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B cTtaTtbe ¢ 3KOHOMUYECKOMN TOYKN
3peHnst N3JI0XKeHbl KpaTKasi UCTOPUS
co3faHus U oco6eHHOCTH aKcrlyaTaunm
Manoro konbya MoCKOBCKOW Xxes1e3HOou
aoporu. PaccMmoTpeHbl MeToguyeckue
BOMpOCHI, KacaloLinecs onpeaesneHus
pacxonos u ce6ecTonMOCTY NepeBO30K
1o Noe34[0-y4acTkaM cO CMeLUaHHON
opraHu3auymneii rpy30BbIX U MacCaXupckux
coobwennii. lMpeagnaraemasi MeToguka
yyYuTbiBaeT AeViCTBYIOLNI MOPsSAOK
y4yera rno ykKpyrnHeHHbIM Bugam

paboTt, oTpacsieBbiM Xo039icTBamMm

" TapyudHbIM COCTaB/ISIIOLUAM.
lMpuBoanTCs 3KOHOMMUYeckKkasl oLleHKa
BJINSIHUSI KA4€CTBEHHbIX rnoka3saresiein
noABUXXHOro cocTaBa Ha cebecToMMOCTb
nepeBoO30K rpy30B rno Masomy KosbLy
Ha BblAeJ/IeHHOM nyTu, B TOM YyucJie

npu nepexoae ¢ TernJioBO3HOM Ha
8JIeKTPOBO3HYIO TSrY.

KnroyeBble crioBa: xene3Has gopora,
9KOHOMMKA, MeToamka pacyerTa,
9KCIr1yaTaLmnoHHbIE Pacxoabl, rPy30Bbie
rnepeBo3kun, cebecToMMOCTb NePeBO30K,
TapugHbie COCTaBSOLLIMNE, 3aBUCSLLNE
pacxofpbl, yC/I0BHO-MOCTOSIHHbIE PACX0/b,
noes3no-y4acTku.
|
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PacuyeTt pacxonos
n cedbecToMMOCTU NepeBO30K
Nno noe3ao-y4yacTtkam

Hrnozemuesa Ceemaana Muxatinoena — kanouoam
IKOHOMUHECKUX HAYK, 00UeHm Kaghedpsl « DIKOHOMUKA
u ynpaenenue na mparcnopme» Mockoécko2o
20Cy0apcmeeHH020 yHueepcumema nymeti coooujeHus
(MHHUT), Mockesa, Poccus.

eanu3alus KOMIUJIEKCHOTO MpoeKTa

«PexoHcTpyk1ms v pazsutre Manoro

Kosiblla MOCKOBCKOW XeJIe3HOU o-
porv» TECHO CBsI3aHa C pacTylleN 3arpy3Kon
MoOCKOBCKOTO TPAaHCIOPTHOTO Y3714, KOTOPbINA
CEroJlHs MOJHOCTbBIO CUEPITal Pe3epPBbI MPO-
nycKkHoi cocodHocTu. [Tpu aTOM coxpaHsi-
eTcs mpoodJieMa IPy30BOTO ABUKEHUS IO
KOJIbIly, 00yCJIOBJIE€HHAsA MPUMbBIKAHUEM
K HeMYy MOABE3AHBIX MyTel OOJbIIMHCTBA
KPYITHBIX TOPOACKUX MPEANPUSITUN, B TOM
yucie TOL.

1.

W3 uctopun Manoro konbiia MockoB-
cKkoit xene3Holt moporu. B 1870 rony muH-
XeHepoM myTelt coobmenus A. H. Tonuap-
KOBBIM ObLI pa3dpaboTaH «IIpoekT ycTpoii-
CTBa MapoBOW XeJIe3HOW TOPOTU BOKPYT
MockBbl». CTPOUTEIBCTBO HAYAIOCh CITY-
cTg 33 roma M aKTMBHO OCYIIECTBIISLIOCH
HecMOTpsA Ha (PMHAHCOBBIC CIOXHOCTH,
BOIHY C SITTOHUEN, peBOTIOLIMOHHbBIE COOBI-
Tug 1905 roma. [NTaBHOIT SKOHOMHWYECKO
BBITO/101 cTpouTenhcTBa OKPYXKHOM Xee3-
HOM TOPOTH SIBISUIOCh CHUXKEHUE CTOMMO-
CTHU TIEPEeBO30K TPY30B U MACCAXUPOB,
MmojiepXKa NefCTBYIOMUX B ee 30He da-
OpUWK ¥ 3aBOJIOB, a TAKXKe CO3MaHNE HOBBIX



MpeATnpUsITU Ha OKparnHaX ropojia, pa3Bu-
THE BHYTPUTOPOJCKUX MyTel COOOIIEHUS
[2, c. 42—43].

3areM pellleHueM MPaBUTEIbCTBEHHOM
KOMMCCHUY TIPEXKHUI BApUAHT CMEHWJI TTPO-
ekt uHxeHepa II. . Pamesckoro, 61aro-
Japst KOTOPOMY MOSIBUJIACh YHUKAJIbHAST TSI
TeX JIET XKeJIe3HOJOPOXHasI MH(MPACTPYKTY -
pa. BBII0O TOCTPOEHO MIeCTh KPYITHBIX MO-
cToB uepe3 peku Mockay, Ay3y, JInxo0opKy.
PerynsipHoe Tpy3oBoe M Tmaccaxkupckoe
JIBUKEHME IO KOJIbIY OTKPbLIU B 1908 rony.
IIpoTskeHHOCTh MapuIpyTa coCTaBJsiyia
54 XM (C y4eTOM COEMHUTENIbHBIX BETOK —
65,7 M), TMHUS TPOXOAKIA 10 TOPOJCKUM
OKpanHaM U ObLIa cBsi3aHa ¢ 11 panranbHbI-
MU HamnpaBJieHUsIMU MOCKOBCKOU XeJIe3HO!
noporu. [TaccaxxupoB U rpy300TIpaBUTECH
obcayxuBanu 14 cranumii [3, c. 25].

K 1930 roay peHTabe1bHOCTh IaccaXkup-
CKMX TIepeBO30K Ha OKPYKHOUW 3HAYNUTEIb-
HO CHM3WIACH B CBSI3M C paCIIUPEHNEM CETH
TOPOJICKOT0 TpaHCTIOpTa (aBTOOYCOB, TpaM-
BaeB U.JIP.), M TACCAXXKUPCKOE IBUKEHNE Ha
nopore ObUTO TIpekpalieHo. [Ipu aToM rpy-
30BOE 3HAYMTEBbHO BO3pociio. KonmmuecTBo
TPAaH3UTHBIX TPY30B OCOOEHHO YBEJIMUMIIOCH
B 1956 roay mociie BBOJa B 3KCILTyaTalnio
TEIUIOBO30B.

Llenpto HpIHeHero mpoekta MK M2K]]
cTajia Mpexie BCero ajarnTtaius CyliecTBY-
oulei yxe 0osiee cTa JeT XKeJe3HOTOPOXKHOMN
MHGPACTPYKTYPHI TIOJ TTACCaXKUPCKOE TBU -
)xeHue. Jlo Hayaa peKOHCTPYKIIUU KOJIBIIO
MpeIHa3HAYaI0Ch JIJIsI TPY30BBIX TIEPEBO30K,
nerctBoBasio Bcero 12 ctanuuii. KenesHo-
JIOpOXHast MH(GPACTPYKTypa (MOCTHI, CTaH-
U1 U ApYyrue WHXEHEPHBIE COOPYKEHMUS)
Haxoaujaach B paboyeM COCTOSIHUM, XOTS
MPY 3TOM ITaccakupcKasl ee 4acTh IMOJHO-
CTBIO OTCyTCTBOBaa [4, c. 58—59].

