpoM 1500 mm.

ITponyckHas (IMpoBo3Hasi) CIIOCOOHOCTh
BMUJIT 3aBUCHUT OT CKOPOCTH Karmcyabl. Tak,
JUUIST OTHOM TpyOBbI BAKYYMUPOBAHHOTO TTyTe-
MPOBOJA TTPU CKOPOCTH 650 KM/4 OHa MOXKET
npocturuyth 1 260000 maccaxupos uau 17000
TOHH I'PY30B B Yac, €CJIM IILTI030B OyIeT OKO-
J10 300, 4TO TOCTATOYHO MPUBJIEKATEIBHO IS
OCHOBHOTO MEXIyTOPOIHET0 COOOIIEHNUS
Meraro1ucoB.

[Tpu aTOM IIMPOKO pa3peKIaMrupoBaHHAS
ceifyac M IPOCTO TTOXOXkast Ha He€ TEXHOJI0-
rusg Hyperloop ropasmno 6ojiee orpaHuyeHa,
yeM KOHKYpPUPYIOIIasi C Hell TeXHOJOTHUS
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BMJIT, no MakcMMaibHO BO3MOXHOMY pac-
CTOSIHUIO 10 TIepBOIf HEOOXOAUMOM «TeXHU-
yecKoi» octaHOBKHM (0K0s10 600 KM), Ccyle-
CTBEHHO OrpaHUYEHA IO MpeeTbHOM, KO-
HOMMYECKU oIpaBaaHHoii (He 6osiee 1500 km)
NaJbHOCTU MOE31KHU, MOKOJbKY KarmcyJa
Hyperloop «JeBUTHpYeT» Ha «BO3AYLUIHOU
MOYIIKe» B BAKYYMHOM cpefie TpyoonpoBo-
na c nasjieHuem nopsiaka 100 Ia, yto ropaszno
MeHee 2 GEeKTUBHO, YeM MarHWTHAs JIEBU -
Tauus [9].

CraHoBUTCS BCE O0Jiee OYEBUIHBIM, UTO
ceronHst (haKTUYECKHW €IMHCTBEHHBIM 3KO-
HOMHWYECKU M TeXHUYECKU MPUEMIEMbIM
pelieHueM 3agadyu 3Hepro3hdHeKTUBHOTO
MOBBIIIIEHNSI CKOPOCTH 3KOJOTMYHOTO Ha-
3€MHOI'0 TPAHCIIOPTA SBJSIETCS 3aMEeHa CUC-
TEMBI KOJIECO-PEThC Ha CUCTEMY MATHUTHOTO
noaBeca M 3aMeHa OOBIYHOUW OKpYKarolei
cpellbl Ha UCKYCCTBEHHO CO3JaHHYI0, B KO-
TOPOI adpOAMHAMUYECKOE COMPOTUBIICHUE
Oynet otHocuteabHO Majo. M 3necs y BMJIT
KOHKYPEHTOB IOKa MPaKTUYECKU HET.

ITpu sTom cucrema BMJIT moxet obec-
neyuth B 50 pa3 Oojblle MEepeBO30K Ha
1 xBT * 4 271€KTpO2HEPTUHU, YEM CaMble 3(D-
(eKTUBHBIE 2JTEKTPOMOOUIN WU T0e37a,
ascrakaaHyto cetb BMJIT MOXHO MOCTPOUTH
3a IeHbI'U, 9KBUBaJleHTHbIE 1/10 cToumMocTu
BBICOKOCKOPOCTHOM PeJIbCOBOW JOPOTU WJIU
1/4 cTOMMOCTH COTTIOCTaBUMOM BBICOKOCKO-
POCTHOM aBTOCTpalbl, MPU MPOMYCKHON
CIIOCOOHOCTH BCETO OJHOM IMapbl BaKyyMU-
POBaHHBIX MYTENPOBOJOB, KaK y 32 mojoc
MarucTpajbHOM BHICOKOCKOPOCTHOM aBTO-
crpansl [6, 10].

U xak yxe ormeuanocs B [7—9], oTeuecT-
BEHHBIMU pa3pabOTYMKAMM, JTaBHO TIPEJIO-
JK€HBI HOBbIE 9KOHOMUYECKH 3 (PEKTUBHBIC
1 9HeprocOeperaIre MPUHIIMITE KOHCTPY-
WPOBAHUS JIEMEHTOB MHXKEHEPHBIX COOPY-
XeHui [15], pa3sau4YHbBIX TUIIOB CUJIOBBIX
CBEPXITPOBOTHUKOBBIX Kabesel Isl SHEPTo-
obecrieyeHns] KOMIIJIEKCOB 000pyI0BaHUS
ceteit BMJIT, a Takxxe 3kcnepUMEHTaTIbHO
npoBepeHHbIe 3 HEKTUBHBIE METOIUKHU
ITOMEXOYCTOMYMBOTO yIpaBAeHUS U KOHT-
poJId COCTOAHUA O0OPYAOBaHUA CeTell Ha
0a3e naJibHeAUCTAHIIMOHHOM OMTOBOJIOKOH-
HOW TMarHOCTUKW 1 KPUOTEHHBIX OTITOBOJIO-
KOHHBIX ceHcopoB [16, 17], ycToilunBo
M HaJEXHO JAEUCTBYIONINX B KECTKUX YCIIO-
BUSIX COBMECTHOTO BO3/IEHICTBUS BaKyyma,
HU3KMX (KPUOTEHHBIX) TeMTIepaTyp, CUJIbHO-
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o BJAUSHUS MOCTOSIHHBIX U Te€PEMEHHBIX
3JIEKTPUYECKUX U MATHUTHBIX MOJIe 000py-
noanuss BMJIT no Bcell iiHe Tpacchl my-
TENpoBOAa.
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ABSTRACT

The authors propose a fundamentally new
approach to solving the problem of overcoming two
technological limits of speed growth existing for rail
vehicles. The advantages of vacuum magnetic-

Keywords: vacuum magnetic-levitation transport,

magnetic suspension, vacuum pipeline.

Background. To become a civilization center on
the Eurasian continent, Russia needs to step up its
participation in the implementation of geostrategic
projects, the key role in which will be played by
transport systems.

For modern traditional transport technologies it
is already obvious that the main limiting factors and
the brake on progress have been insufficient vehicle
speed limits, low transport efficiency, throughput and
carrying capacity of the main lines. In particular, on
the railways of Russia for the initially used technology
of wheel-rail movement, problems have arisen when
the transport reaches two technological limits of
growth in the speed of transport vehicles (TV).

The first limit is related to limiting the dynamics of
acceleration and deceleration of TV, depending on
adhesion of the wheel to the rail and the reliability of
the current collector on a constant and alternating
current. The second limit is connected with limiting
the possibility of a further increase in the speed of TV
to about 500 km / h, due to the growth in the third
degree of energy costs to overcome the growing
aerodynamic resistance to its movement.

Objective. The objective of the authors is to
consider prospects for vacuum magnetic- levitation
transport.

Methods. The authors use general scientific
methods, comparative analysis, statistical method,
economic evaluation.

Results. /n the first case, the transition to
contactless (maglev) or magnetic-levitation transport
(MLT) principles of the organization of the movement
of the TCP, which is actively developed including in
our country, is seen as logical [ 1-4]. The advantages,
disadvantages and unquestionable advantages of
magnetic-levitation high-speed (about 500 km / h)
technologies realized in natural «atmospheric»
environmental conditions in comparison with
traditional high-speed rail (HSR) technology have
been examined in detail and substantiated in the
works of domestic and foreign researchers [1-5].

Magnetic-levitation (MLT) »atmospheric»
transportis a promising first stage in the development
of high- and ultra-high-speed land transport. In the
strategic perspective, the implementation of this
project and its advanced domestic development of
«MagTransCiTi» [1-3] in combination with vacuum
magnetic-levitation technology (VMLT) [6, 7] will allow,
for example, the ultra-high-speed transport
connection of the water areas of the Pacific and
Atlantic Oceans through the Eurasian continent across
Russia and will open new opportunities for creation of
intercontinental transport highways, emergence of a
number of new technological solutions in the field of
energy, superconductivity, cryogenics, that can
significantly change the ecological situation in the
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levitation transport are assessed in comparison with
traditional transport systems. The perspectives of the
use of this type of transport as applied to the
development strategy of the transport system of
Russia are determined.

specific energy inputs, transit transport resource,

world. Atthe same time, Russia can realize a powerful
export component in the form of a transit cargo flow,
in particular, in the directions North—-South, East-West
between the countries of the Asia-Pacific region and
Europe.

Buteven in the technology of «atmospheric» MLT,
as the speed of motion increases, the aerodynamic
resistance to the movement of TCP grows
quadratically, and at the already achieved record
speeds of more than 1000 km / h, the bulk of the
power of the drive of TC is forced to overcome this
resistance, determining the limits of applicability of
this progressive technology.

We propose a fundamentally new approach to
solving the problem of overcoming both the first and
second limits of the increase in the speed of TCP on
the basis of the obvious advantages of «vacuum
pipeline transport technology» (BT3) [6-9].

The concept of VLMT for this technology is an
example of the effective convergence of magnetic-
levitation, superconducting and vacuum technologies
for land transport, which allows it to reach a speed of
about 6500 km / h and more, with a very high
throughput capacity, an acceptable cost of moving
passengers and cargo, as wellas a record low energy
costs. Thus, according to the data [8, 10], the
transportation of 1800 passengers to a distance of
1 km requires an energy expenditure of between
1 kW-h and 0.004 kWh / ton - km for cargo delivery.

The basic principles of the symbiosis of two
ideas — the concept of transport on a magnetic
suspension and in an artificially created rarefied
vacuum medium inside a sealed pipeline — were first
formulated, developed and published by the Russian
scientist—-geophysicist B. P. Weinberg [11] and later
developed and described in [6-10].

Inthis article, on the basis of the above-mentioned
principle, a large-scale infrastructure projectis being
considered to create a new integrated transport
system (TS) in the strategic perspective that will, in
particular, solve the problem of transport accessibility
in the countries of the Eurasian Union by combining
the currently available traditional modes of transport
and new zero-flight amphibious, screen planes,
balloon and other innovative means of transport.

Let us compare the various transport systems for
such an important quantitative indicator as the unit
energy consumption per unit of cargo transportation
per unit of distance (in kilojoules per ton km) in terms
of the so-called «physical economy». The main energy
criterion of transportation here is the criterion of
specific energy costs for the transportation of a unit
of cargo weight per unit of distance [12]. This criterion,
designated Ure (specific energy expenditure), has
the dimension kJ / ton. The value of Ure is given by
the formula:
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Taoamua 1

Energy indicators of various transport systems

Transport system Type of transport Power, MW Speed, m/sec | Weight of Yree
Ne iseful cargo, t | KJ /t*km
1 Boeing-747 Air 71 253 64 4380
2 Screen plane «Lun’» Air 137 138 120 8333
3 Freight train Rail 4,4 20,0 2000 110
4 HSR- main line Rail 8,8 83,3 50 2173
TGV
5 Autotrailer Automobile 0,338 22,2 20 761
6 STU String 0,040 3,3 4 120
7 Autoferry Sea 17,6 10,8 3345 487
8 HFV «Vikhr’» Sea 3,5 19,4 26 7009
9 VMLT VMLT 0,5 180 0,4 14,05
(umri.,
16 cek.)

Designations: HSR — high-speed main line; TGV — type of West European HSR; STU — string transport of Unitsky;

HFW- hydrofoil vessel.

Table 2

Aggregate specific energy consumption and delivery time for various TS and modes of
transportation of goods

N | Type of transit Ure, L, P, Cargo delivery
(kJ/tekm) |(km) (kJ/t) time (days)

1 Railway (Russian transit) (China—Finland) 110 10000 |1.1-10° 12(7)

2 | Sea (China—Finland) 54,3 21000 |[1.14-10° |28

3 Railway (Russian transit) (Korea—Western Europe) 110 11000 |1.2-10° 14

4 Sea (Korea—Western Europe) 54,3 22000 |[1.2+10° 30

5 Railway (Russian transit) (China—Western Europe) 110 11000 |1.21+10° |15

6 | Sea (China—Western Europe) 54,3 23000 |1.25-10° [27—46
(Shanghai—Amsterdam)

7. | Russian transit (China—Western Europe) 14,05 11000 |1,54+10° |0,1
TS VMLT

Ure=N/MxV, results of comparison of two modes of shipping (sea

where N is the useful power of the traction machine
(traction motor) of the transport system, in kilowatts
(1kW=kJ/s);

M is the mass of the goods carried, in tonnes;

Vis the speed at which the cargo is transported by
the transport system, km/sec.

With the help of specific energy consumption
indicator Ure, it is possible to solve the problem of
determining the prospective directions for the
development of various modes of transport, including
VMLTS. Table 1, based on the data of [13], shows the
results of the comparison for the Ure indicator of
traditional and prospective modes of transport,
including ground, sea (water) and air, and below there
is the estimate for VMLT.

As can be seen from Table 1, without taking into
account VMLT, the best parameters of energy
efficiency (but not always with a comparable speed
of transportation) have a classical type of railway
transport according to the chosen criterion, but it is
inferior to VMLT in efficiency by almost an order of
magnitude.

The energy indicator used in the assessment of
transport systems can also be used to determine the
transit transport resource of Russia.

As a criterion, it is advisable in this case to use the
total energy input for moving a ton of cargo from the
point of departure to the point of arrival (in kilojoules
pertonne), i.e. P=UrexL, where Lis the distance. The

and rail) for the Europe-Asia transit are shown in
Table 2, based on the data of [13]. Here, there is also
assessment of a similar Russian transit of China—
Western Europe by means of the VMLT transport
system.

And in Table 2, the advantage of VLMT based on
ET3 on all compared parameters is quite obvious, and
for the main, target parameter, P — total energy costs,
they are less by almost an order of magnitude, i.e.
almost 10 times better.

Of course, the use of only one generalized energy
indicator of Ure (and the associated modified one — P)
is not enough to describe and manage such a complex
system as a transport complex. A one-dimensional
model for any transport is not able to adequately reflect
the complex multi-dimensional and dynamic processes
and interrelationships of the system. It is necessary to
develop a whole set of interrelated and physically
measurable indicators when developing the physical
economy for transport (as for other life support
systems) [12].

Although, of course, the use, even in the first
approximation, of only one so-called indicator of
«transport efficiency» (C) [14], equal to the ratio of the
speed of TVinm /s to its specific energy consumption
in [J/kg-m], assessing the advantages of TV also with
account of differences in their speed, can serve as a
good guide for comparing different transport systems
and their efficiency.
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Table 3

Comparative characteristics of various modes of transport

N | Type of transport Average Average Specific energy Transport efficiency™
speed, km/h | speed, m/s | costs, J/kg*m
(MJ/t * km)*
1 Railway 60 17 0,15 100
2 Sea transport 40 11 0,08 125
3 Car 100 28 2,0 15
4 Aircraft 700 194 2,2 90
5 Inertial pipeline transport 500 139 0,009 16000
6 Promising airship 150 42 0,021 1900
7 VMLT 6500 1800 0,014 128500

Table 3 compares this criterion for some traditional
modes of transport, as well as an assessment of the
operating modes of one of the promising designs of
airships ofinnovative type and ultra-high-speed, which
simultaneously combines both the advantage of ultra-
high speed of cargo movement and low energy costs,
or the advantages of very high energy efficiency in
combination with rapid transportation of goods.

From this comparison, it is obvious that the
transport efficiency of the TS VMLT is several orders of
magnitude higher than the transport efficiency of all
other traditional modes of transport compared here,
and several times higher than the most efficient of
inertial pipeline transport compared in Table 3, but still
hypothetical [14].

Thus, according to the level of energy and transport
efficiency, VMLT has no equal among other modes of
transport. It quite rightly claims the role of the main or
central, backbone TS in a number of components of
the integrated system and in a strategic perspective —
among the innovative transport systems proposed for
creation.

Vacuum-pipeline transport technology is ideally
suited to the needs of XXI century. It is tolerant to the
majority of existing transport, including any type of
maglev-technology [1-4].

In general, its main conceptual principles are
described in [6-11] and are formulated, for example,
in the following way: in a permitted environment of a
double vacuumed main magnetic-levitation viaduct,
located as an overpass over a flat part of the ground,
in a tunnel under ground or even under a water
obstacle, lightweight, compact and airtight capsules
with dimensions optimized for the transport of both
people and goods move at speeds up to 6500 km / h
or more based on the principles of non-contact
magnetic levitation.

Compared with trains of the high-speed rail system,
the material capacity of VMLT in terms of one passenger
is less than 1/20 of the material capacity of the HSR,
and according to the specific energy consumption,
VMLT has no equal. The cost of creating and maintaining
a vacuum is also not so great and already with the
efficiency of vacuum pumps in the region of 0,5 the
costs for the initial pumping will be not more than
500 rub./km for an optimum overpass with a diameter
of 1500 mm.

The throughput (carrying capacity) of VMLT
depends on the speed of the capsule. So, for one pipe
of an evacuated overpass at a speed of 650 km / h, it
canreach 260000 passengers or 17000 tons of cargo
per hour, if there are about 300 gateways, which is
attractive enough for the main long-distance
communication of megacities.
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* — in terms of primary energy sources; ** — transport efficiency — ratio of speed to specific energy consumption.

At the same time, Hyperloop technology widely
advertised now and just similar to it is much more
limited than the competing VLMT technology, for the
maximum possible distance to the first necessary
«technical» stop (about 600 km), is substantially limited
in terms of marginal, economically justified (no more
than 1500 km) range of travel, since the Hyperloop
capsule «levitates» on the «air cushion» in the vacuum
environment of the pipeline with a pressure of about
100 Pa, which is much less efficient than magnetic
levitation [9].

Itis becoming increasingly clear that today, in fact,
the only economically and technically acceptable
solution to the problem of energy-efficient speeding
up of environmentally friendly land transport is to
replace the wheel-rail system with a magnetic
suspension system and replace the conventional
environment with an artificially created one, in which
the aerodynamic resistance will be relatively small. And
here VMLT has practically no competitors.

At the same time, the VMLT system can provide 50
times more traffic per 1 kWh of electric power than the
most efficient electric cars or trains, and the VMLT
overpass can be built for money equivalent to 1/10 of
the cost of a high-speed railroad or 1/4 of the cost of
a comparable high-speed motorway, with the capacity
of only one pair of evacuated overpasses, as in the 32
lanes of the main high-speed motorway [6, 10].

And as already noted in [7-9], domestic developers
have long proposed new cost-effective and energy-
saving principles for designing the elements of
engineering structures [15], various types of power
superconducting cables for power supply of VLMT
network equipment complexes, and also experimentally
tested effective methods of noise-immune control and
monitoring of the state of equipment networks based
on long-distance fiber optic diagnostics and cryogenic
fiber sensors [16, 17], which are stable and reliable
operating in the rigid conditions of the combined impact
of vacuum, low (cryogenic) temperatures, strong
influence of permanent and alternating electric and
magnetic fields of the equipment of VMLT along the
entire length of the overpass route.

Conclusions.

1. The technologies and the options for further
development of high-speed and ultra-high-speed
vehicles, considered in the article, are technically
feasible, economically viable for Russia and possess
high-tech solutions in the field of magnetic-levitation,
vacuum-cryogenic, fiber-optic and superconducting
technology.

2. The main constraint for the widespread
introduction of such a transport system remains the
lack of a realized representative and commercially
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attractive pilot project, the development and
implementation of which has now become the most
urgent task.

3. Itis necessary that the government of the Russian
Federation recognize the importance of the project at
the state level and include work on the creation and
development of MLT and VMLT in the Transport
Development Strategy for the period until 2030.
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Tpeb6oBaHus GbICTPOTbI, HAAEXHOCTH,
6e30nacHOCTU U IKOHOMUYECKOWH

3¢ peKTBHOCTYN rpy30MepeBO30K CTaBsAT
nepen YnaH6aTopCcKoii )xesne3Hov foporoi
(YB)K/) psa croXHbIX IOrMCTUYECKNX

3apaY, BKJII04asi BLIOOP oNnTUMasibHOVM Macchbl
noesga, cepuu U YUCa CeKLnii IOKOMOTUBA
ANs1 BeieHUs1 rpPy30BOro noes3aa 3afaHHoro
Beca. BbiGpaHHas B xoAe uccriefoBaHus
Macca rnoe3sza rnpoBepsiNIach o yc/i0BUI0
TPOraHusi c MecTa Ha pac4yéTHoM rnogbEme.
Ha ocHoBe aHann3a npoaosibHoro npogus
nyTv cocTaBsieHa pac4ETHasi cxema rnpouns.
BbluncneHnemM MUHUMAaIbHOW CUJIbI TN
JIOKOMOTUBa 3aj4aBasiacb Macca noesga, cepus
v yucso cekuuii. lpyu nomoLwm anarpamMmm
yAesibHOV 3aMennsoLe n yckopsiiowen

cus1 6bi1a MOCTPOEHa KPpUBasi CKOPOCTU
ABuXeHus noe3ga merogom A. U. Jinneua,
nocne 4ero metogom . B. Jle6eaeBa HaligeHO
rnosiHoe BpeMs ABWUXEHUS noe3aa u BpemMsi
pabotel TO/ B pa3/inyHbIX PEXUMaX, 4TO
no3BosisieT HaliTy yAesIbHbIN pacxos TOrinBea.
IMocne paccMoTpeHnst TPEX BO3MOXXHbIX
BapuaHTOB yCTaHOBJIEHO, 4TO KOMOUHaLus
nokomotusos 2T3116YM-23ArAJ1 nossonsiet
opraHu3oBaTtb 60s1ee 6bICTPbIE U IKOHOMUYHbBIE
rpy3ornepeBo3Ku. Y4NTbiBasi OCHaLEHHOCTb
YB)K/[ atumu iokomoTuBamum, npeanaraemas
B cTaTbe ugesi MoXeTt ObITb peasn3oBaHa Ha
Haubosiee rpy30oHanpsKEHHbIX y4acTKax.

Knoyesbie cnoBa: xeneaHasi 4opora, JIOKOMOTUB,
MoHronus, ontummnsauyms rpy30nepeBo3ok,
pacyetsl, 9¢PEKTUBHOCTb.

00 apPpeKTMBHOCTM UCNONb30BaAHUA
aBTOHOMHBbIX JIOKOMOTVBOB
Ha Xenes3Hbix goporax MoHronun
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CBSI3U C MPOTHO3UPYEMBIM POCTOM
MOHTOJIbCKO 9KOHOMUKHW BOZHMKAET
HEOOXOIUMOCTb PEIICHUsI CIIOXKHBIX

JIOTUCTUYECKUX 3aa4 B MacluTabax cTpaHbl.

