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YTBEPXAEHA KOHUENUNA OBECINEYEHUA BE3SOIMACHOCTU
AOPO>XXHOIo ABM>XEHUYA C YHACTUEM BECINMUJIOTHUKOB

mapta 2020 roga pacnopskeHUeM
I[IpaButenbcTBa Poccuiickoi
®enepaunu yrBepxiaeHa KoH-

LIENIIHS o0ecrieueHIsI 0€30acHOCTH JOPOKHO-
IO IBMKCHMS C yIaCTHUEM O€CITMITOTHBIX TPAHC-
TTOPTHBIX CPEACTB Ha aBTOMOOMIIBHBIX TOPOTaX
obuiero nmojb3oBaHusl. KoHuenuus pazpadbora-
Ha MunTtpancom Poccuu coBmecTHO ¢ MuH-
MIPOMTOPTOM TP YIACTUH 3aMHTEPECOBAHHBIX
BEIOMCTB, OpPraHU3allMil W TIpeACTaBUTEICH
9KCIIEPTHOIO COOOIIECTRA.

JIOKYMEHT HarpaBjeH Ha peaju3aluio pe-
KOMEHIALNIT MEKIYHAPOIHOTO COOOIIECTBA ITO
BHEIIPEHUIO B HAIIMOHAIbLHOE 3aKOHOIATEITLCTBO
PeryJIMpPOBaHUs B chepe NCITOTB30BaHMSI BBICO-
KOaBTOMAaTU3UPOBAHHBIX, B TOM YHMCJIe OCCITH-
JIOTHBIX, TPAHCIIOPTHBIX CPEACTB.

KoHuerniueii ycTaHOBAEHBI TPUHIANHATb-
HbIE TTOAXO/IbI:

— 0e30MmacHOCThb Yepe3 o0ecrieueHre CUTyalu-
OHHOIf OCBEAOMJIEHHOCTH OECITUIOTHBIX TPaHC-
ITOPTHBIX CPeACTB. JJaHHBII MOIX0I 00ecIIeunBa-
eTcsl MYyTéM MaKCHUMaJbHOTO MCIIOJIb30BaHMUS
BO3MOXKHOCTE JOPOXKHO-TPaHCIIOPTHOI MHGpa-
CTPYKTYPBI M BCECTOPOHHETO PHUCK-MEHEIKMEHTA;

— 0e30macHOCTh Yepes obecrieueHre Heob-
XOIUMBIX (DYHKIIMOHAJIBHBIX BO3MOXHOCTEH

OECIMIOTHBIX TPAHCIIOPTHBIX CPEACTB, OO -
HSIIOILMX U ITPYU HEOOXOAMMOCTH AYOJUPYIOIINX
BO3MOXKHOCTH JIOPOXKHO-TPAHCIIOPTHOM MHMpa-
CTPYKTYPBbI, a TAKKe 3a CYET 0OMeHa nH(popMa-
LIMeil MeXy TPaHCIIOPTHBIMU CPEACTBAMU;

— 0e30IMacHOCTD Yepe3 obecIieueHue Hajle-
JKalleil OpraHu3aluuy J0POKHOIO IBIKEHMS Ha
OCHOBE TMHAMUWYECKOTO yIpaBJIeHUS TpaHC-
IIOPTHBIM TTOTOKOM, ITOCPEICTBOM YIIPaBJISIO-
IIMX ICUCTBUIA CO CTOPOHBI MHTEJLICKTYaIbHbBIX
TPAHCITOPTHBIX CUCTEM.

ITo marepuasam MunucTepCTBa TPAHCTIOPTA
Poccuiickoii Penepanuu
https://mintrans.gov.ru/press-center/news/9472 ®

CONCEPT FOR ROAD SAFETY CONSIDERING
DRIVERLESS CARS APPROVED

he Government of the Russian

Federation approved on March 25, 2020

the Concept for ensuring the road traffic
safety s with participation in traffic on public
road of driverless vehicles. The concept was
developed by the Ministry of Transport of
Russia jointly with the Ministry of Industry and
Trade with participation of interested
departments, organisations and representatives
of the expert community.

The document is aimed at implementing the
recommendations of the international community
on introducing into national legislation the
regulation in the field of operation of highly
automated, comprising driverless, vehicles.

The concept establishes fundamental
approaches:

— safety through provision of situational
awareness of driverless vehicles. This approach is
ensured by maximizing the capacity of the road
infrastructure and comprehensive risk management;

— safety through provision of the necessary
functionality to driverless vehicles supplementing
and, if necessary, duplicating the capabilities of
the road infrastructure, as well as through the
information exchange between vehicles;

— safety through ensuring proper organization
of traffic on the basis of dynamic control of traffic
flow, through the control actions of intelligent
transport systems.

Compiled based on the materials of the Ministry
of Transport of Russian Federation
https://mintrans.gov.ru/press-center/news/9472 ®

Domo na nepeoii obnoxncke: Tpecc-cayxucoa Mopa u Tpasumenscmea Mockewt. Makcum Muwwn: htips.//www.mos.ru/upload/newsfeed/newsfeed/6 Pj9xAbdsdIR jpg.
Front cover photo: Press service of the Mayor and Government of the City of Moscow. Maxim Mishin: htips.//www.mos.ru/upload/newsfeed/newsfeed/6 Pj9xAbdsdIR.jpg.
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Pa3Butue Teopum makpocucTtem Kak
HeoO6xoanmoe ycsioBue NOBbILLEeHUS
KayecTBa TPaAHCMNOPTHOro MoAeNnMpoBaHus

Tyna, Poccus*.

Wropb ATYPEEB

PaccmatpuBaroTcsi BOMPOChl Pa3BUTUS
TEOPUN TPAHCMOPTHLIX MAKPOCUCTEM C yHE-
TOM OCHOBHbIX AOCTUXEHWUM, MOJYYE€HHbIX
B pabotax A. [x. BunbcoHa, fO. C. NonkoBa,
A. B. lacHukoBa, E. B. l[acHukoBoM v apyrnx
aBTopoB. TpaHcrnopTHas MakpocucTema C4u-
TaeTcs CJI0XXHOV MHOMOKOMIOHEHTHOW CUCTEe-
MOV, /151 KOTOPOU MPUMEHUMbI TEPMOANHAMMN -
yeckune aHanorum (CoOCTossHNEe paBHOBECHS,
UHPOPMaLNOHHas SHTPOMNUS Kak QyHKUMS rna-
pamMeTpoB COCTOSIHUSI, HAJIMYMEe OCHOBHbIX
(PEHOMEHOJIOMNYECKUX CXEM 3arioJIHEHUS] CO-
CTOSIHW 3/1IeMeHTaMu U T.4.). s aasibHevile-
ro pa3BuUTUS TEOPUN Pa3BUTUS TEXHOIOMN
TPaHCropPTHOro MOAENPOBAHMS U JOCTVXKEHUNS
copMynnpoBaHHOV TakuM 06pa3omM Lem
cTarby NPeaIoXeHO yYnNTbIBaTb HECKOJIbKO 00-
CTOSITEJIbCTB, KOTOPbIE OTPAXAIOT COBPEMEHHbIE

Aeypeee Heopo Eeeenvesun — Tyavciuii eocydapcmeennviii ynusepcumem (Tyal'y),

TeHAeHUUN pas3BUTUS TPAHCIIOPTHbIX CUCTEM:
MHOroobpasane TPaHCMoPTHbLIX CUCTEM, AVNHA-
MUYeCKkni xapaktep GYHKLUNOHNPOBAHUS, MHO-
XKEeCTBO pasJINyHbIX 3J1IEMEHTOB, KOTOPbIE MOryT
NoAYNHATLCS Pa3HbIM cxemaM 3aroJIHeHUs
CcoCTOsSIHWNA. [l peann3aumy ykasaHHOV rpo-
rpamMmbl UCMOJIb3YIOTCS PAa3JINYHble METOAbI:
BBEAEHHOE aBTOPOM ypaBHEHUE TPaHCMOPTHO-
ro rpowuecca, 410 rno3BOJIIET AOBOJIbHO JIE€MKO
rnepeviTy K KBasananHaMmu4eCckum rnoctaHoBKam
3afa4 TpaHCropTHOro MOAENPOBAHWS, & Takxke
obLuee popmasnibHOE NpeacTaBieHne CUCTEMbI
B BUAE COBOKYINHOCTU 3JIEMEHTOB, KOTOpas
ornpenesieHa Ha OCHOBaHUW aHaan3a MHOIMrmx
paboT 0TeHeCTBEHHbIX aBTOPOB. B 3akoyeHvie
006CYXXaatoTCs1 BOMPOCHI AasIbHEMLLIEro pa3BuTus
Teopun TPAaHCMNOPTHBIX MaKpPOCUCTEM B AVHA-
MUYECKOV MOCTaHOBKeE.

KnroueBble c/ioBa: TpaHCrnopTHasi cuctema, TeopUs MakpOCUCTEM, TPaHCMOPTHOE MOLEsU-
poBaHue, MaTemMaTuyeckas MoLAeJ b, KNacCuduKaLms TPaHCNIOPTHbLIX CUCTEM.
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BBEAEHUE

Pa3Butue Teopun MakKpOCKOMUYECKUX
CUCTEeM KaK CHCTEM C OOJIBIIMM KOJMYe-
CTBOM CTOXAaCTMYECKMX 3JIEMEHTOB UMeEeT
OTHOIIIEHHUE, TIPEXIe BCEro, K CTaATUCTUYE-
ckoii ¢pusuke. Kinaccuueckue u KBAHTOBBIE
CUCTEMBbI, COCTOSIINE U3 OOJIBIIOro Yucia
MOJIEKYJ, aTOMOB, MOHOB, 3JeMEHTapHbBIX
YacTUIl, MOTYT pacCMaTpUBaThCs B paMKax
MOJIEKYJISIPHO-KUHETUYECKOTO WJIU TePMO-
JTMHAMUYECKOTO0 MoaxoaoB. Oco0eHHOCThIO
(br3UUYECKUX CUCTEM SIBISIETCS BO3MOXKHOCTh
CYyIlIECTBOBaHUS AETEPMUHUPOBAHHBIX MaK-
POCKOMUYECKUX COCTOSIHUM IJISI CUCTEMBbI
B LIEJIOM MPU CTOXaCTUUYECKOM IOBEACHUU
YacTHII.

Hcrnonp3oBaHue MOJEKYJISIPHO-KHUHE-
TUYECKOUN aHaJIOTUU [IJISI ONIMCAaHUS TPaHC-
TMOPTHBIX CUCTEM BIIEPBbIE ObLIO MPEaT0XKEe-
HO, TTO-BUAMMOMY, B pabotax A. JIxx. Bunb-
coHa [1—5]. B HuX OblIO UCITOJB30BAHO
MpeacTaBiIeHHEe O TOM, YTO MHOTHE 3aKOHO-
MEPHOCTHU HU3UYECKUX MAKPOCUCTEM MOXK-
HO OOHapyXMBaTh B CJIOXHBIX CUCTEMax
pa3JuYHOUN mpupoabl. B mpenuciosuu
K kaure [1] FO. C. ITonkoB yka3bIBaJl Ha
CUCTeMbl OOMEeHa U pacIpeneeHUsI 9KOHO-
Mudeckux pecypcosn. 1o cytu nena, nobas
TpaHCIIOPTHas CUCTeMa Ha YpOBHE ropoja,
perruoHa MposiBJIsieT HEKOTOpPhle CBOMCTBA,
KOTOPBIE TO3BOJISIIOT CUMTATh €€ «MaKpPOCKO-
nuyeckoi». OTMETUM, YTO B aHIVIOSI3bIYHOMN
Hay4yHOIi JJUTepaType Teopus MAaKPOCKOIIH -
YECKUX CUCTEM OTHOCHUTCS UCKIIOUUTEIbHO
K cuctemaM dusudeckuM [6]. CoBeTckas
1 COBpPEMEHHas poccuiickas TpaKTOBKa
ATOro TepMUHA UMEeT ABa 3HaueHus1. B mep-
BOM — 9TO T€ XXe (PU3uYeCKre CUCTEMHI [7],
a BO BTOPOM — JEHCTBUTEJbHO CJIOXHBIE
CHUCTEMBbI, YUaCTBYIOIIME B TpPaHCIOpTE
U pacnipeneseHuu pecypcoB. MMeHHO BTO-
pPOMY KJIacCy CUCTEM MOCBSIIEHBI HauboJiee
M3BeCTHBIe Tpyabl akazemMmuka PAH
10. C. ITonkoga [9—13]. B 3anagHoii auTe-
paType aHaJIOrOM 3TOro TepMUHA SIBJISETCS
TMOHSITUE «TOPOJICKasl cucTeMa» 8], omHako
OHO He OXBaThIBAeT BECh CIIEKTP TPAHCIIOPT-
HBIX CHCTEM, pacCMaTpUBaeMbIX B paMKax
MaKpOCKOIIMYECKOTO MOaX0a.

OaHuUM u3 Hauboee CylIeCTBEHHBIX
BKJagoB A. [I:k. BunbcoHa B TeopuIo TpaHc-
MOPTHBIX CUCTEM SIBJSIETCSI DHTPONUMNHBIN
MOAXOJ, CMBICJ KOTOPOTO 3aKJIHYaeTcs
B MaKcUMU3alMy QYHKIIMU, OTBeYalollei

VIIPA PA PIA A3 O NS

3a HauboJjiee BEposITHOE (paBHOBECHOE)
COCTOSIHUE BJIEMEHTOB B MaKpOCKOITUYE-
ckoit cucteme [1]. DTa GyHKUIUSI MOXeET
OBITH TOCTPOEHA HAa OCHOBE, HAaIlpUMep,
MHOOPMALIMOHHOUN HTPONUU, U €€ KOH-
KPETHBII BUIl 3aBUCUT OT TOT'O, KAKOTO TUTIA
COCTOSIHUSI Y 9JIEMEHTBI UMEIOTCSI B CUCTE-
Me, a TaKKe, IJTaBHbIM 00pa3oMm, OT criocoda
3aITOJIHEHUST 3JIEMEHTAaMU BO3MOXKHBIX CO-
cTossHUi. B pe3yibraTe MOXeT OBITh MOJTy-
YyeHa MOCTaHOBKaA 3a71a4i, B KOTOPO# ompe-
JIEJISIeTCSl PABHOBECHE CUCTEMBI, COCTOSIIIIEH
W3 XaOTUYECKU JICHCTBYIOIINX 3JIEMEHTOB.

Eciu BecTr pedb 0 TpaHCTIOPTHBIX CUCTE-
Max, TO B HUX TIPUCYTCTBYET KaK IETEPMMU-
HUPOBAHHOE, TaK M XaoTHUYecKoe (TouHee
HeoTlpeaeéHHOE) MOBeIeHNEe YUaCTHUKOB
TPAHCIIOPTHBIX MpolieccoB. Kak Obu10 cKa-
3aHO B yKa3aHHOM Beilie pabote [1, c. 8],
«Kak OBl HU OBblJIa BBICOKA CTEMEeHb IIEHTPa-
JIN3alK, 9KOHOMUYECKas cucTeMa oOMeHa
CTOJIb CJIOKHA, UTO CIIyJaifHbIe (Heynpasise-
Mvle) hakmopbl 6 Heil ece20a 0oCcmMarmcs».
OnHako, O0ILIMM CBOMCTBOM TaKMX MaKpO-
CHCTEM SIBJISIETCSI X CITOCOOHOCTH IO aHa-
JloTuu ¢ GU3NIEeCKUMHU Tpeodpa3oBbIBATH
Xa0TUYECKUE NEUCTBUS BJIEMEHTOB B HEKO-
TOPBIN 1eTEPMUHUPOBAHHBIN TTPOLECC.

Ecnu yka3biBaTh OCHOBHBIE PE3YJILTATHI
pa6ot A. JIxx. BusnbcoHa, To caeayeT ynoMsi-
HYTB:

1) pazpaboTKy 0O0JBILIOrO YKcia pa3any-
HBIX TPAHCTIOPTHBIX MOJIEJIEH, YIMTHIBAIOIIIAX
pacuiernieHrue Mo BUIaM IMOE3I0K, TUIIaM
KOMMYHUKAIIAI 1 MapIIpyTam;

2) pa3paboTKy pa3JIUYHbIX MOJEIEH MEX-
peruoHaabHOro ooMeHa (1o CyTH, TeX, UTO
MBI Ha3bIBaeM celyac «TpPaHCIOPTHO-
JIOTUCTUIECKUMU CUCTEMAMM»);

3) pacnipocTpaHeH1Ee SHTPONIUAHOIO Me-
TO/Ia Ha HEPABHOBECHBIE COCTOSTHUST TPAHC-
TTOPTHBIX CUCTEM;

4) UCMONb30BAHUE MOHITUS «CUCTEM
C MaKCHMaJIbHOM IOJIE3HOCTHIO» [IJISI MAKPO-
CKOIMUYECKUX CUCTEM M np. [1-5].

Bxuag 1O. C. TlonkoBa B majbHeiiiiee
pa3BUTHE TEOPUM MAKPOCUCTEM OIpeIesisi-
€TCsI CUCTEMaTUUECKUM U3JIOKEHHUEM allra-
paTta (heHOMEHOJIOTUIECKUX CXeM (CTaTUCTUK
Bbo3ze—Ditnmreitna, Pepmu—Jupaxa,
bosbiiMaHa) B paMKax TpaHCIIOPTHO-pac-
MpeneUTeIbHBIX, SKOHOMUYECKUX, TeMO-
rpacrYeCcKNX CUCTEM, TOJHBIM MCCIIeI0Ba-
HUEM CBOWCTB CTAallMOHAPHBIX X COCTOSTHU,
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Taouua 1

DJIeMeHTbI H COCTOSIHUS TPAHCTIOPTHOI MAKPOCUCTeMbI (MpUMepbI) (COCTABIEHA ABTOPOM)

Ne | DieMeHTHI

CocrostHust

1 TpancnoptHoe cpeactBo (TC)

2 MapupytHoe TC

3 HewmapiupytHoe TC

4 Bonurens TC

5 TTaccaxup

6 Temexon

7 Mapupyt

a. DJIEMEeHT i HaXOJUTCSI B TPAHCITOPTHOM paiioHe
J;

b. DyleMeHT i HaXOMUTCSI B TPAHCIIOPTHOM paiioHe
j ¥ 30HE TPAHCIOPTHOTO paitoHa k;

c. DJIeMeHT i HaXOMUTCS B TIEPETOHE j YIIMIHO-
nopoxkHoii cet (Y C);

d. Bnement i Haxogutcst B TC j;

e. DJIEMEHT i HaXOIUTCSA Ha MapuIpyTe j;

f. DnemMeHT i HaxomUTCST Ha OCTAHOBOYHOM TTYHKTE
jUTI

HpI/IMC‘{aHI/IeZ HeKOTOpre COCTOSHMA HEBO3MOXKHBI IJISI OTACJIbHBIX 3JIEMEHTOB.

