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BBEOEHUE

B xonue 2019 roga u B Hauaze 2020 rona
MMUD IOTPSICIU MACCOBBIE 3apakeHMUsI, BbI3BaH-
Hble HOBOM KOpPOHaBUPYCHOI MHDeKuuei
COVID-19. B cBs13u ¢ 3TUM MaTeMaTUYECKUe
MOJIEJIU U MOZAEIMPOBAaHKE ITPOLIECCOB PacIpo-
CTpaHeHMsI MUH(EKIUI MOTYT OBITh UCITIOJIb30-
BaHbI 7151 TOCTPOEHNST YCTONUYMBBIX CUCTEM TSI
MPOTHO3UPOBAHUS U IMTPOTHUBOAEHCTBHUS TAKOTO
poJa MPUPOIHBIM KaTaKJIU3MaM.

TlepBoe ynmoMuHaHue 00 3MUAEMUOIOTYE-
CKOIt Monenu ObLI0 chopMyupoBaHo JlaHn?-
seM bepnyiu B 1760 roay ¢ 1Liejbio OLIEHKU
BJIMSTHUST BaKLIMHALIMK OT OCITbI HA OXKMIAEMYIO
NPOIOJDKUTETbHOCTh XKM3HU YesioBeka. OqHako
OTCYTCTBUE INTIOOATBHBIX PA0OT B SMUIEMUOJIO-
TMYECKOM MOJAECIUPOBAHUU COXPAHSIOCH
BIUTOTH 10 Havyaja XX cronetust. B 1927 rogy
VYunbam Orunsu Kepmak u AngepcoH Ipait
MakkeHApYK BbIBEJIM 3HAMEHUTYIO Mpeae/b-
HYIO TeopeMy, KOTopasi IpecKa3biBaeT B 3aBU-
CHMOCTHM OT MOTeHLIMaJa Tiepeaadyn MHOEKIUU
KPUTUUYECKYIO JOJIIO YSI3BUMBIX I'PYIIIT Hacee-
HUS1, KOTOPast TOJKHA OBITh ITPEBBILLIEHA B CITY-
Yyae BOZHUKHOBEHMSI AMUIEMUK'. 33 3TUM I0-
cnenoBaia pabora Mopuca baptierra, KoTophblit
HCCeI0Bal MONIEIM U TaHHbBIE 151 BHISIBIICHUS
(hakTOpOB, OMpEAEISIONINX YCTORYMBOCTL 00-
JIE3HU B 0OJIbIIMX Monysisiiusix. [TepBast 3HaKo-
Basi KHUTA TI0 MaTeMaTU4YeCKOMY MOJIeIMpOBa-
HUIO 3TMUAEMUOJIOTUYECKUX CUCTeM Oblia
onyosukoBaHa Hopmanom beiinu, yto yac-
TUYHO MTPUBEJIO K MPU3HAHUIO BaXKHOCTU MOJIe-
JINPOBaHUSI B 00JIACTH OOILIECTBEHHOTO 3paBO-
OXpaHEeHMsI. YUUThIBasl pa3HOOOpa3re NHPpeK-
LIMOHHBIX 3200JIeBaHUI, N3y4aeMbIX C Cepelr-
HBl 1950-x romoB, ObLJIO pa3paboTaHO
BIEYATISIOIIEE MHOTOOOpa3ye SMUIEMUOIOT -
yeckux moaeneii [1].

OnHUM U3 OCHOBHBIX KaHAJIOB paclpocTpa-
HeHUs MH(EKIIMIA, BEI3BIBAIOIINX 3a00/1€BaHMS,
SIBJISIETCSI TPAaHCTIOPT. MicciienoBaHmsi mokas3anu,
YTO aBMAnepeBo3KM [2; 3] M BOAHBIN TPAHCTIOPT
[4; 5] urpatoT OrpoMHYIO POJib B TJI00ATBLHBIX
snuaeMusix. B omHoit U3 mocaenHux padboT 1Mo
teme pacnpoctpaHeHuss COVID-19 6bu10 ycTa-
HOBJICHO, YTO TIEPBbI CIy4yail, 3aperucTprupo-
BaHHBII B KUTAlICKOM YXaHe B CepeIHe HOSIOpsT
2019 roma, OBICTPO pacOpOCTpaHUIICS Ha

' Cwm., Harip., Breda, D., Diekmann, O., de Graff, W. E,
Pugliese, A., Vermiglio, R. On the formulation of epidemic
models (an appraisal of Kermack and McKendrick).
Journal of Biological Dynamics, 2012, Vol. 6, Iss. 2, pp. 103—
117. DOI: 10.1080/17513758.2012.716454.
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octaibHOI KuTaii uepes «aBuanepeBo3KU 1 Bbl-
COKOCKOPOCTHBIE JKeJIe3HOIOPOXKHBIE CeTh» [6].

B nanHOIi cTaThe B KauecTBe MpeaMeTa
HCCIIeIOBAHUSI PACCMOTPEH TUTTMYHbBI BarOH
KEJIE3HOIOPOXKHOrO cocTaBa. B HameM ciy-
Jae — MacCakMpCKUii BaroH, UCITOJIb3YeMbIi
Ha cetd OAO «PXK]I».

Lleab naHHO pabOTHI — MOCTPOEHUE CTOXA-
CTUYECKOI MOJIEJTU IS ONTMCAHUS pacipocTpa-
HEHUsI SMUIEMUU B TUTTMYHOM KYTIEHOM Ba-
TOHE B 3aBUCMMOCTHU OT UCTOYHUKA 3apaKEHUS.

s peanuzanyu 3ToH 1esid Oblia pas3pa-
0oTaHa MOJIeJIb BarOHA, OCHOBaHHAsl Ha ceTe-
BOM TOJXOJE, T y3JIaMU CeTU SIBIASIOTCS
3JIEMEHTBI KYNIETHOTO BAaroHa, MeX1y KOTOPbI -
MU YCTaHOBJIEHBI p€Opa COIJIaCHO CTPYKTYpe
BaroHa. CeTb peanu3oBaHa Ha sg3bike Python
¢ UCTIob30BaHUeEM raketa NetworkX [7].

CoO0bITHS, IPOUCXOASIIINE HA CETU, 0a3U-
PYIOTCSI HA MApKOBCKUX CJIyYailHBIX ITPOLIeC-
cax. JluHaMuKa pacripocTpaHeHUs UHMEKINA
B BaroHe peaju3oBaHa C MOMOIIBIO Memoda
CTOXaCTUYECKOTO MOJETUPOBAHUS, 2 UMEHHO
anroputMma Iunnecnu (auri. Gillespie
simulation) [8]. 17151 MpoBe pKM MPUMEHUMOCTH
JIaHHOTO ajiropuTMa Obljla pazpaboTaHa MO-
JleJb C OTpaHUYEHUSIMU B SIBHOM BUJE Ha
OCHOBe 0co0oro Buaa nuddepeHIuaTbHbIX
ypaBHeHU — ypaBHeHUT KonMoroposa.

B pesynibraTe yncieHHbIX pacYETOB ObUTU
MOJIyYeHbl 3aBUCUMOCTH, MOKa3bIBaIOIIUE,
YTO Ha PaCIPOCTPAHEHUE FMUIEMUU B BATOHE
1oe3/1a BJIUSIOT He TOJbKO KOJIMYECTBO U3HA-
YaJIbHO 3apaXX€HHBIX U CKOPOCTh 3apakeHUsl,
HO U pacrojoxXeHue UHGUIUPOBAHHbBIX Mac-
CaXKUPOB.

Kpome Toro, 6butM NpeagoXeHbl Mepbhl,
KOTOpbIe MOIJIM Obl MO3BOJUTh 3aMEJIUTh
JMMHAMUKY pacrpocTpaHeHUsT MHPEKIIUN 10
BaroHy B BUJE U30JISLIMU 3aPaXEHHOTO KYTIE.

NMOCTAHOBKA 3AOA4YU

B HacTosIMii MOMEHT CYIIECTBYET IIBa
OCHOBHBIX TTO/IXO/Ia K MOJIEJTUPOBAHUIO DITH-
JIEMUIA: AeTePMUHUPOBAHHBIN [9, ¢. 157—182]
u croxactuaeckuii [ 10, c. 8—11]. leTrepMuHNI-
pOBaHHBIE MOJIETTN HE YUUTHIBAIOT ITEpeMeIie-
HUE TI0 BarOHY, YTO OKa3bIBaeT ITEPBOOYEPE/T-
HOE BJIMSTHUE Ha pacIipocTpaHeHue MH(EK-
. OTHAKO TIPY 3TOM PE3YJIbTaThl PACUETOB
B paMKax 9THX MOJIEJIC TTO3BOJISIOT BBISIBUTD
OCHOBHBIE 3aKOHOMEPHOCTU — TPOU3OMAET
JIM BTIUIEMUS, KaK JIOJITO OHA IPOIJIUTCS
1 HACKOJIBKO Oy/IeT BeJInKa.
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CroxacTruyecKre MOJIE IV TIO3BOJISTIOT YU -
THIBaTh HEOIPENEIEHHOCTh, OHU DoJiee TOU-
HBI, HO TIPA 3TOM TPOMO3IKHU W CIOXHBI
B peanuzaiuu. OMHAKO TaHHBIN TOIXOM BCE
yaiie MCTOJb3YeTCs B CBSI3U C Pa3BUTHEM
BBIYMCJIUTENbHBIX BO3MOXHOCTE [11].

CylecTByeT MHOXKECTBO KJIACCUYECKUX
JIETePMUHUPOBAHHBIX MOJIEJICH, OTIMCHIBAIO-
IIUX TMHAMUKY PacTIPOCTPAHEHUST STTUICMMUIA.
Onnoit u3 Hux aBuasgercs SIS momens [9,
c. 157—163; 10, c. 6—7], KoTOpast OCHOBaHA Ha
JIeJICHUY JTIIofieil Ha aBe Tpymbsl: S(t) — Boc-
MPUMMYUBBIE K 3200JIEBAaHUIO OCOOU B MO-
MCHT BpeMeHH t (OT aHTIII. susceptible); 1(t) —
VWHGUIIMPOBAHHBIE TIEPEHOCUYNKYU 00JIe3HU
B MOMEHT BpeMeHU t (0T aHTI. infected). [1pu
5TOM o0Iee KojandecTBo geaoBek (N = S(t)
+ 1(t)) 3adpukcupoBano. JlaHHas MOIETb HaM-
0oJiee TOYHO TMTOAXOIUT JIJIST aHAIN3a PACTIPO-
cTpaHeHust MHGEKIIUY B BaroHe T0e3/1a, Tak
KakK 4eJIOBEeK B CPEHEM TIPOBOAUT OKOJIO CY-
TOK B TAKOM BUJI€ TPAHCTIOPTAa. DTOTO BpeMe-
HU HEIOCTATOYHO, YTOOBI TTOJTHOCTHIO BBI3MIO-
pPOBETh, OJTHAKO €TO XBATUT HA TO, YTOOKI 3a-
pasuthbcs. [Ipenmonaraercst, 4TO CKOPOCTH
3apaxkeHusi 3 MpOIopIMOHANbHA pa3Mepy
rpynm S u [, Torga Kak cKkopocTh BBI3OPOB-
JIeHUs Y — TOJIbKO pa3Mmepy rpymmsl 1. Torna
TIPOLIECC IIEPEXOIA U3 ONHOM I'PYIIIIBI B IPYTYIO
OITMCHIBACTCS C TTOMOIIBIO CUCTeMBI Tudde-
pEeHIIMAIBHBIX YpaBHeHM (1):

SO 10 -pscono
dI(t) M
T=[5S(t)1(t)—y1(t).

YTOoObI yuecThb CBSI3b MEXIY JIIOAbMMU, Je-
TepMuHUpOBaHHas SIS mMonenb B JaHHO
pabote MoaudUIIMpOBaHa 1 CBE/IEHA K CTOXa-
cTuveckoil. B kauecTBe cuCTeMbl BHIOMpPAETCS
BaroH noesna. CocTosTHUEM B TEKYIIUIA MO-
MEHT BPEMEHM CUMTAETCS KOJUIECTBO YeJI0-
BEK, KOTOpbIe MOTYT OBITh JIMOO B rpyrme S,
Jm6o I cornacHo 3apaHee KyTuleHHBIM MeCTaM.
[IpenmonaraeTcst, YT0 CKOPOCTh 3apakeHMS
BOCIIPUMMYMBOI 0COOU S 3aBUCUT OT KO3(-
(unreHTa 3apakeHus T U KOJMYECTBA 3apa-
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Puc. 1. Cxema kyneriHoro BaroHa Ha cavite OAO «PXX/[]». UcTouHuk: hitps://www.rzd.ru/.

KEHHBIX coceneil k. OKazaBIINMCh B 3aMKHY-
TOM TIPOCTPAHCTBE C OOJBIIUM MPOLIEHTOM
OOJBHBIX JIIOZICI, MOXKHO BEPOSITHEE 3apa3UTh-
csI, 9eM, ecJIi OBI 3TO OBLT BCETO OAWH MHOM-
MpoBaHHBIH. CKOPOCTh BBI3IOPOBICHMS
YyeJoBeKa M3 Ipynmbl | 3aBUCHUT TOJBKO OT
koadduimenTa BeI3noposiIeHus y. Ecnm nH-
¢unmpoBaHHas 0coOb 3apaXxaeT BOCTIPUNM-
YUBYIO, TO HE UMeET 3HAYCHUST, KaKUM 00pa-
30M eé€ 3apa3win 1o 31oro. CocTosiHue cuc-
TeMBI B Oy/IyIlIeM 3aBUCUT TOJIBKO OT €€ TeKy-
mero coctosgHus. Takum oOpasom, 3amada
CBOJIUTCSI K MADKOBCKOMY CITydalfHOMY MpO-
LIECCY C HENPePBhIBHBIM BpeMeHEM M KOHEY-
HBIM YMCJIOM COCTOSIHMU. JlomylieHneM
JTAHHOM MOJIEIU SIBIISIETCSI TO, UTO HE YIUTHI-
BaIOTCSI TIEPEXOJIbI MEXJTy BATOHAMM, TIORTOMY
cucTeMa 3aMKHYTa, U KOJUYECTBO YeIOBEK
paBHo N = S + L. [TosTomy ecnu cucrtema
B MOMEHT BpeMEHHM t HAXOAMIaCh B COCTOSTHUN
C KOJIMYECTBOM 4eJioBeK (S, 1), ToO BO3MOXKXHBI
caenytomue mepexonsr (2—3) [10, c. 8—11]:

(S.1)stek+(S—LI+1), (2)

(S,1)sy+(S+LI-1). (3)

B nanHoii paboTe paccMaTpuBaroTCs MO-
e3/1a JaJbHero clieJ0BaHusl, TO3TOMY Mpe.-
rnojaraeTcsl, YTo B OOJBIIMHCTBE CyyaeB
OyayT BbIOMpPATHCS KyMEWHbIE BaroHbI s
Oosiee KOM(POPTHOM MOE3IKMU.

PaccMOTpyM TUITMYHBIN KyTeHbINA BaroH.
CxeMa B3siTa B pazzieJie BbIoopa OUJIETOB ¢ caii-
Ta OAO «P2KI» [12]. BuneTsl mponatoTcst Ha
mecta ¢ 1 mo 36. Ha mecra 37 u 38 GunetoB
B IMpojaxe HeT. DTo MecTa MPOBOMAHMKA.

Takum o0pa3oM, KaxIblii BATOH COCTOUT
W3 3JIEMEHTOB: IEBSITh KyIle, MECTO MPOBO/I-
HUKa, IBa TyajeTa 1 ABa TamOypa. Mozaeib
CTPOUTCS U3 CAEAYIOUIUX MPEaNOT0XKEHUN
u ponyuieHuit. Ecnu 3apaxk€HHbIN maccaxup
HaXOIMTCS B KyIle, TO C BBICOKOW BEPOSITHO-
CThIO OH 3apa3uT Bcex cBoux coceneit. Ilo-
3TOMY CUMTAETCS, YTO KyIie JIMOO B Tpyrirne S,
qubo B rpynme I. Heob6xoaumo BbIAEIUTH
00IIyI0 30HY, ITO KOTOPOU mepenBuraercs
MPOBOAHUK, KOHTAKTUPYIOLIMI CO BCeMU
naccaxupamu, U CaMM ITacCaXXupbl, KOTOPbIE
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Puc. 2. Bug cetu, rge 0 — obwas 3oHa, 1, 11 —
Tambypsbi, 2—10 — kyne. (CocTaBneHo asTopamm).

UIyT B TaMOyp unu tyanet. [laccaxupsl mis
CBOUX 1IeJIeil BBIXOAST B TAMOYP ¥ MOTYT Tam
ctankuBathes. CienoBaTebHO, TaMOYPHI
MOXHO BBIJICJIUTH B KAYE€CTBE OTACTbHBIX 30H.

Takum obpa3oM, BaroH roesna MOXHO
TIPE/ICTaBUTH B BUTIE CETH (PUC. 2), T y3IaMu
aBIsTIoTCs ob1mast 30Ha (0), TaMoypsI (1, 11)
kyme (2—10), a p€dpa yCTaHOBICHBI MEXIY
KaXXIbIM KyITe ¥ OOLIEN 30HOM, MEXK]LY COCE[l-
HUMU KYTIe, MEXIY KpalWHUMU KyTie ¥ TaMOy-
paMu, a TakXke MeXIy TaMOypaMu U oOleit
30HOM.

Kaxnpiit 13 N y3710B MOXET UMETb OJUH
u3 nByx cratycos (S umu ). To ecTb, a1eMeHT
ceTtu 100 3apax€H, J1ubo HeT. TakuMm obpa-
30M, TroJrygaeTcsi 2N BO3MOKHBIX COCTOSTHUIA.
CocrostHue y311a MeHsIeTCsT co BpeMeHeM. Kak
OTMEUaJIoCh paHee, 3aa4a CBOJIUTCS K Map-
KOBCKOMY CITydallHOMY TIpOIIECCY C HeTpe-
PBIBHBIM BPEMEHEM U KOHEUYHBIM UYKCIIOM
cocTosiHuii. Takm o6pa3oM, B 1000 MOMEHT
TIPEATIONATraeTCsl, YTO eMMHCTBEHHBIMU (haK-
TOpaM¥, KOTOPbIE MOTYT TIOBJIUSITH Ha BEPO-
SITHOCTh U3MEHEHUSI CTaTyca y371a, SIBISIOTCS
€r0 TEKYIIIee COCTOSTHUE U CTaTyChl €ro Oyin-
xKaiimx coceneid. [ToTok coObITHA TepeBOIUT
CHCTEeMY M3 OJHOTO COCTOSIHUSI B JIPYTOE.
Bpemsi Mexay COOBITUSIMU pacIIpeaeieHO
BKCITOHeHIManbHO [13, c. 112—132]. Cko-
pPOCTb 3apakeHWsT BOCIIPUUMYUBOTO y3J1a
(MHTEHCUBHOCTbH TIepeXo/a) 3aBUCUT TOJIHKO
OT TOTO, CKOJIbKO 3apaXeHo coceneii. 3apa-
JK€HHasT BepIIMHA BOCCTAHABIMBAETCS CO
CKOPOCTBIO, KOTOpast He 3aBUCUT OT cTaTyca
Joboro cocena.

ITycth cucTeMa HaXOAUTCS B COCTOSTHUU
S.= ABCDEFGHIJKL (puc. 3), rae Bepuuu-
e A, B, C, D, E, E G, H, 1, J, K, L moryr
TMIPUHUMATh OJIUH U3 ABYX CTaTycoB (S unu I).
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Puc. 3. Cucrema B coctossvnmu S, = ABCDEFGHIJKL.
(CocraBneHo aBTopamu).

Puc. 4. Cocrosinne S, = SSISSSSSSSSS, rae cunnm
LBEeTOM OTMeY€eHbl BePLUNHbI B rpyrne S, a KpacHbIM
(BepwmHa 2) — B rpynne I. (CoctaBneHo aBropamm).

Hanmpumep, u3BecTHO, YTO B MEPBOM
(puc. 2, BepmmHa 2) Kyre HaxOmITCs 3apa-
JKEHHBIE TTaCCaXUPBI, a BO BCEX OCTATbHBIX
YacTSIX BArOHa 3apakEHHBIX HET, CIeI0BATE b~
HO, CHCTE€Ma HaXOIMUTCH B COCTOAHUM S, =
SSISSSSSSSSS.

PaccmoTtpum mepexon U3 coCcToAHuA S, =
SSISSSSSSSSSBcocrosnme S, = SSITISSSSSSS.
3aMeTrM, 4TO 3a OJMH IIIar MOKHO M3MEHUTh
CTaTyC TOJIBKO OTHOM BEPIIUHBIL. TO €CTh UTOOBI
HEPEHT 13 COCTOSHUA S| B COCTOSIHME S,, CHa-
Yaja HYXHO IONAacTh B COCTOAHHUE S, =
SSIISSSSSSSS, nu6o B cocrosnue S, =
SSISISSSSSSS. Obpatnm BHMMaHUE Ha TIepe-
xon u3 S, B S,. CraTyc MEHSET TPEThE KyIe
(puc. 2, BepmmHa 4) ¢ S Ha . CormacHo ceTn,
TIPE/ICTABIEHHOW Ha PUC. 2, TPEThE KyTle UMEeT
CBSI3b CO BTOPBIM M YEeTBEPTBIM KYITE, a TakkKe
¢ 001eit 30H0i. [TockombKy 3apaskeHo TiepBoe
KyIle, TO MHTEHCMBHOCTb Iepexoza u3 S, B S,
paBHa cormacHo (2): 0 * t =0, To eCTb, HECMOTPS
Ha TO, YTO 3apakeHO TepBoe KyIe, OHO He OKa-
3bIBACT MPSIMOTO BIUSTHUS Ha TpeThe Kyte. [1pu
9TOM MHTEHCHUBHOCTB IIEPEXONAa U3 S, B S, paBHa
2 * 1, TaK KaK y BTOPOTO KyTIe IBa 3apakKEHHBIX
cocena. Ilepexos M3 COCTOAHMSA S, B COCTOAHUE
S, mpezcTaBiieH Ha puc. 5.

Ipu 5TOM M3 COCTOAHUSA S, B COCTOSAHME
S, MOXHO MeperTH CornacHo (3) ¢ MUHTEHCUB-
HOCTBIO Y.

Taxum 06pa3oM, COCTABIISICTCST pa3MeUeH-
HBII Tpad COCTOSHUM, TAe BEPIIUHBI — 3TO
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Puc. 5. lNepexon n3 cocTosHus
S, =SSISSSSSSSSS B cocTosiHme
S, =SSIIISSSSSSS, rae S, = SSIISSSSSSSS
un S, =SSISISSSSSSS. (CocTasneHo asTopamm).

s v

Puc. 6. lMepexoa n3 coctosiHns S, =
SSIISSSSSSSS B cocTosiHne S, =SSISSSSSSSSS
C MHTEHCUBHOCTBIO y. (CocTaBneHo aBTopamm).

BO3MOXKHBIE COCTOSIHUS BCE CUCTEMBI, a pE0-
pa — MHTEHCUBHOCTHU Tepexona. [1o pa3zme-
YeHHOMY Tpacdy COCTOSIHUI CTPOUTCS HEIO-
CPEICTBEHHO MaTeMaTUUeCKasl MOJIEb.
Kaxnast u3 N BeplIMH MOXET UMETh JIBa
BO3MOXHBIX cTtatyca. Cuctema umeer 2N co-
crosinuid. Ilycth X — BEPOATHOCTH TOTO, YTO
B MOMEHT BPEMEHU t cUCTeMa HaXOIUTCS
B cocToAHMU S_. J11st 11060r0 MOMEHTa ?peMe—

HU CyMMa BCeX BEPOSITHOCTEN paBHa Y X; =1,
i=0

ITo rpady cOoCTOSTHUIT BBIMUCHIBAIOTCS
ypaBHeHUus1 Konmoroposa. B neBoii yactu
CTaBSITCS POU3BOAHBIE BEPOSITHOCTHU KaXI10-
ro S, COCTOAHMSA — Xi. B npaBoit yactu — cym-
Ma MPOU3BEIEHUI UHTEHCUBHOCTEN MTEPEX0-
JIOB HA BEPOSITHOCTU COCTOSIHUI, B KOTOPbIE
MOXHO TOMNACTh U3 TEKYUIEr0 COCTOSIHUS,
MUWHYC CyMMapHasi UHTEHCUBHOCTb BCEX T0-
TOKOB, BBIBOJISIIUX CUCTEMY U3 TAHHOTO CO-
CTOSTHUSI, YMHOXEHHAs Ha BEPOSITHOCTH
nanHoro S, cocrosanus [13, ¢. 112—132].

PemreHuem cucteMbl ypaBHEHUI OyayT
BEPOATHOCTH X, HAXOXKIEHUS B KaXIOM CO-
CTOSIHMH S, B KaX/Iblii MOMEHT BpeMeHH t. [To
MOJIYyYEHHBIM BEPOSTHOCTSM BBIYUCISIETCS
cpenHee YUCIo MHOUIMPOBAHHBIX 2JIEMEHTOB
I, paBHOE cymMMe TTpou3BeieHUI Yrca 00Ib-
HBIX K Ha [OJTy4eHHbIE BEPOATHOCTH X, C YnC-
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Puc. 7. Bug cetunpu N = 7, rge O — o6wjas 30Ha,
a 1-6 — kyne. (CoctaBnieHo aBTopamm).

JioM OobHBIX k. Tak Kak cucreMa 3aMKHYTa,
TO YMCJIO BOCIIPUMMYUBBIX DJIEMEHTOB S =
N-1

B ciiyaae N = 12 unciio ypaBHeHUI paBHO
212 = 4096. PaccMOTpuUM cilydail ¢ TOM Xe
cetbio st N = 7 u 27 = 128 ypaBHEHHUIA, TO
€CTb CJIyyaii C IIeCTbIO KyIle U OHOM oO011eit
30HO#1, YTOOBI MPOM3BECTU aHAIU3 TIOJTYICH-
HBIX PE3YJIBTaTOB.

YUCJNIEHHbIE SKCMNEPUMEHTbI

J1st TaHHOI TTOCTAaHOBKY 3a/1a4U Ha SI3bI-
Ke rnporpammupoBaHus Python 6w rpose-
JIEHBI Pacu€Thl ISl cucTeMbl U3 128 ypaBHe-
Huit Konmoroposa. BxonHbie qaHHbIE — Ha-
YaJTBHBIC COCTOSTHUS CHCTEMBI, KO3((PUITMEHTHI
t u . [Ipeanonaras B MOMEHT BpemeHu t, = 0
HayaJbHOE COCTOSIHUE S,, BEPOATHOCTh X,
TIPUHUMAETCSI PABHOI eIMHUIIE, BCE OCTAITb-
HbIe — HYJII0. BbIXOMHbBIE TaHHBIE — KOJIMYe-
CTBO 3apaX€HHBIX | 1 BOCTIPUMMYMBHIX S.

Ecnu undunmponana sepivna 0 (puc. 7),
a Bce OCTaJbHbIE UMEIOT CTaTyC S, TO HAaYaJIb-
Hoe cocrosanue cucteMbl S, = ISSSSSS. IMpu-
MeM CKOpocCTh Bei3noposieHus y = 0,0001,
K03 duUIMeHT 3apaxeHus v = 1.

JuHaMuKa pa3BUTHUSA dOuAeMUAN (puc. 8§)
corylacyeTcst ¢ kiaccudeckoit SIS momesnbio
[10, c. 6—7]. Pe3ynbraThl MHTEPIIPETUPYIOTCS
ciienyromuM odpazoM. [Tpy HaTUYMKU OTHOTO
3apaKEHHOTO |, CKOPOCTU BBI3IOPOBIICHUS Y =
0,0001 n xoapdunmenTe 3apaxkeHus T = 1
anuaeMust OyIeT pa3BUBAThCS TaKUM oOpa-
30M, UTO CITyCTSI BpeMsI TOTEHIIMAIBHO 3apa-
3UTCsI BCsI CeTh. B mprMepax, mpeacTaBIeHHbIX
Jajiee, CpPaBHUBAETCST BPEMsI, 32 KOTOPOE Be-
POSITHO MOKET 3apa3uThCs BECh BaroH.

Croxactudeckasi MOJIeTb Ha OCHOBE YpaB-
HeHuit Konmoroposa mpocra B peanuzaiumn
1 JIETKO UHTEPIIPETUPYyeMa, OJTHAKO P pac-
IIMPEHUU CETH C PACCMOTPEHHOTO ciiydast N =
7 no N = 12, IpuxoauTCsl yIUTHIBATh OOJIbIIIEee
KOJIMYECTBO B3aUMOJIEHCTBYIONTNX (DaKTOPOB.
PaccMoTpeHHast MoiesTb MOXKET OBITh MCTIONb-
30BaHa TSI IPOBEPKU PE3YJIbTaTOB aJITOPUTMA
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Puc. 8.4

afr
P

TUs 3w,

(pac4ét gns N = 7), Ha4anbHoe cocTosiHne S, = ISSSSSS, ckopocTs

Bbi3goposaeHus y = 0,0001, koappuLmneHT 3apaxenus t = 1, no ocu opauHaT — konndectso yesnosek (N), no ocn
abcuymcc — Bpems (t), 1 — konn4ecTBo 3apaxxEéHHbix I,
2 — KOJIN4eCTBO NoABepPXXeHHbIXx 3aboneBanunio S. (CocTaBieHo aBTopamm).

; o

! N
N

-1

0 1 2 3 4

Puc. 9. CpaBHeHue pe3ynbTaTtoB anroputma lnnnecnu u Mogesn Ha OoCHoBe ypaBHeHur Konmoroposa npu
N =7, Bepwunna B ctatyce | = 1 u S, = SISSSSS, ckopocTb BoccTaHOBMEHUs Y = 0,0001, KO9pPULMEHT 3apaxeHns
=1, no ocu opanHaT — konn4decTBo yenosek (N), mo ocu abcuncc — Bpems (t), 1 — KONMYECTBO 3apParKEHHbIX
I (ypaBHeHunsi KonimoropoBa), 2 — KonM4yecTBO NMoaBep)XeHHbIx 3aboseBanuio S (ypaBHenusi Konmoroposa),
3 — konuyecTBO 3apaxk€nHbix | (anroputm Mnnecnu), 4 — KOINYECTBO NOABEP)KEHHbIX 3a60/1eBaHNIO S (aIrOPUTM
mnnecnu). (CocTtaBneHo asTopamm).

Tnnecnu, KOTOPBI He UMEET aHATUTUYECKO-
ro peuieHus. B pabote ncnosib3yeTcs peaiu-
3a11sl JaHHOTO METO/1a 11 CI1yYasi C CeTSAMM,
pa3paboTaHHOTO IPYIINO aBTOPOB Ha SI3bIKE
nporpammupoBanus Python [10, c. 381—-384;
14].

CyTb MeTO/1a 3aKJII0YAETCS B CIIEAYIOLLEM:
BBIUMCIISIETCSI BPEMSI 10 CJIETYIOILIETO COOBITUS
(3apaxkeHue Wik BOCCTAHOBJIEHUE OJHOM U3
BEPIINH) UCXOISI U3 COBOKYITHOW CKOPOCTH

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 6-29 (2020)

BCEX BO3MOXHBIX COOBITHIT. Bpemst mexmy
COOBITUSIMU pacIpeaeeHO SKCITOHEHIUaAIb-
HO, TITapaMeTPOM SIBJISIETCS CyMMa BCEX CKO-
pocTeii BOCCTaHOBJIEHUS U 3apaXKeHusl. 3aTeM
OTJeIbHO BBIYUCISIETCSI, KAKOe UMEHHO
npousonaeT cooritue. Lllaru moBTOpstOTCS
JI0 TeX MOp, MOKA €CTh 3apaXEHHbIE U HE 0-
CTUTHYTO MaKCUMaJbHOE PACUETHOE BpEMsI.
Jnst TOCTUXXKEeHUs] TOUHOCTU Pe3yJIbTaToB
pPacy€Thl BBITIOTHSIOTCS HAa UTEPAIIMOHHOMN
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OCHOBe. BXonHble NaHHBIE — DJIEMEHTHI
B rpymne I, koaddbuuueHTsl T 1 y. BerxonHbie
JTAaHHbIE — KOJIMYECTBO 3apaxk€HHBIX | 1 Boc-
MPUUMYHUBBIX S.

Anroput™ [uiecnu mo3BoJIsieT TUCKPET-
HO U CTOXaCTUYECKU MOJEIUPOBATH CUCTEMY
¢ HEOOJIbIIMM KOJTMYECTBOM 2JIEMEHTOB, T0-
TOMY UTO KaXJ0€ COOBITUE SIBHO MOIEIUPY-
ercs. JJaHHbII METOJ IIIMPOKO UCITOIb3YeTCS
B MOJEIMPOBAHUM XUMUYECKUX peakuii [15]
U PacIpOCTPAHEHU U 3a00JIeBAaHUM, TAKUX KaK
BHY [16].

Tak kak Meton [usiecniv y4uThIBaeT Bce
BO3MOXXHbIE U3MEHEHUSI COOBITUIA, €ro Mpu-
MEHEHHE 00OCHOBAHO JJIsI CUCTEM OrpaHU-
YEHHBIX pa3MepPHOCTEN B CUJIY OOJbIIUX
BBIYMCIUTENbHBIX 3aTpaT. g peuieHus
paccMaTpuBaeMoii 3a1a4u paclpoCTpaHEeHUS
SMUIEMUHU B BarOHE MOE3/1a UCIIOJb30BaHUE
ajropuT™Ma, TakKuMm obpa3zom, SBASETCS
OIpPaBAAHHBIM.

CpaBHMM OTMCAaHHYIO paHee MOJeNb Ha
ocHoBe ypaBHeHUl Konimoroposa ¢ anropur-
MoM [wtnecniu mpu N = 7. [TycTh U3HAYaJIBHO
3apaxkeHa rnepnasi BeplurHa (puc. 7, Bepluu-
Ha 1): BepmumHa B cTaryce I = 1, S, = SISSSSS,
ckopocTb Bbi3noposieHus y = 0,0001, koad-
durmeHT 3apaxenus v = 1.

Pemienue Ha ocHoBe anroputMma [wutecnu
MOKa3bIBAET XOPOIlIee COBMAIECHUE C PELICHU -
€M MOJIeJIM Ha OCHOBe ypaBHeHU I Konmoro-
poBa (puc. 9), Mo3TOMY JaHHBII METOJT MOXKET
OBITH TPUMEHUM TSI pACITMPEHHOM CeTH Mpr
N = 12 (puc. 2), 4To U SIBASETCS MOJEJbIO
1oe3/1a B JTaHHOM cTaThbe.

PE3YJIbTATbI

Ha puc. 2 B kauecTBe 30H BbIJIeJICHBI KyTTe
(2—10), ob6mast 3oHa (0) u 2 Tam6ypa (1, 11).
Tak KaK MICTOYHMKOM PACTIPOCTPAHEHUSI MH-
(bexuy gBMNSIETCST YENOBEK, M3HAYAIBLHO 3a-
PaXE€HHBIMU MOTYT OBITh OOIlast 30Ha (y4u-
THIBAeTCS IPOBOIHUK) U Kyme. PaccmoTpum
¥ POAHAJTM3UPYEM CITydar PacIipoCTpaHEeHUST
WHpeKIMN.

[asiee mpencTaBieHbl CIydal C OTCYT-
CTBUEM MHOUIMPOBAHHBIX MAacCaXUpoB
M OIHUM 3apaX€HHBIM B HaYaJIbHbI1 MOMEHT
BpeMeHu (puc. 10). [IpuHMMAaOTCS CKOPOCTHh
Bo3noposierust Y = 0,0001 u koadduiieHT
3apaxaeHus T = 0,5.

Takum 06pazom, AMIEMUST He PacipocTpa-
HSIETCSl TIPU OTCYTCTBUM MHGMUIIMPOBAHHBIX
naccaxupos (puc. 10a). Hanbompmmit prck

® MWP TPAHCIMOPTA, Tom 18, N2 6, C. 6-29 (2020)

Pa3BUTHSI ATTUIEMUN TPOUCXOIUT Yepe3 M3Ha-
YaJIbHO 3apakE€HHYI0 00111y10 30HY (puc. 100).
DTO CBSA3aHO C TeM, YTO TTPOBOIHMK, KaK ITpa-
BWJIO, KOHTAKTUPYET CO BCEMU TaCCaKMPaMHU.
Kpome Toro, maccaxkupsbl TiepeIBUTAIOTCS Ye-
pe3 ob1iyto 30Hy. B paMkax gaHHOI Moneau
B CJTy4dae 3apakeHUs JIIoOOro U3 KyTie pa3BUTUE
3MUIEeMUM OyneT MpoTeKaTh OJMHAKOBO
(puc. 10B). DTO CBSI3aHO C TeM, UTO Mpearona-
raeTcsi, 4To JIIOAM OOJIBIIYIO YacTh BpeMEeHU
TPOBOJISIT B CBOMX KyTIe, a B OOIIECTBEHHBIX
MecTax (Tyajietax, TaMOypax) ObIBalOT B Cpel-
HeM olMHaKoBoe BpeMst. OTHAKO B TTOCIIETYIO-
KX paboTax 3TY TaHHbIE OYIYT yTOUHEHBI.

PaccmoTtpuM yeThipe cirydast, Koraa u3Ha-
YaJIbHO UMEIOTCS IBE 3apaXXEHHBIX 30HBI,
YTOOBI MPOAHATM3UPOBATh BIUSIHUE HAYa b~
HBIX YCJIOBUIA Ha pa3BUTHE MUIeMuH. Tak Kak
B IJaHHOM TTOCTaHOBKE paCUYETHI TOKA3bIBAIOT,
YTO KaxkJ/I0€ KyIle B paBHOW CTeTICHU OKa3bl-
BaeT BIUSIHUE HA CUCTEMY B IIEJIOM, OHU BbI-
OuparTCcd MPOU3BOJBHBIM 00pa3oM. Ilycth
B IIEPBOM cJlyvae Oblia 3apakeHa o0l1as 30Ha
u niepBoe Kyne (puc. 2, BepinHbl 0 u 2). Bo
BTOPOM CJIydae pacCMOTPHUM JIBa JIFOOBIX CO-
CeTHUX KyIe, HallpuMep, BTOPOE U TPEThe
(puc. 2, Bepmnbl 3 1 4). B TpeThem ciryuae
pPaccMOTPUM JIBa 3apaKEHHBIX KyTIe, KOTOPbIE
HaXOJISITCSI B Pa3HBIX KOHIIAX: TIEPBOE U JIEBSI -
Toe (puc. 2, BepiuuHsbl 2 1 10). B yeTBEpPTOM,
ITyCTh 3apakEHHbBIE KYITe HAXOSATCS Ha OJIN3-
KOM PacCTOSTHUM, HO HE PSIIOM: TISITOE U CEJTb-
moe (puc. 2, BepuidHbl 6 u 8). PesynbraThl
MpeACTaBieHbl Ha puc. 11, CKOpPOCTh BBI3NIO-
posieHud y = 0,0001 u koaddbunneHT 3apa-
xeHust t=0,3.

AHanu3 nmokasbIBaeT, YTo Haubosiee Obl-
CTPO AMUAEMHUSI pa3BUBACTCSI, KOTJIA 3apakeHa
o0111as1 30Ha 1 11000e U3 Bcex Kyre (puc. 11a).
B cityuae nByx n3HavaIbHO 3apakE€HHBIX KyTIe
MMeeT 3HaUeHe X pacronoxeHue. [Toatomy
MpU JBYX 3apa3HbIX Kyle Haubosiee omaceH
JUTSI pacTIipoCTpaHeHMsI TOT CJTyJaii, Koraa OHU
HaXOMSTCS B IBYX Pa3HbIX KOHIIAX. DTO 00b-
SICHSIETCSI TEM, UTO TyaJIeThl M TaMOYpPhI Haxo0-
JATCSI Ha JIBYX Pa3HBIX KOHIAX, U COOTBET-
CTBEHHO PUMCK 3apa3mThCs MPU KOHTAKTE
¢ KpaiiHuMHu Kyrie Boiie. Hanbosee 6e3omnac-
Ha CUTyallMsl, KOTJa JIBa 3apaXkEHHBIX KYITe
HaxonsdTcs psaoM (puc. 110). I[MocnegHuit
clyJait, Korja JBa KyIe HaXo[sTcsl Ha Ma-
JIeHbKOM paccTosgHuu (puc. 11r), Biaedér
MEHBIIIE ITOCIEeICTBUIA, YeM, KOT/Ia 3apaxeH-
HBle KyIle HaXOIsITCS B pPa3HBIX KOHIIAX

BpaTtych A. C., OdepeTtaHas A. C. MaTemaTunyeckast MOAesNb PacrnpoCTPaHEHUS SNNAEMUN BHYTPU
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Puc. 10. OuHamuka pa3BuTvs anugeMuu rnpuy oTCyTCTBUM N3Ha4YasibHO MHULIMPOBaHHbIX (a), Npu 3apaKéHHON
o6Lyeii 3oHe (6), Npy o4HOM 3apaXxéHHOM Kyne (B), CKOPOCTb Bbi3fopoBaeHus y = 0,0001, koagppuumneHt
3apaxenns t = 0,5, no ocu opamMHaT — konmyecTBo Yenosek (N), no ocu abeymncc — Bpems (t), 1 — konnyecTeo
3apaxx€HHbix I, 2 — KONN4ECTBO NoABePXeHHbIX 3a6oneBanuio S. (CocTaBneHo aBTopamm).

(puc. 11B). OgHako JaHHOE PACITONIOXEHUE
oTracHee, YeM, KOT/a /1Ba 3apakEHHBIX KyTIe
HaxoJsTcst Bomau (puc. 110).

PaccMoTpeHHBIe ciTyJau SIBISTIOTCS perpe-
3eHTATUBHBIMU 1 TIPEICTABIISIOT 000CHOBAH-
HYI0 BBIOOPKY CJIydaeB 3apaxkeHus. JlaHHbII
MOIXOJ MOXET OBITh pacIIUpPEeH Kak IJIst
citydast OOJBIIETO YMCIa 3apakEHHBIX, TaK
U TSI GOJTBILIETO YMCIIa 30H OOIIETO MOTh30-
BaHMSI.

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 6-29 (2020)

ITo pesysnbratam pacy€éToB MOXKHO Cle-
JIaThb BBIBOJ, YTO HAa pa3BUTHUE IMUAEMUU
BJIMSIET HE TOJIBKO KOJTMYECTBO 3apakEHHBIX
I, K03 puumeHT 3apaxkeHUSI T U CKOPOCTh
BBI3JIOPOBJIEHUS Y, HO U PACIOJIOXEHMNE
M3HavYaJIbHO 3apak€HHBIX MACCaKUPOB.
PazpabotaHHas Moesib TO3BOJISIET YYUTHI-
BaTh pacloyiokeHrne WHOUIMPOBAHHBIX
MaccaxupoB, YTO JJISI TOe3/a SIBJISETCS
KJTIOYEBBIM (DaKTOPOM.

BpaTtycb A. C., OuyepeTtaHada A. C. MatemaTniyeckas MOAENb pacCnNpoOCTPaHEHUS SNUAEMUN BHYTPU
>KeNe3HOAO0POXHOro KynemHoro sBaroHa
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Puc. 11. AnHamuka pa3sutus anugemMun npy 3apaxEHHol ooLyeii 30HOW 1 nepBbiM Kyne (a), 3apaKEHHbIX
BTOPOM u TpeTbeM Kyne (6), 3apaxEHHbIX NEPBOM U fIeBITOM Kyne (B), 3apaXEHHbIX NITOM 1 ceabMOM Kyre (r),
CcKOpoCTb Bbi3gopoBsennsi y = 0,0001, koappuuneHT 3apaxenms t = 0,3, 1 — KonM4yecTBO 3apakEHHbIX I,
2 — KOoIM4eCcTBO NoaBep)XXeHHbIx 3abonesannio S. (CocTaBrieHo aBTopamm).

MWP TPAHCIIOPTA, Tom 1
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HaHHas Mozeb MOXET ObITh paclIMpeHa
JI0 pPACCMOTPEHUS T0e3[a C YIETOM BaroHa-
pecropaHa.

YucneHHble pacuéThbl okazanu (puc. 100
u puc. 11a), 4To HAMOOIBIINI PUCK 3aPaA3UTh-
Cd MMeeT MPOBOJHUK, MMOITOMY COCTOSIHUIO
€ro 310pOBbSI HYXKHO yNEeIUTh BHUMaHUE
B IEPBYIO ouepeb. Takke 0co00e BHUMaHUE
cjenyeT yaeauTh MecTaM OOILEero Mojb30Ba-
HUS, IPOBOIUTH PErYJISIPHYIO CAHUTAPHYIO

00paboTKY.
PaCCMOTpI/IM BO3MOXHBIC MEPbI, KOTOPLIC
MO2KHO IMPEATIPUHATL B CJIy4ac 06Hapy>KCHI/IH Puc. 12. Bug cetu, rae 0 — obwas 30Ha,
1, 11 — Tam6ypsbi, 2—10 — kyne. Kyne nog Homepom 1
3apasvBIIMXCA ITaCCa’kKMPOB B BArOHE B paMKax (BepLuMHa 2) MHPULMPOBAHO Y N30MPOBAHO
IaHHOW MOZEJIU. HYCTI) 3apaxeHo OAHO 13 ot apyrux. (CoctaBneHo asTopamu).

kyne. [Tocagka moysiHasi, 1 HET BO3MOXHOCTHU

TIepPECaNNTh ITACCAKUPOB Ha CBOOOTHBIE MECTA.  TOE KYIIE, WJIM YeTBEPTOE (pUC. 2 BEpLIMHA 5)
B xauyectBe 0qHON M3 Mep MPENOTBPAILEHNS] U MATOE, WIK LIeCToe (puc. 2, BeplinHa 7) 1
pacnpoCcTpaHEeHUs AMUIEMUM B 3TOM ClIydae MATOE, WM BCE TpU KyIe cpasy. [lpu atom
TIpeUIaraeTcsl U30JIMpOBaTh MH(PUIIMPOBAHHOE  BTOPOE KYIIE, KaK YETBEPTOE U LIECTOE JIMOO
KyIle OT JPYIUX MacCaXUpPOB U OLEHUTb 3(-  3A0pPOBbI, JTUOO MPEANnoaaraeTcs, YTo B HUX
(beXTUBHOCTD TAaHHOTO MPENMOTOXEHUS. OTCYTCTBYIOT Haccaxkupbl. CpaBHUM MOJIydeH-
MHuduumpoBaHHbIE MaccaKupbl UMEIOT BO3-  HblE PE3Y/IBTAThl, CKOPOCTb BOCCTAHOBJIEHMS
MOXHOCTb BBIXOAUTD B OOLLIYIO 30HY, KOHTaK- v=10,0001, KoahduumeHT 3apaxerus t=0,3.

TUPOBaTh C TMTPOBOJHUKOM, COOJIOAAST MEPHI B pamkax paccmaTpuBaeMoii MoIesId U30-
0€30MacHOCTH, U MOCEIIATh TYaJIEThl B OTJIMY-  JIALMS OOJIee OJHOIO KYITe HE BEIET K CYIIIe-
HOE OT 37I0POBBIX ITACCAXKUPOB BPEMSI. CTBEHHBIM yJIydllieHUsIM. Takum oOpaszom,

ITycTp 3apaxeHO nepsoe Kyne (puc. 2, T1aBHOE — U30JIMPOBATH UMEHHO MH(MULIUPO-
BepllIKHa 2), TOTa ¢ yYETOM HaIUUX NPEAIIO-  BaHHBIX AaccakupoB. B ciiyyae BO3HUKHOBe-
JIOXKEHU MOIENb MPUMET CIAEAYIOIINA BUI  HUS MOAOOHBIX CUTYaLlMil 9TO CYILECTBEHHO
(puc. 12). CHU3UT Harpy3Ky Ha MPOBOJHUKOB, KOTOPbIE

CpaBHMM IMHAaMUKY PacIpOCTPAHEHMSI HAXOISTCS B 30HE PUCKa, MPEXIe BCero, n0-
SMUAEMUHU OIIMCAHHOW PaHee MOAEU (PUC. 2)  CTaBUT MEHBIIUI AMCKOMMOPT APYTUM Mac-
¢ e€ monudukanwmeii (puc. 12) mpu CKOPOCTU  caxkupam U MPUBEIET K JIYYIIEMY KOHTPOJIIO
Bo3noposieHus y = 0,0001 u koapduurente curyauuu.
3apaxeHus t = 0,3.

W3zonsmusa 3apaxénHoro kyre (puc. 13) 3AKJIIOYEHMUE
NPUBEIET K 3aMEUICHUIO PACIIPOCTPAaHEHUS B pabote paccMoTpeHa MOzenb pacipo-
nHdexuuu mouru Ha 20 %. Takum o6pa3oM, CTpaHEHMS SMUAEMUU B XKeEJIE3HOIOPOXKHOM
BaXHBII BBIBOJ COCTOUT B TOM, YTO IPU O0-  BaroHe.

HapyXeHUU UH(PUILIMPOBAHHBIX B KyIie, HE00- HerepmuHupoBaHHast SIS Mozenb B 1aH-
XOJMMO €ro U30JUPOBATh. HoOIl paboTte MoauduUIIMPOBaHA U CBeleHA

PaccMmoTpuM janee 3aBUCHMOCTb paclo- K CTOXaCTUYECKOW Ha OCHOBE MapKOBCKMX
JIOKEHUS 3apak€HHOTO KyMe W KOJIUYECTBO  CIAyYaifHBIX ITPOLIECCOB C HEMPEPHIBHBIM Bpe-
M30JIMPOBAHHBIX KyIle OT BPEMEHM paclpo- MEHEeM M KOHEUHBIM YMCIIOM COCTOSTHU. J171st
ctpaHeHuss nHGekuu. [Ipeamnonoxum, 4To OMUCAHUS PACIPOCTPAHEHUS IMUAEMUUN
3apaXxeHo nepBoe Kyrme (puc. 2, BepllirHa 2), BHYTPU BaroHa KeJe3HOJOPOXHOTO COCTaBa
W JJIST UCKJTIOUEHUsS OTACHBIX CUTyalluii  ObUT BBIOpaH Tpad.

BMECTE C TIEPBBIM KYIi€ U30JIUMPYIOT U BTOPOE JI71s1 yrpoIL€HHOTO cTyvasi ¢ IECThIO KyTe
(puc. 2, BepmrHa 3). TakKe MO aHAJIOTUM U OfHOI oO1ei 30Ho# (N = 7) ObL1a cocTaB-
MPEATOJIOXHUM, YTO 3apaXeHo MsATOoe KyIe JIeHa U pellleHa cuctema ¢ 27 = 128 ypaBHeHU
(puc. 2, BepunHa 6). s IpeoTBpallleHHsT  Ha sI3bIKe IporpaMMupoBanust Python.

pacnpoCcTpaHEeHUs SMUAEMUU B KAUECTBE MEP Mogenb Ha ocHOBe ypaBHeHuI Konmoro-
NpoGWIAKTUKYA U30JIUPYIOT 3apak€HHOE M-  poBa ObLIAa MCIOJIb30BaHA IS MPOBEPKU pe-

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 6-29 (2020)
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Puc. 13. CpaBHeHue pe3yibTaToB pacrnpoCcTpaHeHus anuaeMun B Barone, paboraioijem B 06b14HOM
pexume v npu N301IMPoBaHHOM 3apax€HHOM Kyrne, CKOpOCTb BoccTaHoBneHus y = 0,0001, koappuumneHt
3apaxenus t = 0,3, no ocu opanHaT — konn4ecTso yenosek (N), no ocu abecumcc — Bpems (t), 1 — konn4ecTso
3apaxéxHbix | npyn 06b1YHOM PYHKLIMOHUPOBAHUM BaroHa, 2 — KOJIn4ecTBo 3apaxExHbix | npu naonsumm
nHpuympoBaHHoro kyne. (CocTtaBneHo aBTopamum).
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Puc. 14. CpaBHeHune pe3ynbTaToB pacnpocTpaHeHUs 3aNuAeMun B BaroHe rnpuv pasHoii cTerneHn n3onsumm,
CKOpOCTb BOcCcTaHoBsieHus Y = 0,0001, koa¢puumeHT 3apaxkeHns t = 0,3, Mo ocu opaAUHAT — KOJINYECTBO
yenosek (N), no ocu abecuncc — Bpems (t), 1 — konunyecTBo 3apaxxEuHbix | Npu nsonaunn 3apa>xEHHOro Nepeoro
Kyne, 2 — KONIMYeCcTBO 3apaxxEHHbIX | Npy nsonsunn 3apa>xEHHOro nNepBoro U BTOPoro Kyne, 3 — KOJIN4eCTBO
3apaxx€HHbix | npu naonsaynm 3apaxxEHHOro nsroro Kyne, 4 — KOIMYeCTBO 3apaXK€HHbIX | npu nsonaumn
3apa)X€HHOro rnsaTroro Kyre u YeTBEPTOro Kyne, 5 — KOIN4eCcTBO 3apax€EHHbix | npu naonaunmn 3apaxEHHOro
nSTOro Kyrne v WecToro Kyne, 6 — Kosin4ecTBo 3apaxxEHHbIx | npu naonauynn aapaxxEHHOro nsToro Kyne
un coceagHux Kyne. (CocrtaBneHo aBTopamm).
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3yJITaTOB airopuTMa [ecnu, peainzoBaH-
Horo Takke Ha s3bike Python. CorynacoBaH-
HOCTb PE3YJILTaTOB ITO3BOJIMIIA PACIIIPUTH CETh
no ciaydasi ¢ N = 12, 4To COOTBETCTBYET IpaK-
TUYECKH SKCTUTyaTUPyeMbIM BarOHaM B COCTa-
Bax, akcrutyatupyeMbix Ha cetd OAO «P2K]T».

ITonyyeHHBIE pe3yabTaThl MMO3BOJIMIN
MPOaHAIM3UPOBATh PACTIPOCTPAHEHNE BITH -
JEMUM TIPU PA3IMYHBIX HAUaTbHBIX YCIOBUSIX
W 3aKJTIOYUTh, YTO Ha CKOPOCTH €€ pa3BUTHS
BJIMISIET PACITOJIOXKEHUE M3HAYATbHO 3apaKEH -
HbIX TTaccaxupoB. [TokazaHo, 4To HaUOOJIb-
I PUCK TIPU PACTIPOCTPAHEHUN SMTUACMUN
MPEACTABIISIOT MPOBOJIHUKY U HEpeTIaMeH-
TUPOBAHHOE UCTIOJIb30BaHNE OOIIIECTBEHHBIX
MmecT. [IpeutoXkeHbl MephI B CiTydae HaxoX/Ie-
HUST OTHOTO MHMUIIMPOBAHHOTO KYITe B BUJIE
M30JISIIIUY OT IPYrMX maccaxkupos. JlaHHast
Mepa ToKasaja yjaydllieHne JTMHAMUKKA pac-
npoctpaHeHust uHbekmu Ha 20 %. YucaeH-
HbIE paCYEThI CBUIETEJILCTBYIOT O TOM, YTO HET
HEOOXOIMMOCTH M30JIMPOBATh Oojiee YeM
OJITHO KyTIe TPU TAaKOM pacKJafe.

JlaHHBIe pe3yJIbTaThl MOXKHO UCITOIb30BaTh
MpU peajbHbIX TIepeBO3KaX, U OTCIIEKUBATh
MacCaXUpOB, KOTOPbIE MOTYT OBITh UCTOUHM -
KaMM pacripocTpaHeHUsT MH(MEKIIN ¢ TTOMO-
111bI0 00PabOTKY TaHHBIX C KaMep BUIEOHA0-
JIoIeHUs. DTU JaHHBIE HEOOXOIUMBI ISt
MoIM(MUKAIIMKA METOAA, UCITOJIb30BAaHHOTO
B paboTe, YTOOBI OTIPEEIUTh BIUSHUE KaXkK-
noro uz kyne. Hanmpumep, B padote [17] aBTo-
DBl TTPOBOIAJIN MCCIIENOBAHUS BIUSIHUST 00-
IeCTBEHHOTO TOPOJICKOIO TpaHCIIOpTa Ha
pacrnipoctpaHeHue uHpexkuuu COVID-19
B CuHTamype 1o TpaHCIIOPTHBIM KapTaM.
JlaHHbBIE C TPAHCTIOPTHBIX KapT MCITOTh30Ba-
JIUCh IJIsI COCTABJICHUS MaTeMaTU4YeCKOM
MOJIEJIA W OTpeIeIeHUsT TTacCaXkupoB, KOTO-
pPBIX HEOOXOAMMO M30JMPOBaTh Ha paHHEN
CTavH IS TIPENOTBPAIEHUSI pacIIpoCcTpaHe-
HUS STUIEMUM.
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Alexander S. BRATUS

ABSTRACT

This article discusses an aspect of the
most pressing problem of 2020, that of the
spread of infectious diseases. The work
considers a railway compartment coach as
a particular object of spread of infectious
diseases. The objective is to describe spread
of the epidemic in a railway coach using
a stochastic model. The model of the coach
is represented as a network. The processes
occurring on the network are considered to
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be Markov processes. In this paper, two
methods of stochastic modelling are applied:
modelling based on Kolmogorov equations
and Gillespie algorithm. Kolmogorov
equations are used to test applicability of
Gillespie algorithm, which, in turn, is used to
simulate the model of the coach. The
obtained data were analysed, and based on
thatanalysisitis possible to make a conclusion
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shocked by massive infections caused by

the new coronavirus infection COVID-19.
In this regard, mathematical models, and
modelling of spread of infections can be used
to build stable systems for forecasting and
counteracting such natural disasters.

The first mention of an epidemiological
model was formulated by Daniel Bernoulli in
1760 with the aim of assessing the effect of
smallpox (variola) vaccination on a person’s life
expectancy. However, the lack of global work in
epidemiological modelling had persisted until the
beginning of 20" century. In 1927, William Ogilvy
Kermack and Anderson Gray McKendrick
developed the famous limit theorem, which
predicts, depending on the potential of
transmission of infection, a critical proportion of
vulnerable populations that must be exceeded in
the event of an epidemic'. This was followed by
the work of Maurice S. Bartlett, who explored
models and data to identify factors that determine
disease resistance in large populations. The first
landmark book on the mathematical modelling
of epidemiological systems was published by
Norman T. J. Bailey, and that resulted particularly
in recognition of importance of modelling in
public health systems. Given diversity of infectious
diseases studied since the mid-1950s, an
impressive variety of epidemiological models have
been developed [1].

Transport is one of the main channels for
spread of infections that cause disease. Studies
have shown that air travelling [2; 3] and water
transport [4; 5] play a huge role in global
epidemics. In a recent work on spread of
COVID-19, it was found that the first case,
recorded in Wuhan, China, in mid-November
2019, quickly spread to the rest of China through
«airtravel and high-speed railway networks» [6].

The article deals with a typical railway
coach as a subject of research. In our case that
was a passenger coach used within the network
of the JSC Russian Railways.

The objective of this work is to build
a stochastic model to describe spread of the
epidemic in a typical compartment coach
depending on the source of infection.

I n late 2019 and early 2020, the world was

' See, e.g., Breda, D., Diekmann, O., de Graff, W. F,,
Pugliese, A., Vermiglio, R. On the formulation

of epidemic models (an appraisal of Kermack

and McKendrick). Journal of Biological Dynamics,
2012, Vol. 6, Iss. 2, pp. 103—117. DOI:
10.1080/17513758.2012.716454.

To achieve this objective, a model of
a railway coach was developed based on
a network approach, where the nodes of the
network are the elements of the compartment
coach, between which ribs are installed
according to the coach structure. The network
is implemented in Python using NetworkX
package [7].

Events occurring on the network are based
on Markov random processes. The dynamics
of spread of infections in a coach is realized
using the method of stochastic modelling,
namely Gillespie simulation algorithm [8]. To
test applicability of this algorithm, a model with
explicit constraints was developed based on
a special type of differential equations namely
on Kolmogorov equations.

As a result of numerical calculations,
dependencies were obtained showing that
spread of the epidemic in a train caris influenced
not only by the number of initially infected
persons and the infection rate, but also by the
location of infected passengers.

In addition, measures were proposed that
could slow down the dynamics of spread of
infection along the coach through isolation of
the infected compartment.

Statement of the problem

Now there are two main approaches to
modelling epidemics: the deterministic
approach [9, pp. 157—182] and the stochastic
one [10, pp. 8—11]. Deterministic models do
not consider movement along the coach, which
has a primary effect on spread of infection.
However, at the same time, the results of
calculations within the framework of these
models make it possible to identify the main
regularities: whether an epidemic will occur,
how long it will last, and how large it will be.

Stochastic models allow you to consider
uncertainty, they are more accurate, but at the
same time cumbersome and difficult to
implement. However, this approach is
increasingly used with the development of
computational capabilities [11].

There are many classical deterministic
models that describe the dynamics of spread of
epidemics. One of them is SIS model [9,
pp. 157—163; 10, pp. 6—7], which is based on
division of people into two groups: S(z) —
individuals susceptible to the disease at time ¢;
1(1) —infected disease vectors at time £. Moreover,
the total number of people (N = S(1) + I(1)) is
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Pic. 1. Scheme of a typical corridor compartment coach used on the network of Russian railways.
Source: https://www.rzd.ru/.

fixed. This model is most suitable for analysing
spread of infection in a train coach because
a person spends on average about a day in this
type of transport [data for Russian long-distance
trains, see below — ed. note]. This time is not
enough to fully recover, but it is sufficient to get
infected. It is assumed that the infection rate 3
is proportional to the size of groups § and /7,
while the recovery rate y is proportional to
group / only. Then the process of transition of
individuals from one group to another is
described using a system of differential
equations (1):

%:yl(t)—BS(t)I(tﬁ
dI(t) (1)
S =BSO1()-1(1).

To consider the connections between
people, the deterministic SIS model in this
work is modified and reduced to stochastic one.
The train coach is selected as the system. The
number of people who can be either in the
group S or [ according to the previously
purchased seats is considered as the state at the
current moment of time. It is assumed that the
infection rate of a susceptible individual §
depends on the infection coefficient t, and the
number of infected neighbours k. Being in
a confined space with a large percentage of sick
people makes it more likely to become infected

Pic. 2. Type of the network, where 0 — common
zone, 1, 11 - vestibules, 2—-10 — compartments
(compiled by the authors).
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than if there was just a single infected person.
The recovery rate for a person from group
I depends only on the recovery rate y. If an
infected individual infects a susceptible
individual, it does not matter how that person
has been infected before. The state of the
system in the future depends only on its current
state. Thus, the problem is reduced to a Markov
random process with continuous time and
a finite number of states. The assumption in
this model is that the circulation through inter-
car walkways (gangways) is not considered,
therefore the system is closed, and the number
of people is equal to N = § + I. Therefore, if
the system at time 7 was in a state with the
number of people (S, I), then the following
transitions are possible (2—3) [10, pp. 8—11]:

(SI)sTeke(S-1I+1), )

(S,1)sy+(S+LI-1). (3)

In this paper, long-distance trains are
considered, so it is assumed that in most cases,
compartment coaches will be selected for
a more comfortable trip.

Let us consider a typical corridor coach.
The scheme is taken from the ticket booking
section of the Russian Railways website [12].
Tickets are sold for seats 1 to 36. There are no
tickets on sale for seats 37 and 38. These are
the places of the train attendants.

Thus, each coach consists of the elements:
nine compartments, a conductor’s seat, two
toilets and two vestibules. The model is built
using the following assumptions. If an infected
passenger is in a compartment, then it is highly
likely that he will infect all his neighbours.
Therefore, itis considered that the compartment
is either in group Sorin group /. It is necessary
to distinguish a common area where the
attendant, who is in contact with all the
passengers, moves, as well as the passengers
themselves who go to the vestibule or toilet.
Passengers for their own purposes go to the
vestibule and can come across each other there.
Therefore, vestibules can be distinguished as
separate zones.

Bratus, Alexander S., Ocheretyanaya, Alexandra S. Mathematical Model of Spread of the Epidemic Inside
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Pic. 3. The system, in the state S, = ABCDEFGHIJKL
(compiled by the authors).

Thus, the train car can be represented as
a network (Pic. 2), where the nodes are the
common zone (0), vestibules (1, 11) and
compartments (2—10), and the ribs are installed
between each compartment and the common
zone, between adjacent compartments,
between extreme compartments and vestibules,
as well as between vestibules and the common
zone.

Each of the N nodes can have one of two
statuses (S or /). That is, the network element
is either infected or not. Thus, there are 2N
possible states. The state of a node changes over
time. As noted earlier, the problem is reduced
to a Markov random process with continuous
time and a finite number of states. Thus, at any
moment, it is assumed that the only factors that
can affect the probability of a node’s status
change are its current state and the statuses of
its nearest neighbours. A stream of events
transfers the system from one state to another.
The time between events is distributed
exponentially [13, pp. 112—132]. The infection
rate of a susceptible node (transition rate)
depends only on how many neighbours are
infected. The infected vertex is restored to the
initial state at a rate that does not depend on
the status of any neighbour.

Let the system be in a state S, =
ABCDEFGHIJKL (Pic. 3), where vertices A,
B,C,D,E,E G, H,I,J, K, Lcan take one of
two statuses (S or /).

For example, it is known that there are
infected passengers in the first (Pic. 2, vortex 2)
compartment, but there are no infected
passengers in all other parts of the coach,
therefore, the system is in the state S| =
SSISSSSSSSSS.

Pic. 4. State S, = SSISSSSSSSSS, where the vertices
in group S are marked in blue (lighter colouring in
black-and-white print version), and in group I — in red
(compiled by the authors).

Pic. 5. Transition from state S, = SSISSSSSSSSS to
state S, = SSIIISSSSSSS, where S, = SSIISSSSSSSS
and S, = SSISISSSSSSS (compiled by the authors).

Let us consider the transition from state
S, = SSISSSSSSSSS to state S, =
SSITISSSSSSS. Note that you can change the
status of only one vertex in a single step. That
is, to go from S, state to S, state, you first need
to get to S, = SSIISSSSSSSS state, orto S, =
SSISISSSSSSS state. Let us pay attention to
the transition from S, to S,. The status changes
the third compartment (Pic. 2, vertex 4) from
S to I. According to the network shown in
Pic. 2, the third compartment has a connection
with the second and fourth compartments, as
well as with the common area. Since the first
compartment is infected, intensity of the
transition from S, to S, is, according to (2):
0+t = 0, that is, even though the first
compartment is infected, it does not directly
affect the third compartment. Moreover,
intensity of the transition from S to S, is equal
to 2 * 1, since the second compartment has two
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Pic. 6. Transition from state S, = SSIISSSSSSSS to state S, = SSISSSSSSSSS with intensity y
(compiled by the authors).

infected neighbours. The transition from state
S, to state S, is shown in Pic. 5.

In this case, from state S, to state S, one can
pass according to (3) with the intensity v.

Thus, a labelled state graph is compiled,
where the vertices are the possible states of the
entire system, and the edges are the transition
intensities. A mathematical model is built
directly from the marked state graph.

Each of the N vertices can have two possible
statuses. The system has 2" states. Let X, be the
probability that at time 7 the system is in state
S. For any moment in time, the sum of all
probabilities is > X, =1.

Kolmogorovl équations are written based on
the graphs of possible state. The derivatives of
the probabilities Xi of each S, state are put on
the left side. On the right-hand side there is the
sum of the products of the transition intensities
and the probabilities of states that can be
reached from the current state minus the total
intensity of all flows that take the system out of
this state, multiplied by the probability of this
S, state [13, pp. 112—132].

The solution to the system of equations will
be equal to the probabilities X, of being in each
state S, at each moment of time 7. The obtained
probabilities are used to calculate the average
number of infected elements / equal to the sum
of the products of the number of sick persons

Pic. 7. Network type with N = 7, where
0 - common zone, and 1-6 — compartments
(compiled by the authors).
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k by the obtained probabilities X, with the
number of sick persons k. Since the system is
closed, the number of receptive elements is S =
N-L

In case of N = 12, the number of equations
is 212 =4096. Let us consider the case with the
same network for N =7 and 27 = 128 equations,
that is, the case with six compartments and one
common zone to analyse the results obtained.

Numerical experiments

For this formulation of the problem
calculations were carried out in Python
programming language for a system of 128
Kolmogorov equations. Input data are initial
states of the system, coefficients t and y.
Assuming at the moment t, = 0 the initial state
to be S, the probability X is taken to be equal
to one, all the rest probabilities are deemed to
be equal to zero. The output is the number of
infected / and susceptible .S persons.

Ifvertex 0 is infected (Pic. 7), and all others
have status S, then the initial state of the system
is S,= ISSSSSS. Let us take the recovery rate
v =0,0001, the infection coefficient T = 1.

The dynamics of epidemic spread (Pic. 8)
is consistent with the classical SIS model [10,
pp. 6—7]. The results are interpreted as follows.
If there is one infected person /, the recovery
rate y = 0,0001, and the infection rate t = 1,
the epidemic will develop in such a way that
after a while the entire network will potentially
become infected. The examples below compare
the time it takes for an entire coach population
to become infected.

The stochastic model based on Kolmogorov
equations is easy to be implemented and easy
to be interpreted, however, when expanding
the network from the considered case N = 7
to N = 12, it is necessary to take into account
a larger number of interacting factors. The
considered model can be used to check the
results of Gillespie algorithm, which has no
analytical solution. The work uses the
implementation of this method for the case
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Pic. 8. The dynamics of epidemic development (calculation for N = 7), initial state S, = ISSSSSS, recovery rate
vy =0,0001, infection rate © = 1, ordinate — number of people (N), abscissa — time (t), 1 — number of infected
persons I, 2 — number of susceptible persons S (compiled by the authors).

Pic. 9. Comparison of the results of Gillespie algorithm and the model based on Kolmogorov equations with
N =7, vertex in the status | = 1 and S, = SISSSSS, recovery rate y = 0,0001, infection rate t = 1, ordinate — number
of people (N), abscissa — time (t), 1 — number of infected people I (Kolmogorov equations), 2 — number of
people susceptible to disease S (Kolmogorov equations), 3 — number of infected people I (Gillespie algorithm),
4 — number of people susceptible to disease S (Gillespie algorithm) (compiled by the authors).

with networks, developed by a group of authors
in Python programming language [10,
pp. 381-384; 14].

The essence of the method is as follows:
time until the next event (infection or
restoration of one of the vertices to the initial
state) is calculated based on total speed of all
possible events. Time between events is

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol.

distributed exponentially, the parameter is the
sum of all recovery and infection rates. Then it
is calculated separately which event will
happen. The steps are repeated until there are
infected persons, and the maximum estimated
time is reached. To achieve accuracy of results,
calculations are performed on an iterative basis.
Input data are elements in group /, coefficients
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Pic. 10. Dynamics of epidemic development in the absence of initially infected persons (a), with infected common
zone (b), with one infected compartment (c), recovery rate y = 0,0001, infection coefficient t = 0,5, ordinate —
number of people (N), abscissa — time (t), 1 — number of infected persons I, 2 — number of people susceptible

to disease S (compiled by the authors).
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t and y. The output is the number of infected
I and susceptible S persons.

The Gillespie algorithm allows discrete and
stochastic modelling of a system with a small
number of elements, because each event is
explicitly modelled. This method is widely used
in modelling chemical reactions [15] and
spread of diseases such as HIV [16].

Since Gillespie method considers all
possible changes in events, its application is
justified for systems of limited dimensions due
to high computational costs. To solve the
considered problem of spreading the epidemic
in a train coach, the use of the algorithm is thus
justified.

Let us compare the previously described
model based on Kolmogorov equations with
Gillespie algorithm for N = 7. Suppose that the
first vertex is initially infected (Pic. 7, vertex 1):
vertex in status /=1, S, = SISSSSS, recovery
rate y = 0,0001, coefficient infection t = 1.

The solution based on Gillespie algorithm
shows good coincidence with the solution based
on Kolmogorov equations (Pic. 9), so this
method can be applied to the extended network
with N = 12 (Pic. 2), which is the train model
in this article.

Results

In Pic. 2 compartments (2—10), acommon
area (0) and 2 vestibules (1, 11) are allocated
as zones. Since the source of spread of infection
is a person, the common zone (the conductor
is taken into account) and the compartment
can be initially infected. Let us consider and
analyse the cases of spread of infection.

Below are the cases with the absence of
infected passengers and a single infected person
at initial time (Pic. 10). The rate of recovery is
considered to be y = 0,0001, and the infection
rate Tt = 0,5.

Thus, the epidemic does not spread in the
absence of infected passengers (Pic. 10a). The
greatest risk of its spread occurs through the
initially infected common zone (Pic. 10b). This
issince the coach attendant is usually in contact
with all the passengers. In addition, passengers
move through the common area. Within the
framework of this model, if any compartment
becomes infected, the epidemic will develop in
the same way (Pic. 10c). This is since it is
assumed that people spend most of their time
in their compartments, and each passenger
spends the same amount of time on average as
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compared with other passengers in public zones
(toilets, vestibules). However, in subsequent
works, these data will be specified.

Let us consider four cases when initially
there are two infected zones in order to analyse
the influence of initial conditions on epidemic
development. Since in this setting the
calculationsshow that each of the compartments
has an equal impact on the system, they are
chosen arbitrarily. Let us suppose that in the
first case the common zone and the first
compartment were infected (Pic. 2, vertices 0
and 2). In the second case, let us consider any
two adjacent compartments, for example, the
second and the third (Pic. 2, vertices 3 and 4).
In the third case, let us consider two infected
compartments located at different ends: the
first and the ninth (Pic. 2, vertices 2 and 10).
Inthe fourth case, let the infected compartments
be at close range, but not nearby: the fifth and
seventh (Pic. 2, vertices 6 and 8). The results
are shown in Pic. 11, the rate of recovery y =
0,0001 and the infection rate t = 0,3.

Analysis shows that the epidemic develops
most rapidly when the common area and any
of all compartments are infected (Pic. 11a).
In case of two initially infected compartments,
their location matters. Therefore, with two
infectious compartments, the most dangerous
for spread is the case when the infected
compartments are located at two different ends
of the coach. This is because toilets and
vestibules are located at two different ends, and,
accordingly, the risk of infection upon contact
with the outermost compartments is higher.
The safest situation is when two infected
compartments are side by side (Pic. 11b). The
latter case, when two compartments are at
a short distance (Pic. 11d), entails fewer
consequences than when infected compart-
ments are at opposite ends (Pic. 11c). However,
this location is more dangerous than when
two infected compartments are close
(Pic. 11b).

The cases considered are representative and
represent a reasonable sample of infection
cases. This approach can be extended both for
the case of a larger number of infected areas
and for a larger number of common areas.

Based on the results of calculations, it can
be concluded that epidemic spread is influenced
not only by the number of infected persons 7,
the infection coefficient t and recovery rate v,
but also by the location of the initially infected
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Pic. 11. Dynamics of epidemic development with infected common zone and the first compartment (a), infected
second and third compartments (b), infected first and ninth compartments (c), infected fifth and seventh
compartments (d), recovery rate y = 0,0001, infection rate © = 0,3, 1 — number of people infected I, 2 — number
of people susceptible to disease S (compiled by the authors).
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Pic. 12. Type of the network, where 0 — common zone, 1, 11 — vestibules, 2—10 — compartment. Compartment
under number 1 (vertex 2) is infected and isolated from others (compiled by the authors).

[
w

=
M
T

]

=
o =
1

\\ \\

O R N W s WU O o~ 0 ©

|
-

10

Pic. 13. Comparison of the results of spread of the epidemic in a coach operating normally and in a coach
with an isolated infected compartment, recovery rate y = 0,0001, infection rate t = 0,3, ordinate — number
of people (N), abscissa — time (t), 1 — number of people infected I during normal operation of the coach,
2 — number of people infected I with isolation of the infected compartment (compiled by the authors).

passengers. The developed model allows
considering the location of infected passengers,
which is a key factor for the train.

This model can be extended to consider
a train with a dining car.

Numerical calculations have shown (Pic.
10b and Pic. 11a) that the coach attendant has
the greatest risk of infection, therefore, the state
of his health should be considered first. Also,
special attention should be paid to common
areas, they should be subject to regular
sanitization.

Let us consider possible measures that can
be taken in case of detection of infected
passengers in a coach within the framework
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of this model. Let one of the compartments
be infected. The boarding is full, and there is
no way to transfer passengers to empty
compartments or seats. As a measure to
prevent spread of the epidemic in this case, it
is proposed among other steps to isolate the
infected compartment from other passengers,
and to evaluate the effectiveness of this
assumption. Infected passengers have the
opportunity to go to the common area, contact
the attendant, observing safety measures, and
visit the toilets at a time different from healthy
passengers.

Let the first compartment be infected
(Pic. 2, vertex 2), then, considering our
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Pic. 14. Comparison of results of spread of the epidemic in a coach with different degrees of isolation, recovery
rate y = 0,0001, coefficient rate t = 0,3, ordinate — number of people (N), abscissa — time (t), 1 — number of
people infected | when isolating the infected first compartment, 2 — number of people infected | when isolating
the infected first and second compartments, 3 — number of people infected | when isolating the infected fifth
compartment, 4 — number of people infected | when isolating the infected fifth and fourth compartments,

5 — number of people infected | when isolating the infected fifth and sixth compartments, 6 — number of people
infected I when isolating fifth and neighbouring compartments (compiled by the authors).

assumptions, the model will take the following
form (Pic. 12).

Let us compare the dynamics of spread of
the epidemic following the previously described
model (Pic. 2) but with its modification
(Pic. 12) at the rate of recovery y = 0,0001 and
the infection rate t = 0,3.

Isolation of an infected compartment
(Pic. 13) will slow spread of infection by almost
20 %. Thus, an important conclusion is that if
aninfected person isidentified ina compartment,
it is necessary to isolate him.

Let us further consider the dependence of
the location of the infected compartment and
the number of isolated compartments on the
time of infection spread. Let us suppose that
the first compartment is infected (Pic. 2,
vertex 2), and to avoid dangerous situation, the
second compartment is isolated along with the
first one (Pic. 2, vertex 3). Also, by analogy,
suppose that the fifth compartment is infected
(Pic. 2, vertex 6). To prevent spread of the
epidemic, as a preventive measure, the infected
fifth compartment, or the fourth (Pic. 2,
vertex 5) and the fifth, or sixth (Pic. 2, vertex 7)
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and the fifth, or all three compartments at once,
are isolated. In this case, the second
compartment, like the fourth and sixth, are
either healthy, or it is assumed that there are no
passengers in them. Let us compare the results
obtained, with the recovery rate y = 0,0001, the
infection coefficient T = 0,3.

Isolation of more than one compartment
does not lead to significant improvements in
this model. Thus, the main thing is to isolate
the infected passengers. In case of such
situations, this will significantly reduce the load
on the attendants who are at risk, first of all,
will bring less discomfort to other passengers,
and will lead to better control of the situation.

Conclusion. The paper considers a model
of spread of the epidemic in a railway
compartment (corridor) coach.

The deterministic SIS model in this work is
modified and reduced to a stochastic model
based on Markov random processes with
continuous time and a finite number of states.
A graph was chosen to describe the spread of
the epidemic inside the train coach.
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For a simplified case with six compartments
and one common zone (N = 7), a system with
27 =128 equations in the Python programming
language was compiled and solved.

The model based on Kolmogorov equations
was used to test the results of Gillespie algorithm,
also implemented in Python. The consistency of
the results made it possible to expand the network
to the case with N = 12, which corresponds to
the practically operated coaches in the trains used
on the network of Russian Railways.

The results obtained allowed us to analyse
the spread of the epidemic under various initial
conditions and conclude that the location of
the initially infected passengers affects the rate
of its spread. It is shown that the greatest risk
in the spread of the epidemic is represented by
coach attendants and unregulated use of public
areas. Measures are proposed in case of
identifying a single infected compartment in
the form of isolation of its passengers from
other passengers. This measure showed an
improvement in the dynamics of the spread of
infection by 20%. Numerical calculations show
that there is no need to isolate more than one
compartment in this situation.

These results can be used in real transpor-
tation, as well as to track passengers who can be
vectors of infection by processing data from
CCTYV cameras. These data are needed to
modify the method used in the work to determine
the influence of each of the compartments. For
example, in [17], the authors conducted a study
of the impact of public urban transport on the
spread of COVID-19 infection in Singapore
using transport cards. Data from travel cards
were used to compile a mathematical model and
identify passengers who need to be isolated at an
early stage to prevent the spread of the epidemic.
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BOTIPOCbI TEOPUW

Crtparernyeckoe njaHmpoBaHue
N 3KOHOMMYECKas OLeHKa pa3BuTus
MHTepMOoaasibHON TPAHCNOPTHOM

MHPPaACTPYKTYPbI

Amutpnia MAYEPET

Pycnan TUTOB

ABTOpamu nocTaB/eHbl e OLeHUTb COLMaslb-
HO-9KOHOMUNYECKOE 3Ha4eHNE CTPOUTENIbCTBA UHTED-
mMoL[asnbHOV TPaHCNOPTHOW NMHGPaCTPyKTYpPbl
B Poccuvickoii ®enepalmm B COBPEMEHHbIX yCJI0BU-
s1X, MPOBECTW aHann3 cterneHu paspaboTaHHOCTU
BOIPOCOB OLIEHKN 9KOHOMUYECKOV 3PHEKTUBHOCTU
MHTEPMOAAJIbHbIX acreKkToB. [/1s OCTUXEHNST 9TUX
Lesnevi npoaHaan3npoBaHbl COAEPXAHNE COBPEMEH-
HbIX CTparern4yeckux fOKyMeHTOB (Takux, Kak
KomrineKkcHbIb nnaH MOAEPHU3ALNN VN PACLUNPEHNS
MaruncTpasabHOV MHGPacTpyKkTypbl, JoarocpoyHas
nporpamma pa3BUTUS OTKPbITOrO aKkLuMOHEPHOro
obujectBa «Poccuiickue xene3Hble Aoporu» o
2025 roga, Ctparervsi npoCTPaHCTBEHHOIO Pa3BUTUS
Poccurickori Penepaumv v ap.), a Takxe gunHamuka
06bEMOB KOHTEVMHEPHBIX NMEPEBO30K U PE3Y/IbTAThI
B 06/1aCTV CTPOUTENILCTBA HOBOK 1 MOLAEPHN3aLMN
CYLLIECTBYIOLLIEN MHTEPMOLAAIbHOV TPaHCMNOPTHOM
UHGPacTpyKTypbl. Ha oCHOBaHVV 3TOro cAesaH Bbl-
BoA 00 aKkTyasibHOCTU, B&KHOCTU U MEPCIEKTUBHOCTU
pasBUTUSI MHTEPMOAA/IbLHOU TPaHCMOPTHOM NHppPa-
CTPYKTYPbI KaK [J1s1 NaCCaxupCKux, Tak v rpy30BbIX
repeBo30K.

Mauepem JImumpuii Arexcandposuyu — Poccutickuii
YHusepcumem mpancnopma, Mockea, Poccus.
Tumoe Pycaan Anamoaveeus — Poccuiickuii
YyHugepcumem mparncnopma, Mockea, Poccus™.

lpoaHann3vposBaHa cterneHb pas3paboTaHHOCTU
BOMPOCOB OLIEHKN IKOHOMUYECKOM 3(PPHEKTUBHOCTU
MHTEPMOLAJIbHBIX aCreKTOB, Py 3TOM PaCCMOTPEHa
McTOpUYeCKasi PETPOCNEKTVNBA IBOOLMM METOLOB €€
OLIeHKU B paMKax rocyiapCTBEHHbIX U/ OTPAC/IEBbIX
MeToAnNYEeCKUX PYKOBOACTBaXx, MpuHsaTbix B CCCP
v Poccuiickori ®enepavmn. Mpy aHaam3e noaxonos
K OLleHKE 9KOHOMUYECKOMN 9 PHEKTUBHOCTU, CBO-
CTBEHHbIX 1/1aHOBOV 9KOHOMUYECKOV MOAEN, OrNCaH
pPsiA 3PGHEKTOB OT YIyHLLEHWI, CBS3aHHBIX C PA3BUTU-
eM TPaHCMoPTHOM MHGPACTPYKTYpPbl N OPraHn3aLmv
akcnnyataumn. Ha ¢poHe 3Toro packpbiTo oT/m4ve
r104X0A0B, XapakTepHbIX /151 COBPEMEHHOV PbIHOYHOM
9KOHOMUMKW. C MOMOLLIbIO aHaIM3a v CUHTe3a CAEe/1aHb!
BbIBO/bI 10 K&XO0H 4aCTu NCCIEe[0BaHNS.

B 3aks1104MTENIbHOV 4aCTu, UCMOb3YS ANATIEKTU-
4eCKuii oaxos, CornocTaB/IeHb! 01y4eHHbIE Pe3yJib-
Tatbl. Ha oCHoBaHWM 3TOro cAenaHbl BbiIBOAbI O COOT-
HOLLIEHWN BaXHOCTV CTPOUTEILCTBA MHTEPMOAAIbHOM
TPAaHCMOPTHOV MHGPACTPYKTYPbI, CTENEHU pa3pabo-
TaHHOCTM BOMPOCOB OLLEHKN 9KOHOMUNYECKO 3 DeEK-
TUBHOCTY MHTEPMOAAJIbHBIX aCMEKTOB U MepCrekTyB
pPasBuUTYSI JAHHOIO Hay4YHOIrO HarnpPaBAEHUSI.

Knto4eBbie ¢noBa: CTpoUTebCTBO MHTEPMOAA/IbHOM TPaHCIOPTHOM MHPPACTPYKTYPbI, OLEHKa 9KOHOMU-
4eckou 3¢ PeKTBHOCTH, CTparerndeckoe pasBuTme, UHBECTULMOHHBIE MPOEKTHI.
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eanu3alMu Kak MacuITaOHBIX, TaK

U MEHee 3aTPaTHbIX WHBECTULIMOH-

HBIX TPOEKTOB MPEAIECTBYET OLIEHKA
UX 11eJ1eCO00Pa3HOCTU U IKOHOMUYECKOU
3¢ deKTUBHOCTU. B yCI0BUSIX OTpaHUYEHHO-
CTU WHBECTUIIMOHHBIX PECYPCOB OCOOEHHO
BaXXHOE€ 3HaYeHUE MPUOOpETaeT MHOToAac-
MeKTHas olleHKa 3 (PEeKTUBHOCTU UHBECTU -
111, KOTOpas JOJKHA 6a3MpoBaThCs HA Ha-
YYHO 0O0CHOBAHHOI METOOJIOTUU.

B HacTos1iem ucciaenoBaHuY MOCTaBAEHbBI
CJIeyIoIIne yeau:

* OLIEHUTH COLIMATIBHO-9KOHOMUYECKYIO
BaXKHOCTb CTPOUTEJBCTBA MHTEPMOAATBHOMN
TPaHCTIOPTHOW MHMPaCTPYKTyphl B COBpE-
MeHHoIt Poccuu;

* TIPOBECTU aHAJIU3 CTENEHU pa3paboTaH-
HOCTHU BOIIPOCOB OLIEHKM 3KOHOMUYECKOU
3(bGEKTUBHOCTY MHTEPMOJATbHBIX acIeK-
TOB.

s moCTUXXEHUS TOCTaBAEHHBIX Leei
C TIOMOIIIbIO aHAJIM3a U CUHTE3a, a TaKXe
WCTOPUYECKOTO Memoda NENaloTcsl BHIBOIBI
MO0 KaXxIoil yacTu uccienosaHus. B 3akito-
YUTEJTbHOU YacCTH, UCTOJIb3YS AUATIEKTUYE-
CKUU MOAXOT, COTTOCTAB/SIOTCS MOJTYYEHHbBIE
pe3yJabTaThl U MOABOASTCS UTOTH.

CTPATErM4ECKOE NJIAHUPOBAHUE

BexTop pazButus mHGpPacTPyKTypPHBIX
MpoekToB B Poccum 3a1aéTcst npuHUMaeMBbl -
MU JIOJITOCPOYHBIMU CTPATETUICCKUMMU [10-
KyME@HTaMM HallMOHAJbHOTO MaciiTada
¥ OTPACJIEBBIMU TTPOTPAMMaMU.

YrBepxkaéunyio B 2008 . CtpaTteruio
Pa3BUTHS KEJIE3HOAOPOXKHOTO TPAHCIIOPTA
mo 2030 roma [1] MOXHO CUMTATh TIEPBBIM
TOCYAapCTBEHHBIM TPAHCTIOPTHBIM TLIAHOM
Ha CTOJIb JUTUTEILHYIO TIEPCIIEKTUBY COBPE-
MmeHHO Poccun [2; 3]. TeM BEITIIe €€ 3HAYM -
MOCTb KaK «ITMOHEPHOI» TTPOTrPaMMBbI B OT-
HOIIIEHUW WHTEPMOJATbHBIX aCITeKTOB.

B cdepe ctpoutenbcTBa UHTEPMOAAb-
HOW TpPaHCTIOPTHOU MH(MPACTPYKTYPHI, CO-
mracHo CTpaTeruu, peaycMaTpuBaioCh:

1) B mepuon 2016—2030 rr. opraHu3aust
WHTEPMOAIBHOTO COOOIIIEHUS B HATIpaBJIe-
HUM adpornopt MunHepanbHbie Bogpi—Mu-
HepanbHble Bonbi—KucimoBoack ¢ pekoH-
CTPYKIINE XKeJIe3HOIOPOXKHBIX TUHUIA;

2) TIOBBINIIEHUE KOHKYPEHTOCTIOCOOHO-
CTU POCCUMCKUX KeJIE3HBIX IOPOT B CUCTEME
MEXIYHAPOIHBIX TPAHCIIOPTHHIX KOPUIOPOB
(MTK) nyTéM BHeApEeHUST COBPEMEHHBIX
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TEXHOJIOTUI OpPTaHU3alMu UWHTEPMOIaJb-
HBIX TIEPEeBO30K, B YaCTHOCTU, KOHTEHHEP-
HBIX OJIOK-TI0€3/10B;

3) co3naHue cetTu UHGOPMALIMOHHO-
JIOTUCTUYECKUX IIEHTPOB U Pa3BUTUE WH-
(bpacTpyKTypbl UHTEPMOIAJIBHBIX TEPEBO-
30K;

4) TMHAMUYHOE Pa3BUTHE MHTEPMOIATh-
HBIX TIEPEBO30K M OCBOEHNE HOBBIX Teorpa-
(ryecKkux cerMeHTOB PHIHKA;

5) cBoeBpeMeHHas1 U 3(PheKTUBHAS peaKIIUs
Ha CUCTEMHbIE POOJIEMBbI, TPEOYIOIIME CKOPEii-
1IETO PeIlieH!s, B TOM YKCie Ha (hOpMUpPOBaHNE
JIBTePHATUBHBIX MTHTEPMOIATBHBIX MAPIIIPYyTOB
C TIPUMEHEHWEM KEeJIe3HOIOPOXKHOTO TpaHC-
TopTa IPyrux CTPaH.

B oM xe 2008 . 6bu1a mpuHsiTa TpaHcopT-
Has ctparerusi P® [4], oxBarbiBao1ias Bce
BUIBI TPAHCTIOPTA (B MTOCTICAYIOIIEM CTPATETHS
ObU1a akTyan3rpoBaHa). OHa JOMOIHSIET Tpe-
JIBITYIIAN JOKYMEHT TTOJIOKEHUSIMU:

* 0 BBOJIE €AMHBIX TEXHUKO-UHDOP-
MaIMOHHBIX CTAHIAPTOB M TEXHOJOTHM,
a Takke YHUOUIIMPOBAHHBIX TIEPEBO30YHBIX
JIOKYMEHTOB B c(pepe MHTEpMOIAIbHBIX TIEpe-
BO30K;

* 0 pa3BUTHHU TIEPEBO30K B KOHTEIHEpax
C y4acTHeM BHYTPEHHETO BOJHOTO TPAHCITOPTA;

* 0 Pa3BUTHUM ITPUTOPOTHBIX CKOPOCTHBIX
TePEBO30K MTACCAKUPOB, B TOM YUCJIE UTHTEPMO-
JATBHBIX, JJIST OCYIIECTBICHUST CBSI3U MEXITY
a3pOTIOPTOM U TOPOJIOM;

* 0 Pa3BUTUM IJIEKTPOHHOTO OOMEHa MH-
dopmaneii, CoBepIIeHCTBOBAaHUM TapU(PHbIX
CXeM ¥ TAMOXKEHHBIX TeXHOJIOTHIA;

* B 00J1aCTH OOIIIECTBEHHOTO TTacCaXup-
CKOTO TPaHCIIOPTa OOIIIETO MOJIb30BAHUS — O
Pa3BUTHU BbIJCJIEHHONW MH(MPACTPYKTYPHI TSI
accaxkMpCcKOro TPaHCITOPTa OOIIETO MOJTb30-
BaHUsI, CUCTEM TOPOJICKOTO BHEYJIMYHOTO
TpaHCITOPTa, UHTEPMOIATbHBIX CUCTEM ITepe-
BO30K TaCCaXMPOB, a TAKKE O MOIEPHU3AIINN
1 YBEJIMYEHU U ITAPKOB MTOBMXXHOTO COCTaBa.

CorjacHO 2TOi CTpaTeTuu, TPaHCIIOPT-
HBIII KOMIIJIEKC TOPOJCKUX arjoMepannii
TpeOyeT:

1) co3naHust KOMIUIEKCHBIX MHTEPMOIab-
HBIX TPAHCTIOPTHBIX CUCTEM, CTPOUTENILCTBA
KOMMOPTHBIX TPAHCITOPTHO-TIEPECATOIHBIX
Y3JI0B — MAaCCaXKMPCKUX XabOB, TPUOPUTETHBIX
YCJIOBUI BVDKEHUST OOIIIECTBEHHOTO TPaHC-
TopTa, BBEJICHUS €IMHOTO TOPOICKOTO AJIEKT-
POHHOTO MHTEPMOIATLHOTO OMJIeTa M KITMEHTO-
OPVEHTUPOBAHHBIX TAPU(HBIX PEIICHUI B 3TON
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coepe;

2) uHTeHCU(DUKAIIUU UHTEPMOJATBHOTO
JIBVDKEHUST JIEKTPOTIOE3I0OB MEXITY a3POITOpTa-
MU U T. MocKBoii, asporioptom IynkoBo u bai-
TUIICKUM Bok3ajioM B CaHKT-IletepOypre;

3) yiryd1eHUsI KITMEHTCKOTO OOCITY>KMBaHUS
yepes3 TMOJTHBIN Tepexon K oopMIIEHUIO Ha
TOTPaHUYHBIX TIepexoaax MHTEPMOIaTbHbBIX
TPAHCITOPTHBIX SIMHUILL TIO IIPUHITUITY «OTHOTO
OKHa» Ha 0a3e 3JIeKTPOHHOIO JOKYMEHTOO00-
pora.

DTUMU ABYMsI CTPATETUUECKUMU TOKYMEH-
TaM¥ ObUT 3aJI03KEeH (PYyHIAMEHT T0JITOCPOYHOTO
Pa3BUTHST MHTEPMOIATBHOM TPAHCITOPTHOM
nHbpacTpyKTypsl B Poccuu.

CiienyeT OTMETUTD B XPOHOJIOTUYECKOM
TIOPSIIKE Y IPYTHE JOKYMEHTBI CTPaTeTNIeCcKO-
TO TUTAaHUPOBAHMSI, BaXKHbIE C TOUKU 3PEHUSI
Pa3BUTHSI UHTEPMOIATBHOUN TPaHCITOPTHOM
UHOPACTPYKTYPHI.

2018 . — Crpateruss Hay4HO-TEXHOJIO-
rudyeckoro pasputus xoaauHra OAO «P2KIT»
Ha nepuon 1o 2025 roga v Ha MepCHeKTUBY 10
2030 rona («benas kHura») [5] onpenenuia
3aJ1a4M IO TIOBBILIEHUIO YPOBHS KIIMEHTOOPU -
E€HTUPOBAHHOCTHU ITyTEM Pa3BUTUSI KOHTPEi-
JIEPHBIX MIEPEBO30K, UCTIOIB30BaHNS MHHOBA-
LIMOHHBIX TUTIOB KOHTEHHEPOB JIJISI MTHTEPMO-
JTAJTBHBIX TTEPEBO30K JIOTIOJTHUTETLHOTO aCCOP-
TUMEHTa TOBAapoOB, a TakXe YBEJIUUYCHUS
HOMEHKJIATyPhI ITEPEBO3MMBIX TAKUM 00pa3oM
IpYy30B.

2018 . — KoMIieKCcHBbI T1aH MoAepHu3a-
LIMM U PACHIMPEHMS] MarucTpajibHON MHDpa-
CTPYKTYpbI Ha Tiepuron 1o 2024 rona [6] yctaHo-
BUJI LIEJIM M KJTIOUYEBBIE TTOKA3aTe, KOTOpPhIE
HAIIPSIMYIO CBsI3aHBI ¢ MHTeHCUUKaIe
JIeSITeTbHOCTU MHTEPMOIATbHOM TPAaHCTTIOPTHOM
nHdpacTpyKTyphl. Hanprmep, cpoku 10CTaBKU
TPAH3UTHBIX KOHTEWHEPHBIX MTePEBO30K Ha
HanpasieHuu «Cesep—IOr» (KpacHoe, mopThl
u norpanmepexonbl CeBepo-3amag—Camyp),
«EBponma—3ananubiii Kutait» (KpacHoe—
Wneux—Ozunku—Kapransi—ITeTpornabioBcek),
«3anan—BocTok» (KpacHoe, mopThl U ITOrpaH-
nepexonsl CeBepo-3anan—Haymku, 3abaii-
KaJIbCK, TIOPTHI U TIorpaHTiepexoibl JlambHero
Bocroka), cpeiHIo0 CKOpOCTh JOCTaBKY TPaH-
3UTHOTO KOHTEMHEPOMOTOKA.

2019 & — lonrocpoyHas mporpamMma pa3Bu-
st OAO «PXKII» no 2025 roga [7] coaepxut
TTOJIOXKEHUE O TOM, UTO PAa3BUTHUE MACCAKUPCKUX
TepPeBO30K TIpeaycMaTpuBaeT (hopMHUpOBaHUE
MHOTO(YHKITMOHAJIBHBIX MHTEPMOIATbHBIX
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Xa0OB 1 TPAHCITOPTHO-TIEPECATOYHBIX Y3JIOB,
VHTETPUPOBAHHBIX C COBDEMEHHOM rOPOJICKOM
cpenoit 1 MHGPaCTPYKTYPHBIM OKPYKEHUEM,
pacipeHue epevHs yeryT (MHTEpMOIaTbHBIX
MEepPeBO30K).

B rpy30BbIX mepeBo3Kax, COIJIACHO 3TOM
TporpaMmMe, 0003HaueH BEKTOP Ha ITOBBIIIICHIE
TPOITYCKHO M MPOBO3HOW CIIOCOOHOCTU WH-
(pacTpyKTyphI [Tl YBEJTMYEHUST TPAH3UTHOTO
KOHTEIHepOITOTOKA B YETHIPE pa3a, B TOM YHCIIe
COKpalllEeHUE BPeMEHH NePeBO3KN KOHTEITHEPOB
JKEeJIe3HOJOPOXXKHBIM TPAHCITOPTOM ¢ JlaJibHero
Bocroka no 3anmagHoii rpaHutibl Poccuiickoii
®enepanyu 10 cemu aHel K 2024 romy.

2019 r. — Crpaterus NpocTpaHCTBEHHOTO
pa3Butns Poccuiickoit Denepaiiiy Ha Ieprom
1o 2025 roga [8] mpeaycMaTpuBaeT pa3BUTHE
TPY30BBIX TPAHCTIOPTHO-JIOTUCTUIECKUX IICHT-
POB, POCT OOBEMOB U COKpallleHE BPEMEHU
TePEBO30K KOHTEIHEPOB, B TOM YHMCJIE TPAH3UT-
HBIX, >KeJIe3HOAOPOXKHBIM TPAHCITOPTOM, B YaCT-
HocTH, ¢ JansHero BocToka no 3anaaHbIx rpa-
a1l Poccuiickoit denepann 10 ceMu OHE.
ITporHo3upyeTtcsi IOBBIIIIEHUE TTPOITYCKHOM
CITOCOOHOCTU Ha TPAHCTIOPTHBIX MArUCTPAJISIX,
POCT CKOPOCTH TPAaHCITOPTUPOBKHU T'PY30B,
aTaKKe pa3BUTHE PhIHKA KOHTEIHEPHBIX ITepe-
BO30K, 4TO C(hOpMUPYET YCIOBUS AJIs1 Onepe-
KAIOUIETo poCcTa PKCHOpTa U peanr3alluu
TpaH3UTHOTO TToTeHIana Poccuiickoit Mejie-
pauuu. K 2025 romy 6osee yem Ha 30 % Oyner
YBEJIMUEH 00BEM MEePEBO30K SKCIIOPTHHIX TOBA-
POB, OCYIIECTBIISIEMbIX BCEMU BUIIAMU TPAHC-
1opTa, 32 UICKJIIOYEHUEM TPYOOITPOBOIHOIO. DTa
cTpaTerust MOJATBEepKAaeT MPUHSTHIE paHee
JIOKYMEHTBI B TOM OTHOIIEHUH, YTO JIMKBU/IA-
1110 UH(MPACTPYKTYPHBIX OTpaHUYeHU dese-
PpaJIbHOTO 3HAYEHMSI, TTOBBIIIIEHNE JOCTYITHOCTA
M KayecTBa MarMCTPaJIbHOM TPaHCIIOPTHOM,
9HEPTreTUYeCKOl 1 MH(POPMAIIMOHHO-TEJIe-
KOMMYHMKAITMOHHOW MHMPaCTPyKTypHI TIpe-
JITaraeTcsl OCYILIECTBIISATh, B TOM YHUCJTIE, 3a CUET
pa3BUTHST UHTEPMOJATBHON MacCaXKMPCKOU
TPaHCMOPTHOI MH(PACTPYKTYphI arJIOMepaLvii.

LleneBble moKa3arenau mporpammel [7] mo
00BEMY TPAH3UTHOTO KOHTEHHEPHOTO MOTOKA
TpeaCcTaBIeHbl Ha TUarpaMMme puc. 1.

Ha ocHoBaHuM aHanM3a CTpaTerMuecKux
JIOKYMEHTOB BUIHO, YTO MHTEPMOIATbHBIM
acrekTaM pa3BUTHS YAEJSIeTCsl 3HAUUTETbHOE
BHUMaHMe. [Ipy 3TOM HEOOXOIMMO YUUTHIBATh
JIEeMCTBHE 3aKOHA OTEPEeXarollero pa3BUTHS
TPaHCIIOPTHON MHPPACTPYKTYpHI [9, ¢. 14—15],
YTO SIBJISIETCS OHUM 13 0a30BBIX YCJIOBUIA 00ec-
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Puc. 1. O6bEM TPaH3UTHbIX NEePeBO30K KOHTEHHEPOB, Tbic. eanHny AP3I [7].

nedeHus1 3(P(PEeKTUBHOCTY SKOHOMUKH.

CrieyeT OTMETUTB, UTO PSIT BaXKHBIX TIPOEK-
TOB B 00JIACTH MIHTEPMOJIATbHBIX ITEPEBO30K yKe
peaqn30BaH, YTO CIOCOOCTBOBATIO BHICOKOM
JMMHAMMKE 3THUX TIEPEBO30K.

Tak, 3aBepLIE€H MEPBBIA 3TAIl CO3AAHUS
TPaHCIIOPTHO-JIOTMCTUUYECKMX LIEHTPOB «Kam-
HUHTpaI» U «YepHSIXOBCK», TJIe OCYIIIECTBIISICT-
caneperpys c kojien 1520 mm Ha Kontetro 1435 mm
KOHTEIHEPOB, MEPEBO3NMBIX B TPAH3UTHBIX
noesfgax. Pa3paboTaHbl U 3amynieHbl HOBbIE
CEPBUCHI TPAH3UTHBIX KOHTEHEPHBIX MTEPEBO-
30K 110 Mapiupytam Kuraii—EBpona—Kwuraii
yepe3 nopt Kammnunrpan n FOxnas Kopess—
Ounnsamns—Ox#as Kopest gepes mopt Boc-
TouHblil. B pamkax pa3sutuss MTK «Ceep—
FOr» ocyliiiecTBIeHbI TECTOBbBIE OTITPABKU KOH-
teitHepoB u3 Unoum B Poccuio u benapycek.
OpraHn30BaHbI SKCIIEPUMEHTAIBHBIC KOHTPET -
JIEpHBIE TIePeBO3KM M0 MapiipyTy KamuHuH-
rpan—MockBa—KaauHUHIpaa TpaH3UTOM 10
tepputopusiM JIuteel 1 benapycu, a Takxke,
coBMecTHO ¢ AO «®OI'K» 1 3A0 «MarHur»,
OTIbITHAST TIepeBO3Ka 10 Mapiipyty MockBa—
Hosocub6upck [10].

TToxazarenu mepeBO30K B KOHTEiHEpax 3a
nepuon 2015—2018 rr. xapaKTepu3yIoTCs YCTOi -
YUBBIM POCTOM U TIPE/ICTABJICHBI B BUIE IUa-
rpaMM Ha puc. 2.

9BOJ1IOUNA METOA0OB
OLIEHKN 3KOHOMMWYECKOM
ADPDEKTUBHOCTU, BAKPEMJIEHHBIX
B ODPULIUAJIbHBIX OOKYMEHTAX
0O030p METOMOB OLIEHKN SKOHOMUYECKOM
3 (HEKTUBHOCTH HEOOXOAMMO HaYaTh ¢ YYETOM
PEKOMEH/IAIIMIA, TTOJYYMBILIMX JOKYMEHTAIbHOE
3aKpeIUIeHUE B TOCYIapCTBEHHBIX MU OTpacJie-
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BBIX IOKYMEHTaX, C BblIEJI€HUEM MHTEPMOIAIb-
HBIX acrieKToB. boJtee o01111e moaXoabl K OLIEH-
K€ 9KOHOMUYECKOI 3(D(HEKTUBHOCTUA PACCMOT-
peHbI B myomkaumsx [11; 12].

CoBeTcKuii mepuo

IMocneBoeHHAast UICTOPUSI TIOSIBIICHUSI METO-
JYECKUX TOKYMEHTOB 10 OIICHKE SKOHOMMYE-
cKolt 3(pPeKTUBHOCTU Havajaach MIPUMEPHO
¢ 1950-xTomoB. D10 OBLTO CBSI3aHO, B TOM YHCJIE,
¢ cozpanreMm B 1947 . [ockoMmuTeTa 110 BHEIpe-
HUIO NEPENOBOM TEXHUKU B HAPOIHOE XO3SIM-
ctBo CCCP, a Takske ¢ 9KOHOMUYECKOI peop-
Moii koH1a 1950-x ronos.

JIOKyMEHTBI Kacaluch OOIIMX TTOIXOI0B
K oneHKe 3(p(hEeKTUBHOCTUA, HAITpUMEp, BHEI-
pEHUST HOBOM TEXHUKU, N300peTeHMI 1 paliio-
HaJIM3aTOPCKUX ITPEIIOKEHUH KaK 03 TIPUBSI3-
KU K crielinhKe KOHKPETHBIX OTpacyeii Hapos-
HOTO XO3$TIACTBA, TaK Y C YYETOM CITeLIMDUKI
OTpacyy, HarpyuMep, CTPOUTEIBHOM, aBTOMO-
OMJIBHOTO, MOPCKOTO TpaHcropTa [13, c. 4],
a TakXe YCKOPeHUS HayYHO-TeXHUYECKOTO
porpecca, B TOM UYHCJIe Ha XKeJIe3HOIOPOKHOM
TpaHcropTe. JIOMOJHUTEIBHO YTBEPXKIAINCH
METOIMKU OTIpeNeIeHNST SKOHOMUYECKOM 3¢h-
(EKTMBHOCTH KAITUTAIBHBIX BIOXEHMIA, B TOM
YHCJIe Ha KeJe3HOIOPOXHOM TpaHCIIOpTe,
MopckoMm ¢tore [14, c. 3].

OOLIVM ITPUHIIUIIOM OLIEHOUHBIX ITOIXOIOB
SIBJISTIOCH 00sI3aTeJIbHOE MPOBEACHNE PACUETOB
1 000CHOBaHM#1 3((PEKTUBHOCTU KATTUTAJIbHBIX
BJIOXKEHUI C COONIONEHEM HapOIHOXO03SM-
CTBeHHOTO TIonxona. KpurepreM sakoHOMUYe-
CKOM 3((PEKTUBHOCTU 10 HAPOITHOMY XO3STii-
CTBY SIBJISUICSI IPUPOCT HALIMOHATIBHOTO I0X0a
(B COIMOCTaBUMBIX 1I€HAX) IO OTHOIIECHUIO
K KaITUTaJIbHBIM BIOXKEHHSIM, BEI3BABIIIM 3TOT
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Puc. 2. Moka3aTesin nepeBo30K B KOHTeHepax no ceTvl POCCUACKNX XeJ1e3HbIX JopOor
(cocTaBneHo aBTOpamMu Ha oCHoBaHuu AaHHbix OAO «PXK/[»).

MPUPOCT.

B npouecce pazpaboTKu M1aHOB KanuTalb-
HBIX BIIOXKCHU CKJTAIBIBAIOIITNECS TTOKA3ATEIIN
SKOHOMUYECKOI 3(P(HEeKTUBHOCTU HEOOXOIUMO
ObLIO CpaBHUBATh C HOPMATUBAMU U C aHAJIO-
TMYHBIMU TTOKa3aTeIsIMI 3POEKTUBHOCTH Ka-
MMUTATBHBIX BIIOXKEHMI, a TAKKE C TTOKa3aTeIsI-
MU 3(PHEKTUBHOCTU ITPOU3BOACTBA HA TIEPEI0-
BbIX MPEATPUSTUSIX COOTBETCTBYIOIIUX OTPac-
JIeW ¥ TOI0Tpacyei.

IMokazaTenem cpaBHUTEIIEHOI SKOHOMIYE-
CKOI1 3(h(PeKTUBHOCTH KATTUTATbHBIX BIOXKEHUT
SIBJISUICSI MUHUMYM TPUBEAEHHBIX 3aTparT.

IMpumepHo ¢ koH1a 1970-X rOoB B TpaHC-
ITOPTHBIX TOKYMEHTAX IT0 OLIEHKE SKOHOMMIYE-
CKOI1 5(h(PeKTUBHOCTH KAITUTATbHBIX BIIOXKEHUT
B CTPOUTEIbCTBO MOSIBISIOTCS YIIOMUHAHUS
0 KOHTEHHEepHEBIX TiepeBo3Kax [14, ¢. 10]. Tak,
HaImpuMep, B COCTaBe YUUTHIBAEMBIX KaITATaITb-
HBIX BJIOXKEHU TTPU OITpeaeIeHUY SKOHOMUYE-
cKoit 3(p(heKTHBHOCTH BbIAEJISLIACh IPyIINa 3a-
Jlad 110 00OCHOBAHMIO OEPETOBBIX KOMILUIEKCOB
IUIST TOCTABKU TPY30B YKPYITHEHHBIMM TPAHC-
TMOPTHBIMU MecTaMU (TTapOMHBbIE TeperpaBhbl,
KOHTEHHEepHbIE TEPMUHAJIbI, TUXTEPOBO3HbIE
cuctemsl). s He€ YIMTHIBAINCH TIPSIMBIC Ka-
TMUTAJIbHBIC BIOXEHUS: B CTPOUTEIBCTBO COO-
CTBEHHO MapoOMOB WJIM CIIELIMaIbHbIX CYIOB,
OeperoBbIX U IPYTVX COOPYKEHUI 1 YCTPOICTB,
00eCTIeunBaloIINX TOTPY3KY-BhITPY3KY TTapo-
MOB, CIIEIICYIOB, TIepenady WIK IIeperpy3Ky Ha
JIPYTOii BUI TPaHCIIOPTa YKPYMHEHHBIX TPAHC-
MOPTHBIX CPENCTB, MEPEBO3UMbBIX Ha Mapomax
WJIU CTIEITMATBHBIX Cy/Iax (BATOHOB, TPEMJIEPOB,
KOHTeitHepoB U Ap.). Y conpskéHHBIE BIOXKe-
HUSI: B OeperoBbie YCTPOICTBA, 00eCIeurBaio-
e paboTy MapoOMHOTO WM JAPYroro KOMII-
Jiekca (pa3BUTHE IPUTIOPTOBBIX CTAHIIMIA, aBTO-
JIOPOT), pa3BUTHUE CYTOPEMOHTHOM 0a3®l,

B TPAHCIIOPTHBIE CPENICTBA, @ TAKXKE CTOMMOCTh
TrPY30BOI MaccChl.

TpancnoptHas crelubuka IMKTOBaIa He-
00XOIMMOCTb CPAaBHEHMS BADUAHTOB 1 OLICHKU
3 HOEKTUBHOCTU KaNUTaAbHbBIX BIOXEHUMA
C YY4ETOM CTOMMOCTH T'PY30B B ITyTH, KOTOPbIE
COCTaBJISIIOT YacTh OOOPOTHBIX CPEACTB HAPOI-
HOTO X03s11icTBa. DPGHEKT OT yCKOPEHUSI JOCTAB-
KV TPY30B [MO3BOJISIET YBEJIMUMBaTh 000OpaurBae-
MOCTb OOOPOTHBIX CPEACTB HAPOTHOTO XO3SIii-
CTBa U 110 CBOEMY SKOHOMUYECKOMY 3HAUEHUIO
PaBHOCUJIEH COKpALLEHUIO TOTPEOHOro 00bhEMa
KanuTaJbHbIX BloxeHui [14, ¢. 18].

DKOHOMUYECKU 3 PEKT, CBSIBAHHBI C BbI-
CBODOOXKIEHEM IPY30BOii MACChI, MPeIaraioch
OIPeesISATh 10 (hopMyJie:

— CmQ(tIJ iy )
B 365 ’
rIe Crp — cpenHsd 1eHa 1 T rpy3a, pyo.;

QO — rozmoBoe OTIIpaBJICHKE TPy3a, T.;

ty,t; — BpeMsl IOCTaBKM TPy3a COOTBET-

AD O

CTBEHHO JI0 1 TIOCJIE YCKOPEHUSI, CYT.

HapasHe ¢ addekramu B Tpy30BbIX Tepe-
BO3Kax YKa3bIBaJIOCh Ha HEOOXOIMMOCTh YUu-
THIBaTh HAPOIHOXO3SIUCTBEHHBIN 3(DGhEKT OT
YBEJIMYCHUS VUM YMEHBIIEHUS TTPOIOJDKUATE b~
HOCTH TI0€31KHU TaccakupoB. CTOMMOCTHYIO
OLIEHKY OIHOTO COEPEeXEHHOTO MacCaXKMpo-
yaca B 001IeTPaHCITOPTHBIX pacyéTax OLleHBa-
Ju B 10—15 Kor., 4To Tpu cpeaHeil MecsSTuYHON
3apabOTHOM TIJIaTe MOJIOJOTO CIIeIMaancTa
B 140 py0. [15, ¢. 46] cocTamsuio 0,1 % 3a kax-
NIbIii cOepeXXEHHBII Uac.

HaponHoxoasifictBeHHas1 3¢ (EeKTUBHOCTh
KaluTaJIbHbBIX BIOXEHUI B pa3BUTHE KOHTEH -
HEPHBIX, MAKETHBIX U APYTUX MPOrPECCUBHBIX
CITOCOOOB TPAHCITOPTUPOBKY TPY30B XapaKTe-
pu3oBaiach ciaeayomnMu apheKTaMu:

1) yckopeHueM 10CTaBKY Ipy30B MOTPEOU-
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TEJISIM — TIOCPEICTBOM YUETA CTOMMOCTH TPYy30-
BOIi MaccChl, HaxXOIsIIENCs B MPOLIecce TPaHC-
TMOPTUPOBKY;

2) 5KOHOMME Ha Tape 1 YITaKOBKE IPy30B —
MOPSIMBIM CUYETOM IJISI KOHKPETHBIX YCIOBUM
TPaHCTIOPTUPOBKMU;

3) NOBBIIEHMEM KaueCTBa TPAHCIIOPTUPOB-
KU TPY30B (COXpPaHHOCTHU, 6€30MacCHOCTU
U T.J.) — NPSIMBIM CYETOM I KOHKPETHBIX
YCJIOBUIA TPAHCTIOPTUPOBKMU;

4) ynpolieH1ueM 1 yIelleBJIeHUeM TpaHC-
TMOPTHO-9KCIEAUTOPCKUX U CKITAICKUX OIepa-
LIUI y TPY300TIPABUTEISI U TPY30I0TydaTesiss —
MOPSIMBIM CUYETOM IJISI KOHKPETHBIX YCIOBUM
TPY30BbIX OTIPABOK.

TTpu nepeBo3Ke KeJIe3HONOPOKHBIX BATOHOB
U IPYTUX BUAOB TPAHCIOPTHBIX CPEACTB Ha
napoMax WIW JPYTUX CelraaIu3upOBaHHBIX
Cy/lax, COMIACHO METOAUYECKUM TOKYMEHTaM
TOTO MEepUoaa, HEOOXOIUMO ObLTO YUYUTHIBAThH
3aTpaThl Ha UX COAEPKAHUE 32 BpeMs IIEPEeBO3-
KU 10 MOPI0. DT PacXobl PeKOMEHI0BAIOChH
OMnpeAessATh 1o (popmyiie:

C, =4, (t, +t) n,, 2
rae Y, — yacoBas cTaBKa ColepXaHusl BaroHa
WJIY TPAHCTTIOPTHOTO CPENICTBA B 3KCILTyaTallUM;

t, — BpeMs peiicoobopoTa B yacax;

t,, — MHTEpBAI MEXIY TTApOMaMK MU Cy/ia-
MM B yacax;

N, — YKMCJIO BATOHOB Ha MTapoMe.

PaccmarpuBaiich HECKObKO KOHKPETHBIX
npuMepoB pacu€ToB. Hampumep, onpeneneHue
5KOHOMUYECKOU 2 (HEKTUBHOCTU KaNUTAIb-
HbIX BJIOXXEHU I TTPU 3aMeHe OOBIYHBIX CYIOB Ha
Cy/la-KOHTEIHEPOBO3bI ISl TIEPEBO3KM 3aaH-
HOro o0beémMa rpy3oB. [1pu 3TOM 0TMEYanock,
4yTO 3(h(PeKTUBHOCTD KAMBIOXEHUI B CTPOU-
TEJbCTBO KOHTEHHEPOBO30B MO CPABHEHUIO
C ICUCTBYIOLIMU CYTaMU SIBJISIETCSI BBICOKOI —
obecrieurBaiach SKOHOMHUS 32 MJIH pyO. Kar-
BJIOXKEHUIA 1 6,8 MJTH py0. 9KCIUTyaTallMOHHBIX
pPacXofoB IO LIeHaM TOro BpeMeHu. M crnonb3o-
BaHUE KOHTEMHEPOBO30B B3aMEH YHUBEPCAIb-
HBIX CYIOB, HAMEUEHHBIX K MOCTPOIiKe, odec-
MeYrBajIo MO pe3ybTaTaM pacy€ToB rOAOBYIO
SKOHOMUIO 9KCIJIyaTallUOHHBIX PacXOJ0B
B 1,8 MJIH py0., HO TIPU 3TOM TPeOOBAIOCH J10-
MOJHUTELHO 2 MJTH py0. KamBioxeHuit. Jlo-
TMOJIHUTEJIbHBIE 3aTPaThl OKYMAIUCh 32 CYET
SKOHOMUU 3KCIUTyaTallUOHHBIX PAacXOJ0B
MPYMEPHO 32 OJIUH I'OJT, YTO CBUIIETEILCTBOBAIO
O BBICOKOW 3KOHOMMYECKOW 3(PhHEKTUBHOCTU
BHEJPSIEMbIX KOHTEITHEPOBO30B.

Yepes nBa roga — B 1979 . — BbIlLIA B CBET
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€eI1€ OIHAa METONIMKA [Tt MOPCKOTO TPAHCTIOPTa,
TJIe 3aTParuBajICs BOIIPOC MHTEPMOIATBHBIX
TePEeBO30K B KOHTEMHEPAX U TIPOUMX YKPYITHEH-
HBIX IPy30BbIX MapTusx [13, c. 9].

B aToii MeToarKe ObLT pPAaCCMOTPEH KOHKPET-
HBII TPUMEP OTIPEIEIIEHNS TOTOBOTO SKOHOMU -
yecKkoro a(dekTa OT BHENPEHUST HOBO TEXHO-
JIOTMU TIOTPY304HO-Pa3rpy30uHbIX paboOT Ha
KOHTEITHEpPHOM KOMIUIEKCE B MOPCKOM TIOPTY
IMyTEM BKJIFOUEHUSI TPEX CXeM MPOU3BOACTBA
TPy30BbIX PabOT.

TTpsimMoii skoHOMUYECKUT (P DEKT OT BHE-
peHUsT HOBOW TEXHOJIOTUU T'PY30BBIX pabOT
ONpeesIsIeTCsl C MCTIOIb30BaHUEM (POPMYJIBI:
AD=(3,—-3)Q,, 3)
rae AD — rofgoBoil 9KOHOMUYECKUN 2(DPeKT,
pyo.;

3, 3, — MPUBEAEHHBIC 3aTPATHI HA SINHMULLY
MPOAYKIUU (paObOThI), MPOU3BOIUMON C TOMO-
111bI0 0a30BOI U HOBOM TEXHUKU, PYO.;

Q, — 00BEM TIPOMYKIIMU (PabOThI), MPOU3-
BOJIMMO¥A C TIOMOIIIBIO HOBOI TEXHUKM B PACUET-
HOM TO[TY.

W3 311X ABYyX TPUMEPOB BUIHO, YTO TIEPBO-
Ha4YaJIbHO BOTIPOCHI OLIEHKN 3((PEeKTUBHOCTH
KOHTeHEepU3alluu B Halllell cTpaHe ObUTH
0OJIBIIIE CBSI3aHBI C MOPCKUM TPAHCTIOPTOM, UTO
00YCJIOBJIEHO TTPUOPUTETHOCTHIO MEXKTyHAPO -
HOTO MHTEPMOJAJIBHOTO COOOIIIEHMUSI, OCYIIIe-
CTBJISIEMOTO Ha OCHOBE MOPCKMX MTEPEBO30K.

Ilepuon copemennoii Poccuu

OnHUM 13 TTEPBBIX OPUITMATTBHO TTPUHSITHIX
B Poccuu 1OKyMeHTOB 110 o1ieHKe 3¢ (eKTuB-
HOCTM MHBECTUIIMOHHBIX MIPOEKTOB MOXKHO
HasBaTb Pekomenmaruu 1994 1. [16]. OHu onu-
paroTcst Ha OCHOBHBIE TIPUHIIMIIBI Y TIOAXOIBI,
CJIOXKMBIIIMECST B MAPOBOI TTPAKTUKE TI0 OLIEHKE
3 HEeKTUBHOCT MHBECTUIIMOHHBIX TTPOSKTOB,
aJIarTUpOBaHHBIE VTS TIepexofa K PhIHOYHON
sKOHOMUKe, TipemtoxeHHbie FOHUO.

B Metonuaeckux peKOMEeHIAIIMSIX 10 OLIeH-
K€ MHBECTUIIMOHHBIX ITPOEKTOB Ha XKeJIe3HOI0-
poxxHOM TpaHcropTe 1998 1. 3Tu xKe rmokazaTe/u
5KOHOMUYECKOI 9(pHEKTUBHOCTU AOTIOTHSIOT-
cs creuM(pUIHBIMU TSI TPAHCTIOPTHOM OTpac-
JIN HATYpaJIbHBIMU TTOKA3aTeIsIMM, B YUCTIE
KOTOPBIX: CTETIEHb ITOBBIIIEHUST TPAHCIIOPTHOTO
obecriedeHus, TIPOITYCKHasI CITOCOOHOCTb, 9KO-
HOMUST CBOOOTHOTO BPEMEHU U JIp.

B MeToanueckux peKoMeHIAIUsIX IO
COCTaBY M COJEPKaHWIO 00OCHOBBIBAIOIIINX
MaTepuaioB IT0 MHBECTUIIMOHHBIM ITPOEKTaM
[17] naétcs knaccudpukalms MHBECTULIMOH-
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HbIX MpoeKToB B cuctemMe OAO «PXK]I»
1 BITEPBbIE YITOMUHAETCS B 9TOI CBSI3U IIPOEKT
OpraHu3alii MHTEPMOJAIBHBIX TIEPEBO30K
Ha ygacTke Coun—Amiep-asponoptr—Coun.
OH npeicTaBIIeH KaK MpUMep MHBECTUIIMOH-
HOTO TTPOEKTa KOMIUIEKCHOTO Pa3BUTHS Ke-
JIE3HOOPOXKHOU MH(PPACTPYKTYPhI HA OTAEb-
HBIX TPAHCIIOPTHBIX HAITpaBJIEHUsIX (Y4acTKaXx,
JIMHUSIX, MapIIpyTax 1 T.J.), B peaau3aluun
KOTOPBIX 3a/eiCTBOBAHBI HECKOJBKO XO-
3SIACTB XKeJe3HOAOPOXKHOI OTPACIIH.

DKoHoMuUYeckas 3(pHEeKTUBHOCT MPOEK-
Ta, COIJIACHO 3TOMY JOKYMEHTY, SIBJISIETCS
CYIIIECTBEHHBIM, HO HE €MMHCTBEHHBIM KPH-
TepreM OlleHKHU 3P (MEKTUBHOCTUA MPOEKTaA.
B ciiyyae otcyTcTBUS Y TPOEKTa SKOHOMUYE-
ckoit 3(pPheKTUBHOCTU paccMaTpUBaAIOTCS
Jipyrue BUabl 3(pHeKTUBHOCTH: TEXHOIOTYE-
cKasl, couMaibHasi, O10KeTHasl, 9KOJIornye-
cKkasl.

[MosiBeHME TaKMX MPOEKTOB B METOANYIE-
CKUX JOKYMEHTaX ObLTO CBSI3aHO CO CTPAaTeru-
yeckumu gokyMeHTamu 2008 roma, KOTopbie
OBLTM PacCMOTPEHBI BBIIIIE, TAE TaKXKe ObLI
cleJlaH aKIIeHT Ha HEOOXOAUMOCTHU CTPOU-
TEJTBCTBA M KCILTyaTallu WHTEPMOAAJIbHOU
TPaHCITIOPTHON MHMPACTPYKTYPHI.

OnHUM U3 HeaBHUX O(UITUATBHBIX TOKY-
MEHTOB siBjisieTcs Metonuka [18], mpuHsiTas
[MpaButenscTBoM P® B KoHIie 2019 rona.

CortacHo eit, OlIeHKY COIIMaIbHO-3KOHO-
Muueckux 3@ekToB MHPPACTPYKTYPHOTO
MpPOEKTa C TOCYAAPCTBEHHOM MOAIEPKKOMN
clieyeT MPOBOAUTH MO KOJINYECTBEHHOMY
aHAJIU3Y CIAEAYIOIIUX MoKa3aTele:

* TIPUPOCT BaJIOBOTO BHYTPEHHETO MTPOTYK-
ta Poccmiickoit Demepalinivl, pacCUNThIBACMEBII
Ha OCHOBE MPUPOCTa BaJIOBOI 10OaBIEHHON
CTOMMOCTH, TIOCTYTUIEHWI1 HAJIOTOBBIX TLIaTe-
JKeil B CBSI3U C peayin3alyeil 1 UMIIOPTOM TO-
BapoB (paboT, ycyr), a TaKXKe B CBS3U C 9KO-
HOMUE BPEMEHU B ITyTH MTaCCAXUPOB U TPY-
30B, MOBBILIEHUEM O€30MaCHOCTU MEPEBO30K
raccaxupoB U IPy30B, arjioMepalimoOHHbIM
a¢pdekToM U 3PGHEeKTOM OT JUKBUAALIMU UH-
(bpacTpyKTypHBIX OrpaHUYCHUI B pe3ysibTaTe
peanuzaluu UHGPacTpyKTYPHOTO MTPOEKTa;

* OIOMKETHBIN 2 (HEKT, pacCUMTbIBAEMbIi
KakK CaJibjJo0 TIPUPOCTA HAJIOTOBBIX U WHBIX
00s13aTeNIbHBIX IUIATEXEN B OIOIXKETHYIO CUC-
temy Poccuiickoit Deaepaiiiu B CBSI3U C pea-
Jm3anueir MHPACTPYKTYPHOTO MpOeKTa
U pa3Mepa rocy1apCTBeHHOU MOJIEePKKU.
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BbIBOAbI

WzydeHue UCTOPUM PA3BUTHUSI METOIM-
YeCKOro MHCTPYMEHTApUS IS OLEHKU
SKOHOMUYECKOI 3(D(EKTUBHOCTH ITO3BOJISI-
eT cleaTh CIEAYIOLINE BBIBOIBI.

Bo-miepBBIX, MOCIEBOEHHAs UCTOPUS
MOSIBJICHUSI COOTBETCTBYIOLIMX JOKYMEHTOB
HauyMHaeTCs MIPUMEPHO ¢ 50-X ro0B MpoIiI-
JIOTO BeKa U IPOJOJIKAETCSI, IIPOXOIS COOT-
BETCTBYIOLIEE DBOJIOIUOHHOE Pa3BUTHUE,
COrJIacyolleecs: ¢ U3MEHEHUSIMU COLIATb-
HO-3KOHOMMYECKOM CUTyallul B CTPAHE.

Bo-BTOpBIX, XapaKTEpHO TO, YTO HEKO-
TOpbIE METOANYECKIE TOKYMEHTBI COAEPKAT
B ce0e KaK KOMMEPYECKYIO, TaK U COLIMAThb-
HO-3KOHOMUYECKYIO, 1 OIOIKETHYIO OLIEHKY.
IIpu 3TOM CyLIECTBYET OTAEIbHBII GJIOK
TaKUX OPULIMATBHBIX PYKOBOACTB, KOTOPHIE
GoKycHpPYIOT BHUMaHUE Ha OIOIXETHOMU
U COIMAaIbHO-2KOHOMMUUYECKOM 3((heKTUB-
HOCTH.

B-TpeThbux, Hapsay ¢ KOHOMHUYECKOM
9(hGEKTUBHOCTBIO MPEAIaraeTcsl omnpene-
JATh GUHAHCOBYIO U TEXHOJIOTUYECKYIO.

B 3akiioueHmne ciaeayeT OTMETUTh, 4TO
COIOCTaBJIEHUE COACPXKAHUS CTpaTeTnye-
CKUX U METOAUYECKHX JOKYMEHTOB Ja&T
BO3MOXKHOCTh C(hOKYCHPOBATh BHUMaHUE Ha
crneundUIECKUX YepTax CTPaTeru4ecKoro
IJIAHUPOBAHUST U DKOHOMMYECKON OLIEHKU
Pa3BUTHS NUHTEPMOIAIBHON TPAHCIIOPTHOM
UHOPACTPYKTYPHI.

CTpOUTENBCTBO U IKCIUTyaTallkusl UHTEP-
MOJAIBHOM TPAHCIIOPTHOM MHGPACTPYKTYPBI
HUMEIOT IIPUOPUTETHOE 3HAUCHUE TS PA3BU-
TUSI HALIMOHAJIBHON 3KOHOMUKHU, U 3TOMY
yIEJNEeHO JOKHOE BHUMAHUE B CTpaTernue-
CKHUX JOKyMeHTax. AHaJIN3 CTpaTermuecKux
JOKYMEHTOB U ITOKazarejeil pocra 00béMa
MePEBO30K CBUAETEIBCTBYET O MIEPCIIEKTUB-
HOCTHU ¥ BaXKHOCTH Pa3BUTUS MHTEPMOIATb-
HOI TPaHCTIOPTHOM MHGMPACTPYKTYPHI.

HUccnenoBaHue METOANYECKUX JOKYMEH-
TOB Ha YPOBHE HAILIMOHAJIBHOM, pernoHab-
HOIi ¥ OTpaciIeBOIt 9KOHOMUKH MTOKA3bIBAET,
YTO BBIpA0OTAH OOLINIA TOAXO/I K OTIpeaese-
HUIO 5KOHOMUUYECKOU d(DHEeKTUBHOCTH.
Ipu 5TOM U3 METOANYECKUX JOKYMEHTOB Ha
MpUMEpPE CTPOUTEHCTBA MHTEPMOIATBHOM
TPaHCIOPTHON MHOPACTPYKTYpPhl BUIHO,
4TO creluduIecKue CUCTEMBbI, TPOEKTHI
1 00BEKTHl B HUX paccMaTpuUBaioTcs 6e3
r1y6okoit metanuszauuu. OUeHKe CTPOU-
TeJbCTBA MHTEPMOJATbHOM TPAHCIIOPTHOM
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UHOPACTPYKTYPHI YACISETCS HE CTOJIb IPU-
CTaJIbHOE BHUMAaHUE, KaK 3TO HEOOXOIUMO
C YYETOM €€ 9KOHOMUYECKOM U OOLLIeCTBEH-
HOI 3HAYMMOCTH.

XapakTepHO, YTO HEKOTOPhIE U3 PACCMOT-
PEHHBIX BbIIIE METOAUYECKUX TOKYMEHTOB
HOCSIT Ha3BaHUSI «peKOMEHIAIMIT» WU
«TUTIOBBIX», TIPEAIIOaarasi TEM CaMbIM HEO0-
XOIMMOCTD JAeTaTU3alUU I8 KOHKPETHBIX
YCJIOBUI. DTO CBUAECTEIBCTBYET 00 aKTyalb-
HOCTU MPOBEACHUS COOTBETCTBYIOIIUX Ha-
YUYHBIX U3BICKAHUN B paccMaTpUBaeMOu
obnacTu.

MeTonnyeckuii UHCTPyMEHTApUU OLIEH-
KU 3 HEeKTUBHOCTU CTPOUTETHCTBA UHTEP-
MOJaJIbHOW TPaHCIMOPTHOW MHGbPaACTPYK-
TYpHI LieJiecooOpa3Ho pa3pabaThiBaTh 00JIee
r1y0oKo U pa3zHocTopoHHe. [Ipexne Bcero,
HEOOXOAMMO NOMOJHEHUE UMEIIIUXCS
MOAXOI0B K OLIEHKE 9KOHOMHUYECKON (-
(eKTUBHOCTU METOAMYECKUM MHCTPYMEH-
TapueM ISl ClieUaJIu3uPOBAHHBIX MTPOEK-
TOB, TaKUX KaK CTPOUTEIbCTBO UHTEPMO-
JlaIbHOM TPaHCIIOPTHOM UH(MPACTPYKTYPHI,
npeaycMaTpuBawinuM 6oJjiee Tiaybokoe,
NeTaJIbHOE, BCECTOPOHHEE PacCMOTPEHUE
MOJHOTO creKTpa 3(PEKTOB, reHeEPUPYEeMbIX
UHTEPMOJAIbHOU CUCTEMOU MJIM TEXHOJIO-
TUEH.
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ABSTRACT

The authors set the goals: to assess the socio-
economic importance of construction of intermodal
transport infrastructure in the Russian Federation
in modern conditions, to analyse the degree of
development of issues of assessing the economic
efficiency of intermodal aspects. To achieve these
objectives, the content of modern strategic
documents (such as the Comprehensive Plan for
Modernization and Expansion of Trunk
Infrastructure, the Long-term Development
Program of JSC Russian Railways until 2025, the
Spatial Development Strategy of the Russian
Federation, etc.), as well as the dynamics of
container traffic volumes and results in construction
of new and modernization of existing intermodal
transport infrastructure were analysed. Based on
this, a conclusion was made about relevance,
importance, and prospects of development of
intermodal transport infrastructure for both
passenger and freight transportation.
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T he implementation of both large-scale
and less costly investment projects is
preceded by an assessment of their
feasibility and economic efficiency. In the
context of limited investment resources,
a multidimensional assessment of effectiveness
of investments, which should be based on
a scientifically grounded methodology,
becomes especially important.

This study sets the following objectives:

* to assess the socio-economic importance
of building of intermodal transport infra-
structure in modern Russia;

* to analyse the degree of elaboration of
the issues of assessing the economic efficiency
of intermodal aspects.

To achieve the set goals using analysis and
synthesis, as well as the historical method,
conclusions are drawn for each part of the
study. In the final part, using a dialectical
approach, the results obtained are compared
and the results are summed up.

Strategic planning

The vector of development of infrastructure
projects in Russia is set by the adopted long-
term strategic documents on a national scale
and sectoral programs.

The Strategy for Development of Railway
Transport until 2030 [1], approved in 2008, can
be considered as the first state transport plan
for such a long term in modern Russia [2; 3].
More important is its significance as a «pioneer»
program in relation to intermodal aspects.

In the field of building of intermodal
transport infrastructure, according to the
Strategy, the following was envisaged:

1) In 2016—2030 organisation of
intermodal traffic in the direction of
Mineralnye Vody airport—Mineralnye Vody—
Kislovodsk with reconstruction of railway
lines.

2) Increasing the competitiveness of
Russian railways in the system of international
transport corridors (ITC) by introducing
modern technologies for intermodal
transportation, in particular, container block
trains.

3) Creation of a network of information
and logistics centres and development of
infrastructure for intermodal transportation.

4) Dynamic development of intermodal
transportation and development of new
geographic market segments.

5) Timely and effective response to
systemic problems that require an early
solution, including formation of alternative
intermodal routes using the railway transport
of other countries.

In the same 2008, the Transport Strategy
of the Russian Federation [4] was adopted,
covering all modes of transport (subsequently,
the strategy was updated). It supplements the
previous document with provisions:

* Onintroduction of single technical and
information standards and technologies, as
well as single shipping documents in the field
of intermodal transportation.

* On development of transportation in
containers with participation of inland water
transport.

* On the development of suburban speed
passenger transportation, including inter-
modal, for communication between the
airport and the city.

* On development of electronic data
exchange, improvement of tariff schemes and
customs technology.

* In the field of development of public
passenger transport: on development of
dedicated infrastructure for public passenger
transport, urban off-street transport systems,
intermodal passenger transport systems, as
well as on modernization and expansion of
rolling stock fleets.

According to this strategy, the transport
complex of urban agglomerations requires:

a) Creation of integrated intermodal
transport systems, construction of comfor-
table transport interchange hubs (passenger
hubs), priority conditions for public
transport, introduction of a single urban
electronic intermodal ticket and customer-
oriented tariff solutions in this area.

b) Intensification of intermodal traffic of
electric trains between Moscow airports and
the city, Pulkovo airport and Baltiysky railway
station in St. Petersburg.

¢) Improving customer service through
a full transition to processing of intermodal
transport units at border crossings in the
«single window» mode based on electronic
date exchange.

These two strategic documents laid the

foundation for long-term development of

intermodal transport infrastructure in Russia.
It is worth to note in chronological order
other strategic planning documents that are
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Pic. 1. The volume of transit container traffic, thousand TEU units [7].

important from the point of view of
development of intermodal transport
infrastructure.

2018 — The strategy of scientific and
technological development of Russian
Railways holding company for the period up
to 2025 and for the long term until 2030
(White Book) [5] identified the tasks of
increasing the level of customer focus by
developing piggyback transportation, using
innovative types of containers for intermodal
transportation for additional assortment of
goods, as well as for increasing the range of
goods transported.

2018 — Comprehensive Plan for
Modernization and Expansion of the Trunk
Infrastructure for the Period up to 2024 [6]
set goals and key indicators that are directly
related to intensification of intermodal
transport infrastructure. For example, it set
the terms of delivery of transit container
traffic in the North—South direction
(Krasnoe, ports and border crossings of
North-West—Samur), Europe—Western
China direction (Krasnoe—Iletsk—Ozinki—
Kartaly—Petropavlovsk), West—East
direction (Krasnoe, ports and border
crossings of North-West—Naushki,
Zabaikalsk, ports and border crossings of the
Russian Far East), and the average speed of
delivery of transit container traffic.

2019 — The long-term development
program of JSC Russian Railways until 2025
[7] contains a provision stating that
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development of passenger traffic provides for
formation of multifunctional intermodal
hubs and transport hubs integrated with the
modern urban environment and infrastructure
environment, expanding the list of services
(intermodal transportation).

For freight transportation the program
indicated the vector towards growth in
throughput and transit capacity of the
infrastructure capable to increase the transit
container traffic by 4 times, including
reducing time for transporting containers by
rail from the Far East to the western border
of the Russian Federation to 7 days by 2024.

2019 — The strategy of spatial development
of the Russian Federation for the period up
to 2025 [8] provides for development of
freight transport and logistics centers, an
increase in volumes and a reduction in time
of container transportation, including
transit, by rail from the Far East to the
western borders of the Russian Federation to
7 days. An increase in throughput capacity
of the transportation routes, in speed of
carriage of goods, as well as development of
the container transportation market are
forecasted, which will create conditions for
the outstripping growth of exports and
implementation of the transit potential of the
Russian Federation. By 2025, the volume of
transportation of export goods, carried out
by all modes of transport, without considering
pipeline transport, will increase by more than
30 percent. This strategy confirmed the
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contents of earlier documents as it proposed
to eliminate infrastructural constraints of
national significance, increase the availability
and quality of the trunk transport, energy,
information and telecommunications
infrastructure, including through develop-
ment of intermodal passenger transport
infrastructure of agglomerations.

Target indicators of the program [7] in
terms of the volume of transit container flow
are presented in the diagram in Pic. 1.

Based on the analysis of strategic
documents, considerable attention is paid to
intermodal aspects of development. At the
same time, it is necessary to consider
operation of the law of advanced development
of transport infrastructure [9, pp. 14—15],
which is one of the basic conditions for
ensuring the efficiency of the economy.

It should be noted that several important
projects in the field of intermodal transport
have already been implemented, which
contributed to the high dynamics of that type
of transportation.

Thus, the first stage of creation of the
transport and logistics centres located at
Kaliningrad and Chernyakhovsk has been
completed. There containers transported in
transit trains are transshipped from flat
wagons of 1520 mm gauge to those of 1435
mm gauge. New services of transit container
transportation were developed and launched

on the routes China—Europe—China through
the port of Kaliningrad and South Korea—
Finland—South Korea through the port of
Vostochny. As part of development of North—
South ITC, test shipments of containers from
India to Russia and Belarus were carried out.
Experimental piggyback transportation along
the route Kaliningrad—Moscow—Kaliningrad
in transit through the territories of Lithuania
and Belarus was organised, as well as,
together with JSC FGK and CJSC Magnit,
along the route Moscow—Novosibirsk [10].

Indicators of transportation in containers
for the period 2015—2018 are characterized
by sustainable growth and are presented in
the form of diagrams in Pic. 2.

Evolution of methods for assessing
economic efficiency, enshrined in official
documents

The review of cost-effectiveness assessment
methods should start with recommendations
documented in government or industry
documents, highlighting intermodal aspects.
More general approaches to assessing
economic efficiency are discussed in
publications [11; 12].

Soviet period

The post-war history of emergence of
methodological documents for assessing
economic efficiency began around the 1950s.
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This was due, inter alia, to creation in 1947
of the State Committee for introduction of
advanced technology in the national economy
of the USSR, as well as to the economic
reform of the late 1950s.

The documents concerned both general
approaches to assessing the effectiveness, for
example, introduction of new technology,
inventions and improvement suggestions
without reference to the features of specific
sectors of the national economy, or
considering features of an industry, for
example, construction, road either sea
transport [13, p. 4], and acceleration of
scientific and technological progress,
including in railway transport. Besides,
methods were approved for determining the
economic efficiency of capital investments,
including in railway transport and merchant
marine [14, p. 3].

The general principle regarding
approaches to evaluation necessarily
entailed calculation and justification of
effectiveness of capital investments in
compliance with the national economic
approach. The criterion of economic
efficiency in the national economy was the
increase in national income (in comparable
prices) in relation to the capital investments
that caused this increase.

In the process of developing capital
investment plans, the emerging indicators of
economic efficiency had to be compared with
the standards and with similar indicators of
the efficiency of capital investments, as well
as with indicators of production efficiency at
the advanced enterprises of the corresponding
industries and sub-industries.

The indicator of comparative economic
efficiency of capital investments was the
minimum of reduced costs.

From about the end of the 1970s,
references to container transportation appear
in transport documents assessing the
economic efficiency of capital investments
in construction [14, p. 10]. So, for example,
in the composition of the capital investments
taken into account when determining the
economic efficiency, a group of tasks was
singled out for justifying coastal complexes
for delivery of goods by large transport
facilities (ferry crossings, container terminals,
lighter carrier systems). For it they considered
direct investments in construction of ferries
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or special ships, coastal and other structures
and devices that provide loading and
unloading of ferries, special ships, transfer or
reloading to another mode of transport of
large vehicles transported on ferries or special
ships (wagons, trailers, containers, etc.).
They also considered related investments in
coastal facilities that ensure operation of
a ferry or other transport systems (develop-
ment of port railway stations, highways),
development of a ship repair base, investments
in vehicles, as well as the in freight current
assets of consignors.

Transport specificity dictated the need to
compare options and assess the effectiveness
of capital investments, taking into account
the cost of goods in transit, which are part of
the current assets of the national economy.
The effect of accelerating delivery of goods
makes it possible to increase the turnover of
the current assets of the national economy,
and in terms of its economic value is
equivalent to a reduction in the required
volume of capital investments [14, p. 18].

The economic effect associated with
release of the freight assets was proposed to
be determined by the formula:

_Cer(t;i_t;) (1)

T 365

where Cr — average price of 1 ton of freight,

roubles;
Q — annual shipment of freight, t;
t,and ¢, — cargo delivery time, respectively,

before and after acceleration, days.

Along with the effects in freight traffic, it
was pointed out that it was necessary to take
into account the national economic effect of
increasing or decreasing duration of
a passenger’s trip. The cost estimate of one
saved passenger-hour in general transport
calculations was estimated at 10—15 kopecks,
which with an average monthly salary of
a young specialist of 140 roubles [15, p. 46]
was 0,1% for every hour saved.

The national economic efficiency of
capital investments in development of
container, unitized loads and other
progressive methods of transporting goods
was characterized by the following effects:

a) accelerating delivery of goods to
consumers by considering current assets
associated with cargo in the process of
transportation;
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b) saving on packing and packaging of
goods by direct account for specific
conditions of transportation;

¢) improving quality of transportation of
goods (safety, security, etc.) by direct account
for specific transportation conditions;

d) simplification and reduction of the cost
of freight forwarding and warehouse
operations with the consignor and consignee
by direct account for specific conditions of
freight shipments.

When transporting railway wagons and
other types of vehicles on ferries or other
specialized vessels, according to the
methodological documents of that period, it
was necessary to take into account the costs
of their maintenance during transportation
by sea. It was recommended to determine
these costs by the formula:

C,=Ch (t,+t)n, 2)
where Ch — hourly rate for keeping a car or
a vehicle in operation;

t, — time of trip turnover in hours;

t. — interval between ferries or ships in
hours;

n — number of vehicles on the ferry.

Several specific examples of calculations
were considered, for example, of determining
the economic efficiency of capital investments
when replacing conventional ships with
container ships for transportation of a given
volume of cargo. At the same time, it was noted
that the efficiency of capital investments in
construction of container ships in comparison
with existing vessels was high: 32 million roubles
of capital investments and 6,8 million roubles of
operating costs at the prices of that period were
saved. The use of container ships instead of
conventional ships scheduled for construction,
according to the results of calculations, provided
an annual savings in operating costs of 1,8
million roubles, but an additional 2 million
roubles of capital investments were required. The
additional costs paid off due to the savings in
operating costs in about a year, which testified
to the high economic efficiency of the introduced
container ships.

Two years later, in 1979, another method
was published for sea transport, where the
issue of intermodal transportation in
containers and other enlarged cargo
consignments was raised [13, p. 9].

In this methodology, a specific example
of determining the annual economic effect
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from introduction of a new technology of
loading and unloading operations at the
container terminal in the seaport by including
three schemes for cargo operations was
considered.

The direct economic effect from
introduction of a new technology of cargo
operations is determined using the formula:
AE=(z,-7,) Q, (3)
where AE — annual economic effect, roubles;

z,2,— reduced costs per unit of product
(work) produced using basic and new
technology, roubles;

Q, — volume of products (work) produced
with the help of new equipment in the
estimated year.

From these two examples, it can be seen
that initially the issues of assessing the
effectiveness of containerization in Russia
were more related to sea transport, which is
due to the priority of international intermodal
links based on sea transportation.

Period of modern Russia

Recommendations of 1994 can be deemed
to be among the first documents officially
adopted in Russia to assess the effectiveness
of investment projects [16]. They are based
on the fundamental principles and approaches
that have been developed in world practices
for assessing the effectiveness of investment
projects, adapted for the transition to
a market economy, proposed by UNIDO.

Inthe Methodological Recommendations
for Evaluation of Investment Projects in
Railway Transport in 1998, the same
indicators of economic efficiency are
supplemented by natural indicators specific
to the transport industry: the degree of
increase in transportation service provision,
throughput, saving free time, etc.

The Methodological Recommendations
on Composition and Content of Substantiating
Materials for Investment Projects [17] provide
a classification of investment projects in JSC
Russian Railways system and for the first time
mention in this regard a project for organizing
intermodal transportation on Sochi—Adler-
airport—Sochi section. It is presented as an
example of an investment project for integrated
development of railway infrastructure in
certain transport areas (sections, lines, routes,
etc.), in implementation of which several
sectors of the railway industry are involved.

.18, Iss. 6, pp. 30-45 (2020)
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The economic efficiency of the project,
according to this document, is the essential,
but not the sole criterion for assessing the
effectiveness of the project. If the project does
not have economic efficiency, other types of
efficiency are considered: technological,
social, budgetary, environmental ones.

The emergence of such projects in the
methodological documents was associated
with the strategic documents of 2008, which
have been discussed above, where the
emphasis was also placed on the need for
construction and operation of intermodal
transport infrastructure.

One of'the latest official documents in this
regard is the Methodology [18], adopted by
the Government of the Russian Federation
at the end of 2019.

According to it, assessment of the socio-
economic effects of an infrastructure project
with state support should be carried out by
quantitative analysis of the following
indicators:

* An increase in the gross domestic
product of the Russian Federation, calculated
based on an increase in gross value added,
receipts of tax payments in connection with
sale and import of goods (works, services),
as well as in connection with saving travel
time of passengers and goods, increasing
safety of passenger and cargo transportation,
agglomeration effect and the effect of
eliminating infrastructure constraints as
aresult ofimplementation of an infrastructure
project.

+ Budgetary effect, calculated as the
balance of the increase in tax and other
mandatory payments to the budgetary system
of the Russian Federation in connection with
implementation of the infrastructure project
and of the amount of state support.

Conclusions.

Studying the history of development of
methodological tools for assessing economic
efficiency allows us to draw the following
conclusions.

Firstly, the post-war history of appearance
of relevant documents begins approximately
from the 50s of the last century and continues,
undergoing a corresponding evolutionary
development, consistent with changes in the
socio-economic situation in the country.

Secondly, it is characteristic that some
methodological documents contain both

® \WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 6, pp. 30-45 (2020)

commercial and socio-economic, and
budgetary estimates. However, there is
a separate set of such official guidelines that
focus on budgetary and socio-economic
efficiency.

Thirdly, along with economic efficiency, it
is proposed to determine financial and
technological ones.

In conclusion, it should be noted that
comparison of the content of strategic and
methodological documents makes it possible
to focus on specific features of strategic
planning and economic assessment of
development of intermodal transport
infrastructure.

The construction and operation of
intermodal transport infrastructure is a priority
for development of the national economy, and
it is given due attention in strategic documents.
Analysis of strategic documents and indicators
of growth in the volume of traffic indicates the
prospects and importance of development of
intermodal transport infrastructure.

The study of methodological documents at
the level of the national, regional and sectoral
economy shows that a general approach to
determining economic efficiency has been
developed. At the same time, in the methodo-
logical documents, using the example of
construction of intermodal transport infra-
structure, it can be seen that specific systems,
projects and objects in them are considered
without deep detailing. The assessment of
construction of intermodal transport infra-
structure is not given as much attention as it is
necessary see its economic and social
importance.

It is characteristic that some of the
methodological documents discussed above are
called «recommendations» or «model», thus
suggesting the need for specification with
regard to particular conditions. This testifies to
the relevance of appropriate research in the area
under consideration.

It is advisable to develop methodological
tools for assessing the effectiveness of
construction of intermodal transport
infrastructure in a more profound and versatile
manner. First of all, it is necessary to supplement
the existing approaches to assessing economic
efficiency with methodological tools for
specialized projects, such as construction of
intermodal transport infrastructure, providing
for a deeper, more detailed, comprehensive
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consideration of the full range of effects
generated by an intermodal system or
technology.
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AnaTtonuit KNCEJIEHKO

Esrenuin CYHOYKOB

AKTyaslbHOCTb CTaTbW OMPEAENSETCS BO3pacTaLen
POJIbI0 ADKTUHECKOW TPaHCMOPTHOWV CUCTEMbI B 9KOHOMUKE
Poccuiickori ®enepaunn: BoBae4eHNeM TeppuTopuii
ApKTU4eckori 30Hbl cTpaHbl (A3P®) B X035/CTBEHHYIO Aesi-
TEJIbHOCTb, YBEINYEHNEM VX COLMATbHOMO Y 9KOHOMUYECKO-
ro noteHumanoB. Pa3Butne ceBepHbIX TEPPUTOPUI Hanpsi-
MYIO CBSI3@HO C UMEIOLUMMMUCS Y 1epCreKTUBHLIMU BO3MOX-
HOCTSIMU ADPKTUYECKOW TPaHCMNOPTHOW CUCTEMbI, AN
ycnewHoro QyHKUMOHUPOBaHNSI KOTOPOI HEeO0bX0ANMMO
obecneunTs €€ TPaHCMOPTHLIMU OAX0AAMMU.

Lienbio paboTbl iBNISIETCS ONpeneseHne CLeHapueB, rno
KOTOPbIM MOXET OCYLLECTBAATLCS pa3BuTme u popmmuposa-
Hue 3Tux NoaxoA[o0B. [py HancaHuy cTaTby NCMOJIb30BaHbI
MEeTOAbl CUCTEMHOr0, CPaBHUTEJIbHOIO U CTaTUCTUYECKOro
aHanu3sa v ap.

B paboTe yTo4HeHo onpeneneHne ApDKTM4ecKor TpaHc-
nopTHov cuctemsl. OTMEYaeTcs, 4To cueHapun popmupo-
BaHWsi TPDAHCMOPTHbLIX MOAXOAOB K Hel crenyeT yBsi3biBaTb
C e€ pa3BUTUEM, a TakXe pa3BuTMemM APKTUYECKOU 30HbI
Poccuiickoii denepauvn. BoineneH noapernoH —
Esponevickas n lMpuypanbckas ApKTvka, rae pa3Butue
TPaHCMOPTHbLIX NOAX0A0B Hanbosiee akTyasibHO B CBSI3U
C POCTOM 3KOHOMUYECKOM aKTUBHOCTU Ha M0JyOCTPOBE
SIman. Co ccblikoii Ha paboTbl OTEHECTBEHHDLIX M 3aPYOEXHbIX

BOTIPOCbI TEOPUW

OnTmMncTU4YECKUii n NeCCUMNUCTNYECKNI CLEeHapumn
dopmMnpoBaHUSa TPAHCMNOPTHbIX NOAXO0A0B
K APKTN4EeCKOMU TPAHCMOPTHOU CUCTEME Ha OCHOBE
AOCTUNXXEHUS LesieBbiX Nnoka3aTtenen

Kuceaenxo Anamoauii Huxoaaeeun — Uncmumym
COUUANBHO-IKOHOMUHECKUX U IHEePeMU1eCKUX
npobaem Cesepa Pedepanvroco uccaedosamenscko2o
yenmpa «Komu nayunviii yenmp Ypansckoeo
omaenenus Poccuiickoi akademuu Hayk»,
Coixmuiekap, Poccus.

Cynoyxoe Eezenuii FOpveeun — Hncmumym
COUUANBHO-IKOHOMUHMECKUX U SHEeP2eMU1EeCKUX
npobaem Cesepa Dedepanvhoco uccaedosamensckoeo
yenmpa «Komu nayunviit yenmp Ypansckozo
omdenenus Poccuiickoi akademuu Hayi»,
Coikmuwigiap, Poccus®.

aBTOPOB, JOKYMEHTbI CTPATernyeckoro rniaHupoBaHus PP
rionaraertcsi, 4TO M0 CTerneHn JOCTUXEHUS LieJIeBbIX okasa-
Teneri 06bEMOB rnepeso30ok no CeBepHoOMy MOPCKOMY nyTy
MOryT aKTUBUPOBATLCS ONTUMUCTUHECKUE Y IECCUMUCTUYE-
CKUVi CLieHapu OpMUpPOBaHNS TPAHCMOPTHbIX MOAXOA0B.
Kakovi n3 Hux ynet peann3oBaH, OnpenenseTcs noamtnye-
CKUMU, PUPOAHBLIMY U APYIMIMU PUCKAMMU.

lNpu pa3paboTke cueHapueB opMUpPOBaHUs TPaHC-
rOPTHBIX M0AX0A0B K ADKTU4YECKOW TpaHCNopTHOV cucteme
criefyeT y4nTbiBaTh rOsIBJIEHNE HOBbIX BULOB TPAHCIOPTa,
KOTOpbIe MOryT obecrneynBath NPUBS3KY yaAanEHHbIX 00bek-
TOB K MarucTpasibHbIM TPAHCMOPTHLIM CETSIM W/IN INKBUAN -
poBaTb BO3HUKAKOLME B HUX pa3pbiBbl. Mcrnoib3oBaHne
HOBbIX BUAOB TpaHcrnopTa B ASP® crnenyet ocylecTsasTb
TOJILKO 10C/1€ UCTbITaHWIA Ha Creumnann3npoBaHHbIX MoJsm-
roHax, rae 6yaert onpeaeseHa vx 6e30MacHOCTb 415 rnepe-
BO30K M1acCaxupoB 1 rpy30B, a Takxe AJs OKpyxXaroLen
npuPoOAHOY cpeasbl.

Pab6oTa BbinosiHeHa B paMkax KOMIJeKCHOM rnporpam-
Mbl pyHAaAMeHTanbHbIX Hay4HbIX nccaeposaumnii YpO PAH
Ha 2018-2020 rr. n cBsizaHa ¢ HEOO6X0ANMOCTbIO yBe/In4e-
HUSI MOLLIHOCTEV OCHOBHbIX ropToB EBponerickori n Mpu-
ypasbCckou APKTUKY 1 06bEMOB nepeBo30ok no CeBepHoMy
MOPCKOMY MyTu.

Kntoyessbie cnoBa: ApkTudeckasi TpaHCrnopTHasi cuctema, Apktudeckasi 3oHa Poccurickoii denepaunm, Esponevickas
v lMpuypanbckas ADKTVKa, CLeHapy popMmMpoBaHms TPAHCMOPTHBLIX Moaxoa08, CeBepHbIi MOPCKOW MyTb, LIe1eBbIe Moka3aTesin.

MHdbopmaumsa 06 aBTopax:

14.01.2021.

