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Amutpnia MAYEPET

Lle}'IbIO OlMnCcaHHoOro B cTatbe nccsieaoBaHus s1BJisI-
ercsi pa3BuTne TeopeTnyeckori 6asbl 4151 OLEHKU [0I1-
rOCPOYHOro BJ/INSIHNSI TPAHCOPTa Ha 9KOHOMUYECKOoe
pa3BuTrie B yCJ/10BUSIX MoCsie40BaTe/IbHOro CHV>XXeHus
TPAHCMOPTHbIX usaepxek. [lpyu aToM TPaHCNOPTHbIE
n30epXxKy rnpeasaraeTcsa paccMarpuBarb C y4ETOM
PUCKOB MOTEPL TOBAPOB PY MePeBO3KE U HapyLLEHW
CPOKOB AOCTaBKu, a Takxe yujepba ToBapoBiafensua
OT «3aMopaxxvBaHws» Ha BpeMs rnepesBo3Kn BOI'IﬂOLLléH-
HOro B toBape kanurtasia.

C 1Crosib.30BaHNeM 3KOHOMUYECKOM AeAyKLMM rpes-
JIOXeHa TeopeTndeckasl MoAEs b BINSIHUS TPAHCMOPTHBIX
U3aEepXeK Ha rMPon3BOACTBO v CObIT TOBapPOB, HA OCHOBE
KOTOpOﬁ cAesiaH BbIBOA4 O TOM, 4YTO CHUXXeHne TPaHCropT-
HbIX NU30EPXKEK 5IBJIIeTCH Kata/in3artopoOM 3KOHOMUYEeCKOro
pocrTa, «3arlyckasi» 4OJIr0CPOYHbIE B3aNMOCBS3aHHbIE
rpoLecchl pacLuMpeHusi reorpaduyeckori 3oHbl cobita
TOBapoB, pocta 06bEMOB, MacLuTaba 1 3pGEKTMBHOCTN
rnpounssoAcTea. Hal'l,OOTMB, OTCyTCTBME CYyLIeCTBEeHHOIro
rporpecca B pa3BUTUN TPAHCHOPTA M COXPAHEHNE BbICOKUX
TPaHCMOPTHbIX N3AEPXKEK CIIOCOOCTBYIOT KOHCEPBALMMN
TEXHUKO-TEXHOJIOMMHYECKOI0 YPOBHS M HU3KOU 3 dekTnB-
HOCTV Npovn3BoAcTBa. Ha ocHoBe rnprmepoB 13 9KOHOMU-
yeckoui ncecropun n COBpeMeHHOI}'I pakTnuKn, ¢ NCrosib30-
BaHneM mMeToaoB CTatuCTU4eCKOro aHasan3a n TeEXHUKO-
B3KOHOMUNYECKUX paC'-léTOB, r1oKka3aHo, 470 rpeasioxXeHHas
mMozesb Cornacyercsi C AMMMPUYECKUMM [aHHBIMU.

BOIPOChHI TEOPUW

TeopeTnyeckoe ocMbICNIeHME PONuU
TpaHcnopTa B 06ecrne4yeHnm 40JIroCPoO4HOro
3KOHOMMYECKOro pa3Butus

Mauepem JImumpuii Arexcandposur — OAO «PXK/l», Poccuiickuii ynueepcumem
mpancnopma, Mockea, Poccus™.

Ucxonas ns paspaboTaHHo Moaen, COopMympo-
BaHbl PEKOMEHAALMN OTHOCUTEILHO XeNaresbHbIX 415
obecrie4eHnsi 9KOHOMUYEeCKOro pocTa HarnpasieHui
pasBuTysi TpaHcrnopTa. B yactHocTu, packpbita HE06X0-
JAUMOCTb Pa3BUTUSI TIKE/TOBECHOIO ABUXEHUS Ha Xe-
JIE3HBIX A40oporax ¢ Lesblo yAelleBIeHNs nepeBo3ok
OTHOCUTE/IbHO HEeNOPOrux TOBAPOB U PaCLUNPEHUS
BO3MOXHOCTEU A1 UX AOCTaBKN Ha AalslbHNe paccTosi-
HUs1, @ Tak)ke BbICOKOCKOPOCTHbIX 1epeBO30K AJ151 A0PO-
roOCTOSALLMX TOBAPOB, YYBCTBUTEJIbHbIX KO BPEMEHU [0~
craBku. COoKycnpoBaHO BHUMaHNE Ha BaXHOCTU CO3-
AaHnsi COOTBETCTBYIOLLEN TPaHCMNOPTHOV NHGPacTPyK-
TYPbl U HEOOXOANMOCTN 0ObEANHEHUS] B 3TUX LIESISIX
ycunuii rocynapctea n 6usHeca, criocobCTBYIOLNX
pPasBUTUIO TPAHCIOPTHOM MHPPACTPYKTYPbI 38 CHET Kak
UHCTUTYLIMOHA/IbHbIX UHCTPYMEHTOB, Tak v GIOAXETHbIX
WHBECTULUWII B paMKax MPOEKTOB rocyAapCcTBEHHO-
4acTHOrro napTHEPCTBA.

CaenaH BbIBOA O TOM, 4TO TOBapoOOMeHHas
AesATe/IbHOCTb (TOProB/as U TPAHCMOPT) — 3HAYUMBbIN
¢dakTop 3KOHOMUYECKOro pa3BuTUsl, CTUMYJTNPYIO-
wnii ypenndeHne o6bLEMOB 1 MoBbiLLIEHNE aPppek-
TUBHOCTY NMPOU3BOACTBA. [103TOMY 9KOHOMUYecKas
Hayka [10J1XHa CTPOUTbLCS HE «BOKPYr MPOn3BOACTBa»
nnn «BOKPYr obMeHa», a UCXOANTb U3 NX B3anMoaeli-
CTBUSI U aKTUBHOWV posivi 06eunx aTux cpep B npoLec-
ce pa3BUTUS 9KOHOMUKU.

KnroyeBbie csioBa: TpPaHCMoPT, 3KOHOMUHYECKNIA POCT, MEXPEervoHasibHbIV TOBaPOOOMEH, TPAHCIOPTHLIE U3AEPXKU,
1aJ1bHOCTb TPAHCMOPTUPOBKY, MacLLTab rnpon3BoACTBa, MHHOBALN.

*MHdopmaums 06 aBTope:

For the English text of the article please see p. 20.

MWP TPAHCIOPTA, Tom

MauepeTt AMutpuin AnekcaHgpoBuy — JOKTOP 3KOHOMUYECKMX HayK, Npodeccop, NepBblIi 3aMeCcTUTENb
npepcenatens O6beanHEHHOro yuéHoro coseta OAO «PXX/», 3aBeaytoLmii kadpenpoin SKOHOMUKN
TPaHCMNOPTHOM MHPPACTPYKTYPLI 1 yNpaBieHnsi CTPpoUTEeNIbHbIM 613HeCOM POCCUIACKOro yHuBepcuTeTa
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BBEOAEHUE

3HayeHHe S5KOHOMMYECKOTo 0OMeHa, 0c-
HOBaHHOTO Ha UCIIOIb30BAHUH ITPEUMYIIIECTB
B IPOM3BOJICTBE T€X WJIM MHBIX TOBAPOB, JIJIsI
creuuaan3aluu U pocta 3G GEeKTUBHOCTH
SKOHOMMKM mokaszan e Amam Cmur [1,
c. 69—82; 443—445]. Ixx. Mokup He Cc1ydaifHO
Ha3bIBaeT COCTABJISAIOLIYIO (TUIT) 9KOHOMUYE-
CKOTO POCTa, OCHOBAaHHYIO Ha pacIIMpPEHUU
0OMEeHa, BHITOIHOTO JIJISI BCEX YYaCTBYIOIIUX
CTOPOH, «CMUTHAHCKUM pocToM» [2]. K. MeH-
rep [3] u D. A. pon Xaiiex [4] moguépKuBanmu
MPOU3BOIUTEIbHBII XapakTep oOMeHa: yBe-
JIMYeHUE LIEHHOCTH OJ1ar B pe3y/ibraTe 0OMeHa
PaBHOCHJIBHO CO3JaHUIO HOBOTO BEIICCTBEH -
Horo 6j1ara, a IOTOMY OOMEH MUMeeT ISl 9KO-
HOMMYECKOI0 pOCTa He MEHbIlIee 3HaYCHHUE,
YeM MPOM3BOJCTBO.

HawnbGoiee 3HaYMTEIbHOE YBEIMYEHUE LICH-
HOCTH GJ1ar 3a4acTyIO IOCTUTACTCS IIPY MEXITY -
HapoaHOM (MeXperuoHalbHOM) OOMeHe,
KOIJa €r0 YYaCTHMKOB pPa3ieaioT 3HAYUTEIb-
HbIE PACCTOSIHUSI, 2 9KOHOMUYECKUE XapaKTe-
PUCTHKM IIPOU3BOJICTBA, CObITA M ITOTPEOJICHUS
TOBApOB CYIIECTBEHHO pa3inyatorcs. [1o MHe-
HMI0 D. Xe/nMaHa, ITOATBEPXKIaeMOMY aHaJTU -
30M 3KOHOMUYECKOW MCTOPHMU C INIyOOKOM
JIPEBHOCTU IO HAIIUMX JAHEH, «UCTOPUUYECKUE
JAaHHbIC MOKAa3bIBAIOT, YTO TOPTOBJIS MEXIY
OTAAIEHHBIMU TOPrOBBIMU ITAPTHEPAMU 1 9KO-
HOMUYECKOE Pa3BUTUE ObUIU CIOXHBIM 00pa-
30M B3aMMOCBSI3aHbI 1 YTO 3Ta TOPrOBJISI UTpajia
OCHOBHYIO POJIb B MICTOPUYECKOM Pa3BUTHHU
MMPOBOiI1 3KOHOMUKM» [5, c. 12].

B Teopuu MexayHapomaHON TOPTOBIIH,
OCHOBBI KOTOPOI 3aJ10X1J1 B Havase XIX Beka
. Pukapmo [6], a pazBuTHE OOECITEYMIIN B Ha-
yaje XX Beka 3. Xekuep [7] u b. Onun [8],
OIPEIEIISIONIYIO POJIb UTPACT XapaKTePUCTH -
Ka IIPOM3BOJCTBA B PETMOHAX, MEXIY KOTO-
PBIMU OCYILIECTBIISIETCSI TOBAPOOOMEH: CpaB-
HUTEIbHbBIC 3aTPAThl TPyJa Ha MPOU3BOACTBO
TeX WU MHBIX ToBapoB (y Pukapno), orHocu-
TeJIbHasi 00eCIIeUeHHOCTh (haKTOpaMu IIPOU3-
BoacTBa (y Xekuepa u OnuHa). Ho B nenu
TOBapOOOMeHa OYEeHb BaXKHbBI X1 9KOHOMUYE-
CKUE XapaKTePUCTUKM TPAHCIIOPTHO-JIOTHMC-
TUYECKHMX apTepHil IBUXEHUS TOBapOB.
Bo-nepBhIX, 3TH XapaKTepUCTUKM OIPEICIIsI-
0T U3IEPXKU TPAHCIIOPTUPOBKH, B KOTOPBIX
MOXHO BBIICJIUTD CJCIYIOIINE KOMIOHEHTBI:

* HENOCPEACTBEHHBIC 3aTpaThl HAa TPAHC-
MOPTUPOBKY ToBapa (IIPOBO3HBIC U MpPOYUE
TaTexu);
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* PUCKM, CBSI3aHHBIE C BO3MOXKHOCTBIO €TO
TOTEPU WY TIOPYU B MPOILIECCe TPAHCIIOPTH -
POBKMU, a TAKXXe PUCKU OoJiee Mo3aHel JocTaB-
KU TOBapa MoJryyaTento;

* HesBHBIE 3aTpaThl TOBApOBJIAIeblIa,
CBSI3aHHBIE C «OMEpPTBJIEHUEM» KamuTaia,
BOITJIOIIEHHOTO B TIEPEBO3MMOM TOBApe, B Te-
YeHHUe CpoKa ero JIOCTaBKH, 3aBUCSIIUE OT
CKOPOCTH M PaCCTOSTHUSI TPAaHCITOPTUPOBKU.

Bo-BTOpbIX, MPOBO3HBIE CITIOCOOHOCTH
M KaueCTBEHHbIE XapaKTepUCTUKU ITyTel CO-
OOIIIEeHUST OTIPEIEIIIOT KaK IMOTeHIIMAIbHBIE
o01IKre 00bEMBI TTepPeBO3UMbBIX TOBAPOB, TakK
¥ UX BO3MOXKHBIM aCCOPTUMEHT.

B Teopum MeXmyHapomaHOW TOPTOBIU
TPAaHCITOPTHEIE M3ICPXKKH YIUTHIBAIOTCS TIPU
pacuéte Ko3¢pGULIMEHTOB TaK Ha3bIBAEMOTO
«TPaBUTALIMOHHOTO YPAaBHEHUSI» , TIPEIUTOKEH -
Horo . Tun6epreHoM [9] U TTO3BOJISIIOIIETO
OLIEHUTb 00BEM TOPTOBIIM MEXY IBYMSI CTpa-
HaM¥u B 3aBUCUMOCTH OT psijia (pakTopoB.
B maHHO#1 MOIeT TPAHCTIOPTHBIE U3IEPKKU
WUTPAIOT POJIb TIPETISITCTBUH JIJIST MEXKITYHAPO/T -
Hoii Toprosiu. C MOBBIIIIEHUEM TPAHCTIOPT-
HBIX U3JIEPXKEK CIIEKTP HETOPTYEMBIX TOBapOB,
TIPOM3BOASIINXCST UCKITIOUUTETBHO JIJISI MECT-
HOTO TIOTpeOJIeHns, pacmupsieTcs [5, ¢. 49],
a, 3HAYMT, OTPAaHUYMBAIOTCS BO3MOXHOCTHU
IIJIST PETMOHAJIBHOU CIIeIMaln3allui U UC-
MOJIb30BaHUS CPABHUTEILHBIX ITPEUMYIIIECTB.

Ipencrapisiercs, YTO paCCMOTPEHUE POJTU
TpaHCTIOpTa B TOBAaPOOOMEHHBIX MpOIlieccax
JIAIB KaK «T€HepaTopa u3nepkek», popMupyro-
1ero Gapbepbl Ha TTYTU TOPTOBJIM U OTPAHNYH -
BaIOIIETO BO3MOXHOCTH JIJIs1 9 KOHOMUYECKOM
crienManu3alny, He TTO3BOJISIeT aleKBaTHO
OCMBICITUTh €T0 NEeWCTBUTEIbHOE 3HAUYCHUE
IIJIST Pa3BUTUSI 5KOHOMUKU. XOTSI TPAHCIIOPT-
HBbIE U3IEPXKKU, OE3YCIOBHO, MOXHO pac-
cMaTpUBaTh KaK CBO€OOpa3zHOE «TpeHUE»
B CHUCTEME TOBapOOOMeHa, TPAHCIIOPT SIBJISI-
eTcsl He 6apbepoM, a MaTepuaJbHON OCHOBOI
I ero peanm3anuu. OTMEUYeHHBIN BBIIIE
MMPOU3BOIUTEILHBIN XapakTep oOMeHa Tpu
CKOJTb-HUOYIb 3HAYNMBIX PACCTOSTHHUSIX MOXET
OBITh peaJIM30BaH TOJBKO IPU TTOCPEACTBE
MarvcTpaJbHOTO TPAHCTIOPTA. AKTUBHAS POJIb
TPaHCIIOPTa B CTUMYJIMPOBAHUY 9KOHOMUYE-
CKOTO pa3BUTHS, (hOPMUPOBAHUU ITTOXU CO-
BPEMEHHOTO SKOHOMMYECKOTO POCTA OTMEUe-
Ha, HAa OCHOBE 3MITMPUYECKOTO aHaIu3a,
B psifie paboT, B YacTHOCTH, B [10—15].

TeopeTnieckoe OCMBICIIEHUE POJIA TPAHC-
IOPTa B MOBBIIIIEHUM 01aTOCOCTOSTHUS O0IIIE-
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CTBa, CO3aHUU «ITOTPEOUTETBCKOTO BHIUTPHI-
1a» TIPEeACTaBIeHO B KJIACCUYECKOU paboTe
Kions Hiomou [16]. TToaxoas! Jiormou mojy-
YUY pa3BUTHE B paboTe [17], rae mokasaHo,
KaK Co3JaHWe MeXpPernoHaJbHOTO TpaHC-
TIOPTHOTO COOOIIEHUsI, TTO3BOJISIIONIEE CIIe-
LIMaJIM3UPOBATh ITPOU3BOICTBO B KaXJI0M
peruoHe, (opMuUpyeT He TOJIHKO MOTPeOM-
TEJIbCKUI BHIMTPHITI, HO U BBIUTPHIII IIPOM3-
BOJIUTEJICH.

Cpenn 3(p(peKTOB TOPTOBIN BBIACISCTCS
addexT pazHOOOpa3us, CBSI3ZaHHbIN C BO3-
MOHOCTBIO TIOTPEOUTETHLCKOTO BBHIOOpaA U3
OoJtee IMPOKOT0 aCCOPTUMEHTa TOBapoB [18].
B pabote [19] Ha ocCHOBE TeOpeTUYECKOI MO-
JIeJ IV TI0OKa3aHo, KaK pacIIMpeHue acCopTH-
MEHTa TOBapoOB, IOCTUTaeMOoe OJ1aromapsi oT-
KPBITHIO TPAHCIIOPTHOTO COOOIIIEHUST, TTOBbI-
maeT 00bEMBI TPOU3BOICTBA U BHIUTPHIIIT
MOTpeOUTENEH.

HecMoTtps Ha Hanmnume 3HAYUTETHHOTO
KopITyca paboT, paCKPBIBAIOIINX T€ WU MHBIE
aCITeKThI BJIMSTHUS TPAHCIIOPTa HA 9KOHOMM-
YECKUU pOCT U 00IIIeCTBEHHOE 01aroCcoCTOsI-
HUE, pOJIb TPAHCTIOPTa B 00eCIIeYeHUM 0T~
TOCPOYHOTO 3KOHOMUYECKOTO Pa3BUTHUS
HYXIAeTCsI B YIIyOJEHHOM TEOPETUYECKOM
ocMbIciieHnU. []eab HACTOSIIIIETO MCCIIe0Ba-
HUST — BBISIBUTB, C UCITOIb30BAHMEM 3KOHO-
MUWYECKOU NEeNyKINU, CYIITHOCTh BIUSHUS
MOCTYNAaTeJIbHOTO Pa3BUTHUS TpaHCIIOpTa
U CHVXXEHUS TPAHCTIOPTHBIX M3IEpXeK Ha
U3MeHeHe 00BEMOB MTPOM3BOJCTBA U 1LIeH
TOBApOB, a TAKXKE Ha MOBBIIIIEHUE MaCIITA00B
U TEXHUKO-TEXHOJIOTUYECKOTO YPOBHSI IPO-
WU3BOJACTBA, U, TEM CaMbIM, Ha CHUXEHUE
TTPON3BOJICTBEHHBIX M3IEPKeK. TaKoM Imomxo
TTO3BOJISIET 1TOKA3aTh aKTUBHYIO POJIb TPaHC-
ropTa B JOJATOCPOYHOM CTUMYJIUPOBAHUU
U TOoIAepXaHUW TEMITIOB 9KOHOMUYECKOTO
pocTa, a IMHAMUYeCKU it XapaKTep pacCMOTpe-
HUST TPAHCTIOPTHBIX U3EPKEK AaET BOZMOXK-
HOCTb B3TJISTHYTh Ha HMX B HOBOM paKypce:
€CJIM B CTaTUKE TPAHCIIOPTHBIE U3NEPXKKUA —
3TO TIPOCTO Gaphep I TOBAPOOOMEHA 1 3KO-
HOMUYECKOTO POCTa, TO B IMHAMUKE CHIKAIO-
1ecsl TPAHCTIOPTHBIE U3AEPKKU — CTUMYJT
MOBBILIEHUST 00BEMOB MPOU3BOJCTBA U pac-
IUpeHus reorpacuu cObITa TOBAPOB, CHUKE-
HUST PHIHOYHBIX 1IEH U POCTa 01ar0COCTOSTHUS
rnorpebureneii. BaxkHo oTMeTUTh, YTO TIpU
COKpAIlleHWM YIeIbHBIX U3IePXKEK Ha Tepe-
BO3KY TOBApOB MX 00II1asl BEJIMYUHA B JI0JITO-
cpouHoM niepuoze pacteT [20]. Kak moka3aHo
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B paborte [21], 5T0 CBUAETEILCTBYET HE O POCTE
«TPAHCIIOPTHOW HArpy3kKu» Ha 9KOHOMMUKY,
a0 TOM, YTO TPAHCTIOPTHBIC U3AEPXKKU, 3aMe-
1ast 3a cCY4€T NepeKOMOMHUPOBAHUS TIPOU3-
BOJICTBEHHEIX PECYpPCOB B IIPOIIECCE PETUo-
HAJIBHOW CTIeIMaTN3alui U MEXPETUOHAIb-
HOro ooMeHa 60Jiee 3HAYUTETbHYIO BETUINHY
JPYTUX BUIOB U3IEPKEK, CIIOCOOCTBYIOT POCTY
3(DDOEKTUBHOCTU SKOHOMUKMU.

Hnst teMOHCTpallMU COTJIaCOBaHHOCTU
c(hOpMUPOBAHHON TEOPETUIECKON MOICIHN
C 3KOHOMMWYECKOM MPAKTUKOW UCTIOb3YIOTCS
Memodbl NICTOPUIECKOTO U CTaTUCTUIECKOTO
aHaJIM3a U TeXHUKO-2KOHOMUYECKUX pacyeé-
TOB.

TEOPETUYECKAY MOAEJb
BJINAHNA TPAHCMOPTHbIX
U3OEPXEK HA NTPON3BOACTBO
U CBbIT TOBAPOB

BiusHme HagéXHOCTU TPaHCIIOPTHBIX
COOOIICHNI 1 BeTMIMHBI TPAHCIIOPTHBIX W3-
JIepXeK Ha XapaKTepUCTUKU MPOU3BOJCTBA
U cOBITa TOBAPOB MOXXHO PACKPHITH C TIOMO-
1IbIO CICAYIOIIECH MOLCIIN.

ITycth Kakoi-11M60 TOBap MPOU3BOAUTCS
B onpenenéHHoM pernoHe (Pernon 0) u tex-
HIYECKHU MOXKET JOCTABIISITHCSI B MHEBIC PETHO-
Hbl (1,2,3uTn.).

Kpusas cnipoca Ha ToBap (D) Bo Bcex pe-
TMOHAX OJMHAKOBA (3TO YCJIOBHE HE SIBISIETCS
CYILIECTBEHHBIM M IIPUHSTO TSI 00JIee HATIISII -
HO¥ BU3yaJIM3alliy; TIPU Pa3IMUMUSIX KPUBBIX
CIIpoca B perMOHAaX BEIBOIBI PUHIINITHAIBHO
HE U3MEHSITCS).

TTpousBoncrso B Pernone 0 ucrosnb3yercs,
MpexXIe BCEero, s yIOBICTBOPEHUS CIIpoca
B ITaHHOM perroHe. [Ipy oTCyTCTBUM TpaHC-
TMOPTHBIX COOOIIEHUN 00BEM MPOU3BOACTBA
coctaBuT ¢, [Ipy OTKPBITMH TPAHCTIOPTHBIX
COOOIIIEHUI TPOU3BOIATCS JOMOJTHUTETbHbIE
00BEMBI TOBapa IjIs1 TOCTaBKU B UHBIC PETHO-
HBL. DTUM YCJIOBHEM, a TaKXXe BEJIMYMHOMN
TPAHCIIOPTHBIX U3MEPXKEK OTPENessIeTCs Xa-
paKTep KPUBBIX TIPEIIOKCHNS B perMoHax 1,
2 u T.0. (TpaHcnopTHBIE U3AEPKKU, KaK CKa-
3aHO BbIIIIE, YUUTHIBAIOT HE TOJIbKO CTOUMOCTh
TepeBO3KM TOBapa, HO M BOBMOXHBIE IIOTEPH,
CBSI3aHHBIE C HECOXPAHHOCTHIO ¥ HAPYIIICHMSI -
MM CPOKOB JOCTaBKM TOBapa, JMOO COOTBET-
CTBYIOIIIME CTPAaXOBBIE IJIATEXMU, a TaKXkKe
yuiepo ToBapoBJIafieSblla OT «3aMOpaXKuBa-
HUsI» Ha BpeMsI [IepeBO3K1 000POTHOTO Karu-
TaJjia, BOIUIOIIEHHOTO B TOBape, METOMOJIOT S
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Puc. 1. BansiHne TpaHCriopTHbIX N34epXeK Ha CobIT
TOBapOB B yAa/IEHHbIE PErNOHbI.

OLIEHKH KOTOPOTO packpkiTa B padote [22].
TakrmM 06pa3oM, Ha CHUXKEHUE TPAHCTIOPTHBIX
WU3JEPXKEK BIUSIET HE TOJbKO HEMOCPEACTBEH-
HOE yIIellIeBIeHNE TIEPEBO30K, HO U MTOBBIIIIE-
HUE X HaIEXHOCTUA U CKOPOCTH).

KpuBble MpemioxXeHusT B pa3TunIHbIX pe-
TMOHAX CMEILA0TCsI BBEPX MO MEpe YAAICHUS
OT perMoHa MpOM3BOJCTBA, 00OBEMBI CObITA
MpU 3TOM, COOTBETCTBEHHO, OKa3bIBAIOTCS
HUXe, YeM B PeTMOHE MPOU3BOJICTBA, a IIEHbI
BBIIIIE.

IIpu BBICOKOM ypOBHE TPAHCITOPTHBIX
uzaepxek (puc. 1) LieHbl NpeaIoXKeHUS B yaa-
JIEHHBIX PeTMOHAX CYIIECTBEHHO BHIIIIE, YeM
B perroHe mpousBojacTBa. [eorpaduyeckas
30Ha COBITA TIPU MPUHITOM COUETAHUY XapaK-
TEPUCTUK TPEAJTOXEHUSI U cripoca OyneT
orpannyeHa Peruonom 1. B Peruone 2 u 60-
Jiee yIaJ€HHbIX TOBap yxXe He OyleT BOCTpe-
0OBaH: XOTS CIIPOC HA HETO €CTh U IO0CTaBKa
TEXHUYECKM BO3MOXHa, OTHAKO KPUBbHIE
MpeJIOXEeHU JiexXaT Bbllle KpUBOK crpoca.
Takum oOpa3oM, BHICOKMII YPOBEHb TPaHC-
TIOPTHBIX U3IEPXKEK OTPAHUIMBAET U Teorpa-
(uuecKyo 30Hy cObITa TOBapoOB, U 00BEM
cobiTa. COOTBETCTBEHHO, OTPAaHUYMBAETCS
1 00BEM MPOU3BOACTBA (B JTAHHOM CIy4yae OH
COCTaBHT g, + ¢,). B yclI0BUAX OrpaHUYEeHHO-
ro cObITa OpraHu3alrsi MAaCCOBOTO IMTPOU3BOI-
CTBa HEBO3MOXHA, UTO SIBJISIETCS TOPMO30M
IJIsT BHEIPEHWST MHHOBAILIMIA, a U3AEPKKHN
MMPOM3BOACTBA BBHICOKM, YTO OTpaXxaeTcs
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Puc. 2. UameHeHne pbIHOYHBIX XapaKTepPUCTUK NO4
BJINSIHUEM CHU)XEHUSI TPAHCIOPTHbIX N3AepPXeK
B KPaTKOCPOYHOM riepuoge.

B «KPYTU3HE» KPUBOW TPEIIOXKEHUS yKe
B peTMOHE TIPOU3BOICTBA.

CyliecTBEHHOE COKpaIlleHWe TPaHCTIOPT-
HBIX U3IEPKEK CMEIaeT BHU3 KPUBbIE TIPEI-
JIOXKEHUSI ToBapa B ymaJ€HHBIX pernoHax
(puc. 2). B pe3yabrare pacivpsieTcs: reorpa-
¢uryeckas 30Ha cObITa TOBapa, a TAKXe yBeJu-
yuBaeTcs 00bEM CObITA B TEX perMOHAX, TIe OH
npoaBasics 1 paHee. COOTBETCTBEHHO, OO
00BbEM TPOU3BOJCTBA YBEIUUYMBAETCS, KaK
Y CyMMapHasi BeJIMYMHA TPUOBLTY TIPOU3BOI -
Teseil u abdeKToB, MoJlyYaeMbIX TOTPEOUTE-
JISIMU («TIOTPEOUTENTLCKOTO U3NUIIKA»). py-
TMMM CJIOBaMU, CHUKEHUE TPaHCIOPTHBIX
U3IEPXKEK CIIOCOOCTBYET IKOHOMUYECKOMY
POCTY ¥ TIOBBIIIIEHUIO 0J1aTOCOCTOSTHUS TTOTPE-
ouTeneii.

E1u€ 6onee BrieyaIsIIOIIM JOJATOCPOYHbIE
MMOCJIENCTBUS CHUXKEHMSI TPAHCIIOPTHBIX
u3nepxkek. Bol3BaHHOE UMW yBEJIMUEeHUE
30HBI cObITA U OOBEMOB ITPOU3BOJACTBA CTU-
MYJIUpYeT POCT MaciiTaba MpOU3BOJICTBA,
COITPOBOXKIAIOIINICS COBEPIIIEHCTBOBAHNEM
TEXHUKU U TEXHOJOTUM, YTO MPUBOIUT
K CHIDXKEHUIO U3JIepXKeK MPOu3BOACTRa. [pa-
(ryecku 3TO BhIpaXaeTcs] B YMEHbBIICHUU
HakJoHa KPUBBIX MpeanoxeHus (puc. 3).
B pesynbrate eii€ 6oJiee pacuidpsieTcs reo-
rpaduyeckast 30Ha CObITa TOBapa, CHUXKaloT-
cs LIEHBI U pacTyT 00BEMBI COBITA B TEX pe-
TMoHax, TAe ToBap MpoAaBalics U paHee,
B TOM UKCJIe — B peTMOHE TTPOU3BOICTBA.
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Puc. 3. U3meHeHne pbIHOYHBIX
XapaKTepuUCTUK Nos BINSSHUEM CHUXEHNS
TPaHCIMOPTHBIX N3AEPXEeK B A0JIrOCPOYHOM rnepuoge.

Ha mocnegHuit MOMEHT Halo 0OpaTUTh
ocoboe BHUMaHue. B KpaTKoCpoYHOM Tepro-
Jie paclllMpeHNne BbIBO3a TOBapa B APYTUE pe-
TMOHBI MOXET ITPUBECTHU K POCTY 1IEH U JaXe
COKpAIIEHHIO TTOTPEOIeHUsT B pETMOHE TIPO-
MU3BOJCTBA. MBI aOCTparupoBaIUCh OT TaKOU
BO3MOXHOCTHU B JaHHOW MOJENN, HO €€ clie-
nyeT oTMeTUTh. COOTBETCTBEHHO, COKpaIlle-
HUE BbIBO3a TOBapa U3-3a BOSHUKIITMX TPAHC-
TIOPTHBIX WJIM TOPTOBBIX 0aphePOB B KPATKO-
CPOYHOM TTepHOJIe TPUBEET K CHIDKEHUIO 1IeH
U YBEJIMYEHUIO TIOTPEOJIeHNST B PETMOHE €0
TPOM3BOJICTBA. B CBSI3M ¢ 9TMM MHOTIA BO3-
HUKAeT WITIO3MS, TIPeXIe BCETO — B Macco-
BOM CO3HAHUU, YTO BHIBO3 TOBapa HEBBITOJICH
TTOTPEOUTENISIM, HAXOASAIIMMCS B PETUOHE ET0
TPOM3BOJICTBA, @ OTPAHNYEHUST BBIBO3A MO -
JyT UM Ha 1Tosb3y. OHaKO, TOAYEPKHEM E1IE
pa3, TTOIOOHBIE TIOCJIEJCTBUSI MOTYT BO3HU-
KaTh TOJBHKO B KPAaTKOCPOYHOM TIEPUOJIE.
B nmonrocpouHoit rmepcrieKTuBe paciimpeHue
BBIBO3a TOBApOB, MPU YCIIOBUM TOBBIIIEHUS
TEXHUKO-TEXHOJIOTUIECKOTO YPOBHS TTPOU3-
BOJICTBA M peanusaluu 3ddexTa maciirada,
TPUBENET K CHIDKEHUIO 1IeH W YBEJIMYEHUIO
00BEMOB MTOTPEOIECHUS TaKXKE U B PETUOHE
npounsBoacTBa. [loaToMy MooipeHre BHIBO3a
TOBAPOB B JIOJITOCPOYHOM MEPCIIEKTUBE MOXET
OBITH BBITOTHO HE TOJIBKO ITPOU3BOIUTEIISIM,
HO Y TIOTPEOUTEIISIM B pETMOHE TTPOM3BOJICTBA.

CiienyeT OTMETUTD, UTO YBETMUEHUE 00BE-
Ma U JaJbHOCTU COBITA TOBApPOB MO3BOJISIET
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peanu3oBath 3¢ deKT MaciTaba U MTHHOBALIMKA
u B cdepe TpaHcTiopTa. B pesynbrare TpaHc-
MOPTHBIE UBAEPXKKHU elIE O0JIee CHUBSITCS, UYTO
TOBJICYET 3a cOOOI manbHelee cOMmKeHue
KPHWBBIX TIPEIJIOXKEHUSI B Pa3HBIX PETrMOHAX
¥ pacuIMpeHue reorpaduueckrx MaciTaboB
cObITa, OOLIMI POCT OOBEMOB TPOU3BOICTBA.
DTO caenaeT BHITOAHBIM HOBBIM POCT MacITa-
0OB 1 TEXHUKO-TEXHOJOTMYECKOTO YPOBHS
MPOU3BOACTBA, YTO TPUBEAET K MPOTOJIKE -
HUIO «yIOJIOXUBAHUS» KPUBBIX MPEIIOKE-
HWsI, JaCT HOBBEIM MMITYJILC TTOBBIIICHUIO
00BEMOB MTPOU3BOACTBA, JAJBHOCTU CObITA,
CHWXXEHUIO 1LIeH. JIpyruMu cjioBamMu, Tpoliec-
ChI, TIOKa3aHHbIE Ha pUCYHKax 2 u 3, OyayT
WUTEPAIMOHHO TOBTOPSITHCS, M KaXKIbIiA 3Tall
CTaHeT HOBBIM IIIarOM Ha TYTH 9KOHOMUYE-
CKOTO pa3BUTHSI ¥ TTIOBBIIIIEHUST 0JIaTOCOCTOSI -
HUS JIIOAEN.

Ha npakTtyrke ormcaHHbIe TIPOLIECCHI OyIyT
TeperieTaTbCss MeXIy coO00i M XPOHOJIOTH -
YECKU 3arlapajuie;IMBaThCs, TaK KakK B KaXKITbIi
Tepuo BpeMeHU KaKue-TO MPOU3BOAUTEN
OyIyT pearmpoBaTh Ha HOBbIE BOBMOXHOCTH,
CBSI3aHHBIE C TTPOU3ONIEAIINM CHUXEHUEM
TPAaHCIIOPTHBIX M3JEPXKEK M paclIupeHueM
reorpacduu cObITa, M 3aHUMATHCS yBEJTUICHM -
eM MaciTaba U TeXHUKO-TeXHOJIOTMUECKUM
COBEPIIEHCTBOBAHUEM TNPOU3BOICTBA,
a KaKve-TO MepeBO3UYUKA — pearupoBaTh Ha
yXe CBeplluBIIeecs yBelndeHue 00bEMOB
TPOM3BOICTBA M IEPEBO30K, PACIIIUPSTH Mac-
mTab cBOe IeSITEILHOCTY Y BHEAPSITH MHHO-
BaIuu, 10OMBAasICh CHUKEHYSI TPAHCITOPTHBIX
nznepxek. [ToaTomy pesynsrupylomniye rpa-
(GUKM TOITOCPOYHBIX MHOTOATAITHBIX U3Me-
HEHWI TPAaHCIIOPTHBIX U3IEPXKEK U 0OBEMOB
TPOU3BOJICTBA MOTYT OBITh ITPEICTAaBICHBI HE
B BUIIE JIOMaHBIX JIMHUI, a B BUE TIABHBIX
KpuBbIX (puc. 4). [TockoabKy poct reorpadu-
YECKUX MacIITabOB CObITA U CPEAHEN JATBHO-
CTU TPAHCTOPTUPOBKU MPOUCXOIUT TOJ
BIUSTHUEM KaK CHUXEHUS TPAaHCIOPTHBIX
U3IepXKeK, TaK U CHUXKEHUs U3IEPXKEK Mpo-
WM3BOJICTBA, COOTBETCTBYIOIINE IPaPUKH MOTYT
OBITB TIPEJCTABICHBI B KAYECTBE TPSIMBIX JIM-
Huii. (BTO corjacyercsl C SMIUPUUECKUMU
JAHHBIMM O POCTE CPeIHEN NaTbHOCTH Iepe-
BO30K B KPYIHEUIIINX XeJIe3HOTOPOXKHBIX
cucTeMax Mupa 3a 6oJiee YeM BEKOBOM TTEpH -
on [23, c. 148—149]).

Takum o6pa3oM, CHUKEHHME TPAHCIIOPT-
HBIX U3IePXKEK, YUUTHIBAIOIEe TTOBBIIICHUE
HaJEXHOCTU M CKOPOCTH TTEPEBO30K, SIBJISIET-
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Cs1 KaTaJM3aTopoM 3KOHOMMYECKOTO pOCTa,
«3aITycKast» TOJITOCPOYHbBIE B3aUMOCBSI3aHHBIE
MPOIECCHl CHUXXKEHMST TTPOU3BOACTBEHHBIX
Y TPAHCTIOPTHBIX U3EPXKEK, POCTAa OOBEMOB,
Maciutabda u 3¢p¢GeKTUBHOCTU TTPOU3BOACTBA
U paclivpeHus reorpaduu cObITa TOBAapOB.

Ho uyTto OyneT mpoucXomuTh B YCIOBUSIX
JTOJITOBPEMEHHOTO COXPAaHEHUS BBICOKUX TPAHC-
TIOPTHBIX U3EPKEK, T.€. CUTYaLIMH, TOKA3aHHON
Ha puc. 1? B aToM ciydae, B yIaJIEHHBIX OT
MeCTa ITPOM3BOJICTBA PETMOHAX OTKPOETCST BO3-
MOHOCTb OpPraHM3aIuy TPUOBLTBHOTO BbI-
IycKa JaHHOTO TOBapa WJIMA €ro 3aMEHMTEs
0oJiee HM3KOTO KayecTBa («3p3all-TIPOIyKTa»)
Jiaske TIpY 3HAYMTENTbHO 00JIee BBICOKOM YPOBHE
TTPOU3BOICTBEHHBIX M3MIEPXKEK, YeM B PETHOHE
W3HAYaJIbHOTO TPOM3BOJICTBA, HO Mpu Ooee
HM3KOIA, TIO CPABHEHUIO C TIPUBO3HBIM TOBApOM,
1ieHe. B pe3ysrare motpeduTtenu B ynaa€HHbIX
pErMoHax TMoJIy4yaT CTUMYJT IIEPEKITIOYUTHCS Ha
MOTpeOIeHNE TOBAPOB-3aMEHNTETIeI MECTHOTO
TPOM3BOICTBA, KOHKYPEHTOCIIOCOOHOCTH KOTO-
PBIX 00eCTIeYnBaeTCsl €MMHCTBEHHBIM (DaKkTO-
POM — JIOPOTrOBU3HOM MPUBO3HOro ToBapa. [1pu
3TOM 3KOHOMUYECKHUE PECYPChI, HEI(DDEKTUB-
HO 3aTpayrBaeMble Ha IPOM3BOICTBO TOBAPOB-
3aMeHUTENEN, OyTyT OTBJIEKAThCS OT ITPOM3BO/I-
CTBa TEX TOBAPOB, B KOTOPHIX IAHHBIE PETMOHBI
WMEIOT CPaBHUTEIBHOE TIPEUMYIIIECTBO, U KO-
TOpbIE OBUTO OBI 11eJIECO000Pa3HO MPOU3BOIUTh
He TOJIBKO JUTSI BHYTPEHHETO TIOTpeOIeH s, HO
W IS BBIBO3A B IPyTHe peroHbl. ClieioBaTeb-
HO, OyleT cIepXXUBAThCSl perMOHAIbHASI CITe-
[MaIM3aIusl, SIBIISTIONIASCST BeCbMa 3HAYMMBbIM
akTOpoM 3KOHOMMYECKOTO pocTa. B Takmx
YCITOBUSIX HE Oy/IET JOCTaTOUHBIX CTUMYJIOB JIST
pocTaMacITaboB v TEXHUKO-TEXHOJIOTUYECKOTO
YPOBHS TIpou3BojIcTBa B «Pervione 0», a B oT/a-
JIEHHBIX PETHOHAX TIPOM3BOICTBO MOXKET 3aKOH-
CEpBUPOBATHCS Ha ellé Oojiee HU3KOM ypOBHE
TEXHOJIOTUU U 3 HEKTUBHOCTHU.

Hraxk, eciu cHUXXKEHHUE TPAHCIIOPTHBIX
W3IEePXKEK SBIISIETCS MOIIHBIM CTUMYJIOM TEX-
HUKO-TEXHOJIOTUYECKOTO Pa3BUTHUSI U POCTa
9KOHOMUYECKOM 3(PHEKTUBHOCTH, TO BBICO-
KV€ TPaHCTIOPTHBIE U3EPKKM CO3/Ia0T YCIIO-
BUSI UTSI KOHCEPBAIIMUA TEXHUKU, TEXHOJIOTUIA
un HU3Ko# adexkTuBHOCTU. (CremyeT 3ame-
TUTb, YTO MOJOOHBIM 00pa30M IEUCTBYIOT
1 UHBIE OGapbepbl — TAMOXEHHBIE U Jp., TIpe-
MSATCTBYIOLIVE PA3BUTHIO TOBAPOOOMEHA).

YeM BbIlle TPAHCIIOPTHBIE M3AEPXKKU
C OJTHOU CTOPOHBI Y HUKE M3ACPKKHU TIPOU3-
BOJICTBA TOBapa WY €T0 3aMeHMTENIeH B yaa-
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Heonepyemiie
NoxazaTend

Obuém
MOOHISOQLTES

Puc. 4. QonrocpoyHas B3anMOCBSA3b MHOIMO3TarHbIX
M3MeHeHUi n3aepxxek, o6bLEMOB NPon3BoACTBa
1 AasibHOCTU TPAHCIOPTUPOBKMU.

JIEHHBIX PETUOHAX, C IPYTOi CTOPOHBI (MHBIMU
CJIOBaMH, YE€M BBIIIIE TPAHCIIOPTHASI COCTaB-
JISIIOIIAST — OTHOIIIEHWE TPAHCITIOPTHBIX U31IEP-
XKeK K M3IepKKaM IPOU3BOJCTBA WIN 1LIeHE
TOBapa), TeM MEHbIIIe OyayT reorpacdudeckast
30Ha COBITA TOBAapa M SKOHOMUYECKH OIIPaB-
MaHHAas JaJbHOCTb €r0 TPAaHCIOPTUPOBKM.
IToaToMy mpy BBICOKMX TPAHCITOPTHBIX M3-
JIEPXKKaxX «ICLIEBbIC» TOBAPhI SBJSIOTCS He-
TOPryeMbIMHU, a 1J1s1 60JIee «10POruX» TOBApPOB
IAJIbHOCTh U O0BEMBI TPAaHCIOPTUPOBKU
U cObITa OrpaHUYMBAIOTCSI.

Yewm Oy1rke KpUBBIE TIPEIUIOXKEHNS TOBapa
B pErMOHE MTPOM3BOACTBA U B YIAIEHHBIX pe-
TMOHaX cOBITa, TeM Oosiee BLICOKUM TpeboBa-
HUSAM JOJKHO COOTBETCTBOBATb MECTHOE
IIPOU3BOJCTBO 3TOIO TOBapa WM IMPOU3BO/I-
CTBO TOBapOB-3aMeHUTEJIeH B ymadeHHBIX
pernuoHax, 4ToObl OBITh KOHKYPEHTOCTIOCO0-
HBIM.

SMMNMUPUYECKUE OAHHDBIE

JlanbHsIs1 TOPTOBJISI U, COOTBETCTBEHHO,
TPaHCIIOPTHPOBKA TOBAPOB Ha 3HAUYUTE/IbHbIC
PACCTOSIHMSL CYILIECTBOBAIN YK€ B INIyOOKOM
npeBHoOCTH [4; 24]. OnHaKo, B CUITy BEICOKUX
TPAHCIIOPTHBIX U3IEPKEK, CBI3aHHBIX, B TOM
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qyuciie, ¢ HEHANEXHOCThIO M JIaKe OIMacHO-
CThIO, JNaJbHSISI TOPTOBJISI OCYIIECTBIISIAChH
TPEMMYIIIECTBEHHO TOPOTUMM (IIENK, TTPSTHO-
CTH, IParolieHHOCTH) W TaK Ha3bIBA€MBbIMU
HEKOHKYPUPYIOIIUMU TOBapaMM — TO €CTb
TOBapaMHu, Ne(pUIIUTHBIMU U BOBCE HE TIPO-
WU3BOASIIMMUCS B UMITOPTUPYIOIINX PETUO-
Hax, MPOU3BOJCTBO KOTOPBIX (MJIN MX 3aMe-
HUTeJIe) B JOCTATOYHOM [IJISI YIOBJIETBOPE-
HUSI CIIpOca KOJIMYECTBE OBITIO CIOXHO WU
HEBO3MOXHO I10 TPUYMHE OTCYTCTBUS HEOO0-
XOIUMBIX PECYPCOB.

B Tex cnydasix, Korma BO3MOXHO OBLIO
HaJIAAUTh MECTHOE TIPOU3BOACTBO TOBAPOB-
3aMEeHUTEJIe, TTPEeXJIe BCEro — peMeCIeHHBIX
W3IeIUiA, 3TO 3a4acTyIO MPOUCXOIWIIO, JaXe
€CJIM TaKoe MPOU3BOACTBO OBIIO METKUM
Y IPUMUTUBHBIM, a TOTOMY — JIOPOTMM, a Ka-
YECTBO MPOMYKIIUM — HUXE, YeM TIPUBO3HOU
[25, c. 164—168]. Pa3pbiBbl MeXIy KPUBBIMU
TIPEJIOKEHUS B pa3HbIX pETHOHAX, 00YCIIOB-
JIEHHBIE BBICOKMMU TPAHCTIOPTHBIMM M3IEPK-
KaMmu (Kak mokazaHo Ha puc. 1), cozgaBaiu
YCJIOBMST JJISI peasiM3allii TaKoro IOJIXO0/a.
ITpu oTcyTCTBUM BITEUAT/ISIONIETO TIporpecca
Ha TPaHCIIOPTE, CYIIECTBEHHOTO CHUKEHUS
TPAHCIIOPTHBIX U3JEPXEK He TTPOUCXOIUIIO.
OO0 3TOM CBUIETENILCTBYET COXpaHeHNE B PuM-
CKO1 UMTIEpUY Ha TIPOTSKEHUU HECKOJBKUX
BEKOB 3HAYUTEIbHBIX MEXPETrNOHATbHBIX
LIEHOBBIX pa3nuuii 03 3aMEeTHBIX U3MEHEHU I
[26]. BbicokMe TpaHCIOPTHBIE U3AEPKKU
CTaJIV TaM CYIIIECTBEHHBIM MPETISITCTBUEM JIJIST
YKPYITHEHUSI TTPOU3BOJCTBA M BHEIPEHUS
WHHOBAIIMii, YTO B UTOTE 3a0JIOKMPOBAJIO
BO3MOXHOCTb OCYIIIECTBJICHUS B TOT TIEPUOT
MPOMBIIIEHHOW peBoonuu [15, ¢. 160—
162].

B CpenHeBeKOBbE BBHICOKMI YPOBEHbB
TPAHCTIOPTHBIX M3IEPXKEK COXPAHSLICS, YTO
TIpeoTIpeNe/IUIO U COXpaHeHUe XapaKTepa
JlaTbHEN TOPTOBIIU, TE TTO-TIPEKHEMY TOMU -
HUPOBAJIU NOPOrMe M HEKOHKYpPUPYIOIIUe
TOBaphl: Mexa, NPSHOCTHU, WENK, Gapdop,
yait, cepedpo, Meab u Tip. [27].

B mo3mnem CpenmHeBekoBbe (B XIV—
XV Bekax), 61arogapsi COBepIIEHCTBOBAaHUIO
MOPCKOTO TpaHCTIOpTa, HAYaJIOCh yellIeBJie-
HUE MepeBO30K, B TOM YUCJIe — 3a CUET pOCTa
WX HaIEXHOCTH, YTO BBHIPA3UJIOCh B CYyIIIe-
CTBEHHOM CHWXXEHUM CTPaxOBBIX TapudoB
[28]. DTO cIMOCOOCTBOBAIO OCYIIECTBICHUIO
B EBporne Tak Ha3bIBaeMOi «KOMMEPYECKOU
peBosoMu» [29], HayaBLIeCS MPUMEPHO
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B XIII Beke U mpoaoKaBLIelicss 10 Havyaia
XVIII Beka. Kommepueckas peBomonus ooec-
ne4yusaa He TOJbKO yBeJIHWYeHUE OOBEMOB
U paciiMpeHue reorpaduu ToproBiau, HO
W CTUMYJMpPOBAJIa pa3BUTHUE HOBBIX (popMm
1 MTHCTPYMEHTOB KOMMEPUYECKOM eI TeTbHO-
cTu (OyXTajaTepcKoTro yuyéta, 0aHKOBCKOI
W KPEAUTHOW CUCTEM M ZIp.), YBEJIMYEHUE
neHeXXHoro obpamieHusi. OHa CIpaBeTMBO
paccMmaTpuBaeTcs Kak Hayajao 9KOHOMUYE-
CKOTO BO3pOXAeHUsI EBpoIibl, Ka4eCTBEHHO
HOBBII 3TaIl B pa3BUTUU 3allaHOEBPOIICH-
CKOM 9KOHOMMKM, CTaBIIIMI OCHOBOI M3Me-
HEHUsS CTPYKTYpPhl eBPOTEHCKOTO PhIHKA
n o6mrectna [30]. Ctama MEHSITBCS U CTPYKTY-
pa toprosiu. Tak, K XVI BeKy 3HaUMTETbHYIO
YacTh MEXIYHApPOIHOIO TOBapoobopoTa Co-
CTaBJISUIM 3€PHO, JieC, pbida, BUHO, COJIb, Me-
TaJUThl, TKAHU W CHIPHE JUIST TEKCTUIIBHOMN
npoMbllLIeHHOCTH [11].

PocT 00bEMOB U JaTbHOCTU TPAHCTIOPTU-
POBKM TOBApOB B X0/I¢ KOMMEPUYECKOI peBO-
JIIOIIMY U TTOocenytolneid amoxu Bennkux
reorpacueCcKUX OTKPBITUI CITOCOOCTBOBAI
YCKOPEHUIO 3KOHOMMYECKOro pocta B XVI—
XVIII Bekax u, mpexae BCero, B cTpaHax,
HaunboJee IpeycIieBaBIINX B MEXXITyHAPOIHON
Toprosiie — Hunepnannax u Auriuu (tao. 1).

Tem He MeHee 1O CO3MaHUs CETH Oyaro-
YCTPOEHHBIX IOPOT U KAHAJIOB M TOSIBJICHUS
B Hauaje XIX Beka MmapoBOro TpaHcIiopTa
Mporpecc CPeACTB COOOIIEHM S ObLT HEMOCTa-
TOYEH [Tl KapAMHAIBHOTO CHUXKEHUS TpaHC-
TOPTHBIX M3IEPXKEK B MacliTabax MUPOBOI
sKoHoMUKHU. [ToaTomy, Bruiots 10 XVIII cro-
JIETHSI, TOPTOBJISI MEXTY OTHAIEHHBIMU PETUO-
HaMHU BCE eI€ «COCTOsIa MO OOJbIIEeH YacTu
W3 HEKOHKYPUPYIOLIKUX TPOAYKTOB» [5, ¢. 19].
IMosiBeHMe XeNe3HBIX TOPOT U MapoXoa0B
OTKPBUIO KaYeCTBEHHO HOBbIE BO3MOXHOCTH
JUIST pa3BUTHSI TOBAPOOOMEHa — TIEPEBO3KM
CTaJI MAaCCOBBIMM, PETYJISIPHBIMU, HaTEKHBI -
MM U OTHOCUTETLHO Ae1EBBIMU. [ToaToMy «Ha
npoTsekeHuu XIX B. TOProBJist ObICTPO pa3Bu-
BaJlaCh OTYACTH U3-3a 3HAUUTETHHOTO CHIKE-
HUSI TPAHCIIOPTHBIX PACXO/IOB, OTYACTH U3-3a
MmoabEMa MPOMBIIIIJIEHHOTO MTPOU3BOJICTBA»
[5, c. 19]. PazpaboTaHHast MOIEAb CBUAETENb-
CTBYET, YTO 3TO OBUIM HE TIPOCTO JAOTIOJTHSIIO-
1K€ APYT ApYyTa, a B3aUMOTOJIeP>KABAIOIINE
akTopbl, MPUYEM CHIDKEHHME TPAHCITOPTHBIX
MU3IepXKeK M pacuImpeHre ooOMeHa B pe3ysib-
TaTe COBEPIIEHCTBOBAHUS CPENCTB TPaHC-
IopTa MOXHO B COBOKYITHOCTU CUMTATh HE
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Ta0smna 1

YckopeHue 3KOHOMUYECKOTO POCTA B pe3yiibTaTe KOMMepYecKoi
peBoJionuu U Beukux reorpacuuecKux OTKPHITUI

1000—1500 rr. 1500—1820 rr.
CpenHeromnoBoit CpenHeromnoBoit CpeaHeromoBoit CpeaHeromoBoit
TEMII IPUPOCTa TEMII IPUPOCTA MTO- | TEMIT MPUPOCTa TeMIT PUPOCTA IO~
BBII, % nymesoro BBIT, % | BBII, % nymesoro BBII, %
Bech mup 0,15 0,05 0,32 0,05
3ananHas EBpona 0,28 0,12 0,40 0,14
Hunepnanmst 0,35 0,12 0,56 0,28
BenukobpuraHust 0,25 0,12 0,80 0,27

Wctounuk: Maddison, 2007 [20].

MPOCTO KAaTAJIM3aTOPOM, a «CITYCKOBBIM KPIOU-
KOM» IIPOMBIILLJIEHHOM peBOIIOLIMY U DOPMU-
pPOBaHUS BTIOXM COBPEMEHHOTO SKOHOMUYE-
CKOT'0 pocTa. DTO JIOTUYECKHU CIIeAyeT U3
pa3paboOTaHHO MOIEJM U COOTBETCTBYET
TOCJIEAOBATEIBHOCTHA COOBITUIT SKOHOMUYE-
CKOM MCTOpHUU: KOMMEpYECKash PEBOJIIOLIMS
u Benukue reorpaguueckue OTKPHITHS TIpE-
IIECTBOBAJIN PEBOJIOLUM ITPOMBIIIICHHOM.
(bonee mogpoOHO BIMSHUE Pa3BUTHSI TPAHC-
TopTa Ha OCYIIIECTBICHUE UHIYCTPUATA3AIIAN
¥ BXOXIEHHE YeJIOBeYeCTBa B 3ITOXY COBpe-
MEHHOTO 3KOHOMMYECKOI'O pOCTa OMMCAaHO
B pabore [15]).

B cBs13u ¢ 3THM, corfamasch ¢ TE3UCOM
Xe/mMaHa 0 TOM, «4TO TOPTOBJISI MEXIy OT-
JaJIEHHBIMU MMapTHEPAMU BIIMSIJIa HA DKOHO-
MHYECKOE pa3BUTHE, a SKOHOMUYECKOE pa3-
BUTHE — HA TOPTOBITIO» [5, ¢. 21], XOoTe10Ch OBl
YTOYHUTH APYTOE €T0 BHICKA3BIBAHUE: «U3ME-
HeHUs B cepax MpOU3BOACTBA U MTOTpebIIe-
HUSI CYIIECTBEHHO BIMSUIM HAa 00BEM TOPTOB-
JIM, U3HAYAJIbHO HU3KWI, 1 €T0 MOCICIYIOIIIA
poct» [5, c. 21]. Be3ycimoBHO, TOProBo-
TPpaHCIIOPTHASI AESITEJIBHOCTb 3aBUCUT OT
TIPOM3BOJCTBA, BeIb, B KOHIIC KOHIIOB, ITPO-
IaTh W MEPEeBE3TU MOXHO TOJIBKO TO, 4TO
npousBeneHo. Ho mMeHHO BO3MOXHOCTH
BBITOJHOTO COBITA TOBApPOB B yIAJEHHbBIE pe-
TMOHBI, OTKPBIBAOIIECs O1aromaps ycoBep-
IIEHCTBOBAHMIO TPAHCIIOPTA M CHUXKCHUIO
TPAHCIIOPTHBIX U3ACPXKEK, CTUMYJIUPYIOT POCT
00BEMOB M MacIITA00OB IMPOU3BOACTBA U MEXK-
PETrMOHAJIBHYIO CITeIINATU3aIINIO, TTO3BOJISIIO-
IIYIO IPOU3BECTH U3 TEX XK€ PEeCypCcoOB 0OJIb-
IIMii 00BbEM TOBApOB. DTO ClEAyeT U3 Teope-
THUYECKOM MOIEIN W TTOATBEPXKAACTCS XOI0M
9KOHOMUYecKoi ucropuu. Kak ormeuan
K. 4. 3aropckmii, «cHayaja co31ar0Tcs HOBbIE
MyTU U CPEIACTBAa TPAHCIIOPTa, KOTOPBIE OT-
KPBIBAIOT BO3MOXKHOCTH TOJTy4eHHS U COBITa
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[ToBapoB] BO Bcex HampaBieHUSIX, U TOJBKO
TOIa IPOMU3BOACTBO B CBOIO OYepEab MOXKET
HayaTb CTPOUTHLCSI Ha OCHOBE 3TMX HOBBIX
ycaoBuii...» [10, c. 43].

CoOnvKeHre KPUBbBIX MPEIIOXEHUsI TOBa-
pa B pa3HbIX peruoHax, OMMCcaHHOE B pa3pa-
0GOTaHHOI MOJIEJIH, IIPOSIBJISIETCS B CHUXKEHU U
LIEHOBBIX Pa3/IMYUii MEXIY PErMOHATbHBIMU
peiHKaMu. Hanmpumep, nosisnenne B XIX Beke
JKeJIE3HBIX JOPOT U AajibHelllee pa3BUTHE
KeJe3HOmopoxXHoi# cetu B [Ipyccuu cyie-
CTBEHHO COKPATUJIM Pa3IMUUs LIEH Ha 36pHO
B CEJIbCKOXO03SIMCTBEHHBIX ¥ IIPOMBIIILIEHHBIX
pernoHax (TadJ. 2). 3To 0CO0eHHO HATIISITHO
MPOSIBJISUIOCHh B HEYpOXaiHbIe TOAbI: IIPU
OTCYTCTBMHU 3KeJIE3HBIX JOPOI COOTBETCTBYIO-
1LM€e pa3Inyusi ObLIA OYeHb BEJIUKU, C pa3BU-
THEM XeJIEe3HOIOPOXKHOI0 COOOILIEHUST, KOTO-
poe, 110 CPABHEHUIO C IYKEBBIM TPAHCIIOPTOM,
U YAELIEBISI0, U YCKOPSLIO JOCTaBKY TOBApOB
B HECKOJIbKO pa3, a, KpOMe TOTO, CYIIeCTBeH-
HO MOBBIIIANO €€ HaAEXHOCTb, LIEHOBBIC
pa3HULIbI IOCJIEI0BATEIbHO COKpPALIAIUCh.
A CHMXXEHHE CTOMMOCTH JOCTaBKU 3epHa U3
CIIA B Anrnmto (Ha 80 % c 1868 1o 1895 rr.
[10, c. 59]), 61aromapst OMHOBPEMEHHOMY
yAEILEBICHUIO XeJIE3HOTOPOXKHBIX 1 MOPCKMX
IepeBO30K, MIPUBEJIO K IOYTH ABYKPATHOMY
yIeLIeBICHHUIO MIIICHUITBI B AHTINHN (Ta01. 3).
IIpu 3TOM B CEIBCKOXO3SIMCTBEHHBIX 1LITATaX
CIHIA TeHOeHIMM K POCTY LIEH Ha IMIIEHUILLY
He Ha0JII0aI0Ch.

W3 npeacraBiaeHHOR MOIEN CIIEAYET, YTO
B JIOJIFOCPOYHOM MEPUOJIE JOJKHO IIPOUCXO-
JINTh 001LIee CHYDKEHYE YPOBHS LIeH Ha TOprye-
MBbI€ TOBaphl. DTOT BLIBOJI TAKXKE ITOATBEPK /1A~
ercsa npaktukoi. Tak, B CIIIA B TeueHue
MOCJAEIHUX MSITUACCATHU JIET MHIASKC LIEH Ha
TOBaphbl IPOMBIILJIEHHOIO MPOU3BOACTBA
YCTOMYMBO OTCTaBaJI OT MHAEKCA LIEH Ha YCITy-
ru. A ¢ Hayasa XXI Beka HaOJI01aJI0Ch CYIIIe-
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Taomuna 2
Bimsanue Pa3sBUTHUA TPAHCIOPTHBIX COOﬁl].[e}lI(lﬁ HA IICHBI 3€PHA B PErHOHAX
IIpyccuu B Heypoxkaiinbie roabl XIX Beka
(IIeHA PIKH B CETbCKOXO035iiCTBEHHbIX pernoHax B 1817 roxy = 100)
Heypo- Llena pxu LleHa mimeHUIIb XapakTepucTUKa
KAWHBIC | Cenpcko- | [Ipombin- | PasHuna | Cenbcko- | [pomsbim- | Pasapma | KE/I€3HBIX 10pOT
IO X038~ JIEHHBIE X038~ JIEHHBIE
CTBEHHBIE | PETOHBI CTBEHHBIE | PETUOHBI
PETHOHBI PETHOHBI
1817 100 236 136 171 296 125 Kenesnsie noporu
OTCYTCTBYIOT
1847 131 178 47 175 227 52 HauanbHblii 3Tan crpou-
TEJIbCTBA JKEJIE3HBIX
nopor
1855 141 183 42 201 232 31 3HaunMasl XKeJe3HON0-
POXHast CETh
1867 128 148 20 180 209 29 OCHOBHbIE 9KOHOMUYE-
CKME LEHTPbI COEAMHEHBI
JKEJIE3HBIMU IOPOTaMu
M cToyHuK: pacy€Thl aBTOpa 10 JaHHBIM [54].
Tabmmma 3

Bansnue cHUXKeHNSI TPAHCTOPTHBIX M3/IepKeK Ha neHbl muennnsl B Munnecore (CIIIA)
1 Anryun B koHne XIX Beka (nieHa mmenunbsl B Munnecore B 1891—1894 ronax = 100)

Tlepuron BpemeHU MunHecora AHIINS Paszuuia
18711874 rr. 118 271 153
1875—1878 rr. 117 231 114
1879—1882 rr. 149 212 63
1883—1886 rr. 104 168 64
1887—1890 rr. 118 150 32
1891—1894 rr. 100 138 38

W cTouHuK: pacu€Thl aBTOpa 0 JaHHbIM [10].

CTBEHHOE CHIDKEHHE IIeH Ha MOTPEONTEIb-
CKHE TOBaphl JUINTEJILHOTO MCIIOJIb30BaHUSI
(mocrapisieMble B 3HAUYUTEILHOM CTETICHU M3
Kwurast) mpu pocre 11eH Ha yeayru [31].

Emé onHoi HarmsamHoOl MiIocTpaluei
COTJIACOBAaHHOCTU TEOPETUUECKOM MOICIHN
C SMIMPUYECKIMU TAHHBIMM CITYKUT TOJTO-
CpoYHasl IMHaMUKa 00bEMOB JOOBIYM, CPEI-
Hell TaJIbHOCTU TPAHCIIOPTUPOBKM U peaslb-
HOI JTOXOOHOM CTaBKHY Ha XKEJIE3HOAOPOXHbBIE
nepeBo3ku yrist' B Poccuiickoit Denepaiu
(puc. 5). [IpuMmedaTeIbHO, YTO BO BpeMsI IJ10-
0aJIbHOTO KpU3UcCa CHUXXEHHE TadbHOCTH
nepeBo3ku yris (B 2008 romy) mpeaiiecTBo-
BaJIo MajeHUIO ero 1o0br4u (B 2009 roay). Do
II0Ka3aTeIbHbI IpUMEDP BO3ACUCTBUS TOBaA-
pPOOOMEHHBIX IIPOIIECCOB, B YACTHOCTH —
JIAJIbHOCTH COBITa TOBapa, Ha 00BEM ITPOU3-
BOJICTBA.

! BoIGOp B Ka4eCTBe IPUMEPA KeJIE3HOAOPOKHBIX ITepe-
BO30K YIJIsl OOYCIIOBJIEH TEM, UTO ITOYTH BECh JOObIBae-
MbIii B Poccuu yronb rnepeBo3uTcst Keae3HOM0POXKHBIM
TPAHCIIOPTOM, U IO TTOKA3aTe IsIM KeJIe3HOIOPOXKHBIX
MePeBO30K MOKHO CYUTh O COBITE YIJIsl B LIEJIOM.

TakuM obpa3om, pa3paboTaHHAasI TEOPETH -
YyecKasi MOZIE/Ib COTIACYETCS C SMITMPUYECKU -
MU JAaHHBIMU U MO3BOJISIET JIy4llle IMOHSTh
POJIb TPAHCIIOPTA B 5KOHOMUYECKOM UCTOPUU
1 00ecIIeYeHN U TOJIFOCPOYHOTO POCTA IKOHO-
MMKH.

BbiBOAbl " PEKOMEHAOALUUN

YoenuBIINCh B «O0OBICHUTEIBHON CHUIE»
pa3paboOTaHHOM TEOPETUYECKON MOIEINH,
ClieIyeT OCTAaHOBUTHCS Ha TeX BBIBOAAX, KOTO-
pble MOXHO CIeNaTh Ha €€ OCHOBE OTHOCH-
TEJIbHO KeJIaTeJIbHBIX 11 POCTa SKOHOMUKH
HaIlpaBJIeHUI pa3BUTHSI TPaHCIIOPTA.

B ycnoBusix coBpeMeHHOI Ti00aabHOM
9KOHOMMKM HAJbHOCTb TPAHCIIOPTUPOBKH
TOBapOB MOCTUTJIA BeCbMa 3HAYUTEIbHOTO
ypoBHs. TeM He MeHee, CYIIIECTBYIOT pe3ePBhI
JajbHEeIero pocra 3(pPeKTUBHOCTH 3KOHO-
MUKU 32 CYET MOBBIIICHUST KaK MaKCUMaJIb-
HOMH, TaK U CPEOHEN NAaTbHOCTU TPAHCIIOPTU-
poBku. IIpu 3TOM OTHOCUTENHHO ACIIEBbIE
TOBaphl 0oJice UyBCTBUTEIBHBI K SIBHOM CO-
CTaBJISAIONIEN TPAHCIOPTHBIX U3ACPKEK —
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2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

== [o6blua yrns

=== CpeqHss AaNbHOCTb NEpPeBO3KN YIS KENe3HOAO0POXHbLIM TPaHCMOPTOM

- PeanbHasa AoxoAHas CTaBKa 3a Xene3HOAPOXHble MePeBO3KK yrnsa

Puc. 5. Unpgekcbl noka3atesneii 4o0bIYn U XXes1ie3Ho40POXHbIX NepeBo30k yrna B Poccuiickoii degepaynm,
2004-2018rr. (%), 2004 r. = 100 %. UcTouyHnk: pac4€Tbl aBTOPa o gaHHbIM PocctaTta, OAO «PXX/».

TPOBO3HOIA TIJ1aTe, T.€. K YPOBHIO TPAHCTIOPT-
HbIX TapudoB. Eciu Mopckoit u Tpydorpo-
BOIHBIN TPAHCIIOPT, B CUJTY TEXHOJIOTUIECKUX
0co0eHHOCTEM, 00ecIeurnBalT BechMa HU3-
KWl ypOBEHb CE0ECTOMMOCTH MEPEBO30K
u TapuoB, KOTOPHIH 1TO3BOJISIET 3(DGHEKTUBHO
OCYIIIECTBJSATh MEXKOHTUHEHTAJIbHbBIE
¥ TPAaHCKOHTUHEHTATbHBIE TMIEPEBO3KU HaXKe
CHIPBEBBIX TPY30B, TO YPOBEHb CE0ECTOMMOCTH
TepeBO30K U TApM(POB HA KETEZHOTOPOKHOM
¥ aBTOMOOMIILHOM TPAHCIIOPTE TOPa3Io BbI-
mre. Ix cHIKeHMe Mo3BOJTAIIO OBl pACIIIMPUTD
o0OJracTu cObITa HanboJIee JEeIIEBOTO U Kade-
CTBEHHOTO CBIPBSI B T€X CIIyJasix, Korja rnepe-
BO3KM HEOOXOIMMO OCYIIECTBIISITH TI0 CYIIIE.
Kak cnemyet n3 npencraBieHHOM MOIETH, 3TO
WMeJIO OBl TIO3UTUBHBIE TOJTOCPOYHBIE TIO-
CIeNCTBUS.

KitoueBbiM HampaBieHWEM TSI yACIIeB-
JIEHUSI TIEPEBO30K SIBJISIETCS] TTOBBIILIEHNE BECa
TPAHCTIOPTHBIX CPEACTB, TaK Kak cebecTom-
MOCTb TIEPEBO30K 1 BEC TPAHCIIOPTHOTO CPE/I-
CTBa CBA3aHBI OOPATHOM 3aBUCHMOCTBIO [32,
c. 253—269]. Ha Xene3HOOOpOXHOM TpaHC-
TOpTe CPEeIHUI BEC MOoe3aa U JOJS TSKEJI0-
BECHBIX ITOE3/I0B SIBJISIIOTCS] BECbMa 3HAYNMBbI-
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MU JI715T OOIIIE BETMIMHBI SKCTUTyaTAIIMOHHBIX
3arpat ¢aktopamu [33]. JIBukeHME TSIKEIO-
BECHBIX ITO€310B C 1I€JIbI0 YBEJIUYEHUS 00bE-
MOB ¥ YACIIEBJIEHUS TIEPEBO30K MACCOBBIX
rpy30B (YIJIs1, Py/IbI U T.11.) aKTUBHO Pa3BUBa-
€TCST Ha XEeJIe3HBIX OpoTrax B psiie CTpaH
mupa (ABctpanuu, bpasunuu, Kanane, Ku-
tae, CIIIA, IlIBeunu, FOAP), B ToMm umcie
u B Poccun [34]. MoaepHuzauus undpa-
CTPYKTYpbl BOCTOYHOTO MOMMroHa ceTu poc-
CUICKUX XeJIE3HBIX IOPOT C LETbIO PA3BUTHS
JIBVDKEHMSI TSIKEJTOBECHBIX TIOE3I0B — BasKHasI
COCTaBJISAIONIAsT JOJITOCPOYHOU TTPOTPaAMMBbI
passButust OAO «PXKJI» no 2025 rona. E€ pea-
JI3A1MS TTIO3BOJIUT YJTYYIIUTh TPAHCTIOPTHBIE
BO3MOKHOCTH JJIST OTE€YECTBEHHBIX SKCITOPTE-
pOB.

UeM nopoxe mepeBO3UMBIN TOBAp, TEM
BBIIIE €T0 YyBCTBUTEIBHOCTh K HESIBHOM CO-
CTaBISIIONIEN TPAHCIIOPTHBIX U3AEPKEK —
yiepOy OT «OMEPTBICHUST» KaruTasa, BOTUIO-
EHHOTO B MepeBO3MMOM ToBape. CHU3UTH
€0 BO3MOXHO 32 CUET KapANHAIBHOTO MTOBbI-
IIEHUST CKOPOCTH OCTaBKU. OMHUM 13 Bapu-
AHTOB pealn3aluy 3TOW 3agadyu SIBJISIETCS
WCTIOJIb30BAHUE TSI TOCTABKU JOPOTOCTOSI -
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IIAX TOBAPOB BEICOKOCKOPOCTHOTO XEJE€3HO-
JIOPOXKHOTO COOOIIeHUsT (CO CKOPOCThIO
cBoiie 200 KM/49), OOBIYHO MMPUMEHSIEMOTO
TOJBKO JJISI MMacCaXUPCKUX MepPeBO30K.
B Hacrosiee BpeMs yxxe mpopadaThIBaOTCs
BapMaHTHl OpraHM3allii TPAHCKOHTHHEH-
TaJIbHBIX BHICOKOCKOPOCTHBIX XeJIe3HOI0-
POXHBIX TIEPEBO30K TOBAPOB, B T.4. TOBAPOB
3JIEKTPOHHOM TOpToBN [35].

Takum 06pazoM, peann3aius TSKEI0BEC-
HBIX TIEPEBO30K IIJISI OTHOCUTETHHO ACTIIEBBIX
TOBapOB M BBICOKOCKOPOCTHBIX — JIJIST IOPO-
roCTOSIIMX — OyIeT cnocobCTBOBaTh CHUXKE -
HUIO U3JePKEeK TOCTABKH TeX U APYTUX U, TEM
CaMbIM, POCTYy 00bEMOB MUPOBOTO TPOU3BO/I -
ctBa. OcylIecTBIeHNE TaAKUX MEPEBO30K, SIB-
JISISICh, 0€3YCIOBHO, MPEANPUHUMATETbCKUM
penieHreM, TpedyeT HaTMUUsI COOTBETCTBYIO-
et MHGPacTpyKTyphl. MeXIy TeM pa3BUTHE
POCCUIACKOU TPaHCTIOPTHOI MH(MPACTPYKTYPhI
OTCTa€T OT TpeboBaHUii Ou3Heca. «B HacTos1-
1ee BpeMsl OYeBUIHA MOTPEOHOCTh POCCUI-
CKOIf 5KOHOMMKM B Pa3BUTUM U YIyUIICHUN
UHOPACTPYKTYPBI», KOMOPAsL MOdNCEM 0OKA3AMb
«I0JITOCPOYHOE TO3UTUBHOE BIMSHUE Ha
5KOHOMMWYECKUI POCT», «CTaTh OCHOBOM JJIsI
BO3HUKHOBEHMSI HOBBIX HAITPaBJIEHUI1 9KOHO-
MMWYECKOU NeITeIbHOCTH... a TaKXKe Co3AaTh
MPEITOCHIIKY JJIs aKTUBHOTO BOBJICUSHMS
POCCUIICKO 9KOHOMUKH B MEXKIYHAPOIHYIO
TOprowio» [36, c. 23].

CTpouTEIHCTBO TPAaHCTIOPTHOM MHbpa-
CTPYKTYPBI OTJIMYAETCS BHICOKOI KarmnTallo-
€MKOCTBIO Y MEJIEHHOW OKYTa€MOCTbIO, UTO
JIeTaeT ero MaJIoTIpUBIIEKATeIbHBIM U TPYI-
HOpeaJln3yeMbIM JJis YacTHOro Ou3Heca.
YuursiBas, yTo Takasi UHOPACTPYKTypa, C Ol-
HOW CTOPOHBI, CTUMYJIUPYET SKOHOMUYECKU A
POCT, a C APYTOii — MOXXET UCTIOJIb30BAThCS IS
MepeBO30K MHOXECTBA Pa3HBIX TOBAPOB, MPO-
W3BOAUMEIX PA3TMIHEIMU OTPACIISIMU, TO €CTh
He 0Ka3bIBaeT MCKaXalolleTo BIMSHUS Ha
CTPYKTYpPY NMPOU3BOACTBA, TOCYAapPCTBEHHBIE
WHBECTULIMU B €€ COOpyXeHUue OoJiee onpaB-
JIaHbI, YeM B KaKUe-JIUOO Apyrue oTpaciu
5KOHOMUKHU. YMECTHO BCTIOMHUTH, YTO €IIE
Anam CMUT OTHOCHJT COOPYKEHUE ¥ TIOMIEeP-
KaHUe TPAaHCIOPTHON MHPPaCTPYKTypPHI
K 00s13aHHOCTSM rocyaapcrsa [1, c. 675—676].
CrieryeT coriacuThcsl ¢ MHEHHMEM, 9TO B CO-
BPEMEHHBIX POCCUNCKUX YCIOBUSX «HA TPaHC-
MOPTE... MAKMUUECKU U cmpameau4ecku
onpasdaHsbl MEPBI TOCYIaPCTBEHHOM MOAIEePXK-
KW WHBECTHUIIMOHHOUN AESATEIbHOCTU»
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[37, c. 12]. «[TocTOSTHHBIN POCT pacxomoB Ha
pa3BUTHE TPAHCIIOPTHO MHPPACTPYKTYPHI. ..
N03604UM NOBbICUMb dPPEKMUBHOCb NPOU3-
s8odcmea 6 doneocpounom nepuode» [38, c. 52].
Takue pacxombl «ClenyeT paccMaTpuBaTh Kak
BJIOXXEHUS B TOJITOCPOYHBIA 9 KOHOMUYECKAN
poct» [39, c. 14].

B cBsI3u ¢ 3TUM 1Ie1ecOo00pa3HbIM Mpea-
CTaBJISIETCS yU4acTHE TOCYAapCTBa B pa3BUTHH
HE TOJIbKO aBTOJIOPOKHOM, HO U KeJIe3HOIO-
POXXHOM MHMPACTPYKTYPHI KaK JUIST TSKEJIO-
BECHOTO JIBIDKCHMSI, TaK WM JJIST BBICOKOCKO-
POCTHBIX ITepeBO30K. B TO ke BpeMst MUpOBOIA
W POCCUMCKUI OTTBIT CBUETELCTBYET O TOM,
YTO HAMOOJBIINI JUHAMU3M TPAHCIIOPTHOTO
CTPOUTETLCTBA OOECTIEUMBAETCS TIpU 3afeii-
CTBOBaHWHU YaCTHOM MHUIIMATUBHI [14; 15;
40—42]. IToaToMy emié 6oJiee BaxKHOM 3amadeit
SIBJISIETCST CO3/IaHE TIPUBJIEKATEIBHBIX YCIIO-
BU TSI YACTHBIX MHBECTUIIWIM B TPAHCIIOPT-
HYIO MH(PACTPYKTYDY.

Takum o6pa3zom, 3a1aun pa3BUTHUS TPaHC-
TMOPTHOM MHGPACTPYKTYPHI TOKHEI pelllaTh-
Csl TOCYIapCTBOM M OM3HECOM COBMECTHO.
TocymapcTBo 3a CUET MPSIMOTO OIOAXKETHOTO
W JIbTOTHOTO 3a€MHOTr0 (hDMHAHCUPOBAaHUS,
COBEPIIEHCTBOBAHUS TapU(MHOUN CUCTEMEI,
CO3/IaHUS YCJIOBUH JUTSI IPUBJICYEHUS YaCTHO-
ro KamnuTajia, CHITUS W3JHNIITHUX OrpaHude-
HUIT Ha UCTTOJIb30BAaHWE UMYIIIECTBA OPTaHM -
3alMii TpaHCTIOpTa B XO3ICTBEHHOM 000pO-
Te TOKHO (OPMHPOBATh «KapKac» TpaHC-
HNOPTHON CHUCTEMBI, TApMOHU3HUPOBATH
pa3BUTHE Pa3HbIX BUIOB TPAHCITOPTA U TPAHC-
TMOPTHYIO 00eCTIeYeHHOCTh PETUOHOB, CO3/1a-
BaTh OJJATOTIPUATHEIC BO3MOXHOCTHU KaK IS
BHYTPEHHUX, TaK W IJII MEXIYHAPOIHBIX
9KOHOMUYECKMX CBs3eil. busHec moikeH
YJacTBOBATh B MHBECTULINSIX B PA3BUTHE U MO-
JIEpHU3AINI0 UH(PPACTPYKTYPHI, 00ecTIeun -
BaThb OOHOBJIEHME MOJBUXXHOTO COCTaBa 3a
CYET COOCTBEHHOTO Y ITPUBJIEYUEHHOTO (PMHAH-
cupoBanus [43, c. 20]. MHTerpupyommm
YacTHOE 1 TOCYIapCTBEHHOE yJacTre BapraH-
TOM Pa3BUTHSI TPAHCITOPTHOU MHGpPACTPYK-
TYpPHI SBJISIETCS MOJEJIb TOCYIapCTBEHHO-
YaCTHOTO MapTHEPCTBA, HETUIOXO 3apPEKOMEH-
JoBaBIasi ce6ss B MUPOBOU mpakTuke [44,
c. 304-356].

O6cyxaast mpobeMaTuky JajlbHERIIero
pocTa JaTbHOCTH TPAHCIIOPTUPOBKU TOBAPOB
B MHTepecaxX MOBHIIeHNS 3¢ GEeKTUBHOCTH
3KOHOMUKMU, CJIeYeT OTMETUTH, YTO HEKOTO-
phIE YK€ peau30BaHHbIE BapUaHThI BCTpau-
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BaHUS TPAaHCMOPTAa B MIPOU3BOJACTBEHHBIE
LIETIOYKH MTPOTSIKEHHOCTHIO HECKOIBKO THICSY
KUJIOMETPOB BBI3bIBAIOT KPUTUYECKYIO peak-
IIIO B CBS3U C POCTOM 3KOJIOTMYECKOM Ha-
rpy3Kku [45, c. 204—205]. He uckmimodyeHo, 4T0
OHa MOXET TOPOXKAAaTh OOIIECTBEHHBIN 3a-
MPOC Ha 3alPeTUTETbHBIE MEPHI CO CTOPOHBI
rocyiapcTBa B Ayxe OOpBOBI C TaK Ha3bIBae-
MBIMU «U3JIUIITHE JaTbHUMW» TIEpeBO3KaMU,
KOTOpPBIE COBETCKME 3KOHOMUCTHI OTHOCHUJIN
K HepalMoHalbHbIM [46, ¢. 227—233]. I1pu-
HATUE TaKUX MEp BeCbMa HeXeJlaTeJIbHO.
ITpoGnema Bo3neiicTBUS TpaHCIOPTAa HA OKPY-
KaIOITYIO CpeTy JOJDKHA PEellaThCcsl CUCTEMHO,
C CO3JaHMEM TOCYIapCTBOM COOTBETCTBYIO-
IUX 9KOHOMUYECKHX, TTPEATIOUYTUTETHHO —
PBIHOYHBIX, MEXaHU3MOB, MMO3BOJISIONINX
WHTEPHAIM3UPOBATH OTPUIIATEIbHbIE SKCTEP-
Hanuw [45; 47].

Kak yxe oTMedasoch BBbIIIE, pa3BUTHE
TPAHCTIOPTHBIX CUCTEM M CHUXXEHUE U3IEP-
K€K TPaHCITIOPTUPOBKY TTO3BOJIVIIM TIpeBpa-
TUTbh NTPAKTUIECKU BCE TOBAPHI B TOPTyeMbIe
¥ T100aJTM3UPOBaTh TOBAPHBIE PHIHKM, peE-
3yJIbTaTOM YeTo CTajla YCTOMYMBasi TeHICH-
1I1sT peaJIbHOTO yaellleBIeHus ToBapoB. JIo-
TUYHO, YTO B OTHOIIIEHUM 1I€H YCIIyT HaOJII0-
JAETCsI COBEPIICHHO WHasl TeHACHIINS, BEIb
YCIYTHU «IIPUBSI3aHBI» K MECTY WX OKa3aHWUS,
W OHM JIMOO MOTYT TepeMelIaThcss BMECTe
C TIPOM3BOAMNTEIIIMU YCIIYT (KakK MpaBUIoO, Ha
OTHOCUTEJIbHO HEeOOJbIIINEe PACCTOSIHUSA),
00 K MeECTaM OKa3aHMS YCJIYT MOTYT Tiepe-
MEIIAaThCsI CaMU KJIIMEHTHI (MacuiTad TakKux
nepeMelleHui Takxke orpanuyeH). [loatomy
PBIHKHU YCIIYT TOpa3no MeHee KOHKYPEHTHBI,
YeM PBIHKY TOBAapOB, a, CJIe0BaTeNIbHO, 00-
Jlee KoHcepBaTUBHBI. OTHAKO U Ha pBIHKAX
BaXKHEWIIINX, HanboJiee LIEHHBIX YCIIYT C pa3-
BUTUEM TPAHCIIOPTA, TTPEXKIIE BCETO C TTOBHI-
IIEHWEM CKOPOCTH TaCCaKUPCKUX TIEPEBO-
30K, IIPOUCXOMASAT KaYeCTBEHHbIE U3MEHEHMSI.
BozHukaeT «rmobanu3aius mpeaocTaBIeHUs
YCIIYT U MeXAyHapoJIHas KOHKYPEeHIIUs 3a
KJIMEHTOB, KOTja 00pa3oBaTebHbIC U Jieue-
HBIE YIPEXICHUS KOHKYPUPYIOT HE C COCe/I-
HUMM IIKOJaMU W OONbHUIIAMM U Jaxe He
C COOTBETCTBYIOIIMMU 3aBEICHUSIMU B CBOET
cTpaHe, a Bo BcéM mupe» [48, c. 10]. Emé
paHee TI00aIu3MpPOBaICS PHIHOK peKpealiu-
OHHBIX YCJIYT.

HanbHeiliniee pacuiupeHue MpOCTpaH-
CTBEHHBIX 30H OKa3aHWs YCIAYT CBSI3aHO
C Ka4eCTBEHHO HOBBIMU IIIaTaMU B TIOBBIIIIE-
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HUM CKOPOCTEN MacCaXXMpPCKUX MEPEBO30K
[49]. PocT ckopoCTeii TTaccaxkupCcKuX co00-
IIEHU OyIeT TakxKe CrocoOCTBOBATh MOBBI-
LIEHUIO0 MOOMJIBHOCTUA TPYJOBBIX PECYPCOB,
JlaBasi BO3MOXHOCTb €XEIHEBHO MPEO0JIe-
BaTh «B 00a KOHIIa» YXe He IeCSATKU, a COTHU
kunomeTpoB. [loBbllIeHME MOOUIBHOCTU
YeJIOBEUYEeCKOro KamuTaaa, a 3TO — caMbli
LIEHHBIA PECYPC COBPEMEHHOU 3KOHOMMKM
[50, c. 44], mO3BOMUT MOBBICUTH 3(DHEKTUB-
HOCTb €T0 MCHOJb30BaHUS, CIIOCOOCTBYS
9KOHOMUYECKOMY POCTY M CIVIAXXMBaHUIO
MEXPETMOHAJIIBHBIX JUCIIPOMOPIUI crpoca
U MPeJIOXKEeHUs TPYAa, a TAKXKE, BO3MOXHO,
CMSITYEHUIO MPOOIEMBI CTPYKTYpHOU Oe3pa-
OOTHIIBI.

Takum 00pa3oM, YyCKOpeHUE MOE300K,
CcnocoOCTBYS KaK MOBBIIIEHUIO KOHKYPEHTO-
CMOCOOHOCTH PBIHKA YCYT (2, 3HAYUT, Y CHU-
XXKEHUIO WX 1IeH, POCTy KauyecTBa U pa3HO00-
pasusi), Tak ¥ paclIMpPEeHUIO MpenioXeHUs
TPYAOBBIX PECYPCOB, SIBISIETCS BaXXHBIM
(aKTOpOM 3KOHOMUYECKOTO POCTa U MOBbI-
meHus1 61arococtossHus aoneit. IlpaBusib-
HBII YUET 3TUX 2P (HEKTOB MO3BOIUT CcleIaTh
0oJtee 00BEKTUBHOM SKOHOMMUYECKYIO OLIEHKY
3 dHEKTUBHOCTU TPAHCTIOPTHBIX MPOEKTOB
B 00J1aCTH MAaCCaKUPCKUX MEPEBO30K, a, 3Ha-
YUT, TTOBBICUTh KaY€CTBO UHBECTUIIMOHHOM
JIeSITeNIbHOCTU B 3TOM cepe. [1pu aToM Bax-
HOE 3HaYe€HUE MMEET rapMOHU3AIMSI UHBECTH -
LIMOHHONW Y UHHOBAIIMOHHOW aKTUBHOCTH Ha
TpaHcnopte [51]. MHHOBallMOHHBIE TpaHC-
MOPTHBIE TEXHOJOTUU, OTKPbIBasi HOBbIE
BO3MOXHOCTH JUJTS yAEUIEBICHUS Y TTOBbIIIIE-
HUS TaJTbHOCTU IOCTaBKU TOBAPOB U MOE3I0K
MacCcaKpoB, SIBJSIOTCS 3HAYMMBIM (haKTOPOM
9KOHOMMYECKOTO pa3BuTus. [ToaToMy 3KOHO-
MUYecKasl MOJUTUKA, MOJAECPXUBAOIIas UX
peanu3almio 3a CYET KaK MHCTUTYLIMOHAJb-
HBIX UHCTPYMEHTOB, TaK U OI0I>KETHBIX NHBE-
CTULIMI B COOPYXEHHE MHHOBAIlMOHHOU
TPaHCIOPTHOW WUHGPACTPYKTYpPhl, OyIeT
CIocoOCTBOBATh MOBBIIEHUIO TUHAMUKU
U YyCTOMYMBOCTUA POCTa 9KOHOMUKHU.

3AKJIOMEHUE

Pa3paboraHHas B cTaThe TeopeTUYECKas
MOJIEb BJUSTHUSI TPAHCIIOPTHBIX U3IEPKEK HA
MPOU3BOJCTBO U COBIT TOBAPOB PACKPHIBAET
9KOHOMUYECKYIO B3aMMOCBSI3b Pa3BUTHUS TO-
BapoOOMEHHOM U MPOU3BOACTBEHHOM JI€sI-
TEJILHOCTH, BKJIIOYasi €ro MHHOBALIMOHHBIM
acnekT. OHa TO3BOJISIET YITTYOUTH ITOHNMaHNE
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POJIV TPAHCTIOPTA B 00€CTIeYeHUH I0TOCPOY -
HOTO 3KOHOMMYECKOTO POCTa, IOKa3bIBaeT
TIPUOPUTETHOCTh Pa3BUTUS TPaHCTIOPTA JUISI
MOCTYIATEeIbHOTO YBETMYEHUS OOBEMOB U 3(-
(bexTMBHOCTHM ITPOU3BOJICTBA HA OCHOBE B3aM-
MOCTHMYJIUPYIOIIMX TIPOLIECCOB PACIITUPEHMS
TOBapoOOMeHa U MACIITabOB TIPOU3BOJICTBA,
TTOBBIIICHUS TEXHOJIOTMYECKOTO YPOBHS IPO-
WU3BOJICTBEHHOM U TPAHCITIOPTHOM IeSITEJTHHO-
CTH.

DTO TIPEACTaBISIETCS BaXKHBIM JIJIST TOTO,
YTOOBI TI0Ka3aTh HEOOOCHOBAHHOCTh TIPOTH -
BOTIOCTaBJIEHUSI TIPOM3BOJICTBA U OOMeHa,
HMMEIOIIEeTO TIIyOOKMe UCTOpUYECKe KOPHU
[4], u dbeTumm3auy mpon3BoaCTBa (TIpexiie
BCETO TSIKEION MPOMBIIIUIEHHOCTH), XapaK-
TEPHOM IS MAapKCUCTCKOTO HAIlpaBJICHUS
9KOHOMMYECKON MBICIIM, OCOOEHHO B €€ CO-
BETCKOM BapuaHTe, a Cevac BO3pOKIaeMOi
B paMKax ITPOTUBOIIOCTABISIEMOTO «CTaHIApT-
HOI» SKOHOMUYECKOI TEOpUU TaK Ha3bIBae-
Moro «JIpyroro kaHoHa 9KOHOMHUYECKOI Ha-
yku». OIUH U3 SIpKUX MpeacTaBUTENe
«J/Ipyroro kaHoHa», Opuk PaiiHepT, Hampu-
Mep, OTMEYAET, YTO IKOHOMUCTHI «<MENHCTPH-
Ma» «00palarTcs K TEOPUsIM, OCHOBAaHHBIM
Ha 0OMEHe U TOPTOBJIe, KOTOPHIE HE OCTABIISI-
10T MECTA TEXHOJIOTUSIM U HOBBIM 3HAHUSIM»,
U «ITyTalOT HOCUTEJIb Tporpecca (TOProBIIO)
C IPUYMHOM Mporpecca (TEXHOJIOTUe )», He-
00X0IMMO Xe, YTOOBI AIKOHOMUYeCKasi HayKa
CTpPOUJIaCh «BOKPYT TIPOM3BOMICTBA, a HE 00-
MeHa» [52, c. 81, 88].

Peanuzanusi 5KOHOMUYECKON TTOTUTUKU
Ha OCHOBE TTOJTOOHBIX MPEACTABIEHUI MOXET
TIPUBECTU K TOMY, YTO TOBapOOOMEHHaAs J1es-
TEJILHOCTD U € pr3nueckas OCHOBa — TpaHC-
TMOPTHO-JIOTUCTNYECKAsT MHPPACTPYKTypa —
CTaHYT «y3KUM MECTOM» SKOHOMMKH, TTPETISIT-
CTBY$ pa3BUTHIO TTIPOM3BOICTBA U CAEPKUBAST
9KOHOMUYECKUi pocT. UMEeHHO 3TO B CBOE
BpEMsI TIPOM3O0IILIO B COBETCKON 3KOHOMUKE
[53].

ToBapooOMeHHas AesITeTbHOCTh (TOPTOB-
JISI M TPAHCTIOPT) — HE MACCUBHBIN «HOCUTEb
Tporpecca», He BCIoMOoTraTe/ibHas, BTOpuIHast
T10 OTHOIIIEHUIO K IIPOM3BOJICTBY, chepa, a He
MeHee 3HAaUMMBbIi (haKTOp SKOHOMUYECKOTO
Pa3BUTHUS, CTUMYJUPYIOIINNA YBeIUUCHUE
00BbEMOB U MOBHIIEHUE 3P GHEKTUBHOCTU
npousBoacTBa. [ToaToMy aKoOHOMUYECKasT
HayKa JOJDKHA CTPOUTHCS HE «BOKPYT MPOU3-
BOJICTBa» WJIM «BOKPYT 0OMeHa», a UCXOIUTh
13 MIOHUMaHMS X B3aMMOJIEUCTBUS, aKTUB-
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HOM poJiv 006eunx 3TUX cpep B mpoliecce pocra
3KOHOMUKHU, (POPMUPYS COOTBETCTBYIOIINE
peKOMeHAANH TSI SKOHOMUYECKOM IO~
THKU.
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Dmitry A. MACHERET

ABSTRACT

The objective of the study described in the
article is to develop a theoretical basis for assessing
the long-term impact of transport on economic
development in the context of a consistent
decrease in transport costs. At the same time,
transport costs are proposed to be considered
considering the risks of loss of goods during
transportation and violations of delivery times, as
well as damage to the goods owner from blocking
of the capital embodied in the product during its
transportation.

Using deductive method in economics, a
theoretical model of influence of transport costs on
production and sale of goods is proposed, based
on which it is concluded that reducing transport
costs is a catalyst for economic growth, launching
long-term interrelated processes of expanding the
geographical area of sales of goods and ensuring
growth in volumes, scale, and production efficiency.
In contrast, lack of significant progress in
development of transport and persistence of high
transport costs contribute to conservation of the
technical and technological situation and low
production efficiency. Based on examples from
economic history and modern practices, using
methods of statistical analysis and technical and

production, innovation.

A

Theoretical Comprehension
of the Role of Transport in Ensuring
Long-Term Economic Development

Macheret, Dmitry A., JSC Russian Railways Russian University of Transport, Moscow,

economic calculations, it is shown that the
proposed model is consistent with empirical data.

Based on the developed model, recommen-
dations were formulated regarding the directions
of transport developments desirable for ensuring
economic growth. In particular, the need for
development of heavy traffic on railways is revealed
that will serve to reduce the cost of transportation
of relatively inexpensive goods and expand the
possibilities for their delivery over long distances,
as well as for high-speed transportation for
expensive goods that are sensitive to delivery time.
Attention is focused on importance of creating an
appropriate transport infrastructure and the need
to unite the efforts of the state and business for this
purpose, contributing to development of transport
infrastructure through both institutional instruments
and budget investments within the framework of
private-public partnership projects.

Itis concluded that commodity exchange (trade
and transport) is a significant factor in economic
development, stimulating an increase in production
volumes and efficiency. Therefore, economics
should not be built «around production» or «around
exchange» but proceed from their interaction and
the active role of both of these spheres in the
process of economic development.
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Background. The importance of economic
exchange, based on the use of advantages in
production of certain goods, for specialization
and economic efficiency growth was shown by
Adam Smith [1, pp. 69—82; 443—445]. Itis not
by chance that J. Mokyr calls the component
(type) of economic growth based on expansion
of exchange, beneficial for all parties involved,
the Smithian growth [2]. C. Menger [3] and
E A.von Hayek [4] emphasized the productive
nature of exchange: an increase in the value of
goods because of exchange is tantamount to
creating a new material good, and therefore
exchange is no less important for economic
growth than production.

The most significant increase in the value
of goods is often achieved during international
(interregional) exchange, when its participants
are separated by considerable distances, and
the economic features of production, sale and
consumption of goods differ significantly.
According to E. Helpman, confirmed by the
analysis of economic history from ancient times
to the present day, historical data show that
trade between distant trading partners and the
economic development were complexly
interrelated and that this trade played a major
role in historical development of the world
economy [5, p. 12].

Theory of international trade, whose
foundations were laid at the beginning of 19®
century by D. Ricardo [6], and development was
ensured at the beginning of 20" century by
E. Heckscher [7] and B. Ohlin [8], emphasizes
the determinant role of the production features
in the regions between which commodity
exchange is carried out: the comparative labour
costs for production of certain goods (for
Ricardo), relative endowments of the factors of
production (for Heckscher and Ohlin). But the
economic characteristics of the transport and
logistics arteries of goods movement are also
particularly important within the chain of
commodity exchange. First, these characteristics
determine costs if transportation, where the
following components can be distinguished:

» Direct costs of transportation of goods
(freight and other rates).

» Risks associated with a possibility of
goods loss or damage during transportation, as
well as risks of later delivery of goods to the
recipient.

» Implicit costs of the owner of goods
associated with blocking of the capital embodied
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in the transported goods during the delivery
period, depending on speed and distance of
transportation.

Secondly, transit capacity and quality
characteristics of the transportation routes
determine both the potential of total volumes
of goods available for transportation, and their
possible range.

In the theory of international trade,
transport costs are considered when calculating
the coefficients of the so-called «gravity
equation» proposed by J. Tinbergen [9] and
allowing to estimate the volume of trade
between two countries depending on several
factors. In this model, transport costs act as
obstacles to international trade. With an
increase in transport costs, the range of non-
tradable goods produced exclusively for local
consumption is expanding [5, p. 49], which
means that opportunities for regional
specialization and the use of comparative
advantages are restrained.

It seems that considering the role of
transport in commodity exchange processes
only as of a cost source that forms barriers to
trade and restrain opportunities for economic
specialization does not allow us to adequately
comprehend its real significance for economic
development. Although transport costs can
certainly be regarded as a kind of «friction» in
the exchange system, transport is not a barrier,
but a material basis for its implementation. The
aforementioned productive nature of exchange
at any significant distances can be realized only
with the help of mainline transport. The active
role of transport in stimulating economic
development, shaping the era of modern
economic growth has been noted, based on
empirical analysis, in a number of works, in
particular, in [10—15].

A theoretical comprehension of the role
of transport in improving the welfare of
society, creating consumer surplus is
presented in the classic work of Jules Dupuit
[16]. Dupuit’s approaches were developed in
work [17], where it is shown how creation of
interregional transportation, which makes it
possible to specialize production in each
region, forms not only consumer surplus, but
also the manufacturers’ surplus.

Trade effects comprise particularly the
effect of diversity, associated with the possibility
for a consumer to choose from a wider range
of goods [18]. In work [19], based on a

. 18, Iss. 4, pp. 6-33 (2020)

Macheret, Dmitry A. Theoretical Comprehension of the Role of Transport in Ensuring Long-Term Economic
Development




theoretical model, it is shown how expansion
of the assortment of goods, achieved through
opening of transportation links, increases
production volume and consumer surplus.

Despite the presence of a significant body
of works, revealing certain aspects of the impact
of transport on economic growth and social
welfare, the role of transport in ensuring long-
term economic development requires in-depth
theoretical comprehension. The objective of
this study is to identify, using deductive method
in economics, the essence of influence of
progressive development of transport and
reduction of transport costs on the change in
production volume and prices of goods, as well
as on increasing the scale and technical and
technological level of production, and, thereby,
on reducing production costs. This approach
allows us to show the active role of transport in
long-term stimulation and maintenance of
economic growth, and the dynamic nature of
consideration of transport costs makes it
possible to look at them from a new perspective:
if statically transport costs are just a barrier to
trade and economic growth, then in dynamics,
decreasing transport costs are an incentive to
increase production volume and expand the
geography of sales of goods, reduce market
prices and increase consumer welfare. It is
important to note that, while reducing unit
costs of transportation of goods, their fotal value
in the long run grows [20]. As shown in [21],
this indicates not an increase in the «transport
load» on the economy, but that transport costs,
replacing, due to recombination of production
resources in the process of regional speciali-
zation and interregional exchange, a more
significant value of other types of costs,
contribute to the growth of economic efficiency.

The methods of historical and statistical
analysis as well as technical and economic
calculations were used to demonstrate
consistency of the formed theoretical model
with economic practices.

Theoretical model of influence of transport
costs on production and sale of goods

The influence of reliability of transportation
and of the value of transport costs on production
features and sales of goods can be revealed using
the following model.

Let a product be produced in a certain
region (Region 0) and technically can be
delivered to other regions (1, 2, 3, etc.).
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The demand curve for the product (D) is
the same in all regions (this condition is not
essential and is taken for a better visualization;
with differences in demand curves in the
regions, the conclusions will not fundamentally
change).

Production in Region 0 is used primarily to
meet demand in the region. In the absence of
transportation links, the production volume
will be g, When transportation links are
created, additional volumes of goods are
produced for delivery to other regions. This
condition, as well as the amount of transport
costs, determines the nature of supply curves
in regions 1, 2, etc. (Transport costs, as
mentioned above, consider not only the cost of
transporting goods, but also possible losses
associated with non-safety of goods and non-
respect of delivery times, or corresponding
insurance payments, as well as damage to the
goods owner from blocking of working capital,
embodied in a product, during transportation,
and whose evaluation methodology is described
in [22]. Thus, reduction of transport costs is
influenced not only by direct reduction in the
cost of transportation, but also by an increase
in transportation reliability and speed).

Supply curves in different regions shift
upward with increase in distance from the
region of production, sales volumes are,
accordingly, lower than in the region of
production, and prices are higher.

'With a high level of transport costs (Pic. 1),
supply prices in remote regions are significantly
higher than in the production region. The
geographical area of sales with the considered
combination of supply and demand charac-
teristics will be limited to Region 1. In Region 2
and more remote regions, the product will no
longer be in demand: although there is demand
forit and delivery is technically possible, supply
curves lie above the demand curve. Thus, the
high level of transport costs limits both the
geographic area of sale of goods and the volume
of sales. Accordingly, the volume of production
is also limited (in this case, it will be g, + ¢,).
In conditions of limited sales, organization of
mass production is impossible, which is a
constraint for introduction of innovations, and
production costs are high, which is reflected in
«steepness» of the supply curve in the production
region.

A significant reduction in transport costs
shifts the supply curves downward in remote
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Pic. 1. The influence of transport costs on the sale of goods to remote regions.

Price] / 53

Py

-

R

CT

|

Volume

Pic. 2. Changes in market characteristics under the influence of reduced transport costs in a short term.

regions (Pic. 2). As a result, the geographic
sales area of the product is expanding, and the
sales volume increases as well in those regions
where it was sold earlier. Accordingly, the total
volume of production increases, as do total

producers’ profits and effects received by
consumers («consumer surplus»). In other
words, lower transport costs contribute to
economic growth and increased consumer
welfare.
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Pic. 3. Changes in market characteristics under the influence of lower transport costs in the long run.

The long-term consequences of lower
transport costs are even more impressive. The
resulting extension of the sales area and growth
of production volume stimulate an increase in
the scale of production, accompanied by
improvement of equipment and technologies,
which leads to a decrease in production costs.
Graphically, this is expressed in a decrease in
the slope of the supply curves (Pic. 3). As a
result, the geographic area of product sales is
expanding even more, prices are falling and
sales are growing in those regions where the
product was sold earlier, including the region
of production.

Special attention should be paid to the last
moment. In the short term, expansion of export
of goods to other regions can lead to higher
prices and even to reduction in consumption
in the region of production. We have abstracted
from such a possibility in this model, but it
should be noted. Accordingly, reduction in
export of goods due to transport or trade
barriers in the short term will lead to a decrease
in prices and an increase in consumption in the
region of its production. In this regard,
sometimes an illusion arises, primarily in the
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mass consciousness, that export of goods is
unprofitable to consumers in the region of its
production, and export restrictions will benefit
them. However, let us emphasize again, such
consequences can occur only in the short term.
In the long term, expansion of export of goods,
subject to an increase in the technical and
technological level of production and
economies of scale, will lead to a decrease in
prices and an increase in consumption in the
production region also. Therefore, encouraging
export of goods in the long term can be
beneficial not only to producers, but also to
consumers in the region of production.

It should be noted that an increase in
volume and distance of distribution of goods
allows for economies of scale and innovation
in the transport sector. As a result, transport
costs will decrease even more, which will entail
a further convergence of supply curves in
different regions, an expansion of the
geographical scale of sales, and an overall
increase in production volumes. This will make
a new increase in the scale and technical and
technological level of production profitable,
which will lead in turn to continuation of
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«flattening» of supply curves and will give a new
impetus to increased production volumes, sales
range, and to a decrease in prices. In other
words, the processes shown in pictures 2 and 3
will be iteratively repeated, and each stage will
be a new step towards economic development
and improving the well-being of people.

In practice, the described processes will be
intertwined and chronologically paralleled,
since at each period of time some manufacturers
will respond to new opportunities associated
with decrease in transport costs and expansion
of sales geography, and will engage in an
increase inscale and technical and technological
improvement of production, while some
carriers will respond to the already accomplished
increase in production and transportation,
expand the scale of their activities and introduce
innovations, seeking to reduce transport costs.
Therefore, the resulting graphs of long-term
multi-stage changes in transport costs and
production volumes can be presented not in
the form of broken lines, but in the form of
smooth curves (Pic. 4). Since the growth of the
geographical scale of sales and the average
distance of transportation occurs under the

influence of both a decrease in transport costs
and a decrease in production costs, the
corresponding graphs can be represented as
straight lines. (This is consistent with empirical
data on the growth of the average distance of
transportation in the largest railway systems of
the world for more than a century [23,
pp. 148—149)).

Thus, reducing transport costs, considering
an increase in reliability and speed of
transportation, is a catalyst for economic
growth, launching long-term interconnected
processes of reducing production and transport
costs, increasing the volume, scale, and
efficiency of production, and expanding the
geography of sales of goods.

But what will happen in the conditions of
long-term preservation of high transport costs,
i.e. the situation shown in Pic. 1? In this case,
in regions remote from the place of production,
it will be possible to organize a profitable
production of this product or its substitute of
lower quality («ersatz product») even at a
significantly higher level of production costs
than in the region of initial production, but at
alower, compared to imported goods, price. As
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a result, consumers in remote regions will
receive an incentive to switch to consumption
of locally produced substitutes, competitiveness
of which is ensured by the only factor which is
the high cost of imported goods. At the same
time, economic resources that are ineffectively
spent on production of substitute goods will be
diverted from production of those goods in
which these regions have a comparative
advantage, and which would be advisable to be
produced not only for domestic consumption,
but also for export to other regions. Conse-
quently, regional specialization, which is an
incredibly significant factor in economic
growth, will be constrained. Under such
conditions, there will not be sufficient incentives
for the growth of the scale and technical and
technological level of production in «Region
0», and in remote regions, production may be
into mothballs at an even lower level of
technology and efficiency.

So, if reduction in transport costs is a
powerful incentive for technical and
technological development and growth of
economic efficiency, then high transport
costs create conditions for conservation of
equipment, technologies, and low efficiency.
(It should be noted that other barriers, like
customs and other barriers) that impede
development of commodity exchange operate
in a similar way).

The higher are transport costs on the one
hand, and the lower are production costs of a
product or its substitutes in remote regions, on
the other hand (in other words, the higher is
the transport component which is the ratio of
transport costs to production costs or the price
of a product), the smaller are the geographical
area of sale of the product and economically
justified range of its transportation. Therefore,
with high transport costs, «cheap» goods are
non-tradable, and for more «expensive» goods,
the range and volumes of transportation and
sale are limited.

The closer are supply curves of a product in
the region of production to the supply curves
in remote regions of sale, the higher
requirements must be met by local production
of'this product or substitute products in remote
regions to be competitive.

Empirical evidence
Long-distance trade and, accordingly,
transportation of goods over considerable
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distances existed already in ancient times
[4; 24]. However, due to high transport costs
associated, among other things, with
unreliability and even danger of travel, long-
distance trade was carried out mainly in
expensive (silk, spices, jewellery) and so-called
non-competing goods, that is, in goods that
were in short supply or were not produced at
all in the importing regions, or whose
production (or of their substitutes) in sufficient
quantity to meet demand was difficult or
impossible due to lack of necessary resources.

In those cases, when it was possible to
master local production of substitute goods,
first of all, handicrafts, this often happened
indeed, even if such production was small and
primitive, and therefore expensive, and quality
of products was lower than that of imported
goods [25, pp. 164—168]. The gaps between
supply curves across regions due to high
transport costs (as shown in Pic. 1) created the
conditions for this approach. In the absence of
impressive progress in transport, there was no
significant reduction in transport costs. This is
evidenced by persistence in the Roman Empire
for several centuries of significant interregional
price differences without noticeable changes
[26]. High transport costs there became a
significant obstacle to enlargement of
production and introduction of innovations,
which ultimately blocked the possibility of
industrial revolution during that period [15,
pp. 160—162].

In the Middle Ages, a high level of transport
costs persisted, which also predetermined
preservation of the character of long-distance
trade, where expensive and non-competitive
goods still dominated: furs, spices, silk,
porcelain, tea, silver, copper, etc. [27].

In the late Middle Ages (in 14%"—15%
centuries), due to improvement of maritime
transport, the cost of transportation began to
decrease, including due to increase in its
reliability, which was reflected in a significant
decrease in insurance rates [28]. This
contributed to implementation in Europe of
the so-called «commercial revolution» [29],
which began around 13" century and continued
until the beginning of 18" century. The
commercial revolution provided not only an
increase in the volume and expansion of the
geography of trade, but also stimulated
development of new forms and instruments of
commercial activity (accounting, banking, and
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Table 1

Acceleration of economic growth because of commercial revolution
and the Great Geographical Discoveries

1000—1500 1500—1820
Average annual Average annual Average annual Average annual
GDP growth rate, | GDP growth rate GDP growth rate, | GDP growth rate
% per capital, % % per capital, %
Worldwide 0,15 0,05 0,32 0,05
Western Europe 0,28 0,12 0,40 0,14
The Netherlands 0,35 0,12 0,56 0,28
Great Britain 0,25 0,12 0,80 0,27

Source: Maddison, 2007 [20].

credit systems, etc.), an increase in money
circulation. It is rightly regarded as the
beginning of the economic revival of Europe,
a qualitatively new stage in development of the
Western European economy, which became the
basis for changing the structure of the European
market and society [30]. The structure of trade
also began to change. Thus, by 16" century,
grain, timber, fish, wine, salt, metals, fabrics,
and raw materials for textile industry had
constituted a significant part of the international
trade [11].

The growth in volume and distance of
transportation of goods during the commercial
revolution and the subsequent era of the Great
Geographical Discoveries contributed to
acceleration of economic growth in 16"—18t
centuries and, first of all, in the countries which
were most successful in international trade: in
the Netherlands and England (Table 1).

Nevertheless, before creation of a network
of improved roads and canals and appearance
of steam transport in the early 19* century, the
progress of transportation was insufficient to
drastically reduce transport costs worldwide.
Therefore, up to 18" century, trade between
distant regions still «consisted mostly of non-
competing products» |5, p. 19]. The advent of
railways and steamships opened qualitatively
new opportunities for development of trade:
transportation became massive, regular,
reliable, and relatively cheap. Therefore,
«throughout 19" century trade developed rapidly,
partly due to the significant decline in transport
costs, partly due to the rise in industrial
production» |5, p. 19]. The developed model
shows that these were not just complementary,
but mutually supportive factors, and decrease
in transport costs and expansion of exchange
as a result of improved means of transport can
be considered not just a catalyst, but a trigger

of the industrial revolution and formation of
the era of modern economic growth. This
logically follows from the developed model
and corresponds to the sequence of events in
economic history: commercial revolution
and the Great Geographical Discoveries
preceded the industrial revolution. (In more
detail, the impact of transport development
on implementation of industrialization and
the entry of mankind into the era of modern
economic growth is described in [15]).

In this regard, agreeing with Helpman’s
thesis that trade between distant partners
influenced economic development, and
economic development had the impact on trade
[5, p. 21], I would like to clarify another his
statement that changes in the spheres of
production and consumption have significantly
influenced the volume of trade, initially low,
and its subsequent growth [5, p. 21]. Of course,
trade and transport activities depend on
production, because, after all, only what is
produced can be sold and transported. But it is
precisely an opportunity for profitable sale of
goods to remote regions, which opens thanks
to improved transport and lower transport
costs, that stimulates the growth of volumes
and scale of production and interregional
specialization, which in turn allows producing
a larger volume of goods while using the same
resources. This follows from the theoretical
model and is confirmed by the course of
economic history. As noted by K. Ya. Zagorsky,
«first, new ways and means of transport are
created, which open up opportunities for obtaining
and selling [goods] in all directions, and only then
production, in turn, can begin to be built based
on these new conditions...» [10, p. 43].

The convergence of product supply curves
in different regions, described in the developed
model, is manifested in a decrease in price
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Table 2

Influence of development of transportation links on grain prices in the regions of Prussia
in the lean years of 19" century (the price of rye in agricultural regions in 1817 = 100)

Lean years | Rye price Wheat price Railway features
Agricultural | Industrial | Difference | Agricultural |Industrial | Difference
regions regions regions regions
1817 100 236 136 171 296 125 No railways
1847 131 178 47 175 227 52 Initial stage of
railway construction
1855 141 183 42 201 232 31 Significant railway
network
1867 128 148 20 180 209 29 Main economic
centres are
connected by
railways
Source: author’s calculations according to data (Chuprov, 1875 [54]).
Table 3

Impact of lower transportation costs on wheat prices in Minnesota (USA) and England
at the end of 19" century (wheat price in Minnesota in 1891—1894 =100)

Time period Minnesota England Difference
18711874 118 271 153
1875—1878 117 231 114
1879—1882 149 212 63
1883—1886 104 168 64
1887—1890 118 150 32
1891—1894 100 138 38

differences between regional markets. For
example, the emergence of railways in 19t
century and further development of the railway
network in Prussia significantly reduced the
differences in grain prices in country’s
agricultural and industrial regions (Table 2).
This was especially evident in lean years: in the
absence of railways, the corresponding
differences were exceptionally large, while
price differences consistently decreased with
development of railway transportation, which,
in comparison with horse-drawn transport,
made delivery of goods both several times
cheaper and accelerated, and, besides,
significantly increased its reliability. A decrease
in the cost of delivering grain from the United
States to England (by 80 % from 1868 to 1895
[10, p. 59]), due to simultaneous reduction in
the cost of railway and sea transportation, led
to an almost twofold reduction in the price of
wheat in England (Table 3). At the same time,
in the agricultural states of the United States,
there was no upward trend in wheat prices.

It follows from the presented model, that in
the long run, there should be a general decline
in the price level of traded goods. This
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Source: author’s calculations according to data (Zagorsky, 1930 [10]).

conclusion is also confirmed by practices. For
example, in the United States, over the past
fifty years, the price index for manufactured
goods has consistently lagged behind the
services price index. And since the beginning
of 21% century, there has been a significant
decline in prices of durable consumer goods
(delivered largely from China) in contrast with
rising prices for services [31].

Another clear illustration of consistency of
the theoretical model with empirical data is the
long-term dynamics of production volumes,
average transportation distances, and real
profitable rates for railway coal transportation' in
the Russian Federation (Pic. 5). It is noteworthy
that during the global crisis, a decrease in the
distance of coal transportation (in 2008) preceded
a drop in coal production (in 2009). This is an
illustrative example of the impact of commodity
exchange processes, e.g., of the range of sales of
goods, on the volume of production.

' The choice of an example of railway transportation
of coal is since almost all coal mined in Russia is
transported by railway transport, and one can judge the
sale of coal in general following the indicators of its
transportation by rail.
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Pic. 5. Indices of indicators of coal production and coal railway transportation in the Russian
Federation, 2004—-2018 (%), 2004 = 100 %. Source: author’s calculations according to Rosstat
[Federal State Statistics Service], JSC Russian Railways data.

Thus, the developed theoretical model is
consistent with empirical data and allows a
better understanding of the role of transport in
economic history and in ensuring long-term
economic growth.

Conclusions and recommendations

Being convinced of the «explanatory
power» of the developed theoretical model, it
is necessary to focus on the conclusions that
can be drawn on the basis of that model
regarding directions of transport development
that are desirable for economic growth.

In the modern global economy, the distance
of transportation of goods has reached a
significantly high level. Nevertheless, there are
reserves for further growth in efficiency of the
economy by increasing both the maximum and
average transportation distance. At the same
time, relatively cheap goods are more sensitive
to the explicit component of transport costs,
i.e., freight charges (level of transport tariffs).
If sea and pipeline transport, due to technolo-
gical features, provide a lower level of
transportation costs and tariffs, which allows
effective intercontinental and transcontinental
transportation of even raw materials, then the

level of transportation costs and tariffs for
railway and road transportation is much higher.
Its reduction would make it possible to expand
the sales areas for the cheapest and highest
quality raw materials in case of inland
transportation. As follows from the presented
model, this would have positive long-term
consequences.

The key direction to reduce the cost of
transportation is to increase weight of
transporting vehicles, since the cost of transpor-
tation and load weight of a vehicle are inversely
related [32, pp. 253—269]. In railway transport,
the average train load weight and the share of
heavy trains are very significant factors for the
total operating costs [33]. The heavy trains
traffic to increase the volume and reduce the
cost of transportation of bulk cargo (coal, ore,
etc.) isactively developing on railways in several
countries (Australia, Brazil, Canada, China,
USA, Sweden, South Africa), as well as in
Russia [34]. Modernization of the infrastructure
of the so-called Eastern range of the Russian
railways network to develop transit of heavy
trains is an important component of the long-
term development program of JSC Russian
Railways until 2025. Its implementation will
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improve transport opportunities for domestic
exporters.

The more expensive are the transported
goods, the higher is their sensitivity to the
implicit component of transport costs which is
damage from blocking of the capital embodied
in the transported goods. It is possible to reduce
it by markedly increasing delivery speed. One
of the options for solving that problem is the
use of high-speed railway traffic (at a speed of
over 200 km/h) for delivery of expensive goods,
which has usually been used for passenger
traffic only. Currently, options for organizing
transcontinental high-speed railway transpor-
tation of goods, incl. e-commerce goods are
developed [35].

Thus, implementation of heavy-haul
transportation for relatively cheap goods and
of high-speed transportation for expensive ones
will help reducing delivery costs of both, and,
thereby, increasing the volume of world
production. The implementation of such
transportation, being, of course, a business
decision, requires availability of appropriate
infrastructure. Meanwhile, development of the
Russian transport infrastructure lags behind
business requirements. «At present, the need of
the Russian economy for development and
improvement of infrastructure is obvious», which
can have a «long-term positive impact on
economic growth», «become the basis for
emergence of new areas of economic activity ...
as well as create prerequisites for active
involvement of the Russian economy in
international trade» [36, p. 23].

The construction of transport infrastructure
is characterized by high capital intensity and
slow payback, which makes it unattractive and
difficult to implement for private business.
Considering that such an infrastructure, on the
one hand, stimulates economic growth, and on
the other hand, it can be used to transport many
different goods produced by various industries,
that is, it does not have a distorting effect on
the structure of production, government
investments in its construction are more
justified than in any other sectors of the
economy. It is pertinent to recall that Adam
Smith also attributed construction and
maintenance of transport infrastructure to the
responsibilities of the state [1, pp. 675—676].
We must agree with the opinion that in modern
Russian conditions «for transport ... measures
of state support for investment activities are
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tactically and strategically justified» [37, p. 12].
«The constant growth of funding of development
of transport infrastructure ... will improve
production efficiency in the long term» |38, p. 52].
Such expenses «should be considered as
investments in long-term economic growth» 39,
p. 14].

In this regard, it seems expedient for the
state to participate in development of not only
the road, but also the railway infrastructure for
both heavy-hail traffic and high-speed
transportation. At the same time, the world and
Russian practices show that transport
construction becomes most dynamic if private
initiative is engaged [ 14; 15; 40—42]. Therefore,
an even more important task is to create
attractive conditions for private investment in
transport infrastructure.

Thus, the tasks of developing transport
infrastructure should be solved by the state and
business together. The state, through direct
budgetary and concessional debt financing,
improving the tariff system, creating
conditions for attracting private capital,
removing unnecessary restrictions on the use
of property of transport organizations in
economic circulation, should form a frame
of the transport system, harmonize
development of different modes of transport
and transport facilities of regions, create
favourable opportunities for both domestic
and international economic relations. Business
must participate in investments in development
and modernization of infrastructure, to ensure
renewal of rolling stock at the expense of its
own and attracted financing [43, p. 20].
An option for development of transport
infrastructure that integrates private and public
participation is the model of private-public
partnership, which has shown itself through
global practices to advantage [44, pp. 304—
356].

Discussing the problems of further growth
in the distance of transportation of goods in the
interests of increasing efficiency of the
economy, it should be noted that some already
implemented options for embedding transport
in production chains with a length of several
thousand kilometres cause a critical reaction
due to an increase in the load on environment
[45, pp. 204—205]. It is not excluded that it can
generate a public request for prohibitive
measures on the part of the state in the spirit of
fighting the so-called «excessively long-
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distance» transportation, which Soviet
economists regarded as irrational [46, pp. 227—
233]. Taking such measures is highly
undesirable. The problem of the impact of
transport on the environment should be solved
systematically, with development of appropriate
economic, preferably market, mechanisms by
the state to internalize negative externalities
[45; 47].

As noted above, development of transport
systems and reduction of transportation costs
made it possible to turn almost all goods into
tradable ones and to globalize commodity
markets, which resulted in a steady trend of real
cheapening of goods. It is logical that a
completely different trend is observed regarding
prices of services, since services are linked to
the place of their provision and either can move
with service providers (usually over relatively
short distances), or the clients themselves can
move to the places of service provision (the
range of such movements is also limited).
Therefore, markets for services are much less
competitive than markets for goods, and,
therefore, more conservative. However,
qualitative changes are taking place in the
markets of the most important, most valuable
services, following development of transport,
primarily an increase in speed of passenger
traffic. There is «globalization of service
provision and international competition for
clients, when educational and medical institutions
compete not with neighbouring schools and
hospitals and not even with corresponding
institutions in their own country, but all over the
world» [48, p. 10]. The market for recreational
services had been globalized even earlier.

Further expansion of spatial areas of service
provision is associated with qualitatively new
steps in increasing speed of passenger traffic
[49]. The increase in speed of passenger traffic
will also contribute to an increase in mobility
of labour resources, making it possible to travel
«both ways» every day, not for tens, but
hundreds of kilometres. Increasing mobility of
human capital, and this is the most valuable
resource of the modern economy [50, p. 44],
will improve efficiency of its use, contributing
to economic growth and smoothing inter-
regional imbalances in labour supply and
demand, as well as, possibly, mitigating the
problem of structural unemployment.

Thus, acceleration of travel, contributing
to both increasing competitiveness of the
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services market (which means lower prices,
increased quality and diversity) and expanding
supply of labour resources, is an important
factor in economic growth and improving the
well-being of people. Correct accounting of
these effects will make it possible to make a
more objective economic assessment of
efficiency of transport projects in the field of
passenger transportation, and, therefore, will
improve quality of investment activities in this
area. At the same time, harmonization of
investment and innovation activity in transport
is of great importance [51]. Innovative transport
technology, opening new opportunities for
reducing the cost and increasing the distance
of delivery of goods and passenger travel, is a
significant factor in economic development.
Therefore, the economic policy supporting its
implementation, through both institutional
instruments and budgetary investments
in construction of innovative transport
infrastructure, will help to increase the
dynamics and sustainability of economic
growth.

Conclusion. The theoretical model of
influence of transport costs on production and
sale of goods developed in the article reveals
the economic relationship between development
of commodity exchange and production
activities, including its innovative aspect. It
allows to deepen the understanding of the role
of transport in ensuring long-term economic
growth, shows the priority of transport
development for a progressive increase in
volume and efficiency of production based on
mutually stimulating processes of expanding
commodity exchange and scale of production,
increasing the technological level of production
and transport activities.

This seems important to show the ground-
lessness of opposing production to exchange,
which has deep historical roots [4], and of
fetishizing production (primarily heavy
industry), characteristic of the Marxist direction
of economic thought, especially in its Soviet
version, and now being revived in within the
contrasted «standard» economic theory of the
so-called «Other Canon» of economics
[heterodox economics]. Erik S. Reinert who is
among the brightest representatives of the
«Other Canon» notes, for example, that
economists of the «mainstream» turn to
theories based on exchange and trade, which
leave no place for technology and new
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knowledge, and confuse the bearer of progress
(trade) with the cause of progress (technology),
while it is necessary that economics was built
around production, not exchange [52, pp. 81,
88].

The implementation of economic policy
based on such ideas can make commodity
exchange activity and its physical basis,
comprising transport and logistics infra-
structure, become a «bottleneck» of the
economy, hindering development of
production, and restraining economic
growth. This is exactly what happened in the
Soviet economy [53].

Commodity exchange activity (trade and
transport) is not a passive «carrier of progress»,
not an auxiliary sphere, secondary to
production, but an equally significant factor of
economic development, stimulating an increase
in production volume and efficiency. Therefore,
economics should not be built «around
production» either «around exchange», but
proceed from the understanding of the
interaction of production and exchange, from
the active role of both of these spheres in the
process of economic growth, and develop
relevant recommendations in the field of
economic policy.
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Okcana ®PENOMAH

Pa3BuTne cektopa TpaHCNOPTHbIX YCAYyr B I/10-
6asibHOV 3KOHOMUKE Onpenenser agpPeKkTMBHOCTb
XO35IFICTBEHHbIX CBSI3€Vi KaKk Ha MexXayHapoaHOM
YPOBHE, Tak v Ha ypPOBHE OpraHn3aumny rnpoLeccoB
obMeHa BHYTPpUY Kaxaov cTpaHbl. B aTol cBs3u Tema
MOBbILLEHWSI KAYECTBA OPraHn3aLnm nepeBo304YHOro
rnpouecca, a Takxe BOnpochl opraHn3aumm apgoex-
TUBHOIrO TPaHCMNOPTHO-JI0MMCTUYECKOro cepBmca
B pamkax TPaHCropTHbIX CUCTEM OCTalOTCs aKTyaslb-
HbIMU B Poccum n 3a py6exxom.

CoBpeMeHHOe COCTOsIHVE TPaHCNOPTHOV OTpac-
71 B Poccum xapakTepu3yeTcst TakuMy 3HaYUMbIMn
pakTopamu GopmMUpPOBaHNS PbIHOYHOM CPEAbI, Kak
ungpoBu3aLmsi NPOLECCOB yrpaBaeHUS Y Pa3BUTNE
MOJINTUKN KITMEHTOOPUEHTUPOBAHWS, YTO OTPAXEHO
B pasJ/INyHbIX MPOrpaMMHbIX OKyMeHTax B cepe
pasBuTus TpaHcnopTa. KOHKYpeHUus Ha TpaHCnopT-
HOM pbiHke Poccuy 0cobeHHO ycunmBaeTcs B cepe
oKa3aHus yCcJ1yr rpy30Bovi NepeBo3Kn Ha CPeEAHNE
paccrosiHvs. B HacTosiLee Bpems B psiie pernoHoB
Poccun HabnogaeTcs npeobnagaHve ycsyr aBTOMO-
OUIbHOrO TPAHCNOPTa Ha Xee3HOL0POXHbBIM, YTO
HeraTuBHO CKa3bIBaETCsl Kak Ha rMoka3areJsisiX COXpaH-
HOCTV rpy30B, Tak U Ha CTOMMOCTY CaMOU TPaHCMopPT-
Hovi ycayrn. KoMnnekcHbIvi naaH MogepHu3aumm
Y pacLUMpeHnsi MarnucTpasbHOV MHOPaCTPYKTypPbI

KJIMEHTOOPUEHTUPOBAHHOE YrpaB/eHue.

BOIPOChHI TEOPUW

MeToaonornyeckme acnekTbl
Knaccudukauum v ynpaBneHus
TPaAHCNOPTHbLIMU CUCTEMAMMU

Dpeiioman Oxcana Anamoaveena — HUpkymckuii eocyoapcmeeHHblil yHUGepcumem
nymeii coobuwenus, Upkymck,

Poccus*.

Poccurickoni @enepaumnn o 2024 roga npegrona-
raeTt co3aHve Takux CUCTeM yrpaB/IeHs TDAHCop-
TOM, KOTOpbIe Bbl HE TOJIbKO obecrneynBanm appex-
TUBHOCTb MOCTaBKN B 9KOHOMUYECKOM acrekte, HO
TakXe MoBbILLIaIN X KOMIJIEKCHOCTb Y HAAEXHOCTb.
lpepnaraetcs paccMOTPETbL CMEeLUaHHbIE TPaHC-
rOPTHbIE CUCTEMBI Kak 04HY U3 popM opraHn3aumm
TPAHCMOPTHBIX CUCTEM.

lpn 3TOM 0COBY!I0 aKTyaslbHOCTb BOMPOCHI METO-
10710y KNacCcuukaLmm v yripaBsieHUs TPaHCIopT-
HbIM MPOLIECCOM B CMeLLIaHHbIX cucTemax npuobpe-
TAIT C TOYKY 3PEHMS BbIOOpA METOLOB YrpPaBiIeHUSs
B 3aBUCHIMOCTY OT KJ1aCCUPUKALIMOHHOIo TUNna cuc-
Temsl. Llenb nccnenoBaHusi 3ak104aeTCsi B KOHKpe-
TU3aLUMU MOHSTUSI «CMELLIaHHasi TPaHCMopTHasi CUC-
Tema» n pa3paboTke kaaccupukaumm cMeLLIaHHbIX
TPaHCNoOPTHbIX CUCTEM B chepe opraHn3aumm rpy-
30BOVi MEPEeBO3KM.

lpennaraetcs cuctema knaccuukaLmm cMeLLaH-
HbIX TPAHCMOPTHbLIX CUCTEM M0 YETLIPEM 6a30BbIM
npu3Hakam. B knaccugukaLmm ncrosb308aHbl CUCTEM-
HbIU Y MPOLIECCHBIV MOAXOAbI, YTO CBSI3aHO CO CrieLm-
prKoVi opraHu3aLymv CMeLLaHHOV NepeBo3ku. [rnotesa
VCCIen0BaHVIsl 3aK/I04aeTCs B AasibHevilLier pa3paboT-
Ke MeToZosIornu «yrnpasseHusi rno pesyssTaram» 4Jis
TPaHCIOPTHBIX CUCTEM CMELLIAHHOMO TUMA.

Knto4yeBble caoBa: TpaHCnopTHas CUCTEMA, CMELLaHHas MepeBo3Ka, CMeLLIaHHasl TpaHCropTHas CUCTeMa,
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AKTYAJIbHOCTb UCCNNEOOBAHUSA
KJTACCUDUKALIUN TPAHCNOPTHBbIX
CUCTEM U METO4,0B YINPABJIEHUSA

Bomnpockl pa3BUTHSI TPAHCITIOPTHBIX CUCTEM,
PaBHO KaK 1 BOITPOCHI METOIOJIOTUY YITpaBJIe-
HUST TPAHCITOPTHBIMU TIPOLIECCAMM B paMKax
3TUX CHUCTEM, TTPOIOJIKAIOT MHTEPECOBaTh Ha-
YYHOE COOOIIeCTBO. B KauecTBe aprymeHTa,
MOATBEPKAAIOIIETO HAJIMYME 3TOTO MHTEpeca,
MOXHO MPUBECTU MCCICIOBAHUS U TPYAbI
YYEHBIX U MPAKTUYECKUX MCCIeIoBaTeIeH
[1-5]. ITpu 3TOM HEOOXOAUMO OTMETUTh, UTO
MCCIIEIOBAaHMS MOTYT pa3InyaThCs 10 METOAaM
PpellieHus TOCTaBJICHHOM 3a1a4M, HO COBIaIaTh
T10 1IeJIEBOI YCTAHOBKE — TOBBILIEHUIO Kaye-
CTBa OKa3aHUSI TPAHCITOPTHO-JIOTMCTUYECKUX
ycayr nyTéMm 3¢ GEeKTUBHON OopraHu3aluu
TpaHCIOPTHBIX cucteM. Harpumep, aBTophl [2]
paccMaTpuBaloT BOIpockl 3(PGheKTUBHOM Op-
raHu3aluy lenei MmocTaBoK Ha TpaHCIIOPTe
B IMHAMUYECKUX CUCTeMax W Ipeajiaralor
TEXHOJIOTUIECKHUE METOMBI YIIPABJICHUs PUC-
Kamu. 1. AHTOHYYYM pacCMaTpHBaET METOIbI
OLICHKM MH(OPMAIIMOHHBIX PUCKOB, YTO BECh-
Ma aKTyaJIbHO B YCJIOBHSIX LIM(DPOBOTO yIpaB-
JIEHUsI TpaHCTIOPTHBIM TpoueccoM [3]. P. Xumn
paccMaTpuBaeT BOMPOCHI MOBBIIIEHUs 6e3-
OMacHOCTU B chepe MHPOPMAaIMOHHOTO
yIpaBJieHUs] TIpU OpraHM3aliK IPOIECCOB
MeXIyHapOIHOTo 0OMeHa, B TOM YHCJIe TPAHC-
nopTHBIX [4]. ABTOpHI [5] paccMaTpuBaoOT
BOITPOCHI yIIpaBJIEHHS CMEILIaHHOM TPaHCIIOP-
TUPOBKOI1 TPY30B B YCJIOBUSIX CTHIKOBKU TPEX
BUIIOB TPAHCIIOPTA.

TTpu aToM Ga30BOI Uaeeli pa3BUTHSI TPAHC-
MMOPTHBIX CUCTEM SIBJISIETCS MOUCK MyTei
yrpasieHus uepe3 cozganue SMART-cucrewm,
MO3BOJISTIOIIMX OCYIIECTBIISITh MOHUTOPUHT
MpoOJEMHBIX 30H MPU OpraHU3ali TPaHC-
MOPTHBIX U JIOTUCTUYeCKUX ycuyr. [Toatomy
MHTEpPEC POCCUMCKUX YUYEHBIX K BOIpocaM
OpraHU3alliM U YIIpaBICHMS TPAHCITIOPTHBIMU
CHCTEMaMM CMEIIIaHHOTO TUIIA BITOJIHE 000C-
HOBaH M COBMANaeT ¢ MHTEPECOM MUPOBOIO
Hay4YHOT'O COOOIIECTBa.

CoBpeMeHHOe pa3BUTHE 3KOHOMUKY Poc-
CUU XapaKTepU3YeTCsl pa3HOO0pa3reM 9KOHO-
MMYECKUX CBSI3ei MEXIy CyObeKTaMU PhIHKA,
Pa3BETBIEHHOCThIO MaTepUATbHBIX [IOTOKOB,
JuddepeHLmale moTpedHOCTe KIMEHTOB
Ha pbIHKE TPaHCIIOPTHBIX YCJIYT 1 MHOTOYPOB-
HEBOI1 opraHM3allMeil caMoro phIHKa.

MHHOBaLlMOHHAs MOJIWUTUKA Pa3BUTUS
Poccuiickoii @enepatiu TpedyeT COBEPIICH-
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CTBOBaHUS METO/IOB YIIPABJIEHUS TPAHCIOPT-
HBIMU cUcTeMaMU (C TOYKU 3pEHUs pocTa
WHTETrpalliy pa3IuYHbIX BUIOB TPAHCIIOPTA)
B IIpOIIECCe TPY30BOIi U MacCaXXUPCKOU mepe-
BO3KH, a TAKXKE B MTPOLIECCE B3aUMOJEUCTBUS
OTpacyeBbIX BUIOB TPAHCHOPTA Ha yPOBHE
TePPUTOPUAIIBHBIX CUCTEM. YUUTBIBAS, UTO
BBICOKWIA YPOBEHb Pa3BUTHUS TpaHCIOPTa
U TPAHCITOPTHBIX YCJIYT 00ecreunuBaeT BbICO-
KYy10 CKOPOCTb MepeBO3KU U 3(PHEeKTUBHOCTD
OOMEHHBIX MPOIIECCOB B 3KOHOMUKE, TO
BOMPOCH OPTaHU3ALIMU U YIIPaBJIEHUS TPAHC-
TMOPTHBIMU CUCTEMAaMU OCTAIOTCS aKTyaIbHbI -
mu. TeopeTryeckue U METOIOJOTUYECKUE
acIMeKThl U TEPMUHOJOTUYECKUI anmapaT
B chepe kiaccupukauuym U ynpaBlIeHUS
TPaHCHOPTHBIMU U TPAHCHOPTHO-JTOTUCTHU-
YEeCKUMU CUCTEMaMU MPEeNCTaBUIU B CBOUX
Tpynax poccuiickue ya€Hoie H. A. Anamos [6;
10], A. H. Topsuunos [7], O. H. Jlapun [8],
JI. b. MuportuH [9], T. A. IIpokodresa [10],
C. M. Pezepu A. C. Pezep [11].

BwmecTe ¢ TeM, ¢ y4ETOM U3MEHEHUS YCII0-
BUI pa3BUTHS TPAaHCIIOPTHOTO PhIHKA YKa3aH-
HbI€ aCIEeKThl HYXIAIOTCSI B JOMNOJHEHUU
U pa3BUTUU. Bo3HUKaeT HEOOXOAUMOCTh
B Pa3BUTUU KJacCU(DUKALIMU TPAHCTIOPTHBIX
CUCTEM KaK OTIpPaBHOW TOUYKM IJid BbIOOpaA
METOJIOB YITPaBJICHUS B POLIECCE MHTErPallu
pPa3JIMYHBIX BUJOB TPAHCIIOPTA.

Kpome npouero, akTyaaTbHOCTb BOITPOCOB
yIIpaBJeHUSI TPAHCIIOPTHBIMU CUCTEMaMU
CBSI3aHA C TPOEKTaMU IO CO3AaHUI0 UDPO-
BOU TtaTHOpMBI €NIUHOW TPAaHCIOPTHOU
cucteMnl [12], peaiusyeMbIMU B COOTBET-
CTBUU C Iporpammoii iudpoBoii TpaHchop-
MalUU POCCUACKON SKOHOMUKMU.

TepMUHOJOTUYECKUI aCTIEKT MOHSATHUS
«TpaHCTIOPTHAs CUCTEMa» HEOJHOKPATHO
paccMaTpuBajIcd KaK B yUeOHOI, Tak U B Ha-
yuHO#l nuteparype. Ocoboe BHUMaHUE aHa-
JIN3Y TIOAXOJOB K TOHSITUIO «TPaHCIIOPTHAsI
cucrema» Obu1O yaeneHo B ctatbe A. H. To-
pstuHoBa [7, ¢. 5—6], roe y4éHbI OTMEYaeT
HEeIOCTAaTOYHOCTh OOBEKTHOTO MOAX0aa
B ONpeJe/eHUU AJAHHOU CUCTEMBbI U MYTEM
MPUMEHEHUS TMAarHOCTUYECKOTO Moaxoaa
BBIIEJISIET TEXHOJIOTUYECKUE XapaKTePUCTUKU
cucteM. J1ocTaTOYHO MOJHBIN 0030p MTOHATUS
«TPAHCIOPTHAS CUCTEMa», CMELIEHUE aBTOP-
CKOTO0 aKIIeHTa Ha TEXHOJIOTUYECKOE MOHSATUE
«CHCTeMa TpaHcTopTa» [7, ¢. 8] UCKITIOYaoT
HeoOXOAMMOCTh MOKMCKAa HOBBIX MOAXOI0B
K KOHKPETU3alluKU CONepXKaHUd TepMUHA.
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OnHako kjlaccuduKanus TPaHCIOPTHBIX
CHCTEM Ha OCHOBE 0030pa Hay4yHbIX TPYIOB
€ro MpealeCTBEHHUKOB MO3BOJISIET CcAeNaTh
BBIBOJ] O HEOOXOMUMOCTH PAa3BUTHS TEPMUHO-
JIOTUYECKOTO afmriapara B yCJIOBUSX UHTErpa-
LIMY OTpacJeBbIX CUCTEM TpaHCIOpTa Ha
TepPUTOPUATILHOM YPOBHE.

K moHsTHIO M Ki1accudUKalMKU TpaHC-
MOPTHBIX CUCTEM TaKKe 00paIatoTCs B CBOUX
pa6orax JI. A. Mutuenko [12] u B. M. Kypra-
HoB [13]. B yactHocTH, B cTaTbe . A. Mur-
YEHKO, TPAHCIIOPTHAS CCTeMa paccMaTpyBa-
€TCs1 KaK COBOKYITHOCTb CBSI3aHHBIX MOHSTHIA:
TPAHCTIOPTHBINA y3€J1, 00bEKThI TPAHCIIOPTHOMN
MH(DPACTPYKTYPHI U TPAHCTIOPTHBIN KOPUIOP
[12, c. 1]. OcHOBHOE BHUMaHUE B BOTIPOCE
KJaccudUuKalud TPAHCHOPTHBIX CUCTEM
. A. MUTUYEHKO yaesieT TOPOACKUM CUCTe-
MaM TMacCaXUpPCKOTO TpaHCIOpTa U, YTO
CBSI3aHO C Uenblo UCCIENO0BaHUS, — MOUCKY
MEXaHU3MOB MH(MOPMALIMOHHOTO YIIPaBICHUS
B3aUMOJIECTBEM PA3IUYHBIX BUIOB TPAHC-
mopta [12, ¢. 2]. B3sB 3a 0CHOBY Kj1accupu-
Kalliu TOPOACKMX TPAHCTIOPTHBIX CUCTEM
TaKoU KpuTepuii KiaccubuKalvy TpaHCIIOPT-
HBIX KOPUIOPOB, KaK MECTOIOJOXEHUE,
J. A. MUTYeHKO mpeajiaraeT METOA IMarHo-
CTUKHW TPAHCHOPTHOM CHUCTEMBI MaCCaXUp-
CKOTO TPaHCIIOpPTa C TOYKU 3PEHUST KPUTEPU -
€B HEYETKMX MHOXecTB. Heobxonumo oTme-
TUTh, YTO B OCHOBY UCCJIEIOBAHUSI CUCTEM
U JaJbHEUIIEro ynpaBieHUsI UMU MOJIOXKEH
TOT K€ TEXHOJOTUIECKMI TTPUHIIMIT OPTaHU -
3allMU EPEeBO3KU, 4TO U B pabortax A. H. To-
psvHOBA [7], TOJBKO yX€ CO CMEIIEHHBIM
K B3aUMOJECTBUIO PA3TUYHBIX BUTOB TPAHC-
MOPTa LEHTPOM TTPUTSKEHUS.