B despane 2010 rona 3AO «MHTerpu-
pOBaHHBIE TPAHCIIOPTHBIE CUCTEMBI» pa3-
paborajio nepBblii BapuaHT OM3Hec-TIJIaHa
1 TEXHUKO-3KOHOMUYECKOoe 000CHOBaHUE
[5, c. 17] nporpamMmm pekoHcTpykuuu. Ha
CJIEAYIOIIMA roj MpaBUTEIbCTBO MOCKBBI
u OAO «P2XK]JI» mnpucTynuiiu K peaan3aluu
KOMILJIEKCHOTO MHBECTUILIMOHHOTO MPOEK-
ta MK M2X]JI, a B utoHe ObLJIO yUpeXAeHO
OAO «MockoBckasl KoablieBasl kejge3Has
popora» (50% akuwuit npuHamiexut OAO
«PXJI» u 50% — npaBUTETHCTBY MOCKBBI)
[6,c. 11].

® MWP TPAHCIOPTA, Tom 13, N2 6, C. 124-135 (2015)

B 2012 roay pasBepHyTas 1jauHa KOJbla
coctabysuia 178,2 KM, K CTAaHLIUSIM TPUMBIKAT
131 moabe3nHO MyTh, HA KOTOPBIX 00CIY-
XUBaJoch 159 mpennpustuii. B cpenHem 3a
roll Ha JJUHWUU BBITPYXaJIUCh TpuMepHOo 90
TBIC. BAaTOHOB, CPEJIHECYTOUYHAsI TPy30Bast
paboTa cocraBisiia 325 BaroHos [3, c. 26].

HecMmotps Ha TO, 4TO TOpOACKHUE Mmacca-
KUPCKUE TTePEBO3KU XKeJTe3HOTOPOXHBIM
TPAHCITOPTOM OCTaBJISIIOT OCHOBHBIM BUJIOM
o6usHeca, Ha MK coxpaHsieTcsi cMeniaHHas
cucTeMa opraHM3alluM TOPOJICKUX Iacca-
SKUPCKUX IMEPEBO30K (MOTOPBAarOHHas TsTa)
C BBIXOIOM Ha MPOEKTHYIO MOIIHOCTH 10 100
nap Moe3a0B B CYTKU U HEOOJIbIIIOTO 00beMa
IPY30BBIX TTEPEBO30K Ha CIIEIIUAIbHOM BbI-
JIeJICHHOM TTYTH.

Jlo Hayajia peKOHCTPYKIIMH XKeJIe3HOI0-
pokHast TMHUST Majioro KoJiblia Obljia IByX-
MyTHAas1 HERJIEKTpU(UIIMPOBaHHAST, 000pY-
JloBaHa aBTOOJOKMPOBKOIA, nepecekana 10
paadabHBIX HallpaBJIeHU M, COETUHSTIONINX
MockBy ¢ pa3nmuIHbIMU pernoHaMu Poccuu.
Ha Bcem nporsxxenun MK Haxoauiuch
peabchl Tuma P-65 Ha Xe1e300€TOHHBIX
1Imnasax co 1medeHOYHbIM basiacToM. JBu-
JKEHUE MOe3/I0B OCYIIEeCTBISIOCHh TETIOBO-
3amu aemno Jluxo6opsl. MakcuManbHas
CKOpOCTb cocTanJisiyia 1o 80 kM/4.

Maioe KOJIbIIO MCTIOTb30BaOCh Mper-
MYIIECTBEHHO I TepepacrpeaeseHus
IPY30BBIX TIOTOKOB TTOCPEICTBOM YEThIPEX
COPTUPOBOYHBIX cTaHUU (JIto6auHo, Ile-
poBo, JlocuHoocTpoBcKasi, XOBPUHO),
a TakXke I 00CTYy>XMBaHUS MOCKOBCKMX
MPENIPUATUNA, TATOTEIOIINX K HEMY.

KpoMe morpy3ku v BBITPY3KM CTaHIIMU
KoJIbIla oOecTneYnBagn MPOMYyCcK Ipy30B
B TPAH3UTHOM COOOIIEHUN MEXIY OTHC/Tb-
HBIMU paluaIbHBIMU HaTIpaBieHussMu Moc-
KOBCKOTO XeJIe3HOIOPOKHOTO y3i1a. O0be-
MBI TPAH3UTHOTO TOTOKA OBLIM MOPSAKA
5—6 MJIH TOHH B TO/I.

TexHoJIOTUSI OpraHM3alluu TPY30BOTO
NBUKEHUs pemycMaTpuBaeT no 40 map mo-
e310B B cyTKU. [Ipu aTOM He0OXOIUMO
pasnuyaTh U YYUTHIBATh HAJWYHYIO U IMO-
TpeOHYI0 MPOIYyCKHbIe crocodHocTu. Ha-
JIMaHas 11t Manaoro Kojblia — 3TO MaKCu-
MaJibHbI€ pa3zMepbl IBUKEHUS, KOTOpbIE
MOTYT OBITh peaqn30BaHbl, a MOTpeOHAas
MPOTYCKHAs CITOCOOHOCTh COCTaBJISIET B 3a-
BUCUMOCTH OT y4yacTKa JIMHUU a0 28 map
MOe3/I0B B CYTKH.

UHosemueBa C. M. PacyeT pacxofoB n ce6eCTOMMOCTMY NEPEBO30K MO NOe3A0-y4acTKam




Ta6muua 1
KoaddummenTs KOPPEKTUPOBKH HA
JIOKOMOTHBO-KM U JIOKOMOTHBO-4aC

HaumenoBanue 2M62Y BJI-10, BJI-11
JlokOMOTHBO-KM 0,91 1,02
JlokoMoTHBO-4ac 1,02 0,95

Konuenuusa npoekra MK M2XK]I npen-
ycMaTpUBaeT 2JIeKTpU(UKAIIUIO BCeld Tpac-
CBI, YTO CTAaHET HECOMHEHHBIM (DaKTOpOM
YAYYIIEHUST 3KOJOTUYECKON 00CTaHOBKM
B Mockae.

2.

PaccMmoTpuM o011me MojoKeHUsI MeTOA -
KU OTpeie/IeHUsI KCITTyaTallMOHHBIX PACX0-
JIOB 1 c€0€CTOMMOCTH MEePEBO30K IO yJacTKaM
Masoro Kojblia. MeToa pacXoaHbIX CTaBOK,
OCHOBaHHBIII Ha 3aBUCUMOCTH PacXOi0B OT
00beMa paboThl, BEIPA’KEHHOTO B pa3InUHBIX
U3MEPUTEJISIX, SIBJISIETCS OMHUM M3 OCHOBHBIX
B pacueTax. PacxomHble CTaBKM — 3TO 3aBUCSI -
1IM€ PacXOojbl, MPUXOSIIINECS Ha eIUHUILY
usmepuress. Pacuer cebecronmMocT mepeBo-
30K METOJIOM PACXOIHBIX CTABOK COCTOUT U3
TpeIBApUTETHLHOM (HeTIOCPEICTBEHHBIN pac-
YyeT CTaBOK) U OCHOBHOU paboThI (pacueT
SKCIUTyaTallMOHHBIX PACXO/IOB M CE0ECTOMMO-
CTHU MEPEBO30K).

Oo61as ¢opMyna sl onpeaeeHus: pac-
XOJHOW CTaBKM CJIEAYIOIIAs:

) Zj:Ej +;(3ij -K)

' U,

i

Ie e. — pacxoaHasl CTaBKa Ha i-il UBMEPUTEb,
1

pyo.;
El.j — OCHOBHBI€ 3aBUCSIIMAE PACXOAbI MO
J-# cTaTbe, OTHECEHHBIE Ha i-il U3BMEPUTEIIb,

pyo.;

30. — (doHI orIaThl Tpyaa Mo j-ii cTaThe,
pyo.;

K — pa3mep HauucaeHuit Ha OHJI OTLIATHI
TpyJa o01IeNpOor3BOACTBEHHBIX PAacXOJ0B,
JIOJIST €.

