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OETCKWUU TEXHOMAPK
«MOCKOBCKWUW TPAHCIMNOPT»

ceHTsa0ps 2021 roga M3p MoOCKBHI
Cepreit COOSHUH OTKPBUI ASTCKUH
TexHOoMapkK «MOCKOBCKUI TPaHCIIOPTY,

co3maHHbBIN Ha 0a3ze Poccmiickoro yHuBepcuTeTa
tparcmopra (MUUT).

OcHOBHas 3a/a4a JAETCKOTO TeXHOMapKa — BbI-
SIBIIGHUE U MOAJEP’KKA TAJIAHTIMBON MOJOAEXKH,
MIPHBJICUYCHAE B TPAHCIIOPTHYIO OTPACIh U CTHMY-
JMPOBAHUE HHTEPECA K MHKEHEPHOMY TBOPUECTBY
y IIKOJIbHUKOB M CTYAECHTOB KOJIJIEIKEH B BO3PACTe
12—18 mer.

«CeromHst MBI OTKPBIBAEM HOBBIN TEXHOTAPK
B PoccuiickoM yHuBepcuTeTe TpaHcnopra. B co-
BPEMEHHBIX JTa00PATOPHSIX OAHOTO U3 CTAPEHIINX
7 JTy4YIIAX TEXHUYECKUX BY30B CTPAHBI OymyT 3a-
HUMATbCS CETOAHSNIHUE IIKOIbHUKH M 3aBTpa-
[THNE WHXXCHEPHI HHTEIUIEKTYaIbHOTO 1 BBICOKO-
TEXHOJOTMYHOro Tpancnopra Mocksel u Poc-
CUN», — OTMETHUI M3p MOCKBBL.

TexHOMapK, 1UIsi CO31aHMsI KOTOPOTO OBLT Ipe-
JIOCTAaBJICH TPAaHT ropoga MOCKBEI, pealn3yeT
CIIEAYIOIINE HanpaBieHus moarotoBkm: GIS-Tex-

Hojoruu, BIM-TexHomornm, co3ganne HHTSIICK-
TyaJIbHBIX TPAHCIOPTHBIX cUCTEM, VR- 1 AR-Tex-
HOJIOTWH, OCHOBBI IPOEKTHUpOBaHM 1 3D-i3aifHa,
aJIUTUBHBIC TEXHOJIOTHH B MPOCKTHPOBAHUN
n mpom3BozacTBe. [IporpaMMer 0OydeHns Hepas-
PBIBHO CBSI3aHBI C TIOTPEOHOCTSAMH TPAHCIIOPTHON
OTPACIIM 1 HANPABJICHUSIMH ITOATOTOBKH CTY/ICHTOB
PYT.

B TexHOmapke co3aaHbl 1a00paTopry MPOMBIIII-
JIEHHOTO JIM3aiiHa, YMHBIX TEXHOJIOTUM Ha TPaHC-
ITOpTEe, BOAHOTO TPaHCTIOPTa, a Takxke VR/AR-ma-
OGoparopus.

O’KHIACTCsI, UTO CITyIIATEISIMK JETCKOTO TEXHO-
mapka ctanyT oonee 9400 MKOIFHIKOB €KETOTHO.

Ha ocHoBe nH(popmManuu npecc-ueHTpa
MuHHuCTepcTBa TPAHCIIOPTA

Poccuiickoii ®enepanuu u PYT (MUHUT)
https://mintrans.gov.ru/
press-center/news/10041

English text of the news

is at the internal back cover @

Domo ne nepeoii obnosicke: OAO «PIKID», hitps.//c
Front cover photos: Russian Railways JSC, https:,

r2d.ru/ri/9407/p
red.ru/ru/9407)p

8650?id=18369; https://comp
8650?id=18369; https://company.rzd.ru/ru/9407page/686507id=21234.

rzd.ru/ru/9407/p 8650?id=21234.
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AHHOTALINA

B Hacmosiwee spems 8 boreapuu npoucxodum ModepHuU3ayust 0CHOB-
HbIX Xene3HoO0POXHbIX HanpageHull (kopudopos) ¢ UErbio NOBbILUEHUS
ckopocmu dewxeHust noesdos 0o 160/200 km/4ac, Ymo ebi3bieaem HeobXo-
dumocmb 8HedpeHUs cospeMeHHbIX esponelickux cpedcme ynpaeseHus
dswxeHueM (ERTMS/ETCS, omHocsWuxcst k mak HasbigaeMbIM cucmemam
knacca «A»). Ha ocmanbHbix ydacmkax npodomkaemcs aKcniyamayus
npeuMywecmeeHHo peneliHbix cucmem obecneyeHus 6esonacHocmu deu-
JKeHUst noe3008 (Mak Ha3bleaeMbIx cucmeM knacca «by). K amum cucmemam
omHocsimest npexde 8ce2o CMaHYUOHHbIe UeHmpanu3ayuu, 6obWUHCMEO
U3 KOmOpbIX Ha OaHHb Il MOMEHM SBNIAI0MCS MapUipymHO-pestediHbIMU.

Ha xenesHbix dopoeax boneapuu npumexsitomes dea kacca mapul-
pymHo-peneliHbix ueHmpanusauyuli (MPLI) — Ha pene mak Ha3bieaeMo2o
«Nepgo2o Knacca Ha0EXHOCMU» U Ha perne Mak Ha3bleaemozo «He nepeo-
20 Knaccan.

HeusbexHoe ysenuyeHue go3pacma yeHmpanusayuil ebisbieaem
HeobXx00UMOCMb OUEHKU UX MEeXHUYECKO20 COCMOSHUS U MeXHUYecKoll
npueodHocmu ¢ uenbio onpedeneHusi cmpameauli ux OanbHedwel skenmya-
mayuu.

Takas oueHka siensemcs 3ampyoHumensHol, 80-nepabix, u3-3a om-
cymemeusi cmamucmuyeckux 0aHHbIX N0 8udam CUCMeM U no ux cocmas-
HbIM 3neMeHmam 06 omka3ax u 0 napamempax HadéxHocmu 8 npoyecce
JKCNITyamayuu, 80-8mophIx, U3-3a 0Mcymemeus pekomeHdayudl npou3eo-
Aumeneli no cpoky cryx6b1 MPL.

Cpok cnyxbbl u ocmamoyHbIll Cpok cyxbbl, makxe kak pecypc
U 0cmamoyHbIil pecypc ueHmpanusayut MoXHO 6bino 6bl, NO MHEHUI
asmopa, oyeHu8ame no credyIWUM KpUMepUsM:

* A71EKMPUYECKULl U MexaHu4ecKull pecypc/uHoc anemeHmHoli 6asbl;

* Ha08XHOCMHbIe napamempb penedHol anemeHmHol 6a3bi;

* 371eKMPUYECKUL U MeXaHUYeCKUL PecypCbi U COCMOSHUE HapyxXHOU
U 8HympeHHeli kabesbHol cemu;

* 3KCNMyamayuoHHble pacxolbl, Heobxodumble s codepxanust MPL
8 pamkax npedeapumesnbHO 3a0aHHbIX MeXHUYECKUX napamempos.
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OueHka pecypca 1 0CTaTO4HOro pecypca ogHoro
U3 KNaccoB penieUHbIX LeHTpanu3awymi

000 «THHCA», Coghus, boneapus.

B cmambe npou3eodumcs aHanus u oueHka cpedHez2o pecypca
U cpedHe20 0CMamoyHo20 pecypca yeHmpanuaayuil Ha 6ase nepebix
dsyx kpumepues. [Jenaemcs b1800 0 MOM, YMO HU INEKMPUYECKas, HU
MexaHuyeckas U3HOCOCmolKocmb amemeHmHol 6a3bl He AenaMes
8edywuMu xapakmepucmukamu 01151 OUEHKU SMUX PECYPCo8.

[ns yyéma HekomopbIx HadéXHOCMHbIX napamempos penelHol
anemeHmHoll 6a3bl npumeHsomces 0ga N00xoda — demepMUHUPO8aHHbIL
U 8epOSIMHOCMHBIL, KOMOPble OCHOBbLIBAIMCS HA Xapakmepucmuke
pesne nepeoeo knacca Ha0EXHOCMU «UHMEHCUBHOCMb ONACHbIX OMKa-
308». Ha eé 6ase paccyumaHa 8epoSMHOCMb ONAacHO20 0MKa3a Haxo-
dswuxcs 8 aKcniyamayuu pene nepeoeo knacca 0ns 58 6oneapckux
MPL ¢ Hemapwpymu3uposaHHbIMU MaHégpamu muna H-68 u geposim-
Hocmb ux 6e3onacHoll pabomel, KOMopyto npednazaemcs UCNONL308aMb
011 8bI4UCIIEHUST CpedHe20 0CMamoyHo20 pecypca pene, a Ha amoli
0CHOBEe — cpedHe20 0CMamoyYHo20 pecypca yeHmpanusauul amoeo
muna. K Hayany 2021 20da nocnedHull oyeHusaemcs Ha Makcumym
11 nem.

PaccmompeHbi nocnedcmeus npumeHeHus 8 nocnedyroujue 200b1
d8yx cmpameaul: a) «Hu4e2o0 He Oenaemcsy u 6) «ynpasneHue pecyp-
com/gozpacmom MPL» (Ha 6a3e npoepaMmbl NOCMENEHHO20 CHIMUS
€ aKCNMyamayuu u NepeocHaweHus cmaryuli c yeHmpanu3ayusmMu muna
H-68). 3mo sensemcs HeobX00UMbIM ycriogueM u Onsi ynpaeneHus
6e30nacHOCMbI0 08UXEHUS N0€3008.

[Mpugodsimces apayMeHmbI 8 NOMb3y M020, YMo 8 kadecmee cped-
Hezo pecypca MPL MOXHO NpUHAMb UX 3KCnyamayuto 8 meyeHue He
6onee 60 nem. Yyumsigasi dononmHUMENbHbIE hakmopbl, 3mom CpoK
cnedyem 8ocnpuHUMams Kak NPO2HO3HOE 3Ha4yeHue oxudaemozo
8PpEMeHU, N0 UCMeYeHUU KOmopo20 Coomeemcmeyiowas yeHmpanusa-
yusi docmueHem npedenbHO20 COCMOsHUS U 6ydem cHIma ¢ aKkcninya-
mayuu. CpedHull pecypc u cpedHuli ocmamoyHblli pecypc cnedyem
cyumame nyyuwum opueHmupom oxudaemozo npedeslbHo20 8o3pacma
MPL| amozo muna.

Knroyesbie criosa: 6esonacHocmb dguxeHus noe3dos, CMaHUUOHHbIE MapLipymHo-penelibie ueHmpanusayuu (MPLI), pene
«Nepeoeo Krnacca HaOBXHOCMUY, Pefle «He Nepeozo KIaccay, HapyxHas kabellbHasi Cemb, 8HYMPEHHsS KaberbHasi cemb, IeKmpu-
yeckas U MexaHu4Yeckas UsHoCcoCmolkocme aneMeHmHoll 6a3bl, HAOEXHOCMHbIe NapaMempbi penelHol aneMeHmHol 6asb!.

[Ons uumuposanrus: [lumumpos P. OueHka pecypca U 0cmamoyHo20 pecypca 00H020 U3 KIaccog peseliHbix ueHmpanusayud //
Mup mparcnopma. 2021. T. 19. Ne 5 (96). C. 6-16. DOI: https://doi.org/10.30932/1992-3252-2021-19-5-1.
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MonHb1l mekcm cmambu Ha aH2nulICKOM si3bIKe ny6uKyemcsi 0 emopoll Yyacmu daHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.




BBEOEHUE
IMocTaHoBKa 321241

Bo BTOpOI#i 10JI0BUHE MPOLIOTO BEKA B CUC-
TeMe bonrapckux jkene3HsIX Topor A odectie-
qeHus: 0€30TaCHOCTH JIBMKCHHUS TOE3/I0B Ha
CTaHIUSAX BHEAPSUTHCH JBa Kjacca peleiHBIX
LEHTPAIN3AINHA, pacIpeeieHne KOTOPHIX 10
TUTIAM CIIEAYIOIIee:

* C IPUMCHECHHUEM peJie TaK Ha3bIBAEMOTO
«TIEepPBOTO KIJlacca HaIEKHOCTH» (Ha3bIBacMbIe
TaKXKe «pelie TIePBOTO KIAcca») — B COBETCKHX
7 OONTapCKUX IMEHTPATH3AMUAX CICAYIOMINX
THTIOB:

— B COBETCKOM peJIeHOM LEeHTpaIu3aluu
MAaJIbIX CTAHIHH ¢ Gonrapckoit abOpeBMaTypoit
CMT;

— B COBETCKOH OJOYHOW MapHIpyTHO-
peneniHoN HEHTpaIN3alluy C MapLIPyTU3UPOBAH-
HbIMU MaHéBpamu Tuna bMPLI;

— B OOMTapCKOI MapIIpyTHO-PENIeHHON IEHTpa-
JIF3AIAH C HEMapIIPYTH3UPOBAHHBIMHI MaHEBPAMHU
rma H-68;

— B OOMTapCKOI MapIIpyTHO-PENIeHHON IEHTpa-
JIU3AIAA C MapIIPyTH3UPOBAaHHBIMI MaHEBpaMU
trrra MH70;

— B OONTapcKuX peneHBIX IEHTPATH3AINIIX
manbix crannmil Tano EL1 u ELM;

* C IPUMCHECHHUEM peJie TaK Ha3bIBAEMOTO
«HE TIepBOTO KJlacca HAJAEKHOCTID — B IIEHTpa-
mu3arsix TanoB WSSB1 u WSSB2, mponssoa-
ctBa OpbrBreid ['JIP.

IlepBas MapupyTHO-peneliHas LeHTpaiu3a-
mus, Tuma WSSB1, Oplta BBeieHa B dKCIITyara-
nuio B 1959 roxy, a mocnennss, tuma MH70,
B 1999 roxy.

TTocrme 1999 roma rmo pa3HBIM PHYXHAM CTPOH-
TEITHCTBO PENICHHBIX CTAHIIMOHHBIX ICHTpA3a-
nuil OBIIO TIPAKTUYECKH OCTAHOBIICHO, B CBS3H
C YeM HX BO3PACT CTAJI IIOCTEIICHHO YBEITNINBATh-
csl, IPUYEM ISl HEKOTOPBIX CTAHLMN BIUIOTHYIO
TIPUOIKATHCS U TaXKe CYIIECTBEHHO MPEBHIIIATh
50 set, HapUMep:

* ST HEKOTOPBIX LEHTPAIH3ANANA THIIA
WSSBI cpoxk ciryx051 k Hauary 2021 roma co-
CTaBIIIET COOTBETCTBEHHO 61, 58 1 57 neT;

* TS OTHOM TIeHTpanm3armn Tuna H-68 atot
cpok cocTasisieT 51 rox;

* s omHOM meHTpamm3anuu tima CMIT —
Taxxke 51 rox.

DT 00CTOSTENHCTBA BBI3BIBAIOT HEOOXOIH-
MOCTb OIICHKHM TEXHHUYECKOTO COCTOSHUS U TEX-
HUYECKOW TIPUTOIHOCTH C TOYKH 3PSHHS OIpe-
JIEJIEHNUs CTPAaTerny JanbHENIIeN SKCITyaTaluu
9TUX LEHTPAIU3ALMN.
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B nouckax moxxonsmen ISl IpUMEHEHUS
METOI0JIOT MU OLIEHKH CPOKa CITy»KObI M OCTATOY-
HOT'O CpOKa CITy>KOBI, TAK)KE KaK pecypca U ocTa-
TOYHOTO pecypca LeHTpaIu3aluui, aBTop, 3Ha-
KoMsiCh ¢ paboramu [1-4] (HO He TONBKO " ?),
NPUILEN K BBIBOAY, YTO ITPUMEHEHHE (opMaTi-
30BaHHBIX MATEMAaTHYECKUX METOJOB aHaIH3a
1 OLICHKH yYKa3aHHbIX PECYPCOB B JAHHOM CIIy4ae
SIBJISICTCS] BEChMa IPOOJIEMaTHYHBIM H3-33 OTCYT-
CTBUS B CTpaHE CTATUCTUYECKUX TAHHBIX IO
BUJIAM CHCTEM M 110 UX COCTaBHBIM JIEMEHTaM
00 oTKa3ax B Ipolecce IKCIUTyaTallu, a TakKe
0 TaKUX MapaMeTpax HaJa&KHOCTH, KaK BpeMs
U cpeliHee BpeMsi HapaOOTKH MEXIY OTKa3aMH,
BpEMsi U Cpe/IHee BPeMsl BOCCTaHOBJICHHsI pabo-
TOCIIOCOOHOT'0 COCTOSIHUS TOCTIe OTKa3a, 3aTpa-
ThI Ha COIEPIKAHHUE CUCTEM, PacTIpeIeIEHHBIE BO
BpEMEHH C yuETOM MHQIISIUY U Ap.

Kpome TOr0, OTCYTCTBYIOT pEKOMEHIAINH
npousBoxuteneid MPIL[ (uHocTpanHbIX 1 00I1-
rapckux), KOTopbsle He OepyT Ha ceds OTBeT-
CTBEHHOCTbH 33 CPOK CIIY>KObI, Ha MPOTSIKEHUN
KOTOPOTO C OOJIBIIOH BEPOSTHOCTBIO CIIEAYET
rapaHTHpPOBaTh HOPMAJIBbHYIO PadOTy ITHX CHUC-
TeM. C OIHO# CTOPOHBI, ITO MOKHO OOBSICHHTH
MapKeTHHTOBBIMH COOOPayKEHUSIMH, CBSI3aHHbI-
MU C pIHOYHOH KOHKypeHuuei. C npyroii cTo-
POHBI, TaKas CTpaTerus MOHATHA, TAK KaK B )KH3-
HEHHOM ITMKJIE HEHTpaJn3aluil TeXHUYeCcKoe
coziepKaHue U NpoQuIakTHKa, KOTOPbIe HMEIOT
HECOMHEHHYIO, HHOI/Ia OTPEAEISIONyI0 POJib,
HaXO/ATCSl BHE KOMIIETCHIMH M 0053aTeIbCTB
MIPOU3BOJUTENEH ITUX CUCTEM.

BcnencTBue ykazaHHOTO, CIOPHBIM Ha J1aH-
HBI MOMEHT SIBJIE€TCS BONPOC O MPEACITHHOM
CPOKE CIIy»KObl COOTBETCTBYIOLIMX THIIOB LIEH-
TPaJIM3aLHiA, TI0 KOTOPOMY B CTPaHe CyILECTBYIOT
JIBa TOJIIPHBIX MHEHUS: OTHO CBOJIUTCS K TOMY,
YTO BCE peJieHbIe CTAaHIIMOHHBIE [IEHTpan3a-
LUK B Bo3pacte cBbiiie 45—50 JieT T0JKHBI ObITh
CBOEBPEMEHHO BBIBEICHBI M3 dKCILTyaTalluH,
a IPYroe — 4To UX HKCILTyaTaIus MOXKeET IPOI0JI-
JKaThCs 10 MPOSBIICHUSI TPU3HAKOB HEMPUTOHO-
cTH, 0e3 YTOUHEHUsI B YEM OHU COCTOST.

H3noykeHHbIE BBILIE 00CTOSTEIHCTBA MOTOIK-
HYJTH aBTOPA MOMBITATHCS IIPEJUIOKUTH HECKOJIBKO
MHYIO METOJIOJIOTHIO OLIEHKH OCTaTOYHOIO CPOKa

! PykoBostiumii gokymenT PJ126.260.004-91. Meroaunuec-
KHe ykazanus. [IporrosupoBanue 0cTaTouHOro pecypca 060-
PYLOBaHUsI 110 W3MEHEHHUIO MaPaMETPOB €ro TEXHUYECKOTO
COCTOSIHUSI IIPH dKCILTyaTamuu. — M., 1991.

2 PykoBomsimuit jokyment PJI 50-423-83. Meroauueckue
ykazanus. HagéxaocTs B TexHuKe. MeTo1Ka MPOrHo3upo-
BaHHUS OCTATOYHOTO pecypca MaIllUH U JIETalleH, oBEpKEH-
HBIX U3HamMBaHuo0. — M.: U3x. ctanaapros, 1984.
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CITY)KOBI, TAKOKE KaK pecypca HIH OCTaTOYHOTO
pecypca peneiHbIX CTAHIIMOHHBIX IICHTPATA3ALIHIL.
B ero npecrapieHusIX 3Ty OLICHKY MOKHO TPOH3-
BOJIUTB T10 CJICTYIOIIUM KPUTCPHSIM:

* JIIEKTPUYCCKUI U MEXaHHUYCCKUH pecypc/
M3HOC AJIEMEHTHOW 0a3bl U 0COOCHHO pesieiHON
3JIEMEHTHO# 0a3bl KaKk OCHOBHOM 3JIEMEHT dTHX
LEHTpaJIN3alIHiA;

* HEKOTOpbIC HaNEKHOCTHBIC MapameTpPhl
peneiiHON 3JIeMEeHTHOM 0a3bl;

* IICKTPUICCKHI 1 MEXaHUICCKHUI PeCypChI
WM COCTOSIHUE HApY)KHOH U BHYTpPEHHEH Ka-
OenbHOI ceTu;

e Ipyrue, HApUMEp, IKCIUTyaTal[HOHHbBIC
PAacXoibl, HEOOXOAMMBIC JIJIsl COACPIKaHUs 00b-
€KTa B paMKax IpPEJIBAPUTEIBHO 33JaHHBIX I1a-
pameTpoB.

C ToukH 3peHHs PYHKIIMOHUPOBAHUS CTaH-
IUOHHBIX HEHTPAIM3AlNi BaKHEHIIEH LETbI0
TaKOW OLCHKHU JIOJDKHO OBITh OIpE/ICICHUE BE-
POSITHOCTH TIOSIBJICHHSI ONACHOCTH (IIPOMCIIIe-
CTBUSI), aKKyMYJHUPOBAHHOW BO BPEMs HUX JKC-
IUTyaTaluy, 0 OTHOIICHUI0 K 0€30MacHOCTH
JIBIDKCHHUSI TIO€3/10B.

JlanbHelilee U3JI0KEHUE CBA3aHO C HCCIIC-
JTIOBaHHSIMU ABTOPA T10 TIEPBBIM JBYM KPUTEPHUSIM
JUTSL ICHTPATU3aIUi, B KOTOPhIX KaK OCHOBHBIC
3JIEMEHTBI IPUMEHSIFOTCSL peJie MEPBOTo Kiiacca
HaAEKHOCTH.

TepMuUHBI U onpeaeeHus

C 1eJTbIo OIPEIEIEHHOCTH U €IMHCTBA B [10-
HUMaHUH JATbHENIIET0 U3JI0KEHUS ObLIO OBl
1e71ec000pa3HO MPUBECTH CIIEAYIOIIHE, IPHME-
HSIEMbI€ B HACTOSIIIEN CTaThe, TEPMHUHBI U OTIpe-
nenenust uz [1]:

o [Ipedenvroe cocmositue — COCTOSTHUE 00b-
€KTa, IPH KOTOPOM €T0 JabHEeHIIast dKCITyara-
I[Us HEIOMYCTHMAa HJTH HelleJaecoo0pas3Ha, Tudo
BOCCTaHOBIICHHE €0 paboTOCIOCOOHOTO COCTOS-
HHSI HEBO3MOYKHO HITH HEI[eTIecOo00pasHo.

* Bospacm o6vexma — Neprojl BPEMEHH OT
JIaThl Havaja SKCIUIyaTallly J0 TEKYIIEro Mo-
MEHTA.

* Cpox cnyacobvl 0bvekma — KaJCHIapHOE
BpEMsi, PABHOE MEPHOJLY IKCILTyaTallu , OTCUH-
TBHIBAEMOE OT BBOJIA B IKCILTYATAIHIO 00BEKTA JI0
JIOCTIDKEHUS! TIPEAETBHOTO COCTOSIHUS (CHSATHSI
C 3KCIUTyaTaIin).

* Pecypc obvexma — nojiHast HapaboTka 00b-
€KTa, BRIPQKEHHAS B Yacax, KUIOMETpax | T.II.,
OTCUHUTBHIBAEMasi OT BBOJ[A B KCILTYaTAIHIO 00b-
€KTa JI0 JOCTHIKEHHS MPEIEIbHOIO COCTOSHHUS
(CHATHS C DKCILTyaTalum).
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* Cpeodnuui cpok cayocovl (Cpeonutl pe-
cypc) — CpeliHee 3HAUCHHE CIyYaliHOW BEJU-
YUHBI — CPOKa CIYKOBI (pecypca), OTCUUTHI-
BaeMoO€ OT BBOJIa B OKCILTyaTaIlio 00beKTa 110
JOCTYDKCHUS MPEACIBHOTO COCTOSHUS (CHATHS
C IKCILTyaTalum).

* Ocmamounwili CpoK CyxHcObL — KaJICHIAP-
Has IPOIOJDKUTEIILHOCTD DKCILTYaTallii 00bCK-
Ta OT TEKYILEro MOMEHTA JI0 JOCTHKCHUS UM
MIPE/ICIBHOTO cOCTOsIHMS. OTIMYaeTCst OT CpOoKa
CIIy)KOBI TE€M, YTO B Ka4yeCTBE Hadaja OTCUéTa
MIPUHUMACTCSI TEKYIIHIf MOMEHT, JI0 KOTOPOTO OH
y’Ke HEKOTOpOe BpeMsl IKCIIyaTHpPOBAJCH
Y 4acTh Ha4yaJIbHOTO pecypca ucuepral.

e OcmamouHnvlil pecypc obvekma — Hapa-
00TKa 00BEKTA, BRIPAKCHHAS B Yacax, KHJIO-
METpax H T.M., OT TEKYI[Ero MOMEHTa J0 J0-
CTHIKCHUS UM MPEACIBHOTO cocTostHuS. OTiin-
4aeTcst OT pecypca 00beKTa TeM, U4TO B Kade-
CTBE Hayvasia 0TCYETa MPUHUMACTCS TCKYIIUi
MOMEHT, JI0 KOTOPOTO OH Y€ HEKOTOpoe
BpPEMsI 3KCILTyaTHPOBAJICS M YaCTh HAYAIBHOTO
pecypca ucuepnan [1].

PE3YNbTATDI

1. OueHka JIeKTPUYECKOT0

1 MEXaHUYECKOro pecypca peseiHoii
3J1eMeHTHOI 0a3bl

C 1eTbI0 OLICHKH JJIEKTPUYECKOTO M MeXa-
HUYECKOTO pecypca peseiHoil 21eMeHTHOi Oa-
3bl, IPUMEHSIEMO B COBETCKHX M OOJTapCKUX
LEHTPAJIM3aLUIX Ha peJie MepBOro Kiacca Ha-
NEKHOCTH, NMPOU3BENEH aHAIN3 KaTalOXKHBIX
XapaKTEepPUCTHK KaK pesie MePBOro Kiacca (THIIOB
HMIL, OMII, JICI), Tak u pene, KOTOpbIe HE
OTHOCSITCS K 9TOMY Kiaccy (tunos MBI, TI,
[IMIIL u gp.), Tadmn. 1 (kononku 2 u 3) [5; 6].

B Oonee HOBBIX pa3paboTkax OoNrapcKux
peJieiiHBIX LEeHTpaNn3alil MalblX CTaHIUI
tuna EI[1 u ELIM, Hapsiny ¢ HEKOTOPHIMU U3
yKa3aHHBIX B TaOJ. | TUIOB pelie, C CeperHbI
80-X rof10B MPOILIOTo BeKa MPUMEHSUTHCH U Ma-
siorabapuTHBIC pelie MepBoro Kinacca tuma POJI,
Tabm. 2 [5].

OCHOBHBIMH XapaKTEePUCTUKAMH yKa3aHHBIX
THIIOB PEJie, KOTOPBIE MOIIIN ObI IMETh OTHOIIICHHE
K pecypcy CTaHIIMOHHBIX [IEHTPAIU3AIINIA COOTBET-
CTBYIOIIMX THUIIOB, SIBIISIFOTCS JIEKTPOMEXaHHYe-
CKHE XapaKTEePUCTUKH, KOTOPBIE CBS3aHBI C JIEKT-
pUUECKOM U MEXaHMYECKOH M3HOCOCTOMKOCTBIO
9THX pelie. DTH XapaKTePUCTHUKH U3MEPSIOTCS
KOJIMYECTBOM IIMKJIOB «BKJTIOYCHUE/BBIKITFOUCHHE),
JUIsL KOTOPBIX TIPOM3BOJIUTENb FAPaHTHPYET HOp-
MaJTbHYTO PaboTy ¢ OONBIIION BEPOSITHOCTHIO. [Tpu

OnmnTpoB P. OLieHKa pecypca U 0CTaTOYHOro pecypca O[HOIO M3 KNaccoB penenHbIX
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OnmnTpoB P. OLieHKa pecypca U 0CTaTOYHOro pecypca O[HOIO M3 KNaccoB penenHbIX
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1o cusatud pene Tuna HMII u OMIII ¢ akcrutya-
TaIMHU, UX MOKHO HE MO/IBEPraTh KOHTPOJIbHBIM
nipoBepkam. [1pu cpeiHeli ”HTEHCHBHOCTH JIBU-
JKeHHus 1moe3noB (okono 40 map B CyTKH) 3TH
pere cienyer npoBepsATh oAuH pa3 B 40 jet, uto
B KaKOH-TO CTEIEHH COU3MEPUMO C PECYpCOM
LIEHTpaJIM3aliil COOTBETCTBYIOIIErO Kilacca,
paccMarpuBaeMbIM B CIeyIOIINX pazaenax. [Tpu
BBICOKOIl MHTEHCHBHOCTH JIBU)KEHUS T10€3/10B
(oxoio 60 map B cytkn) pene Tuna HMUI cre-
JIyeT MOABEpraTh KOHTPOJIBHOH IPOBEPKE OJIUH
pa3 kaxasie 25 net, a peie tuna OMII — ogun
pa3 kaxasie 14—15 nert.

B ycnoBusx peneiiHoi Harpy3ku pene THUIa
POJT He TpebyroT NeproaryecKoil MPOBEPKH 3a
BECh [1EPUOJI IKCILTYaTallK COOTBETCTBYIOIIETO
KJIacca YU THIMOB IEHTpalu3aluii, 4ei Cpok npu
BBICOKOIl MHTEHCHBHOCTH JIBU)KEHUS T10€3/10B
(oxono 60 map B CyTKH) IPEANOI0KHUTENHHO HE
OyzieT OOJIbIIIE OIHOTO AIEKTPOMEXaHUUECKOTO
usHoca pere (68—70 siet). [Ipu akTHBHOMN Harpy3-
K€ U BBICOKOH HHTEHCUBHOCTH JIBU)KEHHUS T10€3-
JIOB MOXKHO PEKOMEHJIOBaTh MPOBEPKY peiie
npousBecTH uepe3 34-35 ner nocine BBoga MPIL]
B OKCILTyaTalHIo.

W3 BBINOJIHEHHOTO aHAIN3a CTAHOBUTCS SIC-
HO, YTO 3JIEKTPOMEXaHNYECKast U3HOCOCTOMKOCTh
AJIEMEHTHOM 0a3bl CTAHIIMOHHBIX LIEHTpaJIN3a-
LU, B KOTOPBIX MPUMEHSIOTCS Pejie MepPBOTo
U HE MEepBOro Kiacca HaJ&KHOCTH, HE MOXKET
OBITH BEJYIINM KPUTEPUEM ISl OLICHKH:

* CpPOKa CITy»KOBI;

* pecypca;

* CpEeJIHEro CpoKa CIIyKObl (CpeiHero pecyp-
ca);

* OCTaTOYHOTO CPOKA CITY>KOBI M OCTaTOYHOTO
pecypca 3Toro Kijiacca U MpUHAUIeKALINX K He-
MY THIIOB CTaHIIMOHHBIX LEHTPAIU3ALIH.

2. OueHka pecypca M 0CTaTOYHOIO pecypca
OTHOT'0 U3 KJIACCOB CTAHIHOHHBIX
HeHTpaJIu3auuii

B coBerckux u B Oonrapckux pa3paboTkax
CTAaHIIMOHHBIX HeHTpaJ’II/ISaHI/Iﬁ 0€301aCHOCTh
JBYDKEHUSI T10€3]10B obecrieunBaeTcs (Hapsay
C IPUHATBIMU IPpUHOHUIIAMU CUHTE3a CXCM) pu-
MEHEHHEM 0e30I1aCHOro 3JIeMEeHTa — pelie Tep-
BOTO KJ1acca HaJI&KHOCTH. OCHOBHBIM OTIINYHEM
9TOrO THIIA PeJie SABISAIOTCS CIeTyIoNUe Xapak-
TCPUCTHUKU:

* OTCyTCTBHUE (IIPAKTHYECKH) BEPOSITHOCTH
CBapuBaHUsA (i)pOHTOBOl"O C OCEBbIM KOHTAKTOM
6]'[211"0}13,}')51 NPpUMCHCHUIO CIICHAJIbHBIX KOH-
CTPYKTUBHO-TEXHOJOI'MYECKUX peHIeHPIﬁ;
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* rapaHTHPOBAHHBIA OOpBIB (IO JEHCTBHEM
Macchl TSHKEINOTO SIKOPsl MATHUTHOM CHCTEMBI peJie)
JIEKTPUYECKOI IeNH C 3aMKHYTBHIM (D)POHTOBBIM
KOHTAaKTOM TIPH BBIKJIFOYEHUH [TUTAIOIIETO HAIIpsi-
JKESHHSL.

B ciydae ucrions30BaHus TaKUX JIEMEHTOB
B cxeMax o0ecrieueHust Oe30MacHOCTH JIBHYKEHHSI
0e370B (B OCHOBHOM B CX€Max TaK Ha3bIBAEMOU
WCTIOJTHUTEIIBHOM TPYIIIBI IIEHTPaIM3alliK) TPOo-
EKTHPOBIIMK PacCCMaTpHBaET pelie IIePBOro Kiacca
Kak Oe30IMacHbIH JIEMEHT, MOBEJCHHE KOTOPOro
TIOCJIE OTKa3a HE MOJBEPraeTcsi COMHEHHIO, H3-3a
Yero 9TO TOBE/ICHNE, KaK NPaBUIIO, aHAIN3Y HE
TIOJUIEIKHT.

B nmeiictBuTeNIbHOCTH 0€30MIACHOCTD peEJie
TMIEPBOTO KJIacca HaEKHOCTH UMEET CBOH M3MepH-
TeJlb, U OH Ha3bIBACTCSl KAHTEHCHBHOCTb OIACHBIX
OTKa30B», pasMepHocThio 1/4. B [6], Ha Ga3e co-
OpaHHbIX CTaTHCTUYECKUX JIAHHBIX OIpe/ereHa
MHTEHCHBHOCTb OTIACHBIX OTKa30BA, = 1,4¢107"" 1/4.
J1u1st o11eHKM O€30MaCHOCTH CYIIECTBYIOIINX Pelie
TIEPBOTO KJIacca MPUHUMAETCS] HEPaBEHCTBO:

1019 1/a>2  >107" 1/4, @)
npruém 10710 1/4 pekomen yeTcst uist pesie, Haxo-
JUIIMXCsl B SKcIutyaraiuu. [Ipunstie storo 3Ha-
4yeHus (IS 1eJIed HaCTOSILEero MCCIeIOBaHuUs)
OIIPaB/IaHO U M3-3a TOTO, YTO B EHTPAIU3ALIMSIX,
9KCIUTyaTUpyeMbIX B Bosrapuu, Mcronib3yoTces
perie nepBoro Kiacca Kak COBETCKOro, Tak U 00
rapcKOro IPOM3BOJICTBA (110 COBETCKON KOHCTPYK-
TOPCKOHM JIOKyMEHTAIIMKM U OOJIrapCKol TEXHOJIO-
THH).

Jlst pacuéra pecypca ¥ OCTaTOqHOTO pecypea
MPLI, B YbMX UCTIOTHUTEIHHBIX CXEMaX MPUMEHSI-
I0TCSL pelie MepBOro Kiiacca Haj&KHOCTH, TIPe/iia-
raroTcs JiBa MOAX0/a — JeTePMUHUPOBAHHBIN
1 BEpOSITHOCTHBIN. B kauecTBe mpumepa paccMoT-
PpeHbI HanboJiee MHOTOYHCIICHHBIE U3 HAXO/ISIINX-
cs1 B 9Kcrutyararmu oonrapckue MPLL ¢ nemapi-
pyTH3MpOBaHHBIMU MaHEBpamu Thna H-68.
®parMeHT 00e3JIMYEHHOTO CIMCKA ATUX CTAHLIUN
¢ HanOonbmM (51-48 ner) n HanmensiM (30—
25 ner) Bospacrom MPL] nokasan B Tatu. 3.

[peyiaraemple TOAXO/bI OCHOBBIBAIOTCS Ha
XapaKTEePHCTHUKE Pelie IIEPBOro Kilacca «MHTEHCHB-
HOCTb OITACHBIX OTKa30B», YHCIIOBOE 3HA4YEHHE
KOTOpO#i B [7] omnpeserneHo 1o cienyorieit ¢hop-
MyJIe:

()

ron(t)= N

1/4, )
7€ 7(¢) — KOJMMYECTBO OMACHBIX OTKAa30B 3a Iie-
PO HAOTFOICHUS;

N — KOTHYeCTBO pere;

t —nepuoa HaAOJTIOIEHUS.

OnmuTpoB P. OLieHKa pecypca U 0CTaTOYHOro pecypca 04HOro U3 KnaccoB pefienHbIX
LleHTpanu3auumn



Tadauna 3
Ne Turm MPI T'on BBeneHus Bospact Ne Turr MPI{ T'on BBeneHUs Bospact
B OKCIUTyaTalMIo | K Hayaxy B OKCILTyaTaluIo K HaJaiy
2021 r., ner 2021 ., et
1. H68 1969 51
2. He68 1971 49 52. Ho68y 1990 30
3. He68 1972 48 53. Ho68y 1990 30
4. H68 1972 48 54. H68B 1991 29
5. He68 1972 48 55. Ho68y 1991 29
6. H68 1972 48 56. H68y 1993 27
7. MPILI-H68 | 1972 48 57. MPII-H68 1994 26
8. MPILI-H68 | 1972 48 58 MPII-H68y | 1995 25
Taonuna 4

OO01m1ee yncino
LeHTpanu3aui, I

Bospacr, ner

KosnuuecTBo pesie mepBoro
KJlacca B 3KCIUTyaTalliu , LIT.

PexoMen 1oBaHHas pacuéTHast
MHTEHCHBHOCTH OMACHBIX
OTKa3oB A, 1/4

58 Juana3on Cpenunit wis | lnanazon | Cpenuee (N) 11071
Bcex MPL (J)
25-51 40,71 300460 380

* 171t nene Mccie1oBaHusI IPHHUMAETCS, YTO BO BPEMsl SKCILTyaTallii COOTBETCTBYIOIISH IEHTPAIH3alli CMOHTHPOBAHHBIC
pelie epBoro KJacca, XoTs U I0/IBEPrallich NEPHOANYECKOI TPOBEPKE, HO OHM HE MEHSINCh HAa HOBBIEC 1 HE MOJIBEPIraiCh
PEMOHTY (3aMeHe AeTaneil). 9T0 00CTOsITeNbCTBO PeaTbHO UMEET MECTO B OKCILTyaTalliH.

2.1. lemepmunuposanuslit n00xo0

[Tpu 3TOM MOIX0ZIC BO3PACT IICHTPATU3AIHIA
U KOJIMYECTBO peJie MEPBOTo Kilacca B IKCILTya-
TaI[UK PACCMATPUBAIOTCS KaK JICTCPMHUHUPOBAH-
HBIC BEJIMYMHBI.

Juist MPL] tuna H-68 (Buirouast moguduka-
LMW C UHJEKCAMU «B» U «y») Ha cTaHiuu ¢ 10
CTpeJIKaMH, 2 cOpachIBAOIMMU OaliMakamMu, 8
BBIXOJIHBIMU, 2 BXOIHBIMH, 2 TIPEAYIPEAUTEIIb-
HBIMHU U | TOBTOPUTEIHHBIM CUTHATIAMH TOYHOE
KOJIMYECTBO PeJie MePBOro Kilacca, HaXOMSIIX-
cs B 9kcrryataiuu, paHo 380. To sxcniepTHOI
OIICHKE, JIJIsl CTAHIIMI 3TOT'0 THITa C HAUMEHBIIIUM
YHCJIOM YKa3aHHBIX 0OBEKTOB, 00IIEe KOJIHYeC-
TBO peJie MePBOro Kiacca cocTanisieT okoio 300,
a JUIsl CTAHIUI C HAaUOOJBIIUM KOJIHYECTBOM
00bEKTOB — 0KOJIO 460. B CBsI3u ¢ 3THM MOXHO
MPHUHSITH, YTO HAXOMSIIUECS B DKCIUIyaTaIl[uu
LEHTPAIN3ALUN XapPAKTCPU3YIOTCSI CIICAYIOIIN-
MH JETCPMHUHHPOBAHHBIMH MapaMeTpaMu
(Tabm. 4).

Hcxonst u3 (2), Ha 6a3e 0003HAUCHHI U3
Tabi1. 4, MOXKHO 3aMucarh, YTO MPOTHO3HOE KO-
JINYCCTBO OMACHBIX OTKAa30B, KOTOPOE MOMKET
HMETh MECTO B paCCMaTPUBACMBIX YCIOBHUSX:
O, =\ I*NeJe365-24 3)
WJTH:

O, = 11077258+380+40,71+365+24.

W3 BelUMCIEHUN CIEAyeT, 4TO K Hadayly
2021 roga O, = 0,78599, T.e. HapaGoTKy peine
MOYKHO CUMTATh HEJIOCTATOYHOM JIJIsI TIOSIBIICHUS
TepBOro onacHoro otkasa. Ecim O paccmarpu-

¢ MWP TPAHCIOPTA.2021. T. 19. Ne 5 (96).

BaTh KaK BEPOATHOCTb Q_ TOSABIEHHS XOTS OBl
OJTHOTO OIIACHOI'O OTKa3a pelie MepBOro Kiacca,
HaXOJAIUXCS B DKCIUTyaTallud, TO Pa3sHULY
1-Q,,=0,21401 MOKHO IPUHUMATE 33 BEPOSAT-
HOCTB MX Oe30macHo# paboTsl P

Tesuc aBTOpa cocTouT B TOM, 4TOOHI P pac-
CMaTpHUBATh KaK HEKOTOPBIH 3amac 10 JOCTUXKe-
HUS IEPBOTO OMACHOTO OTKAa3a BCEX Pelie MepBO-
IO KJIacca, HaXOSIUXCS B OKCIUTyaTalluH, a 3TO
MOKHO HCTIOIBb30BaTh KaK 0a3y st BEIYUCIICHHS
CpEJHEro 0CTaTOYHOIO pecypca 3THX pele.
C Touku 3peHnst obecnedeHns 0€30MacHOCTH
JBHIKEHUS TIO€3]]0B, BBIYUCIECHHBIA CpEeJHUN
OCTaTOUHBIA PECYpPC Pele MOXKHO MPHUHATH 3a
CPEHUH 0CTaTOUHBIN pecypc GpyHKIIMOHHPOBa-
HUA LeHTpanu3auuid. Ha 3Toil ocHOBE MOXKHO
3aMucars, 4To:

0,2140 = 11+10719+58+380°T  *365+24,

OTKyJa:

T, = 0,21401/12107'°258+380236524 =
11,0845 ner.

CrnenoBaTenbHO, MOXKHO IPUHSATD, YTO CPEA-
HUI OCTaTOUHBI pPecypc HaXOAAILIUXCS B KC-
IUTyaTalluy pesie EPBOro Kiacca A0 JOCTHKEHUS
XOTs1 OBI OZTHOTO ONACHOTO OTKA3a PABEH IEPHO-
ay nopsiika 11 set?. OTcrona cpeHuit ocTaToy-
HBII pecypc HaxOISALIUXCS B JKCILTyaTalluu
ueHTpaiuzanuid Tuna H-68, koTopbli nMmeer
TIPSIMOE OTHOIICHHE K O€301TaCHOCTH JABHKCHHS

* CornacHo Gostee paHHNM pacuéram aBropa (2017 rozma), korma
B 4HCIIE JACHCTBYIONMX OblIa 61 LEHTpanu3alyst 9TOro THIa,
CpPEeIHUI OCTATOUHBIN pecypc pene Obut paBeH 11,6 roza.
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Taoauna 5

Ne | Iaru cTparerun Q.. P,
1|2 3 4

1. | MPLI ct. Ne 1 B skcrutyaranmu 60 ner 0,9598 0,0402
2. | Ha MOMEHT HernocpeCTBEHHO 1ociie CHATHs ¢ akcrutyatanuu MPL ct. Ne 1 0,9397 0,0603
3. | MPII ct. Ne 2 B akcrutyaranuu 60 ner 0,9777 0,0223
4. | Ha MOMEHT HENOCPEICTBEHHO MOCIe CHATHS ¢ dKcruryararuu MPLI ct. Ne 2 0,9577 0,0423
5. | MPI] na cranuusx NeNe 3—9 B skcruryararuu 60 et 0,9764 0,0236
6. | Ha MOMEHT HEMocpeCTBEHHO Mocie CHATHS ¢ 9KcrutyaTauu MPLL Ha cTaHmumsax 0,8366 0,1634

NoNe 3-9
Tadnuna 6

Ne Illaru crpareruun Q.. P,

1 2 3 4

1. MPII ct. Ne 1 B 3kcruryarauuu 55 ner 0,8632 0,1368
2. Ha MoMeHT HenocpeCTBEHHO 1ocie CHATHS ¢ dKerutyatanuu MPLL ct. Ne 1 0,8483 0,1517
3. MPI] ct. Ne 2 B akcIutyaranuu 55 ner 0,8828 0,1172
4. Ha MOMEHT HemocpeCTBEHHO 1ocie CHATHA ¢ dKcruryararuu MPLI ct. Ne 2 0,8646 0,1454
5. MPII Ha cranuumsx NeNe 3-9 B skcrutyatanuu 55 et 0,8832 0,1168
6. Ha MOMEHT HEMOCPEICTBEHHO MOCie CHATHS ¢ dKciutyarain MPII Ha crannmsx | 0,7550 0,2450

NoNe 3-9

M0€3/10B, MO’KHO K Hauaiy 2021 roga onieHuBarh
B 11 ner.

Jomyctum, uro B nocnexnyromue 11 ner mo
oTHoleHuto k 3tuM MPII npumensiercs crparte-
THsI KHUYETO HE JieJIaeTcs». JTo Oy/eT 03Havyarh,
yto 4yepe3 11 meT Bo3pact oObekra Ne 1
(tabmn. 3) nocturHer 62 yet. Torma BEepoOsITHOCTh
Q,, OTacHoOro OTKa3a pese MepBoro Kiacca Jis
BCEX JCHCTBYIOIINX HEHTPAIN3aMi ATOTO THIIA
oyzner npaktudecku pasa 1 (0,9984). [TosTomy,
4TOOBI M30€KaTh CUTYallMU, KOTOPAsk MOXKET
BBI3BaTh MPOMCIIECTBUE C TSHKKMMHU ITOCIHE-
CTBUSIMH, IIPEJUIaraeTcs CTPaTerusi «ynpapieHHe
pecypcom/Bo3pactom MPLy.

Jis meneit mocneayromero aHaiau3a pac-
CMOTPHM [IBa BapuaHTa NpeJesIbHOTO BO3pacTa
MPL] storo tuma: a) 60 net (tabdi. 5) u 0) 55 ner
(Tabn. 6). 3nech ykazaHHbIE BapUaHThI OyIyT
HUMETh CMBIC]I «Ha3HAYEHHOTO», T.€. THIOTETH-
YeCKOro pecypca. ITo 03Ha4aeT, 4To yepes 9 jiet
1 COOTBETCTBEHHO uepe3 4 roza «camasi crapas»
MPIL] Ha ctannuu Ne 1 (Tadn. 3) momxHa OBITh
BBIBE/ICHA M3 OKCIUTyaTal|H.

B xononke Ne 3 tabmui 5 u 6 ykasansl Q
u P st Bcex MPII tuna H-68 Ha cremyrormmx
marax CTpareruu:

1. MPL ct. Ne 1 HaxonuTcs B 9KCILTyaTallui
cootBercTBeHHO 60 mu 55 net (psix 1 Tabui);

2. MPII c1. Ne 2 HaxonuTCs B 9KCILTyaTalluu
cootBeTcTBeHHO 60 mu 55 net (psix 3 Tabnui);

3. MPL] na crannusax NeNe 3-9° naxoznsres
B 3KCIUTyaTal[1 COOTBETCTBEHHO 60 uiu 55 et
(psn 5 Tabmun);

® B tabmn. 3 ct. Ne 9 He ykazana.
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4. Ha MOMEHT HEMOCPECTBEHHO MOCJIE CHS-
Tus ¢ 3kcrutyarauud MPIL cooTBeTcTBYIOIIUX
cranumii 3Hadenus Q_  u P, yKasaHbl Ha psjax
2, 4, 6 Tabmui.

BunHo, 4To B citydae, eciy NpHHATh «Ha3Ha-
4YeHHbI» cpennuii pecypc MPII paBabiM 60 et
(Tabm. 5), To mo cHsTUs ¢ FKcIuTyaranuu MPL]
Ha CTaHIMAX 1-9, BEpOSITHOCTH ONACHOTO OTKa-
3a ocraéres Onu3Koi k 1. B cirydae ecnn B kaue-
CTBE 3TOT0 pecypca NMPUHATH 55 JeT, To 10
cHATHS ¢ SKcrutyaTanuu MPI Ha crannusx 1-9
CyHIECTBYET 3amac BeposATHOCTH P B pamkax
0,12—-0,14 (oxkpyrinénHo).

OTcro/1a MOYKHO 3aKJIFOYHTh, YTO, €CIIH TPH-
HATH B KauecTBe cpeaHero pecypca MPIL] tuma
H-68 cpemgnuil cpok sKcmlyaTallud pPaBHBIM
60 1iet, To 3T0 Oy/IeT HECKOJIKO PUCKOBaHHBIM,
a CpoK 55 JeT — TOBOJIBHO MECCUMUCTUYECKUM
pemieHueM. Pa3syMHBIM, BUIMMO, CIIEIyeT CUH-
TaTh CpeAHEE 3HaueHue, T.e. 57-58 ner. D10
MIO3BOJIUT JUIs K101 KoHKpeTHO MPL] yuecTh
U CIEYIOIIUE AOTIOHUTENbHEIE (PaKTOPBI:

* COCTOSIHHC HapyXHOW KaOEIbHOU CeTu
1 BHYTpEHHHX KabOeJsei U TpoBOHUKOB. B nan-
HOM cJIy4ae Ol[eHKEe HEOOXOAMMO MOABEPTHYTh
HACTYNMBIIME K TEKyIIEMYy MOMEHTY H3MEHe-
HUS B XapakTepucTukax xabeneit. Tyt cienyer
UMETb B BUAY, YTO EHTPAIU3ALNH C OOIBIINM
CPOKOM 3KCIUTyaTanuu 0ojee ysI3BUMBI C TOUKH
3peHUs] KaueCTBa NPUMEHIEMBIX B MPOILIOM
kabeyiel 1 TPOBOJHUKOB. DTUM acIEKTOM,
C TOYKH 3pEHHs BOSHUKHOBEHHUS OIACHOTO OT-
Ka3a, He3aBUCUMO OT BEPOSITHOCTH TaKOTO OT-
Ka3a pelie MepBOro Kjiacca, COBCEM HE CTOUT

OnmuTpoB P. OLieHKa pecypca U 0CTaTOYHOro pecypca 04HOro U3 KnaccoB pefienHbIX
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Tabauna 7

Yucno MPIL, I Pacuérnblii cpenuuii pecype J, ner
10 300,408

20 150,205

30 100,136

40 75,102

50 60,082

60 50,068

70 42915

80 37,551

90 33,378

100 30,041

npeHedperarb, OITOMY OH TpeOyeT OTIEeIbHO-
T0 PAaCCMOTpPEHHUS;

* KaueCTBO TEXHHYCCKOTO OOCITYy)KUBaHUS,
KOTOPOE€ CKa3bIBaeTCs Ha OOLIEM TEXHHYECKOM
COCTOSIHUM KOHKPETHOM 1eHTpaiu3anuu. [Ipak-
THKA U HAOJFOJCHUS MMOKA3bIBAIOT, YTO IICHTPA-
JU3allMM OJJHOTO M TOTO K€ BO3pacTa MOTYT
BBINJISIZIETh KaK COBEPIIIEHHO aMOPTU3UPOBAHHBI-
MU, TaK U HAaXOJUTHCS B IPUEMIIEMOM TEXHUYE-
CKOM COCTOSIHUH;

* HKCIUTyaTallMOHHBIE PACXOJIbl, CBSI3aHHBIC
C coziepKaHKUeM IIEeHTpaIU3aluil B paMKax Ipes-
BapUTEIbHO 33JJaHHBIX MTAPAMETPOB, TOKE MOTYT
OBITH MPEIMETOM OILIEHKH C TOUKH 3PCHHUS UX
LeJIeCO00Pa3HOCTH.

[Moctymas Takum 00pa3oM, cieLyeT 0XKUIaTh,
YTO BEPOSTHOCTH OMACHOTO OTKa3a pelie MepBo-
TO KJlacca B LIEHTPAIU3ALUAX YKa3aHHOTO THIA
He nocturuer Q= 1.

Jl7s1 TOro 4TOOBI BBIMOJIHUTH CTPATETHUIO
«ymnpaBlieHHe pecypcom/Bo3pactom MPIly»,

350
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0
0 20 40

ClleflyeT U3rOTOBUTH IIPOTrPaMMy IE€PEeOCHaIle-
HUS CTAHIMH ¢ neHTpanu3anusamu tuna H-68
C SICHBIM IIPEJICTABICHUEM O TOM, YTO 3TO SIBJISI-
€TCs HEeOOXOAMMBIM YCIIOBHEM YIpaBJICHUs
0€30I1aCHOCTBIO JBHKEHUS [IOE3/10B.

Jlononnumenvhuii Kommenmapuii Ne 1
W3 M3JI0)KEHHOTO BBIIIE MOXET CIIOKUTHCS

BIIEYaTIIEHHE, YTo eciu B (3) noacraButh O =1,

a A, I n N uzBecTHbl, Kak B paccMarpuBacMom

ciydae, To cpeanuit ans Bcex MPL pecypc Ha

0a3e NOsIBJICHUSI IEPBOTO ONIACHOTO 0TKAa3a MOXK-

HO OIPE/IENIATh KaK:

J =1/ *I*N*365°24, ner. 4)
Oxas3bIBaeTCsl, 4TO 3TO HE COBCEM TaK.
Tabmuia 7 v puc. 1 1ar0T 3aBUCUMOCTH CPE/I-

Hero pecypca MPIL] tunia H-68 ot uucna nenrpa-

JIM3aLMi, HAXOMSILMXCS B OKCIUTyaTaluy. BuiHo,

410, ecnu uncino [ < 60, To pacuéTHbIi cpeaHuit

pecypc pe3Kko Bo3pacTaet. ITo pe30HHO, TOTOMY

YTO B TAKUX CIy4asX oOIlee KOJIMYECTBO peje

HEJJOCTATOYHO /ISl TOTO, YTOOBI C BEPOSITHOCTBIO,

PaBHOI eAMHMIIE, MOT MOSIBUTHLCS TIEPBbIH omac-

HbIH oTKa3. Torma onpenensonieit s pecypea

MPII Oyzner siBISITbCS HE BEPOSITHOCTH MOSIBIIE-

HUSI IEPBOTO OIIACHOT'O 0TKa3a, a AJIeKTpUYecKast

U MEXaHUueCcKasi N3HOCOCTOWKOCTB/U3HOC peJie

(cm. pazgen 1, Tabim. 1 u 2), a TakKe COCTOSTHUE

Ka0OeJIbHOM CeTH M IKCILTyaTallMOHHBIE PACXOIbI,

HEOOXOIMMBIE JIJIsI COZICPIKaHHs KXKIO0U OT/IEIb-

Hoit MPLI B pamkax mpeaBapUTeIbHO 3aJaHHBIX

rapameTpoB.

Ecmu yucno nearpanuzanuii [ > 60, cpeaauii
pecypc MPII ymensiiaercs. OgHako, 31eCh
CllelyeT UMETh B BHUJLY, UTO IIPHU TAKOM YHCJIE
LEHTPAIM3aLMHA, BBULY UX HEOJHOBPEMEHHOTO

Mo ocu X - obLee yncno LeHTpanmnsaLmin
Mo ocK Y - pacyéTHbIi cpeaHuit pecypc

y =3004,1x1

60 80 100 120

Puc. 1. CpedHuii pecypc MPL] muna H-68 do nosienieHusi nepe02o onacHo20 omkasa.
Mpumeyarue: KpacHas Kpusasi — cpedHull pacyémHbiii pecypc 8 3agucumocmu om obuwezo yucna MPL;
CUHSIS NYHKMUPHas kpueasi — NuHus mpeHoa y = 3004,1.x7.
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Puc. 2. Boapacm yenmpanu3sayuii muna H-68.
Mpumedarue: no ocu X — Homep ueHmpanusayuu, no ocu Y — eo3pacm.

CTPOMTENIBCTBA, OYIyT UMETh MecTO Kak MPIL]
BO3pPacTOM TOpPa3l0 MEHee, TaK U BO3PacTOM
GombIire pacyéTHOTO CpeIHero pecypcea’. B atux
ClIydasX KPUTEpPHUH «OIpenesIeHHe CPEeIHEro
0CTaTo4HOro pecypea Ha 6ase 100 % BeposTHO-
CTH TIOSIBJICHUS IEPBOT'0 OMACHOTO OTKa3a» OyeT
CTAHOBHUTHCSI MPEBATHPYIOIIHUM.

2.2. Bepoamnocmuulii n00xo0

Jlist peaiu3anyy 3Toro moaxo/ia BhIMOIHEHO
MojieIMpoBanue no merony Monte-Kapiio, npu
KOTOPOM:

* HOMEp COOTBETCTBYIOILEH [IEHTPAIN3AINN
paccMmarpuBaeTcsi U MOJICIUPYETCs Kak clrydai-
HOE YHCJIO B auana3zone 1-58 ¢ paBHOMEpHBIM
3aKOHOM pacIpe/iesICHH s

* BO3pACT paccMarpuBaeTcsl Kak ciiydaiiHoe
YHCII0, KOTOPOE OMpesiesieTcs: Ha 0ase ciyyaii-
HOTO HOMEpa [ICHTPAITM3aIi 110 INHEapH30BaH-
HOl QyHkIuu y = f(X) peansbHOTO BO3pacTa
LeHTpanu3amnui (puc. 2), KoTopas sIBISIETCA
nuauen Tpenaa y =—-0,409 x + 52,771;

* KOJIMUECTBO pelie PACCMaTPUBAETCS U MO-
JIETIPYETCs Kak CIy4aifHoe YHCIIO B JHaa3oHe
300—460 mT. ¢ paBHOMEPHBIM 3aKOHOM pacrmpe-
JICTICHUSI.

MopenupoBanue BeIoIHEHO A5 20 cepuii
¢ 5800 crieHapusiMH B KQKJIOH CO CIETYIOIIUMU
KOHeuHbIMH pesynbraramu: Q = 0,78986, P, =
0,21014, cpeanwuii Bozpact — 40,897 rona.

BunHO, 4TO MOJNyYECHHBIC ¢ MPUMCHCHHEM
BEPOATHOCTHOTO MOJICTMPOBAHHS 3HAYEHUS Q_,
P, 1 cpennuii BO3pacT MpakTHYECKH HE OTJINYA-
FOTCSI OT TIPOBE/IEHHBIX PACUYETOB C JICTEPMHHU-
POBaHHBIMHU 3HAYCHUSAMH U3 1. 2.1, YTO SIBIISACT-

7 Jlnst cpaBHEHUsI CM. TabI1. 3, TSt KOTOPO#i CPEAHII BO3PACT
ueHrpanuzanuit 40,71 1et, X0Ts BO3pacT caMoit «cTapoii» —
51 rox, a camoii «MOIOmOi» — 26 IeT.
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Csl CBUJICTEILCTBOM BBICOKOH CXOIMMOCTHU pe-
3y/IBTaTOB 00OMX MOAXOMOB (IETEPMUHHPOBAH-
HOTO U BEPOSITHOCTHOTO).

Jlononnumenvuwii kKommenmapui Ne 2

[IpenokeHHY0 KOHIICTIIHIO YIIPABICHHUS
0E30MaCHOCTHIO PEJICHHBIX CTAHIIMOHHBIX I[CHT-
panu3ainui, B KOTOPBIX HUCIOJB3YIOTCS pelie
MEPBOTO KJIACCa, MOYKHO MIPUMEHHTD U K IPYTUM
TUTIAM LIEHTpaJIu3aluil 3Toro kiacca. B cBsa3n
¢ 9TUM JUTs ieHTpanu3anuii Tunma MH70 ¢ mapi-
PYTHU3UPOBAHHBIMHU MaHEBPAMH, KOTOPhIC ObLIN
BBEJICHBI B DKCIUTyaTallM0O B OCHOBHOM IOCIIC
1975 roma 1 94McI0 KOTOPHIX 3HAYUTETHHO MEHB-
1II€ IPYTUX TUIIOB, 3TOT CPeAHUi pecypc (He 60-
nee 60 JeT) TakkKe MOXKHO MPUHATH KaK pa3yM-
HBIH, TOTOMY YTO KOJHYECTBO pEJic MEPBOTO
KJlacca B HUX HE MEHee, ueM B 2 pasa OoJibllie,
yeMm ux umeercs B MPL tuma H-68, kpome Toro,
STHM THIIOM I[CHTPAJIN3AIIHIl BOOPY)KCHBI CTaH-
UM, HA KOTOPBIX YIIPABIISICMBIX 0OBEKTOB (CTpe-
JIOK U CHUTHAJIOB) OOJIBIIIE, & IBHXKCHUC MTOC3I0B
U MaHEBpOBasi paboTa SBISIFOTCS O0Jice HHTCH-
CHUBHBIMHU. ITO MO3BOJISICT 00CYKAATh CICAYIO-
e JeMCTBUS, CBSI3aHHBIC C DKCILTyaTalluen
PEICHHBIX [IEHTPAIN3aIUi YKa3aHHBIX THITOB:

1. 3ameHa penbCOBBLIX IeNel CUETIYMKAMHU
oceil B ieHTpanin3anusx tuna H-68, geii Bozpact
Ha JaHHBIA MOMEHT cBbImie 47-48 naeT. OTO
MOYKHO CUHTATh I1€JICCO00PA3HBIM TOIBKO B CITY-
Yyae HAJTMY U IPOOJIEMBI C TIOCTABKOW PE3EPBHBIX
3JIEMEHTOB/OJIOKOB, HEOOXOIMMBIX JJIsl 0Oecte-
YeHHUs TPEOYeMO IKCILTyaTalldOHHON TOTOBHO-
CTH ammaparypbl PejbCOBBIX LICIICH.

2. JlemonTax nentpanmuzanuii Tunma MH70
Ha MOJICPHU3UPYEMBIX YIaCTKaX KEJIC3HOTOPOK-
HOW CETH, Yei BO3pacT K MOMCHTY BBIBOJA W3
SKCIUTyaTalliy HAXOAUTCS B Ipeaenax 32—-35 jert.

OnmuTpoB P. OLieHKa pecypca U 0CTaTOYHOro pecypca 04HOro U3 KnaccoB pefienHbIX
LleHTpanu3auumn



C TOuKH 3peHUsI U3I0KEHHOTO BBIIIE, 3TH IIEHT-
panu3aliy MOXKHO «IepeHarpaBUTh)» Ha CTaH-
I[UH, 10 TOr0O MOMEHTa 00opyaoBaHHbIe MPL]
tuna H-68, yeil pecypc/pa3yMHbIi BO3pacT UCTEK
HecMoTps Ha To, uto MPI] Tunna MH70 obnana-
71 ObI B U3BECTHOM CTETICHH amnapaTHoN n30bl-
TOYHOCTBIO 110 OTHOLIEHHIO K IEHCTBUTEIBHO
HEOOXOAMMBIM 3KCILTyaTal[HOHHBIM XapaKTepH-
ctukaM. C 1enblo0 HEKOTOPOil MOJAEpHU3AIUU
BMECTO NIyJibTa-Tabmno B atux MPL[ mMoxHO
MIPUMEHHUTH TaK Ha3bIBAEMYIO KOMIIBIOTEPHYIO
BU3YaJTU3AIUION.

BbIBO[bl

1. Hacrosiiee nccnenoBaHue siBIseTCs TMO-
MBITKOH B KaKOW-TO CTEMEHU IMIUPUYUCCKHU
OILICHUTh PECYPC M OCTATOUHBINA PeCypc OJHOTO
M3 KJACCOB CTAHIIMOHHBIX LEHTpaIn3aluil,
B KOTOPBIX MPUMEHSIIOTCS pelie TaK Ha3bIBaeMO-
T0O «IEPBOTO Kacca HaI&KHOCTI.

2. AHanu3 Moka3pIBaeT, UTO OCTATOYHBIN
pecypc U TOCTHKEHHUE MPEICILHOIO COCTOSIHUS
3TOrO KJIacCa U THITOB IIEHTPATU3AIMNA HE MOTYT
OBITh OINPE/ICIICHBI TOJIBKO HA OCHOBE DIICKTPHU-
YECKOI M MEXaHUYECKOU M3HOCOCTOWKOCTH/U3-
HOCa peJie MEePBOro U HE MEPBOTo KJIACCOB Ha-
JNEKHOCTHU, IPUMEHSCMBIX B HUX.

3. C TouKHM 3peHust peaau3alii BEpOITHOCTU
MIEPBOTO OMACHOT0 0TKAa3a peJie IePBOro Kiiacca
HaJAEKHOCTH PEIIAOIICe 3HAYCHUE MMEIOT KO-
JINYECTBO HAXOISIIUXCS B IKCIUTyaTal[dH pelie
U MX BO3PACT.

4. B kauectBe cpennero pecypca MPI] tuna
H-68 MOXHO NPHUHATH UX IKCIUTyaTalHio B Te-
yeHue 5758, Ho He Oosiee 60 JieT, a UX CpeIHUi
OCTaTOuHBIN pecypc k Havany 2021 roga — paB-
HEIM He Ooitee 9 neT. OgHaKo, STH 3HAYEHHS HE
ciezioBaio Obl CUMTATh aOCOIIOTHBIMH, T.€. UX
CJIelyeT BOCIIPUHUMATH KaK IPOTHO3HBIC 3HAYE-
HUS 0)KHITACMOTO BPEMCHH, 110 UCTCUYCHUN KOTO-
POTO COOTBETCTBYIOIIAS [ICHTPATN3ALIHS JOCTUT -
HET MPEIEIbHOr0 COCTOSHHS U OYyIeT CHsTa
C 3KCIUTyaTalyu. 1o 00yCIOBICHO U HEOOXOIU-
MOCTBIO Y4€Ta yKa3aHHBIX BBIIIE JOIOTHUTEIIb-
HBbIX ()akTOpoB. B CBsI3u ¢ 3TUM pacuy&THBII

CpelHUH pecype U CPeHUI OCTAaTOYHBIN Pecype
MPII sTOTO0 THITA TPENCTABIISIOT COOOH JIy NN
OPHEHTHP MX O’KHIAEMOTO MTPEAETBHOTO BO3pa-
cTa.

5. MOKHO cUMTaTh, 4TO 3aKPHITHE OTJEITEHBIX
MaJIOAESATENbHBIX CTAHIMH (10 COOOpaKEHUSIM
ONITUMU3AINHU TEXHOJIOTHH MEPEBO30YHOTIO ITPO-
1ecca) Wi CHSTHE C OKCIUTyaTalul CTaHIHH
C LEHTPAIN3ALMAME, B KOTOPBIX ITPUMEHSIOTCS
perie TepBoro Kjacca HaAEKHOCTH, 0COOCHHO
¢ OONBIIMM CPOKOM CITYKObI, BeIET K cTaOUITH-
3alliU BEPOSITHOCTH BO3HUKHOBEHUS MEPBOTO
OITaCHOTO OTKa3a.
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MeToabl aHanu3a U CUHTE3a KOMMYTaLMOHHbIX
cxeM (hOTOHHbIX KOMMYTaTOPOB Ha NpUMepe
cxembl LLnaHke

Hukonait KASAHCKUW MonuHa NbICIOK

AHHOTALINA

Pa3sumue 8bICOKOCKOPOCMHO20 Xele3HOA0POXHO20 MpPaHe-
nopma mpebyem eHedpeHUs HOBbIX MeNeKOMMYHUKAUUOHHbIX
mexHonoaull, peanu3ogaHHbIX 8 UHMe2puposaHHoU yughposol
cucmeme mexHosoaudeckol cesu (MUTC). OdHol us ocobeHHo-
cmeli NocmpoeHuUsT Makux cucmem sgnsemcs obecneyeHue
KOMMYmayuu ONMUYeCKUX KaHanog OaHHbIX C UCNob308aHUeM
¢homoHHbIX kommymamopos (®K). [pouecck! kommymayuu 8 OK
npoucxo0sim Ha oomoHHoM (onmuyeckom) yposHe. OcobeHHo-
cmbto nocmpoeHust @K se1isemcs ucnonb308aHUE MHO2038EHHbIX
monornoautl, 8bINOTHEHHbIX Ha buHapHbIx kommymamopax (BK).
BK npedcmasnsiem coboli npocmediwiuti KOMMymayuoHHbIL ane-
MEeHM C KONUYecmeoM 8X00HbIX/8bIXOOHbIX NOPMO8, PagHbIM
00Homy unu dsym. Koruenyuu nocmpoeHus ®K ocHosaHb! Ha
MEXHOM02USAX U3BECMHbIX KOMMYmaUUOHHbIX cxeM Ha BK, komo-
pble, Kak npasuno, Hocam thamunuu ux cozdamenel (Cxembl
berewa, LlinaHke, LLinaHke—-beHewa, cemb Knosa u dp.).

C ysenuyeHuem émkocmu @K ycroxHsemcs e2o cmpykmypa:
yeenuyusalmes YUC/Io 38eHbE8 8 CXeMe KoMMymauyuu, obujee
yucno BK, dnuxa mapwpymos kommymayuu, KoschghuyueHm us-
6bimoyHocmu. Kpome mozo, 803Hukaem Heobxodumocms pacyé-
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ma 8eposimHocmell 803HUKHOBEHUS 8HYMPEHHUX BITOKUPOBOK 8
KOMMYMaUUOHHbIX CXemax, CKopocmu KOMMymauyuu Onmu4yeckux
CU2Har08, 8e/IUYUHbI 3amyXaHUsi ONMUYECK020 cu2Hara e cxeme
@K um.d.

Llenbto uccnedogaHus siensiemes pa3pabomka memodog
aHanusa u cUHme3a KoMMymauUOHHbIX CXeM GPOMOHHBIX KOMMY-
mamopos Ha npumepe cxem LLinarke 3adaHHol émkocmu ¢ pac-
YEmom 8eposMHoOCMeU 803HUKHOBEHUS 8HYMPEHHUX 6II0KUPOBOK.
B cmambe asmopamu ucnonb308aHb1 06LEHaY HbIe U UHXEeHep-
Hble Memodbl MameMamu4ecko2o MoOenuposaHus, meopuu ee-
posmHocmed u Maccogozo obcryxusaHus. B kayecmse npumepa
asmopamu paccMompeH anzopumm aHanusa cmpykmyp cxem
LUinaHke ¢ émkocmbto om 4x4 do 128x128. OnpedeneHb! ux mo-
nonozuyeckue U 8epOSMHOCMHbIE Xapakmepucmuku (4ucno
38eHbE8 8 CXeMe KomMymayuu, obwee qucno bK, dnuHb! mapw-
pymog KoMMymayuu, 8epOSMHOCMU 803HUKHOBEHUS 8HYMPEHHUX
6rokuposok 8 cxemax @K). Pesynbmamei pacyémos npedcmas-
NieHbl 8 Ghopme mabnuy. PaspabomaHHble Memods! aHanusa u
CUHMe3a Mo2ym NpUMeEHSMbCA npu ucciedogaHuu NoAobHbIX
KOMMYMaUUOHHbIX CXeM, NOCMPOEHHbIX Ha BbK.

Krroyesble crioga: ¢homoHHas kommymayusi, GUHapHbIl KoMMymamop, cmpykmypa LLnakke, cmpykmypHbie Xapakmepucmuku,
86DOSIMHOCIMU B03HUKHOBEHUS 8HYMPEHHUX GIIOKUPOBOK, BbICOKOCKOPOCMHOL MpaHcnopm.
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BBEOEHUE

Pa3BuTHE BRICOKOCKOPOCTHOTO JKEJIE3HOIO-
POXKHOTO TpaHCTIOpTa TPeOyeT BHEAPCHIUS HOBBIX
TEJIEKOMMYHHKAITHOHHBIX TEXHOJIOTUH, pean-
30BaHHBIX B HHTETPUPOBAHHON ITU(PPOBOIA CHC-
teme Texaonoruaeckoit cesazu (MU TC). OmHoit
W3 0COOCHHOCTEH MOCTPOCHUS TAKUX CHCTEM
SABIIACTCSA OOeCTeueHNEe KOMMYTAIIMH ONTHYe-
CKMX KaHaJIOB TIEpEeIad JAHHBIX C HCIIOIh30Ba-
HueM (poToHHBIX KoMMyTaTtopoB (DK). Pazmiu-
HBIM acTIeKTaM JTaHHOTO BOTIPOCa Ha MPOTSIKE-
HUH [IEJIOTO PSIZa JIET OCBAIAI0OTCS MHOTOUIC-
JIeHHBIE uccienoBanus [ 1-8].

OK sBISIIOTCS OMHUMH U3 OCHOBHBIX 2JIEMEH-
TOB TaKUX CHCTEM U TTO3BOJISIOT KOHPUTYPHPO-
BaTh WX TomoJoruio. [Iporecch KoMMyTanun
curanoB B @K mpoucxoxst Ha GOTOHHOM
(onTrgeckom) ypoBHE. OCOOCHHOCTBIO TIOCTPOE-
aHua OK ¢ ynuciioM BXOIOB/BBIXOMOB OT 4x4
u Oonee SBISETCS MCIIONB30BAHNE MHOTO3BCH-
HBIX TOIOJIOTHH, BHITTOJHEHHBIX HA OMHAPHBIX
xommyTtaropax (BK). BK mpencrasnser coboit
MPOCTEUIINN KOMMYTALMOHHBIM 3JIEMEHT C KO-
JINYECTBOM BXOJIOB/BBIXOJ0B 2X2, 2x 1 min 1x2.

B [9; 10] mpennoxxeHo ctpouth cxembl DK
10 CTPYKTYpPaM KIIACCHUECKIX CXEM, Ha3BaHHBIM,
KaK MPaBHIIO, IO (PaMUIHAM UX CO3JaTeNeH:

e cxema lllmanke;

* «MaTpUYHAS) CXEMa;

* cxema «Jlenbray;

e cxema «baHbsHY;

» cxema «betuep—banbsany;

* cxema benermna;

e cxema llImanke—benemnra;

» cxema Kio3a (Kioca).

C yBemmaenneM éMkocti QK ycnoxHsIeTcs ero
CTPYKTypa: yBEITMIHBAIOTCS YHMCIIO 3BEHBEB B CXE-
Me KoMMyTanu, obree gucio bK, amma mapr-
PYTOB KOMMYTAIWH, KOIP(UIHMEHT H30BITOYHOCTH
[11]. Kpome TorO, BO3HMKAET HEOOXOIUMOCTH
pacuéra BepOosITHOCTEN BOBHUKHOBEHHUS] BHYTPEH-
HUX OJIOKMPOBOK B KOMMYTAITMOHHBIX CXeMax,
CKOPOCTH KOMMYTAITMH ONITHYECKAX CHUTHAJOB,
BEJTMYHH 3aTyXaHHS ONITHYIECKOTO CHTHAJIA B CXEMe
OK u 1.11. B paborax [9—12] mpuBeaeHb! TPHHITH-

3Beno 71 3BenHo 72

Puc. 1. Cxema LLinanke 2x2 [13].
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1161 paboThl DK, nX TeXHMYECKHE XapaKTePHUCTUKH
1 0COOEHHOCTH MOCTPOCHHUS CTPYKTYPHBIX CXEM.
OnHako aBTOpaMH HE PACCMOTPEHBI BOIPOCHI
aHaJM3a U CHHTE3a CTPYKTypHbIX cxeM DK, He
MIPUBEJICHBI METO/Ibl Pacuéra UX CTPYKTYPHBIX
1 BEPOSITHOCTHBIX XapaKTEPUCTHK.

L]env uccnedosanus. Pa3zpaborka METOIOB
aHaJIM3a U CUHTE3a KOMMYTAIIMOHHBIX cxeM PK
Ha npumepe cxeM Illnanke émkocteio M = 2V
1 METOJIOB pacuéra UX CTPYKTYPHBIX U BEPOSIT-
HOCTHBIX XapaKTEePUCTHUK.

Memoouwl uccredosanus. OOuieHayuYHbIE
Y MH)KEHEPHbIE METOJ(bl MaTeMaTHUECKOr0 MO-
JISTIMPOBAHMSI, TEOPUH BEPOSTHOCTEH U Macco-
BOTO 00CITYy’)KUBaHUSL.

PE3YNbTATbI

[Ipennaraercst paccMaTpuBaTh CTPYKTYPBI
MHOro3BeHHbIX @K ¢ 4nCciIoM BXOIOB/BBIXO0B
MxM, GopMUPYIOIINXCS [T0 MOAYIBHOMY NPUH-
LUy, TO €CTh UCXO/ U3 TOTO, YTO KOMMYTallU-
OHHasl cxema EMKOCTbI0 MxM dopMmupyercs Ha
OCHOBE KOMMYTAI[HOHHBIX CXEM C YHUCJIOM BXO-
JIOB/BBIXOZIOB, paBHBIM M/2xM/2.

B cootBercTBUM ¢ mpejiaraeMbIM MOZYJIb-
HBIM IPUHIUIIOM TOCTPOSHUS KOMMY TallMOHHBIX
cxem lllnanke HEOOXOJMMO PacCMOTPETh OCO-
OEHHOCTH CTPYKTYp CXeM MHUHUMaJIbHOH EMKO-
CTH 2X2 ¢ MOCIEAYIOIIUM yBEJINYEHHUEM ITOMN
émkocTu o 3akony M = 2¥. Ha puc. 1 mpusene-
Ha cxeMa IlInanke MUHHMaIbHON EMKOCTH 2X2
[13].

JIroOyto cxemy kommyTauuu Lnanke Emko-
ctu M =2V, tne N=2, 3, 4..., MOKHO MpejicTa-
BUTH B BUJIe TpEx3BeHHOH cxeMbl. [Ipu 3Tom BK
TIEPBOTO M TPETHEI'0 3BeHA IPEACTABIIIFOT COO0M
BXoJiHbIe U BbIXo/HbIe BK Tna 1x2 u 2x1, a BK
BTOPOTO 3BEHA MPEACTABISIIOT CO00H OyoKH
émKocThio M/4.

JUis aHanmM3a U CHHTE3a CTPYKTYPHBIX CXEM
OK émrocThio M BBEAEM Psijl ONIPEIEIICHUH.

36eno BK — coBokynHocTh BK, xoTopsie
OTHOCSITCS K OTHOM CTYyI€HU KOMMYTaluu. 3Be-
Hbs B cxeme [lImanke nmozxpasnensiorcs Ha OKO-
HEYHbIE 1 TPOMEXYTOUHOEe. B KoMMyTaninoHHOMH
cxeme IlInanke EMKOCTBIO 2x2 HET MPOMEXKY-
TOYHBIX 3BeHbEB (puc. 1). OKOHEYHbIC 3BEHbS
crpositcs Ha BK tuna 1x2 u 2x1, mpomexyTod-
HOE€ 3BEHO COCTOMT M3 YETHIPEX OJIOKOB EMKO-
cTbio M/2.

bnox BK — KOMMyTaIlMOHHAs cXeMa EMKO-
CTbI0 M/2, Ha OCHOBE KOTOPOI CTPOSITCS KOMMY-
TallMOHHBIE cXeMbl EMKocThI0 M. Ilpu sTOM,
B cxemax llInanke yncio 010KOB paBHO YETHIPEM
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BHE 3aBUCHUMOCTH OT €MKOCTH cXeMbl. bioku
pa3MeNaTcs MEeXy MEpPBBIM U MOCIEIHUM
3BEHbSIMHU KOMMYTaropa.

IlepBoe u TpeTbe 3BeHbS KOMMYTALIMOHHON
cxeMbl nofpasaesnstorces Ha rpynmnsl BK. Kaxnas
rpynmna coctout u3 M/2 6a30BbIX KOMMYTaTOPOB.
I'pynnam BK mpucBoena aBoitHas Hymepauus.
[lepBas nudpa ykazpiBaeT Ha IPUHAAISIKHOCTD
K HOMepy 3BeHa (1 wiu 3), BTopas udpa — mno-
PSAKOBBIIT HOMep Tpynnbl B 3BeHe (1 wim 2).
Oo01ee uucino rpynmn B cxemax lllnanke Beeraa
PaBHO YETBIPEM.

Beeném cneyromye 0003HaYeHUS CTPYKTYP-
HBIX XapaKTePUCTHK cXeMbl kommyTaTopa [1Inan-
Ke:

M —4uCII0 BXOJOB/BBIXO/IOB B CXEME KOMMY-
taropa (M = 2V);

Z,—HOMep 3BeHa B CXeM€ KOMMYTaTopa, k =
1,2,3;

B, — xom4ectro BK B 3BeHE Z, CXEMBI KOM-
myTaropa — s k=1,3, B, =M; s k=2, B =
2eMe(M-2);

B — o6ee konmmuectBo BK B cxeme kommy-
TaTopa;

G, — HOMEp IPYIIEl B CXeME KOMMYTATOpa,
rmei=1,3;7=1,2;

D —HoMmep 0110Ka B 3BEHE Z, CXEMbI KOMMY-
tatopa, m =1, 2, 3, 4.

B xauectBe mpumepa mpoBeaEM aHAIU3
CTPYKTYPHBIX XapakTepucTuk cxemsl Illmanke
EMKOCTBIO 4x4, IpeIcTaBIeHHON Ha puC. 2.

3BeHo Z/ peanusyercs Ha BK Ttuma 1x2,
3BeHo Z2 peanusyetcs Ha BK tumna 2x1. Yucno
BK B 3BeHBSIX COOTBETCTBYET KOJIMUECTBY BXOZIOB
(BBIXO/IOB) KOMMYTATOpa. 3B€HO Z2 CONEPIKHUT
yeTbipe 0110Kka EMKOCTBIO 2X2. JINHUAMH Pa3HBIX
TUIIOB (CIUIONIHBIMHU U IYHKTHPHBIMH) U300pa-
JKEHBI CXEMBbI IOJIKIIIOUEHHsS YeThIPEX OJIOKOB
émkocthio 2x2 k BK 3BenbeB Z7 u Z3. 3seHo Z1
coctout u3 rpynn G171 v G12,3BeH0 Z3 COCTOUT
u3 rpynn G317 u G32.

ABTOpaMHU CTaThH NMPEIOKEH CIETYIOUTHHA
0000IIEHHBIN AJITOPUTM aHajM3a M CHHTE3a
KOMMYTalMOHHBIX cxeM [llmanke €MKOCThIO
M =2V

1. IlepBoHAYaTILHO OMPEAEIAIOTCS:

* oburee koauyectBo BK B cxeme o ¢popmy-
ne: B=2<M+(M-1) [10];

* komuuectBo BK B nepeom 3eene B u 1o-
CJIE/IHEM 3BEHE B, B CXeMe KommyTaropa: B, =
B,=M;

* oburee konmmuecTBo bK B mpomexyTouHOM
3BeHe Z2, BblYMCIAeTCs 10 popmydsie: B, =
2eMe+(M-2).

3BeHo Z1 3BeHO Z2  3BeHO Z3
I'pymma G11 I'pynma G31
1
R
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|
|
e |
4 —-l ! 2x2 i hI I—‘4

Puc. 2. Cxema LLInaHke 4x4 (8binonHeHo aemopamu).

2. IlpoussoauTcs Hymepauus 6nokos D
3BeHa Z2 ot 1 no 4.

3. Ilpoussoaures Hymepauus rpymn BK G,
B iepBoM (G11 u G12) n tperbem (G31 u G32)
3BEHBSX.

4. Cxema coennHeHus Bbixos1oB bK 3Bena Z/
€O BXo1aMu OJIOKOB 3BeHa Z2 cienytoas. Boi-
xozs! nepBoro BK B rpynne G// noaxiitodaroTcst
K mepBbIM Bxonam Oj0koB D/ u D2. Beixomabt
Broporo BK rpynmner G// mOIKIO4aroTCs KO
BTOPBIM BXoziaM 0s10koB D/ u D2. Beixozpl niep-
Boro bK rpymmer G/2 noaKII04aroTCst K epBhIM
Bxoz1aM O11okoB D3 u D4. Beixoast Broporo bK
rpynms! G2 TOAKIIIOYa0TCs KO BTOPBIM BX01aM
6nokoB D3 u DA4.

5. Cxema coenunenus bK 3BeHa Z3 ¢ BbIXO-
namu OJIOKOB 3BeHa Z2 cienytomias. Bxosl
nepsoro bK rpynmnsr G3 1 noakmodaroTcs K nep-
BBbIM BbIXO/1aM O110k0B D/ 1 D3. Bxoms! Broporo
BK rpynnel G3/ mOAKIIOYAOTCS KO BTOPHIM
BbIxoaaMm 00koB D/ u D3. Bxonsl nepsoro bK
rpynisl G32 TOIKITIOHA0TCs K EPBBIM BBIXOIAM
6nokoB D2 u D4. Bxoapl Broporo BK rpymiist
(32 nopIKITIOYA0TCSl KO BTOPBIM BIXO/IaM OJIOKOB
D2 u DA4.

Hcnonb3ys pa3paboTaHHbI BBIIIE AITOPUTM
aHallu3a U CHHTEe3a KOMMYTALlMOHHBIX CXEM
[Imanke, cocraBieHa npuBeAEHHast HA pHUC. 3
cxemMa KOMMyTaTopa EMKOCTbIO 8x8.

ABTOpaMH TIpeIOKeHa CIeTyromas MeTo-
JIMKa pacyéTa BEpOATHOCTEH BO3SHHMKHOBEHUS
BHYTPEHHHX OJIOKMPOBOK JIJIs KOMMYTallHOHHBIX
cxeMm IlImanke.

PaccmoTpuM mpumep nepenauu tpaduka
yepe3 cxemy koMmMmyTanuu [lInanke éMkocThIO
2x2 (puc. 1) ¢ mepBOro Bxoyia K IepBOMY BbI-
X0ny.
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pynna G11 pynna G31
/ Bok 1 \
4x4
i Bnok 2
\ Ax4
A
/ Bnok 3
4x4
Bnok 4 /
\ 4x4 ]
Fpynna G12 Mpynna G32

Puc. 3. llpumep cuHme3uposaHHol cxemb LLinaHke 8x8 (@binonHeHo asmopamu).

Z1 73
b St 1
. 2x2
— bnok3
— 2%x2 -

Puc. 4. ®pazmenm cmpykmypsI LLinatke 4x4 (@binosHeHo asmopamu).

BBenéwm ciientyromiye 10N0IHUTENBHBIE 000-
3HAUCHUSI:

* Qy; — BEPOATHOCTH BO3HUKHOBEHHS BHYT-
peHHHX OJIOKMPOBOK B cxeme l1Inanke EMKoCThIO
M;

* P — CpeaHssl MHTEHCUBHOCTD IOCTYIA0-
IIeH yAeNbHON Harpy3KH Ha KaX/bIH U3 BXOJIOB
OK, Opu;

* o — KO3()(HUIMEHT TATOTEHHUS MOCTYMA0-
et Harpy3ku B cxeme OK.

PaccmorpuM mpouenypy oOCiIyXUBaHHUS
Harpy3Kku B CXeMe JaHHOI0 KOMMYTaropa.
BuyTtpennue OI0KMPOBKY BO3HUKHYT B CIIydae,
KOTJIa Ha BXOJbI, Harpumep, nepsoro bK 3Bena
Z2 mocTynuT HaOmomaeMasi o0ciyKuBaemast
Harpy3ka ¥ KOHKypHUpYoIasi Harpy3ka co BTO-
poro Bxona @K. B atom ciyuae BeposTHOCTU
BO3HMKHOBEHUS OJOKMPOBKU COEIMHEHUS
MEX]y IepBBIM BXOJOM M TEPBHIM BBIXOJOM
OTIpeNeIISIOTCS 110 GpopMyIte:

4y, =1-(-aep)=aep. (1)
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AHaNOru4IHBIM 00pa30M OIPEICITUM BEPOSIT-
HOCTH BOBHHKHOBEHUS BHYTPEHHHUX OJIOKUPOBOK
nis cxemel [lnanke 4x4 q, ,, NPEACTaBUB Kak-
nblid Onok B 3BeHe Z2 cxemoil llnanke 2x2
(puc. 2).

IIpeobpa3yem cxemy puc. 2 B yIpOUIEHHYO,
npuBenEHHYI0 Ha puc. 4. B o0mieli cxeme BblJie-
JIUM MYTH YCTAHOBJICHUS COCAMHEHHs IEPBOTO
BXOJ1a C MEPBHIM BBIXOOM.

Ha Beixonie 1 3BeHa Z3 BepOSTHOCTH BO3HUK-
HOBEHHS OJIOKHPOBOK IepejaBaeMoro Tpaduka
Oy/yT 3aBHCETH OT BEJIMYMHBI HATPY3KH, TIOCTY-
MAKONICH C BBIXO/A TPEThEro OJoKa 2x2.

Ha ocHoBaHMM BBIIIECKA3aHHOTO BBIPA3UM
BEPOSITHOCTH NOSIBJICHUS BHY TPEHHHX OJIOKHPO-
BOK B cxeMme [lmanke 4x4 g, uepe3 BEPOSTHOCTH
BO3HMKHOBEHHS BHYTPEHHUX OJIOKUPOBOK ¢, :
Qs =1-(—qy,)e(@ep) o(1-a)’. )

B xmaccuuecknx cxemax llmanke [14-16]
obOcimyxuBaemasi Harpy3ka KOHIIEHTPHPYETCS
B BK 2x1 3Bena Z3. D10 MPUBOUT K MOSIBICHHUIO
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Taoéauma 1

BeposiTHOCTH BO3HUKHOBEHHSI BHYTPEHHUX OJIOKHPOBOK B MOIEPHU3HPOBAHHBIX cXeMaxX
Inanke pa3In4yHOil éMKOCTH MPH HHTEHCMBHOCTH nocTynarouieii Harpysku p = 0,001 Spa

o qI.LIZ qLLl4 q].l.[8 qI.LI]6 qI.I.BZ qI.LI64 qLLlIZS

0,1 0,1+103 0,199-10° 0,299-10° 0,399+10° 0,499-10° 0,599-10° 0,699¢10°

0,5 0,5¢10°73 0,999-10° 1,499¢10° 1,99810° 2,497-10° 2,996°10° 3,494¢10°

0,9 0,910 1,799¢103 2,697-10° 3,595-10° 4,491-10° 5,387-107 6,283+107
Taoauma 2

BeposiTHOCTH BO3HNKHOBEHHS BHYTPEHHUX 0JIOKHPOBOK B MOTEPHU3HPOBAHHBIX CXeMaX
[Inanke pa3Iu4Hoil EMKOCTH NPU HHTEHCUBHOCTH NMocTynammei Harpysku p = 0,01 Ipa

o qI.LIZ qI_LI4 q].l.[8 qU_I16 qLI.I32 qI.LI64 qLLIlZS
0,1 14107 1,999¢10°  [2,997¢10°  |3,994+10°  |4,990¢10°  |5985¢10° | 6,979+10
0,5 54107 9,975¢10° | 14,925°10° | 19,850-10° | 24,751-10° |29,627-10° | 34,47910°
0,9 9:10° 17,919410°  |26,757-10° | 35,516:10° |44,197-10° |52,799+10° | 61,324+10°
3Beno Z1 3BeHo Z2 3BeHo 73
________________________ 1
— o2 e
I
o
L
------ P = =
2— =l e ) a
|_____|'T 1
1N
1N
Ll 5
i [
| [
' =
2x2 ... 8

Puc. 5. ModepHu3supoeaHrHasi cxema LLInaHke 4x4 (8bInoHeHo aemopamu).

3HAUUTEJIEHBIX BEPOSITHOCTEH OJIOKMPOBOK Tpa-
¢buxka.

B kauectBe mpumepa npu p = 0,001 Op,
o = 0,5 BeposITHOCTH BO3HUKHOBEHHMSI OJIOKHPO-
BOK B cxeme [lTnanke 4x4 cocrasar g, , = 0,999.

ABTOpaMU MpeJiaraeTcss MOAEPHU3UPOBATh
KkJaccuueckyro cxemy lllnmanke myTéM 3aMeHbI
B 3BeHe Z3 BK 2x1 na BK 2x2. JlanHas cxema
MpeJCTaBIEHA Ha pHC. 5.

B sTOM cirydae BeposSTHOCTH BOSHUKHOBEHHS
BHYTPEHHHX OJIOKMPOBOK B MOJEPHU3UPOBAH-
Hoii cxeme Illnanke 4x4:
Gy =1-(1-oep)e(l—gy,).

3)
st mpou3BoOsIBHOTO 3HAaYeHUs €MKoctu M
(dopMyna BeposTHOCTEH BOSHUKHOBEHHS BHYT-
PEHHHX OJIOKHPOBOK MPUMET BUJ:
Dum =1_(1_0~°P)°(1_qwﬂ)-
2

“
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Pe3ynbTarsl pacuéToB BEpOSTHOCTEH BO3HHK-
HOBEHHS BHYTPEHHHX OJOKMPOBOK B CXeMax
[nanke ¢ BK 2x2 B 3BeHe Z3 mpeacTaBIeHb
B Tabm. | u Tadm. 2.

BbIBOAbI

[IpenyoxkeHHass aBTOpaMu 3aMeHa B CXeMax
Inanke Berxoaubix BK 2x1 na BK 2x2 no3soiister
YMEHBIIUTb BEPOATHOCTH BO3HUKHOBEHHSI BHYT-
PCHHHX OJIOKHMPOBOK B CPEIHEM Ha TPH TIOPSIIKA,
YTO JAaCT BO3MOXKHOCTh OOCCIEYUTH BBICOKYIO
TIPOITYCKHYFO CITIOCOOHOCTH M IPUMEHSTH HX B OII-
traeckux cersix UL TC ¢ GpoToHHOI KoMMyTaImeH.

Pa3paboTaHHbIIl METOZ TO3BOJISET aHAJU-
3UpOBaTh U CUHTe3UpoBaTh cxembl OK Ha
npumepe cxeMsl lllnanke nr060# émMkocTH
U ONpEeAeNsiTh BEPOSATHOCTU BO3HUKHOBEHUS

KasaHnckum H. A.; Jlbictok 1. U. MeToabl aHann3a 1 CUHTE3a KOMMYTaUMOHHbIX CXeM (hOTOHHBIX
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of Microelectromechanical Systems, 1996, Vol. 5, No. 4,
pp- 231-237. [DnexTpoHHBbI pecypc]: https://www.

BHYTpeHHHX OJokupoBoK. [Ipemioxken 6i104-
HBIA MPUHINI CHHTE3a CXEM, OCHOBAHHBIN Ha

pe3ynbpTarax aHaiu3a u cuHTe3a cxeM Llnanke
MEHbIIIEeH EMKOCTH.

BennunHe! ynenpHbIX HAarpy3ok p u koaddu-
IIUEHTHI TATOTEHUS HArPy30K Ol BIUSIIOT HA 3Ha-
YEHUS BEPOSTHOCTEH BOSHUKHOBCHHUS BHYTPEH-
HUX OJIOKHPOBOK, MPEKE BCETO C YBEITHUCHUEM
émroct OK.

BeposiTHOCTH BO3HHKHOBEHUS OJIOKHPOBOK
B ®K manoii émkocTu M/2 yBenTUYHBAIOTCS
MIPUMEPHO B TPH pas3a B cXxeMax EMKOCTbIO M.

C yBenmnueHneM Ko3(h(HUIMEHTA TATOTCHUS
Harpy3Kd BEpOSATHOCTH OJIOKUPOBOK MOTYT yBe-
JIMYMBATHCS JI0 JAEBATH Pa3, HE3aBUCHMO OT EM-
koctu OK.

B xone nanpHeimmx ncciaenoBaHuii npeano-
JlaraeTcst pacCCMOTPEHHUE PE3yJIbTaTOB MaTeMaTH-
YECKOTO MOJICTIMPOBAHMS JUTS OCTAJIBHBIX Ki1ac-
cuyeckux cxem OK.
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AHHOTALINA

0O60cHoBbIBaEMCS akMyanbHOCMb NPOBEAEHUS KOMNIEKCHO2O0
CPaBHEHUS! PasiUdHbIX 8apuUaHMO8 UCNOMHEHUL MPaHCnOpMHbIX cpedcme
0r1s7 8HeAOPOXHbIX KOHMEUHEPHbIX NEPEBO3OK.

B ces3u ¢ Heobxodumocmeto onpedeneHus KOHKPEeMHO20 mexHUYe-
CK020 peweHust npu pa3pabomke 2yceHuyHo2o noesda npednazaemcs
ucnonb308aHue Memoda aHanusa uepapxud, npedHasHa4yeHHo20 Ons pe-
weHus 3a0ay, ces3aHHbIX ¢ onpedeneHuem npuopumemos MHoO2oKpume-
puanbHoLl uepapXu4eckol CmpyKmypbI Ueu, @ MakxKe 8 ycrosusix Hamuqust
PasHOPOOHbIX KPUMEPUES U pasMEepPHbIX U 6e3pamepHbIx nokasamened.

B kayecmee 0cHo8b1KOMNITEKCHO20 CPABHEHUSI MPaHCNOPMHbIX cpedcme
0157 8HOOPOXKHb IX KOHMELHEPHb IX NEPE8O30K NPEAOXEHa Uepapxusi cgolicmea
nodguxHocmu, kKomopasi cyumaemcs onpedensowel Onsi ebibopa NpUOpU-
MemHo20 8apuaHma KOHCMPYKMUBHO-KOMNOHOBOYHO2O UCNOMHEHUST.

Llenbto paboms! si8nisemcs 060CHo8aHuUe 8bI6OPa NPUOPUMEMHO20
MEXHUYECKO20 PELEHUS 2YCEHUYHbIX N0e3008 0115 8HEA0POXKHbIX KOHMel-
HEPHbIX NEPEsO30K Ha 0CHOBE Hay4YHO 060CHOBaHHOL Uepapxuu ceolicmea
nodsuxHocmu.

/[ins docmuxeHust nocmasneHHoU yesu npednoxeHo nocedosamers-
Hoe peweHue cnedyruux 3aday: hopMuposaHue mpebosaHuli K mpaHc-
NopmHbIM cpedcmean U Uepapxuu SKCNITyamayuoHHbIX ceolicme; aHanu3
CyUeCcmBYIOUUX KOHCMPYKMUBHO-KOMNOHOB0YHbIX PeweHull U 060cHO8a-
Hue 8blbopa anbmepHamue (KOHKPEeMHbIX KOHCMPYKMUBHbIX UCNOMHEHUU
2yCeHUYHbIX N0e3008); nposedeHue UepapXu4ecko2o CUHMe3a kpumepues
Ha 0CHOBaHUU pe3yribmamos 3KkcnepmHoli OueHKu; onpedeneHue npedsa-
pumesnibHO20 npuopumema anbmepHamus; nosydexue nokazamenel
JKCnTyamayuoHHbIX ceolicme Memodamu UMUMayUOHHO20 Mamemamuye-

CK020 MOOE/IUPO8aHUS U/Unu HamypHO-Mamemamuyecko2o Modenuposa-
Husi; onpedeneHue NpuopUMemHo20 MEXHUYECKO20 PELEHUS.

B cmamsbe paccmMampusaemcs 4esecoobpasHocmb UCNOb308aHUs
2yCeHUYHbIX Noe300e Ors nepeso3Ku Kak 00Ho20 45-(hymoso2o koHmel-
Hepa, maK u 0nsi 00Ho8pemeHHoU nepegosku dsyx 20-gpymosbix KoHmed-
Hepog cymmapHoU Maccoll 61 m. B pe3ynbmame aHanu3a cyuecmsyrouwux
KOHCMPYKMUBHO-KOMNOHOBOYHBIX UCNOTHEHUL! 2YCEeHUYHbIX N0e3008
ycmaHosneHo, 4ymo obecneyums makyio 2py30no0bEMHOCMb MOXem
mosbko mpaHcnopmHoe cpedcmeo muna CBI-701 «Sman», paspabomat-
Hoe 8 80-x eodax Npowsio2o 8eka U KOMOpoe 8 Hacmoswee 8peMs He
npoussodumes. Cyuecmeytoujue cospeMeHHbIe CO4NeHEHHb e 2YCeHUYHbIe
MalwuHb! He Mo2ym obecneyumb Nepesosky makux 2py3os. [loamomy
CcmaHoeumcs akmyarnbHol 3adadya onpedeneHusi NPUOPUMEmHO20 KOH-
CMPYKMUBHO-KOMNOHOBOYHO20 PeWEHUS 011 CO30aHUS 2yCEHUYHbIX N0e3-
008 Ha COBPEMEHHOM IMane PassumUusi MeXHUKU U mexHomoaull.

pednoxeHbI 8apuaHmbl KOHCMPYKMUBHO-KOMNOHOBOYHbIX LUCNOITHE-
HUll 2yCeHuYHbIX n0e3008 01151 8HEAOPOXKHbIX KOHMEUHEPHBIX NepesosokK:
cedefbHbIli 00HOWAaPHUPHB I NOMyNPUUENHOU 2yCeHUYHbIL noe3d U cederb-
HbIli 8yXWapHUPHBIU 2yceHu4HbIl noe3d. Vicnonb3yst Memod aHanusa
uepapxuti, Ha 0CHOBE MHEHUL 3KCNEPMO8 U C y4EMOM uepapXuu aKcnitya-
MaUUOHHbIX ceolicme BbiTo yCMaHO8IEHO, YMO NPUOPUMEMHbIM MEXHU-
YecKuM peweHuem signsiemcs cedenbHbil 08y XWapHUPHBIL 2yCeHUYHbIl
noe3d. OdHaKo & custy Mano2o pasnuyus Mexdy nokasamensmu npuopu-
memos 8apuaHmos, Heobxodumo nposedeHue danbHeliwux uccredogarull
no onpedeneHuio 3Ha4eHuli nokazamenell 3KCNTyamayuoHHbIX ceoticme u
NOBMOPHO20 CPABHEHUSI C y4EMOM NOMTYYEHHbIX PE3yTbMmamos.

Kntoyesble crosa: 2yceHuYHb I noeso, KOHMeUiHepbI, mexHuYecKul 06/1UK, KOHCMPYKMUBHO-KOMNOHOBOYHOE UCNO/IHEHUe, Memo0 aHanusa uepapxud,

npuopumemHoe mexHu4yecKkoe peweHue.

[Jng uumuposarusi: Komues I. O., Egcees K. b., [0dxaeg 3. A. AHarnu3 KOHCMPYKMUBHO-KOMNOHOBOYHbIX UCNOTHEHUL 2YCeHUYHbIX
noe3008 01151 8HEAOPOXHbIX KOHMEUHEPHbIX nepeso3ok // Mup mpaHcnopma. 2021. T. 19. Ne 5 (96). C. 23-34. DOI: https:/doi.

0rg/10.30932/1992-3252-2021-19-5-3.

MonHbIli mekcm cmambU Ha aH2nulcKOM si3bike ny61ukyemcs: 80 emopoll Yyacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

B coBpeMEHHBIX YCIOBHSIX pa3IHYHBIC
CTpaHbl aKTHBHO OCBaMBAIOT PaHEE MaJOJ0-
CTYITHBIE TEPPUTOPHUH, HE UMEIOIINE PA3BUTON
JIOPOXKHOM CETH, JOPOT € TBEPBIM MOKPHITHEM.
OpmHIM U3 BaKHEHIITNX JIEMEHTOB B pa3padoT-
K€ ONTHMAJIbHBIX TPAHCIIOPTHO-JIOTHCTHIECKUX
MoOJelel SBISETCS palHmOHAaIBHBIN BBHIOOpP
TPAHCIIOPTHBIX CPEJICTB, OTBEYAIOIINX KOM-
MIJIEKCY KPUTEPHUEB, CBS3aHHBIX B TOM YHCIIC
C KJIMMAaTHIECKUMH U SKOHOMHUYECKUMH yCIIO-
BUSIMU DKCIUTyaTaluuu. PacTyiias KoHTeHEpH-
3aIHsl TIEPEBO30K, IPPEKTUBHOCTH €€ MCIIOINb-
30BaHMS B CHIIy COKpAIIEHUs 3aTpaT Ha mepe-
BaJIKy TPY30B U OONBIIEH UX COXpAaHHOCTH 00-
YCIOBINBAIOT aKTyaJlbHOCTh TEXHUUYECKHUX
pEIICHH, CTIOCOOHBIX 00eCTIEYUTh JOCTaBKY
TPy30BBIX KOHTEHHEPOB B TaKHE MECTHOCTH.
CriygaeM, TpeOyrommM 0co00ro pacCMOTPEHHS,
ABIISIOTCS TeorpauIecKue 30HBI, TIE OTCYT-
CTBYET BO3MOXKHOCTB UCIIOJIb30BaHH KOJIECHOMN
TEXHUKH, B IIEPBYIO ouepeib, pailonsl Kpaiine-
ro Cesepa. COBOKYITHOCTB IPUBEAEHHBIX yCIIO-
BUH AMKTYET HEOOXOIMMOCTH MOMCKA ONTH-
MaJIBHBIX KOHCTPYKTHBHO-KOMIIOHOBOYHBIX
nucronHeHui TpancnopTHBIX cpencts (TC).

J1ist IpoBeNIeHNsT KOMIUIEKCHOTO CPaBHEHHS
WX Pa3IMYHBIX BAPHAHTOB CYIIECTBYIOT pa3ind-
HBIE METObI. MI3BECTHBI METO/BI, OCHOBAHHBIC
Ha WCHOIb30BAHUNA O0OOIIEHHBIX OIEHOK II0
Pa3IMIHBIM CBOHCTBAM, OHH ITOAPOOHO PAaCCMOT-
peHsl B paboTax [1; 2]. OgHako Takwe METOIBI
JIOCTaTOYHO CIIOKHBI JUTSI IPAKTUIECKOTO MPH-
MEHEHHS, YIUTBIBAIOT OTHOCUTEIBEHO HEOOIb-
1I0€ KOJIMYECTBO U3MEPUTENIEH CBOMCTB, CONlEp-
JKaT OOJTBIIIOE KOMMYECTBO CYOBEKTHBHBIX KOA(]-
(hUIIMEHTOB OIICHKH, W OONBITMHCTBO M3 HUX
TIJTOXO IPUMEHHMMBI Ha TAIE TIPOBEICHNS Hayd-
HO-HCCIIEIOBATEIECKAX PaloT.

B nacrosimee BpeMs miis KOMIZIEKCHOTO
cpaBHEHUS 3(h(HEKTUBHOCTH pa3IMIHBIX TPAHC-
TIOPTHBIX CPEACTB IIUPOKOE PACTIPOCTPAHEHHUE
TOYYu Memood anarusza uepapxuil (MAHN),
pa3paborannsiii T. Caatn 11 pemieHns 3a1ad,
CBSI3aHHBIX C HEOOXOAWMOCTBIO OTPEACICHUS
TIPHOPUTETOB MHOTOKPHUTEPHUAIBEHON HepapXu-
4ecKoi CTpyKTypHl 1enu [3; 4]. OCHOBHEBIM [10-
CTOMHCTBOM METO/a SIBJIETCS BO3MOXKHOCTH
OITHOBPEMEHHOTO yU&éTa pa3INuHBIX Pa3HOPOH-
HBIX KPUTEPHUEB, KOTOPHIE MOTYT HUMETh HE
TOJIBKO pa3MEepHBIE 1 Oe3pa3MepHbIE MOKA3aTeIH
CBOWMCTB, HO M KOJINYECTBEHHYIO M KaueCTBEH-
HYIO OIIEHKY. MI3BeCTHBI TPY/IBI B 00JIACTH KOMII-
JIEKCHOTO CcpaBHEHUs pa3nndHbix TC, B OCHOBY
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KOTOPBIX NosioxkeH MAU, moaTBep K aatoIme ero
s dexruBHoCcTh [S—11].

L]envro paboTHI SIBISICTCS 00OOCHOBAHUE BBI-
00pa MPUOPHUTETHOTO TEXHHUUYECKOTO PELCHUs
T'YCEeHUYHBIX IO€3/I0B JIJIsl BHEIOPOIKHBIX KOH-
TEHHEPHBIX IEPEBO30K Ha OCHOBE HAyYHO 000C-
HOBaHHOW MepapXuK CBOMCTBA MOABHKHOCTH.

PE3YNbTATDI
MeTon aHau3a uepapxuii

PaccMoTpuM npuMeHeHHe MeTo/a aHaIu3a
HepapXuil IpU CPaBHCHUH PA3IMYHBIX BapHaH-
TOB KOHCTPYKTHBHO-KOMIIOHOBOUHBIX HCITOJTHE-
Huii TC 1151 BHEIOPOXKHBIX KOHTEHHEPHBIX TIe-
peBo3ok. [TockonbKy HCTIOIB30BaHUE KOJIECHBIX
MAIIIFH, KaK MPaBuiIo, TPeOyeT TOPOr MU IO/~
TOTOBJICHHOW MECTHOCTH, TO 3TOT Tul TC u3
paccMOTpEHUS UCKITIOUYEH.

Ha ocHoBe pa3zpaboTaHHON HepapXuH JKC-
IUTyaTallMOHHBIX CBOMCTB [12] mpoBeném cpas-
HUTENBbHYIO OIIeHKY anbrepHatuB TC nmns BHe-
JIOPOXKHBIX KOHTEHHEPHBIX MEPEBO30K METOIOM
aHaJIM3a uepapxui, mojaras, 4To MOABMYKHOCTh
SIBJISIETCS OTIPEACIISIONUM KPUTEPUEM JISI BbI-
00pa KOHCTPYKTHBHO-KOMITOHOBOYHBIX HCITOJI-
HEHUH.

MeTtox ananu3a uepapxuii sl OnpeneIeHHst
3HAYUMOCTH KPUTEPUEB MEPAPXUHU DKCILTyaTa-
LIUOHHBIX CBOMCTB moaBmwxHOCTH TC nis BHe-
JIOPOXKHBIX KOHTEHHEPHBIX MEPEBO30K MOXKHO
MPEACTaBUTh B BUJE CIEAYIOUX MOCIIEN0Ba-
TENbHBIX 11aros [3; 4]:

1. Pa3paboTka nepapXuu SKCILTyaTalliOHHBIX
cBOHMCTB moABMKHOCTH TC 1Isl BHEIOPOXKHBIX
KOHTEMHEPHBIX MEPEBO3OK.

2. ®opMupoOBaHUE MATPUIL TAPHBIX CpaBHE-
HUH [T KaXKI0TO YPOBHS KPUTCPUEB.

3. IlomyueHue SKCHEPTHBIX CYKIACHUN s
K10/ MaTPUIIBI TAPHBIX CPABHCHUU.

4. OmnpeneneHue JOKaJIbHBIX MPHOPUTETOB
KPUTEPHUCB U aJIbTCPHATHB.

5. OmnpeniesieHne COTrIaCOBAaHHOCTH MaTpHII.

6. CuHTE3 NPHOPUTETOB.

7. OnpeneneHue COMIaCOBAHHOCTU Hepap-
XUH.

AHAJIW3 KOHCTPYKTHBHO-KOMIIOHOBOYHBIX
peleHnii TPAHCMOPTHBIX CPEACTB s
BHEIOPOKHBIX KOHTEIHEPHBIX MEPEBO30K

B pabore [13] ycTaHOBIICHO, YTO KapAUHAIb-
HOE ToBbIIIeHHE TpoxoauMoctu TC it BHEIO-
POXHBIX KOHTCHHEPHBIX IIEPEBO30K MOXKHO J10-
CTHYb TOJIBKO Iy TEM HUCIIOIb30BAHUS MHOTO3BCH-
HBIX T'YCEHHYHBIX MAIUH MM I'yCCHHUYHBIX

KotneB . O., EBceeB K. b., loaxaeB 3. A. AHanu3 KOHCTPYKTMBHO-KOMMNOHOBOYHbIX MCMOMHEHUN
rYCEHUYHbIX NOE3A0B AN BHEAOPOXHBLIX KOHTEMHEPHBIX MEPEBO30K



1oe3/10B. PaccMOTpUM CyIeCTBYIOUINE U BO3-
MOYKHBIE KOHCTPYKTUBHO-KOMIIOHOBOYHBIE pe-
LIeHUs JJI TYCEHUYHBIX MOE3/10B, MpeqHa3Ha-
YEHHBIX JUIsI KOHTEHHEPHBIX TIEPEBO30K, C YUé-
TOM X Kiaccudpukanmu [13—16].

PaboThl 110 CO31aHUI0 IKCIIEPUMEHTAIBHBIX
00pa3I0B I'yCEHUYHBIX MIOE3/10B ISl IEPEBO3KU
TSAKEJIOBECHBIX HEACTUMBIX I'py30B B Poccun
Benuch B HUM-21. B pesynbrare B 1964 rogy
ObUI CO3[1aH MakKeTHbI 00pasel] I'yCeHHYHOTO
Bezaexona JAI'M-1 rpyzonogbémMHOCTBIO 16 T
(puc. 1)!, BBIMOIHEHHOTO MO MOIYIPHIIEITHON
cxeme. B xoze mpoBeneHns T0pOKHBIX UCIIBITA-
HUI ObLIN ONPE/IENICHbI IPEUMYIIECTBA I'yCEeHUY-
HBIX MOE€3/10B 10 CPaBHEHUIO C OAMHOYHBIMU
I'YCEeHHYHBIMH MallIMHAMHM [IPY UX KCILTyaTaluu
B ycinoBusix Kpaiinero CeBepa B 4acTH IpOXO-
JUMOCTH, TPy30MOAbEMHOCTH U T'PY30BMECTHU-
MOCTH.

M3BecTHO Apyroe KOHCTPYKTHBHO-KOMITOHO-
BOYHOE PEeIIeHHE /Ul T'YCEeHHYHOTO IacCH, KO-
topoe B 1970 roay ObUIO MOIYYCHO B Pe3yJIbTa-
T€ MPOBEICHUS PsiJIa HAyYHO-UCCIIEI0BATENbCKIX
U KOHCTPYKTOPCKUX pador, nmpoBoxumbix Kb-3
neHuHrpaackoro Kuposckoro 3aBona. B pesyib-
Tare ObUTH pa3pabdOTaHbl OMBITHBIE 00pa3Ilbl
CaMOXOHOMH IyCKOBOH YCTaHOBKU Ha I'yCE€HHY-
HOM XO[y, BBIIIOJTHEHHBIE IO BarOHHOM cxeme:
«00BekT 825 Cn2» u «o0bekt 825 Cnly, npea-
CTaBJIsIoLIMe cOOOM JIBE I'yCEHNYHBIE MAIIUHBI,
HMMEIOIINE HE3aBUCHUMOE YIIPABICHHUE U COEAU-
HEHHBIE Yepe3 IapHUPHBIE OMTOPHO-TIOBOPOTHBIE
ycTpoiicTBa ¢ pamoi-iadeTom rpy3omnoqbEMHO-
cThi0 60 T. KOHCTPYKTUBHO-KOMIIOHOBOYHOE
pelIeHne He TOTy4HiIO CBOETO Pa3BUTHS B CUITY
BBICOKUX TPeOOBaHHH 110 BUOPOHATPYKEHHOCTH
K IIepEBO3UMOMY I'py3Y, KOTOPbIE Ha TOT MOMEHT
HE MOIJIM 00€CIIEYHTh C UCTIONB30BaHUEM IIACCH
CYUIECTBYIOIIMX I'YCEHUYHBIX MallluH. BHeuHmii
BUJ Mojien «o0bekTa 825» Ha 0Oa3e AByX TaH-
KOB? MPE/ICTABIICH Ha pHC. 2.

Jlpyrum ryceHUYHbIM OE3/10M, pa3padoTaH-
HbIM CKB «I"a3cTpoiimariynay, sSBiseTcs coune-
HEHHBIN ryceHnuHbIN Be3nexon BT361A-01
«Tromenby», pa3paboraHHblii B KoHIE 1970-x
rofioB. I'yCeHUYHBIN Be3/1€X0/ BBIMOIHEH IO

! CrenanoB A. CouieHEHHbBIC T'yCCHUYHBIC U KOJIECHBIC

MallHHbBI BBICOKOH 1poxogumocty // TexHHKa U BOOpysKe-
Hue. — 2003. — Ne 12. — C. 34-38. [DnexTpoHHSIH pecypc]:
Iopran «BukuUrenuey». Pasnen: Boennoe nperno. https://
military.wikireading.ru/56023. loctyn 21.09.2021.

? MaTepHeT-noprai HHYOPMAILIMOHHOTO areHTcTBa «OpyKue
Poccum» [Dnexrponusiii pecypce]: https://www.arms-expo.
ru/articles/armed-forces/rvsn-nerealizovannyy-proekt-pgrk-
tselina-2-s-raketoy-rt-23uttkh-15zh62/. Jloctym 21.09.2021. /

Puc. 1. CoyneHéHHbIll 2yceHuYHbIl ee3dexod JIM-1'.

[IPULIETIHON MHOTOLUIAPHUPHOU CXeMe: UMEJ J1BE
LIAPHUPHO COEAMHEHHBIE C TPAHCIIOPTHOM IUIaT-
(opMOii r'yCeHHYHBIE TEJIEKKH, KOTOPBIE, B CBOIO
odepe/ib, MeXy co00il ObUIN COCMHEHBI MPU
MIOMOIIY y371a couJieHeHus1. Be3nexon ocHaman-
cs1 au3enbHBIM asurarenem SIM3-2406M u nmen
MEXaHUYECKUH NMPUBOA BEAYLIUX KOJEC ryce-
HUYHBIX Tenexek. KpuBonuHeliHoe ABMKEHHE
BE3/1€X0/]a OCYIIECTBISIIIOCH 32 CUET YIIPABICHUS
THAPOUMIMHIPAMU B y3Jie cowleHeHus. s
MIPEAOTBPAILEHHUs BOZHUKHOBEHHSI TPOAOJILHO
YIJIOBBIX KOJE€OAHMH B IIAPHUPHBIX y3JaX, CO-
SIMHSAIONINX TPAHCIIOPTHYIO IUIAaTHOpMy ¢ Tyce-
HUYHBIMU TeleXKKaMHU, ObUIM YCTaHOBIEHBI
amMopTu3aTopbl. BHemwHUi Buja Be3nexona
BT361A-01 «TromMeHb»* ipe/icTaBiICH Ha PHC. 3,
a er0 TEXHUUYECKHE XapaKTePUCTUKH ITPUBEICHBI
B Tab. 1.

B xonme 1980-x romoB COBMECTHO C KaHAd-
cKoii kommanueii Foremost* paspaboran ryce-
HuuHbI Besaexoq CBI-701 «Smamy» rpy3omons-
émHOcThIO 10 70 TOHH. Besnexon 6611 mocTpoeH
10 CEIeTIbHON JBYXIIAPHUPHOM CXEMe: JBE He-
3aBUCHMBIE I'YCEHUYHBIC TEIIEKKU COEIUHEHBI
IIPY TIOMOIIH JIBYX LIAPHUPOB C TPAHCIIOPTHOU
1aThopMoii, Ha KOTOPOIi pa3Melaiuch KabuHa
U CUJIOBas yCTaHOBKA. BHeHui BUa Be3aexona
CBI'-701 «SIman»® mpecrasieH Ha puc. 4, a ero
TEXHUYECKHE XaPAKTEPUCTUKH NPUBEIACHBI
B TaO. 2.

Jpyroii KOHCTpYKLMEN I'yCEHUYHBIX [10€3/10B
SIBJISIIOTCSL YETBIPEXTYCEHUYHBIE BE3EXO0/BI,
BBIIIOJIHEHHBIE 110 CEIEIbHON ABYXIIAPHUPHOU
CXEM€, C JByMs TYCEHHUYHBIMHU TEJIEKKaMH,

3 Cnasus O. Besaexon «SImain»: 6050THBII MOHCTp / ABTO-
MoOmIBHEIH nopTai «5 Konecoy. 03.06.2016 [DnexrpoHHbIH
pecypc]: https://Skoleso.ru/articles/obzory/vezdehod-yamal-
bolotnyy-monstr/. Joctyn 21.09.2021.

4 Porter, D. From the Archives, The Foremost Yamal |

Foremost Blog. Caiit komnanuu Foremost. [DnekTpoHHBbIi
pecypc]: https://www.foremost.ca/archives-foremost-yamal/.
Joctym 21.09.2021.
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Puc. 2. CamoxodHasi nyckoeasi ycmaHoeka «o6ekm 825» (makem) (My3seli ucmopuu u mexrHuku OAO «Kupoeckutli 3ae0d», 2001 2.
®omo: bastion-karpenko.narod.ru?).

Puc. 3. CoyneHéHHbIll 2yceHuYHbIl ee3dexod 5T361A-01 «TiomeHb»’.

Ta6auma 1
TexHUYECKHE XapaKTePUCTUKH
BT361A-01 «Tromenn»’?

CKOCTH TIpU TIOBOPOTE BE3/A€X0/a, IPU ITOM T'y-
CEHUYHBIC TEJIEKKH HMEIOT BO3MOYKHOCTh He3a-
BHCHUMOTO «Ka4aHUs» B IPOAOIBHON IIIOCKOCTH
tenexxkn. B 1973 rony 8 HAMMU paszpaboran
niepBbIil npototun HAMM-0157 rpy3onoabém-
HOCTBIO 8 T, BBIIIOJHEHHBIN IO TAKOH CXEMeE.
Brnocnencteuu B 1980-x romax Ha YpanA3e
Ppa3BEPHYTO CEpUIHOE MPOU3BOACTBO BE31EX01a
VYpan-59203 %7, BHEMIHUI BU KOTOPOTO Mpe-
CTaBJIeH Ha puc. 5. TexHuueckre XxapakTepucTu-
ku Besaexona Ypan-5920 npuseneHs! B Ta0II. 3.

Cpenu 3apy0eixHbIX SKCIIEPUMEHTAIbHBIX
00pasioB I'yCEHUYHBIX TOE3/I0B OTMETHM IIPO-
TOTHUI MOJABMXHOTO T'PYHTOBOTO PaKETHOTO
KOMIIJIEKCAa CTPAaTern4ecKoro Ha3HAYCHUS
Midgetman, pa3paboTaHHbIi COBMECTHO KOMITa-
Hussmu Martin Marietta u Caterpillar B CIIA
B KoHIIe 1980-X rosoB, BHITIOJHEHHBIN 110 MPH-

ITapametp 3naueHue*
MoinHocTh ABHrarens, KBt 220
CpeziHee naBlieHUE JBHKUTEIS 0,33

Ha TPYHT, Kr/cM?

ChapsokéHHas Macca, T 46
I'py3onogséMHOCTB, T 36
MakcumanbHast CKOPOCTh, KM/4 15
JIOpOXHBIN MTPOCBET, MM 600
T'abaputHble pasmeps! (JIXIIxB), 15560x3740x3760
MM

Ilupuna ryceHuipl, MM 1200
T'aGapuTbl TPaHCIIOPTHOI 8000x3500
mratdopmsr (JIxII), Mmm

Yroa npeojioneBaeMoro noabeéma, 16

rpanyc

MuHuManbHBII paguyc pazsopora, |17

M

I'mybuna npeomoneBaemoro 6poxna, M | 1,5

*CM., Hanp., [DnektpoHHsIi pecypc]: https://dic.academic.
ru/dic.nsf/ruwiki/617530. Joctym 21.09.2021.

OIOPHO-TIOBOPOTHBIE YCTPOICTBA KOTOPBIX HME-
10T MEXaHHUYECKYIO CBS3b MEXIy co0oii, obec-
MEYMBAIOIIYI0 COITACOBAaHHE YIVIOB MOBOPOTA
TYCEHHYHBIX TEJIEKEK B TOPU30HTANBHOM TI0-

¢ MWP TPAHCIIOPTA.

> ABroMoOmIIbHBI caiit Wroom.ru. [Di1eKTpoHHBIH pecypc]:
https://wroom.ru/cars/ural/5920. Toctym 21.09.2021.

¢ ABromMOOWIBHBIH caiiT All-auto.ru. [DekTpoHHbIH pecypc]:
https://all-auto.org/858-ural-5920.html. JocTtym 21.09.2021.

7 Camoitnenko B. «Ypan-5920» — mammmHa, KOTOpasi He

HyxJaercs B joporax. MurepHer-nopran FB. 08.11.2016.
[OnexTponuslii pecypc]: https://fb.ru/article/275695/
ural——mashina-kotoraya-ne-nujdaetsya-v-dorogah. [{oc-
Tym 21.09.2021.
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Puc. 4. FyceHuyHbIl ee3dexod CBI-701 «Sman»®.

nenHoi cxeme. IlomHast mMacca ryCeHHMYHOTO
noesza cocrapisiia 108 T2 (puc. 6).

CymecTBYIOT KOHCTPYKTHBHO-KOMIIOHO-
BOYHBIC PENICHUS 3apyOeKHBIX UETBIPEXTyCe-
HUYHBIX BE3/ICXO/IOB, BBIITOTHEHHBIE ITO CEIICITb-
HOW OJIHOLIApHUPHOW CXeMe, Cpeld KOTOPBIX
HanOollee M3BECTHBI KaHAJICKUE T'yCCHUYHBIC
Bezaexons: Nodwell RN200 rpysomnogsémao-
cteio 12 T 1 Nodwell RN400 rpyzonogsémao-
cteio 18 T. Bnocnencrsun komnanusi Foremost
3aITyCTUIIA JIMHUIO YCTHIPEXTYCCHUYHBIX BE3/Ie-
XOJIOB, BEITTOJIHEHHBIX IO CEICTBHOM MBYXIIAp-
HupHOH cxeme: Foremost Chieftain-D, rpy3o-
nogséMHocThIO 13,6 T, n Foremost «Husky-8»
rpy30N0ABEMHOCTBIO 36 T, KOTOPbIE MPOU3BO-
ISTCS M B HACTOsIIee BpeMs. BHenrHwil Bun
Beszexona Foremost Husky-8 ' npencrasnen Ha
pHc. 7, a TEXHUYECKHE XapaKTePUCTUKH ITPUBE-
JIeHbI B Ta0I. 4.

Kpome atoro, cpenu 4eThIpEXTyCeHHYHBIX
BE3JI€X0/I0B, MPOU3BOAUMBIX KOMIAaHHEH
Foremost, BeIJennM clienyloniue MOJIEIN:
Foremost Chieftain-R rpy3ononbséMHOCTBIO
13,6 T u Foremost Chieftain-C rpy3omnoabséMHO-
CTbIO 15 T, BBINIOJIHEHHBIE 110 MPHULIETTHON couJie-
HEHHOU cxeme. OHM OCHALICHBI THIPABINYECKUM
TIPUBOJIOM HA y3JI€ COWICHEHHMsI, KOTOPBIH obec-
TIeYNBaET MOBOPOT TPAHCIIOPTHOTO CPE/ICTRA.

Cpenyu TYCEHHYHBIX IOE€3J10B, BBITYCKAlO-
[IUXCSI Ha CETOMHSAIIHUN JIeHh Ha TEPPUTOPUU
P®, cymecTByIOT ABYX3BEHHbBIE T'yCEHUYHBIC
Be3/1eX0bl cemelicTBa «BUTA3b» paznuuHON

8 Secret Projects Forum. [Dnexrponnsrii pecypc]: https://
www.secretprojects.co.uk/threads/midgetman-sicbm-mobile-
launchers.1076/. loctym 21.09.2021.

° ICBM Hard Mobile Launcher. [DnexkrpoHHbiii pecypc]:
https://weaponsandwarfare.com/2019/06/05/icbm-hard-
mobile-launcher/. loctyn 21.09.2021.

10 Be6-caiit kommanuu Foremost. [ DnekTponrHbIil pecype]:
https://www.foremost.ca/foremost-mobile-equipment/
tracked-vehicles/husky-8/. loctym 21.09.2021.

Taoauma 2
TexHuvecKkne XapaKTePUCTHKU
CBI'-701 «SImain»?

ITapamerp 3HageHne
MorHoCTh ABUTaTENs, KBT 525
CpejHee JaBlIeHHE JABHKUTEIS 0,39

Ha TPYHT, Kr/cM’

CHapspkEéHHast Macca, T 97,5
I'py30noabEMHOCTB, T 70
MaxkcumanbHas CKOpOCTb, KM/9 15
JIOpOKHBIIT TPOCBET, MM 520
I'abaputssie pazmeps! (IxIIxB), mm | 20560x4700x4500
IlInpuna ryceHuisl, MM 1850
JlnuHa TpaHCIOPTHOHU ITaT(OpMBL, 12000

MM

‘Yroi npeozioneBaeMoro noabEma, 30
rpanyc

MuHUMaIbHBIH pajyc pa3BopoTa, M | 22
I'my6una npeononesaemoro 6poxa, M | 2,6

Ipy30M0ABbEMHOCTH, BBIIOTHEHHBIE MO MPHUIIETI-
HOM cXeMe, KpUBOIMHEHHOE ABMKEHUE KOTOPBIX
o0ecrieunBaeTcss KHHEMAaTHUECKUM CIIOCO00M,
MyTEM CO3/IaHMS CKJIAJbIBAIOIIETO MOMEHTa
B MOBOPOTHO-CLIEITHOM YCTPOICTBE, pacmoio-
KEHHOTO MEKIY CEKIIHSIMHU.

J1ns BHEIOPOXKHBIX KOHTEHHEPHBIX NEPEBO-
30K B HACTOSIIEE BPEMsI MOT'YT OBITh HCIOJIB30-
BaHbI B Ka4ecTBE 0a30BOI MOJIEITH IBYX3BEHHBIC
ryceHudnsie TpaHcnoptépsl AT-30-1 unu
JAT-30MH, nomosHUTEIsHO 000PYIOBaHHBIC
TpaHCHOpPTHOH Tuargopmoii. Buemnuii Bua
U rabapHUTHBIC pa3Mepbl TpaHcmopTépoB ! mpen-
CTaBJICHBI Ha puc. 8 U 9, a X TEXHUUECKUE Xa-
PaKTEepUCTUKH NPHUBE/ICHBI B Ta0I. 5.

IIpencTaBuM OCHOBHBIC TEXHHUYECKHE XapaK-
TEPUCTUKHU CYIIECTBYIOIINX T'yCEHUYHBIX M0E3-
JIOB TrpaMyeck B BHUJE WX 3aBUCHMOCTEH OT
rpy3omnoasémuoctu TC (puc. 10).

' «BUTA3b» — MAIIMHOCTPOUTENbHAS KOMITAHHS, TOPOA

Wmmm6baii. [OnexrponHslii pecype]: http://www.bolotohod.
ru/. Jocrym 21.09.2021.
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Ta6auna 3
TexHHYECKHE XapaAKTEPUCTHKH Be3Iexoaa
Ypan-5920 567

Puc. 5. FyceHuyHbIl 8e30ex00 Ypan-59206.

Puc. 6. ModeuxHb1ii 2pyHmoeoii pakemHbiii komnnekc Midgetman®.

Taoauna 4
TexHUYECKHE XaPAKTEPUCTHKH
Foremost Husky-8'"

ITapamerp 3HaueHne ITapamerp 3HaueHne

MomHocTs gBurarens, kBt 154 MouHOCTb BUraTens, KBt 328

CpeziHee 1aBlIeHUE IBHKUTEIS 0,22 L ———— 032

Ha TPYHT, KI/cM? Ha rpyHT, Kr/cM?