YUCJIEHHBIM METOJIOM PElIeHMs 3a1ad paB-
HOBECHs, 0000IIEHUEM pEe3yIbTaTOB Ha
cyJail TMHAaMUYeCKOTO MMOBEIeHUs TPaHC-
MOPTHBIX Makpocuctem [9—13].

OTMETHM, YTO B HACTOSIIIIEE BPEMSI CJIO-
SKUJICSI OTPOMHBIN TIJIACT TPAHCTIOPTHBIX 3a-
Jla4, KOTOPBIE SIBHO WJIM HESTBHO UCTIOB3YIOT
OCHOBHBIE PE3yJIbTaThl TEOPUU TPAHCIIOPT-
HBIX MakpocucteM. Cpeay HUX CIIeIyeT OT-
METUTb padoThl [ 14—20], KOTOpbIE MBI BbIIE-
JIsieM C 1IeJIbIO JINIITh YKa3aTh Ha IMTUPOKUIA
KpPYT pellraeMbIX TeOpueli MaKpOCHUCTEM 3a-
Jlay, HO HU B KOeil Mepe He TIpeTeHIyeM Ha
MOJIHOTY Oubrorpaduu faHHO! TeMbl. [1pu
5TOM BO3HUKAET aKTyaJlbHOCTb B HOBBIX
yCJIOBUSX UU(POBOTro TpaHCTOpTa Mepe-
OCMBICTIUTD HacJienre MPOIUTUPOBAHHBIX
paboT U HAMETUTD ITYTU Pa3BUTHST TEXHOJIO-
TUii TPAaHCIIOPTHOTO MOJEINPOBAHUS. DTO
U SBJISIETCS 11eJIBIO HACTOSIIIEH CTaThU.

KPATKOE ONPEAEJIEHUE
TPAHCMNOPTHOW MAKPOCUCTEMbI

PaccmoTpum 0600IIEHHYIO TPaHCTIOPT-
HYIO MAaKpOCUCTEMY C HETIPEPBIBHBIM BpeMe-
HEM f, CollepXalllylo ¥ OmHOTUITHBIX 2JIEMEH-
TOB C HEKOTOPBIM BHUJIOM IOBEICHUS U3
MHoxecTBa B(r) = {B(?), B(9)}. ITycTb Kax-
JIBIT BJIEMEHT MOXET UMETh COCTOSTHUE U3 P
KimaccoB K, ..., Kp. Krnaccudukanus coctosi-
HUI TAKOBa, YTO 3TU KJIACCHI HE TepeceKa-
10TCS.

O0603HaYNM G, ..., 6° — MHOXeCTBa CO-
crosinuii, rae ¢’ € K. Bynem nanee nosarars,
YTO MHOXKECTBA COCTOSTHUIN — MUCKPETHBIE
1 B (¢) (M HeTpepeIBHBIE 114 B (1)) U cO-

VINPAI PAH PTA VTl O INC

JepXaT KOHEYHOE YMCJIO 3JEMEHTOB (MU
OECKOHEYHOEe COOTBETCTBEHHO).

B Hacrtosem pasaesne orpaHUYUMCS
cy4aeM OJHOPOJHOW MaKpOCUCTEMBI, 3JIe-
MEHTBI KOTOPOW MOTYT MPUHUMATh COCTOS -
HUS TOJBKO OfHOrO Kiacca. Hanmpumep, mon
KJ1aCCOM COCTOSIHU MOXHO MOHUMAaTh
«pacroJyIoXXeHUe B TPAHCIIOPTHOM palloHe—
30HE» (CTOKE—HUCTOYHUKE 2JIEMEHTOB CUCTE-
Mbl). JlaHHBIN KJIacC COCTOSTHUU MOXET
MPUMEHSTBCS IJ151 3JIEMEHTOB C TUTIOM MOBE-
nenus B (7). ApyruM MpUMepoM TOHATHS
«KJIACC COCTOSTHUSI» MOKET OBITh «CPEITHSIS
CKOPOCTb TPAHCITOPTHOTO MTOTOKA B ITEpero-
He», MPUMEHSIEeMOro sl 2JIEMEHTOB TUIIa
«TPAHCIIOPTHOE CPEICTBO» WU «TPAHCITOPT-
HBII TOTOK» C JIETEPMUHUPOBAHHBIM TUIIOM
nosenenus B (7). Takomy Kiaccy cooTBeT-
CTBYET HeTpepbIBHOE (OECKOHEYHOE) MHO-
JXKECTBO COCTOSIHUU, NeTePMUHUPOBAHHBIM
00pa30M CBSI3aHHOE C MHOXXECTBAMU COCTOS -
HUI Apyrux KjaccoB. Takum o0pa3om, crucTe-
MBI C IETEPMUHUPOBAHHBIM BUIOM MOBEJE-
HUS B paMKax MPUHSTOrO OMpenesieHus He
MOTYT OBITh OMHOPOIHBIMU, TaK KaK CBSI3aHbI
OJHOBPEMEHHO C HECKOJbKMUMM KJlacCaMU
COCTOSTHUA.

Htak, omHOpoaHAas cucTeMa UMEET OTHO
MHOXECTBO COCTOSIHUI 3JIEMEHTOB G, MO~
MHOXECTBa KOTOPOTO G, ..., G, TAKOBBI, YTO
X oObeIMHEHME COBMAIACT C G, a [Tepeceye-
HHUeE JIIOOBIX Map — IMyCTOe.

DJIeMeHThl MAKPOCUCTEMBbI MOTYT CJTy4aii-
HO W HE3aBUCHUMO IPYr OT Apyra IoInanarh
B JII00O€ COCTOSTHUE U3 MOIMHOXECTB

G, ...y ©,. OTHOCHUTETBHO KaXI0TO (HUKCHU-



POBAaHHOTIO NMOJMHOXECTBA G, JUIS SJIEMEHTa
€CTh JIB€ BO3MOXXHOCTH: MOMACTh B JI000e
COCTOSIHUE U3 G, C aTIPMOPHOM BEPOATHOCTHIO
a, vl He TIOMAacTh ¢ BEPOATHOCTHIO (1 —a ).

PaccmorpuM B KauecTBe NpuMepa He-
KOTOPOE MHOXECTBO 3JIEMEHTOB TpPaHC-
MMOPTHOM MaKpOCUCTEMBI aBTOMOOUIBHOTO
(ropoACKOro) TpaHcmopTa, CIOCOOHBIX
HaXOJUTHhCS B COOTBETCTBYIOIIUX COCTOSI-
Husx (Tabi. 1), U comepxkaliee OCHOBHbIE
3JIEMEHTBI U COCTOSTHUSI, KOTOPBIE MOTYT
JIOTIOJTHSITHCST B 3aBUCUMOCTH OT ColepXKa-
HUS TOcTaBJIeHHON 3amauyu. [TocTaHOBKA
3a7a4i, B KOTOPOU MTPUCYTCTBYIOT BCE BJIe-
MEHTBI (U COOTBETCTBYIOIINE UM MHOXE-
CTBa COCTOSIHUI), BpsiJ JIv LieJecooOpa3Ha,
Jla 1 BO3MOXHa B TIPUHIIUTIE C TOYKHU 3pe-
Hus e€ pa3pemuMocTh. bosiee palimoHanb-
HBIM NYyTh — (GOPMYJIUPOBKA YaCTHBIX
cllyyaeB, KOTOpbIe cofepKat He boyiee 2—3
ajieMeHTOB. Hampumep, MOXHO paccMo-
TpeTh pellleHue 3ajJa4u O 3arpy3ke Mapli-
PYTOB TPAaHCIIOPTHBIMU CPEACTBAMMU C YUE -
TOM HamoJHseMOocTH. Torma B mocTaHOBKE
3aa4yu OYIyT MCTIOJIb30BaThCS JIEMEHTHI
2,5, 7 U COOTBETCTBYIOILIUE BO3MOXKHbIE
COCTOSHUS {d, e, f}.

Teopusi MaKpoCHCTeM MMeeT OCHOBHBIE
ATaIThl TOCTPOEHMST, KOTOPBIE YKaKEM B CO-
otBeTcTBUU ¢ padoroii FO. C. IMonkoga [§]:

1) BBOISITCS TEPMUHBI M MOHATUS, (PEHO-
MEHOJIOTMYeCcKasi CXeMa;

2) BBOAUTCS 0a30BOE MOHSITUE «BEPOSIT-
HOCTh MaKPOCOCTOSHHS» KaK BEeJIMYMHA
P(N) =117, P, +(N,), xotopas BblpaxaeT-

Cs Yyepe3 BepOSITHOCTU COCTOSIHUM OTAETbHBIX
aJIeMeHTOB n =1, ..., m;

3) nist onipenenienus pyukuun P(N) pac-
CMaTpUBAETCSI MEXaHU3M 3aMOJHEHUS CO-
CTOSIHWI B G, B 3aBUCMMOCTH OT THIIa CO-
crogHuit (bepMu-, SUHIITENH- WU OOJbII-
MaH-COCTOSTHUE), a Ha 3TOI OCHOBE OTpejie-
nsercs pyakuust P(N) v nanee — ¢pusudeckast
1 nHMOpPMaIIMOHHAsT SHTPOTINH;

4) mosry4eHHbIE BEPOSITHOCTHBIE XapaKTe -
PUCTUKHU MTO3BOJISIOT YYUTHIBATH OCOOEHHO-
¢t (DEHOMEHOJIOTUYECKOU CXeMBbI OTHOPO/I -
HOI U30JUPOBAHHON MaKpPOCUCTEMBI, CO-
CTOSIIME B HE PAaBHOBEPOSITHOM BbIOOpE
3JIEMEHTAMU CUCTEMbI COOTBETCTBYIOLIUX

COCTOSIHUIA B MOAMHOXecTBaxX o, (n €l,m);

5) nenaeTcs BbIBOJ O TOM, UTO O0O0IIEH-
Hasli DHTPOMUS OISl MAKPOCUCTEMBI UMEET

€IMHCTBEHHBI MAKCUMYM, «OCTPOTa» KOTO-
pOTo C POCTOM YMCJa DJIEMEHTOB B CUCTEME
BO3pAaCTaeT;

6) ycTaHaBIMBAeTCs pacrpeneeHue aie-
MEHTOB OJTHOPOJHOW CUCTEMBI MO MOJMHO-
XXeCTBaM OJIU3KMX COCTOSTHUI, KOTOPOE MO-
XeT ObITh CBSI3aHO, HATIPUMED, C PACXOA0Ba-
HUEM DPa3JUYHBIX PECYPCOB, HAJIUYUEM
U IEUCTBUEM «l€HOBBIX (PYHKIIMIi» TpaHC-
MOPTHOW CETU U T.A., TO €CTh BBIMOJIHIETCS
peluieHue KOHKPETHBIX 3a/ay, CBSI3aHHBIX
yale BCEero ¢ ompeaesieHueM paBHOBECUS
MakpocucTteMbl. [IprMepoM sIBsIeTCs Kiac-
cuyeckas 3ajgadya o 3arpy3ke YJUYHO-
nopoxkHOo# cetu [20], B KOTOPOIA UCTOJIb3Y-
€TCsl DQHTPOMNUMNHBIN MOAXO0 TIPU yU€Te pac-
npeaeaeHus: J1aJbHOCTU Moe3a0K [1].

Cpenu OCHOBHBIX HEIOCTATKOB TPAAULIM-
OHHOW Teopuu cienyeT yka3aTb B LIEJIOM
HEJOCTaTOYHOE BHMMaHUE K HepaBHOBEC-
HBIM COCTOSIHUSIM CUCTEM B COBOKYITHOCTU
C PacCMOTPEHUEM TPAHCITOPTHBIX MPOLIECCOB
B IMHAMUKe.

KBASUOUWHAMUYECKAY MOZEJ1b
TPAHCMNOPTHOW MAKPOCUCTEMBbI

OTMeTUM, 4TO TOBBILIEHUE TOYHOCTHU
TPAHCIIOPTHOTO MOJEJIUPOBAHUSI MOXET
OBITh JOCTUTHYTO 3a CYET KOMILIEKCHOTO
KUCIOJIb30BAHUS PAa3MYHBIX MEpP, HallpaB-
JICHHBIX Ha YMEHbILIEHUE BIUSHUS (paKkTOpa
«TPYAHOU3MEPUMOCTH» [IAPAMETPOB COCTOSI~
HUS TPAHCTIOPTHOU CUCTEMBI:

1) ucnonp3zoBaHue METOAOB JIS TOCTPOE-
HUS KaYeCTBEHHBIX MAaTPULL KOPPECTIOHIEH -
LA,

2) UCTIOJTb30BaHWE NAHHBIX, XPAHSIIIUXCS
B 0a3aX WHTEJUIEKTYaJbHBIX TPAHCITOPTHBIX
CUCTEM;

3) pa3BuUTHE TEOPETUUYECKOrO armapara
IUTS peLlieHUs 3a]a4 TEOPUU TPAHCTOPTHBIX
MaKpOCUCTEM B HEPABHOBECHOU W/ M-
HaAMUYECKO MOCTAHOBKE;

4) UCTioTb30BaHNE HOBBIX 33]1a4 paciiern-
JIEHUSI, KOTOPBIE ObI LIWPE Pa3BUBAIU MTOHS -
TUE paclleTyIeHus Mo BUAaM MOe310K, CIIO-
cobaM MepeIBIXEHUS U p., MPEIT0XKEHHBIX
A. JIxx. BunbcoHoM.

J71 OCYIIECTBAEHUSI TaAKOTO HAaIlpaBJie-
HUS Pa3BUTUSL TPeOYETCS HOBOE OMUCAHUE
MOJIeJIN «TPAHCIIOPTHOM cucTteMbl». B pabo-
Te [21] Ha ocHOBe MOAPOOHOTO aHaNIM3a
CTPYKTYPbI TEPMUHA «TPAHCIIOPTHASI CUCTE-
Ma» MPENJOXEH MOAXOA, KOTOPBIA Ha€T
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BO3MOXHOCTh OMUCAHUST TPAHCTIOPTHBIX
U TPAHCTIOPTHO-JIOTUCTUYECKUX CUCTEM Ha
OCHOBE YpaBHEHUSI TPAHCITOPTHOTO MPOIIeC-
ca, yYUTHIBAIOIIETO MHTEHCUBHOCTH TTPOU3-
BOJILHOTO 4YHMCJIa OTlepalluii BXOISIIETO
B CTPYKTYpPY TPaHCIIOPTHOTO TIPOIIecca JIto-
00T0 YKciia TPAaHCTIOPTHBIX CpelcTB. Takue
BO3MOXKHOCTH JIJISI ITOJTy4eHUSI MTH(OPMAIINU
CO3/Ial0TCSI COBPEMEHHBIMM TEXHOJOTUSIMU
(10T, Big Data).

[IpencraBuM omucaHue MOJEIHN TPaHC-
MOPTHOI CUCTEeMBI, KOTOpasi 0000IIaeT Mo-
JlyueHHbIe B padote [21] pe3yabTaThl U Mpe-
JIOCTaBJISIET OCHOBY JUJISI UCTTOJIb30BaHUS
B IIMPOKOM KpyTe 3aaad TPaHCIOPTHOTO
MOJEIMPOBAHMUS.

TpaHcropTHasi cucTeMa OTMCHIBACTCS
B BUJIE COBOKYITHOCTH 2JIEMEHTOB:

1) nmornvyeckasi U MpoOCTpaHCTBEHHAas
CBSI3b MEXJY MCTOYHUKAMU U CTOKaMU
TpaHcropTa (B 60Jiee LIMPOKOM ONTMCAHUU —
pecypca HEKOTOpOro BUIA);

2) BpeMEHHBIE XapaKTepUCTUKU CBsI3eit
(BpeMsI HavaJsia ¥ TIPOJIOKUTEIbHOCTH JIeHi-
CTBUS KaXIIOI CBSI3M);

3) cOOTBETCTBYIOIIME MTPOBO3HBIE (MTPO-
MYCKHBIE) CTTOCOOHOCTHU;

4) maH TPaHCIOPTHOTO MPOIIecca;

5) kputepuu 3 GHeKTUBHOCTU HYHKIIUO-
HUPOBAHMS CUCTEM (MJIM HATMYKE 1ICJIN).

B cooTBeTCcTBUM C 3TUM OIpeaeIeHUEM
MOXHO COCTaBUTbh OOOOIIEHHYIO CTPYKTYpPY
MOJIEJIA TIPOM3BOJILHOM TPAaHCTIOPTHOM CHCTE-
MBI, KOTOpast TOJIKHA BKJTIOYATh B Ce0sT ypaB-
HEHWUSsI, OTIPeNeSIoNnIne:;

1) rpacd 1OpoXHOI ceTu;

2) MaTpUlLy CBsI3ell Kak Jjoruuyeckux (0y-
JIeBbIX) (DYHKUIMIT BpeMEHU;

3) npoBO3HbIE BO3MOXKHOCTU CUCTEMBI
(B KauecTBe aJbTEPHATUBHOTO OTMCAHUSI
3/leCh MOTYT OBITh 3a/laHbl YpaBHEHUS IS
MPOMYCKHBIX BO3MOXHOCTEN YJIMUYHO-
JIOPOKHOM CETU WJIW ypaBHEHUS JIJISI UHTEH -
CHUBHOCTEN TTOTOKOB);

4) cTeTnieHb BBITIOJTHEHUST TPAHCITOPTHOTO
3amaHus (ypaBHEHUS TPAHCTIOPTHBIX ITPOIIEC-
COB);

5) kputepuu 3bbEeKTUBHOCTU WIH YCIIO-
BUST paBHOBECHSI.