W, — Bev4mHa i-TO UBMEPUTENS, €.

OcHoBHas paboTa 3aKJII0YaeTcs B CeIy-
O1LEeM:

— yCTaHaBJIMBAETCS MepeyeHb U pacCuM-
TBIBAIOTCST 3aTPAThI KAXKIOTO KaJTbKYJISILINOH-
HOT'0O U3MEPUTEISl Ha BBITTOJHEHUE MTEPEBO30K
Ha BbIOpaHHBINA X 00beM (Hampumep, 1000
TKM, 1000 maccaxxupo-km, 1 ToHHa, 1 BaroH
UT I.);
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—pacXxoaHble CTAaBKM YMHOXAIOTCS Ha
COOTBETCTBYIOIIME KAJbKYISIIUOHHbIE U3ME-
PUTENU U PACCUUTHIBAECTCS BETMUMHA 3aBUCS -
IIMX PACcXOJ0B;

— YCJIOBHO-ITOCTOSTHHBIE PACXO/IBI OITpee-
JISI0T INOO Ha €NVHUILY MEPEBO30K, JIMOO
B MPOLIEHTAaX K 3aBUCSIINM PacXoJaM;

—CYMMUPYIOT 3aBUCSIIUE PACXOIbI
U YCJIOBHO-TIOCTOSIHHBIE, U TAKUM 00pa3om
OIPEIEIISTIOT OOLIYIO BEIMYMHY SKCIUTyaTalv-
OHHBIX PacX0J0B;

—cebecTOMMOCTh MEPEBO30K HAXOAST
JIeJIEeHUEM OOIIEel CyMMBI pACXOIOB Ha 00bEM
MepeBO30K (TKM, TACC-KM U T. 11.)

®opmyJia pacueTa o0l1Ieli BETUUMHBI pac-
XOZIOB MO MEPEBO3KaM IPy30B WU MaCCaXu-
POB METOIOM PACXOAHBIX CTABOK:

E=Y(e-W,)+E,,

rae E, — ycIOBHO-IOCTOSIHHBIC PACXOIBI,
MPUXOISIINECS Ha TIEPEBO3KMU.

Br160p KaIbKyJISAIIMOHHBIX U3MEpUTETICH
M YCTAHOBJIEHHWE CBSI3U C HUMM UMEET 0OJIb-
1roe 3HauyeHue, OT HETrO 3aBHUCSIT TOYHOCTD
M JIOCTOBEPHOCTh pe3yibraToB pacuera. On-
HaKO 3TO CJIOXKHAS U TpyloeMKasi paboTa, Tak
Kak TTPOU3BOACTBEHHBII MPOIECC HA Xele3-
HOJOPOXXHOM TPAHCITOPTE SIBJISICTCSI MHOTO-
IUTAaHOBBIM M Pa3HOOOpa3HBIM, a OTCIOIA
¥ MHOTOBapHaHTHBIM XapaKTep CBS3U Pacxo-
JIOB C UBMEPUTEIISIMH.

YToOBI YyCTAHOBUTH TAKYIO CUCTEMY B3aUMOC-
BSI31 paCcXOJIOB 1 M3MepUTEIIel, KOTopasi ToCTa-
TOYHO TOYHO OTpaxkasia Obl BIMSTHUE Ha ce0ecTo-
HMMOCTb PabOThI XKeJIE3HOIOPOKHOTO TPAHCTIOP-
Ta, TPUMEHSIIOT pa3/TIMYHbIE METOIBI JIOTUYECKO-
ro aHajM3a, MaTeMaTUKO-CTaTUCTUYECKUE
METOJIbI C TIPOBEPKOI TTyTeM MCCIIeI0BAaHMS
KOPPEJISIIIMOHHOM 3aBUCUMOCTHY MEXITY TTPEJIa-
raeMbIM M3MEPUTEIEM M pacXoJaMu Ha OCHOBE
JTAHHBIX OTIEIbHBIX TOPOT 3a OTMH Y TOT K€ TO]I.

CucreMa KaJbKYJISIIIMOHHBIX U3MEpUTEIIeH
OTpaxkaeT BCE DJIEMEHTHI TEXHOJOTUIECKOTO
mpoliecca:

— Ipo0eru BAroHOB, IOKOMOTHBOB, ITOE3-
JIOB 110 BUJaM IBVIKCHUS M TUTIAM TSITH;

— BpeMsI, 3aTpayeHHOE Ha BBITIOJTHEHUE
paboThI, TPOCTOM MOABUKHOTO COCTaBA;

— Tpya OpuUTraj IMpy 00CITy>KMUBAaHUM JIOKO-
MOTHUBOB;

— IIpYEM U OTITpaBJICHUE TPY30B;

— 00CyXKMBaHKE MMacCaKMpPOB Ha BOK3a-
Jlax ¥ cTaHIusx [7].

UHo3emuera C. M. Pacuet pacxonoe n cebecTonmocTn NMepeBo30K no noe3no-yvyactkam



Tabumuna 2

MertoauKa pacyera 3aTpar Mo moe3a0-y4acTKaM, 3aBHCSIINX OT
o0bema nepeBo3ok Ha 1000 TKM HeTTO

HOro MaHEBpO-
BOTI'0 JIOKOMO-
TUBa

MH,,, =0,00399 +

10,0124705_
1000

+0,304N, ,

Wsmepurenb Pacxonnas | @opmyiia pacuyera BeIM4MHbI | YCJIOBHBIE 0003HAYEHUS
CTaBKa —e, | u3MepuTes
Barono-km e
ns S 1000(1+a,r,) Do, —IMHAMMYECKAsl HATPY3Ka IPYKEHOTO
2p
Poun BaroHa
a,, —K03GMULMEHT, YIUTBIBAIOLINIA TPOLICHT
MOPOKHEro Mpobera K rpy>keHOMY
Bpurago-yac no- | e
purai NH NS, . NS_; — Nmoe310-KMIOMETPHI COOPHBIX MOE3I0B
€3IHbIX Opuraz NH = Ve ok,
6
. V. — y4aCTKOBasi CKOPOCTb IBIKEHHS COOPHOTO
noesaa, KM/4,
k. — K03(h(OULMEHT, yYUTBIBAIOILMIA JOTIOITHY-
TeJIbHOE BpeMst pabOThI Ha ITPUEM U Clauy
M0e310B
JIoKOMOTHBO-KM | e, N
MS=NS-(1+8,) oo, — KOOMOULIMEHT, yUUTBIBAIOLIMIA 1OJTIO
BCIIOMOTATEIBHOTO MTPpo6era Mo OTHOIIEHUIO
K Mpo0eTy MX BO IJIaBe MOe3/10B
JlokomoTuBO- e -
MT MS, — 10KOMOTMBO-KMJIOMETPBI IMHEAHOTO
yac MS
MT = S . npobera
! S, — cpemHecyTOUHBII TIPOGET IOKOMOTHBA, KM
Bpurano-uac [ MS .
ST T MS 4+ — JIOKOMOTHBO-KUJIOMETPBI TMHEHHOTO
— a A
Gpura Mh = 7z k.. npoGera
i
a
= CpE/IHEB3BELICHHAST y9aCTKOBasi CKOPOCTh
JBVDKCHUST IOKOMOTHBOB, KM/,
A o
k. — K03 PUIMEHT, YINTHIBAIOLINIA TOTIOTHI-
TeJbHOE BpeMsl, 3aTpaurBaeMoe Opuramoit
B OCHOBHOM JIETTO ¥ ITYHKTax 000poTa
ToHHO-KM e
Pl Pl =1000+ p, *nS + P, — Bec Tapsl;
OpyTTO
+P «MS
Z — P, — macca noxomotuBa, T
1 KBre*yu e B B
om NT) =PI, +a, /10000 Pl .
SJIEKTPOSHEPTUY (T) 7] / & — TOHHO-KUJIOMETPBI OPYTTO;
SO0 a HOpMa pacxojia 3JieKTpoaHepruu Ha 10*
TOTUTNBA) ? pMap A P P
TOHHO-KM OpyTTO, KBT * 4
Ipy3oBas or- e, P P .
TpaBKa 0 =2 omnp  — OTIIPABJICHHbIC TOHHBI I'Py3a;
D,
¢ P, — Bec OIHOIT OTIIPaBKI
1 yac cneuuanb- |e

N ne. — KOJMYCCTBO IMOIPYKEHHDBIX

U BBITPY>KCHHBIX BArOHOB

Hroro
3ABUCSIINX
pacxoioB Ha
1000 TkM !