AKTyaJIbHbIM, B YaCTHOCTH, CTAHOBUTCS BbI-

0Op JIOKOMOTHBA, COOTBETCTBYIOILIEIO KOMII-

JIEKCY TpeOOBaHMi1, B TOM YMCJIe TAKUX, KaK

MMWHUMU3ALMST BpeMEHU TIEPeBO3KU, COOJIIO-

JIEHUE CKOPOCTEii ABMXKEHUs, 00eCTIeunBal0-

KX 6e301acHOCTb BO BHEIITATHBIX CUTYall -

SIX, OIpelie/IeHrue ONTUMAIbHOTO YISIbHOTO

pacxona ToIiMBa. B naHHOM uccienoBaHUM

Ha OCHOBE aHaJIM3a MPOJIOJIbHOTO MPOQUJIs

ITyTU Ha HauboJiee rpy30HaNpPSEKEHHOM yJacT-

ke nBuxeHus Toaroitt—Yolip BeIOpaHbI OM-

TUMaJIbHbIE TApaMeTPhl MACChI M0e3/1a, CepUU

M 4YHMCJia CeKLIMI JJOKOMOTHBA [IJIS1 BeAEHMSI

Ipy30BOro noe3/a 3agaHHoro Beca. Jist kax-
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Ta0imuna 1
3agaBaemble MCXOAHBIE MAPAMETPBI CPABHUBAEMbIX CEPHIi JOKOMOTHBOB

No OCHOBHBIE MTapaMeTPbl IOKOMOTHBOB Cepuu IOKOMOTHBOB
n/m 1-i1 BapuaHT 2-ii BApUaHT
4TD116YM 2TD116YM — 2ZAGAL
1. D dheKTrBHAST MOIIHOCTH (MOIIIHOCTh 5300 5287
JUTUTESILHOTO pexuma), KBT
2. Yucno cekuuit 4 4
3. Pacuérnas cuna taru, H 1460 1430
4. PacuérHast cKopocTb, KM/4 24,4 24,4
5. KoHCTpyKIIMOHHAsI CKOPOCTh, KM/4 100 100
6. Pacuérnblii Bec, KH 5520 5364
JIOTO M3 TIPEIIOKEHHBIX BADUAHTOB HalICHBI F, . v,
ToKa3aTeJIi OTHOCUTETLHOM 3(PDeKTUBHOCTH Kmin — 3600 (3)
n BBIpaGOTaHbI PEKOMCHIOAIMMU 110 IKCILTya-
AN ITo Benvunnam F, . wmm N, . MOXHO

1. METOOUKA PACYETA

Brrunciaenue rokasareneit ap@eKTUBHO-
CTHU 2KCIUTyaTalluH Pa3InYHBIX JOKOMOTHUBOB
OCHOBAHO Ha CJIEAYIOLIEH CTaHIAPTHOU Me-
Tonuke. Ha HayaJabHOM 3Tare CiaemyeT U3-
YUUTH TIPOAOJIBHBIN MTPOMUIb UCCIeTYeMOTO
y4JacTKa IyTH (B pacCMaTpMBaeMOM IIpUMepe
Tonroiir—Yoiip, naHHBIE TPEIOCTABIEHBI
Vinan6aropckoil Xeiae3HO AOpOTOM —
YB2K]). PacuéTHas cxema rmpoduis moryya-
eTcs Oylaromapst TPYMIIMPOBKE CXOMHBIX 3JIe-
MEHTOB U 3aMEHe KPUBBIX YJYaCTKOB MYTH
(UKTUBHBIMY TOAbEMaMU. 3aTeM, 3a1aBasICh
Maccoii moesna, Halo BEIOpaTh CEPUIO U UUCIIO
CEKIINii TOKOMOTHBA Ha OCHOBE BBIYMCIICHUS
MUHUMAJIBHOU CWJIBI TSTW JIOKOMOTHBA LIS
BEIICHUsI IPYy30BOIO I0e3/1a YCTAHOBICHHOTO
Beca MO PacuyE€THOMY IMOIBEMY C pacUYETHOM
TMOCTOSIHHOM CKOpPOCTHIO [6]:
FKmian‘(wo""iP)'(q_HJs (1)

q

rane Q — Bec Irpy30BOro cocTaBa moesaa, KH;
i, — KPYTU3HA PaCYETHOTO MOALEMA; g — OT-
HOIIIEHME Beca cocTaBa Ioe3aa K Becy JOKO-
MOTUB. OCHOBHOE yIIeJIbHOE COMTPOTUBIEHUE
JBVKEHUIO MO€3/1a 0, OTIPeNeseTcst U3 (2):

_ oy +qoy

0)0 —v. (2)

Benuuunbl @, @ , XapaKTepu3yoLue

OCHOBHOE YJIeIbHOE COITPOTUBIIEHUE ABUKE-
HUIO JIOKOMOTHBA 1 I'PY30BOI'0 COCTaBa, COOT-
BETCTBEHHO OepyTcs u3 [1, 7] anst pacu€THol
CKOPOCTU V, = 24 xM/4. MUHUMAaJIbHO HEO0-
XonuMasl IUisl BeAeHUs Mmoe3aa MOIIHOCTD
HaxomuTcst o hopmyie [6]:
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BBIOpaTh CEPUU IOKOMOTUBOB C COOTBETCTBY-
JOIIMM YMCJIOM CEKLIMI M pacYETHBIMU T1apa-
MeTpaMH He HMXe MUHUMAaJbHO HEOOXOmu-
MbIXx. Pacu€THble mapamMeTpbl TaKuUX cepuit
npencTaBieHbl B Tadauie 1.

IMocne Toro, Kak BEIOpaH TUM U KOJIMYE-
CTBO CEKIIMii IOKOMOTHBA, CJIEAYeT MPOBECTU
TSTOBBIM PaCUYET paBHOAEHCTBYIOLLIMX CUJI TIPU
OCHOBHBIX peXXMMax IBVKEHUS: TSTE, TTOJITHOM
CIYy’keOHOM TOPMOXKEHUU U XOJOCTOM XOJe.
DMnupudeckre (opMyJibl, IO KOTOPBIM IPO-
BOJIMUJIMCH BBIYMCJCHUS CUJ B 3aBUCUMOCTH
OT CKOPOCTH NBUXEHUS, 3aUMCTBOBaHBI
us [2].

VnenwHast yckopsiomiasi cuia (B pexxuMe
Tarn) [ 1] aBisieTcst pyHKUMER CKOPOCTU U MO-
JKeT OBbITh HalileHa COTJIaCHO BBIPAXKEHUIO:

JO) =f— 0, C))
F,

e f, =—~— —ynensHas cuna Tsaru (P— Bec
P+Q
JIOKOMOTHBa, Q — Bec moes3aa). YuejabHas 3a-
MeIsgtonias cuia (TopMO3HO pexkxum) [1]
HAXOIUTCS KaK

JO) =056, + o, %)
v+100
b, =270———-v, — S
3necy b, 552100 U, — ymenabHast TOp

MO3Hasl CUJa;
o, P+a,-0
W,y =——————— — yJieJIbHasl 3aMeIsI0-
P+Q

11asi cujia B peXuMe X0JIOCTOrO XO/a.
OCHOBHOE yIeJIbHOE COTTPOTUBIIEHUE IBU-

>KEHUIO MOJBMXHOIO COCTaBa B PEXUME XO-

nocroro xoxa: w' =2,4+0,011v +0,00035v°.

B pexxrme 3KCTPEHHOTO TOPMOXEHUS YAETb-

Hasl 3aMeJIsTiolnast cuia [6] BeIYUCsIeTCs

COIIACHO BBIPAKEHUIO
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Puc. 1a. YaenbHas yckopsiowyas cuna (B pexvme
T9ru) 4T3116YM.

v
KA /
90

/

W,
X piken
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xosocTtoro xona) 4T3116YM.
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Puc. 1B. YaenoHas 3ameansowas cunna (TOPMO3HON
pexum) 4T3116YM.

JOv) =b,+o,. (6)
Pacuér 3aBrCUMOCTH yIebHOM YCKOPSIIO-
e ¥ 3aMeIISIIONIEI CUJI OT CKOPOCTH IIPO-
BOJIMJICS HA MacCHUBE TMCKPETHBIX 3HAUCHUI
CKOPOCTH, B3STHIX B MHTepBaje oT «0» mo
KOHCTPYKIIMOHHOM CKOPOCTH JIOKOMOTHUBA V.
cmarom Av =10 km/4. Kpome 3T0oro, pacuétsl
MPOU3BOIMINCH IS PACUETHON CKOPOCTH
M CKOPOCTH, COOTBETCTBYIOIIIEH TOUKE Iepe-
JIOMa TSITOBOM XapaKTepUCTUKU TOKOMOTHBA.
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Puc. 2a. YaenbHas yckopsioujas cuna (B pexume Taru)
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xosnocTtoro xoaa) 2T3116YM-23ATrAJ.
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Puc. 2B. YaenbHas 3ameansiowjas cuna (TOpMo3HOM
pexum) 2T3116YM-23ArAJl.

PesynbraThl BEIUMCICHUI TIpeACTaBICHBI
Ha puc. 1(a-B) u puc. 2(a-B), TJIe OHU IPUCYT-
CTBYIOT B BUE Tpa(pKOB 3aBUCUMOCTH PaB-
HOIEMCTBYOIIEH CWIBI (TIPU TPeX pexXuMax
JIBWXXEHHUS) OT CKOPOCTH.

Ha ocHoOBe MoTy4eHHBIX JaHHBIX TTOCTPO-
eHa JauarpamMma yaeJabHBIX paBHOACHCTBYIO-
IIMX CUJI UTST Pa3IMYHBIX IOKOMOTHUBOB, TIOCTIE
Yero ¢ ee MOMOIIIbIO Ha IpachuKe IMPOI0TbHO-
ro npoguias NpoBeaEH pacuyéT CKOPOCTHU
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Puc. 3. Pe3ynbratbl pacyéta KpyuBO¥ CKOPOCTU U BDEeMEHU ABMKEeHUs Ha ydacTke Bymbar—bBasiH.

nBUxeHus noesaa. [Ipu pacuérax ucnosnab3o-
Bajicsa meton A. WM. Jluneua [3], HanbOoee
YIOOHBIN U1l MPUMEHEHUS B YCIOBUSX XKe-
Jne3HbIX gopor. CyTh MeToda 3aKJI0uyaeTcs
B rpapuueckoM MHTETPUPOBAHUY YPABHEHMS
JBUXeHUs rnoesna. [1pu noctpoeHun KpuBoi
CKopocTU 1o MeTtony Jlumneua HeoOxoaumo
Pa3pelnTh MPOTUBOPEYUE: C OMHON CTOPOHBI,
CTPEMUTHCH K PA3BUTUI0O MAKCUMAJIbHBIX
CKOPOCTEM C TeM, YTOOBI TOBBICUTH ITPOITYCK-
HYIO CLIOCOOHOCTB XeJIE3HOW TOPOru, C Ipy-
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TOW CTOPOHBI, CJIeAYeT 00ECIIEYUTh SKOHOMUIO
SHEPrOpeCcypcoB.

IlocTaBneHHas 3amaya penraeTcs 3a CUET
PallMOHAJIBHOTO UCITOJIb30BAHUST HAKOILJIEH-
HOWM KMHETUYECKON U MOTEHLIMAJIbHOM SHED-
ruu noesna. Pe3ynabraTel pacué€Ta KpUBOU
CKOPOCTH TIOKa3aHbl Ha puc. 3, Tae hurypu-
pyeT HauboJiee CI0XHbIN neperon bymbar—
bagH.

Ha ocHoBe KpuBOIi CKOPOCTU U MPU MO-
Moty rpacdudeckoro metona I. B. Jlebenera
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[3] mosnyyeHo rnosHoe BpeMsi IBUXKEHUS U Bpe-
MsI pabotsl TOJl B pa3MuHBIX pexXuMax Ha
yuactke Tonaroiir—YHoiip. DTOT MeTO TT03BO-
JIIeT TIOJTyYMTh Han0oJIee TOUHBIE Pe3YJIBTaThI,
SIBJISIETCS] HAIJISITHBIM M HE TpeOyeT 3Hauu-
TEJIbHBIX 3aTpaT MalIMHHOTO BpeMeHU. OH
JIOTTYCKAEeT JIOCTAaTOYHO TIPOCTYIO IMPOTpamMM-
HYIO peajn3alinio, MMOCKOJIbKY OCHOBaH Ha
nuddepeHImanbHON CBSI3M CKOPOCTU U KO-
OpJWHATHI: TAHTEHC yTja, 00pa30BaHHOTO
KacaTeJIbHOM K rpaduKy 3aBUCHMOCTH t = f(S)
1 OCBhIO BpEMEHHU, ITPOTIOPIIMOHAJIEH CpeTHE N
CKOPOCTH JBMKEHMSI HA TAaHHOM WHTEpBaJle
myTu. Pe3ynbraTsl BBIYMCICHUST ABUKECHUS
MoKa3aHbl Ha puc. 3.

OrnpeneiB BpeMst Xo/1a Ttoe3/1a t 1o y4JacT-
Ky meronoMm JlebeneBa, cienyeT paccuuTaThb
CPEIHIOIO TeXHHYECKYIO V. Ul YIaCTKOBYIO V,
CKOPOCTH IBVDKEHUST JUTSI KaXK/I0TO BapruaHTa
CpaBHEHWUST, KM/U:

W=ﬂ¥5§; ()

Vg =B,V . ®)

3mech 2.8 — o01as JIMHa ydacTKa mpodu-
s (B KMJIOMETpax), ¢ — oblee BpeMsl Xxoaa
noesaa (B MUHyTax), By — KO3 PULUEHT
Y4aCTKOBOM CKOPOCTH, KOTOPBIif MOXKHO IpH-
HSITh B UHTEPBAJIE By =0,8—0,9.

AHanu3 pexxuMoB padoThl TO/] mo3BosisieT
HalTH pacxoJ TOTUIMBA Ha OCHOBE U3BECTHBIX
COOTHOIIEHUIA, TIOCJIE YET0 0Ka3bIBAECTCSI BO3-
MOXHBIM CJieJlaTh BBIBOJIbI OTHOCUTEIbHO
11€J1IeCO00Pa3HOCTU IKCIUTyaTallui JIOKOMO-
THBa. Pacxom nu3enbHOro ToIimBa (B KUJIO-
rpaMMax) TEILJIOBO30OM IIPU JABMXXEHUU I10
3aJaHHOMY YYaCTKY OIPEACISIOT 110 (hopMyJIe:

My
E=2.Got+ g, ©)

=
e G, — pacXo/l TOILIMBA 34 [-YI0 MUHYTY IIPU
JNBUKEHUU TETUIOBO3a B PEXUME TITU MPU
i-OM TIOJIOXKEHUM PYKOSITKM KOHTpOJUIepa
MaluHuCcTa (Kr/MuH). JlaHHbIC 3HAYCHUS
MPUBOAATCS B [4] B BUIE pacXOJHBIX XapaK-
TepUCTUK G = f(V, n,); n_— YUCJIO UCIIONb3Y-
€MBIX TS BEICHUS TTOe3/1a TO3ULIUI PYKOSIT-
KM KOHTPOJUIEpa MAallMHUCTA, g — PacXol
TOTIJIUBA 3a i-yI0O MUHYTY TIPU IBUKEHUU
TETUTOBO3a B PEXXMMaX XOJIOCTOTO XO/1a TN3e-
JIsl U TOpMOXKeHust (Kr/MuH). Te ke 3HaueHUsI
MPUBOAATCA B [5], TaM 7, — cyMMapHOe BpeMs
JBUKEHUSI TEIJIOBO3a B PEXUME TSITU MPU
i-OM TIOJIOXKEHUU PYKOSITKM KOHTpOJUIepa
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MalIMHUCTA (B MUHYTaX), OHO OTIPEAeIsIeTCs
1o KpuBoii t = f(S); 7 — cymMapHOe Bpems
JBVDKEHUSI TETIJIOBO3a B peKMMaX X0JI0CTOTO
X0Jla MU TOPMOXKEHMS (B MUHYTaX), OMpee-
nsgercs o t = f(S).

bonee ynoOHON BeIUMUYUMHON SIBISIETCS
YIEbHBIN pacXo1 HaTypaIbHOTO TU3ETHHOTO
TOIJIMBA Ha eIMHUILY TTEPEBO30YHOM pabOThI
10T * KM GPYTTO, UBMEPEHHBIN B ¢IMHUIIAX
Kr/10* T * KM GpyTTO:

e (10

- B o
0>'s

2. PESYJIbTATbI U UX AHAJTIU3

Bridbpannas macca moesaga 8 000 T mpoBe-
Ppsi1ach, UCXOSI M3 MAKCUMAaJIbHO BO3MOXKHO-
o Beca Ioe3/1a, KOTOPbIiA BHIYUCIISUICS COLJIa-
cHo dopmyie (11) [6]:
0 - E, —(a)0 +i,)P
i (@, +1,)

D

C YYeTOM ka — pacUETHOM CMJIbI TSITU JIOKO-
MOTHBA 1 PACYETHOI CKopocTH v, . [List 10KO-
moTtuBa 4T3116YM nonydeHo sHaueHue Q=
9675 T, UTst KOMOMHALIMHY IOKOMOTHUBOB 2TD-
116YM-23ATAJT - Q = 10245 1. Kak BuaHoO,
macca noesnga 8000 T BeIOpaHa ¢ OOJbIIUM
3aracoM. OH HEOOXOIMM €11l U IIOTOMY, YTO
clieayeT o0ecneuynTh HaaEXHYI0 paboTy KOM-
rpeccopa, MprU3BaHHOTO COXPAHUTh PacUET-
HOE 3HaYeHMEe YCKOPEHUsI IIPYU TOPMOXKEHUH,
a TakxKe He JOMyCcTUTh neperpesa TO/I 1oko-
MoTHBa. PacyéT HagEXHOCTU MPOBOAMIICS IO
M3BECTHBIM popmyam [6].

BriOpaHHast Macca rmoesnaa Takxke IpoBe-
psiach MO YCJIOBMIO TPOTaHUS C MecTa Ha
pacyETHOM MOAbEME:

Oy =—ome
M (@ )°8
3nech F,,, — cuia Tsru JJIOKOMOTHBA TPK
TPOTaHWM C MECTa, U3MepeHHast B H; w ——
YIEIbHOE COTIPOTUBJIEHUE COCTaBa TIPU TPO-
TaHUU C MECTa, B KT¢/T. Pacuér mokasai, 4To
JUIs 000MX BapMaHTOB pacCUMTaHHAsI Macca
MPEBBIIIACT BEIOPAHHYIO: IIJIsT TOKOMOTHBA
4TD116YM Qm = 10015 1, W1t KOMOMHALINA
JnokoMOoTuBOB 2TD116YM-23ATAJl QKTp =
10132 T.

OmHUM 13 OCHOBHBIX KPUTEPHUEB ITPABUITb-
HOCTHU BBIOOpPA MACCHI TTOE€3/1a CITY>KUT TAKXKe
yCJIOBUE HAJAEXHOTO TOPMOXEHUs. Pacuér-
HBIIT KO3 GUIMEHT HAAEXKHOCTU JTOJIKEeH
HaxonuThes B Tipenenax [0,28—0,33]:

~Peg. (12)
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Tabumuna 2

JlokomoTuB (Bec moesa) t, MUH Vv, KM/4 E, xr e, kr/10% T * k™ Op.
2TD116YM (4500 T, mBa moe3aa ciemyioT apyr | 265,1 + 30 58,4 3623,5 156,5
3a Ipyrom)
4TD116YM (8000 1) 260,2 59,5 3421,1 162,6
2TB116YM-23ATAJT (8000 T) 256,5 60,3 3264,7 155,1
n EPEroHe OoAHOIro nmoesga, B TO BpEMA KakK

ZK d, B ycaoBusix P2KJI mpuMeHsieTcs aBTomaTnyue-

9=—1 (13)  ckas OokupoBKa [8].
(P+0)-g

3neck K — crita HOpMaabHOTO TaBICHUS
TOPMO3HBIX KOJIOJOK, ¢ — IMIUPUUYECKUN
Ko3(ppUIMeHT, 3aBUCAINI OT THUIIA BaroHa
M KoJinuecTBa oceil. Pacu€THble 3HaUYeHUS
okazamuchk 3 = 0,321 (w1t mokomoTnBa 4TD-
116YM) u 8 = 0,320 (w11 KOMOMHALIMK JIO-
KoMOTHBOB 2TD116YM-23ATA).

IMapameTrpbl 2(p(peKTUBHOCTH, HAliIEHHbBIE
IUTSL IBYX TTPEIUTOKEHHBIX BAPHAHTOB JIOKOMO-
TUBOB, COIIOCTABJISUTMCh C JAHHBIMH, ITOJTY-
YEHHBIMM JUTSI IOKOMOTHBA, KOTOPBII 9KCILTY-
atupyetcst Ha YB2K] (Ha yuactke Tonroitt—
Yoiip): 2TD116YM-4500 T (1Ba moe3na cje-
IIYIOT IPYT 3a IPYTOM C MHTepBajioM 30 MUHYT).

PacuéTHble 3HaU€HUSI BpeMEHU IBUXKEHUS
(TosryyeHo rpacduyeckuM CrocodboM U3 aHa-
JIN3a KPUBOI CKOPOCTH, B MUH ), TEXHUYECKOM
ckopoctH (popmyisl (7, 8), B KM/9), yaeTb-
Horo pacxoma toruBa (popmynsr (9, 10),
B KT) IIPEACTaBJICHBI B TA0IUIIC 2.

Kak BUITHO U3 TIpeICcTaBICHHBIX Pe3y/IbTa-
TOB, KOMOMHAIINI JOKOMOTUBOB 2TH-
116YM-23ATAJl no3BoJIsIeT OpraHMU30BaTh
0osiee ObICTPbIE 1 9KOHOMUYHbBIE Ipy30Iepe-
Bo3KkU. [1p1 5TOM BapraHT OKa3bIBacTCSI HAM -
0oJiee BBIUTPHIIITHBIM IO BCEM ITapaMeTpaM:
YIEeTbHOMY pacXody TOIUIMBA, CPeIHEH CKO-
POCTH IBVKECHUST, BpEMEHU IBUKCHUS U KO-
HOMMWT TPYHO3aTpaThl IepcoHana. Eme pa3
TOMYEPKHEM, UTO IUTSI CPAaBHEHUS TTPEIIOKEH-
HBIX B paboTe BapMaHTOB 3KCILJIyaTalluKu
C TPaOWIIMOHHBIM BapUaHTOM HEOOXOIMMO
BBITIOJIHSITh PACUYETHI IJIT ABYX TToe3moB 2TH-
116YM c rpy3om 1o 4500 T, cieayiommx apyr
3a mpyroM ¢ uaTepBasioM 20—30 MuHyT. Takoit
WHTEepBaJl 00yCJIOBICH TeM, 9To Ha YBXKJI
WCITOIb3YeTCs TToJlyaBTOMaThYecKasi OJIOKH-
pOBKa, KOTopas IToApa3yMeBaeT HAIMIKME Ha

3AKJTIOMEHUE

OcHoBHbIMU NpuoputTeTamu Y b2XKJI siB-
JIs1eTcs ObICTpOTa, HaAEXHOCTh, Oe3ormac-
HOCTb M 3KOHOMMYeCcKast 3(PPeKTUBHOCTD
rpy3orepeBo3oK. Mcronb3yeMblii B HACTOSI -
miee BpeMs JJokoMoTuB 2TD116YM BriosnHe
COOTBETCTBYET BCEM IPEAbSBISIEMBIM TPEOO-
BaHUsM. TeM He MeHee TIpu OoJiee AeTaIbHOM
pPaccCMOTPEHUU BO3MOXHOCTEM XKeJe3HOU
JIOPOTHY TMOSIBJISIIOTCS BApUAHTHI C TTOe31aMU
0oJIbIIIel MAacChl, KOTOPhIE TTO3BOJISIIOT J0-
OMTBHCS JIYYIIUX, YeM paHee IoKazaTesieid
3 PEeKTUBHOCTH.

Hcronb3oBaHKe TPEIIOXKEHHOM KOMOM-
HaluK JOKOMOTUBOB 2TD116YM-23ATAJl
b6osiee 93¢ HEKTUBHO TPEXKIE BCETO C TOUKU
3peHus TPEX MoKaszaTesieil: BpeMEHU JIBU-
JKeHUS, pacYETHON CKOPOCTU M pacxoja
TOILINBA.
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ABSTRACT

The requirements of speed, reliability, safety and
cost-effectiveness of cargo transportation pose a
number of complex logistics tasks for Ulaanbaatar
Railroad (UBZhD), including the choice of optimal
train mass, series and number of locomotive
sections for driving a freight train of a given weight.
The mass of the train selected in the course of the
study was checked by the condition of starting from
the place on the calculated ascent. Based on the
analysis of the longitudinal track profile, a
computational profile scheme was compiled.
Calculation of the minimum traction force of the
locomotive was given by the mass of the train, the

series and the number of sections. Using the
diagrams of the specific slowing and accelerating
forces, the train speed curve was constructed by
the method of A. I. Lipets, after which by the method
of G. V. Lebedev the total train travel time and the
operating time of TED in various modes was found,
which allows finding the specific fuel consumption.
After considering three possible variants, it is
established that the combination of locomotives
2TE116UM-23AGAL allows for faster and more
economical cargo transportation. Given the
equipment of the UBZhD with these locomotives,
the idea proposed in the article can be realized on
the most heavily stressed sections.

Keywords: railway, locomotive, Mongolia, cargo transportation optimization, calculations, efficiency.