KonuvyecTBO TpaHCIIOPTHBIX CPENCTB
Y YMCJIO MapIIPYTOB BXOST B TAKYIO MOJIEITb
Kak nmapametpsl. Toraa Moaenb 06001EHHOMN
TPAHCTIOPTHOM CHUCTEMBI MOXHO 3aIucaTh
B BUIIE:
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A=A@);
fi=A(r), 7,<t<7,+ATt;
Ar=)"At,;
k=1

At e{Ar; AT, AT, ) (1)
q; =4,(1);
7w, =7,(1);
k=1,...,1.

3naece:

t — BpeMsi, KOTOPOE B MOJEJIU SIBJISIETCS
HEMPEepbIBHBIM C AUCKPETHBIMU (BBIIEJICH-
HBIMMW) MOMEHTaMU, BbIOpaHHBIMU IJIS1 pac-
Yy€Ta WU ONPEeeICHUSI COCTOSIHUSI CUCTEMBI;

T, — BPeMsl Hayasia HaOJIIOIEHUS CUCTEMBI,

AT — IPOAOJKUTEbHOCTh paOOThI TPAHC-
MOPTHOW CUCTEeMbI (IIPOAOTKUTEIbHOCTD
CYIIIECTBOBaHUS, MOJEIMPOBAHUS U T.11.);

At, — UHTEPBAJIbI MEXIY TOYKAMU PaCcye-
Ta (pacCMOTPEHMUSI) CUCTEMBI;

k — MHAEKC MHTepBaJla BpeMEHMU;

p = p(t) — MaTpulla pa3MEepPHOCTH i *j
TPaAHCIOPTHBIX CBSI3EI;

¢; — TPAHCIIOPTHBIA MOTOK (MHTCHCUB-
HOCTb MOTOKAa; MPOMYyCKHasi CIIOCOOHOCTh
3JIEMEHTa CeTU; MPOBO3HAsI BO3MOXHOCTh
MOTOKa TPAHCHOPTHBIX CPEACTB);

i,/ — VHAEKCHI Y3JI0B TPAHCTIOPTHOM CETH,
MEXIy KOTOPBIMH U3MEPsICTCs BEIMYHMHA ¢ ]

n, = n (f) — ypaBHEHHE TPAHCIIOPTHOTO
nmpolecca, BeIpaxaroliee 10710 (CTENEHb)
3aBepPIIEHUS MOEe3IKU (TTEPEBO3KM);

L — MHIIEKC TPAHCIIOPTHOIO CPEJCTBA.

3ameTuM, uTo cuctema (1) He UMeeT B SIB-
HOM BHUZE MaTpULbl KOPPECHOHIEHIIMIA,
MHOXECTBO MapIIpyToB U T.I1. BMecTo aToro
MOKET MPUMEHSIThCSI MaTpULIAa p = p(?) COB-
MECTHO C MOTOKAMH (. Kputepuu apdpex-
TUBHOCTH, YCJIOBUSI paBHOBECHST, ONITUMU3a-
LMY WM UHBbIE dKCTpeMajlibHbIe YCIOBUS
noka B cucteMy (1) He BKJIIOUEHBI, cae/laeM
3TO TO3XKe.

Mogpenb (1) moKHa TS KaKA0TO KOHKPeT-
HOTO cJTy4yasi IpuoOpeTaTh 3aBepIIEHHbBIN BUII,
TO3BOJISIIOLIMI TPOU3BOIUTH BEIUMCICHUS WU
penieHre ONTUMU3aLMOHHOM 3anayu. [lo-
3TOMY JIJIs1 BHIOPAHHOM CHUCTEMBbI 9TU YpaBHE-
HUSI TOTOJIHSIIOTCS BCTIOMOTaTeIbHBIMU YCJI0-
BUSIMU ((PYHKILIMM pacripeaesIeHUs; ypaBHEHUS
OaslaHca; BapuallMOHHbIE PAaBEHCTBA U T.II.).
OnuH 13 BapUaHTOB 3aKJIr04aeTcs B (hopMyu-



poBKe cucTeMbl (1) B KBa3UAMHAMUYECKOMN
MOCTAaHOBKE U C Y4ETOM HEKOTOPOI UH(MOpMa-
LIMU O PACXOJOBAHUU PECYPCOB BO BPEMSI BbI-
MOJTHEHUS TPAHCTIOPTHBIX MPOLIECCOB.

JI7151 TMHEITHOTO pacX0I0BaHUSI PECYPCOB:

qu(x)zth;/xp;/ :gpq’qEI’r’ (2)
i.J

IJie 7 — YKCIIO TUIIOB PECYPCOB;
g,, — 3arac pecypca g-ro Tura;
1,; — TlapaMeTp GYHKLMH PaCXOLOBAHMSL;
p — MHIEKC MapIipyTa;
g — VHJEKC TUIIA pecypca.
J1J1s1 HeJTMHEIHOTO PAaCXOIOBAaHMS pecyp-
COB COOTBETCTBYIOIICE BHIPAXKEHUE BITJISIAUT

KakK:
Gy ()= (X Xy X, )= & (B)

Toraa ypaBHeHus (1) MOTyT ObIThH 3aIu-
caHbI B Hau0boJjiee 001IeM BUIE B 3aBUCUMO-
CTU OT BpeMeHU (ISl ciiydyast OMHOTO TUIIa

pecypca):

k=

At, e{ATI;AQ;...;Arn};

Y] (1a)
4, =4,(0), q(t)= 4, (0);
Gp(x)=¢p(xp“(t),...,xpi/(t),...,xpmn(t))Sgp;
H(x*(Ark))%max;

k=1,..1.

ITokazkeM cBsI3b MEXIY Gp(x, nun =mn (7).
Beeném Bekrop V(¢) = (V, .., V,, ..., Vp),
KOTOPBIi IPYNIIMPYET BCE TPAHCIIOPTHHIE
cpencta (TC) mo Mmapuipyram:

vV, = Zv(t)|ve D,

Hns xaxnoro TC nmeeTcst MHIMBUAYab-
Hasl GYHKIIMS pacXOlOBaHUS pecypca, 3aBU-
csIast OT 3HaYeHUsI PYHKIMU TPAHCIIOPTHO-
ro npouecca. JIjist mpocToThl IPUMEM, YTO BCE
TC onHOPOAHBI MO TUITY, U TOTJIAa MOXHO J0-
MyCTUTh HAJWYMUE OMHOUN (PYHKIIMM TSI BCEX
TC, saBucaueii ot . O4EBUIHO, YTO KaXKIO-
MY KOMIIOHEHTY BeKTOpa V' MOXHO MOCTaBUTh
B COOTBETCTBME BEJIMUMHY TEKYILErO pacxoaa

pecypca Gp(X,t) -V ®7Z'p(t).

3nech 7,(t) sBISIeTCST BEKTOPOM 1OJH
BBITIOJIHEHHOTO TPaHCIIOPTHOTO Tpoliecca,

ocpenHEHHOM 1151 Becex TC Ha KaxXa1oM MapIi-
pyte. Mepoii COOTBETCTBUS SIBSIETCS YAEIb-
Hasl BeJIMYUHA WHIMBUIAYAJIbLHOTO pacxoia
pecypca:

G,(xt) = g,V ®x,(1).

3aMeTHM, YTO KOMIIOHEHTbI BEKTOpA g,
3aBUCAT OT Mapupyra. OrpaHuyeHus g,
YTBEPKAAIOT HAJTMUKE MTPeeIbHbIX 3HAYSHU I
pacxodoBaHUs PeCypcoB, KOTOPbIe MOTYT
JIOCTUTAThCS HAa MapIIpyTax B TeYSHUE OTHO-
ro IMKJa paboThl TPAHCIOPTHOW CUCTEMBI.
KoHeyHO, MOTryT ObITh BHIOpAHBI U UHBIE
CHoCOOBI ONpeneseHust Gp(x, f) uepe3 GyHK-
LIMX TPAHCIOPTHOTO Ipoliecca. TO MOXKET
OBITh TEMOIi OTAEIBHOTO PACCMOTPEHUS.

Torpa (la) 3anuiueM B OKOHYATEJIbHOM
BUJIE:

A=A,
p=p(t), 7,<t<7,+AT;

ATIiATk;

k=1
AT, e{AT;;AT,; AT, )
i.j
z,=7r,), v=L..,n/(t);
VO ={V, VoV, = w0)|vep,};
G,(x,1)=8,®V®3,(1)<g,;
H(V*(Ark))—>max;
k=1,..,1

OueBunHo, uto dopmyna (10) sBrsercs
bosee obIIeit mo cpaBHeHMIO ¢ (1a), Tak Kak
neTtajabHas UHGOPMaLUs O TPAHCHOPTHBIX
npoleccax Bceraa Mmo3BOJSeT ONpPeneanuThb
(dynxkiumio pacxogoBanust pecypcon. O6par-
HO€ X€ He BCerga BO3MOXHO BBINTOJHUTH
OOHO3HAYHO. B KayecTBe 3KCTpEeMajbHOTO
YCJIOBUS 3/1€Ch 3aMMCaHa MPOoLienypa MaKCu-
MM3ALUY SHTPOTTUU,, 3aBUCSIIIAST OT KOHKPET-
HOTO THUIa COCTOSIHUN ((heHOMEHOoNIoTnYe-
CKOM CXeMBbl MAaKpOCUCTEMBbI), MPUHSITOTO
B cucTeMme. B KauecTBe gomyiieHusI 0OBIYHO
HUCIOJb3yeTcs pacnpeaeneHue bosbiimana,
YTO, KOHEYHO, TPEOYET OTIEIBHOTO O0CYKIe-
HUS B KaXIOM ciiydae (CM., Harpumep, [8,
c. 77]). be3ycioBHO, YTO PKCTpeMalbHOE
YCJIIOBUE MOXET OBITh 3allMCAHO U B UHOM
BUJIE, YTO HE OrpaHUYuBaeT oo1HoCTH (10).

Takum obOpa3om, HacTosass GopMyau-
POBKa YTBEPXKIAET CYILIECTBOBAHUE MOCIEN0-

11
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BaTeIbHOCTH PABHOBECHBIX COCTOSTHHIA TPaHC-
MOPTHOM CUCTEMBI (C (hepMU-; SUHILTEHH-
WX OOJIbLIMAH-COCTOSITHUSIMM), OMpEeAeIEH-
Hoil Ha oGo6ménnom rpade I'=1(1)
U UMeIoIIell TPOIMYCKHbIE MM MIPOBO3HbBIE
BO3MOXHOCTH ¢, =qij(t), pecypchl, KOTOphIe
PacXoayroTcsd B COOTBETCTBUM € m =T (1),
onpeaesoMu QYHKIIUU Gp(x, f), U B 00-
1IeM cliyJyae sSIBISIOLIMECs HeJTUHEHHbIMU.
JlanHast (popMyIUpOBKa COOTBETCTBYET KBa-
3UAMHAMUYECKOMY ONUCAHUIO CUCTEMBI.

SAKJTIOHMEHUE

O06o06meHue moaeneit Tumna (1) Moxer
MPOVCXOAUTH B HAaMPaBJIEHUU AMHAMUYECKOMN
TEOPUU TPAHCIIOPTHBIX MAKPOCUCTEM, KOTIa
OyJIeT yuuThIBaTbCS HEpaBHOBECHAsI TMHA-
MMKa TPaAaHCIIOPTHBIX CUCTEM. 3aMETUM, YTO
OYEeHb YacTO TMIOTe3a PaBHOBECUS TPaHC-
MOPTHBIX MPOLIECCOB MOXKET OBITh ITOCTABJIEC -
Ha moja coMHeHue. Hampumep, B 4yachl MUK
WJIA BO BpeMsI JOPOXKHBIX MHIIMIEHTOB B T10-
TOKE BO3HUKAIOT HEPABHOBECHbBIC CTPYKTY-
pbl, KOTOpPbIe MPUBOAST K CYLIECTBEHHBIM
OTJIMYUSIM PE3YyJbTaTOB MOAEIUPOBAHUS
C ITOMOILbIO MPOTHO3HBIX WJIM ONITUMU3ALIM -
OHHBIX Mojejell OT peaJlbHON KapTUHBI
pacnpeneaeHus MOTOKOB.

JduHamMuyeckast Teopust MOXKET OBITh IO-
CTpOEHa Ha OCHOBE CJIETYIOIIUX OCHOBHBIX
TOJIOXKEHUM.

1) dns MoAeau TpaHCIOPTHOM CUCTEMBbI
BBOAUTCSA (ha30BOE MPOCTPAHCTBO «0000-
IEHHbIE KOOPAUHATHI—O0O0O0IIEHHBIE UM-

VINPAI PAH PTA VTl O INC

MyJIbChI». Pa3MepHOCTB MTPOCTPAHCTBA 3aBU -
CUT OT YCJIOBUI KOHKPETHBIX 3amay. [Ipexa-
rnoJjiaraeTcsl, 4To B (ha30BOM MPOCTPAHCTBE
CylIecTByeT (PYHKILMS pacIpefeIcHUs JIe-
MEHTOB 10 «KOOpIWHATAM» U «UMITyJIbCaM»,
KOTOpasi 3aBUCUT OT BPEMEHMU.

2) YcraHaBiauBaeTcsl CylIeCTBOBaHME
0000IIEHHOTO KMHETUYECKOTO YpaBHEHUS
(ypaBHeHUs Tuma boxbiMaHa), eciu ms
paccMaTprUBacMOM MaKPOCHUCTEMBI TIOCTYII -
pyeTcsl CpaBeIMBOCTb TEPMOIMHAMMYE -
CKOTO ToaXx0aa (BO3MOXHOCTb ONMUCAHUS
MaKpPOCKOIMUUYECKOTO COCTOSIHUSI CUCTEMBbI
HECKOJBKUMM ITapaMeTpaMu, COCTOSIIINMU
13 OOJIBIIIOTO KOJIMYECTBA SJICMEHTOB).

3) Ilpennosaraercsi, 4TO OMpeAeIEHHAs
TaKUM 00pa3oM MaKpOCHCTEMa OCYIIECTBIIS -
€T BPEMEHHYIO 3BOJIIOLMIO, KOTOPAst MOXET
OBITH OXapaKTepu30BaHAa U3MEHEHUEM CTe-
TIEHU XaOTUYHOCTHU C TTOMOIIBIO SHTPOITUH
HEepaBHOBECHOTO Mpollecca. DHTPOIUS BHI-
paxaeTcs uepe3 BBeAECHHYIO BbIlIEe (PYHKIIUIO
pacripeaeaeHus.

4) VI3MeHeHUue CTeNeHU XaOTUYHOCTU
CUCTEMBI SIBJSIETCS OOTHUM M3 OCHOBHBIX
TMOHSATHI TMHAMWIECKOM TEOPUHU TPAHCIIOPT-
HBIX CUCTEM, KOTOPOE B IBHOM BUJIE OTCYT-
CTBYET B TPAAWIIMOHHOW TEOPUHN MaKpO-
cucteM. 1151 BHEIIHE 3aMKHYTBIX CUCTEM
ycTaHaBJIMBaeTcsl aHanor H-teopeMbl boibii-
MaHa, KOTopas yTBepsKIaeT, YTO IIPU BpeMEeH -
HOI1 9BOJTIOIINY K PABHOBECHOMY COCTOSTHUIO
SHTPOITUST CUCTEMbI BO3pacTaeT U OCTaETCs
HEU3MEHHOM MPU ero J0CTUKEHUU.



5) A1 OTKPBITBIX TPAHCITOPTHBIX MaKpPO-
CHCTEM, HaXOISIINXCS B YCIOBUSX HEIpe-
PBIBHOTO B3aMMOJEMUCTBUS C CUCTEMaMU
0oJiee BHICOKOTO YPOBHSI, MOCTYJUPYETCS
HaJIW4YMe aHajiora MOHSITHS «dHEPIHUsI», BO3-
MOXKHOCTb U3MEHEHUSI CTeNIeHU XaOTUYHOCTHU
B IIPOLIECCE SBOJIIOLINY U TIPUMEHEHHE allra-
pata (pU3UKU OTKPBITHIX CUCTEM, B YACTHOCTH
S-teopembl KimumoHnToBuua [22].

6) Jnsg yuéta IMHAMMKU B MAaKPOCHUCTE-
MaX BBOAUTCS MOHSTHE «aKTUBHAS YaCTULIA»,
1 TOTIa BO3HUKAIOT BO3MOXHOCTH IIPUMEHE-
HUSI pe3yJbTaTOB COOTBETCTBYIOIICI TEOPUU
[23]. B wacTHOCTH, ISt TPAHCIIOPTHBIX CHC-
TeM 3TO Ja€T BO3MOXHOCTb 0oJjiee MOJHO
YIUTHIBATh BEPOSITHOCTHBIE OCOOEHHOCTH
TMOBEJECHUS TaKUX YACTUIl, B POJIU KOTOPBIX
MOXET BBICTYTIATh JII000I 2J1eMeHT B Ta0. 1.