O0630p Hay4YHBIX TPYIOB POCCUNCKUX CIie-
LIMAJIUCTOB B chepe yrmpaBieHUs: TPaHCIIOPT-
HBIMU CUCTEMaMU MTO3BOJISIET BBISIBUTH TCHICH-
LIMIO K Pa3BUTHIO KJTACCU(PUKALIUY TPAHCIIOPT-
HBIX CUCTEM C aKI[EHTOM Ha T€XHOJOTUIO
U OpraHu3alvio TPAHCIOPTHOTO Mpollecca.
CJIOXXHOCTh HayYHOTO TIOMCKA 3aKJII0YaeTCs
B MHOTOYPOBHEBOW OpraHU3alliy yIpaBaeHUs
TPAHCIIOPTHOM CUCTEMOIA B YCJIOBUSIX B3aUMO-
JIECTBUST HECKOJIBKUX BUIOB TPAHCIIOPTa, TO
€CTb [MPU OPraHU3alM1 CMEIIAHHOM MTepeBO3-
KU1 KaK TeXHOJOTMYEeCKO OCHOBBI CYIIIECTBO-
BaHUs CMEIIAHHOU TPAHCTIOPTHOM CUCTEMBI.

Takum o6pazoMm, yeavio UCCIeAOBaAHUS
SIBJISIETCST KOHKPETU3alvsl TIOHSITHSI CMETIIaH-
HOW TPaHCIOPTHOM CUCTEMBI, a TAKXKE Pa3BU-
THE TEOPUM YIpaBJIeHUST TPAHCIIOPTHBIMU
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CHUCTEMAaMU Ha oCHoee CYHICCTBYIOIIMX Hay4d-
HBIX TIOAXOO0B K KJ'IaCCI/I(i)I/IKaI_H/II/I TPaHCIIOPT-
HBbIX CUCTEM.

CNEUNDOUKA OPTAHU3ALIUU
CMELLAHHbBIX MEPEBO30K
KAK OCHOBA ®OPMWUPOBAHUSA
CMELLUAHHbBIX TPAHCMOPTHbIX
CUCTEM

YTouHMM, YTO MepeBOo3Ka rpysa ABYMs
U 0ojiee KOHTpareHTaMu 110 OMHOMY TpaHC-
TMOPTHOMY JOKYMEHTY Ha3bIBaeTCs CMEIIIaH-
Hoi1 mepeBo3koi. HeobxoamMocTs opraHu3a-
MU CMEILIaHHBIX MEePeBO30K B Mpolecce
OCYILIECTBIICHUS TPAHCIIOPTHOM YCIYTH TIPpU-
oOpeTaeT 0co0y10 3HAYUMOCTb, YTO apTyMeH-
TUPOBAHO HUXKE.

Bo-11epBEIX, TTOIOXUATETEHBIM (DaKTOPOM
OpraHu3aluyu CMeIlIaHHOM EPeBO3KHU, C TOU-
KU 3pE€HUSI UCIOJHUTENS TPaHCHOPTHOM
YCIIYTH, SIBJISICTCS CTICIIMATN3ALIMS TPAHCTIOPT-
HO-JIOTUCTUYECKUX KOMITAHUM, TTO3BOJISIO-
1ast 06eceyuThb poCT KayecTBa yeyT. [ToBbI-
IIeHMEe KayecTBa TPaHCIIOPTHO-JIOTUCTHYEC-
KOI YCJIYTY B COBPEMEHHBIX YCIOBUSIX CBsI3a-
HO ¢ mH(pOpMaTU3aueil TPaHCIIOPTHOTO
mnpolecca, 4To 00eCIeYnuBaeT COKpalleHue
BpPEMEHU IMOCTaBKU U BEICBOOOXKAEHUE PeCyp-
COB KOMIMaHUM JUTSl y4aCTUS B HOBBIX KOHTPaK-
Tax.

Bo-BTOpHIX, OpraHM3anus IMepeBO3KNU
CMEIIaHHOTO TUIla MO3BOJSIET KJIWEHTaM
TPaHCIOPTHOTO PhIHKA 10 OTHOMY TOKYMEH -
Ty MOJYYUTh BECh KOMIUIEKC TPaHCIIOPTHO-
JIOTUCTUYECKUX YCIYT B chepe Tpy30BoOil Te-
peBo3ku. [Ipu 3TOM Kpyr OTBETCTBEHHOCTH
3aMbIKAeTCsl Ha OpraHM3alMn-UCIIOJHUTEIIE
YCITYTH.

B-TpeTbux, crienmanu3aius TpaHCHIOPT-
HBIX KOMITAHUI Ha OTIEIbHBIX BUAAX TPAHC-
MOPTHO-JIOTUCTUYECKUX OMEPALIMA U COKpa-
IeHue BpeMEHU Ha COBEpIIEeHUE CAEIKU
CHOCOOCTBYIOT YCKOPEHMIO MPOILIECCOB, UTO
B 1I€JIOM MPUBOJIUT K POCTY MHTEHCUBHOCTU
MpoIlecCOB OOMEHa KaK Ha peTMOHAJIbHOM,
TaK U Ha MEXIyHapOAHOM YPOBHE.

BwmecTe ¢ TeM cyliecTByeT psii MpoosieM,
CBSI3aHHBIX C YIpaBJeHUEM IepeBO3KaMU
CMEIIIaHHOTO TUIIAa U UX Pa3BUTHUEM Ha PETHUO-
HaJIbHOM M MeXIyHAapOIHOM ypoBHe. OCHO-
BBIBasICh Ha OMYOJMKOBAaHHBIX B HAYYHON
JIUTEepaType pe3yabTaTax UCCAeTOBaHU MeX-
JTYHApOMHBIX MEPEBO30K, MOXKHO YTBEPXKIATh,
yto 80 % rpy30B B MUPE OCYIIECTBISCTCS
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B CMEIIAHHOM COOOIIEHUU. YUUTBIBAsSI CTe-
MeHb pa3BUTHSI TPAHCIIOPTHOI MH(PPACTPYK-
Typbl Poccuu, u TOT ¢akT, uto TosbKo 30 %
3aTpaT TOPrOBO-IPOMBIIILIEHHOTO KOMILJIEKCA
Poccuu HanpaBieHO Ha nmoaepKaHue UH -
PacTpyKTypHOI0 KOMIIJIEKCAa CMEIIaHHBIX
TPAHCMOPTHBIX YCIYT, pa3BUTHUE YCIYI CMe-
IIAHHOW TPAHCTIOPTUPOBKYU OTYACTU 3aTPY/I-
HeHo [14, c. 162—163]. IlpeacraBieHHbIE
YCJIOBUSI TOPMO3ST Pa3BUTUE MOJTUTUKU KU -
€HTOOPUEHTHUPOBAHHOCTU MPY OpraHU3alUn
TPaHCIIOPTHOTO Tpollecca ¢ yJyacTueM He-
CKOJIBKMX BUJOB TPAHCIOPTA, UTO BHI3bIBAET
NOoTPeOHOCTh B GOPMUPOBAHUU CUCTEM
YIpaBJIeHUsI TPAHCITOPTHOM YCIYTOil, OpUEH-
TUPOBaHHBIX Ha KiueHTa. Emé onHum ¢ak-
TOPOM Pa3BUTHUS CMEIIaHHBIX MEePEBO30K
saBisieTcsl GyHKIMOHaIbHas auddepeHuma-
111 BUOOB TpaHcopTa. MHoroobpasvie BUI0B
TpaHCIOPTa, OTpacjieBasi CTPYKTypa U CIielu-
(bvka opraHu3zalMy rpy30BbIX U Maccaxup-
CKMX MEPEeBO30K OOYCIOBIUBAIOT aKTyalb-
HOCTb UCCJIEIOBAHUS TPAHCIIOPTHBIX CUCTEM
KaK B TEPPUTOPUATILHOM, TaK U B OTPACIEBOM
acrexTe.

VYuuTeiBas, 4TO Kaxablii BUJ TpaHCIOpTa
MMEET CBOU TEXHOJOTMUYECKUE XapaKTePUCTH -
KM 3¢ GEeKTUBHOCTH, a TAKXKe KOHKPETU3UPO-
BaHHbBIE XapaKTepUCTUKU YIIPABIEHUS, TO TIPU
YIIpaBJIE€HUU CMEIIaHHBIMU CUCTEMAMU BO3-
HUKaEeT BOIPOC O BEIOOpE KPUTEPUEB yIIpaB-
JIEHUS, UX UEpapXUU B YCIOBUSIX B3aUMOIE -
CTBUSI pa3IMYHBIX BUJOB TPAHCIIOPTA.

TumnoTte3a o MOTPeOHOCTH B HOBOM TTOIXO/IE
K YIIPaBJIEHUIO CMELLIAHHOM NIEPEBO3KOW B pam-
Kax TEppUTOPHUATIbHBIX CUCTEM MOITBEPXKIaeT-
Csl MCCJIeIOBAaHUSMU PeTMOHAJIbHBIX PHIHKOB
TPAHCIIOPTHO-JIOTUCTUYECKNUX KOMITAHUA,
npoBenéHHbIMU B niepuon 2015—2018 rogos
[15]. NHdbopMalimoHHoOM 6a30if mccienoBa-
HUS SIBJISIIOTCS] JaHHbIE O(PULIMATbHBIX CAiTOB
TPAHCIIOPTHO-JIOTUCTUYECKNUX KOMITAHUA,
KOTOPbI€ TTO3BOJIWIU CIIEIaTh BBIBOJ O HAJIU-
YUU U CTPYKTYype CMEIIaHHBIX MEPEBO30K
TPY30B B COCTaBe UX yCIyr. B cooTBeTCcTBUM
C pe3yJbTaTaMU UCCIEA0OBaHUS IPeo0IaialoT
CMEIIaHHbIE MEePEBO3KM, OCYLIECTBIsSIEMbIE
JIBYMS$I BUIAaMU TPAHCIIOPTa, KOTOPBIMU 3aHU -
matoTcd 27 % xomnanuii. CMelaHHBIMU
nepeBOo3KaMU, OCYIIECTBASIEMbIMU TPEMS
BMIaMU TPAHCITOPTA, 3aHUMAIOTCSI OKOJIO 24 %
KOMITaHU, YeThIpe BUIA TPAHCTIOPTA UCTTOJTb-
3yI0T B MpoIllecce CMEIIaHHOW MepeBO3KU
TOJIbKO 9 % KOMMaHUA.

® MWP TPAHCIOPTA, Tom 18, N2 4, C. 34-52 (2020)

ITpu sTtom cBbime 40 % TpaHCMOPTHO-
JIOTUCTUIECKUX KOMITAHWI NCTIOJIB3YIOT B ITPO-
1ecce NepeBO30K TOJIBKO OJWH BUJ TPaHC-
TopTa, MPEeuMYIIECTBEHHO aBTOMOOWIBHBIN.
IIpeoGnanaHue B CTPyKType TPY30BBIX ITEPEBO-
30K aBTOMOOMJIBHOTO TPAHCTIOPTA OOBSICHSIET-
cs ellé U TeM, 4To cBbile 60 % Ipy30BBIX I1e-
PEBO30K OCYILIECTBIISIETCS B IPEJIENIax arjioMe-
paluii KpyIMHBIX PeTMOHATBHBIX LIEHTPOB,
cBbitie 30 % rpy30BbIX IEPEBO30K — B ITpeesiax
pervioHa u 6omee 70 % niepeBo30K — B Iipeaesiax
poccuiickoii Tepputopuu [15]. dons Mexmy-
HapOMHBIX TIEPEBO30K IPy30B B OOIIEH WX
CTPYKType 00yCIOBJIEHA CIIeM(PUKOI UCTOpU-
YeCKOT'0 pa3BUTHsI 5KOHOMMKH U Teorpaduye-
CKUM TOJIOKEHUEM PETMOHOB.

CrenyeT pe3loMUpOBaTh, UTO crieluduka
OpraHM3ally IPY30BBIX TIEPEBO30K CMEIIIaH-
HOTO TUIIA CBsSI3aHa C OCOOEHHOCTSIMU U TIPUH-
LIMTIaMU Pa3BUTHS TPAHCIIOPTHBIX CUCTEM KakK
Ha TepPUTOPUATBLHOM, TaK U Ha OTPACIeBOM
YPOBHE.

IlepBOoHaYaTbHO HEOOXOAMMO YTOUYHUTH
caMoO TIOHSITHE «TPAHCIIOPTHOM CHCTEMEI»,
a TaKKe OTPeNeIUTh MECTO M POJIb CMEIIaH-
HBIX TPAHCTIOPTHBIX CUCTEM.

C MMo3U1IMi CHCTEMHOTO ITOIX0/1a, BEIOpaH-
HOTO B Ka4eCTBE OCHOBHOTO JIJIS1 TTIPOBEACHUS
HCCIICIOBaHUS, TS PMUH «TPAHCIIOPTHAS CUC-
TeMa» pacCMaTpuBaeTCsl Kak COBOKYITHOCTb
B3aMOCBSI3aHHBIX 2JIEMEHTOB (JTI0/ei, 00BEK-
TOB TPAHCIIOPTHO-JIOTUCTUYECKOI MH(Dpa-
CTPYKTYPBI, TEXHUYECKUX CPENCTB), (PYyHKIIMO-
HUpYIOIIIas B IeJIsIX obecreueHusl mpoliecca
MepeBO3KM TPYy30B U/MJIM MACCaXXKUPOB.
CucTeMHBIN TTOAXOM TTO3BOJISIET HETIOCPE-
CTBEHHO ITEPEeUTH K KJTacCUUKaIIMU CMelaH -
HBIX TPAHCITIOPTHBIX CUCTEM ITYTEM MX TIO3Tall-
HOW IEKOMITO3UIIMY U K AaJTbHENIIIeMy CUHTe-
3y TPAHCITIOPTHBIX CUCTEM CMEIIAHHOTO TUTIA.

IlepBBIM IIIATOM K YIIPABJIEHUIO CUCTEMa-
MM KaK OOBEKTOM SIBJISIETCST MX KJlaccupuka-
1ust. [TorpeOGHOCTD B Ki1accuUKALIUU TPaHC-
TTOPTHBIX CUCTEM OOBSICHSIETCSI HEOOXOIMMO-
CTBIO PA3BUTHSI METOJOB YIIPABJICHUS TIepe-
BO3KaMU T'Py30B M MAcCakMpOB B YCIOBUSIX
COBMECTHOTO WCIIOJIHEHMs TPAaHCIIOPTHOM
YCIYTU B paMKax OTpacjeBOTr0 B3anMMOJei-
CTBUSI BUJIOB TPAHCTIOPTA, BKITI0Yasi BOITPOCHI
yrnpasieHUs UHGPaCcTPYKTypoil. CMbICI TeO-
pETUYECKOIi pa3paboTKM 3aKITI0YaETCs B yCTa-
HOBJICHUY 3aBUCHMOCTH MEXTY TUTIOM TPaHC-
TIOPTHOW CUCTEMBI M BHIOOPOM KPUTEPUEB
YIIPABJICHUSI CMELLIAHHOM TEPEBO3KOM.
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B T0 ke Bpems nudpoBast TpaHchoOpMaLus
5KOHOMMKH TPEOYET ITepecMOTpa CYIIECTBYIO-
IIIAX TUTIOB TPAHCTIOPTHBIX CUCTEM C YTOUHE-
HUEM TIPU3HAKOB CUCTEM CMEIIaHHOTO TUTIa
[7, c. 150—151].

HccnenoBanue knaccubuKaMOHHBIX
XapaKTepUCTUK CUCTEM M BOTIPOCOB UX TPO-
CTPaHCTBEHHOTO Pa3BUTHSI OTPAXKEHO B HAy4-
HbIX padoTtax B. 1. Tepamu [17], H. A. Kypas-
nésoii [16; 14], E. . Maxkaposa [18]. Llembrii
PSIL COMEPKAIUXCS B HUX BaKHBIX TTOJIOXKE-
HUH MTO3BOJIUI C(POPMYTMPOBATH aBTOPCKUI
B3IJISI, HA TIOHSATHE CMEIIaHHOM TpaHCTIOPT-
HOW CUCTEMBI.

TepMuH «cMelIaHHasI TPAHCTIOPTHASI CUC-
TeMa» B HACTOSIIIIEe BpeMsI He SIBJISIETCSI YCTO-
SIBITMMCSI 1 OCHOBAH Ha OTpeNeIeHUN «CMe-
IaHHas TepeBo3ka». VIMEHHO 1Mo 3Toil pu-
YUHE TPAHCIIOPTHBIE CUCTEMbI CMEIIAHHOTO
TUTIA TIPEACTABIISIOTCS KaK CUCTEMBI YITpaB-
JIEHMSI TIEPEeBO3KAaMM I'PY30B C MCITOIb30BaAHM -
€M JIByX 1 0oJiee BUIOB TPAHCIIOPTA.

ABTOpCKOE MOHUMAaHWE CMEIIaHHOM
TPAHCITOPTHOM CUCTEMBI 3aKJIIOYaeTCs B aK-
LIEHTe Ha UHTeTPAaTUBHYIO POJIb CUCTEMBI KaK
00benMHEHNS] KOMITAaHUI B TIPOLIECCE PETHO-
HaJIbHOTO U MEXOTPAacJIeBOTO yIpaBJIeHUS
MpolleccoM TepeBo3KU. MexxoTpaciieBoi
XapakTep YIpaBJIeHUS TIPU 3TOM YKa3bIBaeT
Ha HaJIm4yue OBYX U 0oJsiee BUIOB TPAHCIIOPTa
B IIpollecce Ipy3orepeBo3ku. B KoHTekcTe
TEPPUTOPHUATBHOTO YITPaBJIeHUSI CMEIlIaHHbIe
TpaHCTIOpTHEIE cucTeMbl (Hanee CTC) mpen-
CTaBJISTIOT 000U MHOTOYPOBHEBBIE OpPTaHM-
30BaHHbIe 00BENMHEHUST KOMITAaHUM, TIe
B KayecTBe TJIaTdOpMbl B3aUMOIEHCTBUS
BBICTyIaeT MHGPACTPYKTYPHBIN KOMIJIEKC
TEPPUTOPUU, B TOM YMCJIE JIEMEHTBI TpaHC-
TMOPTHO-JIOTUCTUYECKOU MH(MPACTPYKTYPHI,
HaXOISIINECs B PETUOHATIBHOM YITPaBICHUN.

ABTOpPCKOE MHEHME TI0 BOTIPOCY YCIIOBUIA
u 1eneii oopazoBanust CTC, a Takxke UX poJu
U MecTa B Ipollecce 9KOHOMMYECKON MHTE-
rpaluu CyObeKTOB TPAaHCIIOPTHOTO PHIHKA,
3aKJTI0YAeTCs B CIIEIYIONIEM.

1. CMmemaHHasl TpaHCIIOPTHasI cUCTeMa
B aCTIEKTE MHCTUTYIIMOHAJILHOI TEOPUH 3KO-
HOMUKHU SIBISIETCS ME€309KOHOMUYECKOM
CHCTEMOI, TaK KaK OO BeTMHSIET OpraHn3aIun
C Pa3IMYHBIMM OTPACTIEBHIMU WJIM TEPPUTO-
pyaTbHBIMU TIpu3HaKamMu. OYHKIIMOHAIBHO
cMelllaHHas cuctema obecrieunBaeT 3 dhex-
TUBHOE YMpaBJieHWE TPAHCIOPTUPOBKOU
IPY30B, 3a CYET YeTO JOCTUTAETCS IOTUCTUIE-
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CKUIA TIPUHIIUTI €€ IesITeTbHOCTA — TTOCTaBKa
«TOYHO B CPOK» U «OT JIBEPU JI0 TBEPU».

2. B acniekTe TeppuTOPUATBLHOTO yIIpaByie-
HUSI CMelllaHHas TPAaHCIIOPTHasl cCUCTeMa
00BEAMHSET YIAaCTHUKOB IIeTIeil TOCTaBOK
OJIHOU TEPPUTOPUAIBHON TPAHCIIOPTHOM ce-
T, UMEIOIINX Pa3TNIHYIO0 OTPACIIEBYIO TIPH-
HaJIeXHOCTh. Lleapio hyHKIIMOHUPOBAHUS
CTC sgBisieTcst ONITUMM3ALIMS PECYPCOB KOM-
MaHW-TTapTHEPOB U COKpallleHNe BpeMeHU
TTOCTaBKU.

3. OnHUM U3 BapuUaHTOB TIPEICTABICHUS
CTC gBnsieTcst e€ paccMOTpeHME KaK MOICH-
CTEMBI OTpacjIeBOil TPAaHCIIOPTHOM KOpIiopa-
1Y, OCYIIECTBIISIONICH ceTeBOe yIpaBieHe
TPaHCIIOPTHBIMU TIpolleccaMiu. B 3ToM KOH-
KpeTHOM ciyuyae 1efbio yrpasienus CTC
SIBJISIETCST ODeCIIedeHre CeTeBOM MHTETpallii
noapasaeaeHU KOMITaHUM.

Takum 006pa3oM MOXKHO 3aKJIIOUUTh, YTO
TMOHSITUE «CMEIIIAHHON TPaHCIOPTHOM CuC-
TEMBI» TPAKTYETCS B «y3KOM» U <«IIIMPOKOM»
CMBICTTE.

B y3koMm cmbiciie CTC npencraBieHa Kak
COBOKYITHOCThH TPAHCITOPTHBIX KOMITaHUM,
00BEAMHMBIINXCS C LIEJbIO OCYIIECTBICHUS
YCIIYTU CMEIIaHHOMW TIEPeBO3KMU.

B mmpoxom cmeicie CTC — 310 TeppuTo-
pUaTbHOE 00BENMHEHNE OTPACIIEBBIX TPAHC-
TIOPTHBIX KOMIIAaHU A, OCYIIIECTBIISTIONTNX CBOIO
JIesITeIbHOCTD C Leblo 9((eKTUBHONI opra-
HU3alMU KOMIUIEKCHOM YCIYT¥ TepeBO3KHU
Tpy30B, HA OCHOBE COBMECTHOTO UCTIOJIb30Ba-
HUSI COOCTBEHHOI 1 TEPPUTOPUATIBHON TPAHC-
TIOPTHO-JIOTUCTUIECKON MHPPACTPYKTYPHI.

Onpenenenne CTC B MIMPOKOM CMBICITE
OTJIMYAETCS MHOTOYPOBHEBOI XapaKTepUCTH -
KO CUCTEMBI, CJIOKHOCTBIO U CAMOOPTaHU3a-
mueii. CTC sBnsieTcss MICKYCCTBEHHOM CUC-
TEMOI1 yIpaBJIeHHsI TPY30BBIMU U/MJIH TTacca-
SKUPCKUMMU TTEPEBO3KAMU.

B kauectBe nenepoit pyukuuu CTC pac-
CMaTpUBaeTCs OpraHU3aIus TPAHCIIOPTHO-
JIOTUCTUYECKOTO MpoIlecca, B TOM UYUCIe
U TIpoliecca CMEeIIaHHOM TepeBO3KM TPy30B
pa3IMYHBIMU BUIaMU TpaHcTiopra. Mccneno-
BaHUE POJIU U YCIOBUI (DYHKIIMOHUPOBAHUS
CTC sBnsieTcst akTyaTbHBIM KaK ¢ OpraHu3a-
IIMOHHO-YTIPaBIeHYECKOM TOUKY 3pEHMS, TAK
M C TOYKM 3peHMsI 2¢(PeKTUBHOCTY BHENPEHUS
HOBBIX TEXHOJIOTHI B MpPOIEeCC MepeBO3KU
rpy3oB. [Ipennonaraercs, yto B pamkax CTC
TPaHCIIOPTHBIE W HETPAHCITIOPTHBIE OPTaHM-
3aI[MU OCYIIECTBIISIOT CBOIO ESITEIbBHOCTD Ha
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YCJIOBUSIX MTapTHEPCTBA, YTO Mpearoiaraet
BBIOOP OpraHU3alMOHHOM (hOpPMBI KOpIopa-
TUBHOTO MJIM HEKOPIOPAaTUBHOTO THUIIA.
B sTOM cityyae B cocTaB KpUTEepUEB yIpaBJie-
Hust CTC BBoasITCS TOKa3aTeIn pe3ybTaToOB
nearenbHocTH CTC, xapakTepHbIe JUIsT KOM-
MEepUYeCKUX OpraHu3alluii, B YaCTHOCTU, MO-
KeT ObITh BHEAPEHA cUcTeMa cOaTaHCUPOBaH-
HBIX TTOKa3aTelei.

Heobxoanmo Takke 00paTUTh BHUMaHUE,
YTO TEPMUH «HETPAHCIIOPTHAS OPraHU3aLUAS»
obLT BBenEH A. T1. AbpamosbiMm u B. I1. Tana-
OypIoii JUTs OTMCaHUsI phIHKA TPAHCTIOPTHBIX
yeiyr [20]. TTox «HeTpaHCTIOPTHBIMU OpraHu-
3alSIMI» YKa3aHHBIE aBTOPHI MOIpa3yMeBa-
[OT KOMIIaHWM, YYaCTBYIOIINE B TPAHCIIOPT-
HOM TIpOLIeCcCe, HO HEe OKAa3bIBAIOIIIUE TPAHC-
TMOPTHBIE YCIIYTH.

TTnargopmoii o6pazoBanust CTC, uHterpa-
MU TPAHCMOPTHBIX U TPAHCIOPTHO-
JIOTUCTUYECKUX KOMITAaHUI Ha YPOBHE OTAEIb-
HOU TepPUTOPUHU SIBJISIETCSI peTMOHAJIbHAS
TPaHCIIOPTHO-JIOTUCTUYECKAs CUCTEMaA (fajiee
PTJIC). Onementamu PTJIC gBnsitotcst uHdpa-
CTPYKTYPHbIE OOBEKTBI, K YUCITY KOTOPBIX OTHO-
CSITCS TeppUTOpUATbHbIE TPAHCHOPTHO-
JIOTUCTUYECKUE LIEHTPhI U MYJIBTUMOATbHBIC
TEPMUHATTbHO-CKJIAJICKE KOMIUIEKCHI. OHaKO
HEOOXOIMMO YYUTBHIBATh, YTO MHOXKECTBO
UHOPaCTpyKTYpHBIX OOBEKTOB SIBJISIETCS COO-
CTBEHHOCTBIO OTPACJIE€BBIX TPAHCHOPTHBIX
KOMITaHWIA, B TOM YKCJIE XOJIMHTOB, (GDUTUAIOB
TPAaHCHAILIMOHAJIBHBIX KOpIopaluuii (mauee
THK), o6benuHeHuit rpymn KomnaHui. Takum
00pa3oM, HENBWXXHUMBIE OOBEKTHI TPAHCITOPT-
HOI WM TpaHCIOPTHO-JIOTUCTUYECKON MH(P-
PacTpyKTypbl MOTYT UMETh IBOMHYIO TOMYUHEH-
HOCTb, UTO YCJIOXHSET MPOLECC YITPABJICHUS.

Hanuuue mMexoTpaciaeBoil MHTErpaluu,
a TaKXKe LIEHTPOB YIPaBJIECHUS TEXHOJIOTUYE-
CKHUMU ornepauusiMu (YHUMOAAIbHOCTB), CO-
YeTaHWe TOPU3OHTAIU U BEPTUKAJIU YIIpaBJIe-
HUSI IPUBOMST K BBIBOJTY, YTO CUCTEMbBI OTpac-
JIEBBIX TPAHCITOPTHBIX KOMITAHW I, UMEIOIIIMX
CeTeBYI0 (DYHKIIMOHAIbHYIO OPTaHU3AIIUIO,
(hopmupyroTcsd Kak CMellIaHHbIE, T.K. 00J1aga-
IOT OTHOBPEMEHHO MPU3HAKaMU TEPPUTOPU-
AJIbHOTO U OTPACJIEBOrO yIPABICHUS.

B xauecTBe puMepa MOXHO MPUBECTH
XoJaauHT «Poccuiickue xeae3Hble JOpOoru»,
VMEIOIIUI pa3BEeTBAEHHYIO CTPYKTYPY TpaHC-
TMOPTHBIX ITyTel, GUTUATBHYIO CETh B pETMOHAX
W OCYLIECTBJISIIOIIUI CETeBOE yMpaBIeHUE
CMEIIaHHBIMU MEPEBO3KAMU MOCPEACTBOM
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B3aMOJIEUCTBUS C JOYCPHUMHU KOMITAHUSIMU
(AO «TpaHckoHTeliHep», AO «PXK]I-noructu-
Ka» uap.). YuutbiBasi, 4To B coctaB OAO «P2XK]1»
BKJIIOYCHBI KOMIIAaHUU, 00JIafarolre IapKoM
JIPYrUX BUIOB TPAHCIIOPTA, TO HAJIMIIO BO3MOX-
HOCTb OCYLLECTBJICHMSI CMELLIAHHOM IIEPEBO3KH.
MUKPOIKOHOMUYECKIE CUCTEMBI IIPE-
CTaBJISIOT COO0OM SKOHOMUYECKNE CUCTEMBI
OTIETBHBIX CYOBEKTOB PHIHKA — IPEAITPUSTHIA
u opraHuzanuii. [1py aHanm3e MUKPO3KOHO-
MMUYECKUX CUCTEM 0Cc000e 3HaYeHHEe MPHO0-
peTaeT (pyHKIMOHAJIbHBIN aHAIM3, PAaCKpPhI-
BalOIIUii 0COOEHHOCTU UX ACSITEAbHOCTH.
K MHKPO3KOHOMUYECKMM CHUCTEMAaM TPaHC-
IIOPTHOTO PBIHKA CJICAYST OTHECTH JIIOOBIC
TPaHCIIOPTHEIE OpPraHU3alluu HECEeTEeBOTO
THIIA, TPEUMYIIECTBEHHO UMEIOIIe TMHEH-
HO-(YHKIMOHAIBLHYIO OpTaHU3alIMOHHYIO
CTPYKTYPY, KOTOpbIe B HACTOSIIIIUIT MOMEHT
HauboJjIee pacIpoCTpaHEeHbI Ha PhIHKE.

NPUHLUMNbI KTACCUDPUKALIUN
M YNPABJIEHNSA CMELLAHHBIMUA
TPAHCNOPTHbIM CUCTEMAMMU

IIpomecchl ceTeBOil MHTErpallu HAIIMO-
HaJIbHOM Y MUPOBOW 9KOHOMUKMU, PA3BUTHE
CUCTEMBI TPAaHCHALIMOHAJIBHBIX KOPUIOPOB
U Tio6aM3alus 1Ueneil mocTaBokK, KOMITbIO-
Tepu3alus JIOTUCTUYECKUX U TPAHCIIOPTHBIX
MPOLIECCOB OKAa3aJIu CYILIIECTBEHHOE BIIMSIHUE
Ha MOSIBJICHUE HOBOM IPYIIIbI TPAHCIIOPTHBIX
CUCTEM, 2 UMEHHO CMEIIAHHbBIX TPAHCIOPT-
HBIX CUCTEM, JIJISI KOTOPBIX TAKXKe MOTYT OBITh
OIpeAe/IeHb KilacCu(DUKAIIMOHHBIC IIPU3HA-
ku. Ha ocHOBaHUM aHanu3a CyIIeCTBYIOIINX
MOJXOMOB K KjiacCUuUKAIMU CUCTEM, MPE.I-
JlaraeTcsi CUCTEMAaTU3MPOBaTh 3HAHUS O CMe-
IIIAHHOI TPaHCIIOPTHOM CHUCTEME.

ba3oBbIM nMpUHLMIIOM KJaccudbuUKaIuu
CTC gBnsgercs aefeHue Mo TUITY TTepeBO3KU
Ha rpy30BbIe U Maccaxupckue. [Ipumepammu
CMELLIaHHBIX TPAHCHOPTHBIX CUCTEM Ha Tac-
CaXUPCKOM TPAHCIOPTE MOTYT MOCITYXUTh
TOpoACKUe Maccaxkupckue TPaHCIOPTHHIE
CUCTEMBI, TJ€ TIPUCYTCTBYIOT Y3JIOBbIE OCTa-
HOBKM, TNpeAHA3HAYECHHbIE JJIs1 MEPECanKU
MaccaKUpoB C OJHOTO TPAHCIIOPTA Ha IPYTOiA,
a3pOIIOPTHI, CO BCTPOCHHOM MH(MPACTPYKTY-
POV CKOPOCTHOTO KEJIE3HOI0POXKHOIO TPAHC-
nopTa U aBTOMOOMJILHBIX JOPOT U T.JI.

ITpumepoM cMelIaHHBIX TPAHCIOPTHBIX
CHUCTEM LIS TIEPEBO3KY TPY30B CIIyKaT TpaHC-
TMOPTHO-PACTIPEIETUTENBHBIE U TPAHCITIOPTHO-
JIOTUCTUYECKUE LIEHTPbI, TPY30BbIE A3POTIOPTHI
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KinaccupukanmoHHbI NPU3HAK CMEMIAHHOH TPAHCIIOPTHOI CHCTEMBbI
(27151 TPY30BBIX NEPEBO30K)

CO BCTPOEHHOI CUCTEMOI JOCTABKM U IIepepa-
OOTKM TTOYTOBBIX U MHBIX TPY30B U Ip.

ITockombKy BHIMaHIE MCCIICIOBAHMS COCPE-
JIOTOYCHO Ha YIIPaBJICHUH TPY30BBIMU TTEPEBO3-
Kamu, Tipemiaraemast kiaccugukamyss CTC He
VYUTBIBAET TIPU3HAKOB, TIPHCYIINX TIEPEBO3KE
MTaCCakKMPOB.

[pemmaraercs Kaccu@UIMPOBaTh CMEITaH-
HBIC TPAHCIIOPTHBIC CUCTEMBI T10 CIICAYIOIINM
TPYIIIaM IIPHU3HAKOB: OpraHN3alMOHHAsI (hopMa;
¢opma MHTETrpaLK TPAHCITOPTHBIX KOMITAHMIA
B cHcTeMe (MacITal 1 TUIT OTPaC/IeBOM MHTETpa-
1IN ); TIO BUY (COCTaBY) YCIIYT CMEIIIaHHOM I1e-
PEBO3KM.

Jlayee cMeIIIaHHBIE TPAHCIIOPTHBIC CUCTEMBI
paccMaTpUBaIOTCS TOIBKO TS YCJIOBUI TIEPEBO3-
KU TPY30B (cM. puc. 1).

Ipemmaraercs Kaccn@UIMpoBaTh CMEIIaH-
HBIC TPAHCIIOPTHBIE CHCTEMBI T10 CIICAYIOIIM
TPYIIIIaM IIPHU3HAKOB: OpraHN3alMOHHAsI (hopMa;
¢opma MHTErpaLK TPAHCITOPTHBIX KOMITAHMIA
B cucTeMe (MaciuTab ¥ THI); IT0 Ha3HAYCHUIO
IIePEBO3KM; T10 BUY (COCTABY) YCIIYT TPAHCITOP-
TUPOBKM.

Heo0xommmo TosICHATE IIPUHIIATIEL 1 TIPH-
3Haku Kaccudukamyy CTC, 9To mpeacTapieHo
HITXE.

IMotpedHoCcTh B co3manuu CTC o0ycioB-
JIEHa CTpeMJICHHEM TPAHCIIOPTHBIX OpraHm3a-
LIV TIOJTYIUTh CHHEPTUIEeCKU 2 (PEeKT, KOTO-
pHBIii BEIpaXKEH B €rO TOCTKCHUM B COBOKYII-
HOCTH JUIST Kaxkmoit m3 Hux. Pesynpraramm
WHTETPauy KOMIIAHWI SIBJISTIOTCSI: COBMECT-
Hoe (pMHAHCUpPOBaHNE U BHeApeHe MHPOP-
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Tlo oprannsanuoHHOM Ilo macmTaby u TrIy Io BHAy yCIlyrH CMeLIaHHOM
bopme HHTETpaLun MEPEBO3KH
T /
v v
Kopriopanus '— TEPPUTOPHAITLHBIH oTpacseBoi MEIK/TyHapO/HbIC
NpH3HAK TpH3HAK CMEIIaHHBIE TIEPEBO3KU
KOHLIEPH '—
JIOKJIbHAS TPAHCIIOPTHO- KOMOMHHPOBAHHEIE
TEXHOIIOTHYECKHE ] _' TePEeBO3KH
HaIlOHAIbHASL
TPaHCIOPTHO- _[ MYJbTUMOJQJIbHBIC ]
TPaHCHAIMOHATIbHASL
_[ MHTEPMOJIaNBHEIE ]
MEXOTpacieBble
TPaHCIIOPTHBIE
CHCTEMBI _[ ]
YHHBEpCAIbHbIC

Puc. 1. Knaccugukaums cMmeLaHHbIX TPAHCNOPTHbIX CUCTEM (aBTOpPCKasi cxema).

MAaIlMOHHO-MHHOBAIIMOHHBIX 1 MH(bOpMAaII-
OHHO-TEXHOJIOTMYECKUX CHCTEM, OITUMM3a-
WS 3aTpaT Ha paclpeneicHue, pa3BUTHE
¥ COBMECTHOE UCIIOIh30BaHUE TPAHCIIOPTHOM,
CKJTAZICKOI 1 MH(POPMAIIMOHHON MH(MPACTPYK-
TYpBL.

IlepcrieKTUBHOE COBEPIIEHCTBOBAHME
KOMIIJIEKCHBIX TPAaHCIIOPTHO-JIOTMCTHYCCKIIX
yCIyT B cpepe COBMECTHOTO ITOJIb30BaHUS
MHGPACTPYKTYPOIt KOMITAHUI CIIOCOOHO ITPHBE-
CTH K 00pa30BaHUIO ME303KOHOMUUYECKIX CHC-
TeM KaK Ha TepPUTOPUAIEHOM, TaK M HAa OTpac-
JieBoM ypoBHe. Ha ocHOBe onpeneieHrst 001X
meseld KOMITAHUHA U MX CHeIM(UISCKIX (PyHK-
Ui B TAPTHEPCTBE, B KAYECTBE BO3MOXKHBIX
¢dopm uaTerpanmu CTC paccMaTpuBarOTCS:
KOPIOPAaTUBHBIC O0OBCANHEHUSI — XOJIIWHTH,
KOHLEPHbI, KOHCOpLIMYyMBI, yJibl, THK; Hekop-
TIOpaTUBHBIC OOBEIMHEHMS — KJIACTEPHI M CTpa-
TETUICCKHE AThSTHCHL.

JaHHOE OOCTOSITEIFCTBO TAKKe TIOTYIMIIO
OTpakeHUE B TIPOLIECCE OIPEIe/ICHUST KIacCH-
¢ukanmoHHbIx npu3HakoB CTC. Takum obpa-
30M, K YMCITy BOSMOXHBIX OPTaHU3aIIMOHHBIX
dopm CTC cnenyeT OTHECTH:

1) XONMIWHTY KaK CUCTEMBI MEXKOTpaCICBOM
WHTETPALUH, ICHCTBYIOIINE B Chepax IPOMBIIII-
JICHHOCTH, TPAHCIIOPTA U TOPTOBJIN;

2) TpaHCHAILTMOHAIbHBIC KOPITOPAINH, BKITIO-
YaIOIINe CEeTeBhIC MEXIyHAPOIHBIC OpraHN3a-
VM, BIUSTIONINE HAa Pa3BUTHE HAIIMOHAIBHBIX
9KOHOMUK;

3) KOHCOPILIMYMBI, KaK TepPUTOPHATILHEIC
MEXOTpaciieBble OOBCTMHEHIS;
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4) cTpaTermyeckuie alTbsTHCHI (B KJTaccu(prKa-
1M — ATBSHCHI) KaK MEXITyHAPOIHBIE ¥ MEX-
oTpacjieBble 00beIMHEHMS TPAHCITOPTHBIX
U JIOTUCTUYECKUX KOMITAHW;

5) myJbl KaK OObeIMHEHNS] TPAHCIIOPTHBIX
OpraHu3alnii, NeSITeTLHOCTh KOTOPBIX HaIlpaB-
JieHa Ha (hpopMUpOBaHME eIMHOTO (PMHAHCOBOTO
(boHma, a cpencTBa MHBECTUPYIOTCS B TIOMIEPXKA-
HMe TPaHCIIOPTHON MH(MPaCTPYKTyphl B3aUMO-
JIEACTBYIOLIMX KOMITAHWIA;

6) KiIacTephbl, B TOM YHUCJIe TPAHCIIOPTHO-
JIOTUCTUYECKHE, KaK TIOACUCTEMBI 00JIee KpyIi-
HBIX TEPPUTOPUATEHBIX KJIACTEPOB.

Heobxomrmo o0paTUTh BHUMaHKE, YTO Ha
ME30ypOBHE MOTYT BO3HUKATh CBSI3U, OOBEI-
HSIOIIE TTPOMBIIIJICHHBIE U TPAHCIIOPTHBIE
PETMOHATbHBIE KOMITAHWM, 2 TAKXKE CBSI3U MEKITY
HUMM 1 60s1ee KpyrmHbIMU cricteMaMu (DI
THK).

Criemyronmm Ki1acCuUKaIMOHHBIM TIPU-
3HakoM CTC gBisieTcst mpru3Hak MaciiuTaoa,
KOTOPBIi1 BKITIOYAET 1B KIacCu(pUKAIIMOHHbIC
rpymisl: TepputopuaibHbie CTC 1 oTpacieBble
CTC. Ipynmuposka CTC 1o TeppUTOpUaTbHOMY
OXBaTy XapaKTepr3yeT MaKCUMaJIbHBINA paguyc
OKa3aHUsI TPAHCIIOPTHOM YCIIyTH: JIOKaJIbHAsI
HallMOHAIbHAS M TPAaHCHAITMOHAIbHAS.

HeobxoarmMo OTMETUTb, YTO MEXPETHOHATb-
HbIA ypoBeHb (hopmupoBaHust CTC npupaBHeH
110 CMBICITY K HallMOHAJILHOMY YpOBHIO. TpaH-
3UTHBIE TPAHCTIOPTHBIE KOPUIIOPHI, 00 BEIMHSTIO-
1e HECKOJIbKO pernoHoB Poccuu, perraior
3a/1a41 HAlMOHAJIBHOM TPAHCTIOPTHOM CHCTEMBI.
TpynmupoBKa 1o oTpaciaeBoil UHTErpalyy yKa-
3bpIBaeT Ha OTpacieByio HanpapieHHOCTb CTC,
a IMEHHO Ha TPUHAJIEXXHOCTD TPY300TITPaBU-
TeJeil wiK rpy3onoydyaTeneil K Kakon-1moo
OTpac/I XO3SUCTBOBAHMS: TIPOMBIIIJICHHOCTb,
HayKOEMKHE TeXHOJIOTUM — TPAHCIIOPTHO-
TEXHOJIOTMUECKIE; OPraHU3alI1 CUCTEMbI TOBA-
POIBIKEHWS (B TOM YKCIIE TOPTOBBIE) — TPAHC-
TTOPTHO-JIOTUCTUYECKUE; B CITyJae y4acTust He-
CKOJIbKMX oTpaciieit — MexoTpacieBblie CTC.

OtpacieBoli prU3HaK B KOHTEKCTE UCCIIeI0-
BaHUST PAaCCMaTPUBAETCS C TOUYKM 3PEHUS Opra-
HM3aIUM TIPOLIecca CMEIIaHHOM ITepeBO3KH, a He
TOJIBKO C TTO3ULIMIA OTPACIIEBBIX XapaKTEPUCTUK
TpaHcropra. Takum oopa3om, ynipasieHue CTC
TPaHCIIOPTHO-TEXHOJIOTMYECKOTO THITAa HATTPaB-
JIeHO Ha 3(P(EKTUBHOCTb TEXHOJIOTUIA OpraHu-
3aLMY TPAHCITOPTHOTO TTPOIIecca MEXKIY COBME-
IaeMbIMUA BUIAMU TPAHCITOpPTA. YTIpaBJieHUe
CTC TpaHCHIOPTHO-JOTUCTUYECKOTO THUIIA
TIPEATTIoJiaraeT OPUEHTAIMIO Ha KOMIUIEKCHOCTD
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WICTIOJTHEHWST HE TOJTLKO YCITYT TPAHCTIOPTUPOBKH,
HO ¥ IPYTYX JIOTMCTUIECKUX YCITYT. YTIpaBIeHe
CTC MmexxoTpacieBoro Tvra rpearnosaraeT ycra-
HOBJICHVME KpUTEPUEB YIPABICHMS TPAHCIIOPT-
HBIM TIPOIIECCOM B3aMMOJIEMCTBYIONIMX TPAHC-
TTOPTHBIX ¥ HETPAHCTIOPTHBIX KOMITAHUT.

B kauecTBe HEOOXOAMMOTO KilacCUdUKAaLIU-
OHHOTO TIpU3HaKa paccMaTPUBAIOTCST BUIBI
TPY30BBIX TIEPEBO30K, KOTOPHIE O0ECTIEUMBAIOTCS
dyukimonvpoBanveMm CTC. Y4yuTeiBas, 4yTo
WHTEepMOIaTbHast, MyJTBTUMOIAIbHAs Y KOMOU-
HMPOBAaHHAsI TIEPEBO3KM SIBJISTIOTCS] YaCTHBIMU
ciayyasgMu cMmelnaHHoil mepeBo3ku, To CTC
crlenyeT KiaccubuIMpoBaTh IO BOZMOXKHOCTSIM
OCYIIECTBIISITH BCE TUIIHI TIEPEBO30K: MEXKIyHa-
POJIHBIE, THTEPMOIATbHBIE, MyJIBTUMOIAILHBIE,
KOMOWHUPOBaHHbBIE M1 YHUBEPCATLHBIE.

MexayHapoaHble CMEIIaHHbIE TTePEBO3KI
TIPEIIoIaraloT OpraHM3aIvio TOCTaBKY TPy30B
ITyTEM TIEpETrpy3KU C OJTHOTO BUIA TPaHCIIOPTa
Ha JpYyroii B MEXIYHApOIHOM COOOIIEHUU.
B oM ciiyuae cozmanue CTC noBieyeT 3a co-
0011 OTBETCTBEHHOCTB 32 0(hOPMIIEHVE HE TOJTb-
KO TIePEeBO30YHBIX, HO ¥ TAMOKEHHBIX TOKYMEH-
10B. Coznanue CTC c nmepeBo3KaMu KOMOMHU-
POBAHHOTO THUIIA TIPEATIONATAET, YTO B COCTAB
YCIYT BKJIIOYEHA yCJIyTa T0 MepeMelleHUIo
rpy3a C OJHOTO TpaHCIOPTa Ha JAPYroi W 3TOT
BUJ pPabOT OCYILIECTBIISIETCST 3a CUET PECypCOB
CTC. CTC c yciryraMu MHTEPMOAAILHOM nepe-
BO3KU OpTaHM3YIOT TPAHCITOPTHBIH MPOIIECC 110
eMHOMY JOKYMEHTY, TJIe OTlepaTop-TiepeBO3YMK
HeCET OTBETCTBEHHOCTbH 3a BECh TIePEBO30YHBIN
TIPOLIECC, B TOM YMCJIe 3a JOTOBOPEHHOCTH CO
crtopoHHUMU opranuzaiusMu. CTC ¢ yeiayramu
MYJIETUMOJAJIBHOM TIEPEBO3KYU TpeATiojaract
OpPraHMU3AIMIO TPAHCTIOPTHOW YCIIYTH TIO €T1-
HOMY JOKYMEHTY, He mpuberast K oMol
cropoHHux opraHuzauuii. Cozgpanue CTC
C yCJTyraM¥ YHUBEPCAJIBHOM TTepeBO3KU TPY30B
ToIpa3yMeBaeT OpraHM3alnio IePEeBO30YHOTO
TIpoliecca 110 JII0OOMY THITY TIEPEBO3KHU U3 paHee
TIEPEYMCIICHHBIX ¥ C BO3MOXKHOCTBIO TTONKITIO-
YeHMSI CTOPOHHMX OPTaHM3aluii K IepeBo30Y-
HOMY ITTpOLIECCY.

Heobxonumo oTMETUTB, UTO UAies TIPEACTaB-
JIEHHOM KJTacCU(VKAITMY 3aKITI0YAeTCsT B AKIICH-
Tyaliy BHUMaHUS Ha TPAHCTIOPTHBIX CHCTEMax
CMeIIaHHOro Tumna. Beibop KiraccubukaimoH-
HBIX TIPU3HAKOB OOYCJIOBJIEH BO3MOXHOCTBIO
BHeIpeHMs [U(MPOBBIX METOIOB YIIPaBICHMS
CTC B yacTu aIrOpUTMM3aLIUK TTpoLiecca repe-
BO3KU. HarrpuMmep, 1o ripr3HaKy Maciiraba — Ha
TepPUTOPUATEHOM WJIA OTPACIIEBOM YPOBHE, TIO
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TIPU3HAKY BUIA CMEIITAHHOM TTePeBO3KU — MYJTh-
TU- WIU UHTEPMOJAILHOM U T.I.

B xavectBe 6a3oBoro npuHImMna 3¢hHeKTUB-
Horo ynpasieHus: CTC, HanpaBieHHOTO Ha J0-
CTIDKEeHUE €€ YCTOMYMBOCTH, PACCMaTPUBAETCS
TOMEOCTaTUYECKUI TTOIXOM, TTO3BOISIOIINI
JIOCTUTaTh BHYTPUCUCTEMHOTO PaBHOBECHST 3a
CUET yIpaB/ieHUs] KOH(MIMKTHBIMUA 30HAMU TIPU
TpaHCTIOPTHPOBKeE rPy30B. PaccMoTpeHue MeTo-
Jla TOMEOCTaTUUECKOTO ITOIX0/Ia M €T0 OTIIMIMIA,
HalnpuMep, OT METO/la TOMEKUHETUYECKOTO
TIJ1aTO, HE SIBJISIETCSI TIPEIMETOM TAHHOM TTy0JTn-
katmu. [1o 3Toii mpuunHe, HYDKe TTpenCTaBIeHbI
TOJILKO OOIIME TTOSICHEHWST O TIPUHITUIIAX WC-
TTOJTE30BAaHMST METONIA B YCIIOBUSIX YIIPABJICHUS
CMeIIaHHBIMU TPAHCTTOPTHBIMU CUCTEMaMMU.

JocTikeHre COCTOSTHUS AMHAMUYECKOTO
pPaBHOBECHS TOCTUTAETCS 3a CUET BHENPEHUS
1IM(POBBIX METOIOB YITPABJICHHS TEPEBO30YHBIM
TIPOLIECCOM, YTO BO3MOXKHO B YCJIOBUSIX TTPUME-
HEHUST TH(HOOPMAIIMOHHBIX CUCTEM CIIEXKEHNS 3a
TPaHCTIOPTUPOBKOI I'PY30B U CUCTEM 0OpaTHOM
CB$I31 C KJTMEHTOM.

IIpennonaraercst pa3paboTKa U BHEIpPEHUE
1IM(DPOBBIX KIIMEHTOOPUEHTUPOBAHHBIX CUCTEM,
HaIpaBJIeHHBIX Ha YIIPABJIEHNE 1O Pe3y/IbraTaM.
B crctemy pesysisTaTMBHBIX ITOKa3aTeseil BKITO-
YalOTCsl KPUTEPUH YIIPABJIEHNST TPAHCTIOPTHBIM
TIPOLIECCOM, YTO HAIIUIO OTpaKeHUe B pa3paboT-
K€ CUCTEMBI YIIpaBJIeHNs] KOMIUIEKCHOW TpaHC-
TMOPTHO-JTIOTUCTAYECKOM YCITyTOM TPY30BOM TIe-
peBo3ku. B pamkax mdposoii TpaHchopmMann
TPAHCITOPTHBIX CHICTEM TIpeJiyTaraeTcsl BHENPeHVe
CHCTEM YTIpaBJICHUST KOMIUIEKCHBIMU TPaHC-
TTOPTHO-JIOTUCTUIECKUMM YCITyTaMy, KOTOpbIE
TIPENCTABIISIIOTCST TIEPCTIEKTUBHBIMUM C TOYKU
3peHMsI OPTaHM3ALMY CMEIIAHHOM TIEPEBO3KM.
DopMupoBaHUE €IMHOTO KJIMEHTCKOTO TIOJS,
YTO MPEAYCMOTPEHO B PaMKax TaHHOW MH)Op-
MAallOHHO-aHAJIMTHIECKOM CrCTeMBI [21], He-
00X0IMMO JIJISI COXpAaHEHUST KOMMEPUYECKOTO
JI0X0Jla TPAHCITIOPTHBIMU U TPAHCITIOPTHO-
JIOTUCTIYECKUMU KOMITaHUSIMU. C TOUKY 3peHMST
KJIMEHTOOPUEHTUPOBAHHOTO TIOIX0/1A K YIIpaB-
JIECHUIO CMELUAHHOUW TPaHCIIOPTHOW CUCTEMOW
BHeIpeHue IM(PPOBBIX CUCTEM YITpaBICHUS
CMEIIIaHHOW TIePEeBO3KOI TIO3BOJIUT COKPATUTh
BpeMsI OTKJIMKA MpU (hOpMUPOBAHUH 3asIBKU,
a TaKKe TTO3BOJIUT OCYIIIECTBIISITH KOHTPOJIb 32
JIPYTMMU TIOKa3aTeJISIMA TPAHCIIOPTHOTO TTPO-
11ecca, B TOM YMCJIe U 32 YDOBHEM pHCKa B TIPO-
1Liecce MepeBO3KU.

B kauecTBe 00s13aTe/TbHOTO MPYHIIMIIA YIIPaB-
neranst CTC takoke paccMaTprBaeTCsl TIPUHIIATT
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VHTErPaTUBHOCTH, KOTOPBINA TaKXkKe MOAAECPXKU-
BAET B3aUMOJCVICTBUE KOMITAaHUI Yepe3 Pa3BUTHE
CHCTEM MCKYCCTBEHHOTO MHTEJIJIEKTA U BEAET
K ()OPMUPOBAHMIO BCTPOESHHBIX IIM(PPOBBIX CHUC-
TeM. [IpuMeHeHre TMMPOBBIX TEXHOJIOTHIA
B Tiporiecce popmupoBanust u passutuss CTC
OyIeT crocoOCTBOBATh MPUHSITUIO pallMOHATb-
HBIX YITPABJIEHYECKUX PEIlleHUH, OCHOBAHHBIX
Ha 00beMMHEHUN WH(MOPMAIIMOHHBIX 0a3 AaH-
HBIX [TAPTHEPOB LIETIEH ITOCTABOK, YTO B [IEPCIIEK-
THBE TTO3BOJIUT MOBLICUTh KaueCTBO OM3HEC-
MPOILIECCOB B TPAHCTIOPTHOI OTPaCIIH.

3AKJIIOMEHME U BbiBOAbl

IpungTre pemreHmii B cepe hopMupoBa-
HUST apXUTEKTYPbl MHGOPMAITMOHHO-aHATUTI -
YeCKOU CHCTEMBI YITPABJIEHVSI OCHOBBIBAETCST HA
LeSTX (PYHKIMOHUPOBAHUST TPAHCTIOPTHBIX
cucteM. B Poccun B paMkax peamsyeMoi mpo-
rpamMmbl «I{ndpoBast skoHoMuKa Poccuiickoi
Depepanum», a Takke ¢ yIETOM 3amad Komrr-
JIEKCHOTO TIaHa MOZIEPHU3ALIMY 1 PACIIIMPEHUS
MarucTpajibHON MH(PPaCTPYKTYPhI HA TIEPUOJ IO
2024 ronma, pa3BUTHE TPAHCTIOPTHBIX CUCTEM
CMEIIAHHOTO TUTIA SIBJISIETCS] BEChMa aKTyalb-
HBIM.

C TIO3UIIHIA TIPOLIECCHOTO TTOIX0/IA BKAYECTBE
TPAHCTIOPTHON CUCTEMBI CMEIIaHHOTO THITA
paccMaTpuBaeTCsl COBOKYITHOCTh TPAHCTIOPTHBIX
KOMITaHW1, 00bETMHUBIIIXCSI C LIEJTBIO OCYIIIe-
CTBJICHUST YCIIYTH CMETIIaHHOM TTePEeBO3KM.

C TOUKM 3peHMsI MHOTOYPOBHEBOCTH 1 CJTOXK-
HOCTU B3aMMOJEWCTBUS HECKOJbKUX BUIOB
TpaHCIIOpTa B TIpeneiax TPaHCIIOPTHOU CeTH
CMelllaHHasI TPAaHCTIOPTHAS CUCTEMA PacCMaTpy -
BaeTCsI Kak TEPPUTOPUATIBHOE 00BeTNMHEHUE
OTpPACIIEBBIX TPAHCTIOPTHBIX KOMITAHUIA, OCYIIIe-
CTBIISTIOIIVX CBOIO JAESATETbHOCTD C IO 3¢h-
(heKTMBHOIT OpraHM3aIK KOMILIEKCHOM yCITyTH
TIEPEBO3KM TPY30B HA OCHOBE COBMECTHOTO HC-
TIOJTh30BAHMSI COOCTBEHHOM 1 TEPPUTOPUATEHON
TPAHCIIOPTHO-JIOTUCTUYECKON MHGPACTPYyK-
TYPBL.

OmIHYM 13 TTOIXOIOB K 3(p(heKTUBHOI pa3pa-
00TKe 1 BHeJpeHMIO (PPOBBIX U MHGOPMALIU-
OHHBIX TEXHOJIOTHIA SIBISIETCS pa3pabOTKa Kitac-
crUKaIY TPAaHCTIOPTHBIX CUCTEM CMETITaHHO-
TO THTIA B chepe TPY30BBIX TIEPEBO3OK.

IpencrapieHHast kaccudukamys pacKpbl-
BaeT XapaKTePUCTUKKM CUCTEM OCOOOTO THTIA —
CMEIIIaHHBIX TPAHCTIOPTHBIX CUCTeM. Pe3ybra-
TOM BBIOOpA KJIacCU(UKAITMOHHON TPYIIITHI
CBOWCTB CMEIIIaHHOW TPAHCITIOPTHON CHUCTEMBI
SIBJISIETCS pa3paboTKa MM POBBIX METOIOB
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YIIpaBJIEHUs TIPOLECCOM TEePEBO3KU IPY30B
C Y4ETOM OpraHM3aLMOHHOM (POPMBI OOBEIHE -
HUI BUIOB TPAHCIIOPTA, TEPPUTOPUATBHBIX
0COOEHHOCTEI OpraHM3aluy CUCTEM, BHIA
YCIIYT CMEIIAHHOM MEePEeBO3KU U OTPACTIEBBIX
0COOCHHOCTEM OPraHN3ALMH TEXHOJIOTTIECKOTO
npolecca.

Peliuienue 3a1ay yripaBiieHUs TPaHCTIOPTHBIM
TIPOLIECCOM B CMEILIAHHOM TPAHCIIOPTHOM CUCTe-
M€ 3aBUCHUT HE TOJBKO OT OPraHM3alMOHHBIX
XapaKTEPUCTUK U COCTaBa 3JIEMEHTOB CUCTEMBI,
HO Y OT KOHKPETHBIX YCJIOBUM BHEITHEU CPEIbI,
opmmpyroIITIeiics B TEpPUTOPUAIEHBIX SKOHO-
MUYECKUX crcTeMax. [1o aToii mpuurHe B Kaue-
CTBE OTHOM M3 33124 yIpaBJIeHUs] CMEILIAHHbIMU
TPAHCIIOPTHBIMU CUCTEMaMU BUUTCS pa3BUTHE
Hay4YHBIX METOJOB YITPaBJICHUSI UHTErpalmei
TPAHCIIOPTHBIX KOMIIAHWI B COCTaBEe TEPPUTO-
PUATBHBIX Y/WIN OTPACIIEBBIX TPAHCIIOPTHBIX
CHCTEM.
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THEORY
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Oksana A. FREIDMAN

ABSTRACT

The development of the transport services sector
in the global economy determines the effectiveness
of economic links, both at the international level and
at the level of organizing exchange processes within
each country. In this regard, the topic of improving
quality of organization of the transportation process,
as well as organization of effective transport and
logistics services within the transportation systems,
remain relevant in Russia and abroad.

The current state of the transportindustry in Russia
is characterized by such significant factors in formation
of the market environment as digitalization of
management processes and development of a
customer-oriented policy, which is considered in
various policy documents on development of transport.
Competition in the Russian transport market is
especially intensified for provision of cargo
transportation services over medium distances.
Currently, road transport services prevail over railway
transportation in several regions of Russia, that
negatively affects both goods safety rates and the cost
of the transportation service itself. The comprehensive
plan for modernization and enhancement of main

management.

A

Methodological Aspects
of Transportation Systems
Classification and Management

Freidman, Oksana A., Irkutsk State Transport University, Irkutsk, Russia *.

transport infrastructure of the Russian Federation until
2024 involves creation of such transportation
management systems that would not only ensure
efficiency of delivery in the economic aspect but would
also increase the system approach and reliability. It is
proposed to consider mixed transportation systems as
a form of organization of transportation systems.

At the same time, the issues of methodology of
classification and management of the transportation
process in mixed systems acquire special relevance
from the point of view of the choice of system
management methods depending on the classification
type of the system. The objective of the study is to
develop the concept of «mixed transportation system»
and a classification of mixed transportation systems
in the field of cargo transportation.

A classification system for mixed transportation
systems is suggested based on four basic criteria.
The classification uses a systemic and process
approach, which is associated with the features of
organization of multimodal transportation. The
hypothesis of the study is to further develop the
methodology of «management by results» for mixed
transportation systems.

Keywords: transport system, mixed transport system, mixed transportation, customer-focused
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Relevance of the study on classification
of transport systems and management methods

The development of transportation systems,
as well as the issues of methodology for managing
transportation processes within these systems,
continue to attract interest of the scientific
community. To prove this interest many research
and business publications can be quoted [1-5].
At the same time, it should be noted that the
studies may not coincide in the methods of solving
the problem, but could coincide in terms of the
objective which is improving quality of provision
of transport and logistics services through effective
organization of transportation systems. For
example, the authors [2] consider the issues of
efficient organization of transportation supply
chains in dynamic systems and propose techniques
of risk management. D. Antonucci considers
methods for assessing information risks, which
are relevant in the context of digital control of the
transportation process [3]. R. Hill examines the
issues of improving security in the field of
information management in organization of
international exchange processes, including
transportation processes [4]. The authors [5]
examine management of mixed transportation of
goods under conditions of docking of three modes
of transport.

Atthe same time, the basic idea of development
of transportation systems is to find ways of
management through creation of SMART-systems
that allow monitoring problem areas when
organizing transportation and logistics services.
Therefore, the interest of Russian researchers in
organization and management of mixed
transportation systems is fully justified and
coincides with the interest of the world scientific
community.

The modern development of the Russian
economy is characterized by a variety of economic
links between market entities, ramification of
material flows, differentiation of customer needs
in the transport services market and multilevel
organization of the market itself.

The innovative development policy of the
Russian Federation requires improving the
methods of managing transportation systems
(in terms of growth of integration of various modes
of transport) in the process of cargo and passenger
transportation, as well as in the process of
interaction between sectoral modes of transport
at the level of territorial systems. Given that the
high level of development of transport system and
transport services ensures high speed of
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transportation and efficiency of exchange
processes in the economy, the issues of organizing
and managing transportation systems remain
relevant. Theoretical and methodological aspects
and terminological apparatus in the field of
classification and management of transportation
and transportation & logistics systems are studied
inthe works of Russian researchers: N. A. Adamov
[6; 10], A. N. Goryainov [7], O. N. Larin [8],
L. B. Mirotin [9], T. A. Prokofieva [10],
S. M. Rezerand A. S. Rezer [11].

Nevertheless, considering changing conditions
for development of the transportation market the
studied aspects need to be supplemented and
developed. There is an emerging need to develop
classification of transportation systems as a
starting point for choosing best management
methods in the process of integrating various
modes of transport.

Besides, relevance of transportation systems
management issues is associated with projects to
create a digital platform for a single transport
system [12], implemented in compliance with the
program for digital transformation of the Russian
economy.

The terminological aspect of the concept of
«transportation system» has been repeatedly
considered both in the educational and scientific
literature. Special attention was paid to the analysis
of approaches to the concept of «transportation
system» in the article by A. N. Goryainov [7,
pp. 5—6], where the researcher notes insufficiency
of the object approach in defining a given system
and, by applying the diagnostic approach,
highlights the technological characteristics of
systems. A sufficiently complete overview of the
concept of «transportation system», change of the
author’s emphasis on the technological concept of
«transportation system» [7, p. 8], eliminates the
need to search for new approaches to specifying
the content of the term. However, classification of
transport systems, based on a review of the research
works of his predecessors, allows us to conclude
that it is necessary to develop the terminological
apparatus in the context of integration of sectoral
transportation systems at the territorial level.

D. A. Mitchenko [12] and V. M. Kurganov [13]
refer to the concept and classification of
transportation systems in their works as well.
The article by D. A. Mitchenko considers a
transportation system as a set of related concepts:
transport hub, transport infrastructure facilities and
transport corridor [12, p. 1]. D. A. Mitchenko
devotes the main attention within the study on the
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issue of classification of transportation systems to
urban passenger transport systems and that relates
to objective of the study which is searching for
mechanisms of information management of
interaction of various modes of transport [12, p. 2].
Taking as a basis for classification of urban transport
systems such a criterion for classification of transport
corridors as the location, D. A. Mitchenko proposes
a method for diagnosing the passenger transport
system from the point of view of criteria of fuzzy sets.
It should be noted that the study of systems and their
further management is based on the same general
technological principle of organizing transportation
as in the works of A. N. Goryainov [7], while the
centre of attraction is refocused on interaction of
various modes of transport.

Thus, a review of Russian research in the field
of transportation systems management reveals a
trend towards development of classification of
transportation systems with an emphasis on
technology and organization of the transportation
process. The complexity of scientific research is
explained by multi-level organization of trans-
portation systems management in the context of
interaction of several modes of transport, that is,
when organizing multimodal transportation as the
technological basis for existence of a mixed
transportation system.

Thus, the objective of the study is to develop the
concept of a mixed transportation system, as well
asthe theory of transportation systems management
based on existing scientific approaches to
classification of transportation systems.

The features of organization of mixed
transportation as the basis for formation of mixed
transportation systems

Let us clarify that transportation of goods by
two or more counterpartiesunderone transportation
document is called mixed transportation'. The
need to organize mixed transportation in the
process of providing a transportation service is of
particular importance, which is argued below.

! As the discussion on the terminology referred to the
transportation of goods by different modes of transport
is very nuanced and is far from being closed, the term is
translated as «mixed transportation» that is as closer as
possible to the original term used by the author here and
further-on in the article. Nevertheless, there are different
opinions on the sense and the use of that term. For more
details, please see the review article by O. Larin inspired
by the work of O. Platonov [Larin, O.N. Regulation of
International Transportation: Modern Aspects. World
of Transport and Transportation, 2019, Vol. 17, Iss. 2,

pp. 296—305. DOI: https://doi.org/10.30932/1992-
3252-2019-17-2-296-305]. — Ed. note.
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Firstly, a positive factor in organization of
mixed transportation, from the point of view of a
transportation service provider, is specialization of
transportation and logistics companies, which
allows for the growth of quality of services.
Improving the quality of transportation and
logistics services, in modern conditions, is
associated with digitalization of the transportation
process, which ensures a reduction in delivery time
and release of company resources for participation
in new contracts.

Secondly, organization of mixed transportation
allows the customersto receive on the transportation
market a whole range of transportation and logistics
services in the field of cargo transportation using a
single document. In this case, a single service
provider is bound by responsibility.

Thirdly, specialization of transport companies
in certain types of transportation and logistics
operations and a reduction in time to complete a
transaction, contributes to acceleration of
processes, which generally leads to an increase in
exchange processes both at the regional and
international levels.

However, there are several problems associated
with management of mixed transportation and their
development at the regional and international level.
Based on the results of studies on international
transportation published in the scientific literature,
it can be argued that 80 % of the world’s cargo is
carried in mixed traffic. Considering the development
rate of the transport infrastructure of Russia, and the
fact that only 30 % of the costs of the commercial
and industrial complex of Russia are invested in
maintaining the infrastructure complex of mixed
transportation services, development of mixed
transportation services meets some difficulties [14,
pp. 162—163]. The presented conditions hinder
development of a customer-focused policy in
organizing the transportation process with
participation of several modes of transport, which
causes the need for formation of customer-oriented
transportation service management systems.
Another factor in development of mixed
transportation is linked to functional differentiation
of modes of transport. The variety of modes of
transport, its sectoral structure and specificity of
cargo and passenger transportation, determine the
relevance of the study of transportation systems both
under the territorial and sectoral aspects.

Considering that each mode of transport has
its own technological characteristics of efficiency,
as well as detailed characteristics of management,
then when managing mixed systems, the question
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arises about the choice of management criteria,
and their hierarchy in the context of interaction of
various modes of transport.

The hypothesis of the need for a new approach
to mixed transportation management within
territorial systems is confirmed by studies of
regional markets of transport and logistics
companies conducted in 2015—2018 [15]. The
information base of the study comprised data of
official websites of transport and logistics
companies, which made it possible to conclude
about the presence and structure of mixed
transportation of goods as part of their services. The
results of the study led to the conclusion about
prevalence of mixed transportation carried out with
two modes of transport (27 % of companies).
Mixed transportation with three modes of transport
was provided by about 24 % of companies, while
four modes of transport were used in the process
of mixed transportation by only 9 % of companies.

At the same time, over 40 % of transport and
logistics companies use only a single mode of
transport in the process of transportation, mainly
transportation by road. The predominance in the
structure of cargo transportation of road transport
is also explained by the fact that over 60 % of cargo
transportation is carried out within the
agglomerations of large regional centres, over 30 %
of cargo transportation within the region and more
than 70 % of transportation within the Russian
territory [15]. The lower share of international
cargo transportation in the overall structure of cargo
transportation is due to the features of historical
development of the economy and geographical
location of the regions.

It should be summarized that the specifics of
organization of mixed-type cargo transportation is
associated with the characteristics and principles
of development of transportation systems both at
the territorial and sectoral levels.

Initially, it is necessary to clarify the very
concept of «transportation system», as well as to
determine the place and role of mixed transportation
systems.

From the standpoint of the systemic approach,
chosen as the main one for the study, the term
«transportation system» is considered as a set of
interrelated elements (people, objects of transport
and logistics infrastructure, technical means,
vehicles) operated to ensure the process of
transportation of goods and/or passengers. The
systemic approach allows us to go directly to
classification of mixed transportation systems
through their step-by-step decomposition and
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further synthesis of mixed transportation systems.

The first step in managing systems as an object
is to classify them. The need for classification of
transportation systems is explained by the need to
develop methods for managing transportation of
goods and passengers in the context of joint
provision of transport services within the framework
of sectoral interaction of modes of transport,
including infrastructure management issues. The
meaning of theoretical development is to establish
the relationship between the type of transportation
system and the choice of mixed transportation
management criteria.

At the same time, the digital transformation of
the economy requires a revision of the existing types
of transportation systems, specifying the
characteristics of mixed-type systems [7,
pp. 150—151].

The study of classification characteristics of
systems and issues of their spatial development is
reflected in the works of V. D. Gerami [17],
N. A. Zhuravleva [16; 14], E. 1. Makarov [18].
Some important statements stipulated by them
allowed the author to formulate a view on the
concept of a mixed transportation system.

The term «mixed transportation system» is
currently not well-established and is based on the
definition of «mixed transportation». It is for this
reason that mixed transportation systems are
presented as systems for managing transportation
of goods using two or more modes of transport.

The author’s understanding of the mixed
transportation system is connected to the emphasis on
the integrative role of the system as of a combination
of companies in the process of regional and
intersectoral management of the transportation
process. At the same time, the inter-sectoral nature
of management indicates the presence of two or
more modes of transport in the process of cargo
transportation. In the context of territorial
administration, mixed transportation systems
(hereinafter MTS) are multi-level organized
associations of companies, where the infrastructure
complex of the territory, including elements of the
transport and logistics infrastructure that are under
regional administration, acts as a platform for
interaction.

The author’s opinion on the conditions and
goals of formation of MTS, as well as on their role
and the position in the process of economic
integration of transportation market entities, is as
follows.

1. A mixed transportation system under the
aspect of the institutional theory of economics is a
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mesoeconomic system, since it unites organizations
with various sectoral or territorial characteristics.
The functionally mixed system ensures effective
management of cargo transportation, due to which
the logistics principle of its activity is achieved
(delivery is provided «just in time» and «door to
door»).

2. Under the aspect of territorial management,
a mixed transportation system unites participants
in supply chains of one and the same territorial
transport network, which have different industry
affiliations. The purpose of MTS is to optimize the
resources of partner companies and reduce delivery
time.

3. One of options for presenting MTS is its
consideration as a subsystem of an industry
transport corporation that carries out network
management of transportation processes. In this
particular case, the goal of MTS management is to
ensure network integration of the company’s
divisions.

Thus, we can conclude that the concept of
«mixed transportation system» is interpreted in a
«narrow» and in a «wide» sense.

In a narrow sense, MTS is presented as a set of
transport companies that have united to provide
mixed transportation services.

Inabroadsense, STS isaterritorial association
of sectoral transport companies that carry out their
activities with the aim of efficiently organizing a
comprehensive service for transportation of goods,
based on the joint use of their own and territorial
transport and logistics infrastructure.

The definition of MTS in a broad sense is
distinguished by a multi-level characteristic of the
system, complexity, and self-organization. MTS is
an artificial system of control of cargo and/or
passenger transportation.

The organization of the transport and logistics
process, including the process of mixed
transportation of goods by various modes of
transport, is considered as the target function of
MTS. The study of the role and conditions of
functioning of MTS is relevant both from the
organizational and management points of view, and
from the point of view of effectiveness of
introduction of new technologies into the process
of transporting goods. It is assumed that within the
framework of MTS, transport and non-transport
organizations carry out their activities on a
partnership basis, which implies the choice of an
organizational form of a corporate or non-
corporate type. In this case, indicators of the results
of activity of MTS, characteristic of commercial
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organizations, are introduced into MTS
management criteria, in particular, a balanced
scorecard system can be introduced.

It should also be noted that the term «non-
transport organization» was introduced by
A. P. Abramov and V. P. Galaburda to describe
the market for transportation services [20]. By
«non-transport organizations», these authors
mean companies involved in the transportation
process, but not providing transportation services.

The regional transport and logistics system
(hereinafter RTLS) isthe platform for development
of MTS, integration of transport and transport
and logistics companies at the level of a specific
territory. The elements of RTLS comprise
infrastructure facilities, which include territorial
transport and logistics centres and multimodal
terminal and warehouse complexes. However, it
should be borne in mind that many infrastructure
facilities are the property of industry transport
companies, including holdings companies,
branches of transnational corporations
(hereinafter TNC), associations of groups of
companies. Thus, immovables of transport or
transport and logistics infrastructure can have dual
subordination, which complicates the
management process.

The presence of cross-sectoral integration, of
control centres for technological operations
(unimodality), of a combination of horizontal and
vertical lines of control, leads to the conclusion that
the systems of sectoral transport companies with a
network functional organization are formed as
mixed ones, since they show at the same time signs
of territorial and sectoral management.

We can cite as a reference an example of JSC
Russian Railways holding company, which has an
extensive structure of transportation infrastructure
facilities, a network of branches in the regions and
carries out network management of mixed
transportations via interaction with its subsidiaries
(JSC TransContainer, JSC RZD-Logistics, etc.).
Considering that JSC Russian Railways includes
companies with a fleet of vehicles of other modes
of transport, mixed transportation can evidently
be provided.

Microeconomic systems are economic systems
of individual market entities, of enterprises and
organizations. Functional analysis is of particular
importance for analysing microeconomic systems,
revealing the features of their activities. The
microeconomic systems of the transport market
should include any non-network transport
organizations, mainly with a linear-functional
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organizational structure, which are currently most
common in the market.

Principles of classification and management of
mixed transportation systems

The processes of network integration of the
national and world economies, development of
the system of transnational corridors and
globalization of supply chains, computerization
of logistics and transportation processes have
had a significant impact on emergence of a new
group of transportation systems, namely mixed
transportation systems, whose classification
attributes can also be determined. Based on the
analysis of existing approaches to classification
of systems, it is proposed to systematize
knowledge about the mixed transportation
system.

The basic principle of MTS classification is
division according to the type of transportation into
cargo and passenger ones. Examples of mixed
transportation systems in passenger transportation
are urban passenger transport systems, where there
are hub stops intended for passengers transferring
from a mode of transport to another one, airports,
with built-in infrastructure for high-speed railway
transport and highways, etc.

An example of mixed transportation systems
for transportation of goods are transport &
distribution, transport & logistics centres, cargo
airports with an integrated system for delivery and
processing of postal and other goods, etc.

Since the study focuses on management of
cargo transportation, the proposed MTS
classification does not consider the features
inherent in transportation of passengers.

It is proposed to classify mixed transport systems
according to the following groups of characteristics:
organizational form; form of integration of transport
companies in the system (scale and type of industry
(sectoral) integration); by type (composition) of
mixed transportation services.

Further, mixed transportation systems are
considered only referring to transportation of goods
(see Pic. 1).

It is proposed to classify mixed transport
systems according to the following groups of
attributes: organizational form; form of integration
of transport companies in the system (scale and
type); by destination of transportation; by type
(composition) of transportation services.

It is necessary to clarify the principles and
features of M TS classification, which is presented
below.

The need to create MTS is due to the desire
of transport organizations to obtain a synergistic
effect, which is expressed in achieving its
aggregate for each of them. The results of
integration of companies are joint financing and
implementation of information & innovation
and information technology systems,
optimization of distribution costs, development
and joint use of transport, warchouse, and
information infrastructure.

Prospective improvement of integrated
transport and logistics services in the field of joint
use of infrastructure of companies can lead to
formation of mesoeconomic systems both at the
territorial and sectoral levels. Based on the
definition of general goals of companies and their
specific functions in partnership, the following
possible forms of MTS integration are considered:
corporate associations (holdings companies,
concerns, consortia, pools, TNC; unincorporated
associations (clusters and strategic alliances).

This circumstance was also reflected in the
process of determining the classification attributes
of MTS. Thus, the following forms are among the
possible organizational forms of MTS:

1) Holding companies assystems of intersectoral
integration operating in the spheres of industry,
transport and trade.

2) Transnational corporations, including
network international organizations, influencing
development of national economies.

3) Consortia, as territorial intersectoral
associations.

4) Strategic alliances (classified as alliances) as
international and intersectoral associations of
transport and logistics companies.

5) Pools, as associations of transport
organizations, whose activities are aimed at
forming a single financial fund, and resources
there-of are invested in maintaining the transport
infrastructure of interacting companies.

6) Clusters, including transport and logistics
ones, as subsystems of larger territorial clusters.

It is necessary to pay attention to the fact that
at the meso-level, there may be relationships that
connect industrial and transport regional
companies, as well as relationships between them
and larger systems (Financial-Industrial Groups
or TNC).

The next classification feature of MTS is the
scale indicator, which includes two classification
groups: territorial MTS and sectoral MTS. The
grouping of MTS by territorial coverage
characterizes the maximum radius of provision of
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Classification attributes of a mixed transportation system (for cargo transportation)
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Pic. 1. Classification of mixed transportation systems (author’s scheme).

transportation services (local, national, and
transnational services).

It should be noted that the interregional level
of MTS development is equated in meaning to the
national level. Transit transport corridors uniting
several regions of Russia solve the problems of the
national transport system. The grouping by sectoral
integration indicates the sectoral focus of MTS,
namely, the belonging of shippers or consignees to
any economic sector: if they belong to industry,
science-intensive technology sector then they are
transport and technological MTS; if they are
engaged in organization of the distribution system,
including trade, then they are transport and
logistics MTS; if organizations of several industries
participate in a MTS we have the case of an
intersectoral MTS.

The sectoral attribute in the context of the study
is considered from the point of view of organization
of the mixed transportation process, and not only
from the standpoint of sectoral characteristics of
transport. Thus, the management of MTS of the
transport and technological type had for objective
growing efficiency of technologies for organizing
the transportation process between the combined
modes of transport. The management of a transport
and logistics MTS implies an orientation towards
comprehensive provision of not only transportation
services, but also of other logistics services.
Intersectoral MTS management involves
establishment of criteria for managing the
transportation process of interacting transport and
non-transport companies.

The types of cargo transportation that are
provided by MTS operations are considered as a

necessary classification criterion. Considering that
intermodal, multimodal, and combined
transportation are specific cases of mixed
transportation, MTS should be classified according
to the possibilities to carry out all types of
transportation: international, intermodal,
multimodal, combined, and universal ones.

International mixed transportation involves
organization of cargo delivery through trans-
shipment from a mode of transport to another one
in international traffic. In this case, the creation of
MTS will entail responsibility for issuing not only
transportation documents, but also for preparing
customs documents. The creation of MTS with
combined transportation assumes that the services
include a service for moving cargo from a mode of
transport to another one, and this type of work is
carried out at the expense of M TS resources. MTS
offering intermodal transportation services
organizes the transport process according to a single
document, where a carrier-operator is responsible
for the entire transportation process, including for
agreements with third-party organizations. MTS
offering multimodal transportation services bears
responsibility for providing transport services under
asingle document, without resorting to the help of
third-party organizations. The creation of a MTS
with services of universal transportation of goods
implies organization of the transportation process
for any type of transportation from the previously
listed ones and with the ability to involve third-party
organizations in the transportation process.

It should be noted that the idea of the
presented classification is to focus on mixed
transportation systems. The choice of classi-
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fication features is due to the possibility of
introducing digital methods of MTS control in
terms of algorithmizing the transportation
process. For example, it could be based on scale
(at the territorial or sectoral level), on the type
omixed transportation (multi- or intermodal
transportation), etc.

The homeostatic approach is considered as
the basic principle of effective management of
MTS, aimed at achieving its stability, which
makes it possible to achieve intra-system
equilibrium by managing conflict zones during
transportation of goods. The publication does
not intend to study in details homeostatic
approach, either its difference from, e.g.,
homeokinetic plateau. Only general explications
on the principles of the use of that method for
management of mixed transportation systems
are suggested below.

The state of dynamic equilibrium is achieved
through introduction of digital methods for
managing the transportation process, which is
possible in the context of the use of information
systems for tracking transportation of goods and
customer feedback systems.

It is planned to develop and implement
digital customer-oriented systems aimed at
introducing management by results. The system
of effective indicators includes criteria for
managing the transportation process, which is
reflected in development of a management
system for an integrated transport and logistics
service for cargo transportation. As part of the
digital transformation of transportation systems,
it is proposed to introduce management systems
for integrated transport and logistics services,
which seems promising from the point of view
of organizing mixed transportation. The
formation of a single customer environment,
which is provided for within the framework of
this information and analytical system [21], is
necessary to maintain commercial income by
transport and transport and logistics companies.
From the point of view of a customer-oriented
approach to managing a mixed transportation
system, introduction of digital mixed trans-
portation management systems will reduce the
response time during preparing of an application,
and will also allow to monitor other indicators
of the transportation process, including the risk
rate during transportation.

The principle of integrability is also
considered as a mandatory principle of MTS
management, it also supports interaction of
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companies through development of artificial
intelligence systems and leads to formation of
embedded digital systems. The use of digital
technologies in the process of formation and
development of MTS will contribute to making
lean management decisions based on integration
of information databases of supply chain
partners, which in the future will improve
quality of business processes in the transport
industry.

Conclusions.

Decision-making in the field of development
of the architecture of the information and
analytical management system is based on the
objectives of transportation systems operations.
In Russian, within the framework of the
implemented program on Digital Economy of
the Russian Federation, as well as considering
the tasks of the Comprehensive Plan for
modernization and expansion of the main
infrastructure for the period up to 2024,
development of mixed transportation systems
is highly relevant.

From the standpoint of the process approach,
we understand under a mixed transportation system
a set of transport companies that have united to
provide mixed transportation service.

From the point of view of multilevel and
complexity of interaction of several modes of
transport within the transport network, a mixed
transportation system is considered as a territorial
association of sectoral transport companies
operating with the aim of efficiently organizing an
integrated service for transportation of goods, based
on the joint use of their own and territorial transport
and logistics infrastructure.

Approaches to effective development and
implementation of digital and information
technology include development of a classification
of mixed transportation systems in the field of cargo
transportation.

The presented classification reveals the
characteristics of a special type of systems which
are mixed transportation systems. The choice of a
group of classifying attributes of a mixed
transportation system results in development of
digital methods for managing the process of
transporting goods, considering the organizational
form of associations of modes of transport,
territorial features of organization of systems, the
type of mixed transportation service, and industry-
specific features of organization of the technological
process.
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Solving the problems of managing the
transportation process in a mixed transportation
system depends not only on organizational
characteristics and composition of elements of the
system, but also on the specific conditions of the
external environment that is formed within
territorial economic systems. For this reason,
development of scientific methods for managing
integration of transport companies as part of
territorial and/or sectoral transportation systems
isdeemed to be among the tasks of managing mixed
transportation systems.
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OueHka BnuaHua adpdekrta Jonnepa
Ha Ka4eCcTBO paauoOCBSA3U1 B YCJIOBUSX
BbICOKOCKOPOCTHOIO A BMXEHNSA

JMio6oeb XXYPABJIEBA Muxaun HUJ10B

B cTatbe npeanoxeHa MeToamnka OL€HKN NCKaXEHNI
paavocurHana ot gevicteus a¢ppekta Jonnepa (34)
B YCJIOBUSIX BbICOKOCKOPOCTHOIO ABUXEHUS 0E3408.
Llenb paboTsl — pa3paboTka KPpUTepreB OLLEHKU Ka4eCcTBa
pPaanocBsI3v ¢ NOABUXHLIMU 0OLEKTAMU B YC0BUSIX Bbi-
COKOCKOPOCTHOI O ABUXEHUS1 noe3nos. [as aToro npesa-
J1I0keHa MeToanka pacyéta BepOSITHOCTY OLMOKM, BO3-
Hukarlowei B peaynbtare gevicteus a¢poekra fonnepa.
JlaHo o6ocHoBaHve aKkTyasnbHOCTU TeMbl AJ1S1 Kele3HO-
JOPOXHOro TpaHcrnopTa, rae nocpencTsoM pannocss3v
ocylecTBasSIeTCsl yrnpaBieHne ABUXEHNEM Moe3a0B
un obecrnevyeHne 6e3onacHocTu. ZlocTuxeHne Tpebyemo-
ro Ka4ecTBa pagnoCUrHasoB sIBJISETCS [71aBHOV 3a4a4€ei.
OcobeHHO BaxHa oueHKa ka4yecTBa rnpu opraHn3auymm
LUMPOKOIMOJIOCHbIX KaHasaoB CBSA3U C MaLVHUCTaMM Mo-
JIBUXXHBIX COCTABOB C [MOMOLLbIO CeTeV MOOMIbHOV CBA3U.
[nsa pelueHuns aTo 3aaa4m paccMoTpeHa MOAE b OLEeH-
KM KayecTBa pannocBsi3u B ycsoBusix gesicteus 9.
WickaxeHus curHanoB B pagnokaHasne 3a CYET appekta
Jonnepa npennoxeHo oueHnBaTb C MOMOLLbIO TPUBEAEH-

Bnagumup JIOLLKAPEB Bnapgucnas JIEBLUYHOB

2Kypaesaésa Jlrob6oes Muxaiinoena — Poccuiickuii ynusepcumem mpancnopma, Mockea, Poccus.
Hua06 Muxaua Aaexceesuy — [TAO «Meeagon», Mockea, Poccus.

Jlowrapee Baadumup Jleonudosuu — [1AO «Mezagon», Mockea, Poccus.

Jlesuwynoe Baaducaae Bumaaveeuu — [1AO « MAXIM», Mockea, Poccus*.

HOW gucnepcun CyMMapHOW norpeLwwHocTy, KoTopas
COCTOUT 13 IBYX COCTaBASIIOLUMX: ANHAMUNYECKOW 1 MoMe-
xoBovi. [lpeacrtaBsieHbl pac4ETbl CyMMapHOU npuBeaéEH-
HOVi MOrpeLHoOCTN CUrHaIa v BEPOSITHOCTY OLIMOKU As
ckopocrTevi aBmxeHusi Boiwe 100 km/4. Kpome Toro, AaHsl
oueHku BavsiHus 8/] Ha KorepeHTHbIA MPUEMHUK, B KOTO-
POM MOryT BO3HUKAaTb OLUINOKM 3a CYET MBMEHEHWI AN~
TEeJIbHOCTY PaaNonMIybCOB.

MpuBenéH aHann3 apHeKTUBHOCTU CUCTEMbI aBTOMA-
TUYECKOU rnoacTporiku yactotsl (AlY) npuémHnka kak
cpencTBa 6opbbbl ¢ 3/]. [ns 3TOro BBEAEHO MOHATUE
MrHOBEHHOIO CreKTpa napa3nTHOVM 4acTOTHOM MOAYISILMN
3a cy€T 8/], 1 ¢ NomoLLbIO NPUBEAEHHON ANCNEepCUn Cym-
MapHO norpeLHoOCTY PacCyNTaHoO Ka4eCTBO PaaNOCBSI3N.
SppekTnBHocTb ncnonb3oBaHns AlNY gokasaHa rnocrne
CpaBHEHUs1 OLleHOK kayecTBa rnpuéma c A4 n 6e3 Hero
B BUAE OTHOLIEHUSI BEPOSITHOCTel owmnbok. Chpopmy-
NIMpoBaHbl 0COBEHHOCTU NCM0b30BaHNST MOBOUIILHOM
CBSI3M Ha Xes1e3HOA0POXHOM TPaHCNOPTE B yCI0BUSAX
aevicteus 3.

KnioyeBble c/ioBa: xene3Has 4opora, BbICOKOCKOPOCTHOE ABWXeHne, 3p@ekT JJonnepa, uckaxeHusl, CKOpoCTb
JABUWXEHWs roeszaa, aBsToMatn4deckasl nogcTporika 4acToThl, PaANOCUrHaIl, Ka4eCTBO PaanoCBa3un.

*Nudopmaums 06 aBTopax:

asp-nil@bk.ru.

bartok890@mail.ru.

Levshynov1122@mail.ru.

For the English text of the article please see p. 63.
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1. AKTYAJIbHOCTb

VYipaBiieHue IBHXXEHHEM I0e310B 1 00ec-
neyeHre Oe30MacHOCTH Ha XKeJe3HOTO0POXK-
HOM TPaHCIIOPTE BO3MOXKHO TOJIBKO C IIpUME-
HEHMEM CUCTeM paguocBsa3u. OT KayecTBa
(byHKIIMOHMPOBAaHUS paIMOKAHAJIOB 3aBUCSIT
nokasareyiv 3¢ (GEKTUBHOCTU IEPEBO30YHOTO
npoliecca U 0e30IaCHOCTU IBMKEHMS T10€3-
noB. JlocTikeHHe TpeOyeMOro KayecTBa pa-
JIMOCUTHAJIOB SIBJISIETCS [JIABHOM 3a1a4eii Ipu
OpraHM3alluy IIMPOKOIIOJOCHBIX KaHAIOB
CBSI3M C MalllMHKCTaMU. PellieHue 3Toii 3a1a-
Yyl 0COOEHHO aKTyaJbHO IJIS1 Iepeaadyu Ha
MOJBVXXHOI COCTaB TPEBOXHOI MH(OpMa-
uu. Takue curHaibl GopMHUPYIOTCS B CUCTeE-
Max BUIEOHAOIIOACHUs IIpU OOHAPYKEHUU
OIACHBIX CUTYaLIMi Ha 00BEKTaX XKeJIe3HOI0-
pPOXHOIO TpaHcIopTa (Iepee3aax, MOCTax,
TOHHEJISIX) U MEePeAaroTCs C IOMOILIBIO CETH
MOOMIBHOI cBsi3u. OLIeHKa KayecTBa paaro-
CBSI3M NOJIKHA YYUTHIBaTh HE TOJBKO BO3-
JNEUCTBUE BHEIIHUX MOMEX OT KOHTAKTHOM
ceTu, paboTaIOIIMX ABUTATEICH U IPYTUX
MCTOYHUKOB IlIyMa, HO U UHTePDEPEHIINOH -
Hble UCKaXCHUS, BOZHMKAIOIIUE 3a CYET
MHOTOJIy4€BOTI0 XapaKTepa pacIipoCTpaHEeHUSI
OTPaXEHHBIX OT MPENSITCTBUM CUTHAJIOB,
a takxe adekra Hormaepa (D). Dbdekr
Horuiepa — 3T0 U3BMEHEHME HECYILIEl YaCTOTHI,
BBI3BAaHHOE IIepEeMEILCHUEM UCTOYHUKA WU
npuéMHuKa curHana [1, c. 139—142].

1leab paboTHI 3aKJTI0YAETCS B OLICHKE BJTUSI -
Hus 3¢ dexra Jlomaepa Ha KauecTBO paguo-
CBSI3U U CIIOCOOOB OOPHOBI C MOCAEACTBUSIMU
3/1. B kauecTBe KpUTEpUS U OLICHKU KayeCcTBa
PamMOCBsI3U MPUHSITA BEPOSITHOCTD OIIMOKHU
H1MPOBOro CUrHaa, BOZHMKAIOIIIEH 3a CYET
JOIICPOBCKOTI'O PacCesTHUS HECYILEH YaCTOTHI.
B ocHoBe MeTomMKu pacyéTa BEPOSITHOCTH
OIIMOKHU JICKUT OIpeneacHue IPUBEAEHHON
JIUCIIEPCUU TTOTPEITHOCTH IIOJIE3HOTO CUTHA-
Jla M3-3a JACHCTBMS Mapa3uTHOM Y4aCTOTHOM
MOIYJISILIMU, BbI3BaHHOM D/I.

IIpennoxeHHBII B cTaThe CIOCOO pacyéra
MPUBEAEHHOM TMCIIEPCUU ITOTPEIIHOCTH 103~
BOJIMJI OLIEHUTh 3(P(HEeKTUBHOCTh YMEHBIIICHUS
MCKaXKEHMUIA C ITOMOIIIbIO CXeMbI aBTOMATHYE -
CKOI1 TOICTPOMKHU YACTOThI HECYIIIETO CUTHA-
na. Takas 3agaya mpuoopeTaeT 0codoe 3Have-
HUE B CBSI3U C BHEAPEHUEM BbICOKOCKOPOCT-
HOTO ABYXEHUs IToe3noB u cucteM Wi-Fi mis
YJIYYIIEHUSI 00CIYXKMBaHMS MMAacCaXUPOB
M MOBbILIEHMS Oe3onacHocTu. s peanu3a-
LAY 3TOM LIEJU HEOOXOAUMBI METOAUKU
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OLIEHKU UCKaxeHu# oT D] u aHanus adhdek-
TUBHOCTU CITOCOOOB OOpbOBI. Pe3ynbraThl
AHAJIOTUYHBIX MUCCAENOBAaHUMN BIUSHUS 3(]-
¢ekra Horiepa Ha Ka4eCTBO paauOCBsI3U
B YCJIOBMSIX BHICOKOCKOPOCTHOTO JBVKEHMUS
(BCH) npuenensl B [1; 2]. B ctpanax, umero-
mux pa3Butyio cetb BCM, Hanpumep, B KHP,
IJIe CKOPOCTH JIBVKEHUST TIOE3I0B MOTYT Tpe-
BeIIIaTh 3HaueHue 400 KM/9, TPOOIEMHBI,
cBsI3aHHBIE ¢ 3dekTom Horaepa, CTOAT
ocobeHHo ocTpo. [IpennoxeHHsie B [1; 2] nBa
crnoco6a 60pbObI C UCKAXKEHUSIMU OT AEHACTBUS
B]1 ocHOBaHBI HAa PUHIIMIIE ABTOTIOACTPOUKH
Hecyeit yactotsl (AITY), KoTopast oTcaexu-
BAET U3MEHEHUS HECYLIEH YaCTOTHI f, ¥ TIpO-
M3BOAUT €€ MOACTpoiiky. B mepBom criocobe
aBTOMaTH4eCcKasi OJCTPOITKa YaCTOTHI B TIPH-
€MHUKE OCYIIECTBJISIETCSI C TIOMOIIIBIO TTPOT-
HO3UPOBAHMS CMEILEHUS Hecylleh Af, BO
BpEMEHU B 3aBUCUMOCTH OT U3MEHEHUN
CKOPOCTH ABVKEeHUs TToe3na. s aToro uc-
TOJTb3YeTCsl CTelMaibHast IporpaMma, B OC-
HOBE KOTOPOU JIEXKUT BBIYMCIEHE KOHEUHBIX
pa3HocTeil BbIcOKOTro Topsiaka (N > 2), uro
XapaKTepHO ISl HEMapKOBCKUX CITydalHbIX
nporueccoB. [lomyyeHHOe 3HaYeHUE TIpUpa-
IIeHUsA (+Af)) IOACTPauBaeT YaCTOTy FeTepo-
IuHa npuéMHuka. Takoil crmocod TpedyeT
0OJIBIIIOTO BHIYMCIUTEIBHOTO pecypca 1 BbI-
COKOT0 OBICTPOAEHCTBUS JIEMEHTHON 0a3bl.
Peanu3zaiust aToro «ajaroputMa KoMIieHca-
uu» D1 Ha ocHOBe 00PabOTKM OOJBILIOTO
00BbEMa MH(GOpMaLIK BO3MOXHA C TTOMOILIbIO
3JIEKTPOHWKY HOBOTO MOKOJIeHUs. B mpocreii-
reM BapuaHTe B cxeme AITY BeipabaThiBaeT-
CSl YIIpaBJSIONIUN CUTHAJ, SBISIOMIMNIACS
Pa3HOCTHIO TEKYIIETO U MPENBIIYIIETro 3HaUe-
HUi1 MapkoBckoro (N = I) cnyyaiiHOTro mpo-
1ecca (M3MEHEHU YacTOTHI HECYIIIETO CHT-
HaJjia), YTO COOTBETCTBYET KOHEYHOI Pa3HOCTH
repBoro nopsinka. Microyiib3oBaHue mpenbic-
TOpUM TIpOIlecca B CiIyvyae IMpeacTaBIeHUS
KoJIebaHWii HeCYIel YacTOThI B BUIE HEMap-
KOBCKOTIO Tpoliecca Mo3BoJisgeT 60j1ee TOUHO
OLEHWUTDb BETMYUHY +Af 1 IIOACTPOUTH CUTHAIT
reTepoarHa MpUEMHMKA.

Bropoii cnmocod — 3To peryJiupoBaHue
YaCTOTHI FeTepONMHA TPUEMHMKA C TTOMOIIIBIO
MWIOT-CUTHAJIOB, 0OaBISIEMBIX B LIU(DPOBbIE
MOCAeI0BATEIbHOCTU (Kaaphbl JaHHBIX) Ha
nepenatonieit cropone. Haznauenmem nmmor-
CHUTHaJIa SIBJISIETCSI OTCJIEXXMBaHUE YCIOBUI
pacmpocTpaHeHUs paJuOCUTHaa, B TOM
YHUCJie CABUTa HeCcylllel 4acToThl 3a cYeT DI,

Xypaenésa J1. M., Hunoe M. A., Jlowukapes B. J1., JleswyHoB B. B. OueHka BnuaHnsa apdekrta flonnepa
Ha Ka4YeCTBO paANOCBA3M B YCIIOBUSIX BICOKOCKOPOCTHOIO ABUXEHUS




[Tocne nerekTpoBaHMs HA IPUEMHOI CTOPO-
He uHbopMalus 00 U3MEHEHUSIX Hecyllei
YaCTOTHI UCTIONB3YETCS ISl TIOACTPOMKY Te-
HepaTopa. B oTauuue oT mepBoro crocoda,
JUTST MUCTIOJIb30BAHUS MUJIOT-CUTHAIOB HE
HYXHBI BBIYMCJIUTEbHBIE YCTPOICTBA, HO
TpeOyIOTCS NOMOJTHUTEIbHbIE KaHaJIbHbIE
pecypchl, HalpuMep, TOo I0JI0CE YacTOoT.
B yc1oBUSIX BBICOKOCKOPOCTHOTO JTBUKEHMS
6oJtee 3((HeKTUBHBIM CIIOCOO0M OOPBOEI ¢ D1
SIBJISIETCST METOJI IIPOTHO3UPOBAHUSI U3MEHE-
HMIA Hecyleii Af , KOTOpbIi o3BosIsAeT Goiee
TOYHO TIpeayrafaaTh OTKJIOHEHUE HECYIIIe OT
HOMMHaJIbHOTO 3HAYeHUSI.

CwmelieHre HeCyIIMX 4acTOT B pe3yJibTaTe
neiictBust D] BIEUET 3a cOOOU HapylleHUE
TIPUHITMIIA OPTOTOHATBHOCTU M MEXYacTOT-
HYIO0 MHTep(hEepEeHLIUIO.

B HacTost111ee BpeMst GOJTBIIMHCTBO Paaro-
cucteM (Hampumep, B MOOUIbHOI CBSI3M)
OPHMEHTHPOBAHO Ha UCIIOIb30BAHNE CUTHAJIOB
C OPTOTOHAJIBHBIM YaCTOTHBIM YIUIOTHEHUEM
(OFDM) [3]. B ocHoBe npuHIIUAMA OPTOTO-
HAJIbHOCTHU JIEXXUT KOAGDOUIIUEHT DYHKIIUNA
KOPPEJISILIAN, TIO3BOJISIIOIINI BEIOPATh CUCTEMY
OPTOTOHAJILHBIX (PYHKITNH, 00€CTIEUNBAIOIIX
Hauydiee KadecTBo nepenadyu. [1pu coBmna-
JIEHUW BXOIHOTO M OTIOPHOTO CUTHAJIOB B Ka-
HaJle TpUEMHUKA KO3 (MUITUEHT KOPPEISI LN
paBeH MaKCMMaJIbHOMY 3HaU€HUIO, B TIPOTUB-
HOM cJIydae OH paBeH Hymo. Takoit criocob
(bopMUpoBaHMS TPYIIIOBOTO CUTHAJA TTO3BO-
JISIET TIOBBICUTD €TO CIIEKTPAIbHYIO TUIOTHOCTh
ITyTEM HAJIOXKEHMSI CTIEKTPOB COCETHMX ITOTHE-
cylmx 4actoT. [1py 3ToM cMeXXHBbIe TTIOTHECY-
1Me CIIeKTpHl He uHTepdepupyoT. Hapyie-
HME YCJIOBUSI OPTOTOHATLHOCTH TTOIHECYIITNX
4acTOT MTPUBOIUT K MEKYaCTOTHOI UHTEpde-
pertmu. OMHOM U3 IPUYIWH HAPYIIEHUS TIPUH-
LIMTIa OPTOTOHAILHOCTH SIBJISIETCST ACCTBUE
O/1, mpoucxopsiiee B pe3yabraTe U3MeHeHU !
CKOPOCTH JIBWKEHUs 00BEKTa, Ha KOTOPOM
YCTaHOBJIEH MPUEMO-TiepenaTank. ClecTBUEM
rostBiieHus 3pdexra Jlorurepa sIBASICTCS 0TI~
JIEPOBCKUH CIBUT TTOJHECYIIIE YaCTOTHI U MC-
KaxkeHUs curHaia [3; 4].

Takum obpazoMm, IMPU UCTIOJIb30BAHUN
raccaxxupaMH 1oe3ja CeTv MOOMIIbHOM CBSI3U
(MC) Ha KauecTBO CMTHaJIa MOXeT 0Ka3aTh
BJIMSTHUE CKOPOCTHOM pexkuM nBYokeHus. st
OLIEHKU BJIMSTHUST CKOPOCTHU TBUKEHMS TTOE3-
Jla Ha KaueCTBO PaaroCBsI3U HYKHO pa3pabo-
TaTh METOAMKY pacuéra MCKaXKeHUI cCUTHaIa
B pe3ynbraTe nectBust D1,
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2. OLLEHKA UCKAXXEHUI CUTHANA
B PAOVOKAHAJIE 3A CHET 3®DEKTA
AONJNEPA

MckaxeHus curHaia B paavokaHaje 3a
cu€T adekra Jlomiepa npoucxomsiT n3-3a
HaCTYILJIEHUS] apa3uTHON YaCTOTHON MOJyY-
asauuu (ITYM). Bto nposiBisieTcs Claeayo-
1IMM 00pa3oM:

1) moTepst YacTU MOIIHOCTU IOJIE3HOTO
cUrHaja, He Ipoulealieil yepe3 yCuauTelb
(punbrp) mpoMexyrouHoit yactotsl (YITY)
NPUEMHUKA NIPY CABUTE HECYILIEN YACTOTHI f;
Ha BEJIMYMHY Mapa3UTHOM AeBUALMN f, (AMHA-
MUYECKasi COCTaBJISIOIAsl MTOTPEITHOCTH),
NPUYEM YBETUYEHUE f, TIPOUCXOMUT, HATIPU-
Mep, B ciydae npuomkeHus: npuéMHuka MC
K 6asoBoii cranuuu (bC), ymeHbiieHue f; —
B ciiydae otaajieHus ot bC;

2) mornajgaHue CIeKTPOB COCENHUX KaHa-
JIOB (CMEXXHBIX ITOAHECYIIMX YAaCTOT) B ITOJIO-
cy YITY (rmomexoBasi COCTaBJISIOLLAS TTOTPell-
HOCTH).

MckaxxeHust MOXKHO OLIEHUTD C ITOMOIIIbIO
AMCTIEPCUM CYMMapHOM MOTPEITHOCTH G Ha
BBIXOJI€ TPUEMHUKA, KOTOPAsi COCTOMT U3 ABYX
COCTaBJIAIOUIMX (IMHAMUYECKOH G2 1 T0-
MexoBoii 62 ). TIpu yclioBUM MPAMOYTOJb-
HOM (hOpMbI HOPMUPOBAHHOM CHIEKTPaIbHON
TUTOTHOCTU MOIITHOCTHM OTM0aronieit paguonum-
nyJsibea S, (o ), IMEIoIIer KOCUHYCONTATbHYIO
¢hopMy 3aBUCUMOCTH aMILIUTYIbI OT BpEMEHU
[5], 1 uaeanbHOrO YCUIUTENS TIPOMEXKYTOU-
Hoit yacTtoThl (YITY) MoXHO 3amucath cie-
JYyIOLIME COOTHOLLIEeHMS (puc. 1):

Gznm—l = GZHOM; st = GZJS[I/IH+ cyznoM = 2623}['

Ortcrona, NpUBeAEHHAsT AUCTIEPCUS] CYM-
MapHOI MOTPELIHOCTU OT AeicTBusa D/,
paBHasi OTHOLIEHMIO MOIIHOCTH G°, K MOLI-

HOCTH MOJIE3HOTO CUTHAJIA, OyAET UMETh BUJIL:
, 20';11

o= (1)
rie 6*,  — Aucrepcus (MOIIHOCTb) YaCTOTHO-
MOYJTMPOBAHHOTO CUTHAJIA (PaIMOUMITYJIbCA
C IUTMTETbHOCTBIO [“MH).

®opwmyna (1) BepHa IJ1s1 060UX ClTyyaeB
IBIKEHUS: cOmmkeHus npuéMuuka ¢ bC
("4acToTa TOBBIIIAETCS ) MU YIATIEHUS €T0 OT
BC (9actoTta moHMXaercs).

J71s1 IpUHSITHIX BBINIE ycaoBuil (puc. 1)
MOXHO 3aIMucaTh BbIpaxXeHWe MUCIIEPCUN

o> [5]:
34
| o2 sony

S, (w)dw | 2)

2 _ -
Ton = 2r
0y +(A0,)/2
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Puc. 1. K pacyéty npuBeaEHHoOM gucnepcnn CyMMapHOWi norpeLHocTy
ot gevicteus apgekra flonnepa (pUCyHOK aBTOPOB).

rie Ao = 2n{2AF, (M, +1)} (2a) — abdek-
TUBHAs MOJI0CA YACTOT CUTHAJIA C YaCTOTHOM
monysnueir (UYM) (apdpekTuBHaS TONIOCA
yI) [6];
AF, = 1
T,

umn

— a¢deKTUBHAas T0J0ca YacToT

1udpoBoro curHana [5];

M, — VHAEKC YaCTOTHOM MOMYJISALINM;

AO g =20 2ZM[f | (M, +1)}(26) —2¢-
¢dexTuBHas MoJjoca 4acTOT Mapa3uTHOM
yactoTHoU Monynsaiuu (ITYM), Bo3HUKar0-
mieit 3a cuér O/1;

MIf |- cpennee 3HaYeHNE MOLYIUPYIO-
1Ie 4aCTOThI j; . TAPA3UTHOM YM ot neii-
ctBUA DJI ¢ MHIEKCOM MOIYJISIIIUHA anM
(puc. 2);

®, — HeCyIlas Kpyropas 4acToTa CUTHaa;

AA
Sl(w)=g — CIeKTpajbHas IIOTHOCTh

MOIIHOCTHY curHajia [5].

Ortcroma, 3HaYeHUS OHUCITEPCHit Gzau’ o’
W IPUBEAEHHOM CYMMApHOU MOTPELIHOCTU
G2 paBHBI:

€301

| ey 2bsomy

T =5 wjm L, a4, QY rba
1%+<Au,¢)/2
o= [ (4 /2mdol=(4,/ Q) h0,; (3)
@

5523;1 = 2(Awn'm /Aa’a.,y)= 2(Afon /Afynq)’

rae Afan = Af, , — 2QdexTUBHasg MIMPUHA
noJiockl yactot YITY.

Takum obpa3om, ajs pacuéTra UCKaxe-
HUI (TTOTpelrHOCTr) OT nelicTBus D] Heoo-
XOAUMO OTPENEIUTh BETUIUHY 3DHeKTUB-
Hoi1 monockl yactoT [TUYM Af . Jlng storo

mum*

TpebyeTcsl pacCUYUTaTh MaTeMaTUYeCKoe
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OXHWIAHUE CIIYYaHHOU BEJIMYUHBI fu 1 UH-
nekc [TYM:

My = M[fon]
MIf] >

PaBHbBIN OTHOIIEHUIO CPEIHUX 3HAYEHUI
monyaupytouei yactorsl ITYM u nmapasut-
HOW IeBUALIN.

3. OUEHKWU YACTOTbl AEBUALIUAN
N4YM 3A CHET OEUCTBUA ODDEKTA
AONJIEPA

BcenencrBue mapasuTHONW 4aCTOTHOM MO-
TIyJISIuvy u3-3a aeiictBus D] (moriepoBcKo-
TO pacceMBaHUsI YaCTOThI) HECYIIAsl 4acTOTa
f, cnBuraeTcsa Ha BETUYMHY J_rfﬂ. CryyaitHast
BeJn4nHa f; M3MeHsieTcst Bo BpeMeHH (3aBu-
CHT OT YaCTOTH! f, yCIIOBUIA PaCIIPOCTPAHEHUSI
CUTHAaJIa, B TOM YMCIie peibea Tpacchl, rmapa-
METPOB TMTEPEMEICHUS TTOABIXKHOTO 00BEKTa
ceTu MOOMJIbHO CBsA3M) [5].

Kak ormeuanocs Beiiie, acddekT Jorepa
MMPUBOIUT K TOMY, UTO CIIEKTpP IMOJE3HOTO
CUTHAJa CITyYaifHbIM 00pa3oM «IiepeMeraeT-
csi» o ocu 4actoT (puc. 1). [Ipu aTom vactpb
oJIe3HON nH(hOPMAIINK TepsieTCsT (HE TTPOXO0-
nut yepe3 nonocy YIIH). B to xe Bpems
B noJyocy YIIY momagaoT mOCTOPOHHUE
CUTHAJTbI COCETHUX KaHAJIOB, KOTOPHIE STBIISI-
I0TCS JIJIS1 HETO TIOMEXOM.

Yacrory neprannu f MOXHO PEICTaBUTD
B BUJIE CJICTYIOIIETO IPOU3BeACHUS: KO3 du-
MEeHTA K (YYUTHIBAIOIIETO YCIOBUS PacIIpo-
CTpaHEeHUs pAIMOCUTHAIA, HATIPUMED, TOXKIb
WV TyMaH), CKOPOCTH JBUKEHUST O0BEKTA U,
Hecyliei yacToThl f, cosg (¢ — yrom mexmy
pacriofoXeHreM TepeaaTduKka 1 Harpasie-
HHMEM PACcTIPOCTPAHEHUSI CUTHAJIA), CKOPOCTHU

Xypaenésa J1. M., Hunoe M. A., Jlowukapes B. J1., JleswyHoB B. B. OueHka BnuaHnsa apdekrta flonnepa
Ha Ka4yeCTBO paAnOCBA3U B YCIIOBUSIX BbBICOKOCKOPOCTHOIO AIBUXKEHUSA




/s

Ko

Ko

(v, +v)

/s

Puc. 2. lpaguk s g In

- v, +,

0 1

YyacToTbl fA (ans cnyyass HepaBHOMEPHOIro ABM)XEeHNs1 00beKTa)

no cuHycoupanbHomy 3akoHy c Yactoroi M[f_ ] (pucyHok asTopos).

cBera C. BelpaxeHue 11 pacuéTa 4acTOTHI
IeBUAaLIN f)1 UMeEET cleayomui Bus [S]:
f =k *v-fcosq/C.

s ycmoBuiA XKeJIe3HOAO0POKHOTO TPaHC-
mopTa Bce 00beKTHI (BBIIKNA bC, TOnBUKHOMK
COCTaB) PaCITOJIOKEHEI BIIOJIb 3KEJIC3HOMOPOXK--
Horo 1oioTHa. [ToaToMy yrom ¢ Mmexmay mpu-
€MHHKOM, pacroyoxkeHHHM Ha BC (unm
B KaOMHE MAaIlIMHKCTA, WJIM BaroHe I10e3/1a),
U TIePEIaTINKOM, HaXOMSAIINMCS Ha TeX Xe
00beKTax, MPUOMIKAETCS K HYJTIO (YTO COOT-
BETCTBYCT HAMXYIIIEMY CIy4alo, T.¢. HANOOJIb-
memMy BiussHuo D). Ecnu npuHSTh £ = 1,
cosg = 1, TO BeIpaXXeHUE IJIsl YACTOTHI IEBUA-
LIMA MOXKHO TIpeo0pa3oBaTh TakK:

f=to, ©)

e U — CKOPOCTD ABVDKCHUSI 00BEKTa, SIBJISICT-
cs1 (yHKIIMEN OT CIIyJailHbIX BEJIMIUH: YCKO-
peHHUS a M BpeMEHHU ABUXEHHUS O0OBEKTa
B peXXUME 3aMeIJICHUSI UJTN YCKOPEHUST (pUC. 2).
Hnsa pacuéra mupuHsl mojockl [TYM
YU MHAEKCA MTapa3uTHOU YaCTOTHOU MOZIYJIsI-
uuu HeoOxonumbl oueHkr M[f | u M[f; 1,
KOTOPEHIE OITPEACIISIIOTCS CPeIHE CKOPOCTHIO
JBVKEHUS TOE3/1a U, U CPEAHUM BPEMEHEM
CMEHBI CKOPOCTHBIX PEKUMOB T10e3/1a 7.
Torma, cornmacHo dhopMmyiie (4), BETUINHBI
MIf ] u M[f},,,] cooTBeTCTBEHHO paBHBbI:

MU =20, =L biean 1 )

rie v, = M[*(g * 7 )] — cpesiHee 3HaYCHUE CKO-
pOCTH TI0€311a IMpY HepaBHOMEPHOM IBILKE-
HUU,

1
M[fnllM]:M[T] 5

I

(62)

rne T =21 (66) — nepuos M3MEHEHUS CKO-
pocTu ABMKEeHUST (TI0 aHAJIOTUU C CUHYCOM-
JTAJTEHOM 3aBUCUMOCTBIO (pHC. 2)).
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BennumHa v, — 310 nMpousBeaeHNE IBYX
HE3aBUCHUMBIX CTyYalHBIX BEIUYUH, 3 UMEH-
HO: YCKOpeHUs a u BpeMenu 7. Orcrona,
MaTeMaTUYeCKOe OXKUAaHNE TPOU3BENCHUS
CJIyYaifHBIX BEIMYMH (a ¥ ) €CTh IPOU3BE-
JeHNe UX MaTeMaTUYECKUX OXUIaHui [6],
T.C.:

Mlv,| =M[a] * M[z ].

151 paBHOBEPOSITHBIX 3aKOHOB pacIipeie-
JICHU TUIOTHOCTY BEPOSITHOCTEM CIyYaiHBIX
BennduH §(a) = 1/A u, ¥(1) = 1/T, tne A,
T — coOTBETCTBEHHO, TIpeNETbHbIC 3HAUCHUST
YCKOPEHHUS @ M BpEMEHHU f (HaYMHasI C HYJIs),
rnocJje ornepauuy ycpeaHeHus noiaydum Mjal
uMlz |:

Mla] = A/2, Mz ] =T/2.

CpenHee 3HAYEHUE YaCTOThI U3MEHEHMUS
CKOPOCTHBIX peXXIMOB (6a) paBHO:

M[f 1=1/T )

Ipumep: ectn A =2 m/c?, T=60c, v, =
108 km/u = 30 m/c, f, = 2,4 I'Ti1, To Ha OCHO-
BaHuu popmyi (5), (6a), (66), (7) moryaunm:
ML/l = 2,4410° Tye30m / ¢

— 2407y ;
310°m /¢ 4

1
M =—2=0,01671y;
= g7 = 0.0167 14

Mgy =2M[ f,1=480Ty .

PaccuntaHHoe 3HauyeHuUe M[t;1 ], cornacHo
OITyOJIMKOBAHHBIM JAHHBIM [4], OKaxKeT HeraTuB-
HOE BIIMSTHYE Ha KAY€CTBO PATUOCBSI3H, T.€. BbI-
30BeT OLIMOKHY MPU TTPUEME PAAUONMITYJIECOB.

TakuM 006pa3oM, BeTMUYMHA TIOTPEITHOCTH
(McKaXeHWH MOJIe3HOTO CHTHAaja) OT JeH-
creust OJ16% | s nonocwt Afy, =210 1,3=
2,6+ 10° Tix (paccunra”Hoii o opmyie (2a),
rae AF, = 10° iy, M =0,3 [8]), cormacHo ¢op-
myJe (3), paBHa:
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Benmuunna norpentHoctn 8% consmepuma
C UCKaXXEHUSIMU OT ACMCTBYSI BHEIITHUX TTIOMEX
W APYTUX UICTOYHUKOB UCKaxkeHuH [9].

st yMeHBIIIEHUsI UCKaXEeHUs 3a CUET
neiictBus D1 B mpu€MHUKAX MpeaycMaTpu-
BaeTCsl YCTAaHOBKA CHCTEM aBTOMAaTMYECKOM
noactpoiiku yactotsl (AITY) Hecylero cur-
HaJa.

Kpome cMmeleHus MojIoChl YacTOT MPH-
HUMaeMOro curHania, aeiicteue DJ1 Moxer
MPUBECTH K MCKaXXEHUSM 3a CUYET OIMOOK
CUHXPOHU3ALIMY ITPY KOTEPEHTHOM IpUEME.
B kauecTBe mpuMepa MOXHO pacCMOTPETh
CIyJail IBUKEHMS MPUEMHMKA PaIiOCUTHA-
JIOB HaBCTpeUy TepelaTIuKy co CKOPOCThIO
120 km/4 (pabota Benércs Ha yactoTe 2,5 I'Tix
¢ anuTeabHocThIo iepuoaa 400 nc). CMenne-
Hue (yBeJIMYeHUe) 4acTOThI B pe3ybTate D/1
COCTaBUT BeJAMUMHY 275 Ii1 1 BBI3OBET yME€Hb-
IIeHUE TUTeIBHOCTHA CUTHAJIa TIPUMEPHO Ha
11 nc 3a cY€T yMeHbLIEHUS ITepUoAa Hecyllei
4acToThl [4]. PannonMnyJibc Kak ObI CXXMMa-
€Tcsl BO BpeMeHHU. [Ipn 3TOM KOIMYeCTBO
MepUOI0B HECYIIIETO CUTHAJIA 3a BPEMSI TH -
TEJTLHOCTH UMITYJIbCA U KOJIMYECTBO UMITYJIb-
COB B eIMHUILY BpeMeHU (CKOPOCTh ITepenaun
CHUTHAJIOB) He 3MeHsTcs. OmHaKo coKpalie-
HUE IJIMTEeJIbHOCTH MMITYJIbCOB Ha 11 nc
MOXET IIPUBECTU K BPEMEHHOMY CIBUTY [
BXOIHOTO PaAMOMMIIYJbCa OTHOCUTEIBHO
OITOPHOT'O CUTHaJjIa B KOTEPEHTHOM TIPUEM-
HUKe. B pe3ynsrare oKoHUaTeIbHOE pellieHre
10 TTOBOAY 3HAYEHUsI MPUHSITON HUdpPHl Ha
(boHe moMex MOXeT OBbITh OLIMOOYHBIM.
OmmbKa g(r) 3a CYET HEKOTePEHTHOCTH CUT-
HaJIOB CKaXXeTCsI Ha BEJIMYMHE METOK MHOTO-
KaHaJIbHOTO TpMEMHMKA Ha BXOJe pelllaro-
IIeT0 YCTPOWCTBa, KOTOpPOE ITociie BhIOOpa
MaKCHMaJIbHOM METKH OTIpeIesisieT 3HaYUeHUE
nepegaHHoR UGpPHI.

JnuTeTbHOCTD [ IpU (UKCUPOBAHHOM
3HAYEHUM HECYIEel YaCTOTHl €CTh NEPeMeH -
Hasl BeJIMYMHA, 3aBUCSIIAs OT CKOPOCTHU
W HaIlpaBJIeHUs IBIKeHMST 00bekTa. Ha BbI-
X0Jlle KaHaJoB NMPUEMHMKA Kaxaash MeTKa
MpeacTaBiseT Co00l CyMMy CUTHAIBHOM g(A)
Y TOMeX0BOM n(A) COCTABSAIOLIMX 3HAUYECHUS
Koa(ppuuuenrta koppeasuuu R(A), roe A
O3HayaeT NnepelaHHbIM curHan (Ludpy).
B «cBoE&M KaHane» cUTHaJIbHAasl COCTaBJISIO-
1asi MaKCMMaJjIbHa, TaK KaK BXOIHOW CUTHAIT

=369,23.10° = 0,37.10 .
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COOTBETCTBYET OITOPHOMY. B «uy>koM KaHaie»
g(\) paBHa HyJI0 Ha OCHOBAaHWU MPUHIIUIIA
oproroHanbHOCTH [6]. [Ipy HEKOrepeHTHOM
MpUEME CUTHATbHAS COCTABJISIONIAS B «CBOEM
KaHaJIe» paBHA 3HAYEHMIO aBTOKOPPENSILIUOH-
Hoit ¢pyHKIMK R _(7), KOTOpoe MeHblle, 4eM
BeanynHa GyHKumu mpu =0 R_(0). B uyxom
KaHaJsie g(A) paBHa 3HAYeHUIO DYHKIIUU B3a-
nMHO# Koppensuun R (7). OTcrona, ommoKy
B «CBOEM KaHaJie» MOCJIe JeJIEHNS Ha BEJTNIM-
HY MOLIHOCTHM CUTHaJa G*, = G?  MOXHO
OLIEHUTH KaK:
&(D = [1 -1, (01,
e 1, (f) — HOpMUPOBaHHasK HYHKIKS aBTO-
KOPPEJSILAN MTePENaHHOTO CATHAIA.
HopmupoBaHHas ¢hyHKIIMSI aBTOKOPPEJIsi-
VY JUTSE PAIMOUMITYJThCa UMEET BUI:

[5].

IIpu 3TOM (® — Kpyromast 4acToTa, COOT-
BETCTBYET YaCTOTE HECYIETO CUTHAJA. YUu-
TBIBasi, YTO HECyIllas 4acToTa U BpeMEeHHOMU
CIOBUT (YMEHBIIIEHUE TJTUTSTHOCTH UMITYJTh-
ca B peayiabrate aeiictBus DJ1) orauyarorcs
B PaCCMOTPEHHOM BBIIIIE TIPUMEPE Ha TPU
MopsIKa, BeIMYMHA UCKaXeHU g(1) (OTKIIO-
HEHUST OT MAKCUMaJTbHOTO 3HAUYEHMST) COCTaB-
nset e(r) = (3 + 107%)%. OmHako ¢ yBeuueH -
€M CKOPOCTH JIBVKEHMST OOBEKTOB ITOTPEI-
HOCTb 32 CYET HEKOT€PEHTHOCTH CUTHAJIOB Ha
BXOjJie MpUEMHMKA OyAeT BO3pacTaTh.

Ecnu 3apukcrpoBaTh CKOPOCTb IBUXKEHUS
(narpumep, v, = 30 M/C) U U3MEHATH TOJILKO
Hecymyto dactoty f, To ma f; = 2,4 T'Ti
YaCTOTHBIN CIIBUT B IPOIIEHTaX HA OCHOBAaHUU
dopmynsl (4) 6yner paseH (4,7+1072)%.
C pocToM 3HaYeHMS HeCyIIel YaCTOThI CIBUT
yMeHbIIIaeTcs B IpolieHTax. Tak, st uHdbpa-
KpacHoro auamnasoHa 400 TIi, Hanpumep,
aTMoc(epHoIt (J1a3epHOIt) CBSI3M YaCTOTHBIM
casur cocrapiser (107°)%. DTo cBuaeTeb-
CTBYET 0 TOM, uTO 3(pdekT Hormiepa HanboJiee
oraceH IJIsT paauoarana3oHa.

_sinwt

r(z)

4. OLLEHKA 9DDEKTUBHOCTHU
CUCTEMbI ABTOMATUYECKOMN
NOACTPOMKU YACTOTDI

CucreMa aBTOMaTHIECKOM MOACTPOUKH
yactoTel AITY yctaHaBIMBaeTCs B yCUIIATENE
MpOMexXyToYHOM yacToThl YITY mpuémHuka.
Kak ormeueHo Brime, cucrema AITY orcie-
KMBAeT UBMEHEHMA Hecylled yacToThl f
U POU3BOIUT €€ MOACTPOKY [5].
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B ocHoBe o11ieHKY 3D HEKTUBHOCTU JIEKUT
CpaBHEHUE BeJIMYMHBI PYUBEAEHHOM CyMMap-
HOW JAUCTIEPCUU TTOTPEITHOCTU OT NEHUCTBUS
B/l ¢ ucnonw3zoBanuem AITY 82S Amq 1 0€3
cuctembl AITY 8253;('

AHanu3 MpuBeIEHHON CyMMapHOI AuC-
TePCUHU TTOTPEITHOCTH 52m U COOTBETCTBYIO-
mue pacuyéTHbie (OPMYJIBI PACCMOTPEHBI
B TIPEIbITYIINX pa3nesax.

Kaxk ormMedeHo BbllIIe, 15T aHaIM3a padboTh
AITY moxHo npenctaBuTh 3¢ ekt Homiepa
KaK TMapa3uTHYIO YaCTOTHYIO MOIYJISIIUIO
ITYM, Moy TUPYIOLILYIO TTOJIE3HBIN CUTHA IO
3aKOHY U3MEHEHMST CKOPOCTHU IBVDKEHUST TIO-
e3na. [1oaToMy HYXHO OIIEHUTbH IIUPUHY
nonockl yactor [TYM Af | 1o popmyie (20)
[6].

Bennumna Af | mokasbiBaeT BO3ZMOXHBIN
AMAna3oH W3MEHEHHU JacTOThI AeBranuy f
(puc. 2). Hapany ¢ nonocoii Af  nenecoo6-
Pa3HO BBECTH MIOHSTHE MTHOBEHHOTO CTIEKTpa
Af  [6], KOTOPBIi XapaKTepu3yeT AMHAMUKY
M3MEHEHHS 4acToTBI f . DTO 103BOJIUT MO-/PY-
romy copMynupoBats 3amauy AITY.

Lenp cucremnr AIIY — orciiexuBarh u3-
MEHEHMsI HECYILEH 4acTOTHI f B osioce Mruo-
BEHHOT'O CIIEKTpa Mapa3uTHOW YaCTOTHOM
MOYJISIIIUY, PABHOM:

Af =2+ M[f_]. 8)

ITpunuun padotsr AITY MoXHO onucaTh
clIeAyIolM 00pa3oM. YIpaB/IsIOLIUi CUTHA
A(t) ¢ BBIXOJA YaCTOTHOTO AeTeKTopa (puc. 3)
MOCTyMaeT Ha YIPaBJSIONININ 3JIEMEHT, Ha-
TIpUMeEDp, BApUKal B Harpy3Ke reTepoIHa Uin
YaCTOTHO-MoayupyeMoro reHeparopa (UYMI)
U M3MEHSET YaCTOTY BBIXOXHOTO CUHYCOM-
nanpHoro curHaia YMI' B cooTBeTCcTBUM
C U3MEHEHUSIMU BXOTHOTO CUTHAJIa, TTPOUC-
xomsmmMu 3a caét D0, B cMecurene mmpouc-
XOIIUT CpaBHEHME YAaCTOT JABYX CUTHAJIOB.
[MorpemHocTh &%, 1y MPY MCMOJIBb30BAHUN
cuctembl AITY Oynet onpenensiTbCs BEIUIM -
HOM A (nonocoit ynepxanus) [5]. TliaBHbIM
s5eMeHTOM B cucteMe AITY gBnsercsd ynpas-
JISTIONIMI 2JIEMEHT (YyIIpaBUTeNb), a UMEHHO:
MOJTYNIPOBOMIHUKOBBIN IMOI, ¥ KOTOPOTO
OapbepHasi EMKOCTb p-# Tiepexojia 3aBUCUT OT
MIPUJIOXXEHHOTO O0OpAaTHOTO HAIIPSIKEHUS.
BricTponeiicTBre 3TOTO 3IeMeHTa (CKOPOCTh
U3MEHEeHUSI EMKOCTHU 3aKPBITOTO Tepexo/a
BapuKarna OT NPUJIOXKEHHOTO K HEMY 3allu-
paroIero HarpsoKeHUs A(t)) HeImoCcpeACTBeH-
HO BIMsIET Ha KAYECTBO IMOACTPOIKHM 4aCTOTHI
BXOJIHOTO CHTHasa.
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Takum ob6pa3zomM, 3(hHEKTUBHOCTh CUC-
Tembl AITY onpenensieTcss CKOPOCThIO OTCIIE-
>KMBaHUS U3MEHEHU I aMTITUTY/IbI YITPaBIISIIO-
IIETO CUrHajla, 3aBUCSIIEN OT BEJIUYUH
YCKOPEHUS d Y YACTOThI CMEHBI CKOPOCTHBIX
PEXMMOB (MM IPOOJIKUTEIBHOCTH t ). BbI-
CTPOJEUCTBUE YyIPABISAIONIETO 3JeMEHTA
OIpeneseTcs NeKTPOHHBIMU XapaKTePUCTH -
KaMu Matepuaia (Hanpumep, 3pdeKTuBHOM
MacCO#l 3JeKTpOHAa, YUCTOTONH UCXOJHOTO
XUMUYECKOTO 3JEMEHTa, pa3MepaMu TOJy-
MPOBOIHUKOBOTO Kpuctasuia) [9].

3HaueHNe 3(POEKTUBHON MMOJOCHI YaCTOT
CHTHAJIA, PABHOE BelInHe Af . paccumTbiBa-
eTcs 1o popMyJie (2a), NpeaCcTaBIEHHON BhIILIE.

BenuuuHa npuBeaéHHONW cymMMapHOU
JIVCTIEPCUU TIOTPEITHOCTU OT AeicTBUsT D1
JIJ11 IpUEMHUKOB ¢ crctemoit ATTH, cornacHo
BeIpaxkeHHsIM (1), (3), oTnipenensieTcs ClIeayIo-

1IMM 00pa3oM:

2e0f
S wen
= ©)

Ha ocHoBaHUM yKe IPUHATBIX BBILIE 3HA-
y 1 3
qeHUN M fpuyl= v 0,0167Iy (7) n Afyml =

2,6+ 10°Tx (2a) MOXHO OLICHUTH IIUPUHY
MTHOBEHHOTO criekTpa Af ;/I MPUBEIEHHYIO
CYMMApHYIO TIOTPEMHOCTb &%, ..

Taxk, Ha ocHOBaHMY (hOpMYJIHI (8) LIMpUHA
MrHoBeHHoro crnekrpa I[TYM pasna Af =
2(1/60c¢) (8), uTO O3HAUAET UBMEHEHUE PEXKU-
MOB JIBVDKEHUSI B cpeaHeM yepe3 60 c.

N ..
3HayeHue MOrpeuHocTu &% , 1, € y4ETOM

neiictBus cuctembl AITY paBHo:

) 2:2:0,0167
cAld — 2,6-109

BenuuuHa npuBeaéHHONW CyMMapHOU
JUCIIEPCUU TTIorpelnHOCTH 6e3 cuctembl AITH
(paccuuraHHas B IpeabIayleM Taparpade)
pasHa &, = 0,37+ 10°°.

Orciona, cuctema AITY mo3BosisieT yMeHb-
IIATH TIOTPENTHOCTD OT ecTBUS D] Ha YeThI-
pe niopsinka. CpaBHeHUE pacu€ToB 1o GopMy-
nmaMm (3) u (9) TToKa3BIBaeT, YTO YIyYIIecHHUE
KayvecTBa CUTHaJIa IPOMCXOINT 33 CYET 3HAUM -
TEJIbHO MEHBIIEH MMPUHBI TTOJOCHI YaCTOT
MTHOBEHHOTO CIIEKTpa IO CPAaBHEHMIO C IIH-
punoii nosiockl [TYM, aumenno: Af  <<Af .

Bimsaue DBJ1 MOXKXHO TaK:Ke OLIEHUTD C IO~
MOIIBIO BEPOSITHOCTHU OIIMOKYW TIpU TIpUEME
2JIEMEHTapHOro MMIyabca P 3a cu€r caBura
TOJIOCHI YacTOT KaHaza. Ijist ourmdpoBaHHBIX
TIEPBUYHBIX CUTHAJIOB C HOPMAJIbHBIM 3aKO-

=0,257.107"° .
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Jletexrop
CHTHAJIOB

I hyp 1y

YacroTslit
JICTEKTOP

Ip oy Ly

E— M

Terepoit

|

Vnpasutens

A1)

DunsTp

a1

HOM pacIpeesieHus] INIOTHOCTU BEPOSITHO-
CTelt (Hammpumep, TOJIOC, BUIEON300pakeHIE)
BEPOATHOCTL P MOXHO paccuuTath ciietyro-
M obpasom [6]:

P, =8,/12

O]

(10)

OTtcrona, BBIMTPHIII B KAYECTBE CBSI3U ¥ 3a

cuét npumeHeHus AITY cocraBur:
-6
o Pu 037 10_10 _L44ul0*
P 0,257:10

YMeHbllIeHe BEPOSITHOCTH OLIMOKM Ha
YeThIPE MOPSIIKA CBUIETEILCTBYET O BRICOKOI
s pekTuBHOCTU cucteMbl AITY B Gopnbe
¢ acpdexrom Jlomrepa.

XapakTep BIUSIHUS CKOPOCTHU IBUKCHMUS
Toe31a v M TOJIOCH YacTOT CHTHAJIa Afyrm Ha
BEJIMIMHY MIPUBEACHHON AUCIICPCUN CyMMap-
HOI MOTPELIHOCTU, BEPOSITHOCTH OIIMOKU
n a¢pdpextuBHOoCcTh AITY mpencTaBiaeH Ha
puc. 4, 5.

Kaxk BumHO 13 puc. 4, ¢ poCTOM CKOPOCTH
JIBIDKEHUS Moe3aa UCKaXeHus oT addexra
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Puc. 3. Cxema aBTONOACTPOVKN
yactorel (f  +f ) 3a cyet
¢popmupoBaHuns ynpasnsiioLero
HanpsbxeHus L(t) n YMr [5], roe
CM — cmecurens; YN — ycunurens
MPOMEXYTOYHOM YacTOTbl;
f_—wacrora rerepoauHa (YMr);
f”p — MPOMEXXYTOYHas 4acToTa;
fn — AeBuauunsi 4acToTsl.

Puc. 4. 3aBucumoctun
norpewHocTyn 3, (<1 09),
BeposTHOCTU ownbkn P, (x107),
agpgpexrusHocTu Al y (x10%) or ckopocTun
ABwxeHns noesgav [1 -y, 2 - Blssa,

3-PI

Puc. 5. 3aBucumocTu norpewHocrTen
84, (x10), 8%, (x1077°)

u BeposiTHOCTH ownekn P, (x107"")

ot winpuHbl nonocer Af, [1 - 8% gy
2-8%,,.,3-P

A4’ owAnH *

Jormiepa yBenmuuBaiorcs, 3¢ (GeKTUBHOCTD
ncnonab3oBanust AITY moBeIaeTcs.

Kax BuaHO 13 puc. 5, yBeJIMUeHHUE CKOPO-
CTU TIepeaayr CUTHAJIOB (pacIIpeHNE ITOJI0CHI
4acToT Afym) CHUXKAET BEJIUYUHY TTOrPELTHO-
cTei Szeau ud®, > ATaKxke BEPOATHOCTb OLIMO-
ku P .. CormacHo dopmynam (3) u (9),
yYBeJIMYEHUE Afyrm He BIMSET Ha 3 HEKTUB-
HOCTb pabOThl aBTOMAaTUYECKOM TTOACTPOINKI
yacToThl. DpdexkTnBHOCTL AITH He MeHsIeTCS
U IIPU CKOPOCTH ABUXKEHMS IToe3ga v =
108 xM/4 paBHa y = 1,44 + 10*. OmHaKo B rpej-
CTaBJICHHBIX pacy€Tax He YIMTHIBACTCS BpeMsI
3aIepKKHU B TIeTIIe oopaTHOi cBsizu AITY, Ko-
TOPOE MOJDKHO OBITh 3HAYMUTEJIBHO MEHBIIIE,
YeM IJTUTSIEHOCTD SJIEMEHTAPHOTO UMITYJIbCA,
3aBUCSIIAS OT CKOPOCTH Mepeaadynd CUTHAJIOB.
PaccunranHble 3HaYeHUs BeposTHOCTEH P_
C TIOMOIIIBIO AaHATTUTHYECKUX (hopMyI (pHc. 1, 2)
JTAIOT PE3yJIbTaThl, KOTOPBIC Ha TIOPSIIOK JIyd-
1IIe, YeM ITOJIyIeHHBIC 3KCIIEPHMMEHTAIbHBIM
myTéM [1; 2]. DTO MOXHO OOBSICHUTH TEM, UTO
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B MICXOOHBIX BEIpaxkeHWSIX (1)—(3); (9); (10) HE
YUUTHIBAETCS CJIOXHAS 2JIEKTPOMarHuTHast
00cTaHOBKa Ha XKeJIe3HOIOPOXKHOM TPaHCIIOP-
Te. Tak, B peaJIbHBIX YCIOBHSIX KpoMe 3(pdexTa
Jorutepa Ha Ka4eCTBO CUTHAJIOB BIIUSIIOT WUH-
TePMOAYJSIIIMOHHBIE TTOMEXU PAa3IMIHOTO
MPOUCXOXICHUS.

M3BecTHO, YTO B peanu3anui CUCTEMBbI
ATIIY rnaBHOE — YCTaHOBJIEHUE PEXMMA 3a-
XBaTa IMOJIOCHL 4acTOT Af, M obGecreyeHune
yaepXaHus 3TOU MOJOChl. DTO BO MHOI'OM
3aBUCUT OT MHEPLUMOHHOCTU U OBICTPOIEHi-
CTBMSI DJIEMEHTHOM 0a3bl 3JIEKTPOHUKH, C TT0-
MOIIIBIO KOTOPOi1 peamm3yeTcs cucrema AITY,
a UMEHHO, OT MCITOJIb30BaHUSI TTOJTYTTPOBOI-
HUKOBBIX MaTepUaJIOB HOBOTO ITOKOJIEHUS Ha
OCHOBE HAaHOCTPYKTYD [9].

5. OCOBEHHOCTU
MCNOJIb3OBAHUA MOBUJIbHON
CBA3U HA XXEJIESBHOO4OPO>XHOM
TPAHCIMOPTE B YCJ1IOBUSAX
DENCTBUSA 9DDEKTA AOMNJEPA

AHanu3 ocobeHHOCTel BIusHUSA 3(pdekTa
Joruiepa Ha KaueCcTBO paalOCBsI3U B YCIOBU-
SIX BBICOKOCKOPOCTHOTO IBYXKCHMUSI TIO3BOJISI-
€T c/eJIaTh CIIeTyIOIINe BEIBOIBI:

1. BDddexT Hormiepa oka3blBaeT HEraTUB-
HOE BJIMSIHME Ha KaueCTBO CBSI3U IIPU CKOPO-
CTaX ABMKeHus roesna 6osee 100 km/4. [1pu
9TOM 3HAY€HUWE NMPUBEIEHHONW CyMMapHOM
JMACTIEPCUU TIOTPEITHOCTU CUTHAJa OT JAeil-
ctBUs1 a(pdekra [lormiepa no BeTUUMHE COU3-
MEPUMO C IeHCTBUEM BHEIIIHUX ITOMEX.

2. DdheKTUBHOCTL O0PHLOBI ¢ 3PPeKkTOM
Horepa orpenesisieT B yCIOBUSX KeJIE3HOIO0-
POXHOTO TpaHCTIOPTa Ka4eCTBO CBSI3U TI0-
JBUXHBIX O0BEKTOB B CETSIX MOOUJIbHON
cBs13u U Wi-Fi. OcobeHHO 3TO KacaeTcs Mpo-
liecca repeaayn oocIy>kKBaHUsI aDOHEHTA BO
BpeMsI BBI30Ba OT OJHOI 0a30BOM CTaHIIUM
(BC) x apyroii.

3. CkopocTb nepekatoueHus ¢ ogHoit bC
Ha APYIyIo (PEeXHUM «MSTKOIO X3HI0BEpa»)
3aBUCHUT OT CKOPOCTH TIiepenadu HHGhOpMaluu
¥ OBICTPONIEHCTBUS 3JIEMEHTHOM 6a3bI MUKPO-
5JIEKTPOHUKMU, OTpeestoneil Takke 3 dek-
TUBHOCTB 00pBLOKI ¢ apexkToM Jlomnepa.

4. Yem BbIllIe CTaHAAPT MOOMILHOM CBSI3H,
TEM BBIIIIE CKOPOCTh Mepeaayr MHDOpMaIInu,
TeM XEcT4ye TpeOOBaHUS K OBICTPOACUCTBUIO
CHCTEMHBIX OJIOKOB, KOHTPOJUIEPOB, KOMMY-
TaTOPOB OCTyIa ceTeli MOOMJILHOU CBSI3H,
a takke cucteM AITY npuémHuka.
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5. B ycnoBusgx BBICOKOCKOPOCTHOTO JIBU-
KeHUs Tepenaya MHGopMauuu B KaOUHY
MAaIIMHUCTA TT0e31a MOXET OCYIIEeCTBISATHCS
C MOMOLIBIO MOOWJILHON CBSI3U cTaHAapTa 4G,
obagatoniero 0ojee COBEpIIEHHBIMU TEXHO-
JIOTHSIMA OOMEeHAa JaHHBIMU MEXKITY ITOJTb30Ba-
TeJIAIMU U 0a30BOIl CTAHILMEW, CETEeBBIMU
MPOTOKOJIAMH, aJITOPUTMAMM yIIpaBICHUS
MOOWJIBHOCTBIO a00OHEHTOB B CETH, METOIAMU
OOpPBLOKI C TOMEXaMU, BOSHUKAIOIIVMMU, B TOM
yucie, u3-3a aercteus apdekra Jdormiepa.
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ABSTRACT

The article proposes a methodology for evaluating
radio signal distortions caused by Doppler effect ( DE;
also, Doppler shift) under the conditions of high-
speed train traffic (HSR, high-speed rail). The
objective of the work is to develop criteria for
assessing quality of radiocommunications with moving
objects in HSR environment. For this, a technique is
proposed for calculating the probability of an error
arising from Doppler effect. A rationale for relevance
of the topic is that radiocommunications are used on
railways for controlling train traffic and ensuring safety
and achieving required quality of radio signals is a
major challenge. Quality assessment is especially
important for organization of broadband communi-
cation channels with locomotive drivers using mobile
networks. To solve this problem, a model for assessing
quality of radiocommunication influenced by DE is
considered. Distortions of signals in a radio channel

due to DE are proposed to be estimated using the
reduced dispersion of the total error, which consists
of two components: dynamic and interference.
Calculations of the total reduced signal error and the
error probability for speeds above 100 km/h are
described. Estimates of the effect of DE on a coherent
receiver, in which errors may occur due to changes in
duration of radio pulses, are suggested. Effectiveness
of the receiver’s automatic frequency control (AFC)
system is analysed as a means of challenging DE. For
this, the concept of an instantaneous spectrum of
parasitic frequency modulation due to DE was
introduced and quality of radio communication was
calculated using the reduced dispersion of the total
error. The efficiency of using AFC has been proven
after comparing the evaluations of reception quality
with and without AFC in the form of the ratio of error
probabilities. The features of the use of mobile
communications on railways under the conditions of
DE are formulated.

