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Amvmutpuii MAHEPET Anekceit PASYBAEB

B cratbe paccmatpusaetcs npobriema Ce30HHO HepaBHOMEp-
HOCTU NepeBO30K 1 BVSIHWE €€ Ha 3arpy3Ky TPaHCropTHOW uHGpa-
CTPYKTYpbI. Lienbio npoBeaEHHOro nccnen0BaHus IBsSieTcs BbipaboT-
Ka Hay4YHO 060CHOBaHHbIX PEKOMEHAALMI 10 OCYLLUECTBAEHNIO MOHWN-
TOPUHIa CE30HHOV HePaBHOMEPHOCTY NEPEeBO30K 1 3arPy3kn MHGpPa-
CTPYKTYpbl Ha OCHOBE €€ aneKkBaTHOM OLEeHKWU, poBeAeHUNI0
SKOHOMUNYECKOW OLIeHKU BJINSIHNST CE30HHOCTU NepeBO30K Ha rokasa-
Tenm TeKYLLEH M UHBECTULIMOHHOM AESTESIbHOCTU XENE3HOA0POXHOrO
TpaHcnopTa; BbipaboTKe PEKOMEHAALMI 110 Aa/IbHENLLIEMY CHUXEHWIO
HepaBHOMEPHOCTY MepeBO30K U, MO KparHer Mepe, HeAoMyLeHNIo
eé pocTta. ABTopamu peLueHbl cneayrlme 3aaaqn: chopMupoBaHa
apryMeHTrpoBaHHasi, lorn4eckuv CTPYKTYpUpoBaHHas rnocsienoBsaresib-
HOCTb 9KOHOMUYECKOW OUEeHKU BJINSHNS Ce30HHOCTU NepeBo30K Ha
nokasaresn TeKyLL(eﬁ m MHBeCTML{MOHHOIZ ,aeﬂTeanocreFl XKeJsie3Ho-
AOPOXHOro TpaHcriopTta, v rnpeasoxXeHbl Hay4Ho 060CHOBaHHbIE pe-
KOMeHAaumn ans AaibHerLero CHUXeHNs HepaBHOMEPHOCTY rnepe-
BO30K (HeaonyLueHusi e€ pocTta). [pv 3TOM ncrosb30BaHb! CAeayoLme
meToasbl: ﬂOFMKO-aHaﬂMTMWeCKMﬁ, MeTo/Abl CTaTUCTU4YECKOro aHaansaa,
BKOHOMUWKO-MareMarn4eckoro mMmoaesimpoBaHns N TEXHUKO-
SKOHOMUYECKNX PACYETOB.

B pesynbTare nccsienoBaHus aBToPbl BbiSIBUIA, YTO CE30HHast He-
PaBHOMEPHOCTb 3arPy3Ku Xee3HOA0POXHOM UHPPACTPYKTYPbI MPUBO-
ANT K CHUXKEHUIO Ka4eCTBa rnepeBO30K U YXYALLIEHWIO PbIHOYHOrO nMyaxa
)KeﬂeSHOﬂOpO)KHOIZ oTpacsiv, yBeJIM4eHuro 3KCrilyataunoHHbIX pacxog0o8
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1 ce6ecToMMOCTY NePEBO30K, TO eCTb K CHUXEHUIO 3¢ GeKTUBHOCTU
n KOHKypeHTOCI'lOCOﬁHOCTM KeJIe3HbIX [0POr. HepaBHomepHocrb nepe-
BO30K HeratnBHO cka3biBaeTcs v Ha 3¢¢8KT MBHOCTU MHBeCTMLU/Iﬁ Bpas-
BUTUE XENIe3HOAO0POXHOro TpaHcroprTa.

lMpoBeaéHHbIN aHam3 No3B0INI CHOPMYINPOBATL TEOPETUYECKYIO
MOAESb BJINSIHUSI CE30HHOV HepPaBHOMEPHOCTU 3arpy3Ku Xene3HoA0-
POXHOM MHPPACTPYKTYPbI Ha 9DEKTUBHOCTL €€ NCMONIb30BaHUS 1 pas-
BuTns. [1peanoXeHHbIi B CTaTbe MEeTOANYECKNII MHCTPYMEHTapuii
OLIEHKN CE30HHOW HEPaBHOMEPHOCTY 3arpy3Ku Xesne3HOL0POXHOM
VHPACTPYKTypbI LIeNecoobpasHO MCMoNL30BaTh AJs €€ YriyOnEHHOro
PETPOCNEKTUBHOIo aHanan3a, C BbiIBJIEHNEM OCHOBHbIX d)aKTOpOB,
BJ/IAOWMX Ha rokasaresii HepaBHOMEPHOCTU, 1 ornpeaesieHneM rpe-
AeJIbHO JOoryCTUMOro YPOBHS CEe30HHOM HepaBHOMEPHOCTH.

PaspaﬁoTaHHaﬂ mozgesib BJINSHUS CE30HHOM HepaBHOMeEpPHOCTU
3arpy3kv Ha 3¢¢eKTMEHOCTb MCroJIb30BaHus N Pa3BUTUS XKeJle3HO40-
POXHOU MHGPACTPYKTYPbI O3BOSSIET OCYLLECTB/ISITE 9KOHOMUHECKYIO
OLIeHKY CE30HHOV HEPABHOMEPHOCTY, SIBIIETCS MHCTPYMEHTOM 0BbI-
LIeHNS1 9PEKTUBHOCTU MIAHUPOBAHWSI U YrPaBaeHUs NepeBo30YHOM
AesiTe/IbHOCTbIO 1 Pa3BUTVISI XKeJ1e3HbIX 10POr. CHXXeHne ce30HHOW He-
paBHOMEPHOCTY NEPEBO30K CNIEAYET PACCMATPUBATL Kak pakTop rMoBbI-
LLIEHWS] 9KOHOMUYECKOM 3 PEKTUBHOCTY HE TOJIbKO TEKYLLEN, HO U MHBE-
CTULIMOHHOW AEeATENIbHOCTN XeNe3HOAOPOXHOro TpaHcropTa, a eé
POCT — Kak CrieLpu4eckuii Buz pycka st 3 GekTBHOCTY peannsaumm
MPOEKTOB Pa3BUTVISI XENE3HOAOPOXHOI MHGPACTPYKTYPbI.
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BBEOAEHUE

HeraTtuBHoe BiusiHrE HEpaBHOMEPHOCTHU
IepeBO30K Ha DKCILIyaTallMOHHbIC Y SKOHO-
MMYECKHE ITOKa3aTeJId XKeJIe3HbIX JOPOT OT-
MeyYyajJoCh MCCHeI0OBATEJIIMU HayuHas
¢ XIX Beka u 10 coBpeMeHHOCTH [ 1—3]. DyH-
JlaMEHTaJIbHbII XapaKTep JaHHOM IMpo0JIeMbl
ObLT pacKphIT B padoTe [4]. [Tpu 3TOM 0CcOOEH-
HO 3HAYMMOI1 SIBJISIETCSI CE30HHAsI HEPaBHO-
MEPHOCTb MePeBO30K [J, ¢. 5] (CE30HHOCTD),
0], KOTOPO# MOHUMAIOT «HEPaBHOMEPHOCTh
IePEeBO30K 110 KBapTajiaM rofa 1 Mecsiam» |6,
c. 240].

Akagemuk T. C. XauatypoB oTMeyasa He-
raTMBHOE BJIMSIHUE HEPABHOMEPHOCTHU IIepe-
BO30K KaK Ha MHBECTUIIMOHHBIE, TaAK U Ha
BKCILIyaTallMOHHBIC 3aTpPaThl 3KEJIE3HbBIX 10-
por. [TepBoe CBSI3aHO € TEM, YTO «IIPUXOIUTCS
MIpeaycMaTpuBaTh... pe3epB TEXHUUYECKOTO
BOOPYKEHUSI TPAHCIIOPTa, 00YCIOBIEHHBIIA
HepaBHOMEPHOCTBIO IIEPEBO30K, YTO COOTBET-
CTBEHHO YBEJIMYMBACT IOTPEOHbIE KAITUTAI0-
BJIOXeHUs» [6, ¢. 239]. Bropoe — ¢ TeM, «4TO
B IIEPUOJIbI MAKCHUMYyMa MEePEBO30K HEPEIKO
BO3HUKAIOT TPYAHOCTU C MPOABUKEHUEM
IOE3/I0B, YTO IIPUBOIUT K 3aMeIJICHUIO MPO-
IBUXEHUST Ipy30B. Bc€ 310 cmocobCcTByeT
MOBBILIEHUIO CE0ECTOMMOCTH IIEPEBO30K» [0,
c. 239—-240]. K 2T0i1 cipaBeIMBOIi OLIEHKE
cienyet 100aBUTh, YTO 3aMeIJICHUE ITPOIBH-
JKEHMSI TPY30B BJICYET 3a COOOI U CYIIICCTBEH -
HbIe MAKPOKOHOMUYECKHUE IIOTEPU, CBSI3aH -
HBIE C «3aMOpakMBaHMUEM» 000OPOTHOI'O Kalu-
Tajia, BOILIOIIEHHOIO B MEPEBO3UMBIX TOBA-
pax, B Te4eHHe CpoKa UX MepeBo3Ku [7; 8,
c. 92].

W nmotepu, cBsI3aHHbBIE C 3aMeIJICHUEM
JIOCTaBKM TOBApOB, U MOBBILLIEHKE Ce0eCTOM -
MOCTH MepeBO30K [9] cTaHOBATCSI OCOOEHHO
3HAYMMBIMU B YCJIIOBUSIX BBICOKOT'O U CBEPX-
BBICOKOTO 3aI10JIHEHUSI IIPOITYCKHOI CIIOCO0-
HOCTH XXeJe3HBbIX NOPOT («Ieperpy3ku»,
B COBPEMEHHOI 3KOHOMMYECKON TEePMUHO-
qorum [10]). A ”MeHHO TakKasi CUTyalLusl Cy-
IIECTBYET Ha psiie KIIOYEBbIX HAIlpaBICHUI
CETU POCCUIMCKUX XKeJle3HbIX Jopor [11, ¢. 14].
EE€ npeonoseHue TpeOyeT pa3BUTHUS KeJIE3HO-
JIOPOKHOI MHGPACTPYKTYphl. KOMILIEKCHBIM
IUIAHOM MOJIEPHU3ALUK U PACIIMPEHUST Ma-
TUCTPaJIbHOM MHPPACTPYKTYpPhl IpeaycC-
MOTpPEHBI MacIITaOHbIC 3a/1a4, OXBaThIBAIO-
1IM€ BCE BUJIbI TPAHCIIOPTA, B TOM YMCJIE — JKe-
JIE3HOIOPOXKHBIN, U HalleJIEeHHbIE KaK Ha pe-
IIEHKWE CYILIECTBYIOIINX MHGPACTPYKTYPHBIX
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Mpo0JIeM, TaK ¥ Ha TO, YTOOBI OTKPHITh BO3-
MOXHOCTH TSI Pa3BUTHSI HOBBIX TOUECK KO-
HoMMueckoro pocra [12; 13].