B 3akitoueHue oTMeTUM, 4YTO MIPUBENEH-
Hasg moaenb (1) Oblla ampoOupoBaHa AJs
yJ9acTKa yIMIHO-IOPOXHOU CETU C YIETOM
CYTOUHOM IMHAMUKU TTPUIOMOBBIX TEPPUTO-
pUii KaK OTHOTO M3 OCHOBHBIX IICHTPOB T¢-
HepalWy TPAHCIIOPTHBIX CPEencTB [24].
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Development of the Theory of Macrosystems
as a Necessary Condition for Improving
Quality of Transport Modelling

Igor E. AGUREEV

ABSTRACT

The issues of development of the theory of
transport macrosystems are considered
regarding results obtained in the works of
A. G. Wilson, Yu. S. Popkov, A. V. Gasnikov,
E. V. Gasnikova and others. The transport
macrosystem is considered a complex
multicomponent system to which series of
thermodynamic analogy can be applied
(equilibrium state, information entropy as a
function of state parameters, the presence of
basic phenomenological schemes for filling of
states with elements, etc.). To further develop
the theory of development of transport
modelling, which is the objective of the article,
it is proposed to consider circumstances that
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reflect modern trends in development of
transport systems: diversity of transport
systems, dynamic nature of its functioning,
many different elements that can obey
different models for filling of states. To
implement this task, various methods are used:
equation of the transport process introduced
by the author, which makes it quite easy to go
to quasi-dynamic formulations of transport
modelling problems, as well as a general
formal representation of the system as a set of
elements, which is determined based on the
analysis of many works of domestic authors.
The conclusion is dedicated to discussion of
issues of further development of the theory of
transport macrosystems in a dynamic setting.
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Background. The development of the theory
of macroscopic systems as systems with a large
number of stochastic elements is primarily
related to statistical physics. Classical and
quantum systems, consisting of a large number
of molecules, atoms, ions, elementary particles,
can be considered within the framework of the
molecular-kinetic or thermodynamic
approaches. A feature of physical systems is the
possibility of existence of deterministic
macroscopic states of the system as a whole
with stochastic behaviour of particles.

The use of the molecular kinetic analogy
for description of transport systems was first
proposed, apparently, in the works of Alan
Geoffrey Wilson [1—5]. They were based on the
idea that many regularities of physical
macrosystems can be found in complex systems
of various nature. In the preface to the Russian
edition of the book [1] Yu. S. Popkov pointed
out the systems of exchange and distribution of
economic resources. In fact, any transport
system at the level of a city or a region exhibits
certain properties that allow it to consider it as
«macroscopic». It is worth noting that in the
English-language scientific literature, the
theory of macroscopic systems refers primarily
to physical systems [6]. The Soviet and modern
Russian interpretation of this term has two
meanings. First interprets them in the same
manner, as physical systems [7], and the second
considers them as complex systems involved in
resource transportation and allocation. It is to
the second class of systems that the most
famous works of Academician of RAS
Yu. S. Popkov belong [9—13]. In foreign
literature, the analogue of this term is the
concept of «urban system» [8], but it does not
cover the entire range of transport systems
considered within the framework of the
macroscopic approach.

One of the most significant contributions
of A. G. Wilson to the theory of transport
systems is the entropy approach, the meaning
of which is to maximize the function responsible
for the most probable (equilibrium) state of
elements in a macroscopic system [1]. This
function can be built on the basis of, for
example, information entropy, and its specific
form depends on what type of state and
elements are present in the system, and also,
mainly, on the way the filling of possible state
with elements is accomplished. As a result, a
formulation of the problem can be obtained,

in which the equilibrium of a system consisting
of chaotically acting elements is determined.

If we talk about transport systems, then they
have both deterministic and chaotic (more
precisely, undefined) behaviour of participants
in transport processes. As it was said in above
mentioned work [1, p. 8], «no matter how high
the degree of centralization is, the economic
system of exchange is so complex that there are
always random (uncontrollable) factors».
However, a common property of such
macrosystems is their ability, by analogy with
physical ones, to transform the chaotic actions
of elements into a certain deterministic process.

If we indicate the main results of the works
of A. G. Wilson, then it is necessary to mention:

1) development of a large number of
different transport models, considering splitting
by types of travel, types of transportation and
routes;

2) development of various models of
interregional exchange (essentially those that
we now call «transport and logistics systems»);

3) extension of the entropy method to
nonequilibrium states of transport systems;

4) use of the concept of «systems with
maximum utility» for macroscopic systems,
etc. [1-5].

Yu. S. Popkov’s contribution to further
development of the theory of macrosystems is
determined by a systematic presentation of the
apparatus of phenomenological schemes
(Bose—Einstein, Fermi—Dirac, Boltzmann
statistics) in the framework of transportation
and distribution, economic, demographic
systems, a complete study of properties of their
stationary states, numerical methods of solving
equilibrium problems, generalization of the
results to the case of dynamic behaviour of
transport macrosystems [9—13].

It is worth mentioning that at present there
is a huge layer of transport problems that
explicitly or implicitly use the main results of
the theory of transport macrosystems. Among
them, we should note the works [14—20], which
we single out with the purpose to only point out
a wide range of problems solved by the theory
of macrosystems, but in no way we pretend to
present a complete bibliography on this topic.
At the same time, there is an urgency in the
new conditions of digital transport to rethink
the legacy of the cited works and to outline ways
for development of transport modelling
technologies. This is the objective of this article.
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Table 1

Elements and states of a transport macrosystem (examples) (compiled by the author)

No. | Elements States

1 Vehicle a. Element / is in the transport area j;

2 Route vehicle b. Element i is in the transport areaj and the zone of the
3 Non-route vehicle transport area k;

4 Vehicle driver c. Element 7 is on the haul j of the street-road network;
5 Passenger d. Element i is in the vehicle j;

6 Pedestrian e. Element i is on the route j;

7 Route f. Element / is at the stop point etc.

Note: Some states are impossible for certain elements.

Brief definition of the transport macrosystem

Let us consider a generalized transport
macrosystem with continuous time 7 containing
Yelements of the same type with some kind of
behaviour from the set B(r) ={p (1), B,(1)}. Let
each element have a state from among p classes
K, .., Kp. The classification of states is such
that these classes do not overlap.

Let !, ..., o® denote the sets of states, where
o’ € K. We will further assume that the sets of
states are discrete for B (#) (or continuous for
B,(1) and contain a finite number of elements
(or infinite number, respectively).

In this section, we restrict ourselves to the
case of a homogeneous macrosystem, whose
elements can take on the states of a single class
only. For example, the class of states can mean
«location in the transport area-zone» (source-
sink of the system elements). This class of states
can be used for elements with f (7) behaviour
type. Another example of the concept «class of
state» can be «average speed of the transport
flow wihin a haul», used for elements of the
type «vehicle» or «transportation flow» with a
deterministic type of behaviour 3 (7). This class
corresponds to a continuous (infinite) sef of
states, deterministically related to the sets of states
of other classes. Thus, systems with a
deterministic type of behaviour within the
framework of the adopted definition cannot be
homogeneous since they are simultaneously
associated with several classes of states.

So, the homogeneous system has a single set
of states of elements o, the subsets of which o ,
..., 6, are such that their union coincides with
o, and the intersection of any pairs is empty.

Elements of the macrosystem can randomly
and independently of each other fall into any

state provided by the subsets G, ..., 5, . Foreach
fixed subset o, for an element, there are two
possibilities: to get into any state from ¢, with
a priori probability @, and not to get there with
probability (1 —a,).

Let us consider as an example a set of
elements of the transport macrosystem of
automobile (urban) transport, which can be
in appropriate states (Table 1), and that
contains the main elements and states that can
be supplemented depending on the content of
the task. The formulation of a problem in
which all the elements (and the corresponding
sets of states) are present is hardly expedient,
and even hardly possible in principle from the
point of view of its solvability. A more rational
way is formulation of special cases, which
contain no more than 2—3 elements. For
example, it is possible to consider solving the
problem of loading routes with vehicles taking
into account occupancy. Then in the
formulation of the problem we will use
elements 2, 5, 7 and the corresponding
possible states {d, e, f}.

The theory of macrosystems has the main
stages of construction, which we indicate in
accordance with the work of Yu. S. Popkov
[8]:

1) terms and concepts, a phenomenological
scheme are introduced,;

2) the basic concept of «macrostate
probability» is introduced as a value
P(N) =11} «P «(N,), that is expressed
through the probabilities of states of individual
elementsn =1, ..., m;

3) to determine the function P(N), the
mechanism of filling of states in o, is
considered, depending on the type of states



(Fermi, Einstein, or Boltzmann states), and
on this basis, the function P(N) is determined,
and then the physical and information entropy
are determined,;

4) the obtained probabilistic characteristics
allow one to take into account the peculiarities
of the phenomenological scheme of a
homogeneous isolated macrosystem, which
consist in the unequally probable choice of the
corresponding states by the elements of the

system in subsets o, (n el,m);

5) it is concluded that the generalized
entropy for a macrosystem has a single
maximum, the «sharpness» of which increases
with the number of elements in the system;

6) distribution of elements of a homogeneous
system by subsets of close states is established,
which can be associated, for example, with
consumption of various resources, presence and
operation of «price functions» of the transport
network, etc., that is, specific problems
associated most often with determination of the
equilibrium of the macrosystem are solved. An
example of such a problem is a classical
formulation of the problem of traffic load on the
street-road network [20], which uses the entropy
approach when taking into account distribution
of the travel distance [1].

Among the main shortcomings of the
traditional theory, one should point out
practically insufficient attention to the
nonequilibrium states of systems, while
consideration of transport processes is
accomplished in dynamics.

Quasi-dynamic model of a transport
macrosystem

It is worth noting that an increase in
accuracy of transport modelling can be
achieved through the complex use of various
measures aimed at reducing influence of the
factor of «hardly measured» parameters of the
state of the transport system:

1) use of methods for constructing high-
quality correspondence matrices;

2) use of data stored in the databases of
intelligent transport systems;

3) development of a theoretical apparatus
for solving problems of the theory of transport
macrosystems in a nonequilibrium and/or
dynamic formulation;

4) the use of new splitting problems,
which would develop more broadly the

concept of splitting by type of travel, modes
of transportation, etc., proposed by
A. G. Wilson.

To implement this direction of
development, a new description of the
«transport system» model is required. In [21],
based on a detailed analysis of the structure of
the term «transport system», an approach is
proposed that makes it possible to describe
transport and transport-logistics systems based
on the transportation process equation, taking
into account intensity of an arbitrary number
of operations of any number of vehicles
included in the structure of the transportation
process. Such opportunities for obtaining
information are created by modern technology
(IoT, Big Data).

Let us present a description of a transport
system model that generalizes the results
obtained in [21] and provides a basis for its use
in a wide range of transport modelling
problems.

The transport system is described as a set
of elements:

a) logical and spatial connection between
sources and flows of transport (in a broader
description as a resource of some kind);

b) temporal characteristics of the links
(start time and duration of each link);

¢) appropriate carrying (transit) capacity;

d) transportation process plan;

e) criteria for effectiveness of functioning
of systems (or presence of an objective).

In accordance with this definition, it is
possible to draw up a generalized structure of
a model of an arbitrary transport system,
which should include equations that
determine:

1) road network graph;

2) a matrix of connections as logical
(Boolean) functions of time;

3) carrying capacity of the system (as an
alternative description, equations for the
traffic flow transit capacity of road and street
systems or equations for the flow rates can be
specified here);

4) degree of fulfillment of the transport
task (equations of transportztion processes);

5) performance criteria or equilibrium
conditions.

The number of vehicles and the number of
routes are included in the model as parameters.
Then the model of the generalized transport
system can be written as:
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=A@);
=Mi(t), 7,<t<r7,+AT;
Ar=)"Ar;
k=1
At e{A1;ATy; AT} (1
q; =q,(1);

r, =m,(1);
k=1,...1

=

Here:

tis time that is continuous in the model with
discrete (highlighted) moments selected for
calculating or determining the state of the
system;

T, is start time for the system monitoring;

At is duration of the transport system work
(duration of existence, modelling, etc.);

At, are intervals between points of
calculation (consideration) of the system;

k is time interval index;

p = p(?) is matrix of dimension i*j of
transport links;

q; is transportation flow (flow intensity;
transit capacity of a network element; carrying
capacity of a flow of vehicles);

i, j are indices of nodes of the transport
network, between which the value of q; is
measured;

n_ == () is equation of the transportation
process, expressing the share (degree) of
completion of the trip (transportation);

v is vehicle index.

Let us note that system (1) does not
explicitly have a correspondence matrix, either
aset of routes, etc. Instead, the matrix p =p(?)
can be used in conjunction with the flows g,
Efficiency criteria, equilibrium and optimi-
zation conditions, or other extreme conditions
are not yet included in system (1), we will do it
later.

Model (1) should, for each specific case,
acquire a complete form that allows one to
make calculations or solve an optimization
problem. Therefore, for the selected system,
these equations are supplemented with auxiliary
conditions (distribution functions; balance
equations; variational equalities, etc.). One of
the options is to formulate system (1) in a quasi-
dynamic setting and considering information
about consumption of resources during the
execution of transportation processes.

For linear consumption of resources:
G, ()=t %, =g,.d€lr, ()
i.j

where ris the number of types of resources;
&, is stock of resource of g-th type;
Ly is parameter of consumption function;
p is route index;
q is index of resource type.
For non-linear consumption of resources
the corresponding expression looks as follows:

qu(x):¢pq(xp“,...,xplj,...,xpmn):gpq_ (3)

Then the equations (1) can be written in a
more general form depending on time (in the
case of a single type of resource):

A=A®);

p=p(t), t,<t<7,+AT,
!

ATZZATk;

[
AT, €{AT; AT, AT, ) (la)
a;=4;(1), a(t)=72 q,();

i

G (X) =, (%, (),0s%, (D0, (D) <8,;
H(x*(Ark )) — max;
k=1l

Let us show the connection between
Gp(x, ) and © =m (7). Let us introduce a vector
v =W, ..., vV, .. V), which groups all

vehiclesbyroutes: V, = ) v(?) |V € p,. Foreach

vehicle there is an individual resource
consumption function that depends on the value
of the transportation process function. For
simplicity, we will assume that all vehicles are
homogeneous in type, and then we can assume
that there is the one and the same function for
all vehicles that depends on &t . Obviously, each
component of the vector V' can be associated
with the value of the current resource

consumption G,(xt) >V ®7r_p(t). Here ﬁ_p(t)

is a vector of a share of a fulfilled transportation
process, averaged for all vehicles on each route.
The measure of compliance is the specific value
of the individual resource consumption:

G,(xt) = gvp®V®ﬂ_p(t). Letus note that the

components of the vector 8,, depend on the
route. The constraints 8, determine limit values
for resource consumption that can be reached



on routes during a cycle of the transport system
operation. Of course, other ways of determining
Gp(x, f) through the functions of the transportation
process can be chosen. This may be a particular
topic for consideration.

Then (1a) will be written in a final form:
A=A@);
p=p(), 7,<t<7,+AT;

!

AT = Z At

k=1

At, e{Ar;AT,;5. AT, )

ql]:ql](t), q(t)zzqy(t), (1b)
i

7w, =m,(t), v=L..,n/(1);

Viey={V,...Vp ¥, =3 v(®|vep,|;

G,(x,1)=g,®V®F,(1)<g,;

H(V'(Az,)) > max;

k=1,..,1.

Obviously, formula (1b) is more general
than (la), since detailed information about
transportation processes always allows us to
determine the function of resource consump-
tion. The converse is not always possible to
perform unambiguously. The procedure for
maximizing entropy is written here as an
extreme condition, which depends on the
specific type of states (phenomenological
scheme of the macrosystem) adopted in the
system. The Boltzmann distribution is usually
used as an assumption, which, of course,
requires a separate discussion in each case (see,
for example [8, p. 77]). Of course, the extreme
condition can be written in a different form,
which does not limit the generality (1b).

Thus, the present formulation asserts the
existence of a sequence of equilibrium states of
a transport system (with Fermi; Einstein or
Boltzmann states), defined on a generalized

graph r=r (t ) and having transit or carrying

capacity q; 251,-/(’), resources that are consumed
inaccordance witht =n (7), which determine
the functions Gp(x, 1), and which are generally
nonlinear. This formulation corresponds to the
quasi-dynamic description of the system.

Conclusion. Generalization of models of
type (1) can be developed towards dynamic
theory of transport macrosystems, when the
nonequilibrium dynamics of transport systems

will be taken into account. It is worth noting
that very often the hypothesis of equilibrium of
transportation processes can be questioned. For
example, during peak hours or during traffic
incidents, non-equilibrium structures appear
in the flow, which lead to significant differences
between the results of modelling using predictive
or optimization models and the real picture of
distribution of flows.

The dynamic theory can be built based on
the following basic provisions.

1) For the transport system model, the
phase space «generalized coordinates —
generalized impulses» is introduced. The
dimension of the space depends on the
conditions of specific problems. It is assumed
that in the phase space there is a function of
distribution of elements by «coordinates» and
«impulses», which depends on time.

2) The existence of a generalized kinetic
equation (equations of Boltzmann type) is
established if validity of the thermodynamic
approach is postulated for the macrosystem
under consideration (the possibility of
describing the macroscopic state of a system by
several parameters consisting of many
elements).

3) It is assumed that the macrosystem
defined in this way passes through time
evolution, which can be characterized by a
change in the degree of chaos with the help of
entropy of a nonequilibrium process. Entropy
is expressed through the distribution function
introduced above.

4) Changing the degree of chaos in the
system is one of the basic concepts of the
dynamic theory of transport systems, which is
explicitly absent in the traditional theory of
macrosystems. For externally closed systems,
an analogue of the Boltzmann H-theorem is
established, which states that during time
evolution to an equilibrium state, entropy of
the system increases and remains unchanged
when it is reached.

5) For open transport macrosystems under
conditions of continuous interaction with systems
of a higher level, it is postulated that there is an
analogue of the concept of «energy», possibility
of changing the degree of chaos in the process of
evolution and of the use of the apparatus of
physics of open systems, in particular, of the
S-theorem of Klimontovich [22].