ChapsokéHHas macca, T 14,5 Crapsokémmas macca, T 09

I'py3ononbémMHOCTD, T 8 B 363

MaxkcumanbHasi CKOPOCTb, KM/4 30 "

Tabapuriste pasmepsr (AXIIxB), | 9900x300x3700 ) S e

MM JlopoXKHBIH IPOCBET, MM 533

IInpuHa ryceHUIbl, MM 970 TaGapurHbie pasmeps! (JIXIIxB), mm | 14757x3632x3810

T'aGapuTsl TpaHCTIOPTHOM 5740x2317 11INpHHA [yCeHNIbI, MM 1430

miardopmsl (IxI1I), mm

i ~ 30 I'abapuThI TPAaHCTIOPTHOH 10465x2743
F;);[I zpeononeBaeMoro noxbéMa, rutarpopmst (JIXLLI), M

s = ‘Yrom npeozioneBaeMoro rnoabEMa, 31

MuHMMaNEHEI pagnyc 14 rpayc

pa3BopoTa, M M = 1a

I'myOuna npeomoseBaeMoro 1,8 (TTMATIPHRTH ATy C PA3ROpOTa, M

6pona, M I'my6una mpeonoseBaemoro opoxa, M | 1,43

AHanu3upys TEXHUUECKHUE XapaKTePUCTUKU
Kak (QyHKIMH IPy30M0JbEMHOCTH, MOKHO CJie-
JIaTh CIIEAYIOIIUE BBIBOJBL:

* C POCTOM I'PY30IOABEMHOCTH I'yCEHUYHBIX
10€e370B BO3pacTaeT MMUHUMAJIbHBINA paguyc
pa3BopoTa U CpelHee AABICHUE HA TPYHT, Ipu

®  MWP TPAHCIOPTA. 2021. T. 19. Ne 5 (96). C. 23-34

9TOM KO3 PUIIUEHT TPY30MOABEMHOCTH B CPE/I-
HeM paBeH 0,8 1 B OCHOBHOM 3aBHCHUT OT [TPUHSI-
TBIX KOHCTPYKTUBHO-KOMIIOHOBOYHBIX PEIICHHU;

* Cpe/IHee IaBJICHUE HA TPYHT Y PACCMOTPEH-
HBIX T'YCEHUYHBIX BE3/I€X0/I0B HAXOUTCS B TIpe-
nenax ot 0,2 1o 0,4 kr/cm?;

KotneB . O., EBceeB K. b., loaxaeB 3. A. AHanu3 KOHCTPYKTMBHO-KOMMNOHOBOYHbIX MCMOMHEHUN
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10620 s 3100

10000 3100

16240 1100

Puc. 9. CouneHénHbIli 2yceHuyHbIl mpaHcnopmép T-30MH u e2o 2abapumHbie pazmepbi™.
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Taoauma 5

TexHu4yecKHe XapaKTePUCTHKH I'YCEHUYHBIX TPAHCIOPTEPOB'?
AT-30-1 u AT-30MH

ITapamerp JAT-30-1 JAT-30MH
MoiHOCTS JBHTaTENS, KBT 522 588
CpenHee naBieHue ABUKUTENS HA TPYHT, Kr/cm? 0,3 0,3
CHapspkéHHas macca, T 29 30
I'py3ononbémMHOCTD, T 30 30
MaxkcumalbHast CKOPOCTb, KM/ 37 37
JIOpOXKHBII TPOCBET, MM 350 350
T'abaputabie pasmeps! (JIxIIxB), Mmm 15900x3100x3420 16240x3100x3300
Ilupuna ryceHupl, MM 1100 1100
JlnuHa TpaHCHOPTHOMH IIaT(hOPMEL, MM 10620 10000
Yros npeos101eBaeMoro nogbEma, rpamayc 30 30
MuHUMaNbHBIN pagnyc pa3BopoTa, M 17,3 17,3
I'myOuna npeomoseBaeMoro 6poxna, M 1,8 1,8

* MaKCHUMaJlbHasi CKOPOCTh JIBHIXKCHUS OIpe-
JIENISICTCSI MOIHOCTBIO CHIIOBOM YCTaHOBKH
U B 3aBUCUMOCTH OT TPy30MOIbEMHOCTH U IIPHU-
HATBIX KOHCTPYKTHBHO-KOMITOHOBOYHBIX peEIlie-
HUI u3MeHsAeTCs oT 15 kM/4 10 37 km/d;

* YTOJI MPEOI0JICBAEMOTO OABEMA IS BCEX
PACCMOTPEHHBIX T'YCCHUYHBIX BE3/ICXO/IOB MPH-
HUMAET MPAKTHYCCKHU MOCTOSIHHOC 3HAUCHUE HE
MmeHee 30 rpamycos.

Pemenne 3anaun Bpioopa
ONTHMAJILHOTO0 BAPHAHTA

[Tpu MCTIONB30BaHNK Iy CEHMYHBIX TIOC3/10B JJIs1
KOHTEHHEPHBIX MEPEBO30K SKOHOMHUYECKHU IIelie-
CO00pa3HOM MPE/ICTABIISAETCS BOSMOXKHOCTB TIepe-
BO3KH KOHTEHHEPOB C HCIIOIBb30BAaHUEM OJTHOTO
YHHBEPCAJIBHOTO TPAHCIIOPTHOTO CPEZICTBA, TI03BO-
JISIFOIETO0 00ECIeUnTh MEePEBO3KY KaK OHOTO
45-(hyTOBOTO KOHTCHHEPA, TaK U OJHOBPEMCHHYIO
nepeBo3Ky 1Byx 20-(pyToBbIX KOHTEIHEpOB. Takum
o0pasom, rpy3zonoaséMuocts TC onpenemnsiercs
CyMMapHOW Maccoit OpyTTo AByx 20-(pyTOBBIX
KOHTelHepoB (61 T), a rabapuTHbIE pa3Mephbl TPaHC-
MOPTHOM TIaT(OPMBI JOJDKHBI COOTBETCTBOBAThH
rabaputam 45-¢yroBoro koureriHepa. M3 mpen-
CTaBJICHHBIX I'yCEHHYHBIX BE3/IEX0/I0B 00ECIICYNTh
TaKyI0 I'Py30IOIBEMHOCTb MOKET TOJIBKO BE3IEXO0]T
CBI'-701 «SImam», KOTOpBIH B HAacTOsAIIEE BPEeMs
HE POM3BOAUTCSL. [ Py30MoaBEMHOCTD COBpEMEH-
HBIX COWICHEHHBIX I'YCEHHYHBIX TPAHCIOPTEPOB
JAT-30-1 u AT-30MH cocrapnser 30 1, Takum
00pa3oM, rabapuTHBIE pa3Mepbl TPAHCIIOPTHOU
w1aTOPMBI U IPy30II0TbEMHOCTD TPAHCTIIOPTEPOB
TIO3BOJISIIOT TIEPEBO3UTH TOJILKO O/IH 20-(yTOBBIN

¢ MWP TPAHCIOPTA.2021. T. 19. Ne 5 (96).

KoHTeitHep. PaccMoTpeHHbIe 3apyOeKHbIe 00pa3-
1Ibl TYCEHHYHBIX MOE3/]0B TAKKE HE MOTI'YT 00ec-
TIeYUTH TPEOyeMytO TPY30HObEMHOCTD X SIBIISI-
10TCS1 0OBEKTOM BOOPYIKEHHSI, B CBSI3U C 3THM aK-
TyallbHa 3aja4a ONpPEACSICHHUs] MPUOPUTETHOTO
TEXHUYECKOTO PEIIeHHs I CO3IaHus IyCeHHY-
HBIX TI0€3/I0B, TTPeIHa3HaYEeHHBIX 111 KOHTEHHEP-
HBIX TIEPEBO30K U TO3BOJLSIIOLINX OCYIIECTBUTH
MEPEBO3KY Kak OJHOTO 45-()yTOBOro KOHTCHHEPA,
TaK U OJJHOBPEMEHHYIO MIepeBO3KY ByX 20-hyTo-
BBIX KOHTEHHEPOB.

Jlnis pelieHus 3aqa4u OnpeAeIeHus IPearno-
YTUTEIFHOTO BapHaHTa TEXHUYECKOrO OOJIMKa
TPaHCIIOPTHOTO CPEACTBA AJI BHEAOPOKHBIX
KOHTEHHEPHBIX TIEPEBO30K Oy/IeM HCIOJIb30BaTh
MAMU. [ns uepapxuu noasmwkHOCTH (puc. 11)
[12], B coorBeTcTBUU ¢ MAU, cocTaBuM TabiIH-
LBl MaTpHI] MapHbIX CPaBHEHUN KPUTEPUEB
Y aJIbTEPHATHB C HUCIOJIb30BAHMEM IKCIIEPTHBIX
OIICHOK, BBIMTOJTHEHHBIX aBTOPAMH.

B xauecTBe cpaBHUBACMbIX aJBTEPHATHB pac-
CMOTpPHUM OECITHIIOTHBIE TYCEHHYHBIE TI0e3/1a; ce-
JICTbHBIN OTHOIIAPHUPHBIA MOMYMPHUILICITHON Ty-
CEHUYHBII Moe3] (ansTepHaTHBa «A») U ceemb-
HBIN JIByXIIApHUPHBIN I'YCEHUYHBIN 1oe3s (ab-
TepHaTHBa «By»), TeXHUYECKHH OOIMK KOTOPBIX
paccmoTpeH 1 06ocHoBaH B pabote [ 13]. Brenmuii
BUJI aJIGTEPHATHB MPEACTaBIEH Ha pHc. 12.

[Tocne npoBeaeHNS SKCIEPTHOM OLIEHKH JUTS
BEPXHEro MEePBOr0 YPOBHSI HEPAPXUH MaTpulia
TapHbIX CPABHEHUH Oy/IeT UMETh BUJI, IPE/ICTAB-
JICHHBIN B Ta0i. 6. Tarxke cocTaBIeHbI MaTPHUIIBI
MapHBIX CPABHEHUH Uil KPUTEPHEB BTOPOTO
YPOBHS HEPAPXHUHU H OIIPEACIISIOTCS JIOKaJIbHbIC

KotneB . O., EBceeB K. b., loaxaeB 3. A. AHanu3 KOHCTPYKTMBHO-KOMMNOHOBOYHbIX MCMOMHEHUN
rYCEHUYHbIX NOE3A0B AN BHEAOPOXHBLIX KOHTEMHEPHBIX MEPEBO30K
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Puc. 10. TexHu4eckue XapakmepucmuKu Cyu,eCmeyrouux 2yceHuYHbIX N0e3008 (8bINOIHEHO agmopamu).

MopBuKHOCTb

I
1 ypoBeHb
MpoXoAMMOCTb BbICTPOXOAHOCTb ABTOHOMHOCTb ST
CBOMCTB
OnopHasn
NpoxoaAnmocCTb
2 ypoBeHb
MpodunbHas CrnocobHocTb gsuratbes yp
NPOXOANMOCTb nepapxmn
CBOICTB
BPOAOXO/J,VIMOCTI: yl'lpafl‘lﬂeMOCTb "
'CTONYUNBOCTb
YpoBeHb
AnbTepHaTuBa A AnbTepHaTuea B BRURIN AnbTepHaTvsa N
anbTepHaTMB

Puc. 11. Uepapxus akcniyamayuoHHbIx ceolicme TC dnist KoHmMeliHePHbIX NePe8o3oK (8bINOIHEHO agmopamu).

NPUOPUTETHL. MaTpuIibl IAPHBIX CPABHEHUH 1151
KPUTEPHUEB BTOPOTO YPOBHS HEPAPXUH IIPE/ICTAB-
JIeHbl B Ta0aumax 7 u 8.

JlokanbHbIE MIPUOPHUTETHI KPUTEPHUS «3arac
xona» (K3.1) 6ymyT cOOTBETCTBOBATH JIOKAIb-
HBIM TIPHOPUTETAM KPHUTEPHs] aBTOHOMHOCTH
TIEPBOTO YPOBHS HEPAPXHH.

Jnst kak10i MaTpuLbl ApHBIX CPaBHEHUI
KPUTEPHEB ONIPE/ICIICHBI JIOKAIbHbIE IIPUOPHUTETHI,
a3aTeM Ul KPUTEPHEB HU3ILETO YPOBHSI ONIpesie-
JICHBI [TI00ANTbHBIE IPUOPUTETHI (TalI. 9) ¢ yuéToM
JIOKaJIbHBIX IPHOPUTETOB KPUTEPUEB BBILIECTOS-
LIETO YPOBHS UEPAPXUU CBOWCTB.

AHaNIU3Upys MONTyYSHHbBIH BEKTOP II100ab-
HBIX IPUOPUTETOB KPUTEPUEB HU3IIETO YPOBHS
HepapXyu, MOKHO CJIENIaTh BBIBOJI, YTO IIPHOPH-
TETHBIMU KPUTEPHUSMH SIBISIOTCS CIETYIOLINE
(B mopsiake yObIBaHHMS 3HAYMMOCTH): OMOpHAs
IIPOXOAUMOCTb, 3arac Xona, MpoHiIbHas Ipo-
XOIMMOCTB B OpoRoxonuMocTs. Ilepednciennsie
KpHUTEpUH B OOJIBIICH CTENICHN BITUSIOT Ha BEIOOP

KOHKPETHOTO KOHCTPYKTHBHOTO ncnionHerus TC
T10 CPABHEHUIO C OCTAIBHBIMU: THHAMUYHOCTBIO,
YIPaBISIEMOCTBIO M YCTOHUMBOCTBIO U CIIOCO0-
HOCTBIO JIBUTAThCs IO HEPOBHOCTSIM IIYTH.
OnpenensronymM KPUTEPUEM ABIISETCS ONIOpHAs
MIPOXOJMMOCTh, KOTOPast UMEET MaKCUMAaJIbHBIN
npuopuTeTt, paBHbIHA 0,382.

AHaNOrn4HoO A7 paCCMaTpPUBAEMbIX AJIBTEP-
HatuB TC ¢ y4éToM 3KCIIepTHON OLIEHKH (Kade-
CTBEHHAs OLCHKa) Oblia IOJy4eHa MaTpHla
[apHbIX CPAaBHEHUH aJbT€PHATHUB U ONpPENEIEH
BEKTOP JOKAJIbHBIX ITPUOPUTETOB AT KaXKIOH
Mmarpuipl (tadin. 10).

JI1st OLIEHKM aJeKBaTHOCTHU IMOJIYYEHHBIX
pEe3yIbTaToB HEOOXOANMO OLIEHUTH COTIIACOBAH-
HOCTb MAaTpHIl IMapHBIX CPABHEHUH, KOTOpBIE
OTpaXkaroT CyOBEKTHBHBIC CYXIEHHsS, TaK Kak
KOMIIOHEHTBI, BXOZSIINE B HUX, KaK MPaBUIIO,
OTIIMYAIOTCS OT CONIACOBAHHBIX 3HaUEHUN. Me-
POH OLIEHKH CTENEHH OTKJIOHEHHMS OT COIIAco-
BAaHHOCTH SBJSIETCSI MHJIEKC COTNIACOBAHHOCTHU
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Tadauua 6
MaTtpuia napHbIX CpaBHeHHUIl KpHUTepUeB MePBOro YPOBHA MepapXuu
(BBITMOJTHEHO ABTOPAMU)
ITonBMXHOCTH IIpoxogumMocTh BhICTPOXOIHOCT ABTOHOMHOCTH
TIpoxomumocts (K1) 1 5 3
BrictpoxonHocts (K2) 1/5 1 1/3
ABroHoMHOCTb (K3) 1/3 3 1
Taonuuna 7
Marpuna napHbIX CpaBHeHUIl KPUTEPHUs MPOXOAUMOCTH (BHINOJHEHO ABTOPAMU)
IIpoxoaumMocTh OnopHast TIpoduibHast Bponoxoaumocts
TIPOXOAMMOCTb TIPOXOIUMOCTb
Onopaas npoxoxumocts (K1.1) 1 3 3
IIpodunsnas npoxogumocts (K1.2) 1/3 1 1
Bponoxoxumocts (K1.3) 1/3 1 1
Tabsmma 8
Marpuia napHbIX CpaBHeHUIl KPUTEPUs OLICTPOXOAHOCTH (BbINOJIHEHO ABTOPAMH)
BrictpoxonnocTs Junamugnocts | CriocoGHOCTH VrpasnsieMocTh
JIBUTATHCS 1 yCTOHYMBOCTD
110 HEPOBHOCTSIM ITYTH
Juuamuanocts (K2.1) 1 5 1/7
CrHoco6HOCTb ABUraThCS 1/5 1 1/9
110 HepoBHOCTsM MyTH (K2.2)
YnpasisieMocTb 7 9 1
u ycroitunBocthb (K2.3)
Tadauua 9

Io6anbHbIE IPHOPUTETHI KPUTEPHEB
HHU3IIEro YPOBHsSI HEPapXuu
(BBINOJIHEHO ABTOPAMH)

Kputepunii ITpuopurer
Omnopnas npoxoaumocts (K1.1) 0,382
IpodunsHas npoxogumocts (K1.2) 0,1275
Bponoxoxumocts (K1.3) 0,1275
Junamuanocts (K2.1) 0,015
CriocoOHOCTB JBUTaThCs 0,045

110 HepoBHOCTSIM myTH (K2.2)

VYrpaBiseMocTs U yCTOHIUBOCTh 0,045
(K2.3)

Bamac xona (K3.1) 0,258

(UC) [4], xoTopsIii onpenemnseTcs ciaeIyonumM

BBIPAYKEHUEM:
HC = 2o =1
n-1 "~

rje A —MakcHMallbHOE COOCTBEHHOE 3HaYe-

X

HHE paccMaTpUBaeMON MaTPHULBI MapHBIX
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CpaBHEHHUIi, a 7 — pa3MEepPHOCTb MaTPHIIbI
MapHBIX CPABHEHU.

WHyieke coracoBaHHOCTH COIOCTABIISIETCS
CO CTaTUCTUYECKUM CIIy4alHbIM 3HAuCHUEM,
Ha3bIBa€MBIM ciay4daiHbIM uHAekcoM (CH), mo-
JIy4aeMbIM B pe3ysibTate 00paboTKH OO0JIbIIOro
YHUCJIa MAaTPUI] PA3IMYHON pasMepHocTH [3; 4].
OTKIIOHEHHE OT COINIACOBAHHOCTH CUMTAETCS
nomryctumbiM 1ipu oTHomeHnu VIC k CU menee
10 %. Jlng pacCMOTPEHHBIX MAaTPHI] MapHBIX
cpaBuenuit orHomenue C k CU He mpeBsbIia-
et 2,5 %, TakumM 00pa3oM, MHEHHS DKCIIEPTOB
CUUTAIOTCSI COIVIACOBAaHHBIMHU.

Jlanee, Ha OCHOBaHHMH TIOJYYECHHBIX [TI00ANIb-
HBIX IPUOPHUTETOB KPUTEPUEB H JIOKATBHBIX ITPUO-
PMTETOB AJIETEPHATUB IIPOBOIIUTCS HEPAPXUUECKHUI
CHHTE3, B PE3yJIbTare KOTOPOro OIpeelseTcs
[100aJIbHBIN BEKTOP HPEIIOYTUTEILHOCTH alIbTep-
HATHB, PE3yJIBTAThI PUBEACHBI B TA0M. 11.

KotneB . O., EBceeB K. b., loaxaeB 3. A. AHanu3 KOHCTPYKTMBHO-KOMMNOHOBOYHbIX MCMOMHEHUN
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Taoauua 10

Marpuusbl NAapHBIX CPABHEHUI AJIbTEPHATUB U BEKTOP UX JIOKAJIbHBIX IPUOPUTETOB
(BBINIOJIHEHO ABTOPAMU)

Bexkrop Bexkrop
TIPHOPHUTETOB TIPUOPHUTETOB

K1.1 A B K2.1 A B

A 1 1 0,5 A 1 1 0,5

B 1 1 0,5 B 1 1 0,5

K1.2 A B K2.2 A B

A 1 1/3 0,25 A 1 1 0,5

B 3 1 0,75 B 1 1 0,5

K1.3 A B K2.3 A B

A 1 1/5 0,17 A 1 5 0,83

B 5 1 0,83 B 1/5 1 0,17

K3.1 A B

A 1 1 0,5

B 1 1 0,5

TakuM 00pa3om, aHANM3HUPYs PE3yIbTaTHI, Tamuua 11

MTOJIyICHHBIE HAa OCHOBE DKCIEPTHOH OICHKH,
MO)XHO YCTQHOBHTb, YTO MPHUOPUTETHBIM TEXHH-
YECKUM PEIICHNEM SIBIISICTCS CeJICTbHBIN JBYX-
LIAPHUPHBII [yCEHUUHBIN OE3]1, OTHAKO, YUUTHI-
Bas HE3HAUWTEIbHYIO PAa3HUIy B 3HAYCHHSIX
BEKTOPa INIOOATBHBIX TPUOPUTETOB, HEOOXOIMMO
MpOBEACHUE JalbHEUININX HCCIEAOBaHUN IO
ONpEETICHUIO 3HaUEHUHN MOoKa3aTeseil CBOWCTB
U MOBTOPHOW OLEHKH C YYETOM MOJIYyYEHHBIX
pesyibpratoB. O4eBHIHO, YTO CpPAaBHUTEIbHAS
OlIeHKa (P PEKTUBHOCTH TPIMEHEHNS KOHCTPYK-
THBHOTO WCTIONHEHUSI TYCEHUYHBIX MOE3/10B /IS
BHOBB pa3pabarsiBaeMbix TC He mpencraBisieTcs
BO3MOXKHOH 0€3 IMHTAIIMOHHOTO MAaTeMaTHIECKO-
TO MOZICIUPOBAHUSI paboUHX MporieccoB Ha OBM
[17; 18]. Takxke Aust pemieHus MPeiCTaBICHHON
3a1a9 MOXKeT 3(P(HEKTUBHO TPUMEHSITHCS KOMII-
JIEKC HAaTypHO-MaTeMaTHIeCcKOro MOJIETTNPOBAHHS,
TI03BOJISIOIINI UMUTHPOBATh JIBIDKCHHE TPaHC-
TIOPTHBIX CPE/ICTB MO CTATUCTHUYECCKHU 3aJaHHBIM
TpaccaM IOJA YNpaBICHUEM «BOJUTEIS-
OTIepaTopay», HaXOSIIEToCs 32 KOMITBIOTEPOM,
B PEKHME «PEATEHOTO BPEMEHI.

Taknum 00pa3oM, cpaBHEHHE Pa3JIMIHBIX Ba-
PHAHTOB KOHCTPYKTHBHO-KOMITOHOBOYHBIX HC-
TIOJTHEHUH I'YCeHUYHBIX TTO€3/10B JJIsI BHEIOPOXK-
HBIX KOHTCHHEPHBIX MEPEBO30K COCTOWT M3
CJIC/TYTOIINX JTAIOB:

* (hopMHpOBaHNE HEPAPXUN FKCILTYATALMOHHBIX
CBOJCTB C pa3/Ie/icHHEeM Ha yPOBHU KPHTEPHEB;

* OTIpEZIeIICHIE AIBTEPHATHB I10 PE3yNIbTaTaM
aHaJM3a KOHCTPYKTHBHO-KOMIIOHOBOYHBIX HC-
TTOJTHEHUH;

* HKCIEPTHAs OLICHKA BApPUAHTOB allbTepHa-
THB C HCIOJIb30BAaHIEM METO/Ia aHAJIM3a Uepap-
XWH, BEIOOD aJIbTEpPHATHUB,;

I'modanbHbIe NPUOPUTETHI AJILTEPHATHB
(BBINMOJTHEHO ABTOPAMH)

AJnbTepHaTHBA IIpuopurer
«A» 0,44
«B» 0,56

* OMpeJ/ielIeHHe MoKaszareyiel CBONUCTB s
BBIOPAHHBIX AJBTCPHATHB METOAAMU UMHUTAIIU-
OHHOT'0 MaTeMaTHYeCKOT0 MOJEINUPOBAHUS
(HaTypHO-MaTEeMaTHYCCKOTO MOJICITUPOBAHN);

* OIpeieIeHre TPUOPUTETHOTO TEXHUIECKO-
IO PEUIeHHUs C yUYETOM PE3YNBTATOB, MOTYYSHHBIX
[P IPOBEACHUH UIMUTAIIMOHHOTO MaTeMaTuye-
CKOTO MOJIEIMPOBaHMs (HaTypHO-MaTeMaTH-
YECKOTO MOJICITUPOBAHU ).

BbiBOAbI

B pesynbrare aHann3a KOHCTPYKTHBHO-
KOMITOHOBOYHBIX HCITOJTHEHUH CYIECTBYIOIINX
I'YCEHHYHBIX MOE3/10B YCTaHOBJICHBI 3aBUCHMO-
CTH, OTPaKaloIUe W3MEHEHHE OCHOBHBIX TEX-
HUYECKHX XapaKTEPHUCTHK, CBA3aHHBIX C TpeOye-
Motii rpy3ononséMuocTeio TC. M3 mpeacrasieH-
HBIX T'YCEHUYHBIX BE3JIEX0JI0B 00CCIICUUTh Ta-
KYI0 I'py30H0JbEMHOCTh MOXET TOJIBKO HE
BBITTyCcKarouiicss ceroanst Besnexon CBI-701
«SImamy. CymecTByrolyie TyCeHUYHbIE Be3/ie-
XOJIbI HE MOTYT 00€CIIeYnTh TpeOyeMyto Ipy30-
MOABEMHOCTB, TIOITOMY Ha OCHOBAHUH PE3YJIb-
TaTroB aHain3a c(HOpMHUPOBaHbI TPEOOBAHMS
K TEXHHYECKHM XapaKTepPUCTHKaM pa3padarbl-
BaeMBIX TPAHCHIOPTHBIX CPEJICTB JUIS [IEPEBO3KU
onHOTO 45-(hyTOBOTO KOHTEIHEpa HIIM JIBYyX
20-¢byTOBBIX KOHTEHHEPOB.

Ha ocHoBe mepapxuM dKCIUTyaTallHOHHBIX
CBOWCTB OCCHHMJIOTHBIX I'YCEHHUYHBIX MOE3JI0B,
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MpeIHA3HAYCHHBIX JIJIs1 BHEOPOKHBIX KOHTCH-
HEPHBIX MEPEBO30K, 1 MHEHHUH IKCIIEPTOB Me-
TOJIOM aHalu3a Wepapxuil yCTaHOBJIEHO, YTO
MPUOPUTETHBIM TEXHHUUCCKUM PCIICHUEM SIBJISI-
€TCsI CeJIeNIbHBIN JIBYXITApHUPHBIN I'yCEHUYHBII
M0€3/l, HO B CBSI3U C HE3HAYUTENILHON pa3HULIeH
B 3HAYCHUSAX MI0OATBHBIX MPUOPUTETOB IS
T'YCCHHYHBIX MOE30B, HEOOXOIUMO MPOBEJIe-
HUeE TallbHEUINX UCCIIE0BAHMM 10 Onpeiese-
HUIO 3HAUCHHH 1TOKa3aTeNIeii CBOWCTB C UCTIOJIb-
30BaHHEM MaTEMaTHYECKOTO MOJEIUPOBAHUS
pabouux MPOIECCOB T'YCEHUYHBIX MOE30B
Y TMOBTOPHOW OILIEHKH C YU4ETOM MOJIyYEHHBIX
pe3ynbTaToB.
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B PA3[ENE «9KOHOMMUKA»
8 5MoM Homepe nybnukyrmcs
mamepuarbl, codepxaujue
npednoxeHust no paapabomke HO8bIX
MpaHCNOPMHbIX yciiye U npodykmoe
U eunomesbi N0dx0008 K oueHKe
9KOHOMUYECKUX U MEXHOI02UYECKUX
thakmopog desimernibHOCMU
mpaHcnopma.
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Kak mpaHcnopmHble KoMnaHuu

MO2ym ucnosb308ame Npo2pamMmb|
nosneHocmu 05151 yoepxaHust
Cyuwecmsyrouux U npueieqeHust HogbIX
knueHmos. Bened 3a aguayuoHHbIMU

U Xene3HOOOPOXHBIMU NACCaXupCcKumMu
nepegoskamu makue npoepammi|
cmaHo8amcs akmyarnbHbIMU

U Onsi nepego3ok 2py308 YaCMmHbIX

nuy xene3Hbimu dopozamu. 0630p
yukna nybnukayuii aemopa obobuaem
8bICKa3aHHbIe 2UNOMe3b.
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Onbra OCYMNOBA

AHHOTALINA

KnueHmoopueHmupoeaHHoCcmb KoMnaHuli-epy3o-
Nepeso3yUK08 Ha 8bICOKOKOHKYPEHMHOM PbIHKE MPaHCNOPMHO-
J102UCMUYECKUX YCITy2 Uepaem ypeseblyaliHO 8axHyH pOb,
0Ka3bleasi 8/IUSHUE Ha 20MOBHOCMb NPOSIBNISAMB 2UBKOCMb 8 NO-
nUMuKe YeHoobpasosaHust U Opyaux napamempax okasaHust ycrye
npu (hopmMUpPOBaHUL NEPCOHAINBHO20 KITUEHMCKO20 NPEANIOKEHUS.
Bmo nosgosnisiem npuesiekame Nys HOBbIX KITUEHMOB, PacUUpPMb
6a3y NOCMOSHHBIX KIIUEHMO8 Ha OCHOBE UX NPUBEPXEHHOCMU
6peHdy. OOHUM U3 COBPEMEHHBIX UHCMPYMeHMOo8, cnocobemeyro-
wWux 0ocmuXeHuto ykasaHHoU yenu, ebicmynaem npozpamma
KrueHmckoU 0sibHOCMU.

Lenb daHHoU cmambu — 0630p u 0bobuweHue uccnedosa-
Husi u psida HedasHux nybnukayuli asmopa [1-4] u dpyeux
uccnedosamenell dnsi 060cHo8aHUs cocmaga npednoxeHuli
npoepammebl KnueHmcekol nosimbHocmu Ha 6ase aHanusa
U OUEHKU MOMUBO8 U noxenaxuli camux knuesmos. [ns do-
CMUXeHUs nocmagneHHoU yenu, kpome Mmemoda MoHozpachu-
yeckoe0 aHanusa nybnukayull no ykazaHHol meme, uccnedo-

HO20 06CYKUBAHUS.
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AHanu3 noAnbHOCTU KIMEHTOB-YaCTHbIX L
C UeNbio NoBbIWEeHUA KITMeHTOOPUEeHTUPOBaHHOCTH
KOMMaHUn-rpy3onepeBo3vunKa

Onvea Anamonvesna FOcynosa
Poccuiickuii ynusepcumem mparncnopma, Mockea, Poccus.

saHue 8 cgoell npakmuyeckol yacmu 6a3upoganocb Ha
onpoce nompebumened.

B kayecmae obbekma uccredosaHus bb1 ebi6paH cepsuc no
nepeso3ke coopHbIx 2py308 «PXKL-Okcnpecey komnanuu AO «PXK[
Jloeucmuka», npedmemom cmana f0sIbHOCMb YaCMHbIX TUY-
omnpasumeneli epy3a. B xode onpoca pecnoHdeHmos cmasunach
3adaya U3y4yums nompebumernbckue NpednoymeHus U Momushb!
eblbopa makoli ycnyeu, 20mosHoCMb pekomeHdo8amb daHHb Il
cepsuc todsm u3 bruxalilie2o OKpYXeHUs, HamepeHue Nod0epXKU-
8amb ¢ KoMnaHuell OMHOWeHUs Ha 00l20CPOYHOL 0CHOBE, Nompe-
bumenbcKue oxudaHus om g3aumodelicmeusi ¢ kKomnaHued.

VHmepnpemayus pe3ynbmamos onpoca caudemernscmesyem
0 3aUHMEPEeCOBaHHOCMU 8 Hanu4yuU mMakoeo MapKkemuHa08020
UHCMpYMeHMa, Kak npoapamma fosIbHOCMU.

Mo pe3ynbmamam aHanu3a npedoxexa cucmema UHOUKa-
mopos 01151 eé oueHKU; 060CHOBaHbI NPEONIOXEHUsI N0 hoOPMUPO-
8aHUI0 NOSTOXEHUL Npo2pamMMb! [10SILHOCMU C UEITbH0 NO8b ILUEHUS
Kkadecmea mpaHCcnOpmHO20 0BCITYKUBaHUS.

Knroyesble criosa: mpaHcnopm, 2py30nepesosKu, 1105/1IbHOCMb KITUeHMO8, KITueHMmMoopueHmuposaHHOCMb, Ka4eCcmeo mpaHcnopm-

[ns uumuposarus: KOcynosa O. A. AHanu3 nosiibHOCMU KIUEHMOB-YaCMHb IX UL, C UESTbH0 NOBbILUEHUS KITUEHMOOPUEHMUPOBaHHOCMU
KomnaHuu-gpy3onepesosyuka // Mup mpaxcnopma. 2021. T. 19. Ne 5 (96). C. 36-44. DOI.: https://doi.org/10.30932/1992-3252-2021-19-5-4.

MonHbIl mekem cmambu Ha aH2nuUlicKoM si3bike ny6aukyemcsi 0 mopoil Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.

® ©Ocynosa O. A.



BBEOEHUE

B ycnoBusIX BBICOKOI KOHKYPEHLIMHU Ha PbIH-
K€ TPAHCIIOPTHBIX YCIIYT YPE3BbIYaiHO BaXKHYIO
POJb UTPAET KIIMEHTOOPUEHTHPOBAHHOCTD KOM-
TIaHWHU, TOTOBHOCTH TPOSIBIISITH THOKOCTH B T10-
JIUTHUKE IIEHOO0Pa30BaAHMS U IPYTHX ITapaMeTpax
OKa3aHUsI TPAHCHOPTHO-JIOTHCTHYECKUX YCITyT
TIpH (JOPMUPOBAHNH TIEPCOHATBLHOTO KIIHEHTCKO-
TO TIPEUIOKEHNS. DTO TO3BOJISIET MPUBIEKATh
ITyJI HOBBIX KJIMEHTOB, PacIIUpsTh 0a3y MOCTO-
SIHHBIX KJINEHTOB HAa OCHOBE NX IIPUBEPIKEHHOCTH
Opennmy. OmHAM U3 COBPEMEHHBIX MHCTPYMEH-
TOB, CHOCOOCTBYIOIINX JOCTIKCHUIO YKa3aHHOH
LIEJIN, BBICTYIIAET MPOrpaMMa KIMEHTCKOH JI0-
suTbHOCTH. Bompoc nenecoobpasHocTu paspa-
00TKH TOA0OHON IIPOTPAMMEI H3y4JaJICs aBTOPOM
panee [1].

B npensiaymmx myonukarusax aBropa [1-4]
TIPUBOAMIINCH PE3YIbTaThl AaHKETHPOBAHMUS TPY-
300TIPABUTENEH, BOCIIOIB30BABIINXCS yCIyTrOn
«PXKJI-Oxcupecc». Ha ocHOBe cToOammpHOM
ITKaJIbl PECMOHACHTH ONCHUBAIH KadeCTBO
YCIIYTH C ITO3UIMI KIIMEHTOOPHEHTHPOBAHHOCTH
TI0 TIPE/ITIOKEHHON CHCTEME KPUTEPHUEB, a TAKKE
OLICHUBAJIN 3HAYUMOCTh JUIS HUX CaMOTO KPHTE-
pus [1-4]. «IIpoBen€HHBIA OMPOC TO3BOIHIT
YCTaHOBUTB, UTO CYIIECTBYET PAI «Y3KHX» MECT
B paboTe B 4aCTH COTPYAHNIECTBA C YACTHBIMH
JIUIAMH TIPH OTHPABKE TPY30B, OTHUM M3 TAKUX
Mpo0OEesIOB, M0 MHEHHUIO KIMEHTOB, 0Ka3ajIoCh
OTCYTCTBHE ITPOTPaAMMEI JTOSITBHOCTHY [3].

L]ene6as ycTaHoBKa MIPUBOANMOTO B paMKax
JaHHOW CTaThbW HCCIIECTOBAHUS 3aKII0UaeTCs
B 000CHOBAHUH IMOJOKECHUH MPOTPAMMBI KITH-

EHTCKOH JIOSITBHOCTH Ha 0a3e aHaIM3a U OLECHKA
MOTHBOB U MOKEJIAHUN CaMHUX KIHUEHTOB. [{7s1 eé
JIOCTHKEHHUSI aBTOPOM HCIOIB30BAJICS Memoo
MOHOTPa(hUIeCKOTO UCCICIOBAHMS ITyOIIKAIIII
10 YKa3aHHOM TEME, a B IPAKTUUECKON YacTh —
OTIPOC TTOTPEOUTETICH.

PE3YNbTATbI
HpakTnka v 3¢PeKTHBHOCTH NPUMEHEHUS
NMPOrpamMM KJIHEHTCKOI JOSIJIbHOCTH

CyIiecTByIOT, Kak MHHUMYM, JIBa BECOMBIX
JIOBOJIA B TIOJIb3Y HAIWYHS TAKOH MTPOTPAMMBI.

[lepBBIil 10BOJ COCTOUT, KaK yKa3bIBalOCh
paHee B IMyOIMKAIMN, B TOM, YTO «IIPOTPAMMBI
KJIWEHTCKON JIOSJIBHOCTH KaK JIeHCTBEHHBIN
MHCTPYMEHT HaXOAAT MPUMEHEHNE B MPAKTHKE
TPAHCTIOPTHO-JIOTHCTHIECKNX KOMITAHHUH OTeve-
CTBEHHOTO ¥ MEKIYHAPOIHOTO YPOBHs» [3].

HemnocpenctseHHO B chepe rpy30mepeBo30K
ABTOPOM OBITTM M3y4YEHBI YCIOBHUS NMPOTPAMM
JIOSTTBHOCTH TakuX KoMmmanui, kak: «TK SH»,
«Bo30B03» , «I'pyzoBuurodd» , «DHL» [3].

B pesynbrare nccinenoBaHust ObIIIO yCTaHOB-
JICHO, YTO CYIIECTBYET HEKUH IPHHATHIH MIa0I0H
coJiep)KaHus NaHHOM mporpammsl. [Tomumo
OOIIMX TTOJIOKCHNUH B HEW MIPEAyCMaTPHUBAIOTCS
JIBa OCHOBHEBIX pazzena (puc. 1).

JeranbHoe M3ydeHUE YCIOBUH MPOrpaMm
MOATBEPKIAET IPOAOIDKUTETIBHOCTD UX ITPUME-
HEHHUS B MIPAKTHKE I'PY30TIEPEBO3UHKOB, a, CIIe-
JIOBAaTEIbHO, TOKA3bIBACT II€JIECO00Pa3HOCTD
TaKOTO IPUMEHEHNSI.

BTOpBIM TOTIOTHUTENEHBIM TOBOIOM B TTOJTh-
3y BHEIPEHHUS MPOTPAMMBbI KJIMEHTCKOH JIOSITh-

Paznens! mporpamMmbl KIMEHTCKOH JIOSTIBHOCTH
IIpH [IEPEBO3KE COOPHBIX TPY30B

VYcnoBust HauKCleHUst O0OHYCOB, CKUI0K

!

Heo0xoamMocTh HalM4Us TMYHOTO KaOu-
HETa, PETUCTPaIys Ha CaliTe KOMITAaHUH,
oIuIaTa yCIyTH depe3 CaiT WM oneparopa
KOJUI-IIEHTPa, B3aMeH KJIMEHTaM IMPeIo-
CTaBJISFOTCS OOHYCBI B 3aBUCHMOCTH OT
paccTosHUSA TIepeBo3KH B pasmepe 10 20 %
OT PAacCTOSHUSA, KILIOCK, CKHAKH IPH
othopmITeHNH nIepBoro 3akasa 10 10 %, no-
TIOJTHUTETFHBIC MUHYTHI OECIUIATHOTO Bpe-
MEHH OT KOMIIaHUH-0IIEpaTOpOB COTOBOM
CBSI3U CKUJIKH OT IPYTMX KOMITaHHH-TIapT-
HEPOB, aKLMOHHBIE IPOrPAMMBI

[Topsimok ncnoabp30BaHUST
HAYHCIICHHBIX OOHYCOB, CKUIOK

'

JIOTIONHUTETIbHBIC YCIOBHUSI K
OrpaHHYEHUS: MUHUMAIBHOE
paccTosHUE IEPEBO3KN, MUHUMAJIbHAS
CcyMMa 3aKa3a, MUHUMAIIbHOE YHCII0
HCIIONB3YeMbIX 00HYcOB — 10 10, cpok
HCIIOJIb30BaHKs OOHYCOB ¢ MOMEHTA
HAYUCICHUS, MaKCUMAIIbHASI OIS
oIraunBaeMasi 00HyCaMH B
rpysornepeBo3ske — 110 10 %, orrpaBka
rpy3a U3 CEPBUCHOTO OTACICHHS
KOMIAHUH U T.J.

Puc. 1. Pazdenbl npozpamMmb| KUEHMCKOU /105/IbHOCMU MPaHCNOPMHO-02UCMUYecKoll KOMNaHUU (CoCMagsieHo agmopom).
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Oram 1. I/ISMepeHI/IC TEKYLICIO YPOBH: JIOAJIBHOCTH KIIMEHTOB

Oran 2. OnpeneneHue TeKymUX MOTUBOB I'PY300TIIPABUTEILL

TIPU 3aKITIOYCHUU CACIKH, YCTAHOBIICHUE Y3KUX MECT

Orarn 3. Pa3paboTka MOJI0XKEHHH TPOTrPaMMBI JIOSUTBHOCTH

Oran 4. Anpo0anusi mporpaMmBbl JOSUTBHOCTH Ha (POKYC-TPYIIIe

Oran 5. KoppekTupoBKa MOJOKEHUH POTPaMMBI, 3aITyCK
IpOrpaMMBI B MacIITabax Bceil KITMEHTCKOH ayIuTOpUH

Oran 6. MOoHUTOPUHT 3P (HEKTHBHOCTH MIPOTPAMMBI JIOSTIBHOCTH

Puc. 2. Anzopumm pa3pa6omku u HedpeHusi NpozpaMMb| A0SLHOCMIU 8 MPaHCNOPMHO-II02UCMUYeCKOL KOMNaHUU (COCMasneHo asmopoM [4]).

HOCTH SBJISIETCA CYIIECTBOBAaHUE AHAJIOTMYHOTO
MapKEeTHHI'OBOTO HHCTPYMEHTa B chepe nepeBo-
30K MaCCAKUPOB.

Hawubomnbieit 13BeCTHOCTHIO 00J1a1al0T MHO-
TOUHUCIICHHBIE IIPOTPaMMBbI JIOSIBHOCTH, peaji-
3yeMbl€ aBHALIMOHHBIMU KOMITAHUSIMU, aHATTU3Y
3 PEKTUBHOCTH KOTOPBIX MOCBSIIICHBI MHOTOYHC-
JICHHBIC Hay4dHbIe (Hampumep, [5—7]) u KoHcan-
THUHTOBBIE MCCIIE0BAHMS U ITyOJIMKAIUK B JIEII0-
BOH IIpecce, Ha caifTaX KOMITaHUH-TIEPEeBO3UNKOB
WM TapTHEPOB MPOrpaMM, a TaKxkKe Mpeasarae-
MbI€ TOJIb30BaTENISIM PAHKUPOBAHHBIE CITUCKU
MEPEBO3YUKOB B COOTBETCTBUM C CUCTEMOM 3a/1aH-
HBIX COCTaBUTEISIMU KPUTEPHEB.

HenocpenctBeHHo B cdepe xKeae3HOI0poK-
HOTO TpaHcnopTa B Poccuu peub UAET 0 «I1po-
rpamme «PXJI-00nHyc», Omaromapst KOTOpoi Ha
MPOTSHKCHUU JICBATH JICT MACCAXKUPBI OOMCHU-
BAIOT HAKOTUIEHHBIE OOHYCBHI Ha MOE3/IKH B [T0€3-
nmax v Baronax AQ «®DIIK», «Carcan» u «Ae-
rpo»» [3]. «HuCcIeHHOCTh YyY4aCTHUKOB IIPOrpaMm-
MBI € KaX/IbIM TOJIOM yBeJnu4uuBaercs» [3] u, 1o
MOCJICTHUM JIaHHBIM, IPEBBICHUIIA OTMETKY B TPU
MUJUIMOHA YEJIOBEK, KOTOPhIE COBEPIIMIN 3a
TMIOCJICTHIOKO TIATHIIETKY O0JIee IBYX COTEH ThICSIY
MpEeMUATIBHBIX MOE30K . [[0J0KUTENbHBIN ONBIT
ucnoap3oBanus nporpamMmmsl «PXKJ[-Bonyc»
MO3BOJISIET MOATBEPAUTh paHEe BBICKA3aHHOE
MHEHHUE O TOM, YTO aHAJIOTMYHBIA UHCTPYMEHT
1eJIeCO00pa3HO TPUMEHSTH MPH MMOCTPOCHUN
JIOTOBOPHBIX OTHOILIEHUH C YACTHBIMH OTITPABH-
Teastmu Tpy3oB [3]. Ilpu atoMm cienyer Hamo-
MHUTB, YTO ¢ no3unuu mapketunra «PXK/I-bo-
HYC» MPENICTABIISICT COOOH MHOTOKOMITOHCHTHBIH
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«IPOIYKT, B HEM COYETAIOTCS pa3IN4HbIC WH-
CTPYMEHTBI: ¥ SMOLIOHAJIbHBIE (COPEBHOBATEIIb-
HBIC ¥ TOP)KECTBEHHBIC MEPOTIPHUATHS), U MaTe-
pHabHbIe (CKUJIKH, aKIIMU, OOHYCHI)», 1 HH)OP-
MalMOHHbIE (3aIlyCKaeMble B 3ajlaX OXKWIaHHS
U moe3aax pexkJaMHble BHAeopoduku) [3].
«bnarogaps coOpaHHBIM JTaHHBIM KOMIIAHUS
HMMEET BO3MOYKHOCTH IPOBOJIUTH MTOJTHOLIEHHBIH
aHaJM3 W OLEHKY YPOBHS YIOBJIETBOPEHHOCTH
rnaccaxupon» [4].

IMonxoas! k popMHUPOBAHNMIO TPOTPAMM
JOSIBHOCTH A1 PU3NYECKUX JINIL
NPH NepeBo3Ke COOPHBIX IPy30B
dopmupoBanne 3(hHEeKTUBHON MPOrpaMMbl
JIOSUTBHOCTH TIPU B3aUMOJICHCTBUY C KIMEHTaMU-
(bM3MUECKUMY JIMIIAMH B PaMKax JJOTOBOPOB Mepe-
BO3KHM COOPHBIX I'Py30B, KaK NOIYEPKUBAIOCH Pa-
Hee, CTAHOBUTCS BO3MOMKHBIM TOJIBKO TTPU TOCTIE-
JIOBaTEeJIbHOM BBITOTHEHHUH JIOTHYECKH B3aUMOCBSI-
3aHHBIX ITAroB, a HE IPU CTUXUIHOM BHEAPEHUU
TEX WM MHBIX aKLHUH, JIH00 KOTMPOBAaHUH MapKe-
TUHIOBBIX MPOIYKTOB KOMIIAHUH-KOHKYPEHTOBY
(puc. 2) [4]. AHapxudHBIC ACHCTBHS MOTYT CTaTh
MIPUYMHOM YOBITKOB KOMITAaHWH, ITOTEPU aBTOPH-
TETHOCTH OpeH/ia, KIIMEHTCKON 0a3bl, yHUKAIBHO-
ctu cepBuca «PXKJ[-Dkcerpeccy B m1a3ax rpy300T-
MIpaBUTENEH.

[lepBsIii 5Tan BKIOYaeT B ceOst U3MEpeHHe
TEKYILEro YPOBHS NPEJTaHHOCTH KJIMEHTOB KOM-
nanuu. Haubounbiieil momyIsipHOCTRIO Cpeau
BCEX MHCTPYMEHTOB aHaJIN3a MOJIb3YeTCs KOA(-
¢unmentHsIt MeToa. B yueOHoli, MoHOTpadu-
YeCKO! U MepUOUYECKON TUTepaType NpeICTaB-
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Taoéauma 1

Cucrema k03¢ (pUIIIEHTOB 1151 AaHATN3A JIOSIIBHOCTH KJINEHTCKOH ayTuTOPHH
(BbINOTHEHO aBTOpPOM) [3]

HaunmeHoBanue mokasaresst

Mexanu3m pacuyéra

DKOHOMHYECKOE COZICPIKAHUC

K1 — xoadpuient
TEKY4eCTH
Tpy300TIIpaBUTENCH

OTHoIIeHNE YHCTa
TPy300TIpaBUTEIIEH,
MPEKPATUBIINX COTPYIHUIECTBO
C KOMITaHHEH 3a pacyETHbIN
MePHOI, K O0IIEH YMCIEHHOCTH
KJIMEHTOB Ha HAYaJlo epruosa

Jlons noTepssHHON KIIMEHTCKON ayIUTOPUN

B KJIMEHTCKO# 6aze. MOXeT pacCUUTBIBATHCS

Kak 110 KOMIIAaHUH B II€JI0OM, TaK U 110 OTAENbHBIM
MPEIOKEHUSIM, 33 OJIMH HIIH HECKOJILKO IIEPUO/I0B

K2 — xoadpurent
MOCTOSTHCTBA
rpy300TIIpaBUTENCH

OTHOIIEHNE YHCIIa AKTHBHBIX
KJIMEHTOB B Pacu€THOM Iepuoe
K 00IIel YHCICHHOCTH KJINEHTOB
Ha Hayaso nepuona. K2 =1—-KI1

IIpouent rpy3zoornpaBureneil, COXpaHUBIIHX
otHoteHust ¢ OAO «PX/I» B TeueHune pacu€THOro
neprosIa, B 00IIEi YHCIEHHOCTH KIINEHTOB

Ha Hay4aJo nepuosa

K3 — koadpurpent
YACpIKAHUS
IPY300TIPaBUTEICH

OTHolIeHNe YncIa
TPYy300TIIPAaBUTENEH, TTOBTOPHO
BOCIIOJIb30BABLINXCS YCIyTOM
«PXK]I-Oxcmpece» k obmemy
KOJIMYECTBY IPY300TIIpaBUTENEH
B IIpebIAYIIEM IEPHOIE

IIporeHT rpy300TIpaBUTENIEH, BOCIIONb30BABIINXCS
yemyroii «PX/I-Dxenpecc» HOBTOPHO B 00IeM
KOJIMYECTBE KJIMEHTOB B IPEBIIYIIEM HEpHOEe

K4 — cpennuii cpok
COTPYAHHYECTBA
C IPy300TIIPaBUTENIEM

OTHOIEHHE CyMMbI IEPHOIOB
COTPYIAHHYECTBA C KaXK[HIM
KJINEHTOM K OOIIel YNCIEHHOCTH
TPY300TIIPaBUTENECH-PUIHIECKIX
M1

OrpaxaeT HPOAOIKUTEILHOCTh COTPYHHYECTBA
¢ xiauenTamu. Koapuuuent Moxer ObITh
PACcCUMTaH KaK [0 KOMIIAHHH B L[EJIOM,

TaK U 10 OTACIBHBIM IIPEUIOKSHUSIM, 32 OIUH HIIN
HECKOJIBKO MEPHOJIOB

K5 — koadpurpent
CTaOUIBHOCTH KIMEHTCKOM
ayJINTOPUH

OTHOIIEHHE YHCTIEHHOCTH
BBIOBIBILIMX 33 PACYETHBIN TIEPUOL
KJIMEHTOB K CYMME YHCJIEHHOCTH
CYILIECTBYIOIIHX Ha €r0 Hadaao

U NIPUBJICUEHHBIX 3a PACUETHBII
HIePHOJ

ViutrocTpupyer cTaOMIbHOCT KIMEHTCKOM 6a3bl.
Teopernuecku KO3QOHULIUESHT TOHKEH CTPEMHUTHCS
K 1 (mmm 100 %)

K6 — cpennsist croumoctb
MPUOOPETEHHBIX YCIIyT
IPY30IEPEBO3KH

OTHoOIIEHHE CYMMBI BCEX
JIOTOBOPOB IPY30IEPEBO3KH

¢ husHUecKUMH

JIUIAMH K YACICHHOCTH
Tpy300TIpaBUTEICH-QH3NICCKIX
JIUL B PACUETHOM NIEPHOJIE

TToka3biBaeT CPEAHIOI0 CYMMY NCHEKHBIX CPEACTB,
YIUTQUCHHYIO OTHUM I'PY300TIIPABUTEIEM

K7 — koadpurment
MOBTOPHBIX MOKYIIOK
Tpy300TIIpaBUTENCH

OTHOIIEHUE KOJTHYCCTBA
JIOrOBOPOB I'PY30IEPEBO3KH

¢ hU3UICCKUMH JTHIAMH 38
PacYETHBIN MEpPUOJ K YUCICHHOCTH
TPY300TIPABUTENCH-PUIHICCKIX
JIHL, 3aKJIFOYHMBIINX JOTOBOP
TPY30NEPEBO3KU B paCYIETHOM
nepuose

TTokasbIBaeT KOIMYECTBO CACITIOK, MPUXOJISAIIeeCcs
Ha OJIHOTO OTHpaBUTENS Ipy3a

JICH IIMPOKHUH MepeueHb TeX MM HHBIX KOddu-
LUEHTOB, 110 UTOraM MX CUCTEMAaTH3alluH aBTO-
poM cocrasieHa Tabm. 1 [3].

ApPryMEeHTOM B TOJIb3y pacyéra MpeicTaB-
JICHHBIX B Ta0IMIe KOI(PPHUIIMEHTOB 10 paspa-
OOTKH TPOTpaMMBI SIBJISETCS HEOOXOIUMOCTh
($hopMHUpOBaHUS NMPENCTABICHUN O TEKyIIEM
YPOBHE JIOSUIBHOCTH, a TIOCJIE BHEAPEHUS IIPO-
rpaMMBbI — TOTPEOHOCTH «B TOHMMaHUH TEKYIIle-
TO COCTOSIHUSI KJIMEHTCKON 0a3bl JJIsl OTCIICHKH-
BaHMS e M3MEHEHHH M (AaKTOPOB, KOTOpHIE
MOTYT ITOBJIHSATH Ha HUX B Oymymem» [3].

HemnocpencTBeHHO oIpezeieHe YHCI0BbIX
saaueHuit K1-K7 g OAO «PXX]]» aBropoMm He
OCYIIECTBISIIOCH 10 IPHYMHE 3aKPHITOCTH JIaH-
HBIX, HEOOXOIMMBIX JUIsl UX pacuéra.

Pesynbrarsl pacyéra M aHaiIHM3a yKa3zaHHBIX
B TabmnmIe k03P GUINEHTOB MOTYT CTaTh OCHOBA-
HHUEM JUIsl yITyONeHHOTO MCCIIeA0BaHMs (PAaKTO-
POB, TTOBJIMSBILHX Ha IIOJTy4YCHHBIC 3HaUeHMs. Tax,
(haKTOPHBII aHAIIM3 IPUYNH TEKYIECTH IPy300T-
npasureneid (K1) npenmonaraer ycraHoBieHue
COCTaBa MPUYHH, B CHITy KOTOPBIX IPY300TIIPABH-
TeNsIMU He ObLIa COBEPIIICHA TIOBTOPHAS CICTIKA.
B ux umcne MoryT OBITh TakHe, Kak COTPYHUYC-
CTBO C KOMIAaHUSIMH-KOHKYPEHTaMH, HEYOBIIE-
TBOPEHHOCTH COCTABOM JIOTIONHUTEIBHBIX YCIIYT
nas cepuca «PXKJ[-Okcmnpeccy, kauecTBOM
OKa3aHUs YCIyTH, YCIOBHSIMH TIPEIOCTaBICHHS
rapaHTUil KJIHEHTY.

B nomonnenune x pacuéram xkosddunmeHra
cTaOUIBHOCTH KiHeHTCKOH aymutopun (KS5)
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Yucio MOJIY4Y€eHHBIX OTBETOB

T'0TOBHOCTb PEKOMEH/I0BATH CEPBHC OKPYKEHHIO

Puc. 3. OyeHka pecnoHdeHmamu cmeneHu 20mosHocmu pekomeHdoeamsb cepauc «PX[-3kcnpeccy
6nwxaliuwieMy OKpYyXeHUIo (COCMasieHO aeMopPOM Ha OCHO8E 0NPoCa).

Kunacc xinenTa (morpedurebckas yCTaHOBKa)

)

Bocrop:xennblit Heiitpanbhblit HenoBomnbHblii
(o0s13aTennbHO (BO3MOXHO (01HO3HAYHO
MOPEKOMEH/IYI0) MOPEKOMEH/IYI0) HE MOPEKOMEH/TYI0)

)

! !

INocTaBun OLICHKY
9-10 GastoB

INocTaBuin OLICHKY
7-8 6ayioB

TlocTaBuinm orieHKy
0-6 GayioB

|

| |

11 omporeHHbIX

51 omnporeHHbIN

72 OTIPOIIEHHBIX

l

: I

MIMeroT NoJIOKUTEIbHBIE
SMOIUH OT
B3aUMOJEHCTBUS C
kommanueir OAO
«PXI», roToBBI
TIOJIOXKUTEIILHO
OT3bIBaThHCS 00 yciyre

B JINYHOU Oecejie,
B HHTEpHETE

Onpapaany OXUJIaHuUsL.
BruMarensHO U3ydaroT
KOHKYPEHTHBIE TIPEIUIOKEeHIS,
OAO «PX]I» um e
6e3pazniyno. OHO3HAYHO
PEKOMEHJIOBaTh yCIIyTH HE
TOTOBBI, HE UMEIOT
JIOCTaTOYHO apryMEHTOB

He onpasnamn
O’KH[IaHHs1, BEPOSITHEE
3a0ynyT 00 yciyre uin
OyayT OTrOBapHBaTh
Jrofei U3 OJrKaniero
OKPY/KEHUS.
MOJIb30BATHCS
yeayramu OAO «PX/I»

Puc. 4. Oyenka nosnbHocmu knueHmos OAO «PX[]», eocnonb3oeaswuxcs ycnyzol «PX[-Skcnpeces
(cocmasneHo asmopom Ha ocHoge onpoca [3]).

MOXHO PacCUMTaTh KOJIHYECTBO JTOTOBOPOB
TPY30IEePEeBO3KH, OIIAYCHHBIX OTHUM KJIHEH-
TOM (YacTHOE OT JENICHUS KOITUYEeCTBA 3aKIIIO-
YEHHBIX JJOTOBOPOB TPY30MEPEBO3KH K 00LIeH
YHUCIEHHOCTH BCEX KIMEHTOB B PAacCUETHOM
nepuone, uen.) [3].

HNHTepnperanus pe3yabTaToB oNpoca
Haubonee pacrnpocTpaHEHHBIM HHIHKATO-
POM B ITPAKTUKE MAPKETUHTOBBIX HCCIICAOBAHUN
SIBIISIETCS MHJCKC JIOsUIbHOCTH KineHToB (Net
Promoter Score, NPS). Jlns1 ero pacuéra nmpoBo-
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IUTCS aHKETHPOBAHHE, MO0 UTOTaM KOTOPOTO
YCTaHABIMBACTCS, HACKOJIIBKO KJIMEHTHI KOMIIa-
HUH TOTOBBI PEKOMEHI0BaTh €€ CBOeMy OmrKai-
neMy okpysxeHuro [8-20].

JI71s1 mieneit o1eHKy KIIMeHTaMu MOTEeHITNATb-
HOM 3HAUMMOCTH TIPOTPaMM JIOSIBHOCTH C HC-
nosb3oBanreM Google-popmer B [mobanbHOM
CETH MPOBOAMIICS OTIPOC CPEU IPy300TIIPABU-
Teneil-OU3NUECKX JINI, OCYILECTBISBLINX IIe-
PEBO3KY COOpHBIX I'PYy30B C HCIIOJIb30BAHUEM
cepBuca «PX]I-Dkcnpecc» B Mapre-ampene
2021 rona.
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T'0TOBHOCTb PEKOMEH0BATH CEPBHC OKPY/KEHHIO

Puc. 5. OyeHka 3Hayumocmu dnsi nompebumenel Hanu4us npozpammbi nosinbHocmu y OAO «PX[»
(cocmaenieHo aémopoM Ha 0OCHO8e 0Npoca).

KomnmuecTBo pecrioHneHTOB cocTaBmino 134.

AHKETHpPYEMBIM OBLITH 3aIaHBI BOIIPOCHI:

«1. OueHHUTE C WUCIONB30BAHUEM [ECATH-
0ayUTFHOM TIKANBI CTETNeHb Barreii roToBHOCTH
nopexkoMenaoBath cepsuc «PX/[-Dxerpecey
IPYy3bsM U 3HAKOMEIM, T7ie 0 — HarMeHbIast Be-
POSITHOCTB peKoMeHanmy, a 10 — HandombIasi;

2. OTeHNUTE C UCTIONB30BAHNUEM JICCATHOAIT-
HOW TIKAJbI, HACKOJIBKO MOBIUSICT HATHMINE
MIPOTpaMMEI JIOSUTFHOCTH Ha Bamy nmpuBepxeH-
HOCTh Operay OAO «PX/», roe 0 — He moBIHs-
eT, 10 — 3ameTHO moBNHsAET» [3].

Pe3ynpTaThl aHKETHPOBAHUSA MO TEPBOMY
BOTIPOCY TIPENICTABICHBI Ha PHC. 3.

Kak BHIHO, OTBETHI PECIIOHICHTOB 3aMETHO
OTIINYArOTCs. PeCITOHICHTHI IT0 UTOTaM TTOCTaB-
JICHHBIX OLIEHOK PacCTIpeIeTIUINCh Ha IeCATh
TPYTIIL.

[ocrne momyueHns GaTBHOM OTIEHKU KITHCH-
TaM TPUCBAWBAJICA OAUH U3 TPEX KIACCOB
(puc. 4) [3].

Hcnonb3ys nTorn aHKeTHPOBAHUS, MBI OTIpe-
nemd [3] (¢ ya9€ToM PUBOAMMBIX HUKE OTO-
BOPOK) HHAEKC JosuTbHOCTH (NPS):

NPS=d _-d ,

e «dBK — JIOJISt BOCTOP)KEHHBIX KIIMEHTOB B 00-
IIEM YHUCJIC KIUCHTOB, %0;

d  — 1071 HEOBOJBHBIX KJIMEHTOB B 00IIEM
YUCJIC KJIUEHTOB, %0.

Taxkum obpazom, mist yeryru «PXK/I-Oxc-
Tpeccy» 3TOT HHICKC OyIeT COCTaBIATEHY [3]:

NPS = 8,2 % — 53,7 % =-45,5 % [3].

ITonmy4eHHbI# pe3ynbrar o nepBoMy BOIpocy
MMEET OTPHIIATETFHOE 3HAYCHUE, HO OH HE MOXKET
OBITH UCTIONTB30BAH IS TTOTYUCHHUS OOTIIEH OTICH-
KH yHAOBIETBOPEHHOCTH KJIMEHTOB C YYETOM OH-
JTaiH-(GOpPMBI TIPOBEAEHUSI ONPOCa U BBIOOPKH
PECTIOHIICHTOB Ha OCHOBE TOOPOBOIEHOTO OTBETA
Ha ITPe/II0KEHHBIE BOMPOCHL. Bo-TiepBHhIX, BEIOOD-
Ka KJIMEHTOB He OblTa penpe3eHTaTnBHOI. Bo-BTO-
PBIX, crienuKa POBEICHHS OIIPOCOB HA OCHO-

BE JI00POBOJILHOM BBIOOPKH, IPHYEM 3TO B TIOJI-
HOH Mepe OTHOCHUTCSI M K MAPKETHHTOBBIM HCCIIe-
JIOBAHUSAM B CAMBIX Pa3JIMYHBIX OTPaACIAX,
TIPE/IIONaraeT PUCK HEMPOIOPIMOHAIBHO OOITh-
10} TPE/ICTaBICHHOCTH JIUI] C YCTOSIBIIMMCS
MHEHHEM, KaK OTPUIATEIBHBIM, TaK U TOJIOKH-
TEIBHBIM. DTOT BOIPOC BBIXO/IUT 38 PAMKH H3yde-
HUS JAaHHOW CTaThbU U NMPEJICTABISIET OTACIbHBIN
MpeIMET ISt u3yueHust 2.

Bwmecte ¢ TeM, morydeHHBIE TaHHBIE, HE Oy-
JIyYH JI0CTaTOYHBIMU JUIsl IOCTOBEPHOTO pacué-
Ta uHACKca NPS, maroT OCHOBY I OLICHKH
MIOTEHIMAIBHOH TPUBIICKATEIHHOCTH ITPOTPaMM
JIOSUTBHOCTH ISl Pa3JIMYHBIX KIIACCOB PECIIOH-
JICHTOB.

JJ1s1 3TOTO Ha CIIe/TyTOIIEeM dTarle, Ha OCHOBE
OTBETa Ha BTOPOH BONIPOC, OblIa N3MEpEHa cTe-
TICHb 3HAYMMOCTH BHYTPHU Ka)KIOH TPyMNIIBl Ha-
JIMYHS TIPOTPaMMBI JIOSTTBHOCTH TSI TPY300TIIpa-
BUTEICH-(PU3NIECKUX JINI] TI0 JeCATHOAIITBHON
mkaie (puc. 5).

Ha ocHoBe pe3yasTaToB orpoca CieayeT He
TOJIBKO TNPSIMOI BBIBOJI O CETMEHTHPOBAHUH
PECTIOHJICHTOB Ha TP TPYIIIBI HCXO/S U3 YPOB-
HSl X YIOBJIETBOPEHHOCTH yCIyroi (mpuuém,
KakK BHIHO, HanOojee MHOTOYHCIICHHONW OKa3a-
JIach IpyIa HEYBEPEHHBIX B CBOEH TOTOBHOCTH
PEKOMEH/I0BaTh CEPBHUC JIIOMISIM U3 CBOETO OKPY-
JKEHUS), HO M O HAJIMYWH OOIIMPHO ayInTOPUH
MOTEHIMAIBHO OJMU3KUX K MPHUBEPKECHHOCTH
Openy KieHTOB. K HUM MOXXHO OTHECTH TaKxkKe
PECTIOH/ICHTOB C OIICHKaMH 6—8 OalIoB, COCTaB-
nsromux 41 % ompomeHHBIX. OMpoc moKasal,

! Cwm., mamp.: Stephanie Glen. Voluntary Response Sample
in Statistics: Definition. From StatisticsHowTo.com:
Elementary Statistics for the rest of us! [DnexrpoHHsIi pe-
cypc]: https://www.statisticshowto.com/voluntary-response-
sample/. loctym 30.05.2021.

> Cwm., Hanp.: Online Surveys: Data Collection Advantages
& Disadvantages. [Dnextponusiii pecype]: https:/www.
cfrinc.net/cfrblog/online-surveys-advantages-disadvantages.
Joctym 30.05.2021.
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Puc. 6. lpuyuHbl, nognusiewue Ha 8bI60p husuyecKuMu
nuyamu cepsuca «PX/[-3kcnpecc» (cocmaeneHo asmopom
Ha ocHoge onpoca).

YTO HAJIMYKME TIPOTrPAMMBI JIOSLTbHOCTH MOTHUBHU-
PYeT Ha pa3BUTHE «JIOJITOCPOYHBIX OTHOIIEHUI
C KOMIaHUEH (CpeIHss OLICHKA 3HAYUMOCTH JIJIst
JTHUX IPYIIIT HAXOJUTCS Ha OTMETKE BOCEMb Oasi-
JIOB)» [4], 4TO MOATBEPIKIACT HATTMYKE Y KOMIIa-
Huu OAO «PX]I» mo sTomy HampaBiIeHHIO
JIEITETIBHOCTH «pe3epBa M0 HapallluBaHUIO MO-
CTOSTHHOHM KJIMEHTCKOM 0a3bl, B TOM YHUCIIE T10-
CPEJICTBOM ITPOTPAMMBI JIOSITBHOCTHY [3].

ITonxoaw! k (hpopMHUPOBAHMIO TPOTPAMMBI
JIOATIBHOCTH

[Tpu pazpaborke e€ MoNoKEeHUH 1enecooo-
pa3HoO NMPUHUMATh BO BHUMaHHE aHaJIOTHYHbIE
POrpaMMbl KOMIIaHHH-KOHKYPEHTOB 10 JIByM
MpUYUHAM!

1. C uesnbro OEHUMAapKHHTa — UCIIOIb30BaHMUS
JYYILIUX HPAKTHK B LEJSX MMOBBIMICHUS KIHEH-
toopueHTHpoBaHHOCTH OAO «PX/».

2. C uenp0 MUHUMH3AIMH BEPOSTHOCTU
TOTO, Y4TO B pE3YJIBTATE UCIIOIb30BaHHsI THIIOBBIX
MapKEeTHHIOBBIX HHCTPYMEHTOB cepBuc «PYK/I-
DKcmpece» yTPaTUT CBOIO YHUKAJIBHOCTh, CTaB
JUIS TIOTPEOUTEIIS OJIOKEHHOU YCITYTOM, HapsiLy
C MPOJYKTaMH KOHKYPEHTOB.

B ocHoBe nporpaMmel JIOSUIBHOCTH JIOJKHBI
HaXOAMTHCS MPEIOYTEHHS] CAMHUX KJIHEHTOB,
OCHOBaHHBIE HA MOTHBAX BbIOOpa yciryrd. [lyist ux
BBISIBJICHUSI PECIIOHJICHTaM ObUI 3aJlaH TPeTHH
Bonpoc. OH 3akioyascs B yKa3aHUU MPUYUH
3aKJIIOUCHUS JOTOBOpa C KOMITaHHEH. ABTOpoM
ObuTH nIpeasiokeHsl ceMb npuund (I11-117). Bei-
Opartb cie10BaII0 OHY, INaBHY0. OnucarensHas
XapaKTepPUCTUKA IIPUYMH HIPE/ICTaBIeHa HIKE:
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1. OrcyrcrBue ansrepHarussl (I11) — rpy3o-
oTnpaButenb nonaraet, uto y OAO «PXK» ot-
CYTCTBYIOT KOHKYPEHTBI. B Takoii cutyaruu Het
HEOOXOIMMOCTH HE TOJILKO pa3padarhiBaTh
[IPOrpaMMBbl JIOSUIbHOCTH NOTpEOUTENeH, HO
U B IIPUHIIMIE UJICHTUPHUIUPOBATH CBOUX KITU-
€HTOB, MOCKOJIbKY ITO3HIIMSI MOHOMOJINCTA 1103~
BOJISIET KOMITAaHUY HE OECTIOKOUTHCSI 00 OTHOIIIE-
HUH NOTpEOUTEICH.

2. [Tpussbruka (I12) — n1abiaoHHOE MOBEACHNE
OTpeOUTENsI, KOTOPOE HE FOBOPUT HU O €ro
YIAOBIETBOPEHHOCTH, HU O JIOAJIBHOCTH, COOT-
BETCTBEHHO, NPY HAJIWYMU TAaKOTO MOTHBA HE
HYKHO PAaCCUMTBIBATh HA YBEJINYEHHE TIPOJIAXK.

3. Marepuanbnas skonomust (I13) — npenrmo-
Jaraemast KJIMEHTOM BBIr0/1a, KOTOPYIO OH IOJTy-
yaeT rpu odpamienun k yciyram OAO «PXK ] »,
B TaKOM Clly4yae KIIMEeHT npeamnonaraet (Cyobek-
THUBHO WJIM OOBEKTHUBHO), YTO YCIIyTH KOMIAHUU
JICLIIEBJIe, YEM aHAJIOTHUYHBIE YCIYTH Yy KOHKY-
PEHTOB.

4. Ipectmxk (I14) — omrymuieHue yaI0BICTBO-
PEHUsL, TOPAOCTH, COOCTBEHHON 3HAUMMOCTH IIPH
obpamennu B komnanuio OAO «PXK/I». B cu-
Tyalusx, Korjia MMEeeT MecTo 3TOT MOTHB, MOX-
HO OBITh YBEPEHHBIM B TOBTOPHOM OOpaIleHUH
KIIMEHTa B KOMITAHHUIO.

5. Hosepue (I15) — yBepeHHOCTH B KBaIU(U-
Kaliy IepcoHala, CloCOOHOro OKa3arh YCIyTrH
B TpeOyeMOM KadecTBe.

6. Cnyuaiinocts (I16) — «rpy3oornpasurens
0o0OpaTuiIcsi B KOMITAaHUIO CIIOHTAHHO (HaIpuMep,
HaXo/sICh B KOMaHJIUPOBKE, HAXO/SICh B HEIO-
CpeACTBEHHOH Oim30cTh OT odrca KOMIIaHUH
uT.a)» [4].

7. KauectBo ycmyru (I17) — B 9TOT moka3zarenb
MOTYT BXOJHTh «Pa3IM4YHbIE XapaKTEPUCTUKU
YCIIYTH: I10JI€3HOCTh, CPOK OXKUAAHHS, KOMPOPT-
HOCTB ¥ Jip.» [3]

Ha Bompoc orBeTnin ykazanHsle Boiiie 134
PECTOH/IeHTa, BOCIOIb30BABIINXCS YCIyTroi
«PXKI-Okcernpecey. Pesynbrarsl (¢ y4€ToM BbilIe
C/IeIaHHBIX OTOBOPOK) IIPEJICTABIIEHBI HA PUC. 6.

PaHee oCHOBHBIE pe3yNbTaThl OBLIM TAKXKE
oryonkoBaHsl B [4]. B cooTBeTCTBHU C HUMH,
«HauOOJIbIIee YHCIIO PECIIOH/ICHTOB B KaueCcTBe
OCHOBHOM NPUYUHBI, TI0 KOTOPOI OHU BBIOpAJIH
kommanuio OAO «PXX]I» B ponu rpy3omepeBos-
YHMKa ISl TPAHCHOPTHPOBKU COOPHBIX I'PY30B,
cuntatot kauectBo (I17). IHTepecHO oTMETHTD,
YTO MIOCJIC OKA3aHUs YCIIyT' MHOTHE U3 KIINEHTOB
OKa3aJIMCh HETOTOBBIMU PEKOMEHIOBATh CEPBHC
cBOEMY OJMKaiIleMy OKpYKEHHIO, [0 IPUUUHE
HE ONpaBJABIIMXCS B MOJIHOW Mepe OXKHJIaHUH.

IOcynoaa O.A. AHanus NoANbLHOCTU KITMEHTOB-YaCTHbLIX J1L, C LieNbIo NOBbILLEHUA

KIMEHTOOPMEHTUPOBAHHOCTU KOMNaHMU-TPY30NePeBO34UKa




CocpenoToYeHHBIE HA MAaTEPHATBHOM MIIM SMOINOHATEHOM MOOMIPEHUN
—> (TIomapku, CKUIKH, aKIuu, Ki1yo VIP- KIMeHToB, IpUBHIETHN
B 00CITy’KMBaHHIH)

JIOSITIBHOCTH

PaSpa6OTaHHI>Ie 101 KOHKPETHYIO KATErOpHI0 KIIMEHTOB
il (HCHCI/IOHepLI, TpaxxJaHe, Nepee3Karole Ha HOBOE MECTO )KI/ITCJ'IBCTBa)

WHCTPYMEHTBI IPOrPaMMBbl

KobpeHnanHroBbIe PO TyKTHI
(COBMECTHO C areHTCTBaMU HEJBKUMOCTH; HHTEPHET-MarasnHamMu 1 T.11.)

Puc. 7. [pynns1 uHcmpymeHmoe npozpammbI f0siIbHOCMU O11s 2pY30Nepeeo3yUKOo8 (COCMaeIeHo agmopom).

DTy NIpUYKHY ClIeayeT IPUHUMATh BO BHUMaHHE
TIpU pa3paboTKe MPOrpaMMBI JIOSLILHOCTH (Oosiee
MOAPOOHO 00 OIIEHKE KauecTBa yCIyTHU C M03H-
LMY KIIMEHTOOPUEHTHPOBAHHOCTH MOYKHO Y3HATh
U3 eI AyIuX myonukaiuii [ 1-4] aropa). Ha
BTOPOM MECTE I10 IOITYJISIPHOCTH CPEAN PECIIOH-
JICHTOB HaXOAMTCS BBICOKAsl KBaJH(pUKaLUS
nepconana (I15). Mcnonp3oBanue 3Toro ¢akra
JUIsSL TPOJIyMAaHHOM pPacCTaHOBKH aKI[EHTOB
B IpPOrpaMMe JIOSJIbHOCTH HEU3MEHHO Oyner
CIOCOOCTBOBATh PACIIMPEHUIO KIIMEHTCKOM Oa-
361 [4].

HaroMHMM Takxke, 4T0 «IIOMUMO OJIaronpusiT-
HOI1, 4acTh IPUYMH BBIOOPA IMEIOT HEUTPAIIBHYIO
okpacky. Takum 00pazoM MOXHO OXapaKTepu30-
BaTh OCYILECTBIICHHE BBIOOPA BCIIEJICTBUE OTCYT-
CTBHSL Y TPY300TIpaBuTes (10 €ro MHEHUIO)
ansrepHaruBbl (I11), npusbruku (I112), ciyyaiiHo-
cru (I16). Kpome Toro, 1eTainbHOMY OCMBICIICHHIO
HY>KHO TIO/IBEPrHY Th IPHYUHBI TOTO, I0YEMY JIUIIb
HEe3Ha4YMTEeJbHAsl JIONs aHKETHPYEMbIX yBepeHa
B HAJIMYMH MaTepUAIbHON SKOHOMHH IPH TIOKYTIKE
cepsuca (I13) u B ero npectmxke (I14). Huenupo-
BaTh BIIMSIHUE PUCKOB TN IOTEHIMAILHO HEraTuB-
HBIX (DaKTOB IMO3BOJIUT MHBEPCHUSI MOTPEOUTEIb-
CKHX YCTaHOBOK 3a CUET HHCTPYMEHTOB IIPOrpam-
MBI JIOSTTBHOCTIY [4].

«IIsTh pECNOH/IEHTOB OCTAHOBUJIHU CBOM
BBIOOD Ha yCJIyre BCIEICTBUE OTCYTCTBUSI allb-
tepHartuBbl (I11), Oyayun yOeKAEHHBIMU B TOM,
yT0 Yy OAO «PXK]I» OTCYTCTBYIOT KOHKYPEHTHI.
Crenyer UMeTh B BHJY, YTO TOIOOHBIH BBIOOD
MOXKET OBITB JIETKO U3MEHEH M0/ BO3ICHCTBUEM
Clly4allHbIX (haKTOpPOB, HAIPUMED, arPECCUBHON
peKiiaMbl KOHKYPEeHTOB. B To ke Bpemst cyiie-
CTBOBAHHE ATOH IPUYNHBI KAK MOTHBA OTPEOU-
TEJILCKOTO BBIOOPA, MOXKET OBITh HCIIOIB30BAHO
OAO «PX[I» nyist ykperuieHus JOATOCPOYHbIX
CBsI3eH C MOTpeOHTENIEeM Yepe3 MHCTPYMEHTHI

[IPOrPaMMBI JIOSUIbHOCTH, IYTEM MOAICPIKAHHS
Yy KJIMEHTa INPEACTABICHUS O KOMIAHUHM Kak
0 KpyIIHEHI1IIeM UIPOKe phIHKA, ClIocoOHOM (O1a-
rogaps 3dpdexry Macmtaba) MpeaoCTaBIsATh
pealibHbIe, @ He HOMHHAJIbHBIE CKUKH ITHPOKO-
My Kpyry KineHToB» [4]. «Bwibop 17 pecron-
JICHTOB ObUI cienaH B cuiy npusbiuku (I12),
KOTOpasi TAKKe CBUJCTENILCTBYET 00 HHEPTHOM
OTHOIICHUHU noTpeduTtess. biaromgaps mporpam-
M€ JIOSUTBHOCTH MOKET OBITh CO3[aH IOJO0KH-
TEJILHBII UMITYJIBC, YTO TpaHchOopMHUPYyET NpH-
BBIYKY B OCO3HaHHYIO IPUBEPIKEHHOCTb OPEHLY,
4yepe3 HaKOIUICHUE CKUI0K, OOHYCOB, YWICHCTBO
B Ki1y0Oe puBWIETHI U T./1.» [4].

«Puck 1 UMHIKA KOMITAHUH HECET TaKkKe
BOCIIpUSITHE €€ LIEHOBOM ITOJMTUKU KIIMEHTaMU
KaK HEKOHKYPEHTHO. JIUIIb ceMb OMpOILeHHBIX
n3 134 nonarator, 4to, Jenasi BEIOOP B TOJIB3Y
«PXKJI-Okcrpeccy, 5KOHOMSAT JICHEKHBIC CPe/l-
crBa (I13). OTNMYHBIM MHCTPYMEHTOM MOXKET
MOCIYXHTh IIPOrpamMMa JIOSUIbHOCTH, TaK Kak
y moTpeduTes 3a YT OOHYCHBIX 0AJIIOB, CKH-
JIOK, aKIuii (hopMuUpyeTcs OiaronpusiTHas ycra-
HOBKa OTHOCHUTEJIbHO CTOMMOCTH yCIIyT» [4].

TunoBble MapKETHHTOBBIE WHCTPYMEHTHI,
KOTOPBIE MOTYT OBITb ITOJIOXKEHBI B OCHOBY ITPO-
IpaMMBI JIOSIIBHOCTH, MOYKHO OOBEIUHUTD B TPU
OCHOBHBIE TPyHIIHI (pHcC. 7).

OOIEenpUHSATON SIBISETCSl KaTeropu3anus
KJIMEHTCKOH ay/IMTOPUH C TOUYKH 3peHUS] (PHHAH-
COBOTO TOJIOKEHUSI:

* BBICOKO IJIaTEXECIIOCOOHBIC (IIPEAIMOYnTa-
10T TIOKYIIKY YCJIYT 110 TPHHIMITY ITOJ] KIFOW»,
MOAIJICpIKaHKUE CTaTyca);

* HU3KO I1JIaTEKECIIOCOOHBIC (TIPESIITOUNTAIOT
9KOHOMHTD Ha IIeHe);

* KJIIMEHTBI CO CpelHel IIaTé&XecrnocoOHO-
CTBIO (ITPEANIOYNTAIOT B3BEIINBATh MaTepHallb-
HbIE 1 HEMaTepUaJIbHbIC TIAPAMETPHI).
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BbIBOAbI
Poct BeIpyuku ot npoxpax cepsuca «PXK/I-

7. Kautsiro, F., Awolusi, O. D. Loyalty programs for the
passenger transportation industry: a study of Zimbabwean

DKcmpece» TPy300TIPABUTENAM-(HU3HIESCKIM
nunaM OyIeT KOppecIOHIUpPOBATh C TEM, Ha-
CKOJTBKO TOUECHHOM Oy/IeT HaCcTpOiKa HHCTPYMEH-
TOB TIPOTPAMMBI JOSITBHOCTH COOOPa3HO 3arpo-
cam kiueHToB. [lepen macmTaOHBIM BHEIpE-
HUEM TIPOTPaMMBbI B AEATEILHOCTh KOMITAHUH
11enecoodpa3Ho THarHoCcTHPoBaTh e€ 3hheKTHB-
HOCTh Ha (POKyC-TpYTIIaxX, a 3aTeM HPOBECTH
aHaJIN3 M OIEHKY PE3yIbTAaTOB (COTIACHO
Tabm. 1) ¢ meIpI0 KOPPEKTHPOBKU COCTaBa Map-
KETHUHIOBBIX MHCTPYMEHTOB. B nonarocpounoi
TIEPCIIEKTUBE TOJOKUTEIBHBIM CIEACTBHEM
HCIIONIb30BAHUSI TPOTPAMMBI JTOSTIBHOCTH MOXKET
CTaTh HE TOJBKO yBEINIECHHE CTOMMOCTHOH CO-
CTaBJISIONICH, HO M CHI)KEHHE TyBCTBUTEIIHHO-
CTH TTOTpeOUTENEH K MOBBIIIEHHIO IIEH Ha YCITy-
TH.
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Mogenb HU3KO6HAKETHOro naccaxupcKoro
noesaa fanbHero cnegoBaHus

M4 paveltroickiy@mail.ru.

Naeen TPOULIKUIA

AHHOTALUA

BHedpeHue HU3KobKOXemHbIX naccaxupckux noe3dos
OanbHeeo cnedosaHus ynydwum AocmynHOCMb Nepeso3ok,
pacwupum eeozpacuro Mapuwpymos, ygenuqum yacmomy om-
npasneHuli noezdos, Ymo 8 umoze bydem cnocobcmeosams
pocmy naccaxupoobopoma u 00x0008 Nepeso3yUKo8.

C moyKu 3peHust HayuoHanbHolU 3KOHOMUKU NosieneHue
makux noe30os 6ydem codelicmgosamb NOBbILIEHUIO MPaHC-
nopmHol MobuNbHOCMU HaceneHUs, 8bIpagHUBAHUK PbIHKA
mpy0osbIx pecypcos, mypucmuyeckol npuenekamenbHOCMU
cmpaHbl U 0MOesTbHbIX PesUuoHo8, ysenuyeHuto BBIT 3a cyém
MynbmunauKkamueHbIx 3hhekmos. B pesynbmame akmugHoU
peanusayuu mMep 2ocydapcmeeHHol noddepKKU No pa3sumur
pezuoHansHoU aguayuu, cmpoumesbCcmey CKOPOCMHbIX asmo-
Mazucmparnel, BHeOPEHUK cepsucos COBMECMHO20 UCNO/b30-
gaHusi asmomoburneli 8 nocnedHue 200bi NPOU3OWIO Cyuje-
CMBEHHOE YBENUYEHUE KOHKYPEHUUU Ha pbiHKe danbHUX nac-
CaXupcKux Nepego3ok.

KaxdbIii ceameHm amoeo pbiHka mpebyem coomeememausi
nompebHocmam u oxudaHusM onpedeIeHHo20 muna KiueHmos,
ompaxatoujux eoapacm, obpasosaHue, 8ud desimenibHocmu, 00-
X00, (husuyecKoe COCMosHuUE naccaxupa.

Ilagen Cepzeesuu Tpouykuii

Hayuno-uccnedosamenbCKuil UHCIMUmyn Jiceiesno00podiCHO20 MPAHCNOPMA
(AO «BHUMIKT»), Mockea, Poccus.

KoHKypeHmocnocobHoCMb moeo unu UHo20 8uda Nepesosku
8 COBPEMEHHOM MUPE 8 nepayio o4epedb onupaemcsi Ha noece-
MECMHbIU POCM UEHHOCMU BPEMEHU KaK 3Ha4quUMO20 pecypca Je-
1108€4€CKOL JKU3HU U criedosamesbHO UEHHOCMU CKOPOCMU nepe-
MeuwjeHusi no acemy mapuwpymy cnedosaHusi (om dgepu do deepu),
mak Kak npoOdoKUMENbHOCMb XU3HU NOMUMO 3KCMEHCUBHBIX
(hakmopos (8bICOKOMEXHOMO2UYHOE 30paBoOXpaHeHuUe, 300p080e
numanue u 0p.), hopmupyemcs 8 moM yucre 3a c4ém UHMeHcus-
HbIX, K KOMOPbIM, 6€3YCII08HO, OMHOCUMCS SKOHOMUS 8PEMEHU Ha
nepedguxeHue.

Llenbto Hacmoswel pabomsi sgisiemces onucaHue busHec-
Mo0enu xene3HoO0POXHO20 NACCaXUPCKO20 low-cost-nepesosyuka
8 OarbHeM criedogaHuU, aHaru3 hakmopos, GhopMUPYIOLLUX MOOESTb
— MEXHUYECKUX, MEXHOM02UYECKUX, Op2aHU3aUUOHHbIX. Mcnosnb3o-
8aHbI MemoObI 3KOHOMUYECKO20 aHanu3a, HabmodeHus U cpasHe-
Husi. CAenaH 8b1800, YmMO OOHUM U3 KITKO4e8bIX ycrosull hyHKYUO-
HuposaHusi Modenu HU3K0bI0OXEeMHO20 NacCcaxupcKoeo Nepeso3s-
Yuka 8 dasibHeM criedosaHuU si8fisemcs SKCnyamauyus SHepeoah-
(heKmUuBHO20, COBPEMEHHO20 NOABUXHO20 cocmasa, 2ubKocmb U
onepamugHoCMb Npu (hOPMUPOBAHUL MapWPymHoU cemu, cocmae-
Hocmu, nepuoduyHOCMU KypcupogaHust low-cost noe3dos.

Kntoyesble crioga: haccaxupckue nepegosku, low-cost nepesosku, HU3KOBKOXEMHble nepesosyquKuU, )KeﬂeSHO@OpO)KHbIa hacca-

JKUPCKUU KOMNITEKC.

Lns uumuposatus: Tpouuxuti 1. C. Modens HuskobroOxemHo20 naccaxupcko2o noesda dambHeeo cnedosaHus // Mup mpaxcnopma.
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BBEOEHWUE

CTpaTeTn4ecKuM OPHUEHTHPOM KEIE3HOIO-
POKHBIX TACCAXKHUPCKUX MTEPEBO3UNKOB JOTKHBI
CIy)HTh PacIIMPEHUE MPOIYKTOBON JIMHEHKH,
obecrieyeHUE MYJIBTUMOJAIBHOCTH U CYIIe-
CTBEHHBII POCT MAPIIPYTHOH CKOPOCTHU IIEPEBO-
30K. B HambopIielt cTeneHn STH XapakTepUCTH-
KM cefvac MpHUCYI aBTOMOOMIBHOMY TpPaHC-
HOPTY B CHJIy €ro aBTOHOMHOCTH, THOKOCTH
U pacrpenesaéHHOCTH B mpocTpaHcTse [1].

BMmecre ¢ Tem noes3a 1anbHEro Cleq0BaHUs
10 CPAaBHEHHIO C aBTOMOOMIIEHBIM 1 aBAATPAHC-
MOPTOM HMEIOT P HEOCIOPUMBIX TIPEUMY-
IIECTB!

* 0e30I1aCHOCTDH [IEPEBO30K;

* TOYHOCTh BHINOJHEHUS rpaduKa JABHIKE-
Hus — 6onee 98 %'

* Oostee KOM(pOPTHBIE YCIOBHUS pa3MeIleHHs
MacCaKUPOB B CaJIOHE BaroHa;

* COYCTAHHE TPOEe3Ja C OTABIXOM B HOYHOE
BpeMs (T0e311-0Teb);

* [I0YTHU TOJIHAsI HE3aBUCUMOCTH IIEPEBO30K
OT MOTOJHBIX YCI0BHiA [2];

* pa3BETBIEHHAS MapUIPYTHAS CETh;

+ OecrutaTHas mepeBO3Ka /T B BO3pacTte
JI0 TISITH JIET;

* BRICOKHE HOPMBI ITPOBO3a PYYHOH KIaau;

* PacToJIOAKEHUE CTAHIUH TOCAIKU U BBICA-
KU B LIEHTPE TOPOJOB;

* 3KOJIOTHYHOCTB 2KEJI€3HOA0POKHOIO TPAHC-
mopta [3].

ITomMuMmo 3TOTO, KENE3HOTOPOKHOE Macca-
KHUPCKOE COOOIIEHNE UMEET BHICOKYIO COIIMAIIb-
HYI0 M CTpPaTeruuyecky 3HAa4YUMOCTb, B TOM
YHCIIe B PETHOHAX C AKCTPEMaIbHBIMHU MPUPOJI-
HO-KJIMMATHYECKIMH YCIOBHSIMH M OTCYTCTBYFO-
el JOpOKHOU 1 aBHAIIMOHHOW HHPPACTPYKTY-
poii [4].

busnec-mMoaenu poccuiickux *Kelne3Hono-
POXKHBIX MEPEBO3YNKOB OPHEHTHPOBAHBI B OC-
HOBHOM Ha NPEJOCTaBIEHUE CTAHJAPTHOTO,
YCTOSIBIIETOCS B XKEJIE3HOAOPOKHOW OTpaciu
KOMIUIEKCa YCIyT TEpeBO3KH. Tak, CTPYKTYpy
nmapka BarOHOB OCHOBHOTO XEJIE3HOZOPOKHOTO
naccaxupckoro nepeosunka Poccuiickoit de-
Jeparuu B ganbHeM coobrieHun — AO «DIIKy,
COCTABIISIFOT BATOHBI C IPEHMYIIECTBEHHO ClaNb-
HBIMH MECTaMH, UMEIOMUMH CYIIECTBEHHO
00TBIITYT0 ce0ECTOMMOCTH OTHOTO TTACCAXKUPCKO-
T0 MECTa, 3KCIUTyaTaIisl KOTOPBIX HA PaccTos-
Husx oT 200 1o 600 KM HEBBITOAHA, YTO TIPUBO-
JIUT K TOTepe MacCa)kUPOB HA KOPOTKUX PACCTOSI-
HUSX B TI0JIb3Y aBTOMOOMIIBHOTO (aBTOOYCHOTO)
tpaHcnopta. [lo manHeIM rogoBoro oruéra AO
«®ITK» 3a 2020 roj ero BarOHHBIH ApK COCTAB-

! TomoBoii ot4ét AO «®IIK» 3a 2020 rox. [Dmext-
poHHBIN pecypc]: https://fpc.ru/api/media/resources/
1735779%action=download. loctyn 15.10.2021.
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a5 16596 enuHuI, U3 KOTOPBIX JTHIIL 637 MeX-
obnacTHbIX .

OTmeTnM, YTO MEXBH/OBasl TPAHCHOPTHAS
KOHKYpEHIHsS caMa Mo cebe He MPHUBOIUT B
JIOJDKHOM Mepe K pocTy 3(QPEeKTUBHOCTH Jiesi-
TENBHOCTH Ka)KI0TO BUAA TPAHCIIOPTA, TOCKOIIb-
Ky B cllydae €€ HapacTaHUs 3a4acTyl0 BCTa&T
BOIPOC O TOCYAAPCTBEHHBIX JOTALUIX IS BBI-
PaBHUBAHUS YCIOBHH OCYIIECTBICHHS MEPEBO-
30K (HampuMep, pa3HUIBl B OIJIaTe yCIyT HH-
dpacrpykrypsr) [5].

B 371011 CBsA3M NpeACTaBIsAETCS AKTyaJlbHBIM
MIOUCK HOBBIX TPOYKTOBBIX MOJIEJIeH, KOTOPbIE
MO OBl TOBBICHTh KOHKYPEHTOCIIOCOOHOCTD
KEJIC3HOJOPOKHOTO TPAHCIIOPTA B BOCTPEOOBAH-
HBIX Y TOTpeOHTENel CerMEHTaxX PhIHKA IEPEBO-
30K. OZTHUM U3 HUX MOTYT SBJIATHCS HU3KOOIO/-
JKETHBIE TIEPEBO3KH B TT0E3/aX JAIbHET0 CIeI0-
BaHusl. [107100HbIH ONBIT IUPOKO HCHONB3YETCS
B I'PaXJAaHCKOW aBHAllMM, B HACTOSIIEE BPEMs
MPEANPUHUMAIOTCS TPAKTUYECKHE IIard B Psizie
CTpaH MO pean3aIiy MOJ00HBIX MPOSKTOB U Ha
KEJIe3HOTOPOKHOM TPAHCIIOPTE.

[lepBbIii HU3KOOKKETHBIN aBHAPEHC B MUPE
OBbLI OCYLIECTBIEH aMEPUKAHCKOI aBHaKOMIIa-
nueir Pacific Southwest Airlines 6 mas 1947
roja. 3a MocjeaHue JIeCATh JeT B MUPE MOSBH-
nochk 6oaee 100 HOBBIX aBHAKOMITAHMI, HAYaB-
KX MONETHI 0 TEXHOJIOTHH low-cost, B TOM
YHcie MPOUCXOAMTIA TIePeOpPUEHTANNA Ha TaH-
HBIIl CETMEHT MHOTHX KJIaCCHYECKHX aBHAKOM-
TIaHUH, a 107151 aBUANIACCAKUPOB, Ty TEIIECTBYIO-
MuX JoyKocTepamu, Beipocna ¢ 13 % 1o 29 %
B 00IIIEMHPOBOM MACCAKUPOTIOTOKE 2.,

B xene3HOmOpPOXHOHW oTpacnu OH3HEC-
Moyienb low-cost 710 TocieIHero BpeMEeHH 0cTa-
BaJlach HE CIMIIKOM BOocTpeOOBaHHOU. M3 Hau-
Oojiee SPKUX NMPUMEPOB XKEJIE3HOJOPOXKHBIX
low-cost-mepeBO3YMKOB MOXXHO NPHBECTH
uenickue Regio Jet?, Leo Express*, ncnanckue
BBICOKOCKOPOCTHEIE TToe3/1a Avlo HalmoHaNbHO-
ro omneparopa Renfe u npoekr Ouigo — nouep-
Hero oneparopa ¢panirysckoir SNCF?. Tlocnen-
HUH clly4ail TogpoOHO paccMaTpuBaJICs HCClie-
noBarensiMu [6]. MOXHO TpPHUBECTH NpUMED
TaK)Ke pearn3yeMoi BRICOKOCKOPOCTHBIM TIepe-

2 Yro Takoe JIOyKOCT-aBUANepeBO34YnK? [DICKTPOHHBIN
pecypc]: https://tripmydream.com/media/laythak/loukost-
perelety-vse-minusy-i-plyusy. Joctym 15.10.2021.

3 Cwm., Hamp., caiit komnanuu Regiojet. [DnekTpoHHBIN

pecype]: https://www.regiojet.com/services/services-on-
board-of-trains/low-cost.html. Joctym 15.09.2021.

4 JKene3HOZOPOXKHBIE NEPEBO3KH — KPYIHEHIINE KoMIa-
HUH. [DnexTpoHHsIi pecype]: https:/www.oborudunion.ru/
largest/jelezna-doroga-uslugi. Joctym 15.10.2021.

° Renfe samyctnin GromkerHble nmoesna Avlo mex iy Majpu-
oM u Bapcenonoii. [ Dnektpounslii pecypc]: https://zdmira.
com/news/renfe-zapustil-byudzhetnye-poezda-avlo-mezhdu-
madridom-i-barselonoj. {octym 15.10.2021.

TpOVILIKVIVI I1.C. Moaenb HU3KObOOAXETHOIO NaccaXXUpPCKoro noesna AasibHero crieqoBaHus




Bo3unkoM Thalys nmporpaMMbl HU3KOOIOIKETHBIX
epeBo30kK Izy (Ha3BaHKE CO3BYYHO aHIIIMHCKO-
MY CIIOBY «IIPOCTO», «ZOCTYImHO»)®. OTHOCH-
TENIbHO HEJaBHUH aHAJIN3 CIOXKHUBIINXCS TpaK-
THK ¥ TIEPCTIEKTHB Pa3BUTHUSI HU3KOOIOMKETHBIX
AKEJIE3HOMO0POKHBIX IIEPEBO30K B aIbHEM CO00-
IIEHUH C aKIEHTOM Ha BBICOKOCKOPOCTHOE CO-
00IIeHNEe TIPe/ICTaBIIEH B NCCIIEJOBAaHNH KOMITa-
uun Arthur D. Little’.

Oco0eHHOCTh BCEX MEPEUUCICHHBIX MOE3-
JIOB — COCTaBbI C MECTAMH ISl CH/ICHUSI, MAKCH-
MaJIbHO UCIIOJb3YIOINE BHYTPHBArOHHOE MPO-
CTPAHCTBO ISl pa3MEILEeHNUS T0CAT0UHBIX MECT,
TOT/Ia KaK HOPMBI PYYHOH KJIaJH, BKIIOYEHHbIE
B CTOMMOCTb, TI03BOJISIOT IIPOBO3UTH C cOOOH HE
oonee 1 equHUIBI Oaraxa.

VuuThIBask MEPCIEKTUBHOCTh JAHHOTO BOM-
poca, OCHOBHOH ye1bi0 UCCIIEN0BAHUS SIBISIETCS
paccMOTpeHne BO3MOXKHOCTH M aHAJIU3 [TapaMeT-
POB BHEJIPEHHS HOBOTO MPOAYKTOBOTO MPEIIO-
KEHHS — HU3KOOIO/KETHBIX ACCAKUPCKHX T10-
€3J10B JIaJIbHETO cienoBanus Ha ceTu «PXK][». B
paboTe HCIOIB30BAHBI MenoO0bl CPAaBHUTEIBHO-
IO ¥ 5KOHOMUUECKOTO aHaIN3a, KOHTCHT-aHaIN3a
TEeXHUYECKOH MH(pOPMALIUH.

PE3YJIbTATHI

Benynmii cienuanucT B 001aCTH U3y4EHUS
JSKOHOMHYECKON KOoHKypeHuuu Maiikn [loprep
BBIJICIISIET TPH CTparerud GOpMUPOBAHUS KOH-
KYyPEHTHBIX IPEHUMYIIECTB KOMIIAHUH B 3aBUCH-
MOCTH OT CTEIEHHU LIIMPOThI PhIHKA!

* CTpaTerus JNAEPCTBA B U3/IEPKKAX;

* crparerus nuddepeHnuanum (co3maHus
MPOIYKTa C YHUKAJThHBIMU XapaKTePUCTHKAMH);

» cTpaterus GoKycHpoBaHHS (MOTydCHHE
KOHKYPEHTHOTO ITPEUMYILECTBA B y3KOM CETMEH-
Te phIHKA) [7].

Ha nam B3risia, mpeioxkeHne HU3KOOIO-
XKETHBIX NMACCAKNUPCKUX TT0E3/10B JTOJIKHO CoUe-
TaTh MPEUMYILIECTBA BCEX TPEX CTpPATETUH.
Huskas cebecTOMMOCTh TEepeBO3KH, (PUKCHPO-
BaHHBIA M YETKO y3HaBaeMblil HAOOp MOTPeOu-
TEJIbCKUX XapaKTEePUCTHK, OPUEHTALUs Ha
OTpeAeNIEHHO OYEPUYCHHBIH CErMEHT MacCa)u-
POB, a IMEHHO Ha NaCCAKUPOB C MUHUMAIbHBIM
KOITMYecTBOM Oaraxa, 0e3 3ampoca JOTONHHU-
TEJBHBIX YCIYT, OCHOBHOM IENBI0 KOTOPHIX SIB-
NeTcs MepeMelIeHIe MeX Ty MyHKTaMU OTIpaB-

¢ Cm., Harip., MTH(QOPMALUIO Ha CaiiTe MOAPa3IeIICHHS MEK/TY-
HAPOJHBIX TEPEBO30K HAMOHAIBHON JKEIE3HOTOPOKHOM
xommanuu bensrun (SNCB International). [DiekTpoHHBIH
pecypc]: https://www.b-europe.com/EN/Trains/IZY. Joctyn
15.09.2021.

7 Hensler, A., Zintel, M., Baron, R. The low-cost puzzle for
long-haul trains. Arthur D. Little Luxembourg S. A. 2019.
[Dnexrponmustii pecypc]: https://www.adlittle.ru/sites/default/
files/viewpoints/adl low_cost_trains-min_0.pdf. Joctyn
15.09.2021.

JICHUSI U HAa3HAYEHHsl C MUHUMAJIbHBIMU (pUHAH-
COBBIMH 3aTpaTaMy IPH JOMYCTHMBIX BPEeMEH-
HBIX OTPAaHHUYCHHIX, — BOT OTIHYHTEIbHEIE
ocobenHocTH low-cost-rioe3na.

dopmupoBaHHE KOHKYPEHTHBIX MPEUMY-
IIECTB YCIYTH MEPEeBO3KU HA TPAHCIOPTHOM
PBIHKE IIPOMCXOIMT B Pe3ysbTaTe B3aUMOICH-
CTBUS JIEMEHTOB LIETIOYKHU: TIEPEBO3YUK — Blla-
nenen HHQPaCTPYKTYPEL.

KauecTBO mepeBo304HOro mporecca Haxo-
JIUTCSI B 30HE OTBETCTBEHHOCTH BJIAIENbIIA HH-
dpactpykrypsl (B Poccun — 310 OAO «PXK»),
Ka4eCTBO TPAHCIIOPTHOTO 0OCIY)KHBAHUS — B 30-
HE OTBETCTBEHHOCTH KOMIIaHHH-TIEPEBO3UHKA
[8].

CdopmupyeM rpynis! pakTopoB, U3 KOTOPBIX
CKJIaJbIBaeTCsl OM3HEC-Moaenb low-cost-nepe-
BO3YHKA:

1. I'pymna texnnueckux ¢akropos (TEX):
TEXHUYECKUE XapaKTEePUCTUKH TSTOBOTO U HETS-
TOBOTO ITOABIXKHOTO COCTaBa, HHTEPbEP BATOHOB,
yZANBHbIE JHEPro3aTpaThl Ha OHO IacCaXUPO-
MecTo.

2. I'pynmna TeXHOJIOIHYECKUX (AKTOPOB
(TEXH): Bpemst oTnpaBieHust U MPUOBITHS,
MapLIpyTHas CKOPOCTb I0€3/1a, PACHOIOKECHUE
CTAHLUH OTIPABICHUS U MPUOBITHS.

3. I'pynma opraHn3anuoHHBIX (GakToOpoB
(OPT): tapudoobpasoBanue, MPOU3BOIUTEIIb-
HOCTh pabOTHI MOE3/HOW OpHUTrazbl, JOMOJHH-
TEIbHBII cepBHC Ha OOPTY moe3na.

Takum oOpa3om, 1esesas GyHKus low-cost-
HepeBo3YnKa:

TEX + TEXH + OPI' = Cebecronmocts
1 maccaxupo-mecra — min.

TexHnueckune GpakToOpbl

K rpymnmne TexHH9ecKIX (paKTOPOB OTHOCST-
sl CIIEAYIOIINE MEPOIPHUSTHS:

1. [IpumeHeHne BaroHOB MOBBINIEHHON Mac-
CaXUPOBMECTHUMOCTH, B ICPBYIO OUCPE/Ib ABYX-
JTaXXHBIX BaroHOB C MECTaMH [JIS CHACHHS,
a Taxke KarcylTbHBIX BaroHOB [9].

2. VHn¢uKamys BaroHHoOro napka low-cost-
M0e370B — MCIOJIb30BAHUE BArOHOB OIHOTO
MOJICJIBHOTO Psi/ia ¢ CAUHBIM IIBETOrpaduueckum
odopMIeHHEM, BHYTPEHHUM 000pyLOBAaHUEM
U IU3aifHOM [UTS HanOoyiee OTepaTHBHON B3am-
MO3aMEHSEMOCTH MOIBIKHOTO COCTaBa B IIEPUO-
JIbI POBEJICHUS] TEXHUYCCKOTO O0CITYy)KUBAHHUS,
pEeMOHTA, BHEIITATHRIX cuTyauuil. Bo3pact
napka BaroHOB low-coSt-1oe30B He TOJDKEeH
npeBeimare 10 IeT ¢ 1enb0 MUHIMA3ALUH 3a-
Tpar Ha PEMOHTHL.

3. OcylecTBiaeHNe TITU BYXCHUCTEMHBIMH
Y THOPHTHBIMH JIOKOMOTHBAMH C YBEJTMYCHHBIMH
MEKCEPBUCHBIMU POOETaMHU C IIENTBI0 CHIKCHUS
3aTpaT Ha HAYaJIbHO-KOHEYHBIC OTICpAIliH U He-
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MPOM3BOAUTEIIBHBIC MPOCTOU HA MPOMEKYTOU-
HbIX ctaHnusax [10; 11]. Takxke BO3MOXKHA dKC-
HJIyaTanus 3JeKTPONoe3 0B, B TOM 4HUCIe
JIBYXITaXHBIX [12].

4. ITpumeneHue 3HEprocoeperaroiero 00opy-
JIOBaHUS B TATOBOM WM HETATOBOM MOIBIKHOM
COCTaBe: CBETOJIMO/IHOTO OCBEIICHHUS, CUCTEM aB-
TOMATHYECKOTO WHIWBUIYaTbHOTO KIMMAT-
KOHTPOJISI B KyIle, PeKyIepalui U HAKOTICHUS
JHEPTUH (INEKTPOAMHAMUIECKOE TOPMOKCHHE
C MOBAarOHHBIM AKKyMYJIHPOBAaHHEM JHEPTHUH,
MBE303JICKTPUIECKIE MEKBAaTOHHBIC MTEPEXOIbI
u nonsl) [13].

5. CHwxenne ko3 (UIHEHTa Tapbl BATOHOB
Y TEM CaMbIM MaccChl T10€3/1a 32 CUET UCTIOIb30Ba-
HUSL KOMITO3UTHBIX MaTePHAaJIOB B Ky30BaX BarOHOB,
MCKITIOUYEHHS TSHKEIIOBECHOTO BATOHHOTO 000pY/10-
BaHUSI, B YACTHOCTH CUCTEM BOJISTHOTO OTOTLICHHS,
reHepaTropoB.

6. [IpuMeHEHNE COBPEMEHHBIX aMOPTH3UPYIO-
IIUX YCTPOKCTB, 0€33a30PHBIX aBTOCIEIOK, JIUCKO-
BBIX TOPMO3HBIX CHCTEM IS CHIDKCHUS KolieOa-
TEJbHBIX MPOLECCOB U IUCCUIIAIIUK YHEPTHU BO
BpeMsi IBHOKEHHUs cocTaBa [14].

Texnosoruueckue GakTopbl

I'pynna texHONMOTMYEeCKUX (paKTOPOB BKIIIOYA-
er:

1. INoBblIeHNE MTPOU3BOANTENBHOCTH PAOOTHI
BAaroHOB 3a CYET MUHUMU3ALUN BPEMEHH TTPOCTOS
B IyHKTaxX ()OpMHpOBaHUS M 000pOTa IOE3/0B.
A MMEHHO: OpraHM3alUs BBICOKOYACTOTHBIX MapIIl-
PYTOB ¢ MPUMEHEHHEM BaroHOB-TpaHC(HOPMEpOB,
9KCIUTyaTHPYEMbIX B HOYHOE BPEMSI C MECTAMU LIS
JIe)KaHWs, B THEBHOE — B KAUECTBE CHJSTYMX Baro-
HOB.

2. OnTuMH3aIMs MapIIPyTHOH CETH — OpUEH-
Talusl Ha KOPOTKHE U CPEeJHHE MapIIpyTHbIE
PaccTOSHHUS ¢ 1IeJIbI0 0XBaTa HauOoJIee I'yCTOHACEe-
JIEHHBIX PErHOHOB cTpaHbl. [TockonbKy Tapudbl HA
NEepeBO3KH B OOJBIINHCTBE BHUIOB TPAHCIIOPTA
TIOCTPOEHBI 10 IPUHIUITY YMEHBIICHNUS YASTbHOH
CTOMMOCTH | TacCa)XMpo-KM C YBEITMYECHHUEM JIalIb-
HOCTH IO€3/IKH, 3TO JeJaeT HEPEHTAOETbHOM
JKCITyaTanuio low-cost-oe3 0B Ha AalbHUX
MapupyTax BBHUAY M3HAYaIbHO MUHHMAIBHOTO
6a3oBoro tapuda. [ToaToMy nambHOCTH KypcUpO-
BaHMsS 10W-COSt-M0€3/10B TOKHA COCTABIAThH HE
6oitee 2000 kM 110 TeppUTOPHSM HanboIEe rycTo-
HacesneHHBIX [lenTpansHoro, FOxHoro, CeBepo-
Kaskasckoro, ITpuBomkckoro denepanbHbIX
okpyros u Cankr-IlerepOyprckoii aromepanuy.

3. DKOHOMHUSI 3aTpaT Ha BOK3alIbHOH 1 HHDpa-
CTPYKTYPHOH COCTaBIISIIOIIEH: Ha4adbHO-KOHEU-
HbIE OTEpallK Ha CJ1a003arpyKeHHBIX aCCAKHUP-
CKHX CTaHIMAX (HarpuMep, B MOCKOBCKOM PETrHo-
HE OTIpaBJCHUE U NPUOBITHE OT/HA CTAHIHUH
Xwmmkn, 3enenorpan, TITY «Bocrounsrit», JJomo-
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nenoBo v jp.). [pu 3ToM 1Mo X0may JBHKEHUS
roesaa HeoOXOAMMO OpPTaHM30BaTh OCYIECTBIIE-
HHE OCTAHOBOK Ha BCEX KPYITHBIX POMEKYTOUHBIX
CTaHIMSAX OOJNBIINX ATIOMEPAIHil C [ENbI0 MaK-
CHMaJIbHOTO OXBaTa MacCaKHUPONOTOKa. Bpewms
OTIpaBieHus low-Ccost-I0€3/10B — BHE OCHOBHOTO
MI0TOKA TT0€3/I0B JUIsl MONyueHHs Hanoosee Jienié-
BOH HUTKH rpaduka [15, c. 129].

OpranuszanuoHHbie (paKTOPHI

['pymma opraHM3anHOHHBIX (aKTOPOB MpeN-
CTaBJIEHA CIEAYIOIINMH MEPOTIPUATUIMU:

1. OTKa3 OT TpaIUIMOHHBIX BUIOB CEPBHCA HA
Oopry. B nepByto ouepesb, OTCYTCTBUE B COCTaBEe
low-cost-110e3/710B BATOHOB-PECTOPAHOB, TyIIEBHIX
KaOHH, pa3IMIHOro pojia MHBEHTapst (MHOTOpas3o-
BOH MOCY/IbI, CAHUTAPHO-TUTHEHUIECKIX HAOOPOB,
MIOCTEIHLHOTO OETbs U JIp.), 9TO YCKOPHT U yrele-
BUT SKUMHPOBKY B YOOPKY TaKUX COCTaBOB Iepes
peiicom.

2. MakcumanbHast tuddepeHnnanys B Tapu-
¢boobpazoBanuu®. B 4acTHOCTH, MpUMEHEHHE
HabOpa MOHMKAIOIHX K0P PUIIIEHTOB K 6a30B0O-
My Tapu(y AT BEPXHHUX TTOJIOK BarOHOB, JOTION-
HUTEIBHO I BEPXHHUX MOJOK BTOPOTO 3Taxka
JIBYX3Ta)KHOTO BaroHa, JUisi KpaitHUX KyTie, Iprume-
HEHHE TTOBBIIIAOIIEro Ko dHIeHTa s Kyre,
PAacCIIONIOXKEHHBIX B CepeAMHE BaroHa. J{yist CHasTInx
BaroHOB — IUIATHAs BO3MOKHOCTH BBIOOpa MecTa
B BaroHe. C [enpio coXpaHeHHs THOKOCTH B TIIa-
HUPOBAHUM MapIIPYTHOHW CETH — OTKPBITHE IIPO-
JlaXku OMJIETOB He paHee, 4yeM 3a 90 cyTok 10 oT-
npasnenns. llupokomacimrabnoe npuMeHeHue
JIMHAMHYIECKOTO IIEHO00pa30BaHMS 1 MPAKTHUECKH
CTOTIPOIIEHTHAS MTPOIaKka MECT IO HEBO3BPATHBIM
Tapudam, peaan3ais MHOTOPa3oBbIX MPOE3THBIX
Kak Ha OTpeeN¢HHbIC MApIIPYTHI, TAK U PACCTOSI-
nus (Harmpumep, 10 300, 1o 600 km).

K J0TOMHHUTENBHO OMIIaYMBAEMBIM OMIIUSIM
B low-cost-1oe3nax MOryT OTHOCHTBCSL:

* opopmiteHHE OmIeTa B OyMaskKHOM BHIIE;

* mepeBo3Ka Oaraka cBepX MHHHMAaIbHOU
HOPMBI;

* oopmIIeHHE H3MEHEeHUs JieTaneil Ounera
1 €ro BO3Bpara.

3. INoBbIIeHHAsT TPOM3BOANTENBHOCTD TPY/A
TIOEe3THOM OpHUraIbl, 00yCIOBICHHAS YBETMICHAEM
KOTUYeCTBa 0OCITYyXKMBAEMbBIX BaroHOB OJHUM
MPOBOJIHMKOM TP MUHMMAJIbHOM Ha0ope CepBHC-
HBIX yCJIYT B [OE3/IE.

4. IonyueHue NOMOTHUTENBHBIX JTOXOJ0B OT
TIPOJIaXKN PEKIIAMHBIX TUIOIIA/IEH B 1TO€3/1aX, B TOM
qrcIie Ha 6OpTax BaroHOB.

8 Cwm., mamp.: Marroumn JI. H. Tapubuas nonutuka Ha

XKEJIE3HOIOPOKHOM TpaHcropTe Poccnu: YdedHoe moco-
oue. — M.: ®I'BY JII10 «Y4eOHO-METONNYECKHIA LIEHTP 1O
00pa30BaHMIO HA XKEIC3HONOPOKHOM TpaHcHopTey, 2021. —
208 c. ISBN 978-5-907206-80-9.
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OTMmeTHM, YTO Psi MEPOIIPUSTHH OTHOM TPyII-
1161 (JaKTOPOB MOTYT IIPOYLIMPOBATH BO3MOKHOCTb
OCYILECTBIICHUSI MEPOTIPUATHI Apyroi n Haobo-
pot. Hanpumep, mpu cokpalieHuy 4yucia Hempo-
H3BOJUTENBHBIX CTOSHOK I0€3/]a, YBEIUYEHUU
MapIIpyTHOH CKOPOCTH BCIIEICTBUE NPHUMEHEHUS
JIByXCHUCTEMHBIX JIOKOMOTUBOB BO3MOXKHO COKpa-
LIEHHE YMCJIA YIEHOB COMPOBOXK/IAIOIIEH COCTaB
roe3aHoH Opurassl. [TomMoms B mpoBepKe mpoe3a-
HBIX JIOKyMEHTOB MpH MOCAJKE MAcCaKMpOB Ha
MO€3/1 MOTYT OKa3bIBaTh COTPYJHUKH BOK3aa.

3AKNIOYEHUE

Bormpeku yoexIeHI0, 4T0 HU3KOOIOKETHRIC
KEJIEe3HOIOPOXKHBIE MAaCCAKNPCKHUE MEPEBO3KH
JIOJDKHBI IIPEACTABIISATE COOON COCTABHI U3 CTAPBIX,
TOTOBSIIIIMXCS TTOJ CTICAHKE BaTOHOB, CIICTYFOIINX
10 TOTIOTHUTEIbHBIM HUTKaM TpadyKa ¢ HU3KOU
MAapIIPYTHON CKOPOCTEIO, IS YCIICITHOTO (BYHK-
UOHUPOBAHUSA l0W-COSt-MOJENH KITFOYEBBIMA
mapamMeTpaMHy SBISIOTCA THOKOCTh M OTIEPATHB-
HOCTb Ha3HaueHHs U POPMUPOBAHKS TAKUX [10€3-
JIOB, KCITyaTanusi COCTaBOB U3 COBPEMEHHBIX,
9HEeProd3(HeKTUBHBIX, HU3KOTAPHBIX BarOHOB,
TpeOyIOIIX MIHIMAIBHBIX 3aTPaT Ha SKUTIHPOB-
Ky ¥ TEXHHYECKOE 00CITyKUBAHHE.

C yuérom akTopa CE30HHOCTH TEPEBO30K
low-cost-nioe3ia ciaeayeT Ha3HauaTh JHIIb Ha
BBICOKO3ATPY>KEHHBIX HAIPABICHUIX, HMEIOIINX
MIOTEHINATBHO OCTOSHHBIN CITPOC Ha MIEPEBO3KH.
[MomuepkuéM, uto KiIrOUeBast yciayra B low-cost-
TI0€3/1€ 3aKJTI0YAETCs B IEPEBO3KE MACCAKUPOB MPH
MHHUMAaJIbHOM Ha0Ope JIOTIOTHUTEILHOTO CepBHUCa,
MIOATOMY OCHOBHBIM KOHKYPEHTHBIM IpEenMyIie-
CTBOM OTHOCHUTEJIFHO MHBIX BHJIOB TPAHCIIOPTa
OyzeT SBISATBHCS CONOCTAaBUMAas MaplIpyTHas
CKOPOCTB TIPOE3/1a MacCaKUPOB.
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Haranbs 'YCbKUHA

AHHOTALINA

[JlesmensHocme xo3siticmeyrouwiux cybbekmos, (byHKYUOHU-
PYIOWUX Ha KOHKDEMHOU meppumopuu, 80 MHO20M 3agucum om
delicmeusi ¢hakmopos mpaHCNoOpmHO20 xapakmepa ¢ y4émom
CIOXKUBWIUXCS X03ALICMBEHHbIX Ces3ell U pecypcHo2o obecneyeHus
meppumoputi. [Mpu amom Heobxo0umo y4umbieamb 0COBEHHYIO
pornib 8 Xu3HeobecneyeHuu meppumopuanbHo2o Xo3aicmsa,
npuHadnexauyto 3KOHOMUKO-MEXHOI02UYECKOMY NOmeHyuany,
KomopslU, A6MAsICL UHOUKAMOPOM €€ MamepuarnbHOU OCHO8bI,
8bICMynaem makxe nokasamesnem ycnewHoCmu 0C80eHUs Ma-
mepuarnbHO-UHHOBaUUOHHOU 6a3b! KOHKpemHOU meppumopuu.

Bmecme ¢ mem cywecmayem onpedenéHHbIli KoeHUMUBHbIU
npoben 8 0bnacmu NOHUMaHUsI 8USHUS MPaHCNOpmHoU UHGpa-
CMPYKMYpbl Ha NOMEeHYUanbHbIe 803MOXHOCMU MeppUMopuU.
AkmyanbHbiv se1siemest npodormkeHue uccnedosaHull 8 Yensx
Meopemu4ecko20 OCMbICTIEHUS MaKo20 8MUSHUSI.

Llenbto Hacmoswel paboms! S8nsemcsi meopemuyeckoe
060CHOBaHUE 8USHUS MPaHCNOPMHO20 KoMNieKca Ha 0esmerb-
Hocmb xo3silicmeyrowux cybbekmos meppumopull ¢ y4émom
9KOHOMUKO-MEXHO/I02UYeCK020 NoMeHyuasna meppumopuu.

Ucnonb3osaH KoMNeKCHbI N0AX00 U AMNUPUKO-meopemu-
yeckutl Memod, Komopsle No380sM nNposecmu uccredosaHue
Ha 0CHO8E COBOKYNHbIX Xapakmepucmuk 0esmesnbHOCmu mpaHc-
nopmHoe2o Komniekca, 6a3upysicb Ha OMKPLIMBIX CMamucmuye-

Mbl, 2py30060pOM, UHBECMULUU, MEXHOM0UU.

Mup tpaHcnopra. 2021. T. 19. Ne 5 (96). C. 50-56

BnusHne TpaHCNOPTHOro KOMMeKca
Ha 3KOHOMUKO-TEXHONOIMYECKUN NOTeHUMan
TePPUTOPUN

Hamanva Bnaoumuposua I'ycokuna
Poccutickuii ynusepcumem mpancnopma, Mocksa, Poccusi.

CKUX OaHHbIX, U Xapakmepu308amb €20 8/1UsiHUE Ha SKOHOMUKO-
MexHomo2U4YecKUll NOmeHyuan meppumopuu.

B yensix nomyyeHusi conocmasuMbIxX Pe3ysibmamos 8 pamkax
edUHOU HayUOHabHOL 3KOHOMUYECKOU U mpaHCnopmHol cuc-
meMbl, YMO N0380IIAEM HUSENUPOBaMb BNUSHUE CMPAaHOBbIX
¢hakmopos, bbinu npoaHanu3uposaHbl OCHOBHbIE NOKa3amenu
OessmenbHOCMU meppumopuasbHbIx 0kpyeos Poccutickoli ®ede-
payuu, 8 mom qucne, Macwmabbl pa3gumus mpaHcnopmHol
cucmembl, 0bwiasi duHaMuka npomskEHHocmu nymeti coobuwieHus:
U porb UHBECMUpPO8aHUs 8 0esmebHOCMU MpPaHCNoPMHO20
Komnnexca.

OnpedeneHb! pe3ybmams| U nepcnekmusbl 0essmesibHocmu
MpaHCcNopMHO20 KOMNIeKca 8 pamMkax meppumopuarnbsHbIx 83au-
modelicmsull Xo3alicmsYIWUX CybbeKmos.

IMpednoxeHHbIl N0OX00 K aHasu3y 83aUMOCes3U 3KOHOMUKO-
MEXHOM02UYeCK020 NOMeHyuana meppumopudl U MmpaHcnoOPMHbIX
cucmem npednazaemcsi 8 Kayecmee 0CHO8bI O NOCnedyrUwUX
uccnedosaHuli, mak Kak sienasck 8 docmamoyHol Mepe yHueep-
casbHbIM, Moxem bbimb Npu ycroguu 0anbHelieao pasgumus u
adanmayuu Kk coomsememeyrouwum ycrnogusim 6bims dekomMno3u-
posaH unu macwmabupogaH, COOmMeemcmeeHHO, K aHanusy
MEeHbLWIUX meppumopuasnbHbIx eOuHUY, uniu, Haobopom, omoess-
HbIX CMpaH.

Kntoyesbie crioga: mpaHcnopm, 3KOHOMUKO-MEXHOI02UYeCKULl NOmMeHyuas, meppumopuu, UHHo8ayuu, xoaﬂDcmsymLuue Cy6'b9K-

Lng uyumuposarus: ycekuna H. B. BnusiHue mpaHcnopmHo20 KOMNeKkca Ha 3KOHOMUKO-MeXHomoauyeckull nomeHyuasn
meppumoputi // Mup mpaxcnopma. 2021. T. 19. Ne 5 (96). C. 50-56. DOI: https://doi.org/10.30932/1992-3252-2021-19-5-6.
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BBELAEHWUE

HecMmotpst Ha MHOXECTBO My OHKALIHii ! U TTy-
00Ky0 IIPOPabOTaHHOCTh BOIPOCOB PErHOHAIIBHO-
0%, TEPPUTOPHAITBHOTO?, TOPOJICKOTO* Pa3BUTHSI,
B TOM YHCJIE B COLMAILHOM, SKOHOMHYECKOM [1],
Hay4YHO-TEXHOJIOTHYECKOM® M TPAHCIIOPTHOM KOH-
TEKCTE, B HAYYHOU JINTEPATYPE OTCYTCTBYET EIUHbIN
MTOAXOM K OTPEIETICHHIO CYIIHOCTH YKOHOMHKO-
TEXHOJIOTUUECKOTO OTEHIHAlIa TEPPUTOPHHU U €0
B3aUMOCBSI3H C TPAHCIIOPTHBIM KOMILIEKCOM.

B 11em1oMm onpezenenne 5JKOHOMHKO-TEXHOJIO-
THYECKOTO OTEHIINAlIa TEPPUTOPUH MOKET OBITH
cOpMyIHPOBAHO KaK KOMIUIEKCHAs CTIOCOOHOCTh
TIPUBIICYCHUS OYCBUIHBIX U IATCHTHBIX PECYPCOB
K 00€CIeUeHHI0 CyOBCKTOB M HACCICHUS TCPPH-
TOPUH IJIsl YBEJIUUCHUS! MTPOLYKTUBHOCTH, OPH-
CHTHPOBAHHOW Ha MOIyYeHHUE MOJIE3HOCTEH, CO-
OTBETCTBYIOIUX CIIPOCY B TEKYIIUIl MEPHOJ
Bpemenn. CiiegoBaTeNbHO, €CITH «MACIITad KO-
HOMHKO-TEXHOJIOTHYECKOTO ITIOTEHIIMAIIA OTIpe/ie-
nsieTcsi 00bEMOM M KaueCTBOM HMEIOI[UXCS
Y XO3SICTBYIOIIETO CYObEKTa PECYPCOB, a TAKKe
CIIOCOOHOCTBIO K 3()()EKTHBHOMY HX HCIIOIb30-
BaHUIO» [2], TO B ciy4ae TEPPUTOPUHU HYKHO
TOBOPHUTH 00 00bEMe 1 KauecTBe, 3P HEeKTUBHOCTH
HCTIONIB30BAaHMS PECYPCOB COBOKYITHOCTH XO35Ti-
CTBYIOIIHUX CYOBEKTOB.

B cBoeii Gonee panHeid paboTe aBTOp yTOYHHIT
9JIEMEHTAPHOCTDh AKOHOMHUKO-TEXHOJIOT HUECKOTO
TIOTEHIINAIA, KOTOPBIH «XapaKTepU3yeTcs He TOJb-
KO PECYpPCHBIMH BO3MOYKHOCTSIMH, HO U TIPOCTPaH-
CTBEHHOU NMPHUHAIJIEKHOCTBIO, 3aCEIEHHOCTBIO
1 Ka9eCTBOM YKU3HH HACEJICHUS, YAAIEHHOCTHIO OT
KPYITHBIX METaIloJICOB, PACTIONIOKEHAEM B (PUHAH-
COBO-?KOHOMHYECKOM CErMEHTE, TPaHCIIOPTHBIM

! IlpuBoauMble HMXKE CAMHUYHBIC HPUMEPbI BBIACICHBI

TOJIBKO B KaY€CTBE€ HJUIFOCTpALlMK MHOI'OITAHOBOCTHU CY-
HICCTBYIOUIMX MOIXOA0B U3 O'POMHOI0 MacCuBa HAY4YHBIX,
HUCCICO0BATCIBCKUX Hy6IIPIKaI.IPII>’I, TIPOEKTOB U JTOKJIAJ0B.

2 Aselection of ENPI CBCMED Projects. People cooperating
across borders. Mediterranean Stories, 2014. [DnekTpoHHBIH
pecypc]: http://www.enpicbcmed.eu/sites/default/files/
mediterranean_stories_economic_growth_and_territorial
devlopment 0.pdf. loctyn 27.03.2021.

3 Jammarino, S., Rodriguez-Pose, A., Storper, M. Why
Regional Development matters for Europe’s Economic
Future. Working Papers, A series of short papers on regional
research and indicators produced by the Directorate-General
for Regional and Urban PolicyWP 07/2017. European
Union, 2017. [DnexrponHsIii pecypc]: https://ec.europa.eu/
regional_policy/sources/docgener/work/201707 regional
development_matters.pdf. Joctym 27.03.2021.

4 Investment for jobs and growth. Promoting development
and good governance in EU regions and cities. Sixth report
on economic, social and territorial cohesion. European
Commission, 2014. [DnexkTpoHuHsIii pecypc]: https://
ec.europa.eu/regional policy/sources/docoffic/official/
reports/cohesion6/6¢r_en.pdf. JToctym 27.03.2021.

> KIT — Knowledge, Innovation, Territory. [DieKTpOHHBIN
pecypc]: https://www.espon.eu/kit. loctym 27.03.2021.

COOOIIEHNEM, a TaKKe YPOBHEM IPOHM3BOICTBA
Y MIPOMBIIIJIEHHOCTH Ha TeppuToprm» [3].

Ho npu nposenenun aanbHENRIINX TeOpeTHYe-
CKUX HCCIICIOBaHUHA BO3HHKIIA HEOOXOAUMOCTH
paccMOTpeTh BCE 3IEMEHTH dKOHOMHUKO-
TEXHOJIOTHYECKOTO MOTEHIIMANIA C TPUBSI3KOH K Tep-
PUTOPHAIILHOI HEOTHOPOIHOCTH 1 Teor padHuecKo-
MY pacIpeIeNIeHHIO PECYpPCOB, CUCTEME TPAHCTIOPT-
HBIX COOOIICHUI U CBSI3aHHBIM C STUMHU KOMILICKC-
HBIMH (haKTOpaMH TIPOOIEMaM.

L]envio IpeCcTaBICHHOTO YaCTHOTO MCCIIEIOBA-
HHS SIBISIETCSI TEOPETHYECKOe 00O0CHOBAHUE BITHSI-
HUS TPAHCIIOPTHOTO KOMILIEKCA Ha JAESTeIbHOCTh
XO3SHCTBYIONIUX CYOBEKTOB TEPPUTOPHIA C YIETOM
HKOHOMHKO-TEXHOJIOITMUECKOr0 OTEHIMANIA TEPPH-
TOPHH.

Hlcrions30BaHbl KOMAIEKCHBI HOOX00 U AMALU-
PUKO-Meopemuteckutl Memoo, KOTOpbIe TIO3BOJISIOT
MPOBECTH HCCIIEA0BAaHNE HA OCHOBE COBOKYITHBIX
XapaKTepUCTUK JAEATENIbHOCTH TPAHCIIOPTHOIO
KOMITICKCa, 0a3upysICh HAa OTKPBITHIX CTAaTHCTHYC-
CKHX JaHHBIX, M XapaKTePU30BaTh €ro BIMSIHUE HA
HKOHOMHUKO-TEXHOJOTHYECKII TTOTCHIINAT TeppH-
TOpHH. B 1eI1sIX HUBEITMPOBAHUS BIHSIHUS (DAKTOPOB
HEOJHOPOJHOCTH COLMATbHO-IKOHOMHYECKHUX
YCIOBHIA B JAHHOM HCCIIE/JOBAaHUM B KAY€CTBE IPe/I-
MeTa BBICTYTIAFOT (heIepalibHBIC OKPYTa, CYOBEKTHI
Poccuiickoit denepanuy, TpaHCIIOPTHASL CUCTEMA
Poccuiickoii deneparyi 1 TpaHCIOPTHBIE CUCTEMBI
cyosextoB Denepanum.