For the English text of the article please see p. 55.
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BBEAEHUE

®dopMupoBaHKE TPAHCIIOPTHBIX MOIX0-
JIOB K APKTUYECKOI TPaHCIIOPTHOM CHUCTEME
(ATC) HampaBieHO Ha YIOBJAETBOpEeHUE €€
NOTpeOHOCTe! MpU 0decTieYeHUY MEPEBO30K
naccaxxupoB 1 I'py30B B ADKTUUECKOI 30HE
Poccuiickoit @egepauuu' (A3PD). Ilo-
3TOMY IPU pa3paboTKe cueHapueB HOpMU-
pOBaHUS TPaHCIOPTHHIX MoaxoaoB K ATC
cleayeT YYUTBhIBaTh CLIEHAPUU U TIPOTHO3BI
pasButusg ATC u A3BPO®.

B cootBercTBHM ¢ yKazoMm [1pesuneHra PO
«O CyXOITyTHBIX TEPPUTOPUAX APKTUYECKOMI
30HBI Poccuiickoit Meneparimm»? ObIT OIpe-
JIeJIEH coCcTaB MakpoperuoHa. B cBsi3u ¢ poc-
TOM 2KOHOMUYECKON aKTUBHOCTM Ha IOJy-
octpose SAman us teppuropuii A3P®D BrineneH
noapervnoH — EBponeiickas u [1puypanbckast
Apktuka (EulTA), roe opMupoBaHue TpaHc-
MOPTHBIX MOAXO0I0B HauboJjiee aKTyaJlbHO.
K EullA otHocsTcs Tepputopun MypMaH-
cKoii obiactu, HeHellkoro aBTOHOMHOTO
OKpyra, MyHULIUTIAJIbHBIX 00pa3oBaHuii (Ap-
xaHrenabck, HoBonBuHcK, CeBepOABUHCK)
u paiioHoB (MeseHckuii, OHexckuii, [Tpu-
MOPCKUIT) ApXaHTeJIbCKOI 001aCTH, MyHULIM -
NaJbHOro 00pa3oBaHUsI TOPOJICKOIO OKpyra
«Bopkyrta» Pecnyonuku Komu, Ilpuypanb-
ckoro 1 SIManbCcKOro MyHUIIMMaTIbHBIX paiio-
HoB SImaio- HeHelrkoro aBTOHOMHOT'O OKpyTa.
TTo3nHee Kk HUM ObLTH J00aBIeHBI KocTOMYyK-
IUHCKUI Topoackoii okpyr, Cerexckui
u KaneBanbckuii paiionbl Pecryonuku Kape-
s, roponckue okpyra MHTa u YcuMHCK,
a Takxke Yctb-Lunemckuit paiton Pecriyomm-
ku Komu, Jlemykonckuii u INunexxckuii
paiioHbl ApXaHTeJIbCKOM 00acTu?,

! «Crtparerust pa3BUTHsI ADKTUIECKOM 30HBI Poc-
cuiickoii Denepaliuu U odecreyeHns HallMOHAIbHOMI
6e3onacHocTH Ha nepuof 10 2020 roga» (yrBepxiaeHa
[Mpesunentom P®) // CipaBouHO-TIpaBOBast cucTeMa
«Koncynpbrant [ntoc». [DaekTpoHHbIi pecypce]: http://
www.consultant.ru/document/cons_doc_LAW_142561/.
Hoctyn 25.09.2020.

2 Vka3 [pesunenta PO ot 02.05.2014 . Ne 296 (pen. ot
05.03.2020 r.) «O CyXOnmyTHBIX TEPPUTOPUSIX APKTHYE-
ckoii 30HbI Poccutickoit denepanvm» // CripaBouHO-
npaBoBas cuctema «Koncynsrant ITintoc». [DaeKTpoH-
HbIH pecypc]: http://www.consultant.ru/document,/
cons_doc_LAW_162553/. Joctym 25.09.2020.

3 ®enepanbHblii 3akoH ot 13.07.2020 . Ne 193 «O ro-
CyIapCcTBEHHOM MOIePKKe MPeATPUHUMATETCKOM
NesATeIbHOCTU B ApKTUUECKOI 30He Poccuiickoii
Denepanun» // CripaBouHO-TIpaBoBasi cucteMa « KoH-
cyabraHT [1n1oc». [DnekTpoHHbIi pecypc]|: http://www.
consultant.ru/document/cons_doc_LAW_357078/.
Hoctym 25.09.2020.
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ATC omnpenenisieM Kak TpaHCHOPTHYIO
CHUCTEMY, OCYIIECTBISIONIYIO MEePEeBO3KU
rpy30B U TtaccaxupoB B A3P®, cocrosiyio
U3 MarucTpPaJbHbIX U JIOKAJIbHBIX TPaHC-
MOPTHBIX MOACUCTEM.

OCHOBHBIMU MarucTpajibHbIMU MOICUC-
temamMu ATC gapinstorcss CeBepHbIii MOPCKOT
nyth (CMII) co Bceit ero nHppacTpyKkTypoi
U cucTeMbl TpyoorpoBonoB A3P®. Takke k Ma-
TUCTPAJIbHBIM MOACUCTEMAM OTHOCSITCS XKeJle3-
HOJOPOXHBIE, ABTOMOOUIIbHBIE, BO3AYIIIHBIE,
BOJHbBIE ITyTH, COEAUHSIONINE TPAHCIIOPTHYIO
cucteMy P® ¢ apkTuyecKuM1 MOPCKUMU TTOP-
TaMM ¥ 9KOHOMHWYECKUMU IieHTpamu A3POD.
K nokanbHBIM TPaHCIOPTHBIM MOACUCTEMAaM
ATC oTHOCATCS BCE Ipyrue TPaHCIOPTHBIE
cucTeMbl, (hyHKIMoHUpYlotve B A3PD.

UCTOYHUKU NO TEME
UCCINIEQOBAHNY

AHanu3 mporHo30B pa3Butusg A3PO,
MpeIOKEHUs TT0 (POPMUPOBAHUIO CUCTEMbI
roOCyJapCTBEHHOTO CTATUCTUYECKOTrO Ha-
OI0eHUS, TOCTPOEHUIO MOJIeJIE Pa3BUTUS
ApPKTUYECKOW 30HBI B LEJIOM U OTAEJIbHO
B3SITBIX XO3SIMCTBYIOIIUX CYyOBEKTOB, peasiu-
3allMU UHBECTULIMOHHBIX MTPOEKTOB COAEP-
Xxarcs B pabote aBTopoB [1, c. 5—11].

B pa6orte [2, c. 28] 060CHOBBIBAaETCSI HOBBII
MOAXO K OCBOCHUIO CEBEPHBIX U APKTUYECKUX
tepputopuit Poccun yepe3 opmupoBaHue
U Pa3BUTHE JJOKATbHOI HALIMOHATIbHOM TPaHC-
MOPTHOW CUCTEMBI, KOTOPBIA MpPeaiaracTcs
OCYLIECTBJISITh YEPE3 OMOPY HA MECTHYIO CITe-
IUOUKY, THTEPEChI 1 THCTUTYTHL.

ABTOpHI paboTHI [3, c. 21] B psam mepBo-
OYepEeNHBIX 3a1a4 CTABSAT CTPOUTEIbCTBO
CBS3aHHOU CETU XKeJIe3HBIX U aBTOMOOUJIb-
HBIX JOPOT UIST o0ecIieueHUs] PyHKIIMOHM -
pOBaHUS MPEANPUATUI MO AOOBIYE MOJIEe3-
HBIX UICKOTIAeMBbIX U IS XKM3HEO0eCTICUCHIS
ApPKTUYECKUX PETUOHOB B LIEJIOM.

Leau pyakunonuposanus ATC B HeKO-
TOPOW CTeTeHU MpoTUuBOpevYnBhl. Obecrie-
yeHre CeBEepHOTO 3aBO3a HE BBI3BIBAET CO-
MHEHUI B ero HeobxoaumocTu. BeiBo3 yr-
JIEBOJIOPOHOTO ChIPhS B CTPAHbI 3amaHOM
EBponist u CIHIA mMeeT MOTOXUTEIbHBIN
XapakTep B TOM ILJIaHe, YTO ra30- U HedTe-
NOOBIBAOLINE NPEANPUATUS 1EJIA0T HAJIO-
TOBBIC OTYMCJICHUS B OIOMKETHI pPa3HBIX
YPOBHEM, paOOTHUKU BTUX MPEANPUSITUN
MOJIy4atoT OTHOCUTEIBbHO BBICOKHE 3apriia-
Tel. BMecTe ¢ TeMm, cpencTBa Ha pa3BUTHUE

Kncenenko A. H., CyHaykos E. 0. OnTMMMUcTN4ecCkn U neCCUMMNCTUYECKUIN CLLeHapu pOpMUPOBaHNS
TPaHCMOPTHbIX NOAXOA0B K ADKTUYECKOMW TPaHCMOPTHON CUCTEME Ha OCHOBE [OCTUXEHUS LIENEBbIX

nokasartenen




tepputopuii CeBepa Poccuu moctymatoT
B HEJOCTAaTOYHBIX OOBEMAX.

B paborte [4, c¢. 6] oTMevaeTcs, 4TO
«IIpO0JIEMBI CTPATETUYECKOTO yIpaBJIeHUS
HedTera3oBbIM KOMIUIEKCOM B APKTHUKE —
MHOTOKOMITOHEHTHBIH TpOIecc, KOTOPHIi
OXBaTbIBAET PsJI BaXHBIX MPoOOJEeM reono-
JIUTUYECKOTO, 9dKOHOMUYECKOTO, 00IIIe-
CTBEHHOTO, IPUPOJOOXPAHHOTO ACITEKTOB>.
OTU TPOOIEMBI JOJXKHBI pelIaThCs Ha yPOB-
HE TocyldapcTBa ¢ yYETOM MHTEPECOB MPU-
OpeXHBIX PETMOHOB, CMEXHBIX OTpacyei
U cepBuca, 00IIeCcTBa B YaCTU COOTIONEHUS
9KOJIOTUYECKUX HOPM U CO3IaHUS HOBBIX
pabouynx MecT.

Pedopmbr 1990-x rT. HEraTUBHO OTpa3u-
JINCh HA COCTOSTHUU TPAHCITOPTHOMN CUCTEMBI
ApkTuku. [ToaToMy cuctemMy apKTUYECKOTO
TpaHCTIOpPTa HEOOXOAUMO BO3POXIAaTh Ha
COBPEMEHHOI TeXHoJoTuyeckoi 6ase [5,
¢. 553]. Takxe TpeOyeTcsl pa3BUBaTh, a B paM-
Kax HEKOTOPBIX TPOEKTOB — CO3/1aBaTh 3aHO-
BO TpaHCITOPTHBIE TToaxoasl K ATC.

Borpocam nipuBiiedeHNsSI ”YHBECTUIIMOH -
HBIX PECypCcOB, HallpaBJI€HHbIX Ha obecrie-
YeHUE KPYIJIIOTOAUYHOTO CylTOXOJACTBa MO
CMII, nocesiieHo uccaenoBanue [6]. AB-
TOP TBITAETCS PEIINTh 3a]a91 00beTUHEHUS
MHOTOYMCJEHHBIX MJIaHOB peaau3aluu
WHBECTUIIMOHHBIX TPOEKTOB B €IMHBII «Me-
rarpoeKkT» 10 MPUBJIEYEHUIO UHBECTUIINIM,
HarpaBJieHHBIX Ha pa3Butue A3P®, ompe-
NeJIeHUs myTed pa3BUTUS (PUHAHCOBO-
sKoHOMMYecKoi Mogean CMII, BeIaeaeHIS
WHBECTULIMOHHOM cocTaBisoniein Konuen-
uuu passutus ATC [6, c. 16].

B coBpemMeHHBIX paboTax 3apyO0exkHBIX
ucciaenoBaTeneit yaensaercs 60Jb110e BHU-
MaHue Bornipocam pa3sutus CMII u cocros-
HUA JegokoygbHoro daora. Tak, oneHka
JIEIOKOJBbHOTO (DJ10Ta TOCYynapcTB, UMEIO-
IMUX WHTEPeChl B APKTHUKE, IPUBOAUTCS
B cratbe ®. ActoHa [7, c. 48—51]. DKOHO-
MUYECKHE PACYEThl O UCMOJb30BAHUIO
CMII kaK TpaHCITIOPTHOTO MapIIpyTa MEXIY
EBpomnoii u A3ueii ¢ yuéTOM OCHOBHBIX (hak-
TOPOB MPUBOJATCS B pabOTaxX eBPOIEHCKUX
aBTOpOB [8, c. 434—444; 9, c. 977-983].
®pannysckue yuéneie [10, ¢. 107—117]
OLICHUJIM TEXHUYECKYI0O U SKOHOMUYECKYIO
BO3MOXHOCTb ucrnoyb3oBanusa CMII mig
KOHTeWHepHBbIX MepeBo30K. MHTepec
Kk CMII npogBasioT ucciaeaoBaTeau CTpaH
IOro-BocTouHoit A3uu. Hanpumep, B pabo-
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Te Majai3uiickux aBTopoB [11, c. 85—98]
paccMaTpUBAIOTCS BOMPOCH YCUTEHUS
BiusiHusg CMII Ha cynoXOomHYIO AesITeNb-
HOCTh B MaJIJaKKCKOM TIPOJIUBE, SIBJISTIOIIIEM -
Csl OJJHUM U3 KJTIOUEBBIX MEXIYHAPOIHBIX
TOPTOBBIX MTyTEH.

PA3BUTUE TPAHCIMOPTHbIX
noaxonoB K APKTUMECKOM
TPAHCNOPTHOW CUCTEME

TpaHcTIOpTHBIE TIOAXO/IBI, COEANHSIIONINE
B HACTOSIIIIEE BPEMSI TPAHCIIOPTHYIO CUCTEMY
P® ¢ apkTuyeckuMu MOPCKUMHU TTOPTaMU
u sKoHOMuueckumu neHtpamu A3P®D Ha
tepputopuu EBporneiickoro u [Ipuypanb-
ckxoro Cesepa Poccuu (EullCP), mepeunc-
JIeHbl B pabore [12, c. 54].

VYyactku nyteili cooOlleHus, pacioyio-
XKeHHbIe B ASP®, IBISI0OTCS COCTaBHBIMU
anementamu ATC. Hanmpumep, yuyactox
XKene3Hoi moporu O6ckas—boBaHEeHKOBO
sBsieTcs: cocTaBHBIM ayemMeHTOM ATC Ha
IMpuypansckom Cesepe, a yuactok CeBep-
HOM XeJie3HOoU noporu oT ctaHuuu KoHoia
JIO TPAaHUIIBI MyHUIIUTIATBLHOTO paitoHa Ile-
yopa M MyHUIIUTIAJIbHOTO 00pa30BaHUS TO-
ponckoro okpyra «MHrta» Pecny6auku
Komu — tpancmopTHbeIM nogxogoM K ATC.
TpaHcTOPTHBIE TTOIXOABI K MOPCKUM TTOPTaM
MOTYyT OBITh Kak moaxomamu K ATC, Tak
U COCTaBHBIMU €€ YaCTSIMU.

OynknuonupoBanue ATC okasbiBaeT
HEIOCPEJICTBEHHOE BIMSHNE HA Pa3BUTHE
TPAHCTIOPTHBIX TIOAXOM0B K HEW U TEPPUTO-
puii, Ha KOTOPBIX OHU PACITOJIOKEHHI [13,
c. 8].

Hawubonbmue npedepeHnm ot hyHK-
moHupoBanust ATC MOTYT OJTyqUTh CEBEP-
HbIe MOpckue TopThl: CabeTra, MypMaHCK,
Apxanrennsck, Kannanakura, Hapbsin-Map,
Omnera, niepcrieKTuBHbIN TOpT UHaura, ped-
Hble TopThl JIaGbITHaHTH U [levopa.

XKenesHomopoxHsle cTaHIUN OKTSIOPh-
ckoit u CeBepHoli kene3Hbix gopor OAO
«PXI» obecrnieynBaOT rpy30Bble TOTOKU
ATC, 9To cTOCOOCTBYET 3aHSITOCTH HaceJe-
HUS ¥ HAJIOTOBBIM TIOCTYIIJICHUSIM B O10IKe -
TBI cyoBekTOB P®, otHOCsIIMXCS K EnlTICP.

ITpu OnaronpusITHBIX CLIEHAPUSIX PA3BU-
TS K TpaHCIIOPTHEIM mmoaxogaMm ATC moba-
BSITCS:

1. 2Kene3HomopoxHasi Maructpaib «ben-
KOMYp» — OyleT OJHUM W3 TPAHCTIOPTHBIX
noaxomoB K ATC, a MMEeHHO, K TJIyOOKOBO/I -

Kucenenko A. H., CyHaykog E. 0. ONTUMMUCTUYECKNIN N MECCUMNCTUYECKNI CLLeHapuKn ¢ OPMUPOBaHNS
TPaHCMOPTHbIX NOAXOA0B K ADKTUYECKON TPAHCNOPTHOM CUCTEME HAa OCHOBE [LOCTUXKEHUS LieNeBbIX
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HOMY MOPCKOMY TOPTY B paiioHe ApXaH-
reabcka. Cam nopt ctaHeT ajeMeHTOM ATC.
2. Kenesnas nopora CocHoropck—HMH-
nura (mpoekT «bapeHIKoMyp») CTaHEeT Ha-
36MHBIM TPAHCMOPTHBIM MOAXOIOM K Mep-
cnektuBHoMy nopty CMIT Uunura.

3. ABToMoOusIbHas fopora ChIKThIBKap—
VYxra—Ycunck—HappsaH-Map ¢ nonbe3gamMmu
K Bopkyte u Canexapay — BHOBb (hopMupye-
MBIl TpaHCcTIOPTHBIN TToaxoa K ATC.

XKene3HomopOKHOE CTPOUTEIBCTBO IO
npoekTy «CeBepHBI IIUPOTHBIN XOA» OyAeT
coctaBHOU yacThio ATC. BaxxHoe 3HaUeHUE
OyoeT UMETh XEJIE3HONOPOXKHASI JTUHUS
boBanenkoBo—Caberta («CeBepHBbI 1IK-
POTHBIN XOA-2»).

GAKTOPbLI, BJINAIOLLUE

HA COOEP>XXAHUE CUEHAPUEB
PA3BUTUSA APKTUYECKOM
TPAHCMOPTHOM CUCTEMbI

B pa6ore [14, c. 10] aBTOpBI OTMEYaIOT
BJIMSIHUE Ha CONepKaHMe CIICHApHeB pa3Bu-
THSI APKTUKU HECKOJIBKUX (haKTOpoB (hu-
3UKO-TeorpadpruecKre 0COOCHHOCTH PEeTro-
Ha; COCTOSHHE MHUPOBON ZKOHOMHUKH
¥ CIIPOC Ha YTJIEBOIOPOIHBIC PECYPCHI; CO-
CTOSTHUE TEeXHOJIOTMI M oOJlalaHWEe MMU
OrpaHMYCHHBIM YMCIIOM CTPaH; COCTOSIHUE
MEXKIYHapOIHBIX OTHOIICHUH 1 JIP. ), YCIOB-
HO pa3aeiIioT MEPCIeKTUBBI Pa3BUTHUSI
ApxTuku 10 2035 romga Ha ONTUMUCTUYHEIE,
MECCUMUCTUYHBIC W TIPOMEXKYTOUHBIE.

B nexa6pe 2019 rona INpasurennctso PD
YTBEPAMJIO ITOATOTOBJICHHBIN TOCYIapCTBEH-
Holt Koprniopauueit «Pocatrom» [11aH pazBu-
TSI THPPpaCcTpyKTyphl CeBEpHOTO MOPCKOTO
nytu 1o 2035 roxa.

B ruraHe BBIACISIOTCS TPH dTama:

1. 1o 2024 roma OymeT pa3BMBaTLCS B OC-
HOBHOM 3armanHasg yactb CMIT.

2. K 2030 roxy ruraHupyeTCs OpraHu30BaTh
KPYIJIOTOIUYHOE CYITOXOICTBO BO BCEil aKBa-
TOPUU.

3. K 2035 rony CMII pgomxkeH crath Ha-
LMOHAJIBHOM TPAHCIIOPTHON KOMMYHUKALIEH
Poccuiickoit denepanyn, KOHKYPEHTOCIIO-
COOHOIT Ha MUPOBOM pPBIHKE".

4 Vkas INpesugenrta PO ot 05.03.2020 r. «O6 ocHOBax
rocymapcTBeHHOU momutuku Poccuiickoit Menepannn
B ApkTHKe Ha niepuoz 1o 2035 rona» // CripaBoYHO-
npaBoBas cuctema «Koncynbrant [noc». [DaeKkTpoH-
HbII pecypc]: http://www.consultant.ru/document/
cons_doc_LAW_347129/. Joctyn 25.09.2020.
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B okts6pe 2020 roga yrBepxiaeHa Ctpa-
Terusi® pa3BuTUs APKTUUYECKOI 30HbI Poc-
cuiickoit Menmepaiuy M 0OECIICUCHUST Ha-
LIMOHAJIbHOI 06€30MacHOCTU Ha Mepuoj 10
2035 r. B Ctpareruu naHa olieHKa COCTOSI-
HUSI, oNpeeeHbl OCHOBHbBIE HAaIlpaBJIEHUS
n 3amgadu pa3BuTtusa A3P®, B ToM uucie
B OTHENIbHBEIX CyObeKkTax P®, oxummaeMbie
pe3yJbTaTbl, OCHOBHbIE MEXaHU3MbI peasu-
3alluM, OIMpeeeHbl 1LeJeBbie TToKa3aTeaun
pazButus A3PO.

CUEHAPUU HA OCHOBE
AOCTUXEHUSA LLEJIEBbIX
NOKA3ATEJIEX

LleneBble YCTAHOBKU® 110 TOCTUXEHUIO
00bEMOB TiepeBo3ok mo CMII B o0BEMe
80 MyH T K 2024 romy aKTUBHPYIOT IBa CIIe-
Hapus pa3BuTtust ATC 1 TOgxomoB K HE:
ONTUMHUCTUYECCKNH (YKa3aHHBINA 00BEM TIe-
pPeBO30K OyNIeT JOCTUTHYT) U TTECCUMUCTH -
yecKuil (Ha3BaHHBINM 00BEM IIEpeBO30K HE
OyIoeT JOCTUTHYT).

[nanupyercs, uyto rpy3zosas 6aza CMII
Oynet ¢opMUPOBATHCS 3a CUET TIPOEKTOB,
TepeurcIeHHBIX B padore [12, c. 57]. B mnane-
rpauke rpy301oTok onpeaenéH B 81,9 MiH T,
M3 KOTOPBIX 76,7 MJTH T COCTABUT BBIBO3 TOJIE3-
HBIX UcKomaeMblx. OMHAKO HEKOTOPhIE IKC-
TEePTHl COMHEBAIOTCS B PEATMCTUIHOCTH ITUX
ruaHoB. [1o onieHKaM AHAJIMTUYECKOTO LIEHTpa
MpU TIPABUTENIBCTBE, B MECCUMUCTUYECKOM
clieHapuu 00bEM cocTaBisieT 53,8 MITH T, B Oa-
30BOM — 63,1 MJIH T, @ B ONTUMUCTHUECKOM —
76,4 MiIH T'.

Peanuzanusg sTuX njiaHOB nmOTpedyeT
YCWJIEHUS TPAHCTIOPTHBIX Moax010B K ATC,
a Takke K MopckuM nmoptam B A3POD.

3 Vkas [pesumenra PD ot 26.10.2020 . Ne 645

«O Crpareruu pa3BuTHsi ApKTHUECKOM 30HbI Poc-
cuiickoit Menepaliny U odecredeHus HalMOHAIbHOI
6e3onacHocTH Ha niepuoz ao 2035 roxa» // CnipaBoy-
Ho-TpaBoBasi cuctema «KoHcynbrant [Tntoc». [Dekt-
poHHBII pecypc]: http://www.consultant.ru/document/
cons_doc_LAW_366065/. loctyr 25.09.2020.

¢ Vka3 [pesumenta PD ot 07.05.2018 . Ne 204 (pen.
o1 21.07.2020 1) «O HalIMOHAJILHBIX LIEJISIX U CTpaTe-
TMYECKUX 3a1avax pa3utusi Poccuiickoit @enepanmm
Ha niepuoz 1o 2024 rona» // CripaBOYHO-TIpaBOBast
cucrema «KoHcynbranT [Tntoc». [DeKTpoHHBbIN pe-
cypce]: http://www.consultant.ru/document/cons_doc_
LAW_297432/. Noctym 25.09.2020.

7 Pacxompl Ha pa3Butue CeBepHOro MOPCKOTO MyTH
oueHuan B 900 muipa pyouteii. [DieKTpoHHBI pecypc]:
https://www.vedomosti.ru/economics/news/2019/
01/21/791925-plan-osvoeniya-sevmorput. Jloctym
24.07.2020.
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DenepanbHbIil TPOEKT «MOpCcKUe mop-
Thl», BXOASIIIMK B KOMIIJIEKCHBIN TIaH
MOJIEpHU3AIlUN U pacIlIMPEHUs Maru-
cTpajbHOM MHOPpACcTpYKTYphl 10 2024 rona,
MpealycMaTpuBaeT YBeJIMIeHNEe MOIITHOCTHU
MOPCKUX MOPTOB 6osice yeM Ha 330 MJIH T
K YKa3aHHOMY Trony. «Zis agpghexmusrnoeo
peuteHus 3moil 3a0a4u Heo0Xo0uUM KOMNACKC-
Hblil N00X00 U CUHXPOHU3AUUS DA3BUMUSL
nopmosoil, Jceae3Ho00pPONCHOU U agmooo-
POACHOU UHGpacmpykmyp, npexcde eceeo —
paszeumue OAUNCHUX U 0ANbHUX N00X0008
K nopmam», — oTMedasl ObIBIINH MUHUCTD
tpaHcmopta P® E. M. JuTpux B CBOEM
BbicTyIuieHuu Ha XIIT MexayHapoaHoMm
dbopyme «Tpancmopt Poccun-2019»8.

Ha ¢unancuposanue KommiekcHoro
TUIaHa MOJEPHU3AlMM W pacIIMpeHus] Ma-
TUCTpaJbHOW MHGMPACTPYKTYPhI Ha TIEPUO/T
1o 2024 roma rocymapctso B 2020—2022 ro-
nax motpatur 1,4 TpyH py6. Cpeau riiaBHBIX
1esieit KoMriekcHOro miaHa — CTpOUTEIb-
CTBO M MOJEPHM3AIMS POCCUNCKUX ydacT-
KOB aBTOMOOMJIBHBIX IOPOT, OTHOCSIIIIUXCS
K MEXIyHapOTHOMY TPaHCIIOPTHOMY MapIii-
pyty «EBpona—3anaausiii Kuraii», yBeau-
YeHUe MOITHOCTe MOpCKUX moptoB P 1o
1,3 Mupa T, BKJIto4ast mopThl JlaibHEBOCTOU-
Horo, Apktuueckoro, CeBepo-3amnaaHoro
(bantuiickoro), Boaro-Kacnuiickoro
1 A30Bo-YepHOMOpPCKOro bacceiftHOB, pas3-
putre CMII u yBeTMdeHMe TPy30II0TOKA ITO
HeMy 1o 80 MJIH T.

Peanuzanust nmpoexra «KoMmriekcHoe
pazBuTHe MypMaHCKOTO TPaHCTIOPTHOTO
y3J1a» TOTpeOyeT MOBBIIIIEHUS ITPOTTYCKHOM
CTIOCOOHOCTU Ha TMPOTSIKEHHOM ydyacTKe
BonxoscTpoit—MypMaHcK. B Hauase nutoHs
2020 r. Bractu MypmaHCKO# 00J1aCTU Bbl-
HYXJI€HBI ObLTU BBECTHU PEXUM Upe3BblUaii-
HOW CUTyalluu PEernoHaibHOTO XapakTepa
B CBSI3U C pa3pylIeHUEM XeJIe3HOJOPOXK-
HOTo MocTa yepe3 p. Koay?, yto mpusesio
K HapyIIeHUIO IBUXKEHUS TPY30B 110 XKeae3-
Holi nopore. Takoif pexxuM neficTBOBaI 10
3aBeplleHUs padoT Mo MPOKIAAKe pe3ePB-
HO# BeTKU 10 cTaHuuMU MypMaHcK. B pe-

8 MHBecTHUMSIM B [IOPTHI U B XKEJIE3HYIO 0pOry HyXKHa
CHUHXPOHM3ALWMs. [DIIeKTPOHHBIN pecypc]: http://morvesti.
ru/analitika/1688/83520/?sphrase_id=3149684. [loctym
08.05.2020.

° PeruonanbHbiil pexkum UC BBenn B MypMaHCKoi
00s1acTH 13-3a aBapHU HA XK.Jl. MOCTY. [ DIEKTPOHHBIH
pecypc]: https://tass.ru/obschestvo/8710919. Jloctyn
11.06.2020.
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3yJIbTATE HECKOJbKO KPYIHBIX KJIMEHTOB
MypMaHCKOTO TTOpTa MepeHaIllpaBUINA
YacTh CBOMX I'PYy30B B mopThl IIpubantu-
kn'’. CiroxuBIIEeCs MOJOXKEHNE OOHAXUIIO
po0bJieMy TOTO, 4mo «baudcaiiuiue Nopmbl
Cesepo-3anada no ceoum mexHUHeCKUM 603
MOMNCHOCMAM MOSYM UCHOAb308AMbCA KAK
arvmepnamuea Mypmanckomy nopmy».
BwmecTte ¢ TeM, TaKylo aJTbTePHATHUBY MOXKET
COCTaBUTh MEPCIEKTUBHBIN MOPT B OyXTe
Wupura.

CepbE3Hble PUCKU MPEACTABISIOT MPO-
LIECC U3MEHEHUs KJIMMaTa B ADKTUKE U CBSI-
3aHHOE C 9TUM TasiHUE BEYHOI Mep3/I0ThI ',
DTO HECET CEPBhE3HYIO YIPO3y KalTUTaIbHBIM
COOPYXEHUSAM, K KOTOPBIM OTHOCSTCS
U TPAHCIIOPTHBIE OOBEKTHI.

HAUBOJIEE BEPOSITHbIN
CUEHAPUN?

o mapta 2020 roma MOXHO ObLIO TTOJIa-
rath, yTo pazButue ATC U TpaHCTIOPTHBIX
TMOJIXO/IOB K HEeUl MOUAET 1Mo ONTUMUCTUYE-
CKOMY clieHapu10. TeMITbl pUpocTa 00bEMOB
rpy30BbIX TtepeBo3oK mo CMIT naxe omnepe-
>KaJv MporHo3upyeMble 3HadeHus. B 2019 ro-
Iy CyMMapHbIii 00bEM I'Py30MepPEeBO30K 10
CMII Boipoc Ha 56,7 % — no 31,5 MaH T
(B 2018 1. aTOT TMOKAa3aTeJb COCTABUI
20,1 mH T). B yactHOCTH, 20,5 MIJIH T TPY30B
obpabotaHo B mopty Caberra, 1,5 MIH T —
B nopty JdynvHka u 7,7 MJIH T — Ha TEpMUHA-
Jie Bosm3u mbica Kamennsriit. O01iee Komye-
CTBO TPAH3UTHBIX PECOB MOCTUTIIO 37, 00BEM
TPaH3UTHBIX TPy3011epeBo30K B 2019 . BeIpoc
moutu Ha 41,9 % u coctaBui 697,2 ThiC. T
(82018 . —491,3 TBIC. T) 2.

CoObITUSI, CBSI3aHHBIE C pACTIPOCTpaHe-
HUEM KOPOHABUPYCHOI MHMEKINY, TpUBE-
JIM K TaAeHU10 00bEMOB MPOU3BOACTBA BO
MHOTUX CTpaHax. B cBsi3u ¢ 3TUM TMOBBITIIA-
€TCSI BEPOSITHOCTh Pa3BUTUSI COOBITUS TIO
MECCUMUCTUIECKOMY CIIEHAPUIO.

10 M3-3a pyXHYBIIIETO MOCTa YacCTh rpy30B 13 Myp-
MaHcKa yiaer B mopthl [Tpubantuku. [DneKTpOHHbII
pecypc]: https://www.rbc.ru/business/09/06/2020/
Seda75319a7947558656f517. doctym 09.06.2020.

' Karacrpoda «HopHukens» — Tobpko Havao. [1os-
CTpaHbl MO YTPO30ii N3-3a TasTHUSI BEUHOW MEP3JIOTHI.
[DnexTponnsIii pecypc]: https://pogoda.mail.ru/
news/42182462/. Doctym 15.05.2020.

12 B 2019 romy 06bEM rpy3onepeBo3ok mo CeBMopIy T
BbIpOC Ha 56,7 %. [DnekTpoHHbII pecypc]: https://www.
korabel.ru/news/comments/v_2019_godu_obem_
gruzoperevozok_po_sevmorputi_vyros_na_56_7.html.
Hoctyn 25.02.2020.
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Puc. 1. py30060poT ocHOBHbIX nopToB EBponeiickoii u Mpuypanbckoii Apktuku B 2019-2020 rr.™

Bwmecte ¢ Tem B 2020 roay criax o0bEMOB
nepeBo30oK ATC o cpaBHeHUIO ¢ 00bEMaMU
nepeBo3ok 2019 roga He MPOU30LIEN — I'PY-
30000poT o CMII cocraBui 32,97 MJH T,
YTO MOYTH Ha 1,5 MJIH T OOJIbIIIE, YeM B Ipe-
apaynieM roay ', OgHako, 4ToObl 1OCTHYb
yBeJnueHus: rpysonoroka nmo CMII nmo
80 muH T B 2024 roay, TeMIbl MpUpocCTa
00BEMOB MEPEBO30K JOJXKHBI OBITh OoJice
3HAYUTEIbHBIMU.

ITpu 3TOM Irpy30000pOT MOPCKUX ITOPTOB
ApkTtuueckoro 6acceitna 3a 2020 rog cokpa-
triicst Ha 8,4 % o cpaBHeHwm1o ¢ 2019 ronom
1 cocTaBui 96,0 MUTH T, U3 HUX O0OBEM Tepe-
BaJIKU cyxux rpy3oB coctaBua 30,1 MJIH T
(-4,9 %), HanMBHBIX TPY30B — 65,9 MJIH T
(-9,9 %)'. Ipy30060pOT OCHOBHBIX ITOPTOB
EBpomneiickoit u I1puypanbckoit ApKTUKHU
B2019—2020 rogax mokasaH Ha puc. 1. Bua-
HO, 4TO CHUIXEHHE Irpy30000poTa IMpPOU30-
1o B mopty Mypmanck Ha 9,3 % u mopty
Bapangpeit Ha 31,8 %, npu pocte B MOPTY
ApxaHreJibcK Ha 22,4 % 1 IpUMEPHO TeX Xe
ob0béMax B mopTy Caberra.

CokpallleHue MpUObUIM TAaKUX MOHOIIO-
nuctoB, Kak [TAO «laznpom», ITAO «Jlyk-
OiiJ1» U HEKOTOPBIX JAPYIMX, IIPUBEJIO K CO-

13 O6BEM rpy3omepeBo3ok 1o CeBMOPITYTH BBIPOC 10 33
MWIIMOHOB TOHH B 2020 romy. [DJeKTpOHHBIM pecypc]:
https://1prime.ru/transport/20210111/832783531.
html?utm_source=yxnews&utm_medium=desktop&
nw=1610538416000. Joctym 25.09.2020.

14 Tpyzoo6opoTt Mopckux opToB Poccuu 3a 12 mecsitieB
2020 . [9nexTpoHHBbIIt pecypc|: https://www.morport.
com/rus/news/gruzooborot-morskih-portov-rossii-
za-12-mesyacev-2020-goda. Joctyn 24.12.2020.
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KpalieH110 GuHaHCUPOBaHUS MH(PPACTPYK-
TYPHBIX MPOEKTOB, K KOTOPbIM OTHOCSITCSI
M MIPOEKTHI MO Pa3BUTUIO TPAHCIIOPTHBIX
noaxonoB K ATC. Tak, «[aznpom» miaHu-
poBaJ HanpaBUTb Ha uHBecTULMHU B 2020 ro-
Jly Ha YE€TBEPTh MEHbIIIE, YeM I'OJIOM paHee —
1,6 TpaH py6. B cBsI3M ¢ yXyalleHUEM 9KO-
HoMmuueckoi cutyauuu B 2020 rony Kommna-
HUS pellnja JOMOJHUTEIbHO COKPATUTh
pacxonbl Ha 20 % — no 1,3 TpaH py6. DTO
MOXKET IIPUBECTH K ITepEHOCY Ha 00JIee 031~
HUI CPOK peain3aliio HEKOTOPbIX MHBE-
CTUIIMOHHBIX TPOEKTOB, 3aIlJIJaHMPOBAHHBIX
Ha 2021—2024 roapl.

Bo3MOXHO, B 3THUX yCJIOBUSIX CIEIyeT
M3MEHMTD LIeJIeBbIC YCTAHOBKU, TTOCKOJIbKY
CTpaTern4ecKkoe IIaHMPOBaHME — IPEXIE
Bcero aganTuBHoe [15].

CrenyeT caeiaTh NPUOPUTETHBIM HC-
M0JIb30BAHKE YIJIEBOJTOPOIHOIO ChIPhS IS
BHYTPMPOCCHUICKOIO MOTPeOIeHUsI, TPAHC-
nopTHbIe nmoaxoasl K ATC ucnob3oBaTh LISt
pas3BuTHsi repputopuii ASPD, obecrieueHUsS
CeBepHOro 3aBo3a.

Ob6ecrnieueHue decrepeOOiHON pPadOThI
TPaHCIIOPTa SIBJSETCS CTPaTerMYeCKOoi 3a-
Jlayeil B mepuo maHaeMUU KOpOHaBUpyca.
006 stom Ilpesunent PD B. B. I1ytun 3a-
SIBUJI B XOJIe COBEIIaHUsl 110 BOIIPOcaM pas-
BUTHUs TpaHcropra'®’, OTKpbIBasl ero, riaBsa
rocyjaapcTBa mpu3Baj MaKCUMalbHO COXpa-

15 TIpe3uaeHT Ha3BaJl CTpPAaTeTMYECKYIO 3a1auy

B niepuof nanaemun COVID-19. [DnekTpoHHbII
pecypc]: https://kianews24.ru/news/prezident-nazval-
strategicheskuyu-zad/. Joctym: 07.05.2020.
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HUTbh MHBECTINPOTPAaMMbl KOMITaHUM
B TpaHcHopTHoOU otpaciu. Kpome Toro,
B YCJIOBUSIX PacIpOCTpaHEeHUsI KOPOHAaBU-
pycHOU WHGMEKIINU MEXIYHAPOIHBIM TY-
pu3M dhakTUYEeCKU OCTaHOBJIEH. B cBa3u
C 9TUM TJ1aBa roCyJapCcTBa MPU3BAJL «UCHOAb-
308ame 803HUKAOUWUE pe3epesbl MPAHCHOPM -
H020 KOMNAeKcd, OPUEeHMUPOBAMb UX HA
paszeumue 6HYMpeHHe20 Mypu3ma u meicpe-
2UOHANbHBIX NEPEeBO30K» .

B ciiydae pa3BuTHS CUTyallMU C IEPEBO3-
kamu ATC 110 mecCUMUCTUYECKOMY CLIeHa-
pUIO BO3pacTaeT 3HAYEHUE CTPOUTEIbCTBA
IyOOKOBOIHOTO MOpcKoro nopta MHnura
U XeJe3HOU Joporu K Hemy ot I. CocHOrop-
cka. /laHHOe HalpaBJIeHUE SIBJSIETCSI OCHOB-
HbIM Tipu peanusauuu Crparerun'® B He-
HEILIKOM aBTOHOMHOM OKpYTe.

ITpu opueHTalMU HA BHYTPUPOCCUIICKOE
norpeodyieHue HeDTENPOAYKTOB CIEMYET
HapallyMBaTh MOIIHOCTU MO MPOU3BOICTBY
OEH3MHOBOTO U TU3EJbHOIO TOIJINBA B paii-
oHe . CocHoropcka. CTpOUTETLCTBO XKeJe3-
HOW AOpPOru B I0OKHOM HAaNpaBJI€HUU OT
. CocHoropck yepe3 nrt. Tpoutiko-ITedopck
1o ct. [ToryHouHoe CBepIOBCKO Xefe3-
HOI 1OopOoru 00eCIeYuT NepeBO3KY yIIeBO-
JIOPOJHOTO ChIPbsSI B MIPOMBILILJIEHHBIE paii-
OHBI Ypaia.

Kpome TOro, cymectBylOT MpOTHO3bI ',
YTO MocJje 3aBepiueHust naHaemMuu B 2021 ro-
Iy BO3OOHOBUTCS POCT 9KOHOMUK A3uar-
cko-TuxookeaHckoro peruoHa. Tax, B Ku-
taickoit HapogHoit Pecriyonuke B 2021 ro-
Iy DOJIKHO MPOU30UTU BO30OOHOBJIEHUE
5KOHOMMYECKOTO POCTA MOBBIIIEHHBIMU
TeMIaMu J0 YpoBHs 7,3 %, Mociie 4ero 9Ko-
HOMMKA BEPHETCS K CBOEMY HOPMaJIbHOMY
coctosiHu0. B UHAMM TporHo3upyeTcs, 4To
MocJje 3aMeJIeHUs] POCTa SKOHOMUKMU IO-
clielyeT OBbIIEHUE SKOHOMUYECKOTO PO-
cra B 2021 ¢duHaHCOBOM TOIY OO YPOBHS
6,2 %. Takum obpa3oMm, 00bEMBI HEDTHU
U CXKXUXEHHOTO MPUPOMHOTO rasa, HeBOC-

16 Vkas3 [Ipesunenrta PO or 26.10.2020 . Ne 645

«O Crpareruu pa3Butust ApKTUYECKOM 30HbI Poc-
cutickoit demepaliy U o6ecriedYeHrs] HALIMOHATBHOM
6e3omacHoctu Ha iepuon 1o 2035 roma» // CripaBod-
Ho-TipaBoBas cucreMa «KoHcynsrantILitoc». [Dnekr-
poHHBIN pecypc]: http://www.consultant.ru/document/
cons_doc_LAW_366065/. Joctym 25.11.2020.

17 DKOHOMHUUYECKHUI POCT B PA3BUBAIOIIMXCS CTPa-
Hax Aszuu B 2020 romy criagét u3-3a KopoHaBUpyca
(COVID-19). [DaexTponHslii pecypc|: https://
www.adb.org/ru/news/developing-asia-growth-
fall-2020-covid-19-impact. Joctym 25.09.2020.
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TpC60BaHHI:IC 3arnagHbIM1 5KOHOMHWKaMM,
MOXHO 6YJICT InepCHaIpaBUTh Ha Bocroxk.

YYET NOABJIEHNS HOBbIX BU,0B
TPAHCNOPTA

PazButue TexHosoruii, pazpaborka HO-
BBIX MaTePUAJIOB U KOHCTPYKTOPCKUX pellie-
HU CIOCOOCTBYIOT MOSIBIEHUIO HOBBIX
BUIOB TPAHCIIOPTA, KOTOPbIE IO MEPE CBOETO
pa3BUTHUS, TOCTUXKEHUS TPEOYEMOTO YPOBHSI
0€30MacHOCTU MEePEBO30K MOTYT HaXOAUTh
CBOE MPUMEHEHHUE, YTO HEOOXOAUMO YYECTh
U pu pa3paboTke clieHapueB (popMupoBa-
HUS TPAaHCTIOPTHBIX MTOaX010B K ATC.

HoBble Buibl TpaHCTIOPTA MOTYT O0ECTIe-
YUBATh MPUBS3KY YOaTEHHBIX 00BEKTOB
K MarucTpajdbHBIM TPAHCIIOPTHBIM CETSIM
WIN JIMKBUJAMPOBATh BOZHUKAIOIINE B HUX
pa3peiBbl. Hanpumep, B meproabl Mexkce30-
HbSI TPAHCMOPTHOE COOOLIEHUE MEXY ro-
ponamu Canexapa u JlabeiTHaHTH B SIMaio-
HeHelirkoM aBTOHOMHOM OKpyre o0ecrneyn-
BaloT cy/a Ha Bo3ayinHoi nmoaymke (CBIT) .
Taxxe CBII ucnons3ytorcs B Henenrkom
aBTOHOMHOM OKpyTe /ISl CBsI3U I. HapbsiH-
Mapa c Hacen€HHbIMU TyHKTaMu HesbMuH
Hoc, Kya, Aagera, OkcuHO, XOHTypei,
Kamenka, BennkoBucouHbli, TomBUCKH,
Jlaboxckoe 1 TeabBUCKM B MeXKHABUTAIIM -
OHHBIH Tieproa'®. OnHO# 13 pobeM 3KC-
mryatauuu CBIT sBasieTcst yacThlii peMOHT
NBUTATEJIEH.

IlepcrieKTUBHBIM HampaBIeHUEM pa3-
BUTHSI BO3AYITHOTO TPAHCTIOPTA TIPU OCBOE -
HUU CEBEPHBIX TEPPUTOPUI MOXET CTaTh
MpUMEHEeHUe CTIelnaTn3upoBaHHBIX Oec-
MUJIOTHBIX BO3AYUIHBIX cyn0B. [Ipn aTOM 32
CUET OTCYTCTBUS YEJIOBEKA Ha OOPTY JieTa-
TEeJABHOTO armnapara U CUCTEM XU3Heobec-
TEYEHUSI MOXET ObITh CHUKEHA CTOUMOCTh
TPY30BBIX MepeBO30K. OHAKO OCHOBHBIM
MPErsITCTBUEM Ha TIyTU TIpUMEHeHus Oec-
MUJOTHBIX JIETaTeJIbHBIX alapaToB OCTa-
€TCs HepeléHHas rpodyjeMa 6€301macHOCTU

18 Ha mepemnpaBe «Canexapa—JlaGbITHaHTH» 3apabo-
TaJIM Cy/Ja Ha BO3IYLIHOM MOAYIIKe. [ DIeKTpOHHBII
pecypc]: http://westzap.ru/auto/23955-na-pereprave-
salehard-labytnangi-zarabotali-suda-na-vozdushnoy-
podushke.html. Joctym 25.09.2020.

19 CeBepHasi TPAaHCIIOPTHAST KOMITAHUSI TIEPEXOIUT

Ha MeXXHaBUTALIMOHHOE pacnucaHue. [DaekT-
poHHBIN pecypc]: https://nao24.ru/transport/
17828-severnaya-transportnaya-kompaniya-perehodit-
na-mezhnavigacionnoe-raspisanie.html. Joctyn
25.10.2020.
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MPU UX ABUXKEHUU B HACEJEHHBIX MTYHKTaX
[16].

Cpenan mepcreKTUBHBIX pa3paboTok,
KOTOpbIe B OymylleM CMOTYT AOMOJHUTH
noe3aa U aBTOMOOWIJIM, — MarHUTOJIEBUTA-
LIUOHHBIN, BAKYYMHBI U CTPYHHBIN TPaHC-
MOPT.

B Kurae B ynusepcurere Tynusu (IlaH-
Xal) yCTIeIIHO MPOIIIM UCTIBITAHUS CKO-
POCTHOU MarjieB-JUHUU C PAaCUETHOMN CKO-
pocTbio 600 kM/4u. KuTtaii rutaHupyeT 3ary-
CTUTh B KOMMEPUYECKYI0 3KCIIyaTallnlo
NSATUCOTKUIIOMETPOBYIO TPACCY BEICOKOCKO-
pocTHOro MarjeBa K 2025 romy?’. Tpacca
marjieB lllanxait—XaH4Xoy ISl ABVXKEHMS
€0 cKopocThbio 600 KM/4 0pULINATBHO BKITIO-
YeHa B JIECSITh TPAHCIIOPTHBIX CBEPXITPOEK-
TOB MPOBUHIIMK UK3135IH Ha Onmkaiiime
roasl. [Tocie okoHuaHus npoekTa B 2025 ro-
Ty XKUTEJIN T. XaHIKOY CMOTYT I00UpPaThCs
no ueHtpa [lanxas 3a 20 muH. [TnanupyeT-
Ccsl TaKxXe MPOJUJIEHUE TPacChl MarjeB OT
Xanuxoy 1o Huuoo.

7151 TOCTUKEHUSI TIPOPBIBHBIX pe3yJibTa-
TOB B HampaBJE€HUU TTOBBIIIEHUSI CKOPOCTH
JIBUXEHWS TEPCIEKTUBHO MPUMEHEHUE
MarHUTHON JIEBUTAIIUU B COUYETAHUM C WC-
MOJIb30BAaHUEM BAKYYMHOW Cpe/ibl — CO3a-
HUE BaKyyMHO-JIEBUTAIIMOHHBIX TPAHCIIOPT-
HbIX cucteM [17]. busHecMeHOM U U300pe-
tateneM MinoHoM MackoMm ObLT TpeaiokeH
npoekt Hyperloop, B OCHOBY KOTOPOTO
MMOJIOKEHO MCITOIb30BaHNE BaKYYMHBIX T10-
e3noB?'. [Toezna Hyperloop 6yayT XoauTh 1o
CMeraTbHOMY, TOJTHOCThIO N30JUPOBAHHO-
MYy OT OKPYXKalollero Mupa, TOHHEJIIO CO
ckopocThio 1o 1220 km/4. K mpoekTty nipu-
BJIEYEHO HECKOJIBKO KPYITHBIX KOMIIAaHU I CO
BCEro Mupa.

B Pecny6nuke benapych akTMBHO pa3s-
BUBAIOTCSl CUCTEMbI HA OCHOBE CTPYHHOTO
TpaHcnopta FOHMLIKOTO. B 3KOTeXHOMapKe
SkyWay?? mon MUHCKOM IOCTPOEHO TATh

20 China’s 600 km/h high-speed maglev prototype
completes successful trial run. [DaeKTpoHHBII pecypc]:
https://news.cgtn.com/news/2020—06—21/China-
s-600-km-h-high-speed-maglev-completes-trial-run-
Rvuee EECTm/index.html. Joctyn 24.07.2020.

2l BakyyMHBIH [T0€311, KOTOPBIA COBEPIIUT IEPEBOPOT
B cepe TpaHcIopTa. [DIeKTpoHHbIM pecypc]: https://
novate.ru/blogs/290815/32737/. Joctym 01.09.2020.

22 [leHTp MPAKTUIECKON peaan3ani MHHOBALIMOHHBIX
TexHosornii SkyWay, X MexIyHapoIHOI SKCIEePTU3bI
¥ cepTrduUKanuu. [DIeKTpoHHbI pecypc]: http://www.
unitsky.com/ecotechnopark. loctymn 01.07.2020.
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JNIEMOHCTPAIlMOHHO-CePTU(GUKAITMOHHBIX
TECTOBBIX KOMIIJIEKCOB Pa3HBIX TUITOB 00-
e NpOTSIXKEHHOCTBIO O0JIee YeThIPEX KU-
JIOMETPOB M BCSI MH(PPACTPYKTYpa «BTOPOTO
YPOBHSI»: CTAHIINU, CTPEIOYHBIE TTIEPEBOIBI,
WHXEHEPHBIE CEeTH BOJOIIPOBO/IA M KaHAJIM -
3allM1, CUCTeMbI 9HEproodecIreuyeHus C ce-
TIMU 00111ei MoIHOCThIO 0Kojio 1000 kBT,
CHUCTEeMBI CBSI3U U MHTEJJIEKTYaJbHOTO
yIpaBJIeHUsI, OCHAIIIEHHBIE CEThIO TaTYNKOB
U TEXHUYECKUM 3PEHUEM.

Jlerpanaiiyst BEYHOM MEP3JTIOTHI B APKTH -
YeCKOM 30He HECET cepbE3HbIE PUCKU TPAHC-
MMOPTHBIM KOMMYHUKAIIMIM — XeJIE3HBIM
M aBTOMOOWJIBHBIM J0poTamM, HedTe- 1 ra-
3onpoBonaM. OQHUM M3 HampaBJieHUN
obecrevyeHnsT TPaHCTIOPTHOM TOCTYITHOCTHU
TePPUTOPUI M YIATEHHBIX IIPOMBIIIJICHHBIX
00BEKTOB B TAaKMX YCJIOBMSIX MOXET OBIThH
pa3BUTHE MaJTOTabapUTHBIX TPAHCITOPTHBIX
cucTeM actakagHoro Tumna [18].

Hcnonbp3oBaHMe HOBBIX BUIOB TpaHCIIOPTa
B A3PO® ciieryeT oCyIeCTBISTh TOJIBKO MOCIIe
WUCTIBITAHWH Ha CITeIIMaIM3MPOBAHHBIX ITOJTH -
roHax, rje OymeT omnpejaejeHa uUx Oe3omnac-
HOCTb JIJIST TIEPEBO30K MaCCaKMPOB U TPY30B,
a TaKkxKe JIJIsT OKPYKaloIIe i MPUPOTHOI CPeIbI.
[MonoGHbIe HAyYHO-UCITBITATETLHBIE TTOJIUTO-
HbI CO3[1aI0TCs1, BYaCTHOCTU, Ha 6a3e CeBepo-
BocTouHoro (henepaqbHOro yHUBEpCUTETA UM.
M. K. AMMmocoBa?’. Ha Takux moJuroHax
OyIeT MPOBOAMTHCS IKCIIEPUMEHTaTbHAS
0TpabOTKa TEXHUKHU B CYPOBBIX MOTOMHBIX
YCIOBUSIX APKTHKU C ITOCJIETYIOIINM YCOBEP-
IIIEHCTBOBAHMEM KOHCTPYKIINIA Y TEXHOJIOTU I
Ha OCHOBE TTOJIyYEHHBIX PE3YJIbTaTOB HUCCIe-
NOBaHUM.

SAKJIFOMEHUE

1. ®opMupoBaHUEe U MONAEpPXKaHUE
(yHKIIMOHMPOBAHUS TPAHCTIOPTHBIX TTOM-
XOJIOB K APKTUYECKOU TPAaHCIIOPTHOM CUC-
TeME CJIEeNyeT yBs3aTb C Pa3BUTHUEM CaMOW
ATC u Apkrtudeckoit 30Hb Poccuiickoit
®enepanuu.

2. [MTonuTyeckre, IKOJIOTUIECKUE, TN -
JIEMUOJIOTUYECKNE, CBSI3aHHbIE C MPUPOJ-
HBIMU KaTacTpodaMu U Ipyrue pucKu HECYT
B CBOIO ouepenb puck pazsutus ATC u moz-
XOJIOB K HEl MO MeCCUMUCTUYECKOMY ClIe-
HapuIo.

23 Martsees [1. Tskénas nopora / Caiit AO «Kom-
MepCaHTb». [DJIEKTPOHHBIN pecypc]: https://Www.
kommersant.ru/doc/4602853/. Joctym 17.12.2020.
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3. Ing obecrieueHUs1 yCJIOBUM peanusa-
LIUY OTITUMUCTUYECKOTO ClIeHAPUS CIIeIyeT
COXpPaHAITh MHBECTUIITMOHHBIE MTPOTPAMMBbI
B TPAHCITOPTHOW OTpacJIu.

4. Tlpu pa3paboTke ciieHapueB GpopmMu-
pOBaHUS TPAaHCHOPTHBIX MoaxonoB K ATC
ClielyeT YYUTBIBATDH TOSIBICHWE HOBBIX BU-
JIOB TPAaHCITOPTA.
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Optimistic and Pessimistic Scenarios
for Development of Feeder Network of the Arctic
Transport System Based on Achievement
of Target Indicators

THEORY

Anatoly N. KISELENKO

Evgeny Yu. SUNDUKOV

ABSTRACT

The relevance of the article is determined by the
increasing role of the Arctic transport system in the economy
of the Russian Federation: involvement of territories of the
Arctic zone of the country in economic activities, an increase
in their social and economic potential. The development of
the northern territories is directly related to existing and future
capabilities of the Arctic transport system, for successful
functioning of which it is necessary to provide it with feeder
transport network.

The objective of the work is to determine the scenarios
according to which development of these feeder roads can
be carried out. When writing the article, the methods of
systemic, comparative, and statistical analysis were
particularly used.

The paper clarifies the definition of the Arctic transport
system. It is noted that scenarios for development of feeder
routes to it should be linked to its general development, as
well as to the development of the Arctic zone of the Russian
Federation. The European and Ural Arctic subregion is
highlighted, where development of feeder routes is most
important in connection with the growth of economic activity

Kiselenko, Anatoly N., Federal Research Center «Komi
Scientific Center of the Ural Branch of the Russian
Academy of Sciences», Syktyvkar, Russia.

Sundukov, Evgeny Yu., Federal Research Center «Komi
Scientific Center of the Ural Branch of the Russian
Academy of Sciences», Syktyvkar, Russia*.

on Yamal Peninsula. With reference to the works of domestic
and foreign authors, strategic planning documents of the
Russian Federation, it is assumed that according to the
degree of achievement of target indicators of traffic volumes
along the Northern Sea Route, optimistic and pessimistic
scenarios for formation of feeder network can be activated.
The final implementation of one of those scenarios is
determined by political, natural, and other risks.

When developing scenarios for formation of transport
feeder network to the Arctic transport system, the emergence
of newmodes of transport should be considered. New modes
oftransport can provide linking of remote objects to the trunk
transport networks or eliminate the gaps emerging in them.
The use of new modes of transport in the Russian Arctic
should be carried out only after testing at specialized test
sites, where their safety for transportation of passengers and
goods, as well as for the environment, will be determined.

The work was carried out within the framework of the
comprehensive program of fundamental scientific research
of the Ural Branch of the Russian Academy of Sciences for
2018-2020 and is associated with the need to increase the
capacity of the main ports of the European and Ural Arctic
and the volume of traffic along the Northern Sea Route.

Keywords: Arctic transport system, Arctic zone of the Russian Federation, European and Ural Arctic, scenarios for development
of transport feeder network, Northern Sea Route, target indicators.
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Introduction. The formation of feeder transport
network to the Arctic transport system (ATS) is
aimed at meeting its needs while ensuring
transportation of passengers and goods in the Arctic
zone of the Russian Federation' (AZRF). Therefore,
when developing scenarios for development of
feeder transport network of ATS, one should
considerthe scenarios and forecasts for development
of ATS and AZRE

In accordance with the decree of the President
of the Russian Federation «On the land territories
of the Arctic zone of the Russian Federation»?, the
composition of the macroregion was determined.
In connection with the growth of economic activity
on the Yamal Peninsula, European and Ural Arctic
(EUA) subregion was identified within the territories
of the Russian Arctic, where development of
transport approaches is most important. The EUA
includes the territories of Murmansk region, Nenets
autonomous district, municipalities (Arkhangelsk,
Novodvinsk, Severodvinsk) and districts (Mezensky,
Onezhsky, Primorsky) of Arkhangelsk region,
municipal formation of the urban district «Vorkuta»
of Komi Republic, Priuralsky and Yamal municipal
districts of Yamalo-Nenets autonomous district.
Later, Kostomukshinsky urban district, Segezha and
Kalevala districts of the Republic of Karelia, the
urban districts of Inta and Usinsk, as well as Ust-
Tsilemsky district of the Komi Republic,
Leshukonsky and Pinezhsky districts of Arkhangelsk
region were added to them?.

ATS is defined as a transport system that carries
out transportation of goods and passengers in the
Russian Arctic, consisting of trunk and local (feeder)
transport subsystems.

The main trunk subsystems of ATS are the
Northern Sea Route (NSR) with all its infrastructure

! Strategy for development of the Arctic zone of the
Russian Federation and ensuring national security for
the period up to 2020 (approved by the President of

the Russian Federation). Reference and legal system
«Consultant Plus». [ Electronic resource]|: http://www.
consultant.ru/document/cons_doc_LAW_142561/. Last
accessed 25.09.2020.

2 Decree of the President of the Russian Federation

0f 02.05.2014 No. 296 (as amended on 05.03.2020)

«On the land territories of the Arctic zone of the Russian
Federation». Reference and legal system «Consultant
Plus». [Electronic resource]: http://www.consultant.
ru/document/cons_doc LAW_162553/. Last accessed
25.09.2020.

3 Federal Law of 13.07.2020, No. 193 «On state support
for entrepreneurial activity in the Arctic zone of the
Russian Federation». Reference and legal system
«Consultant Plus». [ Electronic resource]|: http://www.
consultant.ru/document/cons_doc_LAW_357078/. Last
accessed 25.09.2020.
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and AZRF pipeline system. Also, the main
subsystems include railway, road, air, and waterways
connecting the transport system of the Russian
Federation with the Arctic seaports and economic
centres of AZRF. All other transport systems
operating in AZRF belong to the local (feeder)
transport subsystems of ATS.

Research sources

Analysis of forecasts for development of
AZREF, proposals for development of a system of
state statistical monitoring, construction of
models for comprehensive development of the
Arctic zone and for development of individual
economic entities, implementation of investment
projects are contained in the work [1, pp. 5—11].

The work [2, p. 28] substantiates a new
approach to development of the northern and
arctic territories of Russia through formation and
development of a local national transport system,
which is proposed to be carried out through relying
on local specifics, interests, and institutions.

The authors of the work [3, p. 21] include
construction of an interconnected network of
railways and highways to ensure functioning of
mining enterprises and wellbeing of the Arctic
regions in a number of priority tasks.

The goals of ATS operation are somewhat
contradictory. Ensuring the Northern Delivery
|annual organisation of state activities for delivery of
goods to the region during the pre-winter season. —
Translator’s note] does not raise doubts about its
need. The export of hydrocarbons to the countries
of Western Europe and the United States is positive
in the sense that gas and oil producing enterprises
make tax payments to the budgets of different
levels, the employees of these enterprises receive
relatively high salaries. At the same time, funds for
development of the territories of the North of
Russia are received in insufficient amounts.

In work [4, p. 6] it is noted that «problems of
strategic management of the oil and gas complex
in the Arctic constitute a multicomponent process
that covers a number of important problems under
geopolitical, economic, social, environmental
aspects». These problems should be resolved at
the state level, considering the interests of coastal
regions, related industries and services, the
interests of society in terms of compliance with
environmental standards and creation of new jobs.

Reforms of the 1990s in Russia negatively
affected the state of the transport system in the
Arctic. Therefore, the Arctic transport system must
be revived ona modern technological base [5, p. 553].
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It is also required to develop, and in some projects
to re-create feeder network of the ATS.

The study [6] is devoted to the issues of
attracting investment resources aimed at ensuring
year-round navigation along the NSR. The author
tries to solve the problems of combining numerous
plans for implementation of investment projects
into a single «megaproject» to attract investments
aimed at development of AZRF, to identify ways
of developing the financial and economic model
of the Northern Sea Route, to highlight the
investment component of the ATS Development
Concept [6, p. 16].

In modern works of foreign researchers,
much attention is paid to development of NSR
and the state of the icebreaker fleet. Thus,
assessment of the icebreaker fleet of states having
interests in the Arctic is given in the article by
F Aston [7, pp. 48—51]. Economic calculations
for the use of NSR as a transit route between
Europe and Asia, considering the main factors,
are given in the works of European authors [8,
pp. 434—444; 9, pp. 977—-983]. French scientists
[10, pp. 107—117] assessed the technical and
economic feasibility of using NSR for container
shipping. Researchers from Southeast Asian
countries are showing interest in NSR. For
example, the work of Malaysian authors [11,
pp. 85—98] considers the issues of increasing the
influence of NSR on shipping activities in the
Straits of Malacca, one of the key international
trade routes.

Development of transport feeder network of the
Arctic transport system

The feeder routes currently connecting the
transport system of the Russian Federation with the
Arctic seaports and economic centres of the Russian
Arctic on the territory of the European and Ural
North of Russia [EUNR] are listed in [12, p. 54].

The sections of transport infrastructure located
in AZRF are constituent elements of the ATS. For
example, the section of Obskaya—Bovanenkovo
railway is a constituent element of the ATS in the
Ural North, and the section of the Northern railway
from Konosha station to the border of the Pechora
municipal district and the municipal formation of
the Inta urban district of the Komi Republic is
afeeder route of the ATS. Feeder routes to seaports
can be both part of feeder network of the ATS, and
its constituent parts.

The functioning of the ATS has a direct impact
on development of its feeder network and the
territories where it is located [13, p. §].

The ATS functioning can provide the greatest
advantages for the northern seaports: Sabetta,
Murmansk, Arkhangelsk, Kandalaksha, Naryan-
Mar, Onega, the promising port of Indiga, river ports
of Labytnangi and Pechora.

The railway stations of Oktyabrskaya and
Northern railways [branches] of JSC Russian
Railways provide freight traffic for the ATS, which
gives employment to the population and tax
revenues to the budgets of the constituent entities
of the Russian Federation within the EUNR.

Under favourable development scenarios, the
following elements will be added to the ATS feeder
network:

1) Belkomur railway line will be one of feeder
routes of the ATS, namely, to the deep-water seaport
in Arkhangelsk region. The port itself will become
an element of the ATS.

2) Sosnogorsk—Indiga railway (Barentskomur
project) will become a land feeder route to the
promising port of NSR Indiga.

3) Syktyvkar—Ukhta—Usinsk—Naryan-Mar
highway with approach roads to Vorkuta and
Salekhard is a newly formed feeder network element
of the ATS.

Railway construction under the Northern
latitudinal route project will be an integral part of
the ATS. Bovanenkovo—Sabetta railway line
(«Northern latitudinal route-2») will be of great
importance.

Factors affecting the content of scenarios for
development of the Arctic transport system

In work [14, p. 10], the authors note the
influence of several factors on the content of
scenarios for development of the Arctic (physical
and geographical features of the region; state of the
world economy and demand for hydrocarbon
resources; state of technology and their possession
by a limited number of countries; state of
international relations, etc.), and conditionally
divide the prospects for development of the Arctic
until 2035 into optimistic, pessimistic and
intermediate ones.

In December 2019, the Government of the
Russian Federation approved the Plan for
development of the Northern Sea Route
infrastructure until 2035 prepared by the State
Atomic Energy Corporation Rosatom.

The plan is divided into three stages:

1) Until 2024, mainly the western part of NSR

will be developed.
2) By 2030, it is planned to organise year-round
shipping in the entire water area.
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3) By 2035 the NSR should become the
national transport corridor of the Russian
Federation competitive in the world market*.

In October 2020, the Strategy’ for development
of the Arctic Zone of the Russian Federation and
provision of national security for the period up to
2035 was approved. The Strategy assessed the state
of affairs, identified the main directions and tasks
for development of AZRF, including those of
individual constituent entities of the Russian
Federation. The expected results, the main
implementation mechanisms, and target indicators
for development of AZRF have been determined.

Target-based scenarios

Targets® for reaching the traffic volumes at the
NSR of 80 million tons by 2024 will activate two
scenarios for development of the ATS and its
feeder network: optimistic (the specified traffic
volume will be achieved) and pessimistic (the
named traffic volume will not be achieved) ones.

It is planned that the cargo base of NSR will be
formed thanks to the projects listed in [12, p. 57].
In the schedule, the cargo traffic is determined at
81,9 million tons, of which 76,7 million tons will
be achieved through the export of minerals.
However, some experts question the feasibility of
these plans. According to the estimates of the
Analytical Centre under the Government of the
Russian Federation, the volume will be of 53,8
million tons for the pessimistic scenario, 63,1
million tons in the baseline, and 76,4 million tons
for the optimistic scenario’.

4 Decree of the President of the Russian Federation of
05.03.2020 «On the fundamentals of the state policy of the
Russian Federation in the Arctic for the period until 2035».
Reference and legal system «Consultant Plus». [ Electronic
resource]: http://www.consultant.ru/document/cons_doc_
LAW_347129/. Last accessed 25.09.2020.

> Decree of the President of the Russian Federation of
26.10.2020 No. 645 «On the Strategy on development of
the Arctic Zone of the Russian Federation and provision
of national security for the period up to 2035». Refer-
ence and legal system «Consultant Plus». [Electronic
resource]: http://www.consultant.ru/document/cons_
doc_ LAW 366065/. Last accessed 25.11.2020.

¢ Decree of the President of the Russian Federation of
07.05.2018 No. 204 (as amend. on 21.07.2020) «On na-
tional goals and strategic tasks of development of the
Russian Federation for the period until 2024». Refer-
ence and legal system «Consultant Plus». [Electronic
resource]: http://www.consultant.ru/document/cons_
doc_LAW_297432/. Last accessed 25.09.2020.

7 Expenditures for development of the Northern Sea
Route were estimated at 900 billion roubles [Raskhody
na razvitie Severnogo morskogo puti otsenili v 900 mlrd
rublei]. [Electronic resource]: https://www.vedomosti.
ru/economics/news/2019/01/21/791925-plan-
osvoeniya-sevmorput. Last accessed 24.07.2020.
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The implementation of these plans will require
strengthening of feeder network of the ATS, as well
as of the seaports in AZRE

The federal project «Sea Ports», which is part of
the Comprehensive Plan for modernization and
expansion of trunk infrastructure until 2024, provides
for an increase in capacity of seaports by more than
330 million tons by the specified year. «To effectively
solve this problem, an integrated approach and
synchronization of development of port, railway and
road infrastructures is required, first, development of
near and long-distance feeder routes to ports», noted
the ex-Minister of Transport of the Russian
Federation E. I. Dietrich in his speech at the 13%
International Forum «Transport of Russia-2019»%.

The state in 2020—2022 will spend 1,4 trillion
roubles to finance the Comprehensive Plan for
modernization and expansion of the trunk
infrastructure for the period up to 2024. Main
objectives of the Comprehensive Plan comprise
construction and modernization of Russian sections
of highways related to the Europe—Western China
international transport route, an increase in capacity
of seaports of the Russian Federation to 1,3 billion
tons, including the ports of the Far East, Arctic,
North-West (Baltic), Volga-Caspian and Azov-Black
Sea basins, development of the NSR, and anincrease
in cargo traffic along it to 80 million tons.

Implementation of the project «Integrated
development of Murmansk transport hub» will
require an increase in transit capacity along the long
railway section Volkhovstroy—Murmansk. In early
June 2020, the authorities of Murmansk region were
forced to introduce a regional emergency due to
destruction of the railway bridge across the river Cola’,
which led to disruption of movement of goods by rail.
The emergency mode was in effect until completion
of work on laying a backup line to Murmansk station.
Asaresult, several large customers of Murmansk port
redirected part of their cargo to Baltic ports!’. The

8 Investments in ports and railways need synchroniza-
tion [Investitsiyam v porty i v zheleznuyu dorogu nuzhna
sinkhronizatsiya). | Electronic resource]: http://morvesti.
ru/analitika/1688,/83520/?sphrase_id=3149684. Last
accessed 08.05.2020.

° The regional emergency regime was introduced in

the Murmansk region due to an accident on the railway
bridge [ Regionalniy rezhim ChS vveli v Murmanskoi
oblasti iz-za avarii na zh.d. mostu]. | Electronic resource]:
https://tass.ru/obschestvo/8710919. Last accessed
11.06.2020.

19 Due to the collapsed bridge, part of cargo from Mur-
mansk will go to the ports of the Baltic [ /z-za rukhnu-
vshego mosta chast’ gruzov iz Murmanska uidet v porty
Pribaltiki]. | Electronic resource]: https://www.rbc.ru/
business/09/06/2020/5eda75319a7947558656f517. Last
accessed 09.06.2020.
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situation revealed the problem that «the nearest ports
of the North-West, according to their technical
features, can be used as an alternative to Murmansk
port». At the same time, the promising port in the
Indiga Bay can also be such an alternative option.

The process of climate change in the Arctic and
the associated melting of permafrost poses serious
risks!!. Thisis a serious threat to permanent structures,
which include transport facilities.

Is this the most likely scenario?

Until March 2020, it could be assumed that
development of the ATS and its feeder network
would proceed according to the optimistic
scenario. The growth rates of freight traffic along
the NSR even outpaced the forecasted values. In
2019, the total volume of cargo transportation
along NSR increased by 56,7 % reaching 31,5
million tons (in 2018 this figure was of 20,1 million
tons). In particular, 20,5 million tons of cargo were
handled in the port of Sabetta, 1,5 million tons in
the port of Dudinka and 7,7 million tons at the
terminal near Cape Kamenny. The total number
of transit journeys reached 37, the volume of transit
cargo transportation in 2019 increased by almost
41,9 % and amounted to 697,2 thousand tons
(as compared to 491,3 thousand tons in 2018)"2.

Events associated with spread of coronavirus
infection have led to a drop in production in many
countries. In this regard, the likelihood of the event
developing according to the pessimistic scenario
increases.

Regardless of that, in 2020 there was no decline
in the volume of the ATS traffic compared to the
volume of traffic in 2019: the cargo turnover along
the NSR amounted to 32,97 million tons, which
is almost 1,5 million tons more than in 2019",

" The Nornickel disaster is just the beginning. Half

of the country is threatened by the melting permafrost

| Katastrofa « Nornikelya» — tolko nachalo. Polstrany pod
ugrozoi iz-za tayaniya vechnoi merzloty|. | Electronic
resource]: https://pogoda.mail.ru/news/42182462/. Last
accessed 15.05.2020.

12 In 2019, the volume of cargo transportation along

the Northern Sea Route increased by 56,7 % [V 2019
godu ob’em gruzoperevozok po Sevmorputi vyros na
56,7 %]. | Electronic resource]: https://www.korabel.ru/
news/comments/v_2019_godu_obem_gruzoperevozok_
po_sevmorputi_vyros na 56_7.html. Last accessed
25.02.2020.

13 The volume of cargo transportation along the
Northern Sea Route increased to 33 million tons in
2020 [Ob’em gruzoperevozok po Sevmorputi vyros do
33 millionov ton v 2020 godu]. [Electronic resource]:
https://1prime.ru/transport/20210111/832783531.
html?utm_source=yxnews&utm_medium=desktop&
nw=1610538416000. Last accessed 25.09.2020.

However, the growth rates of traffic volumes must
be more significant to achieve an increase in cargo
traffic along NSR up to 80 million tons in 2024.

At the same time, the turnover of seaports of the
Arctic basin in 2020 decreased by 8,4 % compared to
2019 and amounted to 96,0 million tons, of which
the volume of dry cargo transshipment amounted to
30,1 million tons (-4,9 %), of liquid cargo to 65,9
milliontons (-9,9 %)". Freight turnover of main ports
of European and Ural Arctic in 2019—2020 is shown
in Pic. 1. It can be seen that there was a decrease in
cargo turnover in the port of Murmansk (by 9,3 %)
and in the port of Varandey (by 31,8 %), while the
increase took place in the port of Arkhangelsk
(by 22,4 %), and approximately the same volumes
were maintained in the port of Sabetta.

The reduction in incomes of such monopolists
as PJISC Gazprom, PJSC Lukoil and some others
led to a reduction in funding of infrastructure
projects, which comprise projects to develop feeder
network of the ATS. Thus, Gazprom planned to
spend on investments in 2020 a quarter less than
a year earlier: 1,6 trillion roubles. Due to the
worsened economic situation in 2020, the company
decided to further cut costs by 20 % to 1,3 trillion
roubles. This may lead to postponement of
implementation of some investment projects
planned for 2021—-2024.

Perhaps, in these conditions, the target settings
should be changed since strategic planning is
primarily adaptive [15].

Priority should be given to the use of
hydrocarbons for domestic consumption. The ATS
feeder network should be used for development of
the territories of AZRFE and for provision of the
Northern Delivery.

Ensuring smooth operation of transport is
a strategic challenge during the coronavirus
pandemic. This was announced by the President
of the Russian Federation V. V. Putin during
ameeting on development of transport>. Opening
it, the head of state urged to preserve investment
programs of companies in the transport industry
as much as possible. In addition, in the context of
spread of coronavirus infection, international

14 Freight turnover of seaports of Russia for 12 months of
2020 [Gruzooborot morskikh portov Rossii za 12 mesyatsev
2020]. |Electronic resource]: https://www.morport.
com/rus/news/gruzooborot-morskih-portov-rossii-
za-12-mesyacev-2020-goda. Last accessed 24.12.2020.

15 President named strategic objective during CO-
VID-19 pandemic [Prezident nazval strategicheskuyu
zadachu v period pandemii COVID-19]. |Electronic
resource]: https://kianews24.ru/news/prezident-nazval-
strategicheskuyu-zad/. Last accessed 07.05.2020.
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Pic. 1. Cargo turnover of main ports of European and Ural Arctic in 2019-2020"4.

tourism has actually been stopped. In this regard,
the head of state called on «to use the emerging
reserves of the transport complex, to focus them
on the development of domestic tourism and
interregional transportation».

If the situation with ATS transportation
develops according to the pessimistic scenario, the
importance of construction of the deep-water
seaport of Indiga and the railway to it from the city
of Sosnogorsk will increase. This direction is the
main one in implementation of the Strategy'® in
Nenets autonomous district.

With a focus on domestic consumption of
petroleum products, it is necessary to increase the
capacity for production of gasoline and diesel fuel
in the area of the city of Sosnogorsk. Construction
of a railway to the south from the city of Sosnogorsk
through the settlement Troitsko-Pechorsk to the
station Polunochnoe of Sverdlovsk railway will
ensure transportation of hydrocarbons to the
industrial regions of the Urals.

In addition, there are forecasts' that after the
end of the pandemic in 2021, the growth of the
economies of the Asia-Pacific region will resume.
Thus, in the People’s Republic of China in 2021,
economic growth should resume at an increased rate
up to the level of 7,3 %, and then the economy will

1o Decree of the President of the Russian Federation
of 26.10.2020 1. No. 645 «On the Strategy of develop-
ment of the Arctic Zone of the Russian Federation and
provision of national security for the period until 2035».
Reference and legal system «Consultant Plus». [Elec-
tronic resource]: http://www.consultant.ru/document/
cons_doc_LAW_366065/. Last accessed 25.09.2020.

7" Economic growth in developing countries in Asia will
decline in 2020 due to the coronavirus (COVID-19)
| Ekonomicheskiy rost v razvivayushchikhsya stranakh
Azii v 2020 godu spadet iz-za koronavirusa (COVID-19)].
[Electronic resource]: https://www.adb.org/ru/news/
developing-asia-growth-fall-2020-covid-19-impact. Last
accessed 03.04.2020.
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return to its normal state. In India, economic growth
is projected to pick up 6,2 % in fiscal year 2021 after
a slowdown. Thus, the volumes of oil and liquefied
natural gas unclaimed by Western economies can
be redirected to the East.

Accounting for emergence of new modes of
transport

Development of technology, new materials
and design solutions contribute to emergence of
new modes of transport, which, as they develop
and achieve the required level of transport safety,
can become operational, and this must be
considered when developing scenarios for
formation of ATS feeder network.

New modes of transport can provide linking
of remote objects to trunk transport networks or
eliminate the gaps arising in them. For example,
during off-season periods, transport links between
the cities of Salekhard and Labytnangi in Yamalo-
Nenets autonomous district are provided by air-
cushion vehicles (ACV, hovercraft)'®. ACV are
also used in Nenets autonomous district to
connect the city of Naryan-Mar with the
settlements of Nelmin Nos, Kuya, Andega,
Oksino, Khongurei, Kamenka, Velikovisochny,
Toshviski, Labozhskoe and Telviski during the
inter-navigation period'. A problem of operation

'8 Hovercraft launched on Salekhard-Labytnangi crossing
| Na pereprave «Salekhard— Labytnangi» zarabotali suda na
vozdushnoi podushke). [ Electronic resource]: http://west-
zap.ru/auto/23955-na-pereprave-salehard-labytnangi-
zarabotali-suda-na-vozdushnoy-podushke.html. Last
accessed 25.09.2020.

19 Northern Transport Company switches to an in-
ternational navigation schedule [Severnaya transport-
naya kompaniya perekhodit na mezhnavigatsionnoe
raspisanie]. |Electronic resource]: https://nao24.ru/
transport/17828-severnaya-transportnaya-kompaniya-
perehodit-na-mezhnavigacionnoe-raspisanie.html. Last
accessed 25.09.2020.
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of the hovercraft is linked to frequent repair of
engines.

A promising direction for development of
air transport in exploration of northern
territories can be linked to the use of specialized
unmanned aerial vehicles (UAV). At the same
time, due to the absence of a person or life
support systems on board the aircraft, the cost
of cargo transportation can be reduced.
However, the main obstacle to the use of UAV
is associated with the unsolved problem of
safety during their movement in populated
areas [16].

Among the promising developments that
will be able to complement trains and cars in
the future are magnetic levitation (maglev),
vacuum, and string transport.

In China, a high-speed maglev line with an
estimated speed of 600 km/h was successfully
tested at Tongji University in Shanghai. China
plans to commercialize a 500 km high-speed
maglev line by 2025%. Shanghai—Hangzhou
maglev road for movement at a speed of 600
km/h is officially included in the ten transport
super-projects in Zhejiang province for the
forthcoming years. After completion of the
project in 2025, residents of Hangzhou will be
able to reach the centre of Shanghai in 20
minutes. An extension of maglev route from
Hangzhou to Ningbo is also planned.

To achieve breakthrough results in
achieving increased speed of movement, it is
promising to use magnetic levitation in
combination with the use of a vacuum
environment through creation of vacuum-
levitation transport systems [17]. The
businessman and inventor Elon Musk proposed
the Hyperloop project, which is based on the
use of vacuum tube trains?'. Hyperloop
vacuum tube trains will run through a special
tunnel completely isolated from the outside
environment at a speed of up to 1220 km/h.
Several large companies from all over the world
are involved in the project.

Systems based on Yunitskiy’s string transport
are actively developing in the Republic of Belarus.

2 China’s 600 km/h high-speed maglev prototype
completes successful trial run. [Electronic resource]:
https://news.cgtn.com/news/2020—06—21/China-
$-600-km-h-high-speed-maglev-completes-trial-run-
Rvuee EECTm/index.html. Last accessed 24.07.2020.

2l The vacuum train that will revolutionize transporta-
tion [Vakuumniy poezd, kotoriy sovershit perevorot v sfere
transporta). [Electronic resource]: https://novate.ru/
blogs/290815/32737/. Last accessed 01.09.2020.

In the SkyWay?* Eco-Technopark near Minsk,
five demonstration and certification test
complexes of different types with a total length of
more than four kilometres and the entire
infrastructure of the «second level» were built:
stations, turnouts, engineering networks of water
supply and sewerage, power supply systems with
networks with a total capacity of about 1000 kKW,
communication systems and intelligent control
equipped with a sensor system and technical
vision.

Degradation of permafrost in the Arctic zone
carries serious risks to transport infrastructure,
railways and roads, oil and gas pipelines. A way to
ensure transport accessibility of territories and
remote industrial facilities in such conditions may
be associated with development of small-sized
flyover-type transport systems [18].

The use of new modes of transport in AZRF
should be carried out only after testing them at
specialized test sites, where their safety for
transportation of passengers and goods, as well as
the environment, will be confirmed. Such
scientific testing grounds are being created, in
particular, at the North-Eastern Federal
University n.a. M. K. Ammosov?. At such test
sites, experimental development of equipment
will be carried out in the harsh weather conditions
of the Arctic, and the results of the research will
entail further improvement of structures and
technologies.

Brief conclusions.

1) Development and maintenance of the
Arctic transport system feeder network should be
linked to development of ATS itself and the Arctic
zone of the Russian Federation.

2) Political, environmental, epidemiological,
natural disasters’ risks and other ones might cause
in turn risks for development of the ATS itselfand
its feeder network according to the pessimistic
scenario.

3) Toensure the conditions forimplementation
of the optimistic scenario, investment programs
in the transport industry should be maintained.

22 Centre for practical implementation of innovative
SkyWay technologies, their international expertise and
certification [ 7sentr prakticheskoi realizatsii innovatsion-
nykh tekhnologii SkyWay, ikh mezhdunarodnoy ekspertizy
i sertifikatsii]. [Electronic resource]: http://www.unitsky.
com/ecotechnopark. Last accessed 01.07.2020.

2 Matveev, D. Heavy road [ Tyazhelaya doroga).
Website of JSC Kommersant. [ Electronic resource]:
https://www.kommersant.ru/doc/4602853/. Last ac-
cessed 17.12.2020.
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4) When developing scenarios for formation
of the ATS feeder network, one should consider
the emergence of new modes of transport.
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XO0Jle pACCMOTPEHUS BOIIPOCa OLIEH-
KU TEXHUYECKOTO COCTOSIHUS TPaHC-
MOPTHBIX COOPYXKEHUU OTeUeCTBEH-

HBIMU U 3apyO0E€XHBIMU YUYEHBIMU ObLI

npojeiaH 3HaYUTEIbHbI 00bEM HCCIEI0-

BaHMii. Tak, mpemoxeHa MeToauKa Mmpo-

THO3UPOBAHUS COCTOSIHUS SKCIIyaTUpPYye-

MBIX MOCTOB C YYETOM CJIOKHOCTHU U CIIELIU-

(uku comepxaHus B TOPOACKUX YCIOBUSIX

C UCIIOJIb30BaHUEM armrapara TeOpUU Ha-

NEXHOCTU, a TAKXKE BBEIEHBI 1 000CHOBAHBI

napamMeTpruyeckue 3HaueHus GyHKIWU 3a-

BUCUMOCTU COCTOSIHUSI COOPYKEHUS OT

BpPEeMEHU dKcIutyaTauuu [1], BBIITOJIHEHO

NMOCTPOEHUE JIUHEWHOU TMHAMUYECKOM

TUCKPETHOU OKPECTHOCTHOW MOJEIU Mpo-

1ecca u3HOCca 3JIEMEHTOB MOCTOBOTO COOPY-

KEeHUs [2], mpoBeAEH aHaluU3 OIbITa psjaa

CTPaH IO BHEIPEHUIO SKCIMEPTHBIX CUCTEM

YIIPaBAECHUS COCTOSIHUEM MOCTOBBIX COOPY-

JKEHUI Ha aBTOMOOUJIbHBIX JOPOTraxX, OCHO-

BaHHBIX Ha 0a3e 3HAHWM, 3aKJjiaJblBacMOil

B Tpoliecce pa3pabOTKU U pelaKTUPyeMOu

MNpU UCIoab30BaHuM [3].

Ha xene3Hbix moporax mpejiaraercs
CO3[IaHUE€ PETUOHATBHBIX LIEHTPOB MOHUTO-
pUHTa, MPOrHO3UPOBAHUS U OOecrieueHus
0€30MacHOCTU CJIIOXHBIX TEXHUYECKUX CHUC-
TeM JJISI KOHTPOJIS Hal UX COCTOSIHUEM,
HAKOIUIEHUS CTATUCTUYECKON nH(pOpMaluU
1 hbopMUpoBaHUs 0a3 TaHHBIX 00 00BEKTAX
UHPPACTPYKTYpPHl, KPUTEPUSIX PUCKOB
M pa3Mepax 3araca oCTaTOuHOTro pecypca [4].

B pabGorax nHOCTpaHHBIX UCCeIOBaTe-
JIeil MPOBOAUTCS OLIEHKA pUCKA TPEPbIBAHUS
CTPOUTEJbHOU NEeSITEIbHOCTA MOCTOBBIX
O00BEKTOB C 1IEJIbI0 BBISIBJIEHUS OCHOBHBIX
MPUYMH €ro BOSHUKHOBEHUS, a TAKXKE OTpe-
NleJIeHUSI MOTEHIMaJbHBIX PE3YJbTaTOB,
BBITEKAIOIIUX U3 BOZHUKHOBEHUS pUCKA.
JJ1s1 9TOro MPUMEHSIOTCS METObI aHaJIu3a
JiepeBa HeUCIIPaBHOCTE ! U JepeBa COObITUIA
(ETA). ITockonbky NpUMEHEHUE TpaauLIv-
OHHOTO ITOJX0Ja B paMKaxX 3TUX IBYX METO-
JIOB BO MHOTHX CJIy4yasix 3aTpyIHEHO U3-3a
OTrpaHUYEHHOTO NOCTYyIa K uHbOpMaluu,
HEYETKY10 apu(PMeTUKY MOKXHO paccMaTpu-
BaTh KakK IMOJE3HbII UHCTPYMEHT. B ogHOM
U3 UCCIeOBAaHUI CTPYKTypa JAepeBa HEUC-
MpaBHOCTEN BHaYajae CO30aETCs B COOTBET-
CTBUM C TOCJEACTBUSIMU, MOJYYEHHBIMU
B pe3yJibTaTe npuMeHeHus1 metoaa Delphi.
3aTeM BepOSITHOCTb BOSHMKHOBEHUS pUCKa
BBIUMCJISIETCSI C TIOMOIIBIO aHaJIM3a epeBa
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HeucnipaBHocTelt (FTA) Ha ocCHOBe HEYeT-
KO JIOTUKU. YCTaHaBIWBasl CTPYKTYPY He-
peBa OTKa30B, CBSI3aHHYIO C pMCKOM OTKa3a
CTpaTeruii CMSITYCHUST TTOCIIEICTBHIA, BBISIB-
JISTIOTCSI OCHOBHBIC NMPUYUHBI, CBSI3aHHBIC
¢ oTka3oM crtpareruii. CTpyKkTypa aepeBa
COOBITHIT cO3MaéTCsI C UCITOJIb30BAHUEM
IMOJIYIEHHBIX pE3yJbTaTOB; KpOMe TOTO,
IMOKa3bIBaeTCs OXXMIaeMast IeHesKHast CTOM -
mocTb (EMV) [5].

CTpoOUTEIbCTBO MOCTOBEIX ITPOEKTOB
3a4acTyl0 HAUYMHAETCS B CIIOKHBIX U TWHA-
MUWYHBIX YCIIOBUSIX, TIPUBOISIINX K BEICOKOM
HEOIPeaeIEHHOCTH M PUCKY, KOTOPBIE YCY-
TyOJISIOTCSI MHOTOYHMCICHHBIMM OTpaHMIC -
Husmu. O01as memodosoeus NCCAETOBAHUS
B 3HAYMTEJIBHOM CTEIICHMW OIMpacTCs Ha
OIIPOCHBIN JIMCT, 3alIOJJHEHHE KOTOPOTO
Pa3TUYHBIMU TOAPSIAINKAMM ITO CTPOUTEITb-
CTBY MOCTOB M PYKOBOJIMTEJIIMH IIPOCKTOB
Pa3IMYHBIX pa3MepOB OCYIIECTBIISIECTCS I10
ITOYTE WJIM Ha COBEIIaHUM IepCcOHaja. AH-
KeTa, TOATOTOBJICHHAsI TSI OITPOCa, COCTaB-
JISIETCS IMMYyTEM O3HAKOMJICHMS C COOTBET-
CTBYIOIIEH TMTEepaTypoii B 00JIaCTH yIIpaB-
JIEHUS] CTPOUTEIILCTBOM. DTOT IMOIXOMA Ha-
IIpaBJICH Ha BBISIBJIeHHE (PaKTOPOB pUCKa,
BIMSIOMNX Ha 3(PPEeKTUBHOCTh MOCTOBBIX
IIPOCKTOB B IIEJIOM, U UX aHAJIN3 C NCITOJIb-
30BaHNEM COOTBETCTBYIOIINX MHCTPYMEHTOB
1 METOO0B, a TAKKE Ha pa3pabOTKy CUCTEMBI
yIIpaBJIcHUs prcKaMK. AHKeTa B OITMChIBae-
MOM cJiyyae Oblya pa3jiesieHa Ha ceMb KaTe-
TOpHUii, TT0 KOTOPBIM BCEro PecIOHICHTAM
obL10 3agaHo 50 BormpocoB. OTBeTHl ObLIU
MpoaHaJIN3UPOBAHEI C MTOMOIIBIO TPO-
rpammHoro obecrneueHust SPSS. Craructu-
YeCKUi1 aHAJIN3 OTBETOB KacaTeJIbHO (PaKTO-
poB ObLT pa3nenéH Ha OTAeJbHble HAOOPHI
KPUTUIECKUX (DAKTOPOB. DTO UCCIICTOBaAHNE
HaIlpaBJICHO Ha BHISIBJICHNE (PAKTOPOB, IO-
BJIMSIBIINX Ha IIPOEKT CTPOUTEIHCTBA MOCTA,
M YYET TeX U3 HUX, KOTOPBIC SIBIISTFOTCS KPU -
TUYCCKUMU, JUIST YIYYIICHNST aHAIN3a pucC-
KoB. OgHaKo ObLIO 3aMeUYEeHO, YTO CTEeIEeHb
X BKJIala BapbUPYETCST B 3aBUCUMOCTHU OT
KOHKPETHOTO YPOBHS 3¢ (HEKTUBHOCTH ITPO-
exrta. [Ipeamoarajiochk, 9YTO pe3yabTaThl
aHaJIM3a TTOMOTYT CIIeIIMaJINCTaM IPOEKTa
COCPEIOTOYNTHCS Ha HECKOJIBKMX (haKTopax
W TIOJTYYHUTh ONITUMAaIbHBIC Pe3YJIBTATHI, a He
yaeasaTh BHUMaHUE BceM (pakTopaM M He
IMOJIy4aTh MIPOTIOPLIMOHAIBHBIE UM PE3YIIhb-
Tathl [6].

Kavimos E. B. PUCK-OpMEHTUPOBaHHbIV MOAXOA NMPU OLLEHKE TEXHUYECKOro COCTOAHUSA
$byHAaAMEHTOB MOCTOBbIX COOPYXEHUM
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Puc. 1. Mogenb yxyaweHus nokasareJsieii TEXHN4eCKOro coctosiius (¢puanyeckoro naHoca)
pyHAaMEHTOB MOCTOBbIX coopyxxeHnii [11; 12].

Puckm yxyanreHust OCHOBHBIX (DYHKIINO-
HaJIBHBIX CBOMCTB (PyHIAMEHTOB MOCTOBBIX
COOpyXeHuil ((popMuUpoBaHUE U HAKOILIE-
HUe (HUNYECKOT0 U3HOCA) OTOOpaXKaloTCs
CHIXEHMEM MePBOHAYaIbHBIX (TPOEKTHBIX)
rmokasaTejieil Hecyllell COCOOHOCTHU IO
IPUHITBHIM TPYMIIAM IIPeIeIbHBIX COCTOS-
Huii [7; 8].

J17151 KOppEeKTHOIO yu€Ta U 0OTOOpakeHuUst
TEXHUYECKOTI0 COCTOSIHMS (DyHIAaMEHTOB
npeaiaraeTcsl BeposITHOCTHAsI MOAEb, KO-
TOpasl TT03BOJISIET Ha 3TaIle MTPOSKTUPOBAHUS
OCYIIECTBUTH MPOTHO3 U3MEHEHUS (PYHK-
LIMOHAJIBHOTO KayecTBa pacCMaTPUBaeMbIX
Hecylux KoHCTpykuuit [9; 10].

Ileabro HACTOSIIIICH CTATHU SIBISIETCS JC-
MOHCTpAIUs BO3MOXHOCTU TIPUMEHEHUS
MaTeMaTHIeCKOM MOIEIN IUIST OLIEHKM TeX-
HUYECKOTO COCTOSTHUS HECYIINX KOHCTPYK-
LIMI B TeUEHME MPOEKTHOTO CPOKa CIYKObI
MOCPEACTBOM HMCIIOJb30BAaHUS METOIOB
CTaTUCTUUYECKOI 00pabOTKMU PETPOCIIEKTUB-
HBIX MTH(GOPMAIIMOHHBIX TaHHBIX O TTOCTIEI -

CTBUSIX MPOSIBICHUI SKCIUIyaTallMOHHBIX
(GakTOpPOB pa3IMYHON (PU3NUIECKON MPUPO-
IbI, MAaTEeMaTUIEeCKOTO MOJEJIUPOBAHUS
TIPOIIECCOB U SIBJICHUI, a TAKXKe aHAJIUTUYe-
CKOro 0030pa MHXXKEHEPHBIX PEeIIeHU CIy-
YaWHBIX (BepOSITHOCTHBIX) 3a/1a4 TTPU HETTOJI-
HBIX MCXOOHBIX MaHHBIX. 3a MCCAeIyeMBblil
KPUTEPU TPUHUMAETCS TT0Ka3aTeslb (hU3N-
YeCKOT0 M3HOca (pyHIaMeHTa C TOUYKU 3pCHUS
KOJIMYECTBEHHOTO 3HaUYeHUST (yHKIIUH T10-
CJIEICTBUM TIPOSIBJIEHUI HETATUBHBIX IKC-
TUTyaTallMOHHBIX (hakTOopoB. OOOCHOBBLIBAET-
cs IpUMEHEHME TToKa3aTelsl BEPOSITHOCTH
HACTYIUIEHUS HEPabOTOCTIOCOOHOTO TEXHU-
YEeCKOTO COCTOSIHUSI (YyHIAaMEHTOB IIPH
OILICHKE PUCKOB CHIKEHUS (DYHKIIMOHATb-
HOTO KauecTBa TPAHCIIOPTHBIX COOPYKEHUIA.

BEPOYTHOCTHAY MOAEJIb
TEXHUYECKOIo COCTOAHUSA
SOYHAAMEHTOB

TexHuyeckoe cocTosiHME (DyHIAMEHTOB
MOCTOBBIX COOPYXEHMII MOXET ObITb OTO-
OpaxkeHo MOCPeACTBOM MaTeMaTHYeCcKOi

Ta6mua 1
XapakTepuCTHKA NPUHATHIX TEXHUYECKUX COCTOstHMIA (hyHnamenToB [13; 14]
Nem/m | Ha3Banwme cocrosinust | OG00MIEHHAST XapaKTePUCTUKA TEXHUIECKOTO IMokazarenb
COCTOSTHUS dusnueckoro usHoca,
(OpHeHTHPOBOYHO), %
1 HcnpaBHoe OObeKThI UcciieioBaHU ((hyHAaAMEHTbI) MOTHOCThIO | 0+3
COOTBETCTBYIOT MTPOEKTHBIM TTApaMeTPaM U YCIOBUSIM
SKCIUTyaTalui
2 OrpaHUYEHHO- OOBeKTHI UCCIIeI0OBaHU ((PYHIAMEHTBI) YACTUYHO 4+12
HCTIPaBHOE HE COOTBETCTBYIOT ITPOEKTHBIM ITapamMeTpam,
HO COOTBETCTBYIOT YCJIOBUSIM KCIUTyaTalllu
3 PaboTocrnocobHoe OOBEeKTHI MiccIenoBaHU ((PyHIAMEHTHI) 13+38
MPAaKTUYECKH MOTHOCTBIO HE COOTBETCTBYIOT
TIPOEKTHBIM MTapaMeTpam, HO COOTBETCTBYIOT XOTSI
Obl OTHOMY BapHaHTY YCIOBUIi SKCILTyaTallun
4 OrpaHUYeHHO- OOBeKTH MccaenoBaHui (pyHIaMEeHThI) 39+60
paboTocriocobHoe TIPAKTUYECKH TTOJTHOCTBIO HE COOTBETCTBYIOT
MPOEKTHBIM TTapaMeTpaM, a eIUHCTBEHHbII1 BApUAHT
9KCTUTYaTalluy JOIMTYyCKAeTCsI C OTPAaHUICHUSIMU
5 Hepa6orocriocooHoe | OOBEKTH NCCIIeI0BaHMA ((hyHIaAMEHTHI) TOJTHOCTBIO | 61100
HE COOTBETCTBYIOT IIPOCKTHBIM TTapaMeTpam,
TpeOyeTrcst HeMeIIeHHast OCTAHOBKA IKCIUTyaTalliu
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Tabumua 2

BeposTHOCTH HACTYILUIEHHS HEPAOOTOCIOCOOHOTO TEXHHIECKOTO COCTOSHUS (DyHIAMEHTOB
(¢pusuueckoro uzHoca ooJee yem 60 %) [15; 16]

1,9358+ 10° | 1,2741+102 | 0,10938

Hanmverosawue 3HaueHus hyHKIMH (WHTEHCUBHOCTH HAKOTLICHHST) DH3MUeCKOro H3Hoca

nokasatest 0,1 [0,08 [0,05 [0,03 [0,01 lo0os  Jooo4 o001

CpoK cIyx0bl, t et 50

BepositHocTs otkaza, P, | 0,17547 | 0,15629 | 6,6801 10 | 1,4120+10 | 1,5795+10* |5,7201+10° | 2,1833+10° | 2,4772+10°

CpoK cIyx0bl, t et 100

BepositHocTh oTkasa, P, | 3,7834+102 | 9,1604+ 102 |0,17547 0,10082 3,06571+10 | 1,227010° | 5,7201+10° |7,5403+10*
3

CpoK cIyX0bl, t et 150

BepostHocts oTkasa, P, 5,4467+ 107

|0,l7083 |1,4120-10—Z |6,2456~10'3 |3,5563-10"‘

MOJIEJIM HETIPEPHIBHOTO OJTHOPOTHOTO TIPO-
1ecca MapkoBckoro Tuna (puc. 1).

B Tab6. 1 npuBenéH KauecTBEHHbBIN 1 KO-
JIMYECTBEHHBII COCTAB ITOKa3aTelieil, Xxapak-
TEPU3YIOLINX KaXI0e U3 MPUHSTHIX K pac-
CMOTPEHUIO BO3MOXKHBIX TEXHUYECKUX CO-
CTOSIHUMA.

Hanpumep, 3HaueHue HU3NIECKOro 13-
HOCa, COOTBETCTBYIOIee HepaboTocmocoo-
HOMY TeXHU4YecKoMy cocTtosiHuo («Coctos-
Hue 5», TabJ1. 1) KOHCTPYKTHUBHBIX 2JIEMEHTOB
(byHmamMeHTOB, ompenessieT BLICOKUIA ypo-
BEHb PMCKOB CHMXEHUS 3(P(PeKTUBHOCTH
1 0e30MacHOCTU dKCITyaTalliu 0ObEKTOB
TPaAHCTIOPTHOU MH(PACTPYKTYPHI.

BeposTHOCTB pOsIBIIEHUS TTOCIEICTBUIA
CHUXEHHUSI TEXHUYECKOTIO COCTOSTHMS (Ha-
KOIJIeHUs1 (pu3dnyeckoro m3Hoca) ¢yHaa-
MEHTOB B T€UEHHUE YCTAHOBJIEHHOTO (TIPO-
€KTHOT0) CPOKa CTyXObI f XapaKTepru3yeTcs
aHAJIMTUYECKOU 3aBUCUMOCTBIO BU/IA:

1 e
E:E.(x.ti)n.e“& o) (1)
rae P, — BEPOATHOCTb HACTYIJIEHUsI Hepa-
00TOCIMOCOOHOTO TEXHUYECKOTO COCTOSTHUS
(oTkas3a) GyHIaMEHTOB;

A — MHTEHCUBHOCTb CHUKCHMS YPOBHSI
TEXHUYECKOTO COCTOSIHUS (HAKOTJEeHUS
(uszmyeckoro nzHoca);

f, — KOJIMYECTBO BPEMEHU, OTBOAMMOTO
Ha MpupaboTKy GyHIaMEeHTOB (JIeT);

N — KOJIMYECTBO BUIOB TEXHUYCCKUX
COCTOSIHU;

f, — PacCYETHBIN CPOK CIIyKObBI (JIET).

B Ta6n. 2 npencraBlieHbl pacuy€THBIE

3HAYEHUs BEPOSITHOCTU HACTYIIJIEHUSI HEpa-
00TOCIMOCOOHOTO TEXHUYECKOTO COCTOSTHUS
(oTKas3a) aJ1s1 HeKOTOPBIX 3HAUCHU I MHTEH-
CUBHOCTH CHUXXEHMUSI YPOBHS TEXHUYECKOTO
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COCTOSHUSA (HAKOIJICHUS DPU3UIESCKOTO
M3HOCA) U MPOEKTHOTO CpOKa CAYKObI (PyH-
TaMEHTOB MOCTOBBIX COOPYKECHUA.

OmnpeneneHue 3HaUEHU MmapaMeTpa A
IS KOHKPETHBIX BUIOB (DYHIAMEHTOB
M YCJIOBUI 3KCILIyaTallu MOCTOBBIX COOPY-
KEHUM TTPOU3BOAUTCS C MCITOJb30BaHUEM
CJIeAYIOLIMX METOMO0B:

* AHAJUTUUYECKOTO, YUCJIEHHOTO WU
YUCJEHHO-aHAJIUTUYECKOT0 MOJIeIUpOBa-
HUS MPOLIECCOB U BO3JAECHCTBUIA;

* KOPPEJSLIMOHHOTO aHaau3a WJIU 3KC-
MEPTHBIX OLICHOK;

* PETPOCTIEKTUBHOTO aHaIn3a C IpUMe-
HEHUEM CTaTUCTUYECKNX HAHHBIX O BBISIB-
JIEHHBIX OCOOEHHOCTSIX 3KCIJyaTalluu,
IWHAMWKE U3MEHEHUSI TEXHUUECKOTO CO-
crostHus (huznueckoro n3Hoca) pyHmaMeH-
TOB 32 HEKOTOPBII (PMKCUPOBAHHBIN TIEPUOL
BPEMEHU;

* MEepCIEeKTUBHOIO aHaJIM3a C MIpUMEHe-
HUEM IPYTUX BUAOB MaTeMaTHIECKHX (TIPO-
THO3HBIX) MOJCTICI;

* IIPUHATHUS OTIPEIEIIEHHOTO TUPCKTUB-
HOTO 3HAYCHMUS ITOKAa3aTeIsT, 000CHOBaHHO-
o TeXHUYECCKUMHU, SKOHOMUYCCKUMHU WA
WHBIMA (haKTOpPaMU.

PaunonanbHas 06;1acTh NpUMEHEHU S
KaXXIOTo M3 pACCMOTPEHHBIX METOIOB 3aBH -
CHUT OT THUIIAa pelraeMoit 3a1a4r U HaJTUIUS
HEOOXOIMMOM JUIST TIOJYICHUS pe3yiIbTara
MHMOPMAIIMOHHOM 0a3Hbl.

IIInpoxuii BEIOOP METOIOB OIIpeIeICHIUS
3HAYeHUU nmapameTpa A, C OQHOI CTOPOHHI,
IMO3BOJISIET ONITUMU3UPOBATH IIPOIIECC BHI-
O6opa HanboJiee KOHKPETHBIX BUIOB DyHIa-
MCHTOB M yCJIOBUI 2KCIUTyaTauuu yHma-
MEHTOB, HO, C IPYTOIl CTOPOHBI, HY>KIAETCS
B OTIpeeIEHHOM HOPMAaTUBHOM PeTyJINPO-

Kavimos E. B. PUCK-OpMEHTUPOBaHHbIV MOAXOA NMPU OLLEHKE TEXHUYECKOro COCTOAHUSA
$byHAaAMEHTOB MOCTOBbIX COOPYXEHUM




BaHWM KOJMYECTBEHHBIX 3HAYEHUN JOITy-
CTUMBIX PUCKOB, CBA3aHHbLIX C MMpCAIIoja-
ra€MbIM CHUXCHHUEM (I)YHK]_[I/IOHaJ'II)HOI‘O
KadyeCcTBa HECYIIUX KOHCTPYKL[I/Ifl.

SAKJTIOMEHUE

IToka3aTenu TEXHUYECKOTO COCTOSTHUS
(pyHIaMEHTOB MOCTOBBIX COOPYKEHUH SIBJISI-
IOTCSI KJTIOUEBBIM (haKTOPOM TIpM OIIEHKE
PUICKOB CHIDKEHMST 3(D(HEKTUBHOCTY DKCTUTya-
TallMy TPAHCTIOPTHOM CUCTEMBI.

Maremarnueckasi (ITpoTHO3HasI) MOJETb
y4éTa U MPOrHO3a CHUXKEHUS MoKa3aTesiei
(YHKIIMOHAIIBHOTO KaYyeCTBa HECYIIUX KOH-
CTPYKIHUI MOXET OBbITh UCTIOJIb30BAaHA B Kaye-
CTBe OOOCHOBAHUSI TPOEKTHBIX PELICHUI O
BBIOOPY KOHCTPYKTUBHOTO PEIIEHUS U CPOKa
CITykObl (DyHIAMEHTOB MOCTOBBIX COOpYKe-
HUMN.

KonuuecTBeHHBIE ¥ KaUeCTBEHHbIE 3HAYE-
HUS TTapaMeTPOB PUCKOB, MOJYYEHHBIE B pe-
3yJIbTaTe MPOBEACHUS aHAN3a, OMIPEIEISIOT
YPOBEHb TEXHUYECKOTO COCTOSIHUS (yHIa-
MEHTOB Y BO3MOXXHOCTb 00€CTIeYEHMU S BBITTOJI-
HEHUS (GYHKIIUOHAIBHO-TEXHOJOTUYECKUX
(TpaHCTIOPTHBIX) TTPOIIECCOB.
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Risk-Based Approach in Assessing
the Technical Condition of Foundations
of Bridge Structures

Evgeny V. KAIMOV

ABSTRACT

The objective of this article is to consider
the use of predictive mathematical models
for assessing risks associated with a critical
loss of values of functional quality of
bearing structural elements (foundations)
of bridge structures using methods of
probabilistic analysis and forecasting the
risks of reducing of values of indicators of
the technical state of structural elements.

The research results in development of
an algorithm and a mathematical model
that characterise the features of the
process of reducing of values of indicators
of the technical condition of load-bearing
structures during the service life cycle. The
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results of assessing the loss of functional
quality of foundations obtained using this
model are presented.

The practical significance of the study
relates to the possibility and expediency of
using probabilistic methods for predictive
assessment of the technical state of load-
bearing structures. With the help of an
appropriate mathematical model, it becomes
possible to proceed with design rationale of
indicators of functional quality of foundations
of bridge structures.

The needto improve regulatory provisions
for design and forecasting of indicators of
the technical condition of transport
infrastructure objects is substantiated.
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mathematical model of foundations, physical wear, service life.
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omestic and foreign scientists have
D done a significant amount of research
while considering the issue of assessing
the technical condition of transport facilities.
Thus, a method has been proposed for
predicting the state of bridges in operation,
considering complexity and specifics of their
maintenance in urban conditions using the
apparatus of the reliability theory, while
parametric values of the function of dependence
of the state of the structure on operating time
have been also introduced and substantiated
[1]. A linear dynamic discrete neighbourhood
model of wear process elements of a bridge
structure [2], and an analysis of the experience
of several countries in implementation of expert
systems for managing the condition of bridge
structures on highways, based on the knowledge
base, laid down in the development process and
edited when using [3], have been carried out.
On railways, it is proposed to create regional
centres for monitoring, forecasting, and
ensuring safety of complex technical systems,
to control their condition, accumulate statis-
tical information and form databases on
infrastructure facilities, risk criteria and the
amount of the residual resource [4].
The works of international researchers
assess the risk of interruption of construction
of bridge objects to identify the main causes
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of its occurrence, as well as to determine the
potential results arising from the occurrence
of the risk. For this, Fault Tree Analysis and
Event Tree Analysis (ETA) techniques are
used. Since the use of the traditional approach
to these two methods is difficult in many cases
due to limited access to information, fuzzy
arithmetic can be considered as a useful tool.
In a study, the fault tree structure is first
created according to the implications of the
Delphi method. The likelihood of risk
occurrence is then calculated using Fault Tree
Analysis (FTA) based on fuzzy logic. By
establishing the failure tree structure associated
with the risk of failure of mitigation strategies,
the main reasons associated with failure of
strategies are identified. The structure of the
event tree is created using the results obtained;
in addition, the expected monetary value
(EMV) is shown [5].

The implementation of bridge projects
starts frequently in a challenging and dynamic
environment, resulting in high uncertainty and
risk, exacerbated by numerous constraints. The
overall research methodology relies heavily on
a questionnaire, the responses to it being
collected from various bridge contractors and
managers of projects of various size by mail or
at staff meetings. The questionnaire prepared
for the survey is compiled by reviewing the

Hlustrative image retrieved frém website of KSGroup http://ksgréup.su/rlilonolitnye—iskusstvennye-—sooruzhen.
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Pic. 1. Model of deterioration of indicators' of technical condition (physical wear) of foundations of bridge
structures [11; 12].

Characteristics of accepted technical conditions of foundations [13; 14]

Table 1

No. [ Name of Generalized characteristics of technical condition Indicator of physical wear
condition (approximately), %
1 Good Research objects (foundations) fully comply with 0+3
design parameters and operating conditions
2 Partially good Research objects (foundations) partially do not 4+12
correspond to design parameters, but correspond to
operating conditions
3 Fair Research objects (foundations) almost completely do | 13+38
not correspond to design parameters, but correspond
to at least one variant of operating conditions
4 Partially fair Research objects (foundations) almost completely do | 39+60
not correspond to design parameters, and the only
option for operation is allowed with restrictions
5 Poor Research objects (foundations) do not fully comply 61+100
with design parameters, an immediate shutdown of
operation is required

relevant literature in the field of construction
management. This approach is aimed at
identifying risk factors affecting efficiency of
bridge projects in general, and analysing them
using appropriate tools and methods, as well as
developing a risk management system. The
questionnaire in the described case was divided
into seven categories, which totalled 50
questions asked to the respondents. The
responses were analysed using SPSS software.
The statistical analysis of responses regarding
factors was divided into separate sets of critical
factors. This study aimed to identify the factors
that influenced the bridge construction project,
and to consider the critical factors to improve
risk analysis. However, it has been observed that
the degree of their contribution varies depending
on the specific level of project performance. It
was assumed that the results of the analysis
would help the project specialists to focus on
several factors and obtain optimal results,
rather than to pay attention to all the factors
not getting proportional results [6].

'Some ofthe original terms in Russian version in Pic. 1 and
in Table 1 are translated to make them more universal,
thus the term «serviceable» condition is translated as
«good», «limited serviceable condition» as «partially good»,
«working condition» as «fair condition», «limited working»
condition as «partially fair» condition, and «<nonworkable»
condition as «poor» condition. — Translator’s note.

Risks of deterioration of basic functional
properties of foundations of bridge structures
(formation and accumulation of physical wear
and tear) are reflected by a decrease in initial
(design) values of indicators of the bearing
capacity according to the accepted groups of
limiting states [7; 8].

For correct accounting and display of the
technical state of foundations, a probabilistic
model is proposed, which allows at the design
stage to predict changes in functional quality
of the considered load-bearing structures
[9; 10].

The objective of this article is to demonstrate
the possibility of using a mathematical model
to assess the technical state of load-bearing
structures during the service life cycle by using
methods of statistical processing of retrospective
information data on consequences of
manifestations of operational factors of various
physical nature, of mathematical modelling of
processes and phenomena, as well as of an
analytical review of engineering solutions of
random (probabilistic) problems with
incomplete initial data. The criterion under
study is assumed to be an indicator of physical
deterioration of the foundation from the point
of view of the quantitative value of the function
of consequences of manifestations of negative
operational factors. The use of the indicator of
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Table 2
The probability of a poor technical condition of foundations
(physical wear, more than 60 %) [15; 16]
Indicator’s name | Value of the function (accumulation intensity) of physical wear and tear
0,1 | 0,08 | 0,05 0,03 | 0,01 | 0,008 | 0,004 | 0,001
Service life, t years | 50
gailureprobabilily, 0,17547 0,15629 6,6801+107 [ 1,41204102 | 1,5795+104 [5,7201+10° |2,1833+10% | 2,4772+10?
Sérvice life, t years | 100
Eailureprobability, 3,7834+107 |9,1604+10 |0,17547 0,10082 3,06571+107 | 1,2270+10° | 5,7201 107 | 7,5403+ 10*
S'ervice life, t years | 150
gailureprobabilily, 1,9358+10° | 1,2741-107 |0,10938 0,17083 141200102 | 6,2456+10° | 3,5563+ 10 | 5,4467+ 107

the probability of an inoperative, faulty
technical condition of foundations while
assessing the risks of decrease in functional
quality of transport structures is substantiated.

Probabilistic model of the technical condition
of foundations

The technical condition of foundations of
bridge structures can be displayed by means of
a mathematical model of a continuous
homogeneous process of Markov type (Pic. 1).

Table 1 showsthe qualitative and quantitative
composition of indicators characterizing each
of the possible technical conditions accepted
for consideration.

For example, the value of physical
deterioration corresponding to a poor
technical condition («Condition 5», Table 1) of
structural elements of foundations identifies
a high level of risks of decrease in efficiency
and safety of operation of transport
infrastructure facilities.

The likelihood of manifestation of the
consequences of a decrease in the technical
condition (accumulation of physical wear) of
foundations during the established (design)
service life cycle ¢ is characterized by an
analytical dependence of the form:

1 S
B ) e, (M)

where P is probability of a poor technical
condition (failure) of foundations;

A is intensity of the decrease in the level of
technical condition (accumulation of physical
wear and tear);

1, is amount of time allotted for running-in
of foundations (years);

nis number of types of technical conditions;

1 is estimated service life (years).
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Table 2 shows the calculated values of the
probability of the onset of a poor technical
condition (failure) for some values of
intensity of the decrease in the level of
technical condition (accumulation of
physical wear) and the design life of
foundations of bridge structures.

The identification of values of the
parameter A for specific types of foundations
and operating conditions of bridge structures
is carried out using the following methods:

» Analytical, numerical, or numerical-
analytical modelling of processes and
impacts.

 Correlation analysis or expert judgment.

» Retrospective analysis using statistical
data on the revealed features of operation,
the dynamics of changes in the technical
condition (physical wear) of foundations for
a certain fixed time period.

* Prospective analysis using other types
of mathematical (predictive) models.

» Acceptance of a certain guideline value
of the indicator, justified by technical,
economic, or other factors.

The rational area of application of each
of the methods considered depends on the
type of the problem being solved and
availability of the data base necessary to
obtain the result.

A wide range of methods for determining
the values of the parameter A allows, on the
one hand, to optimise the process of choosing
the most specific types of foundations and
operating conditions of foundations, but, on
the other hand, it requires a certain regulation
of the quantitative values of permissible risks
associated with the expected decrease in the
functional quality of load-bearing structures.
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Conclusion. Indicators of the technical
condition of the foundations of bridge structures
constitute a key factor in assessing the risks of
decrease in efficiency of the transport system
operation.

The mathematical (predictive) model of
accounting and forecasting a decrease in indicators
of functional quality of load-bearing structures can
be used as a rationale for design decisions on the
choice of a structural solution and duration of the
service life of foundations of bridge structures.

The quantitative and qualitative values of risk
parameters obtained as a result of the analysis
determine the level of the technical condition of
foundations and the possibility of ensuring the
performance of functional and technological
(transport) processes.
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Wean YEBbIKUH

Llesnibto cTatbuy SBASETCS ONMUCaHNE MPaKTUYECKO-
ro MPUMEHEHWSI TEXHOJI0MI KOMIbIOTEPHOI0 3PeHus
U NCKYCCTBEHHOIrO MHTEJIIeKTa 415 peLleHns 3aaa4
rPOEKTUPOBaHUS IOPOXHON MHGOPACTPYKTYPHbI.

B cratbe meToaoM CpaBHUTE/IbHOrO aHain3a
OLleHNBalTCs TPAANLMNOHHbIE CrOCObbI KOnYye-
CTBEHHOIr0 1 KA4eCTBEHHOIr0 aHain3a TpaHCcrnopT-
HbIX MOTOKOB MO roka3arenssM TPynoEMKOCTU
U TOYHOCTU, yKa3aHbl MPEUMYLLECTBA U HEAOCTaTKu
paccMoTpeHHbIXx crnocoboB. peasoxeH HOBbI
mMeTon aHann3a TpaHCrnopPTHOro NOTOKa, OCHOBAH-
HbIi HAa MPUMEHEHUN BECUIOTHbIX JeTaTeslbHbIX
arnnaparos v TEXHOJI0rUY KOMMbIOTEPHOr0 3PeHNs
Ha 6a3e CBEPTOYHbLIX HEVPOHHbIX ceTeli. Pac-
CMOTPEHHbIN METO/ MO3BOJISET NOJIHOCTLIO aBTo-
matusupoBaTb cO0p M aHanan3 AaHHbIX O TPaHC-
MOPTHbIX NOTOKax. B cTatee onuceiBaeTcs nepsoe
npyuMeHeHue rNPeaIoXeHHOro MeToAa rnpu BoiroJi-
HEeHUN TPaHCNOPTHO-3KOHOMUNYECKUX U3bICKaHN
B paMmkax npoekTupoBaHus obbekta «CeBepHbIli
obxoa r. Mepmu». OnucaHbl NPeumMyLecTsa rnpu-
MEHEHHOro Metoza no OTHOLUEHUIO K TP3ANLMOH-
HbIM. [ns peanu3aunn AaHHOro npoekta Obi1o
paspaboTaHo rnporpamMmmMmHoe obecrieyeHue AJisi
aHasv3a TPaHCroOPTHbIX NOTOKOB 10 BUAeOMaTe-
puvianam.

CUCTEMbI.

HAYKA N TEXH/KA

ABTOMAaTU3aUUA MOHUTOPUHra
LOPOXHOIro ABMXXEHUS C NOMOLLbIO
KOMMNbIOTEPHOro 3peHus

|
! Yeovikun Hean Anopeesun — OO0 «Tpagdur/lima», Ilepms, Poccus™.

B cratbe paccmarpuBaeTcss MOHUTOPUHI AOPOX-
HOro ABUWXEHUSI, OnvcaHbl ero Leau, 3aga4qu, ykasaH
HeobxoanMbIi yHKLIMOHAT CUCTEMbI aBTOMAaTnN3a-
L MOHUTOPUHIa JOPOXHOI O ABVXEHWS, Mepevuc-
JIeHbI NapamMeTpPbl JOPOXHOIO ABUXEHUS, KOTOPbLIE
OHa [0/IXHa onpeaensTe. PaccmarpusaeTcs MeTo-
A0710r1si peannsaumm aBToMaTtu3npoBaHHOM CUC-
TeMbl MOHUTOPUHIa AOPOXHOIrO ABVIXXEHUS 110 BU-
JAeomarepuanam Ha O4HOM y4acTke AOPOru.

lNpencrasieH NPoOeKT CUCTEMbI MOHUTOPUHIa 0~
POXHOIrO ABUXXEHUS], MO3BOASIOLUMI PACLLUMPUTL pPac-
CMOTPEHHbIV paHee roaxoL Ha BCIO YJIMYHO-A0POXHYIO
ceTb. OnvcaHbl TEXHO0MMU, MO3BOJISIIOLUME Pean30-
BaTb JaHHYIO CUCTEMY Ha OCHOBE BUAE0AHAaINTUKU
marepmasios ¢ kamep BuaeoHaboneHvs. lNpeanoxeH
MeTon peuaeHTuuKaLmm aBToOMOOUIIS, MPOLEMOH-
CTpupoBaHa peanusauns 4aHHoro metoga. Meroz
r103BOJISIET CTPOUTHL MATPULLY KOPPECTOHAEHLNY aBTO-
Mobunelt, 3apuKCUPOBaHHbIX Ha KamMepax BUAEOHa0-
JIIOAEHUS, PACIIOIOXEHHbIX Ha Pa3HbIX ydacTkax 4O-
POXHOV ceTu, a Takxe OnpeaesisiTb BCE napameTpbl
ZI0POXHOro aABvkeHus1 ans scevi Y/IC.

B BbiBOAax 0603Ha4atoTCs IepCrnekTuBbl Pa3Bu-
TVS1 pa3paboTaHHOro NPorpamMMHOro obecrne4yeHus
C TOYKU 3PEHUST MPUMEHEHUS] B MHTEJIIEKTYasIbHbIX
TPaHCNOPTHbLIX CUCTEMAX.

KnioyeBsbie ¢/10Ba: AOPOXHOE ABUXEHNE, MOHUTOPVIHT, AaHHbIE O TPaHCIMIOPTHOM OTOKe, TPaHCMOPTHOE
mMozaenpoBaHue, TPaHCNOPTHO-9KOHOMUYECKNE U3bICKaHWVSI, KOMITbIOTEPHOE 3PEHUE, UCKYCCTBEHHbIV
WHTEeJIJIeKT, BuaeoaHasnTrka, rapameTpbl JOPOXHOIo ABWXeHUs, NHTeJlJlIeKTyallbHble TPaHCIMOPTHbIe
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JIAHHOM CTaThe CTaBUTCS Ueab pac-

CMOTpPETh BO3MOXHOCTH, KOTOpPBIE

MOTYT ITPENOCTABUTH JIJISI TPAHCTIOPT-
HOM OTpaciii TEXHOJIOTMU KOMITHIOTEPHOTO
3peHUsI M KICKYCCTBEHHOTO MHTEJUIEKTa. Briep-
Bble B Poccr TpaHCTIOPTHO-3KOHOMUYECKIEe
M3bICKAHWST OBLTU BBITIOJTHEHBI C IPUMEHEHU -
€M MCKYCCTBEHHOT'O MHTEJIJIEKTa B paMKax
MNpOeKTUPOBaHUS 00beKTa «CeBepHBI 00X01
. [Tepmu», BoinosHsiemoro OAO «MHCTUTYT
TunpoctpoitMocT». YUET UHTEHCUBHOCTU
JIBUXEHUST OCYIIECTBIISIICS IMOCPEICTBOM
BUIIEOCHEMKHU C OECITMIIOTHOTO JIETATeJIbHOTO
arrmapara M TOC/IeAyIOIIeTo aHaaru3a BUIEO-
MaTepuaaoB C MOMOIIbIO MPOTrPaMMHOTO
komriuiekca TrafficData mo meTtomonoruu
TPAHCITOPTHBIX UCCIIETOBAHUIA.

COBPEMEHHbIE METObl Y4YETA
UHTEHCUBHOCTU OBU)KEHUSA

HocTtaTouyHO MOoApOOHO MPOBEN aHAIU3
«COBPEMEHHBIX» METOJIOB YUETAa UHTEHCUBHO-
ctu nBrkeHUs mpodeccop MAJIN M. P. SIxu-
MOB B cBoeit MoHorpaduu [1]. Ha mpumepe
HCCIIeI0OBaHUIA, IIPOBOAUMBIX B [TepMu, mpo-
(eccop AxumMoB paccMoTpest TPU OCHOBHBIX
croco0a, IIPUMEHSIEMBIX Ha TIPAKTHKE:

1. Py4Holi crioco6 — HemocpeACTBEHHBI
cOOp TaHHBIX MPOU3BOAUTCS YIETINKAMMU.
«DTO crienMaNibHO O0YUEHHBIE JTIOIN, KOTOPhIE
CTOSIT Ha TIePEKPECTKAX B TEUCHUE THS 1 TIPO-
BOMSIT 3aMepPbl MHTEHCUBHOCTHU IBVKCHUS
C Pa3TMYHBIX HAIIPaBICHU».

2. [TonyaBTOMaTuueckuit — coop mHPOp-
Maluy OCYIIECTBIISIETCSI C TIOMOIIBIO BUIEO-
000py/IOoBaHUsI, KOTOPOE TTO3BOJISIET TTPOU3-
BOJIUTh BUJIEOCHEMKY Ha BCEM 00OCIenyeMOM
nepekpecTke, a 00padboTka cOOpaHHON UH-
(opmaty TpON3BOIUTCS BPYIHYIO.

3. ABTOMaTU4eCKUi1 — C TTOMOIIIBIO IETeK-
TOPOB yu€Ta TpaHCTIOPTA, CIIOCOO aKTyajeH
JUTST Y9aCTKOB YJIMYHO-IIOPOKHOM CeTH, Tae
YCTaHOBJIEHO 00OPY/IOBaHUE.

Crioco0Obl OLIEHUBAUCH T10 CIEIYIOIINM
TMOKa3aTesiM:

* eOIMHOBPEMEHHEBIC 3aTPaThI;

* TEKyIIINE 3aTPaThl;

* BpeMEHHBIE 3aTpaThl Ha COOp/00paboT-
Ky nH(OopMaIuu;

* OlIEHKA KayecTBa COOPaHHBIX JaHHBIX.

MeToz cpaBHUTETLHOTO aHAIN3a MOKa3aJl,
YTO Haubosiee 3aTpaTHBIM, ¢ (DMHAHCOBOM
TOYKU 3PEHUS, SIBIISICTCSI TPETHI CIIOCO0, TaK
KaK OH TpeOyeT yCTaHOBKHU MaTYMKOB IO
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KaXKIyIo moJtocy nBrkeHusi. COOTBETCTBEHHO
TePBBIi CITOCOO SIBJISIETCS] HAMMEHee 3aTpaT-
HbeIM. Ha 06paboTKy coOpaHHBIX MaTepUaIoB
T10 TIEpBOMY CTIOCOOY OBLT ITOTPayeH OJIMH Yac,
10 BTOPOMY CTIOCOOY — TPpH Yaca, 1Mo TPeThe-
My — 15 MuH. CaMbIM TOYHBIM SIBISETCS
BTOPOIi CTIOCO0, TaK KaK OH IO3BOJISIET IPO-
M3BOAUTDH MOACUYET aBTOMOOWIIEH ¢ BUaeo3a-
MMCHU HECKOJIBKO pa3, YTO UCKITI0UaeT (hakTop
yejioBedecKoii ommoku. [ToaTomy mosryaBro-
MaTHUYeCKU croco0 ObLI MPUHSIT 3a 3TaIOH-
Hurit. [Ipy cpaBHEeHUM C 3TaJJOHOM IIEPBBIM
CITOCO0 TT0Ka3aJl OTHOCUTENIbHBIE OTKJIOHEHUST
ot 3 10 33,5 %, tpetuit — ot 7 5o 57 %. Takue
MMOTPEITHOCTHA TPETHETO CIIoco0a BBI3BAHEI
HETOYHOCTSIMU TIPU CUMTBIBAHUY MH(POPMa-
IIMU ¥ HECOBEPIIIEHCTBOM YCTPOMCTB, UMEIO-
LIIUXCSI B PACTIOPSKEHUU MCCIIeoBaTeNei.

Takum 00pa3oM, CpaBHUTEITHHBIN aHAIN3
ITOKa3aJj, YTO JUIST TIOJTYICHUST NCXOTHOM WH-
dopMalu Il eAUHUIHBIX TTepeKPECTKOB
HEOO0XOIMMO MCITOJIb30BaTh MOJyaBTOMAaTH-
yeckuit criocod cbopa uHdpopmauuu. Eciau
HCTIOJIb30BaHNUE TTOJIyaBTOMAaTUIECKOTO CITO-
coba cbopa MHOpMaALIMM HEBO3MOXHO Ha
HCCIIEyeMOM TIEPEKPECTKE, TO 1IeJIecoo0pas-
HO HCII0JIb30BaTh HATypHbIA criocod cbopa
maHHBIX. COOp MaHHBIX C UCITOJIb30BaHUEM
JIaTYMKOB y4€Ta TpaHCTIOpTa MOKa3aJl Helo-
CTOBEPHOCTH ITOJIyIaeMbIX JaHHBIX, TTOTPEII-
HOCTH cocTaBJIsiioT 6ostee 20 %.

onbIT IPUMEHEHUYA TEXHOJIOI'NHA
KOMMNbIOTEPHOIO SPEHU4A
U UCKYCCTBEHHOIO MHTEJINTIEKTA

C IIprxomoM B HaIITy XKM3Hb KBaIPOKOIITE-
pOB c1i0co0 ¢ BUIeoUKCAIUECH CTal eIne
OoJiee aKTyaJbHBIM, TaK KaK TeTlepb MBI HE
MIPUBSI3aHbBI K MEeCTaM, TlI¢ YCTAHOBJICHHI Ka-
Mepbl HaOJIIOIEHUS 32 TOPOKHON 00CTaHOB-
KOIf, 1 MOXEM OXBaThIBATh MEPEKPECTOK IIe-
JIMKOM, 9TO TI03BOJISIET OMHOBPEMEHHO (DMK~
CHpPOBaTh IBIDKEHNE aBTOMOOMIICH 10 BCeM
HanpaBieHusM. OTHAKO CTaTUCTUICCKUI
aHaJIM3 3aTpaT Ha aHAJIOTMYHBIC 3a1a4H1 ITOKa-
3aJ1, YTO 00pabOTKa TAKNX BUAECOMATEPUATIOB
IIPEACTaBIISICT OMPEACIEHHYIO CIOXHOCTb.
Hammpumep, ompeneanTh MHTEHCUBHOCTh
JIBYDKCHUS B KaXKIOM U3 ICBATH HATIpaBJICHUI
Ha KPYTOBOI1 pa3BsA3Ke B CTBOPE YJIUIIHI TeHE-
pana byrtkosa (r. KanunuHrpan) okazanoch
JIOCTaTOYHO TPYIHO.

PasBuTie TeXHOIOTMII KOMITBIOTEPHOTO 3pe-
HMSI 1 MAIIIMHHOTO OOYYEeHMSI TI03BOJIAIIO aBTO-
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Puc. 1. CbéMka KpyroBoro rnepeceyeHusi ¢ Keagpokonrtepa (npegoctasneHo OAO «UHcTuTyT lmnpocTpoiMocT»).

MaTU3UPOBaTh JaHHYIO 3amauy. [TocTpoeHHBII
Ha 0a3e HOBEWIINX apXUTEKTYp CBEPTOUHBIX
ceTeli pa3pabOTaHHBIH MTPOrPaMMHBII KOMITIIEKC
JIaJl BO3MOXKHOCTB JIOBECTHU TOJlyaBTOMAaTH4e-
CKUIA c1toco0, onrcaHHbiii M. P. SIkumMoBbIM, 10
TTOJIHOCTBIO aBTOMAaTU3UpPOBaHHOTO. B ouepen-
HOI1 pa3 UCKYCCTBEHHbBII MHTEJUIEKT U30aBUIT
YyeJIoBeKa OT PyTMHHOTO YTOMUTEIBHOTO TPY/Ia.

C ero IMoMOIIIBIO CYIIIECTBEHHO CHMKAIOT-
¢S Tpymo3aTpaThl Ha COOp MaHHBIX O TPaHC-
ITOPTHBIX ITOTOKAX IIJIST IEPEKPECTKA, yJacTKa
noporu. B pe3ynbrare yero B paMKax 00bIYHBIX
TPaHCTIOPTHO-3KOHOMUYECKUX U3bICKAHUM
METOIOM IIPOCTOT0 MaTEMATUIECKOTO aHAJIH -
3a yIaJIOCh BEIBECTH peaibHOE pacTpeacieHIe
WHTEHCUBHOCTH IBIDKCHUS B TEYCHUE BCETO
nHs. Terepb HET HEOOXOMUMOCTH TTOJTH30BaTh-
¢ KO3 PULMEHTAaMU HEPAaBHOMEPHOCTH JIJISI
oIpene/IeHUsI CpeTHECYTOTHON MHTEHCUBHO-
cTu, npuBeaéHHBIMU B [2]. M3BecTHO, 4TO
ITaHHble KO3(GOUIIMEHTHI OTpeaeIeHbl Ha
OCHOBE 3aMepOB, BBITTOJHeHHBIX Ha MKA]]
¢ iomouibio 1atynkoB [3]. ITo cymiecTy, aTn
MaHHBIC SBJSIOTCS YaCTHBIM CIy4YaeM U He
MOTYT MCITOJTb30BaThCSI ITOBCEMECTHO.

Takum oOpa3oM aBTOMAaTU3UpPYyETCS COOpP
JMIAHHBIX Ha MTePEeKPECTKE WIM Ha YIaCTKE J0-
pOTU Memodom aHaau3a eudeou3odpaiceHuil
C NOMOULbIO KOMUBIOMEPHO20 3DeHUsl, HaTIPU-
Mep, C IIeTbI0 ONTUMM3AINK TPAHCTIOPTHBIX
ITOTOKOB 10 METOLY MAmMeMamu4ecko2o mooe-
AUPOBAHUSL.

B Poccumn, B pamkax ocyiiecTBiIeHUs TO-
cynapcTBeHHOU mporpammbl «be3omnacHbie
M KayeCTBEHHbIE 1OPOru» MUHUCTEPCTBO
tpancniopra Poccuiickoit @enepainu yreep-
JIAJIO TIPUKa3bl O HEOOXOMMMOCTH BBITTOJTHE-
HUSI MOHUTOPWHTA TOPOKHOTO IBUKEHUS [4;
5]. Ansg peaau3aliii 3TUX MEPONPUSITUI
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B 00BbEMaXx CTpaHbI HEOOXOIMMO aBTOMATU3H -
pOBaTh MaKpOUCCIEAOBAHUS.
AHaOTUYHBIE CUCTEMbl HAYaIu TOSIB-
JIATBCS U 3a pydoexoMm, ocobeHHO B EBporme
u CeBepHOit AMepHUKe, TIie PeTyJISIPHO IIPOBO-
JIUTCSI MOHUTOPUHT TOPOXKHOTO IBVKEHMUSI IO
OCHOBHBIM TPAaHCTIOPTHBIM apTEPUSIM arJio-
Mepaluii, a Takxke B ropoaax. Apkumu npu-
MepaMU SIBJISIIOTCS MPOAYKTHI TAKUX KOMIIa-
Huit, kak DataFromSky (Yexust), GoodVision
(Benmukobpuranust), Miovision (Kanana).

MOHUTOPUHI AOPO>XHOIo
ABWXEHUYA

Jnsg Havyana chopMyarupyeM LieJTu MOHM-
TOPUHTA JOpOXHOTO ABMXeHus. B Poccum,
B COOTBETCTBUM C aHAJIM30M JTOKYMEHTOB [4;
5], uenu ciaemyouye:

* OIICHUTH TEKYyIIlee KaueCTBO OpraHm3a-
LMY TOPOXKHOTO NBUXKCHMS

* ONIPEICTUTD TPUOPUTETHBIC MEPOTIPHSI-
THSI TIOBBIIICHUS Ka4eCTBa OpraHU3aIuy 10-
POXHOTO ABMKEHUS TOPOXKHOM CETH,

* OLIEHUTH 3(PPEKTUBHOCTb MEPOMPHUSI-
TUI, TIPEANIPUHSATHIX JUISI TIOBBIIIICHUST Kade-
CTBa OpraHU3alMK TOPOKHOTO IBIKCHUS.

Jns moCTKeHUS 3TUX 1ieeit HeoOXomu-
MO, 9YTOOBI CICTEeMa MOHUTOPUHTA JOPOKHO-
ro npukeHust (CM/IJl) Morna pemaTh ciie-
IyIOIIMe 3a0a9m:

* ONpeleasiTh mapaMeTpPhbl JOPOKHOTO
TBVKCHUS

* HaKaIJIMBaTh MaHHBIC O MMapaMeTpax
TBVKCHUS

* (hopMHUpOBaTh OTUETHI 00 U3MEHEHUSIX
mapaMeTPOB ABMKCHUS B HATJISIIHOM BUJIE.

Peub naét o mapameTpax 10pOXKHOTO IBU-
JKEeHMSI, yKa3aHHBIX B [2; 5] 1 M300pak€HHBIX
Ha puc. 2.
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Puc. 2. NapameTpbl 0POXXHOIr0 ABMXEHUS (BbINOJIHEHO aBTOPOM).

01032020 145929

CxpuiT asToMoGwA 1 Tpekw (Ctr + H)

Cips Tpexw

Puc. 3. PaccTtaHoBKka cTBOPOB Ha BUAEO B uHTEepgerice (NnpesocraBiieHo aBTOPOM).

s penieHWsT OMMCAHHBIX BBINIEC 32129
CHCTeMaTU3MPOBAaHBI M aTalTUPOBAHBI K aB-
TOMAaTU3UPOBAHHON peaqn3alny yKa3aHHbIE
npuka3dbl MuHUCTEpCTBA TpaHcopTa Poc-
cuiickoit Menepauuu u chopMyIMpoBaHa
METOAMKA aBTOMAaTH3allMM MOHMUTOpPUHTA
JIOPOKHOTO OBIDKeHUsI. Takoke Ha 0a3e 3Toit
METOIMKHU OBLT pa3paboTaH MPOEKT OpraHu-
s3aiuu CM/I1, KOTOpBIi TTO3BOJISIET OMpEe-
JISITh BCE TIapaMeTPhl IBYDKCHUS TSI OLIEHKU
KaJyecTBa IOPOKHOTO NBMXKEHUS HE TOJIBKO Ha
KaXJIOM y4JacTKe HOporu (mepekpécTke,
MEXIy IepeKpecTKamMu ), HO U Ha BCell Tpacce,
WJIM CeTH AOPOT B pexume 24/7.

Hnsa Toro 4ToOBl pelraTh MOCTAaBICHHbBIE
3agaun, CM/IJ] nomkHa obnagaTh Cleaylo-
UM (GYHKIIMOHATIOM:

* KPYIJIOCYTOYHO BBHITIOTHSIT BUIIEOCHEM-
Ky DOPOXHOM CETH,;

* 00pabaTbIBaTh BUIEOMATEPUAIIBI B TTO-
TOYHOM PEXHMME CO CKOPOCTHIO BBHIIIE, YeM
BHUJICO TTOCTYITAIOT;

* CUMTHIBATH PETUCTPAIIMOHHBIE HOMEpa
aBTOMOOUIIEH;

* OIpEACNISITh TapaMeTPhl ABVKECHUS;

* (hopMHUpOBaTh Oa3y mapaMeTPOB IBIXKE-
HUSI TI0 BCEM yJacTKaM JOPOTY Ha BeCh IepH-
o1 HaOTIOeHUS
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» obecnieynBaTh pabOTy ¢ 0a30ii JaHHBIX
(ocpemHenue, GUIBTPALINSI, BEIBOI OTUETOB).

PaccmoTpum, Kak 3TOT (PyHKIIMOHAJ pea-
JIN30BaH B pa3pabOTaHHOM IIPOTPaMMHOM
KOMILIEKCE.

Humencuenocmo nomoka

MHTEeHCUBHOCTD NBUXKEHUS OTIPEICIISICTCS
Mo HampaBJeHMsIM. HampaBneHus 3agarorcs
CTBOpaMU, yKa3bIBaeMBIMHU ITOJIb30BaTE/IEM Ha
Buzeo (puc. 3). JlocTyIHBI TpU TUIIA CTBOPOB:
BXOJIHOM, BEIXOJTHOM M CKBO3HOM.

Cocmas nomoka

KauecTBeHHBII aHAIU3 TPAHCIOPTHOIO
MOTOKA, MOoAJIepXX1BaeMblil B pa3pab0TaHHOMI
MporpaMMe, y4UThIBAaeT TPeOOBAHMS KaK ITPH-
Kaza MuHucTepcTBa TpaHcropTa Poccuiickoii
®denepaunu [5], Tak 1 HOPMATUBOB [6] — 15T
3aropoJHBIX AOPOT, [7] — mJIst TOPOACKUX 10~
por. TakuM oOGpa3oM, Halll MPOTPaAaMMHBIN
KOMITJIEKC pacTrio3HaET 21 TUIT TPAHCITOPTHBIX
CPEIICTB U MEIIEeX0I0B.

Crkopocmb 0suscenus

[To Buneon300pakeHUIO OTIPEICIISTFOTCS:

* MTHOBEHHasl CKOPOCTb B KaXkI01 TOUKe
TPaeKTOPUH;

YeObikuH U. A. ABTOMaTN3aLUsi MOHUTOPUHIra AOPOXHOIO ABMKEHUS C MOMOLLbIO KOMMbIOTEPHOIO 3pEHUs
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{ : Ta6amua 1
Onucanne JETEKTHPYEMBIX YYACTHHUKOB JOPOKHOI0 IBUKCHUA

(13 oTyéTa Mo 00padOTKe BUIEO, TeHEPUPYEMOTO IIPOTPAMMHBIM KOMILIEKCOM)

CokpalieHune PacmmdpoBka
1. JlerkoBoii aBTOMOOWITH 1. JlerkoBoii aBTOMOOUITH
2. MukpoaBToOyC 2. MukpoaBTobyc
3. MOTOLIMKII ¥ MOIIE] 3. MOTOLIMKII ¥ MOITEL,
4. Benocunen 4. Benocurnen
5. HeGoub1110ii rpy30BUK ((hyproH) 5. HebGoub1110ii rpy30BUK (hyproH)
6.2-0 Ipy30BUK 2—6 T 6. JIByXOCHBIii Tpy30BOil aBTOMOOIIb 2—6 T
7.2-0 Tpy30BUK 6—8 T 7. JIBYXOCHBIiA TPy30BOil aBTOMOOWIb 6—8 T
8. 3-0 rpy30BUK 8§—14 T 8. TpéxocHblii rpy30BOit aBTOMOOWIL 8—14 T
9. 3-0 rpy30BuUK > 14T 9. Tp€xocHbIii rpy30Boit aBTOMOOUIIL OoJiee 14 T
10. 4-0 rpy30BUK 10. YeTbIpEXOCHBIH TPy30BOIT aBTOMOOITH
11. 4-0 a-moe3n (2-o rp + 1) 11. YeTbIp€XOCHBII aBTOTIOE3 T (IByXOCHBII IPy30BOii aBTOMOOUJTH
C TIPULIETIOM)
12. 5-0 a-noesn 12. TIsaTnocHbIit aBTOMOE3. (TPEXOCHDII TPY30BOii aBTOMOOWIIb
(3-orp + 1) C TIPULIETIOM)
13. 3-o0 cen. a-moe3n (2-o cea. T + 1) 13. Tp€xoCHBIi cefebHBIN aBTOMOE3 T
(IBYXOCHBIi Cele/IbHBIIA TSIray ¢ MOJYIPULIETIOM)
14. 4-0 cen. a-noe3n (2-o cen. T + nm) 14. YeTbIpEXOCHBII ce/leIbHbII aBTOTIOE3]1
(IBYXOCHBIH CeeTbHBIN TATAY C MTOTYTTPULIETIOM )
15. 5-o0 cen. a-noe3n (3-o cex. T + 1) 15. TIaTHOCHBII CeneIbHBINA aBTOITOE3],
(TPEXOCHBIIA ceeIbHBII TSATaY € TIOJYNPULIETIOM)
16. 5-0 cen. a-noesn (2-o cex. T + 1) 16. TIaTHOCHBII CelleTbHBII aBTOIOE3
(IBYXOCHBII CeleNbHbIN TATau C MOJYNPULIETIOM)
17. 6-0 cen. a-moe3n 17. IllecTrOCHBIIA CeeIbHbBINM aBTOMOE3/, aBTOOYC 0C000 GOJIBIIOrO
KJjacca
18. ABTOMOOWIB ¢ >= 7 ocsIMU 18. ABTOMOOWITB C ceMbIO U GoJiee OCsIMU
19. ABTOOYC Masoii BMECTUMOCTH 19. ABTOOYC MaJoif BMECTUMOCTH
20. ABTOOYC cpenHeil BMECTUMOCTH 20. ABTOOYC cpenHeit BMeCTUMOCTH
21. ABTOOYC GOJIBIIIOI BMECTUMOCTH 21. ABTOOYC GOJIBIIIOI BMECTUMOCTH
22. Tponneitdyc 22. Tponneiibyc

23. CousieHEHHBII aBTOOYC / Tposuteitdyc | 23. CowleHEHHBIM aBTOOYC M COWICHEHHBIN TPOJLIEOyC

24. Tleuexoabt 24. Tlewexoabt

Puc. 4. Tennosas kapTa pacnpesesieHns CKOPOCTel ABUXEHUs M0 y4acTKy Aopory (npeasocTasieHo asTopoMm).

MWP TPAHCIOPTA, Tom 18, N2 6, 2020)
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Puc. 5. CkpuHLOT BU3yanusaunn GopMmupoBaHus odepeaer Ha nepekpecTke (aBTomobunu, nonasLume
B oYyepenb, 06beANHEHbI XENTLIMU (CBET/IBIMMN) IMHUAMM, SPJIbIYKU CMEHSIIOT LiBET C YEPHOI0 Ha KPaCHbI,
oTob6paxkaeTcs BpeMsi, NpOBeAEHHOE B 0Yepeam).

Puc. 6. fleTekumnss HOMepOB (c/1eBa) n aHaan3 NoToka asToMobusneli no Bugeon3obpaxeHuio (cnpasa). (JaHHbie
HOMepHOro 3Haka B nybiMkaunm 3apeTyLunpoBaHbi).

* CPeIHSSI CKOPOCTh Ha YYacTKE MEXIY
CTBOpaMU;

* cKopocTh ¢ 85 %, 95 % obecrieueHHO-
CTBIO.

J1J1s1 HATJISITHOTO OTOOPAXXEHUST pacIIpe/e-
JIEHUS CKOPOCTEN IBIKEHMS Ha IEPEKPECTKE
JOCTYITHA TETUTOBAast KapTa.

Iliomnocmo dsuncenus
TI10THOCTH IBVKEHMS IJIST y9acTKa TOPO-
T OTpenessieTcst o opmyie:

1 . ..
B aBTOMOOMIIeH, TPUBEIEHHBIX

K JIESTKOBOMY, Ha KUJIOMETD,
rae I — cpeaHuii BpeMeHHO MHTEPBa MEXLY
MpUBEAEHHBIMU aBTOMOOWIISIMU;

V — cpeqHsIsl CKOPOCTb IBUXEHUS TPaHC-
TMOPTHBIX CPEICTB Ha yY4acTKE TOPOTH.

Jlauna ouepeou

Pa3paboTaHHBI TporpaMMHBIN KOMILIEKC
MO3BOJISIET 10 BUACOM300paXKEHUIO OIIpe/e-
JITh IJIMHY O4Yepeau U BpeMsi, IPOBeAEHHOE
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aBTOMOOMJIEM B OUYepeau 0 paccMaTpuBae-
MOMY HaIIPaBJICHUIO, 8 TAKXKE BPEMsI CTOSIHKI.
Kputepuem normagaHus aBTOMOOWIISI B 04e-
penb SIBIIIETCS PACCTOSTHIE MEXKIY aBTOMOOM-
JISIMU B CBETY He OoJiee 5 M.

3adepicka ¢ deuxcenuu

Jns onpeneeHUs BpEMEHU 3a1epKKKU
IBIKCHMS BHAYaJIe HEOOXOIMMO OTIPEICIUTh
BpeMsl IIPEOJOJICHUs] Y4acTKa JOPOru Mmpu
cBobogHOM aBrxkeHuu. Kpurepuit cBo6oaHO-
ro OBWKCHUS 3amaéTcs IOJb3oBaTesieM Kak
MMHUMAaJIbHBII MHTEPBaJl MEXKIy aBTOMOOM-
JISMM TIPY CKOPOCTH IBYDKEHUS 00JIiee TTopo-
rOBOro 3HauyeHus. B ciydae, eciiv HeT JaHHBIX
10 CBOOOHOMY IBMKEHMIO, TO OHU OIIpe/Ie-
JISTIOTCST Yepe3 MaKCUMaJIbHO Pa3peli¢HHYIO
CKOPOCTb Ha y4acTKe JOPOIH.

Jlanee Ha OCHOBE COOpaHHBIX BUIEOIaH-
HBIX OIPEAEISIIOTCS BBIYKMC/ISIEMbIE Mapa-
METPbI IBYKEHUS:

* YpPOBEHb OOCIYKMBAHUSI;

* [I0Ka3aTellb IePerpyKeHHOCTH;

YeObikuH U. A. ABTOMaTN3aLUsi MOHUTOPUHIra AOPOXHOIO ABMKEHUS C MOMOLLbIO KOMMbIOTEPHOIO 3pEHUs




* BPEMEHHOU UHIEKC;

* OydepHbIil MHIEKC.

ITo 3ampocy pe3ysnbraThl aHaJIM3a BBIBO-
narcsa B MS Excel.

NMPOEKT CUCTEMbl MOHUTOPUHTA
AOPO>XHOIo ABM>XXEHNUA (CMAA)

Bwin paspaboran mpoexkt CMJIJI nuist Tpac-
cbI 1500 kM, koTopast paszaeneHa Ha 300 yuact-
KOB. Bxom 11 BBIXOM KaXKIIOTO Y9acTKa OCHAIIIA-
eTca Kamepamu. CructeMa BeIET MOHUTOPUHT
JIOPOXHOTO ABMKeHUs 24/7 TIOJIHOCTHIO aB-
TOMaTUYCCKHU, 3aKpbIBasl BCe TPeOOBaHUS
TOKYMEHTOB [4; 5].

st peanu3aivu JaHHOTO TTPOeKTa ObUTN
00BEeIMHEHBI ABE TEXHOJIOTMU: PacIio3HaBa-
HHE HOMEPOB U JEeTeKIIS aBTOMOOMJICH IO
BUIEOM300paKEHUIO.

DTO TMO3BOJNIO: BO-TIEPBBIX, CTPOUTH
MaTpuIly KOPPEeCTIOHIEHIIMY, HAOIIo1as aB-
TOMOOMJIb C Pa3HBIX KaMep, T.€. IT0 BCEil CeTn
nmopor, ocHaméaHo CM/I/I; BO-BTOPHIX,
ITOJTy9aTh Bce HCOOXOMMMEBIC TaHHBIE 00 aBTO-
MOOUJIe O BUAEOU300pakeHNIO O6€3 MOIKIIO-
yeHus K 6a3ze naHHbix MBI, yTo peunio
BOIIPOC C TIEPCOHATBHBIMU TaHHBIMMU.

ITpu aTOM, IIpOBEIS TITYOOKYIO OIITUMMU--
3aIAI0 aITOPUTMOB KOMIBIOTEPHOTO 3pe-
HUSI, YOAJOCh HACTOJIBKO CHU3UTh CHUCTEM-
HbIe TpeOOBAHUS, YTO 33TO IMO3BOJIUIO
YIpaBIISTh ceThio 13 100 Kamep Bcero OmHUM
cepBepoM B MOTOKOBOM pexume. Oomiast
CTOMMOCTh CHUCTEMBI COCTaBUJIa BCETO
100 TBIC. PYO./KM.

KPATKME BblBO4bl

[ToTpeGHOCTH B TAHHBIX O TPAHCTIOPTHOM
MOTOKE HACTOJIBKO CO3pesia, UTO €CTh FOTOB-
HOCTb BBICTABJISITH TIO YEJIOBEKY Ha KaXIbIe
300 M moporu ans ux coopa [4]. [1pu sTom
KAa4yeCTBO TaKUX JTaHHBIX OCTABJSET XeJaTh
ayqurero [1]. C momombio CM/IJI, koTopoit
co3aaTeNM KOMIUIEKCa MPEeiaraloT OCHACTUTh
CeTh 00CIeAYEMBIX JOPOT, 3TU JAHHBIE MOXHO
TOJTIy4aTh KaxIble TSTh MUHYT C TOYHOCTHIO
95 %.

st Toro 4ToOBl YNIpPaBIATh KAKUM-TO
TIPOIIECCOM, HEOOXOIMMO 00J1a1aTh JAHHBIMHI
0 HEM. ToNbKO perysipHO coOupasi ToJIHbIE
¥ TOCTOBEPHBIE TAHHBIE O JOPOXKHOM JIBUKE-
HUM, MBI CMOXKeM TTepeiTh K co3manuto UTC.
s pemueHus 3amadyu cOopa JaHHBIX U ObLT
CO3[1aH ONHUCAHHBIA NPOTPAMMHBIN KOMII-
JIEKC.
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ABSTRACT

The objective of the article is to describe
application of computer vision and artificial intelligence
technologies for solving the problems of road
infrastructure design.

The article evaluates the traditional methods of
quantitative and qualitative analysis of traffic flows in
terms of labour intensity and accuracy using the
method of comparative analysis, the advantages and
disadvantages of the considered methods are
indicated. A new method of traffic flow analysis using
unmanned aerial vehicles and computer vision
technology based on convolutional neural networks
is proposed. The considered method makes it
possible to fully automate collection and analysis of
data on traffic flows. The article describes the first
application of the proposed method when performing
transportand economic surveys within the framework
ofthe design of «Northern bypass of the city of Perm».
The advantages of the applied method in relation to
the traditional ones are described. To implement this
project, software was developed for analysing traffic
flows using video materials.

|
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Further, traffic monitoring is considered, its goals
and objectives are described, the necessary
functionality of the road traffic monitoring automation
system is indicated, the traffic parameters that it
should determine are listed. The methodology for
implementation of an automated traffic monitoring
system based on video materials on a section of the
road is considered.

A presented project of a traffic monitoring system
makes it possible to extend the previously considered
approach to the entire road network. Technologies
are described that make it possible to implement this
system based on video analytics of materials from
CCTVcameras. A method for vehicle re-identification
is proposed, and the implementation of this method
is demonstrated. The method allows building a
correspondence matrix of vehicles recorded by CCTV
cameras located on different segments of the road
network, as well as determining all traffic parameters
for the entire street and road network.

The conclusions outline the prospects for
development of the developed software in terms of
application in intelligent transport systems.
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he objective of the article is to consider
I the opportunities that computer vision
and artificial intelligence technologies
can provide for the transport industry. For the
first time in Russia, transport and economic
surveys were carried out using artificial
intelligence, as part of the design of «Northern
Bypass of the city of Perm», carried out by JSC
Giprostroymost Institute. Traffic intensity was
recorded through video filming from an
unmanned aerial vehicle and subsequent
analysis of video materials using TrafficData
software package according to the methodology
of transport research.

Modern methods of recording of traffic
intensity

Professor of MADI [Moscow automobile
and road construction state technical university]
M. R. Yakimov analysed in detail the «modern»
methods of accounting for traffic intensity in
his monograph [1]. At the example of research
carried out in Perm, professor Yakimov
considered three main methods used in
practice:

1. Manual method: direct data collection is
performed by the accountants. «These are
specially trained people who stand at
intersections during the day and measure traffic
from different directions».

2. Semi-automatic method: data collection
is carried out using video equipment, which
allows video filming at the entire surveyed
intersection, and the collected information is
processed manually.

3. Automatic method: with the help of
transport accounting detectors. The method is
relevant for the sections of the road network
where the equipment is installed.

The methods were evaluated according to
the following indicators:

* One-time costs.

+ Current costs.

» Time costs for collection/processing of
information.

+ Assessment of quality of data collected.

The method of comparative analysis has
shown that the third method is the costliest
from a financial point of view, since it requires
installation of sensors for each lane. Accordingly,
the first method is the least expensive. An hour
was spent on processing the collected materials
according to the first method, three hours were
spent according to the second method, and 15
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minutes were spent according to the third
method. The second method is the most
accurate, because it allows to count and
re-count cars from video recording several
times, which eliminates the factor of human
error. Therefore, the semi-automatic method
was taken as a reference. When compared with
the standard, the first method showed relative
deviations from 3 to 33,5 %, the third — from
710 57 %. Such errors of the third method are
caused by inaccuracies in reading information
and imperfection of the devices available to
researchers.

Hence, comparative analysis has shown that
to obtain initial information for single
intersections, it is necessary to use a semi-
automatic method of collecting information.
If the use of a semi-automatic method of
collecting information is impossible at the
intersection under study, then it is advisable to
use a natural method of collecting data. Data
collection with the use of transport metering
sensors showed unreliability of data received,
the errors are more than 20 %.

Experience of application of computer vision
technology and artificial intelligence

'With the advent of quadcopters in our life,
the method of video recording has become
even more relevant, since now we are not tied
to the places where cameras for monitoring
traffic conditions are installed and can cover
the entire intersection, which allows us to
simultaneously record movement of cars in all
directions. However, statistical analysis of the
costs of similar tasks has shown that processing
of such video materials presents a certain
complexity. For example, it turned out to be
rather difficult to determine the traffic
intensity in each of the nine directions at the
roundabout in the gate of General Butkov
Street (Kaliningrad) shown in Pic. 1.

The development of computer vision and
machine learning technologies has made it
possible to automate this task. The developed
software, built based on the latest convolutional
network architectures, made it possible to
bring the semi-automatic method described
by M. R. Yakimov to a fully automated one.
Once again, artificial intelligence has made it
possible to save a person from routine tedious
work.

With its help, labour costs for collecting
data on traffic flows at an intersection or on
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Pic. 1. Surveying a circular intersection from a quadcopter (provided by JSC Giprostroymost Institute).

a road section are significantly reduced. As
a result, within the framework of ordinary
transport and economic surveys, using the
method of simple mathematical analysis, it
was possible to deduce real distribution of
traffic intensity throughout the day. Now there
is no need to use the coefficients of unevenness
to determine the average daily intensity given
in [2]. It is known that these coefficients are
determined based on measurements made on
Moscow Ring Road using sensors [3].
Essentially, this data constitute a particular
case and cannot be used universally.