6) To consider the dynamics in macro-
systems, the concept of «active particle» is
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introduced, and then there are possibilities of
applying the results of the corresponding theory
[23]. In particular, for transport systems, this
makes it possible to more fully consider
probabilistic features of behaviour of such
particles, whose role can be assumed by any
element in Table 1

In conclusion, we will note that the above
model (1) was tested for a section of the street-
road network, considering daily dynamics of
adjoining territories, as main centers for
generating vehicles [24].
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SKCINPECC-UH@ORPMAUYE
EXPRESS INFORMATION

YCTONYUBOE PA3BUTUE: 82-9 CECCUA KOMUTETA
MO BHYTPEHHEMY TPAHCIMOPTY ESK OOH

XKenese 25—28 despansa 2020 roxa cocrosiiach 82-5
ceccust Komurtera 1o BHyTpeHHeMy TpaHcnopty EBpo-
nencKoi sKkoHoMu4eckoit komuccuu OOH.

B pamkax ceccuu ObLT OPraHM30BaH CETMEHT BBICOKOTO
YPOBHSI, TMOCBSIIEHHBIA TeMe «DKOJOTMYECKUE BBI3OBbI [UIsl
YCTOYMBOTO BHYTPEHHETO TpaHCMOPTax. [leneratuio MuHTpaH-
ca Poccum Ha MeponpusATHN BO3IJIABMJI CTaTC-CEKpEeTapb — 3a-
MECTUTEJIb MUHKMCTpPa TpaHcroprta JAMuTpuii 3sepes.

B cBOEM BBICTYIUIEHMM OH OTMETHJI POJIb TPAHCITOPTHBIX
MHHOBALUI B 3()(HEKTUBHOM PEIICHUY IKOJOTUIECKUX U KITH-
MaTHUYECKUX MPobIIeM, a TakxKe MPOMHGOPMUPOBAI O TIPEANpU-
HUMaeMbIX B Poccuu Mepax 1o pa3BUTHIO TPAHCTIOPTHOTO KOMIT-
Jiekca U UGPOBU3AINU, CHUXKEHUIO BPEIHOTO BO3ICHCTBUS
TPaHCIOPTa Ha 9KOJIOTHIO ITyTEM MepepacipeeIeHHsI acCaxu-
PO- U IPy30ITOTOKOB Ha 60Jiee SKOJIOTUYHbIE BUIBI TPAHCTIOPTA.

3HAYUTETBHYIO POJIb B CHIDKEHUN BBIOPOCOB UTPaeT parmo-
HaJIM3alMsl TPAHCIIOPTHBIX MOTOKOB U YCTPAHEHUE Y3KUX MECT.
B HalMOHAIBHBIX MacCIITabax MPAKTUYECKUE 1 PE3YIBETATUBHbBIE
Mepbl IPUHUMAIOTCSI B paMKax HallMOHAJILHOTO MpoekTa «be3-
OIacHbIE ¥ KAYeCTBEHHbIE aBTOMOOUIIbHBIE TOPOTW». JLJ1st oNTH-
Mu3auy Tpagrka B rOPOICKHMX ArIOMEPAIMSIX CO3aHa HOpMa-
THUBHas 6asa, MpeaycMaTpUBaIoNIasi B3aUMHYIO YBSI3KY TpaHC-
MOPTHOIO U IPaJlOCTPOUTENIBHOIO TUIaHMpOBaHusl. Peub naér
0 pa3paboTKe MPOrpaMM KOMILIEKCHOTO Pa3BUTHSI TPAHCTIOPTHON
MHPPACTPYKTYPBI, KOMILUIEKCHBIX CXeM OpraHU3aIiK TOPOXKHO-
IO JIBUXKEHUSI, KOMIUIEKCHBIX CXeM TPAHCIIOPTHOTO 00CTyK1Ba-
HUSI HACETICHUSI.

BaXXHBIM 2JIEMEHTOM SIBJISICTCSI TIPUHSTHE KOMILIEKCA Mep
IUTS1 TIOBBILICHWSI TIPUBJIEKATEIbHOCTU OOLIECTBEHHOTO TPaHC-
nopra. DT Mepbl BKIIOYAIOT B ce0sT KaK OGHOBJICHHE TTOIBIX-
HOTO cOocTaBa (B TOM YKCJIE M JIEKTPUIECKOTO TPAHCIIOPTa), TaK
Y co3iaHKe YIOOHBIX AJIsI TACCAXXMPOB CEPBUCOB U yeiryr. OTMme-
YeH CTapT MPOEeKTa KOMIUIEKCHOTO OOHOBJIECHUS! MOIBUKHOTO
cocTaBa TOPOJCKOTO Ha3eMHOTO MAacCakMPCKOTo TpaHCIopTa
6osiee yem B 10 pernoHax Poccuu ¢ OHOBPEMEHHBIM M3MEHEe-

HHMEM TOJIXOI0B K TEXHUYECKOMY KOHTPOJIIO U TPAHCITOPTHOMY
Ha/30py.

AKIIEHTUPOBaHO BHMMaHue Ha mpoekTe «PykoBomcTsa mo
HaWIyYIINM MpakTHKaM B cdepe ropoacKoro TpaHcropra
Y TPAHCIIOPTHOT'O TUIAHUPOBAHUSI», Pa3pabOTAaHHOM 110 MHULINA-
tuBe Poccuiickoit Deneparyin u ¢ yqacTueM poCCUMCKUX YYEHBIX.
ITpoeKT COmEPKUT MPUMEPBI MEPEOBOI MPAKTUKU B 00JIACTH
pa3IMYHBIX MHHOBALMOHHBIX PEIICHUM, HAMIPaBICHHBIX Ha
obecrieueHre 9KOJTOTMIECKON YCTONINBOCTH FTOPOICKOTO TPAHC-
ropra.

Haxesie3H010pOXKHOM TPaHCIIOPTE TAKKe MPUHUMAIOTCSI MEpbI
0 3MeKTPUMUKALIUKM OTPACIHU, TIPOXOIUT OTPAOOTKY KOMILIEKC
CPENICTB MHTEJUICKTYaJIbHOI CHCTEMBI YIIPaBICHUS KeJIe3HOIO-
POXHBIM TPAHCIIOPTOM, KOTOpAsi PEAYCMaTPUBAET B TOM YUCIIE
ABTOMATU3ALMIO0 OCHOBHBIX ITPOLIECCOB INITAHUPOBAHUS M AUCTIET-
YepCKOTo YMpPaBJICHUs MEPEBO30YHBIM TTpolieccoM. OTMedeH
BBICOKMI cTaTyC (COMIACHO CTaTUCTHKEe MeXIyHapoaIHOTo
9HEPreTUYECKOTO areHTCTBA M MEXIyHapOIHOTO COM03a XKee3-
HBIX JOpOT) KoMIaHuu «Poccuiickue Xeye3Hble T0poru» Kak
caMoii 9HeproaHeKTUBHOM 1 9KOJIOTUUHOM CPein KeIe3HOI0-
POXHBIX KOMIIAHUI MUpa, obecrevnBamlieii mepeBosky 86 %
Tpy30B ¥ 85 % maccakMpoB Ha SKOJOTUIECKU YUCTOM DIEKTPU-
YeCKoii TAre.

B 3aBepuienue Jmutpuii 3BepeB BHEC MHUIIMATHUBY O pa3-
paboTKe MEXIYHAPOIHBIX MEXaHU3MOB B3aMMOJICHICTBUSI TPAHC-
MOPTHBIX BEJIOMCTB B paMKax EBporneiickoit 9KOHOMUYEeCKOM
komuccun OOH. JlaHHbIe MeXaHU3Mbl HAITPaBJICHbI HA KOOPI-
HALIMIO Mep MTPU YPE3BBIYAITHBIX CUTYALIMSIX, B TOM YKCIIE TTHIC-
MHOJIOTYECKOT0 XapaKTepa, 3aTparuBaroInX O0JIbIIOE KOINYe-
CTBO cTpaH. KoMuTeT MPUHST pelileH e BKIIOYUTh 3TOT BOITPOC
B TIPOrPaMMYy CBOEii IeSITEIbHOCTH.

Ha ocHoBe MaTepuaioB npecc-uenTpa MunucTepcTsa
Tpancnopra Poccuiickoit @exepannn
https:/, /mintrans.gov.ru/press-center/news/9442.

SUSTAINABLE DEVELOPMENT:
THE 82"° SESSION OF THE UNECE ITC

he 82" session of the UNECE Inland Transport Committee

was held in Geneva on 25—28 February 2020. ITC high-

level panels addressed the defining challenges of our
time — climate change and the environment — under the theme
«Environmental challenges to sustainable inland transport». The
delegation of the Russian Ministry of Transport at the event was
headed by the State Secretary — Deputy Minister of Transport
Dmitry Zverev.

In his speech, he noted the role of transport innovations in the
effective solution of environmental and climatic problems, and also
informed about the measures being adopted in Russia to develop
the transport network and its digitalization, to reduce the harmful
impact of transport on the environment by redistributing passenger
and cargo flows to greener modes of transport.

Optimization of traffic flows and the removal of bottlenecks
play a significant role in reducing emissions. On a national scale,
practical and effective measures are being taken within the
framework of the national project «Safe and quality roads». The
regulatory framework was created to optimize traffic in urban
agglomerations, providing for a mutual link between transport and
urban planning. We are talking about the development of
comprehensive transport infrastructure development programs,
integrated traffic management schemes, integrated public transport
service models, Dmitry Zverev said.

A set of measures to make public transport more attractive
include both the renewal of rolling stock (including electric
transport) and the creation of passenger-friendly services and
services. The start of the project of integrated renewal of the rolling
stock of urban ground passenger transport in more than 10 regions

of Russia has been highlighted, followed by a simultaneous change
in approaches to technical control and transport supervision.

The focus is on the project «Guidelines on Best Practices in
Urban Transport and Transport Planning» developed at the initiative
of the Russian Federation and with the participation of Russian
scientists. The project provides examples of best practices in various
innovative solutions aimed at ensuring the environmental
sustainability of urban transport.

Rail transport also takes measures to electrify the industry, is
developing a set of means of intelligent system of railway management
and control, which includes automation of the main processes of
planning and control of the transportation process. The Russian
Railways company is the most energy efficient and environmentally
friendly among railway companies (according to the statistics of the
International Energy Agency and the International Union of
Railways), providing transportation of 86 % of cargo and 85 % of
passengers using environmentally friendly electric traction.

In conclusion, Dmitry Zverev launched an initiative to develop
international mechanisms for the interaction of transport agencies
within the framework of the UNECE. These mechanisms should
be designed to coordinate emergency response, including those
meeting epidemiological challenges, and affecting a large number
of countries. The Committee decided to include the issue in its
activity programme.

Compiled from the news by media centre of the Ministry of
Transport of the Russian Federation https://mintrans.gov.ru/
press-center/news/9442 and UNECE ITC news
https://www.unece.org/trans/events/2020/itc82_2020.html ®
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TeopeTnyeckuin meTopn ynpaBneHnsa
pacxoaom nepeKkaymBaemMom cpepnbl
Mo NMoOJIOXEHUIO 3anupalroLLnX 3J1IEMEHTOB
TpyoONnpoBOAHO apMaTypbl

Anekcanap KPABYYK Anxenunka KPABYYK

ApHonbp, MUXUEBUY Hukonaii FAUC

Kpaeuyk Aaexcandp Cmenanosuu — Hayuno-uccaedogamenvckuii NOAUMEXHUHECKUL UHCIMUMYm — (huauan
‘benopyccko2o HayUoOHaNbHO20 MexHU1ecK020 yHusepcumema, Munck, Beaapyce.

Kpasuyx Annceauxa Heanosna — beaopycckuii eocyoapcmeennviii ynugepcumem, Munck, beaapyco.
Muxueeuu Aproavo Ilasaoeuu — benopycckuii eocyoapemeernblii ynugepcumem, Murnck, Beaapyce.

Taiic Huxoaaii FOpvesun — CI1 340 «Meocdynapodnuiii denogoii anvsanc», Munck, berapyce*.

J11060/ 06BEKT, PACONIOXEHHbI B TPDY60NpPOBOAE, B TOM YAC/E
pacxogomep, NPUBOAUT K NMaaeHuIo aassieHns B TpybornpoBoae
n HeOéXOﬂMMOCTI/I MoBbILLIEeHNs MOLLHOCTU HAacoCOB. ﬂosromy npea-
CTaBJ/iieTcs NnepcrnekTUBHbIM CHU3UTb 3Hepro3arpartbl Ha rnepexka4-
Ky cpeaebl B prﬁonpoao,ae 3a c4éT YMeHbLlIeHVs KoJindecTBa pac-
X0J0MEepOB, yCcTaHaBINMBAEMbIX 10C/€ 3anOPHO-PeryaupyoL e
apmarypsbl, 1 MPOrHO3MPOBaTL PACX04 NepexkadnBaemMor cpesbl rno
MOJIOXEHUIO 3anuparoLero afiemMeHTa B apmarype. 310 npuBenét
TakXe K YMEHbLUEHUIO 3aTpaT Ha TPaHCropTUPOBKY cpes 3a CYET
yMeHbLUeHNs1 KomyecTsa npubopos y4éTa. B cTatbe ¢ uesnbio pe-
WeHNs1 AaHHOW KOMIMJIEKCHOM npobaemsl Ha TPy6ornpoBOAHOM
TpaHcriopTe Ha OCHoOBe MeToZla KOHEYHbIX 3J/IEMEHTOB peLuaeTcs Psa
KpaeBbix 3aaa4 ruapomexaHviku. C Lesbio yrpoLeHnst 3HakoMCTBa
C AaHHbIMW PELUEeHNSIMUN, a TakXe UX NMIPUMEHEeHNs Ha NMPakTuke nH-
XeHepamu, B cTatbe MNpensioXeHbl «napametTpunieckne mogenn
BUXPEeBOro ctauynoHapHOro Te4eHnsa B Takux Bugax 3arnopHo-
perynvpytoLiei apMarypsbl, Kak LapoBoOV KpaH, ANCKOBbIA 3aTBOpP,

K/IMHOBAsi 3aABUXKa, YrioBovi knanaH. bea yujepba obuHocTn me-
TOAMKY, B Ka4E€CTBE MpuMepa rnepekaynsaemMoii cpeabl paccMmarpm-
BaeTcsl Boga. AHanun3 BbinosHeH cpeactsamu FLOTRAN CFD npo-
rpammbl ANSYS 10 ED».

B ctatbe getanbHO 0nuckbiBaloTCs BO3MOXHOCTU KaK rpaguye-
CKOro uHTepgerica, Tak u kKoMaHaHou cTpoku. CosaaHne moaeneit
COrMPOBOXAAETCS MOJIHLIMY KOMMEHTapPUSIMU O AEMCTBUSIX, 4TO [103BO-
n15eT 1106OoMy M0JIb30BaTE/NI0 OCBOUTL AaHHbIe mogenn. [1oapobHo
paccMoTpeHbl BCE dTarlbl MOCTPOEHSI MOAEEN: TOCTPOEHUE TBEPAO-
TeJIbHOU MoZAesn, BbIOOP 3/1eMEHTOB, Ha3Ha4eHne CBOVICTB rnepeka-
4uBaeMbIX CPeJ, Ha3HayeHne KpaeBbiX yCI0BUii, a Takxe pelueHne
3aayn u NPOCMOTP Pe3yNbTaToB. «YCTaHOBJIEHO, YTO Ha Pacxon
cpesbl Oka3biBaeT BANSIHUE, Kak reOMeTpusl PaCCMOTPEHHbIX BUOB
3aropHO-peryvpyioLLer apMatypel, Tak» 1 MOJI0XeH1e 3anpaioLLe-
ro anemeHta. Metoavka MoxeT 6biTb IPUMEHEHa [J151 JI0ObIX KOHCTPYK-
Lumii Tpy6OMpPOBOAHOM apMatypbl, CBSI3aHHbIX C PACYETOM ABUXEHUS
BSI3KOV X1AKOCTH.

KnioyeBbie cnoBa: BSI3KOCTb XUAKOCTU, BUXPEBOE TEYEHUEe, CTaLuMOHapHOe TeYeHne, Hecxnmaemas XUAKOCTb, napaMmeTpuy4eckoe
mozenupoBaHue, 3arnopHo-perynupyroLyas apmarypa, ANSYS, FLOTRAN.

*NMHdopmauma 06 aBTopax:

KpaBuyk AnekcaHap CTtenaHoBuY — fOKTOP GU3MKO-MaTEMATUHECKMX HAYK, AOLIEHT, BeAYyLUMIA Hay4HbI COTPYAHMK
nabopaTopun AUHAMUKM CUCTEM N MEXaHVKM MaTepuranos Hay4HO-1cCcnenoBaTenbckoro noMTeXHNYECKOro MHCTUTYTa —
dunmana benopycckoro HauMoHanbLHOro TEXHUYECKOro yH1BepcuTeTa, MuHck, Benapych, ask_belarus@inbox.ru.
KpaBuyk Anxenuka UBaHoBHa — kaHOMAAT GU3MKO-MaTEMATUYECKMX HAYK, AOLLEHT kKadenpbl BEG-TEXHONOr i

1 KOMMbIOTEPHOr0 MOAENMPOBaHNS Benopycckoro rocyaapcTBeHHOro ynmsepcuteTa, MuHck, benapyce,

anzhelika.kravchuk@gmail.com.

Muxuesuny ApHonbp, MaBnoBuy — acnupaHT kadpenpbl 610- 1 HAHOMEXaHVKN, MexaHUKO-MaTeMaTnieckuii pakynsteTa
Benopycckoro rocyaapcTBeHHOro yHuBepcuteta, MuHck, benapyce, fakel.arnold@gmail.com.
Faiic Hukonaii lOpbeBuY — nHxeHep-nporpammuct, CM 3A0 «MexayHapoaHbIvi AenoBoi anbsiHe», MuHck, Benapyceb,

craderua@gmail.com.

CraTtbs noctynuna B pegakumio 22.07.2019, aktyanuamposaHna 12.12.2019, npuHarta k nyénukauumn 15.01.2020.