Ananu3 KoMIiekcHoro 1jaaHa moka3blBa-
€T, YTO OH TPeOyeT CYIIeCTBEHHBIX MHBECTH -
IIMOHHBIX BJIOXKEHUI CO CTOPOHBI HE TOJIBKO
denepanbHoro 0wAXeTa, HO U PETMOHOB
(MHOTHE 13 KOTOPBIX UCITBITBIBAIOT (DMTHAHCO-
BBIE TIPOOJIEMBI ), a TAKXKE CO CTOPOHBI X031 -
CTBYIOILIMX CYOBeKTOB [14, ¢. 32—36]. B yact-
HOCTH, B JI0JTOCPOYHOI IporpaMMe Pa3BUTHS
(AITP) OAO «PKI» no 2025 rona, yBa3aHHOM
B YaCTH 3KeJIE3HOIOPOKHBIX HHPPACTPYKTYP-
HBIX TIpOeKTOB ¢ KOMIUIEKCHBIM TIJIAHOM,
MPeAyCMOTPEH CYIIECTBEHHBIN POCT MHBECTH -
muii. B cooTBeTCTBIHM ¢ 0a30BBIM CLIEHApUEM
JTIP, B 2019—2025 rogax cpenHeroaoBbie
MHBECTULIMU JOJIKHBI COCTaBUTh 0KOJI0 670
MJIpI pyO., a IO ONMTUMHUCTUIHOMY CIICHA-
puto — nopsiaka 830 mupa py6. [15]. BaxHo,
YTO YCKOPEHWE MHBECTULINIA B pa3BUTHE POC-
CUMCKUX KEJIe3HBIX JOPOT yKe Hadajach.
Ecinu B 2018 1. 06bEM uHBecTuIMii OAO
«PXKJI» cocraBun okoso 550 mipa pyo., To
B 2019 . — okozo 690 mupn [16, c. 9]. Ipu
3TOM BO3MOXKHOCTB TaKO¥ aKTUBU3AIUN WH-
BECTULIMOHHON NEeITeIbHOCTH KOMIIAaHUN
U B LIEJIOM ycTelnHOCTh peanusauuu JITP
OyIeT 3aBUCETh OT MHOXECTBa (haKTOpOB,
BKJTIOYAsT (paKTOPBI BHEIITHEM CPEIIBI, U COTIPSI-
JK€Ha C CYIIEeCTBEHHBIMU PUCKAMM, HEKOTO-
pBIe U3 KOTOPHIX YK€ MPOSIBUIINCH Ha cTapTe
peanuzauuu nporpammsl, B 2019 roay [17,
c. 16].

KoMITJIeKCHBIM TTAaHOM TIpeayCMOTpeHa
peanm3alns HanboJjiee KpYITHBIX MH(PPacTpyK-
TYPHBIX ITPOEKTOB. W 17151 pa3BuTHs OM3HEca,
1 B MHTepecax obecIieyeHUs] MOOMIBHOCTH
HaceJICHUSI CTPaHbl OHU «IOJDKHEI OBITH JT0-
TMOJTHEHBI «<HU30BOI» aKTUBU3ALIUEN Pa3BUTHS
TpaHCIIOPTHO MH(MPACTPYKTYPHI, KOTOpast
pelia 0bl TPOOJEeMbl «IMOCIEIHEN MUTU»,
MECTHBIX MepeBO30K U T.I.» [18, c. 35]. ns
TaKUX IIPOEKTOB HYXHBI JOIOJHUTEIbHEIC
WHBECTUIINH, B TOM YUCJIC — YaCTHEIE, TIPU-
BJIEUEHUE KOTOPHIX TPEOYET COOTBETCTBYIO-
IIMX MHCTUTYIIMOHAIBHBIX YCIIOBUIA.

YauThIBast, YTO MHBECTUIIMOHHBIC PECYPCHI
BCeTI/Ia SIBJISTIOTCST OTpaHUMYCHHBIMU (3TO CBO¥-
CTBEHHO BCEM KOHOMUYECKUM Ojaram [19,
c. 103—108]), BaxkHOI1 3a1aueit sIBIsIETCS MO-
BBIIEHNE 3P (PEKTUBHOCTH MCTIOIb30BAHUSI
CYILIECTBYIOIIEH TPAHCTIOPTHOU MH(PACTPYyK-
TYPEIL. DTO ITO3BOJISIET OTCPOUYNTH MHBECTUIIA-
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OHHEBIC BJIOXEHHUS, YTO JAET COOTBETCTBYIO-
wuii apdexr [20, c. 57].

CHIXeHHe Ce30HHOM HepaBHOMEPHOCTHU
IIepEBO30K SIBJISIETCS HEMAJIOBAsKHBIM (haKTO-
pOM o0ecIIeueHUS 1T SKOHOMUKH 1 Hacelre-
HHS TaKOTO KIJIIOYEBOTO B COBPEMEHHBIX
YCIIOBUSIX 9KOHOMHMYECKOTO OJ1ara, Kak TpaHC-
MopTHas UHGPACTPYKTYpa.

Ipy30060pOT Ha KeJE3HOIOPOXKHOM
TpaHcropTe 3a 2016—2018 roapl yBeauauics
Ha 10,8 %, nNpu CHUXEHUU €r0 CE30HHOM
HEepaBHOMEPHOCTH, OLICHMBAEMOM KaK OTHO-
[IeHNEe MAaKCUMATbHOTO MECSTIHOTO 3HAYCHUST
CPEeIHECYTOYHOTO TPy30000pOTa B TEUCHUE
roma K CpeIHECYTOUYHOMY I'py30000pOTy 3a
roxa, ¢ 105,6 mo 103,3 %. O4eBUIHO, YTO
B YCIOBHSIX HEIIOJHOTO YIOBJIETBOPECHUSI
CIIpoca Ha MOTPY30YHbBIE PeCYpPCHI B TIEPUOIBI
«ITMKOBOTO» CIIPOCa, OTMEUAEMOTO TPy300T-
npasutessiMu [21, ¢. 26; 22, ¢. 36], coxpaHsiio-
IIEICST Ha CeTH TTPOOJIEeMbI OCTABJICHUS IT0E3-
JI0B 0€3 NIBUXKEHMUS («OpPOIIEHHBIX ITOE€300B»),
0e3 CHIDKEHHUSI YPOBHS CE30HHOM HEepaBHO-
MEPHOCTH MEePEeBO30K (haKTUIECKU TOCTUTHY-
Tasl IMHAMMKa Ipy30000poTa MorJjia Obl ObITh
He obecredeHa. Mcxonsd M3 CKa3aHHOTO,
MPEACTaBIISIETCS HEOOXOIUMBIM:

* BO-TIEPBBIX, OCYIIECTBIICHHE MOHUTO-
pHHTa Ce30HHOI HepaBHOMEPHOCTH TTePEBO-
30K M 3arpy3KH MH(MPACTPYKTYPHI Ha OCHOBE
€€ aJleKBaTHOM OLIEHKMU;

* BO-BTOPBIX, IIPOBEICHNE SKOHOMUYE-
CKOI OLIEHKU BJIMSTHUSI CE30HHOCTH TIEPEBO-
30K Ha MOKa3aTeJId TeKYIIeH 1 MHBECTULINOH -
HOM HesSITeIbHOCTH KeJIe3HOMJOPOXKHOTO
TPaHCIIOPTa;

* B-TPETbUX, BEIPAOOTKA peKOMEHOAIINi
10 JaJbHEHNIIEeMy CHIDKCHUIO HepaBHOMEP-
HOCTH TIepeBO30K WM, IO KpalfHeil Mepe,
HEeIOIYIIEHUIO €€ pocTa.

1leavro NTaHHOM CTaTHU SIBJIIETCS BEIPAOOT-
Ka HayYHO 000CHOBAaHHBIX PEKOMEHIAITNIA ITO
pellIeHNI0 YKa3aHHBIX 3amad. [Ipu 3Tom uc-
ITOJTB3YIOTCS JIOTMKO-aHAIMTUIECKUIA Memoo,
METOIbI CTAaTUCTUIECKOTO aHaIn3a, 9KOHO-
MHUKO-MaTeMaTHIeCKOTO MOIEITUPOBAHUS
1 TEXHUKO-3KOHOMUYECKUX PACUETOB.

OLLEHKA CE3OHHOM
HEPABHOMEPHOCTU 3AIrPY3KHU
NMHDOPACTPYKTYPbI

B pabGorax [23; 24] mpencrasieH ycoBep-
IIEHCTBOBAaHHBIN METOINYECKUIA UHCTPYMEH-
Tapui U1 OLEHKU CE30HHON HEPAaBHOMEPHO-
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CTU TPY30BbIX M TACCAKUPCKUX MTEPEBO30K.
CriefyeT BBIIETUTH J1Ba €T0 INIABHBIX OTJIMYMS
OT TPAAUILIMOHHOTO TMOAX0MA:

* JIJIST K&KIIOTO pacCMaTpUBaeMOTO Mepro-
na (Mecslia Uiv KBapTaia) UCIOJIb3YIOTCS
CPEeIHECYTOYHbIE, 2 HE COBOKYITHBIE 3HAYSHUST
rnokasaTelieif, XapaKTepU3yloIuX 00BbEMBI
MepeBO30K;

* C€30HHasI HEPaBHOMEPHOCTb TPY30BbBIX
MepeBO30K OIIEHUBAETCSI He TT0 TToKa3aTesio
«IIEpPEeBE3EHO T'PY30B», a IO JIBYM I0Ka3aTe-
JISIM: «TI0TPY3Ka IPY30B» U «TPy30000pOT». DTO
TO3BOJISIET CYIIECTBEHHO YTOYHUTD XapaKTe-
PUCTUKM HEPAaBHOMEPHOCTHU MEPEBO30K, KaK
HaTJISIIHO TTOKa3aHo B pabdote [24, c. 325].

HepaBHOMEPHOCTH IMepeBO30K 11E71eC000-
pa3HO OLIEHWBATh 10 KaxKJIOMY BUIY IePEBO-
30K (TPY30BBIM U ITACCAKMPCKUM), UCTIOTb3YS
JUTSI 9TOTO COOTBETCTBYIOIIIME ITOKA3aTENN, KaK
3TO MpeAcTaBIeHo B padboTe [23, ¢. 5]. B 1o Xxe
BpEMsI B YCJIOBUSIX COBMEIIIEHHOTO IBVKEHUST
TPY30BBIX M MMACCAKUPCKUX MMOE3M0B, XapaK-
TEPHOTO JIJIST OTEYEeCTBEHHBIX XKEJIe3HBIX JJOPOT
[25, c. 84], nyist XapaKTepUCTUKU 3arpy3Ku
MHOPACTPYKTYPHI 11eJIeCO00Pa3HO UCTIOTbh30-
BaTh peJIeBaHTHBIN MHTETpaJIbHBIN TTOKa3a-
Teb. B KayecTBe TaKOro mokasaressi MOXeT
BBICTYIAaTh CyMMapHbIii Tpy30000pOT OPYTTO,
OXBaTHIBAIOIIN TIEPEBO3KY B IPY30BOM U I1ac-
CaXXMPCKOM JIBMKEHUH [26] Wit TpUBeAEHHAST
pabota [27]. YuutsiBas, 4To Ipy30000pOT
OpYyTTO SIBJISIETCST UCKITIOUUTEBHO PacXoo0-
0o0pa3yloluM TToKazaTeieM, a JUisl OLleHKN
MPUBENEHHOM TTPOAYKIINY TPAHCTIOPTA, TIPO-
M3BOJIUTEIbHOCTU BaXKHEUIIINX PECYPCOB,
TaKWX, KakK Tpyn U uHdpacTpykrypa [27],
HWCMOJIb3yeTCs MoKa3aTelb «MpUBeIEHHAS
paboTa», MpeACTaBISIeTCs 11eJIecCO00pa3HbIM
OLIEHUBAaTh CE30HHYIO HEPABHOMEPHOCTh 3a-
TPY3KHM XeJIe3HOIOPOXKHOI MH(PPACTPYKTYPHI
C MOMOIIIbIO 3TOrO NMokasares. [IpuseaéHHas
paboTa (MpOAYKLMS) XKeJe3HOAOPOKHOTO
TpaHCIIOPTa OTpeIesIsIeTCsI Kak CyMMa Ipy30-
obopoTa u naccaxupoodopora [28, c. 121],
TIPU TOM JIJIST OTIPEIeICHUSI TTPOU3BOANTEITb-
HOCTH TPy/ia MacCaknupooOOpOT yABANBAETCS
[28, c. 199]. ObocHOBBIBaeTCS TaKKe BBEIE-
HUE CIeMaIbHOTO MOBBIIIAIOIIEro Ko du-
IIMEeHTa ISl TPy30000pOTa KOHTEHHEPHBIX
TPy30B UCXO/I5T U3 O0Jiee BHICOKOI cedecTom -
MOCTH 1 3apTUIaTOEMKOCTH UX TTepeBO30K. Kak
yKasbiBaetcs B [29, c. 45—46], nHauboee
TOYHO MPUBEAEHHYIO PAaOOTY I8 OLIEHKU
TPON3BOIUTETLHOCTH MH(MPACTPYKTYPHI MOXK-
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Ta0imuna 1