Keywords: railway, high-speed traffic, Doppler effect, distortions, train speed, automatic frequency control, radio

signal, radio communication quality.
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1. Relevance.

Train traffic control and safety provision
on railways are possible only with the use of
radiocommunication systems. The
performance indicators of the transportation
process and of train traffic safety depend on
quality of radio channels operations. Achieving
the required quality of radio signals is the main
task when organizing broadband commun-
ication channels with locomotive drivers. The
solution to this problem is especially important
for transmission of alarm information to
moving rolling stock. Such signals are
generated in video surveillance systems when
dangerous situations are detected at railway
transport facilities (crossings, bridges, tunnels)
and are transmitted using a mobile network.
Assessment of quality of radiocommunication
should consider not only the effects of
external interference from the overhead
contact network, operating motors, and other
sources of noise, but also interference
distortions arising from the multibeam nature
of propagation of signals reflected from
obstacles, as well as from Doppler effect
(DE). Doppler effect is a shift in carrier
frequency caused by movement of a signal
source or a receiver [1].

The objective of this work is to assess the
influence of Doppler effect on quality of
radiocommunication and evaluate ways to
counter the consequences of DE. Probability
of a digital signal error arising from Doppler
scattering of carrier frequency was assumed as
a criterion and rate of quality of radio-
communication. The methodology for
calculating the error probability is based on
calculation of reduced dispersion of the error
of the useful signal due to the action of
parasitic frequency modulation caused by DE.

The method proposed in the article for
calculating reduced dispersion of the error
made it possible to evaluate efficiency of
reducing distortions using the circuit of
automatic frequency control of the carrier
signal. This task acquires particular importance
with introduction of high-speed train traffic
(HSR) and Wi-Fi systems to improve passenger
service and safety. To achieve this objective,
methods for assessing distortions from DE and
analysis of effectiveness of methods of reducing
it are required. The results of similar studies on
the influence of Doppler effect on quality of
radiocommunication in HSR environment can
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be found, e.g., in [1; 2]. The problems associated
with Doppler effect are especially acute in the
countries with developed HSR, particularly, in
China, where HS train speeds can exceed
400 km/h. Two methods of countering DE
distortions proposed in [1; 2], are based on the
principle of automatic carrier frequency control
(AFC), which tracks changes in the carrier
frequency f0 and adjusts it. In the first method,
automatic frequency control in the receiver is
carried out by predicting the carrier shift Af, in
time depending on changes in train speed. For
this, a special software is used, which is based
on the calculation of higher order finite
differences (N > 2), which is typical for non-
Markov random processes. The resulting
increment value (+Af)) adjusts the receiver local
oscillator frequency. This method requires a
large computational resource and high response
speed of the element base. The implementation
of this «algorithm of compensation» for DE
based on processing a large amount of data is
possible with the help of a new generation of
electronics. In the simplest version, AFC
circuit generates a control signal which is the
difference between the current and previous
values of Markov (N = 1) random process
(changes in frequency of the carrier signal),
which corresponds to a finite difference of the
first order. The use of the process history in case
of representing the carrier frequency oscillations
in the form of a non-Markov process makes it
possible to more accurately estimate the value
of +Af and to adjust the receiver’s local
oscillator signal.

The second method is to control frequency
of the local oscillator of the receiver using
pilot signals added to the digital sequences
(data frames) on the transmitting side. The
purpose of the pilot signal is to track the
propagation conditions of the radio signal,
including the carrier frequency shift due to
DE. After being detected at the receiving
side, information about changes in carrier
frequency is used to adjust the oscillator.
Unlike the first method, the use of pilot
signals does not require computing devices,
but additional channel resources, for
example, regarding frequency band. In HSR
environment, a more effective way to counter
the DE is the method of predicting carrier
frequency changes Af,, which allows more
accurately predicting the carrier deviation
from the nominal value.
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The shift of carrier frequencies due to the
DE entails a violation of the principle of
orthogonality and inter-frequency interference.

Currently, most radio systems (for
example, in mobile communications) are
focused on using signals with orthogonal
frequency division multiplexing (OFDM)
[3]. The principle of orthogonality is based
on the coefficient of the correlation
function, which allows choosing a system of
orthogonal functions that provide the best
transmission quality. If the input and
reference signals in the receiver channel
coincide, the correlation coefficient is equal
to the maximum value, otherwise it is equal
to zero. This method of forming a group
signal allows to increase its spectral density
by superimposing the spectra of adjacent
subcarrier frequencies (subcarriers). In this
case, adjacent subcarriers of the spectra do
not interfere. Violation of the orthogonality
condition of subcarriers leads to inter-
frequency interference. The DE is among
the causes of violation of the principle of
orthogonality which occurs because of
changes in the speed of movement of an
object with installed transceiver. Emergence
of Doppler effect consequently results in the
Doppler shift of subcarrier frequency and
signal distortion [3; 4].

Thus, when the train passengers use a
mobile communication network (MN), the
signal quality can be affected by the speed mode
of traffic. To assess the influence of the train
speed on quality of radiocommunication, it is
necessary to develop a method for calculating
signal distortions due to the DE.

2. Evaluation of signal distortions in a radio
channel due to the Doppler effect

Distortions of the signal in a radio channel
due to the Doppler effect occur because of the
parasitic frequency modulation (PFM). This
is manifested as follows:

1) loss of a part of the power of the useful
signal that did not pass through the amplifier
(filter) of the intermediate frequency (AIF) of
the receiver when the carrier frequency fj is
shifted by the amount of parasitic deviation f,
(dynamic component of the error), and an
increase in f; occurs, for example, when MN
receiver is approaching a base station (BS), a
decrease in f occurs in case when it is moving
away from BS.

2) penetration of the spectra of adjacent
channels (adjacent subcarriers) into AIF band
(interference component of the error).

Distortions can be estimated using the
dispersion of the total error o?_ at the output
of the receiver, which consists of two
components (respectively, dynamic c? dn and
interference o2  components). Given the
rectangular shape of the normalized spectral
power density of the radio pulse envelope
S, (®), which has a cosine shape of the
amplitude versus time [5], and an ideal
intermediate frequency amplifier (AIF), the
following relations can be written (Pic. 1):

cszdyn = cszinl; st = szyn—‘r cYzim = 202de'

Hence, the reduced dispersion of the total
error due to the DE, equal to the ratio of the
power 62 to the power of the useful signal, will
have the form:

_ 20—]§E (1)

53DE - 2

M
where o, _is dispersion (power) of a frequency-
modulated signal (a radio impulse with
duration rimp).

Formula (1) is true for the both cases of
movement: when the receiver is approaching
the BS (the frequency increases) or when it is
moving away from the BS (the frequency
decreases). For the above conditions (Pic. 1),
it is possible to write the expression for the
dispersion 6°_[5]:

1 op+{ (Aae )/ 2]+ Adpeyy

S, (a))da) s 2)
oy H{Aoy)/2
where A(w), = 2n{2AF, (M, + 1)} (2a) is the
effective frequency band of the signal with
frequency modulation (FM) (effective
bandwidth of AIF) [6];

AF, = ! is the effective bandwidth of a

imp

2
OHh, = —
DE
2z

digital signal [5];

M, is the index of frequency modulation;

A(w) ., = 2rn{2M[f | I(M, + 1)} (2b) is the
effective frequency band of parasitic frequency
modulation (PFM) arising from DE;

M[fpfm] is an average value of the modulating
frequency f  of parasitic FM from the action
of DE with modulation index Mpfm (Pic. 2);

(w), is carrier circular frequency of the
signal;

S, (w) =22

py is spectral power density of the

signal [5].
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c.=0,, +0

2 2

int

Hence, the values of the dispersions o’ ,
o, and the reduced total error ¢, are equal
to:
o+ (Aoy)/2JrAoppy

(A, [ 2m)deo=(A4, / C)* Awpry;

oy +(Aay )2

1 oy +{Aay)/2
=25 | (/2 |dol=("say;
@y

52205 :2(AwPFM /Aa)ef)zz(AfPFM /AfAIF)7 (3)
where Af .= Af, _is effective bandwidth of AIF.

Thus, to cAellFlculate distortions (errors)
occurred due to the DE, it is necessary to
determine the value of the effective frequency
band PFM Afpfm. To do this, it is required to
calculate the mathematical expectation of a
random variable f, and PFM index

d
M
My, = M[{’Z"] ] , which is equal to the ratio of

the average values of PFM modulating
frequency and parasitic deviation.

3. Estimates of frequency of PFM deviation
due to the action of the Doppler effect

Due to parasitic frequency modulation
occurred following the DE (Doppler frequency
scattering), the carrier frequency f is shifted by
+f,. The random variable f, changes in time
(depends on the frequency f;, the conditions of
signal propagation, including the route
topography, the parameters of movement of the
moving object within the mobile communication
network) [5].

As noted above, Doppler effect makes the
spectrum of the useful signal randomly «move»
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Pic. 1. On the calculation of the reduced dispersion of total error occurred due to the Doppler effect
(authors’ picture).

along the frequency axis (Pic. 1). In this case,
a part of useful data is lost (it does not pass
through the AIF band). At the same time,
extraneous signals from adjacent channels get
into AIF, and those extraneous signals are
interference for the AIF

The deviation frequency f, can be
represented as the following product:
coefficient x (taking into account the
propagation conditions of the radio signal, for
example, rain or fog), speed (velocity) of the
object moving v, the carrier frequency f, cosg
(¢ is the angle between the location of the
transmitter and the direction of signal
propagation), the speed of light C. The
expression for calculating the frequency of
deviation f, has the following form [5]:
Fd=xk<*v*f0+cosq/C.

Inthe case of railways, all objects (BS towers,
rolling stock) are located along the railway
track. Therefore, the angle g between the
receiver located on BS (or in the driver’s cab,
or in the train wagon or coach) and the
transmitter located at the same facilities
approaches zero (which corresponds to the
worst case, i.e., the greatest influence of DE).
If we take k = I, cosqg = I, then the expression
for the deviation frequency can be transformed
as follows:
fi=to, )
where v is speed of movement of the object
which is a function of random variables:
acceleration @ and time of movement of the
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Pic. 2. Graph of change in frequency deviation f, (for the case of uneven movement of an object) according to the
sinusoidal law with frequency M[ fp, ] (authors’ picture).

object ¢ in the mode of deceleration or
acceleration (Pic. 2).

To calculate the bandwidth of PFM and the
parasitic frequency modulation index, estimates
of MI[f,] and M[f,, | are required, and they are
determined by the average train speed v, and
the average time of changes in the train speed 7,.

Then, according to formula (4), the values
M(f ] and M[f,,,], respectively, are equal to:

M) L0, = Lw](zanr, )], (5)

where v, = M[+(a *7,)] is average value of train
speed in case of uneven movement;

M{fpm = M[Tﬂ ,

where T, = 2¢,(6b) is period of change in speed
of movement (by analogy with the sinusoidal
dependence (Pic. 2)).

The value v, is the product of two
independent random variables, namely,
acceleration @ and time f,. Hence, the
mathematical expectation of the product of
random variables (a and ¢,) is the product of
their mathematical expectations [6], i.e.:
M[v,| = M[a] * M[z,].

For equiprobable distribution laws of
probability density of random variables ¢(a) =
1/Aand‘P(t) = 1/T, where A, T are, respectively,
the limiting values of acceleration a and time
t, (starting from zero), after the averaging
operation we obtain M[3] and Mz ]

Mla] =A/2, M[t,] = T/2.

The average value of frequency of speed
changing modes (6a) is equal to:
M[f ]=1/T.

pfm

(6a)

(7

Example: if A =2 m/s>, T =60 s, v, =
108 km/h = 30 m/s, f, = 2,4 GHz, then based
on formulas (5), (6a), (6b), (7) we get:

B 2,4+10°Hz+30m /s
M{1.]= 3+10°m/s

1
Moy ]= g5 =0.0167 Hz

Afpey =2+ M[f,]=480 Hz.

=240 Hz;

The calculated value of M[f,] according to
published data [4] will have a negative impact
on the quality of radiocommunications, i.e. will
cause errors when receiving radio impulses.

Thus, the magnitude of the error (distortion
of the useful signal) due to the action of the DE
82, for the band Af,,. = 2-10°1,3 =
2,6 * 10° Hz (calculated by formula (2a), where
AF, = 10° Hz, M = 0,3 [8]), according to
formula (3) is equal to:

, 24480 Hz o P
2DE =m:369,23~10 =0,37+10°.
The magnitude of the error 82 , is
commensurate with distortions from external
interference and other sources of distortion [9].
To reduce distortion due to the DE in
receivers, it is envisaged to install systems for
automatic frequency control (AFC) of the
carrier signal.

In addition to shifting the frequency band
of the received signal, the action of DE can lead
to distortions resulted from synchronization
errors in coherent reception. As an example,
we can consider the case of a radio signal
receiver moving towards the transmitter at a
speed of 120 km/h, operating at a frequency of
2,5 GHz with a period of 400 ps. The shift
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(increase) of frequency due to the DE will be
275 Hz and will cause a decrease in the signal
duration by about 11 ps due to a decrease in the
period of the carrier frequency [4]. The radio
impulse is, as it were, compressed in time. In
this case, the number of periods of the carrier
signal during the impulse duration and the
number of impulses per time unit (signal
transmission rate) will not change. However, a
reduction in the impulse duration by 11 ps can
lead to a time shift T of the input radio impulse
relative to the reference signal in a coherent
receiver. As a result, the final decision about
the value of a received digit against the
background of interference may be wrong. The
error (1) due to incoherence of signals will
affect the value of marks of the multichannel
receiver at the input of the solver, which, after
selecting the maximum mark, determines the
value of the transmitted digit.

The duration 7 at a fixed value of the carrier
frequency is a variable value that depends on
speed and direction of the object. At the output
of the receiver channels, each mark is the sum
of the signal g(A) and interference n(\)
components of the value of the correlation
coefficient R(L), where A means the transmitted
signal (digit). In its «own channel» the signal
component is maximum since the input signal
corresponds to the reference one. In the «alien
channel» g(A) is equal to zero based on the
orthogonality principle [6]. In case of
incoherent reception, the signal component in
its «<own channel» is equal to the value of the
autocorrelation function R_(t), which is less
than the value of the function at t = 0 R_(0).
In an alien channel g(X) is equal to the value of
the cross-correlation function R (t). Hence,
the error in «<own channel» after dividing it by
the value of the signal power 6>, = 6>, can be
estimated as:
e(n)=[1-r1,0],
where r, (1) is normalized autocorrelation
function of the transmitted signal.

The normalized autocorrelation function
sinwr

for a radio impulse has the form r(7)=7
[5]. In this case,  as circular frequency
corresponds to the frequency of the carrier
signal. Considering that the carrier frequency
and time shift (a decrease in the impulse
duration due to the DE) differ in the example
considered above by three orders of magnitude,
the magnitude of the distortions g(t) (deviations
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from the maximum value) ise(t) = (3 * 10)%.
However, with an increase in speed of movement
of objects, the error due to incoherence of
signals at the input of the receiver will increase.

If we fix speed of movement (for example,
v, = 30 m/s) and change only the carrier
frequency f, then for f, = 2,4 GHz the
frequency shift in percent based on formula (4)
will be (4,7« 1072)%. As the carrier frequency
increases, the shift decreases as a percentage.
So, for the infrared range of 400 THz, for
example, in case of atmospheric (laser)
communication, the frequency shift is 10~ %.
This indicates that Doppler effect is the most
dangerous for the radio range.

4. Evaluation of the effectiveness of the
automatic frequency control system

The automatic frequency control system
(AFC)isinstalled in the intermediate frequency
amplifier of AIF of the receiver. As noted above,
AFC system monitors changes in the carrier
frequency f; and adjusts it [5].

The efficiency assessment is based on
comparison of the value of the reduced total
dispersion of the error due to the DE with the
use of AFC &, . .and without AFC system & .

The analysis of the reduced total dispersion
of the error 8>, and the corresponding
calculation formulas are discussed in the
previous sections.

As noted above, to analyse the operation of
AFC, Doppler effect can be represented as a
parasitic frequency modulation PFM, modulating
the useful signal according to the law of change
in train speed. Therefore, it is necessary to
estimate the bandwidth of PFM frequency Afpfm
by the formula (2b) [6].

The value of Afpfm shows the possible range
of changes in frequency of deviation f, (Pic. 2).
Along with the band Afpfm, it is advisable to
introduce the concept of the instantaneous
spectrum Af,_ [6], which characterizes the
dynamics of the change in frequency f,. This
will allow formulating AFC task in a different
way.

The purpose of AFC system is to track
changes in the carrier frequency f; in the band
of the instantaneous spectrum of the parasitic
frequency modulation, equal to:

Af, =2+MIf ] ®)

The principle of AFC operation can be
described as follows. The control signal A(t)
from the output of the frequency detector
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Pic. 3. Scheme of automatic frequency adjustment (automatic fine tuning) (f , +f ) through creating control
voltage )\.(t) and FMO [5], where: M — mixer; AIF — intermediate frequency amplifier; f, — frequency of

heterodyne oscillator (FMO); f,,
(Pic. 3) is fed to a control element, for example,
to a variable-capacitance diode (varicap diode)
in the load circuit of a local oscillator or a
frequency-modulated oscillator (FMO) and
changes the frequency of the output sinusoidal
signal of FMO in accordance with changes in
the input signal occurring due to DE. The mixer
compares the frequencies of two signals. The
error 8, .. when using AFC system will be
determined by the value of Af__ (locking range)
[5]. The main element in AFC system is a
control element (reactance control circuit),
namely, a semiconductor diode, in which the
barrier capacity of p-n junction depends on the
applied reverse voltage. The speed of response
of this element (the rate of change in the
capacitance of the closed junction of the
varicap following the blocking voltage A(t)
applied to it) directly affects the quality of the
input signal frequency adjustment.

Thus, the efficiency of AFC system is
determined by the speed of tracking changes in
the amplitude of the control signal, which
depends on the values of acceleration a and the
frequency of changing the speed modes
(or duration 7,). The speed of response of the
control element is determined by the electronic
characteristics of the material (for example, the
effective mass of the electron, purity of the
original chemical element, the size of the
semiconductor crystal) [9].

The value of the effective bandwidth of the
signal, equal to the value of Af , is calculated
by the formula (2a) presented above.

— intermediate frequency; f,— frequency deviation.

The value of the reduced total dispersion of
the error due to the DE for receivers with AFC
system according to expressions (1), (3) is
determined as follows:

2 A,

52 — inst_
are =5 ©)

Based on the values already adopted above
M fom]=t==0,0167 Hz () uAf,=2,6* 10 Hz

(2a) it is possible to estimate the width of the
instantaneous spectrum Af, and the reduced
total error &, ...

So, on the basis of formula (8) the width of
the instantaneous spectrum PFM is equal to
Af  =2+(1/60s) (8), which means a change
in the modes of movement on average after 60 s.

The value of the error & , ... considering the
action of the AFC system is equal to:

2.2-0,01967=0’257.10,,,,'
2,6+10

2 —_
Soarc =

The value of the reduced total dispersion of
the error without AFC system (calculated in
the previous paragraph) is equal to 6% . =
0,37+ 10

Hence, AFC system makes it possible to
reduce the error from DE action by four orders
of magnitude. Comparison of calculations
made with formulas (3) and (9) shows that
improvement in signal quality occurs due to a
significantly smaller bandwidth of the
instantaneous spectrum compared to the
bandwidth of PFM, namely: Af, << Afpfm.

The DE can also be estimated using the
error probability when receiving an elementary

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 4, pp. 54—71 (2020)

Zhuravleva, Lyubov M., Nilov, Mikhail A., Loshkarev, Vladimir L., Levshunov, Vladislav V. Evaluation
of the Impact of Doppler Effect on Quality of HSR Radiocommunications




0.3

03

2

Pic. 5. Dependences of errors 3° ,_(x107°), §*, . (x107°) and probability of the error P

impulse P_ due to the shift of the channel

frequency band. For digitized primary signals

with a normal probability density distribution

(for example, voice, video), the probability P_

can be calculated as follows [6]:

P_ = &%DE/12. (10)
Hence, the gain in quality of the connection

vy due to the use of AFC will be:

P, 0,37-10°

= er

T Pore 0,257107°

=1,44+10"

A decrease in probability of error by four
orders of magnitude indicates the high
efficiency of AFC system in countering the
Doppler effect.

The nature of influence of train speed Vand
the frequency band of the signal Af . on the
value of the reduced dispersion of the total
error, error probability and the efficiency of
AFC is shown in Pic. 4, 5.

Asseen from Pic. 4, with an increase in train
speed, the distortion from Doppler effect

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 4, pp. 54-71 (2020)

50 100 200

00 o

Pic. 4. Dependence of the error §° ,_ (x107¢), probability of the error P, (x1077), efficiency of AIF y (x10°)
ontrainspeedV[1-vy,2-8",,3-P,_].

(x10°")

erAlF

on the width of the band Af, [1-8°,,2 -5, 3P, .

increases, and the efficiency of using AFC
increases.

As seen from Pic. 5, an increase in the
signal transmission speed (widening the
frequency band Af ) reduces the magnitude
of errors 8% . and 8%, ., as well as probability
of the error P_, .. According to formulas (3)
and (9), an increase in Af . does not affect the
efficiency of automatic frequency control. The
efficiency of AFC does not change and at the
train speed of V=108 km/h isy = 1,44« 10*
However, the presented calculations do not
consider the delay time in AFC feedback loop,
which should be significantly less than the
elementary impulse duration, which in turn
depends on the signal transmission rate. The
calculated values of P, probabilities using
analytical formulas (Pic. 1, 2) give results that
are an order of magnitude better than those
obtained experimentally [1; 2]. This can be
explained by the fact that in the original
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expressions (1)—(3); (9); (10) the complex
electromagnetic environment prevailing at
railways is not taken into account. So, in real
conditions, in addition to Doppler effect,
intermodulation interference of various
origins affects the quality of signals.

It is known that establishing the mode of
capturing the frequency band Af,  and ensuring
that this band is held are core elements of the
implementation of AFC system. This largely
depends on the inertia and speed of the
electronic component base, with which AFC
system is realized, namely, on the use of new
generation semiconductor materials based on
nanostructures [9].

5. Conclusions. Features of the operation of
mobile communications at railways under the
conditions of the Doppler effect action

Analysis of the features of the Doppler effect
impact on the quality of radiocommunications
in HSR environment allows us to draw the
following conclusions:

1.Doppler effect has a negative impact
on the quality of communications at train
speeds over 100 km/h. In this case, the value
of the reduced total dispersion of the signal
error due to the Doppler effect is comparable
in magnitude with the action of external
interference.

2.For railways, the effectiveness of
countering the Doppler effect determines the
quality of communication of moving objects
within mobile networks and Wi-Fi. This is
especially true for the process of handing over
a subscriber during a call from a base station
(BS) to another.

3.The speed of switching from a base station
to another («soft handover» mode) depends on
speed of data transfer and speed of the element
base of microelectronics, which also determines
the effectiveness of countering the Doppler
effect.

4.The higher is the mobile communication
standard, the higher is the data transfer rate,
the stricter are the requirements for speed of
system units, controllers, access switches of
mobile networks, as well as receiver’s AFC
systems.

5.In HSR environment, the transmission
of data to the train driver can be carried out
using 4G mobile communication, which has
more advanced technology for exchanging data
between users and the base station, network

protocols, algorithms for managing mobility of
subscribers in the network, methods of
combating interference arising, including those
occurring due to the Doppler effect.
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UccnepoBaHne 3aPpPeKTUBHOCTU
CrlaXkuBaloLUX PpeaKkTopoB
P)X®DA-6500

Bnagumup JIOBbIHLIEB Cranucnae NOJIEB

HUI «Kypuamosckuii uncmumym», Mockea, Poccus.

CucTeMbl TAroBOro 3/1eKTPOCHA0XeHMs! MOCTOSIHHOIO Toka ro-
Nyynnu cBOE pacrnpocTpaHeHue B psine cTpaH. [lotpebnexne
3JIEKTPOIHEPI N CUCTEMaMU TSArOBOro 3/IeKTPOCHAbXeHUs uMeeT
SIBHO BbIPaXeHHbIEe Ce30HHbIE U CYTOYHbIE NuKu. [TMKOBbIN XxapakTep
rnoTpebieHNs NPUBOANT K LOMOSIHUTETIbHOMY HarpeBy TOKOBEAYLUMX
4acTesi B CBSI3U C TEM, 4TO MTOCTOSIHHbIE BPEMEHU NEePEXOAHbIX Ter-
JI0BbIX Y 971EKTPOPUINIECKMX MPOLIECCOB Pa3/iNyaloTCs Ha HECKOJIb-
KO r10psiAKOB, MO3TOMY CHUXEHNE OMUYEeCKOro COMpOTUBIEHUNS
371eKTP000OOPYAOBAHMS MPU NMPOYNX PABHbLIX YC/IOBUSIX SBJSIETCS
4pe3BblYaiHO BaXXHOM 3a8a4ei.

B pamkax peLueHunsi npob1eMbl oBbILLEHVSI IHEPro3pGEKTUBHO-
cTn 060pyAOBaHNS TSrOBbIX MOACTAHLUMI MOCTOSIHHOIO ToKa Oblin
paspaboTaHbl U N3roTOB/IEHbI CIIaXUBAIOLLME PeakTopbl GuabTp-
yCTpoiicTBa ¢ 6POHECTEPXHEBOWN PaanaibHO-LMIMHAPUYECKO Mar-
HUTHOW CUCTEMOW C MOHWXEHHbLIM OMUYECKUM COMPOTUBIIEHNEM,
nony4msLumMe Ha3saHune PXXPA-6500.

B 2018 roay asa 610ka peaktopos PXX®A-6500 BBeAEHbI B OMbIT-
HO-NPOMBILLIEHHYIO 3KCII/TyaTaLmio Ha OAHOM U3 CaMblX IPY30HarNpsi-
JKEHHBIX y4aCTKOB MaruCTPasibHbIX XEe/e3HbIX A0POr MOCTOSIHHOI TOKa,
obecrne4mBaloLLeM rporyck noesnos maccowi 4o 9000 TOHH ¢ pa3me-
pamu ABVXXeHVs ropsiAKa cTa nap rnoeszos B CyTKU.

B uensix onpeneneHns cpaBHNTENbHBIX OKa3aresei aHepro-
3¢ PEeKTUBHOCTY Obl/IN 3aMPOLLEHb! AaHHBIE M0 PACXOAY 1eKTpuYe-

YCTPOVCTBO, aKTUBHasI SHEPIVSl, PEaKTUBHAS SHEPIUSI.

Kupunn MOTUJIEBCKUMA

Jlo6vinues Baadumup Bacuavesuu — Poccuiickuti ynusepcumem mpancnopma, Mockea, Poccus.
Iloaeé Cmanucaae Cepeeesun — Kypuamosckuii Kkomnaekc s0epHbiX mMpaHcHOPMHbIX SHEP2eMUHECKUX MeXHON0UL

Mocuaeeckuii Kupuaa Ieopeueeun — OOO «Kunemuk», Mockea, Poccus*.

CKOWi 9Heprum Ha TAry noes3zoB 3a aHaioruyHele Nepuosbl 10 BHes -
PeHns1 CrnaxmsalLmx peakTopos HoBoro tuna u nocne. Ot OAO
«PXK/]» nony4eHsl faHHbe OTHOCUTE/IbHO PA3MEPOB ABUXEHUS, TUna
roABUXHOIro cocTaBa U MaccChl NepeBe3éHHLIX rpy30B, COrnacHo
UCMOJIHEHHOMY rpaguKy ABVXEHS 10e340B Ha paCCMaTPUBaeMOM
y4acTtke. [lony4eHHasi COBOKYMHOCTb AaHHbIX MOCyXuIa OCHOBOW
151 pa3paboTky MHOroMakTOPHON METOANKN OLEHKN 3HEeproad-
(eKTUBHOCTV peakTopoB HOBOro Tuna, a Takxe nx Bknaaa B dppek-
TUBHOCTb 110€3/HOV paboTbl Ha PACCMaTPUBAEMOM CPABHUTEIbHOM
WHTepsasie BpeMeHu. Beuay Toro, 4To a¢PeKkTMBHOCTL IHEProcu-
J710BOro 060pyA0BaHNs 3aBUCUT Takxe OT TeMnepartypbl OKpYyxXato-
Ljevi cpeabl, B METOANKY pacyéTta Obli BBEAEH CPeAHENHTerpasibHbIi
rnapameTp cpeAHeCyTOYHOU Temrneparyphbl, KOTOPbIV, Kak 0ka3aa0Chb
B xo04e 06paboTKu NCXOAHBIX AAHHLIX N MPEACTaBNEHUs UX B BUAE
XapakTepHbIX rpagu4eckux 3aBUCUMOCTEN, UMEET CPaBHUTETIbHOe
oT/AnYMe — MeHee OAHOIro MPOoLeHTa 3a aHa0rnyHble nepuossl
HaboAeHNIA.

TO4HBIV KOJIMHECTBEHHBIV y4ET pacxoaa S71eKTPUHECKO SHeprum
Ha TAry noe3nos, oOMeHa peakTUBHOW SHEPru C NUTaIoLLEN CeTbIo,
06bEMOB BbIIOIHEHHbIX IePEeBO30K 103BOJIN/ IPOBECTN 06LEKTUBHOE
cpaBHeHWe BKaAa CriiaxunBaloLLyx PeakTopoB HOBOIO TUMa B r0BbI-
weHne agPeKTMBHOCTU N0e3[HOVM paboTbl U CHUXEHNE PACXOA0B
ANIEKTPUYECKOI IHEPIrNMN Ha TArY Noe3/0B.

Knto4eBble crioBa: xenesHas fopora, nokasaresam aHeproddGEKTMBHOCTH, pa3Mepbl ABYXEHUS, CIIaxXvBaloLwme peakTops!, Guastp-

*Nudopmaums 06 aBTopax:

stpolev@yandex.ru.

mogilevsk@mail.ru.

For the English text of the article please see p. 78.

JNo6biHueB Bnagumup BacunbeBuy — kaHAMAAT TEXHUYECKMX HAyK, AOLEHT kadeapbl 9NeKTPOIHEPTreTUKM TpaHCNopTa
Poccuiickoro yHnBepcuTeTa TpaHcnopTa, Mocksa, Poccus, Lobyntsev_VV@nrcki.ru.

Mones CtaHucnae Cepreesuy — BeayLUMIi CNELMANUCT OTAENA CONPOBOXAEHUS AOroBopoB KypyaTtoBCcKoro
KOMMeKca S4epHbIX TPAHCMOPTHBIX 9HepreTnyecknx TexHonoruii HUL, «<Kypyatosckuin uHcTuTyT>», Mockea, Poccus,

MoruneBckuit Kupunn leoprueBuy - 3amectutenb reHepansHoro aupektopa 000 «KuHetuk», Mocksa, Poccus,

Cratbsi nocTynuna B pegakumio 27.04.2020, npuxsaTa k nyénmkaummn 23.06.2020.
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OBBIILIEHWE BHUMAaHWUS K MpodiemMaM

5HeproahHeKTUBHOCTU U SHEProcoe-

peXeHUsT 00YCIOBJIEHO POCTOM MO-
TpeOJIeHUS SJIEKTPUIECKON IHEPTUU BO BCEM
mupe. [TocTeneHHbI MepeBo TPAaHCIIOPTHBIX
CUCTEM C YIJI€BOJOPOAHOIO TOMJIMBA Ha
3JIEKTPO3HEPIUI0 OMHOBPEMEHHO TPEOYeT Kak
yBeJIMYeHUsI 00bEMOB T'eHepallu, TaK 1 10-
BBILLIAET TPEOOBAHMS K 000OPYIOBAHUIO CUCTEM
e€ Tepeaayu U pacripeieieHus B YaCTU CHU-
JKE€HUS MOIIIHOCTHU MOTEPb.

C pa3BUTHEM HOBBIX TPAHCHOPTHBIX
KOPUAOPOB U YBEJIUYEHUEM O0OBEMOB Iepe-
BO30K OTMEYaeTcs 3HAYUTEJbHBI POCT
NOTpeOIEHUS NEKTPOIHEPTUN CUCTEMAMU
TSTOBOTO 3JIEKTPOCHAOXEHUSI, UMEIOIIEr0
SIBHO BBIPaXXE€HHBIE CE30HHBIE U CYTOYHBIE
nuku. [TUKOBBIN xapakTep MOTpebIeHUS
NPUBOIUT K AOTOJHUTEJIbHOMY HarpeBy
TOKOBEAYIIUX YacCTell B CBA3U C TEM, YTO
MOCTOSIHHbIE BpEMEHU MEPEXOTHBIX TETIIO-
BBIX U 2JIEKTPO(PU3UUYECKUX MPOLECCOB
pa3inyalTCsd Ha HECKOJbKO MOPSIIKOB.
B 3T0i1 cBS3U CHUXXEHUE OMUYECKOTO CO-
MPOTUBJIEHUS 2JIEKTPOOOOPYAOBAHUS TIPU
MPOYMX PABHBIX YCIOBUSX SIBISIETCS Upe3-
BBIYAHO BaXXHOU 3amayeid.

B pamkax penieHust mpoOeMbl MOBBILIIE-
HUS 5HEProd3hGHEeKTUBHOCTU 060pyIOBaHUS
TATOBBIX ITOICTAHIIMI TOCTOSTHHOTO TOKA ObLT
pa3paboTaH MPOEKT, a BIIOCIEACTBUUA U3TOTOB-
JIEHBI IBA KOMILUIEKTa CIJIaXKMBAIOIIErO peak-
Topa (PUIBTP-YCTPOMCTBA C MOHUXEHHBIM
OMMYECKUM COIPOTUBJIeHUEM [1].

15.03.18
254

20 o

—T °C

1 Ep. Ty (ANE)
15 o

BBuny Toro, 4To CUCTEMBI TSITOBOTO
3JIEKTPOCHA0XKEHMSI TTOCTOSTHHOTO TOKA TTOJTy-
YUJIU CBOE pacrmpocTpaHeHUE HE TOJIbKO
B Poccuu, HO U B psijie €BPOIENCKUX TOCYy-
napctB: Utanuu, JIutse, JlatBuM, DCTOHUU,
aTtakxe B [losblne, B KoTopoii 80 % kene3HbIX
JIOPOT 2JIeKTPpUGUIIMPOBAHBI HA TIOCTOSTHHOM
TOKE — yKa3aHHBIN peakTop MOXET UMEeTh
BBICOKYIO CTEITeHb YHU(DUKAIUH.

J1si ipoBeIeHMSI OTTBITHO-TTPOMBIIIUIEHHOM
9KCIUTyaTallul U3TOTOBJIEHHBIX PeaKTOPOB,
nmojay4yuBIimx a6opesuatypy PKDA-6500,
AO «TpaHcanepro» — puauaaom OAO «PXK]I»
OBLIM OTIpE/Ie/IEHBI 1B y4aCTKa ITOCTOSTHHOTO
TOKa C TSXKeJIOBeCHBIM nBUXeHueMm CBep-
JioBCcKO# M 3amagHo-CuOMpPCKOi KeJTe3HbIX
JIOPOT.

O0BEKTOM BHEIPEHUSI TIEPBOTO KOMITIEK-
Ta M3 IBYX CIJIAKMBAIOIINX PEaKTOPOB C OpO-
HeCTep>KHEBOU paMaIbHO- IMJTMHAPUIECKON
MarHUTHOM CHCTEMOM cTajia TSToBas IMO-
craHums «JI€THast» CBepaIOBCKOM XXele3HO!
Jnoporu [2]. Dra TaroBasi MoJACTaHLIMs pacmo-
JIOXeHa Ha paCYETHOM TTObEME, UTO OTIpe/Ie-
JISIET CPaBHUTENIBHO 00JIee BHICOKUI YPOBEHD
Harpy3Kku 1o (ugepaM KOHTaKTHOM CETH.

JIBa mocienoBaTeIbHO BKIIIOUEHHBIX OJIOKA
PXK®DA-6500 ObUtM TaKKE CMOHTUPOBAHBI BO
BTOPOM 3BEeHE (DUIIBTP-YCTPOICTBA CXEMBI 3a-
nagHo-Cubupckoil xene3Hoil goporu 6e3
MepeHaCTPOMKHU ero pe30HaHCHBIX Lierouek [1].

YpoBeHb COGhOMETPUUECKOTO HATPsIKe-
HUS Ha IIIMHAX pacIpenesuTeIbHOTO YCTPOk-
CTBa TTIOCTOSTHHOTO TOKA TSTOBOM MTOICTAHITUN

15.09.18
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Puc. 1. CpeaHecyTo4YHOE N3MEHEHUe TeMrneparypbl 3a XxapaKkTepHblie nepuoabl HabnwoaeHni

® MWP TPAHCIOPTA, Tom 18, N2 4, C. 72-83 (2020)

(cocraBneHo aBTopamm).

Jlo6biHUeB B. B., NMonee C. C., Moruneeckuu K. I'. UccnepoBaHne 3 hEeKTUBHOCTU CIITaXXUBAIOLLINX
peakTopoB PXXDPA-6500
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Puc. 2. CpegHecyTo4HbIl pacxosn aKTUBHOV 9HepPruun Ha Tary rnoe3zoB 3a XxapakTepHbie nepuoabl HabroaeHni
(cocraBneHo aBTOpamu).

B IIMPOKOM IHAIa30He 3HAYCHUU TSITOBOTO
TOKa He mpeBbiciil 15 B [3—7]. YBenuueHust
BO3JCHUCTBYS OITACHBIX M MEIIAIOIINX BIWSTHUIA
Ha YCTPOMCTBA CUCTEM LIEHTPAJIU30BaHHOUN
omoxkupoBku (CLIB), cBA31 1 CMEXXHBIC TMHAN
MPOIOJILHOTO 3/IeKTpocHabXeHus 6/10 kB He
OTMEUYEHO, PaBHO KaK 1 3HAYNTEIHLHOTO Harpe-
Ba 3JCMEHTOB KOHCTPYKIUHU OJOKOB
P2XKDA-6500 B mpouiecce aKcIuiyatauuu [8].
Peakropsr Tuma PXKPA-6500 xopoiio
ce0sT 3apeKOMEHIOBAIM, B TOM YHCIIe TIpH
SKCIUTyaTalluyd B JIETHEE BpeMs roma, Korma
TeMIepaTypa OKpYXKarolllero Bo3ayxa B TeHU

nogauMaiach 1o +31°C [9]. [padwuk Koneba-
HUI CPEOIHECYTOYHOM TEMIIEPATYPHI 32 TIEpU-
Ol OITBITHO-IIPOMBIIIJICHHON 3KCIUTyaTallun
TpeacTaBieH Ha puc. 1.

st olleHKHU dHEepreTudeckoit addek-
TUBHOCTU PEaKTOPOB HOBOTO THIIA Ha IU-
cTaHIInM 2JIeKTpocHabxkeHUs Illapramckas
(D4B-232) 6b11M 0(pUIIMAaTBHO 3aTTPOTIEHBI
MOKa3aHUS CYETYMKOB aKTUBHOUN M peak-
THUBHO# 3HEPTUHU II0 BBOIaM IIpeoOpa3oBa-
TeabHBIX TpaHchopMaTopoB TII «JIE€THasg»
3a mojyrogoBoi mepuon (¢ 15.03.2018 mo
15.09.2018 rr.) OMBITHO-TIPOMBIIILIEHHOM
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Puc. 3. CpegHecyTo4Hble noka3aTesiu peakTUBHON 3Hepruu 3a xapakTepHble nepuoasi HaboaeHni
(cocraBneHo aBTopamu).

® MWP TPAHCIOPTA, Tom 18, N2 4, C. 72-83 (2020)

JloG6biHUeB B. B., NMonee C. C., Moruneeckum K. I'. UccnenoeaHne 3 heKTUBHOCTU CrNTaXXUBAIOLLINX

peakTopoB PXKXDA-6500



Ta0suna 1

Cepust DIIC Mecsupi 2017 rona

03 04 05 06 07 08 09
29C10 0 0 0 0 0 42 0
29C6 44854 38510 41825 40586 33436 42834 39869
BJ110 12531 12240 9644 7323 8197 10841 10020
BJI10K 2197 2217 1942 1327 630 714 1147
BJI10Y 187 203 0 0 0 0 44
BJI10YK 0 0 0 0 0 0 0
BJ11 3289 2934 3315 3000 2317 2305 1975
BJI11K 391 436 55 660 235 505 567
BJI1IM 1329 1333 485 707 442 576 279
Hroro 64779 57872 57266 53603 45257 57818 53900
Bcero 3a paccmarpuaembiii nepuox 2017 . 390495
Cepust BIIC Mecsiupi 2018 rona

03 04 05 06 07 08 09
29C10 69 0 58 0 286 264 69
29C6 40112 38118 33938 34567 36756 37899 34967
BJ110 9318 8446 8528 7074 7116 9868 7045
BJI10K 1425 2312 1659 1235 2135 2565 1971
BJI10Y 831 579 69 197 1073 2042 2146
BJI10YK 0 0 0 69 0 0 0
BJ11 1688 1080 1018 926 1154 1624 910
BJI11K 553 650 339 400 619 891 612
BJI11IM 550 304 221 385 315 332 283
Hroro 54546 51489 45830 44852 49455 55485 48003
Bcero 3a paccmartpuBaemsiii nepuon 2018 . 349659

akciryatauun P2K®A-6500 u 3a aHasoruy-
HBIU TIEPUOI TPEIIECTBOBABIIIETO €TO BHE -
penuto roga (¢ 15.03.2017 mo 15.09.2017 rr).
ITo pesynbsraTaMm 0OpabOTKM MOTYYEHHBIX
JAHHBIX IOCTPOEHBI TPAMUKYU CPETHECYTOU-
HBIX 3HAYE€HUI aKTUBHOU 3Hepruu (puc. 2),
W3pPAaCXONOBAHHOU HA TATY MOE3J0B, U pe-
aKTUBHOU 3Hepruu (puc. 3) — 3HEPTUU
00MEHa C MUTAIOUIEN CETBIO.

Cpennye 3sHauCHNs aKTUBHOI W, 11 pe-
aKTUBHOU W, o SHEPIruil 3a MOJyrogoBou
TMEepUOoJ OTNpeNeeHbl C UCTIOJb30BAHNEM
CJIEIYIOIINX BBIPAXKEHUN:

l n

Wie =;ZWA,., KBreuy, 0]
0
1 n

Weeo :;ZWP,., KBape 4, 2)
0

rae WAi "u WPi — CpeIHEeCYTOUHBIE IMOKa3aHUS
AKTMBHOM U PEaKTUBHON SHEPIUI;

1 — KOJIMYECTBO THEH B pacCMaTPUBAEMOM
TepUoe.

® MWP TPAHCIOPTA, Tom 18, N2 4, C. 72-83 (2020)

J1s1 KOppEKTUPOBKY CPENHUX 3HAYCHUIA
AKTUBHOW U PEaKTUBHOM SHEPTUI aHAJIOTUY -
HBIM 00pa30M paccuMTaHa CPeTHECYTOUHAS
TeMIIepaTypa 3a pacCCMaTpUBAEMBbIE IIEPUOLBI:

1 .
’E,,=;§T,~, C. (3)

C MOMOIIBIO TIOJTYYEHHBIX CPETHUX TeM-
Teparyp Ui aHaJIOTMYHBIX TiepuomoB 2017
u 2018 IT. paccunTaH TOTIPABOYHBIN TEMITepa-
TYpHBIN KO3 DUITUEHT:

x _ ;}p(zon) . (4)

cp(2018)

OOBEM BBITTOJTHEHHOI PabOTHI 3JIEKTPO-
moaBIXHBIM cocTaBoM (BI1C) pazHoro Tvma
3a MapT—ceHTa0pb 2017—2018 rr. mo Iap-
TAlICKON IUCTAHLIMM DJIEKTPOCHAOXEHUS
(©DUD-232) mo HEYETHBIM ITyTSIM MPUBEIEH
B Ta0J1. 1, 110 YETHBIM MYyTSIM — B Ta0JI. 2 (eau-
HUILIBI U3MepeHus — 10 TBIC. T * KM OpyTTO).
Ha ocHoBaHMM CyMMapHbBIX OOBEMOB ITEPEBO-
30K I10 000UM IYTSIM 33 aHAJIOTUYHBIE IIEPHUO-

Jlo6biHUeB B. B., NMonee C. C., Moruneeckuu K. I'. UccnepoBaHne 3 hEeKTUBHOCTU CIITaXXUBAIOLLINX
peakTopoB PXXDPA-6500




Ta6smna 2

Cepus OIIC | Mecsiubt 2017 roma

03 04 05 06 07 08 09
29C10 0 0 0 0 0 0 0
29C6 22312 21786 21294 20817 24649 25684 24973
BJI10 8595 6925 6703 5506 7146 9074 7656
BJI10K 1581 1265 1399 655 348 621 1236
BJI10Y 176 103 20 0 42 104 64
BJI10YK 0 0 0 0 0 0 0
BJI11 1412 1051 1211 1186 391 1082 861
BJI11K 111 80 63 97 87 140 122
BJI11M 297 271 102 116 215 312 163
Hroro 34485 31481 30792 28376 32878 37018 35075
Bcero 3a paccmarpuBaemsiii mepuoa 2017 r. 230106
Cepus OIIC | Mecsiupl 2018 roma

03 04 05 06 07 08 09
29C10 0 0 0 0 0 0 0
29C6 20587 22723 23326 22990 23723 26790 24339
BJ110 8001 6918 8228 6794 8152 8693 7962
BJI10K 1363 2098 1707 1406 1777 2239 2540
BJI10Y 412 606 199 148 988 1625 2157
BJI10YK 0 0 0 29 0 0 0
BJI11 1033 556 284 487 693 884 717
BJI11K 232 398 129 101 243 526 365
BJI11IM 132 108 106 185 122 249 354
Hroro 31760 33406 33978 32139 35698 41006 38433
Bcero 3a paccmaTtpuBaembiii nepuoa 2018 r. 246421

e 2017 1 2018 rT., paccymTaH MOMPABOYHBINA
KO3(PULIMEHT:
Wy

2 I/2018 '

(&)

Hns oneHKU 2HeproddheKTUBHOCTU
BHeapeHust P2KDA-6500:

Ty

W,
o= " o017y ) (6)
W opaois)
VienbHBIE 3aTpaThl SHEPTUN Ha TIEPEBO3KY
1 ToHHBI OpyTTO Ha 1 KM:
>w
W, = ZVA . 7

Ecnun adpdpextuBHOCTh paboThl PEDA-Y-
6500/3250 npunsate pasHoit 100 %, To Tipu
U3BECTHHIX Koadduuuenrtax n, = 0,967
un, = 1,041, a Takxke CpeTHECYTOUHBIX [TOKA-
3aTesIsIX PacXoa 3JIeKTPOIHEPTUHU 3a TIEPUOT
HabmoneHuit W, = 108781,91 kBt y;

cp(2017)
WAcp(2018) = 94332,6pS KBT * 4 11 e€ peakTUBHOI
cocTaBJIsIoLIe i Wpcp(m”) =35168,18 kBap * 4,
W =28080,71 kBap * 4 23pHeKTUBHOCTH

Pcp(2018)
BHeapeHus P2KDA-6500 o akTMBHOM 3HEP-

MU, PACXOAYEMOI Ha TATY IMOE310B, COCTABUT
g, = 1,241, 1o peakTUBHO¥ SHEPTUM &, =

1,348.

Ecnu ymenpHBIe 3aTpaThl SHEPIUU Ha TIE-
peBo3Ky 1 ToHHBI OpyTTO Ha 1 KM 3a 2017 rox
npuHATh 3a 100 %, Torma 3¢ deKTUBHOCTD
JIJOKOMOTHBHOM pa®OTHl D 3a aHAJIOTUYHBIN
nepuon HabmoneHwit B 2018 romy mpu n3BecT-
HBIX KO3 bULMEHTaX M, M, CYMMapHBIX
pacxozax siaekTposHepruu LW, .. =
20124653 kBt * u; IW, oois = 17451546 xBt * u
Ha TSIy IT0€3[0B, PACCYMTAHHBIX C UCITOJIb30Ba-
HMEM BbIpaxeHust (7) W, o= 3,243Br*4/T* KM
OpyTTO, W, P 2,928 Bt *4/T * KM OpyTTO,
coctaBut: D =9,71 %.

BropbeiM 00beKTOM BHEIPEHUS PeaKTOPOB
HOBOT'O THIIA SIBJISICTCS TSITOBasl MOACTAHLIMS
«¥Yraepoa» 3anagHo-CuOMPCKOM Xeae3Hol
JIOPOTH, TIMTAOIIAS YIACTOK C MHTCHCUBHEBIM
IPY30BBbIM IBMXEHMEM II0€3[10B €AMHUYHOM
Macchl 10 6000 ToHH npy 00bEMaX IBVKEHUS
10 120 nap moe3noB B cyTky. OgHaKO MPOBECTU
00BEKTUBHYIO OIIEHKY ITapaMeTPOB 3HEprocoe-
pexxenns [ 10] ¥ ypoBHSI MOHETH3AIHI SHOPTO-
3¢ dexTuBHOCTH ABYX004HOrO0 P2KMDA-6500,
COIIACHO CYIIECTBYIOIIMM HOopMaTuBaM [11],
He TIpeICTaBIIsIeTCsT BO3MOXHBIM. [IprmanHoit
TOMY CJIY>KUT CTAHLIMsI CTBIKOBAHMSI, PACIIONO-

® MUP TPAHCMOPTA, Tom 18, N2 4, C. 72-83 (2020)

Jlo6biHUERE B. B., NMonee C. C., Moruneeckuu K. I'. UccneaoeaHne 3¢pPeKTUBHOCTU CHIaXMUBAIOLLIUX

peakTopoB PXKXDA-6500



JKeHHas B HEITOCPeACTBeHHOM Omm3ocTr oT TT1
«¥Yrnepony», KoTopast 3a CYET TUTAHUST MOLITHOM
omHO(Ma3HON TATOBOM HATPY3KU BHI3BIBACT
HECUMMETPHUIO HaIpsLKeHWH B (da3ax JIMHUN
TPOIOJILHOTO 3JIEKTPOCHAOKEHNS U, CIIeI0Ba-
TEJbHO, YETHBIX TADMOHUK Ha CTOPOHE BHI-
npsiMIeHHOTO HanpstxkeHus [12]. bosee Toro,
peaxkTop P2KMDA-6500 BK/TIOYEH B LIETTH BO3BPA-
Ta TIFOBOTO TOKA ITocjienoBatesIbHo ¢ PBMA-Y-
6500/3250 3a TOUKO¥ IPUCOEAUHEHMUS] ATIEPUO-
nudeckoro KoHaeHcaropa u 100 Iix pezoHaHc-
HOW EeTIOYKH, B CBSI3M C YeM, €ro BKJIal B pa-
6oty ['-o06pa3Horo GuIbTp-ycTpoOlicTBa
3aKITIOYACTCS, B OCHOBHOM, B TOKOOTpaHWYH-
BaIOIIEM JEVUCTBUU.

SAKJTIOMEHUE

[MpenoxxeHHbI METO OLIEHKU KCTLTya-
TallMoHHO# 3(pdexkTruBHOCTH PKDA-6500
TIO3BOJISIET YUECTh B XOJI€ BBHITIOJTHEHUST pacueé-
toB KIIJI TsroBoit moacTaHUMU, BIUSHUE
TEMITIEPaTypPhl OKPYKAOIIIEH CPETbl, KOHTAKT-
HOI ¥ peTbCOBOM 1I€TIN, TOTO WJIX MHOTO TUTIA
3JIEKTPOTIOIBUKHOTO COCTaBa HA OCHOBAaHUY
WCTIOJTHEHHOTO Tpaduka nBrkeHust. Bmecte
C TeM B pacuéTax MCTOJb30BaHbI CPETHENH-
TeTpaJIbHbIE 3HAUYEHUS 00bEMa MEePEeBO30K
¥ pacxojia JIEKTPUUECKOUN DHEPTUN Ha TITY
TI0€3/I0B 32 AHAJIOTUIHBIE TIEPUOJIbI HaOJTIoIe -
HUI 10 ¥ TIOCJIe BHEPEHUSI peaKTOPOB HOBO-
TO TUTIA B OTTBITHO-TIPOMBIIIIJICHHYIO OKCTUTya-
tanuio. Pe3yasraThl pac4€TOB HATJISITHO WJI-
JIIOCTPUPYIOT CPAaBHUTEIILHEIE TIPENMYIIIECTBA
P2K®DA-6500 ripu ero UCTIOIh30BAHUY B ST
BO3BpaTa TSITOBOTO TOKa B3aMEH PEaKTOpPOB
CTaporo TUTIA, TIO3BOJISIIOIIEM TIOBBICUTH (P~
(beKTUBHOCTB JIOKOMOTUBHOM PaGOTHI ITOUTH
Ha 10 %. [locnenHee TOBOPUT O TOM, 4TO
MOTYT OBITh MMOTHSTH YIaCTKOBBIE CKOPOCTH
IBWKEHUS, a TaKXKe MPUMEHEHBI 3HEeProad-
(beKTUBHBIE PeKUMBI BeICHHS TOKOMOTHBOB
C COCTaBaMW yCTAaHOBJIEHHOUW MacChl TpU
BXOJI€ Ha PACUETHBIN TTOABEM U HE TOJIHKO.

B uesiom peakrop tuna P2KDA-6500 npen-
CTaBJIIeT COOOV OPUTUHATBHYIO U HAAEXKHYIO
KOHCTPYKIINIO, 00JIaaloNIyI0 TPUBJIeKATEIb-
HBIMU ITapamMeTpaMmu 3HeprodadOEeKTUBHOCTH
IUIST €70 MaJIbHEWIIeTo BHEAPEHUST Ha CETH
JKeJIe3HbIX Topor Poccuu B paMKax peaim3a-
MY DHEePreTUYeCKOM CTpaTeruy XOJIMHTa
«PXI» Ha nepuon go 2015 roga 1 Ha mep-
criektuBy 1o 2030 roma [13], a TaksKe TTOJIOKE -
Huit ®enepanbHoro 3akoHa ot 23.11.2009 .
Ne 261-®3.
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ABSTRACT

DC traction power supply systems have become
widespread in several countries. Electricity consumption by
traction power supply systems has pronounced seasonal and
daily peaks. The peak nature of consumption leads to
additional heating of live parts since time constants of
transient thermal and electrophysical processes differ by
several orders of magnitude, therefore, reducing ohmic
resistance of electrical equipment, other things being equal,
is an extremely important task.

Within the framework of solving the problem of increasing
energy efficiency of equipment of DC traction substations,
smoothing reactor filter devices with an armoured radial-
cylindrical magnetic core with low ohmic resistance, named
RZhFA-6500, were developed and manufactured.

In 2018, two blocks of RZhFA-6500 smoothing reactors
were put into pilot operation at one of the most heavily loaded
sections of DC electrified railways, providing traffic of trains
weighing up to 9000 tons and traffic volume of about a
hundred pairs of trains per day.

To determine comparative indicators of energy efficiency,
data on consumption of electric power for traction of trains for
the compared periods before and after introduction of

energy.
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smoothing reactors of a new type were requested. The data
received from JSC Russian Railways contained information on
the traffic volume, type of rolling stock, and weight of the
transported goods in accordance with the executed traffic
schedule through section under consideration. The resulting
set of data served as the basis for development of a multivariate
methodology for assessing energy efficiency of reactors of a
new type, as well as their contribution to efficiency of train
operation over the considered comparative time interval. Since
efficiency of power equipment also depends on the ambient
temperature, the average integral parameter of average daily
temperature was introduced into the calculation methodology,
which, as it turned out, during processing initial data and
construction of characteristic graphical dependencies, has a
comparative difference of less than one percent for the same
monitored periods.

Accurate quantitative accounting of the data on
consumption of electrical energy provided for traction of
trains, exchange of reactive energy with the supply network,
volume of transportation allowed to obtain an objective
comparison of contribution of smoothing reactors of a new
type to increasing efficiency of train operation and reducing
consumption of electrical energy for traction of trains.
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*Information about the authors:

Article received 27.04.2020, accepted 23.06.2020.

Lobyntsev, Vladimir V. — Ph.D. (Eng), Associate Professor at the Department of Transport Electric Engineering of Russian
University of Transport, Moscow, Russia, Lobyntsev_VV@nrcki.ru.

Polev, Stanislav S. — Leading Specialist of the Contract Follow-up Department of Kurchatov Complex of Nuclear Transport
Power Technologies of National Research Center «Kurchatov Institute», Moscow, Russia, stpolev@yandex.ru.

Mogilevsky, Kirill G. — Deputy General Director of LLC Kinetic, Moscow, Russia, mogilevsk@mail.ru.

For the original Russian text of the article please see p. 72.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 4, pp. 72-83 (2020)



he topicality of problems of energy
I efficiency and energy saving is due to
the growth in consumption of electrical
energy throughout the world. The gradual
transfer of transport systems from hydrocarbon
fuel to electricity requires both an increase in
its generation volumes, as well as raise the
requirements for equipment of its transmission
and distribution systems in terms of reducing
power losses.

The development of new transport corridors
and increase in traffic volumes result in a
significant increase in electricity consumption
by traction power supply systems, which have
pronounced seasonal and daily peaks. The peak
nature of consumption leads to additional
heating of live parts since time constants of
transient thermal and electrophysical processes
differ by several orders of magnitude, therefore,
reducing ohmic resistance of electrical
equipment, other things being equal, is an
extremely important task.

Within the framework of solving the
problem of increasing energy efficiency of
equipment of DC traction substations, two sets
of smoothing reactor filter devices with low
ohmic resistance were developed and then
manufactured [1].

Since DC traction power supply systems
have become widespread not only in Russia,
but also in several European countries, in Italy,
Lithuania, Latvia, Estonia, as well as in Poland
where 80 % of railways are DC electrified, this
reactor can have a high degree of unification.

To conduct pilot operation of manufactured
reactors, that received the abridged name
RZhFA-6500, JSC Transenergo JSC, the
branch of JSC Russian Railways, identified two
DC sections with heavy-haul traffic of
Sverdlovsk and West Siberian railways.

Letnaya traction substation of Sverdlovsk
railway was selected as the site of introduction
of the first set of two smoothing reactors with
an armoured radial-cylindrical magnetic core
[2]. This traction substation is located at a hill
climbing section [where trains should move
with the authorised speed], which determines
arelatively higher level of load on overhead line
feeders.

Two RZhFA-6500 units are connected in
series and mounted in the second link of the
filter device of West Siberian railway circuit
without reconfiguring its resonant circuits [1].

The level of psophometric voltage on the
buses of DC switchgear of the traction
substation in a wide range of traction current
values did not exceed 15 V [3—7]. No increase
in dangerous or interfering influences on
devices of centralized blocking systems (CBS),
communications and adjacent lines of
longitudinal power supply of 6/10 kV was
recorded, significant heating of the structural
elements of RZhFA-6500 units during
operation did not take place either [8].

Reactors of RZhFA-6500 type have proven
themselves well, including during operation in
the summer season, when the ambient
temperature in the shade rises to +31°C [9].
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Pic. 1. Average daily temperature fluctuation during most distinctive monitored periods
(compiled by the authors).
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Pic. 3. Average daily indicators of reactive energy for the distinctive monitored periods (compiled by the authors).

The graph of fluctuations in the average daily
temperature for the period of experimental field
operation is shown in Pic. 1.

To assess energy efficiency of new reactors,
the readings of active and reactive energy
meters for the inputs of converter transformers
of Letnaya TS for a six-month period (from
15.03.2018 to 15.09.2018) of the experimental
field operation of RZhFA-6500 reactors and
for the comparable period of the previous year
(from 15.03.2017 to 15.09.2017) were officially
requested at Shartashskaya power supply
distance unit (EChE-232). Based on the results
of processing the obtained data, graphs of daily
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average values of active energy (Pic. 2),
consumed for traction of trains, and of reactive
energy which characterised energy exchange
with the supply network (Pic. 3) were
constructed.

Average values of active W, and reactive
W, ., energy over the half-year period were

determined using the following expressions:
Aav = ZWAI’ kW h (1)

WR av =

(2

where W, and W, are average daily readings
of active and reactive energy;

;zO:WR,., kvar *h,
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Table 1

Series of ERS Months of 2017

03 04 05 06 07 08 09
2ES10 0 0 0 0 0 42 0
2ES6 44854 38510 41825 40586 33436 42834 39869
VL10 12531 12240 9644 7323 8197 10841 10020
VL10K 2197 2217 1942 1327 630 714 1147
VL10U 187 203 0 0 0 0 44
VLI10UK 0 0 0 0 0 0 0
VLI1 3289 2934 3315 3000 2317 2305 1975
VLIIK 391 436 55 660 235 505 567
VL11IM 1329 1333 485 707 442 576 279
Total 64779 57872 57266 53603 45257 57818 53900
Total for the period under consideration 2017 390495
Series of ERS Months of 2018

03 04 05 06 07 08 09
2ES10 69 0 58 0 286 264 69
2ES6 40112 38118 33938 34567 36756 37899 34967
VLI10 9318 8446 8528 7074 7116 9868 7045
VLI10K 1425 2312 1659 1235 2135 2565 1971
VL10U 831 579 69 197 1073 2042 2146
VL10UK 0 0 0 69 0 0 0
VLI11 1688 1080 1018 926 1154 1624 910
VLI11K 553 650 339 400 619 891 612
VL1IM 550 304 221 385 315 332 283
Total 54546 51489 45830 44852 49455 55485 48003
Total for the period under consideration 2018 349659

n is the number of days in the period under
consideration.

For adjustment of average values of active
and reactive energy average daily temperature
is calculated in a similar way for the periods
under consideration:

T,=137.0C (3)
nw
Using the obtained average temperatures
for the same periods in 2017 and 2018 the
temperature correction factor is calculated:
T,
“)

av(2017)

T,

av(2018)

Nr =

The volume of operations performed by
electric rolling stock (ERS) of various types for
March—September 2017—2018 for Shar-
tashskaya power supply distance along odd
tracks is shown in Table 1, and along even
tracks — in Table 2 (units of measurement are
equal to 10 thousand t * km gross). Based on
the total traffic volumes on both tracks for the
same periods in 2017 and 2018, the correction

factor was calculated:
2V,

7, ==L
Z I/2018

(&)

To assess energy efficiency of introduction
of RZhA-6500 reactors the calculation is as
follows:

w
e W w2017y )
77TVVW(2018)

(6)

Specific energy consumption for
transportation of 1 ton gross per 1 km is:
w, = 2V, .

v

If the operating efficiency of
RBFA-U-6500/3250 is taken equal to 100 %,
then with the known factors n. = 0,967 and
n, = 1,041, as well as with the average daily
power consumption for the monitored period

(7

WA av(2017) = 108781’91 kW« h; WA av(2018) =
94332,68 kW +h and its reactive component
W, w017 = 35168,18 kvar=h, W, aw2018) =

28080,71 kvar « h, efficiency of introduction of
RZhFA-6500 reactors regarding active energy
consumed for traction of trains will be g, =
1,241, for reactive energy it will be £, = 1,348.

If the specific energy consumption for
carriage of 1 ton gross per 1 km for 2017 is taken
as 100 %, then efficiency of locomotive work
E for the same period monitored in 2018 with
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Table 2

Series of ERS | Months of 2017

03 04 05 06 07 08 09
2ES10 0 0 0 0 0 0 0
2ES6 22312 21786 21294 20817 24649 25684 24973
VL10 8595 6925 6703 5506 7146 9074 7656
VL10K 1581 1265 1399 655 348 621 1236
VL10U 176 103 20 0 42 104 64
VLIOUK 0 0 0 0 0 0 0
VLI1 1412 1051 1211 1186 391 1082 861
VLIIK 111 80 63 97 87 140 122
VLIIM 297 271 102 116 215 312 163
Total 34485 31481 30792 28376 32878 37018 35075
Total for the period under consideration 2017 230106
Series of ERS | Months of 2018

03 04 05 06 07 08 09
2ES10 0 0 0 0 0 0 0
2ES6 20587 22723 23326 22990 23723 26790 24339
VLI10 8001 6918 8228 6794 8152 8693 7962
VLI0K 1363 2098 1707 1406 1777 2239 2540
VLI10U 412 606 199 148 988 1625 2157
VLIOUK 0 0 0 29 0 0 0
VLI1 1033 556 284 487 693 884 717
VLI1K 232 398 129 101 243 526 365
VL1IM 132 108 106 185 122 249 354
Total 31760 33406 33978 32139 35698 41006 38433
Total for the period under consideration 2018 246421

known factors n,, n,, total electricity
consumption W, 017y = 20124653 kW h;
IW, oy = 17451546 kW - h for train traction,
and with figures calculated using the expression
Nw, o = 3,243 W+ h/t * gross km, Wooors) =
2,928 W+ h/t« gross km willbe: E=9,71 %.
The introduction of the new type of
reactors took place also at the second facility
which was the Uglerod traction substation of
West Siberian railway, which feeds the section
with intensive freight traffic of trains
weighting up to 6000 tons and with a traffic
volume of up to 120 pairs of trains per day.
However, it is not possible to carry out an
objective assessment of the parameters of
energy saving [10] and the level of
monetization of the energy efficiency of a
two-unit RZhFA-6500 reactor according to
the existing standards [11], since there is a
docking station located in the immediate

vicinity of Uglerod TS, which, while
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supplying power to a powerful single-phase
traction load, causes voltage asymmetry in
the phases of the longitudinal power supply
line and, consequently, asymmetry of even
harmonics on the rectified voltage side [12].
Moreover, RZhFA-6500 reactor is included
in the traction current return circuit in series
with RBFA-U-6500/3250 reactor behind the
connection point of the aperiodic capacitor
and of 100 Hz resonant circuit, and therefore,
its contribution to operation of the L-shaped
filter device is mainly devoted to the current-
limiting action.

Conclusion. The proposed method for
assessing operational efficiency of
RZhFA-6500 reactor makes it possible to
consider impact of the ambient temperature,
contact and track circuits, scheduled and
then executed operation of one or another
type of electric rolling stock during
calculation of the efficiency of a traction
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substation. At the same time, the calculations
used the average integral values of the traffic
volume and of consumption of electric energy
for traction of trains for the comparable
monitored periods before and after
introduction of the new type of reactors into
pilot operation. The calculation results
clearly illustrate the comparative advantages
of RZhFA-6500 reactor when it is used in the
traction current return circuit instead of the
old-type reactors, which makes it possible to
increase the efficiency of locomotive work by
almost 10 %. The latter suggests that sectional
speeds can be raised, as well as energy-
efficient modes of driving locomotives of
trains of the standard mass at the entrance to
the hill climbing sections and further on.

In general, the RZhFA-6500 reactor is an
authentic and reliable design with attractive
energy efficiency parameters for its further
implementation on the Russian railway
network as part of implementation of the
Energy Strategy of JSC Russian Railways
Holding company for the period up to 2015
and for the future until 2030 [13], as well as
of the provisions of the Federal Law of
23.11.2009, No. 261-FZ on Energy Saving
and Increasing Energy Efficiency.
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CeetnaHna LUBELLOBA

B HacTosiLee Bpemsi 0CTaéTcs akTyasibHOV rpo6-
nema obecrneyeHus 6e30MacHOCTY NoaETos 6ecrnu-
JIOTHbIX IeTatesbHbix annaparos (bl1J1A) Hag Teppu-
TOPUEN 0OBLEKTOB TPAHCIIOPTHOM MHPPACTPYKTYPbI
(OTH), npexae Bcero aspornopTos.

ABTOPOM B OZIHOV N3 NPEeAbIAyLLMX paboT BMecTe
C coaBTOPOM OblJ1 MPEAIOXEH METOL MOBbILLIEHUS
6e30r1acHOCTY ABVXEHVS OECMNIOTHBIX IETATE bHBIX
arnapartoB v peanu3yloLyasi ero CUcTema KOHTPOoJIs
MapLUpPyTOB BECMNIOTHBIX JIETATE/bHbIX arnnaparoB
(nanee — CKM), no3sossitoLast 06ecreqmnTs rnoBbILLe-
Hue b6e3onacHocty asuxeHus BIJIA Ha obbekTax
TPAHCNOPTHON MHGPACTPYKTYPbI 3a CHET OrpaHuye-
HUS1 30HbI nepeasuxerHns bINJTA cTporo B BbieseH-
HOM BO3ayLHOM kopuaope (BBK). Pa3paboTtka
aHHOVi CUCTEeMbI CO3AaET NPEANOCHIIKU AJ151 CHATUS
CYyLLECTBYIOLLMX OrPaHN4eHUI o NpuMeHeHuIo 6ec-
MUIIOTHBIX JIETATE/IbHbIX annaparoB Ha 00bekTax
TPAHCNOPTHON MHGPACTPYKTYPbI.

L1151 npakTn4eckoro BHEAPEHUS NMPeAI0XEeHHOM
CUCTEMbI aKTyaslbHbIM SIB/ISIETCS BOMPOC M0 METOo-
avke pasmelieHns CKM Ha o6bekTax TpaHcropT-
HOUM MHGPacCTPyKTypbl. [JaHHOE yCa0BUE MOXHO
o6ocHoBatk TeMm, 4To CKM, kak npaBuio, 6yayt
pacrosioxXeHbl B yCJI0BUSIX MAOTHOM MHGPacTpyK-
TYPHOW 3aCTPOVIKM, BKJIIOHAIOLLEV ONMACHbIE TEXHU-
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SUY HAVKA M TEXHUKA

AcnekTbl OCHaLLLEHUs 00bEKTOB
TpaHcnopTa cucTemMamm OJist KOHTponsa
MapLUPYTOB 6€CNUNOTHbLIX JieTaTesIbHbIX
annapaToB

Illseyosa Ceemaana Basepvesna — JlanvHesocmounbiii 20cydapcmeeHHblil
yHugepcumem nymeii coooujenus (IBI'YIIC), Xabaposck, Poccus.

qyeckune anemeHTbl OTU, ctonkHoseHue BI1JTA
C KOTOPbIMU MOXET MPUBECTU K YPE3BbIHaANHON
cutyaummn (4C), B HernocpeaCTBEHHOU 611M30CTn
k CKM o TpaHcnopTHbIM nyTsM/kopuaopam 6yaet
OCYLLEeCTBASITbCS ABUXEHNE BO3AYLLUHbIX/Ha3EeMHbIX
TPaHCNOPTHbIX cpeacTs (TC), Mo newexoaHbiM
nytam 6yayT nepeaBuratbCsi COTPYAHWNKU, rnacca-
Xupsbl v nocetutean OTU.

Llenb HacTosiLero uccnenoBaHus — paspaborarsb
MeToAVKY Pa3MeLLeHNsI CUCTEM KOHTPOJISI MapLupy-
TOB OECMUIOTHbLIX JIeTaTe/IbHbIX annaparoB Ha 00b-
eKTax TPaHCnoPTHOV MHPPACTPYKTYPbI.

lpoBenéHHoe c NpUMeHeHNeM N3BECTHbIX HayH-
HbIX METOA0B B TOM 4ucsie, 6a30Bovi 3aaa49m MapLu-
pyTu3aumu, noctaBaeHHo JaHumrom n Pamcepom,
MOZAEeIMPOBaHWs, aHaIN3a v CUHTe3a NCCAEeA0BaHNe
no3sonuio paspaborate METOANKY pa3mMeLLeHns
CUCTEM KOHTPOJISI MapLUPYTOB GECMNIOTHBIX /1eTa-
TeJ/IbHbIX annaparoB Ha 06beKTax TPaHCNOPTHOM
WHPPacTPyKTypbl. [IpakTnd4eckoe npuMeHeHne
peaIoxXeHHOV MeTOAMKIM MO3BOJISIET CTPOUTL MapLL-
pyTbl A5 aAsvxxeHusi BINJ1A Ha OTU, popmupoBats Ha
OTU ceTb BblaAENEHHbIX BO3AYLLHbIX KOPUAOPOB 4151
BI1J1A, akcrnnyatupyembix COBMECTHO C CUCTEMOW,
ornpenensTe onTuMaabHOE MeCTO Pa3MeLLeHUs d/1e-
meHToB CKM Ha OTU.

KnroueBsie crioBa: 6ecrnnnoTHbIv neTatesbHbiv annapart, bI1/1A, 06beKT TPaHCHIOPTHOM MHPPACTPYKTYPbI,
cycTeMa KOHTPOJISI MapLLPyTOB, METOAMKA Pa3MeLLEeHUS].
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BBEOEHUE

becnuioTHbIe eTaTeIbHBIE almapaThl
SIBJISIIOTCSL OMHUM M3 0a30BBIX 2JIEMEHTOB
TPAHCHOPTHOM MHGPACTPYKTYPHI CIICAYIOIIEe-
ro NOKOJIEHUSI, B OCHOBE KOTOPOil OynyT
nexatb MHutepHet Bemeit (IoT) u uckyc-
CTBEHHBIN MHTeMIeKT. Ho, B HacTosmmii
MoMeHT, npumeHeHue BITJIA B TpaHcmopT-
HOM CEKTOp€, BKJIF0Yasi COBPEMEHHBbIE JIOTU -
CTUYECKHE LEHTPhI IIPU KPYITHBIX aBUALM-
OHHBIX y3Jax (xabax), caep>KMBaeTCs 3aK0-
HogaTtenbHBIMU 3anpeTamu [1]. «Takue 3a-
npeThl Ha mon€Ttkl BITJIA Han Tepputopueit
00BEKTOB TPAHCIIOPTA IPUHSTHI B OOJIBIITMH-
cTBe cTpaH mupa» [1], Bkiawouas Poccuio
[1-3]. HampaBieHbl Takue orpaHUYeHUsI,
B IIEPBYIO 0UYepelb, Ha obecIieyeHue 6e3omnac-
HOCTHU O0BEKTOB TpaHCHOPTHON MH(Dpa-
CTPYKTYPBl U 3KCIUIYyaTUPYEMbIX Ha HUX
TpaHcrnopTHbIX cpeacTB (TC), a Takke 1ep-
COHaJla, MoCeTUTes el 1 maccaxupos [1; 2].

Ha pemreHue 3amay mo odbecreyeHuo 6e3-
onacHoctu mnoyuétoB BIIJIA B HacTosIiee
BpeMsI HalpaBJIeHbl YCUJIUS MHOIMX YUEHBIX
Kak B Poccun, tak u 3a pybexxom. MoxHo
BBIIEIWTh IBa OCHOBHBIX HalpaBJeHUS UC-
cienoBaHuii. IlepBoe — 3T0 MpaBOBOE pery-
aupoBaHue B chepe npumeHeHus BITITA
[1; 4—6], BTOpoe — pa3paboTKa OpraHu3aly-
OHHBIX U TEXHUYECKUX PEIICHUI HallpaBIeH-
HBIX Ha pellieHue 3a1a4 6€30I1acCHOCTH B pac-
cMmaTpuBaeMoit odnactu [7—20].

Tak, aBTOopoM B paboTte [21] BMecTe ¢ co-
aBTOPOM OblLjIa IIpeljioXKeHa pa3padoTka, Ha-
mpaBJieHHas Ha KOHTpoJib MapiipyToB BITITA
MpU KX MOJIETax Hal TePPUTOPUE 0OBEKTOB
TpaHcmopTHOUM uHGpacTpykTypsl (OTH),
coszfarolas MpeAnoChUIKY UISl CHATHUS CYIIe-
CTBYIOIIIUX OTPaHUYEHUI IO MPUMEHEHUIO
OECIMIOTHBIX JieTaTeJbHBIX aIlllapaTOB Ha
OTMH, B TOM Umciie ¥ a3ponopTax.

Heobxonumo oTMETUTD, YTO IS MPaKTHU-
YeCKOI'o MPUMEHEHUS BBIIIEYIOMSIHYTOMN
pa3pabOTKU — CUCTEMbI KOHTPOJISI MapIIPyTOB
(CKM), aKkTyaJbHBIM SIBJISIETCSI BOIPOC 10
METOIMKE pa3MelIeHUs] TaKMX CHUCTeM Ha
00BbeKTaX TPAHCIIOPTHOI MHMPACTPYKTYPHI.
JaHHoe yc10B1e MOXXHO OOOCHOBATh TEM, UTO
CHUCTEMbI KOHTPOJISI MapIIPYTOB, KaK IpaBU-
JIO, OyIyT PacIio0XeHbI B YCJIOBUSIX IIJIOTHOM
MHGPACTPYKTYPHOU 3aCTPONKM, BKIIIOYAIO-
1Ieit onacHble TexHuueckue aneMeHTel OTH,
cronkHoBeHue BITJIA ¢ KOTOpbIMU MOXET
npuBecty K YC [22]. B HemocpeacTBeHHOI
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6m3octi K CKM 1o TpaHCIIOPTHBIM ITyTSIM/
KopuIopaMm OyAeT OCYIIECTBISThCS IBIKEHUE
BO3AYIIHBIX/HAa3eMHBIX TPaHCITOPTHBIX
CPENCTB, IO MEeIIEeXOAHBIM ITyTSIM OYyIyT Iepe-
JIBUTATbCSI COTPYAHUKU, MACCAXUPHI U MOCe-
tutenu OTH.

L]eab HacTOSIIIETO MCCIENOBAHUS — pa3pa-
00TaTh METOAMKY Pa3MELIEHUSI CUCTEM KOHT-
POJISt MAPIIPYTOB O€CIUIOTHBIX JIETATEIbHBIX
anmnapaToB Ha OOBEKTaX TPAHCIIOPTHOW MH(D-
PacTPYKTYpBbI, YTO, TTO MHEHUIO aBTOPA, SIBJISI-
€TCs HEOOXOAUMBIM YCIIOBUEM OOECIIeUYeHUS
6e3onacHocTU npu 3kciutyataiuu bITJIA Ha
OTHN.

METOOUKA PASMELLEHUSA

CUCTEM KOHTPOJ194 MAPLLUPYTOB
BECMNMUJTIOTHbLIX JIETATEJIbHbIX
AMMAPATOB HA OBBbEKTAX
TPAHCNOPTHOW UHDPACTPYKTYPbI

CucremMa KOHTPOJS MaplIpyToB Oecru-
JIOTHBIX JIETATeIbHBIX aIllllapaToB UMEET CJIe-
IYIOIIVE OTPAaHNYCHUS B IPUMEHEHNMH:

* cHucTeMa IMPUMEHNMA B IIPWIOKCHMSIX,
npenycMaTpuBamommx apuxkenne BITJIA 1o
OIpeAeICHHOMY MapIIpyTy;

* cUCTeMa INpMMEHMMa Ha Ha3eMHBIX
00BEKTax TPAHCIIOPTHOM MHQPPACTPYKTYPHI;

* cHUCcTeMa IpegHa3HauyeHa UIST pabOTHI
¢ BITJIA BepTMKaNMbHOTO B3/IETA M ITOCAIKH,
«BEPTOJIETHOTO» TUIA.

OCHOBHbBIE TPUHLMITHI, KOTOPBIMU HEO0-
XOIMMO PYKOBOICTBOBAThCSI MPHU pa3Melle-
HUU CUCTEM KOHTPOJISI MAPIIPYTOB HAa 00BEK-
Tax TPAaHCIIOPTHOM MHMPACTPYKTYPHI, 3aKITI0-
yaroTcs B ToM, uyTo BITJIA nipu nBuskeHUM He
JIOJDKHBI IMETh BO3MOXKHOCTH BOITHU B COTIPH-
KOCHOBEHHE C THPPACTPYKTYPHBIMU 3I€MEH-
tamu OTHU, npyrumMu TpaHCTIOPTHBIMU CPE/I-
CTBaMM, a TAK3KE JIIOAbMU. BCTpedHbIe ITOTOKM
nBrKymmxcst BITJIA momkHbBI OBITE pa3nee-
HBI HE MEHee YeM I10 IBYM He COIpUKacalo-
IIMMCS BBIACICHHBIM BO3IYIITHBIM KOPHIIO-
paM.

[i1taBHOE TpeOOBaHME K MECTY pa3MeIICHUS
3JIEMEHTOB CUCTEMBI KOHTPOJIS MapIipyTa
OECIMMIOTHBIX JIETATSIbHBIX allllapaToOB — Ha-
JIM4ie Ha BRIOpaHHOM TeppUTOpUU becrepe-
6oitHoro curHajga GSM (wiu Apyroro mpuMme-
HSIEMOTO CHUTHAJIa), 00eCIIeUMBAIOIIETO CBI3hb
onepatop—bBITJIA.

Anroput™m pasmenienuss CKM na OTU,
MOXHO pa30MTh Ha YETHIPE dTara, IMoKa3aH-
HBIX Ha puc. 1.

LlieewoBa C. B. ACnekTbl OCHALLL,eHMA OO BHEKTOB TPAHCNOPTa CUCTEMaMM A1 KOHTPOJIS MapLUPYTOB
0eCnUNOTHBIX JlIeTaTenbHbIX annapaToe




TTocrpoenne Popmuposanue
MapILIpyTOB cetu
(MapuIpyTu3anms) BBIAE€AEHHBIX
asvokenns BITAA BO3AYIITHBIX
na OTU KOpPUAOPOB
— AASL ABVIKEHUS
BIT/AA Ha OTU

Onpeaeaenne Bri6op mecra
HeoHX0AMMOTo pasMerreHust
KOAMYECTBA U LIeHTpa
MecTa yIpaBAeHus
PpasMeneHns CHICTEMOI
[A0IIaA0K AASI KOHTPOAS
B3/€Ta/II0CaaKu MapIupyToB
BITJA BITJA

Puc. 1. Anroputm paamewjeumns CKM Ha OTU [nogroToBnex asBTopom].

st peanu3anuu 3TanoB pa3MelleHUs
CKM (puc. 1) Heobxonmuma 1indpoBast Kapta
(Moaenb) OTH, Ha KOTOpOIi OYyIyT OTpakeHbI:
3[IaHUS U COOPYXKEHMS, HAa3eMHbIE U HaJ3eM-
Hble KOMMYHUKAIIUU, yTH (KOPUIOPHI)
nBrckeHust TC, meiiexoaHbie yTH U ApyTUe
cTpyKTypHbie aneMeHTel OTH. OnacHeble
5JIEMEHTBI pacCMaTPUBaeMOro OOBEKTa TPaHC-
TTOPTHOU MH(PACTPYKTYpPhl, CTOTKHOBEHUE
BITIA ¢ xotopbimMu MoxkeT TipuBectd K UC,
JTOJKHBI OBITh BBIIEJIEHBI Ha KapTe (MOaEeIn)
OTMH ocobo.

Dman nepewviii — nOCMpoeHue Mapuipymos
(mapwpymusauus) deuxcenuss BIIJIA na OTH.

Ha nannowM artarie (popMyaupyroTcs 1eau
npumeHeHus BITJIA, Ha OCHOBe KOTOPBIX
OMpENeNsIOT UCXOIHbIE, TPOMEXYTOUHbBIE
Y KOHEUHbIE TOYKY MapIIPyTOB!, UX KOJMYe-
CTBO U KOOPAWHATBHI.

HcxoqHbBIM M KOHEUYHBIM TOYKaM Mapiil-
pyTa MOXHO AaTh 0003HaueHUuEe — 0a30BbIE
TOYKM MapuipyTa.

Mapupyt asuxeHust BITJIA MoxeT ObITh
OIHOTOYEYHBIM, KOT/Ia TOYKA B3JIETa U MOCA/I -
KM HAXOAUTCS B OMHOM MecTe. BO3MOXHBI
BapUWaHThI, KoTaa MapiipyT ABvkeHus: bITJIA
00BETMHSIET IBE TOUKU, TAKOY MapIIPYT MOX-
HO 0003HAYUTh KaK ABYXTOUYEUHBIH, a C 60J1b-
UM KOJIMYECTBOM TOYEK B3JIETA/TIOCATKHU
MapuipyT OyJeT SIBJIThCSI MHOTOTOYEUHBIM.

Touku B3n€Ta/TOCAAKM HAHOCSITCS Ha
nudpoBylo kKapty (Mmoaenn) OTH, o6o3Haue-

! Touku MapIIpyTOB:

— UCXOJIHBbIE TOUKU MapLIpyTOB — MecTo B31€Ta BITJIA;
— MIPOMEXYTOYHbIE TOUKH MapIIPyTOB — MECTO
TIpOMeXyTOYHOI Tocanky/B3néra BIJIA;

— KOHEYHbIe TOUKY MapIIpyTOB — MECTO ITOCAIKU
BILJIA.
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HUe 0a30BbIX U IPOMEXKYTOUHBIX TOUYEK TOJIK-
HO oTyinvathes. [1o mTaHHBIM TOYKaM BBIMOJI-
HseTcs MapiupyTuauus asrxkeHns: bITJIA Ha
OTH.

OCHOBHO! MPUWHIIMIT TPOKJIAIKA MapIil-
pytoB nBuxeHusi BITJIA na OTU — muHu-
MaJibHasl IJIMHA MapIipyTa, IpuMeHeHue
JAaHHOTO MIPUHIIUIIA TO3BOJISIET MAaKCUMAaIbHO
3(HEeKTUBHO UCMONIB30BaTh OrpaHUYEHHbBIN
3apsia 6atapeit BITJIA.

Wcxons u3 gaHHOTO MPUHIIMIIA, 11EIeCO-
00pa3HO MCMHOJIb30BATD 11 MAPIIPYTU3ALUN
nmxkeHust BITJIA nHa OTU 6a3oByio 3amauy
mapmpytuszauun (VRP — Vehicle Routing
Problem), nmocraBneHnyo Hdanuurom u Pam-
cepoMm [23], a TakKe 3224y TUTIA MTOYTATbO-
HOB [24—26]. I1pu BEIOOpE MapIIpyTa ONTH-
MaJIbHBIM MapIIpyTOM OYAET TOT, KOTODPBIi
MMeeT MUHUMAJIbHYIO TTPOTSKEHHOCTh, «Ta-
KOW MapupyT Ha3blBAETCH «3UJIEPOBBIM
MapuUIpyTOM», a CoAepXalluii ero rpadp —
«aiiepoBbIM rpacdom» [24]. ITpu 3TO0M «Tpe-
oyercs Haiitu B rpape H = (V, U), uuki,
BKJIIOUAIOIIMI BCe BEpPIIMHBI U3 N U Bce
pedpa 13 R 1 UMEIOIIMiIi MUHUMAJIbHYIO CyM-
MY BECOB BXOISIINX B HETO pEdep. OUeBUIHO,
€CJIM 3TOT LMK MPOCTOI, TO OH SIBJISETCS
ONTUMAaJIbHBIM KOJIBLIEBBIM MapILIPYTOM» [24]
(puc. 2).

[TpyHUIMI MUHUMATBHOM JUTMHBI MapIil-
pyTa He NpUMEHSIETCs MPU YCJIOBUM, UTO
MapIIpyT IBVXKEHUS 3aaH 1eIbI0 (LIEJSIMM)
npumeHenus: BITJIA, Hanpumep, pu ero
IBUXeHUM Baosb nepumerpa OTH nna ueneit
MOHMTOpPHMHTIA 6e30macHOCTU 00beKTa. B Ta-
KOM cJIyJae MapIipyT MPOKJIaabIBaeTCs, UC-
xons u3 Heaei npumeHenus BITJIA, B pac-

LiiseuioBa C. B. AcnekTbl OCHaLlEeHUs 00BbEKTOB TPaHCMopTa CUCTeMaMun OJi9 KOHTPOJIA MapLUPYyTOB
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Puc. 2. TpaHcnopTtHas cetb, rge N ={3, 9},
R={{1, 2}, {6, 5}, {4,6}},V(R)={1,2,4,5,6};(1,2,5,6,4,9, 10, 3, 1),
SIBNIIETCS ONTUMAasbHbIM KOJIbLIEBbIM MapLupyTom [24].

CMOTPEHHOM cJiyyae — BIOJb MEPUMETpa
OTH.

ChpopmupoBaHHas ceTb MaplIpyTOB
BIIJIA 3aHocuTcs B 1M poByo Kapty (Mo-
nenn) OTH.

Iman emopoii — opmuposanue cemu Gvi-
deneHHbIX 8030YUIHBIX KOPUOOPOB 04151 08UNCEHUS
BIIA.

dopMHUpoBaHUEe CETU BbIACIEHHBIX BO3-
TYIITHBIX KOPUIOPOB BBIMOJHSIETCS HA OCHOBE
copMmupoBaHHBIX B LIM(ppoBoii Kapre OTHU
CeTH MapuIpyToB. Bo3myliHbI KOpUIOP BbI-
JEJeTCS B COOTBETCTBUU C MPOJOXEHHBIM
MapIIpyTOM, IIPU 3TOM €ro TpaeKTOpHUs KOp-
PEKTUPYETCS C YIETOM PACIIONOXKEHHBIX Ha
MYTU MPOXOXIEHUS BO3MYIIHOIO KOpUIopa
30aHUN U COOPYXEHU, MyTeil/KOpUI0poOB
nBykeHus npyrux TC, KOMMyHUKaLW, 1e-
IIEXOAHBIX IyTEH M IPYTMX OKa3bIBaIOLIMX
BiusiHue pakTopoB. OTHUM U3 TaKUX (PaKTO-
POB, BIUSIOIINX Ha KOPPEKTUPOBKY TPAEKTO-
pun BBK, gBnsieTrca HeoOXoguMocCTh yuéTa
TEXHOJIOTUYECKMX YCJIOBUI MOHTaXxa OIOp-
KPOHILUTEHHOB, Ha KOTOPbIE YCTAHABIMBAETCS
MOHODEJIbC.

KoppekTrpoBKa TpacKTOp1HU BbIIEICHHOTO
BO3IYIITHOI'O KOPHUAOPA OTHOCUTEIHHO MPOJIO-
JKEHHOT'O MapIlIpyTa BBIITOJIHSIETCS, UCXOMAS U3
MPUHLIKMIIA MUHUMAJIBLHOTO YBEJIMYEHUS TPO-
TSOKEHHOCTU KOPMAOPa, OCHOBAHHOTO Ha
orpaHmyeHHOM 3apsine 6arapeit BITJIA.
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Havanom BBK Oynmer aBasiTbca Touka
B3néra BITJIA B Hauane MapuipyTa, OKOHYa-
Huem BBK Oyner sBISTbCS TOUKa MOCaaKu
BITJIA B KOHILIe MapLIpyTa.

Ocnio BBK Oyner 9BISITbCS TpacKTOPUS
JIBVKEHUST HA3€MHOM MOABMXKHOM TI1aT¢hop-
MBI.

OxkpyxHoctb BBK (C,,) MoXHO paccun-
TaTh Mo opmyJie:

C,=(C, +12M + D) -2,
rae C, — 1IMHa yiepKMBaIOLIEro Tpoca,

M — nnvHa noABMXKHOM MIaThopMbi;

D y — UIMHA BITJIA.

Dman mpemuii — onpedenerue Heo00X00UMO-
20 KOAU4ecmea u Mecma pasmeuyeHust naouadox
npeoHazHaueHHbix oaa eanema/nocaoku bILJIA
(Oanee — nocadounwvie naowadku (I111)).

ITocamouHble MIOMIAAKM Pa3MEIIAIOTCs
KakK Ha 0a30BbIX, TAK U B IIPOMEXKYTOYHBIX
Toukax MapupyTa aBrxkeHus: BITJIA, Takke
JIOTIOJTHUTEIbHO MOTYT OBITh ITPEAYCMOTPEHBI
IIT1 pnst Lenei TeXHOJIOTUYECKUX OTepaLnit
¢ BITJIA, Takux Kak cMeHa OaTapeit, 0opTo-
BOT0 000PYIOBaHMS U TIOJOOHBIX OTepalluii,
B Ipyrux mectax mapuipyta bITJIA. B kaxnoii
06a30B0i1 TMOO MPOMEXKYTOUHOM TOYKE MapIiI-
pyTa MOXET OBITh MIPEIYCMOTPEHO HECKOJIb-
ko I1IT.

Pasmep 1 popma mocamouHOM MJIOIIAAKI
ONpeAesoTCs C y4€TOM rabapuToB MpUMe-
HsaeMbix BITJIA, cocTaBa miaaHUpyeMBbIX
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Puc. 3. Cxema paameLwyeHnsi cUCTeMbl KOHTPOJs MapLupyToB BITJIA, Ha 06beKkTe TPaHCNOPTHOM
MHPPacTPyKTypbl — a3pONopT [COCTaB/IEHO aBTOPOM].

TexHoJiornueckux orepaunii ¢ BITJIA, a rak-
Xe 0COOEeHHOCTEl MpuIeralomeii TeppuTo-
pun.

K Mectam pasmemenus IIT npu HeoOxo-
JTUMOCTH TIPpEAyCMaTPUBAIOTCS OTBETBJICHUS
OT MOHODEJIbCA, YTO IMO3BOJISIET HE OJIOKHUPO-
BaTh IBUXEHHUE IO MOHOPEIbCY APYTUX
BITJIA, a TakxXe pa3MmelIaTh MOCagOYHbIE
IUIOIIAAKHA HE TOJIBKO PSIIOM C OCHOBHBIM
MOHOPEIbCOM, HO TaKXKe Ha HEOOXOTMMOM
YIAJIEHUH, YTO PACIIUPSIET BOSMOXHOCTH ITPHU
BBIOOpE HanboJIee yIOOHBIX MECT PACTIONIOXKE-
HUS TUIOIIAI0K 1 IPYTUX JIEMEHTOB CUCTEMBI.

O06111e€ KOTMIECTBO IMOCATOTHBIX IUIOIIA-
JTOK HE OTpaHUYMBACTCS ¥ 3aBUCHUT OT YCIIOBUI
skcruryatauu CKM.

IDman yemeépmoiii — 6KAOUACM 8bI00D
Mecma pasmeueHus yeHmpa ynpaeneHus cuc-
memoti konmpons mapuipymoe BITJIA (11YC).

LleHTp ympaBieHUs CUCTEMON KOHTPOJIS
mapiupytoB BITJIA BkilodaeT omepaTopos,
IUCTAHIIMOHHO YIPaBIISIIONINX IBUKECHUEM
BITJIA, u mporpaMMHO-arapaTHbIe KOMITIEK-
CHI, TIO3BOJISTIOIINE OTIepaTOpaM OCYIIECTB-
JIITh JUCcTaHUMOHHOe ynpaBienue BITJIA.
Kpome Toro, B cocraBe eHTpa yIpaBICHMS
CHCTEMOI MOTYT OBITB ITPETYCMOTPEHBI IPYTOe
JIOTTOJTHUTEIFHOE 000pYIOBaHNE U COTPYIHM -
KU C LIeJIBIO TTOBBIIIEHUS HAIEXHOCTHU U TIPO-
nzoauteapbHocT CKM.

® MUP TPAHCMOPTA, Tom 18, N2 4, C. 84-96 (2020)

[i1taBHOE TpeOOBaHME K MECTY pa3MEIICHUS
IYC — nannuume OecriepeOOHOrO CUTHaja
GSM (wm gpyroro mpuMeHsSIeMOTO CUTHAJIA),
obecnieunBaroniero ¢sa3b onepatop—bITIIA.

1IYC MoxxeT ObITb KaK €IMHBIM, TAK U pac-
pene€HHBIM, COCTOSIIMM M3 HECKOJIbKUX
TEPPUTOPUAIIBHO pacpene € HHbIX paboynx
MECT OIIEPaTOPOB, YIIPABISIONINX IBIKEHUEM
BITJIA. OnTuManbHBIM SIBIsIETCST (DOPMUPO-
BaHnue eguHoro LIYC, B koTopoM orepaTtopsl
HaXOIATCSA B HEIOCPEICTBEHHOM KOHTaKTe
IPYyT C APYTOM, OPTaHM30BAHHOIO IO THUITY
LIEHTPOB YITPaBJICHUS BO3MYIITHBIM IBVKECHM -
eM.

OnTUMalbHBIM MECTOM pa3MEIICHUS
LEHTpa YIPaBICHUSI CUCTEMOM SIBJISIETCS TO,
C KOTOPOTO OIlepaTOphl MOTYT HAOII0OIATh 3a
nBmkeHreM BITJIA He TonbKo anmapaTHO, HO
¥ BU3YaJIbHO.

JlonomHUTEeTbHBIMUA (DAKTOPAMU, YIUTHI-
BaeMBIMHU TIPU BBHIOOpE MeCTa pa3MeIleHUs
LYC, asnsorcs:

* HaJIMYME TTOAbE3THBIX aBTOMOOIIBHBIX
nyTteii. Hanmnume Takux myTeii Mo3BOJIUT OITe-
paTopaM M TeXIepCOHATy CUCTEMBI OTIepaTHB-
HO BBIe3XaTh B pacnpeneaéHHble Touku CKM
IUIST BBITIOJTHEHUST PA3IMYHBIX TEXHOJIOTHYIE-
CKMX OIIepaIii, B TOM YMCJIE PEMOHTHBIX;

* HaJIMYKMe B HEMOCPEACTBEHHO OJIM30CTH
TUTOIIAIKM TSt B3niETa/mocanku BITJIA, skc-
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rtyatupyembix coBMecTHo ¢ CKM. Hanuuue
TaKOW TUIONIANKU TO3BOJUT OolepaTopam
W TeXTIEPCOHATY CUCTEMBI TTPOBOJUTL HEOO-
XOJIMMBbIE TEXHOJOTUUECKUE Ollepanuu
¢ BITJIA HenmocpeaCTBEHHO PSIOM C LIEHTPOM
YIIpaBJIeHUS;

* HaJIMYME Pe3epBHON JTMHUU (MCTOUYHM-
Ka) sHeprocHabxeHus1. Haauuue pezepBHOro
WCTOYHUKA dHEPTrOCHAOXEHUS TTO3BOJISIET
TTOBBICUTD HAIEKHOCTH (DYHKIITMOHMPOBAHUS
CKM;

* HaJIMYME OXpaHbl Ha BXONIAax B 3MaHUE
(momeleHue), B KOTOPOM IpeamnosaraeTcs
pasmectutb LYC (uentp ynpasineHus CKM).
Hanuune oxpaHbl TTO3BOJISIET TTOBBICUTD 3a-
IMUIIEHHOCTH 1ieHTpa ynpabieHuss CKM ot
HECaHKIIMOHUPOBAHHOTO BMeEIIaTeIbCTBA
U BO3IEUCTBUIA;

* HaJW4ue Ha BXOJax B IOMeIIleHUeE,
B KOTOPOM TIpEAIToaraeTcss pa3MecTUTh
HYC, cucteMbl KOHTPOJISI U YIPaBJAEHUS
noctynoM (CKVY/). Hanuuue CKVY]I noBbI-
CUT 3alIUIIEHHOCTDh IIeHTpa yNpaBJIeHUS
CKM 0T HECaHKIIMOHUPOBAHHOTO BMeIlla-
TEJIbCTBA Y BO3JICCTBUN.

B koHEeuHOM cuéTe, 110 JAHHBIM, TTOJTyYeH-
HBIM Ha BCEX YETBIPEX ITAIAX, ONPENEIISETCS
mecto pasmelieHuss CKM Ha OTH. Mecrto
pasmenieHus anemeHToB CKM otpaxaercs
B 1M dpOoBOii KapTe (Monean) 00beKTa TpaHC-
mopTHo# MHdpacTpykTypsl. [TonydeHHas
cxeMa pasMmeleHuss CKM Ha OTH no3BoJis-
eT (popMUpOBaTh TEXHUYECKOE 3aaHUe Ha
CcOo37aHue CUCTeMbl KOHTPOJISI MapIipyToB
BITJIA Ha paccMOTpeHHOM OOBEKTE TpaHC-
TMOPTHO MH(MPACTPYKTYPHI.

ABTOpPOM MpoBeeHa arpoodaius pazpado-
TaHHOW METOIMKY Ha YHUBEPCATbHOM MOMIEN
asporiopra (puc. 3), coaepxKalleii clieaytoime
3JIEMEHTHI: 3[IaHNE a3POBOK3aJIa /, IEPUMETP
aspoapoma 2, TeXHUYeCKHe 3MaHusI 3, TyTH
JUTSI IBVDKEHUST TICTIIEX00B 4, TIYTH IS IBU -
JKEHMST HA3€MHBIX TPAHCIIOPTHBIX CPENCTB J,
B3JIETHBIE TOJIOCHI 6, BO3MYIITHBIE KOPUIOPHI,
MpeaHa3HauYeHHbIEe Ul IBUXKEHUST BO3MYII -
HBIX CYJIOB 7.

B npenyiioxxeHHON Moaenud asdporiopTa
ObU10 BhINMOJIHEHO pa3melneHne CKM, B Ko-
Topoil MmapuipyT aBuxeHus BIIJIA 3aman
nespto npumeHeHus: bITJIA: B paccMaTpuBae-
MOM TIpUMeEpPe — MOHUTOPUHTOM 0€30TIacHO-
CTU BIOJb NepuMeTpa aspoapoma 2. Mcxons
W3 TIOCTABJIECHHBIX 1IeJIeil IpUMeHEeHUsI, ObLT
TOCTPOEH MapIIPYT ABUKEHUS OECTTUIOTHBIX

® MWP TPAHCIOPTA, Tom 18, N2 4, C. 84-96 (2020)

JIeTaTeIbHBIX allllapaToB, HA OCHOBE KOTOPO-
ro npojoxeH BBK & nng nmepeaBukeHus
BITJIA, B paccMaTpuBacMOM IpUMEPE — BIOJb
nepuMeTpa. Ha moiryueHHOI cxeMe pa3Melle-
Hust CKM (puc. 3) onpeneneHbl MecTa repe-
ceueHus 9 BBK ¢ Bo3ayliHbEIMK 711 Ha3eMHBI-
MU 5 KOpUIOpaMu/TyTssMu 1tst iBvokeHust TC,
a TakKe MeleXoqHbIMU MyTsaMu 4. C yuyétom
(axTOpOB, BIUSIONIMX HA BEIOOP MecTa pa3-
meweHuss LHYC, onpeneneHo onTuMaabHOE
MECTO pa3MeIlleHUs LIeHTpa yIpaBJIeHUS
cucteMoit 10, mo3Bogtoliee BeCTH HabIIIoIe -
Hue 3a gBikeHneM BITJIA He TonbKoO amma-
paTHO, HO U BU3YyaJIbHO, a TaKXe MECTO pa3-
MelleHusT 6a30Boit Toukn Mapuipyrta /7 co-
nepxameii TTIT.

B mectax nepeceuenust BBK ¢ BozayiiHbi-
MM KOPUIOpaMH 7 TIPEAYCMOTPEHO ITPOXOKIIe-
Hue BBK moa Bo3aylIHbIMU KOpUIOpaMu 7.
B mecrax nepeceueHuss BBK ¢ HazeMHBIMU
KopumopaMu,/myTaMu s apukeHust TC 5
W TEIIeXOOHBIMU MYTIMU 4 TIPeayCMOTPEHO
npoxoxaeHue BBK Hax kopumnopamu,/nyTsimMu
Snu4.

BbIBOAbI

B HacrostieM ncciienoBaHny pa3paboTaHa
MemoouKa Pa3sMeLeHNsT CUCTEM KOHTPOJIS
MapIIpyTOB OCCIMIOTHBIX JICTAaTeIBHBIX all-
apaToB Ha 00bEKTaxX TPAHCITOPTHOM MHGpa-
CTPYKTYphl. B MeTOoaMKe paccMarpuBaioTcs
MMPaKTUIECKIE aCTIEKTHI OCHAIIICHNSI OOBEKTOB
TpaHCIOpTa CUCTEMaMU JUTsI KOHTPOJISI MapIi-
pyroB BITJIA. BHeapeHue cuctem, mMO3BOJISIO-
IIUX KOHTPOJIMPOBATh MApIIPYTHI ITOJIETOB
OECITUIOTHBIX JIETATEBHBIX alliapaToB, SIB-
JIIeTCsl HeOOXOIMMBIM YCIOBHUEM ODecreye-
HUS 6€30MacCHOCTU U CO3aéT HEOOXOIUMBbIE
YCIIOBYIS JUTSI CHATHSI CYIIIECTBYIOIIMX OTpaHU-~
YEHUI 110 MPUMEHEHNIO OECTTMIOTHBIX JIETa-
TEJIbHBIX alllIapaToOB Ha 00BbEKTaX TPAHCITOPT-
HO# MHGPACTPYKTYPHI.
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Aspects of Equipping Transport Facilities
with Systems for Controlling Routes
of Unmanned Aerial Vehicles

Svetlana V. SHVETSOVA

ABSTRACT

Currently, the problem of ensuring safety of flights
of unmanned aerial vehicles (UAVs) over the territory
of transport infrastructure facilities (TIF), primarily
airports, remains topical.

In one of the previous works, the author together
with the co-author proposed a method for increasing
safety of movement of unmanned aerial vehicles and
the system for controlling the routes of unmanned
aerial vehicles (hereinafter — route control system,
RCS) that implements it, which makes it possible to
improve safety and security of UAV traffic at transport
infrastructure facilities by limiting UAV traffic area
strictly to a dedicated air corridor (DAC). The
development of this system creates the prerequisites
for removing the existing restrictions on the use of
unmanned aerial vehicles at transport infrastructure
facilities.

For practical implementation of the proposed
system, it is relevant to develop a method of placing
RCS at transport infrastructure facilities. This
condition can be justified by the fact that RCS, as a
rule, will be located under conditions of dense

Shvetsova, Svetlana V., Far Eastern State Transport University, Khabarovsk, Russia*.

infrastructural development, including dangerous
technical elements of technical equipment, a collision
ofa UAV with which can lead to an emergency situation
(ES); besides, the movement of air/ground vehicles
will be carried out in the immediate vicinity of RCS
along transport routes/corridors, and employees,
passengers and visitors of TIF will move along the
pedestrian paths.

The objective of this study — to develop a
methodology for placing systems controlling routes
ofunmanned aerial vehicles at transport infrastructure
facilities.

The study conducted with well-known scientific
methods, including the basic routing problem posed
by Dantzig and Ramser, modelling, analysis, and
synthesis, made it possible to develop a method for
placing RCS for unmanned aerial vehicles at transport
infrastructure facilities. The practical application of
the proposed methodology makes it possible to build
routes for movement of UAV at TIF, to form a network
of dedicated air corridors for UAV at TIF operated in
relationship with the system, determine the optimal
location of the RCS elements at TIF.

Keywords: unmanned aerial vehicle, UAV, transport infrastructure facility, route control system, placement

technique.
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Background.

Unmanned aerial vehicles (UAVs) constitute
abasic element of the next generation transport
infrastructure, which will be based on the
Internet of Things (IoT) and artificial
intelligence. But now, the use of UAVs in the
transport sector, including modern logistics
centres at large aviation hubs, is restrained by
legislative prohibitions [1]. «Such bans on
UAVs’ flights over the territory of transport
facilities are adopted in most countries of the
world» [1], including Russia [1—3]. Such
restrictions are aimed primarily at ensuring
safety and security of transport infrastructure
facilities and vehicles operated at them, as well
as personnel, visitors, and passengers [1; 2].

At present, the efforts of many researchers,
both in Russia and abroad, are aimed at solving
problems of ensuring the safety of UAVS’ flights.
There are two main areas of research. The first
islegal regulation in the field of the use of UAVs
[1; 4—6], the second is development of
organizational and technical solutions aimed
at solving security problems in the area under
consideration [7—20].

So, the author in [21] proposed together
with the co-author a development aimed at
controlling the routes of UAV during their
flights over the territory of transport
infrastructure facilities (TIF, or objects of
transport infrastructure: OTI), creating the
preconditions for removing the existing
restrictions on the use of unmanned aerial
vehicles at TIF, including airports.

It should be noted that for practical
application of the above development, which
is route control system (RCS), the issue of the
method of placing such systems at transport
infrastructure facilities is quite relevant. This
precondition can be justified by the fact that

Construction of
routes (routing) of
movement of
UAVs at TIF

Formation of a
network of
dedicated air
corridors for
movement of
UAVs at TIF

route control systems, as a rule, will be located
under the conditions of dense infrastructure
development, including hazardous technical
elements of technical equipment, a collision of
a UAV with which can lead to an emergency
[22]. Air/ground vehicles will move along
transport routes/corridors in the immediate
vicinity of RCS, while employees, passengers,
and visitors of TIF will move along the
pedestrian paths.

The objective of this study is to develop a
methodology for placing systems controlling
the routes of unmanned aerial vehicles at
transport infrastructure facilities, which, in the
author’s opinion, is a necessary condition for
ensuring safety and security during the
operation of UAVs at TIE.

Methodology for placing UAVs’ RCS at
transport infrastructure facilities

The unmanned aerial vehicle route control
system has the following application restrictions:

» The system is applicable in applications
providing for movement of UAVs along a certain
route.

* The system is applicable at ground
transport infrastructure facilities.

* The system is designed to work with UAV
of vertical take-off and landing, of «helicopter»
type.

The basic principles that must be followed
when placing route control systems at transport
infrastructure facilities are that UAV, while
moving, should not be able to encounter the
infrastructure elements of TIF, other vehicles,
and people. Counter flows of moving UAVs
must be separated along at least two non-
contiguous dedicated air corridors.

The main requirement for location of the
elements of the route control system for

Determining the!
required
number and
places of
location for sites
for take-
off/landing of
UAVs

Selection of place
of location of
RCSs

Stage 3. Stage 4.

Pic. 1. Algorithm for placing RCS at TIF [compiled by the author].
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Pic. 2. Transport network, where N= {3, 9}, R={{1, 2}, {6, 5}, {4, 6}},
V(R)=1{1,2,4,5,6};(1,2,5,6,4,9, 10, 3, 1) is optimal circular route [24].

unmanned aerial vehicles is the presence in the
selected area of an uninterrupted GSM signal
(or of another applied communication signal)
that provides operator to UAV communications.

The algorithm for placing the RCSs at TIF
can be divided into four stages shown in Pic. 1.

To implement the phases of RCS placement
(Pic. 1), a digital map (model) of TIF is
required, which will reflect: buildings and
structures, ground and overhead communi-
cations, paths (corridors) of vehicle movement,
pedestrian paths, and other structural elements
of TIE Dangerous elements of the elements of
transport infrastructure, a collision of a UAV
with which can lead to an emergency, should
be highlighted on the map (model) of TIE

Stage 1: construction of routes (routing) of
movement of UAV at TIF

At this stage, the goals of using UAV
are formulated, based on which initial,
intermediate, and final points of the routes',
their number and coordinates are identified
and determined.

The starting and ending points of the route
can be designated as base points of the route.

UAV route can be single-point route when
take-off and landing point is located in the
same place. Variants are possible when UAV
route combines two points, such a route can be
designated as a two-point route, and a route with
numerous take-off/landing points will be multi-
point route.

Take-off/landing points are plotted on the
digital map (model) of TIF, the designation of
base and intermediate points should be

! Points of the routes:

e initial points of the routes — place of UAVs’ take-off;
¢ intermediate points of the routes — place of
intermediate landing/take-off of UAVs;

o final points of the routes — place of UAVs’ landing.

different. These points are used to route the
movement of UAV at TIE

The basic principle of laying routes for UAV
at TIF is the minimum route length, the
application of this principle allows the most
efficient use of the limited battery charge of
UAV.

Based on this principle, it is advisable to use
the solution of basic routing problem (VRP —
Vehicle Routing Problem) posed, e.g., by
Dantzig and Ramser [23], as well as of the
problems such as Chinese postman problem
[24—26], to route UAV movement to TIE When
choosing a route, the optimal route will be the
one that has the minimum length, «such a route
is called an «Euler route», and the graph
containing it is called an «Euler graph» [24].
Moreover, «it is required to find in the graph
H = (V, U), a cycle that includes all vertices
from N and all edges from R and has the
minimum sum of weights of edges included in
it. Obviously, if this cycle is simple, then it is
the optimal circular route» [24] (Pic. 2).

The principle of the minimum route length
does not apply, provided that the route is set
with the purpose (purposes) of using UAYV, for
example, when it moves along the perimeter of
TIF for the purpose of monitoring security of
the facility. In this case, the route is laid based
on the purposes of using UAYV, in the case under
consideration it is designed along the perimeter
of TIE.

The formed network of UAV routes is
entered into the digital map (model) of TIF.

Stage 2: formation of a network of dedicated i/t

air corridors for movement of UAV

The formation of a network of dedicated air
corridors is carried out based on the routes
formed in the digital map of TIF. The air
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corridor is allocated in accordance with the
planned route, while its trajectory is adjusted
considering the buildings and structures located
on the path of the air corridor, the paths/
corridors of other vehicles, communications,
pedestrian paths, and other influencing factors.
A factor influencing the adjustment of DAC
trajectory is the need to consider the
technological conditions for mounting the
support-brackets on which the monorail is
installed.

The updating of the trajectory of the
dedicated air corridor relative to the laid route
is carried out based on the principle of a
minimum increase in the length of the corridor,
based on the limited charge of UAV batteries.

The start point of DAC will be the take-off
point of UAV at the beginning of the route, the
end of DAC will be the point of landing of UAV
at the end of the route.

The DAC axis will be the trajectory of the
ground mobile platform.

The circumference of DAC (C,,) can be
calculated using the formula:
C,=(C,+12M,+ D, -2,
where C, is length of the holding cable;

M is length of the movable platform;

D, is UAV length.

Stage 3: determination of the required number
and location of sites intended for take-off/landing
of UAV (hereinafter referred to as landing sites
(LS))

Landing sites are located both at the base
and intermediate points of UAV route, and
additional LS can also be provided for the
purposes of technological operations with UAV,
such as changing batteries, on-board
equipment, and similar operations, in other
places of UAV route. Several LS can be
provided at each base or intermediate point of
the route.

The size and shape of the landing site are
determined considering dimensions of UAV
used, the contents and composition of the
planned technological operations with UAYV, as
well as the characteristics of the adjacent
territory.

Branches from the monorail are provided
to LS locations, if necessary, which allows given
UAVs not to block movement of other UAVs
along the monorail, and allows landing sites to
be placed not only next to the main monorail,

but also at the required distance, which expands
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the possibilities when choosing the most
convenient locations for platforms and other
elements of the system.

The total number of landing sites is not
limited and depends on RCS operating
conditions.

Stage 4: choice of the location of the control
centre (CC) for UAV RCS

The control centre for UAV RCS includes
operators who remotely control movement of
UAVs, and hardware and software complexes
that allow operators to remotely control UAVs.
In addition, other additional equipment and
employees may be provided as part of the
system CC to increase reliability and
productivity of RCSs.

The main requirement for location of CC
is the presence of an uninterrupted GSM signal
(or of other applied signal) providing
communication between the operator and
UAVs.

CC can be both single and distributed,
consisting of several geographically distributed
workplaces of operators controlling UAV
traffic. The optimal is formation of a single CC
from where the operators direct contact each
other, it can be organized like air traffic control
centre.

The optimal location for the system control
centre is the one from which operators can
observe movement of UAVs not only using
hardware, but also visually.

Additional factors considered when
choosing the location of CC are as follow:

* availability of access roads. The availability
of such routes will allow operators and technical
personnel of the system to quickly go to the
distributed points of RCS to perform various
technological operations, including repair;

* availability in the immediate vicinity of a
take-off/landing site for UAV operated together
with RCS. The presence of such a site will allow
the operators and technical personnel of the
system to carry out the necessary technological
operations with UAVs directly next to the
control centre;

* availability of a backup line (source) of
power supply. The presence of a reserve source
of power supply makes it possible to increase
reliability of RCS operation;

* presence of security at the entrances to the
building (room) in which CC is supposed to be
located. The presence of security allows to
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Pic. 3. Layout of UAV route control system at the transport infrastructure facility (airport) [author’s design].

increase security of RCS control centre against
unauthorized interference and influences;

* availability of access control systems (ACS)
at the entrances to the premises in which CC is
supposed to be located. Availability of ACS will
increase security of RCS control centre against
unauthorized interference and impact.

Ultimately, according to the data obtained
at all four stages, the location of RCS at TIF
may be determined. The location of RCS
elements is reflected in the digital map (model)
of the transport infrastructure facility. The
resulting layout of RCS at TIF allows
formulating the terms of reference for creation
of a control system for UAV routes at the
considered object of transport infrastructure.

The author has tested the developed
methodology using a universal airport model
(Pic. 3), which contains the following elements:
terminal building /, airfield perimeter 2,
technical buildings 3, pedestrian paths 4, paths
for ground vehicles 5, runways 6, air corridors
for aircraft traffic 7.

Based on the proposed model of the
airport, RCS placement was focused on the
purpose of UAV application, which in this
example is set as monitoring safety along the
perimeter of the aerodrome 2. Based on the
goals of application, the route for movement
of unmanned aerial vehicles was built, based
on which DACS was assigned for movement
of the UAYV, in this example, along the
perimeter. On the obtained RCS layout
scheme (Pic. 3), the places of intersection of
DAC9 with air corridors 7 and ground
corridors/paths for vehicle movement 5, as
well as pedestrian paths 4, were determined,

control system /0, which allows monitoring
movement of UAV not only with hardware
tools, but also visually, as well as the base point
of the route /7 containing LS were designated.

At the intersection of DAC with the air
corridors 7, DAC is provided to pass under the
air corridors 7. At the intersection of DAC with
the ground corridors/paths for movement of
the vehicle 5 and pedestrian paths 4, DAC is
provided for passage over the corridors/paths
Sand 4.

Conclusions. In this study, a methodology
has been developed for placement of systems
controlling the routes of unmanned aerial
vehicles at transport infrastructure facilities.
The methodology examines practical aspects
of equipping transport facilities with systems
for controlling UAV routes. The introduction
of systems to control flight routes of unmanned
aerial vehicles is a prerequisite for ensuring
safety and security, and creates necessary
conditions for removing the existing restrictions
on the use of unmanned aerial vehicles at
transport infrastructure facilities.
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AmuTtpuin BOAPUHOB

PaszButue npeanpusTnii NPoOMbILLIEHHOCTHU
U POCT PbIHKA JIOMTUMCTUHECKUX YCIYI TPEBYIOT nprmMe-
HeHWsi HOBOro riogxoAa rpu rnaaHnpoBaHuM CTPou-
TEbCTBA U PEKOHCTPYKLMN 0O LEKTOB MHPPACTPYK-
TYPbI X€/1€3HOL0POXHOIr0 TPaHCnopTa.

Ans 9¢pekTMBHOro pyHKUNOHNPOBaHWS TPAHC-
nMopTHOWV cucTembl Heobxoamnmo cbasiaHcnpoBaTb
BO3MOXHOCTU UHGPACTPYKTYpbl U MOTPEOHOCTU
PbIHKA FPY30BbIX U NaCCaxnupCcKkux nepeBo3ok.
HepaBHoMepHOCTL pocTa 06LEMOB MEPEBO30K CJ1y-
XKWUT AOMOJIHNTESIbHOM Harpy3Kow Ha CeTb Xeae3HbIX
zAopor. PekoHCTpykunsi 06bekTa MHPPAaCTPYKTYPbI
MOXeT ObITb PACCMOTPEHA Kak r1o3TarHoe ycuaeHne
npon3BOACTBEHHbIX MOLLIHOCTEV NPEANPUSITUS C yHE-
TOM riokasareJsievi YACTOro ANCKOHTUPOBAHHOIO [0~
xoaa (44/) v Tpyaosarpar Ha OCHOBE MeToAa ANHA-
MUYECKOro nporpaMmMmpoBaHus.

PeKOHCTPYKLNST XeNe3HbIX AOPOr B yC/I0BUSIX
Aepuumta nHopmMaLumm o CyLLECTBYIOLLEM 0ObEKTe

IKOHOMWNKA

AP PEeKTUBHOCTb NJIAHUPOBAHUSA PEKOHCTPYKLUUN
00BbEKTOB XXENe3HO40POXHOIo TpaHcnopTa
C npumeHeHuem BIM
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MHOPAaCTPYKTypbl SIBASIETCS HACYLLHOM Npobs1eMoit
POEKTHOV OpraHn3aumny rnpv NPOBEAEHUN N3biCKa-
HWIi B CTECHEHHBIX YCJIOBUSIX, COI/IaCOBaHUM NMepey-
HSI MHXEHEPHbIX CETEN 1 yBA3KE UHOPACTPYKTYPbI
06bEKTa MPOEKTNPOBAaHUSI C BHELLHVMY 6anaHcoaep-
xarensimu.

B cratbe npoaHann3npoBaH BOMpocC MNpUMeHeHns!
BIM-mogennpoBaHusi Npy naaHNPOBaHUN PEKOH-
CTPYKLMM 0ObEKTOB MHPPACTPYKTYPbI XE1e3HO40-
POXHOIro TpaHcropTa. B kayecTse npyimepa paccmoT-
peHa KoHuenuus LunppoBoO Xene3Hon Joporu.
lMpoekTbl UMGPOBOI Xene3HoV AopPOoru SBSIIOTCS
OCHOBHbIMY ApariBepamm 9KOHOMUKY MHOIX CTPaH.

Lenbio cTatbu IB/IIETCS PACCMOTPEHVE BEAYLLIEN
posnn BIM ans ipyuMeHeHns: B PEKOHCTPYKLUMN MHPpa-
CTPYKTYPHbIX [POEKTOB, MPOLEMOHCTPUPOBAH METOL
9KOHOMUNYECKOV OL|EHKY BapUaHTOB MHBECTULIMOHHOM
AEeSITeIbHOCTY Ha OCHOBE AHAMUYECKOIro nporpam-
MupoBaHus o nokasaareso Y4/1.
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BBEOEHUE

NHdpacTpyKTypa XeJIe3HOIOPOXHOTO
TpaHCIIOPTa MOXET OBbITh IIOJEJIeHa Ha JBe
rpynbL. [lepBas rpyrmna o0beAMHSET IJIaBHEIE,
CTAHLIMOHHBIC U MOIBE3IHBIC XKeJIE3HOIOPOXK-
HbIE IIYTH, BKJIIOYAst UICKYCCTBEHHBIE COOPYXKe-
HUSI (BOIOIIPOITYCKHBIE TPYObI, BOZOOTBOIHBIC
KaHaBbl, JIOTKHA, MOCTBI, ITOAIIOPHbIE CTEHKHU
u T.1.). Bropasg rpynna BkiIiouyaeT B ceOsl Bce
OCTalbHbIe OOBEKTHI KEJIE3HOIOPOXHOTO
TpaHCIOpTa (IeT10, BOK3aJbl, TITOBbIE IIOICTAaH-
LMK, SKUITUPOBOYHBIEC YCTPOMCTBA U T.1.), KO-
TOpPBIE NIPEACTABIISIOT UHMPACTPYKTYPY KeJle3-
HOIOPOKHOTO myTH [1].

CoracHo ®enepaapHoMy 3akoHy Ne 18-D3
«YCcTaB XKeJIe3HOIOPOXKHOIO TpaHcopTa Poc-
cuiickoit @enepauyn», THGPACTPYKTypa Ke-
JIC3HOIOPOXKHOIO TPAaHCIIOPTa BKIIIOYAET B ceOst
KEJIE3HOIOPOXKHBIE ITyTH OOLLETO ITOJIb30BAHMS,
JKEJIE3HOJOPOXKHBIC CTaHIIUM, YCTPOMCTBA
3JIEKTPOCHAOXEHUS, CETU CBSA3M, CUCTEMBI
CUTHAJI3ALIMH, LICHTPaIM3aLY ¥ OJIOKUPOBKU,
MHGOPMAIlMOHHbIE KOMILIEKCHI, CUCTEMY
YIIPaBJICHUS ABDKEHUEM U MHBIE 00eCIICUMBAIO-
mue GyHKIMOHMPOBaHUEe MHMPACTPYKTYPhI
3[aHUs, CTPOCHUSI, COOPYKEHUS, YCTPOMCTBA
u obopynosanue [2].

1lenvio uccenoBaHuUs SIBJISICTCS aHAIN3
a¢dexkTuBHOCTU NTpuMeHeHus1 BIM-TexHom0-
TMM B NPOCKTUPOBAHMM IJISI TEXHUKO-
3KOHOMUYECKOM OLICHKU BapUaHTOB CTPOM-
TEJIbCTBA I10 TIOKA3ATE/II0 YK CTOTO AUCKOHTHPO-
BaHHoro goxona (Y/). g uccienoBaHuit
HCIIOJNIB3YIOTCS. Memoobl TAHAMUYECKOTO IIPO-
rpaMMMPOBaHUS U pacyéTa YMCTOrO TUCKOHTH -
POBAHHOIO JI0XOJIA.

1. SKOHOMUYECKAY OLIEHKA
BAPUAHTOB UHBECTULMOHHO-
CTPOUTEJIbHOIO NMPOLIECCA
HeobxommmocTh HapallMBaTh MPOITYCKHYIO
CITOCOOHOCTb OOBEKTOB KEJIE3HOTOPOXHOTO
TpaHCIopTa 00YCIOBJIEHA POCTOM 00bEMA IPY-
30BBIX 1 ITACCAKUPCKUX TIEPEBO30K. DKOHOMU -
yeckast 9¢(EeKTUBHOCTb PEKOHCTPYKIIMM TAKMX
00BEKTOB JIOJDKHA PacCMaTpUBAThCS TIPH T10-
3TAITHOM MX YCWJIEHWH C UCTIONIb30BaHUEM KaK
TEXHUYECKMX, TAK ¥ SKOHOMMYECKHUX TOKa3a-
Tesieil. B KauecTBe 95KOHOMUUYECKOTO TTOKa3aTe-
JIsl MOXET OBITh MCIIOJIb30BaH TOKa3aTellb
YKUCTOro IUcKoHTUpoBaHHoro poxoaa (Y1) [1,
c. 125—128]. 1151 00beKTOB, MPeaCTaBISIOIINX
YaCTHBIE TTPEANPUSITHS, TAKUX KaK aKIIMOHeP-
Hble obuecTBa (AQ), ob1lecTBa ¢ OrpaHUYeH-
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Hoit otBeTcTBeHHOCThIO (OOQ0), nokaszaresb
Y1 mpy peKOHCTPYKLIMU OOBEKTOB BbIpaxka-
€TCs1 3aBUCUMOCTHIO [1]:

_ < ('ZZ/_‘?/_HI)_ & Kr
qﬂ_; (1+E) ;(HE)’ > (1)

e [I, — moxon (BeIpyYKa) MpeanpusiTus B 1-i
TOx;

3, — 3aTpaThl NPEANPUATHS B I-i TO1I;

H, — Hanoru B 7-i ro;

K, — MHBECTMILIMOHHbIE 3aTPaThI B /-i TON;

F — HopMa IUCKOHTa;

T , — TOPU3OHT pacuéra.

Ipu onpenenenuu YA no popmyine (1)
cliefyeT yYUThIBaTh HAJOTU Ha MMYIIECTBO

(H,) v na mpu6suts (H ):
HI:HuI + Hm’ (2)
H =aK_, (3)

Ilie oL — MPOLIEHTHAs CTaBKa Ha HAJIOT C UMY-
1LIeCTBA;

K., — ocraro4yHas CTOMMOCTb UMYILIECTBA,
KOCT: Knep_ ZA’ (4)
rae K“ep— nepBOHaYaIbHasi CTOUMOCTh UMY-
1LIeCTBA;

YA — HauMCJIeHHAas aMOPTU3allus.

Hanor Ha mpuObLIb B -1 TOM;
H,=B(L-3,—H,), 5)
rae B — MpoLEeHTHas CTaBKa Hajora Ha Mpu-
OBLJIb;

H,, — Hasior Ha UMyIIECTBO B /-1 TO1.

DTalHOCTh PEKOHCTPYKIIUM OOBEKTOB
UHOPACTPYKTYPhI KeJTE3HOTOPOXKHOTO MyTU
C POCTOM TPY30HANPSXKEHHOCTU U 00BbEMA
MaccaXXupCKUX MepeBO30K MOXKET ObITh ITPe/I-
craBjeHa B Buae cxemsol (Puc. 1).

Ha nanHoii cxeme ocbh OpaMHAT — j-MOIIL-
HOCTbh 00bEKTa PEKOHCTPYKIIMU, OCh a0-
CLIMCC — i-BpeMS.

77/)
66, 67
55\ 56, 57 D)
44 45 46,7 47r)
33/ 34 35/ 36/ 37/)
24 25 26 27 D
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% N NN
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Puc. 1. Cxema BbiI6Opa BO3MOXHbIX BaPUAHTOB
nocnefo0BaTesIbHOCTU PEKOHCTPYKUNN
[cxema . A. BosipuHoBa].
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CocTtosiHre 00BeKTa TTOKa3bIBAETCS B BU-
e KpyXKa ¢ HoMepoM «i—j». Hampumep,
«2—4», TIe «2» — BTOPO# 3TAIl PEKOHCTPYK-
UM o0beKTa, «4» — COCTOSTHUE OOBEKTa,
XapaKTepU3yeMOe ero MOITHOCTBIO.

MoiHOCTh 00bEeKTa MOXET ObITh BbIpa-
JKeHa, HalpuMep, B KOJTMYECTBE OTPEMOHTHU -
POBaHHBIX BATOHOB B TOJI, KOJIMYECTBE KM~
MMM POBKM JIOKOMOTUBOB WJIX B BUIE TO0BOM
BBIPAOOTKHM TIPEITTPUSITHUS.

IporHosupyemetii nepuon T, = pasnesnsi-
€TCs Ha 3Tambl, TPOAOKUTEIbHOCTh KOTO-
peix AT HazHayaeTcs B 3aBUCUMOCTU OT
CPOKOB PEKOHCTPYKIIMU OOBEKTOB.

CornacHo cBoO#CTBY TpeyrojibHuKa Ilac-
KaJisd, KaxXa0€e YUCI0 B TPEYTOJbHUKE PaBHO
KOJMYECTBY CIOCOOOB 0OPATHCS 10 HETO U3
BEPIIMHBI, MEpeMeIasiCh JMOO BIpPaBO MO
TOPU30HTAIU, JUOO BBEPX MO AUATOHAJIM.
Takxxe cymMMma i-0il CTPOKM TpeyrojbHUKA
[Mackans paHa S = 2'. [lpuHuMast COCTOsIHUE
«1—1» 3a HyJeBy1O CTPOKY, MOJAYYUM, 4YTO
KOJIMYECTBO BCEX IMyTe paBHO: 2° = 64.

7151 cokpallieHYs KOJTM4eCTBa aHaITU3Upye-
MBIX BapUAHTOB PEKOHCTPYKIMU OOBEKTA
MOXeT OBITh UCMOJIb30BaH METOM AMHAMUYE-
CKOTO MPOrpaMMUPOBaHMs1, OCHOBBIBAIOIIIUI -
Cs1 Ha TIPUHIUIIE ONTUMaTbHOCTU bemmana,
COIJIaCHO KOTOPOMY OCYIIIECTBJISIETCS 3aMeHa
HUCXOAHOW MHOTOMEPHOM 3aa4u MOCIeI0Ba-
TEJIbHOCTBIO 3324 MEHbIIIe pa3MEPHOCTH.
KakoBo 6Bl HU OBLIO COCTOSTHUE CUCTEMBI
rnepea o4epeaHbIM 11aroM, HE0OXOIMMO BbIOU-
paTh YIpaBJieHUWE Ha 3TOM IlIare Tak, YTOObI
nmoxon (Y1) Ha TaHHOM I11are BMECTE C ONTH-
MaJIbHBIM JOXOAOM Ha BCEX MOCIEAYIOIINX
1arax ObUT MAKCUMaTbHBIM. DTO Ja&T BO3ZMOXK-
HOCTbh YMEHBIIUTh KOJIUYECTBO aHAIU3UPYE-
MBIX BADMAHTOB 1 BPeMsI ITOMCKA PallMOHAITb-
HOTO BapuaHTa C 5KOHOMUYECKOI TOUKH 3pe-
HUS IIPU TTO3TAITHON PEKOHCTPYKIIMY OOBEKTOB
UHOPACTPYKTYPhI KeJE3HOAOPOKHOTO ITyTH.

PaccmoTpuM 0oKajgbHBIE BApUAHTHI pe-
KOHCTPYKLIMU 00BbEKTA U3 COCTOSHUS «1—1»
B cocTosiHUE «2—3» (puc. 1). MoxeT ObITh 2
JIOKJIbHBIX BapyaHTa:

1. 3 «1—1» B «2—2» (IpOBOAMTCS PEKOH-
CTPYKIMS) U OCYIIECTBISETCS MEPEXO
B «2—3» (3KcIUTyaTaus).

Wnu:

2. U3 «1—1» B «1—2» (aKCcIayaTtaums),
Jlajiee peKOHCTPYKIIUSI OCYIIECTBISETCS MPU
rnepexoae U3 COCTOSIHUS «1—2» B COCTOSIHUE
«2—3».
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HaHHbIe JTOKaJTbHBEIE BAPUAHTE UMEIOT
obuiee Havasio «1—1» 1 oblee KOHEYHOoe COo-
crossHue «2—3». [IpomoikeHne BapraHTOB
PEKOHCTPYKIINY U3 COCTOSTHUS «2—3» IJIsT BCeX
aHAIN3UPYEMBIX JIOKAJTLHBIX BAPUAHTOB OyIIeT
onnHakoBoe. CiemoBaTeIbHO, MBI MOXEM 10
BbIOpaHHOMY TTokazaresto Y /11 BeiOpath onuH
W3 IBYX paccMaTpyUBaeMbIX JJOKAJTbHBIX Bapy-
aHTOB W B JaJIbHEHIIIEM aHAJINU3 IIPOBOIUTH
TOJIbKO C YYETOM 3TOT'O BHIOPAHHOTO BapUaHTAa.
B sTOM cityyae moTpeOHOe 1151 aHAIU3a KO-
YeCTBO BAPHUAHTOB PEKOHCTPYKIINHA OOBEKTOB
MHQPPACTPYKTYPHI KeJE€3HOJOPOKHOTO MyTHU
MOXKHO BBIPa3UTh CAEAYIOLLIMM OIpPeaeIeHUEM:

;!
=)
IIpu i =6, =2 nony4um 5:

6!
A =y~ 0 <S=6e.

KonnuecTBo aHAIM3UpPYeMbIX BapUaHTOB
IUIT BBISIBIEHUS 3 (EeKTUBHOTO pelIeHUs
COKpalllaercs B:

S, 64

—r=--=21pa3sa.
5/ 30 P

CpaBHEHUE JIOKAJbHBIX BADUAHTOB OCY-
miecTBasieTcs myTéM makcuMmusauuu Y.
B nepBom Bapuante Y/ onpenensieTcs 1mo

3aBUCUMOCTH:
L (M, ~A3, ~AH,)

quz);;, (1+E)’ p|+
27 (M, A3, ~AH,) (6)
Y& we

Hnst BToporo jokanbHoro Y JI;:

1=AT+T, A ZZ —A3 —AH K
l{ll ?lz - ( ) h '2) _ 2 - +
& (I+EY (I+E) ;
247 (M, —A3, ~AH,) (7)

(1+E) ’

+
(=AT+T,
I1ie B JAaHHBIX 3aBUCUMOCTSIX:

AL, (AL, — yBenuueHne n10xofa mpe-
MPUSATUS TIOCJIe aHAJTM3UPYEeMOTO 3Tara pe-
KOHCTPYKIIMM O0OBEKTa TT0 TTePBOMY JIOKAJIb-
HOMY BapuaHTy (110 BTOPOMY) B 7-ii TOJI;

A3, (A3 ) — yBeIMY€EHME 3aTPaT B /- rox
1ocJie pEKOHCTPYKIINU, O0YCIOBIEHHOM yBe-
JIndeHreM oobEMa padoT IO MEPBOMY JIOKAJIb-
HOMY BapuaHTy (110 BTOPOMY);

AH,, (AH,)) — n3MeHeHue HAJIOTOB MocIe
MPOBEICHNS TaHHOTO 3TaIla PeKOHCTPYKIIUN
00BeKTa;

Tp — CPOK PEKOHCTPYKIIMU OOBEKTA;

Kp » (Kp ,) — 3aTpaThl Ha PEKOHCTPYKLIMIO
10 BapuaHTaM.
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Puc. 2. Coszpganmne TpéxmepHoii nHpopmMaLmMoHHON mogenn o6bekTa pekoHcTpykuyum B 0 Bentley [6].

PanimoHanbHBII BapuaHT peKOHCTPYKIIMHT
00bekTa OyAeT HalileH TPU Mepexojie Ha TOY-
Ky OKOHYATEJIbHOT'O COCTOSTHUST 00 BEKTa «i—j».

Jns1 moBbIlIeHUsT HaJIEXHOCTU BbIOOpa
palMoOHAIBHOTO BApUAHTA ITO3TAITHOM PEKOH-
CTPYKLIMM 00BEKTA 1IeJIeCO00pa3HO ocylle-
CTBUTH TIPOBEPKY BHIOPAHHOTO BapHvaHTa I10
KpUTEPHUI0O MUHUMMU3ALUU Tpyro3aTpar.
B aTOM ciydae kpureprieM BEIOOpa JIOKATbHBIX
BapMaHTOB TIPU UCTIOJIb30BAHUM AMHAMUYE-
CKOTO ITPOrpaMMMPOBAHUSI CITYXKUT MUHUMYM
Tpyno3aTpar Mpu OCYIIECTBJIEHUM PEKOH-
CTPYKLIMU W IKCILTyaTalMu oobekTa [7].

OO01uMe Tpyno3arpathl MPpU PEKOHCTPYK-
LI ¥ 9KCIUTyaTalluv 0ObEKTA OTIPENEISIOTCS
110 CJIEAYIOIIeH 3aBUCUMOCTH:

— JUIS1 TIEPBOTO, BBIIIE PACCMOTPEHHOTO
JIOKQJIbHOTO BapuaHTa:

1=2AT

— IJIs1 BTOPOTO JIOKAJIBHOI'O BapruaHTa:
=AT+T, T T =287 T

H 23 H

L= X (+E,) (+E)" +,:§1TP VAR
rae T, T,— o01uye Tpy103aTparh 110 NEPBOMY
¥ BTOPOMY JIOKQJIbHBIM BapUaHTaM;

T,, T, ,— Tpymo3aTpaThl 110 SKCILTyaTalun
00BEKTOB O IEPBOMY U BTOPOMY JIOKQJTbHBIM
BapuUaHTaM;

Tp » T — TPYA03aTpaThl IPU PEKOHCTPYK-
1 06”beKTa;

E, — Ko3bGUIMEHT TMCKOHTUPOBAHUS
TpyZIO3aTpaT, ONpPeAessIeTCs B COOTBETCTBUMN
C U3MEHEeHUEM 3apabOTHOI IJIaThl BO Bpeme-
HU.

Ecnu BeIOpaHHBII BApUAHT 110 KPUTEPUIO
max YJIJ1 coBnagaetr ¢ Kputeprem min T, To
9TOT BapUaHT NMPUHUMAETCSI K peaTnu3aliuu.
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B npoTtuBHOM city4ae TpeOYyeTCsS ITOTIOJTHU-
TEJIbHBIN aHAJIN3 MIPU OTHade MPeaITOYTeHUS
nokazatento max YJJ1. I[Mpu paspaboTke Ba-
PUAHTOB CTPOUTENLCTBA (PEKOHCTPYKIINHN)
00BEKTOB MH(PPACTPYKTYPHI 4ACTO BOSHUKACT
HE0OXOAMMOCTh BHOCUTh N3MEHEHUS B TIPO-
€KTHO-CMETHYIO JJOKYMEHTAIIMIO.

2. KOHUENUUA LMOPOBON
XEJIEBHOM AOPOIN

IMpu peanuzanuu MHOPaCTPYKTYPHBIX
MMPOEKTOB XeJIe3HOMOPOXKHOTO TpaHCIIOPTa
cJeayeT IPUMEHSTh TPOTPAMMHBIE KOMTUIEK-
CBhI aBTOMaTUYeCKOTO ITPOrpaMMUPOBAHUS Ha
ocHoBe TexHosoruu Building Information
Modelling (BIM). BIM HanpasiieH Ha To,
YTOOBI CIIEIaTh CTPOUTENIBHBIE TIPOEKTHI OoJIee
5KOHOMUYHBIMH, YCTOMIMUBBIMU U TTyHKTY-
anmbHbIMU [5]. HekoTopele uccienoBaTenu
naxe ropopst o BIM monenu, 1o6aBisist U3-
MepeHUe YIIPaBIeHNsI O0bEKTaMM KU3HEHHO-
TO IIMKJIA, HO JJIS 3TOTO HYXHa SICHast CBSA3b
¢ bm3Hec-mporieccami [4; 13], cormacoBanme
TepevHsT MHXXEHEPHBIX CeTeil 1 yBs3Ka MH)-
pacTPyKTYyphl 00BEKTa MPOEKTUPOBAHUS
C BHEIIHUMHU OaylaHcoaepKaTeJIIMu [Harp.,
3]. B nenom mpoekThl 11 poBoii Kere3HOH
JIOPOTH SIBJISTIOTCSI OCHOBHBIMU JIpaliBepaMu
5KOHOMMKHU MHOTHUX CTpaH [6].

OCHOBHBIMH LIEISTMU U 3aTa4aMy TTPUMEHE-
Hus BIM B cTpouTebcTBE M pEKOHCTPYKIIMU
JKeJIe3HOMOPOKHOW MH(MPACTPYKTYPHI SIBIISIETCS
aHaJIN3 apXUTEKTYPHO-TPATOCTPOUTEIHHOMN
CUTyalluu, NPUHITHE OOBEMHO-TIJIAHUPO-
BOYHBIX PEIIEHUH, TEXHUKO-IKOHOMUIECKOE
CpaBHEHNE BapUAaHTOB KOHCTPYKTUBHBIX pellie-
HUII MHBECTUIIMOHHOTO TIPOEKTa Ha 3Tare
pa3paboOTKN OCHOBHBIX MPOEKTHBIX PEIICHUI.
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HuTerpariyst reorpacdpriecKiux nH(pOpMaIIMoH-
HbIX ceTeit 1 BIM-TexHo0r1iA MOMOXET Mpu-
HUMaTh Ka4eCTBEHHBIE PelleHusT TI0 OU3Hec-
nporieccam [3; 13].