For the English text of the article please see p. 36.
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acTosIIas CTaThs HaIMcaHa Ha OCHO-
BE& MarucTepCcKOil muccepranuu
A. TI. Muxuesunua [1] u gurioMHoOMR
pabotsl H. FO. Taiica [2], BBIMOJHEHHBIX MO,
PYKOBOJCTBOM IOKTOpa (PU3MKO-MaTeMa-
tnyeckux Hayk A. C. KpaBuyka.

«J1o HacTosITIIero BpeMeHU BCe TUIPOAMHA-
MUYECKHE PACYETHI TPYOOTIPOBOIOB IPOBOIM -
JIVCh C UCTIOTB30BAHMEM TIOTYIMITUPUUECKUX
(bopmyi1, MOTy4eHHBIX B OCHOBHOM JIJIST TAMM -
HapHOTO TEUEHUs Cpeabl B TPyOOIIPOBOJIE,
B KOTOPBIX ITPUCYTCTBYIOT 3KCTIEPUMEHTAIBHO
omnpeneasieMble KOOOOUIMEHTH C yUETOM
yucen PeitHonbaca. C TOMOIIBIO TAKOTO IO -
XOJ1a YYUTHIBAIOTCS pPa3HOOOpa3Hble 3P EKTHI,
BO3HMKAIOIIME MPY TIepeKayKe CPebl U BO3-
MOXHOTO BO3HMKHOBEHUSI B OTUX CIydasix
BUXPEIl U IPYTUX SIBJICHUI, CHUXKAIOIIIUX CKO-
POCTh IBUXKEHUS cpebl» [1, . 6].

«OCHOBHOI1 cJTabOCThIO TaHHBIX METOAUK
SIBJISIETCSI UHTYUTUBHOCTH M CJIOXHOCTD
aZeKBaTHOTO OTpeeeHNs] HEOOXOIUMBbIX
3HauYeHU yrucen PeliHOIbACa 1 HEBO3MOX-
HOCTb TEOPETUYECKHU TTPOrHO3MPOBATH pac-
XOJI TIepeKauynBaeMoil Cpe/ibl uepes 3aII0pHO-
PEeryJIupyoIIylo apMaTypy» 0e3 YyCTaHOBKHU
JIOTIOJIHUTEJIbHBIX TTPUOOPOB yuéTa (pacxo-
JIOMEPOB), UTO CYIIECTBEHHO TOBBIIIAET
CTOMMOCTB CTPOUTEBCTBA U IKCILTyaTalluu
Tpy6oIpoBoaoB [1, c. 6; 2, c. 6].

Kpome TOro, mocKojbKy OYeBHIHO, UYTO
JII0001 TpUOOp yUy€Ta SABJSETCS MPETSITCTBU -
€M Ha MYTHU Cpejbl, TO YCTAaHOBKA JIIOOOTO
JIOTIOJTHUTETLHOTO 000pYI0BaHUS HA TYTH
TepeKauyBaeMoro MoToKa MPUBOIUT K Taje-
HUIO naBieHus [1; 2]. XoTs OHO U «He3HauU-
TEJIbHO, HO MHOTOE 3aBMCHUT OT KOJIMYeCTBa
MPUOOPOB y4ETA Ha JITTUHE TPACCHI, YTO MOXKET
MIPUBECTU K CYIIECTBEHHOMY YBEJIMYECHUIO
3aTpar 2JIEKTPOIHEPTUY Ha TIepeKauKy Cpebl»
[1,c.6;2,c.6].

COOTBETCTBEHHO, OTHUM U3 OUEBUIHBIX
MyTell yMEeHbIIIEHUsI SHEPTO- U pecypco3a-
TpaT Ha 3KCIUTyaTallMio TPyOOIIPOBOIHOIO
TpaHCTIOPTA SIBJISIETCSI MAKCUMAJIBHOE YITPO-
1lIeHUe OCHallleHUsI TPyOOIpPOBOIOB (Cyllle-
CTBEHHOE CHIKEeHWE KOJIMYeCTBA KOHTPOJTb-
HO-M3MEepPUTEJIbHON armapaTyphbl), a Takke
HCITOJIb30BaHUE PACUETHO-TEOPETUUECKOM
METOIMKH YITPaBJICHUsI PACXOI0M CPeJIbl U e€
repepacrnpeeieHUs «I10 MOTOKaM ¢ TTIOMO-
IIbI0 TAKMX COBPEMEHHBIX CPEICTB aHAJIN3a
BUXPEBOTO TEUEHMS XKUIKOCTU M Tasza, Kak
ANSYS ¢ moayiem FLOTRAN» [1, c. 6; 2,
c. 6].

[pennaraemble mapaMeTpUIeCcKre MOIETN
3aMOPHO-PETyIMPYIONIE apMaTyphl ITO3BOJIST
0TKa3aThCsl OT YCTAHOBKU JTOTIOJIHUTEIbHBIX
pacxomoMepoB Ha Tpacce TpybompoBoja,
a OTIPEAEIIATh PACXOJ CPEIbI IO TeOMETpUYE-
CKOMY TIOJIOXKEHUIO 32 PAIoIIero 2JIEMEHTa,
KOTOpPOE, B YaCTHOCTH, JUISI HEKOTOPBIX KOH-
CTPYKIIWI MOXET OTPEeIISITHCS YTTIOM OTKJIO-
HEHUs PYKOSITU OT OCEBOTO HaIlpaBJIeHUS
noroka [1; 2; 8].

1. Kpartkoe onucanue 3agauu. «B cury cum-
METPUYHOCTH 33724 ¥ HEOOXOIMMOCTH 3KOHO-
MUH 3JIEMEHTOB paCCMaTPUBAIOTCS TTapaMeTpH -
yeckue TpEXMepPHBbIE MOJEIN BHYTPEHHETO
00BbEMa MOJOBUHBI IAPOBOTO KPpaHa, IUCKOBO-
TO 3aTBOpa, KJIarmaHa ¥ KJIMHOBOM 3aBVXKU,
KOTOpBIE TTOJTy4eHbI UX CEUEHUEM TIPOJIOTBHOMN
TUTOCKOCTBIO. BO Bcex ciyuasix orOpouieHHast
(cuMMeTpUYHas) YacThb BHYTPEHHET0 00bEMa
3aIMOPHO-PETYJIMPYIOIICH arrapaTypbl 3aMeHs -
€TCsI COOTBETCTBYIOIIMMU KPAeBbIMU YCITOBUSI-
MU JUTSI TOTOKA (HYJIEBBIMU CKOPOCTSIMU TTOTO-
Ka B HaIlpaBJIeHUM TIEPIIEHANKYIISIPHOM ILJI0C-
KOCTH CUMMETPUH).

KpaeBast 3amava s uccienoBaHus Typ-
OyJIEHTHOTO TE€YEHUS CPeabl B 3alIOPHO-
peryJupymoleid apMaType BBITTOJTHSIACH

Puc. 1. Cxema oceBOro ce4eHus LLapoBOro KpaHa BepTUKasibHOM M10ckocTbio [1; 2]. ABTOPCKuUii PUCYHOK.
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Puc. 2. OceBoe cevyeHue LWapoBoOro KkpaHa
ropu3oHTasIbHOM MNJI0CKOCTbIO [1; 2]. ABTOPCKMI
PUCYHOK.

C y‘{éTOM THUITIOTE3bI O IMOJTHOM IPpUIUITIaHWUN
cpeabl K BHYTPEHHEN MOBEPXHOCTU apMaTy-

po» [1, c. 19].

«Tak Kak Bce cTposiiuecst MoAeau OyayT
napaMmeTpui4YeCKMMHU, TO IIEPEA HAYaJIOM I10-
CTpPOEHMUSsI 1000 U3 Mojeeil HeoOX0aUMO
BBECTHU BCC IICPECUYMUCIICHHBIE B ITOCTAHOBKE
3aJayy IapaMeTphbl C UX 3HaAYeHUsIMU» |1,
c. 19].

2. Co3maHye KOHEYHO-3JIEMEHTHOM MOIE-
JIM BHYTPEHHETO MPOCTPpaHCTBa IapOBOTO
kpaHa. lllapoBoit KpaH — OJMH U3 CaMbIX
pacrpoCcTpaHEHHBIX TUIIOB 3aIIOPHO-PETyJIU -

pyloleit apMatypbl. Bce KpaHBI IMEIOT CXO-
JKYI0 KOHCTPYKIIMIO ¥ IOCTAaTOYHO ITPOIEMOH-
CTPUPOBATh METONMKY Ha OMHOM M3 BapraH-
TOB WCITOJJHEHUS 3aIMparolIero 3JIeMeHTa.
B maHHOI cTaThe B Ka4eCTBE MpUMeEpa pacyé-
Ta KpaHa BbIOpaH HauboJiee pacIpoCTpaHEH-
HBII B HACTOsIIee BpeMsI IIapoBoit KpaH [1;
2;5;6].

B ciygae mocTpoeHmsT Moaean BHYTPEH-
HETO MpoCTpaHCTBa IAapoOBOTO KpaHa
(puc. 1) UCITOIB3YIOTCS CACAYIONINE TTapaMeT-
pei [1; 2]: D =1 (M) — tuaMeTp BHYTpEHHETO
npocTpaHcTsa Tpyosl [1; 2]; d = 0,95 (M) —
IaMeTp OTBEPCTHS B IITAPOBOM 3aITHPAIOIIEM
anemeHTe (Kmamane) [1; 2]; Fi = 45 (rpamy-
CBHI) — YTOJI MEXIY TIJIOCKOCTSIMA CUMMETPUU
3aMMpaIIeTO 3JIEMEHTAa U IJIO0CKOCTHIO
CUMMETPUM BXOJAa M BHIXOJA M3 KpaHa
(puc. 2) [1; 2]; V=10,2 (M/c) — CKOPOCTH ITe-
pekauku xugkocTtu [1; 2]; P = 3« (1E+5)
(ITa) — MaHOMETpHUYECKOE TaBJICHUE B TPYOO-
nposoze [1; 2].

B manHOIT MOmenu pamnyc 3aIMparoiero
3JIeMeHTa (I1apoBOTO KJjallaHa) BBEIYUCIIsIC-
MBI TTapaMeTp, XOTS MOJIb30BaTe/Ib IIPU He-
00XOIMMOCTH MOXET 3a[1aBaTh €0 3HAYCHMUS
BpyuHylo [1; 2].

CrcoK KoMaHI [UTsI 3aIaHKSI TTapaMeTPOB,
Hauasa paboThl B TIPETpolieccope, MoCTpoe-
HUSI TIOJIOBUHBI BHYTPEHHETO IIPOCTPAaHCTBA

Taouua 1

Cucok KOMaH/J MOCTPOCHUS KOHEYHO-3J]IEMEHTHOM MOJ€eJIM BHYTPEHHETO
00béma mapooro kpana [1; 2]

Ne | Komanma Ne Komanna

1. /FILNAME, PipingCrane, 0 19. | CSYS, 0

2. D=1 20. |BTOL, 0.10E-5

3. d_=0.95 21. |VADD, 1,6,2

4. Fi=45 22. | BTOL, DEFA

S. V=02 23. |AADD, 20, 21, 16, 17, 24, 28, 18, 13, 31, 30
6. P=3+ (IE+5) 24, |NUMCMP, ALL
7. Pi=ACOS(-1) 25. | ET, 1, FLUIDI142
8. /PREP7 26. |SMRTSIZE, 4

9. CYLIND, D/2,0,-D/2,-2+D, 0, 180 27. | MSHAPE, 1, 3D
10. [CYLIND, D/2,0,D/2,2+D, 0, 180 28. | VMESH, 1

[
—_

CYLIND, d_/2,0, -D/2/COS(45/180 * PI),
D/2/COS(45/180 « PI), 0, 180

29. | ASEL, S, AREA,, 4,10

12. | SPH4, 0,0, D/2/COS(45/180 * PI)

30. | DA,ALL, VX, 0, 1

13. |VDELE,4,,,0

31. |DA,ALL, VY, 0, |

14. |ADELE, 17,,, 1

32. | DA, ALL, VZ,0, 1

15. | VSBA, 3, 16,, DELETE, DELETE

33. |ASEL,ALL

16. |VDELE,4,5,1,1

34. | DA, 2, VY,0, 1

17. |CSYS, 5

35. | DA, 3,VZ, -V, 1

18. |VGEN, 2,6,,,, FL,,,, 1

36. | DA, 1, PRESS, 0, 1
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Puc. 3. KoHe4HO-3anemMeHTHasi MoAeJib 10JI0BUHbI BHYTPEHHEro oobéma wwapoBoro kpaHa [1; 2].
ABTOPCKMIi PUCYHOK.

11apOBOTO KpaHa, CUMMETPUYHOTO OTHOCH-
TEJbHO TIPOMOJBbHON TUIOCKOCTH, IMIPUBEIEH
B Tabnuue 1 [1; 2].

Ctpoka No 1 (taba. 1) ompenensieT umst
pewmrenus PipingCrane ¢ coxpaHeHUEM UMEH
OTKPBITBHIX (haiiioB 3amaun (daitaa ommnodoK,
pe3yJIbTaTOB M T.1.), C KOTOPBIMU OYIET OCy-
LIECTBISATLCSI OOMEH TaHHBIMMU.

Crpoku Ne 2—6 3aaloT 3HaYeHUs mapa-
METPOB 3a1a4u.

B cTtpoke Ne 7 ycraHaBiIMBaeTCsl 3HaYCHUE
KOHCTaHTHI T ¢ Hauyuieit ajst ANSYS Tou-
HOCTBIO.

Crtpoka Ne 8 comepXuT KOMaHIy BXoja
B IIPETIPOIIECCOP.

Crpoku Ne 9—24 mpon3BOASIT TOCTPOSHUE
BepxHel MoJI0BMHBI 00bEMA 11apOBOIo KpaHa
TIOCPEICTBOM:

* CO3JaHUS MOJYUMJIMHIAPOB (CTPOKU
Ne 9—11);

* co3maHus 1mapa (ctpoka Ne 12);

* ymaJieHUs BHYTpEHHero o0bEéMa Iapa
C COXpaHEHMEM €ro MOBEepPXHOCTU (CTpoKa
No 13);

* yoaJleHHsI HEHY>KHOM TTorycepbl BMeCTe
CO BCIIOMOTATEIbHBIMU JIMHUSIMU U KITIOUE-
BbIMU ToukKamu (ctpoka Ne 14);

e neJIeHUs TTONYIUINHAPA, UMUATHPYIO-
IIIeTO OTBEPCTHE B IIIAPOBOM KpaHE C TTOMO-
IIBIO TIOCTPOSHHOM Ha MPEIbIAYIINX IIarax
nosrycepsl (komanma Ne 15);

* yIajJieHUsI HEHYXXHBIX 00BbEMOB, TIOJTY-
YEHHBIX TTOCJIe TIPOBEICHUS TTOCICIHEH oIle-
panuu (komanna Ne 16);

* CMEHBI ITI00aTbHOM CCTEMbI KOOPAMHAT
Ha MUJIMHIpUYEcKyo (koMaHma Ne 17);

VIVIEJ PARCU UFJA Vi D N = 4 =)

KPABYYKA KPAaBYYKARVI

CPERASNBACMON TP CB

* MOBOPOTA MOJYLIWJIMHAPA, UMUTHUPYIO-
IIIETO OTBEPCTHE B 3aIIMpalOIIEeM 3JIEMEHTE Ha
3amaHHbIi yroa FI (komanma Ne 18);

* aKTUBMU3ALMU I100aTBbHOI JEKApTOBOM
cUCcTeMBI KoopauHat (komaHmaa Ne 19);

* WU3MEHEHUS TOYHOCTHU ITPOBEICHUSI TT0-
crpoeHuii (komanaa Ne 20);

* cioxkeHust 00bEMOB (KoMaHma No 21);

* BO3BpAIICHUS TOYHOCTH BBHITTOJTHEHUS
orepalyii o ymoaqanuio (komanma Ne 22);

* CJIOXXKEHMS TIOBEPXHOCTEH B TIJIOCKOCTHU
CUMMeETpUM KpaHa (puc. 2), s yIIpOIIeHUS
3aIaHMsT KpaeBbIX ycaoBuii (KomaHma No 23);

* CXXaTusl HyMepaluu BCeX TeOMETprIe-
CKMX KOMITOHEHT Mojienu (KomaHaa Ne 24).

Hanee B Tabimue 1 mMpuBOAITCS KOMaHIbI
No 25—28 co3maHUsI KOHEYHO-3JIEMEHTHOM
CeTKM.

Komanga Ne 25 BeioupaeT 00bEMHBII 371€-
MEHT IJII MOJASTUPOBAHUS TEUCHMST CPEIBI
FLUID142.

Komanma Ne 26 ycraHaBIuBaeT mapaMeTp
SMRTSIZE 151 aBTOMaTU4eCKOTO KOHTPOJIS
TOYHOCTHU ITOCTPOCHMST CBOOOMTHOTO pa3dume-
HUS.

Komanma No 27 ycraHaBIMBaeT mapamerp,
CBUETEJbCTBYIOIINI, YTO pa3doueHne OymeT
BBITTOJTHEHO TMPaMUIAIbHBIMU 2JIEMEHTAMM.

Komanma Ne 28 ctpout cBoOOIHOE pa3odne-
HUE CO3MaHHOM paHee FTeOMETPUYECKOM MOAE-
i (puc. 3).

3aKaHYMBaIOT CIIUCOK KOMaHI Ta0aULIbl 1
KoMaHIbI Ne 29—36 3a1aHusT KpaeBbIX YCJIOBHIA.

Komannasr Ne 29—32 BEIOMpaArOT BHEIITHUE
ITOBEPXHOCTH MOJICIIU U 3a1aI0T B HUX KPAaeBbIe
YCIIOBUS TIPUJTATIAHMS.

25
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Puc. 4. KpynHbiii 3aTBOP € NJ1I0CKOCKOLLUEHHbIM
ANCKOM, UCIOJIb30BaBLUNIACS Ha
ruapoanekTpocTaHumm B SinoHnu [1; 2].
[dnekTpoHHbIli pecypc]: https://commons.wikimedia.
org/wiki/File: Yagisawa_power_station_inlet_valve.
Jjpg?uselang=ru. Qoctyn 22.07.2019.