Ce30HHAsi HEPABHOMEPHOCTH 3arpy3KH KeJIe3HOI0POKHOI HH(BPACTPYKTYpbI, %

Ton
Kl:ep anep jzpi
I xBapran 11 kBapran 11T kBapran IV kBapTan
2017 | 102,5 105,7 96,9 99,3 102,5 101,3
2018 [ 102,6 |105,5 97,3 99,6 102,6 100,5

HO OBLIO OBbI OLIEHUTD, UCITOJIB3YSI CIIELIAATBHO
paccuMThIBaeMble KOA(MOUIIMEHTHI IPUBE/IE-
HUSI IS TPY30000pOTa 1 IaccaxXxupoobopora,
BBIITOJIHSIEMOTO KaXK/I0M KAaTeropHeii oe3a0B,
MMEIOIINX KO(MPOULIMEHT ChéMa ITPOITyCKHOI
CIIOCOOHOCTHU, OTJIMYHBIN OT APYTUX KaTeTro-
puii. OHAKO TaKasl OLlEHKA TOBOJIbHA CI0XK-
Ha, IMMO3TOMY OTMEYaeTCsI BO3MOXHOCTD
OIIpeIe/ISITh IPUBEAEHHYIO paOOTY JIJISI OLIEH-
KU MPOU3BOAUTEILHOCTU MHMPACTPYKTYPBI
o cdopmyite [29, c. 46]:
PL =PL _+K_ *HL, (1)
rae PLTap — Tapu@HBI Ipy30000pOT;

HL — nmaccaxxupoo06opor;

Knpym — K03(p(pULIMEHT NPUBEACHUS.

KoadduimeHT npuBeaeHus MOXET olie-
HUBATbCS Pa3IMYHBIM 00pa30M, BasKHO OTME-
TUTh, UTO B JIIOOOM cllydyae OH OyaeT OoJblile
eIMHULBI. B HacTosdmeM MccileqoBaHUMT
MpPUHUMAETCS 3HaUYCHUE KHpMB =2, KaK U IJ1s1
OLIEHKU ITPOM3BOAUTEILHOCTHU TPY/IA.

OLIEHKY CE€30HHOI HEpPaBHOMEPHOCTH 3a-
Ipy3KH1 MHGPACTPYKTYPhI IIPEAIaraeTcsi Ocy-
LIECTBJISITh C TIOMOILIBIO CJIEAYIONINX TOKa3a-
Teneit (Koa(pdUIIMeHTOB HepaBHOMEPHOCTH):

PLopue

K:re = — 2 2
" L, @)

PLopis
K:ep = 7‘:“‘ ’ (3)
PLpus

ﬁ‘n ue
K, = P, @),
PL e

———max ———min
rne PLwwe , PLipe — COOTBETCTBEHHO, MAKCH-

MajlbHOEe U MUMHUMaJbHOE KBapTajbHOe (Me-
CSIYHOE) 3HAYeHUe CPeJHEeCYTOYHOM MpuBe-
JNEHHOI pabOoThI B TEUEHHUE ro/1a;

——200 .

PLuypws — CpeIHECYTOUHAS MPUBEAEHHAS
pabora 3a ron;

—i .

PLine — CcpeIHECYTOYHas TIpUBEIEHHAS

paboTa KOHKPETHOTO KBapTaja (Mecsia).
YkazaHHbIE 1MOKAa3aTen, KOTOPhIE MOTYT
BBIPAXAThCS B BUAE KOA3GGUIIMEHTOB WU
B MPOILIEHTAX, SBJISIIOTCST HE aIbTePHATUBHbI-
MM, 2 B3AMMOJIOTIOTHSTIOIIUMHU. B coBOKyTTHO-
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CTU OHM ITO3BOJISIIOT KOMILJIEKCHO OLIEHUTD

CE30HHYI0 HEepaBHOMEPHOCTb 3arpy3KHu Ke-

JIE3HOIOPOXKHOM MH(PPACTPYKTYPHI.
Koadpduumenr K,, xapakrepusyeT Ipe-

BBbILLIEHUE 3arpy3KU UH(MPACTPYKTYPhI B «ITHU-
KOBBIIi» CE30H HaJl CPEAHETOJOBBIM YPOBHEM.
Ero BaxxHOCTb ompenensieTcss TeM, 4TO Mpo-
MYCKHbIE U MPOBO3HbIE CIIOCOOHOCTHU XKeJe3-
HBIX JOPOT TOJKHBI MO3BOJISITh Peau30BbI-
BaTh HE TOJIBKO CpEeAHUE, HO U MaKCUMaJTbHbIE
Harpy3ku 0e3 moTepy pPUTMUYHOCTU U YCTOM -
YUBOCTU PabOThI. DTO HEOOXOAUMO TSI 0bec-
MeYeHUs1 IKOHOMUYECKO 3 GheKTUBHOCTU
ux GpyHKIMOHUpoBaHUsA. OMHAKO BaXHO
Tak>Ke COOTHOILLIEHUE 3arpy3Ku UHPpacTpyK-
TYypbl B «[TMKOBbIIi» CE30H U CE30H HU3KOTO
crnpoca, KOTopoe nokasbiBaeT KoahbUIUEeHT
K., . Bmecte 5T KO3 OUILIMEHTHI JAIOT 06-
LLIErOA0BYIO XapaKTEPUCTUKY HEPABHOMEPHO-
CTU 3arpy3KM KeJIe3HOIOPOXKHOW MHbpa-
cTpykTyphl. Ho 1 Takas xapakTtepucTuka He
saBJisieTcss ucuyepnbiBaouieii. C aKoHOMUYEe-
CKOW TOUKHU 3peHUS BaxXHO (KakK OyaeT rmoka-
3aHO HUXE) OLIEHUTbh U YPOBEHb 3arpy3kKu
B KaXXJIOM CE€30HE, B CPAaBHEHUU CO CPEIHEr0-
JIOBBIM YPOBHEM C MTOMOILBIO KO3 UIIMEeH-
Ta K ;.

XapakTepuCTUKU CE30HHON (KBapTaib-
HOIi) HEPaBHOMEPHOCTHU 3arpy3kKu uHdpa-
CTPYKTYpbl Poccuiickux xenae3HblX 10pOT
nokasaHsl B TabJ. 1. Kak BUAHO U3 AaHHBIX
TaOJULbI, OHU HE TTOIBEPKEHbI PE3KUM U3ME-
HEHMUSIM.

BaxHoe TeopeTuueckoe U MpUKIATHOE
3HAYEHUE UMEET BbISIBJIEHUE BIUSTHUS CE30H -
HOI1 HEpaBHOMEPHOCTH 3arpy3KH KeJIe3HOI0-
POXHOI MHOPACTPYKTYPhl HA IKOHOMUYE-
CKMe MMOoKa3aTeJIu OTpaciu.

BJINAHUE CEBOHHOCTU
3AIrPY3KN UHOPACTPYKTYPbI
HA 9KOHOMUWYECKUE NOKASATEJIN
XEJNNTESHOAOPOXXHOIO
TPAHCIMOPTA

DPHeKTUBHOCTD AEITETLHOCTH Y KOHKY-
PEHTOCIIOCOOHOCTh XKEJIEe3HOAOPOKHOTO
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Puc. 2. 3aBUCUMOCTb OLl€HKM rPy300TIPaBUTENSIMUN HaJINYNs] BaroHOB HY)KHOIO TUna B Heo6xoaMmMom
KO/InYecTBe OT yPOBHS 3arpy3kun UHPaCTPYyKTypbI.

TpaHCIOPTa KaK TeKyIasi, TakK 1 JOJIT0CPOU-
Hasi, 3HAYMMO 3aBUCAT OT YPOBHSI KayecTBa
YCITYT, OKa3bIBaeMEBIX IToJTb30Batesism [30; 31].
IIpu 3TOM BaXXHBI HE TOJIbKO OOBEKTUBHO
u3MepseMbIe OTPACIEBON CTAaTUCTUKOM MOKa-
3aTelIi KayecTBa MepeBO30K, HO U CYOhEKTHB-
HbIC OIICHKU KauyecTBa OKa3bIBAEMBIX YCIYT
caMUMM TIoJb3oBaTensaMu [32, c. 58; 29,
c. 147—148]. Vcrioib30BaHMe [T XapaKTepU-
CTUKHM Ka4eCTBA TPAHCIIOPTHBIX YCIYyT TaKUX
OIICHOK He TIPOCTO OTpaxkaeT MPUHIIMIT KJIH-
€HTOOPUEHTUPOBAHHOCTH, & COOTBETCTBYET
(byHIaMEHTATBHBIM ITOJTOXKEHUSIM 9KOHOMM-
yeckoii Teopun [33, ¢. 63]. Benb uMeHHO Ha
OCHOBE COOCTBEHHBIX CyOBEKTHBHBIX OIICHOK
MOJIB30BATEI TIPUHUMAIOT PEIICHUE O TOM,
KakK OpraHM30BaTh MEePeBO3KY (KaKUe BHUIbI
TPaHCITOPTa, KaKylo JIOTUCTUUECKYIO CXeMY
KCIOJIb30BAaTh), J1a ¥ OCYIIECTBIISITh JIU TIepe-
BO3KY BooO111e. Mcrioib3oBaHNe 00001IEHHBIX
B Bue «MHIeKca KayecTBa» OLIEHOK IPy30-
BJIQJICJTBIICB TTO3BOJIUJIO YCTAHOBUTH, YTO
YyBCTBUTEJIBLHOCTD CITPOCA Ha TPY30BbIE Tiepe-
BO3KH K YPOBHIO KaueCTBa ITOYTH BIBOE BBIIIIC,

® MWP TPAHCIOPTA, Tom 18

YeM K YPOBHIO TTPOBO3HOI T1atThl [34, c. 40—
41; 35, c. 135—139].

C y4éTOM CKa3aHHOTO TIPEICTaBIISIET UH-
Tepec UCCIIeIOBAaHNE 3aBUCUMOCTH 0aJTOBBIX
OIIEHOK TPY30BJIaie/IbIIaMU TMOoKa3aTeei
KavyecTBa TPAHCIIOPTHBIX YCIIYT, SIBJISTIOIIINXCST
KOMIOHEeHTaMu 00001méHHoro «MHaekca
KavyecTBa», OT YPOBHS 3arpy3KH KeJIe3HOIO-
poxHol mHbpacTpyKTyphl. [Ipu 3arpyske
nHdpacTpykTypsl cBhiiire 100 % ot cpeaHero-
JIOBOTO YPOBHSI CYIIIECTBYET TCHACHIINSI CHU -
SKEHMST OTIEHOK TPY300TITPABUTEISIMU YPOBHS
Pa3BUTHUS TPAHCITOPTHOM MHOPACTPYKTYPHI
(puc. 1). ApyrumMu cIoBaMU, B TIEPUOIBI «ITH-
KOBO#1» 3arpy3Ku UH(MPACTPYKTYPHI €€ pa3BU-
THE BOCTIPUHUMAETCS TPY300TIIPABUTEISIMU
KaK OTHOCUTEJIbHO XYJIIee, YeM B TIEPUOIbI
3arpy3Ky HKE CPETHETO YPOBHSI.