PE3YNbTATbI

OcHOBHBIE 0KA3aTEJIH IKOHOMUYeCKOii
AeATeTLHOCTH (peiepaIbHbIX OKPYTOB
Poccuiickoii ®enepauuu

Tonorpaduyeckast muddepentmarus Poccuii-
ckoit Denepayiu OnpeAeseT CMEIAaHHOCTb KO-
HOMHYECKOTO IIPOCTPAHCTBA, YTO BICUYET 32 COOOM
po0ieMy YCTOHYMBOTO Pa3BUTHS YKOHOMHKO-
TEXHOJIOTUYECKOTO MOTEHINANIA TEPPUTOPUI 1 pa3-
PO3HEHHOCTh BETMYMHBI BCEX MOKa3aTelnel Impo-
TPECCHBHOCTH OJHOM aryIOMEPALUH 110 OTHOIIIEHUIO
K JIpyTOil.

Hcnonb3ys nanuble DenepanbHoil CiryKObI
TOCYJJAPCTBEHHON CTATUCTUKH, TAKYI0 Pa3pO3HEH-
HOCTb MOXKHO HaOJIIOAaTh Oaroiapst arperupoBaH-
HOMY HHJIEKCY HPOMBIIIIEHHOTO TPOM3BOJCTBA
MexIy cyobextamu Poccmiickoit @eneparim 1o
BUJIaM SKOHOMHUECKON AEATEIBHOCTH, B3ATHIM
B COBOKYIHOCTH (Tadm. 1).

JlMHaMUKa WHEKCa MPOMBIIIIEHHOTO MPOH3-
BOJICTBA JIOCTATOYHO Pa3po3HEHa U PasphbIB MEX/LY
HEKOTOPHIMH (DeIepaIbHBIMI OKPYTaMH B SIHBape
2021 roma ¢axrndyeckn gocturan 6omee 10 %.
TeHnaeHUMs yBEIMUEHMs NTOKA3aTelleil B TOM XKe
BpeMeHHOM Ttepuozie B LieHTpaiisHOM (enepaibHOM
okpyre B 2021 roma OTHOCHUTENBHO MOKa3aTenei
2019 roga — 8,9 %.
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Taoauma 1
Wnpexe NpoMBILILIEHHOTO MPOU3BOACTBA K COOTBeTCTBYIOLIeMY Mecsiny 2019 roxa, %"
2019 2020 K SIHBapIO 2021 K SHBapIO
SIHBAPh SIHBAPh 20 SIHBAPb AE
Poccuiickas denepanns 102,7 101,2 -1,5 98,1 -4,6
LenTpanbHblii herepanbHbil OKpYT 100,4 106,1 +5,7 109,3 +8,9
Cesepo-3anaguslii (heaepanbHblil OKpyTr 103,3 101,4 -1,9 99,5 -3,8
1OxHBIH (enepatbHbIi OKpYT 103,8 100,8 -3 103,3 -0,5
TIpuBomxckuii GpenepanbHbI OKPYT 100,7 101,0 +0,3 100,1 -0,6
VYpanbckuii penepanbHblil OKpyT 108,1 103,4 -4,7 97,6 -10,5
Cubupckuii penepaibHbIid OKPYT 104,8 95,8 -9 97,9 -6,9
JlanbHEBOCTOYHBIN (heiepatbHbIi OKPYT 97,9 102,0 +4,1 95,4 -2,5

Hoctyn 27.03.2021.

[Tpu sTOoM HabmromaeTcst o0ImIuil criag B TOM
K€ BPEMCHHOM TIEPHO/IC B OCTATBHBIX (eaepaib-
HBIX OKpyrax, 4To BeIET K OTPULATEIHHOMY
BIIMSIHUIO Ha oOmmid pe3ynsrar mo Poccuiickoit
Oenepanyn B staBape 2021 rona Ha 4,6 % MeHbIIIe,
yeMm B 2019 roxy.

Heo0xonumo crienarh BaKHYO OTOBOPKY, UTO
nokazarenu 2021 roga no cpasHenuto ¢ 2019 ro-
JIOM HE SIBJISIFOTCSI THITUYHBIMH B CHJTY OOIIETO
BIMSHUS TTAaHIEMHYCCKONW CHUTYaIlNH, XapakKTep-
HOW TPaKTHYECKH IS BCEX CTpaH MHpA, U HC-
MIOJTB30BAHBI U IGMOHCTPALIUH B Pa3HUIE AU-
HAMHUKH HHJICKCA TPOMBIIIIICHHOTO ITPOU3BOICTBA
(enepanbHBIX OKPYTOB.

Tak, «o0néM BBII Poccun 3a 2020 1., o
TepBOl OIIEHKE, COCTABWII B TEKYIIMX IIEHAX
106 606,60 mupn py6neii. Manexe gpusngeckoro
oobéma BBII orHocutensro 2019 . cocraBua
96,9 %. Uunexc-gedasrop BBII 3a 2020 r. mo
orHomenno K enam 2019 1. cocrasmi 100,7 %o»°.

Crnenyer oTMeTHTb, 4TO cHkeHue BBII ot-
HocuTeabHO 2019 Tona ObITO OKUIAEMO U CBSI3a-
HO C YMCHBIIIEHHEM MHPOBOTO CIIpOCca Ha JHEp-
TOPECYpPCHI ¥ BBEZICHUEM OTPaHUIUTETBHBIX MED,
CBSI3aHHBIX C MMAHICMHUCH.

Bo3MOKHOCTB COXpaHEHUsI CTaOMITEHOCTH TIpe-
(hepeHnmanpHoOro nonoxenus lleHrpansHOTO (he-
JIEpalIbHOTO OKPyTa B IAHHOW CUCTEME MOKa3aTeNen
3aKITI0YAeTCsI B TOM, UTO OH SBJIACTCS IIEHTPOM KO-
OIIepaIy ¥ TOJIFOCOM OCBOCHHS HHHOBAIIOHHBIX
TEXHOJIOTHH, YTO, KOHEYHO K€, HECET 3a CO00M Kak
SKOHOMHYCCKHE BBITOJIbI, TAK M OMPEICICHHBIC
pucku. Bripodem, IMEHHO B HEM «B OOJIBIIICH Mepe
KOHIICHTPHPYETCSI TIPOU3BOICTBO TOBAPOB H YCITYT,
CTATHBAOIIEEe (PUHAHCOBBIC W TPYIOBBIC PECYPCHI
OCTaJIbHBIX TEPPUTOPHUIA. DTH POLIECCHI IPHOOpE-
TaroT BCE OOIBIIYIO YCTOWYMBOCTEY [4], UTO MpH-

¢ O npOM3BOJICTBE H MCIIOJIB30BAHNUH BAJIOBOTO BHY TPEHHETO
npoaykra (BBIT) 3a 2020 rox. [DnexTpoHHbIil pecypc]:
https://gks.ru/bgd/free/B04_03/IssWW W.exe/Stg/d02/18.
htm. Joctym 30.03.2021.
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*MHaeKc MpOMBIIIICHHOIO NIPOU3BOACTBA. [DIeKTPOHHBI pecypc]: https://rosstat.gov.ru/enterprise industrial ?print=1.

BOJIUT K CHIDKEHHIO BO3BMOKHOCTEH Pa3BUTHS OT-
JIENIBHBIX (heiepaibHBIX OKPYTOB U A()(PEKTHBHOTO
UCIIONIb30BaHNs UX PECYPCOB.

BunsiHue TPAHCIIOPTHOM CHCTEMBbI

Ha ofecneyeHHe CBA3AHHOCTH TePPUTOPUIA

U peau3aluio IKOHOMUKO-TEXHOJIOTHYeCKOT0
MOTEHIHAJIA

OolecrieueHne yCTOWYHBOTO Pa3BUTHS TEPPUTO-
PHAIBHBIX 00pa30BaHMH SBIISIETCS IIEHTPAIBHON
3aaueil coBpeMeHHoM noauTuku Poccuiickoi
Oenepauun.

Oco0y0 poIb 371eCch UrpaeT CBA3aHHOCTH Tep-
PHMTOPHIi CTpaHBbI, KOTOPYIO «MOXKHO 00ECIIEeUUTh
MIOCPEACTBOM MOJICPHU3ALUHN TPAHCIOPTHOTO
KomIuiekca crpanby [S]. Tlpu 3ToM cambiM «pac-
MIPOCTPaHEHHBIM CIIOCOOOM AHAITH3a BIHSHUS WH-
(bpacTpyKTypBl Ha SKOHOMIYECKYIO TMHAMUKY SIB-
JISISTCSI alllapar MPOU3BOACTBEHHBIX (DYHKIIHH, TPH
TIOMOIIIM KOTOPOTO HENOCPEICTBEHHBIM 00pa3oM
MOXKHO H3MEPUTH OTAATY BBIITyCKa OT HH(pacTpyK-
TYPHOTO Karuraa [6], 4To MPUBOAUT K HEOOXOIHU-
MOCTH ITOCTOSTHHOTO QHAJIN3A JIESTEITHOCTH TPAHC-
TIOPTHOTO KOMIUIEKCA, a TaKXKe aKTyallH3alliH pe-
(opMHpOBaHKS TPAHCTIOPTHOM HH(PPACTPYKTYPHI,
HaIpaBJICHHOM Ha ITOJIePYKaHUE KU3HEICSTeIbHO-
CTH XO3SHCTBYIOIINX CYOBEKTOB.

[Tpouecc npon3BoacTBa U MOTPEOIEHUS TPAHC-
MTOPTHOH TPOAYKITNH HEPA3IeIUM BO BPEMCHU
1 TIPOCTPAHCTBE U TPeOyeT BHEIPSHIUS MHHOBAIINH,
KOTOpPBIE B CBOIO OYEPEb CYIIECTBYIOT 3a CUET
MHBECTHIHH — (PUHAHCOBBIX M MHTCIUICKTYAJIbHBIX.

DKOHOMHKO-TEXHOJIOTMYECKUI TTOTEHIINAI
TEPPUTOPHH B TAHHOM KOHTEKCTE SIBIISIETCS PE3YJIb-
TaTOM B3aHMOCBSI3H IPO3BOIUTEITFHBIX CHIT XO3STH-
CTBYIOIIUX CyOBEKTOB M TPAHCIIOPTHBIX KOMITAHHIH.

Kaxpiii X03sIHCTBYIOIINI CYOBEKT CTPEMHUTCSE
K U3BJICUEHHIO «MaKCUMAJIbHON SKOHOMHYECKOH
BBITOJIBI, BRIPAKCHHOW B MPUOBLTH 32 CUET TPEIo-
CTaBJICHUS MIPOJYKTa BBICOKOTO Ka4eCTBA MO KOH-
KypEHTOCTIOCOOHBIM TieHaM» [7]. HemamoBaxkaoe
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MECTO IPH 3TOM 3aHHMAIOT TPAHCIIOPTHAS UH(pa-
CTPYKTYypa 1 e€ BIUSHUE Ha BCE ITPOLIECChI cOaaH-
CHUPOBAHHOTO Pa3BUTHS SKOHOMHKO-TEXHOJIO-
THYECKOTO MOTEHIINANA TEPPUTOPUH, TaK KaK OHa
SIBIIAICTCS TapaHTOM OOecTieueHnsI (pyHIaMeHTaTb-
HBIX YCJIOBHH [V YCIICLTHOTO ()YHKIIHOHUPOBAHMUS
XO3SHCTBYIOIIETO CYObEKTa.

MarepuanbHO-TeXHUYecKast 0a3a, MPUPOIHOE
obecrieyenue, (PHAHCOBBIE PECYPCHI M IHBECTHIIU-
OHHBIC BIIMBAHUSI, TOCYIAPCTBEHHAs TIOICPXKKA,
JemMorpaduyeckasi CTpyKTypa 1 BO3MOXHOCTb BO-
BJIEYEHUS] aKTMBHOM YacCTU HACEJEHUs B XO35H-
CTBEHHYIO JICSITEIIbHOCTh TEPPHUTOPHH, BCE ITO OT-
HOCHUTCSI K 9KOHOMHYECKOMY TNoTeHImary. OnHnm
13 TOKa3aresiell OLEHKH SKOHOMHYECKOTO MOTEeH-
nuana teppuropun sBiasercs BBII, tak kak oH
OXBaTHIBACT HE TOJIBKO OOIINE TOKA3ATEIH JIESTEIb-
HOCTH XO3SICTBYIOLIETO CyOBbEKTa, HO 1 OCOOCHHO-
CTH OTPACIICBOI M TEPPUTOPHAIIBHON CTPYKTYPBI.

HaubGonee onpenenéHHble MoKa3aTeln
9KOHOMHYECKOTO MOTEHIHala TEPPUTOPUH
OTpakaeT BaJIOBOI PErMOHAIBHBIN MIPOTYKT Ha
€IMHUILY TIJIOIIA/H.

«bonee monosunsl (52,1 %) cymmapHOTrO
0o0béma BPII, o onenke cyobekToB Poccuii-
ckoit ®enepanuu, B 2020 rogy chopmupyrot 10
cyowsekToB Poccuiickoit denepanyu, a MIMEHHO:
. Mocksa u r. Cankt-IlerepOypr, MockoBcKkast,
CeepanmoBckas o0macti, XaHTeI-MaHCHICKII
aBTOHOMHBIN OKpyT — FOTpa n SAmano-Henerknit
aBTOHOMHBIH okpyT, KpacHonapckuit u Kpac-
HosIpckui kpasi, Pecrybnuka Tarapcran u Pec-
ny6auka Bamikoproctany .

Io mpornozam MunskonoMmpassutusa Poccun
JIOJISI BBIIICYKA3aHHBIX XO3SHCTBYIOIINX CyOBeK-
TOB B cymmapHoM o0béme BPII Bospactér Ha
0,2 % x 2023 rogmy.

I[Tpu 5TOM CIIeyeT OTMETHTD, YTO ITOKA3aTelb
BAJIOBOTO PErMOHAIBHOTO MPOIYKTa YUUTHIBACT
TOJIBKO AESATENbHOCTh TEPPUTOPHAIBHBIX XO35H-
CTBYIOIIUX CYOBEKTOB, UTO BIEYET Pa3HUILY
B 3HAYCHUSIX PACXO0B, OLIPEIENEHHbIX Ha (ene-
pajbHOM ypOBHE.

TpancnopTHOe €IMHCTBO TEPPHTOPHIi
KaK HHTErpaTop YKOHOMHYECKOT0 pocTa
OCo0eHHOCTh B3aUMOJICHCTBYSI TP OIICHKE
TPAHCIIOPTHOM NPOIYKLHY B CITydasix, KOIa Ipo-
N3BOACTBO HAXOAMTCS HA OJHOH TEPPUTOPHUH,
a motpeOieHre Ha JPYroi, MOXKHO OIPEACIUThH
COCTOSHUEM TPaHCIOPTHOM HH(PPACTPYKTYPBI, TaK
KaK OHa, I10 CYILECTBY, 00pa3yeT (QyHIaMeHT e/u-
HOTO SKOHOMHYECKOTO POCTPAHCTBA.

7 TIporHO3 COMUATBHO-IKOHOMUYECKOTO pa3BUTHs Poc-

cuiickoit denepanny Ha 2021 o ¥ HA MIAHOBBIN MEPUOJ
2022 u 2023 ronoB. [DaexrponHslii pecype]: http://www.
consultant.ru/document/cons_doc LAW_363743/. loctyn
30.03.2021.

[Tockonbky Poccuiickas ®@enepanust umeer
OOLIMPHYIO TEPPUTOPHIO, TO TPAHCTIOPTHAs 00ec-
MIEYCHHOCTh «XapaKTepHU3yeT Pa3BUTOCTh TPAHC-
MOPTHON MH(PACTPYKTYPHI HA3EMHBIX BUIOB
TPaHCIIOpPTa U MOXKET OMPEIETATHCS KaK [Tl Kax-
JIOTO BHJIa TPAHCIIOPTa, TaK U I TPAHCTIOPTHOTO
KOMITJIEKCA PETHOHA B IIeIoM» [8].

OHMM M3 HaKOOJIee OYEBUTHBIX TPAHCTIOPTHBIX
(haKTOpOB, OTPaXKAIOIINX Pa3BUTHE TPAHCIIOPTHOM
MH(PACTPYKTYPBI, ABIACTCS NPOTHKEHHOCTD ITyTeH
COOOTIIEHNSI, HAITISTHO TTOKA3bIBAIOIIAS COBEPILICH-
CTBOBaHHE TPAHCIIOPTHOTO KOMIUIEKCA, a TaKkKe
TPAHCIOPTHYIO 00€CIIEYEHHOCTh CTPAHBI.

[TpoTspkEHHOCTD MyTel cOoOOIIeHHsT Ha KOHEIl
2019 roma, no nanaeM DerepatbHOl CITykKOBI T0-
CylapCTBEHHON CTaTHCTHKH, TPEACTABICHA B
Tadm. 2.

ITpencTaBneHHBIE CTATUCTUYECKNE JaHHbIC
BKJTIOYAIOT B C€0S MPOTSKEHHOCTD YIIUIL, JKEJIe3-
HOJIOPOXKHBIE YYaCTKH, HaXOASIIUECs 3a mpejie-
namu Poccuiickoit @enepannu, 1 MarucTpaiu
He(TenpOayKTOMPOBOIOB HAa TEPPUTOPHSIX NHO-
CTPaHHBIX TOCYAAPCTB.

IIpu 3TOM CIIEITyEeT OTMETUTD, YTO OTPULIATENILHAS
JIMHAMUKA ITPOTSHKEHHOCTH HE(TENPOBOJIOB CBsI3aHA
€ 00CTOSITENIECTBAMU HEMPEOOTMMOM CUJIbI, TAKUMHU
KaK OKOHYaHHE 3araca pecypcoB Ha TEPPUTOPUH
1 BBICOKas aMOPTH3aIHsl 00OpYIOBaHMS, TaK KaK
OCHOBHOH (pOoHZ TpyOOTPOBOIOB OBLT MMOCTPOCH
6oiee 20 net Hazaa. HyxHO yauTsIBaTh, 94TO TPYOO-
MPOBO/IHAS MArUCTPaJIbHAS CETh M3HAIIMBACTCS, a €€
3aMeHa TPeOyeT OOJTBIIMX KAUTABHBIX BIOYKCHUIA.

JlnHamuKa pOTsHKEHHOCTH BHYTPEHHHX BOJI-
HBIX MyTeH CBs3aHa C THUIPOJOTHUECKON 0OcTa-
HOBKOM, M HECMOTPSI HA TO, YTO TTOKa3aTellb OT-
PpUILIATEIbHbINH, OH HAXOAUTCS B IIPEZEIaX HOPMBI.

[TonoxwurenpHas AMHAMHKA TPOTSHKEHHOCTH
1 OKCIUTyaTalluy MyTel COOOIEHUs TOBOPUT 00
3¢ dexTUBHOCTH cTparernieckux pedopm u pe-
IICHNH, TIPUHSTHIX TOCYIaPCTBOM.

Dh(HEeKTUBHOCTH TPAHCTIOPTHOTO COOOIIICHHS
BJIMSIET HAa YKOHOMHIO OOOPOTHBIX CPEJICTB Ha
TEPPUTOPHUHU CTPAHBI, YTO BEAET K YKPEIUICHHUIO
HKOHOMHYECKHX CBsI3el Mexky e€ (heiepatbHbIMU
OKpYraMH U «IOATBEP)KAAET BaXKHOCTH TPAHC-
TIOPTHOTO CEKTOpa B KOHTEKCTE SKOHOMHYECKOTO
1 COIMABFHOTO PAa3BUTIS» [9].

B pamxax o6rmeit mmomau Poccuiickoit dere-
panmy 0ObEKTHBHO OTPa3UTh JAESTEIBHOCTD U B3aH-
MO3aBHCHMOCTb XO3SIHCTBYIOIINX CYOBEKTOB BO3-
MOXXHO C TTOMOIIIBIO CTATUCTUYECKHUX JAHHBIX T10
TPpy30000pOTY TI0 BrIaM TpaHcropTa (tadu. 3).

CpaBaurenpHas quHamuka 2015-2019 romos
TOKA3bIBACT, YTO OOLIMI YPOBEHB IPy30000pOTa 110
BHUJIaM TPaHCIIOpPTa BBIPOC, 3TO XapaKTepH3yeTcs
YBEJIMUECHHUEM JJATbHOCTH TTEPEBO30K, YITyUILIEHUEM
Ka4ecTBa 0O, HOBBICHBIINMCS CLIPOCOM Ha TOBa-
pol. CrietoBaTernbHO, COBEPIICHCTBOBAHNE BHY TPEH-
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Tadoauua 2
IpoTrszkéHHOCTH MyTeii coodeHust no Poccuiickoii @exepanun
K KoHIy 2019 roaa, Thic. KM*
2015 2016 2017 2018 2019 H3MCHCHHE
MoKa3aTels
2019
2015, +/-
DKCIUTyaTallMOHHAs JUTMHA 86,3 86,4 86,5 86,6 87,0 +0,7
JKEIE3HOIOPOIKHBIX ITyTei 00IIEro
MOJIb30BAHUS
TIporsxéHHOCTH aBTOMOOMITBHBIX Jtopor | 1 480,5 1498,5 1507,8 1531,6 1542,2 +61,7
00I1Ier0 N0Ib30BaHUS
TIpoTsk€HHOCTB ra30MpoOBOIOB 177,7 179,3 179,8 179,3 181,8 +4,1
TIporsk€HHOCTH HETENPOBOIOB 54,8 54,2 53,4 53,4 53,4 -1,4
IIpoTskéHHOCTD 19,3 16,6 17,3 17,1 16,8 -2,5
HEe(TEnpOLYKTONPOBOIOB
TIpoTsKE€HHOCTH BHYTPEHHUX BOIHBIX 101,7 101,5 101,5 101,5 101,6 -0,1
CYHOXOIHBIX ITyTeH

* TIpoTshk€HHOCTB IyTel coolmieHus mo Poccuiickoit @enepanmu. [DnekTpoHHbIil pecypce]: https://rosstat.gov.ru/folder/

23455print=1. loctyn 07.04.2021.

Hell TPaHCTIOPTHON HH(PACTPYKTYPhI 00ECIICUrBa-
€T BO3MOXKHOCTb CHIDKCHUSI 3aTpaT Ha MOCTaBKY
TOBApOB JIaXKE B CaMble OTIAJIEHHBIE TOUKH CTPAHbI.
Baenenue B aKCIITyaTaluio HOBOM TEXHUKH, ONTH-
MH3IHS TEKYIINX MapIIPyTOB IIOMOTAOT JOCTHYb
HanboJsiee BHICOKUX pe3ynbratoB. HoBas marepu-
ANbHO-TEXHUYECKAsl 0a3a ycTaHaBIUBacT (B TOM
YHCIIC M3MCHSCT B PE3yJbTaTe MOJACPHUBAIINH)
MPUHAJJISKHOCTh NPEANPUATUS K ONpeeIEHHOM
OTpACIH ¥ SIBICTCS HAHOOJee 3HAYNMON JacThIO
akTuBOB. [ToaTOMY €11€ OIHMM KITFOUEBBIM 3J1EMEH-
TOM SIBJIICTCS TEXHOJIOTMYECKHI MOTEHIMAT TEPPH-
TOpUH, XapaKTepU3YIOIINii Pa3BUTHE, B TOM YHCIIE,
TEXHUKH U TEXHOJIOTHH.

HHBecTHNH B TPAHCIIOPTHYIO
HH(PaCTPYKTYPy TeppHTOPHUii

B ycnoBusix npocTpaHCTBEHHONW HEOTHOPOHO-
ctu Tepputopuil Poccuiickoii @enepatiyiu nepernex-
THBBI Pa3BUTUSA OOJBLIMHCTBA XO3AHCTBYIOIIUX
CyOBEKTOB 3aBUCAT OT JOCTYIIA K PA3IUYHbIM PECyp-
caM U uHppactpykrypam. [Ipu sToM K0CTYNHOCTH
TPAHCIIOPTHOW CETU KpaiHe BajKHA, HO HE MOXKET
Ob1Th abcomoTI3MpoBaHa. C 0THON CTOPOHBI, HAJIH-
YHe Y XO3SHCTBYIOIIMX CyObEKTOB KIIACCHYECKOH
CHCTEMBI «CIPOC—TIPEATOKEHNUE», PeaT3yeMOon
yepes J0CTYII K TPAaHCIIOPTHO-TIOTUCTHYECKOH ceTH,
JIOJDKHO JIaBaTh IOJIOXKUTENBHBIHN 3(EKT, «C Ipyroi
CTOPOHBI, TPAHCTIOPTHASI HH(PACTPYKTypa MOXKET
HMETh SKOHOMIYECKUH AP (HEKT TOMHKO TIPH BBITON-
HEHUH OIpPe/IeNEHHBIX TPEOOBAHHIA: MHBECTHPOBA-
HU€, TOCYJIapCTBEHHAsI TIOJIEPKKA U HAJIMYKe UH-
CTUTYLIOHAIBHOM cpeb» [10].

TexHonmornueckre HHHOBALUK yIIOPSJOUHBa-
0T U OOHOBJISIOT CEKTOP MPOMBIIIICHHOCTH,
a TaKXKe YBETMINBAIOT BO3MOXKHOCTH POTPECCHB-
HOU JIESITEIIbHOCTH TEPPUTOPUI, HEUTpann3ys pu
HAJIMYUU ONTHUMAJIBHBIX MH(PACTPYKTYpPHBIX
Y PHIHOYHBIX YCIIOBUIA PUCKH MasIod(pEeKTUBHOTO

¢ MWP TPAHCIOPTA.2021. T. 19. Ne 5 (96).

UCIIONIb30BaHUsI PECYPCOB U3-3a YAANEHHOCTH OT
MOHOLICHTPHYECKHX ariomepanuii. [Toatomy Tex-
HOJIOTUYECKUH TOTEHIMAll TepPUTOPHH 3aBUCUT
0T 00pa30BaHMUs CTAOMITBHBIX IIEMIOYEK B3aUMOJICH-
CTBUS CYOBEKTOB PBIHKA, a TAKOKE OT (hOPM 1 BUIIOB
npon3BoAcTBa. «IIpy MHTEHCHBHOM THIIE SKOHO-
MUKH 00bEM IPOU3BOIMMBIX ON1ar yBeINIHBACTCS
Gnarofiapsi COBEpPIICHCTBOBAHUIO HCITOIb30BAHMS
PECypcoB Ha OCHOBE HAyYHO-TEXHHYECKOTO IPO-
rpecca, mpuMeHeHus Oosnee H3(QPEKTHBHBIX CPECTB
Tpy/ia, COBEPIICHHBIX TEXHOJIOTHH 1 (opM opra-
HU3AIIX TPOU3BoACTBay [11].

B OonbpmmHCTBE CBOEM CHIIbHAsE SKOHOMHKA
CTpaHbl OCHOBBIBACTCSI Ha MPOM3BOJICTBE BBICOKO-
TEXHOJIOTMYHON NPOITYKIIMH.

Cornacno peiiruary Global Innovation Index
Poccuiickas @eneparms B 2020 romy 3ansma 47
MECTO II0 YPOBHIO KOHKYPEHTOCIIOCOOHOCTH HH-
HOBAI[OHHOTO Pa3BUTHSI CPEIH APYTHX CTpaH®,
a B 2021 romy — 45 mecto’. JlaHHbIA TOKa3aTesb
JUISL CTpaHBbl HE SBIISIETCS apa/IOKCAIBHBIM, TaK,
nanpumep B 2019 n 2018 romax crpana 3aHuMana
B peliTuHTe 46 MecTo. B cpaBHEHMH CO CTpaHAMH,
3aHSBILINMH IT€PEJOBbIE IO3ULIHN, OCHOBHOH IIPO0-
nemoit Poccuiickoii @enepaniu MOXKET SBISATHCS
OoJtee HU3Kasi MHBECTUIIMOHHAS 1 MTHHOBAIMOHHAS
AKTHBHOCTB, B CBSI3U, C YEM CTOUT YTOYHHTb, YTO
OIIHUM M3 KJIFOUYEBBIX TTOKA3aTeNel pa3BUTHS HO-
BBIX TEXHOJIOTHIA B 0001 CTpaHE ABIACTCS pa3Mep
MHBECTHUIIMOHHBIX BIOKECHUI B Pa3BUTHE U BHEI-
peHMe UHHOBAIUI.

Pa3BuTre nHHOBaNMN Ha TPAHCHIOPTE HUMEET
MHOTI'OMEPHOE 3HA4YEHUE: U JUISl Peajn3aliu KO-
HOMHKO-TEXHOJIOTHYECKOTO MOTEHIHANIA OT/ENb-

8 [Onexrponmnsiii pecypc]: https://www.wipo.int/edocs/
pubdocs/en/wipo_pub_gii 2020-intro4.pdf. doctyn
01.09.2021.

 [Onexrpoumnsiii pecypc]: https://www.wipo.int/edocs/
pubdocs/en/wipo_pub_gii 2021.pdf. Joctym 21.09.2021.
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Taoéauma 3

I'py30000poT 10 BHAAM TPAHCHOPTA, MJIP T°KM*

2015 2016 2017 2018 2019 HM3MEHCHHE

ToKa3aTess
2019 x 2015,
+/-

TpaHcnopt — Bcero 5108 5198 5488 5636 5674 +566

B TOM 4YHCJIE!

JKEJIC3HOTOPOXKHBII 2306 2344 2493 2598 2602 +296

ABTOMOOHIIBHBIH 247 248 255 259 275 +28

TpyOOIPOBOAHBIH 2 444 2 489 2615 2668 2686 +242

B TOM YHCJIE!

ra30IPOBOIHBIH 1176 1181 1300 1336 1318 +142

HedTePOBOIHBII 1226 1262 1265 1276 1318 +92

He(TenpPO Ty KTOIPOBOHBIN 42 46 50 55 51 +9

MOPCKOI 42 43 50 37 37 -5

BHYTPEHHUIT BOAHBII 64 67 67 66 66 +2

BO3JLYIIHBII 5,6 6,6 7,9 7,8 7,4 +1,8

* I'py30000pOT MO BHIAM TpaHCHOPTa. [DNeKTpoHHbIH pecypc]: https://rosstat.gov.ru/folder/23455%print=1. doctyn

06.04.2021.

HOU TePPUTOPHH, U JUTS PA3BUTHUSI TPAHCIIOPTA KaK
0OIEHAIIMOHAIBHON BBICOKOTEXHOJIOTMYHON OT-
paciu, ¥ B ITaHE PAa3BUTHSA TOTEHIHANIA TPAHC-
ropra Juisi o0ecredeHus Jydiieil CBI3aHHOCTH
TEPPUTOPHIA U, CIIEJIOBATENBHO, PEaTM3alMU UX
noreHuumana [8—11].

CrenoBaTelbHO, MHBECTHPOBAHKE B Pa3BUTHE
TEPPUTOPHAITEHOTO 00Pa30BaHUS «OTIPEIEIICT
JIONTOCPOYHYIO AWHAMHUKY €Tr0 SKOHOMHYECKOTO
TIOTEHIIMANA M YPOBHS PA3BUTHs COLMAIIBHOM ce-
PBI, B CBSI3U C 9THM, JIOJDKHO IIJIAHUPOBATHCS, aHa-
JIM3UPOBATHCS M PETYJIMPOBATHCS B PAMKaX rocyiap-
CTBEHHOW U PETHOHAILHOM MHBECTULIMOHHOM TO-
JINTUKH, 0CHOBAHHOW Ha pa3pab0TaHHO! CTpaTeTHl
HHBECTUIIMOHHOTO Pa3BUTHS TPAHCTIOPTHOM HH(ppa-
CTpYKTYpED» [8].

CriestyeT OTMETHTB, YTO «COBPEMEHHbIE TEHICH-
LIMH JIAI0T OCHOBAHUE OXKUJIATh CKOPEUIIETO MOsIB-
JICHVSI TICPBOM TTOTHOCTHIO aBTOMATH3UPOBAHHON
CHCTEMBI OOIIECTBEHHOTO TPAHCIIOPTA B MacIITade
ropona» [12]. Oto monTBeprkmaeT (aKT, 9TO HHHO-
BAIMH B TPAHCTIOPTHOM MH(PACTPYKTYpE MOHIMA-
10T YPOBEHb Ka4eCTBa TPAHCIIOPTHBIX YCIIYT U OIl-
TUMHU3UPYIOT IEATEIbHOCTh XO35SHCTBYIOIIMX
CYOBEKTOB, TaK KaK «CTaJHs TEXHOJIOTHYECCKOTO
Pa3BUTHS PETHOHA BIMSCT HA TC VJIA WHBIC BUIIBI
TIPOU3BOZCTBA TOBAPOB, HAIIPUMED: CHIPHEBBIE pe-
CYPCBI, IPOMEXKYTOYHBIE IPOYKTHI, TOBAPHI KOHEU-
HOTO MOTPEOICHUsI, yCIIyTy U T.14.» [13].

VHHOBaIMY TPAHCTIOPTHOM UHPPACTPYKTYPBI
HampaBlIeHbBl Ha ONTUMAJbHYI0 HHTETPAIUIO
TPAaHCIOPTa C YKOHOMHKOH TePPUTOPHUATEHOTO
00pa3oBaHUS ¥ MO3BOJSIOT PAa3BUBATHCS XO3SH-
CTByIOIIUM cyObekTaM. Ho nMeHHO crocoOHOCTh
«XO3SUCTBYIONIMX CYObCKTOB HApAIUBATh U YCH-
JIMBATh CBOE ITPOU3BOCTBO JAET UM BO3MOXKHOCTh
YCTOWYMBON KOHKYPEHTOCIIOCOOHOCTH Ha PHIHKE
TPaHCHOPTHBIX yCIryT» [14].

3AKIIOYEHUE

Taxum 00pa3oM, SKOHOMUYECKas! CHCTEMA KOH-
KPETHON TEpPUTOPUH TPE/ICTABISIET COOOM KOMII-
JIEKC TIPOM3BOACTBEHHBIX OTpaciel, ypoBeHb pa3-
BHUTHS KOTOPBIX YIIOPSIOUMBACT JESTEINBHOCTD XO-
3MHCTBYIOIINX CyOBEKTOB, UTO TIPUBOIUT K PACKPBI-
THIO BO3MOXHOCTEH 3KOHOMHMUYECKOIO pocTa
TEPPUTOPUH U YCTOWUMBOM pabOTE XO3SICTBYIOIINX
CyOBEKTOB, HAXOLSIIIMXCSI Ha HEeH, a TAKKe OKa3bl-
BAeT BIIMSHUE HA TPAHCIIOPTHYIO HH(PaCTpyKTypy
TEPPUTOPHATTBHOTO 0Opa30BaHMSL.

«B 1enom xe xapakrep pa3BUTHS TPAHCIIOPTHOM
MHPPACTPYKTYPhI U €€ QYHKIMOHAIbHbIE 0COOCH-
HOCTH B HEMAJIOH CTEIIEHH ONpPEJIENSFOTCS, UCXOIs
n3 cHerupHUIEecKuX 0COOEHHOCTEH KOHKPETHOTO
PErroHa, a TAKXKE CTETICHN B3aNMO/ICHCTBHS M B3aH-
MOCBSI3U € TAKUMH HH(PPACTPYKTYPHBIMH SITEMEH-
TaMU, KaK HEDKeHePHast ¥ COLMAIbHAst HHPPacTpyK-
Typbl, [T-undpacTpykTypa u unbie» [15].

COOTBETCTBEHHO aHAIIM3 MTOKa3aTelNeH, XapaK-
TEpU3YIONHX BIMSTHAE TPAHCTIOPTHOTO KOMILIEKCa,
CTAHOBHTCSI KOHCTAHTOH [T ()OPMUPOBAHUS TTPOY-
HBIX XO3SIMICTBEHHBIX CBS3E1 MEXY TEPPUTOPHATIL-
HBIMHU CYOBEKTaML.

COBOKYTIHBIN TIOTEHIIUAT TEPPUTOPHIA CTPAHBI,
YTO CO BCEIl OUEBHHOCTBIO TTOKA3bIBAET MPHMED
Poccun, onpenensieTcs Kak KOMIUIEKCHAs! KBaJINTa-
THUBHO-KBAaHTHTaTUBHAS BO3MOXXHOCTbH HAJIMYHUS
BCEX BHJIOB PECYPCOB, aKKyMYJIHPOBAHHBIX Ha OJI-
HOW TEPPUTOPHUHM, & TAKKE BO3MOKHOCTb XO351H-
CTBYIOLIETO CyObEKTa TEPPUTOPUH HCIIOIH30BaTh
JIaHHbIE pecypchl st Hanbosee dPHEeKTUBHOTO
JIOCTIKEHHS ITOCTABJICHHBIX 33/1a4 Ha KOHKPETHBIH
TIEPHOZ BPEMEHH.

CrerieHb pa3BUTOCTH BHY TPHTEPPHTOPHAIIBHON
TPaHCHIOPTHON MH(PPACTPYKTYPBI, a TAKKE HALHO-
HaJIbHOM TPAHCIIOPTHOW CHCTEMBI, 00CCIICUHBAKO-
el ONTHMAabHYIO CBS3aHHOCTH TEPPUTOPUI,
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croco0cTByeT ux dPPEKTUBHOMY BKIIIOUSHHIO
B TPaHCTIOPTHO~IOTMCTHYECKHUE LIETIOUKH ITPON3BO/T-
CTBa ¥ peaJIN3aIik TOBAPOB U YCIIYT, U B KOHCIHOM
cuére — peaqu3alny UX KOHOMHKO-TEXHOJIOTH-
YECKOTo MOTEHIHAIA.

IIpennosxeHHbI TEOPETUKO-KOHIENTYalbHbII
TOJIXO/l MOJKET OBITh B JaJIbHEHIIIEM Pean30BaH
IyTEM CO31[aHMsT KOMIUIEKCHOM METOJI0JIOTH OIIeH-
KU B3aHMOBJIMSTHHS TPAHCTIOPTHBIX, SKOHOMUUYECKUX
1 TEXHOJIOTMYECKUX (haKTOPOB B PaMKaX OMMCAHHOK
MOJICITH.
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AHHOTALINA

PaccmMompeHo ceMb OCHO8HbIX NPUOPUMEMO. Pasgumusi 2py308020
Kene3HoA0POXHO20 MpaHCNopma, (hoPMUPYIOUUXCS 8 YCIT0BUSX aKMUBHOU
UHMEeHCUUKaUUU YUKITIO8 Hay4HO-MEeXHO02UYecKo20 pa3sumus, nogce-
MecmHoll yuchposusayuu bU3HEC-NPOUECCO8 U POCMOM KOHKYPEHUUU 8
mparcnopmrol ompacnu. OGHUM U3 KITKOYesbIX 3M1eMEeHMO8 y8enuyeHus
npusrekamensHOCMU 2py308020 Xe1e3Ho0A0POXHO20 MpaHcnopma AeJis-
©mcs e20 UHHOBAULOHHOE U Hay4HO-MeXHo02U4eckoe passumue, 0cobeH-
HO 8 Yacmu NobILIEHUS KITUEHMOOPUEHMUPO8aHHOCMU. Ha ce200HsWHu(
0eHb NPUHYUNBI KITUEHMOOPUEHMUPOBaHHOCMU 8 Cehepe Kene3HOO0POXHOL
MpaHCNOpMUPOBKU 2py308 ABMAIMCS 00HUM U3 KITKOYesbIX (hakmopos
KOHKYPEeHMOocnocobHOCMU xene3HoA0POXHbIX Nepeso3yUKos.

Omom gonpoc ocobo akmyaneH u dnsi Pocculickol ®edepayuu, Ko-
mopas obradaem bICOKUM NOMEHYUAIOM paseumusi MpaH3UmHo20 Ha-
npaeneHusi 6r1azo0apsi 8bi200HOMY 2e02Ppaghu4ECKOMY NOOKEHUK. [JaHHb Il
hakm obycraeueaem npuenekamesbHOCMb Xene3Ho00POKHO20 mpaHc-
nopma 0r1st KNUEeHMO8 2Ppy308bIX NEPEBO3OK.

Obpas 6ydyweeo Hay4HO-MeXHOMOUYECKO20 PasgUMUs 2py308bIX
Kene3HoOOPOXHbIX NEPeso3oK (hopMUPYIOM MmaKue HanpasneHus, Kak
passumue MAxenosecHo20 0BUKEHUS U MeXAyHapOOHbIX KOHMEUHEPHbIX
Nepeso3ok, akmusHoe 8HedPeHUe UUGhPoBhIX mexHomnoaut Ons e3aumoded-
CMeusi ¢ KNueHmamu U MOHUMOpUHea COCMOSIHUS NOA8UXHO20 cocmasa,
npedocmasnerue ycrye 8 eOUHOM MPaHCNOPMHOM U UH(HOPMAaUUOHHOM
NpocmpaHCcmee, N08bILEHUEe MapxUHanbHOCMU U aKoroauyeckoll 6esonac-
Hocmu nepego3ok.

O0HUM U3 BaXHeLIWUX NpuopUMemos sensemcs Yughposas mpaHc-
¢hopmayusi nepeso3oyHo20 Npoyecca, 8aXHOCMb KOMOpPOU ces3aHa ¢
obecneyeHuem 6e30nacHocCmu nepeso3oK, NO8bILEHUeM NponyckHoU
cnocobHocmu xene3HoO0POXHOU cemu U hopmuposaHLeM KOMNIeKcHoU
cucmembl obecneyeHuss omkpbimocmu 0aHHbIX 0nsi npedocmaesneHust
KnueHmam gceli HeobxodumMoli UHgopMayuu.

[lpyaum npuopumemHbIM HanpagneHuem seAemcs NosbIweHue
9KOHOMUYeECKOU 3¢hchekmUuBHOCMU 2Py308bIX NEPEBO3OK 3a C4EM yserude-
Husi QoMU 8bICOKOMapPXUHarbHbIX mosapos. K makum mosapam mMoxem
OmHoCUMbCS ¢hapmauesmuyeckasi U ckoponopmsiwasicss npodyKuus, UH-
(hopMayUOHHO-KOMMYHUKaYUOHHaS, 3NeKMPOHHas U paduoaieKmpoHHas
npodykyusi u Op. YsenuyeHue 00U makux Nepeso3ok NPU CHUXEeHUU
06LEMO8 NEPeso3kU yens/Hehmu makxe nomoXumenbHo ckasbleaemcs
Ha 8HewHeM 0611uKe Xene3Ho00poXHOU KoMnaHuu Orst 3apybexHbIX UHGe-
cmopos.

06pa3 6ydyuie20 2py308bIX Ke1e3HOOOPOXHbIX NEPEBO3OK 80 MHOZOM
3a8LICUM OM PassIUYHbIX HEWHUX U 8HYMPEHHUX (hakmopos, peasnusyembx
8 ompacnu. Kpome mozo, oH 3agucum om hopMUPYIOWUXCS 8 MUPO8OU
9KOHOMUKe MakpompeHdos, obycnasnusarouux onpedenéHHbIli eekmop
pa3eumust ese3HodopoxHoU ompacnu.

B pamkax uccredosarus st JoCmuKeHUs Yenu WUPOKO NPUMEHSIIUCH
KayecmeeHHble Memolb! uccredogaHus u bubnuoMempuyecKull aHanu3
Hay4HoUl numepamypb1, MexAyHapoOHb X CPame2uyecKuX U npoepammHbIX
00KyMeHMO8 0MpPacneso2o U KOPNOPAMUBHO20 YPOBHS.

Knioyesble criosa: 2py3080(i Xene3HoA0POXHbIL MPaHCNOPM, Hay4HO-MEXHOM02UYECKUE NPUOPUMEMbI, KITUEHMOOPUEHMUPOBAHHOCL, YUPOBU-

3ayus, pasgumue 6usHec-modesu.

[ns uumupoganus: Tynynos A. B., benowuukudi A. B., LLiumos E. A., LLlumosa f0. A. VIHHOBaUUOHHbIE U Hay4HO-MeXHOMo2UYecKue npuopumems|
2PY308020 Xene3Ho00poxXH020 mpaHcnopma // Mup mpaxcnopma. 2021. T. 19. Ne 5 (96). C. 58-68. DOI: https:/doi.org/10.30932/1992-3252-2021-19-5-7.

MonHbIl mekcm cmamb U Ha aH2nulicKoM si3bIke ny6uKyemcsi 80 mopoli yacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.

ynynoB A. B., bernowuuyy




BBEOEHUE

I'py30BbIe NEPEBO3KH SIBISIOTCS OJHUM U3
OCHOBHBIX CBSI3YIOILIHMX 3JIEMEHTOB JIFO0OW IKO-
HOMHYeCKoi cucteMsl [ 1], 9ro mpenonpenenser
BBICOKHI YPOBEHb 3aBUCHUMOCTH 3KOHOMHUYECKO-
rO pa3BUTHUS JIIOOOTO rOCyIapcTBa OT CTENEHH
Pa3BUTHS €r0 TPAHCIIOPTHOM CUCTEMBI. Bhicokast
3HAYMMOCTb I'PY30BBIX IIEPEBO30K ONPE/IEISIETCS
TEM, 4TO B CIIy4ae HEBO3MOXXHOCTH MX OpraHU-
3aI[MU IMEETCS PUCK OCTAaHOBKH CYILIECTBYFOLINX
XO3SIICTBEHHBIX OTHOIICHHI W He3aBepIleHHs
TEKYIIMX MPOU3BOJCTBEHHBIX HPOLECCOB, YTO
BeIET K MOTEHIUAIBHOMY KOJUIANCY YKOHOMHU-
YEeCKOI CHCTEMBI B LienoM [2].

KenesHogopoXHBIH TPaHCIOPT, B CBOIO
o4epesib, SBISIETCS OJJHUM U3 HanboJliee pacipo-
CTpaHEHHBIX CIIOCOO0B OPraHU3alNH I'PY30BbIX
MIePEBO30K.

Hanpumep, B Poccuiickoit @enepanuu xe-
JIE3HOOPOXKHBIHM TPAHCHOPT SIBJISIETCS BAYKHBIM
3BEHOM B )KH3HEOOECIIEYeHUH MHOroOTpacie-
BOW DKOHOMHMKH M peaju3aluy COLHaIbHO-
3HaYMMBIX YCIIYT 110 NEPEBO3KE MacCaKupOB
u rpy3oB. Ero nons B o0uieii ctpykrype rpy3o-
obopoTta 1o coctosiHuio Ha koHer| 2020 roma
coctarisia 47,12 %, onepexas OIMKalero
KOHKypeHTa (TpyOONpOBOAHBIN TPAHCIIOPT) Ha
1,39 n.n'. B mepuoxa rio6aapHON MaHAEMHUU
COVID-19 xene3HOAOPOXKHBIN TpaHCTIOPT
YKpPEIuI CBOE MOJOKEHHUE B KAYECTBE OTHOU U3
KJIIOUEBBIX M CUCTEMO0OPA3YIOIINX KaTeropuii
Tpancmopra [3].

B Oynyniem oxujaercs yBelIn4eHHe crpoca
Ha IPy30BbIE JKEJIE3HOIOPOKHBIE IEPEBO3KH: MO
MpOrHo3aM KOHCAJITUHTOoBOW kommanuu SCI
Verkehr, mupoBoii rpyzoo6opot B 2025 roxy
coctaBuT 11,9 Mapa Texm o cpaBHeHuo ¢ 10,4
mapa TekM B 2015 [4].

KiroueBoii yenbro NaHHON HaydHOU paboThI
SIBJISIETCSL oIpesiesienne o0pasa OyayIiero rpy-
30BBIX JKEJIE3HOIOPOXKHBIX [IEPEBO30K C IO3ULIUH
MX HAy4HO-TEXHOJIOTMYECKOro pa3Butus. [lpu
HaIllMCaHUU CTaThU aBTOPAaMHU IIHPOKO HCIIOJb-
30BAIUCh Meno0bl OMOIMOMETPUYECKOr0 aHa-
n3a: ObUT MPOBEAEH 0030p KaK HAy4yHOM JiuTe-
parypsbl, Tak U MEXIyHApPOJHBIX OTPAaCIEBBIX
JIOKyMEHTOB M CTPAaTErMYECKHX IIJIAHOB JKeJIe3-
HOJIOPOXKHBIX KOMITAaHHMH, a TAK)Ke CTaTHCTHYe-
CKUX JaHHbIX. Mcronb3oBaHne KauyeCTBEHHBIX
METOJIOB HCCJIEIOBAHHSI TIO3BOJIMIIO C(HOpMUPO-
BaTh 00pa3 Oyaylero pa3BUTHUS IPY30BBIX JKe-

! I'py30060poT 1o Buaam Tparcnopra mo Poccuiickoit Oe-
neparmu. Poccrar. [DnexrponHslil pecypc]: https://rosstat.
gov.ru/folder/23455. Tloctyn 12.08.2021.

JIE3HOIOPOXKHBIX MEPEBO30K B LIEJIOM, a TaKXKe
mecto xomaunara «PXKJI» B HéM.

PE3YNbTATbI
O npuopurerax rpy30Boro
2KeJIe3HO0POKHOT0 TPAHCIIOPTA

B Oompliieii creneny ganpHenIee 0CBOSHHE
pacTyIIero crpoca Ha rpy30BbIe TIEPEBO3KH 3a-
BHCHUT OT Pa3BUTHUS KOMIUICKCHOTO 0OCTYKHBa-
HUS TPY300TIIPABUTEIICH 1 TIOBBIIICHHS KaueCcTBa
TPY30BBIX IIepeBO30K. JlaHHAs TOBECTKA SBISCT-
Cs1 0COOCHHO aKTyaJbHON B 310Xy II00ATBHON
IU(GPOBU3AIIH W YCKOPCHUS HAyYHO-TEXHOJIO-
TUYECKUX IMKJIOB, KOTJa aKTUBHOE Pa3BUTHE
HHTEJIEKTYaIbHBIX CHCTEM aBTOHOMHOTO
YIIpaBICHUS aBTOMOOWIIBHBIM TPAaHCIOPTOM
U ero JMeKTpUu(UKAIUI B JOITOCPOIHOH Tep-
CIICKTHBE MOTYT MIPUBECTH K BHITCCHCHHIO K-
JIE3HOJOPOKHBIX TEPEBO30K M3 OTACITBHBIX
CErMEHTOB TPAHCIIOPTHOTO PHIHKA.

CoxpaHeHHe KOHKYPCHTHBIX MO3HUITNH Ha
PBIHKE TPAHCTIOPTHBIX YCIIYT U OCBOCHHE PacTy-
IIMX TPY30IIOTOKOB BO MHOTOM TE€CHO CBSI3aHO
¢ 00IMM ypOBHEM HHHOBAIIMOHHOTO M HAYYHO-
TEXHOJOTHYECKOTO PAa3BUTHUS KEIC3HOTOPOXK-
HBIX KOMITAHUH ¥ HX CTPATErHYeCKUMHU IIPHOPHU-
TeTamMu B 3TOH oOmactu. B kauectBe Hamnbolee
3HAYUMBIX MPUOPUTETOB WHHOBAIIMOHHOTO
U HAyYHO-TEXHOJOTHUYECKOTO Pa3BHUTHUS TPy30-
BOTO KEJIC3HOOPOKHOTO TPAHCIIOPTa MOKHO
BBIJICTUTH KaK HATIPABICHUS, CBSI3aHHBIC C pac-
LIUPEHUEM U ONTHUMH3ALKUEN CYyLIECTBYIOIIEH
OM3HEC-MOJICNTH, TaK U PA3BUTHEM HOBBIX YCITYT
IO TIPETOCTABICHHUIO TPY30BBIX MYIIBTHMOIAITb-
HBIX TIEPEBO30K.

AHanu3 Mo3BOJISET BKIFOUUTH B YHUCIIO 3THX
MIPUOPUTETOB CEMb HAIIPABIICHUN.

1) Pazsumue msicenos8ecHsbix epy308biX dice-
J1€3HOOOPOACHBIX NEPEBO3OK.

OmHAM U3 TIEPCIICKTUBHBIX PEIICHUH 0CBOE-
HUS paCTYLIETO CIPOCa Ha FPYy30BbIE IEPEBO3KU
SIBIISIETCSL OPTaHU3alMsl BBIIEIEHHOTO TSXKEIO-
BECHOI'O JIBMIKEHMSI, UTO MPEACTABIAET 3HAUM-
MBI BBI30B /7151 BCEH KENE3HOA0POXKHOM oTpac-
JIM B CUJLy OTPAaHUYEHHOCTH MPOITYCKHOM CITO-
COOHOCTH CYIIECTBYIOIICH JKEIC3HOTOPOKHOMN
CETH U HEOOXOAMMOCTH B 3HAUYMTEIILHBIX KaIlu-
TAJIOBJIOKEHUSAX JJIs1 €€ yBEIUUYEHUs. AKTyallb-
HOCTB Pa3BUTHUS TSDKEIIOBECHOTO IBIKEHHS 00-
YCJIaBIMBAETCS, B TOM YHCIIE, TEM, UYTO JKEIJIE3-
HOJIOPO’KHAsI OTPaACib OCTAETCS OAHOM U3 KIIO-
YeBBIX OTpacieil B CerMEHTE MEPEBO30OK
HACBIMHBIX T'PY30B, YHEPrOHOCUTENEH, a TaKXKe
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Taoauma 1
ConocraBiieHne XapaKTePUCTUK TSKeJI0BECHBIX M0€3/10B

Komnanwusi-oneparop (cTpana) Okciutyarupyemast (HCIbITEIBaeMasi) oceBast | KonmaectBo BaroHos,
Harpyska B nepcrnekruse 10 2030 &, T en.
Aurizon (ABcTpanust) 40 264
BNOR (Hopserust) 30 H/IT
BNSF (CIIA) 30 170
CNR (Kanapa) 36 106
CR (Kwurait) 30 210
IR (Munus) 25 120
LKAB (IIBeuust) 30 68
Rio Tinto (ABcTpasws) 40 264
SSC (Kwuraii) 25 H/1T
SHR (Kwuraif) 25 H/1T
Transnet (FOAP) 33 375
UP (CIIA) 36 170
VALE (Bpazns) 37,5 330
Xomauar «PXK» (Poccust) 27 142

VICTOYHHK: COCTABICHO aBTOPAMH Ha OCHOBE MAaTEPHAIIOB, [IPEICTABICHHBIX Ha OHIMAIBHBIX CallTax JKEIe3HOJOPOKHBIX
KOMITaHHU, H/J1 — HeT MaHHbIX. (Aurizon // [Dnexrponustii pecypc]: https://www.aurizon.com.au/. Joctym 12.08.2021); BNOR
// [OnexrponHbIi pecypce]: https://www.banenor.no/en/startpagel/. Joctyn 12.08.2021; BNSF // [DnexrpoHnHslii pecypc]:
https://www.bnsf.com/. Toctym 12.08.2021; CNR // [Dnexrponustii pecypc]: https://www.cn.ca/en/. loctym 12.08.2021;
CR // [OnexrponHslii pecypc]: http://www.china-railway.com.cn/english/. Joctyn 12.08.2021; IR // [DnexTporHSlii pecypc]:
https://indianrailways.gov.in/. Joctym 12.08.2021; LKAB // [Qnexrpounsiit pecypc]: https://www.lkab.com/en/. loctyn
12.08.2021; Rio Tinto // [QnexrponHsIi pecypc]: https://www.riotinto.com/. Joctyn 12.08.2021; SSC // [OnexrpoHHSBIi
pecypc]: https://www.sscconsolidation.com/index.php. Joctym 12.08.2021; SHR // [Dnexrpounstit pecypc]: http://www.
csec.com/. Joctyn 12.08.2021; Transnet // [DnekrporHsIi pecypce]: https://www.transnet.net/Pages/Home.aspx. Jloctyn
12.08.2021; UP // [Dnexrponwusrii pecypc]: https://www.up.com/index.htm. Joctym 12.08.2021; VALE // [OnexrpoHHbIit
pecypc]: http://www.vale.com/en/pages/default.aspx. Joctym 12.08.2021; Xommuar «PXX/» // [DnexrpoHHsIil pecypc]:

https://www.rzd.ru/. Joctym 12.08.2021).

TIPOYMX BUJOB Ipy30B. COBOKYIIHBIN POCT CIIPO-
ca Ha YCIIyTH KeJIC3HOIOPOXKHBIX MEPEBO30K,
BKJTIOUAsl YCIIYTH B 00JIaCTH OPTaHU3aINH TSDKE-
JIOBECHOTO JIBIKCHHS, TIPEIOTIPEACIIET HE00X0-
JUMOCTD TTOBBIIICHUS 3()D(HEKTUBHOCTH 1N Oe€3-
OTIACHOCTH TPY30BBIX JKEJIE3HOIOPOXKHBIX Mepe-
BO30K.

Iox Tpy30BBIM TSKETOBECHBIM JKEJIC3HOO-
POXXHBIM JIBH)KCHHEM, COIVIACHO OMPENEIICHUIO
MexayHapoqHO! acCOIMalUK TSKEIOBECHOTO
JIBIDKEHMS, CIIEyET TOHUMATh TAaKOH THI TPy30-
BBIX NTEPEBO30K, KOTOPHIH COOTBETCTBYET KaK
MHHHMYM JIBYM U3 TPEX CITCAYFOIINX KPUTEPUEB:

* peryisipHast WM TUTaHUpyeMast SKCILTyaTa-
U] MApPIIPYTHBIX JTHO0 COWICHEHHBIX TTOE3/10B
Maccoif He MeHee 5 THIC. T OpyTTO;

* OCYNIECTBJICHHUE I TUITAHHPOBAHUE KOM-
MEPUYECKHX IPY30BbIX IIEPEBO30K ITPU MX 00bEME
He MeHee 20 MIH T OpyTTO B TOJ Ha JUHHUH
MIPOTSHKEHHOCTHIO HEe MeHee 150 km;

* peryisipHast WM TUTaHUpYyeMast SKCILTyaTa-
ISl TIOJJBMDKHOTO COCTaBa U IyTH C OCEBOIl Ha-
rpy3Koii 25 T miu Gomnee’.

2 VYeraB Mex/yHapoHOI acCOUMALMH TSKEIOBECHOTO
JBIDKCHHST. MeXIyHapoIHas aCCOLMAIHS TSKEIOBECHOTO
JBIDKCHMS. [ DIeKTpoHHEIH pecypc]: https://ihha.net/bylaws-

ihha. loctyn 12.08.2021.
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Jlist neneit opraHu3anuy rpy30BOro TSKeNo-
BECHOTO JIBIKCHUS JKEIIE3HOOPOXKHBIC KOMITa-
HUH 3KCIUTYyaTUPYIOT MOABMKHON COCTaB IOBbI-
LIEHHOW Macchl ¥ AnuHbL. Hanpumep, kommnanus
Transnet (FOAP) B pamkax cBoe#l mpow3BOA-
CTBEHHOM JIESITEIbHOCTHU HKCIUTYyaTUpPyeT Ioe3/a
n3 375 BaroHoB (001as IyIHA OKOJI0 4 KM), 4TO
MO3BOJISIET €M MEPEBO3UTH I'Py3bl COBOKYMHOMN
Maccoit 6omee 23,5 Toic. T [5].

C TOUKH 3peHHs 0CEBOM HArPy3KH JINIEpaMU
SIBISTFOTCS! aBcTpanuiickue komnannu Rio Tinto
1 Aurizon: Ha OTAEIBHBIX MapuIpyTax (Hanpu-
Mep, B pernoHe [Innbapa B paMkax MepeBO3KH
yris, Rio Tinto) oceBast Harpy3ka BaroHoB J10-
cruraet 40 T [6] (Tabmn. 1).

HawnbGomnbmryro pacripocTpaHéHHOCTD JTHHUH
JUTS! TSDKEJIOBECHOTO JIBHYKEHNS TTOYYHITH Y KOM-
naHuy Transnet: 70T BBIICICHHBIX JIMHAM JJIS
OpraHU3aIH TSHKEIIOBECHOTO IBIKEHHS COCTaB-
ns1eT 6,9 % ot 00111ei POTHKEHHOCTH HKEJIE3HO-
JIOPO’KHOM CeTu.

Hannune mexxayHapoIHbIX OpraHu3aluil Kak
110 TspRenoBecHoMy aBrskennio (IHHA), tak u mo
YKEIIE3HOIOPOXKHBIM TIEpPEBO3KaM B 11esioM (Mexy-
HapOIHBIN cor03 kene3Hbsx gopor (MCIXKI),
Oprannzanys coTpyIHHIECTBA )KEJE3HBIX IOPOT
(OCX][) u Tak mamee) criocoOCTBYeT 0OMEHY

TynynoB A. B., benouinukun A. B.; LlLintoB E. A, LLinToea 0. A. NHHOBALMOHHbIE
M HayYHO-TEXHONOrNYeCcKne NpMOpPUTETHI FPY30BOTO KENe3HOAOPOXKHOIO TpaHcnopTa



MePEIOBBIM OIIBITOM, JYYIIUMHU MPAKTHKAMH
Y TEXHOJIOTHSIMU MEXY KOMITAHHSIMH U JKeJIe3-
HOZOPOXXHBIMU aJIMUHHUCTPALMSIMHU, 3aHUMAIO-
LIMMUCS OPraHU3aIHEH TSKEITOBECHOTO JIBHKE-
Husl. B pamkax Takux opraHu3aluii CeromHs
c(OpMHUPOBAHO 00IIIee BUACHHE OTHOCUTEIBHO
HarpaBjeHUH OyayLIero TeXHOJOTHYeCKOTro
Ppa3BHUTHsI KOMITAHHK-OIIEPATOPOB TAXKEITOBECHO-
TO JIBIKEHUS, KOTOPOE BKIIIOYAET:

* COBEPIICHCTBOBAHHE MH(PACTPYKTYPBI IS
o0ecrieueHns: COOTBETCTBUSI HOBBIM DKCILITyaTa-
LIUOHHBIM TPEOOBaAHMSIM;

* BHEJpPEHUE TEXHUYECKUX PEIUCHUH s
OpraHM3alMK JIBHXKCHUS! TSHKEIOBECHBIX 10€3-
JIOB, BKJIFOYas pa3jIMuHbIe UHTEIJICKTyaJbHbIC
CHCTEMbI BOXJICHHUSI, JUCTAaHIIMOHHOTO U aBTO-
MaTHU3UPOBAHHOTO YIPABICHHS JBHKEHHEM
[I0€3/10B;

* CO3[]aHNE MHHOBALIMOHHOTO TSTOBOTO I10-
JIBIDKHOTO COCTaBa JUIsl BOXKACHUSI TSKEJIOBEC-
HBIX MOE3/I0B;

* CO3/IaHKE ¥ BHE/IPEHUE BarOHOB ITOBBIILICH-
HOU Ipy30M0bEMHOCTH, YBEIIMUCHNE HATPY3KH
Ha OCh IOJBMIKHOIO cocTaBa M nyTu (Oosee
25 1);

* YCTpaHEHHUE «Y3KHX MecT» MH(PPaCTPyK-
TYpbl U MHBECTHPOBAHHE B YBEJIHWYCHUE MPO-
ITyCKHOW CITIOCOOHOCTH YKEJIE3HOJOPOIKHBIX JIU-
HUIA, IPUBEJICHUE B COOTBETCTBUE CYIIECTBYIO-
LIMX MOABE3IHBIX yTeH U MyTel Ha CTaHIHSAX,
B TepMHUHaJax (II0pTax);

* YCOBEPLICHCTBOBAHNE CUCTEM YHEProCHa0-
skeHus [7].

2) Pazsumue mexcOyHapoOHbIX KOHMeUHep-
HbIX Nepeso3oK.

OCHOBOH COBPEMEHHBIX UHTEP- U MYJIETUMO-
JIaJIbHBIX TPY30BBIX [IEPEBO3OK SIBIISIETCS UCTIOJIb-
30BaHUE KOHTEHHEPOB MEXKAYHAPOIHOIO CTaH-
napra I[SO. Ilponecc KoHTeHEepU3aluu, MOJy-
YHUBLIMK pa3BUTHE B CEPEIMHE TPOLILJIOro BeKa,
OKa3aJl PEBOJIIOIMOHHOE BO3/IEHCTBHE CHaYajIa
Ha MOPCKOIl TPaHCIOPT, a 3aTeM Ha BEChb IJIO-
OaJIbHBII PHIHOK IEPEBO30K. BHEIpeHNe KOHTEH-
HEpOB MMO3BOJIWJIO COKPATUTh BPEMsl IOCTABKH
Ipy30B, YIPOCTUTh M YCKOPHUTH IOIPY304HO-
pasrpy304HbIe OIEpaluy, TOBBICUTh COXpPaH-
HOCTb TPYy30B, a TaK)Ke CHH3UTb 3aTparhl Ha
oriaty Tpyaa. B coorBercTBuM ¢ mporaosamu
MapkeTHHroBoro arenrcrBa Fortune Business
Insights pa3BuTHe pbIHKa KOHTEHHEPHBIX Iepe-
B030K B TeueHue 2018-2026 royos Oyzuer xapax-
TEPU30BaThCSl BHICOKUMH TEMIIAMH POCTA: IO
nroram 2026 rosa MUpOBOit 00bEM paccmaTpu-

BaEMOTO PbIHKA YBEJINYNUTCS BIBOE U JIOCTUTHET
1,1 mun en. [8].

JlaHHOE HanpaBlIeHUE Pa3BUTHSI KEJIE3HOI0-
POXXHBIX I'DYy30MEPEeBO30K SIBISETCS BeChbMa
MEPCIIEKTUBHBIM B YCIIOBHSAX POCTa MEXK/yHa-
POZIHBIX TPAH3UTHBIX [IEPEBO30K, OCYIECTBIIsIC-
MBIX KOHTEIHEPHO-KOHTPEUJIEPHBIM CLIOCOOOM.

JlaHHBII BUJI IEPEBO30K [TOKA3bIBAET AKTHB-
HBIN pocT B Poccuiickoit @eneparyy B Te4eHHE
HECKOJIbKHX JIeT: Hanpumep, B 2020 rogy 00bEM
KOHTEIHEPHBIX MEePeBO30K COCTaBMI 5,81 MIH
JD3 (TEU), yBennuusimcs Ha 16,5 % 1o cpas-
Henuto ¢ 2019 rogom [9]. B Gmmkaiimmve rojsi
POCT IPOIOIKUTCS, IIOCKOJIBKY YPOBEHb KOHTEH-
Hepuzanuu B Poccuu Bc€ emé ocraéresa gocra-
TOYHO HU3KUM, @ BHEIITHUE MaKPOIKOHOMUYECKUE
(haKTOpBI CUTHAIM3UPYIOT O POCTE CIpOca Ha
TPaH3UTHBIE KOHTEHHEPHBIE IEPEBO3KH 110 MapILI-
pyty «EBpona—Kwuraii» uepes Poccuto.

CTOMMOCTD JKEJIE3HOIOPOXKHBIX TIEPEBO30K
MEHee BOJIaTWIIbHA 110 CPAaBHEHHIO C MOPCKHMH,
PE3KHii POCT IIeH Ha MOPCKUE KOHTEHHEPHBIE TIe-
peBo3ku Bo BpeMs nanaemun COVID-19 coznan
OJIaronpusITHBIC YCIOBUSI Il Pa3BUTHSI TPAH3HT-
HBIX KOHTEHHEPHBIX XKEJIE3HOIOPOKHBIX FPy30I1e-
peBo3ok uepe3 Poccuro. JlaHHbIH (hakT BO MHOTOM
CBSI3aH C BBEJICHHEM SIHIEMHUUYECKUX OIpaHHUye-
HHI B MOPCKHX ITOPTAaX, YTO TO3BOJIUJIIO JKeJIe3HO-
JIOPOXKHBIM TIEPEBO3KAM YKPEITUTh CBOU KOHKY-
PEHTHBIE MO3UIKMH 32 CUET CTAOMIILHOCTHU I10
CpOKaM U JIOCTYITHOCTH JIOCTABKH I'Py30B, B TOM
qucie 3a cu€T yBEIMYEHHS! CKOPOCTH IEPEBO30K
[10]. Yka3auHble (haKTOPBI TO3BOJIMIIN TOBBICUTH
KOHKYPEHTOCIIOCOOHOCTH JKEJIE3HOIOPOKHOM OT-
paciy Ha pbIHKE TPAHCIIOPTHBIX I'PY30MOTOKOB
mexxay EC u Kutaem no cpaBHEHUIO ¢ ApyrMMHU
BUJIAaMHU TPAHCIIOPTa, B TOM YKCIIE C MOPCKUMHU
niepeBo3kamu. Tak, cpetHuii CPOK JOCTABKH IPY30B
¢ Bocroka Ha 3amna; npH HCTIOIb30BaHUU MOPCKO-
o TpaHcnopTa coctanisieT 40 1Hel, a JKelIe3HO0-
POXXHBIM COOOILIEHHEM JITAHHYO TTIEPEBO3KY MOYKHO
ocymiecTBUTH 3a 20 aneii [11].

Opranu3anus KOHTEHHEPHBIX [1EPEBO30K
SIBJISIETCSI HEOTEMJIEMOM YacThIO Pa3BUTHSI Ke-
JIE3HOJIOPOXKHOTO coobienus crpad EC: okoio
30 % ot o0rero 00bEMa rpy30000poTa COCTaB-
JISIFOT KOHTeHHepHbIe epeBo3ku [ 12]. OcHoBHBIE
TIOTOKH I'PY30B IPOXO/IST 110 HECKOIBKUM TPAHC-
MOPTHBIM KOPHUJO0pPaM, Iie COCPEI0TOUCHBI
KJIIOYEBbIE TEPMHUHAJIBI U JIOTHCTHYECKUE
LEeHTpbl. Pa3BUTHIO KOHTEHHEPHBIX EPEBO30K
B cTpaHax EBpocoro3a BO MHOTOM criocoOCTByeT
Y)KECTOUCHHUE 3aKOHO/IATEIIbHBIX HOPM, BKJIIOUAst
TpeOOBaHusl K 0E30MaCHOCTH aBTOJBUIKCHHUS
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Puc. 1. JuHamuka pbiHKa UHmenneKmyanbHbIX mexHonoauii 8 xene3HodopoxHol ompacsau, mapd donn. CLUA [15].

(orpaHuueHne BpeMEHU HAXOXKICHUS BOTUTEIIS
3a pynéM), K IKOJOTHH U TPUPOTOOXPAHHON
JeATEeNbHOCTH (OTPAHWYEHHUS Ha JIBYDKCHHE
B HOYHOE BPEMs1, BBIXOIHBIC U ITPA3THIYHBIC [THU,
B TYPUCTHUECKUX U PEKPEAIIOHHBIX 30HaX).

K Hambomnee momyisipHBIM IEHCTBYIOIIHM
B EC mapmpyTamM KOHTEHHEPHBIX I1EPEBO30K
otHOcuTcs MapupyT ['amnapare (Mtamms) — Me-
xeneH (benmbrust)’, mepeBo3Ku Mo KOTOPOMY yiKe
B IIEPBBIE TOBI PAOOTHI ITOKA3aIN MTO3UTHBHBIC
pe3yabTarThl, 2 IMEHHO:

* CHI)KEHHME TPAHCIIOPTHBIX M3IEPIKEK KOM-
MaHui-nepeBo34nKkoB Ha 17 %;

* CHIDKCHHE BPETHBIX BEIOPOCOB B aTMocde-
py Ha 20 %;

* COBOKYITHAsI 9KOHOMHUSI TOIUINBA BCEX yda-
CTBOBABIIMX B IEPEBO3KaX KOMIIAHUH 3a TOJ
cocraBmia 2,5 mutH 1 [13].

Xonauur «PXJ» B TeueHue mociaeHUX
HECKOJIBKHX JIET TIPOBOJIUT AaKTUBHYIO TTOJINTH-
Ky B 00JIaCTH HOBBIIIEHNS KIIHEHTOOPHEHTHPO-
BAaHHOCTH W PAa3BUTHS HOBBIX CEPBHUCOB II0
JIOCTaBKE I'Py30B, B TOM YHCIIE B PaMKax KOH-
TeHHEpHbIX NepeBo30K. XoaauHr «PXK/]» ak-
THUBHO Pa3BUBACT MEXIYHapOJHOE HalpasJie-
HHUE JEATEIbHOCTH, B YACTHOCTH II0 JTUBEPCH-
(mKanMy MapupyToB KOHTEHHEPHBIX MEPEBO-
30K Mo HampaBieHusIM «BocTok—3aman»
n «Ceep—tOr». B pamkax nepBoro Harpasie-
HUSI OBLT 3aIyIIEH CEPBUC MO JOCTaBKE I'PY30B
n3 Ounansaaanu B HOxuyo Kopero, B pamkax
BTOPOTO OCYILECTBIISIOTCSI KOHTCHHEPHBIE TIe-
peBo3ku u3 Muauu B Poccuto. Takike akTUBHO
Pa3BHUBAIOTCS MEPEBO3KU C HMCIIOIB30BAHUEM
1 poBEIX TexHOoMorHi. B certsadpe 2020 roga
ObuTa OCyIIECTBJICHA NEpBasi TPAH3UTHASI MH-
TepMoaalbHasl MEPEeBO3Ka KOHTCHHEPOB W3

3Cm., Hamp., https://ambrogiointermodal.com/en/ambrogio-
intermodal-network/.
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Kurast B EBpony, NOJIHOCTBIO COIIPOBOK/1aB-
masics B mudpoBom popmare [11].

B Oyrytiem pa3BuTHE KOHTEHHEPHBIX IIEPEBO30K
OyZeT HarpasJICHO Ha COBEPIICHCTBOBAHNE THUIIOB
HCTIONb3YeMbIX KOHTEHHEPOB, Pa3BUTHE HHCTPYMEH-
TOB ITPOTHO3UPOBAHUS CIIPOCA U CO3/IAHHE aBTOMA-
TH3MPOBAHHBIX IUIAT(OPM IO COCTaBJICHHIO BCEH
JIOKyMEHTAIMH (B TOM YHCIIE TPAH3UTHOW 1 TaMO-
JKEHHOM). DTO MPeIoCTaBIsIeT TOMOTHUTEIBHBIE
BO3MOXKHOCTH JKEJIC3HOIOPO)KHOMY CEKTOpPY ISl
TIOBBIIICHNSI CBOEH KOHKYPEHTOCIIOCOOHOCTH
1 YKpETUICHHUS TIO3UIHI B HENPEPHIBHOM TI00aITh-
HOH TpPaHCIIOPTHOH IETH, 00pa30BaHUIO KOTOPOI
CIOCOOCTBYIOT HHTEPMO/IAIBHBIE TIEPEBO3KH.

3) Lugposasa mpancopmayus epy308bix
nepeso3ox.

Hudposast TpanchopManus sBISETCS OTHIM
13 HauOoJee MEepCIeKTUBHBIX HAPABICHUH pa3-
BUTHS IPY30BOT0 KEJIE3HOAOPOKHOTO TPAHCTIOPTA,
0 4€éM CBUJIETEIILCTBYIOT pe3yibrarsl onpoca IHHA
[14]. Ha coBpeMeHHOM 3Tarie pa3BUTH JKEJIC3HO-
JIOPO’KHASI OTPACIIb MEPEIia B CTAANIO NIyOOKOH
udpoBoitl TpaHCHOpPMAITH, CBSI3aHHOW C pa3BH-
THEM HOBBIX IIM(POBBIX TEXHOIOTHHA.

B yciioBHsIX KOHKYpEHIUH C APYTUMH BH/Ia-
MH TPAHCIIOPTA, B YACTHOCTH C aBHa- ¥ aBTOMO-
OMIIBHBIMU TPY30BBIMH IIEPEBO3UHKAMH, KETIE3-
HOZOPOKHBIE KOMITAHUN CTPEMSITCS TapaHTHPO-
BaTh COXpPaHEHHE KOHKYPEHTOCHOCOOHOCTH 3a
cuéT BHeApeHU d(QPEKTHBHBIX ITHU(PPOBBIX pe-
LIEHUI W UHTENIEKTYyalIbHBIX TEXHOJIOTUH. YoKe
HECKOJIBKO JIET Ha3aJ| OXKHUAaIoch [15], uro mu-
POBOI PBIHOK MHTEIJIEKTYaIbHBIX TEXHOIOIHI
JUISL SKEIIe3HOLOPOKHONW OTPACIH BBIPACTET
¢ 10,5 mupz mos. CIIIA B 2017 romy mo 18 mupn
nomn. CHIA x xon1y 2021 roma mpu cpemHero-
noBoM temrie pocra 14,4 % (cm. puc. 1).

Hudposuzarms OM3HEC-TIPOIIECCOB SBISETCS
OJHMM W3 HauOoJee aKTyaJIbHBIX B HACTOSIIEE

TynynoB A. B., benouinukun A. B.; LlLintoB E. A, LLinToea 0. A. NHHOBALMOHHbIE
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BpEMsI CTPATErnYeCKUX PHOPUTETOB PA3BUTHUS
JKEJIE3HOIOPOXKHBIX KOMIIAHUI Y MPOIOJIKHUT
0CTaBaThCsI TAKOU B JIOJITOCPOYHOM TIEPUOJIE, UTO
00YCIIOBJIEHO BBICOKOI 3HAYMMOCTBIO, IPEUMY-
ecTBaMH LU(POBOI TpaHC(HOPMAIMK U BO3-
MOXXHOCTSIMH, KOTOpbIE OHa OTKPBIBACT MJIs
TpaHcnopra. [Ipumenenre nudpoBbIX pelIeH i
HaOJI0IaeTCsl B CaMBIX PA3JIMYHBIX aCHEKTax
IPy30BBIX MEPEBO30K B LENSIX ONTHMH3AINH
oleparyi 1 MOBBIIIEHUS POU3BOIUTEIBHOCTH,
B TOM YHCIIE ITyTEM BHEPEHMSI:

* aBTOMATH3UPOBAHHBIX CHCTEM YIIPABICHHUS
MOABMKHBIM COCTAaBOM M IEPEBO30YHBIM ITPO-
LIECCOM B IIEJIOM;

* MHTEJUICKTYaJIbHBIX CHCTEM KOHTPOJISI T€X-
HUYECKOTO COCTOSIHUS MOJBHMIKHOTO COCTaBa
1 00BEKTOB MH(PACTPYKTyphl HA OCHOBE Tpe-
JIMKTHBHOI aHATNTHKHY;

* CUCTEM OTCJISKMBaHHSI T€OJIOKAIIMN 1 KOHT-
pOJIsSL COCTOSIHUSI TPY30B B PEXHME PEalIbHOTO
BPEMEHH, B TOM YHCIIE JUIsl KINSHTOB.

Hanpumep, xuraiickas komnauusi China
Railway, Bbeiensist undpoBoe pa3BuTHE B Ka-
YEeCTBE KIIFOYEBOTO JIOJITOCPOYHOTO TEXHOJIO-
TUYECKOT0 OPUEHTHUPA, OCYIIECTBISET BHE/-
peHue HUPPOBBIX TEXHOJIOTUH B Takue Npo-
LIECChl, KAK TEXHUYECKOE 00CIy)KMBaHHE I10-
JBUXKHOTO cocTaBa, GYHKIMOHUPOBaHUE
MH(POPMALMOHHBIX TUIATPOPM, IPOTHOZUPOBA-
HHe crpoca u npouee [16].

Hudposas Tpanchopmarys Takke oTMeya-
€TCsl B Ka4eCTBE KIIFOYEBOTO IIPHOPUTETA B pa3-
BUTHH HEMEIKOTO JKeJIE3HOJOPOXKHOTO OIIepaTo-
pa Deutsche Bahn B pamkax nporpammsr «L{ng-
poBasi keyie3Hast Joporay. IIpenMyiiecTBeHHO
undposuzanus OyaeT NPOUCXOAUTH 3a CUET
BHEJPEHHs] aBTOMAaTH3UPOBAHHBIX CHUCTEM
YIIPaBIICHHS OBHKHBIM COCTABOM, TEXHOJIOT Ui
HU(POBOTO IUIAHUPOBAHMUS U aHAJIOTHYHBIX UM,
YTO MTO3BOJIUT MOBBICUTH MPOIYCKHYIO CIIOCO0-
HOCTb KeNe3HON0pokHOM ceT Ha 20 % B mpo-
THO3MPYEMOM IEPHOJIE JUIsi OCBOCHHSI PACTYIINX
rpy30mn0ToKoB [17].

CoBpeMeHHbIE BEKTOPBI Pa3BUTHS IUPPOBBIX
peLICHUH ISl HKEJIE3HOAOPOKHBIX I'PY30BBIX
NepeBO30K HampaBieHbl Ha (OPMUpPOBaHUE
KOMIIJIEKCHON CUCTEMBI 00ECIIeUeHHUST OTKPBITO-
CTH JaHHBIX, & TaKKe O€30MTaCHOCTH MO/IBHIKHO-
ro cocTaBa U 00BEKTOB MH(PACTPYKTYPHI.
[TpopbIBHBIE TEXHOJIOTHHU MO3BOJISIIOT CHOPMHU-
poBarh €IMHYI0 HHTETPUPOBAHHYIO CETh KOHT-
POJISE COCTOSTHHS JKETIE3HOIOPO’KHBIX MIEPEBO30K
1 00eCreUeHUs KIIMEHTOB He0OXoauMoin uH(Op-
Marfien.

4) Pazeumue mpancnopmHo-102ucmudeckux
cucmem 6 eOUHOM MPAHCHOPMHOM U UHPOPMA-
YUOHHOM npocmpancmae.

dopMHUpPOBaHUE KOHKYPCHTHOT'O PBIHKA
TPaHCIOPTHBIX YCIIYT, IEHTPAIU3AIHS yIIpaBIIe-
HUSI NTEPEeBO30YHBIM MPOLECCOM, pa3Iudus
B YPOBHE Pa3BHUTHsI TEXHOJOTHI M MOIIHOCTEH
OTACIBHBIX TPESIIPUSITAN TPAHCIIOPTHOTO KOMIT-
JIeKca U ipyrue (haKTopbl ONPEIEIISIOT CHIKEHUE
TOYHOCTH U OOOCHOBAHHOCTH OIEPATHBHBIX
pEIICHHUH YIacTHUKAMK TPAHCITIOPTHOTO PHIHKA.
B 3THX yCIOBUSAX BaYKHBIM IIPHOPUTETOM Pa3BU-
THSI TPY30BBIX JKEJIE3HOIOPOKHBIX MEPEBO30K
SIBIISIETCSl CO3/IaHUE €IUHOT0 TPAHCIIOPTHOTO
1 MH(POPMAIMOHHOTO MPOCTPAHCTBA — HH(POP-
MAaIMOHHOM Cpe/ibl KOJJIEKTUBHOTO JOCTYTIA.

B nanHOM acriekte HanOoee pesieBaHTHBIM
MOJXOJIOM SIBJISIETCSI OpraHu3alus HHTep-
U MYJIBTUMOJAJIbHBIX TPY30BbIX MIEPEBO30K, 5B-
JISTFOLIMXCST KOMOWHAIMEH BUIOB TPAHCIIOPTA AJIsI
MepeBO3KU MApTUH TPpy3a B pPaMKax OJHOTO JI0-
roBopa C NnpoBalaepoM, 00ecrneYrBaIOIINM
«TIOJIKITIOUEHHE» HEOOXOIMMBIX TPAHCIIOPTHBIX
CPEJICTB B IPOLIECCE TPAHCIIOPTUPOBKH. MHTEP-
U MYJIFTUMOJIQJIBHBIE TIEPEBO3KH TPHOOPETAIOT
0co00€ 3HAYCHUE B YCIOBUSIX YIIIyOJICHUS pe-
THOHAJIbHOW HHTETPAIMH U PA3BUTHS MCXKTyHa-
POJHBIX IIETIOYEK IMOCTaBOK, YTO MO3BOJISIET
BOCIIPUHHMATh MX Pa3BUTHC B KA4eCTBE Mera-
TPEH/a JUIsl TPAHCIIOPTHO-JIOTUCTUYECKOH CHC-
temsl [ 18]. Bonee Toro, uHTEp- M MyTETUMOAATb-
HBIE TIEPEBO3KH Y/ICIIEBIISIOT (KaK Jyisi HOTpeOu-
TeJis, TaK W JUISl IEPEeBO3YMKA) JIOCTABKY Tpy3a
3a cuéT u30eraHnsi HeraTUBHAIX (HaKTOPOB I'eo-
rpadudeckoii cpenbl U 60s1ee THOKOTO pearupo-
BaHUs Ha U3MeHeHus crpoca [19].

Peurenust B 00s1acTi MHTEP- U MYJIBTHMO-
JIAJIBHOCTH CO3/IAI0T 3arpoC Ha Pa3BUTHE CHC-
TEMHOTO T0/IX0/1a K JOpMHUPOBaHUIO HH(OpPMa-
LIMOHHOTO MPOCTPAHCTBA JJIsl TPY30IIePEBO30K,
KOTOpOE TpaHCHOpMHUpYeTCs 3a CUET 00bearHe-
HUS CYIIECTBYIOIIUX UHPOPMAIIHOHHBIX CHCTEM
B CMHYIO WHTEJUICKTYyaJbHYI0 TEXHOJIOTHYE-
ckyto mardopmy. JlaHHbII porecc mo3BosieT
MIEPENTH K KOMITIEKCHOMY YITPABICHHIO JACSTEIb-
HOCTBIO JKEJIE3HOJ0POKHOW KOMITAaHHUH, CIIOCO0-
CTBYET YIyHYIIICHHIO Ka4eCTBa MPEI0CTABISIEMBbIX
YCIIyT, TIO3BOJISIET aKTHBHO Pa3BUBATh WHTEP-
U MYJIBTHMOJIJIbHBIC MEPEBO3KU U yJIydIlaeT
3G PEKTUBHOCTH OM3HECA B ICJIOM.

B kadecTBe npuMepa MOKHO ITPUBECTH MIPO-
ekt InteGRail, koTopbIii ObUT TPOPHUHAHCHPOBAH
EBpomnelickoit KoMUCCHEH U BBITIOIHEH MO PY-
KOBOJICTBOM ACCOLIMAIIUU €BPOIEHCKON Kee3-
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HozopoxHoi poMbinuierHoctd (UNIFE) [20].
[Tpoexr InteGRail ObL1 HaripaBiieH Ha co3aHue
L[EJIOCTHOU ¥ COIVIACOBAaHHON MH(POPMALMOHHON
CHUCTEMBI, O0BbEIUHSIONIEH OCHOBHBIE JKEJIE3HO-
JIOPOKHBIE MTOICHUCTEMBI, JUIsl IOCTIKEHNS OoJiee
BBICOKUX YPOBHEH ITPOM3BOIUTEIILHOCTH JKeJIe3-
HOJIOPOYKHOW CHCTEMBI C TOYKH 3PEHHSI IIPOITYCK-
HOHM CIOCOOHOCTH, CpelHe CKOPOCTH M ITyHK-
TyaJIbHOCTH, 0€30MaCHOCTH U ONTHMAJIbHOTO
UCIIOJIb30BaHMUS PECYPCOB.

Pesynbratom npoekra crayio obecrieueHue
MPO3PavyHOro JOCTyIA K CYIIECTBYIOIINM HH-
(hopMaIMOHHBIM CHCTEMaM JKeJIE3HOIOPOIKHOTO
TPAHCIIOPTA, a TAK)Ke COBEPIICHCTBOBAHHE Me-
TOJIOB aHaJIM3a OOJIBIIMX AAHHBIX B MaciuTade
€BPONENCKOH )kene3Ho0pokHOH ceTh. [TosBe-
HHE HOBBIX METOJI0B Pa0OThI C OOJBIIMMH JIaH-
HBIMH, TAKHX KaK MallIMHHOE 00y4eHHe 1 NCKYC-
CTBEHHBIH MHTEIUIEKT, TIO3BOJISIFOT MPEA0CTaB-
JTh HauboJiee aKTyallbHYI0 MH(POPMAIHUIO
TIOJIB30BATEISIM, UTO JIaET BO3MOXKHOCTh pa3BH-
BaTh MHTETPAl[MOHHBIE MPOIECCHl B paMKax
TPAHCIIOPTHBIX TEXHOJIIOIMYECKHX IIAT(HOPM.

Pa3BuTHe TPaHCIOPTHO-JIOIUCTUYECKHUX
CHCTEM B €JITHOM TPAHCIIOPTHOM M HH(POpPMAIH-
OHHOM TIPOCTPAHCTBE TECHO KOPPEIHUPYET C LU-
poBu3anuell OM3HEC-TIPOLECCOB KOMIAHMUM,
BKJIFOYAsl Pa3BUTHE 3JIEKTPOHHOTO JIOKYMEHTO-
00opoTa, cUCTeM BHYTPEHHEro W BHEIIHEro
KOHTPOJISI IEPEBO30YHOTO TIPOIlecca, CHCTEM
B3aUMOJICHCTBHS C KJIMEHTaMu U ripouee. [Too-
JKUTEITLHBIMH ITOCIIEJICTBUSIMH Takoi TpaHcdop-
Mallny JKeJIC3HOIOPOXKHBIX KOMITAaHUH SIBIISIETCS
(hopmupoBanue 3pHEeKTHBHBIX U IPUHIUITHAIb-
HO HOBBIX JJIsl KOMIAHUM MEXaHU3MOB B3aHMO-
JIeHCTBUSL C MOTPEOUTENSIMU YCIIYT TPY30BBIX
MIePEeBO30K, a TAK)Ke TMOBBIIIEHHE dPPEKTHBHO-
CTH COOCTBEHHBIX ONEpalyii 3a CUET pPa3BUTHS
00paTHOM CBSI3H.

5) Hosviuienue KiueHmoopueHmuposanto-
cmu 6 chepe 2py308bix Nepeso3ok.

ITo manueiM BecemupHoro banka, rpy3oBbie
JKEJIC3HONOPOKHBIE NEPEBO3KU CTAJIKUBAIOTCS
C 'KECTKOI KOHKYPEHIIMEH CO CTOPOHBI aBTOMO-
OusbHOTO Tpancnopra. OugaeTcs, 4To JaHHas
TEHJICHIMS B JIOJI'OCPOYHOM MEPCIIeKTHBE OyneT
MOCTENEHHO YCUIIUBATHCA U ONIPEIENATHCS BHEI-
PEHHEM HOBBIX IPOPBIBHBIX TPAHCTIOPTHBIX pe-
IIEHUH, BKJII04Yasi aBTOHOMHBIE IPY30BbI€ KT~
POMOOWIIN U TPAHCIIOPTHBIE YCIYTH 10 Tpedo-
BaHMIO [21].

Komrmanuu, oka3pIBaIoIIUE yCIIyrH B 00J1aCTH
aBMa- ¥ aBTOMOOMJIbHBIX TIEPEBO30K, ITpeiiara-
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10T CBOMM KJIMEHTaM TuOkue u 3(pdexTrBHbIC
peuienust (HanpuMep, yCJIyru B 00J1acTH J0CTaB-
KM Ha «IOCIJIEHEH MUJIE»), IPOJBHUHYTHIE CIIO-
cO0OBbl KOMMYHHKAIIMU B COYETAHHUU CO CIIelna-
JIM3UPOBAHHBIMU MPOTPaAMMaMH JIOSIIBHOCTH.
Hannuue nogo6HOI BO3MOXKHOCTH BEIET K yCH-
JICHUIO UX MO3UIMH C TOUKU 3pEHUSI KOHKYPEHT-
HBIX IIPEUMYIIECTB 10 CPAaBHEHHIO C KOMITaHUSI-
MH KEJIE3HOJJOPOIKHOI 0Tpaciiy.

Hanpuwmep, na tepputopun EC no cocros-
Huto Ha 2019 rox aBTOMOOWIBHBIN TPAHCIIOPT
SIBJISICSI JINIEPOM B 0OJIACTH IPY30BBIX MEPEBO-
30K (76,3 %); Ha BTOPOM MECTE OKa3aJIUCh XKe-
JIE3HOJOpOXKHBIC TepeBo3ku (17,6 %), a mepe-
BO3KH BHYTPEHHHUM BOJHBIM TPAHCIIOPTOM 3aHsI-
JIM TpeThe MecTo ¢ aoneit 6,1 % [22].

B cBoto ouepenn, B CeBepHoil Amepuke,
COOTHOUICHHE MEXY aBTOMOOWIIBHBIMU H Ke-
JIE3HOJOPOKHBIMU I'PY30BBIMH TI€PEBO3KaMH
B 2017 rony cocraBuio 63,3 % u 15,3 % coot-
BETCTBEHHO [23].

CerojiHsi MHOTHE KPYIHBIE KOpPIOpaluu
MEHSIOT CBOIO OPraHU3al[MOHHYIO CTPYKTYpY
B CTOPOHY FOPU30HTAJILHOTO T10JIX0/1a, B pAMKax
KOTOPOro 0co00e BHUMaHHUE YIEJSEeTCsl BOIIPO-
caM OIICHKHU YPOBHS Y/IOBIETBOPEHHOCTH U JIO-
SUIBHOCTH KJIMEHTOB. TpagulMOHHO MPHHSATO
CYHMTaTh, YTO KEJIE3HOJOPOKHbIE KOMITAHUH
OTHOCSITCS K OJJHOM M3 HanboJiee KOHCePBaTHB-
HBIX OTpaciieil B 00JIaCTH BHEJJPEHHUS CTPYKTYP-
HBIX M3MCHEHHI, 0COOCHHO C Y4ETOM TOTO
(akTa, 4TO B psAE CTPaH JKEIE3HOJOPOKHBIC
KOMITaHUH SIBJISIIOTCS. €CTECTBEHHBIMU MOHOIIO-
ssiMu. OJTHAKO B YCIIOBHUSIX POCTa KOHKYPEHIINU
C IpyTUMU BHJIAMH TPAHCIIOPTa XKEJIE3HOIOPOIK-
HbIE KOMIIaHMM HAYMHAIOT B OOJIbIIEH CTENEeHH
OpPHEHTHPOBATHCS HA UHIMBU1yaJIbHBIE IIOTPE0-
HOCTH KIIHEHTA.

[TocTosSIHHOE KOHKYPEHTHOE JaBJIEHUE CO
CTOPOHBI aBUAIIMOHHON M aBTOMOOWJILHOM OT-
paciell CTUMYJIMPYET UTPOKOB JKeJIe3HOIOPOXK-
HOUW OoTpaciy pa3pabarbiBaTh U aKTHBHO BHE-
PSITh HOBbIE HHCTPYMEHTBI M PELLICHHMS JUIs 1ieseit
Pa3BUTHS KIMEHTOOPHUEHTHPOBAHHOTO MOJX0/1a
[24].

B nanHOM KirO4Ye 0COOBIM MHTEpeC Mpe-
CTaBJISICT OTIBIT ABUAIIMOHHBIX KOMITAHH, Ipe-
JOCTaBJISIFOIMX YCIYTH B 00JIACTH I'Py30BBIX
NepeBO30K. ABHALIMOHHBIC TIEPEBO3YHKH OPH-
€HTUPOBAaHbl Ha AKTHMBHOE B3aWMOJEHCTBUE
C MOTPEOUTEISIMU: TIPOBOASATCS] CUCTEMATHYEC-
KHe MCCIIE/I0BaHMsI YPOBHS YIOBJIETBOPEHHOCTH
KIIMEHTOB, HA OCHOBE KOTOPBIX (OPMHUPYIOTCS
pediTuHru KomnaHui. B kauectBe HamOosee
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LIMPOKO KCIIOJIB3yEMBIX PEHTHHIOB aBUAKOMITA-
HUH [0 YPOBHIO KIMEHTOOPHCHTUPOBAHHOCTH
CJIeJTyeT BBIJICIHUTh!

* Net Promoter Score (NPS) — unnekc morpe-
OUTENbCKOM JOAIHHOCTH;

* Airline Quality Rating (AQR) — «peiitunr
KayeCTBa aBUAKOMITAHUN», (POPMHUPYEMbIH Ha
OCHOBE cOOpa JJaHHBIX O JESATEIHLHOCTH aBUa-
kommanuii B CIIIA [25];

* American Customer Satisfaction Index
(ACSI) — amepuKaHCKUI HHICKC YIOBICTBOPEH-
HOCTH KJIMEHTOB, ()OPMHUpPYEMbIii Ha OCHOBE
Pe3yJbTaToB OLIEHKH CTETICHH Y/I0BJIETBOPEHHO-
CTH KJIMEHTOB Oostee uem 1o 400 kommaHusiM B 46
orpacisix 1 10 cexTopax SKOHOMHUKHU, BKIIHOUAs
ABUAIIMOHHBIN CEKTOD;

* Routehappy — cucrema, npenocrapisonias
KJIUEHTaM BCIO HEOOXOAUMYHO HH(POPMAIIHIO ISt
MPOBEJICHUS] CAMOCTOSITENILHOM OIIEHKH [26].

O003HAUYCHHBIC PEHTUHTH U MEXaHU3MBI
OLICHKH HCIIONB3YIOTCSI NPEUMYIIECTBEHHO ISt
MaCCaKUPCKOT0 CErMEHTa aBUaIepeBO30K, IPH
9TOM OTJIMYAIOTCSl POPAOOTAHHON CHCTEMOM
yuéra pa3inyHbIX MapaMETPOB U MPOBEACHUS
pacy€ToB.

CX0KHMe MEXaHU3MBbI TIOJIYUYCHHSI 00paTHOM
CBSI3M OT KJIMEHTOB BHJIUTCS BO3MOXHBIM (-
(heKTUBHO HCITOJIL30BaTh U B chepe IrPy30BBIX
JKEJIE3HOIOPOXKHBIX ITEPEBO30K, IPEIBAPUTEIb-
HO 0TOOpaB 6a30BbIe TApAMETPHI U XapaKTepH-
CTHKH, BIHUSIOIIKE HA yIOBJICTBOPEHHOCTH
KJINCHTOB UMEHHO B IPy30BOM CEIMEHTE, JJIs
HCIOJIb30BAHUS B KAYECTBE OCHOBHBIX KOMIIO-
HEHTOB pacuéra.

B ycroBusix pacTyiieii KOHKypeHIus B ce-
pe TPY30BBIX MEPEBO30K C JPYTHMH BUIAMHU
TPaHCIIOPTa, B IEPBYIO OYEPEb C aBUAIIMOHHBIM
¥ aBTOMOOMJIbHBIM, KIIMCHTOOPUECHTHPOBAHHBIT
IO/IXOJ] CTAHOBHUTCS OJJHUM M3 OCHOBHBIX YCJIO-
BUH YCIICHIHOTO PA3BUTHS JKEIC3HOAOPOKHBIX
KOMITIAHUH Ha PHIHKE JIOTHCTHYCCKUX yeuyr. [Ipu
(hopMUpOBAaHUM KIMEHTOOPUCHTHPOBAHHOTO
T10/1X0/1 YKEJIE3HOJJOPOKHBIM KOMITAHHSIM BayKHO
YYHUTBIBATh KaK TEKYIUE 3alpPOChl KJIMCHTOB
(mpemocTapieHUEe YCIyT B 0071aCTH MYJIBTHMO-
JAJTbHBIX MIEPEBO30K, OTKPBITOCTH HHPOPMAIIUH ),
TaK 1 Oy/yIHe UX OTPeOHOCTH, KOTOpbIE OyayT
MEHSITHCS TI0]T BIIUSTHIEM U3MECHEHHN CTPYKTYPBI
o01ecTBa, 00pasa u yCIOBHH KU3HH (POCT MO-
OWIBHOCTU M ypOaHHU3aIUs), 0OIIECTBCHHBIX
LIEHHOCTEH (IKOJIOTUYECKOE MBIIIJICHUE).

Bo03MOXHOCTh B MOJIHOW Mepe YIOBIETBO-
pUTh TEKyIMe U OymyIlIue 3ampochl KJIMEHTOB
rPY30BBIX MEPEBO30K HAMPSIMYIO 3aBUCUT OT

YPOBHSI POPAOOTKHU CIIEIUATU3UPOBAHHBIX
[IPOrPaMM JIOSIIBHOCTH M BHEJPEHHUS PEILICHUH,
ONITHMH3UPYIOILHX [T0Ka3aTeNH, HeOCPEICTBEH-
HO BJIMSIONINE HA YPOBEHb KIIMEHTCKOU yIOBIIe-
TBOpEHHOCTU. CTENeHb YI0BIETBOPEHHOCTH
KJIMEHTOB 3aBHCHT OT psijia paKkTOPOB, B IEPBYIO
o4epe/ib, OT MOKa3areseil onepannoHHoM nes-
TEJIbHOCTH KOMITAHUM, HATIPSMYO BIIUSIOIINX HA
TaKue MapameTpsbl, KakK:

* IYHKTYaJbHOCTb (YPOBEHbB 3a/I€piKeK, Bpe-
Ms IPOCTOEB);

* 0e3011aCHOCTh (TEXHUYECKOE COCTOSIHHE
MOIBMYKHOTO COCTaBa M MH(PACTPYKTYphl, CO-
XPaHHOCTh IPY30B, aBAPHUUHOCTD);

* Ka4eCTBO 00CITyKUBaHUs (IIeHa YCIIYT, Ha-
JINYUE OTKPHITOW KOMMYHHKAIIAU C KIIUCHTAMH,
JIOCTYITHOCTb MH(OPMALHN).

Jist oNTUMU3ALNY JIeSITeIbHOCTH, OPUEHTH-
POBaHHOM Ha JOCTHYKEHNE HAWITYUIIINX YCIOBUH
MIPEAOCTABICHHS YCIYT TPY30BBIX MEPEBO30K,
JKEJIE3HOOPOXKHBIE KOMIIAHUH BHEPSIIOT B ITPO-
W3BOJICTBEHHBIE ITPOIIECCHI Pa3JIMYHbIE TEXHOJIO-
IMYECKHE PELIeHHUs], TI03BOJISIIOIINE ITOBBICHTD
OMepanruoHHY 0 3 GEKTUBHOCTD JCSITEIIHOCTH,
a TaKk)Ke aBTOMaTH3HPOBATh KIIFOYEBbIE IPOLIEC-
CBI

6) Ilosviuenue donu nepeso3ok bICOKOMAp-
JICUHATLHBIX 2PY306.

['py30Boii aBTOMOOMJIbHBIH TPAHCIOPT Xa-
paktepusyetcsi 0oibuieil 3QpPpeKTUBHOCTHIO
C TOYKH 3peHHs (PaKTHYECKUX 3aTPaT, CBI3aHHBIX
C OpraHu3arueii rpy30BbIX IEPEeBO30K Ha KOPOT-
KM€ PacCTOSIHUSA, [0 CPAaBHEHHIO C KEJIE3HO0-
POXHBIM TpaHcropToM [27]. I'py30Boit aBTOMO-
OMJIBHBIA TPAHCHOPT OTIMYAETCS OoJiee BBICO-
KM YPOBHEM TMOKOCTH, TIPEOCTABIISISI YCIYTH
«OT ABEPH A0 JBEPU» KOHEUHBIM IOITydaTeIIM
Ipy30B. DKOJOTHUYECKUE IPEUMYIIIECTBA Kee3-
HOJIOPO’KHOTO TPAHCIOPTA B JAHHOM Cily4ae
HUBEJIMPYIOTCS, TAK KaK HA KOPOTKHX JIUCTaH-
LUsX pa3HHila B 00béMax BHIOPOCOB HE3HAYU-
TeNbHa.

Bornee BeICOKast CKOPOCTh MEPEBO3KU Ha KO-
POTKHE JMCTaHIH aBTOMOOMJILHBIM U Ha OoJiee
JUIMHHBIE — BO3JLyIIHBIM TPAHCIIOPTOM 00y CIIaB-
JIMBAET CHMIKEHHE KOHKYPEHTOCIOCOOHOCTH
I'PY30BBIX KEJIE3HOAOPOKHBIX IEPEBO30K B CET-
MEHTE JI0CTaBKH BEICOKOMAP)KUHAIBHBIX TPY30B.

JlanpHenmit yxo/1 BBICOKOIOXOHBIX TPY30B
Ha JIPYTUe BUJIbI TPAHCIIOPTA IPUBEIET K HU3KHM
TEMIIaM POCTa JOXOJHOH 0a3bl MPU COXPaHEHUH
MIOCTOSTHHBIX M3JIEPIKEK, UTO SIBJISIETCSI OIHOU 13
YIpo3 17151 5KeJe3HOIOpOXKHOM oTpaciu [28]. s
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JITAaHHOM KaTeropyy MepeBo30K peraronm hax-
TOPOM JUIsl KJINEHTA CTAHOBUTCS HE CTOMMOCTh
TPAHCIIOPTUPOBKH, & COXPAHHOCTh I'py3a, CKO-
POCTb IOCTaBKH, THOKOCTh PACIIHCAHMUSI, & TAKIKE
yA0OCTBO ¥ BO3MOYKHOCTb JIOCTABKH «OT JIBEPH
JI0 JIBEPH».

MHorue xele3HOI0pPOKHbIE KOMIIaHUH,
B TOM uuciie Xomauur «PXK/[», craBar cBoeit
3a/1aueil pacIupeHne JUHEHKH CHeIHalbHbIX
MIPOTYKTOB U YCIYT AJISl IPUBJIEUEHUS BHICOKO-
JIOXOJHBIX TPY30B U TPAH3UTHBIX IPY30IIOTOKOB
[28].

K npumepy, xene3Hon0pokHas KOMIIAHUS
CNR (Kanaza) pacmmpsier napk WHTEIUIEKTY-
AJIbHBIX TPY30BBIX BarOHOB-pePPUKEPATOPOB,
CIIOCOOHBIX MOJJIEP)KUBATH 33JIJaHHYIO TEMIIepa-
TypYy Ha MIPOTSKEHUN BCEH MOE3/IKH, /I OCBOE-
HUS pacTyIIEro CIpoca Ha IEPEeBO3KY CKOPOIIOp-
TAILIEHCs TPOAYKIMU U (PapMaleBTHYECKUX TO-
BapoB. Kpome Toro, /i1t obecriedeHust CoxpaH-
HOCTH MEIMLUHMHCKUX I'PYy30B C 0COOBIMU
YCIIOBUSIMU XPaHEHUsS! KOMIIAHUsSI NPUMEHSET
TEXHOJIOTHYECKHE PEIICHHs B 00JaCTH MacCUB-
HOTO MOJAEPKaHMS TEMIIEPATYPhI: IS IepeMe-
IIEHUs TPOIYKTOB, XPAHALIUXCS MPH IKCTpe-
MaJlbHO HHU3KHUX TeMIIepaTypax, UCIOIb3yeTCs
OXJIQXKJICHHE C MOMOIIBIO KHJKOTO a30Ta, It
MaKCcUMaJIbHO 3 (heKTHBHON peanu3anuu KoTo-
poro paszpabarbIBarOTCs ClielMalIbHbIE KOHTEH-
HEPBI, BKIIIOUAIOIINE HHHOBAIIMOHHBIE MaTepHa-
JIBI JUTSL TETJIOU30JISIIMY U CIIeHUATU3UPOBAH-
HblE, aJalTUPOBAHHBIE K 3KCTPEMAJbHBIM
YCIOBUSIM CHCTEMBI MOHHUTOPHUHIA yPOBHSA
JKUJIKOTO a30Ta.

Kpome Toro, BasxHbIM (aKTOPOM ISl KITHEH-
TOB, MPEIBABISIONIUX CIPOC Ha MEPEeBO3KHU
BBICOKOMAp KMHAIBHBIX I'PY30B, SBISIETCS CKO-
POCTB IepeBO3KHU. B 1aHHOM KOHTEKCTE 0COOEH-
HO MEPCHEeKTUBHBIM MPEACTABISIETCA pa3BUTHE
BBICOKOCKOPOCTHBIX KEJIE3HOAOPOKHBIX I'PYy30-
nepeBo3ok. Ha qaHHBI MOMEHT TaKkHe epeBo3-
KU y>K€ OpraHn3oBaHbl B MTanuu Mexay ropo-
namu Kaszepra u bononss, moesaa npeoaoneBaroT
paccrosiaue mpuMepHo B 600 km 3a 3,5 yaca [29].
Taxoke MyIaHbl 10 Pa3BUTHIO BEICOKOCKOPOCTHBIX
Tpy30I1epEeBO30K IO KEJIE3HOAOPOXKHOI ceTn
ectb y Kuras [30] u xongunra «PX» [28], nns
KOTOPOTO Pa3BUTHE TEXHOJOTUIN CKOPOCTHBIX
MEePeBO30K KOHTEHHEPOB TAaKETUPOBAHHBIX TPY-
30B I10 BBICOKOCKOPOCTHBIM MarkuCTpassiM sBIs-
€TCsI OTHOW U3 IPUOPHUTETHBIX CTPATETHUECKUX
3aj1ay.

OfHUM U3 MPUOPUTETOB EBPONEHCKUX JKe-
JIE3HOIOPOXKHBIX KOMITAHUH SIBIISIETCS OpraHu3a-
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1Sl KOMOMHHPOBAHHBIX MEPEBO30K B YaCTH
WHTETPaIi MATOrabapUTHBIX TPY30BbIX Mepe-
BO30K B IACCAXUPCKHE HepeBo3kH. JlaHHOE
HaIpaBJICHHUE ITOAPa3yMEeBaeT BKIIOUCHHE B CO-
CTaB MACCAXKUPCKOT0 [0E3/1a HECKOJIBKUX TPY30-
BBIX BATOHOB B I[EJISIX MOBBIMICHHS 3)(EKTHBHO-
CTH TIEPEBO30K, CHIDKCHHS 3arpy3KHU IPy30IM0TO-
KOB ¥ TpoYee. AJTBTEPHATHBHBIM PEIICHHEM
MOKET OBITh CO3[JaHHE CICIHATH3HPOBAHHBIX
BaroHOB, KOTOPBIC ObLTH ObI PETHA3HAYCHBI KaK
JUIs IIEPEBO3KH [TACCAXKUPOB, TAK U JUIS IEPEBO3-
K{ MajorabapuTHBIX TPy30B (HaIpHMep, OCHA-
[ICHHUE MACCAKUPCKUX BATOHOB CIICIHATU3HPO-
BaHHBIMH KaMepaMH XpaHCHHs Ul TePEBO3KH
MEJIKUX TIapTUii TPY30B).

7) Hosvluenue sronocuyeckoil 6e3onacHo-
cmu u dHepeemuieckol dhGekmusHocmu.

Pactyiiee BHUMaHUE K COCTOSHUIO OKpY-
JKaroIIeH cpebl U OOIIel SKOJIOTMYCCKOM T0-
BECTKE CO CTOPOHBI HACEJCHHsI CIIOCOOCTBYET
U3MEHCHHUIO MOTPEOUTENIBCKOTO MOBEICHHUS,
Pe3yJbTaTOM KOTOPOTO SIBJISETCS MOBBIIICHUE
CIIpoca Ha KeJIe3HOIOPOKHBIC IEPEBO3KH, KOTO-
PBIE CUUTAIOTCS 00JICE PKOJIOTUIECKH YUCTHIMH,
YyeM TePEBO3KH JIPYTHMH BUIaMH TPAHCIIOPTA.

[ToBblIIIeHUE IKOJIOTMUCCKOM OS30MaCHOCTH,
CHIDKEHHE 00béMa 00pa3yeMbIX OTXOJO0B U yT-
JIEPOJIHOTO CJie/ia, B TOM YHUCIIe, B LEJSIX CO3/1a-
HUSI YCIIOBHUM YCTOMYMBOTO PA3BUTHS, SBIISETCS
OHUM M3 HaubOJIee aKTyabHBIX MPHUOPUTETOB
JIOJITOCPOYHOTO Pa3BHUTHUS TPYy30BOI0 KEJIC3HO-
JIOPOKHOTO TpaHcropra. B moirocpounoii mep-
CIICKTHUBE Pa3BUTHUE MOIBHKHOTO COCTaBa Ha-
MpaBJICHO Ha KCIOJIb30BAaHUE THOPUIHBIX
U MOJIHOCTBIO DIIEKTPHUYECKHUX TATOBBIX IPHBO-
JIOB, a TAK)KE aJbTEPHATHBHBIX BUIOB TOILINBA,
BKJTIOYAsi OMOTOILTMBO, BOAOPOIHBIC TOITUBHBIC
9JIEMEHTBI, TOIIUBHBIE 3JIEMEHTBI MTPUPOIHO-
ra30BOT0 IMKJIA U BO30OOHOBIISIEMbIC HCTOUHUKHU
SHEPIHU.

JIpyruM BasKHBIM TPHOPUTETOM TPYy30BOTO
JKEJIC3HOJOPOIKHOTO TPAHCIIOPTA SIBJISETCS pa3-
BHUTHE MPHUHIUIIOB «KPYTOBOW SKOHOMHKH» *.
Heob6xoaumocTh repexo/ia 0Tpaciii OT TMHSHHON
K IUPKYJISIPHON SKOHOMHKE OTMEUYCHA B HCCIIC-
noBaant MCXKJ] «I'moGanbpHOE BUICHHE KETe3-
HbIX gopor» [31]. B xoae peanuzamuu paccMar-
pUBAEMOTO TIPUOPHUTETA IUTAHUPYETCS PAa3BUTHE
TEXHOJIOTHH, TO3BOJISIONIUX OCYIECTBIIATH 00-
nee 3¢ pexTUBHYO TepepabOTKy MPOU3BOJI-

4 Mcronb3yroTest TAKKE TEPMHUHBI IIUPKYIIPHAs, IUKITHIHAS,
LUKJINYecKast J)KOHOMHKA, dKOHOMUKA 3aMKHYTOTO IUKJIA: OT
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CTBCHHBIX OTXOJIOB, KOTOpPEIC OYIyT ITOBTOPHO
HCIIOJIb30BaThCs B HKEJIE3HOOPOKHOM OTpaciiu
I IPYTUX cdepax MPOU3BOICTBA M TTO3BOIIAT
MIPOU3BECTH TIEPEX0a K OE30TXOMHON IKOHOMH-
JeCKOH CHCTEME.

3AKINIOYEHUE

Ha cerogusimnuii neHb nepes >Keae3Hon0-
POXKHBIM TPAHCIIOPTOM, YUNTHIBAS €TO CHIEIU(H-
YeCcKHe 0COOCHHOCTH, CTOUT 33/1a4a ITOBBIIICHHS
3 PeKTUBHOCTH TPY30TEPEBO30K U YPOBHS
YAOBIETBOPEHHOCTH KIIMEHTOB.

[Ipormecc TexHOMOTHIECKOH U TUPPOBOWA
TpaHC()OPMALINH KEJIE3HOJOPOKHOTO TPAHC-
opTa crnocodCcTByeT Oosee OBICTPOMY BHEA-
PEHUIO pEemIeHNH ISl ONTHMHU3AIUH 1T0Ka3a-
Telel, BIUAIOMMNX HA YZOBICTBOPEHHOCTH
KJIWEHTOB Ka4eCTBOM MPEIOCTaBIIEMBIX
ycayT. B To e BpeMs poCT MeXIyHapOJHON
KOOTIEpAIlNU B YACTH TEXHOJIOTHIECKOTO pa3-
BUTHS oOecredunBaeT 0OMEH HaMJIyYIIUMHA
JOCTYTIHBIMHU TEXHOJIOTHUSAMH B chepe MOHHU-
TOPHWHTA COCTOSIHUSI TEXHHUECKHUX CPEJCTB,
XpaHEeHUs 1 00pabOTKN TaHHBIX, IPEIUKTHB-
HOIl aHAJUTHUKH U TOCTPOCHUSI 3P PEKTUBHBIX
KaHaJIOB KOMMYHHKaIuu. Baenpenue momo0-
HBIX EPEIOBBIX TEXHOJOTHI N TEXHUYECKUX
peIICHNH B ACSITEIBHOCTD KEIE3HOTOPOKHOM
KOMITAaHUHN TOJOXHUTEIbHO BIUSET Ha €&
WMHK HA PBIHKE, YTO 0COOEHHO aKTyalbHO
B YCJIOBHSIX POCTa KOHKYPECHIMH C APYTHMH
BHJIaMH TPAHCIIOPTA.

C y4€TOoM paccCMOTPEHHBIX MPHOPUTETOB
WHHOBAIMOHHOTO U HAyYHO-TEXHOJIOTHIECKOTO
Pa3BUTHS HKEJIC3HOOPOXKHBIX KOMIIaHUH 00pa3
Oy/TyIIero rpy30BOTo KeIe3HOIOPOKHOTO TPaHC-
opTa MOXHO C(HOPMYIHPOBATH CIEAYIONINM
00pa3oM — aKTUBHOE Pa3BUTHUE C BRICOKOH JTOICH
BEPOSITHOCTH B OyIyIieM Moiydar Iu(poBbIe
TEXHOJIOTHH, TIPEIOCTABIISIONINE BO3MOKHOCTD
CO3MaHMs €AMHOTO MH(POPMAIIMOHHOTO IPO-
CTPAHCTBA JUIS COMPOBOXK/ICHNS U TTOBBIILICHUS
MPO3PavyHOCTH BCEX 3TANOB TPAHCIOPTHO-
JIOTUCTHYECKON NEATEAbHOCTH, U MOJBUKHON
COCTaB Ha aJITEPHATUBHBIX MCTOYHUKAX DHEP-
THH JUTS OCYIIECTBIICHHS TPY30BBIX EPEBO30K
110 HENICKTPUDHUIIMPOBAHHBIM JIMHUAM 03
npsaMbIx BeIOpocos CO,.

Ocoboe BHUMaHHE KETE3HOIOPOKHBIX KOM-
TIaHWH OyZIeT YAETSTHCS Pa3BUTHIO TSDKEIIOBEC-
HOTO, B TOM YHCJIC 32 CUET MOBBIIICHUS Harpys3-
KM Ha OCh TSATOBOTO MOJBHXXHOTO COCTaBa
1 TPY30BBIX BaroHOB, U BBICOKOCKOPOCTHOTO
rpy3oBoro asrxeHus. Lludpossie TexHONMOTHA

MTO3BOJIIT TPAHC(HOPMHIPOBATH MPOIECC YIPaB-
JICHHSI 3arPy3KOH JKEIC3HOJOPOKHON CETH IS
ONTUMU3AIUU IPAPUKOB BIKCHHUS TIOC3I0B
1 TIOBBIIICHUS ITyHKTYAJIBHOCTH JKeJIe3HOIOPOXK-
HBIX TIEPEBO30K, B TOM YHCIIE, I OPTaHU3aIlnH
JIOCTABKH «OT JIBEPH JO IBEPH».

[ToTpeOHOCTHIO B COXPAHHOCTH IPy3a, BBICO-
KOW CKOPOCTH OCTaBKH M T'MOKOCTH pacrmca-
HUS, & TAKKE yI0OCTBE M BO3MOKHOCTH JIOCTaB-
KH «OT JIBEPHU JI0 IBEPH» OTIPEICIIICTCS BHIOOP
KIIUCHTOM TPAHCIIOPTHOTO CPEJICTBA JJIsl TPAHC-
nopTupoBKku rpy3a. C LEIb0 MOAACPKAHMS
MOJIOKUTEIBHOW AMHAMHUKU POCTa JTOXOIHOMU
0a3bI KEIe3HONOPOKHBIX KOMITAHUH HE0OX0An-
MO, HaIIPIMeEP, PACIIHPCHUE TTApKa HHTEIUICKTY-
aJIbHBIX M BBICOKOCKOPOCTHBIX IPYy30BBIX Baro-
HOB, a TaK)K€ OPraHU3aIUs] KOMOWHUPOBAHHBIX
TIEPEBO30K.

[IpropuTesarus pa3BUTHS TPY30BOTO KeETe3-
HOJIOPO’KHOTO TPAHCIIOPTA SIBISICTCS CTPATETU-
YECKUM PCIICHHEeM, KOTOPOE HAMpaBICHO Ha
MOBBINICHNE KOHKYPEHTOCIIOCOOHOCTH Kee3-
HBIX JOPOT 3a CUET BHYTPCHHUX PE3EPBOB pa3-
BUTHS TIPU BO3PACTAMOIICH PO BHEUTHUX
(axropoB. B nonrocpouHoii nepcrnekTuBe 31O
PEIICHIE MOXKET 00CCIICUUTh JIUACPCTBO JKEIIC3-
HOJIOPO’KHOM OTpacii Ha PHIHKE TPAHCIIOPTHO-
JIOTUCTUIECKHUX YCIYT.

B Hacrosieir paboTe aBTOPHI JAFOT OOIITHIA
B3IJISIZ] HA PAa3BHUTHUE KEIC3HOIOPOKHOTO IPy30-
BOro TpaHcrnopTa. Kax bl U3 ceMu yKa3aHHbBIX
MPHOPUTETOB MHHOBAIIMOHHOTO M HAy9YHO-
TEXHOJIOTUIECKOTO PA3BUTHSI MOXKET OBITH Ooee
MPHUCTAIBHO PACCMOTPEH B OTJCIBHBIX CTAThIX
U SIBJISITBCS LIGHTPAJILHOI TeMOit Ju1s1 Goltee rmoj-
POOHOTO M3yYEHUS.
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AHHOTALUA

Onmumu3ayus op2aHu3ayuu mpaHcNoOpmHo-MexHomo2uye-
CK020 NPOYECCa 8 yCrosusX UUpposu3ayuL U MexHoMo2U4eckoeo
npoapecca Ae/19emcs 8 HacMosLee 8pems akmyarnbHol 3adavel
8 CUMTy 3Ha4UMeNbHO20 BMIUSHUSA Ha 3(h(heKMUSHOCMb U KOHKY-
PEHMOCNOCOOGHOCML MPaHCNOPMHbIX NPednpUAMUL.

B Hacmosiwee spems passumue sKoHoMuyeckol cpedbimpebyem
3HaYUMesTbHOL NepecmpoUiKU opeaHU3aULUOHHOU paboms I mparcnopm-
Holi ompaciu. IghehexmusHb It MPaHCNOPMHO-02UCMUYECKUL Npo-
Uecc, 0CHOBaHHb Ui Ha BHEAPEHUU ULghpOBh IX MEXHOMO2UL, N03gonsem
cokpamumb epemsi, cessanHoe ¢ obpabomkoll u ocmagkoll epy3a,
oghopmrieHuem dokymeHmayuu u m.o. Mcnorb3o8aHue agmomamu3u-
POBaHHbIX CKadCKUX CucmeM no3eosisem npoussooumb ycmaHosKy
8 NOMEWEHUSIX C PasiuyHOU nmowadsto: Om KpynHeUwux cknados
npednpusamus 00 KOMNAKMHO20 NOMELEHUSI.

Takum obpa3om, cosdaromes briaeonpusimHble ycrogusi s no-
8bILUEHUS npugiekamesibHocmu mparcnopmHol ompacu. OOHako
Ot NOMHOUEHHO20 UCNOMb308aHUST UHGhOPMAUUOHHbIX MEXHOIo2Ul
Heobxo0uM cucmeMHb Ui U Hay4H It N00X00 K OpeaHu3auuUL NepesosKu.

Yyumeieas meHOEHUUIO K pocmy MeXAyHapoOHbIX KOHMeU-
HEPHbIX NEPEBO30K, PacLUPEHUIo 2106arbHbIX QUCMPUBYMUBHbIX

cemel, pasgumue cucmem peaynspHoU NepegosKu U NPOMKEH-
HOCMb Mapuwpymos, 4mo ocobeHHo akmyanbHo 0n1s Poccuu,
80NPOC KOHMPOIIS MECMONOMNOXEHUS U MeKywe20 COCMOSHUS
2py3a CMaHo8UMCS 8aXHbIM yCrIogueM nogbieHus 6e3onacHo-
CMU U Kayecmea nepesosKu.

Llenb uccnedogaHus 3akmtoyanach 8 paspabomke cucmem-
H020 nodxoda K opaaHu3ayuu mpaHCcNOPMHO-MEeXHOM02UYECKUX
npoueccoe 05 MymbmumodanbHOL mpaHcnopmHol cucmeMbl Ha
0CHO8E UHGhOPMAYUOHHbIX MEXHO02UL.

PaccmompeHb| op2aHU3ayUOHHbIE, MEXHUKO-MeXHono2uYe-
CKUe U UHghpacmpyKkmypHble (hakmopb, 8 MOM YUCHe C8A3aHHbIe
C nepexo0oM Ha 31eKmPOHHbIL AOKyMEeHMOo6opoM U LCNOsL30-
8aHUEM 3/1eKMPOHHbIX CPeOCMe MOHUMOPUH2a MecmoHaxoxde-
Hus 2py3a. [lpednoxeHa b6asosas cucmemamusayusi Haubonee
NepcneKkmusHbIX U3 HUX.

BHedpeHue u ucnonb308aHUe UHHOBAUUOHHBIX U 3¢hehek-
mugHbIX Memodog OpaaHu3ayuu 2py30nepego3ok No38onam
cokpamumb 8pemsi OGhOPMIEHUS 2py3a, Nepeso3umMozo 8
KOHMelHepe, NPoXoxAeHuUs KOHMeUHepoM KOHMPObHO-Hao-
30pHbIX Npoyedyp.

Kntoyesble crosa: MynmeModaanb/e nepesosKu, mpaHcnopmHas cucmema, KoHmeuHep, UH(I?OpMauUOHHbIe mexHoso2uu,

¢hakmop, QR-kod, WMS, damyuku, [TTOHACC, GPS.

[ns uumuposanus: [MoHomapes M. /1., @ununnosa H. A., Benukaroe A. K., Hepemun A. A. OcHosHble thakmopb, enusioujue Ha
MybmumodanbHyto mpaxcnopmnyto cucmemy // Mup mparcnopma. 2021. T. 19. Ne 5 (96). C. 69-74. DOI: https://doi.org/10.30932/1992-

3252-2021-19-5-8.
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BBEEHUE

B ycnoBusix nudpoBu3anym 1 TEXHOIOTHYe-
CKOTO TIporpecca OMTHMH3AIMS OpraHu3alnn
TPAaHCTOPTHO-TEXHOJIOTHYECKOTO MpoIecca
B 3HAUUTEIFHOI Mepe BImsieT Ha 3PPEeKTHBHOCTH
W KOHKYPEHTOCIOCOOHOCTH MPOn3BonCTBa [1].
IIpu sToM i 3PEKTHBHOTO HCIIONB30BAHUS
WHPOPMAITMOHHBIX TEXHOJIOTHH HEOOXOINM CH-
CTEMHBI M Hay4YHBIM MOJAXOJA K OpPraHU3aLuu
TIEPEBO3KH C yUETOM BCEX TEXHOJOTHUYECKUX
mporieccoB [2]. OCOOEHHO 3TOT BOIPOC aKTyaJIeH
TIPU PACCMOTPEHNH MEKTyHAPOJHBIX MYIBTHMO-
JIaTbHBIX TIEPEBO30K, B IIEPBYIO OUYEPE/Ib, KOHTCH-
HEPHBIX, TIPH OCYIIECTBICHUH KOTOPBIX BOITPOCHI
KOHTPOJISI MECTOTIONIOKEHUSI 1 COCTOSTHUS TPy3a
B PEKUME PEaTbHOTO BPEMEHHU CTAHOBSITCS BaK-
HBIM YCJIOBHEM JUTS TIOBBIIIEHHSI OE30TTaCHOCTH
¥ Ka9ecTBa MepeBo3KH [3].

JlaHHast poOIeMaTHKa IPeJICTaBIsAeT HCKITIO-
YUTEbHYIO BA)KHOCTB JJIs1 POCCUHCKUX YCIIOBUH,
YUMTHIBAsI TPAH3UTHBIHN MOTEHIIMAI CTPAHBI U IIPO-
TSOKEHHOCTD MapIIPYTOB. BOnpock! MOBBILIEHNS
3¢ PEKTUBHOCTH MYJABTHMOIAIBHBIX MEPEBO30K
3a CUET MOJCPHHU3ALNH TEXHOIOTHIECKUX TPO-
1IECCOB B PAaBHOW MepEe OTHOCSTCA HE TOJIBKO
K BOIpPOCcaM OOECIeUeHHUs TPaH3UTa TPY30B, HO
7 K 337adaM pPa3BUTHS TPAHCIIOPTHOW CHCTEMBI
B 1esoM. Ha ceronHsmHuil IeHb TPaHCHIOPT SIB-
JISIETCS OTHON M3 CAMBIX OBICTPO PA3BUBAIOIIUXCS
orpacuneii B Poccuiickoit @eneparim, odecredn-
BAIOMICH MPOYHBIC CBSI3H MEXIY Pa3THIHBIMU
chepamMu SKOHOMHUKH CTpaHbl. DPPeKTUBHASL
paboTa TpaHCIIOpTa 00ECIIeYNBACT MTOTHOTY TEX-
HOJIOTHYECKHX U TPON3BOJICTBEHHBIX MPOIIECCOB,
0e3 KOTOPBIX YCIENIHAs OpraHu3anus padoThl
TIPEATIPHUATHH TPAKTHYECKH B JIF000H cdepe mes-
TEITBHOCTH CTAHOBHUTCS HEBO3MOYKHOM.

Ilenv cocTouT B pa3pabOTKE CHCTEMHOTO
MoAX0/Ma K OPTaHM3aIlMU TPAaHCIOPTHO-
TEXHOJOTMYECKUX MPONECCOB U MYIbTHMO-
JIaJIbHOW TPaHCHOPTHOW CUCTEMBI Ha OCHOBE
MH()OPMAITMOHHBIX TEXHOIOTHH.

Pa3paboTka u ocymiecTBIeHHE €IHHOTO
TPAaHCIOPTHO-TEXHOJIOTHYECKOTO MpoIlecca
JIOJDKHA OCHOBBIBATHCSI HA MHTETPALINH IIPOU3BOI-
CTBa M TPAHCIIOPTA. DTO TO3BOJISIET MOBBICUTH
Ka4eCTBO MEPEBO3KN M COKPATUTH 3aTPaINBACMbIC
pecypesl.

Ha moBeIieHre xKauecTBa MepeBO3KH OKa3bl-
BaeT BIMSHHUE OOJIBIIOEC KOJTMIECTBO (haKTOPOB.
Brenmane ¢akTopsl, Kak MpaBUI0, HEBO3MOXHO
WU3MEHHTB, OJHAKO, €CITN UX yUUTHIBATH, TO MOXK-
HO CTIPOTHO3MPOBATh, KOHTPOJIMUPOBATH U KOPPEK-
THPOBATh BHYTPEHHNE (DaKTOPBL.
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Jns onpenenenust Haudosee 3HAYUMBIX (ak-
TOPOB OBUI MCIOJIB30BAH Memoo IKCIEPTHOM
oneHku. CyTh METO/Ia 3aKJIIOYACTCS] B aHAIIM3e
MPOOJIEMBI ¥ IPHUCBOSHHUHU KOJIMYECTBEHHOH OLICH-
KU TeM CYXXJICHHsIM, KOTOpble Hanbosee ONU3KH
aKcrepram. J{jist momy4eHuns 3HaYMMOro pe3ysbTa-
Ta MPOBOAUTCS 00pabOTKA MOTYUYCHHBIX KOJIHYE-
CTBEHHBIX JIAHHBIX 1 0000I1IEHHE MHEHUS T PYIIITBI.
J1nst opraHu3aryu SKCIepTHOH OLEeHKH HEO0XO0/IU-
MO I10100paTh IKCIEPTOB, MPOBECTH OIPOC U 00-
paboTaTh pe3ysIbTaTh.

Or cocraBa KCIIEPTOB 3aBUCHUT JIOCTOBEPHOCTh
OLICHOK, I03TOMY 110100 3KCIIEPTOB JIOJKEH OBITh
Ka4eCTBEHHBIM, a KOJIMYECTBO AKCIIEPTOB JOIDKHO
COCTaBJISITH HE MeHee JecsiTH. J[ocToBepHOCTD
OILICHOK 3aBUCHUT OT KBaJH(UKALUU IKCIIEPTOB
1 KOJIMYECTBA 3KCIIEPTOB B IPYIIIIE.

U3 MHOXECTBa BUJIOB OIPOCA, TAKHUX KaK aHKe-
THPOBaHKE, MHTEPBbIOMpOBaHue, Metox Jlenbdu,
MO3IOBO# IITYPM, IUCKYCCHsI, ObLT BBIOPAH CaMBbIit
pacripocTpaHEHHbIN Menoo, TO3BOJISIFOIINH TOJTy-
YUTh KOHKPETHBIN Pe3yJIbTar — aHKETHPOBAHHE.