Komanna Ne 33 oTMeHsieT BBIOOp BHEIITHUX
TTOBEPXHOCTE.

Komanma No 34 3amaét KpaeBoe ycioBue,
COOTBETCTBYIOIIEE CUMMETPUYHOCTH 3a1a4UH.

Komannabl Ne 35 u 36 3agatoT KpaeBbie
YCJIOBHUS HA BXOJI€ U BBIXOJE KpaHa.

3. CoznaHrie KOHEYHO-3JIEMEHTHOI MOJETN
MOJIOBUHBI BHYTPEHHETO MPOCTPAHCTBA JUCKO-
BOI'0 3aTBOpAa, CHMMETPUYHOIO OTHOCUTETbHO
TOPUB3OHTAJIbHOM T10cKoCTH [1; 2]. JIMCKOBBI
3aTBOP — THUIM TPYOONPOBOAHOW apMaTyphl,
B KOTOPOM 3aM1parolldi WIU peryJupyoimn
9JIEMEHT UMeeT (popMy AKCKa, MOBOPAYMBAIO-
LIErocsl BOKPYT OCU, TIEPHEHIUKYISIPHON WU
PACIIONIOKEHHOM TMOJ YIJIOM K HampaBJIEHUIO
rmotoka paboueit cpensl [1; 2; 5; 6] (puc. 4).

7151 moCcTpOoeHUSI MOJEIN CUMMETPUYHON
MOJIOBUHBI BHYTPEHHETO 00bEMa AUCKOBOTO
3aTBopa (puc. 4) ¢ MIOCKOCKOIIEHHBbIM A~
CKOM KCITOJIb3YIOTCS CJEAYIOLINE TapaMeTphl
[1; 2]: D = 1(M) — BHYTpeHHUI MPOXOJHON
JTMaMETpP AUCKOBOTO 3aTBOPa U CaMOTro AUCKa
[1; 2]; H_ MAX = 0,1(M) — MakcumasbHas
TOJIIIMHA TJI0CKO CKOLIEHHOTO AUCKA B cepe-
nuHe [1;2]; H_MIN =0,03 (M) — MUHUMAJIb-
Hasl TOJIMHA AucKa Ha ero kpasix [1; 2]; Fi=
45 (rpagychl) — yroj oTKpbITUs aucka [1; 2];

VI PAH A M 5 MIN-

TaGmua 2
KoopauHaTsl ToYeK 151 TOCTPOEHUS
M0JIOBUHBI MPOIOJIBHOTO CeYeHHsI BHYTPEHHETO
MPOCTPAHCTBA TUCKOBOTO 3aTBopa [1; 2]

KP X-Loc Y-Loc Z-Loc

1 0 0 -H_MAX/2
2 D/2 0 -H_MIN/2
3 D/2 0 H_MIN/2
4 0 0 H_MAX/2

L=2+D — paccTosiHie OT BXOJHOI'O CEYEHMUSI
JIO MCKa 3aTBOPA 1 OT AUCKA 3aTBOPA JI0 BbI-
XOJHOTO ceyeHus B moaenu [1; 2]; V =
0,5 (M/c) — CKOPOCTb MepeKauYKN XKUIKOCTU
[1; 2]; P =3 (1E+5) (ITa) — maHOMeTpUYE-
cKoe naBjeHue B Tpyoomnposose [1; 2].

ITpu nocTpoeHnn Moae U AMCKOBOTO 3aTBO-
pa UCMOJIb3YIOTCS YEThIPE BCIIOMOTATEIbHbIE
KJTIOUEBbIE TOYKU C KOOPIMHATAMM, TIEpEeUMC-
JIeHHbIMM B Taosnuue 2 [1; 2].

Crimcok KoMaH 1 JUTsl 3aaHusI TapaMeTpOB,
Hayvayia paboThl B Mpenpoleccope, mocTpoe-
HUSI TIOJIOBUHBI BHYTPEHHETO MPOCTPaHCTBA
3aTBOPA C MJIOCKOCKOIIIEHHBIM TUCKOM, CUM-
METPUYHOTO OTHOCUTEJILHO TTPOIOJBHOM TO-
PU30HTATBHOM MIOCKOCTH (pUcC. 4), TPUBEAEH
B Tabauue 3 [1; 2].

Crpoka Ne 1 (tabm. 3) ompeneisieT UM
(paiina peienus ButterflyValve.

Ctpoku Ne 2—8 3amaioT 3HaUEHUS Tlapa-
METPOB 3aa4yu.

B cTpoke Ne 9 ycraHaBnuBaeTcst 3HaueHUE
KOHCTaHTHI t ¢ Hauayvieit njst ANSYS Tou-
HOCTBIO.

Ctpoka Ne 10 comepXUT KOMaHIy BXOIa
B MPenpoLeccop.

Crpoku Ne 11—36 npousBoasIT MOCTpOE-
HUE BEpXHeil MOJIOBUHBI 00bEMa I1apOBOTO
KpaHa MoCcpeaCTBOM:

* CO3IaHUS YETHIPEX KIIOUEBBIX TOUYEK
(ctpoku Ne 11—14) ¢ koopauHaTamMu U3 Tab-
JINLIBI 2;

* CUMMETPUYHOI'O0 OTOOpaXkeHUs IBYX
Touek (cTpoka Ne 15);

* CO3/IaHUST TTIOBEPXHOCTHU TI0 KITIOUEBBIM
ToukaM (cTpoka Ne 16);

* CO3/IaHusI MOJYLIMJINHIPA, UMUTUPYIO-
mero 3aTBop (cTpoka Ne 17);

* BBITSITMBaHUSI 00bEMA U3 MIPeIBAPUTEb-
HO CO3/IaHHO 10 KJII0YEBBIM TOUKaM TTOBEPX-
Hoctu (cTpoka Ne 18);

* JeJeHUs TTONYIUINHIPpA, UMUTHUPYIO-
IET0 3aTBOP, OOKOBBIMU MTOBEPXHOCTSIMH,
co3IaHHOTO 00BEMa (KoMaHIbl No 19—22);



Taoamna 3

Cucoxk KOMaH/J MOCTPOCHUs KOHEYHO-3,IEMEHTHOM Moae/n
BHYTpeHHero 00bémMa TucKoBoro 3aTsopa [1; 2]

No Komanna Ne | Komanma

1. /FILNAME, ButterflyValve, 0 33. |CSYS, 0

2. D=1 34. |CYLIND, D/2,0,-L,L,0, 180
3. Fi=45 35. |VSBV, 1,2,, DELETE, DELETE
4. H_MAX=0.1 36. | NUMCMP, ALL

S. H_MIN =0.03 37. |ET, 1, FLUID142

6. L=2-D 38. |SMRTSIZE, 8

7. V=0.5 39. | ESIZE, D/5

8. P=3+ (IE+5) 40. | MSHAPE, 1, 3D

9. Pi=ACOS(-1) 41. |VMESH, ALL

10. |/PREP7 42. |ASEL, S, AREA,, 3,12, 1,1

—
—

K, 1,0,0, -H MAX/2

43. |NSLA, S, 1

12. |K,2,D/2,0,-H_MIN/2

4. | D, ALL, VX, 0

13. |K,3,D/2,0, H MIN/2

45. |D,ALL, VY, 0

14. |K,4,0,0, H MAX/2

46. |D,ALL,VZ,0

15. |KSYMM, X, 2,3, 1

47. |ASEL, ALL

16. [A,1,2,3,4,6,5

48. |NSEL,ALL

17. | CYLIND, D/2,0, -H_MAX/2, H_MAX/2, 0,
180

49. |ASEL, S, AREA,, 15,,,1

18. | VOFFST, I, -D

50. |NSLA, S, 1

19. |VSBA, 1, 11,, DELETE, KEEP

51. |D,ALL, VX, 0

20. | VSBA, 4, 10,, DELETE, KEEP

52. |D,ALL, VY, 0

21. | VSBA, S, 8,, DELETE, KEEP

53. |D,ALL,VZ,0

22. |VSBA, 6, 13,, DELETE, KEEP

54. | ASEL, ALL

23. |VDELE, 1,5,1,1

55. | NSEL, ALL

24. |CYLIND,0.2:D/2,0,-L, L, 0, 360

56. |ASEL, S, AREA,, 13, 14,, 1

25. | CSYS, 5

57. |NSLA,S, 1

26. |VGEN, 2, 1,,,,90,,,, 1

58. | D,ALL, VY, 0

27. | CSYS, 1 59. | ASEL, ALL
28. |VGEN, 2, 1,,,,90,,,, 1 60. |NSEL, ALL

29. |CSYS, 0 61. |ESEL,ALL

30. |VADD,ALL 62. |DA,2,VZ, -V, 1
31. |CSYS, 5 63. |DA, 1, PRESS, 0, |

32. |VGEN,2,2,,,FL,, 1

64. | —-

* ynajJieHusl HeHYXKHBIX 00BEMOB, TTOJIY-
YEHHBIX TTOCJIC TTPOBEACHUS TTOCTICTHUX OIle-
paluii, BMECTe C MX [IOBEPXHOCTSIMU, pEopaMu
¥ KJTIOYEBBIMM TOUKaMu (KomaHmaa No 23);

* co3maHus MUIMHIpa (pUcC. 5), COOTBET-
CTBYIOIIIETO BePTUKAJIbHOMY Basly 3aTBopa
(komanma No 24);

* BKJIFOUCHUS TJI00aJIbHON IMJIMHAPUYIEC-
CKOM CHCTEeMbl KOOPAMHAT M TTOBOPOTA IIM-
JIMHApPA, UMUTUPYIOIIETO BaJl 3aIIMPAIOIIETO
sneMeHTa Ha yroa 90° (komaHabl No 25—28);

* aKTUBU3AIIUM TJIO0AJTBHOM JeKapTOBOI
cucteMbl KooparHaT (komanaa Ne 29);

* CJIOXKCHMSI TIOCTPOCHHBIX O0BEMOB 3aT-
Bopa u Baja (komaHma Ne 30);

VIVIEJ PARCU UFJA Vi D N = 4 =)

KPABYYKA KPABIYKANM BVIMXNCENT A aVICIH

CPERASNBACMON CPCIBTIIC OJTOKEANTOSATNINPAro

* BKJIIOUCHUS TJ100abHOM IUIUHAPIYIC-
CKOIi CMCTeMbI KOOPIMHAT 1 IIOBOPOTA 3aTBO-
pa Ha 3agaHHbIi yroa FI (komannmsr No 31
u 32);

* aKTUBU3AIMU TJI00AJTBHOI JeKapTOBOit
cUCTeMBbI KoopauHaT (KoMaHaa Ne 33);

* TOCTPOCHUS MOJYIUINHAPA BHYTPEH-
Hero o0béMa (KkomaHma No 34);

* BBIYMTAHUS U3 00BbEMA MOCTPOECHHOTO
LWIMHIpPaA 00bEMa, MONIEIUPYIOIIETO 3aTBOP
(komanma Ne 35);

* CXKaTusl HyMepalluyd BCeX reoMeTprye-
CKUX KOMIIOHEHT Mozeu (KoMaHaa Ne 36).

Hanee B Tabnauie 3 IPUBOIAITCS KOMaHIbI
Ne 37—41 co3paHusI KOHEUHO-3JIEMEHTHOM

2]
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Puc. 5. Ha4anbHoe nosoxeHne rniocKoCKOLIeHHOro 3aTBopa v ero Bana [1; 2]. ABTOPCKuUii pUCYHOK.

Puc. 6. KoHe4yHO-351eMeHTHasi MoAe b NoJIOBUHHOIO BHYTPEeHHero oobéma Auckosoro 3areopa [1; 2].
ABTOPCKWIi PUCYHOK.

cetku. Komanma No 37 BeiOupaeT 0ObEMHBII
BJIEMEHT JUTSI MOICIMPOBAHUS TEUCHUSI CPEIbI
FLUIDI142. Komanga Ne 38 ycraHaBiuBaeT
napametp SMRTSIZE 15t aBToMaTn4ecKoro
KOHTPOJISI TOYHOCTHU ITOCTPOSHUS CBOOOTHOTO
pazoueHus1 (OOJIBIIOe 3HAYCHME 3TOTO Tapa-
MeTpa TapaHTUPYeT MaJloe KOJUUYECTBO 3Jie-
MEHTOB, COOTBETCTBYIOIIIEE YUeOHOM BEPCUN
ANSYS10 ED). Komanma Ne 39 ycranabin-
BaeT OPMEHTUPOBOUYHBIN pa3Mep pedpa aJe-
MEHTa OTHOCHUTEIFHO BEJIMYMHBI ITapameTpa
D monmenu. Komanga Ne 40 ycraHaBiuBaeT
ImapaMeTp, CBUICTEIbCTBYIONINIA, UYTO pa3oue-
HHUe OyIeT BBIIOJHEHO MUPaMHUIATbHBIMU
snemeHTamMu. Komanga No 41 BBIIOJIHSET
pa3bueHue IMOCTPOEHHOro 00bEMa (puc. 6).
3aKaH4YMBAIOT CITMCOK KOMaH/ Ta0IULIBI 3
KoMaHabl Ne 42—61 3amaHust KpaeBbIX YCJI0-
BUI HaA y3/1aX KOHEYHO-3JIEMEHTHOU CETKU

U Jajee uayT ase Komanasl Ne 62 1 63 3agaHus
KpaeBbIX YCJIOBUIA HA IOBEPXHOCTSX, UMUTH -
PYIOIIUX BXOI M BBIXOA MOICIHU. DTO CYIIe-
CTBEHHO OTJIMYAET JAHHYIO MOJIEJIb OT IIPEIbl-
OyLIei, T.K. B JaHHOM clly4ae KpaeBble YCIIO-
BUSI 3a1al0TCSI HEIIOCPEICTBEHHO Ha KOMIIO-
HEHTaX KOHEYHO-3JIEMEHTHOIO pa30MeHuUs,
a He Ha KOMIIOHEHTaX reOMEeTPUYECKOM MO-
JEJIN.

Komanasr Ne 42—53 BeIOMpPArOT BHELITHUE
IOBEPXHOCTU MOJIE/IM U Y3JIOBbIe TOYKU KO-
HEYHO-3JIEMEHTHOTO pa30UeHUsI, HAaXOIsI-
LIMECs Ha 3TUX ITOBEPXHOCTSX, ISl 3aJaHUs
Ha HUX KPaeBbIX YCJIOBUI HNpUIMIIAHMS.
Komanabr Ne 54 11 55 oTMEHSIOT BEIOOD BHEIII-
HUX MOBEPXHOCTEM U y3/I0BbIX TOYEK HA HUX.
Komanabr Ne 56—58 BEIOMPAIOT IOBEPXHOCTh
IUIOCKOCTH CUMMETPUHU U Y3JI0Bble TOYKHU Ha
Hel JUIs1 OmpeaesieHUs KpaeBOro YCJIOBUS,



Puc. 7. KnunoBasi 3agBmxkka [1; 2]. ABTOPCKUI PUCYHOK.

Taoamna 4

KoopauHaTbl ToUEK Il TOCTPOEHHUS OJIOBUHBI IIPOJIOJILHOTO CeYeHHsI BHYTPEHHETO
MPOCTpPaHCTBa TpoitHuKa [1; 2]

KP X-Loc Y-Loc Z-Loc

1 0 -H/2 -L/2

2 0 -H/2 L/2

3 0 H/2 L/2 + H+ TAN(FI/180 « PI)
4 0 H/2 L/2 + H+ TAN(FI/180 « PI)
5 0 H/2 -L/2 — H+« TAN(FI/180 « PI)
6 0 H/2 -L/2 — H+« TAN(FI/180 « PI)

COOTBETCTBYIOIIETO CUMMETPUU JaHHOMW 3a-
ngaun. Komanabr No 59—61 oTMeHSIOT BBIOOD
MMOBEPXHOCTE! Ha TJIOCKOCTA CUMMETPUH,
Y3JI0BBIX TOUEK U 3JIeMEHTOB Ha HUX. KomaH-
el No 62 1 63 3a1a10T KpaeBble YCIOBUsI Ha
BXOJI€ U BBIXOJIE TUCKOBOTO 3aTBOPA.

4. Co3naHue KOHEYHO-3JIeMEHTHOM MoJie-
JI BHYTPEHHETO MPOCTPAHCTBA KIMHOBOU
3aaBrKKH [1; 2]. 3anBukka — MPOMBIIIIEH-
Hasl TpyOOINPOBOAHAS apMaTypa, B KOTOPOW
3aIMOPHBIA OpraH nepemMeniaeTcss BO3BPaTHO-
MOCTYIATEbHO NePHEHANKYJISIPHO OCU MOTO-
Ka paboueii cpenbl [1—4]. BoaMoxHO nipume-
HEHUE 3aJBUXEK JUISI IBYXITO3UIIMOHHOTO
(IMCKPETHOIO) peryaMpoBaHUs MOTOKA pabo-
yeii cpenpl [1; 2]. [lepekpbiTue B 3aABUXKKaX
OCYIIECTBJISIETCS 3a CUET 3aIOPHOTO DJIEMEH-
Ta, MEePEeropaxxnBarIIero NoTok. B maHHoM
CTaTbe pacCMaTpUBAETCST KIMHOBASI 3a/IBVKKA
(puc. 7) [1; 2].