WMHTepecHo, YTO 3HAYUTEIHHO 00JIee CUITh-
Hasl 3aBUCUMOCTb CYIIIECTBYET MEXIY OIICH-
KaMU TPy300TITPABUTEISIMI HAJTMYSI BATOHOB
HY>XHOTO THUIIa B HEOOXOAMMOM KOJTUYECTBE
W YpOBHEM 3arpy3kKu MHOPacTpyKTyph
(puc. 2). B repromsl «IIMKOBOI» 3aTpy3KHU 5TH

21,C.94-115 (2020)
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Puc. 3. 3aBucumocTb aKcnyaTauMOHHbIX PaCX0[40B OT HEPABHOMEPHOCTU 3arpPy3ku HPPacTPyKTypbl.

OLICHKU CHIDKAIOTCSI, YTO CBSI3aHO KaK C BO3-
HUKHOBEHMEM Je(DUIIMTa BATOHOB IIPU POCTE
CITpoca, TaK M ¢ 3aTPYIHCHUSIMU B IIOJICHUTKE
TOPOXKHUX BarOHOB K MECTaM IIOTPY3KH M3-3a
BBICOKOTO M CBEPXBBICOKOTO 3aIOJHCHUS
TIPOITYCKHOI CITOCOOHOCTH HA MHOTHX y4acCT-
Kax CeTH XKeJIe3HBIX TOPOT.

BakxHoe 3HaueHME MMEET aHAJINU3 3aBU-
CHUMOCTH KJTFOYEBOTO 3KOHOMHYECKOTO I10-
Ka3aTeJis XKeJIe3HOIOPOXKHOIO TPAaHCIIOpTa —
pacxoIoB Ha OCYIICCTBICHHUE MEPEBO30K
(3KCTUTYyaTallMOHHBIX PACXOIOB) — OT HEpPaB-
HOMEPHOCTH 3arpy3Ku MHQPPACTPYKTYPHI.
7151 BBITTIOJTHEHUSI COOTBETCTBYIOIICH OILICH-
KM 3KCITyaTallMOHHBIE PacXOObl pa3HBIX
KBapTaJIOB OBLUIM IIPUBEACHBI K COITOCTaBH -
MOMY BUIY TYTEM UCKITIOUCHUS U3 PaCXOI0B
I IV («3uMHUX» ) KBapTAJIOB TOTIOJTHUTEITb-
HBIX 3aTpaT, CBI3aHHBIX C OCYIICCTBICHUEM
9KCIUTyaTallMOHHOW paboThl B 3MUMHUM T1e-
puon (Ha TOTIMBO, CHETOOOPHOY M Ip.), a U3
pacxonoB IV kBapTaia, KpoMe TOTO, 10O~
HUTEJIBHBIX 3aTpaT, CBSI3aHHBIX C 3aBepIlle-
HHeM Toda (BBIIUIATH MO CUETaM W Ip.).
ITocne ykazaHHBIX KOPPEKTUPOBOK KBap-
TaJIbHBIX TaHHBIX OBUIM PacCUMTaHBI CPeI-
HECYTOYHBIC PACXOBI 1O KaXKIOMY TOIY U 10
KBapTajgaM W OoNpenecHb OTHOIICHUS
CPEeIHECYTOYHBIX PACXOI0B KaxKI0ro KBap-
TaJla K COOTBETCTBYIOIIUM CPEIHETOAOBBIM
3HAYCHUSIM.

BrlmmorHeHHAsI OIIeHKA TTOKa3bIBaCT HEJIH-
HEUHBIN XapaKTep 3aBUCUMOCTH 3KCILTyaTa-
IIMOHHBIX PaCXOIOB OT YPOBHS 3arpy3KH Ke-
JIE3HOAOPOXKHOU MHMPPACTPYKTYpHI (puc. 3).
Takoit pe3yabTaT SBISACTCS SMIIMPUICCKUAM

® MWP TPAHCIOPTA, Tom 18, N2 1, C. 94—-115 (2020)

MMOATBEPXKICHUEM TEOPETHICCKUX ITOJIOXKE-
HUIi, BRICKA3aHHBIX B psIe pabOT MO 3KOHO-
MMKe TpaHcmoprTa [9, c. 87; 36, c. 96—97; 37,
c. 367—368] u cornacyiomuxcs ¢ GyHaaMeH-
TaJIbHBIMU TIOJIOXKCHUSIMU 9KOHOMUYECKOM
TEOPUHU, B COOTBETCTBUU C KOTOPHIMH IIPHU
YBEIMYCHUN 00BEMOB IPOU3BOICTBA B YCIIO-
BUSIX HEM3MEHHOTO KOJIMYECTBA OCHOBHOTO
KaIrmuTaia, HaurHasi ¢ HEKOTOPOrO MOMEHTA,
BCTYIIAeT B JefiCTBUE 3aKOH YObIBAIOIIEH OT-
nmaun 38, c. 271—-273]. B pe3ynsraTe mpeneib-
HBIE U3ACPXKKU PACTYT, a POCT OOIIMX MU3Iep-
KeK CTAaHOBUTCS HEJIMHEHHBIM 1 YCKOPSICTCSI.

[TpumevareIbHO, 9TO B pacCMaTPpUBACMBbIX
YCIIOBUSIX €IIE M0 TOCTUKCHMS CPEIHETOM0-
BOTO YPOBHS 3arpy3KH XKeJIE3HOIOPOXHOMN
MHOPACTPYKTYPHI POCT 3aTpaT YCKOPSIETCS
(puc. 3).

DTO CBUIETEIBCTBYET O TOM, UTO JaXKe IIPU
CPEIHETOM0BOM 3arpy3Ke OTeYeCTBEHHBIC
JKeJIC3HBIC TOPOTY OKA3hIBAIOTCS ITePETPYKEeH-
HBIMH, T.¢. QYHKIIMOHUPYIOT B 5KOHOMUIECCKH
HeonTuMalbHOM pexxkume. [Ipu cyiiecTBeH-
HOM TIPEBBIIICHUN CPEIHETOIOBOIO YPOBHS
3arpy3Ku POCT 3aTpaT CYIICCTBEHHO ITPEBHI-
IIaeT 3HAYeHUsI, HaOIrogaecMble TTPY HATMIUHN
Pe3epBOB IMPOITYCKHOI CIIOCOOHOCTH, M CTa-
HOBUTCS OMNEpeXaroluM 10 CPaBHECHUIO
C POCTOM 3arpy3Ku MTHDPACTPYKTYPHI (pHrc. 4).
Becpma mokazaTeIbHBIM SIBJISIETCS] YBEIMUC-
HHE pa3pbiBa MeXIy rpacdUKaMy HeJIMHEITHO-
r0 poCTa IKCIUTyaTallMOHHBIX PACXOIOB IIPHU
nepe3arpy3ke MHGPaCTPYKTYPHI K TEOPETHYC-
CKMM TpadUKOM IIPU OTCYTCTBUU TaKOBOIA.

OnHOI U3 OCHOBHBIX TTPUYMH HEJTWHEN-
HOTO, YCKOPSIIOIIIETOCST pOCTa 3KCIUTyaTaIu-
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Puc. 4. PocT akcrnnyaTaunoHHbIX pacxoAoB npu reperpyske nHGPacTpyKTypsl.

OHHBIX 3aTpaT IPU TOBBIIICHUN YPOBHS 3a-
Tpy3KU WHOPACTPYKTYPHI SIBJISIETCS YXY/IIIIe-
HUE KauyecTBa MCIOJIb30BaHUS TTOJBUKHOTO
COCTaBa Mo BPEMEHU, MPEXAEe BCErO0 — CHU-
JKEHHME CKOPOCTel ABMKEHUSI 1Toe3n0B. B psi-
JIe UICCJIEIOBAHWI,, BBITTIOJTHSIBIITXCST B pa3HbIe
TONIbI, YCTAHOBJIEHO, YTO TIPU 3aTIOJTHEHUN
MPOMYCKHOU CITOCOOHOCTU KEJe3HOI0POX-
HBIX JuHUi cBbie 70—80 % ot pacyéTHoOM
BEJIMYMHBI YIaCTKOBasi CKOPOCTh JIBVKEHUST
TPY30BBIX MIOE3/I0B Ha 3TUX IMHUSIX CHIXKAET-
csa [39; 40; 41, c. 1-5], a cebecTOMMOCTD Tie-
peBO30K, COOTBETCTBEHHO, pacTeT [42,
c. 195—196; 43, c. 67—68].

DMIUPUUYECKUIT aHAJIN3 BHYTPUTOIOBBIX
M3MEHEHUI CKOPOCTeil NBUXKEHUS TTOE3/I0B
(Taba. 2) B COMOCTABJAEHUU C CE30HHOI He-
PaBHOMEPHOCTBIO 3arpy3KH KeJIe3HOTOPOX-
HOI MHMpPacTpyKTyphl (Tabi. 1) cBUAETENb-
CTBYET O TOM, UTO B [TEPUOJbI O0JIee BEICOKOM
3arpy3Ku MHMPPaCTPyKTYPhI CKOPOCTH IBUKE-
HUSI TTOE3/I0B CHUXKAIOTCST, 8 UX MUHUMAJTbHBIS
3HaueHus npuxondrcs Ha I11 kBapran, korna
YPOBEHb 3arpy3Kv MHPPACTPYKTYPHl MaKCH -
MaJieH.

MaremaTudeckas olleHKa 3aBUCUMOCTH
YY4aCTKOBOU CKOPOCTU OT HEPABHOMEPHOCTH
3arpy3KHU XeJIe3HOOPOKHON NHPPACTPYKTY-
pPBI TaKXXK€ CBUIETEIBCTBYET O CHUXKECHWU
Y4aCTKOBOU CKOpPOCTH TIpU Teperpys3ke
UHGPACTPYKTYPHI (pUC. S).

Hayunas yennocms npogedénnoeo mode-
AUPOBAHUS COCMOUM @ MOM, YMO YCMAaH08Ae-
Ha 3a8UCUMOCMb Y4ACMKOBOU CKOPOCMU OM
VPOBHA 3aepy3KU UHppacmpykmypol He 04
OMOeAbHbIX AUHUI, a 045 Cemu Hcene3Hblx
dopoe 6 ueaom. Kak u3BecTHO, cebecTon-
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MOCTb MEPEBO30K U YIaCTKOBasi CKOPOCTh
CBsI3aHBI 00paTHOU 3aBUCUMOCThIO [37,
c. 269—276]. DTO 3HAYUT, YTO MPU CHUXKE-
HUM YIaCTKOBOM CKOPOCTHU Ce0EeCTOMMOCTD
MepeBO30K, a, CJieJoBaTeJIbHO, U 00IIas
CyMMa 3KCIUTyaTallMOHHBIX PAacXOIOB BO3-
pacTalor.