BaxHbiM 3Tanom ucnosb3oBaHus BIM
B TIPOEKTaX PEKOHCTPYKIINU OOBbEKTOB MH(-
PacTpyKTYpHI sIBJIsieTcs co3nanue 3D-monenn
obiraka Touek. Ha puic. 2 moka3saH 3Tarr pabo-
THI B IpOTpaMMHOM KoMmT1iiekce Bentley,
B KOTOPOM 00JIaKO (PM3UIECKUX TOUEK, 00Opa-
3YIOIINX TEOMETPUUYECKUE TTIOTYIIPOCTPAHCTBA
¥ (UTYpBI, COCTABIISTIOT YaCTh (DU3UYECKOTO
3MaHUST PEKOHCTPYUPYEMOTO NeTo. DTa UH-
(bopMaimoHHast MOJIENTb OO bEANHSIET PE3YITh-
TaThl pabOTHI HA3EMHOTO JIA36PHOTO CKaHepa
" (poTOrpaMMeTPpUH ¢ OJIU3KOTO PACCTOSHUS.
Hanéxnast madopMaims 1 paboTa KOMaHIbI
OpoeKTa Ha OCHOBe MeTopoJioruu BIM obec-
neynBaioT 3 (GeKTUBHBIE TTPOLIEAYPHI U TTPET -
OTBpAIAIOT BOBHUKHOBEHNE Hanbosee 3Ha-
YUTETbHBIX TIPOOTEM, XapaKTEPHBIX IS
TPOEKTOB PEKOHCTPYKIINK, KOTOPhIE peau-
3YIOTCSI TPAAUIIMOHHBIM CITOCOOOM U 0€3 mc-
TOTH30BaHMST MH(OPMAITMOHHOTO MOIETMPO-
BaHUS U IPYTUX UMQPPOBBIX TEXHOJOTUH.
KommiekcHoe ncrnonb3oBaHE COBPEMEHHBIX
KOMIIBIOTEPHBIX UHCTPYMEHTOB U BIM sBs-
€TCSI TYYIITM PeIlIeHUEM TIPU PEKOHCTPYKITUN
WHQPACTPYKTypHBIX 00BEKTOB [9—11].

BbiBOA,

Hcronp3oBaHne MeToma TMHAMUISCKOTO
IIPOTrPaMMHUPOBAHUS BMECTE C MCIIOIb30Ba-
HueMm BIM TexHOJ0ruy no3BOJIUT MOBBICUTH
3D PEeKTUBHOCTh TEXHUKO-3KOHOMUYECKOM
OLICHKY MHBECTUIIMOHHBIX IIPOEKTOB IO I10-
KazaTeo YUCTOr0 TUCKOHTUPOBAHHOTO MI0-
xoma (YA/) 3a c4€T yMeHBIICHUS CpPOKa
IIPOCKTUPOBAHUS 1 COCTABJICHHUS CBOTHOTO
cmetHOrO pacuéta (CCP), mOBBICUT Ka4eCTBO
IUTAHMPOBAaHUS M pean3alliil PeKOHCTPYK-
TUBHBIX MEPOIPUITUIT 00BEKTOB MHPPa-
CTPYKTYPBI KEJIE3HOIOPOXKHOTO TPAHCIIOPTA,
YBEJIMIUT CPOK KMU3HEHHOTO IIUKJIAa 00BEKTA,
COKPATUT U3ACPXKKU MPU PEKOHCTPYKIINH,
a TaKKe DKCIUTyaTalny o0bekTa [8]. JJanHbil
ITOIXOJT MOXXET OBITh MCITOJTb30BaH ITPH OIITH -
MM3aLMU PEKOHCTPYKIIAH IPYTUX TPAHCIIOPT-
HBIX OOBEKTOB.
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ABSTRACT

The development of industrial enterprises and
the growth of the logistics market require a new
approach of planning the construction and
reconstruction of railway infrastructure facilities.

For the efficient functioning of the transport
system, itis necessary to balance the infrastructure
capacity andthe needs of the freight and passenger
transport market. Uneven growth in traffic volumes
applies an extra load to the railway network.
Reconstruction of an infrastructure facility can be
considered as a phased increase in the production
capacity of an enterprise, considering the
indicators of net present value (NPV) and labour
costs based on the dynamic programming method.

The article analyses the issue of using
BIM-modelling in planning the reconstruction of
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railway infrastructure facilities. The concept of a
digital railway is considered as an example since
digital railway projects are the main drivers of the
economy of many countries.

Reconstruction of railways in the context of a
lack of information about the existing infrastructure
facility is an urgent problem for the design
organization when conducting surveys in difficult
conditions, agreeing on the list of engineering
networks and linking the infrastructure of the
design object with external asset holders.

The objective of the article is to consider the
dominant role of BIM for the infrastructure
reconstruction projects using a method for
economic assessment of investment options
based on dynamic programming according to NPV
indicator.
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Background.

The railway transport infrastructure can be
divided into two groups. The first group
integrates main, station and access railway
lines, including artificial structures (culverts,
drainage ditches, chutes, bridges, retaining
walls, etc.). The second group comprises all
other objects of railway transport (depots,
railway stations, traction substations,
equipment, etc.), which represent the
infrastructure of the railway track [1].

In Russia, according to Federal Law No.
18-FZ «Charter of Railway Transport of the
Russian Federation», the infrastructure of
railway transport includes public railway tracks,
railway stations, power supply devices,
communication networks, signalling,
centralization and blocking systems,
information systems, traffic control system,
and other buildings, structures, structures,
devices, and equipment that ensure functioning
of the infrastructure [2].

The objective of the study is to analyse the
effectiveness of the use of BIM-technology in
design for the feasibility study of construction
options in terms of net present value (NPV)
using the methods of dynamic programming
and calculation of net present value.

1. Economic assessment of the investment
and construction process

The need to increase the capacity of railway
transport facilities is due to the growth in the
volume of freight and passenger transportation.
The economic efficiency of reconstruction of
such facilities should be considered with their
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Pic. 1. Scheme for selecting possible
options for the sequence of reconstruction
[compiled by D. A. Boyarinov].
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step-by-step strengthening using both technical
and economic indicators. The indicator of net
present value (NPV) [1, pp. 125—128] can be
used as an economic indicator. For objects
owned by private enterprises, such asjoint stock
companies (JSC), limited liability companies
(LLC), NPV indicator during reconstruction

of objects is expressed by the relationship [1]:
e (Ir_Ci_HXr) . 1C,

NPY=Y -yt 0

=] (1 + D)' =] (1 + D)/ ’

where /,— income (proceeds) of the enterprise
in the ¢-th year;

C, — costs of the enterprise in the 7-th year;

TX — taxes in the #-th year;

IC, — investment costs in the 7-th year;

D — discount rate;

H_— calculation horizon.

When determining NPV according to
formula (1) it is necessary to consider property
taxes (7X)) and income taxes (TXP ):

TX=TX, +TX, 2)
X, =aVP_, 3)
where o — property income tax rate;

VP — residual value of the property.
VP =VP —3ZA,
where VP, — initial value of the property;

YA — accrued depreciation.

Income tax in the #-th year:

TXpt = B(II_ Ct - TIYit)’
where § — interest rate of income tax;

N, — property tax in the 7-th year.

The stages of reconstruction of railway
infrastructure facilities with an increase in
freight traffic and the volume of passenger
transportation can be presented in the form of
the following diagram (Pic. 1).

In this diagram, the ordinate axis is j-power
of the reconstruction object, the abscissa axis
is i-time.

The state of the object is shown as a circle
with the number «i—j», for example, «2—4»,
where: «2» is the second stage of reconstruction
of the object, «4» is the state of the object,
characterized by its capacity.

The capacity of the object can be expressed,
for example, in the number of cars repaired per
year, the amount of equipment for locomotives,
or in the form of the annual output of the
enterprise.

The predicted period H is divided into
stages, the duration of which AT is assigned
depending on terms of reconstruction of
objects.

“4)

(6]
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According to the property of Pascal’s
triangle, each number in the triangle is equal
to the number of ways to get to it from the
vertex, moving either horizontally to the right
or diagonally upward. The sum of the i-th row
of Pascal’s triangle is S,= 2'. Taking the state
«1—1» as the zero row, we get that the number
of all paths is: 2° = 64.

To reduce the number of analysed variants
of object reconstruction, a dynamic program-
ming method based on the Bellman’s
optimality principle can be used, according to
which the original multidimensional problem
is replaced by a sequence of problems of a
lower dimension. Whatever the state of the
system before the next step is, it is necessary
to choose the control at this step so that the
value (NPV) at this step, together with the
optimal income at all subsequent steps, should
be the maximum. This makes it possible to
reduce the number of analysed options and
the time for searching a rational option from
an economic point of view during the stage-
by-stage reconstruction of railway infra-
structure facilities.

Let us consider local variants of object
reconstruction from the state «1—1» to the state
«2—3» (Pic. 1). There may be 2 local options:

1) from «1—1» to «2—2» (reconstruction is
underway) and the transition to «2—3»
(operation) is underway;

or

2) from «1—1» to «1—2» (operation), then
the reconstruction is carried out during the
transition from the state «1—2» to the state
«2—3».

Those local variants have a common starting
point «1—1» and a common final state «2—3».
The continuation of reconstruction options
from the state «2—3» will be the same for all
analysed local options. Therefore, according
to the selected NPV indicator, we can choose
one of two considered local options and, in the
future, continue analysis only considering that
selected option. In this case, the number of
options for reconstruction of railway
infrastructure facilities required for analysis can
be expressed by the following definition:

;!
=g
With i =6,/ =2 we get 5:
6!

A{=(6_2)!=30<Si=64,

The number of analysed options to identify

an effective solution is reduced by:
S 64 2,1 times.
S/ 30
Comparison of local options is carried out
by maximizing NPV. In the first option NPV is
determined according to the dependence:
i (Al -AC, -ATX, )

NPV, = -K +
Ry ©
27 (AL, ~AC, —ATX, )
+ ) "
7, (1+D)
For the second local NPV:
=614, (A, —AC, —ATX, ic
NPV, = ( : — 2)— ot
par (1+D) (1+D)
(7)

=247 (AI,Z —AC, —ATX, )

B (1+ D)

1=AT+H,
where in these dependencies:

Al (Al ) is an increase in the enterprise’s
income after the analysed stage of reconstruction
of the object according to the first local option
(according to the second) in the 7-th year;
AC,, (AC ) is anincrease in costs in the 7-th
year after reconstruction, due to an increase in
the volume of work according to the first local
option (according to the second);

ATX,,, (ATX ) are changes in taxes after this
stage of reconstruction of the object;

H is period of reconstruction of the object;

IC , (IC ) —are costs of reconstruction as
per options.

A rational version of reconstruction of the
object will be found during the transition to the
final state of the object «i—j».

To increase reliability of choosing a rational
option for the phased reconstruction of an
object, it is advisable to check the selected
option according to the criterion of minimizing
labour costs. In this case, the criterion for
selection of local options when using dynamic
programming is the minimum of labour costs
during reconstruction and operation of the
object [7].

Total labour costs in case of reconstruction
and operation of the object are determined
according to the following dependence:

— for the first one among above considered
local options:

T, T 1=2AT T
T = Lt T+ i 8
‘ ,Z:;(HET) ' ,ZT: (1+E) "’ ®

— for the second local option:
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=AT+T, T T =247

7—;= Z n + Z 7;2

; vk
w (1+E) (1+E;) warer, (1+ E)

> 9)

where T, T, are total labour costs as per the
first and the second options;
T, T, are labour costs when operating
objects as per the first and the second local
options;

T, T ,arelabour costs when reconstructing

rP

the object;

E, is labour cost discount factor as
determined in accordance with the change in
wages over time.

Ifthe selected option according to the max
NPV criterion coincides with min T criterion,
then this option is accepted for implementation.
Otherwise, additional analysis is required while
giving preference to max NPV indicator. When
developing options for construction (recon-
struction) of infrastructure objects, it is often
necessary to make changes to design and
estimate documentation.

2. Digital railway concept

‘When implementing infrastructure projects
for railway transport, automatic programming
software systems based on Building Information
Modelling (BIM) technology should be used.
BIM aims to make construction projects more
cost-effective, sustainable, and punctual [5].
Some researchers even talk about the BIM
model, adding a lifecycle object management
dimension, but this requires a clear connection
with business processes [4; 13], agreeing on the
list of engineering networks and linking the
infrastructure of the design object with external
asset holders [e.g., 3]. Digital railway projects
are the main drivers of the economy of many
countries [6].

Pic. 2. Creation of a 3D information model of the reconstructed object in Bentley software [6].
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So, the main goals and objectives of using
BIM in construction and reconstruction of
railway infrastructure is the analysis of the
architectural and urban planning situation,
making space-planning decisions, the technical
and economic comparison of the options for
promising solutions for an investment project
at the stage of developing the main design
solutions. The integration of geographic
information networks and BIM technologies
will help make high-quality decisions on
business processes [3; 13].

An important step in using BIM in
infrastructure reconstruction projects is
creation of a 3D point cloud model. Pic. 2
shows a stage of work in Bentley software
package, in which a cloud of physical points
forming geometric half-spaces and figures are
part of the physical building of the depot being
reconstructed. This information model
combines the results of a terrestrial laser
scanner and close-range photogrammetry.
Reliable information and project’s team work
based on BIM methodology ensures efficient
procedures and prevents the most significant
problems typical of renovation projects, which
are implemented in the traditional way and
without the use of information modelling and
other digital technologies. The integrated use
of modern computer tools and BIM is the best
solution for reconstruction of infrastructure
objects [9—11].

Conclusion. The use of the dynamic
programming method together with the use of
BIM technology will increase the efficiency of
technical and economic assessment of
investment projects in terms of net present
value (NPV) by reducing design time and
drawing up a consolidated estimate (CE), will
improve quality of planning and implementation
of measures for renewal of railway infrastructure
objects, increase the life cycle of an object,
reduce the costs of reconstruction, as well as of
operation of an object [8]. This approach can
be used to optimize reconstruction of other
transport facilities.
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ExaTtepuHa BPA3rMHA

AmuTtpuin KASbMUH

B crarse Ha ocHOBe aHaim3a AevicTBYIo-
LMX MEeToANK ornpeneneHus cybbLeKkToB
Poccuvickou deneparmn a1s npeaocTas-
JIeHvs1 heaepasibHOV NMoALEPXKKU B LIEJISIX
peanusaumm MepornpusTui no o6HoB/e-
HWIO NMNOABWXXHOIO COCTaBa 00LLECTBEHHOO
ropoAcCKOro rnaccaxumpckoro TpaHcropTta
Y BHEAPEHUS] NHTEJIEKTYasIbHbIX TPAHC-
MOPTHbIX CUCTEM B PaAMKax HaLMOHasIbHOro
npoekta «besonacHble N Ka4eCTBEHHbIE
aBTOMOOUJIbHbLIE [OPOrv» BblAE/IEHbI OC-
HOBHbIE M0AXOL4b! Y MPUHLMIBI, KOTOPbIMU
PYKOBOACTBYIOTCS enepasbHble opraHbi
BIACTU MPY PUHSTUN PELLEHWI O rocyAap-

ryjiaHnpoBaHwue.

IKOHOMWNKA

MeToaunyeckue noaxoabl K NpeaocTaB/eHnIo
rocypapCTBEHHOM NOAAEPXKN PAa3BUTUIO
00LLECTBEHHOr0 rOpoOACKOro nacCaXxupckoro
TpaHcnopTa
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CTBEHHOV MoAAepXKe M1aHNpyeMbIx pe-
rmoHamMuy MeponpusaTUL B cpepe pas3Butus
ropoAcKoro TpaHcriopTa.
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BBEAEHME

AKTYaJIbHOCTb Pa3pabOTKH U peain3alliy
Ha (eepaJlbHOM YPOBHE CUCTEMBI MEP FOCY-
JNApCTBEHHOM MOAIEPXKKM Pa3BUTUSI TOPOI -
CKOIO IacCaKUPCKOIro TPaHCIIOPTa OOIIEro
nosb3oBaHus (ITTOIT) emié B mpoliiioM rony
o0cyKaanach 3KCIEPTHBIM COO0IIeCTBOM [1].
Mepbl 10 00HOBJICHHIO ITOJIBUXKHOI'O COCTa-
Ba I[ITOII 6puUTM BKIIIOUEHBI B HALIMOHAJIbHBIIN
MpoeKT «be3onacHble ¥ KaYeCTBEHHbIE aBTO-
mobuabHbie goporn» (HIT «bKA»); BOb
P® Gbuta HavaTa MOATOTOBKA KOMILIEKCHOM
MIPOTPpaMMbl pa3BUTUS FOPOACKOI0 0OOIIIe-
CTBEHHOI'O TPaHCIOPTa, KOTOPasi MpeaIoia-
racT MOJICPHM3alMI0 CUCTEM IEPEBO30K
¥ OOHOBJICHUE ITAPKOB MOJIBUXHOI'O COCTaBa
B pernoHax Poccuu'. Muntpanc Poccun
B HacToslIlIee BpeMs IIPOA0JIKaeT IpopadboT-
Ky GOopM U YCIOBUII OKa3aHMS MOMICPKKHU
pPa3BUTUIO OOIIECTBEHHOTO TOPOACKOTO
TpaHcropTa [2].

Ceituac, Korga BBeaeHue B Poccum mpo-
TUBO3IMUIEMUICCKIX MEP BBI3BAJIO PE3KOE,
no oueHkaMm Cué€THoit nmanaTtel Poccuiickoit
®enepanuu, 1o 80 %, mageHue maccaxxmpo-
nortoka Ha IITOII B poccuiickux ropojaax,
3a/1a4a ToCy1apCTBEHHOM OIS PKKU TOPOI -
CKOTO TpaHCHOpTa MpuodpeTaeT elé 60Jb-
Y10 aKTyaJIbHOCTb U, II0-BUAMMOMY, TPEOY-
€T IePEeCMOTpa CYIIECTBYIOIIMX METOANYEC-
CKUX ITIOAXOI0B K pa3paboTKe COOTBETCTBYIO-
mux mep [3].

GEOEPAJIbHASA NOOAOEPXKA
PASBUTUA TOPOACKOIO
TPAHCIMNMOPTA B PEFTMOHAX: AHAJTU3
DENCTBYIOLLUX METOAUK

OTU CYyLIECTBYIOIIME MTOAXOIbl U OCHOB-
HBIE IPUHIIUITEI, KOTOPBIMHU PYKOBOJICTBY-
oTCcs ¢denepanbHble OpraHbl BJIAacTU MpU
NPUHSTUU PEIIEeHUU O TOCYyIapCTBEHHON
noaaepKKe peaau3yeMbIX B peTMoHax Me-
ponpusaTuit B chepe ropoackoro TpaHc-
nopTa, MOXHO BBISIBUTb Ha MpUMeEpE aHa-
Jiu3a ABYX NENCTBYIOIIUMX METOAMYECKUX
JIOKYMEHTOB:

* T[Topsamok onpeneneHusI CyobeKToB PO
JUTSI peaiu3alii MEPOIIPUSITUS IO OOHOBJIE-
HUIO MOJIBUKHOTO COCTaBa HA3eMHOTO OOIIIe-
CTBEHHOTO MacCaXupCKOTo TpaHCIOpTa
B paMKax deaepaibHOro npoekra «O01ecu-

! Tazera «KommepcanTs» Ne 166 ot 13.09.2019 . — C. 1.
[DnexTpoHHbIIf pecypc]: https://www.kommersant.ru/
doc/4089787. Hoctym 12.04.2020.
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CTEMHBIE MEPbI PA3BUTUS TOPOXKHOIO X035 -
ctBa» HIT «BKAI» [4];

* MeTtoauka OLEHKU U PaHXUPOBAHUS
JIOKQJIBHBIX MPOEKTOB B LIEJISIX pealu3alluu
MeponpusaTus «BHenpeHre HTEIEKTyalb-
HBIX TPAHCTIOPTHBIX CUCTEM, TIPEeayCMaTPU-
BalOIIMX aBTOMAaTU3ALIMIO TPOLIECCOB YIpPaB-
JICHUST JOPOXHBIM ABUXKEHUEM B TOPOICKUX
araoMepaunusx...» B paMkax (eaepaibHOro
npoekTa «O01IeCUCTEMHBIE MEPBI Pa3BUTHUS
nopoxHoro xo3giictea» HIT «bKAJI» [5].

Metoauyeckuii NOAXOM, MPEACTaBICHHbIN
B YKa3aHHBIX JOKYMEHTaX, OCHOBaH Ha paCCMO-
TPEHUU pacxoloB deaepasbHOrO OromkeTa Ha
passutue ITTOIT kak naBecTuLMiA. [OcyaapcTBO
KaK MHBECTOP CTPEMUTCS MIPU MOIEPXKKE pea-
JIU3YeMbIX B PETMOHAX MEPOIPUATHIA obecrie-
YUTh 3(PHEKTUBHOCTD OIOKETHBIX BIOXEHUN
U CHU3UTh UHBECTULIMOHHBIE PUCKU.

B pamkax 3Toro nonxoaa 3asiBKu cyobek-
ToB P® Ha monydyeHMe demeparbHOI IOMI-
JIEP>KKUA Ha OOHOBJIEHUE MTOJBUXHOIO COCTa-
Ba WJIM peaqu3alMio JOKAJIbHBIX MTPOEKTOB
WHTEJJIEKTYaTbHBIX TPAHCIIOPTHBIX CUCTEM
(UTC) npencrapisioT codoii aHaor OU3HecC-
TUTAHOB U UHBECTULIMOHHBIX MPEITOKEHUIA:
IS MX TIOATOTOBKM TakKXXKe HEOOXOAUM aHa-
JIU3 cripoca (TPaHCIIOPTHBIX W MAacCaXXupo-
TMOTOKOB), OLIEHKA U3[EPXKEK U MPOTHO3UPO-
BaHUE BBITOJ (TaKUX, KaK 3KOHOMMUS BpeMe-
HU y9aCTHMKOB IBUXEHUS U CHUXEHUE
BbIOPOCOB TOKCUYHBIX BellecTB). M3 yKazaH-
HOTO0 MOJX0/1a TAKXKE BBITEKAIOT OCOOEHHOCTU
MpoLEeAYyphl MpeaocTaBIeHUs (PeaepatbHOi
MOJIEPKKU, O KOTOPBIX OYIET CKa3aHo Jajee.

ITpexne Bcero, 3To KOHKYPCHBIN MOPSIIOK
MpeaoCTaBJIeHUS MOANEPKKHA Ha OCHOBE
PEUTUHTOBOI CUCTEMBI OLIEHKHU 3aIBOK CYOb-
ekToB P® M ynoBieTBOpeHUs 3TUX 3asIBOK
B MOPSIAKE YObIBAHUS PEUTHUHTA.

O06e yoMsHYTbI€ BBIIIIE METOAUKHU OLIEH-
KU 3a5IBOK OCHOBBIBAIOTCS] HA UHTETPATTbHOMU
0annbHOU OlLleHKEe, KOTopas IMojydyaeTcs
CYMMMPOBaHUEM «B3BELIEHHBIX» OaJIbHBIX
OLICHOK 10 OTIEJIbHBIM IMOKa3aTeNsIM.

IMopsaok ompeneiieHnst cyoObeKTOB PO
JUJIS peaiu3allii MEPOTIPUSITUIA ITO OOHOBIIE-
HUIO MOJIBMKHOTO COCTaBa MpeAyCcMaTpUBaeT
OLICHKY U paHXXMPOBaHUE 3asIBOK HA OCHOBE
24 oTAeNIbHBIX TIOKa3aTeNeil, CrpyIIMpoBaH-
HBIX 110 CJIENYIOIINM HAaNPaBICHUSIM:

* OLIEHKA YPOBHS Pa3BUTUS CETU ra30Ha-
MOJIHATEJIbHBIX aBTO3aPABOYHBIX CTAHIIUIA
Y MHOTOTOILJIUBHBIX aBTO3AITPABOYHbBIX CTaH-
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LI ¢ BO3MOXHOCTBIO 3alPaBKU MPUPOJHBIM
ra3om;

* OlIEHKa MPOTSKEHHOCTU U MpUpOCTa
MPOTSKEHHOCTU PEJIbCOBBIX MyTe U KOH-
TaKTHBIX CeTell TOPOACKOTO Ha3eMHOTO
3JIEKTPUYECKOTO TPAHCIIOPTA;

* OlLIEHKA TPAHCHOPTHOM U LIEHOBOM J0C-
tynmHocTtu [1TOTI, HagéxHOCTH 1 KOMDOPT-
HOCTH TPAHCITOPTHOTO OOCITY>KUBAHUS;

* OlleHKa HaJU4YUsl U COOTBETCTBUS Tpe-
0OBaHUSAM NOKYMEHTOB TPaHCIIOPTHOTO
IUTAaHUPOBAHUS MYHULIMITATIBHBIX 00pa30oBa-
HUI U TOPOJCKOM arjioMepaluu;

* BKCIEepTHas OlleHKa KayecTBa MOJATo-
TOBKM 3aIBKM B 4YaCTU OOOCHOBAaHHOCTH
npeajaraeMblX MEpPONPUITUIA TTO U3MEHE-
Huto MapiupyTHoii cetu [TTOIT 1 koppekT-
HOCTHU OLIEHKU COIIMAIbHO-9KOHOMUYECKOTO
a(ddexTa peanuzanuny AJaHHBIX MEePOIPUSI-
TUHA.

MeTtoauka paHXHWpPOBaHUS 3asBOK Ha
peanmn3anuio JOKaIbHEIX IpoekToB UTC,
B CBOI0O ouepedb, MpeanoyaraeT oleHKY
(Ha ocHOBe 47 OTHeNbHBIX TTOKa3aTeeit):

* GOYHKIMOHAJBbHBIX BO3MOXHOCTEN
npeayiaraeMoit K coznanuo UTC;

* HaJIWYMUS Y perMOHa JaHHBIX MOHUTO-
pMHTa MapaMeTPOB TOPOKHOTO NBUKEHUS

* HEMOCPEACTBEHHO 3HAYEHUS MapaMeT-
POB JOPOXHOTO IBMXEHUS HAa CETU JOPOT
(rpu 3TOM OOJIBIIIMIA OLIEHOYHBIN Oasl Mmo-
JIy4aloT peTMOHbI C MeHee OJaromnpusTHON
JIOPOXKHOU cUTyalMeid, UCXOs U3 TOTO, YTO
B 3ToM ciydae BHenpeHue MTC mokaxker
Gob1ryIo 3(PHEeKTUBHOCTD);

* HaJlM4ue YTBEPXKIEHHBIX TOKYMEHTOB
TPaHCIIOPTHOTO TUTAHUPOBAHUS, COAEepXKa-
X MeponpusTus no BHeapenuio UTC;

* MPaKTUKU afIMUHUCTPUPOBAHUS Opra-
HU3ALMU JOPOXHOTO TBUXXEHUS B PETUOHE
(Hanuyuve ynoJTHOMOYEHHBIX OpraHU3alui
U PErIaMEHTOB UX B3aUMOJEUCTBUSA);

* (uHaHCOBOrO OOecmeueHus1 BHeApe-
Huss UTC co cTOpOHBI peruoHajJbHOTO
GromxeTa.

Jpyroit BaXXHBII MPUHLIUIT — 3TO UCTIOJIb-
30BaHMe (heaepaibHOM MOMIEPKKA B Kave-
CTBE CTUMYJIAa Uil peaiu3allui PerMOHaMU
denepanbHON MOJIUTUKU B TPAHCHOPTHOU
cdepe — Ha OLIEHKY 3asIBKM PerrMoHa o mpe-
JlocTaBieHuU denepabHON BIUSIET CTETIEHb
CO0JII0JIeHNSI B PETMOHE YCTaHOBJIEHHBIX
MuHTpaHCcOM TpeOOBaHUi, peKOMEHIALUA
U TIPOLIEAYD.
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Taxk, mpu pacCMOTPEHNH 3asIBOK Ha pea-
JIN3ALIMI0 JIOKATBHBIX TPpoeKTOB M TC yauThI-
BalOTCSI:

* HaJW4Me perrmoHaibHOro LleHTpa op-
TaHW3aIUH JOPOXKHOTO ABMKEHUS U YPOBEHD
KBaTM(UKAIINT €T0 COTPYIHUKOB;

* BBITIOJIHEHWE Ha CeTH HOPOT peruoHa
MOHHUTOPWHTA JOPOXHOIO IBIKCHUS B CO-
OTBETCTBUM C IeHCTBYIOINM [lopsimkom
MOHUTOPHUHTA JOPOXHOTO ABMXEHUS [6].

ITpu paccMoTpeHNY 3assBOK Ha OOHOBJIE-
HUE IMOJBUKHOTO COCTAaBa YIUTHIBAIOTCS:

* BHeIpeHUe Oe3HATMIHON OIIJIATHI IIPO-
e3na;

* BHEJIpEHUE «OpYTTO-KOHTPAKTAIIMU» Ha
MapipytHoii cetn ITTOTI roponckoit armo-
Mepalnu;

+ obecIrieueHHEe SKCIUTyaTalluy TTOXBIK-
HOTO cocTaBa 00JBIIOrO U 0CO00 OOJBIIOrO
KJacca;

» nepeBon MapuipytHoii cetu [1TOIT Ha
peryaupyemblii Tapud;

* cobmonenue TpedboBanHnit ColmaabHO-
TO CTaHAapTa TPAHCIIOPTHOTO OOCITY>KMBaHUS
[7] BUacTH cOOMIOACHIS HOPM BMECTUMOCTH,
obecTieyeHUsT PEeTYJSIPHOCTU MepeBO30K
M TICIIEXOTHOM JOCTYITHOCTA OCTAHOBOYHBIX
MYHKTOB.

Taxcke pu aHaIM3e 3asIBOK Ha OOHOBJIE-
HUE TTOJBUXHOIO COCTaBa W peaan3alunio
JoKaIbHBIX TpoeKToB U TC yunuTEIBaeTCs
HaJIMIue YTBePKIEHHBIX JOKYMEHTOB TpaHC-
nopTHoro mianupoBaHus (ITporpamMm Komir-
JIEKCHOTO Pa3BUTUS TPAHCIIOPTHOM MHDpa-
CTPYKTYpHI 1 KOMILTEKCHEIX CXeM OpTaHM3a-
1MW TPAHCITOPTHOTO OOCTY>KMBaHUS HaceIe-
HUS) B TOPOJCKHX arjIoMepalnsx.

Clenyionym KITIOYeBEIM ITPUHITATIOM SIB-
JISIETCSI TIPUHIIMIT «YCTOMYMBOTO HaCJIEos»,
KOTODEIIA, B TIEPBYIO OUepelib, KacaeTcss MH(pa-
CTPYKTYPHBIX ITIPOEKTOB, HO IPUMEHUM 1 K Me-
POTIPUSATHUSIM IT0 OOHOBIICHUIO ITTOABIKHOTO
cocraBa. PernoH nosokeH pacroyiaraTb Heo0-
XOIVUMBIMHU OIOMXKETHBIMUA CPEACTBAMHU TSI
obecTneuyeHNUST 9KCIUTyaTallui WHGPaCcCTPYK-
TYpBI, CO3MAHHOM TP MOANEepXkKKe demaepatb-
HOro OloaKeTa, M e€ moaaepKaHusl B HOpMa-
THUBHOM COCTOSTHUH. B 00Cy:XnaeMbIX METOIH -
Kax JaHHBIN MPUHIIATI OBIT pealn30BaH:

* TIpM OlIeHKE JIOKATBHEIX ITpoeKTOoB UTC
paccMaTpuBalOTCSl 0053aTeNIbCTBA PErMOHa
1Mo cOOMHAHCUPOBAHUIO ITPOEKTA;

* TIpM OIleHKE 3asiBOK Ha OOHOBJICHUE
noaBxHoro coctaBa [ITOII, huHaHCOBBIE
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00s13aTeIbCTBA MPUHUMAIOT Ha celdsl Trepe-
BO34YUKHU B (hOpMe JIM3UHTOBBIX IJIATEXKEM.

Kpome Toro, o6e MeToaAMKHU TIpeayc-
MaTpUBAIOT OLIEHKY COLIMaJIbHO-3KOHOMMU -
yecKux 3¢ HeKTOB peaaus3aluu Meponpus-
TU, IpETEHAYIOIIMX Ha TToJdydeHue dene-
pajibHOl moamepxku. HeobxoaumocTh
MPOTHO3HOU OLIEHKH COLIMAJIbHO-3KOHOMU -
yecKoil 3¢ (PeKTUBHOCTU MPEAYCMOTPEH-
HBIX 3asiBKAMU MEPONPUATUIl 00YCIIOBIN-
BaeT 3HAUYUTEJbHYIO TPYAOEMKOCTh (1 Ha-
YKOEMKOCTb) MOATOTOBKHU 3asiBOK. s
000CHOBaHUS NPEIYCMOTPEHHBIX 3assBKAaMU
MEPOTIPUITHIA MO KOPPEKTUPOBKE MapI-
pyTtHoii cetu IITOII unu BHeApeHUs aJe-
MeHTOB UTC HeoO6XoauMbl 60JIbIINE 00BE -
MBI TaHHBIX O HAOJIOJAEMBIX U TEePCIIEK-
THUBHEIX ITapaMeTpax TPaHCIIOPTHOTO
crpoca v J0pOXKHOI0 IBUXKEHMSI, MHOTHE 13
KOTOPBIX (MEepCIEeKTUBHBIC 3HAYCHUS Bpe-
MEHHOI'0 UHJeKCa, HATIOJJHEeHUSI CaJOHOB
MapIIPYTHBIX TPAHCITOPTHBIX CPEACTB U T.1I.)
JIOJIKHBI paCCUUTHIBAThCS ¢ MPUMEHEHUEM
MYJIbTUMOJAJILHOM MaTeMaTUueCcKoit Moje-
JIM TPAHCHOPTHOM CUCTEMBI TOPOJICKOM ar-
JjoMepanuu. OTo 00CTOATENbCTBO €IIE
CUJbHEEe YBSI3bIBAa€T MOATOTOBKY 3asBOK
¢ peanu3alideil B perMoHax rocyaapcTBEeH-
HOW MOJUTUKU B chepe TPaHCHOPTHOTO
MJaHUPOBaHUsI, KOTOpasl KaK pa3 1 nmojpa-
3yMeBaeT pa3pabOoTKy perMoHaJIbHbIX MaTe-
MaTUYeCKUX TPAHCIIOPTHBIX MOAeJ el U To-
JIydeHue HeoOXOAMMBbIX MPOTHO30B [8§].

W3 ykazaHHOM BbIllIe OCOOEHHOCTHU BbI-
TeKaeT HEOOXOAUMOCTb OLIEHKU 3asIBOK
C MpUBJIeUYEeHUEM dKCcIepToB. IToCcKOIbKY
3as1BKa MpeacTaBiIsgeT co00il MpakKTUYECKHU
nonaHoueHHyo HUP, ona tpeGyet npusie-
YeHUS K paCCMOTPEHUIO YYEHBIX U MPOEK-
TUPOBLIMKOB JJIS1 OLIEHKN 0O0CHOBAaHHOCTH
npenjaraeMbIX MEpPONPUSATHA M OLEHKH
KOPPEKTHOCTHU TPeACTaBIEHHBIX PACcUETOB
U MPOTHO30B. AHAJIN3 3asIBOK PETMOHOB Ha
obHoBaeHue noaBuxHoro coctasa IITOII
JIOJIKEH paccMaTpUBATbhCS DKCIEPTHOM
komuccueir nmpu Muntpance Poccuu [9].
K aHanu3y 3asBOK Ha peaau3aluio JOKaab-
HbIX IpoeKToB U'TC nojKeH MpuBieKaTbCs
TeXHUYECKUI KOHCYJIbTaHT — HaydYHas WJIN
MpOeKTHasl OpraHu3alus, K KOTOpoi mpeab-
SIBJSIOTCSI Tp€OOBaHUS 110 HAJIMUMIO B 1ITA-
T€ COTPYOIHUKOB C HAYYHBIMU CTEIICHSIMU
U OIBITY peajii3alluu MPOEKTOB B cdepe
TpaHCcOOpTa, a Takke (PMHAHCOBBI KOH-
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CYJIBTAHT, K KOTOPOMY TaK3Ke IPeIbsBIsIeT-
cs psa TpeboBanumii [10].

Heob6xonumMo OTMETUTH, YTO OJHOU U3
npobjeM peanu3aluvu NepedrcaeHHBIX
TPUHLIWIIOB ITPU TPUHSITUU PELIEHU O TIpe-
NocTaBieHUU ¢denepaibHON MOAIEPKKU
npoekTaM B cepe TpaHcHopTa SBIASETCS
OTCYTCTBUE YTBEPXKAEHHON METOAUKY OLIEH-
K1 3(p(heKTMBHOCTH MHBECTUIIMOHHBIX TTPO-
€KTOB, KOTOpasl B TTOJTHOW Mepe yUYUThIBaJIa
OBI crieln(prUKy MEPOTIPUSATHUI B TPAHCIIOPT-
Holi cdepe, B YaCTHOCTU, COLMATBHO-
9KOHOMUYeCKUE 3(PPEeKThI, CBI3aHHBIE C:

* DKOHOMMEN BpEeMEHU MoJib30BaTeyneit
TPaHCTIOPTHOM CUCTEMBI;

* YCKOPEHUEM IOCTaBKU IPY30B;

* TIOBBIIIIEHUEM HaEXHOCTH ITaccaXup-
CKOTO Y TPYy30BOT0O COODIIEHMUS;

* U3MEHEHUEM BEIOPOCOB 3aTrPSI3HSIIONINX
BEILIECTB OT MePEIBUXKHBIX UICTOUHUKOB B aT-
mocdepy;

* KOCBEHHBIMU 3KOHOMUYECKUMU dh-
(exTamMu TOBHIIIIEHUS] TPAHCIOPTHOM 10-
CTYITHOCTH TEPPUTOPUH (BKITIOYAS TIOBBIIIIE-
HUE UX UHBECTUIIMOHHOM MTPUBJIEKATEIHbHO-
CTH, obecreyeHune JOCTymna K ycayraM U pa-
00YMM MecTaM U T.0.).

VrBepxaénHas B koHue 2019 rona Me-
TOAMKA OLIEHKU COLIMaTbHO-9KOHOMUYECKUX
3G @EKTOB OT NPOEKTOB CTPOUTEJbCTBA
(pPEKOHCTPYKIIMHU) U KCILTyaTalluu 00BbeK-
TOB TPAHCITOPTHO# MHGMPACTPYKTYPHI, TIa-
HUPYEMBIX K peain3allui ¢ IPUBJIeYCHUEM
cpelncTB deaepanbHOro 0l0IXeTa, B 3TOM
OTHOIIEHWU MpPeACTaBisieT cOO0N 1ar Bre-
pe€n, TaK KaK yYUThIBaeT 3(PpPeKThl OT YCKO-
peHUs IBUXEHUS TPY30B M MacCaXupoB,
a TaKXXe pacIiMpeHUs 30H TPAHCIOPTHOU
JIOCTYTTHOCTHY FOPOJOB («arJoMepalliOHHBIA
a(pdexT»), oJHAKO MPU 3TOM OHA He pac-
cMmaTpuBaeT 3dEKThI, CBI3aHHBIE C HAEX-
HOCTBIO COOOIIEHUS, BBIOpOCAMU 3arps3-
HSIOIIUX BEIIECTB, TPaJOCTPOUTETHCTBOM
U 3eMJIETI0JIb30BaHEM (M3MEHEHUEM UHBE-
CTUIIMOHHOM MPUBJIEKATETbHOCTH TEPPUTO-
puii) [11].

OtaesibHYIO ITpo0JIeMy, ceifuac, BO3MOXKHO,
HauOoJjiee aKTyaabHYI0, IIPEICTaBIsIET CO0O0M
HETIPUTOTHOCTh 00CYKIIAeMbIX METOIMUYECKUX
TIPUHIIATIOB TSI IPUHSITUSI 9KCTPEHHBIX aHTH -
kpusucHbix Mep nopaepxku [TTOII. TTpu
TTOATOTOBKE TPEITOXKEHUI 110 3KCTPEHHBIM
MepaM MOAIEPXKKHU 11eJIeCO00pa3HO UCXOAUTh
W3 TOTO, YTO 3T MEPHI JIOJKHBI OyIyT (hUHAH-
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CUPOBATHCS U3 MECTHBIX, JIMOO B JIy4llIlEM
cJlydae U3 perMOHAIbHBIX OIOKETOB, TaK Kak
pa3paboTKa HOBBIX WJIX BHECEHUE UBMEHEHU I
B CYLIECTBYIOIIME MpaBUjIa MPEIOCTaBICHUS
MEXXOIOIKETHBIX TpaHC(HEPTOB U CYOCUIU U3
(denepanbHOrO OIOMIKETA U YTBEPXKACHUE ITUX
MpaBUJ MOocTaHOBJIeHUEM [IpaButenbcTBa
MOXET MOTPeOOBATh 3HAYUTETLHOTO BPEMEHU.

BbiBOObl

B pesynbrate paccMoTpeHusl 1eiCTBYIO-
IIUX METOAUYECKUX TOKYMEHTOB, KOTOPbIMU
PYKOBOJCTBYIOTCS (eepalbHble OpTaHbl
BJIACTU IIPpU IPUHSTUU pellIeHUH o rocynap-
CTBEHHOM MOIePXKKE peaqnu3yeMbIX B perio-
HaxX MEpOIpPUITUI B chepe TOPOICKOTO
TpaHCIIOPTa, OBbIIU BBIAEJEHBI HEKOTOPHIE
0011I1e IPUHLMITBEI — KOHKYPCHBIN MTOPSIA0K
npeaocTaBeHUsT MOAAEPKKH, UCITOJIb30Ba-
HUe deaepaibHON MOANEPXKKU B KaueCTBe
CTUMYJIA I peau3aiy peruoHaMu (eme-
paJbHOM MTOJIUTHKY B TPAHCITOPTHOII cepe,
TMPUHLIUT «yCTOHRYMBOTO HacleaMsI», OLleHKa
COLIMATbHO-3KOHOMUYECKHX 3P PEKTOB pea-
JIM3alUd MEPOTIPUSITUN U OLIEHKA 3asIBOK
C TIpUBJIEYEHUEM KCIEPTHOIO COOOIIIECTBA.

B cnyyasix, xorma Mepbl HOAIEPXKU
ITTOII gOKHEI HOCUTh 3KCTPEHHBIN XapaK-
Tep (Kak B CUTyallUd PEe3KOTO CHUXEHUS
MaccaXkMpoIOTOKOB B MePUOJ SMUAEMUN),
TMepeYrCIeHHbIE BBIIIE MPUHLIMITBI JOJKHBI
OBITb MIEPECMOTPEHBI, MO KpaltHel Mepe, Jyac-
TM4HO. [lepBoouepenHbie Mepbl MOAAEPKKU
001IECTBEHHOTO TOPOICKOT0 MacCaXKMpPCKOTo
TpaHCHOpTa B perMOHaX MPEACTOUT peain3o-
BaTh Ha MYHULIMMNAJIbHOM YpOBHE IpU MOA-
IepKKe BIacTeil cyobekToB PD 1 mpy MuHM-
MaJIbHOM METOJMYECKOM COMTPOBOXKAECHUY CO
CTOpOHBbI MUHTpaHca, MOCKOIbKY LIEHTpaln-
30BaHHas pa3paboTKa, corjacoBaHue
U «CITyCK» HEOOXOAMMBIX YKa3aHUI U METO-
JIMYECKOTO aIlrapara ¢ (perepaabHOTO YPOBHS
Ha MyHMUMITAJIbHBIA HE 00€CIeUnT HY>KHOM
OBICTPOTHI MPUHSITHUSI PEILIEHUIA.
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ABSTRACT

The article, based on the analysis of the
existing methods for selection of constituent
entities of the Russian Federation to be
provided with federal support in moderni-
zation of the rolling stock of public urban
passenger transport and introduction of
intelligent transport systems within the
framework of the national project «Safe and
High-Quality Highways», highlights main
approaches and principles used by the
federal authorities as guidelines when
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making decision on the public state support
ofthe activity planned by the regions in the
field of urban transport development. The
adequacy of these approaches is
considered for cases when state support
for public urban passenger transport
should be provided on an emergency basis
(in particular, under the conditions of a
sharp decrease in passenger traffic and
ticket revenue due to anti-epidemic
measures), proposals are formulated to
update these approaches.
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Background. The relevance of development
and implementation at the federal level of a
system of measures of state support to
development of public urban passenger
transport (PUPT) was discussed by the expert
community in 2019 [1]. Measures to modernize
PUPT rolling stock were included in the
national project «Safe and High-Quality
Highways» (NP «BKAD»); VEB.RF (develop-
ment institution) has started preparing a
comprehensive program for development of
urban public transport, which involves
modernization of transportation systems and
of rolling stock fleets in the regions of Russia'.
The Ministry of Transport of Russia is currently
continuing to work out forms and conditions
for supporting development of public urban
transport [2].

Now, when introduction of anti-epidemic
measures in Russia has caused a sharp drop in
passenger traffic with PUPT in Russian cities
(according to the Accounts Chamber of the
Russian Federation, the drop rate was estimated
at about 80 %), the task of providing state
support to urban transport becomes even more
urgent, and, apparently, requires a revision of
existing methodological approaches to
development of appropriate measures [3].

Federal support for development of urban
transport in the regions: analysis of existing
methods

The existing approaches and basic
principles, which are used as guidelines by
federal authorities when make decisions on
providing state support to measures undertaken
and implemented by the regions in the field of
urban transport, can be identified with the
example of the analysis of two existing
methodological documents:

* The procedure for selecting the
constituent entities of the Russian Federation
forimplementation of measures to modernize
rolling stock of inland public passenger
transport within the framework of the federal
project «General system measures for
development of road facilities» NP «BKAD»
[4].

* Methodology for assessing and ranking
local projects to implement the activity
«Implementation of intelligent transport systems

! Newspaper «Kommersant» No. 166 dated 13.09.2019,
p. 1. [Electronic resource]: https://www.kommersant.ru/
doc/4089787. Last accessed 12.04.2020.
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providing for automation of traffic management
processes in urban agglomerations...» within the
framework of the federal project «General
system measures for development of road
facilities» NP «BKAD» [5].

The methodological approach presented in
these documents is based on considering the
federal budget expenditures for development
of PUPT as an investment. The state, as an
investor, seeks, with the support of the measures
being implemented in the regions, to ensure
efficiency of budgetary investments and reduce
investment risks.

Within the framework of this approach,
applications of the constituent entities of the
Russian Federation for obtaining federal
support for modernization of rolling stock or
implementation of local projects of intelligent
transport systems (ITS) are analogous to
business plans and investment proposals: for
their preparation, it is required to provide an
analysis of demand (transport and passenger
flows), estimating costs and predicting
benefits (such as saving time for road users and
reducing toxic emissions). The specifics of the
procedure for providing federal support also
follow from this approach, which will be
discussed below.

First, this is a competitive procedure for
providing support, based on the ranking system
for evaluating applications of the constituent
entities of the Russian Federation, stipulating
that satisfaction of these applications is also
effected in descending order of rating.

Both above-mentioned methodologies for
evaluating applications are based on the integral
score, which is obtained by summing the
«weighted» scores for individual indicators.

The procedure for selecting constituent
entities of the Russian Federation for
implementation of measures to modernize
rolling stock provides for assessment and
ranking of applications based on 24 separate
indicators grouped in the following areas:

+ Assessment of the level of development
of the network of gas filling stations and multi-
fuel filling stations with the possibility of
refueling with natural gas.

+ Assessment of length and increase in
length of rail tracks and contact networks of
urban ground electric transport.

+ Assessment of transport and price
accessibility of pupt, reliability and comfort of
transport services.
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» Assessment of availability of transport
planning documents of municipalities and
urban agglomeration and of their compliance
with the established requirements.

+ Expert assessment of quality of
applications, in terms of validity of the
proposed measures to change pupt route
network, and of the correctness of assessment
of the socio-economic effect of implementation
of the measures proposed.

The methodology for ranking applications
for implementation of local ITS projects, in
turn, involves assessment (based on 47
individual indicators) of:

» Functionality of ITS proposed to be
developed.

* Availability of data for monitoring traffic
parameters in the region.

* Direct values of traffic parameters of the
road network (in this case, regions with a less
favourable road situation get a higher estimated
score, based on the fact that in this case the
introduction of ITS will show greater
efficiency).

+ Availability of approved transport
planning documents containing measures for
introduction of ITS.

* Practices of administering organization
of road traffic in the region (presence of
authorized organizations and regulations for
their interaction).

* Financial support of introduction of ITS
from the regional budget.

Another important principle is the use of
federal support as an incentive for the regions to
implement federal policy in the transport sector.
Assessment of a region’s application for a
federal support is influenced by the degree of
compliance of the region with the requirements,
recommendations and procedures established
by the Ministry of Transport.

So, when considering applications for
implementation of local ITS projects, the
following positions are considered:

» Availability of a regional Traffic
Management Centre and qualification level of
its employees.

» Implementation of road traffic monitoring
on the road network of the region in accordance
with the current Road Traffic Monitoring
Procedure [6].

When considering applications for
modernization of rolling stock, the following
positions are considered:

+ Introduction of non-cash (electronic)
fare payment.

+ Introduction of «gross contracting» on
the route network of PUPT in urban
agglomeration.

 Ensuring operation of large and especially
large class [per capacity] rolling stock.

+ Application of regulated tariffs at PUPT
route network.

» Compliance with the requirements of the
social standard of transport services [7] in terms
of compliance with capacity standards,
ensuring regular transportation and accessibility
of stopping points for pedestrians.

Also, when analysing applications for
modernization of rolling stock and imple-
mentation of local ITS projects, availability of
approved transport planning documents
(Programs for Integrated Development of
Transport Infrastructure and Integrated
Schemes for Organizing Transport Services for
the Population) in urban agglomerations is
considered.

The next key principle is the principle of
«sustainable legacy», which primarily concerns
infrastructure projects, but also applies to
activities for modernization of rolling stock.
The region must have the necessary budgetary
funds to ensure further operation of the
infrastructure created with the support of the
federal budget and its maintenance as provided
by applied standards. In the discussed methods,
this principle was implemented in the following
way:

* When assessing local ITS projects, the
region’s obligations to co-finance the project
are considered.

+ When assessing applications for
modernization of PUPT rolling stock, the
carriers assume financial obligations in the
form of lease payments.

In addition, both methods provide for
assessment of the socio-economic effects of
implementation of measures that claim to receive
federal support. The need for a predictive
assessment of the socio-economic efficiency of
measures provided for in the applications
determines the significant labour intensity (and
science intensity as well) of preparing
applications. To substantiate the measures
envisaged by the applications for adjusting
PUPT route network or introducing ITS
elements, large amounts of data are needed on
the observed and prospective parameters of
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transport demand and traffic, many of which
(prospective values of the time index, occupancy
of route vehicles, etc.) should be calculated
using a multimodal mathematical model of the
urban agglomeration transportation system.
This circumstance even more ties the
preparation of applications with implementation
in the regions of the public policy in the field
of transport planning, which precisely implies
development of regional mathematical
transport models and obtaining the necessary
forecasts [8].

From the above peculiarities, it follows that
the applications must be evaluated with
involvement of experts, since the application is
almost a full-fledged research work, it requires
the involvement of scientists and designers in
its consideration to assess the feasibility of the
proposed measures and assess correctness of
the calculations and forecasts presented. The
analysis of regional applications for updating
PUPT rolling stock will be considered by the
Expert Commission under the Ministry of
Transport of Russia [9]. A technical consultant
should be involved in the analysis of applications
forimplementation of local ITS projects which
should be a scientific or design organization
that meets requirements for its employees
should have scientific degrees and experience
in implementing projects in the field of
transport. A financial consultant should be
involved as well, who also must meet a number
of requirements [10].

It should be noted that one of the problems
of implementing the listed principles when
making decisions on provision of federal
support to projects in the field of transport is
the lack of an approved methodology for
evaluating effectiveness of investment projects,
which would fully consider the features of
measures in the transport sector, in particular,
socio-economic effects, connected with:

+ Saving time for the users of the
transportation system [passengers].

+ Acceleration of cargo delivery.

+ Increasing reliability of passenger and
freight traffic.

* Changes (reduction) in emissions of
pollutants from moving sources into the
atmosphere.

+ Indirect economic effects of increasing
transport accessibility of territories (including
increasing their investment attractiveness,
ensuring access to services and jobs, etc.).
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Approved at the end of 2019, the Me-
thodology for assessing the socio-economic
effects of construction (reconstruction) and
operation of transport infrastructure facilities
planned for implementation with the
involvement of federal budget funds is a step
forward in this regard, since it takes into
account the effects of accelerating movement
of goods and passengers mobility, as well as
expanding the zones of transport accessibility
of cities («agglomeration effect»), but at the
same time it does not consider the effects
associated with reliability of transportation,
emissions of pollutants, urban planning and
land use (changes in investment attractiveness
of territories) [11].

Quite a separate problem, and perhaps the
most urgent one, is inability of the discussed
methodological principles to provide for
emergency anti-crisis measures to support
PUPT. When preparing proposals for emergency
support measures, it is advisable to proceed
from the fact that these measures will have to
be financed from local, or, at best, from regional
budgets, since development of new oramending
the existing rules for provision of interbudgetary
transfers and subsidies from the federal budget,
and approval of these rules by a government
decree, can take a significant amount of time.

Conclusions. As a result of consideration
of the current methodological documents,
which are guidelines for the federal authorities
when making decisions on providing state
support to activities in the field of urban
transport implemented in the regions, some
general principles were identified: a
competitive procedure for providing support,
the use of federal support as an incentive for
the regions to implement federal policy in
transport sector, the principle of «sustainable
legacy», assessment of socio-economic effects
of implementation of activities, and assessment
of applications with involvement of the expert
community.

In cases where PUPT support measures
should be urgent (as in a situation of a sharp
decrease in passenger traffic during the [2020
Covid] epidemic situation), the principles listed
above should be revised, at least in part. Priority
measures to support public urban passenger
transport in the regions are to be implemented
at the municipal level with the support of the
authorities of the constituent entities of the
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Russian Federation, and with minimal
methodological support from the Ministry of
Transport, since centralized development,
approval and «forwarding» necessary
instructions and methodological apparatus
from the federal level to the municipal one, will
not provide the required speed of decision
making.
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Poccus*.

3os PUJIUMOHOBA

B crarbe npuBeneHbl metoandeckue
MPUYHUMIBLI Y Pe3yJ/IbTaTbl aHaim3a Kio4de-
BbIX 9KOHOMUYECKMX rokasaresiev o re-
peBo3Kam raccaxuvpoB XeJsle3HOA0POX-
HbIM TPA@HCMOPTOM B KPYIMHENLLNX CTpaHax
mupa ( PpaHums, fepmanms, CLUA, SnoHus,
KHP n IHauns) B cpaBHeHuY ¢ aHaslorny-
HbIMU riokasaresiiMy B Poccuu ¢ LeJsibro
ornpenesieHnsi aTasloHHbIX 0ObEKTOB AJ1s1
npoBeAeHUs1 OLEHKN KOHKYPEHTOCMOCO0-
HOCTU CerMeHTa rnaccaxuvpckux rnepeso-
30K Ha XeJIe3HOLOPOXHOM TpaHcriopTe
B Poccun.

Kpartko npoaHamanpoBaHbl OCHOBHbIE
crieynguyeckme 4epTsl Xeae3Ho40P0X-
HbIX KOMIT/IEKCOB KaX4ovi 3 paccmMmarpu-
BaeMbix cTpaH. s AOCTUXEeHWs Harnsaa-

IKOHOMWNKA

CpaBHuUTEnbHbIE OLEHKMU
KOHKYPEHTOCNOCOOHOCTU NacCaXUPCKUX
nepeBo30K

Duaumonosa 30s Bacuarvesna — Poccutickuii ynusepcumem mpancnopma, Mockea,

HOCTU pe3yibTartoB aHam3a Oblio Npoun3-
BELEHO YKPYNHEHNE 0ObLEKTOB MCC/e0-
BaHUS M0 TepPPUTOPUASIBHOMY MPU3HAKY,
T.€. IPeAcTaB/ieHbl PE3YJIbTaTbl HE OTAE b-
HbIX KOMMaHWi, a CTPaH, Ha TepPPUTOPUYN
KOTOPbIX KOMIMaHUM OCYLLECTBJSIIOT CBOIO
JEeATe/IbHOCTb.

lNpon3Ben€éH pacyET Ka4eCTBEHHbIX
riokasaresiesi nepeBo304YHON AESITE/ILHOCTU
o Kaxzaow n3 paccMOTPEHHbIX CTPaH.
B xone paboTsi bblsia cocTaBieHa MaTpuLa,
onpeaenéHHbIM 06pa3om oTpaxaioLiasi
TEKYLLYIO CUTYauuio, CBSI3aHHYIO C pa3Bu-
TUEM NMaCCaXUPCKUX XKee3HOL0POXHbIX
rnepeBo30ok. [aHbl pekoMeHAaumn ro Bbi-
60py 3TasIOHHOro 06beKTa B 3aBUCUMOCTU
OT 38/1aHHbIX KPUTEPUEB CPABHEHMUSI.

KnioyeBbie cs10Ba: KOHKYPEHTOCMOCOOHOCTb, NacCaXXupCckne nepeBo3ku, Xeae3Ho-
JIOPOXHbIV TPAHCIOPT, 3Ta/IOHHbIV 0OBEKT, 3apPyOEXHbIV OrbIT.
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JIS1 OLIEHKY KOHKYPEHTOCITOCOOHOCTH

U3y4aeMoro o0beKkTa He0OXOAUMO

MpeABapUTETILHO OMpPENEIUTh 0a30-
BBI OTAJIOHHBIN 00bEKT. BhIOOp 3TanoHa Ba-
JKEH JUIS TTOJTyYEHUS TOCTOBEPHOTO, COOTBET-
CTBYIOLIETO MOCTaBJICHHBIM LIEJISIM, [IPaKTUYe-
CKOTO pe3ysbTaTa. B kauecTBe 3TajloHa MOXET
OBITh PUHSIT MUPOBOM CTAHIAPT WU JTyUIITN I
OTEYEeCTBEHHBIN obOpasel. [IpuMeHUTENbHO
K OLIEHKE KOHKYPEHTOCITIOCOOHOCTHU MEPEBO30K
Ha XeJIe3HOJOPOKHOM TPAHCIIOPTE 3TAIOHOM
MOTYT BBICTYIIaTh 3apyOeXHble KOMITaHUMU,
OKAa3bIBAIOIIKE YCIYTU MO MEPeBO3KE TaHHBIM
BUJIOM TPAHCIIOPTa B TOW WJIM UHOWI CTpaHe.
Yro KacaeTcst OTeYeCTBEHHOTO OIbITa, TO 1Ie-
JiecooOpa3HO MPUHUMATh BO BHUMaHUE CpaB-
HUTEJIbHYIO OLIEHKY TEKYIIUX MoKa3aTeaei
C JIy4YIIMMU 3HAYEHUSIMUA aHAJIOTOB 32 aHAIM-
3upyemblii iepuon [1].

B naHHOIi cTaThe pacCMOTPEHBI KITIOUEBbIE
napaMeTpbl U Pe3ysIbTaThl AESITEIbHOCTH Xe-
JIE3HOJOPOXHBIX MacCaXXUPCKUX KOMITaHUMN
psina crpaH EBponbl, Azuu u CeBepHoit AMe-
puku 3a 2017—2019 rr. AHanu3 OpoBeAeH
C Ueablo OTIPENIeSIEHNS 3TAJTOHA U JATbHEUIIIero
€ro MpUMEHEeHUs U CPaBHEHUS C MoKa3aTe-
JIIMU U (PaKTOpaMu KOHKYPEHTOCTIOCOOHOCTH
POCCUICKMX XEJIE3HOJOPOXHBIX KOMITAaHUM
B CETMEHTE MacCaKUPCKUX MepeBO30K.

Kene3HOIOPOXKHBIN TPAHCTIOPT OTHOCUTCS
K KaTeropuy KaluTaloEMKUX OTpacieil 3Ko-
HOMUKMU, B MEPBYIO O4Yepellb, MO MPUYUHE
3HAYUTEIBHBIX MOTPEOHBIX KAUTATBHBIX 3a-
TpaT Ha pa3BUTUE U MOJEpHU3ALMI0 UHDpa-
CTPYKTYpbl. B MUpOBOM cooOlIecTBE COBpeE-
MEHHas pa3BUTAas XKeJIe3HOAOPOXHAS CUCTEMA
paccMaTpuBaeTcs Kak 6a3uc 3KOHOMUYECKOTO
npouBeTaHusi crpaHbl. [Ipu aToM, K coxae-
HUIO, B HEKOTOPBIX Pa3BUBAIOIIMXCS CTpaHaX
KEJIe3HOAOPOXKHBIE TTYTH JTMOO 10 HEAABHETO
BpPEMEHU OTCYTCTBOBAIMU, TUOO M3-3a HENlOo-
CTaTKa UHBECTULIMIA B OOHOBJIEHUE OCHOBHBIX
CPEACTB JEeUCTBYIOLIE OOBEKThI MOCTENEHHO
MPUXOJUIN B HETOAHOCTh, MaCCaXUPOIOTOK
najgai; ecTb CTpaHbl, TJIe CTPOUTEIBCTBO Xe-
JIE3HBIX TOPOT OCJI0KHEHO S5KOHOMUYECKUMU
WY TIPUPOIHBIMU YCIIOBUSIMU. B TO Xe Bpemst
OOJIBIIMHCTBO CTPaH C JTYYIIUMU ITOKa3aTes-
MM 5KOHOMMYECKOT'O POCTa CTPEMUTCS CTPOUTD
HOBBIE XKeJIE3HOTOPOKHbIE TUHUH, TIOBBILIAThH
CKOPOCTHBIE PEXXUMBI, a TAKKE TTPOJBUTATH HA
DPBIHKE TPAHCHOPTHBIX YCIYT XEJIe3HOA0POX-
HBbI€ MACCAXUPCKUE MTEPEBO3KU Ha pa3INYHbIE
pacCTOSIHUS KaK camblii KOM(OPTHBINA, Oe3-
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OIACHBIN, OBICTPBIA, HEAOPOTOW M, TJIABHOE,
5KOJIOTUYHBIN C11OCc0o0 nepenBrkeHus [2].

B MUpoBoIi cTaTHCTUKE CTPYKTYypa Tacca-
>KMPOOOOPOTA IO BUAAM TPAHCTIOPTA BBITJISIIUT
clIeyIoIUM 00pa3oM: XKeJIe3HOAOPOXKHBIN
TpaHcnopT — 10 % ot o611ero o6néMa, aBTo-
MOOWIBHBIA — 80 % 1 BO3AYILHbIE TACCAXKUP-
CKue nepeBo3Ku — 0Koj0 9 % [3]. YoenbHbIiA
BEC KE€JIE3HONOPOXHbBIX MEPEBO30K MaCCaxku-
POB HEBEJIMK, OTHAKO, CTOMT YTOUHUTB, UTO 3Ta
CTaTUCTHKA OXBAaThIBAET BCE CTPAHBI MUpa,
BKJTIOUAsI T€, T/ MaHHBIN BUI TPAHCTIOPTA OT-
CYTCTBYET.

IIpr4rHBI CTOJb GOJBIIOTO YAEIBHOTO
Beca aBTOMOOMJTbHBIX MTACCAKUPCKUX TIEPEBO-
30K B CTPYKTYpP€ MUPOBOTO IMaCCaKUPOOOOPO-
Ta:

* OTCYTCTBME KOHKYPEHTHOTO PhIHKA — BO
MHOTHX CTpaHaX HET aJIbTePHATUBHBIX CIIOCO-
0OB MepenBIKEHUS;

* BBICOKAsI MAaHEBPEHHOCTh U BO3MOXKHO-
CTU MEPEBO3KU MACCAXUPOB «OT IBEPU N0
JIBEPU»;

* MHOTOKpaTHBIE TTOE3IKHU MMacCaXkUpoB
C HEBBICOKOM TAIBHOCTHIO, HO B 3HAUYUTETbHBIX
MaciiTabax 1o KOJIMYECTBY B TOIOBOM BbIpa-
KEHUU.

B Poccun xxene3HoaopoXKHbIM TpaHCIOPT
BBITTOJTHSAET 44 % maccaxkupooGopoTa Beex
BUIIOB TPAHCTIOPTA, YTO TOBOPUT O €TO BasKHEH -
1eM 3HAYeHUU JUISI 9KOHOMUKU CTpaHbI [4].
B IIporpamme pa3BUTHUS TpaHCTOpTa 10
2030 roma cTaBSTCS 3aJa4yu CO3JaHUS CETHU
COBPEMEHHBIX CKOPOCTHBIX 1 BLICOKOCKOPOCT-
HBIX MarucTtpajieil B LleHTpanbpHOU YacTu
Poccuu, a mpu o6cykneHnn Ipyrux MpoeKTOB
Pa3BUTHSI OTPACIIV 3aTParuBarOTCs TEPCIIEKTH -
BBl BAPMAHTOB MX CTPOUTEIHCTBA B IPYTUX
pervoHax CTpaHbl U 3a €€ mnpeaegaMu. Takke
OITHOI M3 MeHee aMOUIIMO3HBIX, HO HE MeHee
BaXKHBIX 33124 SIBJISIETCSI TIOBBILIIEHUE HACEEH-
HOCTHM BaroHa. BpIxon Ha mokasarenum camo-
OKYyMaeMoCTU 1 (PMHAHCOBOW YCTONYMBOCTHU
BO3MOXEH TOJILKO ITPU YBEJTUIESHUY TTACCaKM-
POTIOTOKOB, TIO3TOMY TSI ITACCAXKUPCKUX JKe-
JIEBHOAOPOXKHBIX KOMITAHWM KJTFOYEBOM 3a1a-
Yeit SIBJISIETCSI TIOMCK PeIlieHU JUTS TIPUBJIeUe-
HUS OOJIbIIErO YKCia MoTpeduTesieil TpaHC-
TTOPTHBIX YCIIYT, B TOM YHCJIE U C YIETOM OIThITa
AHAJIOTUYHOU NEesTeJIbHOCTUA 3apyOeKHBIX
naptHEpoB. KoHcomuaupoBaTh 3apyOeXXHbBII
OTIBIT C LIEJTBIO TIPUMEHEHUSI €70 Ha POCCUNCKUX
JIopoTax MpeIIoKeHO Ha OCHOBE psijia KpUTe-
pueB.

dunnmoHoBa 3. B. CpaBHUTEbHbIE OLLEHKN KOHKYPEHTOCMOCOOHOCTH MNacCaX1UPCKUX MEPEBO30K




st aHanu3a ObUTH ONpeieieHbI CTPaHbI IO
JIBYM KPUTEPUSIM:

1. ITepBas rpynna — Beaylye 5KOHOMUKU
MHpa ¢ Pa3BUTHIMU TPAHCTIOPTHBIMU CUCTEMA-
mu: CIIA, ®pannusa u lepmanus [5].

2. Bropas rpynmna — cTpaHbl, UMeloIIue
BBICOKME TTOKa3aTesId Pa3BUTHSI KeJIe3HOIO0-
POXXHOI OTpaciiv 3a MOoCIeaHee NECATUIIETHE:

* Kuraiickasg HaponHas Pecny6auka
(KHP) 3anumMaet nuaupyroniee MecTo B MUpe
TI0 CTPOUTENILCTBY HOBBIX XKeJIe3HOMOPOXKHBIX
IyTe U BBOAY MOJBUXHOIO COCTaBa;

* SInoHust — cTpaHa, Tae XeJe3HOIOPOX-
HBII TPAHCIIOPT MMeEET JIydIline ToKa3aTean
€XeroTHOTO MacCakMPOTIOTOKA 1 TTACCAKUPO-
000poTa;

» Houst — cTpana, re kKeJle3HOIOPOXKHBII
TPAHCITOPT HAXOIUTCS Ha 3Tarte OBICTPOTO pa3-
BUTUS M YK€ ceifuac 3aHMMaeT BTOPOE MECTO
B MUpe M0 00BEMY MaCCAXKUPOIIOTOKOB.

Kene3zHonopoxHas cetb Poccun yHUKaITb-
Ha 1O CBOEMY YCTPOWCTBY, PACITOJIOKEHMUIO,
3amavyam 1 mpobiaemam. E€ HeBO3MOXHO cpaB-
HUTb KOMILJIEKCHO HU C OJHOM IpyToi TpaHC-
TIOPTHOM CUCTEMOI — OYIyT OTJIMYAThCS TEX-
HUYECKUE, TEXHOJOTUYECKUE, yIIpaBiIeHYe-
ckue, reorpaduyeckue, SKOHOMUUYECKHE
1 MHBIE TapameTpbl. OMHAKO MOXHO BBISIBUTD
001111ie BEKTOPHI Pa3BUTUS.

Taxk, B AnoHUU XKeIe3HOIOPOXKHBI I
TPAHCIIOPT SBJISIETCSI CAMBIM TTOTYJISIPHBIM
IUUIST HaceJIeHUsI CITOCOOOM TepeIBUKEHMSI.
Bricokuii ypoBeHb pa3BUTUSI TpaHCIIOPTa
obecreyrBaeT KOHKYpEHTHast 00pbba MeXILy
TPAHCTIOPTHBIMM KOMTIAHUSIMU,, BHITIOJTHSTIO -
IUMH XKeTe3HOMOPOKHBIE TTaccaXkupckue
nepeBo3ku [6]. B 1987 rony simoHckue Ha-
LIMOHAJIBHBIE XXeJIe3HbIE IOPOTY OBbLIIN paszie-
JIEHBI Ha 8 KOMITaHU M, 6 U3 KOTOPBIX BBITIOJ -
HSIIOT Maccaxupckue mepeBo3ku [7]. [lomu-
MO HUX CYIIIECTBYIOT U IPYTHE TTEPEBO3UNKH,
a TakKe YaCTHBIE JTUHUU XeJIE3HBIX JOPOT.
B cTpaHe HeT eqMHOrO cTaHmapTa IUPUHBI
KoJjieu. Tak, ob111ast MPOTSXKEHHOCTD KeJie3-
HBIX JOPOT cocTaBIsieT 27 182 KM, U3 KOTOPBIX
0KO0J10 22 THIC. KM MMEIOT IIMPUHY KOJIeU
1067 MM, 4 TbIic. KM — 1435 MM, 100 kM —
1372 MM 1 48 kM — 762 MM [8].

ITepBast B Mype JIMHMST BHICOKOCKOPOCTHOTO
coobmenust (BCM) 00111 CTBEHHOTO TT0JTh30Ba-
HUS nosiBUIach B Ainonuu. [IBr>keHue Ha y4acT-
ke Tokno—QOcaka ObUI0 OTKPBITO B OKTSI0pe 1964
mnocJe TTU JIeT cTpouTenbeTBa [9]. Maru-
cTpasib Ha3Baimu «TokKaimo», IIMHA TPacchl

® MWP TPAHCIMOPTA, Tom 18, N2 4, C. 118-132 (2020)

coctaBuia 515,4 KM ipu MaKCUMAaJILHO JIOTTY-
CTUMOU CKOPOCTH NBUXEHUS TOE310B
210 xM/4. 3aTpaThl Ha CTPOUTEIHCTBO Maru-
CTpaJIM TIOJIHOCTBIO OKynuiauch K 1971 romy,
TTO3TOMY UMeSI CTOJTb YCTICTITHBII OTTBIT, BJIACTSI -
MM OBLTO MMPUHSTO PELIEHUE O CO3IaHUU LIeJTON
CETH BEICOKOCKOPOCTHOTO COOOIIIEHUST, KOTO-
pas rmoyumia HazeaHue Shinkansen (CHMHKaH-
coH). CUHKaHC2H MMEET eBPOTIEUCKYIO IIMPH -
Hy Kosen — 1435 mm.

B KHP co3nana kpymnHeiiiias B MUpe CeTh
BBICOKOCKOPOCTHBIX X€JIE3HbIX TOpor. x 00-
1ast MMPOTSKEHHOCTD YXKe JIOCTUIIIA TToKa3aTe-
Jis1 16 ThICSY KM TIPU OOIIEi POTKEHHOCTH
KEJIE3HBIX IOPOT CTPaHbl opsinka 112 Teic. KM.
B Crpareruu passutust TpaHcrnopra Kuras
K 2050 romy TpOTSDKEHHOCTH AOPOT MOJIKHA
coctaButb 270 TeiC. kM [10]. YBemnueHue cetn
Jlopor 0oJjiee 4eM B IBa pasa [ijIsi CTPaHbl — pe-
aJTbHO JIOCTIDKMMAs 3a1a4da, TTOCKOJIBKY Tep-
BBII IpoeKT cTpouTteibetBa BCM B cTpaHe ObUT
yrBepXxaEéH B 1996 roay, a yxe B 2012 rogy
MPOTsLKEHHOCTH ceTh BCM cocTtaBuiia cBblIiiie
7 ToicsTd KuioMeTpoB [ 11]. Haumnast ¢ 2014 ro-
Ila, Hayajiach BTOpast BOJTHA aKTUBHOTO CTPOU -
TEJIbCTBA BBICOKOCKOPOCTHBIX JIMHUM, TTO3BO-
JIVBIIIETO OOJIee YeM B JIBa pa3a yBEJIUUUTh UX
MPOTSKEHHOCTD .

B otinuue ot Anonuu, B KHP nepeBo3ku
Kak TlacCakMpcKue, Tak 1 TPpy30BbIe, OCYIIIe-
CTBJISIET OJfHAa KWTalcKasl Trocy1apCTBeHHAs
komnanus China Railways?.

B 1ab7. 1 npuBeaeHa CTpyKTypa BHYTpEH-
HEro MnaccaxupoodopoTa UCCe yeMbIX TPAHC-
TIOPTHBIX CUCTEM.

B CIA, Tepmannu, Muagun n @panumm
BHYTPEHHMI1 MAaCCaKNPOOOOPOT OCYIIECTBIIS -
€TCs1, TTIaBHBIM 00pa30M, IMTOCPENCTBOM aBTO-
MOOMJIBHOTO TPAHCIIOPTA, TO €CTh C UCTIOJb-
30BaHUEM aBTOOYCOB U IMYHBIX aBTOMOOMIIEA.
Ha nux npuxonutcs 6osnee 80 % ot ob1mero
naccaxupooodopora. B KHP xxenezHonopox-
HBI 1 aBTOMOOWJIBHBIN TPaHCIIOPT IO AaH-
HOMY ITOKa3aTeNio MpakKTUIeCKu MMEIoT Tia-
putet. B Poccum HauboablMii maccaxupo-
000pOT BO BHYTPEHHUX TEPEBO3KaX MPUXO-
JIMTCST HA aBUALTMOHHBIN TPAHCTIOPT — CBHIIIIE
50 %. B AAnonuu, HA06OPOT, XKeJIE3HOAOPOXK-

' Tlo nanxeiM CGTN, npotspkénrocth BCM B KHP
B despaiie 2020 roma nocrurana 36 teic. kM. (https://
news.cgtn.com/news/2020-10-01/From-nobody-
to-somebody-China-s-high-speed-rail-in-numbers-
Udm6mE3qqgA/index.html). — npum. peo.

2China State Railway Group Co., Ltd. — npunm. peo.
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Ta0suna 1

CTpyKTypa BHYTPEHHEro naccaxupoooopora no ctpasam B 2019 r., %

Crpana KeJIe3HbIE I0POTH aBua aBTO HHOE
Poccust 23,4 52,6 23,9 0,1
CLIA 0,3 10,8 74,1 14,8
KHP 34,1 19,2 41,3 5,4
Tepmanust 24,6 20,9 46,5 8,0
Wnnus 12,6 7,9 73,0 6,5
SnoHust 63,7 15,2 13,9 7,2
DpaHuus 11,5 5,3 76,1 7,1
Wcrounuku: [15], [21], [22], [23].
Ta6amma 2
KmoueBble mokasareu nepenosoqﬂoﬁ JesTeJIbHOCTH
NACCAXKMPCKOro KOMILIEKca 1o ctpaHam 3a 2017—-2019 rr.
CrpaHa OOBEMHBIE TIOKa3aTeIN KauecTBeHHbIe moKa3aTesnn
2017 2018 2019 2017 2018 2019
EogE |z [gF |z (g% (3 |z |9 |3 LR
g- . (=3 8 j=" . f=" 8 Q. . g. 8 = E j=" . f=" 8 ;( E g- . (=3 § : E
2% (52 |38 |32 |38 |52 |[§: |38 |38 [8: (3% |38 |§:
§ = § 2 § = § = § = § 2 3 5 § = § = 3 5 § = § 2 3 &
ES |28 28 [ |8 |22 |68 2§ |22 |68 [E8 [2§8 |d¢8
Poccust 1117,9 122,9 1157,2 129,4 1197,8 133,4 109,9 035% |53% 111,8 0,37% |3,10% 111,4
CIIA 32,0 10,2 31,8 10,6 32,7 10,4 318,75 [-0,63% |3.9% |333,3 [2.83% |[-1,88% [318,0
KHP 1657 685,2 1793 681,2 1845 682,4 413,52 [82% -0,58 % | 380,0 2,8% 0,17% |374,2
Tepmanust 2055 77,5 2068 79,5 2100 79,8 37,7 0,65% |2,6% 38,4 0,15% |0,38% |38,1
Wnans 8116 1149,8 8286 1177,7 | 8320 1180,1 141,7 2,10% |0,24% 142,1 0,40 % | 0,20 % 141,8
Slnonus 2270,4 | 390,6 2237,2 | 403,7 2300,4 | 398,4 172,0 -1,46 % | 3,35% 180,5 2,82% |-1,31% |173,2
DpaHuust 1252 93,3 1241 93,7 1238 94,2 74,5 -0,88% |0,43% |75,5 -0,24% [0,53% | 76,1

Wctounuk: https://uic-stats.uic.org/ [21]. KauecTBeHHbIE MOKa3aTeIM paCCYMTAHbI ABTOPOM CTAThU.

HbIE TIEPEBO3KU SIBJISIIOTCSI OCHOBHBIM BUIOM
TpaHCIOpTa I MePeBO3KM MacCaXXupoB —
naccaxupoobopoT nopsiaka 63 %. Kak rmoka-
3bIBACT aHAJIU3, B MUPOBOM TPAHCIIOPTHOM
crcTeMe HeT YHU(DUILIMPOBAHHOMN CTPYKTYPhI
maccaxxupoobopoTa.

CpenHss BeJIMYMHA MacCcakuporoToKa
M Ipy30000pOTa Ha XKeJIe3HOIOPOKHOM TPaHC-
MOpPTE B KaXKIOi1 CTpaHe UMEET CBOE 3HAYCHUE.
Ha 3t nokazaTenm KOMILIEKCHO OKa3bIBalOT
BIMSIHUE pa3IMYHble COLIMAIbHBIC, Feorpadu-
YecKKe, SKOHOMUYECKHUE U TEXHOJIOTUUECKUE
napameTpbl. Hanbosee BaxXHbIe M3 HUX — ITPO-
TSDKEHHOCTD CETH 1 YPOBEHB 0J1ar0COCTOSTHUS
rpaxnaH. OmHaKo, BBIAEISATh KaKOK-T100
onvH GakTop Kak Mpeodiafaolnii, Herese-
coo0pa3Ho. Tak, HauOOIBLINI TTACCAXKUPOIIO-
TOK IPUXOAMTCS Ha SITIOHUIO, TIe YMCICHHOCTD
HaceJeHUs] IPUMEpPHO 126 MJIH 4YellOBEK, TO
€CTh 3HAUUTEIbHO MeHblIlIe, yeM B CIIIA, KHP
win Uuauu. A B cTpaHe ¢ camMoii 00JIbIIOo
MpOTsKEHHOCTHIO ceTu (Poccun) maccaxupo-
000pOT B pa3bl MeHblIe, yeM B Kurae, Unnuun
U SInoHuu.

B Tab6s. 2 npuBeneHbI KIt0YeBbIe TTOKa3a-
Teau GYHKIMOHUPOBAHUS acCaxkUPCKOro
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koMruiekca 3a 2017—2019 rr. B pa3pese aHa-
JIN3UPYEMBIX CTPaH.

JnHaMyKa U3MEHEHUsI KJIFOUEBBIX MOKa-
3aresieil IepeBO30YHOM AeSITeILHOCTH Iacca-
SKMPCKOTO KOMIUIEKCA MMEET KaK OOIIMe st
BCEX CTpaH TEHACHLIMU, TaK M YHUKAJbHbIC
JUTSI KaXKIOM OTAEIbHOM CTpaHbl 0COOEHHOCTH.
Hanpumep, 3HayeHMs TTOKa3aTessl CpenaHeit
JIaJIbHOCTY TOE3IKM OJHOTIO Iaccaxupa 3a
2017—2019 rr. npakTUYECKU HEe U3MEHSIUCh
B CIHIA, Tepmanuu, Muouu, SInorvm u @pan-
LK. DTO TOBOPUT O TOM, YTO B JAHHBIX CTPa-
Hax 3a paCCMOTPEHHBII NIepuoj He ObUIO CY-
IIECTBEHHBIX U3MEHEHUI B CTPYKTYpe Iacca-
kupornotokoB. Hpyras cutyauusi B KHP, roe
3a nepuon ¢ 2017 mo 2019 roasl cpenHss
JNaJIbHOCTh YMEHbIIMIach Ha 50 KM. BTO 00b-
SICHSICTCSI BBOJIOM B 9KCILTyaTallHIO KeJIe3HO-
JMIOPOXHBIX JTUHUM U TOSIBJIEHUEM HOBBIX
CTaHIIMI, TTO3BOJISIIOIIMX TTacCaXXUpaM dallle
TT0JIb30BAThCS XKEIE3HOIOPOKHBIM TPAHCIIOP-
TOM JUJISI COBEPIIEHMS ITOe300K Ha KOPOTKUE
paccrosiiust. O6 3TOM CBUAETEILCTBYET U I1aC-
CaXkMPOITOTOK, KOTOPBIiA 3a IBa rojia BEIPOC Ha

10,2 % — ¢ 1657 mun uyenn. B 2017 & mo 1845 mimH
yen. 2019
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Ta6amuna 3

OcHOBHBIE IOKA3aTeNH JeATEIbHOCTH MACCAKNPCKOro Komiiekca 3a 2019 ron
Tloka3zaTenb Poccus CIIA KHP Tepmanus | Uaous | AnoHust Dpanuus
ITaccaxupooGopoT Ha Aylly HaceJIeHusl, 910,51 30,46 486 959,72 850,7 3220 1396
mnacc.-KM/4el.
J1oX01bI KOMITaHUI OT OCYIIECTBICHUS 236,9 2841 - 19059 — 41084 13355
MacCaXMPCKHMX MEPEBO30K XK.J1I. TPAHCIIOP-
TOM, MJTH JIOJIT.
TTapk maccaxxupcKux BaroHOB, Bar 23447 6240 61875 [5192 56890 1140 3163
TpaHcniopTHast 06ecrie4eHHOCTb CTPaHBbI, 5,84 4,58 0,48 4,02 0,53 1,34 4,34
kM/10000 gesn.

Ucrounuku: [21], [24], [16], pacu€Thl aBTOpa CTATHU.

JIlnHamMuKa maccaxxupoobopora OOBIYHO
HAMpsIMYIO0 3aBUCHUT OT KOJIMYECTBA IepeBe-
3¢HHBIX maccaxupos. B 2019 roxy poct o6omx
paccMaTpuBaeMBbIX TTOKa3aTteieit Obl 3ayK-
cupoBat B Poccun, lepmanum, Mo u KHP.
B ocranbHBIX XKe cTpaHax HaOIomaeTcs pac-
XOXIEHUsI B JUHAMMKE IacCaxKUpPOIMOTOKa
U IaccaxkupoobopoTa cTpaH. Tak, HarpuMmep,
B Amonum B 2019 romy ObU1 3apuKCHpOBaH
MPUTOK IACCaXKMUPOB Ha CETh, OMHAKO Iacca-
KUPOOOOPOT CHUBKMJICS I10 NMPUYMHE YMEHb-
IIEHUSI CPETHEN TaTbHOCTU OOTHOM ITOE30KMU.

Bo ®paH1iyy npu yMeHbIIIEHUH ITACCaXKH-
poniotoka B 2019 roay Ha 0,3 % naccaxupo-
o6opoT Bbipoc Ha 0,5 %, a B CILIA, Hao60poT,
B TOM € TOAy IIPY POCTE MACCaXUPOIIOTOKA
MoYTH Ha 2 % maccaxXMpoIoTOK IoKa3aj OT-
pULATEIbHYIO TUHAMUKY. [IpUUMHBI TaKKUX
pacxoxXaeHUi He00X0IMMO UCKATh, B IIEPBYIO
oyepelb, B IPOBOAMMBIX MapKETUHIOBBIX
1 LIEHOBBIX ITPOTrpaMMaXx NacCaXKMPCKHUX KOM-
NaHUM-IEPEBO3YMUKOB.

KitoueBbie mokaszaTenu pyHKIIMOHUPOBA-
HUSI IACCaXXMPCKOT0 KOMILIEKCa MCCIIeaye-
MBIX TPAHCIIOPTHBIX CUCTEM IPUBEAECHDI
B TaOII. 3.

IIpu cpaBHUTEIbHOM aHAIU3€e MacCaXKu-
pooGopOTa Ha AyIy HAaceIeHUsI CTPaHbl HA -
OoJiblIe MoKa3aTeau 3a(pUKCUPOBAHBI
B SIlmonmu — 3220 macc.-km/4gen. Kak Ob110
BBISIBIEHO paHee, 3TO CBS3aHO C 0CO00ii 10~
MYJISIPHOCTBIO XeJIE3HOAOPOXHOIO TpaHC-
rmopTa (B TOM YKCJIe MarjieBa) y XKUTeJel 3TO
ctpaHbl. Takke COBOKYITHBII JOXO OT Iacca-
JKUPCKOM IESTEIBHOCTH BCEX XKEIe3HOI0POXK -
HbIX KOMIaHU B AITOHMMY COCTaBUJI ITOPSIIKA
41 Mipa AOJIJIApOB, YTO MPEACTABIISIET COOOI
HanOONBIINI pe3yJbTaT U3 MPeaIoXKEeHHOM
BeIOOpKU. TpaHcTiopTHas ceTh SToHUM yke
JIOCTUIJIA TOrO 3Tala, Koraa HeoOXoAuMO
JIMILD MOAAepXaHue paboThl OTPACu Ha 3a-
JaHHOM ypoBHe. Eciin ucnosib30BaTh TEpMu-

HOJIOTUIO 00CcTOHCKO# MaTpunbl (Boston
Consulting Group (BCG))?3, ato 6e3yciioBHO
KaTeropusi «3BE3IbI» Ha MPOTSKEHNU JECSIT-
KOB JIET, ¥ IPY HUBEJIUPOBAHUHU BCEX PUCKOB,
0COOEHHO TEXHOJOTMYECKOTO Y MHHOBAIIH -
OHHOTO XapaKTepa, XKeJIe3HOIOPOXHbBIC ITepe-
BO3KU TaK ¥ OyIyT IPOIOJIKATh OCTABaThCS Ha
JMOCTUTHYTHIX TTO3UIIHSIX.

B crpanax 3amagHoit EBpornsl — @paHumu
u [epMaHUM ypoBeHb TPAHCTIOPTHOM obecIie-
YeHHOCTH HAaXOIUTCS B OJHOM OWalia3oHe:
mexny 4 n 4,5 xkm/10000 gen. [Ipyrue mokasa-
TeJX TAKXKE MOATBEPXKIAIOT YCTOUYMBBIA
crpoc. [1pn 3TOM BUIHO, 9TO XXeJIE3HBIC 10-
poru IepMaHuy MMeIOT OOJBIIMIA CITPOC Ha
KOPOTKHE PACCTOSIHUS, O YEM CBUICTEINIb-
CTBYeT MEHbBIIIasl BEJIMYMHA TTacCaXknupoo0o-
poTa Ha AyIly HaceJeHUS IPU OOJbIIEeM
napKe BaroHOB M OOJIBIIIMX JOXOMaX, YeM BO
®paHuuu. BuaHo, 4To nmaccaxkupbl Ipeamno-
YUTAIOT MCIIOJb30BaTh KEJIe3HOIOPOXKHBII
TPaHCITOPT [JISI COBEPIICHUSI KOPOTKUX O3~
JIOK. DTO TOBOPUT O BEICOKOM YPOBHE MOOMJTb-
HOCTHU I'paXIIaH v O TOM, YTO B CYIIIECTBYIOIINX
YCIIOBMSIX Pa3BUTHS TPAHCIIOPTHOM CETH XKe-
JIE3HOMOPOXHBINA TPAHCIIOPT MCIIOIb3YETCS
adpexkTnBHO. OO 3TOM TaKKe CBUAETEIbCTBY-
FOT CTAaOMJIbHBIE 3HAYEHUS TTacCaxkupoodopo-
Ta, MpeJCTaBIeHHbIE paHee.

Bo ®paHLMy aKLEHT B AEATEIbHOCTH Ke-
JIE3HOMOPOKHOTO IMACCAXKMPCKOT0 KOMILIEKCa
CMeIIaeTcsI B CTOPOHY HaJIbHMX ITOE3I0K,
B TOM YHCJIE 3a TIPEeIe/Ibl TPPUTOPUH CTPAHBI.
Kaxk pe3ynbrart, cpeaHsis BeTMIrnHa ITacCaXu-
poobopora Ha 1 xkutens moutu B 1,5 pasa
BhIlIE, yeM B [epmanum. TeM He MeHee, B 00e-

3 Tak HasbiBaemast «The Growth Share Matrix» BoctoH
Koucantunr Ipym (https://www.bcg.com/ru-ru/about/
our-history/growth-share-matrix), TepMUHOJIOTUIO

¥ TIOZIXO/TBI KOTOPOU Jiajiee UCTIONb3YeT aBTop, Mpe-
roJjiaraeT COOTHECEHUE TOJIM PhIHKA U POCTa, BBLIEISIS
STYEHKHU «3BE3[a», «I0MHAs1 KOPOBa», «3HAK BOITPOCa»,
«IOMALLHU TUTOMEL». — HPUM. peo.
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X CTpaHaX XeJIe3HOIOPOXKHBIM TPAHCTIOPT
B CETMEHTE TTaCCaXXMPCKUX IMePEeBO30K 3aHM -
MaeT NO3ULIUIO «T0MHOI KOPOBBI», CTAOMIBLHO
TMIPUHOCSIIEN ONpeneNEHHBIM YPOBEHDb TTPH-
obiTM. OMHAKO, 7151 YBETMUEHMS TOJIH JKeJe3-
HOIOPOXHOTO TpaHCIOpTa, HEOOXOIUMO
peaTM30BbIBATh KPYITHBIE MH(PPACTPYKTYpPHBIE
MPOEKTHI — CTPOUTEJICTBO HOBBIX MarncTpa-
JIeH.

PesynbraTtel IpoBeIEHHOTO CPABHUTEb-
HOTO aHaJTM3a ITOKAa3bIBAIOT, C OTHOY CTOPOHHI,
CXO/IHOE COCTOSTHUE TPAHCITOPTHBIX CUCTEM
Nunuu u KHP — 3HaueHus mapka naccaxup-
CKHMX BarOHOB COITOCTaBMMBI, & TPAHCIIOPTHAS
00eCIeYeHHOCTh CTPaHbl B pacyéTe Ha YKC-
JIEHHOCTb HaceJIEHUST MEHBIIIE TT0 CPaBHEHUIO
C IpyTMMHU CTpaHamu. TeM He MeHee, CyIle-
CTBYET OJTHO CYIIIeCTBeHHOE pa3inune — B UH-
MU HET HU CKOPOCTHOTO, HU BBICOKOCKO-
POCTHOTO XeJIe3HOJOPOXXKHOTO COOOIICHUS,
B T0 BpeMs kak B KHP nunuu BCM umeror
caMmylo OOJIBIITYIO TIPOTSDKEHHOCTh B MUPE.
CoBpeMeHHbIE CKOPOCTHBIE TT0e3/1a TIPUBJIe-
KaloT 11acCaXupoB, MOITOMY yIEeIbHBIN Bec
XKeye3zHomnopoxHoro TpaHcnopta B KHP co-
ctaBjsieT cBbilie 30 % Bcero BHYTPEHHETO
naccaxupooooporta cTpaHbl. A B UHIUM 3TOT
roKasareJib 4yTh ITpeBhIIIaeT OTMETKY B 10 %.

XKene3HoTOpOXXHbBIE TACCAXKUPCKUE TTepe-
BO3KU B UTHINM — 3TO «IIMTOMIIEI», KOTOPEIE
TPeOYyIOT KOJIOCCAJIbHBIX MHBECTUIIUN
B MH(DPaACTPyKTypy U MOABMXKHOM COCTaB,
OITHAKO UMEIOT BHICOKHME PUCKU HE TTOTyYUTh
COOTBETCTBYIOIIUI BJIOXEHUSIM CITPOC Ha
yciyru 1o nepeBo3ke. B KHP nmaccaxupckue
MepPeBO3KM Ha KEJe3HOMOPOXHOM TpaHC-
MopTe — «3BE3AbI», KOTOPHIE e11I€ HECKOJIbKO
JIeT Hazall ObLIN «3HAKOM BOIIPOCa», U TOCY-
JapcTBeHHas TMOJMTUKA HalpaBjieHa Ha
YKpeIJIeHe X MO3ULINI B OyIyIIeM.

B CIIIA Bo BTOpOIi MojioBUHE XX BeKa
CJIOXMJIaCh YHUKaAIbHASI CUTYyallusI, KOTAa CO
CTOPOHBI TOCYapCTBAa CTABUIIACH 3a/1a4a CHU-
SKEHUSI POJIM KeJIE3HOIOPOKHOTO TpaHCIIopTa
W TIepepacipeiesieH s acCaKpoIoTOKOB Ha
JpyTve BUABI TpaHcriopta. HecMoTpst Ha TO,
YTO B CTpaHe CYIIECTBYET caMast MPOTSKEHHAS
CETh XeJIE3HBIX TIOPOT B MUPE, NOJIS KeJIe3HO-
JIOPOXXHOTO TPAHCIIOPTa B OOIIIEM TaccaXu-
poobopote coctasisieT MeHee 1 %. CrpaHa
C BeJIylllell 9KOHOMUKON MUpa MTPaKTUIECKU
HE UMeET JIMTHUI CKOPOCTHOTO U BBICOKOCKO-
POCTHOTO co00LIeH s (TToC/IeAHe COOBITUS
MOKa3bIBAIOT, UTO CUTyalust MeHsercs). [1o
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knaccupukanum BCG, Xene3HOA0pOXHbIE
naccaxupckue nepeso3ku B CIIIA — sTo0
«TMUTOMIIBI». OTHAKO BCE Yalle MOAHUMAETCS
BOIIPOC O HEAOOLEHEHHOCTU AAHHOTO BUAA
TpaHCHOpPTa B COBPEMEHHBIX ycaoBUsiX. OO
5TOM TOBOPUT BBICOKUIA YPOBEHb TOXOAOB —
nopsiaka 2,8 MipJ IOJUIAPOB IIPU CPELHEM
naccaxxupomnoTroke 32,7 MJIH 4eloBeK B Tof
U cpelHel JaabHOCTH 318 KM.

ITo3unuu ucciienyeMblx TpaHCTTOPTHBIX
cucteM B bocToHCKOI MaTpulle, KaK OHU
MPECTABIISIOTCS aBTOPY, U MIPU BCE YCIIOB-
HOCTU MOJ0OHOTO MO3ULIMOHUPOBAHUS TIPU-
BeleHbI Ha puc. 1.

AHayn3 KII04YeBbIX ITOKa3aTeseii qesaTesb-
HOCTU KOMITaHU KeJI€3HOAOPOXHOTO TpaHC-
MopTa, OKa3bIBAIOIIUX YCIYTU MO MEePEBO3Ke
naccaxupoB B Smonun, KHP, ®panuun,
Tepmanuu, Uuoguun, CIHIA, noka3zal, Kak
pa3auyaeTcsd OTHOUIEHUE TOCYyIapCTBEHHBIX
OpraHoB BJacTU U OM3HECA K BOMPOCaM pa3-
BUTHS U MOMYJISIpU3aIAU KEJTE3HBIX TOPOT
U KaKue MOoJIy4yaloTCs Ha BBIXOJE PE3YJIbTAThI.

CpaBHUB MOJTYYeHHBIE BBIBOJBI PACCMOT-
PEHHBIX CTPaH C CYIIECTBYIOIIEH XKeJIe3HOA0-
poXHOI cucteMoil Poccuu, MOXHO TPOBECTH
AHAJIOTHIO C KaXIOW M3 HUX, HO TOJBKO MO
OJHOMY KaKoMy-1ub0o HampaBjieHUIo. Tak,
POCCUICKHUE XeJIe3HbIE TOPOTU B MTACCAXUP-
CKOM CETMEHTE UMEIOT BBICOKMIA TOTEHIIUAT
K Pa3BUTHUIO U 3HAYUTEIBHOMY POCTY CBOMX
9KOHOMUYECKUX moka3zateneit. C apyroi
CTOPOHBI, PEryJupyeMble TOCyIapCTBOM CO-
uajgbHble Tapudbl, Kak B UHanu, nemamT
naccaxupckue nepeBO3KU 3KOHOMUYECKU
YOBITOUHBIMU, YTO OTPAHUYMBAET BOZMOXKHO-
CTU KQYECTBEHHOTI'0 pOCTa YPOBHS MEPEBO30K.
‘YpoBeHb 10XOI0B OT NMEPEBO3KU MMACCaKUPOB
B Poccun u UHauu B AeCATKH pa3 HUXKE 3TO-
ro MoKa3aTesl OCTaJbHBIX UCCIEAYEMBIX
ctpaH [3].

PaccmoTpenHble cTpanbl 3anaaHoii EBpo-
nbl U AnoHusa 3dHEeKTUBHO UCTOJB3YIOT
XeJIE3HOAOPOXHBIN TpaHCHOPT TSI OCYIe-
CTBJIEHUS MEPEeBO30K MaCCakMPOB Ha KOPOT-
kue pacctosgHus (10 100 kM) MeXy KpyIHBbI-
MU arioMepausiMu. X MO3UTUBHBINA TpUMEDP
MOXHO CPaBHUTb C peasin3yeMbIMU B Poccrun
MpoeKTaMU — BBOAOM B aKcILTyaranuio MIIK
(MockoBcKOe LIEHTpaJlbHOE KOJIbIIO) U pea-
auzanueit mpoekra MU (MockoBckue
LIeHTpaJibHbIE nruamMeTphl). OMHAKO, UCTIOJb-
3oBaHue onbiTa @panuum, [epmanum u SAmo-
HUU OyJeT HEKOPPEKTHBIM IPU OLIEHKE
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KOHKYPEHTOCITOCOOHOCTH JKeJIE3HOMOPOKHBIX
IIepeBO30K Ha JAJTbHUE PACCTOSHUS.

Kuraiickue Xeje3HbIe TOPOTH ITPOIEMOH-
CTPHUPOBAJIN JIYIIIYIO TMHAMUKY ITO BCEM ITOKa-
3aTelIsIM, Oyiaromapsl YCIEITHOM peaTn3allin
[TporpaMMBI pa3BUTHS KeJIE3HOIOPOXKHOTO
TpaHCIIOpTa. DTO OBUIO JOCTUTHYTO OJIaromapst
pea3anuy KPYITHBIX HHBECTUIIMOHHBIX TIPO-
€KTOB U OOJIBIIIOMY HaCCaXKMPOITOTOKY, eCTe-
CTBEHHO CO3TaHHOMY 3a CUET BBEICOKOII IIIOT-
HOCTH HacCeJeHUSI KPYITHBIX arjoMepainii.
B 116710M OITBIT KMTAHCKMX 3KeJIC3HBIX JOPOT KaK
3TaJIOHA BO3MOXXHO MCIIOJIL30BATh ITPY OLICHKE
KOHKYPEHTOCITOCOOHOCTH CETMEHTA KeJIe3HO-
JTOPOKHBIX ITACCAKMPCKIUX IepeBo30K B Poccrm
1 TIOVICKE PELICHUIA 10 e€ TTOBBIIIeHNI0. OmHa-
KO CTOUT OTMETUTH TOT (haKT, YTO B YCIIOBUSIX,
OTrpaHMYCHHBIX 5KOHOMIIECKNMU (DaKTOpaMHU,
PpOCCHICKIE XKeJIe3HbIe JOPOTH He MOTYT ITO3BO-
JIUTB ceOe pean3alio MacIlITAOHbIX TPOEKTOB
10 OpPTaHMU3aINN BBICOKOCKOPOCTHOTO JIBIIKE-
HMSI COOTBETCTBYIOIIEH IPOTSTKEHHOCTH B CTOJTh
KOpOTKHe cpokM. Takxke B Poccum Henab3sa
OXWIATh TEMITOB POCTa ITaCCaKUPOITOTOKOB,
AHAJIOTUYHBIX KUTAUCKUM pe3yJbTaTaM, I10-
CKOJIbKY TTOKa3aTeJIN TUIOTHOCTU 1 YMCIICHHO-
CTH HACeJICHMSI B CTpaHe 3HAYMTEIHHO Pa3iIv-
YaIOTCS, a 9TO BEAET K YBEIMUICHUIO TIeproaa
OKYIIaeMOCTH CTPOUTEILCTBA, YTO, B CBOIO
ouepelb, BIMSIeT Ha BO3MOXHOCTB IIPUBIICUCHUST
CPEICTB, MTHBECTUPYEMBIX B IIPOEKT.

BbiBOAbl

B pesynsraTe npoBen€HHOIO UCCIEI0BAHUS
OBLIO BBISIBJICHO, UTO XKeJIC3HOTOPOKHBIE KOM-
MaHWU, OCYIICCTBISIONINE MacCaXUPCKUE
nepeBo3ku B Uuoum n CIIIA, He mmogxomsT
B KaueCTBE 3TAJIOHA VTSI OLICHKU KOHKYPEHTO-
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, 5 — Poccusi, 6 — Unans, 7 — CLUA. MoctpoeHne

BOCTOHCKO# MaTpyLbl MUPOBbIX XXEJ1e3HOA0POXHbIX KOMIMaHMNii, OCYLYECTBJISIIOLLMX MaCCaXNPCKNe rnepeso3Ku.

CITOCOOHOCTHY aHAJIOTUYHBIX KoMTaHuii B Poc-
CUM TI0 IPUYMHE HU3KUX 3HAUEHUI TTacCaKu-
POTIOTOKOB B CPaBHEHUU C APYTMMU BUAAMU
TpaHcnopta. JIjist yaydieHus mokasarenei
KOMTIaHUSIM 3TUX CTpaH HeoOXoamuma peaju-
3a1Usi KPYITHBIX THHOBAIIMOHHBIX TIPOEKTOB
U pellieHVe MHBIX BHYTPEHHUX IMPOOJIeM, OTpa-
HUYMBAIOIINX POCT MACCAKUPOITOTOKOB.

Hcnons3oBaHue B KQUeCTBE ITAJIOHHBIX pe-
3yJIBTATOB ST TBHOCTH TTACCAKMPCKUX KOMITA-
HUIT SKOHOMUYeCcKuX Mojiesieit @panimn u [ep-
MaHWH 11eJIeCO00Pa3HO IS JIOKATHHBIX TIPOSKTOB
(mo 150 km). Kommanuu SImoHnu 11e5iecooopa3Ho
paccMarpyBaTh TOJIBKO TIPU OLIEHKE KOHKYPEH-
TOCMOCOOHOCTH CKOPOCTHBIX M BHICOKOCKOPOCT-
HBIX TIEPEBO30K, TIOCKOJIbKY B 3TOl CTpaHe BeCh
KeJIe3HOMOPOXKHBII MACCAKUPCKUI TPAaHCTIOPT
TIPE/ICTABJIEH B IAHHOM CETMEHTE.

AHanM3 mokasa, 4To ISl OEHKUA KOHKY-
PEHTOCTIOCOOHOCTH MEXPETMOHATLHBIX TTacca-
SKUPCKUX TTEPEBO30K POCCUMCKUX KeJIe3HOIO-
POKHBIX KOMITAHWI B KQUECTBE ITAJIOHA HaU-
OoJiee 11eJ1eco00pa3HO MCIONIb30BaTh JaHHBIE,
npenocranisiembie komranueit China Railways,
OCYLIECTBIISIIONIEH CBOIO nesiTebHOCTh B KHP.
B cTpane akTUBHO pa3BUBAETCS KeIE3HOIOPOXK-
HBIU TpaHcnopT. Peanu3zanusi mporpamMMbl
Pa3BUTHSI SIBJISIETCSI 9KOHOMUYECKHM 3(DeKTHB-
HOM, ¥ OHa HalleJIeHa Ha CO3IaHue TPAHCTIOPT-
HOI ceTu, CoenUHSIIoNIEe yaan€HHbIE IPYT OT
JIpyra peruoHsl ctpanbl. B Poccuu y xene3Ho-
JTOPOKHOI OTPACITV AHAJIOTUYHBIE 1IEJTA 1 33713~
YU, TIO3TOMY TTO3UTUBHBIE PE3Y/IBTAThI, TIOMY-
yeHHble B K1Tae, BOBMOXHO MCIOb30BaTh
C HaWMEHBIIIEN MOTPEITHOCTHIO B KAYeCTBE
STaJIOHA.

CornlacHO MCCJIeIOBAaHUSIM, PE3YIbTaThl
KOTOPOTO MpUBeAeHBI B MOHOTpaduu [1], 3Ko-
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HOMMYECKast MOJIETb TTOBBIIIIEHNSI KOHKYPEH -
TOCTIOCOOHOCTH TEPEBO30K M TPAHCIIOPTHBIX
KOMITaHW#, X peaJu3yIIInX, BKI0YaeT
B ce0s1 psijI moicucTeM: (hOpMHUPOBAHUE U pa3-
BUTHE 5KOHOMUKO-TEXHOJIOTUIECKOTO TIOTEH-
yasa, uccjieoBaHue 1 MOHUTOPMHT 3KOHO-
MMYECKON KOHBIOHKTYPBI PHIHKOB, pa3BUTHE
(brHAHCOBOTrO TIOTEHIIMANAa U MEXaHU3MOB
MPUBJICYCHUS] MTHBECTUIINI, a TaKXKe COBEp-
IIEHCTBOBaHME KaPOBOTO 1 YIIPaBICHYECKO-
TO TMOTeHIIMANA.

B paspese JaHHBIX TIOICUCTEM 3aCITyKMBAIOT
OIICHK! B KQUeCTBE 3TAJIOHHBIX ITOIXOIbI, Me-
TOIBI Y TEMITHI BHEAPEHUS TEXHOJOTHMUECKHUX
vHHoBauuii B Kutaiickoit HaponHoii Pecry6-
JIMKE, CUCTEMbI alallTUBHOTO PETYJIMPOBaHMUS
TIePEBO30YHOTO IPOIIECCa Ha JKeJIe3HBIX Toporax
®paHyu, MexaHU3MbI pocTa (PMHAHCOBOTO
noteHuana CIIA u SInoHuu, MeToas! yrpas-
JIEHUs ¥ Pa3BUTHS KaJpOBOTO MOTEeHIIMAa
Tepmanum.
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economic indicators for transportation of
passengers by rail in the largest countries
ofthe world(France, Germany, USA, Japan,
China, and India) in comparison with similar
indicators in Russia to determine reference
objects for assessing competitiveness of
the segment of rail passenger transportation
in Russia.

Features of railway systems of the countries
underconsideration have been brieflyanalysed.
To better demonstrate the results of the

object, foreign experience.
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analysis, the study objects were enlarged
following territorial criterion, i.e., the resultsare
presented not for individual companies, but for
the countries where the companies operate.

The calculation of quality indicators of
transportation activities for each of the
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to some extent the current situation in
development of passenger railway
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of comparison.
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Background. To assess competitiveness of the
object under a study, it is necessary to first
determine a corresponding base reference object.
The choice of a reference isimportant for obtaining
a reliable, practical result corresponding to the
objectivesset in the study. Usually, a world standard
or the best domestic sample can be taken as a
reference. Regarding assessment of competitiveness
of rail transportation, foreign companies of that
mode of transport that provide transportation
services in a particular country can serve as a
reference object. As for the domestic experience,
it is advisable to consider comparative assessment
of current indicators with the best values of
analogues for a given analysed period [1].

This article examines the key parameters and
results of the activities of railway passenger
companies for 2017—2019 in several countries in
Europe, Asia, and North America. The analysis
was carried out to determine the reference and its
further application for comparison with the
indicators and factors of competitiveness of
Russian railway companies in the passenger
transportation segment.

Railway transport belongs to the category of
capital-intensive sectors of the economy, primarily
due to significant capital expenditures required for
development and modernization of infrastructure.
In the world community, a modern developed
railway system is considered as the basis for the
country’seconomic prosperity. In some developing
countries, railways have been either absent till
recently, or existing facilities have been gradually
deteriorating, passenger flow has been falling due
toalack of investment in renovation of fixed assets;
there are countries where railway construction is
constrained by economic reasons or natural
geographic conditions. At the same time, most of
the countries with the best indicators of economic
growth are striving to build new railway lines,
increase speed limits, and promote railway
passenger transportation for various distances on
the market of transportation services as the most
comfortable, safe, fast, inexpensive and, most
importantly, environmentally friendly mode of
transportation [2].

In world statistics, the structure of passenger
turnover by mode of transport is as follows: the
share of railway transport is equal to 10 % of the
total volume, 80 % belong to road transport, and
the share of air passenger transportation is about
9 % [3]. The share of railway passenger
transportation is small; however, it is worth
clarifying that these statistics cover all countries of

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

the world, including those where this mode of
transport is absent.

The reasons for such a large share of road
passenger transportation in the structure of world
passenger turnover are as follows:

+ lack of a competitive market: in many
countries alternative modes of transportation are
missing;

* high manoeuvrability and ability to transport
passengers «from door to door»;

* repeatable short distance trips of passengers,
that thanks to their multiplicity constitute
considerable value in annual terms.

In Russia, railway transportation accounts for
44 % of the passenger turnover of all modes of
transport, which indicates its critical importance
for the country’s economy [4]. The Transport
Development Program until 2030 sets the tasks of
developing a network of modern speed and high-
speed railways in the central part of Russia.
Discussions on other industry development
projects touch upon outlooks for variants of their
development in other regions of the country and
beyond. A less ambitious, but no less important,
task isto increase the occupancy of passenger cars.
The achievement of financial self-sufficiency and
stability indicators is possible only with an increase
in passenger flow, therefore, for passenger railway
companies, the key task is to find solutions to
attract a larger number of consumers of
transportation services, considering particularly
the experience of similar activities of foreign
partners. It is proposed to consolidate global
experience to apply it at Russian railways based on
a number of criteria.

For the analysis, countries were identified
according to two criteria:

1. First group. Leading world economies with
developed transportation systems: the USA,
France, and Germany [5].

2. Second group. Countries with high indices
of development of railways over the past decade:

* The People’s Republic of China (PRC) takes
a leading position in the world in construction of
new railway lines and commissioning of new rolling
stock.

« Japan as the country where railway
transportation has got the best indicators of annual
passenger traffic and passenger turnover.

* India as the country where railway transport
is rapidly developing and is already second in the
world in terms of passenger flows.

The railway network in Russia is unique in its
structure, location, tasks, and problems. Indeed,
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Table 1
Structure of internal passenger turnover by countries in 2019, %

Country Railway Air Road Other

Russia 23,4 52,6 23,9 0,1

USA 0,3 10,8 74,1 14,8

PRC 34,1 19,2 41,3 5,4

Germany 24,6 20,9 46,5 8,0

India 12,6 7,9 73,0 6,5

Japan 63,7 15,2 13,9 7,2

France 11,5 5,3 76,1 7,1

Sources: [15], [21], [22], [23].

it cannot be compared in a systemic way with any
other world transportation system since technical,
technological, managerial, geographic, economic,
and other parameters will differ. However, it is
possible to identify common vectors of
development.

So, in Japan, railway transport is the most
popular way of transportation among the
population. A high level of transport development
is ensured by competition between transport
companies performing passenger railway
transportation [6]. In 1987, the Japanese national
railways were divided into 8 companies, 6 of which
perform passenger transportation [7]. In addition
to them, there are other carriers, as well as private
railway lines. There is no uniform gauge standard
in the country. Thus, the total length of railways is
27182 km, where about 22 thousand km have a
track width of 1067 mm, 4 thousand km — of
1435 mm, 100 km — of 1372 mm and 48 km — of
762 mm [8].

The world’s first public high-speed line (HSR)
appeared in Japan. Traffic on Tokyo—Osaka
section was opened in October 1964 after five years
of construction [9]. The High-speed rail line was
named «Tokaido», the length of the route was
515,4 km, with the maximum permissible train
speed of 210 km/h. The cost of building the HSR
had fully paid offby 1971, so with such a successful
experience, the public authorities decided to create
an entire high-speed rail network, which was called
Shinkansen. The Shinkansen hasa European track
gauge of 1435 mm.

The PRC has created the world’s largest high-
speed railway network. Their total length has
already reached 16 thousand kmin 2014, while the
total length of the country’s railways was about 112
thousand km. In the Strategy for Development of
China’s Transport by 2050, the length of roads
should be 270 thousand km [10]. Increasing the
network of railways more than twice is a really
achievable task for the country, since the first

project for construction of high-speed rail in the
country had been approved in 1996, and already
in 2012 the length of the high-speed rail network
was over 7 thousand kilometres [11]. Starting in
2014, the second wave of active construction of
high-speed lines began, which made it possible to
more than double their length'.

Unlike Japan, both passenger and freight
transportation in China is carried out by a single
Chinese state-owned company, China Railways?.

Table 1 shows the structure of the internal
passenger turnover of the studied transportation
systems.

In the USA, Germany, India and France,
domestic passenger turnover is carried out mainly
by road transport, that is, using buses and private
cars. They account for more than 80 % of the total
passenger turnover. In the PRC, railway and road
transport demonstrate almost a parity ifaccounted
by that index. In Russia, the largest passenger
turnover in domestic transportation falls on air
transport (over 50 %). In Japan, on the contrary,
railway transportation is the main mode of
transportation of passengers: its share in passenger
turnover isabout 63 %. Asthe analysis shows, there
is no any single structure of passenger turnover,
characteristic of world transportation systems.

The average of passenger and freight traffic in
rail transport in each country has its own value.
These indices are influenced by various social,
geographic, economic, and technological
parameters. The most important among them are
the length of the network and the level of well-being
of citizens. However, it is inappropriate to single
out any single factor as prevailing. So, the largest
passengerturnoverisin Japan, where the population

! According to CGTN, the total length of HSR in PRC
attained about 36,000 km in February 2020 (https://
news.cgtn.com/news/2020-10-01/From-nobody-
to-somebody-China-s-high-speed-rail-in-numbers-
Udm6mE3qgA/index.html). — Ed. note.

2 China State Railway Group Co., Ltd. — Ed. note.
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Table 2

Key indicators of the transportation activity of the passenger transportation
systems by countries in 20172019

Country Volume indicators Quality indicators

2017 2018 2019 2017 2018 2019
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[Z ) @ |2 ) @ IZ =) @ o @ O @ o [Z ) @ L

£8 |£5 |£2 |£5 |£8 |[£5 |2 £8 |£5 |2E |28 |£E5 |2 £
Russia 1117,9 | 1229 1157,2 | 1294 1197,8 | 1334 109,9 035% [53% 111,8 037% [3,10% |111,4
USA 32,0 10,2 31,8 10,6 32,7 10,4 318,75 [-0,63% |[3,9% 333,3 2,83% |-1,88% |318,0
PRC 1657 685,2 1793 681,2 1845 682,4 413,52 |82% -0,58 % | 380,0 2,8% 0,17% |374,2
Germany 2055 77,5 2068 79,5 2100 79,8 37,7 0,65% |2,6% 38,4 0,15% 10,38% |38,1
India 8116 1149,8 | 8286 1177,7 | 8320 1180,1 | 141,7 2,10% [0,24% |142,1 0,40% [0,20% |141,8
Japan 2270,4 |390,6 2237,2 | 403,7 2300,4 |398,4 172,0 -1,46 % [3,35% | 180,5 2,82% 1,31% |173,2
France 1252 93,3 1241 93,7 1238 94,2 74,5 -0,88% [0,43% |75,5 -0,24% 10,53% | 76,1

Sources: https://uic-stats.uic.org/ [21]. Quality indicators are calculated by the author of the article.

isabout 126 million people, that is, much less than
in the USA, China, or India. And in the country
with the longest distance (Russia), the passenger
turnover is several times less than in China, India,
or Japan.

Table 2 shows the key performance indicators
of the passenger transportation systems for 2017—
2019 in the context of the analysed countries.

The dynamics of changes in the key indicators
of the activity of the passenger transportation
system has both trends common for all countries
and features which are unique for each individual
country. For example, the values of the average
travel distance per passenger for 2017—2019 have
remained practically unchanged in the USA,
Germany, India, Japan, and France. This suggests
that in these countries during the period under
review there were no significant changes in the
structure of passenger flows. The situation is
different in China, where between 2017 and 2019
the average range decreased by 50 km. This is due
to commissioning of railway lines and emergence
of new stations, allowing passengers to use railway
transport more often and to travel shorter distances.
This is evidenced by the passenger flow, which in
two years has grown by 10,2 %: from 1657 million
people in 2017 up to 1845 million people in 2019.

The dynamics of passenger turnover usually
directly depends on the number of passengers
transported. In 2019, an increase in both indicators
under consideration was recorded in Russia,
Germany, India, and China. In other countries,
there are discrepancies in the dynamics of
passenger flow and passenger turnover of countries.
So, inJapanin 2019 there was inflow of passengers
to the network, but the passenger turnover

decreased because of reduction of the average
distance per a trip.

In France, while passenger flow decreased by
0,3 % in 2019, passenger turnover increased by
0,5 %. And in the USA, on the contrary, in the
same year, with an increase in passenger flow by
almost 2 %, passenger flow showed a negative
trend. The reasons for such discrepancies must be
sought, first of all, in the ongoing marketing and
pricing programs of passenger carrier companies.

Key indicators of operations of the passenger
segment of the investigated transportation systems
are shown in Table 3.

The comparative analysis of passenger
turnover per capita by countries recorded the
highest rates in Japan: 3220 pass-km/person. As
previously revealed, this is due to the outstanding
popularity of railway transportation (including
maglev) among the inhabitants of this country.
Also, the total combined revenue from passenger
activities of all railway companies in Japan
amounted to about 41 billion dollars, which is the
largest result within the proposed sample. Japan
transportation network has already reached the
stage where it is only necessary to keep the
industry at a given level. If we use the terminology
of the Boston Matrix (Boston Consulting Group
(BCG))?, it has been in the category of «stars» for
decades, and levelling all risks, particularly of a
technological and innovative nature, railway

3 The Growth Share Matrix developed by Boston
Consulting Group (https://www.bcg.com/ru-ru/about/
our-history/growth-share-matrix), whose terminology
and approaches are further used by the author relates
to market share and growth, suggesting cells called
«star», «cash cow», «question mark», «pet». — Ed. note.
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fj}'f Table 3

s Key indicators of the activity of the passenger transportation system in 2019

‘ Indicator Russia USA PRC Germany |India |Japan France
Passenger turnover per capita, | 910,51 30,46 486 959,72 850,7 3220 1396
pass-km/person
Income of companies from 236,9 2841 19059 — 41084 13355
passenger transportation by
rail transport, min dollars
Fleet of passenger cars, units | 23447 6240 61875 5192 56890 | 1140 3163
Transportation availability of | 5,84 4,58 0,48 4,02 0,53 1,34 4,34
the country, km/10000 people

Sources: [21], [24], [16], calculations of the author of the article.

transportation there will continue to remain at
the achieved positions.

In two countries of Western Europe, France
and Germany, the rate of transport availability is
in the similar range, between 4 and 4,5 km/10000
people. Otherindicators also show strong demand.
At the same time, it can be seen that German
railways meet a greater demand for short distances,
as evidenced by the lower passenger turnover per
capita with a larger car fleet and higher income
than in France. It is seen that passengers prefer to
use railway transportation for short trips. This
indicates a high rate of mobility of citizens and that
under the existing conditions of development of
the transportation network, railway transport is
used effectively. Thisis also evidenced by the stable
passenger turnover values presented earlier.

In France, the emphasis within the railway
passenger system is shifting towards long-distance
travel, including travelling outside the country. As
a result, the average passenger turnover per capita
is almost 1,5 times higher than in Germany.
Nevertheless, in both countries, railway passenger
transportation segment takes the position of a «cash
cow», consistently bringing a certain level of profit.
However, to increase the share of railway transport,
it is necessary to implement large infrastructure
projects that is to construct new railways.

The results of the comparative analysis show,
onthe one hand, asimilarstate of the transportation
systems in India and the PRC: the values of the
passenger car fleet are comparable, and the
country’s transportation availability per capita is
lower compared to other countries. However, there
is a significant difference: India has neither speed
nor high-speed rail, while China has the longest
high-speed lines in the world. Modern speed trains
attract passengers, so the share of rail transport in
the PRCisover 30 % of the country’stotal domestic
passenger turnover. And in India this figure is
slightly above the 10 % mark.
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Railway passenger transportation in India is a
«pet» that requires colossal investments in
infrastructure and rolling stock, however, they
might encounter high risks of not getting the
corresponding demand for transportation services.
Inthe PRC, passenger transportation by rail is now
a «star» that was a «question mark» a few years ago,
and government policy is aimed at strengthening
positions in the future.

Inthe USA, a unique situation developed in
the second half of 20" century when the public
authorities set themselves the task of reducing
the role of railway transport and redistributing
passenger flows to other modes of transport.
Even though the country has the longest railway
network in the world, the share of railway
transportation in the total passenger turnover is
less than 1 %. The country with the world’s
leading economy has practically got no speed
and high-speed communication lines now (latest
developments show that the situation is
changing). Passenger railway transportation in
the USA might be classified as «pets» using BCG
terminology. However, the question of
underestimation of this mode of transport in
modern conditions has been increasingly raised.
This is evidenced by the high level of income:
about 2,8 bln dollars with average passenger flow
of 32,7 min people per year with an average
distance of 318 km.

The positions of the studied transport systems
in Boston matrix, as they are seen by the author
and considering pure conditional character of such
a positioning, are shown in Pic. 1.

The analysis of key performance indicators of
railway transport companies providing passenger
transportation services in Japan, China, France,
Germany, India, and the USA showed the
differences in the attitude of public authorities and
business to development and popularization of
railways and the outcomes.
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Pic. 1. 1 - Japan, 2 — PRC, 3 — Germany, 4 — France, 5 — Russia, 6 — India, 7 — USA. Boston Matrix of the world’s
railway companies performing passenger transportation built by the author.

Comparing the findings regarding considered
countries with the existing railway system in
Russia, one can draw an analogy with each of
them, but only regarding singular fields. Thus,
Russian railways in their passenger segment have
a high potential for development and significant
growth in their economic performance. On the
other hand, government-regulated social tariffs,
as in India, make passenger transportation
economically unprofitable, which limits the
possibility of a qualitative growth in the
transportation volume. The level of income from
passenger transportation in Russia and India is
ten times lower than this indicator in the rest of
the considered countries [3].

The considered countries of Western Europe
and Japan effectively use railway transport to
transport passengers over short distances (up to
100 km) between large agglomerations. Their
positive example can be compared with projects
being implemented in Russia: implementation of
MCC project (Moscow Central Circle) and of
MCD project (Moscow Central Diameters).
However, using the experience of France,
Germany and Japan would be incorrect when
assessing competitiveness of long-distance railway
transport.

Chinese Railways showed the best dynamics
inall respects, thanks to successful implementation
ofthe Railway Transport Development Program.
This hasbeen achieved due to implementation of
large investment projects and large passenger flow,
naturally created due to high population density
of large agglomerations. In general, the experience
of Chinese railways, as abenchmark, can be used
in assessing competitiveness of the passenger
railway transportation segment in Russia and in
finding solutions to improve it. However, it is

worth noting the fact that under the conditions
restrained by economic factors, Russian railways
cannot afford implementation of large-scale
projects to organize high-speed traffic of an
appropriate length in such a short time. Also, in
Russia, one cannot expect growth rates of
passenger flow similar to the Chinese results, since
density and population figures in the countries
differ significantly, and this leads to an increase
in the payback period of construction, which, in
turn, affects the ability to attract funds invested
in the project.

Conclusions. The study revealed that railway
companies operating passenger transportation in
Indiaand the USA are not suitable asa benchmark
for assessing competitiveness of similar companies
in Russia due to low values of passenger flows in
comparison with other modes of transport. To
improve performance, companies in these
countries need to implement large innovative
projects and resolve other internal problems that
limit the growth of passenger flows.

The use of the economic models of France and
Germany as benchmark of performance of the
activities of passenger companies is advisable for
local projects (up to 150 km). It is reasonable to
consider Japanese companies only when assessing
competitiveness of speed and high-speed
transportation, since in this country all passenger
railway transport is represented in this segment.

The analysis showed that to assess competiti-
veness of interregional passenger transportation of
Russian railway companies, it is most expedient to
use data provided by China Railways, which
operates in PRC, as a benchmark. Railway
transport is actively developing in the country. The
implementation of the development program is
cost-effective, and it isaimed at creating a transport
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network connecting the distant regions of the
country. In Russia, the railway industry has similar
goals and objectives, therefore, the positive results
obtained in China can be used with the least error
as a benchmark.

According to the research described in the
monograph [1], the economic model of
increasing competitiveness of transportation and
of respective transport companies includes a
number of subsystems: formation and
development of economic and technological
capacity, research and monitoring of the
economic situation in the markets, development
of financial capacity and mechanisms attracting
investments, as well as improving human and
managerial capacity.

In the context of these subsystems, the
approaches, methods, and rates of implementation
of technological innovations in the People’s
Republic of China, systems of adaptive regulation
of the transportation process on French railways,
mechanisms for increasing the financial capacity
in the USA and Japan, methods of management
and development of human resources in Germany
deserve evaluation as reference approaches.
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MNPOBJIEMBI YIIPABJIEHWHA

MeToabl pac4y€Ta YNCNIEHHOCTH
HaceneHusa Npu TPaHCNOPTHOM
MoAaesimpoBaHUu

Banepuit MAYUH

CraHucnae UMBPO

B ctatbe paccmatpusaetcsi npobaema Bbibopa MeTo-
Aa pac4éTta YNCAEHHOCTU HaceseHus AJ1s1 TEXHUKO-
9KOHOMUYEeCKUXx 060CHOBaHWI Npy TPAHCMNOPTHOM MoAe-
JINPOBAHNV MPOEKTHOW [JOPOXHOW CETHN rOPOLA0B CEBEPHBIX
pernoHoB Poccuiickoi denepaumn Ha npuMmepe ropoaa
Hosbliti YpeHroii. Lenb nccnenoBaHusl — onpeaennTs or-
TUMaJsIbHbIV METOA NPOrHo3a YNCIEHHOCTU HacesleH s Asl
10J1y4€HUS1 UCXOLAHbIX AaHHbIX TDAHCIOPTHOIrO MOAEINPO-
BaHwus. [Mpy pa3paboTke TeXHUKO-3KOHOMUYEeCckmx 060cC-
HoBaHwWii ropoaa HoBblivi YpeHroti BbisiB/IEH psii 0COOEH-
HocTeu gemMorpapuyeckor CTPYKTYPbl CEBEPHbIX rOPOL40B
P®, koTopble BAUSIOT Ha BbIGOP METOAA MPOrHO3a YNC/IEH-
HOCTW HaceneHusl. Ha ocHoBe TeopeTn4deckoro aHai3a

060CHOBaHWe, IEMOrpadu4ecKas CTPYKTYPa HaCeseHus.
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Hay4YHOW 1nTeparypbl B CTaTb€ PacCMOTPEHbI Pa3/INYHbIE
MeToabl pacyéTa HacesIeHusl, NPoaHaaIn3npPoBaHbl B3au-
MOCBSI3b CYLLECTBYIOLEV AeEMOrpapu4eckori CTPYKTypbl
u e€ BIVISIHUE Ha MeTOAbl MPOrHO3a YNCEHHOCTY Hacee-
HUS1 A1 TPAHCMOPTHOro MoAenupoBaHusi. B ycnoBusix
obocTpeHns aemorpaguyeckmx npobaem P® akTyasnbHo
oueHnBaTb PernoHasbHble 0COOEHHOCTU NepCcrnekTuB
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BBEOAEHUE

B cratbe paccMmaTpuBaeTcs mpobiema
BBIOOpA METOJa pacyEéTa YMCICHHOCTH Hace-
JIEHUST I TEXHUKO-3KOHOMUYECKUX 000C-
HOBaHMII IIpU TPAHCIIOPTHOM MOJIEIMPOBa-
HUM MPOEKTHOU! JOPOXHOM CETH TOPOIOB
CeBepHBIX pernoHOB Poccuiickoii ®eneparu
Ha ripuMepe ropoga HoBblil YpeHroii.

3amaya 3KOHOMUYECKUX M3BICKAHUNA —
cbop, 06paboTKa, cUCTeMaTU3aLMs U aHAJIU3
MCXOIHBIX TaHHBIX IJI1 00OCHOBAHMS IIPEI-
MOCBUIOK Pa3BUTHUSI aBTOMOOMIbHBIX TOPOT.
DKOHOMUYECKUE U3BICKAHMS LIS Pa3pabOTKI
CXEM Pa3BUTHUSI CETU aBTOMOOMJIbHBIX JOPOT
MMEIOT KOHEYHOM 1IeJIbI0 HAMETUTh U 000C-
HOBATh IIEPCIIEKTUBEI Pa3BUTHUSI CETU, UCXOIST
M3 MEPCIIEKTUB Pa3BUTUS HACEJIECHMS U MPO-
M3BOJIUTEIbHBIX CHUJI, OIPEICISIIOT MOTpes-
HOCTb B MOIIITHOCTH TPAaHCIOPTHOM ceTu [1].

YMCaeHHOCTb HaCceJeHUs, €T0 CTPYKTYpa,
3aHITOCTb — 0a30BbIC XapaKTePUCTUKU, CO
cOopa 1 aHaJIM3a KOTOPhIX HAYMHaeTcs pabo-
Ta HaJ TeXHUKO-3KOHOMUYECKUMU 0OOCHO-
BaHUSMU Pa3BUTUS JOPOXHON CUCTEMBI T'O-
pOOB.

IIpu paspaboTke psiza 3KOHOMUYECKUX
M3BICKaHUI Obla BbIABICHA 0c00asl CIIeIu-
(buka nemorpacruecKux rmoKasareyeil ropo-
JIOB CeBEepHBIX pernoHoB Poccuiickoit Dene-
patun (P®), KoTopbie MOSIBUIMCH BO BTOPOit
noJjiopuHe XX Beka, Oyaromapsi OTKPBITUIO
HedTera3oBbIx MecTopoxaeHuii. Ha mpumepe
ropona HoBelii YpeHroii pacCMOTpHUM IeMO-
rpaduyecKre 0COOEHHOCTU TaKHUX FOPOIOB,
KOTOpbIe HEOOXOMMMO YYUTBIBATh IIPU KO-
HOMMYECKUX U3bICKAHMSIX JIJISI TPAHCIIOPTHO-
IO MOJIEIMPOBAHMSI.

1. XAPAKTEPUCTUKA OBBbEKTA
UCCNEAQOBAHUSA

Topon HoBbllt YpeHToli — ropoackoii
okpyr Ha ceBepe Poccuu B AAmano-HeHenkom
aBTOHOMHOM okpyre P® (puc. 1).

B AAmano-HeHelikoM aBTOHOMHOM OKpYyTe
(AHAO) ceronns nooniBaercsa 6osee 90 %
BCEro MpUpoaHOro raza u 12 % HedTtu or
061X 006EMOB J00bIIM 110 PD [2]. SAMaio-
Hewnenkuii oKpyr, SB/ISISICb OCHOBHBIM PETHO-
HOM CTpaHBbI IO I00BIYE YIJIEBOIOPOIOB,
paccMaTpuBaeTcs U KaK MepCIeKTUBHBIN
TOPHOIOOBIBAIOIINI pailoH 110 TPYIIIIE TBEP-
JTBIX TIOJIE3HBIX MCKOMaeMblX. OCHOBHBIMU U3
HUX SIBJISTIOTCSI JK€JIe3HBIE PYIbI, XPOMUTHI,
LIBETHBIe MeTajuibl 1 1p. Kpome atoro, B aB-
TOHOMHOM OKPYT€ pa3BUTa pbIOHAsI IIPOMBIIII-
JICHHOCTb 1 OJICHEBOJICTBO.

YucaeHHOCTb HaceJeHus Ha 1 ssHBaps
2020 roma cocrtaBwia 544,0 Teic. yenoBek. I1o
CPaBHEHUIO C COOTBETCTBYIOIIEH AaTOM Tpe-
IBIAYIIET0 roja YUCIEHHOCTh HacCeJIeHUS
OKpyra yBeJUYMIach Ha 2,5 ThIC. yesoBek [3].

CoBpeMeHHas gemMorpaduieckast CUTya-
st B P® o6ycioBieHa CHIDKEHUEM YMCIICH-
HOCTU HaceJICHUsI, 3aMeILIEHUEM TTIOKOJICHUIA:
BBIOBITMEM M3 Bo3pacTta 15—64 jetr MHOro-
YUCJIIEHHOTO IMOCJIEBOCHHOTO MOKOJICHUS
U TIPUTOKOM MAaJIOYMCIEHHOTO ITOKOJICHMS
JIofel, poXAEHHBIX B HecTaOuabHbIE 90-¢
rogbl XX Beka. KpoMe Toro, cepb€3HbIMU
JIeMorpaduiyecKruMu IpodaeMaMHU SIBJISTIOTCS
BBICOKHI1 YPOBEHb CMEPTHOCTH B 3KOHOMM-
YeCKM aKTUBHBIX BO3pacTaX U CHUXCHUE
pPOXIaeMOCTH.

B ropomax AHAO neMorpaguueckas cu-
Tyalysi CKJIaabIBaeTCs MO-APYroMy, ITOUYTH BO

Puc. 1. Cxema pacnonoxeHus ropoaa HoBbivi YpeHroii.
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Ta0suna 1

Xapakrepuctuku roponos AHAO [3; 4]

Ha3zpanue ropoaa Craryc ropoza nosydeH | YuciaeHHOCTh TInoTHOCTh HaueIeHUS
HaceJIeHUsI, Ha yes/Km?
01.01.2020 (gen.)
T[y6KuHCKMI 1996 . 29161 694,3
JlaGbITHAHTH 1975~ 26295 1195,2
MypaBneHko 1990 . 31561 346,8
Hanpim 1972 44830 242.3
HoBblii Ypenroii 1980 . 117482 531,6
Hos6pbck 19821 106911 551,7
Canexapn 1938 50976 603,3
Tapko-Cane 2004 . 21501 488,7
SAHAO B ueiom 544444 0,7

BCeX ropojiax HabIoaaeTcs pOCT YMCIEHHO-
cTy HaceneHud [3; 4].

OcobeHHOCTH AeMOoTpadIeCKIX IT0OKa3a-
TEJIE:

* BBICOKAsI JIOJISI TPYAOCITOCOOHOTO Hace-
JIEHUS,

* B CTPYKTYpe 3aHSITOCTU HaCeJIeHUS Ipe-
obnamaet rpagooopasyoias rpyrna;

* BBICOKASI TUTOTHOCTb HaCeJIeHUSI TOPOIOB
M HU3Kasl TJIOTHOCTh HACeJIeHUS peTHoHa.

JlaHHBIe OCOOEHHOCTH BIIMSIOT HA YMCIICH-
HOCTb HaceneHus ropomoB. B cocra SHAO
BXOIISIT BOCEMb TopoaoB (Tadi. 1).

Ha nmpumepe nemorpaduyeckux mokasa-
Tesielt ropona HoBeiil YpeHroit paccMoTpum
OCHOBHBIE OCOOEHHOCTH CTPYKTYpHI HaceJe-
HUS CEBEPHBIX T'OPOJA0B, BOSHUKIINX BCJICO-
CTBUE Havajia pa3paboTKU MECTOPOKIEHUIA.

2. AEMOIrPA®OUNY4YECKUE
NMOKA3ATEJIN HOBOI'O YPEHIO4
HoBblit1 YpeHroit — nepBblii 110 YMCIIEHHO-
CTH HaceJIeHUsI TopoJ OKpyra. YuciaeHHOCTh
TMOCTOSIHHOTI'O HaceJIeHus cocTassieT 22 % ot
obuieit ynciaenHoctu HaceneHua AHAO.
B oTimure oT MHOTMX POCCHIACKUX TOPOIOB,
B KOTOPBIX UMEET MECTO YCTOMYMBAs 1 JOJITO-

BpeMeHHasI eCTeCTBeHHasl yObLIb HaceJIeHMUSI,
B HoBoM YpeHroe coxpaHsieTcs TOJIOXXUTENb-
HBIA €CTECTBEHHBIN MPUPOCT HACEIIEHUS
(8 2019 romy poxmaeMocTh cocTaBmia 13,3
yesoBeK Ha 1000 XkuTeneit, CMEPTHOCTb CO-
craBmia 3,3 gyenoBek Ha 1000 xuteneit). Mu-
TpalMOHHAsA CUTyallud XapaKTCPpU3YCTCA
npupoctom Hacenenus (B 2019 rogy — 948
yeJIoBeK [2; 4]).

Bricokast mosist TpymocIocoOHOTo Hacelle-
Hus. B cTpykType HaceaeH s ropoia yaeabHbIA
BEC JIUII B TPYAOCTIOCOGHOM BO3pPAcTe COCTaB-
nsieT 67 %, 1Al MOJIOXKE TPYOOCIIOCOOHOTO
Bo3pacTa — 23 %, rpaxiaH cTapiiie TPyaOCIIO-
co6Horo Bo3pacta — 10 % (puc. 2) [2].

Topon HoBblii YpeHroii, BOZHUKILMIA B XO-
Iie pa3paboTOK MECTOPOXICHUI, Ha TPOTS-
JKEHHUU BCEro Nepuoaa pa3BUTUsI XapaKTepu-
30BaJICA BBICOKMM YACJIbHBIM BCCOM JINII
TpyaocImocoGHOro Bo3pacta. Ha Bo3pacTHyio
CTPYKTYpPY HaceJIeHUs CHJIbHOE BIMSIHUE OKa-
3bIBajia MUTpalI.

B HaCTOAIICEC BPpEMsI BO MHOI'MX ropoagax
PO yBenmumnBaeTcst YMCIIO NI TIEHCUOHHOTO
BO3pacTa, YMEHbINAETCSI POXKIAEMOCTh, CO-
KpalaeTcst TpyI0CIIOCOOHOE HaceIeHHEe. DTO
BBI3BIBAET «CTapeHue» ropoaos. B 6eicTpopas-

- prLLOCHOCO6HOe HaCCJICHUEC
= MIaauie prﬂOCl’[OCO6HOl"O HacCCJICHUA

® cTaplie TPy /I0CIOCOOHOTO HaCeICHHs

Puc. 2. Ctpyktypa Hacenenus ropoga Hosbliii YpeHroi.
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BEJIMKUI
HOBTOPOJI

MOCKBA
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CAJIEXAPJ

20%
71%

HOSABPbCK HOBBIN YPEHTOW

crapuie pr,E[OCHOC06IIOF0 HaceJIeHUs

Puc. 3. CTpykTypa HaceneHus ropogos PP [3].

BUBAIOIIMXCS TOpodax, HAa000POT, 3a CUET
MUTPAIIUHA MOJIOIBIX TPYAOCTIOCOOHBIX I'PaK-
JaH YBEJIMYUBACTCS TOJISI TPYIOCIIOCOOHOTO
HaceJICHMSI, HaOIIomacTCs BHICOKAsT poXIae-
MocTh. Crenimduka BO3pacTHOM CTPYKTYPHI
HaceJeHusT GopMupyeT ocoObIe TpeOOBaHMS
K TPaHCIIOPTHOMY Pa3BUTHIO TEPPUTOPHUH.

Ha puc. 3 mpuBeneHsI JaHHBIC IO CTPYK-
Type HaceleHUs] HECKOJBbKUX TopoaoB PD,
KoTopkle Ha mpuMepe Canexapaa, Hosiopscka
1 HoBoro YpeHrost JuttocTpupyloT CMEILeHNE
IeMorpadruuecKrux ImoxKasaTesieil CeBEpHBIX
ropomnos [3].

BrIcokas mosrst TpyIocIioco0HOro Hacene-
HUSI HEM3MEHHO BEIET K YBEIMICHUIO KOppe-
CHOHJEHIMHU 1o pabounM mensiM. B HoBom
YpeHroe 0COOCHHOCTU Pa3BUTHUS ITPOMBIIII-
JIECHHOCTU U TeppuUTOpHUaibHasi pa3oOIIEH-
HOCTbH CEJIMTECOHBIX M IIPOMBIIIIJICHHBIX paiio-
HOB IIPUBOMIST K BOSHMKHOBEHHIO 3HAYNTEITb-
HO ceMTeOHO-TPYIOBOM HecOaTaHCUPOBaH-
HOCTH, ¥ HaceJICHNE BRIHYKICHO €XXKEeTHEBHO
COBEpIIATh ITOE3IKN N3 CEINTCOHBIX paiiOHOB
K IIPOMBINIICHHBIM 30HaM U K IPYTUM y4acT-
KaM KOHIICHTPAIIY MECT ITPUIIOKEHMS TPYIA.

B cTpykType 3aHATOCTH HaceleHUs Tpe-
obnamaet rpamooOpa3sytomas rpymma. [Ipun
aHaJM3e CTPYKTYPHI 3aHSITOCTH HaCEJICHMUS
ropozaa Hoselii Ypenroii u P® B 1ies10M IBHO
BUIHBI 0COOCHHOCTH T'pamoodpasymomeit
TpyIIIBI HaceaeHus ropona. Ha moio m1o0bI-
BaloLLE IPOMBILLIEHHOCTH npuxoautcs 30 %
3aHSTOro HaceyneHusi, B P® B 1ie10M B 100bI-
BamIIeil TPOMBIIIJICHHOCTH 3aHSITO BCETO

® MWP TPAHCIOPTA, Tom 18, N2 4, C. 134-147 (2020)

1,6 % Hacenenns. Takke BeMKa IO 3aHs -
TBIX B TPAHCIIOPTUPOBKE U xpaHeHuu (15 %),
B 1eoM 1o P® sra mons cocrasiser 7,5 %.
YurcmeHHOCTD 3aHATHIX IT0 OCHOBHBIM BHIIAM
SKOHOMUYECKOM NeSITeIFPHOCTU B IIPOIIEHTAX
MpeacTaBieHa Ha puc. 4 [5].

B ceBepHBIX paitoHax CTpaHBI IPEATIPUSI-
TUS TOOBIBAIONIEi TTPOMBIIIIEHHOCTH 00-
YCIIaBIMBAIOT BOSHMKHOBEHNE HOBBIX M Pa3-
BUTHE CYIIECTBYIOIINX TOpOIoB. YNCIICHHOCTD
rpagoo0dpasylolieii Tpymnibl, COBEpIIAIONICH
OCHOBHEBIC TTOC3IIKH, BBISIBJISIETCS] HA OCHOBA-
HUU TIEPCIICKTUB Pa3BUTHUS IPOMBIIILICHHO-
ctu. B mienom, ¢ Havaja pa3BUTHS TIPOMBIIII-
JICHHBIX TCPPUTOPHUN MUTPAIMs SIBISICTCS
€CTEeCTBEHHBIM ITPOIIECCOM Pa3BUTHS OKPYTa.