! 3aBucsinie pacxobl OINPENEISIIOTCS] KaK MPOU3BEICHUE PACXOAHON CTAaBKU HA BEJIMUMHY COOTBETCTBYIOLLIETO

U3MEpUTEIS.
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HcxonHoit nHbopMaliueii 1 onpeaesie-
HUS 3aBUCSIINAX PACXOMOB CIYXaT NaHHbBIE
oTtueta (hOpMBI 7-y 3a TOM, TJe TTPUBOAUTCS
BeJIMYMHA SKCIUTyaTallMOHHBIX PACXOIOB IO
CTaThsIM KJlaccupuKaTopa pacxoaoB, KOTO-
DBIii SIBJISIETCST YaCThI0 HOMEHKIIATYPBI JOXO-
JIOB U PacXo/IoB CyObeKTOB €CTeCTBEHHBIX
MOHOTIOJIN B chepe KeJIe3HOTOPOKHBIX
TepEeBO30K (ayiee — HOMEHKJIATypa), a TAakKKe
T10 IPYTUM TTpU3HaKaM KiaccubuKalmm pac-
XomoB [8, 9].

JoJ1s1 3aBUCSIIIINX PACXO/IOB 110 OTAETLHBIM
CTaThssM HOMEHKJIATypbl B OCHOBHOM BapraH-
T€ YCTaHABJIMBACTCS METOIAMU MaTeMaThye-
CKOW CTaTUCTUKU, MAHHBIE BCEX JKEJE3HbIX
JIOPOT PaCCMaTPUBAIOTCS KaK XapaKTepPUCTH -
KM pa3NYHBIX CTAIUN Pa3BUTHUS OITHOTO
00BEKTa TT0 Mepe pocTa 00beMa MepeBO30K.

CoBpeMeHHas yrpaBjieHYecKasi OTYeT-
HOCTb O PacXoJiax MO3BOJISIEeT NETATU3UPOBATh
pacxollHble CTaBKM B pa3pe3e YKPYIMHEHHBIX
BUAOB paboT. Hampumep, obuiast pacxogHast
cTaBKa Ha | BArOHO-KM MOXeT OBITh pacripe-
JleJieHa Ha JBa YKPYIMHEHHBIX BUjaa paboT:
«OKazaHue YCIIyT 10 TPy30BBbIM TTEPEeBO3KaM»
u «ConmepxxaHue M IKCIuTyaTtanusi mHbpa-
CTPYKTYphl». CebecTOMMOCTh MePEeBO30K
MOXET IETATM3UPOBATHCS 10 TapU(HBIM CO-
CTaBJISTIOLINM.

3.

Tertepb 0 METOIMKE OTIPEACTIEHUST IKCTLTY -
aTallMOHHBIX PAcXOJ0B U Ce0ECTOMMOCTH
TPY30BBIX MTEPEBO30K IO MOE3M0-yIacTKaM
MK M2/,

B oruerax o pacxomax MockoBcko-Kyp-
CKOTO OTIIEJICHUSI PACXOJIbl M CE0ECTOUMOCTD
MEepPEeBO30K I'Py30B 1Mo MajoMy KOJIbIly He
BBIICIISTIOTCS.

DKCITyaTallMOHHBIC PACXOIBI M ce0ecTO-
MMOCTh TPY30BBIX IIEPEBO30K MOTYT OBITh
TOJTy9eHBI paCUETHBIMU CITOCOOaMU Ha OCHO-
BaHWU WCIIOJIb30BaHUSI HOPMATHBHO-CTaTH-
CTUYECKOU MHMOpMAIIAN.

DKCIUTyaTallMOHHBIE PACXOMIbI IO TPY30-
BBIM TIepeBo3kam ompeneisiorcs Ha 1000
TOHHO-KM HETTO. 3aTpaThl B YaCTH 3aBUCSIIINX
OT pa3MepoB IBIKCHUSI — IO PAaCYCTHBIM
TMOe310-y4acTKaM METOJIOM PAaCXOMHBIX CTa-
BOK B HAaIIPaBJICHUU «TyIa» U «O0OPaTHO».

3a pacueTHBIN yIaCTOK ITPUHSTHI TTOE300-
yJacTku Majoro KoJjblla, YCTAaHOBJICHHBIE
dopmoit [1O-4 «OtueT 0 paboTe M MOKa3aTe-
JISIX MICTTOJIB30BaHUSI TIOJIBVXKHOTO COCTaBa 1o
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HO/-1 otnenennio MOCKOBCKOI xKele3HOM
J0oporu»'.

TTocnenoBaTeTbHOCTh PacuyeToOB CEOECTO-
MMOCTH MepeBo30K rpy30B mo MK M2K/I npu
YCIOBUSX, XapaKTepU3ywIIUX paboTy A0
M MOCJIe 3JeKTpU(UKALIUN:

— paccUUTaHHbIE CPETHENOPOXKHBIE pac-
XOIHBIE CTaBKU T10 BUIAM TSATU KOPPEKTUPY-
IOTCS B 3aBUCUMOCTH OT UCTIOJI3YEMOTO THTIa
JIOKOMOTHUBA (IIPU TEIJIOBO3HOW TAre —
2M62Y, nipu anektpoBosHoit — BJI-10 u BJI-
11), KoadhuLreHTbl KOPPEKTUPOBKU U CKOP-
PEKTUPOBAHHBIE PACXOIHBIE CTABKM MPUBE-
JIeHbI B Tabaue 1;

— M0 KaXJIOMY MOE€310-y4aCTKYy ONpeaessi-
eTcsl 00beM IKCIUTyaTallMOHHOW padoThl MO
U3MEPUTENIM (BaroHO-KM, BaroHO-4achl
¥ T. I.) B HAIIpaBJICHUM «TyIa» U «00paTHO»,
npuxonsuuiics Ha 1000 TKM HETTO;

— PacCUYUTHIBAIOTCS MOYYACTKOBBIE KC-
TUlyaTallMOHHBIE PacXolbl HA U3MEPUTETU
paboThl (pacxoaHasi CTaBKa YMHOXAETCs Ha
BEJIMYMHY U3MEPUTETIS);

— TMOYYaCTKOBBIE 3KCIJIyaTalluUOHHBIE
pacxo/ibl, MPUXOSIIUECS HA BEIUYUHY COOT-
BETCTBYIOIIIETO MU3MEPUTEJIS, CKIAAbIBAIOTCS
W OTIpefiesisieTcs o01Iast BeTMYMHA 3aBUCSIIINX
3aTpaT 110 y4yacTKy B HaIlpaBJICHUU «Tyaa»
U «00PaTHO»;

— YCJIOBHO-TIOCTOSTHHBIE PACXOBI MO MO-
€3[10-y4acTKy (PUKCUPYIOTCS B MPOLIEHTaX
K 3aBUCSIINM;

— PacCUYUTHIBAIOTCS TTOJHBIE PACXOBI 1O
ydyacTKaM B HampaBJeHUM «Tyda» U «00patT-
HO»;

— MoJTHast ce6eCTOUMOCTh EPEBO30OK IPy-
30B, a TAKXKE B 3aBUCSILIEHN U YCIIOBHO-TTOCTO-
STHHOM vacTsix, omnpenensercsd Ha 10 TKM 1o
KaXIoMy T0e310-y4yacTKy B HampaBJIeHUU
«Tyfa» 1 «00paTHO» TTPY TETUIOBO3HOM U 3JIEK-
TPOBO3HOW TSITE.