In thisway, data collection at an intersection
or road section is automated by analysing video
images using computer vision, for example, in
order to optimise traffic flows using the
method of mathematical modelling.

In Russia as part of implementation of the
state program «Safe and High-Quality
Highways», the Ministry of Transport of the
Russian Federation approved orders on the
need to monitor road traffic [4; 5]. To
implement these activities in the country, it is
necessary to automate macro-research.

Similar systems have recently appeared
abroad, especially in Europe and North
America, where traffic monitoring is regularly
carried out along the main transport arteries
of agglomerations, as well as in cities. The
products of such companies as DataFromSky
(Czech Republic), GoodVision (Great
Britain), Miovision (Canada), etc. are
excellent examples there-of.

Road traffic monitoring

To begin with, let us formulate the goals of
traffic monitoring. In Russia in conformity with
the analysis of the documents [4; 5] they are as
follow:

» To assess the current quality of traffic
management.

* To determine priority measures to
improve quality of traffic management of the
road network.

* To evaluate the effectiveness of measures
taken to improve quality of traffic management.

To achieve these goals, it is necessary that
the road traffic monitoring system (RTMS)
could solve the following tasks:

* To identify the parameters of road traffic.

 To accumulate data on traffic parameters.

+ To generate reports on changes in traffic
parameters in a visualised form.

So, we are talking about the parameters of
the road traffic specified in [2; 5] and shown in
Pic. 2.

To solve the problems described above, the
cited orders of the Ministry of transport of
Russian Federation were systemised and adapted
to automated implementation, and a metho-
dology for automating traffic monitoring was
developed. Also, based on this methodology,
a project for the organization of RTMS was
developed, which allows determining all traffic
parameters to assess quality of traffic not only
on each section of the road (intersection,
between intersections), but also on the entire
highway, or road network in 24/7 mode.
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To solve the assigned tasks, RTMS must
have the following functionality:

* Video filming of the road network around
the clock.

* Processing video materials in streaming
mode at a speed higher than the incoming
video.

+ Reading of license plates of vehicles.

+ Identifying of traffic parameters.

* Development of a data base of traffic
parameters for all road sections and for the
entire observation period.

* Ensuring work with database (averaging,
filtering, development of reports).

Let us see how this functionality is
implemented in the developed software system.

Flow intensity

Traffic intensity is determined according to
directions. The directions are set by the gates
indicated by the user in the video (Pic. 3). There
are three types of gates: entrance, exit and
through ones.
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Pic. 3. Arrangement of gates on video using the interface (provided by the author).

Flow composition

The qualitative analysis of traffic flow,
supported in the developed software considers the
requirements of both the order of the Ministry of
Transport of the Russian Federation [5] and the
standards for suburban roads [6] and for urban
roads [7]. Thus, our software complex recognizes
21 types of vehicles and pedestrians.

Motion speed

By video image it is possible to determine:

« Instantaneous speed at each point of the
trajectory.

» Average speed in the section between
gates.

» Speed detection capacity ensured with
85 %, 95 % rate.

A heat map is available for visual display of
distribution of motion speeds at the intersection.

Traffic density
Traffic density for a road section is
determined according to the formulae:
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Table 1
Description of detected road users (from the video processing report generated

by the software complex)
Abbreviation Explanation
1. Passenger car 1. Passenger car
2. Minibus 2. Minibus
3. Motorcycle and moped 3. Motorcycle and moped
4. Bicycle 4. Bicycle
5. Small truck (van) 5. Small truck (van)
6.2-atruck 2—6t 6. Two-axle truck of 2—6't
7.2-atruck 68t 7. Two-axle truck of 6—8 t
8. 3-atruck 8—14t 8. Three-axle truck of 8—14 t
9.3-atruck > 14 t 9. Three-axle truck over 14 t
10. 4-a truck 10. Four-axle truck
11. 4-a r-train (2-a truck + t) 11. Four-axle road train (two-axle truck with a trailer)
12. 5-a r-train (3-a truck + t) 12. Five-axle road train (three-axle truck with a trailer)
13. 3-asem. r-train (2-asem. t +st) | 13. Three-axle semitrailer road train (two-axle semitrailer tractor)
14. 4-a sem. r-train (2-a sem.t + st) 14. Four-axle semitrailer road train (two-axle semitrailer tractor)
15. 5-a sem. r-train (3-a sem.t + st) 15. Five-axle semitrailer road train (three-axle semitrailer tractor)
16. 5-a sem. r-train (2-a sem. t + st) 16. Five-axle semitrailer road train (two-axle semitrailer tractor)
17. 6-a sem. r-train 17. Six-axle semitrailer road train, extra large bus
18. Car with >= 7 axles 18. Car with seven or more axles
19. Bus of small capacity 19. Bus of small capacity
20. Bus of average capacity 20. Bus of average capacity
21. Bus of large capacity 21. Bus of large capacity
22. Trolleybus 22. Trolleybus
23. Articulated bus/trolleybus 23. Articulated bus and articulated trolleybus
24. Pedestrians 24. Pedestrians
o
Pic. 4. Heat map of distribution of motion speeds on the road section (provided by the author).
p=—'_ cars, normalized to passenger cars, Queue length
I-v The developed software complex allows
per kilometre, determining the length of the queue and time

where / is average time interval between spent by a car in the queue in the considered
normalized cars, and ¥ isaverage motionspeed direction, as well as the parking time using the
of vehicles at the road section. video image. The criterion for getting a car into
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Pic. 5. Screenshot of visualization of queuing at the intersection (cars in the queue are united by yellow (lighter)
lines, the labels change colour from black to red, time spent in the queue is displayed).

Pic. 6. License plate detection (left) and analysis of car traffic by video image (right).
(License plate is partially retouched for publication).

the queue is the distance between cars which
in the light is no more than 5 m.

Traffic delay

To determine traffic delay time, first it is
necessary to determine time to overcome the road
section while there is a free movement. The free
movement criterion is set by the user as the
minimum interval between cars at a speed of more
than a threshold value. If there are no data on free
movement, then they are determined through the
maximum permitted speed on the road section.

Then, based on data collected from the
video, the calculated traffic parameters are
determined:

« Service level.

* Overload indicator.

* Time index.

+ Buffer index.
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Upon request analysis results are displayed
in MS Excel.

Project of road traffic monitoring system

The project of RTMS for a highway of
1500 km, divided into 300 sections, was
developed. The entrance and exit of each
section is equipped with cameras. The system
monitors traffic 24/7, fully automatically,
responding to all requirements [4; 5].

To implement this project, two technologies
were combined: license plate recognition and
vehicle detection with video.

Thisallowed: first, to build a correspondence
matrix, observing the car from different
cameras, i.e. across the entire road network
equipped with RTMS; second, to receive all
the necessary data about the car from the video
images without connecting to the traffic police
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database, which resolved the issue with personal
data.

At the same time, after deep optimisation
of computer vision algorithms, it became
possible to reduce system requirements to
such extent that it made it feasible to
manage a network of 100 cameras with just
a single server in streaming mode. The total
cost of the system was only 100 thousand
roubles/km.

Brief conclusions. The need for traffic data
has matured so much that readiness was
manifested to set up a person per each 300 m
of road every year to collect those data [4],
while quality of such data leaves much to be
desired [1]. With the help of RTMS, with which
the authors of the system propose to equip the
network of surveyed roads, this data can be
obtained every five minutes with an accuracy
of 95 %.

To manage any process, it is necessary to
have data about it. Only by regularly collecting
complete and reliable traffic data we can move
on to the creation of ITS. The described
software system was created to solve that
problem of data collection.
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B crarbe onvcaH HoBbIV Criocob NpoBEAEHNs reopaanooKka-
LIMOHHOro 06c¢1e[0BaHNs OTKOCHbIX 30H FPYHTOBbLIX 0ObEKTOB
TPaHCMOPTHOV MHGPACTPYKTYPbI. B inTonornyeckom paspese atmx
06BLEKTOB MPUCYTCTBYIOT CYOropU30HTASIbHBIE Y HAKITOHHBIE MPaHN-
Lbl pasaena rpyHToB, a Takke OTKOCHbIE 30HbI. TPanuLUMOHHbIE
meToabl obcnenoBaryis (BypeHve, LwypgoBaHue), a Takke CTaH-
[aPTHbIV METOL reopaamnosiokaLmm no3BosIOT AOCTOBEPHO 00C/Ie-
[10Bath Ha 3TUX 0OBEKTaX, Kak Mpasusio, JINLLb 30HbI 0 rOPU30OH-
TasIbHOVi OCHOBHOW MJ10LLAKON 3€MJISTHOMO M0JI0THA U CYOropy30H-
TasIbHbIE Y4acTK1 OCHOBaHWsI BHE ero rpaHul. O6cienosaHne nos
HaKJIOHHbIMY MOBEPXHOCTSMY YaCTO 3aTPYAHEHO NI TEXHUHECKN —
reogusnyeckie MeTosbl, TakXe Kak v TDaAULIMOHHbIE, AaloT BECb-
Ma CJIOXHYIO AJ151 AasibHEeLLEe PacLun@pOBKU NCXOAHYIO MHPOP-
mauuio. Pa3pesabl 3anosHeHbl NepeoTpaxeHnsMmn 1 nomMmexamm,
a npoLecc vx pacLUM@pPOBKY CBSI3aH C GOIbLLIMMU METOANYECKMU
npo6aemamum.

B.naHHoV paboTe npesncTas/ieH HOBbIV criocob onpeneneHvs
CKOPOCTEV pacrnpoCcTpaHeHUs PaaN0oBOJIH B MPUOTKOCHBIX 30HaX
JI0POXHOIro 3eMJISIHOro rnoJoTHa. MicxoaHou nHdopmaumeri sis-
JISOTCS flaHHbIe, MOJy4eHHbIe rpu 06caen0BaHnm MeTon0M 06-
wievi rny6uHHov Touku (OIT), npy 3TOM NPUMEHSIETCS] U3BECTHas!

rogorpag, ANaneKTpu4deckas npoHNLAaeMoCTb, OTKOC.

FenHaguin CTOAHOBUY

Ilynamenxo Buxmop Buxmoposuu — Jlanvhesocmounbiii 20Cy0apcmeeH blll yHUeepcumem nymei cooOueHus
Cyxobox FOpuii Andpeesuy — Jlanvregocmounblil 20cyoapcmeennblii yrugepcumem nymeti coobuenus (IBIYIIC),

Cmosnosuu Iennaouii Muxaiiaosur — /lanvrnegocmounbwlii 20cy0apcmeertblil yHugepcumem nymeii coooujeHus

meToanka 06cnenoBaHns U CTaHAaPTHbIM HAbop annaparHbiX
cpencTs. HoBu3Ha pe3ynbtaTtos CTaTby OnNpenensercs paspabo-
TaHHbIM aBTOPaMu aropuTMoM 06paboTku Pe3ybTaToB U3Me-
PeHUIi. BbIMOIHEHHAs! Ha ero OCHOBE NPOrpamMMHas peann3aums
1aET BO3MOXHOCTb r0J1y4eHyIs1 ypaBHeHus1 rogorpaga c y4éTom
HakJI0Ha C/I0EB. Y4TeHbl onpeaensiowmne reomeTpnieckme xa-
PaKTePUCTUKN HAChINER — HaIM4Yne OTKOCOB MEPEMEHHOM KPY-
TU3HbI. [peanoxeHa meToaunka pacyéta CKopocTy pacrnpocTpa-
HEeHWs PaanoBOJIH )15 ABYXCIIOMHOM CPEeAbl C rpaHnLei, Hakio-
HEHHOV K MOBEPXHOCTY CKaHWpPOBaHWs. BbirnosiHeHa nposepka
/ZI0CTOBEPHOCTY pa3paboTaHHOro crocoba C MoMoLLbI0 MOAENN-
[POBaHVISi METOLOM KOHEYHbIX Pa3HOCTEV BO BDEMEHHOV 06,1aCTu.

B cTarbe npuBeaeHs! pUMepsb! PakTUHeCcKoro NPUMEHeHUs!
paspaboTtaHHOro meroaa rnpu reopasapHom obcnenoBaHumn
peasibHbIx 00bEKTOB 3EMJISIHOI0 M0JI0THA (06 LEKTOB TPAHCIOPT-
HOVi NHPPACTPYKTypsbl). [1peanoxeHHbIi B cTatbe MeTos AaéT
BO3MOXHOCTb yBE/IMYEHWNS1 MHOPMAaTUBHOW nioLLaan obenenye-
MbIX [1011€PEeYHNKOB. [Py 3TOM COXpaHSIeTCsl TOYHOCTbL reopasap-
HOro MeToAa, yBeNYNBAETCS 30Ha €ro MPUMEHEHUS AJ1s 01y~
4eHus1 4OCTOBEPHOU nHdopmaumv no 60 % ot naoLaan none-
PEYHOIro CevyeHusi 3eMJISIHOro MoJI0THA.

Knto4eBble cnoBa: TpaHcropT, Xene3Hsie 4opory, reopaamnonokaums, reopasap, 3eMIsiHoe noja0THO, MeTo4 O6LLer r1yOUHHOUN TO4KY,

*Nudopmaums 06 aBTopax:

For the English text of the article please see p. 98.
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BBEOAEHUE

KauecTBeHHbIC MHXEHEPHbIE PeLICHUS
JIOJDKHBI OBITh OCHOBAaHBI Ha JTOCTOBEPHOM
MCXOAHOI MHMopMaLyu. J1Jist MpoeKTUpoBa-
HUSI 36MJISIHOTO II0JIOTHA, 00eCIIeYeHUsI ero
MIPOYHOCTU M HAAEXHOCTU TPEOYIOTCSI He
TOJILKO IPOYHOCTHBIE U JehopMallMOHHbIE
XapaKTePUCTUKU TPYHTOB, HO U JJaHHBIE O Fe0-
METPUHU CJIOEB IpyHTa. 3agavya MOJydeHUs
00BEKTUBHOM MH(MOPMALIMU ITPU 00CIea0Ba-
HUU 00beKTa (MHXKEHEPHO-TEOJIOTMUYECKOM,
reo(GU3NUECKOM U IPYTUX) SABJISIETCS aKTyallb-
HOI. MeTon reopaaroioOKaliy MO3BOJISIET
peliaTh 3aa4y OIpeaeIeHUs TPaHULL CIOEB
TPYHTOB 3eMJISTHOTO IOJIOTHA, €T0 OCHOBAaHMS
[1; 2], mo3BOJIsIET BHIIBUTH OCOOEHHOCTH
CTpOeHMST 00BEKTa, BOCCTAHOBUTH UCTOPUIO
€r0 COOPYKEHMSI, ITOCJIEI0BATEIBHOCTh paboT
MO PEKOHCTPYKIIMU U BOccTaHoOBIeHMI0. He
MEHEee aKTyaJIbHBIMU SIBJISIIOTCS 331241 ITOMC-
Ka MOBEPXHOCTE! CMEILICHUS OIOJI3HEBBIX
MaccuBoB [3; 4]. B 0coObIX yCIOBUSIX, HATIPU-
Mep, IMPU HaJUYUKM MHOTOJIETHEMEP3JIBIX
TPYHTOB B 3¢MJISTHOM I10JIOTHE ¥ €r0 OCHOBA-
HuM [5], reopamapHoe odcliefoBaHUE B COUe-
TaHUU C APYTUMU T'e0(U3MIECKUMU METOIaMU
MO3BOJISIET OIIPEIEISATh Pa3IMYHbIC 110 PU3K-
YECKUM XapaKTepHUCTHUKAM CIIOU.

K npeumyiiecTBaM reopagapHoro oocie-
JIOBaHUSI CJIEAYeT OTHECTU €ro HEBBICOKYIO
CTOMMOCTD (CPaBHUTEIBHO C TPATULIMOHHBI-
MM METOAaMM), BO3MOXHOCTh BBIITOJTHEHMS
paboT B TaKUX YCJIOBUSIX, Ie IPUMEHEHUE,
Hampumep, OypoBOii YCTaHOBKHU 3aTPYIHEHO
WIM BOOOIIIe HEBO3MOXHO. Hebobliioii Bec
000pyI0BaHUs U COCTaB UCIOJHUTENEH (Kak
MPaBWJIO, ABA-TPU Y€JOBEKa), BHICOKASI CKO-
POCTh O0C/Ie0BAaHMS TIPOTSKEHHBIX TPAHC-
IOPTHBIX COOPYKEHUIM TAKXKE SIBJISICTCS BaxK -
HBIM IIPEUMYIIECTBOM.

OcOOEHHOCTBIO MCXOIHBIX T€OPaIMOIOKA-
LIMOHHBIX JaHHBIX (pagaporpamm) siBJIseTCs
TO, YTO OHU SIBJISIIOTCSI BpDEMEHHBIMU pa3pe-
3aMU, TO €CTh Ha HMX OTOOPaKAETCs 3aBUCH -
MOCTb aMIUIMTYIbl CUTHAIa OT BPEMEHM €ro
BO3BpalLeHUs K TPUEMHOM aHTeHHe. OIHAKO
JUTSL peLLIEHMST MHXXEHEPHBIX 3a7a4 TpeOyeTcs
IOCTPOCHUE [IIyOMHHOrO paspesa. st BbI-
MOJIHEHMSI TIPpeoOpa30BaHMsI UCXOIHOTO Bpe-
MEHHOT0 pa3pe3a B IIIyOMHHBIA pa3pe3 (Mu-
rpauumn) TpedyeTcsl BBIOpaTh KOPPEKTHYIO
CKOPOCTHYIO MOJIEJTb cpebl [6—8].

CKOpOCTb pacCIpOCTPaHEHMS AJIEKTpOMar-
HUTHBIX BOJIH B CPEJie 3aBUCUT OT €€ 3JIEKTPO-
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(bm3MIecKux CBOMCTB, B YaCTHOCTH, OT OTHO-
CUTETLHON TUAJIEKTPUUECKOI TTPOHUIIAEMO-
cth g. IuaneKTpuieckass TPOHUIIAEMOCTb,
B CBOIO OUE€pE/Ib, OTIPEAEIISIETCSI BUIOM TPYHTA
" ero (U3NYECKUMHU CBOMCTBAMU. DKCIIEPH-
MEHTaMHU YCTaHOBJIEHO [6; 7; 9], 4TO HauGOJIb-
1ee BAMSHUE Ha JUAJIEKTPUIECKYIO0 TTPOHU-
11aeMOCTh OKa3bIBaeT BIaXHOCTh TPYyHTA
M, B MEHBIIIEWl CTeIeHU, — TeMIeparypa
IPYHTAa, TJIOTHOCTD W IPYTUE TTapaMeTpPhl.

CyIIecTBYIOT CIIPaBOYHbBIE TAOJUIIBI, TTO
KOTOPBIM MOKHO OIIEHUTh CKOPOCTh PacIipo-
CTpaHeHUsI paJlMOBOJH B 3aBUCUMOCTHU OT
BU/Ia TPYHTa U KAaYeCTBEHHOM OLIEHKU €TO
COCTOSTHMSI (BJIAXKHOE, CYyXO€, TAJIOE IT MEP3-
soe) [6; 9]. OnHako aHaIM3 JAaHHBIX ITOKA3bI-
BaeT, UTO Jaxe JUISI OHOTO THUIIA TPYHTa
JTMAITa30H U3MEHEHUS XapaKTepUCTUK 3HAUM -
TeJIeH. DTO MPUBOIMT K TIOTPEIITHOCTH B OTIpe-
JIeJIeHUU TeOMETPUM CI0EB rpyHTOB. Kpome
TOTO, BUJI TPYHTA M €T0 COCTOSTHUE 3a4aCTyIO
3apaHee Heu3BeCTHbI. [loaTOMy HEOOXOTUMBI
METO/IbI, ITO3BOJISIIONINE HEeTIOCPEJACTBEHHO
B ITOJIEBBIX YCIIOBUSIX OTTPEIEIISITh CKOPOCTHBIE
XapaKTEePUCTUKU cpell. 3a MOCeHNE TOIbI
ObLI pa3paboTaH psi TAKUX METOMIOB.

Metoa nondopa [10] ocHOBaH Ha UCTOJIb-
30BaHUM PE3YJIBTAaTOB KOHTPOJILHOTO Oype-
Hus. [IpuBsizka c10€B OCYHIECTBISETCS
CBEpXYy BHU3, MO ocsiM cuHdazHocTu. Kaxnas
ocb cMH(A3HOCTH Ha paiaporpamMmme TIpeIIo-
JIOXKUTEJIbHO KOPPEIUPYET C TPAaHUIIEH CITOEB
Ha ckBaxuHe. [1o u3BeCTHOI TOMIIMHE CIOEB
U BPEMEHHBIM OTMETKaM PacCUMTBIBAIOTCS
HMCKOMBIE CKOpocTH. B cityyae HemocToBepHO-
CTH TIOJIyYMBIIMXCSI 3HAUEHUI TeKyIlasi OCh
cuHda3HOCTU OTOPAKOBBIBAETCST U TIPOIIECC
noBtopsieTcs. HegoctaTtok aToro cnocoba
3aKJTI0YAETCsI B TOM, YTO TTPOBE/IEHIE OYPOBBIX
paboT n1oporo, TPyLOEMKO M 3a4acTylo He
HACTOJIBKO OIepaTUBHO; TIpU paboTe Ha psie
00BEKTOB HE BCeria MOXKHO OBITh YBEPEHHBIM
B JIOCTOBEPHOCTH TPEIOCTABISIEMbIX T€0JIOTa-
MM JaHHBIX. Takke HET HUKAKWUX rapaHTUil
TOTO, YTO BbIIEJIEHHAs OCh CMH(a3HOCTH
KOppeJIupyeT UMEHHO C TpaHMIIel pasziesa
CJI0€B, a HE C TIOMEXOi WJTH TTePeoTPaKeHUEM.
Kpome Toro, nHXeHepHO-Te0I0rnuecKoe
OypeHue gaéT MHMOpPMaLMIO TOJBKO B OJHO
TOUKe (CeYeHUN) pa3pesa, Torna Kak CKOpOCT-
HbI€ XapaKTepUCTUKN TPYHTOBBIX CPEJl MOTYT
CYIIIECTBEHHO MEHSITHCS BIIOJIb TTPOUIS.

Psi npyrux MeTooB OCHOBaH Ha TIPSIMOM
U3MEPEHUN AUBIEKTPUIECKON TPOHUIIAEMO-
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B OTKOCHBIX 30HaX 3EMJISIHOr O MOJIOTHA NPY reopafaapHOM 00cnefoBaHUm




ctu. OTOupaercs npobda, KOTopasl 3aTeM UC-
TIBITBIBAETCS B JJAOOPATOPHBIX YCIOBUSX ped-
JieKToMeTpoM [6]. CITOXKHOCTD 3TOTO CIIOCO-
0a 3aKiI04aeTcs B HEOOXOAUMOCTU UCTIONb-
30BaHUS JOPOTOCTOSIIETO J1abOPaTOPHOTO
obopynoBaHus. M3BecTHa MoauuKauus
9TOoro merona [11], cBsI3aHHast ¢ OTKOIKOI
urypda v mpoBeieHueEM UCTTBITAaHUS C TIOMO-
1IbI0 Teopagapa, KOHCTPYKIMS KOTOPOTO
MMO3BOJIsIET Pa3HOCUTh aHTeHHBI. OgHAKO
U 9TOT METOJI TPYIOEMOK, a PE3YJIBTaThI IIPU-
BsI3aHBI K KOHKpeTHO Touke. Kpome Toro,
C €T0 TIOMOIIIBIO MOXHO OTPEETUTh CKOPO-
CTH JINTIb B IIPUTTOBEPXHOCTHBIX CIIOSIX 3€M-
JISTHOTO TIOJIOTHA.

HaubGonee pacnpocTpaHEHHBIN CIIOCOO
oTpe/ieIeHUsI CKOPOCTe OCHOBaH Ha BBIIE-
JleHUU TUhPpaKIIMOHHBIX TUTIEPOOT Ha paja-
porpammMme. JIuppakiMOHHbIE TUIIEPOOIbI
BO3HUKAIOT TIPY HAJMYUU B Cpene O0beKTa,
TIOTIepeYHbIe Pa3Mephbl KOTOPOTO HE TPEBbI-
AT IJIUHY paauoBOJHBI [6]. MckoMble
CKOPOCTH OTIPENEISIOTCS 10 yIIy HaKJIoHa
BeTBell nudpakiMoHHO! runepoosbl. Hemo-
CTaTKOM 3TOTO METO/1a SIBJISIETCS TO, YTO YACTO
9TU 0OBEKTHI pacIoyIaraloTcsl HepaBHOMEPHO
o JjuHe u rayouHe npoduns. He Bcerna
ouepTaHusl TUTEpOOJI MOXHO YBEPEHHO BbI-
JIETUTh.

Ecnu KoHCTpyKIIMsI reopanapa mo3BoJsieT
U3MEHSITh PACCTOSTHUE MEXXIy aHTeHHAMU, TO
OTIpeIeNISITh CKOPOCTH MOXHO C UCITOJIb30Ba-
HUEM TeopagapHOTO 30HAMPOBAHMS Ha TTepe-
MEHHOI1 0a3e Mo MeToAy oOlIel TTyOUHHOMI
touku [2; 10; 12]. ITpu obpaborKke pamsapo-
rpaMM, TIOJTyYeHHBIX TTPU TAKOM UCTIBITAHWH,
BBIICJISIIOT TUITEPOOTMUEeCKe Toaorpadbl
oTpaxk€HHBIX BOJIH. [To HUM onpeaensoTcs
CpeaHeKBaJApaTUIHbIe 3HAYEHUSI CKOPOCTHU
pacrpocTpaHeHUsT BOJTH, KOTOPBIE 3aTeM Tie-
PECUUTHIBAIOTCS B MJIACTOBBIE CKOPOCTHU
B ci10sx 1o (popmyiie Ypynoa—/ukca [13; 14].
Pabora aTumM MeTOomOM TpebOyeT XOPOIIETo
KavyecTBa MCXOMHOM MH(pOpMAIUK, TaK Kak
TpY OOJTBIIIOM KOJTMYECTBE TTIOMeX U HEBEPHO
MOI00PaHHBIX XapaKTePUCTUKAX 000py10Ba-
HUs Togorpadbl BBISIBISIIOTCS HEYBEPEHHO
(ecau BOOOILE BBISBISIOTCS), YTO MTPUBOIUT
K IOTPELTHOCTSIM B OTpeNeIeHUN 3HAaYeHU
CKOpPOCTEM.

EcTb 1 ipyruie MeTO/IbI, CBSI3aHHBIE C aHA-
JIN30M aMIUTUTYJ OTpaXXeHU oT rpanHull [15;
16]. OnHako OHU Takke B OCHOBHOM paboTa-
0T TOJIBKO JUISI BEpXHEW YacTU o0cenyeMoit
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cpenbl. TakuM 00pa3oM, COBpeMEHHbIE METO-
JIbI TIO3BOJISIIOT OMpPENe/siTh CKOPOCTH JIUIIb
B BEpXHel yacTu paspesa. Haubosee, Ha Haln
B3IJISII, YHUBEPCAIBHOMY 1 HETOPOTOMY CITO-
co0y — reopagapHOMY 30HIMPOBAHMIO Ha
rnmepeMeHHOo 0a3e — TakXKe IMpucyia 3Ta
0co0eHHOCTh. [1pu BbIMONHEHUU PabOT Ha
OCHOBHOI TJIOILIAAKE 3EMJISTHOTO MOJOTHA
CKOPOCTHM paclpoCTpaHEHUs PaIuOBOJH
B BEPXHUX €TO CJIOSX OMPEISISIOTCS JOCTO-
BEPHO, a B CPEAHEN U HUXKHEN YaCTIX pa3pe-
3a — 3a4acTyIO JINIIIb OTIEHOYHO.

BwMmecte ¢ Tem, reopagapHoe 30HIMPOBaA-
HY€ MOXHO BBIMIOJIHSITh U HA OTKOCaX HaChl-
neit. OCHOBHOE MPENsITCTBUE ISl TPOBeIe-
HUS 30HIMPOBAaHUS Ha TIEpEeMEHHOM 0a3e Ha
OTKOCHBIX JaCTSIX COCTOUT B TOM, 9TO 0a30-
BBII MeTOJ 001Iel ITYOMHHON TOUYKM Mpe.-
MoJiaraet, YTo TpaHUIIbI pa3zesia cpel Topu-
30HTAJIbHBI WX CYOrOPU30HTAIbHBI (YIJIOM
MX HaKJIOHa MOXHO IMpeHeOpeub). OgHaKo
MO OTKOCAMM HACHITIEH TpaHUIIBI pasjaeia
cpel He mapaiieIbHbI TOBEPXHOCTHU ChEMKHI
(oTKOCY).

Takum o6pazoM, yeab pabOThI 3aKJIH0YAET-
¢S B pa3paboTKe crocoba onpeneseHust CKo-
pocTeli paclipoCTpaHEHMS paaMOBOJIH B ITPU-
OTKOCHBIX 30HaX I10 pe3yJbTaTaM Teopamap-
HOTO 30HIUPOBAHUS HA TIEPEeMEHHON Oase.
Hnga sToro pa3padboraHa memoduxa pacdyéTa
CKOPOCTHU pacnpoCTpaHEHUS PaIuOBOJH
B Ccpelie ¢ HaKJIOHHBIMU I'PaHULIAMMU.

METOAUKA PACYETA CKOPOCTHU
PACMNPOCTPAHEHUA PAOUOBOJIH
D9 CPEAbI C HAKJIOHHOM
FPAHULIEN

WcmbITaHre METOIOM reopagapHOTroO 30H-
IUPOBAaHMUS Ha MEepeMEHHOM 0a3e MOXET
MPOBOAUTHCS NBYMs criocobamu. B mepBom —
00e aHTeHHbl OTHOBPEMEHHO Pa3HOCSTCS OT
obmero neHtpa (OI'T — meTonm obIieit ry-
OuHHOU TOukM). Bo Bropom — ofHa 13 aHTeHH
HE MEHSIET CBOCTO ITOJI0XKEHUsI, a BTopast I10-
CTeNeHHO oTaajsieTcs ot reppoii. [Tpu o6ce-
JIOBaHUU OTKOCA 36 MJISTHOTO TIOJIOTHA YIOOHO
HCITOIb30BaTh BTOPYIO MOAUDUKALIHIO.

PacuétHas cxema TpoBeneHUsT 30HIUPO-
BaHMS Ha TICPEeMEHHOI 6a3e ¢ OMHOIT HAKJIOH-
HO TpaHUIIeH pa3mena clIoéB IIpUBeIcHA Ha
puc. 1. O60o3HauUuM TeKylllee pacCTOsTHUE
MEXIy aHTeHHaMU Teopaaapa 3a X, TOJIIUHY
BEepXHero cjios — 3a H, UCKOMYIO CKOPOCThb
pacrpocTpaHeHuUs paguoOBOJIH B HEM — 3a V
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Mepenartunk
(HenoABMXHBIA

Mpuemumk

(noaBMXHbIN)

Puc. 1. PacyéTHasa cxema npoBeneHnsi reopagapHoro 30HA1NpPo

yToJl HaKJIOHA TpaHUIIbl — 3a . BeicoTa ciiost
H vizmepsieTcs B IMOJI0XEHUW HETIOJBUXKHOTO
repenaTyrKa o HopMaJiv K rpaHMIIe pas/esia
CJIOEB. DJIEKTPOMArHUTHbBIN CUTHAJ, U3JTyYEH-
HBII TTepeJauIeil aHTEHHOWM, OTPaXKaeTcs OT
TpaHUIIBI pasena cpell U (UKCUPYeTCs TTpu-
€MHOII aHTEHHOU Yepe3 HeKOTOpoe Bpems #
MoCJIe U3JTyYeHMUS.

VYpaBHeHUe rogorpacda oTpak€HHON BOJI-
HBI #(X) TTOJIy4eHO 13 TEOMETPUUECKUX COOT-
HouweHuit (puc. 1), rne ABC = DC:

(x—2Hsin B)z +(2H cos B)z

| . : (M

X’ = 2H *sinp. 2)
ITpu BenmuuMHe pazHOCA MEXIY aHTEHHA-

MW, paBHOI HyJTI0, (hopmyina (1) mpuBoguTCS

K BUJY:
L2
0 V *

t(x)=

3

TTocne BeipaxkeHust BesmanH H u B u3 (2)
u (3) 1 moacTtaHoBKM ux B (1), mosydeHo
ypaBHeHUe Togorpada:

(x) = —Vx_sz",HOV ) (4)

B cnyyae ropu3oHTanbHOW TpaHUILBI,
korna 3 = 0 u, ciaemoBaTenbHo, X’ = 0, 3TO
ypaBHEHUE CBOAUTCS K M3BECTHOMY YpaBHeE-
HUIO Tonorpada oTpaxxEHHON BOJHBI NPU
TOPU3OHTAJIBHOM PACTIONIOKEHUN CIOEB [2]:

#(x) = /t§+(§]z . (5)

VpaBHeHue (4) npencraBiisieT coOOil Tu-
nepooanueckyro GyHKuuwo. OaHaKo ecau st
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Ha nep
cpeabl C 0AHOV HaKJIOHHOM rpaHuLiel (CocTaB/IeHO aBTopamm).

ovi 6a3e 419 ABYXC/IOWHOM

cJlydasi TOPM30HTAIbHOM IPAHUIIbI BEPIIMHA
rurnepooIMYecKoro rogorpaca CooTBETCTBYET
HyJieBoMy pa3Hocy (x = (), To mist ciayvast
HaAKJIOHHOM TpaHWIIbl BeplinHa rogorpacda
CMeIIaeTCsl Ha BEJIMYMHY X .

TakuMm obGpa3oMm, mpeajiaraeTcst Caeayro-
11asi MocJIe0BaTEIbHOCTh 00PabOTKU reopa-
JIapHBIX TaHHBIX:

1) Ha MCXOMHOM pazaporpaMMe BbISIBIISIET-
csl rogorpad runepooaMIEeCcKOro ouepTaHus
CO CMEIIEHHON BEpIIUHOMA;

2) HalileHHBI rogorpad aBTOMaTUYECKU
arMmpoKCUMHUPYETCsl ypaBHEHUEM TUTepOO0ITbI
B COOTBETCTBUM C ypaBHEHUEM (4);

3) no ypaBHeHMIO (4) onpenessioTcs rna-
pameTphl £, V'u x’;

4) no ypaBHeHUIO (3) pacCUUTBHIBAETCS
TOJILLIMHA ciosl H;

5) no ypaBHeHUIO (2) ornpeneseTcs yro
HaKJIOHa cJ1os1 [3.

DTa MeToMKa pearu3oBaHa B IPOrpaMM-
HoM koMmruiekce GeoReader [17].

s mpoBepKU TOCTOBEPHOCTU pa3pabo-
TaHHOU METOIVKN PacCMOTPUM JBE Pacuér-
HBIE CXEMBI JUISI CPEIbl C IByMST TPYHTOBBIMU
ciosimMu. B iepBoii pacu€THol cxeme rpaHuLia
pasnesia cpeJ ropu3oHTajbHa (puc. 2a), BO
BTOPOI — pacriojioxeHa no yrjaom 15° K rmo-
BEPXHOCTU cKaHuUpoBaHUs (puc. 20). Bce
pa3Mephl 3ajaHbl B MeTpax. [lepematoias
aHTeHHa reopajaapa HeTIOJBUKHA, TPUEMHAs
aHTeHHa IepeMelaercs ¢ marom 10 cM 1o
HarpaBJIEHUIO OT MepeIaTInKa.

PesysibraTel pacuéra 1Mo TpaaulMOHHON
Metoauke [2] mis cpenbl ¢ TOPU30HTATBHOMN
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Puic. 2. Pac4éTHble cxembl: a — FOpU30HTasIbHasl rpaHnLa pasaena coés; 6 — HaKJIOHHasi rpaHuLa pasgena
cnoés (B = 15°) (BbinonHeHO aBTOPamMm).

0.00

10.00

20.00

70.00

0.00

0)

10.00

2 30,00 sepwmHa (x' = 1,035 m)

Puc. 3. Pe3synbratel pac4€ta rogorpagoB oTpaXKEHHbIX BOJIH: a8 — FOPU3OHTalIbHasl rpaHuua pasaena
CJ/10€B; 6 — HaKJIOHHas rpaHuLa pa3gena c/noés (B = 15°) (BbiInonHeHO aBTOpamum).

TpaHULEH U MO MPEACTABJICHHOM B 9TOM pa-
0oTe MeToAMKe I Cpeabl ¢ HAKJIOHHOM
rpaHulieit mpuBeaeHbl Ha puc. 3. Kak BUgHO,
IJISI CPeabl C HAKJIOHHOM IpaHULIEU BepIIMHA
TUTIEpOOJIbI CMelaeTcsd Ha BeINYUHY X~ =
1,035 m. Ilpu 3TOM 3HAYeHUE BPEMEHM IS
x = 0 gy1s1 06enx cxeM rmocTosiHHoe, 40 He.

Jlng mpoBepKU MPaBUJILHOCTU pacyéTa
BBITTOJTHEHO MOJICIMPOBAHME METOIOM KOHEU -
HBIX Pa3HOCTE BO BpeMEHHOU 00JacTu
(FDTD) B nporpamme gprMax [19]. B xaue-
CTBE 30HAMPYIOIIET0 UMITyJIbCca B MOACIN
HCIIOJIb30BaH nMITyiIbe B Bune MHAT-BeiiB-
JIera.

Pesynbratel MomeIMpoBaHMS TIPEICTABIIC-
HBI Ha puC. 4.

® MWP TPAHCIMOPTA, Tom 18, N26, C. 88— (2020)

PesynbraThl MOAEIMPOBAHUST TIOJTHOCTHIO
COOTBETCTBYIOT pacueTy. [TonoxeHue pacyeT-
HBIX ruriep6os (puc. 3), onpeneeéHHbIX 0
dopmynam (1—5), MOTHOCTHIO COBITagaeT
C pe3y/ibTaTaMy YUCJIEHHOTO MOJIETUPOBAHUS

(puc. 4).

ONPEAEJNIEHUE CKOPOCTU
PAOVOBOJIH B MPUOTKOCHbIX
30OHAX SEMJIAHOIO NOJIOTHA

B [14] moka3aHoO, 4TO JJ1T MHOTOCJIOMHO
cpelbl ¢ HeCKOJbKMMHU HemapaieJbHbIMU
JIPYT APYTY TpaHULIAMU TOAOTPpadbl OTPAKEH -
HbBIX BOJIH HEBO3MOXHO ITPEACTaBUThL B BUIE
runepOOMYecKMX QYHKIMI U ONIPeaeIUTh
CKOPOCTHBIE XapaKTepUCTUKU. YToObI 000i1TH
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Puc. 4. CunteTn4yeckne pagaporpamMmmel, rosiy4eHHble npu MoAeInpoBaHUN MeTOLO0M KOHEeYHbIX Pa3HOCTel
BO BpPeMeHHOV 06/1acTU: a — ropu30HTaslbHasi rpaHuLa pasgena c/o€Bs; 6 — HakKJIOHHasl rpaHuLa pasaena
cs10€B (p = 15°) (BbINONIHEHO aBTOPaMM).
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Puc. 5. PacuéTtHas cxema Hacbinu; 0603Ha4yeHbl y4acTku reopagapHoOro 30HAUMPOBaHUS Ha NepeMeHHol 6a3e:
1 — y4acTOK C ropu30OHTaIbHOM rpaHnLeli (TPaAULNOHHbIN BapuUaHT), 2 — y4aCTOK C HaKJIOHHOW rpaHnuei
(cocTaBneHo aBTOpamm).

3TO OTpaHUUYEHUE, ITPEAJIaTaeTCs ONpPeaeISITh
CKOPOCTH pacpoCTpaHEeHUST paIOBOJIH He-
MOCPEICTBEHHO B MPUOTKOCHOM 30HE IJIs
Cpeabl C OMHOM HAKJIOHHOMW IPaHULIEH.
PaccMoTrpum, kKakuM o6pa3om 110 paspa-
0OTaHHOI METOAMKE OINpeaesIeHUsT CKOPOCT-
HBIX XapaKTePUCTUK Cpeabl MOKHO pacCuM-
THIBATh CKOPOCTU B MPUOTKOCHBIX 30HAX
3eMJISTHOTO TIoJioTHA. Ha puc. 5 mpuBeneHa
pacuéTHasl cxemMa HaCchITIM 1 OCHOBaHUS. YTOJI
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HaKJIOHA TPaHUIIbl MEXTY HACBIbIO U OCHO-
BaHUEM 110 OTHOILIEHUIO K OTKOCY COCTaBJISIET
33,69° (ykjoH otkoca 1:1,5).

Pacuér BBITIOJIHEH B ABYX BapuaHTaX: CO-
OTBETCTBEHHO, C IBYXCJIOMHOM Cpeloy ¢ ro-
PU30HTAJIBHOM TPAHULEN U IBYXCIOWHON
Ccpelloil ¢ HAKJIOHHOW rpaHulieii. B mepBoMm
BapyaHTE UCIO0Jb30BaHA TPAAULIMOHHAS Me-
TOJIMKA CKOPOCTHOTro aHayimu3a [2], BO BTO-
poM — pa3paboTaHHasI METOIMKA OIpeaeie-
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Puc. 6. CuHTeTn4yeckune pagaporpamMmmel, rnosiy4eHHble Npu MoaeIMpoBaHUN METOAO0M KOHEYHbIX Pa3HOCTEl
BO BPEMEHHOW 061acTu: a — nepBblii y4acTok, 6 — BTOPOH y4acTok (COCTaB/IEHO aBTopamm).

Ta0anna 1

Pe3ynbraThl cpaBHEHUs PACYETHBIX TAPAMETPOB C JTAHHBIMH MOJIEIUPOBAHNS
(cocTaBjieHO aBTOpaMM)

ITapamerp PaccunranHoe 3amaHHOE TorperrHoCTb, %
3HAYEHUE 3HAYCHUE

CKOpOCTb pacrnpocTpaHeHus! paluOBOIH, M/HC 0,096 0,1 4

TosnumHa cyiost, M 3,86 4 3,5

Yros HakJIOHa TpaHuIbI, ° 32,103 33,69 4,7

HUSI CKOPOCTEN JJIST Cpellbl ¢ HAKITOHHOM
TpaHULEH.

JJ1s1 MPOBEPKU PE3yJIBTATOB pacuéTa Bbi-
MOJIHEHO CMHTETUYECKOe MOJIEIMPOBAHUE
B miporpamme gprMax [19]. Ha moryueHHbIe
CUHTETUYECKUE PamaporpaMMEbl (puc. 6) Ha-
HEeCEeHBbI MpsiMasi BO3MYIITHAS BOJHA, TIpsiMast
IPYHTOBasI BOJTHA M TMTIEPOOTMUECKIE Ouep-
TaHWs Tomorpacda OTpaXkEHHBIX BOJTH.

PesynbraThl cpaBHEHUsI pacYETHBIX Mapa-
METPOB C JAHHBIMU MOJICTMPOBAHUSI TIPUBE-
IeHbI B Ta01. 1.

[MorpentHocTy omnpeieIeHs TapaMeTPOB,
OTnpeNeNEHHBIX 10 IEPBOMY U BTOPOMY yJacT-
KY B C€4eHUU OPOBKM — OTKOC, HE MPEBbIIIA-
o1 5 %. Takum 06pazoM, TIpU YCTAaHOBKE He-
TTOJIBVDKHOTO TepenaTdynka B JII000i Touke
OTKOCa MOXHO OTpPEIeJUTh TOJIINHY CJIOs
O]l TOYKOM YCTAHOBKYU M HAKJIOH I'PAHUIIBI
CJIOEB IPyHTA.

NMPUMEHEHUE PASPABOTAHHOM
METOAUKU NPU OBCJIEOOBAHUU
SEMJIAHOIO NOJIOTHA

PazpaboraHHas METOIMKA IIPUMEHEHA TIPU
reopagapHOM 00CJIeJOBAHUY Y4aCTKOB CTPOU-
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TEJICTBA 3eMJISTHOTO 1oj1oTHA. O0CienoBaHme
BBITIOJTHEHO cOTpynHuKamu kadenpor «XKe-
JIE3HOMIOPOXHBIA MyTh» JaJbHEBOCTOYHOIO
roCyJIapCTBEHHOTO YHUBEPCUTETA TTyTEl CO-
obmenwust. Mcmomb3oBaincs reopagap «J10-
3A-B» B KOMIUIEKTE C aHTEHHAMU Pa3TNIHON
JUIUHBI 0T 1,5 10 6 M. [IpoiigeHo HECKOJIbKO
MPOIOJIBLHBIX TpoduIeil o OCHOBHOI TUIO-
aKe 3eMJISTHOTO TIOJIOTHA AaHTEHHAMU [T -
HOW IIeCTh U TpU MeTpa (LIEHTpaTbHAs YaCTOTa
curHana 25 u 50 MIir). ITpu o6cnenoBanum
MOTIePEYHBIX MPOdUIeit NCTIOIb30BATNCH
aHTEeHHBI [UIMHOM 1,5 M (LIeHTpaIbHas YacToTa
curHama — 100 MIir). B 30He mmom ocHOBHOIT
TUTONIAIKOM, Garogapst MpUMEHEHUIO HU3-
KOYaCTOTHBIX aHTEHH, TOJIyYeHbI pa3pes3bl
nryonHoi go 18...20 M. [1youHa reopagapHo-
TO pa3pe3a B OTKOCHBIX 30HAaX OKa3ajiach HU-
xke. OCTanuch «ClIenbie» 30HbI, B KOTOPBIX
OTPENeTUTh MOJIOXKEHWE TPAHUII 3a Mpeiesia-
MW OCHOBHOI TUTOIIAIKY He ynanoch. KoHT-
posibHOE OypeHUe BBHITIOJIHSIOCH TOJTHKO Ha
OCHOBHOI TUTOIIA/IKE 3eMJISTHOTO TOJIOTHA.
JList omipeiesieHsT CKOPOCTHBIX XapaKTepuC-
TUK TPYHTOB TOJI TTOBEPXHOCTHIO OTKOCOB
OblJTa MpUMeHeHa TpejyiaraeMast MeTOIMKaA.
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Puc. 7. @parmeHT nonepe4Horo npoguns ob6cnenyemMori Hacbinu; 0603Ha4YeHbl y4acTKu reopagapHoro

30HANPO. Ha nep

ovi 6a3e: 1 — Ha 6epme, 2 — Ha OTKOCce 6epMbi (COCTaB/IeHO aBToOpamMm).

Puc. 8. lNMpoBeneHne reopanapHOro 30HANPC

Ha moniepeuroM ripocmite (prc. 7) BBITION-
HEHO TeopajiapHOe 30HAMPOBAHUE Ha Tepe-
MEHHOI 0a3e B IByX BapuaHTax.

B rmepBoM BapmraHTe UCITBITAHIE IIPOBOIM-
Jock Ha Oepme, ¢ maroMm 10 cMm. Bo BTOpom
BapuaHTe — BIOJIb OTKOCa 6epMbl (puc. §); mpn
3TOM M3HAYaJIbHO aHTEHHBI Teopafapa ObLIn
PAcCIIOIOXEHBI BIUIOTHYIO IPYT K APYTYy Ha
OpoBKe OepMbI, 3aTeM Tepeiaoliasi aHTeHHa
OTOJBUTAJIACh OT IMPUEMHON B HAIIpABIICHUN
K TIOJIOTIIBE OTKOCca ¢ 1arom 10 cwm.

TTonygeHHBIC pagaporpaMMBbI ITPUBEICHBI
Ha puc. 9.

ITpu pacuére ronorpada Ha 6epMe UCTTONb-
30BaHa TPAAUIIMOHHAS METOIMKA CKOPOCTHO-
ro aHanm3a. B pesynbrare e€ ncrmoab30BaHus
TOJIy9€HO, YTO CKOPOCTh PacIipoOCTpaHEHUS
panuoBoJiH coctaisieT 0,06 M/HC, TONLIMHA
ciost — 0,756 m.

Ilpu pacuére romorpacdoB Ha OTKOCE
0epMbl OOHAPYKUJIOCh, YTO MPUCYTCTBYIOT
JIBa BUJA TUTIEPOOTMIECKUX OUEePTAHUM.
OnmHo u3 Hux (puc. 9, 2) COOTBETCTBYET
HaAKJIOHHO TpaHuIle (CO CMEIEHHOMU Bep-
IMHOI), apyroe (puc. 9, 3) — rpaHulle,
napajuieJIbHOU oTKocy. PacuéT ajis nepBo-
ro rogorpada Mpou3BOAMIICS IO TPATUIIN -
OHHOII METOAMKE CKOPOCTHOTO aHaiu3a,
JIJIST BTOPOTO — T10 TIpejjiaraeMoli B pabote
METO/IVKE.

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 88—107 (2020)

Ha nep
(npenocrasneHo aBTopamm).

Hoii 6a3e Ha oTkoce 6epMbl

Pesynbrarel pacuéTa mo HaKJIOHHOM TpaHK -
1Ie COCTaBJISTIOT, COOTBETCTBEHHO: CKOPOCTh
pacrpocTpaHeHus paanoBojaH — 0,069 m/Hc;
YTOJI HaKJIOHA CJIos — 35,43°; ToNIIMHA CITOST —
0,863 M. Pe3ynbraThl pacuéra 1o ropu30HTalIb-
HOIi TpaHUIIe: CKOPOCTh PACIPOCTPaHEHMS
pamuoBoiH — 0,058 M/HC; TONIINHA CIIOS —
0,72 M. CKOpPOCTHBIE XapaKTePUCTUKI HaXO0-
narcst B uarepsaie 0,058—0,069 m/He, uTo
COOTBETCTBYET TPYHTY BO BIIAXKHOM COCTOSTHUU.

[MonyyeHHBIe pe3yabTaThl MO3BOJUIN
ONPEACTUTh CJIOW B HIKHEH 4acTH o0Clienye-
Moit Hackimu (puc. 10). Ha pagaporpamwme,
MIPUBI3aHHON K OTMETKAM IIOIEPEYHOTO
poGUIIst HACBIIIN, YAAI0Ch HAHECTU TPAHULIbI
TPYHTOB, MTPOCJIEINTh X MTOJIOXKEHUE B CPEI-
Heli YaCTH 3¢ MJISTHOTO TI0JIOTHA, IO BBIXO/a Ha
IIPOTUBOIOJIOXHbII OTKOC.

Braromapst paccuMTaHHBIM IO TIpeJiarae-
MOI METOJIMKE CKOPOCTSIM PACIIPOCTPAHEHUSI
PaaMOBOJIH B IPYHTAX BBIAEIEHBI CJIOU BO
BJIAXXHOM COCTOSIHUM U BBISIBJIEHBI ClIaOble
30HbBI B HACBIIIN.

IIpoBenéHHbIe pabOTHl MOKA3aau, 4YTO
npeajaraeMasi METOIMKA MOKET ObITb PACIIK-
peHa 1 JOTOJIHEHA YIPOIIEHHBIM CITOCOOOM
oIpeaeeHUsT CKOPOCTHBIX XapaKTePUCTUK
TPYHTOB OTKOCHOM 30HBI 32 CUET MepepacyeTa
MpeaBapUTEIbHON FeOMETPUU TPAHUIL CITOEB,
MOJTYYeHHON HEMOCPEeICTBEHHO B TOJIEBBIX
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Puc. 9. Pagaporpammesl, nosiy4eHHbie rnpyv reopagapHoMm 30HANPOBaHUN Ha NepeMeHHoli 6a3e:
a — nepBblii y4acTok, 6 — BTopoii yyactok; 1, 2, 3 — runep6osmnyeckue rogqorpagbl OTPaxEHHbIX BOJIH
(coctaBneHo aBTopamm).

Puc. 10. Mpumep o6paboTku nonepe4yHoro npogus Hackinu Bbicotol 17 m. lNMpuBeaeHo pa3aeneHne pa3pesa
Ha rpaHuLbi ¢ 67IN3KUMU CKOPOCTHBIMU XapaKTepUCTUKamMu (BbIMOJIHEHO aBTopamm).

YCJIOBMAIX. H)'[aHI/IpyeTCH TaKKe MCITOJIb30BAaTh
PaaIOMETKHM, 3aJI0KEHHBIC B 3EMJISTHOC I10-
JIOTHO B MOMCHT €T0 COOPY>KCHU .

BbIBOAbl

MeTon reopaIloIOKA TTPUMEHSICTCS
JUIs1 00CIeIOBaHMSI 0ObEKTOB TPAHCIIOPTHOM
MHQPACTPYKTYPhl JOCTATOYHO IIUPOKO. 3a-
Jlayu, peliaeMble 3TUM METOJI0M, Pa3HO00-
pa3HBI, TO3TOMY BO3HMKACT HEOOXOIUMOCTh
pa3paboOTKU HOBBIX ITOIXOIOB K MX PEIICHUIO.
IIpennaraemast MeToaMKa OMpPEaeICHUS CKO-
pocTeli pacpoCTpaHEeHMS PAIMOBOJIH B TPYH-
Tax B «CJIEIMbIX 30HAX» [MO3BOJISIET MTOJIYYHUTh
CKOPOCTHBIE XapaKTePUCTUKKM TPYHTOB B OT-
KOCHBIX 30HaX Hachlmneii. [11o1anb Takux 30H
MOXeET COCTaBJISITh 10 60 % 00111l IIoIaIu
IOIIEPEYHOTrO CEYSHHUSI HACKIIIN, B 3aBUCUMO-
CTHU OT KPYTU3HBI 3aJI0KEHMST OTKOCOB.

® MWP TPAHCIOPTA, Tom

PaspaboTaHHass MeTOAMKA HE TOJbKO
paciupsieT cepy NpuMeHEeHUsT reopaaap-
HOro ob6clie0BaHMsI, HO U MO3BOJISIET pac-
CUYMTATh 3HAYEHHUSI CKOPOCTHBIX XapaKTepU-
CTUK TPYHTOB B OTKOCHBIX 30Hax. boijee
JOCTOBEPHAs U KaueCTBeHHAast MH(GOpMaLus,
MoJydeHHasl B pe3yJbTaTe MPUMEHCHUS
reoU3NIECKUX U TPAAULIMOHHBIX METOIOB
o0caen0BaHus, pabOTaeT Ha MOBBILICHUE
KayecTBa MPUHUMAaEMbIX IIPOEKTHBIX pellie-
HU, obecreueHre MPOYHOCTH U HaAEXKHO-
CTU 00BEKTOB TPAHCIIOPTHOM NHGMPACTPYK-

TYpBL.
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ABSTRACT

The article describes a new method for conducting
a ground penetrating radar survey of slope zones of soil
objects of transport infrastructure. In the lithological section
of these objects, there are sub-horizontal and inclined soil
boundaries, as well as slope zones. Traditional survey
methods (drilling, pitting), as well as the standard GPR
method, make it possible to reliably survey at these objects,
asarule, only the zones under the horizontal main ground of
the subgrade and sub-horizontal sections of the ground
outside its boundaries. Survey under inclined surfaces is often
difficult or technically impossible; geophysical methods, just
like traditional ones, provide initial information that is
exceedingly difficult for further decoding. The sections are
filled with re-reflections and noises, and the process of
decoding them is associated with great methodological
problems.

This paper presents a new method for determining speed
of propagation of radio waves in the slope zones of the
foundation. The initial information is the data obtained during
the survey using the common depth point (CDP) method,

using a well-known survey technique and a standard set of
hardware. The novelty of the article results is determined by
the algorithm for processing the measurement results
developed by the authors. The software implementation made
on its basis makes it possible to obtain the hodograph
equation considering the slope of the layers. Defining
geometric characteristics of embankments associated with
the presence of slopes of variable steepness have been
considered. A technique for calculating propagation speed
of radio waves for a two-layer medium with a boundary
inclined to the scanning surface has been proposed. The
validity of the developed method was verified using finite-
difference time-domain modelling.

The article provides examples of practical application of
the developed method in the GPR survey of real track
foundation objects (transport infrastructure objects). The
method proposed in the article makes it possible to increase
the informative area of the surveyed diameters. At the same
time, the accuracy of the GPR method is preserved, the area
of its application for obtaining reliable information is increased
to 60 % of the cross-sectional area of the foundation.

Keywords: transport, railways, georadiolocation, georadar, foundation, common depth point method, hodograph,

dielectric constant, slope.

*Information about the authors:

Pupatenko, Victor V. - Ph.D. (Eng), Associate Professor at the Department of Railway Track of Far Eastern State Transport

University (FESTU), Khabarovsk, Russia, pvww@festu.khv.ru.

Sukhobok, Yuri A. — Ph.D. (Eng), Associate Professor at the Department of Railway Track of Far Eastern State Transport

University (FESTU), Khabarovsk, Russia, yusukhobok@mail.ru.

Stoyanovich, Gennady M. - D.Sc. (Eng), Professor at the Department of Railway Track of Far Eastern State Transport

University (FESTU), Khabarovsk, Russia, oif@festu.khv.ru.

Article received 26.10.2020, accepted 27.12.2020.

For the original Russian text of the article please see p. 88.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 6, pp. 88




Background. Good engineering solutions
should be based on reliable background
information. To design the foundation, to
ensure its strength and reliability, not only the
strength and deformation characteristics of
soils are required, but also data on the
geometry of soil layers. The task of obtaining
objective information during the engineering-
geological, geophysical, and other survey of
an object is urgent. The ground penetrating
radar (GPR) method allows solving the
problem of determining the boundaries of soil
layers of the roadbed, its ground [1; 2],
identifying the features of the structure of the
object, restoring the history of its construction,
the sequence of works on its reconstruction
and restoration. No less urgent are the
problems of finding surfaces of displacement
of landslide massifs [3; 4]. Under special
conditions, for example, in the presence of
long-term permafrost soils in the foundation
and its ground [5], GPR survey in combination
with other geophysical methods makes it
possible to determine layers of different
physical characteristics.

The advantages of a GPR survey include its
low cost (compared to traditional methods),
the ability to perform work in the environment
where the use of, for example, a drilling rig is
difficult or even impossible. The low weight of
the equipment and little staff of performers (as a
rule, two or three people), high speed of the
survey of lengthy transport structures are also
important advantages.

A feature of the initial original GPR data
(radarograms) is that they are time sections,
i.e., they display the dependence of the signal
amplitude on time of its return to the receiving
antenna. However, to solve engineering
problems, it is required to build a depth section.
To transform the initial time section into
a depth section (migration), it is necessary to
select the correct velocity model of the
environment [6—8].

Speed of propagation of electromagnetic
wavesinamedium depends on itselectrophysical
properties, in particular, on relative dielectric
constant €. The dielectric constant, in turn, is
determined by the type of soil and its physical
properties. Experiments have established [6; 7;
9] that the greatest influence on the dielectric
constant is exerted by soil moisture and, to
alesser extent, by soil temperature, density, and
other parameters.

There are reference tables, which can be
used to estimate speed of propagation of radio
waves, depending on the type of soil and
qualitative assessment of its condition (wet, dry,
thawed, or frozen condition) [6; 9]. However,
analysis of data shows that even for one and the
same type of soil, the range of changes in
characteristics is significant. This leads to an
error in determining the geometry of soil layers.
Besides, the type of soil and its condition are
often unknown in advance. Therefore, methods
are needed that make it possible to determine
velocity characteristics of the media directly in
the field conditions. Several such methods have
been recently developed.

Trial and error method [10] is based on
using the results of control drilling. Layers are
fixed from top to bottom, along the line-ups.
Each line-up on the radarogram presumably
correlates with the boundary of the layers in the
well. The desired speeds are calculated from
the known layer thickness and time stamps. If
the resulting values are unreliable, the current
line-up is rejected, and the process is repeated.
The disadvantage of this method is that drilling
operations are expensive, time consuming and
often not so prompt; when works are executed
at several sites, it is not always possible to be
sure of reliability of data provided by geologists.
Also, there is no guarantee that the selected
line-up correlates precisely with the boundary
between the layers, and not with a noise or
re-reflection. In addition, engineering-
geological drilling provides information only
at one point (cross-section) of the section,
while the velocity characteristics of soil media
can vary significantly along the profile.

A number of other methods are based on
direct measurement of the dielectric constant.
A sample is taken, which is then tested under
laboratory conditions with a reflectometer [6].
The complexity of this method lies in the need
to use expensive laboratory equipment.
A modification of this method is known [11],
that is associated with excavation of a pit and
with testing using a GPR, the design of which
allows the antennas to be spaced apart.
However, this method is also laborious, and the
results are tied to a specific point. In addition,
it can be used to determine the speed only in
the near-surface layers of the foundation.

The most common method for determining
velocities is based on selection of diffraction
hyperbolas on a radarogram. Diffraction
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hyperbolas arise when there is an object in the
medium whose transverse dimensions do not
exceed the length of the radio wave [6]. The
sought speeds are determined from the angle
ofinclination of the branches of the diffraction
hyperbola. The disadvantage of this method is
that often these objects are located unevenly
along the length and depth of the profile. The
outlines of hyperboles cannot always be
distinguished with confidence.

If the design of the georadar allows changing
the distance between the antennas, then speed
can be determined using GPR multi-offset
profiling by the method of the common depth
point [2; 10; 12]. When processing radarograms
obtained during such a test, hyperbolic hodograph
curves of reflected waves are identified. They are
used to determine the root-mean-square values
of the wave propagation velocity, which are then
converted into layer velocities in the layers using
Urupov—Dix equation [13; 14]. Working with this
method requires a good quality of the input
information, since with a large amount of
interference and incorrectly selected charac-
teristics of the equipment, the hodograph curves
are detected uncertainly (if they are identified at
all), which leads to errors in determining the
values of velocities.

There are other methods associated with
the analysis of the amplitudes of reflections
from the boundaries [15; 16]. However, they
also work mostly only regarding the upper part
of the surveyed environment. Thus, modern
methods make it possible to determine velocities
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Pic. 1. Calculated scheme for conducting GPR multi-offset profiling for a two-layer medium with one inclined
boundary (compiled by the authors).

only in the upper part of the section. This
feature is also inherent in the most, in our
opinion, universal and inexpensive method
which is GPR multi-offset profiling. When
performing work on the main ground of the
foundation, the propagation speed of radio
waves in its upper layers is determined reliably,
and in the middle and lower parts of the section,
velocity is often only estimated.

At the same time, GPR sounding can also
be performed on embankment slopes. The
main obstacle to conducting GPR multi-offset
profiling on slopes is that the basic CDP
method assumes that the media boundaries are
horizontal or sub-horizontal (their slope can
be neglected). However, below embankment
slopes, media boundaries are not parallel to the
survey surface (slope).

Thus, the objective of the work is to develop
a method for determining propagation speed
of radio waves in near-slope zones based on the
results of multi-offset GPR profiling. For this,
a method has been developed for calculating
propagation speed of radio waves in an
environment with inclined boundaries.

Method for calculating propagation speed of
radio waves for a medium with an inclined
boundary

Testing with GPR multi-offset profiling can
be carried out in two ways. Following the first
method, both antennas are simultaneously
removed from a common centre (common
depth point/CDP method). With the second
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Pic. 2. Design schemes: a — horizontal boundary between the layers; b — inclined boundary between
the layers ( = 15°) (compiled by the authors).

method, one of the antennas does not change
its position, and the second is gradually moved
away from the first one. When examining the
slope of the foundation, it is convenient to use
the second modification.

The design scheme for conducting multi-
offset profiling with one inclined boundary
between the layers is shown in Pic 1. Let us
denote the current distance between the
antennas of the GPR as x, the thickness of the
upper layer as H, the sought speed of propagation
of radio waves in it as V, and the angle of
inclination of the boundary as 3. Layer height
H is measured in the position of the stationary
transmitter along the normal to the layer
boundary. The electromagnetic signal emitted
by the transmitting antenna is reflected from
the media boundary and is recorded by the
receiving antenna some time ¢ after emission.

The hodograph equation of the reflected
wave #(x) was obtained from geometric
relationships (Pic. 1), where ABC = DC:
\/(x —2Hsin [3)2 +(2H cos [3)2

% )

t(x)=

)]

x’ = 2H *sinp. 2)
When the distance between the antennas is
equal to zero, formula (1) is reduced to the

form:
2

h=s 3)

After expressing the values of H and 3 from
(2) and (3) and substituting them in (1), the
hodograph equation is obtained:

(x) = —Vx_szx,”OV ) (4)

In the case of a horizontal boundary, when
B = 0 and, therefore, x” = 0, this equation is
reduced to the well-known equation of the

hodograph of the reflected wave with
a horizontal arrangement of layers [2]:

z(x>=,/t§ +(§j , (5)

Equation (4) is a hyperbolic function.
However, if for the case of a horizontal
boundary the vertex of the hyperbolic travel
time (hodograph) curve corresponds to zero
separation (x = 0), then for the case of an
inclined boundary the top of the hodograph
curve is shifted by the value x’.

Thus, the following sequence of processing
GPR data is proposed:

1) On the initial radarogram, the hodograph
of a hyperbolic outline with a displaced vertex
is revealed.

2) The found hodograph is automatically
approximated by the hyperbola equation in
accordance with equation (4).

3) The parameters /£, Vand x’are determined
by equation (4).

4) According to equation (3), the layer
thickness H is calculated.

5) According to equation (2), the angle of
inclination of the layer B is determined.

This technique is implemented with the
GeoReader software package [17].

To check reliability of the developed
technique, we will consider two design schemes
for an environment with two soil layers. In the
first design scheme, the media boundary is
horizontal (Pic. 2a), in the second one, it is
located at an angle of 15° to the scanned surface
(Pic. 2b). All dimensions are given in meters.
The transmitting antenna of the georadar is
stationary, the receiving antenna moves with
a step of 10 cm in the direction away from the
transmitter.
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Pic. 3. Results of calculating the hodographs of the reflected waves: a — horizontal boundary between the layers;
b — inclined boundary between the layers (3 = 15°) (compiled by the authors).

/ air wave

direct ground wave

reflected wave
(hyperbolic
hodograph)

70!

air wave

dire‘yround wave

%0 reflected wave
(hyperbolic

/hodograph)

1 2 3 4
Distance (m)

1 2 3 3
Distance (m)

Pic. 4. Synthetic radarograms obtained by finite-difference time-domain simulation:
a — horizontal boundary between the layers; b — inclined boundary between the layers ( = 15°)
(compiled by the authors).

The results of calculations by the traditional
method [2] for a medium with a horizontal
boundary and by the method presented in this
work for a medium with an inclined boundary
are shown in Pic. 3. As can be seen, for
a medium with an inclined boundary, the vertex
of the hyperbola is displaced by x” = 1,035 m.
In this case, the time value for x = 0 for both
schemes is constant and equal to 40 ns.

To check correctness of the calculation,
a finite-difference time-domain (FDTD)
simulation was performed in the gprMax
software environment [19]. A pulse in the form
of an MHAT wavelet was used as a probe
sounding pulse in the model.

The simulation results are shown in Pic. 4.

The simulation results are fully consistent
with the calculation. The position of the
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Pic. 5. Design scheme of the embankment; areas of GPR multi-offset profiling are: 1 — a section with a horizontal
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Table 1
Results of comparing the calculated parameters with simulation data (compiled by the authors)
Parameter Calculated value Specified value | Error, %
Radio wave propagation speed, m/ns 0,096 0,1 4
Layer thickness, m 3,86 4 3,5
Boundary inclination angle, ° 32,103 33,69 4,7

calculated hyperbolas (Pic. 3), determined by
formulas (1-5), completely coincides with the
results of numerical simulation (Pic. 4).

Determination of speed of radio waves in the
slope zones of the foundation

It is shown in [14] that for a multilayer
medium with several boundaries, which are not
parallel to each other, the hodograph curves of
reflected waves cannot be represented as
hyperbolic functions and the velocity
characteristics cannot be determined. To
overcome this constraint, it is proposed to
determine propagation speed of radio waves
directly in the near-slope zone for a medium
with one inclined boundary.

Let us consider how, according to the
developed method for determining the speed
characteristics of the environment, it is possible
to calculate speeds in the slope zones of the
foundation. Pic. 5 shows the design diagram of
the embankment and the ground. The slope of
the boundary between the embankment and
the ground in relation to the slope is 33,69°
(slope ratio 1:1.5).

The calculation was carried out in two
versions: respectively, with a two-layer medium
with a horizontal boundary and a two-layer
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medium with an inclined boundary. In the first
version, the traditional method of velocity
analysis [2] is used, in the second the developed
method for determining the velocities for
a medium with an inclined boundary is applied.

To check the calculation results, a synthetic
simulation was performed using the gprMax
software [19]. The obtained synthetic
radarograms (Pic. 6) show a direct air wave,
a direct ground wave and hyperbolic outlines
of the hodograph of reflected waves.

The results of comparing the calculated
parameters with simulation data are shown in
Table 1.

The errors in determining the parameters
determined for the first and second sections in
the section of the edge and the slope do not
exceed 5 %. Thus, by installing a stationary
transmitter at any point of the slope, it is
possible to determine the layer thickness under
the installation point and the slope of the soil
boundary.

Application of the developed technique when
inspecting the foundation

The developed technique is applied in the
GPR survey of the foundation construction
sites. The survey was carried out by the staff of

.18, Iss. 6, pp. 88—107 (2020)
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the Railway Track department of Far Eastern
State Transport University. The georadar
«LOZA-V» was used complete with antennas
of various lengths from 1,5 to 6 m. Several
longitudinal profiles were surveyed along the
main site of the foundation with antennas long
respectively of six and three meters (the central
frequencies of the signal were respectively 25
and 50 MHz). When examining the transverse
profiles, antennas with a length of 1,5 m
(central frequency of the signal 100 MHz) were
used. In the area under the main ground, due
to the use of low-frequency antennas, sections
with a depth of up to 18...20 m were obtained.
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Pic. 7. Fragment of the cross-section of the surveyed embankment; areas of GPR multi-offset profiling are:
1 - on the berm, 2 — on the slope of the berm (compiled by the authors).

The depth of the GPR section in the slope
zones turned out to be lower. There were
«blind» zones, in which it was not possible to
determine the position of the boundaries
outside the main ground. Control drilling was
performed only on the ground of the foundation.
To determine the velocity characteristics of soils
under the surface of the slopes, the proposed
method was applied.

On the transverse profile (Pic. 7), GPR
multi-offset profiling was performed in two
versions.

In the first variant, the test was carried out on
a berm, with a step of 10 cm. In the second
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Pic. 8. Conducting GPR multi-offset profiling on a berm slope (provided by the authors).

E(He)
t{Hc)

Pic. 9. Radarograms obtained by GPR multi-offset profiling: a — first section, b — second section;
1, 2, 3 — hyperbolic hodograph curves of reflected waves (compiled by the authors).

variant, the test was carried out along the slope of moved away from the receiving antenna in the
the berm (Pic. 8); initially, the GPR antennas direction towards the bottom of the slope with
were located close to each other on the edge of astep of 10 cm.

the berm, then the transmitting antenna was The resulting radarograms are shown in Pic. 9.
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Pic. 10. An example of processing the transverse profile of an embankment with a height of 17 m. The division
of the section into boundaries with similar velocity characteristics is given (compiled by the authors).

When calculating the hodograph on the
berm, the traditional method of velocity
analysis was used. As a result of its use, it was
obtained that propagation velocity of radio
waves was 0,06 m/ns, the thickness of the layer
was 0,756 m.

When calculating hodographs on the berm
slope, it was found that there are two types of
hyperbolic outlines. One of them (Pic. 9, 2)
corresponds to an inclined boundary (with
a displaced top), the other (Pic. 9, 3) — to
aboundary parallel to the slope. The calculation
for the first hodograph was carried out according
to the traditional method of velocity analysis,
the calculation for the second one was executed
according to the method proposed in the work.

The calculation results for the inclined
boundary are, respectively: propagation speed
of radio waves — 0,069 m/ns; the angle of
inclination of the layer — 35,43°; layer
thickness — 0,863 m. Calculation results along
the horizontal boundary: radio wave
propagation speed — 0,058 m/ns; layer
thickness — 0,72 m. Velocity characteristics are
within the range of 0,058—0,069 m/ns, which
corresponds to the soil in a wet condition.

The results obtained made it possible to
determine the layers in the lower part of the
surveyed embankment (Pic. 10). On the
radarogram, tied to the marks of the transverse
profile of the embankment, it was possible to
plot the boundaries of soils, to trace their
position in the middle part of the foundation,
until reaching the opposite slope.

Due to propagation of radio waves in the
soils, calculated using the proposed method,
layers in a wet condition were identified and
weak zones in the embankment were revealed.

The work performed has shown that the
proposed method can be expanded and
supplemented with a simplified method for
determining the velocity characteristics of soils

of the slope zone by recalculating the
preliminary geometry of the layer boundaries
obtained directly in the field conditions. It is
also planned to use RFID tags embedded in the
roadbed at the time of its construction.

Conclusions. The GPR method is widely used
to survey transport infrastructure facilities. The
problems solved by this method are diverse, so
there is a need to develop new approachesto their
solution. The proposed method for determining
propagation speed of radio waves in soils in «blind
zones» allows obtaining the speed characteristics
of soils in the slope zones of embankments. The
area of such zones can be up to 60 % of the total
cross-sectional area of the embankment,
depending on the steepness of slopes.

The developed technique not only expands
the scope of application of GPR surveys, but
also allows calculating the values of the speed
characteristics of soils in slope zones. More
reliable and high-quality information obtained
as a result of the use of geophysical and
traditional survey methods contributes to
further improved quality of design decisions,
and ensures strength and reliability of transport
infrastructure facilities.
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ApTtyp AMUTPEHKO

Mapusa KOJIOCOBA

PasBuTtne ctaumoHapHOV SHEPreTuku rnpea-
CTaBJISIETCS BaXHbIM aCreKTOM BHEAPEHVISI SHEPIO-
cbeperaoLmx TEXHOJOMNI Ha TpaHcnoprTe.
B Poccum oHo 06yC/10B/IEHO OCHOBHbBIMU M10J10XKe-
HUsIMN SHEpreTu4eckori cTparerui Poccuiickoii
®Penepauymm o 2030 roaa. B cBsi3v ¢ 3TVIM akTyaslb-
HoVi siBJiieTcs 3a4a4a 3¢OeKTBHOro UCrosib30Ba-
HWSI HU3KOMOTEHLMA/IbHOM TEr/I0Tbl HA OCHOBE Op-
raHnyeckoro uuknia PeHkvHa (OLP) B cTaumoHap-
HbIX 9HEPreTU4ecknx KoMraekcax TpaHCcrnopTa.
B yactHocTn, 9Ta 3aha4a xapaktepHa AJis KOTe lb-
HbIX, MEPEBOANMbIX C Ma3yTHOIro TOM/MBa Ha ras.
B aTom cnyyae agppekTBHOCTL ripumeHeHusi OLP
B riepByio o4epenn 6yneT onpeaensiTbcs 3 pekTBs-
HOCTBIO MCI0/Tb3YEeMbIX TEMN/T00OMEHHbIX arrnaparoB
(TA) c paszoBbimM nepexonom, BCAEACTBUE Yero Kak
TEXHUYECKM, Tak U TEOPETUHECKM bByaeT rnpeacTas-
J159Tb GOJIbLLIOVI MHTEPEC 3a/a4a MpPoeKTUPOBaHNs
U pacyéTa onTuMasibHbIX XapakTepUCTUK 3Tux TA.

B ctatbe npexcrasiaeHa pac4ETHO-Teope-
Trh4eckasi Mogesib nepeHoca Ternsaa npu ¢pasosBbix

HAYKA N TEXH/KA

OC00GEeHHOCTH pacyéTa XapaKTepuCcTUuK
3HepreTUYecknx KOMrMJeKcoB, UCMNOJb3YIOLLUX
HM3KOMOTEHLUMWaNIbHYIO 3HEepPruio

JImumpenxo Apmyp Baadumuposuu — Poccuiickuii
YHusepcumem mpancnopma, Mockea, Poccus.
Koaocoea Mapus Asexcanoposna — Poccuiickuti
YyHugepcumem mparncnopma, Mockea, Poccus™.

nepexoaax B TypOY/IEHTHbIX MOTOKax Ha OCHOBE
COOTHOLLEHUM, MNOJIYH4EHHbIX CTOXaCTU4ECKOI
Teopwuei ruapoanHaMuKkmn v TeryioobmeHa. Pac-
cMaTpuBaeTCs MOAENPOBAHNE BINSIHUS TYPOY-
JIEHTHOCTU Npy pa3oBOM riepexoae npu Hepas-
BUTOM KUMEHUN My3blPbKOBOIr0 PEXuUmMa.
Pe3ynbTaTbl CpaBHEHUS 10Ka3bIBaIOT Y 0BJIETBO-
puTEesIbHOE COOTBETCTBME 3HA4YEHWUI N0 GOpPMYy-
Js1e, MoJsly4eHHOUW Ha OCHOBE CTOXacTU4YeCcKux
YpaBHEHW, CO 3HAYEHUSIMU, PACCYNTAHHBIMU 10
aMnnpu4eckort opmysne 4ns TedeHus B Tpyoe,
NPUMEHSIEMOU B HXEHEPHON MEeTOAMUKE MNPOoekK-
TUPOBAHUS TENI100OMEHHbIX arnnaparos.
lMony4eHHble pe3ynbTaTtbl OTKPbLIBAKOT Nepcrek-
TVBY NCCJIeA0BaHWs MPOLLeCCOB nepeHoca Ternnia
npu pa3oBbIX nepexoaax B TypOyeHTHbIX MOTO-
kax TA C Uenblo yMeHbLIEeHUs] nx rabapuTHO-
MacCOBbIX XapakTepuUCTUK, a TakXe pocTa 3Hep-
retnyeckor apOEeKTUBHOCTM Kak caMux arnnapa-
TOB, Tak 3¢ PEKTUBHOCTY BCEr0O 3HEPreTUYECKO-
ro Kkomriekca.

KnioyeBbie c1oBa: TpaHCopT, SHEPreTUYecKkuii KOMIIeKe, Tersionepena4a, Hepa3BUToe KUNeHne, LINKJ1
PeHk1Ha, CTOXaCTUYeCKUE ypPaBHEHWS, My3blPbKOBbIV PEXUM.
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BBEAEHUE

BaxxHOCTb BHEIPEHNST SHEProcOeperaroIimx
TEXHOJIOTMiA HAa TPAHCIIOPTE OMPEC/ISICT BEKTOP
pa3BUTUSI CTALlMOHAPHOM SHEPIeTUKU TPAHC-
nopra. B yacTHOCTH, aKTyaJIbHOM MPOOJIEMON
sBsgeTcs (GhEKTUBHOE MCITOJIb30BAHUE HU3-
KOIOTEHILIMAIBHOM TEeIIOThI B CTALlMOHAPHBIX
TPAHCIOPTHBIX YHEPreTUYECKUX KOMIUIEKCAaX
Ha OCHOBE OpraHMYecKoro Iukia PeHkuHa
(OLIP). D1a3anaya xapakTepHa J1J151 KOTeIbHbIX
CTalLIMOHAPHOW SHEPreTUKM TPaHCIIOpTa, 3(d-
(beKTMBHOCTh KOTOPBIX BO MHOTOM OITPEAEIIsI-
€TCsI TeIJIOOOMEHHBIMU arlrapaTtamMmu, ooecrie-
YUBAIOIUMU (PYHKIIMOHMPOBAHUE IHEPTO-
KOMILIEKCa.

Co3naHre HOBBIX KOMIIAKTHBIX TEILJI000-
MEHHBIX aIlllapaToB, KaK U3BECTHO, COCPEIOTO-
YEHO Ha MOUCKE He TOJbKO Pa3IMYHbIX MHXKE-
HEPHBIX pelleHuit [1; 2] mo yBeaIuyeHuo ux
3(hheKTUBHOCTH, HO U HOBBIX ITyTEii pa3BUTHSI
TEOPUHU TypOYJICHTHOCTU, MCITOJIb30BAHUE pa3-
JIMYHBIX UIEH Ul ONMCaHUsI KOTOPOiA Mpe-
ctaBieHo B [3—20]. B cBs3u ¢ aTIM MOIEpHU-
3a1Usl 0OBEKTOB CTAllMOHAPHON HEPreTUKU
B Poccuu B OCHOBHOM, HO He IOJIHOCTBIO, CO-
OTBETCTBYET OCHOBHBIM OpPUEHTHPAM S9HEPreTH -
YeCKOIi CUCTEMBI, KOTOPast JOJIKHA YIOBICTBO-
PATH TPEOOBAHMSIM SHEPreTUUECKOM CTpaTeruu
Poccuiickoit ®eneparum 1o 2030 roma: sHep-
reTyeckasi 6€30MacHOCTh; IHEpreThuYecKast
3 (HEKTUBHOCTb SKOHOMUKU; O10KeTHasT -
(beKTUBHOCTb PHEPTETUKM; IKOJIOTUYECKAS
0e301acHOCTb dHepreTuku [21; 22]. A uMeHHO,
HarpaBJIeHUE 3KOJIOTMYEeCKOil 6e30IacHOCTH
M BHEPreTuueckoil a¢OEKTUBHOCTU He TOJIHO-
CTbIO MCITOJIb3YeT IOTeHIIMA MHHOBALIMI BBU-
Iy UMEIOIIUXCSI HA CETOMAHSIIIHUI MOMEHT
BO3MOXXHOCTEH YTMIM3ALIMK SHEPTUU BBIXJIOI -
HBIX Ta30B KOTEJIBHOM C MOC/IEAyIOIIM 00pa-
30BaHMEM 3aMKHYTOI'0 9HEPreTMYEeCKOr0 LIMKJIA.

BHuMaHue 3T0il mpobieMe yaeisieTcs
U B ApYyrUX cTpaHax [23; 24], rae paccMaTprBa-
FOTCSI TIPUHIIMITMAIIBHBIE CXEMbI SHEepreTruye-
CKMX KOMILIEKCOB Ha OCHOBE OPraHU4eCKOro
1ukiaa PeHkuHa.

B cBsI3u ¢ 3TUM METOIbI TEOPETUKO-
pacyETHOrO MCCIeA0BaHMS IIPOLIecca TeII000-
MeHa npu (Ha3oBBIX MEpPexoaax OCTAIOTCS
B LICHTPE BHMMAaHMS IPU MPOESKTUPOBAHUU
KOMIIAKTHBIX TEIJIOOOMEHHBIX allapaToB,
YTWIN3UPYIOLLINX HU3KOIMOTEHLIMATIbHYIO DHEP-
M0, BBUIY ITPOOJIEMbI y4ETa MHOTOIIApAMETPH -
YEeCKUX IIPOLIECCOB M UX B3aMUMHOIO BJIMSTHMSI.
HecMoTpst Ha 4ucjIeHHBIE METOMOJOTUM Ha
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ocHoBe ctatuctTuueckux MetogoB RANS, LES
u DNS [25; 26], ocTatoTcst BasKHbIMU M MHXKe-
HEpHbIE METOIOJIOTHH, OGa3UPYIOIIMeCcs Ha dM-
MMUPUYECKUX U TIOTTYIMITUPUUECKIX COOTHOIIIE-
HMSIX. DTO OCOOCHHO aKTYyaJIbHO BBUY PE3YITb-
TaTOB, MOJYYEHHBIX Ha 0a3e CTOXaCTUYECKOMN
Teopuu TypOyaeHTHOCTH. Teopust cTtoxacTrue-
CKOM TypOyJIeHTHOCTH [27—47], o0cCHOBaHHAas Ha
CTOXaCTUYECKUX YPaBHEHUSIX U TEOPUU DKBU-
BaJIEHTHBIX Mep, TTO3BOJISIET ITOJIYIUTh aHATU-
TUYECKKE 3aBUCUMOCTH JIJISI TIEPBOTO U BTOPOTO
KpuTHueckux uyucen PeitHonpaca [27-31],
npodwieit ycpeaHEHHBIX TTOJIeil CKOPOCTH
u temrmepatyphsl [32—34], koahbuiineHToB
TpeHUs U TeriooTnaun [35—38], koppensiuii
BTOpOTO TOpsiaKa, [39—41], KoppesIIOHHOMN
Pa3sMEepPHOCTH aTTPAKTOPOB [42; 43], crieKTpaib-
HBIX GyHKIMI [46; 47]. Takue pe3yasTaThl Mo-
3BOJISIIOT M3Y4YUTD 33/1a4y I10 YUETY TTapaMeTpOB
BJIMSTHUS TYpOYJISHTHOCTH Ha ITPOLIECC TIEPeHO-
ca Teruia B TIOTOKE INMPM HaIW4IMK (ha30BbIX
npeBpaiteHuii [44; 45]. TlomaepkHEM, 4TO MO-
JIeJTMPOBaHUE TUIPABINYECKUX MTOTEPh MPU
ITy3bIPHKOBOM PEXMME TEUCHUST C YUETOM Xa-
pPaKTepUCTUK TYpOYJIEHTHOCTH TTOTOKA MCCIIe-
JIOBaJIOCh B paborax [46; 47].

Ileas cTaTby — TMPENCTaBUTH PACUETHO-
TEOPETUIECKYIO MOJIENIb TIepeHOoca Teria TIpu
(ha3oBBIX ITepexonax B TypOYJEHTHBIX ITOTOKAX
Ha OCHOBE COOTHOIIIEHUI, TTOJTyY€HHBIX CTOXa-
CTUUYECKOI TeOpHUei TUIPONMHAMUKY U TETIIO-
obMeHa. PaccmaTpuBaeTcsi MoIeIUpOBaHUE
BJIUSTHYS TYPOYJICHTHOCTH TTpU (ha30BOM Tepe-
XO[Ie ITPY HEPA3BUTOM KUTICHUY ITy3bIPHKOBOTO
pexuMa.

PE3VYJIbTATbI

1. NIEPEHOC TENJA NMPU
HEPA3BUTOM PEXKMUME KUNEHU4A

B nHxeHepHOI ITpaKTHKe MOIETMPOBaHIE
IepeHoca Teruia Ipu (a3oBBIX Ilepexogax Ha
ITy3bIPEKOBOM PEKMME OITICHIBACTCSI KO3 DH-
LIMEHTOM TeIv1ooTaauu [25; 26]. Kak u3BectHo,
B 9KOHOMaM3epHOU 00J1aCTU BBIIESIOT: 00-
J1aCTh KOHBEKTUBHOTO TEIJIOOOMEHA; 00J1acTh
HEepa3BUTOTO ITOBEPXHOCTHOTO KHUIICHMSI;
Y4aCTOK Pa3BUTOTO IIOBEPXHOCTHOTO KATICHUSI.
B vicniapurenbHOM 06J1aCTH BBIIESIOT: 00J1aCTh
Pa3BUTOTO KHUIIEHUS; 00JIaCTh YXyIIICHHOTO
TerioooOMeHa. B maporeperpeBaTesibHOM 00-
JIACTH MMEETCS OOWH PAaCYETHBIM yJ4aCTOK —
KOHBEKTMBHOTO TeIrsioooMeHa. B naHHoi1 pa-
00Te pacCMOTPHM ABIZKCHIE B BEPTUKAIBHOMN
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Ta0muua 1

PesyabraTel pacuéToB uncen Hyccesra 1/ XapaKTepHbIX IApaMETPOB TYPOYJIEHTHOTO
TEMI000MeHa OT CTeHKH KPYIIOii TPYObI K Bojie (Pacu€éThl aBTOPOB)

Re Re%? Re’%® Nu,, ypaBuenue (5) | Nu,, ypaBHenue (6)
10 1585 3163 57 76,95

5+10* 5743 12930 228 279

10° 10000 23717 420 485

5+10° 36239 96961 1716 1757

10° 63095 177827 3152 3063

Tab6smna 2

Pe3syabraTel pacuéroB uncen HyccensTa a1 xapaKTepHbIX IapaMeTPOB TYPOYIEHTHOTO
TEMI000MeHa OT BOJIBI K CTEHKE TPYObI (PacuéThl aBTOPOB)

Re Re%® Re’”® Nu,, ypaBHenue (6) | Nu,, ypaBHeHnue (5)
10* 1585 3163 32 43

5+10* 5743 12930 130 156

310° 24082 62012 620 655

10° 63095 177827 1778 1715

5+10° 228652 727107 7271 6219

TpyOe Ha 5KOHOMAI3epHOM YJacTKe B 00J1aCTH
HEpa3BUTOTO MOBEPXHOCTHOI'O KUIICHUS. 3a
HavaJio 00JIaCTH HEpa3BUTOIO [IOBEPXHOCTHO-
TO KUIICHUS CJIeAyeT IPUHSITh CEYCHUE, B KO-
TopoMm t_ = t. KoabduuuneHT Ternooraayn
B 30HE HEPAa3BUTOIO KUIICHUSI MOXKET OBITh
paccuuTaH 1o hopMmyIie:

oy, =, +|—2 a{} (1)

9 e -X

pr. K.
Ly k. Ly

e o — KO3((MULMEHT TEIIO0TAaYM TIPU Te-
YeHUU oAHO(MA3HOIO MOTOKA B TPYOE;

o, — KO3(hOUIMEHT TEMTOOTAAYN NPH KK~
MEHUY B OOJIBIIOM O0BEME;

o, - KO3((PULIMEHT TETIOOTIAYM B 30HE
Pa3BUTOIO KUIICHMSI;

( — IJIOTHOCTb TEIJIOBOTO ITOTOKA;

I — yaeJbHasl TeIJI0Ta MapooOpa30oBaHus;

X — TeKylllee 3HaYeHHE OTHOCUTEIbHOMI
SHTAJILIIMKU PaboyYero Tena;

X, , — OTHOCHUTEJIbHAs SHTAJIbIKA PabOYero
Tesa, MpU KOTOPOM HAaYMHAETCsl HEPa3BUTOE
KUIICHUE;

X, — OTHOCHTE/IbHAST SHTAIBIHS pabouero
Tejla, COOTBETCTBYIOIIAsI HAYaly pa3BUTOIO
ITOBEPXHOCTHOTO KUTICHMSI.

BenuunHa OTHOCUTETbHOM SHTAIBITMM T10-
TOKa B 3TOM CEUCHUU OIPEICIISETCS IS ITPO-
JIOJIbHOTO BHYTPEHHETO 1 BHEIITHETO O0TEKaHMsI

TEMJI000MEHHBIX TPYO:
__9%
K =2 (2

K
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J1ns1 TeueHMs1 BHYTPY TPYOBI ¥ BHYTPU KOJTb-
LIEBbIX KAaHAJIOB B TUAIa30HEe PEXKMMHBIX ITapa-
MeTpoB p =2,9+19,6 MIla; pw = 10005500 kr/
(M2+c); q=0,7+1,7 MBt/Mm>2.

Xy = —140[r (P{fv)m ]1,1 [("W::“*d}m [%J—O,Z )

WHupekco! 1 12 — COOTBETCTBEHHO OTHOCSIT-
€4 K KUIOKOCTH, T1apy;

P — TUTOTHOCT;
W_, — CKOPOCTb IBYX(ha3HOIO IIOTOKA.

Cl

2. MEPEHOC TENMJ1A NPU TEMEHUU
OAHO®MA3HOMU XXUOKOCTHU

3anuuieM BHayajle BHIPAXEHUE IS O —
Koa(ddulMeHTa TeII00TIauN TTPU KUTIEHU N
B 0OJIBIIIOM O0BEME (TTIPU 3TOM P — JaBJICHUE).
Hnsa Boael — o710 ) = 4,34 q°7+ (p™'* +
1,37+ 1072 p?) [29]. I1pu Hepa3BUTOM KUIIEHUN
¥ BBIHY3KJIEHHOM TYpOYJICHTHOM Te4eHU U BOII-
31 CTEHKU TPYObI OH, TaK 3Ke, KaK 1 KO3 PULII-
CHT TEILIOOTAAYH DU PA3BUTOM KUIICHUK O,
KaK M3BeCTHO [28; 29], urpaeT He3HAYUTETHHYIO
POJIb, TIO CPABHEHMIO C BEJTMIMHOM KO3 PULII-
€HTa TEIUIO0TAa4YM IIPU BbIHYXXIEHHOM TeYEHUN
onHodasHoro Motoka B Tpyde o, . Mi3BectHo [3;
6], uto ot OnHOMAZHOM KMIKOCTH Ha Typ-
OyneHTHOM pexume B auanaszoHax 0,6 < Pr
<200, 10*<Re, <5 * 10° ompeensieTcs 3aBUCHU-

MOCTBIO:
o = ANu 4
=g/ 4)
Nu=0,021Pr’* Re?* (Pr, / Pr,, )™ (5)
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rne Nu, Pr, Re — yucna Hyccensra, [Tpanaris
u PeitHonbaca, uHaekcol L, W — oTHocATCS
K py IIOTOKA U Ha CTEHKE;

d — nuameTp TpyoOBhl;

A — TEIJIOTIPOBOIHOCTb.

Kak ciaenyer u3 conocrapnenus [12—15],
OTKJIOHEHUE Pe3yJIBTaTOB pacuy€Ta 1o 3aBUCH -
MOCTHU (5) M MHBIX 3aBUCUMOCTE /IS Yucia
Hyccenbra ¢ akcniepuMeHTaJIbHBIMU pacIipe-
JEIEHUSIMU MOXKeT coctaBnisth +25 %. Kak
oTMedeHOo B [3—16], Takoil pa3dpoc MOXET
OBITb OOBSICHEH B MEPBYIO OYEPEAb BIUSIHUEM
CTeNeHU TYpOYJEHTHOCTU U €€ MaclITaboM,
10 3aBUCUMOCTHU:

o)
Nu, =02 [—V%/F’JR% [(P)"]). 6)

0

3. PE3YJIbTATbI PACYETOB

CpaBHEHME Pe3y/IbTaTOB PacYETOB YKCEN
Hyccenbra niist xapakTepHBIX ITapaMeTpoB
TypOY/JI€HTHOI'O TEMJI000MEHa OT CTEHKU KPYT-
JIOH TpyOBbI K BOjie JaHO B Ta0JI. 1.

CpaBHEHME Pe3y/IbTaTOB PacYETOB YKCE
Hyccenbra niist xapakTepHBIX ITapaMeTpoB
TypOYJEHTHOTO TeI000MeHa OT BOJbI K CTeH-
Ke TpyObl pencTaBieHo B Ta0JI. 2.

Takum 06pazoM, YUET mapaMeTpoB TypOy-
JIEHTHOCTH 110 popmyiie (6) AaéT BO3MOXK-
HOCTB C OOJIBIIION TOCTOBEPHOCTBIO OIpe/ie-
JIATh TePEHOC Teruia Mpu (Pa3oBOM Tepexoe
Ha My3bIPbKOBOM pekrme no dhopmyaam (1),

Q).

SAKJIIOMEHUE

IIpencrasieHa MOIEPHU3UPOBAHHAS MO-
JIeJTb HEpa3BUTOTO KUTIEHUS B TPyDax TeTuio-
OOMEHHBIX aIllaparoB, MpeTHa3HAYSHHBIX TSI
WCTIOJIb30BaHUSI HU3KOTIOTEHITNAIBHOM TeTI-
JIOTBI HA OCHOBE OpraHWYecKoro uukia PexH-
KWHa IS YK€ MOJIEpHU3UPOBAHHBIX KOTEJTb-
HBIX, TIEPEBOIMMBIX C Ma3yTHOTO TOTIMBA Ha
ra3. Pe3syabTaTsel cpaBHEHUs MMOKa3bIBAlOT
YIOBJIETBOPUTEIEHOE COOTBETCTBUE 3HAYCHU
mo dopmyse (6), MOJY4YeHHOI Ha OCHOBE
CTOXaCTHUYECKUX ypPaBHEHMUI, CO 3HAUYCHUSIMH,
paccuyMTaHHBIMU IO AMITUPUUECKOI (hopmyIre
(5) nng reyeHus B Tpyoe, MPUMEHSIEMOIA B UH-
JKEHEepPHOI METOIMKE TTPOCKTUPOBAHUSI TETI-
JIOOOMEHHBIX anmnapaTtoB. [losydyeHHbIe pe-
3YJIBTAThl OTKPBIBAIOT MEPCIIEKTUBY UCCIIENO0-
BaHUsI IPOLIECCOB NIEPEeHOca TeTuIa npu (azo-
BBIX TTepexojax B TYpPOYJIEHTHBIX MIOTOKAX 10

dopmynam (1), (2).
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Features of Calculating the Characteristics
of Energy Complexes Using Low-Grade Energy

Arthur V. DMITRENKO

Maria A. KOLOSOVA

ABSTRACT

The development of stationary energy
seems to be an important aspect of introduction
of energy-saving technologies in transportation
sector. In Russia, it is conditioned by the main
provisions of the Energy Strategy of the Russian
Federation until 2030. In this regard, the
problem of efficient use of low-grade heat
based on the organic Rankine cycle (ORC) in
stationary heat energy supply units in the
transport industry is urgent. In particular, this
task is typical for boiler houses converted from
heavy fuel oil to gas fuel. In this case, the
efficiency of ORC application will primarily be
determined by the efficiency of the used heat
exchangers (HE) with a phase transition, as
a result of which, both technically and
theoretically, the problem of designing and
calculating the optimal characteristics of these
HE will be of great interest.
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The article presents a theoretical and
computational model of heat transfer during
phase transitions in turbulent flows based on the
relations obtained by the stochastic theory of
hydrodynamics and heat transfer. The modelling
of the effect of turbulence during the phase
transition with undeveloped boiling of the bubble
mode is considered. The comparison results show
satisfactory conformity of the values obtained
according to the formula based on stochastic
equations with the values calculated according to
the empirical formula for the flow in a pipe, used
in the engineering method of designing heat
exchangers. The results obtained open the
prospect for studying the processes of heat
transfer during phase transitions in turbulent flows
of HE to reduce their overall and mass
characteristics, as well as to increase the energy
efficiency of both the devices themselves and the
efficiency of the entire energy complex.
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Background.

The importance of introducing energy-
saving technologies in transport determines the
vector of development of stationary energy in
this sector. In particular, efficient use of low-
grade heat in stationary transport energy units
based on the organic Rankine cycle (ORC) is
quite relevant. This task is typical of boiler
houses of stationary power engineering units of
transport, the efficiency of which is largely
determined by heat exchangers that ensure
functioning of the energy complex.

The creation of new compact heat
exchangers, as it is known, is focused not only
on the search for various engineering solutions
[1; 2] to increase their efficiency, but also on
the new ways of developing the theory of
turbulence, various ideas of description of its
use being presented in [3—20]. In this regard,
modernization of stationary energy facilities,
e.g., in Russia, basically, but not completely,
corresponds to the main guidelines of the
energy system, which must meet the
requirements of the energy strategy of the
Russian Federation until 2030: energy security;
energy efficiency of the economy; energy
budget efficiency; environmental safety of the
energy sector [21; 22]. Namely, the area of
environmental safety and energy efficiency
does not fully use the innovation capacity of
existing possibilities regarding utilizing the
energy of exhaust gases from a boiler house with
subsequent formation of a closed energy cycle.

Attention is paid to this problem in other
countries as well [23; 24], where schematic
diagrams of energy complexes based on the
organic Rankine cycle are considered.

In this regard, the methods of theoretical
and computational study of the heat transfer
process during phase transitions remain in the
focus of attention when designing compact heat
exchangers utilizing low-grade energy, and with
regard to the problem of considering multi-
parametric processes and their mutual
influence. Despite the numerical methodologies
based on RANS, LES and DNS statistical
methods [25; 26], engineering methodologies
based on empirical and semi-empirical
relationships remain important. This is
especially significant in view of the results
obtained based on the stochastic theory of
turbulence. The theory of stochastic turbulence
[27—47], based on stochastic equations and the
equivalent circuit theory, makes it possible to
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obtain analytical dependences for the first and
second critical Reynolds numbers [27—31],
profiles of averaged fields of velocity and
temperature [32—34], friction and heat transfer
coefficients [35—38], second order correlations,
[39—41], correlation dimension of attractors
[42; 43], spectral functions [46; 47]. Such
results allow us to study the problem of
considering the influence of turbulence
parameters on the process of heat transfer in
the flow in the presence of phase transformations
[44; 45]. We emphasize that the modelling of
hydraulic losses in the bubble flow mode,
considering the characteristics of the flow
turbulence, was studied in [46; 47].

The objective of the article is to present
a theoretical and computational model of heat
transfer during phase transitions in turbulent
flows based on the relations obtained within the
stochastic theory of hydrodynamics and heat
transfer. The modelling of the effect of turbulence
during the phase transition with undeveloped
boiling of the bubble mode is considered.

Results

1. Heat transfer in an undeveloped boiling
regime

In engineering practices, modelling heat
transfer during phase transitions in the bubble
mode is described by the heat transfer coefficient
[25; 26]. Asit isknown, in the economiser area
there are: the area of convective heat transfer;
area of undeveloped surface boiling; area of
developed surface boiling. In the evaporation
area, there are: area of developed boiling; area
of poor heat transfer. In the steam superheating
area, there is a single calculation section of
convective heat transfer. Here we will consider
the motion in a vertical pipe in the economiser
section in the area of undeveloped surface
boiling. For the beginning of the area of
undeveloped surface boiling, one should take
the cross section in which ¢ = 7. The heat
transfer coefficient in the undeveloped boiling
area can be calculated by the formula:

X —X,
o :(xk+ 9 -, n.k. , (1)
o q X% Xk ~Xnx

r.k. n.k.

Ay Qo

where o, is heat transfer coefficient for a single-
phase flow in a pipe;

a, is coefficient of heat transfer during
boiling in a large volume;
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Table 1

Calculation of Nusselt numbers for the characteristic parameters of turbulent heat transfer from

the wall of a circular pipe to water (authors’ calculations)

Re Re%¢ Re’7? Nu,, equation (5) Nu,, equation (6)
104 1585 3163 57 76,95

5¢10% 5743 12930 228 279

10° 10000 23717 420 485

5+10° 36239 96961 1716 1757

108 63095 177827 3152 3063

Table 2

Calculation of Nusselt numbers for the characteristic parameters of turbulent heat transfer from

water to the pipe wall (authors’ calculations)

Re Re%® Re’8 Nu,, equation (6) Nu,, equation (5)
104 1585 3163 32 43

5+10% 5743 12930 130 156

3.10° 24082 62012 620 655

100 63095 177827 1778 1715

5+10° 228652 727107 7271 6219

a,, is coefficient of heat transfer in the area
of developed boiling;

q is heat flux density;

ris specific heat of vaporization;

x is current value of the relative enthalpy of
the working fluid;

x,  is relative enthalpy of the working fluid,
at which undeveloped boiling begins;

x_, is relative enthalpy of the working fluid,
corresponding to the beginning of the developed
surface boiling.

The value of the relative enthalpy of the flow
in this section is determined for the longitudinal
internal and external flow around the heat
exchange tubes:

__45
xn.k. - (xkr . (2)
For the flow inside the pipe and inside the
annular channels in the range of operating
parameters: p = 2,9+19,6 MPa; pw =
1000+5500 kg/(m?+s); ¢ =0,7+1,7 MW/m>.

weaf) (e () o

Indices 1 and 2 — respectively, refer to
liquid, steam;

p is density;

w_ is two-phase flow speed.

2. Heat transfer during the flow of a single-
phase liquid

Let us first write down the expression for
a,, heat transfer coefficient during boiling in

a large volume (p is for pressure). For water,
thisis o = 4,34 g7+ (p*'* + 1,37« 1072 p?) [29].
With undeveloped boiling and forced turbulent
flow near the pipe wall, it, as well as the heat
transfer coefficient at developed boiling a. , , as
it is known [28; 29], plays an insignificant role
in comparison with the value of the heat
transfer coefficient for the forced flow of
a single-phase flow in the pipe a,. It is known
[5; 6] that a, for a single-phase liquid in
a turbulent regime in the ranges 0,6 < Pr <200,
10* < Re, < 5+10° is determined by the

dependence:

ANu
Y=g 4
Nu=0,021Pr?* Re$* (Pr, / Pr,, )™ | 5)

where Nu, Pr, Re are Nusselt, Prandtl and
Reynolds numbers, L, W indices refer to the
flow core and that on the wall;

d — pipe diameter;

A — thermal conductivity.

As follows from the comparison [12—15],
the deviation of the calculation results using
dependence (5) and other dependences for
Nusselt number from experimental distributions
can be of 25 %. As noted in [3—16], such
a spread can be explained primarily by the
influence of the degree of turbulence and its
scale, according to the dependence:

=y 17/8)
Nu =0,2HEU”/F)JRe4 [(Pr)”lz] 6)

d
0
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3. Calculation results

Comparison of the results of calculating
Nusselt numbers for the characteristic
parameters of turbulent heat transfer from the
wall of a circular pipe to water is given in
Table 1.

Comparison of the results of calculating
Nusselt numbers for the characteristic
parameters of turbulent heat transfer from
water to the pipe wall is presented in Table 2.

Thus, considering the turbulence parameters
according to formula (6) makes it possible to
calculate according to formulas (1), (2) with
high reliability the heat transfer during the
phase transition in the bubble mode.

Conclusion.

A modernised model of undeveloped
boiling in tubes of heat exchangers designed to
use low-grade heat based on the organic
Rankine cycle for already modernised boiler
houses converted from fuel oil to gas is so
presented. The comparison results show
satisfactory conformity of the values obtained
according to formula (6) based on stochastic
equations, with the values calculated according
to the empirical formula (5) for the flow in
a pipe, used in the engineering method of
designing heat exchangers. The results obtained
are promising for studying heat transfer
processes during phase transitions in turbulent
flows according to formulas (1), (2).
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Amutpnii EPAHOB

PaccmarpuBatloTcss 0cO6eHHOCTU CUCTEM MO-
HUTOPUHIra 0O bEKTOB XeJIe3HOA0POXHOM MHPpPa-
CTPYKTYPbI 1 10ABUXHOro cocrasa. OnucaHsl oc-
HOBHbI€ MOAXOAbl K OpraHn3alumnm MOHUTOPUHIa
006bEKTOB X€J1Ie3HOAO0POXHON NHPPACTPYKTYPbI
Y MOABUXHOIO COCcTaBa, 0TMEYEHbI MX JOCTOMHCTBA
v HenocTtatku. OCHOBHOW LieJ1bI0 HacTosiLeli pabo-
Thl IB/ISIETCS MPEACTaB/IeHNE YANTATEsII0 KOHLIENTY-
aJlbHOro BUAEHUS CUCTEeMbl MOHUTOPUHIa
YCTPOWiCTB U cucTtemM obecrneyeHvs 6e30MacHOCTU
JABUXXEHUSI N0e340B, UCMOJb3YIOLei TeXHOI0r
nepegayv anarHoOCTUYECKOV MHGopMaummv rno pa-
AviokaHasy. Vicnonb3oBaHbl METOAbl TEOPUUN TEX-
HUYE€CKOW ANarHOCTUKU U MOHUTOPUHIA.

BHumaHune c@okycupoBaHO Ha MPUMeHeHUn
TEXHOJ10r i 6ecrnpoBoAHOM Nepenayn AaHHbIX M Nc-
10/1b30BaHVIV aBTOHOMHbIX IATYNKOB [TPOMbILLIEHHOM
aBToMaTn3aLmny rnpu opraHn3aLmm cCUCTeM MOHUTO-
PpUHra yCTpoVCTB Xes1e3HOA0POXHOM aBTOMaTUKU.
lNpencTaBieHa apxXUTEKTYpa CUCTEMbI MOHUTOPUHIA.
JlaHo onvcaHue caMori CUCTEeMbI U TEXHOJI0M U MO-
HUTOPUHIra, 0TMEeYaroTCsl OCHOBHbIE MPENMYLLIeCTBa
npeacTaBAeHHOro rnogxoaa, 3akjw4arLlmecs,

HAYKA N TEXH/KA

CuctemMma MOHUTOPUHIra YCTPOWUCTB
)XeJIe3HO4OPOXHOI aBTOMaTUKU HAa OCHOBE
npombiwieHHoro «MHTepHeTa BeLwiein»

Epanos [[mumpuii Buxmoposuu — OOO «BEIA Ipynn», Cankm-I[lemep6ype,
Poccuiickuii ynueepcumem mpancnopma, Mockea, Poccus™.

rnpexze Bcero, B COKpaLLeH 06bEMOB MPOEKTHbIX
paboT v CHUXEHUN 3HEePrornoTpebeHns CUCTEMbI
B LiesioM. HegocTtatkom xe siBnsieTcst HeobXxoaMMocCTb
3aMeHbl aBTOHOMHbIX ICTOYHUKOB NMUTaHUS, obecrie-
YeHus 3aLUNLLEHHOCTY CeTy nepenayu AaHHbIX, rne-
PUOANYECKON MOBEPKU U KaIMOPOBKM CPELCTB M3-
MepeHus.

lMpuBeneHbl OCHOBHbIE CXEMbI MOAKIOYEHNS
aT41KoB U3MepPeHVs PU3NYECKNX BESTNYNH K CXEM-
HbIM y3J1aM XeJIe3HOAOPOXHO aBToMatvku. [aH
nepe4eHb HE0OX0ANMBbIX AJ151 Ka4eCTBEHHOro 1 a¢-
(EKTUBHOIrO MOHUTOPUHIa YyCTPONCTB XE/1€3HOA0-
POXHOV aBTOMaTtuku napametTpos. OTmeyaeTcs
HEobX0AMMOCTb Kak KOHTPOJIS MEXaHUY€CKUX
Y reoMeTpu4eckux rnapamMeTpoB yCTPONCTB, Tak
UM y4ET AaHHbIX OT B3aMMOCBS3aHHbIX 0O bEKTOB
XKe/1e3HON0POXHON MHOPACTPYKTYPbI U MOLABUXKHO-
ro cocrtasa.

TpennoxeHHbIV NoaAX0A MOXET HarTy CBOE rpu-
MeHeHue B chepe Xene3Hon0POXHOV aBTOMaTuku
W, npexzae Bcero, Ha Tex obbekTax, KoTopble pacro-
JIOXKEHbI Ha OrPaHUYEeHHbIX MIOLLAASX MOMELLEHN
(Hanpumep, B METPOMOINTEHAX).

KnroueBble cnoBa: xenesHas fopora, CUCTeMa MOHUTOPUHIa yCTPOVCTB Xese3HO40POXHOM aBToMaTu-
KU, AaTHMKY POMBILLITIEHHOV aBTOMaTu3aLmy, 6ecrnpoBoHasi nepeaaya AaHHbIX, AnarHoCTUHEeCKUY NapameTp
YCTPOVCTBA XEe3HOA0POXHOV aBTOMatuku, 9PEKTUBHOCTb TEXHOIOMNN MOHUTOPUHIA.

*MHdopmaums 06 aBTope:

Edanor AMuUtpunin BUKTOpPOBUY — JOKTOP TEXHNYECKUX HAYK, OOLLEHT, NepBbl 3aMecTuTeb
reHepasbHOro aupekTopa — masHbI nHxeHep OO0 «BEIA MNpynn», CaHkT-MNeTepbypr, npodeccop
Kadenpbl aBTOMaTUKKN, TENEMEXaHUKN 1 CBA3W Ha XenNe3HO40POXHOM TpaHcrnopTe Poccuiickoro
yHUMBepcuTeTa TpaHcnopTta, Mockea, Poccus, TrES-4b@yandex.ru.

CrtaTbsa noctynuna B pegakumio 27.02.2020, npuHaTa k nyénvkauum 12.10.2020.

For the English text of the article please see p. 127.
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BBEOAEHUE

TexHOJIOTMYM MOHMTOPUHIA IIUPOKO MC-
MOJIB3YIOTCS BO BCEX 00JIACTSIX ITPOMBIIILICH -
HOCTHM M TpaHcmoprta. JlaTyuKkaMu MOHUTO-
pHHTa 000PYIYIOTCSI YHUKaIbHbIE MCKYC-
CTBEHHbIC COOPYXCHUS U 3MaHUS, TEXHUYE-
CKME CpEJCTBa aBTOMAaTU3alluu, MalliHbI
M MeXaHU3MBbL. [1py 3TOM CIeKTp U3MepsieMbIX
MapaMeTPOB M MX BEJIMYMH BeChMa pa3HO00-
paseH, a caMu ITPUOOPBI U AATYMKY CIIOCOOHBI
KaK U3MepsITh aHAJIOTOBbIE 3HAYEHMSI U TIpe-
00pa30BBIBATh X B LIM(POBOIA BUJI, TAK 1 BbI-
JlaBaTh TOJbKO CUTHAJbl O TOCTUXEHUM
MpeayCTAaHOBJICHHOTO [IOPOTOBOI0 3HAYCHUSI.
Iles MOHUTOPUHIA TaAKXKE PA3JIMUHbBL B HE-
KOTOPBIX IIPUIOKEHUSIX TpeOYyeTCsl YIET Ipo-
U3BEeIEHHOM pabOThI, IMTOTpAYeHHO Ha Heé
SHEPruu (Hampumep, yYET TOIIMBA WU YYET
paboThI OoMepaTopa), B HEKOTOPBIX TpeOyeTcs
MHIMKAIKS O JOCTVKEHUM OIIACHOTO (IOKPU-
TUYECKOr0) 3HAYeHUs U3MEPEHHOIO rapa-
MeTpa (MOHUTOPUHT B CTPOUTEIBLHOI OTpac-
JIN), B HEKOTOPBIX — aBTOMAaTU3all1sl U3Mepe-
HUS (151 aBTOMATHU3aLMK PabOT IO 00CTYKU-
BaHMIO U ONpEIeICHUS MPea0TKa3HbIX
COCTOSIHUIA), a B HEKOTOPBIX — JIaXKe UCII0JIb-
30BaHUE 3TOM MHMOPMALIMK B LIEMSAX 00par-
HOM CBSI3M JJIsI KOPPEKTUPOBKU PeXUMa
yhpaBieHus (HarpuMmep, B paboTe CUCTeMbI
VIIpaBJIEHUST CAMOIETOM).

M cnosb3yloTest TEXHOJIOTMY MOHUTOPMHTA
U B chepe CUCTEM yIIpaBICHMS IBIKEHUEM Ha
JKeJIe3HOIOPOKHOM TpaHcropTe. OCHOBHBIE
TEXHUYECKME CPEICTBA PEryJIMpPOBAHUsI IBU-
JKEHUSI TI0€310B (00BEKTHI 3KeJIE3HOTOPOXKHOM
aBTOMAaTHMKH), a TakKxke OOPTOBBIE CPeICTBa
aBTOMAaTU3allui O0OPYAYIOTCS CpeaCcTBaMu
aBTOMAaTU3UPOBAHHOIO TEXHUYECKOTO IMAarHO-
CTUpPOBaHUS U MOHUTOpHUHTA [1; 2]. laHHBIE
OT OOPTOBBIX CPEICTB MOHUTOPUHTA Iepeaa-
FOTCST HEITOCPEACTBEHHO Ha OOPTOBBIE YCTPOI -
CTBa aBTOMAaTU3alllM, a TAKXKe TePCOHAITy 110
TEXHUYECKOMY OOCTYKMBAHUIO IOKOMOTUBOB.
JlaHHbBIE OT CUCTEM MOHUTOPUHIa OOBEKTOB
JKeJIE3HOIOPOXKHOIM aBTOMATHKU IIOCPEICTBOM
KabeJbHOI ceTH (pexke — Io 0eCITpOBOIHBIM
KaHajaMm [3]) mepenaioTcs B CTaHLIMOHHBIE
IyHKTbI KOHLIEHTPALIMU JaHHBIX U ajiee — Ha
BEepXHUE YPOBHM UEPAPXUU YIIPABICHUSI, — Ha
000pyn0oBaHUE AMCTAHUMU CUTHAIU3ALIUU,
HeHTpaau3auuu 1 01okupoBku (CLIB) u ieHT-
POB MOHUTOpPUHTA [4].

Cienyer 100aBUTh, YTO KPOME UCITOIB30-
BaHUsI 0003HAYEHHBIX TEXHUYECKUX CPEICTB
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U3MEpeHUsI TapaMeTPOB YCTPOUCTB aBTOMa-
TU3AIUM, TIPOU3BOISATCS MEPOTIPUSITHS T10
MepUOANIECKOMY MOHUTOPUHTY COCTOSTHUS
BEPXHET0 CTPOEHMUS TTYTH C TTIOMOIIIBIO fAeheK-
TOCKOTIOB 1 CITeIIMAJI3UPOBAHHOTO TTOIBMK -
HOTO COCTaBa, U3MEPEHUIO MapaMeTPOB Ke-
JIE3HOTOPOKHOW KOHTAKTHOW MOJIBECKU
C TIOMOIIIbIO BATOHOB-JIA00paTOPHIi, a TAKXKe
MPOU3BOISITCS U3MEPEHMS TTapaMeTPOB T10-
JIBUZKHBIX €IMHUIIL «Ha XOIy» CTAlIMOHAPHBIMU
KOMITJIEKCAMU KOHTPOJISI TEXHUYECKOTO CO-
CTOSTHMST BATOHOB U JIOKOMOTUBOB. JlaHHBIE,
MOJTy4aeMble OT CPEICTB U3MEPEHUsI COCTOSI-
HUSI TTyTU U KOHTAKTHOM CeTU, aKKyMYJIUPY-
I0TCSI M TIepealoTCsl CIelnaJucTaM 1Mo ux
pacmmdpoBke. JlaHHbIE OT CUCTEM MOHUTO-
pMHTa TTapaMeTPOB MOoe3/1a «Ha XOay» aHaH-
3UPYIOTCS B PEXUME PEaJbHOTO BPEMEHU
U UCTIOJIB3YIOTCST [Tl TIPEAYTIPEKICHUST aBa-
PUIHBIX CUTyallMii B pabOTe MOIBUKHOTO
cocTaBa.

OcTtaHoBHUMCS Ha ITPOOJeMe MOHUTOPUH-
ra COCTOSTHUSI OOBEKTOB XKeJIe3HOMOPOKHOMN
aBTOMatuku [5]. B xo3giicTBe aBTOMAaTUKU
U TeJIeMEeXaHUKU CUCTEMbl MOHUTOPUHTA YKe
MaBHO 00pa3oBajiM OTIEJbHBIM KJacc
yerpoiict CLIB [6; 7]. CyiecTBYIOT cTaHaap-
THI, peTJIaMeHTUPYIOIIEe TTPUMEHEeHNE TaH-
HBIX CPEICTB aBTOMAaTU3alliu, TUTIOBbIE Ma-
Tepuabl TI0 IPOEKTUPOBAHUIO OTHAETbHBIX
cucteM u nipouee. [TocTosiHHO pa3zpabaTbiBa-
FOTCST M COBEPIIICHCTBYIOTCS ITOIXO/IbI K MTOJTY-
YyeHU10, 00paboTKe U aHAJIU3Y IMarHOCTUYE-
CKMX JaHHBIX [§—13].

OmHOI U3 CIIOXHOCTEH, BOZHUKAIOIINX
B ITPOIIECCE BHENPEHUST CUCTEM MOHUTOPUHTA
YCTPOMCTB KeJIe3HOTOPOXKHOIM aBTOMAaTUKU,
SIBJISIETCST HEOOXOMMOCTh pa3pabOTKH CIOXK-
HOTO MPOEKTa ¢ YIETOM TPOKIIaIK1 Kabeei
TS TIOMKJTFOUEHMST IMaTHOCTUYECKUX TTPUO0-
poB. Kpome Toro, 1isi caMuX CPelCTB TEXHM -
YECKOTO TMarHOCTUPOBAHUSI U MOHUTOPUHTA
TpedyeTcs YUET MOTPebIsIeMOl DJIEKTPOIHEP-
TUU.

L]eavio HACTOSIIICH CTATHU SIBJISIETCS O -
CaHMe MoJXoa K MOCTPOSHUIO CUCTEMbI MO-
HUTOPUWHTA ITOCTOBBIX YCTPOICTB XeJIe3HOIO0-
POXHOII aBTOMaTMKN Ha OCHOBE NaTYUKOB
TPOMBIIIIJICHHOW aBTOMAaTU3allu¥ C aBTOHOM -
HBIM DHEProcHabXeHueM U Mepenaveii 1aH-
HBIX C UCTIOJIb30BaHNEM COOCTBEHHOTO «MH-
TepHeTa Bellleil», TIPU 3TOM HCII0JIb30BaHbI
Memodsl TEOPUN TeXHUIECKOW TMarHOCTUKU
1 MOHUTOPHHTA.

Edanos [1. B. Cuctema MOHUTOPUHIa YCTPOMCTB XeJIe3SHOAOPOXXHOMN aBTOMaTUKN Ha OCHOBE
npombeiLieHHOro «MHTepHeTa BeLLEN»




Puc. 1. YcTpo#icTBO n3MepeHUSI HanpsHkKeHUs U Toka
¢ 6ecnpoBoaHoli nepenayeli 4aHHbIX.

ITomoGHbIE TaTYMKU U TEXHOJIOTUH Tepe-
nayy MHGbOpMaIlMU yXe 1aBHO XOPOIOo 3ape-
KOMEHI0BaJIU ce0s1 B O0IBIIIOM YK CJIE MPUIIO-
XeHuii [14], a ux BHeaApeHUe B 00JaCTH Ke-
JIE3HOAOPOXKHOI aBTOMAaTUKU CIEPKUBAETCS,
pa3Be 4TO, KOHCEPBAaTU3MOM OTpaciu, HO
HUKaK HEe TeXHUYECKMMU BO3MOXKHOCTSIMU
COBPEMEHHBIX cUCTeM aBToMaTu3auuu. Mc-
MOJIb30BaHUE IpeajlaraeMoro noaxona K op-
raHU3alMy CUCTEMbl MOHUTOPUHTIA ITO3BOJISI -
€T CHU3UTb 3aTpaThl Ha €€ MPOeKTUPOBaHUE,
a TaK>Ke YIPOCTUTh TPOLIEAYPY €€ MOCIeayI0-
1€} SKCIUTyaTalluu.

APXUTEKTYPA CUCTEMbI
MOHUTOPUHTA, COCTAB JATHUKOB
N CXEMbI UX NOOAKNTIOYEHUSA

CoBpeMeHHbIE CUCTEMBl MOHUTOPUHTA
YCTPOMCTB XeJE€3HOIOPOKHON aBTOMaTUKU
HUCMOJIb3YIOT KaK IUPOKO MPUMEHSIEMbIe
JMaTYUKUA Y IPUOOPHI MPOMBIILIEHHON aBTO-
MaTU3al1u, TaK U YHUDUILIMPOBAHHBIE U3ME-
pUTEIbHBIE KOHTPOJUIEPHI KOMIAHU A -TTPOU3-
BOJUTEJICI, MPUMEPBI KOTOPBIX €CTh U B [6; 7],
U Ha caifTax pa3paboTuyukoB. Takue npubdopsl
BHECEHBI B PEECTP CPEICTB U3MEPEHUS, IS
HUX TaKXKe TpedyeTcs mepruoanyeckasi moep-
Ka. JlaHHbIE OT IUaTHOCTUYECKUX MPUOOPOB,
MoCTynalolMe B MporpaMMHbIE CpeAcTBa
XpaHeHWUs, 00pabOTKHU U aHAIU3a, CYUTAIOTCS
JTOCTOBEPHBIMM.

HenocraTkoM ke u3mMepuTeIbHbIX TPUOO-
POB COOCTBEHHOIT pa3pabOTKU SIBJISIETCST UX
BBICOKAs 1IeHA U OTCYTCTBUE PEKOMEHIOBAH -
HBIX aHAJOrOB — TUIIOBBIE MaTepUasbl Mo
MPOEKTUPOBAHUIO MCKIIIOYAIOT UCIOJb30Ba-
HUE UHBIX CPEJCTB, YEM TE, YTO 0O03HAUEHBI
B [MPOEKTE.

B kxauecTBe anbrepHATUBBI HIMPOKO pac-
MPOCTPAHEHHBIM JTUATHOCTUYECKUM TMPUOO-
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pam coOCTBEHHOI pa3pabOTKM MPOU3BOIUTE -
JIeil MOTYT OBITh PACCMOTPEHBI YCTPOICTBA
M3MEPEeHU HATIPSIKeHW I ¥ TOKOB TTPOMBIIII -
JICHHBIX MPOU3BOAUTENEN ¢ 6eCIPOBOJHON
repenayeit TaHHBIX 1 aBTOHOMHBIM ITUTaHUEM
[15]. ITpumMep Takoro ycTpoiicTBa M300paxkéH
Ha puc. 1. Takue npubopsl NpeaHa3HaAYEHbI
JUTSL TIpeoOpa3oBaHus (GDU3NIECKUX BEJIMIMH
HamnpsoKeHUs M ToKa B 1iudpoBoii curHait. [pu
M3MEpPEeHUSIX C YaCTOTOM OIMpoca JaTyuka
B 10 cek (3TOro BIOJIHE JOCTAaTOYHO IS pe-
IIEHMS 3a1a4 MOHUTOPUHTA MEIJIEHHOTEKY -
IIMX TPOLIECCOB B YCTPOMCTBAX XKEJIE3HOMIO-
POXHOI aBTOMaTUKM) OaTapeu ciyxkaT doJiee
rmoJyropa jeT. MOXXHO OTMETUTD aJIbTepHATH -
BY MPUMEHEHUSI UCTOYHUKOB OaTapeiiHOro
ITUTAHUS ¥ TIOCTOSTHHOTO TIUTAHUSI JIJIST TAKUX
natyukoB. CaMM TeXHUYECKUE OMMUCAHUS
YCTPOMCTB C X OCOOEHHOCTSIMU MOXKHO Haii-
THU Ha CailTax MpOU3BOAUTENIEH.
IIpenmyiiiecTBaMu MPUMEHEHMUST YCTPOICTB
¢ OeCrpoBOIHON Tepenaveii TaHHBIX U aBTO-
HOMHBIM 3HEPTrOCHAOKEHUEM SIBJISIIOTCS] BO3-
MOYXHOCTb YCTAHOBKH TTPAKTUIECKU B JIIOObIE
TOUKM JJIsT ChEMa JTaHHBIX, OTCYTCTBUE HEO0O0-
XOIMMOCTH TTPUMEHEHUST KaOeTbHBIX 00BSI30K
U CJIOXXHBIX ITPOEKTHBIX paboT. HepocTaTku ke
CBsI3aHbI C HEOOXOIMMOCTBIO TIEPUOANYECKON
3aMEHBbl UCTOYHUKOB MUTaHUS (KOTOPHIE,
K CJIOBY, TIPOU3BOMASTCS HE CTOJIb YaCcTO, a CAMU
paboThI HE CTOJIb TPYAOEMKM).
Hcnonb3oBaHne O€CIIPOBOIHBIX JATIYMKOB
MOoJTy4YeHUsT PU3NIeCKUX BETUIMH ITO3BOJISIET
OpraHM30BaTh CUCTEMY MOHUTOPHMHTA TIO ap-
XUTEKTYpe, MPUBEAEHHON Ha puc. 2. B Heilt
JAaTINKU (U3MYECKUX BEJIMUYMH pacrioyiara-
FOTCSI HETTOCPEICTBEHHO B MIOMEILIEHUSIX, TIe
YCTaHaABJIMBAIOTCSI peJieiiHbIe CTaTUBBI CUC-
TEMBI 3JIEKTPUIECKON LIEHTpaIM3alliy CTpe-
JIOK ¥ CUTHAJIOB, a TaKXXe B 3aBUCUMOCTH OT
pa3MepoB MOMELIEHU BEIOMpPaIOTCs AOIOJ -
HUTEJbHBIE CPEICTBA CBSI3U (KOMITOHEHTHI
YCUJIEHUS Y PETPAHCIISIIIUY CUTHAJIOB K KOH-
meHTparopy). JlaHHbIe OT JaTYMKOB Yepe3
OeCMpPOBOHYIO CETh MOCTYIAOT B KOHIIEH-
TpaTop MH(MOPMAIINK, Tlle HaKaIIMBalOTC,
00pabaThIBAIOTCS U aHATU3UPYIOTCS. B oTu-
Yye OT TPAAUIIMOHHBIX CUCTEM MOHUTOPUHTA,
HCIOJIb3yeMbIX B 00J1aCTH XKeJIE3HOIOPOXKHOMN
aBTOMATHUKM, TIpeyiaraeMasi CuctemMa He mMe-
€T KabeTbHBIX TPAKTOB Mepeaaun JaHHBIX. DTO
SIBJISIETCSI HECOMHEHHBIM JTOCTOMHCTBOM
CUCTeMBl M KpaiiHe BOCTPeOOBaAaHO MOXET
0Ka3aThCsl TaM, The pa3Mepbl OMEIIeHUH

EdaHoer [. B. CucTeMa MOHUTOPUHIra YCTPOWCTE XeJ1Ie3HOAO0POXHON aBTOMAaTUKN Ha OCHOBE
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C pacIoJIOXKEHHBIMU CPEJICTBAMU aBTOMATH-
3K OrpaHUYEHBI (K IPUMEPY, B METPOITO-
nuteHax). Heobxonumo 3aMeTUTh, 4YTO UC-
MOJTb30BaHMe OECIPOBOIHOM Mepeaaun gaH-
HBIX HOBBIM B 00JIACTU CUTHAJIU3AIUH, IIEHT-
panu3aluu 1 6IOKUPOBKY He siBjisietcst. B[16]
MpejcTaBjieHa CUCTeMa MOHUTOPUHTA Tepe-
JTATOYHOTO MEXaHM3Ma CTPEJIOYHOTO JIEKTPO-
MPUBOJIA, B KOTOPOU AATYNKN MOHTUPYIOTCS
HETOCPEACTBEHHO B KOPITYCE CTPEIOYHOIO
3JIEKTPOTIPUBO/IA, a Tiepeaayda TaHHBIX TaKXKe
SIBJISIETCST OECTIPOBOTHOM MEXIy ITprOOpaMm
U cepBepoM MoHUTOpUHTa. B [17] mpepioxe-
HBI CITOCOOBI KOHTPOJISI TeOMETPUUECKUX T1a-
paMeTpOB CTPEJIOYHOTO TepeBoia (pacIoio-
SKEHMSI M COCTOSTHUST OCTPSIKOB OTHOCUTEIBHO
PaMHBIX PEJIbCOB) C OECTIPOBOIHBIM WHTEP-
(deiicoM. B [3] aBTOpBI NpemiararoT UCIOJb-
30BaHUe IS Tiepeaayn nHpopMaIim ¢ 00b-
€KTOB TIEpee3IHOI aBTOMaTU3alluy B 30HaX
JKeJIe3HOIOPOXKHBIX JIMHUI, 000PY/T0BaHHBIX
M0JTyaBTOMaTU4YeCKOU OJIOKMPOBKOA, palo-
kaHaima 1 GSM-monyneit. [IpuBenéHHBIC
MpUMepHbl YKa3bIBaIOT Ha MEXIyHapOIHBI
OTIBIT B 00JIACTH TIPUMEHEHMS O€CTIPOBOTHBIX
TEXHOJIOTU Tiepeaadyn TaHHbBIX U UX OCOOCH -
HOCTH B TIpeJIaraeMbIX PEIIEHUSIX.
YcnoBHas cxema pactioioKeHUs JaTINKOB
(bmznyecKkrx BeJTMUYMH B peiciiHOM TTOMeIe-
HUU MpeacTaBieHa Ha puc. 3. JJlaHHbIe OT
JATIMKOB TTOCTYIAIOT B KOHIIEHTPATOpP WUH-
(opmaru, pacriojilaraeMblil B 9TOM XKe IToMe-
[IEHW U, CHHXPOHU3UPYIOTCS U 3aTTMChIBAIOT-
cs B 6a3y maHHbBIX. [lajee, Mo Mepe HaKoIIe-
HUST U3MEPEHHBIX 3HAYeHU I, OCYIIIeCTBIISIET-
Cs1 aHAJIN3 TUArHOCTUYECKOU MHMOpMaInu,
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Puc. 5. [MoaknioyeHne AaTynKoB TOKa N HANPsHKEHNs1 K CXeMe yrpaBJieHUs )XeJ1e3HOA0POXXHOW CTPEJIKOMN.

JIPYT Ha pyra rnapaMmeTpoB. JJaHHbIE OO~
HSIOTCSI MHOpMalueit o KJIMMaTu4ecKux
YCJIOBUSIX B IOMEIIEHUU U HETMIOCPEJICTBEHHO
B 30HE PACIOJOXEHUSI 00bEeKTa TUArHOCTH-
poBaHus («B MOJE»).

Ha puc. 4—6 u300paxeHbl CTaBIIME YXKe
TUITOBBIMU CXEMBI TTOIKITIOUCHUST U3MEepH-
TeJIbHBIX JATYMKOB B CXEMHbIE Y3JIbl JKeJIe3-
HOIOPOXHOW aBTOMaTUKU. becnpoBoaHbIe
JnaTynky o6o3HauyeHbl Kak JI-TPLI-P (mnatunk

® MUP TPAHCMOPTA, Tom 18,

MMOJIyYeHUSI TaHHBIX OT PEJIbCOBBIX IIETei
TOHAJILHOM YacTOTHI ¢ Mepeaaveit 1o paauo-
kaHany), JI-CT-P (maTtuuk rmosxydyeHus gaH-
HBIX OT CTPEJIKY C Iepeadeit o pagnoKaHa-
ny), I-CH-P (matyuk rosxydyeHust JaHHBIX OT
cBeTodopa ¢ Tiepeaadeii o pajarokaHany).

ITpy monkOUYeHUU AATIMKOB TOTKHBI
OBbITh OOecrneueHbl yCI0BUs 0e30MacHOCTHU
W OTCYTCTBUSI BIUSTHUS TTPUOOPOB HA OTBET-
CTBEHHBbIE Lienu yrpasieHus [18].
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Peneiinoe nomewernue

Puc. 6. MoaknioyeHne faTr4nkoB HanpsHKeHusl K cxeme yripaBJieHUsi OrHamMun cBeTodaopa.

OTnenbHBIN UHTEPEC TPEACTABIISIET BOII-
poc BeIOOpa TTeprojia orpoca AaTYNKoB. JIist
HEKOTOPBIX 00BEKTOB AUATHOCTUPOBAHUS
HEO0OXOTUMBI U3MEPEHMST C MAJIBIM TTIEPUOIOM
orpoca (Ioau CeKyHIbI), a IUIsI HEKOTOPBIX
MOCTaTOYHO MEHEE YaCThIX M3MEpPEHUM.
B 31011 cBSI3M, N3MepeHus B paboumnX HEernsax
YIIpaBISIEMbIX OOBEKTOB T10J HATPY3KOM pe-
KOMEHIYETCsI BBITTOJTHSTH HE peXke TOro, Kak
3TO peaJIn30BaHO B CYIIECTBYIOIINX U3MEPH -
TEJBbHBIX KOHTpoJIIepax. B aTom ciydae cy-
LIECTBYET HECKOJIBKO CIIOCO00B pabOTHI ca-
MUX JaTYNKOB — C HaCTpauBaeMbIM Ha cpa-
OaTpIBaHME MYCKOBBIX ILIEME MOPOTOM
BKJIIOUCHUS U HETIPEPBIBHBIM M3MEPEHHUEM,
C U3MEpPeHVEeM 1 HaKOTUIEHUEeM TaHHBIX C TIe-
penadveil B OJMKANIINI YyCTaHOBJIEHHBIN
Tnepuom, ¢ HEaBTOHOMHBIM ITUTaHUEM U T.1.
Bormpoc TexHMYecKO# peanm3aluu U Ha-
CTPOMKM PeXXMMOB pabOTHI pelIaeTcs ¢ y4é-
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TOM cneHuPUKN KOHKPETHOTO 00BeKTa
MoHUTOpHHTa. K mpuMepy, 0COOeHHOCTH
paboThl 6ECIIPOBOAHBIX TMArHOCTUYECKUX
npubdoOpoB B 00JIACTHU XKEJIE3HOIOPOXKHOTO
TPaHCIIOPTA IIPH BHICOKOM 9HEeproahHeKTUB-
HOCTHU paccMOTpeHbI B [19].

NMOJIHOTA U TJTYBUHA
TEXHU4YECKOIo
AWATHOCTUPOBAHUA

OTaeabHBIM BOITPOCOM SIBJISIETCST 00eCTIe-
YeHHE TTOJHOTHI U TIYOMHBI TEXHUYIECKOTO
IMarHOCTUpOBaHMs. [Ipy MCIOIb30BaHUM
COBpPEMEHHBIX JIEMCTBYIOIINX CUCTEM MOHMU-
TOPMHTA YKa3aHHBIC TTapaMeTPhl IUarHOCTH-
pOBaHUsI, OYEBUIHO, HEYIOBJICTBOPUTEIHHEI.
ITpuarHaMU TOMY 3a4aCTYIO SIBJISIIOTCST HEBO3-
MOXHOCTh TEXHUUECKOI peaan3allii CAMOTO
HW3MEPEHMS MM SKOHOMWYECKHN Hed(P(HEKTHB-
Hoe pemeHue [18]. AHann3 rmokasa, 4To mis
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ITOBBIIIEHUS] KAYECTBA TEXHOJIOTMU MOHUTO-
pUHTa HEOOXOAMMO pacIIMpeHIE TUarHOCTH-
YeCKHUX ITapaMeTPOB JIJIsI YCTPOMCTB M CUCTEM
KeJIe3HOIOPOKHOI aBTOMATHKM.

IIpuBeném 3aech nepedyeHb OCHOBHBIX
IUAaTHOCTUYECKUX ITapaMeTPOB OCHOBHBIX
YCTPOMCTB KEJIe3HOIOPOKHON aBTOMATUKU
(Kak yXe U3MepsieMBIX, TaK M1 HEOOXOTUMBIX
TSI UBMEpPEeHUsI):

1. Tluckpemnote dannvie 06 o6oexmax ouae-
HOCMUpo8anus:

* COCTOSTHMSI JaTYMKOB KOHTPOJISI CBOOOI-
HOCTH IyTH (PEJIbCOBBIX IETIE, CUCTEM CUETA
oceit u mip.);

* COCTOSTHUS JIaMII CBETO(OPOB;

* KpaifHWe TOJIOKCHMS KeJIe3HOIOPOXK-
HBIX CTPEJIOK;

* COCTOSTHUSI OOBEKTOB IIEPEe3THOM aBTO-
MaTH3alnH;

* COCTOSTHHSI 0O BEKTOB 3HEPrOCHAOKCHUS
A T.I.

2. Ananozoevle dannvle 06 o6vexmax ouae-
HOCMUpOBanus:

2.1. Jlannwie o peavcoswvix yensx 25, 50
u751y:

* HaIpsSDKEHUS Ha TTUTAOIIeM KOHIIE;

* HaIpsDKeHUWS Ha peJIeHBIX KOHIIaX
PEJIbCOBBIX LIETIEN;

* COIPOTUBJICHNE N30SI KT KaOeJIsT;

* BpeMEHHBIE ITapaMeTPhl KOJIOB aBTOMa-
THYECKOU JOKOMOTHBHOM CUTHAIN3AIINN;

* TOKHM aBTOMAaTHUYECKOIl TOKOMOTHUBHOM
CUTHAJIM3alK TIPA BCTYIUICHWU ITOe31a Ha
YJacTOK ITyTHU T10 Ha4YaIy repeaayr KOJaoB;

* COCTOSTHUE OKpYXKalollei cpeibl (BIax-
HOCTH, TEMITEPaTyPhl U T.10.);

* U3MEpEeHUsI COIPOTUBIICHUS OajuracTa.

2.2. JlauHble 0 peabcoBuix Uensx moHaibHou
4acmomol:

* TOKU U HATIPSDKEHUST Ha BXOIAX ITyTEBBIX
MPUEMHUKOB;

* HaIpsDKeHHWE Ha BBIXOIAaX ITyTEBOTO
MPUEMHUKA;

* TOK 1 HaIIpsSDKEHE Ha BBIXOJIE ITyTEBOTO
reHepaTopa;

* HaIpsKeHHE Ha BBIXOIE IYTEBOTO
Gunptpa;

* COITPOTUBJICHNE N30SI KT KaOeJIsT;

* YacToTa CUTHaJIa (Hecyllas U MaHMITy-
JIMPYIOIIast);

* COCTOSTHUE OKpYXKalollei cpeibl (BIax-
HOCTH, TEMITEPaTyphl U T.11.).

2.3. JlanHvle 0 cmpeaouHbiX 31eKmMponpueo-
dax:
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* TOK IIepeBOoJla CTPEJIKU C JBUTATEIEM
TTOCTOSTHHOTO TOKa;

* (bazHbIE TOKM TIEPeBO/Ia CTPEJIKH C IBU-
rarejieM MepeMeHHOTO TOKa;

* HampsDKeHUsT Mexy dha3amu;

* KOHTPOJIb UCITPAaBHOCTHU paboueii 1emnu
CTPEJIOYHOTO 3JIEKTPOTIPUBO/IA TIPU BBIKITIO-
YEeHHOM JIBUTATEIE;

* COIPOTUBJICHUSI M3OJISIIINY XKIJT KaOeJIst;

* BpeMs ITepeBoIa;

* MeXaHWYeCKHe IMapaMeTphl aBTOTepe-
KJitouaTesnst (Xon HOXeM);

* BUOpaIlMOHHbBIC BO3/ICMCTBUS Ha CTpe-
JIOUHBIN TIPUBOI;

* COCTOSTHME OKPY3KaloIeil Cpe/Ibl (BJ1aXk-
HOCTHU, TEMIIEPATyPhI U T.J1.).

2.4. lannbie 0 cpedcmeax onmu4ecKkoil cue-
Haauzayuu:

* HaIpsDKEHMS TUTAHUSI OTHEH CBETO(O-
poB;

* TOKU B IIETISIX ITMTAHUSI OTHE CBETO(O-
poB;

* COCTOSTHUSI JIaMIT B BBIKJIIOUEHHOM CO-
CTOSTHUU;

* BpeMeHa TOpeHMSI HUTEH JlaMIT CBETO-
GopoB;

* BpeMeHa 3aMeJIEeHUs BBIKIIOUCHUS
CUTHAJIbHBIX TOKa3aHUI;

* COIPOTUBJICHUSI M3OJISIIINY XKIJT KaOeJIst;

* KOHTPOJIb KOPPO3MU MauThl (IaTIYMKU
BUOPOIMATHOCTUKY U MHKJIMHOMETPUN);

* KOHTPOJIb TabapuTa MayThl (AaTYUKU
BUOPOIMATHOCTUKY U MHKJIMHOMETPUN);

* BpeMeHa TOpeHMsT OCHOBHBIX HUTEM
CBETOIMOIHBIX JIAMIT;

* BpeMeHa TOpeHUsI pe3epBHBIX HUTEH
CBETOIMOIHBIX JIAMIT;

* HampsDKEHUST TTUTAHUST CBETOAMOTHBIX
JIAMIT;

* TOKHU B LEISIX MUTaHUST CBETOANOIHBIX
JIAMIT;

* HampsDKEHWE TTUTAHWST CBETOMMOMHBIX
JIaMIT MapIIpyTHBIX yKa3aTesel;

* BpeMeHa paboThI CBETOAMOIHBIX CBETO-
ontuieckux cucreMm (CCC) oT OCHOBHOTO
WCTOYHUWKA MTUTAHUS (OT pe3epBHOTO UCTOY-
HUKa MMUTAHUS);

* BpeMeHa IepeKITI0ueHUsT OTHEl ¢ pa3pe-
MIAIOIIMX Ha 3alpeniaioliee Moka3aHue;

* COCTOSTHME OKpY3KaloIeil Cpe/Ibl (BJIaxk-
HOCTHU, TEMIIEPATyPhI U T.JI.).

2.5. Jlannbie 0 dpoccenv-mpancgopmamopax:

* (hakTMUecKas TemIiepaTypa U YpoBeHb
Macna;

Edanos [l. B. Cuctema MOHUTOPUHIa YCTPOMUCTB XeJIe3SHOAOPOXXHOW aBTOMaTUKN Ha OCHOBE

NpoMbILLIEHHOr0 «MIHTEpHeTa BeLlein»



* TOK Ha BTOPUYHO OOMOTKE IPOCCES;

* COMPOTHUBIICHUE U3OJISILIUU XU KabeJs;

* COCTOSIHME OKPYKalolllei cpeabl (Baax-
HOCTH, TEMIIEPATypPhl U T.11.).

2.6. Yempoiicmea anekmponumatus:

* TTapaMeTpbl pabOThI JIEKTPONUTAIOIIE I
YCTaHOBKU, TU3€b-TEHEPAaTOPHOIO arperata
M YCTPOMCTB OecrnepeOofHOro MUTaHUSI;

* Ka4yeCTBO 2JIEKTPOIHEPTUM;

* COMPOTHUBIICHUE U3OJISILIAU XU Kabes;

* COCTOSIHME OKPYKalolllei cpeabl (Baax-
HOCTH, TEMIIEPATypPhl U T.11.).

2.7. Yempoiicmea nepeezonoit asmomamiu-
3auuu:

* TOKU U HATIPSDKEHUS B LETISIX yIIpaBiie-
HUS aBTolIJIarbayMaMu U yCTPOMCTBaMU 3a-
TPaKICHUS ITyTH;

* BUJICOKOHTPOJIb COCTOSIHUS Mepee3aa
B 30HE HEIMOCPEICTBEHHOIO MepeceyeHus
ABTOMOOWJIBHOU U XKE€JIe3HOM TOPOT;

* BUOpallMOHHBIE BO3AEHCTBUS Ha 000pPY-
JIOBaHUE Mepee3THON aBTOMAaTU3allUK;

* COCTOSIHME OKpPYKalolllei cpeabl (Baax-
HOCTH, TEMIIEPATyphl U T.11.).

TIpencraBiaeHHbIE BbILIE MapaMeTPhl SIB-
JISIIOTCS KJIIOUE€BBIMU U TPEOYIOTCS TSI KOMIT-
JIEKCHOTO MOHUTOPUHTA COCTOSIHUS OOBEKTOB
JKeJIe3HONOPOKHOI aBTOMaTUKHU. Tak Kak Ha
HUX OKa3bIBAIOT BIMSHUE TaKXKe U OOBEKTHI
KeJIE3HOAOPOKHOU MHOPACTPYKTYpHI (IMyTh
Y1 KOHTAKTHAs CETh), a TAKXKE CaM MOJBXKHOMN
COCTaB, TO JaHHYI0 MH(MOPMALIMIO 11eJ1eC000-
DPa3HO IOMOIHATh U UH(MOPMALIMER OT CUCTEM
MOHUTOPUHTa 0003HAYEHHBIX TEXHUYECKUX
cpeAcTB U coopyxeHuil. K coxanenuio, Ha
JNAHHBIA MOMEHT Pa3BUTHUS XKeJE3HbIX TOPOT,
Kak MuHUMYM B Poccuiickoit ®enepannm,
OTMEUYEHHOE PACIIMPEHUE CIIEeKTpa AUATHO-
CTUYECKUX MTapaMeTPOB HEBO3MOXHO B CUITY
cneuuduku GYHKIIMOHUPOBAHUS CAMOTO
JKEJIe3HOOPOKHOTO KOMITJIEKCa U OCOOEHHO-
CTel 9KCIUTyaTalluu caMUX OOBEKTOB XKeJle3-
HOJIIOPOXHOW MHMPAcTPyKTyphl. B mepcrek-
TUBE TAKOE PaCLIUPEeHUEe TOCTUTHYTO, HECO-
MHEHHO, oyzert [20; 21].

SAKJTIOMEHUE

PazBuTue TexHOJIOTUMIl B ynpaBJieHUU
Y MOHUTOPUHTE TEXHUYECKUX CPEICTB aBTO-
MaTu3aluyu UAET MO MyTHU COBEPIIEHCTBOBA-
HUSI METOAOB W MPUHUMUIOB yIpaBJIeHUS,
CHIKEHMUS BIUSIHUS YeJIoOBeKa Ha CaMU TMpo-
LIECChI, MPOTeKAaloll1e B CUCTeMaX, IMOBBIIIIE-
HUS HaAEXKHOCTU, 0€30ITaCHOCTU 1 TOTOBHO-
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CTU YCTPOWCTB U T.JA. DTO B MOJHOW Mepe
KacaeTcs W TeXHOJOTUI ympaBieHUsS U MO-
HUTOPUHIA B cdhepe KeJe3HONOPOKHOI aB-
TOMATUKU U TeJeMexaHuKu. Mukporporec-
COpHBbIE CUCTEMBbI YIIPaBJICHUSI Ha XeJe3HO-
JIOPOKHOM TPaHCIIOPTE MOJYYWIU paclpo-
CTpaHEHUE 0 BCEMY MUPY, a TEXHOJIOTUU
00pabOTKM MaHHBIX IIATHYJW OT aHajlu3a
€IMHUYHBIX TAapaMETPOB B CPAaBHEHUU C T10-
POTOBBIMUY 3HAYEHUSIMU K CJIOXHBIM CUCTE-
MaM MallMHHOTO OO0y4YeHWUSs MpU peuieHUU
MIaHHBIX 3a1a4. HabmonaeTcss mocteneHHas
WHTErpalys U TEXHOJIOTUi, OCHOBAaHHBIX Ha
MPUMEHEHUU MPOMBIIIJIEHHOTO «MHTEpHETa
Beuiei». [lepBbIMU cucTeMaMu KeJIe3HOI0-
POXHOI aBTOMAaTUKHU, B KOTOPBIX 3TO CETOIHS
U BO3MOXHO, U JOCTYITHO, U HEOOXOAUMO
SIBJISIIOTCSI CUCTEMBl MOHUTOPUHTIA, K KOTO-
PBIM HE MPEIbSIBISIOTCS TPeOOBaHUS MO
obecnevyeHu1o 6e30MacHOCTU (PYHKIIMOHUPO-
BaHUS (32 UCKITIOYEHUEM OTIACHOTO BIUSTHUS
Ha 00BEKTHI AIMarHOCTUPOBAHUS ). DTO MO3BO-
JISIeT YCTaHaBJIUBATh TUATHOCTUYECKUE JaT-
YUKU HEMOCPEICTBEHHO Ha pacIpeie/IEHHbIE
U yoajJ€HHble 00bEKThl TUArHOCTUPOBAHUS,
a moJiyyaeMyto nHdbopMallmio nepeaaBaTh
C HUCTOJIb30BaHKEM OeCpPOBOJHBIX KaHAIOB
nepegayu TaHHbIX.

ITpennoxeHHbI B cTaThe MOAXO/ K Opra-
HU3alMU CUCTEM MOHUTOPUHIA OOBEKTOB
KEJIE3HOJOPOXKHOI aBTOMAaTUKU MO3BOJISIET
OTKa3aTbCs OT TPAAULIMOHHBIX CTPYKTYP CUC-
TeM MOHUTOPUHTIA, YIIPOCTUTH MPOLIECC UX
MPOEKTUPOBAHUS W IKCILTyaTalluy, a TaKxkKe
BbIPA0OTATh TEXHUYECKUE PEIICHUS, PACIIIU-
PpSIOILME MHOXECTBO TMarHOCTUYECKUX MTPU-
3HAKOB U MOBBIIIAIOIIKIE TEM CAMBIM MTOJTHOTY
U TJyOWHY TUarHOCTUPOBAHUS U MPOTHO3M-
poBaHus. Ocobblil MHTEpeC K MpeACTaBIeH-
HOM TEXHOJIOTMY MOXKET BOZHUKHYTD B cllyyae
OrpaHUYEHHBIX Ta0apUTOB MOMEILEHU, Tae
YCTaHABIMBAIOTCS OOBEKThI JUAaTHOCTUPOBA-
HUs, HAIPUMEP, B METPOMOJUTEHAX.

Henoctatku npeanokeHHOTO MOoaxoaa
OUYEBUIHBI: HEOOXOMUMO YUYUTHIBATh CPOK
CJTy>kObl aBTOHOMHBIX UICTOUHUKOB MUTAHUS
npu paboTe TaTYMKOB, OPraHU30BBIBATh 3a-
LIUIIEHHBIE OT TOMEX KaHAJIbI CBSI3U, a TAKXKE
BBITOJIHATh MEPUOINYECKYIO TTOBEPKY U Ka-
JIMOPOBKY cpeacTB u3MepeHus. HecMotps Ha
OTMEUYEHHBIE HEIOCTATKU,, TEXHOJOTUM MOHU -
TOPUHIA C UCTIOJIb30BaHUEM OECTIPOBOIHBIX
KaHaJoB Mepeayu JaHHbIX pa3BUBAIOTCS
U OyAyT pa3BUBATLCS U BHEAPSATHCS HA OOJIb-
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[IOM YHCJIe TEXHUIECKH CITOXKHBIX U YHUKATTb-
HBIX coopyxXeHuii. Ux ucmonb3zoBaHue
B TPAHCITOPTHOM OTPACIIH, B TOM YHCIIe B ce-
pe KeJe3HOAOPOXHOW aBTOMATUKU — Tep-
CIIEKTHBBI OJIMKARIIIETO IeCATUICTHSI.
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ABSTRACT

The features of monitoring systems for
railway infrastructure and rolling stock are
considered. The main approaches to organisation
of monitoring of railway infrastructure and rolling
stock objects are described, their advantages
and disadvantages are noted. The main objective
of this work is to present to the reader a
conceptual vision of a system for monitoring
devices and systems for ensuring train traffic
safety, using technologies for transmitting
diagnostic information over a radio channel. The
methods of the theory of technical diagnostics
and monitoring were used. Attention is focused
on the use of wireless data transmission
technologies and the use of autonomous
industrial automation sensors for monitoring
systems for railway automation devices.

The architecture of the monitoring system
is presented. The description of the system itself
and the monitoring technology is given, the
main advantages of the presented approach
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are noted, which, first, are linked to reduction
of the volume of design work and of energy
consumption of the system as a whole. The
disadvantages are associated with the need to
replace autonomous power supply sources,
ensure security of the data transmission
network, to proceed with periodic verification
and calibration of measuring instruments. The
basic diagrams of connecting sensors for
measuring physical quantities to the circuit units
of railway automation are presented. A list of
parameters necessary for high-quality and
effective monitoring of railway automation
devices is given. The need is noted for both the
control of mechanical and geometric parameters
of devices and the accounting of data from
interconnected objects of railway infrastructure
and rolling stock. The proposed approach can
find its application in the field of railway
automation and, first of all, at those facilities that
are located in premises with limited area(e.g. at
subway facilities).
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Background.

Monitoring technologies are widely used in
all areas of industry and transport. Monitoring
sensors are used to equip unique engineering
structures and buildings, technical automation
equipment, machines, and mechanisms. At the
same time, the spectrum of measured
parameters and their values are remarkably
diverse, and devices and sensors themselves are
capable of both measuring analogue values and
converting them into digital form, and only
giving out signals about reaching a pre-set
threshold value. The objectives of monitoring
are also different: in some applications,
accounting for the work performed, the energy
spent on it (for example, fuel metering or
accounting of the operator’s work) is
required, in some applications, an indication
of achievement of a dangerous (subcritical)
value of the measured parameter (monitoring
in the construction industry) is needed, in
some cases there is the need for automation of
measurement (to automate maintenance work
and determine pre-failure conditions), and
some cases require the use of this information
in feedback circuits to adjust the control mode
(for example, in operation of an aircraft control
system).

Monitoring technologies are also used in
the field of railway traffic control systems. The
main technical means of train traffic control
(objects of railway automation), as well as
on-board automation equipment are equipped
with tools of automated technical diagnostics
and monitoring [1; 2]. Data from on-board
monitoring devices are transmitted directly to
on-board automation devices as well as to
locomotive maintenance personnel. Data from
systems monitoring railway automation objects
via a cable network (less often — via wireless
channels [3]) are transmitted to station data
concentration points and then to the upper
levels of the control hierarchy — to the
equipment of signalling, centralization and
blocking (SCB) sections and monitoring
centres [4].

It should be added that, besides the indicated
technical means for measuring the parameters
of automation devices, measures are taken to
periodically monitor the state of the upper
structure of the track using flaw detectors and
specialized rolling stock, to measure the
parameters of the railway overhead catenary
using laboratory cars, and also to measure the
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parameters of rolling stock units «on the move»
by stationary complexes for monitoring the
technical condition of cars and locomotives.
The data received from the means of measuring
the state of the track and the contact network
are accumulated and transmitted to specialists
for their decoding. Data from systems for
monitoring train parameters «on the move» are
analysed in real time and used to prevent
emergencies in operation of rolling stock.

Let us dwell on the problem of monitoring
the state of objects of railway automation [5].
Inthe sectors of automation and telemechanics,
monitoring systems have long formed a separate
class of signalling devices [6; 7]. There are
standards that govern the use of these
automation tools, standard materials for the
design of individual systems, and so on. The
approaches to obtaining, processing and
analysing diagnostic data are constantly being
developed and improved [8—13].

One of the difficulties arising in the process
of introducing monitoring systems for railway
automation devices is the need to develop
a complex project, taking into account laying
of cables for connecting diagnostic devices. In
addition, for the tools of technical diagnostics
and monitoring, metering of consumed
electricity is required. The objective of this
article is to describe an approach to development
of a monitoring system for railway automation
checkpoints based on industrial automation
sensors with autonomous power supply and
data transmission using its own Internet of
Things, while applying the methods of the
theory of technical diagnostics and monitoring.
Such sensors and information transmission
technologies have long proven themselves in
many applications [14], and their
implementation in the field of railway
automation is constrained, perhaps, by the
industry’s conservatism, but not by the
technical features of modern automation
systems. The use of the proposed approach to
organisation of the monitoring system allows
to reduce the cost of its design, as well as to
simplify the procedure for its subsequent
operation.

Monitoring system architecture, composition
of sensors and their connection diagrams

Modern monitoring systems for railway
automation devices use both widely used
sensors and industrial automation devices and
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unified measuring controllers of manufacturing
companies, examples of which are also in [6; 7],
and on the developers’ websites. Such devices
are included in the register of measuring
instruments. And also, their periodic
verification is required. Data from diagnostic
devices entering storage, processing and
analysis software are considered reliable.

The disadvantage of measuring instruments
of own design is their high price and the absence
of recommended analogues: model design
materials exclude the use of other means than
those indicated in the project.

As an alternative to widely used diagnostic
devices of own manufacturers’ design, devices
for measuring voltages and currents of industrial
manufacturers with wireless data transmission
and autonomous power supply can be
considered [15]. An example of such a device
is shown in Pic. 1. Such devices are designed
to convert physical values of voltage and current
into a digital signal. When measuring with
a sensor polling rate of 10 seconds (which is
quite enough for solving problems of monitoring
slow-flowing processes in railway automation
devices), the batteries serve for more than a year
and a half. An alternative of the use of battery
power either of constant power supply for such
sensors can be noted. The technical descriptions
of the devices themselves with their features
can be found on the manufacturers’ websites.

The advantage of using devices with wireless
data transmission and autonomous power
supply is the ability to install them at almost
any point for data collection, no need for cables
and complex design work. The disadvantages
are associated with the need to periodically
replace power sources (replacement, by the
way, is not done so often, and the work itself is
not so time-consuming).

The use of wireless sensors for obtaining
physical values allows organising a monitoring
system according to the architecture shown in
Pic. 2. With it, sensors of physical quantities
are located directly in the premises, where the
relay cabinets of the system of electrical
interlocking of switches and signals are
installed, and also, depending on the size of the
premises, additional communication means
are selected (components for amplifying and
relaying signals to the concentrator). Data from
sensors through a wireless network enter the
information concentrator, where they are
stored, processed and analysed. Unlike

Pic. 1. Voltage and current measuring device with
wirel data trar ission.