TTpu 5TOM CHIKEHUEM Y4aCcTKOBOM CKOPO-
CTH POCT 3KCIUTyaTallMOHHBIX PACXOIOB OOBSIC-
HSIETCSIJIAIITH YaCTUYHO, TAaK KaK BBITTOJTHEHHBIN
aHaJIM3 IToKa3bIBaeT (TabJ1. 1, 2), 4To B IeproIbl
«TTMKOBOI» 3arpy3K1 MH(MPACTPYKTYPBI CHIKA-
€TCsI HE TOJTBKO y9aCTKOBAsi CKOPOCTh, HO 1 KO-
3(hUIMEHT yIaCTKOBOI CKOPOCTH, OTIPEICIIsIC -
MBIl KaK OTHOIIIEHWE YYaCTKOBOW CKOPOCTH
K TEXHUYECKOIA [44, c. 246]. CHuxeHre K03d-
(urmeHTa y9acTKoBOI CKOPOCTH O3HAYAET, YTO
YBEJIMUMBAIOTCST TIPOCTOM TTOE3I0B Ha IPOMe-
JKYTOYHBIX CTAHIIMSIX, @ 9TO TOTIOJHUTEIHHO
YBEJIMUMBACT IKCIUTyaTallMOHHBIE 3aTPaThl
BCJIE/ICTBHE YBEJIMUCHUSI BATOHO-YACOB 1 JIOKO-
MOTHBO-YaCOB ITPOCTOsI, a TAKKE OpUTAI0-9acoB
JIOKOMOTUBHBIX Opuran [45]. COBOKYTHOCTBIO
YKa3aHHBIX (PAaKTOPOB M OOBSICHSETCS POCT
9KCTUTyaTallMOHHBIX PACXO/I0B, TIOKa3aHHBII Ha
puc. 4. KpoMe Toro, ykazaHHbIe IPOCTOU TTPH-
BOIAT K 3aMEUIEHUIO TOCTaBKM TOBAapOB, UTO
BJIEUET 32 COOOM IMOTEPH TSI TOBAPOBJIAICITHIICB
U 9KOHOMUKMU B 1IeJIoM [46, ¢. 6—7], 1 MOXeET
TakXe IMOBJIEYb B3BICKAHWE C MEePeBO3UMKA
mTpacoB 3a MPOCPOUKY TOCTABKU TPY30B.

TakuM oOpa3oM, ce30HHasE HepaBHOMeEp-
HOCTB 3arpy3KH XeJIe3HOIOPOKHOI MHbpa-
CTPYKTYPBI IPUBOINT K CHIKEHUIO KaueCcTBa
TePEBO30K U YXYIIIEHUIO PhIHOYHOTO MMUITKA
JKeJIE3HOMOPOXKHOW OTpaciiv, YBEIUIECHUIO
9KCITTyaTallMOHHBIX PACXOIOB M CE0ECTONMO-
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CTH MTEPEBO30K, UTO CHIKAET 3(PDHEKTUBHOCTD
¥ KOHKYPEHTOCTIOCOOHOCTB XKeJIE3HBIX JJOPOT.
Co0OTBETCTBEHHO, HEPABHOMEPHOCTD [TEPEBO-
30K CHUXKAeT U 3 HEKTUBHOCTb UHBECTULIUIN
B Pa3BUTHE XKEJIE3HOJOPOXKHOTO TPAHCIIOPTA.
TToTomMy BO3MOXXHOCTH POCTa HEPABHOMEPHO-
CTH TIEPEBO30K CJIEAYET paccMaTpuBaTh Kak
crnenruIecKuil BUI pUcKa Mpu peain3aiuu
KaK OTIEJbHbIX UHBECTULIMOHHBIX TPOEKTOB,
TaK U KOMIUIEKCHBIX MPOTPaMM Pa3BUTHUS,
TaKuX Kak JloarocpouyHas mporpamMmma pa3Bu-
tust OAO «P2KI» mo 2025 roga [15].

MOJEJb BJINAHUSA CE3OHHOM
HEPABHOMEPHOCTU 3AIrPY3KHU
XEJIEBHO40POXXHOM
UHODPACTPYKTYPbI
HA 3PDPEKTUBHOCTDb
EE UCNOJIb30BAHUSA U PABBUTUSA
ITpoBen€HHbBIN aHaNIM3 U BBHIIOJTHEHHbIC
OLICHKH, C Y4ETOM IOHUMAHUSI 3KOHOMUYE-
CKUX B3auMMOCBs3eil B cepe IKCIUTyaTalluu
Y pa3BUTHSI TPAHCIIOPTHBIX CUCTEM, TTIO3BOJISI -
0T C UCIIOJIb30BAHUEM JIOTUKO-aHAJIMTUYEC-
Koro meTona [47] chopMupoBaTh TEOpEeTUYE-
CKYIO MOJIe/Ib BIMSIHMSI CE30HHOM HEpaBHO-
MEPHOCTHU 3arpy3KM XeJe3HOAOPOKHOM
MHPPACTPYKTYPHI Ha 3(PPEKTUBHOCTH €€ MC-
MOJIb30BAaHUSI U pa3BUTUs. Moe/Ib OCHOBBI-
BaeTCs Ha CJICAYIOLINIA ITOIOXKEHUSIX.
1.CpenHecyTouHasi BeIM4YMHa IPUBEAEH-

o ———200
HO pa®OThl ( PLuu ) XKETE3HOTOPOXKHOTO

TpaHCIOpPTa 3a rof MpH €€ CIOXMBIIEHCS
CTPYKTYpE I10 BUJaM M HalPaBJICHUSIM TIepe-
BO30K (Sij) U 3agaHHoM ypoBHe Tapudos (T)
OIpeie/IsieT TOJOBbIE JOXOAbl OTPACIU OT
nepeBo3okK (D):

D = f(PLma,S,.T).

(%)

B HacrosieM ucciaenoBaHUM Mbl abCTpa-
TUpPYeMCsl OT U3MEHEHMSI CTPYKTYPhI IIePeBO-
30K U YPOBHSI TapudoB, YTOOBI BBISIBUTh
BJIMSIHUE CE30HHOM HepaBHOMepHOCTH. Torma
BbIpaxkeHue (5) MOXHO 3anucaTrh Kak:
D = f(PLi).

(6)
2.MakcumainbHas cpeIHeCyTOUHAasT TPH-
BeIEHHast paboTa BHYTPUTOI0BOIO IMEPHOIA —

———max
KBapTrajia uiv mecdua — Pluww ONpEnenser

KakK MOTpeOHbIe KaMUTAJIbHbIE BIOXEeHUS (K)
B CO3/IaHME TIPOIYCKHBIX M TTPOBO3HBIX CITO-
COOHOCTeI IS peau3aii COOTBETCTBYIO-
1ero oobEMa MepeBo30K, TaK U HE TOJbKO
3aBUCSIIUE OT 00BEMOB MEPEBO30K (ITEPEMEH -
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HbIE) BKCILTyaTallMOHHBIE PACXOJbl COOTBET-

CTBYIOIIIETO [epUOo/ia, HO U TOAOBbIE YCIOBHO-

MOCTOsSIHHbIE pacxoibl (F ), CBSI3aHHBIE,
y-nocm

Mnpexie Bcero, ¢ coaepkaHueM nHGpacTpyK-

TYpHIL:

K = f(PLuu);

(7
®)

IIpu sTOoM 3aBucsIIUe (TTEpeMeHHBbIE)
SKCITyaTallMOHHBIE PACXOIbl B TTEPUOIBI
«ITUKOBBIX» 00BEMOB OTIPEACIISTIOTCS HE TOJTh-
KO CaMUMU 3TUMU 00BEMAMU, HO U YXY/IILIe-
HUEM KadeCTBEHHBIX ITOKa3aTelieil TiepeBo-
30YHOTO MPOIIECcca, BYaCTHOCTH, CHUKCHUEM
cKopocrteit nBrxxeHust (AV):

E;> = f(PLupu,AV). )

E™ . = f(PLupa).

y-nocm

3. D¢ dHeKTUBHOCTD MCMOJb30BaHUS TPAHC-
MOPTHOM UHMPACTPYKTYpHI ( I, ) 3aBUCUT OT

COOTHOIIIEHUSI TOXOJI0B OT TMEePEBO30K, OCY-
IIECTBIISIEMBIX C UCTIOJIb30BAaHUEM 3TOM MH(]-
PacTpyKTYphl, 1 COOTBETCTBYIOIINX SKCITITya-
TAlIMOHHBIX 3aTpaT KaK 3aBUCSIINX, TaK U HE
3aBUCSIINX OT 00BEMOB MEPEBO30K (YCTOBHO-
MOCTOSTHHBIX):

9 = F(D.E, .. E..).

nocm? ~~ 3a6

(10).

C yuérom 3aBucumocteit (5—9), mpu cino-
JKUBIIEICS CTPYKTYpE MEePeBO30K U 3aJaHHOM
ypoBHe TapudOB:
By = F(PLipus, PLopu). (11)

B cBolo ouepeb, cpeHECYTOUHAS BEIM-
YU HA NPUBEAEHHOM PabOThI XKeIe3HOTOPOXK-

——200
HOTrO TpaHcrmopTa 3a rof ( PLiwe ) 3aBUCUT KaK

oT eé YPOBHA B NIEPUOJbl MAaKCUMAJIbHBIX
1 MUHUMAJIbHBIX IICPEBO30K 1 COOTHOIICHUA
MeXXIy HUMU, TaK U OT OOLIETO pacipeaesie-
HHA IMIEPEBO30OK MO n€proaaM roiaa, 1.c. OT
napametpos K, K., K’ .}

W3 sT0rO Cremyer cyliecTBOBaHUE 3aBU-
CUMOCTHU:
gy = [(Koy KooK D).

oo AK i (12).
4.Tlpu puOIMKEHUN MAaKCUMaIbLHOTO
YPOBHS 3arpy3KU XKeJIE3HOAOPOXHON NHDpa-
CTPYKTYPBI K KPUBOU MPOU3BOJICTBEHHBIX
Bo3moxHocreit (KITB'), BcTymaeT B cuiy 3a-
KOH yOBIBaoIIell OTIa4u U BO3HUKAET HEOO-
XOJMMOCTb MTPOBENCHUS PEKOHCTPYKTUBHBIX

! KI1B xene3H0I0poKHOM IMHAN TIOKA3bIBAET, KAKOE
YUCJIO MTOE30B Pa3HOTO BUA (MacCaKUPCKUX, Ipy-
30BBIX U JIP.) MOKHO MPOIYCTUTH 110 3TO JINHUU 32
onpeneI€HHbII nHTepBa BpeMenu [37, ¢. 365].
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Puc. 5. 3aBUCUMOCTb y4aCTKOBOW CKOPOCTU rpy30BbiX M10€340B OT HEPAaBHOMEPHOCTH 3arpy3Ku
NHPPaCTPYKTYpbI.

Ta0amua 2

JIMHAMHKa y4aCTKOBO# M TEXHHMYECKO# CKOPOCTel IBUKEHNS TPY30BbIX M0€3/10B U U3MEHEeHHe
K03 dunmenTa yaacTKOBOI CKOPOCTH o KBaprauam 3a 2017—2018 rr.

[Toka3zarenb 2017 ron 2018 ron

1 k8. ITks. |IIks. |[IVks. |Iks. ITks. |IIxks. |IVks.
YyacTkoBasi CKOpOCTh 42,8 40,3 39,0 39,6 42,0 39,0 37,3 38,1
TexHuyeckast CKOpOCTh 48,5 47,0 46,1 46,4 48,4 46,5 45,7 46,2
KoadduimeHT yuacTkoBoii CKOpocTr 0,881 (0,858 0,845 0,852 0,868 0,839 0,815 |0,824

——ron

PLupus
max K
PLups K,,
PLups (=13 K., t= SO
min (K3 1 y-noct
PLupm i E,.
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nep

Puc. 6. Cxema oLieHKM B/INSIHNSI CE30HHOM
HepaBHOMEPHOCTHU 3arpy3Ku Xes1e3HO[0POXHOM
nH@pacTpyKTypbl Ha 3¢pPeKTUBHOCTb €€
MCro/Ib30BaHUs N Pa3BUTHSI.