Metoauka pacyeTa 3aBUCSIIAX PACXOIOB
9KCIUTyaTallMOHHBIX pacxonoB Ha 1000 TkM
HETTO MpuBeAeHa B Tabaule 2.

4.

Ha ocHoBaHWU TIpOTHO3a MapamMeTpoB
COIMAJIbHO-3KOHOMUYECKOTO Pa3BUTUS
Poccum, TeXHUYECKOI OCHAIIIEHHOCTH U pa3-
MEpOB JABUXCHUS, a TaKXKe OpraHu3aluu
TPY30BOTO IBMKEHHUS C YIETOM TMOJOKECHU I

! JlaHHBIA OTYET COJAEPKUTCS B SJIEKTPOHHOM BUJIE
B ABTOMAaTU3UPOBAHHOW CHCTEME MHTETPUPOBAHHOM
00paboTku Mapuipyta MamnHucToB (AC MOMM).
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Taoamna 3

DKCILTyaTalMOHHbIE PACXO/IBI M ce0eCTOMMOCTH IPy30BbIX epero3ok MK MIKJI (npu ycioBun

nepexo/ia ¢ TEMIOBO3HOM

TSTH HA 3JIEKTPOBO3HYI0)!

Bun taru O6beM paboThl, MITH TKM | Pacxombl, Thic. pyo. CebecTonMOoCTh MePEeBO30K,
Kor./10 TKM
TerutoBo3Hast 1026,8 533,9 519,9
DJIeKTPOBO3HAs 1144,7 561,4 490,5
'udpsel yCIOBHBIE.
43 , 1 4 1’ 2

56,9

3aBucAwme pacxoabl, % M YCNOBHO-MOCTOAHHbIE, %

Puc. 1. YaenbHsiii Bec 3aBucswymx ot oobema
nepeBO30K 1 YCJIOBHO-MOCTOSIHHbIX pacxogos MK
M)XK (anekTpoBo3Has Tara).

TeHcxeMbl MOCKOBCKOTO y31a U mpejjarae-
MO METOTMKU MOXKHO PACCYUTATh BEJTUIMHY
AKCIUTyaTallMOHHBIX PACXOMIOB U cebecTon-
MOCTU TPY30BBIX MEPEBO30K 1Mo Majomy
KoJTbIly MOCKOBCKOM XXKeJIe3HOM TOPOTH JIsT
ycioBuii 2015 rona.

IIpumep pacueta (LUbPHl YCIOBHBIE)
MpeacTaBiieH B Tabuuie 3.

BaxxHo oTMeTUTH, 4TO CeOECTOUMOCTD
MEePeBO30K TMPU OCYIIECTBIEHUN TPY30BbIX
MEepPEeBO30K BJIEKTPOBO3HOU TATOM HUXKE, YEM
MPY BBITIOJTHEHUM TaKOTO Xe 00beMa Tepe-
BO30K TEIJIOBO3HOM TSTOM, 3a CYET CHUXKE-
HUS YCJIOBHO-TIOCTOSTHHOW YacTU PacXolloB
B cpenHeM Ha 7,1%.

CTpyKTypa pacxoloB IO CBSI3U C 00bEMOM
MepeBO30K pa3anvaeTcs Mo BUAAM TATH
U MpeacTaBieHa Ha puc. 1-2.

Boinenum camble 3HaUYMMBble (DaKTOPHI,
KOTOpBIE BJIMSIOT Ha BEJIMUMHY CE0ECTOMMO-
CTH TPY30BBIX TIEPEBO30K 1T0 MajioMy KOJIBILY.

IlepeBo3KM OCYIIECTBIISIOTCS B OCHOB-
HOM B YYaCTKOBBIX, BEIBO3HBIX U COOPHBIX
noe3nax. CebecToMMOCTh ITePEBO3KY IPYy30B
TaKMMHU IT0e3IaMHU BHIIIE, YeM IPSIMBIMU
rnoe3namu. B cpemHuxX ycaoBUsX cebecTou-
MOCTh YKa3aHHBIX KaTerOpuil pa3indaeTcs
o Buaam taru. Hampumep, cebecTonMoCTh
MepeBO3KU IPy30B B COOPHOM T0€3/ie TIpU
TETIJIOBO3HOW TsTe BHILIE, YeM B MPSIMOM
B 1,44 pasa, a mpu 3J1eKTPOBO3HOI — B 1,38;
cebecTOoMMOCTh B BBIBO3HOM TI0O€31e TpH
TeTJIOBO3HOM Tsre Bhille B 1,5 pa3a mo cpaB-
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58,8

3asucaAwme pacxoabl, % M YCNOBHO-NOCTOAHHbIE, %

Puc. 2. YaenbHslii Bec 3aBUcsLLnX OT 06bema
nepeBO30K M YCJIOBHO-MOCTOSIHHbIX pacxonos MK
MXX/[ (tennoBo3Has Tsra).

HEHUIO C TIPSIMBIM TTO€3/I0M, a TIPU 3JIEKTPO-
1are — B 1,29 pasa. To ecTb KaTeropus rmoeszaa
OKa3bIBaeT CYIIECTBEHHOE BJIMSIHUAE Ha BEJIM -
YUHY PacXoJ0B M Ce0ECTOMMOCTD TPY30BBIX
MepeBO30K, a 3TO, B CBOIO OYEPe/ib, 00YCIOB-
JIEHO pa3IMuMSIMU B TTOKA3aTeJIsIX UCITOTb30-
BaHUs TOJBMKHOTO COCTaBa (Bec moesna,
CKOPOCTbH JBUXKEHUS, BCIIOMOTaTebHBIN
npoOer JJOKOMOTHUBA U JIp.).

OT y4acTKOBOW CKOPOCTU JBUXKEHUS
M Beca Imoeszia 3aBUCST MpuMepHo 25% Bcex
pacxoIoB IIPU MePeBO3Ke TPY30B. YUaCTKOBast
CKOPOCTB COCTaBJISIET Ha MaJIoM KOJIbIIE TIpU
TETJIOBO3HOM TSTE B 3aBUCUMOCTH OT TT0€3/10-
yuactka 27—33 km/4. B cpegnem mo Moc-
KoBCcKO-KypckoMy oTaeneHu0 oHa Tpu
3JIEKTPOBO3HOM TsTe BhIlIe — 34,5 KM/4. Bec
COOPHBIX, YYACTKOBBIX U BBIBO3HBIX TTOE3/I0B
HIKe MacChl 1Toe3/1a OpyTTO MPSIMOTO TT0e3/1a.
B BBIBO3HBIX 3HAYMTEIHHO BBIIIE CPEIHETO
YPOBHSI OTHOIIIEHUE TTpo0era MopoXKHUX Ba-
TOHOB K I'PY>K€HOMY, UTO OOBSICHSIETCSI CTPYK-
TypoOii Tpy30000pOTa U COOTBETCTBYIOIIETO
eMy Ipobera BarOHHOTO TlapKa Ha yJacTKax,
00CIy>XKMBaeMbIX BHIBO3HBIMU MOE3MaMMU.
ITpoueHT mopoxHero nmpodera KoJyebdercs
u gocturaer 61%, npu 5T0M B CpeHEM I10
MockoBcko-KypckoMy oTaeneHuIo pu Te-
IUIOBO3HOM Tsire — 45,9%.