Automated workstation of diagnostics and
monitoring (AWS-DM)

i

Information concentrator

Wikreless datd trar)smi. :@"rk

Sensors for measuring voltage and currents

rr --- 11

Circuit nodes of railway automation (guard
facilities)

A
T Wired interface t Wireless interface

Pic. 2. Organizational structure of the system.

traditional monitoring systems used in the field
of railway automation, the proposed system
does not have cable data transmission paths.
This is an undoubted advantage of the system
and it might be in great demand for facilities
where premises with automation devices have
limited area (e.g., at subway). It should be noted
that the use of wireless data transmission is not
new in the field of signalling, centralization,
and blocking. In [16], a monitoring system for
the gear mechanism of a switch electric drive
is presented, in which sensors are mounted
directly in the housing of the switch electric
drive, and the data transmission is also wireless
between the devices and the monitoring server.
In [17], methods of monitoring the geometric
parameters of the turnout switch (the location
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Pic. 4. Connecting voltage sensors to the tone frequency rail circuit.

and state of the points relative to frame rails)
with a wireless interface are proposed. In [3],
the authors propose the use of a radio channel
and GSM-modules for transmitting
information from objects of level crossing
automation in the zones of railway lines
equipped with semi-automatic blocking. The
given examples point to international
experience in the field of application of wireless
data transmission technologies and their
features regarding proposed solutions.

A schematic diagram of location of sensors of
physical values in the relay room is shown in
Pic. 3. Data from the sensors enter the information
concentrator located in the same room, are
synchronised, and recorded into the database.
Further, as the measured values accumulate, the
diagnostic information is analysed, trends in the
measured parameters are determined, and
procedures for diagnosing and forecasting are
performed, considering the characteristics of the
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measured values and a set of parameters affecting
each other. The data are supplemented by
information on the climatic conditions in the
room and on the conditions directly in the area
of location of the analysed object («in the field»).

Pics. 4—6 show the typical schemes for
connecting measuring sensors to the circuit
units of railway automation. Wireless sensors
are designated as D-TRC-R (sensor for
receiving data from track circuits of speech
frequency with transmission over a radio
channel), D-ST-R (sensor for receiving data
from a switch with transmission over a radio
channel), D-SN-R (sensor for receiving data
from a traffic light with radio transmission).

When connecting sensors, safety conditions
must be ensured and it should be provided that
there is no influence of devices on critical
control circuits [18].

Of particular interest is the issue of choosing
the period for polling sensors. For some objects,
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Pic. 5. Connecting current and voltage sensors to railway switch control circuit.

measurements with a short sampling period
(fractions of a second) are required, and for some
less frequent measurements are sufficient. In this
regard, measurements in the working circuits of
controlled objects under load are recommended
tobe performed at leastasoften asit isimplemented
with existing measuring controllers. In this case,
there are several ways of operating the sensors
themselves: with a switching threshold adjustable
for triggering circuits and continuous
measurement, with measurement and
accumulation of data with transmission in the
next set period, with non-autonomous power
supply, etc. The issue of technical implementation
and adjustment of operating modes is decided
considering the features of a particular monitored
object. For example, the features of operation of
wireless diagnostic devices in the field of railway
transport with high energy efficiency are
considered in [19].

Completeness and depth of technical
diagnostics

A separate issue is to ensure completeness
and depth of technical diagnostics. When using
modern existing monitoring systems, the
indicated diagnostic parameters are obviously
unsatisfactory. The reason for this is often
impossibility of technical implementation of
the measurement itself or an economically
ineffective option [18]. The analysis showed
that to improve quality of the monitoring
technology, it is necessary to expand the
diagnostic parameters for devices and systems
of railway automation.

Here is a list of the main diagnostic
parameters of the main railway automation

devices (both already measured and intended
for measurement):

1. Discrete data about the objects of
diagnostics:

« state of the sensors for monitoring if the
track is clear (track circuits, axle counting
systems, etc.);

« state of traffic light lamps;

* extreme positions of railway switches;

« state of objects of level crossing
automation;

« state of power supply facilities, etc.

2. Analog data about the monitored objects:
2. 1. Data about rail circuits of 25, 50and 75 Hz:

* voltage at the supply end;

* voltage at the relay ends of rail circuits;

* insulation resistance of cable conductors;

* time parameters of codes of automatic
locomotive signalling;

« currents of automatic locomotive
signalling when the train enters the track
section at the beginning of transmission of
codes;

 state of the environment (humidity,
temperature etc.);

« measurement of ballast resistance.

2.2. Speech frequency rail circuit data:

« currents and voltages at the inputs of track
receivers;

* voltage at the outputs of the track
receiver;

« current and voltage at the output of the
track generator;

* voltage at the output of the track filter;

* insulation resistance of cable conductors;

« signal frequency (carrier and manipulating
one);
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+ state of the environment (humidity,
temperature, etc.).

2.3. Data about switch electric drives:

« current of operation of a switch with
a DC motor;

* phase currents of operation of a switch
with an AC motor;

+ voltage between phases;

+ control of serviceability of the working
circuit of the switch electric drive with the
drive off;

+ resistance of cable conductor insu-
lation;

* time of operation;

* mechanical parameters of the auto-
matic switch (point blade movement);

« vibration effects on the switch drive;

* the state of the environment (humidity,
temperature, etc.).
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2.4. Data on optical signalling means:

« supply voltage of traffic lights lamps;

* currents in power supply circuits of traffic
lights lamps;

« state of lamps in the off state;

* burning times of filament of traffic lights
lamps;

* times of deceleration of switching off of
signal indications;

* resistance of cable conductor insulation;

* monitoring of mast corrosion (vibration
diagnostics and tilt sensors);

» control of mast dimensions (vibration
diagnostics and tilt sensors);

* burning times of main filaments of LED
lamps;

* burning times of backup filaments of
LED lamps;

* supply voltage of LED lamps;
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* currents in power supply circuits of LED
lamps;

+ supply voltage of LED lamps of route
indicators;

» operating times of LED light-optical
systems from the main power source (from the
backup power source);

* times of switching lights from permissive
to restrictive indication;

« the state of the environment (humidity,
temperature, etc.).

2.5. Impedance bond data:

* actual temperature and oil level;

* current on the secondary winding of the
impedance bond;

* insulation resistance of cable conductors;

« the state of the environment (humidity,
temperature, etc.).

2.6. Power supply devices:

* operating parameters of the power supply
unit, diesel generator set and uninterruptible
power supplies;

« electric power quality;

* insulation resistance of cable conductors;

« the state of the environment (humidity,
temperature, etc.).

2.7. Level crossing automation devices:

« currents and voltages in the control
circuits of level crossing gate and road blocking
devices;

» video monitoring of the state of the
crossing in the area of direct intersection of the
road and the railway;

« vibration effects on the equipment of level
crossing automation;

* the state of the environment (humidity,
temperature, etc.).

The above parameters are key and are
required for comprehensive monitoring of the
state of railway automation facilities. Since they
are also influenced by the objects of the railway
infrastructure (track and contact network), as
well as by the rolling stock itself, it is advisable
to supplement this dataset with information
from the systems monitoring the indicated
technical means and structures. Unfortunately,
at the moment of development of railways, at
least in the Russian Federation, the noted
expansion of the range of diagnostic parameters
is impossible due to the specifics of functioning
of the railway complex itself and the peculiarities
of operation of the railway infrastructure
facilities themselves. In the future, such an
expansion will undoubtedly be achieved [20; 21].

Conclusion.

The development of technologies in manage-
ment and monitoring of technical means of
automation goes along the path of improving the
methods and principles of management, reducing
the human influence on the processes occurring
in systems, increasing reliability, safety and
availability of devices, etc. This fully applies to
control and monitoring technologies in the field
of railway automation and telemechanics.
Microprocessor control systems in railway
transport have spread all over the world, and data
processing technologies have stepped from the
analysis of unit parameters in comparison with
threshold values to complex machine learning
systems for solving these problems. There is also
agradual integration of technologies based on the
use of the industrial Internet of things. The first
railway automation systems, in which it is both
possible, available, and necessary today, are
monitoring systems, which today are not limited
by requirements regarding safety of operation
(except for a dangerous effect on the objects being
diagnosed). This makes it possible to install
diagnostic sensors directly on distributed and
remote-controlled objects and transmit the
received information using wireless data
transmission channels.

The approach proposed in the article to
organisation of systems monitoring railway
automation facilities and devices makes it possible
to abandon traditional structures of monitoring
systems, to simplify the process of their design
and operation, as well as to develop technical
solutions that expand the set of diagnosed features
and thereby increase completeness and depth of
diagnosis and prediction. Interest in the presented
technology may arise in case of limited dimensions
of the premises where the monitored devices are
installed, for example, at subway facilities.

The disadvantages of the proposed approach
are obvious: it is necessary to consider the service
life of autonomous power supplies during
operation of sensors, organise communication
channels protected from interference, and also
carry out periodic verification and calibration of
measuring instruments. Despite the noted
shortcomings, monitoring technologies using
wireless data transmission channels are developing
and will be developed and implemented at many
technically complex and unique structures. Their
use in the transport industry, including in the field
of railway automation, is promising for the next
decade.
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IKOHOMWNKA

Ob6ocHOBaHue Heo0XxoAMMOCTU CUCTEM
AVarHocTMpoBaHUs JIOKOMOTUBOB

Anekcanagp CEMEHOB

Mrops JIAKUH

B MupoBOi 1 OTEYECTBEHHOW NPakTUKe TeXHNYe-
ckoro obc¢yxmnBaHus v pemoHTa ( TOuP) 10koMOTVBOB
C LesIblo CHUXEHUs 3aTpaTt X XU3HEeHHOro uukna
POCAEXUBAETCS TEHAEHLMS PACLLUVPEHHOO rpyiMe-
HEHUsI CUCTeM TEXHUYECKOro AMarHoCTUPOBaHMS,
nepexoza Ha npeanKTUBHbIV PEMOHT. COBPEMEHHbIE
anmnaparHo-rporpamMMHbIe CPeaCcTBa rno3BosIsSioT CO3-
1aBarb aBTOMaTUN3npPOBaHHbIE CUCTEMbI TEXHUYECKO-
ro gunarHoctupoBaHus (CT/) ans Bcex BuaoB ob6opy-
10BaHMs1 IOKOMOTUBOB, HO OCHALLLEHNE VMU CEPBUC-
HbIX PEMOHTHbIX IOKOMOTUBHbIX Aero TpebyeT cyLue-
CTBEHHbIX KarunTasibHblX 3aTpar ¢ He4oMnyCcTuMo
60/IbLLUNM CPOKOM OKyraemocTy. Llesnbio naHHow pa-
60TbI B/IIETCS pa3paboTka MeToAa v COOTBETCTBYIO-
Ljevi nporpamMmbsl UMUTALMOHHOIrO MOLEINPOBaHUS
U151 OnpeaeneHnsi TEXHUKO-9KOHOMUYECKOM Lies1eco-
06pa3HOCTU MPUMEHEHUST TEX WU UHbIX CPEACTB
TEXHUYECKOro ANarHOCTUPOBAHYSI.

CucTembl AnarHoCTUPOBaHVs COKPaLLaloT BpeMsi
oXxvaaHns PEeMOoHTa, 06bLEM 1 cebecToMMOCTb ria-
HOBOro v HeriiaHoBoro TOuP, 4To No3BoJISIeT COKpa-
TUTb 3KCIJIyaTupyeMblIi napk 10KOMOTMUBOB.

Cemenoe Anexcandp Ilasaoeun — Omkpovimoe
akyuoHepHoe obuecmeo «Hayuno-uccaedosamensckuii
UHCIMUMYM MexXHOA02UU, KOHMPOAs

U OUAZHOCIMUKU JCeNe3HOO0POINCHO20 MPAHCROPMA»
(OAO «<HHHUTKII»), Omck, Poccus.

Jlakun Heopv Kanumonosuu — Poccuiickuii
YHueepcumem mpancnopma, Mockea, Poccus™.

B coBpemMeHHbIX 9KOHOMUYECKUX pacyéTax Asi
OLI€HKW YCMeLHOCTN MHBECTULIMOHHOIO NMPoeKTa
MCrosib3yeTcsl nokasaresb «4uctasl npuBegéHHas
K Tekywemy AHo ctoumocTb rnpoekta NPV (Net
Present Value)». Mo aTomy npuHUnny npumMmeHu-
TenbHo k CT/] paspaboTaH MeToA OnpenaeneHus
Lies1ecoobpa3HoCTy BHeAPEHUS Pa3inyHbIX TUMOB
CT/[ n cooTBETCTBYIOLIME METOAMKA U MPOrPamMm-
Hoe obecrie4eHne Ha airopuTMmMYeCcKkoM sI3blKe
VBA (Visual BASIC for Applications) B cpege MS
Excel.

B paboTe BbINo/JHEHO UMUTALMOHHOE MOLEN-
poBaHue OKyrnaemMoCTy OCHOBHbIX BUAOB CUCTEM
ANArHOCTUPOBAHUS [J11 POCCUCKMX YC10BUiA: 6Op-
TOBbIX Ha 6a3€ MUKPOPOLIECCOPHbIX CUCTEM yripaB-
JIEHWS, CTAHLMI PEOCTATHbIX UCTbITAHWI TEM/I0BO-
30B, ANarHOCTPOBaHWS TSroBbIX 3/1eKTpoABUraTe-
nevi v ap. JljokazaHa 3KOHOMUYeckasi Lienecoobpas-
HOCTb BHEAPEHUs 3TUX CUCTEM. Takxe BbisiBJIEHbI
9KOHOMUYECKU HeLiesecoobpa3Hble CUCTEMbI
ANarHoCTupPoOBaHusl, Harnpumep, aBToMaTn4yeckoro
namepeHus npogus baHaaxa KoiECHbIX nap.

Knto4eBsble croBa: TPaHCropT, Xesne3Hasi Aopora, IOKOMOTHUBbI, TEXHUYeCKoe OﬁCﬂy)KMBaHVIe U PEMOHT,
TexHun4eckas anarHoctuvka, akoHomMum4eckasi uenecooépasHocrb, nmnutTaunoHHoe moaesipoBaHue.
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1. NTOCTAHOBKA SAOA4YUN AHAJIU3A

Hanéxnas pabota TIroBOro moJaBUKHOIO
cocTaBa — OCHOBHAas 3ajaya ero CUCTeMBbl
TEXHUYECKOT0 00CIYXMBaHUS U PEMOHTA
(TOwuP) [1; 2], nmpu opraHu3aIMu KOTOPOil BO
BCEM MUpPE €CTb TPEHJ YBEJIMYCHUS POJIU
CHCTEM TEXHUYECKOIro TMarHOCTUPOBAHUS
(CTO"?) [3—10]. CoBpemennbie CT]I cTpo-
aTcs Kak aBroMaTusupoBaHHbie (ACT/I) Ha
0ase anmapaTHO-IPOrPAMMHBIX CPEJICTB C UC-
M0JIb30BaHKEM IIEPCOHAIbHBIX KOMITBIOTEPOB
WJIA MUKPOITPOLIECCOPHBIX OJIOKOB yIIpaBJie-
Hus [3—5; 16—17]. OnHako croumocTs ACT]T
JIOCTATOYHO BBICOKas].

Breimonnennsie B HUMUTK]I? npuMenn-
TeJlibHO K Poccum uccienoBaHusl B 4acTu
YCJIOBUI OJTHOTO U3 CTa CEPBUCHBIX IOKOMO-
tuBHbIX aeno (CJI1) «Teinpa-CeBepHasi» [11;
12] CeBepHoro mupoTHOro xojaa Boctounoro
nojuroHa (bAM) nmokasaniu, 4To KOMILIEKC-
Hoe ocHaieHue ACT]I onHoro nemno norpe-
OyeT He MeHee QKCJ'[I[ > 450 MaH pyo.: Kanu-
TasbHble 3aTparhl Ha Bee CJII npesbicsaT Q, =
100+ 450 > 450 mapn py6. [Tpu aTOM 3KCTIEpT-
Hasl OLIEHKA IT03BOJIIET OLIEHUTh BO3MOXHYIO
SKOHOMUIO Ha ypoBHE MakcuMym 20 mMipn
pyo0., a pakTuyecku — He 6osee 10 mapn pyo.:
CPOK OKYITAeMOCTH KOMILJIEKCHOM CHCTEMBbI
TEXHUYECKOTO AUATrHOCTUPOBAHUS COCTABUT
HenonyctuMbie 450/20 > 20 net maxe 0e3
yuy€Ta JUCKOHTUpOBaHUsA. TakuMm oOpa3om,
1enecoobpasHocth npumeHeHuss ACT/I Tpe-
OyeT 9KOHOMUYECKOro 00OCHOBAHUS ISt
KaXJ0ro Buia 000pyIOBaHUS C UHAUBUIYaITb-
HOI OLIEHKOI 9KOHOMUYECKOIA 1iesiecoobpas-
HOCTHU €€ BHEIPEHUSI.

2. NIPEONATAEMbBIE METO/,
M METOAUKA PACHETA
ODDEKTUBHOCTU CTA,

OCHOBHBIM UCTOYHUKOM MHGbOpMaILNU
0 TEXHUYECKOM COCTOSTHMM JIOKOMOTHBA B Ha-
CTOsIIIIee BPeMsI SIBJISIETCSI OOPTOBOM PyKOTIMC-
HbIH XXypHai popmbl TY-152 [1; 3], BKoTOpOM
MAIIMHUCT (DUKCUPYET CYOBEKTUBHBIE 3aMe-

' TOCT 20911—89. TexHuyeckasi AMarHOCTUKA.
TepMuHBI 1 orpeesieHus . [DIeKTpOHHBIM pecypc]:
http://docs.cntd.ru/document,/1200009481. Joctyn
21.12.2020.

2 TOCT 27.002—2015. HagéxHocTb B TEXHUKE
(CCHT). TepmuHBI 1 omipenieieHust. [ DIeKTPOHHBIM
pecypc]: http://docs.cntd.ru/document/1200136419.
Hoctyn 21.12.2020.

3 Odunmanbbiii caitt HUMTK. [DekTpoHHbII
pecypc]: http://niitkd.com. Joctym 21.12.2020.
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YyaHU4 o paboTe JokoMmoTuBa. Hampumep,
«OpPOCKHM TOKA B TATE», «HET MOIIHOCTH Ha
15-1i mo3uLK», «HET BXOJa B peKyIepaluio»
u ap. Bropoil He MeHee BaXHBI UCTOYHUK
UHGOPMALIMU — 3TO PEe3yJIbTaThl BU3YaTbHOMI
npuéMku JokomoTrBa Ha TOUP, mpu KoTopoii
(GUKCUPYIOTCI KaK KOMITJIEKTHOCTb JIOKOMO-
TUBAa U HAJIMYUME MPOSIBIIEHUN BaHOaIU3Ma,
TaK W BHEIIHWE MPU3HAKU OTKA30B: T€Ub
MacJjia, HaJin4due TpelyH u apyroe [6]. Hanu-
yue 60pToBbix ACT]I MO3BOJIUT ONpPEAEISITh
MpeaoTKa3Hble COCTOSIHUS (paboToCcoco0-
HbI€, HO HEUCTIPaBHbIE) 10 3aX0/1a JOKOMOTH -
Ba B ieno. B pe3yabTate BO3MOXHO COKpale-
HUE KaK Yrciia OaCHBIX OTKAa30B, TaK U Bpe-
MEHU MPOCTOSI TOKOMOTHUBA B ICTIO HA HETLIa-
HOBBIX PEMOHTAaX U B OXUJAHUU MOCTaBKU
3aracHbIX YacTel.

Cokpaienue BpemeHu TOuP BbICBOOOXK-
JTaeT MapkK JOKOMOTHUBOB: [0 Mepe CoKpallle-
HUSI BpeMeHU ITpocTost T Ha pEMOHTE X HaKar -
JUBaeTCd pe3epB BpeMeHu AT,, KOTOPBIA
CTPEMUTCS CTaTh PAaBHBIM BPEMEHU IKCILTya-
TallUK OJHOTO JIOKOMOTHBa T’

L=3\.(am, (1)

roe X — 91ciIo peMOHTOB ¢ 9KOHOMUEH Bpe-
MEHMU.

DKOHOMHUS BpeMEHU ITPOCTOST HA PEMOHTE
ITO3BOJIUT COKPATUTh YMCJIO 3aKyITaeMBbIX JIO-
KOMOTHUBOB B 00bEME N

Ny =z::1(ATy)/TH , (2)

rae Y — oOllee YMcIo pPeMOHTOB ¢ 3KOHOMUEH
Bpemenu 6narogapst CT/I.

[lepBBlii BUI 9KOHOMUM OT BHEIPEHUS
CTJI cocrasurt R ;.
R,=C, T, 3)
rae C| — CTOMMOCTb OIHOTO JIOKOMOTHBA.

Bropoii adbdexT R, GyneT oT COKpaleHus
CTOMMOCTHU PEMOHTA BBUAY MCITOJIb30BaHUS
3JIEMEHTOB PEMOHTA IT0 (DaKTUIECKOMY TEXHU -
YeCKOMY COCTOSTHUIO [4—6]. YacTo ncob3yer-
Csl TEPMUH «ITPETUKTUBHBIN» WM «IIpeacKa3a-
teabHbI» TOUP (Predictive maintenance). Ha
puc. 10 mokazaHa JMHAMMKa MOJydeHUsT -
(ekra R,. Ha KaX10M peMOHTE i 32 CYET HEBbI-
TTOJTHEHMST YaCTH TUTAaHOBO-TTPEY TIPS ANTE TbHBIX
pabor Oyzner pocturathes abdekr AR,. Tlpu
5TOM CJIE/TyeT YUeCTh, YTO Ha peMOHTE X MOXET
TTOHAIOOUTBCS YCUJICHHBIM PEMOHT, KOTOPBIIA
npuBeaET K ynopoxanuio TOuP Ha cyMmMy AR,
DdheKT OT MPEeANKTUBHOIO PEMOHTA:
R,=Y"(AR2))-AR,,.

C))
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11 SOGEKT

DKOHOMMUA CPEACTB Ha
NOKYMKy HOBOTO JIOKOMOTHBA

COKPALLLEEHWE BPEMEHU
MPOCTOA HA TOuP

TOwnP Nel TOwnP Ne2 TOwnP Ne3 TOwnP NeX TOunP NeX+1 TOunP NeX+X BPEMA

a — R, oT cokpalLeHus napka IOKOMOTUBOB.

A

IOPEKT

COKPALLEHME CTOMMOCTHU TOmnP
3A CYET NPEOUKTUBHOIO TOMP

YCUNEHHbIN
PEMOHT

>
>

TOuP Nel TOuP Ne2 TOunP Ne3 TOuP NeX BPEMA

6-R , OT NPeANKTUBHOro Oﬁcﬂy)KMBaHMﬂ.

A

3ATPATbI

3ATPATbI HA BOCCTAHOB/TIEHUE
PABOTOCMNOCOBHOCTM NOC/E OTKA3A

( 3ATPATbI HA YCTPAHEHUE MPEAOTKA3A >

/ :

TOwP Nel TOuP NeX BPEMA

B — R, OT CHMXXeHus1 I0CneACTBUI OTKAa30B.

Puc. 1. 3¢pgekr R or npumerneHuns CT[ (cocTtaBneHo aBTopamm).
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Ta0imuna 1

MezKpeMOHTHbBIE IPOOEr JTOKOMOTHBOB 1is pacuéTa NPV [1]

Cepust HP TO-1 [TO-2 |TO-3 |TO-4 |TP-1 |TP-2 |TP-3 |CP KP

BC5K 200 0,400 (2,4 - 300 30 300 600 1200 2400
BC4K 180 0,200 |1,67 - 300 30 300 600 1200 2400
TO10MK 120 0,175 3,5 7,2 300 29 115 210 720 1420
2T925KM 150 0,175 3,5 15 300 75 300 600 1200 2400

DddekT nocTuraeTcs Npu yCaioBUM, YTo:
> " (AR2) < AR, . (5)

Tperuit Bun sapdekra R, or CT — sro
MpeIoTBpallleHNEe JOPOTMX OTKA30B 3a CUYET
ycTpaHeHus penoTKasa. Harpumep, Boccra-
HOBJIEHHE MPEI0TKA3HOTO COCTOSTHUST KPBILI -
KU HWIMHAPA AU3e]sT MOXET MPeI0TBPaTUTh
MOSIBJIEHYE TPEIIVH C AaJIbHEM el OTOpaKOB-
KoIt KpblliKu. [Ipr 3TOM 4uCiIO ycTpaHeHUI
MPEeAO0TKAa30B MOXET ObITh OOJIbIIE YKCIa
OTKAa30B, HO 00I11asi CTOMMOCTb HEILJIAHOBBIX
PEMOHTOB COKPATUTCSI:

R3 = ROTK —z:lzl(Rnpeun) 5 (6)

IJie 1 — OYepeTHOE YCTpaHeHUE TTPEeI0TKA3HO-
IO COCTOSTHUS,

N — o0l11ee YMCII0 YCTpaHeHU I TTPeIoTKAa3-
HBIX COCTOSTHUIA;

Ripey, — CTOMMOCTD YCTPAHEHHUSI N-TO
MpeaoTKasa;

R, — CTOMMOCTb yCTpaHEHMs OTKasa
M BOCCTaHOBJICHUST pabOTOCIIOCOOHOCTH.

3atparbl CTJI ckiaabiBalOTCs U3 Kamnu-
TaJbHBIX 3aTPaT Ha MPUOOPETeHHE, YCTAHOB-
Ky u 3anyck CT/I B okcrnyatanuio Q, ¥ Te-
Kyuiux 3arpar Ha skcruyarauuio CTI O,
cocTosux u3 (oHma 3apabOTHOM TIIATHI
JIMarHOCTOB, CTOMMOCTHU 3HEPropecypcos,
METPOJIOTUYECKOIO U APYTUX BUAOB OOCIY-
SKMBaHUSI.

B nporpamme MmoaenupoBaHust 3¢ heKTUB-
Hoctu CT]I B3sT mokasatesb «Yucras npuse-
JNEHHAs K TEKYIIeMY THIO, CTOMMOCTb ITPOEK-
ta NPV» (Net Present Value) [13], coracHo
KOTOPOMY MHBECTUILIMOHHBII TIPOEKT LIEIeCO-
00pa3eH NpH IMOJOXUTEIbHOM 3HAYEHUU
NPV > 0 3a Bpems f MeHblIe 3aJaHHOTIO.
ITporpamMma peann3oBaHa aBTOpaMu Ha ajro-
putmuueckomMm sa3bike Visual Basic for
Applications (VBA) B cpeae MS Excel [14].

TTpu pacuéte NPV 0ObIYHO BpeMmsl f OepET-
Cs1 KakK 11eJIoe Y1 CJio 1o rofgam. B pazpaboraH-
HO# mporpamme Mnpejajiaraercs Mmporecc
JIMCKOHTUPOBAHMS TIPEICTAaBUTh KaK HeIpe-
PBIBHBII TTPOLIECC MHTETPUPOBAHMSI:

NPV =—Q, +[CFt)(I+R)" dt, (7

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 136-157 (2020)

rae O, — KanuTallbHbIe 3aTpaThl Ha MTPUOOPe-
teHue u BHeapeHue CTII.

CF(t) — neHexXHbI MOTOK B MOMEHT Bpe-
MEHU f;

R — aHHYUTETHBIN KODOULMEHT TUCKOH-
TUPOBAHUS.

B nporpamme popmyna 7 peanuzoBaHa Kak
JIBOMTHOE CYMMUPOBaHMUE:

NVP=-Q +2 % (ZE, —

—ZT, )1, Jo+mi), (8)
rae y — UMKJ M0 rojaM ¢ HyJeBOro roja mo
necartslit: y € [0, 10];

m — LUK 1o 12 MecsliaM KaxIoro roua:
me€[1, 12];

ZEym nz Tym — MoJly4eHHbI 3¢ heKT 1 3a-
TpaThl B y-M TOMIe U M-M MECSILIE.

D deKThI M 3aTpaThl CBSI3aHbI C MPOBOIUMBbI-
MU TJTAaHOBBIMU U HerlaHOBbIMU TOUP, BpeMst
HaCTYIJICHUST KOTOPBIX 3aBUCUT OT ITpooera Jio-
KOMOTHBA, KOTOPBIIA B IpOrpaMMe orpeaessieT-
csl 1O 3aJaHHOMY CPeIHECYTOUHOMY Mpobery
C Y4ETOM BPEMEHM MPOCTOSI HA PEMOHTE.

DKCIuTyaTalMOHHbIE 3aTpaThl 0, Ha 06CiTy-
>KMBaHME JOKOMOTHMBA 3a1al0TCS KaK: 3apruia-
Ta IMarHOCTOB, apeH 1a TIOMEILIEHUI U IpyTue
MOCTOSIHHBIE PACXO/Ibl, YAEAbHbIE 3aTPaThl Ha
JIMarHOCTUPOBaHUE (PacXo/l 3JeKTPOIHEPTUH,
MaTepuasoB, TOILIMBA, Macja U Apyrue CTaTbh
pacxomoB).

ITpu MonenupoBaHUM 3aIalOTCsS HOpMa-
TUBHBIE MEXPEMOHTHbIe mpobderu (Taodi. 1),
TaK KakK OHU CTPOTO periaMeHTUPOBaHBbI:
nepenpoder JT0KOMOTUBOB HEIOMYCTUM IO
YCJIOBUSIM 0€30MacCHOCTU JBMXKEHUSI TTOE3/10B,
a HeIopoOer MPUBOJAUT K JOTTOJTHUTEIbHBIM
3arpatam Ha TOuP. IMepuoanunocts TO-1
u TO-2 B KM nepecuyrTaHa U3 4acoB IO Cpe-
HEeCyTOYHOMY Mpobery JoKkoMoTuBa (Tad. 1).

Bpewmst Ha TOMP 10KOMOTHBOB BCcex BUIOB
HOPMUPOBaH, HO (aKTUYECKUIA TPOCTOH To-
pazgo 6onabiie. Hanpumep, 2THD10MK Ha
TP-1 nipu HopMe 36 4. ctouT B cpenHeM 150 4.,
Ha TP-2 npu HopMme uyeTBepo CyTOK CTOUT 13.
[ToaTomy npu MoAETUPOBAHUU B3SITHI peasib-
HbIE€ MIPOCTOU MO CEPUSIM JIOKOMOTUBOB, BbI-
YHUCJIEHHBbIE aBTOpaMu MyTéM 00paboOTKU
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Ta0amnma 2
Pacuérnoe Bpems npoctos Ha TOuP no cepusM, MUHYTHI (COCTABJIEHO ABTOPAMM)

HP TO-2 TP-1 TP-1+TO-4 | TP-2 TP-3 KP TO-4 TO-3
BJISOP 741 85 2106 2552 5590 14542 12247 1026
CKO 2757 24 1620 1708 1458 4971 6817 1068
KBap 3,72 0,28 0,77 0,67 0,26 0,34 0,56 1,04
N 560 4695 23 168 13 6 8 22
BJISOC 740 78 2183 2239 4907 11592 42181 864
CKO 2765 24 2142 1581 1827 4384 11854 928
KBap 3,74 0,31 0,98 0,71 0,37 0,38 0,28 1,07
N 583 4382 57 182 11 7 6 58
29C5K 964 100 1500 3390 4139 7130 0 962
CKO 3093 28 1056 2530 2232 4441 979
Ksap 3,21 0,28 0,70 0,75 0,54 0,62 1,02
N 304 3710 89 38 9 11 0 46
38C5K 945 90 1850 2217 4564 10877 0 1713
CKO 3053 24 933 2189 3197 3360 3744
KBap 3,23 0,27 0,50 0,99 0,70 0,31 2,19
N 263 3718 110 70 18 10 0 46
25C4K 1567 93 5880 14282 14826 18776 0 6227
CKO 16523 31 6654 2127 5581 9196 4916
KBap 10,54 0,34 1,13 0,15 0,38 0,49 0,79
N 404 3323 59 2 5 9 0 10
39C4K 789 109 4856 0 7124 25939 0 6395
CKO 3681 58 9260 2825 10821 9387
Ksap 4,66 0,54 1,91 0,40 0,42 1,47
N 675 1704 134 0 16 9 0 36
2TD10MK 2146 81 8971 10526 19230 29295 31435 2730 3064
CKO 17617 55 5290 10178 11795 15717 6356 3961
KBap 8,21 0,68 0,59 0,97 0,61 0,54 2,33 1,29
N 608 4068 46 13 11 7 1 45 88
3TO10MK 1278 93 8526 7466 24317 13796 13386 3568 6033
CKO 5212 23 6303 5186 7030 4549 13479 3871 7303
KBap 4,08 0,25 0,74 0,69 0,29 0,33 1,01 1,08 1,21
N 1100 4648 61 15 13 4 5 21 78
2TD116Y 1172 73 4581 3329 12452 15284 0 997 2615
CKO 4027 19 8871 2267 4964 2638 1227 3344
Ksap 3,44 0,27 1,94 0,68 0,40 0,17 1,23 1,28
N 459 2664 36 13 10 9 0 35 161
2TD25KM 2295 77 2890 2871 11274 106 2416 1813
CKO 15550 18 2673 957 2571 3135 2051
KBap 6,78 0,23 0,93 0,33 0,23 1,30 1,13
N 437 3126 60 7 12 1 0 48 244

JaHHbIX UHPOopMaLIMOHHON cucteMbl OAO
«PXKJ1» ACOYII (aBTOMaTU3UpOBaHHAS CUC-
TeMa OIepPaTUBHOIO YIIPABJICHUS IIOE3IaMM ).
B Tabu1. 2 npuBeaeHbI pe3yabTaThl pacuéTa: aJist
KaXJIoli CepUU JIOKOMOTUBOB, 110 KaXXIOMY
Buay pemMoHTa no naHHbiM ACOYII paccuu-
TaHbl MATEMAaTUYECKOE OXKUIaHKE TTPOCTOSI M,
CpeIHEeKBaAPaTUIHOE OTKJIOHEHHUE G M KOA(D-
¢urment Bapuanuu Ksap =oc / M [15].

® MWP TPAHCIMOPTA, Tom 18, N26, C. 136157 (2020)

HawuGonee npenckazyemMbiM (YHUMOJAIb-
HBIM) OKa3zajoch BpeMs IpocTtosi Ha TO-2
(M = 86 munyt, ¢ = 11, Kap = 0,13), uTo Bo
MHOTOM OOBSICHSIETCS MPUHITHIM B OAO
«PXK]JI» mopsimkoM cMeHbI coctosiHust TO-2
Ha HeTJ1aHOBBIN peMoHT (HP) nmpu nipeBbiiiie-
HUM BpeMeHM IpocTosi. bojbinoii pazdopoc
HMMeEET MECTO IT0 HeTUITAaHOBBIM peMoHTaM (M =
1199 mMunyT, 6 = 572, KBap = 0,48) 1 00TOUKE
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B | c | b E F G H |
1 | MICY 21254
2 1 2 3 4 5 6 7
Tox Meesn R Tpoder, 3aTparthl, JddexTsl, NPV
3 THIC.KM THIC.PYd. THIC.PYD.
L0 o | 1,000 200,000 - - 200
5 0 1 0,992 12,167 290,000 53,104 |- 435
6 0 2 0,984 23.967 285,500 44,253 |- 672
7 0 3 0,976 35,798 204,500 697,609 |- 279
8 0 4 0,969 45,968 273,500 44,253 |- 501
sl 0 s | 0961 57,826 290,000 53,004 |- 720
0 0 6 0,953 69,626 294,500 697,609 |- 344
1n 0 7 | 0946 79,796 272,000 44253 |- 560
12 0 8 0,938 91,637 296,000 697,609 |- 183
13 0 9 0,931 101,823 273,500 44,253 |- 396
u 0 10 0,924 113,681 288,500 53,104 |- 614
15 0 11 0.916 125.484 294,500 697,609 |- 244
16 0 12 0.909 135,654 283,500 44253 |- 462
17 1 1 0,902 147.512 288,500 53,104 |- 674
18 1 2 0,895 159,316 204,500 697,609 |- 313
19 1 3 0,888 169.486 273,500 44,253 |- 517
20| 1 4 0,881 181,343 303,500 1272371 336 Puc. 2. Peaynbrat
2| 1 5 0.874 191,078 270,500 44,253 139 mopaenuposaHust NPV ogHovi
2 1 6 0,867 202,943 288,500 53,104 |- 65 CT/A (cocTaBneHo asTopamum).
| 1 7 0,860 214.746 294,500 697,609 281
u| 1 8 | 0853 224,916 273,500 144,253 36
25 1 9 0,846 236.774 288,500 53,104 |- 113
2| 1 10 0.840 248,577 294,500 697,609 225

2500

2000

1500

1000

14 7 1013 1§ &

KonécHbIX nap (M = 2475 munyT, o = 2024,
Kgap = 0,82). Takum 06pa3oM, BpeMsl TIpo-
cros1 Ha Bcex Bumax TOuP (kpome TO-2 Ha
IYHKTaX TEXHUIECKOTO 00CTYKMBaHUSI JIOKO-
MoTuBOB — [1TOJI) umeeT GobIoi pazdopoc,
YTO TpeOyeT MHAMBUIYAIBHOTO ITOAX0Aa IIPU
BBEIECHUM UCXOIHBIX TAHHBIX ITPU MOJIEIUPO-
BaHUM.

PesynbraTthl MOACIMPOBAHUS IIPEICTABIISI-
[0TCsI B BUJIe TaOJIUILIBI U rpadhyiKa U3MEHEHMST
NPV no mecsiam (puc. 2).

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 136-157 (2020)
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3. MOAEJINPOBAHUE
QPDEKTUBHOCTU NPUMEHEHUA CT/,
BoproBoe nuarHocTrpoBaHue MPOU3BOIUTCS
Ha 0a3e IITaTHBIX MUKPOTIPOIIECCOPHBIX CCTEM
yrpasnerust (MCY), moatomy muarHocTaeckast
(byHKIIMOHATBHOCTD SIBISIETCST «OECTIIATHOM».
KarnuranbHble 3atpathl Q. BKIIIOYAIOT B CeOsl
CO3MaHKe aBTOMAaTU3UPOBAHHOTO PAbOYETO Me-
cta (APM) nuarHocTa, ero mpro0dpeTeHue 1 00-
cimyxuBaHue. Tekyliue 3aTparbl CBsI3aHbI B OC-
HOBHOM C 3apa0OTHOM TIaTOi TMarHOCTOB.
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11 NPV, T8IC.pYO.

250 000
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a — MCY/] anekTpoBO30B nepemMeHHoro toka cepuii 3C5K c BUI.

NPV, 1BI1C.PYVO.
250 000

200 000

150 000

100 000

50 000

-50 000

6 — MIICY 31eKTpOBO30B NOCTOSSHHOro Toka cepuii AC4K.

NPV, 1hIC.pYG.
300 000

200 000

100 000

-100 000

B — MCY-TIN tennoso3os cepun 2TI25KM.

Puc. 3. Pesynbratsl pacuéra NPV ans 6opToBoii auarHoctuku Ha 6aze MCY (coctaBneHo aBTopamum).

MWP TPAHCIIOPTA, Tom 18, N2 6
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NPV, 1BIC.PYG.
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a - cpegHecyTo4HbI npo6er.
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NPV, 1BIC.PYO.
400 000
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——100 nokomoTHe0oB
200 000 =500 NOKOMOTHBOB
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6 — 06cnyxunBaemblii Napk IOKOMOTUBOB.

NPV, THIC.pYO.
400 000

300 000
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Mecars!
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-100 000

B — COKpaLLeHue Ynucsa oTka3os (WT. Ha 1 maH km npobera).

Puc. 4. BnusHue ncxoaHbix aaHHbix Ha pe3dynbtat NPV Ha npumepe MCY-TI1 (cocTtaBneHo aBTopamum).

BDddexT oT OOPTOBOIT TMATHOCTUKH €CTh
npu ipuémke jokomorunsa (TO-1), na [TTOJI
(TO-2). IMpu Bemmonnenuu TO-3 u TP-1 mpo-
BOIUTCS TJIyOOKast auarHoctrka. Jlist aToro
nma"HHbie MCY o0 paboTe IOKOMOTHBA BBOIST-
s B CTalIMOHAPHBII KOMITbIOTEp (TI0 paauo-

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 136-157 (2020)

kaHaiy, ¢ Flash-makonurenst, mo Wi-Fiu aop.)
JIJISI TAaTHOCTUPOBAHUS C TIOMOIIIBIO CTICIINA-
JIM3UPOBAHHOTO ITPOTPAMMHOTO 00eCITeUCHUS
(APM MCY): BBISIBIISIIOTCS CKPBITHIE ek~
Thl U NpeaoTkadbl. Ha «TaXEnbIx» Bugax
TOuP muaranoctuposanue MCY He TpeOyeTcs.
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NPV, ThIC.pYO.
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Puc. 5. Pe3ynbratel pacyéra NPV ans ctaHunmn peocTaTHbIX UCMbITaHWI (COCTaB/IeHO aBTopamm).

Tab6auna 3
IIpouent cokpamenus napka JokomoTusoB npu npumeHennu ACT/L (cocTaBjieHO aBTopamm)

ACT/L Cepust TIOKOMOTHBA CokpatieHnue napka, %
Boprosas ACT/] nHa 6aze MCYl (MCVY/I) DC5K 2,8 %

Boprosas ACT/] na 6aze MIICY (MIICY) DC5K 2,8 %

Boprosast ACT/] na 6aze MCY-TIT (MCY-TII) 2TD25KM 3,3%

Boprosast ACT/] Ha 6aze AIIK BOPT 2TD25KM, 1,0 %

CraHuus peocTaTHbIX UcTibiTaHMit (PeocTar) 2TB116Y, TO10MK 12,5 %
Bubpoaunarnoctuposanue KMb (Bubpo) BC5K 3,0 %

Crenn ucnibitanuiit TOI (TO/I) DCSK 0,5%

Cucrema 3amepa npoduist 6anzaxa konécHbix nap (KIT) BC5K 0,0 %

ACT], «/lokTop» BCS5K 0,7 %

Addext ot MCY nocTturaercs 3a CUET COKpa-
meHus BpemeHu TOuP, a rmaBHoe — 3a Cuér
MpeAoTBpaIleHUs HETIJIaHOBBIX PEMOHTOB 3a
CYET ycTpaHEHMsI X Ha CTAAuU MpeaoTKasa.
OCHOBHOIi JICHEXXHBIII TTOTOK COCTAaBJISIET
5KOHOMUSI TTOTPEOHOTO JUTSI OCYIIECTBICHUS
MepPeBO30K JIOKOMOTUBHOTO ITapka. OCHOBHasI
SKCITTyaTallMOHHAs CTaThsl PACXOJ0B — 3apa-
0oTHas r1aTa IMarHoCTOB.

Ha puc. 3 nmpuBenéH pe3yasraT MOASIUPO-
BaHUS 17151 TpEX MaccoBbIX TUIIOB MCY: MCV]]
3JIEKTPOBO30B ITEPEMEHHOTO TOKA C BBITIPSIMU-
TeJIbBHO-MHBEPTOPHBIMU TTpe0Opa3oBaTe/IsSIMU
95K, 2DC5K, 3DC5K, 45C5K, BI11, BITIM,
BIT1IT, MIICY 251eKTpoBO30B MOCTOSIHHOTO
Toka (29C4K, 35C4K) u MCY-TII TerioBo-
30B 2TD116Y, 2TD25KM, 3TD25KM. [uc-
KOHTMPOBaHHBII CPOK OKYITAEMOCTHU CUCTEMbI
JuarHoctupoBaHusl Ha 6aze MCY — MeHee
roga. Pe3kue ckauku BBepX Ha puc. 3 U jajee
COOTBETCTBYIOT COKPAIIIEHUIO ITapKa JIOKOMO-
THUBOB Ha OJTHY €IMHUILY.

MonenpoBaHKe ITOKa3ai0 BEICOKYIO UyB-
CTBUTEJIBHOCTh MOJIEJIM K OJTHUM MCXOTHBIM

® MWP TPAHCIMOPTA, Tom 18, N26, C. 136157 (2020)

napaMeTpaM U HU3KYIO0 — K ApyruM (puc. 4).
bonbiioe BIusiHAE OKa3bIBaeT CPEAHECYTOU-
HBIIi TTpo0er (puc. 4a), yMeHbLIeHUE KOTOPO-
ro moxet caeiatbh ACTI HepeHTabelbHOI
u3-3a penkoro mposeaeHuss TOuP npu coxpa-
HEHMU TeKYIIUX 3aTpaT. AHAJTOTUYHO BIUSIET
YUCJIO 00CIYyXKUBaeMbIX JJOKOMOTUBOB
(puc. 40). IlaBHbIN 2 deKT gocTUraeTcs 3a
CYET COKpAILIEHUS YU Cia HETUTAHOBBIX PEMOH-
TOB (puc. 48). B MeHbllIell CTeNeHU BAUSIOT
CTOMMOCTb BOCCTAHOBJICHUSI MCIIPABHOCTU
JIOKOMOTHBA 1 3apabOTHas IJj1aTa JTMarHOCTOB.

I1aBHBIM 3(h(HeKTOM MPAKTUIYECKU OT BCEX
CT]/I cTajo cokpallgHue rapka JOKOMOTHUBOB.
W, HaoboporT, He natoiiue 3toro apdexra CT/]
OKa3aJIMCh HEPEHTAOETbHBIMM.

Ha puc. 5 npuBeneHbl pe3yabsTaThl MOJAE-
JmpoBaHust NPV craHLmii peocTaTHBIX UCTTbI-
TaHWU OU3eIb-TeHEPATOPHOU YCTaHOBKU
TETJI0BO30B. DKOHOMUYECKUI apdekT omnpe-
JessieTcsl Kak MOoTepU, KOTOPbIe TOHECET J10-
KOMOTHBHOE XO35MCTBO B CIy4yae OTCYTCTBUS
PEOCTaTHBIX UCIIBITAHUIA: CYILIECTBEHHO BO3-
PACTET YMCIIO HETUTAHOBBIX PEMOHTOB, YBEJIU-
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Ta6mna 4
IIpouent ot o6mmero aekra or cokpamenus Bpemenn npoctost Ha TOuP npu npumeHeHun
ACT]I (cocTaBjieHO aBTOpaMu)

ACT[ TO-1 TO-2 |TO-3 |TO-4 |TP-1 TP-2 TP-3 CP KP HP
MCy[ 16,6 % |23,1% 44,8 % 15,5 %
MIICY 20,3% |16,9% 49,4 % 13,4 %
MCY-TII 196% |57% |34,4% 1,3% 39,0 %
ATIK Bopt 67,9 % 2,5% 29,6 %
Peoctar 48,4 % 21,6 % |11,6% [78% |2,1% 8,6 %
Bubpo 65,9 % 34,1%
™1 263% (22,5% |11,3% [39.9%
KIT 36% (96,4 %
Tabmmua 5
NPV ACT]I na onuo aeno ¢ napkom 200—300 10KkoMOTHBOB (COCTABJIEHO ABTOPAMHM)
ACT/ CpoK OKYITaeMOCTH, CpoK OKyIaeMOCTH, NPV 3a 3 rona, NPV 3a 6 zer,
Mec. JIeT MJIH pYyoO. MJIH pYyO.
MCVYI 8 0,67 141 251
MIICY 10 0,83 150 266
MCY-TI 10 0,83 162 357
Peoctar 3 0,25 1144 2020
BuGpo 11 0,91 251 385
§EC)i 14 1,17 6 75
KIT — — -10 -13
JTokTop 32 2,67 43 80

YUTCSI YMCJI0 BO3BPATOB JIOKOMOTHMBA B JIEIIO
npuémmukom OAO «PXKJ/I». Hecmotps Ha
BBICOKYIO CTOMMOCTb CTaHLIMU, €€ OKyIae-
MOCTb IIPOMCXOIMT 32 HECKOJIBKO MECSILIEB,
TaK KaK OTCYTCTBME PEOCTATHBIX UCIIBITAHUIA
MPUBEIET K CYIIECTBEHHOMY POCTY JOPOTUX
OTKA30B JA13e/Ib-TeHEPATOPHOI YCTAHOBKMU.
DbdexkT oT BUOPOIMATHOCTUPOBAHUS
3aKJII0YAeTCsl B UCKIIIOUEHMU HEIIAHOBBIX
PEMOHTOB 10 OTKa3aM KOJIECHO-MOTOPHbBIX
omokoB (KMB), cokpameHun oobéMa TeKy-
LIMX PEMOHTOB IPU OTCYTCTBUM 3aMeYaHUI
o TexHuyeckomy cocrosgauio KMb. Cran-
LIMM UCIIBITAHUS TSTOBBIX 2JIEKTPOABUTATEIEI
(TB/1) MmeTomoOM B3aMHOIT HArpy3KH UCITOIb-
3YIOTCS TIOCJIE «TSDKEIBIX» BUIOB PEMOHTA:
TP-3, CP u KP. UcnibiTanne nBurarteneit
MO3BOJISIET IIPOBEPUTD UX UCIIPABHOCTD U UC-
KJIFOUMTb COOTBETCTBYIOIIME OTKA3bl BO BPEMSI
akcrutyatauuu. Kpome Ttoro, cHsiTUEe Xapak-
Tepuctuk TOJI Mo3BOISIET TIPOU3BECTH UX
noAadOp U UCKIIOUUTDH JTOIMOJIHUTEIbHbIE OT-
Kasbl 110 MPUYMHE pa3dpoca XapaKTepUCTUK

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 136-157 (2020)

TO. OrpunatensHblit NPV monyden mis
CHUCTEMbI aBTOMATHUYECKOTO 3aMepa poduist
KOJIECHBIX map. Pe3ynbraThl BHITTOJTHEHHBIX
pacuéToB NPV npuseneHs! B Tad. 3—5.

3AKJTKOMEHUE

1. IpakTnueckoe npumenenue ACT/]
TpeOyeT TEXHUKO-9KOHOMUYECKOTO 000CHO-
BaHus (TOO), Tak KaK B 1LIEJIOM UX OKyTlae-
MOCTb COCTABJISIET AECSITKHU JIET.

2. ITpu Bui6ope Tuma ACT]I mpeanoureHue
cJeyeT oTaaBaTh OOPTOBBIM M BCTPOCHHBIM
ACT]/I. B cnygae nx HelieiecooOpa3HOCTA —
IePEHOCHBIM U CTALIMOHAPHBIM.

3. Pa3zpaboTaHbl MeTO OLIEHKN TeXHUKO-
SKOHOMMUYECKOM 11eJIeCO00Pa3HOCTH BHEIPE -
Hug pa3anyHblXx BuaoB ACTI u cooTBeT-
CTBYIOIlIee IIpOrpaMMHOEe obecliedyeHue Ha
anropuTMuueckoM si3eike VBA B cpene MS
Excel. 3a ocHOBY B34T MeTO/ pacyéTa MmoKa-
3arenst «HYucrasa npuBeaEHHAsA K TEKyIIEMY
nHI0 ctouMocThb TpoekTa NPV (Net Present
Value)».
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4. TTpou3BeieHO MOJIETMPOBAHKE OKYyTIae-
MocTH 0CHOBHBIX BUA0B ACT]I ¢ hakTOpHBIM
AQHAJIU30M BJIMSHUS Pa3IMYHbIX TapaMeTPOB
(pa3mep mapka, CpeIHEeCyTOUYHBII MPOOeET,
MHTEHCUBHOCTb OTKA30B, COKPAIIEHUE YU CIIa
OTKa30B).

5. MoaenupoBaHue MoKa3aio 9KOHOMU-
YEeCKYI0 11€JIeCO00Pa3HOCTh CIEAYIOIIUX
ACTII: 6opToBasg Ha 6a3e INTATHBIX MUKPO-
MPOLIECCOPHBIX CUCTEM YITPABJICHUS, CIIela-
Jm3npoBaHHBIe 00opTOBBIe ACT]I mmarHoCTH-
pOBaHUS NU3eJIb-TeHEPATOPHBIX YCTAHOBOK
IJ1sT TeTToBo30B 0e3 MCY, cranumu peocTaT-
HBIX UCIIBITAHWI OTU3eIb-TeHePaTOPHBIX
YCTaHOBOK TETJIOBO30B, BUOPOAUArHOCTUPO-
BaHUE KOJECHO-MOTOPHBIX 0710KO0B (KMDB),
JMarHOCTHPOBAHNE M NCTIBITAHNE TUPUCTOPOB
BUII, nepeHoCHbIE CUCTEMbI AUATHOCTUPO-
BaHUS JIEKTPUIECKOTO 000PYIOBaAHUS.

6. MonenupoBaHue MOKa3auao OTCYTCTBHE
SKOHOMUYECKOro addexra oT BHEAPEHUS
psina ACT]I, B T.4. aBTOMaTUY€CKOM MPOBEPKU
npoduiisg baHaaxa.

7. ImaBHBIM 3(PGhHEeKTOM OT BHEAPEHUS
ACT]I siBIIsIeTCST COKpallleHIe SKCITyaTupye-
MOTO IMapKa JOKOMOTHBOB.

8. CyiiecTBeHHOE BiUsiHUE Ha 9 (PeKTHB-
HocTb ACT]I oka3bIBaeT COKpalleH1ue BpeMe-
HU peMOHTa. OTHOCUTEJIbHO HU3KOE BIUSIHUE
OKa3bIBA€T CTOMMOCTbh BOCCTAHOBJICHUS pa-
0OTOCITOCOOHOCTU U HayajdbHasi CTOUMOCTh
ACT/.
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Justification of the Need for Locomotive
Diagnostic Systems

Alexander P. SEMENOV Igor K. LAKIN

ABSTRACT

In the world and domestic practices of technical
maintenance and repair (TMR) of locomotives there
exists a tendency for the expanded use of technical
diagnostics systems, the transition to predictive repair
to reduce the costs of their life cycle. Modern
hardware and software tools make it possible to
create automated technical diagnostics systems
(ATDS) for all types of locomotive equipment but
equipping service repair locomotive depots with them
requires significant capital costs with an unacceptably
long payback period. The objective of the work is to
develop a method and a corresponding simulation
modelling software program to determine technical
and economic feasibility of using certain means of
technical diagnostics.

Diagnostic systems reduce waiting time for
repairs, the volume and cost of scheduled and
unscheduled TMR, which makes it possible to reduce
the operating fleet of locomotives.
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In modern economic calculations, to assess
the success of an investment project, the indicator
«Net present value (NPV)» of the project is used.
Based on this principle, in relation to ATDS, a
method for determining feasibility of introducing
various types of ATDS and the corresponding
methodology and software made with the
algorithmic language VBA (Visual BASIC for
Applications) in the MS Excel environment has
been developed.

The work carried out simulation modelling for
Russian conditions of the payback of main types
of diagnostic systems comprising on-board based
microprocessor control systems, rheostat testing
stations for diesel locomotives, diagnostics of
traction motors, etc. The economic feasibility of
introducing these systems has been proved. Also,
economically inexpedient diagnostic systems have
been identified, for example, automatic
measurement of the profile of a wheel set tire.
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1. Statement of the analysed problem

Reliable operation of traction rolling stock
is the main task of its technical maintenance
and repair system (TMR) [I; 2]. The
organisation of TMR all over the world
demonstrates a trend towards increased role of
technical diagnostics systems (TDS!?) [3—10].
Modern TDSs are built as automated TDS
(ATDS) on the basis of hardware and software
using personal computers or microprocessor
control units [3—5; 16; 17]. However, the cost
of ATDS is quite high.

Research carried out at NIITKD? regarding
Russia and in relation to the conditions of one
of a hundred service locomotive depots (SLD)
which is «Tynda-Severnaya» [11; 12] of the
Northern Latitudinal Railway of the Eastern
Range (BAM) showed that the complex
equipping with ATDS of a single depot will
require at least Q,, , > 450 million roubles:
capital costs for all SLD will exceed Q, =
100 =450 > 450 billion roubles. At the same
time, an expert assessment makes it possible to
estimate possible savings at the level of a
maximum of 20 billion roubles, and in fact, no
more than 10 billion roubles: the payback
period of the complex technical diagnostic
system will be unacceptable (450/20 > 20 years)
even without discounting. Thus, feasibility of
using ATDS requires an economic justification
for each type of equipment with an individual
assessment of economic feasibility of its
implementation.

2. The proposed method and methodology
for calculating the efficiency of ATDS

The main source of information about the
technical condition of the locomotive is
currently the on-board handwritten journal of
the form TU-152 [1; 3], in which the driver
records subjective comments on locomotive
operation. For example, «current surges in
traction», «<no power at the 15" position», «no
entry to recuperation mode», etc. The second
equally important source of information is

! GOST [state standard] 20911-89. Technical
diagnostics. Terms and definitions. [Electronic
resource]: http://docs.cntd.ru/document/1200009481.
Last accessed 21.12.2020.

2 GOST [state standard] 27.002-2015. Reliability in
equipment (SSNT). Terms and definitions. [ Electronic
resource]: http://docs.cntd.ru/document/1200136419.
Last accessed 21.12.2020.

3 Official website of NIITKD. [Electronic resource]:
http://niitkd.com. Last accessed 21.12.2020.
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associated with the results of visual acceptance
of the locomotive for TMR, during which the
records are made on completeness of the
locomotive and the presence of manifestations
of vandalism, as well as on external signs of
failures: oil leaks, cracks, etc. [6]. The presence
of on-board ATDS will make it possible to
determine pre-failure conditions (operable, but
faulty) before the locomotive enters the depot.
As a result, both a reduction in dangerous
failures and a reduction in downtime of a
locomotive in the depot for unscheduled repairs
and waiting for delivery of spare parts are
possible.

Reducing TMR time disengages part of the
locomotive fleet: as the downtime 7 on repairs
x decreases, the time reserve AT, accumulates,
which tends to become equal to operating time
of'alocomotive T:

T,=Y,.AT, (1

where X is number of repairs with time saving.
Saving downtime for repairs will reduce the
number of purchased locomotives in the

volume N,

N =X (ATY)/T,, )

where Yis total number of time-saving repairs
due to ATDS.

The first type of savings from introduction
of ATDS will be R
R,=C, T,
where C, is cost of a locomotive.

The second effect R, will be achieved from
a reduction in the cost of repairs based on the
more exact choice of elements to be repaired
according to the actual technical condition
[4—6]. The term «predictive» maintenance is
often used. Pic. 1b shows the dynamics of
obtaining the effect R,. At each repair i, due to
the absence of necessity to perform part of the
scheduled preventive work, the effect AR, will
be achieved. It should be borne in mind that
repair X may require enhanced repair, which
will lead to an increase in the cost of TMR by
the amount of AR . Effect of predictive repair:

R =3""(AR2)-AR,,. )

The effect is achieved under the condition
that:

(€))

> " (AR2i)< AR, (5)

The third type of R, effect from TDS is
prevention of expensive failures by eliminating
pre-failure. For example, restoring the pre-
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EFFECT

Resource saving for purchase
of a new locomotive

DOWNTIME REDUCTION
FORTMR

-/

TMR Ne 1 TMR Ne 2 TMR Ne 3 TMR Ne X TMR Ne X+1 TMR Ne X+X TIME

a — R, from reduction of the locomotive fleet.

A
EFFECT
TMR COST REDUCTION DUE .
TO PREDICTIVE TMR ENGIANCED
REPAIR
TMR Ne 1 TMR Ne 2 TMR Ne 3 TMR Ne X TIME

b — R, from predictive maintenance.

A
COSTS
COSTS FOR RECOVERY OF OPERABILITY
AFTER FAILURE
C COSTS FOR ELIMINATION OF PRE-FAILURE )
TMR Ne 1 TMR Ne X TIME 7 &

¢ - R, from decrease of consequences of failures.

Pic. 1. Effect R from application of TDS (compiled by the authors).
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Zfi’f‘ Table 1

" E Overhaul mileage of locomotives for calculating NPV [1]

L Series IR TM-1 T™M-2 T™M-3 T™M-4 CR-1 CR-2 CR-3 LO HR!
ES5K 200 0,400 2,4 - 300 30 300 600 1200 2400
ES4K 180 0,200 1,67 - 300 30 300 600 1200 2400
TE10MK | 120 0,175 3,5 7,2 300 29 115 210 720 1420
2TE25KM | 150 0,175 3,5 15 300 75 300 600 1200 2400

Table 2
Estimated downtime for TMR by series, minutes (compiled by the authors)
IR TM-2 CR-1 CR-1+TM-4 | CR-2 CR-3 HR TM-4 T™-3
VLSOR 741 85 2106 2552 5590 14542 12247 1026
SKO 2757 24 1620 1708 1458 4971 6817 1068
Kvar 3,72 0,28 0,77 0,67 0,26 0,34 0,56 1,04
N 560 4695 23 168 13 6 8 2
VL80S 740 78 2183 2239 4907 11592 42181 864
SKO 2765 24 2142 1581 1827 4384 11854 928
Kvar 3,74 0,31 0,98 0,71 0,37 0,38 0,28 1,07
N 583 4382 57 182 1 7 6 58
29C5K 964 100 1500 3390 4139 7130 0 962
SKO 3093 28 1056 2530 2232 4441 979
Kvar 3,21 0,28 0,70 0,75 0,54 0,62 1,02
N 304 3710 89 38 9 11 0 46
3ESSK 945 90 1850 217 4564 10877 0 1713
SKO 3053 24 933 2189 3197 3360 3744
Kvar 3,23 0,27 0,50 0,99 0,70 0,31 2,19
N 263 3718 110 70 18 10 0 46
2ES4K 1567 93 5880 14282 14826 18776 0 6227
SKO 16523 31 6654 2127 5581 9196 4916
Kvar 10,54 0,34 1,13 0,15 0,38 0,49 0,79
N 404 3323 59 2 5 9 0 10
3ES4K 789 109 4856 0 7124 25939 0 6395
SKO 3681 58 9260 2825 10821 9387
Kvar 4,66 0,54 1,91 0,40 0,42 1,47
N 675 1704 134 0 16 9 0 36
2TEI0MK 2146 81 8971 10526 19230 29295 31435 2730 3064
SKO 17617 55 5290 10178 11795 15717 6356 3961
Kvar 8,21 0,68 0,59 0,97 0,61 0,54 2,33 1,29
N 608 4068 46 13 1 7 1 45 88
3TEIOMK 1278 93 8526 7466 24317 13796 13386 3568 6033
SKO 5212 23 6303 5186 7030 4549 13479 3871 7303
Kvar 4,08 0,25 0,74 0,69 0,29 0,33 1,01 1,08 1,21
N 1100 4648 61 15 13 4 5 21 78
2TE116U 1172 73 4581 3329 12452 15284 0 997 2615
SKO 4027 19 8871 2267 4964 2638 1227 3344
Kvar 3,44 0,27 1,94 0,68 0,40 0,17 1,23 1,28
N 459 2664 36 13 10 9 0 35 161
2TE25KM 2295 77 2890 2871 11274 106 0 2416 1813
SKO 15550 18 2673 957 2571 3135 2051
Kvar 6,78 0,23 0,93 0,33 0,23 1,30 1,13
N 437 3126 60 7 12 1 0 48 244
! IR is for initial repair, TM — for technical maintenance, TR is for current repair, LO is for light overhaul, and HR is for
heavy repair (overhaul). — Ed. note.
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Pic. 2. Results of simulation of NPV of a TDS (compiled by the authors).
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150000

50000
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a — MCDS of AC locomotives of series ES5K with reversible converter.

NPV, thous.rb.
250 000

200 D00

150 D00

100 D0O

50 DO

Months
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=50 000

b — MCDS of DC locomotives of series ES4K.

NPV, thous. rub.

300 000
200 000
100 000
Months
23 3 W @ 3 O3 OB ¥ ¥ 4 8 8
=100 000

¢ — MCDS of diesel locomotives of series 2TE25KM.

Pic. 3. Results of calculation of NPV for on-board diagnostics based on MCS (compiled by the authors).
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150 000 s J ) Fomistry
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a — average daily mileage.
NPV, thous. rub.
400 D00
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-100 000
b — serviced locomotive fleet.
NPV, thous. rub.
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¢ — reduction of number of failures (units per 1 min km mileage).

Pic. 4. Influence of initial data on NPV result at the example of a MCDS of diesel locomotives
(compiled by the authors).
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—_30%
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Months
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Pic. 5. Results of calculation of NPV for a rheostat test station (compiled by the authors).

failure state of a diesel cylinder cover can
prevent cracks with further rejection of the
cover. At the same time, the number of
elimination of pre-failures may exceed the
number of failures, but the total cost of
unscheduled repairs will decrease:

N
R3 = RFAIL - znzl(RPREfFAIL n ), (6)

where 7 is next elimination of the pre-failure
state;

N is total number of eliminations of pre-
failure states;

Rz pans » 18 cost of elimination of the n-th
pre-failure;

R, is cost of elimination of failure and
recovery of operability.

The costs of TDS are made up of capital
costs for purchase, installation and launch of
TDS in operation (Q, ), and the current costs
of operating TDS (Q,), consisting of the salary
fund of diagnosticians, the cost of energy
resources, metrological and other types of
services.

In the program for modelling the efficiency
of TDS, the indicator «Net present value of the
project NPV» [13] is used, according to which
the investment project is expedient if the
positive value of NPV > 0 for the time 7 which
is less than the specified one. The program is
implemented by the authors in the algorithmic
language Visual Basic for Applications (VBA)
in MS Excel [14].

When calculating NPV, time ¢ is usually
taken as an integer over the years. The developed
program proposes to represent the discounting
process as a continuous process of integration:
NPV =-0, +[CRy(1+R)" dt, 7)
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where Q, are capital costs for acquisition and
implementation of TDS.

CFK(1) is cash flow at time #;

R is annuity discount factor.

In the program, formula 7 is implemented
as double summation:

NVP=-Q, +¥ X (ZE, — ZC, ) 1,142, (8)
where y is year cycle from year zero to tenth: y
€ [0, 10];

m — cycle for 12 months of each year: m €
[1, 12];

ZEym and ZCym — effect and costs obtained
in the y-th year and m-th month.

The effects and costs are associated with
planned and unscheduled TMR, the time of
which depends on the locomotive mileage,
which is determined in the program by a given
average daily mileage, considering downtime
for repairs.

Q, operating costs for locomotive main-
tenance are set as: salary of diagnosticians, rent
of premises and other fixed costs, unit costs of
diagnostics (consumption of electricity,
materials, fuel, oil, and other items of
expenditure).

When simulating, standard overhaul runs
are set (Table 1), since they are strictly
regulated: overruns of locomotives are
unacceptable for safety of train traffic, and
underrun leads to additional costs for TMR.
The frequency of TM-1 and TM-2 in km was
recalculated based on hours according to the
average daily mileage of the locomotive
(Table 1).

Time for TMR of all types of locomotives
is normalized, but the actual downtime is much
longer. For example, 2TEIOMK during CR-1
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Table 3

Locomotive fleet reduction percentage when using ATDS (compiled by the authors)

ATDS Locomotive series Fleet reduction, %
On-board ATDS based MCDS (MSUD type) ES5K 2,8 %
On-board ATDS based on MCDS (MPSU type) ES5K 2,8 %
On-board ATDS based on MCDS (MSU-TP type) 2TE25KM 3,3%
On-board ATDS based on APC BORT (hardware-software 2TE25KM, 1,0 %
complex BORT) 2TE116U, TEIOMK
Rheostat test station (Rheostat) 12,5%
Vibration diagnostics WM U (Vibro) ES5K 3,0%
TEM test stand (TEM) ES5K 0,5 %
System for measuring the profile of wheel set tires (WS) ES5K 0,0 %
ATDS «Doctor» ES5K 0,7 %
Table 4
Percentage of the total effect of reduced downtime for TMR when using ATDS
(compiled by the authors)
ATDS TM-1 T™-2 T™-3 TM-4 CR-1 CR-2 CR-3 LO HR IR
MCDS (MSUD type) 166% |23,1% 44,8 % 15,5 %
MCDS (MPSU type) 203% [169% 49,4 % 13,4 %
MCDS (MSU-TP type) 196% |57% 34,4 % 1,3% 39,0 %
APC Bort 67,9 % 2,5% 29,6 %
Rheostat 48,4 % 206% [11,6% |7.8% 2,1% 8,6 %
Vibro 65,9 % 34,1%
TEM 263% [22,5% |[11,3% [399%
WS 3,6% 96,4 %
Table 5
NPYV of ATDS for one depot with the fleet of 200—300 locomotives (compiled by the authors)
ATDS Payback period, Payback period, NPV for 3 years, NPV for 6 years,
months years mln rub. mln rub.
MCDS (MSUD type) 8 0,67 141 251
MCDS (MPSU type) 10 0,83 150 266
VCDS (MSU-TP type) 10 0,83 162 357
Rheostat 3 0,25 1144 2020
Vibro 11 0,91 251 385
TEM 14 1,17 6 75
WS - - -10 -13
Doctor 32 2,67 43 80

at a rate of 36 hours spends an average of 150
hours, and during CR-2 at a rate of four days
it spends 13 days. Therefore, in the simulation,
real downtime was taken for series of
locomotives, calculated by the authors by
processing data from the information system
of JSC Russian Railways ASOCT (automated
system for operational control of trains). Table
2 shows the results of the calculation. For each
series of locomotives, for each type of repair
and maintenance works according to ASOCT
data, the mathematical expectation of
downtime M, the standard deviation ¢ and the
coefficient of variation Kvar = o/M were
calculated [15].

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 1

The downtime at TM-2 was most
predictable (unimodal): M = 86 minutes, c =
11, Kvar = 0,13, which is largely explained by
the procedure adopted at JSC Russian
Railways for changing the state of TM-2 to
unscheduled repairs (UR) when the idle time
is exceeded. A large scatter occurs for
unscheduled repairs (M = 1199 minutes, ¢ =
572, Kvar =0,48) and wheel set turning (M =
2475 minutes, o = 2024, Kvar = 0,82). Thus,
the downtime for all types of TMR (except for
TM-2 at locomotive maintenance points —
LMP) has a wide spread, which requires an
individual approach when entering the initial
data in the simulation.
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The simulation results are presented in the
form of a table and a graph of NPV changes by
months (Pic. 2).

3. Modelling the effectiveness of TDS
application

On-board diagnostics is performed based on
standard microprocessor control systems
(MCS), so the diagnostic functionality is «free».
Capital costs Q, include creation of an
automated workplace (AWP) for the
diagnostician, AWP purchase and maintenance.
Operating costs are mainly related to the salaries
of diagnosticians.

The effect of on-board diagnostics is when
accepting alocomotive (TM-1),ata LMP (TM-
2). When performing TM-3 and CR-1, deep
diagnostics are carried out. To do this, MCS data
on operation of the locomotive are entered into
astationary computer (via a radio channel, from
aflash drive, via Wi-Fi, etc.) for diagnostics using
specialized software (AWP MCS): hidden
defects and pre-failures are revealed. During
«heavy» types of TMR, the diagnosis of MCS is
not required. The effect of MCS is achieved by
reducing TMR time, and most importantly, by
preventing unscheduled repairs by eliminating
them at the pre-failure stage. The main cash flow
is due to reduction in locomotive fleet required
for transportation. The main operational cost
item is the salary of diagnosticians.

Pic. 3 shows the result of modelling for three
mass types of MCS: MCDS (microprocessor
control and diagnostic system) of AC electric
locomotives with reversible converters
(locomotives of ESK, 2ES5K, 3ES5K, 4ES5K,
EP1, EPIM, EPI1P series), MCDS of DC
electric locomotives of 2ES4K, 3ES4K series,
and MCDS of diesel locomotives of 2TE116U,
2TE25KM, 3TE25KM series. The discounted
payback period of the diagnostic system based
on MCSisless than a year. Sharp upward jumps
in Pic. 3 and further correspond to reduction of
the locomotive fleet by one unit.

Modelling showed high sensitivity of the
model to some initial parameters and low
sensitivity to others (Pic. 4). The average daily
mileage has a great influence (Pic.4a), a decrease
in which can make ACDS unprofitable due to
the rare TMRs while maintaining current costs.
The number of serviced locomotives has a
similar effect (Pic. 4b). The main effect is
achieved by reducing the number of unplanned
repairs (Pic. 4c). To a lesser extent, the cost of
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restoring serviceability of the locomotive and the
salary of diagnosticians affect the model.

The main effect of almost all CDSs was
reduction of the locomotive fleet. And,
conversely, CDSs that do not give this effect
turned out to be unprofitable.

Pic. 5 shows the results of modelling NPV of
rheostat test stations of a diesel generator unit
of diesel locomotives. The economic effect is
defined as the losses incurred by the locomotive
department in the absence of rheostat tests: the
number of unscheduled repairs will increase
significantly, the number of locomotive returns
to the depot by the representative of Russian
Railways will increase. Despite the high cost of
the station, its recoupment occurs within a few
months, since the absence of rheostat tests will
lead to a significant increase in expensive diesel
generator unit failures.

The effect of vibration diagnostics is to
eliminate unscheduled repairs due to failures of
wheel-motor units (WMU), reduce the volume of
current repairs in the absence of comments on the
technical condition of WMU. Traction electric
motors (TEM) testing stations by the mutual load
method are used after «heavy» types of repairs:
CR-3, LO and HR. Testing engines allows
checking their serviceability and permits to exclude
corresponding failures during operation. In
addition, reading of the characteristics of the
traction electric motor makes it possible to select
them and exclude additional failures due to spread
ofthe characteristics of the traction electric motor.
Negative NPV was obtained for the automatic
wheel set profile measurement system. The results
of the performed NPV calculations are shown in
tables 3—5.

Conclusions.

1. The practical application of ATDS
requires a feasibility study (FS), since, in
general, their payback is equal to tens of years.

2. When choosing the type of ATDS,
preference should be given to on-board and
built-in ATDS. In case of their inexpediency
preference should be given to portable and
stationary ones.

3. A method for assessing the technical and
economic feasibility of introducing various types
of ATDS and the corresponding software in the
algorithmic language VBA in the MS Excel
environment has been developed. The method
of calculating the indicator «Net present value
of the project» is taken as a basis.
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4. The modelling of the payback of main types
of ATDS was carried out with a factor analysis of
influence of various parameters (fleet size, average
daily mileage, failure rate, reduction in the
number of failures).

5. Modelling has shown the economic
feasibility of the following ATDS: onboard ATDS
based on standard microprocessor control systems,
specialized onboard ATDS for diagnosing diesel
generator units for diesel locomotives without
MCS, rheostat testing stations for diesel generator
units of diesel locomotives, vibration diagnostics
of wheel-motor units (WMU), diagnostics and
testing of VIP thyristors, portable systems for
diagnosing electrical equipment.

6. Modelling has showed the lack of economic
effect from introduction of several ATDSs,
including automatic check of the profile of the
tyre.

7. The main type of effect from introduction
of ATDS is reduction in the operated fleet of
locomotives.

8. Reduced repair time has a significant
impact on the efficiency of ATDS. The cost of
restoration of operability and the initial cost of
ATDS have a relatively low impact.
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IKOHOMWNKA

BnnsaHue paccTtossHUS NepeBo30K
rpy30B Ha 3KcnJlyaTauMoOHHbIe pacxoabl
aBTOTPAHCMOPTHOro npeanpuaTua

Amutpnii FYAKOB

Banepwii CTAPbIHUH

O6bekT nccnenoBaHns — MNPoLecc nepeBo3ok.
lpeameT nccnenoBaHus — 3aBUCUMOCTU BJINISIHUST pac-
CTOSIHVISI NePEBO3KM rpy30B Ha Ce6ECTOMMOCTb NepeBo3-
kv rpy30B. Tak kak B U3y4eHHbIX JINTEPATYPHbIX UCTOYHU-
Kax He Obl/10 Havi[eHOo JOCTOBEPHO BbISIB/IEHHbIX 3aBUCU-
MoOcCTeli B/INSIHNS PACCTOSIHUS NepeBo3ky Ha cebecTou-
MOCTb MEPEBO3KY rPY30B B KOHKPETHbIX YCJI0BUSIX /151
OTAEe/IbHOro NPeanpusiTusl, To 3aaa4a Uccaen0BaHus,
paccmarpuBaemasi B Ctatbe, sIBJSIeTCs akTyasibHOM.

Llenbto naHHoOV cTatbu sBAsSIETCS nccaenoBaHne
BJINSIHUSI PACCTOSIHUNSI IEPEBO3KM CTPOUTESIbHBIX rPY308
aBTOMOBUIIMU-CcamMocBanamm, CToSLUMMU Ha 6anaHce
aBTOTPAHCOPTHOrO NpeanpusTys ropoaa Boarorpasna,
Ha aKcryaraumoHHbIe pacxonsl. PelueHve 3apaqm pac-
cmMaTpuBaeTCs Ha rnpumepe rnepeBo3Ku Chiry4ux rpy308
aBToMobunsmu-camocBanamm mapku MAN n Mercedes-
Benz ¢ paBHbIMY 10 KMJIOMETPAXY PacCTOSSHUSIMU.
Ucrnonb3yembie MeToabl SMINPUYECKOro NCCAE[0BaHNS:
HabnoaeHve (nyTém LeneHanpasBaeHHOro BOCHpPUSITUS
obbekTa, 06yC/I0BJIEHHOIr0 3aAa4ei AesiTeNbHOCTH),
cpaBHeHue (MyTEM yCTaHOBIEHNSI CXOACTBA V1 Pasinyms
npeamMeToB U SIBJIEHWIA [eiCTBUTE/IbHOCTY), UBMEPEHNE
(nyTém AercTBUI, BbINOJIHSIEMbIX NP MOMOLLY CPEACTB
N3MEPEHWI C LieJIbI0 HaXOXAEHUS Y1C/TI0OBOro 3Ha4YeHus1

Iyokoe JImumpuii Baaoucaasoeun — Boseoepaockuii
20Cy0apcmeeHHbLI MeXHUUECKUL YHUBEPCUmMem
(Boael'TY), Boaeoepad, Poccus.

Cmapuinun Baaepuii Baaoucaasoeuu —
Bosneoepadckuii eocyoapcmeenHbiil mexHuueckKui
yuueepcumem (Boael'TY), Boaeoepao, Poccus*®.

N3MePSIeMOI BEJINYUHbI B MPUHSITLIX €ANHULIAX U3Mepe-
Hus). [ns pac4éta cebecToMmMoCTy NepeBo3okK Mpume-
HSIeTCs1 MeToAvKa OnpeaeaeHvs 3aTpar Ha nepeBo3Ky
rpy30B aBTOMOOUIIbHbLIM TPaHCopToM. C Liesibio MoJiyye-
HUSI SKCNEPUMEHTAsIbHbIX AAaHHbIX MPOBOANTCS aHaIn3
paboThI MOABMXXHOIrO COCTaBa aBTOTPAHCMOPTHOIO MPes-
ApusITUSI C UCM0JIb30BaHNEM yTEBbIX JIMCTOB C NOATBEP-
XKAEHHBIMU B HUX akTn4eckumm aaHHbIMu. pouecc
nosayyeHus: pakTn4ecknx AaHHbIX MPOBOANTCS MYyTEM
pacyéTtoB rno 3aaaHHbIM opmynam. VIHCTpyMeHTOM
npoBeaeHVsI UCC/IeA0BaHVs IBASIETCS PacyET 3arpar Ha
nepeBo3Ky rpy30B o AaHHbIM, M0JIy4EHHbIM B PE3Y/Ib-
Tare AessTeIbHOCTU MPEAnpPUSTUS.

lMony4eHbl perpeccuoHHbIe 3aBUCUMOCTU BIINSIHUS
PaccTosiHWS NepeBo3Ku rpy30B Ha Ce6eCcToOMMOCTb UC-
nosb3oBaHUs aBTOMObMIENi-caMOCBaioB C Pa3HoU
rpy30noAbLEMHOCTbIO C LE/bI0 OonpeaeeHns suaa
YPaBHEHUS PErPECCUU, MOCTPOEHUST OLLEHOK HEN3BECT-
HbIX apamMeTpoB, BXOASLUMNX B YpaBHEHNE perpeccuu,
W NMPOBEPKU CTATUCTUYECKNX TMIOTE3 O PErPECCUMN.
lMpoBepka nosny4eHHbIX MoAENe Ha 8A€eKBaTHOCTb Bbl-
nosIHeHa nNyTéM rpoBeAEHUs pacyéTa KoapouumeHTa
KOppensunn ¢ Lesbio YCTaHOBIEHUSI Han4Yus CBI3U
Mexay CryHariHbIMy Be/INYUHAMU.

Kntoyesbie crioBa: aBTOMOOUIIbHbIN TPAaHCropT, 3KCnayaraunoHHbIe Pacxodsbl, pacCTtosiHue, I'pyaOI'lOﬂbéMHOCTb,

perpeccus.
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BBEOAEHUE

TpaHcIOpPT 00eCIIeUnBaET CBSI3b MEXIY
IIPOM3BOACTBOM, XpaHEHUEM U IIOTPEOJICHM -
eM. DTO TakKe 100aB/IsieT CTOMMOCTb TOBapa.
Hanuuue 3¢ @deKTUBHBIX CITOCOOOB TpaHC-
IIOPTUPOBKU SIBJISICTCSI OCHOBOM JIOTMCTUKU
XX Beka M3-3a pacTylieil riaiodanuzaunuu
TOPTOBIIM U JIOTUCTUKU. DTO, BEPOSITHO, IIPO-
JIOJDKUTCS B TeYCHHUE CIEAYIOIIUX HECKOJIb-
KuX BeKOB. OCHOBHBIMU TpeOOBaHUSIMU
TPAHCHOPTHOM OTPACiM IJsl MOIAEPXKKHU
[J100aJIbHOM JIOTUCTUKM SIBJISTFOTCSI COKpAIIe-
HUe 3aTpaT U BpeMEHU B IIyTU, CBOEBPEMEH -
Hasl JO0CTaBKa, MEHbIIAss U3MEHYMBOCTD
BPEMEHH B IIyTH, JOCTYITHOCTh Gecriepe0oii-
HBIX TPAHCIOPTHBIX YCIIYT Ojaromapsi code-
TaHUIO PEKMMOB, MUHUMAJIbHbIE 3aICPKKU,
MOBPEXACHUS U MOTEPHU, a TAKXKe Haaudue
JIPYTUX JIOTUCTUYECKUX BAPMAHTOB, TAKMX KaK
XpaHeHUe, BbIBO3 U JOCTaBKa U Tak fgajee [1].
Ha npeanpusitTusix TpaHCIOpTa M B TpaHC-
MOPTHO-3KCIEIUIIMOHHBIX KOMITAHUSIX OCTPO
CTOUT BOINPOC O CHUKEHUM CeOECTOMMOCTH
IePEeBO3KU Ipy30B. B HacTOSIIMIA MOMEHT
CUCTEMY JIeHCTBYIOIIMX Tapu (OB Ha TIEPEBO3-
Ky TPY30B MOXXHO YCJIOBHO pa3le/IUTh Ha:

a) Tapucbl, 3aBUCAIIME OT BPEMEHU HC-
MOJIb30BaHUSI TPAHCIIOPTHBIX CPENICTB;

0) Tapubl, 3aBUCAIIME OT ITpoOera TpaHc-
MOPTHBIX CPEIICTB;

B) KOMOMHUPOBAaHHbIE TApUQDI.

B ropoackux ycioBHsIX 9KCIUTyaTallMy Ha
MPaKTUKE UCIIOJIb3YEeTCs 1IeHOOOpa3oBaHue,
3aBUCSIIIIEE OT BPEMEHU MCII0Jb30BaHUs IPY-
30BbIX aBTOMOOMIIE (TOBPpEMEHHBI Tapud),
WIH YCTaHABJIMBAETCSI CTOMMOCTD MCIIOJIb30-
BaHUsI TPAHCIIOPTHBIX CPEICTB, BBIMOJIHSIIO-
IIKX OIpPeneIEHHYI0 TPAHCIIOPTHYIO paboTy
(caenbHbIM Tapud). OLeHKa TPpUOBLUILHOCTU
YCTaHOBJICHHBIX Tapu(OB MCIOJIb30BaAHMUS
ABTOTPAHCITOPTHBIX CPEJICTB, YCTAHOBJIECHHBIX
B YCJIOBUSIX KOHKYPEHLIMU, KaK IIPaBUJo,

Puc. 1. CamocBan MAN 41.414.
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MPOBOJUTCS Yepe3 pacuéT ceOecTOMMOCTH
OKa3aHUs YCIIYTH T10 TIepeBO3Ke TPY30B.

B Haunbonee mpocToM AMIAKTUYECKOM
BapuaHTe BJIMSHUE Ha Ce0ECTOMMOCTD Tepe-
BO3KM I'Dy30B OKa3bIBAalOT B OCHOBHOM ITOKa-
3aTeJW MCIOJIb30BAHUS TPAHCIOPTHBIX
CPEINCTB, TAKNE KakK:

* IPY30MOABEMHOCTb —(, , T;

* paccTosgHMe MePeBO3KU — L, KM;

* BpeMsl TTOTPY304YHO-PA3rPy30UHBIX OTTe-
pauuii — tnp, q;
* TEXHUYECKas CKOPOCTh — V , KM/4 [2].

BoimenuM paccTossHue TepeBO3KM Kak
TTOCTOSTHHYIO BEJIMUYMHY TIPM Tojayue 3asiBKU
Ha BBITIOJTHEHWE YCIIYTH 110 TIEPEBO3KE TPY30B.
O0630p TeopuU TPy30BbIX aBTOMOOUIbHBIX
MePEBO30K CBUIETEIBCTBYET O BIMSIHUM pac-
CTOSTHUSI TTEPEBO3KM TPY30B Ha CE0ECTOMMOCTD
B BUJIE HETIPEPBIBHBIX TTPSIMOJIMHEHBIX U TH-
nepooJIMYeCKUX 3aBUCUMOcCTeN [3].

HemnocpencTBeHHOI yeabio TAaHHOM CTaTbn
SIBJISIETCSI MICCIIETOBAHME BIIVSTHUSI PACCTOSTHUS
MePEBO3KU CTPOUTELHBIX I'PY30B aBTOMOOM -
JIIMU-CaMOCBaJIaMM, CTOSIIITMMU Ha OajaHce
aBTOTPAHCIIOPTHOTO TMPENNPUITUASI TOPOIa
Bonrorpana (3AO «ATTI»), Ha KcITyaTalu-
OHHbIE pacxofbl. PemeHne 3amaun paccmar-
pUBaETCSl Ha MPUMeEpPE TIEPEBO3KU CHITyUNX
IPY30B aBTOMOOWJISIMU-CAaMOCBaJIaAMA MapKu
MAN u Mercedes-Benz ¢ paBHBIMM 110 KUJIO-
METPaXXy PacCTOSTHUSIMM.

PE3YJIbTATDI

B ycrmoBusIX KOHKYPEHIIMM Ha PBIHKE aB-
TOTPAHCIIOPTHBIX CPEICTB Ha TIPEATIPUSITUIX
WCTIONIb3YeTCsI TIOJIBVKHOM COCTaB, OTHOCS -
IIHICS K pa3TMIHOMY THITY, MOICIIH, UCTIOJNb-
3yeMOMY TOTIMBY | Tip. Ha uccienyemom
MPeaNpUIATUN B TTapKe 3KCILTyaTHPYIOTCS
apromobuu MAN 41.414 (nanee — MAN)
(puc. 1) m Mercedes-Benz Actros 4141 K (ma-
stee — Mercedes-Benz) (puc. 2) mj1st iepeBo3-

Puc. 2. Mercedes-Benz Actros 4141 K.
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‘Z{gg | TaﬁJmua 1 ITOJIYYCHBI IO UTOTaM MPaAKTHUYCCKUX UCCIIC-
i

Hcxoanbie TOII ana pacuéra JIOBAaHWM Y B3STHI U3 CITIPABOYHOU JIMTEPATYPhI
Ilokaza- | Enunuiia Mercedes- | MAN [4].
Teb M3MEPEHMUSI Benz Taxkcke MCITOIb30BaHBI CIIEAYIOIINE HCXOI -
q, T 28,6 25 HBIC JaHHBIC:
V. KM/4 30 28 * HOpMa OTYMCJICHWIA Ha OOWH aBTOMO-
B 1/100 kM 5 52,3 OB B TOJI (CpeTHEeCTaTUCTIIECKAs ITO MCCIe-
% " 0.25 nyemoMy mapky) — H, , py0. /TOI;
= * OTYHMCIIEHUsI Ha ITOJIHOE BOCCTAHOBIIE-
C py6./4 220
Hue — H , py6./1000 xm;
I KM 8...40 b
s * HOpMa Ha BOCCTAHOBJICHUE IITWHBI —
I, pyo./n 45,99 H]_u’ %,/100 KM;
A cyT. 256 » sarpatsl Ha TO, TP — C_, py6./100 kv;
T, q 7 * JIOTL. HOpMa pacxojia Tormsa — B |,
n, e 12 J/(T * KM);
i} DPYG. 5000 * K03 GULIMEHT, YYUTHIBAIOLIWIA TOMOJI-
B O 15 HUTEJIbHbIMA PacXol TOIINBA — b ;
H, pY6./T08 500 * uena rorma — LI, py6./11, mpenocras-
. neHHble 3A0 «ATTI».
H, py6./1000 x™m 0,27 ..
YcmoBuUs 3KCIUTyaTallid — TOPOI, PacuéT
C (A ik SKCIUTYaTaLIOHHbIX PACXOLO0B BBIIOIHSETCS
H, %/100 km 2 C MICTTIOJIb30BAaHNEM HIDKE YKa3aHHBIX (hOpMYIT
Y. = 0,9 2—13.
B, = 0,5 ITpu BEITTOJTHEHUM MCCIIETOBAHUS TTPUME-
a, _ 0,8 HSUTACh TaHHbIE, TIpeICTaBIeHHbIE B Ta0. 1.
b _ 1,04 J1st pacyéta UCIOIb30BAIUCH TEXHUYECKHE

XapaKTCPpUCTUKU TPAHCIIOPTHLIX CPEACTB,
KM CBIIYYUX I'py30B B IOPOACKUX YCIIOBUAX MpeIoCTaBIeHHEIE 3A0 «ATII».

SKCILTyaTaluu. Kpome 3T0ro 6bUtH POBEIEHBI CTATUCTH -
BeTMUMHbBI TEXHUKO-IKCILTYaTALMOHHBIX  yeckyte Mcc/Ie0BAHMS TOKA3ATENCI Yoty V.

T

XapakrepucTuK (nanee — TOII), rakue Kak: a,. iccnenoBanus pOBOAMINCE M0 JAaHHBIM

* paboune nuu — J1, cyt; MyTEBBIX JTUCTOB, MPEIOCTABICHHBIX MPE-
* Bpemsi B Hapsine — T, 4; npuaTueM. MareMaTU4ecKoe OXMUIaHue
* pacxon Tormsa — B, 1/100ku; YKA3aHHBIX BBIIIE BEJIUYUH MPEACTABICHO
* K09(OULMEHT UCIONb30BAHUS TPY30- g 1a6u. 1.

TIONBEMHOCTH — 5 3aBHCHMOCTB [TPOU3BOAUTEIHOCTH aBTO-
* KOJIMHECTBO IMH — 1, , €., mobmieit MAN 1 Mercedes-Benz ot paccrosi-
* Tapud Ha nepeposky — C,, pyo./4; Hust nepeBo3ku (L ) onpenenmm o hopmyie
* LieHa otHO# nHbl — L, py6.; (1), momyyeHHbIe pacyETHI CBEAEM B TaOII. 2
* KO3(hOUUMEHT UCTIONIL30BAHMSA POOE-  y pyic. 3.

ra—Be; W :qu'yc'Be'Vr_ (1)
* K0O(DDULMEHT UCTIONb30BAHUSI TTApKA — ¢ [, +B,*V, *1,,

a; . y

w s pacu€Tra coCTaBIISIIONINX YacTeil cede-

* KO3((PUUUEHT «ITOATOTOBUTEIbHO-
3aKJII0YUTEbHBIE onepaiuu» — 1,06;
* nonpaBoyHbIi KooduimeHTk C o, —1,3

CTOMMOCTH TTepeBE3EHHOIO Ipy3a B OOJIBIINH-
CTBE CJIyJaeB IIPUMEHSIIOT METOAMKY OITpe/iesie-

Tabauna 2
3aBUCHUMOCTb COCTABHBIX YACTEll MPOM3BOAUTEILHOCTH TPAHCIIOPTHBIX CPEICTB OT BETUYHHbI
3Havenus Ler, T/4

Mapka TpaHCIIOPTHOTO L, xm

S 6 10 14 18 2 26 30 34 38 |4
MAN 33,16 [23,33 [18,00 |14,65 |12,35 [10,68 [9,40 [8,40 [7,59 |6,92
Mercedes-Benz 39,60 [28,08 (21,75 |17,75 [14,99 [12,99 [1144 [1023 [9,25 |8,44

® MWP TPAHCIMOPTA, Tom 18, N2 6, C. 158169 (2020)
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Taoamna 3

CraTby 3aTpar IJ151 pacyéra ce0ecTOMMOCTH TPAHCIIOPTHPOBAHHUS IPpy3a

Crarbst

Dopmyna Ne

OCHOBHasl M IOTIOJTHUTEJIbHAS 3apIljiaTa BOIUTEIIS
C OTYMCIICHUSIMU, PYO./T

ot . 2
CT tnp Oy ( )

S —
HK

q.°Ye
3arpathl Ha Toprodee, pyo./T * KM c B._ b Il b+l B 3)
T = T*KM T T + T T KM
2 100 q, *100+y, B,

Pacxonpl Ha orepaliuu IBUXEHUsI, pyo./T * KM

w_ 1,06°a +C, (C))

Vet Vitq, B,

B

3arparhl Ha OKCIUTyaTallMOHHbIE MaTepuaibl 11 %

C:, =0,11-C], ®)

Pacxonpt Ha obecrieuenue TO u TP, py6./T * kKM

C (6)

0 0

CIJB:i
B, *d,*1000°y,

3arparsbl, CBSI3aHHBIE C BO3MEIIEHUEM U3HOCA U PEMOH-
Ta IIUH, pyO./T * KM

un Hm ° Hm °n, (7)

CUo o ww
71000 +B, *q,, * 7, *100

AMOpPTH3aLINST TPAHCTIOPTHOTO CPEACTBA, PyO. /T * KM,
rae K — ycranosien snayenuem 1,07

B Ku : HB (8)

® 71048, +q, 7.

Pacxompl MexXIy Ha4aJlbHO-KOHEUHBIMU OTEpaLvsIMU,
pyo./T

H -t )

Cw = wp_ np

A, oo, T 0q, v,

Pacxombl MexX1y IBUKEHUECKUMU OTTepaLivsiMu,
pyo./T* KM

(10)

Pacxonpl Ha IepeBO3Ky TOHHBI Tpy3a

C, =Cn+CP an

IlepeMeHHBIE PacXoJbl

C, =Cn+CL+C,+Co+Ct +C +Cr |(12)

CebecToMMOCTh MepeBO30K

C3 = CHK+ ler ° CH.B (13)

45 3aBUCUMOCTb NPOU3BOANTENBHOCTU NOABIKHOTO COCTaBa
OT pacCToAHUA NepeBo3kn

w
«

w
S

~
<]

MponsBoanTeNbHOCTb, T/4
~
G

-
&

i
o

5

5 10 15 20 25

coopes MAN ~=—g= Mercedes-Benz

30 35 40 45

Pacctoanue, km

Puc. 3. 3aBucumocts npon3soanNTesIbHOCTU NMNOABUXXHOIro cocrtasa oT LernByX TPAHCMOPTHbLIX CPEeACTB.

HMSIJTOTMCTUYECKHMX 3aTparT Ha IIEPEeBO3KY IPY30B
ABTOMOOWJIbHBIM TPAHCIIOPTOM, OCHOBAaHHYIO
Ha METOIMKE OIPe/Ie/ICHMSI SKCILTyaTallMOHHbIX
pacxonoB [5; 8]. MopmyJibl, TpUMEHSIEMBIE
B pacuérax JIOTMCTUYECKMX 3aTPaT, YKa3aHbl
B Tab1. 3. [TomyyeHHbIe 3HAUECHUST TTPUBOISITCS
K TEOPETUYECKUM 1 OKCIIEPUMEHTAIbHbBIM JIaH-
HbIM, Jajiee IIPOBOIUTCS UX aHAJIU3.

C 1L1eJ1bI0 MOJIyYeHUST SKCIIEpUMEHTAIbHbBIX
JTAaHHBIX TIPOBEIEH aHaIM3 padOTHI MTOJBUXK-

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 158—169 (2020)

HOI'O COCTaBa aBTOTPAHCIIOPTHOI'O IIPEATIPUSI-
TUSI C UCIIOJIb30BaHUEM IyTEBBIX JIMCTOB
C MOATBEPXIEHHBIMUA B HUX (PAaKTUUECKUMU
nanHbIMU. [Tporiecc monydeHus (paKTUUeCKUX
(3KCITepMMEHTATbHBIX) TaHHBIX TTPOBOIUTCS
MyTEM PacYETOB MO aHAJIOTUYHBLIM (popMynam,
C MCIIOJIb30BaHMEM JJAHHBIX O PabOTe TPaHC-
MOPTHBIX CPEICTB Ha MaplIpyTax JOCTaBKU
rpy30B norpeouTtensam. [TonyyeHHas o pac-
yétaM ce0eCTOMMOCTh MEPEBO3KMU TPY30B,
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Z{;@ Ta6smma 4
i Caoanast Ta01MIa 10 SKCILTYaTAIIMOHHBIM 3aTPaTaM
“ 3aTpaThl MAN Mercedes-Benz
fTokasate/in Teopernueckue | Paxracckue Teoperuueckue | Paxtnucckue
Pacxombl Mex 1y Ha4aJIbHO-KOHEUHBIMU OTeparisiMi
C, ", py6./r 3,177 2,387 2,777 2,087
C,_™, py6./T* KM 0,004 0,004 0,003 0,003
¥C,,, py6./T 3,181 2,391 2,780 2,090
PaCXOZ[I)I MEXIY IBUKECHYECKMMU OIl€palusaMu
C,*, py6./T* KM 0,962 0,548 0,785 0,446
C,, py6./T* kM 0,031 0,024 0,027 0,021
C,5, py6./T* KM 0,324 0,270 0,292 0,246
C,.", py6./T* KM 0,002 0,002 0,002 0,001
C,, py6./T* KM 0,033 0,026 0,029 0,023
C,, Py6./T* KM 0,106 0,083 0,093 0,073
C,, PYG./T* KM 2,941 2,458 2,650 2,239
¥C,., pYG./T* KM 4,399 3,411 3,878 3,049
Tabmuma 5
Pacuér JorncTHIeCKHX 3aTpaT MpH T0CTaBKe IPY30B IS ABYX TPAHCIOPTHBIX CPEICTB, Pyo./T
Ler’ KM Ze Cs. Teop. Ca, ax. Ler’ KM Ze Cs. Teop. 5. (haxr.
8 1 38,4 29,7 < |8 1 33,8 26,5
10 47,2 36,5 2 10 41,6 32,6
Z |16 73,6 56,9 g |16 64,8 50,9
S 1044 80,8 B (23 91,9 72,2
28 126,4 97.9 2 [ 11,4 87,5
32 143,9 111,5 32 126,9 99,7
40 179,1 138,8 40 157,9 124,1
Taoauua 6
3aBucumocTb IKCIUTYATAIIMOHHBIX 3aTPAT OT PACCTOAHMUA
rpy301epeBo30K ABTOMOOHIAMH-CAMOCBAIAMH
L, kv 8 |10 |16 |23 | 28 |32 |40
C, py6./1 MAN
29,7 36,5 56,9 [80,8 [97,9 [111,5 [138,8
Mercedes-Benz
26,5 [32,6 [50,9 [72,2 [87,5 [99,7 [124,1

C UCIIOJIb30BaHUEM 3KCIIEPUMEHTaIbHbBIX
MaHHBIX, CBOOAUTCS B Taba. 4 (CBOmHAs)
u Tabu. 5 (pacuéTHas).

AHallu3 U3MEHEHUSI TEeOPETUYECKUX
U 3KCIEPUMEHTAJbHBIX JaHHBIX IOCIE
MMPOM3BEAEHHBIX PACYETOB IIPEACTAaBIeH Ha
puc.4n 5.

Jist ananmsa BimsiHus L Ha ce6ecTonMocTh
TpeOyeTcsl IIPOBECTU PErPECCUOHHBIA aHAIM3.
Hcronn3ys Tab1. 5, cocTaBUM CBSI3aHHYIO BbI-
OOpKy 13 nap 3HayeHuit (Tabi1. 6).

KoadpdunueHT koppensuum 1 000unx
BapuaHTOB noyumiics 0,958, 9To, corjlacHO
mkase Yemaaoka, rOBOPUT O BeCbMa BbICOKOM
3aBUCUMOCTH.

® MWP TPAHCIMOPTA, Tom 18, N2 6, C. 158169 (2020)

PerpeccroHHbII aHAIU3 PE3yJIBTaTOB pac-
4y€Ta MPOBOAMICSA B 3JEKTPOHHBIX TaOIMIIAX
(MS EXCEL) ¢ mpuMeHeHHEeM CTaHIAPTHBIX
metonuk. [TonyyeHa GyHKIMOHAIbHAS 3aBU-
cumoctb C, py6./T o L_, KM Ha nmpumepe
MAN u Mercedes-Benz (puc. 4). L =
8...40 km.

ITpu uccienoBaHUM 3aBUCUMOCTH IIE€pe-
MeHHOI Y OT mepeMeHHOI X B IMapHOIT 9KCIO0-
HEHLMAJIbHOMI perpeccuu ObLIM OLICHEHBI e€
XapaKTePUCTUKHU CIIOCOOOM HAMMEHBIIUX
kBagpatoB. C nomoiipio KoadduimeHTa ae-
TepMuHauuu 1 Kputepuss uiiiepa mccneno-
BaHa CTaTUCTUYECKAasi 3HAYMMOCTb YPaBHEHHMSI.
YCTaHOBJICHO, YTO B MCCJIEAYEMOM IIpUMEpE
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IKcnayaTauMoHHbIe
pacxoabl, py6./T

0

N TeOpPEeTUYECKNE = IKCMIEPUMEHTA/IbHBIE

Puc. 4. UameHeHne TeopeTnyecknx n pakTniecknx
3KCnyaTauMoHHbIX PacXo40B C yBeJInYeHnem
npo6era camocBasna MAN.

150

100 A

50 A

Cebectonmocts, pyb6./T

PaccTosiHue, Km

Puc. 6. 3aBucumocts C, py6./ToTL
Ha npumepe MAN.

Km

er’?

91,78 % coBMeCTHOI BaprabebHOCTU Y pasb-
SICHSIETCSI M3MEHCHUSIMU TIEpeMEHHOM X.
Takke ycTaHOBJICHO, UTO XapaKTePUCTUKH
MOJIEIIA CTATUCTUYECKU HE 3HAYNMEL.
KoadduumeHT nerepMuHaLiiy moKa3bl-
BacT OIPeNesIEHHYIO JOJII0 AucIepcun (pas-
Opoca) 3aBUCHMOI TIEPEeMEHHOI, 00BICHSIC-
MYIO pacCMaTprUBacMO MOICIIbI0. 3HAYCHHE
CTaHAAPTHOTO KOO PUIIMEeHTa MEHSIETCS
B IpaHUIIaX OT HYJIEBOI OTMETKH 10 CAMHUIIBI.
Yewm O11Ke K eAUHULIE, TEM JIyYllie perpeccu-
OHHasI MOJICJTb, TO €CTh, IIOCTPOCHHAST MOICITh
OTJINYHO amIpOKCUMMPYeT HadaJabHBIC TaH-
Hble [6]. st cTaTUCTUYECKOM OLIEHKW TOY-
HOCTH YpaBHEHUSI CBSI3U ITIPUMEHSICTCST TAKKE
CpeIHsIsl OIIMOKa anmpokcumanuu [7].

BbIBO,
B sr10i1 pabote OblIa TIpeaIoKeHa HOBast
MOIEJTh, KOTOPAst IIO3BOJISIET AOCTUYb MUHMATh-
HBIX JJOTUCTUYECKMX 3aTpaT 10 CPaBHEHUIO
C CYIIIECTBYOIIIMMU ITOIXOIAMU, TIOCIICIOBATE b~
HO YBEJIMINBAsI PACCTOSTHUE B UTEPALIMSIX, YUTOOBI
TOJIyYUTh OKOHYATEIbHYIO CTOMMOCTD. JIuIst
nomIepXXK 3GMEKTUBHOCTH TTPEUTOKEHHOTO
TI0/IX0Ia OH OBLT OOOCHOBAH C ITOMOIIITBIO AHAIN -
3a B MS Excel 1 cornoctaBiieH ¢ IpyriMy MOJie-
JISIMH C TOYKH 3pEHMS OOLIIeN CTOMMOCTH [9].
HaHHasl 3aBUCUMOCTb peKOMEHIOBaHA
KOMMEPYECKOU CIyXO0e TPEeATpUITUAS IS
WCIIOJIb30BAHUS Ha MPAKTUKE IJIST OLEHKH
¥ TIPOTHO3UPOBAHUSI Ce0ECTOMMOCTH ITePEBO-
30K aBTOTPAHCTIOPTHBIX MPEIITPUSTHIA.

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 158—169 (2020)
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JKCNAyaTaLMOHHbIe
pacxogapl, py6./T

0

B TeOpeTUYECKNE e JKCMIEPUMEHTAIbHBIE

Puc. 5. UameHeHne TeopeTnyecknx n pakTnyecknx
3KCryaTayMoHHbIX PacXo4o0B C yBeJInYeHuem
npo6era camocBana Mercedes-Benz.
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ABSTRACT

The object of research is the transportation
process. The subject of research is dependence of
influence of the distance of transportation of goods on
the cost of transportation of goods. Since no studied
literary sources have revealed reliable dependences
of influence of the distance of transportation on the
cost of transportation of goods in specific conditions
for a single enterprise, the research task considered
in the article seems to be relevant.

The objective of this article is so to study the impact
of distance of transportation of construction goods by
dump trucks of Volgograd motor transport enterprise
on operating costs. The solution to the problem is
considered at the example of transportation of bulk
cargo by MAN and Mercedes-Benz dump trucks with
equal mileage. Several empirical research methods
were used: observation (by means of purposeful
perception of an object determined by the task of
activity), comparison (by establishing similarity and
difference between objects and phenomena of reality),
measurement (by means of actions performed using

Influence of the Distance of Transportation
of Goods on Operating Costs
of a Motor Transport Enterprise

Gudkov, Dmitry V., Volgograd State Technical
University, Volgograd, Russia.

Starynin, Valery V., Volgograd State Technical
University, Volgograd, Russia*.

measuring instruments to find the numerical value of
the measured quantity in the adopted measurement
units). To calculate the cost of transportation, the
methodology for determining costs for transporting
goods by road transportis used. To obtain experimental
data, an analysis of the work of fleet of a motor transport
enterprise is carried out using waybills with confirmed
data. The process of obtaining actual data is carried
out by means of calculations according to the given
formulas. The research tool is calculation of the cost
of transportation of goods according to the data
obtained as a result of activities of the enterprise.

Regression dependences of influence of the
distance of transportation of goods on the cost of
operation of dump trucks with different carrying
capacity were obtained to determine the type of the
regression equation, construct estimates of unknown
parameters included in the regression equation, and
test statistical hypotheses about regression. The
verification of the adequacy of obtained models was
performed by calculating the correlation coefficient to
establish the presence of a connection between
random variables.

Keywords: road transport, operating costs, distance, carrying capacity, regression.
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Background

Transport provides a link between
production, storage, and consumption. It also
adds value to the goods. The availability of
efficient transportation methods is the
backbone of 20" century logistics due to the
growing globalisation of trade and logistics.
This is likely to continue over the next several
centuries. The main requirements of the
transport industry to support global logistics
are reduced cost and travel time, on-time
delivery, less variability in travel time,
availability of seamless uninterrupted transport
services through a combination of modes,
minimal delays, damage and loss, and other
logistics options such as storage, export, and
delivery, etc. [1]. Transport enterprises and
forwarding companies challenge an acute issue
of reducing the cost of transportation of goods.
Now, the system of existing tariffs for
transportation of goods can be conditionally
divided into:

a) tariffs depending on time of use of
vehicles;

b) tariffs depending on vehicle mileage;

¢) combined tariffs.

Practices of urban operating conditions use
pricing that depends on time of use of trucks
(time rate), or the cost of using vehicles that
perform a certain transport work (piece rate).
Evaluation of profitability of tariffs established
of the use of vehicles, set in a competitive
environment, as a rule, is carried out through
the calculation of cost of rendering services for
transportation of goods.

In most simple didactic variant, the impact
on cost of transportation of goods is mainly
exerted by indicators of the use of vehicles,
such as:

* carrying capacity — g, t;

* transportation distance — L, km;

« time for loading-unloading operations —
h;

* technical speed — V,, km/h [2].

Let us select the distance of transportation
as a constant value when applying for
performance of a service for transportation of
goods. A review of the theory of freight road
transportation indicates the influence of
distance of transportation of goods on the cost
in the form of continuous rectilinear and
hyperbolic dependencies [3].

The immediate objective of this article is to
study the impact of distance of transportation
of construction goods with dump trucks of
Volgograd motor transport enterprise (CJSC
ATP) on operating costs. The solution to the
problem is considered stydying the example of
transportation of bulk cargo by MAN and
Mercedes-Benz dump trucks with equal
mileage.

t

1°

Results

In conditions of competition in the motor
vehicle market, enterprises use fleet belonging
to various series, types, models, using different
fuel, etc. The studied enterprise operates fleet
consisting of MAN 41.414 (hereinafter —
MAN) (Pic. 1) and Mercedes-Benz Actros
4141 K (hereinafter — Mercedes-Benz) (Pic. 2)
trucks for transportation of bulk cargo in urban
operating conditions.

Values of technical and operational features
(hereinafter — TOF), such as:

* working days — D, days;

* time of duty — T, h;

* fuel consumption — F,_, 1/100km;

* load capacity utilization factor — y

* number of tires — n

ti, units;

* transportation tariff — T

<

t, roub/h;

Pic. 1. Dump truck MAN 41.414.

Pic. 2. Mercedes-Benz Actros 4141 K.
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Table 1
Initial TOF for calculation
Indicator | Measurement | Mercedes- | MAN
unit Benz
q. t 28,6 25
v, km/h 30 28
F,. 1/100 km 52 52,3
t, h 0,25
T, roub./h 220
L, km 8...40
P, roub./l 45,99
D, days 256
T, h 7
n, units 12
P, roub. 5000
Fn 1/(t * km) 1,5
N, roub./year 500
N, roub./1000 km 0,27
C. roub./100 km 374
N, %/100 km 2
Y, S 0,9
Bmil _ 0,5
a, - 0,8
b, — 1,04

* price of one tire — Pﬁ, -

* mileage utilization factor — 8

* fleet utilization factor — o,

» coefficient of preparatory and final
operations — 1,06;

* correction factor to T, Oges — 1,3
were obtained based on the results of practical
research and taken from the reference literature
[4].

Also, the following input data were used:

» normal rate of depreciated deductions for
one car per year (average for the surveyed
fleet) — N_, roub./year;

* depreciated deductions for renewal — N
roub./1000 km;

* normal rate for tire restoration —
N,, %/100 km;

* costs for maintenance, repair — C_,
roub./100 km;

mil;

n’

* additional fuel consumption rate — F,, ,1/
(t+km);

» coefficient considering additional fuel
consumption —b;

* fuel price — P, roub./l, data provided by
CJSCATP.

Operations are assumed to be conducted in
urban conditions, calculation of operating costs is
performed using formulas 2—13 below.

‘When carrying out research, data presented in
Table 1 were used. For calculation, technical
characteristics of vehicles provided by CJSC ATP
were used.

In addition, statistical studies of indicators y,,
t, V,, o were carried out. The research was carried
out according to the waybills provided by the
enterprise. The mathematical expectation of the
above values is presented in Table 1.

The dependence of performance of MAN and
Mercedes-Benz cars on distance of transportation
(L,) isdetermined by the formula (1) the obtained
calculations are summarized in Table 2 and Pic. 3.

4 VuiB Y (1)

¢ L+ Ba Vot

To calculate the constituent parts of the cost of
transported cargo, in most cases, the methodology
for determining the logistics costs for transportation
ofgoodsbyroad transport based onthe methodology
for determining operating costs is used [5; 8]. The
formulas used in calculating logistics costs are
shown in Table 3. The obtained values are reduced
to theoretical and experimental data and then
analysed.

To obtain experimental data, an analysis of the
work of the fleet of a motor transport enterprise
was carried out using waybills with actual confirmed
data. The process of obtaining actual (experimental)
data is carried out by calculations using similar
formulas, using data on operation of vehicles on
routes of delivery of goods to consumers. The
calculated prime cost of cargo transportation, using
experimental data, is summarized in Table 4
(summary) and Table 5 (calculated).

The analysis of change in theoretical and
actual data after the calculations made is shown
in Pic. 4 and 5.

Table 2

Dependence of components of productivity of vehicles on the value of L, , t/h

Vehicle brand | Transportation distance, km

6 10 14 18 22 26 30 34 38 42
MAN 33,16 23,33 18,00 14,65 12,35 10,68 9,40 8,40 7,59 6,92
Mercedes- 39,60 28,08 21,75 17,75 14,99 12,99 11,44 10,23 9,25 8,44
Benz
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45 Dependence of productivity of fleet on transportation distance

w
o

Productivity, t/h
N
w

20
15
10
5
5 10 15 20 25 30 35 40 45
eospes MAN ——@=— Mercedes-Benz Distance, km

Pic. 3. Dependence of productivity of the fleet on L, for two vehicles.

Table 3
Costs items for calculation of the prime cost of cargo transportation
Item Formula Ne
Basic and additional drivers wages with T et 2)
deductions and contributions, roubles/t e = it t O
! o 4.7,
Fuel costs, roubles/t « km 3)
craw Ft-km.bf.})f+ bf°Pf'ka
transportation 100 qc ) 100 A y[ A Bmll
Costs of transportation operations, . T 4)
roubles/t * km o 1,06 *o,. T}
ransportation
"’ YeoViod. B
Costs of consumable items 11 % . . (5)
Clransponation = 031 1 * Clmnsponation
Costs for maintenance and repair, (6)
. mr C
roubles/t * km C - v
transportation Bmll A qc o) 1000 A 'Yc
Costs associated with reimbursement of PN - 7)
wear and repair of tires, roubles/t « km c . 0 TV Ty
trnasportation 1000 o Bmll o qc o 'Yc o 100
Vehicle depreciation, roubles/t « km, RN (8)
where R, —issetat 1,07 Cl vortation = ————1—
i 10 B *d. v,
Costs implied between terminal N - 9)
operations, roubles/t cr o= Nt
e Dw.(x‘u'Td.qc'Yc
Costs implied between transportation N (10)
operations, roubles/t * km O ion = L2
’ Dw.(x’u.]:i.qc.’Yc.ﬁmil
Cost of transportation of a ton of cargo (11)
Ceemn =Clam~ +Cem
Variable costs wages . . (12) ViE A
Clmnsponation = Ctranspaﬂatmn + Clransponalion + T transponalion+ :’Z{ig
+Crportarion + Ct L +C on + Comsporna 13
Prime cost of transportation - . 13
p Ce - Clerm + Llf C lransponalion ( )

"Term is for terminal (initial and final) operations; transportation is for transportation operations.
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Table 4
Summary table of operating costs
costs MAN Mercedes-Benz
indicators Theoretical | Actual Theoretical | Actual
Costs implied between terminal operations
C,,."™=, roubles/t 3,177 2,387 2,777 2,087
C.m"> TOubles /t * km 0,004 0,004 0,003 0,003
2C,,,» roubles /t 3,181 2,391 2,780 2,090
Costs implied between transportation operations
C v roubles /t « km 0,962 0,548 0,785 0,446
transp
C,.," Toubles /t* km 0,031 0,024 0,027 0,021
s
C ¢ roubles /t*km 0,324 0,270 0,292 0,246
transp
C,.._ ", roubles /t-km 0,002 0,002 0,002 0,001
C ™ roubles /t * km 0,033 0,026 0,029 0,023
transp
C_mm roubles /t » km 0,106 0,083 0,093 0,073
trans)
C___t roubles /t «km 2,941 2,458 2,650 2,239
transp
¥C,,.» TOUes /t * km 4,399 3,411 3,878 3,049
Table 5
Calculation of logistics costs in case of cargo delivery for two vehicles, roubles/t
Llr’ km ZC Ce, theor. Ce, act. Llr’ km Ze Ce. theor. Ce. act.
8 1 38,4 29,7 N 8 1 33,8 26,5
10 47,2 36,5 2 10 41,6 32,6
Z |16 73,6 56,9 g |16 64,8 50,9
=
g 23 104,4 80,8 § 23 91,9 72,2
28 126,4 97,9 § 28 111,4 87,5
32 143,9 111,5 32 126,9 99,7
40 179,1 138,8 40 157,9 124,1
Table 6
Dependence of operating costs on distance of cargo transportation by dump trucks
L, km 8 | 10 | 16 | 23 | 28 | 32 | 40
C, roubles/t MAN
29,7 [36,5 56,9 [80,8 [97.9 [111,5 [138.8
Mercedes-Benz
26,5 [32,6 [50,9 [72,2 [87,5 [99,7 [124,1
200
-1 Z 10
L 150 =
E z
i 00 5 0
g_ 0 gl o
mmm  Theoretical = Experimental mmm  Theoretical — Experimental

Pic. 4. Change in theoretical and actual operating
costs with increase in mileage of a dump truck MAN.

To analyse the influence of L on prime
cost, a regression analysis is required. Using
Table 5, we will compose a related sample
of pairs of values (Table 6).

Pic. 5. Change in theoretical and actual operating
costs with increase in mileage of a dump truck
Mercedes-Benz.

The correlation coefficient for both
options was 0,958, which, according to the
Chaddock scale, indicates an extremely high
dependence.
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Pic. 6. Dependence of C_, roubles/ton L,, km using
the example of MAN.

Regression analysis of the calculation
results was carried out in spreadsheets
(MS EXCEL) using standard techniques.
The functional dependence of C_, roub./t
on L _, km was obtained using the example
of MAN and Mercedes-Benz (Pic. 4). L =
8 ... 40 km.

When investigating the dependence of
the variable Y on the variable X in paired
exponential regression, its characteristics
were estimated using the least squares
method. Using the coefficient of
determination and Fisher’s criterion, the
statistical significance of the equation is
investigated. It was found, in fact, that in
the studied example 91,78 % of the joint
variability of Yis explained by the change in
variable X. It was also established, in fact,
that the characteristics of the model are
statistically insignificant.

The coefficient of determination shows
a certain proportion of variance (spread) of
the dependent variable explained by the
model under consideration. The value of the
standard coefficient varies in the range from
zero to one. The closer it is to one, the better
is the regression model, that is, the
constructed model perfectly approximates
the initial data [6]. For statistical assessment
of accuracy of the constraint equation, the
average approximation error is also used [7].

Conclusion. In this work, a new model is
proposed that has allowed to achieve
a minimum overall logistics costs compared
to existing approaches, while sequentially
increasing the distance in iterations to
obtain the final cost. To support the
effectiveness of the proposed approach, it
was substantiated using analysis in MS
EXCEL and compared with other models in
terms of total cost [9].

This dependence is recommended to the
commercial units of business enterprises for
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Pic. 7. Dependence of C_, roubles/ton L, km using
the example of Mercedes-Benz.

practical use in assessing and forecasting the
cost of transportation provided by motor
transport enterprises.
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IKOHOMWNKA

Crtparernsa passutns aBToMoOMIECTPONTEIbHOM
KOMMaHUM HA POCCUMNCKOM aBTOPbIHKE
Ha npumepe NAO «Connepc»

Anekcanap BYTOB

B npencrtasieHHOV cTatbe npoBenéH aHaim3a
ANHAMUIKV Pa3BUTUSI POCCUICKOIO PbIHKA JIEMKOBbIX
U IErKyX KOMMepPYeCcKx aBToMobuien, nccaenoBa-
Hbl CTpatrerunsi 1 KOHKYPEHTHbIE MpenmMyLiecTBa
rpynnsl komnaHuii «Cosiepc», kKoTopasi yCcreLHo
QDYHKUMOHUPYET, HECMOTPS Ha BOJIaTU/IbHOCTb Pas-
BUTWSI POCCUICKOro aBTopbiHKa, HEOOX0AMMOCTb
KapAvHa/IbHOro 06HOBJIEHVIS MOAE/IbHOIO Psaa aB-
TOMOGUIEeVi KOMNaHny, Haanmdne n30bITOYHbIX MpPo-
M3BOACTBEHHbIX MOLLHOCTEN 1 yxon n3 Poccum Tpéx
3apybexHbix napTHEPoB K «Cosnnepc» rno coBMecT-
HbIM MIPeAnpusaTUSIM — KoMmnaHui Fiat, SsangYong
v Ford. Ocoboe BHyYMaHue B CTaTbe yAeJ/IeHO napT-
HEpy no coBmecTHOMY npeanpusatnio ¢ MNAO
«Connepc» komnaHuy Ford, koTopasi mnokuHyna
0Te4YeCTBEHHbIV pbiHOK B 2019 roay. 310 cobkiTne,
HeraTvyBHO OTPa3uvBLLEECS Ha MapTHEPaX v KIINEeHTax
KoMnaHuu, 66110 00YC/IOBEHO LIEJbIM PSAOM 00-
crosaTenbcTB. Kpome Toro, B cTatbe BbisSIBIEHbI OC-
HOBHbIE HarpaBaeHVs Pa3BUTNSI COBMECTHbIX MPes-
npustuii Mazda Sollers n Ford Sollers (B yactu
eNHCTBEHHOU OCTaBLUEVICS B POCCUICKOM MPOmu3-
BozacTBe mogesv Ford — mukpoasTobyca Ford Transit)
Y BO3MOXHOCTU PaCLUNPEHNST X IKCMOPTHOrO o-

Bymos Arexcandp Baadumuposun — P2Y um. I. B. [Inexanosa, Mockea, Poccus*.

TeHuuasna, B TOM 4Y1CJie 3a CYET aKcropTa ABurare-
J1EV, 3aMacHbIX YACTEN M KOMITJIEKTYIOLLMX.
lMpucTanbHOe BHUMaHue B CTaTbe yAe/IeHO BHEe-
APeHMo HoBbix TexHosoruii B [TAO «Connepc», pas-
BUTUIO UngpoBu3aumm B pa3paboTke v rnpou3Bos-
CTBE HOBbIX MOAENEN, CO3AaHN0 COOCTBEHHOM Te-
J1IeEMaTNHeCKO naargdopmbl, MO3BOJISIIOLLEN MOAKIIO-
YUTb aBTOMOOU/Ib K UHTEPHETY U ynpaBJsisiTb UM
ANCTaHLMOHHO, BKJIIOYas 3aryckK ABurarerisi.

ABTOPOM r1oAip06HO PaCCMOTPEHA HOBast MOLAE1b
noTpebsieHVsi Ha aBTOPbIHKE, CBSI3aHHasi C 0TKa30M
riokyrnartesier oT B/1aeHNs1 aBTOMOOUIEM Y BbIOOPOM
HOBbIX YCJyr 110 noanvcke n obMeHy asTomMobuien,
Ux pa3BUTMEM Ha 3apybexxHOM 1 0TeYECTBEHHOM
PbIHKaXx, a Takxe rnpoBeaéH aHa/In3 yCcriexoB v Heyaa4
3apybexHbIX aBTOMPOM3BOANTE eV MO NPeaocTaB-
JIEHUIIO YCI1YT 110 NOAMNCKE.

[naBHOW Lie/IbIO CTaTby SIBISIETCS UCC/IEA0BAHNE
crparerum lNMAO «Connepc» Ha 0Te4eCTBEHHOM U 3a-
PYBEXHbIX PbIHKAX, BCIIOMOratTesibHbIMU LIEJISIMU —
aHasnm3 0Te4eCTBEHHOr 0 PbiHKa, U3MEHEeHWs1 MoAes N
noTpebsieHVs N NpeaocTaBieHNsl HOBbIX YCJIYr, U3-
yYyeHue npu4mnH yxoaa 3apybexHbix napTHEPOB KOM-
naHmn.

Knwo4eBbie cnoBa: aBTOMOGUIECTPOEHUE, TPAHCIOPT, KOHKYPEHTOCMIOCOBHOCTb, LIeHOBas MoJINTUKA,
JIMAEPCTBO, Jlokann3aums rnpomn3BoaCcTBa, rocrioaaepxka, MNpoMsilLIeHHas cbopka, AeBasbBaLiys, KOHTPO-
JINPYIOLLNV aKLIMOHEP, @BTOKOMITOHEHTbI, JIN3WHT, LUnpoBu3aLms, UHTEPHET BeLLei, Noanicka Ha aBToMO-

ounn.

*MHdopmaums 06 aBTope:

ByToB AnekcaHap BnagnmmpoBuy — kaHoMaaT 9KOHOMUYECKMX HaYK, JOLEHT kadeapbl
OpraHM3aumoHHO-yNpPaBIeHYeCKMX NHHOBALUMI POCCMINCKOro 9KOHOMMYECKOro yHnBepcuteTta (P3Y)
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e/1b10 TIPEACTABICHHOM CTaThU SIBJISI-

eTcd u3ydyeHue crpareruu ITAO

«Counnepc», €€ 000CHOBAHHOCTH,
3(hHEKTUBHOCTHU, CITOCOOHOCTH pellIaTh KOp-
MOpaTUBHbIE MPOOJIEMbl KOMIIAHUU, a TAKXKe
WUcclieloBaHUEe TUHAMUKA OT€YECTBEHHOTO
aBTOPBIHKA, TIPOOJIEM, MPETISITCTBYIOIINX €TI0
pPa3BUTHUIO, U3YyYEHUE MPUYUH yXO[Ia C pOC-
cuiickoro peiHKa naptHépa «Coiuiepc» Mo
COBMECTHOMY TIPEATNIPUITUIO — KOMITAHUU
®opn. NccnenoBanue oxXxBaThIBaeT MEPUOI 10
2019 rona BKIIOUUTENBHO B CUJIY TOTO, UTO Ha
pasButue coobiTuit 2020 roma okazana oue-
BUIHOE BO3ACHCTBUE SMUAEMUOJIOTUYECKAs
obcraHoBka. K memodam uccienoBaHus oT-
HOCSTCS METOAbl HAaOJIOAECHUS, aHalIu3a
W CUHTE3a, TPYIITMPOBOK, MHIYKITUY U IETyK-
1M1, aHAJIOTUW Y MHTEPIIPETAIIUM.

Ipynma kommanuii «Comrepc», KoTopast
3aHUMAETCs MPOU3BOJICTBOM U Mpoaaxen
aBTOMOOWJIEN, ABUTATEIE, 3aITaCHbIX YacTelt
Y KOMIUIEKTYIOIIMX, Obl1a ocHoBaHa B 2002 ro-
Iy U B HACTOSILIIEE BPEMS B €€ COCTaB BXOMST
000 «YIbIHOBCKMIT aBTOMOOWILHBIN 3aBO/I»,
OAO «3aBOJXCKUI MOTOPHBIK 3aBOI»,
000 «Connepc-IlanbHuii Boctok», a Takke
coBMecTHble Tipeanpusitus — Ford Sollers
u Mazda Sollers.

B 2019 ropy kpynHeiimue poccuiickue
aBTONPOU3BOIUTENM U accolarus «Poccuii-
ckue apTroMoowibHbIe aunepbl» (POAJ) me-
peCMOTpeM MPOTHO3bI MPOAAX B CTOPOHY
3HAYUTEIBHOIO UX COKpallieHus. OHU Mpocu-
JIN Y PaBUTEJILCTBa BO30OOHOBUTH ITPOTPaMMBbI
MOIAEPXKKU CIPOca, a TaKXkKe BHECTU B HUX
KOPPEKTUBHI, TaK KaK NEUCTBYIOIIHUE TTPO-
rpaMMBbl OB 3HAYUTEbHO YMEHBIIIEHBI 110
00BEMaM BBIIIETIEHHBIX CPEICTB M OTPAHUYEHBI
0 CTOUMOCTU MalllUH | MUWLITMOHOM pYOJIei,
YTO CTUMYJMPOBAJIO MPOAAX B OCHOBHOM
TOJIbKO aBTOMOOUEe ABTOBA3a, KoTOpbIit
U TaK gBJsIeTCS JUIEepOM Mpoaax B Poccuu
[1,c.9].

Y oTeuecTBEHHOTrO aBTOPBIHKA €CTh (hyH-
NaMeHTajlbHasg mpobjema, 3aMeIIsatonas
TEMIIbl €r0 POocTa — 3TO YPOBEHb JOXOIOB
HaceseHus. «[Toka 31ech 4To-To He MPOU30i-
JET, PHIHOK OCTAHETCsI BOJIATWJIBHBIM U POJTh
peryasaTopa Oynet ouyeHb 0osbloi. OueBua-
HO, YTO BCSI UHAYCTPUS OyIeT oOpaniaThCs 3a
MOMOIIIBIO B BUAE MepP MOAAEPXKKHU CIpoca
K TOCYIapCTBY», — OTMeuYajl KOHTPOJIUPYIO-
WA aKIIMOHEP U Mpeaceaaresib CoBeTa qu-
pexktopoB ITAO «Comnepc» Banum IIBeron
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[2, c. 10]. BonaTuibHOCTb pOCCUICKOTO aBTO-
pPBIHKA XapaKTepu3yeTcsl TaHHBIMU, TTPUBE-
NEHHBIMU B Ta0I. 1.

B 2019 rony cutyaluusi Ha aBTOPbIHKE
YXYAIIWJIACh: OTMEYAIOCh MafieHue Tpoaaxk
HOBBIX aBTOMOOUel B Poccuu. 1o maHHBIM
puc. 1 3aniaTe MecsieB 2019 . Ha oTeyecTBeH-
HOM pBIHKE OBLIO pean30BaHO 678 ThICAY
MalliH BMECTO 693 ThICSY 3a TOT XK€ [EPUO]I
2018 ropma (cnam Ha 2,2 %) [4].

Llennt Ha aBTOoMoOUIM B Poccuu B 2019 ro-
Iy BbIpociu u3-3a nosbiieHus HIAC u un-
basaunu. Bech oTeuecTBEHHBIN aBTOTIPOM
CUJIBHO 3aBHUCHUT OT KypCOB BaJIIOT, M OCJIa0-
JieHue pyousst B aBrycte 2016 roma coBmajio
C OYEPETHBIM YBEJIMUYEHUEM 1IE€H B aBTOCAJIO-
Hax. Jlokanuzamnusi Tpou3BOJICTBA OTeYe-
CTBEHHBIX MAIIMH 3Ty MPOOJEMY B ITOJTHOM
00BbEME He pelllaeT, Tak KaK O4eHb MHOTO
TEXHOJIOTUIA, INIIEH3U 1 aBTOKOMITOHEHTOB
KaK OTeUeCTBEHHBIE, TaK 1 3apYOEKHBIE aBTO-
MPOU3BOAUTENN BBIHYXIEHBI 0 CUX TTOP
WMIIOPTUPOBaTh. POCT 11eH B YCIIOBUSIX COKpa-
IIEHMS peaTbHbBIX TOXOJ0B HACEJIEHUST HEU3-
0eXHO BBI3BIBAJ ellE OoJsiblliee MageHUE
crpoca [5, c. 9].

Ewé onHoit mpobiaeMolii B MpOU3BOACTBE
U peaii3allii aBTOMOOMIIE Ha OTeYeCTBEH-
HOM DPBIHKE SIBJISIETCSI BBICOKAsi CTOMMOCTD
3a€MHBIX CPE/ICTB. MUHUMAaJIbHAsI CTaBKa I10
JIU3UHTY WM aBTOKPEIUTY COCTABIISIET OT 15 %
[2, c. 10]. B Poccuu 1o cpaBHEHUIO C APYTUMU
pBIHKaM1 HaOJIOAAI0TCS HU3KHUE TeMIThI 00-
HOBJIEHMS aBTOIapKa, HET CTUMYJIOB, KOTO-
PpbIe 3aCTaBJISITU ObI BJIAJICJbIIEB Yallle MEHSTh
aBTOMOOUJIU. Jlaxe C y4€TOM Tpeiia-1uH CTOU -
MOCTh HOBOTO aBTOMOOMJISI BRICOKA, ¥ MHOTHE

Taoamma 1
JIuHaMHKa MPOJAXK HOBBIX
aBTomMoOmeii B PO [3]

Tombr O0BEM mpoaaxk (ThIC. IIIT.)
2007 2583
2008 2918
2009 1466
2010 1915
2011 2653
2012 2939
2013 2777
2014 2491
2015 1601
2016 1425
2017 1600
2018 1800
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Puc. 1. NMpopaaxu HoBbiX aBToMoGunei B Poccun B 2016-2019rr. [4].

NPOAAXM NNETKUX KOMMEPYECKWX ABTOMOEWINE B P® (ThIC. LLTYK)
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Puc. 2. Mpopaxwu LCV Poccum B sHBape-mae 2017-2018 rr. [7].

OTKa3bIBAIOTCSI OT 3TO# MOKynKu. [ToaTomy
JUTSI POCTA TIPOIak HEOOXOMMMO BO3OOHOBUTh
B IIOCJICAYIOIIIE TOIBI TOCYIapCTBEHHBIC IIPO-
TpaMMBI JbTOTHOTO aBTOKPEIUTOBAHUS
¥ JTBTOTHOTO JIN3UHTA.

M3-3a 3HAUNTETLHOTO COKpAIIeHUsT TOC-
THOIIEePKKI U CIIPOCa CO CTOPOHBI ITPEITIPHSI-
TUIf MAJIOTO W CpeHero Ou3Heca B sTHBape—
mae 2019 roma mpon30nLIo mageHue IPoaaK
M B CEIMEHTE JIETKNX KOMMEPYIECKIX aBTOMO-
owteit Ha 8 % [cMm. puc. 2].

E1i€ ogHa npo6ema 00IbIIMHCTBA aBTO-
npousBoauteneit B PO 3akimtouaercst B Hau-
4yu U30bIMOUHBIX NPOU3BOOCIBEHHBIX MOULHO-
cmeli, CO3MaHHBIX B IIEPHOJ POCTA PHIHKA, YTO
W oTIpefesisieT HU3KYI0 peHTabeIbHOCTh
B OTpacu.

BaskHBIM CpencTBOM 3arpy3KH CBOOOITHBIX
TIPOM3BOJACTBEHHBIX MOIITHOCTEIT Ha CTarHU-
pYIOIIeM pPBIHKE SIBIISIETCS 9KCHOpM, HO €Tro
BO3MOXHOCTH JIJISI POCCUIICKOTO aBTOTIPOMa
CYIIECTBEHHO OrpaHNYeHBI. XOTSI YA3 aKTHB-
HO pa3BUBAET IKCTIOPT B JaJIbHEE 3apy0exknbe,
u pexze Bcero B FOxHy0 AMEpHKY, HO 00BE-
MBI TIOCTaBOK Ha 3TOT PBIHOK MOCTATOYHO
CKpOMHBIE. «<Ham 0CcTaloTcs TOJbKO OTKPHITHIE,
C TOYKU 3peHUS Tapu(PHOI 3aIIUThI PHIHKH,
r7ie BOCHOBHOM HE OY€Hb 00JIbIIIOE TOTpedIIe-
Hue, — KoHctatupoBain B. IIIBenos. — Ham
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TSIKEJIO BBIATH Ha OOoJbIIMe 00bEMBI KaK HU-
IIEBOMY UTPOKY. 371eCh TOpa3no Oojiee UHTE-
PECHBIN M TIePCIIEKTUBHBIN ITyTh pa3BUTHS —
aKcnopm komnornermog. I1o roToBOMY TTPOTyK-
Ty IEHICTBYET MHOTO 3arpaiuTEIbHBIX Mep, TI0
KOMIIOHEHTaM WX MEHbIIIE WM BOOOIIE HET.
IMoaTOMy TPOHMKHOBEHUE B 9KCTIOPT Yepe3
KOMTIOHEHTHI WX Yepe3 MaTMHOKOMIITIEKThI
17151 COOpKU — OoJiee MPOCTON, Ha Halll B3LJISII,
oxo/. Mbl HauaIv OYeHb CEPhE3HBIN TTPOEKT
¢ Mazda: mpousBoaum asuratev Ha JlarbHeM
BocToke 1 BCTponnch B r100aTbHBIE TIETIOUKT
TIOCTaBKU KOHIIEpHa» [2, c. 10].

Emé omna mpobiema YA3a ceroms 3a-
KJTI0OYaeTCsI B TOM, 4TO €r0 MPOAYKIIMS He
OTBEUYAET COBPEMEHHBIM TPEOOBAHUSIM PIHKA
¥ HYX/IaeTCs B KapANHATHLHOM OOHOBJIEHUN
MofeNbHOTO psiaa. Jluts pocTta mpomax Kak Ha
OTEUYECTBCHHOM, TaK 1 3apyOCKHBIX PBIHKAX
YA3 mnaHupoBaj BHIMTYCTUTHh BHETOPOKHUK
Ha tuiarpopme kinacca Toyota Land Cruiser
Prado cronmocteio 1,5 MitH py0. «Mbt yeepe-
Hbl, Mo MHO2Ue nompeoumeny UHOCMPAHHbIX
MawuHn 6ydym paccmampuéams pocculickue
asmomoounu, Komopvie makKice omeeuaom
meKyuemy MOMeHmMY no Kauecmay, Ceolicmeam,
yene», — iporao3upyet B. IlIBenioB [2, c. 10].

Emeé onHMM BaXHBIM HallpaBJieHUEM
coBpemeHHoit cTtpaterun [TAO «Comnepc»
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AWHAMUWKA NPOAAX MAPTHEPOB MO CN FORD SOLLERS
(TbIC. LUT.) WCTOYHMK: AEB.
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Puc. 3. AnHamuka npogax asTomobuneri komnanwii Ford u YA3 B P® [8, c. 10].

SIBJISIETCS CO3/TaHUE COBMECTHBIX ITPEIITPHSI -
TUI ¢ 3apyOeXKHBIMU aBTOIIPOU3BOIUTEIISIMU,
B KOTOPBIX KOMITAHUSI ITPOJIBUTAeT HanboJiee
BOCTpeOOBaHHbBIE Ha PhIHKE MOJIEIN (HATIPH -
Mep, Ford Transit), ucrnonb3yeT o011I1e KOM-
TUIEKTYIOLIME U TUIaT(hOPMBI B TIPOM3BOICTBE
COOCTBEHHBIX aBTOMOOMJICH, @ TAKKE YBEJIHM -
YMBaeT 3arpy3Ky CBOOOMHBIX MPOU3BOJI-
cTBeHHBIX MolHocTeli. B 2011 rogy ITAO
«Comnepc» coznano CIT ¢ komnanuei Ford,
XOTSI 10 MacIITabam IesITeIbHOCTH 3T KOM-
MaHUU 3HAYUTEJIbHO OTIMYaNIuch (puc. 3).
Ha stot mar komnanus Ford Obl1a BeIHYX e~
Ha TOWTH M3-3a U3MEHEHUS TOCYIapCTBOM
YCJIOBUIA TPeIOCTaBICHUS JIbTOT aBTOIPOU3-
BOJUTEISIM, KOTOPBIE MTOJIKHBI ObLITH TTOIITH -
caTh HOBBIE COTJIAILICHUSI ITO TIPOMBIIIITICHHOM
cbopke. DTO corynalieHue IMpearogaraio
coznaHue rpou3BonacTBa Ha 350 ThIC. MallIMH
B TOJ M 3HAYUTEIbHBIN POCT JIOKAIU3ALUU
MPOM3BOJICTBA KOMIUIEKTYIOIINX. KoMITaHum
Ford x MOMeHTY TToAmnMcaHus corialieHust
1o MpoMcOOpKe yxke ObLJI0 HeKyaa pacliiu-
psThes Ha e€ 3aBoje Bo BeeBomkcke, ay [TAO
«Counepc» ObLIN IBE CBOOOAHBIE MTPOU3BO/I-
CTBeHHbIE TIolanku — B Enabyre u HabGe-
pexHbIX YeaHax, KOTOpbIe OHa M BHec/a
B CII.

B miaHax, KOTopble TTPe3eHTOBAIN apT-
Hépbl o CI1 mpu noanucanuu ¢ MuHUCTep-
CTBOM IIPOMBIIIUICHHOCTH M TOProBiu P®
COIJIAIIIEHUS ITO TIPOMCOOPKE, ObLI ITPEICTaB-
JIeH ONTUMUCTUYECKMII IIPOTHO3 POCTa pOC-
CUIACKOTO PBIHKA JIETKOBBIX 1 JIETKUX KOMMEP-
yecKux aBromoomiieii K 2016 romy B 1Ba paza —
no 3,7 maH mamuH, a no npoaykuuu CII1
IUIAaHMPOBAJIOCH 3a 3TOT IEPUOJ YBEIUYUTD
nomo Ford B Poccun 109 % [1, ¢. 10]. OnHa-
KO TIPEJCTaBJIEHHBII TTPOTrHO3 OKa3ajcs He-
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peaTMCTUYHBIM, TaK KaK PHIHOK B 3T TOJIbI
oKa3aJl MPsSIMO ITPOTHUBOITOIOXKHYIO TUHAMM -
Ky, 1 yxe B 2014 roay CII Ford Sollers 00b-
SIBUJIO O TIEPEBOIC MPEINPUSATUII Ha OTHO-
CMEHHBIN peXUM pabOThl, PE3KO COKPATUB
nepcoHain (puc. 3).

VYyactue B aToM CII He mpuHecio Komma-
Huu Ford oxumaembIx pe3y/lbTaToB: B MapTe
2015 roga oHa 00BSIBUIIA O CEMU MUJLIMApAaX
yOBITKOB U 00€CIIeHMBAHUM MHBECTUIIMIA
B CII [8, c. 10]. KyoniTkam Ford mpuBenu He
TOJIBKO YXY[AILIEHHE S5KOHOMHYECKON cUTya-
LIMU U JeBaJbBallvs pybJs B cTpaHe, HO
M TIPOCYETHI B LIEHOBOW M MapKeTUHIOBOM
MOJIMTUKE (IMOBBIIICHUE LIEH W 3aIePXKHU
C OOHOBJICHMEM MOJIEJIBHOIO Psifia), a TakKKe
OIIMOKM B paboTe ¢ qujIepaMM, BKITIOYast pe3-
KO€ COKpallleHue MOHOOPEHIOBBIX CaJJOHOB
M 3HAYMTEIbHOE pacIiMpeHKre AUJIEePCKOM
CeTH MpU MageHur o0l1lIero oobeEMa Ipoaax,
a TakKe COKpAIlleHUH JOXOI0B IMJIEPOB.

B 2016 rony o6ném mpomax CII Ford
Sollers Hauas pacTu, HO 10J1s1 Kommanuu Ford
Ha pBIHKE TaK U He mpeBbicuia 3 % BIUIOTH
1o KoHua 2018 rona: Ford He cMor MoaHSTh-
sl C IECATOrO MeCTa B PEUTUHIE OTEUECTBEH-
HBIX aBTompousBoauteneit [3, c. 15]. Ilpu
5TOM KOMITaHUs HecJia YOBITKM, TaK Kak e€
MPOM3BOACTBEHHBIC MOIIHOCTU OBLIU SIBHO
M30BITOYHBIMU: BO BCeBOJIOXKCKE BBIITyCKa-
nuck Focus m Mondeo, B Enadyre — Explorer,
Kuga u Ford Transit, B HabepexHbix Yen-
Hax — Ecosport u Fiesta. Tpu oTaenbHBIX
3aBOJIa POM3BOIMIIN 11O IBE MO B OYeHb
HebonblnX o0bEMax. [ToaToMy nmpuHsATOE
B 2019 rony pemenue komnanuu Ford mpe-
KPaTUTh IIPOU3BOJCTBO U IIPOAAKH JTETKOBBIX
aBToMoOuel B Poccuu craso BrioaHe mpem-
cKaszyeMbIM coObITEM. X0Ts KomnaHus Ford
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B Ka4eCTBE HEKOHTPOJIMPYIOIIETO aKIIMOHepa
BCE Xe OCTajlach Ha OTEYeCTBEHHOM PBhIHKE
B HoBOM CII Ford Sollers Netherlands B. V.,
B KOTOPOM OYIYT BBIMMYCKATHCS TOIBKO JIET-
Kue Kommepyeckue aBromobunu Ford
Transit, 5T0 y>ke HUKaK He TOKPOET MTOHECEH -
HbIX KomMnaHueir Ford yObITKOB OT yxona
¢ poccuiickoro peiHKa B pazmepe 500 MIH
oJut., B ToM yuciie 200 MIH J0JUT. IPSIMBIX
JIEHEXXHBIX TIOTEPh IO BBITLIATaM paboynum
U mocTtaBiukam [9, c. 7].

CiieryeT OTMETUTh, YTO KommnaHus «CoJi-
nepe» B CII yuenstima ocoboe BHUMaHUE TIPO-
JBUXXEHUIO OJHOM JErKONW KOMMEPUYECKOM
mozenu Ford Transit, mpomaxu KOTOpOu
pociu Ha poHe ManeHus1 00BEMOB peasiu3a-
LM OCTAIbHOM JIMHeVKkU aBromobmiein CIT
Ford Sollers. C monensimu YA3a Ford Transit
WIeaTbHO COYETAETCS B paMKax JIOKaTu3aluu
MTPOM3BOJICTBA OCHOBHBIX KOMITIOHEHTOB —
MOTOPOB, TpaHCMUCCUI U T.N. «C TOUYKHU
3pEHUS CBOMCTB MTPOYKTa, OHU ObLITN OUHA-
KOBBI, M pEIIEHUST, KOTOPbIE TPUMEHSIACH Ha
Ford Transit, oueHb HYXHBI JJ5I HOBOTO
VA3a» — oTMeuas npeacenaresb CoBeTa M-
pektopoB [TAO «Comnepc» Banum IlIBerios
[3, c. 10]. IToatomy TTAO «Comnepc» B Ha-
cTosiIiee BpeMsI pa3BUBAETCS BITOJTHE YCTIEII-
HO, SIBJISISICh KOHTPOJIMPYIOIIUM aKITMOHEPOM
B CII Ford Sollers Netherlands B. V., Bmagero-
UM IO JaHHBIM aMEepPMKaHCKOTO caiiTa
Carscoops 51 % akuwmii kommanuu [10].

B 2012 rony 651710 co3mano emé omHo CIT
Mazda Sollers, KOTopoe IpUCTYITUIO K cOOp-
Ke aBToMo0uieit Mazda Ha TaTbHEBOCTOUHOM
aBrosaBoge. B 2016 roxy CI1 Mazda Sollers
nognucano CITUK (cornameHue mo mpom-
cOopke), Mo KOTOpOoMY ObLT HayaT BBIITYCK
Tpéx Mmoneneit — Mazda 6, Mazda CX-5
u Mazda CX-9, a Takke 3amy1ieHO Mpou3BO/I-
CTBO JBUTaTeJIell Ha DKCIIOPT MOIIHOCTHIO
50 TeIic. ITYK B roa. 3a 2018 roa nmpopaxu
aBToMobuiieit Mazda B P® Beipociin Ha 22 %
no 31,7 Teic. WT., a 3a MepBbIA KBapTal
2019 roga —Ha 10 % 10 6,6 TeiC. 1T. [11, C. 7].
Hunamuka passutust CIT Mazda Sollers naxke
B YCJIOBUSIX BOJIATMJIBHOCTHY U CTajla Ha poc-
CHUIICKOM pBIHKE BCEJISIET HAJEXIy B YCIIEII-
HOCTb €T0 JaJIbHEHIIIero pa3BUTUs B OTJININE
OT TIPEABIAYIINX COBMECTHBIX TPENITPUITUI
ITAO «Connepc» ¢ komnmanusgamu Fiat,
SsangYong u Ford, yimenimumu u3 Poccuu.

Eiwi€ onHoli ¢hyHamameHTaabHOI mpobJie-
MOI MUPOBOTO 1 OT€YECTBEHHOTO aBTOPBIHKA
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SIBIIICTCST mMpaHcgopmayus mooeau nompedae-
HUsL 8 HOBYIO NONb308AMENLCKYIO MOOENb, B KO-
TOPOI aBBTOMOOWJTH TIPEeBpAIaeTCs UCKITIOUH -
TEJIbHO B CPEICTBO MEPEABUXKECHUS, TEPSIs
3HAYUTETbHYIO YaCTh CBOUX OMOIIMOHAIBHBIX
CBOICTB, a pellieHUE O ero BHI0OpE CTAHOBUT-
csl pallMOHAJIBHBIM W TIparMaTUIHbIM. DTy
TEHIEHIINIO oTMevaeT Takxke CBeTiaHa Mak-
CHHa, KOTOpasi TIUIIIET, YTO «B OYIyIIIeM, KOT/Ia
aBTOHOMHBIE MalITMHBI IPUOBIBAIOT ITO TPEOO-
BaHWIO, YTOOBI OTBE3TH Bac Tyna, Kyaa Bam
HYXHO €XaTh, KaXKeTCsI, HET CMbICJIa BIIAJCTh
nmu. CpegHuit aBTOMOOUIIb TPOBOAUT OKOJIO
90 % cBoeit Xu3HU Ha cTostHKe. [lepexon ot
YACTHBIX TPAHCIIOPTHBIX CPEICTB K CEPBUCY,
KOTOPBIM BJIA[ICIOT M YIPaBJSIOT rocyaap-
CTBEHHBIE WJIM YaCTHBIE TTPEATIPUSITHUS, — ITO
pazymHoe 1 3(hheKTUBHOE pellieHre, KOTOPOe
PEBOTIOIIMOHU3UPYET IBUKEHHUE TPAHCTIOPT-
HBIX TTOTOKOB yepe3 ropona» [12, c. 7].
TpanchopMmalus Mmoaeau NOTpedIeHUs
03HAYaeT, YTO HbIHEIIHNE KJIMEHTHI TOTOBBI
TMOJTHOCTBIO OTKA3aThCsl OT BJIAJCHUSI aBTO-
MoOuieM: OHU OYAYT coBepllaTh MOKYIKY
aBTOMOOWJISI TOJIBKO B T€ PEIKUE MOMEHTHI,
KOTJja UX YyBCTBAa CMOTYT MOJYMHUTD Pa3yM,
a B OOJIBIIIMHCTBE CJIyyaeB IMOKYyMaTeJIN Ha-
YHYT IPUHUMATDh pallMOHabHbIE PEIIEHMUS,
BBIOMpAST JUISI KOHKPETHBIX MOE3/I0K OITH-
MaJIbHBIN BapUaHT — TaKCH, KapIIEPUHT UIN
MOJMKUCKY Ha aBTOMOOWb. [ToaTomy aBTO-
MTPOU3BOIMUTESIM HYKHO MEHSTh OM3HEeC-
MOJIeJIb, U OHa JOJXHa CTPOUTHLCI HE Ha
TPAJAUIIMOHHBIX TIpoJaXax aBTOMOOUIE,
a Ha mponaxe cepBuca. CeromHs yxxe Helo-
CTAaTOYHO TpeJIaraTh MOKyMnaTeJIsIM CEpPBUC
B BUJIE CTAHIapPTHOTO KOHTPAKTa XKU3HEHHO-
ro IIMKJIa, TI0 KOTOPOMY aBTOMOOMJIb TIPOIa-
€Tcs ¢ 3alaCHBIMM YaCTSIMU, PEMOHTOM
1 BO3MOXHOCTBIO CHATh €r0 B TPeUJ-WH.
HeobxonuMo Takxke cienatb aBTOMOOUIb
3JIEMEHTOM 3KOCUCTEMBI — OH JOJIKEH Ha-
YUUTHCSI TEHEPUPOBATh, IPUHUMATH U TIepe-
naBaTh uHGopmanuio. s 3Toro Hy>xXHa
TeJleMaTuieckas rardpopma, Kotopas Io-
3BOJIUT MOJKII0YATh aBTOMOOWIb K MHTEep-
HETY W TIOJIyJyaTh U3 CETU BCe HEOOXOIMMBbIE
nanHbie. MuTepHeT Beweir (IoT) monxen
W3MEHUTH JTI0OOT0 aBTOMPOU3BOIUTEIS
0oJbllie, YeM PEUHXKUHUPUHT OU3HEC-
MPOIIECCOB, METOAUKA «IIIECTU CUTM» WU
KOHLIeTILIMSI OepexXJIMBOro Mpou3BoacTsa [13,
p- 257]. DTO KpUTUYECKHU BaXKHOE HATIpaBJie-
HUeE IJIST YIIpaBJIeHUs] aBTOMOOWJIEM U3BHE.
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PesynbraThl BHEIpeHUS! UBMEHEHUI Ha
6a3ze IoT Tonbko Ha ogHOM 3aBoae Harley-
Davidson npusenu K:

* yckopeHuio Ha 80 % mpoliecca IpUHATHS
pELIEeHUI;

* TIOBBILICHUIO TOXOMHOCTH Ha 3—4 %;

* COKpAaIIeHUIO TPOJOIKUTEIBbHOCTH
coopku npoayKimu B 10—25 paz [14, c. 21-22;
15, c. 175].

«YyTh MeHbIIle Tola Ha3aa Mbl Havalu
C031aBaTh KOMaHy CIeIIUaTUCTOB ISl pa3-
pabomiu cobCmeeHHOU meaemamu4ecKkoll
naameopmot, — ropopui B. IlIsenoB. — OHa
TMO3BOJIUT OCYILECTBIISITh MOAKIIOUeHNE aB-
TOMOOWJIS, a CTIEKTP MepeaBaeMbIX JaHHBIX
U CEpPBUCOB Ha MX OCHOBE OyIeT BapbUpO-
BaThCsI B 3aBUCUMOCTHU OT TPEOOBAaHUI KITH -
eHnra. CkaxeM, JIJIs1 YAaCTHOM IKCIITyaTallnu
110 MOJIEJIM KapIIepuHTa — 3TO OJHU CePBU-
CBI, a U OU3Heca — npyrue. Mbl TpeKkpacHo
MMOHUMaeM, YTO OCHOBHAs MmpobJjieMa Ha
PBIHKE KOMMEPUYECKUX MEPEBO30K — 3TO
aBTOHOMHOCTb KaXK/I0TO 3BE€Ha 1IETIOYKH: €CTh
BOJIUTEJb, €CTh TPY3, €CTh TPAHCIIOPTHOE
cpenctBo. CoBpeMeHHbIE TeJeMaThuuecKue
MPOMYKTHI TIO3BOJISIIOT COEAUHUTD BCE ITU
3JIEMEHTBI B €IMHBII, TOJTHOCTBIO YITPaBJIsie-
MBIii, TIpolIecC, KOTOPBIA OyleT rapaHTHUPO-
BaThb 3(ppeKTUBHOCTH NepeBo30K. s pusu-
YeCKMX JINIL OYAYT MPEeIyCMOTPEHBI ApYTHe
WHTEePEeCHbIe BO3MOXHOCTH, — HaIlpUMep,
JUCTAHIIMOHHBIN 3aMyCK IBUTATES WU
BO3MOXHOCTb OOMEeHa aBTOMOOWISIMU» [2,
c. 10].

CrnenyeT otMeTuThb, 4To [TAO «Comnepc»,
Kak 1 Jpyrue OTeYeCTBEHHbIE aBTOTIPOU3BO-
JIUTENIN, 3HAUUTETLHO OTCTAET C BBOJIOM HO-
BBIX CEPBUCOB, Y€ TOCTATOYHO JaBHO U M-
POKO pacTpOCTPpaHEHHBIX CPEIN 3apyOeXKHBIX
KOHKYPEHTOB. B Mupe yciayru 1o mommnucke
(cepBuc, coyeTarolluii B cede YepThl Kapliie-
pMHTA, apeHIbl M JTU3UHTAa) Pa3BUBAIOTCS
yckopeHHbIMU Temmamu ¢ 2016 ropa. B Ha-
CTOSIIIIee BPEMST YMCJIEHHOCTD TTOAMMUCUYNKOB
3TOM YCIIYTH COCTaBJISIET OKOJIO | MIJIH 4el.
OHM MPeOCTABIISIOTCS OOJBITMHCTBOM aBTO-
MPOM3BOIUTENEH, B T.4. KOMITAHUSIMU Volvo,
Mercedes-Benz, BMW, Jaguar Land Rover,
Porsche, Ford, Nissan, Toyota. DTa yciyra
npuodpeTaeT BCE OOMBIIYIO MOMYISIPHOCTD,
XOTSI TTOJTyYeHHBIE OT €€ BHEIPSHUST pe3yJIbTa-
ThI BApbUPYIOTCS OT YCIIEIITHBIX IO TIPOBAJIb-
HBIX, B 3aBUCUMOCTHU OT BHIOpAaHHOM aBTOTIPO-
W3BOJIUTENIIMUA CTPATETruu (YMCiia Moaesei
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Uit oOMeHa, JIJUMUTa roJ0BOTO Tpobera,
CTOMMOCTH YCJIYTH U TIP.).

CaMpblii IIUPOKUIT BBIOOD ObLT PEIIOXKEH
kommanneit General Motors, KoTopas
B 2017 romy ctana npeaocTaBIsITh O MOIMUC-
ke apromo0uu Cadilllac B CIIIA. 3a 1,8 ThIC.
JIOJIJI. B MECSI] KIIMEHT MOT BBHIOMPATh W Me-
HSTh B TeueHue roma 18 Mopeneit — ot BMe-
cruteabHoro kpoccosepa Cadilllac XTS5 no
crioptuBHOTrO cenaHa CTS-V. Ilpuuém 3a
MaIllMHO OBUTIO HEOO0S13aTETbHO €3MUTh K T -
JIepy, TOCTaTOYHO OBIJIO €My TTO3BOHUTH —
U Kypbep JOCTaBJISII aBTOMOOWJIb MPSIMO
K gomy. JIuMuUT npobdera cocTanisiy 38 ThIC. KM
B roa. OnHaKko 3TO yciayra st KOMITAaHUT
General Motors oka3zanach HepeHTa0eIbHOI,
u B 2019 rogy KommaHus nepecraja e€ npe-
JoCTaBiIATh [16, ¢. 19].

Jpyrue aBTONPOU3BOAUTEIN HE OTKa3a-
JIUCh OT 3TOU YCITyTH U 10 CUX MOP aKTUBHO €€
pasBuBaloT. Tak, kommnaHusi Volvo 3asiBiisier,
4yTo K 2025 romy yepes3 3TOT CepBUC KOMITAHUS
Oymet peaau3oBbiBaTh 50 % CBOMX aBTOMOOK-
Jieit. OTMeuy, uTo KommaHus Volvo repBoii Ha
POCCHIICKOM aBTOPBIHKE TTPEUTOXKMIIA KITUEeH-
TaM T0JIb30BaHME aBTOMOOMIIEM 1O TTO/IITHICKE.
CepBuc nona HazBaHueM Volvo Car Drive
npeiaraet HoBblii Kpoccosep Volvo XC60 TS,
KOTOPBIM MOXHO TTOJIb30BaThCsl B TeUEHUE
roaa 3a 59,5 Teic. py0. B Mecsl. Bech cpok
MO0JIb30BaHUSI aBTOMOOUJIb OYAeT YMCIUTHCS
Ha OajaHce KoMITaHuU. B exxemecsuHylo ria-
Ty BXOIUT BCE HEOOXOAMMOE, KPOME MOWKHU
u 6eH3uHa, Bkioyas OCAI'O u KACKO,
TEXHUYECKOe OOCTYKMBaHWE W PEMOHT, Ce-
30HHYIO 3aMeHY KOJIEC U UX XpaHEeHWUe,
ocdopMmiIeHrEe BCeX JOKYMEHTOB M PETUCTpa-
LIMIO MallIMHBL. VI3 orpaHUYe Ui U151 TTOJTh30-
BaTeJIsl OTMEUY, YTO KOMITAaHUS 3arperniaeT
HCIIOJTb30BaTh aBTOMOOMJTb B KQUECTBE TAKCH,
orpaHuyuBaeT ero npooder 30 ThIC. KM B ToOJ,
1 BO3MOXHOCTD €r0 MCTOJb30BaHUS 3a Tpe-
nenamu LlentpansHoro u CeBepo-3anagHoro
(enepabHBIX OKPYTOB'.