Buicokas nnomuocme Haceaenus 20po0dos,
U HU3KAs NAOMHOCMb HaceaeHus peeuorna. Pac-
cenenme HaceneHus B AHAO xapakTepusyer-
¢S BBICOKOU ypOaHu3aumeit. [TmoTHOCTh Ha-
CeJICHUSI TOPOJIOB 3HAYMTEIIPHO BHIIIE TUIOT-
HOCTH ITO OKPYTY B I1eJIOM. B cpemHeM B ropo-
Jax oHa cocTtaBisgeT 581 yen./kM?, a mo
OKpYTY B 1ieJIoM Bcero uiib 0,7 uei./km? [2].
Crpoc 1 IipejioKeHre peIHKa TpyAa B TOPOI-
CKOU M CEJIbCKOM MECTHOCTU UMEIOT CTPYK-
TypHBI nucbananc. B ropogax MHoOro pa6o-
YHUX MECT, HaOJIIoJaeTcs HeXBaTKa TPYIOBbIX
pecypcoB, KOTOpasi BOCIIOJIHSICTCS 3a CUET
MUTpallMd HaceJICHUS B TPYAOCIIOCOOHOM
BOo3pacTe. B celbCKUX HAaCEeNEHHBIX TyHKTAaX
HaOogaeTcst oopaTHas cutyarus. JlomomHu-
TEJIbHON 0COOEHHOCTHIO PETMOHAIBHOIO
PBIHKA TpyJa SIBJISIETCS TO, YTO CBbIie 15 %
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Puc. 4. YncneHHOCTb 3aHSATbIX 10 OCHOBHbBIM BUAaM 3KOHOMUNYECKOW AesATe/IbHOCTU, B npoueHTax.

[6] 3aHaTeIX B 5koHOMUKe IHAO paboTaror
BaXTOBBIM METOJOM M IPOXKUBAIOT 3a IIpelie-
Jamu SAmana.

YucneHHOCTh HacesieHUus1 ropoaoB B AHAO
HMMEET MOJIOXUTEIbHYI0 TuHaMuKy. B HoBoM
YpeHroe 3a ocJieAHUE TISITh JIET OTMEYaIOTCST
TTOJIOKUTENIbHBIC MTOKA3aTe/ N ECTECTBEHHOTO
1 MEXaHMYECKOTO ITPUPOCTa HACEICHUSI.

Huzkast mioTHOCTb HaceJeHHUsT perMoHa
B COBOKYITHOCTH CO 3HAYMTEIBHOM TEPPUTO-
pUAaIbHOM YOaJI€HHOCTBIO HEOOJBIINX Hace-
JIEHHBIX ITYHKTOB CO3/1al0T 0COObIE TPeOOBaHUSA
K Pa3BUTHUIO TPAHCIIOPTHOI MH(MPACTPYKTYPhI
1 HOPMUPYIOT CepbE3HbBIE 3aIa4M IJIsT COLM-
aJIbHO-3KOHOMUYECKOTO Pa3BUTHS PETUOHA.

BrIsiBIeHME TIOMUTMHHBIX TEHICHILIVHA Jie-
MorpachHUIeCKUX ITPOLIECCOB — BOBCE HE MPOC-
Tas 3amava, Kak MOXeT IToka3atbesi. HyxxHo
OLICHUTh NTOCTOBEPHOCTh CTATUCTUYECKOM
nH@OpMAaIUM 1 BHIOPATh MOIXOASIINE IS
KaXXJI0TO CJTydast ToKa3aTe/Iu (MM CKOHCTPYH -
poBaTh ux). PaziuuHble moKa3aTeau, B 3aBU-
CHMOCTHU OT MX MHIWBUAYAIbHBIX CBOMCTB,
MOT'YT COBEPILIEHHO IMO-Pa3HOMY XapaKTepH-
30BaTh HaIIpaBJIeHUE U MHTEHCUBHOCTb OJTHO-
r'O ¥ TOTO 3Ke Ipoliecca.

st onpeneieHrs IePCIEKTUBHOM YUC-
JICHHOCTH HAaceJICHUSI TOPOJI0B M3BECTHBI
HECKOJIbKO METOJIOB:

* CTAaTMCTUYECKOM SKCTPATIOJISIIINN;
* MpenesibHOM AeMorpaduueckoit EMKo-
CTU TEPPUTOPUIL;
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* TMePEeIBMXKH BO3PACTOB;

* TPYyIOBOTO OajlaHca.

Meron cmamucmu4eckoli 3KCmpanoasyuu
MpearojaracT 3KCTPAIoISLNI0 POCTa YKC-
JIECHHOCTY HaceJIeHUs HAa OCHOBAaHUM YU CJICH-
HOCTH 32 Psifi IPOIIEIIINX JIET; OH UCXOIUT U3
MOCTOSTHHO JIEMCTBYIOIIET0 KOMILIEKCA 9KO-
HOMMYECKUX yCIIoBUiA. [T0CKOIbKY HEM3MEH -
HOCTh 9KOHOMUYECKUX YCJIOBUI — SIBJICHUE
penKoe, yKa3aHHbII METO/ He HAIEN IO~
Koro npuMmeHeHus [7; 8].

Memoo npedenvHoti demoepaghuueckoii ém-
Kocmu TeppUTOPUI MpeaycMaTpUBaeT OIpe-
JIeJIEHKE TTePCIIEKTUBHOM YMCICHHOCTH Hace-
JICHUsI, UICXOJISI M3 BOBMOXKHOCTE pacceeHUs
B YCJIOBUSIX CTa0MIBHOCTH TOPOICKOM YePTHI.
KonuuecTBO HacesieHUsI, pacCYMTaHHOE
¢ YYETOM IIAaHMPOBOYHBIX OCOOEHHOCTEM
ropojia, COrjIacoOBBIBACTCS C KOJIUYECTBOM
3aHATHIX Ha IEWCTBYIOIIMX W pa3MeIaeMbIX
B ropofie o0bekTax. Takoil MeTOI MPUToaeH
JUTSI TOPOJIOB CO CTPOTO OrPaHUYEHHBIMU TEP-
pUTOpPUANBHBIMU pecypcamMu. Yale Bcero
MPEMNSITCTBUSIMU JIJIS1 NAJIbHEMIIIET0 pOCTa 3TUX
TOPOJIOB SIBJISIIOTCS Iperpabl (TOpbl, BOTOEMbI
utn.)[7;8].

Memoo nepedeudicku 603pacmoé OCHOBBI-
BaeTCsl Ha MaHHBIX MEPEeNUCU HaceJeHUS.
IlepcrnieKTUBHAS YMCIIEHHOCTD OIPEISISICTCS
MyTEéM IIPOTHO3MPOBAHUSI TIepexoa Hacee-
HUSI U3 OHOM BO3PACTHOM TPYIIIIBI B IPYTYIO
C y4éToM Koa(ppuieHTa JOXKUTHS U TTOBO3-
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Tabumna 2

IIpumep YnCAEHHOCTH HACEIEHHS IO TPAHCHOPTHBIM PAliOHAM 0 OCHOBHBIM MOKA3aTeJIsIM
[nannble OO0 «<HUIIU TPTU»]

TpancnoptHeiit | YucIeHHOCTD 3aHsThIE, YeIl. Mecra Tpyna, en. | Mecra yueosl, YucneHHOCTh
paiioH HaceJIeHus1, Yell. en. CTYJIEHTOB, YeJl.
1 0 0 1365 0 0

2 0 0 0 0 0

3 569 353 158 0 23

4 0 0 2290 0 0

5 3895 2415 840 0 156

6 540 335 203 0 22

7 50 31 551 0 2

8 0 0 763 0 0

9 0 0 1389 0 0

10 394 244 818 0 16

pacTHBIX (PakTOpOB QEPTUIBHOCTU. DTOT
METOJ 1ieJiecoo0pa3eH IS CIOXMBIIMXCS
roponos [7; 8].

Memoo mpyooeoeo 6asanca TIPUTONEH TS
OOJIBIIION YaCTU I'PaJOCTPOUTEIBHBIX YCI0-
Buii. CyIIIHOCTb 3TOTO0 METONa 3aKJIF0YaeTCsI
B OIpeieJICHNY COOTHOIICHUST MEXITY pa3jify-
HBIMU TPYIITIIaMK HaCeJIEHUST: TPagoo0pasylo-
111ei1, 00CIyK1BaroLIEel U HecaMOIesSITeIbHOM.
Bcé HaceneHue geuTCsT Ha 9T TPYITITHL B 3a-
BUCUMOCTH OT XapakKTepa TpyIdOBO AesITeb-
HocTH [7; 8, . 94—96].

IlepcriekTHBHAS YMCIIEHHOCTh HACEIeHMS,
COTJTaCHO JAaHHOMY METO.Y, YCTaHABIMBAETCS
B 3aBCUMOCTH OT IUIAHMPYEMBIX MacIlTaboB
pPa3BUTHUS TOPOJia M BEIMUMHBI TPYIOBBIX pe-
cypcoB. Pacu€r nmpousBoauTcs no ¢popmyiie:
H=A+100/(T-b—a—b—n+m),
rne H — mepcriekTuBHAsI YUCIEHHOCTD Hace-
JIEHWSI TOpoJia, Yell.;

A — abcoJIIoTHash YMCIEHHOCTh IPaoo0-
pasylonieit rpymibl, Yel.;

T — nons HacelneHUsT B TPYIOCITOCOOHOM
Bospacrte, %;

b — mons obcnykuBaroleii TpynIibl Hace-
nexud, %;

a — YUCJIEHHOCTb 3aHSATBIX B JOMAIITHEM
XO3SIUCTBE B TPYIOCITOCOOHOM Bo3pacTte, %;

b — YUCIEHHOCTH yYalIuxcs B TPYAOCIIO-
coGHOM Bo3pacTe, %;

N — YKMCJIEHHOCTh HepabOTaIONIMX WHBA-
JMI0B, %;

m — YUCJIEHHOCTh paboTaloIMX TeHCHO-
Hepos, %.

B pesynbrare mpoaesiaHHO paboThl ObLTN
pacCMOTPEHBI OCHOBHBIE eMorpaduieckue
rmoka3zaresiu ropoaa HoBwlii Ypenroii, Ha oc-
HOBE NMHAMMKM KOTOPBIX IJIsI MPOTHO3a
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YUCIEHHOCTH HaceIeHUS Topojia ObLT BHIOpaH
METO[I TPYAOBOTO OanaHca.

IToTpebHOCTL B TPYAOBBIX pecypcax BbI-
YUCJISIETCST, UCXOISI U3 TUTAaHUPYEMBIX TEMITOB
pocta BPII mo rogam u TeMIoB IpupocTa
MPOM3BOAUTEILHOCTH TPY/A, OTIPEAEIISIEMOTO
Kak nokazatenb BPIT Ha omHoro paboTatoiiie-
ro. [{nst onpeneneHus MOTpeOHOCTH B TPYIO-
BBIX pecypcax uHaeKkcupyemas BenurHa BPT1
I10 TOAaM IEJIUTCS Ha MHICKCUPYEMBIH ITOKa-
3aTejib IPOU3BOAUTEILHOCTU Tpyna. Y3 1mo-
JIy4EHHOTO TTOKa3aTesisi CPeIHEr0I0BOM T10-
TpeOHOCTH B TPYIOBBIX PeCypCax BEIUUTAETCS
MMPOTHO3HAsI YUCICHHOCTh 3aHSITOTO Hacese-
HUS C YYETOM €CTECTBEHHOI'O IMPUPOCTA,
U TaKUM 00pa3oM pacCUMTHIBAETCS MOKa3a-
TeJTb MOTPEOHOCTH B TPYIOBBIX pecypcax. st
onpeseseH s 001Iel YMCIEHHOCTH MUTpally-
OHHOTO TIPMPOCTa MOoKa3aTesIb MOTPeOHOCTH
B TPYIOBBIX pecypcax yBeJIMUYMBaeTCs Ha KO-
3¢ GULIMEHT COOTHOIICHUS 3aHSITOTO 1 He3a-
HsTOrOo HaceneHus. KomnyecTBo neTeit B Mu-
rPallMOHHOM TIPUPOCTE OIpenesIeTCs
B CTPYKTYpE €CTECTBEHHOTO IPUPOCTA Hace-
Jienust. OCHOBHBIE TTOJIOXKEHUSI pacuéTa Mpu-
BOJSATCSI B UCTOYHUKAX, BKITIOYEHHBIX B CITH-
cok Jiuteparypsl [9—20].

IIpoaHanu3MpoBaB BCe METOIBI TSI TTPO-
rHO3a YMCJEHHOCTU HaceJIeHUs, MOXHO
cesiaTh BBIBOJ, YTO JUISI CEBEPHBIX TOPOIOB
u 1151 T. HoBbli YpeHroii, B yacTHOCTU, HEOO-
XOIMMO MCTIOJIb30BaTh UMEHHO 3TOT METO[I,
TTOCKOJIBKY B COCTaBe ropojia B BEICOKOYpOa-
HU3MPOBAHHOM pPErvMoHe IpeodsanaioT Tpy-
JIOCTIOCOOHOE HaceJIeHe U Tpafnoo0pa3yroriast
rpyrra.

CTpyKTypa HaceJeHUs GopMuUpyeT
CTIpoC Ha nepeaBuxkeHue. 3HaHUEe cIpoca
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Ha TIepeIBUXEHUSI — OCHOBA IJIs TpaHC-
MOPTHOTO IJIaHUpOBaHUs. IIporHo3HbIe
pe3yJabTaThl YMCJIEHHOCTH HAaceJeHUs MC-
MOJIL3YIOTCS KaK MCXOMHBbIC TaHHBIC MPH
TPaHCIOPTHOM MoOJAeIUpOBaHUY T. HoBBIN
VYpeHroit nasg omnpenenaeHus pa3BUTHUS
TPAaHCIOPTHOM CHCTEMBI TOpPOJa, COCTaB-
JITFOTCS TAOIUIIBI YMCIICHHOCTH HaCeJICHUS
IO TPAHCITOPTHBIM paiioHaM IT0 OCHOBHEIM
nokasatesisim (Tadu. 2).

CdopMupoBaHHbIe 0a3bl JAHHBIX C MIPO-
THO3HOU mHMopManmueit 0 YUCICHHOCTH
IIPOKUBAIOIIETO HACEJeHNsI, B TOM YHCIIE
3aHSTBIX, YUCJICHHOCTHU MPOXKMBAIOLIUX CTY-
JIEHTOB, KOJTMYECTBE MECT IIPWIOKEHMS TPyIa
W y4€0BI MCIIOJB3YIOTCS IIPH pa3padoTKe
TPAaHCIIOPTHOI MOJEIN U TIPOTHO3NPOBAHNH
TPAHCIIOPTHBIX IOTOKOB Ha MEePCIEKTUBY.

SAKJTIOMEHUE

B pesynsraTe npomenaHHON pabOTHI OBLIN
paccMOTpeHBI OCHOBHBIE OeMOTpahMIecKue
MeTOJIbI TTporHo3a HacesneHus. C yuy€ToM pe-
TUOHAJIbHON crieuprUKU 000CHOBAH BHIOOD
METOIIa IIPOTHO3a YMCJIICHHOCTHA HAaCeJCHUS
TIpY TPAHCITOPTHOM MOJIETUPOBAHUM Ha TIPU-
Mepe ropoga HoBblit Ypenroii. Bocripou3sBo-
CTBO HaceJIeHUsI, IeMorpaduueckue IpoLec-
Chl, XapaKTep U TeHASHLUIUKY U3MEHEHMS IEMO-
rpadU9IecKoii CUTyallii OKa3bIBalOT BO3MEICT-
BUE Ha Bce Mpouure chepbl 00IIeCTBEHHOU
JKU3HU, B 3HAYUTEJILHOI Mepe OIpeeiss Te-
YeHUEe SKOHOMUYECKUX, TPAHCIIOPTHBIX, CO-
OUATBHBIX ¥ IPYTUX ITpoIieccoB. Mcmomb3oBa-
HME MeToIa TPYIOBOTo OaTaHca ITpr SKOHOMU -
YECKUX M3BICKAHUSIX CEBEPHBIX ropoaoB P®
TO3BOJINT 00JIee TOYHO MCITOJIH30BaTh IIOTEH-
nuan Tepputopun. [1pm ganmbHEHIIINX TpaHC-
MOPTHO-3KOHOMUYECKUX U3BICKAHUSX IS
MPOEKTOB Pa3BUTHUSI CEBEPHBIX roponoB PD
PEKOMEHIYETCSI IPUMEHSITh UMEHHO METO[I
TPYHAOBOTro OayiaHca AJisl pacuéTa YMCAEHHOCTHU
HaceJIeHUSI.
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ABSTRACT

The article discusses the problem of choosing a
method for calculating the population size for feasibility
studies in transport modelling of the design road network
of cities in the northern regions of the Russian Federation,
using the example of the city of Novy Urengoy. The
objective of the study is to determine the optimal method
for forecasting the population size to obtain initial data for
transport modelling. During development of feasibility
studies for the city of Novy Urengoy, features of the
demographic structure of the northern cities of the Russian
Federation affecting the choice of the method for
forecasting the population size were identified. Based on

the theoretical analysis of scientific literature, the article
discusses various methods of calculating the population,
analyses the relationship of the existing demographic
structure and its influence on the methods of forecasting
the population size for transport modelling. In the context
of aggravation of demographic problems of the Russian
Federation, it is important to assess the regional features
of the prospects for changing the population size. The
article suggests recommendations on the use of the
method of forecasting the population size, considering
regional features of cities founded in 20th century because
of development of mineral deposits in the northern regions
of the Russian Federation.
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population.

*Information about the authors:

Myachin, Valery N. - D.Sc. (Eng), Professor, General Director of Research and Design Institute for Territorial
Development and Transport Infrastructure (LLC NIPI TRTI), St. Petersburg, Russia, vmyachin@ipr.ru.

Tsibro, Stanislav V. - First Deputy General Director - Head of the Department of Social-Economic Studies of Research
and Design Institute for Territorial Development and Transport Infrastructure (LLC NIPI TRTI), St. Petersburg, Russia,

stas@ipr.ru.

Semenova, Nataliya Yu. — Chief Specialist of the Department of Social-Economic Studies of Research and
Design Institute for Territorial Development and Transport Infrastructure (LLC NIPI TRTI), St. Petersburg, Russia,

nsemenova@ipr.ru.

Baskakova, Alina A. — Ph.D. (Economics), Head of the Design Direction of Research and Design Institute for Territorial
Development and Transport Infrastructure (LLC NIPI TRTI), St. Petersburg, Russia, abaskakova®ipr.ru.

Article received 27.07.2020, accepted 04.09.2020.

For the original Russian text of the article please see p. 134.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 4, pp. 134-147 (2020)

Myachin, Valery N., Tsibro, Stanislav V., Semenova, Nataliya Yu., Baskakova, Alina A. Methods

for Calculating the Population Size in Transport Modelling

v

ADMINISTRATION,; MANAGEMENT AND CONTROL



Background. The problem of choosing a
method for calculating the population size for
feasibility studies preceding transport modelling
while developing design of road network of
cities in the northern regions of the Russian
Federation is described using the example of
the city of Novy Urengoy.

The task of economic survey is associated
with collection, processing, systematization,
and analysis of initial data to substantiate the
prerequisites for development of highways.
Economic surveys for development of road
network development schemes have the
ultimate goal of outlining and substantiating
development prospects of the network. Based
on the prospects for development of the
population and productive forces, the
developers determine the need for a certain
capacity of the transport network [1].

The population size, its structure,
employment are the basic characteristics, and
feasibility studies for development of the road
system of cities start from the collection and
analysis of the relevant information.

Development of a number of economic
surveys revealed features of the demographic
indicators of cities in the northern regions of
the Russian Federation, which appeared in the
second half of 20t century due to discovery of
oil and gas fields. Using the example of the city
of Novy Urengoy, let us consider the
demographic characteristics of those cities,

since they should be considered in economic
surveys preceding transport modelling.

1. Characteristics of the object of research

The city of Novy Urengoy is an urban
district in the north of Russia in Yamalo-Nenets
Autonomous District of the Russian Federation
(Pic. 1).

More than 90 % of all natural gas and 12 %
of oil from the total production in the Russian
Federation are produced today in Yamalo-
Nenets Autonomous District (YaNAD), [2].
The Yamalo-Nenets District, being the main
hydrocarbons production region of the country,
is also considered as a promising mining region
in terms of the group of solid minerals. The
main ones are iron ores, chromites, non-ferrous
metals, etc. Besides, the fishing industry and
reindeer husbandry are well developed in this
Autonomous District.
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Pic. 1. Location of the city of Novy Urengoy.
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Table 1

Characteristics of the cities of YaNAD [3; 4]

City name City status obtained in Population as of 01.01.2020 | Population density. people/
(people) km?
Gubkinsky 1996 29161 694,3
Labytnangi 1975 26295 1195,2
Muravlenko 1990 31561 346,8
Nadym 1972 44830 242,3
Novy Urengoy 1980 117482 531,6
Noyabrsk 1982 106911 551,7
Salekhard 1938 50976 603,3
Tarko-Sale 2004 21501 488,7
YaNAD in total 544444 0,7

= working-age population

= younger than working-age
population

older than working-age
population

Pic. 2. Structure of population of Novy Urengoy.

The population as of January 1, 2020 was
544,0 thousand people. Compared to h the
corresponding date of the previous year, the
population of the district has increased by 2,5
thousand people [3].

The current demographic situation in the
Russian Federation is determined by a decrease
in population, and by replacement of
generations through departure from the age of
15—64 of a large post-war generation and influx
of a less numerous generations of people born
in the unstable 90s of 20" century. In addition,
serious demographic problems are associated
with high mortality rate regarding economically
active ages and with decline in the birth rate.

In the cities of YaANAD the demographic
situation is developing in a different way, almost
all cities record an increase in population [3; 4].

Features of demographic indicators:

» high proportion of the working-age
population;

* the city-forming group prevails in the
structure of employment;

* high population density in cities and low-
population density in the region.

These features influence the population size
of the cities. YaNAD includes eight cities
(Table 1).

Using the demographic indicators of the
city of Novy Urengoy as an example, we will
consider the main features of the structure of
population of northern cities that have arisen
following the start of deposits develpments.

2. Demographic indicators of Novy Urengoy

Novy Urengoy is the district’s first city in
terms of population. Its resident population
constitutes 22 % of the total population of
YaNAD. Unlike many Russian cities, where
there is a steady and long-term natural
population decline, Novy Urengoy maintains
a positive natural population growth (in 2019
the birth rate was 13,3 people per 1000
inhabitants, the mortality rate was 3,3 people
per 1000 inhabitants). The migration situation
is characterized by population growth (in 2019:
948 people [2; 4]).

High proportion of the employable population.
In the structure of the city’s population, the
proportion of people of working age is 67 %,
the share of people under working age is 23 %,
citizens older than working age constitute 10 %
(Pic. 2) [2].

The city of Novy Urengoy, which emerged
in the course of deposit development, has been
characterized by a high proportion of people
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Pic. 3. Structure of population of the cities of the Russian Federation [3].

of working age throughout the entire period of
its development. The age structure of the
population was strongly influenced by
migration.

At present, in many cities of the Russian
Federation, the number of persons of retirement
age is increasing, the birth rate is decreasing,
and the working-age population is decreasing.
This results in cities’ «aging». In rapidly

culture and sport

health care

education

state administration
transportation and storage
retail and trade

construction

water supply, water discharge
electric power supply

manufacturing activity

developing cities, on the contrary, due to
migration of young able-bodied citizens, the
share of the employable population is
increasing, and a high birth rate is observed.
The specificity of the age structure of the
population forms special requirements for
transport development of the territory.

Pic. 3 shows data on the structure of the
population of several cities of the Russian

extraction of minerals

agriculture, forestry

10 15 20 25 30

B Novy Urengoy B Russia

Pic. 4. Number of employed by main types of economic activity, percentage.
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Federation, which if we compare all the
examples with the examples of Salekhard,
Noyabrsk and Novy Urengoy, illustrates the
shift in the demographic indicators of northern
cities [3].

A high proportion of employable population
invariably leads to an increase in trips for job
purposes. In Novy Urengoy, the peculiarities
of industrial development and the territorial
disunity of residential and industrial areas lead
toasignificant residential and labour imbalance,
and the population is forced to make daily trips
from residential areas to industrial zones and
to other areas of concentration of places of
employment.

The city-forming group prevails in the
structure of employment of the population. When
analysing the structure of employment of the
population of the city of Novy Urengoy and
the Russian Federation as a whole, the features
of the city-forming group of the city’s
population are clearly visible. The mining
industry accounts for 30 % of the employed
population of the city, while in the Russian
Federation as a whole, the mining industry
employs only 1,6 % of the population. There
is also a large share of those employed in
transportation and storage (15 %); while in the
Russian Federation this share is 7,5 %. The
number of employed by the main types of
economic activity as a percentage is shown in
Pic. 4 [5].

In the northern regions of the country,
extractive industry enterprises determine
emergence of new and development of existing
cities. The size of the city-forming group
making the main trips is determined based on
the prospects for development of the industry.
In general, since the beginning of development
of industrial territories, migration has been a
natural process of the district’s development.

High urban density and low population
density in the region. The settlement of the
population in YaNAD is characterized by high
urbanization. The population density of cities
is significantly higher than the density in the
district as a whole. On average, in cities it is
581 people/km?, and in the district as a whole
itis only 0,7 people/km? [2]. The demand and
supply of the labour market in urban and rural
areas have a structural imbalance. There are
many jobs in the cities, and there is a shortage
of labour resources, which is compensated by
migration of the population of working age. The

opposite situation is observed in rural areas. An
additional feature of the regional labour market
is that over 15 % [6] of those employed in
YaNAD economy work on a rotational basis
and live outside Yamal.

The population of cities in Yamalo-Nenets
Autonomous District has a positive trend. In
Novy Urengoy, over the past five years, there
have been positive indicators of natural increase
and mechanical population growth.

The low population density of the region,
together with considerable territorial remote-
ness of small settlements, create special
requirements for development of transport
infrastructure and form serious tasks for socio-
economic development of the region.

Revealing true trends of demographic
processes is not at all an easy task, as it might
seem. It is necessary to assess reliability of
statistical information and select the appropriate
indicators for each case (or design them).
Different indicators, depending on their
individual properties, can characterize the
direction and intensity of the same process in
completely different way.

Several methods are known to determine
the prospective population size of cities:

* statistical extrapolation;

+ limiting demographic carrying capacity
of the territories;

+ age shifting;

* labour balance.

The method of statistical extrapolation
involves extrapolation of population growth
based on its size over the past years; it proceeds
from a permanent set of economic conditions.
Since invariability of economic conditions is a
rare phenomenon, this method has not found
wide application [7; 8].

The method of limiting demographic carrying
capacity of territories provides for determination
of the prospective population size, based on the
possibilities of settlement in the conditions of
stability of the urban area. The size of
population, calculated considering planning
features of the city, is consistent with the
number of people employed at the facilities
operating and located in the city. This method
is suitable for cities with strictly limited
territorial resources. Most often, obstacles to
further growth of these cities are natural barriers
(mountains, reservoirs, etc.) [7; 8].

The age shifting method is based on census
data. The prospective population size is
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Table 2

An example of the population size by transport districts and by main
indicators [data of LLC NIPI TRTI]

Transport district | Population, Employed, Job places, units | Places of study, Number

(area) people people units of students,
people

1 0 0 1365 0 0

2 0 0 0 0 0

3 569 353 158 0 23

4 0 0 2290 0 0

5 3895 2415 840 0 156

6 540 335 203 0 22

7 50 31 551 0 2

8 0 0 763 0

9 0 0 1389 0 0

10 394 244 818 0 16

determined by predicting the transition of the
population from one age group to another,
considering the survival rate and age-specific
fertility factors. This method is appropriate for
long existing cities [7; 8].

The labour [market] balance method is
suitable for most urban planning conditions.
The essence of this method lies in determining
the ratio between different groups of the
population: city-forming, employed in service
sector, and inactive population. The entire
population is distributed among those groups
depending on the nature of labour activity [7;
8, pp. 94-96].

The prospective population size, according
to this method, is set depending on the planned
scale of the city’s development and the size of
the labour resources. The calculation is made
according to the formula:
H=A-<100/(T—-B—a—b—n+m),
where H is prospective population of the city,
people;

A — absolute number of the city-forming
group, people;

T — share of the population of working
age, %;

B — share of the population employed in
service sector, %;

a — number of household employed at
working age, %;

b — number of students at working age, %;

n — number of disabled people who are not
working, %;

m — number of working pensioners, %.

Following the survey done, the main
demographic indicators of the city of Novy
Urengoy were considered. Based on their

dynamics the labour balance method was chosen
to forecast the population of the city.

The need for labour resources is calculated
based on the planned growth rate of GRP by years
and the growth rate of labour productivity,
which is defined as an indicator of GRP per
employee. To determine the need for labour
resources, the indexed value of GRP by years
is divided by the indexed indicator of labour
productivity. From the obtained indicator of
the average annual demand for labour
resources, the projected number of the
employed population is subtracted,
considering natural increase, and thus the
indicator of demand for labour resources is
calculated. To determine the total number of
migration growth, the indicator of the need
for labour resources is increased by the ratio
of employed and unemployed population. The
number of children within migration growth
is determined based on the structure of
natural population growth. The main
provisions of the calculation are suggested in
the sources included in the list of references
[9-20].

Having analysed all the methods for
predicting the population size, we can conclude
that for the northern cities and for the city of
Novy Urengoy, in particular, it is necessary to
use the method of labour balance, since the
working population and the city-forming group
prevail in the city within a highly urbanized
region.

The structure of the population forms the
demand for mobility. Knowledge of the demand
for mobility is the basis for transport planning.
The predicted results of the population size are
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used as initial data in the transport modelling
of the city of Novy Urengoy to determine
development of the city’s transport system, and
then tables of the population size by transport
districts are compiled according to the main
indicators (Table 2).

The formed databases with forecast
information on the number of the inhabitants,
including those employed, on the number of
students who lives in the city, the number of
places of employment and study are used for
development of a transport model and for
forecasting future traffic flows.

Conclusion. Following the study, the main
demographic methods for forecasting the
population size were considered. Considering
the regional features, the choice of the method
for forecasting the population size for transport
modelling is justified on the example of the city
of Novy Urengoy. The reproduction of the
population, demographic processes, the
nature, and tendencies of changes in the
demographic situation have an impact on all
other spheres of social life, largely determining
the course of economic, transport, social and
other processes. The use of the labour balance
method in economic surveys of the northern
cities of the Russian Federation will make it
possible to use the capacity of the territory more
accurately. With further transport and economic
surveys intended for projects of development
of the northern cities of the Russian Federation,
it is recommended to apply the same labour
balance method to calculate the population
size.
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Cepreit BUTOJIUH

Llenbto gaHHoV cTatbum siBasieTcsl pa3paboT-
Ka cucTeMbl NMPUHUNMNOB U METOLOB, Harnpas-
JIEHHbIX Ha COBEPLLIEHCTBOBAHME yrpaBieHus
TPAHCMNOPTHbLIMW MOTOKAMU HaA YJANYHO-
JOPOXHOM CeTu KpYrnHOro ropoaa rpu cBeTo-
¢popHomM perynupoBaHun. OCHoBaHWeM A7
JAaHHOV MEeTOL40/I0rvun CAyXar rnpuMeHsieMsle
B Poccum n 3a pybexom MeTobl MNoBbILLEHUS
6e30rnacHOCTU 1 Ka4eCcTBa JOPOXHOIO ABUXE-
HUSI, PE3Y/ILTaTbl 0NPOCAa 3KCrepToB B 06/1aCTN
npoeKTupPpoBaHUs aBTOMOOUIIbHbIX 4OPOI
Y opraHn3aumnm JOPOXHOro ABVXeHU s, Habo-
JEHWS Ha Peryimpyembix nepekpecTkax n aHa-
3 aBapuiHoctm B Boarorpaae. lNepBo-
o4epéaHbIM NoTPebUTesIbCKUM CBONCTBOM
perynupyemMmoro rnepekpécrtka sisnsercs 6e3-
0rnacHOCTb JOPOXHOIr0 ABUXEHUSI. YCTpaHeHne
MPUYNH [OPOXHO-TPAHCNIOPTHLIX MPOUCLLE-
CTBUI, CBSI3@HHbIX C [OPOXHO-TPAHCNOPT-

MNPOBJIEMBI YIIPABJIEHWHA

OcCHOBbI METOA40J/I0rMU YyNPaBNeHUs
TPaAHCMOPTHbLIMU MNOTOKAMMU HA YJINYHO-
LAOPOXHON CeTn KPyrnHoro ropoaa
npu cBeTopopHOM perynmpoBaHuu

Bumoaun Cepeeii Baadumuposun — Boneoepadckuii eocydapcmeentblii mexHu4eckui
yHugepcumem, Boaeoepao, Poccus*.

HbIMW, KOHCTPYKTUBHO-reoMeTpu4ecknmu
n CUrHaJlbHO-TeXHN4YeCKNMW yCJI0BUSIMU SIB-
JISEeTCS BaXXHENLLe 3aaa4e A1sl Pperyavpye-
Moro nepekpéctka. B Bonpoce kayecTBa fo-
POXXHOIo ABVDKEHUS NMpu HU3KNX YPOBHSIX 3a-
rpy3Kku CeTy OPUEHTUPYIOTCS Ha TPAaHCopT-
HbIYi CrpPOC, CTPEMSITCS K MOBbILLIEHUIO
kom@opTabesbHOCTY noe3aku, obecrieynBas
KoopAnHaLUUIO 1 rmbkocTb paboTbl cBETOPOP-
HbIX 06bEKTOB. [1py BbICOKMX YPOBHSIX 3arpy3-
KN cetun OPpNeHTUpPyrTCsd Ha rnporyckHble
BO3MOXHOCTU 3J1IEMEHTOB yﬂl/lLIHO-,[lOpO)KHOVI
ceTu, OCYLLECTBJISIOT MOPLNOHHbI MPOIyCcK
TPaHCIMOPTHbLIX CPenCTB B reperpyxeHHble
30HbI, KPOME TOro, rnpeasjaraeTcs yBeandu-
BaTb AJINTE/IbHOCTb LKA CBETO(HOPHOIro
perynupoBaHus 6osee 120 cek, ecim 310 He
PUBOANT K CHUXEHUIO 6€30M1acHOCTY [JOPOX-
HOIro ABVDKeHUs  ceTeBbIM 3aropam.
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peryanpyemsbivi nepekpECTOK, YIMYHO-A0POXHasH CETh.
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poBenéHHbie Bo DpaHIuy uccieno-

BaHu4 [ 1, c. 11] mokazanu, 4to B ycio-

BUSIX OOJIBIIIOTO TOpoOjaa BOIUTENb
3aTpayMBaeT B CpeJHEM B TeyeHue | yaca
JIBUXEHUS: 15 MUHYT — Ha TopMoxeHue, 10
MUWHYT — Ha OCTaHOBKY Mepen cBeToopoM,
16 MMHYT Ha TpOTaHWe C MeCTa M Pa3roH aB-
TOMOOWJIS ¥ IULIB 19 MUHYT HEMOCPEACTBEH-
HO Ha IBVDKEHUE 110 MapHipyTy. To ecThb TOJb-
KO TPEThsI YaCTh BPEMEHM UCITOIb3YeTCS BO-
nuatenssmMu 3G @HEeKTUBHO.

C npobiemMaMu meperpy3ku yJIUYHO-
nopoxHoit cetn (YA C) roponoB B APYTHUX
Pa3BUTHIX CTpaHaX CTOJKHYJIUCH paHbIIe
Poccuu, mosTomMy ecTeCTBEHHO OOpaTUTHCS
K 3apy0eXHOMY OIBITY MOBBIIIEHUS b dheK-
TUBHOCTH (DYHKIIMOHUPOBAHUS JOPOXKHO-
TpaHCITOPTHOU ceTH Topoxa [2; 3].

ITpu HU3KUX YPOBHSIX 3aTPY3KU CETU OPU-
EHTHUPYIOTCSI Ha TPAHCTIOPTHBIN CIIPOC, CTpe-
MSITCSI K TIOBBIIIEHNIO KOM(OpPTaObeTbHOCTH
noe3aKu, odecreyrnBast KOOPAUHAIMIO CBETO-
dopHbIx 00bekTOB (CO). [Tp1 BBICOKUX YPOB-
HSIX 3aTPY3KU CETU OPUEHTUPYIOTCS Ha MPo-
MYyCKHbIE BO3MOXHOCTU 3JeMeHTOB Y C,
OCYIIECTBJISIIOT HOPLIMOHHBIN MTPOITYCK TPaHC-
TIOPTHBIX CPENICTB B IePErPYKeHHBIE 30HBI.

Ecnu B [epMaHuy 3HaYeHUE TAKUX MIOTPE-
OUTEbCKUX CBOMCTB, KaK «KaueCTBO TOPOXK-
HOTO ABVXEHUS» (YPOBEHb OOCITY>KUBaHUS),
«6€30MacHOCTh TOPOXKHOTO IBUXKEHMUS»

(B), paBHOLIEHHO WX OJU3KO MO 3HAYM-
MocTi [4, c. 6], To wis yenoBuii Poccuu ¢ ot-
HOCHUTEJIbHO BBHICOKMMM TIOKAa3aTesIMU aBa-
puitHOCcTH 3HaumMocTh BJIJI (18,8 uncio
norubmmx Ha 100 TeIC. XuTenei [5, c. 36])
JI0JKHA OBbITh 3aMeTHO Bbillie K1, yto 1 noj-
TBEPKIAETCS pe3yIbTaTaMM 3KCIIEPTHOTO
orpoca (puc. 1).

CornacHo HopMatuBy [7] Ha Y C Bonro-
rpana3a 11 mecsies 2018 roga ObITH BBISIBITC-
Hbl Mecta KoHueHtpauuu A TII. Ha puc. 2
TOKa3aHbl Pe3yJIbTaThl aHAJIN3a pacIipeiese-
HUs MecT KoHueHTpauuu JATII mo tunam
yuactkoB Y]IC.

Hons mect konueHTpauuu I TTI Ha pery-
nupyeMbix nepekpéctkax (PII) cocraBuasieT
32 %. YuutbiBass KOHLEHTPUPOBAHHOCTD
JIAaHHBIX YYacTKOB, pa3paboTKa peKoMeH/a-
WA 1 MEepOIIPUSTHIA TS TToBEIeHus BIJ1
Ha PIT gBnsieTcs BaxkHel1ei 3anadeit.

Ilpunyun 1. B Ha PIT B npuoputete
(cTpeMJieHUE K HYJIeBOI aBapUNHOCTU MO
MMPUYMHAM, CBSI3aHHBIM C TOPOXHO-TPaHC-
MMOPTHBIMU, CUTHAJbHO-TEXHUIESCKUMH,
KOHCTPYKTUBHO-T€OMETPUIECKUMU YCJIO-
BUSIMMU).

Ecnu B Boarorpane Ha CO ceromHst mpeoo-
JIAAIOT XKECTKUE OMHOTPOTPAMMHBIE PEXIMBI
peryIupoBaHus, U KOOPOWHAILIUS PEXUMOB
OCYIIECTBIISIETCS JINIITb HA OTIENTbHBIX YU4acTKAaX
VIIC, 1o B [épMaHMM CETOTHS IIIMPOKO PACIIPOC-
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Puc. 1. B3HayumocTsb yeneBbix NOTpebutenbsckux ceolicTs PI1 (pe3ynsTat onpoca akcnepros) [6].
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Puc. 2. Pacnpeaenenune mect koHueHTpauuu 4TI B Bonrorpage 3a 11 mecsyes 2018 r.
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MEHEHKMEHT

TTOKOJICHHMSI )

JlokannHas
ontumusanusg Ha CO

TpaHeHbI TMOKOE PeryIMpoBaHue, 00eCIieueHIE
MPUOPpUTETa OOIIECTBEHHOMY TPaHCIOPTY, Ce-
TeBoe ynpasieHue. ToJbKo TpeTbst yactb CO
B [épMaHuM MeeT XKECTKOE peryIupoBaHue |8,
¢. 352], Troraa kak Ha aByx u3 Tpéx CO ocyiie-
CTBJISIETCSI THOKOE PeryIMpOBaHUE.

Tlpunyun 2. B ycnoBUsSIX HU3BKUX U CPETHUX
3arpy3ok PIT ontumuzauuss Kom@popTHOCTH
noe3nokK (KoopauHauus CO) + ananTUBHOCTb
peryaupoBaHus.

IIcuxonor A. Macnoy (1908—1970) no-
Jlaraj, 4TO 4YeJI0BEKOM B COBPEMEHHBIX
YCIIOBUSIX JIBUIKET, TIPEXJe BCEro, MmoTpeo-
HOCTb CHMDKCHMST HAaPsKEHUsI U COXpaHe-
HUe BHYTPEHHETro paBHOBecus. OUeBUIHO,
YTO MIPOJOJIKUTEIbHbBIE 3a1epKKu repes PT1
MPUBOISIT K HAPSIKEHWIO BOAUTENIEH 1 Imac-
CaXMpPOB U MOTepe BHYTPEHHETO PaBHOBE-
cus. [leperpy3ky HeM30€KHBI B XKU3HU Ye€-
soBeka. [1pu aTOM YenioBeK, Kak ¥ MallliHa,
JIOJITO B COCTOSIHMHU MEPErPy30K CYIIEeCTBO-
BaThb HE MOXeT. TpaHCIIOPTHAs Meperpy3Ka
(BCTJIeCK MHTEHCUBHOCTU ITOPOXHOTO
JIBUXEHUS) TpeOyeT ycTpaHEeHU s, YTOOBI
COCTOSTHUE BHIPOBHSIOCH. [103TOMY HYXXHO
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Puc. 3. CTpykTypHasi cxema ynpasneHusi TPaHCnopTHLIMU IOTOKamMun
npm neperpyskax ¢ NCrosib30BaHNEM CBETO(POPOB.

CTPEMUTHLCS K CKopelliemMy ycTpaHEeHUIO
COCTOSIHUS TIEPErPY3KHU.

Ha ocHoBe crcTeMHOTO aHaJIM3a METOIOB
YIIpaBJIeHUsT TPAHCITOPTHBIMU TTOTOKaMU Ha
VI C ropona [2] npenyiaraetcst caeayoiias
cucTeMa NoBbIleHUs 3(PPeKTUBHOCTU (PYHK-
IIMOHUPOBaHUs ¢ ucrnonb3oBaHueM CO mpu
neperpyskax (puc. 3).

JlokanbHast ONITUMU3AIINST MOXET 3aKJTI0-
YaTbCs B YBEJIWUYEHUN YUCJIa CBETOMOPHBIX
MpOrpaMM, TPOUICHUH UTMTEIbHOCTU ACH -
CTBUS CBeTOMOPHOI MPOTpaMMBbl U IUKJIA
peryJIMpoBaHMs 1axe 60Jiee peKOMEHIYeMOTO
3HaueHus 120 ¢ (ecau 3To He MPUBOAUT K CHU-
xkeHuto BIIJI u ceTeBbIM 3aTOpam).

Ilpunyun 3. B ycnoBUSX TpaHCHOPTHBIX
Teperpy3oK: Mpu BO3MOXKHOCTH YBEJTNYMBa-
€M JUIMTEJIbHOCTD IIMKJIa PeTyJMpOBaHus,
OCYIIECTBISIEM J03UPOBAHMUE TPAHCITIOPTHBIX
CPEJICTB B ITeperpykeHHbIe 001aCTH, IpUMe-
HsI€M CHUCTEeMY TPaHCIIOPTHOTO MEHEeIX-
MEHTAa.

B paMkax TpaHCIIOPTHOTO MEHEIKMEHTA
Ha OCHOBE OIIEHKHM IJINH ouyepeneil mepen
CO [9] BomuTe sIM AOJXHA COOOIIATHCS

BuTtonuH C. B. OCHOBbI METOAOIOMMY YNPABNEHUS TPaHCMOPTHBIMU NOTOKAMU Ha YJINYHO-A0POXHOWN CeTn
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1. IoBpimenne 6€30MacHOCTH OPOKHOTO TBHXKEHHS

!

Bersrenvie nprva {11 cBI3aHHBIX € IOPOAKHO-

TPAHCTIOPTHBIMH, KOHCTPYKIMBHO- @OMETPHUHUECKHMH,
CHTHABHO-TEXHUYECKAMH YCITIOBHSIMH

¥

VBermerne dricia (as peryJmMpoBaHKSL, YBEIMUCHHS
JUTTETBHOCTH POME)KY TOUHBIX TAKTOB, 00SCTICHeHYe
BAIAMOCTH, 00YCTPOICTBO IMEPeKPECTKA

y

2. IloBbIlIeHUE KavecTBa JOPOXKHOI'O IBHUKEHUS

/\

Tpy HyBKUX ¥ cperHIX TIpu BbICOKOM 3arpy3Ke 1
YPOBHSX 3AIPY3KH TieperpysKe
KooprmHarwst cBeTohOpHBIX 00BEKTOB+ VBelIMueHHe IUTETFHOCTH IIUKIA —
AIAITTBHOCTD PETyJIMPOBAHN JIO3UPOBAHME B MEPErPy’KEHHbBIE 00JIaCTH —

CHUCTEMA TPAHCIIOPTHOT'O MEHEPKMEHTA

Puc. 4. OcHoBbI MeTOA0/I0rNN YrIPaB/IeHNs TPAHCMOPTHLIMU MOTOKaMU B KPYIHOM ropoae
npu cBeTogOPHOM PerympoBaHnm.

nHMOpMaIs A TPUHSATUS UMU PELICHUS
0 BBIOOpPE MapIIpyTa IBUKEHUS.

NPEOJTOXKEHUA

Ha ocHoBe cucTeMHOro aHaju3a, puMe-
HsieMbIX B Poccuu 1 3a pyOexkoM METOIOB I0-
BBIIIIEHMsI 0€30ITaCHOCTH 1 Ka4eCTBa TOPOXKHO-
ro IBUXECHUS, PE3yJIbTaTOB 3KCIEPTHOTO
0npoca 1 HaOJTIOIEHWI TIPELIaraloTCs CIIELyIo-
1Ie OCHOBBI METOJI0JIOT MU YIIPaBJICHUS TPAHC-
MOPTHBIMM MOTOKAMU B KPYITHOM T'OpPOJIE TIpH
cBeTo(pOpHOM peryarupoBaHuu (puc. 4).

IIpemtaraemast METOIOJIOTHS TPEOYET e~
TaJu3aluy 1 TIPOBEPKU [UTS YCIOBMI (PyHK-
LIMOHUPOBAHMS JOPOKHO-TPAHCIIOPTHOM
otpaciu Poccun.
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ABSTRACT

The objective of the article is to develop a
system of principles and methods aimed at
improving management of transport flows on
the street and road network of a large city with
traffic lights regulation. The suggested
methodology is based on the methods used in
Russia and abroad to improve road traffic safety
and quality, results of a survey of experts in the
field of road design and traffic management,
monitoring at regulated crossings, and analysis
of road accidents in the city of Volgograd.

The primary customer property of a
regulated crossing is road safety. Elimination of
causes of road traffic accidents associated with
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road traffic, structural geometric, signalling,
and technical conditions is the most important
task regarding a regulated crossing. Enhancing
road traffic quality at low levels of network load
supposed considering demand for transpor-
tation, increase in travel comfort, coordination,
and flexibility of traffic lights operation. High
degree of network load supposes that more
attention is paid to traffic capacity of the street
and road network elements, restrained access
of vehicles to areas of greater congestion,
increased duration of a green light cycle (for
more than 120 seconds, if this does not affect
traffic safety and network congestion degree).
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tudies conducted in France [1, p. 11]
S have shown that in a large city out of 1

hour of driving time the driver spends:
15 minutes on braking, 10 minutes on stopping
at crossings in front of traffic lights, 16 minutes
on starting and accelerating the car, and only
19 minutes on direct driving along the route.
That is, only a third of time is used efficiently
by drivers.

Other developed countries have faced the
problem of overload of the street and road
network (SRN) of the cities before Russia, so
it is natural to address foreign experience in
improving efficiency of SRN operation [2; 3].

At low levels of network load, first, demand
for transportation, increase in travel comfort,
coordination, and flexibility of traffic lights
(TL) operation are focused. High degree of
network load supposes that more attention is
paid to traffic capacity of the street and road
network elements, to restraining the access of
vehicles to areas of greater congestion, to
increased duration of a green light cycle (for
more than 120 seconds, if this does not affect
traffic safety and network congestion degree).

If in Germany the values of such customer
properties as «road traffic quality» (RTQ,
service level), «road traffic safety» (RTS) are

equal or close [4, p. 6], then for Russia where
accident rates are relatively high (18,8 deaths
per 100 thousand inhabitants [5, p. 36]) RTS
should be significantly more important than
RTQ, and this was confirmed some years ago
by the results of an expert survey conducted by
the author (Pic. 1).

Following the standard [7], sites of SRN of
Volgograd where accidents had been most
frequent for 11 months of 2018 were identified.
Pic. 2 shows the results of the analysis of
distribution of points of frequent road accidents
by types of sections of SRN.

The share of road accidents at regulated
intersections is equal to 32 %. Given the
concentration of road accidents at those
regulated crossings, the most important task is
to develop recommendations and measures to
improve road traffic safety at them.

Principle 1. Road traffic safety at regulated
crossings is a priority (the goal is to achieve zero
accident rate regarding accidents caused by
road, signalling, technical, structural, and
geometric conditions).

Ifin Volgograd TL are mostly operated in a
rigid single-program mode and are rarely
coordinated (except for some street segments),
then in Germany flexible regulation, ensuring
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Pic. 1. Relative importance of customer properties regarding regulated crossing (results of experts’ survey) [6].
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Number of considered locations of road
accidents

M Street segment in-between
crossings

M Regulated crossing

™ Non-regulated crossing

Pic. 2. Locations of most frequent road accidents in Volgograd for 11 months of 2018.

Transport management

A

N

Automatic system of road
traffic control of the latest
generation

Local optimisation of

traffic lights

Pic. 3. Structural chart of control of transportation flows in case of overload
(traffic congestion) using traffic lights.

priority for public transport, and network
management are widespread. Only a third of
traffic lights in Germany are controlled through
arigid mode [8, p. 352]. Two of three TL work
in a flexible mode.

Principle 2. Under the conditions of low and
medium load on regulated crossings we need
optimization of travel comfort (coordination
of traffic lights, [a «green road»]) and
adaptability of regulation.

Psychologist A. Maslow (1908—1970)
believed that a person in modern conditions
is driven, first, by the need to reduce stress
and maintain internal balance. Obviously,
long delays in front of regulated crossings
result in stress for drivers and passengers and
in loss of internal balance. Overload is
inevitable in human life. At the same time, a
person, like a vehicle or other machine,
cannot exist for a long time in a state of
overload. Transport congestion (peak of
traffic intensity) needs to be eliminated for
the driver could recover. Therefore, it is
necessary to strive for speedy elimination of
the overload condition.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 4, pp. 148—155 (2020)

Based on the system analysis of transport
flow management methods at the city’s SRN
[2], the following system is proposed to increase
the efficiency of operation of traffic lights
during congestion (Pic. 3).

Local optimisation may consist in increasing
the number of different traffic light modes,
extending duration of the traffic light mode and
of the control cycle (even over recommended
value of 120 seconds if this does not affect road
traffic safety and does not provoke network
congestion).

Principle 3. Under the conditions of traffic
congestion if possible we should increase
duration of the control cycle, regulate or
restrain access of vehicles into overloaded areas,
and use a transport management system.

As part of transport management, based on
the assessment of lengths of queuing lines in
front of traffic lights [9], the drivers should be
provided with information for they could
decide on the choice of further route.

Suggestions. Based on the system analysis
of the methods used in Russia and abroad to
improve road traffic safety and traffic quality,
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1. Increase in road traffic safety

|

Identification of causes of road accidents regarding road,
design, geometric, signalling, and technical conditions

¥

Increase in the number of cycles of TL control, increase in
duration of intermediate modes, ensuring good visibility,

improving cros

sings’ conditions

A

A

2. Increase in road traffic quality

/\

For low and medium
load

For high load and
overload

!

Coordination of traffic lights+
adaptability of regulation

!

Increase in duration of a cycle —
restraining access to overloaded areas —
transport management system

Pic. 4. Basic methodology of management of transport flows in a large city with traffic lights.

of results of expert surveys and field observations,
the following principles of a basic transport flow
management methodology in a large city are
proposed particularly regarding traffic lights
operation (Pic. 4).

The proposed methodology requires further
detailed development and verification for
operating conditions of the Russian road
transport.
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Poccus,

B cTatbe nccnenoBaHbl NepcrnekTuBbl OpraHusaumm
knactepa kak 9¢p@PeKTUBHOro MHCTPyMeHTa obecrneyeHus
cBsI3aHHOCTU Tepputopuii P® 3a c4ET cUCTEMHOro
U KOMITJIEKCHOIO BHEAPEHWS MHTEJIIEKTYaslbHbIX TDAHCMOPT-
HbIX TEXHOJIOMWK, 4TO COOTBETCTBYET CTpaTermyecknum Ha-
rnpasneHusiM pa3BuTuvsi TpaHcriopta P® v onpenensiet akty-
asbHOCTb TeMbl. Llenbio nccnenosanvs asaseTcs onpene-
neHne cneun@dukn opraHn3aunm TPaHCNOPTHO-J10MNC-
TUYECKOro knacrtepa C NPUOpPUTETOM Pas3BuUTUS
MHTEJINIeKTYasIbHbIX TPAHCMOPTHbIX TEXHOIO0MMI MOCPELCTBOM
aHanm3a nepcrnekT1BbI Pa3BUTYSI AaHHbBIX TEXHOJIOMI B pam-
Kax knactepa, n3y4eHus BapnaTuBHOCTN XapakTepucTmk
U CTPYKTYPbI KJacTepa rpu pasanyHbiX yC10BUSX ero ¢op-
MUPOBaHNS HA OCHOBE MEeTOA0B OPMasbHOM JOrMKu,
rpyrnnMpoBKu, aHam3a cTaTuCTUIECKUX AaHHbIX, HOpMaTuB-
HO-paBoBovi nHopmaummu, cuHTesa nHgpopmaumm. B pe-
3y/ibTate NCccaen0BaHNs aBTOPaMu BbiAes1eHbl NPearnochl-

KoMrIJiekc, pernoHaslbHoe passutue.
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Cneunduka opraHu3sauum TPaAHCMNOPTHO-
JIOFNCTUYECKOro Kflactepa c NpuopmuTeToM pa3snTtus
MHTEeNJIeKTyasibHbIX TPAHCMOPTHbIX TEXHOJIOrUN
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Ky Hambosiee 6bICTPOro pas3BuTns N aQPEKTNBHON peann-
3aunv MHTEeJIJIeKTyallbHbIX TPAHCIMOPTHbLIX CUCTEM B paMkax
knactepa. O60ocHoBaHa Lje1ecoobpPasHOCTb MPUMEHEHUS
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BBEOEHUE

B ycinoBusx riiobanusanuu, KoTopas
SIBJISIETCSI HEOThEMJIEMOM YacThIO pa3BUTHUS
COBPEMEHHOr0 5 KOHOMUYECKOTO O0IIIeCTBa,
aKTyaJbHBIM CTAHOBUTCS MTOBBIIIIEHUE KOH -
KYPEHTOCIIOCOOHOCTH OTAEIbHBIX TEPPUTO-
pMii, pETHOHOB, OTpacjeil Ha OCHOBE MHHO-
BalIMOHHBIX ITOJXOJ0B C 11€JIbI0 COXpaHEHUS
WIn OPpMUPOBAHUS IIPUOPUTETHOTO MpaBa
BJUSHUS Ha DKOHOMUYECKHUE SIBJIECHUS
B Ipoliecce YHU(DUKAIMU U UHTErpaliu.
OCHOBHBIE HAITPaBJIEHUS TEXHOJOTMYECKO-
ro passutus Poccuiickoit @enepannu
chopMyIMpoBaHBl B MpOorpaMMe Haluo-
HaJIbHON TEXHOJOTMYEeCKOM MHUIIMATUBBHI,
npeacTaBieHHO PeaepalbHOMY COOpaHUIO
B 2014 rony Ilpesuaentom P®. Oguum us
KJIIOUEBBIX PHIHKOB Pa3BUTHSI HallMOHAIb-
HOM TeXHOJOTMYEeCKOM MHUIIMATUBBI Ha3BaH
Autonet — PBIHOK «I10 Pa3BUTHUIO YCIVT,
CUCTEM U COBPEMEHHBIX TPaHCIOPTHBIX
CPEICTB Ha OCHOBE MHTEJUIEKTYyaJbHBIX
miaTdopM, ceTeil 1 THGPACTPYKTYPHI B JIO-
TUCTHUKE JIloAgel u Bemlei» [1], Tak Kak
MMEHHO JaHHbI€ TEXHOJOTUHU CIOCOOHBI
CTUMYJIMPOBATh KaUeCTBEHHbIC U3MEHEHMUS
B Pa3JIMYHBIX OTPAC/ISIX: TPAHCIIOPTE, CTPOU-
TEJbCTBE, TOPIOBJIE U MHOTUX APYTUX 32 CYET
MHTEerpay MvHGOpMallMOHHO-KOMMYHUKa-
IIMOHHBIX TEXHOJOTUNW MPUMEHUTEIbHO
K KJIIOUEBBIM COCTaBJISIONIUM TPaHCHOPT-
Horo mnpouecca. [ToctpoeHne 3(pHeKTUBHBIX
MHTEJUIEKTYyaJIbHBIX TPAHCIOPTHBIX CUCTEM
MO3BOJIUT TOCTUYb OTBEYAIOIIET0 COBPEMEH -
HBIM TpeOOBaHUIM YPOBHS HaydyHO-
TeXHUYECKOTO Pa3BUTHUS 1 KayecTBa TPaHC-
TMOPTHOTO OOCIYKMBAHUS.

B paMmkax maHHOTO McClIeqOBaHUS Bbl-
JIBUTaeTCsl TUIIOTE3a O TOM, YTO peayu3alius
MHTEJUIEKTYaJIbHBIX TPAHCIOPTHBIX CUCTEM
Haubosee 3¢ heKTUBHA B paMKaX (OpMUPO-
BaHUS «3KOCHUCTEMBI» IJsI pa3paboTKu
Y BHEIPEHUSI MHHOBALIMiA, KOTOpasi, B CBOIO
oyepeab, CBI3bIBAET BCEX OCHOBHBIX yYacT-
HUKOB TPaHCIIOPTHO-JIOTUCTUYECKOIO IIPO-
necca. JlaHHbIE «3KOCUCTEMBI» — 3TO KJja-
CTephl, KOTOPhIE, KaK MPaBUIO, MpPeacTaB-
JISIOT co00#l pe3yabTaT €CTeCTBEHHOTO
NPUTSIKEHUS U CKOMJEHUS B3aMMOJIE-
CTBYIOIIUX IPYT C APYTOM 2JIEMCHTOB TPAHC-
nopTHO# cuctembl. I1lpu 3ToM, mosydyas
cTaTyc KjacTepa, eCTeCTBEHHOEe 00pa3oBa-
HUe npuobpeTaeT GopMaJlu30BaHHYIO
CTPYKTYpY, OOIIYI0 CTpAaTeruio pa3BUTUS,

® MWP TPAHCIOPTA, Tom 18, N24, C. 156173 (2020)

TOCYAApCTBEHHYIO MOANEPXKKY, YTO CYIIe-
CTBEHHO YCKOPSIET pa3paboTKy U BHEIpEHUE
WHHOBAIIMOHHBIX TEXHOJOTHUIA, MOBBIIIAET
3 HEKTUBHOCTh UX UCTTOJB30BAHUS 3a CUET
CUCTEMHOCTU M KOMIIJIEKCHOCTHU PELICHUA.
B pamkax Kj1acTepoB CyIIECTBYET BO3MOX-
HOCTb COETMHUTD TEXHOJOTMYECKHE KOMMa-
HUWM, UX TIOCTABUIUKOB, a TAKXKE pa3INYHbIE
opraHu3aluu, OKa3blBalIlKe Hay4YHO-
HUCCeN0BaTENbCKYI0, KaIpOBYIO, a TaKXe
aJIMUHUCTPATUBHYIO MOANEPKKY 3TUM Op-
raHu3auusaM. Kiacrtepusanust peruoHaib-
HBIX TPAHCIOPTHO-JTOTUCTUYECKUX KOMII-
JIEKCOB 00yCJaBJIMBAET HE TOJbKO OoJiee
CTPEMUTENIbHOE TEXHOJOTMYECKOE Pa3BUTHE
WHTEJUIEKTYaJIbHBIX TexHoMoThii B PD mpu
COKpAIIEHUU JOTUCTUYECKUX U3IEPXKEK, HO
U TIO3BOJISIET OTIEPATUBHO BIUSTh HA U3MeE-
HEeHHE HOPMAaTUBHO-TIPaBOBOU 6a3bl. 3a
CUET BOBJICUECHUS YHUBEPCUTETOB CYILIIECTBY -
€T BO3MOXHOCTh CO3/1aBaTh MPOTpaMMBbI
MOATOTOBKHU KaApOB, HEOOXOIUMBIX B OyIy-
IEeM Ui MONAEepXaHUs U JajbHEUIIero
pa3BUTUS TeXHOJOTHMU. TakuM oOpa3om,
MPOUCXOAUT KOMIJIEKCHOE BIMSHUE Ha
pa3iauyHbie chepbl AeSATETbHOCTH, YCKOPSIIO-
1ee Mpolecc aganTallid U BO3MOXHOTO
BHEIpeHUs TEXHOJIOTUHU Ha pbiHKe Poccuu.
Takum oOpa3zom, BbICOKasi MOTPEOHOCTh
B BBISIBJICHUM WHCTPYMEHTOB 3G (MeKTUBHON
peanu3aluy UHTENIEeKTYaJbHBIX CUCTEM
yIIpaBJIe€HUS TPAHCIIOPTOM B paMKax ecTe-
CTBEHHOTO Mpoliecca KIacTepU3alluyd peruo-
HaJIbHBIX TPAHCHIOPTHO-JIOTCTUYECKUX KOMIT-
JIEKCOB O0YCIaBIMBAET aKTYaAJIbHOCTD U MpaK-
TUYECKYIO 3HAYMMOCTb TEMBI UCCJIEAOBAHUS.

METO40J10r'ned UCCJIEQOBAHUA

C 1enbio BBISIBJICHUS ClielIn(UKN opra-
HU3aIUW TPAHCIIOPTHO-JIOTUCTUIECKOTO
kinacrepa (TJIK) ¢ mpuoputeToM pa3BuTHs
WHTEJUIEKTYaJTbHBIX TPAHCTIOPTHBIX TEXHO-
JIOTUT HEOOXOMMMO OTIPENeIUTh TPENIo-
CBUTKY Pa3BUTHS JTAHHOTO BUAa MHHOBAIIM -
OHHBIX TEXHOJIOTUI B paMKax KJIaCTepPHOTO
0o0pa3oBaHUs, UCCIEA0BATh BO3MOXHBIE
XapaKTePUCTUKY KJIacTepa MpU pa3TudHbIX
YCIIOBUSIX €r0 (pOPMUPOBAHMS, OTTUCATH ETO
CTPYKTYDY.

Pemenue mocTaBneHHBIX 3a7a4 TTPEIITO-
JlaraeT UCIOJIb30BaHUE METOJ0B hopMab-
HO JIOTUKH, TPYNITTUPOBKY, aHAJIN3a CTaTH -
CTUYECKUX TaHHBIX, HOPMATUBHO-TIPABOBOM
nHdopMaIuK, CUHTe3a NH(pOPMaIINH.
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COBPEMEHHOE COCTOY9HUE
MCCNEOOBAHUN NO OAHHON
NMPOBJIEME

B HacTosi1Iee BpeMsi BOIIpOCaM, CBsI3aH-
HBIM C MHTEJUIEKTYyaJIbHbIMU CUCTEMAMU Ha
TpaHCIIOpTE, MOCBSINASTCS HEMAJI0 Hay4-
HBIX paboT, 4TO elIé pa3 MOATBEPXKAAET
aKTyaJIbHOCTb BBIOpaHHOM TeMaTuKu. B oc-
HOBHOM 3TO Pa0OThl HAYYHBIX COTPYIHUKOB
TPaHCIOPTHBIX BY30B WJIM TPAHCIIOPTHBIX
Kadenp By30B, a TaKXKe paOOTHUKOB KPYII-
HBIX TPAHCIIOPTHO-JIOTUCTUYECKUX KOMITA-
Huii. [eorpacdus uccinegoBaHmit OXBaThIBa-
€T BCe pa3sBUThIe U pa3BUBAIOIIMECS CTpa-
HBI. B HayuHOIi TuTepaType nmpeobaamaoT
cleayloline HanpaBIeHUsT UCCIeI0BaHUS
B paMKaX TaHHOM TeMaTUKM:

* IpeUMMYILIECTBA, 3a4a4M U LIEJIU, IPO0-
JIEMBI UCIIOJIb30BaHUSI MHTEJUIEKTYalbHBIX
TPaHCIOPTHBIX CUCTEM, KaK MHCTPYMEHTa
MOBBIIIEHUS 3 OEKTUBHOCTA YKOHOMUKU
[2—4];

* paccMOTpeHHe IepCIeKTUB BHeIpe-
HUSI MHTEJJIEKTYalbHbIX TPAHCIIOPTHBIX
CUCTEeM Ha OJTHOM M3 BUJIOB TpaHcIopTa [2;
5],

* OMMUCaHME U OLIEHKA OQHOM 13 TEXHO-
JIOTU MHTEJIEKTYaJbHbIX TPAHCIOPTHBIX
cucreM [6; 7];

* CpPaBHUTEJbHBII aHAIM3 HEKOTOPBIX
MHTEJJIEKTYaJbHbBIX TPAHCIIOPTHBIX TEXHO-
joruii [6].

HUccnenoBanmnii B chepe TeopeTUUECKUX
OCHOB KJIACTEpM3aLlMU TaKXKe HEMAJIO, OJI-
HakKo IpobieMaTuka GOpMHUPOBAHUI
TPaHCIIOPTHO-JOTUCTUYECKUX KJIaCTePOB
MpakTUYECKU He U3yyeHa U IpeacTaBieHa
OTAEJIbHBIMU pabOTaMM, KOTOPbIE B OCHOB-
HOM IMOCBSIILIEHBI OOLIKM BOIIPOCAM pa3BU-
TUS TPAHCIIOPTHBIX KJIacTepoB [8§—10] nnu
MepCcreKTUBaM U YCJIOBUSM (pOpMUPOBAHUS
KJIacTepa B KOHKpETHOM peruoHe [11].

HecMmoTpst Ha 3HAYMTEIbHBIM MHTEPEC
B Hay4YHOI cdepe K ImpodiieMaM pa3padoT-
KA ¥ BHEAPEHUSI UHTEJUIEKTYaIbHBIX CUC-
TeM YIpaBJeHUs TPAaHCIOPTOM, a TaKxke
K M3YUYEHUIO TeHAEHLUU 0O0pa3oBaHUs
KJIACTEPOB, MCCIEN0BaTEeIbCKMX paboT,
paccMaTpUBaIOLIKMX JaHHbIE TPOOJIeMaTUKU
BO B3aMMOCBSI3U, He 0OHapyXeHo. B 1o xXe
BpeMsI MIPEACTABISIETCS, YTO B paMKax MH-
HoBauuoHHoro TJIK TeMmMmbl pa3BuTud
JaHHOM TPyIIbl MHHOBALIMOHHBIX TEXHO-
JIoruit 6yayT ropas3ao BHILIE.
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NMPEAMNOCDBIJIKA

PA3BUTUA U PEAJTIU3ALA
UHTEJITEKTYAJ1IbHbIX
TPAHCMOPTHbIX TEXHOJIOMMN
B PAMKAX TPAHCINOPTHO-
JIOTUCTUYECKOIO KJIACTEPA

TpaHCIIOPT SIBJISIETCS KITIOUEBBIM (DaKTO-
poM obecrieueHUs1 CBI3aHHOCTU TEPPUTOPUU
JII0001 cTpaHbl, Ioboro pernoHa. Jns Poc-
cuiickoit Menepaniyin, NPOTKEHHOCTH KOTO-
poii ¢ ceBepa Ha 10T cocTaBiisieT oonee 4000 kM,
a ¢ 3amaga Ha BocTtok 6osee 9000 kM, Teppu-
TOpPUAIbHOE B3aMMOJENCTBIE UMEET 0CO00E
3HayeHue. [loaTomy co3maHue yCaoBUH ISt
addekTrBHOI pabOThI TPAHCITOPTHO-JIOTHUC-
TUYECKOTO KOMIUIEKCa CTPaHbl — 3TO OHO U3
MPUOPUTETHBIX CTpaTernyeCKux HaImpanJie-
HUI pa3BUTHS CTPaHbI KaK B JIIOOOM UCTOPU-
YECKOM MEPHUOJIC, TAK ¥ B HACTOSIIIIEM 1 OyIy-
IIIeM BpEMEHHU.

DTO BO3MOKHO TOJILKO TTPU YCIIOBUU BHEI -
peHUs] THHOBAILINI, CIIOCOOHBIX PEIINTh CY-
1LIECTBYIOLLIME MPOOJEeMbl TpaHCIIOPTa, 0bec-
MEeYMBaIOIIMX KaYeCTBEHHBI POCT TpaHC-
TMOPTHO-JIOTUCTUYECKOTO KOMILIEKCA CTPaHbl,
chopMUpOBaTh YCIOBUS B3aUMOIEICTBUS
pa3IMYHBIX BUOOB TpaHcmopTa. K Takum mH-
HOBAIUSIM OTHOCSITCSI MHTEJUICKTYaJbHBIC
TPaHCITOPTHEIC TEXHOJIOTHH, KOTOPBIE TIPEeI-
CTaBIISIIOT COOOM TPYIITy MHHOBAIIMOHHBIX
pa3paboToK, HampaBJieHHbIX Ha CO3daHue
WHGOPMALIMOHHBIX TIOTOKOB C 1IEJIbIO yIIpaB-
JIEHUsI TPAHCIIOPTHBIM JBMXKEHUEM B PeXXKUMeE
peaJbHOTO BpEMEHU 3a CUET MOMIETMPOBAHUS
TPaHCITOPTHBIX CUCTEM.

JaHHBIEe TEXHOJIIOTHUU CITOCOOHBI JOCTHYh
CJIeTYIOIINX PE3YTBTATOB:

* TIPEIOCTaBUTh KOHCYHEBIM MOTpPEOUTE-
JISIM HEOOXOAMMY10 MH(OPMAaLIUIO;

* TMOBBICUTH 0€30MaCHOCTb YYaCTHUKOB
JIOPOKHOTO IBMKEHUST;

* KayeCTBEHHO IOBBICUTH YPOBEHb B3au-
MOIEHCTBHUS YYaCTHUKOB IBYDKCHUS

* TIepepacIpeneTuTh Harpy3Ky ¥ CHU3UTD
TJIOTHOCTB IOPOXKHOTO IBVDKEHUST, COKpaIast
BEPOSITHOCTH 00pa30BaHUsI 3aTOPOB;

* CHU3UTH PACXOJ TOTIJIMBA, UTO TIOJIOXKH-
TeJIbHO OTPa3UThCs Ha 3KOJIOTMYECKOi 0e3-
OITACHOCTH CTPaHbI;

* CHU3UTH YPOBEHb HETATUBHOTO BJVISTHUS
Ha TICMXO03MOLIMOHAJIEHOE COCTOSTHHE Y4acT-
HUKOB ABUXeHus [12].

Takum 00pa3oM, MHTEJJIEKTYalbHbIE
TPaHCITOPTHEIE TEXHOJIOTUH BLICTYIIAOT B Ka-
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YeCTBE CBS3YIOIIEro 3JeMeHTa 3aUHTEePeCco-
BaHHBIX CTOPOH, IMO3BOJISIIONIETO YCTPAHUTh
CYIIECTBYIOIIMIA B HACTOSITIIEE BpEMsI pa3phbiB
B IUTaHE YCTOMYMBOCTH MEXKITY TPAHCTIOPTHBI-
MM CUCTEMaMHU, KOTOPbIA 00YCIIOBIEH POCTOM
00BEMOB TPAaHCHOPTHOMN PabOTHI U KOJIWYE-
CTBOM TPAHCIOPTHBIX CPEICTB, TPpeOOBAaHUI
K Ka4eCTBY U CKOPOCTU TPAHCTIOPTHOTO 00-
CIyXXVWBaHWsI, BBICOKOU 3arpy>XeHHOCTHIO
TPAHCITOPTHBIX MyTei, 3HAUMTETbHOW JoJIei
TPAHCIIOPTHOM COCTaBJISIOIIEH B CTOUMOCTH
KOHEYHOTO MTPOAYKTa ¥ IPYTUMU COITUATbHBI -
MU, TEXHOJOTUIECKUMU U 3KOJIOTUYECKUMU
akTopamu.

MHorohyHKIIMOHAIBHOCTh U BOCTPe0O-
BaHHOCTb JAHHO TPYIITHl UHHOBAIIWIA OTIpe-
JIETVTA TIOSIBJIEHE MHOXECTBA Pa3IMIHbIX
TEXHOJIOTUI B 3TOI 001aCTH, KOTOPbIE pa3pa-
0aThIBAIOTCS KaK MOBEIOMCTBEHHBIMU TOCY-
JapCTBY OpPraHU3alMsIMU, TaK U YaCTHBIMU
KOMIaHMSIMU, CTIEHMAIM3UPYIOIIUMUCS Ha
WHTEJJIEKTYaIbHBIX TPAHCITOPTHBIX TEXHOJIO-
THSIX.

WHresutekTyanbHble TPAHCTIOPTHBIE TEX-
HOJIOTUM MOTYT TIPEACTaBISATh KaK MPOCThIe
HaBUTAIITMOHHBIE CUCTEMBI, CUCTEMBI PETYJIH -
poOBaHUSI OOBEKTOB JOPOXKHOTO JIBUKEHUS,
IpeaynpexXaaolnX 3HaKOB, YCTPOUCTB pac-
TMO3HABAHUS U CYNTHIBAHUS CKOPOCTH M aH-
HBIX TPAHCITOPTHBIX CPEACTB, TaK U Oojee
KOMITJIEKCHBIE CUCTEMbI BUIEOHAOTIONEHMS,
MO3BOJISIIOIIME cOOUPaTh U 00padaThIBaTh
3HAYUTEJbHbIE TT0 00BEMY JaHHBIE U3 PA3HBIX
WCTOYHUKOB, TAKMX KaK METEOCTYXObI, CUC-
TEeMBI YIIpaBJIeHUsI MOCTaMU, IMapKOBKaMU
(Parking guidance and information (PGI)
systems) ¥ MpPoYmX.

OnHako pa3HOoOOpa3ue npeajaraeMbiX Ha
DPBIHKE TTPOYKTOB HE OOECTIEUYNBAET MEPEXO]]
TPaHCTIOPTHO-JIOTUCTUYECKOTO KOMILJIEKca
CTpaHbl HAa TPUHIMITMATHLHO HOBBIN 3BOJIIO-
LIMOHHBI YpOBeHb. bosiee Toro, Takoil moaxon,
TOPMO3UT €r0 Pa3BUTHUE U YBEJIUYUBAET pa3-
pPBIB ¢ OoJiee MHHOBAIIMOHHO-Pa3BUTHIMU
CTpaHaMU 3a CUYET CHIDKEHUST YPOBHS MHTE-
Tpalvy ¥ B3aMMOJIEICTBUS yYaCTHUKOB PhIH-
Ka TPaHCIIOPTHBIX YCIIYT.

OTO OOBSICHSIETCI TEM, YTO BHEIpPEHUE
CYLIECTBYIOIIUX Pa3pabOTOK MPOUCXOAUT
TOYEYHO, OeccucTeMHo. HeT mpuHIMuab-
HOTO TTIOHMMAaHUsI, KaKe MMEHHO MHHOBAITUY
HEoO0XOIMMO BHEAPSITh B KAKUX MacluTabax,
peruoHax, kakve OyayT nmojy4eHbl 9 heKThI.
MaciTabbl IpUMeHsIEMbIX TEXHOJIOT Ui Orpa-
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HUYMBAIOTCST OTAEIbHBIMU TOPOIaMU, paiio-
HaMM C [IeJIbIO PEIICHUS OTACTbHBIX MyHUIIN -
MMaJIbHBIX TTpo0JieM, 63 TeHIEHIIMN K ajlb-
Helmeil rnobdbanuzanuu. Kak npaBujo, uc-
MOJTb3yeMble MHTEJUIEKTYaIbHbIE TEXHOJIOTHI
WMEIOT pa3HbIX pa3pabOTYMKOB U, COOTBET-
CTBEHHO, HE CBSI3aHBI B MHYIO CETh, 3a4ac-
TyI0 HE UMEIOT TEXHUYECKON BO3MOXHOCTU
K MHTETpalvu IpyT ¢ ApyroM. MHbIMHU clioBa-
MM, HE BO3HUKAIOT OXMUAAEMBIX IJI00aIM3a-
IIMOHHBIX TPOIECCOB M CUHEPTETUYECKUX
3¢ deKTOB IS pETMOHOB U CTPAHBI B LIEJIOM.

B 10 ke BpeMst OTIBIT 3apyOeKHBIX CTpaH
CBUIIETEIBCTBYET O HATMIWY 3HAUUTETbHBIX
MMOJIOXUTENbHBIX 2(P(PeKTOB B pe3ynbraTe
BHEIPEHUST UHTEJJIEKTYAIBHBIX TPAHCIIOPT-
HbIx cucteM. Hanpumep, B CTOKroJibMe 1aH-
HbIE TEXHOJIOTUY TIO3BOJIVJIM CHU3UTDH BEPO-
SITHOCTb 3aTOpOB Ha 20 %, MMOBLICUTb 3KOJIO-
rMYecKyio 0e301acHOCTh TPaHCIIOPTa Mera-
moJiuca 3a CY€T COKpallleHUsS BPEOHBIX
BBIOPOCOB Ha 12 %, aKkTUBHO CTUMYJIMPOBAThH
HaceJIeHUe K MCTIOJIb30BaHUIO OOIIECTBEHHBIX
BU0B TpaHcnopta. B Ceyne, ropose ¢ BbICO-
KMM TToKa3aTejieM aBTOMOOUIM3AllUM Hace-
JIeHUSsT, Oyiarofapsi BHEAPEHWIO MHTEIJIEKTY-
AJTBHBIX CUCTEM CPEIHSISI CKOPOCTD IBVKEHMS
Bospocia Ha 20 %. I1pu 3TOM BO3HUKAIOIINI
colMalIbHbIN 3¢ heKT 00ycaaBIuBaET U 9KO-
HoMuueckuit 3¢deKT B BUAEC COKpaIIeHUS
pPa3JIMYHBIX CTaTel pacXol0B OIOIKETOB TO-
ponoB u cTtpaH. O61as 3KOHOMUS Tocie
BHEIPEHUST UHTEJJIEKTYAJIBHBIX TPAHCIIOPT-
Hbix cucteMm B FOxHoil Kopee, Hanmpumep,
cocTaBwiIa OKoJo 1,5 MIpI noyiapoB B Tof,
a B ogHoM u3 mtatoB B CIIIA pacxonbl Ha
00paboTKy HOpOT B 3UMHEE BpeMs ObLIU
yMeHblIieHbl Ha 62 % [13]. YKa3aHHbIe JaHHBIE
OoInmuMpamTcs Ha (pakTUUYecKue pe3yJbTaThl.
B oTeuecTBeHHON TpaKTUKe TMPEICTaBIEHbBI
TOJIBKO TTPOTHO3HI PE3YJIETATOB OT BHEIPEHU S
WHTEJUIEKTYAJIbHBIX TEXHOJIOTUH IJIST TpaHC-
TTOPTHOU CUCTEMBI, OCHOBAHHBIE TIPEUMYIIIE-
CTBEHHO Ha 3KCIEPTHBIX OlLIEHKaX 0e3 y4yéTa
KOHKPETHBIX MHHOBAIIMOHHBIX TEXHOJIOTUIA
1 (HaKTOpPOB UX peannu3aluv B OTAEIbHBIX
pernoHax, KOTopble OyayT CYIIECTBEHHO pa3-
JINYATHCS.

B HacTos11e€ BpeMst HAaKOTIJIeH TTpaKTuie-
CKUIA OTIBIT 3apYOEXHBIX CTPAH 10 TIPOEKTH-
POBaHMIO M BHEAPEHUIO WHTEJUIEKTYaIbHBIX
CHCTEM, B TOM UHCJIE B paMKax CYIIECTBYIO-
IIIUX TPAHCIIOPTHO-JIOTUCTUYECKUX KOMIUIEK -
coB. Hanpumep, B CIIIA mist o60CHOBaHUS
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MpOoeKTa M0 BHEAPEHUIO WHTEJUIEKTYJTbHBIX
TPAHCITOPTHBIX CUCTEM BBITIOJTHSIETCSI MHOTO-
YpOBHEBasl TIPOIIeypa OLIEHOK 3KCTepTaMu
B Pa3IMYHBIX 00JIACTSAX C UCITOJIb30BAaHUEM
CITELIMAILHO pa3paboTaHHBIX METOMOB (METO
ClIeHapUPOBaHUST) Y TTPOTPAMMHBIX TTPOIYK-
TOB JUTSI TIPUHSITUSI YIIPABJIEHYECKOTO pellle-
HUS O BHEJAPEHNY TEXHUYECKOTO pellieHNs Ha
rocymapctBeHHoM ypoBHe (MICA,
PRUEVIIN, IDAS, SCRITS, CAL-B/C
u np.). [IpoekTupoBaHue MaHHBIX CUCTEM
B EBporie ocHOBaHO Ha 0oJjiee TIIATEIHLHOM
Hay4YHOM TIOJXO/ie, YeM B IPYIMX CTpaHax.
AHaJIOTUYHO, KaK 1 B cTpaHax EBporrbl, pop-
MMPOBaHUE TIPOEKTOB IMMPOUCXOIUT U B SITo-
HUU: TIPOCUYMTHIBAETCSI BHYTPEHHSISI CTIEIIN-
(buka u TIaH TOC/IEAYIONIETO BO3ACHCTBYS,
TIJIaH JAeTpagalliid CUCTEMBI U TTOCHIeayIoei
e€ MonmepHu3anuu. [lo mpuunHe KarnuTaao-
€MKOCTH M CJIOXXKHOCTH TIpOLIEyp B OTede-
CTBEHHOM TTPaKTHUKeE 3TaIbl OIIEHKW BHEIPE-
HUSI MHTEJJEKTYalbHBIX TPAHCIIOPTHBIX
CHICTEM YIIPOIIEHBI, YTO IPUBOAMT K TOMY, UTO
BHeIpsieMble CUCTEMBI YIIPABJIEHYS OTTCHIBA-
IOTCSI M CO3JAIOTCS, TIO CYIIECTRY, KaK KOMII-
JIEKT amnrmapaTypbl (Hampumep, cucTemMa
«Crtapt» . Mockshl) [14].

HNHcTpyMeHTOM pellieHusT TaHHO Tpoo-
JIeMBI SIBJIsIeTcsl (DOPMUPOBAaHME KIIAaCTEPOB,
B YaCTHOCTHM, MHHOBAIIMOHHBIX KJIACTEPOB,
OCHOBHasI 3a/1a4a KOTOPBIX 3aKJTI0YAETCS B aK-
TUBU3AlIMM WHHOBAIIMOHHBIX MPOIECCOB
onpeaes€HHON chepbl U MOBLILLIEHWE UHHO-
BallMOHHOW aKTUBHOCTU U 3G (HEKTUBHOCTU
WHHOBAIIMOHHOM NESITEIbHOCTU HE TOJIBKO
OTIENIbHBIX CYObEKTOB PhIHKA, HO M CTPaHbI
B 11esioM. [Ipu 3TOM maHHas TpyIia MHHOBA-
IIMOHHBIX TEXHOJIOTUI, B TIEPBYIO OYepelb,
OTHOCHUTCSI K TPAHCIIOPTHOMY KOMILIEKCY,
a, CJIeoBaTeIbHO, peaJin3yeTcsl B paMKax
PETMOHAIBHBIX TPAHCITOPTHO-JIOTUCTUYECKUX
KOMIUIEKCOB CTpaHbl, KOTOPBIE B HACTOSIIIIEE
BpEMsI MOABEPKEHBI 00IIIEMY TTPOIIECCY Kilac-
tepusanuu [15]. Cinenyer oTMeTUTh, 4TO,
HEeCMOTpsI Ha TIPUHSTHE B paMKaxX 0JITOCPOY-
HOW CTpaTerny COMATbHO-9KOHOMUYIECKOTO
pazsutust PO 1o 2030 roma pelreHus o co3ma-
HUY CETM UHHOBALIMOHHBIX ¥ TEPPUTOPUAITH-
HO-TIPOU3BOJACTBEHHBIX KJIacTepoB [16]
¥ TEHACHIINIO KJIacTepu3aliuu B cpepe TpaHc-
noprta, He BblaejeHo Hu ogHoro TJIK ¢ mpu-
CBOEHMEM eMy O(UIIMATLHOTO cTaTyca. DTo
oTpesieliieT He TOJbKO OTCYTCTBUE €MUHOMN
CTpaTerny pa3BUTHUS M HEXBATKy rocymap-
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CTBEHHOM MOAIEepKKU B (hopMe (PUHAHCHPO-
BaHUSI 1 HOPMATUBHO-IIPABOBOIO PETYJIUPO-
BaHMSI B3aUMOJEHCTBUS YyYaCTHUKOB, TATO-
TEIOIMUX K KJIAaCTePU3allMUd TPAHCIIOPTHBIX
KOMIUIEKCOB CTpaHbI, HO U HU3KWI1 YPOBEHb
3G GhEKTUBHOCTY UX MHHOBAIIMOHHOM COCTaB-
JISTIOLEN.

BrIstBJICHHBIE TIPEATIOCHUIKY 00YyCIaBIH-
BAIOT 11€JIECO00PA3HOCTD OTIpPEAC/IEHUS CIie-
Hupuyeckux ycaouii ¢popmupoBanus TJIK
C BBICOKMM YPOBHEM Pa3BUTHUS MHHOBALIMOH -
HBIX TEXHOJIOTHI B c(pepe MHTEIICKTYaTbHO-
TO YIIpaBJICHUS TPAHCIIOPTOM CTPaHBI.

UCCNEOOBAHUE XAPAKTEPUCTUK
U CTPYKTYPbI TPAHCIMNOPTHO-
JIOTUCTUYHECKOI'O KJIACTEPA

C NIPUOPUTETOM PASBUTUA
UHTEJITEKTYAJ1IbHbIX
TPAHCMOPTHbIX TEXHOJIOMMN

C 1L1eJ1bI0 BBISIBJICHMST CIEIM(MDUKU OpraHU-
3auuu TJIK ¢ mpuoputeToM pa3BUTHS MHTEN-
JICKTYaJIbHBIX TPAHCIOPTHBIX TeXHOJIOTHUM
HEOOXOIMMO OIPEICIINTE €TI0 TUIT M OCHOBHEIE
XapaKTepUCTUKU.

Tak xak HeT oULMAIBLHO BBIIEJIECHHOIO
TJIK wiv MHHOBAaIMOHHOTO KJIacTepa, OpU-
€HTHPOBAHHOTO Ha CO3IaHNE MHTEIUICKTYalTb-
HBIX TPAHCIIOPTHBIX TexHoJIoruii B Poccuii-
ckoii Depepalivii, TO pacCMaTPUBAETCS I10-
TEeHIIMAJIBHBIN TUTI KJ1acTepa. CyIecTBYeT IBa
BapHaHTa (DOpMHUPOBAHS JTAHHOTO KJIacTepa:
caMOOpraHM3alys B paMKax CyIIEeCTBYIOIINX
yCJIOBUi1 0e3 (pOpMaJIbHOTO CTaTyca, OpraHu-
3a1msI (hOpMaJIbHOTO KJIacTepa ¢ IPUCBOCHU -
eM o¢pHIMaIbHOTO cTaryca. [Ipu ycioBun
MPUCBOEHUS O(PUIIMATBLHOIO CTaTyca OH CTa-
HET BTOPUYIHBIM, U3MEHUTCS PSIJI €r0 XapakK-
TepUCTHUK, HAIIPUMED, CTEIIEHb KOHTPOJIS CO
CTOpPOHHBI rocyaapctBa. IToatomy B Tabj. 1
OTpakeHa XxapaKTepUCTUKa JaHHOI'O KJIacTepa
KaK IIPpY CYILIECTBYIOIIMX YCIOBUSIX, TaK U IIPU
YCJIOBUH IIPUCBOCHUSI OPUIINATBHOTO CTaTyca
KJacTepa.

CrenyeT 0OpaTUTh BHUMaHUE Ha HAJTMYKUeE
NIBOMCTBEHHBIX XapaKTepUCTUK. Tak, ¢ oqHOI
cropoHsl, TJIK oprueHTMpOBaH Ha ITPenOCTaB-
JIEHWE YCIIYT, C APYTOi CTOPOHBI — pa3paboTka
Y BHEJApPEeHWE MHHOBAILIMI TPeOyIOT HAIMYMe
MPOU3BOACTBEHHBIX MOIIHOCTEMN. JlaHHBIM
KJIacTep IIpeAIioiaraeT Kak TECHYIO CBSI3b
C KOHKPETHOM OTPaCIIbIO, TAK ¥ PETUOHATILHOE
pa3BUTHE. DTO 00YCIOBJIEHO TEM, UTO TaHHBIA
BUJ, KJlacTepa o0ObeAUHsIET B cebe aBa TUIa
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Ta6smna 1

XapakTepucTika TpancnopTHo-JorucTuueckoro knacrepa (TJIK) ¢ mpuoputeTom pa3sutus
HHTEJVIEKTYAJIbHBIX TPAHCTIOPTHBIX TE€XHOJIOTHIA

ITpusnaxk

XapakTepucTuka Kiacrepa
B YCJIOBUSIX CAMOOPraHU3aLuu

XapakTepucTuka Kjiacrepa
MIPU YCJIOBUY NTPUCBOCHUSI
obUIIUATBHOTO CTaTyca

IOpunuyeckoe obopmiieHue, CTaTyC

TlepBuuHBIii (HEBBISIBJICHHBI)

BropuuHbIit (SIBHBIIT)

B 3aBHCHMOCTH OT XapakTepa
KJIacTepooOpasyroLIeii oTpacin

M HHOBalIMOHHBIN
TpaHCITOPTHO-JTOTUCTUIECKUI

M HHOBaLIMOHHBIM
TpaHCIIOPTHO-JTIOTUCTUIECKII

Pesynbrar nesitesibHOCTH

TpaHcnOpTHO-JIOTUCTUYECKUE
yCIIyTU

Co3naHue MHTEJUIEKTYaIbHbIX
TPAHCIIOPTHBIX TEXHOJIOTUI

TpancnopTHo-JI0rUCTUYECKUE
YCIIyT!

Co3naHue MHTEJUIEKTYaJIbHbIX
TPaHCIOPTHBIX TEXHOJOTUI

OpueHTalus Ha pa3BUTHE

OtpacieBoii
PervnonaabHbIN

OrpacneBoii
PervoHanbHBII

CrerneHb y4acTusi rocyapcTaa

[MaccuBHOe (TTOMIIEPKKa B 4YaCTH
MHHOBaLlMOHHOI COCTaBJISIOLIEN )

AKTUBHOE (HOPMaTUBHO-IIPaBOBOE
peryaupoBaHue, huHaHCOBast
TOIIEP3KKA U JIp. )

CreneHb CBI3aHHOCTH Y4aCTHUKOB
KinacTepa

Crna0ble CBSI3U, JIATEHTHBIC

CuibHBIC, YCTOMYMBBIE

PosneBbie oxxumaHus y4aCTHUKOB

MHOXeCTBEHHOCTb poJieit
Y KaXI0ro y9acTHUKA
Heuérkue poseBbie GyHKLMU

Ponesast koHKpeTH3aLUs
YYaCTHUKOB
YeTtkue posnesble GYHKUUU

VYrpasieHue JleueHTpain30BaHHOE LleHTpanu3oBaHHOE
Llenenonaranue Llenesoit LeneBoit
Teorpacduueckasi KOHIEHTpALIUST Topon Topon

Peruon Pervon
TIpupona mponucxoxaeHus: CroHTaHHBII Oco3HaHHBII

KoroueBbie MOTUBBI (POPMUPOBAHUS

[TpoayKToOpreHTUPOBAHHBIN

ITpoayKToOpreHTUPOBAHHBIN

Oxunaemast 3(pheKTUBHOCTb

Huskas unu cpenHsis

Bricokast

W cTOYHUK: cOCTaBIEHO aBTOpaMu.

KJIAaCTEPOB: TPAHCIIOPTHO-JTOTUCTUICCKUI
Y MTHHOBALIMOHHBIN.
TpaHCITOPTHO-JIOTUCTUYECKUI KIIacTep
(TJIK) — aT0 KOMILIEKC MHDPACTPYKTYPHI
¥ KOMIIaHU, CIICHIMAIM3UPYIOIINXCS Ha Xpa-
HEHMH, COIPOBOXICHUU W JOCTaBKE TPY30B
M TIACCaXXMPOB, TO €CTh BHITTOTHEHUHY pa3JIny-
HBIX TPAHCTIOPTHO-JIOTUCTUUECKUX OITepalifii
[17]. OcHOBHa# lLieNb JAHHOTO KjIacTepa 3a-
KJI104aeTcs B co3gaHUuM 3¢G(PEeKTUBHOTO
YIpaBJICHUS TEXHOJIOTUISCKUMMU LIETIOUKAMU
TepeMEIICHUS TPY30IIOTOKOB OT ITOCTaBIIH-
KOB CBHIPBSI, TPOM3BOICTBEHHBIX CTPYKTYP 10
notpeobuteneit [18]. C omHOI CTOPOHEBI, OH
MpeanoiaraeT pa3BUTHE TPAHCIIOPTHOM OT-
paciu, ¢ Ipyroi CTOpOHBI, HAIIPaBJICH Ha POCT
JIOTUCTUYECKOTO TOTEeHIIMAaIa TEPPUTOPUH.
Kpome Toro, TpaHCIIOPT SIBISIETCSI CBSI3YIO-
IIMM 3B€HOM OCTaJIbHBIX OTpaciieii SKOHOMU-
KM, 4TO OIpeessaeT, MEXOTpacaeBOM XapakK-
Tep Kiacrepa. Takxke ocobeHHocThI0O TJIK
SIBJISICTCSI IOTPEOHOCTD HE TOJIFKO B HATUYUH
OCHOBHBIX TPEANPUITUI, 0KAa3bIBAIOIINX
TPAaHCIIOPTHO-JIOTUCTUYECKHUE YCIYTU, HO
Y B pa3BUTO# TPAHCIIOPTHOM MH(PPACTPYKTY-
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pe. IToaToMy, Kak IpaBWJIO, TaHHBIA TUII
KJIaCTepOB 00pa3yeTcss Ha TEPPUTOPUSIX,
MMEIOIINX CYIIECTBEHHBIN TPaH3UTHBIA I10-
TEeHIIMAJ, HallpuMep, B TIOPTOBBIX TOPOIAX,
KPYMHBIX TPAHCIIOPTHO-JIOTUCTUYECKUX y3-
JIaX, B 30HE MEXIYHAPOIHBIX TPAHCIIOPTHBIX
KOPHUIOPOB.

W HHOBaLMOHHBIN KJIacTep — 3TO «Hedop-
MaJIbHOC OOBeAMHEHUE YCUJIMI Pa3IUIHBIX
opra’Huzanuii (IIpOMBIIUICHHBIX KOMIIAHUIA,
HCCIIEIOBaTEIbCKIX IIEHTPOB, BY30B, rocynap-
CTBEHHBIX HAYYHBIX YUpPEXKICHUN U HOp.),
CIIOCOOHBIX OCYIIECTBIISATh TPAaHC(EPT HOBBIX
3HAHMI, HAyYHBIX OTKPBITUI 1 U300pETEHUIA,
npeodpa3ys UX B MTHHOBALIMM, BOCTpeOOBaH-
HbIe peIHKOM» [17]. JlaHHBII TUTT KJacTepa
MIpeACTaBIsIeT CO0OM HaICUCTEMY, TaK KakK
MOXKET OBITh CBSI3aH C PA3TMYHBIMU OTPACIISI -
MM U KJIacTepaM# APYTUx TUIIOB. OCHOBHOM
11eJIbI0 MTHHOBAILIMOHHOTIO KJIacTepa SBISIOTCS
WHHOBAIIUH, IPUYEM KaK ITPOU3BOJICTBEHHO-
ro, Tak ¥ COIMAJIbHOIO, YIIPaBICHYCCKOTO
1 MHOTO Xapakrepa. 11 ”HHOBaIlMOHHOTO
KJIacTepa BaXKHBIM SIBJISICTCST Pa3BUTOCTD MH(-
pPacTPYKTYPhl MHTEJUIEKTYaJIbHOTO U (prHAH-
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Puc. 1. CTpyKkTypa TpaHCcrnopTHo-s1iorucTnyeckoro knacrepa (TJ1K) c npuopnteTom pa3sutns NHTEINIEKTYaslbHbIX
TPaHCMOPTHbIX TEXHONIOrnii. MICTOYHNK: COCTaB/IEHO aBToOpamMu.

COBOro Kanutaaa. UMeHHO MHHOBaLlMOHHbBIA
KJ1acTep CIoCcOo0eH YCKOPUTD MPOLIECC CO3/1a-
HUS U KOMMEpLUUAIN3allMd UHHOBALIUIA, YTO
HEoO0XOAUMO IS TApMOHUYHOIO Pa3BUTHUS
U BHEIPEHUS] MHTEJJIEKTYaJIbHBIX TPAHCTIOPT-
HBIX TEXHOJOTUH.

B Poccuiickoit @eaepaliny CyIIeCTBYET
HEeMaJI0 TPaHCIIOPTHO-JIOTMCTUYECKUX KOMIT-
JIEKCOB CO 3HAYMTEJIbHBIM MOTEHIIMATIOM
pPa3BUTUS OTPACY M OPraHU3alMU KJ1acTepa.
I1pu aTOM CliemyeT OTMETUTh UX HU3KYIO UH-
HOBAILlMOHHYIO aKTUBHOCTb B LI€JIOM, HECMOT-
ps Ha HaJTMYKE OTAETbHBIX UHHOBALIMOHHBIX
MOCTUXKEHUI B cdepe Keae3HOAOPOKHOTO
U aBuaTpaHcnopra. CUCTEMHBIN, KOMITJIEKC-
HBII MOaX0A K pa3paboTKe Y BHEIPEHUIO pa-
JUKaJTbHBIX MTHHOBAIIMH, HE 3aMMCTBOBaHHBIX
13 MUPOBOU MPAKTUKU, CITOCOOHBI OCYIIIECTB-
JISITh KPYIHbIE OT€YeCTBEHHbIE KOMITAHUU
C TOCYIAapCTBEHHOW MOAIEPXKOU U 3HAUM-
TeJIbHbIM 00BEMOM (DMHAHCOBBIX U MaTepU-
aJIbHO-TEXHUYECKUX pecypcoB. ClroXuBILas-
cs CUTYyalus TpedyeT MHOTO Mmoaxoa K dhop-
mupoBaHuio TJIK ¢ aklleHTOM Ha UHHOBAIIM -
OHHYI0 cocTaBiagwinyw. CiengoBaTebHO,
11eJ1ecoo0pa3HO OMpeAeaUTh TUIl KjacTepa,
COOTBETCTBYIOIIETO 1M UCCIIEOBAaHMS, KAaK
WHHOBAIIMOHHBIA TPaHCIOPTHO-JOTUCTU-
YECKUI.

MHHOBaIIMOHHBI TPAHCTIOPTHO-JIOTUCTU-
yeckuii knactep (UTJIK) — rpynmna B3aumo-
CBSI3aHHBIX CYOBEKTOB PbIHKA TPAHCIOPTHBIX
YCIIYT C TIPUCYIIIUMU €11 yepTaMu KJIaCTepHO-
ro o0pa3oBaHus, SIAPOM KOTOPOU SIBJISIOTCS
KJII0OYEBbI€ OpraHM3alliM, CHElUaTIU3UpPyIo-
1K€ Ha pa3padOTKe U BHEAPEHUW MHHOBALIM -
OHHBIX TPAHCITOPTHBIX TEXHOJIOTHUIA.

Hanuuue nBOMCTBEHHBIX XapaKTepUCTUK
KJlacTepa o0ycJaBIMBaeT creluduKy ero
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CTPYKTYpbl. TpeOyeMblii TUIT KjlacTepa st
obecredyeHusT pa3BUTUSI MHTEIEKTYaTIbHBIX
TPAHCMHOPTHBIX TEXHOJIOT U1 TOJKEH 00J1a1aTh
pecypcamy TTPOU3BOACTBEHHOTO (cdhepa UH-
(opMalMOHHBIX TEXHOJIOTUI), TPAHCITIOPTHO-
JIOTMCTUYECKOTO U MTHHOBALIMOHHOTO KJ1acTe-
DOB.

J106011 KnacTep npeamnosaraeT TpEXypoB-
HEBYIO CTPYKTYPY: OCHOBA KJlacTepa («KJItoye-
BbIe KOMITAHUU» ); 00CTYKMBAIOIIME «KJTIOUe-
Bble» KOMITAHUM OpraHU3aliu; BCIOMOTa-
TeJbHbIe, oOecrneynBalolie pa3aIudYHbIMU
pecypcaMu YYaCTHUKOB KJIacTepa Y4aCTHUKU.
B pesynbrare aHanusa CTPYKTYp NMPOU3BOI-
CTBEHHOTO, TPAHCIMOPTHO-JIOTUCTUYECKOTO
¥ MHHOBALIMOHHOTO KjacTepa [15] HamMu
ObLTa ompejesieHa CTPYKTypa Kjlactepa Tpe-
OyeMoro TuIla, KOTOpasl NpelncTaBieHa Ha
puc. 1.

Anpo kiactepa npeacTaBIsIoT KOMITAHUH,
OCHOBHOW 3a1a4yeil KOTOPBIX SIBJISIETCS pa3pa-
00TKa M MHTErpanysi KOMIOHEHTOB UHTEN-
JIEKTYaJTbHBIX TPAHCIIOPTHBIX CUCTEM, CBSI3aH-
HBIX MEXIY COOO0M U 00bEIMHSIOIINX CYObEK-
TOB TPAHCIOPTHO-JOTUCTUYECKOUN cOCTaB-
Jistolei kiiactepa. JlaHHy0 (yHKIIUIO MOTYT
BBINOJAHATH oTaeAbHbIe KommaHuu ('K CKA-
VT, 000 «A+C Tpancnpoekt», OO0 «1H-
TenTex», OOO «MHTemIeKTyaabHbIEe TPaHC-
TOPTHBIE CUCTEMBI» U 1IP.), TOYEPHUE KOMIIa-
HUU KPYITHBIX TPAaHCIIOPTHO-JIOTUCTUYECKUX
opraHu3anuii. Takxke B MepBbIil YPOBEHb
BKJIIOUEHBI CTPYKTYPbI, BBITTOJHSIONIAE UC-
clenoBaTesibcKue paboThl B chepe MHTEITeK-
TyaJIbHBIX TPAHCIIOPTHBIX TEXHOJOTUI, HE
CBSI3aHHBIE C TEXHUYECKOI YacThIO pa3paboT-
KU Y BHEAPEHUS: MApKETUHIOBbIE KOMITAHUH,
noapasneneHuss KpYIMHbIX HAyYHO-UCCIIe-
JNOBaTEJbCKUX CTPYKTYP (YHUBEPCUTETOB,
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JlabopaTopuil), moapasaeaeHus MOaBEI0M-
CTBEHHBIX TOCYIapCTBEHHBIX MPEITPUITUI
(F'KY «Opranuzarop nepeBo3ok», Komurer
TI0 TPAHCIIOPTY U JIp.).

TecHoe B3aumonaeicTBrE CYyOBEKTOB MeEP-
BOTO YPOBHSI TP COXPAaHEHU Y HEOOXOIUMOTO
YPOBHST KOHKYPEHIIMU — OCHOBHOU (hakTop
addexTuBHOCTH KNacTepa. UMeHHO oT obec-
TeYeHus TPeOYeMOTO YPOBHS IOBEPUST MEXKITY
y4acTHMKAaMU KJIacTepa 3aBUCUT CTETIEHb
peanu3anuy ero THHOBAIIMOHHOTO MOTEHIMA -
J1a 1 9¢(HEeKTUBHOCTH UCTIOJIB30BAHUS PECypP-
COB, UTO OTpaXaeTcs Ha er0 KOHKYPEHTOCTIO-
COOHOCTH.

Ko BTOpomy ypoBHIO K1acTepa OTHOCSITCS
TPAHCIOPTHO-JIOTUCTUYECKUE TIPEATIPUS -
TUSI — TMOTPEOUTENN MHTEJJIEKTYaTIbHBIX
TPAHCIIOPTHBIX TEXHOJIOTUI (ITepEeBO3YMKHU,
JIOTUCTUYECKUE OTIePATOPhI, TOPTOBLIE KOM-
TMaHWU, 9KCTIEAUTOPCKIE OPTaHU3AIINH U JIP. ).
JlaHHbBIA YpOBEHbD SIBJISIETCS TakKe 6a30it 1151
anpobaunu pa3pabOTOK UHTEJUIEKTYaTbHOTO
yrnpasieHus: Tpancnoprom. Kpome Toro, Ha
JAHHOM YPOBHE HEOOXOAMMBbI 00CTYXKUBAIO-
1ye TPAHCTOPT OpPTaHU3ALMNU, TAKNE KaK
CTaHIIMM TEXHUYECKOTO OOCITy>KMBaHUS, aB-
TOMOMKM U T.II.

Tpetuit ypoBeHb BKJIIOUAET OPraHU3aINH,
o0ecrneynBaIIie pecypcHyIO MOIIEPKKY
kiacrepa. B mepBylo, ouepeb, 3TO KaipoBoe
obecrnieueHue, TaK KaK pa3paboTKa MHTEIIEK-
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TyaJIbHbIX TPAHCIIOPTHBIX CUCTEM TpPeOyeT
MIPUBJICYCHUS] BHICOKOKBATM(UIIMPOBAHHBIX
WNT-apxuTeKTopoB, CUCTEMOTEXHUKOB, aHa-
JINTUKOB, THXXEHEPOB, CIIEIINAICTOB B Ce-
pe TpaHCcHopTa, CIELMATIMCTOB IO BHEIPEHUIO
WHHOBauUMi, mporpammucToB, UT-anMuHu-
crpaTtopoB. Heobxommma pa3zpadboTtka o6pa3o-
BaTeJIbHbIX MPOrpaMM Ha 0a3e By30B COBMECT-
HO C KOMITAaHUSIMU MIEPBOTO YPOBHS KJ1acTepa.

DuUHAHCOBYIO MOMAEPKKY KjacTepa Ha
MepBOM 3Tarle pa3BUTHUS IpearoaraeTcs
00€eCITeYnTh 3a CYET TOCYIaPCTBEHHBIX MHBE-
CTULIMIA, Ha IMOCIEAYIONMNX — 3a CYET COO-
CTBEHHBIX PECYPCOB U MHBECTULIMI OU3HEC-
MHKY0ATOPOB, BEHUYPHBIX MPEANIPUSATUN,
OTAEJbHBIX UHBECTOPOB.

Kpowme Toro, menecoobpasHo BKIIOYUTH
B TPETU YPOBEHB CTPYKTYPHI, BHIMOJHSIOIIME
psII aIMUHUCTPATUBHBIX (DYHKIIMI, CBSI3aH-
HBIX C YpETYJIUPOBAaHUEM HOPMATUBHO-
MPaBOBbIX BOIIPOCOB MPH peaan3aliv UHTeI-
JIEKTYaJIbHBIX TPAHCIIOPTHBIX TEXHOJOIUH,
JIOOOMPOBAHMEM ITPOEKTOB IO MOACPHU3AINI
¥ Pa3BUTHIO TPAHCIIOPTHOM MH(MPACTPYKTYPHI.

CrnemyeT OTMETHTh, YTO OpTaHM3AIIUS
KJjlacTepa JaHHOTO TUIla MpeamnojaraeT rocy-
JapcTBeHHoe yyactue. HecmoTpst Ha To, 4TO
KJ1acTepusalus 1o CBOei CyTH JOJIKHA MPO-
WCXOAWUTb MO UHULIMATHBE U MOTPEOHOCTHU
NpeanpusITUil BOObeAMHEHUU U B3aMMOJEN -
CTBUM, TIPEICTABUTh HaHHBIM IIporecc 0e3
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MOAAEPKKHU TOCYIapCTBA JOCTATOYHO CJIOXKHO.
TocynmapcTBo siByiIeTCsl pa3pabOTYUKOM Kiia-
CTEpHO MOJUTUKU, HaPpaBJIEHHOU Ha dhop-
MUPOBaHME YCIOBUI pa3BUTUSI U oOecrieye-
HUE UH(PPaCTPYKTYypOWi KJIACTEPOB U OCYIIE-
CTBJIEHUE MEPOMIPUATUI MO UX MOIAEPXKKE.

TocynapctBeHHas KJjlacTepHasl MOJUTUKA
MOKET OCYIIECTBISITHCS HA OCHOBE OTHOTO U3
IBYX nmoaxonos. IlepBblil moaxox mpeamnoaa-
raeT, YTO Ha rocylapCTBEHHOM YPOBHE OCY-
LIeCTBJsSIeTCS UAEHTU(hUKALINS KIaCTepOB,
BBISIBJIEHHWE NPUOPUTETHBIX HaIlpaBjeHUM
NeSITeIbHOCTU KJIACTEPOOOOpas3yIlux mpei-
MPUATUIA, peanu3alus MOAIepPKUBAIOIINX
KJIacTepbl MepolnpusaTuii. Bropoit moaxon
Moapa3yMeBaeT ryookoe MoHUMaHue hyHK-
LIMOHUPOBAHUS KaXI0ro Kjaactepa u GopMu-
pOBaHUsI UHAUBUIAYaJIbHOU MPOrpaMMBbl UX
MOJIEPKKU U pellieHUs TpodieM.

B 3aBrCHMOCTH OT CTeTEHM BMEIaTeIbCTRA
1 KOHTPOJIS TOCYAAPCTBA KJIAaCTEPOB BBIIEISIOT
YEThIPE TUTIA KJIACTEPHOU MOJMUTUKU: KaTalv-
TUYECKAs, MOAAEPXUBAIOIIAs, TUPEKTUBHAS,
MHTepBeHIIMOHKCTCKas. C KaKIbIM TIOCIETYI0-
IIAM TUIIOM PacClIMpPsIETCS] OTBETCTBEHHOCTb,
HO BMECTE C TEM U CTETIEHb FOCYIapCTBEHHOTO
KOHTPOJISI HaJl AESITEbHOCThIO CyOBEKTOB
kiactepa [19]. IIpu 3TOM Hambonee pacmpo-
CTPaHEHHOU SBJgETCA MOAAEPXUBAIOIIAA
MOJIUTHKA, OHA TTPOBOIUTCS MO OTHOIIEHUIO
K 40 % perMoHaJIbHBIX KJIaCTePOB, KaTaTUTH-
yeckas — 20 %, nupektusHasg — 5 %, UHTEp-
BeHLIMOHUCTCKasA — 2—3 % xiacrepos [20,
c. 16].

Tak kak cTpaTernyeckoe ymnpaBjieHUE
W pallMOHAIA3alIMs COCTaBa KjiacTepa JOJK-
HbI UMETh LIEHTPAJIM30BAHHbIN XapakTep, TO
Ha MEepBOM 3Talle pa3BUTUSL UCCIEAYEMOTO
KJlactepa noTpedyeTcss MpoBeAeHUE AUPEK-
TUBHOI KJTACTEPHOW MOJIMTUKHU C TOYKU 3pe-
HUS GOPMUPOBAHUS OOLIETO LieJIeroIaraHus
W OpraHu3alliy B3aUMOJECTBUS YYaCTHUKOB
MepBOro U BTOPOTO ypoBHeU kiactepa. Ha
MOCEAYIIINX 3Talax rocyiapcTBO MOXET
BBITOJHSTH TOJIBKO MOAAE pXXUBatoIIe (PyHK-
1M1, TOCTETIEHHO COKpalliasi 00bEM UHBECTH -
11 U CTeTeHb BMEIIAaTebCTBA B (DYHKIIAO-
HUPOBaHUE KJacTepa.

Bricokas Tpyno€MKOCTh OpraHuU3aluu
TJIK ¢ mpuopuTeTOM pa3BUTUS UHTEJLIEKTY-
aJIbHBIX TPAHCIOPTHBIX TEXHOJIOTUIA U BOBJIE-
YEeHUE B JAHHBIN MPOLIeCC TOCYAaPCTBEHHBIX
Y YaCTHBIX KOMIIAHUI OTMpenesssioT Heobxo-
JTUMOCTb IPOBEAECHUST MACIIITAOHBIX UCCIIEN0-
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BaHUM C 1LIeJIbIO aHATU3a MTPO0JIeM U BO3MOX-
HOCTEl CYIIECTBYIOIIMX KJIacCTEPOOOpaszyro-
IIUX PErMOHATBHBIX TPAHCHOPTHO-JIOTHUC-
TUYECKUX KOMILJIEKCOB CTPaHbI Y BHISIBJICHUS
HauoboJiee MepClneKTUBHOTO U3 HUX.

Takum obpazoM, cnenudpuka opraHu3a-
uu TJIK ¢ mproputeToM pa3BUTUS UHTEN-
JIEKTYaJIbHBIX TPAHCTIOPTHBIX TEXHOJOTUI
3aKJII0YAETCS B CJIECAYIOIIEM:

* HEOOXOAMMOCTb YUYETA XapaKTEePHBIX
0COOEHHOCTEl KJlacTepa, BapbUPYIOLIUXCS
B 3aBUCUMOCTH OT YCJIOBUS OpraHU3alIUY;

* HaJIM4Me ABOMCTBEHHBIX XapaKTePUCTUK
KJacTepa BBUAY NMPUHAAIEXHOCTU KakK
K TPaHCIIOPTHO-JIOTUCTUYECKOU cdepe, Tak
¥ K MHHOBallMOHHOI cepe;

* ocobas CTpyKTypa MOCTpOoeHUs, obec-
TeYrnBaloIasi TOCTYIT K HEOOXOAUMBIM pecyp-
cam;

* BaXHOCTb Pa3BUTOCTU TPAHCIIOPTHOM
WHOPACTPYKTYPHl U THOPACTPYKTYPHI MHTE -
JIEKTYaJIbBHOTO 1 (DMHAHCOBOTO KaI1Taja;

* BBICOKAas MOTPeOHOCTh B KaJApOBOM
obecrneyeHuu;

* MOTPeOHOCTh B 00ECIIEYEHUU B3aMO-
JIECTBUS YY4aCTHUKOB B IPOLIeCCE MPOU3BO/I-
CTBA W peaJU3allUi WHTENIEKTyaJlbHBIX
TPAHCITOPTHBIX TEXHOJIOTUIA TIPY COXPaHEHU U
HEeoOXOAMMOT0 YPOBHSI KOHKYPEHIIUH;

* HEOOXOJUMOCTb rOCyTapCTBEHHOTO
BMelIaTebCTBA U MOJIEPKKU B cpepe TpaHC-
TopTa 1 00I1IeTO LieJienolaraHus Kjiactepa Juist
BBICOKOI 0XuraaemMoit 3(h(eKTUBHOCTH;

* BBICOKAs TPYAOEMKOCTh MpolLiecca opra-
HU3aIUN;

* TOTPeOHOCTH B MPOBEJCHUN MacIITab-
HBIX UCCJIENOBaHUIA Ha Tarne MIaHUPOBaHUS
OpraHu3aluu Kiacrepa.

3AKJTIOMEHUE

BrineneHHbIe B CCIeIOBAHNY OOBEKTHUB-
HbIE TIPEATIOCHUTKY Pa3BUTHUS MHTEITICKTYaIb-
HBIX TPAHCTIOPTHBIX TEXHOJOTUI B pamMKax
TJIK oOycnaBiauBaloT HEOOXOAUMOCTh OpTra-
HU3aLUU KJIacTepa, obyanatouiero creuudu-
YECKUMU XapaKTePUCTUKAMU 1 TIOTEHITUATIOM
IIJIST TOCTVDKEHUST TIOCTABJICHHBIX TIeJIeld, He-
CMOTPSI Ha BBICOKYIO TPYIOEMKOCTb U 3aTpaT-
HOCTb JAHHOTO MEPOTIPUSITHSI.

HaubGonee addeKTUBHBIM U HaMMeEHee
3aTPaTHBIM TIPEACTABIISIETCSI OPTaHU3AIUS
(opmasibHOTO KJ1acTepa Ha OCHOBE BbIOpaH-
HOTO IO pe3yJibTaTaM UCClieIOBaHUI K1acTe-
PpOOOPasyIoLIETo PErMOHAILHOTO TPAHCTIOPT-
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HO-JIOTMCTUYECKOTro KoMmIuiekca Poccuiickoii
Denmepalini ¢ TO3TAITHBIM BHEIPEHUEM WH-
HOBAILlMOHHOM COCTAaBJISIOLIEH, HalpaBIeH-
HOI Ha pa3pabOTKy U peaiu3aluio MHTEJIeK-
TyaJbHBIX TPAHCIIOPTHBIX TEXHOJOTUI.
B pesynbrare nesTebHOCTH KJlacTepa OxKuaa-
eTCsl CO3[aHuE €UHON UHTEJIEKTYalbHON
CUCTEMBbI YIpaBAeHUsI TPaHCHOPTHO-JIOTUC-
TUYECKUM KOMITJIEKCOM KOHKPETHOTO PETUO-
Ha C MOCJeAYIOIIUM pacipocTpaHeHUEM
BHEIPEHHBIX U alIpOOUPOBAHHBIX UHHOBALIK -
OHHBIX TPAHCITOPTHBIX TEXHOJIOTUI Ha ApyTUe
PETUOHBI C 1Lebl0 POPMUPOBAHUS YCTOUYM -
BOI CBSI3aHHOCTU TEPPUTOPUU CTPAHbI U MO-
BBILIEHUST KOHKYPEHTOCITOCOOHOCTU TpaHC-
nopTa.
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ABSTRACT

The article examines the prospects for organizing
a cluster as an effective tool for ensuring connectivity
of territories of the Russian Federation through the
systematic and integrated implementation of
intelligent transport technologies, which corresponds
to strategic directions of development of transport in
the Russian Federation and determines the relevance
of the topic. The objective of the study is to determine
the features of organisation of the transport and
logistics cluster prioritising development of intelligent
transport technologies by analysing the prospects for
their development, studying variability of
characteristics and structure of the cluster under
various conditions of its formation based on the
methods of formal logic, grouping, analysis of
statistical data, normative-legal information,

logistics complex, regional development.
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information synthesis. The study resulted in
identification of prerequisites for the most rapid
development and effective implementation of
intelligent transport systems within the cluster. The
expediency of using this approach has been
substantiated, despite its labour intensity and cost.
The study suggests definitions of an innovative
transport and logistics cluster, as wells as
characteristics of the transport and logistics cluster
prioritising intelligent transport technologies. The
study revealed the specifics of organisation of this
cluster, which is primarily determined by the presence
of dual characteristics. The peculiarities of cluster
formation are reflected in the proposed structure of
the cluster under study. The role of the state in
organizing an innovative transport and logistics
cluster is also defined.
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Background. In the context of globalization,
which is an integral part of development ofa modern
economic society, it becomes urgent to increase
competitiveness of individual territories, regions,
industries based on innovative approaches to
preserve or form the priority right to influence
economic phenomena in the process of unification
and integration. Thus, the main directions of
technological development of the Russian
Federation are formulated in the program of the
national technological initiative presented to the
Federal Assembly in 2014 by the President of the
Russian Federation. Autonet is named as one of key
markets for development of the national technology
initiative, namely, as the market «for development
of services, systems and modern vehicles based on
intelligent platforms, networks and infrastructure in
the logistics of people and things» [1], since those
technologies can stimulate qualitative changes in
various industries: transport, construction, trade and
many others, due to integration of information and
communication technologies and key components
of the transportation process. The construction of
efficient intelligent transport systems will make it
possible to achieve a degree of scientific and
technological development and quality of transport
services that meets modern requirements.

Within the framework of this study, a hypothesis
is put forward that implementation of intelligent
transport systems is most effective in formation of
an «ecosystem» fordevelopment and implementation
of innovations, which, in turn, links together all the
main participants in the transportation and logistics
process. These «ecosystems» are clusters, which, as
a rule, are the result of natural attraction and
accumulation of elements of the transportation
system interacting with each other. At the same time,
receiving the status of a cluster, natural formation
acquires a formalized structure, a general
development strategy, state support, which
significantly speeds up development and
implementation of innovative technologies,
increases efficiency of their use due to consistency
and complexity of solutions. Within the clusters,
there is an opportunity to connect technology
companies, their suppliers, as well as various
organisations that provide research, personnel, and
administrative support to these organisations.
Clustering of regional transport and logistics
complexes determines not only a more rapid
technological development of intelligent
technologies in the Russian Federation while
reducing logistics costs, but also allows to quickly
influence changes in the regulatory framework.

Through involvement of universities, it is possible
to create training programs needed in the future to
maintain and further develop the technology. Thus,
there isa complex impact on various areas of activity,
accelerating the process of adaptation and possible
implementation of technology in the Russian
market.

Thus, the high need to identify tools for effective
implementation of intelligent transport management
systems within the natural process of clustering
regional transport and logistics complexes
determines the relevance and practical significance
of the research topic.

Research methodology

To achieve the objective of identifying the
features of organisation of the transport and logistics
cluster (TLC") prioritising development of intelligent
transport technologies, it is necessary to determine
prerequisites for development of this type of
innovative technologies within the framework of
cluster formation, to study the possible characteristics
of the cluster under various conditions of its
formation, to describe its structure.

The solution of the tasks set involves the use of
methods of formal logic, grouping, analysis of
statistical data, regulatory information, information
synthesis.

The current state of research on this issue

At present, a lot of scientific works are devoted
toissues related to intelligent transport systems, and
that once again confirms the relevance of the chosen
topic. Basically, these are the works of researchers
of transport universities or transport departments of
universities, as well as of employees of large transport
and logistics companies. The geography of research
covers all developed and developing countries. In
the scientific literature, the following areas of
research prevail within the framework of this topic:

+ advantages, objectives and goals, problems of
using intelligent transport systems as a tool to
improve efficiency of the economy [2—4];

+ consideration of prospects for introduction of
intelligent transport systems in one of the modes of
transport [2; 5];

+ description and assessment of one of the
technologies of intelligent transport systems [6; 7];

+ comparative analysis of some intelligent
transport technologies [6].

"' The Russian abridged name for transport and
logistics cluster should not be confused with the same
abbreviation TLC used for terminal and logistics
complex. — Ed. note.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 4, pp. 156—173 (2020)

Budrina, Elena V., Lebedeva, Anna S., Rogavichene, Larisa l., Kvitko, Katerina B. Features of Organisation
of Transport and Logistics Cluster Prioritising Intelligent Transport Technologies Development




There is also a lot of research in the field of
theoretical foundations of clustering, however, the
problem of formation of transport and logistics
clusters is practically not studied and is represented
by rare works, which are mainly devoted to general
issues of development of transport clusters [§—10]
or to the prospects and conditions for formation of
a cluster in a particular region [11].

Despite the significant interest of the scientific
community to development and implementation of
intelligent transport management systems, as well as
to the study of the trends regarding formation of
clusters, research works that consider these issues in
close interrelation have not been found. At the same
time, it seems that within the framework of the
innovative TLC, the rates of development of this
group of innovative technologies will be much higher.

Prerequisites for development and implementation
of intelligent transport technologies within the
transport and logistics cluster

Transport is a key factor in ensuring connectivity
of the territory of any country, any region. For the
Russian Federation, which stretches over 4000 km
from north to south and over than 9000 km from
west to east, territorial interaction is of particular
importance. Therefore, creation of conditions for
effective operation of the country’s transport and
logistics complex is one of the priority strategic
directions of the country’s development both in any
historical period, and in the present and in the
future.

This is possible only if the innovations are
introduced that can solve the existing problems of
transport sector, ensure qualitative growth of the
country’s transport and logistics complex, and
improve conditions for interaction of various modes
of transport. These innovations include intelligent
transport technologies, which are a group of
innovative developments aimed at creating
information flows to control traffic in real time by
simulating transportation systems.

These technologies can facilitate the achievement
of the following results:

* to provide end users with the information they
need;

* to improve safety of road users;

« to qualitatively increase the level of interaction
between traffic participants;

« to redistribute load and reduce traffic density,
reducing the likelihood of congestion;

+ to reduce fuel consumption, which will have
a positive effect on environmental safety of the
country;
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+ to reduce the level of negative influence on
the psychoemotional state of road users [12].

Thus, intelligent transport technologies act as
an element connecting the stakeholders, which
makes it possible to bridge the current gap in terms
of sustainability between transportation systems,
which is caused by an increase in the volume of
transport work and the number of vehicles, by higher
requirements for quality and speed of transport
services, high traffic routes congestion, a significant
share of the transport component in the cost of the
final product and other social, technological and
environmental factors.

The versatility and relevance of this group of
innovations have determined the emergence of
many different technologies in this area, which are
developed both by organisations subordinate to the
state and by private companies specializing in
intelligent transport technologies.

Intelligent transport technologies can represent
both simple navigation systems, traffic control
systems, warning signs, devices for recognizing and
reading speed and vehicle data, as well as more
complex video surveillance systems that allow
collecting and processing significant amounts of data
from various sources, such as meteorological
services, systems for controlling bridges, parking
(e.g., Parking guidance and information (PGI)
systems) and others.

However, the variety of products offered on the
market does not ensure the transition of the
country’s transport and logistics complex to a
fundamentally new evolutionary level. Moreover,
this approach inhibits its development and
increases the gap with more innovatively developed
countries by reducing the level of integration and
interaction of participants in the transport services
market.

This is due to the fact that implementation of
existing developments occurs pointwise,
haphazardly. There is no fundamental understanding
of exactly which innovations need to be introduced,
on what scale, in which regions, what effects will be
obtained. The scope of the applied technologies is
limited to individual cities, districts to solve
individual municipal problems, without a tendency
towards further globalization. As a rule, the
intelligent technologies used have different
developers, and, accordingly, are not connected into
a single network, often do not have the technical
ability to integrate with each other. In other words,
there are no expected globalization processes and
synergistic effects for the regions and the country as
awhole.
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At the same time, the experience of foreign
countries indicates the presence of significant
positive effects resulting from introduction of
intelligent transport systems. For example, in
Stockholm, these technologies made it possible to
reduce the likelihood of congestion by 20 %,
improve the environmental safety of megalopolis
transport by reducing harmful emissions by 12 %,
and actively stimulate the population to use public
transport. In Seoul, a city with a high rate of
motorization of the population, due to introduction
ofintelligent systems, the average speed of movement
has increased by 20 %. At the same time, the
emerging social effect also determines the economic
effect in the form of a reduction in various items of
expenditure in the budgets of cities and countries.
The total savings after introduction of intelligent
transport systems in South Korea, for example,
amounted to about $1,5 billion per year, and in one
of the states in the United States, the cost of road
maintenance in winter was reduced by 62 % [13].
Data shown is based on actual results. In domestic
practices, only forecasts of the results from
introduction of intelligent technologies for the
transport system are presented, based mainly on
expert estimates without considering specific
innovative technologies and factors of their
implementation in individual regions, where they
will differ significantly.

At present, practical experience of foreign
countries has been accumulated in design and
implementation of intelligent systems, including
within the framework of existing transport and
logistics complexes. For example, in the United
States, to justify a project for implementation of
intelligent transport systems, a multi-level
assessment procedure is performed by experts in
various fields using specially developed methods
(scenario method) and software products for making
a managerial decision on implementation of a
technical solution at the state level (MICA,
PRUEVIIN, IDAS, SCRITS, CAL-B/C,etc.). The
design of these systems in Europe seems to be based
on a more rigorous scientific approach than in other
regions. Process of development of projects in Japan
is organised similarly to European countries: the
internal specifics and a plan of subsequent impact,
a plan for degradation of the system and its
subsequent modernization are calculated. Due to
capital intensity and complexity of procedures in
domestic practices, the stages of assessing
implementation of intelligent transport systems are
simplified, which leads to the fact that the
implemented control systems are described and
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created, in essence, as a set of equipment (for
example, «Start» system in Moscow) [14].

The tool for solving this problem is formation
of clusters, in particular, innovation clusters, the
main task of which is to activate innovation processes
in a certain area and to increase innovation activity
and efficiency of innovation activities not only of
individual market entities, but also of the country
asawhole. At the same time, this group of innovative
technologies, first, refers to the transport complex,
and, therefore, isimplemented within the framework
of the country’s regional transport and logistics
complexes, which are currently subject to the general
clustering process [15]. It should be noted that,
despite the adoption, within the framework of the
long-term strategy of socio-economic development
of the Russian Federation until 2030, of the decision
to create a network of innovative and territorial-
production clusters [16] and the trend of clustering
in the field of transport, not a single TLC has been
created with assignment of an official status. This
determines not only the lack of a single development
strategy and the lack of state support in the form of
financing and legal regulation of interaction of
participants tending to clustering the country’s
transport complexes, but also shows the low level of
efficiency of their innovative component.

The identified prerequisites determine
expediency of determining the specific conditions
for formation of TLC with highly developed
innovative technologies in the field of intelligent
transport management in the country.

Study of the characteristics and structure of the
transport and logistics cluster prioritising development
of intelligent transport technologies

To identify the specifics of TLC organisation
prioritising development of intelligent transport
technologies, it is necessary to determine its type
and main characteristics.

Since there is no officially assigned TLC or
innovation cluster focused on development of
intelligent transport technologies in the Russian
Federation, a potential type of cluster is being
considered. There are two options for formation
of this cluster: self-organisation within the
existing conditions without a formal status, or
organisation of a formal cluster assigned with an
official status. Subject to assignment of official
status, it will become secondary one, and a
number of its characteristics will change, for
example, the degree of control by the state.
Therefore, Table 1 shows the characteristics of
this cluster both under existing conditions and
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Table 1

Characteristics of the transport and logistics cluster (TLC) prioritising intelligent transport

technologies development

cluster-forming industry

Transport-logistics

Feature Characteristics of a cluster under Characteristics of a cluster subject to
conditions of self-organisation assignment of an official status

Legal status, status Primary (undetected) Secondary (explicit)

Depending on the nature of the Innovative Innovative

Transport-logistics

Result of activity

Transport and logistics services
Creation of intelligent transport
technologies

Transport and logistics services
Creation of intelligent transport
technologies

Development orientation

Sectoral
Regional

Sectoral
Regional

Degree of government involvement

Passive (support for the innovation
component)

Active (legal regulation, financial
support, etc.)

Degree of connectedness of cluster
members

Weak ties, latent

Strong, stable

Role expectations of participants

Multiple roles for each participant
Fuzzy role functions

Role specification of participants
Clear role functions

Management Decentralized Centralized
Goal setting Targeted Targeted
Geographic concentration City City
Region Region
Nature of origin Spontaneousness Awareness

Key motives for forming Product-oriented

Product-oriented

Expected efficiency Low or average

High

Source: compiled by the authors.

subject to assignment of the official status of the
cluster.

Attention should be paid to the presence of dual
characteristics. So, on the one hand, TLC is focused
on provision of services, on the other hand,
development and implementation of innovations
require availability of production facilities. This
cluster develops both a close relationship with a
specific industry and regional development. This is
due to the fact that this type of cluster combines
characteristics of two types of clusters: transport and
logistics and innovative ones.

The transport and logistics cluster (TLC) is a
complex system of infrastructure and companies
specializing in storage, following, monitoring and
delivery of goods and passengers, that is, performing
various transportation and logistics operations [17].
The main goal of this cluster is to create effective
management of technological chains of movement
of cargo flows from suppliers of raw materials,
production structures to consumers [18]. On the
one hand, it involves development of the transport
industry, on the other hand, it is aimed at increasing
the logistics potential of the territory. In addition,
transport is a connecting link for other sectors of the
economy, which determines the intersectoral nature
of the cluster. Also, a feature of TLC is the need not
only for availability of major enterprises providing
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transportation and logistics services, but also for a
developed transport infrastructure. Therefore, as a
rule, this type of clusters is formed within territories
with significant transit potential, for example, in
port cities, at large transport and logistics hubs, in
the area of international transport corridors.

An innovation cluster is «an informal unification
of efforts of various organisations (industrial
companies, research centres, universities, public
scientific institutions, etc.) capable of transferring
new knowledge, scientific discoveries and inventions,
transforming them into innovations demanded by
the market» [ 17]. This type of clusteris a supersystem,
since it can be associated with various industries and
clusters of other types. The main goal of the
innovation cluster is naturally innovation, both
industrial and social, managerial and other. The
development of infrastructure of intellectual and
financial capital is important for an innovation
cluster. It is the innovation cluster that can speed up
the process of creating and commercializing
innovations, which is necessary for harmonious
development and implementation of intelligent
transport technologies.

In the Russian Federation, there are many
transport and logistics complexes with significant
potential for development of the industry and
organisation of a cluster. At the same time, it should
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*Auxiliary organisations of staffing, finance and other spheres

\

*Transport and logistics companies; organisations
providing transport services

*Companies specialized in modelling, integration of
inteligent transport systems; research organisations

\.

J

Pic. 1. Structure of the transport and logistics cluster (TLC) prioritising intelligent transport systems
development. Source: compiled by the authors.

be noted their low innovative activity in general,
despite the presence of some innovative achievements
in the field of railway and air transport. A systemic,
integrated approach to development and
implementation of radical innovations not borrowed
from world practices can be carried out by large
domestic companies with state support and a
significant amount of financial and material and
technical resources. The current situation requires
a different approach to formation of TLC with an
emphasis on the innovative component. Therefore,
it is advisable to define the type of cluster
corresponding to the purpose of the study as
innovative transport and logistics cluster.

An innovative transport and logistics cluster
(ITLC) is a group of interconnected subjects of the
transportation services market with its inherent
features of cluster formation, the core of which is
range of key organisations specializing in
development and implementation of innovative
transport technologies.

The presence of dual characteristics of a cluster
determines the specifics of its structure. The required
type of cluster to ensure development of intelligent
transport technologies must have the resources of
production (information technology), transport and
logistics and innovation clusters.

Any cluster assumes a three-tier structure: the
base of the cluster («key companies»); organisations
providing services to «key» companies; auxiliary
organisations providing participants with various
resources. As a result of the analysis of the structures
of the production, transport, logistics and innovation
clusters [15], we have determined the structure of
the required type of cluster, as shown in Pic. 1.

The core of the cluster is represented by
companies whose main task is to develop and
integrate components of intelligent transport
systems, interconnecting and uniting subjects of the
transport and logistics component of the cluster.
This function can be performed by individual

companies (SCOUT Group of Companies, LLC
A+C Transproject, LLC IntelTech, LLC Intelligent
Transport Systems, etc.), subsidiaries of large
transport and logistics organisations. Also, the first
level includes structures that carry out research work
in the field of intelligent transport technologies that
are not related to the technical field of development
and implementation: marketing companies,
subdivisions of large research structures (universities,
laboratories), subdivisions of subordinate state
enterprises (GKU Organizer of Transportation,
Committee on Transport, etc.).

Close interaction of the subjects of the first level
while maintaining the required level of competition
is the main factor of the cluster’s efficiency. It is
precisely on ensuring the required level of confidence
and trust between cluster members that the degree
of realization of its innovative potential and the
efficiency of resource use depend, thus affecting its
competitiveness.

The second level of the cluster includes transport
and logistics enterprises: consumers of intelligent
transport technologies (carriers, logistics operators,
port companies, forwarding organisations, etc.).
This level is also the basis for approbation of
intelligent transport control developments. In
addition, at this level, organisations providing
services to transport sector are needed, such as
service stations, car washes, etc.

The third level includes organisations that
provide resource support for the cluster. First, this
is staffing, since development of intelligent transport
systems requires involvement of highly qualified IT
architects, systems technicians, analysts, engineers,
transportation specialists, innovation specialists,
programmers, I'T administrators. It is necessary to
develop educational programs on the basis of |
universities in conjunction with companies of the
first level of the cluster.

The financial support of the cluster at the first
stage of development is expected to be provided at
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the expense of state investments, at the subsequent
stage — at the expense of own resources and
investments of business incubators, venture capital
enterprises, and individual investors.

In addition, it is advisable to include in the third
level structures that perform a number of
administrative functions related to regulatory issues
in implementation of intelligent transport
technologies, lobby projects for modernization and
development of transport infrastructure.

It should be noted once again that organisation
of a cluster of this type involves government
participation. Even though clustering in its
essence should take place on the initiative and
meet the needs of enterprises for unification and
interaction, it is rather difficult to imagine this
process without state support. The state is the
developer of cluster policy aimed at creating
conditions for development and provision of
infrastructure for clusters and implementation of
measures to support them.

State cluster policy can be implemented based
on one of two approaches. The first approach
assumes that identification of clusters, identification
of priority areas of activity of cluster-forming
enterprises, implementation of activities supporting
the clusters are carried out at the state level. The
second approach implies a deep understanding of
functioning of each cluster and formation of an
individual program for their support and problem
solving.

Depending on the degree of intervention and
control by the state of the clusters, four types of
cluster policy are distinguished: catalytic, supportive,
directive, interventionist. With each subsequent
type, the responsibility expands, but at the same time
the degree of state control over the activities of the
subjects of the cluster also extends [19]. At the same
time, the most widespread is supportive policy, it is
carried out in relation to 40 % of regional clusters,
catalytic policy refers to 20 %, directive policy is
relevant for 5 %, interventionist policy addresses
2-3 % of clusters [20, p. 16].

Since strategic management and rationalization
of the composition of the cluster should be
centralized, at the first stage of development of the
cluster under study, it will be necessary to conduct
a directive cluster policy in terms of formation of a
common goal setting and organisation of interaction
between the participants in the first and second levels
of the cluster. At subsequent stages, the state can
only perform supporting functions, gradually
reducing the volume of investments and the degree
of interference in cluster functioning.
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The high labour intensity of TLC organisation
prioritising development of intelligent transport
technologies and involvement of public and private
companies in this process determine the need for
large-scale research in order to analyse the
problems and capabilities of the existing cluster-
forming regional transport and logistics complexes
of the country and identify the most promising of
them.

Thus, the specifics of organisation of TLC
focusing on the priority of intelligent transport
technologies development is as follows:

+ need to consider the characteristics of the
cluster, which vary depending on the conditions of
its organisation;

» presence of dual characteristics of the cluster
due to its belonging both to the transport and
logistics sphere and to the innovation field;

+ special structure design that provides access
to the necessary resources;

+ importance of development of transport
infrastructure and infrastructure of intellectual and
financial capital,

* high demand for staffing;

+ need to ensure interaction of participants in
the production process and implementation of
intelligent transport technologies while maintaining
the required level of competition;

+ need for government intervention and support
in the field of transport and overall goal-setting of
the cluster to attain high expected efficiency;

+ high labour intensity of the organisation
process;

+ need for large-scale research at the planning
stage of the cluster organisation.

Conclusion. The objective prerequisites for
development of intelligent transport technologies
highlighted in the study within the framework of
TLC necessitate organisation of a cluster with
specific characteristics and potential to achieve set
goals, despite high labour intensity and cost of this
process.

The most effective and least costly is organisation
of a formal cluster based on a cluster-forming
regional transport and logistics complex of the
Russian Federation selected based on the research
results with the phased introduction of an innovative
component aimed at development and
implementation of intelligent transport technologies.
Asaresult of the cluster’s activities, it is expected to
create a single intelligent system for managing the
transport and logistics system of a particular region
with subsequent dissemination of the implemented
and tested innovative transport technologies to other
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regions to form a stable connectivity of the country’s
territory and to achieve increased transport
competitiveness.
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Passutue noaxoaa kK

Aunppeii BYPJTYLIKUMA Nasen EJIYTAHEB

HecmoTpsi Ha BbICOKYIO 3HAYMMOCTb MaCCOBOIO riacca-
XKUPCKOro TpaHcriopta 4Jis obecrie4eHus nepeMeu.(eHMﬁ
ropOACKOro HaceaeHusl, HaCTOSILLMI NePUOA XapaKTePU3Y-
©TCS BblPaXXEeHHbIM CMELLIeHeM MpuopUTETOB Py peasin-
3aLym MepornpUsITUIA MO PasBUTUIO TPAHCIOPTHOM CUCTEMBI
KPYrHOro ropoaa B CTOPOHY HANBUAYAJIbHOMO TPaHCropTa.
Hapsiny ¢ HeBO3MOXHOCTbIO MOAAEPXaHMS BbICOKUX TEMITOB
CTPOUTESILCTBA U PEKOHCTPYKLIMN MArUCTPAIbHOM YINYHO-
ﬂOpO)KHOVI ceTu, Takas rpafgocTpounTesibHasi Mno3nLms rpuv-
BOAOWNT K 3Ha4YNTEJIbHbBIM reperpy3kam rnpaktn4eckn Bcevi
TPaHCMOPTHOV MHGPACTPYKTYpLI KpynHoro ropoaa. 1o
MHEHWIO O0JIbLLIMHCTBA crneunasincToB, OOHUM U3 KITIOYEBbIX
MEPONPUSITUIA, HarNPaBs/IEHHbIX Ha CTabUIN3aLmIo TPaHC-
OPTHOVI CUTYaLmK B roposax, IB/ISeTCs peann3aLms nosm-
TUKW aKTUBHOIO Pa3BUTHISi CUCTEeMbl MaCCOBOIO rnaccaxwvip-
ckoro TpaHcrnopTa. Cpeav BorpocoB opraHn3aLmm paboTs!
raccaxupcKoro TpaHcropTa HanbosbLLMIA MHTEPEC NpeL-
CTaBJIsIeT rPoLEeaypa TPacCupoBaHWs MapLLPYTOB 1 rocJie-
AYIOLLEro pOPMUPOBAHUS U3 HUX PALIMOHASIBHOV MapLLPYT-
HOWVi CXeMbl, Tak Kak BO MHOIOM OT 3TOro 6yayT 3aBuceTb
3arparbl BPeMeHV MacCaxupoB Ha rNepeaBuXeHnE ro ropo-
Ay. yCOBepLUeHCTBOBaHMe CXeMbl IBVKeHWS INacCaXXnpCKo-
ro TpaHcropTa, PaccMarpuBaemMoe B yBA3Ke C pas3sBuTmem
MarvcTpasbHOV ceTv ropoaa, no3BoJIT AOCTU4b Tpebye-
MOro ypoBHSl yaobcTBa 3a CYET YBE/IN4eHusi CKOPOCTU
TPaHCMOPTHOrO MOTOKA.

B pe3ynbrate 0630pa poccuiickux n 3apybexHbix
pa60T, I'IOCBﬂLLléHHbIX nccenoBaHuio TPaHCNOPTHbIX CUC-

Y/INHHO-A0POXHas CeTb, Kputepu onTumMasibHOCTH,

MPOBJIEMbI YIPABJIEHVA

COBEepLUEeHCTBOBaHMIO

MapLUPYTHOM CXeMbl NacCaXXUPCKOro
TpaHcnopTa KPYrnHoro ropoaa

Bypayuxuii Anodpeii Anexcandposun — Tomciuii
20Cy0apcmeer blll apXUmeKnypHO-CmpoUmenbHbLil
yuusepcumem (TIACY), Tomck, Poccus.

Enyeaues Ilasea Arexcandposuyu — Tomcikuii
20Cy0apcmeeH bl ApXUMEeKmypHO-CIMpPOUMeabHbIil
yHuusepcumem (TIACY), Tomck, Poccus*.

TeM roposoBs, YCTaHOB/IEHO, YTO U3BECTHbLIE METOAUKN
dopmuypoBaHna MapLLUPYTHbIX CXEM NacCaxXupcKkoro
TPaHcropTa He B MOJIHOVM Mepe y4nTbIBaIOT B3auMOLAe-
CTBME TPaHCMOPTHbIX MOTOKOB C rOPOLACKUMN MarncTpa-
JIIMU. 3a4aCTyIo CrieunanycTsl HEAOCTaTOYHOE BHUMaHNE
YAENSIOT KPUTEPUSIM ONTUMU3ALINK, MO3BOISIIOLLUM PO~
BOAUTL BCECTOPOHHWI aHaIN3 PaLmMoHaIbHOCTV BapyaH-
TOB MapLLUPYTHbIX CXEM. AHam3 TpeboBaHWii K TpPaccupo-
BaHWIO aBTOBYCHbIX MapLLpPYTOB, BbIOOPY NMPUOPUTETHBIX
HanpaBsJ/ieHW yx pa3BuTus 1 y[00CTBY ABUKEHVS I03BOSINIT
0000LUNTL MPUHLMIBI MPOEKTUPOBAHNSI MaPLLPYTHBIX CXEM
Y Ha3Ha4YNTb KPUTEPUN UX ONTUMU3ALINN.