[poBeneHue onpoca 3aKIF04aIOCh B 3aII0THE-
HHH SKCTIEPTaMH (MX YUCII0 COCTaBHIIO 38 YeloBeK)
B IIMCBMEHHOM (hopMe NPEIIOKEHHO aHKeTHI,
B KOTOPO¥ COZIEPIKAIUCh BOIIPOCHI T10 CYTH aHAJIU-
3UPyeMOii MPoOJIeMbl. AHKETa BMECTE C MOSICHH-
TEJIBHOM 3aMCKON OTIPABISLIACH DKCIIEPTaM.
B nosicHUTENIbHYO 3aIMCKY BXOIMIIN O0pallieHue
K DKCIIEpTaM, OOBSICHEHHE 1IEJIU OIIPOCa, HHCTPYK-
LIHs1 TIO 3aIT0JTHEHUEO aHKETBI U TIPOYHe HEOOXOIH-
MbIE OpraHU3aLMOHHBIE CBEJICHHSI.

PE3YNbTATbI

MeToz KCIepTHOM OLEHKH MOKa3all, YTo OC-
HOBHBIMH (DaKTOpaMH, BIMSFOLIMMHU Ha MPOIIECC
NIEPEBO3KH, ABJISFOTCSI OpraHU3AIMOHHbIN, TEXHU-
KO-TEXHOJIOTMYECKHUI U UH(PPACTPYKTYPHBIH.

OpraHu3aloHHBIH (hakTop

[Ipu dhopmupoBaHuM mporecca NEPeBO3KH
OpraHU3alMOHHBINA (hAKTOP SIBISIETCS KITIOUEBBIM,
TaK Kak B [IOJIHOM Mepe BIUsIeT Ha KaueCTBO Iepe-
BO304YHOTO rporecca. OpraHu3aloHHbIN (hakTop
IIPEACTaBIIeT cOO0I COBOKYITHOCTb IIPUHIIUIIOB,
TIpaBuUIl, MEPOIIPHUSATHI, METOIOB M PEILIEHHH, KO-
TOpbIEe 00ECIIEYNBAIOT B3aMOCBS3b PAdOT U IIPo-
LIECCOB B [IPOCTPAHCTBE U BpeMeHH. KadecTBeHHas
pa3paboTKa OpraHU3aLMOHHOTO HpoLecca U ypo-
BEHb €r0 UCIOJIHEHUS 00€CIIeUNBAIOT KaK COXPaH-
HOCTb, TaK U CBOEBPEMEHHOCTB I1epeBo3Ku. CBoe-
BPEMEHHas JI0CTaBKa Ipy3a SBJIACTCS KIIIOUEBOH
TPAHCIIOPTHOM YCIIyTOii, KOTOPYI0 HEOOXOAUMO
YIOBJIETBOPUTH, JUI 3TOTO CIEAYeT COKPAaTUTh

[ToHomapeB M. J1., ®ununnosa H. A., BenunkaHoB A. 0., HepeTH A.A. OCHOBHLI€ (haKTopblI,
BNUSAOLLNE HA MYTTBTUMOAANBHYHO TPAHCMOPTHYH CUCTEMY



CPOKH JIOCT@BKH ITyTEM MapLIPyTH3aLIHH [1EPEBO3-
KU, OJIMH U3 CIIOCO00B — 9T0 OPMHUPOBAHUE KOH-
TeHHEPHBIX TI0E3/10B U TIepeBO3Ka UX 0e3 rnepepa-
OOTKH B ITyTH CIICIOBAHHSL.

WudopmanmonHoe obecrieueHue mpeiaraer
TIOJIyYEHHUE CIICIYIOIHX TPEHUMYILECTB:

1. Uudopmarms o 3akase (cTaryc, CpOKH J0-
CTaBKH, COITPOBOIMTEIbHAS IOKYMEHTAIIHS).

2. DddexTuBHOE yIpaBlicHUE 3amacamu, (u-
HAHCOBBIMH M TPYJIOBBIMH PECYpPCaMHU.

Benyiueii rexHonorueii B opraHu3aluii MOHHU-
TOPHHI'a U YIIPaBJICHHS TPAHCIIOPTHBIMH CPEJICTBA-
MM SIBIISIETCS HaBUTI'AIMOHHAsI CUCTEMa, KOTOpast
MMO3BOJIUT CO37aTh 3(P(HEKTHUBHYIO B3aUMOCBSI3b
MEX/y TPAaHCIIOPTHBIM CPEJICTBOM U LEHTPOM
yripasiieHust. Buenpenune Takux MHpOpMAaIMOHHBIX
TEXHOJIOTHH B 00JIACTH TIEPEBO30K MTO3BOJIUT COOT-
BETCTBOBAaTh MUPOBBIM CTaHJapTaM B 00nacTu
nH(pOpMaLOHHOTO oOecredeHust. Takum o0pazom
TIOBBICUTCSI NIPUBJIEKATEIBHOCTh U KOHKYPEHTO-
CIIOCOOHOCTH TPAHCIIOPTHBIX NPEAIPUSTHH, MO-
SIBUTCSI BOSMOYKHOCTB ITPOTHO3MPOBAHUSI IIOTPED-
HOCTEH pBIHKA U JajbHENIIee CO3IaHNue YCIOBUI
JUTS yIOBJICTBOPEHHUS 3THX TIOTpeOHOoCTeH [4; 5].

DJIEeKTPOHHBIN JIOKYMEHTOOO0POT B 00IacTu
TIEPEBO30K IPY30B MO3BOJISIET IEPEBECTU BCIO CY-
LIECTBYIOILYIO JOKyMEHTAIIHIO, 0(DOPMIICHHYIO Ha
Oymare, B u(ppoBoii (hopMar U MOJTHOCTHIO OTKa-
3aTbCsl OT OyMaXKHBIX HOcHTEel B Oyayem. s
TOTrO, 4TOOBI COKPATUTH BPEMS MPOXOXKICHHS
KOHTEHHEPOM KOHTPOJILHO-HA/[30PHBIX IIPOLIEYP,
Ha Hero HeoOXoauMo ycTaHoBUTh QR-kox. Dto
TIO3BOJIUT COKPATUTh BPEMsI JIOCTaBKH KOHTEHHE-
poB Ha 1-2 cyToK.

DJeKTpOHHAs TPAHCHIOPTHAsI HaKJIaaHas (1a-
nee — DTpH) nonoxurenbHo nosiuseT Ha Y ek-
THBHOCTb ¥ CKOPOCTb 00pabOTKH MH(OPMALIIH.

Hcnons3oBanue DTpH npu MynsTHMOAATBHBIX
TIePEBO3KAX I'PY30B M03BOJISIET ITOTYYUTh CIIELY 0~
1Y€ TIPEUMYIIIECTBa:

1. HoctynHocth nokymeHToB. [lepemernienue
OyMa)KHBIX JIOKYMEHTOB 3aHUMAET ONPE/IeNIEHHOE
BpeMsi, TIOKa MIPOUCXOUT Mepeaya J0KyMEHTOB
B o¢uc, u3 oduca MOATOTOBAT U OTIIPABSIT KOM-
TUIEKT JOKyMEHTOB 3aKa34uKy U T.J1. JJOKyMEeHTbI,
0(hOpMIICHHBIE B AJIEKTPOHHOM BHJIE, JIOCTYIIHBI,
TEM CaMbIM YCKOpsieTCs 0OMeH MH(pOopMaIHe.

2. YnobHoe xpaHeHue. Pru3nyecKoe XpaHeHue
MaccHBa JIOKYMEHTOB, a TaK)Ke CBOCBPEMEHHOE
npenocTraBieHe HH(GOPMALUK TIPH POBEPKE
rOCOpPraHaMH BBI3BIBAET HEKOTOPBIE CIIOXKHOCTH,
TaK KaK JJAHHbIE TIPUXOINTCSI ICKATh CPEIN OyMarK-
HBIX apXHMBOB, YTO 3aHUMAaET HEONpEeIEHHOE
Bpemst. brarogapst umdposomy Qopmary Bpems

TIOKMCKa HEOOXOIMMOI HH(OPMALHH CYLIIECTBEHHO
CHMI)KAETCH.

3. MraoBeHHOE BHEcCeHUe u3MeHeHui. BHe-
CeHHe HeOOXOIUMBIX W3MEHEHUI B JOKYMEHT
COIPOBOXKIAETCS IEPEMEILIEHHEM 3TOTO JIOKyMEH-
Ta Ha MOJIHMCU BCEM YYaCTHUKAM IEPEBO3KH.
B ciiydae usmenenust nadopmarmu B TpH Bce
YUYaCTHHKH OyIIyT ONOBEIIEHBI 00 3TOM [6].

[penBapurenbHoe MHOOPMUPOBAHUE TAMO-
YKEHHOU CITy)KOBI O TIPEACTOAIIEH OTITPABKE IPO-
HCXOJIUT B AJIEKTPOHHOM BH/Ie yepe3 nopran OTC
Poccuu. HenocpencTBeHHO HAa TaMOXEHHOM
NOCTY (HarpuMep, BOJUTEIIEM, B CIIydae IepeBo3-
KA aBTOMOOWJIBHBIM TPAHCIIOPTOM) Tiepeaaérest
nIeHTH(OUKAIMOHHBIA HOMEP MEPEBO3KH C ITOMO-
IBI0 MITPUXKOJA. BepositHOCTh omuOKku npu
BHECEHHM 36 CHMBOJIOB HOMEpa B IPOrpamMMy
BBICOKasl, 9TO MPUBOMT K 3aepkKe rpy3a. Js
MHUHUMHM3AIMM OUIMOKH BCIIE/ICTBHE YesioBeUe-
CKOTO (haKTOpa JTyUILHMM pelieHHeM Oy/IeT UCTIONb-
3oBaHre QR-kona. 3ammdpoBanHas B HEM HH-
(opmaryst IMeeT CBOM yHUKAIbHBIN UIICHTH(DU-
KaIlMOHHBIA HOMEP MEePEeBO3KU, KOTOPBIH CYUTHI-
BaETCsI C OMOIIBIO CKaHepa.

Hanpumep, yxe BHEApEHHOE PUMEHEHHE
QR-Kko/1a Ha JKeJIE3HOTOPOKHOM TPAHCIIOPTE JIst
pacuéra 3a IpeaCTaBICHHbIE TEPMUHAIBHO-
CKJIQJICKHE YCIIYTH TI03BOJISIET KIIMEHTY OBICTPO
n Ge3omacHo coBepiuarh riarexu. Kox copepxur
B ce0e BCIO HEOOXOAUMYI0 HH(OPMAILTHIO: CyMMY,
peKkBH3UTHL. Vcronb30BaHUE JTAaHHOW CHCTEMBI
JIOKa3aJio CBOO 3(P(HEeKTUBHOCTb.

Henocrarkamu BHeapeHus cuctembl QR-ko-
JIOB SIBJISIIOTCS JIOPOTOBHM3HA U CIIOKHOCTh BHE/I-
peHUs eUHO¥ 0a3bl n3-3a OOJIBIIONO pa3HOOOpa-
31s1 TPAHCIIOPTHBIX KOMITaHHH.

Coznanuie 23(heKTHBHOTO TEXHOIOTHYECKOTO
npolriecca Mpyu MyJIBTUMOJIAJIBHBIX MEPeBO3KaxX
IPY30B MEX/Iy TOPTOM U TEPMUHAIIOM HEOOXO/IU-
MO JUIsl YCKOPEHHsI IPOXOXKJICHUS Tpy3a uepes
rpanuily crpanbl. Co3JaHHBIH TakuM 00pazoM
€/IMHBIM TaMOYKEHHBII KOPUIOP MO3BOJIUT COKpa-
TUTh YHUCIIO JOCMOTPOB KOHTEHHEPOB JI0 MUHH-
MaJIbHOTO MPOLEHTA. YCIIOBHS, PH KOTOPBIX
BpeMsI IIPOXOIK/ICHHUSI KOHTEHHEPOM TaMOYKEHHO-
rO MyHKTa COKPATUTCS, CTaHYT 3KOHOMHYECKH
TIPUBJIEKATEILHBIMU JUIsl PA3BUTHS KOHTEHHEPHO-
ro 6usHeca. CIIOKHOCTH, CBSI3aHHBIE € 0 opmiIe-
HHEM TaMO)KCHHOI JTOKYMEHTALlMH, IIPOXOXKJIe-
HHEM TaMOYKEHHOT0 TI0CTa, HeMPe/ICKa3yeMOCThIO
CPOKOB MPOXOKACHHS TAMOXXEHHOTO O(opmiie-
HUs, 00pabOTKOI KOHTEHEepa, HEraTHBHO OTpa-
JKAIOTCSL Ha Pa3BUTHU KauyecTBA TPAHCIIOPTHBIX

YCIyT.
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Pa3paboTka 1 OCyIIECTBICHHE €JUHOIO
TPaHCIOPTHO-TEXHOJIOTUYECKOr0 Mpoliecca
JIOJDKHA OCHOBBIBAThCS HA HHTETPALIMH TIPOM3BO/I-
CTBa U TPAHCIIOPTA. ITO MO3BOJIUT MOBBICUTH
Ka4eCTBO IIEPEBO3KU U COKPATUTH 3aTPauyrBacMble
pecypcbl. PazpaboTaHHbIif HA 0CHOBE CHCTEMHOTO
MoaXoJa ajJropuTM TPaHCHOPTHO-
TEXHOJIOTMYECKOTO MPOLECcca CO3AaCcT yCIOBHS
JUISI TPAMOTHOT'O MOCTPOCHUS [IEPEBO30YHOIO
mporiecca Mpu MyJbTUMOIAIBHBIX MTEPEBO3KAX
rPYy30B, B KOTOPOM B3aHMOJICHCTBHE BCEX YYAaCT-
HHUKOB M DJIEMEHTOB IIEPEBO30YHOIO Ipolecca
cornacoBassl [7; 8].

TexHUKO-TeXHOJI0rnYecKuii pakTop

TexHuKO-TeXHONOTHYECKHi (akrop mpea-
CTaBJIsIeT cOO0M MEXaHU3AIMIO  aBTOMATH3ALHI0
MPOM3BOJICTBA, BHICOKUI YPOBEHb OCHAIIIEHHOCTH
pabouero mecra. Poct Mex1yHapOIHOI TOPTroBIH
MPUBOJIMT K YBEJIIMUCHUIO TOBAPOOOMEHA MEMKITY
CTpaHaMH, U BO3HHKAET BOIPOC, KAK HACTPOUTH
pabouuii mporecc, 4ToObl OH COOTBETCTBOBAI
TpeboBaHUsIM pbIHKA. BHenpenue uHpopmanu-
OHHBIX TEXHOJIOTUH B IPOM3BOACTBEHHBIN IMTPO-
[[eCC MOBBICUT IIPOU3BOAMTEIBHOCTh TpPYyla
1 TIO3BOJIMT PALMOHAIIBHO HCIONB30BATh PECyp-
ChI, BO3pacTéT KayecTBO pabOThI U CHU3BSATCS
(hunaHcoBbIe u3nepkku [9; 10].

YBennueHne ToBapoodopoTa Mpejiaraer ue-
T0JIL30BaHUE KOHTEIHEPOB KaK yHUBEPCAILHOU
1 BMECTUTEIbHOM Tapbl. KoHTeliHep nerko uc-
T0JIB30BATH [IPU OPraHU3alMU MEKITyHAPOIHBIX
MYJIBTUMOZIANIBHBIX 1TepeBo3ok (MMIT), Tak kak
OH JIETKO COYETAETCsI C aBTOMOOMIIBHBIM, JKeJle3-
HOZOPOXKHBIM M MOPCKUM TpaHcropToM. [Tpu
UCIIOJb30BAaHUH KOHTEHHEPOB PACILHUPSIETCS Tie-
peUeHb KOHTEHHEPONPUTOAHBIX I'PY30B, UTO
MPUBOJUT K YBEIMYEHUIO MX THUIIOPAa3MEPHOTO
psia, HO MOSIBIISIETCSI HEOOXOMMOCTD MOJIEPHH-
3al[MM TPAHCIIOPTHBIX CPEACTB MPUTOAHBIX IS
UX TIepeBO3KH. BCE 3TO MpUBOAUT K HEOOXOAUMO-
CTH Pa3BUTHUSI KOHTEHHEPHOro 00OpyIOBaHUs
U TEXHOJIOTUH, COOTBETCTBYIOIINX MHPOBBIM
MPOU3BOJICTBEHHO-TPAHCIIOPTHBIM CHCTEMaM.

YuuThIBasi TEHJICHIMIO POCTA ITIOTPEOHOCTH
B MEXK/IyHapOIHBIX KOHTEHHEPHBIX IIEPEBO3KAX,
pacimpenue rodaabHbIX JUCTPHOYTUBHBIX Ce-
Teil, pa3BUTHE CHUCTEM PETYISIPHOW JOCTaBKH,
BO3HHUKAET BOIIPOC KOHTPOJISI MECTOIIONIOKEHHS
U TEKYIIETO COCTOSHUS Ipy3a. OTO CTAHOBUTCS
Ba)KHBIM yCJIOBHEM JUIs IOBBIILICHUSI O€3011aCHO-
CTH W KayecTBa MYJIBTHMOAAJIBHON MEPEBO3KU
rpy30B, IPHUBIEKATEIbBHOCTH TPAHCIIOPTHOM
KOMITaHUH, Y/IOBJIETBOPSIOLIEH STUM YCIIOBHUSIM.
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ViKe UMEIOTCSI MHOTOUHCIICHHBIE Pa3paboTKH
COOTBETCTBYIOIIETO 000PYA0BAHMSL, TO3BOJISIFOLINE
OCYIIECTBIISITH MOHHTOPHHT YKa3aHHBIX ApaMeT-
POB B pekuMe peajibHoro Bpemenu. Crienyromiye
TIPUMEPBI MTOKA3BIBAIOT Y)KE PEaTN30BaHHBIC TEX-
HOJIOTHH.

BoproBoii cepuiinblii peructparop (Oaree —
bCP) obopynoBaH CpeiACTBaMH HU3MEpPCHUU
(TTIOHACC/GPS npuémHuK, [aT4uK yapa u BUO-
paruu, TEpMOMETD).

Jpyrue CHCTeMbI IIO3BOJISIFOT KOHTPOJIUPOBATh
MECTOIOJIOKEHHE CYXUX/pepHKEpaTOPHBIX KOH-
TEHHEPOB U CICMHUTH 32 (PUIMICCKHM COCTOSTHHEM
rpy3a. Takxe Takas cucTema o3BoJIsIeT OTCICIUTh
M3MEHEHHSI C MOMEHTA 3aKPBITHSL M TIIOMOUPOBa-
HHS TPy3a 0 MOMEHTA OTKPBITHS IBEPH.

Taxoro pona cucTemMbl pabOTaOT HA IPOTPAMM-
HBIX IU1aTopMax ¢ BeO-MHTEp(eicoM ISt CITyT-
HHKOBOTO MOHHUTOPHHTA TPAHCIIOPTa, KOTOPHIH
MO3BOJISIET OTCIICKUBATH MyTh TPy3a U ero Gusu-
YECKOE COCTOSIHHIE C KOMITBIOTEPA MM MOOMIIBHO-
r0 YCTPOMCTBA B PEKUME PEaTbHOTO BPEMEHH.
Hcronb3oBaHue mporpaMMHoOi 1iatdopMbl 03~
BOJISICT XPAHUTh HCTOPHIO, POPMUPOBATH ITOIPOO-
HBII OTYET O MECTOIIONIOKEHHH TPy3a i (GHUKCHPO-
BaTh COOBITHS 3a JIF000H mepuos. YToOsl HE mpo-
MyCTUTH HHHOPMAIIHIO, CBSI3aHHYO C COCTOSTHHEM
rpy3a, IporpamMmma rno3pojsiet HactpanBath CMC-
YBEIOMIICHHUSI U YBEIOMIICHHUSI IO AIIEKTPOHHOM
[OYTE, YTO MO3BOJSIET ONMEPATHBHO Y3HABATh
0 COOBITHSIX ¥ CBOCBPEMEHHO PEarupoBarh Ha HUX.

Cy11ecTBYIOT aBTOHOMHBIE cucTeMbl GPS-o1-
CIICKUBAHUS M YIIPABJICHHUS, UCTIOIb3yEeMbIC ISt
KOHTPOJIS, MOHUTOPHHTA H OTCIIC)KHBAHHUS TPY30B.
Takue ycrpoiicTBa He TPEOYFOT KaKOW-THO0 ycTa-
HOBKH U NIPEIIOCTABISIFOT BKHYO HHHOPMAIIHIO,
BKJIIOYAsl MECTOIOJIOXKEHUE, CKOPOCTh, TeMIIepa-
TYPY, BO3ICHCTBHE U KOJMYECTBO OCBEIICHHSL.

Wuaukarop ynapa —3To 0IHOpa30BOE YCTPOM-
CTBO, PETHCTPHPYIOIIEE yIapHbIC BO3MCHUCTBHS
(TiajIeHIs1, CTOJIKHOBEHHS, TPSICKY) ITO BCEM OCSIM.
Kpenurcst Ha ymakoBKy ¢ rpy30M, TpeOyrOIIUM
0epeKHOTO OOpAILICHHSL.

VIHAMKATOp OTMETHT CHITBHBIH YIap WITH Ta/ie-
HHE Tpy3a, MPOU30MAET BU3yalbHas (DHKCAIHS
COOBITHSI — OyZIET BUHO, HA KaKOM 3Tare rpy3
MIOBPEKAEH.

YCTaHOBKA JATIMKOB HA KOHTCHHEP MPH MYJTh-
THMOJIATBHBIX IEPEBO3KAX TPY30B HIIH HETOCPEI-
CTBEHHO Ha IPy3 MO3BOJUT OTCIICKHBATH MECTO-
TOJIOKEHHE, MOMEHT 3aKPBITHS U OTKPBITHS IBEPH,
OCBEIIEHHOCTb, BIKHOCTB U TEMIIEPATYPy BHYTPH
KOHTelHepa, GpuKcupoBars Jiro0ble (hU3MYecKue
BozneiictBust [11-13].
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CymiecTByeT MHOKECTBO KOHKYPUPYIOIIMX
HA PBIHKE CHCTEM PA3JIHYHbIX TPOU3BOAUTEICH |
(IpUBeIEHHBIE CCHIIKH UCIIOIb30BaHbI HCKIIIO-
YHUTEJIBHO /I WIUTIOCTPALIMHU B KaUECTBE CITydai-
HBIX IPUMEPOB U 0€3 KOHTAKTOB C pa3padoTyuu-
KaMH JJIsl 03HAKOMJICHHS C TUIIaMU 000py10Ba-
HUSI M HE TT0/Ipa3yMEeBalo0T KaKMX-TH00 PEKOMEH-
JIAlUil WK TIPEIIOYTEHHUN ).

J171s1 oNTHMaIIbHOTO UCTIONB30BAHUSI ITOJIBHIK-
HOTO COCTaBa, ONPE/CICHUS U TOCTPOCHUS OIl-
TUMaJBHOTO MaplIpyTa JBUKEHHSI TPAHCIIOPT-
HBIX CPECTB IPUMEHSIETCS aBTOMATH3UPOBAHHAs
HaBHTaIMoHHas cuctema [14; 15].

VYeranoska natunkoB IJTOHACC unu GPS
B K&X/IOM TPAaHCIIOPTHOM CPEJICTBE MOBBICHT
Ka4yeCTBO IEPEBO3KH 3a CUET COONIOICHUS BO-
JUTEISIME MapuipyTa ABH)KEeHUs, rpaduka
JIBMDKEHUSI, CKOPOCTH TPAHCIIOPTHOTO CPEJICTBA.
KoHTpouib pexxnma Tpyaa 1 OTAbIXa BOJUTENEH
MTOBBICUT 0€30MaCHOCTbH JIOPOKHOTO JIBUKEHHSL,
CHM3UT aBapUHHOCTD. [ J1aBHAasI LIEJIb JaTYUKOB —
OIIpEJIeIIsATh TOUKY NMpeObIBaHUs TpeiMeTa Ha
3emJie, BEIYUCIISIS IaHHbBIE O IIUPOTE, JIOJITOTE,
BbIcoTe. Ha kapre OH moka3bpiBaeT HE TOJILKO
CBOE MECTOPACIIOJIOKEHUE, HO U PACTIONIOKEH-
HbIE BOKPYT Hero o0bexTsl [16].

Hcnonb3oBaHue JaTYMKOB ¥ 000PYI0BaHHS
JUISL CJIS)KEHUS 32 TPAHCIIOPTHBIM CPEICTBOM
OKa3bIBaeT MOJIOKUTEIbHOE BIMSHUE HA Kaye-
CTBO M 0€301aCHOCTh MEpPeBO3KU. B cBsA3M
C 9TUM PAcTET HEOOXOIMMOCTh B YCOBEPILECH-
CTBOBaHMH CYIIECTBYIOIINX U CO3/IaHMH HOBBIX
JATYUKOB M WHJMKATOPOB C PACIIMPEHHBIMH
BO3MOKHOCTsIMU [17].

HudppacTpykrypHblii paxTop
WndpacTpykrypHBbIil dakrop Gpopmupyer

YCIIOBHS JUIsl BBITIOJIHEHHS BCIIOMOTaTEIbHBIX

onepaunuidi, KaKUMHU SIBJISIOTCS HOTpy3Ka-

' Tlpumep o6uieit unpopmauuu: https://intellias.com/

smart-shipping-container-tracking/. CaliTsl pa3paboTYHKOB
u skcruryatanToB: Kylos: https://www.starcomsystems.
com/kylos-ru/. Oster, Remora: https://www.digitalmatter.
com/applications/container-gps-tracking/. Piccolo:
https://wlius.com/uk/applications-2/shipping-container-
cargo-gps-tracking-devices-solutions-uk-3/. Samsara:
https://www.samsara.com/guides/gps-tracking-for-
containers/. https://www.ms-scat.ru/b2b/resheniya/kontrol-
gruzov/. Toprosas mapka GPS-10Karop OOO «Monuto-
puHrossle cucteMsl — Cepsrcy: https://www.ms-scat.ru/b2b/
resheniya/kontrol-gruzov/. Profio electronics: http://www.
efeel.co/gps-locator-for-container-ip66-waterproof-magnet.
Triton: https://radioterminal.ru/katalog/gps-glonass-
monitoring/elektronnye-plomby/starcom-tetis-triton-
standartl. Naviset SATLOCATOR PRO IRIDIUM:
http://naviset.su/p26/t12/113/index.html u MHorue npyrue.
Joctyn 22.05.2021.

pasrpyska, TepMHUHAIIbHAS U CKJIaJICKast 00paboT-
Ka, XpaHeHHe, NH(POPMALIMOHHOE COITPOBOXK/ICHUE
Ipy30H0TOKOB U Jip. CpesicTBaMU TEXHHYECKOTO
obecrieueHus1 cepBHUca SIBJISIIOTCS: TPAHCIIOPTHBIE
1 TIOJTbE3/IHBIC Ty TH (ABTOMOOMIIbHBIE, HKEJIC3HBIC
JIOPOTH, TPAHCIIOPTHBIC KOPHUIOPHI U T. 11. ), [IOTPY-
304HO-pa3rpy304Has TEXHHKa OOLIETro IPUMEHe-
HUS ¥ CIICIUAIM3UPOBAHHAS 110 BUIAM TPaHC-
MOpTa, CKJIJICKUEe KOMIUIEKCHI, TepMUHAIHI [ 18].

BricoKkHe JIOTHCTHYECKUE H3ICPKKH 00-
YCIIOBJICHBI HHU3KUM YPOBHEM U Ka4yeCTBOM
Pa3BUTHS TPAHCIIOPTHO-JIOTUCTHYECKOM HHDpa-
CTPYKTYPBI, [IO3TOMY CJICAYET BBIBOJ] O TOM, YTO
JUTsL aKTUBHU3AI[MH TOPrOBBIX MMOTOKOB JOJDKHA
OBITh KaueCTBCHHAs MHMPACTPYKTYpHAsE obec-
nedeHHocts [19; 201].

Hcnonb30BaHHE aBTOMATH3UPOBAHHBIX
CKJIQJICKAX CHCTEM I03BOJISICT MPOU3BOIAUTH
YCTaHOBKY B IIOMEIICHHUSX C Pa3JInIHOM II01Ia-
JIBIO: OT KPYIHEHIIIUX CKIIAJI0B IPEATIPHUSITUS 110
KOMITAaKTHOTO MTOMEIIICHUSI.

3AKINKOYEHUE

ABTOpBI CTaThbU MPOBEJIM OOIIMK aHANIN3
(axTopOB, BIMSIOUIMX HA KAYE€CTBO TPpy30Mepe-
BO3KH, U Ha OCHOBE METO/Ia SKCIIEPTHOM OLIEHKU
BBISIBUJIM OCHOBHBIE TPH TI'PYyMNIbl (PaKTOPOB,
¢ y4€TOM KOTOPBIX BO3MOXKHO OITHMHU3UPOBAThH
MIePEeBO30YHBIN MpoIiece.

Omnpe/esieHbl TEKyllee COCTOSIHUE U Tep-
CHEKTUBBI PA3BUTHS OPraHU3ALNY YIIPABICHHS
MIEPEBO30YHBIM ITIPOLIECCOM C MCIOIb30BAHUEM
nHpopMaoHHbIX TexHomorui. [TpoBenéx ana-
JIM3 OOLIMX XapaKTEPUCTHUK JATYMKOB U MHIMKA-
TOPOB, TO3BOJISIFOLIMX KOHTPOJIMPOBATh MECTO-
TMIOJIOKEHNE M COCTOSIHUE I'py3a B KOHTEiHepe
B PEKHME PEajbHOIO BPEMEHH, PACCMOTPEHBI
MpPEeUMyIIecTBa UX UCIOJIb30BaHUsA. B psay
HHQPACTPyKTYypHBIX (HAKTOPOB OTMEUEeHa LU]-
pPOBH3alMs CKJIQJICKOTO MOMEIICHUS, KOTOpast
MI03BOJIMT ONEPATUBHO MOJIy4aTh HH(POPMAIIHIO
0 3arpy3ke CKJaja, KoTopas HeoOXoauma Juis
pacnpe/eseH sl MOCTYIAoIIEro TpaHCcIopTa
U I'Py30B MO TEPPUTOPUU MPEINPHUITHS, YTO
NPUBEIET K CHIDKCHUIO M3JIEPIKEK, CBSI3aHHBIX
CO BPEMEHEM ITPOCTOSI.

TpeOyercst KOMITIEKCHOE BHEIPEHUE TEXHO-
JIOTHH, CBSI3aHHBIX CO BCEMHU TpEeMs IPyIIIaMH
(axropoB. KoHKpeTHBIE YCIIOBHS U BO3MOYHO-
CTH UX BHEJPEHUS ONPEIEIISIOTCS B3BEIICHHON
OLICHKOH CTIeIU(DUKY JIESITEIbHOCTH TPAHCIIOPT-
HBIX KOMITAHHI X 0COOCHHOCTEH MEPEBO30YHOI0
poliecca, B KOTOPOM OHH y4acTBYIOT, TpeOOBa-
HUSIMU KJIMEHTOB.
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AHHOTALIUA

Llenbto uccrnedosanus siensemes paspabomka Mmemoduku onsi
npakmuyeckoll peanusayuu U Mamemamuyeckol Modenu, ydums|-
8aroUUX mpeBosaHUst K Nepeso3Ke ONACHbIX 2Py308, MEXHUYECKOMY
COCMOSIHUI0 NOOBUXHO20 COCMasa, pexumam mpyda u omdbixa 80-
Oumeneli Ha Mapwpymax Mexdy20p00HbIX NEPEBO3OK, YCIOBUSM
3aKa34UKO8 U UHMepecam asmompaHcnopmHo2o npednpusimus.

DyHKYUOHUPOBaHUE NOJBUXHO20 COCMasa npu Nepesoske
onacHbIX 2py308 npedcmasneHo Kak 83auMOCesisb NePe8o3ok
2pYy308 U 8bINOITHEHUST MEXHUYECKUX 06CTy)XUBaHUU.

[pednoxeH nodxod k nnaHuposaHuro, y4umbIgatoujuti coom-
semcmeue Kormuyecmea mexHuUYecKux obcmyxugaHuti mpebye-
MOMY 3Ha4eHuko 3a onpedenéHHb Il nepuod 07151 NOGBUXHOEO CO-
cmaea, 8bINOITHAIOWE20 NEPEBO3KY Hechmenpodykmos; coomeem-
cmeue 8bipabomku NodBUXHO20 cocmasa 06bEMY Hepmenpo-
Oykmos, komopoe Moxem 6bimb AOCMAasIEHO U 8bl2PYXEHO 8
MeKywem Mecsue; coomsemcmaue 8pemeHuU 08UXeHUs 0dume-
neli o cneyuanusuposaHHo20 Mecma omobixa Ha Mexdy2opod-
HOM Mapuwpyme 8pEMEHU, yCmaHoBIEHHOMY No pexumam mpyoa
u omobixa. Mamemamuyeckas Modess no3gonsem onpedensms

8bIpabomKy nodsuXHO20 cocmasa 3a KaxdbIli Mecay ¢ y4émom
moeo, Ymo nepeso3ka Hehmenpodykmoe, Komopasi Hayasnach 8
NpOoWIIoM Mecsiye, 3akaH4usaemcest Mosbko 8 mekywem. B mame-
mamuyeckol Modenu (hyHKLLUOHUPOBaHUS NOOBUXHO20 cocmasa
npu nepegoske Hechmenpodykmos esedeHbl ONyWEeHUS, C8A3aH-
Hble ¢ 8bINoNHEeHUeM mpebosaHull, npedbsasnsemb X K NOOBUXHO-
My cocmasy, 600UMeno, Komopble ykalaHb! 8 Esponelickom co-
2naweHuu 0 MexdyHapoOHol AopOoXHOU nepeeoske onacHbIX
2py308, PeweHuu Komuccuu TamoxeHHo2o corosa om 09.12.2011 2.
Ne 877 (ped. om 21.06.2019 e.).

B uccnedosaHuu ydeneHo 0coboe 8HUMaHUe nnaHuposaHuio
pabombI N00BUXHO20 cocmaea npu ysenuyeHuu 06bEmos nepe-
8030K HE(hMeNPOOyKMO8 Npu CMPoUMenbCMae U PeKOHCMPYKUUU
dopoe. Aneopumm MemoOUKU NpUMEHsNCA Onisi NaHUposaHusi
pabombi nod8LxHO20 cocmasa npu nepesoske bumyma mapku
BH/ 90/130 u3 2opoda Omcka 8 Mexdy20podHOM coobLeHUU U
ABUIICS OCHOBaHUEM Of1st NPUHSIMUST yNpasieHyeckux peweHul no
ucnonb308aHUK Nokazamerel 8 npakmuke paboms| agmompanc-
nopmHo2o npednpusmus.

Kniodesble crosa: nodguxHol cocmag asmoMobuibHo20 mpaHenopma, Mexoy2opodHbie Nepesosku, Hehmenpodykmsi, Mame-

Mamuyeckasi Modesib, Memoduka.
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MonHbIl mekem cmambu Ha aH2nulickoM s3bIke ny6nukyemces 80 mopoii Yacmu GaHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

Bormpocsl m1anupoBaHus ¥ OpraHU3aINH
TIEPEBO3KH HEPTETIPOAYKTOB B MEKITyTOPOTHOM
COOOIIIEHNH aBTOTPAHCIOPTOM JUTS 1IENeH CTPOH-
TENBCTBA aBTOJIOPOT SIBIISIOTCS aKTyaJIbHBIMHU BO
MHOTHX CTpaHaX MHpA B CHITy Pa3BUTOCTH aBTO-
JIOPOXKHOTO CTPOUTENBCTBA, YAANEHHOCTH MECT
TIPOM3BOJICTBA JIOPOXKHBIX MATEPUAIOB, 0COOOTO
XapakTepa NepeBO3KH MOJOOHBIX TPY30B.

Tak, B Poccun Ha CEerogHAITHUA MOMEHT
peanm3yercst @enepanbHast IPOTpaMMa, yTBEPIK-
JNéHHasa nocTtaHoBieHueM IIpaBuTenscTBa OT
20 mexadps 2017 roma Ne 1596: «Pa3Butue TpaHc-
mopTHOH cucteMb». [lo xonma 2021 roga Ha
CTPOUTENBCTBO U PEKOHCTPYKIIHIO JI0POT B PETHO-
Hax P® Brieneno 100 mupn pyoieit.

B coBpeMEHHBIX YCIOBHSAX MPH CTPOUTEIb-
CTBE ¥ PEKOHCTPYKIUH JJOPOT HCTIONB3YIOT BS3KHE
JIOPOKHBIE OUTYMEI (Zjaiee OUTYMBI), KOTOPBIC
SBJISIIOTCS] IPOU3BOHBIMU OT OCTATOYHBIX HE(-
TETPOITYKTOB — HE(PTIHBIX OMTYMOB M TYAPOHOB.
IIpomsBomsATCSI OGUTYMBI B YCIIOBHSIX HedTenepe-
pabarsBarommx 3aBofoB. B Poccun mpomnssoa-
ctBO ocymectrisiercs: cormacHo [OCT 22245-
90", B IOPOIKHOM CTPOHUTEIIHCTBE MCIIOIb3YETCs
JIEBSATH MApOK OMTYMa, Ka)Kasi U3 KOTOPBIX OTHO-
CHTCSI K KaTErOPHUH OITACHBIX TPY30B.

OnacHBIMH CYUTAIOTCS TPY36I, KOTOPHIE 00a-
JIAt0T TaKUMH CBOMCTBAMH, YTO TIPH BBITIOTHCHUH
orepanuii IepeBO30YHOTO MPOIEcca BO3MOXKHO
MIPUYIMHEHNE Bpella OKpYy’Karolel cpene, mpo-
MBIIIIEHHBIM U TPAXIAHCKUM 00BEKTaM, KU3HH
7 3710pOBBIO TpaxaaH. K mepeBo3kamM OMacHbIX
TPY30B MPEIBSBISIIOTCS TPEOOBAHNS 110 HATTMYHIO
CHENNATN3UPOBAHHOTO TOABIKHOTO COCTaBa,
HaXOAAIIETOCS B TEXHUUECKHU HCTIPABHOM COCTOS-
HUH, YTIaKOBKE N MAPKUPOBKE, KBATH()UIIMPOBAH-
HOMY BBITIOJTHEHHIO TTOTPY309HO-Pa3TPy30THBIX
orreparwid. [Ipu mranupoBanny pabOTHI IOIBHK-
HOTO COCTaBa HEOOXOIMMO YUHTBHIBAThH KJacc
OTTaCHOCTH TPy3a, YCIOBHS dKCIUTyaTanuu [1],
KOTOpBIE MPUBOJIST K YCKOPEHHIO H3HOCA OTACIb-
HBIX Y3JIOB U JleTajell. DKOHOMHUYCSCKUHA yrepo
OT aBTOMOOWJIBHBIX aBapHil ¢ OMACHBIM TPY30M
3HAYUTETHHO TPEBBIIIACT Pa3Meps yiepoa mpu
aBapIsIX IPYTHX BUIOB TPaHCTIOpTa [2].

J1n1st TOTO, 9TOOB! BHINTOIHUTE ONIEPALIUH TIe-
PEBO30YHOTO TpOoIIecca, HeOOXOIMMO COOITIOaTh
TpeOOBaHMS 3aKOHONATENBCTBA M MEXKTyHapOI-
HBIX JIOTOBOPOB (COMTAIIEHUSI O MEK/TyHApOTHOM
JIOPOKHOM TTepeBo3ke ormacHbBIX rpy30B (JOI1OIN))

! TOCT 22245-90. Butymbl HehTAHBIE TOPOKHBIC
Bsi3kHe. [DIeKTpoHHBIH pecypc]: https://docs.cntd.ru/
document/1200003410. Joctym 25.05.2021.
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U IMETh CBUJICTENIBCTBO O JIOMYCKE K IEPEBO3KE
oracHbIX Tpy30B. [lepeBo3ka HedTenpomyKTOB
B MEXJYTOPOIHOM COOOIIEHUH HaKJIabIBAeT
JIOTIOJIHUTENBHBIE OIPaHUYEHUS Ha TUIAHUPOBA-
HHE pabOThI OJBHYKHOTO COCTABA.

ABTOpaMH HACTOSILIIETO UCCIIE0BAHNS U3yYe-
Ha IPaKTHKa [ePeBO30K HEPTENPOIYKTOB, B pe-
3yJbTaTe yCTaHOBIICHO, YTO MO TPEOOBAHMSIM 3a-
Ka34MKOB BCE CTOSIHKM Ha MEXIyrOpOJHOM
MapIpyTe J0JbIIe MSTH MUHYT JAOJDKHBI OBITh
coracoBaHbl 3apanee. CTOSTHKH MOTYT HaXO/IUTh-
¢ TOJIBKO B paMKax «JOpokHO# cetu». [Ipu
JIBHYKEHUH 3aIPEIEHO OTKIIOHSTHCS OT YCTaHOB-
JICHHOTO IyTH, OCT@HABJIMBATHCSl BHE TpaduKa,
TIPEBBIIIATH CKOPOCTb.

Jns aBrorpancnioptHbix npeanpusityid (ATIT),
BBITIOJIHSIOLIMX TIEPEBO3KY HE(TENPOIYKTOB Ha
CTPOUTEIILCTBO U PEKOHCTPYKIIMIO JI0POT, TpeOy-
€TCsl CTPOTrO€e BBITIOJIHEHUE YCIIOBUI JJOTOBOPOB.
[Ipu sTOM B Cilyyae cpbiBa YCJIOBHIA MEPEBO3OK,
B TOM YHCJIC U 110 IPUYMHE TEXHUYECKOW HEeHC-
MIPABHOCTH MOBM)KHOTO COCTAaBA, PEyCMOTpe-
HBI IITPa(pHbIE CAHKIINH.

Pesynbrarhl MCCIEA0BaHUNI OTEYECTBEHHBIX
1 3apyOeIKHBIX YYEHBIX, IPAKTUUECKNX PAOOTHH-
KOB TT0Ka3aJIH, 4TO IPH IIEPEBO3KE HEPTEITPOLYK-
TOB aBTOMOOWJIBHBIM TPaHCIIOPTOM, HPEKIE
BCETO0, PEeIIaloTCs 33/1a4k TOBBIIICHHs Oe301ac-
HOCTH TpaHcnoptHoro nporiecca [3]. [x. dnonen
u JIx. Bokcenuyc (J. Flodén, J. Woxenius) [4]
JIaJI PEKOMEHAIMH 110 (POPMHUPOBAHUIO MapIl-
PpyTa [epeBO3KH OIACHBIX IPY30B ISl [IOBBIIICHUSI
0€30I11aCHOCTH MEPEBO30K M COIVIACOBAHMUS €r0
C MMOCTABIIMKAMH U 3aKa3UMKaMH.

C. B. Kongparos, A. H. HoBuxkos [5] paccMoT-
penM METOJI0JIOTMYECKHe aCeKThl aHaJIM3a pHC-
KOB ITPH [IEPEBO3KE OIACHBIX I'PY30B ABTOMOOIIb-
HBIM TPAHCIIOPTOM, B CHCTEME «4eJIOBEK—MallIi-
Ha—cpena—Tpy3». B padore [6] mpencraBicHO
paHXUPOBAaHHE KPUTEPHEB OLEHKH PHUCKa I10
CTENEHN BKHOCTH IPH TIePeBO3Ke HeTenpoayK-
TOB aBTOMOOMJIbHBIM TPAHCIIOPTOM.

Psin pe3ynabraToB Hay4HBIX HCCIICIOBAHHM
TIOCBSIIIECH BBISIBIICHUIO ()AKTOPOB, BIUSIIOLINX Ha
TI0Ka3aresu paboThl nojBrkHOro cocrasa. C. Huy
u C. B. Ykkycypu (S. Niu, S. V. Ukkusuri) [7]
YCTaHOBUIIH, YTO JIOPOXKHO-KITMMATHYECKUE YCIIO-
BUsI, MOIITHOCTh TPAHCIIOPTHOTO MOTOKA ¥ CPEHSIS
CKOPOCTh OKa3bIBAIOT BIMSHHE Ha MPOOEr Io-
JIBHYKHOTO COCTaBa.

B. H. ®enotos [8] BHIMOIHUI UCCIIEAOBAHUS
10 OIIPEJICJICHNUIO BBIPAOOTKH TOJBHIKHOTO CO-
CTaBa [Py IepeBo3Ke He(YTEPOYKTOB B 3aBUCH-
MOCTH OT PacCTOSIHHS IIEPEBO3KH, BPEMEHH T10-

Tpodummora J1. C., TpohumoB b. C., AHkeBuY H. B. [naHMpoBaHMe paboTbl NOABMKHOro coctaBa
NMpu nepeBo3ke HedhTENPOAYKTOB B MEXAYTOPOAHOM COOOLLEeHUN




IPy304HO-pa3rpy304HbIX paboT, mapaMeTpoB
TPAHCHOPTHOTO MOTOKA YIHMYHO-IOPOXKHOU CETH
r. Bosirorpana. B pa6ore [9] nenaercst BBIBOI
0 HEOOXOIMMOCTH yu€Ta CE30HHOI HEpaBHOMEP-
HOCTH TIpH TiepeBo3ke HeTenponykToB. Hccie-
nosanus C. M. Mouanuna, B. A. Pagunonosoii
[10] nmocesieHb! Y4€TY BEpOSTHOCTHBIX (haKTo-
PpOB.

Oco0oe BHIMaHHUE B HAyYHBIX UCCIIE/IOBAHH-
SIX YJIGJISIETCSl XapaKTePUCTHKAM MapIIpyTOB, 110
KOTOPBIM [IEPEBO3STCS OlacHbIe Ipy3bl. B padote
[11] pa3paboTaH ruiaH epeBo30K HePTEIPOTYK-
TOB 3a CYET IPYNIUPOBKU MapILIpPyTOB, BBIOOpA
TO/IBU’KHOTO COCTaBa.

H. M. Hapenkosa [12] npeanoxuna enarb
110/100p MOJIBMYKHOTO COCTaBa C y4ETOM €ro Ipo-
H3BOJIUTEIILHOCTH M BEIOOP CXEMBbI IIEPEBO30K 110
KPHUTEPHI0 MUHUMAJIBHBIX 3aTpar Ha MEePEBO3KY
IPY30B IIPU CTPOUTENIBCTBE JOPOTL.

H. Xoneuek (N. Holeczek) [13] npuBogut
MOAPOOHYI0 KIacCU(DUKAIUIO MapIIPyTOB IS
obecneuenus 6ezonacHoctu. A. Kumope, b. Hu-
ennc, A. P 3rwiiauk (A. Kishore, B. Niels,
A. R. Zuidwijk) [14] ncrionb3oBaym Mozenu uc-
CJIEZIOBAHUSI OTiepalyii it pa3paboTku rpadukos
JIB)KEHUSI IOJIBHYKHOTO COCTaBa PUMEHUTENBHO
K KOHKPETHBIM MapIIpyTaM IIepeBO30K IPYy30B.

3. JIykaii u @. Kcroconr (Z. Lukai, F. Xuesong)
[15] mpenioxkumu KOMIUIEKCHBIN TTOIXO K I1a-
HUPOBAHMIO, YUNTHIBAIOLINHI 1TOKA3aTEIN PUCKA
IIPY TIEPEBO3KE OMACHBIX I'PY30B B aBTOLMCTEP-
Hax U XapaKTePUCTUKU MEKTyTOPOIHBIX MapIil-
pyToB. Pa3pabGoTaHHbIil aqropuT™ IJIaHUpOBa-
HUSI IPAKTUYECKU PealI30BaH B psijie paloHOB
Bocrounoro Kuras.

B paborte [16] mpexcraBiien MapupyT mepe-
BO30K I'DY30B C HCIIOJIb30BaHNUEM T'pa)OaHAIUTH-
yeckoro merona. B pabore [17] mpemioxeHo
0oco0oe BHMMaHHUE Y/IeJsITh OLIEHKE KauecTBa
MePEBO30K.

B crarpsx [18-20] Obuia BBINOIHEHA OLIEHKA
pucKa Juisi 0e30IaCHOCTH EPEBO3KH IPY30B C y4é-
TOM OTKa30B B paboTe MOJIBUKHOTO COCTaBa, KOTO-
PBIii MCCIIeTyeTCsl Kak CHCTEeMa B3aMMOCBSI3aHHBIX
y3710B 1 arperaroB. CJiesnaH BbIBOJ] 0 HEOOXOMMO-
CTH CBOEBPEMEHHOI'O BBINOIHEHHUS] TEXHUUECKUX
00CITy>KMBaHHH MOJIBU’KHOTO COCTABA, BBITTOJHSIIO-
LIIEro MePEeBO3KH HEPTEITPOITYKTOB.

Bwmecre ¢ TeM coBpeMeHHbIEe Hay4HbIE MPeI-
CTaBJICHUsI HE TIO3BOJISIFOT B JIOJDKHOI Mepe KOMII-
JIEKCHO MTOZ0HTH K PELICHHUIO 3a/1a4H IJIaHUPOBa-
HUs, HAIPaBIEHHOW Ha y4€T AEHCTBYIONUX
TpeOOBaHMIl K IEPEeBO3KE ONACHBIX I'PY30B, TEX-
HUYECKOMY COCTOSIHHIO MOJABHIKHOTO COCTaBa,

TpeOOBaHMI 3aKa3uMKOB M MHTEPECOB ACSTEINb-
Hoct ATIL

[Tpu sTOM peleHue 3a7a4u IIaHUPOBAHMS
paboThI MOJBMKHOIO COCTaBa MPHU MEPEBO3KE
He]TerpoIyKTOB B MEXKLyTOPOJHOM COOOILICHUH
C y4ETOM BIIMSIHHS BBIIICO3HAYCHHBIX TPEOOBAHHUI
SIBIISIETCS OOJIee YeM aKTyaJIbHBIM.

L]ens nccnenoBanus — pa3paboTKa alropuTMa
METOJIMKH JUIS TIPAKTHYECKOH peai3aliiy U Ma-
TEeMaTHYECKOM MOJIENH, YIUTHIBAIOIINX TpeOOBa-
HUS K IEPEBO3KE OMACHBIX IPY30B, TEXHUYECKOMY
COCTOSIHUIO TOJIBH)KHOTO COCTaBa, peXXHMaM
Tpy/Zia U OT/IbIXa BOJIUTENCH Ha MapLIPyTax MEX-
JIyTOPOJIHBIX TIEPEBO3KAX, YCIOBUSIM 3aKa3uMKOB
1 MUHTEpPECaM aBTOTPAHCIIOPTHOTO HPEIIPUSITHSL.

J1ist mocTHKEHMs TIOCTABICHHOM LIS peliia-
I0TCs1 CIIEYIOIINE 3a/1a4H:

* pa3paborarh MaTeMaTH4YeCKyl MOJEIb,
OTpaKarolLyto (PYyHKIHOHUPOBAHHE TTIOJJBHKHOTO
cocraBa IpU MepeBo3ke He(TENPOILyKTOB MpU
psizie orpaHu4eHHi, 000CHOBAHHBIX JIEHCTBYIO-
LIMMH 3aKOHO/IATEIIbHBIMH JJOKYMEHTAMH U ITPaK-
THKOI paboThl ATTI, 1 TO3BOJISFOLIY O IPUMEHSTh
TPUOBUTH 171 BBIOOPA HAMITYUILIET0 3HAUECHHS TIPH
OITpe/IeSICHUH TIJIAHOBBIX TTOKa3aTellei;

* [IPEUIOKUTD AIITOPUTM METOANKH JUISI IIPaK-
THUYECKOI pean3aliy MaTeMaTnueckoi MOZIEIH,
TIO3BOJISIIOIIMI TIPUHUMATh YITPABICHYECKHE pe-
LIEHHMS [0 UCTIONB30BAHMUIO TUIAHOBBIX ITOKa3are-
JIel paboThI OJIBHIKHOTO COCTABA IIPH [IEPEBO3KE
HEPTEIPOIYKTOB.

B xoze uccnenoBanus npeaycMaTpuBalioch
arnpoOupoBarh pazpabOTaHHYIO METO/IUKY.

Hay4Hast HOBU3HA HACTOSIIIIETO HCCIIEIOBAHMS
COCTOHT B TOM, YTO Ha OCHOBE M3y4eHHMsl JCii-
CTBYIOIINX 3aKOHOAATENBHBIX JIOKYMEHTOB, HC-
CJIE/IOBaHMI HAYYHBIX M IPAKTHYECKUX PaOOTHH-
KOB, MPAKTUKH IEPEBO30K ONACHBIX I'PY30B,
C IIPUMEHEHUEM KOHIIETIIIMH TEKYILETO IIaHUPO-
Banus padotsl ATII pazpaboranbl Maremaruye-
CKast MOJIeJTb ¥ METO/INKA, TIO3BOJISIFOLIHE BBITTON-
HUTD ITUIAHUPOBAHHE Pa0OThI IMOJBIKHOTO CO-
CTaBa IPY MePeBO3Ke HEPTEITPOLYKTOB B MEXKIY-
TOPOIHOM COOOIIEHHH.

MATEPWAIbI U METOAbI

B pabote [21] npencraBieH TEOPETUKO-
MIPAaKTUYECKUIl MHCTPYMEHTapUii, OTpakaroIuii
(YHKIIMOHUPOBAHHE CHELHAIN3UPOBAHHOIO TI0-
JIBIDKHOTO cocTapa TrropasMepoB AT st Beiron-
HEHUs YCIIOBHI OTOBOPOB MPH MEPEBO3KE IPY30B
B MEXKIyropomHoM cooOrenun. PaspaboranHas
KOHIICIIIYS TEKYIIEro IiaHnpoBanus padoret ATTI
CHHTE3UPYET METOIbI TEOPUH T'PY30BBIX aBTOMO-
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Taoauma 1

XapakTepucTiKa TPeOOBaHHUI, HCMOJIb3YeMbIX B KaYeCTBe JOMYILIEeHUi B MaTeMaTH4YeCKOii
MojieJiH (BBINIOJTHEHO aBTOPAMM)

HanmenoBanune JOKYMCHTA

XapakTepucTuKa

EBponeiickoe cornamenne
0 MEXyHapOIHOM 10pOKHOM MepeBo3Ke
omnacHbIX rpy30B (JOIIOI)

TpebGoBaHusI, MPEABSBISIEMBIC K HOJBIKHOMY COCTaBY 110 KOJIUYECTBY
TIPHIIETIOB (MK TIOTYHPHUIIETIOB), HATMYUIO CBUAETEIBCTBA O JIOITyCKe

K TIEPEBO3KE OIACHBIX BEIIECTB U €r0 CPOKE JCHCTBUS, HATHIUIO
CreHaIbHON MapKHUPOBKH 1 TTPOOIECKOBOM JTaMIIbl, CITy THUKOBOH
naurauu [JIOHACC unu GPS, onpenenéHHOro CHapsHKeHHUSI.
TpeOoBaHuUs, MPEABABIISIEMBIE K BOAUTEIIO MO HATMYHIO CBUICTEIBCTBA
(JOIIOT') u Ap. TOKYMEHTOB, CTa)Ky BOXKICHHS, OIBITY paOOTHI U JI.

Pemenne Komuccun TamorxxeHHOTO
coro3a ot 09.12.2011 r. Ne 877 (pen.

o1 21.06.2019 1) «O npuHsTUH
TEXHUYECKOTO periiaMeHTa TaMOKeHHOTO
coro3a «O 0e30MacHOCTH KOJIECHBIX
TPaHCIIOPTHBIX CPeICTB»» (BMecTe ¢ « TP
TC 018/2011. TexHu4eckuii peraaMeHtT
TamosxeHHOTo coro3a. O 6e30ImacHOCTH
KOJICCHBIX TPAHCIIOPTHBIX CPEICTBY) u ap.

TpeOoBaHusL, MPEABbIBISIEMbIC K IUCTEPHAM, aBTOLCTEPHAM, TIPUIETIAM
(momymnpunenam). 3arpeT Ha yCTAaHOBKY JTONOJTHHTEIBHBIX TOIUTHBHBIX
6aKoB, HE TIPEyCMOTPEHHBIX H3TOTOBUTENIEM TPAHCIIOPTHOTO

cpencTBa, 000TrpeBaTeIbHBIX IPHOOPOB B KaOWHE BOJHUTENS H IPY30BBIX
otaenenusix. OcoObie TpeboBaHuUs K pabotUeii TOPMO3HOM CHCTEME, 3alUTe
JNIEKTPUUYECKHX IIeIel, HAIMINIO YJIEMEHTOB 3aIUTHI OT CITy4aifHOro
cpabaTbIBaHNsL, @ TAKKE 0003HAYCHNE BBIKITIOYATEIIS JUISl OTCOCANHCHHS
aKKyMYJISITOPHOH OaTapen oT 3JIeKTpooOOpy J0BaHHs TTO/IBHKHOTO COCTaBa

OWITBHBIX TIEPEBO30K, TEOPHHU TEXHUUYECKOTO 00CITy-
JKMBAHUS M TEKYIIEro peMOHTA ISl OBIKHOTO
cocTaBa. Peanusaris npeacTaBIeHHBIX METOIUK
B ripakTrke pabotsl ATII mo3BosisieT 0CyecTBIsTh
1oa00p MOABMYKHOTO cocTana TuropasmepoB ATTT
IpU COOJIIONICHNH YCJIOBHUIi, HAIIPABJICHHBIX Ha
Y/IOBJIETBOPEHHE MOTPEOHOCTEH 3aKa34MKOB, BbI-
TIOJTHEHHE [UTAHOBBIX TEXHHYECKHX O0CITY)KHBAHHHA.

B pabote [22] npencraBiieHa MaTeMaTHue-
ckasi Gopmyiia, yUUTHIBAIOIIAsl KOJIUYECTBO
TEXHHUYECKUX OOCITY)KUBAHHUU ISl TIOJIBUIKHOTO
cocTaBa B MEXK/YTOPOJHOM COOOIICHHH, B UC-
cienoBaHusX [23] maHbl XapaKTepUCTUKH TIO-
JIBIDKHOTO COCTaBa UM TPEOOBAHMUS K TIEPEBO3KE
OTIACHBIX T'PYy30B.

B HacrosiieM uccienoBanun paspaboraHa
MaremMaruueckas Mojielib (pyHKIMOHUPOBAHHUS
TMOJIBU’KHOTO COCTAaBA IPH NIepeBo3Ke HeTerpo-
JyKTOB, MCIIOJIB30BAHHE KOTOPOH MO3BOJSIET
YUHUTBIBATh OTPAHUYEHHUS U IPUMEHSTh TPUOBLIH
JUlsi BBIOOpa HAWIIYYILEero 3HAueHHs B paMKax
CIEAYIOIIMX OIPaHUYCHUMN:

* COOTBETCTBHE KOJIMYECTBA TEXHUYECKHUX
00CITy)KMBaHHI MOJBUKHOTO COCTaBa, BBIIOJ-
HSIOILETO ePEeBO3Ky HE(PTEIIPOIYKTOB, TpeOye-
MOMY 3HaUY€HHUIO B OIPEIEIIEHHBIN N1EPUOL;

* COOTBETCTBHE BBIPAOOTKH TOABUIKHOIO
cocraBa 00bEMY HE(PTENPOAYKTOB, KOTOpOE
MOXKET OBITh JOCTABJICHO U BBITPYKEHO B TEKY-
IIIEeM MecsIIe;

* COOTBETCTBHE BPEMEHU ABIKCHHS BOTUTE-
JIeH IpH IepeBOo3Ke He(YTEIPOLYKTOB JI0 CIIeIHa-
JU3UPOBAHHOTO MECTA OT/IbIXa Ha MEXKTyTOPOJ-
HOM MapIIpyTe BPEeMEHH, YCTAaHOBICHHOMY I10
pexuMaM TpyJa U OTAbIXa.

Jlns mocTpoeHus MareMaTuyecko Mozelu
(DYHKIIMOHMPOBAHUSI MOIBUIKHOTO COCTaBa MpU

MWP TPAHCITOPTA. 2021.T. 19. N2 5 (96). C

TIepPeBO3Ke HE)TENPOLYKTOB BBEICHBI JIOMYIIICHHSI,
CBSI3aHHBIC C BBITIOJIHEHHEM TIOJIOXKEHHI, yKa3aH-
HBIX B JIHCTBYIOIINX JOKyMeHTax (Tad. 1).

TEOPETUYECKAA YACTb

B MaremaTnueckoil MOJIENIM KOJIHMYECTBO IO-
JIBW)KHOTO COCTaBa M3MeHsieTcs ot 1 10 X u mia-
HUpOBaHKE PabOThI BBIOJIHIETCS JUIsl KaXKIOH
€IIMHUILIBI MIOJIBKYKHOTO COCTaBa IPH MEPEBO3KE
HedrenponykToB. B pe3ysbrare 3akioueHust 1o-
roBOpa C 3aKa34MKOM BBINOJHSETCS yciayra Ha
TIEPEBO3KY 0 i-My MapLIPyTy B MEXKIYTOPOAHOM
COOOIIEHNH, KOTOPBIA UMEET XapaKTePUCTHKH,
OIPEIEISOIIHME BO3MOYKHOCTH OCTAaHOBOK H CTOSI-
HOK TTO/IBUYKHOTO COCTaBa BO BPeMsi OT/IbIXa BOIU-
Tenst. Kaxplid MapiipyT COOTBETCTBYET KOHKpET-
HOMY JIoroBopy. Eciu 1o oiHoMy JJ0roBOpy BbI-
TIOJIHSIETCSI HECKOJIIBKO MapIlpyTOB, TO B MaTema-
THUYECKOI MOJICITH ITPELyCMOTPEHO CYMMHPOBaHHE
rokasaresneil (00bEM MepeBo30K, TPYI0EMKOCTh
TEXHUYECKUX O0CITY)KMBAHHUH, 3aTPaThl, TOXO/bI
Y IPHOBLIB) 10 KKIOMY MapIIpyTY.

J17151 BBITIOJTHEHUSI TIEPEBO30K HE(DTENPOILYKTOB
HEOOXOINMO 00ECIICUCHHE TEXHUUCSCKU UCTIPABHO-
rO COCTOSIHMSI MOABHYKHOTO COCTaBa, MO3TOMY
B MareMaTH4YeCKON MOJIEIIH TPELyCMOTPEHO IIa-
HHUPOBAHHE TEXHUYECKNX 00CITYKMBAHUI C yIETOM
rpo0era v IepUOANYHOCTH ITPOBEICHHUS ITHX 00-
ciyxuBanuii (popmyist (1)—3)).

Maremaruueckasi MOJIeIb T03BOJISIET YUUThI-
BaTh CYIECTBYOIHE TPEOOBAHUSI 110 IIEPHOHY-
HOCTH BBITIOJIHEHUS TUIAHOBBIX TEXHUYECKUX
obcyxuBanuii (hopmy:a (1)), o0bémam padot
TEXHHUYECKOTO OOCIYKUBAHUSI U TEKYILETO pe-
MoHTa (opmyna (3)), ux koiaudectny (hopmysia
(2)) ans MOXBMKHOTO COCTaBa, OCYILIECTBIISIO-
LIETO0 MePeBO3KY HEPTEIPOAYKTOB.
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B HacrosileM Hccie0BaHUU YUUTBIBAIOTCS
0COOCHHOCTH (HOPMHUPOBAHHS BBIPAOOTKH MOJIBHK-
HOTO COCTaBa 3a KaKibii Mecsit (popmysist (4)7)).
Bo3MOXXHO yBennueHne BBIPAaOOTKH B TEKYILEM
MecsiLe 3a CYET TOT0, YTO IIepeBO3Ka HeTenpoyK-
TOB, KOTOPAst Ha4aJ1ach B IPOLIIOM MeCSLIE, 3aKaH-
YHMBACTCS TOJIBKO B TeKyILieM Mecsitie (popmyra (5)).

Juist obecriedeHns: COOTBETCTBUSI BPEMEHH
JIBHYKEHMS BOUTEIIEH IPH IIEPEBO3Ke HETEIPO-
JYKTOB JI0 CIICILHaIN3UPOBAHHOIO MECTa OT/bI-
Xa Ha MEXJyropoJHOM MaplpyTe BpEeMeHH,
YCTaHOBJICHHOMY TI0 P&KHMaM TPY/a U OT/IbIXa,
B MareMaTH4eCKON MOJIEIIH ITPeACTaBIeHbI (hop-
myisl (8)—(10). TpeGoBaHus 10 yCIOBUSIM 3aKa3-
YHKOB K 00bEMaM MepeBo30K He(TernpomIyKToB
B MEX/IyTOPOJHOM COOOILEHUH ITPEICTABICHBI
B orpanudenuu (Gpopmyna (11)). ITo popmynam
(12)—(14) BoimonHsiercst pacuéT NpUOBLIN ISt
BbIOOpA HAMJIY4IIEro 3HAYEHUs B paMKax ycra-
HOBJICHHBIX OTPaHUYCHHH.

Nro-tix “we,, . 1=bh x=1X, (1)

1, econ {(NTOH,X *Uo1) Z Yrootixs

(NTO—Zi,x *Uto_2Tpx ) 2 Yro-21pixs
0 B TPOTUBHOM clyJae ,
i=I1; x=TX, (3)
rae L, —npoGer x-ro HOABUKHOTO COCTABa [PH
TIepeBO3Ke HEPTENPOAYKTOB 110 i-My MapIIpyTy
MEXIYTOPOIHOTO COOOIIEHHUS, KM;

W o1 — HOPMATHBHBII po0er /10 MIIaHOBOTO
00CITy’)KUBaHHS X-T'O ITOABMYKHOTO COCTaBa C yué-
TOM YCIIOBHUM 3KCITyaTalluM U NMPUPOAHO-
KIIMMaTHYeCKUX YCJIOBUI NPH MepeBO3Ke Hed-
TENPOIYKTOB MO i-My MapIIPYTy MEXIyropoa-
HOTO COOOIICHHUS, KM;

Nioti w0 Ny x — KOMUECTBO BO3ICHCTBHIA
JUId X-TO MOABHMKHOTO COCTaBa IpH MEPEBO3KE
HE(PTENPOIAYKTOB I10 i-My MapIIPYTy MEXIYTro-
POIHOTO COOOIIEHMS, €]1.;

N TO-lix int(N, TO-1i, x)’ N. TO2,x int(N. TO-2i, x)5
Uror. v Uroa, tp, » — TPYLOEMKOCTE OJHOTO

Bo3jeiicTBus coorBeTcTBeHHO 1o TO-1, TO-2
u TP nnst x-ro MOABMXKHOTO cocTaBa MpH Tmepe-
BO3Ke HE(PTETTPOYKTOB C y4éToM KodddurreH-
TOB KOPPEKTHPOBAHUS HOPMATHBOB TPYI0EMKO-
CTH, YeJL.*Y;

Viomtix Voo, 1o, — TPEOYEMas TPYIOEMKOCT
cootBercTBeHHO 110 TO-1, TO-2 u TP mns x-ro
MTOJIBIDKHOTO COCTaBa IPH IIepeBO3ke Herempo-
IYKTOB TIO i-MY MapuIPyTy MEXIYTOPOIHOTO
COOOIIICHHUS, YeIT.*U.

(tzei,x +tﬁzi,x )_tBi,x7

®B-d, -
ti X(tezi,x +tﬁei,x) tni,x’ (4)

eeix

e +t

beix

=Jecau (DB—[

DB
0, ecau OB - [} X (i i) <l
6eix

1, +t

ceix

Iie £, — Bpews, HEOOXOAMMOE JUT OKOHYAHUS
€3/IKU C TPY30M B TEKYIIIEM MECSIIE X-TO TTOIBIK-
HOTO COCTaBa IPH MePEBO3Ke He(YTEPOITYKTOB IT0
-My MapIIpyTy MEKIyTOPOIHOTO COOOIICHNS, 1;

{,, . — BPEMS JIBIDKCHHS C TPY30M X-TO 110~
JIBIHKHOTO COCTaBa IIPH TIepeBO3Ke HedTempo-
IIyKTOB TIO i-MY MapHIpyTy MEXIYTOPOTHOTO
COOOIICHHS, U;

{,, . — BPeMs JBIKeHHs OGe3 rpy3a X-Io 1o-
JIBIYKHOTO COCTaBa IIPH TIepeBO3Ke HehTempo-
IIyKTOB TIO i-MY MapHIpyTy MEXIYTOPOTHOTO
COOOIIICHHS, U;

1, . — BPEMsI Ha €3/IKY B NIPEBIIYIIEM MECs-
1€ JUTSA X-TO TTOJBIKHOTO COCTaBa MPH ITEPEBO3-
Ke He(hTETPOIYKTOB TI0 i-My MapIIpyTy MEKIY-
TOPOIHOTO COOOIICHUS, U,

®B — ¢ong pabodero BpeMeHH, U;

d_— PONOIDKUTENBLHOCTD TIPOCTOSA B TEXHH-
YECKOM OOCITY>KHBAHUH TSI X-TO TIOABIKHOTO
cOCTaBa, 4,

{,, .~ BPEMs Ha IIOIPY3KY X-I'0 MOJABHKHO-
TO COCTaBa IpH NepeBO3ke HEPTETIPOIYKTOB
o i-My MapuIpyTy MeXIYTOPOTHOTO CO00-
[[CHUS, Y.

Qi,x= Zi, x.Moi’ X i=LI; x=LX; ©)

Lecauty 2t,; Wi e 6
= i=L1: x=LX:
'Dix 0’ ecau tD,-,X <t,,,~)x, ’ ” ( )
®B7dx “Upix LT TV
Zi;:[%'}; 1=1’ ) le’ > (7)

rae O,  — BbIPabOTKa 32 MECSIL X-T0 MOJABHXK-
HOT'O COCTaBa IPH MepeBO3Ke HEPYTEPOIYKTOB
T10 {-MY MapuIpyTy MEXIyTOPOAHOTO cooO1Ie-
HUS, T,

Z, . — KONMYECTBO €3/0K X-TO MOJABUKHOIO
cocraBa IpH IepeBo3ke HeGTEIPOLYKTOB MO
[-My MapIIpyTy MEXIYrOpOJHOro COOOLICHHS,
en.;

Z,.=int(Z, ); M  — Maccel OTIpaBKH
He(TEenpOoIyKTOB JUIs X-T'0 TTOJBHKHOTO COCTaBA
TI0 i-My MapuIpyTy MEKIyTrOpOJHOTO coo0IIe-
HUSL, T;

n,, .—OyrneBa epeMeHHast yBEIIMYCHHS BBIPA-
0OTKHM X-TO MOIBI)XHOTO COCTABA MPH MEPEBO3KE
He(TEHPOIYKTOB I10 i-My MapILPyTy MEKIyTOpOL-
HOrO coo0menmst, n,, =01, n, =int(n,, ).
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reix HYi X +tcm',x + tznci,x + tenm',x +teoi,x ;

i=LI; x=1X; ®
lui,x 1T
i ;; ; i=LT; x=1X; ©)
bwiz . e
fye S j=11; x=1X, (10)
’ VTM

e tﬂyi‘ X, tcm., ) tem.’ o tm v tzm.’ .~ COOTBETCTBEHHO
BpeMsi Ha HENPEPbIBHOE YNpaBIICHHE C Hayasa
paboThI BOAUTEISI, BPEMs HA JIBUOKECHHUE MEWKLY
CreLUaIbHBIMU IIEPEPHIBAMH, BPEMsI CIICLIHAIb-
HBIX TIEPEPHIBOB 32 CMEHY, BPEMsI JIsl TMTaHUs,
BpeMsI JUIsl OT/JbIXa BOJUTEIIS 32 CMEHY X-TO I10-
JIBIDKHOTO COCTaBa IpU MepeBo3ke HedTernpo-
JYKTOB MO i-My MapIIpyTy MeEXIyropOoaHOTO
coo01IEeHN s, U;

lHy ..~ TIpo0er 10 MeCTa OCTaHOBKH (CTOSHKN)
M0CJIe HENPEPbIBHOTO YIIPABJICHUSI C Havaa
PaboThI BOAUTEIS X-T'0 OJIBIIKHOTO COCTaBa IPH
nepeBo3Ke HE(PTEMPOITYKTOB I10 i-My MapLIPYTY
MEKyTOPOTHOTO COOOIIEHUS, KM;

[, ,—TpOGEr 10 MeCTa OCTAHOBKH (CTOSHKN)
OCJIE CIIENUAIILHOTO MIePePhIBa X-T'0 TOIBHIKHO-
IO cOCTaBa NpH MepeBO3Ke HEPTEPOIYKTOB 110
i-My MapuIpyTy MeXJIyropoJHOTO COOOILICHUS,
KM.

i(Qi,x'ni,x).Di 2 Qmi! l=r ; (1 1)
x=1
X —
R, =Z(Qi,x.ni,x)'Di.Ci , =11 (12)
x=1
,=R,=3,, i=LI; (13)
Q:iﬂiamax, (14)

i=l
e D, — IIaHupyeMoe KOMYECTBO MECAIEB
paboThI O i-My MapHIPYTy MEXIYTOPOIHOTO
CcOoO00IIeHH S, €11.;

D, = int(D); Q . — KOTMIECTBO IPy3a, Tpe-
Oyemoe 3aKa3dyMKOM INPH MEPEBO3KE MO i-My
MapHIpyTy MEXIYTOPOTHOTO COOOIIEHHS, T;

C, — Tapud Ha MepeBO3Ky Tpy3a IO i-My
MapmpyTy MEXIyTrOpOJHOTO COOOIICHMUS,
pyo./T;

R, — pe3ynbTar OT TIEpeBO3KH TPy3a 110 i-My
MapIIpyTy MEXIyTOPOIHOTO COOOIICHUS, PyO.;

3, — 3aTpaThl Ha MEPEBO3KY Ipy3a MO i-My
MapIIpyTy MEXIyTOPOIHOTO COOOIICHUS, PyO.;

II, — mpuOBLTL OT TEPEBO3KH TPy3a MO i-My
MapIIpyTy MEXIyTOPOIHOTO COOOIICHUS, PyO.;

D —sddeKT oT pabOTHI MOABIKHOTO COCTaBa
TIPY TIEPEBO3KE HEPTETIPOYKTOB B MEMKLyTOPOI-
HOM COOOIICHNH, PyO.

B Marematuyeckoi MOJEIN KOMIIJIEKCHO
peanu3yloTcs CIeIyIOMne yCIOBHUS:
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* obecrieyeHne TpeOOBaHUM 10 KOJIUYECTBY
TEXHUUYECKHX O0OCIY)KUBAHUI B KOHKPETHBIH
BPEMEHHOW MPOMEXYTOK JUIsl TTOJBHYKHOTO CO-
CTaBa, BBIOJHSIOUIETO EPEBO3KU HEPTEIPO-
JLyKTOB;

* o0ecriedeHre TpeOOBaHMIT 110 OIPE/IETICHUIO
IJIAHOBOTO 00BEMA EPEBO30K IPY30B B MEK/LY-
TOPOZHOM COOOILIEHNH, TaK KaK OH MOKET yBe-
JIMYUBATHCS B TEKYIIIEM MeCSILIE 3a CYET TOTO, UTO
rorpy3ka He()TenpoJyKTOB ObliIa BBIIOJIHEHA
B TPEABIIYLIEM MECHIe, a pa3rpy3Ka — B TEKy-
1IeM MECSIIIE;

* obecrnieueHue TPeOOBAHUHU O PEKUMAM
TpyJla ¥ OTJIbIXa BOJUTENEH 32 CYET COOTBETCTBHS
BpPEMEHHU, KOTOPOE HEOOXOJMMO, YTOOBI 10eXaTh
JI0 CHEIMaIbHOTO0 MECTa OCTAHOBKU M (MJIN)
CTOSIHKH TTOJIBMJKHOTO COCTaBa Ha MapuIpyTe
MEXTyTOPOIHBIX MEPEBO30K, YCTAHOBICHHOMY
BpPEMEHH.

PE3YNbTATbI N OBCYXXOEHUE

Jlnst npakTHYecKol peau3aliud MaTeMarH-
YecKoW MoJiesi pa3paboTaH aJrOpUTM METOJIH-
KM, KOTOPBIH BKJIIOYAET B CE0sI OCHOBHBIE TAITbI
JUIsl OTIpejesIeHUsl TIAaHOBBIX MOKa3zaTesen
(puc. 1).

K ¥CcX0HBIM JTaHHBIM OTHOCHUTCSI MH(pOpMa-
LI O TTOJIBHYKHOM COCTaBe, TPEOOBAHMUSX 3aKa3-
YHKOB K 00bEMaM 1epeBO30K I'Py30B U Tapudam
10 MecsilaM, TpeOOBaHUAX K peXUMaM Tpyda
1 OT/IIXa BOJMTEIICH IPH MEPEBO3KE B MEKY-
TOPOJIHOM COOOIIEeHUH. B ncxonHble paHHbIe
BBOJSITCSI 3HAUEHUsI PACCTOSIHUI 10 CTOSHOK
B paMKax «JIOPO’KHOI CETH», KOTOPbIE COTIIACcOo-
BaHbI 3apaHee. Bpemst Ha orpy3ky—pasrpysky,
Cpe/HsIsl TEXHUYEeCKasi CKOpOCTh, Macca OTIpaB-
K1 He(TEIIPOYKTOB 110 KOHKPETHOMY MapIipy-
Ty SIBIISIIOTCSI XapaKTEPUCTUKAMHU TEXHOJIOTHUH
MIEPEBO30K I'PY30B U 00513aTEIbHBIM JIEMEHTOM
JUIsl pacyéTa IUTAaHOBBIX [TOKa3aTeeH.

[Ipakrnueckas peaju3anus METOJUKH Bbl-
TIOJTHEHA Ha IPUMEpE NEPEBO30K OMTYyMa MapKu
BH/JI 90/130 u3 ropoga OMcka B MEXIyropoi-
HOM cooOuieHuu. /lyiMHa €3/KH C TPY30M OT
820 kM g0 870 km. [lepeBo3ka BBITIOIHSIETCS
cenenbHbIMH TAradamMu Volvo FH12 440 c no-
nynpunenoMm SESPEL-SF3B25. IIpumenenue
METO/IMKH O3BOJIMIIO OINPEICIUTh TJIAHOBbIC
T10Ka3aTelI 110 MeCsIaM C y4ETOM NOTPEOHOCTH
B Ipy3e 3a 3TOT nepuoa. B mepswiii paboumnii
Mecsl (MapT) M mocieiHui pabounii Mecs
(HOsI0pB) 3aIUTAHUPOBAHO 110 OJHOM €3/1Ke ISt
KaXXJIOM €MHHULBI MMOJABUKHOTO COCTaBa Ha
MEX/IYTOPOJHUX MapuIpyTax ¢ y4€ToM BceX
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1. BBOI MCXOHBIX JaHHBIX ‘

v

2. Pacuét BeIpabOTKH, Mpobera MoABIKHOTO

cocTaBa MPH NEPeBO3Ke HEPTEIPOTYKTOB ARV YVVY

Y

3. TpeGoBanus
10 KOJTMYECTBY TEXHHYECKUX
BOB3JICHCTBUIT BBITIOIHSIIOTCS?,

4.
TpeboBauus mo
MEPHOAMYIHOCTH U TPYAOEMKOCTH
TEXHHYECKHX 00CITy)KHBAHHI
BBITIONHSAIOTCS?

Bpewms nBmkenus
JI0 MecTa OT/IbIXa COOTBETCTBYET
YCTaHOBJIEHHOMY BPEMEHHU?

BITOTTHEHA POBEPKA
TI0 YBEIMYCHHIO BBIPAOOTKH B TEKYIICM

€csALe B CBA3M C OKOHYAHHEM
HA4aToOM e3/1Ku?

7. IlnanoBas BbIpabOTKa
COOTBETCTBYET TpebyeMoMy
00bEMY nepeBo3ok?

8. Pacuér 3atpar u npulbLIH, YTBEPKICHAE
IIAHOBBIX TOKa3aTeseit

v

9. Peanusarus I1aHa B PAKTHKE PabOThI
TIOJIBIKHOTO COCTABA TIPH TIEPEBO3KE
He(TENPOYKTOB B MEXKIYTOPOIHOM

COOOMIEHNN

Puc. 1. Aneopumm memoduku nnaHupogaHusi pabomsl Nod8UXHO20 cOCMasa Npu nepegoske HeghmenpodyKkmoe 8 MexAy20p00HOM
c006UeHuU (8bINOHEHO agmopamu).

TpeOOBaHUI K NEpEeBO3KE OMACHBIX I'PY30B.
YcTaHOBIIEHO, UTO ISt BBITIOJTHEHHS IIITAHOBOTO
o0béma mepeBo3ok (4400 TonH) moTpedyercs
11 eguHUI MOJBHMIKHOTO cOCTaBa. BeanmunnHa
npuOsH coctasmia 10004455 py6., uro Ha
8,3 % Gombiie, ueM NpUOBIIb, TOTyYSHHAS IPU
pacuére rokasaresei 63 KOMITIIEKCHOTO yuéTa
BIIMSIHUSL YCTAHOBJICHHBIX TPEOOBaHUMN K Tepe-
BO3Ke HE(TEmpOayKTOB B MEXAYTOPOTHOM
COOOILEHNH.

BbIBOObI

B nacrostmeii pabore npencTaBiIeHb! Hecle-
JIOBaHUS 110 TTAHMPOBAHUIO PaOOTHI TIO/IBIKHO-
IO COCTaBa B YCIOBUSAX PA3BUTUS TPAHCIIOPTHOM
CUCTEMBI, XapaKTEPU3YIOIIEHCs yBEITHUEHUEM
00BEMOB ITEPEBO30K HEPTEIPOTYKTOB HA CTPOU-
TENBCTBO U PEKOHCTPYKIHIO JOPOT.

Pazpaborana Mmaremarndyeckast MOZIEIb (DyHK-
LIUOHUPOBAHMS TOBMKHOTO COCTABA ITPH MEpe-
BO3KE HE(TEMPOIYKTOB, TO3BOJISIOIIAS Opeie-
JISTH TUTAHOBBIE ITOKA3aTeNN ¢ ya&ToM TpeboBa-
HUH IENCTBYIOMIETO 3aKOHOATENIBLCTBA 10 Iepe-
BO3KE€ OINACHBIX IPYy30B, MO PEKHUMaM Tpyda
U OTJbIXa BOIMUTENENH HAa MEXKIYTOPOIHBIX
MapuIpyTax, TEXHUYECKOMY COCTOSHHIO I1O-
JBHKHOTO COCTaBa, a TAKXKE YCIOBUI 3aKa34NKOB
U pe3ynsraroB aestenbHoctd ATILL

[IpeanokeH aNropuT™M METOIUKH JUIS TIPaK-
TUYECKOW peanu3aly MaTeMaTuuecKoi MOJIeIH,

MTO3BOJIAIONINI MPUHUMATH yIPAaBICHICCKUE
pelIeHus Mo UCIOIb30BAHUIO MJIAHOBBIX MOKA-
3areneil paboTHI MTOIBMYKHOTO COCTaBa MpH TIe-
PEeBO3KE HEPTEIIPOAYKTOB.

BrInonHeHHbIE UCCIeIOBAHNS TIEpEIaHbI IS
npaktrdeckort peanmzanun B ATIT ropoma Om-
CKa, BBIMOJHSIOIIEE NIEPEBO3KY OUTyMa B MEK-
JIyrOpojiHOM cooOieHnu. JlanpHelmune rccie-
JTIOBAaHUS aBTOPHI INIAHUPYIOT MOCBITUTH TIOCTIE-
JYIOIIEMY Pa3BUTHIO TEOPETUYECKUX MOJIONKE-
HHH, CBS3aHHBIX C IUIAHMPOBAaHHUEM PabOTHI
MO/IBUKHOTO COCTAaRBa.
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Pa3BuTHe TpaHCNOPTHON AOCTYNHOCTN N TPAHCMNOPTHOM
CBSA3aHHOCTU YepHOMOpCKOro nodepexnba B LiensAx
NOBbIWEHUS MOOUNBHOCTU HaceneHus U pa3BUTUA Typu3ma

Wpwna MONELKWUHA

Apkapguit YTUH

AHHOTALINA

Ha ocHoee aHanusa MapuwpymHol cemu xene3Ho00poXHO20
mpaHcnopma, asponopmos U asmomobunbHO20 COOBWEHUST 8
cmambe daHa oueHka mpaHcnopmHoUl docmynHOCMU Kypopmog
UepHomopcko20 nobepexbs 8 Uensix nogbILueHuUsi MobumbHoCMU
HacefieHus U passumus mypusma. PaccmompeHa cmpykmypa
mypucmu4yecko2o NomoKa 8 paspese UCNOMb3YeMbIX 8U008
mpaxcnopme. Ha YepHomopckoe nobepexse Poccuu bonee 50 %
mypucmos npuesxalom Ha cobCmeeHHbIX agmomobunsx, 4mo
2080pUM 0 HeAOCMaMOYHOM UCNOITb308aHUL 8030YIHO20 MPaHC-
nopma u npugodum K Ype3mMepHoLl Hazpy3Ke Ha agmomazucmpa-
n1u u akonozuro KybaHu u KpacHodapckoeo kpas. Onpockl nokasa-

Hpuna Onezosna Ionewikuna’,
Apkaouii Huxonaeeuu JIymun®

-2 Mockosckutl 20¢y0apcmeenbiil mexXHu4ecKutl
YHUGepcumem epaxcoancrou aguayuu, Mockea,
Poccus.

b4 Yipoleshkina@mail.ru.

11U, 4MO OCHOBHBIMU NPUYUHaMU UCNOMb308aHUST a8MOMOBUITEHO-
20 mpaHcnopma mypucmamu si8nsiomcs omecymemaue npsmbIx
pelicos 8030yLWHO20 MpaHCcNopma U3 HEKOMOoPbIX KPYNHbIX 20p0-
0os Poccuu u nnoxasi mpaHcnopmHas Ces3aHHOCMb 8Hympu
YepHomopckoeo nobepexbs. B cmambe onpedeneHsb| Hanpagrie-
HUs1 0151 OMKPbIMUS HOBbIX MapWpPymMos U3 mpéx pecuoHabHbIX
asponopmog. [ns peweHusi npobrems! mpaHcnopmHol cesi3aH-
Hocmu npednoxXeHo pa3sumue MOPCKo20 COOBUEHUS C NpUMeHe-
HueM cy008 Ha NOOBOOHKIX KpbUTbSX, KOMOPbIE NO380/ISAM NOBbI-
cumb MObUTBHOCMb MYpPUCMO8 8HYMPU NOBEPEXBA U NPUBNIEYL
00NOMHUMEbHBIL MypUCMUYECKUL NOMOK.

Kroyesnle crioga: kypopms| YepHOMOPCKo20 Nobepexss, mpaHcnopmHasi cucmema, mpaHcnopmHas JocmynHoCMs, mpaHcnopm-
Hasi c8s3aHHOCMb, 8030YWHbIL mpaHcnopm, cyda Ha N0A80OHbIX KPbUTLSIX.

[ns uumuposanus: Monewkuxa U. O., llymun A. H. Pazsumue mpaHcnopmHol docmynHocmu U mpaHcnopmHoll cesisaHHocmu
YepHomopckozo nobepexbs 8 Uesax nossIweHus MobunbHOCMU HaceneHus u pasgumus mypusma / Mup mpaxcnopma. 2021. T. 19.
Ne 5 (96). C. 83-90. DOI: https://doi.org/10.30932/1992-3252-2021-19-5-10.

MonHbIl mekem cmambu Ha aH2nulickoM si3bike ny6aukyemcsi 0 mopoli Yacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

Ha Yepromopckom mobepekbe pactoimoke-
HBI KpyTHeHmmre KypopTsl: Axnep, Coun, Tyar-
ce, lenmenmxuk, Anamna, Kepus, ®eogocus, Cy-
nax, Snra, CeBacromnons, EBmatopus, koTopsie
eXeronHo mnocenraet 6onee 20 MHIUTHOHOB TY-
puctoB. Cripoc Ha TyPHCTHYECKHUE YCITyTH POC-
CHICKHX KypOPTOB B YCJIOBHSIX PACHpOCTpaHe-
HUSI 1T0 BCEMY MHPY KOPOHABUPYCHON HH(EKIINH
¥ TIpeKpaIieHns OONBIION YacTH MEKIAYHAPOI-
HBIX TPAHCIIOPTHBIX COOONICHUH MPOJOIKACT
pacTH.

TpaHCTIOPTHOE COOOIIEHNE MEXITY PETHOHA-
mu Poccun u UepHOMOpPCKUMH KypOpTaMHu
OCYIIECTBISIETCS 3@ CUET KEIE3HOIOPOKHOTO,
ABTOMOOMIIBHOTO ¥ BO3YIIHOTO TPAHCIIOPTA.
BosgymHoe coobmienne sBiseTcs Hamboee
OBICTPBIM M JOCTYIHBIM ISl TYPHUCTOB M3 BCEX
pernonoB Poccun. Ha Teppuropun Yepnomop-
CKOTO TIOOEpEXbs BO3IAYIIHOE COOOIIeHNnE 00-
CITy)KMBAETCSl YETBIPHMSI a3POMOPTAMH, PACIIO-
JOXEHHBIMH B Toponax Cumdepononb, AHara,
Tenenmxuk n Coun.

Hecmotpst Ha TO, 9YTO BO3AYILIHBIM TpaHC-
TIOPT ABIISETCS HanOojee yIoOHBIM, €T0 yCIIy-
TaMH TOJB3yETCsI HEJAOCTATOYHO OONBIION
nporneHT orasixaromux [1]. Ompockr, mpoBe-
JIEHHBIE aBTOPAaMHU, MTOKa3aJii, YTO IPHOPHUTET-
HOE HCIIOJIb30BAHNE JIMYHBIX aBTOMOOMICH
TypHCTaMH, NPHUOBIBAIOIIUMH Ha KypOpT, CBSI-
3aHO C HEZOCTATOYHO Pa3BUTHIM TPAHCIOPTHBIM
COO0OIICHNEM MEKAy ropogamu YepHOMOpCKO-
ro mobOepexns. Mcmoap30Banme aBTOMOOUIISA
YIPOIIAET MPOLECC MEPEMEIIECHUSI MEXIY TY-
PUCTUYECKHMHU OOBEKTAMH PETHOHA M JENIACT
oTaeix Oosnee koMpoprabenbHbM [2]. Takoro
MHEHHS TPUIEPKUBAIOTCSI HE TOINBKO TypPHUCTEI,
npudsBatonie u3 LlenTpansHoro ®enepaib-
HOTO OKpyra, HO U M3 0Oojee OTAaNEHHBIX pe-
ruoHoB. Ha YepHOMOpPCKOM TOOEPEKBE MOKHO
BCTPETHUTH Naxke aBToMoOmiIn u3 CuOupckoro
®denepasibHOrO OKpyra. bonbiioi noTok Typu-
CTOB, IPUE3KAIOMINX HA COOCTBEHHBIX aBTOMO-
Omisax, co3qaéT Ype3MEpHyI0 Harpys3ky Ha
TpaHCTIOpTHBIE MarucTpanu KpacHomapckoro
kpasg n KyOanwm, ysenmnunsaet Briopoc CO,
¥ TPHUBOANT K YXYAIICHHUIO dKOJIOTHUECKOH
CHUTyanuu Ha moOepexne. Pemenne maHHOM
TIpOOIEMBI BUIUTCS B PA3BUTHH TPAHCIIOPTHOM
CBSI3aHHOCTH MEXTY KypopTamu YepHOMOpCKO-
ro mobepesxnst 1 KpacHomapckoro kpast, KoTopast
TIO3BOJIUT MEPEOPUEHTHPOBATH BXOSIINE TY-
PUCTHYECKHE MOTOKH C aBTOMOOMIBHOTO Ha
BO3JYIIHBIA TPAHCIOPT.

® MWP TPAHCMOPTA T. 19. Ne 5 (96).

METOAbI NPOBEAEHUA UCCINENOBAHKUA

HccnenoBanne TpaHCIOPTHON JTOCTYIHOCTH
UepHomopcroro modepesxbst Poccnu Ob110 TipoBe-
JICHO Ha OCHOBE aHaJIN3a MapIIPyTHOH CETH MEK-
PETHOHAIBHOTO JKEJE3HOAOPOKHOTO TPAHCIIOPTA,
JIEHCTBYIOIEH MapIIPYyTHON CETH a’pONOpTOB
¥ aBTOMOOWJIBHOTO cooOmieHws. brur mpoBenéH
aHaIN3 CTPYKTYPbI NMPUOBIBAIONINX TYPUCTHYE-
CKHX TIOTOKOB Ha TTOOEPEKBE B Pa3pe3e HCTIONb3ye-
MBIX BUJIOB TPAHCIIOPTA HA OCHOBAHHUY CTATHCTH-
YECKHMX JaHHBIX MHHHCTEPCTBA KYpOPTOB U TY-
pm3ma KpacHozapckoro kpasi.

OrnieHKa TpaHCTIOPTHOH CBA3aHHOCTH KYPOPTOB
OCYIIECTBIIIACH Ha OCHOBaHUHM pacuéra 00IIero
BpPEMEHH Ha Tepee3/] M KOIMIeCTBa TPeOyeMbIX
CTBIKOBOK PETMOHAIBHBIX MapIIPyTOB OOIIECTBEH-
HOTO TPaHCIOpTa MOCPECTBOM T'eOMH(pOpPMAIIH-
onHol cucteMsl Google Maps. Bpemst iepeesna
CpPaBHHBAETCS C BPEMEHEM MOE3KH OT a3pOropTa
JI0 KypopTa Ha TaKCH WJIM JMYHOM aBTOMOOMIIE.
Taroke ObUTH PACCMOTPEHBI KYPOPTHI, MEK/TY KO-
TOPBIMH MTACCHKUPCKOE COOOIIEHNE OTCYTCTBYET
B MIPUHIHUIIE, YTO OTPAHUYNBAECT MOOWIBHOCTD
TypUCTOB Ha YePHOMOPCKOM MOOEPEKEE.

3apyOe KHBIH OTIBIT YBEITMYCHHUS TACCaKUPO-
TIOTOKa KypOPTHBIX a3pOIIOPTOB PACCMOTPEH Ha
npumepe asporopra bapu Ha ceBepHOM MoOepe-
’kbe WUtanuu u asponopra JIueepysb Ha ceBep-
HOM To0epekbe AHDMHA. OMBIT TaHHBIX a’3po-
TIOPTOB PACCMAaTPHUBAIICS HA OCHOBAaHMH 3aKJIIIO-
YUTEJIBHOTO 0TYéTa EBpOIeickoil KOMUCCUH 1O
PpEeruoHaIbHON MOJUTHKE.

PE3YNbTATbI
IMaccakMponoToK M MapUIPyTHasl ceTh
asponopToB YepHOMOPCKOro modepeKbs

Hawnbornee 3arpyxeHHBIM a3poriopToM YepHo-
MOpCKOro nodepexsst Poccnu sisiercst asponopr
Coumn, 9T0 00YCIOBIEHO MPUBICKATEIHHOCTEHIO
JAHHOTO KypopTa M OJIM30CTHIO PACTIONOKCHHS
PecrryOrmikn AGxaswsi, He UIMEIOIIEH CBOETO BO3-
IymrHOro coobmienws ¢ Poccueit. Aspomopt Coun
3aHUMaeT 5 MecTo B Poccuy 1o maccaskuporoToKy
TI0CIie a3pONOpTOB MOCKOBCKOTO aBHAIIMOHHOTO
y3na u asponopra IlynkoBo. Ha Bropom mecte
HaxomuTcs a3poropt Cumdeporionb, Ha TPEThEM
MecTe AHama, Ha 4eTBEPTOM MecTe [ eneHmKIK.
CpaBHHATETBHBIN 00BEM ITACCAKUPOIIOTOKA, KOJH-
YECTBO MPUOBIBIINX U BBUICTEBIINX ITACCAKUPOB
¥ mmpoTa MapmpyTHoit cetr B 2020 . mpencras-
JIeHBI B Ta0M. 1.

OO0t 006EM TaccakuPOIOTOKA, TIPHOBIB-
1rero Ha YepHOMOpPCKOE MOOEPEeXbe BO3AYIITHBIM
TpancmopToM, B 2020 roxy cocraBmi 6611 181
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Taoéauma 1

IMacca:kuponoToK U MapUIPyTHas ceTh a3ponopTos B 2020 roxy

Aspormnopt IMaccaxupo-
HOTOK,

YECJIIOBEK

Tpu6s110
MacCaKHpoB,

YUCJIOBEK YCIOBEK

Bruiereno
MacCaXxupoB,

MapuipyTHasi CeTh a3ponopra

148 374 74 549

(1.1 %)

Tenenmxuk 73 825

5 Hanpasnenuii: Mocksa; Canxr-IletepOypr;
Exarepun0ypr; HoBocubupck; Cypryt

1813128 922 594

(14,0 %)

Amnarra 890 534

(BursizeBo)

19 nanpasnennit: Mocksa; Cankr-IletepOypr;
Exarepun0ypr; HoBocubupck; Cypryt; KpacHosipek;
Apxanrenbck; Mypmanck; IleTpozaBojick; AnaTursl;
CrixrbiBkap; Hmwxuuii Hosropon; Kocrpoma; Kazanb;
ITepmb; Y a; Openodypr; Banoso; Uepenosen

4630 569 2321290

(35,1 %)

Cumbpeponons 2309279

43 nanpasnenus: Mocksa; Cankt-IlerepOypr;
ExarepunOypr; HoBocubupck; XabapoBck;

Tomck; bapnaym; Cypryt; HoBoky3suerk; OMck;
Kpachnosipck; UpkyTtck; ApxaHreiabck; MypMaHCK;
CrikTbiBKap; Maranan; HuwxneBaprosck; Canexapy;
Kauyra; Kupos; Kocrpoma; YnbsHoBck; HosiOpbek;
Boponex; Kaszans; Boarorpan; Kypck; Yebokcapsr;
Hmxuexamck; [lepmb; Tromens; Y da; Openoypr;
Yensionnck; MiBanoso; Caparos; Jlunenk; Tam00B;
Uepenosen; Munepasibhbie Bozibl; KpacHonap; Coun;
Benropon

6505 301 3292748

(49.8 %)

Coun 3212553

53 manpasnenus: Pura; [{y6aii; Munck; Codust;
Tamkenr; Akray; Hyp-Cynran; CramOyn; EpeBan;
Tenb-ABuB; Kanuuunrpan; Mocksa; CaHKT-
IerepOypr; Hmwxuuit HoBropon; YenstonHck;
Exarepun0ypr; HoBocubupck; Tomck; CypryrT;
Hosokysnenk; KemepoBo; XaHTbI-MaHCHICK;
Kpachnosipck; Apxanrenbck; Mypmanck; ChIKTBIBKap;
HwuxueBaprosck; Kupos; Kaszanb; Camapa;
Uepenosen; Actpaxanb; Bonrorpan; HosOpbek;
Kypck; Huxnexamck; Vkesck; [lensa; [lepms;
Tiomenn; Yda; Openbypr; Kypran; Caparos;
Capanck; byrysnema; Jlunenk; Tam6oB; Yepemnoserr,
Munepainbhbie Bozibl; KpacHonap; Maxaukaia;
Cumdepornois; beiropox

Hrtoro 13097 372 6611181 6486 191

Taoauma 2

TypucTuyeckmii I0TOK, MJIH YeJ.*

Tonsr Kpacnomapckuii kpait Coun

Amnana

2016 14,70 5,00

3,70

2017 14,90 6,00

4,50

2018 15,80 6,50

5,00

2019 16,00 6,40

4,98

2020 11,50 5,10

5,00

*TabnuIa cocTaBleHa Ha OCHOBAaHUH JaHHBIM MHHHCTEpCTBa KypopTOB H TypusMa KpacHomapckoro kpas.

yenoBek. Yepes asponopt Coun mprOBIIO OKOJIO
50 % 3TOrO MaccakUPOTIOTOKA, a Yepe3 adPOTopT
Cumpepornions — 35 %. D10 00yCIIOBIECHO TUIOT-
HOCTBIO MapHIPyTHOH CETH 3THX a’pPOITOPTOB.
Anpornopt Coun 00CiTyKHBaeT 9 MeKTyHAPOI-
HBIX HalpaBJICHUH 1 44 BHYyTPEHHUX. ApOTIOpT
Cumopeponons obcmyxuBaeT 43 BHyTpEHHHX
Harmpasienust. [Ipsimoe Bo3aynrHoe coobiienne
OCYIIECTBIICTCS TONBKO MEXKIY adporopTaMu
Coun n Cumdepornons, oCTaabHbIE a3POHOPTHI

YepHOMOPCKOTO TIOOEPEIKbS IPSMOTO BO3IYIII-
HOTO COOOIIECHUS MEXIy co00 HE MMEIOT.
Haubonpmmii MOTOK TYpHCTOB MPUIIETACT U3
Mockssl, Cankr-IlerepOypra 1 HoBocnOupcka.

ITpwm 3TOM Ha 10ITFO BO3LYIIIHOTO TPAHCTIOPTA
MIPUXOINTCS B CPEHEM OKOJIO 55,5 % TypHCTOB,
npudbBatomux B KpacHogapekuit kpait [3].
O061uit 006EM TypUCTHYECKOTO TTOTOKA UepHO-
MOPCKOTO TTOOEpPEeXKbsI, IIPUOBIBAIOIIETO BCEMHU
BUIaMH TPAHCIIOPTA, ITPEACTABICH B Ta0MI. 2.

& MWP TPAHCIIOPTA. 2021.T. 19. Ne 5 (96). C. 83-90

[onelwknHa N. O., llyTvH A. H. Pa3BuTre TpaHCNOPTHOM [OCTYNMHOCTV M TPAHCNOPTHOM

CBsiI3aHHOCTU YepHOMOPCKOIo NobepexbA B LiefnsiX NOBbILIEHUS MOOMITbHOCTHU
HacerneHusi N pa3sBUTUA TypU3Ma




Tadauna 3

PaccrosiHue 1 BpeMsi B IyTH MEKAY a3PONOPTAMH U HEKOTOPBIMH KYPOPTaMHu

YepHOMOPCKOTO 1M00epeKbs

Mapmpyt Paccrostane o aBro- | Bpems B myTn Ha Takcu Bpewms B mytn Ha | Bpemst B myTH xe-
MarucTpaim, KM WITH JINYHOM aBTOMOOMIE | aBTOOYyCE (KOJH- JIC3HOZOPOKHBIM
YEeCTBO IEPEeCca oK) | TPaHCIIOPTOM
Cumdepornonp— 71,0 1 gac 24 mMuH. HET HET
EBnaropus
Cumodepornons— 87,8 1 gac 30 muH. Suddwm(3m) 5 gacoB
CeBacTonons
Cumopepomnons—Dopoc | 109,0 19425 Mue—2 4 6 1 40 muH (3 11.) HeT
Cumopepomnons—Snra 98,8 1 4 40 MuH 4920 muH (2 1.) HET
Cumdeponons—Amnymra | 65,0 1 9—1 49 50 mun 34 10 muH (2 11.) HET
Cumdeponons—Cynak | 113,0 1925 mus—2 4 HET HET
Cumobepormnons— 163,0 2 4y 10 mus—2 4 40 MmuH HET HET
Koxrebens
Cumobepomnonb— 123,0 1920 Mus—2 4 HET HeT
Deonocus
Cumdeponons—Kepus | 213,0 2 y-2 4 50 MmuH HET HET
Cumobeponons—Anana | 334,0 44 30 Mmus—6 u 10 MmuH HET HeT
Amnana—Kepup 120,0 2 4 20 muH—3 4 20 MUH HET HET
Amnana—HoBopoccniick | 52,2 55 mun-1 9 40 Mun HET HET
Amnama-T eneHmKIK 82,7 1 125 mun—2 1 40 mun HET HET
Amnana—Coun 330,0 54 50 mun 144 (3m) HeT
Coun-T'enenmkux 227,0 49 50 Mmua—7 9 HET HET
Coun—Tyarnce 1440 2 4y 50 mus—4 4 30 MmuH HET 34 55 Mun
Coun—Cyxym 122,0 2 y-2 4 40 muH 5 gacos (1 m.) 7441 mun
Bonwmas J0JIA aBTOMOOMIIBHOTO TpaHCIIOpTa
Amnamna

48%

| 18%

m Bo3a4ylWHbIA B }KenesHoA0POXKHbIM B ABTOMOBUAbHBIN

Puc. 1. Cmpykmypa npu6bleatouje20 mypucmu4ecko20 nomoka
2. AHanb 8 paspese ucnosb3yeMbIx 6udoe mpaHcnopma.

AHanu3 CTPyKTYyphl NacCaXUPOMOTOKOB
B pa3pe3e UCHOJb3yEMBIX BUJOB TpaHCIOpTa
TT0Ka3aJI, 9TO JOJISl TYPHCTOB, ITPUOBIBAIOIINX HA
UepHoMopckoe T00epeKbe BO3TyITHBIM TPaHC-
noprom, coctasuseT B cpeaneM 40 %. Ecnn
B CouH 101151 BO3YIIHOTO TPAHCIIOPTa B 00CITy-
JKUBAaHUU TYPUCTHUYECKOTO MOTOKA JOCTAaTOYHO
BBICOKA M COCTABIISICT OKOJIO 55,5 %, a ocTranmbHas
4acTh NMPEUMYIIECTBEHHO MPHUXOAUTCS Ha XKe-
JIE3HOAOPOXKHBIN TpaHcnopT — 39,1 %, To B ro-
poae AHara CUTyalus BBINIIUT UHAYe, puc. 1.

¢ MWP TPAHCIIOPTA. 2021. T. 19. N2 5 (96).

B 00CITy’)KHBaHUHU BXOJSIINX TYPHUCTHYECKUX
TIOTOKOB I. AHAIbI 00yCJIOBJIEHA TNIOXOH TpaHC-
MIOPTHOH CBSI3aHHOCTBIO KypopToB UYepHOMOp-
CKOT'0 TT00EPEIKbsl, KEIEIHOTOPOIKHBIX CTAHITUH
1 a’pONOPTOBOM CETU. AHAIN3 PAaCCTOSHUSA
U BPEMEHU B IIyTH MEKIY OTAEIbHBIMU KYpOp-
Tamu UepHOMOPCKOTO ITOOEPEIKbs M a9pOIIopTa-
MU, IIPY UCIIOJIb30BAHUY AJIbTEPHATUBHBIX BUJOB
TpaHCIIOpTa, Npe/IcTaBleH B Ta0. 3. Paccrosiaue
J10 adponoprta ['elneH KUK He pacCMaTpUBaNIoCh
B CBSI3M C OYE€Hb HE3HAYUTEIBHOM €ro MapupyT-
HOMU CETBIO.

W3 nanHOW TaONHMIBI BUJIHO, YTO MEXKIY
OOJNIBITMHCTBOM KYpPOPTOB ITOOEPEXkbs macca-
KHMPCKOE aBTOOYCHOE COOOIIEHHE OTCYTCTBYET
B INpUHIUIE, a IPU HAJINYUU BPEMS B IMyTHU
npesblmaet 4 yaca. Takast orpaHMYEHHAs TPaHC-
TIOPTHAsI IOCTYITHOCTh CHIKAeT MOOMIILHOCTD
TYPHCTOB B TIpeJieax Mo0epeskbs U 3aCTABIISICT
MX UCTIONB30BaTh COOCTBEHHBIE aBTOMOOIIH JUTsI
MOe3KH Ha KypopT. boibmias qoas TUYHOTO
ABTOMOOMIILHOTO TPAHCHOPTa MPHUEIKAIOLIINX
TYPHCTOB c031aET OOJBIIYIO HAPSHKEHHOCTD Ha
aBromaructpaimsix Kybanm m KpacHomapckoro
Kpas, a TaKXKe yBEIUYUBACT DKOJIOTUYECKYIO
Harpy3Ky Ha peruoH. Pa3Butue TpaHCIOpTHOMH
CBSI3aHHOCTHU Ha NOOEPEKbE MO3BOJINT HE TOIHKO
PELINTB 3TH TPOOIIEMBI, HO U ITPUBIIEYb OOBIINI
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IIOTOK TYPHCTOB 3a CYET CO31aHUsI BOSMOXKHOCTH
JIETKO TIEpEeMEILaThCsi MEXy KypopTamu nooe-
PEXbsi, CoOBEpILIasi pa3jIn4yHble 0030pHbIEC TYpHI,
YTO 0COOEHHO IPUBJIEKATENILHO U1 HHOCTPAH-
HBIX TYPHUCTOB.

AHaJIN3 MEPOBOTO ONBITA PA3BUTHS
TPAHCIIOPTHOM CBSI3AHHOCTH NPHOPEKHBIX
KYPOPTHBIX 30H

KypopTHble TeppuTOpHH MOPCKUX OEPETOB BO
BCEM MHpPE OTJINYAIOTCSl OPUEHTAIMEH Ha 00CITy-
JKMBAaHHE TYPUCTUUECKHUX MTOTOKOB. HekoTopbie 13
HUX SIBJIIIOTCS] KypOPTaMH HallHIOHAJIBHOTO 3Ha4e-
HUS, IPYTUE TPUBJIEKAIOT TYPHUCTOB CO BCEIO MUPA.
OOciy)KMBaHHE TYPUCTHYECKOTO MOTOKA KYpOpPT-
HBIX 30H OCYLIECTBIISIETCSI KaK IPaBUIIO BCEMU
pacrornaraeMbIMH BusiaMu Tpancropta. [Ipu stom
0c000€ 3HaUeHHE OTBOJUTCSI BO3AYILITHOMY TPAHC-
MOPTY, TaK KaK OH I03BOJIsiET Hanbolee OBbICTPO
J00PAaTHCsI 10 KypopTa U OOJIbIIIE BPEMEHH IPOBE-
CTH Ha OT/IbIXe. Bce aspornopThl MOXKHO pa3zienThb
Ha JIBE TPYIIIBIL: a9POIOPTHI-Xa0bl, PEIOCTABISIO-
1ye OOJBIIOE KOJIMYECTBO YCIYT M 00CITyKHUBAIO-
1€ BHYTPEHHUE, KOHTUHEHTAIbHbIE ¥ MEKKOH-
THHEHTAJIbHBIE TIEPEBO3KH MACCAKUPOB U TPY30B
C PaBHOMEPHO pacipe/IeNIEHHBIM [TaCCaXKUPOIIOTO-
KOM B TEYEHHE T0J[a; PErMOHAIIbHBIE adpOIIOPTHI,
COEJIMHSIIOIIIE PErHOHBI C IIEHTPAaMH SKOHOMHYE-
CKOM aKTMBHOCTH, UMEIOIIHE CE30HHbIC MMUKU
U CTI3/IbI TACCAKUPONOTOKA [4; 5.

A3porTopThI, 00CITYKHBAIOIIE KYPOPTHBIE 30~
HBI, IMEIOT SIPKO BBIPAXKEHHYIO CE30HHOCTb ITUKO-
BBIX Harpy30K maccaxxupornoroka [6]. Ce30HHOCTb
3arpy3KH BIIUSIET Ha OKYNAeMOCTb MOCTOSHHBIX
3arpar. Pemenvem JaHHOW MpoOJEeMbl SIBISIETCS
YBEJIMUECHHE JIOXO/IOB B IIMKOBBIE HAIPY3KH 38 CYET
YBEJIMYCHHUS TTACCAKUPOIIOTOKA. OTHUM 13 OCHOB-
HBIX pelleHUH AaHHOW NpoOJIeMbl B MHUPOBOM
TIPAKTHKE SBJISIETCS PACIIMPEHUE MapIIPYTHOH CETH
KYPOPTHBIX a3pOIOPTOB 32 CUET MEXKITyHAPOIHBIX
Y BHYTPEHHHX cooO1enuii [7; 8.

B pamkax JaHHOTO HMCCIIEJIOBaHUSI MbI pac-
CMOTpEJIN ONBIT a’porniopra bapu Ha ceBepHOM
nobepexxse Uranuu u asponiopra Jlueepmnyns Ha
CeBepHOM mobepeskbe AHIIHH. 1715 yBEeTMICHUs
MacCaKMPOIIOTOKA OBUIO BBHIOPAHO TP HAIpaB-
JICHWS: Pa3BUTUE CBSI3aHHOCTH TPAaHCIIOPTHOM
HHPPACTPYKTYPhI (FKEIIC3HOAOPOKHOE COOOIIe-
HHE MLy a9POIIOPTOM U TOPOJIOM); PACILIIPEHUE
CBSI3aHHOCTH PErMOHa C KPYIHBIMHU IIEHTPaMU
(pacmmpeHue MapIIpyTHOW CETH a’spomnopTa);
pa3BHUTHE TPAHCIIOPTHOIO y3ia (MOJEpPHU3ALIUS
a’poropra M ero rnaccaxMpckoro TEPMHHAIA).
Pa3zBuTHE TPaHCIIOPTHOW CBSI3aHHOCTH MO3BOJIH-

JIO TIOBBICUTH MHJIEKC 00ECIIEUeHHOCTH TpaHC-
MIOPTHOH T0CTYNHOCTH asponiopra bapu. Mozep-
HU3aLHs1 a9POTIOPTa IPUBENIa K YBEINYSHHUIO €ro
TIPOITYCKHOI CIIOCOOHOCTH, B PE3YJIbTaTe €XKEero/l-
HbI maccaxkuponotok ¢ 2001 mo 2007 roast
yBenuuuiIcs B 2 pasa. Pacmupenue mapipyTHoi
CeTH C KpYIHEHIINMHU eHTpamMu 3anaiHoi u Bo-
CcTOuHOI EBpombI M03BONMMIO MPHUBIEYH JOMOJ-
HUTEJbHBINA TYpUCTUYECKUI MTOTOK, KOTOPBIH 3a
paccMmarpuBaeMblii TepuoA yBenIuumics Ha 62 %
MPEUMYIIECTBEHHO 32 CYET IMPUPOCTa MMACCAKH-
pormotoka u3 CesepHoii EBpornbl, Hcmonb3yole-
ro BO3JYLIHBIA TpaHcropT. OTKPBITHE HOBBIX
MapIIpyTOB CyOCHIMPOBAIOCH U3 HALMOHAIBHO-
I'0 U PETHOHAJILHOTO OFOKETOR [9].

JluBeprtynb He SIBJISIETCS. MOPCKUM KYPOPTOM,
HO TaKoKe 00CITY’)KUBAET PErMOHAIILHBIE TYPHCTH-
YeCcKHe MapuIpyThl. AHaJIM3 OIbITA a’poropra
JluBeprtynb TakkKe IMOKa3bIBACT, YTO PaCIIMPEHUE
MapuUIpyTHOW CETH M pa3BUTHE YapTEPHBIX Hepe-
BO30K [O3BOJIMJIO PE3KO YBEIUYHUTH TACCAKUPOTIO-
Tok. Tak eciu B 1997 rofy asporopt o0ciTyKuBat
3 nanpasinenus, To B 2007 — 60 HanpapieHuil.
T'onoBoit Temn pocta maccakMpoONoTOKa 3a TOT
niepuon coctaBui 23,2 % npotus 5 % B 0011eM 110
BenukoOpuranuu. CTpykTypa maccaxMpCKuX
MEPEBO30K BBINISJIUT CIEAYIOMIMM 00pa3oM:
63 % — MeXIyHapo/IHble OFOJDKETHBIC aBUarepe-
BO3KH, 16 % — BHyTpeHHHUE OO/IKETHBIE NIEPEBO3-
KH; 8 % — BHYTpEHHHE MTOJTHO CEPBHUCHBIE aBUAIIe-
peBo3ky; 1 % — BHEIIHME MTOJTHO CEPBUCHBIE ITEpe-
BO3KH; 11 % — MexmyHapoHbIe YapTepHBIE Iepe-
Bo3kH; 1 % — npouwne [8].

Taxum 00pa3zoM, MOYKHO BBIJIEIUTH TPH HAUOO-
Jiee 3HaUMMbIX HalpPaBJICHUS JJIsl YBEJINYCHHS
MACCaKMPOIIOTOKA KyPOPTHBIX a9PONOPTOB: MOJIEP-
HH3aILMs a3pOIIOpTa M yBEIIMYEHUE TPOITyCKHOW
CIIOCOOHOCTH; PaCILIMPEHHE BHY TPEHHEW 1 MEXKTY-
HapOIHON MapIIPyTHOM CETH; pa3BUTHE TPAHCTIOPT-
HOI CBSI3aHHOCTH a3poIIopTa ¢ KypopTamu rnooepe-
KBSl 1 TPAHCIIOPTHOM MH(PACTPYKTypOHt.

Hanpagienusi pa3BUTHS MapIIPYTHOMH CeTH
a3pPONOPTOB M TPAHCIIOPTHOI CBSI3AHHOCTH
KypopToB UepHOMOPCKOTo modepexnbst
ComnacHo Kowrenmu denepaisHoOl 1e1eBOi
niporpammbl «Pa3BHTHE BHYTPEHHETO M BbE3IHOTO
Typusma B Poccutickoit @eneparmu (2019-2025
ronpl)» (yrepkaeHa [ IpasurenscrBom Poccniickoii
deneparmn ot 5 mMast 2018 1. Ne 872-p), BblesitoT-
st 15 meperneKTHBHBIX TYPUCTCKHUX YKPYITHEHHBIX
MHBECTULIMOHHBIX TIPOEKTOB, OOJIAAIONINX BBICO-
KHM TOTEHIIMAJIOM PACIIUPEHUs] TYPUCTCKOTO
MPEVIOKEHHS 0 KOHKPETHBIM MPUOPHTETHBIM
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Puc. 2. lunamuka naccaxuponomoka asponopmoe YepHomopckozo nobepexns Poccuu, ven.

BHJIaM TypU3Ma, B YHCIIO KOTOPBIX BXOIUT MPOEKT
«UepHomopckoe modepexnbe» [3]. Peamuzarust
MPOEKTOB Pa3BUTHS TPAHCIIOPTHON JOCTYITHOCTH
U TPAHCIIOPTHOW CBSI3aHHOCTH YepHOMOPCKOTO
o0epexbst Poccru MOXeET ObITh IPOMHBECTHPOBA-
Ha B paMKax JaHHOMU IIPOrpaMMBbl.

YV asponopToB YUepHOMOPCKOTO MOOEpeKbs
MUK [aCCaKMPOIIOTOKA MPUXOIUTCS HA TIEPUOJT
¢ Mas 1o OKTsi0pb. VIcKiroueHue cocTaBisier
asponopt Couu, pacrioioKeHHBIN BOINU3H TOPHO-
JBDKHOTO KypopTa, KpacHast nonsHa, puc. 2.

W3 nanHoro rpaduka BUAHO, YTO 00ILas
TEHJICHLIUSI [TACCAXKUPOIIOTOKA COXPAHSETCS BO
Bcex asponoprax. B 2020 rony B cBs3u ¢ BBesie-
HHEM OIpaHHYCHHI Ha MEXK/TyHapOJIHbIE TTOJETHI,
TYPUCTUYECKHIA TOTOK Ha UepHOMOpPCKOM mo0e-
PEXbe B IMKOBBIN CE30H YBEJIMUMIICS BO BCEX M3
paccmarpuBaeMbIX a3pONOPTOB, IPUYEM B aBry-
CT€ OH OKa3aJICs IPAKTUYECKH Ha OJIHOM YPOBHE
B Cumdepomnone u B Coun. B 2020 roxy nacca-
JKHPOMOTOK asporioproB Cumdepornoib, AHana
u Coun cocTaBujl cCOOTBEeTCTBEeHHO 4,6, 1,8
u 6,5 miH yeit. [Ipu 3ToM pomnyckHas croco0-
HoCTh aspornopra Cumdepornosb cocTaBiser
6,5 MJTH 4ed. B roji, aspornopTta AHarmbl — 2,6 MIIH
yen. B roa, a Coun — 9,3 mutH ven. B roa. Cieno-
BaTeJIbHO, MPOITYCKHAsI CIIOCOOHOCTh paccmar-
PHMBaEMBIX a3POIIOPTOB HE SIBJISETCS CACPIKUBAIO-
KM GaKTOpPOM Hapall¥BaHUs TACCAKUPOIIOTO-
Ka B 0COOEGHHOCTH 3a CUET Harpy3Ku Ha HEITHKO-
BbIC CE30HBI.

J11st yBelTMueHust TaccakupoIIoTOKa Ipejiia-
raeTcsi pacluIMpeHne MapIIpyTHOH CETH paccMar-
pHMBaeMBbIX a’poOIOPTOB B KpyIHbIe Topoaa Poc-

cun. Bo3moxkHO oTKpBITHE MapiipyToB u3 Coun
B ropoia-MHJUTMOHHHUKH Bonrorpaa u Boponex,
n3 Cumdepononst — B Hiwxuuit Hosropoa n Ca-
Mmapy, U3 AHanbl — B Bosirorpasa u B UenstOnHCK.
Taroke LenecooOpa3Ho OTKPBITH HPSIMBIE YapTep-
HbIE PEIChI B JICTHUIA TIEPUOJL B KPYITHBIE TOPO/a
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Cubupu u [ansHero Boctoka: Skyrck, Xa0a-
poBck, BnanuBoctoxk.
Bropoii, 6osee ceprE3HOii pobieMoli yBemu-
YEHHsI [TACCAKMUPOIIOTOKA a3poriopToB YepHOMOp-
CKOTO MOOEPEKbst SIBISIETCS TIUI0Xast TPAHCHIOPTHAS
cBsi3anHOCTH [10]. B kauecTBe perieHusi naHHON
pOOJIeMBI IIPeyIaraeTcsi pa3BUTHE MOPCKOTO BUJIA
TpPaHCIIOPTa Ha OCHOBE CYJIOB Ha ITOJIBO/IHBIX KPbLTb-
siX. OTEeUEeCTBEHHBIH 1 3apyOSIKHBIN OIBIT JOKa3bI-
BaeT 0co0YH0 AHPEKTHBHOCTH UCIIOB30BAHKS CYIOB
Ha TOJIBOJIHBIX KPbUIBSX JUIsl OOCCIICUCHUS TPAHC-
MMOPTHON MOOWJIBHOCTH TYpPHCTOB HE TOJBKO Ha
MOPCKHX TT0OEPEKBSIX, HO M JUIs PEYHBIX IIEPEBO30K
[11-13]. ITpy ucrons30BaHUH JAHHOTO BU/IA TPAHC-
TriopTa BpeMsl B Iy TH, Hanpumep, ot T. deomocus 10
L. AHana coctaBut 1 4. 50 mMuH., oT I. AHama 0
. Coun—2 4. 40 muH., a or . @eonocust 1o . Coun —
OKOJIO 4 4., 4TO B 4 paza ObICTpee CYIECTBYIOIIETO
aBToOycHOro cooOmieHus. Peanuzanus TaHHOTO
poeKTa Oy/IeT IMETh HE TOJIBKO OOJIBIIOE KOHO-
MHYECKOE 3HAUCHHE C TOUKU 3PCHUS Pa3BUTHUS
YEPHOMOPCKHX KYPOPTOB U TTOBBIIIICHUS TIPUBJICKA-
TEJIbHOCTH BO3/IYLLHOTO TPAHCIIOPTa Uk KX 00CITy-
YKUBaHMs1, HO M coLasibHOE 3Hadenue. [ lorpeOHocTh
B MHBECTHIIMOHHBIX 3aTparax Oy/eT CBsi3aHa IJIaB-
HBIM 00pa30M C IIPHOOPETEHNEM CaMHX CY/IOB, TaK
KaK MIOpTOBasi KHPPACTPYKTypa 15t O0CITy)KUBAHHSI
MECTHBIX MOPCKHX [TEPEBO30K B KPYITHBIX TOPOIAX-
KypopTax rmodepexss yxke cyriectyer (Coun, [e-
nenmkuk, Anana, Kepus, @eonocust, Snra, bana-
kraBa, CeBactononb). Kpome Toro, cynia Ha moyiBo;i-
HBIX KPbUIBSIX O3BOJISIT COKPATUTh BPEMsI Ha TIepe-
€371 B AOXa3HI0 1 CO3/a)TyT YCIIOBHSI TS IOBBIILICHHSI
TYPUCTHICCKON MOOKIBHOCTH BHYTPH 30HBI I100C-
pexbst. Bcé 310 MOMUMO NpHBIIEUEHHMS! JIOTIOIHH-
TEJILHOTO TYPUCTUYECKOTO MOTOKA [TO3BOJIUT COKpa-
THTB JIOJTIO TYPHUCTOB, IIPUEPKAIOLINX HA TOOEPEKbEe
Ha cCOOCTBEHHOM aBTOMOOWJIE, CHU3UTh HAarpy3Ky Ha
TpaHCIIOPTHBIE MarucTpaimu KpacHomnapckoro kpast
1 KyOaHu ¥ yiTydIIiTh SKOJIOTHYECKYIO CHTYALIHIO
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Puc. 3. flelicmeyrouwjee Mopckoe coobueHue Mexdy 20podamu YepHomopcko2o nobepexbs.

YacTuyHo norpyxeHHoe(SP) kpblno(U-o6pasHoe)
Bug cnepegn Bug czagn Bug c6oky

b g s

4 Osvratenu

MonHocTblo NorpyxeHHoe(FS) KpbI1o
(B dopme nepeBepHyTOoro T unu V)
Bupg cnepegun Bug csagn

=

+ fewratenu 4

BI/IA c6oKy

Basika NoABOJHOI0 Kpbina
T-TUNa MOXET GbITh
M:&omyla TaK:

Puc. 4. Cxema deuxeHusi cyOHa Ha N00800HbIX KPbIIbAX.

B perrone. B HacTositiee Bpems ecTh BO3MOKHOCTD
JI00paThCS 10 MOPIO JI0 PA3IMIHBIX KypopToB Uep-
HOMOPCKOTO TOOEPEXKbsI, HAPUMEP, €XKETHEBHO U3
AHaribl XoiT Mopckre cyaa B @eonocuro u SAnty.
IporspkEHHOCTh MOPCKUX TyTel cocTapmsieT 250
u 150 kM cootBeTcTBeHHO. HO, Tak Kak 9TH peich
SIBIISTIOTCSI KCKYPCHOHHBIMH, TO MX CPEIHSISI CKO-
poctb coctanister 43 kv/4. Bpemst B ryTH OT AHAIbI
1o @eomocru cocrapisier 3,5 9, puc. 3 [14].

[Ipenmy1ecTBO Cy/10B HA TOABOAHBIX KPHUTh-
SIX 3aKJIIOYAETCsl B TOM, YTO OHH TIOJICPKHBa-
IOTCSI HaJl BOJHOHN TTOBEPXHOCTHIO TP TIOMOIIH
CHJI THAPOANHAMHKH, BO3HUKAIOIINX HA TTOJIBO/I-
HBIX KPBUIBSIX, pHC. 4.

Kpbutbst, HaXosIIIrecs 1Moy KOpIryCoM MOPCKO-
TO CyJHA, CO3/IAI0T TOIbEMHBIC CHIIBI, KOTOPBIC
TIOZIHMMAIOT JIAHHOE CYIHO HaJl MOBEPXHOCTHIO
MOPCKOH BOJIBI, YTO MPHBOIHUT K 3HAYUTEIIEHOMY
YMEHBIICHHUIO COTPOTHBIICHUS ABKEHUIO. JTO
TI03BOJISIET TAHHOMY THITy CYJIOB Pa3BHBATh CKO-
POCTB, KOTOpasi IJIs TETIIIOXOIOB SIBJISICTCSI HENO-
CTIDKAMOM. DKOHOMHYECKH IiesiecooOpa3Has
CKOPOCTb ABMKCHHMS CY/THA Ha ITO/IBOJJHBIX KPBLITb-
SIX OrpaHHYeHa BemmarHOH okono 100 km/4a [15].

JlaHHOE OTpaHWYCHHUE CBSI3aHO C MPOOIEMOH Ka-
BUTAIIMH — TIpoliecca 00pa30BaHMs IMy3bIPHKOB
B BOJIHOH CPEJIE, € MOCIEAYIOIIMM CXJIONBIBAHIEM
ITy3BIPHKOB M OCBOOOYKJICHHHN OOJBIIIOTO KOJIMYe-
CTBa BHYTPEHHEH SHEPTHH, KOTOPasi BOSHUKAET KaK
TIOCIIEZICTBHE BHEITHIUX (PH3HYCCKIX BO3ICHCTBHIA.
KaBuTanus noaBogHOTO KpblUla PE3KO CHHUXKAET
THPOMHAMHYECKUE XapaKTEPUCTHKN JAHHOTO
cymaa [16; 17].

Cyna Ha TIOIBOIHBIX KPBUIBSIX HA CETOMHS-
IIHUH 1eHb IMUPOKO UCTIONB3YIOTCS B PJIE CTPaH
Espornsl. Harmpumep, 9TH cyJia akTHBHO KypCHPO-
BaJIM MeXIy KamMHUHTpagoM 1 MOIBCKUMH TO-
ponamu dpombopk u DnpOoHT. B 0cHOBHOM
JTaHHAsl JIMHUS 9KCIUTyaTHPOBAIACh MOIBCKOM
CTOpOHOH. B A3nu camast momyisipHast MOpCKast
JIUHUS cOoeAuHsieT Kopelckui ropox Ilycan
u smoHckuit ropox dykyoka. ITo aToit muHMM 3a
JIeHb coBepIaeTcst stk peticos [18; 19]. ITomo-
JKUTEIIBHBIN OMBIT SKCIUTyaTalliy CYJJ0B Ha MOJI-
BOJIHBIX KPBUIBSIX ISl TPAHCTIOPTHOTO OOCITY KH-
BaHMSI MOPCKHX ITOOEPEXHI JOKa3bIBaCT HEOOXO0-
JUMOCTB ITO3TAIHOTO BHEAPEHHSI JAHHOTO THIIA
CY/IOB B ITOCTOSIHHYTO pab0Ty MOPCKHX BOK3aJIOB.
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KPATKWE BbIBO[bl

Ha ocHoBe nmpoBenéHHOro aHanms3a MexIyHa-
PPOITHOTO 1 POCCHICKOTO OTIBITA OMPE/IETICHBI OCHOB-
HBIC TCHICHITMH PA3BUTHS TPAHCIIOPTHON TOCTYII-
HOCTH KypopTOB UepHOMOPCKOTO MoOepeKbs
B IEJISIX TIOBBIIICHNUS MOOWJIBHOCTH HACeNICHHUS,
Pa3BUTHS TypH3Ma M CO3JaHUS U1 Hero Ooiee
KOM(OPTHBIX ycoBUH. OrnpezienieHa mepCreKTHB-
HOCTb Pa3BUTHSI BO3/LYIITHOTO COOOIICHHS M CBSI3aH-
HOCTH KypOPTOB MPUOPEKHOIN 30HBI BOTHBIM
TPAHCIOPTOM B LIEJISIX CHMKEHMS SKOJIOTHUYECKON
Harpy3KH 3a CYET MepeoprueHTAIMH TYPUCTOB C HC-
TIOJTE30BAHYIS! JTMYHOTO aBTOTPAHCIIOPTA, IPEIOKE-
HBI HaIpaBJICHHUsI JU1sl OTKPBITHSI HOBBIX MapIIPyTOB
13 TPEX PETMOHANIBHBIX a3poIopToB. 11t perenys
TIPOOIIEMBI TPAHCIIOPTHON CBSI3aHHOCTH TPETIOKE-
HO Pa3BUTHE MOPCKOT'O COOOILIEHHSI C TPHMEHEHHEM
CYOB Ha TIOZBOHBIX KPBUTBSIX, KOTOPBIE TIO3BOJIAT
TIOBBICUTH MOOHMJIBHOCTD TypPHUCTOB BHYTPH 30HEI
M0OEPEKbs U IPUBJICYB JOTIOITHUATEBHBIA TYPHUCTH-
YECKUI NIOTOK.
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AHHOTALINA

B Hacmoswee 8pemst 00HUM U3 NPUOPUMEMHbIX Hanpagre-
HUll pa3gumusi mpaHCNOpPMHbIX cucmem 20po0o8 sensemcs co-
sepweHcmeosaHue obujecmeeHHo20 mpaHcnopma obuwe2o
nonb308aHusi. YOobHble Mapwpymsi 06uiecmeeHHo20 mpaHc-
nopma 8 coyemaHuu ¢ CO8PEMEHHbIM NOOBLXHBIM COCMagoM U
pa3gumoli mpaHcnopmHoU UHgpacmpykmypol no3gonsirom pe-
wamb 60MbWUHCMBO MpaHCNopMHbIX npobriem u obecnequsams
8bICOKYHO MOBUIbHOCML Xumenel u 2ocmel 20poda.

Llenbto uccrnedosaHusi, OCHOBHbIE NOMOXEHUSI KOMOPO20o
U3MOXeHb! 8 daHHOU cmambe, Aensemcs nocmpoeHue aghghek-
mugHoli 20podckoll naccaxupckoli mpaHcnopmHol cemu 0buie2o
nornb308aHusi 8 MOHozopodax Poccuu dns obecneyeHus ycmol-
yugoCMU (hyHKUUOHUPOBAHUS Naccaxupckozo mpaHcnopma 06-
we20 nonb3o8aHusl. B cmamse npusodumces 00UH U3 8apuaHmos

peweHus npobrnemsl yHKUUOHUPOBaHUS 06Wecm8eHHo20
mpaHcnopma e 20podax ¢ 2padoobpasyrouyumu npednpusmusIMu.