MeporpusaTuii [37, ¢. 366], TpeOYIOIIHNX COOT-
BETCTBYIOIIIMX KalMTAJIbHbBIX 3aTpaT (erx)'

KanuranbHble 3aTpaThl HA PEKOHCTPYKITUIO
JKEJIe3HOMOPOKHON MH(PPACTPYKTYPHI JTOJLKHEI
OKYTIAThCSI 33 CYET JOXOMIOB OT MIEPEBO30K U IPY-
rux 3(phHeKTOB, CBA3aHHBIX C YBETUYCHUEM,
OJ1arogapsi peKOHCTPYKIIMK, O0BEMOB MEPEBO30K
(TIpuBeIEHHOI PAOOTHI).

B curtyaiuu, Korga cyniecTByeT ce30HHast
HEepPaBHOMEPHOCTh 3arpy3ku MHGPACTPYKTYPHI,
te. koohduimenrs K,,, K., , K., He paBHbI

eIMHMLIE, ATBTEPHATHBON PEKOHCTPYKLIMH 5B~
JIIETCS] CHIBKEHME HePaBHOMEPHOCTH TIepeBO-
30K, ¢ coKpallieHreM BemunH K., , K2, . Tlpu

5TOM BO3HMKAET BO3MOXKHOCTh OTIaTUTh KaIli-
TaJIbHBIC 3aTPaThl Ha PEKOHCTPYKIINIO, OCYIIe-
CTBUB UX B Mocjeaytolue roabl. IG@ekT or

oTnaneHus 3atpar (D ) TPy TaHHOW BEIMYMHE
OTIANISIEMbIX B Oy/ylliee 3aTpaT Ha PeKOHCTPYK-
1IMIO KeJIe3HOMOPOXHON MH(MPACTPYKTYphI 3a-
BUCUT OT BpeMeHH oTranerust 3atpar (T ) —uem
OHO OorbIIIe, TeM 3(DGeKT BhIIIIE:
B, =AT ). (13)

CymHocTb a(hhekTa OT OTIaIeHUS KarUTalb-
HBIX 3aTpaT CBsI3aHa C TeM, YTO 3a TIepUOJI OTIA-
JeHUst OHU JanyT 3(PheKT npu Kakux-11bo
aJBTePHATUBHBIX BAPUAHTAX UCIIONb30BAHUSI.
Ecnu >ke "CTOYHMKOM COOTBETCTBYIOIINX MHBE-
CTULIMI CTyKaT 3aéMHbIE CpeCTBa, OyIyT CHU-
>KeHbI TTPOIIEHTHBIE TUTATEXKU.

B cBoto ovepenb, BpeMst OToaeHusl 3aTpar
3aBHCHT OT CHKEHHST HEPABHOMEPHOCTH 3arpy3-

KU UHDPACTPYKTYPbI:

T, = f(AK,,,AK,,). (14).
W3 atoro cnenyer:

o = F(AK,,,AK,). (15).

Takum 00pa3oM, Ha OCHOBE JIOTUYECKOTO
aHaJI3a M0Ka3aHo BIMSIHUE CE30HHOI HEPaBHO-
MEPHOCTH 3aTPy3KH KeJIe3HOMOPOXKHOM MH(bpa-
CTPYKTYpbI Ha 3(h(PeKTUBHOCTb €€ UCTIOb30Ba-
HUS U pa3BuTUsl. B 00001IEHHOM BUIE OMUCAH-
Hast MoJie/Th MpeICTaBIeHa Ha puc. 6.

SAKJTIOMEHUE
IpeaoxXeHHBIA B CTaThe METOAMYECKUIA
MHCTPYMEHTApUi OLIEHKU CE30HHOI HepaB-
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HOMEPHOCTHU 3arpy3Ku XeJe3HOMAOPOXKHOMN
UHOPACTPYKTYPHI 11€71€C000pa3HO UCTOb-
30BaTh IJIS €€ yTyOJIEHHOTO PETPOCTIEKTUB-
HOTO aHaJiu3a, C BbISIBJEHUEM OCHOBHBIX
(akTOpOB, BAUSIOIIMX HA MOKA3aTEIU He-
PaBHOMEPHOCTH, U OTIpeAeIeHUEM MUHMU-
MaJbHOT'O TOCTUXXUMOTO (TIpeaebHO 1Oy~
CTUMOTO) YPOBHSI CE30HHOUW HepaBHOMEP-
HOCTU. DTO MO3BOJUT OCYILIECTBJISATh MPO-
THO3UPOBAaHKE CE30HHON HEPaBHOMEPHOCTU
Ha TIEPCIIEKTUBY W BBIPAOOTKY MEPOITPUSITUIA
o €€ CHUXXEHUIO (HEeAOIMYyLIEHWIO TIPEeBbI-
1IeHUsl MpeaeabHOro ypoBHs). B ocHoBe
MEPOTIPUSITHI IO CHUKEHUIO HEpaBHOMEP -
HOCTHU MePEeBO30K MOTYT JIEXXaTh KaK Tapud-
Hble MEepbl, OCHOBaHHbIE HAa U3MEHEHUU
MPOBO3HO IJIATHI B 3aBUCUMOCTH OT yPOB-
H$1 3arpy3ku uHMpacTpykTyps [10, c. 164—
165; 48, c. 191; 49, c. 69—70], TaKk u, B 10-
MOJIHEHUE K HUM, MEPbl OpTaHU3allMOHHO -
rO-TEXHOJOTMYECKHUE, B TOM YUCIIE — OCHO-
BaHHbIE HAa WUCMHOJIb30BAHUU aHajau3a
«0ONBIIUX MAaHHBIX» U KOMIIBIOTEPHOTO
mozaenupoBaHus [50].

OCyYIIEeCTBISATh TEKYIIUIA MOHUTOPUHT
CE30HHOI HEpaBHOMEPHOCTHU IMEPEBO30K,
C OLIEHKOW AeMCTBEHHOCTU pa3paboTaHHBIX
Mep IO €€ CHUXXEHUIO U UX HeoOXoauMoit
KOPPEKTUPOBKO CJIEAYET TAKXKE C UCITOIb30-
BaHWEM JAHHOTO METOAUYECKOTr0 MHCTPYMEH-
Tapusl.

BrisiBeHHOE B X01€ TPOBEAEHHOTO UC-
cliefOBaHUS BJIWSIHUE HEPABHOMEPHOCTU
3arpy3KHu KeJIe3HOAOPOXKHON UH(PpacTpyK-
Typbl Ha OLIEHKY KayecTBa TPAHCTOPTHBIX
YCJIYT TPY300TIPaBUTENSIMU, KAUECTBEHHbIE
nokasaTe/lu dKCIUTyaTallMOHHOU AesiTelb-
HOCTU U 3KCILTyaTallMOHHBIE 3aTpaThl Xe-
JIE3HOIOPOKHOTO TPAaHCIIOPTa, pa3padoTaH-
Hasi MOJIeJIb BJIMSIHUS CE30HHOI HEepaBHO-
MEPHOCTHU 3arpy3ku Ha 3 GEeKTUBHOCTD
WCTIOJIb30BAHUS U PAa3BUTUS XKEJE€3HOM0-
POXHOW UHPPACTPYKTYPHI TO3BOJISIOT OCY-
MIECTBISTH 9KOHOMUYECKYIO OIIEHKY BIIUSI -
HUSI CE30HHOU HEpaBHOMEPHOCTU Ha pe-
3yJIbTaThl KaK TeKYyIIel, TaK 1 Ha MHBECTH -
LIUOHHOM IEeSITEIbHOCTHU XeJIE3HOJOPOKHOTO
TpaHCIIOpTa, U, TEM CaMbIM, SIBJISTIOTCS] WH-
CTPYMEHTaMU MOBBIIIeHUS 3 (HEKTUBHOCTU
TUTAHUPOBAHUSI W YIIPaBJIEHUs TIEPEBO30Y-
HO1 IeSITeIbHOCTBIO U PA3BUTUEM KEJIE3HBIX
JIOPOT.

TIpu 5TOM CHUXEHUE CE30HHON HepaB-
HOMEPHOCTHU MEePeBO30K ClenyeT paccMa-
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TpUBATh KaK (DAaKTOP MOBBIIICHIS SKOHOMU -
yecKoil 3((HEKTUBHOCTU HE TOJIBKO TEKY-
meit, HO U ”HBECTUIIMOHHOM IeITCTbHOCTH
KEJIE3HOMOPOXHOTO TpaHCIopTa, a eé
POCT — Kak crielupuuecKuii BUI pucKa st
3P (HEeKTUBHOCTU peajn3alluid IPOECKTOB
Pa3BUTUSI XKeJIE3HOIOPOXKHON UH(PPACTPYK-

TYPBHI.
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ABSTRACT

The article considers the problem of seasonal uneven
transportation and its impact on transport infrastructure loading.
The objective of the study is to develop scientifically sound
recommendations for monitoring seasonal unevenness of
transportation and infrastructure loading based on its adequate
assessment; conducting economic assessment of the impact of
seasonality of transportation on the indicators of current and
investmentactivity of railway transport; making recommendations
to further reduce unevenness of transportation, or atleast prevent
its growth.

The authors solved the following tasks: a reasoned, logically
structured sequence of economic assessment of the impact of
seasonality of transportation on the indicators of current and
investment activities of railway transport was formed, and
scientifically based recommendations were proposed to further
reduce uneven transportation(to preventits growth). The following
methods were used: logical and analytical tools, methods of
statistical analysis, economic-mathematical modelling and
technical and economic calculations.

As a result of the study, the authors revealed that seasonal
uneven loading of railway infrastructure leads to a decrease in
quality of transportation and a deterioration in the marketimage of

the railway industry, an increase in operating costs and cost of
transportation, that is, to a decrease in efficiency and
competitiveness of railways. The uneven transportation negatively
affects the effectiveness of investments in development of railway
transport.

The analysis made it possible to formulate a theoretical model
of influence of seasonal unevenness of railway infrastructure
loading on efficiency of its use and development. It is advisable to
use the methodological toolkit for assessing seasonal unevenness
of railway infrastructure loading for its in-depth retrospective
analysis, identifying the main factors affecting unevenness
indicators and determining the maximum permissible level of
seasonal unevenness.

The developed model of influence of seasonal unevenness
of loading on use and development of railway infrastructure allows
to carry out economic assessment of seasonal unevenness, is a
tool to improve planning and management of transportation
activities and development of railways. The reduction in seasonal
unevenness of transportation should be considered as a factor
increasing the economic efficiency of not only the current, butalso
investment activity of the railway transport, while its growth should
be considered as a specific type of risk for effectiveness of
implementation of railway infrastructure development projects.

Keywords: transport, seasonal unevenness of infrastructure loading, railway infrastructure, normalized work, operating costs,

transportation costs, economic efficiency.

*Information about the authors:

Macheret, Dmitry A. — D.Sc. (Economics), Professor, Head of the Department of Transport Infrastructure
Economy and Construction Business Management of Russian University of Transport, Moscow, Russia,

macheretda@rambler.ru.

Razuvaev, Aleksey D. — Ph.D. (Economics), Associate Professor the Department of Transport
Infrastructure Economy and Construction Business Management of Russian University of Transport,

Moscow, Russia, razuvaevalex@yandex.ru.

Ledney, Anastasia Yu. — Ph.D. student at the Department of Transport Infrastructure Economy and
Construction Business Management of Russian University of Transport, Moscow, Russia, trinitinoks@mail.ru.

Article received 20.12.2019, accepted 03.03.2020.