Background. /n connection with the forecasted
growth of the Mongolian economy, it becomes
necessary to solve complex logistics tasks on a
countrywide scale. Actually, in particular, the choice
of a locomotive that meets a set of requirements,
including such as minimizing the time oftransportation,
observing traffic speeds ensuring safety in emergency
situations, determining the optimal specific fuel
consumption becomes a topical one. In this study, on
the basis of the analysis of the longitudinal track
profile, optimal parameters of the mass of the train,
the series and the number of sections of the
locomotive for conducting a freight train of a given
weight were chosen on the most heavily stressed
section Tolgoit—Choir. For each of the proposed
options indicators of relative effectiveness were found
and recommendations for operation were developed.

Objective. The objective of the authors is to
consider efficiency of using autonomous locomotives
on the railways of Mongolia.

Methods. The authors use general scientific and
engineering methods, mathematical apparatus,
statistical method, comparative analysis.

Results.

1. Method of calculation

The calculation of performance indicators for the
operation of different locomotives is based on the

following standard procedure. At the initial stage it is
necessary to study the longitudinal profile of the
investigated track section (in this example, Tolgoit—
Choir, data provided by the Ulaanbaatar Railroad —
UBZhD). The calculated profile scheme is obtained
due to the grouping of similar elements and the
replacement of the curves of the track sections with
fictitious ascents. Then, specifying the mass of the
train, itis necessary to choose the series and number
of sections of the locomotive on the basis of
calculating the minimum traction force of the
locomotive for conducting a freight train of the
established weight according to the calculated ascent
with a calculated constant speed [6]:
kain:Q'(mo"'iP)'(qTH): (1)
where Q is the weight of the freight train composition,
KN, i, is steepness of the calculated ascent; q is the
ratio of the weight of the train to the weight of the
locomotive. The main resistivity of train movement o,
is determined from:
_ oy +q9f
g (2)
The values ®,, ®, , characterizing the main
resistivity of movement of train and freight train are

Table 1
The initial parameters of the compared series of locomotives
Ne Basic parameters of locomotives Series of locomotives
1 variant 27 variant
4TE116UM 2TE116UM-23AGAL
1. Effective capacity (continuous power), kW | 5300 5287
2. Number of sections 4 4
3. Calculated traction force, N 1460 1430
4. Calculated speed, km / h 24,4 24,4
5. Constructional speed, km / h 100 100
6. Calculated weight, kN 5520 5364
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Pic. 1a. Specific accelerating force (in traction mode) Pic. 2a. Specific accelerating force (in traction mode)
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taken from [1, 7] for the calculated speed v, = By the values of F, . or N .. itis possible to [ ?’E
24 km/h. The minimum power required to drive atrain ~ choose a series of locomotives with a corresponding
is found according to the formula [6]: number of sections and calculation parameters that
are not lower than the minimum required. The
N, = Frmin Vo (3) calculated parameters of such series are shown in
Amin 3600 Table 1.
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Pic. 3. Results of calculation of speed and time curve on Bumbat—Bayan section.
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Table 2

Locomotive (weight of the train) t, min v, km/h E, kg e, kg/10* t'km gr.
2TE116UM (4500 t, two trains follow each other) 265,1 +30 |58.4 3623,5 156,5
4TE116UM (8000 t) 260,2 59,5 3421,1 162,6
2TE116UM-23AGAL (8000 t) 256,5 60,3 3264,7 155,1

After the type and number of sections of the
locomotive has been selected, itis necessary to draw
traction calculation of the resultant forces under the
main driving regimes: traction, full service braking and
idling. The empirical formulas used to calculate the
forces as a function of the speed of motion are taken
from [2].

The specific accelerating force (in the traction
mode) [1] is a function of speed and can be found
according to the expression:

(4)

flv)=f.—- o,
where fy = is specific traction force (P is

FK
P+Q
locomotive weight, Q is train weight). The specific
decelerating force (braking mode) [1] is found as
f(v)=0,5b, + o, (5)

100
Here b, =270 vt -v, Is specific braking force:

5v+100

_ a)x ~P+a);~Q
P+Q

Wy x is specific decelerating force
when idling.

The main specific resistance to movement of a
rolling stock in idling mode: w' = 2,4+0,011 v +
0,00035 v2. In the emergency braking mode the
specific decelerating force [6] is calculated according
to the expression
f(v)=b,+ o, (6)

Calculation of the dependence of the specific
accelerating and decelerating forces on the speed
was carried out on an array of discrete values of the
speed taken in the interval from «0» to the design
speed of the locomotive v, with a step Av= 10 km / h.
In addition, calculations were made for the calculated
speed and speed corresponding to the point of
fracture of the locomotive tractive characteristic.

The results of the calculations are shown in Pic. 1
(a-c) and Pic. 2 (a-c), where they are present in the
form of graphs of the dependence of the resultant
force (with three modes of motion) on the speed.

On the basis of the obtained data, a diagram
of the specific resultant forces for different
locomotives was constructed, after which a
calculation of the speed of the train was carried
out using the longitudinal profile graph. The
method of A. I. Lipets [3] was used in the
calculations, which is the most convenient for use
in the conditions of railways. The essence of the
method is the graphic integration of the equation
of train motion. When constructing a speed curve
using the Lipets method, itis necessary to resolve
the contradiction: on the one hand, to strive for
the development of maximum speeds in order to
increase the capacity of the railway, on the other
hand, energy saving should be ensured.

The task is solved due to the rational use of the
accumulated kinetic and potential energy of the train.
The results of calculating the speed curve are shown
in Pic. 3, which shows the most difficult haul Bumbat-
Bayan.

On the basis of the speed curve and using the
graphical method of G. V. Lebedev [3] was obtained

the total travel time and operating time of TED in
various regimes in the section Tolgoit—Choir section.
This method allows to get the most accurate results,
is visual and does not require significant computer
time. It allows a fairly simple software implementation,
because it is based on the differential coupling of
speed and coordinate: the tangent of the angle
formed by the tangent to the graph of the dependence
t=1(S) and the time axis, is proportional to the average
speed of motion on a given track interval. The results
of the calculation of motion are shown in Pic. 3.

Having determined the travel time t of the train by
the Lebedev method, it is necessary to calculate the
average technical v, and the sectional speed v, for
each variant of comparison, km / h:

VT:60~tZS; (7)

I/vsec = ﬂsec 'VT . (8)

Here XS is the total length of the section of the
profile (in kilometers), t is the total train travel time
(in minutes), B, is the sector speed coefficient, which
can be taken in the range B_,. = 0,8-0,9.

The analysis of TED operation modes allows
finding fuel consumption based on known ratios, after
which it becomes possible to draw conclusions
regarding the expediency of operating a locomotive.
The diesel fuel consumption (in kilograms) by diesel
locomotive when driving on a given section is
determined by the formula:

EziGi'ti"'gx'tx:

i=1

(9)

where G, is fuel consumption for the i-th minute when
the locomotive moves in the traction mode at the i-th
position of the handle of the driver’s controller
(kg/min).These values are given in[4] in the form of
flow characteristics G =1(v, n,); n, is the number of the
driver’s handle positions used for driving the train, g,
is the fuel consumption for the i-th minute when the
locomotive moves in idle and braking modes
(kg /min). The same values are given in [5], where t,is
the total travel time of the locomotive in traction mode
at the i-th position of the operator’s controller handle
(in minutes), it is determined by the curve t=1f(S); t is
total time of locomotive motion in idle and deceleration
modes (in minutes), is determined by t =f(S).

A more convenient value is the specific
consumption of natural diesel fuel per unit of
transportation work of 10* t / km gross, measured in
units of kg / 10° t / km gross:

B
oys
2. Results and analysis
The selected train mass of 8,000 tons was

checked based on the maximum possible weight of

the train, which was calculated according to formula

(11)[6]:

0 :ap—(w;+ip).P

e

(10)

(11)

(a); +i,)
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Taking into account F, is design traction force
of locomotive and calculated speed v_. For the
locomotive 4TE116UM the value Q 5675 tons
was obtained, for the combination of locomotives
2TE116UM-23AGAL - Q,_ = 10245 tons. As can be
seen, the train mass of 8000 tons was chosen with
a large margin. It is also necessary because it is
necessary to ensure reliable operation of the
compressor, designed to maintain the calculated
value of acceleration during braking, and also to
prevent overheating of TED of the locomotive.
Reliability calculation was carried out according to
known formulas [6].

The selected mass of the train was also
checked by the condition of starting from the place
on the calculated ascent:

ka i P~g i (12)
Y (@, +i) 8
Here F,  is traction force of the locomotive

when starting motion, measuredin N; w,, /s specific
resistance of the train when start/ng mot/on in
kgft/t. The calculation showed that for both variants
the calculated mass exceeds the selected mass:
for the locomotive 4TE116UM Q, = 10015 tons, for
the combination of locomotives 27PE 116UM-23AGAL
Q,,, = 10132 tons.

One of the main criteria for the correctness of
the choice of the mass of the train is also the
condition for reliable braking. The calculated
reliability factor should be in the range [0,28-
0,33]:

YK-4,

—_1

(P+0)-g "

Here K is the force of the normal pressure of
the brake pads, and ¢ is the empirical coefficient
depending on the type of car and the number of
axles. The calculated values turned out to be 9 =
0.321 (for the locomotive 4TE116UM) and 8 =
0.320 (for the combination of locomotives
2TE116UM-23AGAL).

The efficiency parameters found for the two
proposed variants of locomotives were compared with
the data obtained for the locomotive, which is
operated on the UBZHD (on Tolgoit-Choir section):
2TE116UM-4500 tons (two trains follow each other at
an interval of 30 minutes).

The calculated values of the time of motion
(obtained graphically from the analysis of the speed
curve, in min.), technical speed (formulas (7, 8), in
km / h), the specific fuel consumption (formulas (9,
10), kg) are presented in Table 2.

As can be seen from the presented results, the
combination of 2TE116UM-23AGAL locomotives
allows for faster and more economical cargo
transportation. At the same time, the variant
proves to be the most advantageous in all

(13)

parameters: specific fuel consumption, average
speed of movement, time of movement and saves
labor costs of personnel. Once again, we
emphasize that in order to compare the variants
of operation proposed in the work with the
traditional variant, it is necessary to perform
calculations for two trains 2TE116UM with a cargo
of 4500 tons, following one another at intervals of
20-30 minutes. This interval is due to the fact that
a semi-automatic blocking is used on the UBZ,
which implies the presence of one train on the haul,
while automatic blocking is used in the conditions
of Russian Railways [8].

Conclusion. The main priorities of the UBZHD
are speed, reliability, safety and cost-effectiveness
of cargo transportation. Currently used locomotive
2TE116UM fully meets all the requirements.
Nevertheless, with a more detailed consideration of
the possibilities of the railway, there are variants with
trains of larger mass, which allow achieving better
performance indicators than previously.

The use of the proposed combination of
locomotives 2TE116UM-23AGAL is more effective
primarily from the point of view of three factors:
driving time, design speed and fuel consumption.
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Oner AYHAEB

Oleg N. DUNAEV

Translogistic Platform: Network
Cooperation

(TekCT cTatbu Ha aHIJ1. 3. —
English text of the article — p. 121)

B cTatbe sioructuka npeacraet
TexXHOJI0rnei yrnpaBieHusl CeTeBoi
Koornepauvenr B HOBOU Mmoaenun
BKOHOMUYECKOro pocTa, OTBeYaroLLei
TpeboBaHUIM MOGUIbLHOCTHU JlloAel

un ToBapos B XXl Bexe. Jaercs

aHann3 JIOrucTuku Kak pakropa
COBPEMEHHOro arana 3KOHOMU4eCKOro
pocta. PaccmaTtpuBaloTcsi OCHOBHbIE
TeHAeHUnn GopmMupoBaHNs N Pa3BUTUS
TPaHCJIOrMCTUYECKOI NMN1aTgopMbl Kak
ceTeBoOM Koornepauuv B ernu co3gaHusi
npoaykra; eauHoro/oéLero 6usHec-
npouecca; ceTeBoro B3auMoaencTBns
OU3HecC-npoL,eccoB Ha TePPUTOPNAIbHOM
ypoBHe. CaenaH BbiBO4 O HEOOXOAUMMOCTH
Pa3BUTUSI JIOFTUCTUKUN KaK TEXHOJIOIUU
ynpassieHus, obecrneYynBaloLLei
cuHepreTuyeckui agpgekr Ha 6a3e
TOProBO-rNMPOMbILLJIEHHOM CE€TEeBOM
koonepayun

KnrouyeBbie cioBa: 9KOHOMUKA, JIOrMCTUKa,
TpaHcorucTndeckas nnargpopma,
cTparernyeckoe rnapTHepPCTBO,
3KOHOMUYECKUM POCT, TexXHOoJiormm
yrpaB/ieHVs1 CETEBOI koonepaume, Gu3Hec-
rpoLeccsl.
|
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TpaHcnorncTuyeckas
nnatdopma: ceteBas
Koonepauus

Jlynaee Oaee Huxoaaeeuu — doxmop
KOHOMUHMECKUX HAYK, npogeccop, uren Cosema
TIIII PD no npombluaeHHOMY paA36UMUI0

U KOHKypeHmochocobrHocmu sxonomuxu Poccuu,
3amecmumens npedcedamens Komumema PCIIII no
MeANCOYHAPOOHOMY cOmpPYOHUHecmay, npedceoamend
NnoOKOMUmMema no mpaHcnopmy u A02Ucmuke,
Mockea, Poccus.

€LLIEHUE HACYIIHbIX 33124 POCCUUCKOMN
SKOHOMMWKH YITUPAETCS B HETPUBUATb-
HBII Tpolecc «COOUpaHUs» POCCUIL-
CKUX OM3HECOB B TIPOU3BOACTBEHHBIE IIETIOYKH,
KJIaCcTephl, arjioMepalu, «CIIIMBaHUST» KPYTI-
HBIX PETMOHAJBHBIX IIEHTPOB MTPOU3BOICTBA
¥ TIOTPeOJIeHUST B ME30- U MAaKPOPETUOHBI
C BBIXOZIaMU Ha MEKTyHapOTHbIE 9KOHOMUYE-
ckue kopunopbl. UHTeHCHbMKalms Koomnepa-
IIMOHHBIX OTHOILIEHUI TPeOyeT yCUIIEHUS TO-
PU3OHTAJILHBIX CBSI3€il — MEXOTpacIeBbIX
1 MEXPETMOHAIBHBIX — Y MOKET OBITh IIPOYK-
THUBHO OCYLIECTBJIEHA HA 0a3€ JIOTUCTUKU.
CerojiHst MHOTHE TOCY1apCTBa BCTAIM Ha
MyTh MOJIEpHU3ALIMY/TpaHC(HOPMAIINK IKO-
HOMUKM Yepe3 pa3BUTHE TPAHCITOPTHO-JIO-
TUCTUYECKON U TOPTOBOI MHGMPACTPYKTYPHI.
ITpu 5TOM 11€Th HE OTPAHUYMBAETCS BBITIOJN -
HEHMEM POJIN «ECTECTBEHHOTO TPAH3UTHOTO
MOCTa», «€CTECTBEHHBIX BOPOT», «TJ100aTh-
HOTO TPAaH3UTHOTO Xaba», HO MPeyCMaTpU -
BaeT pa3BUTUE YKOHOMUKHU CTPAHBI Kak
rj100aJbHOr0 OM3HEC-LEHTPA C HOBBIMU
KOHKYPEHTHBIMU TPEUMYIIECTBAMMU LIS
y4acTus B TJIO0ATbHBIX LIETIOYKaX CO3MaHUsT
CTOMMOCTHU, C HOBBIMU KOMITETEHIIUSIMU T10
OCYIIIECTBJIEHUIO KPYITHBIX MH(MPACTPYKTYP-
HBIX ITPOEKTOB, C BO3MOXHOCTSIMU TTOJTyYE -
HUSI BBITOJ OT TIPOCTPAHCTBEHHOTO pa3Me-



aTana 3KOHOMW4YECKOro pocTa

TNorucTuka kak akTop Hoaor>

JIOTUCTUKN

WHTerpauus 6uaHec-
AyTCOPCHH 1
| npoueccos - BHYTPUDUPMEHHBIX N3AEPKEK Ha Base "yMHON" 1 HAAEXHOM

KaK UHCT]

|| PopmupoBaHne HOBbIX Pa3BuTUE HOBLIX (hHOPM TOPrOBMM (MHTEPHET-MaraauHsl, pocT
PbIHKOB poccuiickoro oHnaitH-puteiina Ha yposHe 25-30 % B rog),

3KCMPecc-A0CTaBka, PLIHOK YCNyr KOMMMEKCHOM NOrUCTUKMA

Puc. 1. Jloructuka
Kak ¢pakTop

HOBOro 3rana

i" norucTuky, OKOHOMUYEeCKOoro

Bbixoa Ha yxe
CYLLECTBYIOLLME PbIHKA

C n
- FIOTUCTUYECKNX LienoYek,

TOProBbIX MapLUPYTOB, NPOXOASILLMX Yepe3 TeppuTopuio Poccum

pocra.

HoBble (rubkue)

CeTeBoe B3auMoaencTame, 3KOHOMUA Ha macluTabe n
nony4eH1e CMHepreTU4eckoro add
) Ha Gase KnacTepos

XO35INCTBEHHO-

npasoBble (POPMbI

TOProBbI€ NOTOKN U

[oxofia Ha TeppuTOpUM

HOBOroO

—> WHBecTULMN - (PpACTPYKTYPE!
B JIOMUCTUKY Poconn,

MIEHUSI, MEXTyHAPOIHON TOPTOBJIN U MHBE -
CTULIUMA.

K coxanenuro, B Poccuu noreHiman Jioru-
CTUKM KaK OBICTPO PACTYIIETO CEKTOpa HallM-
OHAJIBHOI 9KOHOMUKH SIBHO HEJIOOIIEHUBAET-
cs1. bappepoM s peanuzanuu MoTeHIMAaNa
JIOTUCTUKYN KaK COBPEMEHHON TEXHOJIOTUU
YTpaBIeHUS LIETISIMU TTOCTABOK, OPTaHU3alIUK
CeTeBOro OU3HeC-B3aUMOACHCTBUSI, 00eCIIeUM -
BAIONIETO COKpAIIeHUE COBOKYITHBIX U3MEP-
K€K, POCT MPOU3BOAUTEIILHOCTH TPY/Ia U TI0-
BBIIIIEHE KOHKYPEHTOCITOCOOHOCTH, BBICTY-
TMaoT:

— HecOaTaHCUPOBAHHOE COCTOSTHUE KOM-
TIOHEHTOB JIOTUCTUYECKON MH(PPACTPYKTYPHI
(cyiiecTBeHHbBIE TEPPUTOPUATBHBIE U CTPYK-
TYPHbBIE IUCTIPOTIOPIINY B Pa3MEIICHUN U pa3-
BUTHUU 110 perroHaM Poccrm);

— HexBaTKa (0COOEHHO HOBBIX) KOMIIETEH-
LI ¥ HEAOCTAaTOUYHBIM MacIITad On3Heca JIo-
TUCTUYECKMX KOMIIAHMIA;

— OTCYTCTBUE CTaHIAPTOB U OOIIETIPUHSI-
TBIX TTOJIXO/IOB K CO3MAHUI0 OOBEKTOB JIOTHCTH -
4yeckol MH(MPACTPYKTYpPhI; OMOpa Ha JIEBEJIO-
TEePCKYI0 KnaccurKaIuio CKIAICKUX 00beK-
ToB (A, B, C, D), HecocTosITeIbHYIO TIpU
TIPUHATAU PelieHn 0 HGOPMUPOBAHUY TEXHU -
KO-TEXHOJIOTUIECKNX ¥ O0bEMHO-TIJIAHUPO-
BOYHBIX XapaKTEPUCTUK OOBEKTOB;

— OTCTaBaHUE C BHEIPEHUEM DJIEKTPOHHO-
O JOKYMEHTOOOOpPOTa, BHICOKME M3IEPXKKU
aJIMUHUCTPUPOBAHMUSI JIOTUCTUIECKUX OTlepa-
nuii, Hea(pDeKTUBHBIC TAMOXEHHBIC TIPOLIe-
nypbl;

— HEIOCTaTOYHAsI OPraHU3aIMOHHAS TIOM-
JIepXKa MPOU3BOJCTBEHHOUN KooTepanuu
U CETEeBOTO B3aMMOJEHCTBUSI, TEPPUTOPUAITH-
HOU JIOTUCTUYECKOUW MHGMPACTPYKTYPHI KakK
pecypCHOI OCHOBBI BCTPAaBaHUSI SKOHOMUKHI
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perroHa B IeTH TTOCTaBOK/M0OABIEHHOI CTO-
WMOCTHU, SKCIIOPTHBIE TTOTOKH.

IIpeononeHue cymecTByromux 0apbepoB
BO3MOKHO Ha MyTIX (POPMUPOBAHUS HAUUO-
HANbHOI MPAHCA0UCMUMECKOL NAamOpMbL KAK
WHCTPYMEHTA OPraHU3allU PaCIIPEeIEeHHOTO
MPOU3BOJICTBA HA 06a3e Pa3BUTON CUCTEMBI
PETUOHAIBHBIX TPAHCTIOPTHO-JIOTUCTUYECKUX
m1aThopM/KIacTEPOB CO CIIEMATU3UPOBAH-
HBIM TTAaKeTOM YCIIYT (7151 HehTera3oBoii, Ma-
LIMHOCTPOUTENBHOM, arpOIPOMBILIIEHHON
U IPYTUX OTPACTIeil), CBI3aHHBIX MEXTY COOOM
Yyepe3 MapIIPYTHYIO CEThb, TPAHCTIOPTHBIE Y3IIbI,
TPAHCTIOPTHBIE KOPUIOPHI.

1. IOTUCTUKA KAK GAKTOP HOBOI'O
OSTAMNA SKOHOMUYECKOIo POCTA
HoBpril 3Tanm 3KOHOMMYECKOTO pOCTa HC-
TTOJIB3YET «HOBBIH IMTOPTQhETH PECypCOB», TIaB-
HOM XapaKTEPUCTUKOU KOTOPBIX SIBJISIETCS UX
TMOKOCTh, CITOCOOHOCTD K B3aMOIOIIOJTHEHUIO
1 B3aMO3aMelleHN10, MOOMJIbHOCTD. OH OIn-
paeTcsl Ha CepBUCHYIO 3KOHOMUKY (HUYETO
00111eT0 HE UMEIOIIYIO C IEMHIYCTPHATU3aII -
el 9KOHOMMKH), TIPEIIaTaloIIylo CIOXKHBIN
KOMITJIEKC YCIIYT TI0 OOCTY>KMBAaHUIO OTpaciIeit
U CEKTOPOB 9KOHOMUKM C LIEJIbI0O MUHUMU3a-
LIUU U3IEPKEK/TIOBBIIICHUS TTIPOU3BOINTEIb-
HOCTM Tpy[ia, ONTUMU3ALUU OU3HEC-TPOLIEC-
COB M CUCTeM yrpaBiieHus. OTHOBpeMEHHO
CepBUCHasl 5KOHOMMKA caMa MOXET Y MPOJy-
LIMPYeT HOBBIC MPOMYKTHI, TEXHOJOTUM, OU3-
HECHI U, CJIEA0BATEIbHO, HOBbIE PIHKH.
Jloructuka B COBPEeMEHHBIX YCIOBUSIX
OonpeaesisieT HanpaBaeHUsT 001EMUPOBBIX
TMIOTOKOB TOBapoOB U YCIyT, 3(p(peKTUBHAs J10-
TMCTHUKA CO3[1a€T KOHKYPEHTHBIE MPEeUMYILIe-
CTBa Ha yPOBHE JEJIOBbIX OPraHM3aluii, peru-
OHOB, HALIMOHAJIbHBIX 9KOHOMMK, PACILIUPSIET

AyHaer O. H. TpaHcnorncTtnyeckas nnatpopma: ceTeBad kKoonepauus




Ta0muua 1

CpaBHHTEJIBHLIﬁ AHAJIN3 MHIEKCOB Pa3BUTHA JIOTUCTHUKH IO CTPAHAM

TTo3MIIMOHMPOBAHKE OTIEIbHBIX CTPaH IMosunmonuposanue Poccuu u Kurast
B peiiturre LP12014, World Bank o rpynnoseiM uHaekcam LP12014 (LPI2012/LP12010/LP12007)
Mecto | CrpaHa 3HaueHue Kareropust Mecto CrpaHa
LPI-2014
1 Tepmanus 4,12 TamoxHs 1(21/6/12) Hopserus
2 Hunepaanabt 4,05 38 (30/32/35) Kurait
133 (138/115/137) Poccust
3 Benbrus 4,04 Wnbpactpykrypa 1(1/1/3) Tepmanus
4 BenukobpuraHust 4,01 23(26/27/30) Kurait
77 (97/83/93) Poccust
5 CuHranyp 4,00 OT1rpy3ku 1(9/7/45) JlrokceMOypr
7 Hopserust 3,96 22(23/27/28) Kurait
102 (106/96/94) Poccus
8 JlrokcemOypr 3,95 KauectBo 1(23/13/17) Hopserust
9 CIIA 3,92 1 KOMIICTCHTHOCTS 35 (28/29/27) Kurrait
80 (92/88/83) Poccust
28 Kurait 3,53 Konrtpoib 1(7/4/5) Tepmanus
88 Kazaxcran 2,70 29 (31/30/31) Kurait
79 (79/97/119) Poccust
90 Poccust 2,69 CBOEBPEeMEHHOCTb 1(11/1/25) JlrokceMOypr
99 besnopyccust 2,64 36 (30/36/36) Kurait
84 (94/88/86) Poccust

Ucrounuk: «Connecting to compete 2014. Trade Logistics in the Global Economy. Logistics Performance Index and

its Indicators», World Bank, 2014.