B makux 2opodax (C ipKo 8bipaxeHHbIMU 2padocmpoumerb-
HbIMU NpednpusmusMU) O4eHb yacmo cywecmsyrom 0se 83aumo-
UCKMKoYarowue cemu mpaHcnopma, a UMEHHO, MyHULUNansHas u
3aKkasHasi (saxmosas). B pesynbmame 3akasHble Mapwpymsl
HeonmumaribHble, MyHULUNasbHbIe NEPe8O34UKU HECYm yObIMmKU,
mpaHcnopmHble npednpusmusi He 8bINOMHSM pacnucaxue,
nepexo0sim Ha MeHee 8MecmumesbHbIld mun NoOBUXHOZ0 CO-
cmasea, kak pe3ynbmam — f10du HedosonbHbI pabomoll obuje-
CMBeHH020 mpaHcnopma 8 20pode.

B cmambe npednazaemcs dns peweHuss amux npobiem
06BeAUHUMB MyHULUNANBHYIO U 3aKadHyto cemu 8 eOUHYH MpaHC-
nopmHyto cems 20poda.
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BBEOEHUE

B macrosmiee BpeMs B pa3IMYHBIX CTpaHAX
Mupa OoNbIIOe BHUMAaHUE YACTSCTCS TIePCIIeK-
THBaM Pa3BUTHS OOMIECTBEHHOTO TPAaHCIIOpPTa
B roponax. Poccuiickas ®@enepanus B 3TOM
IJIaHE — HE UCKITIOUCHUE.

3a mociaeaHue TOAbl 3HAYUTEIIHLHO M3MEHHU-
JIach CTPYKTYpa CIpoca Ha MaCCAKMPCKHUE TTepe-
BO3KH. JTO 00YCIIOBIICHO TIPOIIECCAMH COITHATb-
HO-?KOHOMHYECKOTO Pa3BUTHS, KOTOPHIC BBI3BA-
JIY TIOSTBIICHUE HOBBIX 0OBEKTOB M 30H IPHUTSKE-
HUS TMacCaXHPOTMOTOKOB, BKIJIIOYAIOMIHX
TIPOMBITIICHHEIE, TOPTOBEIC, Pa3BICKaTEIbHBIC,
TYPUCTHYCCKHE, CIIOPTHBHBIC W JEITOBHIEC
LIEHTPHI, TaK 1 N3MEHEHUSMH B TTOBEJICHUH I10-
CTOSIHHBIX JKUTEJIEH U TOCTEH rOpOJOB, BIIUSIO-
IIMMH Ha KOJIMYECTBO M IIEJIH ITOE3I0K.

B Poccuiickoit deaepanuu, Kak, HaBEPHOE,
W BO BCEX CTpaHax, TPAHCIOPTHAs CHCTeMa
JIOJDKHA HE TOJBKO BBITIONHSITH COIUATBHYIO
(hyHKIIMIO, HO ¥ IPHHOCUTH TPHUOBLTH HITH OBITh
perTadenpHOM. OgHAKO BO BCEX PAa3BUTHIX CTpa-
HaX OOIIECTBEHHBIN TPAHCIIOPT SABISIETCS YOBI-
TOYHBIM. PealibHbIe TOXOIBI O0IIECTBEHHOTO
TpaHCIIOpPTa MO CPaBHEHHUIO C pacxomaMH Ha
HET0 COCTaBJIsUIM He Tak JaBHO B IBelinapun —
72 %, BemxoOpurtaruu — 68 %, Mtammm — 30 %,
Hunepmanmax — 22 % [1].

Cpenu Bcex ropomos Poccnn B oTIenpHYIO
TPYTITY, 3aCTyKHBAIOIIYIO0 CTICIIHAIEHOTO pac-
CMOTPEHHS, MOYKHO BBIJICTUTH TaK HA3BIBACMBIC
«MOHOTOPO/a» C HATMYHEM KPYITHOTO TPazo00-
pas3yIoIero NpeArpHsTHS.

B ngaHHO# cTaThe B COOTBETCTBUH C IIEIBIO
WCCIICIOBAaHUS TIPEICTABIICH BAPHAHT Pa3BUTHS
0OIIIECTBEHHOTO TPAHCIIOPTa B MOHOTOPOIAX
Poccun, onmicanbl 0CHOBHBIE TIPOOJIEMBI Pa3BH-
THS TOPOJCKOTO MMaCCaKUPCKOTO TPaHCIOpTa
B POCCHIICKHX MOHOTOPOaX Ha IpUMepe ropozia
HmxaekaMck, a Taxke JaHbI MPEUIOKSHAS 110
TIOCTPOCHHUIO HOBOH Y(PPEKTHBHON TOPOICKON
MMacCaXUPCKOM TPAHCTIOPTHON CETH 0O0IIeTo
TTOJTB30BaHMS, 00ECIIEUNBAIONICH YCTOMINBOE
(hYHKIITMOHUPOBAHUE TTACCAXKUPCKOTO TPAHC-
TopTa 00IIeTo TOTH30BaAHHS.

PE3YNbTATbI

Co3nanne >p()EeKTUBHON TPaHCIOPTHOM
cuctemsl ropona B Poccuiickoit denepanuu, kak
¥ BO BCEX CTPaHAX MHPA, — 3TO CIOKHAS KOMII-
JIeKCHas TpoOiieMa, BKITIOYAIOIIAs PsJ 3a1ad,
Cpear KOTOPBIX MOKHO BBIICTHTE: ONIPEACTICHIE
MapIIpyTOB JBIKCHUS TOPOJCKOTO MACCAKUP-
ckoro tparcnopra (I'TIT) [2], obocHOBaHME

MWP TPAHCITOPTA. 2021.T. 19. N2 5 (96). C. 91-98

THUIIA, BUJA U KOJMYECTBA [TOJABHIKHOTO COCTaBa
T10 K)KJIOMY MapIIpyTy, pa3paboTKa pacriucaHus
1 (MHAHCOBOH MOJIENIU TIPOCKTa U T.1. [3].

PenieHus mo onTHMHU3alMK MapLIPyTHBIX
ceTel B pa3iMuHbIX ropogax Poccuu npuHuMa-
I0TCSI TI0-Pa3HOMY, B 3aBUCUMOCTH OT clienupu-
KM TOTO WJIM HHOTO TOPOJIa, OT COCTOSIHUS M pa3-
BUTHS TPAHCIIOPTHOU MHPPACTPYKTYPBI, TOPOJI-
CKOTro OOIIECTBEHHOI0 TPAaHCIOPTa U JPYTUX
(bakTopoB.

Oco0blil Kelic CBsI3aH ¢ KMOHOTOPOAAMMIY.
[ToHsiTHE «MOHOTOPOIY MM «MOHOIPO(UIH-
HBIA TOPOJ» MOApa3yMeBaeT HaceJEHHBIN
ITYHKT, KOTOPBIil 3aBUCHT OT OJJHOTO KPYITHOTO
MIPEIIPUSITHS M HECKOJIBKUX B TIAHE TPYJIO0-
ycTpoiicTBa HaceneHus. Takue npennpusTus
TaK)e MU3BECTHBI KaK «Tpagoodpasyronue.
[Togo6Has opranu3anus paccesieHus Mojydusia
mpokoe pacnpoctpanenue npu CCCP u co-
XPaHsIeTCsI 10 CEroHsIIIHero J1Hs. MoHoropozaa
00ecneyrBaoT ONTUMANILHOE Pa3BUTHE TEPPH-
TOpHil paznuuHOoro ypoBHs. OHU (QYHKIMOHU-
PYIOT B YCJOBUSIX IMOBBIIIEHHOTO COIMAIbHO-
HSKOHOMHYECKOI'0 PUCKa: B T€ NEPUObI, KOTaa
HaOIo1aeTes MoABEM SKOHOMHUKH, MOHOTOPO/Ia
00ecIreunBaroT pOCT M pa3BUTHE IPOU3BOJICTBA,
OJTHAKO B YCJIOBHSX KPH3HCA IEPBBIMH CTaHO-
BSITCS €T0 <OKepTBaMm» [4].

B 3apy0e)xHOM MpaKTHKE TaKKe BCTPEYAIOT-
cst moHoropoaa. B CIIIA, nanmpumep, MOXKHO
BBIICNTUTH ropoji MeliHap mrata MaccadyceTc.
W3HavanbpHO B ropojie pacroiiarajiach rpagoo0-
pasytomias niBeitHas Gpadpuka, a fanee B pe3yiib-
Tare TpaHchopmauu HBeHHOI GpadpUKK ropos
cTaj ITad-KBapTHPOW KpYIHEHIEro B Mupe
npou3BoauTeNs komnelotepoB [5]. B Kanane
K TaKMM ropojiaM MO>KHO ObL1o oTHecTH Forges
Saint Maurice nim Garden Island. Onnaxo crout
OTMETHUTb, YTO OMBIT IIOCTPOCHHSI MOHOTOPOJIOB
B IPYTUX CTpaHax B LIEJIOM OblJI HEraTUBHBIM.

OnHUM U3 ApKUX NpeICTaBUTENeH MOHOIO-
ponoB B Poccuu B Hacrosiee BpeMst SIBISIETCS
HwxHekaMCK, Ha TEPPUTOPUU KOTOPOTO Haxo-
JIUTCSI TIPOMBIIIUICHHAS 30Ha, B KOTOPOW pacrio-
JIOKEHBI TPajgoo0pa3yoiue npeanpusiThs
rpyninbl kKomnanuil « TaTHeTh» 1 HePTEXUMU-
YeCcKoit komraHuu komranus « CuOyp-XoJiuHr».

[Ipu ananuse cymiecTByIONICH CUTyalnu
B c(epe 00LECTBEHHOrO TpaHCIoOpTa ObLIO
BBISIBJICHO, YTO B TOPOJIE MApaJUIeNIbHO PadOTaI0T
JIBE CHCTEMBI:

* [IepBas cucrema TpaHcropTa OCyIIECTBIISIET
paboTy MCKIIIOYUTENBHO B KUIIBIX palioHax, 9TO
TaK Ha3bIBAEMbIE «TOPOJICKHE MapIIpyThl». JlaH-
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Puc. 1. YpoeeHb naccaxuponomoka 8 2opode HuxHekamck (2015-2021 22.) (8binonHeHo aemopamu no daHHbIM, npedocmaeneHHbIM
HUcnonHumenbHbim Komumemom HuxHekaMCK020 MyHUYUNanbHO20 palioHa).

Hasl CHCTEMa TIPE/ICTABIICHA YETHIPhMS TPAMBai-
HBIMH | JIECSITBIO aBTOOYCHBIMHU MapIIPyTaMH.

* Bropast cuctema TpaHCTIOpTa OCYIIECTBIIS-
€T 10CTaBKy paOOTHHKOB B IPOMBIIIICHHYIO
30HY, 9TO TaK Ha3bIBAEMbIEC «BAXTOBBIC MapIIPy-
ThI». JlaHHAs cucTeMa NpeACTaBICHA TPEeMs
TpaMBaifHBIMH 1 67 aBTOOYCHBIMHU MapIIpyTaMu.

Kaxnast cucrema pemiaer coOCTBEHHBIE 3a-
Jlaui ¥ HE YYUTHIBAET OCOOCHHOCTH U TTOJIOXKH-
TENIbHBIE CTOPOHBI IPYTOH CHCTEMBI.

Cucrema ropojICKuX MapuIpyToB JJOCTaTOYHO
pa3BHTA B )KWIBIX paioHax. ABTOOYCHbIE MapIl-
PYTBI TIPOXOISIT MPAKTHUECKH T10 BCEM YIIHIIAM
ropozna. TpamBaiiHble MapIIPyTHI IPOJIETAIOT 1O
OCHOBHBIM MAarHCTPAIEHBIM YIIHIIAM H CBSI3bIBA-
10T Ba)KHEHIITME HANIPaBJICHUS B TOPOJIE.

Cucrema BaXTOBBIX MapIIPYTOB HE SIBIISICTCS
ONITUMAIILHOM, TaK KaK KaXJ0€ IpEINpHUsITHE
3aKa3bIBACT MapIIPYTHI IJIsl CBOMX HYXJ Y CTO-
POHHUX TPERNpPUSTHN, ¥ HAOIIOAACTCS TTOBBI-
IIEHHBIN YPOBEHB TyOINPOBAHNS C MAPLIPYTaMH
apyrux npeanpustuil. Ilo cytu mpeanpusatus
TUIATAT 32 OJTHH M T€ K€ MapIIpyThI, IIPU 3TOM
o0I1Iee KOIIMYECTBO TPAHCIIOPTA SIBISIETCS N30bI-
TOYHBIM.

BaxToBble MapmIpyThI JUTsl BCEX ITACCAKUPOB
SIBIISTIOTCSL OECTIIATHBIMH, JUTSl JKUTENel roposia —
9TO OOJNBIION TUTIOC, TaK KaK IIPU COBMAICHUN
TpPacchl TOPOJICKOTO M BAXTOBOTO MapIIpyTa y *KH-
TeJel roposia €CTh BO3MOXKHOCTB BOCTIONB30BATh-
cst OeCIIIaTHBIM BaXTOBBIM MapIIPyTOM HA HEOOIb-
IIIOM PACCTOSTHUM BHYTPH I'OPOJIa 1 HE TIIATHTD 3a
TOPOJICKOH OOIIIECTBEHHBIH TPAHCTIOPT.

O4eBUIHO, YTO TIPH TAKOM COBIIAICHHUH JKH-
TEJN TOPO/Ia BBIONPAIOT OECIIIaTHBIC (BaXTOBBIE)
MapmpyTel. OHAKO €CIIM TMYTH CIIEAO0BAHUS
JKUTENEH TOpo/ia HE COBIAJAIOT C BaXTOBBIMH
MapIpyTaMH, UM IPUXOIUTCS KIaTh U MOJIB30-
BaTHCSl TOJIBKO TOPOJCKHUM OOIIECTBEHHBIM
TPAHCIIOPTOM.

B c¢Bs13u ¢ TeM, YTO TOPOICKHE MapIIPYThI
HEJ03arpyKeHbl B 4achl MK M3-3a OTTOKA
MIacCaXMPOB HAa BAXTOBBIE MAPIIPYTHI, TOPOJ-
CKHE MIEPEBO3YNKN BBIHYK/ICHBI yBEINIHBATH
WHTEPBAJIBI ABMKCHUS, MEHSATH THIT MOJBHXK-
HOTO COCTaBa, MEPEXoasl Ha MECHEE BMECTH-
TEJIbHBIH.

B Hacrosmee BpeMs, cpeqHUN HHTEpPBAI
JIBHJKEHHS TOPOJICKOTO aBTOOYCHOTO Iacca-
JKHPCKOTO TPAHCIOPTA COCTABISIET OKOJIO
45-60 MuHyT, 9TO I TOopoja HmxHekaMck
SIBIISTIOTCS HEMTPHEMIIEMBIM.

B pesynbrare, 3a mocieqHue TOIBI 00BEM
MTaCCaKMPOIIOTOKA HAa OOIIECTBEHHOM TpaHC-
TopTe B XKUJIOH 30HE yman Oosee uem Ha 25 %
1 TIPOJIOJIKAET maaath (puc. 1).

OCHOBHBIMH 3afadaMi (HOPMHUPOBAHUSA
MapIIPYTHBIX CETEH TOPOACKOTO MACCAKUPCKOTO
TPAHCIIOPTa OOIIETO MMOIB30BAHNUS, KaK B MOHO-
TOpOJax, TaK U B Ipyrux roposax Poccuw, sBis-
IOTCSL:

* CHUCTEMHBIH aHau3 [6] paboThI MapIIpyT-
HOH ceTu ropoaa;

* OpraHu3anys 1 NPOBEICHNE 00CIeT0BaHIN
MacCAKUPOIIOTOKOB HAa MapIIPyTax MACCAXKHP-
CKOTO TPAHCIIOPTA;
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KOMWYECTBO NACCAXWPOB B
CYTEM

* OpraHu3alys U POBEICHHUE COL[OJIOTHYE-
CKOT'0 ONpoca JUis BBISIBICHUSI TPAHCIIOPTHBIX
norpedHOCTE 1 MPOOIeM TPAHCIIOPTHOTO 00-
CITy)KMBaHHsI HACEIICHHS;

* (hopMUpOBaHUE NPEUIOKECHUI 110 COo3/a-
HUIO 3()()EKTUBHOW CHCTEMBI MACCaXKUPCKOTO
TPaHCIOPTa OOILEro MOJIb30BAHMS;

* pa3paboTKa TPaHCIIOPTHOW MOJIEIHN MPOCK-
Ta;

* pa3paboTka (PHHAHCOBOI MOJIEIIH MPOCKTA,;

* [IO/IFOTOBKA TIJIaHA BHEAPEHHsI HOBOM MapIII-
PYTHOM ceTu.

Ha HayanbHOM 3Tane HeoOX0ANMO IIPOBECTH
aHaJM3 paboThl MAPIIPYTHOMH ceTn roposa. B o1-
JIMYHeE OT PouuX roponos Poccun, B MOHOTOPO-
JlaX HEOOXOIUMO TPOBECTH aHaIM3 pabOThI HE
TOJIBKO MYHHUIMITAIILHOTO, HO M 3aKa3HOTO (Bax-
TOBOT0) TPAHCIOPTa, TaK KaK 3HAYUTEJbHAs
JIOJISL TIEPeBO30K OyJeT MPUXOAUTHCS Ha Iepe-
BO3KH PabOTHHUKOB IPajio00pasyIoiuxX Mpea-
NpuUsTHI Ha paboTy 1 00paTHO.

Jlanee He0OX0ANMO POBECTH O0CIIEIOBAHUE
MaCCaXUPOIMOTOKOB Ha MapuIpyTax MYyHHIIH-
MaJbHOTO M 3aKa3HOTO TpaHcropTa s Oojee
JIETaJIbHOTO aHaJHM3a CIOKHUBILEHCS CUTyalH
B TPAHCIOPTHOI OTpAaciy ropoja.

MWP TPAHCITOPTA. 2021.T. 19. N2 5 (96). C. 91-98

Puc. 2. Konuyecmeo nepese3EHHbLIX Naccaxupos 8 CymKuU 8 Ce4eHUsIX
(ebInonHeHo asmopamu no pe3ynsmamam mp

A, 3

PMHBIX uii 2019 2.).

TpancnopTHbie 00CICIOBAHUS BO3MOXKHO
MIPOBOIUTH KaK Ha OCTAHOBOYHBIX ITyHKTaX, TaK
U BHYTPHU TOABHKHOTO COCTaBa C MOMOIIBIO
JMATYUKOB BXOJa M BBIXOJAA MACCAKUPOB JTHOO
C MOMOIIBI0 YYETUHUKOB, @ TAK)Ke MOXKHO HC-
10JIb30BaTh KOMOMHUPOBAHHBIA METOX 00CIIe-
JIOBaHUS.

B Hacrosiiee BpeMst 001 CTBCHHBII TpaHC-
MOPT B OCHOBHOM HE 00OPYIOBaH JaTdyHKaMH
BXOJIa M BBIXO/Ia MAaCCAXKUPOB, & MPUBIICUCHHE
Y4€TYUKOB TpeOyeT OOJBIIOTO KOJIUYECTBA
nozieit. B ¢Bsi3u ¢ aTuM Hauboiee mpeanoyYTH-
TEJIBHBIM SIBJSICTCSI KOMOMHUPOBAHHBIA METO.T
MPOBEICHHS 00CIICI0BAHUS.

KoMOMHHUpOBaHHBIN METOA MPOBEIACHHUS
00CIIeI0BaHUsT MCHEE 3aTPATHBIA, 4eM METO[
MIPOBEICHUS 00CIIeIOBAaHHSI BHYTPH MOABHKHO-
TO COCTaBa, a Ka4eCTBO MOJTYUYCHHBIX JaHHBIX
0 MAcCaXUPOIOTOKE JOCTATOYHO JJIsI aHAITN3a,
TIPUHSTHUS PEUICHUH U TUIAHUPOBAHUS PA3BUTHUS
MacCaKUPCKOTO TPAHCTIOPTA B MEPCIIEKTHUBE.

[Tpu npoBeaeHNHU BU3yaIbHOTO 00CIe10Ba-
HUSI Ha OCTAaHOBOYHBIX MYHKTaX, GUKCUPYETCS
BECh MAaCCAKUPCKUN TPAHCTIOPT, B TOM YHCIIC
3aKa3HOM U HeJIeraJbHbIM. YYETUNKY BU3Yyallb-
HO OMNpEeNSIIOT HANOJHEHUE TPAaHCIIOPTHOTO
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Puc. 3. OyeHka kayecmea pabombI Naccaxupcko2o mpaHcnopma (cocmaenieHo agmopamu
no pesynbmamam coyuonozau4eckozo onpoca 2019 2.).

CpEeICTBa IT0 YCIOBHOW OaitpHON Tabmwue [7],
a TAKXK€ YMCIIO BOUICAIINX W BBIICANINX Mac-
CaXHPOB.

B MoHoOropozax o6cienoBaHus BHYTPH
TTOJIBIPKHOTO COCTaBa TaK)Ke HEOOXOIMMO MpO-
BOJUTH KaK Ha MYyHHWIIUIAJBHBIX MapIpyTax,
TaK ¥ Ha MapIHIpyTax 3aKa3HOTO TPAHCIIOPTA.

He Bce nmpeanpusiTrst MOTYT COIIIACUTHCS Ha
TO, 9TOOBI B UX MOJBM)KHOM COCTaBE yCTaHAaB-
JIUBAJIUCH JATYNKN BXOJ/IA U BBIXO/A MACCaKHU-
poB, OO B MOABIKHOM COCTaBE HAXOIMIICS
Y4ETUHK. DTO MOXKET OBITH CBSI3aHHO CO MHO-
rumMu (GakTopamu, B YaCTHOCTH C TEM, UTO
pa3Bo3Ka y MPEATPHUIATHN OCYIIECTBISIETCS
B aBTOOYCE TOJIBKO C CUASINMU MECTaMH, U Ha-
TTOJIHAEMOCTh aBTOOYCOB MOXET COCTaBIIATH
100 %.

B Takom ciydae HE0OOXOIMMO TPOBOAMTH
o0cIieoBaHNs Ha OCTAHOBOYHBIX MTYHKTAX KaK
B TOPOJICKOW UepTe, TaKk U B MPOMBIIIIECHHON
30HE.

OO6cenoBaHys HA OCTAaHOBOYHBIX ITyHKTaxX
OOBIYHO TPOBOAATCS B yTPEHHUI, THEBHON
1 BEUEPHUII Uac MuK.

B MoHOTOpO/aX, B MOAABIIAIONIEM OOIBIINH-
CTBE, IPOMBIIIJICHHBIC TIPETIPHUSITHS HAYWHAIOT
paboTy paHbIle, 9YeM MPEANPHUITHS, yIpexKie-
HUS ¥ COUMAIBbHBIE OOBEKTHI B JKMIIOW 30HE
ropona. B Takom ciydae cieayer ydecTb JlaH-
HYIO0 0COOCHHOCTb M 00CIIeIOBAHHSI TIPOBOIUTH
HE B TEUCHHE OJIHOTO 4aca, a B TCUCHHUE He-
CKOJIBKHX YaCOB, TO €CTh IIMKOBBIX YacOB, KaK
B JKWJIOH, TaK ¥ B IPOMBIIIJIEHHON 30HE.

[Ipu onpeneneHNH OCTAHOBOYHBIX ITyHKTOB
00cIeT0BaHNs B IPOMBIIIIICHHOH 30HE CIEAyET
00paTnTh BHUMaHKE Ha OCTAHOBOYHBIE ITYHKTBHI,
PacCITOJIOKEHHBIE B HETOCPEACTBEHHONW 30HE
Y TIPOXOAHBIX TPEINPHATHH, U TIPH BO3MOKHO-

CTH TPOBOANTH O0CIEOBAaHMS Ha HUX KaK Ha
Hanbosee 3arpy’KEHHBIX OCTAHOBOYHBIX ITyHK-
Tax.

B Hmxaekamcke oOcnenoBaHus TPOBOIH-
JIMCh KaK BHYTPH MOABM)KHOTO COCTaBa, TaK M Ha
OCTAHOBOYHBIX MyHKTax. JlaHHBIE TpaHCTIOPT-
HbIe 00CIIEeIOBaHMS TMOKA3aIH, YTO OCHOBHOU
IacCaXKUPOTIOTOK, YTO ¥ MOXKHO OBIJIO 0XKH/IATh,
HaOJIIO/TaeTCsl MEXIY TOPOJOM W TIPOMBIIUICH-
HOH 30HO# (puc. 2).

ITpn mpoBeneHNy orpoca Iyisi JaHHOTO HC-
CJIE/IOBAHUSI TIIABHOH OCOOEHHOCTBIO OBIIO TO,
YTO CJEJ0BAJIO MPOWHTEPBBHIONPOBATH MOIH30-
BareJeil Kak MyHHIIUITAIBHOTO TPAaHCHIOPTA, TaK
1 3aKa3HOTO. DTO HEOOXOANMO JUISl MOTYydCHHS
aKTyaJbHBIX W OOBEKTHBHBIX cBeleHHU. [Ipn
OTIpoce, HaIpruMep, TOIBKO TOJIb30BaTENeH My-
HUIMTIATBHOTO TPAHCIIOPTAa MOXKHO TTOTYyYHTh
00JBIIOE KOJTMYECTBO HETaTUBHBIX OT3BHIBOB,
a [IPY OITPOCE TTOJTL30BATEINIEH TOIBKO 3aKa3HOTO
TPAHCIIOPTAa — B OCHOBHOM TOJIOXKHUTEIBHBIC
OTBETHI.

CormacHo MPoBeIEHHOMY COLIHOIOTHYECKO-
My OIlpocy, HaceJleHue ropoja HipkHekaMck
JIOBOJIBHO PabOTOH TpaMBaeB M BAaXTOBBIX aBTO-
OycoB U HE y/IOBIETBOPEHO pabOTOI TOPOACKUX
aBTOOYyCOB (pHC. 3).

I'maBHBIMH TIpOONEeMamu B pabote Hinkne-
KaMCKOT'O TOPOJICKOTO aBTOOYCHOTO TPaHCTIOPTa
SIBIISTFOTCSI HECOOITIO/ICHNE PACTIMCaHus U O0JIb-
€ WHTEPBAJIBI IBIKCHUSI.

PecnonzenTam Takke OBIT 3a7aH BOIPOC:
«IIpn kakux obcTosiTeNnsCTBaX BB rOTOBBI ITEpe-
CeCTh C JIMYHOTO Ha OONICCTBEHHBIH TpaHC-
opt?». Okoo 40 % ONpOIIEHHBIX OTBETHIIH,
YTO TOTOBBI MEPECECTh Ha OOMECTBEHHBIH
TPAHCIIOPT MTPHU YCIIOBUH YITyHIIIEHHS €T0 paOOThI

(puc. 4).
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Puc. 4. BoibpaHHbie u3 npednoxeHHbIX 8apuaHmbI omeemoe Ha 80npoc 06 ycrosusix nepecadku Ha 06ujecmeeHHbIl mpaHcnopm
(cocmaesneHo aemopamu no pesynbmamam coyuonoauyeckozo onpoca 2019 e.):
1- Mpu yny4weHuu paboms! 06W,ecmeeHHO20 mpaHcnopma.
2 - Hu npu kakux o6cmosimenbcmeax.

3 - Opyaue ycnosus.

4 - Bpemsi 8 nymu Ha MmaWwuHe HayHém npesbiwamb epemsl 8 nymu Ha obujecmeeHHoOM

mpatcnopme.

5- Bbipacmem cmoumocmb 6eH3UHa.

Takum 06pa3oM, OTPOC MOKA3aJI, YTO MOUYTH
MOJIOBMHA HACEJIEHHsI TOPOJIa TOTOBA MEPECECTh
Ha O0IIECTBEHHBIM TPAHCIIOPT P HOpMAaJH3a-
IIUH €r0 pabOoTHI.

OBCYXOEHUE

OCHOBY JTOXOJHOW YacTH MAaCCaXUPCKHUX
MepeBO30K BO Bcex roponax Poccuiickoit dene-
palyyu COCTaBISIIOT MOE3AKH C TPYIOBBIMH I1e-
JISIMH, @ UMCHHO TIO€3]IKM Ha paboTy U 00paTHoO.
J1oX0HOW YacTH OT COLMAIBHBIX MMEPEBO30K
OOBIYHO HEJOCTATOYHO JUISl OIUIAThI KarUTajb-
HBIX 3aTpar [8].

J1J1s1 GONBIITMHCTBA MOHOTOPOJIOB CIIIE OTHOM
0COOEHHOCTBIO SIBIISIETCS TO, YTO OCHOBY T1acca-
JKUPCKUX MEPEBO30K COCTABISIOT MOE3IKH
B [IPOMBIIIJICHHYIO 30HY, U BCE OHH OCYIIECTB-
JSIOTCS HE MYHUIMIAJIbHBIMHU, a 3aKa3HBIMU-
BaxXTOBBIMH Mapipytamu. Hanpumep, B Huxk-
HEKaMCKe WX JI0JIsl JOCTUTAET MOJOBUHBI BCEX
MIEpEeBO30K B TOPOJIE.

Kpome Toro, O0NBIIMHCTBO MPEANPUATHHA
JIOCTaBISIET CBOMX COTPYJHHUKOB JIO MecCTa
paboTsl B aBTOOycax ¢ MATKHUMH CUISTYUMHU
MmecTtami. [IpombliieHHas 30Ha, Kak IIpaBuiIo,
HaxomuTcsl MO0 B yepTe ropoja, JTud0 Ha
HE3HAUYNTEJILHOM PAaCCTOSIHUU OT Hero (Mopsij-
ka 10 xm). [Ipu cpenneit ckopoctu aBTo0ycoB
B 25-30 xm/4ac BpeMs B IyTH 3aHMMaeT He
6oxnee 20-25 MUHYT B OJJHY CTOPOHY, YTO 5IB-
JSIETCSl IPUEMIIEMBIM IS OpTaHHU3aluK JABU-
JKEHHsSI HA TOPOJICKUX aBTOOYCaX CO CTOSYMMHU
MeCTaMH.
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B pesynbrare MyHHIUIAIBHBIA TPAHCIIOPT
HECET KOJIOCCAIIbHBIE YOBITKH B COTHH MUJIJIHO-
HOB pyOJIei.

Takum 00pa3oM, OCHOBHAsI UIesl TOCTPOCHHSI
3¢ eKTHBHOM cHCTEMBI pabOTHI TACCAKUPCKOTO
TPaHCIIOPTa B MOHOTOPOAX MOXKET 3aKJII0YaTh-
cs1 B 0OBETMHEHUN BaXTOBOH M TOPOJICKO ceTei
B €/IMHYIO CHCTEMY ITACCAXKUPCKOTO TPAHCIIOPTa
001Iero Mob30BaHUS C IENIbIO MOBBIIICHUS
3¢ PEKTUBHOCTH PaOOTHI OOIIECTBEHHOTO TPAHC-
TOpTa M €T0 MPUBJIEKATEIILHOCTH JIISI TACCaXKH-
POB 3a CU€T KauecTBa MPeJOCTABISIEMBIX YCIYT
[9].

B pesysbrare BIojHE BO3MOXKHO HallaUTh
paboTy TOPOJCKOTO MACCaKUPCKOTO TPAaHCIIOpTa
0e3 yXynuieHus paboThl 3aKa3HBIX-BaXTOBBIX
MapuIpyTOB, MPUYEM 3TO HE MOTPedyeT J0MoI-
HUTEJBHBIX BIOYKEHHH KaK CO CTOPOHBI IPajio-
00pasyromux NpearnpusTHH, TaK U CO CTOPOHBI
OFrOIKETa ropofa.

B pesynbraTe Takoro oObCAMHECHUS CETCH
BaXTOBBIX ¥ MyHHUITUITAJIBHBIX MAPIIIPyTOB OYIyT
CHIDKEHBI IPOOETH MOJIBIYKHOTO COCTABA; yMEHb-
mIeHo 0o0Iee KOJIUYEeCTBO TPAHCHOPTHBIX
CPE/ICTB Ha TOPOJICKHX YIIHIAX; YBEIHYECHO KO-
JIMYECTBO TTACCAKUPOB; CHUKEHBI KOJIMUYECTBO
peiicoB n cebecTOMMOCTh MEPEeBO30K, BCIE-
CTBHME 4ero Oy/eT JOCTUTHYTa NPUOBLILHOCTD
MYHUIIUTATBHBIX TIEPEBO30K.

B HacTosimee BpeMsi B aIMHUHUCTPALUH
r. Hmxaekamck coBmecTHO ¢ [TAO «TatHeTh»
BeAETCs paboTa Mo peann3anuy MpoeKTa Mo
BHEJ[PEHHIO HOBOH ONTHMU3UPOBAHHOW MapIi-
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T

pyTHOH ceTH. Ye co3JaH M Hadal paboTry
«lenTp Aucnerdepusanuu 1 OpraHU3aIUH 11ac-
CaKMPCKHX MIEPEBO30KY, 3aBEPIICHA pa3padoTKa
TPAHCIIOPTHOH 1 (PUHAHCOBON MOJIEITTN ITPOCKTA,
popaboTaH MEXaHU3M B3aUMOJEHCTBHS C OIle-
paropom «CormmanbHasi KapTa», a TaKKe B3au-
MOPacUETOB 3aKa3UMKOB U HUCIIOJHUTEIEH.
Kpome Toro, 3amymieH TECTOBBINH aBTOOYCHBIN
MapIIpyT B IPOMBIIIIEHHYIO 30HY, pa00TaOIINH
6€e3 KOHIYKTOpa, C yCTaHOBICHHBIMH TEPMHHA-
JaMM 7Sl OIIAThl Ipoe3zia U KaMepaMu Uis
MO/CYETA MACCAKHUPOB.

JlJis yCTIenIHOTO U yCTOWYHBOTO (PYHKITHO-
HUPOBAHUS HOBOH MapIIPyTHON CETH HEOOXOAH-
MO JOTIOJTHUTENIBHO BBINOIHNTB €Ié Psisi MEepo-
MIPUSTHI:

* CO3/aTh CTPYKTYPY OpraHU3aToOpa MepeBo-
30K, KOTOpasi OyIeT BBINONHATH (QYHKIUH ILIa-
HUPOBAHMS, MOHUTOPHHIA ¥ KOHTPOJISI BBINOJI-
HEHHUS TOPOJICKHX NMACCAKUPCKUX MEPEBO30K;

* BBECTH CAMHBIA Tapu] I HOBOH TpaHC-
MOPTHOM ceTH;

* CO3/IaTh €IMHOTO ONepaTopa aBTOMAaTHIE-
CKOM OIUIaThl IPOE3/1a;

* U3MEHHUTh OPTaHU3ALHUIO JOPOXKHOTO JBH-
JKEHUSI Ha PsIJIE IEPEKPECTKOB TOPOAA;

* OpPraHU30BaTh BBIJICJICHHYIO IOJIOCY Ha
ITyTH CIIEA0BAHUS K IPOMBIIITICHHOH 30HE.

JlaHHbBIE TPEUIOKEHHSI MOTYT OBITH JIOTION-
HUTEIBHO 0OOCHOBAHBI.

Tak, OmHIM N3 OCHOBHBIX YCIOBUH (DYHKITHO-
HHUPOBAHUS HOBOM MapIIPYTHOH CETH SIBIISIETCS

BBE/ICHHE €MHOTO Tapu(a Ha BCEX MapIIpyTax
OOIIECTBEHHOTO TPAHCIIOPTAa M OpTraHU3aLUs
€IMHOTO OTIepaTopa aBTOMAaTHUYECKON OIIaThl
npoesaa. [Ipy opranusanum eAnHOTo oneparopa
HEO0OXOIMMO CO3/1aHNE CHCTEMBI aBTOMATH3UPO-
BaHHOW OIUIAThI IIPOE371a M OCHAICHHUE TPAHC-
MTOpPTa HEOOXOTUMBIM 000PYIOBaHHEM.

I'maBHBIMU IPENMYIIECTBAMH ITPU CO3AAHUN
CTPYKTYPBI OPTaHU3aTOPa EPEBO30K SBISIOTCSL:

* MOHUTOPHUHT U KOHTPOIIb UCIIOJIHEHUS MYy-
HUIMINATIBHBIX KOHTPAKTOB HA MACCaKUPCKHE
MIEPEBO3KY;

* OTIEPATUBHOE YIPABICHHE MTACCAKUPCKUMHU
MIEPEBO3KAMH;

* pa3paboTKa KOMIUIEKCHBIX MpPEATOKEHUN
TI0 Pa3BUTHIO TOPOICKOTO ITACCAKUPCKOTO TPaHC-
opTa;

* IPEAOCTaBICHNE MH(POPMALIMOHHBIX YCIIYT.

OnHUM U3 IUTIOCOB JIAHHOW CHCTEMBI SIBIISI-
eTcs BBEJCHUE YHUBEPCAIBHOTO OMieTa, KOTo-
PBIM MOXKHO OyZIET BOCIIOIb30BAThCA KaK B Bax-
TOBOM aBTOOyce, TaK M Ha MYHHUIUIAIbHBIX
MapIpyTax BHYTPU ropoja.

Kpowme Toro, mmocamu OyIeT TO, 4TO TOpoOz
CMOXKET ONITUMHU3HPOBATH PACXOIbI Ha OOIIIECTBEH-
HBIH TPAHCTIOPT, 4 IEPEBO3UNKH CMOTYT OCHACTHTh
TPAHCIIOPTHBIE CPEACTBA OOPTOBBIMH yCTPOHCTBA
JUTSL TTOZICYETA TACCAKMPOTIOTOKA, A, CIIEI0BATENb-
HO, CMOTYT KOHTPOJIHPOBATh OIUIATy MpOe3/a
1 TIOBBICUTH BBIPYUKY MPETPUSITHS.

[Ipombrunennas 30Ha HuxHekamcka Haxo-
JIITCS] HA HE3HAUYUTEIbHOM PACCTOSHUM OT TOPO-

¢ MWP TPAHCIIOPTA. 2021.T. 19. Ne 5 (96). C. 91-98

MsyuH B. H.; AxmeTos Jl1. P., Llynsies B. B.; KonapaiwkuH M. I. OcobeHHOCTH
(hOpMUPOBaHUA MapLUPYTHLIX CETEN FOPOACKOro MaccaXMpPCKOro TpaHcnopTa ooLLero
nonb3oBaHWsi B MOHoropoaax Poccun Ha npumepe ropoaa HuxHekamck




Jla, IOPsiIKa JICCSITH KMIOMEeTpoB. [Ipu BO3HUK-
HOBEHUH HEIITATHBIX CUTYaIlHH, TAKMX KaK J0-
POXHO-TPAHCIIOPTHBIC TIPOUCIICCTBUS, PEMOHT
JIOPOT U T.JI., HA TIOABE3]C K MPOMBIIUICHHON
30He 00Opasyrorcs mpoOku. (i moBBITIICHUS
MPUBJIEKATEIbHOCTHA OOIMICCTBEHHOTO TPaHC-
MopTa Mepe]] JINYHBIM NpeJIaraeTcs OpraHusa-
LIS BBIJEIEHHON NOJOCH O MPOMBIIIIEHHON
30HBI roponia. OpraHu3anus BBIICICHHON MTOJIO0-
CbI — oucHb 3 (HEKTUBHBIN METO]] 00CCIICUCHUS
0e30MacHOCTH JIBIKEHHUS, CIIOCOOCTBYIOMIHI
CYIIICCTBEHHOMY YMECHBIIICHUIO 3aJICPIKEK U TI0-
BBIIICHHIO TIPOITYCKHOMW CIIOCOOHOCTH TPOeBKen
gactu [10].

3AKNOYEHKUE

IIpu peanuzanmu 1aHHOTO BapUaHTa Pa3BU-
THSI OCHOBHBIM TOJOKUTEIBHBIM UTOTOM JUIS
HAceJICHHs CTaHET COKpPaIleHHE BPEMEHH 10€3-
JIOK M OKHJAHUSI, YTO MOBBICUT JOCTYIHOCTb
0O0IIECTBEHHOTO TPAHCIIOPTA M KaUYeCTBO 00CITy-
JKMUBaHHS 11ACCAKUPOB.

[TonOXUTENBHBIMU CTOPOHAMH TSI TOPOJA
Oy/eT BO3MOXKHOCTh OCYIIECTBICHHE MOHHUTO-
pPHMHTa U ynpasJeHusl paboTol 00IIeCTBEHHOTO
TPAHCIIOPTa B PEXHME PEATBHOTO BPEMEHH,
yAydlIeHHE SKOJIOTHYECKOH CHTyalllH, CHIKE-
HHE Harpy3ku Ha OIOIKeT Topoja M, Kak Cliel-
CTBHE, TTOBBIIICHNE TPUBJIEKATEIEHOCTH FOPOAA
B IIEJIOM.

J1J1st IepeBO3YMKOB HEOCTIOPHMBIMH ILTIOCA-
MU CTaHyT yBEJIHMUCHNE TPUOBLTH OT TEPEBO30K,
YMEHbIIIEHNE CE0ECTONMOCTH U IMOBBILICHHE
IPHOPHUTETA OOIIECTBEHHOTO TPAHCIIOPTA.

IIpeanpusTust NPOMBILUIEHHON 30HBI B pe-
3yJIbTaTe COKOHOMSIT JICHEKHBIE CPE/ICTBA, & TaK-
JKe TIOBBICST KadecTBO yciyr. Kpome Toro, 3To
CKa)KeTCsl ¥ Ha NMHJDKE KOMIIAHUH, TaK KaK Ha-
CeJIeHHe ropoja, YBUIUT, YTO PYKOBOJCTBO
HPEANPUATHH peabHO 3a00THTCA HE TOJIBKO
0 CBOMX COTPYAHHKaX, HO M O WICHAX UX CeMel
W JKUTEJISIX BCETO Topojia.
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CTPOUTENLCTBO 100

baueHHble KpaHbl N00BEPKEHB!
8emposoll Hagpy3ke U 3mo

MOXem npusecmu K cepbEsHbim
nocnedcmeusim. lNpednazaomes
pacyémHble CXeMbl, y4umbIgaroujue
U3MEHeHUe UHMEHCUBHOCMU
8emposoli Hagpy3Ku No 8bICOME KpaHa,
€20 CclyqaliHbIl xapakmep, pucku
npo0ObHbIX, KpYMUITBHBIX U U32UBHbIX
konebaHu.
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WccnepoBaHue xapakTepa HarpyXeHus
METanNNOKOHCTPYKLMIA OaLieHHOro KpaHa

6oL CITALIKOBA

®ununn KY3HELIOB

AHHOTALINA

MposedéHHbIl aHanu3 agapuliHOCMU KPaHO8bIX KOHCMPYK-
yuti ceudemenbcmgyem 0 mom, Ymo 00HOU U3 caMbIxX pacnpo-
CmpaHEHHbIX Npu4YuH asapull baweHHbIX KpaHo8 sensemcs
semposas Hazpyska. Y4ém eemposoll Haepy3Kku Ha KpaHoeble
KoHcmpykyuu npogodumcs 8 paboyem u Hepaboyem cocmosi-
Husx. B paboyem cocmosHuu yyumsigaemcs npedenbHas
8emposas Haepyska, npu kKomopol obecneyugaemcs 3kcnya-
mayusi KpaHa ¢ HOMUHarbHbIM 2py3oM. B Hepaboyem cocmosi-
Huu pacyém nposodumcs ¢ y4émom KoaghuyueHma, y4umsi-
8alowWe20 usMeHeHue QUHaMUyecKko2o 0asieHus 8 3a8UCuUMOo-
Cmu om 8bICOMbI PACNOMOXEHUS OM NOBEPXHOCMU 3eMiu
0aHHO20 3neMeHma KOHCmpyKyuu 8 Hepaboyem u paboyem
cocmosiHusix kpaHa. OOHaKo 8 HopMamugHbIX 00KyMeHmax, kak
npasurno, He ydumbieaemcs cny4alHbil xapakmep delicmsusi
8emposoll Hazpy3ku, xoms Mamepuansi uccredosaHull uame-
HeHusi ckopocmu eempa (nopbIgos), NPUBEAEHHbIE 8 Hay4YHO-
mexHu4eckol numepamype, caudemenbcmeytom o nepuoduy-
Hocmu ux delicmeus.

Llenb uccnedosanusi: Usy4umb xapakmep HaepyXeHUs KOH-
cmpyKyul 6aweHHo20 KpaHa, Ymo NO3BOUM OUEHUMb UMEHEHUE
KonebamenbHO20 Npouecca 8 31eMeHme MemarniokOHCMPyKyuU
KpaHa om Qelicmeus 8empogoll Hagpy3Ku.

JI Anexcanop Cnao a8
@uaunn Anexcanoposuu Kysneuos®
-2 Poccutickuti ynusepcumem mpancnopma, Mockea,

Poccus.
04 ! rich.cat2012@yandex.ru.

B npednazaemoli 8 cmambe pacyémHoli cxeme 6binu yyme-
HbI UMEHEHUEe UHMEeHCUSHOCMU 8empo8oll Hazpy3Ku No 8bicome
KpaHa u cryqaliHbIli Xapakmep eé U3MeHeHUsi, Komopkle 8 CO80-
KynHocmu 6e0ym K 803HUKHOBEHUIO NPOOObHBIX, KpYMUITbHbIX U
u32ubHbIX KonebaHull. KonebaHus MemannoKoHCMPYKUUU KpaHa
paccMampusanuch asmopamu Kak KonebaHus ocyunismopa ¢
3a0aHHbIMU napamempamu amnaumydsl KonebaHuli, Maccamu
cucmemb! (cmpena u bawHs), 8ecom nodHumaemoz0 apy3a. pu
3MOM y4UMbIBAIOCH MEXaHUYeCKoe COCMOSHUE CUCMEMbI: XEcm-
Kocmb U ynpy2ocmb.

Teopemuyeckue uccnedosaHusi paccmampusaemol cuc-
membi nposodunuck 8 dsyx eapuaHmax: 1) Kak ynpy2ossi3kas
cpeda; 2) Kak KOHMUHyanbHas cucmema.

[MonyqerHble pe3ynbmambi N038OAUU 8bIS8UMb (hU3UYe-
CcKyto npupody konebamesnbHO20 NPoYEcca U NPoBECMU Konuye-
CMBEHHYI0 OUEHKY USMEHEHUS HagpyKeHUs MemaroKoHCmpyK-
yull baweHHo20 KpaHa.

MposedéHHble meopemuyeckue uccnedosaHus No3gonuu
nomyqums ebIpaxeHue, NO3BONAIOWEE OUEHUMb U3MEHEHUE KO-
nebamesbHO20 npouecca 8 3neMeHme MemarnoKOHCMPYKYUU
KpaHa om Oelicmeusi 8emposoll Haepy3Ku, Hocswel cry4aliHbit
Xapakmep HagpyXeHusl.

Krioyesb e crioga: mpaHcnopmHoe cmpoumesisCmeo, HaepyxeHue MemarniokoHCmpykuul, 6aweHHs I kpaH, 8emposas Hagpy3ka,

HazpyKEeHHOCMb, KoNeGamelibHbI NPoUecc.

[ns uumuposanus: Cnadkoea /1. A., Kysreuos @. A. MccredosaHue xapakmepa HazpyxXeHust MeManioKoHCmpyKkyull 6aleHHo20
KkpaHa // Mup mpatcnopma. 2021. T. 19. Ne 5 (96). C. 100-104. DOI: https://doi.org/10.30932/1992-3252-2021-19-5-12.

MonHbIl mekcm cmambu Ha aH2nulickoM si3bike ny6auKyemcsi 80 mopoli Yacmu 0aHHO20 8bINYCKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

bamenHble KpaHbl MIMPOKO HCHONB3YIOTCA
B TPAHCTIOPTHOM CTPOUTEIIHCTBE TIPU BO3BEACHUN
00OBEKTOB HHPPACTPYKTYPEI.

IIpu sToM o craructuke OenepanbHOil CTyxK-
OBl 1O HKOJIOTUIECKOMY, TEXHOJIOTHIECKOMY
U atoMHOMY Haj3opy Poccuiickoit Deneparmu’
HanOOJbIIIEE YHCIIO ABAPHH, CBSI3aHHBIX C TPY30-
MOABEMHON TEXHUKOM, MPUXOAUTCS UMEHHO HA
OarrenHsle kpaHel. Hampumep, 3a 2020 rox npu
9KCITyaTallud BCEX BHIOB IPY30MOABEMHBIX CO-
OpyKeHUid ObUI0 3apuKCHpoBaHO 53 aBapuw, w3
HUX HauOombIree gncio ciyvaes (11) mpumuiocs
Ha GallleHHbIE KpaHbL. B pesynsrare morutmo ceMpb
yernoBek. [lo manHpM aBTopa [1, ¢. 1] ata mmdpa
cocrasisiet 82 %.

Camoif pacTipocTpaHEHHOM PHUIIHON aBapHid
OallleHHBIX KPAHOB SBIIETCS] BETPOBast Harpy3Ka.
ITo maHHBIM AMEPHKAHCKOTO HAIlMOHAIHHOTO
nHcTHTyTa cTapaaptoB (The American National
Standards Institute (ANSI)), B tecsaTrieTHHH T1e-
puoz ¢ 2000 o 2010 rox B Mupe mpown3zonwio 1125
aBapHii ¢ GaIICHHBIMHI KPaHAMH, B KOTOPBIX CMep-
TeIbHbIE TpaBMbI nomyunmn 780 yenosek, 23 %
9THX aBapHii OBLTN BBI3BAHBI BHICOKOW BETPOBOM
Harpyskoii2. Ha yuér (hakropa BeTpoBOii HArpy3KH
TSt obecriedeHus Oe30MacHbIX YCIOBHHA paboTHI
YKa3bIBAIOT HE TOIBKO TPON3BOUTEIN KPAHOBOTO
000pyI0BaHMS, HO M SKCIUTYyaTaHThl TEXHUKH,
Ba)KHOCTB JJAaHHOTO (pakTopa MomIEpKuBaeT chop-
MHPOBABITIASICST HATIIA TIPOU3BOANTEINCH CIIeIHATb-
HOH anmaparypbl, 00eCTIerBarOIIEH OTIOBEIICHE
00 OITaCHOM MOBBIIICHUN 3HAYCHUH CKOPOCTH
Berpa’.

B Poccun yuét BeTpoBOI Harpy3Kku periaMmeH-
tupoBan [OCT 1451-77* npu pacuére MeTamiu-
YECKMX KOHCTPYKIMII M MEXaHU3MOB, TOPMO30B,
TIPU OTIPE/IETICHUN MOIIHOCTH JBUTATeNe, coo-
CTBEHHOH W TPy30BOH YCTOWMYMBOCTH KpaHa. 3a
BETPOBYIO HArpy3Ky Ha KpaH B pab0ueM COCTOSHUH
TIPHHAMAETCSI IPEieIIbHAst BETPOBas Harpy3Ka, py
KOTOpOH o0ecreunBaeTcs HKCILUTyaTays KpaHa

! TonoBoii oT4ér 0 esitenbHOCTH DejiepabHOI CIryKObI 110
9KOJIOTHYECKOMY, TEXHOJIOTHYECKOMY M aTOMHOMY Ha/30py
B 2019 roxy. — M.: HTLI «IIpoMsliuieHHast 6€301aCHOCTBY,
2020.

2 Wind Conditions and Crane Safety. [DneKkTpoHHBIH pe-
cypc]: https://www.windcrane.com/anemometer-wind-crane.
Hoctym 25.04.2021.

3 Zajicek, C. Effect of Wind Speed on Cranes. [Di1eKTpoHHbIN
pecypce]: https://www.cranewarningsystemsatlanta.com/post/
effect-of-wind-speed-on-cranes. {loctyn 25.04.2021.

* TOCT 1451-77 Kpans! rpy3ononsémubie. Harpyska Bet-
poBast. HopMel u meton onpenenenus. — M.: Toccrannapt
CCCP, 1977. - 19 c.

C HOMHUHAJIBHBIM Ipy30M. B HepaboueM cocTosiHuM
pacyét MpOBOAMUTCS C YU4ETOM KOd(pHIIUEHTa,
YUHTHIBAIOLIETO N3MEHEHUE TMHAMHYECKOTO JIaB-
JICHHS! B 3aBUCUMOCTH OT BBICOTBI PACIIOTIOKEHUSI
OT MOBEPXHOCTU 3€MJIH JIAHHOTO DJIEMEHTa KOH-
CTPYKLMH B HepaboyeM U paboueM COCTOSHHSIX
KpaHa. FIMeroTcst MexXayHapo/HbIe 1 HAlIMOHAIIb-
HbIE HOPMBI B JIPYTHX CTpaHax, HarpuMep, B AB-
CTpayuM JUisi MOOMJIBHBIX KPAaHOB IPUMEHSIFOTCS
crannaptel AS 1418.5 u EN 13000 [2].

Tot ke aBTOp OTMEYaeT SKOHOMUYECKUH -
(eKT OT NMpaBUIBLHOTO BHIOOPa MOJENN KpaHa,
HCXOJIS U3 IOITYCTUMOM /17151 He€ BETPOBOM Harpy3-
ku. [IpoBen€HHbBIE B OJIHOM 13 TOUEK HAOIONCHHSI
TIOKa3aJIH, YTO UCTIONIb30BAaHUE KPaHa, PACCUUTAH-
HOTO Ha BETPOBYIO Harpy3ky B 20 m/c, BMeCTO
KpaHa C JIOIyCTUMBIM 3HadeHHeM 12 M/c B TedeHHe
0712 TI03BOJISIET YBEJINYUTH ITPOAOIKUTEIILHOCTD
pabouero Bpemenu Ha 342 % [2].

CyuiecTBytomasl MpakTHKa HaOJIOICHUH 3a
W3MEHEHUSIMH CKOPOCTH BETpa IOKa3bIBAET, YTO
OHa HOCHUT CITy4JailHbI XapakTep u3MeHeHus [3],
YTO HEM30EIKHO MPUBEAET K U3MEHEHUIO HarpyKe-
HUSI 2JIEMEHTOB METAJUIOKOHCTPYKIIUK KpaHa [4].
B pabore [5, c. 44-46] Obina oTMedeHa cpeiHecTa-
TUCTHUYECKasl IEPHOANYHOCTh U3MEHEHHUS BETPO-
BOTO TIOPBIBA, paBHAs 55—65 ¢, XOTs Apyrue mare-
pHaibl uccnenoBaHuit [6, c. 32], mpoBenEHHBIX
B Poccum 1 3a pyOekom, B cpe/iHeM MOKa3bIBAIOT
0,5-5 ¢, To ecTh TaHHBIE OTIMYAIOTCS Ha MTOPSIJIOK.

ITo pesynbraram Gosiee O3THNUX UCCIIEIOBAaHUIA
[5, c. 44-46], yacToTa BO3AEICTBHUS BETpa HA 3Jie-
MEHT KOHCTpyKiwH Oyziet pasHa 0,0182-0,0154 ¢!,
Taxoii pa3dpoc He MOXKET He PUBECTH K M3MEHe-
HHIO TIPOJIOJIBHBIX, TTONEPEYHBIX M KPYTHIBHBIX
KoJIe0aHUH METaJUIOKOHCTPYKIMH OalleHHOTO
KpaHa. B pesyibrare BHyTpeHHHE YCHIIMS B pac-
CMaTpHUBAEMbIX METAIUIOKOHCTPYKIMSIX OyIyT HO-
CHTb U3rHOHBIE, KPYTUIIBHBIE U ITPOJIOJIbHBIE KoJle-
Oanust (cM. puc. 1). YuuTbiBasi BIMsSHUE HA METaJl-
JIOKOHCTPYKLIHIO OaIlIeHHOI'O KpaHa KaK Ha CHCTEMY
OT TNEPUOMYECKU BOZHUKAIOIIETO IOPhIBA BETPa
1 METaJUIOKOHCTPYKIIUIO KpaHa, IPEZICTABIIOLYI0
co00l cucTeMy, COCTOSIIIYIO M3 CTPEIbl, OaIIHK1
W Ipy3a, BUIHO, YTO JICHCTBHUE KOJIEOAHUI OT Beca
HOAHUMAEMOT0, OITyCKaeMOT0 MM 3aKPEIUIEHHOIO
rpy3a, He UCKIIIOYaeT (paKkT BXOMKIICHHSI KOHCTPYK-
LM B OKOJIOPE30HAHCHOE COCTOSTHUE.

J171s TpOBEPKH IaHHO# THIOTE3bI ObLIa I0CTaB-
JICHA ye/ib UCCIIeIOBaTh KOJIeOaTelIbHBII MPOLece
B KOHCTPYKIIMU KpaHa MU C IOMOILBIO Memo008
CHCTEMHOT'0 aHan3a 1 I PepeHIIaIbHBIX ypaB-
HEHHMH BBISIBUTH XapakTep KoleOaTelbHOro Ipo-
ecca.
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Puc. 1. Hazpysku, delicmeytoujue Ha KpaH N
(coznacHo IOCT 1451-77). N
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HyxHO OTMETHTHh HaTUYME UCCIICIOBAHUM,
MOCBSIIEHHBIX OMHCAHUIO MOJICIICH BO3ICHCTBUS
BETPOBO# HArPy3KU Ha OIEPAIH, COBEPIIACMbIC
KpaHaMH, B YaCTHOCTH, Ha IPy3, MCPCHOCUMBII
[IOBOPOTHBIM aBTOKPaHOM [7].

PE3YNbTATbI

PaccMoTpum Harpysku, IeHCTBYIOLIME Ha KPaH
B epBoM mpuOmmkenun (cMm. puc. 1). 31ech g
¥ ¢, —pacrpeeéHHas Harpy3Kka OT CHJIbI TSHKECTH
OalllHK ¥ CTpEIbl, COOTBETCTBEHHO, H; p 1 p, —
JlaBJIeHUE BeTpa Ha OallHIO U I'py3, COOTBET-
crBenno, H/m?; P — Bec niofiHuMaemoro rpysa, H.

Ipu 5TOM HEOOXOAMMO YUUTBIBATH N3MEHEHUE
MHTEHCHBHOCTH BETPOBOI HArpy3KH IO BBICOTE
KpaHa U cily4aiiHblii Xapakrep e€ n3meHenus. E€
JICUCTBUE B COBOKYITHOCTH C I'PY30BBIMH Xapakx-
TEPUCTHKAMU BEAET K BOSHUKHOBEHHIO IIPOJIOJIb-
HBIX, KPyTHIIbHBIX ¥ U3TUOHBIX KOJICOaHUIH.

Konebanust 110001 MEXaHUYECKOI CHCTEMBI
MO>KHO TIPEJICTaBUTh B BUJIE KOJICOAHUH OCIIHII-
nsitopa [8, ¢. 125; 5, ¢. 76].

Hcnonp3yst MeTOIUKy pacuéra KojieOaTesb-
HBIX cucteM [10, c. 127], 3anuiem xoneOaHus
CTpeJIbl B BUJE AU PEepeHIINaIbHOT0 ypaBHEHHSL.
Konebanust ctpens:

d’y . dy

+hePikey= 1), (1)

e
dr’ dt

Ie y — aMIUIMTYy/a KojaeOaHui;

M — Macca CHCTEMBI;

h — BSI3KOCTb KOHCTPYKIHMHU (K03((dULIMEHT
TPEHUsI, TPOTIOPIHOHATIBHBIA CKOPOCTH), KOTO-
PBIi SIBJISIETCS @HAJIOT'OM YIIPYTOCTH;

k — xoaurmeHT KECTKOCTH.

B cootBercTBUU ¢ pemeHueM Oinepa [11,
c. 282], obmiee pemieHue ypaBaeHust (1) Oymem
HCKaTh B BUJIE!
y=cv,(0) ey (), 2
TJIE C, ¥ C, — IIOCTOSHHbIE HHTErPUPOBAHHS.
CocraBUM XapaKTepUCTHYECKOE YpaBHEHHE!
mer? + her + k= 0.
Torna ypaBHenue (2) npumeT BUIL:
Y = c,eiot + c,*e—int = recos(ot+@). 3)
Pemenne OyniemM HCKaTh, MCHOIB3Ys HOIHYIO
SHEPrUI0 CUCTEMBbI (KHHETHYECKYIO U ITOTeHIIH-
anpHyMw) [6, . 321]:

_m‘u2 k'y2_1 dy2 >
E_2+2_2[m(dt +key|. “4)

Yacrora KonebaHuii paBHa:

0= o 5)

m
[oncrasus (3) B (4), mOMy4YnM, YTO TTOTHAS
SHEPTHsl CUCTEMBI Oy/IeT paBHa:
E :%-m'm2 «r’esin’ (o7 +0)+

+%'k°r2 °cos2(0)'t+(p)=%'k'r2 =const.

Y4uThIBast yIpyrocTb CUCTEMbI U UCTIOJB3YS
(1) u (4), uccaemyemM U3MCHEHHUE TIOJIHOW dHEP-
MU CUCTEMBI BO BpeMeHH MyTéM auddpepeHiu-
poBanus ypaBHeHus (4).

a2 dr dr dt

2
:ﬂ.(_h.ﬂ_k.y)_,_k.y.dy =_h.(dy) )
dt dt dt dt

2
dEzl.{z.m.ﬂ.d_y”.k.y.Q}:
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[TonmyueHHBIH B pe3ynbTare 3HaK «—» CBHJIE-
TEJILCTBYET O 3aTyXaHHU K0Je0aTeIbHOTrO Mpo-
necca B cucreMe. OHaKo IeiicTBHE Cleayole-
IO MOpPbIBa BETpa HEM30EKHO MPUBENET K CyM-
MHPOBAaHHUIO KOJIEOAHU, YTO MOXET CTaTh
MIPUYUHON €€ OKOJIOPE30HAHCHOTO SABJICHUS.

Perienue BbIIENPUBEIEHHOTO ypaBHEHHS
Oynet umers Buj [11, c. 326]:
y= cl.e—at + Cz.e—bt’
r1e a U b — KOpHU XapaKTepUCTUYECKOTO ypaB-
HEHHSI.

Hns onpenenenus xko3pOUUMEHTOB ¢, U C,
3a]1aJMMCsl HAQYaJIbHBIMU YCJIOBUSIMH:

% |p=p,, =Y-

B ciryuae eciim TUCKPUMUHAHT XapaKkTepH-
CTUYECKOTO YPABHEHHUSI yIOBIETBOPSIET YCIOBUIO
D > (), To ucronb3yst HauaJIbHbIC YCJIOBHUS, MO~
JTyIHUM:

Ve = Vo5

@ _beto, ce™
b—a
a* +V,
= Yo 0o ebt.,
a-b
Paccmotrpum cxemy, mpuBeAEHHYO Ha puc. 1,
Kak KOHTHHYallbHyl0 cuctemy. Cuuraem, 4To
MOJIHASI PHEPT S CUCTEMBI:
u=u__ +tu_
ynp BHELT
reu, = PeAl
CyMMapHoOe yIJIMHEHUE CKJIAJbIBAETCS U3
YIUIMHEHUH i-BIX YYaCTKOB:

(6)

_ (y i~ i )2 %
Al,. - ) > (6 )
rae 7 — MHTEpBajl BAPbUPOBAHUSL.

Torna:

P 2

Uy = 20h = (Yi+1 _yi) > (7)
P ) ®

Ioncrasus (7) u (8) B (6), momrydnm:

-y ZF Y ©)

2h_1

[Ipu paBHOBecHH CHCTEMBI B (DUKCHPOBaH-
HBII IPOMEXYTOK BpeMeHH (9) nmeeM:

ou

—=0. 10

oy; (10)
A TIpM OTCYTCTBUU PAaBHOBECHSL:

i — min, (11)

i
T.e. HeOOXOMMa KOMIICHCUPYIOIIAsi CUJIa, BO3-
BpAIIAIOLI[asi CHCTEMY B [TOJIOKEHHUE PABHOBECHSI.
[IpaByro gacTe ypaBHeHus (9) nmpencTraBum
B BUJIE!

ou _

ay yl—l) 2°(yi+1_yi)]_E:

[2+(»

P
:_;'(ym =2+ +yi71)_E~

B YCIIOBHUAX CTALIMOHAPHOCTH!

P
;.(yi+l_2.yf+yi—l)+1;;=0'

2h

(12)
CocTaBuM ypaBHEHHE JJIsl ABYX COCEIHUX

Touek (F, = F):

(i-1)¢i h*F

Y. == 5 P +i'y1- (13)
Ilpn y, = 0 umeem:
__(=DrithF ~

Y, = ——57 , i=1L2...(n-1).

OueBHIHO, YTO B BRIpaKeHHH (6”) BENUUYKHA:

Yin =V
h

Torna (6") nepenuiieM B BUje:

u,, iL'y'z f} Z[ y?- f}

i=1

_y'.

[Tpu & — 0 nomy4nm:
Pey"+ f(x)=0.

Wmn:

y"=—%°f(x). (14)

HWcnons3ys HavanmbsHbIe yenosust, ipu y(0) = 0;
y(1) = 0 pynxums f(x) = f; = const, Torna ypasne-
nue (14) Gymzer umeTs BUI:

__h

y==prx+e;

f.¥

y=—p T tarxte,

C yu€TOM HauaIbHBIX YCIOBHI:
¢, =0;
/N
P 2
Otkyza nckomast pyHKIust OyAeT UMETh BU/L:
Joexe(l-x)
2:Pp
B ciyuae geiicTBus ynpyroi cuiibel Ha Ipe-
OZIOJICHHE CHJI yIIPYTOCTH 3aTpaynBacTcs padoTa:

» . R k'yf
> j (e )y =3, ==+,

rae k — k03¢ GUINEeHT yIpyTroCcTH.
Torna BLIpanceHne (6) 6ynmeT nmets BUI:

L3 Zy, ZF v (15)

2)0 h

O,E[HaI(O YUUTEHIBAs PACUETHYIO CXeMy OalreH-
HOTO KpaHa, COCTOSHHE MOCIICIHEro B cirydyae
Harpy>XeHUs U3MEHSETCS IBYMs ITapaMeTpaMH X
1 Y, KOTOpBIE U3MEHSIOTCS BO BPEMEHH B3aUMO-
CBSI3aHHBIMH (DYHKLIMSIMU BHJIA:

G

y:

u=

(y1+1 :
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(16)

M3menenne »TuX QyHKIMIA BO BpEMEHH MPO-
HCXOIIUT CO CKOPOCTBIO:

{x =x(t)
y=y().

0 a7

HavanbHble ycIoBUs U1 peLIEHHs CUCTEMBI
muddepenunansubix ypaBuenuii (17) onpene-
JIMM U3 YCIIOBHUS PAaBHOBECHS CUCTEMBI — YIIPYTOH
nedopmaru, T.e.:

Vo= V03X oo = X3

V0= 0%,=0,

T.e.:

{ P(x,,y,)=0
Q(x4,Y,)=0.

IIpu BeTpoBO# Harpy3Ke nepeMeLeHue TOUEK
CHUCTEMBI OyIeT paBHO:

X(t)) =X+ AX,
{Y(to)=y,,+Ayo. (18)
Ioncrasum (18) B (17):
d(Ax) : :
7=P(x0+Ax,yO+Ay)=(PX)0-Ax+(Py)0-Ay
d(Ay) - , (1)
T:Q(x0+Ax,y0+Ay):(Qx)0°Ax+(Qy)0°Ay.

XapaKkTeprucTHYECKOe YPAaBHEHHE CHCTEMBI
HMeeT BUIL

()0 (), |
(@), (2),-»

[Ipu MHUMBIX p = + i*s PEIICHUE CUCTEMBI
HMeeT B
ept = ert- (cos st + iesin st). (20)

Ananu3 ypaBHeHHs (20) TOKa3bIBacT, 4TO
HapacTaHWe WIH 3aTyXaHue KoueOaHuii onpene-
JsieTcs 3HAKOM KOPHS XapaKTepUCTHYECKOTO
YPaBHEHUS p, €CIIN P — BEILIECTBEHHbIH KOPEHB,
1 3HAKOM 7, €CJIH p — MHEMOE.

Od4eBHIHO, YTO €CIIN XOTs OBI OWH KOPCHD
ypaBHeHHs paBeH 0, To ypaBHenue (20) Oymet
HAMETh BUJL:
e=1.

To ecTh OOBEKT HETOABMKEH M HAXOTHUTCS
B COCTOSHHM PaBHOBECHS, YTO B PEAJbHOCTH
HEBO3MOYKHO.

BbIBOObI

IIpoBenéunsplii aHanu3 Mokasani, 4YTo B Cy-
mecTByIOMMX B Poccnn HOpMaTHBHBIX TOKY-
MEHTaX, PeriaMeHTUPYIOIUX PacuéT KpaHo-
BBIX KOHCTPYKILMH, HE YUUTHIBACTCS CIlIydail-
HBII XapaKkTep BETPOBOIl HArpy3KH.

IIpoBenénnbie TeOpeTUUECKUE HCCIIEN0BA-
HUs MO3BOJHMIIN MONYYUTh Bhipaxenue (20),
MTO3BOJISIIONIEE OIICHUTh M3MEHEHHE Kojeba-
TEJIBHOTO Mpoliecca B AIEMEHTE METaNIOKOH-
CTPYKIUU KpaHa OT AEHCTBUS BETPOBOH Ha-
Ipy3KH, HOCAIIEeH cydalfHbI XapaKkTep Harpy-
KEHUS.
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MHorokputepuanbHble MeToAbl NPUHATUSA
PelleHNN B «3eNIEHON» NOTUCTUKE

Maznumoeopck, Poccus.
b4 osintsev@magtu.ru.

Hukuta OCUHLIEB

AHHOTALINA

B css13u ¢ 8o3pocwiumu mpebogaHusMU MUpo8o2o coobuye-
cmea 8 C00MBEMCMBUU C UensaMu KOHUenyuu ycmolyugoeo
paseumus 011 ynpagneHus uensiMu nocmagok mpebyrmcs
CITOXHbIe MOOENU NPUHAMUS peweHull, Komopble y4yumbigaom
MHOXECMBO0 3KO0M02UYECKUX, IKOHOMUYECKUX U COUUarnbHbIX
02paHuUyeHuLl npu peanu3ayuu pasuyHbIX akornoaudecku besonac-
HbIX, «3€MEHbIX» Memodo8 U mexHomoaul. SghehekmuBHbIM UH-
CMpyMeHmMOM 8 makux yCcrogusx sieiiemcs ucnosnb30eaHue
MCDM - mHozoKkpumepuarsHbix Memodos NPUHAMUS peweHu.

Llenbto uccredogaHusi, pesynbmams| KOmopoeo NpugedeHb!
8 cmamee, Agnsncs aHanus npumeHeHus MCDM 6 «3enéHoll»
1102UCMUKe U ynpasneHuu «3enéHbiMuy yensMu nocmaeok. B
pabome ucnonb308aH KoMNIIeKc Memodos, 8KITYalowuli cucmem-
HbIli U CMPYKMYPHO-QDYHKUUOHAIbHbIU aHanu, Memods! meopuu
HEYEMKUX MHOXEecms, Mamemamuyeckoli cmamucmuku U 3Kc-
NEPMHbIX OUEHOK.

MpednoxeHa obwas cxema peanusayuu MCDM u paspabo-
maHa kombuHupogaHHass MCDM-modenb oueHKu peweHul no
8b160pY «3eNEHbIX» MEXHOM02UU, BKITIOYalWas cucmemy noka-
3ameneli 102ucMuUYecKUX NOMOK08, MOOEb ynpasieHus o2uc-

Hukuma Anamonvesuyu Ocunyes
Maenumoeopckuii cocyoapcmeennviil mexnuyeckutl ynusepcumem um. I. M. Hocosa,

MUYECKUMU NOMOKaMU U cucmemMy UHCMPYMEHMO8 «3eEHOU»
1102UCMUKU.

B MCDM-modenu dns ycmaHogneHus eeca nokasamenel
1102UCMUYECKUX NOMOKO8 NPUMEHSIEMCS HeYéMKuUL aHamumuye-
ckull uepapxuyeckuti npoyecc (fuzzy AHP), 0ns paHxuposaHusi
UHCMPYMEHMO8 «3€M1EHOL» 102UCMUKU UCNOSTb3YHmCs 00UHHa0-
yamb MCDM-memodos: SAW, TOPSIS, PROMETHEE, COPRAS,
ARAS, WASPAS, MAIRCA, EDAS, MABAC, CODAS, MARCOS.
CpasHeHue ucnonb3osaHus pasnuyHbix MCDM-memodos noka-
3aI10 8bICOKYKO CXOOUMOCMb PEe3ylbmamos paHxupogaHusi (ko-
ahpuyueHm pareosoll koppensiyuu Cnupmena 0,949). Haubonee
coenacosaHHb MU sgnstomest Memodbi SAW, MARCOS u WASPAS,
HaumeHee coenacosarHbiM — memod CODAS.

Pe3ynbmamsi pacyémHo20 npuMepa nokasasnu, Ymo Hau-
6omiee npednNoOYMUMENbHbIM PEWEHUEM S8/1SIemCs «Ucnosb30-
8aHue UHmMepMoOasbHbIX MEXHOMo2Ul U CMeWwaHHbIX Nepeso-
30k» (paHe Ne1 go gcex oduHHadyamu memodax), HaumeHee
npednoymumenbHbIM — «UCNOTb308aHUE AKOO2UYHBIX 20pHYe-
CMa304HbIX Mamepuarnos (8udos monnusa)» (paHe Ne12 e 10
memodax u3 11).

Kntoyesbie criosa: MHO20KpumepuaribHble Memodsb! NpUHAMUs peweHud, ycmot)qusoe pasgumue, «3en1éHas» 102ucmuka, ynpas-

JIEHUE «3€MEHBIMUY UEensmu NOCMagok.

[nsa uumuposarus: OcuHuyes H. A. MHozokpumepuasnsHbie Memolbi NpuHSmMuUs peweHull 8 «3enéHoly noaucmuke // Mup
mpa+cnopma. 2021. T. 19. Ne 5 (96). C. 105-114. DOI: https://doi.org/10.30932/1992-3252-2021-19-5-13.

MonHbIl mekcm cmambU Ha aH2nulicKoM si3bike ny6uKkyemcs: 80 emopoll Yyacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

B coBpemeHHOM Mupe mporecc MpUHATHA
pEeIICHHI B OPTaHU3aI|H YaIlle BCETO OCYIIECTB-
JSIeTCsl B KOHTEKCTE KOHIIEIINH yCTOWIMBOTO
pasButHs [1] 1 HOMKEH OMHOBPEMEHHO YUHTHI-
BaTh SKOHOMHYECKHE, COLUAIBHBIE W 3KOJIOTH-
YEeCKHE MOCIIEACTBHSA B IOJITOCPOYHOH MEPCIICK-
TuBe [2]. DddexTrBHAS peann3aiis KOHICIITHN
YCTOWYMBOTO Pa3BUTHUS B JIOTUCTUYECKOH Aes-
TEIBHOCTH W YNPABICHUN LEIMSAMH MOCTaBOK
OCHOBAHa Ha MCTIOJIb30BaHUU METOAOB IPUHSATHS
YTPaBICHYECKNX PEIICHUI TI0 N3MEHEHHMIO Ta-
paMeTpOoB JJOTUCTHYECKUX TTOTOKOB, COBEPIICH-
CTBOBAHHIO 3IEMEHTOB JIOTHCTHIECKOH CHCTEMBI
u ux Gysxmmi [3]. Cl1oXHOCTh IPUHSTHS pere-
HUM 3aKJIF0YAETCS B YYACTUH MHOKECTBA CTEHK-
XOJIIEPOB B LIEMH IOCTABOK, MPECIEIyIOINX
IEJTH pa3IMIHOH CIOKHOCTH [4]; HeonpenenéH-
HOCTH ¥ TUHAMHYHOCTH JIOTUCTHYECKOH CPEIbl,
a TaKkXKe HeOOXOAMMOCTH y4éTa BIMSHHSA MHO-
JKecTBa (PakTOpPOB (IKOHOMHUYECKUX, TEXHUIEC-
CKHX, TEXHOJOTHYECKHUX, HHPPACTPYKTYPHBIX,
COIMATBHBIX W JKOJOTHUYECKHUX) [3]; HATUIHH
IIMPOKOTO Pa3HOOOpa3usl yIpaBICHUYECKUX pe-
IIEHUH Ha PAa3HBIX YPOBHSX YIIPABICHHS; yBe-
JMYEHUH YHCJIA KPUTEPUEB OIEHKH yTIPABIICH-
YECKHUX PEIICHHUH, CBA3AHHBIX, B YaCTHOCTH,
C JTIOCTHMKEHHEM LEJIEH YCTOMUMBOIO pa3BUTHSA
[3; 5]

Heob6xommmMocTs yuéra mpu IpuHITHH peTiie-
HHOA TIEPEYNCICHHBIX OTPaHUYEHUN NpHUBEIa
K aKTHBHOMY Pa3BUTHIO HAyYHOTO HAIIPABICHUS
B 00JIaCTH MHOTOKPUTEPHAIEHOTO aHAJIH3a MTPHU-
HATHS pemeHui (multi-criteria decision

DuepreTuka
31 %

TpancmopT
8%

Oxpyxaromas
cpeaa
18 %

Ynpasaenue
nensiMu
TOCTABOK
13 %

a)

analysis — MCDA) uii1 MHOTOKPHTEPUAIILHOTO
MIPUHSATHUS YIpaBICHUYECKUX perneHuit (multi-
criteria decision-making — MCDM).

I]envro HACTOSIIICH CTAThU SIBJISICTCS aHAJIU3
MIPUMEHEHHSI MHOTOKPUTEPHAIBHBIX METOJIOB
MPUHATHUS PELICHUI B «3€JIEHOI JOTUCTHKE
U YIPABICHUHU «3€IEHBIMHY» LIEISIMU TIOCTABOK.
JlocTrkeHre NoCTaBIeHHOH 11eJI OCHOBBIBAET-
Csl Ha MCIOJIb30BaHUH CUCTEMHOTO U CTPYKTYP-
HO-(YHKIMOHAJILHOT'O aHAJIN3a ITPH pa3paboTKe
MCDM-Moienu BIOOpa HHCTPYMEHTOB «3€J1é-
HOWY JIOTHCTHKH, METOJIOB SKCIIEPTHBIX OLIEHOK
1 TEOPHH HEYETKUX MHOXKECTB JJIsl OLIEHKH I10-
Kazareyell JOIMCTUYECKHX MOTOKOB, a TaKkKe
MaTeMaTH4YeCKON CTAaTHMCTUKH — JUIs pacyera
koa(durpeHTa paHroBoi koppessituu Crimpme-
Ha Ipu cpaBHeHUH pa3nuyaeix MCDM-MeTonoB.

NIUTEPATYPHbIA OG30P

Metoas1 MCDM sBIsIOTCS BaXKHOM YaCThIO
TEOpUH MPUHATHUS pelieHnH 1 aHanm3a. OCHOB-
HOE Ha3Ha4eHHE UX HCIIOJIb30BaHMS CBOAUTCS
K PELICHHIO YETHIPEX TUIIOB IpolIieM [6]: BEIOOD
HAWITYYIIero PeHIeHus] U3 MHOXKECTBA, PAHKU-
pOBaHUE M COPTUPOBKA pPELICHUH, ONMUCAaHUE
U CUCTeMaTH3alus peIeHNH 1 MOCIeICTBUH X
peayn3aIy JUIs OLIEHKH U TaIbHEHIIero yrnpas-
nenus. B Hactosmee Bpemss MCDM akTuBHO
HCIIONIB3YIOTCS B 00JIaCTH M3MEHEHHMs KIIMMaTa
[7], ycToitunBoro pa3Butus [2], s3xoHOMUKH [§],
YCTOMYMBOM HHXKeHEpHH [9], ynpaBieHus 1emns-
MU rioctaBok [ 10—12], suepronorpedenus [ 13],
peBEpCUBHON JOTUCTUKY [14], KoprnopaTUBHOM
yctoitunBoctH [15], Ha Tpancmopre [16; 17],

Apyrue
HHKEHEPHbIE
obaacTn
12%

6)

Puc. 1. Ucnonb3osaHue MCDM memodos:
a- e obnacmu ycmoliyueo20 pazeumusi; 6 — 8 ycmoliyueol UHXeHepuu (cocmaesieHo a8mopom Ha ocHoee [2; 9]).

MWP TPAHCITOPTA. 2021.T. 19. N2 5 (96). C

OcuHueB H. A. MHorokputepmanbHble METOALI MPUHATUA peLlUeHNUI B «3eNEHOM» JTIOTUCTUKE




B «3enéHoi» nmoructuke [18] u ynpaBneHuu
«3eNEHBIMUY LIeTsIMU TIocTaBok [19; 20].

Metoast MCDM penstcs Ha Be KaTerOpUH:
MODM - MHoOrorieneBoe NpuHATHE PeIIeHni
(Multi-Objective Decision-Making) [21]
1 MADM — npuHsTHE pelIeHU IO MHOXKECTBY
arpubyToB (Multi-Attribute Decision-Making)
[22]. Monenn MODM BrkitodatoT 0eCKOHEYHOE
WA OYeHb OOJIBIIOE KOJMYECTBO aJIbTEPHATHB-
HBIX PELICHHH, a [IeJIb PACCMOTPEHHS POOJIEMBI
COCTOHMT B TOM, YTOOBI OIPE/ICTUTH ONTHMAb-
HYIO aJIbTEpPHATUBY C y4éToM Habopa 4€TKo
OIpe/IeNIEHHBIX OTPAHUYCHUH ITyTEM peLIeHuUs
MaremaTudeckoil mogenu. Mogenu MADM
SIBIISTEOTCSI IMCKPETHBIMU U TIPUMEHSIIOTCS JIJISt
paHXHPOBAHMsI, KOT/Ia KOHEUHOE YUCIIO Mpea-
JIOKEHHBIX aJIbTePHATHB OLIEHUBAETCSI 10 OTHO-
LICHUIO K Pa3JIMYHBIM B3BELICHHBIM aTprOyTam
JUISL TIOJTyY€HUsI PEUTUHTa MPEIIOYTeHHH, KO-
TOpBIA onuckiBaeT d(PGEKTUBHOCTD KaXK0H
AJIBTEPHATUBBI JUIS JIOCTHKEHUS [eJIU B OTHO-
eHuu arpuOyToB. J{i1st moBbIieHust 9 PEeKTHB-
Hocty oleHkn MCDM-mozienyt MOXHO KOMOH-
HHUPOBaTh C TEOpUEH HEUETKHUX MHOKECTB
(Fuzzy set), rpy0oii Teopueit muoxectB (Rough
set), Teopuei ceprix cucreM (Grey set) u mp.
[23].

Cpenu HenoctaTtkoB mpuMmeneHus MCDM
Ha3bIBAIOT [8; 24]: moiay4yeHue pa3iIndHbIX pe-
3yJbTaTOB MpH Hcnoidb3oBanuu MCDM nns
pelIeHus OJHONH MHOTOKPUTEPHAIbHON 3a/1auu;
CJIOKHOCTh cOOpa MCXOAHOW MHpOpMAIUU
1 BO3MOXKHAs e€ IoTepsl B IPOLIECCe arperupo-
BaHMs JIaHHBIX; MOBBIIIEHUE TPYILOEMKOCTH
rporecca NpuHsATHs pemienus. B paborax [8;
25; 26] oTmMevaeTcsi, YTO OTCYTCTBYIOT YHUBEP-
canpublie MCDM-MmeToabl, OAXOASAIINE IJIS
BCEX CUTyallMi NMPHUHATHUS PELICHUH, 4TO MPH-
BOJIUT K mpobieme Beibopa MCDM-meTona.
B uccnenoBanusx [25; 27] npencraBieHsl pe-
KOMEH/IAl[H 110 TAKOMY BBIOODY.

Ha puc. 1 nokaszano pacnpeneneHue MeTo-
10B MCDM B o6sacTv yCTOHYMBOTO pa3BUTHS
[2] u ycroituuBoii nunxenepuu [9] — ot 20 no
40 % uccnenoBaHUN MPUXOAUTCS HA yCTOMYU-
BBII TPAHCIIOPT M YNpPaBICHHE «3EIEHBIMU»
LIEISIMH TTOCTaBOK.

Haubonee yacto ncnonszyembivu MCDM-
METOJ]aMH B O0JIACTH «3EJEHON» JIOTUCTUKH
U YIIPABIICHHUS «3EJIEHBIMIY IIETISIMHU ITOCTABOK
seisttores [9; 14; 18; 19; 28]: AHP — ananutu-
yeckui uepapxudeckuit npomecc, ANP — ana-
nuThdeckuii cereBoii mpouecc, TOPSIS —meton
YHOPSAJOYEHHOTO MPEAIOYTEHHS 4epe3 CXOJI-

CTBO ¢ uaeanbHbIM pemeHnem, DEMATEL —
METO]l UCTIBITAHUH U OIIEHKH MPUHSITHUS pellie-
uuii, ELECTRE — ucknrwodeHue u BoIOOpP
B ycnoBusix peanbHoctd, PROMRETHEE —
METOJI OpraHU3aIMK COPTUPOBKH MPEANOUTE-
HUM 151 o1leHOK anbrepHaTuB, VIKOR — MHO-
FOKpUTEpUaIbHasl ONTHUMHU3AIUI U KOMIIPO-
MHUCCHOe pemienne. Hanbounee pactipocrpanén-
HBIM METOJIOM, HCITIOJIb3YEMbIM B KOMOUHAI[UU
¢ ApyruMmu Metonam, siBisiercs AHP u ero
pasHoBuaHoCTh — fuzzy AHP [9].

MCDM-MeTobl UCTIONIB3YIOTCS AJIS pelie-
HUS TPOOJIEM, CBSI3aHHBIX C IUIAHUPOBAaHUEM
cObITa, BBIOOPOM «3eJIEHOTO» MOCTaBIIUKA,
yIpaBJICHHEM OOpaTHBIMH HOTOKaMu (peBep-
CHBHAsl JIOTUCTHKA), OLICHKOH PacIOIOXKEeHHUS
00BEKTOB JIOTUCTHYCCKON MH(DPACTPYKTYPHI,
opraHu3anyeil u NIaHUPOBAHUEM IEPEBO30K
[28].

PE3YIIbTATbI
OcHoBHBIE 3TaNbI Henoab30BaHuss MCDM

[Tporiecc NpUHATHS PELICHUS C MCIIOIb30-
BaHueM MCDM Bki04aeT TPU OCHOBHBIX
stamna (puc. 2):

1. Cmpykmypuposanue pewaemoii npoo-
nemul. Ha aTarne onpenestorcs Neiu 1 3a1a4u;
BBIIIOJIHSIETCSI aHAJIN3 BO3MOXKHBIX PEIHICHHN
(ayibTEpHATHB), KOTOPbIE MOTYT OBITH peau-
30BaHbI ISl JIOCTHIKECHUS 1IeJIed; yCTaHaBIH-
BAaeTCs CHUCTEMa KPUTEPHUEB, MO KOTOPBIM
JIOJKHBI OIICHMBATHCS aJIbTEPHATUBBI; OIpe-
JIEJISIIOTCS JINIA, yY4acTBYIOIINE B MPUHITHH
peleHuit, a Takxke sKcrepTHas rpynmna. [lomy-
YeHHAs Ha JAaHHOM 3Tare HHPOPMAIIHs BBICTY-
MaeT B Ka4yeCTBE OCHOBBI JUJISl OIpe/eNIeHuUs
Toro, kakoii merog MCDM MokeT OBITH HC-
M10JIb30BaH.

2. Bvibop u npumenenue MCDM-memooa.
Ha srare BoinosHsoTcst popMUpOBaHUE HCXO-
HOW MaTpPUIbl PEUICHUI; OLICHKA BaXKHOCTHU
K&)XIO0T0 KPUTEpHs 10 OTHOLICHHIO K IIEJIH;
OIIEHKA NPEANOYTeHUS KQXKJOU albTepHATUBBI
110 OTHOLICHUIO K KPUTEPHSIM; pacuyéT 00IIuX
B3BEILEHHBIX OLIEHOK aJIbTEPHATHB; arperupo-
BaHHME aJIbTEPHATHBHBIX OLIEHOK; PaH)KUPOBa-
HHUE BCEX BO3MOXKHBIX aJIbTEPHATHUB Ha OCHOBE
00IIMX B3BEUICHHBIX OaJutoB. Vcrnonb3oBaHue
Ha JaHHOM 3Tarne pa3indHbeix MetogoB MCDM
BJIMSIET Ha KOHEUHBIN pe3ysibTar OLEHKH.

3. Pexomenoayuu 0t RPUHAMUS PEULCHUL.
Uem Bollie OOLMI B3BEIICHHBIH Oajlll, TEM
IperouTuTeNbHee Oyaer anprepHarusa. [1o-
JIy4€HHBIE PE3yJIbTaThl CJCAYET JOMOTHUTEIBHO
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Onpeznenenre npooIeMbl
U MOCTaHOBKA LIEJIN UCCIICAOBAHMS
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Onpenenenne anbrepHatB (A4i) u kputepues (Cj)
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Wnentudukanms 1 BEIOOP CTEHKXONIEPOB (IKCIIEPTOB)
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CTpyKTypHUpOBaHHE
pOOIEMBbI
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—

AHaim3 KayecTBa JaHHBIX ¥ HHPOPMaIUH,
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v

Bri6op merona (-oB) MCDM, anroputMoB pacuéra Beca KpUTEPHUEB
Y paH)XHPOBAHUS abTEPHATHB
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ArpervnpoBaHue JaHHBIX

v

Bri0op u npumMeHeHue
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OxoHuaTenbHbIE PE3YIbTATH U UX HHTEPIPETALUS
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Pexomenpanuu mo TIPUHATUIO PCUHICHUS

Pexomenmanuu

Puc. 2. O6was cxema ucnonb3oeaHusi MCDM (pa3pabomaro aemopom).

W3YYHTh, BHITIOJIHIB aHAJIN3 YYBCTBUTEILHOCTH
C 1IENbIO OLIEHKH CTA0MJIBLHOCTH ITOJIyYEHHBIX
Pe3yJIbTaToB.

B ciydae, eciiu B ripoliecce NpUHSATHS periie-
HMS1 yYacTBYIOT CTOPOHBI C PA3HBIMH HHTEPECAMHU,
11e71eco00pa3Ho UCIIONIB30BAaHUE METO1a MHOTO-
KPUTEPUATLHOTO aHAJIN3a C YU9acTHEM HECKOJIb-
kux cyobexToB (Multi-Actor Multi-Criteria
Analysis - MAMCA) [29]. B MAMCA uepap-
XH4ecKkas CTPYKTypa 1esel / 3aja4 / Kpurepues
hopMupyeTcs B 00IIICH MONICIIH B BUIC OTACITBHBIX
MopyJel IS KaKA0H 3aMHTepeCOBAaHHOM CTOPO-
HBI, KOTOPBIE BIIOCIEACTBUH T'PYIIUPYIOTCS
BMecTe. JTO MO3BOJISIET IPYIIIIaM 3aUHTEPECOBaH-
HBIX CTOPOH CO3/1aBaTh CBOM COOCTBEHHBIE Jiepe-
Bbsl KDUTCPHUCB U YUYHUTHIBATh, KAKAC KPUTCPUU
MPE/ICTaBISIIOT MHTEPEC JUIsl KOHKPETHOM Mpo0-
JIeMbI IPUHSTUS peteHuit [4].

¢ MWP TPAHCIOPTA.2021. T. 19. Ne 5 (96).

IIpumep ucnoas3oBanusas MCDM
NIPU BbIOOpE HHCTPYMEHTOB «3eJIEHOI»
JIOTHCTHKHU

B kauectBe npumepa CpaBHEHHUS PA3IMIHBIX
MCDM-MeTooB B HACTOSIIIEH paboTe IMpecTaB-
JIeHa 3a/1a4a OLEHKU U BBIOOpA PEeILeHHnH 1o pea-
JIM3ALUN HHCTPYMEHTOB «3EJIEHOM JIOTUCTUKH JJISL
TPAHCIIOPTHOTO 3JIEMEHTA JIOTUCTUYECKOH CHC-
TeMbl. VICXOMHBIMU JaHHBIMU JJIs1 PELIaeMOH 3a-
JIauH SIBJISUTHCH:

* cUCTeMa MOKa3aTelied JTOTHCTUYECKHUX
moToKoB [3];

* CUCTEMA HHCTPYMEHTOB «3€JIEHOW) JIOTH-
cruku [30];

* MOZENb yHPaBICHUS JIOTUCTUYECKUMU
notokam#u [31];

* BecoBble KOA(D(DHUIMEHTHI MapamMeTpoB
1 TIOKa3aTesel JIOTMCTHYECKHUX ITOTOKOB, a TAKKe

OcuHueB H. A. MHorokputepmanbHble METOALI MPUHATUA peLlUeHNUI B «3eNEHOM» JTIOTUCTUKE




Hapwmzmpbt u noxkazameinu 102UCMu4ecKux
NOMOKO8 8 «3€/1EHbIX» yensx nocmaeoxk

Lens

Hncmpymenmol «3e1EHOUY» 102UCMUKU

Tpu6sws (C, 1)

Hcnonb30BaHue SKOIOTHYHBIX BHIOB
! 31(01-10(1\(4:1/11‘)1601(“6 Oneparmonnsie pacxomsi (C),) Tpancriopra (Al)
uBectuuynyn B ocHoBHBIE cpenctsa (C 3) Hcnonssosane "HECPMOHMI’HHX
TexHONOrnit (A2)
5 . Hcnons3oBanue sxonorndneix TC (A3
§ Onepro- DHEProéMKOCTh JTIOrucTHYeCKHX 110TOKOB (Cy 1) 30 0. C(A3)
5| [ oxonornyeckue
E (C2) (OOBEeMBI BBIOPOCOB MAPHUKOBBIX ra30B (Cs ) BuiGop TC cpencts ¢ GonbLieit
= TPY30BMECTHMOCTBIO (A4)
=
3] Coxpantocts nepesosiu rpy3os (Cs 1) Hcnons30BaHue SKOIOTHYHBIX BHIOB
:% P P 124 31 TorumBa (AS)
2 Kauecrennbie
: — (©3) —t CBoeBpeMeHHOCTb 1epeBo3kH py30s (Cs ) ObecneueHne TEXHOJIOTHUECKOTO €IMHCTBA
o TPaHCIOPTHO-CKIAJCKOro Ipomecca (A6)
= Koadd T ynpasnsiemoct rnoroka (Cs 3)
] G yp: 33
i [ OnruMu3alys MappyToB aBwkenus TC
& )
2 Koadduiment nepaHomepHocTH notoka (Cy 1)
= OnTHMHU3aLKs CKOPOCTH JABHKECHUS
o
= Koo guument cnoxuocTH crpyKTypb! notoka (C. TPAHCTIOPTHBIX cpecTs (A8)
= Crarucruyeckue bpuu PYKIYP (Ci2)
2 ' c4 ]
§_ (C4) Koad T tucKpeTHoCcTH noTtoka (Cy3) OxoBoxzaenue (A9)
£
g -lKoad)dmuueHT nuddepentmpyemocti notoka (Cy 4) KOHCOMHAAILIS TPY30MOTOKOB 10

HarpasieHusM (A10)

Macca rotoka (Cs ;)

Dusnueckue

OnTUMM3aLUs CTPYKTYPBI TPY30MOTOKOB

(ynpasisieMbie)
(C5)

Cxopoctb notoka (Cs ,)

(Al1)

OrnepaTHBHOE yIIPaBJICHHE TApaMETPAMH

Jlnuna mapipyTa grkenns notoka (Cs3)

MaTepHaIbHBIX MOTOKOB (A12)

Fuzzy AHP

SAW, TOPSIS, PROMETHEE, COPRAS,
ARAS, WASPAS, MAIRCA, EDAS,
MABAC, CODAS, MARCOS

Puc. 3. Cxema modesnu oyeHKU ynpasneHYecKux peweHuli no 8bI60pY UHCMPYMEHMOo8 «3eEHOL» 102UCMUKU (pa3pabomaHo asmopom).

Pe3YIIBTaThI SKCIICPTHOH OIEHKH HHCTPYMEHTOB
«3eNEHOM JOTUCTHKH [32].

Ha puc. 3 mpexncraBimena obmas cxema
MCDM-monemu. Kpurepusmu (C1-C5) u cyd-
kpurepusmu (C1.1-C.5.3) momenn SBISAIOTCS
AT TPYIIT apaMeTpoB u 15 mokaszareneit jo-
TUCTHYECKHUX TOTOKOB [3], anmprepHAaTHBAMU
(A1-A12) aBIAFOTCS HHCTPYMEHTHI «3CIIEHON
JIOTUCTAKH TPAHCIIOPTHOTO SJIEMEHTA JIOTUCTH-
geckoi cuctemsr [31].

PamxupoBaHne MHCTPYMEHTOB «3€JIEHOIN
morucTHkH (amsrepHaTHBB A 1—A12) BBITOMHS-
€Tcs C ICTIONTb30BaHIEM OIMHHA/IIATH PA3TIHBIX
MeTonoB MCDM, B guiciie KOTOPBIX: METOM TIPO-
CTOTO QU THBHOTO B3BemmBaHus (SAW — Simple
Additive Weighting) [33]; MeTon paccTaHOBKH
TIPHOPHUTETOB TIO CXOACTBY C WACATBEHBIM pere-
aueM (TOPSIS — Technique for the Order of
Preference by Similarity to Ideal Solution) [22];
MeTo (GOpMUPOBAHUS PAHTOB IIPEATIOYTSHUS TS
o6orarenus orieHok (PROMETHEE — Preference
Ranking Organization Method for Enrichment
Evaluations) [34]; meTon KOMITIEKCHOH TPOTIOp-
nnonanpHON omeHku (COPRAS — Complex
Proportional Assessment) [35]; MmeTon oneHKH
anauTuBHOTO oTHOIeHUs (ARAS — Additive

Ratio Assessment) [36]; MeTOI COBOKYyIHOM
B3BemeHHOW cyMMBl (WASPAS — Weighted
Aggregated Sum Product Assessment) [37]; meTon
CPaBHHTENBHOTO aHaJM3a UJCAIBHOTO H peallb-
HOTO ¢ MHOXecTBOoM aTtpudyToB (MAIRCA —
Multi-Attributive Ideal-Real Comparative
Analysis) [38]; MeTox OIICHKH OTKIIOHEHHUS OT
cpenuero pemenus (EDAS — The Evaluation
based on Distance from Average Solution) [39];
METOJl CpaBHEHHUSI MHOTOKPUTEPHAIIBHBIX pasrpa-
HUYeHHBIX oOnacteit (MABAC — Multi-
Attributive Border Approximation Area
Comparison) [40]; MeToq KOMOWHHUPOBAHHOM
nmuctanonHol orieHkr (CODAS — Combinative
Distance-based Assessment) [41]; MeTOT OTICHKH
QIBTEPHATHB U PaH)KHMPOBAHUE B COOTBETCTBUH
¢ xommpomuccHbeIM pemenueM (MARCOS —
Measurement of Alternatives and Ranking
according to Compromise Solution) [42]. C me-
TOIMKAMH Pacdy€Ta M dTallaMH pean3alii Kax-
JIOT0 METO/Ia MOYKHO O3HAKOMHUTBCS B IIPEICTaB-
JICHHOHM Hay4HOM JUTeparype.

Vcxonnas Marpua IpuHITAS pereHuit (X)
BKJIIOYAET AJIBTEPHATUBEL A={A4,4,,...,4,} , OlleH-
Ka KOTOPBIX BBINOJHACTCA MO KPUTEPHUAM
c={C,C,,...C,} .

®  MWP TPAHCIIOPTA. 2021.T. 19. Ne 5 (96). C. 105-114
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Puc. 4. Becosble ko3ghpuyueHmbi nokazamesnel 102uUcmuyeckux nomokos [32].

Ta6auua 1

HcxonHast MaTpuua NpUHSTHS pelenuii [32]

A/C Cl.l1 (Cl12 |C13 ([C21 |C22 |C3.1 (C32
(max) [ (min) | (max) |(min) | (min) |(max) | (max)

C33 [C41 |C42 [C43 |C44 [C51 |C52 [Cs53
(max) |(min) |(min) [(min) | (min) |(max) |(max) | (min)

Al 3.302 [4.309 |4.642 [4.309 |5.000 |2.000 [1.260 |3.302 [2.000 |2.520 [2.289 |[2.289 |2.884 |[2.884 |3.302
A2 4309 |[3.557 |4.000 [4.642 |4.309 |3.915 [3.915 |3.634 [3.634 |3.684 [3.420 |2.466 |2.289 |[3.634 |3.915
A3 2.289 [3.175 |3.557 [3.634 |4.642 |2.000 |1.817 |2.080 |[1.817 |2.000 |1.817 [2.289 |2.289 [2.289 |2.080
A4 3.302 [3.915 |2.924 [4.000 |4.217 |2.000 [2.000 |1.817 |[3.420 |2.289 [4.309 [2.289 |4.000 [2.000 |1.260
AS 3.302 [3.634 | 1.817 [3.634 |3.557 |1.000 |1.000 |1.000 [1.587 |1.260 |1.260 |1.260 |1.000 | 1.587 |1.000
A6 2.714 (3915 |2.884 [2.884 |2.884 |3.302 [4.309 |4.309 [4.309 |2.289 [2.080 [2.080 |2.000 [2.884 |2.080

A7 2.520 [3.302 | 1.817 [2.621 |2.884 |1.817 |2.884

3.634 [2.289 |2.289 [2.080 [2.289 |1.442 [2.520 |3.107

A8 2.466 [2.884 | 1.260 [2.080 |1.442 |1.587 |2.884

2.000 [2.000 |1.442 |1.587 |1.817 |1.587 [5.000 |1.817

A9 1.587 [2.289 | 1.000 |2.080 |2.621 |1.000 |[1.587

1.817 [1.587 | 1.442 [1.442 [ 1.000 |1.260 |2.884 |1.442

A10 2.621 [3.175 | 1.260 |3.000 |3.000 |2.289 |2.884

3.302 [2.714 |3.634 [2.714 [3.915 4309 [2.884 |3.175

All 3.175 [2.884 | 1.587 [2.884 |2.621 |2.289 |[3.175

3.634 [3.175 |5.000 [2.289 |2.884 |3.000 |[3.420 |2.080

Al2 2.289 [2.884 | 1.587 [3.000 |3.000 |2.621 |[4.309

4.309 |4.309 [3.915 |3.302 |3.557 [2.884 |3.634 |[3.302

Cl Cz e Cn
A(x x, X,
X=A4|x x5 - X, (D
Am xml xm2 xmn

T 1 — KOJMYECTBO allbTepPHATHB, paBHOE 12;

1 — KOJINYECTBO KPUTEPUEB, paBHOE 15;

X, — OLICHKA 3HAYCHHE i-1 anbTepHaTUBBI 4 TIO
Jj-My kputeputo C.

3HaueHuUs BECOBBIX KO3()(DHUIIMEHTOB KpUTE-
pues C1.1-C.5.3 paccuutansl MeTonoMm fuzzy
AHP (puc. 4), pe3yabraTbl 3KCIIEPTHON OLIEHKU
aJbTepHATHB IpejacTaBiieHbl B Tabm. 1 [32].
3nauenue kpurepuen Cl.1, C1.3, C3.1, C3.2,

¢ MWP TPAHCIIOPTA. 2021. T. 19. N2 5 (96).

C3.3, C5.1, C5.2 cTpeMutTcss K MakCUMyMy
(rpynma «BbIrona»), kputepues C1.2, C2.2, C2.2,
C4.1, C4.2, C4.3, C4.4, C5.3 cTpeMHTCSI K MH-
HUMYMY (TPYTIIa «3aTpaTsl»).

C mucronp30BaHUEM TaHHBIX Ta0I. | u puc. 4
BBITIOJTHEHBI Pacu€T HOPMAIN30BaHHOI MaTPHUIIBI
TIPUHSTHS PEIICHNH 1 arperanys JaHHbIX B CO-
OTBETCTBHH ¢ BBIOpaHnHbIME MCDM-MeTonamu.
Pesynbrarhl paH>KMpOBaHMS abTEPHATUB C UC-
MOJIb30BAaHUEM OJHMHHAAIATH MeTooB MCDM
MPECTAaBIICHEI B Ta01. 2 U HA pHC. 5.

Pesynprarhl aHamM3a NOKA3bIBAIOT, YTO HAU-
Goree peIOYTHTEIHHON alTbTepPHATHBOM SIBIIS-
ercst Al «ucrosp30BaHNEe WHTEPMOIAIBHBIX
TEXHOJIOTUI ¥ CMEIIaHHBIX TEePEBO30K» (paHr

OcuHueB H. A. MHorokputepmanbHble METOALI MPUHATUA peLlUeHNUI B «3eNEHOM» JTIOTUCTUKE




Taoauma 2
Pe3ynbTaThl paH:KHPOBaHUS AJILTEPHATUB pPa3iudHbIMU MeTonamu MCDM

Metox MCDM | AnbTepHaTUBEI (HHCTPYMEHTHI «3€JIEHOI JIOTHCTHKH)
Al A2 A3 A4 AS A6 A7 A8 A9 A10 |All |Al12
SAW 0.610 |0.751 0.529 |0.595 [0.437 [0.694 |0.584 |0.672 [0.514 |0.662 |0.686 |0.682
7 1 10 8 12 2 9 5 11 6 3 4
TOPSIS 0.079 |0.103 0.060 |0.082 |0.053 [0.096 |0.074 |0.094 [0.066 |0.096 |0.102 |0.095
8 1 11 7 12 4 9 6 10 3 2 5
PROMETHEE  [-0.046 | 0.155 -0.140 | -0.053 | -0.262 | 0.128 |-0.031|{0.091 [-0.156|0.080 |0.126 |0.108
8 1 10 9 12 2 7 5 11 6 3 4
COPRAS 81.33 [100.00 [70.28 |79.18 [56.29 |91.38 [75.62 |86.95 [65.73 |87.39 |89.88 |89.71
7 1 10 8 12 2 9 6 11 5 3 4
ARAS 0.613 |0.755 0.530 |0.598 [0.427 [0.690 [0.573 |0.659 [0.498 |0.660 [0.680 |0.678
7 1 10 8 12 2 9 6 11 5 3 4
WASPAS 0.344 |0.423 0.299 10.336 [0.245 |0.392 [0.330 |0.377 [0.287 |0.374 [0.388 |0.385
7 1 10 8 12 2 9 5 11 6 3 4
MAIRCA 0.035 |0.051 0.028 |0.035 [0.019 |0.049 [0.036 |0.046 [0.027 |0.045 [0.048 |0.047
8 1 10 9 12 2 7 5 11 6 3 4
EDAS 0.498 |0.843 0.313 |0.473 [0.053 |0.721 [0.412 |0.585 [0.183 |0.646 [0.690 |0.691
7 1 10 8 12 2 9 6 11 5 4 3
MABAC -0.014 | 0.170 -0.101 | -0.020 [-0.212 | 0.146 [0.000 |0.112 |-0.115]0.102 [0.144 |0.127
8 1 10 9 12 2 7 5 11 6 3 4
CODAS -0.098 | 0.617 -0.620 | -0.037 | -0.552 | 0.111 |-0.247 | 0.493 [0.002 |0.126 |0.128 |0.090
9 1 12 8 11 5 10 2 7 4 3 6
MARCOS 0.566 |0.696 0.491 |0.552 |0.406 |0.644 |0.542 |0.623 [0.477 |0.615 |0.637 |0.633
7 1 10 8 12 2 9 5 11 6 3 4

CODAS \ —/ PROMETHEE A2

MABAC —f COPRAS

Puc. 5. PeaynbmamsI paH)upoeaHusi UHCMpYMeHmoe «3eéHoli» o2ucmuku oduHHadyamsto Memodamu MCDM.
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Tadauna 3
Koadunuent panrosoii koppeasiuuun Cnimpmena (pe3yibTaThl HOJTy4YeHbl aBTOPOM)
Merox MCMD
m
=
= (%) ©n < 2
m Q o
E = é » = E %) < Z’J) 9O
=z & o o ;5 2 = < ) a &
= o & o < s a g S s
%) = o O < 2 = ) O =
SAW 1.000 [0.930 |0.979 [0.993 |0.993 [1.000 [0.979 |0.986 [0.979 |0.818 |1.000
TOPSIS — 1.000 [0.909 [0.951 [0.951 [0.930 [0.909 [0.930 [0.909 |0.881 [0.930
PROMETHEE - - 1.000 [0.972 |0.972 [0.979 [1.000 |0.965 |1.000 |0.797 [0.979
COPRAS - — — 1.000 [1.000 [0.993 [0.972 [0.993 |0.972 [0.804 |0.993
ARAS - - — — 1.000 {0.993 |0.972 [0.993 [0.972 |0.804 [0.993
WASPAS - - — — — 1.000 {0.979 |0.986 |[0.979 |0.818 |1.000
MAIRCA — — — — - - 1.000 [0.965 |1.000 [0.797 |0.979
EDAS - - - - - - - 1.000 [0.965 |0.783 [0.986
MABAC - - - - - - - - 1.000 |0.797 |0.979
CODAS - — - - - — — - - 1.000 [0.818
MARCOS - - — — - - - — — - 1.000

Ne 1 BO Bcex OMHHAILIATH METOAAX ), HAUMCHEE
MPEAIOYTUTENLHON aNbTepHaTUBA AS «HCIONb-
30BaHUE SKOJIOTHYHBIX TOPIOYE-CMA30YHBIX Ma-
TepuanoB (BHAOB TormBa)» (panr Ne 12 B 10
meronax u3 11). Pacxoxnenne panra B ansrep-
HAaTUBax OOBSICHAETCS UCTIOIb30BAaHNEM B METO-
Jlax paslINuHbIX aJITOPUTMOB M CIIOCOOOB HOp-
MaJIM3allMd UCXOAHOW MaTpULbl pelIeHUU
W arperupoBaHusl JaHHBIX, a TAKKe HAINYNEM
MHO)KECTBA aJIETEPHATUB IIPU HEOOJIBIIOM pa3-
JIMYHUHN B OIIEHKaX MEXIY HUMH.

UT0OB! ONpeneauTh B3aUMOCBSI3h MEXKIY
pe3ynbTaTaMu pPaH)XHPOBaHMS, MOITYYEHHBIMHU
¢ oMot pa3nuaHbix MCDM-MeTonoB, wc-
M0JIb3yeTcsl KO3 (UIUEHT PaHTOBOM KOppels-
nuu Crimpmena [43] (Tabom. 3).

HecmoTpst Ha TO, 4TO B PacCMOTPEHHBIX
MCDM-MeToax NCTIONb3YIOTCS pa3HbIE CII0CO-
OBl HOpMAJM3aLUKM W arperanuy JJaHHBIX, [IPU
PaHXHPOBAaHMH aJbTEPHATHB ObIIa JOCTUTHYTA
BBICOKasi Koppessanus (o0uuii korpdunuent
xoppemsinun coctasui 0,949). Meronst SAW,
MARCOS 1 WASPAS 1oiHOCTBIO COTIaCOBaHBI
ME>K/Ty COOOH M IMEIOT CaMO€ BBICOKOE 3HAUCHHUE
cpeqHero Kod(pQHUIHUEHTa KOPPEISIUA CPean
BCEX METOOB, paBHOE 0,9688. Hanmenee cora-
COBAHHBIM 10 CPABHEHHIO C IPYTHMH METOJIaM1
asisiercs CODAS (cpennnii xoapdunnent
xoppersituu paseH 0,829). Pasnuuune B panrax

®  MWP TPAHCIIOPTA. 2021. T. 19. Ne 5 (96). C.

onmcaHo B mureparype [44; 45] u o6ocHOBaHO
MIPUMEHEHUEM Pa3INYHbIX METO0B HOPMaIN3a-
LM JaHHBIX (HapUMEp, BEKTOPHOI MIn JINHEH-
HOW HOPMAJIM3ALNH).

[Toy4yeHHBIC pe3yinbTaThl PAaHKHPOBAHUS
WHCTPYMEHTOB «3€lEHON» JTOTUCTUKH MOTYT
OBITh UCIIOIE30BAHbI JJIs IPHHSATHS YIIPABICH-
YECKUX PELIEHUH 110 OBBILIEHUIO YCTOWYMBOCTH
TPaHCIIOPTHOI'O IEMEHTA «3€1EHOM» LENH Mo-
CTaBOK.

3AKIMKOYEHUE

B crarbe uccienoBanbl BONpoChl NpUMeEHe-
HUSI MHOTOKPUTEPHATHHBIX METOHOB IMPHHSTHUS
pemenuit (MCDM) B «3ei€HOI» JIOTUCTUKE
U YTIPaBICHUH «3EIIEHBIMIY LETISIMH ITOCTABOK,
ITOKa3aHbl 0COOCHHOCTH TPUMECHEHUS METOIOB
7 000CHOBaHA HEOOXOJMUMOCTh HX HCITOIh30Ba-
HUS TIPU YIIPABICHUH ESIMH ITOCTABOK.

Pazpaborannas komOnanpoBanuas MCDM-
MOJIeITb OIICHKH W BBIOOpA PEHICHHUH 0 pean-
3al1 UHCTPYMEHTOB «3€JIEHOW» JIOTUCTUKU
BKJIIOYAET JIBEHAJATh aJIbTepHATUB U 15 KpuTe-
pueB. Bec kpurepueB paccUUTHIBAJICS C UCIIOIb-
3oBanueM fuzzy AHP, pamxupoBaHue ansrepHa-
THB BBIIOIHIIOCH ofnHHAAATEi0 MCDM-Me-
tonamu — SAW, TOPSIS, PROMETHEE,
COPRAS, ARAS, WASPAS, MAIRCA, EDAS,
MABAC, CODAS, MARCOS.

105-114

OcuHueB H. A. MHorokputepmanbHble METOALI MPUHATUA peLlUeHNUI B «3eNEHOM» JTIOTUCTUKE




Pacu€rHblii npuMep cpaBHEHHS OJIMHHA/ILIA-
™ MCDM-MeTo/10B MoKa3all BhICOKYIO KOppe-
JISILIUIO Pe3YJbTaToB (KOA(OULMEHT KOppesium
0,949). Haunbosiee cortacOBaHHBIMHE SIBJISTFOTCSI
meTosibl SAW, MARCOS u WASPAS, naume-
Hee connnacoBaHHbIM — MeTog CODAS. Ilo pe-
3yJbTaTaM pacuéToB IPe/IIOYTUTEILHON allbTep-
HATUBOM SIBIISIETCS «HMCIOJIB30BAHUE MHTEPMO-
JIaJIbHBIX TEXHOJIOTHI ¥ CMEIIAHHBIX TIEPEBO30K
(A1), HauMeHee NpPeNNOYTHTEILHON allbTepHa-
THBa A5 «MCIOJIb30BaHKE SKOJIOTMYHBIX TOPIOYe-
CMa304YHbIX MaTEPUaJIOBY.

JanpHeliye ucciieJoBaHus MOTYT OBITh
CBsi3aHbI ¢ pa3paboTkoii rudpumanoit MCDM-
MOJIEJIH TIPUHSITHUS PEIICHUH 110 BBIOOPY HHCTPY-
MEHTOB «3eJIEHOI» JIOTUCTUKHU B LIEISIX MOCTa-
BOK, YYUTBHIBAIOIIEH MHTEPECHl Pa3IMYHBIX
CTEHKXOIIJIEPOB.
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LOoknap O. A. CtpyBe, kKaHanaara
no npeaceaarento VIl Otgena. Yactb 2

Okonyanue nyonuKayuu cmamoi, NEPEOHAUAILHO YEUOEGUIEL CEEN 8 JCYPHAE
«Kenesrnooopoorcroe denoy 110 nem u sHakomusuieli yumameneii ¢ OOKIA0OM

O. A. Cmpyge, npedcmasnennvbim na Topoicecmeennom oouem coopanuu uienos
HUmnepamopckozo Pycckozo Texnuueckoeo Obujecmsa 15 anpensi 1911 2oda no cryuaro
ceMudecsImunsmuIemus, Om Hauana dJcenesnvbix 0opoe 6 Poccuu, noo npedcedamenvcmeom
Tlouémnoeo [Ipedceoamens Obwecmea E2o Umnepamopckoeo Bvicouecmea Benukozo
Knaza Anexcandpa Muxaiinosuua.

Bo emopoil vacmu 3ampazuaromcesi u HolHe akmyaiibHble BOnPOChL PACHEMa MPAHCHOPMHOU
00CMYnHOCMU PEUOHOS U CEA3AHHOCIIU CIPAHYI, G3AUMOOCUICMGUS, d He KOHKYPEHYUU
HCENEZHOOOPOHCHO2O U BOOHO20 MPAHCNOPMA, COYUATLHOU UL KOMMEPHECKOU NPUPOObL

U UCTOYHUKOS UHBECIUYULL 6 PA3GUMIE MPAHCNOPMHOLL uHgpacmpykmypol. Kax

obpasHo 3ameyaem agmop, «He NOONEeHCUIN COMHEHUIO, YUMo pyoib, 3ampaieHHbIL Ha
NOCMPOUKY JiCeNe3HbIX 00PO2, AGTACMCS KAK Obl PYOIEM XONSL U 3aPLINbIM 8 3eMTI0, HO
NPUPAUUBAIOUUM €€ CINOUMOCb DOJIee, YeM HA CE0K0 COOCMBEHHYIO YEHY».

Tlepsast uacmp Gvina socnpoussedera 8 npouiiom svinycke nawezo srcyprana (1. 19, Ne 4 (95)).

Kntoyesbie crosa: xenesHas 00[3026, ucmopus, 06ecneyeHHOCMb Xene3HbIMU 6opoaaMu, C8sA3aHHOCMb meppumopuu.

Bonbmnii unm mMeHpIM pasMep CTOPOHBI
TaKOM KJIETKH MOCITYKUT HAIJISITHBIM YKa3aTelIeM
TYCTOTHI CETH.

IIpocToii pacyér mokasbIBaeT, YTO CTOPOHA
TaKOW KJIETKH, BBIPQKCHHAsI B KWJIOMETPAX WU
Bépcrax, paBusiercst 200, pa3nenEHHBIM Ha KO-
(DMIMEHT ryCTOTHI CETH, T.€. Ha IIPOTSHKEHHUE JIOPOT,
npuxozsieecs Ha 100 KB. BEPCT WM KAJIOMETPOB.

Ha sToM 0oCHOBaHMH CTOPOHA KJIETKH CETH
OTIPEICIIUTCS:

[Jna uumuposanus: [oknad O. A. Cmpyse, kaHOudama no npedcedamento VIIl Omdena. Yacms 2 // Mup mpaHcnopma. 2021.
T. 19. Ne 5 (96). C. 116-118. DOI: https://doi.org/10.30932/1992-3252-2021-19-5-14.
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Jlns dpantum 22,5 kM crBe [lyteit CooOmIeHUsT MEXKTYBEIOMCTBEH-
Tlns Tepmanuu B 18,5 kM Hoto Kommuccueir o BbIpaOOTKE MPOTPaMMBbI
Jlotst AHTITIH B 16,9 km KCJIE3HOOPOKHBIX HM3BICKAaHUN Ha IpeacTos-
Tl ABcTpun B 30,0 kM I[Ue TOAbI M3JaHbl KapTOTPaMMbI, KOTOPBIM

HakoHel, 1yt EBporieiickoii Poccuu, BEIKIIIOYas  OpranusanioHHbH KOMUTET yaenun MecTo Ha
cesepHble obmacty, B 140 BEpeT winu 148 Kuio-  ro6usieiinoii BeicTaBke. OHE MOJTHEE BCAKOTO
METPOB. JIOKJIa/la YKa3bIBalOT OTHOCUTEJIbHYO UHTEH-
Ora BelMYMHA CTOPOH CXEMAaTHYCCKOH  CHBHOCTH 5KEJIE3HOIOPOKHOM 06CITYKEHHOCTH
KJIETKH MOXET, IIOHATHO, JINIIb C HEKOTOPBIM  oT/eNbHbIX I'yOepHHUii.
NpHUOINIKEHNEM CIyXXUTbh CPAaBHHUTEIbHBIM Mbl yKe OTMETHIIN, KaK [IHPOKO JOJIKHO
MEpHUJIIOM ISl OTEHKH CPCIHEr0 PACCTOSHUA  eni€ mMporpeccupoBaTh KEJIE3HOIOPOKHOE
TY’)KEBOTO MOJBO3a K KEJIE3HBIM 10POTaM (KO- cTpOUTENbCTBO A TOro, 4yToObl Poccus
TOPBIH, paccyxk/as TEOPETHUECKU, PABHAIICS B 3TOM OTHOLICHHUH CpaBHslIach ObI C cocej-
Obl OZIHOM MIECTON YaCTH CTOPOHBI KIIETKU), HO  HEMH rOCyAapCTBAMH.
BCE K€ M OTH HU(PPBI KPACHOPEINBO CBHIE- [IpuBenéunsic HamMu HU(PHI HE MOIJIH HE
TENbCTBYIOT O HEOOXOAMMOCTH 3HAYUTENBHOTO  [10KA3AThCS BHYIIMTEJIbHBIMM U 3a/]a4a 'MraHT-
CIYLIEHHS HAllleld CETH M JajdbHeWmero €€  ckoii.
pacmMpeHust U Pa3BUTHS. Ho eciau BCHOMHHUTS, 4TO B IIEpBOE JIBA/Ia-
Opnnako o6¢ykeHHOCTb Poccnn JKenesHbl-  tunsruierne 6su10 BeicTpoeHo 2 050 BEpCT,
MH JOpPOraMH B OTIEIBHBIX €€ 4acTAX NAEKO po BTOpO€ — 22250 U B TpeThe — HBIHE 3aBep-
He paBHOMepHA. OCTaBisist B CTOPOHE OOWUP-  maromeecs — 36415 BEPCT, TO pa3Be MOXKHO
Hble pocTpancTBa Cubupu, CpefiHeasnaTckoil  coMHeBaThCs, YTO BBINOJHEHHE HAMEUEHHOI
obnactu u CTENHOTO Kpas, TI€ CYLIECTBYIOINE  KpyIHOM 3a1a4y OyeT HOCHIFHO OGIIUPHOMY
U [POCKTHPOBAHHBIC MArMCTPaIN AOJKHBL  pamemy OTedecTBy.
CIY)KHTb OCHOBOW IS Oy/yInen Kene3Hon0- Henp3st 3a0bIBaTh, 4TO rpOMaJIHbIE MPO-
POXHO# CETH, MBI OTMETHM JIUIIIb, YTO M BIIPE-  cTpaHCTBA €IIE JajeKO OTCTOAT OT JKeJIE3HO-
nenax Eppomneiickoii Poccuu 00CIy»KEHHOCTh  1OpOKHBIX IyTeil B He MOTYT BBICTYIATh CO
JIOPOraMH CUIBHO KOJIECOIETCs 10 OTACIBHBIM  CBOMMH MOKA HETPOHYTHIMH GOTraTCTBAMM HA
paﬁOHaM. Haumenee O6CJ'Iy)KeHHI)IM ABIISICTCA BceMI/IpHLIﬁ PBIHOK 3a YPE3MEPHOK CTOUMO-
Bepxne-Bomxkcknii n Kamckuit kpail, 4T0  ¢Tpi0 pacxooB 1o mepeBoske. M3 obuiero
M BIIOJIHE €CTECTBCHHO, TaK KaK B HCM 3Ha9U- npocTtpaHcTBa EBpomneiickoii Poccuw,
TEIbHO Pa3BUTA BOJAHASA CUCTEMA, W ITOITOMY B 4227 000 kB. BEPCT, HE YUUTHIBas 00IaCTEH
9TOT Kpai, 0 BPEMCHHU ICICHHS €0 JKEJIe3- cepepHee 62-if mapasienu, MECTHOCTH 00Imei
HBIMHU JIOPOTaMH, JOJKeH ObLI yCTyIHUTh noBepxHocThio B 1 780 000 kB. BEpCT muitn 42 %
MECTHOCTSIM, B OTHOIICHUH BOIHBIX MyTEH orcrosT manee 30 BEPCT OT JKeIE3HBIX JOPOT,
MeHee 6orarbiM. Ho BCE ske 1 1ist Hero HacTy-  a mectroctH B 1 120 000 KB. BEPCT HIIH OKOJIO
TIAJIO HBIHE BPEM, KOTAa IPOBEJCHHUE KEIE3- 25 % nanee — 50 BEPCT.

HBIX JIOPOT JOJDKHO CYMTAThCA 0E3yCIOBHO JlefiCTBUTENBbHO, MBI U IIOHBIHE TEPIUM OT
HEOTJIOKHBIM. n30bITKA PACCTOSHUM.
B ocransnolt vactu EBponelickoit Poccun VKa3bIBalOT y HAC HA BOJOOOUIILHBIE ped-

MOHO OTMETHTb, ITTaBHEIM 00pa3oM, IBE€  gple MyTH, KaK Ha MOT'y4ee ocoOue s mepe-
IIMPOKKE MOJOCH MEHBIIEH 0OCITY)KEHHOCTH, BO3KHM MACCOBBIX I'PY30B; OJHAKO, OJHHM H3
00€ TAHyIHMeCS C CEBEPO-BOCTOKA HA IOTO-  yTaBHBIX YCIOBUH JJIs1 IUPOKOTO Pa3BUTHUSA
3amag. Ochb MIEpBOM, BOCTOYHOM, MOJIOCHI Ts- IPOMBILIIEHHOCTH Y TOPTOBJIN SBJISIOTCS Iy~
Heres npumepHo ot Cumbupeka k HoBopoc- T, o6ecnedennbie HenpepbIBHOCTHIO Aeii-
CHIICKY, BTOPO, 3aI1aIHOi1, OT BONOTABI 9epe3  cTBHUS, U TYT, HMEHHO, JKEIE3HbIE JOPOTH
Morun€s Ha PoBHO. MeX1y HMMH pacloio-  joiKHBI BBICTYIIaTh KaK COIO3HUKHU PEYHBIX
KeHa Oosee 00CIy)KEHHAs TI0I0Ca B HANPAB-  [yTeil, COBMECTHO TPY/ISCh HA MOIb3Y OOMINX
JieHnu oT MockBrl k Ekarepunocnasy. LeJIeH.

OueBuaHO, 4TO HanbosIee HAITIAHEIM 00- Korna BrepBble 4eI0BEYECTBO CTAIO Pac-
Pa3OM CTETEHb KENE3HONOPOKHOM OOCITYKEH-  101araTh HOBBIM MOIIHEIM OpYAMEM IIEPEBO3-
HoctH EBporierickoii PoccHu 1o 9acTsiM MOTIIAa  ky — jKeJIe3HOM JOpPOroif, OTKPHIBIIEH MyTH
6BITB H306pa>1<eHa TOJIBKO (I)I/I3I/I'-ICCKI/IM HyTéM. COO6H_ICHI/IH B HaIlpaBJICHUAX, HE NIpeAyKa3aH-
B srux nensx o6pazoBanHoi npu MUHUCTED-  HBIX TPUPOIOI, 2 BHIOUPAEMBIX 110 COOOpaKe-
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HUSIM C Ha3pPEBAIOIIUMHE MOTPEOHOCTSIMH, TO
BIIOJTHE TIOHSITHO, YTO BCE YCHITHSI, BCE 3aTPAThI
YCTPEMHIIHCh K CO3JJAHUIO STHX HOBBIX CYXO-
MyTHBIX COOOIEHUH.

DTH IyTH HE OCTAHABIMBAIKCH TEPE] TOP-
HBIMH MPErPajiaMy U PyYHBIMH IOTOKAMH, OHH
paboranu GecripepbIBHO, BCIOAY MPOOYKIas
MPOU3BOJAMTENBHBIC CHIIBI, CO3/1aBas TOPTOB-
JIF0, TOJIHUMAs O61arococTosiHue Kpast. Beraxas
BTyHE JIC)KABIINE HUBBI, MOIHIB CKPBITHIC
B HeJIpax 3eMJIH TOpHbIE OOTaTCTBA, OTKPhIBas
JIOCTYI K HOBBIM PBIHKaM cOBITa, JKEJIE3HbIC
JIOPOTH CO3JaJIi HECIBIXaHHOE paHee oouiee
rpy30B, MOJ KOHEIl MM HemocuibHOe. U TyT
BPEMEHHO Kak OblI 3a0bIThIC BOIHBIC yTH IM0-
CICIIMIN K HUM Ha BBIPYUKY.

Heo6xoauMocTh YCUICHHOTO 00yCTpOii-
CTBa W Pa3BUTHS BOJHBIX IMyTeH SIBUIACH MPsI-
MBIM TIOCJIEJCTBUEM TPOMATHON KYIbTYPHOU
PpaboThI JKEIE3HBIX IOPOT, ¥ MBI BUIUM, 4TO Ha
3amajie HbIHEe HATPABICHBI CEPhE3HBIC 3a00THI
K PACIIUPEHHUIO CTapbhIX U CO3/aHUIO HOBBIX
BOJIHBIX cooOmenuii. To ke camoe JOJIKHO
OBITh y HAC, M y HAC )KeJIEe3HbIC JOPOTH CO3/a-
JYT OTPEOHOCTH B MEPEIBHKECHUU TPOMATHO-
ro u300WIHs TPY30B, U HA MOAMOTY K HHM
SIBATCS BOJHBIC My TH, y’KE HbIHE MOATOTOBIIsIC-
MBI€ K TPEICTOSIINM UM 3a1a4aM, He B BUJIC
COTIEPHUKOB YKEJIE3HBIX JOPOT, a KaK COI3Has
cuia.

B 3akioueHue mM03BOABTE KOCHYTHCS Of1-
HOTO BOMpOca. BbICKa3bIBAIOTCS OMTACEHHS, UTO
[IAPOKOE KEIE3HOIOPOKHOE CTPOUTEIHCTBO
MOXET TPO3UTh MOTPSICEHUEM (HHUHAHCOBOTO
67aroCcOCTOSHUSI CTPAHBI, YTO 3aTPaYCHHbBIC HA
COOPYIKCHHE KEIE3HBIX JOPOT KaIUTAIbl HE
OKYMSITCSI M TOTPEOYIOT €KETOHBIX MPHILIAT,
YTO JKENE3HOMOPOKHBIC YOBITKH MPUAETCS
MOKPBIBATh U3 JAPYTHX PECYPCOB, U3 HAIOTO-
BBIX CPEJICTB.

Ho mpaBuibHO 1M OICHUBATH KEIE3HBIC
JIOPOTH MEPHIOM KOMMEPYECKHX MpeanpHsi-
THIl, ICXOANTH U3 MacIiTaba uX caMOOKymae-
MocTH. He SBISIFOTCSI T OHU CKOpee cpeji-
CTBOM JUISI IIMPOKOTO MOIbEMA 00111ero O1aro-
COCTOSIHUS OOMIMPHOTO TOCYAaPCTBEHHOTO
XO035HCTBA, CPEICTBOM HAMOI00HE COOPYKEH-
HOW 7151 GOJNBIIOTO MPOMBINIICHHOTO MPe-
OPHUSITUS CIICIHATBHON MOABE3MHOM BETBH, 6e3
KOTOPO# MpeaNpHUsITHE HE MOTIO ObI Pa3BUTh-
Cs1, HEe MOTJIO ObI H3BJIEKATH IOXO/bI U3 COBITA
IPOIYKTOB CBOETO MPOU3BOJCTBA, 3a HEBO3-
MOKHOCTBIO HITH 32 JOPOTOBH3HON JOCTABKU
UX Ha PBIHKU.

JloCcTaTouHO OCTAaHOBHUTHCS HA OJJHOM CO00-
paxennu. Kak ynomsiHyTo, B mpeznenax EBpo-
nie¥ickoit Poccun, B yacTu roxkHee nmapaieny 62°,
npoxojsineil npuMepHo yepes [lerposaBojck,
IIenkypck, SIpeHcK, MECTHOCTH, IJIOMAABIO /IO
1120 000 xB. BEPCT, HAXOAATCS B OTAAJICHUU OT
xeJe3HbIx jJopor Ha 50 BEpct u Gonee. Jlomy-
CKasl, 4TO IPU PA3BUTHH KEJIE3HOJOPOKHOM
CETH 3TU MECTHOCTH B OOJIbILICH WIIM MEHbILEH
Mepe BOWayT B cpepy HEIOCPEICTBEHHOTO BIINSI-
HUSI PEJIbCOBOTO IMyTH, YTO, HA KPYT, IPU ITOM
MIPOM30MIET pUpalMBaHIE LIECHHOCTH 3€MEJIb,
B Cpe/HEM, Ha JIBaLarh pyOlsiei ¢ JIeCAITHHBI,
001 IPUPOCT 3eMETBbHOIM LIEHHOCTH BBIPA3HJI-
cst Obl cymmoii B 2240 mitH py0., T.e. ObUT ObI
PaBHOLIEHEH CTOMMOCTH HOCTPOWKH CBBINIE
40000 BEpCT xKeNne3HBIX TOPOT.