YcTaHoBIEHO, YTO CKOPOCTS SIB/ISIETCS Hanbosee 3Ha-
YUMbIM KpUTEPUEM ONMTUMUI3ALMN TPAHCTIOPTHBIX CUCTEM,
YYNTBIBAIOLMM OCOOBEHHOCTY OpraHn3aLnn ABUXEHNS
TPaHCOPTHbLIX MOTOKOB Ha YINYHO-A0POXHOV CETU K-
HOro ropoga v e€ TpaHCropTHO-9KCIIIyaTaLmoHHOe Co-
crosiHye. OCHOBbIBAsICb Ha OMbIT€ MapLLIPyTU3aLmm, Ha-
KOIM/IEHHOM 04TV 3a CTONIETHWI NMEPUOL, Pa3BUT MNOAXOL
K 060CHOBaHHOMY Ha3Ha4eHWI0 MEPONPUSITUL Mo peopra-
HU3ALMV MapLLPYTHOV CXeMbI, KOTOPbIV MO3BOJISIET y4ECTh
dakTopebl, onpeaensome TeXHNYEeCKoe COCTOsIHNE [0-
POXHOU CETU 1 XapakTepUCTUKN TPAHCMOPTHBIX MOTOKOB.
Eé o6Luasi nnesi 3ako4aeTcs B COEAMHEHNN OTAENbHbIX
3BEHbEB TPAHCIMOPTHOU CETU M I0CNEA0BATENILHOM POp-
MupoBaHun Habopa KOHKYPUPYIOLUMX BapnaHTOB
mapLupyTa, oauH U3 KOTOPbIX B AaslbHeVLIEeM BOUAET
B COCTaB PaLmMOHaIbHON MapLLPYTHOM CXeMbI.

KnrodeBbie c/ioBa: ropoCKOM naccaXxupCcKkui TPaHcrnopT, MapLIpyT ABUXEHWUS, MapLUpyTHas cxema,

3arparbl BpeMeHU Ha rnoesaky.

*Undopmaums 06 aBTopax:

abura124@yandex.ru.

MWP TPAHCIIOPTA, Tom 74

For the English text of the article please see p. 182.

Bypnyukuit AHapeit AnekcaHapOBUY — KAHANAAT TEXHUYECKUX HayK, AOLEHT kadeapbl aBTOMOOMNbHbIX
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U3HEAESITeIbHOCTh COBPEMEHHOTO
KPYITHOTO TOpojia 00ecIieYnBaeTCst
ero nHMPacTPyKTYpoil, B KOTOPO

IIEHTPaJIbHbIE TTO3UIIMU 3aHUMAIOT YIUIHO-

JIOPOXKHasI ceThb U GYHKUMOHUPYIOIIWIA HA Hel

MaccaXXupcKuii TpaHcriopt. CrienyeT BbIIETUTh

BBICOKYIO COIIMAJIbHYIO 3HAYMMOCTh TOPO/I-

CKOTO ITacCaXMPCKOTO TPAHCIIOPTa, KOTOpast

MPOSIBIIIETCSI B 00ECTIeYeHU Y CBOOOIBI Iepe-

MEILIEHUS KUTeJIell Topo/ia U B COKpallleHu!

BPEMEHU Ha IMOe3KU.

Ha ceromHsHuii 1eHb CTeTNIeHb pa3BU-
TUS TOPOJACKOW TpaHCTOPTHOU WMHbPa-
CTPYKTYPHI He MO3BOJISET B TOJHOU Mepe
00ecTIeYnTh TPAHCIIOPTHBIE TTOTPEOHOCTH
HaceneHus. [Ipexme Bcero, 3To BBI3BAHO
CHUXXEHMEM TEMITOB CTPOMTETLCTBA, PEKOH-
CTPYKIIMHU U KaITUTaJTbHOTO PEMOHTA TpaHC-
NOPTHBIX KOMMYHUKauuii. Hanbonee octpo
TPAHCTIOPTHBIE TTPOOJEMBl BhIpaXeHbI
B KPYITHBIX TOPOJIax, INTAHMPOBOYHAS cCXeMa
KOTOPBIX CKJIabIBAJIaCh JIMTETLHOE BPEMS
Mo/ BAUSTHUEM UCTOPUYECKUX (haKTOPOB.
B Takux ycJI0BUsX HEJOCTAaTOUHOE pa3BUTHE
JIOPOXKHO-TPAHCIIOPTHON MH(MPPACTPYKTYPhI
MPUBOIUT K TOMY, YTO 3aTpaThl BPEMEHU
maccaxXupoB Ha TTOE3IKU 3HAYUTEIbHO TIpe-
BBIIIAIOT MTPEAEIbHO IOMTYCTUMbIE 3HAUSHUS
[1; 2]. IIpu aTOM HapylIaeTcsi OCHOBHOE
paBuiio, chopMyIMpoBaHHOE paHee (hpaH-
ny3ckuM apxutektropoM Jle Kop6io3be,
COIJIACHO KOTOPOMY TEMITHI MOAEPHU3AIIU YT
TpaHCTIOPTHOW MHOPACTPYKTYPHl HE OJ-
JKHBI OTCTaBaTh OT TEMIIOB Pa3BUTHSI TOpoa
B uesoM [3]. B cBolo ouepenb, CTPOUTENb-
CTBO HOBBIX MaruCTPaJIbHBIX YJIUIl U JOPOT
moTpedyeT BHICBOOOXIEHUS TOPOJACKHUX
TePPUTOPUIi, a BHAUUT, 00sI3aTeIbHO OyaeT
COTIPOBOXIAThCSI CHOCOM CJIOXUBIIIEHCS
3acTpoiiku. boJjiee ryMaHHBIM peleHUueM
0003HaYe€HHOU MPOOJIEMBI SIBJISIETCS paluo-
HaJbHOE MCII0JIb30BaHUE IMOA3EMHOTO
¥ HaI3eMHOTO TIPOCTPAHCTBA, OAHAKO, 3TO
TakKe MoTpedyeT KOJOCCaTbHBIX KAITUTa0-
BJIOXEHUI. B HacTos1Iee ke BpeMst MOXKHO
HaboaaTh oOpaTHbBIE, KpailHe HeTaTUBHbIE
SIBJICHUS, TAKWE KaK MTPOSIBJIEHUE aKTUBHO-
CTU B OCBOEHUM CBOOOIHOI ropoackoit
TEPPUTOPUHU U, TIPEXKIIE BCETO, MEPCTIEKTUB-
HBIX MepudepuiHbIX 30H MOJ MacCOBOe
KUJIUIIHOE CTPOUTENCTBO U KPYITHBIE
TOPTOBO-pa3BJeKaTebHbIe KOMILIEKCHI, YTO
MPUBOJIUT HE TOJBKO K 3HAYUTEbHBIM T1€-
perpy3kaM OTAEIbHBIX TPAHCIIOPTHBIX Ma-
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TUCTpaJieii, HO U Bcell UHXXeHepHOl uHdpa-
CTPYKTYPBI KPYITHOTO TOPOJA.

YBennyeHre 5KOHOMUYECKOM aKTUBHOCTUA
HaceJIeHUsI, COMPOBOXIAOIIEeCss POCTOM
TPAHCTIOPTHOM MOABMKHOCTHU IPaKaaH, IpHU-
BOJUT K TOMY, YTO €XXEIHEBHOE UCTOJb30Ba-
HUE aBTOMOOWISI CTAHOBUTCS O0Jiee MpuBJie-
KaTeJabHbIM. B TO XXe BpeMs JIerKoBOii aBTO-
MOOMJIb XapaKTepU3yeTCsl HU3KOI MPOBO3HOM
CMOCOOHOCTBIO U 3HAYUTEBHON 3aHUMaeMO
TUTOIIAAbIO MPOe3Xeil YacTu. DTO CBUAETENb-
CTBYeT 0 HEID(HEKTUBHOCTU MPUMEHEHUS
TaKOro BUJIa MACCaXUPCKOro TPaHCTIOPTa ISt
OCYIIECTBIIEHUS TPYAOBBIX IEPEIBIKEHUIA,
MMEIOIINX YCTOMYUBBIN 1 MACCOBBIN XapaKTep
B OIpeneJ€HHble Tepuoabl BpeMeHu. [1pu
5TOM OYE€BUHO, YTO BCE NTEPEMEIIEHUSI TOPO-
>XaH HE MOTYT OBITh PEATM30BaHbI UCKITIOUN-
TeJIbHO 00IlIeCTBEHHBIM TpaHcnopToM. Cre-
JIyeT OTMETUTh, YTO JIETKOBbIE aBTOMOOWIN
WUTPaIOT HE MEHEE BBICOKYIO POJIb B OpraHu3a-
1IMY Mpoliecca MepeBO30K, T.K. MOTYT odecTie-
YUTh 3HAYUTEJIbHBIA O0BEM KYJIBTYPHO-
OBITOBBIX U CMEILIAHHBIX NMEPeABUKEHUI TO-
porckoro HaceneHus [4].

3HaYUTeNbHBIM POCT aBTOMOOUWINU3ALINN,
XapaKTepHBIN U151 TOPOJOB 3amaaHoi EBporbl
u CIIIA B mociieBOeHHBIN MepUo, CTaI IPpH-
YUHOU MOSIBAEHUSI CEPbE3ZHBIX KPU3MCHBIX
SIBJICHUIA, COMPOBOXIAIOIIMXCS TPAHCIOPT-
HBIMU 3aTOPaMM, CHUXKEHUEM CKOPOCTEN
JIBUXKEHUSI aBTOMOOWJIEI 1, HAKOHEIl, POCTOM
JIOPOXXHO-TPAHCIIOPTHBIX MPOUCIIECTBUMA.
VYxe Toraa crenuaiuctaMm CTajlo OYEBUIHO,
YTO MarucTpajii TOpoOJOB, 3aJ0XKEHHbIE 10
MAacCOBOTO MOSIBJICHUS] aBTOMOOWIEH, HE CO-
OTBETCTBYIOT MapaMeTpaM TPaHCIOPTHOTO
NBUXeHUs. B manbHeiillieM MHOTME crienua-
JINCTBI IPU3HAIU OIIIMOOYHOCTh BEBIOPAHHOTO
paHee Kypca U HEOOXOAUMOCTh peaau3aluu
TMOJUTUKU, IPEeNNoJaralonieii pa3BuTue CUuc-
TEeMbI MaCCOBOT'O ITACCAXKUPCKOTO TPAHCIOPTa
[5—10]. B To ke BpeMsi 3apyOekHbIe UCCIEA0-
BaTeau otMeyvator [5; 7; 9; 10], uTo omHO UMb
MOBBIIIEHKE MTPUBJIEKATEILHOCTU MacCOBOTO
TpaHCIIOpTa caMo Mo cebe He MO3BOJISIET A0~
CTUYb XKEeJIaAeMOTO YPOBHSI CHUXKEHUSI UHTEH -
CUBHOCTHU TOPOJCKUX TPAHCHOPTHBIX MOTO-
koB. K ToMy e OTBJIeYeHUIO0 BHUMaHUS TO-
pOXaH OT MaCcCOBOTO MaCCaXUPCKOTO TPaHC-
MopTa U Pa3BUTUIO MPUBBIYKYU MOJb30BAHUS
WMEHHO JIMYHBIM TPAHCTIOPTOM B 3HAYUTEb-
HOH CTeneHU CIOCOOCTBYET NaBJlI€HUE aBTO-
MOOWJIBHOI TTPOMBIIIIEHHOCTH.

Bypnyukum A. A.; Enyrades 1. A. Pa3Butne noaxopa kK COBepLUIEHCTBOBAHMIO MapLUPYTHOW CXEMbI
raccaXmupckoro TpaHcnopTa KpynHoro ropoaa




ITo onrerkam cenmanuctos [11; 12] Poc-
CUs OTCTAET OT Pa3BUTHIX CTPAH IO YPOBHIO
Pa3BUTHS TPAHCIIOPTHOU MHMPACTPYKTYPHI
6osnee yeM Ha 20 jeT, MOBTOPSIST OMIMOKYU
JIPYTUX CTPaH U B pe3yJIbTaTe UCIBITEIBAS Te
Xe rnmpobyeMsl. Tak, pa3zpabaTbiBaeMble B Ha-
cTosiiee BpeMsI B Hallleil CTpaHe MPOeKTHhIE
pelieHusT B OOJbIIEH CTeTeHW OTpaXaloT
WHTEPECH BlIaAebleB WHINBUIYAIbHBIX
JIETKOBBIX aBTOMOOUJIEi, KOTophie obecrie-
yuBaloT He 6osiee 40 % ob6bEMa Mmaccakup-
CKHUX TTepeBO30K. YUET Xe MpU MOJepHU3a-
LIMY TPAHCTIOPTHOTO KapKaca ropojia MapIii-
PYTU3MPOBAHHBIX BUIOB OOIIECTBEHHOTO
TPaHCITOPTA, MPEACTABJICHHBIX HE3HAUUTEITb-
HOI ToJIeli B CTPYKTYpe IMMOTOKA, HO TTPY 3TOM
BBIMTOJTHSIOLIMX OCHOBHOI 00BEM MaccaxkKup-
CKUX TIEPEBO30K, TIPOU3BOAUTCS SIBHO HEJO-
craTouHo [1; 4; 12].

BripaxkeHHast nucriporniopiiyst B popMupo-
BaHUM NPUOPUTETOB Pa3BUTHUSI MaCCOBOTO
Y UHIWBUIYAJIBHOTO MTaCcCakMpPCKOTO TpaHC-
TOPTa CIOCOOCTBYET YCWJIEHUIO TIPOTUBOIIO-
CTaBJIeHUsI KOHKYPUPYIOIIUX BUIOB Tacca-
KHPCKOTO TPAHCIIOPTa M B UTOTE BHIBOIUT
0003HaUYEeHHYIO ITPO0JIEMY Ha CaMblii BBICOKUIA
IPaJioCTPOUTETLHBIN ypoBeHb [ 13].

Mmuorue uccinenoBatenu [2; 3; 8; 12; 14—
17] oTMe4aroT, YTO BHIOOp pallMOHaJIbHONI
CXEMBI MapIIpyTOB 3aHUMAET OTHO M3 BaXkK-
HEMIIMX MECT Cpeld BOITPOCOB OPraHU3aIuu
paboTBl MacCOBOTO TMAaCCaXXMPCKOTO TPaHC-
rmoprta. 3aTpathl BpeMEHHM IaccaxupoB Ha
TIepeIBIKEHUE TI0 TOPOIY BO MHOTOM 3aBUCSIT
OT TOTO, HACKOJIPKO KaueCTBEHHO pa3padboTa-
Ha MapIpyTHas cxema. B cBsi3u ¢ 3TM Mapiii-
PYTHYIO CXeMy HeOoOXOAMMO paccMaTpuBaTh
B KOMTIIJIEKCE C YJIMYHO-IOPOXKHOMN CEThIO
ropona.

Bomnpocamu coBepliieHCTBOBaHMST aBTO-
OYCHBIX MapIIPYTHEIX cxeM, HaunHast ¢ 30-x
TOMOB TIPOIIIOTO CTOJIETUS, 3aHUMAIOTCS
y4€Hble Bcero Mupa. B obsactu mpoekTupo-
BaHUS CUCTEM TOPOACKOTO MAacCakUpCKOro
TpaHcIiopta B Poccun ocHOBoIOIararonmmMu
apasgworcsa Tpyasl A. Il. AnekcaHaposa,
JI. A. Bpounmreitna, A. X. 3unpbepTains,
B. C. JlapuoHnosa, A. A. Tlonsxosa, 1. C. Ca-
MoitioBa. Pa3zBuTnio HaydHO 0OOOCHOBaHHBIX
METOJIOB KOHCTPYUPOBAHUS aBTOOYCHBIX
MapIIPYTHBIX CXEM ITOCBSIIEHBl PabOTH
b. JI. Ieponumyca, /1. IxxymaeBa, M. E. AH-
tomBusv, B. M. Byneesa [1], I. A. Bapeno-
nyno, 1. B. Cnimpuna [3], 3. A. CadpoHoBa,
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M. B. Xpymiéna [15], ®. I. I'muka [14],
C. 10. OnbxoBckoro [16] u B. B. ABopckoro.
Cpenn paboT 3apyOeKHEIX aBTOPOB OCOOBIA
WHTEPEC BBI3BIBAIOT HAYYHBIE NCCIETOBAHUS,
MMOCBSIIEHHBIE BOTIPOCAM MOIETUPOBAHMS
ceTu o0IIIeCTBeHHOTo TpaHcIopTa [18].

B pesynbraTe M3yv4eHUsT OIbITa Maplipy-
TU3alMU YCTAHOBJIEHO, YTO CYIIECTBYIOIINE
METOMBI TIOCTPOEHMST ONTUMATBHBIX MapIIl-
PYTHBIX CXeM TpeOYIOT YTOUHEHUsI CBOUX T10-
JIOXKEHUM, T.K. HE YUUTHIBAIOT TEXHUYECKUE
TmapaMeTpbl TOPOACKUX YIUIL U AOPOT. Takum
o0pa3oM, JajbHellIee pa3BUTHE MMOIX0Ma
K pechOpMUPOBAHUIO MaPIIPYTHON CXEMBI
B yBI3Ke ¢ (PYHKIMOHUPOBAHUEM Maru-
CTPaJIbHOM CETH SIBJISIETCSI aKTyaJIbHBIM BO-
TIPOCOM.

AHanu3 TpeOOBaHUM, TIPEXbIBIIEMBIX
K paboTe TOPOICKOTO MacCakuPCKOro TPaHC-
TOpTa, JJOBOJILHO TTOAPOOHO MPENCTaBIEHHBIX
B HAyYHBIX NICTOUHUKAX, TTO3BOJIWII BBIICIUTD
[JIaBHbIE TPUHIIMIIBI ONITUMU3AIIMY MapIIpyT-
HBIX cXeM JBrkeHus (puc. 1) [4].

ITpuMeHeHne MPUHIMITA MHOTOBApUAHT-
HOCTH O0YCJIOBJIEHO CJIOXXHOCTBIO M HEOTHO-
3HAYHOCTBIO 337a41 MapIIPYTU3AIIMU TOPOI-
CKOTO ITacCaXXMPCKOTO TPAHCITOPTA U MPOJIUK-
TOBAaHO HEOOXOIMMOCTBIO BbIOOpa HauboJiee
palMOHAJILHOTO pelieHus. B ¢Bsi3u ¢ Tem, 4To
KOJIMYECTBO BAPMAHTOB MOXET ObITh BEJINKO,
aKTyaJIbHO IIPUMEHEHNE METOIOB, TTO3BOJISIIO-
IIIUX CHU3UTH KOJIMYECTBO BOBMOXKHBIX BapH-
aHTOB. DTOTO MOXHO JIOCTUYb B pe3yJibTaTe
HUCKITIOUeHUsI HepeaTbHbIX 1 HEKOHKYPEHTO-
CIIOCOOHBIX BAPUAHTOB, a TAaKXKe OTOOpa IS
JIETAJTbHOTO PACCMOTPEHUSI JIUIITh OTTPEIeIIEH-
HoI ux Kateropumu [15].

IpencraBieHne MOCTaBICHHOM 11€JT1 B BU-
Jie Habopa KputepueB 3P HEeKTUBHOCTH SIBJIS -
eTCs BaXXHEWIIIMM 3TAlioM MCCIeI0BaHUS
CHUCTEMBI TOPOICKOTO TTACCaXKUPCKOTO TPaHC-
noprta. [Ipu aToM Haubonee 3hpHeKTUBHBIM
SIBJISIETCST METOI, TTO3BOJISTIOIINIM IIPOM3BOIUTH
TOUCK PEelIeHUsI TI0 OJHOMY HamboJjiee Baxk-
HOMY KPUTEPUIO C TIEPEBOJIOM OCTaJbHBIX
B pa3ps orpaHudeHuii. B obiiem Buae ero
MOXXHO 3aITicaTh CICAYIOIINM obpaszoM [4]:

X — extrem
Ylmin < Y1 < Ylmax
) (1

Y <Y, <Y™
rne X — HauboJjiee BaXHbIA KPUTEPUIA, OTIpe-
JIeJIEHHBINA HA OCHOBE SKCIEPTHBIX OLIEHOK;
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Tao0smna 1
Kpurepun onTUMHU3AIMH MAPHIPYTHBIX CXEM MACCAXKHUPCKOTO TPAHCIOPTA

O6macTb HanmeHnoBanue KpuTepreB ONTUMU3AINT ParmmonansHbie
ONTUMU3ALINHI Mpenesbl BApbUPOBAHUS
KpPUTEpUEB
MapiipyTHble CpenHue 3aTpaThl BpeMEHU Ha TepeaBUXKEHUS tep oom <40 MmuH
CXEMBI TOPOJCKOTO KUTeNS t o
Koappuuument nepecanounoctu K L1I5<K, <1,30
Mapupyrhbiit kKoadduuument K 2,0<K <30
IMnornocts MC 3 | 1,5<8,<2,5

KoadduumeHt HempsIMOAMHEMHOCTU COOOIIEHUIA K <1,25

o K H 001
Ha MaplIpyTHOU CETU H 06

ABTOOYCHbBIE CpenHue 3aTpaThl BDEMEHU MacCaXXMPOB Ha -
MapuIpyThl MOE3KU tcp MT
HnunHa Mapuipyra ]| 00bIyHbIe 15—30 kM

KoJblieBbIe 10 40 KM

Koadduuuent ncnonpzosanus npenocrapugempix | K > 0,5
mect K

TTokazaTeb COCTOSTHUSI JOPOKHOTO MOKPBITUS Bcp Bcp <3,0

KoadbdutineHT HEMPSIMOTMHEHHOCTY COOOIIEHMI K, <1,25
Ha Mapiupyte K

1

HpHHlIHl'lbl ONTUMH3ALUHN MAPIIPYTHBIX CXEM ]

[TpuMeHATh BapHaHTHOE MPOCKTHPOBAHNE, OCHOBAHHOE HA KPUTEPUSX ONTHMHU3ALIIH

MuHEMH3HPOBATH 3aTPATHI BPEMEHU HACEICHNUS Ha TIOE3/KH

Bri6upath HanpasieHre MapmIpyTOB, COOTBETCTBYIOMINX YCTONYHBBIM [TACCAKHPOIIOTOKAM

ObecneunBaTh MUHAMAJBHOE B3aUMHOE TyOIHPOBAHHE MAPIIPYTOB

KoopauuupoBaTh MapLIpyTHbIE CXEMbI Pa3IMYHbIX BUJIOB TPAHCIIOPTa

V4YUTBIBATH MPH TPACCUPOBAHKH ABTOOYCHBIX MAPIIPYTOB TPAHCIIOPTHO-
9KCIUTyaTaIl[MOHHBIE TIOKA3aTEN! HOPOKHON CeTH

INNENEEI

ObecredrBaTh MUHIMABHYIO TIEPECATOTHOCTE COOOIEHNH ]

Puc. 1. MpuHunnsl onTuMmn3saunm MapLLpPyTHbIX CXeM (CXxemMa aBTOpOB).
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Puc. 2. @opmupoBaHmne BapnaHTOB CC L1

Y — MHOXECTBO BTOPOCTETIEHHBIX KPUTE-
pYeB, TOCTAaTOYHBIX JUISI TTIOJITHOLIEHHOT'O OTIH -
CaHMSI POJIU UCCIIENYEMOTO 0ObEKTa.

[MpuHsTHIE B pabOTE KPUTEPUU OTITUMI3A-
1MW OTOETBHBIX MapIIPYTOB U MapIIPYTHBIX
CXeM IpecTaBiieHb! B Tao. 1 [4]. [To MHeHUIO
OOJIBIIMHCTBA MCCIIeN0BaTeNeil, B KaueCcTBe
TJIABHOTO KPUTEPUST MOTYT BBICTYTIATh BpEMEH-
Hble 3aTpaThl HAaCeJIEHUST Ha TIePeIBVKCHUS.
TTpru€m HOpMBI 3aTpaT BpeMEeHU Ha TPYI0BbIE
TepenBUXeHNs] YCTAHOBJICHBI IEUCTBYIONTUM
HOPMAaTHUBHBIM JOKyMeHTOM [19].

TTpuHMast BO BHUMaHUE MHOTOKPUTEPU -
aJbHBIN XapaKTep 3aJa4d MaplipyTU3alluu,
MOAX0[ K BBIOOPY HanboJiee pallMOHAIBHOTO
pelIeHus CJieayeT MpeCTaBUTh B Buje [4]:
JUTSI MapIIPYTHOM CXeMBI:

t, > min
1min < 1M < 1mﬂx

IX Lene# (c. aBTopOB).

IJI1 OTACJIBHOIO MapuipyTa:

t,, = min
KM <K, <KM™
M <5 <M
KM <K, <K™
KM <K, <K™

2

Cpenu M3BECTHBIX TTOJAXOM0B K COBEp-
LIEHCTBOBAHUIO IEMCTBYIOLIE MapIIPyTHON
CXEMBI CJIEAYeT BbIACIUTDH METO TOCIEA0BA-
TEJIbHOTO MPUOIMXKEHUST K ONTUMAIbHOMY
BAapUaHTY, PACCMOTPEHHBIN B Tpymax
®. I. Tnuka [14]. Pa3BuTHe OTMEYeHHOTO
nomxona npociexkusaercs B padorax C. 0. Onb-
xoBckoro u B. B fBopckoro [16]. Yu€Hbie
MpenIoXuau 6osee moaApoOHbIE 3aBUCUMO-
CTU U aJTOPUTMBI, MTO3BOJISIIONINAE YUECTh
MPU KOPPEKTUPOBKE MaPIIPYTHOMU CETH PSIIT
JOTIOIHUTENBHBIX KpuTepueB. UMeHHO unen

max
K, <K 3TOTO TOAXOMA JIETIU B OCHOBY METOAUKU
min
Koen > Koy [4], npeaoXeHHON aBTOpaMU AaHHOI
Bep < B cTaThu.
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DOopMUPYIOT MaTPUILy TPYJOBBIX KOPPECTIOHICHIINH MEK/TY BBIJICTICHHBIMH TPAHCIIOPTHBIMHU
paiionamu ropojia 3a pac4ETHBIN MEPHO

v

DOopMHUPYIOT IIePBOHAYAIBHEII KapKac MapIIPYTHOU cxeMsbl (6a30Bblii BApUAHT),
MPEUMYLIECTBEHHO U3 MapIIPYTOB, HE TPEOYIOIUX KOPPEKTUPOBKH

v

IMocnenoBaTenbHO BKITIOYAS B HEPBOHAYAIBHBIN KapKac HOBbIE MapIIPyTH, QOPMUPYIOT BapHAHT
MapIIPyTHOH CXEMBI, YI0BICTBOPSIONIHIT KDHTEPHAM ONTHMATBHOCTH

v

PaccMarpuBas MEPONPUSATHS PA3IMYHBIX YPOBHEH CI0KHOCTH M KAaIIMTaT0EMKOCTH, pa3pabaThIBaOT
CLIEHAPUH MOBBIIEHHs YQPEKTHBHOCTH (yHKIIMOHUPOBAHNUS JIOPOJKHOI CeTH ropoja

[ Vcxousl M3 CLeHapHeB PasBUTHS JOPOXKHOI ceTH HOPMHUPYIOT BAPHAHTHI MAPLIPYTHBIX CXEM ]
Ha ocHOBe OLeHKH Y9KOHOMUYECKOH 3 (EKTHBHOCTH BEIOUPAIOT HAOOIIEE LIeIeCO00pa3HBbIH
BapUaHT Pa3BUTHL JJOPOXKHOM CETH M MapPIIPYTHON CXEMbI IACCAXKUPCKOTO TPAHCIIOPTA

Puc. 4. NocnenoBaresibHOCTb NPOEKTUPOBaHUS MapLUPYTHOM CXeMbl NacCaXXMpCKoro TpaHCcropTa, ¢ y4éTom
yny<LeHns: TPaHCNOPTHO-3KCITyaTauyNOHHbIX XapaKTepUucTUK AOPOXXHOI ceTn ropoaa (Cxema aBTopoB).

PaccmaTpuBaeMast MeToIMKa OCHOBaHa
Ha aHaJIM3e MaTPUILIbI KOPPECTIOHIECHIINI, He
00CTYy>KeHHBIX MaplIpyTaMu, BXOASIIUMU
B IIepBOHAYa/IbHbIM 6a30BbIii Kapkac. [Tocie-
nytoliee hopMUPOBaHUE HOBOT'O MapIIpyTa-
KaHIUaaTa 3aKJIF0YaeTcs B BHIOOPE €r0 OCHO-
BaHMUSI, COOTBETCTBYIOIIETO HanboJiee Ipsi-
MOJIMHEIHOM 1IeTr 13 TabJUIIbI Hepeaanu30-
BaHHBIX CBsI3€il ¢ HAMOOBIINM 3HAYEHUEM
raccaxkuponortoka. JlanbHeie aeiicTBUs
3aKJIIOYAIOTCS B HapallMBaHUM pacCMaTpH-
BaeMOTO OCHOBaHMsS MyTEM MOOaBICHUS
K HeMy Han0oJiee MoAXoIsIIINuX 3BeHbeB. [1pu
5TOM PacCMaTPUBAIOTCS BCE CBA3M, YACTUYHO
COBIAIAOIINE C OCHOBaHUEM (hOPMUPYEMO-
ro Mapuipyra, B JaJbHEMIIEM U3 KOTOPBIX
KOHCTPYHUPYETCsI HECKOJIBKO BADMAHTOB COB-
MEIIEHHBIX 1ieTeil. B 3aBucuMocTu ot pac-
MOJIOXKEHUSI OCHOBAHUsI MapIlIpyTa OTHOCH-
TEJbHO LICHTPAJIbHOM YacTH ropoja, Hapa-
IIMBaHUE CBsI3eil K MEepBOHAYAJbHON LIeNU
BBITTOJIHSTIOT B OZTHY, JTM0O B pa3HbIC CTOPOHBI,
MOCJIeA0BATEIbHO TIPUOINXKASICh K TIPEATIO-
JlaraeMbIM KOHEYHBIM ITyHKTaM. JIJIs1 Kaskaoit
COBMEIIEHHOM 1M, KOTopasl Telephb pac-
cMaTpMBaeTcs Kak HOBO€ OCHOBaHUE Map-
1IpyTa, IPOIeCC HapallluBaHUSI CBI3eil 10-
BTOPSIIOT (puc. 2). Ha ocHOBe MOJy4YeHHOTO
«aepeBa» uenei popmupyeTcs HaboOp Bapu-
aHTOB IPOEKTUPYEeMOro MapuipyTa (puc. 3).
B pesynbrate HanpaBIeHHOTO OMCKA BHIOM-
paeTcs HauboJjiee pallMOHAJIbHBIN BapUaHT,
YYUTHIBAIOIIMI KPUTEPUU ONTUMM3AINU
(TabJj1. 1), KOTOpbI#l B MOCAEAYIOLIEM BOMAET
B COCTaB pallMOHAJbHON MapuUIpyTHOM
CXEMBI.
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HauGonee palMoHalbHBINM BapUaHT pac-
CMaTpUBaeMOro MapuipyTa YCTaHaBJIMBAIOT
B COOTBETCTBUM C IPUHSITHIM KPUTEPUEM OIT-
TUMAaJIbHOCTHY U3 YKCJIa CIICAYIOIINX: CPEIHME
3aTpaThl BDeMEHH MaCCaXMPOB Ha MOE3AKM L,
IrHa MapiipyTal , Koo ULMEHT HEMPAMO-
JHeHoCTH coobluennit K , koo durmeHt
UCIIOJIb30BaHMsI NPENOCTaBIsgeMbIX MeCT K .
[Iponienypy BKJIIOUEHMS B TIepBOHAYAIbHBIA
KapKac HOBBIX MapIIPyTOB ITOBTOPSIOT 0 TeX
0P, TTOKa He OYIyT peaIn30BaHbl BCE BOZMOX-
Hble KoppecroHaeHIH. [1pu 3ToM cTpeMsTcs,
YTOOBI KOJIMIECTBO MEPECaTOK MEXKITY HECBS3-
HBIMU paiioHaMU He TIpeBHIIIajio ogHoii. [1po-
11eCC KOHCTPYMPOBAaHMSI MapIIPYTHOM CXEMbI
CUYMTAIOT 3aBEPILIEHHBIM, €CJIM OHA ITOJTHOCTHIO
COOTBETCTBYET BCEM HEOOXOAMMBIM YCIIOBHUSIM.

ITpuMeHeHre KOMOMHATOPHOTO aHaJIM3a
C HallpaBJICHHBIM OTOOPOM BapMaHTOB ITO3BO-
JISIET TOJIYYUTh €IMHCTBEHHBI BapUaHT
MapUIPYTHOM CXeMBbI, IO CBOMM ITOKA3aTeIsIM
OJIM3KUI K onTUMalibHOMY. PopMupoBaHue
pa3HOOOpa3HBIX BAPUAHTOB MapIIPYyTHBIX
CXEM MOXeT OBITh OCHOBAHO Ha aJIbTepHATUB-
HBIX CIIeHApUsX Pa3BUTUS TPaHCIOPTHOM
ceTu ropoja. Beibop Hanboliee mpearnoyTu-
TEJIbHOTO BapuaHTa MapUIPYTHOW CXEMBbI
OCYILIECTBIISIIOT HA OCHOBE YCTaHOBJICHHBIX
BBIIIIE KPUTEPUEB ONITUMaTbHOCTH. [1pK aTOM
Han0oJIee BECOMBIM SIBJISIETCSI KPUTEPUI 3a-
TpayeHHOT0 HaceJeHUEM BPeMEHU Ha Iepe-
MeEILIEHUE.

OCHOBHBIE 3Tarbl KOHCTPYUPOBAHUSI pa-
LIMOHAJIPHOM MapILIPYTHOM CXEMBI, C YIYETOM
Pa3BUTHS MAaTMCTPAJILHOM CETU Topoa, Ipe-
cTaBJICHBI Ha puc. 4.
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SAKJTIOMEHUE

IIpuHUMas Bo BHUMaHKWE HAKOIJICHHBIN
3a IJIUTEIbHBINA MEePUOJ OMBIT MapIIpyTU3a-
1IUU, Pa3BUT MOAXOM K COBEPILIEHCTBOBAHUIO
aBTOOYCHOI MapILPYTHOI CXeMBbI JJIsI yCJIOBUI
KPYITHOTO TOpOoJia B YBSI3KE C TPAHCIIOPTHO-
SKCIUTyaTallMOHHBIM COCTOSTHUEM YJIWYHO-
JIIOPOXKHO ceTu. B omauuue om pazpaboman-
HbIX paHee Memoouk, 6 npediaeaemom nooxode
YumeHbvl Kpumepuu onmumMu3ayuu, no3e01sio-
wue KOMNAEKCHO OUEeHUMb IpphexmusHocms
mapuipymuusix cxem. ETo cyTh 3akiiovyaeTcs
B «CKJICUBaHUW» OTIEIbHBIX 3BEHbEB TPAHC-
TIOPTHOM CeTU 1 TTOCIeN0BaTeIbHOM (hopMu-
PpOBaHMY HaOOpa KOHKYPUPYIOIIVX BADMAHTOB
MaplIlpyTa, OAWH U3 KOTOPBIX B AaIbHENIIIEM
BOWAET B COCTaB pallMOHAIbHOI MapILpyTHOM
cxeMbl. Ha 3akimounTesbHOM 3Tare mpeasia-
raeMoro ajJiroput™Ma (hbopMHUpPYIOT ajbTepHa-
TUBHBIE BADUAHTHI PAIITMOHAJIBHBIX MapIIPyT-
HBIX CXeM, OCHOBaHHbIE Ha CLIEHapUSIX Pa3BU-
TUS TPAHCITOPTHON MHMPACTPYKTYPHI TOPOJA.
OTO MO3BOJUT 00ECIEYUTh MOBBIIIEHUE
CKOpPOCTeil ABMKEHUS BCEro TPAaHCIIOPTHOTO
MOTOKA U B pe3yJIbTaTe YMEHBIIUTh HEMPOU3-
BOJICTBEHHBIE 3aTpaThl BpEMEHU FOPOACKOTO
HaceJeHUs Ha IepeMelleHus.

HanpHelimue ucciaegoBaHus OyayT Ha-
MpaBJeHbl HA YTOYHEHUE 3aBUCUMOCTEN
W aJirOpUTMa pacuyéTa CKOPOCTU COOOIIEHUS
JUTST Pa3JIMYHBIX BUTOB MTACCAaXKUPCKOTO TPaHC-
nopta. [Ipu aToM mpeamnosnaraercs d6ojee
MOJHO yYecThb (haKTOpPbI, ONpeAesIonie
TEXHUYECKOE COCTOSTHME YIUYHO-TOPOXKHOMN
CEeTHU, XapaKTEPUCTUKM TPAHCIOPTHBIX MOTO-
KOB, BKJIIOYasi ux couetaHusi. Kpome Toro,
B OJMKaiiieil mepcreKTUuBe IUIaHUPYeTCs
W3yYUTb BO3MOXHOCTb aBTOMAaTHU3allUU TTPpeI-
JTaraeMBIX PaCYETHBIX TIPOIIEAYP C TIOMOIIIBIO
CIIeLIMATM3UPOBAHHOIO TPOrPAMMHOTO 00eC-
TIeYeHUs U1 TPAaHCIIOPTHOTO TUIAHWPOBAHUS
u moaenupoBaHust — PTV Visum.
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ABSTRACT

Despite high importance of mass passenger transport
for ensuring mobility of urban population, the current period
is characterized by a pronounced shift in priorities in
implementation of measures for development of the transport
system of a large city towards private transport. Along with
impossibility of maintaining high rates of construction and
reconstruction of the main street and road network, such a
position regarding urban planning results in significant
overload of almost the entire transport infrastructure of a
large city. In the opinion of most experts, key measures aimed
at stabilizing the transport situation in cities should comprise
implementation of a policy of active development of the mass
passenger transportation system. Among the issues of
organizing passenger transport operation, the most
interesting is the procedure for tracing routes followed by
subsequent development of a rational routing scheme, since
inmany respects the urban passenger travel time will depend
on the results there-of. Improvement of the passenger
transport routing scheme, considered in relationship with
development of the city’s main street and road network, will
allow achieving the required level of convenience by
increasing traffic flow speed.

travel time.

Development of an Approach to Improving
the Passenger Transport Routing Scheme
in a Large City

Burlutsky, Andrey A., Tomsk State University
of Architecture and Building, Tomsk, Russia.
Elugachev, Pavel A., Tomsk State University
of Architecture and Building, Tomsk, Russia*.

After reviewing domestic and foreign works devoted to
the study of urban transportation systems, it was found that
the known methods of development of passenger transport
routing schemes do not fully consider the interaction of traffic
flows with urban main roads. Often, experts pay insufficient
attention to optimization criteria that allow a comprehensive
analysis of rationality of routing schemes options. Analysis of
the requirements for bus routing, the choice of priority
directions for their development and convenience of
movement made it possible to generalize the principles of
designing routing schemes and to assign criteria for their
optimization. It has been established that speed is the most
significant criterion for optimizing transportation systems,
considering the peculiarities of the organization of traffic flows
on the road network of a large city and its transport and
operational conditions. Based on the routing experience
accumulated over almost a century, an approach has been
developed to reasonable assignment of measures for
reorganizing the routing scheme, which allows us to consider
the factors that determine the technical condition of the road
network and the characteristics of traffic flows. Its general
idea is to connect separate links of the transport network and
to sequentially develop a set of competing route options, one
of which will later be included in the rational routing scheme.
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Background. The vital activity of a modern
large city is supported by its infrastructure, in
which the street and road network, as well as
passenger transport operating on that network,
occupy the central positions. It is necessary to
highlight the high social importance of urban
passenger transport, which manifests itself in
ensuring freedom of movement of city residents
and in reducing travel time.

To date, the degree of development of urban
transport infrastructure does not allow to fully
meet the transport needs of the population. First,
this is due to a decrease in the pace of construction,
reconstruction, and overhaul of transport
infrastructure, e.g., roads. Transport problems are
most acutely expressed in large cities, the planning
scheme of which have been taking shape for a long
period of time under the influence of historical
factors. Under such conditions, insufficient
development of road transport infrastructure leads
to the fact that passenger travel time significantly
exceeds the maximum permissible values [1; 2].
This contradicts the basic rule formulated earlier
by the French architect Le Corbusier, according
to whom the rate of modernization of transport
infrastructure should not lag behind the rate of
development of the city as a whole [3]. In turn,
construction of new main streets and roads will
require freeing of urban areas, which means that
it will necessarily be accompanied by demolition
of existing buildings. A more humane solution to
the indicated problem is the rational use of
underground and aboveground space, however,
this will also require colossal investment. At
present, one can observe the opposite, extremely
negative phenomena, such as manifestation of
activity in development of free urban areas and,
above all, promising peripheral zones for mass
housing construction and building of large
shopping and entertainment complexes, which
leads not only to significant congestion of
transport roads, but to overload of the entire
engineering infrastructure of a large city.

An increase in economic activity of the
population, accompanied by an increase in
transport mobility of citizens, leads to the fact
that the daily use of a car becomes more attractive.
At the same time, a passenger car is characterized
by a low carrying capacity, while occupying a
significant area of the carriageway. This testifies
to ineffectiveness of using this type of passenger
transport for performance of job travels that are
stable and massive in certain periods of time. At
the same time, it is obvious that all movements of

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

townspeople cannot be realized exclusively by
public transport. It should be noted that cars play
an equally important role in organization of the
transportation process, because they can provide
asignificant part of urban travelling with cultural,
domestic, and mixed purposes [4].

A significant increase in motorization,
characteristic of cities in Western Europe and the
United States in the post-war period, has caused the
emergence of serious crisis phenomena, accom-
panied by traffic congestion, a decrease in car speeds
and, finally, an increase in road traffic accidents.
Even then, it became obvious to specialists that
urban roads laid before mass emergence of cars did
not correspond to the parameters of traffic. Later,
many experts recognized the erroneousness of the
previously chosen course and the need to implement
a policy that presupposes development of a mass
passenger transport system [5—10]. At the same
time, the researchers note [5; 7; 9; 10] that the sole
increase in attractiveness of mass transport does not
allow by itself achieving the desired level of decrease
in intensity of urban traffic flows. Besides, the
pressure of the automotive industry contributes to
distraction of attention of citizens from mass
passenger transport and to development of the habit
of using private transport.

According to experts [11; 12], Russia lags
behind some developed countries in terms of
transport infrastructure development by more
than 20 years, repeating the mistakes of other
countries and, as a result, experiencing the same
problems. Thus, the design solutions currently
being developed in our country to a greater extent
reflect the interests of the owners of private
passenger cars, which provide no more than 40 %
of the volume of passenger traffic. When
modernizing the city’s transport framework,
attention paid to route operated types of public
transport, represented by an insignificant share
in the flow structure, but at the same time carrying
out the bulk of passenger traffic, is clearly
insufficient [1; 4; 12].

The pronounced disproportion in priorities
for development of mass and private passenger
transport contributes to strengthening of opposing
of competing types of passenger transport to each
other, and, as a result, brings the indicated
problem to the highest urban planning level [13].

Many researchers [2; 3; 8; 12; 14—17] note
that the choice of a rational routing scheme takes
one of the most important places among the issues
of organizing mass passenger transport operations.
Urban passenger travel time largely depends on
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Principles of optimization of routing schemes J

To apply variance design, based on optimization criteria

To minimize travel time

Pic. 1. Principles of optimization of
routing schemes (authors’ scheme).

To minimize mutual duplication of routes

To ensure at least minimal transferability

To choose the directions of routes, corresponding to stable passenger flows }
To coordinate routing schemes of various modes of transport }

INUNEESI

To consider operation indices of road network when tracing bus routes ]

how well the routing scheme is developed. In this
regard, the routing scheme must be considered in
relationship with the city’s road network.

Since the 30s of the last century, scientists
from all over the world have been working on
improving bus route schemes. In Russia, the works
of A. P. Aleksandrov, L. A. Bronstein,
A. Kh. Zilbertal, V. S. Larionov, A. A. Polyakov,
D. S. Samoilov are fundamental in design of urban
passenger transportation systems. The works of
B. L. Geronimus, D. Dzhumaev, M. E. Antoshvili,
V. M. Buneev [1], G. A. Varelopulo, I. V. Spirin
[3], E. A. Safronov, M. V. Khrushchev [15],
F. G. Glik [14], S. Yu. Olkhovsky [16] and
V. V. Yavorsky are devoted to development of
scientifically grounded methods of constructing
bus routing schemes. Among the works of foreign
authors, of particular interest are scientific studies
devoted to the issues of modelling the public
transportation network [18].

As a result of studying the experience of
routing, it has been established that the existing
methods for constructing optimal routing
schemes require clarification of their provisions,
since they do not consider technical parameters
of city streets and roads. Thus, further development
of an approach to reforming the routing scheme
in relation with operation of the backbone
network is an urgent issue.

The analysis of the requirements for operation
of urban passenger transport, presented in some
detail in scientific sources, made it possible to
single out the main principles of optimization of
traffic routing patterns (Pic. 1) [4].

The application of the principle of
multivariance is due to complexity and ambiguity
of the problem of routing for urban passenger
transport and is dictated by the need to choose
the most rational solution. Since the quantity of
options can be large, it is important to use
methods that reduce the number of possible
options. This can be achieved by eliminating
unrealistic and uncompetitive options, as well as

by selecting only a certain category of them for
further detailed consideration [15].

The presentation of the objective in the form
of a set of performance criteria is the most
important stage in the study of the urban
passenger transportation system. In this case, the
most effective method is the one that allows us to
search for a solution according to one of the most
important criteria with transfer of the rest to the
category of constraints. In general, it can be

written as follows [4]:
X > extrem

Ylmin < Y] < Ylmax (1)

‘min ‘max
Y Y, <Y

where X is the most important criterion,
determined based on expert estimates;

Y is a set of secondary criteria sufficient for a
full description of the role of the object under the
study.

The criteria for optimizing individual routes
and routing schemes adopted in the work are
presented in Table 1 [4]. According to most
researchers, the main criterion may be travel time.
Moreover, the norms of time spent on job travel
are established by the current regulatory document
[19].

Considering the multicriteria nature of the
routing problem, the approach to choosing the
most rational solution should be presented in the
form [4]:
for a routing scheme:

t,, —> min
L. <l <1
K, <Ky,
K, >Km

Bav <Bmax

‘max

for a separate route:
t,, —>min
KM <K, <K™
S < <™ | 2)
KM <K, <K™
KM <K, <Km™
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Table 1

Criteria for optimization of passenger transport routing schemes

Optimization area Name of optimization criteria

Rational limits of variance of criteria

Routing schemes

network K
n tot

Average city resident travel time t . o < 40 min
Transferability coefficient K, 1,15 <K <1,30
Route coefficient K 2,0<K <30
Density of the route network MC | 1,5< <25
Coefficient of non-straightness of trips within the route K <1,25

n tot

Bus routes Average passenger travel time t

av MT

Length of the route |, ordinary 15—30 km
circular up to 40 km

Coefficient of use of provided seats [occupancy] K K,.>0,5

Indicator of road surface condition B | B, <3,0

Coefficient of non-straightness of trips within the route K K,<1,25

Among the known approaches to improving
the current routing scheme, the method of
successive approximation to the optimal variant,
considered in the works of E. G. Glik [14], should
be distinguished. The development of this approach
can be traced in the works of S. Yu. Olkhovsky and
V. V Yavorsky [16]. Scientists have proposed more
detailed dependencies and algorithms that allow a
number of additional criteria to be taken into
account when adjusting the route network. The
ideas applied in this approach formed the basis of
the methodology [4] proposed by the authors of
the article.

The considered methodology is based on the
analysis of the matrix of trips not served by routes
included in the original basic framework. The
subsequent formation of a new candidate route
consists in choosing its base corresponding to the

most straightforward chain from the table of
unrealized links with the highest value of
passenger traffic. Further actions are to build up
the base under consideration by adding the most
suitable links to it. In this case, all connections
that partially coincide with the base of the route
being formed are considered, from which several
variants of combined chains are further
constructed. Depending on location of the base
of the route relative to the central part of the city,
the build-up of connections to the original chain
is performed in one direction or in different
directions, consistently approaching the intended
end points. For each superimposed chain, which
is now considered as a new base of the route, the
process of building connections is repeated
(Pic. 2). Based on the resulting «tree» of chains,
a set of variants of the projected route is formed
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Pic. 3. Formation of a subset of variants of the projected route (authors’ scheme).

estimated period of time

v

Development of an initial skeleton of the routing scheme (basic version), consisting mainly of
routes that do not require adjustment

v

Development of a routing scheme option that meets the criteria of optimality, by consequently
adding new routes to the initial frame,

v
[ Development of scenarios for increasing the efficiency of the city's road network by considering activites ]

[ Development of a matrix of job trips between the selected transport areas of the city for the ]

of various levels of complexity and capital intensity,

Development of routing schemes options based on the road network development scenarios

v

Choice of the most appropriate option for development of the road network and for passenger
transport routing scheme based on assessment of economic efficiency

Pic. 4. The sequence of designing the passenger transport routing scheme, considering
improvement of operational characteristics of the city’s road network regarding its use for transport
purposes (authors’ scheme).

(Pic. 3). As aresult of a directed search, the most
rational option is selected, considering

complete if it fully meets all the necessary
conditions.

optimization criteria (Table 1), which will
subsequently be included in the rational routing
scheme.

The most rational variant of the route under
consideration is identified in accordance with the
adopted optimality criterion, chosen from the set
of criteria that follows: average passenger travel
time t_, route length 1, non-straightness
coefficient of trips K , utilization rate of provided
seats [occupancy] K . The procedure for
including new routes into the initial framework is
repeated until all possible trips have been
implemented. At the same time, it is necessary to
try to ensure that the number of transfers between
disconnected areas does not exceed one. The
process of designing a routing scheme is considered
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The use of combinatorial analysis with
directed selection of variants allows obtaining a
single variant of the routing scheme, which is close
to optimal in terms of its indicators. The
formation of various options for routing schemes
can be based on alternative scenarios for
development of the city’s transport network. The
choice of the most preferable variant of the
routing scheme is carried out based on optimality
criteria selected above. In this case, the most
significant criterion is travel time.

The main stages of designing a rational routing
scheme, considering development of the city’s
main network, are shown in Pic. 4.

Conclusions. Considering the routing
experience accumulated over a long period of
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time, an approach has been developed to improve
the bus routing scheme for the conditions of a
large city, in relationship with the operational state
of the road network regarding its use for transport
purposes. In contrast to the previously developed
methods, the proposed approach considers
optimization criteria, which make it possible to
comprehensively evaluate the efficiency of routing
schemes. Its essence lies in the «gluing» of
individual links of the transport network and in
sequential developing of a set of competing route
options, one of which will later be included in the
rational routing scheme. At the final stage of the
proposed algorithm, alternative variants of
rational routing schemes based on scenarios for
development of the city’s transport infrastructure
are developed. This will ensure an increase in
speed of the entire traffic flow and, as a result,
reduce the non-productive travel time.

Further research will be aimed at clarifying
the dependencies and the algorithm for calculating
speed of transportation for various types of
passenger transport. At the same time, it is
supposed to consider more comprehensively the
factors that determine the technical condition of
the road network, the characteristics of traffic
flows, including their combinations. In addition,
soon, it is planned to study the possibility of
automating the proposed calculation procedures
using specialized software for transport planning
and modelling (PTV Visum).
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Nasen TPOULIKUMA

OnncaHbi NpsiMble v BHELLIHWE 3¢ PeKTbI
OT pa3BuTHsSi OOBLEKTOB XEJI€3HOLAOPOXHOM
TPAaHCINOPTHON NHPPACTPYKTYphI. [1pu-
BeleHbl MpuMepPbl MexoTpacsieBoro co-
TPYAHMYECTBaA B TPAHCIMOPTHON cgpepe
B POCCUHCKOU 1 MEXAYHaPOAHOM rNpakTuKe.
Jenaetcs BbIBOA, HTO pa3BUTE MEXOTPAC-
J1eBOW MNpoun3BOL4CTBEHHO-TPAHCIOPTHON
Koonepaumm Xo3siuCcTBYOLLNX CYyObEKTOB
Mo3BOJISET PE3KO YyCKOPUTb Hay4yHO-
TEXHUHECKUI MPOrpecc B Xes1e3HOA0POX-
HoOVi oTpacau, a UMEHHO, paspabartbiBaTb
Y BHEAPSTH HOBbIE MOAESIN XESIE3HOLOPOX-
HOU TEXHUKU, MepeBO30YHbIE TEXHOJIOMU,
B TOM 4mncCJie C y4ETOM PErnoHaslbHbIX OCO-
OEeHHOCTEV TPAHCNOPTHOIO PhIHKA.

B npaktu4eckoy 4actu paboTta rpe-
cienyert uesib pacCcMOTPEHUS Mpenmy-

MNPOBJIEMBI YIIPABJIEHWHA

BHeapeHue HoBenwen
XKEeJIe3HOAO0POXXHOU TEXHUKU HA OCHOBE
MeXO0TpacJieBou Koonepauuum

Tpourcuii Ilasea Cepeeesun — [lemepOypeckuii eocydapcmeeHHbiil yHugepcumem
nymeii cooouwenus Umnepamopa Anexcanopa I, Cankm-Ilemep6ype, Poccus™.

LeCTB BHEAPEHMST MOAY TIbHbIX FPY30BbIX
anektponoesnos (MI3Il1), onpeneneHvs
OCHOBHbIX rpyrnn rpy30BaaAebLeB, Ha
KOTOPbIX OPUEHTUPOBAH AAHHbIVI BUJ
noaBuXHOro cocrasa. lpuBeneHsl pe-
3yJ/IbTatbl PACYETOB CHUXEHUSI BDEMEHU
Xxo4a v yaoenbHoro pacxoaa 9/7eKTpo-
sHepruuv npu BHeapeHun MIII].
lpeacraBieHbl paccynTaHHas CTou-
MOCTb NMPULLENHOro u MOTOPHOIO BaroHa
MTI 3T, a Takxe pe3ynbrarbl 9KOHOMUYE -
ckux pacyétoB NPV akcrinyaravumm MOl
B CPaBHEHUU C N0e340M JIOKOMOTUBHOM
TSrv 3a Nepuoa XU3HeHHoro uukna. s
AOCTVXeHUs1 e B paboTe 1crosb30-
BaHbl METObI COMNOCTABIIEHUNSI TEXHNYE-
Cknx 0ObLEKTOB M PUHAHCOBOIro MJaHu-
pOBaHwusl.

KrnroueBble c/ioBa: Xe/1e3H0A0POXHbIV TPaHCOPT, TPAHCNOPTHO-MPON3BOACTBEHHOE
napTHEPCTBO, MOTOPBArOHHbIE rPYy30Bble r0e34a, PacrpeneéHHas Tara, YCKOPeHHbIe
rpy30Bble epeBo3ku, IHepreTuyeckas 3pHEeKTMBHOCTb.
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Poccus, paveltroickiy@mail.ru.
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BBEOEHUE

C MakpO3KOHOMUYECKON TOYKHU 3pEHUS,
XKeJIe3HbIe JOPOTM — UHAWKATOP U MHCTPY-
MEHT MaKpO3KOHOMMNYECKON MOIUTUKH. OT
paboThI KeNe3HOJOPOXXKHOTO TPAHCIIOPTa 3a-
BUCAT MPOrpecc B UHBIX chepax IKOHOMUKMU,
TPAHCIOPTHAs MOABUXHOCTb HACEJICHUS,
KOMILIEKCHOE pa3puTue Tepputopuit. Hemo-
MYCTAMA CUTYalUs CIEPXXUBAHUSI SKOHOMMU-
YEeCKOTO pOCTa CTpPaHbl 3aMa3ablBalOIIUMU
TeMIIaMH1 CO3IaHMSI TPAHCIIOPTHOI MHpa-
CTPYKTYPbI, BHEIPEHUS HOBEMIIEN TEXHUKU
U TEXHOJIOTUI Ha XeJIE3HbIX JOPOrax.

1leavro U3TOKEHHOTO B CTAaThE UCCEN0BA-
HUS SIBJISIETCSI 000CHOBaHWE SKOHOMUYECKOM
3 hEeKTUBHOCTU BHEAPEHUS] MOIYJIbHBIX
TPY30BbIX MOE3[0B [JIsI ONPEeIEHHOrO BUIa
MEePEBO30K — KOHTEMHEPHBIX, KOHTpPEWIep-
HBIX, pepUXKepaTOPHBIX, OIpPEaCICHUE
CHEKTpa rpy30B, IS KOTOPBIX JaHHBINA BUI
TIOIBVDKHOTO COCTaBa Hanbosee 3(hheKTUBEH.

J1st mocTUXKeHUsl yKa3aHHOM 1IeJin B pa-
00Te MPUMEHEHBI METOJbI CPABHUTEJIHHOTO
aHajlu3a, KOHTEHT-aHalu3a TEXHUYECKON
WH(OpMaMU, TJIAHUPOBAHUS AEHEXHBIX
TIOTOKOB U (DMTHAHCOBBIX BEIYMCICHUIA.

COLUUAJIbHO-OKOHOMMYECKASA
OPDPEKTUBHOCTb BHEOPEHUA
MHHOBALUA

B Poccuiickoit Penepanimm, corjiacHO
ITporpamme cTpyKTypHOU pedopMBI Ha Xke-
JIE3HOAOPOXHOM TPAHCHOPTE, LUEISIMU pe-
(bopMUpOBaHUS SBJSIOTCS: MOBBILIEHUE
YCTOMYMBOCTU PabOTHI XKeJIe3HOAOPOKHOTO
TpaHCIIOpTa, €ro JOCTYITHOCTH, 6€30I1acHO-
CTH, KaueCTBa IIPEI0CTaBIISIEMbIX UM YCIIYT IS
obecreyeHUSI €AMHOTO YKOHOMMUYECKOTO
MPOCTPAHCTBA CTPAHBI X OOIICHAIIMOHAILHO-
0 KOHOMHUYECKOTO pa3BUTHUS; (popMupoBa-
HUE €IUHOU FapMOHUYHOW TPAHCIIOPTHOM
CHCTEMBI CTPaHbl; CHUXKEHUE COBOKYITHBIX
HapOIHO-XO35IMCTBEHHBIX 3aTpaT Ha ITePeBO3-
KM KeJIE3HOJTOPOXKHBIM TPAHCIIOPTOM; YIO-
BJIETBOPEHME CIIPOCA Ha YCIYTHU XEJIe3HOI0-
pOKHOTO TpaHcIopTa [1].

He ocranaBimBasich Ha UMEBIIIEil MECTO
JIACKYCCUY OTHOCUTEIBHO NPOOJIEM U ITOCTIE-
CTBUH, CBS3aHHBIX C peHOPMUPOBAHUEM
(cpenu HanOoJIee 3aMETHBIX, HO HEOJHO3HAY -
HO OIIEHMBaeMbIX pabOT, MOCBSIIEHHBIX 3TOM
TeMe, MOXHO BBIACIUTH [2]), OTMETUM, UTO
BO3HMKHOBEHME HOBBIX TPAHCIIOPTHBIX apTe-
pHii, yIydIlleHMe TeXHOJIOTUM IIePeBO30K Ha
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CYIIECTBYIOIIMX MAaruCTPAISIX TOPOXIAIOT HE
TOJIKO TIpSIMBIE, TTOJIydYaeMble HETOCpe-
CTBEHHO BJIaJIEJIbLIEM TPAHCIIOPTHOM UHGpa-
CTPYKTYPBI BBITONIbI, HO U BHEIIHUE, KOM-
TUTEKCHBIE MYJIBTUTUTMKATUBHBIC 3 (MEKTHI.

K nmpsiMbpIM TpaHCHOPTHBIM 3 dhexTam
MOXHO OTHECTH:

* JOTIOJIHUTEIBHBIA JOXOJ OT B3UMAHUS
TUTATHI 3a TIPOE3] U IEPEBO3KY IPYy30B Ha XKe-
JIE3HOJOPOKHOM TPaHCIOPTE;

* COKpalleHUe 3aTpaT Ha MePeBO3KY Ipy-
30B M MMacCaXXWpoB UHBIMU BUAAMM TPaHC-
MOpPTa B CBSI3U C YJy4YIIEHUEM JOPOXHBIX
yCJIOBUM (YMEHbIIIEHUEM MPOOOK, aBaprii Ha
aBTOJOpOTrax, yBeJIMYeHNE CKOPOCTU JOCTaB-
KU TI0 CPAaBHEHUIO C BOJHBIM TPAHCIIOPTOM,
CHUZKEHUE CTOMMOCTH TOCTABKU IO CpaBHE-
HUIO C aBUATPAHCIIOPTOM);

* COKpallleHUe KaMUTaIbHbIX BIOXEHUN
B MHBIE 00BEKTHI TPAHCTIOPTHO MH(MPACTPYK-
TYpHI B CBSI3U C YMEHbBIIIEHUEM BPEMEHMU J10-
CTaBKU IPy30B U MacCaXKUPOB;

* COKpallleHUe MoTephb TPAHCIOPTa, CBSI-
3aHHBIX C KOMIIeHcalrel yiiepba 3a mpuiu-
HEHME 9KOJIOTMYECKOro Bpena OKpyXKarolei
cpene (abdekr ot cHmxenust Bbiopocos CO,
aBTOMOOWJIBHOTO M aBUAaTPaHCIIOPTa, 3arpsi3-
HEeHUI 00BEKTOB BOAHOI MH(MPACTPYKTYPHI).

Bretnue apdeKThI CBA3aHbI C TOJTyYeHU-
€M BBITOJl 5)KOHOMUYECKUMU CyOBEKTaMU BO
BHeTpaHCITOpTHOM otpaciau. K Takum apdex-
TaM OTHOCSITCS:

* COKpalleH’e MOoTepb BPEMEHU MpPeObI-
BaHMUS MaccaxupoB B MyTU, B TOM UYUCIIE
Onaromapsi CHUXKEHUIO 3aTOPOB Ha IOPOrax;

* COKpallleHWE HEeNMPOU3BOIUTEIbHBIX
MOTEPh MACCAKMPOB 3a CUET CHUKEHUSI TPAHC-
TMOPTHOM YCTaOCTH (CHUXKEHWE MPOU3BOAM -
TEJIbHOCTU TPY/A MOCJe TOE30KH);

* COKpallleHWe MTOTPEOHOCTU MPEATTPUATUI
Y OpraHu3alnii BOOOPOTHBIX CPEJCTBAX B CBSI-
3U C MOBBILIIEHUEM CKOPOCTU JOCTaBKU MaTe-
pUATIOB U TOTOBOM MPOAYKIIUU 3a CUET yayd-
LIEHUSI TEXHUKU U TEXHOJIOTUU MEPEBO30K;

* COKpallleHUue MOoTepb OT JOPOXHO-
TPAHCITOPTHBIX TPOUCIIECTBUIA;

* POCT CTOUMOCTHY HEIBUXKUMOCTHU, a TaK-
X€ apeHAHBIX CTAaBOK Ha HEABUXUMOCTb,
BBI3BAaHHbIN pa3BUTUEM MTPUJIETAIOIICH TPaHC-
TMOPTHOU MH(PACTPYKTYPHI;

* POCT MOCTYIUIEHUI HAJIOTOB Ha UMYIIIE-
CTBO U Ha 3€MJTIO OT OOBEKTOB HEIBVKMMOCTH,
BbI3BAaHHbIN pa3BUTUEM MTPUJIETAIOIIEH TPaHC-

TMOPTHOY MHMPACTPYKTYPHI;

Tpowuukuu . C. BHeagpeHne HOBEMLLIEN XXENE3HOA0POXHOW TEXHUKMN HA OCHOBE MEXOTpPaciieBon
Koonepauumn




* POCT ITOCTYILJIEHU A HAJIOTOB Ha MPUOBLIb
1 106aBJIEHHYIO CTOUMOCTD OT 3KCIUTyaTalluu
U peanu3aluu 00beKTOB HEIBUXUMOCTH,
BBI3BAHHOU PAa3BUTHEM XEJE3HOAOPOXKHOTO
TPAHCIIOPTA;

* 3(pdeKT OT pocTa JOXOJ0B HaCEIEHUS
B CBSI3U C CO3JaHUEM HOBBIX pabOYUX MECT
U, KaK CJIeICTBUE, POCT MOCTYIUIEHUI Hajlora
Ha M0XOIbl (DU3NYECKUX JINIL BO BHETPAHC-
TIOPTHBIX OTPACIISIX;

* 3(peKT pocTa YNCTON MPUOBLIH X035~
CTBYIOIIINX CYOBEKTOB, CBSI3aHHBIN C YBEJIM-
YEHUEM ITOKYIaTeTbCKON aKTUBHOCTH 32 CUET
CO3[IaHUs HOBBIX OM3HECOB U PabOYUX MECT
B peTMOHe TIpujieTaHusl TPAaHCIIOPTHOM apTe-
pumn;

* 2(dEKT OT YBETUYEHUS TOCTYITHOCTH
TEPPUTOPUI U, KaK CIIEACTBUE, PA3BUTHS TY-
pU3Ma;

* 9¢bpeKT OT CHIKEHUST yPOBHSI TIPECTYII-
HOCTHU 32 CUET MOBBIIIEHUS 3aHSATOCTU Hace-
JIEHWSI TIPU CO3MaHUM HOBBIX PaOOYMX MECT Ha
MPUJIETAIOIINX K TPAHCIOPTHON MH(MPACTPYyK-
Type TepPUTOPUSIX.

OrnpeneneHre oOIIeCTBEHHOM (COLMaIb-
HO-2KOHOMUYECKOI) 3(ppeKkTuBHOCTH pea-
JI3AIMY MEPOTIPUSITUI pa3BUTHS TPAHCIIOPT-
HOW MH(PPACTPYKTYPHI CIIEAYET IPOU3BOIUTD
MyTEM CpaBHEHMST OOIIECTBEHHBIX 3aTpar
U pe3yJIbTaToOB, KOTOPHIE OYAyT UMETh MECTO
Ha TpaHcnopte (rpsMble 3DGbEKTh) U B He-
TPAHCIIOPTHBIX OTPACISIX HAPOAHOTO XO3SIiA-
cTBa (BHenIHMUE 3(PDeKTh) B Cliydae OCylle-
CTBJICHUSI 3TUX MEPOTIPUSITUIA C TEMU 3aTpa-
TaMU 1 pe3yJIkTaTaMu, KOTOPhIe OYIyT UMETh
MECTO IPY 0TKAa3€ OT UX peaiu3allvu.

MEXBUOOBAYA U MEXKOTPACJIEBAY
KOOMNMEPALNYA

Bce nepeurcieHHbIE BHELIHME BHETPAHC-
MopTHbIE 3(DGEKTH MOXHO U3MEPUTDH B JIE-
HEXHOM BBIPAXXEHUU U OLIEHUTD UX BIUSHUE
Ha coBokynHbiii BBIT cTpanbl. be3ycnoBHo,
IJIABHBIM MHTEPECAHTOM U OeHeUIIMapom oT
WHBECTULIMI B CTPOUTEIBCTBO, MOIEPHU3A-
LIMIO, COIep>KaHUe TPAHCITOPTHBIX OOBEKTOB
siBJIsieTcs rocynapctso. OnHako AJis nojyye-
HUS TIPSIMBIX TPAHCMOPTHHIX 3¢ (dEKTOB
B YCJIOBUSIX HACBILIEHUSI PIHKA TPAHCIOPT-
HBIX YCJIYT COBPEMEHHbBIE METOIBI U (POPMBI
XO3SCTBOBAHUS TOJXKHBI IPUMEHSTh U He-
TOCYIapCTBEHHBIE 5KOHOMWYECKUE CYOBEKTBI.
B xauecTBe mpuMepa TaKOro Noaxoaa MOXHO
MPUBECTU MTPOEKT Pa3BUTHUS TyPUCTUUECKOTO
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knactepa «CopraBana—Pyckeama—Bagaam»
B paiioHe MpujieraHusl MajoaesTeJIbHOM 3a-
magHo-Kapenbckoii xene3Hoit qoporu. Ju-
PEKIIUSI TIO OpTraHU3aIMK CKOPOCTHOTO CO00-
meHuss OAO PXIO (AOCC) B mekabpe
2018 roma 3armycTuia Be apbl CKOPOCTHBIX
noe3noB «Jlactouka» mo mapiupyty CaHKT-
IMetepoypr—CopraBajna, KOTOpble TTOMUMO
00CITy>KMBaHUST TYPUCTOB KJlacTepa, MPUHM-
MaloT Ha ce0s ellE U YacTh COLMAbHBIX TTe-
PEBO30K MEXAy MaJIbiIMU HaceJEHHBIMU
nyHktamu Pecnyonuku Kapenus u JleHuH-
rpaackoi oonactu. I[Ipu 3ToM KaueCcTBEHHO
TTOBBICUJICSI YPOBEHb TPAHCTIOPTHOTO O0CITY-
>xuBaHus B pernoHe. Ecim panbiie ot CaHKT-
ITetepOypra o CopraBajibl Hy>KHO OBIJIO €XaTh
aBTOOYyCOM 6—7 4acoB 10 U3BWJIKCTOM aBTO-
Jlopore, TO TeTepb 31eKTporoe3n «Jlactouka»
TPOXOMIUT 3TO PACCTOSTHME BCETO 3a YETHIPE
yaca. [TocMOTpeTh TypruCTUYECKUE OOBEKTHI
CoptaBanbl, BamaaMckuii MOHACTBIph WJIN
TOpHBIH MapK Pyckeana MOXXHO 3a OIMH IEHb.
ITpu HEe3HAUYNTETLHOM JOXOMHOCTH WY JaXKe
YOBITOYHOCTH TAHHBIX TIEPEBO30K, HEOOXOIH -
MOCTH TIPUMEHEHMST Ha 3TOM MapIIpyTe IBYX
BUIOB TATH (TETJIOBO3HOM U 3JIEKTPUIECKOI),
TPOEKTOM ITOJTy4eH UHTEeTPATbHBIN COIUAITb-
HO-3KOHOMUYeCKUil 3(PheKT, KOTOPHINA J0JI-
JKEH TTepepacIpeaessIThCS MEXIY CyObeKTaMM1
TYPUCTUUYECKOU cepbl MU TPAaHCIIOPTHOTO
o6usHeca. Takoe mepepacripeneieHue MOXET
TIPOMCXOIUTH B (POPME CO3TaHST COBMECTHBIX
MPEeNNPUATUA (HapuMep, TIPeANpUsITUA
TpaHCIopTa U TypOu3Heca), KOHTPAKTOB Ha
MePeBO3KY, KOHIIECCUOHHBIX COTJIAIeHUI
u JIp.

B MexmyHapomgHOI TpakTHKe K TpaHC-
TIOPTHBIM TTPOEKTaM MEXBUIIOBON M MEXKOT-
pacieBoil Koornepaiuyu MOXHO OTHECTH, Ha-
mpuMep, TaccaXkupckre WHTEPMOAaTbHbIE
JKeJIE3HOIOPOKHO-aBTOOYCHBIE TIEPEBO3KM
yenickux komnaHuii Leo Express u RegioJet
COOCTBEHHBIM JJOKOMOTUBHBIM, BaTOHHBIM
W MOTOPBAaroHHBIM TTAPKOM; TPY30BBI€ TTepe-
BO3KM KOHTpEWIEepOB MOTOPBATOHHBIMU
aJIeKTpoInoe3gaMu KoMIaHuu Mercitalia
B MTanmuu; nHTepMoJaJIbHbIE KeJIE3HOIOPOXK -
HBbIE, aBTOOYCHBIE M TTADOMHBIE TIEPEBO3KNU
snmoHcKoi kommnaHuu West Japan Railway;
TUBEePCUMUIIMPOBAHHBIN OU3HEC XEIe3HOI0-
poxHoit Komranuu Union Pacific Railroad Co
B CIIIA, BKITIOUAOIIWIA IIEPEBO3KH CEJTBCKO-
XO3SIACTBEHHOM MPOAYKIIUM, aBTOMOOWJIEH,
xuMukartoB, yris [3]. TTogBuxHO cocTaB
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JTAHHBIX MYJIBTUOTPACJIEBBIX XOJAUHTOB MPHU-
obpeTajicsi U MPOEKTUPOBAJICS HEMOCPE-
CTBEHHO MOJ HYXJbl TPOU3BOJCTBEHHBIX
NOApa3ae/IeHU KOMIIAHUM U KOHKPETHBIX
3aKa34YMKOB TPAHCIIOPTHBIX YCJIYT.

Co3gaHue TpaHCIIOPTHO-IPOU3BOIACT-
BEHHBIX O0bEAMHEHUI, YIaCTUE B XKEJIE3HO-
JIOPOKHOM TPaHCMOPTHOM OM3HECE OpraHu-
3allMid U MTPOU3BOJCTB, )KU3HEHHO 3aUHTEPE-
COBaHHBIX B CTA0MJIbHOM paboTe TpaHCIOpPTa,
obecreyeHnu cliakeHHOro rpaduka nepeBo-
30K JIJI1 COOCTBEHHBIX HYXII, TTO3BOJISIET OIle-
peXalolMrMU TeMITaMU 00eCIIeYnTh BHEIpe-
HUE NepeaoBOI, HAYKOEMKOI 3KeJIe3HOI0POXK-
HOI TeXHUKU U TEXHOJIOTUIA.

MOTOPBAIOHHbIE TPY30BbIE
SJIEKTPONOE30A KAK OBbEKT
KOONEPALUUUN

B xome HaydHBIX MCCIeIOBaHUNT HaMU
MPOBEIEHBI TATOBBIE Y DHEPTETUYECKUE pac-
Y€ThI, a TAKXKE pa3paboTaH aaropuT™ (popMu-
pPOBaHUS MOIYJbHBIX MOTOPBarOHHBIX IPY30-
BBIX 3J1eKTporoe3noB (MI'DIT) o kpurepuro
SHepreTUdeckKoit 3 deKTuBHOCTH [4—8].

CunTaeM, 4TO BO BHEIPECHUMN TaHHOTO
TIOABUKHOTO COCTaBa OyIyT 3aMHTEPECOBAHbBI
T€ YYACTHUKM PHIHKA MEPEBO30K, KOTOPHIM
HEe00X0AMMO MOBBICUTh PUTMUYHOCTD OTIIpa-
BOK, COXpaHHOCTb I'py3a B ITyTU CJI€IOBaHMS,
CHU3UTb PUCK Pa3MOPO3KH TOBapa IIpU Iepe-
BO3KE B pedprkepaTOpHBIX KOHTEHHepax,
a TaKKe COKOHOMMTH SHEPIHIO Ha TATY IT0e3-
JIOB.

IMTpumenenune MI'DI1 mo3BosieT CHU3NUTD
TPOAOJIbHBIE CXKUMAIOIIIME Harpy3KU Ha aBTO-
cuenHble ycTpoiicTBa BaroHoB g0 400 xH,
(B 6,25 pasa 1o cpaBHEHUIO C BArOHAMM JIO-
KOMOTHBHOM TITH), 00JETYUTh Maccy MeTall-
JIOKOHCTPYKLIMU paM BaroHoB Ha 1,6 T
(Ha 7,3 % ot ob1ueii Maccel Tapbl). [1pu aTomM
CHIDXEHUE CTOMMOCTH IIPHUIICITHOTO BaroHa
MI'DII cocraBur 76,8 Thic. pyo. uiu 3,84 %.
DKOHOMHUS MacChl Tapbl BaroHa ITO3BOJISICT
MpU HEM3MEHHOU TATOBOW MOIIHOCTU U TOM
K€ KOJIMYECTBE MOTOPHBIX BATOHOB YBEJIUYUTh
YHCJIO TIPULICTTHBIX BArOHOB B coctaBe MI'OI1.
C y4éToM TIpUBJICUEHUS NOIOJTHUTEIbHOM
Macchl rpy3a KoagduuueHT tTapsl MI'DI1
CTaHeT MEHBIIIE, YeM Y IT0e311a JOKOMOTHUBHOMK
TSATH.

3a cuéT BOBMOXKHOCTU MTPUMEHEHMSI DJIEK-
TpoIlHeBMaTu4deckux Topmo3oB (DIIT) Ha
MI'BIT u cokpaleHust BpeMeHHU ITOATOTOBKHU
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TOPMO30B K JIEHCTBUIO YIACTCS COKPATUTh
TOPMO3HOM TyTh Toe3na Ha 30—40 % u Tem
CaMBIM ITOBBICUTB CKOPOCTD IBYDKCHUS — IIPO-
ITyCKAaTh IPy30BhIe ITOe3/1a 110 IpahUKy racca-
XKUPCKUX WX B TTaKeTe TpadurKa ¢ maccaxmp-
CKMMU TI0€3[IaMH, YTO TTO3BOJIUT Pa3rPy3UTh
IIPOBO3HYIO CITOCOOHOCTB XKEeIe3HOTOPOXKHBIX
ymHuit. [Tomumo storo, mpuMmeHenue DIIT
y MI'BI1 1103BOMT COKpaTUTDh BpeMsI Ha IIPO-
BelleHNE OITPOOOBAHMS TOPMO30B Ha CTAHII -
SIX, YITYYIIUT YIIPABIISIEMOCTD 1 6€30ITaCHOCTD
cleqOoBaHMUS 110€3/1a, TTOCKOIbKY MAIIMHHUCT
C TIOMOIIIBIO SJIEKTPOITHEBMATHIECKOM Maru-
CTpaJIi IOCTOSTHHO CMOKET KOHTPOJIMPOBATh
JTaBJICHVE B TOPMO3HBIX IIJIMHAPAX U 3apsii-
HBIX pe3epByapax KaXmoro Barona. B rpyso-
BOM 3JICKTPOIIOE3¢ BO3MOXKHA peaTn3aIis
KOHIICTIIIMY CHIKCHMS 3apSITHOTO MaBJICHUS
B TOPMO3HOI MarucTpaJu U IOBBIIICHUSI
IUIOTHOCTU COCOWHEHMS TOPMO3HBIX CETEH,
YTO OYIET CITOCOOCTBOBATH HE TOJIFKO YMEHbB-
IICHUIO SHEPTeTUYECKUX 3aTpaT Ha BEeIACHHE
1moe31a W MOBBIIICHUIO CPOKa CITYKOBI KOM-
IIpeccopoB, HO, TJIABHOE, — YIYUYIICHUIO
VIIPaBISIEMOCTH TOPMO3HBIMU CPEICTBAMU
moe3aa, KOTopasi UTpaeT BaXKHEHIITYIO POJIb
B obecIieueHUM 6e301acHOCTU IBMKEeHUS [9].

CHUBATCS 9KCIUTyaTallMOHHBIEC PACXOIBI
Ha IIPOITYCK ITOE3I0ITOTOKOB, TaK KaK CYIIe-
CTBEHHO YMEHBIIIUTCS YUCIIO TITyOOKUX TOP-
MOKEHMI 1 ITOCTICIYIOIINX 32 HUMH Pa3rOHOB
TPY30BBIX ITOE3I0B, a 3HAYUT U PACXOIl DJIeK-
TPOSHEPTUM Ha TATY. BBISIBIIEHO, YTO pacxon
BJIEKTPO3HEPTUU TIPH PETYIUPOBAHUU CYM-
MapHOI MOIITHOCTH TSTOBBIX 3JICKTPOIBUTA-
teneit y MI'OI HimKe, 4eM y moe3na T0KOMO-
TUBHOM TSITH, TTOCKOJIBKY y MI'OII perympo-
BaHHUE TPeOyeMOM MOIIHOCTU MPOUCXOIUT
0oJiee MAaHEBPEHHO B CHUTY MEHBIIIE MOIITHO-
CTH KaxX1oro oTaesibHoro TO/I u 6ombIrero nx
konu4dectBa. Hanbonbmmuii appext npu
IIPUMEHEHUM aJITOPUTMA OTKITIOUEHMS M30bI-
ToyHOMI MotmHOCTH Y MI'DII mposiBiisieTcst Ha
y4JacTKax ¢ TIepeMeHHBIM PABHUHHO-TOPHBIM
mpodusIeM ITyTH, YTO TTO3BOJISICT CYIIECTBEH -
HO 5KOHOMMUTD SHEPTUIO Ha TATY IT0E3I0B TP
ncrojb3oBaHn MI'DI1 Ha MIMPOTHBIX ITOJIH -
roHax. Pacu€rsl mokazajiu, 4To Ha y4yacTKe
Mensexbst [opa—Hosbrii [Tocénok OKTI0pb-
CKOM KEJIE3HOM JOPOTM CHUXKEHME YIEIbHOTO
pacxoma 3JeKTPOSHEPTUN B HAIIpaBICHUH
«1yga» Ha 4,6 %, a B HaIIpaBJIeHUU «O0OPAaTHO»
Ha 3,9 % B cpaBHEHUH C ITOE30M aHAJIOTUY-
HOI MacChl, BEIOMBIM 3JIeKTpoB0o30M 3DC5K.
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Ha yuactke KpusenkoBckasi—Ioiitx CeBepo-
Kagka3ckoil xene3Hol TOpOTU yAeTbHBIA
pacxon 3JeKTPOIHEPIMU B HampaBJIeHUU
«Tyla» MeHbllle Ha 4,6 %, B HaIllpaBJleHUU
«00patHO» MeHblie Ha 0,4 % B cpaBHEHUU
C TTOE3/I0M TO K€ MacChl, BEOMBIM JIEKTPO-
Bo3oM 3DC4K. Bpemsa xona y MI'OII Ha
yuacTke KpuBeHkoBckass—IoiiTx B HampaBJie-
HUM «TyJa» MeHblle Ha 2,6 %, B HalIpaBJiecHUU
«00paTtHO» Ha 9,3 %.

Bomnpock! ynipaBieHust a3HeprosgdexTus-
HOCTBIO B MHOTOJIBUTATEIbHBIX TATOBBIX MO-
JTYJISTX TIOCTOSTHHO HAXOMSATCsI B TI0JI€ 3pEHUS
HCcCcIienoBaTeNeli, TOCKOIBbKY B UX PEIIeHUN
3aJ103KeHbI 3HAUNTEIbHBIE PE3ePBbI CHUKEHMST
cebecTouMOCTH TepeBo3okK [10—13].

[IpuMeHeHMEe BJIEKTPOAMHAMUYECKUX
TOPMO30B TakxXe 0ojiee 3¢ (HeKTUBHO U Oe3-
onacHo Ha MI'OII no cpaBHEHUIO ¢ TTOE€30M
JIOKOMOTUBHOM TSTH, TTOCKOJIbKY TOPMOXe-
HUE TIPOU3BOIUTCS MOTOPHBIMU BaroHaMw,
pacripeneJI€ HHBIMU TT0 COCTaBY, YTO CHUKAET
PHMICK CXOJIa TIPULIEITHBIX BarOHOB, BHIIABIIM -
BaHUs UX B KPUBBIX, a TAKXXe YMEHBIIIAET
TPOIOJIEHO-TMHAMWYECKUE PEaKIIMU COCTaBa
Ha TTePeJIOMHBIX TTPOMUIISX TIYTH.

Hamwm onpenenena nieneBast (MakCMMabHO
JIOTTyCTMMas Ha TeKYIIIMii MOMEHT) 1ieHa MO-
TopHoro BaroHa MI'SI1 — 60 miH py6., Tpu-
nernHoro BaroHa MI'OIT — 1,92 maH py6.,
eIMHOBPEeMEHHBIE 3aTPaThl Ha 000pyIOBaHNE
JIeTo 1o 3kcruryataiuu — 20 % oT LieHbI PH-
obpereHuss MI'DII. Ilpu Takux mapameTpax
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KaIMTaJIbHBIX BJIOXKEHUI BO BHEAPEHUE TaH-
HOTO BUA TSITHU IO COBOKYITHOCTH TEXHOJIO-
TUYECKUX, IKOHOMMYECKUX 2(DDEKTOB 1O
KPUTEPUIO MAKCUMYyMa YUCTOM MpUBEAEHHON
croumoctu (NPV) 3a mepuon akcruryaraumm
pabora MI'DII npeanoyTuTeabHee, YeM Me-
PEBO3KM T0e31aM1 JTOKOMOTUBHOM TSTH.
Hanpumep, ipu cpaBHEHUM IBYX MTOE3I0B —
MI'DII v noe3na TOKOMOTUBHOM TSATH C SJIEK-
TpoBo3oM 3DCS5K, crmtocoOHBIX MTEpeBO3UTH
paBHEI 110 Macce rpy3 — 4000 T ipu paBHOIT
TIroBoii MoiHocTy 9600 KBT 1 paBHBIX [10-
XOJHBIX CTaBKax, 3a MepUO IKCIUTyaTaluu
40 ner BenmmumHa NPV y moe3na ¢ 3;1eKTpoBo-
30M 39C5K coctaBut 21,039 muapa pyo.,
y MI'DII — 21,101 mapx py6., Te. Ha 0,3 %
BBIIIIE, YTO MOATBEPKAAET KOHKYPEHTOCIIO-
cobHocTs MI'OII npu 3a1aHHBIX XapaKTepu-
CTHKaX.

CoCTaBHOCTb MOTOPBAaroHHBIX TPY30BBIX
T0€3I0B HECOMHEHHO JOJKHA OBITh U3MEHSIe-
Moii. [Tpu 3TOM BO3ZMOXHO TTPUMEHEHUE aB-
TOMaTUYeCKOI 1IM(PPOBOI CLENKU, UCTIONb-
30BaHUE KOTOPOI MO3BOJUT HE TOJBKO ObI-
CTPO aBTOMAaTUYECKM CIETUISITh/paclerlisiTh
BaroHbl, HO ¥ TTPOU3BOINTH ABTOCOETMHEHE
BO3JYXOBOJIOB TOPMO3HBIX MarucTpanei,
9JIEKTPUUYECKMX KOHTAKTOB MarucTpajiei
3JIEKTPONUTAHUS pa3nuuHbIX Herneit (BI1T,
pedprxepaTopoB 1 Jp.).

ITpuMeHeHMEe TPY30BBIX JIEKTPOTIOE3I0B
peuaeT rpobJjieMy CTaOUJILHOTO U HAAEKHO-
ro 3HeproodecreueHUs] pedpuKepaTOPHBIX
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KOHTEHHEPOB, CITEIIUATM3UPOBAHHBIX ChEM -
HBIX KY30BOB BATOHOB-IIUCTEPH, TPEOYIOIINUX
3HEPIruu 115 obecrieyeHus: paboThl TapOBBIX
pybaiiek, TerIoBbIX AJIEKTPUUECKUX Harpe-
BaTesIeil U oXJaauTeNei, odecreunBaloInX
MepeBO3KY HAIMBHBIX IPY30B B HaJJIeXXallleM
COCTOSIHUUY Ha NaJIbHUE PACCTOSTHUS.

TIpumeHeHue TPY30BBIX JIEKTPOIOE3I0B
BO3MOXHO U JJIsI YCKOPEHHOI TMepeBO3KU
KOHTpPEWIEePOB, YTO MO3BOJIUT CHUZUTD yIEJIb-
Hble BBIOpockl CO, ¥ OKaXkeT MOJIOKUTETbHbIA
3KOJIOTUYECKU 3D GHEKT.

HauGonpimuii moTeHIMANI I OpraHu-
3allUM KOHTpPEHJIepHbIX MepeBo3oK B Poc-
CHUU, HAa HAIl B3TJIs], UMEIOT MAaKCUMAaJIbHO
3arpy>XeHHbI€ aBTOTPAHCITIOPTHBIE HAaIIpaB-
JIeHus, Te 0ojiee BHICOKAsk CKOPOCTh MPO-
XOXIEHUS MOTPaHINEePEX0oA0B U JOCTABKU
TPY30B I10 XeJIe3HOM Jopore CoOCTaBUT dak-
TOP CYIIECTBEHHOT'O CHUXXEHUS JIOTUCTUYE-
CKUX u3nepxek. K Takum HampaBaeHUSIM
MOXHO oTHecTH MockBa—CaHKT-IleTep-
oypr—®@uunasHausg, MockBa—MuUHCK—
bpect—Bapinasa, MockBa—MuHcK—Buiib-
Hioc—KanuHuHrpam.

BbIBO4bl

CoszngaHne MOOYJIBHBIX TPY30BEIX 3JIEKTPO-
MOEe30B B paMKax TPaHCIOPTHO-TIPOU3-
BOJICTBEHHOM KOOTepali BO3MOXHO B TAaKUX
OTpacisax, Kak MPOU3BOACTBO U IepeBO3Ka
MPOAYKTOB MUTAHUS, TEXHNICCKUX KUIKO-
cTeil, TpedyIoKUX 0COOBIX YCIOBUIA TeMITepa-
TYPHOTO peXXrMa MpY XpaHeHUU U TPaHCTIOP-
TUPOBKE, YCKOPEHHAsI 10CTaBKa BhICOKOTEX-
HOJIOTUYHOU OBITOBOW 1M KOMITbIOTEPHON
TEXHUKM, MaIlIMH 1 000pyI0BaHusl, IEKapCTB,
MpPEeAMETOB MOJIbI, IPYTUX IPY30B C BHICOKOM
JobaBIeHHOI cTOUMOCThIO. [ToMrMoO 3TOTO,
MpeuMyIIeCTBa IPYy30BbIX BJIEKTPOIIOE310B
MpOSIBITCS Ha TIOJIMTOHAX C HECTaOMJIbHBIM
rpy30MOTOKOM, Ha y4acTKaX CO CJOXHBIM
npoduIeM IIyTH, TIe BO3MOXKHEI BEIHYKICH-
HbI€ OCTAHOBKU Y Pa3rOH Ha KPYThIX MOIbEMaX
U CITyCKax, Il MpUMEHSIeTCS TOATAIKUBAHUE,
NBOMHAs Tsra.

MoTopBaroHHbIE I'py30BbI€ JEKTPOIOE3-
J1a — 3TO CHEAATM3UPOBAHHBINA MOIBUXHOM
COCTaB, €ro BHEAPEHUE HUCKOJIBKO HE OTME-
HUT JaJbHENIIEro pa3BUTHUS TOE300B JOKO-
MOTHBHOM TSITH, OCHOBHas cepa IIpuMeHe-
HUS KOTOPBIX OCTAHETCS 32 TPAHCIIOPTHUPOB-
KO MacCOBBIX, HACBITTHBIX, CBIPbEBBIX TPY30B.
IToTpeOGHOCTh COBpEMEHHO 3KOHOMMKH,
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COOTBETCTBUE 1IeJISIM pe()OPMUPOBAHUS XKe-
JIE3HOJOPOKHOIO TPaHCIIOPTa, IMOSIBIICHUE
MHCTUTYTA YACTHBIX CHELMaTU3UPOBAHHBIX
MepeBO3YNKOB 103BOJIIT MI'DI1 3aHATh 3HA-
YUTEJbHYIO HUIILY HA BHYTPUIOCYIapCTBEH-
HBIX, MEXTYHAPOIHBIX U TPAH3UTHBIX MapIlI-

pyTax.
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ABSTRACT

The article studies direct and external
effects produced by the development of
railway infrastructure facilities. Examples
ofintersectoral cooperation in the transport
sector in Russian and international
practices confirm that development of
intersectoral production and transport
interaction of business entities allows to
radically accelerate scientific and
technological progress in the railway
industry, namely, to develop and introduce
new models of railway rolling stock, new
transportation technology, considering
also regional features of the transportation
market.
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The practical part considers the
advantages of introduction of freight electric
multiple-unit trains (FEMUT), identifying the
main groups of cargo owners, for whom this
type of rolling stock is intended. The results
of calculations show possible reduction in
running time and in specific consumption of
electric power when introducing FEMUT. The
calculated costs of self-propelled (motor)
and trailer wagons of FEMUT are followed by
the results of economic calculations of NPV
oflife cycle operation of FEMUT in comparison
with a train with locomotive traction. To
achieve the stated objectives ofthe research,
the work uses methods and tools of technical
comparison and of financial planning.
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Introduction.

From a macroeconomic point of view,
railways can be considered as both an index and
instrument of macroeconomic policy. The
progress in other sectors of the economy, transport
mobility of the population, and comprehensive
development of territories depend on the activity
of railways. The delays in rate of development of
transport infrastructure, lagging in introduction
of new technology and rolling stock, and that is
particularly important for Russia, are unacceptable
being the factors constraining a country’s
economic growth.

The objective of the research described in the
article is to substantiate the economic efficiency
of introduction of modular freight trains for
certain types of transportation (container,
piggyback transportation, carriage of refrigerated
goods), to determine the range of goods for which
this type of rolling stock is most effective.

To achieve this objective, the research applied
methods of comparative analysis, content analysis
of technical information, planning of cash flows
and financial calculations.

Social and economic efficiency of innovations

In Russian Federation, according to the
Program of Structural Reform in Railway
Transport, the objectives of the reform are: to
increase stability of operation of railway transport,
its accessibility, safety, and quality of services
provided by it to ensure a single economic space
of the country and national economic develop-
ment; to form a single harmonious transport
system of the country; to reduce total national
economic costs of railway transportation; to meet
the demand for railway services [1].

Omitting past discussions happened about
problems and consequences resulting from the
reform (it is possible to mention [2] as one of
noticeable but most controversially estimated
works dedicated to that topic) it is worth
highlighting that emergence of new transport
arteries, improvement of transportation
technology on existing railways generate not only
direct benefits obtained directly by the owner of
the transport infrastructure, but also external,
complex multiplier effects.

Direct transport effects include:

* additional income from collection of fares
and transportation of goods by rail;

« reduction of cost of transporting goods and
passengers with other modes of transport due to
improved road conditions (reduced traffic jams,

decreased rate of road accidents, increased
delivery speed compared to water transport,
reduced delivery costs compared to air transport);

+ reduction of capital investments in other
objects of transport infrastructure due to a
decrease in time of delivery of goods and
passengers;

+ reduction of transport losses associated with
compensation for damage environmental damage
(the effect of reducing CO, emissions from road
and air transport, pollution of water infrastructure.

External effects are associated with receipt of
benefits by economic entities in the non-transport
industry. These effects include:

+ reduction of losses of passenger travel time,
including due to reduction of traffic congestion;

» reduction of unproductive losses of
passengers by reducing transport fatigue (decrease
in labor productivity after a trip);

* reducing the need of enterprises and
organizations in current assets due to increase in
speed of delivery of materials and finished
products because of improvement of equipment
and technology of transportation;

* reduction of losses from road accidents;

« increase in the value of real estate, as well
as of rental rates for real estate because of
development of the adjacent transport
infrastructure;

* increase in property and land tax revenues
from real estate, thanks to development of the
adjacent transport infrastructure;

* increase in income taxes on profit and value
added from operation and sale of real estate,
caused by development of railway transport;

« effect of growth of incomes of the population
following creation of new jobs and, as a
consequence, the growth of tax revenues on the
income of individuals in the non-transport
sectors;

+ effect of growth in the net profit of
economic entities associated with an increase in
purchasing activity due to creation of new
businesses and jobs in the region adjacent to the
transport artery;

« effect of an increase in accessibility of
territories and, as a consequence, of development
of tourism;

« effect of reducing the crime rate due to
increased employment of the population
following creation of new jobs in the areas
adjacent to the transport infrastructure.

The evaluation of the public (socio-economic)
efficiency of implementation of measures focused

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 4, pp. 188—198 (2020)

Troitskiy, Pavel S. Introduction of the Latest Railway Technology based on Intersectoral Cooperation




ondevelopment of transport infrastructure should
be made by comparing public costs and results,
which will take place in transport sector (direct
effects) and in non-transport sectors of the
national economy (external effects) in case of
implementation of these measures with the costs
and results, which will take place in case of failure
of their implementation.

Intermodal and intersectoral cooperation

All above external out-of-transport effects
can be measured in monetary terms and their
impact on the country’s total GDP can be
assessed. Of course, the state is the main
stakeholder and beneficiary of investments in
construction, modernization, and maintenance
of transport facilities. However, to obtain direct
transport effects under the conditions of
saturation of the transport services market,
modern methods and forms of management
should be applied by non-state business entities.
As an example of this approach, we can cite the
project for development of the tourist cluster
«Sortavala—Ruskeala—Valaam» in the vicinity
oflowloaded West Karelian railway. In December
2018, the High-Speed Transportation
Directorate of JSC Russian Railways (DOSS)
launched two pairs of high-speed trains
«Lastochka» on the route St. Petersburg—
Sortavala, which, in addition to serving tourists
in the cluster, also take over part of the socially
important transportation between small
settlements of the Republic of Karelia and
Leningrad region. At the same time, the level of
transport services in the region has improved. If
earlier it was necessary to travel by bus from
St. Petersburg to Sortavala along a winding road
for 6—7 hours, now Lastochka electric train
covers this distance in just four hours. It is
possible to see the tourist sites of Sortavala,
Valaam Monastery or Ruskeala Mountain Park
during a single day. With insignificant profitability
oreven unprofitableness, and the need to operate
two types of traction on this route (diesel and
electric locomotives), the project obtained an
integral socio-economic effect, which should be
redistributed between the subjects of the tourism
sector and the transport business. Such
redistribution can take the form of creation of
joint ventures (for example, transport and tourist
enterprises), contracts for transportation,
concession agreements, etc.

International practices show examples of
transport projects of intermodal and intersectoral
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cooperation comprising: passenger intermodal
railway and bus transportation of the Czech
companies Leo Express and RegioJet with their
own locomotive, car and motor-car fleet; freight
transportation of contrailers by Mercitalia electric
multiple-unit trains in Italy; intermodal rail, bus
and ferry services of the Japanese company West
Japan Railway; diversified business of the railway
company Union Pacific Railroad Co inthe USA,
including transportation of agricultural products,
cars, chemicals, coal [3]. The rolling stock of
these multi-industry holding companies was
purchased and designed directly for the needs of
the company’s production units and specific
customers of transportation services.

The creation of transport and production
associations, participation in railway transport
business of organizations and industries that are
vitally interested in stable operation of transport,
ensuring a well-coordinated transportation
schedule for their own needs allow to ensure
introduction of advanced, science-intensive
railway technics, equipment and technologies at
an accelerated pace.

Freight electric multiple-unit trains as the
object of cooperation

Scientific research concerned traction and
energy calculations, and also an algorithm for
composition of modular Freight Electric
Multiple-Unit Trains (FEMUT) by the
criterion of energy efficiency [4—8].

In author’s opinion, the introduction of this
rolling stock will be of interest to those
participants in the transportation market who
need to increase the rhythm of shipments,
safety of cargo along the route, to reduce the
risk of goods being defrosted during
transportation in refrigerated containers, and
to save energy for traction of trains.

The use of FEMUT makes it possible to
reduce the longitudinal compressive loads on
wagon couplers up to 400 kN (by 6,25 times
compared to locomotive-hauled wagons), to
lighten weight of metal structures of wagon
frames by 1,6 tons (by 7,3 % of the total
container weight). At the same time, the
decrease in the cost of FEMUT trailer car will
amount to RUB76,8 thousand or 3,84 %.
Saving the weight of wagon container allows,
with constant tractive power and the number
of motor wagons, to increase the number of
trailer cars within FEMUT. Considering the
additional mass of cargo, the tare coefficient of
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FEMUT will become less than that of a
locomotive-hauled train.

Since there will be a possibility of using
electro-pneumatic brakes (EPB) for FEMUT
and reduced response time for braking, it will be
possible to reduce the stopping distance of the
train by 30—40 % and thereby to increase speed
of movement — to process freight trains according
to the passenger’s schedule or in the in the same
schedule slot with passenger trains, which will
unload transit capacity of railway lines. In
addition, the use of EPB for FEMUT will reduce
time for testing the brakes at stations, improve
controllability and safety of the train, since the
driver, using an electro-pneumatic line, will
constantly be able to control pressure in brake
cylinders and charging tanks of each wagon. In
afreight electric train, it is possible to implement
the concept of reducing the charging pressure
in the brake line and increasing the density of
connection of brake networks, which will help
not only to reduce the energy costs of driving
the train and increase the service life of
compressors, but also, most importantly, to
improve controllability of train brakes, which
plays the most important role in ensuring traffic
safety [9].

The operating costs for transit of train flows
will decrease, since the rate of strong braking
and subsequent acceleration of freight trains
will significantly decrease, which means
reduced consumption of electricity for traction.
It was revealed that the power consumption
when regulating the total power of traction
electric motors in FEMUT is lower than that
of alocomotive-hauled train, since in FEMUT
the regulation of the required power is more
maneuverable due to the lower power of each
individual traction motor and a larger number
of them. The greatest effect when using the
algorithm for turning off excess power at
FEMUT is manifested in sections with a
variable flat-mountain track profile, which
allows to significantly save energy for traction
of trains when using FEMUT on latitudinal
network segments. Calculations made at
Medvezhya Gora—Novy Poselok section of
Oktyabrskaya railway, showed decrease in
specific power consumption in the direction
«there» by 4,6 %, and in the direction «back»
by 3,9 %, compared to a train of similar weight
driven by an electric locomotive 3ES5K. On
Krivenkovskaya—Goyth section of the North
Caucasian Railway, the specific power
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consumption in the direction «there» is 4,6 %
less, in the direction «back» it is less by 0,4 %
in comparison with the train of the same weight
driven by 3ES4K electric locomotive. The travel
time with FEMUT on Krivenkovskaya—Goyth
section in the direction «there» islessby 2,6 %,
in the direction «back» it is less by 9,3 %.

The problems of energy efficiency
management in multi-engine traction modules
are constantly followed by researchers since
their solution includes significant reserves for
reducing the cost of transportation [10—13].

The use of electrodynamic brakes is also
more efficient and safer at FEMUT compared
to a locomotive-hauled train, since braking is
performed by motor cars distributed along the
train, which reduces the risk of derailing of
trailer cars, squeezing them out in curves, and
also reduces the longitudinal-dynamic reactions
of the train at breaking track profiles.

We have determined the target (currently
maximum allowable) prices of a FEMUT
motor (self-propelled) wagon which is 60
million rubles, of a FEMUT trailer car (1,92
million rubles), and one-time costs for the
depot equipment for operation FEMUT (equal
t0 20 % of the purchase price of FEMUT). With
such parameters of capital investments for
introduction of this type of rolling stock, in
terms of total technological, economic effects
by the criterion of the maximum net present
value (NPV) for the period of operation,
operation of FEMUT is preferable as compared
to trains with locomotive traction. For example,
when comparing two trains, a FEMUT and a
locomotive-hauled train with an electric
locomotive 3ESSK, both capable of carrying a
load of equal weight (4000 tons) with an equal
traction power of 9600 kW and equal profitability
rates, for a period of operation of 40 years, the
NPV value fora train with an electric locomotive
3ESSK will be 21,039 billion rubles, for
FEMUT it will be 21,101 billion rubles, i.e.
0,3 % higher, which confirms the compe-
titiveness of FEMUT with the given charac-
teristics.

The composition of multi-unit freight trains
must undoubtedly be variable. At the same time,
it is possible to use an automatic digital coupler,
the use of which will allow not only to couple/
uncouple the wagons quickly and automatically,
but also to auto-connect the air ducts of brake
lines, electrical contacts of power lines of various
circuits (EPT, refrigerators, etc.). The use of
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freight electric trains solves the problem of stable
and reliable power supply of refrigerated
containers, specialized demountable bodies of
tank cars that require energy to ensure operation
of steam jackets, thermal electric heaters and
coolers that ensure transportation of bulk cargo
in proper condition over long distances. The use
of electric freight trains is also possible for
accelerated contrailer transportation, which will
reduce specific CO, emissions and have a positive
environmental effect. Biggest capacity for
organizing piggyback transportation in Russia,
in our opinion, belongs to the most loaded road
transport routes, where a higher speed of passage
of border crossings and delivery of goods by rail
will be a factor for a significant reduction in
logistics costs. These areas include Moscow—
St. Petersburg—Finland, Moscow—Minsk— Brest—
Warsaw, Moscow—Minsk—Vilnius—Kaliningrad.

Conclusions. The creation of modular
freight electric multiple-unit trains within
the framework of transport and production
cooperation is possible for such industries as
production and transportation of food
products, technical liquids requiring special
temperature conditions during storage and
transportation, accelerated delivery of high-
tech household and computer equipment,
machinery and equipment, medicines,
fashion items, other goods with high added
value. Besides, the advantages of freight
electric trains will manifest themselves at
railway network segments with unstable
freight traffic, on sections with a complex
track profile, where forced stops and
accelerations on steep ascents and descents
are possible, where pushing and double
traction are used.

Freight electric trains represent specialized
rolling stock, and its implementation will not in
the least cancel further development of
locomotive-hauled trains, the main scope of
which will still comprise transportation of bulk,
raw materials. The need of the modern economy,
compliance with the goals of reforming railway
transport, the emergence of the institution of
private specialized carriers will allow FEMUT to
occupy a significant position on domestic,
international and transit routes.
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Hukonaii TPUTOPLEB

Omunnunii JIeHL, — 3HaMEHUTbIN PYCCKuil pu-
3UK HEMELIKOrO MPOUNCXOXAEHWS, aKkaaemMmuk,
npogeccop lMeTepbyprckoro yHuBepcuTeTa,
a Brioc/1e4CTBUM €ro PeKTop, AOKTOP ¢uioso-
v, TaviHbIli COBETHUK. .. OH y4acTBOBaJ1 B KpY-
rocseTHom nytewecTeuu Koueby Ha Lwone
«[lpegnpusatve». JlIeHY n3BecTteH cBONUMU
¢dyHAaMeHTabHbIMY paboTamu Mo 3J1EKTPO-
MarHeTu3my vl U3y4eHuIo TeMNJ10B0ro AercTBus
B/1IEKTPUYECKOro TOKa.

ABTOp 3aKoHa onpeaeneHns HanpasieHUs
WHAYKUMOHHOro toka (lNpasuio JleHua) v co-
aBTOpP 3aKOHa O TEN/10BOM BO3AEHCTBUMN 3T1EK-
TPMYECKOro Toka (3akoH [xoyns—-JleHua), oH
npOoBEN psia 3HAYNTESIbHBIX UCCAEL0BaHWI M0
BO3AEVICTBMIO TOKA HAa Pa3HOPOAHbIE NMPOBOL-
HuKK, paspaboTasn MeToasl pacyéTta 37eKTpo-
MarHuTOB J151 MOCTPOEHUS 3/I€KTPUYECKUX
MaLLH.

MEHHbIV TOK.

KOJIECO NCTOPWUL

IMmunuin XpuctnaHoeunu JleHuy
(1804-1865)

Ipueopvee Huxoaaii /[mumpuesun — xanoudam mexuuyeckux nayk, Mockea, Poccus®.

O ero 3ameyaresibHbIX J1EKUMSIX 10 pu3nke
n pusndeckort reorpapun xoanam aereHasl,
OHU OT/INYaINCh YANBUTEIIbHOWV SICHOCTbIO
U CUCTEMATUYHOCTBIO.

Ha npoTtsaxeHun Bcevi cBOew Xu3Hu JleHu
3aHVUMaJICsl NCCeA0BaHNSIMM B 061acTu pu-
3ukn. Bknag JleHua B HayKy C/10XXHO rnepeoLie-
HUTb. AMunnii XpuctmnaHoBuY Oblj1 UCKIIIOHYN-
T€JIbHO Pa3HOCTOPOHHUM Y4EHbIM. OH Obin
aBTOPOM y4eBHUKOB Mo puavike a4Jis cpenHen
LUKOJIbI, paboTas Hag ralbBaHU4YeCKUM 30/10-
yeHvieM KyrnionioB Xpama Crnacutens B Mockse,
Hana npobaemori oceeleHnss Hesckoro npo-
cnekta B letepbypre. JleHy 6bi1 Gu3nkom
B CaMOM LLUNPOKOM CMbICsie 3Toro cioBa. OH
HUKorga He 3aMblKaszicd Ha «4yucrTon Teopetun-
4Yeckovi Hayke», Bcerga CTPeMusICs Ha npak-
TUKE MPUMEHUTb Pe3ysibTaTbl CBOUNX OTKPbI-
TUN.

KnioyeBble cnoBa: JleHu, nctopusi TpaHcrnopTta, 3akoH [xoyns—JleHua, npasusio JleHua,
3akoH Papanes—Makcsenna-JleHua, 6anINCTUHECKnii raibBaHOMETP, 3/1eKTPOMAarHuT, rnepe-
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aHBaps 1865 r., 155 ner Hazan,
B Pume B Bo3pacte 60 et cko-
POITOCTMKHO CKOHYAJICS POC-

CUUCKUUN YYEHBIA HEMEIIKOTO MTPOUCXOXE-
HUsg Omunnii JIeHIT — OAWH U3 OCHOBOIIOJIOX-
HUKOB 2JIEKTPOTeXHUKU. JIeHII — aBTOp Tpa-
Buja (1833), Ha3BaHHOIO €ro UMEHEM,
YUYEHBIN AKCITEPUMEHTATLHO 000CHOBABIINIA
3akoH JIxoynsa—Jlenna (1842), cozmaBimii
METO/IbI pacu€Ta 3JIeKTPOMarH1UTOB (COBMECT-
Ho ¢ Bb. C. SIko6u), OTKpBIBIINIT 00PaTUMOCTh
9JIeKTpUIecKUX MamH. C ero uMeHeM CBsI-
3aHO OTKPBITUE 3aKOHAa, OIPEAesIONIero
TETJIOBBIE JECTBYSI TOKA, U 3aKOHA, OTpeie-
JISIIOIIEeTO HaIlpaBieHWe MHAYKIIMOHHOTO
TOKa.

Omunuit JIeHn 6611 mpodheccopoM U pek-
TopoMm Mmnepatopckoro Caunkr-Ilerep-
Oyprckoro yHuBepcuteta (1863—1865), neii-
CTBUTEJILHBIM 4ieHOM Pycckoro reorpacpuue-
ckoro obiectBa ¢ 19 ceHTa0ps (1 okTa06ps)
1845 rona.

OCHOBOTIOJIOXKHUK COBPEMEHHOTO YIESHMS
00 BJIEKTPUYECKNUX U MAaTHUTHBIX SIBJICHUSIX
Omunuii Xpuctuanosud Jleni [ 1—10] ponwi-
cs1 24 (12 mo crapomy ctuiio) cdeBpans 1804 1.
B I. epnt (HbiHE TapTy, DCTOHUS) B CeMbe
00ep-cekpeTaps (CTapliero YNHOBHUKA) TO-
ponckoro maructpata. B 1820 1. oH B Bo3pacre
16 J1eT OKOHYMJI C OTVIMYMEM TUMHA3UIO U T10-
CTYITWJI BHAYaJle Ha eCTeCTBEHHBIH (haKyJIbTeT
Hepnrtckoro (HeiHe TapTycKOro) YyHUBEpPCHU-
TeTa. 3aTeM 1o MaTepUaIbHBIM COOOpaKeHM -
sIM IOHOI1Ia TIepeBEJICs Ha OOrocIOBCKUl (a-
KYJIBTET, HO 3aHSTHS TTO DU3KMKe He TIpeKpa-
tun. [locie BToporo Kypca cTyneHT JleHIit
Y4acTBOBaJI B KayecTBe (PU3MKa IJIsT BHITION -
HEeHUsT HAOJMIONeHUI Ha MOpe M Ha cylie
B 1823—1826 romax B KpyrocBeTHOM TTyTelle-
cTBUU B ATiantTuyeckoM, Munuitckom u Tu-
XOM OKeaHax Ha nntorie «[Ipeanpustue» mox
KOMaHJIOBaHUEM PYCCKOTO MOpeIuIaBaTeIs
0. E. Ko1iedy. OH npu moMouiy CKOHCTPYU-
POBaHHBIX ITyooMepa 1 baToMeTpa (Tprbdopa
JUTSL B3SITUST TIPOO BOZIBI M1 UBMEPEHUST TEMIIE-
paTyp Ha pa3HbIX ITyOMHAaX) u3ydai huznde-
CKHe CBOMCTBAa OKeaHMYECKO BOMIbI, HAOJTIO-
Jajl ¥ TOAPOOHO OMUCHIBAJI aTMOC(eEpHbBIE
SIBJICHUSI M U3BEPXKEHUE BYJIKAHOB, UCCIIENO-
BaJl MAaTHUTHOE CKJIOHEHHUE, pa3zpabdboran
LIUPKYJISIITUOHHYIO TEOPUIO MOPCKUX T€USHU T
W BIIEpBbIE 0003HAUYMI 3amauyu (HU3NIYECKON
reorpauu Kak Hayku. Bcé aTo mociayxxuio
HavyaJoM TOYHBIX HAOJIOIEHUN B 0bgacTu

okeaHorpaduu. UM 6b110 TOKa3aHO HAJIMIKe
B3aMMOCBSI3M MEXIY COJIEHOCTHIO OKeaHYe-
CKOM BOIBI, KOJIMYECTBOM COJTHEUYHOM pagra-
LIMY ¥ CUJION BeTpa: HauMeHee COJIEHAsI Boda
Ha 3KBaToOpe, TaK KakK TaM OOJbIlIe BCEro
COJTHEYHOTO TEIlIa, a BO3AYX MaJIOTIOIBUXKEH;
B OTHUX YCJIOBMSX B IIpOIlecCe MCIapeHUS
MUKPOKAIUIM OCTAIOTCS Ha IOBEPXHOCTU
OKEaHNYECKOU BOIbI, CO3MaBasI IMPEIISITCTBUE
g Bosneiicteua Comxua. B 1827 . JIeHn mo
MaTepuajaM OKeaHOrpaUIeCKUX HAyIHBIX
uccliefoBaHUM Mocje uX 00paboTKU METOIOM
HaMMEHBIINX KBaAPaTOB M aHAIN3a 3aIUTUI
B Iepmanuu npu leiinens6eprckomM yHUBep-
CUTETe MMCCEPTALIMIO Ha CTEIIeHb TOKTOpa
¢dunocopun u niepeexan B Cankr-IletepOypr,
I1Ie HeIPOIOJIKUTEIbHOE BpeMsI IIpeItoaaBal
B IIIKOJIE.

B 1828 1. B Cankr-IlerepOyprckyio Aka-
IeMUI0 HayK ObLja IpeacTaBlieHa paboTa
Jlenna «O con€HOCTH U TeMIiepaTypax BOAbI
OKEaHOB Ha pa3HBIX INIyOMHAX», 32 KOTOPYIO
eTo U30pasu ambIOHKTOM (ITOMOIIHUKOM
npodeccopa) Akagemuu 1o pusuke. B 1829 .
AkazneMus HampaBujia 25-JIeTHEro y4€HOro
JIJIST BBITIOJTHEHUSI MAaTHUTHBIX U TPaBUTALIM-
OHHBIX HAOJTIOIEHUH B HAYIHYIO SKCIICIUIIAIO
Ha ropy Dib0Opyc, Tae UM OblJIa pacCYMTaHAa €
BBICOTA MO MOKa3aHUsAM Oapomerpa. JleH1n
OpraHM30Baj U3YICHUE MAaTHUTHBIX SIBICHUM
¥ KayaHuii MagTHuUKa B HuxkomaeBckoil 00-
cepBaropun Ha KaBka3ze, HabOoma1 U3MeHe-
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Umneparopckuii CankT-lleTepbGyprckuii yHUBepCcUTeT.

HUs ypoBHs Kacmust, ycraHOBUB 6apoMeTpu-
YeCKHM CII0COO0OM, YTO ero ypoBeHb Ha 30,5 M
HIXe, yeM y Y€pHoro mMops, uccieaoBai
BBIXOJI Ha [IOBEPXHOCTh FOPIOYMX Ta30B B paii-
oHe baky, roe Hemameko ot ropoma cobpan
o0pa3ubl HePTH.

B 1830 r. ®munnii JIeni B Bo3pacre 26 jiet
OBLT M30paH SKCTPAOPAMHAPHBIM (CBEpPXIIITAT-
HbIM) akageMukoM CaHkTt-IlerepOyprckoit
Axkamemuu Hayk. B ero BemeHue mepemén
¢du3nyeckuit KaOMHET, COOpPaHHBIN TIpeIIe-
crBeHHUKOM B. B. I1eTpoBrim [11], BKoTOpoM
Mpoliia BCs Moceaylomas nesTeJIbHOCTh
YIEHOTO.

B 1831 1. anrmiickmii pusuk M. Dapaneit
OTKPBLI U OMHUCAI SABJIeHNE «MarHuTo3JIeK-
TPUYECKOM U BOJIBTARIEKTPUYECKOU UHAYK-
LIKii», TIe OH IMPUBOAWII Pa3IMYHbIC IIPaBUIa
JUISL OTIpeie/ICHUSI HAIlpaBIeHUsT UHIYLIMPO-
BaHHBIX TOKOB. JIeH1r B 1833 1., u3yuuB Bce
paboTHI B 3TOM 00JIACTH, YCTAHOBUIL: «GO3HU-
Kaowjuil 6 3aMKHymMom KOHMype UHOYKUUOHHDBLIL
MOK UMeem makoe HanpasieHue, Ymo co30aH-
HbLI UM NOMOK MACHUMHOU UHOYKUUU 4epe3
nA0UAOb, 02PAHUYEHHYIO KOHMYPOM, CPeMUm-
¢ KOMNEHCUPo8amy mo UsMeHeHue nepeoHd-
YANbHOR0 MACHUMHO20 NOASL, 8CACOCMEUE KOMO-
P00 npoucxodum uHOyKyus». DTO TPABUIIO,
Ha3BaHHOE ero UMEHeM, sIBJIsIeTCsI DyHIaMeH -
TaJbHbIM B TEOPETUYECKOM 3JIEKTPOTEXHUKE
[12; 13] 1 oHO BOIILIO BO BCe YYEOHUKM TIO
aneKTpoTexHuKe [14; 15]. B mocnenytomem Ha
OCHOBaHMH 3TOrO MpaBuUia ObUIM ITOJTyYEHbI
MaTeMaTH4eCKue CBI3U IJIsI MTHOBEHHBIX
3HAYEHMI TOKOB U 3JICKTPOIBIKYIIUX CHUIIL.
Hewmenxuit pusuk @. Heiiman B 1846 1. mpn
BBIBOJIE 3aKOHOB 3JICKTPOMAarHUTHOM UHIYK-
1M Bocmonb3oBajcs npasuiioM Jlenma. He-
menkuit ¢usuk I. JI. Tenpmronsn B 1847 1.
B paboTe O COXpaHEHMU DHEPIUU TaKKe CO-
ciajcs Ha 9To npaBuio. CiaeaoBaTelbHO,
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JleHII IBWJICSI MIpenIIeCTBEHHUKOM pPacIpo-
CTpaHEeHUS 3aKOHA COXPAaHEHMS SHEPTUM Ha
00J1aCTb SIBJICHUH 3JICKTPOMarHUTHOM MHIYK-
11U, T.€. 0000IICHUS Beanyaiiiero (pusnde-
ckoro oTkpbeiTus XIX Beka. B matemaTnue-
CKOIl (popMe sIBJIeHHE 3JIeKTPOMATHUTHOM
VHOYKUIWKA gai B 1873 I. aHIIMUCKUI (U3NK
. K. Makcsesut. B HaydyHO 1 y4eOHOM JIH-
TepaType B HACTOSAIIEeEe BpeMsI KOJTMICCTBEH-
Hblii 3akoH Papanes—Maxkcsemura—JleHna wist
MTHOBEHHOTO 3HAYCHMS 3JICKTPOABMKYIIEH
CUJIBI e 3amuchiBaeTcsd Kak e = —dy/dt
(31eKTpOoaBIEKYIIIASI CHJIA TIPOITOPIIMOHAIBHA
CKOPOCTH U3MEHEHUSI MATHUTHOTO TIOTOKA
TO €CTb IIEPBOM IIPOU3BOJIHOM MArHMUTHOTO
MOTOKA MO BpeMeHU dy/df), Tie 3HaK MUHYC
COOTBETCTBYET mpaBuiy JIeH1a.

TTpaBuno JIeH11a MTOMOTJIO PEIIeHUIO 3a1a-
Y1 O TOYHBIX M3MEPESHUSIX MAaTHUTHOM HAIIPSI-
XKEHHOCTH M HaMarHMYMBaHMS Xxeje3a. OH
OBUT OMHUM U3 IIEPBBIX aBTOPOB MHIYKIIMOH-
HBIX M3MEPUTEJbHBIX NTpubopoB [16; 17]
¥ COBMECTHO C PYCCKHMM (PU3UKOM U 3JIEKTPO-
texuukoMm b. C. SIkobu mpemioxun oamim-
CTUYCCKMI METO JUTSI U3MEPEHUSI BETMYMHBI
MarHUTHOTO MOTOKA TeMH WHAYKIIMOHHBIMU
IEeNCTBUSIMU, KOTOPbIE BOZHUKAIOT IIPH CO-
30aHUU WA MCYC3HOBEHHUH ITIOTOKA. DTOT
MeTOH ObLJT €eTMHCTBEHHBIM B T€ TOIBI MHIM-
KaTopoM Toka. OH JICXKHUT B OCHOBE COBPEMEH-
HOTO 0aJIMCTUYECKOIO TaJlbBaHOMETpa,
MIPUMEHSIIOMIETOCS IUIST U3MEPESHUST MaJIBIX
BEJIMYMH IIPY KPAaTKOBPEMEHHBIX MMITYJIbCAaX
TOKa, B KOTOPOM IOABMXKHAs 9aCTh MMEET
OTHOCHUTEJIEHO HEOOJIbIIIO MOMEHT MHEPITUH,
a pe3yJIbTaT OTCUUTHIBACTCS 10 HAXOOJIBIIIEMY
OTKJIOHEHHMIO yKa3aTeJs.

B dpopmynuposke nipaBmia JIeHIa 3aKio-
YyeHa uaesl IMPUHIMIIA 3KBUBAJCHTHOCTH
(oOpaTMOCTH) JIEKTpUYECKUX MammH. OH
TI0KA3aJl, YTO MAaTHUTORJICKTPpUIECKast MHIYK-

Fpuropses H. 1. 9munuit XpnctunaHoeuy JleHu (1804-1865)



st Papajiest cBsi3aHa C 3JIEKTPOMarHUTHBIMUA
cuiiaMu ppaHiry3ckoro yuéHoro A. M. Amre-
pa. «[ToysoxxeHue, MOCPEICTBOM KOTOPOTO
MaTHUTO3JIEKTPUUIECKOE SIBJICHUE CBOIUTCS
K 2JIEKTPOMarHUTHOMY, 3aKJIFOUaeTCs B Clie-
IYIOIIEM: €CJTM METANTMIECKUI TTPOBOTHUK
JIBIDKETCST TIOOJIM30CTU OT TaTbBaHMYECKOTO
TOKa MJIM MarHUTa, TO TOK MOT ObI O0YCJIOBUTH
€ro TiepeMellleHre B TTPOTUBOIIOIOXHYIO CTO-
POHY; TIPY 3TOM TIPEII0JIaraeTcsl, YTO MOKOSI -
IUACS MPOBOAHUK MOXET TepeMelaThCs
B HaTIpaBJIeHUM IBVKEHUST MW B TIPOTUBOTIO-
JIOXXHOM HarpayieHun». B pabore «O Heko-
TOPBIX OTBITaX U3 00JIACTU TajJbBaHU3Ma»
MPUHIUAT 00PaTUMOCTH 3JIEKTPUIECKUX Ma-
IIWH UM ObLT chopMYIUpPOBaH 0oJiee YETKO:
«Kaowcowtii 3neKxmpomacHumHubLi ONbIM MOXNCEM
Obimb 00pawéH makum 06pa3om, Ymo oH npuge-
0ém K cOOmeemcmeyouemy MaeHumo3NeKmpu-
yeckomy onvimy. [lna 3mo2o HYJICHO MOAbKO
€o00uUMb NPOBOOHUKY 2ANbEAHUHECK020 MOKA
KaKum-aub0 uHbiM cnocobom mo deudcenue,
Komopoe oH cogepuiaem 8 cayuae 31eKmpomae-
HUMHO20 ONbIMA, U Mo20d 8 HEM 803HUKAem MOK
HanpaeaeHus, npomuUoNoA0ICHO20 Hanpasie-
HUI MOKa 8 31eKmpomasHumuom onsime». 13
npaBuia JleHia ciemyer, 4To, TpomycKas
B TIOIBUKHBIX KATYIIIKaX, PacITOJI0XEeHHBIX
MEXJIy TOJII0CaMU MarHUTOB, TOKW, MOXHO
JoO0UThCS UX BpalmeHuss. HaobopoT, eciau
B MOABMXHBIE KATYIIKA TOK HE MyCKaTh,
a BpalaTh X MEXIy MOJI0cCaMi MarHUTa 3a
CYET ITOCTOPOHHEN CUJTBI, TO B HUX BOBHUKAET
WHAYIMPOBAaHHAS 3JIEKTPOABMKYIAs CUIA.
CrieoBaTeIbHO, OH TEPBBIM TPUIIIET K BbI-
BoAy 00 OIMHAKOBOM YCTPOMCTBE U 0OpaTH-
MOCTH 3JIEKTPUYECKUX MAIIIWH, SKCTIEPUMEH-
TaJbHO TPEBPATUB TEHEPATOP B JABUTATEIb.
Y coBpeMeHHBIX KOJUIEKTOPHBIX JIEKTpUYE-
CKMX MalllMH WUMEIOTCSI KOHCTPYKTUBHBIE
pa3uuus TeHepaTOpOB W IBUTATENe n3-3a
ocobeHHocTel nx kommyTauuu [18; 19].
Yxe yepe3 4yetbipe roaa, B 1834 ., JleHn
ObLT M30paH OPAMHAPHBIM (IIITATHBIM) aKaJie-
mukoM CaHkT-ITerepoyprckoit AH o ¢pusu-
ke. OH BBITIOJHSJT TaKKe TeIarormaeckylo
paboty B MOpCcKOM KaleTCKOM KopIlyce,
B ApTUJUIEpUiCKOl akageMuu, B [J1aBHOM
MeaarornyeckoM MHCTUTYTe, a B 1835 . ObLI
MpUTIAIIEH Ha NOJKHOCTh OPAUHAPHOTO
npodeccopa Kadeapsl pu3nku (OTaeJIEHHON
oT xuMmuun) CaHkT-IleTepObyprckoro yHuBep-
cuteTa, B 1836 . Bo3raBui Kadenpy Gusnku
u ¢usndeckoii reorpadpuu. B 1840 . ero us-
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Opasu IeKaHOM Ha BTOPOM OTIeJIEHNU (DHUITO-
codckoro daxkyabreTa, rae oH NnpedbiBal
0ecCMEeHHO Ha 3TOM JOIKHOCTHU J0 U30paHus
pexTopoM yHuBepcuteta B 1863 . UM ObuTH
HanmvcaHbl MHOTOYMCIIEHHBIE YYeOHWKHU U TT0-
cobus o pU3MKe, a pyKOBOJACTBO K (PU3UKeE,
COCTaBJIEHHOE JIJISl PYCCKUX TMMHA3U 1 OITy0-
nukoBaHHoe B 1839 1., BiAepxkano 11 uzna-
HUMN.

Anrnuiickuit pusuxk Yuibsaim CTEpakeH
(B. CromxeH) B 1825 . u1300pén anekTpoMar-
HUT. B TO Bpemsl OTCYTCTBOBaJIM TaHHBIE T10
MarHWTHBIM CBOMCTBaM XeJjie3a. ToJIbKO B CO-
BMecTHBIX paboTax JIeHiia ¢ bopucom Akobu
«O 3aKkoHax 3J1eKTPOMAarHUTOB», «O TIPUTSI-
KEHUU 3JIEKTPOMaTrHUTOB» U «O BIMSHUU
CUJTBI TOKA HA MTHTEHCUBHOCTH BO30YXIaeMBbIX
B 3KeJie3e MarHeTH3Ma» ObUIM JaHBl METOMIbI
pacyéra 3J1eKTPOMArHUTOB B 3JIEKTPUIECKUX
MalllMHaX, KOTOpbie MPUMEHSUIUCH 0 yCTa-
HOBJIEHUSI 3aKOHOB MarHUTHOM 1ienu. B HuX
Obla yCTaHOBJIEHA MPOMOPIIMOHATBHOCTD
JIEWCTBUS 2JIEKTPOMAarHuTa Cujie ToKa 1 4uc-
JIy BUTKOB KaTyIIKU (IT0 COBPEMEHHOM Tep-
MUHOJIOTUM YUCTy aMIiep-BUTKOB) [20].

B 1841 1. npyroii aHruiickuit Gpusmk
JIxenimc Tpeckot dxoynb (HXyJ) omyoau-
KoBaJl padoTy «O TeroTe, BhIIEISIEMON TO-
Kamu», HO B JloHmoHckoM KoposeBckom
obuecTBe (HayyHoe o0lecTBo Benukoopu-
TaHWW) OHa BCTPETUJIa HEKOTOpPhIE 0OOCHO-
BaHHBIEC BO3paXKeHUsI, M OT HETO IMOTpedoBaIn
JMIOTIOJTHUTENbHBIX 3KCIIEPUMEHTAIbHBIX
yTouHeHwUii. JIeHIl ucciiegoBan TaHTeHC-
Oycconu (mpubop 151 U3SMEPEHUS TOKA, U30-
operénnbiit 1. HepBanaepoM), mpoBepu
CITPaBETUBOCTb U OOOCHOBAJI COBPEMEHHM -
KaM 3akoH Hemenkoro ¢gusuka I. C. Oma
U UCCIIEIOBaJl HarpeBaTeJIbHOE IeMCTBUE TO-
KOB, Pe3yJIbTaThl KOTOPBIX MO0k B CaHKT-
IMeTepOyprckoii Akagemuun Hayk B 1842 1.
(«O 3aKoHax BbIIEJICHUH TeTUIa TaJIbBaHUYE-
CKMM TOKOM») U B 1843 1. («O BbImeIeHUNU
TerJja B MPOBOJOKax»). B aTHX coob1eHusIX
UM TOYHBIMU U 9KCTIEPUMEHTAIIBHBIMY JTaH-
HBIMM OBLJTY TOKa3aHbl 3aBUCUMOCTH COTIPO-
TUBJIEHUSI METAJUIOB OT TEMIIepaTyphl U OC-
HOBHBIE TTOJIOKEHUS TETUIOBOTO NEeNCTBUS
TOKa, Ha3BaHHOT0 3aKOHOM JIxxoynsi—JIeHua:
BBIIIEJISIEMOE TOKOM TETLIO IPOTIOPIIMOHATIBEHO
COTIPOTUBJICHUIO TIPOBOIHUKA, KBAIPATY CUJTBI
TOKa, BpeMEHU 1 He 3aBUCUT OT KaKUX-JTM0O0
JIPYTUX €T0 CBOMCTB. DTO SIBUWJIOCH OMHOU U3
TIPEANOCHUIOK YCTAHOBJICHUST 3aKOHA COXpa-
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HEHHUS U TIpeBpallleHnus SHeprui. B HacTos-
1ee Bpemst Ha 3akoHe [[xxoynsa—JIeH1ia ocHO-
BaH pacyéT HarpeBaTeJIbHBIX AJIEKTPOIPUOO-
pPOB, BBIOOP CEYEHMIT BO3MYITHBIX TIPOBOIOB
1 XKW KaOeTbHBIX IMHUH 3JIEKTpoIIepenayu,
TJIaBKUX BCTABOK ITPEIOXpaHUTENIEl U TeTUIO-
BBIX pacleNUTeNIeil yCTPONCTB 3alIUTH 2JIEK-
TPOYCTAHOBOK OT TIEPETPY3KN W aBapUMHBIX
PEXMMOB KOPOTKOTO 3aMBIKaHms [21; 22].

B 1844 r. Jlen BeIBes1 (hopMyITy JUTSI OTIpe-
JIeJIEHUsT TOKa B JII000# 13 TapaJiieIbHO CO-
eIMHEHHBIX BETBEM, COIepKaIIX UCTOYHUKNA
SJIEKTPOABWKYIIIUX CUJI, SBUBIIYIOCS TIPE-
IIEeCTBEHHUIIEW NBYX 3aKOHOB [IJISI pa3BeT-
BJIEHHBIX 3JICKTPUUYCCKUX LEeTIei, OTKPHITBIX
B 1847 . HemenikuM yuéHEIM [. P. Kupxrodom
[12—15].

B 1845 r. JIenn cran JeiicTBUTEIbHBIM
yneHoM Pycckoro reorpaduueckoro ooiie-
cTBa, ObIT M30paH B COBET U 10 KOHIIA XKU3HHI
BBITIOJTHSLT B HEM OOJTBIITYIO PA3HOCTOPOHHIOIO
pa6ory. B 1851 . oH onybimKkoBat cBoit pyH-
JaMeHTalIbHbIA Tpyn «Pu3nyeckas reorpa-
(ust», KOTOPBI HEOTHOKPATHO TTepen31aBa-
csa B Poccuu u 3a py6exkom. B HEM uM ObuH
pPacCMOTPEHBI CTPOEHUE 3eMHOI KOPHBI, TIPO-
HCXOXIIEHNE W HeTIpephIBHOE TIepeMellieHre
00pa3yolIKX e€ MOpo, BAMSIIOLIEe Ha peibed
MaTepuKoB. bblin oTMeueHsbl Tpu dakTopa,
BBI3BIBAIOIINX HETIPEPHIBHOE U3MEHEHME T10-
BEPXHOCTU CYIIU: BYJKAHUYECKUE CUIIBI,
BJIUSTHUE BOJ TIPU CONEUCTBUM aTMOChepbl
1 OpraHnYecKue CyIIecTBa, M yKa3aHbl 3aKO0-
HOMEpPHOCTU CYTOYHOTO M TOJOBOTO XOJa
TeMITepaTypbl U 1aBJIEHNS BO3yXa, BETPOBOU
JIeSITeTbHOCTH, UCTIaPEHUST BOJIbI, KOHIEHCA-
LIMK BOASIHOTO Mapa v o6pa3zoBaHUsI 00J1aKOB,
3JIEKTPUIECKUX U ONITUIECKUX SIBJIEHUI B aT-
Mocdepe. bblio 00bSICHEHO MPOUCXOKIAEHUE
royooro 1Beta Heba, paayru, KpyroB OKOJIO
Conniia v JIyHbl. YY€HBIN yCTaHOBWI IPUYU-
HY HeOOJIBIIIOTO TTOBBIIIEHUsI TeMIIEpaTyphl
BOJIBI C ITyOMHOI B 30HE K 1ory oT 51 rpagyca
I0KHOU ITUPOTHI M OTMETUJI, YTO TIOJO0OHAs
WHBEPCUS I0JDKHA UMETh MecTo U B CeBepHOM
JlemoBuToM okeaHe. TeM caMbIM OH MpPeIBOC-
XUTWJI OTKPBITHE HOPBEXKCKOTO UCCIIeI0BaTe-
g Apktukn @. HaHceHa, 0OHapyKMBIIIETO
BO BpeMs sKkcrnenuiun B 1893—1896 romax
TEIUIbIe aTJIAHTUYECKHE BOIBI B TITyOMHHBIX
cliosix Apkruuyeckoro 6acceiitHa. UM Takske
OBIIO YCTAaHOBJIEHO, YTO COJEHOCTH BOJBI
B OKeaHe Majo U3MeHseTCs ¢ TJyOUHOI,
a B BEPXHEM CJIO€ YMEHBIIIAETCS C IUPOTOM.

® MWP TPAHCIMOPTA, Tom 18, N2 4, C. 200-210 (2020)

OnHako HanOoIbIIAs COIEHOCTh HAOTIOMACT-
Cs1 HE B 9KBaTOpUAJIbHOU 30HE, a B paioHax
OJIN3 TPOITMKOB BCJICICTBUE CHJIBHOTO MCTIa-
penust. [IIOTHOCTE BOABI BO3pACTaeT C IIIMPO-
TOU ¥ ¢ TITYOMHOM 13-3a YMEHBIIICHUS TEMIIe-
paTypsl BOOEI B 3TUX HaIlpaBIeHUX. [103TOMY,
no MHeHu1o JleHua, B MUpOBOM OKeaHe Ha-
POy ¢ TEYCHUSIMU, BBI3BIBACMBIMU BETPOM
¥ HAaKJIOHOM YPOBHS IIOBEPXHOCTH THA, TOJIK-
HO CYIIIECTBOBATH O0IIee M HE MEHEe CHIIBHOE
IBIDKEHNE TTOBEPXHOCTHBIX BOJ U3 TPOITMYE-
CKO11 30HBI B 00J1aCTU BICOKUX LLIMPOT U ABU-
XKEHUE TJIIYOMHHBIX BOI M3 3TUX OOJjacTeit
B TPOIIMYECKYIO 30HY. Takasl LIUPKYJISAIUS,
CyIIeCTBOBaHME KOTOPOI OBLIO IIOATBEPXKIE-
HO TOCJICAYIOIINMHA HAOMIONCHUSIMU, TIPEI-
CTaBIISIET OO0 OMHY M3 BaXKHEUIIINX ITPUYNH
BOIOOOMEHa MeXAY HU3KMMM U BBICOKUMU
mmpotamMu. OHa 1 00yCIIaBIIMBAET ITOCTYILIC-
HUE XOJOIHBIX BoI n3 MHAmniickoro, ATiaH-
THYeckoro, Tuxoro n CesepHoro JIemoBUTOTO
OKeaHOB B INIYOMHHBIC CJIOM YMEPEHHBIX
U HUBKUX UPOT. JIeHI mpuBEN MeToauYE-
CKMe YKa3aHUs TS OIIpeaeICHUS CKOPOCTe i
TeUeHWI HaBUTAIIMOHHBIM CITOCOOOM U BBI-
cKazaJl MBICIb O TOM, YTO OPOUTHI YaCTHUIL
B BETPOBEIX BaHHAX MpPEICTABISIOT COOOit
aynIIck. I1o ero MmpeanooXXe o TIaBHOI
TIPUINHOM IPOIECCOB, TPOUCXOISIINX B aT-
Mocdepe 3eMH, SIBISIETCS COJTHEUHasl pa-
IHalNsI, HauOOoIbIas 9acTh 9HEPTUH KOTO-
poil TIoTJIoIIaeTcs OKeaHaMU, OTPOMHBIMU
pe3epByapaMu Biaru u Teria. OHa pacxomy-
eTcsl B OCHOBHOM Ha MCITapeHHe BOIEI, BHI-
3pIBasl €€ KpyroooOpalleHWEe B IMPUPOIE
¥ hopMupys KauMaT Ha 3emite. JICHIT SIBUJI-
CSI OCHOBOITOJIO(KHUKOM YUE€HHSI O B3aMMO-
JIEUCTBUM OKeaHOB C aTMOC(MEPOii, a ero TpyI
«Pusnyeckasa reorpadusd», comepKalinii
TOYHEIC ¥ JOCTOBEPHBIE OKeaHOTpapmIecKe
HabJIIoAeHUs, MMe 00JIblIOe 3HAUYeHUE IS
pa3BUTHUS HaykK o0 3emiie.

B 1846 r. Hemenkuii pusuk B. D. BeGep
OMBITHBIM ITyTEM YCTAHOBWJI, YTO BOIIPEKH
3aKOHY 3JIeKTpOMarHUTHOI MHIyKLmy Mapa-
JiesT IIEKTPOIBILKYIIAST CHJIA 3JICKTPUIECKIX
TeHepaTOpPOB MPU MOAKIIOUYSHUW BHEIIHEH
3JIEKTPUICCKON IIeTTH He MPOITOPIIMOHAaIbHA
CKOPOCTH BpallleHUsI ero Bajia. Bedbep o0bsic-
HSUT 5TO TeM, UTO KeJIe30 MAaTHUTHOM IeITn
reHepaTopa He yCIieBaeT IMPUHSTh ITOJTHOTO
HaMarHM4MBaHUS TIPU OBICTPOM M3MEHEHUH
3JIEKTPUUYECKOTO mouisl. JIeHII Ha MarHUTO-
3JICKTPUIECKOM TeHepaTope MOCTOSTHHOTO
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TOKa cobpas 00IbIION 3KCIIepUMEHTATBHBIN
matepuai. [To pabote «O BIUSHUM CKOPOCTU
BpallleH!s Ha MHAYKIIMOHHBII TOK, TTPOU3BO-
JIVMBIA MarHUTOJIEKTPUYECKUMM MallliHa-
mu» oH caenan B Cankr-Iletepbyprckoit AH
Tpu coobmieHus: B 1847, 1853 u 1857 romax.
WM ObLIO BBIABUHYTO COOCTBEHHOE OOBSICHE -
HUE YMEHBIIIEHUIO 2JIEKTPOABMXKYIIIEH CUITHI,
KOTOpO€ B HacCTOsIIee BpeMs Ha3bIBaeTCs
peakimeit siKkopsl IIpu MPOTEKaHUU B HEM
3JIEKTpUYeCcKoro Toka. Heo0xonmmMo y4uThI-
BaTh HE TOJIbKO TOKU, WHAYIUPYEMBIE BO
BpaIiarmneMcs SsKope 3JeKTpUIeCKON Mall-
HBI MATHUTHBIM TTOJIEM TIOJIIOCOB, HO Y TOKHU
OT CAaMOWHAYKIIMUA B 0OMOTKe sikopsi. Ero
MpeTOKEeHNE CMEIIeHNST IETOK Ha HEKOTO-
PBIA YroJl OTHOCUTEJIbHO HEUTPAJIBHOW Ieo-
METPUYECKOU JIMHUU KOJIJIEKTOpA C 1IETbI0
JIMKBUIALIMY UCKPEHUSI TTPUMEHSIETCS JI0 CUX
TIOP B 9JIEKTPUYECKUX MAIIMHAX (TeHepaTopax
W IBUTATEJISIX) TIOCTOSTHHOTO TOKA IMPU HaJTH -
YUM JTOTIOJTHUTEBHBIX TIOJIIOCOB HOMUHAJTb-
HoM MourHocThIo 10 300 BT, a mpu ux oTcyT-
CTBMU — MOIIHOCTBIO 10 1 KBT [23; 24].

B 1853 . JIeH1 BriepBble YCTAHOBUJ CMeE-
meHue ha3bl MepeMeHHOTO TOKa OTHOCUTEITb-
HO (a3bl CUHYCOUIAIILHOTO HATIPSIKEHUS,
u B 1857 . OH mpuayMan KOMMYTarTop, T.e.
U300pENT MpUOOp LT U3ydyeHus: GopMbl Kpu-
BOW MHAYKTUPOBAHHOTO MTEPEMEHHOTO TOKA.
MM Ob1710 omnpeneneHo ycJioBUe pexuma mo-
JIE3HOM MaKCUMaJTbHOI MOIITHOCTA UCTOUHM -
Ka dJIEKTPUIECKOM IHEPTUM, KOT/Ia BHYTPEH-
Hee COTNPOTUBJIEHWE MCTOYHUKA W BHEITHEN
LIeMX paBHBI MeXy cO00i. DTO yCI0BUE pe-
XMMa B HacTosIee BpeMsl MPUMEHSIETCS
B MaJIOMOIIHBIX 3JIECKTPOHHBIX YCTPOMCTBAX
TeJeMeXaHWKH, CBSI3U, aBTOMAaTUKH 1 YITpaB-
JIEHMS.