1 00BbENMHSIET CYIIECTBYIOLIME PHIHKU U CITO-
COOCTBYET BXOIY Ha HOBbIE PhIHKU. JIorucTHKa
VIUTMHSIET U AUBEePCUGUIIMPYET LIETIOYKY CO-
30aHUs O00aBJI€HHONH CTOMMOCTHU, MOXET
dopMupoBaTh CTPYKTYPY HallMOHAJbHOU
SKOHOMUKU, ONpeAeisis ee «Ipoduib». Hako-
Hell, JOTUCTUKA CTUMYJIMPYET MPUTOK UHBEC-
TULIAI, TIpUAAEeT UM YCTOMUYMBBIN XapakTep,
MO3BOJISIET paccMaTpUBaTh CBOM MOTEHLIMAT
KakK KJIIOUeBOI cTpaTernyeckuii pecypce (CM.
puc. 1).

B cBoto ouepeb, Ha pa3BUTHE PhIHKA JIO-
TUCTUYECKHUX YCIYT OKa3bIBAIOT BIUSIHUE WH-
HOBallMU 3a MpeaejaMy CEKTopa JOTUCTUKU.
HoBble mpou3BoacTBa, HOBbIE TEXHOJIOTUU
1 HOBbIE MTPOAYKTOBBIE TOTOKHU TPEOYIOT HOBO-
ro AM3aiiHa, T00aJbHbIX LIEMOYEK MOCTaBOK
(GSC) u rnobanbHBIX LIEMOYEK CO3JAaHUS
neHHocTu (GVC), KOTOpble MOTYT He BITUCHI-
BaThbCs B YK€ CYIIECTBYIOIIME CUCTEMbI TPAHC-
MOPTUPOBAHUS U pa3MeIlleHUsI TPAHCTIOPTHO-
JIOTUCTUYECKOU MHMpacTpyKTypsl. B aTOM
ciydae MpekHss ”HPpacTpyKTypa He M03BO-
JISIeT peaIn30BaTh MOTEHIIMAal HOBbIX MHHOBA-
LIMOHHBIX pellIeHUI B 001aCTU MOCTaBOK, YTO
MOApbIBaeT HAAEXXHOCTb MPEeaOoCTaBICHUS
YCIIYT U CTaBUT Tepe HEOOXOAMMOCThIO T13aii-
Ha HOBOI KOH(UTYpaILIMK 1IeTTOYEK MOCTaBOK.
[ToTpeObHOCTb B HOBBIX JJOTUCTUYECKUX B3aU-
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MO,I[GfICTBI/IﬂX 06YCJIOBJIeHa TaKK€ POCTOM LICH
Ha DHEPrOHOCUTENU, YIOPOKAHUEM YCIIYT
TPAHCIIOPTUPOBKU IIPOAYKTA, MOXKET BbI3bI-
BaTbCA IrCOnOJIMTUYCCKUMU pUCKaAMU. [locras-
IWUKU U UX KITMCHTHI HEeN30eXXHO BCTAIOT epea
Mpo0JIeMOli pacrpeae/ieHHs/TIOCTaBKK TPO-
JIyKTa Tpy 00Jiee HU3KUX U3AEePKKaX.

Taxum O6p8.30M, U3MEHCHUA B 9KOHOMUKE
1o JaBJICHUEM JIOTMCTUKU 3aCTaBJIAIOT ITpaBU -
TeJIbCTBEHHBIIA ¥ YaCTHBII CEKTOpa 3ayMaThCsl,
KaKoro Turia MHBECTULIUN Tp66YIOTC$I, B KaK1X
HaITpaBJICHUAX, KaKOro ypOBHH/ KayecTBa OHU
HY>KHbI, YTOOBI COXpaHUTb KOHKYPEHTOCIIOCO0-
HOCTb CTpaHKLI. [Tonumanue MOTUBALUUN JIs1
IIPUHATUA peLHCHI/Ifl B obylactn JIOTUCTUKU,
aTaKX€ X BJIMAHKWA Ha 9KOHOMUWKU PasIMYHbIX
CTpPaH ABJIACTCA BaXKHbIM OTIIPaBHbLIM ITYHKTOM
B UCCJICAOBAHUU TOIro, KaK MHOI'OHallMOHAJIb-
HbIC TOBAPHLIC ITOTOKHM OTpaKaloT XapaKTCpu-
CTUKM PBIHKOB TOW MJIM UHOU PKOHOMUKU
¥ OIHOBPEMEHHO (hOPMUPYIOT UX U 00EeCTIeUU-
BalOT 3 KOHOMWYECKUI POCT.

TTpoBeaeHHBI HAMU aHATU3 POCCUNCKOTO
PBIHKA JIOTUCTUYCCKUX YCIYT ITOKAa3bIBACT:

— OCHOBHas1 A0JI51 YCIIYT B chepe MepeBO30K,
XpaHCHUA, YIIpaBJICHUA 3aracaMi v 1I€T1I04YKa-
MM ITOCTABOK BBITMTOJIHAETCS COOCTBEHHBIMU
CuJIaMU MPEATNPUSTAN TOBApOIIPOU3BOAUTECH
(68 %);
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— B CTPYKTYPE PbIHKA ITPE00IaJaI0T YCIYyTH
2PL nposaiinepos (nos yeayr 3PL mpoBaiine-
POB He npeBbIaeT 8 %);

— BBICOKA JT0JIS YCIIYT IO TPAHCIIOPTUPOBKE
Hed ™M 1 raza (80 % 06opoTa ppIHKa TPAHCIIOPT-
HO-JIOTUCTUYECKUX YCIIYT), CHIPbEBBIX TOBAPOB.

CpaBHUTEIbHBII aHAIU3 UHAEKCA Pa3BU-
TUS JIOTUCTUKH, pacCUMTaHHBIN BceMupHbIM
0aHKOM, CBUIIETEIbCTBYET O CYLIECTBEHHOM
OTCTaBaHUU JIOTUCTUYECKMX CepBUCOB B Poc-
CUM, B TOM YUCJIe U MO cpaBHEeHUIO ¢ Kutaem
(cm. Tabauity 1).

PaznpobieHHOe COCTOSIHME KOMITOHEHTOB
JIOTUCTAYECKON CUCTEMBI, XapaKTepHOE IS
coBpeMeHHOI Poccuu (cyliecTBeHHbIE Teppu-
TOpUATbHBIE U CTPYKTYPHBIC THCIIPOTIOPIINN
B pa3MEIICHUU U Pa3BUTUU JOTUCTUYECKOUN
MH(MPACTPYKTYPHI, HEPA3BUTOCTh/HECOOTBET-
CTBHUE CTPYKTYPbI PbIHKA JIOTUCTUYECKUX YCITYT
COBPEMEHHBIM MTOTPEOHOCTSIM, HETOCTATOYHOE
WCTIOJIb30BaHKE JIOTUCTUUECKUX TIPUHIIATIOB
yIpaB/ieHUsl B peaau3aluy TPaH3UTHOTO MOo-
TEHIIMAJa), CY>KAT MOIIHBIM OTPaHUYEHUEM
B peaiu3aliy UIeu CO3IaHKs 0011ero 9KOHO-
MUWYECKOTO MPOCTPAHCTBA U €AUHOIO PhIHKA
JIOTUCTUYECKUX YCITYT.

TIpeononeHue pparMeHTapHOCTU BO3MOXK-
HO Ha ITyTSIX CO3IaHUsT «eIMHOTO peryssitopa,/
KOOpIMHATOPa» — WHCTUTYTA Pa3BUTHSI, YTO
MO3BOJIUT COOPATh LEJOCTHYIO CTpaTernye-
CKYI0 apXUTEKTYpY JI IOTUCTUKY U YTIPABJISATh
€€ U3MEHEHUSIMU Ha 06a3e MHGOPMAMOHHBIX
texHosoruii. [lomobHast apXxuTeKTypa BIIUTAET
B €051 MMPOBbIE MTHHOBALIMOHHBIE PAa3pa0OTKHU.
B pesynbraTte mosBSATCS HOBBIE LIEJIOCTHbBIE
YHUGDUIIMPOBAHHBIE MOJENIN, BHEAPEHUE KO-
TOPBIX BO BCEX CEKTOPAX POCCUNCKON IKOHO-
MUKM CO3IACT MPEANOCHIIKU K FTApMOHM3ALINU
nepexoaa Ha MeXAYHapOIHble CTaHIAPThI
JIOTUCTUYECKUX B3aUMOICUCTBUMA.

OCHOBHBIE TTOJIOXUTENbHBIE (P HEKTHI
BHEJIPEHUsI MHTETPUPOBAHHOM apXUTEKTYPhI
JIOTUCTUKU TIPOSIBSITCST B KOMITJIEKCHOM Pa3BU-
TUM TEPPUTOPUI U PETHOHAIBHBIX COI030B,
CBSI3bIBAHUU MPOU3BOACTBEHHBIX KJIACTEPOB
U LUEHTPOB MOTPEOSICHUSI, CO3MaHUM HOBBIX
BBICOKOTEXHOJIOTUYHBIX padourx MecT. [Tos-
BSITCSI HOBbIE KOHKYPEHTOCITOCOOHBIE MapLIpy-
ThI, TPAHCTIOPTHBIE KOPUIOPHI, TPAHCITOPTHO-
JIOTUCTUYECKUE KIIaCTEPhI, BMUCAHHBIE B MEX-
JTlYHApOJHbIE T€OMOTUTUYECKUE KOHCOPLIMYMBbI
U KOOTIepallvu.

Wrtak, cioxHas apXMTeKTypa JOTUCTHYE-
CKMX B3aMMOIEUCTBUII O3HAYAET, YTO JIOJITO-
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BPEMEHHBIE BBITOJbI B BUJIE CO3IaHUS J0OAB-
JIEHHOU CTOMMOCTHU, MPUPOCTAa TOPTOBJIU
Y MHBECTULIMI BO3MOXKHBI TOJIbKO Ha OCHOBE
MPOYHON MHTErpalnuu OU3HEC-MPOLECcCCOB
KOMMAaHU, YTO B KOMILJIEKCE OOECITeUUT BbI-
COKOTEXHOJOTUYHBINA pe3yIbTaT/IPOAYKT.
MMeHHO KOMITJIEKCHBII B3IJIsII HA COBPEMEH-
HYI0 apXUTEKTYPY JJOTUCTUKU MTO3BOJISIET U30e-
JKaTh MEPEKOCOB B Pa3BUTUU €€ OTIAEIbHBIX
KOMIIOHEHTOB 1 00ECIIeYUTh 9KOHOMUYECKUI
POCT KOMITaHUSIM, pETMOHAM, CTpaHaM.

Hcxons u3 aToro, mpeajiaraeTcs Ha OCHOBE
CETeBOI KooTepaluy KOMIaHWii/opraHu3a-
Ui pa3paboTaTh U peanu30BaTh CTPATETUIO
Pa3BUTUS €IUHOTO PHIHKA JTOTUCTUUECKUX
YCJIYT KaK MHCTPYMEHTa CTPaTeruyeckoro
ynpasieHust. PazpaboTka ctpareruu o3BOJUT:
(1) BBISIBUTD «CJIa0bIe MECTa» U «HEIOCTAIOLINE
3BEHbsI» JIOTUCTUKHU, YTOOKI, HapalllluBasl ¢¢
MOTEHLIUAI, TOOUBATHCS YCTOMUMBOTO 9KOHO-
MMYECKOT0 pocTa; (2) MOATOTOBUTH MOAMNPO-
TpaMMbl KOMIUIEKCHOTO (B3aUMOYBSI3aHHOTO)
Pa3BUTHSI BCEX KOMITOHEHTOB JIOTUCTUYECKO
CHUCTEMBI, BKJTIOYAs €€ KapoBOe O0ECIIEUEHUE;
(3) coznaTb OCHOBBI 151 UHTErpaLuu OM3HEC-
MPOLIECCOB B UHAYCTPUATBbHO-TOTUCTUYECKUX
KJ1acTepax Ha 6a3e MH(GOPMALIMOHHBIX TEXHO-
JIOTUI M COOTBETCTBYIOIIEH TEXHOJIOTUYECKOM
m1atGopMbl (TepMUHAJbI, CKIAJACKOE X035~
CTBO); (4) pa3paboTaTh MOJEIIb CTPATETMUECKO-
IO B3aMMOJCHCTBUS YIACTHUKOB MHTETPUPO-
BaHHBIX IIeTIeil TTOCTABOK IS TTOBBIIICHUS
KayecTBa yMpaBJIeHUS, COKPAILEHUS OOLIMX
(cyMMapHbIX) U3AepKeK, ONTUMU3ALUU Du-
HaHCOBOTO pe3ysbrata; (5) MpemIoXUTh UH-
CTPYMEHTHI peajiu3aliy CTpaTeruy 1 pa3BUTHS
KJTIOUEBBIX KOMITETCHIIMI KOMITAaHWI Ha €BPO-
a3MaTCKOM 3KOHOMMYECKOM MPOCTPAHCTBE
C UCMOJb30BaHUEM LIEJEBBIX MTPOrpaMMHBIX
MPOEKTOB.

J171sT MOCTIKEeHMS YKa3aHHBIX OPUEHTHUPOB
MpeuiaraeTcsl Co3AaTh TPAHCIOTUCTUYECKYIO
1aTopMy KaK MPOCTPAHCTBO KOOPIUHALIUMN
yIpaB/ieHUs TJ100aJbHBIMU LEMSIMU ITOCTaBOK
Ha perMoHajabHOM, HalIMOHAJIBLHOM U MEXIy-
HapOJIHOM yPOBHE.

CeroaHs 1OCTaTOYHO IIMPOKO UCTIONb3Y-
eTcsl TEepMUH «JIOTMCTIYeCKas TuiaThopMar,
0CO0EHHO Korjaa TpebyeTcs MOJYePKHYTh:
a) 3HAYUMOCTb COMPSIKEHHOCTHU U B3aUMOJI0-
MOJHSAEMOCTU OOBEKTOB TPAHCIIOPTHO-JIOTU -
CTUYECKOW MHPPACTPYKTYPbl, BO3MOKHOCTHU
MX COBMECTHOTO UCTOIb30BaHUsl; 0) CIOCO0-
HOCTb areHTOB-yYaCTHUKOB LIeMU MOCTaBOK
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K CETEBOMY B3aMMOIEHCTBHIO IO CO3TaHUIO
1 JOBEIECHUIO ITOTPEOUTETHLCKOM IIEHHOCTH J0
KJIMEHTa; B) MOTPEOHOCTh B KOOpJAMHALIUU
OM3HEC-TIPOIIECCOB B TpaHMIIaX CETEBOTO
B3aMMOECHCTBUSA B LIEJIX OMHOBPEMEHHOTO
pelIeHs ABYX 3a1a4 — yIyJIICHNS KauecTBa
CepBHCa U YMCHbIIICHUS U3IEPKEK.

Jlornctrueckast maTgopma SIBISICTCS TEM
MHCTPYMEHTOM, KOTOPHIi TTO3BOJISIET B ITOJTHOM
Mepe HCITOJIb30BaTh ITOTEHITNAIT JIOTUCTUKH KaK
TEXHOJIOTUM YIIPaBJICHUS HEIsIMU ITOCTaBOK,
CETEBBIM B3aUMOICICTBIEM.

Tpaucaorucruyeckas' miargpopma — 370
IKOHOMUUECKOE NPOCMPAHCMBO CeMe8020 83aU-
Modelicmaus1/KOOTIC ALl KOMITAaHUI, KOTOPOe
CTPYKTYPMPOBAHO €IWHBIM/OOIINM IIPOIIEC-
COM MPOM3BOMCTBA MPOAYKTa, CIMHOM (BHI-
CTPOEHHOM 10 O0IIM CTaHAApTaM) TEXHOJIO-
rUeit yrpaBieHUs OU3HeC-CeThI0, KOOPIUHM -
pYIOIIEl Y9aCTHUKOB MHTETPUPOBAHHOM LIeTTN
CO3IaHUS CTOMMOCTH Ha PETMOHATILHOM, Ha-
LIMOHAJIBHOM U TJI00aTbHOM PBIHKAX.

DTOT IMOIXO/ BKIIIOYAET B Ce0ST TPU COCTaB-
Jsnonux: (1) TpaHcIorucTuyeckas riatgopma
WHTETPUPOBAHHON 1IETIM TTOCTABOK, TOIIEP-
JKMBAIOIIasT TIPOM3BOICTBEHHYIO, IIPON3BOJICT-
BEHHO-COBITOBYIO Y TOPTOBYIO KOOIIEpaINIO
B LICTIA CO3IAaHMS IIPOAYKTA W TOBEACHUS €TO
JI0 TOTpeduTeIsI (PIHKY IMTPOIYKTa); (2) TpaHC-
JIOTUCTUYECKAs TU1aThopMa eIMHOro,/0011ero
OusHec-Mnpolecca, GyHKIMOHUPYIOIIETo Ha
OCHOBE KOMITJIEMEHTAPHEIX PECYPCOB 1 KOM-
MeTEHINI, 00beIMHEHHBIX B CETEBYIO KOOITE-
PALIMIO JUTS JOCTYDKEHUST OOILINX PEe3yIBTaTOB;
(3) TpaHcaOTMCTUYECKAs TIaT(hOpMa CETEBOTO
B3aMOJIEICTBUSI OM3HEC-TIPOIIECCOB Ha Tep-
PUTOPHUATILHOM YPOBHE: IICHTPHI/TIApKI, TOPO-
Ila, arJloMepalny, PeTHOHBI/MEe30PEeTHOHBI,
HallMOHAJIbHBIE, TPAaHCHAIIMOHAJIBHEIE (hop-
MupoBaHUs. KiTroueBoil xapaKTepHUCTUKOM BO
BCEX CIIyJasiX SIBJIIETCS CETEBOC B3aMMOICICT-
BHE Ha 0a3e JOTMCTUKH, KOTOPOE, KaK M3BECT-
HO, OTVIMYaeTCs TOOPOBOIBHOCTBIO YIACTHS,
COIIaCOBAaHHOCTBIO IEUCTBUIA, OTKPBITOCTBIO,
JIOBEpUEM MEXKIY YIaCTHUKAMU Y HaTUINeM
KOOPIMHATOPA CETEBOI KOOITEPaIIUH.

Pesyromamel uccaedosanus, npogeodeHHO20
Kxoncanmuneosol komnanueii KPMG, noxasanu,
4mo 0OHOU U3 NPUOPUMEMHbIX 3a0a4 045 Yenoy-
KU NOCMABOK A6ASEMCS «CHUICCHUE YPOBHS 34 -

! TepMUH «TpaHCIOTUCTUYCEKAsT» YKA3bIBAET Ha MPEO-
TTOJIEHUE TPAHUI] MEXY KOMITAaHUSIMU-YIaCTHUKAMU
CeTH, TAKKe Ha BHYTPUPETUOHATbHOE, MEKPETUOHAITb-
HOE, MEXHAILMOHATbHOE B3aMMOICHCTBHE.
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mpam u obopomuo2o kanumana» (46 % omee-
muesuiux). Pewenue smoii 3a0auu cészvieaemcs
¢ obecneuenuem npo3patHOCMu U UHGOPMUPO-
BAHHOCMU NPOU3B00UMENell 0 Uenouke NOCMAGOK:
40 % pecnondenmoeé npuzHaiom, 4mo HedoCcma-
MOYHO UHPOPMUPOBAHDL O CBOCIL UenoUKe NOCMa-
60K, u moavko 14 % ykazanu, umo obnadarom
NOAHOU UHGOpMaUUeil Om c80UX NOCMABUUKO8
nepeoeo, 8Mopoeo u mpemveeo ypogHeil, Kajicoblil
mpemuil yHacmHukK onpoca cuumaem, 4mo npoo-
Aema HedoCmamo4Hol UHPOPMUPOBAHHOCMU
c653aHa ¢ Hecosepuiencmaom pabomut 1T cucmem
Uy omeymemeuem mpeoyemvix Hagolkos, 00HA -
KO NPO3pAYHOCMb OP2AHU3AYULL NOCIABULUKO8
Haxoo0umcsi Ha yOusUmenbHo HU3Kom yposHe [ 1].

TTpobaema, BbICBeUEHHAsI B MPUBEAECHHOM
TIprMepe, TOBOPUT O HEBBICTPOSHHOIA (3a peli-
KM UCKITIOUYCHUEM ) MHTETPUPOBAHHOM 1LISTTH
TIOCTaBOK, a B 0OoJiee MIMPOKOM IIIaHe — 00
OTCYTCTBUU OOLIEN JOTUCTUYECKOI M1aT¢hop-
MBI BJIOJIb LIETT CO3MaHMsI TIPOAYKTa,/CTOUMO-
CTH, CKPETLISIONIEH IPOU3BOINUTEIISI ¥ TIOCTAB-
IIMKAa OOIINM OM3HEC-TIPOIIECCOM C MHTETPH-
POBaHHBIMHU MOJIEJISIMU OM3HEC-TUTAHUPOBA-
HUSI, C COBMECTHO Pa3aelIieMBIMU IICHHOCTSIMU
¥ CTaHAapTaMU COTPYIHUIECTBA.

2. TPAHCJIOTMCTUYHECKA4
MNATOOPMA ONd
NnPON3BOACTBEHHON CETEBOM
KOOMNEPALU

ITpon3BOACTBO pa3HBIX MTPOAYKTOB UMEET
HE OIMHAKOBOE KOJIMYECTBO CTAJINI N3TOTOB-
JICHWSI, U CJICIOBATEIBbHO, TIOTPEOHOCTD B Ce-
TEBOM B3aMMOICICTBIU TaKXKe OymeT pa3Hasl.
Haubonee mmmHHBIE IIETTOYKM CO3MAHMS CTOM -
MOCTH BBICTParBAIOTCSI B ITUIICBOM MHIYCTPUH,
aBTOMOOWMJICCTPOSCHUM, TIPOU3BOICTBE ONEKIBI,
3JIEKTPOHUKE.

To ectb, roBOpst MHAYE, TOTPECOHOCTH B MH-
TEerPUPOBAHHOM JIOTUCTUKE OyICT 3aBUCETH OT
CJIOKHOCTU ¥ TIPOIOJIKUTEIIBHOCTH 1ICTI CO-
3MaHuUs TIPOAYKTa (CM. puc. 2).