Kazasiock 0Obl, 4yTO 3372492 JKEIE3HOI0POXK-
HOH ()MHAHCOBOW MOJUTHKHU JOJIKHA ObLIa OB,
MEXJly IPOYUM, COCTOSTh B TOM, YTOOBI 3TO
MpHUpalieHne 3eMeJIbHOH CTOMMOCTH, BbI3BaH-
HOE JKEJIE3HOJOPOKHBIM CTPOUTEIbCTBOM,
YUUTBIBAJIOCH TEM WJIM HHBIM ITyTEM 10 JKeJIe3-
HOJIOPOXKHOMY OajaHcy.

Bo BcsikoM cirydae, He MOJIEKUT COMHE-
HUIO, 4TO pyOIib, 3aTPaYCHHbII Ha MOCTPOIKY
JKEJIE3HBIX JIOPOT, SIBISETCS Kak Obl pyOuém
XOTSI M 3apbITHIM B 3€MJII0, HO NPHUPAIIUBAIO-
muM €€ CTOMMOCTEL OoJjiee, YeM Ha CBOIO CO0-
CTBEHHYIO IICHY.

MBbl 11pa3iHyeM CErojiHs CeMU/IECSTHISITHIIC-
THe nepBoro Bricouaiiiero Ykasa, oapuBILIEro
Poccuto nepBoii xkene3Hoi 1oporoit 1 HanpaBUB-
miero e€ Ha IyTh, 10 KOTOPOMY OHa C TeX HOp
HEyKJIOHHO ciefoBasa. Jla mo3BosieHO Oyner
BBICKa3aTh OT MIMEHH JKelle3Ho10poxkHOoro Otrena
Wmneparopckoro Pycckoro Texuuueckoro O6-
1IECTBA TBEP/IYIO YBEPEHHOCTb, YTO U B IPECTOS-
1iee JIBaUATUITATHICTHE Hallla JKEeJIe3HOI0POK-
Hasl ceTh OyJeT MOIIHO pPa3BHUBAThCS M PACIIU-
pAThCS Tak, YTOOBI B JIEHb TOPKECTBEHHOTO
IPa3HOBAHUSI CTOJIETHETO JKEJIE3HOIO0POKHOTO
100umIIest, Te, KOTOPBIM CY)KIEHO OyaeT codparbes,
Bor nacr, B 001MpHOM 3aj1e 0OHOBIEHHOTO 3/1a-
Hus Ummnepartopckoro Pycckoro TexHndeckoro
OO1ecTBa, MOIIM OBl C TOPJOCTHIO OTMETHTH
JaIbHEHINM MOTy4Yuil pocT Hamel ceTu u eé
rpOMajIHOE 3HaYEHHE ISl KYJIBTYPHOIO MofbEMa
1 OJIar0COCTOSIHUS HAllleH goporoi PomuHsl (npo-
Q02ICUMENbHOE PYKONIIECKAHUE).

0. A. CtpyBe
(Kene3Hogopo:kHoe 1710, —
1911. — NeNe 17-19. — C. 124-128) @
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BaroHbI-camoxopgbl
Ha PYCCKMX Xene3HbIX goporax

Henbarozopoxroe Tio

KYPHATH

Ilpecc-apxue

naccas)cuponomnoxkom.

3amemxa 6 scyprane «Kenesnooopooicnoe oenoy 6 1911 200y npeonazana uumamenam
HOB0CMU O NEePEOM MEXHUYECKOM 3a0aHUU HA NPOUIEOOCINEO BA2OHOE-CAMOX0008 UNU —
6 COBPEMeHHbIX mepMuHax — asmomompuc. IIpeononazanoce anpobuposams HeckoIbKO
MoOenell ¢ paziudHbIMU 08UAMENAMU, 8 MOM Hucne, u dnekmpudeckum. Hecmompsa na
OnumenbHwie OUCKYCCUU NO NOB0OY IKOHOMUUHOCMU MAKOU MEXHUKU NO CDABHEHUIO

€ 00bIYHBIMU MHO208A20HHBIMU NOE30AMU, 38YHANU PAYUOHATLHBLE GbICKA3LIEAH U 00
UX NPUSOOHOCMU OJis NPUSOPOOHO20 U MECIHO20 COOOWEHUA HA TUHUAX ¢ HEDOTbUIUM

Knroyesble crosa: ucmopus mpaHchopma, 8a20H-caMoX00, asmomompuca, npueopodHoe 0BUXeHUe.

OpasoBanHas npu Munucrepcrse [lyreit

Coo01ieHusi, moJ NPeAceIaTeIbCTBOM

ynena Komurera YrpagieHus Kene3HbIX
JIOPOT, JAEHCTBUTEIBHOTO CTATCKOTO COBETHHKA
H. K. Todhmana, ocobasi koOMUCCHS 3aKOHYMIIA
BBIPA0OTKY TEXHHUYECKHUX YCJIOBHUH, KOTOPBHIM
JIOJDKHBI OTBEUATh ITPEIIOJIOKEHHBIE K TOCTPOH-
K€ HOBBIE BaroHbI-caMoXobl. [lepBoHauabHO
TIPE/INOJIOKEHO 3aKa3arh 10 BaroHOB-caMOXO0/10B
C Pa3IMYHBIMU CUCTEMaMH JIBUTATENEH (AIIeKT-
POMOTOPHOM, TApOBOH M BHYTPEHHErO Cropa-
Hus). [locne ucnbITaHUsT BaroHbI-CaMOXO/IbI
C JIydIlIei CHCTeMOH BHTarelieil OyyT 3aKa3aHbl

JUTS HYK]] Ka3EHHBIX JKEJIE3HBIX OPOT KaK JUIs
00CITy’)KUBaHUSI TIPUTOPOJHOTO JIBHIKCHHUS, TaK
1 JUIsl 3aMEHBI UMM T10€3/10B MECTHOT'O CO001IIe-
HUS B T€X MECTHOCTSIX, IJI¢ HA3HAYCHUE OTICITh-
HBIX MOE3JI0B MPEACTABISICTCS YOBITOUHBIM
(«Becmuuk nymeti coobwgenusi», Ne 5, 1911 r).

[IpuBeTcTBYEM 3TO HaYaj0, IPEANPHHSATOE,
BeposiTHO, Oiaronapst nounHy Oo6miecrsa Mo-
CKOBCKO-BuHIaB0O-PrIOMHCKOM jKeIe3HOI T0po-
T, YCTPOUBIILICH TaKOH e T0e3/] IByXBarOHHO-
ro cocTaBa, Ul JBIOKCHHS, B BUJC OIBITA, HA
cBoeil [lapckocenbekoil TMHUY, C aKKyMYJISITOP-
HBIM DJICKTPUYCCKUM JBUTATCICM.

L[ns uumupogaHusi: BazoHbI-camMoxo0bl Ha pycCcKuX XenesHbix dopoeax // Mup mpa+Hcnopma. 2021. T. 19. Ne 5 (96). C. 119-120.
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Hoebli anekmpuyecKuil akkymynssmopHbIl ea2oH bpsiHcko20 3agoda.

Cmanyusi Pxee Mockoecko-BuHdaeckoli xenesHoll dopoau.

UYro kacaercs Mmneparopckoro Pycckoro
Texunuueckoro OOmIecTBa, TO MEPBBIA TOKIIA
B VIII Otnene namero OOIecTBa 0 mapoBbIX
CaMOJBIDKYIIUXCS BaroHax cJaesiaH OBIa
H. 1. YaiikoBckum eni€ B 1881 roxy 21 okTs6ps,
T.¢. 6onee 29 net Tomy Hazaz (cM. «XKemr.-mop.
neno» 1882 roxa, ctp. 3). DT0 OBUT EPBBIN THTT
OTAENBHO CIEAYIONNX BarOHOB JUII KOPOTKHUX
JKEJIE3HOOPOKHBIX BETBEH M MEPEroHOB Ha
TIIaBHBIX JIMHKSX. Takue Baronsl B Poccun 00Jib-
IIIOTO PacTpOCTPAaHEHUS HE TTOTyYHIIH, TTIABHBIM
00pa3oMm, BCJIEACTBHE CYIIECTBYIOLIETO y HAC
HCKITIOYUTEIHHOTO B3IVISIIa HA MacCaXUPCKOe
JIBIDKEHUE, TI0 €70 YOBITOYHOCTH, U Ha MaCcCaXH-
POB, KaK Ha Tpy3, MOUICKAIIIH TepeBO3Ke, 0
BO3MOYKHOCTH, O€3 YOBITKa, 8 HE KaK Ha HH/NBH-
JIyyMOB, KOTOPBIMH BeAETCS BCSI )KU3HB CTPAHBI,
B TOM YHCJIe U 00pa30BaHUE JIEHCTBUTEIBHBIX
TPy30B, IEPEBO3KA KOTOPBIX TS KETIE3HBIX J10-
POr BBITOIHA. YIOMSHYTBIH HCKIIIOUUTEIbHBIN

¢  MWP TPAHCIOPTA

T. 19. Ne 5 (96).

B3IVISLIL JIJISl YMEHBILIEHHUST YOBITOYHOCTH TpeOyeT
0e3/10B OOJIBIIOTO COCTaBa, a yA00CTBa Hace-
JICHUS1, BOOOIIIE, BO3PACTAOT C YMCIIOM T10€3/10B
B CYTKH U C pacIipe/ieIeHHEM HX I10 4YacaM CyTOK
€000pa3HO ¢ MECTHBIMU UHTEPECAMU. YCTAHOB-
JIeHHe HanboJiee yaqHoro COOTBETCTBHS B OCY-
LIIECTBIICHUH Ha JIeJIe ATHUX JIBYX Hadas — TpeOo-
BaHWH YKOHOMHH M TPEOOBAHMI )KU3HU — COCTAB-
JISIET TPEMET U MCKYCCTBO IKCILTyaTaluH xKe-
JIE3HBIX JIOPOT.

B «Ken.-nop. nesne» nmeercst MHOTO CBeJie-
HUI 0 CAMOJIBIKYIINXCS] BATOHAX M O MECTHBIX
moe3nax: 1883 ., ctp. 212 u 294; 1884 1., cTp.
280; 1888 ., ctp. 79; 1889 ., cp. 123; 1890 I,
cTp. 278; 1893 1, cTp. 443; 1896 T, cTp. 31, 136
n 162; 1902 r, ctp. 31, 198 u 362; 1905 1, c1p.
28; 1908 r, ctp. 73; 1909 r, cTp. 63.

(Kenesnogopo:knoe geno. — 1911. —
Ne8 —C.54; Ne25.-C.184) @

BaroHbl-camoxofbl Ha PYCCKUX XKerne3HbIX goporax
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PeueH3us Ha KHugy, NOC8AWEHHYH
CUHMe3y cucmem ynpasneHus
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* Aemomamusauyusi cuHme3a
83aUMo3asucuMocmell NoMoXeHus
CMpesoK U nokadaHull ceemoghopos
8 cucmemax anekmpu4eckol
yeHmpanusayuu.

* Peanusayuu cmpameauu kayecmesa
ESM 8 ycrosusix uHOycmpuarbHo-
UHHOBAUUOHHO20 pa3gumust
Pecnybnuku Kasaxcmar.

« Onmumu3ayus 3Hepeo3ampam

Ha msey noe3008 Ha 0CHO8e
YMOYHEHHO20 Memoda ms208bIX
pacyémos.

* Bsaumodelicmsue 2pyHmMos020
maccuga ¢ 3KpaHoM U3 pa3pexeHHo20
psda csall.

* BnusiHue pexumos aKkcninyamayuu
Ha MexXHUYecKoe coCMosiHue
JIOKOMOMUBO8.
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Hosble nybnukayuu, ygudegwue cgem
8 poccutickux uzdamenscmeax.
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Omutpuit EPAHOB

CanoxHukoe Bn. B. Cume3 cucmem ynpaeneHus deu-
JKeHUeM noe30doe Ha }ene3HOA0POXHbIX CMaHYUSIX C UCKITO-
YyeHueM onacHbix omka3os. — M.: Hayka, 2021. - 229 c. -
ISBN 978-5-02-040877-7.

B cmambe 0aémcs KOpomKas peyeHsuss Ha mosbko 4mo
sbledwyto KHuzy npogpeccopa Bri. B. CanoxHukosa « CuHme3
cucmem ynpaeneHusi 08UXeHUeM noe3008 Ha Xene3HOA0POXHbIX
CMaHYUsX C UCKIIYEHUEM ONacHbIX OMKa308y.

B KHu2e paccMompeHb! 0CHO8bI CuHMe3a 6e30nacHbIxX cuc-
mem ynpagnerusi 0guxeHuem noe3doe Ha Xene3HOO0POKHbIX
cmaHyusx. Cucmemb! ynpasneHus Ha 3mane abcmpakmHo2o
cuHme3a npedcmaesisilomcs 6 8ude COBOKYNHOCMU MHOXecmea

Mup Tparcnopra. 2021. T. 19. Ne 5 (96). C. 122-124

0630p kHurn «CUHTE3 CMCTEM YnpaBneHus
ABWXEHWEM NOe3A0B Ha XeNne3HOAO0POXKHbIX CTaHLMAX
C UCKIKOYEHUEM ONACHbIX OTKAa30B»

Jmumpuit Bukmopoesuu Egpanos
Poccutickuii ynusepcumem mpancnopma, Mocksa, Poccusi.

KOHEYHbIX a8MoMamoe, npu peanusayuu KomopbIX UcKIoYam-
€S yCrnogusi B03HUKHOBEHUS ONACHbIX OMKa3oe U, coomeem-
CMBEHHO, B03HUKHOBEHUS Kamacmpoghuyeckux HapyweHul 8
pabome, 8bI3bIBAOWUX YepO3bl Naccaxupam U Nepeso3umMbim
2py3am.

PekomeHdyemcs dn1st pa3pabomyukos cucmem ynpagneHus
0meemcmeeHHbIMU MeXHOI02UYeCKUMU Npoyeccamu, CUCmem
asmomMamu3upo8aHHO20 NPOEKMUPOBAHUS, MECMUPOBaHUS,
mexHuyeckoeo QuaeHocmuposaHus U MOHUMOpPUHea
ycmpolicme agmoMamu3ayuu Ha mpaHcnopme U 8 NPoMbIl-
JIeHHOCMU, @ makxe cmydeHmos, achupaHmos, npenodasa-
menel, UHXeHepos, cheyuanucmos 8 cghepe CUHMe3a cucmem
ynpaesneHus.

Kntoyesbie crosa: ynpasnexHue dsuxeHuem noe3dos, )Keﬂe.’iHO@OpO)KHble CmaHyuu, omkasbl, CUHmMe3 cucmem ynpas/eHus.

0rg/10.30932/1992-3252-2021-19-5-16.

[ng uumupoearus: Egpanos []. B. 0630p kHueu «CuHme3 cucmem ynpagneHus 08uxeHuem noe3dos Ha xene3Ho00pOXHbIX
CMaHYUsIX C UCK/TIOYeHUeM onacHbIX omkasos» // Mup mpaxcnopma. 2021. T. 19. Ne 5 (96). C. 122-124. DOI: https://doi.

MonHb Il mekcm cmambu-peyeH3uU Ha aHanulickoM si3bike nybukyemcsi 60 8mopoll yacmu daHHO20 ebInycka.
The full text of the article in English is published in the second part of the issue.



PpobiiemMaM MOCTPOCHHUSI OE30ITACHBIX CHCTEM

YIIpaBJIEHNs] Ha TPAHCIIOPTE M B MPOMBIIII-

JICHHOCTH TIOCBSIIICHO OOJTBIIIOE KOJIMYECTBO
padoT, OImyOIMKOBAaHHBIX C MOMEHTA 3apOKICHIS
METOJIOB MX CHHTE3a KaK Ha peleiHOM, Tak 1 Ha
MHUKPO3JIEKTPOHHOM M MHUKPOMPOLIECCOPHOM OC-
HOBaXx JI0 HAaCTOSIIIIErO BpeMeHHU. TexHuKa u aiie-
MeHTHast 0a3a MOCTOSIHHO COBEPILIEHCTBYIOTCS,
JIBUTASICH COPA3MEPEHHO HAYYHO-TEXHHYECKOMY
nporpeccy. MeHsFOTCS 1 KOMITOHEHTBI, © METO/IBI
pea3ayi YCTPOUCTB Ha HUX, YMEHBIIIAIOTCS UX
ra0apuThl, CHUKAIOTCS MTOPOTH CpabaThIBaHMUS
9JIEMEHTOB H T.J1. Te KpyIHbIe yCTpOHCTBa, KOTO-
pBIe TOJIBEKa HazaJ| BBIMOJHSIM MpOoCTeiIne
OTepaliy BKITIOYCHUS WM BBIKITFOUCHHSI OOBEKTOB
YIIpaBJICHHS, 3aMEHSIOTCS yCTPONCTBAMH, KOTOPBIE
TIOPO TPYHAHO PA3TMIUTh HEBOOPYKEHHBIM B3IIISI-
JoM. YenoBedecTBO MEPeXOAnuT OT peau3anuu
MaTo()yHKIIMOHAJIBHBIX YCTPOHCTB K MHOTO(YHK-
LIMOHAIILHBIM, CIIOCOOHBIM Pa3MeIarThesi B IPo-
CTpPaHCTBE MHUHHMaJbHOTO 00BEMa. Crnemyer
MMOMYEPKHYTH (dEeKT oT mporpecca B 00IaCTH,
HaIpuMep, MUKPOAJIEKTPOHHKHA: IBIKEHUEM TI0-
€3710B Ha KEJe3HOAOPOKHOW CTAHIIMH BIIOJTHE
MOJKET YIPAaBILSITh COBPEMEHHBII cMapT(oH B3a-
MEH I1eJION YCTaHOBKH JIEKTPUYECKOM IEHTPaIi-
3aruu. [IpyToit Bompoc, 310, KOHEYHO, odecrede-
HHUE HaI&KHOTO U O€30MIaCHOTO BBITOIHEHHS all-
TOPHUTMOB YIIPABJICHHUS C TOMOIITEI0 MUHHAATIOPHOMH
TEXHUKH!

Ocenbto 2021 rofa BhIILIA B CBET YHUKAJb-
Hasl [T0 CBOEMY HAITOJTHEHUIO KHUTa, HallMCaHHast
HAIlIMM COOTEYECTBCHHUKOM U KPYITHBIM yIEHBIM
B 00J1aCTH JKEJIE3HOIOPOKHOM aBTOMATHKH U Te-
JIeMEeXaHUKH, 3aCITyKCHHBIM JesTeNeM HayKd
P®, noKTOpOM TEXHHYECKHUX HayK, ITpodeccopom
Brnanumupom BragumupoBuuem CanoKHUKO-
BBIM (puc. 1), BHECIIMM KOJIOCCAJBHBINA 1O
CBOMM MaciuTabam BKJIaJ B Pa3BUTHE METOOB
CHHTe3a HaAE&KHBIX U 0€30MacHBIX CHCTEM
yropaBieHus Ha TpaHcmopre. Kaura momydmia
Ha3BaHHe «CHHTE3 CUCTEM YIPABICHUS JBIDKE-
HHEM I10€3/I0B Ha )KEeJIE3HOTOPOKHBIX CTAHLIUAX
C HCKJIIOYEHHEM OITaCHBIX OTKa3oB» (puc. 2) u
OXBaThIBaeT (yHJIaMEHTAIbHBIC OCHOBHI a0-
CTPAaKTHOTO U CTPYKTYPHOTO CHHTE3a CHUCTEM
YIpaBIECHUS JABIKCHNEM TI0€3/I0B Ha XKEJIe3HO-
JOPOKHBIX CTAHIUSAX.

Heo0xonuM0O OTMETUTH, YTO B 0OJIBIIOM
KOJINYECTBE CTpaH XKeJIEe3HOJOPOXKHBIE CETH
pa3npoOiIeHb! Ha CTaHIMK | rieperoHbl. Ha cran-
[USX, B OTIMYHE OT IEPETOHOB, IMEETCS ITyTEBOE
pa3BUTHE, YIOKEHBI JKEJIE3HOOPOKHBIE CTPE-
KA U BBITIOJHSIOTCS BCE OCHOBHBIC OTEpaIlii
C BaroHaMu, JOKOMOTHBaMH, roe3amu. FiMeHHO
M09TOMY HAaWBaKHEHUIINM BOIPOCOM SIBIISICTCS
OpTaHU3aIs YIIPABICHUS IBIKCHIEM 110 CTaH-
nuu. Ha meperone 3Tot mpormecc K HaCTOSIIeMY

Puc. 1. Aemop kHuzu — Bnadumup Bnadumupoeuy CanoxHukoe

(1940-2020).
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Puc. 2. 06noxka kHuzu «CuHme3 cucmem ynpaeneHus
dsuKeHUeM N0e3008 Ha Kene3HOOOPOKHBIX CMaHUYUAX
C UCK/TIOYEHUEM ONACHbIX OMKa30e».

BpPEMEHH JIOBE/IEH JI0 aBTOMATH3Ma: CBETO(OPHI
(baKTHYECKN TEePEKIIOYalOTCsl CAaMUMH JIBUXKY-
mUMHKCS oe3namMu. st peryinnpoBaHust ABUKe-
HUSI TI0€3/10B, MAaHEBPOBBIX COCTABOB 1 JIOKOMO-
THBOB Ha CTAQHLIMAX UCIOJIB3YIOTCS TEXHUYESCKUE
CpeICTBa KeJIe3HOJOPOXKHOI aBTOMATHKH U Te-
JIeMEXaHUKH, Ha KOTOPbIE BO3JICHCTBYIOT ACKYP-
HBIE 10 CTAHIIHSM (B PsiJI€ CUCTEM IIPELyCMOTpE-
HBI PeKUMBI aBTOJIeHCTBUS ). CHCTEMBI yIIpaBiie-
HUSI peain3yloTcsl TaKMM 00pa3oM, 4TOOBI HC-
KJIFOUUTBH ¥ BIIMSHHE YeJIOBeKa Ha 6e3011acHOCTb
BBINIOJIHEHHS aITOPUTMOB, U BINSHUE BHEIIHNX
Y BHYTPEHHHX JIECTAOMIIN3UPYIOIINX (haKTOPOB.
Taxum oOpa3om, 3aa4a peanu3alul CXEMHBIX
pemeHnit o HaJgEKHOMY M O€30M1acCHOMY BbI-
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MOJTHEHUIO aJITOPUTMOB YIIPABJICHHSI 00BbEKTaMHU
ABTOMATH3AIMY HA CTAHIIUSX SIBIISICTCS HAUBAXK-
Helmei. B ocBerraeMoM n3MaHuy Kak pas u Go-
KyCHpyeTCsl BHUMaHUE HAa PEIICHUH JaHHOM
3a/1a49u.

B npencrapneHHON KHUATE CXEMBI KEJI€3HO0-
POKHOU aBTOMATHKH U TSJICMEXaHUKH [IPEICTaB-
JISTFOTCS B BUJIE OJTHOTAKTHBIX (KOMOWHAIIMOHHBIX )
Y MHOTOTAKTHBIX (00JITaf0IINX MAMSTEIO) aBTO-
MaToB — KOHEYHBIX aBTOMaToB. CTaBUTCS HAyIHAS
3aa9a CHHTe3a 0e30IacHOr0 aBTOMAaTa — TaKOTO
aBTOoMara, B paboTe KOTOPOro MCKIIOYAITCS
JIOKHBIC BO3/ICHCTBYS, BHI3BIBAIOIIIHEC CpadaThIBa-
HUE OOBEKTOB YIPABJICHUS U BBHIIOJIHCHUC MU
(hyHKIWIA, HE 3aJI0KCHHBIX B airopuTtMax. M3
MIPAaKTHYECKON IIOCKOCTH aBTOP TEPEBOAUT pe-
[ICHHE 3a/la4d B TEOPETHUYECKyIo, Omaromaps
MCTIONB30BAHUIO AITeOpbI PEryJsipHBIX COOBITHIA.
A camu OmacHbIC MEPEXOJIbl U3 COCTOSHHUS B CO-
CTOSIHUC HMCKJTFOYAIOTCS Ha JTare abCTPaKTHOTO
CHHTE3a KOHEYHOTO aBTOMATa.

ChopmynnpoBaHO BaskHEWIIee Uil TEOPUN
CcHHTEe3a OE30IaCHBIX CUCTEM YIIPABICHHUS B BU-
Jie KOHEYHBIX aBTOMATOB IOJIOKEHHUE (TeopemMa
0 0e30macHBIX aBTOMATax): OMACHBIC OTKAa3bl
B paboOTe KOHEYHOIO aBTOMAaTa OTCYTCTBYIOT
TOTJa ¥ TOJIBKO TOT/IA, KOTA IS BCEX JIOKHBIX
[IEPEX0/I0B Si — Sf M JUIS BCEX JIOXKHBIX COOBITHIA
k BBITIONHSETCS yCIIOBHUE:!

Es s E  NE, =2,

8,8, f(k)
rae £ 5,5, €CTb MHOXKECTBO CJIOB, COOTBETCTBYO-

IIMX JIOKHBIM ITepexo/iaM KOHEYHOTO aBTOMaTa
U3 COCTOSHUSA S, B COCTOSIHHE Sf;
E ;) —MHOKECTBO CJIOB, TIEPEBOIAIIMX KOHE-

HBIil aBTOMAT U3 COCTOSIHUS S ', B COCTOSIHUSE, ITPE/-
CTaBIIAIOILHUE JIOKHBIE COOBITHS M3 MHOKECTBA £, ;
E,, — MHOXECTBO CIIOB, TIEPEBOJSIINX KO-

HEYHBIM aBTOMAT B OITACHBIE COCTOSIHHUSI.

BBenénHble aBTOPOM Ha OCHOBE PETYIISIPHBIX
BBIP2KEHUH YCIIOBHSI [TO3BOJIMIN CPOPMUPOBATH
AJTOPUTMBI CHHTE3a KOHCYHBIX aBTOMATOB, KO-
TOpPBIC MCKIIFOUAIOT WX MEPEXOJbl B OIACHBIC
COCTOSIHHISI TIPH JIFOOBIX OTKa3axX, C BEPOSTHO-
CTBIO KOTOPBIX HEOOXOAUMO cumTarhbes. s
HCKJTFOUCHHSI OTIaCHBIX OTKAa30B B aBTOMAre JI0-
CTaTOYHO 3aMPETUTh BCE OMACHBIC JIOKHBIE TIe-
PEXOIBI.

Kuura pa3znenena Ha 4eThIpE TIIaBbI, OXBAThI-
BaIOLLME CIIEAYIOLME OCHOBHBIE BOIIPOCHI:

1. OCHOBBI CHMHTE3a KOHCYHBIX aBTOMATOB
C UCKITFOUCHHEM OITaCHBIX OTKa30B.

2. OCHOBBI CHHTE3a CXEM Ha pelleiHoN oc-
HOBE C UCKITIOUCHNEM OIACHBIX OTKa30B.

3. OcHOBBI a0CTPAKTHOTO CHHTE3a AIEKTPH-
YECKOM LEHTpaJIN3aLHH.

4. OCHOBBI CTPYKTYPHOTO CHHTE3a dJICKTPH-
YECKOM LEHTpaIu3al1H.

K kax0# miaBe aBTop 1a€T KpaTKUe BHIBO-
161, (hOKycHpYyIOIIHe BHUMAaHUE YUTATENs Ha
OCHOBHBIX TOJIOXKEHHSIX, OTMPEIEIISIONNX 0CO-
OCHHOCTH aHajM3a U CHHTE3a 0E30MacHBIX KO-
HEYHBIX aBTOMATOB U HETOCPEACTBEHHO CXEM
NMEKTPUUECKON LIEHTPATU3ALUH CTPEIOK U CUT-
HAJIOB.

[IpumeuareabHO TO, YTO PE3YIIBTATHI, OTIH-
CaHHBIC ABTOPOM B KHUTE, HE UMEIOT MPUBSI3KH
K KOHKPETHOH »JIeMEHTHOU 0a3e, a Bce pac-
CMOTPEHHBIE PeaTH3aliy SBISIOTCS (paKkThde-
CKM IPUMEPAMU CHHTE3a CXEM yTpPaBICHUS Ha
peneiiHo OCHOBE M Ha MPOCTEHIINX JIOTHYe-
cKHX aneMeHTax. OnrcaHHble TEOPETHYECKHE
OCHOBBI HE TOJIBKO aKTYyaJIbHBI I TEKYIIETO
JTama pa3BUTHUS TPAHCIOPTHON OTPACIH, HO
u O6yayT BocTpeOoBaHkl B OymymeM. CIoKHO
Jla)ke OXBATUTh TOT MEPHUOJ], B TEUEHHE KOTO-
poro JaHHas KHUra Bc€ €ll€ «OCTaHEeTCs CO-
BpeMeHHOI». bonee Toro, onrcaHHble B KHUTE
TEOPETUYECKHE OCHOBBI JIETKO PaclpoCTpaHs-
IOTCS HA MHBIE IPAKTHYECKHUE TIPUIIOKEHUS KaK
B TPAHCIIOPTHOW OTPAcid, TaK ¥ B MPOMBIII-
JIEHHOCTH.

[To ombITy paboOTHI B IpakTUYECKOil cdepe,
HEO0OXOIMMO OTMETHUTb, YTO HACTOSIIIEE H3JaHUE
Oy/ieT TOoJIe3HO MH)KEHEepaM M pa3paboTdukam
0€30MacHBIX CHUCTEM YINPABICHHS, KOHTPOJIS
1 MOHHUTOpHHTA. VICIONb30BaHNE MaTepHAIOB
JIAHHOW KHUTH TIOMOTJIO OBI PEIIEHUIO OOJIBIIO-
ro 4Yuclia BONPOCOB. B Hacrosiee Bpemst psij
WH)KEHEPOB 1 pa3paboTINKOB BBHIHYK/ICH ITOBTO-
PATH IyTh, YK€ MPOJCTAHHBIA aBTOPOM, XOTS
TIPaBUJIbHEE HCTI0JIb30BaTh HAKOIUICHHBIN OTIBIT
1 HapaIluBaTh PE3yNIbTaThl, OXBadCHHbIE JAHHON
KHUTOM.

Kuura npodeccopa Bi. B. CanoxuukoBa
«CuHTE3 cHCTeM yIpaBIIeHHs ABHKEHHEM 110€3-
JIOB Ha JKEJIC3HOOPOXKHBIX CTAHIHUAX C UCKIIIO-
YEHUEM OITaCHBIX OTKa30B» PEKOMEHAYETCS
K MPOUYTEHHUIO HE TOJIBKO MH)KEHEPAMH, pa3pa-
00TYMKaMH, CTyACHTaMH, aCIIMPAHTAMU U IIpe-
1oJ1aBaTeNIsIMi B 00JaCTH KeJIe3HOAOPOKHOM
ABTOMATHKH ¥ TEJIEMEXaHWKH, HO U CHelralu-
cTaMH B c(hepe CHHTE3a CUCTEM YIPABICHHS
B MHBIX XXEJIE3HOJOPOKHBIX, TPAHCIIOPTHBIX
1 TIPOMBIIIUIEHHBIX CETMEHTaX. °

MH_dzOQMal_,(Uﬂ Jolé} asmope:

EcpaHoe [imumpuii Bukmoposuy — 00Kmop mexHU4ecKux Hayk, 0oueHm, npogheccop kaghedpb asmomMamuku, mesemexaHuku
U 853U Ha xene3HodopoxHom mpaHcnopme Poccutickoeo yHusepcumema mpaHcnopma, Mockea, Poccusi, TrES-4b@yandex.ru.

Cmambs nocmynuna e pedakyuto 18.09.2021, npuHsima k ny6nukayuu 05.11.2021.
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T'opaon M. A. MeTtonsl 1 aJrOpuTMBbI aB-
TOMATU3ALMM CHMHTE3a B3aMMO3aBHCHUMOCTeil
TOJIO’KEeHHUsI CTPEJIOK U OKAa3aHMii cBeTo(hOopoB
B CHCTeMAaX JIeKTPUUECKON EeHTpATu3auu /
Aptoped. auc... kaH1. Texd. Hayk. — CII0.:
HOIrvyImc, 2021. - 16 c.

OCHOBHOMW LIENBIO TUCCEPTAIIMOHHOTO HC-
CIE0OBAaHUS SIBISIETCS COBEPIICHCTBOBAHME
METO/IOB H aJITOPUTMOB aBTOMATH3aIN1 CHHTE-
3a B3aMMO33aBHCUMOCTEH MOIOKEHHS CTPEIIOK
Y CUTHAJIbHBIX ITOKA3aHUI B MApIIPyTax JIEKT-
puueckoit nenTpanuzannu (O11).

Hayunas HOBHM3HA AMCCEPTAIIMOHHOTO HC-
CIIEIOBAHMS 3aKIIOUACTCS B CIEAYIOIIEM:

* TIpeUIoKeHa UG POBast MOJIENb TAOIHIIBI
3aBHCHMOCTH TTOJIOKECHNS CTPEIIOK M CUTHANb-
HBIX TOKa3aHWil cBeTO(GOpPOB B MapHIpyTax
(TB3), no3Bosstomniast XpaHUTH BCIO HHPOpMa-
U0 0 3aBUCUMOCTAX DL cranmmm;

* pa3pabOTaHbl METOBI aBTOMATH3HPOBAH-
Horo cuHTe3a TB3 mo nudposoit Mmogenn cxe-
MaTH4eCKOTO IIaHa, TI03BOJISIOIINE COKPATUTh
3arpatsl Ha €€ co3ganue B 10—12 pas;

* ONMMCAaHbl 0COOCHHOCTH B 3aBHCHMOCTSIX
Ol Ha cTaHIMSAX CTHIKOBAHUS PA3IMIHOTO PoJa
TSATOBOTO TOKA M pa3pabOTaHbI aITOPUTMEI aB-
TOMaTHU3MpoBaHHOTO cuHTe3a TB3 Ha Takoit
CTaHIINN;

* pa3paboTaHbl AITOPUTMBI aBTOMATHU3UPO-
BAaHHOTO CHHTE3a TAOJUI] MPEIBAPUTEIBHBIX
WCTIBITAHUH, WHANBUAYAIbHBIX HCIIBITAHUI
«BXOJIOCTYIO», HCITBITAHUH TPH KOMIUIEKCHOM
OTpoOOBaHNH, BXOSIINX B AJIEKTPOHHBIHN XKyp-
Has ucnbsitannit (30KM), ncronb3yst n1admoHsL;

* CIIPOCKTHPOBaHA CTPYKTypHasl cXema
¢ poBoi Mosenn GyHKIIMOHAIBHOM ITpoBep-

k¥ IpoekToB cuctem D1l Ha 6a3e yHUBepcasb-
HOTO 3JIEKTPOHHOTO (opMaTa TEXHHUYECKOU
JIOKyMEHTAIUH.

B pabore mosyueHsl ciaeayonue 0CHOB-
HBIE PE3YJIbTATHI:

— YCTaHOBJICHO, YTO OOJBIIOrO KOJIMYe-
CTBa OLIMOOK B IIPOEKTAX JKEIE3HOL0POKHON
aBTOMaTuKH U TeneMmexaHuku (JKAT) moxHO
n30eXaTh NpH pa3BUTHU U BHEIPEHUHU d(Dpek-
THBHBIX CUCTEM aBTOMATH3UPOBAHHOIO IPO-
EKTUPOBAHUS U aBTOMAaTU3HPOBaHHOW dKCIIEp-
TH3bI IPOCKTHBIX PCUICHU;

— YCTAHOBJICHO, YTO JUJIsi HH(OPMALIHOH-
HOIl COBMECTUMOCTH Pa3JIMYHBIX 3a/1a4 B XO-
3s1icTBE aBTOMAaTUKU U TenemexaHuku OAO
«PX/1» HeoOxonuma Qopmanuzanus npei-
CTaBJICHUSI MPOEKTHOW JOKYMEHTALUH — CO3-
JlaHWEe YHHMBEPCAJIBHOIO AJIEKTPOHHOTO (op-
Mara TexHudeckoi qokymenrauuu (YO T);

— IPEAJIoAKEHa CTPYKTYPa JAHHBIX 3IEKTPOH-
ot TB3 B YO® TJI, npencraBieHHast B BUJIE
IATH 3JeMeHTOB. OmpesieNieHbl COCTaB U Tpe-
0OBaHMsI K QITOPUTMaM aBTOMAaTU3UPOBAHHOTO
cunrte3a TB3;

— QJITOPUTM aBTOMATH3UPOBAHHOT'O CHH-
Te3a TabJIUIIBl MapIIPYTOB C UCIIOIb30BaHHEM
M (pPOBON MOZIEIIN TOTIOJIOTUY CTAHIIUU B BH-
Jle OpUeHTHpOBaHHOrO rpada, pazpaboTaH-
HBIIl Ha OCHOBE METOJa IOUCKa B IIIYyOUHY,
MTO3BOJIMII 00ECIIEYUTh KOPPEKTHOCTH U TOJI-
HOTY MHOE€CTBa BO3MOXHBIX MapIIPyTOB;

— C HCTOJB30BAaHUEM METO/a MOHUCKa IO
11abJioHaM pa3paboTaHbl AJITOPUTMBI ABTOMATH-
3UPOBAHHOTO CHHTE3a CITy4aeB IOTOJTHUTEIBHO-
T'O 3aMbIKaHUs CTPEJIOK M HEerabapuTHBIX CTpe-
JIOYHO-ITyTEBBIX YYaCTKOB M TaOJIUIIbI B3aUMO-
3aBUCHMOCTH TokazaHuii. [Tpu aTom obecreun-
BaeTCsl KOPPEKTHPOBKA IIA0IOHOB Ha ypOBHE
MCXOJHBIX IAHHBIX 03 M3MEHEHHS aJITOPUTMOB;

— OT/JEJbHBIM THUIIOM CTaHIHH SIBJISETCS
CTaHLUs CTHIKOBAHUS PA3JINYHOTO PO/ia TOKa,
0COOCHHOCTH 3aBUCUMOCTEH cucTembl DIJ
KOTOpO# paHee HUTIe He ObuIH onucaHbl. Ha
Takux cranuusx DL nononHUTEILHO KOHTPO-
JUPYET BUJ TOKA (IIOCTOSIHHBIH WK IIepeMeH-
HBII) B KOHTaKTHOH cetu. [Ipennoxen Mmeron
¢dopmanuzanuu TB3 craHumii cTHIKOBaHUS,
OCHOBaHHBIN Ha (opMuUpoBaHUU rpada BTO-
pOTO YPOBHSI 2JIEMEHTOB KOHTAKTHOM CETH;

— DKCIIEpUMEHTAaJIbHbIE HCCIEIOBAHUS
MOKa3aJii, 4YTO HCIIOIb30BaHUE MPEAJIOKEH-
HBIX METOAOB U aJITOPUTMOB aBTOMATH3UPO-
BaHHOTO cuHTe3a TB3 mo3BoJisieT MOBBICUTD
MPOU3BOJUTENBHOCTS Tpyaa B 10—12 pa3;
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— NpOBEJACHHUE MPOBEPKU TEXHHYECKOH
nokymeHTanuu tpedyer Bectu DXKU, xoro-
PBIi JOJKEeH BKJIIOUaTh B ce0s1 HE0OX01MMbIe
JUISL KOHKPETHOW CTaHIMK TaOJIHIIBI UCIIBITA-
HUW U MOXET XpaHHUTh B cebe dTalloHHbIE
3HaYeHUs MPOBEPOK. JJaHHBII KypHAI MOXKET
TaKKe UCI0JIb30BaTHCS IPH MPOBEICHUH Ty C-
KOHaJIaJIouHbIX paboT. [Ipennoxennbie anro-
putMbl cuHTe3a Tadaui XK 060cHOBBIBAIOT
MOJIHOTY HEOOXOJMMBIX MPOBEPOK ISl IKC-
MepPTU3BI TEM, YTO OHHU pa3paboTaHbl HA Oasze
THUIOBBIX METOAMK MCIBITAHUI Ha KOHKPET-
Hy10 cuctemy Oll, KOTOpbIe ONMHUCHIBAIOT He-
00XOIMMBIi1 U TOCTATOYHBIN ITepEUYeHb UCIIBI-
TaHUH;

— pa3paboTaHHas cxema HUppoBOU Moje-
7M1 115t QyHKIMOHAIBHON IPOBEPKH IIPOSKTOB
cuctem DIl Ha 0aze YOO TJ| mo3Bousier
BBIMOJIHUTH TPOBEPKY TEXHUYECKON JOKYMEH-
TalMM NPOEKTa HAa COOTBETCTBUE HOPMATHB-
HO¥ JJOKYMEHTAIMH U IPOBEPUTH pabOTOCIIO-
COOHOCTH CXEMHBIX PEIICHHH.

05.22.08 — Vnpasnenue npoyeccamu ne-
DPEBO3OK.

Paboma evinonnena u sawuwena ¢ Ile-
mepoypeckom 20Cy0apCcmeeHnoM YHUBEPCU-
meme nymeiu coobwenus Umnepamopa
Anexcanopa 1.

KerecoBa I'. C. CucreMHble MeXaHU3-
Mbl B3aMMOJeilicTBUS NPH peaju3anuu
crpateruun kadectsa ESM B ycioBusix
MHAYCTPUAJIbHO-UHHOBAIIMOHHOTO Pa3BU-
Tust Pecnyoaukn Kazaxcran / ABtoped.
JMC... TOKT. TeXH. HAyK. — M.: MAH, 2021. —
44 c.

B pe3ynbrare npoBeieHuUs JUCCEPTALMOH-
HBIX HMCCIIEJOBAHMI pelleHa Hay4yHas Mnpoo-
jJeMa pa3pabOoTKH CHCTEMHBIX MEXaHHU3MOB
peanu3aiuy HoBoM cTpareruu kadectsa ESM,
Oasupyroieiics Ha GOPMUPOBAHUHI CETEBOTO
pacrpeielieHUsl OTBETCTBEHHOCTH CyOBEKTOB
00pa30BaHusl, HAyKH U IPOU3BOJCTBA U MMEIO-
e Ba)XHOE XO35WCTBEHHOE 3HAYCHUE IS
HHIyCTPUAIbHO-UHHOBAIIUOHHOT'O PA3BUTHS
Pecnyouinku Kazaxcran.

YcTaHOBIEHBI KOMIUIEKCHI TT0Ka3aTelei
B paMKax c()OpMyJIHPOBAHHBIX 0a30BBIX CTPaA-
Teruil ¢ y4€ToM (pakTopOB MEKOTPACIEBOTO
BIUSIHUS 00pa30BaHUs, HAYKW M HPOU3BOJI-
CTBa Ha OCHOBE NEPEKPECTHOTO aHau3a
HOPMATHBHBIX MPABOBBIX aKTOB, IPOTPAMM-
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HBIX JOoKyMeHToB PecnyOiuku Kaszaxcran,
3aKJII0YEHHH OTEYECTBEHHBIX U 3apy0EKHBIX
JKCMEPTOB, 00paboTKu 00bIIOTO 00BEMA
CTaTUCTUYECKHUX JAHHBIX M BBISBJICHHBIX
MIPUOPUTETHBIX HAIIPABICHUH Pa3BUTHUS.

CdopmynupoBaHa OTBETCTBEHHOCTDH 3a
peanu3anuio KOMIUIEKCAa COBMECTHBIX MEpO-
NPUATHH U YPOBHU B3aUMHOTIO BIIHUSHUSA
cyObeKkTOB TpeyroibHuka ESM, BBISBICHBI
CTPYKTYpPHBIE 3JIEMEHTBI IPOIIECCa MEKCYOb-
€KTHOTO B3aMMOJEHCTBUS U MepCOHAIbHBIN
BKJIaJI CyOBEKTOB JUJIsl JIOCTHUIKEHHS MOCTaB-
JICHHOM 11eJIM, OPUEHTHUPOBAHHOI Ha pe3yilb-
Tar.

Paspaborana mocyObeKTHAsI METOIOIOTHS
peajiM3anuyu KOMILIEKCAa CTpaTeruuyecKux
pelIeHui Ha OCHOBE Ka4eCTBEHHOT0 aHaJIn3a
PHUCKOB I10 YPOBHSIM UX BIIHSHUSI.

Pa3zpaborana maremarudeckas MOJEIb,
yCTaHaBJIMBAIOMIAsl B3aUMOCBSI3b MEKIY
rpynnaMu KpUTEpHEeB OLIGHKHU U ITOKa3aTels-
MU Pa3BUTHUS CO CJIEIYIOMIMMH I'PaHUYHBIMH
YCIIOBHSIMH: ITOKa3zareiu pa3Butus D € kia-
crepam Cl, U Cl, U CL, 2 D = 1, ynenbHslit
Bec X € D, npu atom X x = 1, npu k03du-
UUEHTE BECOMOCTH mpuHuuna P, > 0,05,
> P, = 1. llocTpoena nmocaen0BaTenbHOCTD
KPUTEPUEB C PACCUUTAHHBIM KOA(PPUIIHECHTOM
MHOKECTBEHHO! PaHTOBOW KOPPEJSIUHU CO-
IJIaCOBAaHHOCTHU MHEHHUM s3xcneptoB 0,82.

Pa3paboTaH KOHIIENT CTPaTeruy KauecTna
ESM B cOOTBETCTBHH C BBISIBICHHBIMH ITPHH-
LUTIaMU:

» HenpepsiBHOE 00pa3oBaHKe — Hampas-
JIeHHOe ()OPMUPOBAHHME KOMIIETCHIIMH Oymy-
IMX CIEIUATUCTOB, CBA3aHHOE C YCTONYH-
BBIM Pa3BUTHEM HAyYHBIX HCCIEIOBAHUN
Y NIPOU3BOJICTBA;

» KoyteKTUBHAsE OTBETCTBEHHOCTh CYO'b-
€KTOB Hay4YHO-IIPOU3BOJICTBEHHO-00pa3oBa-
TEJIBHOTO Ipoliecca — IMOJrOTOBKa KaapoB,
00Jazamux BOCTpeOOBAHHBIMU B Pa3iny-
HBIX CEKTOpax dKOHOMHKH KOMIIETEHLUSIMH,
KpEaTHBHBIM MBIIIJIEHUEM W IIPeJIpHHUMA-
TEJIbCKUMHU HaBbIKAMU;

* [lepcriekTHBHOE MJIAHUPOBAHKE — [TOCIIE-
JloBaTeIbHas OllEHKAa yPOBHS MOTPEOHOCTH
B MH)KEHEPHO-TEXHUYECKUX KaJ[pax ¢ yuéToM
pa3BUTHUs OTpaciiell SKOHOMHUKH;

* Pa3BuTHE 4YeIOBEUECKOTO KamuTajga —
HaIlpaBJeHHOE, HENPEPBIBHOE U CHCTEMHOE
pa3BUTHE HAYYHO-INEJarorH4eCKUX KaapoB
B COOTBETCTBHH C TPEOYEMOM 1JIsi MHHOBAIIH-
OHHOM 3KOHOMMKH CTPYKTYPON KOMIIETEHIIH;




* ['apanTupoBaHHasi BOCTPEOOBAHHOCTh — HUS IIPHUOPUTETHBIX HANpPaBICHUN Tocynap-
MOJIFOTOBKA KaJIpOB, HAIIpaBlIEHHAsl HA yIOB- CTBEHHO# monutuku Pecnybonuku Kazax-
JIETBOpPEHHE TTOTPEOHOCTEH phIHKA TPYAA; CTaH;

» KopniopaTupHoe ymnpaBieHue — peajinsa- — B UCCJICZIOBAHUH THOKOCTH U IPUMEHHUMO-
LS TPUHIIUIIAAIBHO HOBOW MOMUTUKY Opra-  CTH Mojenu kadectBa ESM B ycnoBusx cmere-
HHU3aluil 00pa3oBaHUsl B OTHOIIGHHUHU pa3jie- HUs aKLUEHTOB Ha HAYKy W IPOM3BOJICTBO;

JICHUS TTOJTHOMOYHMH U OTIPEAEIIEHUS COBOKYTI- — B HCCIIEIOBAaHUM BO3MOKHOCTHU TpPaHC-
HOW OTBETCTBEHHOCTH BCEX YYACTHHKOB 00- (hopMaIldu MOJEIHU IPH YBEIUYCHUH CyOBheK-
pa3oBaTEeIBHOIO NMpolecca; TOB B3aMMOJICHCTBYS U K3MCHECHHUH ¢ KOH(HU-

* MoaepHu3amus 00pa3oBaTeNbHO-MPON3- Typallny.
BOJCTBEHHOW CpPEJIbl — IEeJICHANPABICHHOE

MPUBEICHUE UMECIOIIMUXCS YUCOHBIX, HAY IHBIX 05.02.23 — Cmanoapmuszayus u ynpasie-
naboparopuii, MHOOPMAIIMOHHBIX PECYPCOB  HuUe KAUECMBOM NPOOYKYUU.
opraHu3anuu o0pa3oBaHMs B COOTBETCTBHUE Paboma evinonnena u sawuwena ¢ Mo-

C OCHOBHBIMH MIOTPEOHOCTSMHU NIPOU3BOACTBA.  CKOBCKOM AGUAYUOHHOM UHCIMUmMyme (Hayuo-
OTIMYUTENHHON YEPTOH KOHLENTA CTPA-  HALbHbIU UCCIe08AMENbCKUL YHUBEPCUMENT).

Teruu kadectBa ESM saBnsercs To, 4To €&

NpUMEHEeHHne 00eCreYrBaeT pacipeaesieHue Maanaxos C. B. OnTumu3anusi 3Hepro-

OTBETCTBEHHOCTH MEXJy CyObeKTaMH B3aW- 3aTpaT Ha TATY I0e3/10B HA OCHOBE YTOY-

moneirictBus «OOpa3zopanue», «Hayka», HEHHOro MeTOla TATOBBIX pacuyéToB / AB-

«ITpou3BOACTBO» 3a Ka4eCTBO KOHEUHOTO Toped. auc... KaHd. TexH. HayK. — M.: PYT,

pe3yibTaTa — 4eJoBeYeCKUI KanuTal. 2021. - 20 c.
BHenpeHa MeTOHONOTHUS peain3aluu
KOMILJIEKCA CTPATeTHYECKUX PEIICHUI B paM- CHIKCHHE SHEPro3arpar Ha TATY [0e3/10B

kKax crpareruu kadectBa ESM B 87 opranu- MoeT OBITh JOCTUTHYTO HECKOJbKHMH Y-
3arusax oopazoBanus PecniyOnuku Kazaxcran, TsAMH: pa3BUTHE METOJOB 3HEPrOONTHMAIIb-
Ha 101 MpOMBIIIJICHHOM MPEANPUITHU U HA- HOTO HOPMHUPOBAHUSI B CIIydYasiX Py4HOTO Be-
y4HO-HCCaenoBareabckux nucturyrax PK. neHus moesma, pa3paboTka U BHEIPCHHUE
YcToiiuMBOCTh BHEAPEHHOM CTPATErUu Kaye- CHUCTEM JHEPrOONTHMAIbHOTO aBTOMAaTHYE-
CTBa MOJTBEPkKJEHA dKCIEPTHON OLIEHKON. CKOTO BEIEHHUS M0€3/1a, MOBBIIIEHNE YHEPTo-
Pe3ynbrarhl AuccepTanMOHHON paboThl ©Me- 3((GEKTUBHOCTH TSATOBOTO MOJBHKHOTO CO-
0T npuMeHeHune B yuyeOHoM mpouecce npu crasa (TIIC), moBbinenune sHeprodpheKTHB-
MOJITOTOBKE CTYJCHTOB, MATUCTPAHTOB M JOK- HOCTH UCTOYHUKOB AJICKTPOCHAOKEHUS U JP.
TOPAHTOB. [lepBble nBa HampaBiCHUS HE TPEOYIOT

Pa3paboranHas MOJelib SBJISCTCS YyB- CYNICCTBEHHBIX KAlIUTAIOBIOKCHUNH U MOTYT
CTBUTEJIBHON K acIeKTaM roCyJapCTBEHHON OBITh peaiM30BaHbl 32 CYET MPUMCHCHUS
MOJUTUKH, U B Ka4eCTBE PEKOMECHIALMM MO MPUKIAJAHOW YaCTH TCOPUHU TSTH MOE3JI0B —
MPUMEHEHUIO PE3YJIbTATOB JUCCEPTAMOHHBIX  TATOBBIX pacy€ToB. OJHAKO, METO/bI BHITOJ-
uccieq0BaHUl mpeaaraeTcs e€ naapHelee HEHHUsS TATOBBIX Pacuy€TOB 10 MOCIEIHETO

pa3ButHe u agantainus B ctpanax EADC. BPEMEHHU HE€ IMO3BOJSJIM OJHOBPEMEHHO TIO-
IlepcniekTuBBl JajpHEHmICH pa3padOTKH BBICUTh TOYHOCTh, CHU3UTh BpeMs pacuéra
HCCIEIOBAHUM COCTOST: U COKPATUTh MOTPEOHOCTh B BBIYHCIIHTEIIb-

— B yIIIyOJIEHHOM HMCCJICIOBAHUU OCOOCH- HBIX pecypcax, 4TO OCOOCHHO Ba)HO [JIs
HOCTEH pacmpejaesieHuss OTBETCTBEHHOCTH aBTOMATHYECKOTO BEAECHMS TOe37a WUIW JJIs
MPU YBEJIWYCHUH KOJIUYCCTBA BHEMIHUX (aK- BBIMOJHCHUS MHOTUX IapajuIeIbHBIX pacué-
TOpOB; ToB. IlpennaraemMplii KOMIJIEKCHBIM MMOJIXOM

— B pacIIUPEHHUH 00JIACTH UCCIICIOBAHUI  IO3BOJSAET PACIIUPUTH BOSMOXHOCTHU MPUME-
10 pealn3aluyd BO3MOXHBIX CTpATEerMi Ha HEHUs TATOBBIX PAcYETOB B CHUCTEMax, Tpe-
OCHOBE COYCTAHUU MPEJIaracMbIX PCIICHUI OYIONUX PEIICHHUS ONTUMHU3AMOHHBIX 33134
10 IISCTHU 1 00JICC TUHUSAM BIIUSHIS BHCIIHAX  [PHU MOCTOSHHO MCHSIOIIUXCS YCIOBHUSIX.

U BHYTPEHHUX (HaKTOPOB; Takum 00pa3om, 3a7auya CHUKCHUS IHEP-

— B JIeTaJbHOM HCCJIEJJOBAHUHU MTPOLIECCOB  ro3aTrpaT Ha TATY MOEe3/0B SBIISIETCS aKTyallb-
pyu OOHOBJICHUU U PACIIMPCHUU MEXKCYOb- HOH M MOXKET ObITh pellieHa 3a CY€T CoBep-
E€KTHBIX B3aUMOCBS3€H B YCIOBUSIX U3MEHE- IIIEHCTBOBAHUSI METOJOJIOTUHU TATOBBIX pacye-
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TOB B YacTH IOBBIIICHHUS] TOYHOCTH IIPU OA-
HOBPEMEHHOM COKpalleHHU BPEMEHHBIX
3arpar Ha pacy€T, 4TO BaXKHO JUJIsl IPUMEHEHHUSI
B NEPCHEKTUBHBIX OCCIHMIIOTHBIX CHUCTEMax
yIpaBlIeHUS Moe3za.

I{enpio nUccepTaLUU SIBISETCS COBEPIICH-
CTBOBaHHE METOJa TATOBOI'O pacuéTra s
MOJIyYEHUS SHEPrOONTHMAaIbHBIX TPACKTOPUI
JIBIDKEHUSI 110€3/1a U IporpaMMHasi peajinza-
LUs1 IPEJIOKEHHO METOINKH.

Hayunas HoBH3Ha:

a) pa3paboTaH MeTOoJ TSATOBOTrO pacuyéra
¢ npumeHenneM MHC ans moxmenu moesna
B BUJI€ AUCKPETHBIX TEJ ¥ JTOKOMOTHBA C JIHC-
KPETHBIM YIPaBJIECHUEM TATOM;

0) npenyoxena 3G dexTuBHAS YNCICHHAS
peanu3anys MeToa ONTUMaIbHOTO TSITOBOIO
pac4yé€ra, OCHOBAHHOT'O Ha NPHUHIUIE ONTHU-
MajlbHOCTH bennmana, oTinuuaromiascs Tem,
YTO HaXOASTCSl SHEPrOONTHMAJIbHBIE TPacK-
TOPHH JJIS BCEX BO3MOXHBIX BpPEeMEH X0/1a 110
Y4acTKy, U aJaliTHPOBAHHOTO i 00yYeHHUs
MHC;

B) pa3paboTaH MpOrpaMMHBIA KOMIIJIEKC
JUISL OTIEPaTHBHOTI'O HOPMHUPOBAHUS SHEPro3a-
TpaT Ha TATY MOE3J0B C HENPEPBIBHBIM 00-
ydeHHueM HeHpoCeTH;

r) BeIOpaHa apXUTEKTypa U OIpejesieHa
crenuduka pa3MenieHusi HeHpoCceTH B Kaue-
CTBE ONTHUMAJBHOTO PEryjsiTopa JABUKECHUS
noesjia B M30JUPOBAHHON NMPOrpaMMHOI
cpene JUIsl MEePCIeKTUBHBIX JIOKOMOTHBHBIX
MHUKPOTIPOILIECCOPHBIX CHUCTEM yHpPaBIICHUS
JIBI)KEHUEM MOE3/1a.

[TpoBenéH aHanm3 METONOB TATOBBIX pac-
48TOB, B pe3yJbTaTe 4Yero cjellaH BBIBOJ
0 11eJIeCO00Pa3HOCTH NOJYyUCHHUS INHCTBEH-
HOTO JIy4IIero BEKTOpa yIpaBIeHHS T0E3/10M.
[Toatomy chopmynnpoBaHa 3aa4a ONTHMaIb-
HOTO TATOBOTO pacuéra C LEebl0 CHHXKEHUS
SHepro3arpaTr U ompeaenéH MeTon e€ peure-
HUS.

[TogoOpaH coBpeMeHHBIII MaTeMaTh4e-
CKHi anmapar, Haubosiee NPUMEHUMBIH sl
peuieHust chOpMyIUPOBAHHON ONTUMAaNIbHOMN
3a7a4u.

Pa3paboran ajaropuT™M M Ha €ro OCHOBE
I1O ny1st BHINIOJIHEHUST ONITUMAJIBHBIX TATOBBIX
pacuéToB.

[TpoaHanu3npoBaHbl pe3yabTaThl TATOBBIX
pacu€ToB, BBIIIOJHEHHBIX pa3pabdoTaHHBIM
[1O, B yacTH NPUMEHUMOCTH ISl IPaKTHUYe-
ckux 3agad. OmpeneneHbl Cyln[eCTBEHHBIE
orpanuueHus paspadborannoro 10, koTopbie
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TpeOyIOT MPUMEHCHHUS MTOMCKA HOBBIX METO-
JIOB BBITIOJTHEHUS TSATOBBIX PACUETOB.

Pa3paboTaH HOBBIN YIYyYIIEHHBIH METOJ
BBITIOJIHEHUST ONITUMAJIbHBIX TATOBBIX pacué-
TOB C IOBBIIIEHHOW TOYHOCTHIO, C MEHBITUMHU
3aTparaMy BPEMEHU U BBIYUCIUTEIBHBIX pe-
cypcoB. OCHOBHOE IIPEUMYIECTBO pazpado-
TAHHOTO METO/a — YMEHbIIEHHE BPEMEHHU
pEryIupoOBaHUS U CHUKEHUE DHEPTUU 10
OTHOIIECHUIO K YIPOUIEHHBIM MOJIEJISIM, CHH-
JKeHue TpeboBaHMl K annaparHomy obecrie-
YEHUIO KaK B YCJIOBHUSAX CTAllHOHAPHOTO HC-
M0JIb30BaHUs, TaK U B YCJIOBHSIX padOTHl Ha
0OpTy JOKOMOTHBA, a TakyKe HEIPEPHIBHOE
yIydlleHUue PEHICHUH C MOMOIIBI0 1000yye-
HUSL.

IIpoBenéH cpaBHUTENbHBIN aHATU3 HOBO-
0 METOJIa BBIIIOJHEHUS ONTUMAJIbHBIX TATO-
BBIX pacuéToB ¢ MeToaoM bennMmaHa B ycio-
BHUSX CTAIlMOHAPHOTO Hcnoab3oBaHud. [Tomy-
YEHHBIE Pe3yJbTaThl MMOKA3bIBAIOT JOCTUXKE-
HUE MOCTAaBJEHHBIX Lelieil pazpaboTku
yIy4IIEeHHOTO METO/a TATOBBIX PacUYETOB.

Pa3paboran MexaHU3M BHEIPEHUS HOBOTO
ITO onTuManbHBIX TATOBBIX pacuéTOB HA OC-
Hoe metona MHC B mepcreKTUBHBIE JIOKO-
MOTHBHBIE CUCTEMBI YIIPABIICHUS JBUKEHUEM
noeszaa. Pazpaborannsiii merox MHC mo3Bo-
JIIeT MPUMEHSATh YHH(PUIIUPOBAHHOE aIlliapar-
HOoe oOecredyeHue Ui pa3Iu4YHbIX THUIIOB
MOe370B, @ 3HAYUT OPTAaHUYHO BIUCATHCSH
B apXHUTEKTYPy MEPCICKTUBHBIX OOPTOBBIX
ycTpo#cTB 0€30MacHOCTH, yNpaBIeHUS
U IMarHOCTHUKH, 4YTO 00€CIeYrBaeT BhIIIOIHE-
HHUE TPeOOBAHUI KOHIICHIIUKA IUPPOBOI kKe-
JIE3HOH JOPOTH ¥ CIIOCOOCTBYET BBITTOJIHEHHIO
roka3aresiedl JH0JIrOCPOYHBIX MJIAHOB Pa3BHU-
tus qupekuuit OAO «PXK/».

05.22.07 — Ioosudichoii cocmag dcenes-
HBIX 00poe, msea noe3008 U NeKmpupura-
yus.

Paboma evinonnena u zawuwena 6 Poc-
cutickom yHugepcumeme mpaHcnopmd.

Mopo3oB E. b. UccaenoBanue B3aumo-
neiicTBHS TPYHTOBOI0 MacCHBa € IKPAHOM
U3 pa3pe:KeHHOro psiia cpaii / ABtoped.
JAMC... KaH/d. TexH. HayK. — M.: PYT, 2021. —
24 c.

Ilens qucceprainoHHON paboThl — pa3pa-
00TKa METOIUKHU OTPEICTICHUS ONTHMATbHBIX




rapaMeTpoB KOHCTPYKIMHU 3aLIUTHOTO I'€0-
TEXHHUYECKOT0 IKpaHa U3 pa3pekeHHOTO psijia
cBail B 3aBUCUMOCTH OT HEOOXOAMMOH cTere-
HU CHIJKEHUS JOTIOJHUTENBHONW OCaJIKH psi-
JIOM PaCIIOJIOKEHHOTO 3/IaHUs.

OZHUM U3 OCHOBHBIX KOHCTPYKTHBHBIX
peLIeHU OorpakJJeHUi KOTJIOBAHOB B CIIOX-
HBIX MHXXEHEPHO-TEOJOTHUECKHUX YCIOBHSIX
U BBICOKOM YPOBHE CTOSIHUSI ITOJI3€MHBIX BOJL
SIBJISIETCS] MOHOJIMTHASI JKeJIe300eTOHHAs «CTe-
Ha B TPYyHTE» TPaHLICHHOTO THIA, TPUMEHE-
HUE KOTOPOH B CTECHEHHBIX YCIOBUSIX TOPOJI-
CKOT'O CTPOHUTEINILCTBA OCIIOXKHSIETCS Cyllle-
CTBEHHBIM BIIMSHHEM €€ ycTpoiicTBa Ha
OKpY’Karolyw 3actpoiiky. [To nmeronumcs
JAHHBIM, JIOMOJIHUTENIbHBIE OCAJKH 3JaHHUH
OKpYyJXalliei 3acTpOKH, BbI3BaHHBIEC
YCTPOWCTBOM TpaHILEH IOJ «CTEHY B TPYyH-
Te», MoryT gocturarb 80 % oT o0mKX 10110I1-
HUTEJIbHBIX 0CaJI0K, BEI3BAHHBIX BO3BECHHEM
HOBOTO 00BEKTA.

B03MOXHBIM BApHAHTOM 3aIUTHBIX MEPO-
MIPUSITUH 110 CHUIKSHUIO BIUSHUS YCTPOMCTBA
«CTEHBI B TPYHTE» Ha OCaJKH OKpYXarolen
3aCTPOUKH SIBJISIETCS T€OTEXHUYECKHUI dKpaH
U3 pa3peKECHHOTO psijia cBai, 3pPEeKTUBHOCTH
MPUMEHEHUsI KOTOPOTO JUIsl OTOH 1IeNIH MoKa-
3aHa BBINOJIHEHHBIMU B HACTOSILEH AHMCCEp-
TalM¥ YUCICHHBIMU HCCIEIOBAHUSIMHU, 110
JaHHBIM KOTOPBIX OCAJKH 3aLIMI[aEMOTO
3/1aHus 32 CUET yCTPOHCTBA yKa3aHHOTO JK-
paHa MoryT ObITh cHHKeHBI Ha 30...75 %.

[IpoBe€HHBIMU HCCIIEIOBAHUIMHU yCTa-
HOBJIEHO, 4TO 3((HEKTUBHOCTh MPUMEHEHUS
9KpaHa M3 pPa3peKeHHOTO psifia CBaii, Xapak-
Tepusyemast ko3 unreHTom 3 PEeKTUBHOCTH
K, yBelIM4MBaETCs ¢ yBEIMUYEHUEM IMaMETpa
W JUIMHBI CBail M yMEHBIIACTCS C YBEIUUYCHH-
€M PaCCTOSIHUS MEXKAY HUMHU, IITyOUHBI TPaH-
meu u e€ pacCTOSIHUSI OT 3[aHHusl, a TaKKe
C yBeJIMUYEHHEM MOAyJs Jnedopmanuu rpyH-
TOBOTO MacCHBa.

@dakTOpHBIM aHAJIU30M, OCHOBAaHHOM Ha
TEOPHH TUIAHUPOBAHUS SKCIIEPUMEHTA, OIpe-
JICJICHO, YTO HauOOJIbIIeH CTEIEHBIO BIUSIHUS
Ha 3QPEKTUBHOCTh NMPUMEHEHUS T'€OTEXHH-
YECKOTO dKpaHa U3 Pa3pekeHHOTo psijia CBa
JUISL 3aIUTHl 3JlaHUH M COOPYKEHUU OKpY-
JKAIOIeH 3acCTPOWKU OT Pa3BUTHUS JAOMOIHU-
TEJBHBIX 0CAaJIOK, BBI3BAHHBIX YCTPOICTBOM
TpaHIICH 10 «CTEHY B IPyHTE», 00ianaroT
riyOuHa pazpabarbiBaeMoi TpaHuieu, e€ pac-
CTOSIHME OTHOCHUTEJIbHO (yHJaMEeHTa 3/1aHHUs,
JMaMeTp W JUIMHA CBall dKpaHa, MEHbIIEe

BIIMSTHUE OKa3bIBAIOT MOAYIH JedopMaluu
I'PYHTOBOI'O MacCUBa M OTHOCHUTEJIBHOE OCe-
BOE paccTosiHue Mexay cBasimu. [Ipu pacuére
re0TEeXHUYECKOTO IKpaHa BCe MepeunCICHHbIC
(dakTopbl cieayeT paccMaTpUBaTh, KaK 3Ha-
YUMBIE.

[ToxazaHo, YTO NMPHUMEHEHHUE 3ALIMTHOIO
9KpaHa U3 pa3peKeHHOTro psijia cBail Hauboee
3G (HEeKTUBHO NIPH €ro yCTPOUCTBE A0 IIyOH-
HBI, COCTaBJstoNIe He Oosee 1,2 rIyOUHBI
TpPaHIIEH U €ro PACIIOIOKEHUH OJIMKE K HEHl.
D] dexTHBHOCTH NIPUMEHEHHUS dKpaHa Cyllie-
CTBEHHO BBIIIIE B [IECYaHBIX I'PYHTaX 110 CPaB-
HEHUIO C MIMHUCTBIMH.

Pacuéthl mokaszanu, 4To yCTpPOMCTBO CBaii
9KpaHa u3 OypOBbIX CBal, BBIITOJHEHHBIX C BbI-
€MKOM TPYHTA, CYIIECTBEHHO CHIKAeT K03(-
¢unmeHT 3pPEeKTUBHOCTU €ro NPUMEHEHUs
JUISL 3aIIUTBl OT Pa3BUTHsI AOIMOJHUTEIbHBIX
0Ca/I0K 3/IaHH, PACIIOJIOKEHHBIX B 30HE BIIHSI-
HUS CTPOUTENLCTBA. bonee apdekTrBeH s3Kpan
13 METaJUINYeCKUX BBUHYMBAEMBIX CBaH.

YcraHoBIIeHHbIE (DyHKIMOHAIbHBIEC 3aBH-
cumocTH (ypaBHEHUs perpeccun) Kodpduim-
eHTa dp(PEKTUBHOCTH NPUMEHEHUSI Te0TeX-
HUYECKOTO dKpaHa OT BapbUpYeMbIX (akTo-
POB, IIPEACTaBICHHBIE B BU/I€ HOMOI'PAMM JUISI
pa3IMYHBIX TPYHTOBBIX YCIOBHH W JIBYX
TEXHOJIOTUH W3TOTOBJICHUS CBAH, O3BOJISIIOT
CYILIECTBEHHO YIIPOCTUTH M0JI00P OCHOBHBIX
pa3sMepoB 3aIUTHON CBaWHONW KOHCTPYKIIUH.

Pa3paborana MeToAMKa ONTUMHU3AILUU
KOHCTPYKTHUBHBIX MapaMeTpOB reOTeXHHYE-
CKOTO JKpaHa M3 pa3peKeHHOTO psija CBaii,
o3BoJIsitonias nogo0parh Takoe X couera-
HUE, IPU KOTOPOM JIOTIOJTHUTENIbHBIE 0CAJKU
3/1aHUsI, BBI3BAHHBIE Pa3pabdOTKOH «CTEHBI
B TPYHTE» TPaHUIEIHOTO THIIA, OyyT CHUXKE-
HBI J10 33JJaHHBIX BEJIMYHH IIPU OJHOBPEMEH-
HOM JOCTHXXEHHUU HAMJIYYIIUX TEXHHKO-
SKOHOMHMYECKUX IOKa3arejeil sKpaHa Io
pacxony marepualna.

[TonyuyeHHbIE C UCTIOJIB30BAHUEM KJIACCH-
YeCKHUX PEIICHUH MEXaHUKU I'PYHTOB aHaJIH-
THYECKHUE peUIeHHs, ONMCchIBatone Gpusnde-
CKHIl mpolecc B3aUMOJICHCTBUSI 3JIEMEHTOB
CHUCTEMBI «TpaHUIEs] — TPYHTOBBIH MacCHB —
reOTEeXHUYECKUH dKpaH — (QyHAaMEHT 3J1a-
HUS», MOTYT OBITh MCIIOJIB30BAHBI JUISl IIPO-
BEPKH PEe3yJbTaTOB YHMCIEHHBIX Pacuy&ToB,
a TaKJKe JUJISl BBIMOJIHEHUSI TPEABAPHUTEIIbHBIX
pac4éToB re0OTEeXHUYECKUX IKPAHOB U JIOTIOJ-
HUTEJIBHBIX 0CaJ0K (DYyH/IaMEHTOB 3alUIae-
MBIX UMH 3/IaHUH 110 yIPOIIEHHBIM CXEMaM.
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Pa3paboTaHHbIll HA OCHOBE MPOBEIEHHBIX
AQHAJUTUYECKUX HCCIEIO0BAHUNI alrOpUTM
pacdéra mo3BoJISIET, BAPbUPYSI KOHCTPYKTHB-
HBIMHU lapaMeTpaMu 3allUTHOTrO JKpaHa,
OTIPEJICIUTh TAKOE UX COYETaHUE, IIPU KOTO-
POM JIOTIOJTHUTEJIbHBIE OCAJKH 3/IaHHs, BbI-
3BaHHbIC Pa3pabOTKOM TPaHIIEH MO CTEHY
B I'PYHTE», OYAYT CHWIKEHBI J0 3aJaHHBIX
3HAYEHUH NIPU MUHUMAJIBHOM pacxoje MaTe-
puanos Ha | m. M. ero ycTpoiicTaa.

05.23.02 — Ocnosanus u gynoamenmol,
NOO03EeMHbLE COOPYICEHUS.

Pa6oma evinonrnena ¢ Hayuonanonom
uccnedosamenvckom Mockoeckom cocydap-
CMBEHHOM CMPOUMELbHOM YHUGepcumeme,
sawuuena 6 Poccuiickom ynusepcumeme
mpancnopma.

Xpomos . 0. AHanu3 BJIAMSIHUS pesKH-
MOB JKCILUIYaTAllMM HA TeXHUYECKOe COCTOsI-
HHUe JIOKOMOTUBOB / ABTOped. IHC... KaH].
TexH. Hayk. — M.: PYT, 2021. — 24 c.

Cy1iecTBeHHBIM M HanOoJiee MacTaOHbIM
M3MEHEHHEM B )KEJIE3HOJOPOKHOM KOMILIEKCE
B paMKax pedopMbl SIBISETCS paslielieHue
(YHKIMH SKCIUTyaTalMy U QYHKIUU TEXHUYE-
ckoro obciyxuBanus u pemonta (TOuP) no-
KOMOTHBOB, JJIsi 00€CIeueHus IeITeIbHOCTH
KOTOPBIX CO3/1aHbI COOTBETCTBYIOIIUE OAPA3-
nenenust: Jupexuns tsiru (LT) — pumman OAO
«PXI» u Jlupexuus 1mo peMOHTY TSATOBOTO
nonsrkHoro cocrasa (L[TP) — dunuan OAO
«PX1». C uenbto nopeiieHus kadecra TOuP
U CHCTEMBI AKCILUTyaTaluu JOKOMOTHBOB,
¢ 1 uronst 2014 rona ocHoBHble pyHkunu TOuP
nepegaHbl YaCTHBIM CEPBUCHBIM KOMITAHUSIM
(000 «TMX Cepsucy» (renepb — JlokoTex-
Cepsuc) u OO0 «CTM—Cepsucy), omiara
paboThl KOTOPBIX MPOU3BOAMUTCS HE 33 KOJIU-
YECTBO BBIIIOJIHEHHBIX PEMOHTOB, a 3a I0JIe3-
HYI0 paboTy JOKOMOTHBOB — KHJIOMETPBI
npobera uisi MarucTpalibHbIX JIOKOMOTHBOB
1 4achl paboThl JUIss MaHEBPOBBIX. biarogaps
9TOMY MOSIBUJIACH 3aMHTEPECOBAHHOCTD B yBe-
JIMYEHUH 0€3PEMOHTHBIX IIPOOETOB JIOKOMOTH-
BOB M UX IOJIE3HOH paboOThl, yJIydlIEeHUU
TEXHUYECKOTO COCTOSIHUS JIOKOMOTHBHOTI'O
napka

Llenb uccie0BaHms — MOBBILICHUE HAJIEXK-
HOCTH JIOKOMOTHBOB 32 CUET BBISIBJICHUS 3aKO-
HOMEPHOCTEH MEX]ly peXHUMaMU SKCIUTyara-
UM ¥ TEXHUYECKUM COCTOSIHUEM JIOKOMOTHBOB
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[0 JaHHBIM OOPTOBBIX MHUKPOIPOIECCOPHBIX
CHCTEM YIPAaBJICHUS JIOKOMOTHUBOB JJISI HC-
[0JIb30BaHUSI B aBTOMaTHU3UPOBAHHBIX CHUCTE-
max ynpasienus TOuP B ycroBusxX cepBUCHBIX
PEMOHTHBIX JJOKOMOTHBHBIX JICTIO.

Hayunast HOBM3HA JUCCEPTAIMOHHON pa-
0OTHI:

— HAy4YHO JOKa3aHbl MJIM MOITBEPIKICHBI
3aKOHOMEPHOCTH MEXK/y HAPYIICHUSIMHU PEIKU-
MoB 3kciutyaranuu (HPD) 10koMOTHBOB 1 UX
TEXHUYCCKUM COCTOSHUCM;

— pa3paboTaH yCOBEPIICHCTBOBAHHBIN Ha-
y4HO 000CHOBaHHBIH Ki1accu(UKaTOp HApYIIIe-
HUW PEKUMOB IKCIUTyaTal[UU C YKa3aHUEM HX
BO3MOKHOTO BIIUSIHUS HA TEXHUYCCKOE COCTOS-
HUE JTIOKOMOTHBOB;

— pa3paboTaH METOJI 3aIUThI IOKOMOTHBOB
OT OMACHBIX HAPYIICHHUI PEKUMOB IKCILITyaTa-
LAY C UCIIOJIb30BAHHEM OOPTOBBIX MUKPOIIPO-
LIECCOPHBIX CUCTEM yIpPaBICHHUS IS CyIIe-
CTBYIOIIETO M PACIIMPEHHOTO HA0Opa JaTYMKOB
TEXHUYECKOTO COCTOSIHHsI 000pYIOBaHUS JIO-
KOMOTHBOB;

— pa3paboTaH METO/l aBTOMaTU3HPOBAHHO-
ro MJaHUPOBaHMS 00bEMA TEXHUYECKOTO 00-
CIY)KHBaHHSI U PEMOHTA JIOKOMOTHBOB B yCJIO-
BHUSX CCPBHCHBIX JOKOMOTHBHBIX JIETIO MPHU
HaJIMYUHU HAPYIICHUH PE)KUMOB IKCILTyaTaI[1H;

— BBIMOJIHEHO TEXHUKO-IKOHOMHYECKOE
000CHOBaHUE [1EJIeCO00PA3HOCTH pean3aluu
MpeaiaraeMbIX TEXHUYCCKUX PEIICHUM.

B pesynbraTe npoBeEHHBIX HAYYHBIX HC-
CJICZIOBAHMI MOJyYCHBI HOBBIC 3aKOHUCHHBIC
Hay4yHO 00OCHOBAHHbBIC TEXHHUECKUE U TEXHO-
JIOTHYECKHUE PEIICHUS, HAlIPaBICHHBIC HA T10-
BbIlIcHUE 3()PEKTUBHOCTH (PYHKIIMOHHPOBA-
HUS JIOKOMOTHBHOTO KoMIuiekca OAO «PXK]».
OCHOBHBIC HayYHbIC M MPAKTHYCCKUE PE3Ylh-
TaThl HAYYHOI'O UCCJICIOBAHUSI COCTOST B CJIe-
TYIOIIEeM:

— Hay4YHO 00OCHOBaHa 3aKOHOMEPHOCTH
MEX/Ty HapyIICHUSIMH PEKHUMOB SKCIUTyaTalluu
U YXYIIICHUEM TEXHUYECKOTO COCTOSHHUS JIO-
KOMOTHBOB, [IJIsl 4eT0 00padoTaH pacIIupeH-
HbII 00BEM CTATHCTHUYECKUX JaHHBIX 00 JKC-
IJIyaranuu JIOKOMOTHBOB (Ooinee 21,1 muH
coObITHH 32 12 MecsueB 1o 85 cepBUCHBIM
JIOKOMOTHBHBIM J[€TI0) C HMCIOJb30BaHUECM
METOJIOB BEPOSITHOCTHO-CTATUCTUYCCKOTO
U KOPPEJSIIUOHHOIO aHAJIN3a, YTO MO3BOJIUIIO
BBISIBUTH HAJIMYHUC HAPYIICHUN PEKUMOB IKC-
IyaTalmuu JOKOMOTHBOB, CYIICCTBEHHO
BIMSIIONUX HA UX TEXHUYCCKOE COCTOSHHE.
OCHOBHBIMHU HapYHICHUSMH CJICITYCT CYUTATh




HapylleHHs], CBS3aHHbIE C HECOOJII0JeHuEeM
TeMIEepaTypHBIX PEKHUMOB TEIUIOHOCHUTEIEeH
1 HECOOJIIOJICHHEM CKOPOCTHBIX PEXKUMOB IIPH
CJIeI0BaHUHU Ha PyKOBOASIIEM MoabEMe. AHa-
113 GU3MYECKUX MPOLECCOB U KOPPEISIIIHOH-
HBII aHaJIU3 MO3BOJIUIN BBISIBUTH BO3HHUKAIO-
L[¥e IPH ATOM OTKa3bl MU YXYAIIEHUE TEXHU-
YEeCKOTO COCTOSHHUS, IPH 3TOM Haubosee
MO/IBEPKEHBI BIUSHUIO AU3€Ib U AU3EIbHOE
o0opynoBaHue IPy30BBIX TEIJIOBO30B (y Tac-
CaXUPCKUX U MAaHEBPOBBIX BIUSHUE MEHBIIIE),
TSATOBBIE€ AJEKTPOJBUTATENN U KOJECHO-
MOTOPHBIH OJIOK MarucTpalibHBIX I'PYy30BbIX
TEIMJIOBO30B U 3JIEKTPOBO30B, IPUUEM HE3aBU-
CUMO OT rojia Beirrycka. [Ipu aTom koapduriu-
€HT KOPPEeIAlUHU MEeXAY Pa3lIUYHBIMU Hapy-
LICHUSAMHU U HAJIMYHUEM OTKa30B COCTABISI OT
0,537 no 0,989. Cpennee 3HaueHue kodPpPu-
LIUEeHTa KOPPENIAlHUH 10 HCCIeIyeMbIM 3aBU-
cumoctsMm coctaBuio 0,805, uTo mo3BosieT
CYAUTH O HAJIMYUH BBICOKON KOPPEIALUOHHOMN
CBSI3M, MEX/ly HAPYIIECHUSIMH U OTKa3aMu 000-
pynoBanus. B cucteme TOuP HeoOxoqum yuér
PEXKUMOB IKCIITIyaTallud TIOKOMOTHBOB;

— Ha OCHOBAHUHU NPOBEIEHHBIX HAYUHBIX
Hccliea0BaHNN pa3paboTaH pacUIMpEeHHBIH
KJIacCCU(HUKATOP THIIOBBIX (MMEIOIUX MECTO
Ha IPaKTUKe) HapyHICHUIH PEeKUMOB IKCILTya-
TalliU C yKa3aHUEM MOCIEeICTBUI, KOTOpbIe
OHHU MOTYT 0Ka3aTh Ha TEXHUYECKOE COCTOS-
Hue JokomoTHBa. Kitaccudukarop coctout u3
54 HapyuIeHUH, ONpeIeIIeMBbIX 110 00JIee YeM
30 JIOKOMOTHBHBIM CEPHUAM U I'pyIIaM CepHil.
Kiaccudukarop cornacoBan ¢ CEpBUCHBIMH
KOMIIaHUSIMHU, YTBEPKAEH U BBEAEH B JAeH-
cteue B Qupexuuu tsru OAO «PXJ» B cuc-
TEMY CEPBUCHOTO 00CIyKHBaHHSI IOKOMOTH-
BOB;

— JUISL 3QIIUTHl JTOKOMOTHBOB OT OMACHBIX
PEXKMUMOB IKCILTyaTalUK pa3padoTaH KOMILIEKC
aJrOPUTMOB, KOTOpBIE peaqn30BaHbI B MPO-
rpaMMHOM obecneueHun 6opToBHIX MCY
ternoBo30B cepuit TOII70bC npunucku TUD
«Caparos-Ilaccaxupckoe», 2TI116Y npunuc-
ku TUD «/IHo» u 2(3) TO10MK(YK) npunwuc-
ku TUD «Komcomonbck-Ha-AMype». Alropur-
MHYECKHUE 3alUThI HO3BOJIMIN CHU3UTH YUCIIO
HEIUIAHOBBIX PEMOHTOB 3aIIUIAEMOro 000py-
JIOBaHUS B CPEIHEM B TPH pasa;

— [IPEJUIOKEH pacUIMpEeHHbINH HAbOP 1aTuu-
KOB: HEOOXO/IMMO JIOTIOJTHUTEIHHO KOHTPOJIH-
poBartk Temneparypy oomorku T/ (sskopHOH,
IJIaBHBIX M JI00aBOYHBIX IOJIIOCOB), TEMIIEpa-
TYpY OKpPY’KaloIero Bo3yxa 1 BUOpoycKope-

HUSI DKUTIAKHON YaCcTH JIOKOMOTHBA. B octab-
HOM CYIIECTBYIOIIUI HAOOP JaTUUKOB JOCTa-
TOYEH JIJIs1 KOHTPOJISI PEKMMOB DKCILTyaTalluH;

— ISl aBTOMaTU3UPOBAHHON CUCTEMBI
ynpasnenust TOuP pazpaboran meron mpak-
TUYECKOTO UCIIOJIb30BAHUS JAHHBIX O PeKUMaX
9KCIUTyaTaluy JTOKOMOTHBOB IIPH MHIUBHUIY-
anpHOM (OpPMUPOBAHUU 00BEMA pEeMOHTA Ha
IJIAHOBBIX M HETUIAHOBBIX BUAaX TEXHUYECKO-
ro 0OCIY)KUBaHUS U PEMOHTA, MPEACTABIISIIO-
it codoii paspaborannoe mis ACY TOuP
rpynmnbl komnanui «JlokoTex» aBromaTu3upo-
BaHHOE pabovee MeCTO AMArHOCTa C MOJYJIEM
«Koppensuus HP-HPD» u BHeapéHHOE B pa-
00Ty B 85 CepBHUCHBIX JIOKOMOTHBHBIX JICTIO.

Ha ocHoBaHUM NMpOBENEHHOrO aHaIu3a
na"ueIX 3a 12 mecsues 2018 roga mo Hemna-
HOBBIM PEMOHTaM, MPOU3O0IIEAIIUM U3-3a Ha-
PYIICHUN PEKUMOB IKCIUTyaTalluu, pa3pado-
TaHa MaTpHIla BIUSHUS HAPYIICHUN PEIKUMOB
JKCIUTyaTalliy Ha IOKOMOTHBBI, TTO3BOJISIOIIAS
CBOEBPEMEHHO OICHUBATh HaubOee MOIBEP-
JKEHHbIE HApYUIEHHUSIM CEPUM JIOKOMOTHUBOB
1 ux 000pyI0BaHue U pa3padaThiBaTh COOTBET-
CTBYIOIIUME KOPPEKTUPYIOIIUE MEPONPHUSITHS,
aKTyaJibHbl€ B KOHKPETHBIH HCCIeqyeMblid
nepuo.

DQdeKT OT BHEAPEHUS PE3yJIbTaTOB UCCIIC-
JIOBaHUSI TOCTUTAETCs 3a CUET CHIDKEHHMS 3a-
TpaT Ha HEIJIAHOBBIE PEMOHTHI, CHUKEHHUE
KOJIMYECTBA HAPYIIEHUH PEKUMOB IKCILTyaTa-
LUA U YMCHBIICHUS TPYIOEMKOCTH TPHU pac-
cnenoBanun HP. ImeroTcst cipaBku 0 BHEApE-
HUH PE3yJbTaTOB UCCIIEIOBAaHUN.

B kauectBe pexoMmeHmanui sl JajgbHEH-
LIET0 MOBBIICHHS HaIEKHOCTH JJIOKOMOTHBOB,
YAYYIICHHUSI UX TEXHHUYECKOTO COCTOSHHUS
Y UCKIIFOUCHHS OTPULIATEIILHOTO BIUSHUS Ye-
JIOBEYECKOTO (hakTOpa PEeKOMEHIYeTCs opra-
HU30BaTh HEMPEPHIBHBI MOHUTOPHHI TEXHHU-
YECKOT'0 COCTOSIHUS M PEXKHUMOB dKCIUTyaTalluu
110 JaHHbIM 00pTOBBIX MCYVY ¢ AMCTaHIIMOHHOMN
(B pexxume online) mepepaveii JaHHBIX B cep-
BUCHBIE NPENPUITHS I TPEABAPUTEIHHOTO
IJITAHUPOBAHMS PadOT M 3aKa3a 3amacHbIX Ya-
CTell U MaTrepuanoB, COBEPIIEHCTBOBAHUS
MetonoB TOuP ¢ mocTeneHHbIM EPEXOI0M Ha
pPEeMOHT 110 (HaKTUUYCCKOMY TEXHUYECCKOMY
COCTOSIHHIO.

05.22.07 — Ioodsudicroul cocmas oicenes-
HbIX 00pOe, msied noe3008 U dNeKmpuPuUKayus
Paboma evinonnena u 3awuujena ¢ Poc-
CULICKOM YHUBepcumeme mpancnopmd. °
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HOBbIE KHUT'N
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Crvcok Ha aHI/INiICKOM si3biKe MybanKyeTcsl
BO BTOPOJi 4aCTV JaHHOI O BbIMYCKa.

The list of titles in English is published
in the second part of the issue.
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NMPA3OHUYHBIE MEPOMPUATUA
No CNYYAI0 FOBUNESA POCCUUCKOIO
YHUBEPCUTETA TPAHCIOPTA

2021 roay BeaylIMii HALMOHAJIb-
HbI/l TPAHCHOPTHBIN BY3 Hauei
cTpanbl — Poccuiicknii yHuBepcu-
TeT TPaHCIopTa — oTMedaeT 125-1eTue co
JHS CBOETr0 OCHOBAHHSA. ITOMY COOBITHIO
OBLT MOCBSIIEH PsI/IT MAaTePUAJIOB B BbI-
IIeIHX B 3TOM IOy HOMepax :KypHaJja.

B npa3mHUYHBIX MEpONPHUATHAX, MPO-
meamux 28 ceHTsaops 2021 roxa, MpUHSITH
yuactue noMmomHuk IIpesunenra Poccun
Urops JleBuTHH, MUHHCTp TpaHcnopTa Bu-
tammii CaBenbeB u pextop PYT Anekcanap
Knumos.

B ropxectBennoit ooctanoske U. E. Jle-
BuTHH u B. I CaBenbeB BpydmiIn rocynap-
CTBEHHBIE M BEZIOMCTBEHHBIC HArpajbl paboT-
HHKaM U BETepaHaM yHHBEPCHTETA.
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«3a 125 ;er cBoero cymiecTBOBaHUS
YHHUBEPCHUTET MOJATOTOBHII CBbIIIe 680 THICSIY
CIEIUAINCTOB, KOTOPbie C(HOPMUPOBAIN
Han&xkHy0 0a3y st 3h(GeKTUBHOTO (QyHK-
LIHOHUPOBAHUS OTPACIIH, — CKa3aJl MUHHCTD,
obpamasichk K MPUCYTCTBYIOIIMM. — MHe
MIPUSITHO COOOINTH, uTo [Ipesunent Poccuii-
ckoii Ddenepaliid OTMETHII paboTy COTpPYII-
HHUKOB BYy3a BBICOKUMH TOCYIAapPCTBCHHBIMHU
HarpagaMu, 4To SIBISICTCS BBICIIEH (opmoit
TIPU3HAHUS UX 3aCIYT Mepes] CTpaHOn».
MuHUCTpP NO31paBUJI MHOIOTBICSAYHBIN
KOJUIGKTHB IJIABHOTO TPAHCHOPTHOTO YHH-
BEpPCUTETA CTPAaHbl CO 3HAKOBOM HaToM
1 TIOKeJaJ HOBBIX CBEPIICHHH M moben
B 1Ipo(heCCHOHATBHOMN JIESITENbHOCTH.
Y4acTHUKY IPa3IHUYHBIX MEPOIPUATHH
MOCETUIIN JIETCKUN TeXHomnapk «MOCKOB-
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ckuil Tpancnopt» u Jlom monoxnéxu Poc-
CHUIICKOTO YHUBEPCUTETA TPAHCIIOPTA.

Cocrosutack IpuypodeHHas K I00NIIero
By3a KOH(EPEHIINS TPYJOBOTO KOJUIEKTUBA
YHUBEPCUTETA, B KOTOPOU MPUHSAIU yua-
ctue npeacrasutenu Muntpanca Poccun,
ujeHbl Y4EHOTO COBETa, 3aBEAYIOIHE
kadenpaMu MHCTHTYTOB, PYKOBOJIUTEIH
CTPYKTYpHBIX mojpazaenenuit PYT.

ITo3apaBuTh By3 C 100MICEM COOPATTUCH
MOUYETHBIE TOCTH, HHOCTPAHHBIE MAPTHE-
PBL, BEIMYCKHUKH U COTPYAHHMKHU YHUBEP-
CUTeTa.

ITomomnuk IIpe3unenta Poccuiickoit
®denepanuu, npeacenarens [loneunrens-
ckoro cosera PYT (MUUT) Urops EB-
reHbeBUY JIEBUTUH BBICTYNHI C MPUBET-
cteueM ot Ilpesunenra Poccuiickoit ®e-
nepanuu B. B. Ilytuna.

Munuctp tpaHcnopra Poccuiickoi
®deneparnyu, npeacenarens Hadbmronarens-
HOTO coBeTa Poccuiickoro yHuBepcurera
TpaHcnopTta Buranuii I'ennaaseBuu Ca-
BEJIbeB 00paTUIICS C MPUBETCTBHEM OT
IIpencenarens IpaButensctBa Poccuii-
ckoit ®enepanuu M. B. MumycruHa.

B aT0T Beuep ¢ nozapapaeHus MU U HaITy T-
CTBYIOILIMMH CJIOBaMH BBICTYIIIH: wiieH Ko-
mutera CoBera Penepanuu PenepanbHOrO
cobpanust Pocceniickoit denepanum 1o Hayke,
00pazoBanHIo 1 Kya6Type Puvma dEénoposra
lanymmna; 3amecturens npezceaarens Locy-
napctBeHHol Jlymbr ®enepansHoro Cobpa-
Husi Poccuiickoii @enepanun Anexceid Ba-
cuIbeBUY [ 0p/ieeB; 3aMeCTUTENh FeHEePaIbHO-
TO TUPEKTOPA OTKPBITOTO aKI[HOHEPHOTO 00-
mectBa «Poccuiickue Kene3Hble JOPOTH»
Jmurpuii Cepreesud [laxaHoB; reHepaIbHbIIA
JIUPEKTOp — TIpercenarelsb mpasieHus [1yo-
JIMYHOTO aKIIHOHEPHOTO 0011ecTBa «COBKOM-
dhror» Urops BacunbeBud TOHKOBUIOB;
JIB)KIIBI MUHUCTP ITyTeH COOOIICHYIS, ICPBhIN
Mpe3uJeHT Komranuu «Poccuiickue xenes-
Hble noporuw» ['ennanuit MarseeBuy dajiees.

Ilo maTepnasam npecc-neHTpa
MuHuCTepCcTBA TPAHCTIOPTA
Poccuiickoii ®enepanun u PYT
(MHUUT):
https://mintrans.gov.ru/press-center/
news/10048; https://www.miit.ru/
news/177606 e
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FESTIVE EVENTS MARKING ANNIVERSARY OF
RUSSIAN UNIVERSITY OF TRANSPORT

he leading national transport
Tuniversity of our country — the
Russian University of Transport —
celebrates in 2021 the 125" anniversary
of its foundation. Many publications of

this year’s issues of the journal were
devoted to this remarkable event.

The festive events held on September 28,
2021, were attended by Igor Levitin,
Assistant to the President of Russia, Vitaly
Savelyev, Minister of Transport, and
Alexander Klimov, rector of RUT University.

In a solemn atmosphere, Igor Levitin and
Vitaly Savelyev handed over state and
departmental awards to employees and
veterans of the university.
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«During 125 years of its existence, the
university has trained over 680,000
specialists whose efforts formed a reliable
basis for the effective functioning of the
industry», the minister said, addressing the
audience. «I am pleased to announce that the
President of the Russian Federation marked
the work of the university staff with high
state awards, which is the highest form of
recognition of their merits to the country».

The Minister congratulated academic
staff and employees of the university on the
landmark date and wished them new
achievements and victories in professional
activities.

Participants of the festive events visited
the children’s «Moscow Transport»
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technological park and the Youth House of
the Russian University of Transport.

A conference of the university’s staff
dedicated to the anniversary of the university
was attended by representatives of the
Ministry of Transport of Russia, members
of the Academic Council, heads of
departments of institutes, heads of structural
units of RUT University.

Honorary guests, foreign partners, graduates,
and employees of the university gathered to
congratulate the university on its anniversary.

Igor Levitin, Assistant to the President
of Russian Federation and Chairman of the
Board of Trustees of the Russian University
of Transport, read the message of Vladimir
Putin, President of the Russian Federation.

Vitaly Savelyev, Minister of Transport
of the Russian Federation, Chairman of the
Supervisory Board of the Russian University
of Transport, addressed the audience a
greeting message from the Chairman of the
Government of the Russian Federation
Mikhail Vladimirovich Mishustin.
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This evening, congratulations and wishes
were extended by Rimma Galushina,
Member of the Committee on Science,
Education and Culture of the Council of
Federation of the Federal Assembly of the
Russian Federation; Alexey Gordeeyv,
Deputy Chairman of the State Duma of the
Federal Assembly of the Russian Federation;
Dmitry Shakhanov, Deputy Director General
of Russian Railways JSC; Igor Tonkovidov,
Chief Executive Officer and Chairman of the
Management Board of Sovcomflot PJSC;
Guennady Fadeev, former minister of
railways and first president of the Russian
Railways company.

Compiled based on the news released
by the press-centre of the Ministry of
Transport of the Russian Federation
and Russian University of Transport:
https://mintrans.gov.ru/
press-center/news/10048;
https://www.miit.ru/news/177606 e
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ABSTRACT

Currently in Bulgaria, the main railway lines (corridors) are
being modernised to increase train speed up to 160/200 km/h, which
necessitates adoption of modern European traffic control systems
(ERTMS/ETCS, classified as so-called class A systems). The
remaining sections continue to operate mainly relay-based systems
for ensuring safety of train traffic (the so-called class B systems).
These systems include, first, station centralised traffic control
systems, most of which are currently route relay-based ones.

On the railways of Bulgaria, two classes of route relay-based
centralised traffic control systems (RRCTCS) are operated, using
respectively, the relays of so called «first class of reliability», and
the relays of the so called «not first class of reliability».

The inevitable increase in the age of RRCTCSs makes it
necessary to assess their technical condition and technical
suitability to clarify strategies for their further operation.

Such an assessment is difficult due to the lack, first, of
statistical data on the failures and reliability parameters during
operation as per types of systems and their constituent elements
and, second, of manufacturers’ recommendations on the service
life of RRCTCS.

The service life and residual service life, as well as the useful
and residual life of RRCTCSs could, in the author’s opinion, be
assessed according to the following criteria:

« Electrical and mechanical useful life/wear of the components.

* Reliability parameters of the relay components.

« Electrical and mechanical useful life or the condition of the
external and internal cabling.

« Operating costs required to maintain RRCTCS within the
range of predefined technical parameters.

of components, reliability parameters of relay components.

TINSA Ltd., Sofia, Bulgaria.

World of Transport and Transportation,
2021, Vol. 19, Iss. 5 (96), pp. 134-144

Evaluation of the Useful and Residual Life
of a Class of Relay-Based Centralised Traffic
Control Systems

The article analyses and evaluates the average useful life and
the average residual life of RRCTCS based on the first two criteria.
Itis concluded that neither electrical nor mechanical wear resistance
of components is among leading characteristics for assessing useful
and residual life.

Two approaches are used to consider some of reliability
parameters of the relay components: deterministic and probabilistic
one, which are based on the «intensity of dangerous failures»
characteristic of the relay of the first reliability class. Based on that
characteristic, the probability of a dangerous failure of the first-class
relays in operation was calculated for 58 Bulgarian RRCTCSs of
N-68 type with non-routed manoeuvres, as well as the probability
of their safe operation; the latter probability is proposed to be used
to calculate the average residual life of the relay, and based on that,
to calculate the average residual life of RRCTCSs of that type. By
early 2021, the estimated maximum of the latter is 11 years.

The consequences of implementing two strategies in
subsequent years are considered: a) «nothing is done» and b)
«RRCTCS useful life/age management» (based on the program of
gradual decommissioning of N-68 type RRCTCSs and of
re-equipment of relevant stations). This is also a prerequisite for
safety management of train traffic.

It is argued that an average useful life of RRCTCS could be
estimated as no more than 60 years in operation. Considering
additional factors, this period should be understood as a predicted
value of the expected time after which the corresponding RRCTCS
will reach the limit state and will be decommissioned. The average
useful life and the average residual life should be considered the
best guideline for the expected age limit for this type of RRCTCS.

Keywords: train traffic safety, station route-based relay centralised traffic control system (RRCTCS), relays of the «first class of
reliability», relays of «not first class of reliability», external cable network, internal cable network, electrical and mechanical wear resistance
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INTRODUCTION
Statement of the Problem

In the second half of the last century, to ensure
safety of train traffic at stations, two classes of
relay-based centralised traffic control systems
were introduced in the system of the Bulgarian
Railways, the distribution of which by type is as
follows:

» Those using the relays of so-called «first
class of reliability» (also called «first class
relays») in the Soviet (manufactured in the
former Soviet Union) and Bulgarian centralised
traffic control systems of the following types:

—in the Soviet relay-based centralised traffic
control systems for small stations (Bulgarian
abbreviation: SMG);

—in the Soviet interlocking route relay-based
centralised traffic control system with routed
manoeuvres of IRRCTCSRM (BMRC) type;

— in the Bulgarian route relay-based
centralised traffic control system with non-routed
manoeuvres of N-68 type;

— in the Bulgarian route relay-based
centralised traffic control system with routed
manoeuvres of MN70 type;

— in the Bulgarian relay-based centralised
traffic control systems for small stations of EC1
and ECM types.

» Using the relays of so-called «not first class
of reliability» in centralised traffic control
systems of WSSB1 and WSSB2 types,
manufactures in the former DDR.

The first route relay-based centralised traffic
control system, type WSSB1, was put into
operation in 1959, and the least, type MN70, was
commissioned in 1999.

After 1999, for various reasons, construction
of relay-based centralised traffic control systems
for stations was practically stopped, and therefore
their age began to gradually increase, and for
some stations it has approached and even
significantly exceeded 50 years, for example:

* For some centralised traffic control systems
of WSSBI type, the service life by the beginning
of 2021 was 61, 58 and 57 years, respectively.

* For a centralised traffic control system of
N-68 type, this period was 51 years.

* For a centralised traffic control system of
SMG type, it attained also 51 years.

These circumstances make it necessary to
assess the technical condition and technical
suitability of those centralised traffic control
systems in terms of clarifying the strategy for
their further operation.

While searching for applicable methodology
for assessing the service life and residual service
life, as well as the useful and residual life of
centralised traffic control systems, the author,
getting acquainted with the works [1-4] (but not
exclusively those, see, e.g!?), came to the
conclusion that the use of formalised mathematical
methods of analysis and assessment of those
values in this case is rather complicated due to
the lack of statistical data in the country on
failures during operation as per systems and their
components, as well as on such parameters of
reliability as time and mean time between
failures, time and average recovery time after
a failure, the system maintenance costs distributed
over time considering inflation rates, etc.

In addition, there are no recommendations
from RRCTCS manufacturers (both foreign and
Bulgarian) who do not take responsibility for the
duration of the service life, during which normal
operation of these systems should most likely be
guaranteed. On the one hand, this can be
explained by marketing considerations related to
market competition. On the other hand, such
a strategy is understandable, since in the life cycle
of RRCTCS, technical maintenance and
prevention, which have an undoubted and
sometimes decisive role, are outside the
competence and responsibilities of manufacturers
of these systems.

See the above, the current approach in the
country to the question on the maximum service
life of the corresponding types of RRCTCS is
controversial. The first opinion can be summarised
as that all the relay-based centralised traffic control
systems aged over 45-50 years should be promptly
decommissioned and the other one concludes that
their operation can continue until signs of
unsuitability appear, without specifying those signs.

The above circumstances prompted the
author to try to suggest a slightly different
methodology for assessing the residual service
life, as well as the useful or residual resource of
relay-based centralised traffic control systems
operated at rail stations. In author’s views, this
assessment can be made according to the
following criteria:

' Guidance document RD 26.260.004-91 [In Russian].
Guidelines. Prediction of the residual life of equipment by
changing the parameters of its technical condition during
operation. Moscow, 1991.

2 Guidance document RD 50-423-83 [In Russian].
Guidelines. Technological reliability. Methodology for
predicting the residual life of machines and parts subject to
wear. Moscow, Publishing house of standards, 1984.
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* Electrical and mechanical useful life/wear
of components and especially of the relay
components as of the main element of the
RRCTCS.

» Some reliability parameters of the relay
components.

* Electrical and mechanical useful life or the
condition of the external and internal cable
networks.

» Other criteria such as operating costs
required to maintain the facility in conformity
with the range of predefined parameters.

From the point of view of operation of
stations’ RRCTCSs, the most important goal of
such an assessment should be to determine the
probability of a hazard (incident) accumulated
during their operation referring to safety of train
traffic.

Further presentation of the study refers to the
author’s research on the first two criteria of
evaluation of RRCTCS using relays of the first
reliability as the main components.

Terms and Definitions

For certainty and unity in understanding
further presentation, it would be advisable to cite
the following terms and definitions used in this
article, compiled based on [1]:

* Limit state is a state of an object when its
further operation is unacceptable or impractical,
or when restoration of its operable state is
impossible or impractical.

» Object age is the period from the date of
commencement of operation to the current
moment.

* Service life of an object is calendar time
equal to the period of operation, counted from
the date of commissioning of the object to the
date when it reaches the limit state
(decommissioning).

* Useful life of an object is the total operating
time of the object, expressed in hours, kilometres,
etc., counted from the date of commissioning of
the object to the date when it reaches the limit
state (decommissioning).

* Average service life (average useful life) is
the average value of a random variable of service
life (useful life), counted from the date of
commissioning of the object to the date when it
reaches the limit state (decommissioning).

* Residual service life is the calendar
duration of operation of an object from the
current moment to the moment when it reaches
its limit state. It differs from the service life in

that the current moment is taken as the starting
point, up to which it has been in operation for
some time and has exhausted part of the initial
useful life.

* Residual life of an object is operating time
ofthe object, expressed in hours, kilometres, etc.,
from the current moment until it reaches the limit
state. It differs from the useful life of the object
in that the current moment is taken as the starting
point, until which it has been in operation for
some time and has exhausted part of the initial
resource [1].

RESULTS

1. Assessment of the Electrical and
Mechanical Useful Life of the Relay Components

To assess the electrical and mechanical useful
life of the relay components used in Soviet and
Bulgarian RRCTCSs and based on relays of the
first reliability class, the catalogue specifications
of both the first-class relays (types NMSh,
OMSh, DSSh) and of relays that do not belong
to this class (types IMVSh, TSh, PMPSh, etc.)
were analysed (Table 1, columns 2 and 3 [5; 6]).

The newer developed Bulgarian RRCTCSs
for small stations of EC1 and ECM types along
with some types of relays indicated in Table 1
have also used since mid-1980s small-sized
relays of the first class of REL type (Table 2 [5]).

The main characteristics of these types of
relays, which might refer to the useful life of
stations’ RRCTCS of relevant types, are
electromechanical characteristics, which are
associated with the electrical and mechanical
wear resistance of these relays. These
characteristics are measured by the number of
on/off cycles for which the manufacturer
guarantee normal operation with high probability.
At the same time, as can be seen from columns
3 of the tables, this number is different for
different types of load (active, with DC or AC
power supply), as well as for different types of
contacts (front and back, reinforced and
unreinforced contacts).

The frequency of operation of the main part
of the relay, mainly of relays of the first class
(NMSh, REL, OMSh, DSSh types), depends on
intensity of train traffic, measured in pairs of
trains per day, while for relays operating in
a pulsed mode (IMVSh, TSh), such dependence
is practically absent, since with some insignificant
exceptions (for example, relays of type IMVSh),
they operate in a continuous pulse mode.
Therefore, regardless of electromechanical wear
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3> Hypothetically.

resistance guaranteed by the manufacturer and
that is 10—15 times higher, the wear resistance is
exhausted in several months. This does not mean
that these relays should be decommissioned, but
it is required by the manufacturer (to ensure their
further normal operation) to proceed with regular
check followed by replacement of some
components, first, of contact plates.

The following conclusions can be drawn from
the performed analysis of the characteristics of
the relays used, referring to the frequency of the
recommended checks at control and test points
(CTP):

* Regular check of electromechanical wear
resistance of relays operating in a pulsed mode
(such as IMVSh, TSh) should be performed
every 6—8 months. If this is not done, the
failure rate of these relays increases during
operation, therefore, the number of failures of
the corresponding types of RRCTCS also
increases.

* Regular testing of electromechanical wear
resistance of DSSh and PMPSh relays, depending
on intensity of train traffic, should be carried out
every 2-7 years. It is wrong to refuse such
a check to «optimise» the CTP personnel. If this
becomes a practice, then it results in an increase
in the likelihood of a dangerous failure of DSSh-
type relays and in a decrease in operational
reliability of control circuits for some types of
switches (due to PMPSh type relay).

» With a low intensity of train traffic, about
20 pairs per day, NMSh and OMSh types relays
might be exonerated from control checks for the
entire time before decommissioning. With an
average train traffic intensity of about 40 pairs
per day, these relays should be checked once
every 40 years, which is to some extent
commensurate with the resource of RRCTCS of
the corresponding class, considered in the
following sections. With a high intensity of train
traffic (about 60 pairs per day), the relay of NMSh
type should be subjected to a control check once
every 25 years, and the relay of the OMSh type —
once every 14—15 years.

Under relay load conditions, relays of REL
type do not require periodic checks during the
entire period of operation of the corresponding
class and types of RRCTCS, since this period at
high train traffic (about 60 pairs per day), as it is
assumed, will be no more than complete
electromechanical wear of the relay (68—70
years). With active load and high intensity of
train traffic, it is possible to recommend checking
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the relay 3435 years after RRCTCS was put into
operation.

From the performed analysis it becomes clear
that the electromechanical wear resistance of the
components of station RRCTCS in which relays
of the first and not the first class of reliability are
used, cannot be considered as the leading
criterion for assessing:

* Service life.

* Useful life.

* Average service life (average useful life).

* Residual service life and residual life of this
class of relays and of relevant types of station
RRCTCSs.

2. Assessment of the Useful and Residual
Life of a Class of RRCTCS of a Railway
Station

Soviet and Bulgarian developments of RRCTCS
of railway stations ensured train traffic safety (along
with the accepted principles of circuit synthesis)
with the use of a safe component which is a relay
of the first reliability class. The main distinctions
of this type of relay are the following features:

» Almost complete absence of a probability
of welding of front and axial contacts thanks to
the use of special design and technological
solutions.

* Guaranteed opening (under the influence of
the mass of the heavy armature of the magnetic
system of the relay) of the electric circuit with
a closed front contact when the supply voltage
is turned off.

In case of using such components in the
schemes for ensuring safety of train traffic
(mainly in the circuits of the so-called executive
group of RRCTCS), the designer considers the
first-class relay as a safe element, the behaviour
of which after failure is not questioned, which is
why this behaviour is usually not subject to
analysis.

In fact, safety of a relay of the first reliability
class has its own meter and it is called the
«intensity of dangerous failures», measured in
1/h. In[6], based on the collected statistical data,
the intensity of dangerous failures has been
determined as kdang = 1,410 1/h. To assess
safety of existing relays of the first class, the
inequation is accepted:

107 1/h>x,, > 1072 1/h, (1)

moreover, 107 1/h is recommended for relays
in operation. The adoption of this value (for the
purposes of this study) is also justified since the
RRCTCSs operated in Bulgaria use relays of the

first class of both Soviet and Bulgarian production
(manufactured according to Soviet design
documentation and with Bulgarian technology).

To calculate the useful and the residual life
of RRCTCSs, whose executive circuits use relays
of the first reliability class, two approaches are
proposed which are respectively deterministic
and probabilistic ones. The most numerous
among currently operated Bulgarian RRCTCSs
N-68 type RRCTCS with non-routed manoeuvres
has been considered as an example. A fragment
of an impersonal list of stations with the oldest
(51-48 years) and less old (30-25 years)
RRCTCSs is shown in Table 3.

The proposed approaches are based on the
«hazardous failure rate» characteristics of the
first-class relay, the numerical value of which in

[7] is determined by the following formula:
r(®)
Adang(t) = N 1/h, 2)
where 7(2) is the number of dangerous failures
during the monitoring period;
N — number of relays;
¢t — monitoring period.

2.1. Deterministic Approach

With this approach, the age of RRCTCS and
the number of first-class relays in operation are
considered as determined values.

RRCTCS of type N-68 (including
modifications with indices «v» and «u») at
a station with 10 switches, 2 derailers (derailing
blocks), 8 exit (departure), 2 entrance (entry), 2
distant (warner) and 1 repeating (repeater) signals
operates exactly 380 first-class relays. According
to expert analysis, for stations of this type with
the smallest number of specified objects, the total
number of first-class relays is estimated at about
300, and for stations with the largest number of
such objects it is estimated at about 460. In this
regard, it can be assumed that RRCTCSs in
operation are characterised by the deterministic
parameters described in Table 4.

Based on (2) and the designations from
Table 4, it can be written that the predicted
number of dangerous failures that may occur
under the considered conditions is:

O = Mg 1N*1+365424, 3)
or:
Oy = 1910710+58+380240, 714365424,

d.
From the calculations it follows that by the

beginning of 2021 Oclang =0,78599, i.e., the total
elapsed operating time of the relay can be
considered insufficient for occurrence of the first

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 5 (96), pp. 134-144

Dimitrov, Rumen. Evaluation of the Useful and Residual Life of a Class of Relay-Based
Centralised Traffic Control Systems




Table 3
No. [RRCTCS type | Year of Age by the No. RRCTCS type Year of Age by the
commissioning | beginning of commissioning | beginning of
2021, years 2021, years
1. N68 1969 51
2. N68 1971 49 52. N68u 1990 30
3. N68 1972 48 53. N68u 1990 30
4. N68 1972 48 54. N68v 1991 29
5. N68 1972 48 55. N68u 1991 29
6. N68 1972 48 56. N68u 1993 27
7. RRCTCS-N68 | 1972 48 57. RRCTCS-N68 1994 26
8. RRCTCS-NH68 | 1972 48 58. RRCTCS-N68u | 1995 25
Table 4
Total Age, years Number of the first-class relays in | Recommended
number of operation®, pcs calculated intensity
RRCTCSs, I of dangerous failures
Mo /0
ang
58 Range Average age for all Range Average (N) 1101
RRCTCSs (J)
25-51 40,71 300-460 380

* For the purposes of the study, it is assumed that, during operation of the corresponding local RRCTCS, the mounted relays
of the first class, although they were subjected to periodic checks, were not replaced for new ones, and were not subjected
to repair (replacement of parts). This circumstance is indeed characteristic of their real operation.

dangerous failure. If O - is considered as the
probability Q . of occurrence of at least one
dangerous failure of the first-class relays in
operation, then the difference 1 — Q — 0,21401
can be taken as the probability of their safe
operation P_

The author’s thesis is that P_is considered as
a certain margin until the first dangerous failure
of any relays of the first class in operation is
reached, and this can be used as a basis for
calculating the average residual life of these relays.
From the point of view of ensuring safety of train
traffic, the calculated average residual life of the
relays can be taken as the average residual life of
RRCTCSs. Based on that, we can write that:
0,2140 = 11+10719+58380-T _ *365+24,
hence:

T =0,21401/1210'0583802365+24 = 11,0845
years.

Therefore, it can be assumed that the average
residual life of the first-class relays in operation
until at least one dangerous failure is equal to
about 11 years®. Hence, the average residual
resource of RRCTCSs of N-68 type in operation,
referring directly to safety of train traffic, could
be estimated at 11 years as by the early 2021.

> According to earlier estimations made by the author in
2017, when 61 RRCTCS:s of this type were in operation, the
average residual life of the relays was 11,6 years.

Let us assume that during next 11 years
a «nothing is done» strategy is applied to these
RRCTCSs. This will mean that in 11 years the
age of object No. 1 (Table 3) will reach 62 years.
Then the probability Q - of'a dangerous failure
of the first-class relays for all RRCTCSs of this
type in operation will be practically equal to
1 (0,9984). Therefore, to avoid a situation that
can cause an accident with serious consequences,
the strategy of «RRCTCS useful life/age
managementy is proposed.

For the purposes of the subsequent analysis,
let us consider two variants of the limiting age
of RRCTCS of this type: a) 60 years (Table 5)
and b) 55 years (Table 6). Here, these options
will have the meaning of «assignedy, i.e.,
hypothetical useful life. This means that in 9
years, and, respectively, in 4 years, the «oldest»
RRCTCS at station No. 1 (Table 3) should be
decommissioned.

Column 3 of Tables 5 and 6 indicates Q dang
and P_for all RRCTCSs of type N-68 at the
following steps of the strategy development:

1. RRCTCS at station No. 1 has been in
operation for 60 or 55 years, respectively (row 1
of Tables 5 and 6).

2. RRCTCS at station No. 2 has been in
operation for 60 or 55 years, respectively (row 3
of Tables 5 and 6).
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Table 5

No. | Steps of the strategy development Q s P,

1 2 3 4

1. RRCTCS at station No. 1 is in operation for 60 years 0,9598 0,0402
2. At the time immediately after decommissioning of RRCTCS at station No. 1 0,9397 0,0603
3. RRCTCS at station No. 2 is in operation for 60 years 0,9777 0,0223
4. At the time immediately after decommissioning of RRCTCS at station No. 2 0,9577 0,0423
5. RRCTCSs at stations No. 3-9 are in operation for 60 years 0,9764 0,0236
6. At the time immediately after decommissioning of RRCTCSs at stations No. 3-9 0,8366 0,1634

3. RRCTCS:s at stations No. 3-9¢ have been
in operation for 60 or 55 years, respectively (row
5 of Tables 5 and 6).

4. The values of Q . and P_at the moment
immediately after decommissioning of RRCTCSs
of the corresponding stations are indicated in
rows 2, 4, 6 of Tables 5 and 6.

It can be seen that if we take the «assigned»
average useful life of RRCTCSs equal to 60 years
(Table 5), then before decommissioning
RRCTCSs at stations 1-9, the probability of
a dangerous failure remains close to 1. If this
useful life is taken equal to 55 years, then before
decommissioning of RRCTCSs at stations 1-9
there is a certain margin in probability P_situated
in the range of 0,12-0,14 (rounded off).

Hence, we can conclude that if we assume
the average service life of 60 years as the average
useful life of a RRCTCS of N-68 type, then it
will be somewhat risky, while assuming the term
of 55 years will be a rather pessimistic decision.
Apparently, the average value should be
considered more reasonable, i.e., 57-58 years.
This will allow to consider the following
additional factors for each specific RRCTCS:

* The state of the external cabling and of the
internal wiring and conductors. In this case, it is
necessary to assess the current changes in the

¢ Station No. 9 is not indicated in Table 3.

characteristics of the cables. It should be borne
in mind here that RRCTCSs with a longer service
life are more vulnerable in terms of quality of
cables and conductors used in the past. This
aspect, from the point of view of occurrence of
a dangerous failure, regardless of the likelihood
of such a failure of a first-class relay, should not
be neglected at all, therefore, it requires a separate
consideration.

* Quality of maintenance, which affects the
general technical state of a particular RRCTCS.
Practices and observation show that RRCTCSs
of one and the same age can either look
completely worn or keep an acceptable technical
state.

* The operating costs associated with keeping
the characteristics of RRCTCSs within the range
of predefined parameters can also be subject to
assessment from the point of view of their
economic viability.

In doing so, one should expect that the
probability of a dangerous failure of the first-
class relay in RRCTCSs of the indicated type
will not reach Q g — 1+

To implement the strategy of «RRCTCS
useful life/age managementy, it is necessary to
develop a program for re-equipment of stations
with RRCTCSs of N-68 type guided by a clear
idea that this is a necessary condition for
managing safety of train traffic.

Table 6

No. | Steps of the strategy development Qg P,

1 2 3 4

1. RRCTCS at station No. 1 is in operation for 55 years 0,8632 0,1368
2 At the time immediately after decommissioning of RRCTCS at station No. 1 0,8483 0,1517
3 RRCTCS at station No. 2 is in operation for 55 years 0,8828 0,1172
4, At the time immediately after decommissioning of RRCTCS at station No. 2 0,8646 0,1454
5 RRCTCSs at stations No. 3-9 are in operation for 55 years 0,8832 0,1168
6 At the time immediately after decommissioning of RRCTCSs at stations No. 3-9 0,7550 0,2450

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 5 (96), pp. 134-144

Dimitrov, Rumen. Evaluation of the Useful and Residual Life of a Class of Relay-Based

Centralised Traffic Control Systems




Table 7

Number of RRCTCSs, T E;;ifa‘yt:i:"erage TSl
10 300,408

20 150,205

30 100,136

40 75,102

50 60,082

60 50,068

70 42915

80 37,551

90 33,378

100 30,041

Additional comment 1

From the above, one might get the
impression that if O el is substituted in (3),
and since kdang, I and N are known, as in the
case under consideration, then the average
useful life for all RRCTCSs based on
occurrence of the first dangerous failure can
be determined as:
J= l/kdang°I-N°365'24, years. 4
It turns out that this is not entirely true.

Table 7 and Pic. 1 give the dependence of
the average useful life of RRCTCSs of N-68
type on the number of RRCTCSs in operation.
It can be seen that if the number I < 60, then
the calculated average useful life increases

0 20 40

sharply. This is reasonable, because in such
cases the total number of relays is not enough
for the first dangerous failure to occur with
a probability equal to 1. Then the key factor
for determining the useful life of RRCTCS will
be associated not with the probability of the
first dangerous failure, but with the electrical
and mechanical wear resistance/actual wear of
the relays (see section 1, Tables 1 and 2), as
well as with the condition of the cable network
and operating costs required to maintain each
individual RRCTCS within the range of
assigned parameters.

If the number of RRCTCSs I > 60, the
average useful life of RRCTCSs decreases.
However, here it should be borne in mind that
with such a number of RRCTCSs and due to
their non-simultaneous construction, there will
be RRCTCS both with an age much less and
with an age greater than the calculated average
useful life’. In these cases, the criterion
«determination of the average residual life
based on 100 % probability of the first
dangerous failure» will prevail.

2.2. Probabilistic approach

To implement this approach, simulation
was performed using the Monte Carlo method,
for which:

7 For comparison, see Table 3, where the average age of
RRCTCSs is 40,71 years, while the age of the «oldest» TCS
is 51, and the «youngest» TCS is 26 years old.

X-axis - total number of centralisations
Y-axis - calculated average resource

y =3004,1x1

60 80 100

Pic. 1. Average useful life of RRCTCS of N-68 type before occurrence of the first dangerous failure.
Note: Red curve is an average estimated useful life depending on the total number of RRCTCSSs; blue dotted curve is a trend line (y = 3004,1.x7).
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60
- ......,...
40
30
20

10

d/.=.-.0,.409 x+52,771

1 35 7 9111315171921232527293133353739414345474951535557

Pic. 2. Age of RRCTCSs of N-68 type.
Note: x-axis — number of RRCTCSs, y-axis — age.

* The number of the corresponding
RRCTCS is considered and modelled as
a random number in the range of 1-58 using
a uniform distribution.

* The age is considered as a random
number, which is determined based on
a random number of a RRCTCS with the
linearised function y = f(x) of the real age of
RRCTCSs (Pic. 2), which is the trend line
y =-0,409 x + 52,771.

» The number of relays is considered and
modelled as a random number in the range of
300—460 pcs. with a uniform distribution.

Modelling was performed for 20 series with
5800 scenarios for each series with the
following final results: Qdang = 0,78986,
P =0,21014, average age = 40,897 years.

It is evident that the values of Q dang? P_and
average age obtained using probabilistic
modelling practically do not differ from the
calculations performed with determined values
from section 2.1, which proves a high
convergence of the results obtained based on
both approaches (deterministic and
probabilistic).

Additional comment 2
The proposed concept of safety management
of rail stations’ relay-based centralised traffic

control systems which use relays of the first
class, can be applied to other types of RRCTCSs
of the same class. In this regard, for RRCTCS
of MN70 type with routed manoeuvres, which
were put into operation mainly after 1975 and
the number of which is much less than of other
types, this average useful life (no more than
60 years) can also be assumed as reasonable
since the number of relays of the first class in
them is at least 2 times more than of those used
in RRCTCSs of N-68 type. Besides, the
stations equipped with this type of RRCTCS
have more controlled objects (switches and
signals), and movement of trains and shunting
operations are more intense. This allows us to
discuss the following actions related to
operation of RRCTCSs of the indicated types:

1. Replacement of track circuits with axle
counters in RRCTCSs of N-68 type, which are
currently more than 47-48 years old. This can
be considered appropriate only if there is
a problem with the supply of spare elements/
blocks necessary to ensure the required
operational availability of the track circuit
equipment.

2. Dismantling of RRCTCSs of MN70 type
on the modernised sections of the railway network,
whose age at the time of decommissioning is
within the range of 32-35 years. From the point

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 5 (96), pp. 134-144

Dimitrov, Rumen. Evaluation of the Useful and Residual Life of a Class of Relay-Based

Centralised Traffic Control Systems




of view of the above, these RRCTCSs can be
«redirected» to stations equipped with RRCTCS
of N-68 type, whose useful life/reasonable age has
expired despite the fact that RRCTCS of MN70
type would have to a certain extent a hardware
redundancy in relation to really necessary
performance characteristics. For the purpose of
a certain modernisation, it is possible to use for
these RRCTCSs the so-called «computer
visualisation» instead of the control panel.

CONCLUSIONS

1. This study is an attempt to evaluate, to
some extent empirically, the useful life and
residual life of a class of rail stations’ relay-
based centralised traffic control systems using
the relays of so-called «first class of reliability».

2. The analysis shows that the residual life
and attainment of the limiting state of this class
and types of centralised traffic control systems
cannot be determined based exclusively on
electrical and mechanical wear resistance/wear
of relays of the first and non-first reliability
classes used in them.

3. From the point of view of realisation of
a probability of the first dangerous failure of
arelay of the first reliability class, the number
of relays in operation and their age is of
decisive importance.

4. The average useful life of RRCTCS of
N-68 type can be assumed to be equal to 57-58,
but not more than 60 years, and their average
residual life by the beginning of 2021 to be
equal to not more than 9 years. However, these
values should not be considered absolute, i.e.,
they should be understood as predicted values
of the expected time, after which the
corresponding RRCTCS will reach the limit
state and will be decommissioned. This is due
to the need to consider the additional factors
mentioned in the study. In this regard, the
calculated average useful life and the average
residual life of RRCTCSs of this type represent
the best guideline for their expected age limit.

5. Closure of individual low-density
stations (following reasonable optimisation of

the transportation process technology) or
decommissioning of the stations with
RRCTCSs using relays of the first reliability
class, especially those with already long
service life, can be considered as factors
leading to better stability of the probability of
occurrence of the first dangerous failure.
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ABSTRACT

The development of high-speed rail requires introduction of
new telecommunications technology implemented in an integrated
digital technological communication system (IDTC). Features of
building such systems comprise provision of switching optical data
channels using photonic switches (PS). Switching processes in PS
occur at the photon (optical) level. A feature of construction of PS
is the use of multi-tier topologies, performed using binary switches
(BSs). BS is the simplest switching element with the number of
input/output ports equal to one or two. The concepts for constructing
PS are based on the technology of the well-known switching circuits
using BS whose architecture and topology are assigned the names
of their creators (Benes, Spanke, Spanke—Benes architecture, Clos
network, etc.

With an increase in PS capacity, its structure becomes more
complicated: the number of links in the switching circuit, the total
number of BSs, the length of switching routes, and the redundancy
factor increase. In addition, it becomes necessary to calculate the
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probabilities of the occurrence of internal blocking in switching
circuits, speed of switching optical signals, the value of attenuation
of the optical signal in PS circuit, etc.

The objective of the study was to develop methods of analysis
and synthesis of switching circuits of photonic switches using the
example of a circuit of Spanke architecture of a given capacity with
calculation of the probabilities of occurrence of internal blocking.
The authors used general scientific and engineering methods of
mathematical modelling, probability and queuing theory and an
example of an algorithm for analysing the structures of Spanke
topology with capacities from 4x4 to 128x128. Their topological
and probabilistic characteristics (the number of links in the switching
circuit, the total number of BS, the length of the switching routes,
the probability of occurrence of internal blocking in PS circuits) have
been determined. The results of calsulations are presented in the
form of tables. The developed methods of analysis and synthesis
can be used in the study of similar switching circuits built using BS.

Keywords: photon switching, binary switch, Spanke architecture, structural characteristics, probability of internal blocking, high-speed

transport.

For citation: Kazansky, N. A., Lysyuk, P. |. Methods of Analysis and Synthesis of Switching Circuits of Photonic Switches Using
the Example of Spanke Architecture. World of Transport and Transportation, 2021, Vol. 19, Iss. & (96), pp. 145-150. DOI: https:/doi.

0rg/10.30932/1992-3252-2021-19-5-2.

The text of the article originally written in Russian is published in the first part of the issue.
Texcm cmambu Ha pycckom si3bIke ny6nukyemcsi 8 nepeoll yacmu daHHO20 8bInycka.

® © Kazansky, N. A, Lysyuk, P. L.,

SCIENCE AND ENGINEERING



INTRODUCTION

The development of high-speed railway
transport requires introduction of new
telecommunications technology implemented in
an integrated digital technological communication
system (IDTC). One of'the features of construction
of such systems is provision of switching optical
data transmission channels using photonic
switches (PSs). Numerous research works have
been dedicated to various aspects of the topic for
many years [1-8].

PSs are one of the main elements of such
systems and allow configuring their topology.
Signal switching processes in PS occur at the
photon (optical) level. The peculiarities of
construction of PS with the number of inputs/
outputs from 4 x 4 and more are associated with
the use of multi-tier topologies performed using
binary switches (BSs). BS is the simplest
switching element with the number of inputs/
outputs 2 x 2,2 x 1 or 1 x 2.

In [9; 10], it was proposed to build PS
schemes according to the architecture of classical
networks which were assigned, as a rule, the
names of their creators:

* Spanke network [R. A. Spanke].

* Matrix scheme.

* Delta scheme.

* Banyan network.

* Batcher—Banyan network [K. E. Batcher].

* Benes network [V. E. Benes].

* Spanke—Benes network.

* Clos network [Ch. Clos].

With an increase in PS capacity, its structure
becomes more complex: the number of links in
the switching circuit, the total number of BSs,
the length of the switching routes, and the
redundancy factor [11] increase. In addition, it
becomes necessary to calculate the probabilities
of occurrence of internal blocking in switching
circuits, the speed of switching optical signals,
the values of attenuation of the optical signal in
PS circuit, etc. Works [9-12] present the
principles of PS operation, their technical
characteristics, and features of constructing their

Link Z1 Link Z2

Pic. 1. 2x2 Spanke network [13].

architecture. However, the authors have not
considered the issues of analysis and synthesis
of structural schemes of PS, presented methods
for calculating their structural and probabilistic
characteristics.

The objective of the research was to develop
methods of analysis and synthesis of PS
switching circuits using the example of Spanke
networks with a capacity of M = 2", and methods
for calculating their structural and probabilistic
characteristics.

Research methods included general scientific
and engineering methods of mathematical
modelling, probability theory and queuing
theory.

RESULTS

It is proposed to consider the structures of
multi-link PS with the number of inputs/outputs
MxM, which are formed according to the
modular principle. Namely, the switching circuit
with a capacity of MxM is formed based on
switching circuits with the number of inputs/
outputs equal to M/2 xM/2.

In accordance with the proposed modular
principle for construction of Spanke switching
networks, it is necessary to consider the features
of the structure of circuits with a minimum
capacity of 2x2, followed by an increase in this
capacity according to the law M = 2", Pic. 1
shows Spanke network with a minimum capacity
of 2x2 [13].

Any Spanke switching scheme of capacity
M =2, where N=2, 3,4 ... can be interpreted
as a three-link network. In this case, BSs of the
first and third links are input and output BSs of
1x2 and 2x1 types, and BSs of the second link
are blocks with a capacity of M/4.

For analysis and synthesis of structural
diagrams of PS with a capacity of M, we
introduce few definitions.