For the original Russian text of the article please see p. 94.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 1, pp. 94-115 (2020)

ECONOMICS




Background. The negative impact of
unevenness of transportation on operational
and economic indicators of railways has been
noted by researchers since 19" century to the
present [1—3]. The fundamental nature of this
problem was disclosed in [4]. Moreover,
seasonal unevenness (seasonality) of
transportation is especially significant [5, p. 5],
seasonality meaning «unevenness of
transportation by quarters of the year and
months» [6, p. 240].

Academician T. S. Khachaturov noted the
negative impact of unevenness of transportation
on both investment and operating costs of
railways. The first is due to the fact that «it is
necessary to provide... a reserve of technical
equipment of transport due to unevenness of
transportation, which accordingly increases the
required investment» [6, p. 239]. The
second is due to the fact that «during periods
of maximum transportation difficulties arise
with movement of trains, which causes a
slowdown in movement of goods. All this results
in increase in the cost of transportation» [6,
pp. 239—240]. To this fair assessment, it should
be added that slowdown in movement of goods
entails significant macroeconomic losses
associated with «freezing» of working capital
embodied in the goods transported during the
period of their transportation [7; 8, p. 92].

And the losses associated with slowdown in
delivery of goods and increase in the cost of
transportation [9] become especially significant
in conditions of high and ultra-high filling of
railway capacity («overload», in modern
economic terminology [10]). Namely, such a
situation exists in a number of key areas of the
Russian railway network [11, p. 14]. Its
overcoming requires development of railway
infrastructure. The Comprehensive plan for
modernization and expansion of the main
infrastructure provides for large-scale tasks
covering all types of transport, including
railway, and aimed both at solving existing
infrastructure problems and opening up
opportunities for development of new points of
economic growth [12; 13].

The analysis of the Comprehensive plan
shows that it requires significant investment
from not only the federal budget, but also from
the regions (many of which undergo financial
problems), as well as from business entities
[14, pp. 32—36]. In particular, the Long-Term
Development Program (LDP) of JSC Russian
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Railways until 2025, linked in terms of railway
infrastructure projects with the Comprehensive
plan, provides for a significant increase in
investment. In accordance with the basic
scenario of LDP, in 2019—2025 the average
annual investment should amount to about
670 billion rubles, and according to the
optimistic scenario, to about 830 billion rubles
[15]. Tt is important that acceleration of
investment in development of Russian railways
has already begun. If in 2018 the volume of
investments of JSC Russian Railways
amounted to about 550 billion rubles, then in
2019 it was about 690 billion [16, p. 9]. At the
same time, the possibility of such an
intensification of the investment activity of
the company and the overall success of
implementation of LDP will depend on many
factors, including environmental factors, and
will entail significant risks, some of which have
already appeared at the start of the program,
in 2019 [17, p. 16].

The Comprehensive plan provides for
implementation of the largest infrastructure
projects. And for business development, and in
the interests of ensuring mobility of the
country’s population, they «should be
supplemented by grassroots activation of
development of transport infrastructure that
would solve the problems of the «last mile»,
local transportation, etc.» [ 18, p. 35]. For such
projects, additional investments are needed,
including private ones, the attraction of which
requires appropriate institutional conditions.

Given that investment resources are always
limited (this is common to any economic good
[19, pp. 103—108]), an important task is to
increase the efficiency of using the existing
transport infrastructure. This allows to postpone
investment, which gives the corresponding
effect [20, p. 57].

Reducing seasonal unevenness of
transportation is an important factor in
ensuring for the economy and the population
such a key economic good as modern transport
infrastructure.

In 2016—2018, cargo turnover on railway
transport increased by 10,8 %, with a decrease
in its seasonal unevenness, estimated as the
ratio of the maximum monthly value of the
average daily cargo turnover during the year to
the average daily cargo turnover for the year,
from 105,6 to 103,3 %. It is obvious that in
conditions of incomplete satisfaction of
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demand for loading resources during periods
of «peak» demand, noted by shippers [21, p. 26;
22, p. 36], the problem of leaving trains without
traffic («abandoned trains») persisting on the
network, without reducing the level of seasonal
unevenness of transportation, the actual
dynamics of cargo turnover could not have been
ensured. Based on the foregoing, it seems
necessary:

« firstly, to monitor seasonal variations in
transportation and loading of infrastructure
based on its adequate assessment;

* secondly, to carry out economic
assessment of the impact of seasonality of
transportation on the indicators of the current
and investment activity of the railway transport;

* thirdly, to develop recommendations to
further reduce unevenness of transportation or,
at least, prevent its growth.

The objective of this article is to develop
scientifically sound recommendations for
solving these problems. In this case, the logical
and analytical method, methods of statistical
analysis, economic and mathematical
modelling and technical and economic
calculations are used.

Assessing seasonal unevenness of infrastructure
loading

In the works [23; 24] an improved
methodological toolkit for assessing the
seasonal unevenness of cargo and passenger
transportation is provided. Two main differences
from the traditional approach should be
distinguished:

» for each period under consideration
(month or quarter), daily average rather than
aggregate values of indicators characterizing
transportation volumes are used;

* seasonal unevenness of cargo transporta-
tion is assessed not by the «transported goods»
indicator, but by two indicators: «cargo
loading» and «cargo turnover». This allows to
significantly clarify the characteristics of
unevenness of transportation, as clearly shown
in [24, p. 325].

It is advisable to assess the unevenness of
transportation for each type of transportation
(cargo and passenger), using appropriate
indicators for this, as presented in [23, p. 5]. At
the same time, in the conditions of combined
movement of cargo and passenger trains,
characteristic of domestic railways [25, p. 84],
to characterize the load on the infrastructure,

it is advisable to use the relevant integral
indicator. The total gross cargo turnover
covering passenger and cargo traffic [26] or the
cited work [27] can serve as such an indicator.
Given that the gross cargo turnover is an
exclusively expenditure-forming indicator, and
the indicator «normalized work» is used to
assess the normalized transport production,
productivity of the most important resources
such as labour and infrastructure [27], it seems
appropriate to assess the seasonal uneven
loading of the railway infrastructure using this
indicator. The reduced work (production) of
railway transport is defined as the sum of cargo
and passenger turnover [28, p. 121], while
passenger turnover is doubled to determine
labour productivity [28, p. 199]. It also
substantiates the introduction of a special
multiplying factor for container cargo turnover
based on the higher cost and salary intensity of
their transportation. As indicated in [29,
pp. 45—46], the most accurately cited work for
assessing infrastructure performance could be
estimated using specially calculated
normalization factors for cargo turnover and
passenger turnover carried out by each category
of trains having a coefficient of capacity load
different from other categories. However, such
an assessment is rather complicated, therefore,
it is noted that it is possible to determine the
given work for assessing the infrastructure
productivity by the formula [29, p. 46]:
PL_=PL _+K -« HI,
where PL,__— tariff cargo turnover;
HL — passenger turnover;
K, — normalization factor.
The normalization factor can be assessed in
various ways, it is important to note that in any
case it will be more than one. In this study, the
value K = 2 is taken, as for assessment of
labour productivity.
It is proposed to assess the seasonal
unevenness of infrastructure loading using the
following indicators (unevenness coefficients):

———max

PLorm

o))

Koo = = 2
PLiom @
PLoom
Koo = = (3)
, PlLuom
i = ear 4
“t PLaom &2
where PLuwm, PLwm — respectively, the

maximum and minimum quarterly (monthly)
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Table 1
Seasonal unevenness of loading of the railway infrastructure, %
Year Klinev K uznev :nevi
I quarter II quarter 1T quarter IV quarter
2017 102,5 105,7 96,9 99,3 102,5 101,3
2018 102,6 105,5 97,3 99,6 102,6 100,5
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Pic. 1. Dependence of the assessment by shippers of the level of railway infrastructure development
on the level of its loading.

value of the average daily normalized work
during the year;

PLwm — average daily normalized work for
the year;

PLoom — average daily normalized work for

the particular quarter (month).

The indicated indicators, which can be
expressed as coefficients or as a percentage, are
not alternative, but complementary. Together,
they make it possible to comprehensively assess
the seasonal uneven loading of the railway
infrastructure.

The coefficient X, characterizes the excess

of infrastructure loading in the «peak» season
over the average annual level. Its importance is
determined by the fact that the capacity and
carrying capacity of railways should allow to
realize not only medium, but also maximum
loads without loss of rhythm and stability of
work. This is necessary to ensure the economic
efficiency of their functioning. However, the
ratio of loading of infrastructure in the «peak»
season and the low demand season, which is
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demonstrated by the coefficient K., , is also

important. Together, these coefficients give an
annual characteristic of uneven railway
infrastructure loading. But such a characteristic
is not exhaustive. From an economic point of
view, it is important (as will be shown below)
to assess the loading level in each season, in
comparison with the average annual rate using
the coefficient X ;.

The characteristics of the seasonal
(quarterly) uneven loading of the infrastructure
of the Russian railways are shown in Table 1.
As can be seen from the table, they are not
subject to sudden changes.

An important theoretical and applied value
belongs to identification of influence of
seasonal uneven loading of railway infrastructure
on economic performance of the industry.

Influence of seasonality of infrastructure
loading on economic indicators of railway
transport

Efficiency and competitiveness of railway
transport, both current and long-term,
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significantly depend on the level of quality of
services provided to users [30; 31]. At the same
time, not only transportation quality indicators
objectively measured by industry statistics are
important, but also subjective assessments of
quality of services provided by the users
themselves [32, p. 58; 29, pp. 147—148]. The
use of such estimates to characterize quality of
transport services not only reflects the principle
of customer focus, but also corresponds to the
fundamental principles of economic theory
[33, p. 63]. After all, it is on the basis of their
own subjective assessments that users decide
on how to organize transportation (what modes
of transport, which logistics scheme to use),
and whether to carry out transportation at all.
Using generalized assessments of cargo owners
in the form of «Quality Index» made it possible
to establish that the sensitivity of demand for
cargo transportation to the quality level is
almost twice as high as to the cargo charge level
[34, pp. 40—41; 35, pp. 135—139].

Based on the foregoing, it is of interest to
study the dependence of scores of cargo owners
on quality indicators of transport services, which
are components of a generalized Quality Index,
on the level of railway infrastructure loading.
When the infrastructure loading is more than
100 % of the average annual level, there is a
tendency for shippers to reduce scores while
assessing the level of development of transport
infrastructure (Pic. 1). In other words, during
periods of «peak» loading of infrastructure, its
development is perceived by shippers as relatively
worse than during periods of loading below the
average level.

Interestingly, a much stronger correlation
exists between shippers’ assessment of
availability of wagons of the required type in
the required quantity and the level of
infrastructure loading (Pic. 2). During periods
of «peak» loading, these estimates are reduced,
which is associated both with emergence of a
shortage of wagons and increasing demand, and
with difficulties in sending empty cars to
loading sites due to the high and ultra-high
filling of transit capacity at many sections of
the railway network.

The analysis of dependence of the key
economic indicator of railways (transportation
costs or operating costs) on unevenness of
infrastructure loading is of great importance. To
carry out the corresponding assessment, the
operating costs of different quarters were
normalized to a comparable form by excluding
from costs of I and IV («winter») quarters of
additional costs associated with performance of
operational work in the winter period (for fuel,
snowfighting, etc.), and from costs of IV quarter
of additional costs associated with the end of the
year (payments on accounts, etc.). After these
adjustments to the quarterly data, the average
daily costs for each year and quarters were
calculated, and the ratios of the average daily
costs of each quarter to the corresponding
average annual values were determined.