Kommanug moxet nuddepeHINpoBaTh
TIPOM3BOIUMBIC €10 TTPOMYKTHI ITO CTETICHU MX
CIIOKHOCTHA M T€M CaMBbIM CeTMEHTHPOBATh
PBIHKY TPeOYeMBIX €l JTOTUCTUICCKUX YCIIYT:
TepeBO3Ka, ayTCOPCHHT, yIIpaBcHIeCKasl JIO-
TMCTHKA B MHTepecax KiueHTa. B Tabnuie 2
TIPEACTaBJICHBI TUITHI B3AMMOICHCTBHS «ITIOKY-
MaTeIb—IOCTAaBIINK» B 3aBUCHMOCTH OT pa3-
HBIX KPUTEPHUEB.

Yewm Gosiee c1oXkHbIE TPOAYKThI TPOU3BOIUT
9KOHOMUKA, TeM OOJIbIIIe OHA HYXKIACTCS B BbI-
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MBKOCTb U HaEXHOCTb YCRyT,
CMocoBGHOCTL aganTUpoBaThbCs
K UIBMEHEHUSIM PbIHKa

i cTonm.

ToBapbl C BbICOKOM

Tpe6oBaHus k

Lenu nocTtaBoK

blo

OdbekTUBHbIE MO LieHe
ycnyrm

ToBapbl € HU3KOR

basosan LLEMNb NOCTABOK WHTerpuposaHHan

CTpavBaHUM UHTETPUPOBAHHBIX 1IETICl ITOCTa-
BOK, TpeOyeT pa3BUTON MHGbPACTPYKTYPHOI
CEeTU M HAJIMYMS B3aUMOJIOTIOTHSIEMbIX, MHTET-
PYPYEMBIX YCIIYT, TO €CTh IPUMEHEHUS JIOTUCTH -
KU KaK TeXHOJIOTMH CETEBOTO B3aUMOICHICTBHSI.
Ecnu HeT Xopolo BEICTPOSHHBIX JIOTUCTHYE-
CKMX TUTIaT(hOpM, 00eCIIeUNBAIOIIMX MY IBTUMO-
JaJIbHbIe 1 MTHTEPMOJAJIbHBIC ITEPEBO3KM, NH-
(bopMarimoHHbIE KOMMYHUKAIIUK B pEXXUME
OHJIaiH, (DMHAHCOBBIE U IPyTre OM3HEC-YCITyTH,
YTOOBI ITepeMeIaTh TOBAPhI U KOOPIUHUPOBAThH
MPOLIECC MPOU3BOICTBA J0OABIEHHON CTOMMO-
CTH, TIPOM3BOJICTBEHHBIE 1IETIOYKH OYIyT CTpe-
MMUTBCS K YIPOILEHUIO ¥ 3aMKHYTOCTH.

3aBUCHMOCTb POCCUICKON SKOHOMUKH OT
MMIIOpTa XOPOIIo U3BecTHa. Peub uaeT He
TOJIBKO O BBICOKOI €ro J0Ji€ B IPOIOBOIbCT-
BUM. BBICOK y/iebHbBINM BeC UMITOPTa U B pac-
XoAax MPeANpPUsITUA Ha ChIpbe, MaTepUaJbl,
MOKYITHBIE MOJTyhaOdprKaThl U1 KOMILICKTYIO-
IMe IS TPOM3BOACTBA TOBAPOB U YCIyr. [1po-
M3BOJACTBEHHAsI 3aBUCMMOCTh OT UMITOPTA
BBO3MMBIX ITPOJAYKTOB — 3TO HE CTOJIBKO pe-
3yJIBTAT BOBJIEYCHHOCTH B II00aJIbHBIE LIETIOY -
KU CO3[aHUsI CTOMMOCTH, CKOJIBKO pe3yJIbTaT
TEXHOJIOTMYECKOM OTCTAJOCTU POCCUMCKUX
IPOM3BOICTBEHHBIX 1IEIT0YEK, KOTOPbIE ObUIN
MIPUHYIUTEILHO 000pBaHbI MPOU3BOAUTEIEM
MPOAYKTa U 3aMelIeHbl Ha MMOCTaBKU M3-3a
pyoexa. [Tpy 9TOM OT yuacTHsi B IPOM3BOICT-
BEHHOIA LIETIM OTCEKAETCsT Pa3BETBICHHAST CHC-
TeMa ITOoCJIeTOBaTeIbHBIX IIPOU3BOICTB, KOTO-
past oKa3bIBaeTCss HEBOCTPEOOBAaHHOMA.

B Poccuu ceiivyac rpolieccy MMIoprosame-
ILIEHMsI OTBOIUTCS BEyIlast pPOJib B obecIieye-
HUU POCTa B PEaJIbHOM CEKTOPE SKOHOMUKH.
ITpaButensctBoM P® mpunsara [Iporpamma
MMIIOPTO3aMelleHNsI, IIPEXIE BCETO B TEX OT-
pacisix, TJie 3aBUCMMOCTb OT UMITOPTa COCTaB-
nsieT ot 60 10 90 %. CornacHo r1aHaM MUHU-
CTepCTBa MPOMBIIIJIEHHOCTU U TOPTOBJIH,
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TMBKOCTb yCIyr, MPO3payHOCTb
1 UHPOPMMPOBAHHOCTb,
YYBCTBUTENbHOCTbL Ha
M3MEHEHMs crpoca,
HapeXHOCTb

Puc. 2. Tpe6oBaHus k uenu
nocraBokK B 3aBUCUMOCTHU
OT ypoBHe 06aBNI€eHHON

CTOUMOCTH.

OddekTnBHBbIE NO LieHe

yCnyru, AONTOCPOYHbIE

cTpaTery AOnonHeHns
aKTMBOB

K 2020 romy mpeacTouT 00eCIeUnTh paauKaib-
HOE CHIDKEHME PHIHOYHOM 011 MMIIopTa 60-
Jiee 4eM 110 2 ThICSIYaM BUJIOB IPOIYKITUU.

BricTpanBaHue MOJHOM MTPOM3BOACTBEH-
HOM Llenouku — 370 (1) 3aMellieHre UMIopTa
TOTOBO MPOIYKIIMY UMIIOPTOM KOMILUIEKTYIO-
LLIMX JIJI51 €€ TIPOU3BOACTBA; (2) MPOU3BOICTBO
KOMIUIEKTYIOIIMX U TIEPEXO/ K UMITOPTY AeTa-
JIeit 1J1s1 KOMITIEKTYIoMX; (3) Mpou3BOACTBO
JIeTajieil 1 3aBepIlieHHe ITOJIHOTO ITPOU3BOJICT-
BEHHOTO 1TMKJIA.

HMMnopTro3aMeleHrue COIPOBOXKIAETCS
M3MEHEHUEM OTpac/IeBOM U IMPOCTPAHCTBEH-
HOM CTPYKTYPBI IIPOM3BOJCTBA, BHIXOJAOM Ha
HOBBIE [UISI OTEUYECTBEHHOI'O ITPOM3BOAMUTES
PBIHKY cObITa. JIoKanu3amus mpeamnoaraet
MPOM3BOACTBEHHYIO KOOIIEpalnIO U CETeBOE
B3aMMO/ICIICTBHE, TIPEIBSIBISIET CITPOC HA MH-
TerpUpPOBaHHbBIC LIETIM ITOCTABOK, YCIyTH/
MPOIYKThI JIOTUCTUKMU.

Takum 06pa3oM, BCTaeT BOMPOC 00 OLIEHKE
TOTO, B KaKOi1 Mepe TPAaHCIIOPTHO-JIOTUCTHYE-
ckast uH(ppacTpyKTypa roToBa COCIUMHUTD
MPOU3BOICTBEHHbBIE /TEXHOJIOTMUECKHE LIETTOY -
KU, B KOTOPBIX paboTaeT OM3HeC; Kak OHU CO-
OTHOCSITCS C CYIIECTBYIOIIEH TPaHCIIOPTHOM
M JIOTUCTUYECKON MH(MPACTPYKTYpPOil; UTO
HEO00XOAUMO MPEeanpUHITb, YTOObI cOOpaTh
HOBBIE JIOTUCTUYECKHE LIETTOYKH, BKIIIOYAI0-
1€ TPAHCIIOPTHBIE MapIIPYThl ¥ 9KOHOMUYE-
CKHX areHTOB; KaK1e KOMIIOHEHTHI JOJIKHA
BKJIIOYATh TPaHCJIOTMCTUYeCKas IiardopMma,
YTOOBI OOECIIEYUTh JIOKAIU3ALIMI0 COOCTBEH-
HOT'O ITPOM3BOJICTBA; KaK OBICTPO CMOTYT OBbIThH
ITOCTPOEHBI HEOCTAIOIINE 3BEHbSI.

3. TPAHCJIOTUCTUHECKA4A
MJATOOPMA EOUHOIO/OBLLEIO
BU3HEC-NMPOLIECCA

TTnardopma GusHec-Tpoluecca, MOCTPOSH-
HOTO Ha MCIOJb30BaHUN KOMITJIEMEHTAPHBIX

AyHaer O. H. TpaHcnorncTtnyeckas nnatpopma: ceTeBad kKoonepauus




Taomuna 2
«HOKle&lTCJ]b—l]OCTﬂBI[lPIK» B Ilelld NOCTABOK: CIJIa B3aUMOJECTBUSA
CJIABOE =« » CUJIIBHOE
<<CB060£[HBIC», HE 3aBUCHUMBIC OIpyT «TecHbIe» OTHOILLIEHUS BepTuKaanas{ UHTEeTrpauusa
OT JIpyra OTHOLLEHUs (Sticky Relationships)
OTHOH.ICHI/IS[ nOKyTIaTCI[L HE ABJISIETCA l'l()KynaTenL TIOAAEPXKUBACT KoMnaHus — n3rotoBuresib
COOCTBEHHOCTH COOCTBEHHUKOM KaKOro-i16o ornpesieJIieHHbII YPOBEHb SIBJISIETCS] COOCTBEHHUKOM

TIOCTaBIIMKa

OTHOUIEHUI C TOCTABIIUKOM

(buUpPMBI-TTOCTaBIIMKA

XapakrepucTuku otpaciau | Hu3kuii ypoBeHb TeXHOJIOTUH,
TPYIOEMKUI1 TPOLIECC TPOU3BOACT-
Ba, HU3Kasl pa3paboTKa TeXHUYe-
CKMX 3aJlaHUil K TapamMeTpaM.

DKOHOMMUS Ha MaclITabe

Huskuit ypoBeHb TEXHOJIO-
TUU, TPYAOEMKUI MpoLiecc
TIPOM3BOJCTBA, BHICOKIE
TpeOOBaHUS K TEXHUYECKUM
3aJaHUsIM/TIapaMeTpaM.
DKOHOMUS Ha Pa3HOOOpa3NK

Bricokue TpeGoBaHUS K TEXHO-
JIOTMM 1 YPOBHIO TEXHUUECKUX
TapaMeTpoB MPOAYKTa, TPYLO-
EMKMIT MJTM KAl TaJIOeMKU it
MpoLecc MPOU3BOACTBA.
DKOHOMMSI, U Ha pa3HOOOpa-
31U, U Ha Maclitabe

CeKTop NMpoyKTa He nonroseunslit 1y motpedu-

TEJsA

He nonroseunstit 1uist motpe-
ouresst

JlonroBeyHslii 1151 TOTpeOuTENS

CrannapTHblii, He nuddepeHIm-
POBaHHBII (CTaHIApTHAs olexXKa,
9JIEKTPOHMKA, UTPYIIKH), JUTNH-
HBII MM KOPOTKUI KU3HEHHBII
LMKIT

XapakTepucTuKu mpo-
JyKTa

Ju3aitHepckuii,
pa3paboTaHHBII IPOIYKT
(nM3aitHepcKast oaexna,
00yBb), KOPOTKHUI XKU3HEH-
HbLI LMKJT TIPOJIyKTa

YyBCTBUTENBHBIN K KAUECTBY
MPOYKT C JUIMHHBIM KU3HEH-
HBIM LIMKJIOM

KpymHblit puteiisiep B HU3KOM
LIEHOBOM CErMEeHTe.
MexayHapoaHblii puteitiep (rpo-
JIYKTOBAsI CETh B TPEYTOJIbHUKE)

XapaKkTepuCTUKH TOKy-
nareJst

CoOcTBEeHHUK OpeHpa.
MexxyHapoaHblit puteiiaep
(MPOyKTOBAsI CETh B TPEY-
TOJIbHUKE)

[IpousBoautesb.
CoOcTBeHHUK OpeHia

TIOKYyIaTeJIb—IOCTaBIINK

MecToHaxoxneHue PaszBuBatoniuecst ctpanbl U3 HU3- | Pa3BuBatoiuecs: crpaHbl U3 | PasBuBaroluecs cTpaHbl U3

TOCTaBILMKA KOJIOXO[HOU IPYIIIbI CTpaH HU3KO- WU CPEIHET0XO0~ Cpe/iHe- WK BBICOKOJOXOIHOIM
HOI TPYIIIBI CTPaH TPYIIIBI CTPaH

Tlepenaya TeXHOIOTHIA OTcyTCTBYET BosmoxHa O0s3aTebHA

Hcrounuk: Backer K. D. Miroudot S. Mapping Global Value Chains/OECD Trade Policy Papers. No. 159//dx.doi.org/10/1787/.

PECYpPCOB U KOMIIETEHIIN, TIO3BOJISIET peaiv-
30BaTh «OECIIOBHYIO» JIOTUCTUKY JIJISI PA3BUTHST
B3aMMOCBSI3aHHBIX U B3aUMOJIOTIOTHSIONINX
TIPOM3BOJICTB, COITYTCTBYIOIIINX BUIOB ESITEb-
HOCTH B HaITPaBJIEHUM TIOJTyYeHUST OOILETO pe-
syabTata/uenu. CoriacoBaHue UHTEPECOB
TpeArnoiaraeT HaJndnue KOOPIUHUPYIOIIETO
LIEHTPa, (DYHKITMH KOTOPOTO MOXET BHITTOJTHUTD
KOMMaHus-uHTerparop. B Takoii ceteBoit Koo-
Tiepaly CAaMOCTOSITEIbHOE 3HAYEHNE ITPro0dpe-
TaeT HAIMIUE OOIINX TEXHOJOTMUECKUX CTaH-
JTApTOB U PETJIaMEHTOB, (DOpMUPOBaHUE OOIIIEi
orepaloHHOM TIaThopMbI, KOTOpasi 1aeT
KOHCOJIMIUPOBATh aKTUBBI, MOJTyJaTh 3(pheKT
Mactiraba, oboecreuyrnBaTh Ka94eCTBO CEPBUCOB
TPU KOHKYPEHTHBIX U3IEPXKKaX.

[Mpumepom mHTETpaIum OU3HEC-TIPOIIeC-
COB C KOMIUIEMEHTAPHBIMU PECypcaMmu 1 KOM-
MEeTCHIMSIME Ha 6a3e JIOTUCTUKH CITy>kUT Dubai
World Central (DWC) — 1106a715HO UHTETpU -
pOBaHHasI TPAHCIIOPTHO-JIOTUCTUYECKAsI TIJIaT-
(opma, oxBarbIBaloIasl CTpaHbl/pbIHKU EB-
porel, Adppuku, KOro-BocTouHoit A3un,
HanbHero BocToka.

Obsedunennvie Apadckue Imupamor (OAD)
UCNOAB3YIOM CB0e eCIEeCMBEHHOe KOHKYDEeHMHOe
npeumMyuecmeo — eeoepaguieckoe noaoiceHue,
UCMOPUHECKYI0 PONb MOPROBAU U COBPEMEHHDbLI

® MMWP TPAHCIMOPTA, Tom 15, N2 1, C. 112-126 (2017)

mypusm. Teppumopuanvno Jybail 3anumaem
no3uyuio «6opom» ons cmpar bauxcneeo Bocmo-
Ka, Azuu u Cegeproil Agppuku u cneyuarusupy-
emcst Ha 00CAYHCUBAHUU MEHCOYHAPOOHBIX 2PY30-
nomokog mexcoy HMuoueit, K0eo-Bocmouroii
A3sueit, Agppuxoii, Jasvnum Bocmokom u Eepo-
noii. Ilocaeonue 2odovt ybaii cmpemumensro
mpancgopmupyemcsi 6 00UH U3 MUPOBLIX XA008
no pesxcnopmy. Obsexmovt UHDpacmpyKmypot —
asponopm Anv-Maxmym u mopckoii nopm Jice-
benv Aau (KpynHetiuuii KOHMeUHEePHbill NOPM
mexncdy Cuneanypom u Pommepdamom), undy-
CMPUANBHBLIL YeHMP NO N0020MOBKe K MPAHCHOp-
mupogKe u docmaegke CKOpONOPMAULUXCSL BPOOYK-
moeg, 6 mom uucie 06paboOmMaHHbIX X01000M
(obaadaem HoseUWUMU MEXHONOUSAMU U 3GHU-
Maem KAlouesble NOUUUU HA IMOM PbIHKE) — CO-
eduHeHbl Mexcdy codoil obulell 10eucmu4ecKoll
30HOIL U PYHKUUOHUDYIOM HA 00Ulell OnepayuoH-
Holl naamagopme ¢ nPAMbIM OCIMYNOM K 00podic-
Hoit cemu OAD, 6030yuiHbIM U MOPCKUM KOPUOO-
pam, 4mo no360sem COKpauams 8pems HOMoKa
epy3a mope-6030yx,/6030yx-mope. Onepayuoruas
naamgopma yHKyuoHuUpyem 6 c0000HOU KO-
HOMUH1eCKOll 30He, @ pe3yabmame npedocmass-
omcs mpaHcnopmuo-a02ucmuyecKue ycayeu
becnpeuedeHmH020 ypo6Hs JOCMYNHOCMU, CKO-
pocmu u 3ghpexmusHocmu.
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PasBuTue TpaHCOPTHO-JTOTUCTUYECKOMN
U TOPTrOBOUi UHMPACTPYKTYPhI B PETUOHE pac-
CcMaTpMBaeTcsl KaK BEeIYyILIMiA pblyar st ocy-
IIECTBAEHUS T1yOOKUX Mpeobpa3oBaHUN
B HAMPaBJIEHUU YYaCTUS B TI00ATBHBIX LIEMTOY-
Kax Cco3JaHusl CTOUMOCTH, AUBEpCUPUKALIMI
CTPYKTYPbl 3KOHOMUKH, MOJIy4E€HUSI BHITOJ, OT
MPOCTPAHCTBEHHOTO pa3MELIEHUS, MEXTyHa-
pPOIHOI TOProBau U MHBeCcTULIMiA. [Tpy aTOM
11eJTb HE OTPAHUYMBAETCS BBITTOJTHEHUEM POJIU
106ATbHOTO TPAH3UTHOTO y3J1a 17151 MEXTyHa-
POIHOM TOPTrOBJIM U TypU3Ma, HO MpeaycMar-
pUBaeT MpeBpallleHUue PETMOHA B TI1I00AIbHBIN
OU3HEC-LIEHTP MUPOBOTO YPOBHS, B KOTOPOM
OKa3bIBaeTcs npodeccuoHaibHas MoaAepKKa
10 BeIeHUI0 OM3Heca — OyxraiaTepckasi, opu-
nuyeckasi, baHkoBckas. KommnereHiuu, pas-
BuUThIE B OAD 110 CO31aHUI0 U (PYHKIIMOHUPO-
BAHUIO ITI00AJIBHBIX TPAHCIIOPTHO-JIOTUCTUYE-
CKUX Xa0OB, HbIHE CTAJIU PEAMETOM SKCIOpTa:
kommnaHust Dubai Port World sBisieTcst KoH-
CYJbTAHTOM MEXIYHapOAHOTO MOPCKOTO
TOProBOro mopta AkTay (3amaaHblii TPaHC-
HopTHLIN y3en, KazaxcraH) mo nuBepcuduka-
LU HaIpaBJIECHUI NesSTeIbHOCTU; B Hayale
2016 roma mommucaHo coranienue ¢ POITA
(Poccuiickuii GoHa MpsIMbIX WHBECTULIAN)
0 CO3JaHWUU COBMECTHOTO MPEANpPUITUS
(DP World Russia), koTopoe MHBECTUPYET
B pa3IMYHbIE POCCUNACKKE MOPTHI U MPEANpU-
SITUSI TPAHCTIOPTHOM U JIOTUCTUYECKO HHGbpa-
CTPYKTYPHI 10 2 MJIPIT 1OJIIApPOB.

4. TPAHCJIOTrMCTUYECKASA
MJIATOOPMA HA
TEPPUTOPUAJIbHOM YPOBHE

Kaxk mpaBuiio, TpaHciorucTuyeckast riaT-
(bopma «mIpuBSI3BIBAETCS» K KaKOi-1100 Tep-
putopuu. B aTOM ciydae ToBOpSIT O JIOTUCTH -
YeCKHUX LEeHTpax, JOTUCTUUECKUX TapKax,
TPAHCTIOPTHO-JIOTUCTUYECKUX KOMILIEKCAX.
MoryT ObITh BBIOpaHBI U 60JIE€ KPYITHbBIE TEP-
PUTOPUATBHBIE EMMHULIBL: TOPOJCKAST JIOTUCTH -
yeckasi Tiathopma, TPaHCIIOPTHO-JIOTUCTYE -
cKkag rmaTpopMa pernoHa, CTpaHbl.

B llopmyeanuu videnenst 12 aoeucmuveckux
naamgopm no makum Kpumepusm, KaK cmpa-
meeuvecKku onpedeneHHble 30Hbl CO CNeYyUau3u-
POBAHHOU UHGpaACmMPYKMYpoil, NO360AI0Uell
npedocmaename ycayeu 8biCOK020 Kavecmea;
docmynHocmy HeCKOAbKUX U008 MPAHCHOPMA
€ B03MOICHOCMBIO UX KOMOUHAUUU; KOHKYDEHM -
Hble uzdepaicku npedocmasnsiemsix yeaye. Buecme
OHU 00pa3zyiom HAUUOHAALHYIO N02UCHUYECKYHO
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naamagopmy, Komopas ycuaugeaem poab CmpaHbvl
KaK «ecmecmeeHHbix 6opom» 6 Egpony.

CocmagHoi Hacmolo NAGHUPOBAHUS PA3BUMUS
b01bU020 peeuoHa (me3opeeuona) Mexuko, 6 Ko-
mopom npoxcueaem 40 man uenosex, seasemcs
NPOEKMuUpoBanue cemu N02UCIMUYECKUX NAAM-
dopm [2].

B mae 2015 e00a Obin 3anyuien myasmumo-
0anbHbLi MPAHCROPMHO-N02UCIMUYECKUI KOMN -
nexc «FOxcno-Ypanvckuiry (Yensiburnck), cpoku
docmasku epy306 cokpamuaucs ¢ 50 do 7 Oueli.
B danvuetiwem naanupyemes cozoame Ha mep-
pumopuy KOMIAEKCa c80000HYH0 IKOHOMUHECKYIO
30HY U psI0 NPou3600cme. Yoice onpeoeneHvl KoH-
mypot npoekma BCM Yeasounck— Examepun-
oype c nepcnexkmueoii ebixooa Ha BCM Mockea—
Ilexun. Hoevlii mpancnopmHblil y3en 8KAHOUUM
Aoeucmudeckue yeHmpol 08yx ooaacmeil, 8 mom
uucne u THK «HOxcro-Ypanvckuit». Pexon-
CMPYKUUsL A8BMOMOOUNBHBIX D0PO2, 8 MOM HUCAe
0o epanuypt ¢ pecnyoauxoii Kazaxcman, cmpou-
menbcmeo u pexoHcmpykuus Yensounckoeo as-
ponopma (banranouno) ¢ obycmpoiicmeom nyr-
Kma nponycka uepes epanuyy P® e asaponopmy
noszgoaam Oxcnomy Ypany cmamev Ho8bIMU
poccuiickumu «eopomamu 8 A3uro», 8bIX000M HA
azuamckue pulHKU U peaiu3o8ams HAAHbL HO
PA3BUMUI0 MPAHCNOPMHO20 Kopudopa 6 Kazax-
cman u Kumaii.