Komnanust Hyundai ctana BTopbIM aBTO-
MPOU3BOJUTEIEM, KOTOPBI BBEJ € 1 OKTSAOpS
2019 ropa nmoanMcKy Ha OTE€YECTBEHHOM PhIH-
Ke. 3amycTuB Ha cMapT(OoHe MPUJIOKEHUE
Hyundai Mobility, KTUEHT MOXXET BBIOPATh TPU

' Volvo Car Drive: nepsblii B Poccuu cepBUC MTOAMUCKHI
Ha aBTOMOOWJIb OT aBTOIpousBoauTesis. — June 3, 2019.
[DnexkTpoHHBI pecypc]: https://www.volvocars.com/
ru/about/our-stories/news/volvo-car-drive-russias-first.
Joctym 11.12.2019.
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tapuda moanucku: Bo-1mepBbix, Tapud City,
110 KOTOPOMY aBTOMOOWJIb MOXKHO B3SITh Ha
cpok oT 1 10 24 yacos (3a 650—800 py6./yac
B 3aBUCMMOCTHU OT BBIOpAaHHOTO KpOCCoBepa —
Creta, Tucson unu Santa Fe); Bo-BTOpBIX,
tapud Country, mpeajaramIiuii aBTOMOOWIb
Ha cpok ot 1 mHs 10 Mecstia (ot 3,0 10 6,8 ThIC.
py0./neHb B 3aBUCUMOCTH OT CpOKa W MapKu
aBTOMOOWJIST) U, B-TpeTbuX, Tapu@d Freedom,
paccUMTaHHBIN Ha CPOK OT | Mecsiia 10 roaa
(o1 29,9 1o 88,0 ThIC. pYO. B MeC.)?.

SAKJTIOMEHUE

ITAO «Comiepc» aKTUBHO pa3BUBaCT IIPO-
M3BOJICTBO Ha COBMECTHBIX MPETIPUSATHSIX, HO
OTCTaET B pa3BUTUU COOCTBEHHOTO TIPOU3BO/I-
CTBa aBTOMOOMJIEH YA3, OOHOBJIEHUN MOJIETh-
HOTO psifia, BHEAPEHUU WHOOPMAITMOHHBIX
TEXHOJIOTUI W MPENOCTaBICHUU YCIYT TO
TIOJITCKE, KOTOPBIE YK€ aKTUBHO TIpeyiara-
I0TCS 3apy0eXXKHBIMU KOHKYPEHTaMH Ha OTe-
YECTBEHHOM pPBIHKE. DTO OTCTaBaHUE HeTa-
TUBHO OTPaXKaeTcs Ha 00bEMax MPOIaxK aBTO-
mobOuneit YA3, KoTopble COKPAaTUIUChH
B 2018 romy Ha 9 % 1o cpaBHeHwMIO ¢ 2016 TO-
nom?, Pazpaborannas I[TAO «Cojutepe» cTpa-
TErnsl pa3BUTHUsI TPU3BaHa 00ECTIEYUTh POCT
TMPOIYKIINY KaK COOCTBEHHOTO, TaK U 3apy-
0eXXHOTO MPOM3BOJCTBA HAa COBMECTHBIX
TMIPEATNIPUSATHSIX, a TAKKe pellieHre BHYTPEeH-
HUX TIpo0sieM kommaHuu. K oCHOBHBIM Ha-
TPaBJICHUSIM 3TOU CTPATETUUN OTHOCSITCSI:

* pocT 0OBEMOB MPOU3BOJCTBA U peain-
3allM aBTOMOOMJIEH 1 aBTOKOMITOHEHTOB,
B TOM YUCJIE 33 CUET Pa3BUTHUS IKCITOPTA;

* OOHOBJIEHNE MOJIEJTLHOTO PsI/Ia;

* CO3JaHWE M YCIIEeITHOE pa3BUTHUE CO-
BMECTHBIX TPEATIPUSTUI C 3apyOeKHBIMU
nmapTHEpamMu — KoMmmnanusmu Mazda, Ford
nup.;

* pa3paboTka COOCTBEHHOM TejleMaThye-
cKoi1 TuratopMbl ¥ BHEIpEHWE MU3MEHEHU N
Ha ocHoBe [oT B mpou3BoncTBEe aBTOMOOWIIEH
KOMITaHWU;

* paclIMpeHNe MPeTOCTABIISIEMbIX KJIMEH-
TaM HOBBIX YCJIYT, BKJIIOYAsl YCIIYTU TIO TIOJ-
TICKe.

2 Cepsuc onnaitn-nogmuckn Hyundai Mobility. [Dnext-
ponHbIii pecypc]: https://mobility.hyundai.ru/#tariffs.
Joctyn 11.12.2019.

3 JlanHbIe 0 poaaxax aBTomoouieit YA3 B Poccuu 3a
2016 rox. [DaexTpoHHbIN pecypc|: https://auto.vercity.
ru/statistics/sales/europe/2016/russia/uaz/. loctymn
11.12.2019.
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Development Strategy of a Car Manufacturing
Company in the Russian Car Market
at the example of Sollers PJSC

Alexander |I. BUTOV

ABSTRACT

The article analyses the dynamics of development
of the Russian market of passenger cars and light
commercial vehicles, investigates the strategy and
competitive advantages of Sollers group of
companies, which is successfully operating despite
volatility of development of the Russian car market,
as well as the need for a radical renewal of the model
range of the company’s cars, the presence of excess
production capacity and the departure from Russia
of three foreign partners of Sollers group of
companies in joint ventures: Fiat, SsangYong and
Ford. Particular attention in the article is paid to Ford,
a joint venture partner with Sollers PJSC, which left
the Russian domestic market in 2019. This event,
which had a negative impact on partners and clients
of the company, was caused by several
circumstances. Besides, the article identifies the
main directions of development of joint ventures
Mazda Sollers and Ford Sollers (in terms of Ford
Transit minibus, the only locally manufactured Ford
model) and the possibility of expanding their export

Butov, Alexander V., Plekhanov Russian University of Economics, Moscow, Russia*.

potential, including due to export of engines, spare
parts and components.

The article pays close attention to introduction of
new technologies in Sollers PJSC and other
companies, development of digitalisation in
development and production of new models, creation
of its own telematics platform that allows to connect
a car to the Internet and control it remotely, including
starting the engine.

The author examines in detail a new consumption
model in the car market associated with refusal of buyers
to own a car and with emerging choice of new services
regarding subscription and exchange of cars, their
development in foreign and domestic markets, as well
as offers the analysis of successes and failures of foreign
automakers in providing subscription services.

The main purpose of the article is to study the
strategy of Sollers PJSC in the domestic and foreign
markets, auxiliary purposes refer to the analysis of
the domestic market, change in the consumption
model and provision of new services, study of reasons
for departure of foreign partners of the company.
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he objective of the article is to study the
I strategy of Sollers PISC, its validity,
efficiency, ability to solve corporate
problems of the company, as well as to study
the dynamics of the domestic car market,
problems hindering its development, to study
the reasons for departure from the Russian
market of Ford corporation, Sollers partner
in a joint venture company. The research has
covered the period until 2020 since further
developments were highly influenced by
pandemic situation. Research methods include
methods of observation, analysis and synthesis,
groupings, induction and deduction, analogy,
and interpretation.

Sollers group of companies, which is engaged
in production and sale of cars, engines, spare
parts and components, was founded in 2002 and
currently includes LLC Ulyanovsk Automobile
Plant (UAZ), OJSC Zavolzhsky Motor Plant,
LLC Sollers — Far East, as well as joint ventures:
Ford Sollers and Mazda Sollers.

In 2019, the largest Russian car
manufacturers and the Russian Automobile
Dealers Association (ROAD) revised their
sales forecasts towards a significant reduction.
They asked the government to resume demand
support programs, as well as to tune them,
because the existing programs were
significantly reduced in terms of the amount
of allocated funds and the cost of cars (less
than 1 million roubles), thus stimulating sales
of mainly AvtoVAZ cars, which is already the
leader in sales in Russia [1, p. 9].

The domestic car market has a fundamental
problem that slows down its growth rates, and

Table 1
Dynamics of sales of new cars in the Russian
Federation [3]

Years Sales volume (thousand units)
2007 2583

2008 2918

2009 1466

2010 1915

2011 2653

2012 2939

2013 2777

2014 2491

2015 1601

2016 1425

2017 1600

2018 1800
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that is the level of household income. «Until
something happens here, the market will remain
volatile, and the role of the regulator will be very
important. It is obvious that the entire industry
will seek help in the form of measures to support
demand from the state», said Vadim Shvetsov,
the controlling shareholder and chairman of
the board of directors of Sollers PISC [2, p.
10]. The volatility of the Russian car market
is characterized by the data given in Table 1.

In 2019, the situation in the car market
worsened: there was a drop in new car sales
in Russia. According to Pic. 1 for five
months 0f 2019, 678 thousand cars were sold
on the domestic market instead of 693
thousand during the same period of 2018
(a decline by 2,2 %) [4].

Car prices in Russia rose in 2019 due to
higher VAT and inflation. The entire domestic
car manufacturing industry is highly dependent
on exchange rates and weakening of rouble in
August 2016 coincided with another increase
in prices in car dealerships. Localisation of
production of domestic cars does not fully
solve this problem, since both domestic and
foreign automakers are still forced to import
a lot of technologies, licenses, and auto
components. The rise in prices in the context
of adecrease in real incomes of the population
inevitably causes an even greater drop in
demand [5, p. 9].

Another problem in production and sale
of cars in the domestic market is the high cost
of borrowed funds: the minimum rate for
leasing or car loans is 15 % [2, p. 10]. In
Russia, compared to other markets, there is
a low rate of vehicle fleet renewal, there are
no incentives that force owners to change cars
more often. Even considering the trade-in, the
cost of a new car is high, and many people
refuse this purchase. Therefore, to increase
sales, it is necessary to resume in the next years
the state programs of concessional car loans
and concessional leasing.

Due to a significant reduction in state
support and demand from small and medium-
sized businesses in January—May 2019, there
was a drop in sales in the segment of light
commercial vehicles by 8 % (Pic. 2).

Another problem of most car manufacturers
in the Russian Federation is presence of excess
production capacity created during the period
of market growth, which determines low
profitability in the industry.
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Pic. 1. Sales of new cars in Russia in 2016-2019 [4].

Exportis an important means of loading free
production capacities in a stagnating market,
but its opportunities for the Russian car
industry are significantly limited. Although
UAZ is actively developing exports to non-CIS
countries, and primarily to South America, the
volume of supplies to this market is rather
modest. «We are left with only open markets,
from the point of view of tariff protection, where
consumption is generally not extremely high»,
stated V. Shvetsov. — It is hard for us to reach
large volumes as a niche player. Here, a much
more interesting and promising development path
is export of components. For the finished product,
there are many protective measures, for
components there are fewer or none. Therefore,
entry into export operations with components or
with car kits for assembly is a simpler, in our
opinion, approach. We started a profoundly
serious project with Mazda: we produce engines
in the Far East and have integrated into the global
supply chains of the group» [2, p. 10].

Another problem of UAZ today is that its
products do not meet modern market
requirements and require a radical update of
the model range. To increase sales in both
domestic and foreign markets, UAZ planned
to produce an SUV on the Toyota Land
Cruiser Prado class platform worth 1,5
million roubles. «We are confident that many
consumers of foreign cars will consider Russian
cars that also meet the current situation in terms
of quality, properties, price», V. Shvetsov
predicted [2, p. 10].

Another important area of the modern
strategy of Sollers PISC is creation of joint
ventures with foreign car manufacturers, in which
the company promotes the most popular
models on the market (for example, Ford
Transit), uses common components and
platforms for production of its own cars, and
increases the load of available production
capacities. In 2011, Sollers PJISC set up a joint
venture with Ford, although these companies

SOURCE: “AVTOSTAT”
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Pic. 2. Sales of LCV in Russia in January-May 2017-2018 [7].
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differed significantly in terms of scale of their
activities (Pic. 3). Ford was forced to take this
step because the Russian government changed
the conditions for granting benefits to
automakers, which were to sign new agreements
on industrial assembly. This agreement provided
for creation of production capacity for 350
thousand cars per year and a significant
increase in localisation of production of
components. By time the industrial assembly
agreement was signed, Ford had nowhere to
expand at its plant in Vsevolzhsk, and Sollers
PJSC had two vacant production sites in
Yelabuga and Naberezhnye Chelny, which it
contributed to the joint venture.

The plans presented by the partners in the
joint venture during signing of the industrial
assembly agreement with the Ministry of

Sl s 4 41,6
25 2,5 ) 500
S 38,6 ) 4t >
0 0
2011 2012 2013 2014 2015 2016 2017 2018
SALES OF MODEL FORD FOCUS IN RUSSIA AND USA
(THOUS.UNITS) SOURCE: FORD, FORD SOLLERS
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Focusin Focus
200 RF in
; 1688 15g,4 USA
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Pic. 3. Dynamics of sales of cars Ford and UAZ in the Russian Federation [8, p. 10].

Industry and Trade of the Russian Federation
included an optimistic forecast for the growth
of the Russian market of passenger cars and
light commercial vehicles. It was expected to
double by 2016 producing up to 3,7 million
vehicles, and within the products of the joint
venture it was planned for this period to
increase the share of Ford in Russia to 9 %
[1, p. 10]. However, the presented forecast
turned out to be unrealistic, since the market
in these years showed exactly the opposite
dynamics, and already in 2014, JV Ford
Sollers announced the transfer of enterprises
to a single-shift mode of operation, sharply
reducing staff (Pic. 3).

Participation in this joint venture did not
bring the expected results to Ford: in March
2015, it announced 7 billion losses and
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depreciation of investments in the joint venture
[8, p. 10]. Ford’s losses were caused not only
by the worsening economic situation and
devaluation of rouble in the country, but also
by miscalculations in pricing and marketing
policies (price increases and delays in updating
the model range), as well as errors in working
with dealers, including a sharp reduction in
mono-brand showrooms and a significant
expansion of dealer network with a drop in total
sales, as well as a decrease in dealer income.
In 2016, the sales volume of JV Ford
Sollers began to grow, but Ford’s market share
did not exceed 3 % until the end of 2018: Ford
could not rise from the tenth place in the
ranking of domestic car manufacturers [3, p.
15]. At the same time, the company incurred
losses, since its production capacity was
clearly redundant: Focus and Mondeo were
produced in Vsevolozhsk; Explorer, Kuga and
Ford Transit were produced in Yelabuga;
Ecosport and Fiesta were produced in
Naberezhnye Chelny. Three separate factories
produced two models each in exceedingly
small quantities. Therefore, Ford’s decision
in 2019 to discontinue production and sales
of passenger cars in Russia was a completely
predictable event. Although Ford, as a non-
controlling shareholder, still remained on the
domestic market in the form of new JV Ford
Sollers Netherlands B. V., which will produce
only Ford Transit light commercial vehicles,
this will in no way cover the losses incurred by
Ford from leaving the Russian market at the
amount of 500 million dollars, including 200
million dollars of direct monetary losses in
payments to workers and suppliers [9, p. 7].
It should be noted that Sollers company in
the JV paid special attention to promotion of
a light commercial model Ford Transit, sales
of which were growing against the background
of falling sales of the rest of the JV Ford Sollers
vehicle line. Ford Transit is ideally combined
with UAZ models within the framework of
localisation of production of the main
components: motors, transmissions, etc.
«From the point of view of product properties,
they were the same, and the solutions that were
used at Ford Transit are very much needed for
the new UAZ» — said Vadim Shvetsov, Chairman
of the Board of Directors of Sollers PJSC [3,
p. 10]. Therefore, Sollers PISC is currently
developing quite successfully, being the
controlling shareholder in the JV Ford Sollers
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Netherlands B. V., which, according to the
American website Carscoops, owns 51 % of
the company’s shares [10].

In 2012, another joint venture Mazda
Sollers was created, which started assembling
Mazda cars at the Far East car plant. In 2016,
JV Mazda Sollers signed SPIC [special
investment contract] on industrial assembly,
according to which production of three
models (Mazda 6, Mazda CX-5 and Mazda
CX-9) was launched, along with production
of engines intended for export with a capacity
of 50 thousand units per year. In 2018, sales
of Mazda cars in the Russian Federation
increased by 22 % to 31,7 thousand units, and
in the first quarter of 2019 by 10 % to 6,6
thousand units [11, p. 7]. The dynamics of JV
Mazda Sollers development, even in the
conditions of volatility and recession in the
Russian market, gives hope for success of its
further development, in contrast to the
previous joint ventures of Sollers PJSC with
Fiat, SsangYong and Ford, which left Russia.

Another fundamental problem of the
global and domestic car market is the
transformation of the consumption model into
a new user model, in which the car turns
exclusively into a means of transportation,
losing a significant part of its emotional
properties, and the decision to choose it
becomes rational and pragmatic. This trend is
also noted by Svetlana Maksina, who writes
that «in the future, when autonomous cars arrive
on demand to take you where you need to go,
there seems to be no point in owning them. The
average car spends about 90 % of its life in the
parking lot. The transition from private vehicles
to a service that is owned and operated by public
or private enterprises is a smart and effective
solution that will revolutionise traffic flows in
cities» [12, p. 7].

The transformation of the consumption
model means that current customers are ready
to completely abandon car ownership: they will
buy a car only in those rare moments when their
feelings can subdue their minds, and in most
cases, buyers will begin to make rational
decisions, choosing the best option for specific
trips: taxi, car sharing or car subscription.
Therefore, automakers need to change their
business model, and it should be based not on
traditional car sales, but on the sale of service.
Today it is no longer enough to offer customers
a service in the form of a standard life cycle
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contract, according to which a car is sold with
spare parts, repairs, and the ability to exchange
it through trade-in. It is also necessary to make
the car an element of the ecosystem: it must
learn to generate, receive, and transmit
information. This requires a telematics platform
that allows the car to be connected to the
Internet and receive all the necessary data from
the network. The Internet of Things (IoT)
should change any automaker more than
business process reengineering, Six Sigma or
the concept of lean manufacturing [13, p. 257].
This is a critical area for controlling the car
from the outside.

The results of implementing loT-based
changes at a single plant of Harley-Davidson
resulted in:

* 80 % acceleration of the decision-
making process;

« increase in profitability by 3—4 %;

*reducing duration of assembly of
products by 10—25 times [14, pp. 21-22; 15,
p. 175].

«A little less than a year ago, we began to
create a team of specialists to develop our own
telematics platform», noted V. Shvetsov. «It will
allow the car to be connected, and the range of
transmitted data and services based on them will
vary depending on the client’s requirements. For
example, for private use according to the car-
sharing model, these are some services, and for
business there are the other ones. We are well
aware that the main problem in the commercial
transportation market is autonomy of each link
in the chain: there is a driver, there is a load,
there is a vehicle. Modern telematics products
make it possible to combine all these elements
into a single, fully manageable process that will
guarantee efficiency of transportation. For
individuals, other interesting opportunities will
be provided, for example, remote engine start or
the ability to exchange cars» [2, p. 10].

It should be noted that Sollers PISC, like
other domestic car manufacturers, lag
significantly behind in introduction of new
services, which have long been widespread
among their foreign competitors. Globally,
subscription services (a service that combines
features of car sharing, rental, and leasing)
have been developing at an accelerated pace
since 2016. Currently, the number of
subscribers to this service is about 1 million
people. It is provided by most car
manufacturers, comprising Volvo, Mercedes-
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Benz, BMW, Jaguar Land Rover, Porsche,
Ford, Nissan, Toyota. This service is gaining
more and more popularity, although the results
obtained from its implementation vary from
success to failure, depending on the strategy
chosen by car manufacturers (the number of
models for exchange, annual mileage limit,
the cost of the service, etc.).

The widest selection was offered by
General Motors, which began providing
Cadillacs by subscription in the United States
in2017. For $1,8 thousand a month, the client
could choose and change 18 models within
ayear: from the roomy Cadillac XT5 crossover
to the CTS-V sports sedan. Moreover, it was
not necessary to go to the dealer to get the car,
it was enough to call him, and the courier
delivered the car directly to the house. The
mileage limit was 38 thousand km per year.
However, this service for General Motors
turned out to be unprofitable and in 2019 the
company stopped providing it [16, p. 19].

Other automakers have not abandoned this
service and are still actively developing it. For
example, Volvo says that by 2025 the company
will sell 50 % of its cars through this service. It
isto note that Volvo was the first company in the
Russian car market to offer customers the use of
a car by subscription. A service called Volvo Car
Drive offers a new crossover Volvo XC60 TS,
which can be used throughout the year for 59,5
thousand roubles per month. For the entire
period of use, the car will be registered on the
company’s balance sheet. The monthly fee
includes everything you need, except for washing
and gasoline, including compulsory civil liability
insurance and motor own damage insurance,
maintenance and repair, seasonal replacement
of tires and their storage, preparing of all
documents and registration of the car. Of the
restrictions for the user, one can note that the
company prohibits the use of a car as a taxi, limits
its mileage to 30 thousand km per year and the
possibility of using it outside the Central and
North-Western Federal Districts'.

Hyundai became the second automaker to
introduce subscriptions to the Russian domestic
market from October 1, 2019. Having launched

' Volvo Car Drive: Russia’s first car subscription service
from a car manufacturer [ Volvo Car Drive: perviy v Rossii
servis podpiski na avtomobil ot avtoproizvoditelya]. June 3,
2019. [Electronic resource]: https://www.volvocars.com/
ru/about/our-stories/news/volvo-car-drive-russias-first.
Last accessed 11.12.2019.
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the Hyundai Mobility application on
a smartphone, the client can choose three
subscription tariffs: firstly, the City tariff,
according to which a car can be rented for
a period of 1 to 24 hours (for 650—800 roubles
per hour, depending on the chosen crossover:
Creta, Tucson or Santa Fe); secondly, the
Country tariff, which offers a car for a period
from 1 day to a month (from 3,0 to 6,8 thousand
roubles per day, depending on the period and
brand of the car) and, thirdly, the Freedom tariff,
designed for term from 1 month to a year (from
29,9 to 88,0 thousand roubles per month)?.

Conclusion. Sollers PJSC is actively
developing production at joint ventures, but
lags behind in development of its own
production of UAZ vehicles, updating the
model range, introducing information
technologies and providing subscription
services, which are already actively offered by
foreign competitors in the domestic market.
This lag has a negative impact on the sales of
UAZ vehicles, which decreased in 2018 by 9 %
compared to 20163. The development strategy
followed by Sollers PJSC is designed to ensure
the growth of products of both domestic and
foreign production at joint ventures, as well as
solution of internal problems of the company.
The main areas of this strategy are:

» growth in production and sales of cars
and auto components, including due to
development of exports;

» updating the model range;

« creation and successful development of
joint ventures with foreign partners companies:
Mazda, Ford, etc.;

* development of own telematics platform
and implementation of loT-based changes in
the company’s car production;

 expansion of new services provided to
customers, including subscription services.
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IKOHOMWNKA

3apyOexxHble noaxoabl K NpoBeAeHnIo
ayauta 9adpPeKTUBHOCTU TPAHCNOPTHOM
CUCTEeMbl HA PEerMoHaJibHOM YPOBHEe

Poccus.

WUrops COJIOATEHKO

Cratbs nocssiLeHa pacCMOTPEHUIO 3apy-
OEXHbIX MHCTDYMEHTOB MPOBEAEHUS ayanTa
9P PeKTMBHOCTN B TPAHCMOPTHONW cpepe
Y OL{eHKe BO3MOXHOCTU MPUMEHEHUSI METOA0B
v npoueayp ayamta 3¢HeKTMBHOCTY POCCUII-
CKUMU PErVIOHAsIbHBIMU KOHTPO/IbHO-CHYETHBIMU
opraHamu. Llesb nccnenosaHusi COCTOUT B KOM-
MJIEKCHOM aHasin3e MexzayHapoaHoro orbita
pernameHTaumm n OCyLLEeCTBIIeHUS ayanTa o¢-
(EKTUBHOCTU B TPAHCIMOPTHOM cgepe Ha rnpu-
Mepe npakTuk leHepanabHOro ayamropa
Lotnaramm(BenvkobputaHus) v [eHepasibHOro
ayanTopa MaHutobsl (KaHaaa).

YunteiBasi TpaanLMOHHO BbICOKYIO [0J110
pacxonoB pernoHasibHbIX OI04XETOB Ha Pa3Bu-
TVe TPaHCOPTHOM CUCTEMbI, OTMEYEHO, 4TO
OLleHKa 9KOHOMHOCTU, NMPOAYKTUBHOCTU U pe-
3y/1bTaTUBHOCTU UCI0J1Ib30BaHUS MyO/INYHbIX
pPecypcoB BaxHa He TOJIbKO /151 BJIaCTu Perno-

Coadamenko Heopv Anexcandposur — Konmpoavio-cuémuas nasama, Mockea,

HOB, HO U /151 HACEJIEHUST U XO3SIICTBYIOLLNX
CyOBbEKTOB.

Mo utoram aHanu3a «ay4qyLunx nPakTuK»
pPervuoHaibHbIX OPraHoB rocyAapCcTBEHHOro
ayauta BenukobputaHun v KaHaabl B 4actu
npoBeneHuss ayanTtoB 3¢ PeKTUuBHOCTHU
B TPAHCOPTHOMV cpepe 3apuKkcrpoBaHsb! rne-
penoBbie MeTobl U ayaANTOPCKUE NPOoLEenypbl,
BO3MOXHbIE [J151 TPUMEHEHUS] POCCUACKUMU
PEernoHabHbIMU KOHTPOJIbHO-CYETHBIMU OpP-
raHamu. B yacTHOCTH, OTMeYeHbl KOHKpeTUka
Y TOYHOCTb PeKoOMeHaauuyi opraHam 1cros-
HUTE/IbHOV BNacTu, NpeacTaB/eHHbIX B ayau-
TOPCKOM OTYETE; rpoBeLeHNe OLUEHKU KOpP-
PEKTHOCTU TEeHLAEPHbIX rnpouenyp v apgoek-
TVBHOCTU WCIOJIHEHUST KOHTPAKTOB B pamMkax
ayauta s¢ppeKTUBHOCTY; LUMPOKOE UCI0J1b30-
BaHME BHELLUHUX 9KCrepTOB rpyv MpoBEAECHUN
poBEepPoOK v Apyrue.

Knro4eBbie ciioBa: rocyaapCTBEHHbIE PACX0Abl, TPAHCIOPTHAas cpepa, ayanT 3PEKTUBHOCTN
TPaHCMOPTHOWV cuCTeMbI, opraHbl ayauta LLlotnaHavm n Manutobbl, pekoMeHaaumy rno uToram

ayanta 3¢HeKTUBHOCTH.

*MHdopmaums 06 aBTope:

ConparteHko Uropb AnekcaHpposud — CtapLumnii rocyaapCTBEHHbI MHCNEKTOP MHenekumm N2 1
KoHTponbHO-Cc4ETHOM nanatbl . MockBbl, Mocksa, Poccus, igor.soldatenko.94@mail.ru.

Crtatbsa noctynuna B pegakumio 09.10.2020, npuHaTa k nyénvkauum 26.12.2020.

For the English text of the article please see p. 196.
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BJISIICh UHCTUTYTaMM HaJ30pa 3a JIeTU -
TAUMHBIM U 3(PHEKTUBHBIM HUCIIOIb30-
BaHUEM LIEHTPaIU30BaHHBIX (POHIOB

JIEHEXHBIX CPE/ICTB, BBICILIE U PETHOHATbHbBIE

OpraHbl BHEIITHETO rOCYIapCTBEHHOTO (hrHAH-

COBOTO KOHTPOJIS (FOCYTapCTBEHHOIO ayauTa)

B psiie CTpaH HaJeJeHbl OCOOBIM CTAaTyCOM

W ITMPOKUMU TIOJTHOMOYMSIMU, TIOIKPETUIEH -

HBIMU BBICOKOI CTEMEHbIO OTBETCTBEHHOCTH

nepen rpaxnaHamu. Hade roBopsi, MecTo

U POJIb TOCYAAPCTBEHHOTO ayIuTa Mpeonpee-

JIEHbI IOTPEOHOCTSIMU 0011LIECTBA B HEM. B Takom

KOHTEKCTE KpaTHO BO3PACTaeT aKTyaTbHOCTh

M3y4YeHUsT MHOTOJIETHEN 3apyOesKHOM MPaKTUKIY

OCYILIECTBJIEHUSI TOCYIapCTBEHHOTO aynuTa,

B TOM UYHMCJI€ HA PETUOHAJILHOM YPOBHE.

Bomnpockl, cBsI3aHHbBIE ¢ MEXIYHAPOIHO
MPaKTUKON perjaMeHTallMd U OCYLIeCTBIIe-
HUS BHEITHEro TOCyAapCTBEHHOTO (puHaHCO-
BOTO KOHTPOJISI, MOAPOOHO pacCMOTPEHBI
B psille HaydyHbIX paboT [1—7]. Mexay Tem
npeaMeTHast 00J1acTh 60IBIIMHCTBA UCCTIEN0-
BaHUI — pe3yabTaThl NEITEIbHOCTU BBICIIAX
OpraHoOB ayJuTa, TOrJa KaK perMOHaJIbHbIE
OopraHbl aynurta (0COOEHHO 3apyOexkHbIe) 3a-
YacTyl0 «OCTAIOTCS B TEHU».

C y4€TOM BBIIIECKA3aHHOTO OCHOBHOM
Yeavio UCCIEIOBAHUS SBISIETCS U3yUYeHUE
U aHAJIN3 MEXIYHAPOIHBIX CTAHAAPTOB OCY-
11eCTBIICHUs ayauTa 3(PHeKTUBHOCTU UCTTIOb-
30BaHUs FOCYIapCTBEHHBIX CPEICTB B TPAHC-
MOPTHO cepe U COOTBETCTBYIOLIMX MPAKTUK
OpraHu3allMyi CUCTEMbl BHEIIHETO rocyaap-
CTBEHHOTO (PMHAHCOBOTO KOHTPOJISI HA PETHO-
HaJIbHOM YpOBHeE B psiie cTpaH (Benukoopu-
taHud u Kanana), B pa3pe3e BO3MOXHOCTEH
3aMMCTBOBAHMSI TIEPEIOBBIX UHCTPYMEHTOB
POCCUMCKMMU KOHTPOJIbHO-CUETHBIMU OPTa-
Hamu (KCO).

TToMuMoO U3yyeHUs pa3HOOOPA3HBIX UC-
TOYHUKOB UH(pOpMaLIMK, BKIIOYas 3apyoex-
HbIe, B paMKaxX MCCJEI0BaHUS UCIIOIb30Ba-
JIVCh MemoOdbl CDAaBHEHU ST, aHaJIM3a M CUHTE3a,
WHIYKIIAY U AeTyKIUU, CTaTUCTUYECKUE
METO/IbI.

POCCUNCKMUE PEAJTUMN
U AKTYAJNIbHOCTb
MEXAOYHAPOOHOIO
COTPYOHUYECTBA

Haunnas ¢ 1994 roma, B Poccnu hopmu-
poBajiach cucTeMa cyodenepaabHBIX KOHT-
POIBHO-CYETHRIX opraHoB (manee — KCO),
MEePBBIM U3 KOTOPBIX cTasa KOHTpoIbHO-
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cuéTHas masata MOCKOBCKOI TOPOJICKOM
MBI, Tipeodpa3oBaHHas | HOs10ps 1995 rona
B KoHTponbHO-CUETHYIO Tajgaty MOCKBBI
(manee — KCIT Mocksbl). Yepe3 HeKOTOpoe
BpeMst KCO nosBuivch v B Ipyrux cyobekTax
Poccuu. B yncne nepsbix B 1995 rony 6nu1u
yupexaeHbl KOHTpoabHO-CcU€THAs Mmajiata
Boponexckoit oonactu, CuéTHas manarta
Branumupckoit obnactu, KoHTpoabHO-
cuétHas nanara Cankr-IletepOypra (najiee —
KCII Cankr-IlerepOypra) u npyrue.

binarogaps 25-1eTHeMy OIBITY OCyIle-
CTBJIEHUS] BHEIIHETO0 TOCYAapCTBEHHOTO
(rHAHCOBOTO KOHTPOJISI HA YPOBHE CYOBEK-
ta Poccuiickoit ®enepanum, chopMrupoBaH
KOMTUIEKC HOPMaTUBHBIX IIPABOBBIX aKTOB,
perIaMeHTUPYIOIINX OCYIIECTBICHUE TOCY-
JIapCTBEHHOTO ayIUTa W, B YaCTHOCTH, ayIu-
Ta 9(pPeKTUBHOCTU, HaJlaXXeH OOMEeH 3Ha-
HusiMu Mexny KCO u 3aumMcTBOBaHUE
JIYYIIMX METOAMK U TIPAKTUK, OJTHAKO HEKO-
TOpbIE CUCTEMHBIE TIPOOJIEMBI HE PEIIeHbBI
JIO CHX TIOD.

B MexnmyHapoaHBIX cTaHIapTax ayauT
3(bGhEeKTUBHOCTU pacCMaTPUBAETCS KaK He3a-
BUCHMasI IPOBepKa JesITeTbHOCTA OPraHOB
WCTIOJTHUTETLHON BIACTH, TOCYIapCTBEHHBIX
OpraHMU3allNii, BBITIOJTHEHUS TTPOTPAMM B 1Ie-
JISIX OTIpeNieIeHUsI SKOHOMUYHOCTH,, TIPOTYK-
TUBHOCTH W PE3YJIBTATUBHOCTH UCITOJIH30Ba-
Hus pecypcos [8, c. 110].

Hecmotpst Ha HanmuIme MeXTyHapOTHBIX
cranmaproB MTHTOCAMU, ®DenepanbHOTo 3aK0-
Ha o1 07.02.2011 . Ne 6-®3 «O6 06LIMX MPUH-
LIUIIaX OpraHM3alny U AesTeTbHOCTH KOH-
TPOJIbHO-CYETHBIX OPraHOB CyObeKTOB Poccuii-
ckoii Menepaliiii 1 MyHUITUTIATBHBIX 00pa3o-
BaHUI1» , COOTBETCTBYIOIINX 3aKOHOB CyOBEKTOB
P® u loKanbHBIX CTAaHIAPTOB, OPraHU3AIUIO
W TIPOBEIEHYE TOCYIapCTBEHHOTO ay/InTa B psijie
PErMOHOB HeJIb3sl Ha3BaTh COBEPIIIEHHBIMU:
3HAYUTEJIbHBIEC TIPOOIEMbI HAOTIOMAIOTCST B Ya-
CTH OCYILIECTBJIEHUS ayauTOB 3(h(HEKTUBHOCTU
WCTIOJIb30BAHMSI TOCYIapCTBEHHBIX CPENICTB.
B pa3zpe3e 0CHOBHBIX MPUYMH TAKOTO MOJIOXKE-
HMSI BBIIETISTIOTCS CJIEYIOIINe:

* HEIOCTaTOK MaTePUAIbHBIX U TPYIOBBIX
pecypcoB KCO ms1 nmpoBefaeHus ayauTta (-
(hbeXTUBHOCTH Ha JIOJDKHOM YPOBHE;

* cMeleHue (PMHAHCOBOTO ayanTa U ayIn-
Ta 9 (PEKTUBHOCTH;

* YCTOSIBIIAsICSI TIpAKTUKA TIPOBEICHUS
ayanuToB 3(P(PEKTUBHOCTU O3 OMOPHI HA MEX-
JTlyHapOJIHbIE U JIOKAJIbHbIE CTAHIAPTHI;
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Ta6amua 1
KpaTKaSI XAPAKTEPUCTUKA HEKOTOPBIX PErHOHAJBHBIX OPraHOB ay/IuTa
HauMeHOBaHIe OPraHa rocyIapCTBEHHOTO Ton HaumeHoBaHue 1OKHOCTUA KonunyectBo TIposenenue
aymuta 00pa30BaHUs | PyKOBOIUTEIS COTPYAHUKOB | ayIUTOB
s dekTUBHOCTH

KCIT Mocksbi (Poccust) 1994 TMpencenarens KCIT Mocksbr | 188 na
KCII Canxr-TTetep6ypra (Poccust) 1995 Ipencenarens KCIT Caukr- 115 na

[Metepbypra
Audit Scotland (Benko6purarus) 2000 Chair of Audit Scotland Board | 270 na
Wales Audit Office (BennkoGpuraris) 2005 Auditor General for Wales ~240 na
City of Vienna Court of Audit (ABcTpust) 1920 Director of the City of Vienna | 84 a

Court of Audit
Bavarian Supreme Audit Office ([epmarus) 1812 President of the Bavarian =130 na

Supreme Audit Office
Office of the Auditor General Manitoba 1933 Auditor General ~55 na
(Kanana)

HcrouHuk: cchopMrUpOBaHO aBTOPOM Ha OCHOBE TAHHBIX O(UIIUATBHBIX CANTOB Psiia POCCUNCKUX U 3apyOeKHBIX

OPraHoOB roCyIapCTBEHHOTO ayauTa'.

* TIPOOJIEMHBII BHIOOP KPUTEPUEB U TIO-
Kazareseit 3(h(heKTUBHOCTH, UTHOPUPOBAHUE
WX B XOJIe KOHTPOJLHOTO MEPOTIPUSITHUS;

* HEJIOCTAaTOK COBPEMEHHBIX METOIOB
OCyIeCcTBIeHUsT ayauTa 3(pdekTuBHOCTN —
OnepupoBaHUs «OOJBIIMMHU TaHHBIMU»,
CpPaBHEHHUSI TIPOBEPSIEMOTO OOBEKTA C «JTy4-
UMW OpraHaMM,/OpPTaHU3AIUSIMU», TIPOBE-
JIEHWST THTEPBBIO, OTIPOCOB;

* CTpeMJICHUE TIPOBECTU ayauT d(PhEeKTUB-
HOCTH «MaJIbIMU CHJIaMU», 0€3 JOJDKHOM 10-
KazaTeJIbHOM 0a3bl MO KaXKIOMY U3 KPUTEPUEB
OleHKU 3(P(HEeKTUBHOCTH;

* HEeI0CTaTOYHAsi U3YYEHHOCTb MEXAyHa-
POJHOTO OIbITA OCYILECTBIEHUS ayauTa 3¢-
(bexTMBHOCTHU, HEBBICOKAS CTETIEHb 3aMMCTBO-
BaHUSI JIYYIINX 3apyOeKHBIX TTPAKTUK.

Kpowme Toro, B Poccuu, B oTimyue ot 3a-
pPYOEXHOTO OIMbITa OCYLIECTBICHUS ayauTa
a¢dexTUBHOCTH, YIIOp TIPU TPOBEPKE ea-
€TCsl Ha 3aKOHHOCTB U MOJIHOTY PACXOI0BAHUS

'Odurmanbhbiil cailT KCIT MoCKBBI. [D1eKTpOHHBI
pecypc]: http://www.ksp.mos.ru. loctym 28.09.2020;
Odunmanpheiii caiit KCIT CankTt-IletepOypra.

[ DnexTponHsIit pecypc]: http://www.ksp.org.ru. JocTtym
28.09.2020; OduumanbHblii caiit Audit Scotland.
[DnexTpoHHbIit pecypc]: http://www.audit-scotland.
gov.uk. Toctyn 28.09.2020; OdunnanbHbiil cailT Wales
Audit Office. [DnekTpoHHbI pecype]: http://www.wao.
gov.uk. loctyn 28.09.2020; Ocdbuumansusiii caift City of
Vienna Court of Audit. [DnexTpoHHBIit pecypc]: http://
www.stadtrechnungshof.wien.at. loctyn 28.09.2020;
Odurmmanbhblit caiiT Bavarian Supreme Audit Office.
[DnekTpoHHbIit pecypc]: http://www.orh.bayern.de.
Hoctyn 28.09.2020; Odurmanshsrii caiit Office of the
Auditor General Manitoba. [DneKTpoHHBII pecypc]:
https://www.oag.mb.ca. Joctym 28.09.2020.
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CPEeACTB TOCynapcTBEHHOTO Oomxera [9,
c. 202]. B cBsi3u ¢ 3TUM HEBO3MOXHO Tiepe-
OLIEHUTHh 3HAYMMOCTh COTPYIHUYECTBA C 3a-
pPYOEXXHBIMU OpraHaMU aylinTa, B TOM YKCIIe
B IIEJISIX COBEPIIEHCTBOBAHUSI METOIOJIOTUN
aynuta 3¢ pexTuBHOCTU. OgHON U3 hopMm
TaKOoM KOOTIepaIluu SIBJISIETCST WIEHCTBO B EB-
pOMENCKON OpTaHMU3AlUU PETUOHAJIBHBIX
OpraHoOB BHEIIHETO TOCYyIapCTBEHHOTO (hu-
HaHcoBoro KoHTtpoJis (naiee — EBPOPAN),
yupexaéHHou 1 oktsopst 1992 rona B ropoze
ManuecTepe u obecriedynBalonieit ooOMeH
OITBITOM W PallMOHAJIIbHOE OCYIIEeCTBICHUE
TOCyIapCTBEHHOTO ay/InTa.

B cootBerctBum co ct. 3 Ycraba EBPOPAU
J0001 perMOHANIbHBIN OpTaH TOCYIapCTBEH-
HOTO ayanTa MoxeT ctaTh wietHoMm EBPOPAN
TIPU YCJIOBUY TIPUHSATHST YCTaBa W yTBEPXKIE-
Hus [eHepanbHOU Accambiieeii Bo BpeMs pe-
ryJsipHoro 3acenanus. [1o qaHHbBIM oduim-
anmpHOTO catita EBPOPAMU Ha asryct 2020 ro-
JIa WICHAMU OpraHU3allNH SIBISIIUCH 6oee 90
yupexxneHnit u3 16 ctpan (15 eBponeiickux
rocynapcts 1 bpaswmmst). I1pu 3Tom HanboJTb-
1ee KOJIMYEeCTBO PeTMOHANBHBIX (MYHUII-
MMaJIbHBIX) OPTAHOB ayauTa TPENCTaBICHO OT
Poccuu (17), Tepmanuu (13), @pannum (13),
Hcnannu (12).

BbesycnoBHO, pernoHaIbHbBIE OPTaHbI ayIH-
Ta 00J1aal0T OTJMIUTEIbHBIMY YepTaMU He
TOJIBKO B CBSI3U C HAIMYMEM Ha OTTPeNeIEHHBIX
TEPPUTOPUSIX IKCKITIO3UBHBIX yIIpaBICHYE-
CKMX MEXaHU3MOB M TIPAKTUK B3aWMOJEii-
CTBUSI C UCTIOJTHUTETHbHOM BIACThIO, HO U B CU-
JIy Pa3IMIHOTO BO3pacTa YUPEeXIeHU, KOTH -
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YecTBa M KBAIM(MUKAIIMU INTATHBIX COTPYI-
HUKOB (TabJ. 1).

MupoBOIi OITBIT JOKA3BIBAET, YTO UCITOb-
30BaHue ayauTa 3(pHEeKTUBHOCTU KaK caMoO-
CTOSITEJIEHOTO BUA KOHTPOJIS YIIydIliaeT cam
MpolecC yIpaBJIeHUs TOCYIapCTBEHHBIMU
pecypcamu 3a CUYET MpeT0CTaBICHUs TIOJTHOM,
JIOCTOBEPHOI U 0OBEKTUBHON MH(pOpMaLIUU
00 3¢ beKTUBHOCTU (PYHKIIMOHUPOBAHUS
OpraHM3alMii-1oJib3oBaTeei 0101 KEeTHbIMU
cpenctBamu [10, c. 71].

YuuThiBasi MpaKTUYECKYI0 3HAYMMOCTD
HCCIIEIOBAHMS 3apYOEKHBIX TTOIXOIOB K TIPO-
BeJeHUIO aynuTa 3((PEeKTUBHOCTH, HEJTb3sI HE
OTMETUTH KJIIOUEBbIE (C MO3ULIMIA ompeaese-
HUs 9 GEKTUBHOCTH) chepbl UCTIOIb30BAHUS
OIOIKETHBIX CPENICTB, CPENU KOTOPBIX 31pa-
BOOXpaHeHUe, 00pa3oBaHue, BOeHHas cepa
(6esomacHoCTh) M apyrue. B 1o e Bpemsa
0co00e MECTO 3aHMMAIOT TOCYIapCTBEHHbBIE
pacxoabl Ha pa3BUTUE TPAHCTIOPTHOMW CHC-
TeMBbI, Be/1b OT 3(GhEeKTUBHOCTU (DYHKIIUOHU -
pOBaHUS TPAHCIIOPTA B 3HAYUTEJILHOM CTeTIe -
HU 3aBUCST HE TOJBKO TTOKa3aTeIu HaIuo-
HaJIbHOM (peTMOHATbHOM) SKOHOMUKHU, HO
M XU3Hb TpakiaH.

OO1IeMUPOBBIE TPEHIBI Ha MOBBIIIEHUE
3 HEeKTUBHOCTY MHBECTUIINI B TPAHCIIOPT-
Hy10 cdepy, pa3paboTKy MHHOBALIMOHHBIX
MPOAYKTOB, LIM(pPOBU3ALIMIO U MUHOPMATU-
3alM10, YKpeIUIeHNe 9KOHOMUYECKOW 6e3-
OTIAaCHOCTHU HE MOTJIM HE 3aTPOHYTh POCCHUIA-
CKYIO 9KOHOMUKY, a CTeIeHb UX BIUSHUS
MOAPOOHO OIMKcaHa B Psific HAyYHBIX UCCIIe-
noBaHwmii [11—14].

IToTpeGHOCTH CO CTOPOHKI OOIlIECTBA
1 OM3Heca B KOMITJIEKCHOM OIIEHKE 9KOHOM -
HOCTH, TIPOJYKTUBHOCTU U PE3YJIBTaTUBHO-
CTH MCTIOJIb30BaHUSI PETUOHATIBHBIX ITyO TN~
HBIX PECYpPCOB Ha pa3BUTHE TPAHCIIOPTHOM
cdepnl 00yciioBIeHa 00bEKTUBHBIMU COLIM-
aTbHO-2KOHOMUYECKUMU (paKTOpaMu U TeH-
JEHITUSIMU.

Bo-nepBbIX, rocy1apcTBEHHBIE PACXOJbI,
MPUXOASIINECS Ha Pa3BUTHE TPAHCTIOPTHOM
CUCTEMBI, KOJTOCCAJIbHBI, a peaqn3yeMbie
TPaHCITIOPTHBIE MPOEKTHI TTOBCEMECTHO BOC-
TpeboBaHbl. Tak, 0101keTOM ropoaa MoCKBbI
B 2019 roay B 1e9X COBEpPIIEHCTBOBAHUS
TPAHCITIOPTHOM cepbl MPOophUHAHCUPOBAHBI
MEpOIIPUSTHS Ha OOLIyI0 cyMMy 661,8 mipn
pyo. (26,6 % OT OIOIKETHBIX PACXOIO0B), YTO
0o0JIbIlIE COBOKYITHOW BEJIMYMHBI 3aTpaT Ha
00pa3oBaHUE U 3[paBOOXPAHEHME; OIOIKETOM
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ropoja Cankr-IlerepOypra — Ha OOLIYIO CyM-
My 114,5 mapa py6. (17,6 % oT OI0IKETHbBIX
pacxonoB). [TomuMo cybdenepanbHbIX
LIEHTPaIN30BaHHBIX (DOHIOB pPa3BUTHE TPAHC-
IIOPTHOM CUCTEMBbI (PMHAHCHPYETCS 3a CUET
(eneparbHOTO OIOKETA, @ TAKXKE C yYaCTUEM
YaCTHBIX WHBeCcTOpoB. IIpm a3TOM TIpuMep
POCCHIICKMX METaIloOJIMCOB He SIBIISIETCS He-
TpaguLIMOHHBIM. OYeBUIHO, C POCTOM Hace-
JIEHWS KPYITHBIX TOPOJIOB, 4YaCTO O0YCIIOBJIEH-
HBIM PErMOHaIbHON 3KOHOMUYECKO Tudde-
peHIIMALeli, BI3bIBAIONICH BHYTPEHHIOIO
(MeXXIyHapOAHYI0) MUTPALIMIO, TOTPEOHOCTh
B OCYIIECTBICHUY MH(MPACTPYKTYPHBIX IIPO-
€KTOB B TPaHCTIOPTHO OTpacyv OyIeT TOJbKO
BO3pacTaTh.

Bo-BTOpBIX, TOCYIapCcTBO Yepe3 HOpMa-
TUBHBIC IIPABOBBIC AKTHI BIIMSET HA 9KOHOMHU-
YeCcKoe MOBeJeHNEe BCeX YIaCTHUKOB TIPOU3-
BOZICTBA Y ITOTPEOJICHUST TPAHCITOPTHBIX YCIIYT.
B yacTHOCTH, B yCIOBUSIX HOBOI KOH(UTYpa-
LIMU pBIHKA U HecOaJaHCUPOBAHHOCTU MHTE-
peCcoB ero y4aCTHUKOB 3aKOHOJATEJbHbBIE
M3MEHEHUS TOJKHBI MOTMBHPOBATh BCEX
YYaCTHUKOB PBIHKA K MOBEIIICHUIO 3 heK-
TUBHOCTH pabOTHI KeJIE3HOTOPOKHOTO TPAHC-
IOpTa M COKPAIEHUIO TPAHCIIOPTHBIX 3aTpaT
B 9KOHOMUKE B 1iejiom [15, c. 75].

B-TpeThux, HeMajasg 9acTh pacriojiarae-
MBIX PECYPCOB TOMOXO3SMCTB TpAaTUTCS Ha
YCJIYTU B TpaHCHOPTHOI cpepe. Eciin mocMoT-
peTh Ha pacripeesieH1e PacX0oI0B IO TEITHITb-
HBIM TpyIIIaM HaceJeHusT Poccum, mmpocie-
KMBAETCsl CIAEAYIONIUI TPEHI — C POCTOM
pacrioaraeMbIX JOXOIOB KPaTHO BO3pacTaeT
JIOJISI pacXoloB Ha TpaHcIopT. Hampuwmep,
B MEPBOW AELIMJIBHOM TPYIITE B CPETHEM pac-
XOJIbl Ha TpaHCIIopT coctapistiu 1,3 %, B rs-
toit rpynne — 4,8 %, B neBgToin — 11,5 %
(mannsbie 3a I kBapran 2020 roga) [16]. [Tomo06-
HasI TCHICHIINSI CBOMCTBECHHA 1 €BPOTICHICKIM
crpaHam: B [epmanuu B 2015 rony HaceneHue
MepBOro KBUHTUJISI pacxoaoBaio 7,3 % pac-
IojlaraeMbIX CPEICTB Ha TPAHCIIOPT, IISITOTO
KBUHTUIS — 16,4 %; B Benukobopuranuu — 8,3
n 18,6 % coorBercTtBeHHO; B IIBenu — 8,9
u 15,1 % coorBercTBeHHO [17, c. 12]. B cBs131
C 9TUM TI0JIaTaeéM, UYTO C POCTOM peabHbIX
JTIOXOJIOB HACeJIeHUsI B OyayIieM OyIyT yBeJr-
YMBATbCS PAcXOObl Ha MPOIYKTHI U YCIYTU
TPAHCIIOPTHOTO CEKTOpa KaK B aOCOJIIOTHOM,
TaK ¥ B OTHOCUTEIIbHOM BEIPaKCHUM.

TakuM 00pa3oM, poCT pacXoioB Hacese-
HUS Ha TPAHCIIOPT, YKPYITHEHIE METAITOJIFICOB
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U yBeJMYeHHEe EMKOCTU TOCYIapCTBEHHBIX
TPAHCIIOPTHBIX MPOTPaMM, 3aUHTEPECOBAH-
HOCTb B Pa3BUTHHW TPAHCIIOPTHOU MH(pa-
CTPYKTYPBI U CHUKEHUM TPAHCITIOPTHBIX W3-
JiepXKeK (4epe3 TOBBIIIeHUEe KOHKYPEHITNN)
CO CTOPOHBI OM3HEeca 00eCTIeYnBalOT BbICOKMIA
TTOTEHIIMAILHBII CITPOC B OTHOIIIEHUY PE3YJIb-
TaTOB JESITEIbHOCTA OPTAHOB TOCYAAPCTBEH-
HOTO ayauTa yepe3 OLUEeHKY 3(DhEeKTUBHOCTU
UCMHOJb30BaHUS MYOJIUUYHBIX PECypCOB
B TPAHCIIOPTHOW CUCTEME.

HWHbiMK cioBamu, ob11iee MpaBUIIO CBOM-
CTBEHHO 1 TPAHCMOPTHOI cdepe: Korma pe-
CypChbl OTPaHUYEHBI, HEOOXOAUMO peliaTh
roCyJapCTBEHHBIE 3a7a4M ¢ HAUMEHbBITUMU
pacxogaMu MPpU TOCTUKEHU N O PeaeIEHHbBIX
mejaeil (3KOHOMUYHOCTh) JIMOO TOCTUTATH
JIy4Illero pe3yJjibrata npu (GUKCUPOBAHHOM
00béMe (huHaHCUpPOBaHUS (pe3yabTaTUB-
HocTb) [18, ¢. 367].

B Hacrosiiiee Bpemst B pa3BUTBIX CTpaHaX
opraHbl (G)MHAHCOBOTO KOHTPOJIS IIUPOKO
KCIOJB3YIOT ayauT 3 (HEKTUBHOCTU OIOIKET-
HBIX pacxoioB. B psiie rocynapcTs 10151 ayau-
ta focturaet 50—60 % B COBOKYITHOM 00bEME
MPOBEPOK BBICIIUX OPTaHOB (PUHAHCOBOTO
KoHTpoJIs [ 19, c. 72]. I1pu aToM KoHTposbHO-
cu€THOI majaTtoil MoOCKBBI, HapUMeEp,
B 2016 roay mpoBeneHoO AEBATh ayaUuTOB (-
dbexktuBHOCTH (4,3 % OT O6ILIErO KOJTUYECTBA
KOHTPOJIbHBIX MeponpusTuit), B 2017 romy —
mecTh aynuToB addekTuBHOCTU (2,8 %),
B 2018 rogy — mectb aynutoB 2(PHEeKTUBHOCTU
(2,6 %). BmecTe ¢ TeM ot HeahHeKTUBHBIX
pacxoioB B 001IeM 00bEMe HapyLLIEeHHW B e-
HEXXHOM BbIpaxkeHWU coctaBuaa 87,5 %
B 2016 Tomy, 70,2 % B 2017 rony u 86,3 %
B 2018 romy. CTaTUCTUKA CBUIAETEIHCTBYET
0 BBICOKOM 00bEMe Hea(P(PEKTUBHBIX 3aTpaT
OroIXeTa MPU OTHOCUTEJIbHO HEOOJbIIOM
KOJIMYecTBe ayauToB 3(DHEKTUBHOCTU, YTO
MOAYEPKUBAET KPAHIOW 3HAYUMOCTD IMO-
CJICIHUX.

B 10 xxe Bpems ciaenyeT Nog4epKHYTh, YTO
aynuT 3HEKTUBHOCTU — KOHTPOJIbHOE Me-
ponpusiTue, HalleJEHHOE Ha OompeaeeHue
5KOHOMHOCTHU, TPOAYKTUBHOCTU U PE3YJIbTa-
TUBHOCTH MCITOJIb30BAaHUSI TOCYIapPCTBEHHBIX
pECypCcOB Uepe3 yCTaHOBJIEHUE KPUTEPUEB
U nokazateneil 3heKTUBHOCTU, MOUCK 10-
Ka3aTeJbCTB MO KaXAOMy U3 KPUTEpPUEB
U MPOBOAUMOE C OOJBIIUM KOJUYECTBOM
TPYAOBBIX 3aTPAT, C UCTIOJIb30BaHUEM UH(OP-
MaIIMOHHBIX CUCTEM, OOJIBIIIUX JaHHBIX, Ma-

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 184—206 (2020)

TEMaTUYECKUX METOAOB, C MPOBEIEHUEM
OIPOCOB 1 UHTEPBBIO. B CBA3M ¢ 3TUM KOJU-
YeCTBO U KaUY€CTBO MPOBOJUMbBIX POCCUNCKU-
mu KCO ayautoB a3(p(HeKTUBHOCTU 3aBUCUT
OT psina GakTopoB:

* CYILIECTBOBAaHWE PKOHOMUYECKUX, MO-
JIMTUYECKUX, COLUATBHBIX, SKOJOTNYECKUX
W APYTUX PETMOHATBbHBIX 0COOEHHOCTEN;

* CYLIECTBOBaHUE HALIMOHAJIBHBIX HOPM
(cTaHAapTOB) W TPaAULIMIA OCYILIECTBICHUS
aynuta 3((beKTUBHOCTY;

* pa3IUYHbIE CTPYKTYPHI OI0IKETA U 00b-
€M MPOBEPSIEMbIX CPEICTB;

* pa3juyHag IITaTHasE YUCIEHHOCTb pe-
TUOHAJIBbHBIX OPTaHOB TOCYAAapPCTBEHHOTO
ayauTa;

* YHUKQJIbHOCTb PETMOHAIBHBIX CUCTEM
yIpaB/ieHUs, HATUYUE YCTOSIBILIMXCS MPAKTUK
B3aumoneiicteuss KCO ¢ UCMOJHUTEIbHOMN
BJIACTHIO.

AYOUT 9DDEKTUBHOCTU
TPAHCIMOPTHOW CHEPDI
B LLUOTJIAHOUU

B wactu MeTOIMKY U MPAaKTUKU TIPOBEIE-
HUsT aynuTa 9¢(HEeKTUBHOCTHU B TPAHCIIOPTHOM
cdepe 3HAYUTETBHOTO BHUMAHUS 3aCTyXU-
BaIOT OpUTAHCKUE PETMOHATBHBIE KOHTPOJIb-
HBIE OPTaHbI, YTO OOBSICHSCTCS HATUUYNEM
MEepPeaOBbIX TPAHCTIOPTHBIX TEXHOJOTUIA,
0COOEHHO B KPYITHBIX TOPOJAX, U BBICOKUMU
TpeOOBaHUAMU OOIIECTBA K TPAHCTIOPTHOM
cucTeMe.

Aynut acddexkTuBHOCTH B Bennkobpura-
HUU HaIpaBJieH Ha cOOp 10Ka3aTeIbCTB, T10-
3BOJISIIONIUX CIEJIaTh BHIBOJ O COOTBETCTBUU
3aTPavueHHBIX CPENICTB U TTOJTyYeHHBIX PE3YJTb-
TaTtoB. Takum obpaszom, HanmoHanibHOE
yrnpasieHue aynuta BenukoOputaHuu rpu
MpoBeIeHNY ayauTa 3(P(heKTUBHOCTH OpUEH-
TUPYETCS UCKITIOUUTETHHO HAa KOHEYHBIE pe-
synbrathl |20, ¢. 96].

CTpYKTYypHO pETMOHAIbHBIE OPTAHbI ayIH-
Ta B BenmmkoOputaHUM MMEIOT HeMaJio 0COOEH-
HocTeit. B wactHocTu, Aynut Illotnangum
(Audit Scotland) BxmiouaeT [eHepanbHOTO
aynutopa [ormmannuu (Auditor General for
Scotland) u Cuérnyio komuccuio (Accounts
Commission). [Tpu aTom [eHepanbHbIit ayam-
top [loTnannuu oTBeyaeT 3a ayIuT BCEX TOCy-
JapCTBEHHBIX OPTaHOB (KPOME MECTHBIX),
cpeny KOTOPBIX MPAaBUTENIHCTBO U MPABUTEITb-
ctBeHHbIe yupexnenus: [llotnanauu, monm-
1IVST, TIOSKapHBIE CITYXKOBI, KOJUTEIKY U IPYTHE.
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PesynbraTom nesiTeTbHOCTH SIBISIETCST OTYET
repes rmapjaMeHTCKUM KoMuteToM mo rocy-
JAPCTBEHHOMY ayJIUTy U 3aKOHOAATEIbHOMY
Haazopy. B cBoto ouepenn, Cu€THass KOMUCCUS
SIBJISIETCST BHEIITHUM KOHTPOJIEPOM TOCymap-
CTBEHHBIX PAaCXOJ0B MECTHOTO CaMOYIIpaBJie-
HUSI, CIIOCOOCTBYIOIIMM TIPUHSTUIO (KOPPEeK-
TUPOBKE) YITPABJICHUECKUX PEIICHUI MECTHBIX
coBeroB. Kontponép aynura (Controller of
Audit) oruutsiBaetcs nepen CUETHON KOMUC-
CHei 1o BoIpocaM, MpeACTaBISIONIAM O0IIe-
CTBEHHBIN MHTEpEC JJISI MECTHBIX OPTaHOB
BJIACTH, Y BBIIEJISIET TPOOIeMHBIE 00JaCTH.

Ot umenu IenepanpHoro aynutopa LloTt-
mauauu U CY€THOW KOMMCCUM €XeTOTHO
MPOBOAUTCS 0KOJIO 15 aynuToB 3pPeKTUBHO-
CTHU, OTUYETHI 1O pe3yIbraTaM KOTOPBIX 0N~
JKHBI OBITh TOYHBIMU W aKTyadbHBIMU. JIJIst
ATUX LieJel OOJBIIMHCTBO ayAuTOB 3P deK-
TUBHOCTH Pean3yeTcsl ¢ ydacTHUEM TPYMII
KOHCYJTBTAaHTOB, TTPUE3KAIOIINX U3-32 ITpeJie-
JoB [Mommannuu. Yaiie Bcero Takue rpymiibl
BKJTIOYAIOT OT IIECTH JIO AECSITH WIEHOB, 00-
JIQIAIOIINX CIIeIIMaIbHBIMUA 3HAHUSIMU B TIPO-
BepsieMoli cepe.

W3 coBoKynmHOCTU aynuTOB 3(pHeKTUBHO-
CTH TPAHCIIOPTHOU cepbl, TPOBEAEHHBIX
TenepanbubiM aynutopom LlloTnananu, Bbi-
JIeJIeH 11 pACCMOTPEHUS aynuT 3 PEeKTUB-
HocTH « TpaHCTIOPTHBIE TAPOMHBIE TIEPEBO3KU
otnanauu» (okTs16ps 2017 roma) [21].

OTYéT no pe3ysabpratam aynuta 3G heKTUB-
HocTH « TpaHCTIOPTHBIE TAPOMHBIE TIEPEBO3KU
otnanauu» conepXuT pe3tome (CTaTUCTU-
YyecKue CBeICHUsI, peKOMEHIAIlUK, CBEACHUS
O TIpeIMETE ayanTa B CKaTOM BUJE), YEThIpe
OCHOBHBIE YacTH (MapoMHBIE MEPEeBO3KHU
B LloTnananu, pacxobl U pe3yIbTaTUBHOCTbD,
3aKyIKH, JOJTOCPOYHOE TIIIaHWPOBAHUE),
TIPUJTOKEHMUST.

Wcxons n3 maHHBIX OTYETA, TIpOBEpsieMast
cepa xapakTepusyercs CICAYIOIIUMU CTaTU-
CTUYECKUMU CBEeNeHUSIMU (Ha MOMEHT (hop-
MUPOBaHUS OTYETA):

* B lloTmanauu GyHKIMOHUPYET 66 pe-
TYJISPHBIX TADOMHBIX MapIIPYTOB, yIIpaBIsie-
MBIX TOCYIapCTBEHHBIMU M KOMMEPUYECKUMU
oriepaTopamu;

* B 2016—2017 rr. motpaueHo 209,7 MIH
(GyHTOB CTEPAUHTOB TOCYyAapCTBEHHBIX
CPENCTB Ha TApOMHbBIE TIEPEBO3KHU U aKTUBHI,
TaKue Kak cyJa v raBaHu;

* CYIIECTBYET TPU OCHOBHBIX ITAPOMHBIX
KOHTpaKTa, 1Mo KOTOpbIM cyocuaupytorcs 32
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MMapOMHBIX MapIIpyTa U eXKEeroIHOM TTepe-
BO3KM 00Jiee 5 MJIH YeJIOBEK;

* 3a jecaThb jetT, HaunHasg ¢ 2007 rona,
pacxo/bl Ha TapOMHOE COOOIIIeHNE BO3POCIIU
Ha 115,0 % B peasibHOM BbIpaXKEHU U, KOJIMYE-
CTBO IMaccaxupoB yBeaunuuiaoch Ha 0,3 %,
KOJIMYECTBO aBTOMOOWIIEH — Ha 16,8 %;

* 0K0JI0 99 % TapOMHBIX PeiicOB GbLIU
BBITIOJTHEHBI BOBPEMS 1 Oe3 3aIepKeK.

C y4€ToOM OrpaHUUYEHHBIX OHOJXKETHBIX
pacxomoB Ha (PMHAHCHPOBAHNE OTMEUECH PUCK
HECOOTBETCTBUSI CIIPOCY KayecTBa U 00bEéMa
OKa3bIBacMBIX B IIpelesiaX BHIACICHHOIO
OIO/IKEeTa YCIIYT MAapOMHBIX TIEPEBO30K.

Kpowme toro, [eHepaabHBIM ayoIUTOPOM
IMotnaHIMM MPOBOAMTCS aHAIN3 3aKyIOY-
HOM JeITeIbHOCTH C BBIICICHHEM IIPo0IeM
u HegocTaTkoB. K mpuMmepy, B xozie ocyiiie-
CTBJICHHMSI TIPOLIEIYPHI OMPeIeICHUS orepa-
TOpa IMMapOMHO TMHUY B (popMaTte TeHIepa,
B KOTOPOM yYacCTBOBAJIM B¢ KOMITAaHWH,
nHGopMaIKs MO BOIIPOcaM, CBSI3aHHBIM
¢ TIpeAMETOM 3aKyIKW, ObLIa 3aIlpolleHa
6osee 800 pa3, mpu 3TOM UMEIU MECTO 3a-
IEPpXKHU B MPEIOCTaBICHUN KOMITaHUSIM
BasKHBIX CBCICHMIA.

ITo urtoram TeHaepa mobeauia 3asBKa,
IIeHa KOTOpoil cocTtaBuia 868 MIIH (YHTOB
CTEePJIMHTOB, UTO ObLIO Ha 128 MJTH HUXE, YeM
MPEAToJIarajioch YIpaBJieHUEM TpaHCIIOpTa
Iotnanauu. IMpu sToM 350 00s13aTENBLCTB,
colepKalInxcss B KOHTpaKTe, He ObIIN Olle-
HEHBI B ICHEXXHOI (hopMe, B pe3yIbTaTe 4ero
rocJjie OOHOBJIEHUST KOHTPAKTa €T0 CTOMMOCTh
yBeIn4Ynaach 10 975 MiTH (pyHTOB CTEPJIMHIOB.

YkazaHHBIC TIPOOJIEMBl U TEHACHIINH,
BBISIBJICHHEIC B TTpoliecce ayauTa 3(pheKTnB-
HOCTH, HAIIJIM OTpaXkKeHNe B peKOMEHIAIMSIX
1O €TO UTOTaM.

Tak, Ynpasnenuto tTpancnopra Llotnan-
MU peKOMEHIOBAHO:

1. PazpaboTaTh 4OJIrOCPOUYHYIO CTPATETUIO
B MacmTabax Bcei IloTmanaum o ceTn
CyOCHIMPYEMBIX ITAPOMOB C YIETOM:

* TIporpecca, HalleJlero oTpaxkeHne
B [11aHe TTapOMHBIX IIeperpas;

* (puKcammu TMpearoIaraeMbIX BEITOI OT
CyOCUIMPYEeMBIX TAPOMHBIX TIEPEBO30K, UX
BKJIaJIa B TOCTIDKEHNE HAITMOHAILHBIX Pe3YJTb-
TaToOB M CIIOCOOOB €T0 M3MEPEHUSI, MOHUTO-
pWHTa;

* BKJIIOUYEHUSI OLEHKU JTOJTOCPOUYHON
IOCTYITHOCTH 3aTpaT Ha YCIYTHM M aKTUBHI
(c y4€ToM OIOIKETHOI CTpaTeruun);

ConpateHko U. A. 3apyb6exHbie noaxoabl K NpoBeAeHuio ayanuta 3¢ deKTUBHOCTA TPAHCNOPTHON CUCTEMBI
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* pacripeieJieHUsl pacxoioB MO MPUOPU-
TeTaM BHYTPM ITADOMHOM CETH;

* PETyJISIPHOTO MOHUTOpPUHTIa pa3pabo-
TaHHOM CTPAaTEerny B YaCTU CBOEBPEMEHHOCTHU
OI0IKETHOTO OOecIieueHusl, aKTyalbHOCTU
rokasaTesieil 1 JOCTYITHOCTU YCIIYT.

2. Yoenuthcs, 4yTo YrpaBieHUE TpaHC-
nopta loTnanauu pacrosiaraeT COOTBET-
CTBYOIIMMMU pecypcamMu s pa3padboTKu
cTparernu, e€ MOHUTOPUHTA 1 (hOpMUPOBaA-
HUSI OTYETHOCTHU MO JOCTUXEHUIO LIeJIei
CTpaTeruu.

3. TToBBICUTH TTPO3PAYHOCTH MTAPOMHBIX
YCIIYT U CO3[1aTh BO3MOXHOCTb OLIEHKHU Kaye-
CTBa yCJIYT MOJIb30BATEISIMU (YKPEITUTh COLIU -
aJIbHYIO OTJauy).

4. YAy4mTh MEXaHU3M roCyIapCTBEHHBIX
3aKyMOK YCJIYT MO OCYIIECTBJIEHUIO TAPOMHBIX
MEePeBO30K C YYETOM:

* (hopMUpOBaHUST 3aKYTTOYHBIX KOMUCCHIA
COTpYIHUKAaMM C KBanudukaimeir B chepe
3aKyTOK 1 OITBITOM pabOTHI B TADOMHOM CEK-
TOpE;

* YBEJIMYEHUSI BPEMEHU Ha TTOATOTOBKY
MPOEKTHOM JTOKYMEHTAIINH;

* obecreyeHNs TOUHOCTH, aKTyaJIbHOCTH
Y ITPO3PAYHOCTH CIIelIMUKAIIA KOHTPAKTOB
JUTSI TIOTEHITMATBHBIX Y9aCTHUKOB TOPTOB;

* MpeIoCTaBJeHUsT YYaCTHUKAM TOPIOB
YETKOI, KAUEeCTBEHHOUW M CBOEBPEMEHHOM
nHdopMauu.

Kpome storo, YmpasieHuo TpaHcmopTa
[loTnanauy COBMECTHO C TAPOMHBIMHM OTIe-
paTopamMu PeKOMEHAOBaHO MPOAYKTUBHEE
B3aMMOJIEICTBOBATh B paMKax peaausalnu
cBoMX (DYHKIIMI U 00SI3aHHOCTE.

Cremyetr OTMETHUTh, 4TO B BenmmkoopuTa-
HUU 0c000€ BHUMaHUE yIeaseTcs pa3padoT-
K€ CTpaTernuyeckKux JOKYMEHTOB B cdepe
TpaHCIIOPTa, HAIPaBJIeHHBIX HA MHBECTUIUU
B MHHOBAlLIMU. B yacTHOCTH, IpUHSTA U pea-
JIN3YeTCSI TEXHUYECKasl CTpaTerus XeJe3HO-
JIopoxkHoro TpaHcnopTa [22, c. 80]. [Tpu aTom
000CHOBAHHOCTh Pa3pabOTKU U XOI peanu-
3allMM CTPATErNii YaCTO BBICTYMAIOT ITPEME-
TOM aynuTta 3HEeKTUBHOCTH.

AYOUT QDDEKTUBHOCTU
TPAHCMNOPTHOW CUCTEMbI
nPOBUHUUN MAHUTOBA (KAHALA)
B vactu permameHTanMu U OCYIIECTBIIE-
Hus aynuTa 3(pHeKTUBHOCTU UCTIONb30BaHUS
TOCYyIapCTBEHHBIX PECYPCOB B TPAHCTIOPTHOM
CHCTEME HENTb35T HE OTMETUTh PETMOHAIbHBIE
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OpraHbl BHEITHETO TOCYIapCTBEHHOT O (DMHAH-
coBoro koHTposis KaHapb!.

OnHUM 13 HauboJIee MPO3PaYHbIX C MO3U-
1MUY pa3MeleHuss MHGOPMAaIK B OTKPBITBIX
WCTOYHUKAX TPeNCcTaBisieTcs YOpaBieHUe
TenepanbHoro aynuropa MaHutoObl. TeHe-
PaJIbHBIN ayIUTOP, Ha3HAYAeMbIl Ha IECSATU-
JIETHUI CPOK 3aKOHOJIATEIbHBIM COOpaHUEM
MaHUTOOBI, MPU COAEHCTBUU 55 IITATHBIX
COTPYIHUKOB YMNpaBJI€HUS OCYIIECTBISET
TOCYIapCTBEHHbIN aynUT B BUAE (GUHAHCOBO-
TO ayINTa U «ayAnTa MPOEKTa», MOApa3AesIsito-
1erocst Ha ayauT 3¢ GEeKTUBHOCTH, CIIELIMATb-
HBII aynuT (pacciaenoBaHus) U ayauT UHOOp-
MalMOHHbIX TexHosoruil (IT-ayaur).

ITpakTukoii nesaTeJbHOCTH [eHepaTbHOTO
aynutopa MaHUTOObI aynut 3(hHeKTUBHOCTU
3aKpervi€H KakK cucTeMaThuyeckasi oleHKa
pe3yJbTaTUBHOCTU YIIPaBJIE€HUS Tocyaap-
CTBEHHBIM OPTraHOM WJIX TTPOTPaMMOIA C yué-
TOM pacrioJjlaraéMbIX MTOJJTHOMOYU U pecyp-
coB. [TocpencTBoM OCyIIECTBICHUS ayauTa
3(bGEKTUBHOCTU UCCETYIOTCS UHCTPYMEHTBI
TOCYAapCTBEHHOTO YIIPABJICHUS U BHYTPEH-
HEro KOHTPOJsI, CUCTeMa OTYETHOCTHU B 00-
JIACTSIX, UMEIOIIMX CTpaTernyeckoe 3Haye-
HUeE, C Lebl0 MPpeaocTaBIeHUs 3aKoHOAa-
TeJIbHOMY COOpaHUIO HE3aBUCUMOM U 00bEK-
TUBHOU MHMDOpPMALUMU O AEITEIbHOCTHU
OpPraHOB UCIOJHUTEIbHOM BJIACTH.

B Manuto6e aynut 3peKTMBHOCTU Kak
MPOLIECC COCTOUT U3 YETHIPEX STAMOB, BKIIO-
yas ¢pasy maaHupoBaHus, (asy odclienoBa-
HUs, a3y OTYETHOCTU U KOHTPOJIb COCTOSTHUS
pexomeHnauuit (puc. 1).

Bo MHOTOM poccuiickue CTaHAapThI ayIu-
Ta 5 GEKTUBHOCTY MPEIYCMaTPUBAIOT TY XK€
MOCJIEA0BATEIbHOCTD IEMICTBUIA, UYTO X KaHAI -
ckue. Ilpu atom B KaHazne akueHTUpyeTCs
BHUMaHUE Ha HEKOTOPBIX 3HAYMMBbIX, Ha HaIIl
B3IJISIAL, IPOLIETypax.

Bo-nepebix, pazpaboTka 1ieseit U KpuTepu-
€B OLIeHKU 9(D(HEKTUBHOCTU OCYIIIECTBISIETCS
Ha 9Tare IiaHupoBaHus. BBuay Toro, 4yTo no
KaXJ0MY U3 KpUTEPUEB NTPOU3BOAUTCS cOOp
ayAUTOPCKUX 10KA3aTEeIbCTB, BAXKHOCTh pa3-
paboOTKU KPUTEPUEB CIOXHO MEPEOLICHUTD.
IIpu stom poccuiickumu KCO kputepuu
YacTo A0padaThIBAlOTCS B XOJé OCHOBHOTO
aTarna (¢paza o0caeqoBaHus), UTO 3aTSATUBAET
Mpolecc ayiuTa U HUBEJIUPYET Pe3yJIbTaThl
JTana rIaHUPOBAHUS.

Bo-6mopuix, 0coOble METObI Y IPOLIEAYPbI
aynuta 3(pHEeKTUBHOCTU, TOBCEMECTHO UC-

ConpateHko U. A. 3apyb6exHbie NoaxXoabl K MPOBEeAEHMNIO ayanTa 3P PEKTUBHOCTN TPAHCMOPTHON CUCTEMBI
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H ®dasza TUTAaHUPOBAHUSA %

» OmpenerneHne TeMbl ayiuTa dQGEKTHBHOCTH € YYETOM (PUHAHCOBBIX MAacIITaboB
npeamera ayaura, NOTCHUIHAIIBHOIO BJIMAHUA HAa COLMAJIBHBIC, DKOJIOTHYECKUE U
SKOHOMHYECKHE ACHEKThl JKU3HEACATENIBHOCTH MaHUTOOB!, HAJIWYMs BBICOKOH
CTeeHH 00LIEeCTBEHHOTO HHTEPECa, HAMUNs ayIUTOPCKUX MPOBEPOK B MPOLIIOM;

« TIpeBapuTenbHOE H3yUCHHE TIPEIMETa ayINTa, OLEHKA OCHOBHEIX PHCKOB;

* Omnpeznenenne 06bEMa ayIuTa 1 COOTBETCTBYIOIIHX CPOKOB;

* PaspaGorka neseii u kputepues ayauta d3GHeKTHBHOCTH;

* IInanupoBanue ayqMTOPCKHX IIPOLEAYp IS ONTHMHU3ALMK cOOpa ayTuTOPCKHX
JIOKa3aTeNIbCTB;

* OreHka KOMIETEeHIi paboteit rpyIibl i HeOOXOAMMOCTH TIPHBIICUCHHS BHEIITHIX
9KCIIEPTOB;

* OmnpesienieHne akTyalbHOCTH M JOCTOBEPHOCTH PE3y/IbTaTOB BHYTPEHHETO ayIHTa;

» ®opMHUpOBAaHUE IUIAHA AyAUTa, COJACPIKAIIEIO AyIUTOPCKMH MOAXOH, ¢ y4ETOM

Puc. 1. 3tanel (pa3sbi)
npoBeneHUs ayauTa

pa3Mepa H CII0)KHOCTH ayauTa. agppekTuBHOCTU
daza o0OcenoBaHus leHepanbHbIM

* TIomydeHNe JOCTATOUHBIX U JOCTOBEPHBIX ayIUTOPCKHIX NOKa3aTCIbCTB HA OCHOBE ayanTopom
CBOEBPEMEHHOTO [OIy4eHHUsI HH(POPMALIMH OT ayINPyeMOil OpraHu3amun; MauunTobbl. UICTOYHUK:

* Vicrionb30Banue [UTsl MOMyHICHHS JOKA3aTEIbCTB PA3INIHBIX METOJ0B U TIPOILEaYD, OduunanbHbIi
Cpeny KOTOPBIX HHTEPBbIO, OCMOTP 0OBEKTOB, 3alPOCH! JOKYMEHTOB, CPAaBHEHHUE C caiit YnpasneHus
AQHAJIOTUYHBIMU OPTaHU3ALUSIMH, AHAIIM3 JAaHHBIX U APYTHE, leHepansHoro

* Paboune BCTpeun ¢ IPEICTABUTEISIMU ayIUPYeMOM OpraHu3alid B LEJsX ayanTopa MaHuToO6b!.
00CYK/ICHHS TIPEIBAPUTEITBHBIX PE3YIBTATOB H C(OPMUPOBAHHBIX BHIBOIOB. [3neKTpoHHbI

pecypc]: https://www.
oag.mb.ca. foctyn
21.09.2020.

®dasza oT4€THOCTH

H %

* IloAroToBKa aytuTOpCKOro OT4€Ta, B KOTOPOM OTPAkKAIOTCA BHIBOJABI O
JIEATENILHOCTH  TIPOBEPSEMO  OpraHW3allid B COOTBETCTBMM C  LEIAMH M
KpUTEPHSIMH aynuTa P HEKTHBHOCTH;

* OrpaxkeHne B OTYETE PEKOMCHIAIMH IO YIydIICHHIO pabOTHl B CITydasX, Koraa
TIPUCYTCTBYIOT CYIUECTBEHHBIC Pa3Indusad MEXKIAY KPUTEPUAMU U pE3ylnbTaraMu
JIeSTeIbHOCTH 00bEKTa ay/IuTa;

* IToaroToBKa MpOBEPAEMON OpraHu3alueil oQUIMAIBHOTO OTBETa C YKa3aHHEM
JIeHCTBHIA, KOTOpBIE OyIyT MPEANPHHATBI U1l PEUICHUs poOIeM.

-

* OTcneXknMBaHUWE CTaTyca BHEAPEHWS pPEKOMEHAAUHMH B ILEISIX  OOeCHedeHus

KOHTPOJIL COCTOAHUS peKOMeHI[almﬁ

. HJIaHPIpOBaHHC KOHTpOJIA  3a

€KEroJH0O B TE4eHHE JIByX JIET);
OTBETCTBEHHOCTD 3 BBIIOJTHEHHE PEKOMEHIALINH.

MIEPMAaHEHTHOT'0 aHaM3a 3 (EKTUBHOCTH TOCYIAPCTBEHHON IPOTPaMMBI;
PEKOMEHIANUAMH  (KOHTPOJIBHbIC
IUIAHUPYIOTCSL BHEpBble 4epe3 18 MecsieB mocie BbIxoga OT4€Ta, M jajiee
poBepsieMbIe

JieHcTBUS

OpraHu3aluu  HeCcyT

MOJIb3yeMble KaHAJICKUMU OpTraHaMy rocyaap-
CTBEHHOTO aynuTa, B Poccuu ¢ yu€tom oTcyT-
CTBUSI 3aKPETUICHMSI MX B CTAHIApTaX HE BCeTa
WCTIONBb3YIOTCS, YTO Ha MPAKTUKE TPEIoTIpe-
JesisieT cMmellleHne (GUMHAHCOBOTO ayauTa
u aynura 3(h(heKTUBHOCTH.

B-mpembux, 4€TKO yCTAHOBJIEHHbIE CPOKU
OCYIIIECTBIIEHUsI KOHTPOJIS 32 PEKOMEH 1Al -
MM CITOCOOCTBYIOT CTAOUJILHOMY BHEIPEHUIO
STUX PeKOMEHOAIINI U TTOBBIIICHUIO OTBET-
CTBEHHOCTU OOBEKTOB ayauTa.

OCHOBHBIM MEPUJIOM KaueCTBa ITPOBEIEH-
Horo aynuTa 9 (GEKTUBHOCTU SBIISIETCST CO-
JepxxaHue oT4é€Ta O ero pesyabraTtax. s
OLICHKM CTPYKTYPHI OTYETA U PE3yJIHTAaTOB
aynurta 3Q(QEeKTUBHOCTA B TPAHCIIOPTHOM
cepe paccMOTpeH OTUYET MO UTOTaM ayIuTa
3¢ heKTUBHOCTU «be3onacHocTh KoMmMepue-
cKoro TpaHcmopTa» (mexabps 2019 roma) [23].

OTuéT 1o nToram ayaura 3 GeKTUBHOCTH
«be3omacHOCTh KOMMEPYECKOTO TPaHC-
MopTa» BKJIIOUWI B ce0sl HECKOJIBKO pasfie-
JIOB, CBOMCTBEHHBIX JIJISI OCHOBHOM MacChl
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ayIUTOB, MPOBENEHHBIX [eHepabHBIM ayIK-
TOpoM MaHUTOOBI: KOMMeHTapuil [eHepaib-
HOTO aynuTopa (BBEIEHUE), KIIOUEBBIE ac-
MEeKThI OTYETA B CXeMaTUYHOM BHJIE, OCHOB-
HbIe TTOJIOXEeHUS (MOJAPOOHOE pacKpbITUE
KJIOYEBbIX MOMEHTOB OTUY€Ta), OTBET OT
MPOBEPSIEMOI OpraHU3alllu, CIIpaBOYHas
nHbopMaIus, cBeIeHUs O eI, 00bEMe
M MeTonax aynurta 3(HeKTUBHOCTH, BBIBOIBI
U peKoMeHJanuu (OCHOBHOU UM Haumbosee
O0BEMHEBIN pa3ien).

CornacHo koMMeHTapuio [eHepaibHOTO
aynuTopa MaHUTOOBI, HA MOMEHT KOHTPOJIb-
HOTO MEPOTIPUSITHSI CYIIIECTBOBAJ Psia TPOO-
JieM B cpepe 6e301macHOCT KOMMEPUECKOTO
TpaHCIIOpTa:

* TPy30BbIe aBTOMOOWJIM Maccoi Gosee
4500 KT TIpeICTaBIISLIN PUCKH O€30ITaCHOCTH;

* B pe3yJibTaTe TOPOKHBIX POUCIIECTBUIA
11 genoBex morn6m, 533 JyenoBeKa IMOTYIIIN
TPaBMBbI;

+ JlenaptaMeHTOM MHGbPACTPYKTYPHI BbI-
maHo 7500 cepTuduUKaTOB COOTBETCTBUS

ConpateHko U. A. 3apyb6exHbie noaxoabl K NpoBeAeHuio ayanuta 3¢ deKTUBHOCTA TPAHCNOPTHON CUCTEMBI
Ha pernoHasnbHOM ypOBHE




Tab6smna 2

Ieau u kputepun aynuta 3dexkTuBHOCTH «Be30MacHOCTh KOMMEPYECKOTr0 TPAHCIOPTA»

Lenn

Kpurepun

OLIeHUTD aI€KBATHOCTD
TIporpaMMbl
obecrieueHust
06e30MmacHOCTH
ABTOTPAHCIIOPTHBIX
CpEeJICTB

* Bce aBTOTpaHCIOPTHBIE KOMITAHUM, KOTOPBIM TPeOYIOTCS CepTU(hUKATHI
0e3011acHOCTH, JOJKHBI MX TOJTYYUTh.

* Ceptudukarbl COOTBETCTBUS TPeOOBaHUSIM GE30MACHOCTH (KaK MepBOHAYaIbHbIC,
TaK U NMpojJieBaeMble) JOJKHBI BbIIABAThCSI TOJIBKO MEPEBO3UMKAM, KOTOPbIE
COOJTIO/Ial0T YCTaHOBJIEHHBIE TPEOOBAaHMS O€30MTACHOCTH.

* PeiiTHIM 6€30MacHOCTHU AOJIKHBI OBITh TOTMYECKH ONPEeIeHbl U JOJKHBIM
00pa3oM MOATBEPKIAEHBI.

* [IpoBepku rpy30BOro TpaHcropTa J0JKHBI 9(PhEeKTUBHO CIOCOOCTBOBATh
TIOBBILICHHIO 6€30MaCHOCTH MEPEBO3UNKOB.

OLIEHUTb CUCTEMY

* JIOJKHBI OBITh BHEIPEHBI CTAHAAPTHI U MOJUTHKA It 3((HEKTUBHOTO PYKOBOICTBA

TIPOBEICHUS MIpOBEPKaMM TPAHCTIOPTHBIX CPEICTB C YUETOM OCHOBHBIX PUCKOB.

JIOPOXHOTO TeXOCMOTpa | * Pe3ynbsrarsl paboThl MHCIIEKTOPOB TOKHBI KOHTPOJIUPOBATHCS, @ HEAOCTATKH
KOMMEPUYECKOTo JIeSITeIbHOCTY MHCIIEKIWi YCTPaHSTCS.

TpaHCIopTa

Ornpenenutb * CrpaTernyeckue rjiaHbl U COOTBETCTBYOILIME LIEIU TOJKHBI ObITh pa3paboTaHbl HA
aJIeKBaTHOCTh OCHOBE JOCTATOYHOU W aKTyaJIbHOU MH(DOPMAIIHN.

TJIAHUPOBAHUS + Crparernyeckoe MiIaHUPOBaHKE JOJIKHO BBISIBIISATH U YUUTHIBATH PUCKH, & TAKKE
W YIIpaBJICHUST 3HAYMMBIe TIoKa3aTesu 3OEKTUBHOCTH.

3¢ HEeKTUBHOCTHIO  JlenmapTaMeHT MHGPACTPYKTYPHBI TOJIKEH COOOIIATh O KIOYEBBIX aCeKTaxX

0e30MacHOCTY KOMMEPYECKOTO TPaHCIOpTa.

Hcrounuk: Independent Audit Report «Department of Infrastructure: Oversight of Commercial Vehicle Safety». [Dnexr-
PpOHHBIN pecypce]: https://www.oag.mb.ca/audit-reports/report/commercial-vehicle-safety/. Joctym 30.09.2020.

TpeOoBaHUSIM O€30MaCHOCTHU, TTO3BOJISIOIINX
sKcruryaTupoBaTh 45000 KoMMepUYeCKUX aB-
TOMOOMJICH, OMHAKO IT0 UTOTAaM ayauTa ycTa-
HOBJIEHO, 4TO JlermapTaMeHT TOJDKEH TIaTe b-
Hee MPOoBepITh MoJTyyaTesei cepTU(UKATOB.

Craenys nenn aynnta 3(p¢GeKTUBHOCTH,
IeHepanbHbIM ayauTopoM MaHUTOOBI ObLIa
HCClIeIoBaHa CUCTeMa Haa30pa CO CTOPOHBI
JlenaptaMeHTa MH(GPaCTPYKTYphbl 3a Oe3omac-
HOCTBIO TPY30BBIX aBTOMOOWJICH, UTO 3aTpO-
HYJIO TIPOLIECCHI, CBSI3aHHBIE C:

* TIporpaMMoii obecrieueHus1 6e30MacHo-
CTH aBTOTPAHCIIOPTHBIX CPEACTB;

* MPOBEICHUEM JOPOKHOIO TEXOCMOTpa
KOMMEPUYECKOTO TPAaHCIIOPTa;

* CTpaTerMYecKUM IUTAHMPOBAHUEM M YII-
paBieHueM 3(pHEeKTUBHOCTHIO.

B cooTBeTCcTBUM ¢ BHYTPEHHMMU CTaHIAp-
TaMu YmpapieHus [eHepalbHOTO ayauTopa
MaHuUTOOBI U151 TOJTYYEHMST ayAMTOPCKUX JOKa-
3aTEJIbCTB 1O KAXKIOW U3 LIEJIEH YCTAaHOBJICHBI
KPUTEPUU OLEHKU 3 (HEKTUBHOCTU (Ta0I. 2).

Kak BuaHO U3 JaHHBIX TA0J1. 2, T10 KaxKA0M
n3 meneit pazpadboransl 2—4 kputepust. Coop
ayIUTOPCKMX OKA3aTeILCTB 110 KasKIOMY 13
KPUTEPUEB TO3BOJIMI C(hOPMHUPOBATH KITIO-
YeBbI€ BBIBOIBI ITO UTOTAM ayauTa 3(P(PeKTrB-
HOCTH: TIporpamMma 6e3omnacHoctu Jenapra-
MeHTa MHOPACTPYKTYPHl HEAOCTATOIHA IIJIst
IIPOBEePKM 0€30MaCHOCTH; MPUCYTCTBYIOT
«IIpOOETBI» B YIIPaBJICHUH TOPOKHBIMUA MH-
CIIEKIIUSIMH; CHCTeMa TNTAHUPOBAaHUS HEJOC-

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 184—206 (2020)

TaTOYHA, MEXaHU3MbI U3MepeHUsI 3(DHEKTUB-
HOCTH HeaJeKBaTHBHI.

CrieryeT OTMETUTD, UTO TIPU YCJIOBUU Ha-
YU KpuTepueB 3(PPEeKTUBHOCTU OTCYT-
CTBYET cUCTeMa Toka3zaTesiell 3 (peKTUBHO-
CTU. YKa3aHHOE OOBSCHSIETCS YCTAaHOBKOU
KavyeCTBEHHBIX, a HE KOJTMYEeCTBEHHBIX KPUTE-
pueB olleHKU 3G (HEKTUBHOCTH.

PexomeHmanuuy mo uroram ayaura 3¢-
(GeKTUBHOCTHU OBIIM pasjiesieHbl Ha TPU
OoJIbIIIME TPYTITHI B COOTBETCTBUU C yCTa-
HOBJIEHHBIMU 1ieJisiMu. Ha puc 2 mpeacras-
JIEHO B 00OOILIEHHOM BUJE COIEpXKaHUE
HEKOTOPBIX peKOMEHIAIINIA.

B pesynbraTe paccMOTpeHMsT peKOMeHAa-
nuii TenepanpbHoTrOo aynutopa MaHUTOOBI
HenapTtamMeHT UHGPACTPYKTYPhI COTJIACUIICS
C HUMM U JaJ1 KOMMEHTAapHUA IT0 TIPaKTUYECKO-
My BHEJIPEHUIO peKOMEHAAINIA, YTO OTpaxKe-
HO B OTYETE.

ByacTtHoCTH, [lennapTaMeHT UH(MPacTpyK-
TYpPBI TIPEIYCMOTPEI BO3MOXHOCTh BHEAPEHUS
MPOBEPKM 3HAHWIA JIJIT HOBBIX OIEPaTOpPOB
KOMMEPUYECKNX TPAHCITOPTHBIX CPENICTB U CO-
OTBETCTBUSI BCEX JiepXKaresieil cepTudukaron
TpeboBaHUsIM Oe3onacHocTu. Kpome Toro,
JUTSI OCYILIECTBICHUST MOHUTOPUHTA KOMMep-
yecKux aBToMmoouiieit B Manutobe [lenapra-
MEHT IJITAaHUPYET COBEPIIIEHCTBOBATH CUCTEMY
nHOOPMAIIMOHHBIX TEXHOJIOTHUH.

Hnst ynydieHus ruiaHupoBaHus Jlenapra-
MEHT UCCJIeyeT BO3MOXXHOCTH 6oJ1ee 2(pheKThB-
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[Mporpamma oGecrieve-
HUSI 0€30TTaCHOCTH aBTO-
TPAHCIIOPTHBIX CPEICTB
(10 pexkoMeHIAIIIIA)

» OneHka 6e30macHOCTH
TOJIKHA OBITH O0s1ee
CTPOTOU W JIOTUIHOM.

* HeobOxoaumo BHepeHUe
Y TapMOHM3ALIUS
MepeaoBbIX METOJOB,
MPUMEHSIEMBIX B IPYTUX
opucnukuusix (Kananer, a
Takke CILA).

VhpasieHre TOpOXHBI-
MW UHCTIEKITUSIMU
(6 peKOMeHTa1IMif)

CrpaTternyeckoe TuiaHu-
pOBaHWeE U YIIpaBIeHUE
3 GEKTUBHOCTHIO
(1 pekomMeHmaIINST)

* HeoOxoaumo n30aBUTLCS
OT MPEeACKa3yeMOCTH
rpaduka paboThl TOPOKHBIX
MHCIIEKLIMI (BECOBBIX
CTaHLIMI) U MOOUJIBHBIX
naTpyJsen.

* Heobxonum
paclIMpeHHbBIIE MOHUTOPUHT
paboThl 0uUIIePOB
JIOPOKHBIX MHCTIEKLIMIA
U pe3yJIbTaTOB UX MPOBEPOK.

* TpebyeTcst oTCeXXMBaHUE

[JemnapraMeHTy cienyet
pa3paboTaTh ¥ BHEAPUTH
TUIaH, KOTOPBIWA:

* OyIeT BKJIIOYaTh
OIpeneeHrue Mep 1o
MPEOI0JCHUIO BbISIBICHHBIX
PVCKOB;

* YCTAaHOBUT MOKAa3aTeJIl
3¢hHEKTUBHOCTH
NIeATEeIbHOCTH
JenaprameHTa.

B OTHOLLICHU U

PEMOHTHLIX ITPOLIEAYD

TPAHCIIOPTHBIX CPEACTB,
HEUCNPABHOCTU
KOTOPBIX BBISIBJIEHBI,

HO He yCTpaHEeHBI B XOJIe
TIOPOXKHOTO KOHTPOJIS.

Puc. 2. 0606wEHHOEe coaepaHne HeKOToPbIX pekomeHaaumii leHepanbHoro ayamropa MaHuTo6sl no
pe3ynbratam ayauta adppekTuBHocTH «6e3aonacHocTb KOMMep4YecKoro TpaHcrnopra». MUctoqynuk: Independent
Audit Report «Department of Infrastructure: Oversight of Commercial Vehicle Safety». [9nekTpoHHbili pecypc]:
https://www.oag.mb.ca/audit-reports/report/commercial-vehicle-safety/. octyn 30.09.2020.

HOTO UCITOJTh30BaHMsI TAHHBIX M 0OMeHa UH(Op-
Malyen B JAIbHEUIIIEM, YIUTBIBAS CYILIECTBYIO-
11I1€ OTHOLLIEHUSI C APYTMMU BEIOMCTBAMM, UT-
parMMU OOIIYI0 POJib B o0ecIreueHUun
0€30MaCHOCTU KOMMEPYECKUX ABTOMOOUJIEIA.

BbIBO4bl

1. YIuThIBast «<MOJIOZOCTE» TEOPUH U ITPaK-
TUKU ayauTa 3¢ dekTuBHOCTH B Poccunm,
0CcO0YI0 aKTyaJIbHOCTb MPUOOPETAET U3YUEHHE
MEXIYHApOIHOTO OITBITa IIPOBEACHMS ayanuTa
3G GEKTUBHOCTH, OCYIIECTBISIEMOIO B psiie
CTpaH ¢ cepennHBI XX BeKa. Bbicokast pa3Bu-
TOCTb PETUOHAIBHBIX TPAHCIIOPTHBIX CUCTEM
Benukobputanuu u KaHanbl B COBOKYITHOCTH
C TIEPEIOBBIMU METOAMM TIPOBEICHUS ayIH -
TOB 3(p(HEKTUBHOCTH O0YCIaBIMBAIOT HE
TOJIBKO BaXKHOCTb, HO MU HEOOXOIUMOCTb HC-
CIICIOBAHMS M 3aMMCTBOBAHUSA «JIyIIIUX
TPaKTUK» 3TUX TOCYIapCTB.

2. Aymut 3¢ eKTUBHOCTH MCITOJIH30BAHMST
rocynapcTBeHHBIX cpencTB B Lllotmanmun
00JIafaeT psAOM OCOOEHHOCTEH Mo CpaBHe-
HUIO C POCCUNCKMMU Me€XaHU3MaMHU OCYIIIe-
CTBJICHHSI BHEIITHETO TOCYIapCTBEHHOTO (hH-
HAHCOBOTO KOHTPOJIS:
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* aynuT lloTiannuu BKIIIOYaAET neaTeb-
HocTb [eHepanbHOTO aynutopa LloTianauu,
OTBEYAIOILIETO 32 ay[TUT BCEX TOCYIaPCTBEHHBIX
opraHoB (KpoMe MecTHBIX), 1 CuétHoii Ko-
MUCCUM, SIBJSIONIEHCS BHEIITHUM KOHTPOJIE-
POM Pacxo0B MyHUIUTTAIUTETOB;

* OOJIBIIIMHCTBO ayanuTOB 3(h(PEeKTUBHOCTH
peanu3yeTcs ¢ y4aCTUEM TPYIIT KOHCYJIBTaH-
TOB, BKJTIOYatoIuX 6— 10 4wieHOB, Tpre3XKaro-
mux u3-3a npegenos Hlotnanauu.

B vactu aynuta 3¢ppekTuBHOCTH TpaHC-
MOPTHOM c(hepbl HA OCHOBE OTYETA 1O PE3YJIb-
Tatam aynuta 3pdexkTuBHOCTU «TpaHCcTOpT-
Hble mapoMHble TiepeBo3ku Llotnanguum»
OTMEYAIOTCS CAEAYIOLINEe OCOOEHHOCTH:

* OTYET MOCTPOEH HA BCECTOPOHHEM aHa-
JIN3€e CTAaTUCTUYECKUX CBENEHUI, BHYTPU
KOTOPOTO OCYILIECTBIISIETCSI OUCK PELIeHUA
CYILIECTBYIOLIUX MPOOJIEM;

* IOMMMO OLIEHKM 3((PEKTUBHOCTU pa-
OOTBI TAPOMHBIX [EPENpPaB MPOAHATU3UPOBA-
Ha CHUCTeMa OCYIIECTBICHUS 3aKyMNOK JJs
CHAOXEeHUS TapOMHOM CeTH;

* PEKOMEHAAlNU 3aHUMAIOT OCHOBHYIO
YacTh OTYETA U COAEPXKAT KOHKPETHBIE MEPO-
MpUSATUS, HEOOXOAUMBIE ISl pealu3aluu
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MPOBEPSIEMOI OpraHu3alell — YipapieHUeM
TpaHcnopta [llloTnanauu;

* 0c000€ BHUMaHUE B PEKOMEHIALMSIX
yIeleHo pa3paboTKe TOJITOCPOYHOM cTpare-
TUU JUISI CETU CYOCUAMPYEMBIX TAPOMOB, CO-
3MAHKI0 BO3MOXHOCTH OLIEHKU Ka4eCTBa yCIIyT
MOJIb30BaTEISIMU, YIYYIICHUIO MEXaHU3Ma
rOCyJapCTBEHHbIX 3aKyIMOK MMapoMOB U Ma-
POMHBIX YCITYT.

3. TenepanbHblit aynutop Manutoos! (Ka-
Hazaa), B CBOIO OYepe/b, OCYIIECTBISET DU-
HAHCOBBIN ayIUT U «ayJAUT TIPOEKTa», BKIIIO-
yaroluii ayaut 3(pHeKTUBHOCTH, CrielhaIb-
HBII aynuT (pacciaenoBaHus) U ayauT uHGbop-
MaloHHbIX TexHoJoruit (IT-aynut). Mexmy
TE€M METOA0JIOT S MPOBEeNEeHUS ayauTa 3 dek-
TUBHOCTU BO MHOTOM CXOXa C POCCUHCKOM
(32 peAKUMHU, HO BAXKHBIMU UCKITIOUEHUSIMU).
[aHHoe siBIeHUEe OOBSICHSAETCS 3aMMCTBOBA-
Huem poccuiickumu KCO y KaHanckux opra-
HOB TrOCYIapCTBEHHOTO ayauTa MepeaoBbIX
METOAUK U MPAKTUK OCYILIECTBICHUS ayauTa
3 HEKTUBHOCTH.

Kak u B llloTnanauu, [eHepanbHbIM ayau-
TOpoM MaHUTOOBI 0CO00€ BHUMAaHUE yIEsI-
€TCs1 JOKYMEHTaM CTPaTernyeckoro iaHupo-
BaHus. [1pu 3TOM B OTUETE MO UTOraM ayauTa
3 dexkTuBHOCTU «be3ornacHoCcT, KoMMepue-
CKOTO TpaHCIIOPTa» MPUBEICHBI MCKITIOUM-
TEJIbHO KAaYeCTBEHHbIE (HE KOJTUYECTBEHHBIE)
KPUTEPUU OLIEHKU 3(PHEKTUBHOCTHU.

B KaHnane kpaiiHe BaXHBI HE TOJIbKO He-
MOCPEACTBEHHbBIE pe3yJbTaThl aynuTta b dek-
TUBHOCTHU, HO U KOHKPETHbIE (TOUHBIE) PEKO-
MEH/IalIM1 OpTaHaM UCIIOJTHUTEIbHOU BIaCTU
IO COBEPIIEHCTBOBAHUIO NESITEIbHOCTH.
B yactHocTH, JenapTtaMeHTy MHGbpacTpyK-
Typbl MaHUTOOBI PEKOMEHAOBAHO:

* BHEIPSTH MepPernoBbie METOABI U IPO-
LIeAyPhI OLIEHKW 3HAHWI BOIUTEJEN B YaCTU
0e30MacHOCTH, MPUMEHsIEMbIE B APYTUX
IOPUCIUKIIUSIX;

* U30aBUTHCS OT MPEICKa3yeMOCTH Ipa-
(urka paboThl HOPOXKHBIX UHCTIEKIMIA (BECO-
BBIX CTAHIIMI1) 1 MOOUJIBHBIX MATPYJIEii;

* pazpaboraTh rnokasatesiv 3HeKTUBHO-
CTU AesTenbHOCcTU [demapTtameHTa uHbpa-
CTPYKTYPbI;

* U3YyYUTb PUCKU 1 HEOOXOIUMOCTb KOOP-
MUHALIMY C IPYTUMU YUPEXKIECHUSIMU.

4. CnemyeT OTMETUTh, YTO MCCIIEOBaHUE
MEXIYHAPOJHOrO OIbITA OCYIIECTBICHUS
aynuta 3(p(HeKTUBHOCTU TPAaHCHIOPTHOM ce-
pPBl JOJKHO MMETh BaXKHBIA MPUKIATHON
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3(bbEKT ¢ TOUKU 3pEHUST BO3MOXKHOCTU BHEI -
PEHUS JIyYIIUX MPAKTUK B JEATEIbHOCTh pe-
ruoHalbHBIX KCO Poccumn, ocobeHHO
B pynkimonupoanue KCIT Mocksbl 1 KCIT
Cankr-ITeTepOypra Kak opraHoB, UMEIOILIUX
3HAYUTEIbHBIN MOTEHIMAJ, OOIIMPHbBIE TPY-
JIOBbIE U MaTepUabHbIE PECYpPCHI. 31eCh lie-
JIecOOOpa3HO BBIAEIUTD, HA HAL B3IJISII, HE-
OTheMJIEMbIE OCHOBBI IMPOBEACHUS ayAuTa
3(HEKTUBHOCTU TPAHCIIOPTHON CUCTEMBI,
MOJTyYMBIIIME IIMPOKOE MPU3HAHUE 32 pyde-
JKOM, HO HAXOSAIIIUECS BCE €11I€ B 3a4aTOYHOM
COCTOSIHUM B psijie CyObeKToB PD.

Bo-nepBbix, HAPaBIEHHOCTb HAa pELIEHUE
npoOsieM YIpaBieHUs perMOHaIbHBIMU ITy0-
JIMYHBIMU PECYPCaMU B LIEJISIX (DOPMUPOBAHUS
KOHKPETHBIX M TOUHBIX PeKOMEHAALUI opra-
HaM UCIOJHUTEIbHOM BJIaCTH, OTBEYAIOIIUM
3a WCTOJIb30BaAaHUE CPEACTB Ha pa3BUTHE
TPAHCIIOPTHOW CUCTeMbl. MeXIy TeM peKo-
MEHIALIMK BKJIIOYAIOT, ITPEXe BCEro, rOTOBbIE
pelleHus, KaK TO: HEOOXOIAUMOCTb MPUHSATHUS
CTpaTeruyeCcKUX JTOKYMEHTOB, BHEAPEHUS
MepeaoBbIX METOAUK COCETHUX IOPUCIUKITAN
U ApyTHUe.

Bo-BTopbix, aynuT 3¢ GEeKTUBHOCTA Ha-
MPSIMYIO CBSI3aH C OLIEHKOW 9KOHOMHOCTH,
MPOAYKTUBHOCTU U PE3YJIBTATUBHOCTHU OO/~
JKETHBIX PACXOMIOB, YTO caMO CO0O0ii moapasy-
MeBaeT HEOOXOUMOCTh OLIEHKN KOPPEKTHO-
CTU TeHAEPHBIX Mpolenyp U 3pHeKTUMBHOCTU
WCIIOJIHEHUSI KOHTpakToB. [Ipeacrapisercs
Pa3yMHBIM BKJIIOUEHUE 3apyOeKHbIMU KOH-
TPOJILHBIMU OpraHaMK MEPOTPUSTUN ayauTa
B cdepe 3aKylnoK TOBapoB, pabOT U yCJIyr
(manee — ayauT 3aKyMoK) B MpOTrpaMMy ayau-
Ta 3¢ (HeKTUBHOCTH, TOraa Kak B Poccuu aynut
3aKYIOK 3a4acTylO BBIIESETCS KaK OTAE/b-
HbIA BUJ KOHTPOJBbHON WU 3KCIEPTHO-
AHATUTUYECKON NeITeIbHOCTH.

B-TpeTbux, ocymectBieHue ayaurta a¢h-
(beKTUBHOCTHU TPAHCIIOPTHOW CUCTEMBI BCETAA
COIPOBOXAAETCS OONBIIMMU TPYyA03aTPaTAMU
B CBSI3U C TPAAULIMOHHO OOJIBIION Joaeit
OIOIXKETHBIX PacXoJ0B Ha TPAaHCIIOPT, YTO
0o0ycyiaBIMBaeT BaXkHOCTbh, a 4YacTO, HEOOXO-
JUMOCTb TIPUBJICYEHUST BHEIIIHUX 9KCIIEPTOB
JUISI KAYECTBEHHOTO MPOBEACHUST KOHTPOJIb-
Horo MmeponpusATus. OgHaKo poccuiickue
pernoHanbHbie KCO He Bcerna UCob3yIoT
TaKy10 BO3MOXHOCTb — YaCTO U3-3a HEXBATKU
PEeCypCcoB ISl TPUBJICYESHUS.

Kpowme aToro, 0co60ro BHUMaHuUs 3aciy-
XXKWBaeT MPe3eHTa0eNbHOCTh U MPOCTOTA
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pPAacCMOTPEHHBIX OTYETOB MO pe3yJbraTaM
ayauToB 2 OEKTUBHOCTU, COAEpXKaAHUE
B HUX KPUTEPUEB OLIEHKU 3 (HEKTUBHOCTH.
JOKYyMEHTBI, HAlTMCAHHBIE MTPOCTBIM U JIO-
TUYHBIM SI3BIKOM C BbIEJIEHUEM MpodeM
TPaHCIIOPTHOM cepbl, MPEaCTABASIOT MO-
TEHIIMAaJ He TOJIKO ISl 3aMHTEPECOBAHHBIX
CTOPOH, HO U [T PSIAOBBIX TPaXKIaH, Mpea-
MpUHUMATEIICH.
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s institutions overseeing the legitimate
Aand effective use of centralized funds,

the supreme and regional bodies of
external public financial control (state audit) in
several countries are endowed with a special
status and broad powers, supported by a high
degree of responsibility to citizens. In other
words, the place and role of government audit is
predetermined by the needs of the society. In
this context, the relevance of studying the long-
term foreign practice of state audit, including at
the regional level, multiplies.

Issues related to the international practices
of regulation and implementation of external
state financial control are discussed in detail in
several scientific works [1—7]. Meanwhile, the
subject area of most studies refers to the results
of activities of supreme audit bodies, while
regional audit bodies (especially foreign ones)
often «remain in the shadows».

In view of the above, the main objective of
the research is to study and analyse international
standards for auditing effectiveness of the use of
public funds in the transport sector and relevant
practices of organising a system of external state
financial control at the regional level in several
countries (Great Britain and Canada), in terms
of opportunities for borrowing advanced tools
by Russian CAB.

In addition to studying various sources of
information, including foreign ones, the study
used methods of comparison, analysis and
synthesis, induction and deduction, and
statistical methods.

Russian realities and the relevance of
international cooperation

Since 1994, a system of sub-federal control
and accounting bodies (hereinafter referred to
as CAB or CABs) has been formed in Russia,
the first of which was the Control and Accounts
Chamber of the Moscow City Duma,
transformed on November 1, 1995 into the
Chamber of Control and Accounts of Moscow
(hereinafter referred to as CCA of Moscow).
Afterawhile, CAB appeared in other constituent
entities of Russia. Among the first ones, in 1995,
the Control and Accounts Chamber of Voronezh
region, the Accounts Chamber of Vladimir
region, the Control and Accounts Chamber of
St. Petersburg (hereinafter referred to as CAC
of St. Petersburg) and others were established.

Thanks to twenty-five years of experience in
implementation of external state financial
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control at the level of a constituent entity of the
Russian Federation, a set of regulatory legal acts
regulating implementation of state audit and
performance audit, knowledge exchange
between CABs and adoption of best methods
and practices have been developed, but some
systemic problems have not yet been resolved.

In international standards, performance
audit is considered as an independent
examination of the activities of executive
authorities, public organisations, program
implementation to determine economy,
efficiency and effectiveness of resource use [8,
p. 110].

Despite theexistence of INTOSAl international
standards, Federal Law No. 6-FZ dated 07.02.2011
«On the general principles of organisation and
activities of control and accounting bodies of the
constituent entities of the Russian Federation and
municipalities», the relevant laws of the constituent
entities of the Russian Federation and local
standards, organisation and implementation of
state audits in a number of Russian regions cannot
be called perfect: significant problems are observed
in implementation of audits of effectiveness of the
use of public funds. In the context of the main
causes for this situation, the following are
distinguished:

* lack of material and labour resources of
CAB to conduct performance audit at the proper
level;

* mixing financial and performance audits;

* long-held practice of conducting
performance audits without relying on
international and local standards;

» problematic selection of criteria and
performance indicators, ignoring them during
the control event;

+ lack of modern methods of performance
audit which are operating big data, comparing
the inspected object with the «best bodies/
organisations», conducting interviews, polls;

« the desire to conduct a performance audit
«with small forces», without a proper evidence
base for each of the criteria for evaluating
effectiveness;

+ insufficient knowledge of international
experience in performance audit, low degree of
borrowing the best foreign practices.

In addition, in Russia, in contrast to the
foreign experience of performance audit, the
emphasis in the audit is placed on legality and
completeness of spending of the state budget [9,
p. 202]. In this regard, it is impossible to
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Table 1
Brief description of some regional audit bodies
Name of the governmental audit | Year of Name of the position of the head | Number of | Conducting
body formation employees | performance
audits
CCA of Moscow (Russia) 1994 Chairman of CCA of Moscow 188 yes
CAC of St. Petersburg (Russia) 1995 Chairman of CAC of St. 115 yes
Petersburg
Audit Scotland (Great Britain) 2000 Chair of Audit Scotland Board ~ 270 yes
Wales Audit Office (Great 2005 Auditor General for Wales ~ 240 yes
Britain)
City of Vienna Court of Audit 1920 Director of the City of Vienna 84 yes
(Austria) Court of Audit
Bavarian Supreme Audit Office 1812 President of the Bavarian ~130 yes
(Germany) Supreme Audit Office
Office of the Auditor General 1933 Auditor General ~55 yes
Manitoba (Canada)

Source: compiled by the author based on data of official websites of several Russian and foreign government audit

bodies!.

overestimate the importance of cooperation with
foreign audit bodies, including with a view to
improving the efficiency audit methodology.
One of the forms of such cooperation is
membership in the European Organisation of
Regional External Public Finance Audit
Institutions (hereinafter — EURORAI),
established on October 1, 1992 in the city of
Manchester and ensuring the exchange of
experience and rational implementation of state
audit.

In accordance with Art. 3 of the Charter of
EURORALI, regional external public finance
audit institution can become a member of
EURORALI, subject to the acceptance of the
Charter and approval by the General Assembly
during a regular meeting. According to the
official website of EURORAL, as of August 2020,
more than 90 institutions from 16 countries (15
European countries and Brazil) were members

' Official website of CCA of Moscow. [Electronic
resource]|: http://www.ksp.mos.ru. Last accessed
28.09.2020; Official website of CAC of St.Petersburg.
|Electronic resource]: http://www.ksp.org.ru. Last
accessed 28.09.2020; Official website of Audit Scotland.
| Electronic resource]: http://www.audit-scotland.gov.
uk. Last accessed 28.09.2020; Official website of Wales
Audit Office. [Electronic resource]: http://www.wao.
gov.uk. Last accessed 28.09.2020; Official website of
City of Vienna Court of Audit. [Electronic resource]:
http://www.stadtrechnungshof.wien.at. Last accessed
28.09.2020; Official website of Bavarian Supreme Audit
Office. [Electronic resource]: http://www.orh.bayern.
de. Last accessed 28.09.2020; Official website of Office
of the Auditor General Manitoba. [Electronic resource]:
https://www.oag.mb.ca. Last accessed 28.09.2020.
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of the organisation. At the same time, the largest
number of regional (municipal) audit institutions
is represented by Russia (17), Germany (13),
France (13), Spain (12).

Of course, regional audit institutions have
distinctive features not only due to the presence
in certain territories of exclusive management
mechanisms and practices of interaction with
the executive branch, but also due to the different
age of institutions, the number and qualifications
of staff members (Table 1).

World experience proves that the use of
performance audit as an independent type of
control improves the process of public resource
management by providing complete, reliable,
and objective information about efficiency of
functioning of organisations that use budget
funds [10, p. 71].

Considering the practical importance of
studying foreign approaches to performance
auditing, one cannot fail to note the key (from
the standpoint of determining effectiveness)
spheres of using budget funds, including health
care, education, the military (security) and
others. At the same time, a special place is
provided to government spending on
development of the transport system since not
only the indicators of the national (regional)
economy, but also the life of citizens, largely
depend on efficiency of transport functioning.

Global trends in improving the efficiency of
investments in the transport sector, developing
innovative products, digitalisation and
informatisation, strengthening economic
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security could not but affect the Russian
economy, and the degree of their influence is
described in detail in several research studies
[11-14].

The need on the part of society and business
for a comprehensive assessment of the economy,
efficiency, and effectiveness of using regional
public resources for development of the transport
sector is due to objective socio-economic factors
and trends.

Firstly, government spending on development
of the transport system is colossal, and ongoing
transport projects are in demand everywhere.
So, the budget of the city of Moscow in 2019, in
order to improve the transport sector, financed
activities totalling 661,8 billion roubles (26,6 %
of budget expenditures), which is more than the
total amount of expenditures on education and
health care; the budget of the city of
St. Petersburg — for a total amount of 114,5
billion roubles (17,6 % of budget expenditures).
In addition to sub-federal centralized funds,
development of the transport system is financed
from the federal budget, as well as with
participation of private investors. Moreover, the
example of Russian megalopolises is not
unconventional. Obviously, with the growth of
the population of large cities, often due to
regional economic differentiation, causing
internal (international) migration, the need for
implementation of infrastructure projects in the
transport industry will only increase.

Secondly, the state through normative legal
acts influences the economic behaviour of all
participants in production and consumption of
transport services. In the context of the new
configuration of the market and the imbalance
ofinterests of its participants, legislative changes
should motivate all market participants to
improve efficiency of railway transport and
reduce transport costs in the economy as a whole
[15, p. 75].

Thirdly, a large part of the disposable
resources of households is spent on services in
the transport sector. If we look at distribution of
expenditures by decile groups of the population
of Russia, the following trend can be traced:with
an increase in disposable income, the share of
expenditures on transport multiplies. For
example, in the first decile group, on average,
transport costs were 1,3 %, in the fifth group —
4,8 %, in the ninth — 11,5 % (data regarding the
first quarter of 2020) [16]. A similar trend is
characteristic of European countries: in
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Germany in 2015, the population of the first
quintile spent 7,3 % of disposable funds on
transport, the fifth quintile — 16,4 %; in Great
Britain — 8,3 and 18,6 %, respectively; in
Sweden — 8,9 and 15,1 %, respectively [17,
p. 12]. In this regard, we believe that with the
growth of real incomes of the population in the
future, the expenses on products and services of
the transport sector will increase both in absolute
and in relative terms.

Thus, the growth of public spending on
transport, enlargement of megalopolises and the
expansion of state transport programs, interest in
development of transport infrastructure and
reduction of transport costs (through increased
competition) on the part of business provide
a high potential demand for the results of the
activities of public audit institutions through an
assessment of effetiveness of the use of public
resources in the transport system.

In other words, the general rule is also
characteristic of the transport sector: when
resources are limited, it is necessary to solve
public problems with the lowest costs while
achieving certain goals (economy) or to
achieve the best result with a fixed amount of
funding (efficiency) [18, p. 367].

Currently, in developed countries, financial
control authorities widely use the audit of
effectiveness of budget expenditures. In a number
of states, the share of audit reaches 50—60 % in
the total volume of control activities undertaken
by supreme audit institutions [19, p. 72]. At the
same time, the CCA of Moscow, for example,
in 2016 conducted nine performance audits
(4,3 % of the total number of control activities),
in 2017 — six performance audits (2,8 %), in
2018 — six performance audits (2,6 %) only,
while the share of ineffective expenses in the total
volume of violations in monetary terms was
87,5 % in 2016, 70,2 % in 2017 and 86,3 % in
2018. Statistics indicate a high volume of
ineffective budget expenditures with a relatively
small number of performance audits, which
underlines the extreme importance of the latter.

Atthe same time, it should be emphasised that
performance audit is a control activity aimed at
determining economy; efficiency and effectiveness
oftheuse of public resources through establishment
of criteria and performance indicators, the search
for evidence for each of the criteria, carried out
with a large amount of labour costs, using
information systems, big data, mathematical
methods, surveys and interviews. In this regard,
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the number as well as the quality of performance
audits conducted by Russian CABs depends on
a number of factors:

+ existence of economic, political, social,
environmental and other regional features;

+ existence of national norms (standards)
and traditions of performance audit;

« different budget structures and the amount
of audited funds;

« different staffing levels of regional audit
institutions;

* uniqueness of regional management
systems, the presence of well-established
practices of interaction between CABs and the
executive branch.

Transport performance audit in Scotland

In terms of the methodology and practice of
conducting performance audits in the transport
sector, the British regional audit bodies deserve
considerable attention, due to the presence of
advanced transport technologies, especially in
large cities, and high demands of society
regarding the transport system.

A performance audit in Great Britain aims
to gather evidence to conclude that the costs are
in line with the results. Thus, the National Audit
Office of Great Britain, when conducting
performance audits, focuses exclusively on the
final results [20, p. 96].

Structurally, regional audit institutions in
Great Britain have many features. In particular,
the Audit Scotland includes the Auditor General
for Scotland and the Accounts Commission. At
the same time, the Auditor General for Scotland
is responsible for the audit of all government
bodies (except local ones), including the
government and government agencies of
Scotland, the police, fire services, colleges and
others. The activity results in a report to the
parliamentary Public Accounts Committee. In
turn, the Accounts Commission is the external
controller of public expenditures of councils and
other local government bodies, contributing to
make (update) management decisions of local
councils. The Controller of Audit reports to the
Accounts Commission on matters of public
interest to local government bodies and highlights
areas of concern.

Approximately 15 performance audits are
conducted annually on behalf of the Auditor
General for Scotland and the Accounts
Commission, and reports on the results there-of
must be accurate and up to date. For these
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purposes, most performance audits are carried
out with participation of teams of consultants
coming from outside Scotland. Most often, these
groups include six to ten members with special
knowledge of the area being audited.

From the totality of transport performance
audits conducted by the Auditor General for
Scotland, the performance audit on Transport
Scotland’s ferry services (October 2017) was
selected for further consideration in this article
[21].

The performance audit report contains the
summary (key messages, recommendations,
background, information about the audit), four
main parts (Transport Scotland’s ferry
operations; analysis of the cost and performance
of Transport Scotland’s subsidised services;
examination of procurement arrangements; the
long-term planning of ferry services and assets),
appendices.

Based on the data of the report, the audited
area is characterised by the following statistical
data (as of the date of publication of the report):

* There are an estimated 66 scheduled ferry
routes in Scotland, managed by a range of
public and commercial operators.

* In2016/17, £209.7 million were spent on
ferry services and assets, such as vessels and
harbours.

» There are main ferry contracts, through
which Transport Scotland subsidises 32 ferry
routes, carrying over five million people each
year.

» Over ten years period starting from 2007
Transport Scotland’s spending on ferries
increased by 115 per cent in real terms; the
number of passengers increased by 0,3 per cent;
car numbers increased by 16.8 per cent.

* More than 99 per cent of scheduled
sailings took place and were on time.

In the context of limited public finances,
Transport Scotland will find it challenging to
continue to provide ferry services that meet the
needs of users within its allocated budget.

Besides, the Auditor General for Scotland
suggests the analysis of ferry procurement
activity revealing the problems and weaknesses.
For example, during the tender, which was
a new procurement method, the two bidders
submitted over 800 queries during the tender
process and there were delays in providing them
with important information.

Procurement tender was awarded to the bid
that was £128 million lower than Transport
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Scotland’s estimate of £868 million contract
cost. The 350 commitments in the bid were not
assessed, and after the Transport Scotland
updated the contract this has increased the
contract cost to £975 million.

These problems and trends identified in the
performance audit process were reflected in the
recommendations.

The report recommends Transport Scotland
particularly to:

1. Develop a Scotland-wide, long-term
strategy for its network of subsidised ferries,
considering:

 progress already made against the Ferries
Plan,

+ setting out its intended benefits of
subsidised ferry services, their contribution to
national outcomes, tools of its measurement
and monitoring,

« inclusion of an assessment of the long-
term affordability of its spending on services
and assets (taking into account financial
strategy),

« prioritisation of spending across its
network,

» regular monitoring of the developed
strategy to ensure it is on time and on budget,
remains relevant and affordable.

2. To ensure that Transport Scotland has
adequate resources to develop, monitor and
report against its long-term ferries strategy.

3. To improve the transparency of ferry
service and create the possibility for ferry users
to assess the quality of service (e.g., to
strengthen social feedback).

4. To improve mechanism of procuring ferry
services, and this should include:

* ensuring that procurement teams include
staff with procurement qualifications and
experience of the ferry sector,

* building in sufficient time to prepare
important project documentation,

* ensuring that contract specifications are
accurate, up to date and clear to potential
bidders,

« providing bidders with clear, good-quality
and timely data.

Besides, Transport Scotland was
recommended together with ferry operators to
better communicate their roles, responsibilities,
and accountabilities.

It should be noted that in Great Britain,
special attention is paid to development of
strategic documents in the field of transport,

aimed at investment in innovation. In particular,
it is worth to mention Rail Technical Strategy
which hasbeen approved and isnow implemented
[22, p. 80]. At the same time, reasonableness of
development and implementation of strategies
are often the subject of performance audits.

Manitoba transport system performance audit
(Canada)

Regarding the regulation and implementation
of audit of effectiveness of the use of public
resources in the transport system, one cannot
but mention the regional bodies of external
public audit of Canada.

The Office of the Auditor General of
Manitoba appears to be one of the most
transparent in terms of posting information in
open access sources. The auditor general,
appointed for a ten-year term by the Manitoba
Legislative Assembly, and, assisted by 55 staff
members of the Office, conducts public audits
in the form of financial statement audits and
project audits, the latter are subdivided into
performance audits, special audits (investiga-
tions) and information technology audits
(IT audits), governance audits and reviews.

In the practices of the Auditor General of
Manitoba, performance audit is enshrined as a
systematic assessment of effectiveness of the
management of a government body or program,
considering the available powers and resources.
Performance audits examine the government’s
management practices, controls, and reporting
systems in the areas that are of strategic
importance to provide the Legislative Assembly
with independent and objective information on
activities of government organisations.

The performance audit in Manitoba as a
process consists of four phases comprising
planning phase, examination phase, reporting
phase, and the phase of follow-up on the status
of the recommendations, its features are
summarised in Pic. 1.

In many ways, Russian performance audit
standards provide for the same sequence of
actions as Canadian ones. At the same time, in
Canada, attention is focused on some significant,
in our opinion, procedures.

Firstly, development of goalsand performance
evaluation criteria is carried out at the planning
stage. Given that audit evidence is collected for
each of the criteria, the importance of developing
criteria cannot be overemphasised. At the same
time, the Russian CAB criteria are often refined
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PLANNING PHASE

« Identifying audit topics, considering the financial magnitude, impact of the subject matter on the social,
environmental, economic, etc. aspects of Manitoba, high degree of public interest, audit work conducted in
the past.

* Preliminary examination of the audit subject, identifying major risks.

« Establishing the scope of the audit as well as of audit timing.

» Developing the audit objective and criteria.

« Outlining audit procedures to optimise collection of appropriate evidence.

« Identifying the required team competency and whether experts will need to be engaged on the audit.

» Determining whether the knowledge gained from other audits performed on the audit subject is
relevant — such as work undertaken by Internal Audit.

» Development of an audit plan outlining the approach that will be followed, varying depending on the
size and complexity of the audit.

EXAMINATION PHASE

» Obtaining sufficient and appropriate audit evidence based on timely obtaining information from the
audit entity.

« Employing a variety of information gathering techniques and procedures, such as interviews, site visits,
document requests, benchmarking similar organisations, data analysis, and file review.

* Work meetings with audit entity to discuss preliminary audit findings and conclusions.

REPORTING PHASE

» Preparing an audit report that outlines their findings and concludes on the performance of the audit
entity against the audit objective and criteria.

* Identification of recommendations for performance improvement where there are significant differences
between the criteria and assessed results.

« Preparation by the audit entity of a formal response with the actions that will be taken to address the
issues underpinning each of the audit’s recommendations.

FOLLOW-UP PHASE

« Following up on the status of the recommendations to provide a continued analysis of the program
performance.

* Scheduling of follow-up on the status of recommendations (first follow-up is scheduled about 18 months
after an audit report is released, and annually thereafter for two more years); government departments and
crown organizations are accountable to the PAC for the implementation of recommendations.

Pic. 1. Stages (phases) of performance audit by the Auditor General of Manitoba. Compiled by the author based
on the information of the official website of the Office of the Auditor General of Manitoba. [Electronic resource]:
https://www.oag.mb.ca. Last accessed 21.09.2020.

during the main stage (examination phase),
which delays the audit process and levels out the
results of the planning stage.

Secondly, special methods and procedures
for performance auditing, commonly used by
Canadian governmental audit bodies, are not
always used in Russia, given the lack of their
consolidation in standards, which in practice
predetermines the confusion of financial
auditing and performance auditing.

Thirdly, a well-defined time frame for
monitoring recommendations contributes to
stable implementation of these recommendations
and increases the responsibility of audited
entities.

The main measure of quality of the performance
audit performed is the content of the report on its
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results. To assess the structure of the report and the
results of the efficiency audit in the transport sector,
the report on the results of the efficiency audit
«Oversight of Commercial Vehicle Safety»
(December 2019) [23] was considered.

The report on the results of the performance
audit regarding Oversight of Commercial Vehicle
Safety included several sections typical for the
bulk of audits conducted by the Auditor General
of Manitoba: comments by the Auditor General,
report highlights, main points (detailed
disclosure of the key points of the report),
response from the audited officials, background
information, information about the objective,
scope and approach of performance audit,
findings and recommendations (the main and
most voluminous section).
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Table 2

Objectives and criteria of performance audit regarding Oversight of Commercial Vehicle Safety

Objective Criteria

To assess the adequacy of
motor-carrier safety-fitness
program

properly supported.

« All motor carriers requiring safety-fitness certificates should obtain them.

« Safety fitness certificates (both initial and annual renewals) should only be
issued to carriers who meet established safety-fitness requirements.

+ Safety-fitness determinations and ratings should be logically determined and

« Facility audits should effectively support improvements to carrier safety.

To assess the on-road
commercial-vehicle inspections

+ Standards and policies should be in place to effectively guide on-road vehicle
inspections, giving adequate consideration to underlying risks.

+ Inspectors’ performance and results should be monitored and inspection
deficiencies followed up with due diligence.

To determine the adequacy
of strategic planning and
performance management

relevant information.

« Strategic plans and clear objectives should be developed, based on sufficient and

« Strategic planning should identify and consider risks, meaningful performance
measures for major activities, and coordination in areas of shared responsibility.
* The Department should report on key aspects of commercial vehicle safety.

Compiled by the author based on: Independent Audit Report «Department of Infrastructure: Oversight of
Commercial Vehicle Safety». [Electronic resource]: https://www.oag.mb.ca/audit-reports/report/commercial-

vehicle-safety/. Last accessed 30.09.2020.

According to the comments by the Auditor
General of Manitoba, there were a number of
commercial vehicle safety issues at the time of
the audit:

* the size and loads of heavy commercial
vehicles (such as semi and straight trucks
greater than 4,500 kg) presented unique safety
risks;

« collisions involving these vehicles resulted
in 11 deaths, 533 injuries;

 The Infrastructure Department has issued
about 7,500 safety fitness certificates, allowing
operation of about 45,000 heavy commercial
vehicles. However, the audit notes that the
Department can improve their processes to
better verify and promote the safety of these
operators.

In line with the objective of performance
auditing, the Auditor General of Manitoba
inspected how Infrastructure Department
oversights commercial vehicle safety’s processes
related to:

* Motor-carrier safety-fitness program.

* On-road commercial-vehicle inspections.

» Strategic planning and performance
management.

In accordance with the internal standards
of the Office of the Auditor General of
Manitoba, criteria for assessing effectiveness
are established for obtaining audit evidence for
each of the objectives (Table 2).

As can be seen from the data in Table 2, 2
to 4 criteria have been developed for each of

the objectives. The collection of audit evidence
for each of the criteria made it possible to form
key findings based on the results of the
performance audit: safety program practices
insufficient to verify and promote safety; there
are gaps in management of on-road inspections;
there are weak planning and performance
measurement processes.

It should be noted that, subject to availability
of performance criteria, there is no system of
performance indicators. This is due to
establishment of qualitative, rather than
quantitative criteria for assessing efficiency.

The performance audit recommendations
were divided into three large groups in
accordance with the established objectives and
criteria. Generalised examples of the contents
of selected recommendations are shown in
Pic. 2.

As a result of considering the recommen-
dations of the Auditor General of Manitoba,
the Infrastructure Department agreed with
them and provided comments on practical
implementation of the recommendations,
which is reflected in the report.

Inparticular, the Infrastructure Department
has envisaged to incorporate a knowledge test
for new commercial vehicle operators and
requiring all safety fitness certificate holders or
applicants to complete a safety plan, to improve
the information technology (IT) system that
supports monitoring of commercial vehicles in
Manitoba.
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Safety program
(10 recommendations)

 Safety assessment
should be more rigorous
and logical.

* Implementation and
harmonisation of best
practices applied in other
jurisdictions (e.g. in
Canada and the USA).

On-road commercial-
vehicle inspections
(6 recommendations)

Strategic planning
and performance
management (1
recommendation)

» Greater variability
in its weigh station and
patrol operating hours in
order to make them less
predictable.

* Monitoring individual
officer’s performance and
inspection results.

* [t is necessary to
require operators to
provide proof that
vehicle deficiencies not
immediately corrected

The Department should
develop and implement
a formal plan for
commercial vehicle safety
that:

« Identifies, analyses,
and addresses risks;
 Sets targets and
performance measures
that will help it assess the
effectiveness of its efforts
to improve commercial
vehicle safety.

during inspection have
been repaired.

Pic. 2. Selected generalised recommendations of the Auditor General of Manitoba on the results of performance
audit on Oversight of Commercial Vehicle Safety. Source: Independent Audit Report «Department of
Infrastructure: Oversight of Commercial Vehicle Safety». [Electronic resource]: https://www.oag.mb.ca/audit-
reports/report/commercial-vehicle-safety/. Last accessed 30.09.2020.

To improve planning, the Department is
exploring ways to better use of data and
information sharing opportunities going
forward using its existing relationships with
other agencies having a shared role in
commercial vehicle safety.

Conclusions.

1. Considering the «youth» of the theory
and practice of performance audit in Russia,
the study of international experience of
performance audit, carried out in a number of
countries since the middle of the 20" century,
is of particular relevance. The high development
of the regional transport systems of Great
Britain and Canada, together with the advanced
methods of performance audits, determine not
only the importance, but also the need to study
and borrow the best practices of these states.

2. An audit of effectiveness of the use of
public funds in Scotland has a number of
features in comparison with the Russian
mechanisms of external public financial
control:

» the audit of Scotland includes the
activities of the Auditor General for Scotland,
who is responsible for the audit of all public
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authorities (except local), and the Accounts
Commission, which is the external controller
of municipal expenditures;

* most performance audits are carried out
with a team of consultants of 6—10 members
from outside Scotland.

In terms of audit of efficiency of the
transport sector, based on the report on the
results of the performance audit on Transport
Scotland’s ferry services, the following features
are noted:

* the report is based on a comprehensive
analysis of statistical information, within which
a search for solutions to existing problems is
carried out;

* in addition to assessing the efficiency of
ferry crossings, the procurement system for
analysed;

» recommendations occupy the main part
of the report and contain specific activities
required for implementation by the audited
organisation;

* special attention in the recommendations
is paid to development of a long-term strategy
for the network of subsidised ferries, creation
of an opportunity to assess quality of services
by users, and improvement of the mechanism
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of public procurement of ferries and ferry
services.

3. The Auditor General of Manitoba
(Canada), in turn, carries out financial and
project audits, which include performance
audits, special audits (investigations) and
information technology audits (IT audits).
Meanwhile, the methodology for conducting
performance audits is largely similar to the
Russian one (with rare but important
exceptions). This phenomenon is explained by
borrowing by the Russian CABs from the
Canadian governmental audit authorities of the
best methods and practices of performance
audit.

As in Scotland, the Auditor General of
Manitoba places particular emphasis on
strategic planning documents. At the same
time, the report on the results of the efficiency
audit on Oversight of Commercial Vehicle
Safety contains mainly qualitative (not
quantitative) criteria for assessing efficiency.

In Canada, not only the immediate results
of the performance audit are extremely
important, but also specific (precise)
recommendations to the executive authorities
on how to improve their performance.
Specifically, the Manitoba Department of
Infrastructure is advised to:

* implement best practices and procedures
for assessing driver safety knowledge applied in
other jurisdictions;

» get rid of predictability of the work
schedule of road inspections (weight stations)
and mobile patrols;

» develop performance indicators for the
Infrastructure Department;

» examine the risks and need to coordinate
with other institutions.

4. It should be noted that the study of
international experience in implementation of
the audit of efficiency of the transport sector
should have an important applied effect from
the point of view of the possibility of introducing
best practices into the activities of regional CABs
in Russia, especially in functioning of CCA of
Moscow and CAC of St. Petersburg as bodies
with significant potential, extensive labour and
material resources. Here, it is advisable to
highlight, in our opinion, the integral foundations
of the audit of efficiency of the transport system,
which have received wide recognition abroad,
but are still in their infancy in several federal
entities of the Russian Federation.

Firstly, the focus should be made on solving
the problems of managing regional public
resources to formulate specific and precise
recommendations to the executive authorities
responsible for the use of funds for development
of the transport system. Meanwhile, the
recommendations should include, first, ready-
made solutions, such as the need for adoption
of strategic documents, introduction of best
practices in neighbouring jurisdictions, and
others.

Secondly, performance audit is directly
related to assessment of the economy,
productivity and efficiency of budget
expenditures, which naturally implies the need
to assess correctness of tender procedures and
effectiveness of contract execution. It seems
reasonable that foreign control bodies include
audit activities in the field of procurement of
goods, works and services (hereinafter —
procurement audit) in the performance audit
program, while in Russia procurement audit is
often singled out as a separate type of control
or expert analytical activity.

Thirdly, implementation of the performance
audit of the transport system is always
accompanied by large labour costs due to the
traditionally large share of budgetary costs for
transport, which determines the importance,
and often the need to involve external experts
for a high-quality control event. However,
Russian regional CABs do not always use this
opportunity — often due to a lack of resources
to attract.

Besides, special attention should be paid to
presentable appearance and simplicity of the
reviewed reports on the results of performance
audits, the content of performance assessment
criteria in them. Documents written in a simple
and logical language highlighting the problems
of the transport sector represent capacity and
interest not only for stakeholders, but also for
ordinary citizens and businessmen.
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MNPOBJIEMbI YIPABJIEHWA

Mopaenu oprainsauum
KOMOMHMPOBaHHbIX (CMELLaHHbIX)
NnacCcaXXupckKkux nepeBo30K

Anekcen ryy

B cTatbe paccmarpuBaloTcsi 6u3Hec-mMoaenn aas
CMeLaHHbIX (KOMOUHUPOBAHHbIX) NaCCaxXnPCKUX nepeBo-
30K 1 pa3BUTNE KOMOUHUPOBaHHbLIX MACCaXUPCKUX nepe-
BO30K Kak ¢pakTop pocta EMKOCTY PbIHKA Xe/1€3HOA0POX-
HbIX 1ACCaXUPCKUX NepeBo3ok. Kpuanc Ha pbiHKe TpaHC-
MOPTHBIX YCAYT, BbI3BaHHbIi BHEIKOHOMNYECKUMU PaKTO-
pamu (naHgemueii COVID-19), xapaktepudyercs
Kjaccun4ecknmMm codetTaHvem LIOKOB MpensioxXeHus v
cripoca Ha rnaccaxupckue nepeBo3ku, 4To Aenaet akTy-
asibHbIM BOMPOC O My TsIX NOBbILLEHNS 00BEMOB naccaxmp-
CKMX 1epeBO30K, B 4aCTHOCTU, XEJ1€3HOL0POXHbLIM TPaHC-
noptom, o criocobax ¢GopMUPOBAHUS U YBEINYEHUS
cripoca Ha yciyru, npesocTaB/sieMble HaCeNeHNIo C UC-
oJ1b30BaHNeM XeJs1e3HOAOPOXHbIX aKTUBOB.

CyLLecTByloLME B HACTOSLLEE BPEMSI NoAX0A K yBesn-
4YEHUIO CrpOoCa Ha Xene3HOA0POXHbIE NacCaxXupckue nepe-
BO3KW MYyTEM Pa3BUTUS XE1e3HOA0POXHON MapLLPYTHOM
ceTu, yny4LieHus 060pyA0BaHs Xe1e3HOLOPOXHbIX BOK3a-
JI0B, MOBbILLEHUS] KA4€CTBa YC/yr, PaCLUMPEHNs] INHENKN
npeanaraeMbix CepPBUCOB — BCEr0O TOro, YTO MOOLUPSIET UX
rnotpebneHve 60sbLIMM KOIMYECTBOM KIMEHTOB, OyAeT
COXpaHsiTb CBOE 3HayeHne. TeM He MeHee 3TOT MOAXO4
JI0J1KEH ObITb KDUTUYECKN OCMbIC/IEH U OMOJIHEH B CBETE
HOBbIX TPEHAOB 3KOHOMUKM, 0OYC/IOBIEHHBIX LMGPPOBLIMU
TEXHOJIOMUSIMU, 4TO OCOOEHHO aKTyaslbHO UMEHHO CEeroaHs,

Iyy Aaexceii Bacuavesuu — OAO «P2KJ]», Mockesa, Poccus*®.

Korga B yCJI0BUSIX PECYPCHbIX OrpaHnYeHusi Heobxoammo
CcTpaterniyeckoe opraHn3alumoHHOE peLLleHne, HanpasieH-
Hoe Ha MacLUTabupoBaHune busHeca, [OCTUXKEHNE ONTUMASTb-
Horo 6anaHca 3aTpart, ka4ecTBa, KOMMNEeTeHUNIA, rmbKoCTy
W KJIMEHTOOPUEHTUPOBAHHOCTH.

OpraHu3aLmsi KOMOMHUPOBAHHBIX NACCAXUPCKUX epe-
BO30K npezrosaraet akTuBHOE B3auMOAECTBUE «I10 ropu-
30HTaIN» Pa3INYHbIX TPAHCHOPTHLIX OPraHn3auunii kak
Mexzay cobovi, Tak 1 ¢ pasHbIMU KOropTamMu rnaccaxmpoB co
CBOUMMY NOTPEOBUTENIbCKUMM MPEANOYTEHUSIMU U OrPaHN4e-
HUSIMU 110 AoX0AY. AKTyasieH, C/1e[0BaTe/lbHO, Nepexos ot
JIMHEViHbIX GU3HEC-MPOLIECCOB, MOCTPOEHHBIX «I10 BEPTUKA-
Jn», K BU3HEC-rpoLeccam ropu3oHTaabHOro Tuna, npeana-
ralwmMm crneunaan3npoBaHHbIe NakeTbl YCayr B CUCTEME
«€AMHOIro OKHa» 1o eAnHbIM CTaHAapPTaM Ha 6a3e LnppoBbIX
TEXHOJIOMIA.

B cTatbe npensioxeHsl MOAEN OPraHn3aLmMm ceTeBoro
B3aMMOAEVCTBUS Y4aCTHUKOB PbIHKA NacCaxupCcKux nepe-
BO30K Ha OCHOBE LiN@POBbIX TEXHOIOrMiA [J1s1 o6ecrievyeHus
«BEeCLLIOBHOM» MOBUIIbHOCTU HACEEHUS MPU KOHCOUAN-
PpytoLLEVi oSV KeNIe3HOAOPOXHOro TpaHcropTa. KOHKpeTHbIe
MoZenm opraHn3aLmnm Xene3HoA0POXHbIX KOMOUHUPOBAH-
HbIX NepeBO30K LOJIXKHbI CTPOUTLCS Ha 6a3e onpeaenEHHOM
6m3Hec-Moaenu, BbiI6Op KOTOPOV IBASIETCS CTPATernyeckum
peLleHrnemM KOMnaHuuy.

Kntoyessie crioBa: xeneaHas 4opora, Xene3HoA0POXHbIE MACCaXMUPCKNE NepeBo3ky, PbIHOK MACCaXMPCKUX MepeBo3ok,
MY/IbTUMOAsIbHBIE NePeBO3KU, CeTeBOe B3auMOoAercTane, GU3HeC-Moaeslb, 6eCLLIOBHas MOBUILHOCTb.
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praHusanus KOMOMHUPOBAHHBIX

MaccaxupCKUxX MepeBO30K — BTO

aIeKBAaTHbBI U HEOOXOIUMBII OTBET
Ha pacTyllyl0o MOOWJIbHOCTb HaceleHuUs, KO-
TOpas BJseTCS GYHKIMEN OT TAKUX TEPEMEH-
HbIX, Kak 1eHa yciayru (P), ckopocTb mnepe-
nerkeHus (V), odlee BpeMs B ITyTH, KOTOPOe
BBICTYIAET KaK (haKTop CxKaTUs MPOCTPAHCTBA
3a cYyeéT pa3Butoil mapuipytHoit cetu (T),
CBSI3aHHOCTH/COTIPSIKEHHOCTU TPAaHCTIOPT-
Ho#t uHbpacTpykTyphl (N):
M=f(P, V, T, N). ()

3aBucumasi nepeMeHHasi — «MOOUJIbHOCTb

HaceJIeHUs» — B CUCTEME COLIMATIbHO-2KOHO-
MUWYECKUX MPUOPUTETOB SIBISIETCS «IOCTOM-
HBIM 6J1aroM», MOTpebJIeHUE KOTOPOTO CIeTy-
eT noopsATh. OpraHu3zannsi KOMOMHUPOBAH-
HBIX TACCAXXKUPCKUX MEPEBO3OK CIYKUT WH-
CTPYMEHTOM POCTAa MOOWJIBHOCTU HACEICHUS,
Mpexe BCero, B KPYMHBIX TOPOIax U arjioMe-
palusix, rae noTpedOHOCTh B CKOPOCTHU Tepe-
NBUKEHUS, TPEOOBaHUS K KA4eCTBY TpaHC-
MOPTHBIX YCAYT, CO3MaHUI0 «OECIIOBHBIX»
MEePEeBO30K — IO CMEIIAaHHBIM MapIlIpyTam
U C UCIIOJB30BaHUEM Pa3HBIX BUIOB TPaHC-
nopTa 1o eNMHOMY OUJIETY — ITPOSIBJISIIOTCS CO
Bceit octporoii [1].

DopmupoBaHUe IIECHHOCTHOTO MPEIIoXKe-
HUS 1J1s maccaxXxupa — «oe30apbepHoit» («oec-
IIIOBHOW») MOOWJIBHOCTU KaK YCIyTU — IS
KOMIIaHUI TTaccaXupcKOro TPaHCIOPTHOTO
KOMILIEKCA BBICTYMAET B OMpPeIeIEHHON Mepe
KakK BBI30OB, ITOCKOJIbKY HE OTPAaHUYMBAETCS
MOBBILIEHUEM YIOOCTBA KEJIE€3HOAOPOKHOMN
MapILPYTHOM CeTH, yaydllleHueM 000pya10Ba-
HUS XeJIe3HOJOPOKHBIX BOK3aJI0B, TTOBbIIIIE-
HUEM KauyecTBa YCIIYT, paCllUPEHUEM JIUHENKU
npeajgaraeMbix cepBucoB. OpraHuszanus
KOMOMHUPOBAHHOI MacCaxKMPCKOM MepeBo3-
KU COTpsiXeHa ¢ KapaAWHAJIbHBIM CIBUTOM/
TpaHcdopmanueit GusHec-Ipoliecca TpaHC-
MOPTHOU KOMIAaHWU B CTOPOHY CETeBOI OU3-
HeC-MOJIeIM, YTO TpeOyeT OT KOMITAHUU BbI-
pPabOTKU CTPATETMYECKOTO PEIIeHUs O Tepe-
XOJIe Ha HOBYIO OM3HEC-MOJEeJb, TO €CTh HO-
BYIO JIOTUKY CO3JaHUSd LIEHHOCTU IJs
KJIMEeHTa U MOHETU3ALIUU PEe3YJIBTaTOB OT ¢
peanu3annu 11 KOMITAaHUMU.

«becuioBHasi» MOOMJILHOCTb KakK yciayra
0o0ecrneyrBaeTCsl COBPEMEHHOI TeXHOIOTHUE
TPAHCIIOPTHOM paboOThI, MO3BOJSIONIEH Ha
OCHOBE:

1) xoMOUHAUMKU pa3HbIX BUAOB TpPaHC-
nopTa;
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2) KOMILIEKCHOTO U COMNPSIKEHHOTO pa3-
BUTHUS TPAHCIIOPTHON MHMPPaACTPYKTYPHI
(MapmIpyTHasi ceTh; TPAaHCTIOPTHO-TIEPECaToy-
HbIE Y3JIbl, COTJIACOBAaHHbBIE TPAOUKM TBIKE-
HUS pa3IMIHBIX BUAOB TPAHCITOPTA);

3) myJ1a KOMITETEHIIMI YYaCTHUKOB Tiepe-
BO30YHOTO Mpolecca
co31aTh KOMOMHUPOBAHHYIO YCIIYTY TTEPeBO3-
KU TI0 CXeME «OT JIBEPU JI0 IBepr» («OT JIoMa
IO TOMa» ) TIO €TMHOMY TIEPEBO30YHOMY TOKY-
MEHTY 1 c(hOPMUPOBATH IICHHOCTHOE TTPEIO-
JKEHUE [Ts] KITMEHTOB,/ TIaCCaXKUPOB — MOOWITb-
HOCTb, JOCTYITHOCTh M 0€30TacCHOCTD Tepe-
BO3KH.

OpraHuzanusi KOMOMHUPOBAHHOM Tac-
CaXXMPCKOI TTepeBO3KHU MPeAroiaraeT B3am-
MOJICICTBUE Pa3HBIX BUIOB TpaHCIOpPTa,/
Pa3IMYHBIX TPAHCIOPTHBIX OpPraHU3alunii
KakK MeXJIy co0oli, Tak 1 C pa3HBIMU KOTOP-
TaMU TIaCCaXUPOB, 00JIaNalOIINX Pa3HBIMU
noTpeduTebcKUMU npoduasamu. Takum
00pa3oM, TpedyeTcsl He TOJbKO COBPEMEH-
Hasl TEXHOJIOTHSI TPAHCIIOPTHOM paboThI, HO
1 0co0ast TEXHOJIOTHS 00ecneYeHus CBSI3aH -
HOCTHU MEXIy HUMU, a UMEHHO CETEeBOE
B3aMMOJIEiCTBUE, ONUpAlOIIeecss Ha BbI-
CTPOEHHYIO apXUTEKTYPYy TOPU30HTAIBHBIX
CBSI3ei MEXIy TPAaHCTIOPTHBIMU OpraHu3a-
USIMU — Y9aCTHUKaMHA KOMOMHNPOBAaHHOM
nepeBo3ku [2].

B oTnruuie oT ropu3oHTAIBHOM Koomepa-
1IMY YIaCTHUKOB TIpoIiecca epeBO3KH, CEeTe-
BOE B3aMMOJICICTBHE CTPOMTCST HAa TTPUHIIMTIAX
COBMECTHO pa3/ie/iieMbIX 1IEHHOCTE, TOBe-
p¥sI, OOIIEIPUHSATHIX CTaHAAPTaX, WHCTPY-
MEHTaX COEJIMHEHUS, 00X MTPOTOKOJIAX,
cucTteMax TMOIJIePXKN OpPraHN30BaHHOCTHU
U KOHTPOJISI.

CoBpeMeHHbIe TU(PPOBBIE TEXHOJIOTUHN
CO3/IAI0T TEXHUIECKNE BOZMOXKHOCTH JIJIS Ce-
TEBOTO B3aMMOJICICTBHSI KAYeCTBEHHO HOBOTO
YPOBHSI, TTO3BOJISIS MHTETPUPOBATh MHOTOCTION -
HYIO «peaIbHYIO» CE€Th, COCTOSIIIIYIO U3 TpaHC-
ITOPTHBIX aKTUBOB, MaPIIPyTHOM CETH, TPaHC-
TOPTHBIX YCJYT W Pa3HOIO poja CEPBUCOB,
OPUEHTUPOBAHHBIX HAa CO3JaHNe LIEHHOCTEN
IIJIST JTIOIeH, OM3Heca 1 TeppuTopuii [3; 4; 5].

CoBpeMeHHBI 3Tall pa3BUTHS 1 IITUPOKO-
ro pacrnpoCTpaHEHUS CETeW, MOTyYMBIIUMA
Ha3BaHUE «yOepu3aluu 9KOHOMUKW», 0a3u-
pyeTcsl Ha UCTIOJIb30BAaHWHU TUTAT(POPMEHHBIX
peLIEHUIA.

Takum oOpa3oM, MoJelb OpraHU3aluu
KOMOMHUPOBAHHO MaccaKupCKOi nmepeBo3-
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Texuonoruu

CBA3aHHOCTH

KomOnupoBanHas
HepeBo3Ka

10 eTMHOMY
Ounery

€XHOJIOTUH
TPaHCIOPTHPOBA-
HHUS €OT JIBEPH
JI0 IBEPU»

Puc 1. Mogenb opraunsaymm KOMOMHUPOBAHHOM
nepeBo3Kku (COCTaB/IEHO aBTOPOM).

K1 MUMEeT B KauyeCTBE CBOETro OCHOBaHMUS
TEXHOJIOTUIO TPAHCHOPTHOI pabOTHI MO CO-
MPSIKEHWIO BUAOB TpaHCIIOpTa U BUJIOB CO00-
LLIEHUSI 1O TIEPEeBO3KE «OT ABEPU A0 IBEPU» Ha
OCHOBE KOMIIJIEKCHOTO U COMPSIXKEHHOTO
Pa3BUTHSI TPAHCTIOPTHON UHGMPACTPYKTYPHI.

TexHosiorust MyJ6TUMOATBLHO MEPEBO3-
KM peau3yeTcsl yepe3 MeXaHU3Mbl CBSI3aH-
HOCTU TPAHCIOPTHBIX KOMMAHUKN MEXIy
co00Ii (MHTerpalus no ropu3oHTaIU U BEP-
TUKaJu, CETeBOe B3aUMOAEIHCTBIE) IO CO3/1a-
HUIO COBMECTHOTO MPOAYKTa — KOMOMHUPO-
BaHHOM IMacCa>kMpCKOU MepeBO3KU 110 €U -
HOMY OMUJIETY — Ha OCHOBE COBMECTHOTO
Ou3Hec-Tpoliecca.

Hcnonb3oBaHue HU@GPOBBLIX TEXHOJIOTUI
U co3iaHue LM(POBOI 30HBI B3aUMOAECTBUS
KOMITaHUM ¢ MaccaxkupaMu — «CETeBOT0 MPO-
CTpaHCTBa», BKJIIOYAIOILETO TPAaHCHIOPTHLIE
OpraHM3alMu, a TaKKe KOMITaHWUU, CO3[al0-
1I1M€e COMYTCTBYIOIIME YCAYTU, (POpMUPYET
00111y0 0usHec-m1aThopMy Kak «eIUHOE
OKHO» IIJIST TIOJTYIEHUST «€IMHOTO OVJIeTas.

B camom 00111eM Buie MOjie/Ib OpraHu3a-
LMY KOMOMHUPOBAHHOW MacCaXXMPCKOM Te-
PEBO3KM MOXET ObITh MpeJcTaBieHa KakK
B3aMMOJIeICTBHE TEXHOJIOTUI MO CO3JaHUIO
KOMOMHUPOBAHHO MaccaxKUupCcKoi mepeBo3-
ku (puc. 1).

Kenes!

OPOKHAS KOMITAHUSA

(HAIMOHAIBHBIH IIEPEBO3YHUK)

Kom6rHUpOBaHHBIE TPaHCIIOPTHBIC AKTUBbI

a: COOCTBEHHOCTb, apeH/1a, KOHTPAKT

Puc. 2. BuaHec-monesb, OpUeHTUPOBaHHasA
Ha npoAyKT (cocTaBsieHO aBTOPOM).
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KoHKpeTHbIE MOIIeIn OpraHU3alny Xe-
JIE3HOIOPOKHBIX KOMOMHMPOBAHHBIX TTEepe-
BO30K OYAyT CTPOUThCS Ha 6a3e onpenencH-
HOI OM3HEC-MOeIn, BLIOOP KOTOPOW SIBJIsI-
€TCSI CTpaTernIecKuM pellieHueM KOMITAaHUH.

BriieiuM Mozenu opraHu3aiuu KoMOu-
HUPOBAHHBIX MEPEBO30K MO TAKOMY KPHUTeE-
pHI0, KaK UCITOJIb3yeMasi KOMITaHUe il Ou3Hec-
MOJEb.

1) busHec-Mopeb, OpUEHTUPOBAHHAS Ha
MPOAYKT (puc. 2).

MBI ICXOIUM U3 TOTO, UTO XKeTe3HOTOPOXK-
Hasl KOMITaHUsI, KaK TIPaBUIO, — HAIIMOHAJIb-
HBIii TIepeBO3UMK, — OepET Ha ce0s1 PYHKIIMIO
WHTETpaTopa phIHKA MacCaXXUPCKUX IePEBO-
30K MyTEM TMBEPCU(DUKAIINN CBOMX aKTUBOB
(HampuMep, NpruoOpeTaeT B COOCTBEHHOCTh
aBTOOYCHBII MapK) AJIsI OpraHU3aLMU KOMOU -
HUPOBAaHHBIX MEPEBO30K. YMpaBieHUEe 00b-
eAMHEHHBIM aKTUBOM TO3BOJISIET YBEJIUYUTD
PBIHOK KeJIE3HOIOPOXKHBIX MaCCaXKUPCKUX
MepeBO30K, 00ECIeUUTh POCT UX I(PpdHeKTUB-
HOCTH, CO3/IaTh HOBBIE LIEHTPHI MPUOBLIN
1 MaKCMMM3UPOBATh COBOKYITHBII TOXO].