[TomyyeHHYIO pacueTHBIM ITyTeM cedecTo-
MMOCTb IPYy30BbIX nepeBo3ok mo MK M2KJ{
HelleJiecoo0pa3Ho CPaBHUBATD, TEM HE MEHee
¢ ce0ecTOMMOCTBIO TPY30BBIX TIEPEBO30K I10
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MockoBcko-KypckoMy OTAe/IeHUIO IO Clie-
JYIOIIAM TTPUIMHAM:

— YYEeT pacxo/ioB 1 00BEMOB ITEPEBO30K 10
Majomy KoJibIly OTAETHHO He TIPEeIyCMOTPEeH
OTYETHBIMU (hopMaMU;

— T10 OT/IEJIECHUIO PACCYUTHIBACTCS TOIBKO
CpenHsIsl ce0eCTOMMOCTh I'PY30BbIX TIEPEBO-
30K, MOCKOJIbKY OTYeTHBIE (hOpMBbI He Tudde-
PEHIIUPYIOT CE0ECTOMMOCTh MEePEBO30K MO
BUJIaM TSITH;

— Ha cpeJHee 3HaueHue cedbecTOMMOCTHU
I'PY30BBIX MEPEBO30K OTIEICHUs OKa3bIBaeT
BJISTHUE TIPOTSIKEHHOCTD JIEKTPUDUIIIPO-
BaHHBIX y4acTKOB (6ostee 83,8%), a mepeBo3-
KU Ha JIMHUU PACCYMTHIBAIOTCS MPU Pa3HBIX
BUJAX TATU 1O CHEIMalbHOW METOIUKE,
YYUTHIBAIOIIEH OCOOEHHOCTHU TEPEeBO30K
B ycoBuUgX Majoro Kosbla.

Pacxonpl o nepeBo3zkam nmo MK MZK]]
TPYIIITUPYIOTCS B COOTBETCTBUU C METOIUKOM
pacnpeeseHus 10X0A0B, PACXOI0B OT Iepe-
BO30K TIO TPEM Tapu(pHBIM COCTABIISIIOIINM:
MH(PaACTPYKTypHast, BATOHHASI M TOKOMOTHUB-
Hast. OCHOBHOM 1I€JIbIO BBIJAEIEHUS TaKUX
COCTaBJISIOLIUX SIBJISIETCS 0OecrieyeHue pac-
YyeTa pacxo10B 151 000CHOBaHUS Tapr (OB HA
YPOBHE 3KOHOMUYECKN OOOCHOBAHHBIX 3a-
Tpar.

[TonydeHHBIE pacXobl TT0 TPY30BBIM I1e-
pPEeBO3KaM 10 BUJIaM TSITH PaCIIpeNeISIIOTCS Ha
TapubHBIE COCTABJIIIOIINE.

[IpenocraBneHue ycryr uHGPaCTPYKTYPhI
oTHocuTtcs K aedareabHocTu OAO «PXK]I»,
CBSI3aHHOM C MPOLIECCOM MEPEBO30K.

CTpyKTypa 3KCIUTyaTallMOHHBIX pacXo-
noB MK M2K]/I 1o TaprHBIM COCTaBSIONIUM
XapaKTepu3yeTcs CIEAYIONIUM COOTHOIICHM -
eM:

* npu Menao8o3HOU msaee:

— nHdpacTpyKTypHas — 69,8%;

— JIOKOMOTUBHAaA — 26,8%;

— BaroHHas — 3,4%;

* Npu 31eKMpoBO3HOU msze:

— uHdpactpykTypHas — 71,6%;

— nokoMoTuBHas — 20,2%:;

— BaroHHas — 8,2%.

BbIBOAbI
BEITIoTHEHHEBIE pacyeTHI 10 MTOe3I0-yJacT-
Kam Masoro kosbua M2K/I mo3BoJisitoT ornpe-

JIEJTATD 9KCTUTyaTalIMOHHBIE PACXO/IbI B peallb-
HBIX YCJIOBUSIX TIepeBO30K. Ha ux nuHaMuky
0OKa3aJiv BJIUSTHUE OCHOBHBIE (DOPMUPYIOIITTE
ce0ecTOMMOCTh (PAKTOPBI, K YUCTY KOTOPBIX
OTHOCSITCSI IMHAMMWYECKasl Harpy3Ka, yJacT-
KOBasi CKOPOCTb, pa3Mepbl IBUXEHUU U JP.
Takoro pona BIUSTHUE Ha 3aTPaThl 11O TI0E3/10-
yJacTKaM YYMTBIBAETCS Yepe3 CUCTEMY U3Me-
puTesieil U pacXOAHBIX CTaBOK. [Ipu aTom
BEJMYMHBI U3MEPUTEJICH 3aBUCST OT KauyecT-
BEHHBIX ITOKa3aTeJiell UCTIOIb30BAHUS MO -
BUXKHOTO COCTaBa, a BEJIMUMHBI PACXOTHBIX
CTaBOK — OT psila 5)KOHOMUYECKMX (DAKTOPOB
(11eH Ha TOTUTMBO M 3JIEKTPOIHEPTHIO, MaTe-
pHUabl, YypOBHS 3apabOTHOI TUTaThl paOOTHU -
KOB XXeJIE3HBIX TOPOT U T. [I.).

BMmecre ¢ TeM ciienyeT UMeTh B BUIY, YTO
M3MEHEeHNE KaueCTBEHHBIX XapaKTepUCTUK
TTOABMKHOTO COCTaBa IPOMCXOIUT ITPH Iepe-
XOJI€ C TeTUTOBO3HOM TSITH Ha 3JIEKTPOBO3HYIO,
TO €CThb C MOMOIIbIO 00see 9HHEKTUBHOTO
aHepropecypca. [IpumeHeHre COBpEMEHHBIX
9JIEKTPOBO30B YJIy4lllaeT KaueCTBEHHBIE T10-
kazareau padorsl MK MIKJI, koTophle, B
CBOIO OYepe/ib, OKAa3bIBAIOT OIpeeIsIiolee
BIIVISTHUE Ha BEJIMYMHY CE0eCTOMMOCTHU I'PY30-
BBIX TIEPEBO30K.
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CALCULATION OF EXPENDITURE AND NET COST OF TRANSPORTATION PER

TRAIN- SECTIONS

Inozemtseva, Svetlana M., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

The article presents a brief history of estab-
lishment and operation features of Small Circle
Line of Moscow Railway from an economic point
of view. The methodological issues concerning
definition of expenses and net cost of transporta-
tion on train-sections with mixed organization of
cargo and passenger traffic are considered. The

proposed method takes into account the current
procedure for registration of aggregated types of
work, industry and tariff components. The eco-
nomic impact of assessment of quality indicators
of rolling stock on the net cost of transportation
of goods by Small Circle Line on a dedicated sec-
tion is given, including the transition from diesel
to electric traction.

Keywords: railway, economics, calculation methods, operating costs, freight transportation, net cost of
transportation, tariff components, dependent costs, semi-fixed costs, train-sections.

Background. The implementation of the com-
plex project «Reconstruction and development of
Small Circle Line of Moscow Railway» is closely linked
to the growing load of Moscow transport hub, which
has now completely exhausted reserves of capacity.
But still there is a problem of freight traffic on the
circle line due to adjacent approach lines of most
large urban enterprises, including CHP plants.

Objective. The objective of the author is to
consider some issues concerning calculation of
expenditures and net cost of freight transportation
on example of Small Circle Line of Moscow Railway.

Methods. The author uses general scientific
methods, graph construction, evaluation approach,
economic analysis, statistics, comparative study.

Results.

1.

From the history of Small Circle Line of Moscow
Railway. In 1870, a railway engineer A. N. Gonchar-
kov developed «Project of steam railway around
Moscows». Construction began after 33 years and
was actively carried out in spite of financial difficul-
ties, the war with Japan, revolutionary events of
1905. The main economic benefit of the construction
of the railway around the city was to reduce the cost
of transportation of goods and passengers, support-
ing operating in its area factories and plants, as well
as creation of new enterprises on the outskirts of the
city, the development of intracity railways [2,
pp. 42-43].