Kak Buamm, Bo BceX MPUBEIEHHBIX IIPUME-
pax TpaHCJOoTUCTHYecKasl uaTopmMa — 3To
reorpacIecKoe npoCmpanHcmeo co Cheyuan -
3UPOBAHHOU UHDPACMPYKMYPOUl U YCAYeAMU,
CTpaTeTUIeCKU PacCTOOKEHHOE Ha TEPPUTO-
pUM TaKUM 00pa3oM, YTOOBI 00ECTIeUUTh JIOTU-
CTUKY TePPUTOPUATBHBIX PEIHKOB, X B3alMO-
JIEWCTBYE C APYTUMU PETMOHATBHBIMHY, HAIIAO-
HaJTbHBIMY/TJIOOAJTEHBIMY PHIHKAMU, MEXKOP-
FaHU3alMOHHYI0O W MeXpPEeTrnoHaJIbHYIO
CETEeBYIO KOOTIEPALIIO TTPEATIPUSITHIA.

dopMUpoBaHNEe TEPPUTOPUATBHON JIOTH-
CTUYECKOI TUIaT(OPMBI Yallle BCETO CBSI3bIBa-
eTcsl ¢ HapalllMBaHUEM W MOJepHU3aIuei
dusnyeckux o0beKTOB UHPPACTPYKTYPHI:
CTPOUTENIBCTBO U PEKOHCTPYKIIUS CKIIAOB,
TepMUHAJIOB U T.IT. B mmociteqxue romsl B Poc-
CHM pa3BUTHE IIJIO MIMEHHO B 9TOM HaIlpasJie-
HUU — CTPOUTETHCTBO JIOTUCTUYECKUX U pac-
MpeAeTUTSIBHBIX LIEHTPOB, POCT TMapKa IpH-
BaTHBIX BaTOHOB, MHMPACTPYKTYPHl MOPCKIX
MOPTOB U CYXOIyTHBIX MOPTOB. He ciryuaiiHo,
YTO ITO TAKOMY MHINKATOPY, KaK «UHGPacmpyk-
mypa», Poccus niepeMectuiiach ¢ 97 MecTa Ha
77-e B peTHHTE CTpaH 110 MHAECKCY Pa3BUTHS
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Kpurepuit
BBIZIEJIEHVIST

Tpoduis
IUIaTGOPMBI

MexaHu3M
$opMypoBaHNsI

VHTerpupoBaHHast
JIOTMCTHKA CETeBO
Llerb co3manmst
/ ‘ KOOTIepanyuy 1o ‘ MUHTerpamust mo
TIPOJYKTA,
CO37IaHMIO MTPOJYKTA U
Puc. 3. CTOMMOCTH A Y I
P o JIOBEJICHUIO €T0 JI0
pog oTpe6uTeIst VHTerpauys mo
JIOrUCTUYECKUX TOPU30HTAIN
nnar¢popm
n appekTsl G VIHTErpUpOBaHHBI AnbsiHCHI /
OoT ux MM OVSHEC 6usHec-mporecc/ TIapTHepCTBa
¢dopmuposaHus. TIpOLIECE, IIpO3paYHble TPAHMIBI
KOMIIJIEMEHTapHbIe - MeK/Ty KOMIaHUSMY; - O6mye cTanAapTHI
pecypeer 1 MHTErpUpPOBaHHBIE B3aMMOZIENICTBUS
KOMITETEHIIUM
yemyru
ConpspkeHHBIE
TEXHOJIOTUN
JlorucTuaeckuit B3aUMOJIEICTBUS
l(eHTp/KOM[UIeKC;
Teorpadudeckoe Jloructuka ropoa, KoopauHaums
MPOCTPAHCTBO, ‘ Ppervona, Me3opermona; ‘ ynpasnenue
TeppuTopHs HanyonansHast
SKOHOMMKA,
r/106a/IbHasT SKOHOMMKA

SddeKkThi OT
CO3IAHNST

snoructuku (LPI), onpenensiemomy Becemup-
HbIM O6aHKoM (2014 1.).

OnHako KpyInHble MH(OPACTPYKTYPHBIE
TIPOEKTHI TOJDKHBI OBITh CTPATeTMUECKH yBsI3a-
HBI C pa3BUTUEM IIEHTPOB IPOMBIIILJICHHOTO
TPOU3BOJICTBA, JIOKATU3AIUU TTOTPEOUTEb-
CKOTO Crpoca, MHAYCTPUAIbHBIMU ITapKaMu,/
KOMILIEKCAaMK, 9KOHOMUYECKMMU 30HaAMM, TO
€CTh JIOJDKHBI OBITh TOJIePXKaHbI IeJIOBOM
AKTMBHOCTBIO, TOBAaPHBIMU U JIIOACKUMHU IO~
TOKaMM, KOTOpbIe obecrevar 3arpy3ky u a¢-
(bekTUBHOE MCTIOTB30BaHUE OOBEKTOB TPAHC-
TTOPTHO-JIOTUCTUYECKON MH(MPACTPYKTYPHI.

ITo COBOKYITHOCTH ITPU3HAKOB MOKHO BbI-
JIETUTh OIpeIeICHHBIE «ITPOMYIIN» JIOTHCTH-
YeCKUX I1aThopM, MeXaHU3MbI UX (popMupo-
BaHUS U 3(hHEKTh OT GYHKIMOHUPOBAHUS

(puc. 3).

BbIBOAbI

1. TpaHncnoructuueckas riargopma Jiroodo-
TO TIPOWIIT UMEET TeXHOJIOTUIECKYI0, Opra-
HU3alIMOHHYIO OCHOBY, KOTOPBIE 00eCTIeunBa-
IOT CeTEeBOE B3aMMOJEUCTBUE U TEM CaMbIM
(bopMupyloT o011 SKOHOMHYECKOE TTPO-
CTPAHCTBO IIJIs1 MHTETPUPOBAHHBIX CEPBUCOB
B JIOTUCTHUKE.

2. TeXHOJIOTMYECKYI0 OCHOBY TPaHCJIOTH-
cTUYecKOol miaaTGopmbl 00pa3yOT MOIETU
yIpaBJIeHUS LIeTsIMuU TTocTaBok; IT-TexHomo-
ruu, obecrnieuynBaoe GyHKIIMOHUPOBAHNE
OU3HEC-TIPOIIECCOB U KOHTPOJIb B PEaIbHOM
peXuMe BpeMEHU; pa3BUTasT JJOTUCTHYECKAsT
MH(DPACTPYKTYpa KaK OCHOBA JIJISI COTIPSKEHUST

BCEX BUJIOB TPAHCITOPTa M OPraHU3aIK1 MYJTb-
TUMOJATBHBIX TIEPEBO30K, CKJIAICKOTO U Tep-
MUWHaJIBHOTO X03siicTBa. TexHomornueckast
ocHOBa (popMHUpYeT OOIIYI0 OIepalliOHHYIO
aThopMy, TTO3BOJISIONIYIO peali30BaTh 00-
[[M€ TEXHOJIOTMYEeCKUe CTaHAapThl U perja-
MEHTHI.

3. OpraHu3alMoOHHBII KapKac TPaHCIOT Y-
CTUYECKOM TUIAT(hOPMBI COCTABIISIIOT MEXaHU3-
MbI KOOPAMHAIIUM U YIPABJIECHUS CETEBBIM
B3aMMOJIEHCTBUEM Uepe3 CO3MaHNEe TTPOSKTHBIX
MHOTO(GYHKIIMOHAJIIBHBIX KOMaH1/0(hHCOB,
(DYHKLIMOHUPYIOLIMX Ha 0611eil MHpopMaLu-
OHHOM TIIaT(GopMe; TOJTOCPOIHOE OOCITYKM -
BaHWe (MaplIpyTU3amusi, HUTKUA IrpaduKoB,
rubkas tapudHas MoJUTUKA); JeKTPOHHBIN
JIOKYyMEHTOOOOPOT, «EIMHOE OKHO», «EIMHBII
ouneT», «enuHbli Tapud» u T.4. CeTeBoe B3a-
MMOJIEICTBME OCHOBAaHO Ha BBICTpAaMBaHUU
€IMHOTO OU3HEC-TIpoliecca — yIpaBIeHHE 3a-
rmacamu, TpaHCIIOPTUPOBaHUE, paclipeaesie-
HUe, pa3paboTKa HOBBIX ITPOIYKTOB/CEPBU-
COB — JJIsI OOCIYyXXHUBaHMS TTOTpeOUTENei
M TIpeaIiojiaraeT ONTUMaJIbHOE couyeTaHue
BEPTUKATbHBIX M TOPU3OHTAIBHBIX MEXaHM3-
MOB MHTeTrpalliy Ha 6a3e JTOTMCTUKMY.
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TRANSLOGISTIC PLATFORM: NETWORK COOPERATION

Dunaev, Oleg N., Council of Chamber of Commerce and Industry of the Russian Federation for Industrial
Development and Competitiveness of the Russian Economy, Committee of the Russian Union of Industrialists
and Entrepreneurs for International Cooperation, Moscow, Russia.

ABSTRACT

In the article, logistics is a technology for
managing network cooperation in a new model of
economic growth that meets the requirements of
people and goods mobility in the 215t century.
Analysis of logistics as a factor of the current stage
of economic growth is given. The main trends of
formation and development of the translogistic

platform as network cooperation in the product
creation chain are considered; single / common
business process; network interaction of business
processes at the territorial level are considered. The
conclusion is made about the need for development
of logistics as a management technology that
provides a synergetic effect on the basis of
commercial and industrial network cooperation

Keywords: economy, logistics, translogistic platform, strategic partnership, economic growth, network

management technologies, business processes.

Background. The solution of urgent tasks of the
Russian economy rests on a non-trivial process of
«gathering» Russian businesses into production
chains, clusters, agglomerations, «stitching» large
regional production and consumption centers into
meso- and macroregions with access to international
economic corridors. Intensification of cooperative
relations requires strengthening of horizontal links —
interbranch and interregional — and can be
productively implemented on the basis of logistics.

Today, many states have taken the road of
modernization / transformation of the economy
through development of transport, logistics and trade
infrastructure. The goal is not limited to the role of a
«natural transit bridge», «natural gateway», «global
transit hub», but provides for development of the
country’s economy as a global business center with
new competitive advantages for participation in global
value chains, with new competencies for
implementation of large infrastructure projects, with
opportunities to benefit from spatial location,
international trade and investment.

Unfortunately, in Russia the potential of logistics
as a rapidly growing sector of the national economy
is clearly underestimated. Barriers for realizing the
potential of logistics as a modern technology for
supply chain management, organization of network
business interaction, which reduces total costs,
increases labor productivity and competitiveness, are:

— unbalanced state of the components of the
logistics infrastructure (significant territorial and

structural disproportions in location and development
of the regions of Russia);

— lack of (especially new) competencies and
insufficient scale of business of logistics companies;

— lack of standards and generally accepted
approaches to creation of logistics infrastructure
facilities; reliance on developer classification of
warehouse facilities (A, B, C, D), vicious when
making decisions on formation of technical,
technological and space-planning characteristics
of facilities;

— backlog with introduction of electronic
document management, high costs of administering
logistics operations, inefficient customs procedures;

— insufficient organizational support for
industrial cooperation and networking, territorial
logistics infrastructure as a resource base for
integrating the region’s economy into the supply
chain / value added, export flows.

Overcoming existing barriers is possible
through formation of a national translogistic
platform as a tool for organizing distributed
production on the basis of a developed system of
regional transport-logistics platforms / clusters with
a specialized package of services (for oil and gas,
machine-building, agro-industrial and other
industries), interconnected via a route network,
transport nodes, transport corridors.

Objective. The objective of the author is to
consider different aspects of a translogistic
platform in modern conditions.

Logistics as a factor of a stage of
economic growth

Integration of

| g | business processes -

Outsourcing and offshore as tools to reduce intra-company

costs on the basis of “smart” and reliable logistics Pic. 1.
: Logistics as
| » Formation of new Development of new forms of trade (online shops, growth of a ?a ctor of
markets Russian online-retail at the level of 25-30 % per year), express
delivery, market of complex logistics services a stage of
economic
|| Entry to existing Creation of “seamless” logistics, diversification of logistics growth.

chains, increase in competitiveness of trade routes passing
through Russia

markets

Network interaction, saving on scale and receipt of synergy
effect (reduction of total costs) on the basis of industrial-
laoistics clnsters

—» New (flexible)

economic-legal forms

Investment in
logistics -
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Improvement of quality of transport-logistics infrastructure,
multinational trade flows and service centers, production of
income on the territory of Russia, formation of new “profile”
of the economy
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Table 1
Comparative analysis of logistics development indices by countries

Positioning of individual countries Positioning of Russia and China
in the rating LP12014, World Bank by group indices LP12014 (LPI12012 / LP12010 / LP12007)
Place Country Value of Category Place Country
LPI-2014
Germany 4,12 Customs 1(21/6/12) Norway
2 Netherlands 4,05 38 (30/32/35) China
133 (138/115/137) | Russia
3 Belgium 4,04 Infrastructure 1(1/1/3) Germany
Great Britain 4,01 23 (26/27/30) China
77 (97/83/93) Russia
5 Singapore 4,00 Shipment 1(9/7/45) Luxemburg
Norway 3,96 22 (23/27/28) China
102 (106/96/94) Russia
8 Luxemburg 3,95 Quality and 1(23/13/17) Norway
USA 3,92 competence 35 (28/29/27) China
80 (92/88/83) Russia
28 China 3,53 Control 1(7/4/5) Germany
88 Kazakhstan 2,70 29 (31/30/31) China
79 (79/97/119) Russia
90 Russia 2,69 Timeliness 1(11/1/25) Luxemburg
99 Belarus 2,64 36 (30/36/36) China
84 (94/88/86) Russia

Source: «Connecting to compete 2014. Trade Logistics in the Global Economy. Logistics Performance Index and its

Indicators», World Bank, 2014.

Methods. The author uses general scientific
methods, comparative analysis, economic
evaluation, scientific description.

Results.

1. Logistics as a factor of a new stage of
economic growth

A new stage of economic growth uses a «new
portfolio of resources», the main characteristic of
which is their flexibility, ability to complement and
replace each other, and mobility. It relies on service
economy (which does not have anything in common
with de-industrialization of the economy), offering a
complex range of services to service industries and
sectors of the economy in order to minimize costs /
increase productivity, optimize business processes
and management systems. At the same time, the
service economy itself can and produces new
products, technologies, businesses and,
consequently, new markets.

Logistics in modern conditions determines the
directions of global flows of goods and services,
effective logistics creates competitive advantages at
the level of business organizations, regions, national
economies, expands and unifies existing markets and
facilitates entry into new markets. Logistics extends
and diversifies the value chain, it can form the
structure of the national economy, defining its
«profile». Finally, logistics stimulates the flow of
investment, gives them a sustainable character,
allows us to consider their potential as a key strategic
resource (see Pic. 1).

In turn, development of the logistics services
market is influenced by innovations outside the
logistics sector. New industries, new technologies and
new product streams require a new design, global
supply chains (GSC) and global value chains (GVC)
that may not fit into existing system of transportation
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and location of logistics infrastructure. In this case,
the previous infrastructure does not allow to realize
the potential of new innovative solutions in the field of
supply, which undermines reliability of service
provision and raises the need to design a new supply
chain configuration. The need for new logistical
interactions is also due to rising energy sources
prices, increased transportation costs for the product,
may be caused by geopolitical risks. Suppliers and
their customers face inevitably the problem of product
distribution / supply at lower costs.

Thus, changes in the economy under pressure of
logistics make the government and private sectors
think about what type of investment is required, in
what directions, what level / quality is needed to
maintain the country’s competitiveness.
Understanding the motivation for making decisions in
the field of logistics, as well as their impact on the
economies of different countries, is an important
starting point in the study of how multinational
commodity flows reflect the characteristics of the
markets of any economy and simultaneously form and
promote economic growth.

Our analysis of the Russian market of logistics
services shows:

— the bulk of services in the sphere of
transportation, storage, management of stocks and
supply chains is carried out by own forces of
enterprises of commodity producers (68 %);

— 2PL providers prevail in the market structure
(the share of services of 3PL providers does not
exceed 8 %);

— the share of oil and gas transportation services
is high (80 % of the turnover of the transport and
logistics services market), and of raw materials.

Compatrative analysis of the logistics development
index, calculated by the World Bank, indicates a
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significant backlog of logistics services in Russia,
including compared with China (see Table 1).

The fragmented state of the components of the
logistics system, characteristic of modern Russia
(significant territorial and structural disproportions in
location and development of logistics infrastructure,
underdevelopment /inconsistency of the structure of
the logistics services market with modern needs,
insufficient use of logistics management principles in
implementation of transit potential), is a powerful
constraint in implementing the idea about creating a
common economic space and a single market for
logistics services.

Overcoming of fragmentation is possible when
creating a «single regulator / coordinator» —
development institute, which will allow to collect an
integral strategic architecture for logistics and
manage its changes based on information
technologies. Such architecture will absorb the
world’s innovative developments. As a result, new
integrated unified models will appear, introduction of
which in all sectors of the Russian economy will create
prerequisites for harmonizing the transition to
international standards of logistics interactions.

The main positive effects of implementing an
integrated logistics architecture will be manifested in
integrated development of territories and regional
unions, linking production clusters and consumption
centers, creating new high-tech jobs. There will be
new competitive routes, transport corridors, transport
and logistics clusters, inscribed in international
geopolitical consortia and cooperation.

So, the complex architecture of logistic
interactions means that long-term benefits in the form
of adding value, increasing trade and investment are
possible only on the basis of solid integration of
business processes of companies, which in
combination will provide a high-tech result / product.
It is a comprehensive view of the modern logistics
architecture that avoids distortions in development of
its individual components and ensures economic
growth for companies, regions and countries.

Proceeding from this, it is proposed to develop
andimplement a strategy for development of a single
market for logistics services on the basis of network
cooperation of companies / organizations as a tool
for strategic management. The development of the
strategy will allow: (1) to identify «weak places» and
«missing links» of logistics, so as to increase its
potential, to achieve sustainable economic growth;
(2) to prepare subprograms for integrated
(interrelated) development of all components of the
logistics system, including its staffing; (3) to create
the basis for integration of business processes in
industrial and logistics clusters on the basis of
information technologies and the corresponding
technological platform (terminals, warehousing); (4)
to develop a model of strategic interaction between
participants in integrated supply chains to improve
the quality of management, reduce total (total) costs,
optimize the financial result; (5) to propose tools for
implementing the strategy and developing key
competencies of companies in the Euro-Asian
economic space, using targeted program projects.

To achieve these guidelines, we propose to create
a translogistic platform as a space for coordinating
management of global supply chains at the regional,
national and international levels.

Today the term «logistics platform» is widely used,
especially when it needs to be emphasized:
a) importance of conjugation and complementarity of

objects of transport and logistics infrastructure,
possibility of their joint use; b) ability of agents-
participants in the supply chain to network interaction
to create and bring consumer value to the client; c)
need to coordinate business processes within the
boundaries of network interaction in order to
simultaneously solve two tasks —improving the quality
of service and reducing costs.

The logistics platform is a tool that allows to fully
use the potential of logistics as a technology for
managing supply chains, network interaction.

Translogistic’ platform is an economic space
of network interaction / cooperation of companies,
which is structured by a single / common process of
product manufacture, a single (built by common
standards) business network management
technology, coordinating participants in the integrated
value chain in regional, national and global markets.

This approach includes three components: (1) a
translogistic platform of the integrated supply chain,
supporting production, value-added and trade
cooperation in the chain of product creation and
bringing it to the consumer (product markets); (2) a
translogistic platform of a single / common business
process that operates on the basis of complementary
resources and competencies, combined into
networked cooperation to achieve common results;
(3) translogistic platform of network interaction of
business processes at the territorial level: centers /
parks, cities, agglomerations, regions / meso-
regions, national, transnational formations. The key
characteristic in all cases is network interaction based
on logistics, which, as is known, is characterized by
voluntary participation, coherence of actions,
openness, trust between participants and the
presence of a network cooperation coordinator.

The results of a study conducted by the consulting
company KPMG showed that one of the priorities for
the supply chain is «<lowering the level of costs and
current capital» (46 % of respondents). The solution
of this problem is connected with ensuring
transparency and awareness of producers about the
supply chain: 40 % of respondents admit that they are
not sufficiently informed about their supply chain, and
only 14 % indicated that they possess complete
information from their suppliers of the first, second
and third levels; every third respondent believes that
the problem of lack of awareness is related to
imperfection of IT systems or the lack of required
skills, but transparency of supplier organizations is
surprisingly low [1].

The problem highlighted in this example indicates
the unsettled (with rare exceptions) integrated supply
chain, and more broadly, the lack of a common
logistics platform along the product / value creation
chain that ties the manufacturer and supplier together
with a common business process with integrated
business planning models, with shared values and
standards of cooperation.

2. Translogistic platform for production
network cooperation

The manufacture of different products has not the
same number of stages of manufacturing, and
consequently, the need for network interaction will
also be different. The longest chains of value creation

! The term «translogistic» indicates overcoming of
boundaries between the companies participating in the
network, as well as intra-regional, interregional, inter-
ethnic interaction.
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Table 2

«Buyer—supplier» in the supply chain: the strength of interaction

» STRONG

«Free», independent of
each other relations

Sticky relationships

Vertical integration

Ownership relations

The buyer is not the owner
of any supplier

The buyer maintains a
certain level of relations
with the supplier

The manufacturer company is the
owner of the supplier company

Industry’s
characteristics

Low level of technology,
labor-intensive production
process, low development
of technical specifications
to parameters.

Savings on scale

Low level of technology,
labor-intensive
production process, high
requirements to terms of
reference / parameters.
Savings on diversity

High requirements for technology
and the level of technical
parameters of the product, labor-
intensive or capital-intensive
production process.

Savings both on diversity and scale

International retailer
(product network in the
triangle)

Product’s sector Not durable for the Not durable for the Durable for the consumer
consumer consumer
Product’s Standard, not differentiated | Designer’s, developed Sensitive to quality product with a
characteristics (standard clothing, product (designer long life cycle
electronics, toys), long or | clothes, shoes), short life
short life cycle cycle of the product
Buyer’s Large retailer in the low Brand owner. Producer.
characteristics price segment. International retailer Brand owner

(grocery chain in a
triangle)

Supplier’s location

Developing countries from
a low-income group of
countries

Developing countries
from a low- or middle-
income group of

Developing countries from a
medium- or high-income group of
countries

countries
Transfer of None Possible Mandatory
technologies buyer—
supplier

org/10/1787/.

Source: Backer K. D. Miroudot S. Mapping Global Value Chains/OECD Trade Policy Papers. No. 159//dx.doi.

are built in the food industry, automotive, clothing,
electronics production.

In other words, the need for integrated logistics
will depend on the complexity and duration of the
product creation chain (see Pic. 2).

The company can differentiate its products
according to the degree of their complexity and
thereby segment the markets of the logistics services
required for it: transportation, outsourcing,
management logistics in the interests of the client.
Table 2 shows the types of buyer-supplier interaction,
depending on different criteria.

The more complex products the economy
produces, the more it needs to build integrated supply

A

chains, requires a developed infrastructure network
and availability of complementary, integrated
services, thatis, application oflogistics as a technology
for network interaction. If there are no well-built
logistics platforms that provide multimodal and
intermodal transportation, online information
communications, financial and other business
services, to move goods and coordinate the process
of producing added value, production chains will tend
to be simplistic and closed.

The dependence of the Russian economy on
imports is well known. It’s not just about his high share
of food supplies. There is high specific weight of
imports in the costs of enterprises for raw materials,
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materials, purchased semi-finished products and
components for production of goods and services.
The production dependence on imports of imported
products is not so much the result of being involved
in global value chains, but rather the result of
technological backwardness of Russian production
chains that were forcibly cut off by the producer of the
product and replaced for deliveries from abroad. At
the same time, a branched system of successive
productions is cut off from participation in the
production chain, which turns out to be unclaimed.

In Russia, the process of import substitution now
has a leading role in ensuring growth in the real sector
of the economy. The Government of the Russian
Federation adopted the Import Substitution Program,
primarily in those sectors where the dependence on
imports ranges from 60 to 90 %. According to the
plans of the Ministry of Industry and Trade, by 2020 it
is necessary to ensure a radical decline in the market
share ofimports in more than 2000 types of products.