The assessment shows the non-linear nature
of the dependence of operating costs on the
level of railway infrastructure loading (Pic. 3).
Such a result is empirical confirmation of the
theoretical positions expressed in a number of
works on the economics of transport [9, p. 87;

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 1, pp. 94-115 (2020)

Macheret, Dmitry A., Razuvaev, Aleksey D., Ledney, Anastasia Yu. Economic Assessment of Seasonal

Unevenness in Railway Infrastructure Loading




102
[ | 3Q
S y =0,06367067710380069911x2— 12,22447185590863227844x + 685,4815559387207031252018
5 2= ®
] R2=0,959
g 1015 s
=
=)
D 2
& ;» 101 oK
S e 2017
zz
2 1005 .
£& o .
Ez‘ 4Q201 8 4Q
23 100 et 2017
S o .
z & 2Q2017 .
s =
< 2 o .-
2 Zz 9.5
D .
£ s °
z 99 1Q2018 e 2Q
S 2018
g Y ...-“'
< 1Q2017
=4 98,5
96 97 98 99 100 101 102 103
Ratio of average daily normalized work of each quarter to average daily for the year, %
Pic. 3. Dependence of operating costs on unevenness of infrastructure loading.
o0 12,00
1.5
= 9,74 /7
= | 7 11,46
2 1000 | — ‘ - —
5
S
° |
T - 8,00 i
> = ‘ \
23
= & Theoretical dependence
= = 6,00 5,35, of operating costs on the
E a level of infrastructure
Rz loading with available
gg) g 4,00 capacity reserves
Faa] ‘ ‘ ! ‘ | |
2 |
= ‘ ‘
= 2,00 : | 3,00
: 0,57 | ‘
D |
< 10,30 ' \ |
# 0,00 >
e B

1 2 3 4

5

6 7 8 9 10

Excess of average annual level of infrastructure loading, per. point

Pic. 4. The increase in operating costs during infrastructure overloading.

36, pp. 96—97; 37, pp. 367—368] and consistent
with the fundamental principles of economic
theory, according to which, with an increase in
production under the conditions of an
unchanged amount of fixed capital, from a
certain moment, the law of diminishing returns
comes into effect [38, pp. 271—273]. Asaresult,
marginal costs increase, and the growth of total
costs becomes non-linear and accelerates.

It is noteworthy that under the conditions
under consideration, even before reaching the
average annual level of railway infrastructure
loading, growth of costs accelerates (Pic. 3).
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This indicates that even with an average
annual load, domestic railways are overloaded,
i.e. operate in an economically suboptimal
mode. With a significant excess of the average
annual loading level, the growth of costs
significantly exceeds the values observed with
availability of transit capacity reserves and
becomes faster than the growth in infrastructure
loading (Pic. 4). The widening of the gap
between the graphs of nonlinear growth in
operating costs during infrastructure reloading
and the theoretical graph in the absence of such
is rather indicative.
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Table 2

Dynamics of section and technical speeds of cargo trains and change in coefficient of section
speed by quarter for 2017—2018

Indicator 2017 2018
1Q 1HQ I Q IVQ 1Q nQ 11 Q IVQ
Section speed 42,8 40,3 39,0 39,6 42,0 39,0 37,3 38,1
Technical speed 48,5 47,0 46,1 46,4 48,4 46,5 45,7 46,2
Coefficient of section 0,881 0,858 0,845 0,852 0,868 0,839 0,815 0,824
speed
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Pic. 5. Dependence of section speed of cargo trains on unevenness of infrastructure loading.

One of the main reasons for the nonlinear,
accelerating growth in operating costs while
increasing infrastructure loading is deterioration
in quality of use of rolling stock over time,
primarily expressed in decrease in train speeds.
In a number of studies carried out in different
years, it was found that when the loading of
transit capacity of a railway line exceeds 70—
80 % of the calculated value, section speed of
cargo trains on these lines decreases [39; 40;
41, pp. 1-5], and the cost of transportation,
respectively, grows [42, pp. 195—196; 43,
pp. 67—68].

The empirical analysis of intra-annual
changes in train speeds (Table 2) in comparison
with seasonal unevenness of railway
infrastructure loading (Table 1) indicates that
during periods of higher infrastructure loading,
train speeds decrease and their minimum values
fall on I quarter, when the level of infrastructure
loading is maximum.

The mathematical assessment of
dependence of section speed on unevenness of
railway infrastructure loading also indicates a
decrease in section speed in case of infrastructure
overloading (Pic. 5).

The scientific value of the simulation is that
the dependence of section speed on the level of
infrastructure loading is established not for
individual lines, but for the railway network as
awhole. Asitisknown, the cost of transportation
and section speed are inversely related [37,
pp. 269—276]. This means that with a decrease
in section speed, the cost of transportation,
and, consequently, the total amount of
operating costs, increase.

At the same time, the decrease in section
speed is only partially explained by the increase
in operating costs, since the analysis shows (Tables
1, 2) that during periods of «peak» loading of the
infrastructure not only section speed decreases,
but also the section speed coefficient, defined as
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the ratio of section speed to technical [44, p. 246].
A decrease in the coefficient of section speed
means that the downtime of trains at intermediate
stations increases, and this additionally increases
operating costs due to the increase in car-hours
and locomotive-hours of downtime, as well as
total crew hours of locomotive crews [45]. The
combination of these factors explains the increase
in operating costs, shown in Pic. 4. In addition,
these downtimes lead to a slowdown in delivery
of'goods, which entails losses for product owners
and the economy as a whole [46, pp. 6—7], and
may also entail recovery of penalties from the
carrier for late delivery of goods.

Thus, the seasonal unevenness of loading of
the railway infrastructure leads to a decrease in
quality of transportation and deterioration in the
market image of the railway industry, an increase
in operating costs and the cost of transportation,
which reduces the efficiency and competitiveness
of railways. Accordingly, unevenness of
transportation reduces the efficiency of investments
in railway transport development. Therefore, the
possibility of increasing unevenness of
transportation should be considered as a specific
type of risk in implementation of both individual
investment projects and integrated development
programs, such as the Long-Term Development
Program of JSC Russian Railways until 2025 [15].

The model of influence of seasonal unevenness
of railway infrastructure loading on the efficiency
of its use and development

The analysis and assessments made, taking
into account the understanding of economic
interconnections in the field of operation and
development of transport systems, allow using
the logical-analytical method [47] to form a
theoretical model of influence of seasonal
unevenness of loading of railway infrastructure
on the efficiency of its use and development.
The model is based on the following provisions.

1. The average daily value of normalized

work ( PLwm) of railway transport for the year

with its existing structure by type and direction
of transportation (Sij) and a given level of tariffs
(T) determines the annual income of the
industry from transportation (D):

——year

D = f(PLuom,S,;,T). (5)

In this study, we abstract from changes in
traffic patterns and tariff levels in order to
identify the effects of seasonal variation. Then
expression (5) can be written as:
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———year

D = f(PLim). (6)

2.The maximum average daily normalized
work of the intra-annual period (a quarter or a

month) PLwm determines both the required

capital investments (K) in creating the transit
and carrying capacity for realization of the
corresponding transportation volume, and not
only operating costs depending on
transportation volume (variables) of the
corresponding period, but also the annual
conditionally-constant costs (E__ )associated
primarily with infrastructure maintenance:

K = f(PLuom), )
EX* . = f(PLuom). ®)

At the same time, the dependent (variable)
operating costs during periods of «peak»
volumes are determined not only by these
volumes themselves, but also by deterioration
of quality indicators of the transportation
process, in particular, a decrease in motion
speeds (AV):

Er™ = f(PLuom,AV). )

3.The effectiveness of the use of transport
infrastructure ( £f,;) depends on the ratio of

revenues from transportation carried out using
this infrastructure, and the corresponding
operating costs, both dependent and
independent of the volume of transportation
(conditionally constant):

e = f(D’Ec-consl’Edep)' (10)

Taking into account the dependencies
(5-9), with the prevailing transportation
structure and a given tariff level:

——

Efow = f(PLﬂonn,ﬁ::::n).

(11)
Inturn, the average daily value of normalized
work of railway transport for the year (Eﬁn )

depends both on its level during the periods of
maximum and minimum transportation and
the ratio between them, and on the general
distribution of transportation by period of the
year, i.e. on the parameters K,,,.,, K.,...{K> .} .

unevl

Thisimpliesthe existence of the dependence:
E-/;:fr = f(K:nev’Kfnev’{anwi})' (12).

4.When approaching the maximum level of
railway infrastructure loading to the curve of
production capabilities (CPC'), the law of

! CPC of the railway line shows what number of trains
of different types (passenger, cargo) can be processed on
this line per a certain time interval [37, p. 365].
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Pic. 6. Scheme of assessment of seasonal unevenness of railway infrastructure loading on the efficiency of its
use and development.

diminishing returns comes into force and there is
a need for reconstruction activities [37, p. 366],
requiring appropriate capital expenses (K ).

The capital expenses for reconstruction of
the railway infrastructure should be paid off due
to the income from transportation and other
effects associated with the increase, due to
reconstruction, in the volume of transportation
(normalized work).

In a situation where there is a seasonal
unevenness of infrastructure loading, i.e.
coefficients X,.,, K.. , K... , are not equal to

unev 3 unev s

unity, an alternative to reconstruction is to
reduce unevenness of transportation, with a
reduction in values of X, , ..., K.. Atthe

same time, it becomes possible to postpone
capital expenses for reconstruction by making
them in subsequent years. The effect of
postponement of expenses (EPOS‘) for a given
value of future costs for reconstruction of
railway infrastructure that are being postponed
for the future depends on time of postponement
of costs (Tp ), and the larger is it, the higher is
the effect:
Epost zﬂTpost)' (13)

The essence of the effect of postponement
of capital costs is due to the fact that during the
period of postponement they will give effect
with any alternative options of use. If the source
ofthe corresponding investments is linked with
borrowed funds, interest payments will be
reduced.

In turn, time of postponement of expenses
depends on reducing unevenness of infra-
structure loading:

0st

O, = f(AK,,,,AK},,). (14)
Hence:
B = f(AK,,.AK. ). (15)
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Thus, based on the logical analysis, the
influence of seasonal unevenness of loading of
railway infrastructure on the efficiency of its
use and development is shown. In a generalized
form, the described model is presented in
Pic. 6.

Conclusion. It is advisable to use the
methodological toolkit for assessing seasonal
unevenness of railway infrastructure loading for
its in-depth retrospective analysis, identifying
the main factors affecting the unevenness
indicators and determining the minimum
achievable (maximum permissible) level of
seasonal unevenness. This will allow forecasting
seasonal unevenness for the future and
developing measures to reduce it (to prevent
exceeding the limit level). Measures to reduce
unevenness of transportation can be based on
tariff measures based on changes in cargo
charges depending on the level of infrastructure
loading [10, pp. 164—165; 48, p. 191; 49,
pp. 69—70], and, in addition to them, on
organization and technological measures,
including those based on the use of big data
analysis and computer modelling [50].

Current monitoring of seasonal unevenness
of transportation, with assessment of
effectiveness of the developed measures to
reduce it and their further adjustment, should
also be carried out using this methodological
toolkit.

The influence of unevenness of loading of
the railway infrastructure on assessment of
quality of transportation services by shippers,
the quality indicators of operational activity
and operating costs of the railway transport, the
developed model of influence of seasonal
unevenness of loading on the efficiency of use
and development of railway infrastructure

.18, Iss. 1, pp. 94-115 (2020)
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revealed during the study make it possible to
carry out economic assessment of seasonal
unevenness on the results of current and
investment activities of railway transport, and,
thus, are tools to improve planning and
management of transportation activities and
development of railways.

At the same time, reduction in seasonal
unevenness of transportation should be
considered as a factor increasing the
economic efficiency of not only the current,
but also investment activity of railway
transport, while its growth could be regarded
as a specific type of risk for effectiveness of
implementation of projects for railway
infrastructure development.
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