B ocHOBe Monenu — 1enb MOCTaBOK, Iro-
PU3OHTAJIBHBI CKBO3HOM IpPOLECC, MOTOK
CO3/IaHUS AOIOJTHUTEIbHONW CTOMMOCTHU/
LIEHHOCTH ITPOAYKTa/yCIyTH, HallpaBJIeHHbBII
Ha (hopMUpOBaHUE IIEHHOCTHOTO TIPETOXKE -
HUS KOMOMHUPOBAHHOUW MaccaXupckKou
nepeBo3ku. KoMmanuu, peajunsyoniue mpo-
JTYKTOBYIO OM3HEC-MOJIeJb, B (hOKYCe CBOETO
BHUMAaHUSI JIEPKaT LEIb [TOCTaBOK,/CO3MaHUSsT
JOTIOJTHUTEIbHOW IIEHHOCTH KaK CBOETO
IJIABHOTO KOHKYPEHTHOTO TIPEMMYIIEeCTBaA.
Takoro Tuma KOMIaHUM KOHKYPUPYIOT HE
MPOAYKTaMM, a LENMIMU TMOCTaBOK, YTO
U OTIpENIETISIET YCTIeITHOCTh UX Ou3Heca. KoH-
KypPEHTHBIE TIPEMMYIIIECTBA IIETIOYKH TTOCTa-
BOK JIJOCTUTAIOTCSI C TTOMOIIIBIO TEXHOJIOTHUYE -
CKMX TIPOPBIBOB, CHUKEHUST U3IEPXKEK, d(-
dekTa MaciTaba u MapkeTuHra [6]; abdek-
TUBHOCTh KOMIIAHUU BO3pacTaeT Mocje
KaXJ0ro yaABOeHUsI 00bEMa BbIMyCKa, 4TO
COIPOBOXK/IaeTCs YBEJIMUEHUEM TOJIA PhIHKA
1 POCTOM KOHKYPEHTOCITOCOOHOCTH KOMTIa-
Huu no ueHe [7]. HudpoBbie TeXHOIOTUU
BHOCSIT HEOLIEHUMBIN BKJIA[ B TIPUPOCT 3(P-
(eKTUBHOCTU MPOAYKTOBOI OM3HEC-MOAEIU
3a CUET MPOCJIEKUBAEMOCTU U OOJIbIIETO
oxBara TpaHCaKIIMii, KACTOMU3AIUN MPEJI0-
xKeHus1. OqHako, MOCKOJbKY cama Mo cede
Ou3Hec-MojIe/Ib BeCbMa OTpaHUYEHHO TIpeJI-
MOJIaraeT «BhIXOM» 3a MPEIe/Ibl TPAJIUIIMOH -
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Toprosbie
KoMIaHin

TypcepBHC

Puc. 3. BusHec-monesb, MOCTPOEHHas!
Ha COBMECTHbIX/UHTErPUpPOBaHHbIX OU3HeC-
npoueccax (coctaB/ieHO aBTOPOM).

HOTO PbIHKA ITPOIYKTa, €ro TpaHchopMaIluio,
OHa He MOXKET B ITIOJIHOM Mepe UCI0JIb30BaTh
MOTEHIIMAJ, 3aJI0KEHHBII B MG POBU3ALIUN
TpaHCIOPTa U JIOTUCTUKH.

2) busHec-Moaenab, MOCTPOEHHAs! Ha CO-
BMECTHBIX/UHTETPUPOBAHHBIX OU3HEC-
npoleccax, O0beAMHSIONINX B3aUMOCBSI3aH -
HbI€ ¥ B3aMMOJIOIOJIHAIOIINE IIPOU3BOJICTBA,
OCHOBHBIE U COITYTCTBYIOIIIME BUIBI IESTEIb-
HOCTH, JIJISI ITOJTyYEHYsI COBMECTHOTO IMIPOIYK-
Ta/pe3ybTrara (puc. 3).

B Takoii Monenu KOMITaHUU, U3HAYaJIbHO
MMelolIMe MPOAYKTOBYIO OU3HEC-MOJECIb,
MOJIy4aloT CUTHAJIBI OT PhIHKA O BO3MOXKHO-
CTSIX MacIlTabMPOBaHUSI COOCTBEHHOI'O OM3-
Heca 3a CYET CeTeBBIX B3aMMOJICICTBUI
«I10 TOPU3OHTaAIN», oOMeHa uH@opMaluei
U JAHHBIMU MEXIY Pa3IMYHBIMU TPAHCIIOPT-
HBIMM OpPTraHU3aIUsSIMU KaK MEXTy COOO0I, TaK
M C KOMITAHUSIMU, TIPOU3BOASAIIMMU KOMILIE-
MEHTapHbIE 1 COITYTCTBYIOIIUE IIPOLYKTHI, YTO
c03/1a€T HOBbIE MEXaHU3Mbl MOHETH3allMU
LeHHocTy. OpraHu3alns KOMOMHUPOBAHHBIX
MacCaXXMpPCKMUX MEPEeBO30K Ha 0a3e CeTeBbIX
B3aMMOJICCTBUIA IIpeAIIoiaracT BbIpabOTKy
o0LIMX CTaHIAPTOB COTPYAHUYECTBA, AOBE-
pusi, CUCTEM IOAISPKKI OPraHM30BaHHOCTH
U KoHTpossi. Kak mpaBuiio, Takast MOJe]b
pa3BUBaETCs IPU HATMYMU MHCTUTYLIMOHAIIb-
HBIX YCJIOBUI — KOOPIMHUPYIOLIUX OPTaHOB
B hopMe accolaluii, caMOOpraH1u3yeMbIX
opraHu3aluii, MOIIePXKMBAEMbIX CUCTEMaMU
rocyaapCTBEHHOIO PEeryJIMpOBaHUsI U Cyae0-
HOIi 3a1MToi KoHTpakToB. LludpoBas TpaHc-
(bopMarus TpaHCIIOPTA U JIOTUCTUKH CO31aET
TEXHUYECKUE BO3MOXHOCTH JUIsI OpraHU3alliu
CETeBOT0 B3aMMOICUCTBUS IO JIUHUU CO-
BMECTHOTO UCIIOJIb30BaHUSI aKTUBOB, KOMILIE -
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HucrpymenTel
M CEPBUCHI

Inarpopma

Kom6unupo-
BaHHBIE

HEPEBO3KH

ITpaBuna

M CTaHJapThl

Puc. 4. BusHec-monesnb, OpUEHTUPOBAHHas
Ha nnat¢opmeHHble peLueHus (COCTaB/1eHO aBTOpPOM).

MEHTapHbIX PECYPCOB IO MPUHIIUITY «EIUHO-
IO OKHa», ONTUMU3ALUU U3AEPXKEK U POCTa
KayecTBa, C OMHON CTOPOHBI, U «MacCOBOM
WHAVBUALYATU3aLAN» MPEITOKEHUS IJIsT KT -
€HTOB Ha 06a3e LUGPOBBIX TEXHOJIOTUM, —
C JIpYrOii.

3) busHec-Moaeb, OpUEHTHPOBAaHHAS Ha
1aThopMeHHbIE pellieHus], — CUCTEMBI Cep-
BUCOB JUIS arperaiuy He3aBUCUMBbIX aréHTOB
DPbIHKA, KOOpAMHAILIMY U ONITUMU3ALIMU B3ar-
MOJEHCTBUS MEXIYy HUMU, KaK OTPacieBOro
1 MexXoTpaciieBoro xapakrepa (B2B), tak
u B cermeHTe B2C (puc. 4).

B camomM oO1ieM Bune naamgopma — 310
00111ee OCHOBaHUE, CBSI3bIBAIOIIIEE ITOCTABIIM-
KOB ¢ noTtpeoutenssmu. Kaszanoch Obl, miatT-
¢opma He BHOCUT BO B3aUMOJIEUCTBUE MEXIY
MOCTaBIIMKOM U KJIMEHTOM HUKAKOW HOBOM
LIEHHOCTH (IT0 CPAaBHEHMIO C IMHEHO opra-
HU3alMeit), OMHAKO 31eCh BOZHMKAET «CETEBOE
IIPOCTPAHCTBO» U3 ITOCTABIIMKOB YCIYT U UX
norpedureneii, GopMupyloliee TOMOJHU-
TEJbHYIO LIEHHOCTD MJisI €r0 YYaCTHUKOB
C TOUKHU 3peHUSI SKOHOMMU M3IePKEK BhIOOpa
1 MoOunbHOCTH. [Tnardopma npencraéT Kak:

1) ocHOBaHuUE, HA KOTOPOM UHTETPUPYET-
CsI IOJIHBII HA0OPp MPOAYKTOB U YCIIYT;

2) 1IeMOYKM IMOCTaBOK/CO3MaHUsl AOMOJI-
HUTEJbHBIX LIEHHOCTEH U 0OCITYKMBaIOIIUX
MX TPaHCaKILIUIA;

3) cBoa MpaBWJI, TPOTOKOJIOB U YCIOBUI
B3aMMOIEMCTBUS YYACTHUKOB MIaT(hOPMBbI
[5].

[InaTdopMeHHbIE pelleHUs MO3BOSIOT
dupme:

* BO-TIEPBbIX, UMETb HECKOJIbKO ITOTOKOB/
HMCTOYHUKOB JTOXOOB 32 CUET KOATMIIMH C pa3-
HBIMU 3KOHOMUWYECKMMM areHTaMu, paboThl
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DopmupoBaHme
GecoBHOi MOGHITLHOCTH
KaK yCIIyr

TpoekrHoe
peiierne

TlepeBo3unk
obecneynBaer
3aBEPIICHHOCTh
JKJ1 IIEPEBO3KM

TTepeBo3unk
HE3aBUCHMBIH
PBIHOYHBIH areHT

BecuiosHas M

TPAHCHOPTHOM
CBSA3AHHOCTH

TlepeBo3unk —
HIICH ACCOUMAIIHI

BH}IIEC-MOJCHL Ha OCHOBE
1uardropvenHbIx pemieniii

Puc. 5. bnok-cxema ceTeBoro B3aumMoaencTBus 4711 OpraHn3aymn KOMOMHUPOBaHHbIX MacCaXUPCKNX
nepeBoO30K (COCTaBJIEHO aBTOPOM).

OJTHOBPEMEHHO CO MHOTUMM Pa3JIUIHBIMU
JMIAHHBIMU, CKOPOCTU KOMMYHUKAIIM 1 00-
MeHa nHdopManuei;

* BO-BTOPBIX, HE MEHEe BaXKHBIM MCTOY-
HUKOM JIOXOJIOB M POCTa KamuTaau3aluu
SIBJISIETCSI TIEPEXOJ K IPYTOMY MEXaHU3MY
KOOPAWHAIINU: CETEBOMY COTPYAHUYECTBY,
KOTOPOE CTAHOBUTCST CAMOCTOSITEJTEHBIM PbI-
HOYHBIM akTuBoM [8; 10; 11]. Uem Oosblie
YYaCTHUKOB CETEBOTO B3aMMOJICMCTBUSI, TEM
OoJiee comepX)aTeJbHBIM U pa3HOOOpa3HBIM
OHO CTAaHOBUTCSI, TEM BBIIIE CETeBbIE I PeK-
THI KaK JJTSI OTJEIbHBIX YIaCTHUKOB CETH, TaK
W JUTSI CUCTEMBI B 1I€JIOM. YJacTHe B CETH T10-
3BOJISIET pabOTATh C PA3TUIHBIMU KOMITAHWSI-
MW/KJTMEHTaM1/TaHHBIMU, YTO YBETUINBACT
TUTOTHOCTh 9KOHOMMWYECKOTO TTPOCTPAHCTBA,
MO3BOJISIET MoJiydyaTh 3¢ @eKT maciiTada;
KOHCOJIUJAIINST aKTUBOB M COBMECTHOE MC-
MOJIb30BaHUE PECYPCOB 00ECTICUNBAIOT Kaye-
CTBO CEPBUCOB TIPU KOHKYPEHTHBIX M3IEePXK-
Kax; pasjesisieMble IIeHHOCTH, TOBEpUe
¥ CTaHJApThl B3aUMOJICHCTBUS CHUXKAIOT U3-
JIEPKKU KooparHaIuu. [10CKOIbKY BO3HUKA-
IOT MOJIOXKUTENbHBIE ceTeBble 3(deKkThl 9],
TOCTOJILKY BBITOTHO ITPUCOEAMHUTHCS K CETH,
OBITH €€ YIaCTHUKOM, YTO TIOBBIIIIAET PHIHOY -
HYIO CTOUMOCTh aKTBOB KOMITAaHWH. 3aTPaThl
JKe TeX, KTO He HAXOIUTCS B CETH, HEM30eXKHO
OyayT Bo3pacTarth [8].

IMnatpopma, Takum obpa3om, co3mgaéT
IIEHHOCTb TS BceX €€ YYaCTHUKOB:

* Ha CTOPOHE MPEUTOXKEHUS — 3TO TPaHC-
TMOPTHBIC OPTaHM3alINK, a TAKKEe KOMITAaHUH,
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CO3JaKoNIMe COMYTCTBYIOLINE YCIIYTH (apeHaa
aBTOMOOWJISI, PE3€PBUPOBAHUE OTEJIS U T.11.);

* Ha CTOPOHE CMpoca — 3TO MaCCaXUpHI,
obJtafatonye pa3HbiM NpodueM mpearnoyTe-
HUI;

* TMPOMAYKT, TOPryeMbIil Ha riathopme —
3T0 MHGOPMAIIUS O PACTTMCAHUM TBUKEHMS,
HaJIMYUU TPOBO3HBIX MOLITHOCTEN U OWJIETOB,
COITYTCTBYIOIIMX YCIIYT;

* LIEHHOCTb, Mpoayuupyemas miatdop-
MOI1, — 3TO CKOPOCTb, C KOTOPOI MOTYT B3au-
MOJEHCTBOBATh YUACTHUKMU TIAT(HOPMBI, WJTH,
JIPYTUMM CJIOBaMU, HOBBII yPOBEHb MOOUJTb-
HOCTH, 9KOHOMMSI TPaH3aKIIMOHHBIX U3MEP-
XeK, oOpaTHas CBSI3b U MPOAYLUPOBAHUE
HOBBIX TTPEUTOKEHUI (TTPOTYKTOB/YCIYT);

* BBITOJIAMU Ha CTOPOHE MOTpeOuTes/
naccaxwupa OymyT: MUHUMU3ALMs BpeMeH! Ha
OpraHU3aIMI0 OE3IKU, ONTUMaIbHAs CKO-
POCTb MOE3[IKU, EAUHBIA CTaHAAPT KavyecTBa
00CIy>)KMBaHUS Ha BCEM MaplipyTe, ONTU-
MaJibHas 1IeHa YCIIyTH;

* BBITOJAMU Ha CTOPOHE MPOU3BOJUTEIIS —
MPUCBOEHUE CeTeBbIX 3(D(HEKTOB, IKOHOMUS
TPaH3aKIIMOHHBIX U3IEePKEK, KaCTOMU3AIUS
MPEJIOKEHUS U JIOSJIbHOCTh KJIMEHTA, Mpo-
TYIPOBaHWE HOBBIX IIPOYKTOB/YCIIYT U YBE-
JIMYEeHUE TPUOBUTU, POCT PHIHOYHOU CTOUMO-
CTU aKTUBOB.

brok-cxeMa opraHu3aiyu ceTeBoro B3au-
MOJEHCTBUS YYACTHUKOB POCCUIICKOTO PhIH-
Ka ¥ BbIOOpA MPUOPUTETHOM OM3HEC-MOIEeIU
IU1s1 oOecrevyeHus «0ecIOBHO» MOOUIBHO-
CTU HaceJIeHUs Ha OCHOBE LIU(MPOBBIX TEXHO-
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JIOTUI TPU KOHCOMUAMPYIOLLIEH POJIU KeJle3-
HOJIOPOXXHOTO TpaHCMOPTa IMpeJcTaBieHa Ha
puc. 5.

Ha poccuiickom pblHKE MaccaXXupCKUX
MEPEBO30K MHULIMATOPOM CO3IaHUSI CETEBOTO
B3aNMOJCHCTBUS IJIST paCIIMPEHUS MapIIPyT-
HOW CETH, KOHCOJIUAALIMY aKTUBOB, ONTTUMMU -
3allMM U3JIePKEeK U poCcTa KauecTBa YCIyT Ie-
PEBO3KU B CUJTy TEXHOJIOTUYECKOTO U SKOHO-
MMYECKOTO IOJIOKeHUsI MoxeT ctaTb OAO
«P2XK/1». CeTeBoe B3aMOIeiCTBUE C y4aCTH-
eM OAO «PX]I» Ha oCHOBE COBPEMEHHBIX
MHOOPMAIIMOHHBIX TEXHOJIOTUI 3aITyCTUT
Mpolecc MPOHUKHOBEHUSI YCIYT U CEPBUCOB
2KeJIE3HOAOPOKHOTO TPAHCIIOPTA HA CMEXKHbIE
PBIHKU, TIPUBJIEYET CEPBUCHYIO MH(PPACTPYK-
Typy JJIsl IPOABUXKEHUS U 00ecreyeHust HO-
BBIX KAHAJI0B CObITA U TTPOABUXKEHMUSI YCIIYT 10
KOHEYHBIX MOTpeOUTEEe.

BbIBO4bl

1. Opranuzanusi KOMOMHUPOBAHHBIX
MaCcCaXXMPCKUX TIEPEBO30K CIYKUT KOHCO-
JIUIAIIY PECYPCOB M Pe3ePBOB ONTUMM3a-
IIUM 3aTpaT TPAHCIIOPTHBIX OPTaHU3AIUA,
pocta 3 GHEKTUBHOCTU MCITOJIb30BaHU S
TPaHCTIOPTHBIX aKTUBOB. OpraHu3anus
KOMOMHUPOBAHHBIX MTACCAKUPCKUX TTEPEBO-
30K MpeAIoiaraeT aKTUBHOE B3aUMOJEH -
CTBUE «I10 TOPU3OHTAIN» PA3TUIHBIX TPAHC-
TMOPTHBIX OpPTraHM3aINi KaK MEeXIy Co0oM,
TaK ¥ ¢ pa3HBIMU KOTOPTAMU MTaCCAKUPOB CO
CBOVMM TTOTPEOUTETBCKUMU TIPENTTOYTCHUS -
MU Y OTPaHUYEHUSIMU T10 JIOXOMY. AKTyaJeH,
CJIeIOBaTEIbHO, TTePEXO0/I OT TIMHEWHBIX O13-
HEC-TIPOIECCOB, ITOCTPOSHHBIX «T10 BEPTUKA-
JIn», K OM3HEeC-TIpolieccaM TOpU30HTAIIBHOTO
TUTIA, TIpEJIaralomnM CTeluaaTu3upoBaH-
HbIE TTAKETHI YCIIYT B CUCTEME «€IMHOTO OKHA»
110 eJIMHBIM CTaHAapTaM Ha 0a3e UMPOBBIX
TEXHOJIOTUA.

2. YcioxHeHWe TeXHOJOTHi, nudpoBast
TpaHchopMaIus TPOU3BOACTBEHHBIX ITPOIIEC-
COB TTOBBITIAIOT IIEHHOCTh COTPYTHUYECTBA —
YMEHUST KOOPAWHUPOBATH CBOU JICHCTBUS
C ICVCTBUSMU APYTUX SKOHOMUYECKUX areH-
TOB, KOT/Ia KOHKYPEHIINSI CTAHOBUTCSI 9KOHO-
MHUYeckKr HeBbITOnHOUW. COBpeMeHHBIE
IT-TexHonmoruu, TuraropMeHHbIE PELICHUS
CO3MAI0T TEXHUYECKNE BO3MOXHOCTHU TSI
WHTETpaIuy OM3HEC-TIPOLIECCOB Pa3HBIX BU-
JIOB TPAHCIIOPTA B IEJSIX KOHCOMUIAIUN
YCUJIMIA ¥ CETEBOTO B3aMMOJICHCTBUS TI0 JT-
HUW COBMECTHOTO MCITOJIb30BAaHUSI aKTUBOB,
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KOMITJIEMEHTapHBIX KOMIIETEHIIN, OTITUMU-
3allMU U3IEPKEK M POCTa KauyecTna.

3. CoBpeMeHHbIE TPEH/IbI B Pa3BUTUU MU-
POBOTO M POCCHUICKOTO PhIHKA MACCaKMPCKUX
TIEPEBO30K CBUIETEIBCTBYIOT O HEOOXOIMMOCTH
Ppa3paboTKX HOBBIX OM3HEC-MOIeNIei CO3MaHusT
LIEHHOCTH JUTST KJTMEHTA U B LIEJISIX KOMITEHCAITT
YOBIBAIOIIIETO CITPOCA, TJIe TIPOSIBUTCST HOBBIM
(opMaT MCTIOIB30BaHUS XKeJE3HOIOPOKHON
MHGPACTPYKTYPHI, OPUEHTUPOBAHHBIN Ha CO-
3maHue IIEHHOCTel IS JIofieil, Ou3Heca, Tep-
putopun. MoJiesIi OpraHu3aiu KeJe3HOI0-
POKHBIX KOMOMHUPOBAHHBIX TIEPEBO30K JIOJI-
JKHBI CTPOUThCS Ha 0a3ze OM3Hec-Mojesei,
BBIOOP KOTOPBIX TOJKEH OBITh MPEeIONpeneicH
CTpaTern4ecKNM pellieHeM KOMITaHUH.
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ABSTRACT

The article examines business models for mixed-
mode (combined) passenger transportation and
development of combined passenger transportation
as a factor in the growth of capacity of the railway
passenger transportation market. The crisis in the
transport services market, caused by non-economic
factors (COVID-19 pandemic), is characterized by
a classic combination of supply shocks and demand
shocks for passenger transportation, which increases
relevance of the problem of searching ways to rise
the volume of passenger traffic, in particular, by rail,
demand for services provided to the public using
railway assets.

The current approach to increasing the demand
for railway passenger transportation by developing
the railway route network, improving the equipment
of railway stations and the quality of service,
expanding the range of services offered, promoting
everything that encourages the consumption of
services by a larger number of customers, will remain
important. Nevertheless, this approach should be
critically considered and supplemented in the light of
new economic trends motivated by digital technology.

model, seamless mobility.

Models of Organisation
of Combined (Mixed-Mode)
Passenger Transportation

Guts, Alexey V., JSC Russian Railways, Moscow, Russia*.

That is especially important today, when, in conditions
of resource constraints, a strategic organisational
solution is needed aimed at scaling a business,
achieving an optimal «balance» of costs, quality,
competencies, flexibility and customer focus.

The organisation of combined passenger
transportation involves active «horizontal» interaction
of various transport organisations, both among
themselves and with different cohorts of passengers
with their own consumer preferences and income
restrictions. Therefore, the transition from linear
business processes built «vertically» to horizontal
business processes that offer specialised packages
of services through a «single window» system
according to uniform standards based on digital
technologies is relevant.

The article proposes models for organising
network interaction of participants in the passenger
transportation market based on digital technologies
to ensure «seamless» mobility of the population with
the consolidating role of railway transport. Specific
models for organising combined railway transportation
should be based on a specific business model, the
choice of which is determined by a strategic decision
of the company.

Keywords: railways, passenger transportation market, multimodal transportation, networking, business

*Information about the author:

Article received 02.11.2020, accepted 21.12.2020.

Guts, Alexey V. — Head of the Marketing unit of the High-Speed Transportation Directorate, a branch
of JSC Russian Railways, Moscow, Russia, aleksey_guts@bk.ru.

For the original Russian text of the article please see p. 208.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 6, pp. 208-219 (2020)



he organisation of combined passenger
I transportation' is an adequate and
necessary response to the growing
mobility of the population, which is a function
of such variables as the price of the service (P),
the speed of movement (V), the total travel
time, which actsas a factor of space compression
due to the developed route network (RN),
connectivity of transport infrastructure (C):
M=f(P, V, RN, C). (1)

The dependent variable, «population
mobility», in the system of socio-economic
priorities is a «merit good», the consumption
of which should be encouraged. The
organisation of combined passenger
transportation serves as a tool for increasing
the mobility of the population, primarily in
large cities and agglomerations, where the
need for speed of movement, requirements
for the quality of transport services, the
creation of «seamless» transportation, on
routes using different modes of transport and
for using different modes of transport with
a single ticket, is manifested with all the
acuteness [1].

The development of an offer which has
a value for the passenger regarding «barrier-
free» («<seamless») mobility as a service, acts to
acertain extent as a challenge for the companies
of the passenger transportation, since it is not
limited to improving the convenience of the
railway route network, the equipment of railway
stations, the quality of services, extended line
of services offered. Organisation of combined
passenger transportation is associated with
a cardinal shift/transformation of the business
process of a transport company towards
a network business model, which requires the
company to develop a strategic decision on the
transition to a new business model, that is,
a new logic of creating value for the client and
monetising the results of its implementation
for the company.

«Seamless» mobility as a service is provided
by modern technology of transportation which,
based on:

1) combinations of different modes of
transport;

! The terms «combined transportation», «mixed-mode
transportation» are suggested as they literally reproduce the
original terms in Russian used by the author. This does not
refer in the context of the article to the discussions on the
terminology regarding combined, multimodal, intermodal,
mixed transportation, transit, commuting, etc. - ed. note.

2) integrated and coupled development of
transport infrastructure (route network,
transport interchange hubs, agreed timetables
for various modes of transport);

3) the pool of competencies of the
participants in the transportation process,
allows to create a combined transportation
service according to the «door-to-door» («from
home to home») scheme and with a single
transportation document and creates the value
offer for customers/passengers: mobility,
accessibility, and safety of transportation.

The organisation of combined passenger
transportation involves the interaction of
different modes of transport/different
transport organisations, both among
themselves and with different cohorts of
passengers with different consumer profiles.
Thus, not only modern technology of
transportation work is required, but also
a special technology to ensure connectivity
between them, namely, network interaction,
based on the built architecture of horizontal
links between transport organisations who are
participants in combined transportation [2].

In contrast to the horizontal cooperation of
participants in the transportation process,
network interaction is based on the principles of
shared values, trust, generally accepted standards,
connection tools, common protocols, systems to
support organisation and control.

Modern digital technologies create technical
opportunities for network interaction of
a qualitatively new level, allowing to integrate
amulti-layer «real» network consisting of transport
assets, route network, transport services and various
kinds of services focused on creating value for
people, businesses, and territories [3—35].

The current stage of development and
widespread distribution of networks, called
«uberization of the economy», is based on the
use of platform solutions.

Thus, the model of organising combined
passenger transportation is based on the
transportation technology focused on door-to-
door travel interfacing modes of transport with
modes of transportation with the aid of the
integrated and coupled development of
transport infrastructure.

The multimodal transportation technology

is implemented through the mechanisms of [

interconnection of transport companies with
each other (horizontal and vertical integration,
network interaction) to create a joint product —
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Connectivity
technology

Transportation
technology
«from door to
door»

Combined
transportation

with a single
ticket

Pic 1. Model of organisation of combined transportation (compiled by the author).

combined passenger transportation with a single
ticket — based on a joint business process.

The use of digital technologies and the
creation of a digital zone of interaction between
companies and passengers: a «network space»
that includes transport organisations; as well as
companies that create related services, forms
a common business platform as a «single
window» for obtaining a «single ticket».

In its most general form, the model of
organising combined passenger transportation
can be represented as the interaction of
technologies for creating combined passenger
transportation (Pic. 1).

Specific models for organising combined
railway transportation will be based on a specific
business model, the choice of which is based
on a strategic decision of the company.

Let us single out the models for organising
combined transportation by such a criterion as
the business model used by the company.

1) Product oriented business model (Pic. 2).

We proceed from the assumption that
a railway company, a national carrier as a rule,

takes on the function of an integrator of the
passenger transportation market by diversifying
its assets (for example, acquiring a bus fleet)
to organise combined transportation. Joint
asset management enables the railway
passenger market to grow, increase efficiency,
create new profit centres, and maximize total
revenue.

The model is based on a supply chain,
a horizontal end-to-end process, a stream of
additional value/value creation of a product/
service aimed at forming a value offer for
combined passenger transportation. Companies
implementing a product business model keep
the supply chain/value creation in focus as their
main competitive advantage. Companies of this
type compete not with products, but with
supply chains, and that determines the success
of their business. The competitive advantages
of the supply chain are achieved through
technological breakthroughs, cost reduction,
scale effects and marketing [6]; the company’s
efficiency increases after each doubling of the
output, which is accompanied by an increase

Railway company (national carrier)

Combined transport assets

Forms of access: property, rent, contract

¥

Combined passenger transportation

Pic. 2. Product oriented business model (compiled by the author).
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Combined
transportation with
ticket and
a package of
additional services

Accompanying
services:
car rent, hotels,
hospitality
industry

Pic. 3. Business model, built on joint/integrated
business processes (compiled by the author).

in market share and an increase in the
company’s competitiveness in terms of price
[7]. Digital technologies make an invaluable
contribution to increasing the efficiency of the
product business model due to traceability and
greater coverage of transactions, and
customisation of the offer. However, since the
business model itself very limitedly presupposes
«going out» outside the traditional product
market, either its transformation, it cannot fully
use the potential inherent in digitalisation of
transport and logistics.

2) A business model which is built on joint/
integrated business processes that combine
interrelated and complementary production,
main and related activities, to obtain a joint
product/result (Pic. 3).

In such a model, companies that initially
have a product business model receive signals
from the market about the possibilities of
scaling their own business through «horizontal»
network interactions, exchange of information
and data between various transport organisa-
tions, both among themselves and with
companies producing complementary and
related products, creating thus new
mechanisms for monetising value. The
organisation of combined passenger transpor-
tation based on network interactions implies
development of common standards for
cooperation, trust, systems to support
organisation and control. As a rule, such
a model develops in the presence of institu-
tional conditions (coordinating bodies in the
form of associations, self-organising

Platform

Combined
transportation

Rules and
standards

Pic. 4. Business model oriented on platform solutions
(compiled by the author).

organisations, supported by systems of
government regulation and judicial protection
of contracts). The digital transformation of
transport and logistics creates the technical
capabilities for organising networking through
the sharing of assets, complementary resources
on the principle of a «single window», cost
optimisation and quality growth, on the one
hand, and «mass customisation» of the offer
for customers based on digital technologies,
on the other.

3) A business model that is focused on
platform solutions: systems of services for
aggregation of independent market agents,
coordination and optimisation of interaction
between them, both of a sectoral and cross-
sectoral nature (B2B) and in the B2C segment
(Pic. 4).

In its most general form, a platform is
a common foundation linking suppliers to
consumers. It would seem that the platform
does not introduce any new value into the
interaction between the supplier and the
customer (in comparison with the linear
organisation); however, here a «<network space»
arises on the part of service providers and their
consumers, offering additional value for its
participants in terms of saving selection costs
and mobility. The platform appears as:

1) the basis on which the complete set of
products and services is integrated;

b) supply chain/chains of value creation and
of support to transactions;

¢) aset of rules, protocols, and conditions for
interaction between platform participants [5].
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Development of
seamless mobility
as a service

Transport
availability

Identification of

Project solution

combined
transportation profile

Carrier ensures
completeness of
railway
transportatio

Linear business
model

Carrier as
independent
market agent

Seamless mobility
as a service

for transport
connectivity __

Carrier as association
member

Business model
based on platform
solutions

Business model

based on joint rules

Pic. 5. Block diagram of network interaction for organisation of combine passenger transportation
(compiled by the author).

Platform solutions allow the company to:

Firstly, to have several streams/sources of
income due to a coalition with different
economic agents, to work simultaneously with
different data, the speed of communication and
information exchange.

Secondly, an equally important source of
income and capitalisation growth is the
transition to a different coordination
mechanism: network cooperation, which
becomes an independent market asset [8; 10;
11]. The more participants are there in
network interaction, the more meaningful and
diverse it becomes, the higher are the network
effects, both forindividual network participants
and for the system as a whole. Participation
in the network allows working with different
companies/clients/data, and that increases
the density of the economic space, allows
getting economies of scale; asset consolidation
and resource sharing ensure service quality at
competitive costs; shared values, trust, and
communication standards reduce coordination
costs. Since there are positive network effects
[9], it is profitable to join the network, to be
a member of it, which increases the market
value of the company’s assets. The costs of
those who are not online will inevitably
increase [8].

The platform thus creates value for all its

participants:
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* On the supply side, these are transport
organisations, as well as companies that create
related services (car rental, hotel reservations,
etc.).

* Onthe demand side, these are passengers
with different preference profiles.

* The product traded on the platform is
information about the timetable, the availability
of carrying capacity and tickets, related
services.

* The value produced by the platform is
speed with which platform participants can
interact, or, in other words, a new level of
mobility, savings in transaction costs, feedback
and production of new offers (products/
services).

» Benefits on the side of the consumer/
passenger will be: minimisation of time for
organising a trip, optimal travel speed, the
single standard of service quality along the
entire route, optimal service price.

» Benefits on the side of the manufacturer
are appropriation of network effects, saving
transaction costs, customising the offer and
customer loyalty, producing new products/
services, and increasing profits, increasing the
market value of assets.

A block diagram of organisation of
network interaction of Russian market
participants and the choice of a priority
business model to ensure «seamless» mobility
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ofthe population based on digital technologies
with the consolidating role of railway
transport is shown in Pic. 5.

In the Russian passenger transportation
market, JSC Russian Railways may become
the initiator of networking to expand the route
network, consolidate assets, optimise costs,
and increase the quality of transportation
services due to its technological and economic
situation. Networking with the participation
of JSC Russian Railways based on modern
information technologies will launch the
process of diffusion of services provided by
railways into adjacent markets, attract service
infrastructure to facilitate and provide new
sales channels and promote services to end
consumers.

Conclusions.

1. Organisation of combined passenger
transportation serves to consolidate resources
and reserves for optimising the costs of
transport organisations, increasing the
efficiency of using transport assets. Organisation
of combined passenger transportation involves
active «horizontal» interaction of various
transport organisations, both among themselves
and with different cohorts of passengers with
their own consumer preferences and income
restrictions. Therefore, the transition from
linear business processes built «vertically» to
horizontal business processes that offer
specialized packages of services through
a «single window» system according to uniform
standards based on digital technologies is
relevant.

2. The increasing complexity of
technologies, digital transformation of
production processes increases the value of
cooperation: the ability to coordinate their
actions with the actions of other economic
agents when competition becomes economi-
cally unprofitable. Modern IT technologies,
platform solutions create technical oppor-
tunities for integration of business processes
of different modes of transport to consolidate
efforts and network interaction towards
shared assets, complementary competencies,
optimizing costs and increasing quality.

3. Modern trends in development of the
global and Russian passenger transportation
market indicate the need to develop new
business models for creating value for the
client and to compensate for the diminishing

demand, where a new format of using the
railway infrastructure will appear, focused on
creating value for people, business, and
territory. Models for organising combined
railway transportation should be based on
business models, the choice of which should
be predetermined by the company’s strategic
decision.
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NHauKaTop A9 OL,eHKN 06ecrne4yeHHOCTU
NnoABUXHbIM COCTaBOM rOPOACKOIro NaccaXmupckoro
TpaHcnopTa o0Lwero NoJib30BaHUS
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Llenbio cTatbu Bs0TCS paspaboTka u 060CHOBaHNE afeKkBar-
HOCTW npessaraemoro nHaukaropa AJs1 OLeHKu obecrne4yeHHoCTn
NoABVXHbBIM COCTaBOM roPOACKOro naccaxupckoro tpaHcriopta(IT1T).
B kayecTBe Takoro uHauKaTopa PeKoOMeH[0BaHo UCTO0Ib30BaTL pac-
4ETHBIV TOKa3aTesib — yCI0BHOE CTOMECTHOE TPaHCMOPTHOE CPEACTBO.
Ucnonb3yembie B HacTosiLee BPeMsl noka3aTesin, xapakTepuayroLme
ob6ecrnie4eHHoCTb [TIT TPaHCMOPTHLIMU CPEACTBAMU, YYNTbIBAIOT
TOJIbKO HaTypasibHOE YACII0 NoCenHNX. ITO He 0becreymnBaeT OLeHKN
MPOBO3HbIX BO3MOXHOCTEWH TIT C y4ETOM CHAOXUBLUNXCS YCAOBUIA
aKcnyataumm (peasbHble dKCrlyaraLuoHHbIe CKOPOCTU ABVXKEHUS Ha
mapLupytax [TIT, CrloXvBLUNKCS ypOBEHb KO3(p@ULMEHTa Bblrycka
MOABMXHOI0 cocTaBa Ha MapLupyThl). [1peanoXeHHbIN MHAUKATOP
o06ecre4eHHOCTY MOABUXHBLIM COCTaBOM Y4UTLIBAET HE TOJILKO HaTy-
pasibHOE YNCII0 TPAHCMOPTHLIX CPEACTB, HO U UX NaCCaXnpOBMeECTH-
MOCTb, yka3aHHbIe CyLLIECTBEHHbIE TEXHUKO-IKCIITyaTaLMOHHbIE MoKa-
3ares napka TpaHCnopTHbIX CPeAcTB. 3a 6a3y J1sl OLEHKU MPOBO3HOM
Croco6GHOCTY Napka NnoABVXHOrO COCTaBa MPUHSIT YCII0BHbIN CTOMECT -
HbIi aBTOOYC, BbIMOHSIOLLMI MEPEBO3KM Ha MapLLPYTax co CPeaHeri
SKCMyaTaLMOHHON CKOPOCTbIO ABUXeHUs. 1151 peasibHbix aBTo0ycoB
aTa 6a3oBasi eauHNLAa KOPPEKTUPYETCS B COOTBETCTBIN C PeasIbHbIMU

CKOPOCTSIMU [IBUXEHWS] U CIOXUBLUMMUICS] 3HAYEHUSIMU TEXHUKO-
9KCMITyaTaLMOHHbIX rokasaresei. AHanorn4Hasi KOppekTMPOBKa Bhbi-
MOJIHSIETCS /151 PeasibHbIX TPOJIIebyCcoB 1 BaroHOB TpamBasi, 470
103BOJISIET HUBENPOBATbL IKCI/TyaTaLMOHHbIE PA3/INYIS OABUXHOIO
cocTaBa pasnyHbix BuaoB [TIT ¢ Lesibio nx B3auMHOro CornocTaBaeHus
10 MPOBO3HOV BO3MOXHOCTY.

Wcnonb3oBaHHasi npv noAroToBke cTarbi METOA0I0M Vs Onupa-
eTcsi Ha KOMITJIEKCHOe NMPUMEHEHNe Hay4YHbIX 3HaHui B 0671acTsax
npyKknagHoui Haykuy 06 aKcrilyataumum TpaHCnopTa, CTaTuCTUKM (cTaTu-
cTuyeckoe HabnwaeHe n y4ET paboTsl [TIT), cpaBHUTENLHOIo aHa-
M3 MHANKaTOPOB, MPUMEHSIEMbIX B Pa3/INYHbIX OTPACJISX, B 4acT-
HOCTY, B CE/IbCKOM XO35I/ICTBE [i/151 OLI€HKU YPOBHSI 06eCcre4eHHOCTU
OCHOBHbIMW MPON3BOACTBEHHbIMY CPEACTBaMU (yYC/I0BHbIV TPAKTOP),
6eHYMapKUHra nccaeaoBaHnii v pa3paboTok POCCUACKUX 1 3apyBex-
HbIX aBTOPOB M0 NMpobieMe CoBepLIEHCTBOBaHUS AesTensHocTy [T1T.

WHankaTop npenHasHaveH As1s1 UICosib30BaHus py paspaboTke
U OLleHKe ypOBHS NCMOJIHeHWS Nporpamm pa3sutus [TIT n ropoackow
cpenbl 06uTaHusl, aHanan3a ka4yecTsa TPaHCMOPTHOrO M1aHUPOBaHUs
n obenyxuBaHus naccaxupos [TIT, cpaBHeHuri o6ecrne4eHHoOCTU
TPaHCMOPTHLIMU CPEACTBAMU PA3/INYHBIX FOPOLOB.

Kntoyesbie crnosa: FOpOACKOﬂ I'laCCa)KMpCKMﬁ TpaHCrnopT, UHANKaToP, TPaHCIropPTHbIe cpeacTsa, obecrne4eHHoOCTb HaceJsieHusi, rniaHnmpoBsa-
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BBEAEHUE

B Poccuu HanbosbIee yrcio naccaxkupon
MEePEBO3UTCS TPAHCIIOPTOM OOILIETO T0JIh30Ba-
Hus (TOIT) Bropogax v MX MpUropoaHbIX 30HaX.
ITo nanHbIM caiita MunTpanca Poccun 82018 1.
OT OOIIEro Yrcia MaccakupoB B TOPOIACKOM
coobieHnu 46,3 % ObUIM IepeBe3eHbI aBTO0Y-
camu, 110 11,4 %, COOTBETCTBEHHO, — TpaMBasi-
MM ¥ Tposuieiibycamu, 30,6 % — meTporoauTe-
HaMmu (ocTalbHble — Takcu). [ocymapcTBo
¥ MYHULIUIIAJIbHBIC OPraHbl YIPaBICHUS OCY-
1IeCTBIISTIOT Mephl Toaaep:kku TOTT u obecne-
YEHMSI er0 YCTOMYMBOTO pa3Butus [1—3].

Panvonanmzanyst cocraBa TPaHCIIOPTHBIX
CPEICTB FOPOJICKOIO MaCcCaXXMPCKOTO TPaHC-
nopra (I'TIT) npuobpeTtaer ocodoe 3HaAYEHUE
B YCJIOBUSIX peaM3aliii KOHLIEIIIUN YCTONYM -
BOTO Pa3BUTUSI COLMATbHO-9KOHOMUYECKUX
OTHOIIICHMIA. YCTOIMYMBOE pa3BUTHE O3HAYAET
cOaTaHCHPOBaHHBII ITOIXO/ K PEILIEHIIO COBO-
KYIHOCTY 5KOHOMUYECKHX, COLUATbHBIX 11 9KO-
JIOTMYeCKUX mpobieM. [opoickoii maccaxkup-
CKMIi1 TPAHCIIOPT OOIIIETro IOJIb30BAHMS UMEET
0c000¢e 3HaUeHUE JUIsI 00ECIIeUeHNUsT pa3BUTHSI
TOPOJIOB ITO YCTOMYMBOMY clieHapuio. [Toaromy
T'TIT ctan muoHepoM B JeJie YCTOMYMBOTO pa3-
Butus [1; 3].

Hannexanuii y4€T mpoBO3HBIX BO3MOXKHO-
cTeit mapka roasvkHoro coctaa I'TIT HeoOxo-
JIUM TIpY pa3pabOTKe U OLIEHKE BBITOJIHEHUS
IIPOrpaMM pa3BUTHUS TPAHCIIOPTA, OPraHU3aLIN
MEePEBO30K IaCCakKMPOB, OIpPEAeICHUN He00-
XOIMMOTO OIOKETHOTO (PMHAHCHPOBAHMS TO-
POJICKOrO TPAHCIIOPTa U P YCTAaHOBJICHUU
YPOBHSI KauecTBa TPAHCIIOPTHOTO OOCITYKIBa-
HUS HaceJieHUs ropoaos [4—8].

JIJ1s1 OCYILECTBIEHUS YKA3AHHBIX (PYHKLIMI
y4€Ta He0OXOIMM MHIMKATOP YPOBHS o0ecrie-
YEHHOCTU HACEJeHUSI TOPOIOB MOABMKHBIM
coctaBoMm ['TIT. OnpeneneHue 3HaYEHUS ITOTO
MHIMKATOPA J0JKHO OBITh OCHOBAHO HA MMEIO-
LIMXCS JAHHBIX CTATUCTUYECKOT0 HAOJIIOICHUST
M HE BbI3bIBaTh METOAMYECKUX 3aTPYIHEHUI
npu pacuérax. CiemayeT UCIIOIb30BaTh B Kaye-
CTBE MHIUKATOPA TaKOM IT0KAa3aTe/Ib, KOTOPbhIIA
JIACT BO3MOXHOCTh OIPEIE/ISITh O0SCIIeYeH -
HOCTb ITOJABVDKHBIM COCTAaBOM KaK pa3ie/IbHO 110
Bugam I'TIT, Tak 1 yctaHaBIMBaTh COBOKYITHYIO
(MHTEerpaJbHyI0) OLIEHKY 00eCeueHHOCTU
B LIEJIOM 110 ropony. MTHaMKaTop TakxKe T0JDKeH
00J1a1aTh «(PU3NUECKHM CMBICJIOM», UTO 00eC-
MEYMT HAIJISITHOCTD €0 MCIOIb30BaHUSI.

B nHactostiiee Bpemsi, B Poccun neiicTByro-
11Iee TOCYIapCTBEHHOE CTATUCTUYECKOE HAOITIO-
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JIeHUEe TIpeaycMaTprBaeT yIET YnciIa enuHUIL
TTOJIBVMDKHOTO COCTaBa Pa3IMIHbBIX BUIOB TPAHC-
TopTa OOIIEeTO TOJIb30BaHMS B HATypaJIbHOM
BBIpaKeHNN. TpaHCTIOPTHBIMU OPTaHM3aLIASIMI
TaKKe YIUTHIBAIOTCS M aKKyMYJIMPYIOTCS TaH-
HbIE O TUTAHUPYEMBIX ¥ TOCTUTHYTHIX 3HAYCHU -
SIX TEXHUKO-2KCIUTyaTallMOHHBIX TTOKa3aTesei
(TBIT) nonBuxHoro coctaBa 1 TOIT mapiipy-
TOB PETYJISIPHBIX TIEPEBO30K MaCCaXKUPOB.

Llenvio cTaThy SIBJISIETCS 0OOCHOBAHUE WH-
JIMKaTOpa 00eCTIeYeHHOCTH HAaCeJIeHMsI TOPOIOB
TTOJIBMKHBIM COCTABOM 'OPOJICKOTO MTacCaXkMp-
CKOT'0 TpPaHCTIOpTa OOIIIETo TOJThb30BaHMUSI, YU~
THIBAIOIIETO TTOMUMO HAJTMIMS TPAHCITOPTHBIX
CPE/ICTB TaKKe WX MacCaXKUPOBMECTUMOCTD
M 9KCIUTyaTallMOHHbBIE YCIIOBUST pabOTHI Ha
MapIipyTax.

Memodonoeus, NCTIONB30BaHHAS TIPU TTOJI-
TOTOBKE CTaThM, BKITIOUAET B Ce0sT KOMITIIEKC
3HAHUI U3 00JIacTeil:

* MPUKJIATHOW HayKu 00 KCIUTyaTaluu
TPaHCIIOPTHBIX CHCTEM M aBTOMOOMIBLHOTO
TPAHCITOPTA;

* CTATUCTUUYECKOTO HAOJIONEHNS Y BEIOM-
cTBeHHoro yuéra ycayr ['TIT,

* TIPaKTUYECKOTrO MPUMEHEHUS TIOKa3aTe-
Jiel (MHIMKATOPOB) 7151 OLIEHKM 00eCcIIeYeHHO-
CTH IIPOM3BOICTBEHHBIMU cpeicTBaMU. B yact-
HOCTU — TIOHSTHSI «YCJIOBHOTO TpaKTOpa», UC-
TTOJTB3YEMOTO B CEJTLCKOXO3SIHCTBEHHOM TIPOM3-
BOJICTBE;

* Pe3yJIBTaTOB aHaIM3a IyOJUKAIIMiA POC-
CHICKMX M 3apyOeKHBIX aBTOPOB, B KOTOPHIX
paccMaTpuBalOTCST TIOIXOIbI K OTPee/IeHUIO
HEOO0XOIMMOTO TMapKa TMOIBMXXHOTO COCTaBa
I'TIT, u ycTaHOBJIEHMIO LiEIeCO00Pa3HbIX UHIM-
KaToOpOB OILIEHKN 00ECTIEYeHHOCTH TTPOM3BOI-
CTBEHHBIMU CPEJACTBAaMM IIPU BHITTOJHEHUN
paboT 1 OKa3aHUU YCIIYT.

PA3PABOTKU B OBJIACTU
ONMPEAOEJIEHNA OBECIMNEYEHHOCTU
rT TPAHCNOPTHbIMU CPEOCTBAMU
M3ydeHne HayqHO-TeXHUIECKOM JIUTEPaTyphl
(oxomno 250 UCTOUHMKOB) TTOKA3aJI0, YTO OTpe-
JieJieHre HeOOXOIMMOTO YPOBHST 00ECTIedeHHO-
ctu I'TIT nonBr>XHBIM COCTAaBOM IMTPOU3BOIUTCS
C MICTIOJTb30BAHUEM CJIEYIOIINX ABYX TIOIXO/IOB.
Bo-miepBbIX, Ha OCHOBE YCTAaHOBJICHUS TTO-
TPeOHOTO YMCIIa TPAHCIIOPTHBIX CPENCTB IS
KaKIIOTO M3 MapIIpPyTOB C MOCIEMYIONIAM arpe-
TUPOBAHUEM TIOJIYYEHHBIX PEe3yJIbTaTOB IS
CHCTEMBbI MapIIPyTOB HACEJIEHHOTO MYHKTA
(pacuéT «CHM3Y BBepXx» ). ICIob30BaHE TAKOTO

CnupuH U. B., Ipuwiaeea 0. M., MaTaHueBa O. 0. UHAuKaTop ANs OLLeHKN 00€eCrne4yeHHOCTU NOABMKHbBIM
COCTaBOM rOPOAICKOro NacCaXnpPCKoro TpaHCMNopTa O6LLEro Nob30BaHUSA




TTOJIX0O/Ta He TIO3BOJISIET HUBEIMPOBATH BIIVSTHUE
9K30TNeHHBIX (BHELLHKX) (haKTOPOB OpraHu3aluu
TIEPEBO30K, TIOCKOJIbKY IS KAXKJIOTO M3 MapIl-
PYTOB YMCJIO €IUHMUIL TTOJABUKHOIO COCTaBa
OTpesiesiIeTCsl UCXOMsT U3 JIeMCTBYIOIMNX Ha
JMIAaHHBIT MOMEHT KOH(MUTYpallUU yJIUIHO-
JIOPOXKHOM CETH, YCJIOBUI TOPOXKHOTO IBUKEHUS
Ha Hell ¥ KOHIETIIUY (MOJIe/ ), Ha OCHOBE KO-
Topoii chopmrpoBaHa cuctema MmapiupytoB ['TIT
paccMaTpuBaeMoOro HaceJ€HHOro IMyHKTa |3,
¢. 165—185]. IaHHBIi1 TTOAXO UCTTOMb3YeTCST TSt
TEKYIIIETO YCTAHORBJIEHUSI ITOTPEOHOCTH B TPAHC-
TTOPTHBIX CPEICTBAX U OPraHM3aIK TTEPEBO30K
Ha mapupytax I'TIT (MHaue roBopsi, B HaCTOsI-
1IEM BPEMEHMU).

Bo-BTOpBIX, KaK yCTaHOBJIEHKE YCPEAHEHHO-
TO HOpMaTHhBa 00ECTIEYeHHOCTH TIOABYDKHBIM
COCTaBOM TEPPUTOPUIN HACEIEHHOTO TTyHKTA WJTN
€r0 HaCeJIEHUS C LIEJIBIO MOCJIEYIOILIETO UCTIONb-
30BaHMsI B pa3pabOTKe MePCIIeKTMBHBIX ITPOEK-
TOB COBEPIIIEHCTBOBAHMSI TPAHCTIOPTHBIX CUCTEM
TOpOJIOB, B TOM YMCJIE HA OCHOBE KOHIIETIIIUU
YCTOMYMBOTO pa3BUTHSI. TaKoi TOIXOM TakkKe
MOXKET IPUMEHSITHCS TSI BHITTOJTHEHMSI CPDaBHU -
TEJIbHBIX OLICHOK Pa3BUTHS TOPOICKOTO TPaHC-
riopta. Cchepa MCIOIb30BaHMSI 3TOTO TOIXO01a —
Oymyuive mepuoabl paboThl TPAHCIIOPTHBIX
CHUCTEeM TOpOIOB (TUTAHMPOBAaHUE TPAHCTIOPTHOMN
nesitesibHOCTH). Tak, B MoHOorpaduu [5, c. 144—
145] paccMoTpeHa MeTOIMKa MUHUMAJTBHO J0-
IMyCTUMOI HOPMAaTUBHOI 0OECIIeYeHHOCTH TO-
POJICKOI TEPPUTOPUM aBTOOYCAMH B 3aBUCHUMO-
CTH OT CpeHE TATbHOCTH TIOE3IKH! TTacCakupa.

B crartbe [9] npencraBieH aHATUTUYECKUI
0030p MyOIMKALIWiA TTO HAPABJIEHUIO UHCTUTY-
moHanbHOM 3koHoMuKU [TIT, mpenycmatpu-
Balollell M3yueHUe MepeBO30K MaccakupoB
TPAHCIIOPTOM OOIIIETO TTOJIb30BAHMS C YIETOM
«BHEILIHETO OKPYKEHMsI», BKJIIOYAIOLIETO IPO0-
JIEMBI HE TOJIBKO Ha YPOBHE MUKPOIKOHOMUKH
TPAHCIIOPTHBIX OPraHM3AINi, HO TAKXKe YUET
BHYTPUTOPOJICKOM TIOJIUTUKY, KOMITJIEKCA COLU -
AJIbHBIX OTHOILIEHUIA, SKCTEPHAIBHBIX PE3YJIbTa-
TOB TPAHCTIOPTHOM AESTeIbHOCTH U TIp. Takoii
TTOJIXO/T TIPUBE/IET K CYIIIECTBEHHBIM M3MEHEHU -
SIM YCJIOBUH, B KOTOPBIX CTAHET B TIEPCIIEKTUBE
pabotathb ['TIT. Borpockl yuéTa aKCTepHAIBHBIX
TTOCTIEICTBHIA pabOThI TOPOJICKOTO TPAHCITOPTA
Taxoke ObUTU MOCTaBJIEHbI HAMU B padoTe [1].

B mepcrniekTBe BHEIpeHUE B MPAKTUKY
TPAHCITOPTHOTO TUTAHWPOBAHWST M 9KCILTyaTalliy
I'TIT nonoxeHuii KOHUEMLMU YMHOTO ropoja
(smart city) MO3BOJIUT UBMEHUTH ITOIXObI K HOP-
MUPOBAHUIO 00eCTIeYeHHOCTH TOPOJIOB TONBIIK-
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HBIM COCTaBOM TPAHCIIOpTa OOIIIEero TOIb30Ba-
Hus. CpeacTBa TPaHCIIOPTHOM TeJIeMaTUKH
¥ CITyTHUKOBOI HaBUTAIMK 00ecTiedaT BO3MOXK-
HOCTB OTTepaTUBHOTO (POPMUPOBAHMS TPACC TO-
POICKMX MapIIpyTOB W BBIICJICHUSI JUTST HUX He-
00X0IMMOTO TIOJIBMKHOTO cocTaBa. OmHaKo,
TIePEBO3KU 110 TAKUM MapIIpyTaM OyIyT OcyIlie-
CTBJIATHCS MMPEUMYIIECTBEHHO aBTOOycaMM
M 3JIEKTpOOycaMu Majloii BMECTUMOCTU. Mapii-
PYTBI C MOIITHBIMU TIACCAKUPOITIOTOKAMHU OYIyT
9KCIITyaTUPOBAThCSI C UCTIOIb30BAHUEM YCTOSIB-
1Ieiicst TexHoJoruu repeBosok [1; 10]. Jdns
YCTAHOBJICHUSI MTOTPEOHOCTU OIEPATUBHBIX
MapIIpyTOB B [TOIBMKHOM COCTaBe HEOOXOIMMO
YMETh TIPOTHO3MPOBATh MACCAXKUPOITIOTOKN Ha
KpaTKOCPOYHBIA Tieprion. B Hacrosiiiiee Bpemst
WCCIIeIOBAHMSI B 9TOM HarlpaBJIeHUN OCYIIIECTB-
JISTIOTCSl KUTAUCKUMM ydeHbiMu [ 11].
Craructuyeckue naHHble Pocctata u MuH-
TpaHca Poccuu 06 obecrieueHHOCTH aBTOOycaMu
0OI1IEro TOTB30BaHUsT (CM. TIpUMep Ha puc. 1)!
¥ TPAHCITOPTHBEIMU CPEICTBAMU JPYTUX BUIOB
T'TIT noka3bIBaloT 3HAYUTETBHBIE Pa30POCHI 110
rofiaM HaOJTIOIEHNST Y CYIIECTBEHHbBIE PA3TNUKSsT
Mexty cyobektamu Poccuiickoit Deneparum.
Takue n3aMeHeHUsT OOBSICHSIIOTCSI HEpaBHO-
MEPHBIM 3KOHOMUYECKAM U COLIMATBHBIM Pa3-
BUTUEM CYOBEKTOB, pazIMIUSIMU JOJIA TOPOJI-
CKOTO ¥ CEJTbCKOTO HaceJIeHMST Ha X TEPPUTOPH -
SIX, Y4aCTHEM B TIEPEBO3KAaX MACCaKMPOB MHBIX
BUIIOB TPaHCIIOpPTa, pa3MepaMu TepPUTOPUIA,
CTPYKTYPOI JOPOXKHOM 1 yJTUIHOM CETH, YNCITIOM
1 JIIOJTHOCTBIO HACEIEHHBIX ITyHKTOB Ha Teppy-
TOPHSIX CYOBEKTOB, IIepeMeHaM B TUHAMUKE
JIBVDKEHMSI TIapKa TPAHCIIOPTHBIX CPENCTB (CITv -
caHue U TOTOJIHEHNE), CTPYKTYPOIl UCITONb30-
BaHUST TPAHCIIOPTHBIX CPEZICTB TT0 BHIaM CO00-
IIEHUS Y TIPOYMMH TTPUIMHAMUI. DTO TIOATBEP-
JKIaeT HeOOXOMMMOCTh UCTIOTb30BaHMS MHIMKA-
TOpa 00eCNeYeHHOCTH TTOABIKHBIM COCTaBOM,
YUUTBIBAIOLLIETO CYLIECTBEHHbIE (haKTOPhI, 00-
YCJIABTMBAIOIIME TTOJOOHBIE Pa3TUYKSI.

®DAKTOPbI, OKA3bIBAKOLLIUE
BJINAHUE HA OBECINEYEHHOCTDb
noaBm>XHbIM COCTABOM I'MT
Craructuyeckoe HabMoIeHNE aKKyMYJTUPY-
eT nHMOPMAIIHIO O HATMYWY TTOIBIKHOTO COC-
TaBa B HATYPAIbHBIX €IMHUIIAX VCIIONb3YeMbIX
TPAHCTIOPTHBIX CPENCTB (aBTOOYC, TPOJIEHOYC,

! AHaJIOTMYHBIE TIPUMEPBI MOKHO TIPUBECTH TI0 JPYTUM
BH/IaM [ACCAXXKUPCKOTO TPAHCIIOPTa U ISl OCTATbHBIX
(eneparbHBIX OKPYToOB, CYOBEKTOB Poccuiickoit
Denepannn.
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Benropogckas obnactb
BpsaHckan obnacTb
Bnagumupckas obnactb
BopoHexckas obnactb
MBaHoBsckan obnacTb
Kanyxckas obnactb
KocTpomckas o6nacTb
Kypckas obnactb
Nuneukas obnactb

r. Mocksa

MockoBckas 061acTb
Opnosckas obnacTs
PasaHckas obnactb
CmoneHckas obnactb
TamboBckas obnactb
Tsepckasn obnactb
Tynbckas obnacTb
fipocnasckan obnactb

Puc. 1. O6ecneyeHHOCTb aBTOGYyCcamu TpaHCNopTa obLyero rnosib30BaHns Cy6bekToB LleHTpanbHoOro
penepanbHoro okpyra Poccurickoii @egepayunu no gaHHbIM PoccTara: 1o ocv opaMHaT yka3aHo
yucno aBTobycoB Ha 100 Tbic. xutenei, en.; BePTUKasIbHbI€ CTOJIOUKM NOKa3bIBalOT 06eCcrne4yeHHOCTb
Ha koHey roga B 2015-2019 rr.

BaroH). [1Ipy 3TOM He yJUThIBAETCS, UTO B 3aBU-
CUMOCTH OT MOJIEJIY ITOBMKHOTO COCTaBa Kak-
Jiast ero eIMHUIa UMEET ONpeIeIEHHYIO Mmacca-
JKUPOBMECTUMOCTb. [laccaXknpoBMeCTUMOCTh
OKa3bIBaeT CYILIECTBEHHOE BJIMSIHUE Ha IIPOBO3-
HYIO CITOCOOHOCTb TPAHCITIOPTHOTO CPEICTBA.

TTpoBo3HY10 CITOCOOHOCTH AaBTOOYCOB, TPOJI-
JIeii0YCOB M TpaMBaeB CYIIIECTBEHHO OrpaHNY M -
BalOT TEXHUKO-3KCILTyaTallMOHHBIE TIOKa3aTe/In
MCITO/Ib30BaHMs TTapKa IMOABMKHOIO COCTaBa,
MPEXJIE BCEr0 — BKCIUTyaTallMOHHAsi CKOPOCTh
V. ABMXKEHWS Ha PETYJIIPHBIX MapiupyTax. s
CPEIHMX YCJIOBMIA SKCILTyaTalluK 3Ta CKOPOCTh
MPUMEPHO paBHa:

* It aBTOOYCOB — 18 KM/4;

* TpoJuIeiidycoB — 17 km/4;

* BaroHOB TpamBasi — 16 KM/4;

* TI0€310B METPOITOJIUTeHa — 36 KM/4;

* aBTOOYCOB 0CO00 MaJIOii MacCaKMPOBME-
CTMMOCTH, IKCILTyaTUPYeMbIX B PEXHUME TBU-
JKEHUST MapIIPYTHBIX TAKCH — 23 KM/4.

TloBbilIeHME SKCILTyaTallMOHHOK CKOPOCTH
nBkeHus Ha mapipytax ['TIT rmo3soJisier yBe-
JIMYUTH YMCIIO PEHCOB 3a CPAaBHUMOE BpeMs.
B cBoI0O 0Yepesib, 3TO MPUBOIUT K YBEJIUUEHUIO
IPOBO3HBIX BOBMOXKHOCTE TpaHCITOPTa O0I1Ie-
IO TI0JTb30BaHMsI M COKPAIIEHHIO 3aTpaT BpeMe-
HU MaccakupoB Ha roe3aku [5; 8]. [Tpu pacué-
Tax 00EeCIEeYEHHOCTU MOABUXKHBIM COCTABOM
OMpeeIEHHOTO Topo/Ia CiieayeT IPUHUMATD BO
BHUMaHUE HE YKa3aHHbIC CpeIHUE 3HAYCHUSI
AKCILTyaTallMOHHOW CKOPOCTH IBVMXKEHUST, a UIC-
MOJIb30BaTh (haKTUYECKUE JaHHbIE 0 paboTe
I'TIT B aTOM TOpOZE.

Ha npoBo3Hy0 CITOCOOGHOCTB UCIOIB3YeMbIX
TPAHCITOPTHBIX CPEICTB TAKXKE BIIMSIOT:
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* CcpemHsis [UTMHaA MapiipyTa. Yem kopoue
MapuIpyT, TEM OOJIBIIYIO A0TI0 BPpEMEHU 000-
POTHOTO pelica Ha HEM 3aHUMAlOT 3aIeP>KKU Ha
KOHEUYHBIX OCTAHOBOYHbIX ITYHKTaX, CBSI3aHHbIE
€ 000POTOM MOIBMKHOI'O COCTaBA (BBITTOJTHEHUE
TEXHOJIOTMYECKU O0YCIOBICHHBIX Orlepaluii Ha
KOHEYHOM ITyHKTEe MaplIpyTa, KpaTKOBPEMEH-
HbI OTABIX BOAMUTEIS, IEPEBO TPAHCIIOPTHOTO
cpencTBa Ha oOpaTHOE HalpaBIeHUE JBIKE-
Hust). OnHAKO OTAEIbHO MPMHUMATh BO BHUMA-
HUeE BIIMsSIHUE IJTMHBI MaplIpyTa Ha TPOBO3HYIO
BO3MOXHOCTb TPAHCIIOPTHBIX CPEICTB HET He-
00XOIMMOCTH, TTOCKOJIBbKY 3aePXKKH Ha KOHEY -
HBIX OCTAHOBOYHBIX ITyHKTaX (DaKTUYECKU yKe
YUYTEHbI P HOPMUPOBAHUU IKCILTyaTallMOH-
HOIi CKOPOCTHU ABMXKEHUS Ha KaXKIIOM MapIIpy-
Te, B KaXJIOM pelice;

* KO3 GUIUEHT HETPSIMOJUHENHOCTHU
MapupyTa (MapuipyToB). QueBUIHO, YTO Nepe-
MelleHUue TPaHCIOPTHOIO CPEeACTBa B MPO-
CTPAHCTBE IO HEMPSIMOJMHETHOMY MapIlpyTy
OT HaYaJIbHOTO A0 KOHEYHOI'O OCTAHOBOYHOIO
MMyHKTAa IIPOMCXOIUT MeIEHHEE, 10 CPAaBHEHUIO
CO CIIPSIMIEHHBIM MapILIPYTOM.

O4YeBUIHO, UTO Yy TPAHCIIOPTHBIX OpraHu3a-
muit I'TIT HeT 3HAUUTENBHBIX BO3MOXKHOCTEH
OeCIPensITCTBEHHOIO CIIPSIMJICHUST YYaCTKOB
MapUIpyTHON CUCTEMbI, HAUepTaHUE KOTOPOi
TECHO CBSI3aHO CO CTPYKTYPOW YJIMUYHO-
JIOPOXHOM ceTr ropoja.

PazymeeTtcst, 10OUTHCS TTOJHOM TTPSIMOJIU-
HEMHOCTU BCeX MapILIPYyTOB HEBO3MOXHO.
B cBs13u ¢ 3TMM, COTTaCHO HAIIMM MCCJIeI0Ba-
HUSIM, MOBBIIIEHHAsI HETIPSIMOJIUMHENHOCTh
MapIIpyTOB MTPUBOIUT K MIepepacxoay He MeHee
10...15 % pecypcoB, B IIepBYyI0 ouepelb 110 Be-
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JYIITUM CTaThsIM Ce0eCTOMMOCTH TIePEBO30K.
[pexxne Bcero, 310 pacxojibl, CBSI3aHHBIE C TIPO-
06eroM TpaHCTIOPTHBIX CPENICTB, @ UMEHHO:

* Ha roployee U 3JIeKTPOIHEPIulo, MoTpeo-
JIsieMble TPAHCITOPTHBIMU CPEICTBAMU;

* 3apaOOTHYIO IJTaTy BOAUTETIEN TPAHCTIOPT-
HBIX CPEJICTB;

* BBITTOJIHEHVE TEXHMUYECKOTO 00CITyK1Ba-
HUS U TEKYIIEro peMOHTa TPAHCIOPTHBIX
CPEJICTB.

[TpuHuMast BO BHUMaHUe M3JI0XKEHHOE,
aKTyaJIbHO BBEICHME B HAYYHBII 000POT MOKa-
3aTesisi, KOTOPBIiA Oy/IeT yYUTHIBATh yKa3aHHbIE
(bakTOpHI, BIUSIOININE Ha ITPOU3BOANUTETHHOCTD
MOJIBMKHOTO COCTaBa HA MaplLIpyTax peryJsip-
HBIX IEPEBO30K MaccaxxupoB. Takoii mokazaresb
MOXET CJIY>KUTb aJleKBaTHBIM WHIMKATOPOM
YPOBHSI 00ECTIEUeHHOCTH TTOIBMKHBIM COCTa-
BOM TOPOJICKOTO HACEJICHUSI.

Hcrionb3oBaHre MHAMKATOPA MO3BOJTUT
OIIEHMBATh M COTTOCTABIISITH YPOBHU 00ECTICUeH-
HOCTU TpaHcHOpTHbIMU cpenctBamu ['TIT
Pa3IMIHBIX TOPOJIOB, OTPEIEISTh TPUOPUTET-
HOCTb (PMHAHCUPOBAHMS PA3BUTHSI MapKa I10-
JIBUDKHOTO COCTaBa, OCYIIECTBISITh KOMILIEKC
MEepOIIPUSATHIL TI0 OpraHU3aIuy MepPeBO30K
B cooTBeTcTBUM ¢ PenepaabHBIM 3aKOHOM
«O06 opraHu3alMy PETYJISIPHBIX TTEPEBO30K
MacCaXXnpoB U Daraxka aBTOMOOWIbHBIM TPAHC-
TIOPTOM M TOPOICKMM HAa3eMHBIM 3JIEKTpUUE-
cKkuM TpaHcItoptoM B Poccuiickoit @enepariim
1 0 BHECEHUM U3MEHEHMUIA B OTIETbHBIE 3aKO-
HonaTesbHbIe akThl Poccuiickoit @eneparmm»
ot 13.07.2015 . Ne 220-®3 (c usmM., nanee — O3
Ne 220), ColanbHbIM CTaHIAPTOM TPAHCTIOPT-
HOTO OOCITy>KMBaHMWSI HACEJIEHUST TIPU OCYIIIe-
CTBJICHUY TIEPEBO30K IMAcCaXMpoB U Oaraxa
ABTOMOOUJTBHBIM TPAHCTIOPTOM M TOPOICKUM
2JIEKTPUYECKUM TPAHCTIOPTOM (PacriopsiKeHNe
Muntpanca P® or 31 aaBaps 2017 r
Ne HA-19-p, nanee — ConmaibHbIi CTAHAAPT),
JIPYTUMU OTPacIeBbIMU CTaHIAPTaMU U CTPOU -
TeJbHBIMM TIPaBUIaMU>.

Jlerutumarmio paccMaTprBagMOTo MHIMKA -
TOpa JJIs TIPaKTUIEeCKOTO MCITOJIb30BaHUS
TIpeyiaraeTcsi OCYIECTBIISATh BKIIIOYEHUEM eT0
B COCTAB CTAHAAPTOB TPAHCIIOPTHOTO OOCITYK1 -
BaHUsI HaCeJICHUsI, pa3padaThIBaeMbIX HA OCHO-
BE HAyYHO 0OOCHOBAHHOU MeTonosoruu [12].

2 Hanpumep, CIT42.13330.2011. [panocTponTenbCTBO.
[1aHMpOBKa 1 3aCTPOITKA TOPOICKUX U CETLCKUX
noceneHuit. AktyanusupoBanHas peaakius CHull
2.07.01-89 (c nonpaskoit). Beenén B neiicreue
¢20.05.2011 . — M.: Munperuon Poccun, 2011. — 109 c.
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AHAJIOI UHOUKATOPA
OBECINEYEHHOCTU
TPAHCMOPTHbLIMU CPEACTBAMU

W3yyeHue ombiTa UCIOJb30BaHUS MTOKa3a-
Teselt 00ecreueHHOCTH OCHOBHBIM MTPOM3BOI-
CTBEHHBIM 00OpY/JIOBaHWEM B Pa3IUYHBIX OT-
pacisiX HapOJIHOTO XO3sCTBa MO3BOJUIO
YCTAaHOBUTH OJMKANIINI aHANOT ISl OLIEHKU
YPOBHSI 00€CTIeYeHHOCTH MOABUKHBIM COCTa-
BoM I'TIT. Takum aHaIOroM SIBJISIETCSI MCIIOb-
3yeMbIll B CEIbCKOXO3SIHCTBEHHOM MPOM3BO/I-
CTBE YCJIOBHBI (3TaJIOHHBIN) TpakTOop — YOT.

3a YOT npuHsT TpakTop, 00ecrneunBaromii
00pabOTKy OJHOIO YCJIOBHOIO ra 3emju 3a 1 u
CcMeHHoro BpeMeHU. [1pu aToM 3a 3TaTOHHBII
rekTap NpUHUMAalOT COOTBETCTBYIOIIUIA MO
TUTOIIAM YYACTOK MaXOTHBIX 3¢MEJTb C OMpe/ie-
JIEHHBIMU CPEIHUMU XapaKTEepUCTUKAMU:
ylieJibHOe COMPOTUBJIEHNE MOYBbI, IITyOMHA
MaxoThl, pejabed (POBHBII), MPSIMOYTOIbHASs
KOH(puUrypamnus, IJiMHa TOHa 3a MPOXOJ MO
YUYacCTKY, BbICOTA Hajl ypOBHEM MOpsi, arpooH
(HayIMuuMe CTepHU 3€PHOBBIX KYJIBTYP B cOUeTa-
HUU C OTpeAesIEHHON BIa’KHOCTbIO MOYBHI),
OTCYTCTBUE KAMEHUCTOCTUA W APYIUX IPEIST-
CTBUI B TTOYBE.

Takum 06pa3oM, UCTTOJIB30BAHUE B pacu€Tax
STAJIOHHOTI'O reKTapa YYUThIBAET CPEIHUE YCII0-
Bus aKcrutyarauuu YOT. 3a 6a3y st nepeBoja
HaTypaJbHOTO YMCJIa TPAKTOPOB B YCIOBHBIE
STAJIOHHbIE TPAKTOPA MPUHSITA BbIpAOOTKA IM0-
cnenHux. B kayectBe YOT paHee paccmaTpuBa-
s Tpaktop AT-75 nnu T-74.

B Hacrosiiee Bpemss MuHcenbxo3om PO
peKoMeHAoBaHbI® K paccMorpeHnio TH-100
(61m3KMii o mapameTpaM K Tpaktopy A T-75/1),
TO-150 (6au3kuMii mo mapameTpam K TpaKToOpy
T-150-05-09) [13].

ITo ananornu ¢ YOT, B KauecTBe MHAMKA-
TOpa 00eCreYeHHOCTHU MOABMKHBIM COCTAaBOM
T'TIT xxuteneii roponoB MpeaIaraeTcs: UCMOJIb-
30BaTh YCJOBHOE TPAHCIIOPTHOE CPEACTBO
(YTC). YuursiBasi, 4To aBTOOYChI COCTABISIIOT
HauOOJbIIYIO MO0 YUCAEHHOCTU MOABUXK-
Horo coctaBa I'TIT, 3a YTC pekomeHnyercs
MpPUHATH aBTOOYC BMecTuMOcThIo 100 nmacca-
JXKUPOB — YCJIOBHBI CTOMECTHBI aBTOOYC.
ITpu 5TOM CTOMECTHBIN 3KBUBAJICHT UCITOJIb-

3 MeToauKa UCITOJIb30BaHUSl YCJIOBHBIX KO (MHUIIMEHTOB
repeBo/ia TPAKTOPOB, 36PHOYOOPOUHBIX

1 KOPMOYOOPOYHBIX KOMOAITHOB B 3TAJIOHHBIE €IIUHUIIBI
IpY OTIPE/Ie/ICHUI HOPMATUBOB UX MOTPEOHOCTH:
MHCTPYKTUBHO-MeTonuueckoe uznanue. — M.: DTHY
«Pocundopmarporex», 2009. — 56 c.
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30BaH MCKITIOUUTETHHO JIJIS1 YI0OCTBA BHITION -
HEHMUS Pacy€TOoB I10 MpejiaraeMoii METOAUKeE.
Hns ynobcTBa naJibHENIIEro U3J10XeHUSs
BBeIEM 0003HAYEHUS YCIIOBHOTO TPAHCHOPT-
Horo cpeactBa — YTC, | 1 paBHOTO eMy yCJIOB-
HOTo cToMecTHoro aBrodyca YA . VTC, =
YAIOO'

ITpumeM Bo BHMMaHUeE, 4TO paboTa Ha
mapuipyrax YTC  paccMaTpuBaeTCs B 3TaJlOH-
HbIX (OOBIYHBIX, CPETHUX) IKCIUTyaTAlIMOHHBIX
ycinoBusix. [1pu aTHX yCIIOBUSIX CpemHSIsl 9KC-
TTyaTallMOHHAST CKOPOCTh IBVDKEHMST MAPIIPYT-
Horo aBrodyca V= 18 km/u.

TTonBuKHOI cCOCTaB rOPOJCKOTO HA3EMHOTO
3JIEKTPUYECKOTO TPAHCTIOPTa UMEET MHBIE CPET-
HUE KCIUTyaTallMOHHbIE CKOPOCTH: TSI TPOJI-
neiibycos V. paBHa 17 KM/4, a [Ulsl BATOHOB
TpamBasi — 16 KM/4. YUUTBIBasI 3TO OOCTOSITENb-
CTBO, BBE/IEM B PACCMOTPEHME YCJIOBHBIE CTO-
MecTHbIe Tposuteitoyc (YTp, ) 1 BaroH TpamBast
(YBTloo)‘

Hcnonb3ys BBeNEHHbIE 0003HAYEHUS C YUE-
TOM CPETHMX YCJIOBUIA SKCTUTYaTaIliu TTOABIIK -
Horo coctaBa I'TIT, monyyaem crieaytouiye 3a-
BUCHUMOCTHU:

VTp,, = VTC,,,*17:18 = 0,944 YTC,,;
VTC,,, = 1,059 YT, ;

VBr,,, = YTC,,* 16:18 = 0,888 YTC,,;
VTC,,, = 1,126 YBr

100 100°

Hcxona uz Toro, uto YA, = 1,059 VTp, , =
1,126 VBT, nomnyyaem:

YIp,,= 1,063 VBt ,uYBr, =0,94VTp,,.

TTonyyeHHbIe 3aBUCUMOCTH CIIPABEIIUBBI
JUTSL YCPEIHEHHBIX YCIOBUI dKCIUTyaTalluu
TPaHCITIOPTHBIX CPEICTB. J1J1s1 peaTbHbIX YCIIOBUA
AKCIUTyaTallK B ONIpeIe]IEHHOM TOpOoJIe YKazaH-
HbIEe CKOPOCTH IBUKEHUSI TOJKHBI OBITh OTKOP-
PEKTUPOBAHBI B COOTBETCTBUU CO CIIOKMBIIM-
MUCST OOCTOSITETLCTBAMMU.

NMPUBEOEHUE HATYPAJIbHbIX
TPAHCMNMOPTHbLIX CPEACTB
K CTOMECTHOMY TPAHCIMOPTHOMY
CPEACTBY

[pu orperereHUN ypOBHS 00ECTICYCHHOCTH
YUUTHIBATHCS JOJKHBI HE CPEAHECITMCOYHBIC
€IMHUIIBI TIOABMKHOTO COCTaBa, HAXOISIIIECS
Ha 0ajlaHce TpaHCIIOPTHBIX OpraHW3aLMi TN
apeHIOBaHHbIE UMM — A _, @ XOIOBble — A ,
HCTIOJIb3YeMBIe UTS paOOTHI Ha MapIIpyTax pe-
TYJISIPHBIX TIEpeBO30K. YMCITO XOMOBBIX CIMHMIT
PaBHO NPOM3BEICHMIO A = Ha Ge3pasMepHBIi
KO2((ULIMEHT BBITYCKA Ha JIMHUIO — o , (hak-
TUYECKU CJIOXMBIIUIACS WM pacYETHBIN Ha
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0003prMYyI0 TIEPCIIEKTUBY (B 3aBUCUMOCTH OT
1IeJIeil KCTIOb30BaHUS).

Kaxxnplit HaTypaabHbII aBTOOYC, TPOJLIEI-
Oyc WM BaroH COOTBETCTBYET Ap PaCYETHBIM
VTC,,, ¢ yU4ETOM MOMPaBOYHOrO KOG HUIIM-
€HTa, YNCJIEHHO PAaBHOTO OTHOIIIEHMIO ITacca-
SKUPOBMECTUMOCTU TIPUBOAVMMON €TUHUIIBI
TTOIBMXKHOTO COCTaBa K pacyETHO-YCIOBHOMN
eauHuLe ¢ BMecTuMocTbio 100 maccaxupos.
Hanpumep, aBToOyC maccaxxnupoBMeCTUMO-
CTbI0 63 maccaxupa dkBUBajeHTeH 63/100 =
0,63 ¥YTC,,, a Tposuieiibyc nmaccaxxupoBMeCTH-
MOCTbhIO 113 maccaxupoB 2KBUBaJEHTEH
113/100 = 1,13 VTC .

IToMrMoO MaccaXXnpoBMECTUMOCTH, HEOO-
XOIIMMO YYMTHIBATh TAKKe IKCILTyaTallMOHHYIO
CKOPOCTB IBIZKeHMsI. B utore myist onpeneneHust
Yuca yCIOBHBIX CTOMECTHBIX TC Ap npeaiara-
€TCsI TIOJTb30BAThCS CIISIYIONIEH 3aBUCIMOCTBIO:

_Acc.ae.q.l/a’ (1)

?7 1800
7€ ¢ — TTacCaXNPOBMECTUMOCTb OJTHOTO TPAHC-
TTOPTHOTO CPEJICTBA, TTace.;

1800 — nmepeBoaHOIN KOGD@PULIMEHT, MOTY-
YEHHBII1 YMHOXKEHMEM ITaCCaKMPOBMECTUMOCTH
ycaosHoro TC (100 macc.) Ha cpeaHIo 3KC-
TTyaTallMOHHYIO CKOPOCTb IBVKEHUS 0a30BOTO
TC — aBroOyca, T.e. 18 KM/4, 1 UMCIOIINIA
pa3MepHOCTS [ITacc. * KM/4].

ITpumep onpenenenus ynuciaa YTC npen-
CTaBJieH B Ta0. 1.

Kak BUIHO M3 3TOM TAOIUIIBI, YUCIIO TIPH-
Ben€HHbIX YTC Ha 46 % MeHblile Yunciia Cpef-
HecrniucouHbix TC. M3 paccMOTpeHHOTO Mpu-
Mepa CJIe/lyeT, YTO UCTIOTh30BaHUE TTPU OLICHKE
00eCTIeYeHHOCTH TTOIBMKHBIM COCTABOM TOJTb-
KO cpenHecncoyHoro yucia TC MoxeT BHO-
CHUTb HEIOITYCTUMO OOJIBIIYIO MOTPEITHOCTD
B TIOJTy9aeMbIe pe3yJIbTaThl.

Takum 06pazoM, OCHOBHOI OTJIMUUTENILHOM
OCOOEHHOCTBIO TIPEITIOKEHHON METOAMKHA OT
M3BECTHBIX ITOXOOB K OIpEe/IeNICHUI0 obecTie-
YEHHOCTH ITOJIBVKHBIM COCTABOM SIBJISIETCS YUET
BBIPAOOTKM TPAHCITOPTHBIX CPENICTB, @ HE TOJIBKO
ero Hamuus B opranuzauusix ['TI'T, ucuucrnse-
MOTO B HaTypaJbHBIX eguHMIaX. PaccMor-
PPEHHBII MHAMKATOP OTPaKaeT HaJIMIKE TTOIBIIK -
HOTO COCTaBa C YUYETOM PA3TMUHOMN IMaccaknpo-
BMECTUMOCTH 3KCILTyaTUPYEMbIX TPAHCTIOPTHBIX
cpencts I'TIT, akcrryaTallMOHHOM CKOPOCTHU
IBWDKEHUS] HAa MaplIpyTax, IPYIMX TeXHUKO-
SKCITTyaTallMOHHBIX TIoKa3aTeseid, 00yCIOBII-
BaloIIMX (PaKTUUECKME Pe3y/IBTaThl KCIIOTb30Ba-
HUSI TIOBVKHOTO cocTaBa. [ToatoMy McIosb30-
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Ta0muua 1

ITpumep pacuéTa ynciaa ycaoBHbIX cToMecTHbIX TC (IaHHbIe YCpeAHEHbI; PH PAcYETax
B PeaJIbHBIX CUTYALMSX CJIeIyeT HCNOJIb30BaTh (PAKTHYECKHE 3HAUEHNUS) (COCTABJIEHO ABTOPAMHM)

Bun I['TIT JlaHHBIE O TIOIBUKHOM COCTaBe V., xm/u Yucno
YCJIOBHBIX
A, en. o, A, en. q, nacc. IS, e
ABTOOYC 133 0,83 110,39 45 18 49,68
72 0,79 56,88 76 42,23
51 0,91 46,41 92 42,70
23 0,85 19,55 120 24,46
50 0,93 46,50 11 23 6,54
Tponneitdyc |44 0,86 37,84 90 17 32,16
16 0,83 13,28 120 15,05
TpamBaii 66 0,79 52,14 60 16 27,81
49 0,85 41,65 80 29,62
Hroro 504 — — — — 270,25

BaHMeE TPEIJIOXKEHHOI0 UHAMKATOpa OyaeT
CIOCOOCTBOBATh AIEKBATHOMY COTOCTABJIEHUIO
M OLIEHKAaM ITPOBO3HOM BO3MOXHOCTH TapKa
TPaHCHOPTHBIX CPEICTB U pallMOHAIU3ALUN
PacXoIoB Ha €ro PEHOBALIMIO U Pa3BUTHE.
OOpaTM BHIMaHHE TAK3Ke Ha TO, YTO TIpeI-
JIOXKEHHAs METOIMKA OTIPENe/IeHUsI 00eCTIeYeH-
HOCTHU MOJBUKHBIM COCTABOM OIMMpaeTcs Ha
UCMOJb30BaHME MPU pacuéTrax UMelolencs
YU4ETHO-CTAaTUCTUYECKON MHMOpMALIK.

KOPPEKTUPOBAHUE YACJTIEHHOCTHU
KOHTUHIEHTA NACCAXKUPOB I'NT
NMPU PACYETAX OBECNEYEHHOCTHU
nogBv>KHbiM COCTABOM

B uenssx HopMUpPOBaHUS MUHUMAIbHOM
obecrie4eHHOCTH MTOABMKHBIM coctaBoM [ TIT
HEOOXOAUMO OIPEAeIUTh KPUTUYECKUI yPO-
BEHb 3HaUEHUsI 3TOro rokasaress. [loguepk-
HEM, YTO KPUTUYECKUI YPOBEHb HE COOTBET-
CTBYeT MMHUMAaJIbHOMY 3HAUYE€HUIO obecrie-
YEHHOCTH, YCTAaHOBJICHHOMY CTaHIapTaMu
TPaHCIIOPTHOro obcayxxuBaHusi. Kputuue-
CKMI1 YpOBEHb MOXET OBbITbh 3HAYUTEIbHO
MEHbIIIE CTaHAapPTU30BAHHOIO0 3HAYEHUS
M YCTaHABJIMBACTCS UCXO/ST U3 BO3MOXHOCTHU
IepeBO30K MaccaxKupoB ¢ Ipeobianaronieit
poabio I'TIT ob611ero moab30BaHKS B OCYIIIE-
CTBJIEHUH TIEPEBO30K HaceeHusl. PasyMHbIM
JUTs1 0OeCIIeYeHUsI TAKOM BO3MOXKHOCTH ITPei-
cTaBisieTCsl TpeOOBaHUE BBIIIOJHEHUS He
MeHee 50 % Bcex mepeBO30K IAacCaXXMpPoB
¢ ucnionb3oBanueM ['TIT ob1urero moJsib3oBa-
Hus. B mpotuBHoMm cityuae I'TIT Oymet umeThb
B FOPOJACKHUX MEPEeBO3KaX BCIIOMOraTebHOe
3HAYEHHUE.

® MUP TPAHCIOPTA, Tom 18, N2 6, C. 220-237 (2020)

BreimonmaernHoe B 1991—2005 1T 3Kcriepu-
MEHTAJIBHOE UCCJIEIOBAHUE BPEMEHHOW IU-
HaMUKM obecriedeHHOCTH roponoB Poccun
pacuY€THBIMM CTOMECTHBIMU aBTOOycamMu
(puc. 2) B conocTaBIeHNH C 3KCTIEPUMEHTAb-
HO YCTAaHOBJICHHOW TPaHCITOPTHOM TTOABUX-
HOCTBIO TOPOJICKOTO HaCEJIeHUSI TIOKa3aJio, YTO
KPUTUUYECKOE 3HAUEHME YPOBHSI 3TOI obecTie-
YeHHOCTHU B pacué€Te Ha THICIUY KUTEIei
paBHo TipuMepHoO 0,54 pacu€THBIX aBTOOYCA.
B 1994—1997 rr. Ka4ecTBO TPAHCIIOPTHOTO
00CITy>KUBaHUS OBUIO OYeHb HU3KUM, B 4acT-
HOCTHU, YPOBEHb 00€CII€UeHHOCTH ObLT HIXE
YKa3aHHOTO KPUTUYECKOTO 3HaueHUs |5,
c. 145]. Takum oOpa3oM, TUTTOTECTUIECKH
MPeATOXEHHBI KPUTUUYECKUN YPOBEHbD
0,54 en. OBLT MTOATBEPXKIEH TTPOUBOIIEAIITNM
B YKa3aHHBIN TTPOMEXYTOK BPeMEHU KPU3H-
COM TPAHCIIOPTHOTO OOCITY>KMBAaHUSI.

B nociename roapt 06eciedeHHOCTh TPaHC-
noptHbiMU cpeacTBamu ['TIT, HecMoTps Ha
HEKOTOPOE COKpallleHNe TlapKa TOABUXHOTO
cocraBa, ymydnmiack. CyllecTBeHHOe 3Have-
HMe Ha 9TO OKa3ajia pa3BUBAIOIIAsICS] aBTOMO-
OwM3alyst HaceJleHuUsI, TIPU KOTOPOU TIOTeH-
LIAATbHBIA KOHTUHTEHT naccaxupos ['TIT
WMEET TEHICHIINIO K COKPAIIEHUIO.

KoadhduimeHT 06ecreueHHOCTH TOPOIOB
TTOIBMKHBIM COCTaBOM OOIIETO TTOJTh30BAHUS
TIPECTaBIISIET COOO0 COOTHOIIIEHNE HATYPaTb-
Horo yucia YTC, cocrosiiux Ha GanaHce
TpaHcnopTHbIX opranu3anuii I'TIT ropona,
K HOPMATUBHOMY YMCJTY TAKUX TPAHCTIOPTHBIX
cpenctB. OnpenesieHre 3Toro KoadhuimeHTa
BBITIOJTHSTIOT TI0 METOMKE, pacCMaTpUBAEMON
B HACTOSILLIEH CTAaThe.

CnupuH U. B., lpniiaesa 0. M., MataHueea O. 0. UHguKaTop ANns oLeHKN 06ecrne4yeHHOCTH MOABMKHbIM
COCTaBOM ropOACKOrro NaccaXupcKoro TpaHcnopTa o6LLero noabL30BaHUS



@

I}

S, 0,64

] |

&

2 0,62

E /

z 0,6

3]

2

=

o-(),58

=

50,56

5 ——

) /

50,54

=3

z /

=

5 0,52

g0,

3}

=

3 05

o 0,

8 L T T S o N )
—~ QA ¢ T 0 v > ® QA 2 = o ¢ T n
Q2 @ 2 X DS 2D
E NN N SR R R S

Puc. 2. Kputnyeckuii ypoBeHb u AMHamMmuka obecre4eHHOCTH yC/I0BHbIMY aBTOGycaMu B nepuos HanbosbLuero
CHM)XEHUSI Ka4eCTBa TPaHCNOPTHOro obcnyxusauus Ha I'MT (BbinosHeHO aBTopamu).

Y4uTHIBasi, YTO aBTOMOOMIMU3ALIUS «IIe-
peTsITMBaeT Ha ce0s1» YacTh MOTEHIIMATbHBIX
naccaxupos ['TIT, mpu pacuérax obecrieyeH-
HOCTH CJIEAYET UCXOAUTh HE U3 IOJHOU
YUCAEHHOCTU HAaCEJICHUS OIpeaca€HHbIX
rOpOIOB, a JejiaTh IOMNpPaBKy Ha COOTBET-
CTBYIOILEE COKpallleHWe IMOoJb30oBaTeneit
ycayramu I'TIT. B nmepBoM mpubaukeHUn
PEKOMEHAYETCsI UCITOIb30BaHMUE CIIeAYIOLIEi
3aBMCUMOCTHU IIJISI OTIPeaeIeHUS YUCIEHHO-
CTU KOHTMHI€HTA OTEHLIMATbHbIX MACCaXM-
poB I'TIT (N ):

NFHT=0,8%,

2

e 0,8 — ammupuyeckunii KoapUIMEHT, yIu-
THIBAIOIIMI TTOJTHOTY MCIIOJIB30BAaHUS TapKa
aBTOMOOMJIEH, HAXOISILIIUXCSI B COOCTBEHHOCTU
XUTeJIe ropona;

N — 9rCIeHHOCTD HaceIeHUs ropoaa (JTFOI -
HOCTb) Ha KOHEII To/1a, MPEeAIIeCTBOBABIIETO
pacu€THOMY TIEpMOIY BPEMEHM, ThIC. YTl ;

A 49, — YMCTIEHHOCTD [apKa JIETKOBbIX ABTO~
MOOUJIel B COOCTBEHHOCTH XXUTeJIeH ropoa Ha
koHell 1997 r., en. YkazaHHBII TOI BbIOpaH 3a
0a3y 11 COTMOCTABIICHUST B CBSI3U C TEM, UTO
B 1997 1, cornmacHo puc. 2, 00ecrie4eHHOCTh
TpaHcrnopTHbeIMU cpenctBamu ['TIT Obuta Mu-
HUMAJIbHOM;

A — 9MCIEHHOCTD ITapKa JISTKOBBIX aBTOMO-
Ouiieit B COOCTBEHHOCTH KUTeJIel ropoja Ha
KOHEII TOo/1a, MPEAIIeCTBYIONIETO PacyETHOMY
TIepUOIY BpEMEHHU, €.

ITpu pacuyé€rax odecriedue HHOCTH ITOIBVK-
HBIM COCTaBOM OTIPEACIEHHBIX TOPOIOB He-
00XOMMMO TaKXKe YIUTHIBATh HE TOJBKO IO~
CTOSTHHOE MX HaceJIeHNe, HO M TOTIOJIHUTEThb-
HOE THEBHOE HaceJieHue (JIMII, TIpHUe3Karo-
IIMX Ha paboTy Mian y4€0y 13 MPUTropOgHON
30HBI).

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 220237 (2020)

OtmetuM, uTo (hopMyIa (2) maéT pe3yJibrar,
SIBJISIFOILIMIACS JIMILD TIEPBBIM ITPUOIIKEHUEM
K MCTUHHOMY 3HA4€HUIO N, W JUTA IOJTy4€eHUsI
0o0JIee TOYHOTO pe3y/IbTaTa He0OXOIMMO BBITION-
HEHME JOIMOJTHUTEIbHBIX MCCIICIOBAHMIA.

SAKJTIOMEHUE

PaccMoTpeHHas B cTaTbe MeTOIMKa OLICHKHU
1 HopMmupoBaHus odecriedeHHocTr ['TIT mo-
JIBIDKHBIM COCTaBOM C YUETOM peasIbHbIX 3KC-
IUTyaTallMOHHBIX YCJIOBUI €r0 UCIIOIb30BaHNS
MTO3BOJISIET OOOCHOBBIBATD MIPOEKTHI Pa3BUTHUS
napka TpaHcnopTHbIX cpenacts I'TIT obiero
MMOJIb30BaHMSI, YCTAaHABIUBATh O0OBEKTUBHO
HEOOXOMMMBIN JIMMUT IEHEKHBIX CPEACTB, Ha-
MpaBJIsieMbIX Ha (GPMHAHCUPOBAHUE ICATEIbHO-
CTU TPaHCIIOPTa OOIIEerO MOJIb30BAHUS, COIO-
CTaBJISITh PE3YJIBTaThl MCIIOIb30BaHMUSI IS T1e-
PEBO30K I1acCaXXMPOB TPAHCIIOPTHBIX CPENICTB
pazmuuHbIx BuaoB I'TIT (c yuérom mpucymmx
STHM BUIaM TpaHCITOpTa 3aTpaT v IMPOU3BO/IN -
TeJIbHOCTU HcIToNb3oBaHus TC Ha MapIipyTax).

W3znoxeHHbIN TOAX0 K IOCTPOSHUIO MH-
JIKaTopa 00eCIeue HHOCTY IOABMKHBIM COCTa-
BoM I'TIT MozKeT ObITh JOMOTHEH KOPPEKTUPOB-
KaM{ €ro0 HOPMaTUBHOIO 3HAYCHUS C YIETOM
npyrux ¢akTopoB (MpuBeaEHHAsE B CTaTbe
KOPPEKTUPOBKA YMCICHHOCTU KOHTUHIEHTA
MMaCCaXKUPOB SIBJISIETCS YaCTHBIM CTyJdaeM TaKMX
neiictBuii). Takxke 1Mo aHAJIOTMU BO3MOXHA
pa3paboTKa MHIAUKATOPOB 00eCIeYeHHOCTHU
MOABUKHBIM COCTABOM JUUISI IPYTUMX BUIOB
TpaHCIIOpTa 1 MEPEBO30K IPy30B.

ITpu ToM, 4TO PaCUYETHI BHIMOJHSIIUCH C UC-
0JIb30BaHMEM HOPMATUBHOM Oa3bl M CTATUCTHU-
YECKUX JaHHBIX MPUMEHUTETbHO K Poccniickoii
®denepanuu, MpenaoXeHHass METOA0JIOTUS
MOXET ObITh aIalITUPOBaHA K YCIIOBUSIM APYTUX
CTpaH U TOPOIOB.
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[IpakTryeckoe UCITOIb30BaHKE TIOKA3aTe s
VTC B kauecTBe UHAMKATOPA 0OECTIEYUEHHOCTH
TOPOJIOB TTOJIBVDKHBIM COCTaBOM TpaHCITOPTa
0OILIETO MOTB30BAHUS BO3MOXHO B CIISAYIOIINX
CUTYaLIUSIX:

* pa3paboTKa IMPOEKTOB Pa3BUTHST TPAHC-
TTOPTHBIX CUCTEM TOPOJIOB, TIPOEKTOB PACIINPE-
Hus napKa roasuxkHoro coctasa I'TIT;

* CpaBHEHME peayibHOI MPOBO3HOW BO3-
MOXKHOCTH TPAHCTIOPTHBIX CPEICTB Pa3IMIHBIX
BuaoB I'TIT, B ToM uKcie npu opraHu3aluu
Pa3IMIHBIX (DOPM OpraHMU3aI IBIDKCHUS Ha
MapIipyTax (ITooCTaHOBOYHOE, 9KCITPECCHOE,
MOJTy9KCIIPECCHOE, CKOPOCTHOE COOOIICHUE);

* OLIEHKA 1 aHATN3 CIIOXKMBIIEICS CUTYal U1
B 00€CTIEYeHHOCTH TTOJBVKHBIM COCTaBOM T'O-
POIIOB;

* obecrnieueHue pacyEToOB MO YCTOMUNBOMY
Pa3BUTUIO TOPOJCKOM CPe/bl M TPAHCIIOPTHOM
MHGPACTPYKTYPHI, B TOM YHUCIIE C IIeJTbI0 00eC-
TIeYeHMsI MCTIOTHEHMSI TPeOOBaHMIA TeVICTBYIO-
IIETO COIMATLHOTO CTAaHIAPTA ¥ CTPOUTETLHBIX
mpaBuia. OTMETUM, UYTO MPOEKTHUPOBAHUE
YCTOMYMBBIX TPAHCIIOPTHBIX CUCTEM BBIIBUTA-
€T TIOBBIIICHHBIC TPEOOBAHUS K KaIpOBOMY
o0ecTieYeHNIO KaK MPOeKTUPOBIIMKOB, TaK
1 9KCIUTyaTallMOHHUKOB.

B cBs13u ¢ 3THM HEOOXOAUMOI MPeACTaBIs-
eTcst MoJIepHM3ALIMS TIPOhECCUOHATEHOTO 00-
pa30BaHUs ¥ ITOBHIIICHNUST KBATM(PUKAIIIN Ka-
JIpOB Ha TpaHcTiopTe. OCHOBHbBIE PEKOMEH AU
B cepe pelleHust 3ToM NpodIeMbl U3I0KEHbI
B paborax [14; 15].
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ABSTRACT

The objective of the article is to develop and to
substantiate adequacy of the proposed indicator for
assessing availability of rolling stock for urban mass transit
or urban passenger transport (UPT). As such an indicator, it
is recommended to use a calculated indicator: a conventional
one-hundred-seat vehicle. The currently used indicators
characterising provision of UPT with vehicles, consider only
the physical number of the latter. This does not provide an
assessment of carrying capacity of UPT, considering the
existing operating conditions (real operating speeds on the
routes of UPT, the existing level of the coefficient of the fleet
being used on the routes as compared to the total number of
fleet units, etc.). The proposed indicator of availability of the
rolling stock considers not only the natural number of
vehicles, but also their passenger capacity, the indicated
significant technical and operational indicators of the vehicle
fleet. The basis for assessing the carrying capacity of the
rolling stock fleet is a conventional one-hundred-seat bus,
which performs transportation on routes with an average
operating speed. For real buses, this basic unit is adjusted in

accordance with real travel speeds and the prevailing values
of technical and operational indicators. A similar adjustment
is performed for real trolleybuses and tram cars, which makes
it possible to level the operational differences in the rolling
stock of various types of UPT to compare them in terms of
carrying capacity.

The methodology used in preparation of the article is
based on the integrated use of scientific knowledge in the
fields of applied science on operation of transport, statistics
(statistical observation and accounting of the work of UPT),
a comparative analysis of indicators used in various
industries, in particular, in agriculture to assess the level of
provision with the main production vehicles (conventional
tractor), benchmarking research and development of Russian
and foreign authors on the problem of improving operation
of UPT.

The indicator is intended for use in development and
assessment of the level of implementation of programs for
development of UPT and the urban environment, analysis of
the quality of transport planning and services provided to
passengers, comparisons of provision with vehicles in
different cities.

Keywords: urban passenger transport, indicator, vehicles, population security, transportation planning.
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Background. In Russia, the largest number
of passengers are transported by public transport
(PT) in cities and their suburban areas.
According to the website of the Ministry of
Transport of Russia, in 2018, 46,3 % of the total
number of passengers in urban traffic were
transported by buses, 11,4 % of passengers were
transported equally, by trams and trolleybuses,
30,6 % by metro (the rest were transported by
taxi). The state and municipal authorities carry
out measures to support PT and ensure its
sustainable development [1—3].

Rationalization of the composition of
vehicles of urban passenger transport (UPT) is
of particular importance in the context of
implementation of the concept of sustainable
development of socio-economic relations.
Sustainable development means a balanced
approach to solving a set of economic, social,
and environmental problems. Public urban
passenger transport is of particular importance
for ensuring sustainable urban development.
Therefore, UPT became a pioneer in sustainable
development [1; 3].

A proper accounting of carrying capacity of
the rolling stock fleet of UPT is necessary when
developing and evaluating implementation of
transport development programs, organizing
passenger transportation, determining the
necessary budgetary funding for urban transport
and when establishing the quality level of
transport services for the population of cities
[4-8].

To carry out these accounting functions, an
indicator of the level of provision of the urban
population with the rolling stock of UPT is
required. Determination of the value of this
indicator should be based on the available
statistical observation data and should not
cause methodological difficulties in
calculations. An indicator should be used so
that to make it possible to determine availability
of rolling stock both separately by the types of
UPT, and to establish an aggregate (integral)
assessment of its availability in the city. The
indicator should also have a «physical meaning»,
which will provide clarity of its use.

Currently, the state statistical monitoring in
Russia provides for registration of the number
of rolling stock units of various types of public
transport in physical terms. Transport
organisations also consider and accumulate
data on the planned and achieved values of
technical and operational indicators (TOI) of
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rolling stock and TOI of routes for regular
passenger transportation.

The objective of the article is to substantiate
the indicator of provision of urban population
with the rolling stock of public urban passenger
transport, considering, in addition to availability
of vehicles, their passenger capacity and
operating conditions on the routes.

The methodology used in preparing the
article includes a knowledge and methods from
the following fields:

» Applied science in the field of operation
of transport systems and road transport.

» Statistical data and departmental
accounting of services provided by UPT.

» Practical application of indicators to
assess supply of production assets. In
particular — the concept of «conventional
tractor» used in agricultural sector.

* The results of analysis of publications by
Russian and foreign authors, considering
approaches to determining the qualitative
requirements with regard to rolling stock fleet
of UPT, and establishing reasonable indicators
for assessing availability of production facilities
in performance of work and provision of
services.

Developments in the field of determining the
provision of UPT with vehicles

The study of scientific and technical
literature (about 250 sources) has shown that
determination of the required level of provision
of UPT with rolling stock is carried out using
the following two approaches.

The first one is based on identification of
the required number of vehicles for each of the
routes, followed by aggregation of the results
obtained for the route system of the settlement
(«bottom-up» calculation). The use of this
approach does not allow levelling the influence
of exogenous (external) factors of organisation
of transportation, since for each of the routes
the number of rolling stock units is determined
based on the current configuration of the road
network, traffic conditions on it and the
concept (model), based on which the route
system of UPT of the settlement under
consideration is formed [ 5, pp. 165—185]. This
approach is used for current determination of
the need for vehicles and organisation of
transportation on the routes of UPT (in other
words, in the present time).

Second approach is associated with the
setting of an average standard for provision of
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Belgorod region
Bryansk region
Vladimir region
Voronezh region
Ivanovo region
Kaluga region
Kostroma region
Lipetsk region

Kursk region

Moscow region
Oryol region
Ryazan region
Smolensk region
Tambov region
Tver region
Tula region
Yaroslavl region
Moscow

Pic. 1. Provision of public transport buses to the territorial entities of the Central Federal District of the Russian
Federation according to Rosstat [Federal State Statistics Service] data: the ordinate indicates the number
of buses per 100 thousand inhabitants, units; vertical bars show end-of-year availability in 2015-2019.

rolling stock to the territory of a settlement or
its population for the purpose of subsequent
use in development of promising projects to
improve transport systems of cities, including
projects based on the concept of sustainable
development. This approach can also be
applied to make comparative assessments of
urban transport development. The scope of this
approach regards future periods of operation
of urban transport systems (planning of
transport activities). So, in the monograph [5,
pp. 144—145] the methodology of the minimum
permissible normative provision of the urban
area with buses, depending on the average
distance of the passenger’s trip, is considered.

The article [9] presents an analytical review of
publications in the field of the institutional
economics of UPT, which suggests the study of
passenger transportation by public transport,
considering the «external environment»: problems
not only at the level of microeconomics of transport
organisations, but also intracity policy, a complex
of social relations, external results of transport
activities, etc. Thisapproach will lead to significant
changes in the conditions under which UPT will
work in the future. The issues of considering the
external consequences of the operation of urban
transport were also raised by usin [1].

In the long term, introduction of the
provisions of the concept of a smart city into
practices of transport planning and operation
of UPT will change the approaches to regulation
of the provision of cities with rolling stock of

public transport. Tools and devices of transport
telematics and satellite navigation will provide
the possibility to promptly trace the city routes
and to provide them with necessary rolling
stock. However, transportation on such routes
will be carried out mainly by buses and small
electric buses. Routes with powerful passenger
traffic will be operated using the well-established
transportation technology [1; 10]. To determine
the need for operational routes in rolling stock,
it is necessary to be able to predict passenger
flows in the short term. Currently, research in
this direction is carried out by Chinese
scientists [11].

Statistical data of the Federal State Statistics
Service [Rosstat] and the Ministry of Transport
of Russia on provision of public buses (see
example in Pic. 1)! and vehicles of other types
of UPT show significant variations over the
years of observation and significant differences
between the constituent entities of the Russian
Federation.

Such changes are explained by uneven
economic and social development of the
constituent entities, the differences in the
proportion of the urban and rural population
within their territories, participation of other types
and modesoftransport in passengertransportation,
the size of the territories, the structure of the road
and street network, the number and population

! Similar examples can be cited for other types of
passenger transport and for other federal districts and
territorial entities of the Russian Federation.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 6, pp. 220—237 (2020)

Spirin, losif V., Grishaeva, Yulia M., Matantseva, Olga Yu. Indicator for Assessing Availability of Rolling
Stock for Public Urban Passenger Transport




of settlements within the territories of the
constituent entities, changes in the dynamics of
traffic, in the fleet of vehicles (acquisition and
decommissioning), the structure of the use of
vehicles by type of routes, and by other reasons.
This confirms the need to use the acquisition and
decommissioning of rolling stock, considering
the significant factors that cause such differences.

Factors affecting the provision of UPT with
rolling stock

Statistical observation accumulates
information on availability of rolling stock in
natural units of vehicles used (buses,
trolleybuses, cars). At the same time, it is not
considered that, depending on the model and
series of rolling stock fleet, each of its units
has a certain passenger capacity. Passenger
capacity has a significant impact on the
carrying capacity of a vehicle.

The carrying capacity of buses, trolleybuses
and trams is significantly limited by the
technical and operational indicators of the use
of the rolling stock fleet, first, by operational
speed V_ of movement on regular routes. For
average operating conditions, this speed is
approximately equal to:

+ for buses — 18 km/h;

* for trolleybuses — 17 km/h;

+ for tram cars — 16 km/h;

+ for metro trains — 36 km/h;
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« for buses of especially small passenger
capacity, operated in the route taxi mode —
23 km/h.

An increase in operational speed of
movement on the routes of UPT allows an
increase in the number of trips during comparable
time. In turn, this leads to an increase in carrying
capacity of public transport and to a reduction
in the time spent by passengers on travel [5; 8].
When calculating availability of rolling stock for
a certain city, it is necessary to consider not the
indicated average values of operational speed of
traffic but to use actual data on operation of UPT
in this city.

Carrying capacity of the vehicles used is
also influenced by:

» Average route length. The shorter is the
route, the greater share of the turnaround trip
time on it is spent on delays at the final
stopping points associated with the turnover
of rolling stock (performing technologically
determined operations at the final point of
the route, a short rest for the driver,
transferring the vehicle to the opposite
direction of movement). However, there is
no need to separately take into account the
effect of the route length on carrying capacity
of vehicles, since delays at final stopping
points have actually already been taken into
account when standardising operating speed
on each route, for each trip.
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» Coefficient of non-straightness of the
route (routes). It is obvious that movement
of a vehicle in space along a non-straight
route from the initial to the final stopping
point is slower in comparison with
a straightened route.

Obviously, transport organisations of
UPT do not have significant opportunities
for unhindered straightening of sections of
the route system, the outline of which is
closely related to the structure of the city’s
street and road network.

Of course, it is impossible to achieve
complete straightness of all routes. In this
regard, according to our research, the
increased non-straightness of routes leads to
overspending of at least 10...15 % of resources,
primarily regarding the leading items of the
cost of transportation. First, these are the
costs associated with vehicle mileage,
namely:

» With fuel and electricity consumed by
vehicles.

* With wages of vehicle drivers.

* With maintenance and current repair
of vehicles.

Considering the foregoing, it is relevant
to introduce an indicator into research,
which will consider the indicated factors
affecting the performance of rolling stock on
the routes of regular passenger transportation.
Such an indicator can serve as an adequate
indicator of the level of provision of the urban
population with rolling stock.

The use of the indicator will make it
possible to assess and compare the levels of
provision of UPT with vehicles in various
cities, to determine the priority of financing
development of the rolling stock fleet, to carry
out a set of measures for organising
transportation, that in Russia should be in
conformity with the Federal Law
«On Organisation of Regular Transportation
of Passengers and Luggage by Motor Transport
and Urban Land Electric Transport in the
Russian Federation and on Amendments to
Certain Legislative Acts of the Russian
Federation» dated July 13, 2015 No. 220-FZ
(as amended), hereinafter referred to also as
FZ No. 220, Social standard of transport
services for the population when transporting
passengers and luggage by road and city
electric transport (order of the Ministry of
Transport of the Russian Federation dated
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January 31, 2017 No. NA-19-r), hereinafter
referred to also as the Social Standard, other
industry standards and building rules?.

It is proposed to legitimise the indicator
under consideration for practical use by
including it in the standards of transport
services for the population, developed based on
a scientifically grounded methodology [12].

Analogue of the vehicle availability indicator

The study of the experience of using
indicators of provision with basic production
equipment in various sectors of the national
economy made it possible to establish the
closest analogue for assessing the level of
provision of UPT with rolling stock. Such an
analogue is the conventional (reference) tractor
used in agricultural production — RT.

RT is a tractor, providing the processing of
one conditional hectare of land for 1 hour of
shift time. At the same time, a plot of arable
land corresponding to the area with certain
average characteristics is taken as a reference
hectare. Those features comprise soil resistivity,
ploughing depth, relief (even), rectangular
configuration, rutting length per pass through
the plot, height above sea level, soil background
(presence of stubble of grain crops combined
with a certain soil moisture), the absence of
stony and other obstacles in the soil.

Thus, the use of the reference hectare in the
calculations considers the average operating
conditions of RT. The development of the latter
is taken as the basis for converting the natural
number of tractors into conventional reference
tractors. DT-75 or T-74 tractors were previously
considered as RT.

Currently, the Ministry of Agriculture of the
Russian Federation has recommended? for
consideration TE-100 (close in parameters to
DT-75D tractor), TE-150 (close in parameters
to T-150-05-09 tractor) tractors [13].

By analogy with RT, it is proposed to use
a conditional (reference) vehicle (RV) as an

2 For example, SP 42.13330.2011. Urban planning.
Planning and development of urban and rural
settlements. Updated edition of SNiP 2.07.01-89

(as amended). Put into effect from 20.05.2011. Moscow:
Ministry of Regional Development of Russia, 2011,

109 p.

3 Method of using conditional coefficients for converting
tractors, grain and forage harvesters into reference

units in determining the standards for their needs:
instructive and methodological edition. Moscow, FGNU
Rosinformagrotech, 2009, 56 p.
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Table 1

An example of calculating the number of reference 100-seat vehicles (the data are averaged;
when calculating in real situations, the actual values should be used) (compiled by the authors)

make up the largest share of UPT rolling
stock, it is recommended to take a bus with
a capacity of 100 passengers, a conventional
(reference) one-hundred-seat bus, as RV. At
the same time, the one-hundred-seat
equivalent is used solely for the convenience
of performing calculations according to the
proposed method. For the convenience of
further presentation, we will introduce the
designation of a conventional vehicle (RV )
and an equivalent conventional 100-seat bus
RBIOO' RVIOO = RBIOO'

Let us assume that operation of RV, on
routes is considered under reference (normal,
average) operating conditions. Under these
conditions, the average operating speed of
aroute busis V = 18 km/h.

The rolling stock of urban land electric
transport has different average operating
speeds: for trolleybuses, V is 17 km/h, and for
tram coaches — 16 km/h. Taking this
circumstance into account, let us introduce
into consideration the conventional one-
hundred-seat trolleybus (RTB, ) and the tram
car (RTW ).

Using the introduced designations,
considering the average operating conditions
of UPT rolling stock, we obtain the following
dependencies:

100

RTB,, = RV,,,* 17:18 = 0,944 RV ;
RV,, = 1,059 RTB,,;;
RTW,,, = RV, * 16:18 = 0,888 RV, ;

RV,, = 1,126 RTW,,.

100

Since RB,,,= 1,059 RTB,,,= 1,126 RTW,
we get:
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UPT type Data on rolling stock V., km/h Number of
A, un. a, A, Un. q, pass. f{?;f;;ggf’un.
Bus 133 0,83 110,39 45 18 49,68
72 0,79 56,88 76 42,23
51 0,91 46,41 92 42,70
23 0,85 19,55 120 24,46
50 0,93 46,50 11 23 6,54
Trolleybus 44 0,86 37,84 90 17 32,16
16 0,83 13,28 120 15,05
Tram 66 0,79 52,14 60 16 27,81
49 0,85 41,65 80 29,62
Total 504 - - — — 270,25
indicator of availability of UPT rolling stock RTB,, = 1,063 RTW, and RTW, =
for urban residents. Considering that buses 0,94 RTB, .

The obtained dependencies are valid for the
average operating conditions of vehicles. For
real operating conditions in a certain city, the
indicated speeds should be adjusted in
accordance with the prevailing circumstances.

Reducing natural number of vehicles to
a hundred-seat vehicle

When determining the level of provision,
running units of rolling stock (Aoper) used to
work on regular transport routes should be
considered and not the average listed rolling
stock units that are listed on the balance sheet
of transport organisations or leased by them
(A,). The number of running units is equal to
the product of A and the dimensionless
coefficient of output per line (a ), currently
formed or calculated for the foreseeable future
(depending on the purposes of use).

Each physical bus, trolleybus or coach
corresponds to A, (calculated RV, ),
considering the correction factor, which is
numerically equal to the ratio of the passenger
capacity of the driven rolling stock unit to the
calculated reference unit with a capacity of 100
passengers. For example, a bus with a passenger
capacity of 63 passengers is equivalent to
63/100 = 0,63 RV, and a trolleybus with
a passenger capacity of 113 passengers is
equivalent to 113/100 = 1,13 RV .

In addition to the passenger capacity,
operating speed must also be considered. As
a result, it is proposed to use the following
dependence to determine the number of
conditional 100-seat vehicles A_,
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Pic. 2. Critical level and dynamics of provision with reference buses during the period of the greatest decline in
quality of transport services at UPT (compiled by the authors).

Ao, gV
A — v 0 s
calc 1800 (1)
where g — passenger capacity of one vehicle,
passengers;

1800 — conversion factor obtained by
multiplying the passenger capacity of
a conventional vehicle (100 passengers) by the
average operating speed of the base vehicle —
abus, i.e. 18 km/h, and having the dimension
[pass. « km/h].

An example of determining the number of
RV is presented in Table 1.

As can be seen from this table, the number
of listed RV is 46 % less than the number of
average listed vehicles. From the considered
example, it follows that the use of only the
average number of vehicles in the assessment
of availability of rolling stock can introduce
an unacceptably large error in the results
obtained.

Thus, the main distinguishing feature of
the proposed methodology from the known
approaches to determining availability of
rolling stock is accounting for performance of
vehicles, and not only its availability in
organisations of UPT, calculated in natural
units. The considered indicator reflects the
presence of rolling stock, considering the
different passenger capacity of the operated
vehicles of UPT, operating speed on the

routes, and other technical and operational
indicators that determine the actual results of
operation of the rolling stock. Therefore, the
use of the proposed indicator will contribute
to an adequate comparison and assessment of
carrying capacity of the vehicle fleet and
rationalisation of the costs of its renewal and
development.

Let us also pay attention to the fact that
the proposed method for determining
availability of rolling stock is based on the use
of available accounting and statistical
information in the calculations.

Adjustment of the size of the contingent of
passengers of UPT when calculating availability
of rolling stock

To standardise the minimum provision of
UPT with rolling stock, it is necessary to
determine the critical level of the value of this
indicator. Let us emphasise that the critical
level does not correspond to the minimum
value of the provision set by the transport
service standards. The critical level can be
significantly less than the standardised value,
and is established based on the capacity of
passenger transportation with the predominant
role of public transport vehicles in
implementation of public transportation. To
ensure this possibility, it seems reasonable to

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 6, pp. 220—237 (2020)

Spirin, losif V., Grishaeva, Yulia M., Matantseva, Olga Yu. Indicator for Assessing Availability of Rolling
Stock for Public Urban Passenger Transport




require the fulfilment of at least 50 % of all
passenger transportation with UPT. Otherwise,
UPT will have an auxiliary value in urban
transportation.

An experimental study of 1991—2005 on the
temporal dynamics of provision of Russian cities
with calculated 100-seat buses (Pic. 2) in
comparison with the experimentally established
transport mobility of the urban population,
showed that the critical value of the level of this
provision per thousand inhabitants is
approximately 0,54 calculated buses. In 1994—
1997 quality of transport services was considerably
lower, since the level of provision was below the
specified critical value [5, p. 145]. Thus, the
hypothetically proposed critical level of 0,54 units
was confirmed by the crisis of transport services
that occurred during the specified period.

In recent years, the provision of UPT with
vehicles, despite a slight reduction in the
rolling stock fleet, has improved. The growing
motorisation of the population, regarding
which the potential contingent of passengers
of UPT tends to decline, has a significant
impact on this phenomenon.

The coefficient of provision of cities with
rolling stock for general use is the ratio of the
physical number of UTS units listed on the
balance sheets of the city’s transport
organisations to the standard number of such
vehicles. The determination of this coefficient
is carried out according to the methodology
considered in this article.

Considering that motorisation «pulls over»
a part of potential passengers of UPT, when
calculating the provision, one should not
proceed from the total population of certain
cities but make an allowance for the
corresponding reduction in the number of
users of UPT services. As a first approximation,
it is recommended to use the following
relationship to determine the size of the
contingent of potential UPT passengers
W, UPT) :

Mgt =05V,

(2
where 0,8 — an empirical coefficient that takes
into account the completeness of the use of the
car fleet owned by residents of the city;

N — population of the city (population
size) at the end of the year preceding the
estimated period, thousand people;

A, — the number of passenger car fleet

1997
owned by residents of the city at the end of
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1997, units. The specified year was chosen for
Russia as the basis for comparison since in
1997, according to Pic. 2, the provision of
UPT with vehicles was minimal;

A — the number of passenger car fleet
owned by residents of the city at the end of the
year preceding the estimated period, units.

When calculating availability of rolling
stock for certain cities, it is also necessary to
consider not only their permanent population,
but also the additional daytime population
(people who come to work or study from the
suburban area).

Note that formula (2) gives a result that is
only the first approximation to the true value
of Num, and additional studies are required to
obtain a more accurate result.

Conclusion. The methodology for
assessing and rationing the provision of UPT
with rolling stock, considered in the article,
and accounting the real operating conditions
of its use, allows to justify projects for
development of a fleet of vehicles of UPT for
general use, to establish an objectively
necessary limit of funds allocated to finance
the activities of public transport, to compare
the results of operation of various types of
UPT vehicles for passenger transportation
(considering the costs inherent in these types
of transport and productivity of using a
vehicle on a route).

‘While the calculations were executed based
on regulations, standards, and statistical data
for the conditions prevailing in Russian
Federation, the suggested methodology can
be adapted to the conditions of other countries
and cities.

The outlined approach to construction of
the indicator of availability of UPT rolling
stock can be supplemented by adjustments to
its normative value, considering other factors
(e.g., adjustment of the number of passengers
in the article is a special case of such actions).
Also, by analogy, it is possible to develop
indicators of availability of rolling stock for
other types of transport and cargo
transportation.

Practical use of RV indicator as an
indicator of provision of cities with the rolling
stock of public transport is possible in the
following situations:

+ development of projects for development
of transport systems of cities, projects for
expanding the rolling stock fleet of UPT;
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» comparison of real carrying capacity of
vehicles of various types of UPT, e.g., when
organising various forms of services regarding
given mass transit routes (stop-off, express,
semi-express, high-speed traffic);

+ assessment and analysis of the current
situation in provision of cities with rolling stock;

» providing calculations for sustainable
development of the urban environment and
transport infrastructure, e.g., to ensure
compliance with the requirements of the current
social standard and building rules.

It should be noted that the design of
sustainable transport systems puts forward
increased requirements for staffing regarding
both designers and operators.

In this regard, it seems necessary to
modernise vocational education and improve
the qualifications of transport personnel. The
main recommendations for solving this problem
are set out in the works [14; 15].
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MNPOBJIEMbI YIPABJIEHWA

KOHTpONb NpOn3BOACTBEHHOIO NEepcoHana
Nnpw BbIMNOJIHEHUU PA0OOT TEXHUYECKOro
o0GcnyxuBaHua aBTomoounnen

AOmuTtpuia MAJIbLIEB

Omutpuii PENELLKUNA

Llenb nccnenosaHvsi —aHasm3 TpyL0BON ANCLMIMINHBI
rPOM3BOLACTBEHHOIO MEPCOHANA Mpu BbIMNOJIHEHUY PaGOT
TexHuyeckoro obcnyxvsarHus (TO) aBTomobunedi. B Ha-
cTosiLLee BPEMS MHOIrMe aBTOCEPBUCHbLIE MPEanpUsTUS
PakTUYECKN HE KOHTPOJIMPYIOT Ka4eCTBO paboTbl UCIO/-
HuTenen. 3Ty 06513aHHOCTY BO3/1aratoT Ha HU3LLEE 3BEHO
yrpasieHysi — MacTepoB, 6puraanpoB, 0OAHaKo OHW 6O
CUJIbHO 3arPyXXeHbl PaboTow, /MO0 HEe 3aMHTEPECOBAHbI
B BbIMO/THEHUM PYHKLMK KOHTPOJ15. KpOoMe Toro, TpyA0EM-
KOCTb BbIrosiHeHWs1 paboT TO 1 peMOHTa yCTaHaB/IMBaETCs!
3aBOLOM-N3rOTOBUTENIEM HA MUHUMAJIbHO BO3MOXHOM
YPOBHE, 13 pac4€Ta, 4To rEePCOoHaN UMEET BbICOKYIO KBa-
mukaumio, a npeanpusitye obecre4eHo BCem Heobxo-
JAVMbIM CrieumabHbIM UHCTPYMEHTOM. B pesysibtate uc-
MOSTHUTESTSIM CJIOXKHO WJIN HEBO3MOXHO YJIOXUTBCS B HOP-
MartyBbl, MO3TOMY YTOObI BbIMOHUTL 1/18H U HE NOTEPSITL
4acTb 3apabOTHOV N1aTkl, OHW NPOITYCKaKT U/ HE BbIMOJ-
HSIIOT 4aCTb PaboT, OrIaYeHHbIX KIIMEHTOM. ViccenoBaHms
nposoavmce B [epmuy Ha 6a3e TMMoBOro aBTocepBuca,
ABASIOLLErocs opULMabHbIM ANIEPOM 0TEHECTBEHHOM
Mapky aBToOMoObuIel. AHanm3 paboTskl NepcoHaa rnpoBo-
JANJICS] PY FOMOLLIM CPABHEHUS (PaKTUHECKU BbIMOSHEHHBIX
paboT ¢ TexHosorvel 3aBoga-n3rotosurens. st aToro

Maavuee /[mumpuii Bukmoposuy — [lepmckuii
HAUUOHANBHBLI UCCAeO08AMENbCKULL NOAUMEXHUYECK UL
yHugepcumem, Ilepmo, Poccus.

Peneuxuit JImumpuii Cmanucaaeosuyu — [lepmckuii
HAUUOHANbHYLI UCCAe008AMENbCKULL NOAUMEXHUYECK UL
yHueepcumem, Ilepmv, Poccus*®.

nposoaunack Buaeogvikcaumsi BCex AeVCTBUNA UCTOTHU-
Tens. OTMeyvanack roJsIHoTa BbINOJIHEHWSI KaX A0V onepa-
Lmm, a Takxke 3atpadeHHoe Bpemsi. pgpexkTuBHoCTs pabo-
Thbl OLIEHMBAIACH 1PV MOMOLLM AnarpamMmM «CrnareTrn», Ha
KOTOPbIX OTMEYaKoTCs1 BCE NepeMeLLEeHUS UCTOTHUTEEMN.
lNpencrasneHa meToauka, No3BONSIOLLAS ATk UTOMOBYIO
OLIEHKY paboTbl Criecaperi, KoTopasi 3aK/o4aeTcsl B Ha4mUC-
JIeHUU LUTPaHbIX 6aJ1/10B 3a MPEBbILLIEHMSI HOPMAaTUBHOMO
BPEMEHM, YaCTUYHOE BbIMOJIHEHNE VI MPOITYCK OrepaLmin.
PaspaboTaHa wkana oueHku ucrosHutenei. Npea-
cTaBJieHbl pe3ynbTaThl nccaeaoBaHui nposeneHust TO
ZABYX 0ANHAKOBbIX aBTOMOGueli. O6HapyXeHbl U rpo-
aHanm3npoBaHbl He4oCTaTky paboThbl MPOM3BOLACTBEH-
HOro nnepcoHana. [11s noBbILLEHWS MPON3BOANTESIbHOCTU
TpyAa BO3MOXHO UCI0/Ib30BaHNE MPUHUNMOB «6epex-
JIMBOro Mpou3BoACTBa» cUCTeMbI 5 «S». Heobxoanmo
I00CHaCTUTb MOCTbl MHCTPYMEHTOM, BblAarb UCIMOJIHN-
TeNISIM YeK-IMCTbl 1 Ha nocTty TO mncrosib308aTb CXeMy
riepeaBuXeHVsi, OCHaCTUTb MOCTbI kKaMepamy BUAEeoHab-
JIIOLEHUS Y NepuoANYECKM OCYLLIECTBISITb BbIOOPOYHbIV
KOHTPO/Ib paboT. [ns MoTuBaummy nepcoHasaa Heobxo-
AMMO NepecMoTPeTb CUCTEMY NPeMui n wTpagpos
C y46TOM pe3ysibTatoB paboThl.

Knto4eBble csioBa: oLeHKa rnepcoHasa, asTocepBUC, TPYA0Bas ANCUNIIINHA, TEXHUYECKoe OﬁCﬂy)KMBaHMe

aBTOMOOWIEN.
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YCIOBUSIX PHIHOYHOW 3KOHOMUKU

aBTOCEPBUCHI BEIHYXKIIEHBI KOHKYPH -

poBaTh MeXIy COOOM 3a KJIIMEHTOB.
CHIXEHUE CTOMMOCTH OKa3bIBAEMBIX YCIIYT
MOXET OBbITh 3(PHEKTUBHO TOJTBKO B KPATKO-
CPOYHOU TIePCIIeKTUBE IJIs1 TIPUBJICUSHUS
HOBBIX KJINEHTOB, B IOJITOCPOYHON — TIPUBE-
JIET K CHUKeHu1o pudbuin. bostee mepcnek-
TUBHBIM ITyTEM SIBJISIETCS] TIOBBILIIEHUE Kaue-
CTBa oKa3biBaeMbIX yciayr. [lorpedurenu,
OIJIauMBas YCJIYTW, OXKUAAIOT KaK caMo cO00ii
pasyMerolleecs, UTO BCe 3asiBJIEHHbIE PaOOThI
OyAyT BBITTOJHEHBI B TOJTHOM O0BEME U aBTO-
MOOUJIb OyIeT rOTOB K AKCILIyaTallii TOYHO
B 3asIBJIEHHBII CPOK. XOTSI B PeaIbHOCTH 3TO
He BCeraa Tak. 3aBOAbl-U3rOTOBUTEIHU, XKeJlast
npojaaTh Kak MOXHO O0Jibllie aBTOMOOWIIEH,
MPUBJIEKAIOT KIINEHTOB, B TOM YUCJIE, HU3KM -
MM 1IeHaMU Ha TeXHUYECKOoe OOCTy:KUBaHUE
(TO) u texymuii peMoHT (TP), KoTOpBIE HO-
CTUTAIOTCS YMEHbBIIIEHMEM HOPMO-9acoB IIpU
coxpaHeHUM o0bEMa padboT. [1pu aTOM MHOTHE
CEPBUCHI HE MMEIOT HEOOXOAMMOTO TIEpeUHsI
000pyIOBaHUs, OCHACTKU M MHCTPYMEHTA,
a MePCOHAJT IJIUTEJIbHOE BPEMS HE MPOXOAUI
KYyPCBI TIOBBIILIEHUST KBaTMpuKaum u pado-
Taet He a(pPekTuBHO [1-3]. C npyroii cropo-
HbI, 3apaboTHas IjiaTa ciaecapsi 3aBUCUT OT
KOJIMYECTBA OTPAOOTAaHHBIX HOPMO-4acoB IO
3aKa3-HapsaaM, MO3TOMY YTOOBI YJIOKUTHCS
B HOPMATUB ITPUXOANTCS UATH HA YXUIIPEHUSI.
Hanpumep, nporryckaTh WU BBITIOJTHSTH HE
MOJIHOCTBIO YacTh paboOT, KOTOPbIE CIOXHO
MPOBEPUTH (OCMOTPOBBIX, KOHTPOJBHBIX,
KpenéxHbIX). B pesynbrate KIMeHT Ooriauu-
BaeT MOJHYI CTOUMOCTbh paboT, KOTOpbIe
MOIJIM U He MpoBoauThes. KavectBo obeiy-
JKWBaHUSI 3aBUCUT OT OPTaHU3alMy Tpyaa Ha
KOHKPETHOM TIPEATNPUSTAN U J0OPOCOBECT-
HOCTHU cJiecaps.

Llenvio NTaHHOW CTAaTbU SIBJISIETCS aHAU3
paboThI MPOMU3BOACTBEHHOTO MEPCOHANA aB-
TOCepBUCa MPU IMPOBEJICHUN PAOOT TeXHUYE-
CKOTro O0CTY>KMBaHUS.

TTpobaembl yripaBiaeHUs IEPCOHAIOM SIBJISI-
FOTCS aKTyaJIbHBIMU JUTST BCEX CTPaH MUpa, Ha-
TpuMep, B UCCIIEIOBAaHUY [4] TPUBEICHO OTIIN -
Yre aHTUKPU3UCHOTO yrpasieHus: B Kurae ot
OTIBITA 3aIaHbIX cTpaH. KITloueBbIM IS 3TOM
CTpaHBbI SBJISIETCS OOIIECTBEHHOE MHEHUE, 10~
3TOMY HETOBOJIbHBIE KJIMEHTHI YEPEe3 COLIUAITb-
HBIE CETH MOTYT HAaHECTH CYITIeCTBEHHBII yIIepO
o6usHecy, npumepoM sisiercs 6orikor KFC
[4—5]. B Hamieit cTpaHe KIIMEHTHI TAKSKE CTaHO-
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BSITCSI BCE aKTMBHEE B CETU U CTapaloTcsl oopa-
1aTh BHUMaHUE Ha OT3bIBbI, HO OOIIIECTBEHHOE
MHEHUE He SIBJSETCS OCHOBOMOJAralolium
¢akTopoMm. JIocTaTouHO MHOTO HUCC/IeI0BaHMI
W'Y €BPOIEHCKUX YUEHBIX, OTHAKO, OHU HAITPaB-
JIeHbI IUOO Ha ympaBieHUE YeTOBEYECKUMU
pecypcamu B o01IeM, JIMOO MPOBOAWIUCH B IPY-
TUX OTPAC/ISIX SKOHOMUKU: MAILIMHOCTPOEHUH,
JIETKOI TIPOMBIIIIJIEHHOCTH, MeIULIHE [6—7].
CepBuc aBTOMOOMJICH B pa3BUTBIX CTpaHaX
copMurpoBacs B cepeuHe MPOIIJIOro BeKa,
JTIOCTATOYHO XKECTKO KOHTPOJIUPYETCSI, TOITOMY
B 3apyOeXHbIX CTpaHax MOJA0OHbIE MPOOIEMbI
HE CTOJIb aKTyaJlbHbl, 0COOEHHO B yactu TO
1 peMOHTa Y OpUIIMATbHBIX TUJIEPOB.

Hamu uccnenoBaHusi mpoBOAMINCH Ha
npeanpusatTuu aproueHTp «[A3» B Ilepmu.
OCHOBHOI BUJ NeSITEIbHOCTU aBTOLIEHTpa —
TO u TP aBromoOmneii «I'A3», 1OMOIHUTEIb-
HbIE BUIBI JIESITEIHOCTH — TOPTOBJISI TPAHC-
TMOPTHBIMU cpencTBaMu Mapku «[A3» 1 3amac-
HBIMM YacTIMU K HUM. [Ipon3BoacTBeHHAs
30Ha OCHAllleHAa YHUBEPCATbHBIMU MTOCTAMU
TO u TP, a Takke mocTaMyu AMarHOCTUKU,
yOOPOYHO-MOEUHBIX pabOT, IIMHOMOHTAXA.
ITpou3BOACTBEHHBIN MepCOHAT COCTOUT U3 12
YyeJIoBeK, B YMCJIe KOTOPBIX BOCEMb cliecapeit,
JIBa MacTepa-MpuEMIIMKA U IBa MacTepa cMe-
Hbl. JlaHHOE TIPENNpPUSITUE IO OCHAIIEHUIO
MPOW3BOACTBEHHOI 30HBI, TEPCOHATY, Opra-
HU3aIU TPya v TIPOYETO SIBJISIETCS] TUTIOBBIM
JUJIST OTPaC/Iv CEPBUCHBIX YCITYT.

3a 2019 ron B aBTOLEHTpEe MpoaaHo 894
aBToMoouist Mapku «I'A3», 3apuKcrupoBaHO
3516 3ae3m0B aBTOMOOMIIEH, U3 KOTOPBIX 1116
npuuioch Ha TO. CyllecTBeHHbIN 00bEM
pa6ot no TP cBsizaH ¢ TeM, YTO BJaAEIblibl
aBTOMOOMJIEN TIPEANOYUTAIOT TPOBOIUTD
00C/Ty>)KMBaHUE B aBTOLIEHTPE TOJIHKO B MEPU-
OJ1 TapaHTUU, 3aTeM O0pallaloTCs B HE3aBU-
CHUMBbI€ CepPBUCHI UM ocyllecTBIsA0T TO
CBOUMU CUJIAMMU.

MATEPUWAJIbl U METObI

Db beKTUBHOCTD PaOOThI MPOU3BOICTBEH-
HOTO MepcoHaa OlleHNBaIach MPU MTOMOIITN
JTMarpaMMBbI «CITareTTi» . [1py Mcroab30BaHNT
9TOro MeToNa HabtoAaTe/lb Ha TiaHe pabo-
yero mecta (mocta TO) oTMeuaeT Bce repeme-
IIEHUST UCTIOJTHUTEIISI, a TAKKe KOJIMYECTBO
CIeJTaHHBIX 11aTOB MJIW BPeMsl, TOTpadyeHHOE
Ha TepeMelleHre U BBITTIOJTHEHNE OTIEpaIvu.

MeTtoauka MpOBEACHUST IKCIIEPUMEHTA
3aKJII0YAJIach B CAEMYIOLIEM:

Manbues [i. B., Peneukuinn 1. C. KOHTPOJib NPOM3BOACTBEHHOrO NEepCcoHasna npv BbiNOJIHEHUN PaboT
TEXHUYECKOro o6CNy>XnBaHus asTomoounnen




a)

6)

Puc. 1. Pakypcbl CbEMKN TEXHUYECKOIro
o6cnyxuBaHusa aBTomoouns «FA3» (BbinosHeHO
aBTopamm).

Puc. 2. Mpumepbl kaapoB U3 BUAEO03aruce.

1) mpoBoamyiach BuIeopUKcalus BCex
JNEVUCTBUUA UCIIOJTHUTEIS;

2) HaOMIoMaTe b, Ha TTOATOTOBJICHHOM OJ1aH-
Ke ¢ raHoM nocta TO, oTMeyalr Bce mepeme-
LLIEHMS UCITOJIHUTEJISL U 3aTpayeHHOE BpeMsl;

3) 3aTeM aHAIM3UpoBaIach 3anuchk TO, Ha
OJlaHKe 3aBOJCKOI TEXHOJIOIMU OTMEYasloCh
(hakTHUYEeCKOE BpeMsl BBIMOJIHEHUST KaXa0M
ornepanuy 1 OLUOKY PY HAJTUYUH.

Buzeosarnuch oCy1LecTBIIsIaCh IIPU IIOMO-
i nugposoit kamepsl EKEN H9 ¢ Bo3mox-
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HOCTBIO 3almucK ¢ yacToToi 60 Kamapos/c
u pazpeuieHueM 1080 p. s Toro 4toObl He
OTBJIEKATh UCIIOTHUTEISI OT PabOThI, ChEMKA
BeJIach Ha IIITaTUBAaX, TUIaH ITOCTa U PacIioio-
JKEHMe KaMep TpeicTaBIeHbl Ha puc. 1.

ITpu npoBeeHNN UCCIeTOBAaHUS aHATH-
3upoBasoch TO aBTomoOuieit I'A3enp
«NEXT» ¢ mpoberom 20 ThIC. KWJIOMETPOB
(TO-1). Bcero ocyliiecTB/ieHO ABe BUIE03a-
MACHU, aBTOMOOWMIN MMEIN OJMHAKOBYIO
KOMITJIEKTAIIMIO Y TIOJIHOCTBIO MAEHTUYHBIN
nepevyeHb pabot. ICIIOTHUTEN: IITaTHBIE
cliecapy 1Mo peMOHTY aBTOMOOMIIei, B BO3-
pacte 32 u 38 jieT, 062 UMEIOT HEMPEPBIBHBIN
cTax paboThl He MeHee BochbMU JieT. Obopy-
JIOBaHME, OCHACTKA M MTHCTPYMEHT Ha pabovYmrx
MecTax —MIeHTUIHBI. KaxIplii UCTIOTHUTEh
repes1 MpoBeeHeM IKCTIIEPUMEHTA ObLIT MH-
(hopMUpOBaH 0 BUIeOGUKCALIH.

B pesynbraTe mosydeHsl IBe BUIE03aITUCH
NPOAOKUTEbHOCTBIO 138 1 121 MUHYT, Tpu-
MephbI KaJIpOB MPEACTaBJIeHbI Ha puUC. 2.

O1KMOKM MCTIOTHUTENEN pa3aessyIuCh Ha
TPU TPYMIIbI, JJIT KOMIUIEKCHOM OLIEHKU 3a
OLLIMOKW HAYUCIISUIUCH IITpadHbIe OaJUIbI:

* HCIIOJIHUTEJb HEe YCIeJ BBITIOJHUTH
orepanuio (1 6amr);

* VICIIOJTHUTETH BBITIOJIHWII OTIEPAITNIO HE
B MOJTHOM 00BEME (3 Oaiia);

* WCTIOJTHUTEJTb ITOJTHOCTHIO HE BBITIOTHIT
onepauuto (5 6a10B).

besycnoBHo, Bce onepauuu TO oyeHb
BaxHbl. COOCTBEHHO, OHU SIBJISTIOTCSI MUHM -
MaJIbHO HEOOXOAMMBIMU TSI TIOJIePKaHUST
paboTOCITIOCOOHOTO COCTOSTHUSI aBTOMOOWIISI.
OpmHako orepanyu OTIMYaloTCs TPYILOEMKO-
CTBIO 1 BJIUSTHUEM Ha 6€30TIaCHOCTb SKCITTya-
Tayu. st TpoCTOTHI OBUIO TIPUHSTO pellie-
HUE YYUTHIBATh ITPU HAYMCIICHUU INTPpapHBIX
OaJIIIOB TOJBKO TPYIOEMKOCTB:
Wb=K~*17, (1)
raoe IIIb — cymmapHbie mTpadHbie 6awIbl,
TPUCBOEHHBIE MCIIOTHUTEIIO 3a OTEpaInio;

K — koadduumeHT 1onyeHHOM! OInoKy
(15:355);

1,,— BPEMsI, OTBEIEHHOE Ha OTIEPALIHIO 110
3aBOJICKOI TEXHOJIOTUH.

J1st olleHKY paboTHhI MpeJIoKeHa IKaia
(Taba. 1), oHa cocTaBjieHa TaKUM 00pa3oM,
YTO MPOTYCK J1000# orepanuu MPUBOIUT
K OIICHKE «HEYIOBJIETBOPUTEIBHO», T.K. 3TO
CUYMTAETCsI HeKaueCTBEHHBIM OKa3aHUEM YCITy -
T U SIBJIsIeTCSl HapyeHueM cT. 4 1 10 3akoHa
P® «O 3ammTe mpaB norpeduteneii» [8].

Manbuee . B., Peneukuinn 1. C. KOHTPOJib NPOM3BOACTBEHHOrO NepCcoHasna npu BbiNoJIHEHUN PadcoT
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Puc. 3. Pe3ynbratbl aHann3sa paboTbl UCMIOSIHUTE el (COCTaBIeHO aBTopamu).

TTonydnTh «OTAMIHO» MOKHO TOJIBKO TIPU
YCIIOBUM, UTO BCE OIEPALIUU, KOTOPHIE BXOIST
B coctaB TO, OymyT BbIOTHEHBI. [Ipy 3TOM
JIOTIYCKAeTCs HE3HAYUTEJIbHO MPEBBICUTH
TPYAOEMKOCTb, YCTAHOBJIEHHYIO 3aBOJCKOI
TexHoJioruei. ICmoTHUTe b MOYyYUT «XOPO-
1I0», €CJIM MPEBBICUT 3aBOACKYIO TPYAOEM-
KOCTb OoJiee, 4eM Ha 15 MUHYT, «y10BJIETBO-
PUTENIBHO» — MPU YaCTUYHOM MPOIMYCKE O[I-
HOW WM ABYX olepanuii (B OCHOBHOM
OCMOTPOBBIE PAOOTHI).

PE3YJ1bTATbl U BbIBOAbl

B pesynbpraTe aHaiu3a BHUAcO3aMUCEi
(puc. 3) BunHoO, 4T0 35—39 % ornepaiuii Bbi-
TTOJTHEHBI C HAPYIIIEHUEM TeXHOJIOTUH, Clleca-
Y TIPOITYCTHJIN OTiepallnii B cpenHeM Ha 0,63
HOpMO-4Yaca, 4To cocTaBsgeT okoio 20 %
obmeit TpynoémMkoct TO. KonmaecTBo
mTpadHBIX 6ATUTOB TIEPBOTO UCITOTHUTENS —
2,11, BToporo — 2,91, 94TO COOTBETCTBYET
OIICHKE «HEYIOBJICTBOPUTETHHO.

WcnonHUTENIMU OBLIU TTPOMYIIEHBI
orepally, BIUSIONIAEe HAa aKTUBHYIO 0e3-
OTIaCHOCTD, IMOKAapo0Oe30TaCHOCTh, a TAKKE
orepalnu, BCICICTBUE HEBBIMOJIHEHUS
KOTOPBIX MOXET HACTYITUTh TOPOTOCTOSIITU I
PEMOHT.

ITo nuarpamme «criareTT» (puc. 4) BUTHO,
YTO Yalle BCero ciecapy MOAXOINUIN K Bep-
CTaKy M MHCTPYMEHTAJIbHOMY SIIIIUKY, UYTO
CBUJIETENILCTBYET O Hed(P(EKTUBHOM UCTIOb-
30BaHUM MHCTPYMEHTAIBLHOM TEJIEXKKU U He-
palMoHAIBHOM pa3MeIllleHUH WHCTPYMEHTA.
Heckonbko pa3 oHU OTJIyJaJIuCh C paboyuero
MecCTa: TIePBBIN UCITOJTHUTEITh ITOCETIAN CKIIAJT
YyeThIpe pa3a, BTopoii — Ba. Bo Bpemst mpoBe-
nexust TO y iepBOTo UCTIOHUTENST HE OBIIO
HEeoOXOMMMOT0 MHCTPYMEHTA, Ha TMOMCKU
MOTPAvYeHO JIEBSITh MUHYT, & BTOPOI1 OTITyJas-
Ccs1 BKOMHATY OTIIbIXa Ha IIeCTh MUHYT. OTMe-
YeHO, YTO 06a MeXaHMKa He BCeT1a MoHNMAa -
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Tabmma 1
OneHka padoThI HCTIOJHUTEIS C IOMOIIBIO
mTpaHbIX 0AJIOB
«&» «3»
0,11-1,0 1,1-2,0

«2»

2,0—-16,7

«5»

0-0,1

JIM aBTOMOOUJIb HAa TOCTATOYHYIO BBICOTY, IS
KOMDOPTHOI pabOTHI TTOJT HUM.

JIJ1s1 MOBBILLIEHUST TPOU3BOAUTEIBHOCTU
TpyJla BO3MOXHO KCITOJb30BAHUE MPUHIIU-
OB «0ePeXIIMBOTO MPOU3BOJCTBA» CUCTEMBI
5«S» [9—12]. HeobxomumMo DJ00OCHACTHUTh
MOCTbl UHCTPYMEHTOM U PALlMOHAJIIBHO €ro
pPa3MeCTUTh B JIETKO TOCTynmHOM MecTe. Ha-
MpUMeEDP, YaCTO UCTIOIb3YeMBbIA — B UHCTPY-
MEHTAJIBHOU TeJleXKe, PEAKO UCIIOJIb3Yye-
MBIl — Ha CTEHOBBIX IIUTaX. 1S mpeaoTBpa-
LIeHWs TIPOIMYCKa onepalnil mpemiaraeTcs
BBIIATh UCIOJHUTEISIM YE€K-JIUCTHl U Ha
nocty TO ucronb30BaTh CXeMy TIepeIBUXKE -
Hus (puc. 5). CxeMy JIeTKO HAHECTH Ha Ha-
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Puc. 4. Anarpammel «cnareTTn»: a) nepsblii
ucnonuntesns, 6) BTOPOU UCMOIHUTENb
(cocTaBneHo aBTOopamm).

Manbues [i. B., Peneukuinn 1. C. KOHTPOJib NPOM3BOACTBEHHOrO NEepCcoHasna npv BbiNOJIHEHUN PaboT
TEXHUYECKOro o6CNy>XnBaHus asTomoounnen




a)

Puc. 5. Cxema nepeasmxeHUs UCNONHUTENS:
a) — onepauum «CHU3y», 6) — orepaumm «CBepXxy», B) — orepaumnmn «<u3 casoHa» (CocTaBlneHo aBTopamMu).

ITOJIbHOE TTOKPBHITHE KPACKOM WIIH TTPU TIOMO-
I HaKJIeeK.

Llenecoobpa3HO OCHACTUTH TTOCTHI KaMe-
paMu BUICOHAOIIOACHUS U MEPUOINICCKHU
OCYILIECTBJISITh BLIOOPOUHBII KOHTPOJIL PadoT,
KOTOPBIH JIy4Ille BO3JIOKUTH Ha HE3aBUCUMO-
ro akcnepra. JIJis CHUKEeHUS TOTeph BpeMEHN
HEOOXOAMMO TOKYITUTh MHCTPYMEHT B IOCTa-
TOYHOM KOJIMYECTBE, a TAKXKe MEePECMOTPETh
B3aUMOJICHICTBHE CO CKJIAIOM, T.K. TIOJTyYCHHUE
MaTepuaioB ajisg TO oTHUMAaeT MHOTO BpeMe-
Hu. 7151 MOTMBaIIMM MIepcoHaia HEOOXOIMMO
IepecMOTPETh CUCTEMY MpeMUii U mTpacdoB
C YYETOM pe3yabTaTOB PadOThI.

Takum 06pa3om, ucciaenoBaHUE BBISIBUIIO
CepbE3HBIC HAPYIIICHUS TTPH ITPOBEICHU padOT
TO aBromo0mteit «A3»: YyacTUYHOE WIIH TTI0JI-
Hoe HeBbIToTHeHne 35—39 % onepaunii. Ha-
PYILIEHUS OTYACTH CBSA3aHbI ¢ HeA(D(HEKTUBHOI
opraHu3anyei Tpya U MaJioi TPYITOEMKOCTBIO
paboT 3aBOICKOI TEXHOJOTUH. PelmTh mpoo-
JIeMy MOXHO 3a CYET TOOCHAIICHUs paboImx
MEeCT MHCTPYMEHTOM, YCOBEPIIIEHCTBOBAHUEM
paboTHI CKJIaNa, y>KeCTOYCHUEM KOHTPOJIS HalT
HUCTIOJTHUTEIISIMMU.
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Control of Production Personnel when
Performing Vehicle Maintenance

Dmitry V. MALTSEV

Dmitry S. REPETSKY

ABSTRACT

The objective of this article is to analyse labour
discipline of production personnel when performing
vehicle maintenance works. Currently, many car
service enterprises practically do not control the
quality of the work of the employees. These
responsibilities are assigned to the lower management
level — foremen, however, they are either heavily
loaded with work, or are not interested in performing
control functions. In addition, labour intensity of
technical maintenance and repair work is set by the
manufacturer at the lowest possible level, assuming
that the staff is highly qualified, and the company is
provided with all the necessary special tools. As
a result, it is difficult or impossible for employees to
meet the standards, therefore, to fulfil the plan and
notlose part of the wages, they miss or do not perform
part of the work paid by the client. The studies were
carried out in Perm at a typical car service enterprise,
which is an official dealer of a domestic car brand.
The analysis of the work of the personnel was carried
out by comparing the actual work performed following
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Polytechnic University, Perm, Russia.
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Polytechnic University, Perm, Russia*.

the technology defined by the manufacturer. For this,
video recording of all the actions of an employee was
carried out. The completeness of each operation was
noted, as well as the time spent. Work efficiency was
assessed using Spaghetti diagrams, which indicate
all movements of the performers. A methodology is
presented that allows to give a final assessment of
the work of locksmiths, which consists in calculating
penalty points for exceeding standard time, partial
execution or omission of operations. A scale for
evaluating performers has been developed. The
results of studies of carrying out maintenance of two
identical cars are presented. The shortcomings of the
production personnel are discovered and analysed.

To increase labour productivity, it is possible to
use the principles of lean production of the 5 «S»
system. It is necessary to equip the posts with tools,
issue checklists to the performers and use the
movement scheme at the maintenance post, equip
posts with video surveillance cameras and periodically
carry out selective control of work. To motivate staff,
it is necessary to revise the system of bonuses and
fines, considering the results of work.

Keywords: personnel assessment, car service and maintenance, labour discipline, vehicle maintenance.
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enterprises are forced to compete for
customers. Reducing the cost of services
provided can be effective only in the short term
to attract new customers, in the long term — it
will lead to a decrease in profits. A more
promising way is to improve quality of services
provided. When paying for services, consumers
expect as a matter of course that all declared
work will be completed in full and the car will
be ready for operation exactly on time.
Although in reality this is not always the case.
Manufacturing plants, aspiring to sell as many
cars as possible, attract customers particulalry
by low prices for technical maintenance and
current repair, which are achieved by reducing
the standard hours while maintaining the
volume of work. At the same time, many service
workshops do not have the necessary list of
equipment, rigging and tools, and their
employees have not attended for a long time
the advanced training courses and do not work
efficiently [1—3]. On the other hand,
a locksmith’s salary depends on the number of
hours worked to execute the received workshop
orders, so to meet the standard, you might go
for tricks, for example, skip or incomplete part
ofthe work that is difficult to check (inspection,
control, fastening). As a result, the client pays
the full cost of the work that probably has not
been performed. The quality of service depends
on organisation of work at a particular enterprise
and conscientiousness of a particular locksmith.
The objective of this article is to analyse the
work of the production personnel of a car service
enterprise during technical maintenance work.
The problems of personnel management are
relevant for all countries of the world, for
example, the study [4] shows the difference
between anti-crisis management in China and
the experience of Western countries. Public
opinion is key for China, therefore, dissatisfied
customers through social networks can cause
significant damage to business, for example, to
boycott the KFC [4—5]. In Russia, customers
are also becoming more active online and are
trying to pay attention to reviews, but public
opinion is not a fundamental factor. Many
studies have been conducted by European
researchers, however, they focus either on
human resource management in general, or on
other sectors of the economy: mechanical
engineering, light industry, medicine [6—7]. Car
service in developed countries was formed in the

I n a market economy, car maintenance
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middle of the last century, it is rather tightly
controlled, therefore, in foreign countries, such
problems are not so urgent, especially in terms
of maintenance and repair by official dealers.

The research was carried out at GAZ car
centre in Perm. The main activity of the centre
is maintenance and repair of GAZ vehicles,
additional activity refers to sales of GAZ
vehicles and spare parts. The production area
is equipped with universal maintenance and
repair stations, as well as with diagnostic,
cleaning and washing stations, and tire fitting.
The production staff consists of 12 people: eight
locksmiths, two technicians-receptionists and
two shift foremen. This enterprise as for its
equipment of the production area, personnel,
labour organisation and other things is typical
of the service industry.

In 2019, 894 GAZ cars were sold in the car
centre, 3516 car entries were recorded, of which
1116 were for maintenance. A significant
amount of work on technical maintenance is due
to the fact that car owners prefer to carry out
maintenance in a car centre only during the
warranty period, then they turn to independent
services or carry out maintenance on their own.

Materials and methods

The performance of the production
personnel was assessed using a spaghetti
diagram. When using this method, the observer
on the plan of the workplace (maintenance
area) notes all the movements of the employee,
as well as the number of steps taken, or time
spent on moving and performing the operation.

The experimental procedure was as follows:

1) video recording of all actions of the
employee was carried out;

2) the observer, on the prepared form with
the plan of the maintenance area, noted all the
movements of the employee and the time spent;

3) then the maintenance record was
analysed, the actual execution time of each
operation and errors, if any, were noted on the
factory technology form.

Video recording was carried out using an
EKEN H9 digital camera with the ability to
record at a frequency of 60 frames/s and
a resolution of 1080 p. In order not to distract
the employee from the work, the shooting was
carried out on tripods, the area plan and the
location of the cameras are shown in Pic. 1.

In the course of the study, maintenance
was analysed regarding GAZelle «<NEXT» cars

Maltsev, Dmitry V., Repetsky, Dmitry S. Control of Production Personnel when Performing Vehicle
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Pic. 1. Foreshortenings of GAZ vehicle maintenance (made by the authors).

Pic. 2. Examples of frames from video recordings.

with a mileage of 20 thousand kilometres
(technical maintenance-1). In total, two video
recordings were made, the cars had the same
equipment and a completely identical list of
works to be performed. Employees were full-
time auto repair technicians, aged 32 and 38,
both have continuous work experience of at
least eight years. The equipment, tooling and
tools at the workplace are identical. Each
employee was informed about the video
recording before the experiment.

As a result, two video recordings with
aduration of 138 and 121 minutes were obtained,
examples of frames are shown in Pic. 2.

The mistakes of the employees were
divided into three groups; for acomprehensive
assessment, penalty points were awarded for
mistakes:

 the technician failed to complete the
operation on time (1 point);

» the technician did not complete the
operation in full (3 points);

» the technicain did not complete the
operation at all (5 points).

Of course, all maintenance operations are
particularly important. Actually, they are
minimum necessary to maintain the vehicle’s

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol.

working condition. However, operations are
labour intensive and have an impact on
operational safety. For simplicity, it was decided
to take into account only labour input when
calculating penalty points:

PP=K ¢, (1)
where PP — total penalty points assigned to the
employee for the operation;

K — error coefficient (1, 3, 5);

T, — time allotted for the operation
according to the factory technology.

To assess the work, a scale is proposed
(Table 1), it is designed in such a way that the
omission of any operation leads to an
«unsatisfactory» assessment since this is
considered a poor-quality service and is
a violation of Art. 4 and 10 of the RF Law
«On Protection of Consumer Rights» [8].

It is only possible to get «excellent»
assessment if all the operations that are part
of the technical maintenance will be
performed. In this case, it is allowed to
slightly exceed the labour intensity established
by the factory technology. The employee will
receive «good» score if he exceeds the factory
labour intensity by more than 15 minutes,
and «satisfactory» score if one or two

18, Iss. 6, pp. 238—247 (2020)
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Pic. 4. «<Spaghetti» diagrams: a) first employee,
b) second employee (compiled by the authors).

operations are partially skipped (mainly
inspection work).

Results and conclusions

As a result of the analysis of video recordings
(Pic. 3), it can be seen that 35—39 % of operations
were performed with violation of the technology,
locksmiths missed operations by an average of
0,63 standard hours, which is about 20 % of the
total labour intensity of maintenance. The
number of penalty points of the first employee is
2,11, of the second — 2,91, which corresponds in
the latter case to the unsatisfactory assessment.

The employees missed operations important
for active safety, fire safety, either operations,
asa result of non-fulfilment of which, expensive
repairs may occur.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 6, pp. 238-247 (2020)
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Pic. 3. Results of the analysis of work of employees (compiled by the authors).

Table 1
Evaluation of the work of an employee using
penalty points
«5» «4» «3» «2»
0-0,1 0,11-1,0 1,1-2,0 2,0—-16,7

The «Spaghetti» diagram (Pic. 4) shows that
most frequently the locksmiths approached the
workbench and toolbox, which indicates
ineffective use of the tool trolley and irrational
tool placement. They were absent from the
workplace several times: the first employee
visited the warehouse four times, the second
visited it twice. During the maintenance, the
first employee did not have the necessary tool,
nine minutes were spent on the search, and the
second left to the rest room for six minutes. It
was noted that both mechanics did not always
raise the carto a sufficient height for comfortable
work under it.

To increase labour productivity, it is possible
to use the principles of lean production of the
5 «S» system [9—12]. It is necessary to equip
the posts with tools and rationally place them
in an easily accessible place. For example, often
used tools should be placed in a tool trolley,
rarely used — on wall panels. To prevent
skipping operations, it is proposed to issue
checklists to employees and use the movement
pattern at the maintenance post (Pic. 5). The
scheme is easy to apply to the flooring with
paint or stickers.

It is advisable to equip posts with video
surveillance cameras and periodically carry out
selective control of work, which is better to
entrust to an independent expert. To reduce the
loss of time, it is necessary to purchase enough
tools, as well as revise interaction with the
warehouse, since obtaining materials for

Maltsev, Dmitry V., Repetsky, Dmitry S. Control of Production Personnel when Performing Vehicle
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a)

Pic. 5. Scheme of movement of an employee:
a) operations «from below», b) operations «from above», c) operations «from the compartment»
(compiled by the authors).

maintenance is time-consuming. To motivate
staff, it is necessary to revise the system of
bonuses and fines, considering the results of
work.