OMunuit XpuctruaHoBuy JIeHI[ cKopormo-
CTMKHO CKOHYAJICS BO BPeMsI 3arPaHUYHOTO
oTITycKa 1 jeueHus 3peHus B Pume 10 perpa-
a5 (29 gHBaps 1o crapomy cTwio) 1865 .
B Bo3pacTte 60 jet. [ToxopoHunu ero B Pume
Ha MpOTeCTaHTCKOM Kiiaaouiue. Mim ObLin
YCTaHOBJIEHBI TpaBuJIo JIeHI1a 1 3aKkoH I xkoy-
Jg—JleHua, moaTBepXAEH 3aKoH OMa u emy
BIIEPBBIC B 3JIEKTPOTEXHUKE YIAJIOCh YCTAaHO-
BUTH CBSI3b MEXIY 3JIEKTPOMAarHUTHBIMU
U JIEKTPOAUHAMUYECKUMU SIBAEHUSMU [25].
3a cBOM HAay4YHBIE TPYIbI B 00J1aCTH JIEKTPO-
TeXHUKU U Teo(U3UKU OH ObLT U30paH uiie-
HOM-KOpPpPECTIOHIEHTOM AKaJeMUU HayK
B TypuHe 1 B bepanMHCKOI akageMnu HayK.
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OMunuii JIeH1 BCio XXU3Hb Tpoxkui B Poc-
CUICKOIT UMIIEPUHU, HO OH TaK Y HE BBIYYWJ
PYCCKUM SI3bIK, YTO €My HE MOoMelllajo CTaTh
OCHOBATeJIeM OT€YECTBEHHOM IIKOJIbI dJIeK-
TPOTEXHUKH.
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ABSTRACT

Emilius Lenz is a famous Russian physicist
of German origin, academician, professor at
St. Petersburg University, and later its rector,
doctor of philology, privy councilor ... He took
part in Kotzebue’s trip around the world on
the sailing sloop Enterprise. Lenz is known for
his fundamental work on electromagnetism
and the study of the thermal effect of electric
current.

The author of the law stating the direction
ofinduced current(Lenz’s law) and co-author
of the law on the thermal effect of electric
current (Joule-Lenz law). He carried out
several significant studies on the effect of
current on dissimilar conductors, developed
methods for calculating electromagnets for
building electrical machines.

Emilius Lenz
(1804-1865)

Grigoriev, Nikolay D., Ph.D. (Eng), Moscow, Russia*.

Legends circulated about his wonderful
lectures on physics and physical geography,
they were remarkable for their amazing clarity
and systematicity.

Throughout his life, Lenz was engaged in
research in the field of physics. Lenz’s
contribution to science can hardly be
overestimated. Emilius Lenz was an
exceptionally versatile scientist. He was the
author of textbooks on physics for high
school, worked on the galvanic gilding of the
domes of the Cathedral of Christ the Saviour
in Moscow, on the problem of lighting Nevsky
Prospekt in St. Petersburg. Lenz was a
physicist in the broadest sense of the word.
He never closed himself on «pure theoretical
science», always tried to apply the results of
his discoveries in practice.
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nJanuary 29, 1865, 155 years ago, at the
Oage of 60, in Rome a Russian scientist of

German origin Emilius Lenz, one of the
founders of electrical engineering, died suddenly.
Lenz is the author of the law (1833) named after
him, a scientist who experimentally substantiated
the Joule—Lenz law (1842), who created methods
for calculating electromagnets (together with
B.S. Jacobi), who discovered reversibility of
electrical machines. His name is associated with
the discovery of the law that determines thermal
effects of the current, and the law that determines
direction of the induced current.

Emilius Lenz was a professor and rector of the
Imperial St. Petersburg University (1863—1865),
a full member of the Russian Geographical Society
since September 19 (October 1) 1845.

The founder of the modern doctrine of
electrical and magnetic phenomena Emilius
Christianovich Lenz [ 1—10] was born on February
24 (12 according to the old style), 1804 in the city
of Dorpat (now Tartu, Estonia) in the family of
the chief secretary (senior official) of the city
magistrate. In 1820, at the age of 16, he graduated
from the gymnasium with honours and first
entered the Faculty of Science at the University of
Dorpat (now Tartu). Then, for material reasons,
the young man transferred to the theological
faculty, but did not stop his physics studies. After
the second year of his studies, student Lenz
participated as a physicist in conducting the
observations at sea and on land in 1823—1826
during a round-the-world voyage in the Atlantic,
Indian and Pacific oceans on the sailing sloop
Enterprise under the command of the Russian
navigator Otto E. Kotsebue. With the help of a
constructed depth gauge and a bathometer
(a device for taking water samples and measuring
temperatures at different depths), he studied
physical properties of ocean water, observed, and
described in detail atmospheric phenomena and
volcanic eruptions, investigated magnetic
declination, developed the circulation theory of
sea currents and for the first time outlined the
problems of physical geography as a science. All
this was the beginning of accurate observations in
the field of oceanography. He proved the existence
of a relationship between salinity of ocean water,
the amount of solar radiation and wind strength:
the least salty water is at the equator, since there is
the most solar heat, and the air is inactive; under
these conditions, during the evaporation process,
microdroplets remain on the surface of ocean
water, creating an obstacle to the action of the sun.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

Grigoriev, Nikolay D. Emilius Lenz (1804-1865)

In 1827, Lenz defended his Ph.D. thesis in
Germany at the University of Heidelberg, based
on the materials of oceanographic scientific
research, after their processing by the least squares’
method and analysis, and moved to St. Petersburg,
where he taught at school for a short time.

In 1828, Lenz’s work «On salinity and
temperatures of ocean water at different depths»
was presented to St. Petersburg Academy of
Sciences, in recognition of that he was elected an
associate (assistant professor) of the Academy in
physics. In 1829, the Academy sent a 25-year-old
scientist to perform magnetic and gravitational
observations on a scientific expedition to Mount
Elbrus, where he calculated its height according
to the readings of a barometer. Lenz organized the
study of magnetic phenomena and pendulum
swings at Nikolaev Observatory in the Caucasus,
observed changes in the level of the Caspian Sea,
establishing by a barometric method that its level
was 30,5 m lower than that of the Black Sea,
investigated the release of flammable gases to the
surface in the Baku region, where he also collected
oil samples.

In 1830 Emilius Lenz at the age of 26 was
elected an extraordinary (supernumerary)
academician of St. Petersburg Academy of
Sciences. He was in charge of the physics «cabinet»
(laboratory), arranged by V. V. Petrov, his
predecessor [11], in which all subsequent activities
of the scientist took place.

In 1831, the English physicist M. Faraday
discovered and described the phenomenon of
«Magnetoelectric and voltaelectric inductions»,
where he gave various rules for determining the
direction of induced currents. Lenz in 1833, having
studied all the works in this area, established: «the
induced current arising in a closed loop has such a
direction that the flux of magnetic induction created
by it through the area bounded by the loop tends to
compensate for the change in the initial magnetic field
due to which induction occurs». This law, named
after him, is fundamental in theoretical electrical
engineering [12; 13] and it was included in all
textbooks on electrical engineering [14; 15].
Subsequently, based on this law, mathematical
relationships were obtained for the instantaneous
values of currents and electromotive forces. In 1846
the German physicist E Neumann used Lenz’s
law to derive the laws of electromagnetic induction.
The German physicist G. L. Helmholtz in 1847,
in his work on conservation of energy, also referred
tothislaw. Consequently, Lenz was the predecessor
of extension of the law of conservation of energy
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to the field of electromagnetic induction
phenomena, i.e. generalization of the greatest
physical discovery of 19" century. Ina mathematical
form, the phenomenon of electromagnetic
induction was given in 1873 by the English
physicist D. C. Maxwell. In the scientific and
educational literature, at present, the quantitative
Faraday—Maxwell—Lenz law for the instantaneous
value of the electromotive force e is written as
e =—dvy/dt (the electromotive force is proportional
to the rate of change of the magnetic flux v, that
is, the first derivative of the magnetic flux dy/dr),
where the minus sign corresponds to Lenz’s law.

Lenz’s law helped solving the problem of
accurate measurements of magnetic strength and
magnetization of iron. He was one of the first
authors of induction measuring instruments [16;
17], and together with the Russian physicist and
electrical engineer B. S. Jacobi proposed a ballistic
method for measuring the magnitude of the
magnetic flux by those inductive actions that arise
when the flux is created or disappeared. This
method was the only current indicator in those
years. It forms the basis of the modern ballistic
galvanometer, used to measure small values at
short-term current pulses, in which the moving
part has a relatively small moment of inertia, and
the result is counted by the largest deflection of the
pointer.

The formulation of Lenz’s law contains the
idea of the principle of equivalence (reversibility)
of electrical machines. He showed that Faraday’s
magnetoelectric induction is associated with the
electromagnetic forces of the French scientist
A.M. Ampére. «The position by which a
magnetoelectric phenomenon is reduced to an
electromagnetic one is as follows: if a metal conductor
moves near a galvanic current or magnet, then the
current could cause its movement in the opposite
direction; it is assumed that the stationary conductor
can move in the direction of motion or in the opposite
direction». In his work «On some experiments in
the field of galvanism» the principle of reversibility
of electric machines was formulated by him more
clearly: «Every electromagnetic experiment can be
reversed in such a way that it will lead to a
corresponding magnetoelectric experience. For this,
it is only necessary to give the conductor of the
galvanic current in some other way the movement
that it makes in case of an electromagnetic experiment,
and then a current of the direction opposite to the
direction of the current in the electromagnetic
experiment appears in it>. It follows from Lenz’s
law that by passing currents in moving coils located

between the poles of magnets, currents can be
made to rotate. On the contrary, if no current is
allowed into moving coils, but they will be rotated
between the poles of the magnet due to an external
force, then an induced electromotive force arises
in them. Consequently, he was the first to come to
the conclusion about the same structure and
reversibility of electric machines, experimentally
turning a generator into a motor. Modern collector
electric machines have structural differences
between generators and motors due to the
peculiarities of their commutation [18; 19].

Four years later, in 1834, Lenz was elected an
ordinary (full-time) academician of St. Petersburg
Academy of Sciences in physics. He also performed
pedagogical work at the Naval Cadet Corps, at the
Artillery Academy, at the Main Pedagogical
Institute, and in 1835 he was invited to the post of
ordinary professor of the Department of Physics
(separated from chemistry) at St. Petersburg
University, in 1836 he headed the Department of
Physics and physical geography. In 1840 he was
elected dean of the second department of the
Faculty of Philosophy, where he held this position
permanently until his election as rector of the
university in 1863. He wrote numerous textbooks
and manuals on physics, and a manual on physics,
compiled for Russian gymnasiums and published
in 1839, withstood 11 editions.

The English physicist William Sturgeon
invented the electromagnet in 1825. At that time,
there were no data on magnetic properties of iron.
Only in the joint works of Lenz with Boris Jacobi
«On the laws of electromagnets», «On attraction
of electromagnets» and «On the influence of
current on intensity of magnetism excited in iron»
were given methods for calculating electromagnets
in electric machines, which were used before the
laws of the magnetic circuit were established. In
them, proportionality of action of the electromagnet
to the current strength and the number of turns of
the coil (in modern terminology, the number of
ampere-turns) was established [20].

In 1841, another English physicist James
Prescott Joule (Jule) published his work «On the
heat given off by currents», but in the Royal Society
of London (the scientific society of Great Britain),
it faced some justified objections and the members
demanded additional experimental clarifications
from him. Lenz investigated the tangent-compass
(adevice for measuring current invented by Johan
Jakob Nervander, checked validity and
substantiated to his contemporaries the law of the
German physicist G. S. Ohm and investigated the
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heating effect of currents, the results of which he
communicated to St. Petersburg Academy of
Sciences in his reports in 1842 («On the laws of
release of heat by galvanic current») and in 1843
(«On release of heat in wires»). In these reports,
he proved the dependence of resistance of metals
on temperature and the main provisions of the
thermal action of current, called the Joule—Lenz
law, with accurate and experimental data: the heat
released by the current is proportional to resistance
of the conductor, the square of the current
strength, time and does not depend on any of its
other properties. This was one of the prerequisites
for establishing the law of conservation and
transformation of energy. Currently, the Joule—
Lenz law is based on calculation of electrical
heating devices, the choice of cross-sections of
overhead wires and cores of cable power lines,
fuse-links, and thermal releases of devices for
protecting electrical installations from overload
and emergency modes of short circuit [21; 22].
In 1844 Lenz derived a formula for determining
the current in any of the parallel-connected
branches containing sources of electromotive
forces, which was the predecessor of two laws for
branched electric circuits, discovered in 1847 by
the German scientist G. R. Kirchhoff [12—15].
In 1845 Lenz became a Full Member of the
Russian Geographical Society, was elected to the
Council, and until the end of his life he performed
agreat and versatile work in it. In 1851 he published
his fundamental work «Physical Geography»,
which was reprinted several times in Russia and
abroad. In it, he examined the structure of the
earth’s crust, the origin and continuous movement
of'the rocks that form it, and which affects the relief
of the continents. Three factors were noted that
cause a continuous change in the land surface:
volcanic forces, the influence of waters assisted by
the atmosphere and organic creatures, and the
patterns of daily and annual variations in air
temperature and pressure, wind activity, water
evaporation, condensation of water vapour and
the formation of clouds, electrical and optical
phenomena in the atmosphere. The origin of the
blue colour of the sky, rainbow, circles around the
Sun and Moon was explained. The scientist found
the reason for the slight increase in water
temperature with depth in the zone south of 51
degrees south latitude and noted that a similar
inversion should take place in the Arctic Ocean.
Thus, he anticipated the discovery of the Norwegian
Arctic explorer E Nansen, who discovered warm
Atlantic waters in the deep layers of the Arctic basin
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during his expedition in 1893—1896. He also found
that salinity of water in the ocean changes little
with depth, and in the upper layer decreases with
latitude. However, the highest salinity is observed
not in the equatorial zone, but in areas near the
tropics due to strong evaporation. The density of
water increases with latitude and depth due to a
decrease in water temperature in these directions.
Therefore, according to Lenz, in the World Ocean,
along with currents caused by wind and the slope
of the bottom surface level, there should be a
general and no less strong movement of surface
water from the tropical zone to high latitudes and
movement of deep waters from these areas to the
tropical zone. This circulation, the existence of
which has been confirmed by subsequent
observations, is one of the most important causes
of water exchange between low and high latitudes.
It also determines the flow of cold waters from the
Indian, Atlantic, Pacific, and Arctic oceans into
the deep layers of temperate and low latitudes.
Lenz gave methodological instructions for
determining velocities of currents in a navigational
way and suggested that the orbits of particles in
wind baths are ellipses. According to his position,
the main reason for the processes taking place in
the Earth’s atmosphere is solar radiation, the
largest part of which is absorbed by the oceans,
huge reservoirs of moisture and heat. It is spent
mainly on evaporation of water, causing its
circulation in nature, and forming the climate on
Earth. Lenz was the founder of the theory of
interaction of the oceans with the atmosphere, and
his work «Physical Geography», containing
accurate and reliable oceanographic observations,
was of great importance in development of earth
sciences.

In 1846, the German physicist W. E. Weber
experimentally established that, contrary to
Faraday’s law of electromagnetic induction, the
electromotive force of electric generators when
connected to an external electrical circuit is not
proportional to speed of rotation of its shaft.
Weber explained this by the fact that iron of the
generator’s magnetic circuit does not have time
to accept full magnetization when the electric
field changes rapidly. Lenz collected a large
amount of experimental material on a
magnetoelectric DC generator. He made three

reports in the St. Petersburg Academy of |

Sciences on the work «On the influence of speed
of rotation on the induction current produced
by magnetoelectric machines»: in 1847, 1853
and 1857. He put forward his own explanation
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for decrease in the electromotive force, which
is currently called the reaction of the armature
when an electric current flows through it. It is
necessary to consider not only the currents
induced in the rotating armature of an electric
machine by the magnetic field of the poles, but
also currents from self-induction in the armature
winding. His proposal to displace the brushes by
a certain angle relative to the neutral geometric
line of the collector in order to eliminate
sparking is still used in electric machines
(generators and motors) of direct current in the
presence of additional poles with a rated power
of up to 300 W, and in their absence — with a
power of up to 1 kW [23; 24].

In 1853 Lenz first established the phase shift
of an alternating current relative to the phase
of a sinusoidal voltage, and in 1857 he invented
aswitch, i.e., invented a device for studying the
shape of the curve of the induced alternating
current. He determined the condition for the
maximum useful power of the source of
electrical energy when the internal resistance
of the source and the external circuit are equal
to each other. This condition of the mode is
currently used in low-power electronic devices
for telemechanics, communications, auto-
mation, and control.

Emilius Christianovich Lenz died suddenly
during an overseas vacation and vision therapy
in Rome on February 10 (January 29, old style)
1865 at the age of 60. He was buried in Rome at
a Protestant cemetery. He established the Lenz
law and the Joule—Lenz law, confirmed Ohm’s
law and for the first time in electrical engineering
he managed to establish a connection between
electromagnetic and electrodynamic phenomena
[25]. For his scientific work in the field of
electrical engineering and geophysics, he was
elected a corresponding member of the Academy
of Sciences in Turin and of the Berlin Academy
of Sciences.

Emilius Lenz lived all his life in the Russian
Empire, but he never learned Russian, which
did not prevent him from becoming the founder
of the national school of electrical engineering.
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Pepakuus BelpaxaeT NpU3HATENbHOCTb COTPYAHUKaM 6nbnmoTekm Poccuinckoro yHuBepcuteTa

TpaHCnopTa 3a NOMOLLb B NOAroToBKe Mmatepuana.

HOBASY1 CUCTEMA XEJIE3SHbIX AOPOI
C BOJ1bLLOW CKOPOCTbIO, NPEAJIOXXEHHAS
ABIryCTOM LUEPJ1b
(MPOEKT YIYYLLEHUS NACCAXXUPCKOI O ABUKEHWS)

HYACTb 1.

TIPOILLTIOM Tof1y B OepIMHCKON razere « Tag»
OBbLIO TIOMEIIEHO M3TOXEHHOE BKPATIe
cofiepKaHUe TOJNBKO UTO TTOSIBUBILEHCS
B TIeYaTH 3aMeTKU m3natens rasetsl A. [lepns
(A. Scherl) o mpemaraemoii um cucteme ObICTPO-
TO TIACCAXMPCKOTO IBIKEHUS. VI3 ToTydeHHBIX
3aTeM peNaKiveil OT MOAIMMCIUKOB Ia3eThl MHO-
TOYMCIIEHHBIX TICEM BBISICHUJIOCH, YTO BOTIPOC 00
VITY4IIeHUN TIACCAXXMPCKOTO coobIeHus B bep-
JIMHE YPe3BbIYAifHO MHTEPECYET KUTENei ITOTO
Topojia 1, MO3TOMY, U1 HABCTPEUy KeJTaHUsSIM
CBOMX TIONMUCYNKOB, PENAKIIVSI lajla B 0COOOM
TIPWIOKEHWH K ra3eTe 6osiee ToapoOHOE OITUCcaHKe
3TOi CUCTEMBI, WITIOCTPUPOBAHHOE PUCYHKAMU
U YepTeXaMHu.
Hu B xakoMm npyroM ropose B TaKol CTETIeHH,
Kak B bepiuHe, He ollyIaeTcs HaCYIHOW HE00-
XOIMMOCTHU B YCTPOMCTBE OCOOEHHO OBICTPOTO
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TTaCCaKMPCKOTO COOOIIEHNS KaK BHYTPY IOpofa,
TaK ¥ IS Tiepeesia U3 HeTo B IPyTHe MyHKTHI, TIPH
YCJIOBUW TMUTUEHUYHOCTH M COOTBETCTBYIOIIETO
COBPEMEHHBIM TpeOOBaHUSIM yI00CTBa COOOIIE-
HUS; 3Ta HEOOXOAMMOCTb O0YCIIOBIMBAETC,
C OITHOM CTOPOHBI, OBICTPHIM POCTOM HACENICHUST
ropojia ¥ Bcé yBEMMUMBAIOIIMCS YITMIHBIM IBU-
>KEHUEM, a C IPYTOil CTOPOHBI — 0CODOIO CKIIOH-
HOCTBIO K TIEPEIBIDKEHUSIM caMUX kuteneid. Ta-
KM 00pa3zoM, TosiBIIach cHavyaa Stadtbahn,
KOTOpasi, HECOMHEHHO, CITOCOOCTBOBaJIa OBICTPO-
My pa3Butuio bepiuHa; 3ateM ObUia MOCTpOeHa
Hochbahn, KoTopas, Kak ¢ yKacoM IyMaJIi CHa-
Yajia, COBEpIIEHHO 00€300pa3uT BUI TOPOACKUX
YIIUII, MEXTY TeM KaK Ha caMOM JieJie OHa TI0JI0-
K1JTa HAvaJIo Ut 11eJI0T0 Psiia HOBBIX MTPOEKTOB
MaccaXXUpcKoro ABMKeHust. 1oaro jomanu romno-
BY HaJl yropsimoyeHeM MaccOBOTO IBIKEHHUS Ha

MNMpecc-apxue. HoBas cucTtema XXene3HbIX AOPOor C 00JbLLION CKOPOCTbIO ABVKEHUS, MPEeAJIOKEeHHas
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TToTcmaMcKoil TIOMAAN W B APYTUX ITYHKTaX
Y B pE3yJIBTATe OT pAHUMIMITUCH JIUIITb HEKOTOPHIMU
TIOTIPaBKaMU; 1T OECKOHEUHBIE CITOPHI O TOM,
CTPOUTB JIM CKBO3HYIO TTOI3EMHYIO IOPOTY, MY K&
HaJ3eMHYIO, C COCIMHEHUEM €€ C YIMUYHBIMU
3NIEKTPUYECKUMU JOPOTaMHU.

Brinonnenue unen Asrycra Ilepsst 06 oqHo-
PEJIbCOBOI XeJIe3HOM 1opore 00JIbILION CKOPOCTH
C €€ TIEHTPAJTbHBIM BOK3aJIOM M PACXOMSIIMMMCS
B BUJIE JIydell IMHUSIMU, — IOpOTe, KOTOopast OyaeT
TIPOXOIWTD HY O] 3eMJIEN, HY HaJl YJIUIIaMU, a HaJl
nomamu bepiiHa, — OKOHYATeTbHO Pa3peliT Bee
MOTPEOHOCTU COOOLLIEHUS B 3TOM MUPOBOM I'OpO-
nie. MoxeT ObITh, BO3PA3SIT, UTO BEIb ITOT MPOEKT
TIPUHAIJIEXUT YEJTOBEKY HEZIOCTATOYHO CBEIyIIIe-
MY, HO TaKO€ BO3paXeHUE ObLIO ObI COBEPILIEHHO
HEOCHOBaTeNbHO. [Ipexsie Bcero, cemyer 3ame-
TUTb, YTO €r0 MPOEKT ObLT MMOABEPTHYT CEPLEIHOMY
PacCMOTPEHMIO CITENUATUCTAMU-TEXHUKAMU;
3aTeM HeJIb3$1 YIyCKaTh U3 BUILY, UTO YacTo ycIe-
XaMU B 00J1aCTH LIMBUJIM3ALIMY Mep ObIBaeT 00s13aH
VMEHHO TIPOCTOMY, HO BEpHOMY UYThIO KaK pa3
TaKUX He-TEXHUKOB; HAKOHEIl, B 9TOM IPOEKTe
BaXKHOE 3HAUYEHUE MMEET TO, YTO aBTOPOM €TO
SIBJISIETCSI JIAIIO ¢ TAKUM Pa3HOCTOPOHHUM 00pa-
30BaHueM, Kak ABrycT [lepib.

Bce npusenénHble cOOOpaxkeHUsT MOOYyIIn
PEIaKIINIO Ta3eThl «Tag» ¢ ITOJTHOIO TOTOBHOCTEHIO
VIOBJIETBOPUTH MHTEPECY OSPIIMHCKOTO HACETIEHUST
K npoekty Ilepsns u gate 6osee noapoOdHOe OIu-
CaHWe YCTPOMCTBA HOBOTO COODIIEHMST OONTBIION
CKOPOCTH Y €T0 OpPUTWHAJILHOW OpraHu3allnu,
K M3JIOXKEHUIO KOTOPOTO MBI TETIEPh 1 TIEpEIEM.

Kpusiuc B coBpeMEeHHOM NOJIOKEHHH JKeJe3HO-
JIOPOIKHOTO Jienia

«OTmmunTenbHOI0 YepToro XIX Beka sBisieTcst
BCEMUPHOE pa3BUTUE COOOIIEHUI». DTH CI0Ba
uMIiepaTopa BuiibreibMa OTHOCHIIMCH K COBpe-
MEHHOMY TIOJIOKEHUIO Jiefia, HO OHU CKopee Ha-
MEYarOT IIPE/ICTOSIIIINE 3a1a9H, YeM COOTBETCTBYIOT
JIECTBUTEILHOCTH.

IIpaBna, B cpaBHEHUH C KeJI€3HBIMU IOPOTa-
MU JIPYTUX TOCYIAPCTB, B OTHOIIEHWH KaK ITacca-
SKMPCKOTO, TaK ¥ TOBAPHOTO IBVKEHMS, HEMETI-
KHe TOpOTY UMEIOT U3BECTHBIE MTPEMMYIIIECTBA,
KOTOpBIE MOXET OLIEHUTh BCSKWIA, KOMY TTPUXO-
JIJIOChH, TAK WM MHAYE, TTO3HAKOMUTBCS TTOOJTH -
K€ ¢ MEXITYHaPOIHBIM COOOIIIEHUEM.

OnHaKo, TaKMM HEOCTIOPUMBIM TIPEMMYIIIE-
CTBaM CJIelyeT TIPOTUBOIIOCTABUTD W 3HAUUTE]Tb-
Hble HemocTaTku. He Kacasich Borpoca 0 BO3MOX-
HOCTH KaKUX-JTMOO yIydIlleHui, TeM He MeHee
HAJI0 IPU3HATb, UTO HACCANCUPCKUE N0e30a UMeom
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CAUWIKOM He3HAUUMENbHYI0 CKOpocmb. YITOMSHEM
JIVIIITB BCKOJTB3b O TOM MyKe, KOTOPYIO TIPUXOIUTCSI
WCIIBITBIBATD, TPOBOJIS 1IeJIble Yachl B TECHOM,
TIePETIOTHEHHOM KyTIe BaroHa; MeXIy TeM IJaB-
HBII HEOCTATOK, M3-32 KOTOPOTO IT0e31a OBIBAIOT
OUTKOM HAaOMTHI, COCTOUT B TOM, UTO MX CJTUIIIKOM
MaJIo HaXOMUTCsl B OOpallieHNH.

Takum 00pazoM, TaccakxMpcKoe MBIKEHME
CTpajiaeT HeJOCTATOYHOCTHIO YKCJIA TTOE3OB.

Hampumep, Bcero JMilb B TPEX UM YETHIPEX
obparuaroiyxcs Mexay bepiavHom u [TamGyprom
CKOPBIX [T0e30aX — MACCAXUPCKUE T0e3/1a, KOHEeY-
HO, B JAaHHOM CJIy4ae He MIyT B CYET — COOMPAIOTCS
BCE TaCCAXKMPBI, KOTOPHIM HYXHO CIEIIHO TIepe-
€XaTh U3 OTHOTO TOpojia B Apyroii. TakviM o6pazom,
BCE JTbHEE COOOLIEHUE COCPENOTOYMBACTCS JIUIID
B HEMHOTHE Yachl, a OCTaJIbHAsI YacTh JTHS JUTSI Ta-
KOT0 COOOIIEHUSI COBEPIIIEHHO MPOMNAIAcT.

Ho ewg 6onee natot cebs1 UyBCTBOBATH C1a0bIe
CTOPOHBI COBPEMEHHOTO JIBMXEHUSI B COOOIIIEHIN
MEXITY IBYMST KAKUMU-JTMOO0 TIPOBUMHIINATEHBIMU
MyHKTaMU. TyT MOXET CIIyInThCS, YTO TaKUe 1B
MyHKTa, HAXOASIIMECS HE TOJIbKO B OMHOM U TON
K€ TPYCCKOM MPOBUHIINM, HO JA3Ke B OJTHOM 1 TOM
K€ OKpYyre, OKa3bIBaloTCs 1O BPpeMEHU Tiepeesnia
Ootee ynaa€HHBIMU OJIVH OT IPYToro, yeM bepH
oT BeHbl nim AMcTepaama.

M 310 IpoMCcXOmUT He CTOJIBKO BCIIECTBIE
HEJI0CTAaTOYHOI CKOPOCTH, CKOJIBKO OT HEYIOBJIET-
BOPUTETLHOCTY caMoii cucteMbl. Ecii on Herpe-
PBIBHOCTBIO TIOHUMATh COTJIACOBAHHOCTH MEXIY
€00010 BCEX OTETbHBIX MEPENBIKEHUIA, TO MOXKHO
CKa3aTh, YTO OpraHM3alysl COBPEMEHHOTO macca-
>KMPCKOTO JIBMDKEHUST HE COOTBETCTBYET YCJIOBUIO
HETpephIBHOCTH coodIieHus. HecoMHeHHO, Ha
HaIlIX J0oporax O0Jblile BpEMEHHU YXOIUT Ha OXKU-
JIaHVe TI0e30B, YeM Ha CaMblii riepeest.

B GosbIIMHCTBE CIyyaeB 3TO HaXOAUT cede
00BSICHEHHE B UCTOPUM Pa3BUTHS KeJIE3HOIOPOXK-
Horo nena. 1o BBefeHUS XeJIe3HbIX TOpOT BCE
JIBVDKEHE TIPOM3BOIMIIOCH TYKOM 10 OOBIKHOBEH-
HBIM IOPOTaM, TIPMIEM IBUTATENIEM ObLTa JIOIAIb.
JL71st TIepeBO3KM TIACCAXKUPOB CITYKWJIN TIOYTOBBIE
KapeTsl, a 1Sl TEPeBO3KY IPY30B — MOABOILL. JIist
TOTO U JPYroro poaa COOOLIEHUS MOIb30BATNCH
OITHOM U To¥ Xe goporoio. ITpu Kene3HomopoXx-
HOM JIBIKEHUM B 3TOM OTHOIIIEHUM BCE OCTAJIOCH
MO-TIPEKHEMY: TTOCTPOUIIM HOBYIO TIOPOTY C peJib-
COBBIM TIyTEM, W TIO HEMY CTaJIM TIEPEBUTATHCS
rmoe3na — W TMacCaXupcKue, U ToBapHbIe. DTO
00CTOSITENIHCTBO OBLIO TPUIMHOIO HEYIOBJIETBO-
PUTETHBHOCTH XKEJTEe3HOMOPOXHOTO JBUXKEHMS.
Ecim 115t mouTOoBO# KapeThl ¥ TTOABOJIBI CITYKMJIA
OJTHA ¥ Ta e JI0pora, TO 13 3TOTO BOBCE HE CIIEMy-
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€T, YTOOBI TO Xe camoe ObLIO U MPU XKeJIe3HOI0-
POXXHOM ABMXKeHUU. OTHAKO, TaK ¥ €CTh Ha CaMOM
JieJie, U OTCIoa MPOUCXOAMT Teperpy3Ka JUHUM,
SIBJISIOLLASICSI ICTOYHUKOM Beex 30.1. Ecom xkenes-
HOJIOPOXHOE YIpaBjleHUe He YIOBJIETBOPSIET
MpochObl 0 BBEIEHUM B O0OpallleHHe KaKOTo-
HUOYIb HOBOTO I0€3/1a, TO Ha 3TO MOIYT OBITh
TIPWYMHEI TBOSIKOTO POJIa.

Bo-niepBbix, 3T0 ObIBAET TOTOMY, UTO, T10 MHE-
HMIO YTIpaBJIeHMsI, HOBBII Moe3/1 He OyIeT OKyTaTh
COMPSDKEHHBIX C HA3HAYEHHEM €T0 pacXoJoB; Ta-
KO€ MHEHMe Mo 0OJIblLIEH YacTU OKa3bIBAaeTCs
HeIaJIbHOBUIHEBIM, T.K. MOXHO CUHTATh KaK OBl
€CTECTBEHHBIM 3aKOHOM, YTO HOBOE CPEACTBO
€000ILIeHUs] CO3MAET U HOBBIX MaccaxkupoB. Ho
yailile, BOCOOEHHOCTH JIJ1s1 IJIABHBIX IMHUIA C O3KUB-
JIEHHBIM IBIDKEHUEM, B SBHOM WU CKPHITOM
BHJE TPUYMHA OTKA3a 3aKJIIOUaeTCsl B HACTYIMB-
1el yxxe eperpy3ke TMHUM. B HacTosiee BpeMst
MacCaxXupCcKoe cOOOIIeHUE MPSIMO MOJaBIEHO
MepeBO3KOM I'Py30B U COBEPLIEHHO JIUIIIEHO BCS-
KO BO3MOXKHOCTH pa3BUBAThCS B 3aBUCUMOCTH OT
COBPEMEHHBIX YCIOBUI IBUXKEHUSI.

ITosToMy HET HMYETO YAMBUTEIEHOTO B TOM,
YTO MaccakMpckKoe COOOILEHUE COBEPLIEHHO He
YIOBJIETBOPSIET BCEM TpeOOBaHUSIM COBPEMEHHOIM
SKU3HU M MOXKET 00CTYKMBaTh WX JIMLLb B [IpeAeiax
HaJIMYHBIX CpeaCTB. M BCE-Taku, HECMOTPS HA TO,
YTO HUKAKMX MepP B 3TOM OTHOIIEHUH He TIPUHU-
MaeTcsl, MaccakupcKoe ABMKEHUE 3a TIOC/IeTHEe
BpeMs1 BO3pACTaeT exXeroqHo, NpUOIM3UTEIbHO Ha
5,5 %; ecu TaK OyIeT IPOJOJIKATLCS U JAJIbLIIE,
To 4epe3 10—12 et 0HO yBeTMUMTCS BIBOE MPOTUB
HBIHEIIHETO, ¥ TOT/A CYILECTBYIOIIAsl OpraHu3a-
LIUST XKeJIe3HOAOPOKHOIO IBUKEHHUS OKAXKETCs
COBEPLIEHHO HECOCTOSITENbHOI0. [103TOMY OCHOB-
Hoe TpeOoBaHMe, PEIbSIBIISIEMOE K HOBOH CHCTe-
Me, JOJIKHO OBITh CIeAyIoLIee:

Omoenenue naccaxcupcko2o 08UNCEHUs. OM Mo-
BAPHO20 U 0COOASI OP2AHU3AUUS NEPEBO3KU NACCANCU-
po8.

Ha u TexHUYeCcKasl CTOpOHA COBPEMEHHOTO
JKEJIE3HOMOPOXKHOTO JIejla CTPAJaeT CYILECTBEH-
HBIMM HEJIOCTaTKaMHU, TaK UTO SIBJISIETCS] HACYIITHAsT
HeoOXOIMMOCTh B KOPEHHBIX pedopmax Kak
B YCTPOMCTBE MOABMXKHOIO COCTaBa, TaK U B MO-
CTPOMKE IOPOT.

ITapoBo3 npeacTapsieT o000 OHY U3 CAMbIX
HE3KOHOMUYHBIX ITAPOBBIX MAIIIH, HAXOISATIIXCS
B HallleM pacriopsbkeHuu. B kauecTBe aBurareist
OH MOXET OBbITh Harpy»aem B BecbMa HEOObIION
crereHu. Eciu eMy M NpuXoaMTCsl Ha KOPOTKOE
BpeMs IIPOSIBUTH BABOE OOJIBIIYIO ITPOTUB HOP-
MaJIbHOM CWITY TSTU, TO OH JOXOAMT A0 Mpezaena
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cBoell MolTHOCTU. HakoHel, 1 cKopocTh Xofa
1apoB03a OrpaHNIeHa CTporuMu npezeamu. [Tpu
KeJTaHUU TOCTUTHYTh OOJIbILEH CKOPOCTH HE00-
XOIIMMO COOTBETCTBEHHO YBEJIMYUTD YMCIIO 000-
potoB. Ho Torna nosiBisitotcst 1006aBOYHBIE YCU-
JIsI, BCJIENICTBUE YCKOPEHMST 1 3aMEUICHUS, IBU -
SKYIIMXCS B3aJI ¥ BIIEPET MACC, Y CTOJTb 3HAYUTE b~
HbI€ BbI3bIBAEMbIE MU yIaphl ¥ KOJIeOaHus, YTO
JIBIDKEHME CTAHOBUTCST HEOKOHOMUYHBIM 1 OTTac-
HbIM. Jlaxxe 3aIUTHUKY ¥ CTOPOHHUKY ITApOBO30B
cyuTaT ckopocTh B 100 BEPCT mpeneaoM ajst
9KOHOMUYHOTO KCIIOTb30BaHUSI X MOIIHOCTH.
s manbHEMIIero pa3BUTHSI MacCaXkMPCKOTO
JIBUKEHUS, TI0 HEOOXOAUMOCTHU, TpeOyeTcs Ipu-
MEHEHME 3JIEKTPUYECKOM TATH, YCIIOBHS KOTOPOI
SIBJISTIOTCSI COBEPIIIEHHO MHBIMU 1 TIPUTOM I'Opa3-
JI0 OoJiee BBITOAHBIMU. baronapst MCKycHO TIpy-
MEHEHHBIM KOHCTPYKTMBHBIM TIPUEMaM U 1ieJie-
C000pa3HOIi TOCTAHOBKE OIBITOB, 0COOOMY OOI1IE-
CTBY, ITOCTaBUBIIIEMY cebe 3amaueil u3yuyeHue
BOITpOCA O JIOpOrax OOJBIION CKOPOCTH, YAAIOCH
JaXe TIpU COBPEMEHHBIX CPEICTBaX TEXHUKHU
CTIIPOEKTUPOBATh BaroH, BITOJIHE HATEXHBIN VIS
JIBIDKEHUST HA KOPOTKUX JIMHUSIX CO CKOPOCTHIO
200 BépcT B Uac.

XOTs Ha TIEPBBIN B3IJISI, TIEPEXOM K CUCTEME
KeJIE3HBIX IOPOT OOJIBIIIOI CKOPOCTH U TIPE/ICTAB-
JISIETCSI B TEXHUYECKOM OTHOILIEHUH Pa3pelIEHHBIM
caMbIM OJIECTSIIM 00Pa30M, HO BCE-TaKu, OJ11Ke
O3HAKOMUBIIINCH C JIEJIOM, TIPUXOIUTCS, K COXKa-
JICHWI0, 3aKJTIOYUTh, YTO JaKe U ¢ TEXHUIECKOMN
CTOPOHBI BITOJTHE pa3peliieHa IMIIb 04eHb HEOOITh-
111351 YacTh 3a71a4M; OKa3bIBAETCSI, UTO TTOJBIXKHO-
MY COCTaBY, UTPaIoIIeMy, KaK CIMTAIIN IO CUX ITOP,
CaMyI0 BaXHYIO U CJIOXKHYIO pOJIb B HACTOSIILIEM
BOIIPOCE; OJKEH OBITh TPOTUBOIIOCTABIIEH APYTOM
(bakTop, Ha KOTOpBII TTOKAa 0OpaIIaToch OYeHb
Majio BHUMaHUsI, HO KOTOPBIi, OMHAKO, MOT OBl
CBECTH K YTOIIMM BCE MEUTHI O IOpOTe OOJIbIION
CKOPOCTH, €CJIM ObI OH OCTaJICsS 0e3 M3MEHEHUS
B COBPEMEHHOM BUJIE; 3TO 3a/la4a O BEPXHEM
CTPOEHMU TYTH, pa3pellleHre KOTOPOil XOTs
Y TIPENCTABIISIETCS, HA TIEPBBIIA B3IJISI, IETKUM, HO
OKa3bIBa€TCS BAXKHEHIITMM M HEOOXOIUMBIM YCIIO-
BHMEM IS OCYIIECTBJIEHUS] JOPOTU OOJIBIION
CKOPOCTH.

IIpn coBpeMeHHOM YCTPOMCTBE BEpXHEro
CTPOEHHUS MyTH 0POra 00JIbIIO CKOPOCTH HEOCY-
IecTBIMa

[IpyumHBI, IO KOTOPBIM 3TO TIPOMCXOJIMT,
MOTYT OBITh TMOApa3e/ieHbl Ha JBE IJaBHbIC
rpymbl. OnHa 3aKTI0YAK0TCS B CaMOM MTOCTPOi-
Ke JTMHUI, a IMEHHO B YKJAaIKe PebCOBOTO
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MTYyTH, B KAUYECTBE OITOPHI IS TOJABMKHOTO CO-
CTaBa, JAPYrve e BBITEKAIOT U3 TeX 00CTOsI-
TEJIbCTB, KOTOPBIMU COTIPOBOXIAETCS OTKJIOHE-
HUE MyTH OT MPSIMOMA JIMHUM, TIPU TIPOXOJIE TI0-
€3/1a TT0 KPUBBIM.

Ve Ha TIpSIMOM TIyTH TIpu ckopocTtu B 200
BEPCT B Uac KoJieOaHus1, BO3pacTaIOIINE TPOTIOp-
IIMOHAJILHO KBaJpaTy CKOPOCTHU, HACTOJIHKO
YIOPOXalOT COlepXaHUe BEPXHETO CTPOEHUS,
YTO, Ka3aJI0Ch OblI, O BHITOHOM 3KCILTyaTalluy He
MOXeT OBITh U peuu. Ha KpMBBIX K 3TOMY ITPUCO-
EMMHSIOTCS eBa TMPEOJOIMMbIE TEXHUUECKUE
TPYAHOCTH, U TIO HACTOSIIIIEE BPEMST HE pa3pelléH-
HBbIE BITOJTHE YIOBJIETBOPUTEHHO.

IIpenen MOCTIDKMMOM CKOPOCTH JBUXKEHUS
OTIpe/ieNIIeTCS He POJIOM TTOJIBMXKHOTO COCTaBa
M JIBUXKYILIEN CUITBI, KaK MOXKHO OBLIO ObI CKOpEe
BCETO OXXMIATh, a 0COOEHHOCTSIMU ITyTH, COCTOSI-
1eTo U3 TMaphl pefabcoB. Bompoc o ckopoctu
CBOZIUTCSI B HACTosIIIee BpeMsl K BOTIPOCY O pa-
LIMOHAJTLHOM YCTPOMCTBE TYTH, KOTOPBI eIé
OXMIaeT CBOETO Pa3pelieHusl.

JIst Toro 4ToObl OCYLLIECTBUTD AOPOTY 00JIb-
IO CKOPOCTH, CJIEAyeT COBEPIIEHHO OCTaBUTh
cTapyto cucteMy. B To BpeMsi Kak U3 uccienoBa-
HUSI IBUDKEHMS TIO HBIHEIITHUM XeJIE3HBIM JI0PO-
raM BbITEKaeT IIPUBENEHHOE BHIIIIE TTEPBOE YCIIO0-
BME [T HOBOW OpraHM3alliy MaccakpCKOTo
NBUXEHUS, M3 PACCMOTPEHUSI TEXHUUECKOM
CTOPOHBI CYIIIECTBYIOIEH CUCTEMBI TTOJTyYaeTCst
crenyroliee Hen30eXHOe BTOPOe OCHOBHOE YCJIO0-
BUE:

3amena cyuwjecmayroujeli 08yxpeabcosoii Koseu
04151 dopoeu 6oAbUOT CKOPOCHU 0CO00I0 CUCIEMOID
Denbcogoeo nymi.

Hano Haiit Takoe ycTpoiicTBO MyTH, MpU
KOTOPOM OBLJIO Obl 00ECTIEYeHO MPOXOXKIEHUE
10e310B KaK IO MPSIMBIM yJ4acTKaM, TaK U T0
KpPUBBIM, €O cKopocThio B 200 BEpCT B vac.

BbinoJiHeHue HOBOIi CHCTEMbI

OT BIIOJTHE COBEPIIIEHHO!N CUCTEMBI COOOIIIE-
HUS TpeOyeTcs, YTOObI IBUXKEHUE MPOUCXOANIIO
C HAMMEHBIIIEIO 3aTPATO BPEMEHU U JBVIXYLIEH
cuIbL. 1151 MOCTUXKEHYMS 3TOM 11 He0OX0AUMO,
KpOMe OOJIBIIION CKOPOCTH JBVKEHUS OTAETBbHBIX
M0€3/10B, YAOBJIETBOPUTH EILIE ABYM JPYTUM YCIIO-
BUSIM, TIPECTABIISTIONIUM TIOHSITHE O HEMPEPhIB-
HOCTH JBVKEHUS.

PaBHOMepHOE 0OpallieHVe YacTo CAEAYIOIINX
OJIVH 32 IPyTM TOE€3I0B HA OTAEIbHBIX yUacTKax
U MPUBEIECHNE BO B3aUMHYIO CBS3b MO OJHOM
o01ieit cructeMe OTAETbHBIX MEPENBUXKEHUN Ha
pa3IMYHbIX yYacTKaxX.
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B oCHOBY HOBOIf CCTEMBI TOKEH OBITH
ITOJTOKEH IPUHITUTT HETIPEPHIBHOCTH, TIPH KOTO-
POM pa3IWYHBIC OTAENbHEIC MepeIBIKCHUS
HaxOISITCS MEXIY CO00I0 B palliOHAILHOM Op-
TaHMYECKOH B3aMMHOM 3aBUCUMOCTH U BITOJTHE
VIOBJIETBOPUTEIHLHO OOCITYKMBAIOT CBOU paiio-
Hbl. OOpa31oM ISl HOBOM OpraHU3aIuK CO00-
MEeHUI MOXET CIYXWUTh XMBOW OpraHu3M,
1 TIONOOHO TOMY, KaK BCE TeJIO POHN3LIBACTCS
CUJTBHBIMU OBIOIIMMU KWJIAaMU, JIydeBBIMU ap-
TepUSIMU ¥ TOHYANIINMU XHUIKAMHU, TaKxXe
W COOOIIEeHUS MOJKHBI OBITh OPTaHMU30BaHEI
PpaIMoOHATBHO U 1leJiecoobpasHo. Kak mupKym-
pyIolast BopraHu3Me KpoBb C 0OCOOEHHOM CHIION
ITyJIbCUPYET MEXIY TTIaBHBIMU 00JIce BaXKHBIMU
OpraHaMHM, HO IIPY 3TOM CBeXXasl KPOBb, ITPOTe-
Kasl TIOCTOSTHHO TI0 CETIM BTOPOTO U TPEThETro
MTOPSIIKA, JOCTUTAET CAMBIX OTHATEHHBIX YacTeit
TeJla, TaK YTO HUTIE He TIPOUCXOMNT MepephiBa
B YCTAaHOBJIEHHOI MEXXIYy HUMU B3aUMHO CBSI3H1
1 He TpeKpaliaeTcst IPUTOK K HUM KI3HEHHBIX
COKOB, TOUYHO TaK e CJICAYeT B HOBOI CUCTEMe
COOOIIEHU YCTAaHOBUTH IPAaBUIbHBIE TOKU
U TIOCTOSIHHO MX TOJAepXuBaTh. Takum oOpa-
30M, TIOJTyJaeTCsI TiepBOe MOJIOKEHIE 11T HOBOM
CHCTEMEI:

Keneznodopodxcras cemv ¢ peOKumu nemasimu
045 Bbicmpoeo 0anvHe2o coobueHlUs MelcOy 2nag-
HbIMU YeHMPamU.

Takast ceTh JaTbHUX COOOIIEHMIA, IT0 KOTO-
poit obpalmaTcs moe3aa co CKopocTeio B 200
BEPCT B 9ac, COCTABJISISI 9YaCTh HOBOM OpTaHMU-
3allMU, YIOBJETBOPSIET MOTPEOHOCTU B COO0-
MIEHUY MEXIY IJTaBHEIMU HaceJIEHHBIMY ITyHK-
TaMH, HO JIJIST COOOIIEHNI OyIyIIero BpeMeH!
3TOro emié¢ HemocTaTouyHo. HempepHIBHOCTD
IBIDKEHUSI TPEOYET, YTOOBI U 1T IIPOCTPAHCTB,
3aKJTIOYEHHBIX BHYTPH IIETENIb 3TOM CeTH, OBLI
BBIXOJI Ha He€, TaK, YTOOBI M3 3THX ITPOCTPAHCTB
ITaccaXk1phl TOCTOSTHHO MPUTEKAIH K IJTABHBEIM
apTepusIM CeTH M 0OpaTHO U3 3TUX apTepHil
MOIaJaii B MeCTa, PacIoJIOXKEHHEBIC BHYTPU
IeTeNb ceTh. M3 3Toro TpeOOBaHMS BBITEKAET
BTOpOE TOJIOXKEHHE UISI HOBOI OpraHM3alnu
COOOILIEHNIA:

Cucmema nodse3onbix cemeii 00AXCHA NUMAMb
dopoeu 0anbHux coodueHui.

K raBHBIM apTepusiM COOOLIEHWI TOKHbBI
TIpUJIETaTh NIET/IM OoJiee C1aboro MBIXKEHMS, T.€.
K INTaBHOM ceTH, co cKopocThio B 200 BEPCT B Uac,
OyIeT MIPUMBIKATH CETh BTOPOTO ITOPSIIKA, 13 BTO-
POCTETIEHHBIX TOPOT, CO CKOPOCTHIO IBIZKEHUST OT
120 mo 150 BEpcT B 9ac, a K Heil MPUMKHET, B CBOIO
ouepelb, elle 6oJiee yacTasi M pa3BeTBIEHHAS CETh
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TOBE3IHBIX XeJIE3HBIX JOPOTL, CO CKOPOCTBIO OT
50 mo 60 BEpPCT B yac, ¥, HAKOHEL, K Heil OyayT
TTOJXOMUTDH TIOCTIEIHNE BETKM, KOTOPBIE MOXHO
YIOIOOUTD MTUTAOIIMM JIEPEBO KOPHSIM, @ UIMEH-
HO — JIMHUU aBTOOYCHOTO COOOLLEHMSI, 3aXBaThl-
BaOIllME BCe CENa U JepeBHU U 3abuparoniue
KaXJI0To Maccaxupa YyTh He OT CaMOro €ro IoMa.

ABTOOYCBHI TOCTaBJISIIOT MACCaXUPOB Ha JIU-
HMM TPETHETO IMOPSIIKA, II0 KOTOPEIM ITPOUCXO-
JIT HeTIPEPHIBHBEIM ITOTOKOM JIBIDKEHIE COOpaH-
HBIX TAKUM 00pa3oM TMacCaXUpPOB 10 Y3TOBBIX
ITyHKTOB CETH BTOPOTO TIOPSIIKA ¥, HAKOHEI, TIO
Heli eni€ 6ojiee UHTEHCUBHO MTPOMCXOAUT JIBU-
JXKeHUE IO TIIaBHBIX apTepUid, T.¢. IMHMIA TIepBO-
HaYaJIbHOU, TJIaBHOM CETH.

TakuM 00pa3oM, yCTAaHOBUTCSI CUCTEMaTU-
YeCKHii TI0IBO3 MAcCakMpoB, CYITHOCTb KOTO-
POTO COCTOMT B TOM, YTO KaXIOMY ITOE3Iy IPH
CaMOM MTPUOBITUY €TO Ha CTAHIINIO COOTBETCTBY-
€T JAPYroi, ISl HEMEJIEHHOTO NajlbHEHIIero
OTITPaBJIEHNSI TTACCAXKUPOB.

JIBIXEHME 110 TaKOH pojia CETH C Y3IOBBIMU
MyHKTaMM MpeCcTaBsieT 00Jbline Buiroabl. [1pu
11eJIecCO00pa3HOM PACTIONIOXEHUU Y3J0B BCE
CTaHLIMU CETH BTOPOTO MopsiaKa OyayT oOciy-
JKUBAThCS ITOYTH TaK Ke, KaK M CTAaHIINH IJIaBHOI
CETHU, U, BO BCSKOM CJTy4ae, ropas/o JIydilie, YeM
TIPY HBIHEITHEH OpraHU3aliy COOOIICHUIA.

ITpu opranu3aiiv HOBO¥ CUCTEMBI COOOIIIE-
HUI 0c000€ BHUMaHKe Haflo 00paTUTh Ha 0OJIb-
e ropoxa. BBumy Toro, 4To K HUM ITOIXOIAT
KeJIe3HbIe TOPOTU CO CKOPOCTBIO TBUXKEHUS
B 200 BEPCT B Uac, BCe yCTPOMCTBA AJIs1 COOOIIE-
HMIA B OOJIBIINX TOPOJAX CIEAyeT pacCMaTpu-
BaTh, KaK CpeJCTBA IS ITOJIBO3a Ha CETh MUPO-
BOTO JIBVIKEHMSI, JOCTaBJISIIONINE Ha HeE rmacca-
KUPOB M3 KAXIOM YIUIBI U aXe U3 KaXIoro
nomMa. Ho He3aBUCHMMO OT 3TOTO OCTaETCS cCaMo-
CTOSITEIbHOE IBVDKEHUE BHYTPU TYCTOHACEEH-
HOTO TOpOJia, ¥ TEXHUKE TIPEICTOUT Pa3pellnuTh
BaXKHYIO 3a/1auy OpraHM3alliy BeCbMa WHTEH-
CUBHOTO TOPOJICKOTO JIBMKECHMUS.

Ve 1 Tereph B 3TOM HarpaBJIeHUN KOe-4TO
crenaHo. Bo MHOTHMX Topojiax ¢ MUJUTMOHHBIM
HaceJIEHUEM CYLIECTBYIOT IBE COBEPIIEHHO OT/Ie-
JIEHHBIE OJTHA OT IPYTOM CETU: CETh YIMYHBIX IOPOT,
JUTSI COOOIIEHMST MEXITy TPYIIIIaMy YITUIL, W CETh
BO3BBIIICHHBIX MJIM TIOA3eMHBIX JTOPOT, IS ObI-
CTPOro COOOILEHUS MEXTy TOPOACKUMHU KBapTa-
Jamu. Ho TyT ycTpoiicTBO cOOOIIEHUS KaK 110
CBOEH OpPraHM3alliy, TaK ¥ B OTHOIICHUH TeXHM-
YEeCKUX MPUEMOB, TOULIO 0 KpaiHero mpeena,
M KaXJIbIi >XeJIe3HOIOPOXKHBIN TEXHUK Y>KaCHETCS,
TIPENCTaBUB ceOe, 0 Yero JOMAET YAMIHOE TBU-

® MWP TPAHCIOPTA, Tom 18, N2 4, C. 211-244 (2020)

xxeHue B bepnune k 1920 rojy, ecv OHO U Janbliie
BCE TaK ke OyIeT pa3BUBAaThCS, KaK J0 CHX ITOp.
YT0OBI BLIMTH 13 3TOTO MOJI0XKEHUSI HEOOXOIUMO,
BITOJTHE CO3HAET U TOPOICKOE YITPaBIICHHE, U YKe
OIHO TO, YTO HEe OCTAHABJIMBAIOTCSA ITepe] MHOTO-
MUJUIMOHHBIMH TIPOEKTaMU, TTOKa3bIBaeT, Ha-
CKOJTbKO Ha3peJia 3Ta HeOOXOIUMOCTb.

HoBast cuctema qoKHa JaTh HECKOJIBKO
ceTell pa3IMYHOTO 3HAYEHMSI, HO B TO K€ BpeMsI
TaKHe CEeTU JOJKHEI OBITh HACTOJBKO YaCTHI
1 TaK LIeJIeCO00pa3HO PACIIONOXEHBI, YTOOBI OHI
JIEICTBUTEITEHO BBITTOJNHSUTA CBOE Ha3HAYCHHUE,
a B bepnmHe neno odbcrout naneko He Tak. I[1pas-
IIa, 31eCh YAWYHBIC TOPOTH, NEHCTBUTEIBHO,
Pa3BIIINCH B YaCcTYIO CETh BTOPOCTEIIEHHBIX
JIOPOT, HO TJIaBHAS CETh CKOPOTO TOPOACKOTO
COOOLIEHHUST OCTaBJISIET E1IE XKeJaTh MHOTO JIy4-
miero. JIMIIp HEMHOTHE JTUHUM TTPOPE3BIBAIOT
IJIONIAh B Y€ThIPE KBaApaTHBIC MU, KOTOPEIC
3aHMMaeT IJIaBHast YaCTh TOPOA, ¥ HA 3TU JIMHIHI
JUTSL OOJIBIIIEH YACTH KUTEIEH TaK TPYIHO IT0-
TaCTh, YTO OHU MIPEATIOUNTAIOT COBEPIIATh BECh
CBOI1 ITyTh B BarOHaX YIIMYHBIX JJOPOT, KOTOPEIE,
OJTHAKO, JIOJKHBI ObUIH ObI CITYXKUTb JIUIIb MTOIb-
€3IHBIMHU ITyTIMHU. 3[1eCh HEOOXOIMMO N3MEHNUTh
BCIO OpPTaHU3allMI0, a UIMEHHO: BBECTH pallfio-
HaJIbHYIO CHCTEMY, IIpY KOTOpOil mepudepun
COCIUHSIOTCST paguycaMu ¢ meHTpaMu. Jlis
obecTeueHUST U3BECTHOM ITOIIAIN CPEACTBAMEI
COOOILEHNST MOTYT ObITb IPET0XKEHbI IBE CUCTE-
MBI C ITepeceueHUEeM JTMHMIA ITOJI IIPSIMBIM YTJIOM
U panvanbHas. B Buae npuMepa nepBoi cucte-
MBI MOXHO yKa3aTh Ha yCTpOoeHHEIe B Hblo-
Mopke Bo3BbILIeHHBIE fOopoTy. Tam Henas
cucTeMa IMapajuieIbHBIX IMHHMA TPOXOINT BIOJIh
npoaoarosaToro Manhattan Island, Ha KoTopoM
pacrionoxen Hpto-Mopk, a mpyroii psiz 1opor
UAET MOMEPEK, TaK YTO XKeJe3HOAOPOKHBIE JTU-
HUHU, Mepecekasicb Mexay cobow, o0pasyloT
JIIOBOJILHO IPaBUJIBHBIE YETHIPEXYTOJBHUKU.
Taxast cucTeMa B CIIeIMATBHBIX CITYJasX, KaK 3TO
nMeet Mecto B Hblo-MopKe, MOXeT 0Ka3aTbes
BIIOJIHE MOAXOMASAIIEI0, HO BCE-TaKU BOOOILE
CIIeyeT PEUIUTETbHO IIPEAIIOYeCTh €l CHCTEMY
C JIMHUSAMM, PACIIOJIOXECHHBIMU 10 paguycam
1 TI0 OKPYKHOCTH.

ITpu 5TOM BOKpYT BCETO TAHHOTO IIPOCTPaH-
CTBa IMPOMIET IMHMS, UMeIoIIas popMy OKpYXK-
HOCTH — TieprdeprdecKas WM KOJIblieBas JI0-
pora, a u3 IEHTPaJIbLHOTO IyHKTa 3TOTO IPo-
CTPAHCTBA MPOBOIATCSA K OKPY:KHOCTU JOPOTH
IT0 HaIlpaBJICHUSAM paanycoB. B mpuHInTe, Ta-
Kas crucTeMa He MpeICTaBiIseT HIYero HOBOTO,
U B UCTOPUM OCPIMHCKUX XKeJIe3HBIX TJOPOT
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Puc. 1. HoBas pagnanbHo-nepugepunyeckas cuctema
Jkes1Ie3HOA0POXXKHOIo ABMXEHUS B GOJIbLLIOM ropoge.

MOXHO HaWTH yIayHble MOIBITKM B 3TOM Ha-
MpaBJIeHUM, HO, KaK 3TO YaCTO ObIBAET, AaIbHEeli-
1ee pa3BUTKE ObLIO 3aTPYIHEHO BCSIKOrO poia
TIOOOYHBIMU COOOPAKEHUSIMU, TIPUIEM TIEPBO-
HavaJibHbIE TPOEKThI ObLIM BIIOCIEACTBUM CO-
BEPILIEHHO MCKAXEHBI.

[Ipu nmpaBUIbHOI CHUCTEME IBUXKEHUSI HE
JOJDKHA OBITh JOIMycKaeMa Iepeaada Mmoe3non
C PagMycoB Ha KOJIbLO M Ha00OPOT, TaK 4YTO
JBIDXEHME IO KOJIbLIY TOJKHO OBITh COBEPIIEH-
HO CaMOCTOSITE/IbHBIM, TPUYEM BBIXOASLIUE U3
LIEHTpa ropoja pajuychl, KOTOPbIMU KOJIbLO
JIeJIUTCSI HA OfMHAKOBBIE JUIMHOM AyTH, IIEpece-
Kasl ero, IPOXOAST WIM Hald, WIM IOI HUM,
M IBIKEHUE, COOTBETCTBEHHO MECTHBIM IIOTPe0-
HOCTSIMM MOXET OBbITh Pa3JM4YHO Ha Pa3HbIX
panuycax.

M3 eHTpa ropoga BEIXOIST, TAKMM 00pa3oM,
JIOPOTHY BO BCE CTOPOHKI 10 TEPPUTOPUM TOPOIA
B BUje Jy4eil u B paccTogHun 7—10 KM BcTpe-
YaloT KOJIblieBYIO Jopory. Ha aByx anamerpab-
HO MPOTHUBOIOJOXHBIX CTAHLUSIX KOJIbLIEBOM
JIOPOTH JAOJIKHBI HAXOIUThCSI BOK3aJIbl JAJbHUX
JIOpOT, TPUYEM Ha OIUH U3 HUX MPUOBLIBAIOT BCE
rmoe3aa ¢ ceBepa U 3amaja, a Ha Ipyroii ¢ wora
¥ BocToka. O6a BoK3aJia JaJbHETO COOOIEeHMS,
KOHEYHO, JOJXKHBI OBITh TAKXKe COEIUHEHBI
MexXay coboi0 0coObIM TToNyKoabloM. Kak Ha
JIy4EeBBIX JOpPOrax, Tak M Ha KOJbLIE, JOJIKHbI
OBITH YCTPOEHHI CTAHLIMM HA PACCTOSIHUM | KM
OIIHa OT JIpyroii. B 0onpinx ropogax, mo Mepe
MX Pa3BUTHSI, MOTYT ObITh IOCTPOEHBI MTPUIO-
POJHbIE KOHIIEHTPUYHBIE C TIEPBBIM KOJIbLIA,
TpUYEM JTydeBbIE JOPOTH IIOTPEOYETCS COOTBET-
CTBEHHO yIJIMHUTD. [IpUropoaHbie KOJblEBbIE
JIOPOTU JOJKHBI ObITh IIPOJIOXKEHBI HA HACHIIISIX.
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ITo mpunaraemomMy ueptexy (puc. 1) MOXHO
HaIJISITHO MTPOCTIENUTD TyTh Taccakupa o «pa-
MaTbHO-TIepUepUUECKO» TOpOTe OONBIIOTO
ropona. OH mormagaet, Hamp., Kak IMOKa3aHO
MyHKTAPOM, U3 MyHKTa P, Ha CTaHIIMIO JTy4eBOi
JIOPOTH, eIIeT IT0 3TOMY PaIryCy B CEpeIHY TO-
poza, OTTy/a HalpaBJIsIETCS [0 APYTOMY panuycy
Y TIpUOBIBAET B XenaeMblil yHKT P,. Eciii mac-
CaXupy HYXHO MONAcTh B MyHKT P, T0 emy
JIy4IIie eXaTh 110 CBOEMY PaInyCy 10 KOJblia, IO
KOTOPOMY OH JIOEJIET 10 COOTBETCTBYIOIIEH CTaH-
LMK, OTKY/A ¥ puOyaeT B yHKT P.. [Tpu Takom
YCTPOMCTBE, U3 KaXI0Tr0 MYHKTa TOPOICKOM
TEPPUTOPUY MEXKTY 000MMHU BOK3aTIaMU JAaJIbHe-
IO COOOIIIEHUS JIETKO TTOTACTh Ha IOPOTH Najlb-
HETO CJIeNoBaHMsI, M TAKUM 00pa3oM, Oaromapsi
panuanbHO-niepudepudecKoii CUCTeMe Topoa-
CKMX JIOPOT, BCSI TEPPUTOPHST TOPOIIA CTAHOBUTCS
Kak Obl OTHUM OTPOMHBIM BOK3aJIOM NaJIbHETO
COOOIIEHMS.

[Ipu nepeesne U3 KaKoro-HUOYIb MyHKTa
Tepmanuu A B mpyroii MyHKT B, Tpu onvcaHHOK
BBIIII€ OPraHU3aIM1, MOXKHO TIPUHSITH TSI JUTUH -
HBIX TIO€3/I0K, COBEPILIAEMBIX ITO TTIABHBIM JIMHU -
sIM, CPEIHIOI CKOpOCTh okojio 140 xM B yac,
U Toraa u3 bepnuHa MOXHO OyImeT noexaTh 10
caMbIX yIaN€HHBIX MecT Ha TpaHuie [epmManun
He OoJiee, Kak 3a 6 yacoB. TakuM o0pa3oMm, Jaxe
B CPAaBHUTEJBHO PEIKUX U HEOIaronmpUsTHBIX
CITyyasix Ha BCIO KaKylo-HUOY/Ib IEJIOBYIO MTOE3/I-
KY — € TIPOE370M Tyaa U 00paTHO — TMOTpedyeTcst
BCETO JIMIIb OMUH JeHb. 17151 OoJIbIIel ke yacTu
CITyyaeB BpeMsI, Hy>KHOE Ha ITOE3/IKY, COKPaTUTCS
emié OonpIre. B cpemHeM, Hy:KHO cuuTath 4—5
YacoB Ha TaKKe MOe3[KH1, KOTOPbIE TeTlepb OTHHU -
MaroT 1€l IeHb. CTOJb 3HAYUTETbHOE COKPa-
IIeHYe TIPOIOJIKUTETLHOCTH TIOE3/I0K, JOCTHUTae-
MO€ ITpY HOBOH,, CTPOTO JIOTUYHOM OpraHu3alliu,
TIPE/ICTaBIISIET BEChMa BAXKHOE YIyUIIIEHHE CO00-
LIEHWIA ¥ Ype3BbIYaitHO 06JIer4aeT caMmble Moe3 -
k1. Ho ncropus cooOrieHuit HaM sICHO TOKa3bI-
BAET, YTO BCSIKOE YJTYYLIIEHHE COOOIIEHUH BICYET
3a co0010 U pa3BUTUE IBUKEHUST. TakuM 00pa3oM,
U BBITOIBI, TIOJTyJYaeMble TIPM HOBOW OpraHu3a-
LIMY, BBI3OBYT YBEJIWYEeHUE HAIPSKEHHOCTH
U TYCTOTHI IBUXKeHMsI. [103TOMY MOXHO TIpen-
BUJIETh CJICYIONINIA BeCbMa BEPOSITHBII pe3yib-
TaT 3TOTO Pa3BUTHSI COOOIEHUN: HO8As OpeaHU-
3ayus c8edém pocm cooOueHUs 6HYmMpU CMpaHbl
K NPOCMOMY MECHHOMY COOOUeHUIO.

Unxenep K. Tuxomupon
(XKene3nonopoxnoe neno. — 1910. —
Ne 11-12. - C. 51-55) ®

Mpecc-apxme. HoBaa cucTema Xene3HbIX A0POr C 0O0bLION CKOPOCTbIO ABUXEHUS, NPEeAI0OXKEHHas
Asryctom LLepnb. NMpoeKT ynyyleHUs NaccaXupCcKoro ABMKEHUS



HOBASAA CUCTEMA XEJIESHbIX AOPOI
C BOJIbLLIOW CKOPOCTbIO IBUXKEHUA,
NMPEAJIOXKEHHASAA ABI'YCTOM LUEPJ1b
(MPOEKT YJTY4LUEHUS NTACCAXXUPCKOI O ABMXKEHUA)

HYACTD 2.

IToe3na HOBOIi cHCTEMBbI

Jns1 ocylecTBIEHUS HOBOI CUCTEMBI ¢ €€
OUY€Hb OBICTPBIM ABWKEHHUEM ITOE3I0B, HE00XO-
JIMMO MMETh TaKOW MOABMKHOW COCTaB, MpU
KOTOPOM He TOJIbKO MOXHO pa3BUBaTh TpeOye-
My10 cKopocTh B 200 KM B Yac, HO ¥ JOCTUTHYThb
elg 0oJIblIei 6€30MaCHOCTU U YI0OCTBA Iepe-
JBIZKEHUSI, YEM Ha CYIIECTBYIOIIMX XKeJIe3HbIX
noporax. Takoe TpeOoBaHUE BbI3bIBaeT 0€3-
YCJIOBHYIO HEOOXOAMMOCTh B UBMEHEHMHU CYI1Ie-
CTBYIOIIIETO YCTPOMCTBA XKEJEe3HBIX TOPOT
U BIIepexoe K 0ojiee IpoCcTOMY BUILY XKeJIe3HO-
JIOPOXKHOT'O ITyTH.

BsameH nByxpebCoBOro MyTH ClemyeT ISt
JIOpOTyY OOJIBIION CKOPOCTU MPUMEHUTH OTHO-
PEbCOBBIN MyTh.

IIpeumyiiecTBa OAHOPEIBLCOBOU TOPOrU
OBLIM U3BECTHBI paHbllle, YeM HAILLIU TOT MyTh,
KOTOPBIM MOXHO IPUITH K XKeJTaHHOM LIeJId, HO
npexae, YeM JOCTUTHYTH €€, ObLT TPOU3BEIEH
LIeJIbII PSII IMOTIBITOK, MHOTAA U O€3YCIeIHbIX.
OT MHOTOYHMC/IEHHBIX TTPOEKTOB OJHOPEIbCO-
BBIX IOPOT, KOTOPbIE HA CAMOM JieJie ITPeCTaB-
JISIIOT COOOI0 IBYX-, TPEX- WIM JaXKe MITUPEIIb-
COBbIE U HUKOI/Ia HE MOIJIM Obl BBITECHUTh UC-
KJIIOUUTEJIbHO TOCHOACTBYIOIIYIO TeIephb
JIBYXPEJILCOBYIO IOPOTIY, — CYILIECTBEHHbIM 00-
DPa30M OTJIMYAETCS HACTOSIasl OMHOPEIbCOBast
Jlopora, IIpy KOTOPOil HapyllIeHHOE paBHOBECHE
TOTYAC XK€ aBTOMAaTUYECK1 BOCCTAHABJIMBAETCS],
NpUYEM paBHOACUCTBYIOIIAS BCEX CUIT, IPUJIO-
JKEHHBIX K BaTOHY, B KaXKITbIii MOMEHT MPOXOAUT
yepes pesbe”. [1pu HacTosIIIe i OMHOPETLCOBOM
Jlopore He TpedyeTcs Il 3TOro Kakux-Jbo
0OCOOBIX HAMPABJISIIOIIMX YCTPONCTB, Y paBHO-

* O0 OIHOPEJIBCOBBIX JOPOTaX JAPYTMX CUCTEM WU
tumnos cM. «<XKei.-mop. Jdemo»: 1885, ¢. 272; 1886 .,
c.9;1887r,c.33;1890r,c. 112; 1891, c.491; 1893 1.,
c.298; 1896 ., c. 135; 1897 1, ¢. 499; 1900 ., c. 12;
1901, c. 119, 148, 492; 1902, c. 31; 1909, 81x, 1411
un213a. — Peo.
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Becue obecreurBaeTcst IpuOOpPOM, MOMEILEH-
HBIM B CaMOM TIOJBMKHOM COCTaBe; MPpU 3TOM
BaroH MpeAcTaB/sieT COBEPLIEHHO CaMOCTOSI-
TeJbHOE 11eJI0€ U HE HYXX/IaeTcsl, KpOMe eIH-
CTBEHHOTI'O pejibca, HU B KaKWX Oropax U Ha-
MPaBJISIOLIMX YCTpoCcTBax (puc. 1).

ABTOMAaTWYECKU JEHCTBYIOIIMI arTrapaT Aj1st
MpUaHus MOABUKHOMY COCTaBY YCTOMUYMBO-
CTU, IJIaBHBIM 00pa30M, COCTOUT U3 OBICTPO
Bpallaronierocsi Boyka ocoboro yCTpoicTsa,
TMPOCTAaTUYECKUI MOMEHT KOTOPOI'O IIPUMEHEH
Tak, YTO OH B KaXKJ0€ MTHOBEHUE YHUUYTOXAET
CUJIbI, CTPEMSIILIIMECS OTIPOKMHYTh BaroH.

Hanpapinsioias u coobiiaroniasi BaroHy
YCTOMUMBOCTB CITOCOOHOCTb BOJTUKA ObLIa JaBHO
MU3BECTHA B TEXHUKE, U YK€ OKOJIO TPUILIATH JIET
TOMY Ha3aJ bITAIMCh MPYAATh HAXOASILEMYCS
B HEYCTOMYMBOM PaBHOBECUU TeJTy YCTOMYM-
BOCTb IIPU ITOMOIIM OBICTPO BpallalolIerocs
BOJTUKa. 3a MOCJIeTHIE TOIbI MOSIBUIICS LIEJIbIA
DSl KOHCTPYKIWM, HE JOCTUTIIMX, OJHAKO,
MpakTUIeCKUX pe3yasraToB. B 1907 romy aHmv-
yaHuHy BpeHHaHy ™ y1a10ch TOCTPOUTH MEPBYIO
MOJIe/Ib OHOPEIBCOBOTO BaroHa.

Hemenkum TeXHMKaM XOpOILIO U3BECTHO,
yTO U B [épMaHuU TaKKe MHOTHE padoTaloT Hafl
paspeleHrueM 3Toi 3a1a4u.

B Hacrosiee BpeMsi TaM OpraHM30BaHO
B CIIELIMAJIbHBIX OITBITHBIX MACTEPCKUX ITOAPO0-
HOE UCCJIeIOBaHKe TIPUBEIEHUS B YCTOMUMBOE
TMOJIOXKEHKE MOABWXKHOIO COCTaBa IPUY IOMOILI
TMPOCTaTUYECKOro Npubdopa. JIoCTUTHYTHI yke
OIpeaeEHHbIE Pe3yJIbTaThl, U JajdbHEeHIe
OINBITHI OYIyT BECTUCH B BUIE 0COOOI0 TEXHUYE-
CKOT'O MPeATpUsATHUS Ha IIPOKO ITOCTaBIEHHbIX
(b1MHAHCOBBIX OCHOBAHUSIX U B 00JIe€ IIIMPOKUX
pa3Mepax. XoTsl 10 OKOHYAHMSI OTTbITOB TEXHU-
YeCKUE Pe3yJIbTaThl MX HE MOTYT ObITh U3BECTHBI,

" Cwm. «XKemn.-gop. demo» 1909 1, c. 81a: «OmHopenb-
COBasi TMPOCKOIMYECKast XeJl. fopora Jlyn BpeHHaHa».
JHoxnan I1. A FOmenko. — Ped.
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Puc. 1. lMonepeyHbiii pa3pe3 BaroHa 04HOPeJIbCOBOW
JKesnie3HoM Joporu.

TEM HE MEHEE, TENepb MOKHO MOJIOXKUTETbHO
YTBEPKIAaTh, YTO HACTOSIINA OTHOPEIHCOBBIN
MOIBYDKHOM COCTAB YK€ CYILIECTBYET B ACHCTBU-
TEJILHOCTHU, M TAKUM 00pa3oM MMeEeTCs yxKe
CPEICTBO IUISI TOTO, YTOOBI C YCIIEXOM OCYIIIEe-
CTBUTH HOBYIO OPTaHU3AIIUIO0 COOOIICHMIA.
IlepeBO30YHBIM CPEACTBOM HOBOI CHCTEMBI
SIBJISIETCSI OMTHOPEILCOBBIN BAarOH, IIPUBOAMMBIIA
B YCTOMYMBOE MOJIOKEHUE TUPOCTATUYECKUM
prOOPOM.

IIpu TaKOM ITOIBIZKHOM COCTaBe IPEHUMY-
111€CTBA OJHOPEIbCOBOTO MYTU COEAUHSIIOTCS
C BBITOIAMU 3JICKTPUYECKOU TATH, TIPUIEM HE
TOJIbKO YCTPaHSIETCS MEIJIEHHOCTh HBIHELLIHMX
COOOIIIEHMIA, HO M X HEYIOOCTBO IUISI TTACCaKM-
poB. KpoMme Toro, 4To mprMeHeHNe OTHOPETb-
COBOM ITOPOTH 00ECeYnBaeT COBEPIICHHO
CITIOKOIMHBIN X0/ IToe37a U OTCYTCTBUE KoJieha-
HUI BaroHOB, MacCaXWUpbl HE YTOMJISIIOTCS
BCJIEACTBUE CTYKa U COTPSICEHUI U TIPUTOM
COBEPILIEHHO HE CTECHSIIOTCS B CBOMX IBDKEHM -
SIX M IeUCTBUSIX. BMecTo Toro, 4ro0nl TpaTUTh
MoHanpacHy HECKOJIbKO YacOB, B TEYEHUE KO-
TOPBIX TPOUCXOUT MEPEE3, MACCAKUP MOXKET
HaXOIUTHCS B OTACTBLHOM KyTIe, 00CTaBJICHHOM
C IIPUBBIYHBIM €My KOM(MOPTOM, M C TIOJTHBIM
YIOOCTBOM 3aHMMATBCSI CBOMMU JICJIAMHU.

ITpu HOpMAaJIBHBIX YCIIOBMSIX, BCICACTBUE
IMPOCTOTHI YCTPOMCTBA MpHUOOpa, ITPUIAIOIIETO
BaroHy yCTOMYMBOCTb, HE MOXET IMPOU30NTHU
MpeKpalieHue ero IeHCTBUS. A eCJTN IO KaKOM-
HUOYIb IPUYMHE TIPEPBETCS IIEKTPUUECKUI
TOK, TO BOJIYOK, BCJICACTBUE TTPUOOPETEHHOI
UM <«KWBOI» CUJIBI, OyIEeT IPOIOJIKATh Bpa-
LIATHCSA elIE JOCTATOYHO A0JITO, YTOOBI MOKHO
OBLIO 3aTOPMO3UTL Noe3ay. [1pu ymeHbIIeHN
CKOpPOCTU BpallleHUSI BOJIYKA A0 U3BECTHOIO
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Tpesesia, aBTOMaTUIECKU OITyCKAIOTCsT 0COObIe
KoJI€ca, TTOIePXKUBAIOIIIE BATOH C 00EHX CTO-
poH. Borblas yacTe Harpy3Ku, KOHEYHO, TIe-
pena€rcs rIaBHBIMU KOJIECaMU Ha peJibc, a 60-
KOBBIE KOJIECA CITY>KAT JIUIIIb JJISI KOMITCHCHPO-
BaHMsI SKCIIEHTPUUYECKOI Harpy3ku. M3 kakoro
OBl YMCITa M KaKWX OTIETBHBIX COCTABHBIX YacTei
HU COCTOSII TTIOe3/] HOBOIT CCTEMBI, BCETIA CO-
OImomaeTcs CAeaYIONTNIA IIPUHITUIT

Kaocowiii noeso seasemes camocmosmens-
HOI 0MOenbHOI eOUHUEN).

BaroHs! HOBOIT CUCTEMBI JOJKHBI UMETh
XapakTep OTeJIsI, IPUIEM BO BpeMsI ITOE3IKHN
naccaxXup He BBIHYXIEH OTKa3bIBaThCs OT
CBOET0 OOBIYHOTO 00pa3a XU3HU, U eMy
JIOJXHA OBITH MpeAOCTaBIeHA TTOJTHAS BO3-
MOXHOCTDH MCITOJIB30BaTh 3TO BpeMs OJs
cBouUX 3aHATUI. OcoOeHHOEe BHUMAaHUE
IIOJKHO OBITh OOpaIllcHO Ha MPOJOBOJIb-
CTBEHHYIO YacTh M Ha HEOOXOIMMBIE yI00-
CTBa IUIST MACBMEHHBIX 3aHITUN U YTCHHSI.
B meHTpanpHOM YacTW CpedHETro BaroHa
oe31a MMeeTCsT OO 3aJT, 0 TEXHUYECKOM
Ha3HauYeHUM KOTOPOTO OyIeT cKa3aHo Jajee.
Bo Bpems nBuKeHHUS ITOe31a OH IIPeICcTaB-
JISIeT IUTST TTacCakpOB HEUTO BPOJE BECTH-
OIOJIST OTEJIST; MMOCPEeANHE eTO HaXOOMUTCS
0coboe 010po, B KOTOPOM TMOMeIllaeTcs XKe-
JIE3HONOPOXHBIN areHT. Eciu cpaBHUTH
IBIKYIINIACS TT0€31 ¢ HeOOIBIIMM, COBEP-
1IEHHO 000CO0JIEHHBIM TOPOAOM, TO MOXKHO
Ha3BaTh 3TO OIOPO KaK OBl IIEHTPOM, B KO-
TOPOM COCPEIOTOUYNBAETCS BCSI OOIECTBEH-
Hasg Xu3Hb. Haxoagmuiicsa B O10pO areHr,
KakK IOpThe B OTeJie, BRIIAET BCe XKeIaeMbIe
CIIPaBKH O MIPEACTOSIINX Y3IOBBIX CTAHIIM -
SIX, 0 BpeMEeHM IPUOBITUS TT0e30a Ha Ty WU
IPYTYIO CTaHIIAIO U T.II. B ero pacmopstxe-
HUM UMEIOTCS KpaTKUe paclCaHMs I0e3-
OB, HAXOMSIINXCS B OOpallleHNH Ha Jiexa-
WX BIEpeaM ydacTKaxX, 1, 37eCh Xe, Kak
W B IPYTUX MeCTax Ioe3ma, MOsSIBISeTCS
BUIHOE MU3JaJIv, a B clAydyail HaZoOHOCTH,
¥ XOPOIIIO OCBEIIEHHOE Ha3BaHWE CTAHIIUU
MIpU IPUOIMKEHIH K Hell Toe31a Ha U3BEeCT-
HOE pacCTOsSHHE; 3IeCh Xe BO BpeMsI MyTH
MOXHO TTOJIy4aTh ITOCIeTHNE Ta3eTHl U XKYP-
Hajbl. Ecm TUHMS 171 XKene3HOI0POXKHOTO
IBUXXEHUS cCHabXeHa 0eCcIIpPOBOJIOYHEBIM
TenerpadoM, TO 31eCh MOXHO OyIeT TaKke
MomaBaTh U MOJIyJYaTh TeJaerpaMMEl. Bo Bpe-
MSI CTOSTHKY IT0€3/1a aTeHT YKe He HeCET 3TUX
00s13aHHOCTEM, a pacropsKaeTcs IpUeEMoOM
¥ BEIIYCKOM M3 MO€3JIa MacCaXupoB TeM

Mpecc-apxme. HoBaa cucTema Xene3HbIX A0POr C 0O0bLION CKOPOCTbIO ABUXEHUS, NPEeAI0OXKEHHas
Asryctom LLepnb. NMpoeKT ynyyleHUs NaccaXupCcKoro ABMKEHUS



MOPsSIIKOM, KOTOPBIi OYIeT yKa3aH BIOCJIE -
CTBUH.

ITyTh HOBOJ cuCTEMBI

YcoBepIIeHCTBOBAHHOMY TTOJIBUKHOMY
COCTaBy OJKHO COOTBETCTBOBATH U BIIOJIHE
1esecoodbpasHoe ycTpoicTBO myTu. I1pu aTomM
K OOIIMM TpeOOBaHMSIM, TIPEBSIBISIEMBIM KO
BCSIKOW XeJIE3HOU Jopore U MoAPOOHO U3JI0-
JKEHHBIM B Ha4aJle 3TOW CTaThU, IIPUCOETMHS -
I0TCS eI€ U IPYTUe YCI0BYS, BRITEKAIOLIUE U3
ocobeHHocTelt HoBoit cucteMbl. [Tpu ocylie-
CTBJICHUU HOBOI CHCTEMBI B ITIOJTHOM 00BbEME
BO BCEi cTpaHe HEOOXOIUMO PE3KO OTIpaHu-
YUTh €€ OTO BCEX OCTAJIbHBIX CTOPOH OOIIIle-
CTBEHHOM X13HU. HeT HanobHOCTH pacmpo-
CTPaHSITBCS O TOM, UTO HOBasl Jopora ¢ eé
OIPOMHOI0 CKOpOCThIO B 200 KM B YaC HUKOUM
00pa30M He MOXET OBITh PACIIOJIOXeHa Cpeau
npoyurx myTei coodieHus. E€ myTh nomxeH
OBITh COBEPUIEHHO OTIEJIEH OT BCEr0 OKpPY-
KaloIero, Mmomnagath Ha He€ MOXHO OyJeT
WCKJTIOYMTETbHO Ha CTAaHIIMSIX U IPYTUX OCTa-
HOBOYHBIX ITYHKTaX, U TIO3TOMY TiepecedeHre
B OTHOM YPOBHE ¢ KAKUMHU-HUOYIb IPYTUMU
MyTSIMU, TIepee3abl U TIEPEXObl He JTOKHBI
ObITh AomyieHsbl. [Tpoxoxuil He ycreeT n0-
YUTaATh 10 KOHIIA BHIBEIIIEHHOE OOBSIBIICHUE,
npeayrnpexnamoliee 00 ONacHOCTH, KaK CUJTb-
Has CTpys BO3dyXa OT OBICTPO HECYILEeToCcs
1noe3a CHECET WIU OTOPOCUT €ro B CTOPOHY.
TakuM o6pa3om, Kak JIOIIM HEOCTOPOXKHbBIM,
TaK 1 3JI0YMBIIIUIEHHUKAM JIOJDKHA OBITh OT-
pe3aHa BcsKasi BO3MOXHOCTh ITOMACTh Ha
nyTb. [ToaTomy, 6€3yC10BHO, JTOJKHO OBITh
BBITNIOJIHEHO Clieaylolliee TpeboBaHue:

Hosas scenesnas dopoea 60abuioi ckopocmu
He Modcem Obimb NPOAOICEHA HA YPOBHE 3eMAU.

B Goublieit yactu ciaydaeB noTpedyeTcs
CTPOUTH €€ B BUE BO3BBIIIIECHHOMN XXeIe3HOI
JIOPOTH, TIPOXOISIIEI Hall BCEMU OCTaTbHBIMU
JIOporaMu, MpoBeIeHUE KOTOPBIX MO MOJI0T-
HOM XeJIe3HOW MOpOoTu He MpPeACTaBUT
HUKaKUX TPYIHOCTE! 11 COBpeMEHHOM TeX-
HUKH.

TexHuyeckast CTOpoHa YCTPOCTBA OCHO-
BaHUS JOPOTU U B OCOOEHHOCTH BBIOOP CTPOU -
TEJTbHBIX MaTepPUaIOB MOTYT OBITh Pa3TUIHBI
B 3aBUCUMOCTH OT MECTHBIX yc1oBUit. Bo Bcex
ropojaax v B 0ojiee HaCeJIEHHBIX MECTHOCTSIX,
HaIlpuMep, B MPOMBIIIJICHHBIX IIEHTPAX,
B MECTax pa3pabOTK1 KAMEHHOTO yIJisl, BOOO-
111€ Be3/e, Ilie CTOUMOCTh 36MJIM OYE€HB BBICO-
Ka, MPU yCTPOMCTBE IMOJOTHA XEJIe3HOM N10-
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pOTHY MPUAETCS OTAATH MPEATIOYTEHUE COOPY-
JKEHUSIM 13 KeJe3a.

Boo6ie, aToT Bonmpoc 006 ycTpoiicTBe
HUXXHETO CTPOCHUS TOPOTHU TMPEACTaBIsIET
yrcTo (GMHAHCOBYIO 3a/1a4y, M K pa3pelieHUIo
€ro C TEXHUYECKOU CTOPOHBI e/1Ba TN BCTPE-
TATCS Kakue-Jubo 3aTpynHeHust. To unm
JIPyroe pellieHrue ero B KaXJIOM OTAEJbHOM
clyyae JOJIKHO JIUIIb YIOBIETBOPSTH TEM
YCJIOBUSIM, KOTOPbIE ObUIU MOAPOOHO U3J10-
JKeHHbI Bbile. HyokHee cTpoeHte T0KHO ObITh
JIOCTaTOYHO HaIEXHO 151 TOTO, YTOOBI MpU-
HSTHh Ha ce0sl Harpy3Ky OT IpoOerajpIiero
TTOBUKHOTO COCTaBa, U TIPECTABISITh TAKOE
YCTPOWCTBO, YTOOBI IBMXKEHUE HAa HOBOM 11O-
pore 0OJIbILIOK CKOPOCTU OBLIO 00ECIeuyeHO
JIydille, YeM HBIHEITHUMM Iuiaroaymamu
1 3a00paMM, OT TOCTYTIA Ha ITYTh JTIOJEH 1 XKU-
BOTHBIX.

BaxHoe 3HaueHUE MMeeT TakXe U ToTIe-
peuHbIi Mpodib BepxHero ctpoenust. [1pu
€ro yCTPOWCTBE AOJXKHO OBITH 0OpaleHo
BHUMaHME Ha BCE TIOTPEOHOCTH IKCILUTyaTa-
1IMH, a B OCOOEHHOCTU Ha OCMOTP M MCITPaB-
JIeHUe TyTU, TPUIEM HAZ0 UMETh BO3MOXK-
HOCTh 00Bbe3XaTh U OCMAaTpUBATh MyTh, HE
npekpaias rmo Hemy aBrxeHus. Camo coboit
SICHO, YTO CYIIECTBYIOIIMI HBIHE CIIOCO0
0OCMOTpa ITyTH, TTI0 KOTOPOMY TTpOE3XaroT Ha
JIpe3UHaX XeJe3HONOPOXHBIE areHThl, He
MOXET UMETb MEeCTa; C IPYroil e CTOPOHBI
HEUYEero U TOBOPUTH O TOM, HaCKOJIBKO 311eCh
OyneT HEOOXOAUM caMblii TIIATeIbHBIN
ocMOTp myTH. M Terephb yXe JOMHYBIINE
PeJIbChl, OcabIie O0NTH U KOCTBIIU U APY-
rve HEeIOCTaTKW OBIBAIOT MHOTAA TTPUIMHOIO
HECUYaCTHBIX CJIydaeB Ha XXeJIEe3HBIX JOpOoTax,
a Ipy 0YeHb OOJIBIIION CKOPOCTH Ha OYIYIITX
Jloporax OHM MOTYT MPUBECTU K ell€ OoJiee
yXacHbIM KaTacTpodam. [Tpu HOBoOI1 cucteme
0e3ycI0BHO HeobxonuMa MosHast 6e3omnac-
HOCTb JBUWXKEHUS, U TEXHUKA pacriojiaraet
BCEMMU CPEICTBAMU, HEOOXOAMMBIMU TSI 10~
CTUDKEHUS 3TOU 1IEJIN.

BBuny satux tpeboBaHUi, TTOMEPEeYHBIN
MpoduIb TOPOrY OOJIBIIION CKOPOCTU IO CBO-
€My BUIY JOJIKEH CYIIECTBEHHBIM 00pa3oM
OTJINYAThCST OT TMPUMEHSIEMBIX B HACTOSIIIIEE
BpeMsI TUIIOB.

Jns 3auThl OCMAaTPUBAIOIINX WM UC-
TIPaBJISIIOIIUX ITYTh aT€HTOB OT CUJIHOM CTPYH
BO3IyXa MpU MPOXOJe Toe3a, CAeayeT Ipu-
JnaThb npoduao ocodyo dhopmy. Bee paBHoO,
OyleT 1 3TO COOpYyXeHUe M3 Kejesa, Uin

MNMpecc-apxue. HoBas cucTtema XXene3HbIX AOPOor C 00JbLLION CKOPOCTbIO ABVKEHUS, MPEeAJIOKEeHHas
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Puc. 2. Pa3pe3 Hacbinu Ha NneperoHe Mexay CTaHUUsiMU.

3eMJISTHasl HaChITlb, TTOCPEINHE XeIe3HOI0-
PO>KHOTO ITOJIOTHA HY>KHO CIIEJIaTh yITyOlIeHe
IMMPUHOM 0KOJIO 2,5 MeTpa 1 IIyOuHOM B 1,5
MeTpa, U B HEM YJIOXUTh BCTIOMOTATEIbHbBIN
MyThb, IBMKEHUE TI0 KOTOPOMY OyJIeT Mpoun3-
BOJMUTHCS C ITOMOIIBIO aKKYMYJIITOPOB WU
0EeH30MOTOPOB. DTO YCTPONCTBO MPU OITHO-
PeJIbCOBOI JOPOre MOXET ObITh BBHIITOJHEHO
0e3 yBeJMYeHUs IIMPUHBI ITOJIOTHA, TaK KakK
pacCTosTHUE MEXIYy OOOMMU peTbCaMy TJIaB-
HBIX ITyTe TOJKHO OBITh HECKOJILKO OOJIbIIIE
IMUPUHBI BaroHa, T.e. 0KOJo 4,5 METpPOB.
BcnomoratenbHbIN MyTh JOJKEH OBITH 000-
pPYIOBaH BaroHaMM C JOMKpaTamMu, WHCTPY-
MeHTaMu U T1p. B ToMm e BcriomorarebHOM
BaroHe JOJKHO OBITh MOMellleHrue Ha 6—8
YeJIOBEK.

Biaronapst Tsre pu MMOMOIIY aKKyMYJIsi-
TOPOB, 3TV BarOHbI COBEPIIIEHHO HE 3aBUCST
OT IOCTaBJICHUs ABUXYIIEW CUJIBI U3BHE,
U TIO3TOMY TIpY TIpEeKpallieHnn ToKa, BCIIe-
CTBUE IMPOUCIIIEAIIETO Ie-HUOYIb B TPOBOIAX
KOPOTKOTO 3aMbIKaHUSI VJIH TIO CJTy4alo TIpy-
OCTaHOBKY pabOTHI Ha LIEHTPATBHOM CTAHITNH,
B BHJaX 0€30MMacCHOCTH AaCCaXXUpPOB, BCITOMO-
raTeJIbHbIe BaTOHBI TTO-TIPEXHEMY COXPAHSTIOT
TOJIHYI0 BO3MOXHOCTH TEePEIBUXKEHUS 110
ciayxeoHoMy mytu. ITpu BcsikoM citydae 1o-
BpEXIEHMUS ITyTH MOXKHO OyAeT ObICTPO AOCTa-
BUTh HA MECTO HEOOXOAMMOE YMCIIO pabovmX,
WHCTPYMEHTOB U MaTepHUajoB U C MOJHOIO
0e301aCHOCTBIO MIPOU3BOIUTE PEMOHT, JAaXKe
He npekpariasi nBrkenust. Kpome Bcriomora-
TEJIbHBIX BarOHOB, IO 3TOMY CJIIy>XKeOHOMY
ITyTU TIEPEIBUTAIOTCST M BATOHBI JIJIST aT€HTOB,
KOTOpPBIE JOJXKHBI TTOCTOSIHHO THIATEIbHO
HaO0JI0aTh 32 COCTOSTHUEM TTyTeil. DT areH-
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Tl MOTYT C YIOOCTBOM IOMEIAThCS B MEM-
JICHHO NBWXXYIIEMCSl BarOHE M OCMaTpUBaTh
MPaBbIil W JIEBBIV MYTU MPU TTOMOLIHU 3EPKaJ,
PacIioIOKEeHHBIX Ha CITy>keOHOM BaroHe 1 co-
OTBETCTBEHHBIM 00pa30M, 3allIUIIEHHBIX OT
BJIVSTHUS TIOTOJIBI.

YTo0OBI YIOBJIETBOPUTD U3JIOKEHHBIM CO-
0o0paXeHUsIM 1 TpeOOBaHUSIM, HaIO TPUAATh
TOJIOTHY BUJI, yKa3aHHBIN Ha puc. 2 u 3. Ha
puc. 2 TIoKa3aH TOMePeyHbId pa3pe3 3eMJIsi-
HOI HAaChIMA C KAMEHHBIMU MOJAMOPHBIMU
creHKamu. Ha puc. 3 Ta e Hacblnb u300pa-
KeHa B nepcriektue. Ha o6oux pucyHkax
MO>XHO BUIIETh BBIEMKY B BUJI€ KaHaJla, yCTPO-
€HHYIO B HACBIMH, C TOYTU OTBECHBIMU CTEH-
KaMM, a TakKe W CIIy>KeOHbI BaroH. YToObI
JNBUXKEHUIO B 3TOI BBIEMKE He MPEIsITCTBOBA-
JIV IOX/b U CHET, B HUXXHEMN YacTU €€ yCTpoe-
Ha CTOYHas Tpy0a, U3 KOTOPOii MONePeYHbIMU
TpyOaMM JOXIEeBas W OT TassHUS CHera Boja
OTBOAUTCS B KaHaJI, paCHOJIOKEHHBIN PSAOM
¢ HachImblo. Ha puc. 2 MOXHO SICHO BUAETH
KaK CTOYHYIO, TaK U OOKOBBIE BBIITYCKHBIE
TpyObI. BripoueMm, pesibcbl BCHOMOTATEIbHOTO
MYTHU B 3TO BbIEMKE TOJIKHBI OBITh PacoJio-
JKEHBI B TAKOM PAaCCTOSTHUM OT €€ JHa, YTOObI
CHET MOT MX MOKPBIBATh JINIIIb B OYEHb PEAKUX
cayvasx. Ha ropoackvx BO3MyIIHBIX BO3BbI-
IIEHHBIX IOPOraXx CMOTPOBOT0 KaHajla MOXHO
U He yCTpauBaTh.

Ha moporax HOBOIi CICTEMBI TOJKHBI ObITh
0co00ro posa ycTpoicTBa, 00eceunBaroye
Oe3omacHOCTh ABUXeHus. [Ipu oueHb 00Jb-
IIOW CKOPOCTH CJIEyeT MepeaaTh MyTeBble
CUTHAJIbl B pacMopsikKeHUe JIUIA, BEAYyIEero
TMoe31, WIH, ell€ Jydlle, KOMOMHUPOBATHh
CUTHAJIBI 000MX POJOB MEXAY CO00I0, T.€.

Mpecc-apxme. HoBaa cucTema Xene3HbIX A0POr C 0O0bLION CKOPOCTbIO ABUXEHUS, NPEeAI0OXKEHHas
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Puc. 3. O6wnii BuA 04HOPEIbCOBOI [OPOrN Ha NepPeroHe Mexay CTaHUNsIMH.

MyTeBBIE CUTHAJIBI C TOE3THBIMU. 3aTeM 0e3-
OITACHOCTH ABVKECHUSI JOJKHA OBITh YBEJIUe-
Ha opraHM3anyeil OTBETOB Ha MOJIyYeHHBIE
CHUTHAJTBI, TTOCPEACTBOM KOTOPOI BaTOHOBO-
JKaTBII TOTYAC IO TTOTyJYEeHIH CUTHAJIA NOJDKEH
repenaTth ero Hazam Tyda, OTKylIa OH €ro I10-
JIyYWJT. DTOT IPUHIIUI U TEIIEPh yKe IIpUMe-
HsIeTCS B TeX CIyJasiX, TIe IBUKEHIE CBSI3aHO
€ 0CO0OI0 OTBETCTBEHHOCTBIO, HATIPUMED, TIPA
nepenaye MPUKa30B Ha MOPCKUX CYyIax; Kax-
JIBIIA MAIITMHUCT, TIPEKIIE YeM ITPUBECTH B UC-
TOJIHEHHE, TIOJIYYEHHOE B MAIIMHHOM OT/Ie-
JICHUY pacItopsoKeHNe, 00s13aH Tejierpadupo-
BaTh €r0 OOPAaTHO Ha KAITMTaHCKWI MOCTHK
B YAOCTOBEpEHME TOTO, YTO OH MPaBUJIBHO
TIOHSLT TTOJTYIeHHBIN MprKa3. Takoe Bo3Bpa-
IIeHNe TprUKa3a TapaHTHUPYeT IOJHYI0 0e3-
OITACHOCTb, TaK KaK MUTAIOIINIT MOTOPBI TOK
OymeT HeMeIJICHHO ITpepBaH, €CJIM BATOHOBO-
JKaTBIA He BO3BPATUT ITOJIyIEeHHOTO CUTHAJIA.

Heobxoaumo ckazathb elé 3aech 00 0co-
OGOM THUIIE IyTH, a UMEHHO 00 YCTPOMCTBE €ro
B TOPOJIaxX, B 3aCTPOCHHBIX TOMaMU MECTHO-
cTax. B HacTosee BpeMs TSt CKOPOTo CO00-
IIEHUS B TOPOAaX IIPUMEHSTIOTCSI JOPOTH TPEX
POIOB: BO3BHIIIICHHBIE, PACITONIOXEHHEIE He-
MOCPEICTBEHHO HUXE YPOBHS MOCTOBOM
n noa3eMHble. C 3KOHOMUYECKON TOUKU
3PEHHUS, U3 3TUX TPEX THITOB JIYIIIINM SIBJISICT-
cd TIEPBBIiA, B TOM BUE, KaK OH IIPUMEHSIETCS
B Bepine, MMapmke n Holo-Mopke, HO oH
MIMEET CYIIeCTBEHHBIE HEIOCTATKM, 8 UMEHHO:
JKeJie3Hasl JopoTra 3TOTrO THUTIA 3aTEMHSIET YIIH -
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1Ibl, HAJl KOTOPHIMU OHA MPOXOIUT U, KpOME
TOT0, OYeHb OECITOKOUT KUTEJICH CBOUM IITy-
MoM. U neiicTBUTENbHO, TeTiepb BO3BBIIICH-
HbIE TOPOTH JI0ITYCKAIOTCSI JTUIIIh HA 0COOEHHO
IMAPOKMX YIUIAX, C OYJIbBApPOM TOCPEANHE,
U TIO3TOMY IPUMEHEHNEe UX OYeHb OrpaHuye-
Ho. B Tex yactsx ropopa, rie 3TOT TUIT He
MOXeT ObITh NpUMeHEH, Ha EBponeiickoM
KOHTUHEHTEe TTpUOeraloT K XKeJIe3HbIM J0pO-
ram, pacroJIOKeHHBIM HUXE MOBEPXHOCTHU
MocToBOM. [Ipu 3TOM TuUIle BHEUIHUI BUI
VJIULL HE CTPAlIaeT, HO YCTPOMCTBO TaKMX JOPOT
00X0OIUTCS OYEeHb OPOro, a UMEHHO: MpHU
OCOOBIX TEXHUIECKUX TPYTHOCTSIX ITOCTPONKHI
ux B bepiauHe, MOrOHHBIN KUJIOMETpP 3THX
Jopor odoxonutcs okoyio 10 MiIH Mapok, B TO
BpeMsI KaK CTOMMOCTh KUJIOMETpa OOBIKHO-
BEHHOI BO3BBIIIEHHON JTOPOTH COCTABIISIET
BCero Wb 1,5 MaH MapoK. MoXHO ObLI0 ObI
IO HEKOTOPOU CTeTIEH! YMEHBIIIUTh HEBBITOI -
HOCTb TaK1X IOPOT, IPOBOS UX B IIPUTOPO/I-
HBIX MECTHOCTSIX IT0 00Jiee IMPOKUM YIUIIaM,
B OTKPBITBIX CBEPXY TpaHIIesX, T.€., CHSB
BEPXHIOIO YacTh TYHHEJIsI, C OrpaxaeHueM
9TUX TpaHIIEel pemETKaMu, HO MPU ITOM
BO3HMKHYT HOBBIE 3aTPYTHEHUSI TEXHUYECKO-
rO XapakTepa, ¥ IocTpagaeT Bua yauil. [1pu-
TOM Jaxe eC/ld W He MpuaaBaTh 3HAYCHUS
TocjaeTHeMy 00CTOSITEIbCTBY, BCE-TAKH y 10~
pOT 3TOTO THUIIA OCTAHETCsS KOPEHHOM Hello-
CTaTOK, CBOMCTBEHHBIN TaKXX€ U BO3BBIIICH-
HBIM JIOPOTaM M COCTOSIIIMI B TOM, YTO OHU
JIOJIKHBI CJIe0BaTh HaIlpaBJICHUIO YJIUII,
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BO3BE

Puc. 4. Bo3ny
Hanp o Han Ao

Aaopora B 60sb0M ropoge (Bung cumsy). OHa npoiaéT no npssMomy
YnosxeHHblii Ha BUagyk nyTe 6yAeT HAXOAUTbCS HAa TaKoWi BbICOTe, YTO KpacoTa

ropoaa HACKOJIbKO He nocTpagaeT. Co CTpaLIHOW GbICTPOTOM GyAyT M4aTbCs HaA ropoAoM rnoe3Aaa,

He Npon3BoAsi HUKAKOro LyMa U He Bbi3bIBasi COTPSICeHWI B 3[aHNsX, Tak Kak BUaayK npeAcTasnser
CcoBepLUEHHO CaMOCTOSITe/IbHOE COOPY)XeHUE 1 NOAAEPXXUBAIOLNEe ero KOJIOHHbl, UMEeIOT COOGCTBEHHbIN
@yHAAMEHT, BNOJIHE OTAEJIeHbl OT KN1aAKN OKPYXXAIOLLMUX UX NOCTPOEK. OObIYHbIE YCIIOBUS XU3HUN
M AEeaTenbHOCTU B ropoAax v NpeamMecTbsiX HUCKO/IbKO He GyAyT HapyLuaTbCsl IPOBEeAEHUeM 3Tol fgopory,

o KoTopoJi, eaBa y/10BMMO A1l 3PEHUS U cyxa, 6yayT 6bicTpo npoberarte noe3aa. flopora npoiaéT HaCTO/bKO
BbICOKO Ha AOMaMu, YTO OHa COBCEM He OyAeT 3aropaXxuBatb CBETa U MeLUaTh MPUTOKY YACTOro Bo3Ayxa.
Takum o6pa3om, BO3AyLHAs BO3BbILLIEHHas OPOra Hanbosiee yaayHo pa3peLunT Bornpoc o6 yCTpaHeHnn BCex
HeAoCTaTkoB COBPeMeHHOI CUCTEMbI ABUXEHUS MOe3[0B.

MoYeMy CUJIbHO CTECHSIETCS PacCIIOJIOXEeHUE
XKeJIE3HOM IOPOrv B ILIAHE.

IMocnenHero HeynTOOCTBa MOXKHO M30€KaTh
JIVIIB MPU TPUMEHEHUH TOA3EMHOM XeJie3-
HOI TOpOTH, HO 3[€Ch paCcXObl IO COOPYKE-
HUIO OKa3bIBaIOTCS el 60JIee 3HAUUTETbHBI-
MU, He ompaBAbIBaeMbIMU MOCJeayIomei
SKCIUTyaTalMei; HampuMep, Haao CUYMTATh,
YTO paCXOIbl MO MOCTPOMKE MOA3EMHBIX TOPOT
B JIoHIOHE HUKOTIA HE OKYIISATCS.

Hosasg cucrema naét BO3MOKHOCTb COOPY-
XKEHMSI TaKOi AOPOTU IJisl OBICTPOTO TOPOI-
CKOTO ABMXEHMS, KOTOPasi U B TEXHUYECKOM,
U B DKOHOMHWYECKOM, U B 3CTETUYECKOM OT-
HOLIEHUSX OOJKHA OBITh MpU3HAHA MPSMO
ujaeaabHOM.

Kene3HOmOpOKHBIE JTMHUU HOBOI CUCTEe-
MBI B TOpOJax OyIyT MPOXOIUThH BHICOKO HaJl
momamu. Tak Kak ABMXKEHHUE MMOe310B OyaeT
MPOMCXOAUTH TTOYTH BOBCE O€3 yIapoB U CO-
TpsSICEHUI, a, ClIenoBaTeIbHO, U He OyaeT
MPOM3BOAUTD IIIyMa, TO OKa3bIBACTCSI BO3-
MOXHBIM TO, YETO HEJIb3$ ObLJIO JOCTUTHYTh
MPY CYLIECTBYIOLIMX IO CUX IOP CUCTEMAaX:
He HY>XXHO OyJeT yke OoJbliie MpsiTaTh 10pO-
ry rimy0oKoO o[, 3eMJII0; BMECTE C TEM OTIIa-
JIaeT HEOOXOIUMOCTD U B TOM, UTOOBI XKeje3-
Has Jopora Ijia Mo HaIlpaBJeHUIO YJIUII
U CBOMMH 0oJiee UM MeHee MacCCUBHBIMU
XKeJIE3HBIMU COOPYKEHUSIMU JIMILIANA YIULIBI
HEKOTOpoi#t yacTu Bo3ayxa u cBeta. CoBep-
LIEHHO HE3aBUCUMO OT YaCTO OUE€Hb U3BUIM-
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CTBIX OYEPTAaHUMN YJIHUII, KOTOPHIM JOJIKHBI
CJIeA0BaTh HBIHEIITHUE BO3BBIIIIEHHBIE TOPO-
U, JMHAY HOBOM TOPOJICKOM TOPOTU — BO3-
JIYIIHOW BO3BBIIIEHHOW JOPOTU — OYyIyT
MPOXOIUTh Hal KPHIIIAMU JTOMOB ITO KpaT-
YallleMy HalIpaBJICHUIO BO3AYIIIHON IMHUM.
O cnioco0e MOCTPOMKY TAKUX TUHUN MOXHO
CyIuTh 1o puc. 4 u 5.

CrpoliHbie KOJOHHBI U3 Kele300eToHa
OyIyT MPOXOOUTH Uepe3 1oMa, Oyayuu CoBep-
ILIEHHO OT/EJICHBI OT CTEH MOCTPOEK M OTNHpa-
SICh Ha 0cOObIe (DYHIAMEHTHI, IJIyOOKO 3aJ10-
JKEHHBbI€ B 3eMJIe, U OTU KOJOHHBI OyIyT
MOJJAEPXUBATh BUaAYKH; Ha pUC. 6 TTOKa3aH
pa3pe3 XKUJIOro 10Ma ¢ KOJJOHHOIO BO3MYIIIHOM
BO3BBILIEHHON JOPOTH.

IIpocTpaHcTBO, 3aHUMaeMoOe XKejne300e-
TOHHBIM CTOJIOOM, M O€3 TOTO He BEJIUKO, HO
KpPOMeE TOro, KaK BUIHO Ha PUCYHKE, MOKHO
cIeaaTh CTOJ0 BHYTPU MYCTBIM, C YCTPOMi-
CTBOM Ju@dTa U BOKPYTI HEroO BUHTOBOM
JiecTHUIIBI. Jla U Tereph yXe Ha KaxXaoM
11ary MOXHO BCTPETUTh Pa3HOI'0 poaa KOM-
OMHAIIMY XKEJIe3HOAOPOXKHBIX JIUHUM C KU-
JILIMU JoMaMu. 3a IpuMepaMu HET Hamo0-
HOCTH 00paIaThcs K aMepuKaHCKUM J0PO-
ram, Tak Kak 1 Ha 0epJMHCKUX BO3BBIIICH-
HOW M MOA3EMHOM XEJIE3HBbIX T0OpOorax
MOXHO yKa3aTh MOoJ00HbIe caydyau. Tak,
Hampumep, puc. 7 mpeacTaBisgeT poBeae-
HUE MOA3EMHOMU NOPOTY MOA I'OCTUHUILEHU
®ropcreHrod, a Ha puc. 8 300paxEH Mpo-
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Puc. 6. BosgywHas BO3BbilLIE€HHasi XeJie3Hasi gopora
B 6osibLLIOM ropoge.

pe3aHHBIN XeJIe3HOoM Joporoit moM Ha eH-
HEBUII-1ITPACCE.

Bok3asibl XKeJie3HbIX T0POT HOBOIA CHCTEMBbI
Ha xene3HbIX moporax HOBOM CHUCTEMBI,
C HOBBIM ITOJBUXHBIM COCTaBOM, IT€PEIBU-
rarIuMCcs TT0 HOBOMY YCTPOMCTBY MYTH,
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Puc. 7. BepnuHckasi nog3eMHasi xene3Hasi gopora
nopa roctuumueii dopcrenrog Ha Leipziger Platz.

KOHEYHO, Y BOK3aJIbl JOJKHBI II0 CBOEMY
BUIY OTJIMYAThCS OT CYILECTBYIOIIMX HA HbI-
HEILHUX JOPOrax.

OOBIKHOBEHHBINM BOK3aJ COBpEeMEHHOI
KeJIe3HOM NOpOTH IMpeACTaBiseT 34aHue,
B KOTOPOM, KPOMe€ CIIy>K€OHBIX, GaraxKHbIX
U IPYTUX MMOMEILEeHUM, UMEIOTCS €Il€ 3aibl

MNMpecc-apxue. HoBas cucTtema XXene3HbIX AOPOor C 00JbLLION CKOPOCTbIO ABVKEHUS, MPEeAJIOKEeHHas
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JUTST OXKMIAIOIINX TI0€3/1a TacCaXXupoB, ¢ Oy-
deramu. K maccaxnpckomy 30aHUIO TPUMBI-
KaroT 1IaTGopMbl, KOTOPHIE IS 3aIUTHI
MaccakMpoB OT HETOTOMbI TIEPEKPBITHI 0CO-
OBIMU HaBECAMMU.

Ho Bcem xopoiiio M3BECTHO, YTO TaKue
HaBeChI JAJIEKO HE TOCTUTAIOT 1IeJT!, U Tlacca-
JKUPHBI, B OXKWIAHUM ITOE3/a, HAXOASICh B OoJiee
WM MeHee OTKPBITHIX TTOMEIIIEHUSIX, CTpaja-
IOT OT XOJIOIa MU CKBO3HOTO BeTpa, a Ha Ma-
JIECHBKMX CTAHIIUSIX HABECOB 1 BOBCE HET, TaK
YTO TTACCaKUPBI COBEPILIEHHO HE 3aIMIIEHBI
U OT TOXKJIS.

Bok3zansl mpu Xeje3Hoi nopore HOBOM
CHUCTEMBI MPEIT0IaraeTcs yCTPOUTh TaK, UYTO
OyzmeT BO3MOXHO M30eXaTh KaK yKa3aHHBIX
BBIIIIE, TAK W PA3IMIHBIX IPYTUX HEYIOOCTB.
Ha cymectBytonux renepb BoK3ajiax rmacca-
KUPY Tociie MpuodpeTeHus ouiieta, mpuxo-
JIATCSI CAMOMY OTBICKMBATh TTOE3]1, C KOTO-
PBIM OH JTOJIXeH exaTh. [1o mpuobsiThm moes3na
Ha CTaHIIMIO TTacCaXXUpPhl CPa3y BHIXOIST U3
MHOTHX JIBepeii, YTO ObIBaeT OCOOEHHO 3a-
METHO ITPY MaCCOBOM TEPEIBUKEHUT MEXKITY
BepnHOM 1 ero TpUTropOAHBIMU MECTHOCTSI-
MU B BOCKpecHble 1HU. Ha miaTtdopme nipo-
HMCXOJIUT HACTOSIIAs CBAJIKa; OMHU CTPEMSIT-
CsI K BBIXOIY, IPYTUe OTHICKMBAIOT MOE3, Ha
KOTOPBIIf OHU JTOJIKHBI TIEPECECTD.

B xoHIIe KOHIIOB, TTpaBaa, ycTaHABIMBa-
I0TCS HEOOXOIMMBIE U KeJlaeMble TeUEeHUS
raccaxupoB, HO BHauaje Bce 6ecropsiaod-
HO CHYIOT B3aJ M BMEPEN M CTAaTKUBAIOTCS
IIPYT ¢ ApyroMm. BeIxoauTs u3 moes3na u 1mo-
MajaTh B BaroH JJIs KaXJIOTo Mmaccaxwupa
B OTAEJIHHOCTH OBIBAET HE TOJBKO 3aTPYI-
HUTEJIbHO, HO MHOTIA JaXe U COMPSIKEeHO
¢ omacHocThlo. KopeHHOe TepeycTpoiicTBO
MaccaxXupCcKuX 3AaHUI TMOJIOKUTEBHO He-
006xoauMo.

Puc. 8. BepnunHckasi BO3BbILIEHHas ene3Has gopora
Ha [leHHeBuy-wtpacce (Dennewitz Strasse).

biaronaps HoBoil opraHuzauuu, OyaeT
NOCTUTHYTO 3HAYUTEJIbHOE YMNPOIIEHUE
YCTpOICTBa BOK3aJIOB. BBeaeHue cTporo He-
MPEePBIBHOTO ABVXKEHUS MOBJIECUET 3a COOOM
COKpaIlleHUe 10 MUHUMYMa BpEMEHU, KOTO-
poe TIPUXOIUTCST TPATUTh Ha OXUIaHUE T10-
e3na; 6aarogapsi 3ToMy, MOXHO OyIeT 1aBaTh
3HAYUTEIBLHO MEHbIIIE pa3MepPhl Maccaxup-
CKMM 3aj1aM U Oy(heTHBIM nmoMenieHusIM. Jtst
CaMMX ITacCaKMPOB B ITUX IIOMEIIEHUSIX TIOY -
TH 1 He OyIeT HamoOHOCTH, TaK KaK OXXUIaTh
noe3na UM NPUAETCS OYEHb HEAOJro, na
TIPUTOM U B ITyTH OHU OYIYT UMETh BO3MOX-
HOCTb MOJTy4YaTh 32 HEAOPOTYIO LIEHY XOpolllee
MpOAOBOJIbCTBYE. Takue MOMEIEHUs cKopee
OyIyT CITY>KWTH JJIS1 JIULL, TPOBOXKAIOIIMX Mac-
CaXMPOB, YeM TSI CAMUX aCCaXKUPOB, a, CJie-
JIOBaTebHO, TI0 CBOMM pa3MepamMm OydayT To-
pa3no MeHblile, 4yeM Tenepb. I[loaToMy Ha
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Puc. 9. lMnatpopma LleHTpanbHOro Bok3asna B 60/bLLIOM ropoge.
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Puc. 10. Pacnonoxenue nnatgopmsli B naaHe.

BOK3aJlax HOBOI CHUCTEMBI OCTAHYTCs, IJ1aB-
HBIM 00pa3oM, TOJIbKO TaKHhe YCTPOMICTBa,
KOTOPbI€ HEOOXOIMMBI TSI CAMOTO JIBVKEHHSI.

Hanee cieayeT OOMH M3 BaXXHEMIIMX
MPUHLIMIIOB, COCTOSILUIA B TOM, YTOOBI BCE
MOTOKU MACCaxKUpPOB, KOTOPbIE TeNEPhb, KakK
ObLIO TOJIBKO YTO CKa3aHO, IlepeceKaroTcs
MexKy cO0010, IPUBECTU B CUCTEMATUYECKUIA
BUJ U OpPraHM30BaTh MX TaK, YTOObI COBEP-
LIEHHO YCTPAaHUTh BCSIKOTO PO/ia CTOJIKHOBE -
HUs ¥ HAIIPAaCHO OTHHUMAIOIIe BPEMS U CH-
Jy TpeHusi. BepHee Bcero aToro MoxHo [10-
CTUTHYTb, 110 BO3MOXXHOCTH OTPAaHUYMB Ca-
MOCTOSITE/IbHOE IepeABIXEHUE OTAEIbHBIX
naccaxupoB. BMecTo npoKr3BOJBHOTO Iepe-
JIBMKEHUSI OTIEIbHbIX I1ACCAKUPOB YCTaAHAB-
JIMBAeTCs MeXaHMYeCKOe MepeMelleHrue UxX
LIEJIBIMY TPYIIaMHu.

I1pu 5TOM € 0OIHOI CTOPOHBI, TOCTUTACTCS
KenaeMmoe oOlee OBMKEHHME BCeX MacCaXu-
POB, a C IPYroil CTOPOHbI — MEXaHUYECKOe
nepeMellieHUE C HOMOIbIO JTM(MTOB, ITOIBUX-
HBIX TUIAT(GOPM M APYTUX NOAOOHOIro poaa
YCTPOMCTB, U cOepexXeHUe CUIIbI, TaK KakK
TOIa COBEPILUEHHO OTIagaeT caMa co0ol0
He0oO0XOAMMOCTh B 0€TOTHE, XOXIEHUU I10
JIECTHULIAM U TIp.

OcyllecTBIeHUE Ha IejIe 9TUX TeOpeTUYe-
CKMX COOOpaXXeHUII 00ycIaBIuBaeT He00X0-
JVMMOCTb BBECTHU JJIs BOK3aJI0B HOBOM CHCTE-
Mbl KOHCTPYKTUBHBII 3JIEMEHT, /ISl OIpe/e-
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JICHHSI KOTOPOTO MOXHO BOCITIOJIb30BaThCS,
CJIOBOM «KaOMHa».

«Kabuna» npencraBiisieT cob00 yCoBep-
IIEHCTBOBAHHBINA U BUAOM3MEHEHHBIN TUPT,
KOTOPBIN IepenaéT maccaxXupoB OT BXoja
B BOK3aJI TIPSIMO B TTO€31] M TOYHO TaK XK€ U3
moesaa K BBRIXOAY M3 Bok3aja. OHa JoJDKHa
MMETb Bce HE0OXOIMMBbIE ITPUCIOCOOICHMS AJIsT
TOTO, YTOOBI HE TOJIBKO CITy>KUTh JIM(TOM B BEp-
THUKaJIbBHOM HaIIpaBJICHNH, C IBIDKCHHEM BBEPX
¥ BHU3, HO ¥ OBITh IIPUTOMHOIO TSI TOPU30H-
TaJILHOT'O MPOIOIBLHOTO ITepeIBIKCHNS.

Bxonpbl ¥ BBIXOIBI Y HEE, COOTBETCTBYIOT
BBIXOMHBIM M BXOIHBIM IBEPSIM CPEIHEIO
B IIO€3/I¢ BaroHa, yCTPaMBaIOTCS TakK, YTOOBI
00a IOTOKa MaccaXnpoB, a UMEHHO KaK BbI-
XOISIINX 13 KaOWHBI B ITOE311, TaK U IMEPEX0-
ISIIMX U3 0e31a B KaOMHY, HUKOUM 00pa3oM
HE CTAJIKMBAJINCh M HE MEIIaJX APYT IPYTY.
ODTUM TpeOGOBaHMEM CTPOroro pasacjieHus
MMOTOKOB MAaCCaXXPOB OOYCIOBIMBAIOTCS 3a-
TeM 1 pa3Mepbl KaOMHBI. [1TaBHOE Ha3HaUeHWE
e€, COCTOsIIIIee B MEXaHMIECKON mo1aue mac-
CaxXXMpOB MpSIMO B JIIOOOH Toe3, MOBEeAET
Jajiee K TOMY, 4TO riaTopMbl OyayT coBep-
IIEHHO CBOOOIHBI OT MYOIMKH, U UMU OyIyT
MOJI30BAThCS UCKIIOUUTEIHHO XKeJIe3HOIO0-
POXHBIE areHTHI. Takoe yCTPOHCTBO MPeACTaB-
JISIET AJIST TTyOJIMKUY TOJIHYIO 0€30MacHOCTh OT
BCSIKOTO pO/Ia HECYACTHBIX CJIyJaeB IPU IIPH-
OBITUM U OTIIpaBJICHUHU TT0e300B. Janee, mis
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Puc. 11. Moave3nHas naowanb LEHTPabHOro Bok3asna B 60JbLLIOM ropoge.

BOK3aJla HOBOM CHCTEMBbI IBIDKEHUS TI0JTyda-
eTcs ele 6oJiee BaxkHOe U ropasno Ooliee
HeHHOE IIPENMYIIIECTBO: He OyAeT HAmOOHOCTH
B IOKPBITHY T1aThopM HaBecamu. [Taccaxku-
PBI OYIYT B 3aKPBITOM CO BCEX CTOPOH KaOWHE
BITOJTHE W TOPA30 JIyUIlle, YeM ITOA HEIHCIITHU -
MU, BCE-TaKH1 HAIIOJIOBUHY OTKPHITBIMU HaBe-
caMM, 3allINIIeHBI OT BETPa U HETTOTOIBI, ¥ TaK
KaK Kab1Ha CBOMMM IBEPSIMH TUIOTHO TIPYIIC-
raeT K ABepsIM BaroHa, TO 3Ta 3alluTa IOoJTy-
YaeTcs HeIPEPBIBHOIO.

Kabuna nipeacTasisier coboil Kak ObI Ky-
30B BaroHa, ITMHOM 0koJ10 30 M, ¥ IIMPUHON
OT 3 10 4 M, KOTOPBHII TIPH ITOMOIIY OOIIEH3-
BECTHBIX YK€ TEXHUUECKUX YCTPOMCTB MOKET
TepeaBUTaThCs B TIOOOM HallpaBiieHUHU. I1o-
cpenmHe e€, KaK M Y CpeTHETO BaroHa KaXKIo-
TO Moe31a, UMEETCSI B KaXIOW MPOIOJbHOMN
CTEHKE I10 OTHOU pa3aBUKHOW IBEPH, ITAPU-
HOIO B 3 MeTpa. TouHO Tak XXe M B KaXKIOM
KOHIIe KaOMHBI IMEETCS 110 IBE IBEPH IITUPH-
Hoto B 1,5 meTpa.

JIBMXKeHUe NOIKHO ObITh OPTaHU30BaHO
TaKUM 00pa3oM, YTOOEI CBOEBPEMEHHO JaBa-
JIOCh 3HATH: B IIOC3IE, O IPUOIIDKEHI K CTaH-
U — TTOCPEACTBOM ITOSIBIICHUS VJIH OCBEIIe-
HUS HaANWCU ¢ Ha3BaHWEM 3TOH CTAaHIINH,
BMECTE ¢ KOJIOKOJBHBIMU CUTHAJIaMHU BO BCEX
BaroHax 1moesza, a B CTAaHIIMOHHOM KaOMHE —
o nmpubmKeHun rmoe3na. [laccaxxupel, KOTO-
PpBIe TOJKHBI BBIMTH Ha 3TOI CTAaHIIUM, COOM-
paroTcs B ONMMCAHHOM BEIIIE HEHTPATLHOM
TOMEIIEHUH T10e31a, YTOOEI OBITh TOTOBBIMU
BEIMTH U3 TTOe31a KO BpeMEHU IPUOBITUS
noe3na Ha CTaHIIUIO.
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Torna HaunHaeT (PyHKITMOHUPOBATH KaOu -
Ha, TPUYEM JIOJKHO OBITH TIPUHSITO 32 TIPABU-
JI0, YTO IITMPOKast IBEPh BarOHA CITy>KUT BCeTaa
JUTSI BBIXOJIa M3 HETO, a TaKasl Xe IBepb KaOu-
HBI — JUISI BXOZIA B HE€, M y3Kasl IBeph KaOMHEI
JUTSI BBIXOJIA M3 HEeE, a y3Kasi ABEPh BaroHa JJIst
BXOJZIa B HETO.

CHavana kabnHa HaXOMUTCS B HUKHEM
9Taxe BOK3aJia M TPUHUMAET TaM ITacCcaxu-
POB, XKEJIAIOIINX OTIIPABUTHCS C OJMKAUTITAM
oe3710M. 3a HECKOJTbKO CEKYH]T 10 TIPUOBITHS
Ha CTaHILMIO Toe3/1a, KabuHa TTPUBOAUTCS
B IBIDKEHWE U TIOJHUMAETCS, TTOKa He ycTa-
HOBUTCS HETTOCPEICTBEHHO PSIIOM C TIPUOBI-
BAIONIMM TIO€37I0M, TIPUYEM Ha TIaTdopme
KabWHa 1 Moe31 TOJKHBI OCTAHOBUTHCS TakK,
YTOOBI IBEPU TTPUXOAVIVICH TIPOTUB JIBEPEii.
3areM pa3aBUKHBIE ABEPU OTKPHIBAIOTCS,
¥ B HECKOJIBKO CEKYH]I COBEpIIaeTCs 0OMeH
rmaccaxXvpamMu; TOTIa TTOe3/] MOXKET OTITPaB-
JIIThCS Jajblile, a KabWHa B 3TO BpeMsl OTTyC-
KaeTcs OISITh BHU3, BBHIITYCKAET CBOMX ITac-
CcaXXWpoOB M CHOBA TOTOBAa K TOMY, YTOOBI
MpUHATHh HOBBIX. Llesecoobpa3Hoe coueTa-
HUE IBUKCHUS KaOWH M MOE3I0B IIPUBOIUT
K 0COOOMY YCTPOWCTBY BOK3aJIOB HOBOU
CUCTEMBI.

ITportie Bcero ycTpoiicTBO BoK3aia B TOM
cIyJae, eCJIV JIMHUS TIPOXOIUT 10 HACHITIH 33
TOPOJIOM;, CJTy>KE€OHBIE TTOMEIIEHMS PACIIofia-
raloTCs TOTAA B HACHINIM, TTOIOOHO Kazema-
Tam.

CoBeplIeHHO IpYyroil BUI MpPeACcTaBseT
TOpOMICKOM BOK3aJl. B aTOM cirydyae mopora He
pacrmojiokeHa Ha HacChITI, a TIPOXOAUT Hal
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JIOMaMM TT0 CMEJTBIM COOPYKEHUSIM U3 JKeJie -
300eToHa. COOTBETCTBEHHO 3TOMY M CTaH-
1MUY PacIoyiaraloTcst Ha BHICOTE IIECTOTO WU
CEIbMOTO 3TaXa, U CTAHIIMOHHBIE TTOCTPOI-
KM MOTYT OBITh BeCbMa pa3zHOOOPa3HOTO
BUjIA.

Oco0blil MHTEpeC MpeacTaBaseT LEHT-
pabHBIN TOPOICKON BOoK3aJl. BenyecTBEHHO
BO3BBIIIAETCS €ro KPYIJIoe 3MaHue, 3aHU-
Marolee 1eJblii KBapTajl, B KOTOPBI BIaja-
0T YeThIpe MIaBHbIe yaulbl. Ciyxariue 11s
MepeaBUXEeHUs IO yJuIlaM OMHHMOYCHI,
TpaMBau W SKUIAaXW OTIPABISIOTCS Ha Ha-
XOJISIIYIOCSI BHYTPY BOK3ajia TIJIONIanb, OT-
KyJa HeTIOCPEACTBEHHO TTaCcCaXkMphI Tiepeca-
SKMBAIOTCS B TU(MTHI U OTIIPABIISIIOTCS Jajiee.
Takum oOpa3om, TTOCTOSTHHBIM, HETPEPHIB-
HBIM ITOTOKOM ITPOXOIUT BCE TOPOACKOE
NBVDKEHUE Yepe3 IeHTPaTbHBIN ITyHKT BCEX
nyteir coodbmenusa. K nmiaarpopmaM LieH-
TPaJIbHOTO BOK3aJ1a ITOIXO/ISIT CO BCEX CTOPOH
pacriojioXXeHHbIe B BUAE Jy4eil mytn. MHo-
TOUYWCJIEHHBIE JTUMTHI JOCTaBIISIOT MyOJIUKY
Ha YpOBeHb IJIaTHOPMBI, IO BO3MOXKHOCTHU
Onrxe K moe3iaM. Yxe B KaxaoMm judre,
YTOOBI JIy4Ille OPUEHTUPOBATHCS B €r0 TOJIO-
>KEHWU, UMeeTcs TIJIaH B BUe MaHopaMbl. Ha
caMMX TuTaTopmax MOMeIIaoTCsT OOJbIITe
BBIBECKU C YKa3aHUEM OTAETbHBIX TUHUIA, YTO
obJieryaeT maccaXxupaM BO3MOXHOCTh Pa3o-
OpaTbcsl B cBoux Mapupytax. [lnatdhopmel
JIOJKHBI OBITh JOCTATOYHO TTPOCTOPHBI IS
TOTO, YTOOBI BMECTUTH MACCaXXKUPOB TPU Ca-
MOM IrycToM nBuxkeHuu. [1o puc. 9 u 11 mox-
HO CyINTh 00 OXUWBJIEHUU, KOTOPOE LIAPUT
B TAaKOM IIEHTPE TOPOJCKOTO IBVXKEHUSI.

J10 cuX TTOp TOBOPUJIOCH JIMIITH O TJIABHBIX
COCTaBHBIX YaCTSIX JOPOTU HOBOW CUCTEMBI,
a UMEHHO O PacIOJOXEHUU CETU U €€ 000-
pPYIOBaHWM, HO HaJO CKa3aTh €III€ U O Mpe/I-
CTOSIIIIEH e€ SKCIUTyaTaluu.

OHa J0J/TKHA YIOBJIETBOPSITh YCJIOBUSIM He
TOJIbKO COBPEMEHHOTO, HO 1 OYIyIIEro JABM-
xeHusi. CoBepIlIeHHO HEOXUIaHHO MOXET
0Ka3aThCsl, YTO HOBBIE YCIOBUS ABUKEHUS
BBI3OBYT M HOBBIE MIOTPEOHOCTH, TIPUIEM HO-
Basi CUCTeMa JIOPOT 3aXBaTUT HOBBIE 00JIaCTH
" Jaxe Ojaromapsi eif BOSHUKHYT HOBbIE Ha-
ceNIEHHbIE MyHKTHI. Ec/ii orpaHUYUThCS JIUIITH
MepBOI YaCThIO 3aa4u, TO BOOOIEe HE ObLIO
OBl HEOOXOAUMOCTHU B CIUIIKOM OOJIBIIOM
YHUCcJie HOBBIX YCTPOMCTB, a JEJI0 CBOIUIIOCH
OBl JIUIITb K HEKOTOPOMY Pa3BUTHIO CYIIIE-
CTBYIOIIE IKCIUTyaTallny.
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HoBble yci10BusI ABUKEHUS CO3JAIOT U HO-
BbI€ COOOIEHNs

ITomo6HO TOMY KaK MaJbHOBUAHBINA KOM-
MEepCaHT He OTPAaHWYMBAETCSI CTAPBIMU TIPO-
TOPEHHBIMU TYTIMU U CYIIECTBYIOIIUMU
pbIHKaMU cObITa, HO CO31aET HOBBIE MTOTPEO-
HOCTH W 3aXBaTbIBa€T HOBBIE PHIHKU, TaK
1 KeJIE3HOIOPOKHBIE NESTEIN NOJIKHBI CTPE-
MWTBCS K NaTbHENIIEMY Pa3BUTHIO COOOIIIE-
Huit. ctopus Xee3HOMOPOKHON TeXHUKN
Ha KaXJIOM IIIary MOATBEPXKIaeT MpaBUIb-
HOCTb 9TOTO TIOJIOXKEHMUSI.

Tenepb obpatumcs K TeM Mepam, Oyaro-
Japsi KOTOPBIM HOBBIN CIIOCOO NBUXKEHUS
MOXET YIOBJIETBOPUTD Pa3BUTHIM BBIIIIE TPE-
OboBaHusIM. B maHHOM cilyyae OJKeH UMEThb
MECTO CJICIYIOIINIA TPUHIINIL:

Pasnomeprocmo deuncenus na Kaxcooi
OMOeAbHOU AUHUU, NOAHAS 2APMOHUS 8 J8Udice-
HUU HA CBA3AHHOI 8 00HO Yenoe ceil AUHUU.

PUTMMYHOCTU ABUXEHUS MO KaKOM-
HUOYAb OTAETbHON JTUHUM MOXHO JIETKO
JIOCTUTHYTh, pacliojlarasi MecTa OCTaHOBKM
yepes paBHbIE PACCTOSIHUS M OTITPABJISIS T10-
e3/1a yepe3 paBHbIe TTPOMEXYTKU BPEMEHMU.
ITpu Takom ciocoOe ABUXKEHUS TToe31a JaH-
HOW JIMHWUY B OMH U TOT )K€ MOMEHT ITPUOBI-
BalOT Ha CTaHIIMM U OJHOBPEMEHHO C HUX
ornpasinsiorcs. [lonxb3a Takoro mpasuia
BCEMHM IPU3HAHA M TJI€ TOJbKO MECTHBIE
YCJIOBUSI TIO3BOJISIIOT, EMY M Tellepb BCeraa
crenytoT. Ha crpaternuyeckux keje3HbBIX
JIOpOTax CTPOTO IMPOBOIAUTCS PACTIONOXKEHNE
CTaHIIMY Ha OMHAKOBBIX paccTOSTHUAX. Tou-
HO TaK Xe, HallpuMep, MOXHO YCMOTPETh
WU3BECTHYIO pUTMUYHOCTb M HA MHOTUX TTPU-
TOPOIHBIX K BepuHy My TsX 17151 TIPOTUBOIIO-
JIOKHBIX HaIpaBJieHU TBUXEHUS, TOe Ha
OoJIbIIIel YaCTH CTAaHIII TIPOUCXOIUT CKpe-
IIeHUE TT0e310B. 3/1eCh B OJTHO U TO XK€ BpeMsI
MpUOBIBAIOT HA CTAHIIMU TT0€3/1a C IBYX CTO-
POH, 1 3aTe€M OTHOBPEMEHHO OTIIPABJISIOTCS,
YTOOBI Yepe3 OJAMHAKOBBIE MTPOMEXYTKHU
BpEMEHM IIPUOBITH HA COCETHUE CTAHIIMY JIJIST
CKpeIlleHUs ¢ IpYruMu Toe3naMu. PaBHO-
MEpHOCTb, CYIIIECTBYIOIIAsI 3eCh B HE3HAUM -
TEJILHBIX pa3Mepax, J0JKHaA OBITh CTPOTO
TocjeoBaTeIbHO ITPoBeeHa B HOBOI CHCTE-
Me€ JIBUKEHMSI.

JI71s1 3TOM 11eJT OCTAHOBOYHBIE MTYHKTHI
Ha JIMHUSX TJIABHOW CETU JOJXKHBI OBITH
pacmpeneseHbl M0 BO3MOXHOCTU PaBHO-
MEPHO, a UMEHHO YTOOBl OHU OTCTOSIU
OJIMH OT APYTroro Ha pacCTOSSHUU 0KoJio 20
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kuyoMeTpoB. [TouTu Bcerna MOXHO OyneT
YCTPOUTH CTAHIIMU B 00Jiee BaXXHBIX MMyHK-
Tax JuHUM. [Ipr 3TOM MOXHO OYIET B3SITh
Ha JTMHUM TJIaBHbIE HAaCEJIEHHBIE IMYHKTHI
U UCXOAUTH OTCIOAA K MTOApa3AeIEeHUIO JIN -
HUM, TaK KaK pacCTOSITHUE MEXIy CTaHIIMSI-
MU HUKOUM O0pa3oM HE IOJIKHO OBITh
00YyCIIOBJIEHO HEIMpeMeHHO AJNnHON B 20
KWJIOMETPOB, HO COOTBETCTBEHHO MECTHBIM
YCJIOBMSIM Ha pas3MMYHBIX y4acTKax MOTYT
OBITH AOTYIIEHBI paccTossHUs oT 18 mo 30
KUJIOMETPOB.

Hanportus Toro, Hamo eni€ pa3 nmomgyepk-
HYTb TO, YTO YK€ CODJII0Ja10Ch IIPU COCTAB-
JIEHWU TTPOEKTOB PAa3IMYHBIX IMHUIM, 2 UMEH-
HO: B 3a/1a4yy IOPOT, MpeaHa3HauYeHHBIX IS
OBICTPOTO TIEpEABUKEHUST Ha MajbHUE pac-
CTOSTHUSI, BOBCE HE BXOIIUT HETIOCPEICTBEHHOE
00cyXBaHUE HACEJIEHHBIX ITYHKTOB BTOPO-
CTETIEHHOTO 3HAYEeHUsI, MECTEeUEK, IEPeBEHD
u np. KpoMme 6osiee BaXHBIX TOPOJOB Ha
IJIABHOM CETH, BCE OCTAJIbHBIE OCTAHOBOYHbBIE
TyHKTHI ¥ MECTA MIPUMBIKAHMS K HEW BTOPO-
CTETIEHHOI CETH JOJKHBI OBITH COOOPa30BaHbI
HCKJTIOYUTEILHO C YCIOBUSIMM TEXHUIECKOTO
JIBDKEHMS.

B aTOM OTHOIIIEHUY MOXKHO BUIETH HEUTO
AHAJIOTUYHOE YK€ U B COBPEMEHHOM ITOJIOXKe-
HUU XeJIE3HOIOPOXHOTO Aejia. OrpaHuuInMcs
yKa3aHWeM JIUIIb Ha TO, YTO MHOTOYUCIIEHHBIE
Y3JI0BbIe TTYHKTHI Ha aHTJIMMCKUX KeJIe3HBIX
JIOpOTax, KOTOpbIe MPEACTABISAIOT Iepeceye-
HYe BaxXHEHIIUX JTUHU, SIBJISIIOTCSI, BOOOIE
TOBOpPSI, CPAaBHUTEJBHO MaJIOHACETEHHBIMU
nmyHKTamu. st maccakupoB 3TU CTaHLIUU
CTOJIb € MaJIOM3BECTHHI, KaK, HallpuMep,
B [epmanuu — Kopbera, bedpa, KpelieH3eH,
bépccyM u 1ip., KOTOphIe HE UMEIOT HUKAKOTO
3HAYEHMS, KaK HaCceJIEHHBIE ITyHKTHI, 2 MEXKILY
TEM SIBJITIOTCS] BaXKHEUTITMM y3JIaMU JKeJe3-
HOJOPOXKHOM CETH.

ITo Toit >xe MpUYMHE W CTAHIIMY Ha JIMHU-
sIX HOBOW CUCTEMBI, TIPEICTaBISAIONINE TTyHK-
THI TIepecevYeHYsI TIIAaBHOM U BTOPOCTETIEHHOM
ceTeil, MOJIKHBI OBITh HA3HAYEHBI COBEPIIIEH-
HO HE3aBMCUMO OT BaXXHOCTHU WX, KaK Hace-
JIEHHBIX ITyHKTOB.

Cranuuu 0yaymeii 10poru ObICTPOro co00-
HIE€HHS JOJKHbI OBITh PACIOJIOKEHBI Yepes
OJIMHAKOBBIE PACCTOSHUSA

J7s ycTaHOBJIEHUSI PUTMUIHOTO JTBIIKE-
HUS ObUIO YKa3aHO ellé Ha HeOOXOAUMOCTb
BTOPOTO YCJIOBHSI:
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Iloe3oa Ha aunusx dopoeu 6vicmpoeo coo6-
wenUst 00NJUCHbL C1ed08amb Yepe3 00UHAK0Bble
NPOMeNCYMKU 8PEMEHU.

IIpu 3TOM COOTBETCTBEHHO 3HAYECHMIO JIH-
HUU PacIIMCaHUSI TOJDKHBI OBITH COCTABJICHEI
¢ poMexyTtkamu BpemeHu B 10, 15, 20, 30
MuHYT. CliemyeT Ha3HAYaTh IIPOMEXYTOK Bpe-
MEHM MEXIY ABYMS IOCIeAOBATEIEHBIMU TI0-
e31aMU Tak, YTOObI OH 1IeJI0e YMCIIO pa3 Oe3
ocTaTKa COJEPXKAJICS B OTHOM Yace. DTo Tpe-
CTaBJISIET TO TIPEUMYIIIECTBO, YTO PACIIMCAHUS
COCTaBIISTIOTCS] OYEHB IIPOCTO Y HATISITHO U TIPH-
TOM JIETKO 3allOMHUHAIOTCs. Takoe mpenmyliie-
CTBO OCTaHETCsI JIXKe U TTPY TIOJTHOM YIOBJIETBO-
PEHUM HEOOXOIMMOI 3TaCTUYHOCTU IBVDKEHUSI.
Eciu ipuHSTh IS KaKOW-HUOYAL TUHUU 32
HOPMY HOJIy4acOBOM ITPOMEXKYTOK BpeMEHH, TO
B M3BECTHOE BPEMSI JTHST WJIM Tofia (B TIOCIIETHEM
cllydyae peub UAET 00 M3BECTHOM T€PHO/IE IBU-
JKEHHMS), KOTJIa OKaXeTCsl HeOOXOMUMOCTh, OH
MOKET OBITh 3aMEHEH IPOMEXKYTKAMHU B YeT-
BEpTb yaca, Wiu aaxe B 7,5 MUHYT.

ITpu Takom neneHuu yaca OyneT COXpaHEH
MIPUHIIAI HE TOJBKO PaBHBIX MPOMEXYTKOB
BpeMEHHU, HO 1 HATJISIMHOCTH PACIIMCAHUS.