BS link is a set of BSs that belong to one
switching stage. The links in Spanke network are
subdivided into terminal and intermediate ones.
There are no intermediate links in Spanke
switching scheme with a capacity of 2x2 (Pic. 1).
Terminal links are built on 1x2 and 2x1 BSs, the
intermediate link consists of four blocks with
a capacity of M/2.

BS block is a switching circuit with a capacity
of M/2, based on which switching circuits with
a capacity of M are built. At the same time, in
Spanke schemes, the number of blocks is equal
to four, regardless of the capacity of the scheme.

WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss.'5 (96), pp. 145-150

Kazansky, Nikolai A.; Lysyuk, Polina |. Methods of Analysis and Synthesis of Switching Circuits

of Photonic Switches Using the Example of Spanke Architecture




Blocks are placed between the first and last links
of the switch.

The first and third links of the switching
circuit are subdivided into BS groups. Each
group consists of M/2 core switches. The BS
groups are assigned double numbering. The first
digit indicates belonging to the link number (1
or 3), the second digit marks the sequence
number of the group in the link (1 or 2). The
total number of groups in Spanke schemes is
always four.

Let us introduce the following designations
for the structural characteristics of Spanke switch
circuit:

M — number of inputs/outputs in the switch
circuit (M = 2V).

Z,—number of the link in the switch circuit,
k=1,2,3.

B, —number of BSs in the Z, link of the switch
circuit — for k=1, 3, B,= M; for k =2, B, =
2eM+(M-2).

B —total number of BSs in the switch circuit.

G,- number of the group in the switch circuit,
wherei=1,3;;=1,2.

D — number of the block in the Z2 link of
the switch circuit, m =1, 2, 3, 4.

As an example, let us analyse the structural
characteristics of 4x4 Spanke network shown
in Pic. 2.

The Z1 link is embodied with 1x2 type BS, the
Z2link is embodied with 2x1 type BS. The number
of BSs in the links corresponds to the number of
inputs (outputs) of the switch. Link Z2 contains four
blocks with a capacity of 2x2. Lines of distinct
types (solid and dotted) show the circuits connecting
four blocks with a capacity of 2x2 to BS of links
Z1 and Z3. Link ZI consists of groups G/ and
G12, link Z3 consists of groups G3/ and G32.

The authors of the article propose the
following generalised algorithm for analysis and
synthesis of Spanke switching schemes with
a capacity of M =2":

1. Initially determined are:

» Total number of BSs in the scheme
according to the formula: B = 2eM+(M-1) [10].

* Number of BSs in the first link B/ and the
last link B3 in the switch circuit: B/ = B3 = M.

» Total number of BSs in the intermediate link
Z2, calculated by the formula: B2 = 2eM*(M-2).

2.The D, blocks of the Z2 link are numbered
from 1 to 4.

3. BS G, groups in the first (G// and G12)
and in the third (G3/ and G32) links are
numbered.

Link Z1  Link Z2 Link Z3
Group G11 Group G31
N Sy
I
o

n

Group G12 Group G32

e ey

)

2x2

Pic.2. Spanke network (compiled by the authors).

4. The scheme of connecting the outputs of
BS of the link Z/ to the inputs of the blocks of
the link Z2 is as follows. The outputs of the first
BS in the G1/ group are connected to the first
inputs of the D/ and D2 blocks. The outputs of
the second BS of the G// group are connected
to the second inputs of the D/ and D2 blocks.
The outputs of the first BS of the G2 group are
connected to the first inputs of the D3 and D4
blocks. The outputs of the second BS of the G12
group are connected to the second inputs of the
D3 and D4 blocks.

5. The scheme of connecting of the BS of the
link Z3 to the outputs of the blocks of the link Z2
is as follows. The inputs of the first BS of the G3/
group are connected to the first outputs of the D/
and D3 blocks. The inputs of the second BS of the
G31 group are connected to the second outputs of
the D1 and D3 blocks. The inputs of the first BS
ofthe G32 group are connected to the first outputs
of'the D2 and D4 blocks. The inputs of the second
BS of the G32 group are connected to the second
outputs of the D2 and D4 blocks.

The algorithm developed above for analysis
and synthesis of Spanke switching schemes
allows to show in Pic. 3 a diagram of a switch
with a capacity of 8x8.

The authors propose the following method
for calculating the probabilities of occurrence of
internal blocking in Spanke switching schemes.

Let’s consider an example of traffic
transmission through 2x2 Spanke switching
scheme (Pic. 1) from the first input to the first
output.

Let us introduce the following additional
designations:

* q,,, — probability of occurrence of internal
blocking in Spanke scheme with a capacity of M.
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Group G11

Group G31

Block 1
4x4

Block 2
4x4

Block 3
4x4

AR
P 120

Block 4
4x4

NS 77

Group G12

Group G32

Pic. 3. An example of a synthesized 8x8 Spanke scheme (compiled by the authors).

Z1 V) Z3
1 _I:'_ ...... Block 1 1
2x2
— Block3
— 2x%2 I

Pic. 4. Fragment of 4x4 Spanke structure (compiled by the authors).

* p — average intensity of the incoming
specific load at each of PS’s inputs, £ [Erlang].

* o.— coefficient of gravitation of the incoming
load within PS scheme.

Let’s consider the procedure for servicing
the load in the circuit of this switch. Internal
blocking will occur when the observed serviced
load and the competing load from the second
PS input arrive at the inputs, for example, of the
first BS of the link Z,. In this case, the
probability of blocking the connection between
the first input and the first output is determined
by the formula:
g5, =1-(1-aep)=aep. )

In an analogous way, let us determine the
probability of occurrence of internal blocking for
Spanke 4x4 g, structure, representing each block
in the link Z, by Spanke 2x2 scheme (Pic. 2).

Let us transform the scheme in Pic. 2 to the
simplified one shown in Pic. 4. In the general
scheme, we highlight the ways of establishing a

connection between the first input and the first
output.

At the output 1 of the link Z,, the probability
of blocking the transmitted traffic will depend on
the amount of load coming from the output of
the third 2x2 block.

Based on the foregoing, let us express the
probability of occurrence of internal blocking in
4x4 g, Spanke network through the probabilities
of occurrence of internal blocking ¢.,:
g5y =1-(1-gg,)e(aep)’ e (1-0a)’. 2)

In the classical Spanke networks [14—16], the
serviced load is concentrated in 2x1 BS of the
link Z_. This leads to significantly high probability
of traffic blocking.

As an example, for p=0,001 E, a = 0,5, the
probability of blocking in 4x4 Spanke structure
will be ¢, = 0,999.

The authors propose to modernise the classic
Spanke structure by replacing 2x1 BS with 2x2
BSin the link Z,. The diagram is shown in Pic. 5.
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Table 1

The probabilities of occurrence of internal blocking in the modernised Spanke networks of

various capacity with the intensity of the incoming load p = 0,001 E

o qSZ qS4 qS8 qSl 6 qS32 q564 q5128

0,1 |0,110° 0,199-10° 0,299¢107 0,399-10° 0,499-10" 0,599¢107 0,699¢10°

0,5 10,5103 0,999¢10° 1,499-107 1,99810° 2,497-107 2,996¢107 3,494-10°

0,9 10,9103 1,799-107 2,697°107 3,595-10° 4,491-107 5,387-10° 6,283°10°
Table 2

The probabilities of occurrence of internal blocking in the modernised Spanke networks of

various capacity with the intensity of the incoming load p = 0,01 E

o qSZ qS4 qS8 qSl6 qS32 qS64 qSlM
0,1 1+10° 1,999410%  |2,997-10%  |3,994¢10°  |4,990410°  |5985410° | 6,979+10°
05 5107 9,975+10° | 14,925¢10° | 19,850010° | 24,751+10° |29,627+10° | 34,479+10°
09 |910° 17,919410° | 26,757+10° | 35,516:10° | 44,197+10% | 52,799¢10% | 61,324¢10°
Link Z1 Link Z2 Link Z3
........... 1
[ 2
i
SR
L bt 3
L _ _ _ K1
1|1
1|1 5
I ——
2x2 Say| e 6
|
|
|
2x2 . 8

Pic. 5. Modernised 4x4 Spanke structure (compiled by the authors).

CONCLUSIONS

The replacing of 2x1 output BS with 2x2 BS
in Spanke structures proposed by the authors
allows reducing probability of internal blocking
by an average of three orders of magnitude,
which will ensure high throughput and a
possibility of using IDTC with photon switching
in optical networks.

The developed method makes it possible to
analyse and synthesise PS circuits using the
example of a Spanke structure of any capacity

In this case, the probability of internal
blocking in the modernised 4x4 Spanke network
will be:

g5, =1-(1-aep)e(l-gy,).

3)

For an arbitrary value of the capacity M, the
formula for calculating the probability of
occurrence of internal blocking will take the
form:

“

s :1—(1—Q'P)'(1—qsﬂ)-
2

The results of calculating a probability of
occurrence of internal blocking in Spanke
structures with 2x2 BS in the link Z, are presented
in Table 1 and Table 2.

and to identify a probability of internal blocking.
A block approach to circuit synthesis is proposed,
based on the results of analysis and synthesis of
Spanke networks of smaller capacity.
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Microsystems — MSM 2000, Tech. Proc. San Diego,
California, USA, March 27-29, pp. 146-149. [Electronic
resource]: https://www.researchgate.net/

The values of specific loads p and the
coefficients of gravitation of the loads o affect

the values of probability of occurrence of internal
blocking, first, with an increase in PS capacity.

The probability of blocking in a PS of M/2
small capacity increases by about three times in
circuits with M capacity.

With an increase in the coefficient of
gravitation of the load, the probability of
blocking can increase to up by nine times,
regardless of the capacity of PS.

Further research is supposed to consider the
results of mathematical modelling for the rest of
the classical PS networks.
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ABSTRACT

The article substantiates the relevance of comprehensive comparison
of various versions of vehicles for off-road container transportation.

Following the need to identify a specific engineering solution for
development of a tracked road train, it is proposed to use the analytic
hierarchy process designed to solve problems associated with determining
the priorities of the multicriteria hierarchical structure of the goal, as well as
in the presence of heterogeneous criteria or dimensional and dimensionless
indicators.

The comprehensive comparison of vehicles for off-road container
transportation is based on the hierarchy of the mobility features, which is
considered decisive for the choice of the priority variant of the structural
design.

The objective of the work is to substantiate the choice of a priority
engineering solution for structural design of tracked road trains for off-road
container transportation based on a scientifically grounded hierarchy of the
mobility features.

To attain the objective, a consistent solution of the following tasks is
suggested as follows: development of requirements for vehicles and for a
hierarchy of operational properties; analysis of existing structural design and
layout solutions and justification of the choice of alternative solutions (specific
designs of tracked road trains); conduct of a hierarchical synthesis of criteria
based on the results of expert assessment; identification of the preliminary
priority of alternative solutions; obtaining indicators of operational properties

Keywords: tracked road train, technical characteristics, design and layout, analytic hierarchy process, priority engineering solution.

Zakhid A. GODZHAEV

by methods of simulation mathematical modelling and/or full-scale
mathematical modelling; choice of the priority engineering solution.

The article discusses the feasibility of using tracked road trains both
for transportation of a single 45-foot container and for simultaneous
transportation of two 20-foot containers with a total mass of 61 tonnes. The
analysis of the existing versions of structural design of tracked road trains
has shown that only a vehicle of SVG-701 «Yamal» series, developed in
the 1980s and which is not currently manufactured, can provide such a
payload capacity. Existing modern articulated tracked vehicles cannot
provide transportation of such goods. Hence, the relevance of the task of
determining the priority engineering solution referring to structural design
and layout of tracked road trains at the present stage of development of
technology.

Tracked single-hinged articulated semi-trailer road train and a double-
hinged tracked road train are proposed as variants of structural design and
layout versions of tracked road trains for off-road container transportation.
Based on the analytic hierarchy process, opinions of experts and the hierarchy
of operational properties, it was established that the engineering solution
referring to double-hinged tracked road train should be prioritised. However,
due to the small difference between the values of indicators used to select
the options, it is necessary to conduct further studies to determine the values
of the indicators of operational properties and to re-compare the options
considering the results obtained.
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INTRODUCTION

Today, many countries actively explore
areas that have been previously less accessible
and that have not got a developed road
network, or hard-surface roads. Rational
choice of vehicles that meet series of criteria
linked to climatic and economic operation
conditions is among core elements, necessary
for development of optimal transportation and
logistics patterns. The on-going containerisation
of freight haulage, along with its growing
efficacy through reduced transhipment costs
and better safety of goods, highlights relevance
of finding engineering solutions that will
ensure delivery of freight containers to such
areas. The case that should be particularly
studied refers to geographical zones where
wheeled vehicles could not be operated, i.e.,
areas of the Far North. The above conditions
prove the need for optimal structural design
and layout of relevant vehicles (V).

There are various methods to carry out
a comprehensive comparison of various options.
There are well-known methods based on the use
of generalised estimates referring to various
properties, they are discussed in detail in [1; 2].
However, such methods are rather complicated
for practical application since they consider
arelatively small set of property meters, contain
a large number of subjective assessment
coefficients, and most of them are poorly
applicable at the stage of research work.

At present, comprehensive comparison of
effectiveness of various vehicles widely
applies the analytic hierarchy process (AHP),
developed by T. Saaty to solve problems
associated with the need to determine the
priorities within the multi-criteria hierarchical
structure of the goal [3; 4]. The main advantage
of the method is the ability to simultaneously
consider various heterogeneous criteria, which
can have not only dimensional and
dimensionless property indicators but be
subject also to a quantitative and qualitative
assessment. There are known works in the field
of comprehensive comparison of various
vehicles, based on AHP, which confirm the
effectiveness of the method [5-11].

The objective of the study is to justify the
choice of priority engineering solution for
designing tracked road trains for off-road
container transportation based om the
scientifically substantiated hierarchy of
mobility features.

RESULTS
Analytic Hierarchy Process

Let us consider the application of the analytic
hierarchy process for comparing various variants
of structural and layout design of vehicles for
off-road container transportation. Since the use
of wheeled vehicles, as a rule, requires roads or
prepared terrain, this type of vehicle is excluded
from consideration.

Based on the developed hierarchy of
operational features [12], we will conduct
comparative assessment of alternative
solutions referring to vehicles for off-road
container transportation with analytic
hierarchy process, assuming that mobility is
the key criterion for choosing structural
design and layout.

The analytic hierarchy process for determining
the significance of the criteria for the hierarchy of
operational features of vehicle mobility for off-
road container transportation can be presented in
the form of the following sequential steps [3; 4]:

1. Development of a hierarchy of operational
features of vehicle mobility for off-road container
transportation.

2. Development of matrices of paired
comparisons for each level of criteria.

3. Obtaining expert judgments for each
matrix of paired comparisons.

4. Identification of local priorities of criteria
and alternatives.

5. Determination of matrix consistency.

6. Synthesis of priorities.

7. Determination the consistency of the
hierarchy.

Analysis of Structural Design and Layout
Solutions for Vehicles Intended for Off-Road
Container Transportation

The article [13] has stated that a radical
increase in the vehicle’s cross-country ability for
off-road container transportation can be achieved
only by using articulated multi-body tracked
vehicles or tracked road trains. Let us consider
the existing and possible design and layout
solutions for tracked road trains intended for
container transportation, considering their
classification [13—16].

Work on creation of experimental samples of
tracked road trains for transportation of heavy
indivisible cargo in Russia was carried out at
NII-21 Research Institute. As a result, in 1964,
a prototype model of DGM-1 tracked all-terrain
vehicle with a payload capacity of 16 tonnes was
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Pic. 2. Self-propelled launcher «object 825» (layout).
(The historical and engineering museum of Kirov plant JSC, 2001. Photo: bastion-karpenko.narod.ru?).

created (Pic. 1)', the design followed a semitrailer
scheme. During road tests, the advantages of
tracked road trains were determined as compared
to single tracked vehicles when driving in the Far
North in terms of cross-country ability, payload
and cargo capacity.

Another known design and layout solution
for a tracked chassis was obtained in 1970
following a series of research and development
projects carried out by KB-3 design bureau of
Leningrad Kirov plant and resulted in
development of prototypes of a self-propelled
tracked launcher, made according to the rail
wagon scheme: «object 825 Sp2» and «object
825 Sp3», which are two tracked vehicles with
independent control and connected through
articulated rotary supports with a carriage frame
with a carrying capacity of 60 tons. The structural
and layout solution did not receive its development
due to high requirements for vibration stress to
the transported cargo, which at that time could

! Stepanov, A. Articulated all-terrain tracked and wheeled
vehicles. Technika i vooruzheniya, 2003, Iss. 12, pp. 34-38.
[Electronic resource]: Portal WikiReading. Section: Military.
https://military.wikireading.ru/56023. Last accessed
21.09.2021.

not be met using the chassis of existing tracked
vehicles. The external view of the model «object
825» based on two tanks? is shown in Pic. 2.
Another tracked road train was developed by
SKB Gazstroymashina Design Bureau. It is
BT361A-01 Tyumen articulated tracked all-
terrain vehicle, developed in the late 1970s. The
tracked all-terrain vehicle is made according to
a trailed multi-hinge scheme: it had two tracked
bogies pivotally connected to the transport
platform; the bogies in turn were connected to
each other using an articulation unit. The all-
terrain vehicle was equipped with YaMZ-240BM
diesel engine and had a mechanical driveline of
the wheels of tracked bogies. The curvilinear
movement of the all-terrain vehicle was carried
out by controlling hydraulic cylinders in the
articulation unit. To prevent the occurrence of
longitudinal angular vibrations, shock absorbers
were installed in pivot assemblies connecting the
transport platform to the tracked bogies. The

2 Internet portal of the Arms of Russia information agency.
[Electronic resource]: https://www.arms-expo.ru/articles/
armed-forces/rvsn-nerealizovannyy-proekt-pgrk-tselina-2-s-
raketoy-rt-23uttkh-15zh62/. Last accessed 21.09.2021.
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Pic. 3. Articulated tracked all-terrain vehicle BT361A-01 Tyumen®.

Table 1
Technical features of Tyumen BT361A-01%3
Parameter Value*
Engine power, kW 220
Average pressure of the engine on | 0,33
the ground, kg/cm?
Curb weight, t 46
Payload capacity, t 36
Maximum speed, km/h 15
Ground clearance, mm 600
Overall dimensions (L x W x H), | 15560 x 3740 x
mm 3760
Track width, mm 1200
Transport platform dimensions 8000 x 3500
(Lx W), mm
Climbing angle, degree 16
Minimum turning radius, m 17
The depth of the ford to be 1,5
overcome, m

* See, e.g., [Electronic resource]: https://dic.academic.ru/dic.
nsf/ruwiki/617530. Last accessed 21.09.2021.

external view of the all-terrain vehicle
BT361A-01 Tyumen? is shown in Pic. 3, and its
technical characteristics are given in Table 1.
In the late 1980s, Yamal SVG-701 tracked
all-terrain vehicle with a payload capacity of up
to 70 tonnes was developed in collaboration with
the Canadian Foremost Industries*. The all-

3 Slavin, O. Yamal all-terrain vehicle: a swamp monster
[Vezdekhod Yamal: bolotny monstr]. «5 wheely» car web
portal. [Electronic resource]: https://5koleso.ru/articles/
obzory/vezdehod-yamal-bolotnyy-monstr/. Last accessed
21.09.2021.

4 Porter, D. From the Archives, The Foremost Yamal |
Foremost Blog. Foremost Industries Website. [Electronic
resource]: https://www.foremost.ca/archives-foremost-
yamal/. Last accessed 21.09.2021.

terrain vehicle was built according to a double-
hinged four-tracked scheme: two independent
crawler tracks are interconnected by means of
two hinges with a loading platform on which the
cabin and the engine compartment were located.
The external view of Yamal SVG-701 all-terrain
vehicle® is shown in Pic. 4, and its technical
features are given in Table 2.

Another design of tracked road trains refers
to four-tracked all-terrain vehicles, made
according to a double-hinge bolster-tractor
scheme, with two tracked bogies, rotary
supports of which have a mechanical connection
between each other, which ensures coordination
of the angles of rotation of tracked bogies in the
horizontal plane when turning the all-terrain
vehicle, while tracked bogies could
independently «swingy in the longitudinal plane
of the bogie. In 1973, NAMI [Central research
institute for road vehicles and engines]
developed the first prototype called NAMI-0157
with a carrying capacity of 8 tons, made
according to this scheme. Subsequently, in the
1980s, UralAZ launched serial production of
Ural-5920 all-terrain vehicle> %7, its external
view is shown in Pic. 5. Technical characteristics

> Automotive website Wroom.ru. [Electronic resource]:
https://wroom.ru/cars/ural/5920. Last accessed 21.09.2021.

® Automotive website All-auto.ru. [Electronic resource]:
https://all-auto.org/858-ural-5920.html. Lsst accessed
21.09.2021.

7 Samoilenko, V. Ural-5920: the vehicle that does need roads
[Ural-5920— mashina, kotoraya ne nuzhdaetsya v dorogakh).
FB Internet site. 08.11.2016. [Electronic resource]:
https://fb.ru/article/275695/ural mashina-kotoraya-ne-
nujdaetsya-v-dorogah. Last accessed 21.09.2021.
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Pic. 4. Yamal SVG-701 tracked all-terrain vehicle.

Table 2
Technical features of Yamal SVG-7013
Parameter Value
Engine power, kW 525
Average pressure of the engine 0,39
on the ground, kg/cm?
Curb weight, t 97,5
Payload capacity, t 70
Maximum speed, km/h 15
Ground clearance, mm 520
Overall dimensions (L x W x H), 20560 x 4700 x
mm 4500
Track width, mm 1850
Transport platform length, mm 12000
Climbing angle, degree 30
Minimum turning radius, m 22
The depth of the ford 2,6
to be overcome, m

of Ural-5920 all-terrain vehicle are given in
Table 3.

Among the foreign experimental samples of
tracked road trains, we note the prototype of
Midgetman mobile ground-based strategic
missile system, developed jointly by Martin
Marietta and Caterpillar in the United States at
the end of the 1980s, based on a trailer design.
The total mass of the tracked road train was 108
tonnes®? (Pic. 6).

There are structural and layout solutions
referring to four-tracked all-terrain vehicles,
made according to a saddle single-hinge scheme,
most famous among which are the Nodwell
tracked all-terrain vehicles: Nodwell RN200 with
a payload capacity of 12 tonnes and Nodwell

8 Secret Projects Forum. [Electronic resource]: https:/www.
secretprojects.co.uk/threads/midgetman-sicbm-mobile-
launchers.1076/. Last accessed 21.09.2021.

° ICBM Hard Mobile Launcher. [Electronic resource]: https:/
weaponsandwarfare.com/2019/06/05/icbm-hard-mobile-
launcher/. Last accessed 21.09.2021.

Table 3
Technical features of the Ural-5920
all-terrain vehicle

Parameter Value
Engine power, kW 154
Average pressure of the engine 0,22

on the ground, kg/cm?

Curb weight, t 14,5
Carrying capacity, t 8
Maximum speed, km/h 30

Overall dimensions (L x W x H), 9900 x 300 x 3700
mm

Track width, mm 970
Transport platform dimensions 5740 x 2317
(Lx W), mm

Climbing angle, degree 30
Minimum turning radius, m 14

The depth of the ford 1,8

to be overcome, m

RN400 with a payload capacity of 18 tonnes.
Then, Foremost Industries launched series of
four-tracked all-terrain vehicles made with centre
pivot articulated steering: Foremost Chieftain-D
with payload capacity of 13,6 tonnes and
Foremost Husky-8 with payload capacity of 36
tonnes, which are still manufactured. The
external view of Foremost Husky-8 all-terrain
vehicle!'? is shown in Pic. 7, and the technical
features are described in Table 4.

In addition, among four-tracked all-terrain
vehicles manufactured by Foremost, we will
single out the following models: Foremost
Chieftain-R with a payload capacity of 13,6
tonnes and Foremost Chieftain-C with a payload
capacity of 15 tonnes, made according to
a trailed articulated scheme. They have
hydraulic actuator on the articulation point to
steer the vehicle.

10 Foremost Industries website. [ Electronic resource]: https:/
www.foremost.ca/foremost-mobile-equipment/tracked-
vehicles/husky-8/. Last accessed 21.09.2021.

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 5 (96), pp. 151-162

Kotiev, Georgy O., Evseev, Kirill B., Godzhaev, Zakhid A. Analysis of Structural Design of Tracked
Road Trains for Off-Road Container Transportation



Pic. 5. Ural-5920 eracked all-terrain vehicle.

Pic. 6. Mobile soil missile system Midgetman?.

Table 4
Technical features of Foremost Husky-810
Parameter Value
Engine power, kW 328
Average pressure of the propeller 0,32
on the ground, kg/cm?
Curb weight, t 429
Carrying capacity, t 36,3
Maximum speed, km/h 14,5
Ground clearance, mm 533
Overall dimensions (L x W x H), 14757 x 3632 x
mm 3810
Track width, mm 1430
Transport platform dimensions 10465 x 2743
(Lx W), mm
Climbing angle, degree 31
Minimum turning radius, m 14
The depth of the ford 1,43
to be overcome, m

Tracked road trains produced today in the
Russian Federation comprise dual-body tracked
all-terrain vehicles of Vityaz series with various
payload capacity, made according to a trailed
scheme, the curvilinear movement of which is
provided by a kinematic method, by creating
a folding moment in the swing-coupling device
located between the sections.

Two-section tracked DT-30-1 or DT-30MN
tractors can be used for off-road container

transportation, as a base model if additionally
equipped with a loading platform. The external
view and overall dimensions of tracked trucks !
are shown in Pics. 8 and 9, and their technical
features are described in Table 5.

Let us present the main technical features of
existing tracked road trains graphically showing
the form of their dependences on payload
capacity of the vehicle (Pic. 10).

Analysing technical features as a function
of payload capacity, the following conclusions
can be drawn:

* With an increase in the payload capacity
of tracked road trains, the minimum turning
radius and the average pressure on the ground
increase, while the payload capacity’s rate is on
average 0,8 and mainly depends on the adopted
design and layout solutions.

* Average ground pressure of the considered
tracked all-terrain vehicles is in the range from
0,2 to 0,4 kg/cm?.

* Maximum speed is determined by the power
of'the engine and, depending on payload capacity
and the adopted design and layout solutions,
varies from 15 km/h to 37 km/h.

! Vityaz: a machine-building company located in the city of
Ishimbay. [Electronic resource]: http://www.bolotohod.ru/.
Last accessed 21.09.2021.
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10620

Pic. 8. DT-30-1 articulated tracked ATV and its overall dimensions™.
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Pic. 9. DT-30MN articulated tracked ATV and its overall dimensions™.
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Z{ Table 5
e .
" % Technical features of tracked DT-30-1 and DT-30MN ATVs!!
“ Parameter DT-30-1 DT-30MN
Engine power, kW 522 588
Average pressure of the propeller on the ground, kg/cm? 0,3 0,3
Curb weight, t 29 30
Carrying capacity, t 30 30
Maximum speed, km/h 37 37
Ground clearance, mm 350 350
Overall dimensions (L x W x H), mm 15900 x 3100 x 3420 16240 x 3100 x 3300
Track width, mm 1100 1100
Loading platform length, mm 10620 10000
Climbing angle, degree 30 30
Minimum turning radius, m 17,3 17,3
The depth of the ford to be overcome, m 1,8 1,8
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* The angle of the overcome climb for all
considered tracked all-terrain vehicles takes on
an almost constant value of at least 30 degrees.

Solution to the Problem of Selecting
Optimal Variant

When using tracked road trains for container
transportation, it is economically expedient to
transport containers using a single universal
vehicle, which allows transporting a single
45-foot container or transporting two 20-foot
containers. Thus, the vehicle’s payload capacity
is determined by the total gross weight of two
20-foot containers (61 t), and the overall
dimensions of the loading platform should
correspond to the dimensions of a 45-foot
container. Of the described tracked all-terrain
vehicles, only Yamal SVG-701 all-terrain
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Pic. 10. Technical features of existing tracked road trains (compiled by the authors).

vehicle, which is currently not produced, can
provide such a payload capacity. The payload
capacity of modern articulated tracked DT-30-1
and DT-30MN ATVs is 30 tonnes, thus the
overall dimensions of the loading platform and
their payload capacity allow transporting only
asingle 20-foot container. The considered foreign
samples of tracked road trains also cannot
provide the required payload capacity or are
adefence object. Hence, the relevance of the task
to determine a priority engineering solution for
tracked road trains intended for container
transportation and allowing transportation of one
45-foot container and of two 20-foot containers.

To solve the problem of determining the
preferred version of the technical characteristics
of'a vehicle for off-road container transportation,
we will use AHP. To build the hierarchy of

Zakhid A. Analysis of Structural Design of Tracked

Road Trains for Off-Road Container Transportation
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Pic. 11. Hierarchy of operational features of vehicles for container transportation (compiled by the authors).
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Pic. 12. Alternative versions of tracked vehicles for container transportation (compiled by the authors).

Table 6

Matrix of paired comparisons of criteria of the first level of the hierarchy
(compiled by the authors)

Mobility Cross-country ability Speed Vehicle range
Cross-country ability (K1) 1 5 3

Speed (K2) 1/5 1 1/3

Vehicle range (K3) 1/3 3 1

mobility (Pic. 11) [12], in accordance with AHP,
we will compile tables of matrices of paired
comparisons of criteria and alternative solutions
using expert assessments made by the authors.

As compared alternatives, we will consider
unmanned tracked road trains: a single-joint
semi-trailer tracked road train (alternative «A»)
and a double-joint tracked road train (alternative
«B»), the technical characteristics of which are
considered and substantiated in [ 13]. The external
view of the alternative versions of the considered
tracked vehicles is shown in Pic. 12.

After expert assessment for the first upper
level of the hierarchy, the matrix of paired
comparisons will have the form shown in
Table 6.

Also, matrices of pairwise comparisons
according to criteria of the second level of the
hierarchy are compiled and local priorities are
determined. Matrices of paired comparisons for
the criteria of the second level of the hierarchy
are presented in Tables 7 and 8.

The local priorities of the fuel distance
criterion (K3.1) will correspond to the local
priorities of vehicle range criterion of the first
level of the hierarchy.

For each matrix of paired comparisons of
criteria, local priorities are determined, and then
for the criteria of the lower level, global priorities
are determined (Table 9), considering the local
priorities of the criteria of the higher level of the
hierarchy of properties.
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Table 7

Matrix of paired comparisons as per cross-country ability criterion
(compiled by the authors)

Cross-country ability Terrain trafficability | Geometric Shallow fording
trafficability
Terrain (off-road) trafficability (K1.1) 1 3 3
Geometric trafficability (K1.2) 1/3 1 1
Shallow fording (K1.3) 1/3 1 1
Table 8
Matrix of paired comparisons of speed criterion (compiled by the authors)
Speed Acceleration Ability to move on | Controllability and
capacity uneven paths stability
(responsiveness)
Acceleration capacity (K2.1) 1 5 1/7
Ability to move on uneven paths 1/5 1/9
(K2.2)
Controllability and stability 7 9 1
(K2.3)
Table 9 included in them, as a rule, differ from the agreed

Global priorities of the criteria
of the lower level of the hierarchy
(compiled by the authors)

Criterion Priority
Terrain trafficability (K1.1) 0,382
Geometric trafficability (K1.2) 0,1275
Shallow fording (K1.3) 0,1275
Acceleration capacity (K2.1) 0,015
Ability to move on uneven paths (K2.2) 0,045
Controllability and stability (K2.3) 0,045
Fuel distance (K3.1) 0,258

Analysing the resulting vector of global
priorities for the criteria of the lower level of the
hierarchy, we can conclude that the priority
criteria are the following (in the order of decrease
in importance): terrain trafficability, fuel
distance, geometric trafficability and shallow
fording. The listed criteria to a greater extent
affect the choice of a specific design of the
vehicle in comparison with the others:
acceleration capacity, controllability and stability
and the ability to move on uneven paths. The
defining criterion is terrain trafficability, which
has a maximum priority of 0,382.

Similarly, for the considered vehicle’s
alternatives, considering expert judgment
(qualitative assessment), a matrix of paired
comparisons of alternatives was obtained and
a vector of local priorities for each matrix was
determined (Table 10).

To assess the adequacy of the results obtained,
it is necessary to assess the consistency of the
matrices of paired comparisons, which reflect
subjective judgments, since the components

values. A measure of the degree of deviation from

consistency is the consistency index (Ic) [4],

which is determined by the following expression:

Ao — 11

le=—r2 —
n-1

where A — maximum eigenvalue of the
considered pairwise comparison matrix, and n —
dimension of the pairwise comparison matrix.

The consistency index is compared with
a statistical random value called a random index
(RI), which is obtained after processing a large
number of matrices of different dimensions [3; 4].
Deviation from consistency is considered
acceptable when the ratio of Ic to RI is less than
10 %. For the considered matrices of pairwise
comparisons, the ratio of Ic to RI does not exceed
2,5 %, thus, the opinions of experts are considered
consistent.

Further, based on the obtained global
priorities of the criteria and local priorities of the
alternatives, a hierarchical synthesis is carried
out, as a result of which the global vector of the
preference of the alternatives is determined, the
results are shown in Table 11.

Thus, analysing the results obtained based on
expert judgment, it can be established that the
priority engineering solution is a saddle double-
jointed tracked road train, however, given the
insignificant difference in the values of the global
priority vector, further research is needed to
determine the values of feature indicators and to
reassess it, considering the results obtained.
Obviously, comparative assessment of the
effectiveness of design of tracked road trains for
newly developed vehicles is not possible without
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Table 10

Matrices of pairwise comparisons of alternatives and the vector of their local priorities
(compiled by the authors)

mathematical simulation of work processes using
a computer [17; 18]. Also, to solve the presented
problem, a complex of full-scale mathematical
modelling can be effectively used, which makes
it possible to simulate movement of vehicles
along statistically specified routes under the
control of a «driver-operator» who is at a
computer in «real timey.

Thus, comparison of various design and
layout options for tracked road trains for off-road
container transportation consists of the following
stages:

* Development of a hierarchy of operational
features further divided into criteria tiers.

* Identification of alternatives based on the
analysis of structural and layout designs.

» Expert assessment of alternative options
using the analytic hierarchy process; selection of
alternatives.

* Determination of indicators of features for
the selected alternative options by methods of
mathematical simulation (full-scale mathematical
modelling).

* Choice of the priority engineering solution,
considering the results obtained during simulation
of mathematical modelling (full-scale
mathematical modelling).

CONCLUSIONS

Following the analysis of design and layout
of existing tracked road trains, dependencies
were found that reflect the change in the main

Priority Priority

vector vector
Kl1.1 A B K2.1 A B
A 1 1 0,5 A 1 1 0,5
B 1 1 0,5 B 1 1 0,5
K1.2 A B K2.2 A B
A 1 1/3 0,25 A 1 1 0,5
B 3 1 0,75 B 1 1 0,5
K1.3 A B K23 A B
A 1 1/5 0,17 A 1 5 0,83
B 5 1 0,83 B 1/5 1 0,17
K3.1 A B
A 1 1 0,5
B 1 1 0,5

Table 11

Global priorities of alternatives
(compiled by the authors)

Priority

0,44

0,56

Alternative
«A»
«B»

technical characteristics associated with the
required payload capacity of the vehicle. Of the
presented tracked all-terrain vehicles, only
Yamal SVG-701 all-terrain vehicle, which is
not currently manufactured, can provide such a
payload capacity. Existing tracked all-terrain
vehicles cannot provide the required carrying
capacity, therefore, based on the analysis results,
requirements were developed for technical
characteristics of vehicles intended for
transportation of one 45-foot container or two
20-foot containers. Based on the hierarchy of
operational features of unmanned tracked road
trains intended for off-road container
transportation, and the opinions of experts, it
was established through the analysis of
hierarchies that the priority engineering solution
is a saddle double-jointed tracked road train,
but due to the insignificant difference in the
values of assessed global priorities for tracked
road trains, further studies are required to
determine the values of indicators of features
using mathematical modelling of the working
processes of tracked road trains and its
re-evaluation, considering the results obtained.
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ABSTRACT

The customer focus of cargo carriers plays an extremely
important role in the highly competitive market of transport and
logistics services, influencing the willingness of companies to be
flexible in the pricing policy and other parameters of provision of
services when forming a personalised offer to a customer,
allbowing to attract a range of new customers, to expand the pool
of regular customers based on their brand loyalty. One of the
modern tools intended to achieve this goal is the customer loyalty
program.

The objective of the article is to review and summarise the
research and series of recent publications [1-4] by the author and
other researchers to substantiate provisions of the customer loyalty
program based on analysis and assessment of motives and wishes
of customers themselves. To achieve this objective, besides the
method of monographic analysis of publications on this topic, the
practical part of the research was based on a customer survey.
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The object of the study was the RZD-Express service for
transportation of groupage cargo provided by JSC RZD Logistic
company, the subject of the study was the loyalty of private
consignors. The task of survey of respondents was to study
consumer preferences and motives for choosing such a service, to
analyse their willingness to recommend this service to their
entourage, the intention to maintain long-term relations with the
company, as well as customers’ expectations from interaction with
the company.

The interpretation of the results of the survey shows the interest
of respondents in availability of such a marketing tool as a loyalty
program.

The study permitted to suggest a system of indicators for the
assessment of loyalty program, as well as to put forward proposals
for formation of provisions of the loyalty program to improve quality
of transport services.
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INTRODUCTION

A company’s customer focus, its willingness
to be flexible in pricing policy and other
parameters of provision of transport and logistics
services, plays an extremely important role in
formation of a personal client proposal in
a highly competitive market of transport services.
This allows attracting a pool of new customers,
expand the range of loyal customers based on
their brand loyalty. Customer loyalty program is
among modern tools to help achieve this goal.
The issue of expediency of developing such
a program has been studied by the author
earlier [1].

Previous publications of the author [1-4]
contained the results of a survey of consignors
who had used RZD-Express service. Based on
a one-hundred-point scale, the respondents
assessed quality of the service from the point of
view of customer focus according to the proposed
system of criteria, as well as evaluated the
significance of the criterion of customer focus
itself for them [1-4]. «The survey made it
possible to understand that there are a number of
«bottlenecks» in the operations in terms of
cooperation with individuals when forwarding
goods, and the customers indicated the lack of
a loyalty program among those gaps» [3].

The objective of the research described within
the framework of the article is to substantiate the
provisions of the customer loyalty program based
on analysis and assessment of motives and
wishes of the customers themselves. To achieve
it, the author used the method of monographic
study of publications on this topic, as well as the
customer survey in the practical part.

RESULTS

Practices and Efficiency of Introduction of
Customer Loyalty Programs

There are at least two weighty arguments in
favour of development of such a program.

The first argument is, as it was previously
indicated, that «customer loyalty programs, as
an effective tool, are used in the practice of
transport and logistics companies at domestic
and international level» [3].

The author studied the conditions of loyalty
programs of such freight carrying companies as
TK YAN, Vozovoz, Gruzovichkoff, DHL.

Following the study, the author found that
there is a certain accepted template for the
content of this program. Besides general
provisions, it provides two main sections (Pic. 1).

A detailed study of the conditions of the programs
confirms significant duration of their application in

Sections of the customer loyalty program for

transportation of groupage cargo

Conditions to receive bonuses, discounts

|

The need for a personal account,
registration on the company's website,
payment for the service through the
website or the call center operator. In
exchange, customers are provided with
bonuses depending on the distance of
transportation in the amount of up to 20 %
depending on the distance; cashback,
discounts up to 10 % when placing the
first order, additional free minutes for
mobile communications, other discounts
from partner companies, promotional
programs

Procedure for using received bonuses,
discounts

!

Additional conditions and restrictions:
the minimum distance of
transportation, the minimum order
amount, the minimum number of
bonuses used — up to 10, the period of
use of bonuses from the moment of
accrual, the maximum share paid by
bonuses in cargo transportation — up to
10 %, shipment of goods from the
service department of the company,
etc.

Pic. 1. Sections of the customer loyalty program of a transport and logistics company (compiled by the author).
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Stage 1. Measuring the current level of customer loyalty

Stage 2. Determination of current motives of the consignor at the

conclusion of the transaction, setting of bottlenecks ]
Stage 3. Development of provisions for the loyalty program l—
Stage 4. Approbation of the loyalty program in a focus group -
Stage 5. Adjustment of provisions of the program, launching the 4_

program across the entire client audience

Stage 6. Monitoring the effectiveness of the loyalty program

Pic. 2. Algorithm for development and implementation of a loyalty program in a transport and logistics company (compiled by the author [4]).

the practices of cargo carriers, and, therefore, proves
feasibility of such an application.

The second additional argument in favour of
introducing a customer loyalty program is the
existence of a similar marketing tool in the field
of passenger transportation.

Most known are numerous loyalty programs
implemented by air companies. They were
subject to many scientific (e.g., [5-7]) and
consulting researches and publications in
business media, on websites of carriers and
program partners, as well as to compilation to
ranked lists of carriers offered to customers
according to divers systems of set criteria.

If we take the immediate example of railway
transport in Russia we may mention the «RZD-
bonus program, thanks to which, over the course
of nine years, passengers have been exchanging
accumulated bonuses for travel on trains and in
rail coaches of JSC Federal Passenger Company
(FPC), on Sapsan and Allegro trains» [3]. «The
number of participants in the program is
increasing every year» [3] and, according to the
latest data, has exceeded the mark of three
million people, who have made more than two
hundred thousand premium trips over the last
five years. The positive experience of the RZD-
Bonus program suggests that it is advisable to
use a similar tool when building contractual
relations with private consignors [3]. It is worth
reminding that from the marketing standpoint,
RZD-Bonus is a multi-component «product that
combines various tools: emotional (competitive
and festive events), material (discounts,

promotions, bonuses) «, and information one
(promotional videos launched in waiting rooms
and trains) [3]. «Thanks to the collected data,
the company is able to conduct a comprehensive
analysis and assessment of the level of passenger
satisfaction» [4].

Approaches to Development of Loyalty
Programs Intended for Private Persons during
Transportation of Groupage Cargo

Development of an effective loyalty program
when interacting with individual customers under
contracts for transportation of groupage cargo
«becomes possible only with consecutive
implementation of logically interrelated stages,
and not with spontaneous implementation of
certain promotions, or copying marketing
products of competing companies» (Pic. 2) [4].
Anarchic actions can cause losses for the
company, loss of brand credibility, customer
base, and the uniqueness of the RZD-Express
service in the eyes of consignors.

The first step involves measuring the current
level of customer loyalty to the company. Here,
the ratio method is the most popular one among
all analysis tools. The educational, monographic
and periodical literature contains a wide list of
coefficients, ratios, indexes; the results of their
systematisation have allowed the author to
compile the Table 1.

The argument in favour of anticipating the
development of the program by calculating the
coefficients presented in the Table 1 is associated
with the need to form the vision of the current
level of loyalty. The calculation of the coefficients
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Table 1

The system of coefficients (ratios) for analysing the customer loyalty

(compiled by the author) [3]

Indicator name

Calculation mechanism

Economic content

C1 — consignors’
turnover coefficient

Ratio of the number of consignors who terminated
cooperation with the company during the estimated
period to the total number of clients at the beginning
of the period

Share of the lost client audience in the
client base. It can be calculated both
for the company as a whole and for
individual offers, for one or several
periods

C2 — coefficient
of consistency of
consignors

Ratio of the number of active clients during the
estimated period to the total number of clients at the
beginning of the period. C2=1-Cl1

Percentage of consignors who
maintained relations with JSC Russian
Railways during the estimated period,
in the total number of customers at the
beginning of the period

C3 — coefficient of
retention of consignors

Ratio of the number of consignors who re-used
the RZD-Express service to the total number of
consignors in the previous period

Percentage of consignors who re-used
the RZD-Express service in the total
number of customers during the
previous period

C4 — average term of
cooperation with a
consignor

Ratio of the sum of periods of cooperation with each
client to the total number of individual consignors

The ration reflects duration of
cooperation with customers. The
coefficient can be calculated both for the
company as a whole and for individual
offers, for one or several periods

C5 — coefficient of
stability of the client
base

Ratio of the customer dropout during the estimated
period to the sum of the number of existing
customers at the beginning of the period and of the
customers attracted during the estimated period.

The ratio illustrates stability of the
customer audience. Theoretically, the
ratio should tend to 1 (or 100 %)

C6 — average cost
of purchased cargo
transportation services

Ratio of the sum of all cargo transportation contracts
with individuals to the number of individual
consignors during the estimated period

The ratio shows the average amount
of monetary assets paid by a single
consignor

C7 — coefficient of
repeated purchases
(re-purchases) by
consignors

Ratio of the number of contracts for transportation
of goods with individuals for the estimated period
to the number of individual consignors who have
signed a contract for transportation during the

The ratio shows the number of
transactions per consignor

estimated period

after implementation of the program is needed
to «understand the current state of the customer
base to track its changes and factors that can
influence it in the future» [3].

The author did not directly determine the
numerical values of C1-C7 for JSC Russian
Railways due to the absence of disclosed data
necessary for their calculation.

The results of calculation and analysis of
coefficients indicated in the Table 1 may serve
the basis for an in-depth study of factors that
influenced the obtained values. Thus, the factor
analysis of the reasons for turnover of consignors
(C1) involves setting of a list of reasons due to
which the consignors did not proceed with
a repeated transaction. They may comprise
cooperation with competing companies,
dissatisfaction with the additional services within
the main RZD-Express service, with quality of
the service, with the conditions of providing
guarantees to the client.

In addition to calculating the stability
coefficient of the client audience (C5), it is
possible to calculate the number of cargo
transportation contracts paid for by one customer

(quotient from dividing the number of concluded
cargo transportation contracts by the total number
of all customers during the estimated period,
persons) [3].

INTERPRETATION OF THE RESULTS OF THE
SURVEY

The most common indicator in marketing
research practice is called the Net Promoter
Score, NPS, which is customer loyalty index. To
calculate it, a questionnaire is carried out, based
on the results of which it is determined to what
extent the company’s clients are ready to
recommend it to their entourage [8-20].

To calculate the value of NPS index, a survey
was conducted using Google-form in the global
network among individual consignors who
transported their goods with RZD-Express
groupage cargo service in March—April 2021.

The efficient number of respondents was 134.

The respondents were asked the following
questions:

1. Please evaluate the degree of your readiness
to recommend the RZD-Express service to your
friends and acquaintances, using a ten-point scale
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Pic. 3. The respondents’ assessment of the degree of readiness to recommend the RZD-Express service
to their entourage (compiled by the author on the basis of a survey).
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Assigned 7-8 points
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|
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11 respondents

51 respondents
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}

}

They have gained positive
emotions from interaction
with JSC Russian
Railways company, are
ready to positively review
the service in a personal
conversation, on the
Internet

Service was equal to
expectations. They are
carefully studying
competitive offers, while
Russian Railways are not
indifferent to them. They
are not ready to definitely
recommend services, do

The service did not
meet expectations. They
are more likely to forget

about the service or

they will dissuade the
entourage to use the
services of JSC Russian

not have enough
arguments for the
moment

Railways

where 0 is the lowest probability of
arecommendation, and 10 is the highest probability.

2. Please evaluate, how will the availability
of a loyalty program affect your loyalty to the
Russian Railways brand, using a ten-point scale
where 0 means no impact, 10 means significant
impact» [3].

The results of the questionnaire regarding
first question are presented in Pic. 3.
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Pic. 4. Assessment of loyalty of JSC Russian Railways customers who have used the RZD-Express service
(compiled by the author based on a survey [3]).

As it can be seen, the answers of the
respondents differ markedly. According to the
results of the given assessments, the respondents
were divided into ten groups.

Upon receiving a point score, clients were
assigned one of three classes (Pic. 4) [3].

Using the results of the survey, we determined
[3] (considering reservations below) the loyalty
index (NPS):
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Pic. 5. Assessment of significance of availability for customers of the loyalty program of JSC Russian Railways
(compiled by the author based on the survey).

Pic. 6. Reasons that influenced the choice of the RZD-Express service by individual consignors (compiled by the author based on the survey).

NPS=d_-d_,
where «d_ — share of enthusiastic customers in
the total number of customers, %;

d - share of unhappy customers in the total
number of customers, %.

Thus, for the RZD-Express service this index
will bex» [3]:

NPS =8,2 % — 53,7 % = -45,5 % [3].

The result regarding the first question has
anegative value, but it could not be used to obtain
the general assessment of satisfaction of customers
considering online form of survey and the sample
of respondents based on the voluntary nature of
answering the suggested questions. First, the
customer sample was not representative. Second,
the features of conducting questionnaires based
on voluntary samples, and this completely applies
to marketing studies in different sectors, implies
risks of unproportionable representativeness of

persons with long-held opinion either negative, or

positive. This problem is beyond the study
described in the paper and presents special study
area'%.

At the same time the obtained data, being
insufficient for reliable calculation of NPS, afford
ground for assessment of potential attractiveness
of loyalty programs for different classes of
respondents.

For this purpose, at the next stage the
responses to the second question allowed to
measure the degree of significance of
availability of loyalty program for individual

! Please see, e.g.: Glen, Stephanie. Voluntary Response
Sample in Statistics: Definition» From StatisticsHowTo.com:
Elementary Statistics for the rest of us! [Electronic resource]:
https://www.statisticshowto.com/voluntary-responsesample/.
Last accessed 30.05.2021.

> Please see, e.g.: Online Surveys: Data Collection

Advantages & Disadvantages. [Electronic resource]:
https://www. cfrinc.net/cfrblog/online-surveys-advantages-
disadvantages. Last accessed 30.05.2021.
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Tools focused on material or emotional rewards
(Gifts, discounts,promotions, VIP-clients club membership,
privileges in providing services)

Tools designed for a specific category of clients

(Retired persons people moving to a new place of residence)

Loyalty program tools

Co-branded products
(Together with real estate agencies; online stores, etc.)

Pic. 7. Groups of tools of a loyalty program developed by cargo carriers (compiled by the author).

consignors within each group using ten-point
scale (Pic. 5).

The survey results lead not only to a direct
conclusion about segmentation of respondents into
three groups based on their level of satisfaction
with the service (and, as you can see, the most
numerous was the group of those who were unsure
of their readiness to recommend the service to
their entourage), but also to the conclusion on the
presence of a large base of customers who are
potentially close to brand loyalty. These include
respondents with estimates of 8—6 points,
accounting for 41 % of the respondents. The
survey has shown that the availability of a loyalty
program for customers motivates them to
«develop long-term relationships with the
company (the average value for these groups is at
around eight points) « [4] that confirms that JSC
Russian Railways has within this activity
«a reserve for building up a permanent customer
base, including through a loyalty program» [3].

APPROACHES TO DEVELOPMENT OF LOYALTY
PROGRAM

When developing the provisions of a loyalty
program, it is advisable to consider similar
programs of competing companies for two
reasons:

1. For the purpose of benchmarking to further
use the best practices to increase the customer
focus of JSC Russian Railways.

2. To minimise the likelihood that because of
the use of standard marketing tools, the RZD-
Express service will lose its uniqueness,
becoming a familiar service for the consumer,
along with competitors’ products.

The loyalty program should be based on the
preferences of customers themselves, derived
from the motives for choosing the service. To
identify them, the respondents were asked a third
question. It consisted in request to indicate the
reasons for concluding a contract with the

company. The author proposed seven reasons
(R1-R7). A single, the main one reason should
have been chosen. Descriptive characteristics of
the reasons are presented below:

1. Lack of alternative (R1): the consignor
believes that JSC Russian Railways has no
competitors. In such a situation, there is no need
not only to develop consumer loyalty programs,
but also, more generally, to identify the customers
since the position of a monopolist allows the
company not to worry about the attitude of
customers.

2. Habit (R2): a stercotyped consumer
behaviour that does not speak of either his
satisfaction or loyalty, respectively, if there is
such a motive, one should not count on an
increase in sales.

3. Material savings (R3): the benefit expected
by the client, which he receives when using the
services of JSC Russian Railways, in that case
the client assumes (subjectively or objectively)
that the company’s services are cheaper than
similar services provided by competitors.

4. Prestige (R4): a feeling of satisfaction,
pride, and self-importance when contacting JSC
Russian Railways. In situations where this
motive takes place, it is possible to be sure that
the client will re-purchase the company’s
services.

5. Trust (R5): confidence in professional
skills of personnel capable of providing services
of the required quality.

6. Randomness (R6): «the consignor
contacted the company spontancously (for
example, while on a business trip, being in the
immediate vicinity of the company’s office,
etc.)» [4].

7. Quality of service (R7): this indicator may
include «various characteristics of a service:
usefulness, waiting time, comfort, etc.» [3].

The question was answered by the same 134
respondents mentioned above who used the
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Pic. 8. Screenshots of the RZD-Express service pages on the Internet.

RZD-Express service. The results (considering
reservations above) are shown in Pic. 6.

Previously, main results were published in
[4]. According to them, «the largest number of
respondents considered quality (R7) as the main
reason why they had chosen JSC Russian
Railways as a carrier for transportation of
groupage cargo. It is interesting to note that after
the service had been provided, many of the
customers were not ready to recommend the
service to their entourage due to the feeling that
expectations that had not been fully met. This
reason should be taken into account when
developing a loyalty program (more details on
assessing quality of a service from the
perspective of customer focus were given in the
author’s previous publications [1-4]). Highly
qualified staff (R5) is ranked as second popular
reason for respondents. Leveraging this fact to
intelligently set the focus of the loyalty program
will invariably help to expand the customer
base» [4].

Let us remind that «besides favourable ones,
some of the reasons for the choice have a neutral
connotation including implementation of
a choice due to the lack of (in consignor’s
opinion) alternatives (R1), habit (R2), randomness
(R6). In addition, the reasons why only a small
part of respondents are confident in the existence
of material savings when buying a service (R3)
and in its prestige (R4) should be subjected to
detailed analysis. The inversion of consumer
attitudes through the tools of the loyalty program
will help to neutralise the influence of risks or of
potentially negative facts» [4].

«Five respondents opted for the service due
to the lack of an alternative (R1), being convinced
that JSC Russian Railways has no competitors.
It should be borne in mind that such a choice can
be easily changed under the influence of random
factors, for example, aggressive advertising of
competitors. At the same time, the existence of
this reason, as a motive for consumer choice,
can be used by JSC Russian Railways to
strengthen long-term relations with the
consumer through the tools of the loyalty
program, by supporting the customer’s vision
of the company as of the largest market actor
capable (thanks to the scale effect) to provide
a wide range of customers with real, not
nominal, discounts» [4]. «The choice of 17
respondents was made under the influence of
habit (R2), which also indicates the inert attitude
of the consumer. Thanks to the loyalty program,
a positive impetus can be created, transforming
a habit into a conscious loyalty to the brand,
through accumulation of discounts, bonuses,
membership in a privilege club, etc.» [4].

«The perception of corporate pricing policy
by customers as of uncompetitive also affects the
company’s image destructively. Only 7 out of
134 respondents believe that making a choice in
favour of RZD-Express helps money saving
(R3). A loyalty program can be here an excellent
tool since the customer thanks to bonus points,
discounts, promotions, forms a favourable
attitude regarding the cost of the service» [4].

Typical marketing tools that can form the
basis of a loyalty program can be classified into
three main groups (Pic. 7).
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It is generally accepted to categorise the client
audience in terms of financial position:

» Highly solvent (they prefer purchasing
turnkey services, maintaining the status).

» Low paying (they prefer to save on price).

* Clients with an average paying capacity
(they prefer to weigh material and non-material
parameters).

CONCLUSIONS

The growth in proceeds from sales of the
RZD-Express service to individual consignors
will correspond to how precise the adjustment of
the loyalty program tools will be in accordance
with customer requests. Before large-scale
implementation of the program in the company’s
activities, it is advisable to diagnose its
effectiveness in focus groups, and then to analyse
and evaluate the results (according to Table 1) to
adjust the composition of marketing tools. In the
long term, a positive consequence of using
a loyalty program is not only an increase in the
cost component, but also a decrease in consumers’
sensitivity to higher prices for services.
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ABSTRACT

The introduction of low-cost long-distance passenger trains
will improve transport availability, expand the geography of routes,
increase train departure frequency, resulting thus in growth of
passenger turnover and carriers’ incomes.

From the standpoint of national economy, the emergence of
trains of that kind will contribute to better transport mobility of
population, labour market balance, tourist attractiveness of the
country and its regions, to increase in GDP thanks to multiplicative
effect.

As a result of active implementation of state support measures
for development of regional aviation, construction of high-speed
highways, introduction of car sharing services, in recent years there
has been a significant increase in competition in the long-distance
passenger transportation market.

Each segment of this market requires meeting the needs and
expectations of a certain type of customer, reflecting the age,
education, type of activity, income, physical condition of a
passenger.

Railway Research Institute (JSC VNIIZhT), Moscow, Russia.

The competitiveness of a particular type of transportation in
the modern world, is based, first, on the widespread growth in the
value of time as of a significant resource of human life, and
consequently in speed of movement along all the route (from door
to door) since life expectancy, in addition to extensive factors (high-
tech healthcare, healthy nutrition, etc.) evolves at the expense of
intensive factors also which certainly include the saving of time for
movement.

The objective of this article is to describe the business model
of a low-cost long-distance railway passenger carrier, to analyse
technical, technological, organizational factors that form the model
using the methods of economic analysis, observation, and
comparison. It is concluded that key conditions for functioning of
the model of a low-cost long-distance passenger carrier comprise
among others operation of modern energy-efficient rolling stock,
flexibility and promptness in development of the route network,
identification of the travel frequency and the composition of low-cost
trains.
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INTRODUCTION

Expansion of the product line, provision of
multimodality and a significant increase in the
route speed of transportation should serve as
a strategic guideline for railway passenger
carriers. To the greatest extent, these
characteristics are now inherent in road transport
due to its autonomy, flexibility, and geographic
spatial distribution [1].

Nevertheless, long-distance trains have some
undoubtful advantages in comparison with road
and air transport:

* Transportation safety.

* Respect of the timetable exceeding 98 %"

* More comfortable conditions for
accommodating passengers in the coach.

* Combination of travel with rest at night
(train-hotel).

* Almost complete independence of
transportation from weather conditions [2].

* Developed route network.

* Free transportation of children under the
age of five.

* High allowable rates of carry-on baggage.

* Location of embarkation and disembarkation
stations in city centres.

* Environmental friendliness of railway
transport [3].

In addition, railway passenger traffic is of
high social and strategic importance for the state,
including in regions with extreme natural and
climatic conditions lacking road and aviation
infrastructure [4].

Currently, business models of Russian
railway carriers in long-distance passenger
travel are focused mainly on providing
a standard, established complex of
transportation services in the railway industry.
Thus, the structure of the car fleet of JSC FPC,
the main railway long-distance passenger
carrier of the Russian Federation, is made up
mainly of coaches with berths, which have
a significantly higher cost per passenger seat,
and the operation of which at distances from
200 to 600 km is unprofitable, which leads to
the loss of the corresponding short-distance
passenger market in favour of road (bus)
transport. According to 2020 annual report of
JSC FPC, its car fleet composed of 16596
coaches, of which only 637 were interregional
ones'. It is worth noting that competition

! Annual report of JSC FPC. 2020. [Electronic
resource]: https://fpc.ru/api/media/resources/
1735779action=download. Last accessed 15.10.2021.

between modes of transport does not result by
itself in increase in efficiency of activity of
each mode of transport since when competition
is growing it often implies the problem of
public subsidies to even the conditions of
transportation (e.g., to align difference in
infrastructure fees) [5].

It is then relevant to search for new product
models that might raise the competitiveness of
rail transport in the segments of transportation
market that meet high demand of customers.
Low-cost transportation in long-distance trains
can be among those product models. Civil
aviation widely uses such practices, and we can
witness now practical steps in some countries to
implement such projects in rail sector.

The first ever low-cost flight of Pacific
Southwest Airlines took place on May 6, 1947.
Over the past ten years, more than 100 new
airlines have emerged globally that have started
flights using low-cost technology. Many classic
airlines started focusing on this segment, and the
share of air passengers traveling with low-cost
airlines has grown from 13 % to 29 % in the
global passenger traffic?.

In the railway industry, the low-cost
business model has remained not very popular
until recently. The most striking examples of
low-cost railway carriers are the Czech Regio
Jet?, Leo Express?, the Spanish high-speed
trains Avlo of the national operator Renfe,
and the project of Ouigo, a subsidiary of the
French SNCF?. The later case has been
studied by researchers [6]. We can also cite
the example of the low-cost transportation
project is called Izy® implemented by high-
speed rail company Thalys (it is easy to note
that it sounds in English like the word
«easy»). Arthur D. Little company has

2 What is a low-cost airline? [Electronic resource]:
https://tripmydream.com/media/laythak/loukost-perelety-
vse-minusy-i-plyusy. Last accessed 15.10.2021.

* See, e.g., the website of Regiojet company. [Electronic
resource]: https://www.regiojet.com/services/services-
onboard-of-trains/low-cost.html. Last accessed 15.09.2021.

4 Railway transportation — the largest companies. [Electronic
resource]: https://www.oborudunion.ru/largest/jelezna-
doroga-uslugi. Last accessed 15.10.2021.

> Renfe has launched low-cost Avlo trains between Madrid
and Barcelona. [Electronic resource]: https://zdmira.com/
news/renfe-zapustil-byudzhetnye-poezda-avlo-mezhdu-
madridom-i-barselonoj. Last accessed 15.10.2021.

¢ Please see, e.g., information on the website of international
unit of Belgian national rail company (SNCB International).
[Electronic resource]: https://www.b-europe.com/EN/Trains/
1ZY. Last accessed 15.09.2021.
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recently made a study on existing practices
and development prospects for long-haul low-
cost trains focusing on high-speed rail”’.

The peculiarity of all the listed trains is that
they have seating coaches, which allows to use
most of the car interior space to accommodate
seats, while the carry-on luggage allowance
included in the price allows carrying no more
than 1 unit of luggage per person.

Considering the promising character of the
issue, the main objective of the research is to
study the possibility and to analyse parameters
of introduction of a new product offer which is
low-cost long-distance passenger trains on the
network Russian Railways. The study applied
methods of comparative and economic analysis,
content analysis of technical information.

RESULTS

Michael Porter, a leading expert in the study
of economic competition, identifies three
strategies for developing a company’s competitive
advantage, dep ending on the degree of market
breadth:

» Low cost (cost leadership) strategy.

* Differentiated strategy (creation of a product
with unique characteristics).

* Focus strategy (obtaining a competitive
advantage in a narrow market segment) [7].

In our opinion, the offer of low-cost passenger
trains should combine the advantages of all three
strategies. The distinguishing features of a low-
cost train comprise low cost of transportation,
a fixed and clearly recognisable set of consumer
characteristics, focus on a defined segment of
passengers, namely on passengers with
a minimum amount of baggage, without
requesting additional services, the main goal of
whom is to move between points of departure
and destination with minimal financial costs and
considering allowable time constraints.

The formation of competitive advantages of
the transportation service in the transport market
occurs as a result of interaction of the elements
of the chain: the carrier — the owner of the
infrastructure. The quality of the transportation
process is within the area of responsibility of the
owner of the infrastructure (JSC Russian
Railways in Russia), the quality of transport

7 Hensler, A., Zintel, M., Baron, R. The low-cost puzzle
for long-haul trains. Arthur D. Little Luxembourg S. A.
2019. [Electronic resource]: https://www.adlittle.ru/sites/
default/ files/viewpoints/adl low_cost_trains-min_0.pdf.
Last accessed 15.09.2021.

services is within the area of responsibility of the
carrier company [8].

Let’s form a group of factors that make up
the business model of a low-cost-carrier:

1. Group of technical factors (TECH):
technical characteristics of traction and non-
traction rolling stock, coach interior, specific
energy consumption per passenger seat.

2. Group of technological factors (TECHN):
time of departure and arrival, route speed of the
train, location of stations of departure and arrival.

3. Group of organizational factors (ORG):
tariff setting (pricing), labour productivity of the
train crew, additional service on board the train.

Thus, the target function of the low-cost
carrier is:

TECH + TECHN + ORG = Cost of 1 passenger
seat — min.

TECHNICAL FACTORS

The group of technical factors includes the
following activities:

1. The use of coaches with increased
passenger capacity, primarily double-deck
seating coaches, as well as capsule coaches [9].

2. Unification of the car fleet of low-cost-
trains that means the use of coaches of the same
model range with a single colour-graphic design,
internal equipment, and design for the most
efficient interchangeability of rolling stock
during periods of maintenance, repair, emergency
situations. The age of the low-cost train car fleet
should not exceed 10 years to minimise repair
costs.

3. Implementation of traction by dual-system
and hybrid locomotives with increased service
runs to reduce the cost of initial and final
operations and unproductive downtime at
intermediate stations [10; 11]. It is also possible
to operate electric trains, including double-decker
coaches [12].

4. The use of energy-saving equipment in
traction and non-traction rolling stock: LED
lighting, automatic individual climate control
systems in a compartment, energy recovery and
storage (electrodynamic braking with energy
storage unit in each coach, piezoelectric inter-
coach walkway and floors) [13].

5. Decrease in the tare ratio of coaches and

thus of the mass of the train due to the use of @i

composite materials in coach bodies, elimination
of' heavy coach equipment, in particular, of water
heating systems, generators.
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6. The use of modern shock-absorbing
devices, backlash-free automatic couplings, disc
brake systems to reduce oscillatory processes and
energy dissipation during the movement of the
train [14].

TECHNOLOGICAL FACTORS

The group of technological factors comprise:

1. Increasing the productivity of coaches by
minimising downtime at the train initial departure
and round-trip start points. Namely it concerns
organisation of high-frequency routes with the
use of transformer coaches, operated at night as
sleeping cars and, in the daytime, as sitting
coaches.

2. Optimisation of the route network with
focus on short and medium route distances to
serve the most densely populated regions of the
country. Since transportation tariffs for most
types of transport are based on the principle of
reducing the unit cost of 1 passenger-km with an
increase in the travel distance, this makes the
operation of low-cost trains on long-distance
routes unprofitable due to the initially minimal
base tariff. Therefore, the operating range of
low-cost trains should count up to 2000 km
through the territory of the most densely
populated Russian Central, South, North
Caucasian, Volga Federal Districts and
St. Petersburg agglomeration.

3. Saving station and infrastructure costs:
initial and final operations should be conducted
at lightly loaded passenger stations (for example,
in Moscow agglomeration departure and arrival
can be organised at Khimki, Zelenograd stations,
Vostochny TIH, Domodedovo, etc.). Meanwhile
it should be provided that the train stops at all
the major stations of large agglomerations to
maximise passenger traffic. The departure time
of low-cost-trains should be beyond the main
train flow to get the cheapest schedule line [15,
p- 129].

ORGANISATIONAL FACTORS

The group of organisational factors comprise
activity that follows:

1. Traditional types of services on board
should be denied. First, there will be no dining
cars, showers, various kinds of equipment
(reusable dishes, sanitary and hygienic sets, bed
linen, etc.) in the low-cost trains, which will
speed up and reduce the cost of equipment and
cleaning of such trains before the journey.

2. Maximum differentiation of tariffs®. In
particular, a set of decreasing coefficients can be
applied as compared to the base tariff for places
at the top, additionally for the upper places of the
second floor of a double-decker car, for the
outermost compartments, and a multiplying
coefficient can be used for the compartments
located in the middle of the sleeping car. For
sitting coaches there can be a paid option to
choose a seat in the coach. To maintain flexibility
in planning the route network, ticket sales should
start no earlier than 90 days before departure.
There should be large-scale use of dynamic
pricing and almost 100 % sale of seats at non-
refundable rates, sale of multiple journey tickets,
both for certain routes and distances (for
example, up to 300, up to 600 km).

Additional paid options on low-cost trains
may include:

* Paper ticket issuance.

» Transportation of baggage excessing the
minimum allowance.

 Changes in ticket details and its return.

3. Increased labour productivity of the train
crew due to the increase in the number of coaches
serviced by one conductor or guide with
a minimum set of services on the train.

4. Receiving additional income from sale of
advertising space on trains, including on the sides
of cars.

It is worth noting that several activities of one
group of factors can produce the ability to
implement activities of another and vice versa.
For example, with a reduction in the number of
unproductive train stops, an increase in route
speed due to the use of dual-system locomotives,
it is possible to reduce the number of members
of the crew accompanying the train. Station
employees can check tickets of passengers
boarding the train.

CONCLUSION

Contrary to the opinion that low-cost railway
passenger transportation should use old cars and
coaches preparing for write-off, following
additional schedule lines with a low route speed,
the real key parameters of success of functioning
of a low-cost model include flexibility and
promptness in appointment and assembly of
those trains, operation of trains consisting of

8 Please see, e.g., Matyushin, L. N. Tariff policy in the
railway transport of Russia: Study guide. Moscow, FSBE
APE «Training and methodological center for education in
railway transport», 2021, 208 p. ISBN 978-5-907206-80-9.
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modern, energy-efficient, low-weighted cars,
requiring low equipment and maintenance costs.

Considering the seasonality factor of
transportation, low-cost-trains should be assigned
only to highly loaded routes with a potentially
constant demand for transportation. It is worth
emphasising that the key service regarding a low-
cost train is transportation of passengers with
a minimum set of additional services, therefore,
the main competitive advantage relative to other
modes of transport is the comparable speed of
passenger travelling.

REFERENCES

1. Lapidus, B. M. The future of transport. World Trends
Projected onto Russia: Monograph [Budushchee transporta.
Mirovie trendy s proektsieei na Rossiyu: Monografival.
Moscow, Prometheus publ., 2020, 226 p. ISBN 978-5-
907224-52-8.

2. Gashnikova, E. L. Methods for formation of com-
petitive advantages in the non-traction rolling stock mainte-
nance and repair market [Metody formirovaniya konkurent-
nykh preimushchestv na rynke remonta netyagovogo pod-
vizhnogo sostava]. Ekonomika zheleznykh dorog, 2021, Iss. 5,
pp- 65-71. [Electronic resource]: https://www.elibrary.ru/
item.asp?id=45764258. Last accessed 15.09.2021.

3. Ways to improve the environmental performance of
railways [Puti uluchsheniya ekologicheskikh pokazatelei
zheleznykh dorog). Zheleznie dorogi mira, 2020, Iss. 1,
pp. 56—60. [Electronic resource]: https:/elibrary.ru/item.
asp?id=41565405. Last accessed 15.09.2021.

4. Lapidus, B. M., Macheret, D. A. Macroeconomic role
of railway transport: Theoretical foundations, historical trends
and a look into the future [Makroekonomicheskaya rol’
zheleznodorozhnogo transporta: Teoreticheskie osnovy, is-
toricheskie tendentsii i vzglyad v budushchee]. Moscow,
Krasand publ., 2014, 234 p. ISBN 978-5-396-00528-0.

5. Guriev, A. Out of the dead end: the history of a reform
[Iz tupika: istoriya odnoi reformy]. St. Petersburg, RZD-
Partner publ., 2008, 800 p. [Electronic resource]: http://gu-
ryevandrey.narod.ru/artikals/Pages1.pdf. Last accessed
15.09.2021.

6. Delaplace, M., Dobruszkes, F. From low-cost
airlines to low-cost high-speed trains: the French case.
18th ATRS World Conference (July 2014) at Bordeaux.
[Electronic resource]: https://www.researchgate.net/
publication/264458977 From_ low-cost_airlines_to
low-cost_high-speed_trains_the_ French_  case/
link/53e07a2¢c0cf27a7b830a40e¢0/download. Last ac-
cessed 15.09.2021.

7. Porter, M. E. Competitive strategy: Techniques for
analyzing industries and competitors. Transl. from English.
Moscow, Alpina Business Books, 2015, 600 p. ISBN 978-5-
9614-6306-4.

8. Lapidus, B. M., Lapidus, L. Formation of a seamless
transport system — a new paradigm of open railway transport
in the context of digital transformation [Formirovanie
besshovnoi transportnoi sistemy — novaya paradigm otkry-
togo zheleznodorozhnogo transporta v usloviyakh tsifrovoi
transformatsii]. Problemy teorii i praktiki upravieniya,
2018, Iss. 1, pp. 79-88. [Electronic resource]: http:/lari-
salapidus.ru/wp-content/uploads/2020/04/Statya-
formirovanie-besshovnoj-transportnoj-sistemy.pdf. Last
accessed 15.09.2021.

9. Troitsky, P. S. Introduction of the Latest Railway
Technology based on Intersectoral Cooperation. World of
Transport and Transportation, 2020, Iss. 18 (4), pp. 188—
198. DOI: https://doi.org/10.30932/1992-3252-2020-18-
188-198.

10. Miroshnichenko, O. F., Oginskaya, A. E. Variant
assessment of the consequences of the transfer of the fleet
of passenger locomotives to JSC FPC [Variantnaya ot-
senka posledstvii peredachi parka passazhirskikh lokomo-
tivov v OAO «FPC»]. Actual problems of the economy of
railway transport and ways to solve them. Proceedings of
works of scientists of JSC VNIIZhT. Ed. by O. F. Mirosh-
nichenko. Moscow, VMG-Print publ., 2014, pp. 237-247.

11. Akishin, A. A., Brexon, V. V., Vinogradova, O. V.,
Kuchumov, V. A., Mironov, N. D., Nikiforova, N. B. Estima-
tion of the cost of the life cycle of an electric locomotive
«online» [Otsenka stoimosti zhiznennogo tsikla elektrovoza
«onlainy). Bulletin of Scientific Research Institute of Railway
Transport (Bulletin of VNIIZhT), 2019, Iss. 78 (4), pp. 195~
202. DOI: https://doi.org/10.21780/2223-9731-2019-78-4-
195-202.

12. Scientific support for development of high-speed
lines in Russia [Nauchnoe soprovozhdenie razvitiya vyso-
kosjorostnykh magistralei v Rossii]. Team of authors; ed.
by A. B. Kosarev, O. N. Nazarov. Moscow, RAS publ.,
2018, 119 p. ISBN 978-5-6040530-6-5.

13. Gapanovich, V. A., Avilov, V. D., Arzhannikov, B. A.
[et al]. Energy saving in railway transport: Textbook for
universities [Energosberezhenie na zheleznodorozhnom
transporte: Uchebnik dlya vuzov]. Ed. by V. A. Gapanovich.
Moscow, publ. house MISiS, 2012, 620 p. [Electronic re-
source]: http://www.rzd-expo.ru/innovation/resource_savi
ng/%D0%A3%D1%87%D0%B5%D0%B1%D0%BD%D
0%B8%D0%BA%20%D0%BE%D1%822.08.12.pdf. Last
accessed 15.09.2021.

14. Boronenko, Yu. P., Komarova, A. N., Romen, Yu. S.
Influence of car vibrations on energy consumption for train
traction [Vliyanie kolebanii vagonov na energozatraty na
tyagu poezdal). Bulletin of scientific research results, 2016,
Iss. 1 (18), pp. 18-29. [Electronic resource]: https://cyber-
leninka.ru/article/n/vliyanie-kolebaniy-vagonov-na-ener-
gozatraty-na-tyagu-poezda. Last accessed 15.09.2021.

15. Shenfeld, K. P., Sotnikov, E. A. Development of
management methods for the transportation process in rail-
way transport in modern conditions [Razvitie metodov up-
ravleniya perevozochnym protsessom na zheleznodorozhnom
transporte v sovremennykh usloviyakh]. Moscow, Nauchniy
mir publ., 2015, 200 p. ISBN 978-5-91522-421-5. [ )

Information about the author:

Troitsky, Pavel S., Technical Expert of Scientific Centre for Digital Models of Transportation and Energy Saving (NC DMTE) of
Railway Research Institute (JSC VNIIZhT), Moscow, Russia, paveltroickiy@mail.ru.

Article received 27.05.2021, approved after reviewing 15.09.2021, updated 22.10.2021, accepted 25.10.2021.

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 5 (96), pp. 173-177

Troitsky, Pavel S. Low-Cost Long-Distance Passenger Train Model




ECONOMICS

GGINAL ARTICLE

DOI: https://doi.org/10.30932/1992-3252-2021-19-5-6

Natalia V. Guskina

b4 n.guskina@yandex.ru.

Natalia V. GUSKINA

ABSTRACT

The activities of economic entities operating in a specific
territory depends to the highest degree on the action of transport
factors comprising the existing economic links and resource
provision of those territories. At the same time, it is necessary to
highlight a special role of the economic and technological capacity
in sustenance of the territorial economy. The economic and
technological capacity is an indicator of its material basis as well
as of the success of development of the material and innovative
base of a particular territory.

At the same time there exists a certain cognitive gap in
understanding the impact of transport infrastructure on the potential
of the territory that makes relevant the continuation of the research
to theoretically understand that impact.

The objective of this work is to theoretically substantiate the
influence of the transport industry on the activities of economic
entities of the territories considering the economic and technological
capacity of a territory.

The integrated approach and empirical and theoretical method
used in the work have allowed to conduct the research based on
aggregated characteristics of transport industry and open statistical

technologies.
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data and to describe the impact there-of on the economic and
technological capacity of a territory.

To achieve comparable results within the framework of the
single national economic and transport system that helps to level
the influence of country’s specific features, the analysis referred
to the main indices of the activity of territorial districts of the
Russian Federation including rates of development of the transport
system, general dynamics of the changes in the length of routes
and roads and the role of investment in the activity of the transport
industry.

Results and prospects of the activity of the transport industry
were determined regarding territorial interactions of economic
entities.

The suggested approach to the analysis of the relationship
between economic and technological capacity of the territories and
transport systems is offered as a basis for further research since
being sufficiently universal and once further developed and adapted
to relevant conditions it can be decomposed or scaled up regarding
study of smaller territorial entities or, on the contrary, of selected
countries.
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INTRODUCTION

Regardless multitude of publications' and
highly elaborated issues of regional?, territorial®,
urban* development comprising its social,
economic [1], scientific and technological®, and
transportation aspects, scientific sources miss
single approach to definition of the essential of
the nature of economic and technological
capacity of the territory and of its interrelationship
with transport industry.

In a global sense, a definition of economic
and technological capacity or potential of
a territory can be formulated as a complex ability
to attract obvious and latent resources to supply
entities and population of the territory to increase
productivity focused on obtaining utilities that
correspond to the current demand. Consequently,
if «the scale of the economic and technological
potential is determined through the volume and
quality of the resources available to the economic
entity, as well as through its ability to use them
effectively» [2], then in case of a territory it is
worth saying about the volume, quality, and
efficiency of the use of resources by the totality
of economic entities.

In his earlier work, the author clarified the
elementary nature of the economic and
technological potential, which «is characterised
not only by resource opportunities, but also by
spatial identity, population density and quality
of life of the population, remoteness from large
cities, positioning within financial and economic

! The examples quoted below are singled-out out of immense
mass of scientific and research papers, projects and reports
only to illustrate multifaceted nature of existing approaches.

2 Aselection of ENPI CBCMED Projects. People cooperating
across borders. Mediterranean Stories, 2014. [Electronic
resource]: http://www.enpicbcmed.eu/sites/default/files/
mediterranean_stories_economic_growth and_territorial
devlopment 0.pdf. Last accessed 27.03.2021.

3 lammarino, S., Rodriguez-Pose, A., Storper, M. Why
Regional Development matters for Europe’s Economic
Future. Working Papers, A series of short papers on regional
research and indicators produced by the Directorate-General
for Regional and Urban PolicyWP 07/2017. European
Union, 2017. [Electronic resource]: https://ec.europa.cu/
regional_policy/sources/docgener/work/201707 regional
development matters.pdf. Last accessed 27.03.2021.

* Investment for jobs and growth. Promoting development
and good governance in EU regions and cities. Sixth report
on economic, social and territorial cohesion. European
Commission, 2014. [Electronic resource]: https://ec.europa.
eu/regional policy/sources/docoffic/official/reports/
cohesion6/6¢r_en.pdf. Last accessed 27.03.2021.

> KIT — Knowledge, Innovation, Territory. [Electronic
resource]: https://www.espon.eu/kit. Last accessed
27.03.2021.

segment, transport links, and the production and
industrial level in the territory» [3].

But when carrying out further theoretical
research, it became necessary to consider all the
elements of the economic and technological
capacity with reference to the territorial
heterogeneity and geographical distribution of
the resources, system of transportation links, and
other problems related to those complex factors.

The objective of the presented individual
study is to theoretically substantiate the influence
of the transport industry on the activities of
economic entities of the territories considering
the economic and technological capacity of
a territory.

The study used integrated approach and
empirical and theoretical method that allow to
conduct the research based on aggregated
characteristics of transport industry and open
statistical data and to describe the impact there-of
on the economic and technological capacity of
a territory. To level heterogeneity of social and
economic conditions, the subjects of the study
were associated with federal districts, federal
entities of the Russian Federation, transport
system of the Russian Federation and transport
systems of federal entities of the Russian
Federation.

RESULTS
Key Economic Performance Indicators of
Federal Districts of the Russian Federation

The topographic differentiation of the
Russian Federation determines the mixed nature
of economic space, which entails the problem of
sustainable development of the economic and
technological capacity of the territories and
fragmentation of the magnitude of all indicators
of progressiveness of an agglomeration in
relation to another one.

According to the data of the Federal State
Statistics Service, such fragmentation can be
observed from the aggregate index of industrial
production between the constituent federal
entities of the Russian Federation by types of
economic activity, taken in aggregate (Table 1).

The dynamics of the industrial production
index is rather scattered and the gap between
some federal districts in January 2021 reached
more than 10 %. The upward trend in indicators
during the same time lapse in the Central Federal
District in 2021 relative to indicators in 2019 was
of 8,9 %. At the same time, there was a general
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Table 1
Industrial production index referring to the corresponding month of 2019, %*
2019 2020 to January 2021 to January
January January 2019 January 2019
Russian Federation 102,7 101,2 -1,5 98,1 -4,6
Central Federal District 100,4 106,1 +5,7 109,3 +8.9
North-Western Federal District 103,3 101,4 -1,9 99,5 -3,8
Southern Federal District 103,8 100,8 -3 103,3 -0,5
Privolzhsky Federal District 100,7 101,0 +0,3 100,1 -0,6
Ural Federal District 108,1 103,4 -4,7 97,6 -10,5
Siberian Federal District 104,8 95,8 -9 97,9 -6,9
Far Eastern Federal District 97,9 102,0 +4,1 95,4 -2,5

* Industrial production index. Federal State Statistics Service. [Electronic resource]: https://rosstat.gov.ru/enterprise

industrial?print=1. Last accessed 27.03.2021.

decline during the same time lapse in the rest of
the federal districts, that resulted in a negative
impact on the overall result for the Russian
Federation in January 2021 by 4,6 % less than in
2019.

It is necessary to make an important
reservation since the results of 2021 were not
typical as compared to 2019 due to the general
impact of pandemic situation, which was
characteristic of all world countries, and were
used to demonstrate only the differences in
dynamics of industrial production indices of
federal districts.

So, «the volume of GDP of Russia in 2020,
according to first estimations, attained 106 606,6
billion roubles at current prices. The index of
GDP in physical figures was of 96,9 % as
compared to 2019. GDP price deflator index in
2020 was of 100,7 % as compared to 2019
prices»®.

It is necessary to note that decrease in GDP
as compared to 2019 was expected due to reduced
world demand on energy resources and
introduction of restrictive measures following
pandemics.

The possibility of maintaining stability of
advanced positioning of the Central Federal
District in this system of indicators can be
explained through the fact that it is a focus point
of cooperation and of introduction of innovative
technologies, which, of course, implies both
economic benefits and certain risks. However, it
is in it that federal district that «the production
of goods and services is concentrated to a greater
extent, pulling together the financial and labour
resources of the other territories. These processes

¢ On the production and use of gross domestic product (GDP),
2020. Federal State Statistics Service [Electronic resource]:
https://gks.ru/bgd/free/B04_03/IssWW W.exe/Stg/d02/18.
htm. Last accessed 30.03.2021.

are becoming more and more stable» [4], that
leads to a decrease in development opportunities
of'individual federal districts and in the effective
use of their resources.

Impact of the Transport System on the
Connectivity of the Territories and
Implementation of the Economic and
Technological Potential

Ensuring sustainable development of
territorial entities is the central point of the
modern policy of the Russian Federation.

The central role is played by connectivity
among country’s territories, which «can be
ensured through modernisation of the country’s
transport system» [5]. In doing so, the most
«widespread method of analysing the impact of
infrastructure on economic dynamics is the
apparatus of production functions, with the help
of which it is possible to directly measure the
return on output from infrastructure capital» [6],
which leads to the need for constant analysis of
the activities of the transport industry, as well as
for updating of the restructuring of transport
infrastructure, aimed at maintaining functioning
of economic entities.

The process of production and consumption
of transportation products is inseparable in time
and space and requires the introduction of
innovations, which in turn exist due to financial
and intellectual investments. The economic and
technological potential of a territory in this
context is the result of the interrelation of the
productive forces of economic entities and
transport companies.

Each business entity seeks to extract «the
maximum economic benefit, expressed in profit
by providing a high-quality product at competitive
prices» [7]. At the same time, significant place
belongs to the transport infrastructure and its
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influence on all the processes of balanced
development of the economic and technological
potential of a territory since it guarantees
fundamental conditions for the successful
functioning of an economic entity.

The totality of factors comprising material
and technical basis, natural and financial
resources, and investments, state support,
demographic structure, and the possibility of
attracting an active part of the population to the
economic activities of the territory refer to the
economic potential. One of the indicators for
assessing the economic potential of the territory
is GDP since it covers not only the general
indicators of the activity of an economic entity,
but also the features of the sectoral and territorial
structure.

The most definite indicators of the economic
potential of a territory are reflected by the gross
regional product (GRP) per unit area.

«More than half (52,1 %) of the total GRP,
according to the estimate for the federal
constituent entities of the Russian Federation, in
2020 will be formed by 10 constituent entities of
the Russian Federation, namely, Moscow and St.
Petersburg, Moscow and Sverdlovsk regions,
Khanty-Mansiysk Autonomous District — Yugra,
Yamalo-Nenets Autonomous District, Krasnodar
and Krasnoyarsk regions, the Republics of
Tatarstan and Bashkortostany’.

According to the forecasts of the Ministry of
Economic Development of the Russian
Federation, the share of the above economic
entities in the total volume of GRP will increase
by 0,2 % by 2023.

It should be noted that the indicator of gross
regional product accounts only for the activities
of territorial economic entities, which entails
a difference in the values of expenditures
determined at the federal level.

Transport Unity of Territories
as an Integrator of Economic Growth

The peculiarity of interaction in assessment
of transport products, in cases where production
is in a territory, and consumption is in another
one, can be determined by the state of the
transport infrastructure since it forms a foundation
of a single economic space.

7 Forecast of the socio-economic development of the
Russian Federation for 2021 and for the planning period of
2022 and 2023. Web-site www.consultant.ru. [Electronic
resource]: http://www.consultant.ru/document/cons_doc_
LAW _363743/. Last accessed 30.03.2021.

Since the Russian Federation has a vast
territory, then transport availability, «characterises
development of the transport infrastructure of
land modes of transport and can be determined
both for each mode of transport and for the
transport system of the region as a whole» [8].

One of the most evident transport factors
reflecting development of transport infrastructure
is the length of roads, railways, waterways, and
pipelines, which clearly shows improvement of
the transport system, as well as the provision of
the country with transportation.

The length of roads, railways, waterways and
pipelines at the end of 2019, according to the
Federal State Statistics Service, is shown in
Table 2.

The shown statistical data include the length
of streets, railway sections located outside the
Russian Federation and the main oil product
pipelines in the territories of foreign countries.

It should be noted that the negative dynamics
of the length of oil pipelines is associated with
force majeure circumstances, such as the end of
the reserve of resources on the territory and high
depreciation of equipment, since the main
pipeline fund was built over 20 years ago. It is
to be noted that the pipeline network is wearing
out, and its replacement requires large capital
investments.

The dynamics of the length of inland
waterways is associated with the hydrological
situation, and. even though the indicator is
negative, it is within the normal range.

The positive dynamics of the length and
operation of all transportation ways indicates the
effectiveness of strategic reforms and decisions
taken by the state.

The efficiency of transportation affects the
positive savings in the working capital on the
territory of the country, which leads to
strengthening of economic ties between its
federal districts and «confirms the importance of
the transport sector in the context of economic
and social development» [9].

It is possible to objectively reflect the
activities and interdependence of economic
entities within the total area of the Russian
Federation using statistical data on cargo
turnover by mode of transport (Table 3).

The comparative dynamics of 2015 through
2019 shows that the overall level of cargo
turnover by modes of transport has increased,
this is characterised by an increase in the distance
of transportation, an improvement in the quality
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Z{ﬁ ' Table 2
i Length of roads, railways, waterways and pipelines in the Russian Federation by the end
“ of 2019, thousand km*
2015 2016 2017 2018 2019 change in
indicator
2019 to
2015, +/-
Operating length of public railways 86,3 86,4 86,5 86,6 87,0 +0,7
Length of public motor roads 1480,5 1498,5 1507,8 1531,6 15422 +61,7
Length of gas pipelines 177,7 179,3 179,8 179,3 181,8 +4,1
Length of oil pipelines 54,8 54,2 53,4 53,4 53,4 -1,4
Length of oil product pipelines 19,3 16,6 17,3 17,1 16,8 -2,5
Length of inland waterways 101,7 101,5 101,5 101,5 101,6 -0,1

* Length of roads, railways, waterways and pipelines in the Russian Federation, Federal State Statistics Service. [Electronic

resource]: https://rosstat.gov.ru/folder/23455?print=1. Last accessed 07.04.2021.

of roads, and an increased demand for goods.
Consequently, improvement of the internal
transport infrastructure provides an opportunity
to reduce the cost of supplying goods even to the
most remote points of the country. Commissioning
of new equipment, optimisation of current routes
helps to achieve the highest results. The new
material and technical base affiliates (or changes
affiliation thanks to modernisation) an enterprise
to a certain industry and is the most significant
part of the assets. Therefore, another key element
is the technological potential of the territories,
which characterises development, including
technology.

Investments in the Transport Infrastructure
of the Territories

In the context of the spatial heterogeneity of
the territories of the Russian Federation, the
prospects for development of most economic
entities depend on the access to various resources
and infrastructures. On the one hand, the
presence of the classical supply-demand system
for business entities should have a positive effect,
«on the other hand, the transport infrastructure
can have an economic effect only if certain
requirements are met: investment, government
support and the presence of an institutional
environmenty [10].

Technological innovations streamline and
update the industrial sector, as well as increase
the opportunities for progressive activities of
territories, neutralising, if optimal infrastructural
and market conditions are met, risks of ineffective
use of resources due to remoteness from
monocentric agglomerations. Therefore, the
technological capacity of a territory depends on
formation of stable chains of interaction between
market entities, as well as on the forms and types

of production. «With an intensive type of
economy, the volume of goods produced
increases due to improvement of the use of
resources based on scientific and technological
progress, the use of more efficient means of
labour, advanced technologies and forms of
organisation of production» [11].

For the most part, the country’s strong
economy is based on production of high-tech
products.

According to the Global Innovation Index,
the Russian Federation in 2020 ranked 47" in
terms of the competitiveness of innovative
development among other countries®, and 45" in
2021°. This indicator for the country is not
paradoxical since for example, in 2019 and 2018,
the country was ranked 46™. In comparison with
countries that have taken advanced positions, the
main problem of the Russian Federation might
be associated with lower investment and
innovation activity, in connection with which it
is worth clarifying that one of the key indicators
of development of new technologies in any
country is the amount of investment in
development and implementation of innovations.

Innovation developments in transport sector
has a multidimensional significance for
implementation of economic and technological
capacity of a territory, for development of
transport as of a national high-tech sector, for
development of ability of transport to ensure
better connectivity of territories and,
consequently, better implementation of their
potential capacity [8—11].

8 [Electronic resource]: https://www.wipo.int/edocs/

pubdocs/en/wipo_pub_gii 2020-intro4.pdf. Last accessed
01.09.2021.

° [Electronic resource]: https://www.wipo.int/edocs/ pubdocs/
en/wipo_pub_gii 2021.pdf. Last accessed 21.09.2021.
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Table 3
Cargo turnover by modes of transport, bln tekm*

2015 2016 2017 2018 2019 Indicator change
2019 to 2015, +/-
Transport, total 5108 5198 5488 5636 5674 +566
including:
railways 2306 2344 2493 2598 2602 +296
road 247 248 255 259 275 +28
pipeline 2 444 2489 2615 2668 2686 +242
including:
gas pipeline 1176 1181 1300 1336 1318 +142
oil pipeline 1226 1262 1265 1276 1318 +92
oil products pipeline 42 46 50 55 51 +9
sea 42 43 50 37 37 -5
inland water 64 67 67 66 66 +2
air 5,6 6,6 7.9 7.8 7,4 +1,8

* Cargo turnover by modes of transport. Federal State Statistics Service. [Electronic resource]: https:/rosstat.gov.ru/

folder/23455%print=1. Last accessed 06.04.2021.

Consequently, investment in development of
a territorial entity «determines the long-term
dynamics of its economic capacity and the level
of development of the social sphere, in this
regard, it should be planned, analysed and
regulated within the framework of state and
regional investment policy based on the
developed strategy for investment development
of transport infrastructure [8].

It should be noted that «current trends give
reason to expect the early emergence of the first
fully automated public transport system on
a city scale» [12]. This confirms the fact that
innovations in transport infrastructure raise the
level of quality of transport services and
optimise the activities of economic entities since
«the current stage of technological development
of the region affects certain types of production
of goods, for example: raw materials,
intermediate products, final consumption goods,
services, etc.» [13].

Transport infrastructure innovations are
aimed at optimal integration of transport with
the economy of a territorial entity and allow
economic entities to develop. But it is the
ability of «economic entities to increase and
strengthen their production, which gives them
the opportunity to achieve sustainable
competitiveness in the market of transport
services» [14].

CONCLUSIONS

Thus, the economic system of a particular
territory is a complex of industrial sectors, the
level of development of which streamlines the
activity of economic entities which leads to the

implementation of opportunities for economic
growth of the territory and sustainable operation
of economic entities located in it.

«In general, the nature of development of
transport infrastructure and its functional features
are largely determined based on the specific
features of a particular region, as well as on the
degree of interaction and relationship with such
infrastructural elements as engineering and social
infrastructure, IT infrastructure and others» [15].

Accordingly, the analysis of indicators
characterising the influence of the transport
complex becomes a constant for formation of
strong economic ties between territorial entities.

The aggregate potential of the territories of
a country, which is evidently shown by the
example of Russia, is defined as a complex
qualitative-quantitative possibility of availability
of all types of resources accumulated in a single
territory, as well as the ability of an economic
entity of the territory to use these resources for
the most effective achievement of the tasks set
for a specific period.

The degree of development of intra-
territorial transport infrastructure, as well as
of national transport system, providing for
optimal connectivity of the territories,
contributes to their effective inclusion into
transportation and logistics chains of
production and commercialisation of goods
and services, and finally to implementation of
their economic and technological capacity.

The suggested concept and theoretical
approach can be further implemented through
creating integrated methodology for assessing
cross-influence of transport, economic and
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[Electronic resource]: https://elibrary.ru/item.
asp?id=42959007. Last accessed 01.09.2021.

technological factors within the described
general model.
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ABSTRACT

Seven main priorities for development of rail cargo transportation are
emerging in the context of an active intensification of scientific and
technological development cycles, widespread digitalisation of business
processes and an increase in competition in the transport industry. A key
element of increasing the attractiveness of rail cargo transportation is its
innovative, scientific, and technological development, especially in terms of
increasing customer focus. Today, the principles of customer focus in the
field of railway transportation of goods are among core factors in
competitiveness of railway carriers.

This issue is particularly relevant for the Russian Federation that owns
a high potential for development of transit routes thanks to its advantageous
geographic location. This fact determines attractiveness of railway
transportation for cargo haulage customers.

The image of future scientific and technological development of railway
cargo traffic is formed under the influence of such trends as development of
heavy-haul rail traffic, international container transportation, proactive
introduction of digital technologies for interacting with customers and
monitoring the condition of rolling stock, the provision of services within a
single transport and information space, increase in margins and
environmental safety of transportation.

Digital transformation of the transportation process is among high
priorities, which is explained through the importance of maintaining safety
of transportation, increasing the transit capacity of the railway network
and development of an integrated system for ensuring openness of data
to provide customers with all the necessary information.

Another priority area serves to increase the economic efficiency of
cargo traffic by achieving growth in the share of high-margin goods. Such
goods may include pharmaceutical and perishable products, information
and communication, electronic and radio-electronic products, etc. An
increase in the share of such transportation with a decrease in the volume
of coal/oil transportation also has a positive effect on external appearance
of the railway company for external investors.

The image of the future of rail cargo transportation is largely dependent
on various external and internal factors having effect on the industry. Besides,
it depends on the emerging macro-trends in the global economy, which
determine a certain vector for development of the railway industry.

The study, to achieve its purposes, has widely used qualitative
research methods and bibliometric analysis of scientific literature,
international strategic and program documents of the industry and its
companies.
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INTRODUCTION

Cargo transportation is one of the main
connecting elements of any economic system [1],
which predetermines a high level of dependence
of the economic development of any state on the
degree of development of its transport system.
The high importance of cargo traffic is determined
by the fact that if it is impossible to organise
them, there is a risk of stopping existing
economic relations and not completing current
production processes, which leads to a potential
collapse of the economic system as a whole [2].

Railway transport, in turn, is one of the most
common ways of organising cargo traffic.

Railways, i.e., in the Russian Federation, form
an important link in sustainable provision of
a diversified economy and in implementation of
socially significant services for transportation of
passengers and goods. Its share in the overall
structure of cargo turnover at the end of 2020 was
47,12 %, ahead of the closest competitor (pipeline
transport) by 1,39 percentage points'. During the
global COVID-19 pandemic, rail transport has
strengthened its position as one of the key and
backbone categories of transport [3].

In the future, demand for cargo railway
transportation is expected to increase: according
to forecasts of SCI Verkehr consulting company,
the global cargo turnover in 2025 will amount
to 11,9 bln ton*km compared to 10,4 bln tonekm
in 2015 [4].

The key objective of this scientific paper is to
identify the image of the future of cargo railway
transportation from the standpoint of their
scientific and technological development. When
writing the article, the authors widely used the
methods of bibliometric analysis: a review of both
scientific literature and international industry
documents and strategic plans of railway
companies was carried out. The use of qualitative
research methods made it possible to form an
image of future development of rail cargo
transportation as of a whole and of the place of
the Russian Railways holding company within it.

RESULTS
On the Priorities of Rail Cargo
Transportation

Further success to meet the growing demand
for cargo transportation depends to the higher

! Cargo turnover per mode of transport in the Russian
Federation. Federal State Statistics Service. [Electronic
resource]: https:/rosstat.gov.ru/folder/23455. Last accessed
12.08.2021.

extent on development of comprehensive
services for shippers and on improvement of
quality of cargo transportation. This agenda is
especially relevant in the era of global
digitalisation and acceleration of scientific and
technological cycles when active development
of intelligent systems for autonomous control
of road transport and its electrification in the
long term can lead to the ousting of railway
transport from certain segments of the transport
market.

Maintaining a competitive position in the
transport services market and developing
growing cargo traffic is in many ways closely
related to the general level of innovative,
scientific, and technological development of
railway companies and their strategic priorities
in this area. The most significant priorities for
innovative and scientific and technological
development of rail freight transport, that one
can single out, comprise directions related both
to expansion and optimisation of the existing
business model, and to development of new
services for provision of multimodal cargo
transportation.

Analysis have allowed to reveal 7
streamlines among priorities.

1) Development of heavy-haul rail
transportation.

One of the promising solutions to meet the
growing demand for cargo haulage is organisation
of dedicated heavy-haul rail traffic, which is
a significant challenge for the entire railway
industry due to the limited transit capacity of the
existing railway network and the need for
significant capital investments to increase it. The
relevance of development of heavy-haul traffic
is due, among other things, to the fact that the
railway industry remains one of the key industries
in the segment of transportation of bulk cargo,
energy carriers, as well as other types of cargo.
The cumulative growth in demand for railway
transportation services, including services in the
field of organisation of heavy-haul traffic,
predetermines the need to improve the efficiency
and safety of cargo railway transportation.

According to the International Heavy Haul
Association, the term heavy haul railroad should
be understood as a railroad that meets at least
two of the following criteria®:

2 Bylaws of the International Heavy Haul Association.
[Electronic resource]: https://ihha.net/bylaws-ihha. Last
accessed 12.08.2021.
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Table 1
Comparison of characteristics of heavy-haul trains

Operating company (country)) Operated (tested) axle load in | Number of cars, pcs
the future until 2030, t

Aurizon (Australia) 40 264
BNOR (Norway) 30 ND
BNSF (USA) 30 170
CNR (Canada) 36 106
CR (China) 30 210
IR (India) 25 120
LKAB (Sweden) 30 68
Rio Tinto (Australia) 40 264
SSC (China) 25 ND
SHR (China) 25 ND
Transnet (South Africa) 33 375
UP (USA) 36 170
VALE (Brazil) 37,5 330
Russian Railways holding company (Russia) 27 142

Source: compiled by the authors based on materials from the official websites of railway companies, ND — no data. (Aurizon
[Electronic resource]: https://www.aurizon.com.au/. Last accessed 12.08.2021); BNOR [Electronic resource]: https://www.
banenor.no/en/startpagel/. Last accessed 12.08.2021; BNSF [Electronic resource]: https://www.bnsf.com/. Last accessed
12.08.2021; CNR [Electronic resource]: https://www.cn.ca/en/. Last accessed 12.08.2021; CR [Electronic resource]: http://
www.china-railway.com.cn/english/. Last accessed 12.08.2021; IR [Electronic resource]: https://indianrailways.gov.in/. Last
accessed 12.08.2021; LKAB [Electronic resource]: https://www.lkab.com/en/. Last accessed 12.08.2021; Rio Tinto [Electronic
resource]: https://www.riotinto.com/. Last accessed 12.08.2021; SSC [Electronic resource]: https://www.sscconsolidation.com/
index.php. Last accessed 12.08.2021; SHR [Electronic resource]: http://www. csec.com/. Last accessed 12.08.2021; Transnet
[Electronic resource]: https://www.transnet.net/Pages/Home.aspx. Last accessed 12.08.2021; UP [Electronic resource]: https://
www.up.com/index.htm. Last accessed 12.08.2021; VALE [Electronic resource]: http://www.vale.com/en/pages/default.
aspx. Last accessed 12.08.2021; Russian Railways [Electronic resource]: https://www.rzd.ru/. Last accessed 12.08.2021).

* Regularly operates or is contemplating the
operation of unit or combined trains of at least
5,000 tonnes gross mass.

» Hauls or is contemplating the hauling of
revenue freight of at least 20 million gross tonnes
per year over a given line haul segment
comprising at least 150 km in length.

* Regularly operates or is contemplating the
operation of equipment with axle loadings of 25
tonnes or more?.

To organise heavy-haul traffic, railway
companies operate rolling stock of increased
weight and length. For example, the Transnet
company (South African Republic), as part of its
production activities, operates trains of 375
wagons (total length is of about 4 km), which
allows it to transport goods with a total weight
of more than 23,5 thousand tonnes [5].

In terms of axle load, the leadership belongs
to the Australian companies Rio Tinto and
Aurizon: on certain routes (for example, in
Pilbara region for coal transportation, Rio Tinto),
the axle load of wagons reaches 40 tonnes [6]
(Table 1).

Transnet company has most widely introduced
heavy-haul haulage: the share of dedicated track
lines for organising heavy-haul traffic is 6,9 %
of the total length of the railway’s network.

The activities of international organisations
for both heavy-haul traffic (IHHA) and rail
transport in general (the International Union of
Railways (UIC), the Organisation for Cooperation
between Railways (OSJD) and so on) contribute
to the exchange of best practices and technologies
between companies and railway administrations
involved in heavy-haul rail operations. Today,
a common vision has been formed within the
framework of such organisations regarding the
future trends of technological development of
companies, operating heavy-haul traffic, which
includes:

* Improving infrastructure to meet new
operational requirements.

* Introduction of engineering solutions for
organising traffic of heavy-haul trains, including
various intelligent driving systems, remote and
automated control of train traffic.

* Creation of innovative traction rolling stock
for driving heavy trains.

* Creation and implementation of wagons with
increased carrying capacity, increasing the axle load
of rolling stock and track load (more than 25 tonnes).

 Elimination of infrastructure bottlenecks
and investment in increasing the capacity of
railway lines, aligning existing access roads and
tracks at stations, terminals (ports).
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» Improvement of power supply systems

[7].

2) Development of international container
transportation.

Modern inter- and multimodal cargo
transportation is based on the use of containers
of the international ISO standard. The
containerisation process, which developed in
the middle of the last century, had
a revolutionary impact, first on maritime
transport, and then on the entire global
transportation market. The introduction of
containers made it possible to reduce time of
delivery of goods, to simplify and speed up
loading and unloading operations, to increase
safety of goods, and to reduce labour costs.
According to the forecasts of the Fortune
Business Insights marketing agency,
development of the container transportation
market in 2018-2026 will be characterised by
high growth rates: by the end of 2026, the
global volume of the market in question will
double and reach 1,1 million units [8].

This direction of development of railway
cargo transportation is extremely promising in
the context of the growth of international
transit traffic, carried out by container and
piggyback operations.

This type of transportation has shown
active growth in the Russian Federation for
several years: for example, in 2020 the volume
of container traffic amounted to 5,81 million
TEU, which is an increase by 16,5 % compared
to 2019 [9]. In the coming years, the growth
will continue, as the level of containerisation
in Russia is still quite low, and external
macroeconomic factors signal an increase in
demand for transit container transportation
along the Europe—China route through Russia.

The cost of railway transportation is less
volatile compared to the sea transport; the
sharp rise in the price of container shipping
during the COVID-19 pandemic has created
favourable conditions for development of
transit container rail freight through Russia.
This fact is largely associated with introduction
of epidemic restrictions in seaports, which
allowed railway transport to strengthen its
competitive position due to stability in terms
and availability of cargo delivery, including
by increasing speed of transportation [10].
These factors made it possible to increase
competitiveness of the railway industry in the

market of cargo transportation between the EU
and China in comparison with other modes of
transport, including sea transport. So, the
average time of delivery of goods from East
to West when using sea transport is 40 days,
and by rail this transportation can be carried
out in 20 days [11].

The organisation of container transportation
is an integral part of development of railway
communication in the EU countries: about
30 % of the total volume of cargo turnover is
made with container transportation [12]. The
main cargo flows pass through several transport
corridors, where key terminals and logistics
centres are concentrated. The development of
container transportation in the EU countries is
largely facilitated by tightening of legislative
norms including requirements for safety of
road traffic (limiting time a driver spends
behind the wheel), requirements for ecology
and environmental protection (restrictions on
traffic at night, on weekends and holidays, in
tourist and recreational areas).

The most popular container transport routes
operating in the EU include Gallarate (Italy)—
Mechelen (Belgium) route®, which has shown
positive results in the first years of operation,
namely:

* Reduction of transport costs for carrier
companies by 17 %.

* Reduction of harmful air emissions by
20 %.

* The total fuel economy of all companies
participating in transportation for the year
amounted to 2,5 million litres [13].

Over the past few years, Russian Railways
holding company has been pursuing an active
policy of growing customer focus and
developing new services for delivery of goods,
including within the framework of container
transportation. The Russian Railways holding
company is actively developing its international
activities diversifying container transportation
routes in the East—West and North—South
directions. Within the framework of East—West
direction, a service was launched for delivery
of goods from Finland to South Korea, within
the framework of North—South direction
container transportations are carried out from
India to Russia. Transportation using digital
technologies is also actively developing. In

3 See, e.g.: https://ambrogiointermodal.com/en/ambrogio-
intermodal-network/.
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Pic. 1. Dynamics of the market of intelligent technologies in the railway industry, billion US dollars [15].

September 2020, the first intermodal transit of
containers from China to Europe was carried
out, fully followed in digital format [11].

In the future, development of container
transportation will be aimed at improving types
of containers used, developing demand
forecasting tools and creating automated
platforms for compiling all documentation
(including transit and customs files). This
provides additional opportunities for the
railway sector to improve its competitiveness
and strengthen its position in the continuous
global transportation chain which is facilitated
by intermodal transportation.

3) Digital transformation of cargo
transportation.

Digital transformation is one of the most
promising areas for development of cargo
railway transport, as evidenced by the results
of the IHHA survey [14]. At the present stage
of developments, the railway industry has
entered a stage of deep digital transformation
associated with development of new digital
technologies.

In the face of competition with other modes
of transport, namely with air and road cargo
carriers, railway companies strive to ensure that
they remain competitive by introducing efficient
digital solutions and smart technologies. Few
years ago [15] the global smart technology
market for the railway industry was expected
to grow from USD 10,5 bln in 2017 to USD 18
bln by the end of 2021, at a CAGR of 14,4 %
(see Pic. 1).

The digitalisation of business processes is
one of the currently most pressing strategic
priorities for development of railway
companies and will continue to remain so in

the long term due to high importance,
advantages of digital transformation and the
opportunities it opens for transport. Digital
solutions are being applied across a wide range
of aspects of cargo transport to optimise
operations and increase productivity, including
through implementation of:

* Automated control systems for rolling
stock and the transportation process in general.

* Intelligent systems for monitoring the
technical condition of rolling stock and infrastructure
facilities based on predictive analytics.

» Systems for tracking geolocation and
monitoring the condition of goods in real time,
including for customers.

For example, the China State Railway
Group Company, highlighting digital
development as a key long-term technological
benchmark, implements digital technologies
in such processes as maintenance of rolling
stock, operation of information platforms,
demand forecasting, etc. [16].

Digital transformation is also highlighted
as a key development priority for Deutsche
Bahn under the Digital Railroad Program,
which aims to digitalise passenger traffic
operations. Primarily digitalisation will be
implemented through introduction of
automated control systems for rolling stock,
digital planning technologies, etc., which will
increase the transit capacity of the railway
network by 20 % in the forecast period to meet
demand for growing cargo traffic [17].

Modern vectors for development of digital
solutions for railway cargo transportation are
aimed at creating an integrated system for
ensuring the openness of data, as well as safety
of rolling stock and infrastructure facilities.
Breakthrough technologies make it possible to
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form a single integrated network for monitoring
the state of railway traffic and providing
customers with the necessary information.

4) Development of transport and logistics
systems in a single transport and information
space.

The formation of a competitive market for
transport services, centralisation of
management of the transportation process,
differences in the level of development of
technologies and capacities of individual
transport enterprises and other factors
determine a decrease in accuracy and validity
of operational decisions by participants in the
transport market. Under these conditions, an
important priority for development of railway
cargo traffic refers to creation of a single
transport and information space, that is, an
information environment for collective access.

Under this aspect, the most relevant
approach is organisation of inter- and
multimodal cargo transportation, combining
modes of transport for transportation of
a consignment of goods under a single contract
with a provider that ensures the «connection»
of the necessary vehicles during the
transportation process. Inter- and multimodal
transportation is of particular importance in
the context of deepening regional integration
and development of international supply
chains, which allows us to perceive their
development as a megatrend for the transport
and logistics system [18]. Moreover, inter- and
multimodal transportation makes the delivery
of goods cheaper (for both the consumer and
the carrier) by avoiding negative factors of the
geographic environment and more flexible
response to changes in demand [19].

Solutions in the field of inter- and multimodality
create a request for development of a systematic
approach in formation of an information space for
cargo transportation, which is being transformed
into the unification of existing information systems
into a single intelligent technological platform.
This process makes it possible to move to
integrated management of the railway company,
improves quality of services provided, allows for
active development of inter- and multimodal
transportation, and improves efficiency of the
whole business.

An example of InteGRail project can be
highlighted, which was funded by the European
Commission and implemented under the

leadership of European Rail Supply Industry
Association (UNIFE) [20]. The InteGRail
project aimed to create a coherent and
coordinated information system that integrates
the main railway subsystems to achieve higher
levels of railway system performance in terms
of transit capacity, average speed and
punctuality, safety and optimal use of resources.

The project resulted in providing transparent
access to the existing information systems of
railway transport, as well as in improving
methods for analysing big data at the level of
entire European railway network. The
emergence of new methods of processing big
data, such as machine learning and artificial
intelligence, makes it possible to provide the
most relevant information to users, which
allows development of integration processes
within transport technology platforms.

The development of transport and logistics
systems in a single transport and information
space is closely correlated with digitalisation
of corporate business processes, including
development of electronic document
management, internal and external control
systems for the transportation process,
customer interaction systems, etc. The positive
consequences of such a transformation of
railway companies include development of
effective and fundamentally new mechanisms
for the company to interact with consumers of
cargo transportation services, as well as an
increase in the efficiency of its own operations
through development of feedback.

5) Increasing customer focus in the field of
cargo transportation.

According to the World Bank, railway
cargo transportation is facing stiff competition
from road transport. This trend is expected to
gradually intensify in the long term and be
driven by introduction of new disruptive
transport solutions, including autonomous
electric trucks and on-demand transport
services [21].

Air and road transport companies offer their
customers flexible and efficient solutions (for
example, «last mile» delivery services),
advanced communication methods, and

profiled loyalty programs. The presence of §

such an opportunity leads to a strengthening
of their position in terms of competitive
advantages compared to companies in the
railway industry.
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For example, in the EU, as of 2019, road
transport was the leader in cargo transportation
(76,3 %); railway transportation was ranked
second (17,6 %), and transportation by inland
water transport was ranked third with a share
of 6,1 % [22].

In turn, in North America, the ratio
between road and railway cargo transportation
in 2017 was 63,3 % and 15,3 %, respectively
[23].

Today, many large corporations are
changing their organisational structure
towards a horizontal approach, within which
special attention is paid to assessing the level
of customer satisfaction and loyalty.
Traditionally, railway companies are
considered to be among most conservative
industries in implementing structural change,
especially given the fact that railway
companies are natural monopolies in a number
of countries. However, in the face of growing
competition with other modes of transport,
railway companies are starting to focus more
on the individual needs of the client.

Constant competitive pressure from the
aviation and road transport encourages actors in
the railway industry to develop and actively
implement new tools and solutions for development
of a customer-centric approach [24].

In this regard, the experience of aviation
companies providing services in the field of
cargo transportation is of particular interest.
Air carriers are focused on active interaction
with consumers carrying out systematic
surveys of the level of customer satisfaction,
followed by corporate ratings. The most
widely used ratings of airlines in terms of
customer focus are:

* Net Promoter Score (NPS) which is
consumer loyalty index.

* Airline Quality Rating (AQR) developed
based on data collection on the activities of
airlines in the United States [25].

* American Customer Satisfaction Index
(ACSI) developed based on the results of
assessing the degree of customer satisfaction
for more than 400 companies in 46 industries
and 10 sectors of the economy, including the
civil aviation.

* Routehappy, a system that provides
clients with all the information they need to
conduct own assessment [26].

The designated ratings and assessment
mechanisms are used mainly for the passenger

segment of air transportation, while they are
distinguished by a well-developed system of
accounting for various parameters and making
calculations.

It seems possible to effectively use similar
mechanisms for obtaining feedback from
customers in the field of cargo railway
transportation, having previously selected the
basic parameters and characteristics that
affect customer satisfaction in the cargo
segment to use them as the main components
of the calculation.

In the context of growing competition in
the field of cargo transportation with other
modes of transport, primarily aviation and
road, a customer-oriented approach is
becoming one of the main conditions for
successful development of railway companies
in the logistics services market. When
forming a customer-oriented approach, it is
important for railway companies to consider
both current customer requests (provision of
services in the field of multimodal
transportation, openness of information) and
their future needs, which will change under
the influence of changes in the structure of
society, lifestyle and living conditions
(increased mobility and urbanisation), social
values (ecological thinking).

The ability to fully satisfy the current and
future demands of cargo transport customers
directly depends on the level of development
of specialised loyalty programs and
implementation of solutions that optimise
indicators that directly affect the level of
customer satisfaction. The degree of customer
satisfaction depends on several factors, first
of all, on the performance indicators of
companies, which directly affect such
parameters as:

* Punctuality (level of delays, downtime).

o Safety (technical condition of rolling
stock and infrastructure, cargo safety, accident
rate).

* Quality of service (price of services,
availability of open communication with
clients, availability of information).

To optimise activities aimed at achieving
the best conditions for provision of cargo
transportation services, railway companies
are introducing various technological
solutions into operation processes that
improve operational efficiency and automate
key processes.
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6) Increase in the share of high-margin
cargo transportation.

Cargo road transport is characterised by
greater efficiency in terms of the actual costs
associated with organisation of cargo
transportation over short distances, compared
to railway transport [27]. Cargo road transport
is characterised by a higher level of flexibility,
providing door-to-door services to the final
consignees. In this case, the environmental
advantages of railway transport are levelled
out since the difference in emissions over short
distances is negligible.

A higher speed of transportation over short
distances by road and over longer ones by air
leads to a decrease in competitiveness of cargo
railway transportation in the segment of
delivery of high-margin cargo.

Further migration of highly profitable cargo
to other modes of transport will lead to low
growth rates of the income base while
maintaining constant costs, which is one of the
threats to the railway industry [28]. For this
category of transportation, the decisive factor
for the client is not the cost of transportation,
but safety of the cargo, delivery speed,
schedule flexibility, as well as the convenience
and possibility of door-to-door delivery.

Many railway companies, including the
Russian Railways holding company, set
themselves the task of expanding the range of
special products and services to attract highly
profitable cargo and transit cargo flows [28].

For example, CNR railway company
(Canada) is expanding its fleet of intelligent
refrigerated cargo wagons that can maintain
a set temperature throughout the journey to
meet the growing demand for transportation
of perishable goods and pharmaceuticals. In
addition, to ensure safety of medical goods
with special storage conditions, the company
uses technological solutions in the field of
passive temperature maintenance: to move
products stored at extremely low temperatures,
cooling with liquid nitrogen is used, for the
most efficient implementation of which special
containers are developed, including innovative
materials for thermal insulation and specialised,
adapted to extreme conditions, liquid nitrogen
level monitoring systems.

Besides, the speed of transportation is an
important factor for customers who have
a demand for transportation of high-margin
cargo. In this context, development of high-

speed railway cargo traffic seems to be
especially promising. Now, such transportation
has already been organised in Italy between
the cities of Caserta and Bologna, trains cover
about 600 km in 3,5 hours [29]. China [30] and
the Russian Railways [28] have plans for
development of high-speed cargo transportation
via the railway network. For the latter company
development of technologies for high-speed
transportation of packaged cargo containers
along high-speed railroads makes part of the
priority strategic tasks.

One of the priorities of European railway
companies is organisation of combined
transportation in terms of integrating small-
sized cargo transportation into passenger
transport. This direction implies the inclusion
of several cargo wagons in the passenger train
to increase the efficiency of transportation,
reduce the load of cargo traffic, and so on. An
alternative solution could be creation of
specialised wagons that would be designed
both for transportation of passengers and for
transportation of small-sized cargo (for
example, equipping passenger coaches with
specialised storage chambers for transportation
of small consignments).

7) Improving environmental safety and
energy efficiency.

The growing attention to the environmental
conditions and the general environmental
agenda on the part of the population is
contributing to a change in consumer behaviour,
which results in an increase in demand for
railway transport, which is considered to be
more environmentally friendly than
transportation by other modes of transport.

Improving environmental safety, reducing
the volume of waste generated and the carbon
footprint, including to create conditions for
sustainable development, is one of the most
urgent priorities for long-term development of
cargo railway transport. In the long term,
rolling stock development focuses on the use
of hybrid and all-electric traction drives, as
well as alternative fuels, including biofuels,
hydrogen fuel cells, fuel cells of the natural
gas cycle and renewable energy sources.

Another important priority for railway
freight transport is development of the
principles of a circular economy. The need for
the industry for transition from a linear to
a circular economy was noted in the UIC study
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«A Global Vision for Railway Developmentsy»
[31]. While implementing the priority under
consideration, it is planned to develop
technologies that allow for more efficient
processing of industrial waste, which will be
reused in the railway industry or other areas
of production and will allow the transition to
a waste-free economic system.

CONCLUSIONS

Today, the railway transport, considering
its specific features, faces the task of increasing
the efficiency of cargo transportation and the
level of customer satisfaction.

The process of technological and digital
transformation of railway transport contributes
to the faster implementation of solutions to
optimise indicators that affect customer
satisfaction with quality of services provided.
At the same time, the growth of international
cooperation in terms of technological
development ensures the exchange of the best
available technologies in the field of monitoring
the state of technical equipment, storing and
processing data, predictive analytics and
building effective communication channels.
The introduction of such advanced technologies
and technical solutions into the activities of
arailway company has a positive effect on the
company’s image in the market, which is
especially important in the face of growing
competition with other modes of transport.

Taking into account the considered
priorities of the innovative, scientific and
technological development of railway
companies, the image of the future cargo
railway transport can be formulated as follows:
highly probable that in the future digital
technologies providing the opportunity to
create a single information space to support
and increase transparency at all stages of
transport and logistics activities will actively
develop along with the rolling stock using
alternative energy sources for implementation
of cargo traffic on non-electrified lines without
direct CO, emissions.

The railway companies will pay particular
attention to development of heavy-haul traffic,
including by increasing the axle load of
traction rolling stock and cargo wagons, and
of high-speed cargo traffic. Digital technologies
will transform the process of managing the
load of the railway network to optimise train
schedules and improve punctuality of railway

transportation, including for door-to-door
delivery.

The need for cargo safety, high speed of
delivery and flexibility of the schedule, as well
as convenience and the possibility of door-to-
door delivery determines customer’s choice of
a vehicle for transporting cargo. To maintain
the positive dynamics of the growth of the
revenue base of railway companies, it is
necessary, for example, to expand the fleet of
intelligent and high-speed cargo wagons, as
well as to organise combined transportation.

Prioritising the development of cargo rail
cargo transport is a strategic decision aimed at
increasing the competitiveness of railways at
the expense of internal development reserves
with an increasing role of external factors. In
the long term, this solution can ensure the
leadership of the railway industry in the
transport and logistics services market.

In this paper, the authors give a general
view of development of cargo railway transport.
Each of seven indicated priorities of innovative
and scientific and technological development
can be more closely considered in separate
papers and be the central topic for a more
detailed study.
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ABSTRACT

Optimisation of organisation of transportation technological
process, in the context of digitalisation and technological progress,
is currently an urgent task following its significant impact on
efficiency and competitiveness of transportation business.

Currently, development of the economic environment requires
a significant restructuring of organisational aspect of activity of the
transport industry. An efficient transport and logistics process allows
us to reduce time associated with cargo handling, cargo delivery,
paperwork, etc. Automated storage systems can be mounted at
facilities of different area, from largest warehouses of enterprises
to compact storage premises.

Favourable conditions created so allow to increase
attractiveness of the transport industry. Though, the full
implementation of information technology requires a systematic
and scientific approach to organisation of transportation.

Given the trend towards growth in international container
transportation, expansion of global distribution networks, as well
as development of scheduled transportation systems and the length
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of routes, which is particularly relevant for Russia, the issue of
tracking positioning and controlling over the current state of the
cargo becomes an important condition for improving safety and
quality of transportation.

The objective of the study was to develop a systematic
approach to organisation of transportation technological processes
for a multimodal transport system based on information
technologies.

Based on the study of organisation, engineering, technological,
infrastructure factors, including those related to transition to
electronic document exchange and electronic cargo positioning
tracking, the paper offers a basic systematisation of more promising
factors.

The introduction and use of innovative and effective
methods of organising cargo transportation will reduce time
required to process cargo transported in a container, and to
promptly pass the container through control and supervisory
procedures.
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INTRODUCTION

Optimisation of organisation of
transportation technological process, under
digitalisation and technological progress, has
significant impact on efficiency and
competitiveness of production [1]. For efficient
implementation of information technology, it is
necessary to apply systematic and scientific
approach to organisation of transportation
considering all technological processes involved
[2]. This issue is even more relevant when
considering international multimodal
transportation, first of container transportation,
since for them positioning tracking and
controlling over the current state of the cargo
become important condition for achieving better
safety and transportation quality [3].

This set of problems is particularly important
for conditions prevailing in Russia considering
transit capacity of the country and the length of
routes. The issues of growth in efficiency of
multimodal transportation through
modernisation of technological processes
equally refer to the topics of goods transit and
to the tasks of development of the entire
transport system. Today, transport is among
most rapidly growing industries in the Russian
Federation that provides for strong links
between different sectors of the economy.
Efficient transport operations ensure
completeness of technological and production
processes, without which successful organisation
of enterprises’ operations is not achievable
practically in any field of activity.

The objective is to develop a systematic
approach to organisation of transportation
technological processes for a multimodal
transport system based on information
technologies.

Development and implementation of
a single transportation technological process
should be based on integration of production
and transport. This will improve quality of
transportation and reduce expenditures of
resources.

Many factors influence improvement of
quality of transportation. External factors, as
a rule, cannot be changed, however, if they are
considered, then internal factors can be
predicted, controlled, and adjusted.

The method of expert assessment was used
to identify the most significant factors. The
essence of the method is to analyse the problem
and assign quantitative assessment to those

judgments that are closest to the experts. To
achieve meaningful result, obtained quantitative
data are processed and group’s opinion is
generalised. To organise expert assessment, it
is necessary to select experts, conduct a survey
and process the results.

The reliability of assessments depends on
the composition of experts therefore the process
of selection of experts must be of high quality,
and the number of experts must be at least ten.
The reliability of assessments depends on
qualifications of the expert group and the
number of experts in the group.

Of many types of polling, such as
questioning, interviewing, the Delphi method,
brainstorming, discussion, a questionnaire was
chosen as the most common method to get
a specific result.

The survey consisted of the filling by the
experts (total number of experts was 38) of the
proposed questionnaire in writing, which
contained questions on the essence of the
problem being analysed. The completed
questionnaire, together with an explanatory
note, were sent to the experts. The explanatory
note included a message to experts, explanation
of the purpose of the survey, instructions for
filling out the questionnaire and other necessary
organisational information.

RESULTS

The method of expert assessment has shown
that the main factors affecting the transportation
process are factors related to organisation,
engineering (technics), technology, and
infrastructure.

Organisational Factor

When shaping the transportation process,
the organisational factor is a key one since it
fully affects quality of the transportation
process. The organisational factor is a set of
principles, rules, activities, methods and
solutions that ensure the interconnection of
works and processes in space and time. High-
quality development of the organisational
process and the level of its execution ensure
both safety and timeliness of transportation.
Timely delivery of cargo is a key transport
service that must be satisfied, for this, delivery
times should be reduced by routing
transportation, one of the methods is formation
of container trains and their transportation
without processing along the route.
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Information support offers the following
benefits:

1. Information about the order (status,
delivery time, accompanying documentation).

2. Effective management of stocks, financial
and labour resources.

The leading technology in organisation of
monitoring and control of vehicles is the
navigation system, which will create an
effective relationship between the vehicle and
the control centre. The introduction of such
information technologies in the field of
transportation will make it possible to comply
with international standards in the field of
information support. Thus, attractiveness and
competitiveness of transport enterprises will
increase, it will be possible to predict market
needs and further create conditions to meet these
needs [4; 5].

Electronic document exchange in the field
of cargo transportation allows us to transfer all
existing paperwork documentation into digital
format and completely abandon paper documents
in the future. To reduce time for the container
to undergo control and supervisory procedures,
it is necessary to install a QR code on it. This
will reduce the delivery time of containers by
1-2 days.

An electronic waybill (hereinafter — EW)
will positively affect the efficiency and speed
of information processing.

The use of EW for multimodal transportation
of goods provides the following advantages:

1. Availability of documents. Moving paper
documents takes a certain amount of time, until
the driver transfers the documents to the office,
prepares and sends a set of documents to the
customer from the office, etc. Electronic
documents are available, thereby speeding up
the exchange of information.

2. Convenient storage. The physical storage
of an array of documents, as well as timely
provision of information during verification
procedures initiated by government agencies,
causes some difficulties since the data must be
searched among paper archives, which takes an
indefinite time. Due to the digital format, the
search time for the necessary information is
significantly reduced.

3. Instant changing. The introduction of
necessary changes in the document is
accompanied by the transfer of this document
to get the signatures of all participants in
transportation. In case of a change in the

information in EW, all participants will be
notified thereof [6].

Preliminary notification of the customs
service about the upcoming shipment takes
place electronically through the portal of the
Federal Customs Service of Russia. Directly at
the customs post (i.e., by the driver in case of
road transportation) only the identification
number of transportation is transmitted using
a barcode. A probability of an error when
entering 36 characters of the number into the
program is high; this leads to a delay in the load.
To minimise human error, the best solution
would be to use a QR code. The information
encrypted in it has its own unique identification
number of the shipment, which is read using
a scanner.

For example, the already implemented
application of the QR code in railway transport
for payment for the provided terminal and
warehouse services allows the client to make
payments quickly and safely. The code contains
all the necessary information: amount, details.
The use of this system has proven to be
effective.

The disadvantages of introducing a QR code
system are high cost and complexity of
introducing a single database due to the wide
variety of transport companies.

The creation of an effective technological
process for multimodal transportation of goods
between the port and the terminal is necessary
to speed up passage of goods across the border
of the country. The single customs corridor
created in this way will reduce the number of
container inspections to a minimum percentage.
The conditions, when the time for a container
to pass through a customs point will be reduced,
will become economically attractive for
development of the container business.
Difficulties associated with clearance of
customs documentation, the passage through
the customs post, unpredictability of the timing
of customs clearance, container handling have
anegative impact on development of quality of
transport services.

The development and implementation of
a single transport and technological process
should be based on integration of production
and transport. This will improve quality of
transportation and reduce the resources
expended. Based on a systematic approach, the
developed algorithm of the transportation
technological process will create conditions for
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competent construction of the transportation
process in multimodal transportation of goods,
in which interaction of all participants and
elements of the transportation process is
coordinated [7; 8].

Technical and Technological Factor

The technical and technological factor is
mechanisation and automation of production,
the level of provision of the workplace with
equipment. The growth of international trade
leads to an increase in the exchange of goods
between countries, and the question arises of
how to adjust the workflow to match the
requirements of the market. The introduction of
information technology in the production
process will increase labour productivity and
allow rational use of resources, improve quality
of work, and reduce financial costs [9; 10].

The increase in goods turnover suggests the
use of containers as a versatile and capacious
packing. The container is easy to use when
organising international multimodal
transportation (IMT), as it is suitable for road,
rail, and sea transport. The use of containers
helps to expand the list of containerised cargo,
which leads to an increase in their standard size
range, but it becomes necessary to modernise
vehicles suitable for their transportation. All
this leads to the need for development of
container equipment and technologies
corresponding to the world’s production and
transport systems.

Considering the growing trend to increased
demand for international container
transportation, expansion of global distribution
networks, development of regularly scheduled
delivery systems, the question of tracking and
control over the current state of the cargo arises
evidently. This becomes an important condition
for improving safety and quality of multimodal
transportation of goods, attractiveness of
a transport company that meets these conditions.

There are multiple developments regarding
relevant equipment, allowing to monitor above
parameters in real time. The examples below
show the technology implemented.

Onboard serial recorder (hereinafter — BSR)
is equipped with measuring instruments
(GLONASS/GPS receiver, shock and vibration
sensor, thermometer).

Other systems allow monitoring the location
of dry/refrigerated containers and monitor the
physical condition of the cargo. Also, such

a system allows tracking changes in the state of
the cargo from the moment of closing and
sealing the cargo until the moment the door is
opened.

Such systems work on the software platforms
with a web-based interface for satellite
monitoring of a transport vehicle, which allows
tracking the path of the cargo and its physical
condition using a computer or mobile device in
real time. Using the software platform allows
the users to store history, generate a detailed
report on the location of the cargo and record
events for any period. Not to miss information
related to the state of the cargo, the program
allows setting up email and SMS notifications,
this will allow quickly learning about events
and responding to them in a timely manner.

There are standalone GPS tracking and
control systems used for controlling, monitoring,
and tracking shipments. Such devices do not
require any installation and provide important
information including location, speed,
temperature, exposure, and amount of light.

Shock indicator is a one-time shock indicator
that records shocks (falls, collisions, shaking)
along all axes. It is attached to a package with
a cargo that requires careful handling.

The indicator will mark a strong shock or
fall of the load and will proceed with a visual
indication of the event: it will be seen at what
stage the load is damaged.

Installation of sensors on a container for
multimodal transportation of goods or directly
on the cargo will allow tracking the location,
the moment of closing and opening the door,
illumination rate, humidity, and temperature
inside the container, and recording any physical
influences [11-13].