The formation of a complete production chain is
(1) substitution of imports of finished products by
importing components for its production; (2)
production of components and transition to the import
of parts for components; (3) production of parts and
completion of the full production cycle.

Import substitution is accompanied by a change
in the sectoral and spatial structure of production,
access to new markets for the domestic producer.
Localization involves production cooperation and
networking, demands for integrated supply chains,
logistics services / products.

Thus, the question arises of assessing the extent
to which the transport and logistics infrastructure is
ready to connect production / technological chains
in which the business operates; how they relate to the
existing transport and logistics infrastructure; what
needs to be done to collect new logistics chains,
including transport routes and economic agents;
which components should a translogistic platform
include to ensure localization of own production; how
quickly the missing links can be built.

3. Translogistic platform of a single / common
business process

The platform of the business process, built on the
use of complementary resources and competencies,
allows implementation of «seamless» logistics for
development of interrelated and complementary
industries, related activities in the direction of
obtaining a common result / goal. Coordination of
interests implies existence of a focal point, functions
of which can be performed by a company-integrator.
In such network cooperation, availability of common
technological standards and regulations, formation
of a common operating platform, which gives an
opportunity to consolidate assets, to gain economies
ofscale, to ensure the quality of services at competitive
costs, acquires an independent value.

Dubai World Central (DWC) is a globally integrated
transport and logistics platform covering countries /
markets in Europe, Africa, Southeast Asia, the Far
East, and integration of business processes with
complementary resources and competences based
on logistics.

United Arab Emirates (UAE) use their natural
competitive advantages — geographical location,
historical role of trade and modern tourism. Dubai is
a gateway to the Middle East, Asia and North Africa
and specializes in serving international cargo flows
between India, Southeast Asia, Africa, the Far East

and Europe. During recent years Dubai has rapidly
transformed into a world hub for re-exports. The
infrastructure facilities are Al Maktoum Airport and the
Jebel Ali seaport (the largest container port between
Singapore and Rotterdam), an industrial center for
preparation for transportation and delivery of
perishable products, including those treated with cold
(possesses the latest technologies and occupies key
positions in this market) — are interconnected by a
common logistics zone and operate on a common
operating platform with direct access to the UAE road
network, air and sea corridors, thereby reducing the
flow time of cargo sea-to-air / air-to-sea. The
operating platform functions in a free economic zone,
as a result of which transport and logistics services
are provided with an unprecedented level of
accessibility, speed and efficiency.

The development of transport, logistics and trade
infrastructure in the region is seen as a leading lever
for profound changes in the direction of participating
in global value chains, diversifying the structure of the
economy, benefiting from spatial distribution,
international trade and investment. At the same time,
the goal is not limited to the role of a global transit hub
for international trade and tourism, but it provides for
transformation of the region into a global business
center at the world level, which provides professional
support for business — accounting, legal and banking.
Competences developed in the UAE for creation and
operation of global transport and logistics hubs have
now become the subject of export: Dubai Port World
is a consultant for the international sea trading port
of Aktau (western transport hub, Kazakhstan) to
diversify its activities; in early 2016, an agreement was
signed with RPIF (Russian Private Investment Fund)
on establishment of a joint venture (DP World Russia),
which invests up to $2 billion in various Russian ports
and transport and logistics infrastructure enterprises.

4. Translogistic platform at the territorial level

Asarule, the translogistic platform is «tied» to any
territory. In this case, we talk about logistics centers,
logistics parks, transport and logistics complexes. We
can also choose larger territorial units: city logistics
platform, transport and logistics platform of the
region, the country.

In Portugal, 12 logistics platforms are identified
according to criteria such as strategically defined
zones with a specialized infrastructure that allows to
provide high-quality services; accessibility of several
modes of transport with the possibility of their
combination; competitive costs of the services
provided. Together they form a national logistics
platform that strengthens the country’s role as a
«natural gateway» to Europe.

Part of the planning for development of a large
region (meso-region) of Mexico City, home to 40
million people, is the design of a network of logistics
platforms [2].

In May 2015, the multimodal transport and
logistics complex South Urals (Chelyabinsk) was
launched, the delivery time of cargoes decreased
from 50 to 7 days. In the future, it is planned to create
a free economic zone and a number of productions
on the territory of the complex. The outlines of
Chelyabinsk- Yekaterinburg HSR project have already
been defined with the prospect of entering Moscow-
Beijing HSR. The new transport hub will include logistic
centers of two regions, including TLC South Urals.
Reconstruction of highways, including to the border
with the Republic of Kazakhstan, construction and
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Pic. 3. Profiles of
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and effects from their
formation.
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reconstruction of Chelyabinsk airport (Balandino) with
construction of a border crossing point at the airport
will allow the South Urals to become the new Russian
«gateway to Asia», access to Asian markets and
implement plans for development of the transport
corridor to Kazakhstan and China.

As we can see, in all the examples given, the
translogistic platform is a geographical space with
specialized infrastructure and services strategically
located on the territory in such a way as to ensure the
logistics of the territorial markets, their interaction with
other regional, national / global markets, inter-
organizational and interregional network cooperation
of enterprises.

The formation of a territorial logistic platform is
most often associated with the building up and
modernization of physical infrastructure: construction
and reconstruction of warehouses, terminals, etc. In
recent years, Russia has been developing precisely
in this direction: construction of logistics and
distribution centers, growth of a private wagon fleet,
infrastructure of seaports and land ports. It is no
coincidence that Russia has moved from the 97" place
to the 77" in the rating of countries on the index of
logistics development (LPI), determined by the World
Bank (2014), according to such an indicator as
«infrastructure».

However, large infrastructure projects must be
strategically linked with development of industrial
production centers, localization of consumer demand,
industrial parks / complexes, economic zones, that
is, they should be supported by business activity,
commodity and human flows, which will ensure the
loading and efficient use of transport infrastructure
facilities.

By the totality of the characteristics, it is possible
to identify certain «profiles» of logistic platforms,
mechanisms for their formation and effects from
functioning (Pic.3).

Conclusions.

1.Translogistic platform of any profile has a
technological, organizational basis that provides

network interaction and thereby form a common
economic space for integrated logistics services.

2.The technological basis of the translogistic
platform is formed by supply chain management
models; IT-technologies that support the functioning
of business processes and control in real time
mode; developed logistics infrastructure as a basis
for interfacing all modes of transport and
organization of multimodal transport, warehousing
and terminal facilities. The technological basis
forms a common operational platform, which allows
implementing common technological standards and
regulations.

3. The organizational framework of the
translogistic platform is a mechanism for coordination
and management of network interaction through
creation of project multifunctional teams / offices
operating on a common information platform; long-
term service (routing, schedule threads, flexible tariff
policy); electronic document management, «single
window», «single ticket», «single tariff», etc.
Networking is based on alignment of a single
business process - inventory management,
transportation, distribution, development of new
products / services — for customer service and
assumes the optimal combination of vertical and
horizontal integration mechanisms based on
logistics.
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EXPRESS INFORMATION

IKCMNO3UUUnUA OAO «PXKAO»
HA IV DECTUBAJIE «NMEPBO3OAHHAY POCCUSA»

Ha O6mepoccuiickom ectu-
pasie npupoani «IlepBo3nannas
Poccusi», KOTOpBIi HAYAT CBOIO
pa6ory 20 suBapsa B IlenTpaib-
HOM JIOMe Xy/I0KHUKA B MocKBe,
npejcTaBJieHa IKcno3uims ¢oTo-
rpaduii keje3Hbix 1opor Poccun.

Cepus u3 19 pabor, co3naH-
HBIX COTPYIHUKAMU (DOTOCITYK-
Obl KOMITAHWU, TTOCBSIIIICHA He-
MOBTOPUMBIM TPUPOJAHBIM
nannmadgTaM Halleid CTpaHbl,
3arevyaTeHHbIM B pa3HbIX KITU-
MaTUYECKMX 30HaX U B pa3zHOe
BpeMs Tof1a.

BricTymas Ha nepeMoHUU
OTKPBITHSI BBICTABKM, CTATC-CEK-
petapb — Bulle-Tipe3uneHT OAO
«PXK]1» AHatonuii MeniepsikoB
OTMETWJI, YTO OCHOBHASI UIIesT IKCITO3ULINU —
MOKa3aTh, HACKOJIBKO F'APMOHMYHO U 11EJIOCT-
HO BIMCBIBAETCS KeJe3HOMOPOXKHAsI MHGpa-
CTPYKTYpa B IPUPOAHBII JIaHAIIADT 3aTI0BE/I-
HUKOB M 0C000 OXpaHsIeMbIX MPUPOIHBIX
TEPPUTOPUIL, CTAHOBSICH C HUMU €IMHBIM

LIeJbIM OJaromapsi OepexkHOMY
COXpaHEHMIO YHUKAJILHOM ITPUPO-
JIBI.

LleHTpaibHOE MECTO B 9KCIIO-
3ULIMU 3aHMMAET KapTa XKeJIe3HbIX
JIOPOT, Ha KOTOPO#l OTpaxXeHbI
0c000 OXpaHsieMble TIPUPOIHBIE
TEPPUTOPUU, CONPUKACAIOIINECS
C KEJIe3HOIOPOXHOU MHbpa-
CTPYKTYPOIi Ha MPOTSZKEHUU 00-
see | ThIC. KM.

HamoMHuM, 9TO XeJIe3HOH0-
POKHBII TPAHCIOPT OKa3bIBaeT
HaMMEHbIIIee HEraTUBHOE BO3-
JIEVICTBHE HA SKOJIOTUIO B CPaBHE-
HUU C IPYTUMU BUIAMU TPaHC-
mopra. OAO «PXI» ymenser
MOBBIIIEHHOE BHUMAaHUE POBE-
JIEHUIO TIPUPOJAOOXPAHHBIX, pPe-
KPEalMOHHBIX U MPOCBETUTEIBLCKUX MEPO-
MPUATUIA, TOCTOSTHHOMY CHIKEHUIO Harpy3-
KM OT JEeSITEeIbHOCTU XEJIE3HOMLOPOXHOTO
TPaHCIIOPTa Ha OKPYKAOIIIYIO CPELY.

ITo MaTepuaiam npecc-ciayKob
OAO «PXK]I» ®

PHOTO EXHIBITION OF RUSSIAN RAILWAYS
AT IV FESTIVAL «<PRIMORDIAL RUSSIA»

An exhibition of photos of Russia’s railways
is being held at the All-Russian Festival of
Nature «Primordial Russia», which opened on
20 January 2017 at the Central House of Artists
in Moscow.

The series of 19 works created by employees
at the Photo Service of Russian Railways is
dedicated to Russia’s unique natural landscapes,
with depictions from different climatic zones
at different times of the year.

Speaking at the exhibition’s opening
ceremony, Anatoly Meshcheryakov, Secretary
of State and Vice-President of Russian
Railways, said that the main idea behind the
display was to show how harmoniously and
holistically the railway infrastructure has
become part of the natural landscape of
Russia’s parks and protected natural areas,

merging with them to become a single entity
through the careful preservation of the country’s
unique environment.

The centerpiece of the exhibition is a map
of the railways which shows specially protected
natural areas which come into contact with the
rail infrastructure for a distance of over 1,000
km.

Rail transport has the least impact on the
environment compared to other modes of
transport.

Russian Railways pays particular attention
to implementing environmental, recreational
and educational activities and to achieving a
permanent reduction in the impact of rail
transport on the environment.

Based on releases of press service
of JSC Russian Railways @
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Jkcno3uumsa OAO «PXO» Ha IV decTuBane «[epeo3gaHHas Poccusa»

Photo exhibition of Russian Railways at IV festival «Primordial Russia»
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Problems of Transport Accessibility and
Connectivity in the Northern Regions
(TeKCT cTarbu Ha aHrJ. 3. —

English text of the article — p. 135)

B cTatbe, ny6MKyemoli B ByX HOMepax
JKypHana, pacCMOTPEHbI MPobeMbl pa3BUTUS
TPaHCMOPTHOW MHPPaCTPYKTYPbl B CEBEPHbIX
pernoHax Poccuu (yacts I: npuoputet gopor,
Ha3eMHbIX coobLyeHunii; YacTs Il: kak nsbexares
cuHgpoma «BbonbLuovi 3emnn»). 06ocHoBaH
BbIBO/Z, O TOM, 4TO AJ1s1 o6ecrie4eHns: nx
npusnekaTesibHoCTH, KOM@POPTHOCTU NMPOXNBAHUS,
MOBbILLUEHUS MJIOTHOCTU HaceJleHusl, Co3aaHuns
YCJ1I0BUI 4151 A,O0JITOBPEMEHHOI0 YCTONYNBOIro
couunasibHO-3KOHOMUYECKOro pasBuTusi
TEepPUTOPUIi He06X0[AMMO 6O/IbLLE 3aHUMATbCS
MHPaCTPyKTYpPOI CyxonyTHOro TpaHcrnopTa

v npexxae BCero xesie3HoA0POXHOM, KoTopas
Hocwuna Gbl OMOPHbIN XapakTep u crnocobcTeoBana
YKperieHuIo nNo3nuunii TPaHCMOPTHOI 0 KOMIJiekca
Ha CeBepe. TpebyeTcs cTpaTernieckoe
nnaHnpoBaHue pa3BUTUSI KaXXA0ro n3

BUAOB TPAHCNOPTa C y4eTOM NepcrieKTus
MPOMBILLIIEHHOr0 OCBOEHUSI MasI0o0BXUTbIX
apKTUYyecKkux paioHOB 1 [4,0JITOCPOYHbIX
norpe6HocCTeVi oAe B co34aHNN KOM@POPTHOMH
cpeAb! v 61aronpuUsTHbIX YC/I0BUI AJ151 aKTUBHOW
¥ MOJIHOLL@HHOM XXNU3HeAesITe/IbHOCTH, B yBSI3Ke

C NPUPOAHO-KIMMAaTUYeCKUMMN OCOBEHHOCTAMU
Kpasi u X NPorHo3nNpyemMbIiMN NU3MEHEHUSIMU.

Knro4eBbie croBa: TpaHcnopT, CEBEPHbIE

PErvIOHbI, COLMAbHO-9KOHOMUYECKOE Pa3BuTue,
MHGPACTPYKTYpa CyXOryTHOro TPaHcropTa,
MPUPOLHO-KITMMATUYECKUE YCII0BUSI.
|

® MU

NMpoGnembl TPAHCMOPTHOIO
oO0ecne4yeHns ceBepHbIX
PEerunoHoB

Mauepem J[mumpuii Arexcandposut — 00Kmop
IKOHOMUHECKUX HAYK, npogheccop, 3a6edyrouuil
Kaghedpoii «IDkoHomuka cmpoumenvHo2o busHeca

u ynpaenerue coocmeennocmoto» Mockosckoeo
20Cy0apcmeeHH020 yHusepcumema nymeti coooujeHus
(MHUT), Mocksa, Poccus.

Mauepem FOpuii Sxoeaeeun — dokmop
2eoepaguuecKux HayK, 6e0yuULl HAYUHbILL COMPYOHUK
Hnecmumyma eeoepaguu PAH, Mockea, Poccus.

occusi — ceBepHasi cTpaHa, MOYTHU
2/3 tepputopuu Kotopoit (bosee
11 MuH KM2) OTHOCUTCS K paiioHaM
Kpaitnero CeBepa u IpupaBHEHHBIX K HUM
MECTHOCTE. DKOHOMUYECKOE 3HAUEHNE ITUX
PETMOHOB OYEHb BEJTMKO: HA UX JOJTIO TIPUXO-
IUTCS OoJIbINAsT YaCTh TOOBIMM He()TH M Ta3a,
a Takke HochOpHBIX YIOOPEHMIA, TIPOU3BOI-
CTBa JIeJIOBOM IpeBecUHbI. B ceBepHbIX 001ac-
TSIX COCPEIOTOUEHBI T0ObIUA a7TMa30B 1 30J10Ta,
IIBETHBIX U PEIKO3eMEJIbHBIX METAJUIOB, 3HA-
YUTEJIbHbIE SHEPTETUYECKIE MOILITHOCTH.
Benuku v 3ammachl moJIe3HBIX UCKOTIAEMBbIX,
KOTOpBIE MOTYT OBITh MCITOJIb30BaHbI B TEp-
cniekTuBe. Tak, MO HEKOTOPHIM OI[EHKAM,
B ApKTHKe, HeMasasi 4acTh KOTOPOU OTHOCUT-
cs1 K poccuiickomy Cesepy, Haxonutcst 20—25 %
MMPOBBIX 3aITacoB He( T 1 rasa [1].
B 10 3xe Bpemst Ha CeBepe MpoXKrBaeT MEHb-
e 10 % nacenennst Poccun, v B KOHIIE ITPOLI -
JIOTO — Hayajie HbIHEIIHETO BeKa BO3HUK
MAacCCOBBII OTTOK HACEJIeHUST U3 CEBEPHBIX
pernoHoB |2, c. 375], uto, 6e3yCIOBHO, YXYI-
AT MePCIIEKTUBBI UX Pa3BUTHsL. Beab B cOB-
PEMEHHON 9KOHOMUKE MMEHHO YEJIOBEYECKUH,
a He BEIIECTBEHHbIN KAUTaJ SIBJISICTCS TIaB-
HOW COCTaBIISIIONIEI HAIIMOHAJIBHOTO OOraTCT-
Ba M OCHOBOI 9KOHOMHUYEcKoro pocta. 1o
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JIAaHHBIM HcclieaoBaHus [3], 00bEM UesioBeue-
ckoro kanuraia B Poccun npumepHo B 13 pa3
npeocxonut BBIT ctpanbi v B 5,5 paza — 00b-
€M (pusuueckoro Kanutaia. [Tpr 3ToM 3KOHO-
MMYECKOE Pa3BUTHE OOecTieurBaeTcs Oyiaroia-
psI CHHEPIMU YeJIOBEYEeCKOro U (pu3nyeckoro
KanuTajia, NpupoaHbix pecypcoB. Cokpaile-
Hue HacenieHus poccuiickoro CeBepa, MpUBO-
Jisi1lIee, eCTECTBEHHO, K COKPAIIEHUIO YeI0Be-
YecKOoro KamuTajia 3TOTO MaKpOperuoHa,
03HAYaeT U CHUXKEHUE BO3MOXHOCTEH JJIs
TaKOW CUHEPTHUH.

YACTb I: MTIPUOPUTET A0POT,
HA3EMHbIX COOPY)XEHUM

Ncroku npodaem CeBepa v 3HAYEHHE TPAHC-
nopra

HpiHenHme mpo6eMbl COLUATBEHO-3KOHO-
MMYECKOTO0 pa3BuTUs poccuiickoro CeBepa Bo
MHOTOM OOYCJIOBJIEHBI TIOJTMTUKON OCBOCHUSI
CEBEPHBIX PETMOHOB B TIEPUO/T IIEHTPAIN30BaH-
HO TIJIAHUPYEMOI SKOHOMUKM.

C 0HOII CTOPOHBI, B 3TOT MEPUOJ OCY-
LIECTBIISTIOCh MAcCOBOE TepeceieHue JIIoIei
B ceBepHble pernoHbl. Tak, TonbKo ¢ 1926 no
1939 rom ynciaeHHOCTH HaceneHnsT KpaiiHero
CeBepa Bo3pocia Mmo4Tu BTpoe. Bo BTopoit
nojoBuHe 1930-X romoB exKerOMHBIN PUPOCT
coctaBisut 10 15 % [4, c. 133]. OgHako 310 He
OBIIO Pe3yILTAaTOM TMOBBIIIEHUS TTPUBJIeKa-
TEJILHOCTH PErMOHOB IS )KU3HM JTrofeit. Kak
otmeuaeT P. Annes: «CeBepy cTpaHbl B IJIaHAX
COBETCKOTO PYKOBOJICTBA OTBOJMJIACH OCO0ast
poJib — TOHAYaTy OH PacCMaTpPUBAJICS KakK
WUIeaTbHOE MECTO U30JISIIIUY HEYTOTHOM YacTu
HaceJIeHUsI, Mo3Xe — KaK HeucuepriaeMblii
UCTOYHUK IPUPOAHBIX pecypcos <...>. Ho kak
OBl HM MEHSITIOCh €T0 OCHOBHOE TTpeTHa3Have-
HUE, MAaTEPUATTbHYIO0 OCHOBY OCBOEGHMSI PETHUO-
Ha obGecrevynBag MPUHYIUTEIbHBINA TPYI»
[5, c. 245].

B pesynbrare ¢ xoHma 1920-x no Hauana
1990-x cpemHsisi Temriepatypa 3UMHUX Mecs-
11eB, IepecUYnTaHHAsI Ha pacTipe/ie/ieHre Hace-
JieHus 1o Teppuropun Poccuu, cHu3mnach Ha
1°C(c—11,6°C g0 —12,6°C). 3a TOT K€ Iepro
BPEMEHU B APYTrOil KPyINHEUIIEeH ceBepHOM
ctpane — Kanane — cpennsist Temrieparypa
MPOXKUBAHUS HACEJCHUS (U 3MMHUX MeCsi-
11eB), Ha000pOT, moBbicuaach Ha 1°C (¢ —9,9°C
1o —8,9°C) [2, c. 373—374]. Takum obpa3om,
ecnu B KaHaje HaceneHre KOHIIEHTPUPOBA-
JIOCh B 30Hax OoJjiee MSITKOTO KJIMMaTa, TO
B Poccuu — 6osiee cypoBoro.
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IIpu >TOM raBHOM 3aayeil OCBOEHUS
Cesepa B Hallleil cTpaHe ObLIO M3BJIeUYEeHUE
TPUPOIHBIX pecypcoB. Borpockl comaabHOTo
Pa3BUTHSI, CO3IaHMSI TTPUBJIEKATETbHBIX YCIIO-
BWIA TSI TIEPECEIISIONIMXCSI JIIOACH, CTUMYJTU-
pOBaHUS UX «YKOPEHEHUST» B 9TUX PETMOHAX
3a4acTylo ObUTM BTOpOCTEeNeHHBIMU. OCHOB-
HBIM JIBVXKYIIUM (DaKTOPOM TiepeceieHUsT Ha
CeBep (B ciyyae, eciu Takoe MepeceeHue
ObLIO0 TOOPOBOJILHBIM), KaK MPaBUIIO, SIBJISLIACh
BBICOKasi 3apab0THasl I1aTa, a eJIblo — HaKOTI-
JIEHWUE CPEJICTB ISl TOTO, YTOOKI 3aTeM OJ1aro-
MOJIy4HO 00YCTPOUTHCS B 60j1ee KOMGPOPTHOM
perroHe cTpaHbl. Pa3BUTHIO TaKoii «cTapaTeib-
CKO¥1» TICUXOJIOTUU CITOCOOCTBOBAIa HU3KasI
TPaHCITOPTHAsl 00ECITEYeHHOCTh W JTIOCTYTI-
HOCTb CEBEPHBIX MECT, CO3/aloNIas YyBCTBO
«OTOPBAHHOCTU» OT « BoJTBIIION 3eMITN» 1 TICH-
xXojiornyeckuii auckomdopr [6]. He ciyyaitHo
KOTJIa TIepeCTaIu AeCTBOBATh TOCYIapCTBEH-
HbIE MEXaHU3MBbI 00eCTIeUeHNsT TPUBJIEKATEITb-
HOW OIJIaThl TPyJa B CEBEPHBIX PErMOHAX,
MHOTHE MX XKWUTEJIM CTau TpUIaraTb Makcu-
MaJbHbIC YCUJIUST K TOMY, YTOOBI TTepeOpaThest
Ha «bobliryto 3eMTio».