Then with the decision of the government com-
mission the old version was replaced with the project
of the engineer P. |. Rashevsky, which had given
unique to those years railway infrastructure. Six
major bridges across the Moscow River, Yauza,
Likhoborka were built. Regular freight and passenger
traffic on the circle line opened in 1908. The length
of the route was 54 km (including connecting
branches — 65,7 km), the line ran along the outskirts
of the city and was connected with 11 radial direc-
tions of Moscow Railways. Passengers and shippers
were served by 14 stations [3, p. 25].

By 1930, the profitability of passenger transpor-
tation on Circular railway declined significantly due
to expansion of the network of public transport
(buses, trams, etc.) and passenger traffic on the
railway stopped. But cargo traffic had increased
significantly. The number of transit cargo increased
especially in 1956 after commissioning of diesel
locomotives.

The aim of current project of Small Circle Line of
Moscow Railway (hereinafter - SCL MR) was prima-
rily adaptation of existing for more than a hundred

years railway infrastructure for passenger traffic.
Prior to the reconstruction the circle line was in-
tended for freight traffic, there were only 12 stations.
Railway infrastructure (bridges, stations and other
engineering facilities) was in working order, although
the passenger component was completely absent
[4, pp. 58-59].

In February 2010, CJSC «Integrated transport
systems» developed the first version of the business
plan and feasibility study [5, p. 17] of reconstruction
programs. The following year, the government of
Moscow and JSC Russian Railways started the imple-
mentation of the comprehensive investment project
SCL MR, and in June JSC Moscow Circle Line Railway
was established (50% owned by JSC Russian Rail-
ways and 50% - the government of Moscow) [6,
p. 11].

In 2012, the developed length of the circle line
was 178,2 km, 131 approach lines were adjacent to
the stations, which served 159 companies. In an
average per year on the line were unloaded about
90 thou. cars, the average cargo work was 325 cars
[3, p. 26].

Despite the fact that urban passenger transpor -
tation by rail is the main type of business, on SCL
maintains mixed system of urban passenger trans-
portation (multiple-unit traction) with the design
capacity of up to 100 pairs of trains per day and small
amount of freight traffic on a dedicated section.

Prior to reconstruction the railway line of Small
Circle was double-track non-electrified, equipped
with self-locking, crossed 10 radial directions,
connecting Moscow with various regions of Russia.
Throughout SCL there were rails type R-65 on
concrete sleepers with gravel ballast. The train
movement was carried out by diesel locomotive of
the depot Likhobory. Maximum speed was up to
80 km/h.

A small circle was used primarily for redistribu-
tion of cargo flows through four marshalling yards
(Lublino, Perovo, Losinoostrovskaya, Khovrino),
as well as to serve Moscow enterprises gravitating
towards it.

In addition to loading and unloading stations of
the circle provided goods passage in transit traffic
between individual radial directions of Moscow rail-
way junction. The volume of transit traffic was about
5-6 million tons per year.

Technology of organization of freight traffic pro-
vides up to 40 pairs of trains per day. It is necessary
to distinguish and take into account available and
required capacities. Available for Small circle is the
maximum volume of traffic that can be implemented,
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Table 1
Adjustment coefficients per locomotive-km and locomotive-hour
Name 2M62U VL-10, VL-11
Locomotive-km 0,91 1,02
Locomotive-hour 1,02 0,95

and required capacity is depending on the section
of the line up to 28 pairs of trains per day.

SCL MR project concept involves electrification
of the entire route that would be a factor in improving
the ecological situation in Moscow.

2.

Let’s consider common provisions of method-
ology for determining operating costs and net cost
of transportation on sections of Small circle.
Method of expendable rates based on the costs
depending on the amount of work, expressed in a
variety of meters, is one of basic in calculations.
Expendable rates are dependent costs per unit of
the meter. Calculation of net cost of transportation
by expendable rate method is made up of pre-
(direct calculation of rates) and main work (calcu-
lation of operating costs and net cost of transpor-
tation).

The general formula for determining expend-
able rate is as follows:

B ZE'J +;(Wff K)

! M,

i

where e, is expendable rate for i-th measuring
instrument, rub;

Eu are main dependent costs on j-th article,
related to i-th measuring instrument, rub;

W,.l. is wage fund on j-th article, rub;

K is size of charges for wage fund of overhead
costs, unit fraction.

M. is value of i-th meter, units.

The main work is as follows:

— list is set and cost of each calculation meter
for the transportation of the selected volume is
calculated (e. g. 1000 ton-kilometers, 1000pas-
senger-kilometers, 1 ton, 1 car, etc.);

—expendable rates are multiplied by respective
calculation meters and the amount of dependent
costs is calculated;

— semi-fixed costs are determined either per
traffic unit or as a percentage of dependent costs;

— dependent costs and semi-fixed costs are
summarized, and thus the total amount of operat-
ing costs is determined;

— net cost of transportation is determined
through dividing the total expenditure on the vol-
ume of traffic (ton-kilometers, passenger-kilome-
ters, etc.).

The formula for calculating the total amount of
expenses for transportation of goods or passen-
gers by expendable rates:

EZZ("’;‘ 'Mi)+Esf ,

where E_, is semi-fixed costs attributable to
transportation.

Choice of calculation meters, and establish-
ment of connection with them is important, it af-
fects accuracy and reliability of calculation results.
However, it is difficult and time-consuming work,
because the production process of railway trans-
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port is multifaceted and diverse, and hence we
observe multivariate nature of the connection of
costs with meters.

To install such a system of interconnection of
costs and meters that would accurately reflect the
impact on net cost of rail transport work, different
methods of logical analysis, mathematical and sta-
tistical methods to test by studying the correlation
between the proposed meter and expenditures on
the basis of data about separate railways for one and
the same year are used.

The system of calculation meters reflects all the
elements of the process:

— runs of cars, locomotives, trains, by type of
traffic and type of traction;

— time spent on work performance, downtime of
the rolling stock;

— work of crews involved in maintenance of lo-
comotives;

— reception and departure of cargo;

— services for passengers at rail terminals and
stations [7].

The initial information to determine dependent
costs are the data of the report form 7-y for the
year where the value of operating costs is given
on the articles of the expenditure classifier that is
part of the nomenclature of incomes and expens-
es of natural monopolies in the sphere of railway
transportation (hereinafter — nomenclature), as
well as other features of expenditure classification
[8, 9].

The share of dependent costs on individual ar-
ticles of the nomenclature in the basic version is
established by methods of mathematical statistics,
data of all the railways are regarded as the charac-
teristics of different stages of development of one
object as the volume of traffic grows.

Modern management expense reporting enables
to detalize expendable rates by consolidated types
of work. For example, the overall expendable rate
per 1 car-kilometer may be distributed to two con-
solidated types of work: «Provision of services for
freight transportation» and «Maintenance and ope-
ration of infrastructure». Net cost of transportation
can be detailed by tariff components.

Let’s consider the method of determining oper-
ating costs and net cost of freight transportation by
train-sections of SCL MR.

In the reports on costs of Moscow-Kursk branch
expenses and net cost of freight transportation on
Small Circle Line are not allocated.

Operating expenses and net cost of freight
transportation can be obtained by calculation based
on the use of legal and statistical information.

Operating expenses for freight traffic are deter-
mined for 1000 net ton-km. Costs in part dependent
on traffic amount — on calculated train-sections by
expendable rates in the direction «there» and «back».