There are a lot of systems of different
manufacturers competing in the market'

! Example of general information: https://intellias.com/
smart-shipping-container-tracking/. Websites of developers
and operators: Kylos: https://www.starcomsystems.com/
kylos-ru/. Oster, Remora: https://www.digitalmatter.com/
applications/container-gps-tracking/. Piccolo: https://
wlius.com/uk/applications-2/shipping-containercargo-gps-
tracking-devices-solutions-uk-3/. Samsara: https://www.
samsara.com/guides/gps-tracking-forcontainers/. https://
www.ms-scat.ru/b2b/resheniya/kontrolgruzov/. Trade mark
GPS-nOKarop [Monitoring systems — Service Itd.]: https://
www.ms-scat.ru/b2b/ resheniya/kontrol-gruzov/. Profio
electronics: http://www.efeel.co/gps-locator-for-container-
ip66-waterproof-magnet. Triton: https://radioterminal.
ru/katalog/gps-glonassmonitoring/elektronnye-plomby/
starcom-tetis-tritonstandart]. Naviset SATLOCATOR PRO
IRIDIUM: http://naviset.su/p26/t12/113/index.html, and
many others. Last accessed 22.05.2021.
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(references in footnotes are used exclusively as
examples found randomly without contacting
developers to show different types of equipment
and do not mean any recommendations either
preference).

For the optimal use of rolling stock,
development and building of the optimal route
of movement of vehicles, an automated
navigation system is used [14; 15].

Installation of GLONASS or GPS sensors
in each vehicle will improve quality of
transportation due to the drivers’ compliance
with the route, traffic schedule, and vehicle
speed. Control over the work and rest time
regime of drivers will increase road safety and
reduce accidents. The main purpose of the
sensors is to determine the point where an object
is on Earth surface, calculating data on latitude,
longitude, and altitude. On the map, the sensor
shows not only its own location receiver, but
also the objects located around it [16].

The use of sensors and vehicle tracking
equipment has a positive impact on quality and
safety of transportation. In this regard, there is
a growing need to improve existing and create
new sensors and indicators with new extended
capabilities [17].

Infrastructural Factor

The infrastructural factor creates the
conditions for performing auxiliary operations,
such as loading and unloading, terminal and
warehouse handling, storage, information
support of cargo flows, etc. There are tools for
technical provision of the service which are
main transport and access ways (roads, railways,
transport corridors, etc.), loading and unloading
equipment for general use and specialised
equipment intended for specific modes of
transport, warehouses, terminals [18].

High logistics costs are associated with low
level and quality of development of transport
and logistics infrastructure; therefore, it follows
that to activate trade flows, high-quality
infrastructure should be available [19; 20].

The use of automated storage and warehouse
systems allows installation at the facilities with
various areas: from the largest warchouses of
an enterprise to compact premises.

CONCLUSION

The authors of the paper have conducted
general overview and analysis of the factors
affecting quality of cargo transportation, and

based on the method of expert assessment,
identified the main three factors, that may help
to optimise the transportation process, identified
the current state and development prospects of
organisation of management of the transportation
process using information technology.

The authors have overviewed general
features of sensors and indicators that allow
monitoring the positioning and condition of the
cargo in the container in real time and considered
the advantages of their use. The digitalisation
of warehouses was highlighted within the
infrastructural factors since it will allow us to
quickly receive information about the loading
of the warehouse, which is necessary for
distribution of incoming vehicles and cargo
across the territory of the enterprise, which will
lead to a decrease in costs associated with
downtime.

There is a need to proceed with compre-
hensive implementation of technologies linked
to all three groups of factors. The individual
conditions and opportunities of their
implementation should be determined through
balanced assessment of features of operations
of a transport enterprise and of peculiarities of
transportation process in which they are
involved, as well as through the demand and
requirements of the customers.
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ABSTRACT

The objective of the study is to develop a practically applied
methodology and a mathematical model that considers the
requirements for transportation of dangerous goods, the technical
condition of rolling stock, modes of work and rest of drivers on the routes
of intercity transportation, customers’ requirements, and the interests
of the trucking company.

The functioning of motor pool while transporting dangerous goods
is presented as the relationship between transportation of goods and
performance of technical maintenance.

A proposed approach to planning takes into account the
correspondence of the effective number of technical maintenances to
the standard required value for a certain period for vehicle fleet carrying
out transportation of oil products; compliance of rolling stock output
with the volume of oil products that might be delivered and unloaded
in the current month; compliance of time of movement of drivers to a
specialised resting place on the intercity route with time established for

the modes of work and rest. The mathematical model makes it possible
to determine output of the motor pool in each month, considering that
transportation of oil products, started last month, ends only in the current
one. The mathematical model of operating the vehicle fleet during
transportation of oil products includes assumptions related to fulfilment
of the requirements for motor pool and the driver, which are specified
in the Agreement concerning the International Carriage of Dangerous
Goods by Road, Decision of the Customs Union Commission dated
09.12.2011 No. 877 (revised on 21.06.2019).

Special attention was paid to planning of vehicle operations when
volumes of oil products transported are growing during the construction
and renewal of roads. The algorithm of the methodology was used to
plan operation of motor pool when transporting BND 90/130 bitumen
from the city of Omsk in intercity traffic and was the basis for making
management decisions on the implementation of the suggested
indicators in a motor transport enterprise practice.
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INTRODUCTION

The issues referring to planning and
organisation of intercity transportation of oil
products for construction of roads are relevant
in many countries because of widely developed
road construction, remoteness of sites of
production of road materials from the
construction sites, special features
characteristic of transportation of such goods.

For instance, in Russia under a currently
implemented Development of the transport
system Federal program approved by the
Government Decree of December 20, 2017,
No. 1596, 100 billion roubles have been
allocated for construction and reconstruction
ofroads in the regions of the Russian Federation
by the end 2021.

In modern conditions, construction and
reconstruction of roads provides for the use of
viscous road bitumen (hereinafter bitumen)
derived from residual oil products: petroleum
bitumen and tar. Bitumen is produced at oil
refineries in accordance with GOST [Russian
state standard] 22245-90'. Nine grades of
bitumen are used in road construction, each of
which belongs to the category of dangerous
goods.

Dangerous goods are goods that have such
properties that, when performing transportation
operations, it is possible to cause harm to the
environment, industrial and civil objects, life,
and health of people. When transporting
dangerous goods, requirements are imposed
on availability of specialised vehicles, which
should be in a technically sound condition, on
packaging and labelling, and loading and
unloading operations performed by qualified
personnel. When planning operation of vehicle
fleet, it is necessary to consider the hazard class
of the cargo, operating conditions [1], which
lead to accelerated wear of individual units and
parts. The economic damage from car accidents
with dangerous goods significantly exceeds the
amount of damage caused by accidents with
other types of transport [2].

To carry out the operations of the
transportation process, it is necessary to
comply with the requirements of national
legislation and of international agreements
(Agreement concerning the International
Carriage of Dangerous Goods by Road) (ADR)

! GOST [State standard] 22245-90. Viscous oil road
bitumen. [Electronic resource]: https://docs.cntd.ru/
document/1200003410. Last accessed 25.05.2021.

and to get a certificate of admission to the
carriage of dangerous goods. The transportation
of oil products in intercity traffic imposes
additional constraints on scheduling of vehicle
fleet’s operation.

The authors of the paper have studied the
practices of transporting oil products, as
a result, it was established that, according to
the requirements of the customers, each time
of parking on the intercity route exceeding five
minutes must be agreed upon in advance.
Parking lots can only be located within the
«road network». When driving, it is forbidden
to deviate from the established route, stop
outside the timetable, and exceed the speed.

For road transport enterprises (RTE),
carrying out transportation of oil products for
construction and reconstruction of roads, it is
obligatory to strictly comply with the terms of
contracts. In case of a violation in terms of
transportation, including due to a technical
malfunction of motor pool, penalties are
provided.

The results of studies of domestic and
foreign scientists, practitioners have shown
that when transporting oil products by road,
tasks of increasing safety of the transport
process prevail [3]. J. Flodén, J. Woxenius
[4] suggested recommendations on
development of a route for transportation of
dangerous goods to improve safety of
transportation and its coordination with
suppliers and customers.

S. V. Kondratov, A. N. Novikov [5]
developed methodological aspects of risk
analysis in transportation of dangerous goods
by road, within the system «man—-machine—
environment—cargo». The work [6] presents
the ranking of risk assessment criteria
according to the degree of importance for
transportation of oil products by road.

Several scientific research results are
devoted to identification of factors affecting
performance of vehicle fleet. S. Niu,
S. V. Ukkusuri [7] found that road and climatic
conditions, traffic flow power and average
speed affect the mileage of motor pool.

V. N. Fedotov [8] carried out research to
determine output of vehicles when transporting

oil products, depending on the distance of

transportation, time of loading and unloading
operations, the parameters of the traffic flow
of the street and road network of the city of
Volgograd. In work [9], it is concluded that it
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is necessary to consider seasonal irregularities
in transportation of oil products. The studies
of S. M. Mochalin, V. A. Radionova [10] are
devoted to accounting for probabilistic factors.

Special attention in scientific research is
paid to the characteristics of the routes along
which dangerous goods are transported. In
[11], a plan for transportation of oil products
was developed due to grouping of routes, the
choice of motor pool.

I. M. Tsarenkova [12] suggested to select
vehicle fleet considering its performance and
choosing a transportation scheme based on the
criterion of minimum costs for transportation
of goods during road construction.

N. Holeczek [13] provides a detailed
classification of routes to ensure safety.
A. Kishore, B. Niels, A. R. Zuidwijk [14] used
operations research models to develop rolling
stock schedules for specific cargo transportation
routes.

Z. Lukai, F. Xuesong [15] proposed an
integrated approach to planning, considering
risk indicators regarding transportation of
dangerous goods in tank trucks and the
characteristics of intercity routes. The
developed planning algorithm has been
practically implemented in some areas of East
China.

The work [16] presents a route for
transportation of goods using the graphic-
analytical method. In [17], it is proposed to
pay special attention to assessment of quality
of transportation.

In articles [18-20], assessment of the risk
for safety of transportation of goods was
carried out, based on failures in operation of
vehicle fleet, which is studied as a system of
interconnected units and assemblies. It is
concluded that it is necessary to timely perform
technical maintenance of vehicles carrying oil
products.

However, modern scientific concepts do not
allow a comprehensive approach to solving the
planning problem aimed to consider current
requirements for transportation of dangerous
goods, the technical condition of vehicles, the
requirements of customers and the interests
linked to RTE activity.

In modern conditions, the solution to the
problem of planning the work of vehicle fleet
when transporting oil products in intercity
traffic is relevant with regard to above
requirements.

The objective of the study is to develop an
algorithm for a methodology for that can be
practically implemented and a mathematical
model that takes into account the requirements
for transportation of dangerous goods, the
technical condition of vehicle fleet, the modes of
work and rest of drivers on the routes of intercity
transportation, the requirements of customers and
the interests of the trucking company.

To achieve this goal, the following tasks
are solved:

* To develop a mathematical model that
reflects functioning of vehicle fleet during
transportation of oil products considering
several constraints justified by the current
legislative documents and the practices of
RTE, and that will allow to use profit indicator
to select the best value when determining the
target indicators.

e To propose an algorithm of the
methodology for practical implementation of
the mathematical model, which allows making
managerial decisions on the use of the planned
performance indicators of motor pool when
transporting oil products.

The research supposed to approve the
developed technique through practical
implementation.

The scientific novelty of the study consists
in development, based on the study of
legislative documents, research of scientists
and practitioners, practices of transporting
dangerous goods, the concept of current
planning of the RTE work, of a mathematical
model and methodology that allow planning
operation of rolling stock when transporting
oil products in intercity transportation.

MATERIALS AND METHODS

The work [21] presents a theoretical and
practical toolkit that reflects functioning of
specialised vehicle fleet of certain dimensions
and types owned by an RTE for fulfilling the
terms of contracts for carriage of goods in
intercity traffic. The developed concept of the
current planning of RTE operations synthesises
the methods of the theory of cargo road
transportation, the theory of maintenance and
repair of motor vehicles. The implementation
of the presented methods in the practice of RTE
allows the selection of vehicle fleet of RTE,
subject to the conditions aimed at meeting the
needs of customers and at performing scheduled
maintenance.

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 5 (96), pp. 202-209

Trofimova, Lyudmila S.; Trofimoyv, Boris S.; Yankevich, Natalia V. Scheduling of Vehicle Fleet

of Oil Products in Intercity Traffic




Table 1

Features of the requirements used as assumptions in the mathematical model
(compiled by the authors)

Name of the document Characteristics

Agreement concerning the International
Carriage of Dangerous Goods by Road
(ADR)

Requirements to vehicle fleet in terms of the number of trailers (or
semi-trailers), the presence of a certificate of admission to the carriage

of dangerous substances and its validity period, the presence of special
markings and a flashing light, satellite navigation GLONASS or GPS,
certain equipment. Requirements for a driver to possess a certificate (ADR)
and other documents, driving experience, work experience, etc.

Decision of the Customs Union
Commission dated 09.12.2011 No. 877
(as amended on 21.06.2019) «On
adoption of the technical regulations
of the Customs Union «On safety of
wheeled vehicles» (together with « TR
CU 018/2011. Technical regulations

of the Customs Union. On safety of
wheeled vehiclesy)

Requirements for tanks, road tankers, trailers (semi-trailers). Prohibition

of installation of additional fuel tanks not provided by the vehicle
manufacturer, heaters in the driver’s cab and cargo compartments. Special
requirements for the service braking system, protection of electrical circuits,
the presence of elements of protection against accidental operation, as

well as the designation of the switch for disconnecting the battery from the
electrical equipment of vehicle, etc.

The work [22] presents a mathematical
formula that considers the number of
maintenance services for vehicles used in
intercity traffic; in studies [23], characteristics
of motor pool and requirements for
transportation of dangerous goods are
described.

In this study, we have developed
a mathematical model of functioning of vehicle
fleet transporting oil products. The use of the
model makes it possible to consider constraints
and apply profit indicator to select the best
value with regard to the following constraints:

* Correspondence of the number of
technical maintenance services of vehicle fleet
carrying out transportation of oil products to
the standard required value during a certain
period.

» Compliance of vehicle fleet’s output with
the volume of oil products that may be
delivered and unloaded during the current
month.

* Correspondence of time of movement of
drivers when transporting oil products to
a specialised resting place on the intercity route
with time established for the modes of work
and rest.

To construct a mathematical model of
functioning of vehicle fleet during
transportation of oil products, certain
assumptions were introduced related to
implementation of the provisions specified in
the documents currently in force (Table 1).

THEORY
In the mathematical model, the number of
vehicles varies from 1 to X, and work planning

is performed for each unit of vehicle fleet when
transporting oil products. As a result of
conclusion of an agreement with the customer,
a service is provided for transportation along
the i-th route of intercity traffic, which has
characteristics that determine the possibilities
of stopping and parking of vehicles during the
driver’s rest. Each route corresponds to
a specific contract. If several routes are served
under a single contract, then the mathematical
model provides for summation of indicators
(traffic volume, labour intensity of technical
maintenance, costs, income and profit) for each
route.

To carry out transportation of oil products,
it is necessary to ensure the technically sound
condition of vehicle fleet, therefore, the
mathematical model provides for planning of
maintenance services, taking into account the
mileage and frequency of these services
(formulas (1)—(3)).

The mathematical model allows considering
the existing requirements for frequency of
scheduled maintenance (formula (1)), the
volume of maintenance and repair work
(formula (3)), their number (formula (2)) for
vehicle fleet carrying oil products.

This study takes into account the
peculiarities of formation of the output of
vehicle fleet during each month (formulas
(4)—(7)). It is possible to increase production
in the current month if transportation of oil
products, started last month, ends only in the
current month (formula (5)).

Formulas (8)—(10) presented in the
mathematical model ensure compliance of time
of movement of drivers when transporting oil
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products to a specialised resting place on the
intercity route with the time established for the
modes of work and rest. Requirements
according to the terms stipulated by customers
regarding volume of transported oil products
in intercity traffic are presented in the constraint
(formula (11)). According to formulas (12)—
(14), the profit is calculated to select the best
value within the established constraints.

L. _
N = i=LI; x=1X, 1
e Winix M
Niyin 225 i:f; x=LX, 2

. (NTM—li,x Urniix ) 2 Vrvotixo
1,if
My = (N ™-2ix “HTM-2,CRx ) 2 VIMo2,CRix
0 otherwise,

:l’l; le’ixa (3)

where L, is mileage of the x-th vehicle when
transporﬁng oil products along the i-th route
of intercity communication, km;

W\ 18 standard mileage before scheduled
technical maintenance of the x-th vehicle,
considering operating conditions and natural
and climatic conditions when transporting oil
products along the i-th route of intercity
communication, km;

Novei . Npyo  are numbers of impacts for the
x-th vehicle when transporting oil products along

the i-th route of intercity communication, units;

NTM-Ii x lnt( TM-1i, x) TM-2i, x lnt( TM-2i, x)’
Upy ) o Upyes cp, — labour intensity of one impact,

respectively, for TM-1, TM-2 and current repair
(CR) for the x-th rolling stock when transporting
oil products, considering the coefficients for
adjusting labour intensity standards, persons-/;

Viuesi v Yivia, cri» — TeQuired labour intensity,
respectively, for TM-1, TM-2 and CR for the
x-th vehicle when transporting oil products
along the i-th route of intercity communication,
persons-h.

(tci,x + twli,x )_ tPi,x >
. WT-d
s =1 TTWT = [,H} N N )
ci,x wli,x
. WT
0,if WT —{] At + iy ) <l
tci,x + twli,x

where 7, _is time required to complete the ride
with a load in the current month of the x-th
vehicle when transporting oil products along
the i-th route of intercity traffic, h;

t, . is time of movement with cargo of the
x-th vehicle when transporting oil products

along the i-th route of intercity communication,
h;

t,, . 1s time of movement without load of
the x-th vehicle when transporting oil
products along the i-th route of intercity
communication, /;

t,, . 1s travel time in the previous month
for the x-th vehicle when transporting oil
products along the i-th route of intercity
communication, /;

WT is total working time fund, h;

d_, is duration of downtime during
maintenance for the x-th vehicle, h;

1, . 1s time for loading the x-th vehicle when
transporting oil products along the i-th route
of intercity communication, /.

Qi,x: Zi,x.M Pl

oi, x ' Di, x°

i=1,1; x=1,X; 5)
Lifty 2t _
pem{ o TR (6)
O>lftui,x <tpi,x>
WT-d, -t —
Z, =| ——— D T x=1X
" |: 2tgei,x :l,l = ’ (7)
where O, — monthly output of the x-th vehicle

when trahsporting oil products along the i-th
route of intercity communication, t;

Z. —number of rides of the x-th vehicle when
transporting oil products along the i-th route of
intercity communication, units;

Z, . =in(Z; ); M —massof dispatch of
oil products for the x th vehicle on the i-th
route of intercity communication, t;

n,. .—a Boolean variable of the increase
in the output of the x-th vehicle when
transporting oil products along the i-th route
of intercity communication, n,,, =0,1, =

Dtx
int(n,, ).
tci,xztcdrx+tsp1x tgpxi,x+tgpni,x+gmxa ﬁ! le’ 7(8)
g <l 5T 1.X 9
<= i=11: x=1,X:
edix VTM 9 9 bl ( )
l:pi,x 171
tsp,.,xsy—, i=1I; x=1,X, (10)
Tn
where?t .t .t .t .t . —respectively,

cdi, x* “spi, x> “gspi, x> “gpni, x> "goi, x

time of continuous driving from the beginning
of the driver’s work, time for movement
between special breaks, time of special breaks
per shift, time for feeding, the time for the
driver’s rest for changing the x-th vehicle when
transporting oil products along the i-th route
of intercity communication, 4;
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l,.,— mileage to the place of stopping
(parking) after continuous driving from the
start of work of the driver of the x-th vehicle
when transporting oil products along the i-th
route of intercity communication, km;

[, . — mileage to the place of stopping
(parking) after a special break of the x-th
vehicle when transporting oil products along

the i-th route of intercity communication, km.

Qom0+ D20, i=1T; (1)
R =30, on,)eD, T, i-i1; (12)
P=R,-C,, i=LI; (13)
E:ZI:P,amax, (14)

i=1
where D, is planned number of months of work
on the i-th route of intercity communication,
units;

D, =int(D); Q,,—amount of cargo required
by the customer for transportation along the
i-th route of intercity traffic, t;

T, — tariff for carriage of goods along the
i-th route of intercity traffic, rub./t;

R, —result from the carriage of goods along
the i-th route of intercity communication,
roubles;

C,— costs of cargo transportation along the
i-th route of intercity communication, roubles;

P — profit from the carriage of goods along
the i-th route of intercity communication,
roubles;

E — effect of operation of rolling stock
(vehicles) during transportation of oil products
in intercity traffic, roubles.

The following conditions are
comprehensively implemented in the
mathematical model:

* Meeting the requirements for the number
of technical maintenance services during
a specific time for rolling stock carrying oil
products.

* Meeting the requirements for determining
the planned volume of cargo transportation in
intercity traffic since it can increase in the
current month since the loading of oil products
was performed in the previous month, and
unloading was made in the current month.

* Ensuring the requirements for the work and
rest modes of drivers by matching time required
to get to a special stopping place and (or) parking
of rolling stock on the intercity transportation
route within the established time.

RESULTS AND DISCUSSION

An algorithm of the methodology has been
developed for practical implementation of the
mathematical model, which includes the main
stages for determining the planned indicators
(Pic. 1).

The initial data include information about
rolling stock, the requirements of the customers
regarding the volume of cargo transportation
and tariffs per month, the requirements for the
work and rest modes of drivers when
transporting cargo in intercity traffic. The
initial data contain the values of the distances
to the parking lots within the framework of the
«road network», which are agreed upon in
advance. Time for loading and unloading,
average technical speed, the mass of dispatch
of oil products along a specific route are the
characteristics of the technology for
transportation of goods and constitute an
obligatory element for calculating the planned
indicators.

The practical implementation of the
methodology is carried out during intercity
transportation of BND 90/130 bitumen from
the city of Omsk. The length of the ride with
aload is from 820 km to 870 km. Transportation
is carried out by Volvo FH12 440 truck tractors
with a SESPEL-SF3B25 semitrailer. The
application of the methodology made it
possible to determine the planned indicators
per months, considering the need for cargo
during this period. In the first working month
(March) and the last working month
(November), a trip is planned for each unit of
rolling stock on intercity routes, considering
all the requirements for transportation of
dangerous goods. It has been established that
11 units of rolling stock will be required to
fulfil the planned volume of transportation
(4400 tons). The amount of profit amounted to
10004455 roubles, which is 8,3 % more than
the profit obtained when calculating the
indicators without taking complex account of
the impact of the established requirements for
transportation of oil products in intercity
traffic.

CONCLUSIONS

This paper presents studies on planning the
operation of vehicle fleet within the transport
system, characterised by an increase in the
volume of transportation of oil products for
construction and reconstruction of roads.
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1. Input of initial data ‘

v

2. Calculation of production, mileage of

3. Are requirements
for the number of technical
impacts performed?

4. Are requirements
for frequency and labour intensity
of technical services
performed?

Does travel time
to the resting place correspond
with the set time?

vehicles when transporting oil products NV

6.
Ts check pem
to increase production in the current

month due to the end of a
started ride?

7. Does the planned output
correspond to the required
traffic volume?

8. Calculation of costs and profits, approval of
planned indicators

v

9. Implementation of the for vehicles
transporting oil products in intercity traffic

Pic. 1. Algorithm of the methodology for scheduling the work of rolling stock when transporting oil products in intercity traffic
(compiled by the authors).

A mathematical model of functioning of
motor pool transporting oil products has been
developed, which makes it possible to
determine the planned indicators considering
the requirements of the legislation on
transportation of dangerous goods, according
to the modes of work and rest of drivers on
intercity routes, the technical condition of
vehicles, as well as the requirements of
customers and the results of operation of RTE.

A methodological algorithm for practical
implementation of a mathematical model is
proposed, which makes it possible to make
managerial decisions on the use of planned
performance indicators for vehicle fleet when
transporting oil products.

The performed studies were transferred for
practical implementation to a RTE of the city
of Omsk, which carries out intercity
transportation of bitumen. Further research
will be devoted to development of theoretical
provisions for planning the work of vehicle
fleet.
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INTRODUCTION

The Black Sea coast is the location of the
largest resorts, namely Adler, Sochi, Tuapse,
Gelendzhik, Anapa, Kerch, Feodosia, Sudak,
Yalta, Sevastopol, Evpatoria, which are visited
yearly by more than 20 million tourists. The
demand for tourist services in Russian resorts
continues to grow in the context of interruption
of a large part of international transport links due
to the worldwide spread of coronavirus infection.

Transport links of the regions of the Russian
Federation with the Black Sea resorts is carried
out by railways, road, and air transport. Air
transportation is the fastest and most accessible
for tourists from all the regions of Russia. On the
territory of the Black Sea coast, air traffic is
served by four airports located in the cities of
Simferopol, Anapa, Gelendzhik and Sochi.

Even though the air transport is the most
convenient, not a large percentage of tourists use
its services [ 1]. Surveys conducted by the authors
have shown that the priority use of private cars
by tourists arriving at the resort is associated with
insufficiently developed transport links between
the cities of the Black Sea coast. Using a car
simplifies the process of moving between tourist
sites in the region and makes the rest more
comfortable [2]. This opinion is shared not only
by tourists arriving from the Central Federal
District, but also from more distant regions. Even
cars from the Siberian Federal District can be
found on the Black Sea coast. A large flow of
tourists arriving in their own cars creates an
excessive load on the transport routes of
Krasnodar region and Kuban, increases CO,
emissions and leads to a deterioration of the
environmental situation on the coast. The
solution to this problem is seen in development
of transport connectivity between the resorts of
the Black Sea coast and Krasnodar region, which
will allow reorienting incoming tourist flows
from road to air transport.

RESEARCH METHODS

The study of transport accessibility of the
Black Sea coast of Russia was carried out based
on an analysis of the route network of interregional
railway transport, the current route network of
airports and road transport. The analysis of the
structure of incoming tourist flows on the coast
in the context of the modes of transport used was
carried out based on statistical data of the
Ministry of Resorts and Tourism of Krasnodar
region.

The assessment of transport connectivity of
the resorts was carried out based on calculation
of'the total travel time and the number of required
connections of regional public transport routes
using the Google Maps Geographic Information
System. The travel time is compared to the travel
time from the airport to the resort by taxi or
private car. Resorts which are not connected at
all by passenger transportation were also
considered since this hinders the tourist mobility
on the Black Sea coast.

International experience of increasing
passenger traffic at resort airports is considered
using the examples of Bari airport on the northern
coast of Italy and Liverpool airport on the
northern coast of England. The practices
regarding these airports were reviewed based on
the final report of the European Commission on
regional policy.

RESULTS
Passenger Traffic and Airport Route
Network of the Black Sea coast

The busiest airport on the Black Sea coast of
Russia is Sochi airport, which is due to the
attractiveness of this resort and the proximity of
the Republic of Abkhazia, which does not have
its own air connection with Russia. Sochi airport
ranks 5" in Russia in terms of passenger turnover
after the airports of Moscow aviation hub and
Pulkovo airport. Simferopol airport is ranked
second, Anapa — 3, Gelendzhik — 4", The
comparative volume of passenger flows, the
number of arrivals and departures, and the
breadth of the route network in 2020 are
presented in Table 1.

The total volume of passenger turnover
arriving on the Black Sea coast by air in 2020
amounted to 6611 181 people. About 50 % of
passengers arrived through Sochi airport, and
35 % through Simferopol airport. This is due to
the density of the route network of these
airports. Sochi Airport serves 9 international
destinations and 44 domestic destinations.
Simferopol Airport serves 43 domestic routes.
Direct air transportation is carried out only
between Sochi and Simferopol airports, other
airports on the Black Sea coast do not have
direct air communication between them. The
largest flow of tourists arrives from Moscow,
St. Petersburg, and Novosibirsk.

However, the share of air transport accounts
for an average of about 55,5 % of tourists arriving
in Krasnodar region [3]. The total volume of the
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Table 1
Passenger turnover and route network of airports in 2020
Airport Passenger | Arrived Departed | Route network of the airport
turnover, | passengers, | passengers,
persons persons persons
Gelendzhik 148 374 74 549 73 825 5 destinations: Moscow; St. Petersburg; Yekaterinburg;
(1,1 %) Novosibirsk; Surgut
Anapa 1813128 922594 890 534 19 destinations: Moscow; St. Petersburg; Yekaterinburg;
(Vityazevo) (14,0 %) Novosibirsk; Surgut; Krasnoyarsk; Arkhangelsk; Murmansk;
Petrozavodsk; Apatity; Syktyvkar; Nizhny Novgorod;
Kostroma; Kazan; Perm; Ufa; Orenburg; Ivanovo;
Cherepovets
Simferopol 4630569 (2321290 [2309279 |43 destinations: Moscow; St. Petersburg; Yekaterinburg;
(35,1 %) Novosibirsk; Khabarovsk; Tomsk; Barnaul; Surgut;
Novokuznetsk; Omsk; Krasnoyarsk; Irkutsk; Arkhangelsk;
Murmansk; Syktyvkar; Magadan; Nizhnevartovsk; Salekhard;
Kaluga; Kirov; Kostroma; Ulyanovsk; Noyabrsk; Voronezh;
Kazan; Volgograd; Kursk; Cheboksary; Nizhnekamsk; Perm;
Tyumen; Ufa; Orenburg; Chelyabinsk; Ivanovo; Saratov;
Lipetsk; Tambov; Cherepovets; Minerlnie vody; Krasnodar;
Sochi; Belgorod
Sochi 6505301 |[3292748 |3212553 |53 destinations: Riga; Dubai; Minsk; Sofia; Tashkent;
(49,8 %) Aktau; Nur-Sultan; Istanbul; Yerevan; Tel Aviv; Kaliningrad;
Moscow; St. Petersburg; Nizhny Novgorod; Chelyabinsk;
Yekaterinburg; Novosibirsk; Tomsk; Surgut; Novokuznetsk;
Kemerovo; Khanty-Mansiysk; Krasnoyarsk; Arkhangelsk;
Murmansk; Syktyvkar; Nizhnevartovsk; Kirov; Kazan;
Samara; Cherepovets; Astrakhan; Volgograd; Noyabrsk;
Kursk; Nizhnekamsk; Izhevsk; Penza; Perm; Tyumen; Ufa;
Orenburg; Kurgan; Saratov; Saransk; Bugulma; Lipetsk;
Tambov; Cherepovets; Mineralnie vody; Krasnodar;
Makhachkala; Simferopol; Belgorod
Total 13097372 |6 611 181 [6486 191
Table 2
Tourist flow, mIn persons*
Years Krasnodar region Sochi Anapa
2016 14,70 5,00 3,70
2017 14,90 6,00 4,50
2018 15,80 6,50 5,00
2019 16,00 6,40 4,98
2020 11,50 5,10 5,00

*The table was compiled based on data of the the Ministry of Resorts and Tourism of Krasnodar region.

tourist flow arriving to the Black Sea coast by all
modes of transport is presented in Table 2.

Analysis of the structure of passenger
traffic in the context of the modes of transport
used showed that the share of tourists arriving
on the Black Sea coast by air is 40 % on
average. If in Sochi the share of air transport
in servicing the tourist flow is quite high and
amounts to about 55,5 %, and the rest mainly
falls on railway transport (39,1 %), then in
the city of Anapa the situation looks different
(Pic. 1).

A large share of road transport in servicing
incoming tourist flows of Anapa is due to poor
transport connectivity of the Black Sea coast
resorts, railway stations and the airport network.
The analysis of the distance and travel time
between individual resorts on the Black Sea coast
and airports, using alternative modes of transport,
is presented in Table 3. The distance to Gelendzhik
airport was not considered due to its very
insignificant route network.

It can be seen from the Table 3 that there is
no passenger bus service between most of the
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Table 3

Distance and travel time between airports and some Black Sea resorts

Route Distance via Travel time by taxi or | Travel time by bus Travel time by rail
highway, km private car (number of changes)
Simferopol-Evpatoria | 71,0 1 h 24 min no no
Simferopol— 87,8 1 h 30 min 5 h 44 min (3 ch.) 5 hours
Sevastopol
Simferopol-Foros 109,0 1 h25min-2h 6 h 40 min (3 ch.) no
Simferopol-Yalta 98,8 1 h 40 min 4h 20 min (2 ch.) no
Simferopol-Alushta 65,0 1 h—1 h 50 min 3 h 10 min (2 ch.) no
Simferopol-Sudak 113,0 1h25min2h no no
Simferopol-Koktebel |163,0 2 h 10 min—2 h 40 min | no no
Simferopol-Feodosia |123,0 1 h20 min-2 h no no
Simferopol-Kerch 213,0 2 h-2h 50 min no no
Simferopol-Anapa 334,0 4 h 30 min—6 h 10 min | no no
Anapa—Kerch 120,0 2 h 20 min—3 h 20 min | no no
Anapa—Novorossiysk |[52,2 55 min—1 h 40 min no no
Anapa—Gelendzhik 82,7 1 h 25 min-2 h 40 min | no no
Anapa—Sochi 330,0 5h 50 min 14h (3 ch.) no
Sochi—Gelendzhik 227,0 4h 50 min—7 h no no
Sochi-Tuapse 144,0 2 h 50 min—4 h 30 min | no 3 h 55 min
Sochi—Sukhum 122,0 2 h-2 h 40 min 5 hours (1 ch.) 7 h 41 min
Anapa
34%
48%
L18%
= Adr = Railway
= Foad

Pic. 1. The structure of the incoming tourist flow in Anapa in the context of the modes of transport used.

coastal resorts, in principle, and if available,
travel time exceeds 4 hours. This limited
transport accessibility reduces mobility of
tourists within the coastline and forces them to
use their own vehicles to travel to the resort.
A large share of personal motor transport of
visiting tourists creates great tension on the
highways of Kuban and Krasnodar region and
increases the environmental burden on the
region. The development of transport connectivity
on the coast will not only solve these problems,
but also attract a larger flow of tourists by
creating the ability to easily move between the

coastal resorts, making various sightseeing tours,
which is especially attractive for foreign tourists.

Analysis of World Practices of Development
of Transport Connectivity of Coastal Resort
Areas

The sea coastal resort territories all over the
world are distinguished by their focus on
servicing tourist flows. Some of them are national
resorts; some attract tourists from all over the
world. Service of the tourist flow of resort areas
is carried out, as a rule, by all available modes
of transport. Meanwhile, air transport is of
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particular importance since it allows getting to
the resort as quickly as possible and spending
more time on vacation. All airports can be divided
into two groups: hub airports, providing wide
range of services and serving domestic,
continental and intercontinental passenger and
cargo transportation with an evenly distributed
passenger traffic throughout the year; regional
airports connecting regions with centres of
economic activity, having seasonal peaks and
troughs in passenger traffic [4; 5].

Airports serving resort areas have
a pronounced seasonality of peak passenger
traffic [6]. The seasonality of loading affects the
return on investment in fixed costs. The solution
to this problem is to increase income during peak
loads by increasing passenger traffic. One of the
main solutions to this problem in world practice
is the expansion of the route network of resort
airports with international and domestic
communications [7; 8].

In this study, we reviewed the experiences of
Bari Airport on the north coast of Italy and
Liverpool Airport on the north coast of England.
To increase passenger traffic, three vectors were
chosen: development of transport infrastructure
connectivity (rail links between the airport and
the city); expansion of the region’s connectivity
with major centres (expansion of the airport route
network); development of a transport hub
(modernisation of the airport and its passenger
terminal). The development of transport
connectivity made it possible to increase the
airport transport accessibility index of Bari
airport. The modernisation of the airport has led
to an increase in its capacity, resulting in the
growth of annual passenger traffic from 2001 to
2007 by 2 times. Expansion of the route network
linking it to the largest centres of Western and
Eastern Europe made it possible to attract
additional tourist flow, which during the period
under review increased by 62 % mainly due to
an increase in passenger traffic from Northern
Europe using air transport. The opening of new
routes was subsidised from the national and
regional budgets [9].

Liverpool is not a seaside resort but also
serves regional tourist routes. An analysis of the
experience of Liverpool Airport also shows that
the expansion of the route network and
development of charter services has led to a sharp
increase in passenger traffic. So, if in 1997 the
airport served 3 destinations, then in 2007 it
served as many as 60 destinations. The annual

growth rate of passenger traffic during this period
amounted to 23,2 % versus 5 % in the UK in
general. The structure of passenger traffic was as
follows: 63 % — international low-cost air
transportation, 16 % — domestic low-cost air
transportation; 8 % — domestic full-service air
transportation; 1 % — external full-service
transportation; 11 % — international charter
flights; 1 % — others [8].

Thus, there are three streamlines for
increasing the passenger traffic of resort airports:
modernisation of the airport and increasing its
capacity; expansion of the domestic and
international route network; development of
transport links between the airport and the coastal
resorts and their transport infrastructure.

Directions for Development of the Route
Network of Airports and of Transport
Connectivity of the Resorts of the Black
Sea Coast

The Concept of the federal target program
«Development of domestic and inbound tourism
in the Russian Federation (2019-2025)»,
approved by the Government of the Russian
Federation and dated May 5, 2018, No. 872-,
identified 15 promising large-scale tourist
investment projects with high potential for
expanding tourist proposals for specific priority
types of tourism, including the «Black Sea
Coast» project [3]. The implementation of
projects for development of transport accessibility
and transport connectivity of the Black Sea coast
of Russia can be invested in the framework of
this program.

The peak of passenger traffic in the airports
of the Black Sea coast occurs from May to
October. The exception is Sochi airport, located
near the ski resort, Krasnaya Polyana, Pic. 3.

It can be seen from this graph that the general
trend in passenger traffic prevails in all considered
airports. In 2020, due to introduction of
restrictions on international flights, the tourist
flow on the Black Sea coast during the peak
season increased at all of the airports under
consideration, and in August it turned out to be
practically at the same level in Simferopol and
Sochi. In 2020, passenger traffic at the airports
of Simferopol, Anapa and Sochi amounted to 4,6,
1,8 and 6,5 million people, respectively. At the
same time, the capacity of Simferopol airport is
6,5 million people a year, of Anapa airport — 2,6
million people per year, and of Sochi airport— 9,3
million people per year. Consequently, the
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Pic. 3. Dynamics of passenger traffic at the airports of the Black Sea coast of Russia, persons.

capacity of the airports under consideration is
not a limiting factor in increasing passenger
traffic, especially due to the load during off-peak
seasons.

To increase passenger turnover, it is proposed
to expand the route network of the airports under
consideration to large cities in Russia. It is
possible to open routes from Sochi to the million-
plus cities Volgograd and Voronezh, from
Simferopol to Nizhny Novgorod and Samara,
from Anapa to Volgograd and Chelyabinsk. It is
also advisable to open direct charter flights in the
summer to large cities in Siberia and the Far East:
Yakutsk, Khabarovsk, and Vladivostok.

The second, more serious problem referring
to increase in passenger traffic at the airports of
the Black Sea coast is poor transport connectivity
[10]. As a solution to this problem, it is proposed
to develop a marine mode of transport based on
hydrofoil vessels. Domestic and foreign
experience proves the evident efficiency of using
hydrofoils to ensure transport mobility of tourists
not only on the seacoasts, but also for river
transportation [11-13]. When using this type of
transport, the travel time, for example, from
Feodosia to Anapa will be 1 hour 50 minutes,
from Anapa to Sochi — 2 hours 40 minutes, and
from Feodosia to Sochi — about 4 hours, which
is 4 times faster than provided by the existing
bus service. The implementation of this project
will have not only great economic importance
from the point of view of development of the
Black Sea resorts and increasing the attractiveness
of air transport for their service, but also social
significance. The need for investment will be
associated mainly with the acquisition of the

ships themselves since the port infrastructure for
servicing local sea traffic in large coastal resort
cities already exists (Sochi, Gelendzhik, Anapa,
Kerch, Feodosia, Yalta, Balaklava, Sevastopol).
Besides; hydrofoil vessels will reduce the time
required to travel to Abkhazia and create
conditions for increasing tourist mobility within
the coastal area. All this, in addition to attracting
an additional tourist flow, will reduce the
proportion of tourists coming to the coast by their
own car, reduce the load on the transport routes
of Krasnodar region and Kuban, and improve the
environmental situation in the region. Currently,
there is an opportunity to get by sea to various
resorts of the Black Sea coast, for example, daily
sea vessels go from Anapa to Feodosia and Yalta.
The length of the sea routes is 250 and 150 km
respectively. But, since these flights are
sightseeing, their average speed is 43 km/h.
Travel time from Anapa to Feodosia is 3,5 hours,
Pic. 3 [14].

The advantage of hydrofoils is that they are
supported above the water surface by the
hydrodynamic forces of the hydrofoils, Pic. 4.

The wings under the ship’s hull create lift
forces that lift the ship above the surface of the
sea water, which leads to a significant decrease
in resistance to movement. This allows this type
of vessel to develop a speed that is unattainable
for motor ships. The economically feasible speed
of movement of the vessel on the underwater
wings is limited to about 100 km/h [15]. This
constraint is due to the problem of cavitation,
which is the process of bubble formation in an
aqueous medium, followed by the collapse of
bubbles and the release of a large amount of
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Pic. 5. The scheme of movement of the hydrofoil vessels.

internal energy, which arises as a consequence
of external physical influences. Cavitation of
submerged wing sharply reduces the
hydrodynamic characteristics of the vessel
[16; 17].

Hydrofoils are widely used today in several
European countries. For example, these ships
have been actively plying between Kaliningrad
and the Polish cities of Frombork and Elblag.
This line has been mainly operated by the Polish
counterparts. In Asia, the most popular sea line
connects the Korean city of Busan and the
Japanese city of Fukuoka. There are five flights

per day along this line [18; 19]. The positive
experience of operating hydrofoil vessels for
servicing the seacoasts proves the need for
a phased introduction of this type of vessel into
the permanent operation of sea terminals.

BRIEF CONCLUSION

Analysis of international and Russian
experience allowed to reveal main trends of
development of transport accessibility of resorts
of Black Sea coast to increase transport mobility
of population, develop tourism and create for it
more comfortable conditions, to identify
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promising character of development of air
transportation and greater connectivity of coastal
resorts with water transport at the expense of
redirecting tourists from the use of personal cars,
to suggest new destinations from three regional
airports. To solve the problem of transport
connectivity, it was proposed to develop sea
transportation with the help of hydrofoil vessels
that will allow to increase tourist mobility within
the coastal area and to attract extra tourist flows.
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ABSTRACT

Currently, improvement of public transport of general use is
among priority areas for development of urban transport systems.
Convenient public transport routes, combined with modern rolling
stock and a developed transport infrastructure, allow solving most
transport problems and ensure high mobility of residents and guests
of a city.

The objective of the research, main results of which are
described in the paper, was to build an efficient urban public
transport network in monotowns of Russia to ensure sustainability
of functioning of public passenger transport intended for general
use. The article presents an option for solving the problem of
functioning of public transport in single-industry towns.

Very often, in such cities (with enterprises pronouncedly
influencing urban planning), there are two mutually exclusive
transport networks, namely, municipal one and contracted one
(contracted by an enterprise and intended for shift rotation). As
a result, contracted routes are not optimal, municipal carriers
suffer losses, transport companies do not meet the schedule,
switch to a less capacious type of vehicles, and consequently
people are dissatisfied with the work of public transport in the
city.

To solve these problems, it is proposed to combine the
municipal and contracted networks into a single transport
network of the city.
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INTRODUCTION

Currently, in many countries of the world
much attention is paid to the prospects for
development of public transport in cities. The
Russian Federation makes no exclusion.

In recent years, the structure of demand for
passenger transportation has changed
significantly. This is due to the processes of
socio-economic development, which have caused
the emergence of new objects and areas of
attraction of passenger flows, including industrial,
shopping, entertainment, tourist, sports, and
business centres, as well as to changes in the
behaviour of residents and guests of the cities,
affecting the number and purpose of travelling.

In the Russian Federation, as probably in all
the countries, the transport system should not
only fulfil a social function, but also be profitable
or cost effective. However, in all developed
countries, public transport is unprofitable. The
real incomes of public transport as compared to
its costs constitute in Switzerland 72 %, in Great
Britain 68 %, in Italy 30 %, in the Netherlands
22 % [1].

Among all cities in Russia, the so-called
monotowns or single-industry towns with a city-
forming enterprise can be distinguished into
a separate group that merits special analysis.

This article according to the objective of the
research presents an option for development of
public transport in single-industry towns in
Russia, describes the main problems of
development of urban passenger transport in
Russian monotowns using the example of the
city of Nizhnekamsk, and also contains proposals
for construction of a new efficient urban
passenger transport network intended for public
use and ensuring sustainable functioning of
public passenger transport.

RESULTS

The creation of an efficient transport system
of a city in the Russian Federation, as elsewhere
in the world, is a complex systematic problem,
which includes several tasks, among which one
can single out: identification of routes of urban
passenger transport (UPT) [2], substantiation of
the type, kind and number of vehicles for each
route, development of a timetable and of
a financial model of the project, etc. [3].

Decisions on optimising route networks in
various Russian cities are made differently,
depending on the specifics of a particular city,
on the condition and development of transport

infrastructure, urban public transport, and other
factors.

Monotowns should be analysed like a special
case. The concept of monotown or of single-
industry town (city) means a settlement that
depends on a single enterprise or several large
enterprises in terms of employment of the
population. Such enterprises are also known as
«city-forming» enterprises. Such an organisation
of resettlement became widespread in the USSR
and continues to this day. Monotowns ensure the
optimal development of territories of various
administrative levels. They function under the
conditions of increased socio-economic risks:
during the periods of economic upturn, single-
industry towns ensure the growth and
development of production, but during the crisis
they are the first to become its «victims» [4].

Monotowns also exist in other countries. In
the United States, the example of the city of
Maynard, Massachusetts, can be mentioned.
Initially, a city was formed under the influence
of a textile factory, and then, because of its
transformation, the city became location of the
headquarters of the world’s largest computer
manufacturers [5]. In Canada, such cities might
include Forges Saint Maurice or Garden Island.
However, it should be noted that the experience
of building monotowns in other countries was
rather negative.

Currently, in Russia, the city of Nizhnekamsk
is among most eloquent examples of monotowns.
Its territory comprises an industrial zone, hosting
city-forming enterprises of TATNEFT Group of
companies and of PJSC SIBUR-Holding.

When analysing the existing situation in the
field of public transport, it was revealed that two
systems operate in parallel in the city:

e The first transport system operates
exclusively in residential areas and serves the
so-called urban routes. This system is represented
by four tram and ten bus routes.

* The second transport system moves
employees to the industrial zone serving the
so-called contracted routes. This system is
represented by three tram and 67 bus routes.

Each system solves its own problems and
does not consider the peculiarities and positive
aspects of the other system.

The system of urban routes is quite developed
in residential areas. Bus routes run along almost
all streets of the city. Tram routes run along the
main arterial streets and connect the most
important destinations in the city.
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The system of contracted routes is not
optimal, because each company orders routes for
its needs from third-party companies, and there
is an increased level of duplication with the
routes of other companies. In fact, businesses
pay for the same routes, while the total amount
of transport vehicles is excessive.

Contracted routes for all passengers are free,
for city residents it is a big plus, because if the
route of the city and the contracted route
coincide, residents of the city have the chance to
use the free contracted route within a short
distance in the city and not to pay for urban public
transport.

Obviously, with such a coincidence, city
residents choose free (contracted) routes.
However, if the itineraries of city residents do
not coincide with the contracted routes, they must
wait and use only city public transport.

Since city routes are underutilised during
peak hours, due to the outflow of passengers to
contracted routes, city carriers are forced to
increase the intervals between vehicles, to change
type of vehicle fleet switching to less capacious
one.

Currently, the average interval between urban
buses is about 45-60 minutes, which is
unacceptable for the city of Nizhnekamsk.

As a result, in recent years, the volume of
passenger traffic served by public transport in the
residential area has fallen by more than 25 % and
continues to decline (Pic. 1).
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Pic. 1. The level of passenger turnover in the city of Nizhnekamsk (2015-2021) (performed by the authors based on data provided by the
Executive Committee of Nizhnekamsk municipal district).

The main tasks of development of route
networks of public urban passenger transport,
both in single-industry cities and in other cities
of Russia, are:

» Systematic analysis [6] of a city’s route
network.

* Organisation of surveys of passenger traffic
on passenger transport routes.

» Organisation of sociological survey to
identify transport needs and problems of
transport services for the population.

» Formulation of proposals for creation of an
efficient system of public passenger transport.

* Development of a transport model of the
project.

* Development of a financial model of the
project.

* Preparation of a plan for implementation of
a new route network.

At the initial stage, it is necessary to analyse
operation of the city’s route network. Unlike other
cities in Russia, in singe-industry cities, it is
necessary to analyse the work of not only
municipal, but also of contracted (intended for
shift rotation) transport since a significant share
of transportation will be transportation of workers
of city-forming enterprises to and from work.

Next, it is necessary to conduct a survey of
passenger traffic on the routes of municipal and
contracted transport for a more detailed analysis
of the current situation in the city’s transport
industry.
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Pic. 2. The number of passengers carried per day per sections (carried out by the authors based on the results of transport surveys in 2019).

Transport surveys can be carried out both at
stopping points and inside the rolling stock using
sensors for the entry and exit of passengers or
with the help of meters, and it is also possible to
use a combined survey method.

At present, public transport is mostly not
equipped with sensors for entry and exit of
passengers, and attraction of accounting personnel
requires many people. In this regard, the most
preferable is the combined survey method.

The combined survey method is less costly
than the on-board survey method. And the quality
of the received data on passenger traffic is
sufficient for analysis, decision-making and
planning of development of passenger transport
in the future.

When conducting a visual inspection at
stopping points, all passenger vehicles are
recorded, including contracted and illegal ones.
The counters visually determine the filling of the
vehicle according to the conditional point table
[7], as well as the number of passengers entering
and leaving.

In single-industry cities, surveys inside
rolling stock must be carried out both on
municipal routes and on the routes of contracted
vehicles.

Not all enterprises can agree that sensors for
entry and exit of passengers are installed in their
vehicles or that there is a meter in the rolling

stock. This can be due to many factors, particularly
to the fact that the transportation for enterprises
should be carried out by buses intended
exclusively for sitting, and the occupancy of
buses can be 100 %.

In this case, it is necessary to conduct surveys
at stopping points, both in the city and in the
industrial zone.

Surveys at stopping points are usually carried
out during the morning, afternoon, and evening
rush hour.

In monocities, in most cases, industrial
enterprises start working earlier than enterprises,
institutions and social facilities in the residential
area of the city. In this case, this feature should
be taken into account, and surveys should be
carried out not within an hour, but within several
hours, i.e. peak hours, both in residential and
industrial areas.

When determining the stopping points for
inspection in an industrial zone, it is necessary
to pay attention to the stopping points located in
the area at the proximity to checkpoints and, if
possible, conduct examinations at them, as they
are the busiest stopping points.

In Nizhnekamsk, surveys were carried out
both inside the rolling stock and at stopping
points. Transport survey data showed that the
main passenger traffic is observed between the
city and the industrial zone (Pic. 2).
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Pic. 3. Assessment of quality of work of passenger transport
(compiled by the authors based on the results of a sociological survey in 2019, 5-point scale).

When conducting a survey for this study, the
main feature was that it was necessary to interview
users, both of public and contracted vehicles. This
is necessary to obtain up-to-date and objective
information. When polling, for example, only
users of municipal transport, it is possible to get
a large number of negative reviews, and when
polling users only of contracted transport, most
responses may be positive.

According to a sociological survey, the
population of the city of Nizhnekamsk is satisfied
with the work of trams and contracted buses and
is not satisfied with the work of city buses
(Pic. 3).

The main problems in the work of
Nizhnekamsk city bus transport are non-
observance of the schedule and long intervals
between the vehicles.

The respondents were also asked the question:
«Under which circumstances are you ready to
switch from personal to public transport»? About
40 % of the respondents answered that they are
ready to switch to public transport, provided that
its performance improves (Pic. 4).

Thus, the survey showed that almost half of
the city’s population is ready to switch to public
transport if its work is normalised.

DISCUSSION

The basis of the revenue part of passenger
traffic in all cities of the Russian Federation is
travelling for work purposes, namely travel to
and from work. The income part from social
transportation is usually not enough to pay for
capital costs [8].
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For the majority of single-industry cities,
another feature is that the basis of passenger
transportation is made up of trips to the
industrial zone, and all of them are not
municipal, but contracted routes. For example,
in Nizhnekamsk, their share reaches half of all
traffic in the city.

In addition, most enterprises transport their
employees to work in soft-seated buses. An
industrial zone, as a rule, is located either within
the city limits, or at a short distance from it (about
10 km). With an average bus speed of 25—
30 km/h, the travel time takes no more than
20-25 minutes one way, which is acceptable for
organising movement of city buses with standing
places.

As a result, municipal transport incurs
colossal losses estimated at hundreds of millions
of roubles.

Thus, the main idea of building an efficient
system for operation of passenger transport in
single-industry towns is to combine contracted
and urban networks into a single system of public
passenger transport in order to increase the
efficiency of public transport and its attractiveness
for passengers thanks to the quality of services
provided [9].

As aresult, it is quite possible to organise the
work of urban passenger transport without
deteriorating the work of contracted routes, and
this will not require additional investments both
from the city-forming enterprises and from the
city budget.

As a result of such a merger of the networks
of contracted and municipal routes, the mileage
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Pic. 4. Conditions for switching to public transport (compiled by the authors based on the results of a sociological survey in 2019):
1- When operation of public transport improves.

2 - Under no circumstances.
3 - Under other conditions.

4 - Travel time by car will start to exceed travel time by public transport.
5- The cost of gasoline will rise.

of rolling stock will be reduced; the total number
of vehicles on city streets will also diminish, the
number of passengers will grow, the number of
journeys and the cost of transportation will
reduce, while resulting in profitability of
municipal transportation.

At present, the administration of the city of
Nizhnekamsk, together with PISC TATNEFT, is
working on implementation of a project to
introduce a new optimised route network. The
Centre for Dispatching and Organisation of
Passenger Transportation has been created and
started work, development of the transport and
financial model of the project has been completed,
the mechanism of interaction with the operator
of «Social Card» [for beneficiaries of social
allowances and discounts] has been worked out,
as well as the mutual settlements of commissioners
and contractors. In addition, a test bus route to
the industrial zone was launched, operating
without a conductor, with installed payment
terminals and cameras for counting passengers.

For successful and sustainable functioning of
the new route network, it is necessary to
additionally perform some steps:

» To create a structure of the organising body
of transportation, which will perform the
functions of planning, monitoring, and control
of implementation of urban passenger
transportation.

* To introduce a single tariff for the new
transport network.

* To create a single operator of automatic fare
collection.

* To change the organisation of traffic at
several intersections in the city.

* To organise a dedicated lane on the route to
the industrial zone.

Those suggestions could be additionally
substantiated.

One of the main conditions for functioning
of the new route network is introduction of
a single tariff on all public transport routes and
organisation of a single operator of automatic
fare collection. When organising a single
operator, it is necessary to create an automated
fare payment system and equip transport with
the necessary equipment.

The main advantages of creating the structure
of a transport organising body are:

* Monitoring and control over the execution
of municipal contracts for passenger
transportation.

* Operational management of passenger
traffic.

* Development of comprehensive proposals
for development of urban passenger transport.

* Provision of information services.

One of the advantages of this system is
introduction of a universal ticket, which can be
used both on contracted buses and on municipal
routes within the city.

Besides, the city will be able to optimise
public transport costs, and carriers will be able
to equip vehicles with on-board devices for
calculating passenger traffic, and, therefore, will
be able to control fares and increase the
company’s revenue.
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The industrial zone of Nizhnekamsk is
located at an insignificant distance from the city,
about ten kilometres. In case of emergency
situations such as traffic accidents, road repairs,
etc. traffic jams are formed at the entrance to the
industrial zone. To increase the attractiveness of
public transport as compared to personal, it is
proposed to organise a dedicated lane to the
industrial zone of the city. The organisation of
a dedicated lane is a very effective method of
ensuring traffic safety, contributing to a significant
decrease in delays and an increase in the transit
capacity of the carriageway [10].

CONCLUSION

If this development option is implemented,
the main positive result for the population will
be areduction in travel and waiting time, increase
in the availability of public transport and the
quality of passenger service.

The positive aspects for the city will be the
ability to monitor and manage operation of public
transport in real time, improve the environmental
situation, reduce the burden on the city budget
and, as a result, increase the attractiveness of the
city.

For carriers, the indisputable advantages will
be an increase in profits from transportation,
adecrease in costs and an increase in the priority
for public transport traffic.

As a result, the enterprises of the industrial
zone will save money and improve the quality
of services. In addition, it will affect the image
of the companies as well since the population of
the city will see that the management of the
enterprises really cares not only about their
employees, but also about their family members
and residents of the entire city.
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Tower cranes are subject to wind
loading and this may cause dangerous
consequences. The suggested
calculation models consider changes
in strength of wind loading along the
height of a crane, random nature of
those changes, risks of longitudinal,
transverse, and torsional vibrations.
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Logistics should meet sustainable
development goals, and this could

be achieved with the help of new
organisation technology. Sophisticated
decision-making models to govern
supply chains can apply MCDM
methods.
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Research on the Nature of Tower Crane Metal
Structures Loading
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ABSTRACT

The analysis of the accident rate of crane structures
indicates that the most common cause of accidents with tower
cranes is the wind load. The wind load is considered under
working and non-working condition. In the working state, the
maximum wind load is considered, at which the operation of the
crane with the rated load is ensured. In the non-working state,
the calculation is carried out using the coefficient accounting for
the change in dynamic pressure depending on the height of the
location from the ground surface of the given structural element
in the non-working and working states of the crane. However,
the regulatory documents as a rule do not consider the random
nature of the wind load, although the research materials on
changes in wind speed (gusts), proposed in the scientific and
technical literature, indicate the interval character of their action.

The objective of the research was to study the nature of
loading of the tower crane structures, which makes it possible to
assess the change in the oscillatory process in the element of the
crane metal structure exposed to the action of the wind load.

The design scheme proposed in the article considers
the change in intensity of the wind load along the height of
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the crane and the random nature of its change, which
together lead to the occurrence of longitudinal, torsional, and
bending vibrations. Oscillations of the crane metal structure
were considered by the authors as oscillations of an oscillator
with given parameters of the oscillation amplitude, system
masses (boom and tower), and the weight of the load being
lifted. The mechanical state of the system (rigidity and
elasticity) was considered as well.

Theoretical studies of the system under consideration were
carried out in two versions:1) as of an elastic-viscous medium;
2) as of a continuous system.

The results obtained made it possible to reveal the physical
nature of the oscillatory process and to carry out quantitative
assessment of the change in the loading of the metal structures
of the tower crane.

The theoretical studies allowed to obtain expression, which
makes it possible to evaluate the change in the oscillatory
process in the element of the crane metal structure exposed to
the action of the wind load, which has a random nature of
loading.
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INTRODUCTION

Tower cranes are widely used in civil
engineering, e.g. in transport construction for
building of infrastructure facilities.

According to the statistics of the Federal
Service for Environmental, Technological and
Nuclear Supervision of the Russian Federation',
the largest number of accidents related to lifting
equipment occurs with tower cranes. For
example, in 2020, during the operation of all
types of lifting structures, 53 accidents were
recorded, of which the largest number of cases
(11) fell on tower cranes. As a result, seven
people died. According to the author [1, p. 1] this
figure is of 82 %.

The most common cause of tower crane
accidents is wind load. According to data of the
American National Standards Institute (ANSI)
there were 1125 accidents wot tower cranes
world-wide during 2000-2010 decade. There
were 780 fatal injuries, while 23 % of those
accidents were due to high wind load?. The
necessity to account for wind conditions for safe
operation is indicated not only by crane
manufacturers but also by crane operators. The
significance of that factor is highlighted by the
fact that there is a group of companies
manufacturing special equipment to warn about
dangerous access of values of wind speed?.

In Russia, the account of the wind load is
regulated by GOST [State standard] 1451-77*
when designing metal structures and mechanisms,
brakes, when determining the power of the
engines, intrinsic and load stability of the crane.
The wind load on the crane in working condition
is deemed to be the maximum wind load, at
which operation of the crane with the rated load
is ensured. In the non-working state, the
calculation is carried out using the coefficient
considering the change in dynamic pressure
depending on the height of the location from the
ground surface of the given structural element in

' Annual report of the Federal Service for Environmental,
Technological and Nuclear Supervision, 2019. Moscow, STC
Industrial safety, 2020.

2 Wind Conditions and Crane Safety. [Electronic resource]:
https://www.windcrane.com/anemometer-wind-crane. Last
accessed 25.04.2021.

3 Zajicek, C. Effect of Wind Speed on Cranes. [Electronic
resource]: https://www.cranewarningsystemsatlanta.
com/post/ effect-of-wind-speed-on-cranes. Last accessed
25.04.2021.

* GOST [State standard] 1451-77 Lifting cranes. Wind load.
Standard and method of determination. Moscow, Gosstandard
USSR, 1977, 19 p.

the non-working and working states of the crane.
There are international and national regulations
in other countries, e.g., AS 1418.5 and EN 13000
are used in Australia regarding mobile cranes [2].

The same author [2] underlines the economic
effect of the correct choice of the model of the
crane based on the admissible wind load.
Observations at a location showed that the use
of a crane with admissible wind load rate of
20 m/s instead of a crane with admissible wind
load rate of 12 m/s allows to increase the number
of work hours by 342 % [2].

The existing practices of observing changes
in wind speed show that its change has a random
nature [3] which will invariably lead to a change
in the loading of the elements of the crane’s metal
structure [4]. In work [5, pp. 44—46], the average
statistical frequency of changes in the wind gust
was noted, equal to 55-65 s, although other
research materials [6, p. 32], carried out in Russia
and abroad, show averaged rate of 0,5-5 s, that
means that they differ by an order of magnitude.

Consequently, according to the data of later
studies [5, pp. 44-46] the frequency of wind
impact on a structural element will be equal to
0,0182-0,0154 5. Such a spread cannot but lead
to a change in the longitudinal, transverse, and
torsional vibrations of the metal structure of the
tower crane. As a result, internal forces in the
considered metal structures will bear bending,
torsional, and longitudinal vibrations (Pic. 1).
Considering the influence on the metal structure
of the tower crane, as on the system, from
a periodically arising gust of wind, and
considering the metal structure of the crane,
which is a system consisting of a boom, a tower,
and a load, it is evident that the effect of
vibrations from the weight of the raised, lowered,
or fixed load does not exclude the fact that the
structure enters a near-resonance state.

To verify this hypothesis the goal was set to
study the oscillatory process in the construction
of the crane and, using the methods of system
analysis and differential equations, to reveal the
nature of the oscillatory process.

It is worth noting that there are research
works dedicated to the description of the models
of the impact of wind load on operations
performed by cranes, particularly on the cargo,
transported by rotary truck crane [7].

RESULTS
Let’s consider the loads acting on the crane
in a first approximation (see Pic. 1). Here ¢ and
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Pic. 1. Loads acting on the crane
(according to GOST 1451-77).
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g, are the distributed load from the gravity of the
tower and the boom, respectively, N; p and p, —
wind pressure on the tower and the cargo,
respectively, N/m?; P—weight of the cargo being
lifted, N.

In this case, it is necessary to consider the
change in intensity of the wind load along the
height of the crane and the random nature of its
change. Its action, in combination with cargo
characteristics, leads to the occurrence of
longitudinal, torsional, and bending vibrations.

Oscillations of any mechanical system can
be represented as oscillations of an oscillator
[8, p. 125; 5, p. 76].

Using the methodology for calculating
oscillatory systems [10, p. 127], we write the
boom oscillations in the form of a differential
equation. Boom vibrations:

Ay
dr’

dy

+k y=r@, (1)

where y — amphtude of oscillations;

m — mass of the system,;

h — viscosity of the structure (coefficient of
friction, proportional to speed), which is
analogous to elasticity;

k — stiffness factor.

In accordance with Euler’s solution [11,
p- 282], the general solution of equation (1) will
be sought in the form:

v =cloyl(®) + c2+v2(), @)
where ¢/ and c¢2 — integration constants.
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Let’s compose the characteristic equation:
mer? + her + k= 0.

Then the equation (2) takes the form:
y = cleiot + c2°e—iwt = recos(ot+Q). 3)

We will seek the solution using the total
energy of the system (kinetic and potential) [6,
p. 3211

mev: key* 1 ayY )
g BV L (2 k2|,
2 T2 2 {m (dt whey )

The oscillation frequency is equal to:

w=\/§. (5)

Substituting (3) into (4), we obtain that the
total energy of the system will be equal to:

E=%°m'o)2'r2°sin2(a)°t+(p)+
1 2 2 1 2
+5'k-r *Ccos (o)*t+(p)=5'k°r = const.

Considering elasticity of the system and using
(1) and (4), we investigate the change in the total
energy of the system in time by differentiating
equation (4).

9E_1 1 me @ LY oy |
da 2 dr dr’ dt

2
dy ( h.dy ke y)+k y.d =_h.(dy) )
T dt dt dt dt

The resulting sign «—» indicates damping of
the oscillatory process in the system. However,
the action of the next gust of wind will inevitably
lead to summation of oscillations, which can
cause its near-resonance phenomenon.
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The solution to the above equation will have
the form [11, p. 326]:
y= Cl.efat + cz.efbt,
where a and b are the roots of the characteristic
equation.

To determine the coefficients ¢, and c,, we
set the initial conditions:
dy
dt by =0

If the discriminant of the characteristic
equation satisfies the condition D > 0, then using

the initial conditions, we obtain:
_bry v, .l

y |x=10: Yos

a= b-a ’
c, _a*),+Y, eel
a-b

Let’s consider the scheme shown in Pic. 1 as
a continuous system. We consider that the total
energy of the system is:
u = uelas + uext,
where uelas = PeAl.

The total elongation is the sum of the
elongations of the i-th sections:

(6)

Al = (yi+1 -V )2 (6*)
=

where s — variation interval.
Then:

i = S (=)’ (7)

elas 2 'l’l =1 Wi+l il

Uy == F* . (®)
Substituting (7) and (8) in (6), we get:

wsg S a=2) -3 B, ©)

When the system is in balanced state at

a fixed time interval (9), we have:
ou

=0.

oy, (10)
And in the absence of balance:

ou

a—yi — min, (1 1)

that is, a compensating force is needed to
return the system to an equilibrium position. We
represent the right side of equation (9) as:
ou
oy, 2- h
P
*;°(J’i+1 =2y, +yi—1)7F;'

Under stationary conditions:

yi—l)_z'(ym_yt):l_E:

(12)

Let’s make an equation for two adjacent
points (Fi = F):

P
;.(yi+l_2.yi+yi—l)+1;;:o'

_ @=Dei h-F .

y=- LI ey, (13)
When yn =0 we get:
__(n=Deih-F . _ _

V= Y i=1L2...(n-1).

It is obvious that in the expression (6") the
value:

1+1 yl_ '
n Y

Then (6%) can be rewritten as:

ue/as=i[}2)'y = } *h Z[ ey l Ax.

i=l

Ifh — 0 we get:
Pey"+ f(x)=0.

Or:

¥ =g f). (14)

Using the initial conditions, with y(0) = 0
y(I) = 0 function f(x) = f, = const, then equation

(14) will have the form:
y'=—£’ *X+c;
y=—&-x2 +o o x+c

P 2 1 2°

Considering the initial conditions:
¢, =0;
_hll
P2
Whence the required function will look like:
foexe(l-x)
2.p

S

y:

In case of the action of an elastic force, work
is spent to overcome the elastic forces:

Y . . k'y,z
Z!(k Py =3 =,

where k — elasticity coefficient.
Then the expression (6) will have the form:

=3 (-v) Zyt ZF v (19)

2¢h 43

However, con51der1ng the design scheme of
atower crane, the state of the latter in case of loading
is changed by two parameters x and y, which change
in time by interrelated functions of the form:

x=x(1)
{y =y(»). (16)

These functions change over time at a rate:

u=

ZT‘P(X ¥)
(17)
L 0x.y).

The initial conditions for solving the system
of differential equations (17) are determined from
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the equilibrium condition of the system which is
elastic deformation, i.e.:
Vo= Yor X liio= X3
Vle=0:%],,=0.
that is:
{ P (Xo’ yO) =0
Q(Xo 5 yO) =0.

Under wind load, displacement of points of
the system will be equal to:
{x(to) =X,+AX,

Y(to) =W +Ayo’
Substituting (18) in (17):

(18)

IO _pix e ax v+ o) =(P), - aw+() =y
d(Aty) ' ' v
7=Q(xo+Ax,yo+Ay)=(Qx)0 “Ax+(0)), - Av.

The characteristic equation of the system has
the form:

(2)-» (), |
(QX )0 (QX )0 —p

For imaginary p = r + i-s, the solution of the
system has the form:
ept = ert- (cos st + i - sin st). (20)

The analysis of equation (20) shows that the
growth or damping of oscillations is determined
by the sign of the root of the characteristic
equation p, if p is a real root, and by the sign 7,
if p is imaginary.

Obviously, if at least one root of the equation
is equal to 0, then equation (20) will have the
form:
e—at =

That is, the object is motionless and is in

a state of equilibrium, which is impossible in real
life.

CONCLUSIONS

The analysis showed that the existing
regulations in Russia governing the calculation
of crane structures do not consider the random
nature of the wind load.

The carried out theoretical studies made it
possible to obtain expression (20), which makes

it possible to evaluate the change in the oscillatory
process in the element of the crane metal
structure exposed to the action of the wind load,
which has a random nature of loading.
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ABSTRACT

Due to the increased demands of the world community in
accordance with the goals of the concept of sustainable
development, supply chain management requires complex decision-
making models that consider many environmental, economic, and
social constraints when implementing various environmentally
friendly, green methods and technologies. An effective tool in such
conditions is the use of MCDM, multi-criteria decision-making
methods.

The objective of the research, the results of which are provided
inthe article, is to analyse the application of MCDM in green logistics
and management of green supply chains. The work used a set of
methods including system and structural-functional analysis,
methods of the theory of fuzzy sets, mathematical statistics, and
expert assessments.

A general scheme of MCDM implementation is offered and a
combined MCDM model is developed for assessing decisions on
the choice of green technologies, including a system of indicators
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for logistics flows, a model for managing logistics flows and a system
of tools for green logistics.

In the MCDM model, a fuzzy analytical hierarchical process
(fuzzy AHP) is used to establish the weight of indicators of logistics
flows, eleven MCDM methods are used to rank green logistics tools:
SAW, TOPSIS, PROMETHEE, COPRAS, ARAS, WASPAS,
MAIRCA, EDAS, MABAC, CODAS, MARCOS. Comparison of the
use of various MCDM methods showed a high convergence of the
ranking results (Spearman’s rank correlation coefficient is of 0.949).
The most consistent are SAW, MARCOS and WASPAS methods,
the least consistent are CODAS methods.

The results of the design example showed that the most
preferable solution is the «use of intermodal technologies and
multimodal transportation» (ranked first within all eleven
methods), the least preferable solution is the «use of
environmentally friendly fuels and lubricants (fuels)» (ranked
12" within 10 methods of 11).
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INTRODUCTION

In the modern world, the decision-making
process in an organisation is carried out in the
context of the concept of sustainable
development [1] and must simultaneously
consider economic, social and environmental
consequences of decision-making in the long
term [2]. The effective implementation of the
concept of sustainable development in logistics
activities and supply chain management is based
on the use of methods of making managerial
decisions to change the parameters of logistics
flows, improve the elements of the logistics
system and their functions [3]. The complexity
of decision-making is associated with
participation of many stakeholders in the supply
chain, pursuing goals of varying complexity [4];
with uncertainty and dynamism of the logistics
environment; as well as with the need to
consider the influence of many factors
(economic, technical, technological,
infrastructural, social and environmental ones)
[3]; with the presence of a wide variety of
managerial decisions at different levels of
management; with an increase in the number of
criteria for evaluating managerial decisions
related, in particular, to achievement of
sustainable development goals [3; 5].

The need to consider the listed constraints
when making a decision has led to the active
development of the scientific area in multi-
criteria decision analysis (MCDA) or multi-
criteria decision making (MCDM).

Power
engineering
31%

Transport
8%

Environment
o

Supply chain
management
13 %

a)

The objective of the article is to analyse the
application of multi-criteria decision-making
methods in green logistics and management of
green supply chains. Achieving this goal is based
on the use of systemic and structural-functional
analysis in the development of an MCDM model
for choosing green logistics tools, expert
assessment methods and fuzzy set theory for
assessing the indicators of logistics flows, as well
as on mathematical statistics for calculating the
Spearman rank correlation coefficient when
comparing various MCDM methods.

LITERATURE REVIEW

MCDM methods are an important part of
decision theory and analysis. The main purpose
of their use is reduced to solving four types of
problems [6]: choosing the best solution from
the set, ranking and sorting of solutions,
describing and systematising solutions and the
consequences of their implementation for
assessment and further management. Currently,
MCDMs are actively used in the field of climate
change [7], sustainable development [2],
economics [8], sustainable engineering [9],
supply chain management [10-12], energy
consumption [13], reverse logistics [14],
corporate sustainability [15], in transport [16;
17], in green logistics [18] and management of
green supply chains [19; 20].

MCDM methods fall into two categories:
Multi-Objective Decision Making (MODM) [21]
and Multi-Attribute Decision Making (MADM)

Other
engineering
areas
12 %

b)

Pic. 1. Using MCDM methods:
a - in the field of sustainable development; b - in sustainable engineering (compiled by the author based on [2; 9]).
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[22]. MODM models include an infinite or very
large number of alternative solutions, and the
purpose while considering the stated problem is
to determine the optimal alternative given a set
of well-defined constraints by solving
a mathematical model. MADM models are
discrete and are applied for ranking, where
a finite number of proposed alternatives are
evaluated against various weighted attributes to
obtain a preference rating that describes the
performance of each alternative in achieving
a target in terms of attributes. To increase the
efficiency of MCDM estimation, the MCDM
models can be combined with the theory of fuzzy
sets, rough sets, grey sets, etc. [23].

The mentioned disadvantages of using
MCDM are [8; 24]: obtaining different results
when using MCDM to solve one multi-criteria
problem; complexity of collecting initial
information and its possible loss in the process
of data aggregation; increasing complexity of the
decision-making process. In works [8; 25; 26] it
is noted that there are no universal MCDM
methods suitable for all decision-making
situations, which leads to the problem of
choosing a MCDM method. Studies [25; 27]
provide recommendations for such a choice.

Pic. 1 shows the distribution of MCDM
methods in sustainable development [2] and
sustainable engineering [9], and from 20 to 40 %
of research is in sustainable transport and green
supply chain management.

The most frequently used MCDM methods
in the field of green logistics and management
of green supply chains are [9; 14; 18; 19; 28]:
AHP which is an analytical hierarchical process,
ANP which is an analytical network process,
TOPSIS which is a method of ordered preference
through similarity to an ideal solution, DEMATEL
which is a method of testing and evaluating
decision making, ELECTRE which is a method
of exclusion and choice in reality, PROMRETHEE
which is a method of organising sorting of
preferences for evaluating alternatives, VIKOR
which is a multi-criteria optimisation and trade-
off solution. The most common methods used in
combination with other methods are AHP and
fuzzy AHP [9].

MCDM methods are used to solve problems
related to sales planning, choosing a green
supplier, managing reverse flows (reverse
logistics), assessing the location of logistics
infrastructure, organising and planning
transportation [28].

RESULTS
Basic Stages of Using MCDM

The decision-making process using MCDM
includes three main stages (Pic. 2):

1. Structuring the problem to be solved. At
the stage, goals and objectives are determined,
analysis of possible solutions (alternatives) that
can be implemented to achieve the goals is
performed; a system of criteria is established by
which alternatives should be evaluated; the
persons participating in the decision-making, as
well as the expert group are identified. The
information obtained at this stage serves as the
basis for determining which MCDM method can
be used.

2. Selection and application of MCDM
method. At this stage are developed and
performed: the initial decision matrix;
assessment of the importance of each criterion
in relation to the goal; assessment of the
preference for each alternative in relation to the
criteria; calculation of general weighted
estimates of alternatives; aggregation of
alternative estimates; ranking of all possible
alternatives based on total weighted scores. The
use of different MCDM methods at this stage
affects the final result of assessment.

3. Recommendations for decision-making.
The higher the overall weighted score is, the
preferable the alternative will be. The results
obtained should be further examined by
performing a sensitivity analysis to assess
stability of the results obtained.

If parties with different interests are involved
in the decision-making process, it is advisable to
use the Multi actor multi criteria analysis method
(MAMCA) [29]. In MAMCA, a hierarchical
structure of goals / objectives / criteria is formed
within the general model in the form of separate
modules for each stakeholder, which are
subsequently grouped together. This allows
stakeholder groups to create their own criteria
trees and consider which criteria are of interest
for a specific decision-making problem [4].

An Example of Using MCDM when
Choosing Green Logistics Tools

As an example of comparing various MCDM
methods, this paper presents the problem of
assessing and choosing solutions for
implementation of green logistics tools for the
transportation element of the logistics system.
The initial data for the problem being solved
were:

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 5 (96), pp. 231-240

Osintsey, Nikita A. Multi-Criteria Decision-Making Methods in Green Logistics



Defining the problem and
research goal setting

!

Determining alternatives (47)and criteria (Cj)

Identification and choice of stakeholders (experts)

Problem structuring

v

;

Data collection

Analysis of quality of data and information,
required for MCDM model

v

Choice of MCDM method (s), algorithms for calculating criteria
weights and ranking alternatives

v

Data aggregation

MCDM method

!

Selection and application of

Sensitivity (stability) analysis

Final results and their interpretation

I

Decision recommendations

______________________________________

_______________________________

Recommendations

Pic. 2. General scheme of using MCDM (developed by the author).

* System of indicators of logistics flows [3].

* System of tools for green logistics [30].

* A model for managing logistic flows [31].

* Weight coefficients of parameters and
indicators of logistics flows, as well as the results
of an expert assessment of the tools of green
logistics [32].

Pic. 3 shows a general diagram of the MCDM
model. The criteria (C1-C5) and sub-criteria
(C1.1-C.5.3) of the model are five groups of
parameters and 15 indicators of logistics flows
[3], alternatives (A 1-A12) are the tools of green

logistics of the transportation element of the
logistics system [31].

The ranking of green logistics tools
(alternatives A1-A12) is performed using eleven
different MCDM methods: SAW (Simple
Additive Weighting) [33]; TOPSIS (Technique
for the Order of Preference by Similarity to Ideal
Solution) [22]; PROMETHEE (Preference
Ranking Organization Method for Enrichment
Evaluations) [34]; COPRAS (Complex
Proportional Assessment) [35]; ARAS (Additive
Ratio Assessment) [36]; WASPAS (Weighted
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Parameters and indicators of logistics flows

Green logistics tools

Goal . X
in green supply chains
Profit (Ci.1)
Ect()(r;(;x)nic Operating expenses (Ci.2)

:\ Using sustainable modes of transport (A1) i

Fixed asset investments (C1.3)

Use of intermodal technologies (A2)

Energy intensity of logistics flows (Cz.1)

Use of environmentally friendly vehicles

| i |[Energy-ecological (A3)
(C2) Greenhouse gas emissions (C2.2) Choosing of vehicles with a larger cargo
P capacity (A4)
=) i
3 i : j
£ Safety of cargo transportation (C.) Use of environmentally friendly fuels (A5) :
P ;
a H+  Qualitative | —Timeliness of cargo transportation (C3.2) Ensuring the technological unity of the
£ (C3) - transport and warehouse process (A6)
5] Flow control coefficient (C33)
o
Y Optimisation of vehicle routes (A7)
S
S
& Coefficient of uneven flow (Ca.1) L .
-% Optimisation of vehicle speed (A8)
§ Statistical | | Flow structure complexity coefficient (Cs.2)
(€4 Flow discreteness coefficient (Ca3) Eco driving (A9)
_‘Flow differentiability coefficient (C4.4) l : Consolidation of cargo flows by directions .
(A10) ]
Flow mass (Cs.1) ; Optimisation of the structure of cargo flows| !
Physical ; (A11) ;
Lif (controllable) |—-Flow speed (Csy>) } 1
(C5) ; Operational management of material flow |
Flow route length (Cs3) : / parameters (A12) i

Fuzzy AHP

Pic. 3. Scheme of the model for ing management decisit

Aggregated Sum Product Assessment) method
[37]; MAIRCA (Multi-Attributive Ideal-Real
Comparative Analysis) [38]; EDAS (the
Evaluation based on Distance from Average
Solution) [39]; MABAC (Multi-Attributive
Border Approximation Area Comparison) [40];
CODAS (COmbinative Distance-based
Assessment) [41]; MARCOS (Measurement of
Alternatives and Ranking according to
Compromise Solution) [42]. The calculation
methods and the stages of implementation of
each method can be found in the referenced
scientific literature.

The initial decision-making matrix (X)
includes alternatives 4 = {4 p A2, ..., A m}, the
assessment of which is performed according to
the criteria C = {C, C,, ..., C }.

Cl C2 500 Crr
Al Xy Xpo o Xy,
X=4%, x, - x, ) (1)
Am Xt Xm2 7 X

where m — the number of alternatives equal to
12;

SAW, TOPSIS, PROMETHEE, COPRAS,
ARAS, WASPAS, MAIRCA, EDAS,
MABAC, CODAS, MARCOS

on the choice of tools for green logistics (developed by the author).

n — the number of criteria equal to 15,

xij — assessment of the value of the i-th
alternative 4 according to the j-th criterion C.

The values of the weighting coefficients of
the criteria C1.1-C.5.3 were calculated by the
fuzzy AHP method (Pic. 4), the results of an
expert assessment of alternatives are presented
in Table 1 [32]. The value of criteria C1.1, C1.3,
C3.1, C3.2, C3.3, C5.1, C5.2 tends to the
maximum («benefit» group), criteria C1.2, C2.2,
C2.2, C4.1, C4.2, C4.3, C4.4, C5.3 tends to
a minimum (group «expensesy).

Using the data in Table 1 and Pic. 4, the
calculation of the normalised decision-making
matrix and data aggregation are performed in
accordance with the selected MCDM methods.
The results of ranking alternatives using eleven
MCDM methods are presented in Table 2 and
Pic. 5.

The analysis results show that the most
preferred alternative is A1 which is the «use of
intermodal technologies and multimodal
transportation» (ranked first within all eleven
methods), the least preferred alternative is A5
which is the «use of environmentally friendly
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Pic. 4. Weight coefficients of indicators of logistics flows [32].

Table 1
Initial decision-making matrix [32]

Cl.l [ Cl2 | C13 | C2.1 | C22 | C3.1 | C32 | C33 | C41 | C42 | C43 | C44 | C5.1 | C52 | C53

ALC,
(max) | (min) | (max) | (min) | (min) | (max) | (max) | (max) | (min) | (min) | (min) | (min) | (max) | (max) | (min)
Al 3,302 | 4,309 | 4,642 | 4,309 | 5,000 | 2,000 | 1,260 | 3,302 | 2,000 | 2,520 | 2,289 | 2,289 | 2,884 | 2,884 | 3,302
A2 4,309 | 3,557 | 4,000 | 4,642 | 4,309 | 3915 | 3,915 | 3,634 | 3,634 | 3,684 | 3,420 | 2,466 | 2,289 | 3,634 | 3,915
A3 | 2289 | 3,175 | 3,557 | 3,634 | 4,642 | 2,000 | 1,817 | 2,080 | 1.817 | 2,000 | 1,817 | 2,289 | 2,289 | 2,289 | 2,080
A4 3,302 | 3,915 | 2,924 | 4,000 | 4,217 | 2,000 | 2,000 | 1,817 | 3,420 | 2,289 | 4,309 | 2,289 | 4,000 | 2,000 | 1,260
AS 3,302 | 3,634 | 1,817 | 3,634 | 3,557 | 1,000 | 1,000 | 1,000 | 1,587 | 1,260 | 1,260 | 1,260 | 1,000 | 1,587 | 1,000
A6 | 2714 | 3915 | 2,884 | 2,884 | 2,884 | 3,302 | 4,309 | 4,309 | 4,309 | 2,289 | 2,080 | 2,080 | 2,000 | 2,884 | 2,080
A7 2,520 | 3,302 | 1,817 | 2,621 | 2,884 | 1,817 | 2,884 | 3,634 | 2,289 | 2,289 | 2,080 | 2,289 | 1,442 | 2,520 | 3,107
A8 2,466 | 2,884 | 1,260 | 2,080 | 1,442 | 1,587 | 2,884 | 2,000 | 2,000 | 1,442 | 1,587 | 1,817 | 1,587 | 5,000 | 1,817
A9 1,587 | 2,289 | 1,000 | 2,080 | 2,621 | 1,000 | 1,587 | 1,817 | 1,587 | 1,442 | 1,442 | 1,000 | 1,260 | 2,884 | 1,442
AlO0 2,621 | 3,175 | 1,260 | 3,000 | 3,000 | 2,289 | 2,884 | 3,302 | 2,714 | 3,634 | 2,714 | 3,915 | 4,309 | 2,884 | 3,175
A1l | 3,175 | 2,884 | 1,587 | 2,884 | 2,621 | 2,289 | 3,175 | 3,634 | 3,175 | 5,000 | 2,289 | 2,884 | 3,000 | 3,420 | 2,080
Al12 | 2,289 | 2,884 | 1,587 | 3,000 | 3,000 | 2,621 | 4,309 | 4,309 | 4,309 | 3,915 | 3,302 | 3,557 | 2,884 | 3,634 | 3,302

fuels and lubricants (fuels)» (ranked 12" within
10 methods of 11). The discrepancy in the rank
in the alternatives is explained by the use of
different algorithms and methods for normalising
the initial decision matrix and data aggregation
in the methods, as well as by the presence of
many alternatives with a small difference in the
estimates between them.

To determine the relationship between the
ranking results obtained using various MCDM
methods, Spearman’s rank correlation coefficient
is used [43] (Table 3).

Even though the considered MCDM methods
use different methods of data normalisation and
aggregation, a high correlation was achieved when
ranking alternatives (the overall correlation
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Table 2
Results of ranking alternatives by different MCDM methods

MCDM Alternatives (green logistics tools)
method Al A2 [A3 (A4 [A5 A6 |A7  [A8  |A9 [Al0 [All  [AI2
SAW 0,610 [0,751 [0,529 [0,595 [0,437 [0,694 [0.584 [0,672 |0,514 0,662 |0,686 |0,682
7 1 10 8 12 2 9 5 11 6 3 4
TOPSIS 0,079 [0,103 [0,060 |0,082 [0,053 [0,096 [0,074 [0,094 |0,066 0,096 |0,102 |0,095
8 1 11 7 12 4 9 6 10 3 2 5
PROMETHEE |-0,046 | 0,155 [-0,140 [-0,053 [-0,262 [0.128 [-0,031 0,091 |-0,156 |0,080 |0,126 |0,108
8 1 10 9 12 2 7 5 11 6 3 4
COPRAS 81,33 |100,00 [ 70,28 [79,18 [56,29 [91,38 [75,62 [86,95 |6573 |87,39 |89.88 |89,71
7 1 10 8 12 2 9 6 11 5 3 4
ARAS 0,613 [0,755 [0,530 [0,598 [0,427 [0,690 [0,573 [0,659 |0,498 0,660 |0,680 |0,678
7 1 10 8 12 2 9 6 11 5 3 4
WASPAS 0,344 [0,423 0,299 [0,336 [0,245 [0392 [0330 [0377 [0,287 |0374 [0,388 |0,385
7 1 10 8 12 2 9 5 11 6 3 4
MAIRCA 0,035 [0,051 [0,028 [0,035 [0,019 [0,049 [0,036 [0,046 |0,027 0,045 |0,048 |0,047
8 1 10 9 12 2 7 5 11 6 3 4
EDAS 0,498 [0,843 [0,313 [0,473 [0,053 [0,721 [0,412 [0,585 [0,183 |0,646 0,690 |0,691
7 1 10 8 12 2 9 6 11 5 4 3
MABAC -0,014 {0,170 [-0,101 |-0,020 [-0,212 | 0,146 [0,000 [0,112 |-0,115 [0,102 |0,144 |0,127
8 1 10 9 12 2 7 5 11 6 3 4
CODAS -0,098 0,617 [-0,620 [-0,037 [-0,552 0,111 [-0,247 0,493 [0,002 |0,126 |0,128 |0,090
9 1 12 8 11 5 10 2 7 4 3 6
MARCOS 0,566 |0,696 [0,491 [0,552 [0,406 [0,644 [0,542 [0,623 [0477 0,615 [0,637 |0,633
7 1 10 8 12 2 9 5 11 6 3 4
SAW
g
MARCOS TOPSIS

PROMETHEE --A2

MABAC /- COPRAS

MAIRCA WASPAS

Pic. 5. Results of ranking green logistics tools using eleven MCDM methods.
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Table 3
Spearman’s rank correlation coefficient (results obtained by the author)
5

1%} 5| 2} 2 < Q %) A

MCMD = z & p 2 & 9 2 5 = S

method | & S > 5 % < = A < S =

= 2 @) B2 = = © s

Ay
SAW 1,000 | 0,930 | 0,979 | 0,993 | 0,993 | 1,000 | 0,979 | 0,986 | 0,979 | 0,818 | 1,000
TOPSIS - 1,000 | 0,909 | 0,951 | 0,951 | 0,930 | 0,909 | 0,930 | 0,909 | 0,881 | 0,930
PROMETH-| - -

EE 1,000 | 0,972 | 0,972 | 0,979 | 1,000 | 0,965 | 1,000 | 0,797 | 0,979
COPRAS B B B 1,000 | 1,000 | 0,993 | 0,972 | 0,993 | 0,972 | 0,804 | 0,993
ARAS B B B B 1,000 | 0,993 | 0,972 | 0,993 | 0,972 | 0,804 | 0,993
WASPAS B B B B B 1,000 | 0,979 | 0,986 | 0,979 | 0,818 | 1,000
MAIRCA B B B B - - 1,000 | 0,965 | 1,000 | 0,797 | 0,979
EDAS B B B - a - - 1,000 | 0,965 | 0,783 | 0,986
MABAC B B B - - - - - 1,000 | 0,797 | 0,979
CODAS B B B a a a a - a 1,000 | 0,818
MARCOS B B B - a a a a a - 1,000

coefficient was 0,949). SAW, MARCOS and
WASPAS methods are fully consistent with each
other and have the highest mean correlation
coefficient among all methods, equal to 0,9688. The
least consistent method is CODAS (mean correlation
coefficient is 0,829). The difference in ranks is
described in the literature [44; 45] and is justified by
the use of various methods of data normalisation (for
example, vector or linear normalisation).

The obtained results of ranking the tools of
green logistics can be used to make management

decisions to increase sustainability of the
transportqtion element of the green supply chain.

CONCLUSION

The article examines the application of
multi-criteria decision-making methods
(MCDM) in green logistics and management
of green supply chains, shows the features of
application of the methods and substantiates
the need for their use in supply chain
management.
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The developed combined MCDM model for
assessing and choosing solutions for
implementation of green logistics tools includes
12 alternatives and 15 criteria. The criteria weight
was calculated using fuzzy AHP, ranking of
alternatives was performed by eleven MCDM
methods (SAW, TOPSIS, PROMETHEE,
COPRAS, ARAS, WASPAS, MAIRCA, EDAS,
MABAC, CODAS, MARCOS).

The calculated example of comparing eleven
MCDM methods showed a high correlation of
the results (correlation coefficient was 0,949).
The most consistent are SAW, MARCOS and
WASPAS methods, the least consistent are
CODAS methods. According to the calculation
results, the preferred alternative is the «use of
intermodal technologies and multimodal
transportation» (A1), the least preferred
alternative is A5 which is the «use of
environmentally friendly fuels and lubricantsy.

Further research can be related to development
of a hybrid MCDM decision-making model for
the choice of green logistics tools in supply
chains, considering the interests of various
stakeholders.
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Second part of the report of O.A. Struve
at the solemn general meeting of the
members of the Imperial Russian
Technical Society dedicated to the 75"
anniversary of Russian railways. Many
issues of transport accessibility and
availability are still relevant.
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110 years ago, the discussion referred
to social significance of suburban traffic
and the participants in the debates tried
to make the introduction of new vehicles
economically sound. Alternative energy
sources were also under consideration,
though electricity was compared rather
to steam than to diesel engine.
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News from the archives

The final part of the article, first published in Rail Business [Zheleznodorozhnoe Delo]
Journal 110 years ago, introduced to the readers the report of O. A. Struve, presented at the
Solemn General Meeting of the members of the Imperial Russian Technical Society on April
15, 1911, on the occasion of the seventy-fifth anniversary of the emergence of railways in
Russia, chaired by the Honorary Chairman of the Society His Imperial Highness Grand
Prince Alexander Mikhailovich.

The second part of the report refers to always relevant issues of calculation of transport
accessibility of the regions and connectivity of the country, of cooperation and not competition
between railways and water transport, social or commercial nature of investments in transport
infrastructure. As figuratively noted the author of the report, «there is no any doubt that each
rouble invested in construction of railways while it is a rouble buried in the ground add the value
to this ground by much more than this rouble costsy.

The first part of the report was published in the previous issue of the journal (Vol. 19,
Iss. 4 (95)).
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Keywords: railway, history, railway density, connectivity.

he railway network of a given country can On this basis, the side of the cell of the
be imagined in the form of a certain network will be determined:
schematic regular network consisting of

a number of mutually perpendicular lines |For France as 22,5km

forming rectangular square cells, provided that | For Germany as 18,5 km

the total length of these lines equals the length | For England as 16,9 km

of the railways of a given country, and the space | For Austria as 30,0 km

covered by them would correspond to the area

the same country. finally, for European Russia, excluding northern

The larger or smaller size of the side regions, as 140 versts or 148 kilometres.

of such a cell will serve as a visual indi- This size of the sides of a schematic cell
cator of the density of the network. can, of course, only with some approximation

A simple calculation shows that the serve as a comparative measure for assessing
side of such a cell, expressed in kilome- the average distance of a horse-drawn carriage
tres or versts, is equal to 200 divided by  to the railways (which, theoretically speaking,
the network density factor, i.e. by the would be equal to one-sixth of the side of the
length of roads per 100 sq. versts or kilo-  cell), but still these figures eloquently indicate
metres. the need for significant thickening of our
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network and its further expansion and
development.

However, the provision of Russia with
railways in some of'its parts is far from uniform.
Leaving aside the vast expanses of Siberia, the
Central Asian region, and the Steppe Territory,
where the existing and projected main railroads
should serve as the basis for the future railway
network, we will only note that even within
European Russia, railway availability varies
greatly as per individual regions. The least served
are the Upper Volga and Kama Territory, which
is quite natural, since the water system is
significantly developed in it, and therefore this
land, in terms of the time it was divided by
railways, had to give way to areas that are less
rich in terms of waterways. But nevertheless, the
time has come now for it also, the time when the
construction of railways must be considered
absolutely urgent.

In the rest of European Russia, it is possible
to note, mainly, two wide bands, less served, both
stretching from the north-east to the south-west.
The axis of the first, eastern, strip stretches
approximately from Simbirsk to Novorossiysk,
the second, western, from Vologda through
Mogilev to Rovno. Between them there is a more
serviced strip oriented from Moscow to
Yekaterinoslav.

Obviously, in the most graphic way, the
degree of railway service in European Russia in
parts could only be depicted by physical means.
For this purpose, the interdepartmental
Commission formed under the Ministry of Ways
of Communication for development of a program
of railway surveys for the coming years has
published cartograms, that were allocated by
Organising Committee a place at the anniversary
exhibition. They indicate, more fully than any
report, the relative intensity of railway services
in individual provinces.

We have already noted how widely the
railway construction should still progress in order
for Russia to equalise with neighbouring states
in this respect.

The figures given by us could not but seem
impressive and the task is gigantic.

But if we remember that 2 050 versts were
built during first twenty-five years, 22 250 versts
during second, and 36 415 versts during third
twenty-five years, which is now being completed,
then there can be no doubt that the fulfilment of
the planned major task will be within the
capabilities of our vast Fatherland.

We must not forget that vast areas are still far
from the railway tracks and cannot come out with
their still untouched wealth to the world market at
the excessive cost of transportation expenses. From
the common space of European Russia of4 227 000
sq. versts, excluding areas north of the 62" parallel,
terrain with a total surface of 1 780 000 sq. versts
or 42 % are further than 30 versts from the railways,
terrain of the surface of 1 120 000 sq. versts or about
25 % are further than 50 versts.

Indeed, we still suffer from the excess of
distance.

Some point out the water-rich river routes, as
a mighty opportunity for transportation of bulk
cargo; however, one of the main conditions for
the broad development of industry and trade are
the routes ensured by the continuity of action,
and here, namely, the railways should act as allies
of the river routes, working together for the
benefit of common goals.

When for the first time mankind began to
have at its disposal a new powerful instrument
of transportation — the railway, which opened
communication routes in directions not
predetermined by nature, but chosen for
considerations conform with emerging needs, it
is quite understandable that all efforts, all costs
were directed towards the creation of these new
land communications.

These paths did not stop in front of mountain
barriers and manual streams, they worked
continuously, awakening productive forces
everywhere, creating trade, raising the welfare
of'the region. Having ploughed up the fields lying
in vain, raising the mountain wealth hidden in
the bowels of the earth, opening up access to new
sales markets, the railways created a previously
unheard-of totality of cargo, which in the end
was unbearable for them. And then the temporarily
forgotten waterways rushed to their rescue.

The need for enhanced arrangement and
development of waterways was a direct
consequence of the tremendous cultural work of
the railways, and we see that in the west serious
concerns now refer to expanding old and creating
new water communications. The same should be
with us, and our railways will create a need for
movement of an enormous abundance of goods,
and waterways, already now being prepared for
the tasks ahead of them, will come to their aid,
not in the form of rivals to the railways, but as
an allied force.

In conclusion, let me touch on one issue.
There are fears that widespread railway
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construction may threaten the financial well-
being of the country, that the capital spent on
construction of railways will not pay off and will
require annual surcharges, that railway losses
will have to be covered from other resources,
from tax funds.

But is it correct to evaluate railways with a
measure applied to commercial enterprises, to
proceed from the scale of their self-sufficiency?
Are they not rather a means for a broad rise in
the general welfare of a vast state economy, a
means like a special access way built for a large
industrial enterprise, without which the enterprise
could not develop, could not extract income from
the sale of its products, due to the impossibility
or because of a high cost of their delivery to the
markets?

It is enough to dwell on one consideration.
As mentioned, within European Russia, in its
part to the south of parallel 62°, passing
approximately through Petrozavodsk,
Shenkursk, Yarensk, areas with an area of up to
1 120 000 sq. versts, are located at a distance
of 50 versts and more from the railways.
Assuming that with development of the railway
network, these areas will, to a greater or lesser
extent, be included in the sphere of direct
influence of the railway track, that, finally, in
this case, an increase in the value of land will
occur, on average, by twenty roubles per tithe,
and the total increase in land value would be
expressed as the sum in 2 240 million roubles,

i.e. would be equivalent to the cost of building
more than 40 000 versts of railways.

It would seem that the task of the railway
financial policy should, among other things, be
that this increment in land value caused by
railway construction is taken into account in one
way or another in the railway balance.

In any case, there is no doubt that the rouble
spent on construction of railways is, as it were,
a rouble, although buried in the ground, but
increasing its value by more than its own price.

We celebrate today the seventy-fifth
anniversary of the first Imperial Decree, which
bestowed upon Russia the first railway and set it
on the path it has followed steadily since then.
May it be allowed to express on behalf of the
Railway Department of the Imperial Russian
Technical Society firm confidence that in the next
twenty-five years our railway network will
powerfully develop and expand so that on the day
of'the solemn celebration of the centenary railway
anniversary, those who are destined to meet, God
willing, in the vast hall of the renovated building
of the Imperial Russian Technical Society, could
proudly note the further mighty growth of our
network and its enormous importance for the
cultural upsurge and well-being of our dear
Motherland (prolonged applause).

0. A. Struve
Zheleznodorozhnoe delo |Rail Business),
1911, Iss. 17-19, pp. 124-128) @
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News from the archives

A note in Zheleznodorozhnoe delo [Rail Business] journal published in 1911 offered
to its readers news about first feasibility study commissioned to build self-propelled
cars or, in modern terms, railcars. It was supposed that several models with different
engines (including electrical one) will be tested. Despite long discussions about
economic efficiency of such vehicles as compared with ordinary multi-coach trains,
one could witness rational declarations about their suitability for suburban and city
transportation on the routes with smaller passenger turnover.

Keywords: history of transport, self-propelling coach, railcar, suburban traffic.

special commission formed under the

Ministry of Railways, under the

chairmanship of a member of the
Committee of the Management of Railways,
N. K. Hoffman, completed the development of
technical conditions that must be met by the new
self-propelled cars proposed for construction.
Initially, it is planned to order 10 self-propelled
cars with different engine systems (electric,
steam and internal combustion). After testing,
self-propelled cars with a better engine system
will be ordered for the needs of state railways
both for servicing suburban traffic and for

replacing local trains with them in those areas
where the appointment of individual trains seems
to be unprofitable («Vestnik putei soobshcheniyay,
Iss. 5, 1911).

We welcome this initiative, which was prob-
ably undertaken thanks to the initiative of Mos-
cow—Vindau—Rybinsk Railway Society, which
arranged the same two-carriage train to be used
for traffic, as an experiment, on its Tsarskoye
Selo line, with a battery electric motor.

As for the Imperial Russian Technical Society,
the first report in VIII Department of our Society
on steam self-propelled cars was made by
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Rzhev station of Moscow-Vindau railway.

N. L. Tchaikovsky back in 1881, on October 21,
i.e. more than 29 years ago (see «Zheleznodoro-
zhnoe delox» of 1882, p. 3). This was the first type
of separately riding cars for short branch lines and
main lines. Such cars in Russia have not received
wide distribution, mainly due to our exclusive
view of passenger traffic, in terms of its unprofit-
ableness, and of passengers as cargo to be trans-
ported, if possible, without loss, and not as indi-
viduals who conduct the whole life of the country,
including formation of real cargo, the transporta-
tion of which is profitable for the railways. The
aforementioned exceptional view requires large
trains to reduce unprofitability, while the conve-
nience of the population, in general, increases with
the grown number of trains per day and with their

distribution by hours of the day in accordance with
local interests. Establishing the most successful
correspondence in implementation of these two
principles — the requirement of economy and the
requirements of life — is the subject and art of
operating railways.

«Zheleznodorozhnoe delo» contains a lot of
information about self-propelled cars and local
trains: 1883, pp. 212 and 294; 1884, p. 280; 1888,
p- 79; 1889, p. 123; 1890, p. 278; 1893, p. 443;
1896, pp. 31, 136 and 162; 1902, pp. 31, 198 and
362; 1905, p. 28; 1908, p. 73; 1909, p. 63.

(Zheleznodorozhnoe delo
[Rail Business],
1911, Iss. 8, P. 54; Iss. 25, P. 184) @
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Review of the book dedicated to the
synthesis of the systems of train traffic
control at railway stations that provide
for elimination of dangerous failures.
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* Automation of the synthesis of
interdependencies of the position of
switches and readings of traffic lights in
electrical interlocking systems.

* Influence of operating modes on the
technical condition of locomotives.
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method of traction calculations.
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Sapozhnikov, VI. V. Synthesis of Systems of Train Traffic
Control at Railway Stations Eliminating Dangerous Failures.
Moscow, Nauka publ., 2021, 229 p. ISBN 978-5-02-040877-7.

The article provides a short review of the just published
book by Professor VI. V. Sapozhnikov entitled «Synthesis of
Systems of Train Traffic Control at Railway Stations Eliminating
Dangerous Failures».

The book covers the basics of the synthesis of safety train
traffic control systems at railway stations. Control systems at
the stage of abstract synthesis are represented in the form of a

World of Transport and Transportation, 2021,
Vol. 19, Iss. 5 (96), pp. 248-250

Review of the Book «Synthesis of Systems of Train
Traffic Control at Railway Stations Eliminating
Dangerous Failures»

Russian University of Transport, Moscow, Russia.

set of multitudes of finite state machines, the implementation of
which excludes the conditions for occurrence of dangerous
failures and, accordingly, for occurrence of catastrophic
disruptions in work, causing threats to passengers and
transported goods.

The book is recommended to developers of systems of
control of responsible technological processes, computer-aided
design systems, testing, technical diagnostics and monitoring
of automation devices in transport and industry, as well as to
the students, Ph.D. students, academia, specialists in the field
of synthesis of control systems.

Keywords: train traffic control, railway stations, failures, synthesis of control systems.
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large number of works devoted to the

problems of building safety control

systems in transport and in industry have
been published since the inception of methods
for their synthesis, both on a relay and on a
microelectronic and microprocessor basis up
to the present time. Technologies and element
base are constantly being improved, moving
forward in conformity with scientific and
technological progress. Both the components
and the methods of implementation of devices
based on them are changing, their dimensions
are decreasing, the thresholds of the elements
are diminishing, etc. Those large devices that
half a century ago performed the simplest
operations of turning on or off control objects
are being replaced by devices that are
sometimes difficult to be distinguished with
the naked eye. Humanity is moving from
implementation of low-functional devices to
multifunctional ones, capable of being placed
in a space of minimal volume. The effect of
progress should be emphasized in the field of,
for example, microelectronics: movement of
trains at a railway station may well be
controlled by a modern smartphone instead of
a whole installation of electrical interlocking.
Another question, of course, is provision of
reliable and safe execution of control
algorithms using miniature technology!

In the autumn of 2021, a book, unique in its
content, was published, written by our compa-
triot and a prominent scientist in the field of
railway automation and remote control. Honored
Scientist of the Russian Federation, D.Sc. (Eng),
Professor Vladimir Vladimirovich Sapozhnikov
(Pic. 1), who made a colossal contribution to
development of methods for the synthesis of
reliable and safe control systems in transport
industry. The book was entitled «Synthesis of
Systems of Train Traffic Control at Railway Sta-
tions Eliminating Dangerous Failures» (Pic. 2)
and covered the fundamentals of abstract and
structural synthesis of control systems at railway
stations.

It should be noted that in a large number of
countries, railway networks are fragmented into
stations and hauls. At the stations, in contrast to
the hauls, there is a track development, railway
switches are installed, and all the main operations
are performed with cars, locomotives, trains. That
is why the most important issue is to organise
traffic control at the station. On the haul, this
process has by now been brought to automatism:

Pic. 1. Vladimir Vladimirovich Sapozhnikov (1940-2020),
author of the book.
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Pic. 2. Cover of the book «Synthesis of Systems of Train Traffic
Control at Railway Stations Eliminating Dangerous Failures».

traffic lights are actually switched by moving
trains themselves. To regulate the movement of
trains, shunting trains and locomotives at
stations, the technical means of railway
automation and remote control are used, which
are enacted by the station attendants (in a number
of systems, auto-action modes are provided).
Control systems are implemented in such a way
as to exclude both impact of human factor on
safety of algorithm execution and the influence
of external and internal destabilising factors.
Thus, the task of implementing circuit solutions
for reliable and safe implementation of control
algorithms for automated objects at stations is
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the most important. In the reviewed edition,
attention is focused precisely on solving this
problem.

In the book, the circuits of railway
automation and remote control are presented
in the form of single-cycle (combinational)
and multi-cycle (with memory) finite state
machines (FSMs). The scientific task of
synthesising safety FSMs is stated, such
automatic device should exclude false
influences during operations, causing
switching on of controlled objects and
performance of functions that are not included
in the algorithms. From a practical plane, the
author transfers the solution of the problem
into a theoretical one, due to the use of the
algebra of regular events. And the dangerous
transitions from state to state themselves are
excluded at the stage of abstract synthesis of
the FSM.

The most important provision (the theorem
on safety automata) for the theory of synthesis
of safety control systems in the form of finite
automata is formulated: there are no dangerous
failures in operation of a FSM if and only if for
all false transitions S, — S and for all false events
k the condition is satisfied:

E E NnE, =3,

8§87 (k) dany,
where £5_,; —a set of words corresponding to

false transitions of FSM from state S, to state S/;
E,, —aset of words that transfer FSM from

state S, to the states representing false events from
the set £;

E,, —asetof words that transfer the FSM

into dangerous states.

The conditions introduced by the author
based on regular expressions made it possible to
formulate algorithms for the synthesis of FSM
that exclude their transitions to dangerous states
in case of any failures, the probability of which
must be considered. To exclude dangerous
failures in the FSM, it is sufficient to prohibit all
dangerous false transitions.

The book is divided into four chapters,
covering the following main topics:

1.Basics of synthesis of FSMs eliminating
dangerous failures.

2.Basics of synthesis of circuits on a relay
basis eliminating dangerous failures.

3.Basics of abstract synthesis of electrical
centralised interlocking.

4.Basics of structural synthesis of electrical
centralised interlocking.

For each chapter, the author offers brief con-
clusions that focus the reader’s attention on the
main provisions that determine the features of
the analysis and synthesis of safety FSMs and
circuits for electrical centralised interlocking of
switches and signals.

It is noteworthy that the results described by
the author in the book are not tied to a specific
element base, and all considered implementations
are in fact examples of synthesis of control cir-
cuits on a relay basis and on the simplest gates.
The described theoretical foundations are not
only relevant for the current stage of develop-
ment of the transport industry but will also be in
demand in the future. It is difficult even to cover
the period during which this book will still «re-
main modern». Moreover, the theoretical founda-
tions described in the book can be easily ex-
tended to other practical applications both in the
transport sector and in the industry.

Based on practical experience, it should be
noted that this publication will be useful to en-
gineers and developers of safe control and
monitoring systems. Using the materials of this
book would help to solve a large number of ques-
tions. Currently, a number of engineers and de-
velopers are forced to repeat the path already
taken by the author, although it is more correct
to use the accumulated experience and enhance
the results shown in the book.

The book of Professor V. V. Sapozhnikov
«Synthesis of Systems of Train Traffic Control at
Railway Stations Eliminating Dangerous Fail-
ures» is recommended for reading not only by
engineers, developers, students, Ph.D. students
and academic staff in the field of railway automa-
tion and remote control, but also by specialists in
the field of synthesis of control systems in other
railway, transport and industrial sectors. °
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Gordon, M. A. Methods and algorithms for
automating the synthesis of interdependencies of
the position of switches and readings of traffic lights
in electrical interlocking systems. Abstract of Ph.D.
(Eng) thesis [Metody i algoritmy avtomatizatsii
sinteza vzaimozavisimostei polozheniya strelok i
pokazanii svetoforov v sistemakh elektricheskoi
tsentralizatsii. Avtoref. dis... kand. tekh. nauk).
St. Petersburg, PSTU publ., 2021, 16 p.

The main goal of the dissertation research is to
improve the methods and algorithms for automating
the synthesis of the interdependencies of the position
of switches and signal indications within the routes of
electrical interlocking (EC).

The scientific novelty of the dissertation research
is as follows:

* A digital model of the table of dependence of the
position of switches and signal readings of traffic lights
in routes (TVZ) was proposed, which allows storing
all information about the dependencies of EC of the
station.

» Methods for automated synthesis of TVZ based
on a digital model of a schematic plan have been
developed, which make it possible to reduce the cost
of its creation by 10—12 times.

* The features in the EC dependencies at docking
stations of various types of traction current are
described and algorithms for the automated synthesis
of TVZ at such a station are developed.

» Algorithms for the automated synthesis of
tables of preliminary tests, individual «no-load»
tests, tests during complex testing, included in the
electronic test log (ETL), using templates have been
developed.

* A block diagram of a digital model of functional
verification of projects of EC systems was designed
based on a universal electronic format of technical
documentation.

The following main results were obtained in the
work:

— It was found that a large number of errors in
projects of railway automation and telemechanics
(RAT) can be avoided with development and
implementation of effective computer-aided design

systems and automated examination of design
solutions.

It was found that for information compatibility of
various tasks in the automation and telemechanics
departments of JSC Russian Railways, it is necessary
to formalize the submission of project documentation,
to create a universal electronic format for technical
documentation (UEF TD).

— The data structure of electronic TVZ in UEF TD
is proposed, presented in the form of five elements.
The composition and requirements for the algorithms
for the automated synthesis of TVZ are determined.

— An algorithm for automated synthesis of the
route table using a digital model of the station topology
in the form of a directed graph, developed on the basis
of the depth-first search method, made it possible to
ensure the correctness and completeness of the set of
possible routes.

— Using the pattern search method, algorithms
have been developed for the automated synthesis of
cases of additional closure of switches and oversized
switch-track sections and a table of interdependence
of readings. This ensures that the templates are
adjusted at the level of the initial data without changing
the algorithms.

— A separate type of station is a docking station of
various types of current, the features of the
dependencies of the EC system of which have not been
previously described anywhere. At such stations, the
EC additionally controls the type of current (direct or
alternating) in the contact network. A method for
formalizing TVZ docking stations based on the
formation of a second-level graph of overhead contact
network elements is proposed.

— Experimental studies have shown that the use
of the proposed methods and algorithms for the
automated synthesis of TVZ can increase labour
productivity by 10—12 times.

— Carrying out a check of technical documentation
requires maintaining an ETL, which must include the
test tables necessary for a particular station and can
store the reference values of checks. This log can
also be used during commissioning. The proposed
algorithms for the synthesis of ETL tables substantiate
the completeness of the necessary checks for
examination by the fact that they are developed based
on standard test methods for a specific EC system,
which describe the necessary and sufficient list of
tests.

— The developed scheme of a digital model for
functional verification of projects of EC systems based
on UEF TD allows checking the technical
documentation of the project for compliance with
regulatory documents and check the operability of
circuit solutions.

05.22.08 — Management of transportation process.
The work was performed and defended at Emperor
Alexander I St. Petersburg State Transport University.

Khromov, I. Yu. Analysis of the influence of
operating modes on the technical condition of
locomotives. Abstract of Ph.D. (Eng) thesis [4Analiz
viliyaniya rezhimov ekspluatatsii na tekhnicheskoe
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sostoyanie lokomotivov. Avtoref. dis... kand. tekh.
nauk]. Moscow, RUT publ., 2021, 24 p.

A significant and most large-scale change in the
railway complex within the framework of the reform
is separation of the operation function and the function
of technical maintenance and repair (TMR) of
locomotives, to support the activities of which, the
following subdivisions have been created: the Traction
Directorate (CT) — a branch of JSC Russian Railways
and the Traction Rolling Stock Repair Directorate
(CTR) — a branch of JSC Russian Railways. To
improve the quality of TMR and the locomotive
operation system, since July 1, 2014, the main TMR
functions have been transferred to private service
companies (LLC TMH Service (now LocoTech-
Service) and LLC STM-Service), whose work is not
paid for the number of repairs performed, but for the
useful work of locomotives — kilometers traveled for
mainline locomotives and operating hours for shunting
locomotives. Due to this, an interest arose in increasing
the maintenance-free runs of locomotives, increasing
their useful work, improving the technical condition
of the locomotive fleet.

The objective of the study is to increase reliability
of locomotives by identifying patterns between
operating modes and the technical condition of
locomotives according to data from on-board
microprocessor control systems of locomotives for use
in automated maintenance control systems under
conditions of service repair locomotive depots.

Scientific novelty of the thesis:

— Scientifically proven or confirmed patterns
between violations of operating modes (NRE) of
locomotives and their technical condition.

— Development of improved scientifically
grounded classifier of violations of operating modes
with an indication of their possible impact on the
technical condition of locomotives.

— Development of a method for protecting
locomotives from dangerous violations of operating
modes using on-board microprocessor control systems
for the existing and expanded set of sensors for the
technical condition of locomotive equipment.

— Development of a method for automated
planning of the scope of maintenance and repair of
locomotives in the conditions of service locomotive
depots in the presence of violations of operating
modes.

— A feasibility study of the practicability of
implementing the proposed technical solutions has
been completed.

As a result of the research carried out, new
complete scientifically grounded technical and
technological solutions have been obtained, aimed at
increasing the efficiency of the functioning of the
locomotive complex of JSC Russian Railways. The
main scientific and practical results of scientific
research are as follows:

— The regularity between violations of operating
conditions and deterioration of the technical condition
of locomotives was scientifically substantiated, for
which an expanded volume of statistical data on
operation of locomotives was processed (more than

21,1 million events in 12 months at 85 service
locomotive depots) using the methods of probabilistic-
statistical and correlation analysis, which made it
possible to identify the presence of violations of the
operating modes of locomotives, significantly affecting
their technical condition. The main violations should
be considered violations associated with non-
observance of temperature regimes of coolants and
non-observance of speed regimes when following a
leading ascent. The analysis of physical processes and
correlation analysis made it possible to identify the
resulting failures or deterioration of the technical
condition, with the most susceptible to the influence
of diesel and diesel equipment of freight diesel
locomotives (for passenger and shunting locomotives,
the influence is less), traction motors and a wheel-
motor unit of main-line freight diesel locomotives and
electric locomotives, moreover, regardless of the year
of manufacture. At the same time, the correlation
coefficient between various violations and the presence
of failures ranged from 0,537 to 0,989. The average
value of the correlation coefficient for the studied
dependencies was 0,805, which makes it possible to
judge the presence of a high correlation between
violations and equipment failures. In TMR system, it
is necessary to take into account the operating modes
of locomotives.

— Based on the conducted scientific research, an
expanded classifier of typical (occurring in practice)
violations of operating modes has been developed,
indicating the consequences that they can have on
the technical condition of the locomotive. The
classifier consists of 54 violations, defined by more
than 30 locomotive series and groups of series. The
classifier has been agreed with service companies,
approved and put into effect by the Traction
Directorate of JSC Russian Railways in the
locomotive service system.

— To protect locomotives from hazardous
operating modes, a set of algorithms has been
developed that are implemented in the software of the
on-board MSU of diesel locomotives of TEP70BS
series of registration TChE «Saratov-Passazhirskoey,
2TE116U registrations TChE «Dno» and 2 (3)
TE10MK (UK) registrations TChE «Komsomolsk-on-
Amury. Algorithmic protection made it possible to
reduce the number of unscheduled repairs of protected
equipment by an average of 3 times.

— An extended set of sensors was proposed: it is
necessary to additionally monitor the temperature of
the traction electric motor (anchor, main and additional
poles), the temperature of the ambient air and vibration
acceleration of the locomotive undercarriage. The rest
of'the existing set of sensors is sufficient to control the
operating modes.

— For the automated TMR system, a method has
been developed for the practical use of data on the
operating modes of locomotives for the individual
formation of the volume of repairs for scheduled and
unscheduled types of maintenance and repair, which
is an automated workstation for a diagnostician with
the module «Correlation NP-NRE» developed for ASU
TMR of the group of companies LocoTech and put
into operation in 85 service locomotive depots.
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Based on the analysis of data for 12 months of
2018 on unscheduled repairs that occurred due to
violations of operating modes, a matrix of the impact
of violations of operating conditions on locomotives
was developed, which allows timely assessing the
most susceptible to violations of a series of
locomotives and their equipment and developing
appropriate corrective measures that are relevant in
specific study period.

The effect of implementation of the research
results is achieved by reducing the cost of unscheduled
repairs, reducing the number of violations of
operating conditions and reducing the labor intensity
in the study of NR. There are certificates on
implementation of research results.

As recommendations for further increasing
reliability of locomotives, improving their technical
condition and eliminating the negative influence of
the human factor, it is recommended to organize
continuous monitoring of the technical condition and
operating modes according to the data of on-board
MSU with remote (online) data transmission to
service enterprises for preliminary work planning
and ordering spare parts and materials, improvement
of maintenance and repair methods with a gradual
transition to repairs based on the actual technical
condition.

05.22.07 — Railway rolling stock, train traction
and electrification

The work was performed and defended at Russian
University of Transport.

Malakhov, S. V. Optimization of energy
consumption for traction of trains based on a
refined method of traction calculations. Abstract
of Ph.D. (Eng) thesis [Optimizatsiya energozatrat
na tyagu poezdov na osnove utochnennogo metoda
tyagovykh raschetov. Avtoref. dis... kand. tekh.
nauk]. Moscow, RUT publ., 2021, 20 p.

Reducing the energy consumption for traction of
trains can be achieved in several ways: development
of methods of energy-optimal rationing in cases of
manual train driving, development and
implementation of energy-optimal automatic train
driving systems, an increase in the energy efficiency
of traction rolling stock (TRS), an increase in the
energy efficiency of power supply sources, etc.

The first two directions do not require
significant investment and can be implemented
through the application of the applied part of the
theory of train traction — traction calculations.
However, the methods for performing traction
calculations until recently did not allow
simultaneously increasing the accuracy, reducing
the calculation time and reducing the need for
computing resources, which is especially important
for automatic train control or for performing many
parallel calculations. The proposed integrated
approach makes it possible to expand the
possibilities of using traction calculations in
systems requiring the solution of optimization
problems under constantly changing conditions.

Thus, the task of reducing energy consumption
for traction of trains is relevant and can be solved by
improving the methodology of traction calculations
in terms of increasing accuracy while reducing the
time spent on the calculation, which is important for
use in promising unmanned train control systems.

The objective of the dissertation is to improve
the method of traction calculation for obtaining
energy-optimal trajectories of train movement and
software implementation of the proposed method.

Scientific novelty:

a) Development of a method of traction
calculation using ANN for a train model in the form
of discrete bodies and a locomotive with discrete
traction control.

b) An efficient numerical implementation of the
optimal traction calculation method based on the
Bellman principle of optimality is proposed,
characterized in that energy-optimal trajectories are
found for all possible travel times along the section,
and adapted for ANN training.

¢) A software package has been developed for
the operational regulation of energy consumption for
traction of trains with continuous training of the
neural network.

d) The architecture was chosen and the specifics
of the placement of the neural network as an optimal
train traffic controller in an isolated software
environment for promising locomotive
microprocessor train traffic control systems was
determined.

An analysis of the methods of traction calculations
is carried out, as a result of which a conclusion is
made about the feasibility of obtaining the only best
vector of train controls. Therefore, the problem of
optimal traction calculation is formulated in order to
reduce energy consumption and a method for its
solution is determined.

A modern mathematical apparatus was selected
that is most applicable for solving the formulated
optimal problem.

An algorithm and software based on it for
performing optimal traction calculations have been
developed.

The results of traction calculations performed by
the developed software are analyzed in terms of
applicability for practical tasks. Significant limitations
of'the developed software have been identified, which
require the use of a search for new methods for
performing traction calculations.

A new improved method has been developed for
performing optimal traction calculations with
increased accuracy, with less time and computational
resources. The main advantage of the developed
method is a decrease in regulation time and a decrease
in energy in relation to simplified models, a decrease
in hardware requirements, both in stationary use and
in conditions of work on board a locomotive, as well
as continuous improvement of solutions through
additional training.

A comparative analysis of a new method for
performing optimal traction calculations with
Bellman’s method under conditions of stationary use
is carried out. The results obtained show the
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achievement of the set goals for development of an
improved method of traction calculations.

A mechanism has been developed for introducing
new software for optimal traction calculations based
on the ANN method into promising locomotive train
control systems. The developed ANN method allows
the use of unified hardware for various types of trains,
which means it can organically fit into the architecture
of promising on-board safety, control and diagnostics
devices, which ensures fulfillment of the requirements
of the digital railway concept and contributes to
fulfillment of the indicators of long-term development
plans of JSC Russian Railways directorates.

05.22.07 — Railway rolling stock, train traction
and electrification.

The work was performed and defended at Russian
University of Transport.

Morozov, E. B. Study of the interaction of a
soil massif with a screen made of a rarefied row
of piles. Abstract of Ph.D. (Eng) thesis [Issledovanie
vzaimodeistviya gruntovogo massiva s ekranom iz
razrezhennogo ryada svai. Avtoref. dis... kand. tekh.
nauk]. Moscow, RUT publ., 2021, 24 p.

The objective of the thesis is to develop a
methodology for determining optimal design
parameters of a protective geotechnical screen from
a rarefied row of piles, depending on the required
degree of reduction of additional settlement of a
nearby building.

One of the main design solutions for pit fences
in difficult engineering and geological conditions
and a high level of groundwater standing is a
monolithic reinforced concrete «wall in the ground»
of a trench type, the use of which in cramped
conditions of urban construction is complicated by
the significant impact of its design on surrounding
buildings. According to the available data, additional
settlement of buildings of surrounding development
caused by the installation of a trench under the «wall
in the ground» can reach 80 % of the total additional
settlement caused by construction of a new facility.

A possible variant of protective measures to
reduce the effect of the «wall in the ground»
arrangement on the settlements of surrounding
buildings is a geotechnical screen made of a rarefied
row of piles, the effectiveness of which for this
purpose is shown by numerical studies performed in
this thesis, according to which the settlements of the
protected building due to the arrangement of the said
screen can be reduced by 30...75 %.

The studies carried out have established that
efficiency of using a screen from a rarefied row of
piles, characterized by the efficiency coefficient K |
increases with an increase in the diameter and length
of piles and decreases with an increase in the distance
between them, the depth of the trench and its distance
from the building, as well as with an increase in the
modulus of deformation of the soil massif.

The factor analysis, based on the theory of
experiment planning, determined that the depth of
the trench being developed has the greatest influence

on efficiency of using a geotechnical screen from a
rarefied row of piles to protect buildings and
structures of surrounding development from
development of additional settlements caused by
installation of a trench under the «wall in the ground»,
its distance relative to the building foundation, the
diameter and length of screen piles, the modulus of
deformation of the soil mass and the relative axial
distance between piles have a lesser effect. When
calculating the geotechnical screen, all of the above
factors should be considered as significant.

It is shown that the use of a protective screen
from a rarefied row of piles is most effective when it
is installed to a depth of no more than 1,2 of the trench
depth and its location closer to it. The efficiency of
the screen is significantly higher in sandy soils
compared to clay soils.

Calculations have shown that the construction of
screen piles from bored piles, made with excavation,
significantly reduces the coefficient of efficiency of
its use to protect against development of additional
settlement of buildings located in the zone of
influence of construction. A screen made of metal
screw-in piles is more effective.

The established functional dependencies
(regression equations) of the efficiency coefficient of
the geotechnical screen application from variable
factors, presented in the form of nomograms, for
different soil conditions and two pile manufacturing
technologies, make it possible to significantly
simplify the selection of the main dimensions of the
protective pile structure.

The developed method for optimizing design
parameters of a geotechnical screen from a sparse
row of piles, which allows choosing such a
combination, in which additional settlements of the
building caused by development of a «wall in the
ground» of a trench type will be reduced to the
specified values while at the same time achieving the
best technical and economic indicators of the screen
in terms of consumption material.

Analytical solutions obtained using classical
solutions of soil mechanics, describing the physical
process of interaction of elements of the system
«trench — soil massif — geotechnical shield — building
foundation», can be used to check the results of
numerical calculations, as well as to perform
preliminary calculations of geotechnical screens and
additional sediment of the foundations of the buildings
they protect according to simplified schemes.

The calculation algorithm developed on the basis
of the conducted analytical studies allows, by varying
design parameters of the protective shield, to
determine their combination, in which the additional
settlement of the building caused by development of
the trench under the «wall in the ground» will be
reduced to the specified values with a minimum
consumption of materials by 1 p.m. of its arrangement.

05.23.02 — Bases and foundations, underground
structures.

The work was performed by National Research
Moscow State University of Civil Engineering,
defended at Russian University of Transport.
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Zhetesova, G. S. System mechanisms of
interaction in implementation of ESM quality
strategy in the conditions of industrial and
innovative development of the Republic of
Kazakhstan. Abstract of Ph.D. (Eng) thesis
[Sistemnie mekhanizmy vzaimodeistviya pri
realizatsii strategii kachestva ESM v usloviyakh
industrialno-iovatsionnogo razvitiya Respubliki
Kazakhstan. Avtoref. dis... doc. tekh. nauk].
Moscow, MAI publ., 2021, 44 p.

As aresult of dissertation research, the scientific
problem of developing systemic mechanisms for
implementation of a new ESM quality strategy,
based on formation of a network distribution of
responsibility of subjects of education, science, and
production, and which is of great economic
importance for industrial and innovative
development of the Republic of Kazakhstan, was
solved.

The sets of indicators have been established
within the framework of the formulated basic
strategies, considering the factors of intersectoral
influence of education, science and production based
on a cross-analysis of regulatory legal acts, program
documents of the Republic of Kazakhstan,
conclusions of domestic and foreign experts,
processing a large amount of statistical data and
identified priority areas of development.

Responsibility for implementation of a set of
joint activities and the levels of mutual influence of
the subjects of ESM triangle are formulated, the
structural elements of the process of intersubjective
interaction and the personal contribution of the
subjects to achieve the set goal, focused on the
result, are identified.

A subject-by-subject methodology for
implementation of a complex of strategic decisions
based on a qualitative analysis of risks by the levels
of their influence has been developed.

A mathematical model has been developed that
establishes the relationship between the groups of
assessment criteria and development indicators with
the following boundary conditions: development
indicators D € clusters C1, U CL, U Cl, 2 D =1,
specific weight x € D, while X x = 1, with the
principle weighting factor P, > 0,05, 2 P, = 1. A
sequence of criteria with the calculated coefficient
of multiple rank correlation of the agreement of
experts opinions is constructed 0,82.

The concept of ESM quality strategy has been
developed in accordance with the identified
principles:

» Continuing education — directed formation of
the competencies of future specialists, associated
with sustainable development of scientific research
and production.

* Collective responsibility of subjects of the
scientific, production and educational process —
training of personnel with competencies, creative
thinking and entrepreneurial skills that are in
demand in various sectors of the economy.

* Long-term planning — a consistent assessment
of the level of demand for engineering and technical

personnel, taking into account development of
sectors of the economy.

* Development of human capital — directed,
continuous and systematic development of scientific
and pedagogical personnel in accordance with the
structure of competencies required for an innovative
economy.

* Guaranteed demand — personnel training aimed
at meeting the needs of the labor market.

* Corporate governance — implementation of a
fundamentally new policy of educational
organisations in relation to separation of powers and
determination of joint responsibility of all
participants in the educational process.

* Modernisation of the educational and
production environment — purposeful bringing the
existing educational, scientific laboratories,
information resources of the educational organisation
in line with the basic needs of production.

A distinctive feature of ESM quality strategy
concept is that its application ensures distribution
of responsibility between the subjects of interaction
«Educationy, «Science», «Production» for quality
of'the final result which is cumulated human capital.

The methodology for implementation of a set
of strategic decisions within the framework of ESM
quality strategy has been introduced in 87
educational institutions of the Republic of
Kazakhstan, at 101 industrial enterprises and
research institutes of the Republic of Kazakhstan.
The sustainability of the implemented quality
strategy is confirmed by an expert assessment. The
results of the thesis are used in the educational
process in training of students, Ph.D. students and
D.Sc. students.

The developed model is sensitive to aspects of
state policy, and its further development and
adaptation in EAEU countries is proposed as
recommendations for application of the results of
thesis research.

Prospects for further research development are:

— An in-depth study of peculiarities of
distribution of responsibility with an increase in the
number of external factors.

— Expanding the field of research on
implementation of possible strategies based on
combinations of proposed solutions for six or more
lines of influence of external and internal factors.

— Detailed study of the processes during renewal
and expansion of intersubjective relationships in the
context of changes in the priority directions of the
state policy of the Republic of Kazakhstan.

— A study of flexibility and applicability of ESM
quality model in the context of a shift in emphasis
on science and production.

— A study of the possibility of transforming the
model with an increase in the subjects of interaction
and a change in its configuration.

05.02.23 — Standardisation and product quality
management.

The work was performed and defended at
Moscow Aviation Institute (National Research
University). ®
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«MOSCOW TRANSPORT»
CHILDREN’S TECHNOPARK

n September 22, 2021, Moscow Mayor
O Sergei Sobyanin inaugurated the Children’s

Technopark that got the name «Moscow
Transport», created in Russian University of
Transport (MIIT). The main task of the children’s
technological park is to identify and support talented
young people, attract schoolchildren and college
students aged 12—18 years to the transport industry
and stimulate their interest in engineering creativity.
«Today we are opening a new technological park at
the Russian University of Transport. Today’s
schoolchildren and tomorrow’s engineers of smart
and high-tech transport in Moscow and Russia will
take their courses in modern laboratories of one of
the oldest and best technical universities in the
country», the Mayor of Moscow said. Youth
technological park, created with the help of a grant
provided by the city of Moscow, implements training

in different area: in GIS-technologies, BIM-
technologies, development of intelligent transport
systems, VR and AR technologies, basics of design
and 3D design, additive technologies in design and
production. Training programs are inextricably
linked to the needs of the transport industry and the
areas of training of RUT students. In the technological
park hosts newly created laboratories of industrial
design, smart technologies in transport, water
transport, as well as a VR/AR laboratory. It is
expected that more than 9,400 schoolchildren will
attend the youth technological park annually.

Compiled based on information of the
press-centre of the Ministry of Transport of
the Russian Federation and RUT (MIIT):
https://mintrans.gov.ru/
press-center/news/10041 @
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