Thus, the study revealed serious violations
during the maintenance of GAZ vehicles:
partial or complete failure to perform 35—39 %
of operations. Violations are partly related to
ineffective labour organization and low labour
intensity of the plant technology. The problem
can be solved by equipping the workplaces with
tools, improving the work of the warchouse,
and tightening control over the performers.
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Enena UBAHOBA

TaTtbsiHa ®JISTUHA

C uesnbto nccnenoBaHus nPo6sem 1 BO3MOXHO-
cTeun peann3aumnm rnpoekToB BbICOKOCKOPOCTHbIX
maructpaneri (BCM), a Takxe 4515 NOATBEPXAEHUS
MOTEHLMabHOro Crpoca Ha yCr1yry BbICOKOCKOPOCT-
HbIX 1EPEBO30K aBTOPaMU N3yHeHbl 06LLECTBEHHOE
MHEHUWE B OTHOLLEHUN TPEX MOTEHLMAIbHbIX MapLL-
pyToB BCM, a Takxe onbIT 3apy6exHbIX CTpaH B 06-
J1aCT OCBOEHMS MPOrHO3UPYyeMbIX raccaxuporno-
TOKOB, (PUHAHCUPOBAHUNS CTPOUTENLCTBA BbICOKO-
CKOPOCTHBIX MarucTpane n OLLeHKN UX BJINSIHUSI Ha
0061L{e3KOHOMMNYECKUNIA POCT PErVIOHOB.

lMpn npoBeneHun nccaegoBaHns aBTopamu
NPUMEHEHbI METO/bl aHKETHOI0 COLMOJIOrN4E€CKOro
oripoca, aHann3a, CPaBHEHWSI, UHAYKLN.

OCHOBHbIe pe3ynbTaTbl UCC/Ie40BaHVs rokasa-
11, 4TO MPY Pa3BUTUN U peann3aumm OporocTos-
wmx npoektoB BCM ocoboe 3Ha4eHne nMeroT Bbi-
sBJIEHNE Crnpoca naccaxumpoB Ha BbICOKOCKOPOCT-
Hbl€ MepPeBO3KU, BbISCHEHNE OOLLEro OTHOLLIEHUS
W rOTOBHOCTU HaceJsIeHnsi CTpaH rnoJib30BatbCsl Ta-
KUMU Marnctpansamu. B cTtatbe ndydeHa amHammka
crpoca Ha naccaxuvpckue nepeBo3ku pupmMeHHbIMU
N HeUPMEHHbIMU Noe3aamm Ha KJIlo4YeBbIX Harnpas-
JIEHMSIX, YTO M03B0OJIN/I0 060CHOBATh Hanbosiee
nepcrnekTuBHbIE U3 HUX A8 pa3Butus BCM.
BbirnosHeHHOe aBTopamu CoLMOIOrM4ECKOE ncce-

MNPOBJIEMbI YIPABJIEHWA

Passutne BCM B Poccum ¢ yyétom
AVMHAMUKWN NaCcCaXXpPONOTOKOB
M 00LLEeCTBEHHOro MHEeHUs

Heanoea Enena Aaexceeena — Poccutickuii
YHusepcumem mpancnopma, Mockea, Poccus.
Daseuna Tamoana Anamoavesna — Poccutickuil
YHueepcumem mpancnopma, Mockea, Poccus™.

10BaHWe MEeTo4OM aHKeTUPOBAaHUSI B COLMaIbHbIX
CeTsIX 03BOJINIIO BbISIBUTb OTHOLLUEHNE XUTEnemn
CTpaHhbl K NoTeHUMa bHO Hanbosiee nepcrnekTUBHbIM
Aans peanv3auuu npoektoB BCM HarnpasneHusm
MockBa—-CaHkT-lleTepbypr, MockBa-Ka3aHb
n Mocksa—-PocTtoB-Ha-/oHy. B cooTBETCTBUM C 10~
JIY4EHHbIMU pe3yJibTaTaMy 0rpoca POCCUSTHE MOJ10-
XWUTEJIbHO OTHOCSTCS K pa3sutuio BCM B cTpaHe,
60/IbLUMHCTBO OMPOLLEHHbIX MPEAnoaaratoT rnosb-
30BaTbCsl UMY MPU HEOOXOAMMOCTU COBEPLLUEHUS
MexXayropoaHux rnoeaanok, 0CO6eHHO Ha HarpasJie-
Hum MockBa—CaHkT-lleTepbypr.

ABTOpamuv npeacTas/eHbl BHELLUHNE 9KOHOMUYe-
ckune apdekTbl n pucku cozaaHns BCM Ha Tepputo-
pumn Poccun. K nepBbiM OTHOCUTCS, rnpexzae BCero,
POCT TPAHCMOPTHOM MOABUXHOCTU HACEJIeHUS.
lMoTeHumanbHble pyucku pas3BuTus npoektos BCM
0rpeaesnsitoTCs C/IOXKHOCTbLIO 0becriedeHVst HaaExHOM
paboTkl MOABUXHOIO cocTaBa v 06LEKTOB MHppa-
CTPYKTYPbI AAHHBIX MarncTpasnev B C/IOXHbIX Knma-
TUYECKUX YCII0BUSIX B Poccumn, a Takxe BbICOKOM
CTOMMOCTbIO 110€34KU [J151 POCCUSIH, OTpULaTesibHO
B/MSIIOLLEV Ha cripoc. s npeogoneHvs nocaeaHe-
ro pucka BaxHoe 3Ha4yeHue nmeeTt popmMupoBaHue
MOSI0XNTESIbHOIO UMUAXKA MPOEKTOB NyTEM MOAESIN-
pOBaHus 00LLECTBEHHOrO MHEHMS.

KnroyeBble cioBa: xene3Hasi 4opora, BbICOKOCKOPOCTHbIE MarncTpasau, nacCaxunpckme nepeBo3Kuy,
mMogesimpoBaHue 006LeCTBEHHOIro MHeHsl, 9KOHOMUYeCcKue 2P PeKThI.
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BBEOEHUE

Cynp0a IMPoeKTOB CTPOUTENbCTBA BHICOKO-
ckopocTHbIX Maructpaieit (BCM) Ha Teppu-
topuu Poccuu octaércs mpeaMeToM IMOBbI-
ILIEHHOTO BHUMAaHMSI OOIIIECTBEHHOCTH, OU3-
Heca U HaydyHoro coooiiecTBa. OCHOBHBIMU
npobaeMaMU SIBJISIIOTCS] BbICOKAsi CTOMMOCTD
MPOEKTOB U COIJaCOBaHUE MCTOYHUKOB MH-
BecTULIMIA. B TO ke BpeMms B psiie CTpaH Mupa
Ha TIPOTSIKEHUM IBYX IECSTKOB JIeT HaOJIt01a -
€TCs1 IIOCTENIEHHOE Pa3BUTHE BbICOKOCKOPOCT-
HOTO MacCaXXupCcKOro COO0IIEeHUsI. 3a UCKITIO-
YeHUEM OTIEJbHBIX CJydyaeB HEYIauHOIo
BBOJIa ITOIBMKHOI'0 COCTaBa B 9KCILTyaTalluIo,
HU OJTHA CTpaHa, IPUHSB pellleHUe, He OTKa-
3aJ1aCh OT BHICOKOCKOPOCTHOI'O COOOIIIEHUSI.

Merton

B ocHoBe uccienoBaHus BO3MOXHOCTEMH
1 3 GHEKTOB OT CO3AaHKS BHICOKOCKOPOCTHBIX
maructpajieid B Poccuu jexat KabMHETHOe
HCCJIeI0BaHME OTTbITa X Pa3BUTHS B CTpaHaX
MUpa, aHaJIU3 BTOPUYHBIX CTaTUCTUYECKUX
JAaHHBIX O PabOTe MaccaxkKuPCKOro TpaHCIopTa
Poccuiickoii @eaepaiin, METOIbI CPaBHEHMSI
W MHAYKIUM, a TAKXKEe COLIMOJOTUYECKUN
OIIPOC, MTPOBEAEHHBIN B COLIMATBHBIX CETSIX.

e uccienoBanus

Llenbio uccnenoBaHusi, MPEeaCTaBISIEMOIO
B CTaThe, SIBJISIETCS aHAIU3 UMEIOIIMXCS ITPO-
0JIeM ¥ BO3MOXHOCTE! peaau3aiuu MpoeKTOB
BCM, o061iecTBEHHOro MHEHMsI, a TaKxXe
3¢ HEeKTOB, KOTOPhIE OYIyT MOJIy4eHbI OT BBO-
Jla BBICOKOCKOPOCTHOI'O COOOIICHUS Ha Tep-
puropun Poccuiickoit @enepaiivn.

ABTOpaMHU BBITMIOJIHEH aHAJIM3 JUHAMUKU
MepeBO30K CKOPOCTHBIMM Toe3namu B Poc-
CHUU, TIPOBEACHO 00OOIIEHNE UMEIOIIETOCs
MEXIYHApOIHOIO OMbITa Pa3BUTHUSI BHICOKO-
CKOPOCTHBIX IePEeBO30K, MPOEKTOB CTPOU-
teabcTBa BCM 1 npobiieM UMX peanusaluu;

800
900 700 /2184

1500
2700

692,1

700

600

3000
500

3000 400
300

36 000 200

W Kurait

@ Vicnanua

@ AnoHua

@ dPpanHuna W lepmanua @Uranua 0

Kurait

WCWA B B OCTa/IbHbIX CTPaHax

Puc. 1a. NpoTtaxéxHHoctb BCM
B CTpaHax-nupaepax, 2020r., km [2].

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 248-270 (2020)

MOJIyYeHbI SMITUPUYECKUE JaHHBIE OIpoca
0 HaMEPEHMU KUTEJIEH CTpaHbl BOCIIOIb30-
BaTbCs BBICOKOCKOPOCTHBIMM ITO€3JaMH1 Ha
psizie IPUOPUTETHBIX HAMPaBJICHU UX TIpeI-
nojaraeMoro BBoja. [1yTéM MHIYKTUBHBIX
pacCcyXIeHW MoJy4eHbl OOILIME BBIBOIBI
O IIPEIITOYTUTEIBHOM HAaIIPaBJIEHUH Pa3BUTHS
BCM, HeoOX0IMMOCTH MOJEINPOBAHUS TT0-
JIOKUTEJIBLHOTO OOIIECTBEHHOTO MHEHUS
0 HUX 1 00 3peKTax, KOTOpble BOZHUKHYT
MPU pean3alii COOTBETCTBYIOILIETO ITPOEKTA.

AUHAMMUKA BbICOKOCKOPOCTHbIX
NMEPEBO30K B CTPAHAX MUPA

BricTphlii mpupocT npotsk€éHHocTH BCM
B psie CTpaH MUpa B IOCJIEIHUE TOIbl He-
CKOJIBKO 3ametuics. YTo kacaeTcsl cTpaH
EBpomneiickoro Corwsa (EC), HecMoTpsl Ha
HaJIM4ue IMopsiaka Tpex AECSITKOB MPOEKTOB
MHOPACTPYKTYPHBIX OOBEKTOB ISl PA3BUTHUS
BBICOKOCKOPOCTHOT'O JBMXKEHUSI, KaK MEXIY
CTpaHaMHU, TaK M BHYTPMU UX, peanu3alus
MHOTMX U3 HUX 3ara3abIlBaeT Ha rof U bosee.
ITo nannbeiM EBpormeiickoii aymuTopcKoii ma-
JIaThl BBIMOJHEHHBIH B 2018 I aHaIM3 NBUXe-
HUSI TTO€3[10B 110 BBICOKOCKOPOCTHBIM BETKaM
npoTskEHHOCThIO 6ojiee 5000 KM B 1IeCTH
crpanax EC — Asctpun, Iepmannu, ®pan-
uuu, Uranuu, Iopryranuu n Ucnanum —
MoKas3aJl, YTO peaiu3yeMble CKOPOCTH ABMKE-
HUSI COCTaBUJIM JIMIIIL OKOJIO 45 % OT IIPOeKT-
HbIX. B oTtué€Te rosoputrcs, yto BCM Ha
KOHTUHEHTE MPUHOCAT «I100aBIeHHYIO
CTOMMOCTb HMKE OXuaaemMoii». [lepeuucieH-
HbI€ CTpaHbI moayuynian 83,5 % Bcero puHaH-
cupoBaHus u3 6wmaxera EC Ha pa3zButue
BCM [1].

OO0111as1 TPOTSKEHHOCTDH BLICOKOCKOPOCT-
HBIX MarvucTpajieit B cTpaHax MUpa MpeBbICHU -
naB 2020 r. 52,4 TeIC. KM, B IpOLIECCE CTPOU-
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®paHuma epmaHua
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15,3
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Wcnanua  Anonna Wranua tOxHaa

Kopes
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Puc. 16. NaccaxupooGopot no BCM B cTpaHax-nupepax, 2020r.,

MpA naccaxuvpo/km [2].
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TEJIbCTBA HAXOMSATCS €llle OKOJO 12 ThIC. KM,
obmuit maccaxupomnorok BCM B 2020 .
nmpeBbIcua 956 MJIpI Macc.-KM, IIPU 3TOM
0€3yCIOBHBIM JIUAEPOM MO MEPEUNCICHHBIM
nokaszarensam sBisiercss Kuraii (puc. 1) [2].
Kpome Hero, KpyITHBIe TTPOSKTH PAa3BUTHUS
BCM, HanpaBjieHHbIE Ha TTOBbILLIEHE TPAHC-
TTOPTHO MOABVXKHOCTH HACEJIEHUSI, TIPOTTYCK-
HOM CITOCOOHOCTH KeJIE€3HBIX JOPOT, HA CHU-
JKeHUE 3arps3HeHMsT OKPYXKamIeil cpeabl
BCJIEJICTBUE TIPUBJIEUEHUST TTACCAXKUPOIIOTO-
KOB Ha TpaHCOOPT OOIIEro mojb30BaHUS,
peanu3yloTcsl B HacTosiIee Bpemst B Typiiuu,
WUcnanuu, Utanuu, Benukodbpuranuu, AB-
ctpuu u apyrux crpaHax [3]. CoobmaeTcsa
TaKke O IIaHax cTpoutesbetBa BCM B UH-
nuu, Upaxe, [Tosbilie 1 MHOTUX JPYTUX CTpa-
Hax [4; 5].

CronMocTh MpOeKTOB co3manns BCM,
0COOEHHO TMWJIOTHBIX, BECbMa 3HAUMTEIbHA,
u 0e3 rocyIapCTBEHHOro CyOCUIMPOBaHUS,
a Takke 3aMHTePECOBAHHOTO MHBECTOPA UX
CTPOUTEIBCTBO BO3MOXKHO JAJIEKO HE BO BCEX
CTpaHaX M He Ha BCeX BRIOPAHHBIX JIJIST peajiv-
3allMy HaIpaBJIEHUSIX.

CpOKHM OKYITaeMOCTH TPOEKTOB pa3HbIe.
B KHP a5 ngatu Haubosee 3arpyKeHHbBIX
JIMHW# YIAJIOCh BBIMTU Ha TIPUOBLIE B TIEPBEIC
Tpu-1s1Th JIeT. Tak, BCM Tlekun—Ilanxait
yepe3 Tpu roja akcrutyatauuu (2015—2018 rr)
cTaJia BBICOKOPEHTa0eIbHOM U, 110 TIpeBapy-
TeJIbHBIM OLIEHKaM, OKYMNUTCS 4yepe3 15 jet.
OkynaeMocTh BCM, CBA3BIBAIOIINX TOPOIA
B iepucepuiiHbIX paitoHax Kurast, oxxumaer-
¢ B Oojiee ganbHel nepcrnekTuse. st ag-
(bexTMBHOTO yIpaBiIeHUs JTOXOTHOCTBIO TIe-
peBo3ok Ha BCM Kurast mpuMeHsieTcsl AMHa-
MHuYecKoe 1eHooOpa3oBaHue [6]. B To xe
BpeMmst B Kurae ctpoutenbctBo tuHuii BCM
paccMaTpuBaeTCs B KAYeCTBE MEPhI CTUMYJIH -
pOBaHUs 9KOHOMUYECKOTO pOocTa, TpaHcdepa
TEXHOJIOTUI U CO3MaHMs EIMHOTO SKOHOMMU -
YECKOTO TTPOCTPAHCTBA KaK BHYTPU CTpPaHBbI,
TaK ¥ ¢ 3apyOeKHBIMU CTpAaHAMMU.

C 2015 . Kurait u crpanb! FOro-BocTtounoit
Azuu (FOBA) nponBuralor mpoeKT CTPOUTENb-
ctBa [Nana3zuarckoit Maructpaau BCM mpo-
TSBKEHHOCTBIO OoJiee 3 ThIC. KM, CBSI3bIBalOLLICH
Kynubmun (Kwutait) u CuHramyp u mpoxops-
meit mo tepputopusMm Jlaoca, BreTHama,
Kam6omxu, Tannanga, Manaiizuu, ¢ oTBeT-
BJICHUSMHU Ha TeppuTOoprio MbstHMEL. CTOM-
MOCTb IPOEKTa OLIECHUBAeTCs B bojiee uem 75
MJIPJ 10JUIAPOB, MPU 3TOM 3HAYUTEIbHAs
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JIOJIST TIPUXOIMTCS Ha KUTalCKUe YacTHBIE
U OI0JKeTHbIE MHBECTULINU [7].

Peanu3zaius cTojib KpyITHOTO MEXIyHa-
POHOTO IMPOEKTA COTPSIKEHA CO MHOXECTBOM
9KOHOMUYECKUX U MOJUTUIECKUX PUCKOB,
BKJTIOYasl HEOOXOIMMOCTD COTJIaCOBAHMS T10-
3ULIMI TTPUIACTHBIX CTPaH, 9KOHOMUYECKUIA
KJIMMaT B perMOHe, BHEIITHEE BMEIIIaTeTbCTBO
W 1eSTeJIbHOCTh NoaApsiAuukoB u ap. [8]. Ho,
HECMOTPSI Ha BBICOKYIO CTOMMOCTb M TIPO0-
JIEMBI C peaju3allieil mpoekTa, MpaBUTEb-
ctBo Kutast mo Mepe BBoJa B 3KCILTyaTaIuIo
BCM KynbmuH—CuHTAIyp pacCuuThIBaeT Ha
3HAYUTEbHBIE MTOCTYIIICHUST JOXO/IOB B TOCY -
JMapCTBEHHBIN OIOKET KaK OT MepeBO30K
maccaXXMpoB, TaK U OT pa3BUTHUs OU3Heca
B IIPUTPAHUYHBIX paitoHax Kurast, mpuieraio-
IIUX K MaTUCTpaJid, a TAaKKe OT aKTUBU3AIUN
Toprosiiu co ctpaHamMu FOBA.

B CIIA pa3BUTHUIO BBICOKOCKOPOCTHOTO
JKEJIE3HOIOPOXKHOTO COOOIIEHMS Ha Tocyaap-
CTBEHHOM ypPOBHE MPUIAETCS OOJbIIOE 3HA-
YEHME B CBSI3U C MEPErPYKEHHOCTHIO aBTOMO-
OUJIbHBIX MarucTpajieil 1 MOIIHOCTEN a’dpo-
IOPTOB, OCYIIECTBIISIIONINX O0CITy>KMBaHUE
BHYTPEHHUX MapIIpyToB [9]. YKe aKcIyaTu-
PYIOTCsI CKOPOCTHBIE TToe3/1a B Kopuaope (Tak
HasbiBaeMbili CeBepO-BOCTOYHBIN KOPUAOD
(NEC)), cBasbiBatoiiieM BammHrron, Hero-
Hopk 1 BocToH. Takke HAYaTO CTPOMTENb-
ctBo BCM B Kamudopuum (1300 kM), omHAKO
COXPAHSIIOTCS] TIPOTUBOICMCTBIE TIPOTUBHU -
KOB TIpOeKTa U CIIOPHBbIE 9KOHOMUYECKUE
¥ TIPABOBBIE BOITPOCHI OTHOCUTEJILHO JaHHOM
Maructpaiu. Peanuzamust Apyrux mMpoekToB
(Bo ®nopune, Ha CpenHeM 3amazne CTpaHBI
M JIp.) CAEPXKUBAETCSI HEPEIIEHHBIMU ITPO0JIe-
MaMM C [TOMCKOM MHBECTOPOB 1 KOH(MITMKTOM
WHTEPECOB IIPU COTJIACOBAHUH ITPOESKTOB, JIJIST
KOTOPBIX TpeAIogaraeTcsi UCIoab30BaTh
yacTHoe ¢uHaHcupoBaHue [3]. [Ipobaembl
C TIpUBJIEYEHNEM MHBECTOPOB K CTPOUTEIb-
ctBy JiuHUE BCM XxapakTepHbl 111 MHOTHUX
ctpad. Bo ®paHuny UMeTcs CI0XHOCTH
¢ peanu3aiiueit mpoekTa UHMPaCTPyKTYPHOTO
pa3BuUTHs AeicTByloleil tuHuM oT Ilapuxka
K asponopty Llapab-ae-Toms [10].

Hnst cozmanmst BCM B Poccuiickoii ®ene-
paluu paccMaTpUBAIOTCST pa3Hble BApUAHThI
(UHAHCUPOBAHUS: IPSIMOE y4acTHe POCCUTA-
CKOTO TOCY/IapCTBa B MHBECTUIIMOHHOM JIesi-
TEJTbHOCTH, TOCYIapCTBEHHO-YaCTHOE IMapT-
HEPCTBO, COOUHAHCUPOBAHUE MPOEKTOB U3
0r0/KeTa HECKOJIBKMX TOCYIapCTB (HarpumMep,
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Ta0imuna 1

JIMHAMHKA TPAHCTIOPTHBIX pacxooB Hacesnenus Poccun, %*

Tom [ 2005 2010 2016 2017 2018 2019
TTokazarenb
JloJist pacXo10B HAceJIEHUs Ha OIL1aTy 2,9 3,1 2,4 2,3 2,3 2,3
YCIIYT TIACCaXXMPCKOTO TpaHcmopTa, %
Pacxompl HaceIeHUsT Ha TPAHCIIOPT 516,3 1511,7 2135,8 2686,9 2894,6 3094,1
(BKJTIOYAST TMIHBIN U TPAHCTIOPT OOIIETO
ITOJIb30BaHUsT) B CPEIHEM Ha WieHa
IOMAITHETO X03sIiCcTBa; pyoIIeii B MecsIIT
*CocTaB/IeHO aBTOpaMM Ha OCHOBaHUM JaHHbIX Poccrara [12].
Tabmuma 2

OcHoBHbIE OKA3aTeN NACCAKUPCKUX NMepeBo30K mo uHppacTpykrype OAO «P2K/I»*
(cocTaBjieHO aBTOPaMHK)

IMokazarenb 2015 2016 2017 2018 2019
TTaccaxxnpoo6opoT, MIIPI TTAacC.-KM 120,6 124,6 122,9 129,4 133,5
TIpuroponHoe cooOleHrE, MIIP TTAcC.-KM 31,1 31,1 31,3 33,1 34,2
[anbHee cieqoBaHue, MIIP/ Macc.-KM 89,6 93,5 91,0 96,3 99,2

B TOM uncie CKOPOCTHOE U BBICOKOCKOPOCTHOE 6,1 7,3

coo01IeHnE

OTrmpaByieHO MAacCcakMPOB, MITH YEIOBEK 1025 1040 1117,9 1157,2 1198,0
[IpuroponHoe coobIeHre, MITH YeJIOBEK 967,2 922,5 1015,7 1046,9 1081,5
JanbHee ciieq0BaHUe, MJTH YeJTOBEK 103,1 97,8 102,2 110,3 116,5
B TOM uncie CKOPOCTHOE U BBICOKOCKOPOCTHOE 12,4 15,6

cooOlLIeHne

B TOM umCIIe CKOPOCTHBIMU TOE3IaMU 3,4 3,9 7,0 9,4

AO «DITK»

* Nanuble rogoBbix oT4ETOB OAO «PXK/I» 1 AO «DITK».

obcyxaanoch yuactue Kuras), mpegocraBiie-
HUE KOHIIECCHUI POCCUICKUM Y MHOCTPaHHBIM
MHBECTOpaM I10 UTOraM TOProB (ayKIMOHOB
¥ KOHKypcoB) [11].

ANHAMMUKA NMACCAXKUNPCKUNX
NEPEBO30K B POCCUUCKOW
GEOEPALUU U MPOEKTbI BCM

B Poccuiickoit @enepanmu B 2019 1. oko-
110 9 % pacxomoB HaceaeHUsI IPUXOAWINCH Ha
TPAHCTIOPT, BKJIIOYAsI 9KCITTyaTaIlMIo U TIOKYTI -
KY JIMYHBIX TPAHCIIOPTHBIX cpencTB — 6,7 %,
pacxojibl Ha YCJAyrd TpaHCIIOpTa O0LIEero
mosib3oBaHust — 2,3 % (taba. 1, [12]). Beau-
YMHA TPAHCIIOPTHBIX PACXOMIOB B 1I€JIOM I10-
CTETIEHHO PACTET, PaCXO/bl HA YCIYTH TPaHC-
IOPTa OOILEro MOJIb30BaHUS SIBJISTFOTCSI OTHO-
CUTEJIbHO CTaOWIbHBIMU. B OBICTPO pa3Bu-
BAIOIIMXCS CTPaHaX JIOJIsl PACX0/I0B Ha YCIIyTH
OOILIECTBEHHOI'O TPAHCIIOPTA BhILiIE (TTOpsiIKa
4 % B Kurae u Bpaswiuu, okoso 7 % B Mek-
cuke). B pa3BuThIX cTpaHax, HA0OOPOT, UX
nonst Huke: B [epmanuu — 2,5 %, Bo ®paH-
uuu — 2,6 %, B ABctpanuu — 2,4 %,
B CIIIA —1,2 %, B Iloabe — 1,1 %. Ha mo-

KYIIKY 1 COACPXKAHUC JIMYHOI'O TpaHCIIOpTa
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xkutenu CIIA pacxoapyior 9,3 % Oromxera
pacxonos, B [epmanuu — 13,8 %, ®panuuuy —
14,2 %, Mekcuku — 18,4 %. IlpencrasieHHbIE
ToKas3aTesu JUIst 3apyOeskKHBbIX CTPaH PacCcum-
TaHbl aBTOpAMU Ha OCHOBE CTaTUCTUYECKUX
maaHbeIx OECD 3a 2019 1 [13].

CoBOKYITHBIE 3aTpaThl XXuTejeit Poccrn Ha
YCIIYTU TOPOJICKOTO OOIIECTBEHHOTO TPaHC-
rmopTa ¢ stHBaps 1o ceHTs10pb 2020 roga He3a-
BUCUMO OT ITAHAEMUM BBIPOCIU Ha 15 %.
B 2020 r. to cpaBHenwuto ¢ 2019 1. HabmogaeT-
¢S POCT 3aTpaT Ha YCIIYTM TAKCHU, KapIIEPUHT
M apeH[y 3JIEKTPOCAMOKATOB, a 3aTpaThl Ha
MOe3IKU B METPO, aBTOOycax, TpoJuieidycax
M Ha apeHay aBTOMOOWJIeH CHUXATCS
(8 2020 . mo otHoMeHUIO K 2019 I. Ha 45 %).
B o6111eii cTpyKType 3aTpaT Ha 00111eCTBEHHBI
TPaHCIOPT PACXO/Ibl HA TOPOICKHUE aBTOOYCHI,
TPOJUIEHOYChI, METPO COCTABWIIM B paccMar-
puBaeMblii iepro okoso 19 % [14].

J17151 060CHOBaHHOTO BBIOOPA HATIPABJIEHUIA
Pa3BUTHSI CKOPOCTHOTO 1 BBICOKOCKOPOCTHOTO
COOOIIEHUS MPEXIIE BCETO JJOTMYHO OTTAIKI-
BaThCsl OT JJAHHBIX aHAJIN3a IMHAMUKU 00BEMOB
MepeBO30K MacCaXkMpoB IO JeHCTBYIONIEH
cetu (TabII. 2, puc. 2), IMHAMUKA ¥ ICTOYHU-

y"léTOM AVWHAMUKN NaCCaXXNpPOonoToKoB



3N1eKTponoe3fom «Jlactouka» — 9,2 MIH YenoBeK

Puc. 2. O6bEM 1 MapLUPYTbI NacCaXXxupPCKNX NepeBo30K CKOPOCTHLIMMU 3/1EKTPOnoe3aamm rno reppuropun PO*
(cocraBneHo aBTOpamm).
*fOaHHble rogosbix oT4ETOB OAO «PXK[» n AO «DI1K».

2017 2018

A0cCC 3729
DMK 1948
YacTHble 3260
YKeNe3HOA0POXKHbIE
nepeBo3ymKM
ABMnanepeBoO3Kn 3648

m l0CC

n ABMaI‘IEpEBDSHMKM

mONK

M YacTHble KenesHoAO0pPOXKHble NepeBo3vYnKku

Puc. 3. luHamunka oTnpassieHHbIX NaccaXxupos rno nepeso3ymkam 8 2017—-2018 rr., Teic. nacc.
(cocraBneHo aBTopamu).
*OAaHHble rogoBbix oT4ETOB OAO «PXK[» n AO «Pr1K>».

O

= [IOCC = ®MK = YacTHble NepeBo3yMKM = ABManepeBo3UnKU

Puc. 4. PacnpegeneHune gonevi nepeBo34YnKoOB Mo
oTnpaBsieHHbIM naccaxuvpam B 2017-2018r., %*
(cocraBneHo aBTOpamm).

*MlaHHble rogoBbix oT4ETOB OAO «PXK[» n AO «PI1K».

® MUP TPAHCMOPTA, Tom 18,

KOB BO3HHKaIOIIMX A0xon0B (puc. 3). Hau-
OOJBIINI TIPUPOCT OOBEMOB MEPEBO30K 3a
nepuon ¢ 2014 mo 2018 rr. Habmogancsa Ha
HanpaBieHusx MockBa—CaHkT-IleTepOypr
(167,71 %), MockBa—Huxuuit HoBropon
(158,54 %). B TOT ke mepuroj1 oTMedaeTcs 3Ha-
YUTEJIbHBIA MPUPOCT YKCJIa MepeBe3EHHBIX
rmaccaxxMpoB Ha HampaBieHusXx MockBa—
Bpsauck (139,80 %), MockBa—bearopon
(138,40 %), Mocksa—Caparos, (123,90 %),
MockBa—Kypck (123,42 %), MockBa—Bopo-
Hex (122,22 %), MockBa—Kazans (119,48 %)
(Jannpie AC «Kommnac» OAO «P2K]1»).

JlaHHbBIE O IePeBO3KaX MAaCCaXXUPOB C Ha-
yaJia 9KCILIyaTallii CKOPOCTHBIX 3JIEKTPOIIO-
€3/10B 110 cocTossHuIo Ha 1 guBapst 2019 roga
MpUBENEHBI HAa pUC. 2.

.248-270 (2020)
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Puc. 5. Annamuka naccaxxupornoToka Ha BCex Buaax TpaHCropTa Mexay ABYMs CTOJIMLaMU, TbiC. YeJI0BeK
(cocraBneHo aBTopamm).
*[aHHble rogoBbix oT4ETOB OAO «PXX/[», AO «®DI1K» n PocaBunaunn.
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Puc. 6. CpeaHsis cTronmMocTe 6uneta Ha maplipyte Mocksa—CaHkT-lleTep6ypr no nepeso34ynkam
B 2018 roay, py6.(cocTraBneHo aBTopamm).
*AanHbie OAO «P)X» n nHTepHeT-cepBUCOB M0 npoaaxe aBuabuieTos.

AHaJI13 phIHKA MaCCaXUPCKUX ITEPEBO30K
Ha Mapupyte MockBa—CaHkr-IleTepoypr
nokasaJj, 4To OO0l 00bEM MepeBO30K
B 2018 1., Oe3 yuéTa aBTOMOOMILHOTO TpaHC-
noprta, yBeauuuicsi Ha 13,4 % (1,86 mutH 1acc.)
o cpaBHeHuIo ¢ 2017 . u coctaBui 15,75 MitH
nacc. [1pu aToM 00BEM TTepeBO30K Moe3a1aMu
«Cancan» yBenuumicsa Ha 7 % (0,36 MiH
macc.) ¥ cocTaBWI 5,47 MJIH Tacc., TIpy Cpe-
Hell meHe ouiera 3729 pyo. Ha puc. 3 u 4
MpeacTaBlIeH aHajiu3 PbIHKA Ha MaplIpyTe
MockBa—Cankr-IleTepOypr.

C MOMeHTa 3aIlycKa 3JICKTPOII0e310B
«Camncan» B 2009 rogy mo Mapuipyty Mo-
ckBa—CaHkT-IleTepOypr 00BEM MEpPeBO30K

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 248-270 (2020)

BoIpoc ¢ 1,62 Mt rtace. B 2010 1. 1o 5,47 MiiH
nacc. B 2018 . [1pu 3TOM 051 BJIEKTPOITO-
e310B «CaricaH» B 00111eM 00BbEME ITEPEBO30K
BCEMHU BUAAMU TPAHCIIOPTA IO COCTOSIHUIO
Ha 2018 1. cocrasnser 33,1 %. Ha puc. 5
MpeAcTaBlIeHa IMHAMKUKA I1aCCakKUPOIIOTOKA
Ha BCeX BHUAAX TPAHCIIOPTa MEXAY ABYMSI
CTOJIMLIAMMU.

Ha puc. 6 mpeacTaBiieHbI CpeIHUE YEKHU Ha
Mapuipyte MockBa—CaHkT-IleTepOypr 1o
nepeBo3urkam B 2018 ropmy.

[1IpoBo3Hast CITOCOOHOCTH TEKYIIETO Irpa-
(duka snexrponoesnos «Carcan» — 5,94 MIH
MaccaXknupoB, MPHU 3TOM (PaKTUUECKUI 00BEM
nepeBo30k B 2018 1. — 5,47 miH uen. CpenHss
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HaceJIEHHOCTD 3JieKTporoe3noB 3a 2018 T.
cocraBuia 92,1 %, npu 3TOM B ITUKOBBIE TI€-
PUOIbI HACEJEHHOCTD MOE3A0B COCTaBJIsIa
6osee 110 %, uto yxe oTpaxaeT AePUIIUAT
MpeaI0XeHUsI MeCT. PasMep TeKyiliero napka
ssekTpornoe3noB «Carcan» B KoJimuecTne 16
€IMHULI HE IT03BOJISIET YBEJIUYUTh ITPEIIOKE -
HUE MECT, a, CJIeJ0BaTeIbHO, PYKOBOACTBY
HE0O0XOAMMO PACCMOTPETh BO3MOXKHOCTD
MpUuoOpeTeHUS TOMOJHUTEIbHONU MapTUn
noe3noB «Carcal» B LIEJISIX YAOBICTBOPEHMS
pacTyllero Cripoca Ha BbICOKOCKOPOCTHbIE
JKeJIe3HOIOPOXKHbIE IepeBo3Ku. U takue pe-
IIeHUS ke TPUHATHL: B 2019 romy XoanmHrom
3aK/II0OYEH KOHTPAKT Ha MOKYNKy B 2022—
2023 rr. 13 nmoe3noB «Carncan» Ha cymmy 1,1
MJIPJ €BPO.

Ha puc. 7 npencraBieHa cxema MeKIyTro-
POIHBIX MapLIPYTOB, BHIOPAHHBIX 110 KPUTE-
PUI0O MAaKCUMAaJIbHOTO 4YMcjia MepeBe3€HHbIX
naccaxupoB B 2018 . TonmuHa TMHMUHI OTpa-
JKaeT IJIOTHOCTh MaccaxXupornoTrokos. Kak
BM/HO M3 PUCYHKA, 10 3HAYUTEJIbHBIM 00bE-
MaM IaCCaXXUPOIIOTOKA 3aMETHO BbIAE/ISIETC,
Ipexiae Bcero, HampaBieHue MockBa—
Cankr-ITetepOypr, Takke JOCTATOYHO BOC-
TpeboBaHbI HarnpaBiaeHus MockBa—HrokHui
Hosropon, MockBa—Couu, MockBa—EKkare-
punoypr, Cankr-Iletepoypr—EkarepnHOypr.

Hosuei Ypenr o

Tosgr—""C
| BT Kpacwospex
Omcx HosockbifgtaPose

Hoeonyamewiiaan

Bapwayn ¥ .
Moongz O wera

Puc. 7. TOIM-100 BHYTpEeHHUX MEXAYropoaHUX MapLLIPYTOB 10 KOJINYEeCTBY rnepeBe3EHHbIX MacCaXxupos
Jkesie3HoA0pPOXXHbIM TpaHcriopTom B 2018 r. (cocTaB/ieHO aBTopamm).
*[laHHble Ans aHann3a npeaocTasneHbl upekumneii CKOPOCTHOro coo6LLeHnsl — CTPYKTYPHbIM roAapa3saesneHnem
OAO «P>XX» (4OCC), aHanu3 BbINosIHeH aBTopaMu C UCMOJIb30BaHUEM MPOrpamMMHOro obecrneveHus,
paspaboraHHoro B UB®D PYT (MUUT).

B cTpykType I0XOmOB OT MacCaXKMpCKux
IepeBO30K B AaJIbHEM CJIeI0OBAaHUU MpeodJia-
JIal0T JOXOIbl OT IEePEBO3KM MACCaXXUpPOB
(82018 . — 91,34 %). [1pu 3TOM OTMEUaeTcst
TEHIEHLIMS BO3PACTaHMSI JOXO0/a OT ITPOAAXKK
JOTIOJTHUTEIBHBIX YCIIYT, 3TO CBUACTEIbCTBYET
0 BaXKHOCTH JIJIsI [TACCaXKMPOB KauecTBa, 00ec-
Me4YrBaeMOoro B I0e3/1e CepBuca.

PaccMoTpuM IMHAMMKY J0XOIOB B XOJI-
nuHre «P2XKI» oT mepeBO30K IMmaccaxkupoB
B Pa3HbIX KaTerOpUsIX M0e310B (IaHHbIE IS
pacuétoB B3aThl u3 AC «Kommac» OAO
«PXK]l»). 3a mepuon ¢ 2014 o 2018 rr. pocT
JIOXOJIOB OT IIEPEBO30K B (DMPMEHHBIX MOE31aX
obecreunBajcs, B MEPBYIO oyepelb, Ha Ha-
npaBieHussx MockBa—Cankr-Iletepoypr
(B 1,79 pa3), MockBa—Ka3zanp (B 2 pasa),
MockBa—Boponex (B 1,34 pa3a) u MockBa—
Capatos (B 1,19 pa3), B To BpeMsI KaK TOXOIbI
OT MePEeBO30K B HE(UPMEHHBIX MMOe31ax Je-
MOHCTPUPOBaIM TEHIACHIIMIO POCTa HA Ha-
npasieHusx MockBa—Hwuxuuit HoBropon
(B 4 paza), MockBa—bpsaHck (B 3 paza) u
MocxkBa—benropon (B 2,78 pa3). PesynsraTsr
aHa/lIK3a JMHAMUKU MAaCcCaKUPOIIOTOKOB I10
HaIlpaBJEeHUSIM, C OJHOI CTOPOHBI, MOKHO
CYMTATh OCHOBAHMEM JIJIsI HA3HAYEHUST PA3HBIX
KaTeropuii CKOPOCTHBIX MOE30B Ha OTMEYEH -
HBIX HallpaBJeHUAX (B HampaBleHUsIX Mo-
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Puc. 8. UameHeHne o6bEMOB nepeBo30K Ha OCHOBHbIX HaNpPaB/IeHUSIX
BO3A4YyLIHOro TpaHcnoprta B 2017-2018 rr., Teic. YenoBek [17].

ckBa—Cankr-IleTepoypr, MockBa—Ka3saHp,
MockBa—BopoHexX u ap. — Moe310B, BKIIO-
YaIOIMX BaroHbI MOBHIIIIEHHOTO KoMdopTa,
B HanpaBiaeHusx MockBa—Hwxuuii Hosro-
pon, MockBa—bBpssHCK — BaroHbl 5KOHOM-
kyacca). C mpyroit CTOPOHBI, B HATIPABJICHUSIX,
rae MmaccaXupbl IPeabsIBISIOT PACTYIIUi
CIIPOC Ha TIEPEeBO3KM B ITOE3/IaX C BHICOKUM
YPOBHEM OOCITYXKMBaHUS, JOTUYHO U3yJYaTh
11eJ1IeCo00Pa3HOCTh OPTaHM3ALIMHU BEICOKOCKO-
POCTHBIX TTEPEBO30K.

Kak cBumeTenbCTBYIOT MpUBEICHHBIC TaH-
HbIE, OCHOBHBIMU «IIPETEHACHTAMU» Ha CTPOM -
TenbcTBO BCM ocrtatores MapiipyTel MockBa—
Cankr-ITerepoypr (OAO «P2XK/I» mpoBoaut
WHXXEHEPHbIC N3BICKAaHUS 1 Pa3paboTKy po-
€KTHOM TOKYMEHTALMUW HAHHOU JMHUU 10
nopyuenuto Ilpesumenra PD or 10 anpens
2019 &. Ne Ip-623, B nexadpe 2020 . HayuHo-
texHmueckuii copetr OAO «PXK]I» mpemmoxui
BapuaHT rpoxoxaeHnst BCM MockBa—CaHKT-
ITerepOypr uepe3 Benukuit Hosropon [2]),
MockBa—Kazanb (MapmpyT otMmedeH B Kom-
TUIEKCHOM TUTaHEe Pa3BUTUSI MardCTPaabHOM
nHppacTpykrypsl 2018 . [15]), a Takke B Oy-
IyILIeM IIPEeACTaBISICTCS MEPCIIEKTUBHBIM
F0XHBIN X01 MockBa—Boponexx—PocTtoB-Ha-
Hony—Coun [16], rae B 1eTHHE MECSLIBI OCTa-
€TCsT BBICOKMM CITPOC Ha MacCaKUPCKIE Iepe-
BO3KH. YUUTHIBAs CyIIECTBYIONINE OObEKTUB-
HBIE CJIOXKHOCTH peJibeda IIsi pa3BUTHSI BBICO-
KOCKOPOCTHOMN XEJIE3HOMOPOXHOM

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 248-270 (2020)

H@pacTpyKTyphl Ha ydyacTke PocToB-Ha-
Jony—Couu, TIpy BBITIOJIHEHUN COLIMOJIOTH -
YECKOI'0 OIPOCa aBTOPhI B MOCJIEIHEM ClIydae
CTaBUJIM BOIIPOC TOJILKO 00 yuacTke MockBa—
Boponex—PocToB-Ha-{oHy.

B cootBercTBUM ¢ nanHbIMU LleHTpa cTpa-
Teruyeckux ucciaenoBanuii «Ilmardop-
ma XXI» HanboJiee 3HaYUTeIbHBIMU HaTlpaB-
JIEHUSIMM TTACCAXKUPCKUX MEPEBO30K U3 CTO-
Jmubl PO Bo3nyurHbM TpaHcmopTom B2018
saBisnch (puc. 8): MockBa—Cankt-IleTep-
oypr (4,8 MiH maccaxupoB), MockBa—Coun
(3,9 mutH maccaxupon), MockBa—Cumpepo-
ok (3,3 MiTH maccaxknpoB), MockBa—Kpac-
Homap (2,5 mutH maccaxkuposn) [17].

HanGonbmuii mpupocCT 1o YUCIy nepeBe-
3€HHBIX ITacCaXXMpPOB 3a(PMKCUPOBAH B pac-
CcMaTpuBaeMblil IieproJ Ha Mapuipyrax Mo-
ckBa—Coun (+362 ThIC. yenoBek wiu 10,2 %),
MockBa—KpacHomap (+307 ThIC. YeJTOBEK W
14,3 %), MockBa—Camapa (+299 TbIC. yesio-
Bek win 23,3 %), MockBa—Cankr-IleTepOypr
(+275 ThIC. yenoBek wiu 6,1 %) [17].

OmnbiT Kutas nokassiBaet, uto BBog BCM
Ha HampaBJeHUHU MO3BOJISIET NMEPEKIIOYUTD
Ha XeJe3HOMOPOXHBIN TpaHcmopT oT 30 1o
50 % maccaxkupoIoTOKa C IMapajleJbHbIX
aBMALIMOHHBIX MapuIpyToB [7]. Kpome Toro,
CTPOUTENILCTBO BhieaeHHO BCM Ha Ha-
MpaBJIeHUU C UMEIOILIMMUCSI OrpaHUYEHUSIMU
MPOITYCKHOI CITOCOOHOCTU B 3HAYUTETHLHOM
CTeNeHU CIOCOOCTBYET YBEJIMUEHUIO YKCIIa
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YKeNe3HOLOPOXKHbIN

BO3AYLWHbIV

aBTO6YCHbIN

JIMYHbBIN ABTOTPAHCNOPT

0,0% 100% 20,0%

U CPeJHEeI CKOPOCTH CIE0BAHUS TPY30BbIX
TOe3/I0B.

YUuThIBas MOJOXUTEIbHYIO JUHAMUKY
CIIpoca Ha BO3AYIIHBIE U XKeJI€3HOA0POXKHbBIE
MepeBo3kKU (PpUPMEHHBIMU MOE3aMU Ha Ha-
mpaBiaeHusXx MockBa—CaHKT-IleTepOypr,
MockBa—Ka3zanb (B nepcniektuBe EkarepuH-
0ypr), MockBa—BopoHex—PocToB-Ha-loHy
(B nepcriektuBe KpacHonap, B nanbHeiemM
Coun), aBTOPHI COWIN 1IeJIECO00Pa3HBIM U3-
YUUTH OTHONIEHUE POCCUSIH K Pa3BUTHUIO CO-
oTBeTcTBYOIIMX NMpoekToB BCM B Poccnii-
ckoif Denepainm.

U3YYEHUE MHEHUS XXUTEJIEN
POCCUU O NPOEKTAX BCM
HA TEPPUTOPUU CTPAHDI

C 11eJThIO BBISICHEHUS COIIMATBHBIX IIPUO-
PUTETOB M OTHOIIIEHMSI POCCUSIH K IIPOECKTaM
pa3Butusi BCM aBTOpaMM MHULIMATUBHO
BBITNOJIHEH COLIMOJOIMYECKUIl OIIPOC B CO-
LIMaJIbHbBIX ceTsX. PazpabGoranHast aBTopamMu
aHkKeTa ObLIa pa3MellleHa B MIOHE—aBTyCTe
2020 r. B monyasipHON COLMaIbHON CETU
BKonTtakTe. B onpoce npuHsiiu yuactue 545
4yeJ0BeK, IPEACTABISIOIUX pa3InYHbIe
KaTeTOPUHU MOTPeOUTENCH TPaHCIOPTHBIX
YCIYT, U3 HUX 56 % OTHOCSTCS K BO3PACTHOM
rpymnme 18—25 nert, 23 % — 26—40 ner,
17,4 % — 41—65 net. JlaHHOE COOTHOILIIEHUE
BO3PACTHBIX TPYIIN MO3BOJISIET MMOHATH OT-
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Puc. 9. lNMpeano4yntaemsie y4acTHUKaMU onpoca BuAbl TPaHCMOPTAa AJ11 MEXAYropoaHUX NMoe3A0K,
% OTMeTUBLUNX AiaHHbIA BUA TPaHCNopTa (COCTaB/IeHO aBTopaMu o pe3ysibTaTaM npoBeaEHHOro
CcoLMOJIOrn4ecKoro onpocay.

HomeHue K mpoektamM BCM mpencraBute-
JIeii, B TOM 4YHMCJie ¥ TOTO MOKOJIEHUSI, KOTO-
poe OyneT UMM MIPEeUMYIIECTBEHHO 10130~
BaThCs MOCJIe 3aImycka Maructpajeit. O0beém
BBIOODKM PECHOHIACHTOB IO3BOJISET
paccMaTpuBaTh BBIITOJHEHHOE MCClIeI0Ba-
HUe Kak KayecTBeHHOe. OlieHKa CTaTUCTU -
YECKOU MOTrpeIIHOCTU U3MEPEHU BBIIIOJI-
HEeHa M0 METOAMKE pacyeTa IPU UCII0JIb30-
BaHUU IMXOTOMUYECKUX IIEPEMEHHBIX, IIPU
JIOBEPUTENILHOMI BEPOSITHOCTH 95 % moBepu-
TeJIbHbIIA uHTepBa coctaBui 4,2 %.

Kak BunHO 13 puc. 9, onpoiieHHbIe X1-
Teau Poccuu mpeanouynTaoT At MEXIyro-
POIHUX MOE3A0K MPEUMYILIECTBEHHO Xele3-
HOJOPOXHBII TPAHCIIOPT, BTOPBIM IIPUOPH-
TETHBIM BMUIOM TpPaHCIIOPTAa JJIsI JaHHOM
IPYIIIbl OIPOLIEHHBIX SIBJISIETCS BO3MYIIHbIIA
TpaHcnopT. [Ipu 3TOM y4aCTHUKM OIlpoca
MPOIEMOHCTPUPOBAIU B LIEJIOM IOJIOXKUTEb-
HOE OTHOILIEHHE K pa3padaThiBa€MbIM ITPOEK-
TaM BbICOKOCKOPOCTHOTO TpaHcriopra. U3
0011Iero 4Kciia PeCrHOHIEHTOB TOJIbKO 3,7 %
YyeJIOBEK OTBETUIIM, YTO HE HAMEPEHbI MOJIb-
30BaThcst BCM [utst MeXKIyrOpOIHbBIX MOE3I0K.
ITpu sToM 63,3 % omnpoilleHHbIX HAMEPEHbI
OCYILIECTBIIATh TToe3nku o BCM perynsipHO
10 Mepe BO3HUKHOBEHMSI HEOOXOAMMOCTHU
(puc. 10).

Cpenu y9aCTHUKOB ITPOBEAEHHOTO OITpoca
HanOOJIbIIMM IPUOPUTETOM MOJIb3YETCST Ha-
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= paau uHTepeca, npoeay
0auH pa3s
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Puc. 10. PacnpegeneHne oTBeTOB peClOHAEHTOB OTHOCUTEJIbHO MPEeAINosiaraeMoli 4acToTbl M0e340K
no BCM, %. CocTaBsieHO aBTopamu o pe3ysibTataM rpoBeAEHHOI0 COLMNO0JIOrNYeCcKoro onpoca.
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Mocksa—CaHKT- Mocksa—KasaHb Mocksa—BopoHexk—
MNeTepbypr PocToB-Ha-[loHy
Puc. 11. Pacnpepge. OTBETOB OMPOLIEHHbIX POCCUSIH O HaMmepeHuu nosib3oBaTbcsi BCM nocne nx BBoga Ha

psiAe HanpaBneHwii, % (cocTaBJIeHO aBTOpaMu 1o pe3y/ibTaTam npoBeAEHHOIro COLIMOIOrn4eCcKoro onpoca).

NINYHbIe Lenn (K poACTBEHHMKAM, 3HAKOMbIM...)

. 69,4 %
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Puc. 12. Llenn noe3nok B MexayropoaHem COOOLLEeHUN, yKa3aHHble y4aCTHUKaMu ornpoca, % oTMeTUBLLNX
AaHHble Lienin (cocTaB/IeHO aBTopamMu 1o pe3yibTaTam npoBeAEHHOro CoLMOJIOrMYeCcKoro onpoca).

npasienre BCM Mocksa—Cankr-ITetepOypr,
BTOPBIM TIO TIPUBIEKATEIHHOCTU SIBISIETCS
Hanpasienre MockBa—Kazanb. OTHOCUTEITB-
HO HanpasieHusi MockBa—Boponex—Poc-
TOB-Ha J{oHy B OITPOIIIEHHOI TPyTITie OTPUIIA-
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TEJIbHBIX OTBETOB O HAMEPEHMM MOJIb30BaThCS
BCM Gorblite, ueM MOJI0XUTENbHBIX (pUC. 11).

Ha nanpaBnenuu MockBa—CaHKT-
[MetepOypr 6onee 90 % pecrmOHICHTOB HaMe-
pEeHBI COBepIIaTh MOE3IKN BHICOKOCKOPOCT-
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HBIMM TT0e31aMu. [1pu 3TOM B Ka4ecTBe BO3-
MOXKHBIX LieJieit moe3nku 69,4 % pecrioHaeH-
TOB Ha3BaJiM JUYHBIE, 59,3 % — Typusm
(puc. 12). [TockoabKy B BHIOOPKY BOIILIA
IIPEeNMYIIIECTBEHHO MOJIOIbIC TTPEICTABUTEIIN
00111eCTBa, MAJIBII TTPOTICHT YKA3aBIIIMX JIEJI0-
BBIE TIOE3IKM HE MOXKET SIBJISITHCS TTIOKA3aTelb-
HBIM pe3yJIbTaToM McciienoBaHus. OnHako
CyJs 110 OTBETaM PEeCOHACHTOB, OHU TOTOBBI
COBEpPIIATh MOE3IKU BHICOKOCKOPOCTHBIMU
ITOe3IaMU TaKe B IMIHBIX IICISIX.

Pe3ynbraThl MpoBEeAEHHOTO aBTOpaMU
COIIMOJIOTMYECKOTO OITpOoca MO3BOJISIIOT Cle-
JIaTh KaYECTBEHHBbIIA BBIBOJL O MIOJIOXKUTEIbHOM
OTHOILIEHUH OITPOIIIEHHBIX POCCUSIH K ITPOEK-
tam pa3Butuss BCM B Poccun, a Takske 0 TOM,
YTO HAUOOJBUIMM BHUMAHUEM U3 TPEX pac-
CMOTpPEHHBIX TTOJIb3YyeTCsl HarpasieHne Mo-
ckBa—CaHkT-ITeTepOypr, YTO COOTBETCTBYET
npeacTaBAeHHbIM Ha puc. 2, 5, 7 JaHHBIM
0 pocTe 0OBEMOB ITEPEBO30K HAa JAHHOM Ha-
IpaBJIeHUHN U TTO3BOJISICT CAEIaTh BHIBOM
0 11eJIeCO00Pa3HOCTH PACCMOTPEHNSI JAHHOTO
HarpaBJIeHHs KaK TPUOPUTETHOTO JIJISI CTPOU-
TesabcTBa BCM.

B To ke BpeMs [l MOJyYeHUsT MaKCH-
MaJIbHBIX 9KOHOMUYECKUX 3((HEKTOB OT 3a-
ycKa BHICOKOCKOPOCTHOTO IBMXKEHUS Ha
HanpasieHusx MockBa—Kazanb, MockBa—
PocTtoB-Ha-JloHY U Apyrux notpedyeTcs
pa3paboTka MporpaMMbl MOAEIUPOBAHUS
MOJIOXKUTEJIbHOTO OOIIIECTBEHHOTO MHEHUS,
MPEUMYIIECTBEHHO Cpear MOJIOAOTO ITOKO-
JICHUS JKUTEJIeH cTpaHbl. TeMaTnKa peKiiaMbl
U MEPOTIPUSITUI TT0 PA3BUTUIO CBSI3el ¢ 00-
IIECTBEHHOCTHIO B paMKaX TaKOM ITPOrpaMMBbl
JIOJI’KHA OBITh OCHOBaHA Ha MOAYEPKUBAHUM
MoJie3HBIX 3(P(PEeKTOB U OCBELIEHUN Bemy-
IIeMcsl TOCYyIapCTBOM M TPAHCIOPTHBIMU
KOMIIaHUSMHU paOOTHI TT0 CHIKEHUTO PUCKOB
CTPOUTENIHCTBA BBICOKOCKOPOCTHBIX Maruc-
TpaJIeid.

BHELWHUE S3KOHOMWYECKUE
QDDPEKTblI U BOSMOXXHbIE PUCKU
CO34AHNA BCM HA TEPPUTOPUU
POCCUNCKOW ®EAEPALIUU

Cpenu BHEIHUX 3 (HEKTOB OT CO3IaHUS
BCM nan6osnee BaXKHBIMY aBTOPBI CUUTAIOT:

* pa3BUTHE 9KOHOMUKHU CTPAHBI B 11EJIOM
u paiioHoB TaroteHus1 BCM nyTtém yBeanye-
HUST TPAHCTIOPTHOM TOCTYITHOCTU PETUOHOB;

* POCT TPAHCIIOPTHOM MOIBUXXHOCTU Ha-
cenenust PO;
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* YKpeIJIeHWe COLUaTIbHO-TEPPUTOPU-
anmbHOI 1enoctHocTH Poccuiickoir denepa-
L1H;

* yBEJIMYEHUE KOHKYPEHTOCHOCOOHOCTU
Poccru Ha MUPOBOM PBIHKE TPaHCIIOPTHBIX
YCJIyT;

* mepepacrnpeneeHue MIOTHOCTU Hace-
JIEHUS U3 TPYIOU30bITOUYHBIX PAITOHOB CTPaHbI
B paliOHBI CTPOUTENbCTBA U IKCIUTyaTallUU
BCM;

* perMoHaJIbHasi KOHBEPTEHIINS U BEIPaB-
HUBaHUe A0XOA0B HaceneHus [18];

* pa3BUTHE TypU3Ma U KyJBTYPHBIX CBS3Ci
¢ paitoHamu, TaroTeromumu K BCM, Bcaen-
CTBUE POCTa TPAHCIIOPTHOM JOCTYITHOCTH;

* MOSIBJICHUE NOTOJHUTEIbHBIX BO3MOX-
HOCTEe! pa3BUTUS OU3HEcCa U MPUBICYECHUS
B PETMOHBI MHBECTUIINIA, BKITIOYast THOCTPaH-
HbIE;

* UHHOBALlMOHHOE Pa3BUTHE TPAHCIIOPT-
HOU OTpaciau v BHeApeHe HU(PPOBBIX TEXHO-
JIOTUH ¥ CEpBUCOB Ha TpaHcnopTe (OJI0KYElH,
Big Data, undpoBbie KOMMYHUKAIIMOHHbBIE
cuctembl Ha ocHoBe FDTD metona u np.) [19;
20[;

* MHTErpallys pETMOHOB TATOTEHUSI M pac-
LIXPEHUE TOPrOBOro OOMeHa;

* POCT MPOITYCKHOM CITOCOOHOCTH XeJe3-
HOJIOPOXXHBIX MAaruCTpasieil B TPY30BOM JIBU-
KEHUW TPU CTPOUTEIHbCTBE BBIAEICHHBIX
nuauit BCM;

* CHUXKEHUE HEraTUBHOI HAarpy3KU TpaHC-
nopTa, Mpexae BCEro aBTOMOOWJIBHOTO, Ha
9KOJIOTHUIO PETMOHOB [3].

dakTopaMu pUcKa ITpU peayn3aliuy Ipo-
ektoB BCM, KOTOpEIE MOTYT OKa3aTh CYIIe-
CTBEHHOE BJIMsIHUE Ha 9(D(HEKTUBHOCTD MPO-
€KTOB, SIBJISIIOTCS:

* BBICOKAS 1I€Ha BBICOKOCKOPOCTHOM Ie-
PEBO3KU JJTs Maccaxupa;

* TpeOyeMblii 00BEM MHBECTULIMI B cO3/1a-
Hue uHbpactpyktypsl BCM;

* YPOBEHb UCIOJIb30BAHUS BMECTUMOCTU
(3arpy3ska noesaoB) 1 00bEM TEKYIIMX Orepa-
IIMOHHBIX 3aTPaT;

* TeXHUYECcKast HalEXKHOCTh MOABUKHOTO
cocTaBa U MHOPACTPYKTYPHBIX 00BEKTOB
BCM B CJIOXHBIX KIIMMAaTUYECKUX YCTOBUSIX
PD;

* BBIMIOJIHEHUE TPEOOBAHUII MO YPOBHIO
JloKaau3aluu MPOrU3BOACTBA MOJABUXKHOTO
coctaBa 1ig BCM, KOTopblii corsiacHoO mpor-
PaMMHBIM TOKYMEHTaM, JOJIKEH COCTaBJISITh
nopsnka 70—80 % [21].

UeaHoBa E. A., ®narnna T. A. Pazeutue BCM B Poccuu ¢ y4€TOM ANHAMUKN NACCaXUPONOTOKOB

W O0LLECTBEHHOIO MHEHUS



SAKJIIOMEHUE

Pa3BuTHE BHICOKOCKOPOCTHBIX ITEPEBO30K
MMEET BaXKHOE COLIMAIbHO-39KOHOMUYECKOE
3HaueHue st Poccuiickoit @enepanyu. [pu
CpelHeil 1o OTHOLIEHMIO K APYTMM CTpaHaM
MMpa BEJIMYMHE TPAHCIIOPTHBIX PACXOIOB XK1 -
TeJleld Ha psifie HallpaBJICHWIT MIMEeTCsl TIOTeH -
LIMaJ1 pOCTa CIIpoca Ha CKOPOCTHbIE U BBICOKO-
CKOPOCTHBIE ITepeBo3KuU. [IpoBea& HHBII aBTO-
pamMu aHaJIu3 TMHAMUKU OOBEMOB M JIOXOIOB
OT IaCCaXXUPCKUX MEPEBO30K B IAJTbHEM CJIe-
JIOBAHUU U BHIITOJIHEHHBIM COLIMOJIOIMYECKUIA
OIIPOC MOATBEPKAAIOT, YTO B IIEPBYIO OUYEPEIb
K HUM OTHOCUTCS HampaBlieHue MocKBa—
Cankr-IletepOypr. Kak mokasbiBaeT 0000IIEH-
HBbIIA B CTaThe OIIBIT 3apyOeKHBIX CTPaH, CO3/1a-
Hue BCM co3aa€T Liesblil psii OoI0XKUTETbHBIX
3¢ (HEKTOB 1151 pa3BUTHSI SKOHOMUKU PETUOHOB
M CTpaHBbI B 11ej1oM. OnHaKo st hopMupoBa-
HUSI HEOOXOIMMOrO CIIPOca Ha BBICOKOCKO-
POCTHBIE MIEPEBO3KU 10 ITPOSKTUPYSMbIM Ma-
TUCTpaJIIM HEOOXOIMMO MOJIEIMPOBAHUE 10~
JIOXKUTEJIBHOTO OOILIECTBEHHOTO MHEHUS ITyTEM
peajn3aluu MPOorpaMMbl pabOThI C 001IIe-
CTBEHHOCThIO, OCHOBAaHHOI Ha IOIMYJIsIpH3a-
LI 3KOHOMUYECKUX U UHBIX 3(PDEeKTOB OT
ctpoutenbcTBa BCM.
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ABSTRACT

To study the problems and opportunities for
implementation of high-speed railway (HSR) projects,
as well as to confirm the potential demand for high-
speed transportation services, the authors studied
public opinion regarding three of the potential HSR
lines as well as the experience of foreign countries in
implementation of projected passenger traffic,
financing of construction of high-speed main lines
and assessing their impact on the general economic
growth of regions.

When conducting the study, the authors used the
methods of a questionnaire sociological survey,
analysis, comparison, induction.

The main results of the study have shown that in
development and implementation of expensive high-
speed rail projects, it is of particular importance to
identify the demand of passengers for high-speed
transportation, the general attitude and readiness of the
population of countries to use such main lines. The
article has studied the dynamics of demand for
passenger transportation by branded and non-branded
trains on key directions, which made it possible to

effects.

HSR Development in Russia Considering
the Dynamics of Passenger Traffic
and Public Opinion

Ivanova, Elena A., Russian University of Transport,
Moscow, Russia.

Flyagina, Tatyana A., Russian University of Transport,
Moscow, Russia*

identify several of them as the most promising for
development of high-speed lines. The sociological
research carried out by the authors, using the method
of questioning in social networks, made it possible to
reveal the attitude of the country’s residents towards
the most potentially promising for high-speed rail
projects directions: Moscow-St. Petersburg, Moscow—
Kazan and Moscow-Rostov-on-Don. According to the
results of the survey, Russians have a positive attitude
to development of high-speed railways in the country,
most of the respondents intend to use them when it is
necessary to make interurban trips, especially on
Moscow-St. Petersburg route.

The authors present the external economic effects
and risks of development of high-speed railways in
Russia. The effects comprise the growth of the
population’s transport mobility. The potential risks of
developing high-speed rail projects are associated with
complexity of ensuring reliable operation of rolling stock
and infrastructure of these main lines under difficult
climatic conditions in Russia, as well as with high cost of
travel for Russians, which negatively affects demand.
To overcome the latter risk, it is important to form a
positive image of projects by modelling public opinion.
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Background.

The destiny of high-speed railways (HSR)
construction projects in Russia remains the
subject of increased attention of the public,
business, and the scientific community. The
main problems are associated with the high cost
of projects and coordination of investment
sources. At the same time, in several countries,
for two decades, there has been a gradual
development of high-speed passenger traffic.
Except for few cases of unsuccessful
commissioning of rolling stock, no country,
having once decided to develop high-speed rail,
has refused to it.

Methods

The study of the possibilities and effects of
creating high-speed railways in Russia is based
on a desk study of the experience of their
development in other countries, on the analysis
of secondary statistical data on operation of
passenger transport in the Russian Federation,
methods of comparison and induction, as well
as on a sociological survey conducted in social
networks.

Study objectives

The objective of the study presented in the
article is to analyse the existing problems and
opportunities for implementation of high-
speed rail projects, public opinion, as well as
the effects that will be obtained from
implementation of high-speed transportation
on the territory of the Russian Federation.

The authors have analysed the dynamics of
transportation by express trains in the Russian
Federation, generalised the existing international
experience in development of high-speed
transportation, studied projects for construction
of high-speed trains in the Russian Federation
and problems of theirimplementation. Empirical
data from a survey on the intention of residents
ofthe country to use high-speed trains on routes
of their proposed commissioning were obtained.
By means of inductive reasoning, general
conclusions were obtained on the preferred
direction of development of high-speed railways,
on the need to model a positive public opinion
about them and on the effects that will arise
during implementation of the corresponding
projects.

Dynamics of high-speed transportation in
the world

The rapid increase in the length of HSR in
several countries around the world has
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somewhat slowed down in recent years. As far
as the countries of the European Union (EU)
are concerned, despite 30 high-speed
infrastructure projects between the countries
and inside some EU countries, several of them
have already been delayed by at least a year.
According to data of European Court of
Auditors the analysis, conducted in 2018 and
covering more than 5,000 km of HSR across
six EU countries — Austria, Germany, France,
Italy, Portugal, and Spain — revealed that trains
currently run at around 45 % of their potential
velocity. The report says that high-speed
railways on the continent are delivering «low-
added value». The six aforementioned countries
received 83.5 % of all EU funding for high-
speed lines [1].

The total length of high-speed railways in
the world has exceeded 52,4 thousand km by
2020, while about 12 thousand km were under
construction, total passenger turnover exceeded
in 2020956 milliard passenger * km. China is
the undisputed leader according to those
indicators (Pic. 1) [2]. Besides China, large
projects for development of high-speed rail,
aimed at increasing transport mobility of the
population, the transit capacity of railways,
reducing environmental pollution thanks to
attracting passenger flows to public transport,
are currently being implemented in Turkey,
Spain, Italy, Great Britain, Austria, and other
countries [3]. It is also reported about the
construction of HSR in India, Iran, Poland,
and many other countries [4; 5].

The cost of HSR projects, especially of pilot
ones, is very significant, and without government
subsidies, as well as without an interested
investor, their construction is possible in some,
but not all, countries, and not on all initially
selected routes.

The payback periods of projects are
different. In PRC, the five busiest lines
managed to make a profit in the first three to
five years. Thus, Beijing—Shanghai HSR after
three years of operation (2015—2018) has
become highly profitable and, according to
preliminary estimates, will pay off in 15 years.
The payback of HSR connecting cities in the
peripheral regions of China is expected in the
longer term. To effectively manage profitability
of transportation on the Chinese HSR,
dynamic pricing is used [6]. At the same time,
in China, construction of HSR is viewed as
a measure to stimulate economic growth,

.18, Iss. 6, pp. 248-270 (2020)

Ivanova, Elena A., Flyagina, Tatyana A. HSR Development in Russia Considering the Dynamics of Passenger
Traffic and Public Opinion




"” gg.; ‘ 900 oo

A\

Pic. 1 a. Length of HSR in the leading countries, 2020, km [2].
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Pic. 1b. HSR passenger turnover in the leading countries, 2020, milliard passengere*km [2].

transfer of technology, and to create a single Government of China, as soon as Kunming—
economic space both within the country and Singapore HSR is commissioned, expects
with foreign countries. significant revenues to the state budget from
Since 2015, China and the countries of both passenger traffic and business
Southeast Asia have been promoting the developmentin China’sborder areasadjacent
construction of the Pan-Asian Kunming to the main line, and intensification of trade
(China)—Singapore HSR with alength of more  with the countries of Southeast Asia.
than three thousand km, passing through the Inthe USA, development of high-speed rail
territories of Laos, Vietnam, Cambodia, is paid great importance at the federal level
Thailand, Malaysia, with branches to the because of congestion of highways and the
territory of Myanmar. The cost of the project overloaded capacity of airports serving domestic
is estimated at more than $75 billion, with routes [9]. Express trains are already operated
a significant share of Chinese private and in the corridor (called the Northeast Corridor
budgetary investments [7]. (NECQ)) linking Washington, New York, and
The implementation of such a large Boston. The construction of HSR in California
international project is associated with many (1300 km) has also started, but opposition from
economic and political risks, including the opponentsto the project and controversial legal
need to reconcile the positions of the and economic issues regarding this highway
countries involved, to consider economic remain. The implementation of other projects
climate in the region, external interference, (in Florida, in the Midwest of the country, etc.)
and activities of contractors, etc. [8]. But is constrained by unresolved problems with
despite the high cost and some problems with  finding investors and conflicts of interest in
implementation of the project, the coordinating projects for which it is supposed
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Table 1

Dynamics of transport expenses of the population of Russia, % *

Year | 2005

Index

2010

2016 2017 2018 2019

Share of the expenses of the
population spent to pay services
provided by public transport, %

2,9 3,1

24 2,3 2,3 2,3

Transport expenses of population 516,3
(including private and public
transport) on average per a member of

a household, roubles per month

1511,7

2135,8 2686,9 2894,6 3094,1

Compiled by the authors based on the data of Federal State Statistics Service [12].

to attract private funding [3]. Problems with
attracting investors to construction of HSR
lines are typical of many countries. In France,
there were difficulties with implementation of
construction of a line from Paris to Charles de
Gaulle airport [10].

There are different variants of financing
development of HSR in the Russian Federation
which are being studied: direct participation of
the state in investment activity, private-public
partnership, co-financing of projects with
budgetary funds of several states (e.g.,
participation of China had been discussed),
granting of concessions to Russian and foreign
investors upon the results of public auctions
(auctions and competitions) [11].

Dynamics of passenger transportation in the
Russian Federation and HSR projects

In the Russian Federation in 2019 about
9 % of population’s expenses were linked to
transport, including use and purchase of
vehicles (6,7 %), payment for services provided
by public transport (2,3 %) (Table 1, [12]). The
value of transport expenses is gradually
growing, while the expenses for travels with
public transport are relatively stable. In rapidly
developing countries, the share of expenses of
households on public transport is higher (about
4 % in China and Brazil, about 7 % in Mexico).
In the developed countries, on the contrary, its
share is lower: 2,5 % in Germany, 2,6 % in
France, 2,4 % in Australia, 1,2 % in the USA,
1,1 % in Poland. The inhabitants of the USA
spend about 9,3 % of the household budget on
purchase and maintenance of private vehicles,
in Germany this figure is about 13,8 %, in
France — 14,2 %, Mexico — 18,4 %. The data
for foreign countries is calculated by the authors
based on OECD 2019 statistics [13].

The total expenses of the inhabitants of
Russia linked to public transport have increased
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by 15 % during January to September period
2020 regardless the pandemic. The expenses
have grown in 2020 as compared to 2019
regarding taxi services, car sharing, lease of
electric scooters, while the expenses for metro,
bus, trolleybus trips, as well as for car leasing
are decreasing (by 45 % in 2020 as compared
to 2019). The share of expenses for travelling
in city buses, trolleybuses, metro constituted
about 19 % of total expenditures linked to the
use of public transport [14].

To reasonably choose directions for
development of express and high-speed
traffic, it is logical to start from the data of
the analysis of the dynamics of passenger
traffic volumes through the existing network
(Table 2, Pic. 2), dynamics and sources of
emerging income (Pic. 3). The largest
increase in traffic volumes for the period
from 2014 to 2018 was observed on the
directions Moscow—St. Petersburg
(167,71 %), Moscow—Nizhny Novgorod
(158,54 %). In the same period, there has
been a significant increase in the number of
passengers carried on the routes Moscow—
Bryansk (139,80 %), Moscow—Belgorod
(138,40 %), Moscow—Saratov (123,90 %),
Moscow—Kursk (123,42 %), Moscow—
Voronezh (122,22 %), Moscow—Kazan
(119,48 %) (data of Compass ACS of JSC
Russian Railways).

The data on the passenger trips since the
start of operation of express electric trains
calculated as of January 1, 2019 are shown in
Pic. 2.

The analysis of the passenger traffic market
on Moscow—St. Petersburg route showed that
the total volume of traffic in 2018, excluding
road transport, increased by 13,4 % (1,86 min
pass.) compared to 2017 and amounted to 15,75
million pass. At the same time, the volume of
transportation by Sapsan trains increased by
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Table 2

Main indicators of passenger transportation using the infrastructure of JSC Russian
Railways* (compiled by the authors)

Indicator 2015 2016 2017 2018 2019
Passenger turnover, bln pass.-km 120,6 124,6 122,9 129,4 133.,5
Suburban traffic, bln pass.-km 31,1 31,1 31,3 33,1 34,2
Long-distance traffic, bln pass.-km 89,6 93,5 91,0 96,3 99,2
Including speed and high-speed traffic 6,1 7,3

Passengers departed, min people 1025 1040 1117,9 1157,2 1198,0
Suburban traffic, min people 967,2 922,5 1015,7 1046,9 1081,5
Long-distance traffic, mIn people 103,1 97,8 102,2 110,3 116,5
Including speed and high-speed traffic 12,4 15,6

Including by high-speed trains of JSC FPC 3,4 3,9 7,0 9,4

*Data of annual reports of JSC Russian Railways and JSC FPC.

Pic. 2. Volume and routes
of passenger transportation
by express electric trains
on the territory of the
Russian Federation*
(compiled by the authors).
*Data of annual reports of JSC
Russian Railways and JSC FPC.

— by electric train «Lastochka» — 9,2 mln people

— by electric train «Strizh» — 1,9 min people

(Moscow—Berlin, Moscow—Nizhny Novgorod, St. Petersburg—Samara)

7 % (0,36 mln pass.) and amounted to 5,47 min
pass., with an average ticket price of 3729 rub.
Pics. 3 and 4 show the analysis of the market
on Moscow—St. Petersburg route.

Since the launch of Sapsan electric trains
in 2009 on Moscow—St. Petersburg route, the
traffic volume has grown from 1,62 min pass.
in 2010 to 5,47 mln pass. in 2018. At the same
time, the share of Sapsan electric trains in the
total traffic by all modes of transport as of 2018
was of 33,1 %. Pic. 5 shows the dynamics of

2017 2018

passenger traffic on all types of transport
between two capitals.

Pic. 6 shows average ticket prices on
Moscow—St. Petersburg route as per carriers
in 2018.

The transit capacity of the current schedule
of Sapsan electric trains is 5,94 mln passengers,
while the transportation volume in 2018 was of
5,47 min people. The average population of
electric trains in 2018 was 92,1 %, while during
peak periods the population of trains exceeded

DOSS 3729
FPC 1948
Pri il
rivate 1'ra1 'way 3260
carriers
3648

Air companies

W DOSS
HAVIA
mFPC

M Private railway carriers

Pic. 3. Dynamics of departed passengers as per carriers in 2017-2018, thous.pass. *
(compiled by the authors).
*Data of annual reports of JSC Russian Railways and JSC FPC.
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110 %, which already reflects a shortage of
seats. The size of the current Sapsan electric
train fleet of 16 does not allow for an increase
inthe offer of seats, and, therefore, management
should consider purchasing an additional batch
of Sapsan trains to meet the growing demand
for high-speed railway transportation. And such
decisions have already been made: in 2019, the
holding company signed a contract for purchase
in 2022—2023 of 13 Sapsan trains for the price
of 1,1 bln euros.

Pic. 7 shows a diagram of intercity routes
selected according to the criterion of the
maximum number of passengers carried in
2018. The thickness of the lines reflects the
density of passenger traffic. As it can be seen
in the Pic. 7 the most important passenger
turnover is observed on Moscow—
St. Petersburg route, the routes between
Moscow and Nizhny Novgorod, Moscow and
Sochi, Moscow and Ekaterinburg,
St. Petersburg and Ekaterinburg are also
sufficiently popular.

The share of direct income from passenger
transportation prevailed in the structure of
income from long-distance passenger
transportation (91,34 %) in 2018. At the same
time, there is a trend towards an increase in

16
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Pic. 4. Distribution of shares of carriers as
per departed passengers in 2017-2018, %*
(compiled by the authors).

*Data of annual reports of JSC Russian
Railways and JSC FPC.

income from the sale of additional services, and
that indicates the importance for passengers of
quality of the service provided on the train.
Let us examine the dynamics of income
collected by Russian Railways holding company
from passenger transportation in different
categories of trains (data from Compass ACS
of Russian Railways) For the period from 2014
to 2018 the growth of income from

Pic. 5. Dynamics of passenger flow
on all modes of transport between two
capitals, thous. persons* (compiled
by the authors). *Data of annual
reports of JSC Russian Railways,
JSC FPC and Federal Agency of Civil
Aviation.

2017 2018

Pic. 6. Average cost of a ticket
on the route Moscow-St. Petersburg
as per carriers in 2018, roubles™
(compiled by the authors).
*Data of JSC Russian Railways and
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Pic. 7. TOP-100 of domestic intercity routes as per the number of passengers transported by railway transport in
2018* (compiled by the authors).
*Data for analysis were provided by the High-Speed Transportation Directorate, branch of JSC Russian Railways,
the analysis was carried out by the authors using software, developed in the Institute of Economics and Finance
of Russian University of Transport.

transportation in branded trains was ensured,
first of all, on the routes Moscow—St. Petersburg
(grown by 1,79 times), Moscow—Kazan (2
times), Moscow—Voronezh (1,34 times) and
Moscow—Saratov (1,19 times), while revenues
from transportation in non-branded trains
showed a growth trend on the routes Moscow—
Nizhny Novgorod (4 times), Moscow—Bryansk
(3 times) and Moscow—Belgorod (2,78 times).
The results of the analysis of the dynamics of
passenger traffic on the routes, on the one
hand, can be considered as the basis for placing
different categories of express trains on the
marked routes (trains including cars of
increased comfort for routes Moscow—
St. Petersburg, Moscow—Kazan, Moscow—
Voronezh, etc, economy class cars for Moscow—
Nizhny Novgorod, Moscow—Bryansk routes).
On the other hand, on routes where passengers
manifest a growing demand for transportation
in trains with a high level of service, it is logical
to study feasibility of organising high-speed
transportation.

According to statistics, the main «conten-
ders» for construction of HSR remain the
routes Moscow—St. Petersburg (JSC Russian
Railways conducts engineering surveys and
development of project documentation of the
route based on the instruction of the President
of the Russian Federation of April 2019 No
Pr-623; in December 2020 scientific and
engineering council of JSC Russian Railways
suggested that the Moscow—St. Petersburg
HSR passes through Veliky Novgorod [2];
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Moscow—Kazan (the route is mentioned in the
Comprehensive plan for development and
expansion of trunk infrastructure of 2018 [15]);
the southern route Moscow—Voronezh—
Rostov-on-Don—Sochi [16] seems also to be
promising since in the summer months there
is a high demand for passenger transportation.
Considering the existing objective difficulties
due to surface topography for development of
high-speed railway infrastructure on Rostov-
on-Don—Sochi section, while conducting the
survey the authors in the latter case asked
question about Moscow—Voronezh—Rostov-
on-Don section only.

According to the data of the Centre for
Strategic Research «Platform XXI», the most
significant directions of passenger trans-
portation from the capital of the Russian
Federation by air in 2018 were (Pic. 8):
Moscow—St. Petersburg (4,8 mln pass.),
Moscow—Sochi (3,9 mln pass.), Moscow—
Simferopol (3,3 mln pass.), Moscow—
Krasnodar (2,5 mln pass.) [17].

The largest increase in the number of
passengers carried was recorded in the period
under review on the routes Moscow—Sochi
(+362 thousand people or 10,2 %), Moscow—
Krasnodar (+307 thousand people or 14,3 %),
Moscow—Samara (+299 thousand people or
23,3 %), Moscow—St. Petersburg (+275
thousand people or 6,1 %) [17].

The experience of China shows that
introduction of HSR on a route allows switching
to railway transport from 30 to 50 % of
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Pic. 8. Change in the volume of transportation on the main routes of air transport in 2017-2018,
thous. people [17].

passenger traffic from parallel air routes [7]. In
addition, construction of a dedicated HSR on
a route with the existing capacity limitations
contributes significantly to an increase in the
number and average speed of freight trains.

Considering the positive dynamics of
demand for air and railway transportation by
branded trains on the routes Moscow—
St. Petersburg, Moscow—Kazan (in the future
Yekaterinburg), Moscow—Voronezh—Rostov-
on-Don (in the future Krasnodar and then
Sochi), the authors found it advisable to study
the attitude of inhabitants of the country
towards development of relevant HSR projects
in the Russian Federation.

Studying the opinion of Russian residents
about HSR projects in the country

To clarify social priorities and attitude of
Russians to the projects for development of
HSR, the authors proactively carried out
a sociological survey in social networks. The
questionnaire developed by the authors was
posted in June—August 2020 in the popular
social network VKontakte. The survey involved
545 people representing various categories of
consumers of transport services, of which 56 %
belong to the age group of 18—25 years, 23 %
to 26—40 years old age group, 17,4 % to 41—65
years old people. This ratio of age groups allows
us also to better understand the attitude to HSR
projects of representatives of the generation,
which will mainly use them after the launch of
the main lines. The size of the sample of
respondents allows us to consider the completed
research as qualitative. The evaluation of
statistical error was executed following the

method of calculation of dichotomous variables:
with confident probability of 95 % the confident
interval was of 4,2 %.

As can be seen from Pic. 9, the surveyed
residents of Russia prefer railway transport for
intercity travel, the second priority mode of
transport for this group of respondents is air
transport. At the same time, on the whole, the
survey participants demonstrated a generally
positive attitude towards the high-speed
transport projects being developed. Of the total
number of respondents, only 3,7 % of people
answered that they did not intend to use HSR
for intercity travel. At the same time, 63,3 % of
the respondents intend to travel on HSR
regularly as far as they have a relevant need
(Pic. 10).

Among the survey participants, the highest
priority is given to Moscow—St. Petersburg
HSR, the second most attractive is Moscow—
Kazan route. Regarding the direction Moscow—
Voronezh—Rostov-on-Don, in the surveyed
group there are more negative answers about
the intention to use that HSR than positive ones
(Pic. 11).

About 95 % of respondents intend to travel
by high-speed trains on Moscow—St. Petersburg
route. At the same time, 69,4 % of the
respondents named personal goals as possible
goals of the trip, and 59,3 % touristic ones
(Pic. 12). Since the sample consisted mainly of
young representatives of society, the small
percentage of those who indicated business
trips cannot be an indicative result of the study.
However, judging by the answers of the
respondents, they are ready to travel by high-
speed trains, even for personal purposes.
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Pic. 9. Modes of transport preferred by survey participants for intercity trips, % of those who noted this mode of
transport (compiled by the authors based on the results of a sociological survey).

The results of the sociological survey carried
out by the authors allow us to make a qualitative
conclusion about the positive attitude of the
respondents to the projects for development of
HSR in Russia, as well as the fact that the
Moscow—St. Petersburg route attracted the
most attention among three options. That
corresponds to the statistics on growth of traffic
on that route presented in Pics. 2, 5, 7 and
allows us to conclude that it is advisable to
consider this direction as a priority for
= as a matter of interest, will travel once construction of HSR.
= regularly, as soon as needed At the same time, to obtain the maximum
economic effects from the launch of high-speed
traffic on Moscow—Kazan, Moscow—Rostov-
o ot oot are¥ers ;. on-Don and other routes, it will be necessary to

Compiled by the authors based on the results ofthe  develop a program for modelling a positive public
sociological survey conducted. opinion, mainly among the younger generation

= do not plan to use
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Pic. 11. Distribution of answers of respondents about the intention to use HSR after its launch
(option to mention a single or more directions), % (compiled by the authors based on the results
of the sociological survey conducted).
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Pic. 12. Purposes of trips in intercity traffic, indicated by the survey participants, % of those who noted these
purposes (compiled by the authors based on the results of the sociological survey conducted).

of the country’s residents. The advertised topics
and public relations activities under such
a program should be based on highlighting the
benefits and the work being done by the
government and transport companies to reduce
the risks of construction of high-speed lines.

External economic effects and possible risks
of development of HSR in the Russian Federation

Among the external effects from creation
of HSR, the most important are, according to
the authors:

* Development of the country’s economy
as a whole and of HSR gravity regions by
increasing transport accessibility of regions.

* Growth of transport mobility of the
population of the Russian Federation.

» Strengthening the social and territorial
integrity of the Russian Federation.

* Increasing the competitiveness of Russia
in the world market of transport services.

» Redistribution of population density from
labour-surplus regions of the country to the
regions of construction and operation of HSR.

* Regional convergence and levelling of
incomes of the population [18].

* Development of tourism and cultural ties
with areas gravitating towards HSR, due to the
growth of transport accessibility.

» The emergence of additional opportunities
for business development and attracting
investments to the regions, including foreign
ones.

 Innovative development of the transport
industry and introduction of digital technologies

and services in transport (blockchain, Big Data,
digital communication systems based on the
FDTD method, etc.) [19; 20].

» Integration of regions of gravity and
expansion of trade exchange.

* Increase in capacity of railways to
transport cargo after the construction of
dedicated HSR.

« Reducing the negative impact of
transport, primarily motor one, on the
ecology of the regions [3].

The risk factors for implementation of
HSR projects that can have a significant
impact on the efficiency of projects are:

» High cost of high-speed transportation
for the passenger.

* The required volume of investments in
creation of HSR infrastructure.

» The level of capacity utilization (train
population) and the volume of current
operating costs.

» Technical reliability of rolling stock
and infrastructure facilities of HSR under
difficult climatic conditions of the Russian
Federation.

« Meeting the localisation rate
requirements regarding production of
rolling stock for HSR, which, according to
program documents, should be about 70—
80 % [21].

Conclusion.
The development of high-speed transpor-
tation is of great social and economic
importance for the Russian Federation.
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While the amount of transport expenditures
of residents in relation to other countries is
average, several routes have a potential for
growth in demand for express and high-speed
transportation. The analysis of the dynamics
of volumes and incomes from long-distance
passenger transportation and the sociological
survey carried out by the authors confirm the
potential of Moscow—St. Petersburg route.
As the experience of foreign countries
summarised in the article shows, development
of HSR creates several positive effects on the
development of the economy of the regions
and of the country. However, to generate the
necessary demand for high-speed trans-
portation along the projected mainlines, it is
necessary to model a positive public opinion
through implementation of a public relations
program based on popularisation of economic
and other effects arising from construction
of HSR.
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Mapek TPADD

lNocTpoeHHasi B koHUe XIX cTtonetusi
LleHTpasibHas AHACKasi xesie3Hasi Jopora B
lMepy 6binna co3aaHa 3a CHET NpPUBIEYEHNs
WHOCTPAaHHOIro Kkanutasaa v MHOCTPaHHOW
UHXeHepHoV vaen. MacLutabHele riaHbi
10 aKcryaraumy 6oraTeviLumx MeECTOPOX-
AeHnii meau, cepebpa v 3os10Ta Aersiv B
OCHOBY CTPOUTEJIbCTBA ITOV XeJ1e3H040-
POXHOU JInHUW. [TpuMeHEHHbIE B 3TOM
MPOEKTEe UHXEHEPHbIE peLLeHus Jaxe ce-
roAHs1 BrieyarsisitoT CreumnaancToB. B yact-
HOCTWU, Tak Ha3blBaeMble 3uraaru, Kotopble
MO3BOJIN/IN TPOJIOXUTE TPAaccy BAOJIb HE-
MPECTYIHbIX MOPHbIX MaccuBoB AHA. Kak
cKasaJl Korga-To [1aBHbIVi UHBECTOP MpPOo-
eKTa, aMepuKaHCKui rnpeanpuHuMaresib

Jie3Has gopora.

KOJIECO NCTOPUN

LleHTpanbHaa AHAcKas
XXene3Hasq gopora B [lepy

Mapex Ipaghgh — unen pedakyuonnbix cogemos scypHanos «Texnonoeuu
JHcene3H000podcHo2o mpancnopma» u «Mup dcenesnvix dopoe», Bapwasa, [lonvwa*.

leHpu Meivirrc: «Kyna nobepércs nama,
Tya CMOXET oexarb v roe3a».

[naBHbIM MHXEHEPOM, aBTOPOM MPOEK-
T4, Be4yLMM Haa30p 3a CTPOUTE/IbCTBOM
LleHTpasibHOVI AHLCKOV XXes1e3HOV JOPOIu,
aBsisics SpHecT MasnHOBCKWIA, MOJIbCKUK
crieunanncT, MOYETHbIV rpaxaaHuH epy.

«[lpoekT MHXeHepa OpHecTa
ManunHoBcKkoro npeagycmarpmBaeT rnpo-
KA8aKy Xene3HOAOPOXHOM JIMHUN HA Bbl-
corte o4yt 5000 m Hag ypoBHEM MOpPS, a
3TO HEBO3MOXHO. Peanun3aumsi Ccripoektun-
POBaHHbIX UM MOCTOB U BUaAYKOB MpPes-
CTaBJ/IIETCS PUCKOBAHHOW», — TaK OLIEHU-
BaJin MPOEKT I0JIbCKOro NHXeHepa ero
COBPEMEHHWKU.

KnwoyeBbie croBa: xeneaHas Aopora, BbICOKOIropHas xeJsie3Has gopora, ncropus
XKEeJIe3HbIX 40POr, 3Mr3ar/peBepc, XEeJIe3HO4OPOXHble MOCTbI, XeJ1Ie3HOL4OPOXHbIe
TOHHEeN, MoABUXHOM cocTaB, 60JibLLast Harpyska Ha OCb, LleHTpaanaﬂ AHAckas xe-

*NHdopmaumsa 06 aBTOpE:

marekff77@gmail.com.

Mapek lpacd ¢ — Ph.D., uneH peaakLMOHHbIX COBETOB XYPHANOB « TEXHONOrMN XEeNe3HOLOPOXHOr0o
TpaHcnopTa» 1 «Mup xenesHblx gopor» (Technika transportu szynowego; Swiat Kolei), Bapliaga, MNonbLua,

Crtatbsa noctynuna B pegakumio 02.11.2020, npuHaTa k nyénvkauum 21.12.2020.

For the English text of the article please see p. 289.
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TEXHUYECKUE NAPAMETPbDI
IMepyanckaga lLlenTpanbHasa AHOckas
JKeJIe3Hast Jopora HauMHaeTCsl OT ITo0epeKbst
Tuxoro OxkeaHa u 3aKaHYMBaeTCs B pailoHe
MEJHBIX IIaXT, PACIIOJOXKEHHBIX BBICOKO
B AHpax. [Toe3na HaumHaOT cBO TTyTh B Ka-
JIbSIO B PaHMILIAX arjioMepaliy CTOJIMYHOMK
JIumbl, TO ecTh OT MopTa a0 craHuuu Jla-
Opolist, Tae Jopora AeJIUTCs Ha IBa HaIllpaB-
JIEHUsI, U3 KOTOPBIX OHO BeAET Ha CeBEp A0
cranuuu Ceppo ne [Tacko, a npyroe — Ha 1or
1o cTaHuMM YaHkKaio. [TpoTskEHHOCTH
noporu coctasiseT 490 KM, B TOM 4ucie
yuyactok Kanbsio—¥Yankaiio — 346 kM. Ca-
MBIMU BrieyaTasomuMu pakramu o LleHr-
panbHOI AHICKOI XeJle3HOI Jopore sIBIsI-
IOTCSI BBICOTA €€ PacIONOXEeHUS Hall yPOB-
HEM MOpSsI, KOTOpast JOCTUraeT MaKCUMaJlb-
Horo 3HayeHus1 4782 M (ctanuus lanepa Ha
173-M KM Tpacchl), a TakKxke Haaudue
69 ToHHeJel 00IIeil MPOTIKEHHOCTHIO
10,8 xMm, 58 MmocTOB mIMHOI 1,8 KM M 11eCcTH
JBOMHBIX CMEH HaIlpaBJIeHUs IBUXKEHMS
(3HaAaMEHUThIE 3Ur3aru/peBepchl), KOTOPhIE
ObLIN IIOCTPOEHBI C 1IEJIbI0 00ECIIeYnTh MaK-
CUMaJIbHO JOITYyCKaeMBbIil YKJIOH MyTu 29—
37 %o Ha npotsixkenuu 100 KM MexXay cTaH-
nusmu Can baprosome Ha 76-M KM 10pOTru
Ha BbicoTe 1513 M Hax ypoBHeM Mops (M
H.y.M.) 1 Tuknauo Ha 171-M KM, Ha BBICOTE
4758 M H.y.M., TIe TI0e3/1 TPEoa0JIeBacT pa3-
HUILY BBICOT B 3245 M (Tabu. 1). Makcumaib-
HBI YKJIOH cocTaBiseT 96,5 %o mexay
craHuussMu Tam60 1 Xayxa (3To eTMHUYHBII
cJyyaii, M Ha JaHHOM Yy4aCTKe HeT U3MEHe-
HUSI HarlpaBJeHUsI IBUKEHUSI).
LenTpanbHas AHacKas KeJie3Hast 10po-
ra — OJIHOIYTHasl, He 3IeKTpU(ULIMPOBAHHAS
nuHus. [lupunHa Kojeun cocrannsiet 1435 mm.
ABTOp TpPOEKTa — MOJbCKUI MHXEHEP Dp-
HecT ManuHOBCKMIA, INIaBHBIIT MHBECTOP —
npeanpuHumatensb u3 CIIA ITenpu Meiirre.
Tpacca Ha yyacTKax ¢ caMbIiM OOJIBIIUM
YKJIOHOM IPOJIOXEHA Ha CKaJIbHBIX ITOJIKAX.
MHOrouMcAeHHbIE MOCThI M TOHHEJIM 3HAME -
HUTOM JOPOTM — 3TO COOPYXEHUs, pa3Mep
KOTOphIX He TipeBbIiiaeT 200 M (B OOIBbIITUH-
CTBe UX JiIvHa coctasisier ot 50 go 100 m).
MHoro pa3 BcTpevaeTcst CMeHa HarpaBeHUs
JIBVKEHUSI, a CaMbIM 3(P(PEKTHBIM MOMEHTOM
SIBJISIETCS] CMEHA HaIlpaBJICHMST IBUXEHUS
B ToHHeJie banbra. B OonbIIMHCTBE c1yyaeB
CTPEJIKU ITePEBOASITCS BPYYHYIO [IEPCOHAIOM
noe3na. CinoxHbie Tonorpapuieckue ycio-

BUS SIBJISIIOTCS MPUYUHOM TOTO, YTO CPEAHSIA
CKOpOCTb JIBUXEHUS Ha MeperoHax He mpe-
permaeT 40 kMm/4. CirenyeT 100aBUTh, YTO 10
MOMEHTA 3aBePIIEeHUS CTPOUTETbCTBA TpaHC-
Tubetckoit maructpanu B Kurae B 2007 .
LlenTpanbHast AHIcKas XeJie3Hasl Jopora
Ilepy ocTaBanach caMoii «BBICOKOI» KeJe3-
HOIi Toporoii B Mupe 2.

CTpouTesIbCTBO XeJIe3HOM J0POry B AHIaX
OBLJIO CBS3aHO C MJaHaAMU BKCIIyaTalluK
00raThIX MECTOPOXKIEHUN MEIHOW PYHbI,
a TaK>Ke COMTPOBOXKIAIOIIMX 3TU PYIbl MECTO-
pOXIeHUI cepedbpa U 30710Ta (B HAcToOsLIEe
BpeMs [lepy nu Uniu SBISIOTCS TJIaBHBIMU
9KCHOPTEPAMU ITUX METAJIOB B Mupe). Meab
JIO CUX TOP TOJIb3YETCSI OOJIBIIIUM CIIPOCOM.
Bonee 60 % meau ucnosib3yeTcs ISt TIPOU3-
BOJICTBA 2JIEKTPOIPoBoaA0B. Cpenn MeTaioB
0oJiee BBICOKOI MPOBOAUMOCTBIO OTJIUYAETCS
TOJIBKO cepedpo.

Ha ¢oHe apyrux oxHoaMepMKaHCKUX
XKeJIe3HOMOPOXHBbIX ceTelr LleHTpanbHas
AHnckas xene3Hast nopora [lepy otinyaercs
(TOMUMO BBICOTBI) CTAHAAPTHOW MIUPUHOMN
koueu [4; 17]. B npyrux JaTmHOaMepHUKaHCKIX
crpaHax (Ywunu, ApreHTuHa, bpasunus) pac-
npocTpaHeHbl MWKUPUHBI Kogeu 1000 MM,
1600 MM mm 1676 MM, B TO BpeMsl Kak CTaH-
JIapTHas IMIMpUHA Kojen 1435 MM BcTpedaeT-
cs1 KpaliHe peaKo.

Camas BbICOKasi TOYKa JOPOTHU PacIioio-
xeHa B Jla Kuma (La Cima) Ha BbIicOTE
4835 M H.y.M. Ha ydyacTtKe Tuximo—Mopo-
KoYa BOJIM3U MECTHOM 11axThl. [TyTu mpoxo-
JIST BIOJb peKu PUMak v €€ MpUTOKOB MUMO
craHuMu YnHYaH, pacCloJ0XEHHON B ceMU
KM oT cTaHluu Kacananbka (Ha 153-M kM,
4154 M H.y.M.) B 3amajiHOK YyacTu AHI. DTa
CTaHLUS CIYXUJIA TepPerpy304HOil CTaHIIU -
el mst HOOBITON PyIbI.

Hanpliie xene3Has Jopora BEAET yepes
TOHHeJb [anepa, caMblil JJTMHHBINA U caMblii
«BBICOKMIt» (4781 M H.y.M.) TOHHEJIb JIOPOTH.
IToToM cpemHsIst BBICOTA H.Y. M. YMEHbIIIAETCS,
MeHee KPYThIMU CTAHOBSATCS U YKJOHBI.

! B Hacrosiiee Bpemst ctanims Tanrryna (Tanggula,
5072 m H.y.p.) Ha TpaHc-TubGeTCKOI MarucTpaiu
(Lmuxaii-Tubetckas xene3Hast nopora / Qinghai—Tibet
railway / Qingzang railway) siBisieTCsl caMOii BBICOKO
PacIoI0XEHHOM XXeJIe3HOTOPOKHON CTAHIIMEN B MUPE.
2 JIpyroii xKeJae3HOAOPOXKHOM JTMHUEH, PACITONOXEHHOM
Ha 3HAYUTEJIbHOI BbIcoTe, B KOXHOI AMepuKe sIBJIsI-
eTcs kese3Has nopora Atodaracta B UYniu ¢ camoii
BBICOKOI TOYKOI Ha BbicoTe 4818 M H.y. M., OHa TaKXe
MCTOJIB3YETCs JUTS IEPEBO3KU MEIHOM PY/IbI.
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Y crannuu Aynu (Ha 193-M kM, 4192 M H.y.M.)
Jlopora UIET BIOJb PEKU C TAKUM K& Ha3Ba-
HueMm. [Torom mopora «BcTpeyaeTcsi» ¢ peKoi
MaHTapo, KOTOpYlo TiepeceKaeT U JOXOIUT JI0
craniuu Tam60 (Ha 299-M kM, 3359 M H.y.M.),
Jlajiee TiepeceKaeT HaceJIeHHBIE ITyHKTHI, B TOM
yucye Xayxa (Ha 301-M kM, 3552 M H.y.M.),
Marayacu (Ha 321-M kM, 3265 M H.y.M.),
Koncericbon (Ha 324-M KM, 3252 M H.y.M.)
1 B CaMOM KOHIIE ITyTH TTPUBOIUT B T. YaHKalio
(Ha 346-M kM, 3261 M H.y.M.).

Ceronns B JIa-Opoiist uinu Yankaiio yxe
MIPOJIOXKEHO aBTOMOOMWIbHOE T1occe. s
ABTOMOOMJILHBIX TOPOT JIOITycKatoTcs Gojiee
KPYTbI€ YKJIOHBI U MEHBIIINE PAIUYChl KpH-
BU3HBI, a TAKXe HAJTMIECTBYIOT IPYTHE TeX-
HOJIOTUH, pa3paboTaHHbIE BO BTOPOI MOJIO-
BuHe XX Beka. OHAKO ISl TIEPEBO3KH TsI-
JKEJTBIX TPY30B B TIEPBYIO OYepeIb TPAIUIIM -
OHHO BBIOMpAaETCs XeJIe3HOMOPOXHBII
TPAHCTIOPT.

B Hacrosiee Bpems yripasienue LleHr-
pajbHOU AHACKOU XeJe3HOU nJoporou
I[Tepy ocymecTBasieTcss KOMIIaHUEH
Ferrocarril Central Andino (FCCA), koto-
past IPUHAJICXKUT YaCTHOMY TIPEATIPUHM -
matesito XyaHy Onasusa (Juan Olaechea)
u rpynne RDC, KoTopble NOTy4YUIN KOH-
meccuto Ha 30 JieT, mocjie TOTo KakK XeJe3-
Has Jopora Obljla TpUBaTU3MpPOBaHA B Ce-
penuHe 1999 roga. JpyrumMu naliumkaMu
komnanuu FCCA gapasiorcst Ferrovias e
Infraestructura (rpynmna Olaechea), Minas
Buenaventura, ADR Inversiones UNACEM
(MUAUPYIOMUIA TPOU3BOAUTEINH IIeMeHTa
B Ilepy) [6; 8]. dast mepeBO3KU MeTHOU
PYABI U YUCTOM MeAM MCIOJBb3YITCS 36
mokoMmoTuBoB 1 881 Barou [15]. Crmenyer
0c000 MOUEePKHYTh, UYTO TPAKTUIECKH BCE
Kesie3Hble goporu B [lepy cTpowtuch mjist
TePEeBO3KM IPY30B, a HE ACCakUPOB U UTO
MHOTHE U3 HUX B HACTOSIIEe BPEeMsT OCTa-
I0TCSI 3aKPBITBIMU [T 3KcTTyaTanuu. Oc-
HOBHBIMU BUIaMu TpaHcmopra B [lepy
SIBJISIETCSI aBTOOYCHOE COOOIIeHNE U aBUa-
LMOHHBIA TpaHCTIOPT?.

3 Bosbiiast riomians [epy (1,29 MitH KB. KM.), penbed
MECTHOCTHU (TOPHBIE 1IN AHJI C CAMBIM BBICOKUM ITH -
KoM YackapaH 6768 M H.y.M.) M 9KBAaTOPUAIbHbII KU~
Mar (0OMJIbHbIE OCAlIKM) B BOCTOYHOM YacTH CTpaHbI
SIBJISIIOTCS] MPUYMHOM TOTO, YTO COMEPXKAHKE CyXOMyT-
HOI HUHGPACTPYKTYPhI (ABTOMOOUIIbHBIE IOPOTH) TPY-
IOEMKO M HakJ1aaHo. [1oaTomy B ciyyae MmyTeiecTBUit
Ha najibHue paccTosiius B [lepy nmpennodrutenbHee
aBUATPAHCTIOPT.
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UCTOPUS LLEHTPANIbHOM AHOCKOWM
XEJIEBHOM AIOPOIM NEPY

DTa XeJie3Has 1opora Oblia CIIPOeKTUPO-
BaHa ¥ IocTpoeHa DpHecToM MaTuHOBCKUM,
CeMbsI KOTOPOT'O JOOPOBOJIBLHO T10 TTOJIUTUYE -
cKuM MoTuBaM nokuHyna [Monwiry. 9. Manu-
HOBCKMI yumics B BbIcIiieii 111KoJie MOCTOB 1
nopor B [lapuxe, KOTOpYIO 3aKOHUMJI C IH-
niaomMoM uHxeHepa [5]. [Mocne npuesna B
Ilepy B 1851 rogy moJibCKOMY MHXEHEPY
OBLJIO ITOPYYEHO pa3paboTaTh IMIPOEKT YIUTMHE -
HUSI XeJie3Hoii joporu JIuma—Kambso B1ob
JOJIMHBI Xayxa B HAIIPaBJIEHUU TOPHOM LIETTH
Anp. [lepyaHcKoe TpaBUTEIBCTBO CO3/AJI0
TEXHUYECKYI0 KOMHUCCHIO, B COCTaB KOTOPOii
pouut @. bappena, M. ®@. Conpman, M. ITap-
1o (Felipe Barreda, Mariano Felipe Paz Soldan
1 Manuel Pardo), KoTopbiM OBLJIO TOPYYEHO
cobpath MH(pOPMALIUIO O MECTHOM pelibede,
TeOJJOTMYECKUX U KIIMMATUYECKUX YCITOBUSIX.
Wndopmaius 6p1a HeoOXoaMMa IJIsI pa3pa-
OOTKM ITpeIBapUTEIbHOIO ITPOEKTa, KOTOPHIA
¥ ObLI TTopyueH D. ManuHoBckomy. Ilapna-
meHT [lepy (KoHrpecc) mpuHsJI 3aKOHBI
0 3KeJIe3HOI Jopore, npemioxeHHbie [1paBu-
TEJICTBOM, Y TaAPAaHTUPOBAJI BHITUIATY IIECTH
0aHKOBCKUX ITPOLIEHTOB OT KAITMTAJIOBIOXKE-
HUI B CTPOMUTEILCTBO. Takske ObLIa co3maHa
KOMUCCHS JUTST U3YYSHUST YETHIPEX BO3MOKHBIX
(ayIBTEepHATUBHBIX) TPACC, KOTOPhIE TOXE Ha-
YUHaIUCh OBl B JIuMe U Beu yepes:

1) Ymenne peku Pumak u Hacen€HHBIE
nyHkThl MartykaHa, Can-Mareo u Tapma.

2) Vienbe peku YujaoH v HaceJ€HHBbIE
nyHkThl Kabannepo, fAHrac, O6paxuibo,
Kecauaka n KapxyakaHuya.

3) Vuienwe peku YaHkail u HaceJl€HHbIE
nyHkThl Yankaii, Makac, XyatramaHTara,
Vanwsit u Ceppo ne Ilacko.

4) Ymenbe peku JIypuH U HaceJa€HHBbIE
nyHkthl Cucukas, Tynukoua, CaH-[lamuaH,
Tykrykoua, [Tymakoua, Opotisi, Tapma 1 Xayxa.

CorjlacHO MOATOTOBJIEHHOMY OTYETY,
CTPOMTEILCTBO Yepe3 yIleibe peku Pumak
OBLIO CJIOXXKHBIM, HO BO3MOXXHBIM. B KauecTBe
MOYTH HEBO3MOXKHOT'O OBLJIO OLIEHEHO CTPOM -
TEJIBCTBO XEJIE3HOM JJOPOTH Uepe3 YILEIbs peK
Ywion u YaHkaiia, B TO BpeMsI Kak OYeHb
MIPOCTHIM OBLJIO MPU3HAHO CTPOUTEIHCTBO
yepe3s yuiesbe peku JlypuH. Beioop ObL1 cae-
JIaH B I10JTb3y YETBEPTOIO BapyuaHTa, oaApo0-
HOE M3y4YeHMe KOTOPOro M pa3paboTKa Mpo-
eKTa ObUIM MOpY4YeHbl MHXKeHepy [epputy
Bakycy. OH cuuTancss OMHUM U3 JIYYIIHX

I'padd M. LleHTpanbHaa AHACKas Xene3Hasa gopora B lepy



Ta0imuna 1

Texnuueckue napameTpbl yuactka Kaabsio—J/Iuma—Yankaiio

IlenTpanbHoii AHICKOI KeJie3Hoii noporu [lepy
CraHuus KM Beicora, M H.y.M. | HakioH, %o | [pumevanus
Patio y factoria / [Bagenyma | 1 3,0 0,6
Patio central / Kanbsio 2 3,6 13,3
MoHceppar 13 150,0 0,0
Iecammapamoc 14 150,0 16,9
Burapte 26 353,0 16,7
Canra Knapa 29 403,0 18,3
Yocuka 54 860,0 29,7
TopHameca 74 3urzar
Can baprosiome 76 1513,0 33,7
MarykaHa 102 2390,0 34,3
Buco / Viso 111 3ursar BHU3Y / 3Ur3ar HaBepxy
Tambopaxke 120 3008,0 35,6
Kakpeii (Cacray) 3ursar
Kakpeii (Cacray) CMeHa HarpaBJICeHUS IBUKEHUS
Puo baanko 134 3506,0 32,6
Yuenaiio 141 37339 35,0 CMeHa HarpaBJIeHUS IBUKEHUS
CanrakyHa CMeHa HarpaB/IeHUS IBUKEHUS
Kacananka 153 4154,0 29,4
Bakyc CMeHa HarpaB/IeHUs IBUKEHUS
JIXOHCTOH CMeHa HarpaBJIeHUsT IBVKCHUS
Yau-Yan 160 4360,0 36,2
Tukino 171 4758,0 11,5 OrtBeTBJIEHUE B HanpaBjieHun Mopokoua,
14 xm (4538,0 M H.Y.M.)
Tanepa 173 4781,0 29,5
Pymuuaka 3ur3ar (1or) / 3ur3ar (cesep)
Sy 193 4192,0 334
Aparia 198 4025,0 0,0
Tonnens Map / Mahr Ttnel | 196 4025,0 7,1
O6xomHast Topora 206 3954,0 14,3
Jla Opoiist 222 3726,0 4,9
[Mauakaiio 262 3529,0 4,9
JInokmnamammna 275 3465,0 44
Tam60 299 3359,0 96,5
Xayxa 301 3552,0 14,4
Marayacu 321 3265,0 4,3
KoncencboHn 324 3252,0 1,2
Can MepoHumo 330 3245,0 1,0
Vankaiio 346 3261,0

CHelUaIuCTOB B 00J1aCTU CTPOUTEIbCTBA
JKeJIe3HbIX JOpOr. bakyc moarotoBu MpoexT,
onHako B MapTe 1866 roma paboThI ObLIN ITPU-
OCTaHOBJIEHHI U3-3a BOIHBI ¢ Mcrianueii. [IBa
roja CITyCTs 4JIeH IpaBuTesibcTBa . Macuamn
(Diego Masias) cBsa3ancs ¢ [enpu Melirrcom,
npeanpuHumaresieM u3 CIIA, KoTopblii Ha-
xomwics B Yumu (oH TaM paboTajI 1o KOHTPaK-
Ty). «[ep3kuii aMepuKaHel» B CEHTAOpe
1868 roma mpencraBui IpaBUTENLCTBY Ilepy
WIEI0 CTpouTeNbcTBa noporu Jinma—Xayxa.
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OueBUILIBI TOTIA TOBOPWIN, UTO OH yOeIui
LeHTpanabHble BaracTu [lepy aprymeHTOM
«Ilponoxcy nymu mam, ede beearom namol».
I1naH pa®oT 1 OI0MXKET CTPOUTETLCTBA B pa3-
Mepe 27 MJTH Tieco ObUIY YTBEpXKIeHbI. bblio
npuHATO npenioxenue I. Meiirrca u omnpe-
IeJIEH 00g3aTeNIbHBIN CPOK 3aBeplIeHUS
CTPOUTEILCTBA B TEYEHHME LLIECTH JIET B OOMEH
Ha MPaBUTEIbLCTBEHHbIE OOJIUralliy C BbIILIA-
TOI 6 % romOBbIX M aMOPTU3ALMOHHbIE 0011~
raiuu co cTaBKou 2 % ¢ JecSITUIETHUM CPO-
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KOM peanu3auuu. J1oroBop ObLT 3aKJIIOUEH
MeXIy TpaBUTEIbCTBOM [lepy 1 rocrmogmHoM
I Meiirrcom B nekabpe 1869 roma B Buae
ITyOJIMYHOTO aKTa, B TIEPBOIi CTaThe KOTOPOTO
conepKajach 3aIch;

«lenpu Meiicec, eco HacareOHUKU, UCNOAHU-
meau uau 3aKoHHble npedcmasument 0053yom-
Cs ROCMPOUMb YH4ACMOK... Jdceae3Holl dopoeu
mexncdy Kanvsio u Jlumoii—J1a-Opoiisi; coenacro
NAGHY U MEXHUYECKUM Hepmedcam, paspabo-
MAHHbIM 2AAGHBIM UHICEHEePOM DpHecmom
Manunosckum npu yuacmuu unxcenepa I1. Map-
yo (Pedro Marzo), naznauennoeo npasumens-
cmeom, Komopobie Obiau 0000peHbl U nepedansl
Ha XpaHeHue 8 NPAGUMENbCIMBEHHYI0 KAHUeAs -
puio» [18].

Pa6otel Hauanuch 1 suBaps 1870 r. urym-
HBIM MEPOITPUSTHEM, BO BPEMsI KOTOPOTO OBLT
3aJI0KEH TMepPBBII KaMeHb B MECTe, TJIe ceituac
HaxoauTcs cTanus MoHceppar B JInme, mon
PYKOBOJICTBOM HayaJbHUKA TEXHUYECKOTO
KopITyca, MHxXXeHepa DpHecTa MaJTlmHOBCKOTO.
C 1enbio 00J1eTYEHMSI CTPOUTETLCTBA IJIaBHAS
nuHus Jluma—JIa-Opoiist (222 Km) Obl1a pas-
JieJieHa Ha y9acTKU:

1. JIluma—Kanbssso—Kokavakpa.

2. Kokauakpa—Can bapromome—Can-
Heponumo-ne-Cypko.

3. Can-Xeponumo-ne-Cypko—MaTtyKaHa.

4. Marykana—ITapax (Can Xo3e ge [Tapax).

5. [Tapak—Can-Marteo—Pno-bianko.

6. Puo-bnanko—TIanepa.

7. Tanepa—Jla Opoiisi.

OpmHako XM3Hb BHECJa CBOU KOPPEKTH-
BbI, — TOCTIOMHY MeMTITCy yaanioch ocTpo-
UTH KeJIE3HYIO TOPOTy TOJBKO 0 TOpojaa
Yuxna (3733,9 M H.y.M.) B 141 KumomeTpe OT
Kanbso. Meirrc CTOJKHYJICS ¢ CEpbE3HBIMU
3aTPYAHEHUSIMU TIO BBITIIATE 3apIulaT HaHs-
TBIM CITEIMAINCTaM, pabOYMM U YIpaBJIeH-
11am. [TpaBUTETLCTBO MTPUOCTAHOBUIIO CTPOU -
TEJBCTBO MOPOTU. BBIIM 3aBepIIeHbI TOJIBKO
OT/IeJIbHBIE YIaCTKU:

* Kokauakpa — B ¢eBpaie 1871 r;

+ CaH bapromome — B cenTsiope 1871 1.;

* Yukina — B Mae 1878 .

B 1879 . ymep Ienpu Meiirrc. B pesyiib-
TaTe KOH(IMKTa Mex 1y nHBecTopamu 1 [1pa-
BUTEJIbCTBOM [lepy CTpOUTENHCTBO OBLIO
napanuzoBaHo 10 1890 rona, korna nepxare-
JIF OOJTUTALIMiA TIPUHSITU Ha ce0sT ITpaBa 1 0051 -
3aHHOCTH Meiirrca u opranuzoBaiu [lepyaH-
CKYIO KOPITOpalnio, KOTOpasi CTajia MpaBoIpe-
emHuleit. 12 wions 1892 . nopora gocturia
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Kacamaneku u B guBape 1893 roma — Jla-
Opoitn. D10 OBUH MOCTIeIHNE CTaHIN LIeHT-
PAIBHOM XeJIE3HOM TOPOTH.

CtpoutenbcTBO yuacTka Mexy JIa-Opoiist
M YaHkario ob110 Hayato B 1905 1., Ho ciienyio-
W TOTOBOP MKy TTpaBUTEIbCTBOM U [le-
pyaHCKOU KopTriopalueil ObI 3aKJI0UEH
ToJIbKO B 1907 I. (32 3TOT MPOMEXKYTOK Bpeme-
HU 4acTh JOPOTH ObLIa MOCTPOEHA TOCyaap-
CTBOM), MTO3TOMY pabOThl 3aBEePIIUINUCH
B ceHTs0pe 1908 r. B 06111eM UTOTE CTPOUTEITB-
ctBo LleHTpanbHOI AHACKOM Xele3HOM 0-
poru Ilepy npoaoskanoch 38 JieT.

CaMbIMU BBIIAIOIIUMUCS MHXEHEPHBIMU
COOPYXEHUSIMU 3TOU JOPOTH SIBJISTIOTCS BUA-
nyk Beppura (Verrugas) uau moct Kappuon
(Carrién) mmHoii B 175 M 1 BbIcoTOM B 80 M
M TOHHEJIb [anepa npoTsk€HHOCTBIO B 1177 M.
BHuMaHus 3aciyXMBaeT TakXe TOHHEIb
Bansra (Ha 94-M KM), KOTOPBI OTJIMYAETCS
cMpajibHON (hOPMOIl U MPOTIKEHHOCTHIO
B 1375 M. DTOT TOHHEJIb NMpeoaoJieBaeTCs
noe3noM 3a 4—5 MuHYT. CaMbIMU BITEUATIISIIO-
MU y9acTKaMU WY CTAaHLIMSIMU KeJIe3HOI
JIOPOTH SIBJISTIOTCSI:

» yyactok 3ur3ar Kapkaii—cranuus Puo
bianko;

» yuactok Kacanmaibka—YuHuaH—Tu-
kinuno—lanepa;

* Y9acTOK HeJajeko craHiuu Yukia;

* yyactok BOsm3u craHuuu Can bapto-
JIoMe;

* y4acToOK BOJIM3U ToHHeNsT banbra;

 cranuus Jla Opoiis.

IenTpanbHas AHcKas XKeje3Hast 1opora
HauMHAET CBOI IMyTh Ha XeJIe3HOIOPOKHOM
Bok3asie B JIume Ha craHuu ecamnapanoc,
KOTOpast HAXOIUTCS B LIEHTPe CTOJUIIBI [1epy,
3/IaHUE CITPOEKTUPOBAHO apXUTeKTOpoM Pa-
dasnem Mapkyunom (Rafael Marquin)
B1912r

NMEPYAHCKAY KOPMOPALIUA

B cuér 3aiima, KOTOpbIii MEpyaHCKOE rocy-
JapCTBO B35UIO 1S (PHAHCUPOBAHUS CTPOU-
TeJIbCTBA, COTJIACHO CTaThbM 26 TOrOBOpa OT
20 mapra 1890 . ObUTa co3maHa KOMITaHUS,
KOTOpas B3sij1a MOJ CBOE yIpaBJIeHUE TaKXkKe
160 XM MOCTPOCHHOM KeJe3HOTOPOXKHOM
JINHUM.

M3-3a rpoMaHbBIX 1OJITOB, 00Pa30BaBIINX-
cs 'y TIepyaHCKOTO MPaBUTEIbCTBA BO BPEMS
crpouTtenbeTBa LleHTpaibHOM Xene3Hoi 1o-
poTu, B COOTBETCTBUU C 3aKOHOM 00 aKI1O-
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HepHbIX ob1ecTBax 20 mapta 1890 6bL1a op-
ranu3oBaHa [lepyanckas Kopnopauus (The
Peruvian Corporation Ltd). Kommnanus 6b11a
coszfaHa JiIsl TOrO, YTOObI BHITUIATUTH BHEIII-
HUIT TOJIT ¥ TIOTACUTh TOCYIapCTBEHHBIE Kpe-
JIUTHI, KOTOPBIE OBLIM B3SITHI IepXKaTesIsIMU
obvranuii uist pUHAHCUPOBAHMS CTPOUTEITb-
ctBa LleHnTpanbHoit xene3Hoit noporu Ilepy.
OcHOBHag 1IeJTb KOPITOpalny 3aKiodaiach
B Iiepeaye MpaB 1 00s13aTeIbCTB AepKaTelieit
obUralui.

JBe Heaenu CIycTsl aKIIMM KOMITAaHUU
ObUIHM 3amylIeHbl B 000poT Ha JIOHMOHCKOM
(oHmoBoOI1 Oupxke. DTa cueyka ObLIa 3aBep-
1eHa, HacneaHuku I. Meiirrca (K. I. Meiirre,
H. I. Meiirrc u Anexanapo P. Pobeptcon
(Alejandro R. Robertson)) nponanu IlepyaH-
ckoit Kopnopauuu cBou nojau B LleHTpanb-
HOM XXeJIe3HOU JopoTe U 10JU B CepeOPSTHBIX
pyanukax Ceppo ne ITacko.

B 1891 r. [Tepyanckas Kopniopanus perm-
JIa B3SITh TIOJT YITpaBJIeHUE BCE JKeJIe3HbIE J10-
pOTH CTpaHBI U TPEBPATUTh UX B JOYEpHUE
KOMITaHUHU, Pa3ieuB aKIIMU MEXIy COOOIA.
BosHUKII0 ceMb KOMITAaHU, TTSITh U3 KOTOPBIX
HaXOJMJIUCH MO KOHTPOJIEM JI0YEPHUX KOM-
naHuil. A nBe 66111 0(DOPMIIEHBI YePe3 TPETh-
WX JIUIL, TIOTOMY 4YTO elI€ NelCTBOBAIN KOH-
TPAKThI C TOCYAAPCTBOM U IPYTUMM YACTHBIMU
JITIaAMU.

Kak u cinemoBano oXuaatrhb, yIUThIBas
9KOHOMUYECKUI KPU3KC, B KOTOPOM OKa3a-
Jlach CTpaHa MmocJjie BOiHbBI ¢ Yuin, BO3HUK-
JI TIPOOJIEMBI C BBITIOJTHEHUEM KOHTpAaKTa.
B 1893 1. Hauanuch nepedou ¢ riaTexamu,
¥ TIapJIaMeHT MOTIBITAJIICS TPUOCTaHOBUTH
€XeroJHble BBITIIATH KpeauTtopam. [lepy-
aHckas Kopropaius He cymena 100UThCS
(bHAHCHMPOBAHMST CTPOUTEIBCTBA CIEAYIO-
mux yyactkoB. 1o 1899 . cTopoHbI Tak U He
OPULLIU K KAKUM-JTMOO0 TOTOBOPEHHOCTSIM,
U CJIEAYIONINIA payH I IePeTOBOPOB HAYAICs
ToJIbKO B 1904 1., a B utoHe 1907 I. OBLI IO -
MYCcaH HOBBIN KOHTPAKT O TOM, 4TO:

1) IMepyanckas Kopnopaiius npodpruHaH-
CUPYET CTPOUTELCTBO BCEX HOBBIX 3aIlJTaHM -
POBaHHBIX JIOPOT OOIIEH MPOTSKEHHOCTHIO
okoJo 300 kM.

2) XKenedHogopoxHass KOMIAaHUS
BO3MECTUT TOCYIAapCTBY BCE PACXOJbI, TO-
HEecEHHBbIe MPU YaCTUYHOM CTPOUTEIbCTBE
YKa3aHHBIX TOPOT.

3) IIpaBo Ha 3KCILIyaTallUIO XeJe3HOM
JIOpOry KOMIaHuel OyAaeT MpoJIeHO el Ha
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17 net, mpu ycJIOBUM, YTO TOCYAAPCTBEHHAS
Ka3Ha HauyHET BbIr1aunBaTh 80 ThIC. OpUTaH-
CKUX (DYHTOB, KOTOpBIE OYIyT MOJyYeHBI U3
HaJjiora Ha caxap.

Tlepyanckas Koprnopaliusi aKCIiiyaTupo-
BaJia LleHTpaibHY10 XeJe3HYI0 10POTY Helpe-
pbIBHO 10 1927 1, a BpeMeHHO — A0 MapTa
1973

HALUMUOHAJIbHASA
XEJIEBHOAOPO>XHAY KOMMNAHU4A
ENAFER PERU

IMocne rocymapcTBeHHOTO TepeBOpoTa
U [IPaBJIeHUsI BOGHHOM XYHThI B 1968—1975 't
OBLITIO TPUHSITO PENIeHNE O HAIIMOHAIN3AIIN T
MHOTUX TPEINPUATUI, KOTOPBIE yIIpaBIIsi-
JICH 3apyOeKHBIMU KOMTaHUIMU. DpaHITy3-
ckoit upme Sofresrail ObLTO TTpenTIOXeHO
MMPOBECTU aHAJIM3 OKYMAaeMOCTH YAaCTHBIX
OTEYECTBEHHBIX KEJIE3HOMIOPOXHBIX TIepe-
BO3YMKOB, UCCIIEJOBAHNE PEHTA0EIbHOCTHI
JKeJIE3HBIX JOPOT CTPaHbI, MOCTE YeTro B arl-
pesne 1971 1. ObLIO IPUHSITO pelieHrue 00 nx
HallMOHANM3aluKU. DTO KOCHYJIOCHh TaKXe
u nopor, npuHauiexamux [epyanckoit Kop-
Mopalnu, mrad-KBapTupa KOTOPOil HAXOAM-
nack B Kaname. OduiinaIbHBIM IPEIIOTOM
JIJIST TOTO CTaJIM HEIOCTATOUHbIE KAaITUTaIO-
BJIOXKEHUS B KOMITaHUIO. 1 gekabps 1972 r.
ObL1a co3gaHa HaimmmoHanbHas XeJe3HOIO-
pOXHasi KoMIaHus, 0ojiee U3BEeCTHasT KakK
ENAFER Peru, B KoTOpoii ObLIN 00BEINHE -
HBI BCE€ XEJIE3HbIe TOPOTU CTpPaHbI, KpoMe
yaactka Jla-Opoitas—Ceppo ne Ilacko, 1mo-
CKOJIbKY TOT ObLT O4€HBb TPUOBLTHLHBIM U TTPU-
HaJJIexXal ceBepOoaMeprUKaHCKOUM KOMITAaHUU.
C suBaps 1973 . komnanus ENAFER Peru
yIpaBisijia JUHUSIMU:

» Kanbsio—JIuma—Jla-Opotiis—Yankaiio;

* YaHkalio—YaHKaBeJIMKa;

* Monbenno—Apekuna—IlyHo;

* Xynbsgka—Kycko—Marapanu—Jla-
Xoiis;

* Kycko—Kwunbsibamba.

» Apuka—TakHa.

B utone 1973 t. ObL1 ToNTydeH GaHKOBCKU
KPEIUT JIJIsl TIPUOOPETEHUsI TTIOABMKHOTO COC-
TaBa M 2JIEMEHTOB UH(DPACTPYKTYPBI:

* 3aMaCHBIX YaCTe 1T 9KCILTyaTUPyeMO-
T'O MTOJBMKHOTO COCTaBa Ha cymMmy 12,6 MH
nomtapoB CIIIA;

* 300 rpy30BBIX BATOHOB U 32 TTaCCaKMp-
CKUX BaroHa B Pymbiaunu;

12,7 THIC. TOHH penbcoB B KaHare;

I'padd M. LleHTpansHas AHackas xene3Has aopora B lepy




* 25 MU3ebHBIX JIJOKOMOTHUBOB, 36 BATOHOB
JUTSI TIEPEBO3KU pybl U3 11axT U 40 BAaroHOB-
LKMCTePH U3 SnmoHuN.

Komnanus ENAFER Peru npouuia mo-
BTOPHYIO pecTpyKTypu3aruio B 1976 1., a Kon-
rpecc YyTBEpAWI 3aiiMbl Ha MOJIEPHU3ALINIO
B 1979 . B 310 BpeMs NpOTSKEHHOCTD XXee3-
HomopoxkHOI cetu B [Tepy cocranisiia 1691 k.
Hauunas ¢ 1880-x u no Hayana 1890-x rogoB
YMEHBIIATMCh O0BEMBI ITEPEBO30K M0 TIPUIMHE
WHTEHCUBHOM 2KCITTyaTallu JTUHUIA U HEO-
CTAaTOYHOTO (DMHAHCUPOBAHUS MX COAepKa-
Husl. PeanibHO# nTpo0JieMoil cTala TakxKe Jesi-
TEJTHHOCTH MOJUTUIECKUX IKCTPEMUCTOB U3
rpynnupoBKu «CHUSIIOMUI MTyTh», KOTOpPHIE
JIEICTBOBAIM B OCHOBHOM B TOPHBIX paifloHax
ITepy. I1o sToii mpuuyuHe B 1991 1. 6pUTO0 pU-
HSITO pellieHWe O MTOBTOPHOU MPUBaTU3ALINU
KoMmmaHuu. [ogoM paHee ObLIO 3asBJIEHO
0 TIpeKpalleHU! MacCaKMPCKUX MEPEBO30OK.
Ho rpy3oBbie nepeBo3KM TOXe ChcTeMaThie-
CKM COKpPAIIaJUCh, a AeSITeTbHOCTD XKeJIe3HON
JIOPOTH €KETOIHO MTPUHOCUIA TOJTLKO YOBITKM.
B 1998 1. OGbUIM BBIMOJIHEHBI MOCIEIHUE pe-
MOHTHbIE paboThl W 12 jokomotrBoB U 100
BaroHOB, a Takxke 41 KM TyTeii, 1 B cepeauHe
o1 1999 . komnaHus Obula 3akpbita. [Tan
ObLTM TIepelaHbl HOBBIM BianesnbiiaM. [lepe-
Bo3unk FVCA (Ferrovias Central Andina SA)
HaxOIIUTCS TTOJI YITPaBJIEHEM YaCTHOTO JINIIA
XyaHa nu JIuoca Onasuea (Juan de Dios
Olaechea), koTopomy ObLTa BbIIaHA KOHIIECCUS
Ha OCYILIECTBJIEHNE TIEPEBO30K B TeUEHNUE 0T -
skatmmx 30 net. [Maiimkamu komranu FVCA
aBiasgorcsa: Mitsui, Buenaventura, RDC,
Inversiones Andina u CDC. 3a koMmmnaHuei
ENAFER 0bl1a ocTaBieHa aKCILIyaTalus
y4dactka Apruka—TakHa.

IMepBonavanbHo KommnaHust FVCA ynpaB-
JIsiJIa CJIEAYIOIIMMU XKeJIe3HBIMU JIOPOTaMU:

1) InaBHas nopora Kanbso—Jla-Opoiis,
222 KMm.

2) dopora Jla-Opoiisi—Yankaiio, 124 xm.

3) Betka JIuMa—AHKOH, 37,3 KM, OKOHYA-
TeJIbHO 3a0pollieHa U IEMOHTUpOBaHa B 1965 T,
OHa gBasgiach 4acTblo CTapoii ceBepo-
3amaHoM KeJIe3HOM TOPOTH, B COCTaB KOTO-
poii Bxoauna nopora Jluma—AHKoH—YaHKai,
SKCITTyaTalus KOTOpOl Havajach B 1ekadpe
1870 r. Bo BpeMs BoiiHBI ¢ Ynin ydyacTok
AHKoH—YaHKait ObLT pa3pyllleH YUIuinamMmu
Y HUKOT/Ia He BOCCTaHABINBAJICS.

4) Iopora K ropHOpyITHOMY hrmmany Tuk-
Jmo—Mopoxkoua anuHoi 14,3 kM paborana
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COTJIACHO KOHIIECCHUU, MPEeNOCTaBICHHON
B 1899 1. 1 6bu1a B aKcmutyaTauuu ¢ 1903 .

5) Hopora K ropHoaoObIBatoleMy puina-
1y Mopokoua JutnHoi 18,6 KM Gbliia mocTpoe-
Ha B 1921 1. BKauecTBe OTBETBIICHUS OT IMHUU
Jla-Opoiig—Yankaiio (Ha 205-M KM) BOIM3U
mectHocTu ITavauaka (Pachachaca). baaro-
Japst 9TOMY MapIIpyTy Ha HECKOJBKO KWJIO-
METPOB ObIJIO YMEHBIIIEHO PACCTOSTHUE TTepe-
BO3KU pyAbI 13 MOPOKOUM Ha METAJLTypTrave-
ckuii 3aBon B JIa-Opoiist, 4TO OLLYTUMO CO-
Kpalajo pacXo/bl.

6) KoHeuHbIi MyHKT Ha3HAYEHUS] DCIU-
Hap—Ky3ko (Espinar—Cuzco).

noABUXXHON COCTAB

TlepBble MapoBO3bI HA XKEJIE3HOAOPOKHOMN
cetu [1epy mostBick B 1870 . OHM TTpHOBIIA
n3 CIIIA u 66utn BeITTy1IIeHBI (hripmamu Rogers
u Danforth, a moce 1890 T. mossBIIINCH TaKKe
MapoBO3bl, BhIMylIeHHbIe hrpMamu Baldwin
n Alco. B 1908 1. akcImTyaTpoBaIich mapoBO3EI
tuna NBL npousBonctsa BenukobpuraHuu.
Bospias yacTh BCeX TOKOMOTUBOB — 3TO «CHJTh-
HO» TIOJICP>KaHHbBIC SIMHUIIBI TTOIBUXHOTO
cocTaBa, MPUOOPEeTEHHbBIE B OOJBIIMHCTBE
CITyJaeBy xkeJie3HONopoxkHbIX Kommanuii CLIIA.

OT/IMYUTETHHON YePTOil XKeJIe3HBIX JOPOT
OxHOIT AMepuKy Beeraa ObUTO IpUMEHeHNE
0oJbII0ii HAarpy3KK Ha och — 30—35 T, 3a cU€T
yero odecrieymBaeTcs OOsblIast cujia TATH.
DTO NTO3BOJISIET MPU MPUMEHEHUN YIBOCHHOM
TSITU U aBTOMaTU4ecKoi cienku tuma AAR
dopMUpOBaTH OUYEHB TSIKEBIE TOE3/a, YTO
WMeeT 3HaYeHUE ISl TPY30BOTO COOOIIEHUSI.
Jlv3ebHbIC TOKOMOTHUBBIY, UCTIOTb3YeMbIe
B HACTOSITIIEe BPeMsI TTePYyaHCKUMMU TIEPEeBO3-
YUKaMU, B OOJIITMHCTBE BHITTYIIEHBI (hrpMa-
mu CIOA n Kananel — General Electric,
nonpasnencHueM Electro-Motive Diesel
General Motors (cootBerctBeHHO, GE 1 GM
EMD), a Takxke Montreal Locomotive Works
(MLW). MomiHOCTh AN3eTbHBIX IBUTATECH
JIOKOMOTHUBOB, pabOTAIONINX Ha TIeperoHax,
koneomerca B mpenenax 2000—3000 kB, uro

* Dnexrpuueckas Tsara B FOxuHoit u CeBepHoit AMepu-
K€ MCIIOJIb3YeTCsl B OTPAaHMYEHHOM MaciuTabe — 3To
TIPEX/Ie BCEro MPUTOPOIHbIE XKEIE3HbIE TOPOTH U
CHCTeMa Ha3eMHOTO METPO BOKPYT KPYITHBIX TOPOIOB
TakMx Kak MoHpeanb, ByaHoc-Aiipec niu Can-Ilayny,
Ha TIOCTOSTHHOM TOKe U3 KOHTaKTHOI CeTH (Harpumep,
1,5 kV DC) wiun koHTakTHOTO pebea (600—750 V DC).
HUCKJIIOUEHUEM sBJIsieTcs MarucTpayibHblid myTh NEC

B CLLA, nuHMs Mcniosib3yeMast 1151 BBICOKOCKOPOCTHBIX
noe3noB u Acela Express nepesozunka Amtrak, ¢ nura-
HHMEM TpeMsl BUJaMu MEPEeMEHHOTO TOKa.

I'padd M. LleHTpanbHaa AHACKas Xene3Hasa gopora B lepy



BMECTE C YIMOMSIHYTOI OOJIBIIION HArpy3Koit
Ha ocb u cuctemoii oceit Co’Co’ (Hampumep,
1151 cepurt C30M-3—32 1) siBJisieTcs1 abCOIOT-
HO JIOCTaTOYHBIM, YTOOBI Ba JIOKOMOTHBA
BEJIM TSLKEJbIN Tpy30BOii 1oe3 . JJIOKOMOTUBEI,
KaK ¥ OOJBIIMHCTBO €IMHMIL ITOJBUXHOTO
coctaBa B 00enx AMepuKax, UMEIOT TOJIbKO
OJHY KabuHy MamuHucTta. JIOKOMOTUBBI
1 MOTOPHBIE €IMHUIIBI TOABUKHOTO COCTaBa,
WCITOJIb3YeMble Ha TMEPYaHCKUX XKEJIe3HBIX
Jloporax, nepedumcieHbl B Taba. 2 (CIUCOK
MOXET OBITb HETOJHbBIM).

JIA-OPOMNS — XXEJIEBHO4OPOXXHbIN
Y3EN U METAJINYPIMYECKUA
LEHTP

Mectom nepepaboTKy MeIHOM PYyIbl SIB-
nsercst Jla-Opoiist, ropon B ieHTpe [lepy,
00pa3oBaHHBIM e1I€ B 1533 romy ucraHIamMu,
KOTOpPBIE HAYaJIU B 9TOM palioHe KpyITHOMAcC-
IITaOHYIO TOOBITY [IBETHBIX MeTAJLI0B. OmHAa-
KO TIPOOJIEMBI C BBIBO3OM TOPMO3WJIN POCT
n00b1yr. Bo Bpemsi BOMHBI 32 HE3aBUCUMOCTh
Ilepy cTparernueckoe pactoioXXeHe ropoa
TPUBEJIO K TOMY, YTO OH CTaJl LIEHTPOM Iap-
TU3aHCKOU NEesITeIbHOCTA M MECTOM OJTHOTO
W3 pelaloInX CpaskeHni1 BOMHBI (YakaMapka,
XynuH). Hacrosiiiee Ha3BaHUe CyIIecTBYeT
c 1893 r, a B 1942 1. mectHOCTH Jla-Opotist
OblTa HazmeIeHa TpaBaMu TOPOACKOTO Toce-
nenwst (¢ 1925 . i7sieTcst cTonuiie it TpoBUH-
uuu Aynu). KpynmHomacitabHass mo0srua
MeIHOU pyabl Hadajnach B 1893 r. BMecTe
C 3aBEepIIEHUEM CTPOUTENbCTBA KENE3HOM
noporu u3 JInmsl.

B 1922 . 6T TOCTPOEH MeTauTypruye-
CKUIi 3aBOJI, YHBECTOPOM BBICTYITWJIA aMEPU-
kaHckast kopriopaius Ceppo e I[lacko, ko-
TOpasi yrpasJysiia npeanpusatuem 1o 1974 .,
T.€. 10 HallMOHAJIU3AIMY TocyaapcTBoM. Torma
3aBOJ ObLT BKJIOYEH B COCTAaB KOMIIAHUU
Empresa Minera del Centro del Peru SA, u3-
BECTHOM TakXe mojn Ha3zBaHuem Centromin
[11]. Onnako yxe B 1993 1. ObUTO IPUHSATO
pellieHue O MPUBATU3AINT METAJLTYPTUUECKO-
ro 3aBoma dupmoii Doe Run Peru (Joy Pan
Ilepy), mouepHeii kommmanueit [pymmbsr Renco,
3a 247 muta nomn. CIIA. IMokymnarens moTpa-
i 120,5 ma gosut. CIIIA Ha nprobpeTteHue
3aBoga 1 126,5 murx gosn. CIIIA Ha mHBeCTH-
11y B 3aBoI. [1i110C K 9TOMY HOBBII BiIafiesielt
Ky MenHbiii pynHuk Cobriza (Koopusa) 3a
7,5 mutH pon. CILIA mist obecrieueHusT 3aBoaa
MEIHOU pynoil. MeTannypruyeckuii 3aBof
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B Jla-Opoiiss — rimaBHbII paboTtogaTespb LI
MeCTHBIX kuTeseir. Hapsiny ¢ Metautyprude-
CKMM 3aBOJIOM, B TOpojie pabOTalOT Takxke
3aBOJIbI, MepepadaThIBaIOINe CBUHIIOBYIO
(c 1928 ) u uuHKOBY1O (€ 1952 1) pymy, KOTO-
pble ipou3BoadT 70 ThIC. TOHH Meau, 122 ThIC.
TOHH CBUHIIA U 45 THIC. TOHH IIMHKA. OgHAKO
pacrooXeHWe 3aBOJAOB Ha 3HAYUTEIbHOU
BBICOTE — 3726 M H.Y.M. B YCJIOBUSIX Pa3peKeH-
HOro Bo3ayxa (MeHbllle Kucioponaa, bojee
HU3KOE JaBJICHNE ), BBI3bIBACT OTIPEICIEHHBIC
OrpaHUYEHUS ST IPOU3BOACTBA. MemHast
pyaa B Jla-Opoiis noOGbiBaeTcs ¢ 00JbIINM
KOJIMYECTBOM BPEIHBIX TTPUMeECEid, KOTOpbIe
HEBO3MOXHO YIaJIUTh B TIporiecce (hroTaiuu.
OnHako TeXHoJIoraM yAaaoch pa3padoTaTh
HOBBIE METOJIbI pa3ieIieHUs] U U3BJICUCHUS
METaJJIOB B BUJIE TOOOYHBIX TTPOAYKTOB. 715t
9TOW 1IeTM MECTHBIE TUIAaBUJIbHBIE 3aBOJIBI
BBIHY>KICHBI OBITM aKTUBHO MHTETPUPOBATh-
cs Mexay coboit. Jla-Opoiiss — oJHO U3 He-
MHOTHUX MECT B MUPE, NUMEIOIINX TaKyl0 BO3-
MOXHOCTb. B pesyibrarte 31ech MpoOu3BOIST
30JI0TO U cepedpo, CypbMY, TPMOKCHT MBITITh-
sgKa, BACMYT, KaIMWIA, UHIIWUIA, CEJIEH, TeJUTYD,
CEPHYIO KUCJIOTY U 0JIEyM. DTO CITIOCOOCTBYET
YMEHBIIIEHUIO BEHIOPOCOB BPETHBIX M TOKCUY-
HbIX MeTajutoB. Ho a1t Tpu MeTtammypruye-
CKHX 3aBOjia JOCTAJIMCh HOBBIM BJIaJieTbliaM
«CUJBbHO MOTpEMaHHBIMU». [Ipeabimymuit
XO35IMH He TIPUIaBajl 3HAaYeHUsT MOJIEPHU3a-
uuu. B pesynpraTe paboTa 3TUX 3aBOJIOB
B HAaCTOsIIIee BpeMsT HapylllaeT MHOTUE 3KO-
JIOTUYECKUE HOPMBI, UTO TTPUBOIUT K TIPEBHI-
weHuto ypoHs [TJK (rpeaenbHO OOMYCTH-
Masi KOHLIEHTpAal1s) B BO3IyX€ MbIIIbsIKA B 85
pas, kaamusi — B 41 pas v cBuHIIAa — B 13 pas’.
Bricokast KoHIIeHTpalus CBUHIIA Obl1a OOHa-
pyXeHa U B KPOBU MECTHBIX XMTEJEii,
U B IUTheBO# Bone. Kak ciecTBue, XXuteau
JIa-Opoiist 10BOJIbHO YaCcTO CTPAIAIOT XPOHM -
YECKMMU 00JIe3HIMU IbIXaTeJIbHOW CUCTEMBI

[16].

MEOHASA PYOA: OOBbIYA,
OBOrALLEHUE U SBHAYEHUE
ANd SKOHOMUKUA

YenoBek UCTIOJB3YET MEAb O0Jiee NeCITU
TBICSY JIET, U OHA UTPAeT 0COOYIO pOJib B pa3-
BUTHH HOWBUIN3ALUI (HaIIpuMep, 3IT0oXa

3 [lepeunclieHHbIE XUMUYECKUE DJIEMEHTHI BbI3bIBAIOT

XPOHUYECKUE OTPABJICHUSI, U OTIIMYAIOTCS KAHLIEPOTeH-
HbIM 3 dekToM. OcO000 TOKCUUHBIMU SIBJISIIOTCSI MBIIITb-
SIK M €T0 COeIMHEeHMsI, HATIPUMED, OeNIbIil MBIIIbSIK.

I'padd M. LleHTpansHas AHackas xene3Has aopora B lepy




174%
Z{g’s Ta6smna 2
”®
i JIOKOMOTHBBI MOTOPHbIC €IMHUILIbI MOABV2KHOI'0 COCTAaBa, UCIIOJIb3YEMbIE NEPYAHCKUMU
2KEJIC3HBIMHA 10pOoraMu
= = ~ ©
5 i 2 |5 |E
- g & I
=l = o foe] 0
2 2 2 3 = = = g
= 2 = = =) A 4 = =
g 3 3 = g S S £ S
2 . [} N 13} o 3 gz = S
2 % E < 5 5 | -{ 5} <
5 2 3z 3 S 2 g | 5 s
=% 5} & X o3 S SEEPEN GG o
= O = O /m = SE| =S|~ =
GM-EMD |[GRI2 1953— |[Bo’Bo’ |72 100 1310 | 977 2 | MoauduumpoBaHHbIe KAOUHbI
1968 MallluHUCTa
MLW DL532B 1961— |[Bo’Bo’ |Hz HI 1035 (772 3 MaHeBpOBbIE TOKOMOTHUBHI,
1962 TOJIBKO
1 IOKOMOTHUB B UCTIPABHOM
cocTosiHuU. BTopoii xaét
peMoHTa
MLW ALCO- 1962— [ Co’Co’ | 113 120 2600 | 1940 |1 | IIpuoOpeT€HHBIE KaK HOBbIE
DL560 1998 OT MPOU3BOAUTES
EMD GM C22CW | 1969— |Co’Co’ |92 120 1500 [1119 |2 1 emuHwMIIa CHATA
1974 C 9KCILTyaTallui
EMD SD40-2 1972— | Co’Co’ | 167 105 3000 2238 |2 | OnuH TOKOMOTHUB
SD-40 1989 1 SD-40 umeet Mmoauduipo-
BaHHYIO CUCTEMY OXJIaXIECHUS
3. IBUTATENIS
GE C30 7PA 1976— [ Co’Co’ | 191 113 3000 (2238 |4 | MoauduumpoBaHHbBI
1985 10 IPUYMHE TIPEBBIIICHUS
rabapuTa rpu MPOXOXKIACHUN
yepe3 TOHHeIM MaTyKaHa
u [anepa
GE C30M-3 1976— |[Co’Co’ | 191 113 3000 |2238 |2 TTonsepranuce 1opaboTKe Ha
1985 3aBozie Locomotoras San Luis
B Mekcuke
GE C30M-3 1976— | Co’Co’ | 191 113 3000 [2238 |3 |JIoKOMOTHMBBI, TIPUOOPETEH-
C36-7p 1985 191 113 3600 |2686 |1 |mbie mocie 2000 &, u CHsITBIE
C39-08 1978— HIT 113 3900 (2909 |1 |[coakcruryatTauuu
1989
1984—
1987
GE B39-E8 1983— |[Bo’Bo’ |Hn HIT 3900 [2909 |2
1994
GE C39-08 1984— [ Co’Co’ |Hn 113 3900 [2909 |8
1987
GE C39-8P 1984— | Co’Co’ |Hn 113 3900 (2909 |8 | IIpuobpeTéHHbIC Y KOMIAHUK
1987 Conrail u3 CIUA, monudurm-
POBaHHBIE 13-3a MPEBbILICHUS
rabapuTa rmpu MpoXoXICHUU
yepe3 TyHHeaM MaTykaHa
u lanepa
EMD JT26CW-2B | 1985— |Co’Co’ | 126 120 3000 |2238 |3 | 3amymieHbl B 9KCIUTyaTaLUIO
1995 B utoHe 2020 .
GE C-40CW 1989— [ Co’Co’ |HA 113 4000 |2984 |2 | IloayyeHbl OT epeBO3uMKa
1994 CSX u3 CLIA B mae 2020 .
EMD GT42AC 1999— | Co’Co’ | 120 100 3300 [2460 |Hx
2005
Beyer— HI HIT 1’D HIT HIT HI HIL 1 ITapoB03 OpUTAHCKOIO MTPOU3-
Peacock BOJICTBA; CHSAT C 9KCIUTyaTaliuu
DUEWAG | HI HIT HIT HIT HIT HIT HIT 3 | MoTopHBbIe BarOHBI ISt
AG Oymy1ieit TpaMBaltHOW TUHUM
B JIuma—Yocuka (Chosica)
* BeJIMUMHBI OJTy4Y€eHBI B pe3yJIbTaTe epecuéTa MUIb/4 B KM/4 (Harpumep, 113 km/4 coorseTcTByIOT 70 MUIAM/Y).
Bo’Bo’ o3HayaeT TJOKOMOTHB C JABYMsI IBYXOCHBIMU TeJIesKKaMU, Kaxiasi och - Bemyliast. Co’Co’ 03HavyaeT JIOKOMOTHB
C TpeMsl BelyIlIMMHU KOJIECHBIMU MTapaMu.
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OPOH3BI — 3TO CIUIAB MEAU U CBUHLA). 95 %
Meau, KOTopast HaXOAUTCS B YIIOTPeOJIeHUN
B HacTosIee BpeMs, ObLIU JOOBITHI TTOCIIEe
1900 r. JlaTuHCKOE HaMMeHOBaHUE Meau
cuprum nipoucxonut ot Kumpa, rue e€ nep-
BOHavaJibHO noObIBasK. Hapsiny ¢ mpous-
BOACTBOM 3JICKTPOIIPOBOIOB NaHHBIN Me-
TajJ UCMOJb3YeTCs €IIE UIST MOKPBITUS
KPBIII ¥ U3TOTOBJICHUS BOZOCTOYHBIX TPYO
(20 %) v MpOMBILIUIEHHBIX CTAaHKOB (15 %).
CrouT nogYyepKHyTh, 4To 35 % Meau oT
22,1 muH ToHH (2009 1.) BCero MUpoBoOro
MIPOU3BOJICTBA TTOJyYaeTCs B IMPOIEcce pe-
mukiauHra [14].

Jlerko 3aMeTUTh, YTO OKOJIO TTOJIOBUHBI
BCeil 10ObIBaEMOi1 B MUpe Meau ObLIO MOJIY-
yeHO B Ilepy m Ymiam — oKojo IeBSITH MITH
ToHH (Tabi. 3). PazpaboTrka 3anexeit Meau
OKyTIaeTcsl, ecliv e€ colepXaHue B pyje co-
crasisier 0,5 %, odeHb BHITOJHO HAYMHATH
JIOOBIYY PYABI IIPU CONEPKAaHUU MEIU B pyIe
6osee 2 %. HecMOTps Ha TO, YTO MEIb JO CUX
TTOp HEPEIKO TOSIBJISIETCST B CAMOPOJIKAX, Yaliie
BCEro OHa BCTpevyaeTcsl B BUAE CYIb(pUI0B
U OKWCJIOB:

+ xynput Cu,0 (89 %);

* xanbko3uH Cu,S (80 %);

* 6opuut Cu,FeS, (63 %);

+ manaxut Cu,CO,(OH), (57 %);

+ asyput Cu,(CO,),(OH), (53 %);

+ xanskonuput CuFeS, (35 %),

KOTOPBIE OTINYAIOTCS BBICOKUM COIEeP>KaHM! -
eM MeIu (3a NCKITIOUeHUEeM XaIbKOITMPUTA —
35 %).

OnHOM M3 TIPUYMH TaKOTO OOWIIHUS 3aJie-
xeit menu B [lepy m Ynmm siBiisieTcsT BechbMa
«IOHBIII» BO3pacT AHJ, TJIe IO CUX TTOp eCTh
JIEUCTBYIOIINE BYJIKaHBI. B Tom gmcie JIbo-
Jpgiibsako (Llullaillaco), pacronokeHHbI Ha
rpanuie Ymiam 1 ApreHTHHBI, OOWH 13 CaMIX
BBICOKMX BYJIKaHOB Ha 3emiie (6739 M H.y.M.).
Tam yacTHl 3eMIIETPSICEHUSI, YTO CBUAETEIb-
CTBYET O TOM, 4YTO IIpoliecc (hOPMHUPOBAHMUS
rop euié JajJ€K OT 3aBepllieHus. A ByJKaHU-
YecKMe TPOoIIecChl, KaK M3BECTHO, CITOCO0-
CTBYIOT MEpPEeMEIICHUIO MOPOA U3 HIKHUX
CJIOEB 3eMHOI1 KOPHI B BepxHUe. Meab — aJie-
MEHT ¢ OOJIBIIIEH ITTOTHOCTHIO, YeM HaIlpruMeD,
KpeMHUIA nin amioMuHnii. COOTBETCTBEHHO,
OKWCH 3TUX 3JIEMEHTOB HaXOISATCS B HYDKHIX
CJI0SIX 36MHOM KOPBI.

Homnst MeTalIOB — B BUJE PYIbl VI
B YMCTOM BuUJe — B akcnopTte [lepy ocTaércs
GousiblIO U KoJjiebercs B npeaenax 50 %
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(Tab6ma. 4). lo6b19a MEIHOM PYIBI OCYIIECTB-
JISIeTCSI:

* BTJIYOMHHBIX IIaXTax 3a CUET CTPOUTEIb-
CTBa TJyOOKMX BEPTUKAJIbHBIX CTBOJOB
U 10JI0JIEHMSI TOPU3OHTAJIBHBIX IITPEKOB;

* B KapbepHBIX IIaxTax, JJIs 3ajexXeil Ha
HeOObIINX [IyOUHAaX, TAe pyda 100bIBaeTCs
rnocJje ycTpaHeHUsl CJI0OEB O0e3pyAHbIX CKal;
B Hacrosi1ee Bpemsi 0kKoJ1o 90 % MeaHO pyabl
JIOOBIBAETCSI UMEHHO B KapbhePHBIX II1aXTaX.

Pyma mepeBo3uTcsa KpymHOTOHHAXKHBIMU
rpy30BMKaMU (KapbepHBIMU CaMOCBaJaMu),
3a4acTyio 0e3 BOAUTENS, C UCTIOJIb30BaHUEM
HaBUTAIIMOHHOM CITyTHUKOBO# crctembl GPS.
B MenHoit pyne nHOrma BCTpevyaroTcsl camo-
pOIKHM cepebpa M 30J10Ta, KOTOpble TO0ObIBa-
foTcd Kak B [1epy, Tak 1 B Yniu B 3HAYUTEITb-
HOM KoJjindecTse (Tabi1. 5, 6).

[Tpou3BoaCTBO Meau U3 PYAbI SIBISIETCS
MHOTO3TanHbIM MpoueccoM (Tabi. 7), KOTo-
PBIii COTPOBOXIAETCS BbIICJEHIEM TOKCUYE-
CKOTO OKCHJIa Cepbl, KOTOPBIII MOXET OBITh
WCTIOJIb30BaH, HATIPUMED, JIJIST TPOU3BOICTBA
CEepHOMU KUCIO0ThI. 1151 9TOro nmpoiiecca Heoo-
XOIMMO MHOTO SHEPTIUU JIUISI CO3MaHUST BBICO-
ko1t Temriepatypsl (1200 °C).

Hecmotpst Ha TO, YTO MeNb SIBISIETCS DJIe-
MEHTOM, KU3HEHHO HEOOXOIMMBIM YETIOBEKY
(nHeBHass HOpMa 2—3 MI, MaKCUMaJabHO
10 Mr), B OoJIbllIEM KOJUYECTBE OHA CTaHO-
BUTCS sI0M (Harpumep, JeTajabHas 103a
cynbdata meau coctanisieT Bcero 30 ).

Cepebpo 1 30JI0TO, KOTOPBIE YaCTO «CO-
MTPOBOXIAIOT> METHYIO PYIY, HE TOKCUYHBI®
I yenoBeka. Ho B mpoliecce ux mo0bdmn
¥ OYKMCTKH B 3HAUUTEIBHBIX 00bEMaX IMprMe-
HSIOTCSI, B TOM YHCJIe, PTYTh U PACTBOPHI
UaHUCTOTO KaJWsI WKW HATPUSI, KOTOPHIC
SIBJITIOTCS OYEHb CUJIBHBIMU IIaMu (JIeTallb-
Has no3a coctasisier 50—100 mr KCN wimn
NaCN nns B3pociioro yejnoneka). [1o aToit
MPUYMHE J00bIYa TIEPEUNCICHHBIX TPEX Me-
TaJJIOB TPeOYeT CTPOroro cooioaeHus1 6e3-
OIACHOCTHY Y TUTHEHBI TPy/a.

DHepreTuka B [lepy oTamyaercs mmupo-
KUM HCITOTb30BaHUEM ruapoaHepruu (26 %)
YW BHEPrUM U3 MpHUpoaHOro rasa (25 %)
(Tabu. 8). Ha 3aBonax, mepepabdaTblBarolIX
DYy, UCITOJIB3YETCSl DJIEKTPOIHEPTHsl, BbI-
pabaTbiBaeMast TUAPOIIEKTPOCTAHIIUSIMHU,
YTO KaxKeTCsl CAaMUM TIPOCTBIM PEIIeHUEM.