Kak 11 HeKOTOPBIX IPYTUX TIOOPOOHO 13-
JIOXKEHHBIX BEIIIIEC TIPUHIIATIOB, TaK U ISl 5TOTO
MOCJeAHETO MPUHIINIIA YKe 0 HEKOTOpOit
cTeleHu Havasio mnosoxeHo. Ha pasHbix 6ep-
JIMHCKUX TTPUTOPONHBIX JIMHUSIX, HATIpUMED,
BBEICHO JIBYDKECHHE C IIOTYYaCOBBIM IIEPUOIOM.
B ompenenéHHbIe Yachl CYTOK U B U3BECTHOE
BpeMsl rofia IBUXKeHUeE YIUTOTHSeTCs 10 15-Mu-
HYTHOTO TIepro/ia, a B APYToe BPeMs OHO pa3pe-
JKaeTcs JI0 4acoBOTO MpoMexyTtka. Ho To, uro
3[IeCh IMEETCH eIlI¢ B 3a4aTKe M IIPUTOM TIpe/-
CTaBJIACT CAMHUYHBIC CIy4Yad, JOJDKHO IS
HOBOM CUCTEMBI IBIDKCHUS OBITH IIPUHSATO 3a
npaBuiio. TaKow Ke IMPOCTOTOM, COOTBET-
CTBEHHO HEIPEPBIBHOCTH IBIDKCHUS W BCIICII-
CTBHE €TO PUTMHYHOCTH, OYAYT OTIMYATHCS
TaKKe W KHVDKKY PacIiicaHui TOe3I0B HOBOM
crcteMbl. OCHOBATeJIbHO OCBOMTHCS ¢ KHIIK-
KOIO pacIFCaHuil B HACTOSIIEe BpeMsI MOKHO
JIAIIB TTOCITE CTIIEITUATBHOTO JOBOJIBHO YTOMM-
TEJILHOTO U3YYeHNs €€, MEXITY TEM KaK KHIDKKA
pacrycaHuii HOBOU CUCTEMBbI JBVXKEHUS OyeT
TPENCTABIISTH IIPOCTOE M300paKeHUE TTPOCTOTO
JIBVDKEHUS.

PaszBuras 31ech BO BcexX IMTOAPOOHOCTSX
crCTeMa IBVDKEHUS He 3aKJTIouaeT B cebe Hue-
ro He I0CTaTOYHO 000CHOBaHHOTO. BCE, uto
B CBOEI COBOKYITHOCTH PacCMaTpUBaJIOCh, Kak
«HOBAsI CUCTEMay, TIPEJICTABIISIET Pa3BUTHE CY-
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IIECTBYIOIINX COOOIIEHNIT B CTOPOHY «Hau-
MEHBIIIETO COTIPOTUBJICHUS» KaK B TEXHUYE-
CKOM, TaK ¥ B 3KOHOMUYECKOM OTHOIIIEHUU.

TTocrne mosiBieHMS IIEPBOiA 3aMETKK O HOBOI
CUCTEME IBIKEHMSI, CO BCEX CTOPOH CTaJI IO~
CTYIIaTh 3ampockl o e€ moxomHoctu. Ha ato
MOXHO OTBETUTh, UTO ITIABHOM 11EJIbIO Harteya-
TaHHBIX CTaTeil OBIJIO TOKA3aTh TEXHUUECKYIO
BBITIOJTHUMOCTh M3JIOKEHHOTO B HUX TIPOEKTa,
(buHaHCOBas cTOpOHA JieJ1a TOJDKHA TIOCITYKUTh
MPEIMETOM NaJbHENTIINX MccaenoBaHuii. Mc-
TOPUS YCTIEXOB TEXHUK MTOKA3bIBAET, YTO BOIIPOC
0 JIOXOJHOCTW HUKOTJAa He 3aHUMaJl IIePBOTO
MecTa B psily BOIIPOCOB, BO3HMKABIIWX TPU
peleHnn pa3iudHbIX 3aaa4. Eciu ob1 Lenme-
JIMH B CaMOM Haydajie CBOMX paboT cpasy Xke
TTOCTAaBWJI Ha TIEPBOM TIaHE SKOHOMUYECKYIO
CTOPOHY JIeJIa, OH €1Ba JIU JOCTUT ObI yIaUHOTO
OCYIIECTBJIEHUST CBOETO OTKPHITHSI.

Ho ecii paccmatpuBaTth BOITpOC, 1 C Ipyroit
TOYKHU 3PEHUSI, TO U TYT OKAXKETCST BITOJIHE OC-
HOBAaTEJIbHBIM, YTO 3Ta 3aMETKa HE BXOIWUT
B pacy€Thl JOXOMHOCTH Tpennpustus. [1pu
BCSIKMX OOCTOSITENTECTBAX OPTAHMIECKOM KU3HU
CYIIIECTBYET MEXIY HUMU TaKoe B3aMMOIEiH-
CTBWME, UTO pa3HOTO poJia YCTPOUCTBA, KOTOPhIE
HEOOXOAMMBI OJHO ULl APYroro, IMUTAKOT APYT
JIpyTra U BMECTe pa3BHUBaIOTCS.

OnvH 13 BEJIMKUX JIIOJICH TTOCTIEHETO Bpe-
MEHU, KOTOPBIIf CBOMMMU yCTIEXaM1 00sI3aH 3TOM
TIOBCIOY TIPOSIBIISIIOLIENCS B3aUMHOM CBSI3HU,
Bepnep doH CuMeHC 1o 3TOMy MOBOLY YUCTO-
CEepIEYHO BBICKA3aJICS CIIeAYIONIM 00pa3oM:

«Mou dpy3vs uHoe0a ynpexanu mMeHsi 8 mom,
4mo Npu MOUX uzobpemenusix, npecieoyiouux
obujenonesHvie yeall, s1 0COOeHHO NOOUEPKUBAN me
8b1200bl, KOMOPblE OHU NPUHOCSM BCEMY Hea08e-
uecmay, a mMexcdy mem 6 pe3yabmame cam u3ene-
Kan u3 HUx epomaonyro noas3y. Ho 6bino bl He-
Chpageodal8o cmMpoums Ha dSMomM 803pPadceHue.
Takue ycmpoiicmea, KOmopble CAYICAm GCemy
obuecmay, omeeuas 0eticmeumenvHbiM Hompeo-
HOCISAM U COBDEMEHHBIM YCAOBUSM, U KOMOPbIX
YoosaemeopeHue 0agHo yice HA3peao, 8 Mo Jce
8pemsi 6ce20a Q0NNCHbL NPUHOCUMb 8bI200Y U U30-
bpemamenio, eceeda ocyuecmensiomes 8 gude
00x00H020 npednpusmus».

To, uTo cTtapedIuii U3 repMaHCKUX
3JIEKTPOTEXHUKOB TOBOPUT CITEIIMATILHO T10
TTOBOJLY CBOMX pabOT, TOYHO TaKKe OTHOCUTCS
U KO BCIKOMY IPYTOMY U300pETEHUIO U BOOO-
1IIe K KaXIoMy ycrexy B TexHuke. HacyniHas
MOTPEeOHOCTh B KOPEHHOM YJTy4IIIeHUU YCJIO-
BUI1 IBIKEHUS yKe U 0e3 KaKUX-JTM0O IeTallb-
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HBIX PACYETOB JAET BO3MOXHOCTh, COTJIAaCHO
MPUBENEHHBIM TOJIBKO UYTO COOOPaXKEHUSIM,
C YBEPEHHOCTHIO 3aKJIIOUYNUTh O JTOXOTHOCTHU
W3JIOXKEHHOTO BBIIIE YIyUIIeHUs IBUKECHUS.
Hano nonarars, 4To HOBBIE CPENCTBA COOOIIIE-
HUI TIOAHUMYT OJIATOCOCTOSTHME HACEIeHUS;
YK€ 3TO OJTHO yKa3bIBaeT HA BAXKHOE SKOHOMMU -
YyecKoe 3HaYeHWe HOBOM CUCTeMBI. Tak Kak
OCYIIIECTBUTH €€, B TIPOTMBOIIOJIOXHOCTD T10-
CTETICHHOMY Pa3BUTHIO COBPEMEHHBIX XKeJle3-
HBIX IOPOT, TIPETIojIaraeTcs 1o OMHOMY 0011Ie-
My 'paHIMO3HOMY ITJIaHY, TO MacCOBOE ITPOU3-
BOJICTBO TPEOYIOIIMXCS JISI COOPYKEHUST Ofl-
HOOOpa3HBIX XeJIE3HBIX YacTeil TOIKHO
TIPUHSTH TaKue pa3Mepbl, YTO MOXHO OyneT
OXWIAaTh 3HAYUTEJILHOTO YAEIIeBIeHUS TIPO-
MU3BOJICTBA, @ BMECTE C TEM — U TOHVDKEHUS
PacxofioB TI0 COOPYKEHUIO TOPOTH.

W HacTosATebHAS TTOTPEOHOCTh B HOBBIX
JIOporax HaCTYITUT CKopee, YeM OOBIKHOBEHHO
nymatoT. Korga Asryct Ilepns, et 25 Hazan,
TT0 BO3BpAIlIEHUY U3 TTOE3IKN B AHTJIUIO TOBO-
pwt, uto 1 B bepiHe ciienoBaio ObI 1o TpuMe-
py JIOHIOHA CTPOUTH MOA3EMHBIE TOPOTH, TO
€My BO3pakaJiu, UTO BBUIY BBICOKOI CTOMMOCTH
(TTOTOHHBII METP MTOJ3EMHOI XKeJIe3HOM 10pOoru
crous okosio 6500 mapok) B [epMaHUU 3TO
HUKOT1a He MOIJIO Obl OCYLIECTBUThCS. OIHAKO
Terephb MOA3eMHBIE TOPOTH ITPOHU3IBAIOT bep-
JIVH BAOJb U MOMEPEK.

ITpoekT ABrycta Illepss MOXeT moKa3aTh-
Cs1 YTOITUYECKUM, HO, TIPM TE€X OBICTPBIX yCTIe-
XaX, KOTOphIE JejlaeT B TMOcJieHEe BpeMs
TEXHUKA, HEJIb3SI IPU3HATH €70 HEBBITIOJHM -
MBIM, XOTsI ObI M HE B CTOJIb IITMPOKUX pa3Me-
pax, KaK 1oJjiaraet aBTop rpoekra. Ocyiect-
BJICHUE €T0 CBSI3aHO C KOPEHHOI JIOMKOM
CYILIECTBYIOIIMNX XEJIE3HBIX JOPOT, TeXHUYE-
CKUe€ YCJIOBUST COOPYXKEHMS U IKCIUTyaTalus
KOTOPBIX IMTPOYHO YCTAaHOBJICHBI, U Ha IO-
CTPOUKY KOTOPBIX 3aTpadyeHbl OTPOMHBIE
cpencrsa. Kpome Toro, Takoe nepeycTpoicTBO
KeJIE3HOIOPOXKHBIX COOOIIEHUI TOTpedyeT
CTOJIb OOJIBIITNX KAIlUTAJIOB, YTO M3-3a 3TOTO
OJTHOTO TIPUAETCS elI€ AOJITO MOHEeBOJIE MU-
PUTBCS CO BCEMU HEIOCTaTKaMU CYIIECTBYIO-
LLIUX CPEACTB coobIIeHU . Bo BcsikoMm citydae,
3TOT IIPOEKT 3aCTy>KMBAET MOJTHOTO BHUMAHUS
Y€ ¥ TIOTOMY, UTO, OCBEIIast 3TW HEIOCTaTKH,
HaMeyaeT U CITOCOOBI MX YCTPaHEHUSI.

Nuxenep K. Tuxomupos
(Kenesnomopoxnoe neio. — 1910. —
Ne 13—14. — C. 77-85) ®
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NEWS @@M THE ARCHIVIES

We reproduce an article first published in 1910 that describes in detail engineering projects, that
were not only being developed but widely discussed. Those projects were dedicated to development of
rapid, and particularly high-speed transportation in Berlin.

EE=anas The developments of that time reflected broad engineering views. It seems to be an attempt

) 1o integrate into a single project all the promising ideas regarding technical advancements as well

as optimal transport modelling, routing schemes, traffic organisation, urban spatial planning. The
discussion touched upon radial and ring traffic system, integration of the urban transportation system
into national and even global one, splitting of passenger and freight traffic and infrastructure, and
inded about c

iporary monorail, elevated railways, light metro,

and even personal rapid transit systems... The article attracted attention in Germany, as well as
in other countries, and was reproduced in Zheleznodorozhnoe Delo [ Railway Business] journal.
Probably, many described aspects besides historical ones might be of interest today as well.

Keywords: history of transport and transportation, passenger transportation, urban rail transport, urban
transportation system, A. Scherl, overpass, elevated railway, monorail.

For the original Russian text of the article please see p. 211.

The editorial board expresses gratitude to the staff of the library of Russian University of Transport for the

kind assistance in preparing the publication.

NEW HIGH-SPEED RAIL

SYSTEM PROPOSED BY AUGUST SCHERL
(PASSENGER TRAFFIC IMPROVEMENT PROJECT)

PART 1

Last year, Berlin newspaper Tag published a
summary of a recently published note by the
newspaper’s publisher A. Scherl on a rapid passenger
traffic system proposed by him. From the numerous
letters received by the editors from subscribers of the
newspaper, it became clear that the issue of improving
passenger traffic in Berlin is of great interest to the
inhabitants of this city and, therefore, meeting the
wishes of its subscribers, the editors gave in a special
supplement to the newspaper a more detailed
description of this system, illustrated with pictures
and drawings.

In no other city, to the same extent as in Berlin,
isthere an urgent need for an especially fast passenger
service both within the city and for moving from it to
other points, provided that it is hygienic and the
convenience of communication meets modern
requirements; this need is conditioned, on the one
hand, by rapid growth of the city’s population and
the ever-increasing traffic, and on the other hand, by
the special propensity for movement of the inhabitants

themselves. Thus, the Stadtbahn first appeared, which
undoubtedly contributed to rapid development of
Berlin; then Hochbahn was built, which, at first, was
thought with horror, and would completely disfigure
the city’s streets, while in fact it laid the foundation
for a number of new passenger traffic projects. They
racked their brains for a long time over streamlining
of mass movement in Potsdamer Platz and at other
points and, as a result, limited themselves to only a
few amendments; there was endless debate about
whether to build a through underground road, or an
elevated one, with its connection to street electric
roads.

The implementation of August Scherl’sidea of a
high-speed single-rail railway with its central station
and lines diverging in the form of rays — a road that
will pass neither underground, nor above the streets,
but above the houses of Berlin — will finally solve all
the needs of communication in this world city.
Perhaps they will object that this project belongs to a
person who is not well versed, but such an objection
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would be completely unfounded. First ofall, it should
be noted that his project was subjected to serious
consideration by specialist technicians; then it should
not be overlooked that it is often the simple, but true
instinct of just such non-technicians who often owes
success in the field of civilization of measures; finally,
in this project, it is important that the author is a
person with such a versatile education as August
Scherl.

All the above considerations prompted the
editorial staff of Tag newspaper to fully satisfy the
interest of Berlin population in Scherl’s project and
to give a more detailed description of organization of
the new high-speed transportation and its original
organization, to which we now proceed.

Crisis in the current state of the railway business

«The hallmark of 19" century is the worldwide
development of communications». These words of
Emperor William were related to the current state of
affairs, but they rather outline the tasks ahead than
correspond to reality.

But in comparison with railways of other
countries, in terms of both passenger and freight
traffic, German roads have certain advantages that
anyone who has had to, in one way or another,
become better acquainted with international traffic,
can appreciate.

However, such undeniable advantages should be
countered with significant disadvantages. Without
touching on the question of the possibility of any
improvements, nevertheless, it must be admitted that
passenger trains have too low speed. We will only
mention in passing the torment that one has to
experience when spending whole hoursin a cramped,
overcrowded compartment of a carriage; meanwhile,
the main drawback due to which trains are jam-
packed is that there are too few of them in circulation.

Thus, passenger traffic suffers from an insufficient
number of trains.

Forexample, only three or four high-speed trains
circulating between Berlin and Hamburg — passenger
trains, of course, do not count in this case — all
passengers who need to hastily move from one city to
another gather. Thus, all distant communication is
concentrated only in a few hours, and the rest of the
day for such a communication is completely lost.

But weaknesses of modern movement even more
make themselves felt in communication between any
two provincial points. It may happen here that such
two points, located not only in the same Prussian
province, but even in the same district, turn out to be
more distant from each other in terms of travel time
than Berlin from Vienna or Amsterdam.

And this is not so much due to insufficient
speed as from the unsatisfactory nature of the
system itself. If by continuity we mean the
consistency of all individual movements with each
other, then we can say that organization of modern
passenger traffic does not correspond to the
condition of continuity of communication.
Undoubtedly, on our roads more time is spent
waiting for trains than the crossing itself.

In most cases, this is explained in history of
development of the railway business. Before
introduction of railways, all traffic was driven by a
tug on ordinary roads, and the engine was a horse.
Post carriages were used to transport passengers,
and carts were used to transport goods. For both
types of communications, they used the same road.
With railway traffic, in this respect, everything
remained the same: a new road with a rail track
was built, and trains, both passenger and freight,
began to move along it. This circumstance was the
reason for unsatisfactory railway traffic. If the same
road served for the post carriage and carts, then it
does not at all follow that the same would be the
case for railway traffic. However, this is in fact, and
from here comes the overload of the line, which is
the source of all evil. If the railway administration
does not satisfy the request for introduction of a
new train into circulation, then there may be two
reasons for this.

Firstly, this happens because, in the opinion of
management, the new train will not recoup the
costs associated with its appointment; for the most
part such an opinion turns out to be short-sighted,
since can be considered as a natural law that a new
means of communication creates new passengers.
But more often, especially for main lines with busy
traffic, in an explicit or hidden form, the reason
for refusal is the already overloaded lines. At
present, passenger traffic is directly suppressed by
carriage of goods and is completely deprived of any
opportunity to develop depending on modern
traffic conditions.

Therefore, there is nothing surprising in the
fact that passenger traffic does not at all satisfy all
the requirements of modern life and can only serve
them within the limits of available means. And yet,
despite the fact that no measures have been taken
in this regard, passenger traffic has recently been
increasing annually, by approximately 5,5 %; if this
continues in the future, then in 10—12 years it will
double against the present, and then the existing
organization of railway traffic will be completely
untenable. Therefore, the main requirement for a
new system should be the following:
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Separation of passenger traffic from goods traffic
and special organization of passenger transportation.

And the technical side of the modern railway
business suffers from significant shortcomings, so
there isan urgent need for fundamental reforms both
in arrangement of rolling stock and in construction
of roads.

The steam locomotive is one of the most
uneconomical steam engines at our disposal. As a
motor, it can be very lightly loaded. If it has to show
twice the normal pulling force for a short time, then
it reaches the limit of its power. Finally, speed of the
locomotive is limited by strict limits. If we want to
achieve a higher speed, it is necessary to increase the
number of revolutions accordingly. But then
additional efforts appear, due to acceleration and
deceleration of the masses moving back and forth,
and blows and vibrations they cause so significant that
movement becomes uneconomical and dangerous.
Eventhe advocatesand supporters of steam locomotives
consider speed of 100 versts to be the limit for the
economical use of their power. For further development
of passenger traffic, if necessary, the use of electric
traction is required, the conditions of which are
completely different, and, moreover, much more
favorable. Due to skillfully applied constructive
techniques and expedient organization of experiments,
aspecial society, which set itself the task of studying the
issue of high-speed roads, managed, even with modern
means of technology, to design a carriage that was
completely reliable for movement on short lines at a
speed of 200 versts per hour.

Although at first glance, the transition to a system
of high-speed railways seems to be technically
resolved in the most brilliant way, nevertheless, after
getting acquainted with the case, we have to conclude,
unfortunately, that even from the technical point of
view, only very small part of the task; it turns out that
rolling stock, which was considered until now to play
the most important and complex role in the present
issue, must be opposed by another factor, to which
very little attention has been paid so far, but which,
however, could reduce to utopia all dreams of high
speed road, if it remained unchanged in its present
form; this is the problem of the track superstructure,
the solution of which, although it seems, at first
glance, easy, but turns out to be the most important
and necessary condition for implementation of a
high-speed road.

With modern arrangement of the track
superstructure, a high speed road is not feasible

The reasons why this happens can be divided into
two main groups. One consists in construction of the

lines itself, namely in laying the rail track, as a support
for rolling stock, while the others arise from the
circumstances that accompany deviation of the track
from astraight line when the train passes along curves.

Already on a straight track at a speed of 200 versts
per hour, oscillations that increase in proportion to
the square of speed make maintenance of the track
superstructure so expensive that it would seem that
profitable operation is out of the question. On the
curves, thisisjoined by barely surmountable technical
difficulties, which have not yet been resolved quite
satisfactorily.

The limit of achievable speed of movement is
determined not by the type of rolling stock and driving
force, as one would most likely expect, but by the
features of the track consisting of a pair of rails. The
question of speed is currently reduced to the question
of a rational arrangement of the track, which still
awaits its resolution.

In order to implement a high speed road, the old
system must be completely abandoned. While the
study of traffic on current railways implies the above
first condition for a new organization of passenger
traffic, from consideration of the technical side of the
existing system, the following inevitable second basic
condition is obtained:

Replacement of the existing double-rail track for
high speed road with a special track system.

It is necessary to find a track arrangement that
would ensure passage of trains both along straight
sections and along curves, at a speed of 200 versts per
hour.

Executing a new system

A perfect communication system is required to
move with the least amount of time and motive power.
To achieve this goal, in addition to high speed of
movement of individual trains, it is necessary to satisfy
two other conditions that represent the concept of
continuity of movement.

Uniform circulation of trains often following one
after another on separate sections and bringing into
mutual communication along one common system of
separate movements in different sections.

The new system should be based on the
principle of continuity, in which various individual
movements are in a rational organic inter-
dependence with each other and serve their regions
quite satisfactorily. A living organism can serve as
amodel for a new organization of communication,
and just as the whole body is penetrated by strong
beating veins, radial arteries and the finest veins,
such communication must be organized rationally
and purposefully. As the blood circulating in the
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body with a special force pulsates between the main
more important organs, but at the same time fresh
blood, flowing constantly through the networks of
the second and third order, reaches the most distant
parts of the body, so that nowhere there is a break
in the mutual connection established between them
and the inflow of vital juices to them stops, in the
same way the correct currents should be established
inthe new system of communication and constantly
maintained. Thus, the first position for the new
system is obtained:

Railway network with sparse loops for fast long-
distance connections between major centers.

Such a network of long-distance commu-
nications, through which trains circulate at a speed
of 200 versts per hour, forming part of the new
organization, satisfies the need for communication
between the main settlements, but this is still not
enough for communication in the future. The
continuity of movement requires that for the spaces
enclosed within the loops of this network there is
an exit to it, so that from these spaces passengers
constantly flow to the main arteries of the network
and back from these arteries to the places located
inside the loops of the network. From this
requirement follows the second provision for new
organization of communication:

The system of access networks must supply long-
distance roads.

Loops of weaker movement should be adjacent
to the main arteries of traffic, i.e. the main network,
at a speed of 200 versts per hour, will be adjoined by
anetwork of the second order, from secondary roads,
with a speed of 120 to 150 versts per hour, and, in
turn, an even more frequent and ramified network
of access railways will join it roads, at a speed of 50
to 60 versts per hour, and, finally, the last branches
will approach it, which can be likened to the roots
feeding a tree, namely, bus lines covering all villages
and settlements, and taking each passenger almost
from his own house.

Buses deliver passengers on third-order lines,
along which there is a continuous flow of passengers
collected in this way to the nodal points of the
second-order network and, finally, traffic along it is
even more intensive to the main arteries, i.e. lines
of the original, main network.

Thus, a systematic delivery of passengers will be
established, the essence of which is that each train,
upon its very arrival at the station, corresponds to
another, for immediate further departure of
passengers.

Traffic on this kind of hub-and-spoke network
offers great benefits. With a reasonable arrangement
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of nodes, all stations in the second-order network
will be served in much the same way as stations in
the main network, and, in any case, much better
than with current organization of traffic.

‘When organizing a new communication system,
special attention should be paid to large cities. In
view of the fact that railways approach them with a
speed of 200 versts hour, all communication devices
in large cities should be considered as means for
transporting the world traffic to the network,
delivering passengers to it from every street and even
from every house. But regardless of this, there
remains an independent movement within a densely
populated city, and technology has to solve the
important task of organizing a very intensive urban
traffic.

Something has already been done in this
direction. In many cities with a population of
millions, there are two completely separate
networks: a network of street roads, for
communication between groups of streets, and a
network of elevated or underground roads, for quick
communication between city blocks. But here the
communication arrangement, both in its
organization and in respect of technical methods,
has reached an extreme limit, and every railway
technician will be horrified, imagining what the
street traffic will reach in Berlin by 1920, if it
continues to develop in the same way, like so far.
That it is necessary to get out of this situation, the
city administration is fully aware, and the fact that
they do not stop before the multimillion projects.

The new system should give several networks of
different meanings, but at the same time, such
networks must be so frequent and so conveniently
located that they really fulfill their purpose, and this
is far from the case in Berlin. True, here street roads
have, indeed, developed into a frequent network of
secondary roads, but the main rapid city traffic
network leaves much to be desired. Few of the lines
cut through the four square miles that occupy the
main city, and these lines are so difficult for most
residents to get to that they prefer to travel all the
way in carriages on street roads that should, however,
only serve as access roads. Here it is necessary to
change the whole organization, namely: to introduce
a rational system in which the periphery are
connected by radii with the centers. To provide a
known area by means of communication, two
systems can be proposed: with intersection of lines
at right angles and radial. An example of the first
system is the elevated roads in New York. There, a
whole system of parallel lines runs along the oblong
Manhattan Island, on which New York is located,
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Pic. 1. New radial-peripheral system of railway traffic
in a big city.

and another row of roads goes across, so that the
railway lines, crossing each other, form fairly regular
quadrangles. Such a system in special cases, as is the
case in New York, may be quite suitable, but still, in
general, one should strongly prefer a system with
lines located along the radii and circumference.

Inthis case, a circle-shaped line will pass around
the entire given space — a peripheral or ring road,
and from the central point of this space they are
drawn to the road circumference in the directions
of the radii. In principle, such a system does not
represent anything new, and in the history of Berlin
railways one can find successful attempts in this
direction, but, as often happens, further development
was hampered by all sorts of side considerations, and
the initial projects were subsequently completely
distorted.

With correct system of movement, transfer of
trains from radii to the ring and vice versa should
not be allowed, so that movement along the ring
should be completely independent, moreover, the
radii leaving the city center by which the ring is
divided into equal arc lengths, crossing it, pass either
over, or under it, and movement, according to local
needs, can be different at different radii.

Thus, roads leave the city center in all directions
in the form of rays, and at a distance of 7—10 km
they meet a ring road. At two diametrically opposite
stations of the ring road, there should be stations for
long-distance roads, and at one of them all trains
arrive from north and west, and to the other from
south and east. Both long-distance stations, of
course, must also be connected with each other by

a special half-ring. Both on radial roads and on the
ring, stations should be arranged at a distance of 1
km from one another. In large cities, as they develop,
suburban concentric rings with the first can be built,
and the ray roads will need to be lengthened
accordingly. Suburban ring roads should be built on
embankments.

According to the attached drawing (Pic. 1), it
is possible to visually trace the passenger’s path along
the «radial-peripheral» road of a large city. It gets,
for example, as shown by the dotted line, from point
P, to the station of the ray road, travels along this
radius to the middle of the city, from there goes along
adifferent radius and arrives at the desired point P,.
Ifa passenger needs to get to point P, then it is better
for him to go along his radius to the ring, along which
he will reach the corresponding station, from where
he willarrive at point P,. With such an arrangement,
it is easy to get to long-distance roads from each
point of the urban area between both long-distance
railway stations, and thus, due to the radial-
peripheral system of urban roads, the entire city
territory becomes, as it were, one huge long-distance
railway station.

When moving from any point in Germany 4 to
another point B, with the organization described
above, you can take for long trips on main lines, an
average speed of about 140 km per hour, and then
from Berlin it will be possible to reach the most
remote places by the border of Germany in no more
than 6 hours. Thus, even in relatively rare and
unfavorable cases, the entire business trip — with
travel back and forth — will take only one day. For
most cases, travel time will be further reduced. On
average, it is necessary to count 4—>5 hours for such
trips, which now take a whole day. This significant
reduction in travel times, achieved with a new,
strictly logical organization, represents a very
important improvement in communications and
makes travel extremely easy.

But the history of communications clearly
proves to us that every improvement in
communications entails development of movement.
Thus, the benefits of the new organization will
increase intensity and density of movement.
Therefore, the following very likely result of this
development of communications can be foreseen:
the new organization will reduce growth of
communication within the country to simple local
communication.

(Zheleznodorozhnoe Delo [Railway
Business], 1910, No. 11-12, pp. 51-55) ®
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NEW HIGH-SPEED RAIL SYSTEM

PROPOSED BY AUGUST SCHERL
(PASSENGER TRAFFIC IMPROVEMENT PROJECT)

PART 2

Trains of the new system

To implement the new system with its very
fast train movement, it is necessary to have such
a rolling stock, at which it is not only possible to
develop the required speed of 200 km per hour,
but also to achieve even greater safety and
convenience of movement than on existing
railways. This requirement makes it absolutely
necessary to change the existing structure of
railways and in the transition to a simpler type of
railway track.

Instead of a two-rail track, a single-rail track
should be used for a high-speed road.

The advantages of the single-rail track were
known before they found a way to reach the
desired goal, but before reaching it, a number of
attempts were made, sometimes unsuccessful.
From the numerous projects of single-rail roads,
which in fact are two-, three- or even five-rail and
could never supplant the exclusively dominant
now double-rail road, a real single-rail road differs
in a significant way, in which the disturbed
equilibrium is immediately automatically
restored, and the resultant of all the forces applied
to the carriage at each moment passes through
the rail". With a real single-rail road, no special
guiding devices are required for this, and
equilibrium is ensured by a device placed in the
rolling stock itself; at the same time, the car is a
completely independent whole and does not
need, except for a single rail, any supports and
guiding devices (Pic. 1).

The automatically operating apparatus for
imparting stability to rolling stock mainly consists
of a rapidly rotating top of a special device, the

* About single-rail roads of other systems and types see
«Zheleznodorozhnoe delo»: 1885, p. 272; 1886, p. 9;
1887, p. 33; 1890, p. 112; 1891, p. 491; 1893, p. 298;
1896, p. 135; 1897, p. 499; 1900, p. 12; 1901, p. 119, 148,
492; 1902, p. 31; 1909, 81d, 141d and 213d. — ed. note.

gyrostatic moment of which is applied so that at
every moment it destroys the forces tending to
overturn the car.

The ability of the top to guide and impart
stability to the car has long been known in
technology, and already about thirty years ago,
attempts were made to give stability to a body in
unstable equilibrium with the help of a rapidly
rotating top. In recent years, a number of designs
have appeared, which, however, have not achieved
practical results. In 1907, the Englishman
Brennan™ managed to build the first model of a
single-rail car.

German technicians are well aware that many
in Germany are also working on solving this
problem.

At the present time, a detailed study of
bringing rolling stock to a stable position using a
gyrostatic device has been organized there in
special experimental workshops. Certain results
have already been achieved, and further
experiments will be carried out in the form of a
special technical enterprise on widely stated
financial grounds and on a broader scale.
Although their technical results cannot be known
until the end of experiments, nevertheless, now
it can be positively asserted that a real single-rail
rolling stock already exists in reality, and thus
there isalready a means to successfully implement
a new organization of communications. The
transportation means of the new system is a
single-rail car, which is brought to a stable position
by a gyrostatic device.

With such a rolling stock, the advantages of a
single-rail track are combined with the benefits
of electric traction, and not only slowness of
current communications is eliminated, but also

* See «Zheleznodorozhnoe delo» 1909, p. 81d: «Single-
rail hydroscopic railway of Louis Brennan». Report of P.
A. Yushchenko. — ed. note.
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Pic. 1. Cross-section of a car of a single-rail railway.

their inconvenience for passengers. In addition
to the fact that the use of a single-rail road ensures
a completely quiet train ride and the absence of
car vibrations, passengers do not get tired due to
knocking and shaking, and, moreover, they are
not at all shy in their movements and actions.
Instead of wasting several hours during which
transfer takes place, the passenger can be in a
separate compartment, furnished with the usual
comfort, and with complete convenience to go
about their business.

Under normal conditions, due to simplicity
of arrangement, which gives the car stability, its
operation cannot be terminated. And if for some
reason electric current is interrupted, then the
top, due to the acquired «live» force, will continue
to rotate long enough to slow down the train.
‘When speed of rotation of the top is reduced to a
certain limit, special wheels that support the car
on both sides are automatically lowered. Most of
the load is, of course, transferred from main
wheels to the rail, while side wheels only serve to
compensate for the eccentric load. No matter
how many and what separate components the
train of the new system consisted of, the following
principle is always observed:

Fach train is an independent separate unit.

The carriages of the new system should have
the character of a hotel, and during the trip, the
passenger is not forced to abandon his usual
lifestyle, and he should be given full opportunity
to use this time for his studies. Particular attention
should be paid to the food part and the necessary
facilities for writing and reading. In the central
part of the middle car of the train there is a
common hall, the technical purpose of which will
be discussed below. While the train is moving, it
gives to passengers a kind of hotel lobby; in the

middle there is a special bureau in which the
railway agent is located. If we compare a moving
train with a small, completely isolated city, then
we can call this bureau, as it were, a center in
which all social life is concentrated. The agent
located in the bureau, like a porter at the hotel,
issues all the necessary information about the
upcomingjunction stations, about time of arrival
of the train at one or another station, etc. He has
at his disposal short schedules of trains in
circulation on the sections in front, and, here, as
in other places of the train, a visible from a
distance, and if necessary, a well-lit station name
appears when a train approaches it at a certain
distance; here you can also get the latest
newspapers and magazines along the route. Ifthe
line for railway traffic is equipped with a wireless
telegraph, then it will also be possible to send and
receive telegrams here. While the train is parked,
the agent no longer bears these responsibilities,
but disposes of reception and release of passengers
from the train in the manner that will be specified
later.

Track of the new system

A fully expedient track arrangement must also
correspond to the improved rolling stock. At the
same time, other conditions arising from the
features of the new system are added to general
requirements for any railway and detailed at the
beginning of this article. When implementing the
new system in full throughout the country, it is
necessary to sharply delimit it from all other
aspects of public life. There is no need to dwell
on the fact that the new road, with its tremendous
speed of 200 km per hour, can in no way be located
among other means of communication. Its track
should be completely separated from everything
around it, it will be possible to get on it only at
stations and other stopping points, and therefore
crossing at the same level with any other tracks,
crossings and transitions should not be allowed.
A passer-by will not have time to read to the end
the posted notice warning of the danger, as a
strongjet of air from a fast-moving train will carry
it away or throw it aside. Thus, both unwary
people and intruders should be cut off from any
opportunity to get on the track. Therefore, of
course, the following requirement must be met:

New high-speed railway should be laid at the
ground level.

In most cases, it will be necessary to build it
in the form of an elevated railway passing over all
other roads, construction of which under the
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railway bed will not present any difficulties for
modern technology.

The technical side of foundation of the road
and in particular the choice of building materials
may vary depending on local conditions. In all
cities, and in more populated areas, for example,
in industrial centers, in places where coal is
mined, in general, everywhere where the cost of
land is very high, when constructing a railway bed,
you will have to give preference to iron structures.

In general, this issue of arrangement of the
lower structure of the road is a purely financial
problem, and there will hardly be any difficulties
in resolving it from the technical side. This or that
decision in each individual case must only satisfy
the conditions that have been detailed above. The
substructure must be reliable enough to take on
the load from rolling stock, and present such an
arrangement so that movement on the new road
at high speed is better than the current barriers
and fences from access to the track of people and
animals.

The transverse profile of the superstructure is
also important. When constructing it, attention
should be paid to all the needs of operation, and
in particular to inspection and correction of the
track, and it is necessary to be able to go around
and inspect the track without stopping movement
along it. It goes without saying that the currently
existing method of inspecting the track along
which railway agents pass on railway cars cannot
take place; on the other hand, there is nothing to
say about how much the most careful inspection
of the track will be necessary here. And now
broken rails, loose bolts and crutches and other
shortcomings are sometimes the cause of
accidents on railways, and at very high speeds on
future roads, they can lead to even more terrible
disasters. With the new system, complete traffic
safety is absolutely necessary, and the technology
has all the means necessary to achieve this goal.

In view of these requirements, the cross-
section of a high-speed railway should be
significantly different in appearance from the
currently used types.

In order to protect agents inspecting or
correcting the track from a strongjet of air during
the passage of the train, the profile should be given
aspecial shape. It doesn’t matter whether it isan
iron structure, or an earthen embankment, in the
middle of the railway bed, it is necessary to make
adepression about 2,5 meterswide and 1,5 meters
deep, and in it lay an auxiliary track, movement
along which will be carried out with the help of
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Pic. 2. Cross-section of the embankment at the haul

between stations.

batteries or gas engines. This device with a single-
rail track can be made without increasing track
width, since the distance between both rails of
main tracks should be slightly larger than the
carwidth, i.e. about 4,5 meters. The auxiliary track
should be equipped with cars with jacks, tools,
etc. The same auxiliary car must have a room for
6—8 people.

Due to traction with the help of batteries,
these cars are completely independent of delivery
of driving force from the outside, and therefore,
when the current stops, due to a short circuit
somewhere in wires or in case of suspension of
work at the central station, in terms of passenger
safety, auxiliary cars still retain full ability to move
along the service track. In any case, damage to
the track will be able to quickly deliver the
required number of workers, tools and materials
to the site and make repairs with complete safety,
even without stopping movement. In addition to
the auxiliary cars, cars for agents who must
constantly carefully monitor the condition of
tracks move along this service track. These agents
can comfortably sit in a slow moving carriage and
inspect the right and left tracks using mirrors
located on the service car and appropriately
protected from the effects of weather.

To meet the above considerations and
requirements, it is necessary to give the roadbed
the appearance shown in Pic. 2 and 3. Pic. 2 shows
a cross-section of an earthen embankment with
stone retaining walls. In Pic. 3 the same
embankment is shown in perspective. In both
pictures, you can see a channel-shaped notch in
the embankment with almost vertical walls, as
well as a service car. So that rain and snow do not
hinder movement in this recess, a drain pipe is
arranged in its lower part, from which rainwater
and from melting snow are diverted into a channel
located next to the embankment by transverse

.18, Iss. 4, pp. 211-244 (2020)

News from the Archives. New High-Speed Rail System Proposed by August Scherl. Passenger Traffic
Improvement Project




=

Pic. 3. General view of a single-rail road at the haul
between stations.

pipes. In Pic. 2, you can clearly see both the drain
and the side outlets. However, the rails of the
auxiliary track in this groove must be located at
such a distance from its bottom that snow can
cover them only in very rare cases. On the city’s
elevated air roads, the observation channel may
not be arranged.

On the roads of the new system, there must
be special devices to ensure traffic safety. At a
very high speed, the track signals should be
transmitted to the person driving the train, or,
even better, signals of both kinds should be
combined with each other, i.e. track signals
with train signals. Then traffic safety should be
increased by organizing responses to the
received signals, by means of which the driver,
immediately upon receiving the signal, must
transmit it back to where it received it. This
principle is now already applied in cases where
movement is associated with special
responsibility, for example, when transmitting
orders on sea vessels; each driver, before
executing the order received in the engine
room, is obliged to telegraph it back to the
captain’s bridge in order to certify that he
correctly understood the order received. This
return of the order guarantees complete safety,
since the current supplying the motors will be
immediately interrupted if the driver does not
return the received signal.

It is also necessary to say here about a
special type of a track, namely about its
arrangement in cities, in areas built up with
houses. Currently, three types of roads are used
for rapid communication in cities: elevated,
located directly below the level of the pavement
and underground. From an economic point of
view, of these three types, the first is the best,
as it is used in Berlin, Paris and New York, but
it has significant disadvantages, namely: this
type of railway obscures the streets over which

it passes and besides, it very much disturbs the
inhabitants with its noise. Indeed, now elevated
roads are allowed only on particularly wide
streets, with a boulevard in the middle, and
therefore their use is very limited. In those parts
of the city where this type cannot be applied,
on the European continent they resort to
railways located below the surface of the
pavement. With this type, the appearance of
the streets does not suffer, but the construction
of such roads is very expensive, namely: with
special technical difficulties in their
construction in Berlin, a running kilometer of
these roads costs about 10 million marks, while
the cost of a kilometer of an ordinary elevated
road is only 1,5 million marks. It would be
possible to reduce to some extent the
disadvantages of such roads by running them
in suburban areas along wider streets, in
trenches open from above, i.e., removing the
upper part of the tunnel, fencing these trenches
with gratings, but this would create new
technical difficulties and the appearance of the
streets will suffer. Moreover, even if one does
not attach importance to the latter circumstance,
nevertheless, roads of this type will still have a
fundamental drawback, which is also
characteristic of elevated roads and consists in
the fact that they must follow the direction of
the streets, which is why the location of the
railway in the plan is very embarrassing.

The latter inconvenience can be avoided
only when using an underground railway, but
here construction costs are even more
significant, not justified by subsequent
operation; for example, it must be assumed that
the cost of building underground roads in
London will never pay off.

The new system makes it possible to build
such a road for rapid urban traffic, which, in
technical, economic and aesthetic terms, must
be recognized as directly ideal.

The railway lines of the new system in cities
will run high above the houses. Since movement
of trains will take place almost without shocks,
and, consequently, will not produce noise, it
turns out that something that could not be
achieved with the systems existing until now: it
will no longer be necessary to hide the road
deep underground; at the same time, there is
no need for the railway to run in the direction
of streets and, with its more or less massive iron
structures, deprive the streets of some of air and
light. Quite apart from the often very winding

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 4, pp. 211-244 (2020)

News from the Archives. New High-Speed Rail System Proposed by August Scherl. Passenger Traffic

Improvement Project




Pic. 4. Aerial elevated road in a big city (bottom view). It will go in a straight direction over the houses. The track
laid on the viaduct will be at such a height that the beauty of the city will not suffer at all. Trains will rush over
the city with terrible speed, without making any noise and without causing shaking in buildings, since the viaduct
is a completely independent structure and the columns supporting it, have their own foundation, are completely
separated from the masonry of the surrounding buildings. The usual conditions of life and activity in cities and
suburbs will not be in the least disturbed by construction of this road, along which, barely perceptible for sight
and hearing, trains will run quickly. The road will go so high above the houses that it will not block the light
at all and interfere with the flow of clean air. Thus, the elevated aerial road will most successfully resolve
the issue of eliminating all the shortcomings of the modern train movement system.

street shapes that the current elevated roads
must follow, the lines of the new city road — the
elevated aerial road — will run over the rooftops
along the shortest overhead line. The method
of building such lines can be judged from
Pic. 4 and 5.

Slender reinforced concrete columns will pass
through the houses, being completely separated
from the walls of the buildings and resting on
special foundations deeply buried in the ground,
and these columns will support the viaducts; Pic.
6 shows a sectional view of a residential building
with a column of elevated aerial road.

The space occupied by a reinforced concrete
pillar is already not large, but in addition, as you
can see in the picture, you can make the pillar
empty inside, with an elevator device and a spiral
staircase around it. And now, at every step, you
can find various combinations of railway lines
with residential buildings. There is no need to turn
to American railways for examples, since similar
cases can be pointed out on Berlin Highway and
Underground Railways. So, for example, Pic. 7
represents the underground road under the
F rstenhof hotel, and Pic. 8 shows a railroad-cut
house on Dennewitz Strasse.

Railway stations of the new system

On railways of the new system, with new
rolling stock moving along a new track
arrangement, of course, the stations should also
differ in appearance from the existing ones on the
current roads.

An ordinary station of a modern railway is a
building in which, in addition to office, baggage

and other premises, there are also halls for
passengers waiting for the train, with buffets.
Platforms adjoin the passenger building, which
are covered with special sheds to protect passengers
from weather.

But everyone is well aware that such canopies
do not reach their goal far, and passengers, while
waiting for a train, being in more or less open
rooms, suffer from cold and through wind, and
at small stations there are no canopies at all, so
passengers are completely unprotected and from
the rain.

The stations on the railway of the new system
are supposed to be arranged so that it will be
possible to avoid both the above and various other

Pic. 5. Crossing the street of a big city with an elevated
aerial road.
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Pic. 7. Berlin underground railway under the hotel
Fiirstenhof at Leipziger Platz.

Pic. 8. Bering elevated railway at Dennewitz Strasse.

inconveniences. At the now existing railway
stations, the passenger, after purchasing a ticket,
has to find the train with which he should travel.
Upon arrival of the train at the station, passengers
immediately leave many doors, which is especially
noticeable during mass movement between Berlin
and its suburban areas on Sundays. There is a real
dump on the platform; some rush to the exit,
others are looking for a train to which they must
change.

In the end, it is true, the necessary and
desirable currents of passengers are established,
but at the beginning, everyone scurries back and
forth and collides with each other. Getting off the
train and getting into the carriage for each
passenger separately is not only difficult, but
sometimes even fraught with danger. A radical
reconstruction of passenger buildings is positively
necessary.

Thanks to the new organization, a significant
simplification of arrangement of stations will be
achieved. The introduction of astrictly continuous
movement will entail a reduction to a minimum
of time that has to be spent waiting for the train;
due to this, it will be possible to give significantly
smaller dimensions to passenger halls and
pantries. There will be almost no need for
passengers themselves in these rooms, since they
will not have to wait for a train for long, and,
moreover, on the way they will be able to receive
good food for an inexpensive price. Such premises
are more likely to serve for persons accompanying
passengers than for passengers themselves, and,
therefore, in their size they will be much smaller
than now. Therefore, at the stations of the new
system, mainly only such devices will remain,
which are necessary for movement itself.

This is followed by one of the most important
principles, which is that all the flows of passengers,
which now, as has just been said, intersect with
each other, should be brought into a systematic
form and organized in such a way as to completely
eliminate all kinds of collisions and wasting time
and friction energy. Most likely, this can be
achieved by limiting independent movement of
individual passengers as much as possible. Instead
of arbitrary movement of individual passengers,
mechanical movement of them in whole groups
is established.

At the same time, on the one hand, the desired
general movement of all passengers is achieved,
and on the other hand, mechanical movement
with the help of elevators, movable platforms and
other similar devices, and conservation of power,
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Pic. 9. Platform of a central railway station in a big city.

since then the need for running, walking on stairs
completely disappears, etc.

The implementation of these theoretical
considerations in practice necessitates
introduction of a constructive element for the
stations of the new system, for the definition of
which you can use the word «cabin.

The «cabin» is an improved and modified
elevator that transfers passengers from the
entrance to the station directly to the train and in
the same way from the train to the exit from the
station. It must have all the necessary devices in
order not only to serve as an elevator in the vertical
direction, with movement up and down, but also
to be suitable for horizontal longitudinal
movement.

The entrances and exits of it, correspond to
the exit and entrance doors of the middle carriage
in the train, are arranged so that both flows of
passengers, namely, both those leaving the cabin
to the train and those moving from the train to
the cabin, do not collide or interfere with each
other in any way. This requirement for a strict
separation of passenger flows then determines the
size of the cabin. Its main purpose, consisting in
mechanical supply of passengers directly to any
train, will further lead to the fact that the platforms
will be completely free of the public, and they will
be used exclusively by railway agents. Such a
device provides the public with complete safety
from all kinds of accidents during arrival and
departure of trains. Further, for the station of the
new traffic system, an even more important and
much more valuable advantage is obtained: there
will be no need to cover platforms with canopies.
Passengers in a cabin closed on all sides will be
completely and much better than under the
current, still half open canopies, protected from
wind and bad weather, and since the cabin with
its doors tightly adheres to the doors of the
carriage, this protection is continuous.

The cabin is like a car body, about 30 m long
and 3 to 4 m wide, which can be moved in any
direction with the help of well-known technical
devices. In the middle of it, as in the middle car
of each train, there is one sliding door in each
longitudinal wall, 3 meters wide. Likewise, at each
end of the cab there are two doors, 1,5 meters
wide.

The movement should be organized in such
a way that it would be known in a timely
manner: on the train, about the approach to
the station — by appearance or illumination
of an inscription with the name of this station,
together with bell signals in all train cars, and
in the station cabin — about the approach of
a train. Passengers who must get off at this
station gather in the central train room
described above so that they are ready to get
off the train when the train arrives at the
station.

Then the cabin begins to function, and it
should be taken as a rule that a wide car door
always serves to exit from it, and the same cabin

Pic. 10. Location of a platform in the plan.
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Pic. 11. Access square of a central railway in a big city.

door is used to enter it, and a narrow cabin door
is used to exit

First, the cabin is located on the ground floor
of the station and receives passengers there who
wish to travel with the next train. A few seconds
before the train arrives at the station, the car is set
in motion and lifted until it is installed directly
next to the arriving train, and on the platform the
car and the train must be positioned so that the
doors are opposite the doors. Then the sliding
doors open, and in a few seconds, an exchange
of passengers takes place; then the train can go
on, and the cabin at this time goes down again,
releases its passengers and is again ready to receive
new ones. The expedient combination of
movement of cabins and trains leads to a special
arrangement of stations of the new system.

The easiest way to set up a station is if the line
runs along the embankment outside the city; the
service roomsare then located inthe embankment,
like casemates.

The city station presents a completely
different view. In this case, the road is not located
on an embankment, but passes over the houses
along bold reinforced concrete structures.
Accordingly, the stations are located at the height
of'the sixth or seventh floor, and station buildings
can be of a very diverse type.

The central city station is of particular interest.
Its circular building rises majestically, occupying
an entire block, into which four main streets flow.
Omnibuses, trams and carriages serving for
movement on the streets go to the square located
inside the station, from where passengers directly
change to elevators and go further. Thus, in a
constant, continuous flow, all city traffic passes

through the central point of all communication
routes. Beam-shaped tracks approach the
platforms of the central station from all sides.
Numerous lifts bring the public to platform level,
as close to the trains as possible. Already in each
elevator, in order to better navigate in its position,
there is a plan in the form of a panorama. On the
platforms themselves, large signage indicating
individual lines is placed, making it easier for
passengers to understand their routes. Platforms
should be large enough to accommodate
passengers in the busiest traffic. Using Pics. 9 and
11, one can judge the excitement that reigns in
such a center of urban traffic.

Until now, only the main components of the
road of the new system have been discussed,
namely, the location of the network and its
equipment, but it must also be said about its
upcoming operation.

It must meet the conditions of not only
modern, but also future movement. Quite
unexpectedly, it may turn out that new traffic
conditions will cause new needs, and the new road
system will capture new areas and even thanks to
it, new settlements will arise. If we confine
ourselves to only the first part of the task, then
there would be no need at all for too many new
devices, and the matter would be reduced only to
some development of the existing operation.

New traffic conditions create new
communication

Just as a far-sighted merchant does not
confine himselfto the old beaten path and existing
sales markets, but creates new needs and conquers
new markets, so railway leaders should strive to
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further develop communications. The history of
railway technology at every step confirms the
correctness of this position.

Now let us turn to the measures by which the
new mode of movement can satisfy the
requirements developed above. In this case, the
following principle should take place:

Uniformity of movement on each separate line,
complete harmony in movement on the whole line
connected into one whole.

The rhythm of movement on any single line
can be easily achieved by placing stops at equal
distances and sending trains at regular intervals.
With this method of movement, trains of a given
line arrive at the stations at the same moment and
simultaneously depart from them. The benefits
of such a rule are recognized by all and where only
local conditions allow, it is now always followed.
On strategic railways, the location of the station
isstrictly maintained at equal distances. In exactly
the same way, for example, one can see a certain
rhythm on many suburban tracks to Berlin for
opposite directions of movement, where trains
cross at most of the stations. Here, trains from
both sides arrive at the station at the same time,
and then simultaneously depart to arrive at the
neighboring stations at regular intervals to cross
with other trains. The uniformity that exists here
on an insignificant scale must be strictly
consistently carried out in the new system of
motion.

For this purpose, stopping points on the lines
of the main network should be distributed as
evenly as possible, namely, so that they are spaced
from one another at a distance of about 20
kilometers. It will almost always be possible to set
up stations at more important points on the line.
In this case, it will be possible to take the main
settlements on the line and proceed from here to
subdivision of the line, since the distance between
the stations should in no way be determined by
all means 20 kilometers long, but according to
local conditions, distances from 18 to 30
kilometers can be allowed in different sections.

On the contrary, it is necessary to emphasize
once again what was already observed in drafting
of various lines, namely: the task of roads intended
for rapid movement over long distances does not
at all include direct service of settlements of
secondary importance, townships, villages, etc.
more important cities on the main network, all
other stopping points and places of adjoining to
it of the secondary network must be adapted
exclusively to the conditions of technical traffic.

In this respect, one can see something similar
already in the current state of the railway business.
We will confine ourselves to indicating only that
the numerous junctions on British railways, which
represent the intersection of the most important
lines, are, generally speaking, relatively sparsely
populated points. For passengers, these stations
are as little known as, for example, in Germany —
Corbeta, Bebra, Kreienzen, B rssum, etc., which
do not have any meaning as settlements, but
meanwhile are the most important nodes of the
railway network.

For the same reason, the stations on the lines
of the new system, representing the points of
intersection of the main and secondary networks,
should be appointed completely regardless of their
importance as settlements.

The stations of the future fast track should be
located at equal distances

To establish a rhythmic movement, it was also
indicated that the second condition is necessary:

Trains on fast track lines must follow at regular
intervals.

In this case, according to the value of the line,
the schedule should be drawn up with time
intervals of 10, 15, 20, 30 minutes. The time
interval between two successive trains should be
set so that it is contained an integral number of
times without a remainder in one hour. This
presents the advantage that the schedules are very
simple and clear and, moreover, are easy to
remember. This advantage will remain even when
the required elasticity of movement is fully
satisfied. If we take a half-hour interval of time
for some line as the norm, then at a certain time
ofthe day oryear (in the latter case, we are talking
about a certain period of movement), when the
need arises, it can be replaced by intervals of a
quarter of an hour, or even at 7,5 minutes.

With such a division of the hour, the principle
of not only equal intervals of time, but also the
clarity of the schedule, will be preserved.

As for some of the other principles detailed
above, so for this last principle, to some extent, a
start has already been made. On various Berlin
suburban lines, for example, a half-hour period
has been introduced. At certain hours of the day
and at certain times of the year, the movement is
denser to a 15-minute period, and at other times
it is diluted to an hourly interval. But that which
is still in the embryo here and, moreover,
represents isolated cases, must be accepted as a
rule for the new system of movement. The same
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simplicity, according to continuity of movement
and due to its thythm, will also differ in the train
timetable books of the new system. At present,
one can thoroughly get used to the timetable book
only after a special rather tedious study of it, while
the timetable book of the new movement system
will represent a simple image of a simple
movement.

The system of movement developed here
in all details does not contain anything that is
not sufficiently substantiated. Everything that
in its totality was considered as a «<new system»
represents the development of existing
communication in the direction of «least
resistance», both technically and economically.

After the first note about the new traffic
system appeared, inquiries about its profitability
began to arrive from all sides. To this it can be
answered that the main purpose of the published
articles was to prove the technical feasibility of
the project outlined in them, the financial side
of the case should serve as a subject for further
research. The success story of the technician
shows that the question of profitability has
never occupied the first place in a series of
questions that have arisen in solving various
problems. If Zeppelin at the very beginning of
his work had immediately put the economic
side of the matter in the foreground, he would
hardly have achieved successful implementation
of his discovery.

But if we consider the issue from a different
point of view, then it turns out to be quite solid
here that this note is not included in calculation
of profitability of the enterprise. Under any
circumstances of organic life, there is such an
interaction between them that various kinds of
devices that are necessary for one another feed
each other and develop together.

One of the great people of recent times, who
owes his successes to this everywhere manifested
mutual connection, Werner von Siemens frankly
spoke about this as follows:

«My friends sometimes reproached me for the

Sact that with my inventions that pursue generally

useful goals, I especially emphasized the benefits
that they bring to all mankind, and yet, as a result,
1 myself derived enormous benefits from them. But
it would be unfair to build on this objection. Such
devices, which serve the whole society, responding
to real needs and modern conditions, and whose
satisfaction is long overdue, at the same time should
always bring benefits to the inventor, are always
carried out in the form of a profitable enterprise».

‘What the oldest German electrical engineer
says specifically about his work applies exactly the
same to every other invention and, in general, to
every success in technology. The urgent need for
aradical improvement in traffic conditions, even
without any detailed calculations, makes it
possible, according to the considerations just
given, to conclude with confidence about
profitability of the above traffic improvement. It
must be assumed that new means of
communication will increase the welfare of the
population; this alone indicates the important
economic significance of the new system. Since
its implementation, in contrast to gradual
development of modern railways, is assumed
according to one general grandiose plan, then
mass production of monotonous iron parts
required for the construction should take on such
dimensions that one can expect a significant
reduction in the cost of production and at the
same time reduction in costs for road construction.

And the urgent need for new roads will come
sooner than people usually think. When August
Scherl, 25 years ago, on his return from a trip to
England, said that Berlin should follow the
example of London to build underground roads,
they objected that due to the high cost (a running
meter of the underground railway cost about 6500
marks) in Germany it could never come true.
However, now underground roads run through
Berlin along and across.

The project of August Scherl may seem
utopian, but with rapid successes that technology
hasbeen making recently, it cannot be recognized
as impracticable, even if not on such a wide scale
as the author of the project believes. Its
implementation is associated with a radical
breakdown of existing railways, the technical
conditions for construction and operation of
which have been firmly established, and huge
sums of money have been spent on their
construction. In addition, such a reorganization
of railway communications will require such large
capital that because of this alone it will be
necessary to put up with all the shortcomings of
the existing means of communication for a long
time. In any case, this project deserves full
attention also because, by covering these
shortcomings, it also outlines ways to eliminate
them.

Engineer K. Tikhomirov
(Zheleznodorozhnoe Delo [Railway Business],
1910, No. 13—14, pp. 77—85) ®
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€TKOE Y OTHO3HAYHOE TOHUMAaHKWE MeCTa

W POJTY TPAHCITOPTHOTO TpaBa B POCCHUii-

CKOW MpaBOBOU CHUCTEME MMEET IS
OyIyIIMX CIIEIIUAIMCTOB B 00J1aCTH TpaHCTIOpTa
0co0oe 3HaYeHME, TTOCKOJIBKY OT 3TOTO TIPSIMO
3aBUCSAT BO3MOXHOCTb aeKBaTHOTO €0 UC-
TOJIb30BaHUST UMM B TIpoliecce OymyIieid nesi-
TEJILHOCTH, CTETIeHb 3aKOHHOCTH TPUHUMAae-
MBIX MU YIIpaBJIeHYECKUX pelieHuii [1, c. 246].
B 2T0ii CBSI3M MOATOTOBKA CIEIUATNCTOB
TPaHCITOPTHOW OTpacM B 00JIACTH ITPABOBOTO
obecneueHus1 X MpodecCUOHATBHOM IesITENb-
HOCTH SIBJISIETCS 3aJI0TOM ITOCTOSTHHOTO COBEP-
IIEHCTBOBAHMST M Pa3BUTHUS 3TOU OTPaCIU.
PazButre nHOOPMAITMOHHBIX TEXHOJIOTHIA aK-
TyaJqu3upyeT HeOOXOAMMOCTh MTOCTOSTHHOTO
OOHOBJIEHUST 3HAHUH B I1IEJISIX COBEPILIEHCTBO-
BaHMsI TPo(eCcCUOHATBHBIX HABBIKOB M KOMITE-
TEHIMH, a TaKKe 00ecTieYeH s TPAHCITOPTHOM
Ge3omacHocTH |2, c. 67].

OnHoli U3 NPUYMH HEOOXOAUMOCTH KECT-
KOTO M TIOJTHOTO TIPABOBOTO PETYJIMPOBAHUS
TPAHCITOPTHBIX OTHOIIEHUH SIBJISIETCS TO, YTO
«M3-32 BBICOKOH YSI3BUMOCTH, B CPaBHEHWH CO
MHOTVIMH IPYTVMU IIOTeHITUATEHBIMU IISJISIMH,
00BEKTHI TPAHCIIOPTa OCOOEHHO MPUBJIEKATEb-
HBI 151 TEPPOPUCTOB, TaK KaK OOBIYHO TTPUBO-
IAT K OOJIBIIIOMY KOJIMYECTBY XEPTB, MOTYT
Mapajn30BaTh KJIOUEBbIE CEKTOPHI SKOHOMUKH
1 BbI3BATh CEPHE3HBIE OOIIECTBEHHBIE TTOTpsICE-
HUS 3, ¢. 13; 14, . 24]. D10 BHMMaHME BIOTHE
000CHOBaHHO, TTOCKOJIbKY, KaK, OCHOBaTeJIbHO
«OTMeYaeTcs, yI3BUMOCTb TPAHCIIOPTHOTO
KOMIUIEKCa /U aKTOB HE3aKOHHOTO BMeIlla-
TEJILCTBA OOYCIIOBJIEHA €0 CIeMMUIecKNMU
0COOEHHOCTSIMU, TAKAUMU KaK OOJIbIIAST TTPOTSI-
SKEHHOCTB TPAHCITOPTHBIX MarvcTpaeit, HaJiv-
Yue OMacHBIX 00BEKTOB TPAHCTIOPTHOM MH(pa-
CTPYKTYPBI, OOJIBIIION MOTOK TaccaxknupoB
W TPY30B U T.I.» [15, ¢. 14], B CBsI3U C 4eM «00-
IIECTBEHHBIE OTHOIIIEHUS HAa TPAHCITOPTE IO -
JIeXKaT TTOJTHOMY M YETKOMY ITPAaBOBOMY PETYJI -
POBaHUIO, HYXXIAIOTCSI BCUCTEMHOM OpraHn3a-
IIMOHHOM YTNOPSITOYMBAHUU AESTEIBHOCTH
B chepe obecrieueHrsI aHTUTEPPOPUCTAIECKOM
Ge3omacHocT» [16, ¢. 11], B TOM 4yucie, — «C
WCIIOJIb30BAHUEM CPEJICTB TEXHUIECKOTO Pery-
JmpoBaHusH» [17, . 100].

YcrnemrHoe QYHKIIMOHMPOBAaHWE TPaHC-
TMIOPTHOM CUCTEMBI MPEAToJaraeT He TOJIbKO
3HaHUE e€ CyObeKTaMU HOPMATUBHBIX IIPABOBBIX
aKTOB, HO 1 OCYIIIECTBJICHUE HA/l30pa B UHTEPE-
cax co0JTIoIeHMsI 3AKOHHOCTH U TPaBOITOPSIIKA
Ha TpaHCTIOPTeE, peau3aliiio MEPOTIPUSITHIA TIO

obecrieyeHr10 6€30MacCHOCTU TPAHCHOPTHOM
MHGPACTPYKTYPHI HA OCHOBE JOKTPUHATBHBIX
TTOJIXOI0B, KOMIUIEKCA METUIIMHCKHUX 1 METU-
KO-COLIMAJIHBIX MEPOTIPUSITUIA, HATTIPABJIEHHBIX
Ha CHIDKEHVE PUCKA BO3HUKHOBEHUS YPE3BbI-
YalHBIX CUTYalIii, HA MUHUMU3AIII0 MEIUKO-
CaHUTApHBIX TTOCJIENCTBUIA, HA COXpaHEHUE
3M0POBBS Joaeit [4, c. 185], ymeHbIIeHNE
yiep0a okpyxamwllei NpupoaHoi cpeae
U1 MHOTO€ JIpyroe. BeinoaHeHre MexXayHapoI-
HO-TIPABOBBIX 00s13aTEICTB HAIIIETO rocyaap-
CTBa B TPAHCIIOPTHOM cdepe TakxKe MpeacTaB-
JISIETCSl KpaHE BaXKHOW 3aJayeid, YTO HalIo
oTpaxxeHue B TpaHcropTHOM cTpareruu Poc-
cuiickoit Menepanun [5, c. 98].

JvcuurimHa «AKTyaabHble IpoOJIeMbl
MPaBOBOro odecrneyeHus NpodecCuoHATbHON
TIEeTEIbBHOCTU» TPEnoaaercs cryaeHTam Poc-
CUIICKOT0 YHUBEPCUTETA TPAHCIIOPTA, O0yJaro-
LIIMMCSI IO TIPOTpaMMaM MarrcTpaTyphbl MHXKe-
HEPHO-TEXHUYECKUX, IKOHOMUYECKUX HATTPaB-
JIEHU B 1eJIsIX (POpMUPOBAHMS y OYIyIINX
CIIEIMAJTMCTOB Ha TPAHCTIOPTE BBICIIIEH KBATU-
(ukanmm npohecCMOHAIBHBIX KOMIIETEHIINIA,
TTO3BOJISTIONTVX M OCYIIIECTBIISITh IPaBO3HAY -
MBbI€ YITpaBIeHYeCKUe AeUCTBUS, KBATU(DUIII-
poBaTh MpaBOHAPYIIeHUS, 00eCTIeYnBaTh MC-
TTOJTHEHWE HOPM CITEIIUATbHOTO, — B TOM YHCIIE,
TPAHCIIOPTHOTO, — 3aKOHOJATEIHCTBA B TIPO-
11ecce MPOEKTHOM NEITENbHOCTH, PYKOBOICTBA
MPOU3BOACTBEHHBIMU, TEXHOJIOTUIECKUMMU,
JIOTMICTUYECKMMMU TTPOLIECCAMU, PEIIIEHHSI MHBIX
npoeccuoHaNbHBIX 331249 Ha OCHOBE TIOHUMa-
HMSI CYIITHOCTH TPABOBBIX SIBJICHUH W TPOILIeC-
COB, MPOOJIEM ITPABOBOI'0 PETYJIUPOBAHUS €S-
TEJILHOCTH Ha TPaHCITOPTE.

Paznenbl yueOHMKa TTOCIe10BATENBHO pac-
KPBIBAIOT 0CO0YI0 3HAYMMOCTH 00ECTIeYeHMST
(byHKIIMOHMPOBaHUST TPAHCTIOPTHOM CUCTEMBI
B YCJIOBUSIX peaiu3aliiy 0a30BbIX HATPABICHUA
CTPaTErn4eckoro pa3BUTUs TPAHCIOPTHOMN
cuctembl Poccun no 2035 roma, obecnieunBast
TTOCTYTIATeIbBHOE Pa3BUTHE HAYYHOM IIIKOJIBI
«TpaHcmopTHOE MpPaBo», MPEEMCTBEHHOCTh
B (hopMUpOBaHNY KOMIIETEHIINI CTIEIIUaIM-
CTOB-TPAaHCITOPTHUKOB.

ITpu bopMupoBaHUM CTPYKTYPhI y4eOHUKA
«AKTyaJTbHBIE TPOOJIEMBI ITPABOBOTO OOECIIeye-
HUS TPO(eCCUOHATTbHOM JeSITENbHOCTA» ObUTU
YUTEHBI TOTPEOHOCTH CIIEIIMATMCTOB Ha TPAHC-
TTOpTE B TIOJTyYSHUH MPABOBbIX 3HAHMIA ITO BCEM
HaIpaBJICHUSIM TIPECTOSIIEN TTPaKTUIECKON
JiesITeTbHOCTU. Tak, B M3aHNe BKITIOUEHBI JI1-
JaKTU4YeCcKue OJIOKU, aieKBaTHO OTpaXKarollye
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TMPOOJIEMHBIE BOITPOCHI IIPABOBOTO PETYIMPOBA-
HMSI TOCYIapCTBEHHOTO YITPABJIEHS U TOCyIap-
CTBEHHOM CJTY>KOBbI, KOPITOPaTUBHOTO YIIpaBJie-
HUS M WHBECTUIIMOHHOM NESITeTbHOCTH Ha
TpaHCTIOpTe, 6E30MaCHOCTU Tpy/a Ha TpaHC-
TIOpTe, PABOBOTO 00ECTIEUEHUSI NESITETEHOCTH
TOCyJapCTBEHHBIX YUPEXKIECHUM, TTOJBEIOM-
cTBeHHBbIX MuHTpaHcy Poccun, TexHochepHoi
1 9KOJIOTMYECKO 0e301MacHOCTH Ha TpaHC-
nopte. He obo1ut aBToOpbl CBOMM BHUMAaHUE
1 BOTIPOCHI TTPABOBOTO PETYIMPOBAHMS TPAHC-
TTOPTHBIX OTHOIIEHWH , (hUHAHCOBO-TTPABOBOTO
obecnieyeHUs1 GyHKIIMOHUPOBAHUS TPAHCIOPT-
HOI CHCTeMBI B YCJIOBUSIX peaym3anuu TpaHc-
TOpTHOM cTpaternu Ha riepron 1o 2030 roxa,
aTakke IPaBOBOTO 00ecTiedyeHUsT MH(pOpMaIi-
OHHOI 6€30MacHOCTU B MPOdeCcCUOHATBHOMI
JIesITeJIBHOCTY Ha TPAHCIIOPTE, TO €CTh BOITPO-
COB, TPAIUIIMOHHO OTHOCSIITMXCSI K TIPENIMETY
HUCCJIeJOBAHUS TIPENCTABUTENENH HAyYHOU
Kokl « IpaHcnoptHoe mpaBo» [12, c. 57-71;
13, c. 144—153; 14, c. 22—-31].

[pencrasnsieTcst BO3MOXHBIM KOHCTaTUPO-
BaTh, YTO CTPYKTypa M CONEpPXKaHUE PEIICH3U-
pyeMoro y4eOHUKa TTO3BOJISIIOT PACCMOTPETh
OOJBIIMHCTBO aKTyaJTbHBIX HA CETOIHS MPOOJIEM
B chepe TpaHCIIopTa, BKIIIOYast BOIIPOCHI, CBSI-
3aHHbIE C ITPOJOJIKAIOIIECS TaHAEMUE HOBOM
KOpOHaBUpYycHOU MHpekimu. M3BecTHO, YTO
CaMBIMU OYeBUIHBIMA U3 TIOCTPAHABIINX B HEl
CEKTOPOB SIBJISTIOTCST T€, KOTOPBIE MPSIMO WU
KOCBEHHO CBSI3aHBI C TIepeMelIeHUEM JIIoei
WJIN TIPENIoJiaralonne X KOHIIEHTPAIIUIO.
BosbimHCTBO aBUaKOMIIaHWi, OTpaHUYMB 10
MMHUMYyMa BBITIOJIHEHUE TTOJIETOB B Havajie
MMaHAEMUM, TTO-TIPEKHEMY HE B COCTOSTHUU
MOJTHOLIEHHO paboTaTh U3-3a BBEIEHHBIX Orpa-
HUYEHUWI1, 0COOEHHO Ha BBITIOJTHEHUE MEXITY-
HapOIHBIX MACCAKUPCKUX TIEPEBO30K, BCIE-
CTBUE HEPABHOMEPHOTO PAacCIpOCTPaHEHUS
nHbeKINUU 10 MUPY [6].

C y4€TOM TIPOIOJDKEHHMST pocTa 3a00seBae-
MOCTH B psifie TOCYIapCTB, TIIOOATbHBII YIIIepo
OT TIAHAEMWU JJISI TPAHCIIOPTHOM OTpaciu
TOJIBKO TIPEICTOUT OLIEHUTh. DTO KacaeTcsl He
TOJILKO MPSIMBIX, HO U KOCBEHHBIX YOBITKOB [7,
c. 26].

OO0cy:xneHue B XoIe JIEKITNi 1 CEeMUHAPCKUX
3aHSTUI 3HAYNTETHHOTO KOJIMIECTBA ITPO0IIEM,
SIBJISTIOIIIX COOOI aKTyaIbHbIE BBI3OBBI COBPE-
MEHHOCTH, MMO3BOJIUT CTYACHTaM TOJYYUTh
JIOCTYT K YHUBEPCATbHOMY MHCTPYMEHTapUIO
10 TIPEOIOJIEHUIO TIOC/IEACTBUI TTPAKTIUECKN
JIIOOBIX OOCTOSITENTECTB.
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JIOCTYITHOCTb U3JI0KEHUS] MaTepuaa, ero
JIOTMYHOCTH U MeJarornyeckas 1eaecooopas-
HOCTb CBUIETEIBCTBYET O BBICOKOM Ipodec-
CHOHAJTU3ME KOJUIEKTUBA aBTOPOB — MpPeErnoa-
Bateneil kadeapnl «TpaHcmopTHOE MpaBo»
IOpununyeckoro nucturyra Poccuiickoro
YHUBEPCUTETA TPAHCIIOPTA, SBJSIONIETOCS
TOJIOBHBIM TPaHCIOPTHBIM By3oM Poccum,
B 3a/1a4¥ KOTOPOTO CETOIHS BXOAUT OpraHu3a-
1M1 HE TOJIBKO MOATOTOBKU OYyaylIUMX paboT-
HUKOB TPaHCTIOPTHOM c(hepbl, HO ¥ COBEPILIEH-
CTBOBaHUE MPO(PECCUOHATBHON MTOATOTOBKU
U TIePENOATrOTOBKY COTPYIHUKOB OTPACIIH.

PeueH3npyemblili yueOHUK oOecrieurBaeT
JIOTUYECKYIO IIPEEMCTBEHHOCTD U CBS3b C JIpY-
TMMU JUCLUTTIMHAMU U y9eOHUKaMU Kadeapsl,
cpenu KoTopbix «I IpaBoBeieHUE 151 CTYAEHTOB
TpaHCHOPTHHBIX By30B» [8], «TpancmopTHOE
npaBo» [9], «ITpaBoBble U OpraHU3aIMOHHbIE
acIeKThl IPOTUBOMEUCTBUSI TEPPOPU3MY Ha
TpaHcropte» [3], «OpraHn3alMoHHO-TIPABOBbIE
OCHOBBI (DYHKIIMOHMPOBAHWSI TPAHCIIOPTHOM
CHUCTEMBI B YCJIOBUSIX CIIOXKHOW SMTAAEMUOIOT Y -
YyecKoi 00CTaHOBKU» [7].

TTockonbKy, KaKk 000CHOBAaHHO OTMEYaeT-
Csl, «B CBSI3U C UX 3HAYMMOCTbBIO ODIIIECTBEH-
Hbl€ OTHOLIEHUSI Ha TPaHCIOPTE IMOJiexaT
MpPaBOBOMY peryjupoBaHuio... [Ipu atom
aKTUBHO MCIIOJB3YIOTCSI CPENCTBa KaK My0-
JIMYHO-TIPABOBOTO, TaK W YaCTHOIIPABOBOTO
perynupoBanus» [10, c. 248], mpu 3TOM «B
TPAHCTIOPTHOM 3aKOHOJIATEeICTBE HAKOIUIEHA
3HAYUTEJIbHAS, ... <KKPUTUUYECKASI Macca» HOp-
MaTUBHOTO Matepuaia» [11, c. 127], cienyer
COTJIaCUTKCS C TEM, UTO «UETKOE 1 OTHO3HAY -
HOE MOHUMaHUE MECTa U POJIU TPAHCIIOPTHO-
ro INpasa B POCCUNCKON MPaBOBOW CUCTEME
UMeEeT U1 OyIyIIKX CIEUAIMCTOB B 001aCTU
TpaHCITOpTa 0c000€ 3HaYEHUE, MTOCKOJIBKY OT
3TOrO MPSIMO 3aBUCUT BO3MOXHOCTb aJIeKBaT-
HOTO €T0 KCIIOJb30BaHUS UMU B IMpolecce
Oyaylieit 1esITeIbHOCTH, CTeNIEHb 3aKOHHOCTHU
MPUHUMAEMBIX UMM YITPaBICHYECKUX pellie-
Huit» [1, c. 246].

B 3axmtoueHre HeOOXOAMMO OTMETUTD, YTO
Y4eOHUK «AKTyaTbHbIE TPOOIEMBI TPAaBOBOTO
obecrnieyeHus1 MpopecCUOHAIbLHOUN NesTelb-
HOCTH» HaIlMCaH JOCTYITHBIM, HO, BMECTE
C TeM, IOpUIUYECKU TPAMOTHBIM JINTEPATYypP-
HBIM SI3BIKOM, BHE BCSIKOTO COMHEHUSI, B 3HA-
YUTEIbHOW Mepe BOCHOJHSIET UMEIOIIUICS
HeIOCTaTOK YYeOHOM TUTEPATyPHhI 15 TPETIO-
JIaBaHUS CTYJAEHTaM TPAHCIOPTHBIX 00pa30-
BaTeJIbHBIX OpraHU3alnii, 00yJarommuMcs o
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nporpaMMaM MarMCTPaTyphl, ITOJTHOCTHIO
COOTBETCTBYET rOCY/IapCTBEHHOMY 00pa3oBa-
TeJILHOMY CTaHAAPTY 110 I0PUCIIPYACHIINHT
U, 6e3yCIOBHO, OyIeT BOCTpeOOBaH HE TOJBbKO
CTyAEHTaMM, HO M HAyYHBIMHA paOOTHUKAMMU,
TpernogaBaTe/IIMH, CITCIINATCTAMI U BCEMU,
KTO MHTEpEeCyeTCsI BOIpOCaMHU IIpaBa M €ro
CBSI3SIMU C TPAHCIIOPTOM.

JINTEPATYPA

1. ApramonoBa C. H., Tou E. B., 3emnun A. U.,
3emsmHa O. M., Kosnos B. B., Mamonosa M. B., Mat-
BeeBa M. A., MenbHukosa 1O. B., ITumenko A. B., Pa-
cynoB A. B., Cokonona E. B., ®ummnmosa M. 0. Akry-
aJIbHBIC TPOGJIEMBI IPABOBOTO ObGeceyeHus mpodeccro-
HaJIbHOM IeATeIbHOCTU: YueOHMK 1151 By30B (rpucd YMO
BO) / Ots. pen. A. U. 3emnun. — M.: KOpaiit, 2020. —
459 c. [DnexrpoHHBIN pecypc|: https://www.litres.ru/
alekper-vagifovich-r/aktualnye-problemy-pravovogo-
obespecheniya-p-56356209/. doctym 06.09.2020.

2. 3emuuH A. U. OpraHu3allMOHHbIE U TIPaBOBbIC
TIPOGJIEMBI TIOATOTOBKY KaJIPOB JUISI CUCTEMBI 0OecTieue-
HUS TpaHCIOPTHOM Oe3omacHoctu // TpaHcopTHOE
TIpaBO M TpaHCIOpTHas Ge3omacHOCThb. — 2019. — Ne 4
(32). — C. 65—74. [ DnekTpoHHbIii pecypc]: http://trans-
safety.ru/2020/01/10/zemlin-a-i-organizatsionnye-i-
pravovye-problemy-podgotovki-kadrov-dlya-sistemy-
obespecheniya-transportnoj-bezopasnosti/. Joctym
06.09.2020.

3. 3emsun A. Y., Kosnos B. B., 3emnuna O. M.,
Xonukos U. B. [IpaBoBble 1 OpraHU3allMOHHbIE ACTIEKThI
TIPOTUBOIEUCTBUSI TEPPOPU3MY Ha TPAHCIIOPTE: YUeOHUK
1utst By30B. — M.: FOpaiit, 2020. — 156 ¢. [DaeKTpOHHBI
pecypc]: https://www.litres.ru/aleksandr-igorevich/
pravovye-i-organizacionnye-aspekty-obespeche-
61642033/. ODoctyn 06.09.2020.

4. Xonukos U. B., Knénos M. B. [1paBoBbie 1 opra-
HU3AI[MOHHBIE BOIIPOCHI KOHTPOJISI 32 COCTOSTHUEM 3/10-
POBbsi pAOOTHUKOB M OKa3aHUsI MEAUIIMHCKON MOMOILU
maccaxupaMm Ha TpaHcriopte B Poccum // Mup TpaHc-
nopra. — 2019. — Ne 3. — C. 180—191. [DnekTpoHHBII
pecypc]: https://mirtr.elpub.ru/jour/article/
download/1679/2054. Noctyn 06.09.2020.

5. Xonukos U. B. MexayHaponHO-IIpaBOBbIE aCTIEK-
ThI peanu3auuu TpaHcropTHOM cTparerun Poccuiickoii
Denepanuu B chepe MEAUIIMHCKOTO 00eCIieYeHUs Ha
TpaHcnopTe // TpaHCIOPTHOE MpaBo M 6€30MacHOCTb.
—2018. —No 4 (28). — C.93-99. [ DnekTpoHHBIi1 pecypc|:
http://trans-safety.ru/2018/12/20/holikov-i-v-
mezhdunarodno-pravovye-aspekty-realizatsii-
transportnoj-strategii-rossijskoj-federatsii-v-sfere-
meditsinskogo-obespecheniya-na-transporte/. Joctym
06.09.2020.

6. Chernogor, N. N., Zemlin, A. I., Kholikov, I. V.,
Mamedova, 1. A. Impact of the Spread of Epidemics,
Pandemics and Mass Diseases on Economic Security of
Transport. E3S Web of Conferences, 2020, Vol. 203,
pp. 5—19. DOI: https://doi.org/10.1051/e3sconf/
202020305019.

7. 3emuun A. U., Knénos M. B., Xonukos U. B.
OpraHu3allMOHHO-IPABOBbIE TIPOOIEMBI TIPEIYTIPEKIC-
HUSI 32B03a M PACTIPOCTPAHEHUST MACCOBBIX MH(EKITNOH-
HBIX 3200JIeBaHU I HA TPAHCTIOPTE (Ha MPUMepe MaHAeMUN
kopoHasupycHoit undeki COVID-19): MoHorpadwus.
— M.: Pycaiinc, 2020. — 126 c.

8. [IpaBoBeneHUE IS CTYIEHTOB TPAHCITOPTHBIX
BY30B: YueOHUK 1 By30oB / [Tox oot pen. A. U. 3em-
JIUHA. — 4-¢ u3M., repepab. u gorn. — M.: KOpaiit, 2020.

® MWP TPAHCIOPTA, Tom 18, N2 4, C. 246253 (2020)

Xonukoe U. B. [IpaBo 1 TpaHCNOPT: NPOAOJIXEHNE TEMbI

— 421 c. [9nekTpoHHBI pecypc]: https://urait.ru/book/
pravovoe-obespechenie-professionalnoy-deyatelnosti-
dlya-studentov-transportnyh-vuzov-466230. Joctyn
06.09.2020.

9. TpaHcTIOpTHOE TPaBO: YUEOHUK sl GaKaniaBpua-
Ta u cneranureta / OTB. pen. H. A. lyxHo, A. U. 3em-
JIUH. — 2-€ U3]l., lepepab. u gor. — M.: FOpaiit, 2019. —
380 c. [DnekTpoHHBIi pecypc]: https://urait.ru/book/
transportnoe-pravo-428514. loctym 06.09.2020.

10. 3emuinn A. U., Tumonuna Y. B., Xumuu T. M.,
@ununmosa M. 0., Kopskun B. M., Pacynos A. B.,
Tou E. B., 3emnuna O. M., MarBeesa M. A., ITuiien-
ko A. B., Ddennues T. C., MenbHukosa tO. B. [IpaBosoe
obecrnieueHre MPOGhECCUOHATBHON AEATEIbHOCTH ISt
TPAHCTIOPTHBIX CIelMaJbHOCTE: YUyeOHUK. — M.:
IOpaiir, 2019. [DnekTpoHHEI pecypc]: https://urait.ru/
book/pravovoe-obespechenie-professionalnoy-
deyatelnosti-dlya-transportnyh-specialnostey-422810.
Hoctym 06.09.2020.

11. 3emmun A. U, Xumuu T. M., @ununmosa M. 10.,
Pacynos A. B., Toun E. B., 3emauna O. M., MatBee-
Ba M. A., INMuwenko A. B., MenbHukosa 0. B., dyx-
Ho H. A., Bopucosa C. B., MamoHoBa M. B., MenbHu-
koB B. C., Onénsiies O. C., INerpos 0. 1., Xapiamo-
Ba 0. A. TpaHcmopTHOe TIpaBo: YUeOHMK. — 2-¢ W3I.,
niep. u nom. — M.: FOpaiit, 2019. [DnekTpoHHBIit pecypc]:
https://static.my-shop.ru/product/pdf/349/3482987.pdf.
Hoctym 06.09.2020.

12. 3emsnn A. M., 3emiinna O. M., lenucosa 1O. B.
AKTyaJbHbIe OPTaHU3AIIMOHHO-TIPaBOBbIE BOTIPOCHI
MPUMEHEHMsI TIPOTrPAMMHO-LIEJIEBOr0 MeToa hMHAHCO-
BOT0 00eCTIeYeHUsT Pa3BUTHUS XKeJIe3HOMOPOKHOTO TPAHC-
nopra B Poccuu // TpaHcropTHoe npaBo U Ge3onac-
HOCTh. — 2017. — Ne 12 (24). — C. 57—71. [ DneKTpoHHBI
pecypc]: https://www.elibrary.ru/item.asp?id=30776196.
Hoctym 06.09.2020.

13. 3emmmH A. Y. AKTyasibHbIE BOITPOCHI IIPAaBOBOTO
PEryIupoBaHUsi KOHTPOJIS 32 PACXOJOBAHMEM CPEACTB
OI0IKETOB OIOIKETHOM crcTeMbl Poccuiickoit Denepa-
LMY TIPU OCYIIECTBIEHUH TOCYNapPCTBEHHBIX 3aKYIOK //
TocynapcrBeHHbIl aynuT. [TpaBo. DkoHOoMuUKa. — 2016. —
Ne 2. — C. 144—153. [OnektpoHHBbI# pecypc]: https://www.
elibrary.ru/item.asp?id=26471916. doctyn 06.09.2020.

14. 3emmuH A. U., 3emnuna O. M. AKTyaiibHBIE Op-
raHU3alMOHHO-TPABOBbIE BOIPOCH UCMOJIb30BAHUS
CpPEJICTB KOHTPOJIS B IETISIX TIOBBIIEHYS 9 (DEKTUBHOCTH
(rHaHCOBOrO OOecreyeHus: TPAHCIIOPTHOM CUCTEMBbI
Poccum // BecTHUK akajeMuu TpaBa W YIpaBICHUs . —
2018. — Ne 2 (51). — C. 22—-31. [DnekTpoHHbIi1 pecypc|:
https://www.elibrary.ru/item.asp?id=35213492. Joctyn
06.09.2020.

15. 3emnun A. U., Koznos B. B. [IpotuBozeiictBue
TeppopusmMy. OpraHM3aIMIOHHO-TIPaBOBOE 0OeCTIeUeHIEe
Ha TpaHcrnopre: Y4yeb. mocob. Wi 6akajiaBpuaTa, crie-
manuTeta U Maructpatypsl (Ipud: YMO BO). — M.:
FOpaiit, 2019. — 182 c. [DnexTponHslit pecypc]: https://
static.my-shop.ru/product/pdf/349/3487000.pdf. Joctyrn
06.09.2020.

16. 3emuiH A. 1. AIMUHHUCTPaTUBHO-TIPABOBbIC
ACTIEKTHI 00eCTIeYeHNs TPAHCIIOPTHOI Oe3omacHoCTH //
HaumoHnanbHast 6e30MacHOCTb U CTpaTerM4ecKoe IiaHu-
poBanue. —2019. — Ne 4 (28). — C. 10—14. [ DneKTpoHHBI
pecypc]: https://www.elibrary.ru/item.asp?id=42391795.
Hoctym 06.09.2020.

17. 3emnun A. U., 3emauna O. M., LlIBbinueH-
Ko O. H. AkTyajbHble BOIIPOCHl TEXHUYECKOTO PeryJsiu-
poBaHUst 6E30MACHOCTA METPOTOIUTEeHOB // BecTHUMK
IOpunnueckoro uncruryra MUMUT. — 2018. — Ne 1
(21). — C. 87—101. [DnexTpoHHBI pecypc]: https://
ui-miit.ru/files/docs/vestnik-ui/vestnik_ui_21.pdf. Joc-
Ty 06.09.2020. L4




BIBLIO-DIRECTIONS

G)I: https://doi.org/10.30932/1992-3252-2020-18-246-253

Ivan V. KHOLIKOV

Artamonova, S. N., Gots, E. V., Zemlin, A. I.,
Zemlina, O. M., Kozlov, V. V., Mamonova, M. V.,
Matveeva, M. A., Melnikova, Yu. V., Pischelko, A. V.,
Rasulov, A. V., Sokolova, E. V., Filippova, M. Yu.
Actual problems of legal support of professional
activity: Textbook for universities (UMO VO
[educational and methodological association of
higher education]) [Aktualnie problemy pravovogo
obespecheniya professionalnoi deyatelnosti:
Uchebnik dlya vuzov (grif UMO VO)]. Ed. by
A. I. Zemlin. Moscow, Yurayt publ., 2020, 459 p.
ISBN978-5-534-13673-9.

ABSTRACT

The article provides a review of the textbook «Actual
problems of legal support of professional activity» for
students at transport universities enrolled in master’s
programs, prepared by the team of the department of
Transport Law of the Law Institute of Russian University
of Transport under the general editorship of Honored
Scientist of the Russian Federation, Doctor of Law,

Law and Transport:
Continuing the Topic
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Professor Alexander I. Zemlin. The review notes the
relevance of the topics included in the content of the
textbook, the breadth of their coverage, which makes it
possible to ensure complete and comprehensive
mastering of didactic material, the depth of the scientific
approach demonstrated by the authors in the process of
working on the publication, the practical significance and
potential relevance of the textbook. The sufficiency ofthe
material presented in the textbook is especially
emphasized regarding training of future specialists of the
highest qualifications in the field of transport with legal
competencies necessary for subsequent successful
fulfillment by them of their professional duties in the
context of digitalization of the economy and transport.
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clear and unambiguous understanding
Aof the place and role of transport law in
the Russian legal system is of particular
importance for future specialists in the field of
transport, since this directly affects the
possibility of its adequate use by them in the
process of future activities, determines the
degree of legality of their managerial decisions
[1, p. 246]. In this regard, training of specialists
in the transport industry in the field of legal
support of their professional activities is the key
to continuous improvement and development
of this industry. The development of information
technologies actualizes the need for constant
updating of knowledge in order to improve
professional skills and competencies, as well as
to ensure transport security [2, p. 67].

One of the reasons for the need for strict

and complete legal regulation of transport
relations is that «due fo high vulnerability, in
comparison with many other potential targets,
transport facilities are especially attractive to
terrorists, since their attacks usually lead to a
large number of victims, can paralyze key sectors
of economy and cause serious social upheaval»
[3, p. 13; 14, p. 24]. This attention is quite
justified, since, as it is thoroughly noted,
«vulnerability of the transport complex to acts
of unlawful interference is due to its specific
features, such as the long length of transport
routes, the presence of dangerous transport
infrastructure facilities, a large flow of passengers
and goods, etc.» [15, p. 14], in connection with
which «public relations in transport are subject
to complete and clear legal regulation, they need
a systemic organizational streamlining of
activities in the field of anti-terrorist security»
[16, p. 11], including — «using means of
technical regulation» [17, p. 100].

The successful functioning of the transpor-
tation system presupposes not only knowledge
of the subjects of regulatory legal acts, but also
implementation of supervision in the interests
of observance of law and legal order in transport
sector, implementation of measures to ensure
safety of transport infrastructure based on
doctrinal approaches, a set of medical and
medico-social measures aimed at reducing the
risk of emergencies, to minimize health
consequences, to preserve human health [4, p.
185], reduction of damage to the environment
and much more. Fulfilment of the international
legal obligations of our state in the transport

sector is also an extremely important task, which
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is reflected in the Transport strategy of the
Russian Federation [5, p. 98].

The discipline «Actual problems of legal
support of professional activity» is taught to
students of Russian University of Transport
enrolled in master’s programs in engineering,
technical, economic areas in order to form
professional competencies among future
transport specialists of the highest qualification,
allowing them to carry out legitimate managerial
actions, qualify offenses, ensure enforcement
of the norms of special, including transport,
legislation in the process of project activities,
management of production, technological,
logistic processes, solving other professional
problems based on understanding of the
essence of legal phenomena and processes,
problems of legal regulation of activities in
transport.

The sections of the textbook consistently
reveal the special importance of ensuring
functioning of the transport system in the
context of implementation of basic directions
of strategic development of the transport system
of Russia until 2035, ensuring progressive
development of the scientific school «Transport
Law», continuity in formation of the
competencies of transport specialists.

.18, Iss. 4, pp. 246—-253 (2020)
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When forming the structure of the textbook
«Actual problems of legal support of professional
activity», the needs of transport specialists in
obtaining legal knowledge in all areas of future
practical activity were considered. Thus, the
publication includes didactic blocks that
adequately reflect the problematic issues of legal
regulation of public administration and public
service, corporate governance, and investment
activities in transport, labour safety in transport;
legal support for activities of state institutions
subordinate to the Ministry of Transport of
Russia, technosphere and environmental safety
in transport. The authors also paid attention to
the issues of legal regulation of transport
relations, financial and legal support for
functioning of the transport system in the
context of implementation of the Transport
Strategy for the period up to 2030, as well as legal
support of information security in professional
activities in transport, that is, questions
traditionally related to the subject of research by
representatives of the scientific school «Transport
Law» [12, pp. 57-71; 13, pp. 144—153; 14,
pp. 22-31].

It seems possible to state that the structure
and content of the reviewed textbook allows us
to consider most of the current problems in the
field of transport, including the ongoing
pandemic of the new coronavirus infection. It
is known that the most obvious sectors affected
by it are those directly or indirectly associated
with movement of people or suggesting their
concentration. Most airlines, having limited
their flight operations to a minimum at the
beginning of the pandemic, are still unable to
operate fully due to the restrictions imposed,
especially on international passenger transpor-
tation, due to uneven spread of the infection
around the world [6].

Given the continued growth of the incidence
in a number of countries, the global damage
from the pandemic to the transport industry has
yet to be assessed. This applies not only to direct,
but also to indirect losses [7, p. 26].

Discussion during lectures and seminars of
asignificant number of problems that are actual
challenges of our time will allow students to gain
access to universal tools for overcoming the
consequences of almost any circumstance.

The availability of presentation of the
material, its consistency and pedagogical
expediency testifies to high professionalism of
the team of authors — professors and lecturers

® \WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 4, pp. 246—253 (2020)

at the Department of Transport Law of the Law
Institute of Russian University of Transport,
which is the leading transport university in
Russia, whose tasks today include organizing not
only training of future transport employees, but
also improvement of professional training and
retraining of industry employees.

The reviewed textbook provides logical
continuity and connection with other disciplines
and textbooks of the department, including
«Jurisprudence for students of transport
universities» [8], «Transport law» [9], «Legal and
organizational aspects of countering terrorism
in transport sector» [3], «Organizational and
legal basis for functioning of the transport system
in a complex epidemiological situation» [7].

Since, as reasonably noted, «in connection with
their importance, public relations in transport are
subject to legal regulation... At the same time, the
means of both public and private law regulation are
actively used» [10, p. 248], while «the transport
legislation has accumulated a significant,... «critical
mass» of regulatory material> [11, p. 127], one
should agree that «a clear and unambiguous
understanding of the place and role of transport law
in the Russian legal system is of particular importance
for future specialists in the field of transport, since
this directly affects the possibility of its adequate use
by them in the process of future activities, as well as
the degree of legality of management decisions taken
by them» [1, p. 246].

In conclusion, it should be noted that the
textbook «Actual problems of legal support of
professional activity» is written in an accessible,
but at the same time, legally competent literary
language, that is, no doubt, to a large extent
makes up for the existing lack of educational
literature for teaching students of transport
educational organizations, studying in master’s
programs, fully complies with the state
educational standard in jurisprudence and, of
course, will be in demand not only by students,
but also by researchers, teachers, specialists and
everyone who is interested in issues of law and
its relations with transport.
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Bacobipos 1. M. Opranu3amus npou3BoaCTBa
TPAHCIIOPTHOW KOMIIAHMH B YCJIOBHSAX IMPHMEHe-
Hus nuddepeHIHPOBAHHBIX JJIHH M0€310B /
Astoped. quc... kana. texs. Hayk. — M.: PYT,
2020. — 24 c.

IIpoBenéH aHanu3 TeOpUU U MPAKTUKU OpP-
FaHU3aLUU PETYISPHOro IPy30BOr0 IBUXKEHUS
B Poccuiickoit @eneparinu u 3a pydesxxom. B co-
OTBETCTBUU C HMM ObLIO OINpPEAEIeHO, YTO Hau -
0oJiee pallMoHaNBbHOM (DOPMOIi OpraHM3aMOH-
HO-IIPOM3BOACTBEHHOIO Pa3BUTHsI TEPMUHAIIb-
HBIX UHOPACTPYKTYP, HAXOISALIMXCS B MECTax
HeOoOILIero Mojb30BaHKs, IBJIAETCS Mpeodpa3o-
BaHUE UX B TPAHCIOPTHbIE KOMIIAHUU — KOH-
TeitHepHBIe omepaTopsl (KO). O603HaYeHBI
0COOEHHOCTH IIEPEBO30K I'PY30B B CErMEHTE
peryisipHOTO Tpy30Boro aBuxenus. [loxa-
TBEPKIEHO, YTO KPYITHEMILINE KOMIIAHUM — KOH-
TelHepHbIE OIePaTOPbl — OPraHMU3alMOHHO
MPUBS3aHbI K TOYKAM 3apOXKACHUS U IOTalleHHUS
KeJIE3HOIOPOXKHBIX KOHTEHEPOITOTOKOB (B OC-
HOBHOM, K KPYITHBIM MOPCKHMM IIOPTaM).

OrmpeesieHo, YTO ISl IPYIIIbI TPAHCIIOPTHBIX
KOMIIaHUIi, paboTaomumx mo cxeme «KinmeHr—
Omneparop—Bnagenenr nHGpacTpyKTypsl HEOO-
LLETO TIOIb30BAHMS», JJIST IPUBJICYEHUS KIIMEH-
TOB €CTh HEOOXOAMMOCTb OTIIPABJISITh KOHTEN -
HepHBbIe Toe3aa 1uddepeHIIMPOBaHHbIX IJI1H.

BuisiBiieHbI HeraTuBHBIE (DAKTOPHI, BIUSIO-
11e Ha Ka4eCTBO TPAHCIIOPTHOIO 00C/IyX1Ba-
HUS TPY30BJafe/blieB Ha JUHEHHOM YPOBHE,
U MPEIJIOXKEHHUS 110 UX MPEOHOJICHUIO ¢ IIOMO-
usio KO.

BhinosiHeHO MOEIMPOBAHKE TEXHOIOTUYE -
ckoii ycroitunBocT KO. IToz TexHomornueckoit
YCTOMYMBOCTHIO B JAHHOM HCCIICIOBAHUU I10-
HMMaeTcsl CIOCOOHOCTh KOHTEMHEPHOTO oIlepa-
TOpa K PECTPYKTYpHU3aLMK 1 IOCIEAYIOIEMY 3a
HHM «PEUHXUHUPUHTY» GU3HEC-TIPOLIECCOB.

Pa3spaborana maremaTrueckast MOEIb 321~
YU MJIAHUPOBAHUS MOTPY3KU KOMILIEKTHBIX
KOHTEMHEPHBIX OTIPaBOK Ha (UTUHIOBBIE
TIaT(OPMBI ¢ YYETOM PallOHATBLHOTO UCTIOJb-
30BaHUS X [TOTPY30YHOM JIMHbI U U3BJI€YEHUS

® MWP TPAHCIOPTA, Tom 18, N2 4, C. 254-261 (2020)

ABTOpedepaTbl guccepTaunm

MPY 3TOM MaKCHMAaJTbHO BO3MOXHOI BBIPYUKHU
OT pealun3aly TPAHCIOPTHOMN MPOIYKIIUHU
B BUJIC ONITUMAJIbHOTO BapMaHTa IIOTPY3KHU.

05.22.01 — TpaucnopmHbie u mpaHchopmuo-
MexHoA02UYeCKUe CUCIeMbl CMPAHbL, e€ PeUOHO8
U 20p0008, OP2AHU3AYUUSA NPOU3BOOCINEA HA MPAHC-
nopme. Paboma evinoanena é Poccuiickom yHueep-
cumeme mpancnopma.

BecenoBa A. C. Onenka KauecTBa TeXHHYE-
CKOii IKCILTyaTalli CHCTEM XKeJe3HOIO0POKHOM
aBTOMATHKH M TeJleMeXaHHKH / ABToped. muc...
KaHJ. TexH. HayK. — M.: PYT, 2020. — 24 c.

B ycroBusix orpaHUIeHHBIX ITPOM3BOICTBEH-
HBIX PECYPCOB 1 HAJTMYMST HOBBIX, HEIOCTYITHBIX
paHee BO3MOXHOCTEI aBTOMATH3MPOBAHHOTO
cOopa 1 aHaIM3a 00JIBIINX 0OBEMOB PA3TMYHOMN
CTaTUCTUYECKONW MHOOpMALIMK, HEOOXOIUMO
COBEPIIECHCTBOBAHNE METOIOB IIJIAHUPOBAHMS
U YIIpaBJICHMSI IIPOM3BOACTBEHHBIMH ITPOLIECCa-
MU 3KCILTyaTallii TPAHCIIOPTHOM MHPPACTPYK-
TYpOi Ha OCHOBE PUCK-MEHEIKMEHTA.

C IToMOIIThI0 aHAJIM3a PUCKOB ITOTEPH ITOE3I0-
YacoB M3-3a OTKA30B TEXHMUYECKUX CPEICTB XKe-
JIE3HOIOPOXHOIN aBTOMATUKH U TEJIEMEXaHUKHU
(2KAT) umeeTcst BO3MOKHOCTD YIIPaBJICHUS Ha-
JEXHOCTBIO MHPPACTPYKTYPHI, BKIIIOYAS TUIAHU-
pOBaHUE TTPOM3BOICTBEHHBIX ITPOIIECCOB, OLICH-
Ky HEOOXOIMMBIX PECYPCOB, a TAaKXKe OIICHKY
KayecTBa TeXHUUYECKOM DKCIUTyaTallii CPEACTB
KAT, c Touku 3peHUs KauecTBa MpeI0CTaBIeHUS
YCITYT XKeJIe3HOMOPOKHBIM TPAaHCTIOPTOM.

B pabote npemioxeHa Moaesb OLEHKU PUC-
Ka obecrieueHHs TpeOyeMOro ypOBHSI TOTOBHO-
¢t TexHndecknx cpeacts ZKAT B 3aBUCMMOCTH
OT 00€CITeYeHHOCTH TIPOM3BOICTBEHHOTO TIPO-
11ecca TeXHUIECKOTo 00CTYXBaHMSI M pEMOHTA
HeOOXOIMMBIMU TPYIOBBIMM U MHBIMU pecypca-
MM, HaJTM4usI 00bEMOB pabOT, BOSHUKHOBEHME
KOTOPBIX HOCUT CIIyYalHBINA WA HEPETJaMeH-
THPOBaHHBIH xapakTep. [IpemoxkeHHast MOnEeNb
OCHOBaHa Ha MPUMEHEHUU 00O0OIIEHHOTO
CTPYKTYPHOTO METO/IA C UCTIOIb30BaHNEM (DYHK-
LIMOHAJIbHBIX CETE.

Pa3paboraHbl HOMEHKIaTypa IoKa3aTeei
1 METOIMKA KOMIUIEKCHOM OIICHKH JIeSITeIbHO-
CTU JIMHEUHBIX MPEANPUATUIA U CTPYKTYPHBIX
HOIpa3neICHUI X0351MCTBa aBTOMATUKU U TeJIe-
MEXaHWKM, OCHOBaHHas Ha OIIEHKE PHCKOB,
CBSI3aHHBIX C HEYIOBJICTBOPUTEIHHBIM Kaye-
CTBOM IIPEIOCTABICHUS YCIYT 10 TIEPEeBO3KE
IPY30B ¥ MACCaXMPOB XEJIC3HOIOPOXKHBIM
TPAHCIIOPTOM.



TpemToXeHHBII METOJ ITO3BOJISIET IIPIMCHUTD
Ha IPaKTUKE PSII OpTaHU3aIlMOHHBIX U YIIPaBJICH-
YEeCKHX PEIICHHIA IT0 TIOBBIIEHUIO CIIPABEITBO-
CTH ¥ IOCTOBEPHOCTH OLICHKH ITPOM3BOICTBEHHOM
JesaTenbHOCTH. Takasl OlleHKA YIUTHIBACT BITUSTHIIC
TEeKYIIero cocTosiHust 00beKToB ZKAT Ha nepeBo-
30UHBIN TPOIIECC M, KaK CICNCTBUE, Ha YPOBEHb
TIPEIOCTABICHHUS YCIYT MHGPACTPYKTYPHI B LICJIOM
ISl obecrneyeHus 6e30MacHOTO U HaAEXHOTO
MpOIycKa MO0e300B ¢ YYETOM TEXHUKO-
TEXHOJIOTMUECKHX TPeOOBAHUI, TIPEIbSIBIIEMBIX
k o0bekTam 2KAT Ha Xene3HOMOPOXHBIX TUHUSIX
PA3MYHBIX KJIACCOB U CTICIUAI3aLINIA.

B pabGote npeanoxeHa METOAMKA OLIEHKHU
W CPaBHUTEIHLHOTO aHaIM3a (PYHKIIMOHATBHON
0€30ITacCHOCTH TTPOMU3BOACTBEHHEIX ITPOIIECCOB
XO3SIICTBa aBTOMATUKH U TeJIEMEXaHUKH C TTOMO-
IIbI0 BEPOSTHOCTHOTO aHAIN3a KO3 GbUIIMeHTa
MMOTCHIIMAILHOM OIAaCHOCTU KaK CITyJaifHO# Be-
JITYNHBL.

Pacuér mmaHnpyeMbIX MHTEpBaJIbHBIX 3HAUC-
HUI KO3 bUIeHTa MOTEHIUATBHOM OMaCHOCTU
TIpeIaraeTcst IPOM3BOIUTE Ha OCHOBE JIEKOMITO-
3WIHAY IIPOU3BOICTBEHHBIX IIPOIIECCOB 0 YPOBHS
PpaboT ¢ IMOCTEAYIOLTNM IIpUMEHEHIEM (DYHKIINO-
HAJIBHBIX CETel C YMCIIEHHBIMU XapaKTepUCTHKA-
MU, TIOTyYeHHBIMA Ha OCHOBE CTATHCTHUYECKUX
JAHHEIX O pe3yIbTaTax BEISIBICHHBIX HApYIIEHUI
0e30ITaCHOCTH TI0 CETH XKeJIE3HBIX JOPOL.

B pabote coaepKUTCS psi peKOMEHIALIMIA TT0
HCTIOTb30BAHMIO SKCIIEPTHEIX OLICHOK TS aHAJTH -
3a BIVSTHYSI 00€CTIeYeHHOCTH TTPOM3BOICTBEHHBIX
TIPOIIECCOB pecypcaMu (TPYIOBEIMU, MaTepHalTh-
HBIMU U JIp.) Ha 3HaUeHUs KO3 PULIMEHTA TOTEH-
LIMAJTLHOM OIACHOCTH C TIEJIBIO YIIPaBIeHUS Oe3-
OITACHOCTH IBIDKCHHEM TI0€3I0B.

05.22.8 — Ynpaenenue npoueccamu nepego3ox.
Paboma evinoanena 6 Poccuiickom yHueepcumeme
mparcnopma.

Jxkanrupsia A. B. DKoHoMIYeCKOe 000CHOBaHE
MPOEKTOB TPAHCIOPTHOTO CTPOUTEJILCTBA C PHBJIE-
YeHreM HHOCTPAHHBIX MHBeCTHIMIA / ABTOped. Tuc. ..
KaHJ. 9KoH. HayK. — M.: PYT, 2020. — 24 c.

IIpencraBneHHOE UCCIENOBaHUE, B OCHOBE
KOTOPOTO JIeXaJlu KIacCUYeCKue METObl
U CUCTEMHBIE 3HAHMSI B 00JIaCT MHBECTUIIMOH -
HOTO TMpolLecca B TPAHCIIOPTHOM OTpaciu, mo-
JIyYEHHBIE B pe3yJbTaTe 00bEMHBIX UCCIIEN0BA-
HU, MPOBOAUBIINXCS POCCUACKUM U 3apy0eK-
HBIMU YYEHBIMU B YKa3aHHOI 001aCcTH, TO3BO-
JIUJIO PEIIUTDh PSII MPOOJIEMHBIX HayYHBIX
U TIPaKTUYECKUX 3a/1ay.
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ABTOpEedepaTbl ANCcepTaLnm

AnpoOaryst U3J10KeHHON METOIMKY Ha TTPU-
Mepe MpoekToB B ApMeHuu U Mpane, peanusye-
MBIX C I1I€JIbIO TOBBIIIEHUS 3(DPEKTUBHOCTH
nesitenbHoctd OAO «P2XK]Il», npuBieyeHus 10-
TIOJTHUTEJTEHBIX O0BEMOB TPAH3UTHBIX TIEPEBO30K,
MOoKa3aja COCTOSATENbHOCTh MPEITOXKEHHOTO
Tofixona. beuty moATBepKIeHbI BHIBOIBI, CE/IaH-
HBI€ TIPU WCTIOb30BAHUY KJIACCMYECKUX METO-
JIVK, OTHAKO MPeUToKeHHAasl aBTOpCKasi cCUucTeMa
TTOIXO/IOB TTO3BOJIMJIA YBUAETh HIOAHCHI TIPUHSI-
TOTO pEelIeHNs] ¥ OTMETUTD TY IPaHb, KOTopasi 0e3
MOJ0OHOT0 aHAIM3a OCTaBAIACh Obl HEBUAVMOM.
B TO xe BpeMst TIpy HaJIMYMU WHBIX BHEITHUX
(hakTOpOB, CITOCOOHBIX TIOBJIMSITH HA TIOBEIEHIE
WHBECTOpa, TAKOW NO(aKTOPHBIN aHAIN3 MOXKET
BJIMATH Ha U3MeHeHue moaxonoB. Kpome Toro,
aBTOPOM OTMeUYeHa IIPUMEHUMOCTb ITPEILTOKEH -
HBIX B UCCJIENIOBAaHUM TIOAXOA0B K peaan3ainun
npoekta BCM MockBa—Cankr-IleTepOypr.

DddeKT OT MpUMEHEHMS aBTOPCKOM METOIU -
KW, TIOCYMTAHHBII B X0/Ie anpo0aliuy Ha TIPoeK-
tax «FOK2K/I» u B MUpaHe, Mo3BOJUI OBBICUTh
[TyOMHY TIPOPa0OTKM TMPOEKTOB Ha BETMUMHY OT
2,2 1o 4 pa3, B CpeTHEM YBEJIMUMB BEPOSTHOCTh
TIPUBJIEYCHUST UHOCTPAHHBIX WHBECTULIMIA Ha
70 %.

'YkazaHHas! METOJIMKA MOXET OBITh IOCTATOY -
HO IIMPOKO TIPUMEHEHA B TIPOEKTHOM aHaJI3e,
a riepeMeHHbIe, HEOOXOMUMBIE 151 €€ UCITOb30-
BaHUS, HE TPeOYIOT HETPUBUAIBHBIX BHIUMCTIE-
HU.

ABTOpPOM CO3[IaHa METOAMYECKAst OCHOBA IS
Pa3BUTHS TEMATUKN CUHXPOHU3ALIMY MHOCTPaH-
HBIX MHBECTUILIMOHHBIX TTOTOKOB U METOAMKH MX
niepepacrpeneieHus] Mexy MpoeKTaMy Ha Ha-
LIMOHATIBHOM U 3apyOeKHBIX phIHKaX. C yue€ToM
Pa3BUTHUS U YCJIOXKHEHUST OTHOIIEHWI MeXTy
Cy0beKTaMU TPAHCIIOPTHOTO CTPOUTENbCTBA
MOTPEeOHOCTh B NMPUAAHUYN JOTIOJTHUTEIbHON
Hay4yHOi 6a3bl U 10pabOTKe Ha €€ OCHOBE MX
(byHmameHTa ipeCcTaBIsSIeTCS O4EBUITHBIM CIIE/ -
CTBUEM ITPOUCXOMSIINX MpoiieccoB. Kpome Toro,
C TOYKM 3peHUsI aBTOpa, (POKYCOM TATbHEUIITNX
WICCIIEIOBAHUI TAaKKe MOTJIO OBl CTAaTh U3yUeHMe
METOJIOB UMIUIEMEHTAIINU B TIPEJIOXKEHHBIE
ABTOPOM MOJIEJTH Pa3IMYHBIE BAPHMAHTHI CUMOWO-
30B CHCTEMHOTO ¥ OMXEBUOPATbHOTO MHBECTH -
LIMOHHOTO aHaJIN3a.

08.00.05 — Dxonomura u ynpasaenue HapoOHbIM
X035LcmE0M (IKOHOMUKA, OP2AHU3AUUS U YRpaesie-
Hue npeonpusmuami, ompacasamu U KoMnaeKca-
mu — cmpoumenscmeo). Paboma evinoanena
6 Poccuiickom ynusepcumeme mpancnopma.




Mamncyp Anaa Dapmun Moxamen Aoaessradap
Moparum. YuciieHHblii MeTon pacuéra u3rudae-
MBIX KPYIJIBIX IVIACTHH HA CTATHYECKHE U ANHAMM -
yecKkue Harpy3ku / ABroped. muc... KaHd. TeXH.
Hayk. — M.: MI'CY, 2020. — 25 c.

PazpaboTaHbl METONMKYU pacyéra IIaCTUH
C Pa3IMYHBIMU BUJIAMK KPAeBBIX YCIOBUI TIpU
JIEVCTBUY Pa3IMIHBIX TUTIOB HATPY30K, BKITIOYAsT
TTOJIOCOBBIE, ITMKJIMYeCKKe. JIJIs1 3TOT0 UCTIONb-
3o0BaHbI nipeiokeHHble P. @, [a66acoBbIM 00-
OOIIEHHBIE YpaBHEHMSI METO/Ia KOHEYHBIX pa3-
Hocteit (MKP). B uzBecTHOI Mepe mocTpoeHue
YKa3aHHBIX METOIMK NOMTYCTUMO PacCMaTpUBaTh
Kak gajbpHelmee pa3putie MKP.

PazpaboTaHHbIe METOIUKY BepUGULIMPOBa-
HBI Ha TECTOBBIX 3a/1a4aX 1 YMCJIEHHO UCCIEI0-
BaHBI Ha CXOMMMOCTS. [ToKa3aHo, YTO TTOJTyYeH-
HBIE peleHNs 33124 UMEIOT XOPOIITYI0 TOYHOCTb,
MTPaKTUIECKU CXOIATCS C pe3yJIbTaTaMu 110 Me-
TOAy KOHEYHBIX 37ieMeHToB (MKD) 1 m3Bect-
HBIMU aHAJTUTUIECKUMHU PEIIEHUSIMU TIPU J0-
CTaTOYHO MEJIKOM pa30ueHuu. PeiieHus, momry-
YeHHBIE Ha OCHOBE pa3pabOTaHHBIX METOIUK,
OBICTPO CXOMSTCS TIO MEpE CTYIIEHUST Pa3HOCT-
HBIX CETOK.

ITo mpenoXXeHHBIM aJITOPUTMAaM COCTaBJIE-
HBbI PaCUETHBIE TAOJMIIBI MU MAKPOCHI TSI pacué-
Ta KPYIJbIX rmiacTuH Ha DBM mocpencTtBom
Mathcad u Microsoft Excel. Onu mo3Bosnsior
PacCYMTHIBATE KPYTJIbIE MTACTUHBI ITPY Pa3iny-
HBIX BUIAaX KPaeBbIX YCIIOBUI Ha IEMICTBUE CTa-
TUYECKUX U TMHAMUYECKUX HArpy30K, TaKUM
00pa3oM, MCClieNoBaHHbIE aJITOPUTMBI TIPOCTO
MTPOTPaMMUPYIOTCST M BBITIOMHSIOTCSI HA DBM.

IIpennonaraercsa pa3paboraTh MOJOOHbBIE
JITOPUTMBI U PEaTM30BaTh METOIVKH JUIS pac-
YéTa KPYIJIbIX TUIACTUH Ha HEPETYISIPHON CETKe
Ha 6a3e 0000mEHHBIX ypaBHeHUT MKP mopg
JIPYTUMU BO3ICHCTBUSIMU: TEMIIEPATyPHBIMU
Harpy3kaMmu, HerapMOHUYECKUMHU TUHAMUYE-
CKMMU Harpy3kamu (ITyJIbCalus).

05.23. 17— Cmpoumenvhas mexanuxa. Paboma
svinoanera 6 Hayuonanvrom uccaedosamensckom
Mockoseckom eocydapcmeeHHOM CIMPOUMEAbHOM
YyHueepcumeme. 3awuma cocmosaace ¢ Poccuii-
CKOM YHUBepcUmene mpancnopma.

®ummnmosa H. A. ITosbimenue 3¢ppeKTHBHO-
CTH JIOCTABKH IPy30B yis ceBepa Poccun Ha oc-
HOBe ynpaBJjieHusi puckamu / ABToped. Tuc... I0K.
TexH. HayK. — M.: MAJIN, 2020. — 42 c.

Ha ocHoBe momxomoB K 11eJIOCTHOMY CO-
BMECTHOMY (PYHKITMOHMPOBAHUIO TTPOU3BOJI-
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ABTOpedepaTbl guccepTaunm

CTBEHHBIX CUCTEM U OKpPYXaloIle TpUpoTHOM
cpefbl pa3paboTaHbl TEOPETUIECKHE TIOJIOXKe-
HHUSI, CTTIOCOOCTBYIOIINE PEIIEHUIO TEOPETUKO-
TPUKIAAHON MPOOIeMbl MOBBIIEHUS 3DdheK-
TUBHOCTH ¥ HaIEXHOCTA (PYHKIMOHUPOBAHMS
TPAHCIIOPTHBIX TTOTOKOB, MMEIOIIEMYy BaXHOE
HapoIHO-X03sCTBEHHOE 3HAYSHME JIJIS PAa3BH -
Tus ceBepa Poccun v 95KOHOMMKY B 11€JI0M Ha
OCHOBE YIpaBJICHUS] PUCKOM.

Ha ocHoBe pa3paboTaHHBIX TEOPETUKO-
METOMOJIOTMYECKHUX U HAyYHO-METOAMYECKHUX
TTOJIOKEHU I, HAyYHBIX METOIOB, MOJIEJIEH, 9KC-
TIEPUMEHTAIbHBIX UCCIIENOBAHUI 1 yITpaBJIeH-
YeCKUX MpeUIoXKeHWI THHOBAIIMOHHOM HarpaB-
JICHHOCTH CO3/IaHbl HAYYHO-METOOJIOTUIECKIE
U TTPaKTUIECKYE METOIBI OpraHu3aIuu 3P bek-
TUBHOTO U OMOC(HEPHO-COBMECTHOTO TOPOXKHO-
IO IBVDKCHUS.

B mporiecce BHITIOJHEHMS UCCIEIOBAHUN
OBbLTU pellleHBI TOCTABJICHHBIEC B pabOTe 331241

+ OnpenesneHbl, MCCIIENOBaHbI M KTacCuu-
LIMPOBAaHbBI OCHOBHBIE 0COOEHHOCTY OpTaHM3a-
LMY TPAHCTIOPTHOTO OOCTYXUBAHUST CEBEPHBIX
paiioHoB Poccuu; ¢dakTophl, 0Ka3bIBaIOIINE
BIUSHUE Ha HAIEXHOCTh (DYHKIIMOHNPOBAHMS
MYJBTUMOJATbHON TPAHCIIOPTHOM CUCTEMBI
ceBepHOro 3aBo3a. [IpoaHam3npoBaHbI COCTAB
U CTPYKTYpa BUIIOB TPAHCTIOPTA, 3a/1eiCTBOBAH-
HBIX B TIEPEBO3KE IPy30B CEBEPHOTO 3aB03a,
KJ1accu(UIIMPOBaHBI OCOOEHHOCTU OpraHm3a-
MY ¥ GYHKITMOHNUPOBAHUS MYJIBTUMOIATEHOMN
TPAHCIIOPTHOM CUCTEMBI.

* PazpaboraHa MateMaTtnyeckas MOIE/b
U TIOJTyYeHbI 3aKOHOMEPHOCTH CE30HHBIX KO-
nebaHuil TeMIepaTyphl BO3yxa Ha OCHOBE
TIPUMEHEHUS TEOPUU MapKOBCKUX ITPOLIECCOB
C UCTIOJIb30BAHMEM CTAaTUCTHUYECKMX TAHHBIX
®TI'BY «Bcepoccuiickuit HUM ruppomeTeopo-
Jlornyeckoit uHdopMmaliu — MUpPOBO# LIEHTP
Ia”HHBIX» I. O0HMHCK OoJiee yeM 3a 100 jet. Ha
6a3e pa3paboOTaHHON MOMENU CO3[aHa IPO-
rpamma I1o IpOTHO3MPOBAHUIO HaYasIa M OKOH -
YyaHUs1 pabOTHl aBTO3UMHUKOB TSI CEBEPHBIX
paitonoB Poccun. C ncrnosb3oBaHMEM yKa3aH-
HOM TIpOTpaMMBbl pa3paboTaHbl MEPOTIPUSTHS,
TTO3BOJISTIONINE CHU3UTh PUCKH, BO3HUKAIOIIE
B ITpolIecce MePEBO30K TPY30B CEBEPHOTO 3aBO-
3a, 4TO0, IO OIIEHKE CIEIUANNCTOB, TTO3BOJIUT
YBEJIMYUTh O0BEM MEPEBO30K IPY30B MO aBTO-
s3uMHuKaM Ha 10—20 %. Kpome Toro, mpeajo-
KeHa MEeTOIMKa U CO3JaHO NMPOrpaMMHOE
obecrieyeHre pacyéTa HIXXKHEH U BepXHeii 10-
BEpUTEIbHOM TPAaHMIILI BpEeMEHU OKOHYAHMS
M Hayaja JIeooBbIX sBjeHui. B paboTe npen-



CTaBJICHBI TaHHBIE O HAavajle 1 OKOHYaHUY Jie-
JIOBBIX sIBIEHU I Ha peke JIeHa B paifoHe mocén-
ka BusupHnsiii 3a nepuoa ¢ 1975 mo 2012 roas!.
DT 1aHHbBIE UCTIONB30BAIMCH ITPY alpodaIIun
METOAMKHU, KOTOpasl TO3BOJISIET TIPOTHO3UPO-
BaTh CPOKM Havyaja U OKOHYAHUs HAaBUTALIUU
Ha ceBepHBIX peKax. Mcrosb3oBaHue IPOTHO3a
CPOKOB JIEZIOBBIX SIBJICHUH TTPU TJITAHUPOBAaHU U
TIEPEBO30K I'PY30B CEBEPHOTO 3aB03a, 110 OLIEH -
KaM CITEeIUaTMCTOB MPEANPUSATHI, Ha KOTOPHIX
TIPOXO/IUIIA OTIBITHYIO alTpo0aIlnIo TPOrpaMMma,
TTO3BOJIUT COKPATUTb BpeMsI Ha ITEPEBO3KY Tpy-
30B Ha 10—15 %.

*+ UccnenoBaHo BIMsTHYE PUCKOB Ha HANIEX-
HOCTb U 3(PPEeKTUBHOCTb TPAHCTIOPTHO-
TEXHOJIOTMYECKOTO TTPOlIecca MePeBO3KHU TPY30B
B C€BEpHBIE pailoHBI Poccuu B MyIBTUMO/IATb-
HOU TpaHcmopTHOU cucteme. OmnpeneseHsl,
KJIacCU(UIIMPOBAHBI U PAHXUPOBAHBI PUCKH,
BO3HUKAIOIIME B TPAHCITOPTHO-TEXHOJIOTUYEC-
KOM TIpOIecCe MYJBTUMONANBHBIX MTEPEBO30K
rpy30B. PazpaboTaHa Moaenb OLIEHKU PUCKOB
C MICTIONIb30BaHMEM (DAKTOPHOTO aHANIN3a U Y€~
toM TpeboBaHuit TOCT P 51901.1-2002, mo3Bo-
JIAI01asi TTIOBBICUThH HAAEXHOCTh MPOIIECCOB
MepeBO3KM I'PY30B CEBEPHOTO 3aBo3a Ha 10—
15 %. Pa3pabGoTaHbl TUITOBbIC BApUAHTHI CLIE-
HapueB peaau3aiy TPaHCITOPTHO-TEXHOJIO-
TUYECKOTO Ipoliecca B MYJIbTUMOIANbHOU
TPAHCIIOPTHOM CHUCTEME B 3aBUCMMOCTHU OT
BBISIBJIEHHBIX 3HAUMMBIX PUCKOB.

+ Pa3paboTtaHa cTpyKTypa OpraHu3alOHHO-
YIIPaBIEHYECKOM MOJIEJIV CCTEMBI YIIPaBICHMSI
TPaHCIIOPTHO-JIOTUCTUYECKOTO LIEHTPa C Y4ETOM
KOMILJIEKCHO aBTOMaTU3aluu 6a30BbIX (PYHK-
LM TUCTIETYEPCKOTO YIIPABJICHUS TTEPEBO3KOM
TPY30B CEBEPHOT0 3aB03a I BO3MOXXHOCTY KOHT-
POJIsI BBITIOJIHEHUS TUTAaHOBBIX 3amaHuii. Pazpa-
OoTaHHas CTPYKTypa BKITIOYAET CxeMy MHGbOpP-
MAaIlMOHHOTO 0OMeHa B CUCTEME TUCTIETIEPCKO-
TO YIpaBJIeHUS] TPAaHCTIOPTHO-TEXHOJIOTUYEC-
KMMM ITPOIIeCcCaMy CEBEPHOTO 3aB03a Ha OCHOBE
TIPUMEHEHMUS TeJIeMaTUUECKUX, MH(HOPMAaIIMOH-
HBIX, HABUTALIMOHHBIX TEXHOJIOTUH yIIPaBICHUS
JUTST TIOBBITIIEHUST HAIEXHOCTHU TIEPEBO3KH TPy-
30B. [IpemyioxkeHHbIE MEPHI TIOMOTYT CHU3UTh
BO3MOXHBIE PUCKM KaK 3a CUET YMEHbBIICHUS
BEPOSITHOCTH BO3HMKHOBEHMUS BBISIBICHHBIX
HeOJIarONPUATHBIX COOBITUM, TAaKXKe U 3a CUET
YMEHbIIEeHHS TIOCIEICTBHIA B CITy4ae X BOZHUK-
HoBeHus. PaspaboTaHHas CTpyKTypa B3siTa 3a
OCHOBY TIpU pa3paboTKe W BHEOPEHUU TPaHC-
TTOPTHO-JIOTUCTUIECKOTO LIEHTPa Ha 6a3e mpei-
npusituit AO «3[IK «JleH3zonoto», . bonaiibo

® MWP TPAHCIOPTA, Tom 18, N2 4, C. 254-261 (2020)

ABTOpEedepaTbl ANCcepTaLnm

1 O00 «CynoxoaHast KoMmmaHus «Butum-Jlec»,
. Kupencka.

* PazpaboTaHa MeToaMKa MOCTPOEHUS
¢ poBoit Moae UHGPACTPYKTYPHI TPaHC-
MTOPTHOM CETW HAa OCHOBE MCIOJIb30BAHMUS
METOIOB reonHdopmaTuku. MeTonnka BKIIO-
YaeT onmrcaHue B IU(PPOBOM BUIE DJIEMEHTOB
MapIIpyToB ISl KaXI0To BUIa TPAHCIIOPTA.
DIeMeHTBl MapIilpyTa MOTYT OBITh MPENCTaB-
JIEHBl Ha BJIEKTPOHHOUN KapTe MECTHOCTH
C MICTIOJIb30BaHUEM TEXHOJIOTUH reorpaduye-
CKuX MH(POpMaAIIMOHHBIX cucTeM. [IpakTuye-
CKO€ MCTIOJIb30BaHNE MOJIEJH MTO3BOJISIET OP-
raHW30BaTh HEMPEPHIBHBIA MOHUTOPUHT
JBUXEHUST TPAHCTIOPTHBIX CPEACTB Ha Maplil-
pyTax CeBEpPHOTO 3aBO3a.

» PazpaboTtaHa MeToaMKa aBTOMAaTU3UPO-
BaHHOTO (POPMUPOBAHMUSI OTIEPATUBHBIX CIIpa-
BOK ¥ OTYETHBIX (DOPM O TEKYIIIEM COCTOSTHUN
Y pe3yJibTaTax Ipoliecca epeBO3KU Ipy30B
CEBEPHOTO 3aB03a Ha OCHOBE MCITOJIb30BAHUS
METO/IOB UCKYCCTBEHHOTO MHTEJUIeKTa. MeTo-
J1Ka obecrneynBaeT 0ToOpaxxeHue ornepaTuB-
HO# 0OCTAHOBKM Ha MapuIpyTe IBUXEHUS
C YYETOM BO3MOXHBIX PUCKOBBIX CUTYyaIui
U ApYrUX 0COOEHHOCTE! MapuipyTa.

OcobeHHOCThI0O pa3paboTaHHBIX HOBBIX
TTOJIXOMIOB SIBJISIETCS MCITOJIb30BAHUE TeJleMa-
ThYecKoil uHdopManmu, dopmupyemMoit 6op-
TOBBIMU TIPOTPAaMMHO-aNMNapaTHBIMU CPe-
CTBaMM, pa3MelIaeMbIMUA Ha KOHTPOJIUPYEMBIX
TPAHCIIOPTHBIX CPEICTBAX.

Pazpaborana MeTomMueckass OCHOBA ISt
TTOBBINIIEHUST YPOBHST aBTOMATU3a1IMK 0a30BbIX
(yHKUMit qUCTIEeTYEPCKOTO YIpaBaeHUs Tie-
PEBO3KOW IPy30B aBTOMOOUIBHBIM TPAHCIIOP-
TOM B CMEIIIaHHOM MYJIbTUMOAQJIBHOM CO00-
nmeHuu. B MeTonuke mpeniaraeTcs MCIOJb-
30BaTh UG POBYI0 UHGPACTPYKTYPY CUCTEMBI
yIIpaBJIeHUS CEBEPHBIM 3aBO30M, SIBJISIOILYIO-
Csl HEOOXOMMMBIM 2JIEMEHTOM M OCHOBOM
(byHKIIMOHUPOBAHUSI COBPEMEHHOM CUCTEMBI
yIIpaBJeHUS TTEPEeBO3KAMU.

OmnpenesieHbl OCHOBHBIE 1I€JIM CO3TaHUS
aBTOMAaTHU3UPOBAHHO CITYTHUKOBOI HaBUTALIN -
OHHOM CHCTEMBI JUCIIETIYEPCKOTO YIPABICHUS
repeBo3KaMM Tpy30B Ha ceBepe Poccum.

05.22.10 — Bkcnayamayus asmomoOunbHO0
mpancnopma. Paboma evinonnena ¢ Mockoeckom
asmoMoOUNbHO-00PONCHOM 20CYOaApCMEEHHOM
mexnuyeckom yHusepcumeme (MAIH).

Ioarorosuna H. OJIETHUK @
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Basyrov, I. M. Organization of production
of a transport company in the context of the use
of differentiated train lengths. Abstract of Ph.D.
(Eng) thesis [Organizatsiya proizvodstva
transportnoi kompanii v usloviyakh primeneniya
differentsirovannykh dlin poezdov. Avtoref. dis...
kand. tekh. nauk]. Moscow, RUT publ., 2020,
24 p.

After carrying out analysis of the theory and
practices of regular freight traffic in the Russian
Federation and abroad it was determined that
the most rational form of organizational and
production development of terminal infra-
structures located in places of non-public use
is their transformation into specific transpor-
tation companies: container operators (CO).
The features of transportation of goods in the
segment of regular freight traffic are outlined.
It was confirmed that the largest container
operators are organizationally tied to the points
of origin and destination of railway container
flows (mainly to large seaports).

It has been determined that for a group of
transport companies operating under «Client—
Operator—Owner of non-public infrastructure»
scheme, in order to attract customers, it is
necessary to send container trains of differen-
tiated lengths.

The negative factors affecting quality of
transport services for cargo owners at the linear
level and proposals for overcoming them with
the help of CO are identified.

The modelling of the technological stability
of CO has been carried out. In this study,
technological sustainability is understood as
the ability of a container operator to proceed
with restructuring and subsequently with
«reengineering» of business processes.

A mathematical model has been developed
to solve the problem of planning the loading of
complete container shipments on fitting
platforms, taking into account the rational use
of their loading length and extracting the
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Abstracts of D.Sc. and Ph.D. theses

maximum possible revenue from the sale of
transport products in the form of an optimal
loading option.

05.22.01 — Transport and transport and
technological systems of the country, its regions
and cities, organization of transport production.
The work was performed at Russian University of
Transport.

Dzhangiryan, A. V. Economic substantiation
of transport construction projects with attraction
of foreign investments. Abstract of Ph.D.
(Economics) [Ekonomicheskoe obosnovanie
proektov transportnogo stroitelstva s privle-
cheniem inostrannykh investistii. Avtoref. dis...
kand. ekonom. nauk]. Moscow, RUT publ.,
2020, 24 p.

The presented study, which was based on
classical methods and systemic knowledge in
the field of the investment process in the
transport industry, systemized following study
of voluminous research carried out by Russian
and foreign scientists in this area, made it
possible to solve a number of problematic
scientific and practical problems.

Approbation of the described methodology
on the example of projects in Armenia and Iran,
implemented with the aim of increasing
efficiency of JSC Russian Railways, attracting
additional volumes of transit traffic, showed the
consistency of the proposed approach. The
conclusions made using classical methods were
confirmed, however, the proposed author’s
system of approaches made it possible to see
the nuances of the decision made and mark the
line that would remain invisible without such
an analysis. At the same time, in the presence
of other external factors that can influence the
behaviour of the investor, such a factorial
analysis can change the outcome. In addition,
the author noted the applicability of the
approaches proposed in the study to implemen-
tation of Moscow—St. Petersburg high-speed
rail project.

The effect of the use of the author’s
methodology, calculated during testing on the
projects of the South Caucasus Railways and
in Iran, made it possible to increase the depth
of project development by 2,2 to 4 times, on
average increasing the probability of attracting
foreign investment by 70 %.



This technique can be widely used in design
analysis, and the variables required for its use
do not require non-trivial calculations.

The author has created a methodological
basis for development of the topic of
synchronization of foreign investment flows
and methods for their redistribution between
projects in national and foreign markets.
Considering development and complication of
relations between the subjects of transport
construction processes, the need to provide an
additional scientific base and refine the
estimates seems to be an obvious consequence
of ongoing processes. In addition, from the
author’s point of view, the focus of further
research could also be placed on the study of
methods of implementation of the model
proposed by the author, of various variants of
symbiosis of systemic and behavioural
investment analysis.

08.00.05 — Economics and management of
the national economy (economics, organization
and management of enterprises, industries, and
complexes: construction). The work was performed
at Russian University of Transport.

Filippova, N. A. Improving the efficiency of
cargo delivery for the North of Russia based on
risk management. Abstract of D.Sc. (Eng) thesis
[ Povyshenie effektivnosti dostavki gruzov dlya
severa Rossii na osnove upravleniya riskami.
Avtoref. dis... doc. tekh. nauk]. Moscow, MADI
publ., 2020, 42 p.

Based on approaches to integral joint
functioning of production systems and the
natural environment, theoretical provisions
have been developed that contribute to solving
the theoretical and applied problem of
increasing efficiency and reliability of
functioning of traffic flows, which is of great
national economic importance for development
of the North of Russia and the economy as a
whole based on risk management.

Based on developed theoretical-methodolo-
gical and scientific-methodological provisions,
scientific methods, models, experimental
research and management proposals of an
innovative orientation, scientific-methodolo-
gical and practical methods of organizing
effective and biosphere-joint traffic have been
created.

In the course of the research, the tasks set
in the work were solved:
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+ The main features of organization of
transport services in the northern regions of
Russia; factors influencing reliability of
functioning of the multimodal transport
system of the «northern delivery» [seasonal,
during the period of more favourable weather
conditions, forwarding of goods to the
northern territories] were defined, studied,
and classified. The composition and structure
of the modes of transport involved in
transportation of goods within northern
delivery were analysed, the features of
organization and functioning of the
multimodal transport system are classified.

+ A mathematical model was developed and
regularities of seasonal fluctuations in air
temperature were obtained based on the
application of the theory of Markov processes
using statistical data from the All-Russian
Research Institute of Hydrometeorological
Information — World Data Center, Obninsk,
for more than 100 years. Based on the developed
model, a software has been created to predict
the start and end of the operation of winter
roads for northern regions of Russia. With the
use of this software, measures were developed
to reduce the risks arising in the process of
transporting goods, which, according to
experts, will increase the volume of freight
traffic on winter roads by 10—20 %. In addition,
a method and software were proposed for
calculating the lower and upper confidence
limits of the end and beginning of ice
phenomena. The paper presents data on the
beginning and end of ice phenomena on the
Lena River near the village of Vizirny for the
period from 1975 to 2012. These data were used
to test the methodology, which makes it
possible to predict timing of the beginning and
of the end of navigation on northern rivers. The
use of the forecast of timing of ice phenomena
in planning the transportation of goods,
according to the estimates of the specialists of
the enterprises where the program was tested,
will reduce time for transportation of goods by
10—15 %.

* The impact of risks on reliability and
efficiency of the transportation and
technological process of transporting goods to
the northern regions of Russia in a multimodal
transport system was studied. The risks arising
for transportation and technological process of
multimodal transportation of goods were
identified, classified, and ranked. A risk
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assessment model was developed using factor
analysis and considering the requirements of
GOST [national standard] R51901.1-2002,
which made it possible to increase reliability of
the processes of transporting goods by 10—
15 %. Typical scenarios for implementation of
the transportation and technological process
in a multimodal transportation system were
developed, depending on the identified
significant risks.

» The structure of the organizational and
managerial model of the management system
of the transport and logistics centre was
developed, taking into account the complex
automation of the basic functions of dispatching
control of transportation of goods within the
northern delivery and the possibility of
monitoring implementation of planned tasks.
The developed structure includes a scheme of
information exchange within the dispatch
control system of transportation and
technological processes of the northern delivery
based on the use of telematic, information,
navigation control technologies to increase
reliability of cargo transportation. The proposed
measures will help to reduce possible risks both
by reducing the likelihood of occurrence of
identified adverse events, as well as by reducing
the consequences if they occur. The developed
structure was taken as a basis for development
and implementation of a transport and logistics
centre based in the enterprises of JSC ZDK
Lenzoloto, Bodaibo and LLC Shipping
Company Vitim-Les, Kirensk.

+ A method for constructing a digital
model of the transport network infrastructure
based on the use of geoinformatics methods
was developed. The methodology includes a
digital description of the route elements for
each mode of transport. Route elements can
be presented on an electronic map of the area
using geographic information technologies.
The practical use of the model makes it
possible to organize continuous monitoring
of movement of vehicles on the routes.

+ A methodology was developed for
automated generation of operational
information and of reporting forms on the
current state and results of the process of
transportation of goods within the northern
delivery based on the use of artificial
intelligence methods. The methodology
provides a display of the operational situation
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on the route considering possible risk
situations and other features of the route.

A feature of the developed new approaches
is the use of telematic information generated
by on-board software and hardware located
on controlled vehicles.

A methodological basis was developed to
increase the level of automation of the basic
functions of dispatch control over transpor-
tation of goods by road in mixed multimodal
traffic. The methodology proposes to use the
digital infrastructure of the northern delivery
control system, which is a necessary element
and basis for functioning of a modern
transportation management system.

The main goals of creating an automated
satellite navigation system for dispatching
cargo transportation in the North of Russia
were identified.

05.22.10 — Operation of road transport.
The work was performed at Moscow Automobile
and Road Construction State Technical
University (MADI).

Mansour Alaa Eldin Mohamed Abdelgafar
Ibrahim. Numerical method for calculating
static and dynamic loads of bending circular
plates. Abstract of Ph.D. (Eng) thesis
[Chislenniy metod rascheta izgibaemykh
kruglykh plastin na staticheskie i dinamicheskie
nagruzki. Avtoref. dis... kand. tekh. nauk].
Moscow, MGSU publ., 2020, 25 p.

Methods for calculating plates with
various types of boundary conditions under
the action of various types of loads, including
strip, cyclic, have been developed. For this,
the generalized equations of the finite
difference method (FDM) proposed by
R. F. Gabbasov were used. To a certain
extent, the construction of these techniques
can be considered as a further development
of FDM.

The developed techniques were verified
on test problems and numerically investigated
for convergence. It is shown that the obtained
solutions of the problems have good accuracy,
practically converge with the results by the
finite element method (FEM) and the known
analytical solutions with a sufficiently small
partition. The solutions obtained based on
the developed techniques quickly converge
as the difference grids become denser.



According to the proposed algorithms,
tables and macros for calculating round plates
on a computer using Mathcad and Microsoft
Excel were compiled. They make it possible to
design round plates under various types of
boundary conditions regarding the action of
static and dynamic loads, thus, the investigated
algorithms are simply programmed and
executed on a computer.

It is planned to develop similar algorithms
and implement methods for calculating
circular plates on an irregular grid based on
generalized FDM equations under other
influences: temperature loads, nonharmonic
dynamic loads (pulsation).

05.23.17 — Construction mechanics. The
work was performed at National Research
Moscow State University of Civil Engineering.
The defence took place at Russian University
of Transport.

Veselova, A. S. Evaluation of quality of
technical operation of railway automation and
telemechanic systems. Abstract of Ph.D.
(Eng) thesis [Otsenka kachestva tekhnicheskoi
ekspluatatsii system zheleznodorozhnoi
avtomatiki i telemekhaniki. Avtoref. dis...
kand. tekh. nauk]. Moscow, RUT publ., 2020,
24 p.

In conditions of limited production
resources and availability of new, previously
unavailable opportunities for automated
collection and analysis of large volumes of
various statistical information, it is necessary
to improve the methods of planning and
managing production processes for operating
transport infrastructure based on risk manage-
ment.

By analysing the risks of loss of train-
hours due to failures of technical devices of
railway automatics and telemechanics
(RAT), it is possible to manage reliability of
the infrastructure, including planning
production processes, assessing the necessary
resources, as well as assessing quality of
technical operation of RAT facilities, in
terms of quality of services provided by
railway transport.

The paper proposes a model for assessing
the risk of a failure in ensuring the required
level of readiness of technical means of
railway equipment, depending on provision
of the production process of maintenance
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and repair with necessary labour and other
resources, presence of a volume of work, the
occurrence of which is of an accidental or
unregulated nature. The proposed model is
based on application of the generalized
structural method using functional networks.

A nomenclature of indicators and a
methodology for a comprehensive assessment
of activities of linear enterprises and structural
units of the automatics and telemechanics
have been developed, based on an assessment
of risks associated with unsatisfactory quality
of services in transportation of goods and
passengers by railway transport.

The proposed method makes it possible
to apply in practice a number of organizational
and managerial decisions to improve
reliability of assessment of production
activities. This assessment considers the
impact of the current state of railway facilities
on the transportation process and, as a
consequence, on the level of infrastructure
services provided to ensure safe and reliable
train transit, taking into account technical
and technological requirements for railway
facilities on railway lines of various classes
and specializations.

The paper proposes a method for assessing
and proceeding with comparative analysis of
functional safety of industrial processes in
the automatics and telemechanics units using
probabilistic analysis of the potential hazard
rate as a random variable.

It is proposed to calculate the planned
interval values of the potential hazard rate
based on decomposition of production
processes to the level of individual operations
with the subsequent use of functional
networks with numerical characteristics
obtained on the basis of statistical data on the
results of identified safety violations on the
railway network.

The paper contains recommendations on
the use of expert assessments to analyse the
impact of provision of production processes
with resources (labour, material resources,
etc.) on the values of the potential hazard rate
to control train traffic safety.

05.22.8 — Management of transportation
processes. The work was performed at Russian

University of Transport.
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