CriemyeT 3aMeTUTh, YTO OTHUM U3 TIEPBBIX
JIOKYMEHTOB, TIPUHSITBIX MTPaBUTEIbCTBOM
Poccuu B camom Havasie mpoBeieHUsI PhIHOY-
HbIX pedopM, cTasna «KoHIenuus colraibHO-
9KOHOMMYECKOTO pa3BUTHs paiioHoB CeBepa»
[7]. B Heii ObL1M TpOAHATU3UPOBAHBI COLIUATb-
HO-3KOHOMMYECKHE MMPOOJIEeMBbl CeBEPHBIX
TEPPUTOPUIT 1 HAMEUEHBI CUCTEMHBIE TTPeOo-
Opa3oBaHUsl, HAITPABJIEHHBIE HA «OCYILIECTBIIE-
HUE MHOTOCEKTOPHOU nuBepcudUKamnm
9KOHOMMKH poccuiickoro CeBepar. [1pu aTom
OTMEYaJIOCh, YTO «BOIIPOCHI CO3MaHUsI MHDpa-
CTPYKTYpHI <...>, HeoOxonumoil s adek-
TUBHOTO (DYHKIIMOHUPOBAHUS COIUAIBHO-
PBIHOYHOTO MeXaHW3Ma, IMOCTENEHHO OyayT
3aHUMaTh Beylllee CTpaTerMuecKoe 3HaueHre
B IePECTPOIiKe X0351iCTBEeHHBIX cucTeM CeBe-
pa», a TpaHCTIOPTHAs cucTeMa OblTa Ha3BaHa
TePBOIA B YMCIIe TPOU3BOJICTBEHHBIX, TPEOYIO-
IIUX [IEHTPAJIM30BAHHOTO YIpPAaBJICHUS, T.€.
TPUOPUTETHOTO BHUMAaHMSI CO CTOPOHHI hejie-
PaJIbHOTO YPOBHSI YIIPABICHUSI.

Takoii MpUOPUTET TPAHCTIOPTHOTO aCIIEKTa
B pa3BuTuu CeBepa He ciiydaeH. B pazpaboraH-
HOW KaHaJCKUM y4eHbIM JI. AMJIEHOM MeTO-
INKEe YCTAHOBJICHUST «CEeBEPHBIX» Hag0aBOK
K 3apabOTHOI IJ1aTe Ha OCHOBE TTPEITIOKEHHON
WM IITKAJTBI «CEBEPHOCTH» M3 YEThIPEX IKOHO-
MMYECKUX (haKTOPOB (YIUTHIBAEMBIX HapSILy
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Ta0muua 1

‘YpoBeHb pa3BuTHsA MHPPACTPYKTYPbI CYXOMYTHOTO TPAHCIIOPTA
1 00IIEr0 COMAIBHO-IKOHOMHYECKOTO PAa3BUTHS CeBEPHBIX pernoHoB Poccun

Pernon = ObecneyeHHOCTb XKele3HbiMu | OGecnedeHHOCTh aBTO0POraMu

A E & ioporaMmu

15} §N = 3

g QE E g E E d;cd d;;cd d;cd dg.d. d;l[ﬁ. d;,d,

2% |E8y

EEF |mE2
MypMaHckast 06J1acTh 5,29 396,3 6,00 1,14 2,61 22,70 4,29 9,87
Pecny6nuka Kapenust 3,50 276,8 12,33 3,52 6,59 46,96 13,40 25,09
ApxaHreJjibckasi 06J1acTh 2,01 428,1 3,00 1,49 2,11 20,83 10,38 14,70
Pecny6ika Komu 2,07 560,0 4,05 1,95 2,81 15,36 7,40 10,66
XaHTbI-MaHCUICKIIT aBTOHOMHBI 3,01 1753,8 2,03 0,67 1,17 10,32 3,42 5,94
okpyr — FOrpa
Smano—HeHeukuit aBTOHOMHBbIi 0,70 2540,5 0,63 0,89 0,75 2,83 4,03 3,37
OKpYT
Pecniy6sinka ToiBa 1,86 134,2 — — - 20,30 10,91 14,88
Pecny6nuka Caxa (SIkyrust) 0,31 595.8 0,17 0,55 0,31 3,69 11,88 6,62
MaraznaHckasi 06J1acTh 0,32 584,7 — — — 5,26 16,42 9,29
YyKOTCKMI1 aBTOHOMHBII OKpYT 0,07 927,4 — — — 0,89 12,73 3,37
Kamuatckuii kpait 0,68 410,9 — — — 4,10 6,00 4,96
CaxanmHcKast 001acTh 5,6 1369,0 9,59 1,71 4,05 21,70 3,87 9,16

C 11IECThIO MPUPOTHO-KIMMATUIECKUMMU) J1Ba
HampsIMyI0 OTHOCSITCSI K TPAHCTIOPTY. DTO «Ha-
3eMHasl TPaHCITOPTHAs! TOCTYITHOCTh» U «HaJIU-
yye U KauyecTBO BO3MAYIIHON cBsi3u» [7]. JIBa
JIPYTUX SKOHOMUYECKHUX (PaKTopa: «UHCIeH-
HOCTb HAcCeJICHUsI B HACEJICHHOM ITyHKTEe»
U «YPOBEHb XO3SMCTBEHHON NESTETbHOCTI»,
YYUTBIBAIOLIMIA XapaKTep COLMaTbHO-3KOHO-
MHUYECKOI0 Pa3BUTHsI TOTO WJIM MHOTO MecTa
MPOXWBaHUsI, KaK Moka3aHo B [8, 9], Takxke
B pelLAIONIEei CTEITEHH 3aBUCST OT TPAHCIIOPT-
HO#l oOecrieueHHOCTH. [ToaTomMy pa3BuTHE
TPaHCIIOPTa SIBJISIETCS] KJIIOYEBBIM acleKTOM
JUTSI CEBEPHBIX PETMOHOB, CO3/IaHMsI TaM OoJiee
TIPUBJIEKATEIHBIX YCJIOBHIA M XOTSI Obl YaCTUY -
HOT'O HMBEJIMPOBaHMS (a He yCYTyOJIeHUsT, KaK
ceivac) TSDKeJIbIX TPUPOIHO-KIMMATUIeCKIX
00CTOSITEIBCTB KU3HMU.

B uccnenoBaHusIx 1 mepBoHaYaJIbHOM OC-
BoeHuu Kpaithero CeBepa Benyliylo pojib
CBhITPAJIM MOPCKKE U PEYHBIE, a ITO3Ke — BO3-
JIyIIIHBIE TPpaHCIOPTHBIE cpeacTra [4, 5]. On-
HaKO BO3MOXHOCTH MCITOJIb30BaHUsI BOIHBIX
BMJIOB TPAHCITOPTa OrpaHUYEHbI reorpapude-
CKUM MECTOITOJIOXKEHHEM KOHKPETHOI'O Hace-
JIEHHOTO TTyHKTa, a B CEBEPHBIX PErMOHAX —
e111e M HeMPOIOJKUTETbHBIM HABUTALIMOHHBIM
repuoaoM. BoszmyiiiHoe cooOlieHre oTinda-
€TCsI BBICOKO CTOMMOCTBIO M HU3KOM IPOBO3-
HO# crocoOHOCThI0. Hanmuyue B permoHe
TOJIbKO BOJHOTO M BO3IYIITHOTO COOOILEHUS
B COLIMAJIbHO-9KOHOMUYECKOM TUIaHe ITpeBpa-
1IIAET €0 B «OCTPOB», OTOPBAHHBII OT «boJjib-
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IO 3eMJTN» , IaKE €CJIM 3TOT PETUOH SIBJISIETCST
yacThio KOHTUHEHTA. [ToaToMy s corraltb-
HO-3KOHOMUYECKOTO Pa3BUTHSI CEBEPHBIX pe-
rMoHOB B Poccuu KpaiiHe BaskHBIM sIBIISIETCST
pa3BUTHE MMEHHO CYXOITyTHBIX BUIOB TPAHC-
rnopta (4To, KOHEYHO, He CHUXKAET POJI BOI-
HOTO M BO3IYIITHOTO TPAHCITOPTHOT'O COOO0IIIE-
HUsI).

AHAJIU3 CYXONYTHOM
UHDOPACTPYKTYPbI

Tak kak oduiManbHas cTaTUCTUYECKAS
nH(OpMaIIUs O TPAaHCIIOPTHOU MHGbPaACTPyK-
Type U COLIMATbHO-9KOHOMUYECKOM Pa3BUTUU
TMPUBOJUTCS MO KAXKAOMY PETUOHY — CYOBEKTY
Poccniickoii ®enepaiiuu, aHaJIM3 TTPOBEICH
MO0 TeM PErroHaM, BCS TEPPUTOPHUS KOTOPBIX
oTHocuTcs K paiioHaM Kpaiinero Cesepa uin
MPUPABHEHHBIX K HUM MecTHocTel. COOTBeT-
CTBEHHO, Te CyOBEKTHI (hefiepaliviv, B KOTOPBIX
TOJIBKO OT/IE/IbHbBIE palfOHBI OTHOCSTCS K Kpaii-
HeMmy CeBepy WIM NMPUPABHEHHBIM K HUM
MECTHOCTSIM, B aHAJIU3 HE BKJIIOUEHHBI.

Wcxond vz aToro noaxona, ypoBHU pa3BU-
TUS UHOPACTPYKTYPHI CYXOIMyTHOTO TPaHC-
TMOpPTa 1 OOIIETO COLMATBHO-9KOHOMUYECKOTO
Pa3BUTHUS MPOAHATU3UPOBAHBI 1O 12 CeBEpHBIM
pervuoHam (tabmuua 1).

TTokazarenu couraTbHO-3KOHOMUYECKOTO
Pa3BUTHS — TJIOTHOCTh HACEJIEHUS U BaJIOBOM
pervoHanbHbIN ponykT (BPIT) Ha nynry Ha-
CeJIeHUsI — B3SThl HEMOCPEACTBEHHO U3 0(u-
L1aabHOM cTaTucThyecKom nHgopmMarmu [10],
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Tabumuna 2

PeiiTHHT ypoBHS pa3BUTHA HH(PACTPYKTYPHI CYXOMYTHOTO TPAHCIIOPTA M OOMLIET0 CONUAIBHO-
3KOHOMHYECKOTO Pa3BUTHS CeBEPHBIX peroHoB Poccun

Pernon O06ecreYeHHOCTD KeJIe3HbIMU O06ecrne4eHHOCTh aBTOI0POTaMU
2 J0poraMu

A S

5% B .0 0.0 0.0 ) a.0. a.0

§5“§ gﬁg i dx T de i o

a

53 (8

EEg xEA
Mypmatnckas 061acth | 2 10 3 5 4 2 9 5
Pecniy6nmka Kapenust | 3 11 1 1 1 1 2
ApxaHresbcKast 6 8 5 4 5 4 6 3
obnactb
Pecny6ika Komu 5 7 4 2 3 6 7 4
XaHTbl-MaHcuiickuii | 4 2 6 7 6 7 12 9
ABTOHOMHBIN OKPYT —
Orpa
SImano-Henerkuit 8 1 7 6 7 11 10 11
ABTOHOMHBII OKpPYT
Pecny6sinka TeiBa 7 12 9-12) 9-12) 9-12) 5 5 2
Pecny6nuka Caxa 11 5 8 8 8 10 4 8
(Akyrust)
Marananckas obnactp | 10 9-12) 9-12) 9-12) 8 1 6
YykoTckuii aBToHOM- | 12 4 9-12) 9-12) 9-12) 12 3 12
HBII OKpyT
Kamuarckwuii kpait 9 9 9-12) 9-12) 9-12) 9 8 10
CaxanuHckast o6aactb | 1 3 2 3 2 3 11 7

a TokazaTesJd 00eCIeYeHHOCTU TepPUTOPUU
M HaceJIeHYsI UHMPaCTPYKTYPOl CyXOIMyTHOTO
TpaHCIIOPTa — XKeJIe3HBIMU U aBTOMOOMJTbHbI-
MM IOpOoraMu — pacCuMTaHbl Ha OCHOBE JaH-
HBIX 13 TOTO e NCTOYHUKA.

WUcnonw3oBanue BPII (ctouMocTn Bcex
KOHEUHBIX TOBapOB U YCIYT, TPOM3BEACHHBIX
BO BCEX OTPACISIX 9KOHOMUKU Ha TEPPUTOPUU
peruoHa), MpUXOISIIerocsl Ha ayIly Haceae-
HUsI, B KQUeCTBE KJIIOUEBOIO IMoKa3aTes pe-
THOHAJIBLHOIO0 3KOHOMUYECKOTO Pa3BUTHUS,
HaBepHOE, KOMMEHTapueB He TpedyeT. Uto
KacaeTcsl TUIOTHOCTU HaceJIeHMs, TO 3TO He
TOJIKO KJTIOUEBOI COIIMaIbHO-aeMorpaduye-
CKUM, HO U KJIIOYE€BOM 5KOHOMMUYECKUMN MO~
KazaTeslb. DKOHOMMYECKasl pojib TUIOTHOCTH
HaceJIeHUSI OIpeaeisieTcs] TeM, 4YTO OT ee
YPOBHS 3aBUCSAT BO3MOXHOCTU pasneeHUs
Tpyda, CrelMaIu3ali U KOOIepupoBaHUs
B IIpolLIecCe XO3SIMCTBEHHOU NesITeIbHOCTH,
SIBJISIIOIIMECS] OCHOBOM 3KOHOMMHYECKOTO
pOCTa U OBBIIIEHUs 0J1aT0COCTOSIHUS JIIOACH,
a TaKKe BO3MOXKHOCTU Pa3BUTUST KYJIBTYPHI,
00pa3oBaHus 1 3apaBooxpaHeHus. (TpymaHo,
HaIlpuMep, TpeACcTaBUTh cebe B MajioHace-
JIECHHOM MECTHOCTM MHOTOIpPOdUIbHBIE
o0pa3oBaTe/bHbIC WK JIEYeOHbIC YUpesKae-
Hus). Hakonelr, npocto ais 3¢pdekTuBHOTO
OCBOCHUSI TEPPUTOPUU IIJIOTHOCTb HACEJICHUS
JIOJKHA TPEBBIIIATh HEKOTOPBI MUHUMAIIb-
HO HEOOXOIMMBI YPOBEHbD.

it XapakKTepUCTUKKA YPOBHSI Pa3BUTUS
MHQPACTPYKTYPhI CYXOITyTHOIO TpaHCIIopTa
orpeesIeHbl TToKa3aTelld, XapaKTepU3YIoIIe
TPAHCIIOPTHYIO 00€CIEYEHHOCTh TEPPUTOPUI
M HaceJieHUs (IUTsl 3KeJIC3HOIOPOXKHOIO M aB-
TOMOOWJIBHOTO TPAHCITOPTa), a TAKXKE KOMII-
JIEKCHBIH MTOKA3aTe b I'YCTOTHI 3KeJIE3HOIOPOXK-
HO 1 aBTOJOPOXKHOM ceT — KO3(hMULIMEHT
DHrens:

d;cﬁ. — 'dgmd.d;fd g
d;.t). — 'd;.d..d:].d .

CormocTaBieHrEe BCeX MePeUynCICHHBIX
ToKasarteJieii o ceBepHbIM pernoHam Poccun
(Tabnuuia 1) maet TOBOJIBLHO «TIECTPYIO» KapTH-
HY, JJIS1 YIIOPSIIOYMBAHWST KOTOPOI B TAGHIIE 2
MOKa3aHbl PEUTUHTH PETMOHOB IO KaXIOMY
ToKa3aTeJIio.

. e,

Ipumedanust: dg”” — rycrora KeJIe3HOm0-
POSKHOI CETH OOIIIETO MOJTh30BaHMS, XapaKTe-
pusyollasi TpaHCTIOPTHYIO 00eCeYeHHOCTh

0.
tepputopuu, kM/1000 km?; d}” — rycrora
JKEJIE3HOJOPOKHOM CeTH 0OIIEero Mmojib30Ba-
HUSI, XapaKTepU3YoIasi TPAHCITIOPTHYIO 0bec-

. Joc.0.
MeYeHHOCTh HaceaeHus, KM/1000 yer.; d)" —
KOMITJIEKCHBIN ITOKA3aTe b IYCTOTHI KeJIe3HO-

JIOPOXKHO CETH OOIIIETO IOTb30BaHMsI (K03dh-
unmeHT DHrens);
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obuezo

—
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BbICOKaR

Puc. 1.

Cer ‘MeHTupoBaHue
ceBepHbIX PErMOHOB
Poccuu no nnotHoctn
HaceneHus
un obecrneyeHHOCTN
Teppuropumn
JKes1e3Ho0pPOXKHO

MHPPaCTPYKTYpPO¥i. ® 1 fecryfnnma Toa

4

3 L

MAGTHOETL Hacen eHUA, Hen/km?

Kamwarckni kpai

0 AuancHenewwi asTonomsi
OKRYT

HU3KAA

MaragaHckan obnacts
% pecnybnuka Caxa (Aryrus)

i oKpyr

0 L Uykorcruit

(1,33 km/1000 k?)

# Caxanuckanobnacs

o Mypmancras o6racrs

@ PecnyBauka Kapenws

XarTbi-Marcufickinit aeToHomHbI i
okpyr - H0rpa

Apuahrenscian ofnacrs

PecnyBauka Komm

7

Menana nioTHoCTH Hacenenna (1,94 ven, [kme)

2
HH3KaA

BHICOKEA

Puc. 2.
CermeHTupoBaHune
CceBepHbIX PErMoHOB
Poccuum no nnotHocTu
HaceneHus
un obecrne4eHHOCTU
Tepputopumn
aBTOAO0POXHOM
NHPPaCTPYKTYPOIA.

MnoTHoCTL Hacen eHnA, yen/km?

FHIKEA

1 Aivanc-HeHeuryii aETOHOMHBIF OKRYT

@0 Kamvarcuit kpait
Pecnybauka Caxa (FryTns)
& © Maraganckas obracts

0 L Myrorcrud aETOMON A kR

BBICOKAA d?‘ﬂ KM/1000 kM

® Caxanuckasobaacts

© Mypuatcian obracts

T (12,84km/1000 ki)

PecnyBnka Kapenua

el MamcUCKuh aETONOMMBI OKpYT -
torpa

Pecnyfinika Komn
.

% apuarrenscran obnacts
@ Pecnybanra Teiea

_— o

Meduanannomocmo Hacenenu(1,54 ven./ki)

0 5

HU3KEA

d;“?' — IrYCTOTa aBTOAOPOXKHOM ceTu 00111e-
IO MOJIb30BaHUs (C TBEPABIM MOKPBITUEM),
XapaKTepU3yolasi TPAHCITOPTHYIO 00eCIIeYeH-
HOCTh Teppuropuu, KM/1000 km?; d,",“" — Ty-
CTOTa aBTOIOPOXKHOIM CETU OOIIETO MOJIb30Ba-
HMSI (C TBEPABIM ITOKPBITUEM ), XapaKTEPU3YIO-
11as1 TPAHCIIOPTHYIO 00eCIIeYeHHOCTh HaceIe-
Hust, KM/ 1000 wen.; d5’ — KOMIUIEKCHBII
MoKa3aTesIb TYCTOThI aBTOJOPOXHOI CeTH 00-
11IeTO TOJIb30BaHUSI (KOA(DDOUILIMEHT DHTEs).

W3 ananmnsza taGauLbl 2 MOXKHO CIeaaTh
BBIBOJI, YTO B CEBEPHBIX perroHax Poccun HeT
YETKOM CBSI3M MEXY IUIOTHOCTBIO HACEICHUSI
u BPII Ha nyiny HaceneHusT: peTUHTU OoJiee
YeM IO0JIOBMHBI PETMOHOB 110 3TUM I10Ka3aTe-
JISIM Pa3/IMyaloTCsl BeChbMa CylecTBeHHO. Takast
CUTYAaIUsI SIBJISIETCSI CICACTBUEM CIIOKUBIIEH -
cs1 Moziesiu ocBoeHust CeBepa, HalleJIeHHOM Ha
M3BJIeYCHUE IPUPOIHBIX PECYPCOB, IIPU KOTO-
pOii 9KOHOMMYECKHE OKA3aTeIM peruoHa
dopmupyloTca 6iarogapsi HaAUIMUIO TaKUX
peCypcoB U MX dKCIUlyataluu. B pesyibrate,
HanpuMmep, Amano-HeHelukuii aBTOHOMHBIN

® MMWP TPAHCIOPTA, Tom 15, N2 1, C. 128-139 (2017)
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OKDYT, IJIe J0ObIBAIOTCSI 3HAUUTEIbHbIE OObEMBI
YIJIEBOIOPOIHOTO CHIPhSI, HAXOAUTCS Ha Tep-
BoM MecTe 1o BennuuHe BPIT Ha gyry Hace-
JICHWSI TIPY OYSHb HU3KOM TUIOTHOCTH Hacese-
HUS, a «00IeIEHHbBIC» yIyIeBogopoaaMu Myp-
MaHcKas oonactb 1 Kapenus npy oTHOCUTETb-
HO BBICOKOW (IJIsI CEBEPHBIX PETMOHOB)
TUTOTHOCTH HAaceJICHNSI UMEIOT KpaifHe HU3KHE
ypoBHMU noayiieBoro BPTI.

OmHaKo pecypCHO-CHIPheBast MOICIIb KO-
HOMMYECKOI'0 pa3BUTHSI CEBEPHBIX PETHOHOB,
KaK W BCEW HAlIE CTpaHbl, HE SBJISIETCS TIep-
CMeKTUBHON. Mup, HauMHas ¢ HauboJee pas3-
BUTBIX CTpaH, BCTYIMAET B IEPUOJ SKOHOMUKH
3HaHUI, KOrla OTHOCUTEIbHOE 3HAUEHHUE Chl-
PbEBBIX PECYPCOB COKPAILIAE€TCS, a 3HAYCHUE
YeJIOBEYECKOTo KaruTajga CTAaHOBUTCS BEIy-
UM U OyAeT MpoaoJIKaTh PacTU. A TaK Kak
HOCUTEJISIMU YEJIOBEYECKOT'0 KAaITUTajia BBICTY-
MalT UHAUBUIBI, TO MIOTHOCTb HAceJeHUs
BMECTE C BO3MOXHOCTSIMM IJISI Pa3BUTHUS
JIMYHOCTHU, BKJIIOUYAIOIIMMU HaIW4yue KOM-
GOpTHOI cpenpl O XU3HU, B TOM YHCIIE
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Taoamna 3

IpynnupoBKa ceBepHBIX pernoHOB Poccuu 1o MJIOTHOCTH HACEIEHHS U 00eCTIeYeHHOCTH
TEPPUTOPHH JKeJIE3HBIMH H ABTOMOOWILHBIME I0POTaMu

IInotHOCTH

O6ecrneuyeHHOCTh TEPPUTOPUHU XKEJIC3HBIMU IOpOraMu

HaceJICHUA HU3Kas

BbICOKast

O06ecrneyeHHOCTh TEPPUTOPUU aBTOAOPOTaMU

OG6ecneueHHOCTh TEPPUTOPUM aBTOIOPOTAaMU

HU3Kas BbICOKasA

HU3Kada BbICOKas1

HU3Kas Kamyuarckuii kpaii, SImMano-
HeHeukuit aBTOHOMHBII
okpyr, Pecniy6inka Caxa
(Axyrus),

MaranaHckas oosnactb, Uy-
KOTCKHWI aBTOHOMHBII OKPYT

TeiBa

Pecny6iuka

BBICOKast

CaxanHcKasi 00J1acTh,
MypmaHcKasi 00J1acThb,
Pecnyonuka Kapenus,
ApxaHresbckast 001acThb,
Pecrnry6iuka Komu

XaHTbI-MaHcuii-
CKMI aBTOHOMHBII
okpyr — KOrpa

U TpaHCTIOPTHOE obecrieyeHue, SIBISIETCS
KJTIOYEBEIM (DAKTOPOM C TOUKH 3pEHMUSI TIep-
CITEKTUBBI pa3BUTHUS CEBEPHBIX PETHOHOB.

W3 tabimiipl 2 BUIHA B3aMMOCBSI3b TUIOT-
HOCTU HACEeJIeHUS U IoKa3aTeJieli o0ecreyeH-
HOCTH TePPUTOPUU XKeJIe3HOTOPOKHOM 1 aB-
TOIOPOXHOU MHMppacTpyKTypoii. Eie 6omee
HarjsgHa 3Ta B3aMMOCBS3b M3 pucC. 1 1 2
¥ Tabauibsl 3. M 3T0 MMEHHO B3aUMOCBSI3b —
BeIIb YTOOBI 00ECIICYNTD 