® CoeqrHeHNS cepedpa SABISIOTCS TOKCUUECKUMU TS
MHKPOOPTaHU3MOB.
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Z{E ' Tabmmna 3 Tadauna 6
i IIpounssoacTeo memu [2] IIpon3BoacTBO 30710Ta [2]
“ Mecro | locynapctBo/ | 2017 & | 2018 & | 3aacel Mecto TocymapctBo/ [2017 | 2018 & | 3amachl
B peii- | Pernon O LTS B peii- Peruvon —
TUHTE TUHIC
Mup 20,00 20,67 830 Mup 3181 3261 | 54100
1 Yunn 5,50 5,80 170 1 Kuraii 426 400 2000
2 Iepy 2,45 2,40 83 2 ABCTpasust 301 310 9800
3 Kurait 1,71 1,60 26 3 Poccus 270 295 5300
4 CIOA 1,26 1,20 48 4 CIIA 237 210 3000
5 Konro 1,09 1,20 20 5 Kanana 164 185 2000
6 ABcTpanust 0,86 0,95 88 6 Iepy 151 145 2600
7 3amobus 0,79 0,87 19 7 IOAP 137 120 6000
8 Mexkcuka 0,74 0,76 50 8 Tana 128 130 1000
9 Poccus 0,71 0,71 61 9 Mexkcuka 126 125 1400
10 WHpoHe3ust 0,62 0,78 51 10 V36ekncran 104 105 1800
11 OcrasnbHble 4,25 4,40 210 11 OcrayibHble 1137 1236 | 19200
CTpaHbl CTpaHbl
LEITIIEN DIEeKTPOIHEPTUS UCTIONb3YeTCs, MpexIe
Joas metajuios B 3kcnopte Ilepy (2018 1.) [13] ?
BCEro, B Mpoliecce AJIEKTPOIUTUYECKOrO pa-
QDTG TS & o7 fggf " ¢unuposanus mean. ComepxaHue Meau
CLLA B pyJe, Jaxe mocse o0oraiieHus, COCTaBIsSIeT
53,5 100,00 TOJBKO 2 % (Tabia. 7), MO3TOMY BBITOJHEE
Pynbi Menu 11,2 20,93 rnepepadaTbiBaTh Pyay Ha MecTax e€ J0ObIUM,
301010 6,86 12,82 YeM TPaHCIIOPTUPOBATH €€ TT0Ee3I0M Ha 3aBO-
PacbunnposanHas Meip, crina- | 2,16 4,04 JIbI, KOTOPbIE HAXOASTCS B TOJIMHAX, HATIPU -
BBI MEJIU U MEJIHBIE IPOBO/IA Mep, B JIuMe, T/ie KOHIICHTPUPYETCS TIOUTH
Pynbl uuHka 0,81 1,51 MOJIOBMHA MPOMBIIUIEHHOTO MPOU3BOACTBA
Pynbi cBunIa 0,85 1,59 IMepy. Kak ObUTO cKa3aHO BHIIIIE, TIJIOTHOCTh
CrIpoii IMHK 1,984 3,711 MeIH BBICOKAS, OOJIBIIIE UeM Y KeJIe3HBIX PYII,
Pynpr xenesa 0,744 1,39 TTO3TOMY BaroHbl HY>KHO HATIOJIHSTh HE TIOJI-
LiBeTHbIC MeTaJLIbl, ChIPbE 0,697 1,30 HOCTbIO, 1a0bl HE MPEBBLICUTH JOIMYCKAEMYIO
Pynbl MonuGnena 0,631 1,18 Harpys3Ky Ha OCb.
ChIpoe 0JI0BO 0,256 0,48
Cepedpo 0,355 0,66 3PHECT MAJINHOBCKUM
Wroro 26,55 49,62 U FEHPU MEMNITC - BbIJAIOLLMECS
Ta6mua 5 JINHHOCTU
TIpou3BoacTso cepedpa [2] JIBe TMUHOCTH, 6€3 KOTopbIX LleHTpasibHas
Mecro | locynapcreo/ 2017 | 2018 . | 3aMachl Kemestast iopora l:[ep y He Gka Gl nocrpoe-
B peii- | Pervon — Ha, 9TO — MOJbCKUI MHXXeHep DpHecT Manu-
TUHIE HOBCKMI M aMEPUKAHCKU I IPEAITPUHUMATENb
Mup 26,8 27 560 Tenpu Meiirrc. Ux 3HaHus, CMeJIOCTb, MHOT A
1 Mekcuka 6,11 6,1 37 JlaXxe 1ep30CTb, YMEHUE pacrioyiaraTb K cede
2 Mepy 4,30 4.3 110 JIIOJIEH ClieIain BO3MOXHBIM CTPOUTEIBCTBO
3 Kuraii 3,50 3,6 41 3TON YHUKAJIBHOM Xene3Hoi noporu. [1pume-
4 Monbuia 1,29 1,3 110 HEHHbIE TEXHUYECKUE PELLIEHUS, HECMOTPS Ha
5 Y 1,26 13 26 CJIOXHBbIe penbedHble U KIMMaTU4YeCKue
6 Bosnusus 1,24 1,2 22 YCJIOBMsI, BBI3BIBAIOT BOCXUILIEHUE 1O CUX TTOP.
7 ABcrpasust 1,20 1,2 89 Tem Gosiee, 4TO BCe CTPOUTENIbHBIE PAOOTHI
8 Poccus 1,12 1,2 45 BBITTOJIHSUIMCH OOBIKHOBEHHBIMU JIOMIATAMU,
9 CLIA 1,03 0,9 25 KMPKaMU, OAHOKOJECHBIMU TauyKaMH, a caM
10 ApIeHTHHA 1,02 1,1 bd. MPOEKT ObLIT pa3paboTaH Ha YEPTEXKHOM T0CKe
11 OcrasbHble 4,77 4,8 57 C MCTOJIb30BAHMEM KapaHallla, YePTEXKHOTO
CTpaHE! TPEYTOJIbHUKA U JIEKAJIA.
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ITepepaboTKa MeaHOI PyIBI

Tabumua 7

Oran Tporuecc OnucaHue mpoiecca XuMuueckasi peakius TTpumeuanus
00JIeH1E CopaepxaHue Meau
Ap JpoGieHue pybl AED: A
1 ¥ U3MeJbyue- — B IMOPOILIKE COCTaB-
B KPYIHBIX IIIAPOBBIX MEJIbHUIIAX
HHe nset ~2 %
CwmenBaHue pyIbl ¢ MapauHOBBIM
MacJIOM C LIeJIbIO MOJydYeHUs ruapocdoo-
HOM MOBEPXHOCTU MUHEPAJIa U BOISTHASI
ConepxaHue Meau
BaHHa ¢ IeHooOpa3oBaTe/IeM. o
[ennast . B IOJIy4aeMoii
2 3a cuéT 3aKaurMBaHUs BO3ayXa IeHa —
doTarus Macce COTaBIsIET
CcOOMpaeT YacTULIbl MUHEpaia 25 %
~ 0
Ha TIOBEPXHOCTH BOJIBI, B TO BpeMsl Kak
0Oe3pyIHbIE OCTaTKM MaJaloT Ha THUIIIE
pesepByapa
OOxHraHue KOHLIEHTpaTa pyjbl, U3BJie-
YEHHOTO B TIpoIlece TIEHHOM (uioTauu,
T.€. IpeoOpa3oBaHue 00oralEHHOM 2 CuFeS,+30,—>2
3 O06xuraHue 2 2
PYZBI MEIU B CMECH CYTb(UIOB MEAN FeO +2 CuS +280,
[IpY TeMIIepaType Tokcnunbrii SO,
500—700°C MOXKET OBITb MC-
TIOJIb30BaH
KanblmHaT nojorpeBaeTcs 10 TeMIiepa- LTSI IPOU3BOLICTBA
bl > 1200°C ¢ drocamu, Harpume .
R g(?) uin CaCO (bB e3 nb;aTe opGpa3p: FeO + 8i0, > H.S0,
4 C BBOIOM 2 » B DE3Y. Y | FeO-Si0, (uak) Cu,S
eTcsl 11IJIaK, KOTOPbIi JIEFKO 0TOOpaTh, 2 2
(mocos = 5 +0,—-2Cu+S0,
¥ MEJIHBII IITEWH, T.€. CyJbdUI Xene3a
u cynbhua Mmenu
IlepepaboTka .
KOII)-[;)C TE 2 02 o SIOZ JLtst mojrydeHust
prep OxkuciieHre MeIHOro mrTeiHa B maxt- | — 2 FeO-SiO, + 2 SO v
5 HOTO LITeHA N 2 2 | MeIU NPUMEHSIETCS
HOI TIeun CuS+0,-»2Cu
B KOHBEPTOpP- 2 + 520 osnucrep
HYIO MEb 2
TTpouecc pa3aMBKY OCYILIECTBIISIETCS
pouece p ocym Yucrora nojyyeH-
PaznuBka B KapyceJIbHOIi MallluHe. -
6 — HOIi MEJIM COCTaB-
Meau IToBepXHOCTb aHO/Ia COCTABJISIET OKOJIO
1o ssiet 99 %
TTporuecc ocyuiecTBsieTcst
B 2JIEKTPOJIMTUYECKOM OUYUCTHOM
pesepsyape B pactBope CuSO, + H,SO,
BDJeKTpo- (200 A, 1,3V) anod: Cu — Cu?" + Yucrora nosty-
7 JINTUYECKOE ¥ 3aKJTI0YAETCS B DJIEKTPOJIUTUUYECKOM 2e” YEHHOI MeIn
paduHuUpo- pacTBOPEHMU aHO/Ia Y OTHOBPEMEHHOM katod: Cu** +2e — COCTaBJIsIeT
BaHUE OCaXIEHUU KaTOIHOM MeIM Ha THUILIE Cu 99,99 %
pesepByapa; HepacTBOPUMBIiA LI1aM
conepxut Au, Ag, Pt u Sn (st ucnosb-
30BaHUsA)

HcTouHuK: pa3paboTaHO aBTOPOM CTAThU.

OpHect Manunosckuit (1818—1899) po-
JIAJICST B OoraTtoii MBOPSTHCKOM ceMbe Ha Bo-
JIBIHU (ero Sl co CTOpOHbI MaTepu ObL1 [To-
JoJIbCKUM BoeBooi) [ 1; 7]. Cembe ManuHoB-
CKUX TIPUHAJIEKAI0 IToMecThe B PoxkuaHoit
Ha [lomoJie, kKoTopoe ObLIO KOH(PUCKOBAHO
IIAPCKUM TIPaBUTETBCTBOM TI0CTIE HOSIOPHCKO-
ro BoccraHus. Y DpHecTa ObLIM aABa OpaTa
U cecTpa — crapiiue cectpa JlIeoHTrHa (ymep-
na o 1831 ) u 6par Pynonbgd, a Takxke Miaj-
it 6pat 3urmyHa. B 1827—1831 rr. roHbIM
OpHecT yuuicsa B KimieMeHellKoM Julee.
TTocne Hos6pbckoro Bocctanus 1831 roga,
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B KOTOPOM ydyacTBOBaJIM Opat Pynoabd (BcTy-
MU B TIOBCTAHYECKYIO apMuIo) U oTell AKy0
(6bLT IOCIOM ITOBCTAHYECKOTO ceitma), OpaThsi
DpHecT U 3UrMyHT ¢ MaMoii (AHHOI Manu-
HOBKcoIt) yexanu B [anuiuio. [Tocne nmogas-
JIEHUST BOCCTaHUsI AHHA BMECTE C MJIAJIIINM
CBIHOM 3UMTMYHIIOM BepHYJach Ha BoJbIHb,
B TO BpeMsI KaK OTEll C IByMsI CbIHOBBbSIMU
(DpHectom u Pynonbdhom) yexanu B [lpe3neH,
amtotoM B [Tapuxk. Bo @paniiumn DpHecT npo-
JOJKUIT YUeoy B «JIuuee JlronoBuka Benuko-
ro» (Lycée Louis-le-Grand) B [Tapu:xe, a nmo-
TOM B 3HaMeHUTOU «[lonuTexHUYeCcKOi

Ipadd M. LileHTpanbHaa AHOckaq xenesHas aopora B [epy




Tab6auna 8
Bananc neppuunoii 3Heprun B crpanax FOxkuoii u Ilenrpanabnoii Avepuku (2019 r.)
Hedtb las Kamennsrii ATOMHbBIE BonHbie anext- BUD
yroiib 3JIEKTPOCTaH- | POCTAHLIUK
107071

ApreHTrHa % 34,3 49,4 0,7 2,2 9,5 4,0
Bpazunus 38,1 10,4 5,3 1,2 28,7 16,3
Y 45,8 14,1 17,1 — 11,2 11,6
DKBagop 66,8 3,1 — — 29,7 1,0
Konymb6ust 36,5 25,2 13,4 - 23,9 1,1
Iepy 43,7 25,8 1,9 — 24,3 4,6
TpuHunan 11,6 88,9 — — — 0,0

u Tobaro

Benecyana 31,7 42,7 0,1 — 25,3 0,1
OcrayibHble 62,2 7,7 5,5 - 17,8 6,7
Bcero 41,4 20,8 5,2 0,8 22,3 9,5

Hcrounuk: BP Statistical Review of World Energy, 2019.

3pHecT ManuHoBckui

mxone» (Ecole Polytechnique) u B «Harmo-
HaJIbHOIl LIKOJIe MOCTOB U mopor» (Ecole
nationale des ponts et chaussées). [ToayuuB
JTUTUIOM MHXeHepa, MaJlMHOBCKUII Haval
paboTaTh Ha CTPOUTENTLCTBE XKeJIe3HOM TOPOTH
«[Mapmx—TaBp» B 1838 1., a B 1839 1. yuacTBoBan
B CTPOMTENLCTBE JOPOT U TOpTa B AJDKMpeE.
[TpuHuman yyactue B pabotax Ha peke Maac
BO3JIe TpaHUIIbI ¢ benbrueit, a Takke B paboTax
TTO YAIYUIIIEHHIO CYTOXOIHBIX YCIIOBUI Ha peKe
[ep. FOxxHOAMEpUKAHCKUI MTepUOJ KU3HU

ManuHoBckoro Hadayica B 1852 1., Korga oH
3aKTI0OYAJT CEMUJIETHUN TOTOBOP O «TPYHO-
YCTPOICTBE B Ka4eCTBE MPABUTEIILCTBEHHOTO
nrxenepa» B [lepy, ms [10]:

* pa3pabOTKU MMPOEKTOB JOPOT U MOCTOB;

* HaI30pa HaJl BHITTIOTHEHUEM CTPOUTETh-
HO-MEJIMOPAIIMOHHBIX MHBECTUIINIA;

* COCTaBJICHUSI TOTIOTpahUIecKUX KapT;

* 00y4YeHUsI MECTHBIX TEXHUUECKUX Kall-
pOB.

B I[epy ManuHoOBCKUIT OTIPaBWICS Ha KO-
pabste, BMecTe ¢ AByMsT (hpaHITy3CKUMU MHXKe-
Hepamu — DmwteM Llesanbe u [Hapiem Ppa-
rertoM. Ha mecte oH opraHM30Baj MEPBYIO
TexHuuyeckyio mkony — Escuela Central de
Ingenieros Civiles 1 opraHu3zaimio, 00beTUHSIO-
mymo nHxXeHepoB — Comision Central de
Ingenieros Civiles. [TepBbiMu pabotamu, B KO-
TOPBIX MIPUHSIT ydacTue MaTuHOBCKUM, ObLIU
TIPOEKTHI MOIIICHUSI YIIUIT U TUIOIIAaeit B Ape-
KUTIE 1 MOJIEPHU3AIIMsT KAMEHHOTO MocTa M-
3aKy4aka (Izacuchaca). JloroBop ObUT IpOmIEH
ManuHoBckuM einé Ha Tpu rofa B 1858 . [ep-
BBIMU XeJIE3HBIMU JOPOTaMU,, KOTOPBIE TIPOCK-
TUpoBa DpHecT ManmHoBCcKuMit ObITH [ 3]:

» [Mucko—MUxa (74 xm) B 1859 1., BMecTe
¢ Mapuo Anneonom u [epputom bakycowm;

* Yumbore—Yapas (277 km; ObLIO TTO-
CcTpoeHo Juib 136 KM 1o puYnHe hUHaH-
COBBIX 3aTpyIHEHMIT) B 1864 I., COBMECTHO CO
CtuBenom Kpocou u /. H. [Magauconowm.
Pa3Huiia ypoBHeE Ha 3TOI 1OPOTe COCTaBIIS -
et >3000 M. 3. ManvHOBCKUIA BBHITIOJHSLI
TaK>Ke Han30p 3a paboTaMu.

Bo Bpewmst BoliHbI 32 He3aBUCUMOCTH [1epy
¢ Ucnanweit B 1866 . ManuHOBCKUI ObUT
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Ha3HauyeH TJIaBHBIM MHXeHepoM B ropTy Ka-
Ibs10, TOe BMecTe ¢ Penunmne ApaHcuboit
u Xoce KopHenro bopaa moarotroBu poekT
yKperuieHus mopta. OH y4yacTBOBal U B 000-
POHe TopTa, cpaxasich Ha Bajiax hopra CaHra-
Po3za. Ilpu 3amute nopra MaauHOBCKUA
MPUMEHNIT MHOXECTBO HOBAaTOPCKUX MHIKE-
HepHBIX petieHnit. OH UCITOTb30Bal KPYITHO-
KaumbepHbIe MyITKU, KOTOPbIE OCTAINCH e111é
nocne I'paxgaHckoit BoiiHbl B CIIA. Ux
OCHACTUJIM OPOHEN M pa3MECTHIIN Ha KeJle3-
HOJIOPOXKHBIX TuIaTopMax, YTOOBI MTyIIKN
MOTJIM JIETKO MEHSATh CBOE MOJIOXKEHUE. DTO
3HAYUTETbHO YBEJIUYUIIO TMOJBUXKHOCTD ap-
TUJUIEPUM U CO3IaBAJIO y TIPOTUBHMKA BIT€YAaT-
JIEHWE, YTO y 0OOPOHBI OOJIbIIIE OPYANI, YeM
Ha caMoM jeJie. B 3HaK mpu3HaHUS 3aciayr
DpHecta MaanHOBCKOTO Tepesl HapoaoM
Tlepy, oH TTOTyYWT TUTUIOM, MENATh U TIOYET-
HOE TPaXKIaHCTBO.

CambIM OOJTBIIIMM AEJIOM XXMU3HU UHXEHepa
MaJIMHOBCKOTO OBLIO YyJacTHe B IPOEKTUPOBa-
HUU U CTPOUTENILCTBE LIeHTpasbHOM Xesle3HOM
noporu [epy. B 1868 . oH Havas1 cOTpyIHUIECTBO
¢ Tenpu MeiirrcoM, npeanpuHUMaTeIeM U3
CIIIA, KoTopblii OJYYMJT 3aKa3 Ha pa3padOTKy
TEXHUKO-IKOHOMUYECKOTO OOOCHOBAHMSI XKeJIe3-
HOIi TOPOTY 1 TOPYY I 3Ty 3a1ady O. MaaruHoB-
ckomy. [Tocnie Habopa KOMaH bl 1 BOCbMU MeCsI-
1eB paboThl B amnpesie 1869 . ManiMHOBCKUA
nepenan I. Meiirrcy noapoOHbliii oT4eT. U yxe
B fiekaOpe 1869 L. ObUT 3aK/II0YEH (TOBOPSIT, YTO
0e3 B3ITOK He 000ILIOCh) TOTOBOP MEXKITY KOM-
naHueit I Meiirrca u npaButenbcTBoM Ilepy
o cTpouTebeTBe LleHTpaibHOM XKeJle3HOM 10pOo-
U, KOTOPYIO JOJDKHBI ObUTH TIOCTPOUTD B TEUEHHE
mecTr jieT 3a 27,6 MJTH Tieco (~ 22 MJTH I0J11apoB
CIIIA). 3. ManrHOBCKOMY KaK IJIABHOMY WH-
JKeHepy ObUT ITOpyYeH Hai30p Hajl CTPOUTEITb-
CTBOM JIuHUK. TOYHO OBLTO MPOITMCAHO, YTO:

* CTOMMOCTB CTPOUTENIBCTBA JIOPOTH TTPO-
(bmHaHCHUpYeT MepyaHCKOe TTPaBUTEIbCTBO,
a pacyér ¢ UCTIOJIHUTENIIMU Oy/IeT MPOU3BO-
JIUTHCS TIYTEM TTepeaur KyTIOHOB C TOMOBBIMU
MPOIIEHTAMH;

* BBITIJIATa BO3HATPAXICHUI MHKEHEepam
U pabouunM ocyuiectsisiercs I. MeiirrcoM us
ero (hoHI0B;

» kommaHusd [. Meirrca BBIKYIUT y 4acT-
HBIX BJIAJIEJTbIIEB 3eMETbHBIC YIaCTKHU, PACITO-
JIOKEHHBIE Ha Tpacce Oyaylieil Xene3Hoit
JIOPOTH;

* MPaBUTEJIHCTBO MIepeaacT 0e3BO3ME3THO
rocyaapCcTBeHHBIE 3eMeJIbHbIE YUaCTKH.

® MWP TPAHCIMOPTA, Tom 18, N2 6, C. 272-303 (2020)

l'eupu Mevirrc.

Pa6otsl Hauanuck B siHBape 1870 r, 1 Ha
MEePBOM 3Tare MpPU CTPOUTEbCTBE ydyacTKa
JIOpOTH Yepe3 AoJUHY peku PumMak Bcé 1uio
6e3 3arpyaHeHuit. CJI0KHOCTH Havyaluch Ha
54-M KM Ha BbicoTe 860 M H.Y.M. Ha CTAHLII
Yocuka (Chosica), riae HauMHaJICs TOPHBIi
penbed. Cpenu HaHSTHIX pabOYUX B OCHOB-
HOM OBUTH TTIepyaHCKWe UHACHIIBI, YUTUIIIBI,
KWATaWCKKUE KyJIU, UTATbSIHCKAE SMUTPAHTHI
U appoamMepuKaHIIbl, B OOLIEM UTOTe OKOJIO
JIeCSITU THICSIY 4YeJoBeK. D. ManuHOBCKUiA
JIMYHO BBITIOJHSLI HaA30p 3a paboTaMu, BEN
OyXraJITepuIo, HAMPSIMYIO YCTAaHABIUBAJ CBSI -
31 C MOCTaBIIMKAMU MOABUXHOTO cOCTaBa
U CTPOUTEJBbHBIX MAaTEPUAJIOB, a TaKXXe Ha-
Oronait 3a obecrneyeHreM COOTBETCTBYIOLIUX
YCJIOBUM TpyJa U CBOEBPEMEHHOM BBITIATOM
BO3HArpaXkIeHW I HAaHSATHIM JIIOJISIM.

[Topoit OH TMYHO TTOTHUMAJICS Ha KPYThIe
TOPHBIE CKJIOHBI, YTOOBI 00ECTICUNTh TEXHU-
YecKoe penieHue TOTO WM MHOTO BOIpOCa,
WIN CITyCKaJICS IO KaHaTy B MPOIACThb, 1a0bl
00cyieqoBaTh MPOYHOCTh MOYBBI B MeCTax
YCTAaHOBKM MOCTOBBIX OBIKOB. OH cUUTAJI Ce0sT
YacThI0 KOMaH/Ibl — paboTa, el v criaja BMec-
T€ CO BCEMM, BMECTE CO BCEMU CTPaJasl U OT
CJIOXXHOTO TMEePYaHCKOTO KJIMMaTa: THEM —
>Xapa, a HOYblO — MOPO3BbI.

B 1874 . mpaBUTEIHCTBO TPUOCTAHOBUIIO
¢uHaHCUpOBaHUE CTpOUTEIbCTBA. Toraa
I. Meiirrc u 8. ManuHoBcKuit ctanu hruHaH-
CUPOBATh JOPOTY U3 COOCTBEHHBIX (POHIOB.

MHHOBaIIMOHHBIM TEXHUYECKUM PEIIeHM -
€M Ha 3TOli JOpOre SIBJISUIMCh TaK Ha3bIBaEMbIe
3UT3ard U peBepchl, T.€. JBOMHAs CMEeHa Ha-
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JlokomoTusbi cepun GE C30-7 N2 1008 + 1009 Ha cTanbHOM MOCTy mexay Puo bnaHko
(134-vi kM, 3506 M H.y.M.) u CaH-Marteo (14.07.2013 r.). PoTorpagus Kabelleger / D. Gubler.

MpaBJIeHUS TBUXKEHUS, KOTOPbIE MO3BOJISLIU
COXpPaHUTh MaKCUMAITbHBIN YKIIOH 40 %o mist
XKeJIe3HOAOPOXKHOM JIMHUU. DTO ObLI Brieyar-
JITIOLIMEI yCMeX, Mocje KOTOPOro DpHecT
ManmHOBCKUI ObLT TTPU3HAH BHIIAIOIIMCS
WHXEHEepOM, 0 YEM MUcaIu TeXHUYECKUe
KypHaisl B [Tepy u o Bcemy mupy. [1epBbrit
yyacTok lleHTpalbHOM Xeae3Hol Aoporu
MPOTSKEHHOCTHIO B 141 kM Mexny Kanbsio
u Yuxna (Chicla) 6bUT OTKPBIT 17151 9KCILTya-
Tauuu B Mae 1878 . MalTMHOBCKU TeM Bpe-
MEHEM yexall B COCeIHUI DKBaaop, Iae yJya-
CTBOBAJI B CTPOMTEIBCTBE XKeJIe3HOI0POKHOMU
guHuu [yasgkunb—KuTo, B TOM yMcie yyacT-
koB Ynm60 u Cubambe (Sibambe), pacnoso-
JKeHHBIX B TOPHBIX YacTsx 3amaaHbix Kop-
auibep. B 1879—1881 rr. B Ilepy 1u1a BoitHa
¢ Ywiu, mo 3Toif MpUYMHE CTPOUTETHCTBO
KeJIe3HOU NopoTu ObLIO MPUOCTAHOBIEHO.
B Ilepy ManuHoBckuii BepHysics B 1886 T,
YTOOBI BMECTE C APYTUMHU TMOJTLCKUMU IMU-
rpantamu B. @anpkepckum u K. Bakyibckum
y4acTBOBaTh B CTPOUTEJIBbCTBE XKEJIE3HOI0-
poxHoit tuauu Tapma—Jla-Mepcen. B 1890 .
ManuHoBckMii cTal naiiukoM IepyaHckoit
Kopnopanuu, 06pazoBaHHOI, B TOM YUCIE,
C LeJIbIO 3aBepllieHUus1 cTpouTeabcTBa LleHT-
panbHOI AHICKOM Xese3Hou qoporu: B 1893 1.
ObUT TOCTPOEH ellé OAUH (0OYeHb Ba>KHBIN)
y4yacTok 1o cranuuu Jla-Opoiis.

OpHecT MaJMHOBCKUI ObLT HE TOJBKO
BBIIAIOIIMMCSI UHXEHEPOM, OH ObUI OYEHb
TaJaHTJUBBIM OopraHu3aTopoM. MHxXeHep
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MaJIMHOBCKMI 9acTO OBIBAJI CPEeIU ITUTHI
obmecta Ilepy, 60oraTbix U BIUSTEIbHBIX
Joneii. ZKwui B aieraHTHON rocTuHule B JInu-
Me, BEJT OTKPBITHIN JJOM, B KOTOPOM TIPUHUMAJT
MHOTO TOCTeil, HaHUMaJT (hPaHILy3CKOTO T10-
Bapa. YacTo mpumiaiancs B 1oMa BBICIINX
cJI0€B ob1ecTBa. MaTMHOBCKUI 3aHUMAJICS
GUIaHTPONMMYECKON NesSITeTbHOCTIO. BhlI
aBTOpOM ABYX KHUT: «JleHbru Ilepy», JIuma,
1856 . u «llenTpanbHast AHICKAs XeJle3Hast
nopora Ilepy», JIuma, 1869 r.» (La moneda en
el Péru u Ferrocaril Central-Transandino),
a TakKe HECKOJIbKUX CTaThEM TSI MHCTUTYT-
ckoro «IIlaxtépckoro 6romtereHs» (Boletin
de Minas). MaauHOBCKMIA ObLI OOJBIINM
IIEHUTEJIEM KJIaCCUYECKOW M COBPEMEHHOM
JIATEpaTyphl.

CTOUT OTMETUTH, YTO DpHECT MaIMHOB-
CKMWI1 BCeraa crapajcsl MOMOTaTh MOJTbCKUM
amurpantaM. OH ycTpowJ1 Ha paboTy WHXKe-
HepoB: A. babuHckoro, B. ®onpkepckoro,
. Xabuxosa, B. Kitoreposa, A. Me4YHUKOB-
ckoro u K. Bakynbckoro. [Tomoran 6uosoram
K. HUenvckomy u N. CeMupan3ckomy.

VYmep OpHect ManuHoBckuii B 1899 1. oT
nHdapKTa, OB TOXOPOHEH C TTOYECTIMU Kak
HallMOHAJIBHBIN repoii Ha Kinagouuie «[Tactop
Martuac Masctpo» (Presbitero Maestro)
B JIume. B 1999 r. BOu3u craHuuu Tukiauo
OBUT OTKPHIT MaMATHUK DpHecTy MaauHOB-
CcKOMY. ABTOPOM MaMSITHMKA CTaJl U3BECTHBIN
nojbckuii ckynbnTop [ycras Kazumex 3emia
(aBTOp 3HAMEHUTHIX « KPBIJIbEeB», YCTAHOBJIEH-
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MapoBo3 c konécHowi napoii wupuHel 914 mm npoussoacTea pupmbi Baldwin nz CLUA Ha ctaHumn YaHkario
(20.03.2010 . ). ®ororpacgus N. Oberg.

Hbix B KatoBuuax). [laMaTHUK ObLIT cienaH U3
rpanuta B [lonpiie. Ha HEM HamucaHo Ha
WCITAHCKOM M TIOJIbCKOM SI3bIKaX: JpHecm
Manunosckuii, 1815—1899. Iloavckuii unice-
Hep, nepyauHcKuii nampuom, 2epoii 000pPOHb!
Kanvso 1866, cmpoumens Llenmpanvrolii jice-
A1e3H0I dopoeu.

Tenpu Meiirrc (1811—1877) ponuncs
B Karckure (Catskill), B mrare Hpio-Mopk
B CIIA, 6611 TpeTbUM U3 AeBSATH Aeteit Mnaitu
n ®ennn Meiirrcos [9; 12]. Otent yrpasisa
Bep(dbI0, B KOTOPOIT HAUMHAJ paboTaTh U MO-
snonoit ITenpu. Ho cTtaB caMOCTOSITENbHbBIM,
TeHpu pelnt 3aHSITbCS TOPTOBIIEH IpeBecU-
HOM. Ycriexa He 100uIICs, IBa pa3a 00aHKpPO-
tuicst. Korma mosiBunach mHbopmalyst o 3a-
Jiexxax 3o70Ta B KanudopHum («3o5o0tas au-
xopaaka») B Havajne 1850-x, Meiirrc otmpa-
BUJICSI B JAPYroid KOHEIN CTpaHBb
B Can-®paHIiucko Ha KopabJie, rpy>KEHHOM
npeBecuHoit. Toraa ei€ He ObLIO Xele3HOM
JIOPOTH BOKPYT, Takke Kak 1 [laHamckoro
KaHaya’. MeirITc MpaBUJIbHO paccuuTall, 4To
JUTSI CTPOMTETHCTBA HOBOTO rOpojia IpeBecuHa
MOTpedyeTCst cpa3y v B OOJTBIIINX KOJTMIECTBAX.
Ero pacuértsl onpaBaaiuch (IpUObLIb OT pea-
JI3aIMU APEBECUHBI ObLJIa TIOUTH JIBaIIIATH -
kpaTtHas). Ha 3apaboTaHHble 1eHbIU, HA Ha-
oepexHoii North Beach, Meiirrc moctpou
CKJ1aj, JeCOMUIbHBIN 3aBOA, U Bep(db, YTOOBI

"ToctpoeH B 1904—1914 rr., a opuIIMaIbHO OTKPBIT
B1920r
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3aBO3UTh U 00padaTHIBATh JIeC U TPEIOCTaB-
JISITh TIOPTOBBIE YCIYTU. BhIcoKuii cripoc Ha
JIPEBECUHY COXPaHsLICS, TaK KaK TOPOJ TIPO-
JoJIKajl pa3BUBATHCS, TTOITOMY KOMIIAHUS
Tenpu Meiirrca yyBcTBOBasia ce0si XOPOIIIO.
Ho Ienpu Meiirrc npociaBuics emeé U Kak
3HAMEHUTBI OPaTOp M TAJTAHTJIUBBIN OpraHu-
3aTOp, MTO3TOMY OH PEIINJI CTaTh TOPOJICKUM
nenytatoM. B 1853 . Meiirrc peun noctpo-
WTb ITUPC, YXOASIINIA B Mope Ha 650 M. MHBe-
CTUILIMST 0Ka3aJI0Ch TTPOBAJIBHOM ITO TIPUYMHE
CHJIBHBIX MOpCcKUX TeueHmil. Ko BceMy «30-
JIOTas TMXOpaaKa» MOCTeTICHHO Havasa 3aTy-
XaTh, a KOJIMYECTBO KUTEJIe — yMEHBIIAThCS.
PBIHOK HETBMXKMMOCTH TIOTPY3UJICS B OUepeI-
Hoii kpusuc. [eHpu Meirrc K Tomy BpeMeH!
HaOpaa KpeJIuTOB U pacruiaTUJICS MO0 HUM
JleHbraMu u3 ropojackux ¢gounos. [To 3Toi
«KPUMMHAIbHO» IPUYNHE OH OYEHb OBICTPO
cobpaics u nokunyJs CIIIA BMecTe ¢ ceMbeit,
3a0paB BCE CBOE MMYIIECTBO HAa KOpPabJib.
ITocne Tpéx MmecsieB myTelecTBuil TeHpu
nmpuObLT B Yuaum v HaIrpaBul CBOIO aKTHUB-
HOCTb Ha MPOEKThI CTPOUTETHCTBA XKEJIE3HBIX
nopor. IlepBblii 3aka3 oH mojayyua B 1857 .
u 10 1867 r. moctpou 6osee 300 KM 3KeJIe3HbIX
nopor. Hapsiny ¢ nmpeanpuHuMaTeaIbCKOM
JIeSITEIBHOCTBIO OH aKTUBHO YY4aCcTBOBAJI B 00-
IIECTBEHHON XW3HU U 0JIaTOTBOPUTETBLHBIX
akuusx. B 1868 1. mepe6paincsa B Ilepy, roe
noctpous 6oiee 1100 KM Keae3HBIX JOPOT,
B TOM uncJie LleHTpaabHYy1O0 XKeJle3HYI0 TOpory
B COTPYIHUYECTBE ¢ DpHECTOM MaJMHOB-
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CKUM. DTO MO3BOJIUJIO €My HAKOIUTh 3HAUM -
TEJIbHBIN KalUTaJl U PACCUUTATHCS C TOJATaMU
Ha pOAWHE, Kyla OH BCE-TaK! TJIAHUPOBAI
Korma-HuOynb BepHyThcsl. K 1873 . Meiirre
BBIIJIATUJI BCE AOJTU ¢ IMpoleHTamu. Ho
B CIIIA, B KOHEUHOM CUETe, TaK M HE BEpHYJI-
¢S U 0 KOHIIa XXU3HU ocTaBaiics B [1epy.

SAKJTIOMEHUE

LenTpanbHas AHaCKag Xene3Has 1opora
ITepy, moctpoenHas Ha epesome XIX—XX BB.
ObL1a rpaHAMO3HBIM ITpoekToM. HecMoTpst Ha
OYCeHb CKPOMHBII OIOIKET, IPU OTCYTCTBUU
KaKuX Obl TO HY ObLIO TEXHOJIOTUIA CTPOUTETb-
CTBa XeJIe3HbIX JOPOT, OH ObLT BCE-TaKU OCY-
mectBNEH. [TpoeKT M CTPOUTENBCTBO TOPOTH
OBUIH BEITIOJTHEHBI B OCHOBHOM MHOCTPaHIIA-
MM, B TOM YUCJIe aMepPUKaHCKUM OM3HeCMe-
HoM I. MeHIrcoM M TOJIbCKUM MHKEHEPOM
D. ManuHOBCKMM. B HacTostmee Bpems, mo-
JIOBUHY OT ME€PYaHCKOTO 3KCIIOPTa COCTaBIsSI-
0T METaJIJIbl, B TOM YHCJIe MEIb M 30JI0TO,
KOTOpble J100bIBAIOT B AHJIaX, 1To3TOMY LleH-
TpajibHasl >KeJe3Hasl 10pora BCE TaK K€ aKTUB-
HO 3KCIUTyaTUPYETCsl, TCHePUPYs 3HAYNTEIb-
HYIO TIPUOBIIB I TocymapcTBa. Hapsamy
C OrPOMHBIM 3HauyeHueM lleHTpanbHOI
AHICcKOIT foporu 115t skoHoMuku [lepy, rmpo-
€3]I TI0 BCEMY MapIIpyTy MOXKHO CMEJIO Ha-
3BaTh «MyTELIECTBUEM 3a He3aObIBAEMbIMU
BICYATICHUSIMU», KOTOPOE CBUICTEIBCTBYET
0 CTpeMJICHUH YeJIOBeKa ITIOKOPUTH U 00YCTPO-
UTb HOBbIE TEPPUTOPUM, YTO O€3 BKIaIa XKe-
JIE3HOM JOPOTU OBLIO OBl HEBO3MOKHBIM.
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ABSTRACT

Builtin the late 19" century, the Central
Andean Railway in Peru was created
through attracting foreign capital and
foreign engineering ideas. Large-scale
plans for exploitation of the richest
deposits of copper, silver and gold formed
the basis for construction of this railway
line. The engineering solutions used in this
projectimpress specialists even today. In
particular, the so-called zigzags, which
made it possible to lay a route along the
inaccessible mountain ranges of the
Andes. As the main investor of the project,
American entrepreneur Henry Meiggs,
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once once said that the train will arrive
there where llama can get.

The chief engineer, author of the project,
overseeing construction of the Central
Railway, was Ernest Malinowski, a Polish
specialist, honorary citizen of Peru.

«The project of engineer Ernest
Malinowski provides for construction of
a railway line at an altitude of almost 5000
meters above sea level, which is
impossible. The implementation of the
bridges and viaducts designed by him
seems to be risky», — this is how his
contemporaries evaluated the project of
the Polish engineer.
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Technical parameters

The Peruvian Ferrocarril Central Andino
(FCCA) starts off the Pacific coast and ends in
the area of copper mines high in the Andes. The
train begins its journey in Callao within the
metropolitan area of Lima, that is, from the
port to La Oroya station, where the railway is
divided into two directions, one of which leads
north to Cerro de Pasco station, and the other
south to Huancayo station. The length of the
railway is 490 km, including Callao—Huancayo
section of 346 km. The most impressive facts
about the Central Railway are the height of its
location above sea level, which reaches
a maximum value of 4782 m (Galera station on
the 173¢km of the route), as well as the presence
of 69 tunnels with a total length of 10,8 km, 58
bridges with a length of 1,8 km and also of six
double changes of direction of movement (the
famous zig zag or switchback track), which
were built in order to ensure the maximum
allowable gradient of the track of 29—37 %o per
100 km, between the stations of San Bartolomé
at km 76 situated 1513 m above sea level (masl)
and Ticlio at km 171, 4758 masl, where the train
overcomes the difference in altitude of 3245 m
(Table 1). The maximum gradient is 96,5 %o
between Tambo and Jauja stations (this is an
isolated case, and there is no reverse movement
in this section).

The Central Andean Railway is a single-
track, non-electrified line. The track width is
1435 mm. The author of the project is Polish
engineer Ernest Malinowski, the main investor
is Henry Meiggs, a businessman from the

Graff, Marek. Central Andean Railway in Peru

United States. The track in the sections with
the greatest gradient is laid on rocky ledges.
Numerous bridges and tunnels of the famous
road are structures, the size of which does not
exceed 200 m (most of them are 50 to 100 m
long). There are many switchback sections, and
the most spectacular moment is a change in
direction of movement in Balta Tunnel. In most
cases, the switches are manually transferred by
train crew. Difficult topographic conditions are
the reason for the average speed on tracks to
not exceed 40 km/h. It should be added that
until completion of construction of the Trans-
Tibetan Railway in China in 2007, the Central
Andean Railway of Peru remained the «highest»
railway in the world" 2.

The construction of the railway in the Andes
was associated with plans to exploit the rich
deposits of copper ore in Peru, as well as the
accompanying silver and gold ores deposits
(currently Peru and Chile are the main
exporters of these metals in the world). Copper
is still in great demand. More than 60 % of
copper is used for production of electrical wires.
Among metals, only silver has a higher
conductivity.

Compared to other South American railway
networks, the Central Andean Railway differs
(in addition to its height) by a standard gauge

! Currently Tanggula station (5072 m above sea level) on
Trans-Tibet railway (Qinghai—Tibet railway / Qingzang
railway) is the highest railway station in the world.

2 Another high railway line in South America is
Atofagasta line in Chile, with its highest point at 4818
meters above sea level, and it is also used to transport
copper ore.

Chosica railway station (54" km, 860 m above sea level) (21.03.2010). Photo: N. Oberg.
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Table 1

Technical parameters of Callao—Lima—Huancayo section of the Central Andean Railway

Station km Height, m asl | Gradient, %0 | Remarks

Patio y factoria Guadalupe | 1 3,0 0,6

Patio central / Callao 2 3,6 13,3

Monserrate 13 150,0 0,0

Desamparados 14 150,0 16,9

Vitarte 26 353,0 16,7

Santa Clara 29 403,0 18,3

Chosica 54 860,0 29,7

Tornamesa 74 Zig zag

San Bartolomé 76 1513,0 33,7

Matucana 102 2390,0 34,3

Viso 111 Zig zag bottom/Zig zag top

Tamboraque 120 3008,0 35,6

Cacray Zig zag

Cacray Direction of travel is reversed

Rio Blanco 134 3506,0 32,6

Chicla 141 3733,9 35,0 Direction of travel is reversed

Saltacuna Direction of travel is reversed

Casapalca 153 4154,0 29,4

Backus Direction of travel is reversed

Johnston Direction of travel is reversed

Chinchan 160 4360,0 36,2

Ticlio 171 4758.,0 11,5 Branch in the direction of
Morococha, 14 km (4538,0 m asl)

Galera 173 4781,0 29,5

Rumichaca Zig zag (south) / zig zag (north)

Yauli 193 4192,0 33,4

Arapa 198 4025,0 0,0

Mabhr Tunel 196 4025,0 7,1

Cut-Off 206 3954,0 14,3

La Oroya 222 3726,0 4,9

Pachacayo 262 3529,0 49

Llocllapampa 275 3465,0 44

Tambo 299 3359,0 96,5

Jauja 301 3552,0 14,4

Matahuasi 321 3265,0 43

Concepcion 324 3252,0 1,2

San Jeronimo 330 3245,0 1,0

Huancayo 346 3261,0

[4; 17]. In other Latin American countries
(Chile, Argentina, Brazil), track gauges of 1000
mm, 1600 mm or 1676 mm are common, while
the standard track gauge of 1435 mm is
extremely rare.

The highest point of the railway is located
in La Cima at 4835 m above sea level on Ticlio—
Morococha section near the local mine. The
tracks run along the Rimac River and its
tributaries past Chinchan station, located seven
kilometers from Casapalca station (at the 153¢
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km, 4154 meters above sea level) in the western
Andes. This station served as a transfer station
for the mined ore.

Further, the railway leads through Galera
tunnel, the longest and the highest (4781 m
above sea level) tunnel of the railway. Then the
average height above sea level decreases,
gradients become less steep. At Yauli station
(at the 193¢ km, 4192 masl) the railway runs
along the river with the same name. Then the
railway «meets» the Mantaro River, which it

8, Iss. 6, pp. 272-303 (2020)
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crosses and reaches Tambo station (at the 299t
km, 3359 masl). Then it crosses beautiful
localities such as Jauja (301 km, 3552 masl),
Matahuasi (321 km, 3265 masl), Concepcion
(324" km, 3252 masl) and at the very end of the
track leads to Huancayo (346" km, 3261 masl).

Today, a highway has already been laid both
in La Oroya and Huancayo. For highways,
steeper gradients and smaller radii of curves are
allowed, as well as there are other technologies
developed in the second half of 20" century.
However, railway transport is traditionally
chosen for transportation of heavy goods.

The Peruvian Central Andean Railway is
currently operated by Ferrocarril Central
Andino (FCCA), which is owned by private
entrepreneur Juan Olaechea and RDC group,
who received a 30-year concession after the
Central Railway had been privatised in
mid-1999. Other shareholders of FCCA are
Ferrovias e Infraestructura (Olaechea group),
Minas Buenaventura, ADR Inversiones
UNACEM (leading cement manufacturer in
Peru) [6; 8]. Copper ore and pure copper are
transported by 36 locomotives and 881 wagons
[15]. It should be emphasised that almost all
railways in Peru were built to transport goods,
not passengers, and that many of them
currently remain closed for operation. The
main modes of transport in Peru are buses and
air transport?.

History of the Central Andean Railway

The Central Andean Railway was designed
and built by Ernest Malinowski, whose family
voluntarily left their country for political reasons.
E. Malinowski studied at Ecole nationale des
Ponts et Chaussées in Paris, which he graduated
with an engineering degree [5]. Upon arriving
in Peru in 1851 the Polish engineer was tasked
with developing a project to extend Lima—
Callao railway along Jauja valley towards the
Andes mountain range. The Peruvian
government created a technical commission
composed of Felipe Barreda, Mariano Felipe
Paz Soldan and Manuel Pardo, which was tasked
with collecting information on local topography,
geological and climatic conditions. The

3 The large area of Peru (1,29 million sq. km.), the terrain
(mountain ranges of the Andes, with the highest peak
Huascaran 6768 m above sea level), and the equatorial
climate (heavy rainfall) in the eastern part of the country
make maintenance of land infrastructure (highways)
laborious and costly. Therefore, in the case of long-distance

travel in Peru, air transport is preferable.
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information was necessary for development of
apreliminary project, which was entrusted to E.
Malinowski. Peru’s Parliament (Congress)
passed the railway laws proposed by the
Government and guaranteed payment of six
percent rate on the construction investment.
A commission was also created to study four
possible (alternative) routes, which would also
start in Lima and lead through:

1) Rimac River Gorge and the localities of
Matucana, San Mateo and Tarma.

2) Gorge of the Chillon River, and the
localities of Caballero, Yangas, Obrajillo,
Casachanca and Carhuacancha.

3) The Chancay River Gorge and the
localities of Chancay, Macas, Huatamantaga,
Huaillay and Cerro de Pasco.

4) The gorge of the Lurin River and the
localities of Sisicaya, Tupicocha, San Damian,
Tuctucocha, Pumacocha, Oroya, Tarma and
Jauja.

According to the prepared report, construc-
tion across the Rimac River Gorge was difficult,
but possible. The construction of a railway
through the gorges of the Chillon and Chancay
rivers was assessed as almost impossible, while
construction across the gorge of the Lurin river
was considered very simple. The choice was
made in favour of the fourth option, the detailed
study of which and development of the project
were entrusted to the engineer Gerrit Backus.
He was considered one of the best specialists in
the field of railway construction. Backus
prepared a project, but in March 1866 work was
suspended due to the war with Spain. Two years
later, government member Don Diego Masias
contacted Henry Meiggs, a US businessman
based in Chile (he worked there under
a contract). The American in September 1868
presented to the government of Peru the idea of
building Lima—Jauja railway. Eyewitnesses then
said that he convinced the central authorities of
Peru with the argument «/ will build the railway
track where the llamas run». A work plan and
construction budget of 27 million pesos were
approved. H. Meiggs’ proposal was accepted and
the mandatory completion date was determined
within six years in exchange for government
bonds with six percent per annum and 2%
amortised bonds, with a ten-year implemen-
tation period. The contract was concluded
between the government of Peru and Mr. H.
Meiggs in December 1869 in the form of a public
act. The first article there-of read:



«Henry Meiggs, his heirs, executors or legal
representatives undertake to build a section of the
Central Andean Railway (Spanish: Ferrocarril
Central Transandino), between Callao and Lima-
La Oroya; according to the plan and technical
drawings developed by the chief engineer Ernest
Malinowski with participation of the engineer
Pedro Marzo, appointed by the government,
which were approved and deposited with the
government office» [18].

The work began on January 1, 1870 with
a loud event, during which the first stone was
laid at the site of what is now Monserrate
station in Lima, under the direction of the head
of the technical corps, engineer Ernest
Malinowski. In order to facilitate construction,
the main line Lima—La Oroya (222 km) was
divided into sections:

1. Lima—Callao—Cocachacra.

2. Cocachacra—San Bartolomé—San
Jerénimo de Surco.

3. San Jerébnimo de Surco—Matucana.

4. Matukana—Parac (San José de Parac).

5. Parac—San Mateo—Rio Blanco.

6. Rio Blanco—Galera.

7. Galera—La Oroya.

However, life made its own adjustments —
Mr. Meiggs managed to build a railway only to
the city of Chicla (3733,9 masl), 141 kilometers
from Callao. Meiggs faced serious difficulties
in paying salaries to hired engineers, workers
and managers. The government has suspended
construction of the railway. Only selected
sections were completed:

* Cocachacra — in February 1871;

» San Bartolomé — in September 1871;

* Chicla — in May 1878.

Henry Meiggs died in 1879. As a result of
aconflict between investors and the Government
of Peru, construction was paralysed until 1890,
when the bondholders assumed the rights and
responsibilities of Meiggs and organised the
Peruvian Corporation, which became the legal
successor. On July 12, 1892, the railway reached
Casapalca and in January 1893 — La Oroya.
These were the last stations of the Central
Railway.

The construction of the section between La
Oroya and Huancayo began in 1905, but the
next agreement between the government and
the Peruvian Corporation was concluded only
in 1907 (during this period of time, part of the
work was carried out by the state), so the work
was completed in September 1908. In total,
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construction of the Central Andean Railway
took 38 years.

The most outstanding engineering structures
of'this railway are Verrugas or Carrion viaducts
175 m long and 80 m high and Galera tunnel
with a length of 1177 m. Also noteworthy is
Balta spiral tunnel (at the 94" km) long of 1375
m. This tunnel is overcome by a train in 4—5
minutes. The most impressive sections and
stations of the Central Andean Railway are:

» zig zag section Carcay—Rio Blanco
station;

 section Casapalca—Chinchan—Ticlio—
Galera;

* section near station Chicla;

* section near station San Bartolomé;

* section near Balta tunnel;

« station La Oroya.

The Central Andean Railway begins its
journey at the railway station in Lima at
Desamparados Station, which is in the centre
of the capital of Peru, a building designed by
the architect Rafael Marquin in 1912.

Peruvian Corporation

Based on the loan, which the Peruvian state
took to finance the construction, in accordance
with article 26 of the agreement of March 20,
1890, a company was created, which accepted
to manage the 160 km of the constructed
railway line.

Due to the enormous debts cumulated by
the Peruvian government during construction
of the Central Railway, The Peruvian
Corporation Ltd was formed under the Joint
Stock Companies Act on March 20, 1890. The
company was created in order to pay off
external debt and repay government loans that
were taken out by bondholders to finance
construction of the Peru Central Railway. The
main purpose of the corporation was to transfer
rights and obligations of bondholders.

Two weeks later, the company’s shares were
listed on London Stock Exchange. This deal
was completed, the heirs of H. Meiggs (his sons
J. G. Meiggs, H. G. Meiggs, and also Alejandro
R. Robertson) sold to the Peruvian Corporation
their shares in the Central Railway and their
shares in Cerro de Pasco silver mines.

In 1891, the Peruvian Corporation decided
to take over the management of all the railways
of the country and turn them into subsidiaries,
dividing the shares among themselves. Seven
companies emerged, five of which were
controlled by subsidiaries. The two others were
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established through third parties, because there
were still valid contracts with the state and other
private individuals.

Predictably, given the economic crisis the
country faced after the war with Chile, there
were problems with fulfillment of the contract.
In 1893, payment interruptions began and
Parliament tried to suspend annual payments
to creditors. The Peruvian Corporation was
unable to secure funding for construction of
the following sections. Until 1899, the parties
did not come to any agreements and the next
round of negotiations began only in 1904, and
in June 1907 a new contract was signed stating
that:

1) The Peruvian Corporation will finance
construction of all new planned railways with
a total length of about 300 km.

2) The railway company will reimburse the
state for all costs incurred in partial construction
of these roads.

3) The right to operate the railway by the
company will be extended for another 17 years,
provided that the state treasury begins to pay
80 thousand British pounds, which will be
obtained from the sugar tax.

The Peruvian corporation operated the
Central Andean Railway continuously until
1927, and temporarily until March 1973.

National railway company: ENAFER

After the coup d’état and the rule of the
military junta in 1968—1975 it was decided to
nationalise many enterprises that were
managed by foreign companies. The French
firm Sofresrail was asked to conduct an
analysis of the payback of private domestic
railway carriers and a study on profitability of
the country’s railways, after that in April 1971
a decision was made to nationalise them. This
also affected roads belonging to the Peruvian
Corporation, headquartered in Canada. The
official pretext for this referred to insufficient
investment in the company. On December 1,
1972, the National Railroad Company, better
known as ENAFER Peru, was created, which
united all the railways of the country, except
for La Oroya-Cerro di Pasco section, since it
was very profitable and belonged to a North
American company. Since January 1973,
ENAFER Peru has operated lines:

+ Callao—Lima—La Oroya—Huancayo;

* Huancayo—Huancavelica;

* Mollendo—Arequipa—Puno;
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* Juliaca—Cusco—Matarani—La Joya;

* Cusco—Quillabamba.

* Arica—Tacna.

In July 1973, a bank loan was obtained for
purchase of rolling stock and infrastructure
elements:

* spare parts for rolling stock in operation
in the amount of 12,6 mln US dollars;

* 300 freight wagons and 32 passenger cars
in Romania;

* 12,7 thousand tons of rails in Canada.

» 25 diesel locomotives, 36 wagons for
transporting ore from mines and 40 tank cars
from Japan.

ENAFER Peru was restructured in 1976
and Congress approved loans for modernisation
in 1979. At this time, Peru’s railway network
was of 1691 km. From the 1980s to the early
1990s, the volume of transportation decreased
due to intensive operation of lines and
insufficient funding for their maintenance.
A real problem was also the activities of political
extremists from the Sendero Luminoso group,
who operated mainly in the mountainous
regions of Peru. For this reason, in 1991
a decision was made to re-privatise the
company. A year earlier, termination of
passenger transportation was announced. But
cargo transportation was also systematically
reduced, and railway operation brought only
losses every year. In 1998, the last repairs were
carried out for 12 locomotives and 100 cars, as
well as for 41 km of tracks, and in mid-July
1999 the company was closed. The shares were
transferred to new owners. The carrier FVCA
(Ferrovias Central Andina SA) is operated by
Juana de Dios Olaechea, a private individual
who has been granted a concession to operate
the transport for the next 30 years. FVCA’s
shareholders are Mitsui, Buenaventura, RDC,
Inversiones Andina and CDC. ENAFER
retained the operation of Arica—Tacna section.

FVCA originally operated the following
railways:

1) Main railway Callao—La Oroya, 222 km.

2) Railway La Oroya—Huancayo, 124 km.

3) Lima—Ancon line, 37,3 km, was finally
abandoned and dismantled in 1965. It was part
of the old northwestern railway, which
included Lima—Ancon—Chancay line, which
started operation in December 1870. During
the war with Chile, Ancon—Chancay section
was destroyed by the Chileans and was never
rebuilt.



Table 2

Locomotives and rolling stock motor units, used by Peruvian Railways

Manufacturer | Series Years of Axle Weight of Max. Power | Power | Number | Remarks
production |scheme | rolling stock |speed, | ofdiesel | of diesel | of units
unit, t km/h engine, |engine,
kW kW
GM-EMD GRI12 1953—1968 | Bo’Bo’ 72 100 1310 977 2 Modified driver’s
cabs
MLW DL532B 1961-1962 | Bo’Bo’ ND ND 1035 772 3 Shunting
locomotives, only
1 locomotive in
operable state. The
second is waiting
for repairs
MLW ALCO- 1962—1998 | Co’Co’ 113 120 2600 1940 1 Purchased as new
DL560 ones from the
manufacturer
EMD GM 1969—1974 | Co’Co’ |92 120 1500 1119 2 1 unit removed
C22CW from operation
EMD SD40-2 1972—1989 | Co’Co’ 167 105 3000 2238 2 One locomotive
SD-40 1 SD-40 has
a modified diesel
engine cooling
system
GE C307PA 1976—1985 | Co’Co’ 191 113 3000 2238 4 Modified due to
oversizing when
passing through
Matukana and
Galera tunnels
GE C30M-3 1976—1985 | Co’Co’ 191 113 3000 2238 2 Modernised at the
plant Locomotoras
San Luis in Mexico
GE C30M-3 1976—1985 | Co’Co’ 191 113 3000 2238 3 Locomotives
C36-7p 1978—1989 191 113 3600 2686 1 purchased after
C39-08 1984—1987 ND 113 3900 2909 1 2000, and removed
from operation
GE B39-E8 1983—1994 | Bo’Bo’ ND ND 3900 2909 2
GE C39-08 1984—1987 | Co’Co’ |ND 113 3900 2909 8
GE C39-8P 1984—1987 | Co’Co’ |ND 113 3900 2909 8 Purchased from
Conrail from the
USA, modified due
to oversizing when
passing through
Matukana and
Galera tunnels
EMD JT26CW- | 1985—1995 | Co’Co’ 126 120 3000 2238 3 Commissioned in
2B June 2020
GE C-40CW 1989—1994 | Co’Co’ |ND 113 4000 2984 2 Obtained from the
carrier CSX from
USA in May 2020
EMD GT42AC 1999-2005 | Co’Co’ 120 100 3300 2460 ND
Beyer— ND ND I'D ND ND ND ND 1 British-made
Peacock steam locomotive;
decommissioned
DUEWAG ND ND ND ND ND ND ND 3 Motor cars from
AG the future tram line
in Lima—Chosica

* Values obtained from converting mile/h to km/h (e.g., value of 113 km/h corresponds to 70 mile/h).
Bo’Bo’ means a loco with two bogies each of them having two separately powered axles. Co’Co’ means three driving

wheels sets.
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4) The railway to Ticlio-Morococha mining
branch, 14,3 km, operated under a concession
granted in 1899 and has been in operation since
1903.

5) The railway to Morococha mining
branch, 18,6 km, was built in 1921 as a branch
of La Oroya—Huancayo line (at the 205" km)
near Pachachaca. This route has reduced the
distance of transporting ore from Morococha
to the La Oroya metallurgical plant by several
kilometers, significantly reducing costs.

6) Final destination Espinar—Cusco.

Rolling stock

The first steam locomotives on the Peruvian
railway network appeared in 1870. They came
from the United States and were produced by
Rogers and Danforth, and after 1890 also by
Baldwin and Alco. In 1908, steam locomotives
of NBL type, made in Great Britain, were in
operation. Most of all locomotives are «heavily»
used rolling stock units, purchased in most
cases from US railway companies.

A distinctive feature of the South American
railways has always been the use of a large axle
load — 30—35 tons, due to which a large
traction force is provided. This makes it
possible, when using double traction and an
automatic coupling of AAR type, to form very
heavy trains, which is important for freight
traffic. Diesel locomotives* currently used by
Peruvian carriers are mostly manufactured by
companies in the United States and Canada:
General Electric, Electro-Motive Diesel of
General Motors (respectively GE and GM
EMD) and Montreal Locomotive Works
(MLW). The power of diesel engines of
locomotives operating on hauls ranges from
2000 to 3000 kw, which, together with the
aforementioned high axle load and Co’Co’ axle
system (for example, 32 t for the C30M-3
series), is absolutely sufficient for two
locomotives to haul a heavy freight train.
Locomotives, like most rolling stock in the
Americas, have only one driver’s cab.
Locomotives and motor rolling stock units used

* Electric traction in South and North America is used
to a limited extent, primarily by suburban railways or
the surface metro system around major cities such as
Montreal, Buenos Aires or Sdo Paulo, using direct
current from an overhead contact network (e.g. 1.5 kV
DC) or catenary rail (600—750 V DC). The exception
is the NEC mainline in the USA, a line used for
express trains and Amtrak’s Acela Express, powered by

3 types of AC.
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on Peruvian railways are listed in Table 2 (the
list may be unexhaustive).

La Oroya — railway hub and metallurgical
centre

The place where copper ore is processed is La
Oroya, a city in the centre of Peru, founded in
1533 by the Spaniards, who began to mine non-
ferrous metals on a large scale in the area.
However, export problems slowed down
production growth. During the Peruvian War of
Independence, the strategic location of the city
made it a centre of guerrilla activity and the site
of one of decisive battles of the Chacamarca
(Junin) war. The present name has existed since
1893, and in 1942 the area of La Oroya was
endowed with the rights of an urban settlement
(since 1925 it is the capital of the province of
Yauli). Large-scale mining of copper ore began
in 1893 with completion of the railway from Lima.

In 1922, a metallurgical plant was built,
the investor was the American corporation
Cerro de Pasco, which operated the enterprise
until 1974, i.e. before nationalisation by the
state. Then the plant was incorporated into
the company Empresa Minera del Centro del
Peru SA, also known as Centromin [11].
However, already in 1993, it was decided to
privatise the metallurgical plant by Doe Run
Peru, a subsidiary of the Renco Group, for
247 min US dollars. The buyer spent 120,5
mln US dollars on purchase of the plant and
126,5 mIn US dollars on investment in the
plant. Plus, the new owner bought the Cobriza
copper mine for 7,5 min US dollars to supply
the plant with copper ore. The metallurgical
plant in La Oroya is the main employer for
local residents. Along with the metallurgical
plant, the city also has factories that process
lead ore (since 1928) and zinc ore (since
1952), producing 70 thousand tons of copper,
122 thousand tons of lead and 45 thousand
tons of zinc. However, the location of the
factories is at a considerable height of 3726
masl and under the conditions of rarefied air
(less oxygen, lower pressure), and this imposed
several constraints regarding production
process. Copper ore in La Oroya is mined with
a large amount of harmful impurities that
cannot be removed during the flotation
process. However, technologists have
succeeded in developing new methods for
separating and recovering metals in the form
of by-products. For this purpose, local



smelteries were forced to actively integrate
with each other. La Oroya is one of the few
locations in the world that have that capability.
As a result, gold and silver, antimony, arsenic
trioxide, bismuth, cadmium, indium,
selenium, tellurium, sulfuric acid and oleum
are produced here. This helps to reduce
emissions of harmful and toxic metals. But
these three metallurgical plants went to the
new owners «badly shabby». The previous
owner did not attach importance to
modernisation. As a result, the work of these
plants currently violates many environmental
standards, which leads to an excess of MPC
(maximum permissible concentration) in the
air of arsenic by 85 times, cadmium by 41
timesandlead by 13times>. High concentrations
of lead have been found both in the blood of
local residents and in drinking water. As
a result, the inhabitants of La Oroya quite
often suffer from chronic diseases of the
respiratory system [16].

Copper ore: mining, processing and economic
significance

Man has been using copper for more than
ten thousand years and it plays a special role in
development of civilisation (for example, the
Bronze Age is associated with an alloy of copper
and lead). 95 % of copper that is currently in
use was mined after 1900. The Latin name for
copper, cuprum, comes from Cyprus, where it
was originally mined. Along with production
of electrical wires, this metal is also used for
roofing and manufacture of drainpipes (20 %),
and industrial machines (15 %). It is worth
emphasising that 35 % of copper from 22,1
million tons (2009) of the total world production
is obtained in the recycling process [14].

It is easy to see that about half of all
copper mined in the world was obtained in
Peru and Chile — about nine million tons
(Table 3). The development of copper
deposits pays off if its content in the ore is
0,5 %, it is very profitable to start mining ore
with a copper content of more than 2 %.
Despite the fact that copper still often
appears in nuggets, it is most often found in
the form of sulfides and oxides:

+ cuprite Cu,0 (89 %);

3 The listed chemical elements cause chronic poisoning
and have a carcinogenic effect. Arsenic and its
compounds, for example, white arsenic, are especially
toxic.

Table 3
Copper production [2]

Place | Country/ 2017 | 2018 | reserves

in the Region o

ranking

World 20,00 |20,67 |830

1 Chile 5,50 5,80 170

2 Peru 2,45 2,40 83

3 China 1,71 1,60 26

4 USA 1,26 1,20 48

5 DRC 1,09 1,20 20

6 Australia 0,86 0,95 88

7 Zambia 0,79 0,87 19

8 Mexico 0,74 0,76 50

9 Russia 0,71 0,71 61

10 Indonesia 0,62 0,78 51

11 Other countries | 4,25 4,40 210
Table 4

Share of metals in export of Peru (2018) [13]

Total export value bin US dollars | %
53,5 100,00
Copper ores 11,2 20,93
Gold 6,86 12,82
Refined copper, copper 2,16 4,04
alloy and copper wires
Zinc ores 0,81 1,51
Lead ores 0,85 1,59
Crude zinc 1,984 3,71
Iron ores 0,744 1,39
Non-ferrous metals, raw 0,697 1,30
materials
Molybdenum ores 0,631 1,18
Raw tin 0,256 0,48
Silver 0,355 0,66
Total 26,55 49,62
Table 5
Silver production [2]

Place Country/ 2017|2018 [ reserves
in the Region thousand tons
ranking

World 26,8 27 560
1 Mexico 6,11 6,1 |37
2 Peru 4,30 4,3 |110
3 China 3,50 3,6 |41
4 Poland 1,29 1,3 |[110
5 Chile 1,26 1,3 |26
6 Bolivia 1,24 1,2 |22
7 Australia 1,20 1,2 89
8 Russia 1,12 1,2 |45
9 USA 1,03 0,9 |25
10 Argentina 1,02 1,1 |bd.
11 Other countries | 4,77 48 |57
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Table 6
Gold production [2]

Place Country/ 2017 | 2018 | reserves
in the Region —
ranking

World 3181 3261 54100
1 China 426 400 2000
2 Australia 301 310 9800
3 Russia 270 295 5300
4 USA 237 210 3000
5 Canada 164 185 2000
6 Peru 151 145 2600
7 RSA 137 120 6000
8 Ghana 128 130 1000
9 Mexico 126 125 1400
10 Uzbekistan 104 105 1800
11 Other 1137 1236 19200

countries

* chalcocite Cu,S (80 %);

* bornite Cu FeS, (63 %);

+ malachite Cu,CO,(OH), (57 %);

+ azurite Cu,(CO,),(OH), (53 %);

* chalcopyrite CuFeS, (35 %),
which are characterised by a high copper
content (with the exception of chalcopyrite —
35 %).

One of the reasons for such an abundance
of copper deposits in Peru and Chile is the

Graff, Marek. Central Andean Railway in Peru

very «young» age of the Andes, where there
are still active volcanoes, including
Llullaillaco, located on the border of Chile
and Argentina, one of the highest volcanoes
on Earth (6739 masl). There are frequent
earthquakes, which indicates that the process
of mountain formation is still far from
complete. And volcanic processes, as you
know, promote movement of rocks from
lower layers of the earth’s crust to the upper
ones. Copper is an element with a higher
density than, for example, silicon or
aluminum. Accordingly, the oxides of these
elements are found in the lower layers of the
earth’s crust.

The share of metals — in the form of ore or
in pure form — in Peru’s export remains large
and fluctuates within 50 % (Table 4). Copper
ore is mined:

+ in deep mines due to construction of deep
vertical shafts and chiselling of horizontal drifts;

* in open-pit mines, for deposits at shallow
depths, where ore is mined after removal of
layers of barren rocks; at present, about 90 %
of copper ore is mined in open-pit mines.

Ore is transported by large trucks (mining
dump trucks), often without a driver, using
a GPS navigation satellite system. Copper ore

Locomotive series GE C30-7 N2 1008 + 1009 on a steel bridge between Rio Blanco (134 km, 3506 m above sea
level) and San Mateo (14.07.2013). Photo: Kabelleger / D. Gubler.
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Table 7

Copper ore processing
Stage Process Process description Chemical reaction Remarks
Crushing and | Crushing of ore into powder in large LTS 001.1tent v
1 rinding cylindrical ball mills - Ly
& powder is ~2 %
Mixing ore with paraffin oil to obtain
a hydrophobic mineral surface and water C
B . opper content
Froth bath with a foaming agent. . .
2 . L . — in the resulting
flotation By pumping in air, the foam collects mineral is ~25 %
particles on the surface of water, while barren Mmass 15 °
residues fall on the bottom of the tank
Roasting of ore concentrate recovered in
3 Roastin froth flotation process, i.e. conversion of 2 CuFeS,+30,—2
e beneficiated copper ore into a mixture of FeO +2CuS +280, .
copper sulphides at temperature 500—700°C Toxic SO, can
be used for
) ) Calcinate is heated to a temperature > production of
Melting with | 1200°C with fluxes, for example, SiO,, or FeO + Si0, — H.SO
4 introduction | CaCO,, as a result, slag is formed, which is FeO-SiO, (slag) Cu,S + o
of fluxes easy to remove and copper matte, i.e. iron 0,—2Cu+80,
sulfide and copper sulfide
e 2FeS+30,+2Si0 o
converter . 2 A blister is
. S . — 2 FeO-SiO, + 2 SO .
5 matte into Oxidation of copper matte in a shaft furnace e g used to obtain
CuS+0,-52Cu+
converter 2 2 copper
SO,
copper
Casting of The casting process is carried out in The puqty of
6 P a carousel car. — the obtained
PP The surface of the anode is about 1 m? copper is 99 %
The process is carried out in an electrolytic
purification tank in CuSO, + H,SO, (200 A,
1,3 V) solution. The purity of
7 Electrolytic | And it consists in the electrolytic dissolution | anod: Cu — Cu?>* + 2 ¢~ | the obtained
refining of the anode and the simultaneous katod: Cu** + 2 e~ — Cu | copper is
deposition of cathode copper on the bottom 99,99 %
of the tank; insoluble sludge contains Au,
Ag, Pt and Sn (for use)

Source: compiled by the author of the article.

sometimes contains nuggets of silver and gold,
which are mined both in Peru and Chile in
significant quantities (Tables 3, 6).

The production of copper from ore is
a multi-stage process (Table 7), which is
accompanied by release of toxic sulfur oxide,
which can be used, for example, for
production of sulfuric acid. This process
requires a lot of energy to create a high
temperature (1200°C).

Despite the fact that copper is an element
of vital importance to humans (the daily norm
is 2—3 mg, maximum 10 mg), it becomes
poisonous in large quantities (for example, the
lethal dose of copper sulfate is only 30 g).

Silver and gold, which often «accompany»
copper ore, are not toxic® to humans. But in

¢ Silver compounds are toxic to microorganisms.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

Graff, Marek. Central Andean Railway in Peru

the process of their extraction and purification,
among others, mercury and solutions of
potassium or sodium cyanide, which are very
strong poisons, are used in significant volumes
(a lethal dose is 50—100 mg of KCN or NaCN
for an adult). For this reason, mining of these
three metals requires strict adherence to
occupational safety and health requirements.
The power industry in Peru is characterized
by the widespread use of hydropower (26 %)
and energy from natural gas (25 %) (Table 8).
Ore processing plants use electricity generated
by hydroelectric power plants, which seems like
the easiest solution. Electricity is used primarily
in the electrolytic refining of copper. The
copper content in the ore, even after
beneficiation, is only 2 % (Table 7), therefore
it is more profitable to process ore at the places
of its extraction than to transport it by train to
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Table 8
Primary energy balance in South and Central America (2019)
Oil Gas Coal Nuclear Water power | RES
power plants | plants

Argentina % |34,3 49,4 0,7 2,2 9,5 4,0
Brazil 38,1 10,4 5,3 1,2 28,7 16,3
Chile 458 |14,1  |17,1 - 11,2 11,6
Ecuador 66,8 3,1 - — 29,7 1,0
Columbia 36,5 25,2 13,4 — 23,9 1,1
Peru 43,7 25,8 1,9 — 24,3 4,6
Trinidad and Tobago 11,6 88,9 — — — 0,0
Venezuela 31,7 42,7 0,1 — 25,3 0,1
Others 62,2 7,7 5,5 — 17,8 6,7
Total 41,4 20,8 5,2 0,8 22,3 9,5

Source: BP Statistical Review of World Energy, 2019.

Ernest Malinowski

factories located in valleys, for example, to
Lima, where almost half of Peru’s industrial
production is concentrated. As mentioned
above, density of copper is high, more than that
of iron ores, so the cars should be loaded
incompletely so as not to exceed the permissible
axle load.

Ernest Malinowski and Henry Meiggs —
outstanding personalities

Two persons, without whom Central
Railway of Peru would not have been built, are
Polish engineer Ernest Malinowski and
American businessman Henry Meiggs. Their
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knowledge, courage, sometimes even audacity,
ability to win over people made it possible to
build this unique railway. The applied technical
solutions, despite the difficult relief and
climatic conditions, are still admired. Moreover,
all construction work was carried out with
ordinary shovels, pickaxes, and one-wheeled
wheelbarrows, and the project itself was
developed on a drawing board using a pencil,
a drawing triangle and a mold.

Ernest Malinowski (1818—1899) was born
into a wealthy noble family in Volhynia (his
maternal grandfather was Podolsk voivode)
[1; 7]. Malinowski family owned an estate in
Rozhichnaya in Podol, which was confiscated
by the tsarist government after November
uprising. Ernest had two brothers and a sister —
an older sister Leontina (died before 1831) and
a brother Rudolf, as well as a younger brother
Sigmund. In 1827—1831 young Ernest studied
at Kshemenets Lyceum. After November
uprising of 1831, in which brother Rudolph
(joined the rebel army) and father Jakub (was
the ambassador of the rebel diet) participated,
brothers Ernest and Sigmund with their mother
(Anna Malinowksaya) left for Galicia. After
suppression of the uprising, Anna, together
with her youngest son Sigmund, returned to
Volhynia, while her father and two sons (Ernest
and Rudolf) left for Dresden, and then for
Paris. In France, Ernest continued his studies
at the Lycée Louis-le-Grand in Paris, and then
at the famous Ecole Polytechnique and at the
National School of Bridges and Roads (Ecole
nationale des ponts et chaussées). Having
received an engineering degree, Malinowski
began working on construction of Paris—Le
Havre railway in 1838, and in 1839 he



participated in construction of roads and a port
in Algeria. He took part in works on the Meuse
river near the border with Belgium, as well as
in works to improve navigation conditions on
the Cher river. Malinowski’s South American
period began in 1852, when he entered into
a seven-year contract for «employment as
a government engineer» in Peru, for [10]:

» development of projects for roads and
bridges;

* supervision over implementation of
construction and reclamation investments;

» drawing up topographic maps;

« training of local technical staff.

Malinowski went to Peru by ship, together
with two French engineers — Emile Chevalier
and Charles Fraguette. On the spot, he founded
the first technical school — Escuela Central de
Ingenieros Civiles and an organization uniting
engineers — Comision Central de Ingenieros
Civiles. The first works in which Malinowski
took part were the projects of paving streets and
squares in Arequipa and modernisation of the
stone bridge of Izacuchaca. The contract was
extended by Malinowski for another three years
in 1858. The first railways designed by Ernest
Malinowski were [3]:

* Pisco—Ica (74 km) in 1859, together with
Mario Alléon and Gerrit Backus;

» Chimbote—Huaraz (277 km; only 136 km
were built due to financial constraints) in 1864,
with Stephen Crosby and D. N. Paddison. The
level difference on this road was > 3000 m.
E. Malinowski also supervised the work.

During the War of Independence between
Peru and Spain in 1866, Malinowski was
appointed chief engineer at the port of Callao,
where, together with Felippe Aranciba and José
Cornelio Borda, he prepared a project for
fortifying the port. He also participated in the
defense of the port, fighting on the ramparts of
Fort Santa Rosa. Malinowski used many
innovative engineering solutions to protect the
port. He used large-caliber cannons that
remained after the American Civil War. They
were armoured and placed on railway platforms
so that the guns could easily change their
position. This significantly increased the
mobility of the artillery and gave the enemy the
impression that the defense had more guns than
it actually did. In recognition of the merits of
Ernest Malinowski to the people of Peru, he
received a diploma, medal and honorary
citizenship.
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Henry Meiggs

Engineer Malinowski’s greatest endeavor in
his life was participating in design and
construction of the Peruvian Central Railway.
In 1868, he began cooperation with Henry
Meiggs, a businessman from the United States,
who received an order to develop a feasibility
study for a railway and entrusted this task to E.
Malinowski. After recruiting the team and eight
months of work, in April 1869 Malinowski
handed overto H. Meiggs a detailed report. And
already in December 1869, an agreement was
signed (they say that bribes could not be avoided)
between the company of H. Meiggs and the
government of Peru on construction of Central
Railway, which was to be built within six years
for 27,6 million pesos (~ 22 mln US dollars). E.
Malinowski, as chief engineer, was entrusted
with the supervision of the construction of the
line. It was precisely written that:

* the cost of construction of the railway will
be financed by the Peruvian government, and
the settlement with contractors will be made
through the transfer of coupons with annual
interest;

» payment of remuneration to engineers
and workers is carried out by H. Meiggs from
his funds;

« H. Meiggs’ company will buy out land
plots from private owners located on the route
of the future railway;

» the government will donate state land
plots.

Work began in January 1870, and at the first
stage, during construction of a section of the road
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through the Rimac River valley, everything went
smoothly. Difficulties began at the 54" km at an
altitude of 860 masl at Chosica station, where the
mountainous reliefbegan. The hired workers were
mainly Peruvian Indians, Chileans, Chinese
coolies, Italian emigrants and African Americans,
with a total of about ten thousand people. E.
Malinowski personally supervised the work, kept
the accounting department, established contacts
directly with suppliers of rolling stock and
construction materials, and also oversaw the
provision of appropriate working conditions and
timely payment of remuneration to hired people.

Sometimes he personally climbed steep
mountain slopes in order to provide a technical
solution to a particular issue, or descended
a rope into an abyss in order to examine the
strength of the soil in the places where the
bridge piers were installed. He considered
himselfa part of the team — he worked, ate and
slept together with employees, together with
everyone he suffered from the difficult Peruvian
climate — heat during the day and frost at night.

In 1874 the Government suspended funding
for construction. Then H. Meiggs and
E. Malinowski began to finance the railway
from their own funds.

The innovative technical solution on this
railway was the so-called zig zag, switchback, and
reversed travel direction, i.e. double change of
direction of travel, which allowed maintaining
a maximum gradient of 40 %o for the railway line.
It was an impressive success, after which Ernest
Malinowski was recognised as an outstanding
engineer, as it was published in technical magazines
in Peru and around the world. The first section of
Central Railway, 141 km long between Callao and
Chicla, was opened for operation in May 1878.
Malinowski, meanwhile, left for neighbouring
Ecuador, where he participated in construction of
Guayaquil-Quito railway line, including Chimbo
and Sibambe sections located in the mountainous
parts of the Western Cordilleras. In 1879—1881 in
Peru there was a war with Chile, for this reason
construction of the railway was suspended.
Malinowski returned to Peru in 1886 to participate
in construction of Tarma—La Merced railway line
with other Polish emigrants V. Falkersky and K.
Vakulsky. In 1890 Malinowskibecame ashareholder
of the Peruvian Corporation, which was formed,
among other things, with the aim of completing
construction of the Central Andean Railway: in
1893, another (very important) section was built
to La Oroya station.
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Ernest Malinowski was not only an
outstanding engineer, he was a very talented
manager. Engineer Malinowski often visited
the elite of Peruvian society, rich and
influential people. He lived in an elegant hotel
in Lima, ran an open house in which he
received many guests, and hired a French chef.
He was often invited to the houses of the upper
strata of society. Malinowski was engaged in
philanthropic activities. He was the author of
two books: «Money of Peru», Lima, 1856
(La moneda en el Péru, Lima 1856) and
«Central Andean Railway of Peru», Lima,
1869 (Ferrocaril Central-Transandino, Lima
1869), as well as for several articles for the
institute’s «Miners’ Bulletin» (Boletin de
Minas). Malinowski was a great connoisseur
of classical and modern literature.

It should be noted that Ernest Malinowski
always tried to help Polish emigrants. He hired
engineers: A. Babinsky, V. Volkersky,
E. Khabikhoy, V. Klugerov, A. Mechnikovsky
and K. Vakulsky. He helped biologists K.
Yelsky and I. Semiradzsky.

Ernest Malinowski died in 1899 from
a heart attack, was buried with honours as
anational hero in the cemetery «Pastor Matias
Maestro» (Presbitero Maestro) in Lima. In
1999, a monument to Ernest Malinowski was
unveiled near Ticlio station. The author of the
monument was the famous Polish sculptor
Gustav Kazimierz Zemla (the author of the
famous «Wings» installed in Katowice). The
monument was made from granite in Poland.
It is written in Spanish and Polish: Ernest
Malinowski, 1818—1899. Polish engineer,
Peruvian patriot, hero of the defense of Callao
in 1866, builder of Central Railway.

Henry Meiggs (1811—1877) was born in
Catskill, New York State in the USA, was the
third of nine children of Elijah and Fenny
Meiggs [9; 12]. His father ran the shipyard, in
which young Henry also began to work. But
having become independent, Henry decided
to go into the lumber trade. He didn’t succeed,
went bankrupt twice. When information about
the gold deposits in California («gold rush»)
emerged in the early 1850, Meiggs traveled
across the country to San Francisco on a ship
loaded with lumber. Then there was still no
railway around, neither the Panama Canal’.
Meiggs correctly calculated that lumber would

7 Built in 1904—1914, officially opened in 1920.



be needed immediately and in large quantities
to build a new city. His calculations were
justified (the profit from sale of lumber was
almost twenty times more than expenditures).
With the money he earned, on North Beach
waterfront, Meiggs built a warehouse,
a sawmill, and a yard to bring in and process
lumber and provide port services. The high
demand for lumber continued as the city
continued to develop, so Henry Meiggs’
company was doing well. But Henry Meiggs
also became famous as a prominent speaker
and talented administrator, so he decided to
become a city deputy. In 1853, Meiggs decided
to build a pier 650 meters out to sea. The
investment was a failure due to strong sea
currents. In addition, the «gold rush» gradually
began to fade, and the number of residents —
to decrease. The real estate market plunged
into another crisis. Henry Meiggs had
collected loans by that time and paid them off
with money from city funds. For this «criminal»
reason, he very quickly packed up and left the
United States with his family, taking all his
property to the ship. After three months of
travelling, Henry arrived in Chile and turned
his energies into railway projects. He received
his first order in 1857, and until 1867 built
more than 300 km of railways. Along with
entrepreneurial activities, he actively
participated in public life and charity events.
In 1868 he moved to Peru, where he built more
than 1100 km of railways, including the
Central Railway in cooperation with Ernest
Malinowski. This allowed him to accumulate
significant capital and pay off debts in his
homeland, where he still planned to return
someday. By 1873, Meiggs had paid off all
debts with interest. But in the end he never
returned to the United States and remained
in Peru for the rest of his life.

Conclusion. The Central Andean Railway
of Peru, built at the turn of 19""—20" centuries
was a great project. Despite a very modest
budget, in the absence of whatever technologies
for building railways, it was nevertheless
implemented. The project and construction
of the railway was carried out mainly by
foreigners, including the American
businessman H. Meiggs and the Polish
engineer E. Malinowski. Currently, half of
Peru’s exports are metals, including copper
and gold, which are mined in the Andes, so
the Central Andean Railway is still actively
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operated, generating significant profits for the
state. Along with the enormous importance of
the Central Andean Railway for the economy
of Peru, travel along the entire route can be
safely called a «journey for unforgettable
impressions», which testifies to a person’s
desire to conquer and equip new territories,
which would have been impossible without
contribution of the railway.

REFERENCES

1. Bartkowiak, D. Ernest Malinowski, konstruktor kolei
transandyjskiej, Poznan, 1996.

2. Bernhardt, D., Reilly, J. F. II Mineral commodity
summaries 2019. Reston, Virginia: U.S. Geological Survey,
28 February 2019.

3. Bielicki, Z. Wyzej niz kondory Poznaj Swiat R.
XXVIIL, nr. 9 (334), Wrzesien, 1980.

4. Binns, D. The Central Railway of Peru and the Cerro
de Pasco Railway. Skipton: Trackside Publications, 1996.

5. Camacho, S. Los Ferrocarriles del Pera, Coleccion de
leyes, decretos, contratos y demas documentos relativos a los
ferrocarriles, del Pert, hecha de orden de D. Enrique Meiggs.
Tomo I, Lima, Imprenta del Estado, calle de la Rifa N° 58,
1876.

6. Fawcett, B. Railways of the Andes (2" ed.). East
Harling: Plateway Press, 1997.

7. Inzynierowi Ernestowi Malinowskiemu w setng
rocznicg $mierci Zeszyty Naukowo-Techniczne Oddziatu
Stowarzyszenia Inzynierow i Technikow Komunikacji w
Krakowie, t. 4, Krakow, 1999.

8. Marshall, J. The Guinness Railway Book. Enfield:
Guinness Books, 1989.

9. Myers, E. P. South America’s Yankee Genius, Henry
Meiggs. New York Messner, 1969.

10. Raczko, D. Ernest Malinowski — koleja mig¢dzy
chmurami. National Geographic, 12/1999.

11. Securities and Exchange Commission Washington,
D.C. 20549 Form S-4 Registration Statement Under The
Securities Act Of 1933 The Doe Run Resources Corporation.
As Filed with the Securities and Exchange Commission on
May 11, 1998. [Electronic resource]: https://www.sec.gov/
Archives/edgar/data/1061112/0001047469-98-018990.txt.

12. Stewart, W., Henry Meiggs, Yankee Pizarro,
Durham, N.C., Duke University Press, 1946.

13. The Atlas of Economic Complexity. Harvard
Growth Lab’s research and data visualization tool used to
understand the economic dynamics and new growth
opportunities for every country worldwide. [Electronic
resource]: https://atlas.cid.harvard.edu/explore?country=
173&product=undefined&year=2018&productClass=HS
&target=Product&partner=undefined&startYear=1995.
The World Copper Factbook 2010. International Copper
Study Group.

14. Thomson I. The dieselization of the Central Railway
of Peru. Diesels & Electrics, 1: 54-9, 2003.

15. United States Securities And Exchange Commission
Washington, DC 20549 Form 10-Q/A (Amendment No. 1)
Quarterly Report Pursuant To Section 13 OR 15(d) Of The
Securities Exchange Act Of 1934 For the quarterly period
ended April 30, 2006. [Electronic resource]: https://www.sec.
gov/Archives/edgar/data/1061112/000101124006000058/
doerun10qa2dqtr101906.html.

16. Whetham, R. D. Railways of Peru. Vol. 2. The Central
and Southern Lines. Bristol: Trackside Publications, 2008.

17. Camacho, Simon. Los Ferrocarriles del Peru.
Volume I, 1876. Government Printing Office, Calle de la Rifa
N°. 58, Lima, pp. 115-116. ®

.18, Iss. 6, pp. 272-303 (2020)



MPECC-APXUE

DOI: https://doi.org/10.30932/1992-3252-2020-18-6-304-312

Hexbznoroponroe I5ao

KYPHATD

B npodonscerue 3amporymoii 6 npedsidyueii cmamoe pyopuky memvl pazmeujaem 06e nyoruKauyuu
u3 gviueduieeo 110 aem nazao uzdanus. Obe onu (6 c6oio ouepeds 60cnpou3eedéHHble Mmo2oa

UHIC M

U3 hpanyy3CcKoil npeccot) noc

YVHUKANbHbIMU.

M, NO360AUBIUM OCYUeCmeEuUmod

¥ Vs

cmp 60 Jcene3Holl dopoeu 8 20PHOU MeCMHOCIU U 045 C80e20 8peMeHU CIAGUIUM

B 306'71p01436‘06uMblx mamepuanax MaKCumManbHo COXpanena NeKcuKka cmameil mozo épemenu.

Kno4eBble cnoBa: ropHasi Xesne3Hasi opora, Buaayk, lmpeHen, nctopusi TpaHcrnopTa, MOCTOBbIE COOPY -

XKEeHuUsl.

For the English text of the publication please see p. 309.

Pepakuus BbipaxaeT NpuaHaTeIbHOCTb COTPYAHMKAM 61GIMOTEKN POCCUMINCKOr0o yHMBEPCUTETA TPaHCTopTa

3a NomMoLb B NOAroToBke Mmatepuana.

XXENNESHASAA AOPOIA BO ®PAHLY3CKUX
NMAPEHESAX

NpUCYTCTBUU MUHUCTPA MyOJIUYHBIX

pabot MusibepaHa MpeaCTOUT BCKOPE

OTKpBITHE Ha (hpaHIiry3ckux BocTou-
HbIX [lupeHessx HOBOW XeJle3HOW NOpOTH,
coenungioniein Villefranche-de-Conflent
[Bunsdpanm-ge-Kondnaan] ¢ Bourg-
Madame [byp-Manam]. Dta xxene3Has 10po-
ra, Ha KOTOPOW, M0 MPUYNHE KPYTHIX MOAb-
€MOB, pEIIeHO MPUMEHUTH DJIEKTPUIECKYIO
TATY, CIIY>KUT TIPOIOJIKEHMEM CYIIeCTBYIOIIEH
nuHun ot [leprniuHbsana no Bunsdpaniia.

[Tpoxomst mo HeM3BeTaHHOI, MATTOMOCTYTI-
HOU MECTHOCTH, HOBAsI KE€JIe3HOMOPOXKHAS
JINHUS 3aMevaTeTbHa He TOJIBKO TI0 pa3HO00-
Pa3uio KPaCUBBIX BUOB, HO U TTO OPUTUHATb-
HOCTH HEKOTOPBIX MCKYCCTBEHHBIX COOPYXKe-
HUM, 111 TIOCTPOMKNA KOTOPBIX TIPUMEHEHBI
HOBBIE PACYETHBIEC (POPMYJTBI ¥ CMEJTbIE TIPUE-
MBI B CAMOM TIPOU3BOJICTBE PA0OT.

Ha nmpotsixennu ot Bunbdpaniia xenes-
HOJIOPOXHBIN ITyTh IPOXOAUT IO JOJTMHE PEKU
Tet u 3aTem nepecekaet @panuysckue [Tupe-
Heu BII0Th 10 byp-Manam.
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[Mponerast BHavyane Ha cpenHeit BbicoTe 549
METPOB HaJl ypOBHEM MOPSI, >KeJie3Hast Jopora
TTOJIHUMAETCSI TTIO0 TOPHOMY YIIIEJbIo, TIepeBa-
nuBaeT yepe3 xpebet uenu [lupeHees Ha
BeIcOTe 1580 METPOB M 3aTeM CHOBa OITycKa-
€TCs1 y TPaHUIIbI, epKach Ha BeicoTe 1138 M.

He kacasich Xele3HbIX JOPOT YUCTO-
TOPHOTO XapakTepa, 3Ty KeJIE3HOJOPOXHYIO
JINHUIO CNIEAYeT CUMTaTh, B OOIIEM, BeCbMa
BO3BBILIEHHOW MO abCONIOTHOW BBICOTE €€
nyHkToB (Miopckast muHus — 925 MeTpoB,
C.-Torapnckast — 1154 metpa, Apnoepr —1311
MetpoB u bpennep — 1370 MeTpoB); HM Ha
KaKOW JpYroy 10pore He BCTPEYaeTcsl OTAEb-
HBIX ITyHKTOB, TaK PA3HSIIIIAXCS IO BHICOTE HAJ
YPOBHEM MODSI U IO KJIMMATy B JIETHUE SICHbIE
JIHU, B T€UEHUE TPEX YaCOB CJIENOBAHUS T10
JKEJIE3HOIOPOKHOM TMHUY TeMTIepaTypa B pa3-
JIMYHBIX TYHKTax pasHutcs ao 20°. Mexmy
TYCTBIMU BUHOTPAJIHUKAMU, KOTOPBIE TTIOKPBI-
BalOT PyCCUJIMOHCKY10 paBHUHY, 1 HEOOUTae-
MBIMU TACTOUIIIAMU, HAJl KOTOPHIMU TIOHU-
MaeTcs Kpernoctb MoH-Jlyu, — 3airaTHOro

MNMpecc-apxue. Xene3aHas aopora Bo dpaHuy3ckux NMNupeHesax



Puc. 1. Apoynbiii MocT CexxypHe Yepe3s n1aBuHy p. Ter.

ropoja, HauboJjiee BO3BBILIEHHOIO U CaAMOIO
X0J1I0AHOro Bo MpaHLuK 0 KJIMMATY, IIpope-
3aI0TCS IOJIMHBI, T/Ie IPOM3PACTAIOT TAMAPUHII,
aJIoe 1 KaKTYChI: HO €CJIM OTCIOIA, TOIHSIBILINChH
no IlepuickoMy yiie/ibio, BHOBb CIIyCTUTBCS
K byp-Magnawm (B cropony Mcmanuu), To ouy-
TUIIBLCS Ha BbICOKOM IL1aTo CepuaHb, U XOTS
3TO IUIATO HaxomuTcs erié Ha BeicoTe 1100
METPOB, HO POCKOILIHOE IUIOA0POIME U PACTHU -
TEJIBHOCTh €0 MOXET CPABHUTHCS C JIYULIUMU
dpykToBeiMU cagamu Typenu. M3BuBasich Bo
BCE€ CTOPOHBI, PACXOAITCS y3KKE TOJIMUHbI, TIe
IOTATCSI, TO B KyCTaxX I'YCTOM 3eJieHU, TO IIpU-
JICIUISISICH K TOJIOH CKaJjle, pa3HOro poia K-
MaTU4eCcKue CTaHIMU U BOJoJieYeOHbIe 3aBe-
JICHUST; UX CKPOMHBIE Pa3Mepbl, OrpaHUYEHHbIE
CKATBIMU YILIEIbsIMU, MPUAAIOT el OoJjiee
BHYILMTEIbHbBINA BUA OTHAIEHHBIM [T1peHesiM,
BEPIIMHbI KOMX BbIPHCOBBIBAIOTCSI BO BCIO UX
KOJIOCCAJIbHYIO BBICOTY Ha BCEM IPOTSKEHUN
KeJle3HOAOpoKHOTOo TyTh. ITo Mepe mpubIm-
JKEHHUsI K MCIIAHCKOM IPpaHMIIe 3Ta HOBasl XKe-
JIC3HOIOPOKHAS JIMHUS IIPEICTABIISICT HACTOSI-
LIYIO IepeBaibHyI0 mopory yepe3 I[lupeneu,
OHAa IlepeceKkaeT rpaHMIly B MyHKTe, rue oba
CKJIOHA B CWJIy TpaKTaTa IpuHaaiexaT OpaH-
uuu. ITo 3ToMy 10roBOpY YCTYIUIEHBI BO BJla-
nenue ®pannuu 33 cenenus B CepraHu,
MecTeuko ke JIuBua, Toraa cuyuTaBILeecs Io-
ponowMm, octanioch 3a Mcrmanueii. B HacTosiiee
BpEMSI B 3TOM MeCTe 00pa30BajloCh Yepe3Ino-
JIocHOe BianeHue B 10 KB. KM, ¢ HaceJleHueM
B 1000 gyenoBek, CBA3aHHOE HEWTpaabHOM
TIOJIOCOM (IOpOroii) ¢ TpaHUIleit BOJIM3U Ma-
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JIeHpKOTO ropoaka [Isrorcepaa, BBICTPOSHHOTO
JIMIIb B ABYX KUJIOMETpax OT (ppaHIy3CKOM
teppuropun. [lepeBan uepes xpedeT coBepIa-
€TCsT BBIEMKOM 10T OTKPBITBIM HEOOM; BMECTO
Ke OOJIBIIIOTO TOHHEJIS IS IIPOBEICHUS Ke-
JIE3HOIOPOXKHOM IMHUU IIPUIIUIOCH BO3BOIUTD
MHOTOUYMCIIEHHBIC MCKYCCTBEHHBIE COOpPYKe-
HUSI, MEXIY KOTOPBIMU UCKITIOUNTEIbHBIN
WHTEpEC IMPEICTABIISIIOT COOO0I CIIeMyIOIINE 1B
MOCTa.

IlepBriM MoOcTOM (puc. 1) mepecekaercs
peka Ter HemHoro Huxe ®oHTHmenpy
(Fontpédrouse). B atom mecte nonuna p. Tet
MPUHUMAET BOPOHKOOOpa3Hylo (GopMmy, 10-
CcTUTasl IIMPUHBI Bcero 35 MeTpoB. [Tpu satn-
NECATAMETPOBOM BBICOTE HAI PEKOM, MEXIY
TEM B YPOBHE KeJIe3HOIOPOXKHOIO TOJIOTHA,
BO3BBIIIAIONIETOCS HAJ PeKOii Ha 75 MeTpoOB,
JIOJINHA, pacIINPSICh, TocTuraeT cBbiie 200
METPOB IITMPUHEI.

YeTpoiicTBO KaMEHHO# TPYOBI (MOCTOBOM
apKu) OOBIKHOBEHHBIM CITOCOOOM CTOMJIO OBI
oompimx geHer. Mrkenep CexypHe (Séjourné)
MIPUIYMAJ IEPEKUHYTh Yepe3 3TY JIABUHY CBO
cTperbuaToi (opMbl, Ha BEPIINHE KOTOPOTO
OH 000CHOBAJI KOJIOHHBI, BEICOTOIO, OTBEYAIO-
LIei TIyOMHe IepeceKaeMOoro TajabBera peKu
TeT; TakuM 00pa30M MOJTYUMIICS apOUYHBIN
MOCT, BCTPOCHHBI OPUTHMHAJIBHO U 9KOHO-
MHYHO.

JHpyroit MocT (puc. 2), BRICTPOCHHBII BBI-
1re (1o TeYSHUIO PeKH) TIPEIBIAYIIETO MOCTA,
MPeICTaBIISIET COOO0I0 OOJIBIION MOCT BUCSIYE
CHCTEMBI, Ha CTaJbHBIX KaHaTaX. DTO OIWH

Mpecc-apxue. XXene3Haa aopora Bo PpaHuy3ckux MupeHesx
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Puc. 3. Cxema cnocoba nogsewmnsaHus mocta. @epmsi PO, PA, PB n 1.4. coeAUHEHbI C r/1aBHbIM KAHaTOM Takum
o6pa3om, 4To 06pPa3yioT TPEyrosibHUKU, K BepPLUMHAM KOTOPbIX MPUKPENJIeHbl TAru, NoaaepXusaioLyne MOCTOBOe
nosoTHo. Pepmsbl 3TN, CBEPX TOr0, NMoABeLLIeHbl K BCIOMOraTesisHoMy KaHaTy, poTsiHyTOMY Yepe3 obe ornopbi P
n P’'. B roukax N u N’ nokasaHbl nog3eMHble sIKOPSi, yAepPXnBaloLLue HaTaHYTble KaHaTbl.

W3 PEIKUX CIyYaeB B €BPOIEHCKOM MPAKTUKE,
KOT/Ia PeIIWINCh YCTPOUTH IO KeJIE3HOIO0-
POKHBIM ITyTh TAKOTO POJIA MOCT.

B aTOM OTHOIIIEHUY OTIBIT paHee ObLI cie-
naH B Coenuuénnbix Llltarax (CeBepHoit
AMepHKI), HO MOCT, O KOTOPOM HIET peyb,
3HAYUTEJbHO OTJIMYAETCSI OT aMEPUKAHCKUX
MOCTOB; CITPOEKTUPOBAHHBIN BOCHHBIM MH-
xeHepoMm XKucknap (Gisclard). Btotr MocT
JIOJIKEH OBITh OTMEUEH, KaK BaXKHBIU mIar
B YCOBEPIIIEHCTBOBAHUY METAJUTMUECKUX MOC-
TOB.

OOBIKHOBEHHO BUCSIYME MOCThI yCTpanBa-
I0TCSI TIPU TOMOIIM 1IeTIedl UM CTaJbHbBIX
KaHATOB, MIPOTSIHYTHIX Yepe3 ABE OTIOPHI (ITH-
JIOHBI), Y TIO JJTUHE KAHATOB MO/IBEIICHBI TSITH,
TO/IIEPKMBAIOIINE MOCTOBOE TIOJIOTHO. [1pu
MPOX0Jie TTOABVXHOM HArpy3Ku KpUBU3HA
9TUX KaHATOB (MapaboJsia) MoaBepraeTcs mo-
CTETIEHHBIM U3MEHEHUSIM, KOTOPBIE BbI3bIBA-
10T BpeHbIE KOJIeOaHWsI B MOCTOBOM ITOJIOTHE
U 100aBOYHbBIE HATPSIKEHUSI B OTAEIbHBIX
COCTaBHBIX YaCTSIX COOPYKEHMUSI.

UToOBl YMEHBIIUTh KaYaHUE BUCSIUYUX
MOCTOB, aMEPUKAHIIbI TIPUMEHSIIOT CUCTEMY,
TIPUHSITYIO TIPU coopykeHnn bpykinHckoro
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MocTa. ISt ceil 1ein ycTpamBaloT ¢ 00eux
CTOPOH MOCTA BBICOKHUE pelieTdaThie (PepMbl,
co31aBast TUM IIPOMEKYTOUYHBIIA TUIT MEXIY
BUCSIYMMM MOCTaMM IMPEXHEro TUMa, ¢ TUob-
KHM MOCTOBBIM ITOJIOTHOM ¥ MOCTaMU OObIK-
HOBEHHOM XECTKOI CUCTEMBI U3 PELIETYAThIX
depm. Moct XKuckiiapa ocHOBaH Ha TTPUHIIA -
e HeM3MEHSIEMOI TPEYrOJbHON CUCTEMBI;
[MOJIOTHO MOCTa IOABEIIEHO MPU MOMOIIU
depM TpeyrosbHO CUCTEMBI, 00pa3yeMbIX,
Kak IMM0Ka3aHO Ha cXeMe, puc. 3, KaHaTaMmu,
CKpPEIIEHHBIMU KaK B TOUKAX BCTPEUM, TaK
M B TOYKAX, K KOTOPBIM IPUMBIKAIOT TITH,
MOIEP>KMBAIOIIE MOCTOBOE MOJIOTHO; 3KECT-
KOCTb K€ TOCJIETHETO YCUIIMBAETCS TOCPeI-
CTBOM BCIIOMOTATEJIbHBIX IOJBECOK TUIIA
Opmunr (Ordish), cocTosmmx 13 0COOBIX Ka-
HATOB, MEPEKUHYTHIX C OJHOI OMOPbI Ha
JIPYTYIO; K 9TUM BCIIOMOIaTeIbHbIM KaHaTaM
yepe3 oIpeneae HHbIE IPOMEXYTKU IIPUKPEIT-
JIEHBI [JIABHbIE HATSKHbIE KAHATHL (hepM MpK
IIOMOILY BEPTUKAJIbHBIX CBsA3eil. Takum 06-
pasoM, TIoJIyJaeTcsl FeOMeTPUIEeCKU Heu3Me-
HsieMasl CUCTeMa, U MeTaJInueCcKue 4acTu
MOABEPraloTCs JMUIIb BeCbMa MajibIM aedop-
MaLIMSIM, B 3aBUCUMOCTH OT YIIPYTOCTH METaJl-

. 304-307 (2020)
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Puc. 4. NMpounssoacreo pabot no c6opke mocta Xucknapa.

Jla, KaK 9TO UMEET MECTO B COOPYXKECHUSIX U3
MPOKATHOTO U KJIEMAHHOIO XeJie3a.

TTonotHO MocTa 2ZKuckitapa, CoopyK€HHO-
ro B Mecteuke KaccaHb, MeXIy CTaHIUSIMU
Coto u [Timane (Sauto et Planeés), pacmomoxe-
HO oKkoJio 80 METpOB Haj ypoBHEM peku Ter;
obmas amrHa MocTa 253 metpa, u3 Hux 234
MeTpa COCTaBJISIIOT MOCTOBOE TIOJIOTHO, IO/ -
BEIIIEHHOE K IByM OTIOpaM, PaCIiOJIOKEHHBIM
Ha paccTosiHuM 156 MEeTpoB, a ocTajabHbIe 19
METPOB COCTABJISIIOT MTPOJIETHYIO HETTOABMX-
HYIO 9YaCTh MOCTa, OTHOCSIIITYIOCST K O PETOBBIM
ycTosm (puc. 4).

PaboTel MO COOPYKEHUIO BBIITOJTHEHBI
C 3aMeYaTeIbHBIM MCKYCCTBOM WHXKEHEPOM-
crienannctoM ApHoaeH (Arnodin), Xopo1io
M3BECTHBIM TIO TocTpoiike 3amka LllaTonéd
(Chateauneuf sur Loire).

CaMo IIpom3BOACTBO paboOT Mmo cOopKe
MOCTa OTIIMYAJIOCh CMETOCTHIO U U3SIIIIECTBOM.

Yr1o06bI M30€KaTh 3HAYUTEIbHBIX PACXOIOB
10 YCTPOWCTBY IMTOAMOCTEN, paOOTHI BEJIMCh HA
Becy, TTPY TTOMOIIIN TPAHCTIOPTEPOB; HAYABIIN
cOOpKY CO CpefHell TaHeJIn MOCTOBOTO TI0-
JIOTHA, KaK TTIOKA3aHOo Ha PUC. 4, IPOJIBUTATTNCH
1IIar 32 [IarOM C KaXI0i CTOPOHBI K OTIOPaM.
Pabota Benach Tak TOYHO M ObLIa TTOpyYeHa
TaKOMY yMEJIOMY TIepCOHaJTy, YTO JIeJI0 000-
IIJTOCh 0€3 BCSIKMX HECYACTHBIX CITy4aeB.

IMonzemusie sikopst N u N’ (puc. 3), ynep-
JKMBAIOIIME HATSKEHUE 1eTeli-KaHaToB,
YCTPOEHBI TT0 HOBOMY BEChMa YCOBEPILIEHCTBO-

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 304-307 (2020)

BaHHOMY crioco0y nHxxeHepa Hysmnak-ITuou
(Nouailhac-Pioch). OHm moIrycKarmT BO BCSI-
KO€ BpeMs OCMOTpa KaHaTOB MO BCE UX
JUTUHE W 3aMeHY JTI000To 13 HUX 0e3 Maseii-
IIIETO Bpea ATt IPOYHOCTU COOPYXKEHUSI.

[To10THO XeNe3HOMOPOXKHON JTUHUU OT
Buwindpanma no byp-Mamam, yctyruieHHOE
10 TOTOBOPY 00111ecTBY ceTn KOXKHBIX XKene3-
HBIX JOPOT, OBIJIO COOPYXEHO TPABUTEIb-
crBoM. Hauaras B 1904 romy, nuHus ObLIa
OKOHYATEJIbHO BBICTPOEHA B 5 JIET; 3Ta CKO-
pOCThb ObLIa PEKOPIOM, KOTOPBII OIepKaio
TPaBUTETHCTBO HA/l YACTHBIMU KOMITAHUSIMU.
3aciayra B 3TOM OTHOIICHUM TIPUHAIJIEKUT
M. Jlakcy (M. Lax), rtaBHOMY MHCIICKTOPY
MOCTOB U1 TOPOT (OBIBIIIEMY TUPEKTOPY IeIap-
TaMEHTa XEeJe3HBIX TOPOT MUHUCTEPCTBA
[Ty6ommaHBIX paboT), KOTOPOMY OBLIO BBEPEHO
[JIaBHOE 3aBeJbIBaHWE pabOTaMM KakK 3TOM
JIMHWY, TaK 1 BCEMU MTUPEHENCKUMU TOPHBIMU
JKeJIe3HBIMU oporaMu. W, neiicTBUTENbHO,
HyXeH ObLT TaKOW CWJIbHBI aBTOPUTET, KaK
nHxeHep Jlakc, 4ToObl HaKOHEI MPOBECTU
yepe3 MUHUCTEPCTBO HOBBII THUII 3TOTO 3aMe-
YaTeJIbHOTO BUCSYETO MOCTa, MPOEKTA TOJI-
KoBHMKA JKuckiapa, JOCTOMHCTBAa KOTOPOTO
OBLTV TTPU3HAHBI 110 UCTEYCHUH JIUTITb TPUI-
maru set (L' [lustration, 1909).

Nuxenep Anekceii 2KokeBud
(Kenesznomopoxuoe neio. — 1910. —
Ne 6—7. — C. 36—38) ®
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OALACKUA BUALYK HA OPJIEAHCKOW XXEJIE3HOWM
NOPOTE (dPAHLIUS)

OsepHe, 6;1u3b Kinepmon-®eppana,

MPEACTOUT BCKOPE OTKPBITHE COOPY-

kaemoro PDaackoro Buamyka, — Of-
HOM M3 TOCTONPUMEUATE/IbHBIX IOCTPOEK Ha
(bpaHIy3CKMX XKeJIe3HBIX JOpOorax.

DTO UCKYCCTBEHHOE COOPYXKEHUE, BO3BE-
NEHHOE Mo MpoeKTy nHxeHepa [llarenbe,
repecexaeT JoJUHY U peuky Cuynb (IpUTOK
peku Aniue) Ha BeimHe 132,5 MeTpoB, Tpe-
MSI TIPOJIETAMU, TPUUYEM OTBEPCTHE CPETHETO
nponéra — 144 merpa, a O0KOBBIX — 10 116
MeTpoB. CaM XKeJIe3HBIII MOCT, pelI€TyaToi
CHUCTEMBI, TIpU BbIcOTE cTOeK 11, 17 MeTpoB,
PACITOJIOKEH HYDKHUMU TOsICAMU Ha KaMeH-
HBIX OImopax (IMWIOHAX), P BBICOTE CPETHUX
orop B 92 metpa. B ob111eM — 310 coopykeHMe
MPEACTABJISIETCSI BBIIAIOLIMMCS B COBPEMEH-
HbIX XK€eJI€3HOIOPOXHbBIX ITOCTPOMKAX IO BbI-
COTE OIOP U CMEJIOCTH 3aMbICIA.

DTOT MOCT-BUAAYyK MUMEET LeIbl0 COKpa-
TUTb XKEJE3HOAOPOXKHBIN MyTh MEXIY CTaH-
uusimu MonaocoH u Kinepmon-®eppan,
npoxod yepe3 Mecteuko CaHT-DII0i.

® MWP TPAHCIMOPTA, Tom 18, N2 6, C. 308 (2 )]

J1o noctpoiiku Buatyka pacctosiHie or MoH-
mocoHa 10 KnepmoH-@eppana cunranoch 108
KWJIOMETPOB (13 HUX 67 KMJIOMETPOB OT MOHT-
mocoHa 1o [anHa — o OpeaHcKoi xKeJle3HOM
nopore 41 xm or [anna 1o Kirepmon-Meppana
nio muHuK [aprx—JInon—CpemmrzeMHoe MOpe).
TTo HOBOMY ke HarpaBJIEHIIO, MUHYIOILLIEMY CETh
npopor OomiectBa P. L.M., paccrosiHue Mexmy
STUMM ITyHKTAMU CTaI0 96 KNJIOMETPOB.

Buanyk, BEICTpOEHHBIIA U3 MEXaHUYECKUX
COOpPYXXEHUI, MpUHAT YrpasieHuem Opie-
AHCKOM XeJe3HOU NOPOru B OKOHYEHHOM
BUJIE, MOC/Ie HaUIeXKalllMX UCIIbITAHUIMI ITPOY-
HOCTU Harpy3Koil M IPOIYCKOM 4epe3 HEero
TSKEJTBIX TPYKEHBIX ITOE3/10B.

IIpoe3xkaBiiiye 110 3T IMHUN ITACCaKUPbI
OyayT J11000BaTHCS XKUBOIMMCHBIM 3PEIUILIEM
¢ BBICOTHI 132 MeTpoB Haj pockoiiHoit Cu-
ynbckoit nonuHoit (M3 «Le Monde Illustré»).

Nmxenep Anekceii 2KosikeBud
(Kemne3nomopoxkuoe neixo. — 1910. —
Ne3—4.—-C.22)@®
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NEWS EROM THEARCHIVES

The topic considered in the preceding article is continued by two publications first published in the
Journal 110 years ago. Both articles (they had been in turn reproduced and translated from French
editions) are dedicated to engineering solutions that allowed construction of a railway in mountain
region and that were unique for that time.

To the maximum extent possible the vocabulary of the period of publication has been kept intact.

Keywords: mountain railway, viaduct, Pyrenees, transport history, bridge structures.

For the original Russian text of the publication please see p. 304

The editorial board is grateful to the staff of the library of Russian University of Transport for their help in

preparing the material.

RAILWAY IN THE FRENCH PYRENEES

n the presence of the Minister of Public

Works, Millerand, the opening of a new

railway linking Villefranche-de-Conflent
with Bourg-Madame will soon be inaugurated
in the French-Eastern Pyrenees. This railway,
on which, due to steep inclines, it was decided
to use electric traction, serves as an extension
of the existing line from Perpignan to
Villefranche.

Passing through unexplored, inaccessible
terrain, the new railway line is remarkable not
only for the variety of beautiful views, but also
for the originality of some manmade structures,
for the construction of which new calculation
formulas and bold methods were used in the
work itself.

From Villefranche, the train runs along the
valley of the Tét River and then crosses the
French Pyrenees all the way to Bourg-Madame.

At first, running at an average height of 549
meters above sea level, the railway rises along
a mountain gorge, crosses the ridge of the
Pyrenees chain at an altitude of 1580 meters

and then again descends at the border, holding
at an altitude of 1138 m.

Without touching the railways of a purely
mountainous nature, this railway line should
be considered, in general, very elevated in terms
of the absolute height of its points (La Mur —
925 meters, St. Gotthard — 1154 meters,
Arlberg — 1311 meters and Brenner — 1370
meters); on any other road there are no separate
points that differ so much in height above sea
level and in climate on clear summer days,
during three hours of travel along the railway
line, the temperature at different points varies
up to 20°. Between the dense vineyards that
cover the Roussillon Plain and the uninhabited
pastures, over which the fortress of Mont Louis
rises, a provincial city, the most elevated and
coldest in France in terms of climate, there are
valleys where tamarind, scarlet and cacti grow:
but if from here, having risen along the Perche
Gorge, to descend again to Burg-Madame
(towards Spain), then you will find yourself on
the high plateau Cerdagne, and although this

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 6, pp. 309-312 (2020)

News from the Archives. Railway in the French Pyrenees



Pic. 1. Arched bridge Séjourné over the avalanche
of the river Tét.

plateau is still at an altitude of 1100 meters, its
luxurious fertility and vegetation can be
compared with the best orchards of Touraine.
Winding in all directions, narrow valleys
diverge, where they huddle, now in the bushes
of dense greenery, now clinging to the bare
rock, various climatic stations, and hydropathic
establishments; their modest size, limited by
compressed gorges, lends an even more
imposing appearance to the distant Pyrenees,
whose peaks loom at their entire colossal
height along the entire length of the railway
track. As it approaches the Spanish border,
this new railway line represents a real pass
through the Pyrenees, it crosses the border to
a point where both slopes, by virtue of the
treatise, belong to France. Under this
agreement, 33 villages in Cerdagne were ceded
to the possession of France, while the town of
Llivia, then considered a city, remained with
Spain. Currently, in this place, a settlement of
10 sq. km appeared, with a population of 1000
people, connected by a neutral strip (road)
with the border near the small town of
Puigcerda, built only two kilometers from the
French territory. The pass over the ridge is
made by an open-air notch; instead of a large
tunnel for the railway line, numerous artificial
structures had to be erected, between which
the following two bridges are of exceptional
interest.

The first bridge (Pic. 1) crosses the Tét River
just below Fontpédrouse. In this place, the
valley of the river Tét takes on a funnel shape,
reaching a width of only 35 meters. At fifty
meters above the river, meanwhile, at the level
of the railway bed, which rises 75 meters above

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 6, pp. 309-312 (2020)

Pic. 2. General view of the suspension bridge
of the Gisclard system.

the river, the valley, expanding, reaches over
200 meters in width.

The construction of a stone pipe (bridge
arch) in the usual way would cost a lot of money.
The engineer Sé¢journé came up with the idea
of throwing a lancet vault over this avalanche,
at the top of which he grounded the columns,
the height corresponding to the depth of the
river Tét crossed by the thalweg; thus, an arched
bridge was built, built in an original and
economical way.

Another bridge (Pic. 2), built upstream
(along the river) of the previous bridge, is a large
bridge, a suspension system, on steel ropes.
This is one of the rare cases in European
practice when they decided to build a bridge of
this kind under the railway track.

In this respect, experience has previously
been done in the United States (North
America), but the bridge in question is
significantly different from American bridges;
designed by military engineer Gisclard. This
bridge should be noted as an important step in
improvement of metal bridges.

Suspension bridges are usually arranged
using chains or steel ropes stretched through
two supports (pylons), and ropes are suspended
along the length of the ropes to support the
bridge deck. When a moving load passes, the
curvature of these ropes (parabola) undergoes
gradual changes, which cause harmful
vibrations in the bridge deck and additional
stresses in individual component parts of the
structure.

To reduce the swinging of suspension
bridges, the Americans use the system adopted
during the construction of the Brooklyn Bridge.

News from the Archives. Railway in the French Pyrenees



Pic. 3. Diagram of the method of suspension of the bridge. Trusses PO, PA, PB, etc. connected to the main rope
in such a way that they form triangles, to the tops of which rods supporting the bridge deck are attached. These
trusses, moreover, are suspended from an auxiliary rope stretched through both supports P and P’. At points
N and N', underground anchors are shown holding the tensioned ropes.

For this purpose, high lattice trusses are arranged
on both sides of the bridge, thereby creating an
intermediate type between suspension bridges
of the previous type, with a flexible bridge deck
and bridges of an ordinary rigid system of lattice
trusses. The Gisclard bridge is based on the
principle of an immutable triangular system; the
bridge leaf is suspended by means of triangular
trusses formed, as shown in the diagram, Pic. 3,
with ropes fastened both at the meeting points
and at the points adjacent to the rods supporting
the bridge deck; the rigidity of the latter is
enhanced by means of auxiliary suspensions of
the Ordish type, consisting of special ropes
thrown from one support to another; to these
auxiliary ropes, at certain intervals, the main
tension ropes of the trusses are attached using
vertical ties. Thus, a geometrically unchanging
system is obtained, and the metal parts undergo
only very small deformations, depending on the
elasticity of the metal, as is the case in structures
made of rolled and riveted iron.

The Gisclard bridge, erected in the town of
Cassagne, between the stations of Sauto and
Plangs, is located about 80 meters above the
level of the Tét River; the total length of the
bridge is 253 meters, of which 234 meters are
the bridge deck, suspended from two supports
located at a distance of 156 meters, and the

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol
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Pic. 4. Execution of works on the
assembly of the Gisclard bridge.

remaining 19 meters constitute the span fixed
part of the bridge related to the coastal
abutments (Pic. 4).

The construction work was carried out with
remarkable art by the specialist engineer
Arnodin, well known for the construction of
Chateauneuf-sur-Loire.

The very execution of the work on the
assembly of the bridge was distinguished by
boldness and grace.

To avoid significant costs for arrangement
of the scaffold, the work was carried out on the
weight, using conveyors; starting the assembly
from the middle panel of the bridge deck, as
shown in Pic. 4, were moved step by step from
each side to the supports. The work was carried
out so accurately and was entrusted to such
a skilled staff that the business went without
any accidents.

The underground anchors N and N’
(Pic. 3), holding the tension of the rope chains,
are arranged according to a new highly
improved method by the engineer Nouailhac-
Pioch. They allow at any time to inspect the
ropes along their entire length and replace any
of them without the slightest harm to the
strength of the structure.

The railway line from Villefranche to
Bourg-Madame, ceded by contract to the

.18, Iss. 6, pp. 309-312 (2020)




community of the Southern Railways network,
was built by the government. Started in 1904,
the line was finally completed in 5 years; this
speed was the record for the government over
private companies. The merit in this respect
belongs to M. Lax, Chief Inspector of Bridges
and Roads (former Director of the Railways
Department of the Ministry of Public Works),
who was entrusted with the main management
ofboth this line and all the Pyrenean Mountain

railways. And, indeed, it took such a strong
authority as engineer Lax to finally bring
through the ministry a new type of this
wonderful suspension bridge, the project of
Colonel Gisclard, whose merits were recognised
after only thirty years (L’ Illustration, 1909).

Engineer Aleksey Zholkevich
(Zheleznodorozhnoe delo [Railway
Business], 1910, No. 6—7, pp. 36—38) ®

FADE VIADUCT ON THE ORLEANS RAILWAY (FRANCE)

viaduct of Fade, which isunder construction,

is soon to be opened, one of the most notable
buildings on the French railways.

This engineering structure, erected by the
engineer Chatelier, crosses the valley and the
Sioule River (a tributary of the Allier River) at
a height of 132,5 meters, in three spans, with
the opening of the middle span — 144 meters,
and the lateral ones —116 meters each. The iron
bridge itself, a lattice system, with a height of
the posts of 11,17 meters, is located with the
lower belts on stone supports (pylons), with
a height of the middle supports of 92 meters.
Ingeneral, thisstructure seems to be outstanding
among modern railway buildings in terms of
the height of the supports and the boldness of
the concept.

This viaduct bridge aims to shorten the
railway route between Montlucon and
Clermont-Ferrand stations, passing through
the town of Saint-Eloy.

I n Auvergne, near Clermont-Ferrand, the

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 6, pp. 312 (2020)

Before the construction of the viaduct, the
distance from Montlucon to Clermont-
Ferrand was considered to be 108 kilometers
(of which 67 kilometers from Montlucon to
Hann — along the Orleans railway and 41 km
from Hann to Clermont-Ferrand along Paris—
Lyon—Mediterranean line). In the new
direction, bypassing the network of roads of the
Society P. L. M. the distance between these
points has become of 96 kilometres only.

The viaduct, built with mechanical
structures, was accepted by the Orleans Railway
in its final form, after proper strength tests by
loading and passing heavy loaded trains
through it.

Passengers travelling along this line will
enjoy the scenic view from a height of 132
meters above the luxurious Sioule Valley (From
«Le Monde Illustré»).

Engineer Aleksey Zholkevich
(Zheleznodorozhnoe delo [Railway
Business], 1910, No. 3—4, p. 22) ®

News from the Archives. Fade Viaduct on the Orleans Railway (France)
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Epmonenko U. 0. PacyérHo-3kcnepumeH-
TAJbHAS METOIUKA OLIEHKH B3aMO/1€iiCTBUSI BATOHOB
W IyTH HA TOPHO-TIEPEBAJILHBIX YYacTKax / ABTOped.
nuc... Kana. Texd. Hayk. — Upkyrek: UpI'YIIC,
2020. — 20 c.

ITpobiema obecrieueHust O€30MACHOCTU JABU-
JKEHUSI 10 TOPHO-TIEPEBAIbHBIM YYacTKaM IyTH Ha
NMaHHBIT MOMEHT pacKpbiTa HEZOCTATOYHO. DTO
YTBEpXJIeHNe OCHOBAaHO Ha MHOXKECTBE Iy0JInKa-
LM BEAYIIUX YYEHBIX U KPYITHbBIX CIIEIIUATUCTOB,
MHOTO JIET pabOoTaIIMX B 001aCTH U3YYEHMS M-
HaMUKH MTOJBMXXHOTO COCTABA.

Henbio nriccepTalluOHHOM pabOTHI SBISIETCS
pa3paboTKa TeXHUYECKUX PEIICHUI 1 TIPeTOKe -
HUIi, HAaTIpaBJIeHHBIX Ha TMMOBBIIIEHUE Oe30mac-
HOCTH JIBUXEHUSI MOABUXKHOTO COCTaBa Mo rop-
HO-TIepeBaJIbHBIM YU4acTKaM MyTH C UCTTOJIb30Ba-
HMEM KOJIMYECTBEHHOM U KaUeCTBEHHOW OLEHKHU
9KCIUTyaTallMOHHBIX (PAaKTOPOB, BIUSIONIMX Ha
CXOJI BaroHa.

O0BeKTOM HCCIeIoBaAHMS SIBIISIETCST Ge3ormac-
HOCTb JIBVDKEHUSI U CXO/IbI TIOJIBUKHOTO COCTaBa Ha
TOpHO-TIepeBaIbHBIX yyacTKax mytu BCZK]I.

IIpeameToM HccIeI0BAHUS SIBJISIETCS] PACUETHO-
9KCTIePUMEHTaJIbHASI METOAMKA OLEHKU B3aUMO-
NEWCTBYSI BarOHA M ITyTH JUTST TTOBBITIIEHMSI Ge3011ac-
HOCTH JBWXEHMSI Ha TOPHO-TIEPEeBATBHBIX Y4acT-
Kax.

Hcnonb30BaHO coueTaHUE TEOPETUUECKUX,
9KCIEPUMEHTAIbHBIX ¥ YMCICHHBIX METOJOB UC-
CJIeIOBaHMS.

YeTaHOBIEHO BAMSIHUE PAGOTHI ABTOCHENKH HA
OTKa3bl OYKCOBOTO y371a.

PazpaboTana pacu€THO-3KCIIEepUMEHTaTbHAS
METOIMKA JUIS KOJTMYECTBEHHOM M KaueCTBEHHON
OLICHKHU BJIMSIHUSI 9KCIUTyaTAlIMOHHBIX (DaKTOPOB
Ha 6€30MacHOCTb JIBUKEHMSI TIOJBUKHOTO COCTaBa
10 TOPHO-TTEPEeBAJILHBIM yJacTKaM ITyTH.

B pesynbraTe npoBeagHHBIX paccienoBaHUui
CXOJIOB BaroHOB M CUCTeMaTH3aluu (haKTOpOB,
BJIMSIIOIIMX HA HapylIeHWe 6e30MacHOCTH ABVKE-
HUSI, ONIPE/IENIEHO, YTO CXObI IIPOUCXOUIIN B OC-
HOBHOM TIPY COYETAHUMU CJIEIYIOIIMX YCIOBUIA:

* TIpU IBMKEHUH B ITOJIOTMX KPUBBIX YUaCTKAX
mmytu paguycoM oT 800 M 10 1200 M co CKOPOCTHIO
60—80 xKM/4 BO3HMKAET IIOIEpEeYHAss Harpys3Ka,
KOTOpasi JUTMTEIbHO BO3ACUCTBYET Ha YTy Peib-

MWP TPAHCIOPTA, Tom 18, N2 6, C. 314

ABTOopedepaTbl AuccepTauumn

COBO HUTU W MOXET SIBJISITbCSI TIPUUMHON €&
pa3pbiBa;

* IpY BO3HUKHOBEHUU CBEPXHOPMATUBHBIX
OOKOBBIX Harpy3oK, 0OYyCJIOBJICHHBIX 3aKJIMHUBA-
HMEM XBOCTOBMKA aBTOCLEINKU B npoéme YII1
B KpaiiHeM TpeaebHOM mostioxeHuu (10 13°C).

TTpoBeneHBI MOe3aHBIE UCITBITAHUS, B XOJE
KOTOPBIX OTpe/ieSieHbI TPOIOTbHBIE U BEPTUKATh-
HbIE CWJTBI, AEVMCTBYIOIINE Ha BAaTOH TIPY IBIKEHU T
10 TOPHO-TepeBaibHBIM yyacTKam 1yt BCK]I.

YTouHeHa MaTeMaThyecKasi MOJIeb IBUXKEHUST
rpy30BOro BaroHa, myTéM yuéra rnepeMeHHOro
NEeWCTBUS TIPOMOJIBHBIX YCUJIUIA OT aBTOCIIETIKH,
NEeNCTBYIOUMUX MPU NBUXEHUU MO TOPHO-
TepeBAJIbHBIM y4acTKaM TIYTU U OTIpeleTEHHBIX
B XOJI€ MOE3IHBIX UCTIBITAHUIA.

Pa3pabotaH crielianu3upoBaHHbIN KATKOBBIT
CTEH/I, KOTOPbIi O3BOJIMJI B JIAOOPATOPHBIX YCIIO-
BUSIX UMUTHPOBATH IBIDKEHUE BarOHa ¢ HENCITpaB-
HOCTSIMU KOJIEC B KPUBBIX y9acTKaxX MyTH, 3a1aBast
BO3BBIIIIEHUE PENIbCa U Pa3Mephl 1e(eKTOB Ha TTO-
BEPXHOCTU KaTaHUsI KoJjieca.

YcraHOBJIEH HOBBIN OPaKOBOYHBIM MpPU3HAK
JUISl BU3YaJbHOTO KOHTPOJIS 3aKJIMHUBAHUST XBO-
CTOBMKA aBTOCIIETIKM M CITOCO0 eT0 0OHApYKEeHUSI.

PazpaboTraHbl TeXHUYECKUE PEKOMEHIALUU IO
CKOPOCTHBIM peXUMaM ABUKEHUS] BATOHOB IS
peabHBIX yuyacTKoB myTu BocrouHo-Cubupckoit
KEJIE3HOI 1I0pOTH.

05.22.07 — [lodeucroii cocmag xcenestvix dopoe,
msea noe30oé u anekmpugpuxayus. Paboma évinon-
HeHa 6 UpkymcKkom 20cy0apcmeeHHOM yHUueepcumeme
nymeii cooOueHus.

Sawuma cocmosiaacw 8 IlemepOypeckom eocydap-
cmeeHHOM yHUusepcumeme nymeii coooujernus HUmne-
pamopa Anexcandpa I.

Kpagen A. C. Pa3BuTne MeTOI0B TeXHOJIOTHYE-
CKOr0 B3aMMOJICHCTBUA NPEANPUATHI B PerHOHAJIb-
HBIX CHCTEMAaX TPAHCTIOPTHPOBKH HACBIMHBIX IPY30B
/ ABToped. muc... KaHa. TexH. HayK. — PoctoB u//1:
PI'VIIC, 2020. — 26 c.

Poccuiickast ®deneparnus B cuity reorpaduye-
CKUX 0COOEHHOCTE! HaXOAWTCS HA TlepecedeHrn
BaXXHEUIINX MEXAYHAPOAHbBIX HAMIpaBJEHUI Ipy-
30MOTOKOB, YTO OMPEENSIeT €€ MPUOPUTETHI B pa3-
BUTHUM TPAHCIIOPTHON MH(MPACTPYKTYPBI, HEOOXO0-
IVMOCTD Pa3BUTHS TEXHOJIOTUI OpTaHU3AIIUN TIe-
PEBO30YHOIO MPOLECCa, OCOOEHHO B CETMEHTE
9KCIOPTHBIX TTEPEBO30K. YBeIWYeHUE NOJIU
B 9KCITOPTE HACBHIMTHBIX TPY30B TpeOyeT moucka
u peanusauuu 3OHEKTUBHBIX TPAHCTIOPTHO-
TEXHOJIOTMYECKUX CXEM Pa3BUTHSI TOTO CETMEHTA
TEePEBO30K C UCTIOIb30BAHMEM TIOTSHIIMAA BUOB
TPaHCIIOPTA, BKIIIOUAsI XKeJIE3HOTOPOKHBI.

B aTux ycnoBusix HEOOXOAMMBI 1 aKTyaTbHBI
pa3paboTKM HOBBIX MTOAXO/I0B U METO/IOB TEXHOJIO-




TUYECKOTO B3aMMOAECWCTBUS MPEANIPUATAN B pe-
TMOHAJIbHBIX CCTEMaX TPAHCITOPTUPOBKY HACKIT-
HBIX TPY30B Ha OCHOBE COBEPIIIEHCTBOBAHMUS MPO-
HM3BOJICTBEHHO-TPAHCIOPTHO-CKIAICKUX MPOLIEC-
COB M CHICTEeM PacIIpeieIeHUs TPY30ITOTOKOB.

Lenbio qrccepTallMOHHON PaGOTHI SIBIISIETCS
pa3BUTHE METOJOB OPTaHU3AIMU U YIIPABICHUS
TPaHCTIOPTHO-TEXHOJIOTMYECKMM B3aUMOIEHCTBU -
€M MpPeANpusITUil B PErMOHAJbHBIX CUCTEMAX
TPAHCIIOPTUPOBKU MAaCCOBBIX HACBITTHBIX IPY30B Ha
OCHOBE MOBBIIIEHUS 3GGEKTUBHOCTH CUCTEM
YIpaBJIeHUsT pacpeie]IeHueM TPpy30TI0TOKOB TP
YCJIOBUU PALMOHAJIIBHOMW 3arpy3Ku MPUTIOPTOBOM
pernoHaNIbHOU UHPPACTPYKTYPHI.

O0bEKTOM HCCIe0BAHMS SIBIISTIOTCS PETMOHATb-
Hble TTC ynpaBiieHUsT EPeBO3KAMU HACBHITTHBIX
TPY30B B aJIpeC IMTOPTOB C YIYETOM B3aUMOIEHCTBUS
BUIIOB TPAHCTIOPTA U MTOBBIIIEHNSI KOHKYPEHTOCIIO-
COOHOCTHU TPAHCTIOPTHBIX YCITYT.

IIpeameT nccienoBanuss — TEOPETUKO-METO-
nudeckue noaxoabl GYHKUMOHUPOBAHUSI CUCTEM
OpraHu3alu 1 yIpaBJieHus TepeBO3KaMU MacCo-
BBIX HACBIITHBIX TPY30B B PETUOHAIBHBIX TIPUTIOP-
ToBbIX TTC, TpaHCTIOPTHO-TEXHOJOTUIECKIE
CXEMBbI TIEpEBO30K HACHITTHBIX TPY30B B MEXIyHa-
POIHOM COOOIIEHUU, JTOTUCTUUECKUE METOIbI
MYJIBTUAr€HTHOTO B3aUMOJIEHCTBUSI.

TeopeTnueckass U MpakTHYecKass 3HAYUMOCTh
paboThl COCTOUT B pa3paboTKe 3KOHOMMUKO-
MareMaTU4eCcKOi MOJIENIN, METOIOB Y aJITOPUTMOB
UTST peTleHUsT 3a1a9y YIIPaBIeHNST PETUOHATbHBIMU
TPAHCTIOPTHBIMU CUCTEMAMMU B YACTU TEXHOJIOTUU
MepeBO30K MACCOBBIX HACBIMHBIX TPY30B pa3iny-
HBIMU BUJAMU TPAHCIIOPTA, YYUTHIBAsI KJIMEHTO-
OPUEHTUPOBAHHOCTH, MYJIBTHATEHTHOCTb U MEPO-
TIPUSTHS TI0 TIOBBIIIEHUIO KOHKYPEHTOCITOCOOHO-
CTHU BUIIOB TPAHCTIOPTA.

BeinonHeH aHanu3 cOBpeMEHHOTO COCTOSTHUS
OTE€UYECTBEHHOTO U 3apyOeXXHOro0 HayyHOTO OIbITa
B 00JIaCTH OpraHU3aly U YIIPABIEHMS TPAHCIIOPT-
HBIMHU TIPOIIECCAMU, CBSI3aHHBIMU C HACBHIITHBIMU
rpy3amu. [IpoBenéH aHaIn3 TEXHOJOTUYECKUX TMa-
paMeTpOB B3aUMOJIECTBUS pETMOHATBHBIX CYOBEK-
TOB TPAHCIIOPTHOTO PHIHKA MTPU SKCITOPTHBIX TIepe-
BO3KaX HACBIMTHBIX TPY30B C YYACTUEM Pa3IUYHBIX
BHUJIOB TPaHCIOPTa. YCTaHOBJIEHa HEOOXOAMMOCTD
pa3BUTHST METOIOB pacTIpeNie/ieHUsT perMOHATbHBIX
TPY30TMTOTOKOB Ha MPUHIIUIIAX MYJIBTUATeHTHOCTU
¥ KJIMEHTOOPUEHTUPOBAHHOCTU.

TIpemnoxeHo pa3BUTHE METOIOB BEIOOPA (hopM
KOHLIEHTPAlUU PEerMoHaJbHbIX TPAHCIOPTHO-
CKJIAZICKUX CUCTEM TP OpPraHMU3alUU KEJIEe3HOI0-
POXHBIX TIEPEBO30K 1O YTOUHEHHBIM (DakTOpaMm:
€MKOCTH, TIPOU3BOIUTEIBHOCTH U TUHAMUKU
rpy30Boit Macchl. PazpaboraHa MeToIMKa KJ1acTe-
pu3anuu 3eMeHToB pernoHanbHoi TTC (Torpy-
304YHBII KJIacTep — KJlacTep MopTa — MOPTOBbII
KJlacTep) Mo aBTOPCKOMY aJITOPUTMY, KOTopast

® MWP TPAHCIOPTA, Tom 18, N2 6, C. 314-319 (2020)

ABTOpedepaTbl AUccepTaunm

MTO3BOJISIET OLEHUTHh BO3MOXHOCTH TTOBBIIIICHUS
YPOBHSI MapLIpyTU3allMd MacCOBBIX HACBITTHBIX
rpy30B B pernoHe. Pa3pabortaHbl cxemMbl BhIOOpa
aJlbTepHATUB KEJE3HOIOPOKHBIX MOTPY30YHbBIX
CTaHIIWIA B KJIaCTepe MPY peaTn3allii TeXHUIECKON
MapuIpyTU3alUK TTePeBO30K HACHITTHBIX TPY30B.

PazpaboraHa SKOHOMUKO-MaTeMaTHYeCKast
MOJieIb BbIOOpa pallMOHaJbHOI OpTraHU3aluu
Ipy30IOTOKOB HACBIMHBIX I'PY30B B apec MOPTOB
Ha OCHOBE C(hOPMUPOBAHHOI CUCTEMbI BPEMEHHBIX
¥ 9KOHOMWYECKUX KPUTEPUEB OIICHKH ITePeBO30Y-
Horo npoliecca B mynsruareHTHOI TTC ¢ yuérom
KJIacTepu3aluy MpOU3BOACTBEHHO-TPAHCTIOPTHO-
CKJTaZICKMX OOBEKTOB U 3arpy3KH MTOPTOBOI MH(ppa-
CTPYKTYDHI.

PazpaboTaH aaroput™ 1 NporpaMMHbII KOMII-
Jekc opMUpOBaHUS TIAaHA pacTipeaeseHus
(MapIIpyTU3aIM) HACKITTHBIX TPY30B Ha TPUHIIA-
Mmax KJIMeHTOOPUEHTUPOBAHHOCTU. B pesynbrare
anmpo06ay METOAVKH MOJTydeHbI 001acTH 3D heK-
TUBHOTO B3aMMOJICHCTBUS MOTPY30YHbIX KjacTe-
POB, KJIACTEPOB MOPTA, MOPTOBBIX KJIACTEPOB.

BoinosiHeHa otieHKa 3(peKTUBHOCTU pean-
3alMM PAallMOHAIBHBIX TUIAHOB MapIIpyTU3aIuN
MepeBO30K HACHITTHBIX TPY30B Ha moiuroHe Cese-
po-KaBka3ckoii xkele3Hoi Joporu, Kotopasi Imo-
3BOJISIET COKPATUTh PACXOIbl KJIMEHTa Ha TpaHC-
mopTupoBKy Ha 3,36 % (1,108 MutH py6.), COKpPaTUTh
npoberu nmoaBuxHOro cocrara Ha 11300 km
(3,45 %), cosnatb peseps BpeMenu 0,17 cyrok
(7,46 %) s obecriedyeHUs PUTMUUHOCTH TIEPEBO-
30YHOTO Mpoliecca B MPUIIOPTOBOI TPAaHCIIOPTHO-
TexHoJornyeckom cucreMme. MHTerpajibHblii moka-
3aTeSib KauecTBa OpraHU3allMy paclpeneieHus
PETMOHAIBHBIX TPY30IMOTOKOB YyiTy4diiieH Ha 13 %.

BoinosiHEHHBIE B TMCCEPTAllMOHHOM paboTe
TEOPETUUECKHE U METOIOJOTUIECKIE UCCTIeI0Ba-
HUS MOTYT CJIY>KUTb HAydHOU OCHOBOM 1151 (hop-
MUPOBAHUS HaMpaBJeHU pa3BUTUS PErMOHAb-
Hbix TTC ynpaBiieHUsT MepeBO3KaAMU HACBITTHBIX
TPYy30B, KOHKYPEHTHBIX BBITOJ TPEAMPUSTHIA
TpaHcrioprta. Mx peanusamnus B TpaHCIIOPTHOM
po1iecce 00eCIeUnT MOBBIIEHNE 3(DGHEKTUBHOCTH
CHCTEM TPaAHCIIOPTUPOBKHU KEJE3HOIOPOXKHOTO,
aBTOMOOWJIBHOTO M BOJHOI'O TPaHCIIOpPTa 3a CYET
MPUMEHEHUsI 9KOHOMUKO-MaTeMaTUIYeCKO Mojie-
JIM ¥ Pa3BUTHSI CUCTEMBI TTapaMeTpU3allui, anek-
BaTHOW OLIEHKW YPOBHEN B3aUMOJECUCTBUS BUI0OB
TpaHCITIOPTa Ha OCHOBE MHTETPATLHOTO MOKA3aTest
KayecTBa OpraHU3allMy paclpeaecHUs peruo-
HaJIbHBIX I'PY30TOTOKOB.

05.22.01 — Tpancnopmubie U mpaHcnopmuo-
MexXHoA02UHeCKUe CUCEeMbl CMPAHbl, €€ pecuoH08
U 20p0008, 0Op2aHU3AUUS NPOU3BOOCMEA HA MPAHC-
nopme.

Paboma ewvinoanena ¢ Pocmosckom eocydap-
CMBEHHOM YHUBepcumeme nymeii cOoOUeHUsL.
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IIuBoBapos /. B. MeTox JJormaeckoro 10noJHe-
HMS JUISl OPTaHU3AIUH KOHTPOJISI KOMOMHAIIMOHHBIX
YCTPOWCTB B CHCTEMaX MOHUTOPUHIA 0OBEKTOB JKe-
JIe3HOI0POXKHOIi aBTOMATHKH / ABTOped. Muc. .. KaHa.
texH. HayK. — CII0.: IITYIIC, 2020. — 16 c.

[MocTostHHOE yCTOKHEHNE TEXHUKW, MUTHHAA -
TIOpU3allKsl, MOBBILIIEHUE TPOU3BOAUTEIBHOCTH
Y yBeJIMYECHUE TEIIOOTAAYU — BCE 3TO Tpedyer
Y Pa3BUTHUSI TUATHOCTUYECKOTO obecrevyeHus .

Jlna obecrieyeHUsT HaAEXHOCTU MPUHUMA-
I0TCST pa3JIMIHbIe Mepbl, TaKne KaK MCIO0JIb30-
BaHUE BHICOKOHAIEXXKHBIX 2JIEMEHTOB, TIPUMeHe-
HUE METOJ/IOB Pe3ePBUPOBAHUSI, TUBEPCUDUIIN-
POBaHUsS U TEXHUUYECKOTO TMarHOCTUPOBAHUSI,
MCIOJIb30BaHUE CAMOTIPOBEPSIEMbIX JIOTMUECKUX
cxeM U T.j1. HacTosiniee nucceprailmoHHOE Mc-
cliemoBaHUe 3aTparuBaeT TaKoe HaIlpaBlIeHUE
KaK COBEpIIeHCTBOBAHUE MOIXOI0B K CUHTE3Y
cucteM pyHkumoHanbHoro KoHTpost (CPK)
YCTPOMCTB aBTOMATUKU Ha OCHOBE METOJa JIo-
rMYeCcKOro JOTMOJHEeHUS.

OCHOBHOJ1 IIEJIbIO 1M CCEPTALIMOHHOTO UCCIIe-
TIOBaHWS SIBJISIETCSI COBEPIIEHCTBOBAHNE METO-
noB cuHTe3a COK ycTpoificTB aBTOMAaTUKM Ha
OCHOBE METOJa TOTUYECKOTO JOTIOTHEHUSI.

Oo0bekToM uccaenosanus apisorcas COK,
IMOCTPOCHHbIE HA OCHOBE METOJa JJOTUYECKOTo
JOTIOJTHEHMSI, 2 MPEAMETOM — XapaKTePUCTUKH
C®K, mocTpoeHHBIX Ha OCHOBE JJOTMIECKOTO
IomoJaHeHUs 1 MeToabl cuHTe3a CDK.

TeopeTnyeckas 3HAYMMOCTH PadOTHI 3aKJII0-
gyaeTcs B pa3zpabOTKe SMIUPUIECKOTO U (YHK-
LUOHaTbHOTO Moaxon0B K cuHTesy COK Ha
OCHOBE METO/a JOTMYECKOTO JAOTIOJHEHUS J10
pPaBHOBECHBIX KOJOB, a TakK¥Xe C KOHTPOJIEM
BBIUYMCJICHWH 11O IBYM TIpM3HAKaM c obecrieue-
HUEM TIOJTHOW CaMOTIPOBEPSIEMOCTHU CTPYKTYD.

IIpakTHyecKas 3HAYMMOCTb PAGOTHI CBsI3aHA
C BO3MOXHOCTbIO UCTIOJIb30BAHUSI MPEITOXKEH-
HBIX MeTon0B s cuHTe3da CPK nmo merony
JIOTMYECKOTO JOTIOJHEHUS IS OpraHu3alluu
NUaTHOCTUUYECKOTO obecrieueHUsT YCTPOUCTB
aBTOMATUKH MIMPOKOTO CTIeKTpa (OT KOHTPOJIU-
PYIOIIUX [0 YIIPABISIONUINX).

HMcnonb3oBaHbl MeTONBI OYyJIeBOI anreopsl,
TEOPUU AUCKPETHBIX YCTPOUCTB, TEXHUYECKOM
MMATHOCTUKMU.

CreneHs 10CTOBEPHOCTH PE3YJIBTATOB MO -
TBEPKAAETCS KOPPEKTHBIM KMCIOJIb30BAHUEM
MaTeMaTMYEeCKOTO anrmapara 0yJeBoil anreopsl,
TEOPUU AUCKPETHBIX YCTPOUCTB, TEXHUYECKOM
NUATHOCTUKU, CTPOTMMHU MaTeMaTUUYECKUMU
oKa3aTeJIbCTBAMM, KOPPEKTHBIMUA BBIUHMCIIEC -
HUSMHU, a TAaKXKe 9KCIIepUMEHTaTbHBIMU UCCIe-
NOBAHUSMU C CUCTEMaMU KOHTPOJBbHBIX JIOTH -
YECKHUX CXEM.

B nucceprallMOHHOM HCClIeAOBAHUU TIPE-
JIOXKEHBI HEKOTOPBIE YaCTHBIE PELICHUS BAXHOM

WP TPAHCMOPTA, Tom 18, N2 6, C. 314

ABTOopedepaTbl AuccepTauumn

HayYHO-TeXHUYECKOU MpoOJIeMbl CUHTE3a ca-
MOTIPOBEPSIEMbIX TUCKPETHBIX YCTPOUCTB Ha
OCHOBE MEeTOJa JIOTMYECKOTO NOTMOJHEHUSI.
BbiaenuM ocHOBHBIE PE3YJIbTATHI:

IIpoBenéH o630p B npeaMeTHO obnacTu
NMCCEPTAIMOHHOTO UCCIIeI0OBAHUS U YCTAHOB-
JIEeHBI OCHOBHBIE HEWCCIIeNOBAHHBIE BOTIPOCHI
MpU OpraHu3aluuu cucTeM (GyHKIMOHATBHOTO
KOHTPOJISI yCTPOUCTB aBTOMAaTUKU U BBIUUCIU-
TEJIbHOU TEXHUKHU.

TIpemokeHbl 1 pa3paboTaHbl METOIBI CUH-
Te3a cucTeM (QYHKIIMOHATBHOTO KOHTPOJISI TTO
JIOTUYECKOMY NTOTIOJIHEHUIO HAa OCHOBE PaBHO-
BECHBIX KOJIOB, peaIN3yIolIre UAeI0 OMIUpUIe-
cKOro u GyHKIIMOHAJIBbHOTO MOAXOI0B K MOJY-
YEHMIO 3HAYeHUI (PYHKLMI JTIOTUUECKOro J0-
TTOJTHEHUS.

ITokazaHo, 4TO MCTIOTL30BaHUE METOA JIO-
TUYECKOTO OMOJHEHNS TTIO3BOJISIET CHHTE3MPO-
BaTh 0OJIbIIOE KOJUYECTBO BAPUAHTOB CUCTEM
(GYHKIMOHATBHOTO KOHTPOJIS IJisi KOHKPETHO
B3SITOM CXEMBI, B TOM YMCJE, MO3BOJISIET MOJY-
YaTh MOJTHOCTHIO CaMOTIpOBepsieMble TUCKPET-
HBIE YCTPOMCTBA C U3OBITOUYHOCTHIO, MEHBIIIEH
M30BITOYHOCTU AyOJIMpPOBaHUS.

YcTaHOBIEHO, 4YTO Hanboaee 3 HEKTUBHBI-
MU U TIPOCTHIMU B peanu3aiuu sSBJSIOTCS CIo-
coOBbl, Mpeanoaraloue UCMojib30BaHUE paB-
HOBECHBIX KOJOB C MaJIOW JJIWHOW KOMTOBBIX
CJIOB, HE MpeBbIIIaoINei 3HaUeHUsI n = 6.

IIpenoxxeHo UCIMONb30BAaHUE HECKOIbKUX
(GYHKIIMOHANTbHBIX TPU3HAKOB MPU CUHTE3E
CUCTEMbl TUAarHOCTUPOBAHUS 11O METONY JIOTU-
YECKOTO JOIMOJHEHUS U MOKA3aHO, YTO B TAKOM
cllydae ymaeTcsl MOBBICUTH OOHAPYKUBAIOIIYIO
CIIOCOOHOCTh B 0JI0KE OCHOBHOI JIOTUKU MpPU
ammapaTypHBIX 3aTpaTtax, He MPEeBBIIIAI0NINX
3aTpatT Npu 1yOIMPOBaHUU.

YcTaHOBIE€HBI HEOOXOAUMBIE U 1OCTAaTOUHbIE
YCJIOBUSI CUHTE3a MOJHOCTBIO CAMOTIPOBEpSsie-
MBIX CTPYKTYP CUCTeM (QYHKIIMOHATBHOTO KOHT-
poJst, hakTUYeCKU TpeOyIoIe HEBO3MOXKHOCTU
dopMupoBaHUs OMIUOOK CUMMETPUYHOTO TUTIA
Ha BBIXOJIaX Kackala CyMMaTOPOB MO MOIAYJIO
IBa.

ITpenyioxeH cnocob opraHu3allyu CUCTEMBI
CaMOIMaTHOCTUPOBAHUS U3MEPUTETBHBIX KOHT-
pOJIIEPOB TSI MOHUTOPUHTA TTApaMETPOB 00b-
€KTOB XXeJIe3HOJOPOXKHON aBTOMATUKH, ITO3BO-
TSI KOHTPOJUPOBATh KOPPEKTHOCTD Mpe-
oOpa3oBaHUil cUrHaIOB B LMD POBOI KOJ.

05.13.06 — «Aémomamusayus u ynpagienue
MeXHON02UHeCKUMU NPOUECCaMU U NPOU300Cmeamu
(mpancnopm)».

Paboma evinoanena 6 [lemepbypeckom eocydap-
CcmeeHHOM YHusepcumeme nymeil cooowerus Hmne-
pamopa Anekcanopa I. °
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Ermolenko, I. Yu. Computational and
experimental methodology for assessing the
interaction of wagons and the track on mountain
crossing sections. Abstract of Ph.D. (Eng) thesis
[Raschetno-eksperimentalnaya metodika
otsenki vzaimodeistviya vagonoy i puti na gorno-
perevalnykh uchastkakh. Avtoref. dis... kand.
tekh. nauk]. Irkutsk, IrGUPS publ., 2020, 20 p.

The problem of ensuring safety of traffic on
mountain crossing sections of the track is not
sufficiently disclosed now. This statement is
based on many publications of leading scientists
and prominent specialists who have been
working for many years in the field of studying
the dynamics of rolling stock.

The objective of the thesis is to develop
technical solutions and proposals aimed at
improving safety of rolling stock moving along
mountain crossing sections of the track using
a quantitative and qualitative assessment of
operational factors affecting car derailment.

The object of the research is traffic safety
and rolling stock derailments on mountain
crossing sections of the East-Siberian Railway.

The subject of the research isacomputational
and experimental technique for assessing the
interaction between a car and a track to improve
traffic safety on mountain crossing sections.

A combination of theoretical, experimental,
and numerical research methods was used.

The influence of the automatic coupler
operation on the axle box unit failures has been
established.

A computational and experimental
technique has been developed for a quantitative
and qualitative assessment of the influence of
operational factors on safety of rolling stock
movement along mountain crossing sections of
the track.

Asaresult of investigations of car derailments
and systematisation of factors affecting traffic
safety violations, it was determined that
derailments occurred mainly under a com-
bination of the following conditions:

*« when moving in gentle curved track
sections with a radius of 800 m to 1200 m at

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol
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a speed of 60—80 km/h, a lateral load occurs,
which for a long time acts on the arc of the rail
and may cause its rupture;

« in case of excessive lateral loads caused
by jamming of the coupler shank in UPI1
opening in the extreme limit position (up to
13°C).

Train tests were carried out, during which
longitudinal and vertical forces acting on the
car were determined when it was moving along
the mountain crossing sections of the East-
Siberian Railway.

The mathematical model of movement of
a freight car has been clarified by considering
the variable action of longitudinal forces from
the automatic coupler, acting when moving
along mountain crossing sections of the track
and determined during train tests.

A specialized roller stand has been
developed, which made it possible in laboratory
conditions to simulate movement of a car with
wheel faults in curved sections of the track,
setting the rail elevation and the size of the
defects on the wheel rolling surface.

A new rejection feature has been established
for visual monitoring of jamming of the coupler
shank and a method for its detection.

Technical recommendations have been
developed for speed modes of cars movement
for real track sections of East-Siberian Railway,
a branch of JSC Russian Railways.

05.22.07 — Railway rolling stock, train
traction and electrification. The work was carried
out at Irkutsk State Transport University.

The defence took place at Emperor Alexander I
St. Petersburg State Transport University.

Kravets, A. S. Development of methods of
technological interaction of enterprises in
regional systems of transportation of bulk cargo.
Abstract of Ph.D. (Eng) thesis [ Razvitie metodov
tekhnologicheskogo vzaimodeistviya predpriyatii
v regionalnykh sistemakh transportirovki
nasypnykh gruzov. Avtoref. dis... kand. tekh.
nauk]. Rostov-on-Don, RGUPS publ., 2020,
26 p.

The Russian Federation, due to its
geographical features, is located at the
intersection of the most important international
directions of cargo flows, which determines its
priorities in development of transport
infrastructure, the need to develop technologies
for organising the transportation process,
especially in the export transportation segment.
An increase in the share in the export of bulk
cargo requires the search and implementation
of effective transport and technological
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schemes for development of this transportation
segment using the potential of transport modes,
including railway transport.

In these conditions, it is necessary and
relevant to develop new approaches and methods
of technological interaction of enterprises in
regional systems for transportation of bulk cargo
based on improvement of production, transport
and warehouse processes and systems for
distribution of freight flows.

The objective of the thesis is development
of methods for organising and managing
transport and technological interaction of
enterprises in regional systems for transporting
bulk cargo based on increasing the efficiency
of control systems for distribution of freight
flows, subject to rational loading of the port
regional infrastructure.

The object of the research is regional
transportation and technology systems (TTS)
for managing bulk cargo transportation to
ports, taking into account interaction of
modes of transport and increasing competi-
tiveness of transport services.

The subject of the research is theoretical
and methodological approaches to functioning
of systems for organising and managing
transportation of bulk cargo in regional port
TTS, transport, and technological schemes
for transportation of bulk cargo in international
traffic, logistic methods of multi-agent
interaction.

The theoretical and practical significance
of the work lies in development of an economic
and mathematical model, methods, and
algorithms for solving the problem of managing
regional transport systems in terms of the
technology of transporting bulk cargo by
various modes of transport, taking into
account customer focus, multi-agency and
measures to increase competitiveness of
modes of transport.

The analysis of the current state of domestic
and foreign scientific experience in the field of
organisation and management of bulk cargo
transport processes is carried out. The analysis
of technological parameters of interaction of
regional entities of the transport market in the
export transportation of bulk cargo with
participation of modes of transport. The need
for development of methods for distribution of
regional cargo flows based on the principles of
multi-agent and customer focus has been
established.

The development of methods for
choosing the forms of concentration of
regional transport and storage systems in
organisation of railway transportation
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according to the specified factors: capacity,
productivity and dynamics of the cargo mass
is proposed. A method of clustering the
elements of the regional TTS (loading
cluster — port cluster) has been developed
according to the author’s algorithm, which
makes it possible to assess the possibilities
of increasing the level of routing of bulk
cargo in the region. Schemes for selection
of alternatives to railway loading stations in
the cluster have been developed for
implementation of technical routing of bulk
cargo transportation.

An economic and mathematical model has
been developed for choosing a rational
organisation of bulk cargo flows to ports on
the basis of a developed system of temporary
and economic criteria for assessing the
transportation process in a multi-agent TTS,
taking into account clustering of production
and transport warehouse facilities and loading
of port infrastructure.

An algorithm and a software package for
formation of a plan for distribution (routing)
of bulk cargo based on the principles of
customer focus has been developed. As a result
of approbation of the methodology, areas of
effective interaction of loading and port
clusters were obtained.

An assessment was made of effectiveness
of implementation of rational plans for routing
bulk cargo transportation at the North
Caucasian Railway network, which allows the
client to reduce transportation costs by 3,36 %
(1,108 million roubles), reduce the mileage of
rolling stock by 11,300 km (3,45 %), create
atime reserve of 0,17 days (7,46 %) to ensure
the rhythm of the transportation process in
the port and within technological system. The
integral indicator of quality of organisation of
distribution of regional cargo flows has been
improved by 13 %.

The theoretical and methodological
studies carried out in the thesis work can serve
as a scientific basis for formation of directions
for development of regional TTS for manage-
ment of bulk cargo transportation, the
competitive benefits of transport enterprises.
Their implementation in the transport process
will ensure an increase in the efficiency of
transportation systems for railway, road and
water transport through the use of an economic
and mathematical model and development of
a parameterization system, an adequate
assessment of the levels of interaction between
modes of transport based on an integral
indicator of quality of organising distribution
of regional freight flows.
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Pivovarov, D. V. Method of logical
complement for organising control of
combinational devices in the systems of
monitoring of devices of railway automation.
Abstract of Ph.D. (Eng) thesis [Metod
logicheskogo dopolneniya dlya organizatsii
kontrolya kombinatsionnykh ustroistv v sistemakh
monitoring ob’ektov zheleznodorozhnoi
avtomatiki. Avtoref. dis... kand. tekh. nauk]. St.
Petersburg, PGUPS publ., 2020, 16 p.

The constant complication of technology,
miniaturization, increased productivity, and an
increase in heat transfer — all this requires
development of diagnostic support.

To ensure reliability, various measures are
used, such as the use of highly reliable elements,
the use of backup methods, diversification and
technical diagnostics, the use of self-checking
logic circuits, etc. This thesis research touches
on such a direction as improving approaches
to the synthesis of functional control systems
(SFC) of automation devices based on the
logical complement method.

The main objective of the thesis research is
to improve the methods for synthesizing the
SFC devices of automation based on the logical
complement method.

The object of the research is the SFC built
on the basis of the logical complement method,
and the subject is focused on the characteristics
of the SFC built on the basis of the logical
complement and the methods of synthesizing
the SFC.

The theoretical significance of the work lies
with development of empirical and functional
approaches to the synthesis of SFC based on the
method of logical complement to equilibrium
codes, as well as with control of computations
based on two features with provision of complete
self-checking of structures.

The practical significance of the work is
associated with the possibility of using the
proposed methods for the synthesis of SFC by
the method of logical complement for
organisation of diagnostic support for a wide
range of automation devices (from monitoring
to control).

The methods of Boolean algebra, theory of
discrete devices, technical diagnostics are used.

The degree of reliability of the results is
confirmed by the correct use of the mathematical
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apparatus of Boolean algebra, the theory of
discrete devices, technical diagnostics, rigorous
mathematical proofs, correct calculations, as
well as experimental studies with systems of
control logic circuits.

In the thesis, some particular solutions to
an important scientific and technical problem
of the synthesis of self-checking discrete
devices based on the logical complement
method are proposed.

A review in the subject area of the thesis
research is carried out and the main unexplored
issues in organisation of functional control
systems for automation and computer
equipment are established.

Methods for synthesis of logical complement
functional control systems based on equilibrium
codes, which implement the idea of empirical
and functional approaches to obtaining the
values of logical complement functions, have
been proposed and developed.

It is shown that the use of the logical
complement method allows one to synthesise
a large number of variants of functional control
systems for a particular circuit, in particular, it
makes it possible to obtain completely self-
checking discrete devices with the redundancy,
which is less than redundancy of duplication.

It has been found that the most effective and
simplest to implement are methods that involve
the use of constant-weight codes with a small
codeword length not exceeding n = 6.

The use of several functional features in the
synthesis of a diagnostic system by the method
of logical complement is proposed and it is
shown that in this case it is possible to increase
the detecting ability in the main logic block
with hardware costs not exceeding the costs of
duplication.

The necessary and sufficient conditions for
the synthesis of completely self-checking
structures of functional control systems have
been established, which actually focus on the
impossibility of committing errors of
a symmetric type at the outputs of a stage of
adders referring to module two.

A method for organising a self-diagnosis
system of measuring controllers for monitoring
the parameters of railway automation devices
is proposed, which makes it possible to control
the correctness of converting signals into
a digital code.

05.13.06 — Automation and control of
technological processes and production
(transport).

The work was carried out at Emperor
Alexander I St. Petersburg State Transport
University. o
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