As calculated section is taken train-sections of
Small Circle Line set in the form TSO-4, «Report on
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Table 2

Methodology for calculating costs per of train-sections, depending on traffic
volume per 1000 net ton-kilometers

Meter

Expendable
rate —e,

Formula to calculate the value of meter

Designations

Car-km

ns

g 1000+ (1+ay)

emp
lad

p dyn

pfy‘f‘ is dynamic load of a

laden car
ae]:fp is coefficient that takes

into the percentage of empty
runs to the unladen

Brigade-hour of train
crews

NH

NS
- pick rd.
Vser

NH

NS, is train-km of pickup

trai}}cs
V2™ is service speed of

ser

pickup train, km/h,
k!, is coefficient taking into

=

account the extra time of
works on reception and
delivery of trains

Locomotive-km

MS

MS=NS-(1+5,)

B, is a coefficient, taking

into account the proportion
of auxiliary run relative to
their run at the head of trains

Locomotive-hour

MT

mr=M50

MS, is locomotive-km of

linear run
S, is average daily locomotive

run, km

Brigade-hour of
locomotive crews

Mh

MS,
Vl

ser

Mh = kly

MsS, is locomotive-km of
linear run

1
v, o soeed
1S average Service Spee

()Cf,locomotives, km/h,
rd- s coefficient, taking

into account the extra time,
spent by the locomotive crew
in the main depot and
turn-around points

Gross ton-km

pl

PIL =1000+ p, *nS+ P+ MS,

lin

b s tare weight;

P . .
! is mass of locomotive, t

1 kW - h of electricity
(kg of coal equivalent)

E(T)=PI” +a, /10000

B
& is gross ton-kilometers;

a, . .
¢ is rate of electric energy

consumption per 10*gross
ton-km, kWh

Consignment

0 — P:hip

P, is shipped tons of cargo;
p, 1s weight of one shipment

1 hour of special
shunting locomotive

MH, =0,00399+0,012475
1000

+0,304N,,

N is a number of loaded

and unloaded cars

Total dependent costs
per 1000 tkm !

' Dependent costs are defined as the product of expendable rate by the value of corresponding meter.
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Table 3
Operating costs and net cost of freight transportation of SCL MR (subject to change from
diesel to electric traction)1

Type of traction | Amount of work, million Costs, thous.rub Net cost of transportation cop. /
ton-kilometers 10 ton-kilometers

Diesel 1026,8 533,9 519,9

Electric 1144,7 561,4 490,5

1 Figures are conditional.

56,9

Dependent costs, %

43,1

W Semi-fixed, %

Pic. 1. The proportion of dependent on traffic volume and semi-fixed costs of SCL MR (electric traction).

work and performance of rolling stock on NOD-1 of
branch of Moscow railway»'.

The sequence of calculations of net cost of
transportation of goods on SCL MR under the condi-
tions that characterize the work before and after
electrification:

— Calculated average on railway expendable
rates by type of traction are adjusted, depending on
the type of locomotive used (with diesel traction —
2M62U, electric traction — VL10 and VL11), adjust-
ment coefficients and adjusted rates are shown in
Table 1;

— On each train-section is determined the vol-
ume of operational work on the meters (car-km,
car-hour, etc.) in the direction «there» and «back»
per 1000 net ton-kilometers;

— Per section operating costs are calculated per
meters of work (expendable rate is multiplied by the
meter);

— Per section operating costs attributable to the
value of corresponding meter are put together and
the total value of dependent costs on the section in
the direction «there» and «back» is determined;

— Semi-fixed costs per train-section are fixed as
a percentage of dependent;

— Full costs per sections in the direction «there»
and «back» are calculated;

'This report is contained in electronic form in Auto-
mated system of integrated processing of drivers’ route
(AS IPDR).

41,2

Dependent costs, %

— Total net cost of transportation of goods, as
well as in dependent and semi-fixed parts, is deter-
mined per 10 ton-kilometers for each train-section
in the direction «there» and «back» with diesel and
electric traction.

Methods of calculating dependent operating
costs per 1000 net ton-kilometers are shown in
Table 2.

4,

Based on the forecast of parameters of socio-
economic development of Russia, the technical
equipment and the size of movement as well as the
organization of freight traffic, taking into account the
provisions of the General Scheme of Moscow junc-
tion and the proposed method it is possible to cal-
culate the amount of operating costs and net cost of
freight transportation on the Small Circle Line of
Moscow Railway as in 2015.

Calculation example (figures are conventional)
is shown in Table 3.

It is important to note that the net cost of trans-
portation in the implementation of freight transporta-
tion with electric locomotive traction is lower than
with the same volume of transportation with diesel
traction by reducing conditional permanent part of
the costs by an average of 7,1%.

The structure of costs due to the volume of traf-
fic varies by type of traction and is shown in Pic. 1-2.

Let’s identify the most important factors that
affect the value of net cost of freight transportation
on Small Circle Line.

58,8

m Semi-fixed, %

Pic. 2. The proportion of dependent on traffic volume and semi-fixed costs of SCL MR (diesel traction).
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Transportation is carried out mainly in service,
clean-up and pickup trains. Net cost of transportation
of goods by such trains is higher than by direct trains.
In average terms net cost of these categories varies by
type of traction. For example, net cost of transportation
of goods in pickup train with diesel traction higher than
that in direct one 1,44 times, and with electric trac-
tion — 1,38; net costin clean-up train with diesel traction
is 1,5 times higher in comparison with the direct train,
and with electric traction-1,29 times. That is the cat-
egory ofthe train has a significant impact on the amount
of expenditure and the cost of freight transportation,
which in turn is caused by differences in the use of
rolling stock (train weight, speed, auxiliary mileage of
locomotive, etc.).

Service speed and weight of trains affect about
25% of total expenditure in the transportation of goods.
Service speed on Small Circle Line with diesel traction
depending on train-section is 27-33 km / h. On aver-
age, in Moscow-Kursk branch it with electric traction
is higher — 34,5 km / h. Weight of pickup, service and
clean-up trains is below gross train weight of the direct
train. In cleanup trains is much higher than the average
ratio of run of laden cars to the empty run, which is
explained with the structure of freight turnover and the
corresponding run of the car fleet in the areas served
by clean-up trains. The percentage of empty run varies
and reaches 61%, while on average for Moscow-Kursk
branch it is 45,9% at electric traction.

The calculated net cost of freight transportation on
SCL MR is inappropriate to compare, though with net
cost of freight transportation on Moscow-Kursk branch
for the following reasons:

— Accounting of costs and traffic volumes on Small
Circle Line is not provided separately in reporting forms;

— Onbranch is calculated only average net cost of
freight transportation since the reporting forms do not
differentiate net cost of transportation by types of trac-
tion;

— Mean net cost of freight traffic of branch is influ-
enced by the length of electrified sections (over
83,8%), and transportation on the line is calculated at
different types of traction by a special method, taking
into account the peculiarities of transportation in terms
of Small Circle Line.

The costs of transportation on SCL MR are grouped
according to the method of distribution of income,
expenses from transportation for three tariff compo-
nents: infrastructure, car and locomotive. The main
purpose of allocation of such components is to provide
cost accounting to justify tariffs at the level of eco-
nomically justified costs.

The resulting costs of freight transportation by type
of traction are distributed to tariff components.

Provision of infrastructure service refers to the
activity of JSC Russian Railways associated with the
process of transportation.

Structure of operating costs of SCL MR on tariff
component is characterized by the following relation-
ship:

- With diesel traction:

— Infrastructure — 69,8%;

— Locomotive — 26,8%;

—car - 3,4%;

« Whith electric traction:

— Infrastructure — 71,6%;

— Locomotive — 20,2%;

— Car - 8,2%.

Conclusions. Calculations referring to train-
section of Small Circle Line of Moscow Railway allow
to define the operating costs in real traffic. Their
dynamics was influenced by main cost-forming fac-
tors which include dynamic load, service speed,
traffic amount etc. This kind of impact on the cost on
train-sections is counted through meters and ex-
pendable rates. The values of meters are dependent
on qualitative indicators of use of the rolling stock
and the values of expendable rates — on a number
of economic factors (the price of fuel and electricity,
materials, wage of railway workers, etc.).

However, it should be borne in mind that the
change in qualitative characteristics of the rolling
stock takes place during the transition from diesel
to electric traction, i. e. using more efficient energy
source. The use of modern electric locomotives
improves the qualitative parameters of SCL MR,
which in turn have a decisive influence on the value
of the cost of freight transportation.
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