Js TOCTPOEHUsT MOJIeJIM BHYTPEHHETO
00BbEMa KJIMHOBOW 3aABUXKHU (puc. 7) uc-

VINP PAH PJA Ml O NS 5

MOJIL3YIOTCS clieylolue napameTpsl [1; 2]:
D =1 (M) — BHyTpeHHU I BXOAHOW U BBIXO/-
Ho#t nuametp Tpyos! [1; 2]; H =1 (M) — BbI-
cota kiuHa [1; 2]; h_ = D (M) — BbIcoTa na-
panjelbHOU 4yacTu 3aaBUXKuU [1; 2];
POSITION = 0,5« H (M) — noJjioxkeHue 3a-
JIBUXKKU OTHOCUTEJIBHO MTOJIHOTO 3aKPBITUS [ 1;
2]; L = 0,05 (M) — MUHUMaJIbHAs TOJIIUHA
knuHa [1; 2]; Fi= 5 (rpamycoB) — yroJj HaKj1o-
Ha OOKOBBIX IUIOCKOCTeM 3aABUXKU [1; 2]; V=
0,5 (M/c) — cKOpOCTb TIepeKaYKH KUIKOCTH;
P =3+ (1E+5) (ITa) — MmaHOMETpHUYECKOE
naBiieHue B Tpybornposoze (puc. 7) [1; 2].

ITpu mocTpoeHUM MOAENU KJIMHOBOK 3a-
JIBUKKU UCTIOJNIb3YIOTCS IIECTh BCLIOMOTATE b~
HBIX KJIFOUEBBIX TOUEK C KOOPAUHATAMMU, Tie-
peuyrcieHHbIMU B Tabsuie 4 [1; 2].

Cnucok KOMaH ISl 3alaHusl TapaMeT-
pOB, Hayaja paboThl B pemnpoleccope, mo-
CTPOEHUS MOJOBUHBI BHYTPEHHETO MPO-
CTpaHCTBa KJIWHOBOW 3aJBUXKU, CUMMET-
PUYHOTO OTHOCUTEIBHO MPOJOJIbHOM BEPTU-
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Taoamna 5

CnHCOK KOMAH/I MOCTPOEHUST KOHEYHO-3IEMEHTHOI MOJIE/IH U 3aJaHHUS KPAeBbIX YCJIOBHIA
BHYTpPeHHero 00béMa KJIMHOBOW 3aaBikky [1; 2]

Ne | Komanma Ne | Komanma

1. /FILNAME, WedgeGateValve, 0 29. |CYLIND, D/2,0,-2+D,2+D, 90, 270
2. D=1 30. |VADD, 1,3

3. H=1.05 31. |VSBV,4,2,, DELETE, DELETE
4. |h_=D 32. |AADD, 20, 19, 36,7, 21

S. Fi=35 33. |ET, 1, FLUIDI142

6. |V=0.5 34. |SMRTSIZE, 8

7. L=0.05 35. | ESIZE, D/5

8. POSITION =0.5-H 36. | MSHAPE, 1, 3D

9. P=3- (IE+5) 37. | VMESH, 1

10. | Pi=ACOS(-1) 38. |ASEL, S, AREA,, 32, 35, 1
11. |/PREP7 39. |ASEL, A, AREA,, 37

12. |K,1,0,-H/2,-L/2 40. |ASEL, A, AREA,, 5,6, 1
13. |K,2,0,-H/2,L/2 41. |ASEL, A, AREA,, 1, 10,9
14. |K, 3,0, H/2, L/2+H « TAN(FI/180 * PI) 42. | ASEL, A, AREA,, 25,26, 1
15. |K,4,0,H/2+h_,L/2+ H-+TAN(FI/180« PI) 43. | DA, ALL, VX, 0,1

16. |K,5,0,H/2+h_,-L/2—H-+TAN(FI/180 - PI) 44. | DA, ALL, VY, 0, 1

17. |K,6,0,H/2,-L/2 —H+TAN(FI/180 « PI) 45. | DA, ALL,VZ, 0,1

18. |*DO,1i, 1,5 46. | ASEL, ALL

19. |LSTR,i, i+l 47. | ASEL, S, AREA,, 23,24, 1
20. |*ENDDO 48. | ASEL, A, AREA,, 27,28, 1
21. |LSTR, 6,1 49. |ASEL, A, AREA,, 2

22. |AL,1,2,3,4,5,6 50. | DA, ALL, VX, 0, 1

23. | VOFFST, 1, H/2 51. | DA, ALL, VX, 0, 1

24. |CYLIND, H/2, 0, -H, H, 180, 270 52. | DA, ALL, VX, 0, 1

25. | VSBA, 1, 11,, DELETE, DELETE 53. |ASEL,ALL

26. | VDELE,2,3,1,1 54. | DA, 18,VZ, -V, 1

27. |NUMCMP, ALL 55. | DA, 17, PRESS, 0, 1

28. | VGEN, 2, 1,,,, POSITION 56. | ——

KaJbHOU MIOCKOCTHU (puc. 7), MpUBEIEH
B Tabume S [1; 2].

Ctpoka No 1 (Tabm. 5) ompenensier uMst
daiina pemenus WedgeGateValve.

Crpoku Ne 2—9 3amaror 3HaYeHMSI T1apa-
METpOB 3a1auM.

B ctpoke Ne 10 ycraHaBnBaeTcst 3SHaUeHUE
KOHCTaHTHI 1t ¢ Hauyuieit 1 ANSYS Tou-
HOCTBIO.

Ctpoka No 11 comep:XUT KOMaHIy BXoaa
B IIPEIPOIIECCOP.

Crpoxku Ne 12—32 mpou3BOASAT MOCTPOL-
HUE MTOJIOBUHBI 00BbEMA KIIMHOBOM 3aIBUKKU
ITOCPEACTBOM:

* CO3MAHMSI IIECTU KIIOYEBBIX TOYEK 00-
pasyomux IpoGIb KIMHOBOU 3aIBUKKHN
(ctpoku Ne 12—17) ¢ koopnuHaTamu U3 Tab-
JIVLIBI 4;

* MOCTPOCHUS JUHUMN, COCTUHSIONINX
IMTOCTPOSHHBIE KJIIOUEBbIE TOUKH, C UCITOJIb-

30BaHUEM omepaTopa HUKIa (CTPOKH
Ne 18—-21);

* CO3IMaHUS IMOBEPXHOCTU MPODUISI 3a-
JBUXKY TI0 TUHUSIM (cTpoka No 22);

* BBITSTUBAHUS NpOGUIS 3aIBUXKU
(ctpoka Ne 23);

* TIOCTPOCHUS BCIIOMOTAaTeJIbHOM YeTBEeP-
™™ mIMHApa (cTpoka Ne 24);

* JeJieHusi 00bEMa, TIOCTPOEHHOIO BhITSI -
TMBaHUEM OOKOBOI TIJIOCKOCTBIO YETBEPTH
nuarmHIpa (KomaHasel Ne 25);

* ymajieHusl HEeHYXKHBIX 00BEMOB, TIOJTY-
YEHHBIX TTOCJIC TIPOBEICHUS TTOCICTHUX OIle-
paluii, BMECTe C X [IOBEPXHOCTSIMU, pEOpaMu
M KJTIOYEBBIMU TouKamu (KoMaHaa Ne 26);

* CXXaTusl HyMepaluyl BCeX TeoMeTpryIe-
CKUX KOMITOHEHT Mozieu (komaHna Ne 27);

* CcO3JdaHUs KOMUU 00BEMaA, COOTBET-
CTBYIOIIIETO 3aIBMKKE HA 3aIaHHOM PacCTOsI-
aHun POSITION (komanma Ne 28);



Puc. 8. KoHe4Ho-3. HTHOE pa3(C

ine MoAesv NoJIoBUHbI BHYTPEHHEro o6béma KJInHoBow 3aaswxkku [1; 2].

ABTOPCKWNIi PUCYHOK.

* TIOCTPOCHUS MOJYLUUIUHAPA BHYTPEH-
Hero oobéMa (komaHma Ne 29);

* CJIOXKEHUSI TIEPBOTO 1 TPEThETO (MOoCea-
Hero) o0bEMOB (koMaHaa Ne 30);

* BBIYUTAHUS U3 pe3yjbTaTa CI0XKEHUS
BTOpPOTO 00bEMA, MOCTPOEHHOTO CIBUIOM,
1 MOJEJMPYIOILIETO MOJ0XKEHUE 3aIBUXKKU
(koManga Ne 31);

* CJIOXKEHMUSI OOKOBBIX IOBEPXHOCTEM Bep-
TUKAJbHOTO CEYEHMSI 3aIBUKKU JIJIS1 yIIPOILe-
HUS 3aaHUs KpaeBbIX YCIOBUI (KOMaHaa
No 32).

Hanee B Tabnule 5 MPUBOIATCS KOMaHIbI
No 33—37 co3naHusi KOHEUHO-3JIEMEHTHOM
cetku (puc. 8). Ux onucaHue MOJHOCTHIO
COOTBETCTBYET MPEIbIAYIIEeMY HNpUMEPY
(koMaHabl Ne 37—41 tabauisl 3).

3aKaHYMBAIOT CIIMUCOK KOMaH TaOIUIIBI 5
KomaHbl No 38—55 3amaHusl KpaeBbIX YCI0-
BUIA HAa KOMIIOHEHTAX FTEOMETPUYECKOU MOoIe-
. Komanabl Ne 38—45 BeIOMpaloT BHELIHME
TMOBEPXHOCTH MOJENM IS 3aJaHus Ha HUX
KpaeBbIX ycioBult mpununanus. Komanma
Ne 46 orMeHsIeT BIOOP BHELIHUX ITOBEPXHO-
creii. Komanabl No 47—52 BEIOUPAIOT ITOBEPX-
HOCTHU IIJIOCKOCTU CUMMETPUM JIJIS1 OTIpeeie-
HUSI KPaeBOIO yCJIOBHSI, COOTBETCTBYIOILIETO
CcUMMeTpUM naHHo# 3agaun. Komanga No 53
OTMEHSIET BbIOOP ITOBEPXHOCTEM Ha TIOCKOCTHU
cumMeTtpuu. Komanasl Ne 54 u 55 3agaior
KpaeBble YCJIOBUS Ha BXOIE U BHIXOAE KIIMHO-
BOW 3a[IBUKKU.

5. Co3znaHue KOHEYHO 2JIEMEHTHOM Mojie-
JIM BHYTPEHHEIo MPOCTPaHCTBA YIJI0BOTO
knanana [1; 2]. Knanan — nmpoMbllieHHas

VIVIEM PARCILIOEIA IV O JIN = =8I N 2UZ0

NPaBYYKIA N\PaBSYKIARYI SNVINXNCENSIA AVNCIE U

ICPCRASNBACMOV L PEABTHIONIOJIOKEHVTIO SATINPDAFOINXIS)]

Puc. 9. Paspes yrnosoro knanaHa [1; 2]. ABTopckuii
PUCYHOK.

TpyOOIIPOBOIHAS apMaTypa, B KOTOPOIii 3a1iop-
HBIM WIX PETYJIMPYIOIINUIA OpraH IepemMelia-
€TCs1 BO3BPATHO-IOCTYIATEIbHO MapajlieIbHO
ocH MoToka pabdoueli cpensl (puc. 9) [1; 2; 5;
6]. o 1981 roma xnamaH, B KOTOPOM 3aIlk-
PAIOILMI 3JIEMEHT MepeMeIlaeTCs C TOMOIIIbIO
BUHTOBOII Taphl U yIpPaBJsIeTCsl BPYUHYIO,
00bIYHO Ha3biBaiu BeHTUJeM [1; 2]. Ceituac
TEPMUH «BEHTWIb» HE JOITyCKAETCSI K UCITOJIb-
3oBaHuio [OCTowm [7].

st mocTpoeHUs1 MOAeIU BHYTPEHHEro
00bEMa yIJIOBOro KilamnaHa (puc. 9) Ucrob3y-
I0TCs clieaytouide napamerpsl [1; 2]: D =
0,5 (M) — BHyTpeHHUIT 1UaMeTp Tpyosl [1; 2];
D1 =0,6 (M) — nnameTp KaMephl KiamnaHa [1;
2]; D2 = 0,55 (M) — nnameTp 3amnuparoiiero
aJieMeHTa Kjiamnasa [1; 2]; D3=0,1 (M) — nua-
METp CTep>KHS 3anuparolero ajaeMeHTa [1; 2];

[

COPCTMHECKNMMIMETOANWTIDABJICEHNAIPD dCXOAO0OM

ICMCHTOBR PDYOOTIDOBOAROVNEIDMATYPBI
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Ta0auna 6

32 Komanapl mocTpoeHHs: KOHEYHO -3 IEMEHTHOI MOJIe) i 00bEéMa YIJIoBOro Kianana [1; 2]
Ne | Komanna Ne | Komanna
1. |/FILNAME, Valve, 0 49. |D,ALL, VY, 0
2. |D=05 50. |D,ALL, VZ,0
3. |DI=0.6 51. |ASEL, ALL
4. |D2=0.55 52. |NSEL, ALL
5. |D3=0.1 53. |ASEL, S, AREA,, 28, 34,6, 1
6. |H=0. 54. |NSLA, S, 1
7. |HI=D+2+H 55. | D, ALL, VX, 0
8. |L=2:D 56. |D,ALL, VY, 0
9. |POSITION=2+H 57. |D,ALL, VZ,0
10. V=05 58. | ASEL, ALL
11. |P=3+ (IE+5) 59. | NSEL, ALL
12. | Pi=ACOS(-1) 60. |ASEL,S, AREA,,26,,, 1
13. |/PREP7 61. |NSLA,S,1
14. |CYLIND, D/2,0,L,0,0, 180 62. |D,ALL, VX, 0
15. |CYLIND, D1/2,0,0,-H1, 0, 180 63. |D,ALL, VY, 0
16. |CYLIND, D/2,0,L,0,0, 180 64. |D,ALL,VZ,0
17. |CSYS, 5 65. |ASEL,ALL
18. |VGEN,?2,3,,,,270,,,, 1 66. |NSEL, ALL
19. |CSYS,0 67. |ASEL, S, AREA,,4,5,1, 1
20. |VGEN,2,3,, ., -(H+D/2),,, 1 68. |NSLA,S, 1
21. |CYLIND, D2/2,0,0, -H, 0, 180 69. |D,ALL, VY, 0
22. |CYLIND, D3/2,0,-H/2, -L, 0, 180 70. |ASEL, ALL
23. |VADD, 1,2,3 71. |NSEL, ALL
24. |VADD, 4,5 72. |ASEL,S,AREA,, 22,23,1,1
25. |VGEN, 2, 1,,,,, -POSITION,,, 1 73. |NSLA, S, 1
26. |VSBV,6, 1,, DELETE, DELETE 74. | D, ALL, VY, 0
27. |ET, 1, FLUID142 75. | ASEL, ALL
28. |SMRTSIZE, 8 76. | NSEL, ALL
29. |ESIZE, D/5 77. | ASEL, S, AREA,, 29, 30, 1, 1
30. |MSHAPE, 1,3D 78. |NSLA, S, 1
31. |VMESH, ALL 79. | D, ALL, VY, 0
32. |ASEL, S, AREA,, 1,3,2,1 80. |ASEL,ALL
33. |NSLA,S, 1 81. |NSEL,ALL
34. |D,ALL, VX, 0 82. |ASEL, S, AREA,, 16, 19, 3, 1
35. |D,ALL, VY, 0 83. |NSLA, S, 1
36. |D,ALL,VZ,0 84. |D,ALL, VY, 0
37. |ASEL,ALL 85. | ASEL, ALL
38. |NSEL, ALL 86. |NSEL, ALL
39. |ASEL, S, AREA,, 17,18, 1, 1 87. | ASEL, S, AREA,, 33,,, 1
40. |NSLA,S, 1 88. |NSLA, S, 1
41. |D,ALL, VX, 0 89. |D,ALL, VY, 0
42. |D,ALL, VY, 0 90. |ASEL,ALL
43. |D,ALL,VZ,0 91. |NSEL,ALL
44, |ASEL, ALL 92. |NSEL, ALL
45. |NSEL,ALL 93. |ESEL,ALL
46. |ASEL,S,AREA,, 15,20, 5, 1 94. |DA,2,VZ, -V, 1
47. |NSLA, S, 1 95. | DA, 12, PRESS, 0, 1
48. | D, ALL, VX, 0 96. | ——

VINPA PARCIIOPIA VI O JIN= 5 B 22 =191 202(
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Puc. 10. Kone4Ho-3. THOe pa3(

eHue MoAenn NoJIoBUHbI BHYTPEHHEro o6béma yrsiosoro knanasa [1; 2].

ABTOPCKMNIi PUCYHOK.

H=0,1 (M) — BbICOTa 3amMpaloIIero 3J1eMeH-
Ta crpexHsd [1; 2]; HI = D + 2+ H — BoicoTa
kamepsl [1; 2]; POSITION =2 « H — nonoxe-
HUE 3aIlMpalolIero 3JeMEHTa OTHOCUTEIBHO
KpailHEero HUKHETO COCTOSIHUSI «ITOJTHOCTBIO
nepekpbiTo» [1; 2]; L =2+ D — pnuHa TpyObl
[1; 2]; V= 0,5 (M/c) — cKOpOCTb MepeKauKu
xuakoctu [1; 2]; P= 3+ (1E+5) (ITa) — maHO-
MeTpUUecKoe JaBjieHue B Tpyoorposose [1; 2].

CrucoK KOMaHI JUTs 3a1aHusl TapaMeTPOB,
Hauaja paboThl B IIPEIPOLIECCOPe, IMTOCTPOE-
HUSI TTOJIOBUHBI BHYTPEHHEIO MPOCTPAHCTBA
YIJIOBOTO KJlanaHa (puc. 9), CMMMETpUYHOTO
OTHOCHUTEJIbHO MPOIO0JbHON BEPTUKAIBbHOM
TUTOCKOCTH, MpUBeAEH B Tabauie 6 [1; 2].

Ctpoka Ne 1 (tabi. 6) ompenensieT UMs
(aiina pemeHus Valve.

Ctpoku No 2—11 3amaroT 3HaYeHUs Mapa-
METPOB 3a1a4M.

B crpoke Ne 12 ycraHaBiauBaeTcst 3SHaUeHUE
KOHCTaHTHI T ¢ Hauyuiei st ANSYS Tou-
HOCTBIO.

Ctpoka No 13 comepXUT KOMaHAy BXxojJa
B IIPEIPOLIECCOp.

Crpoxku Ne 14—26 mpou3BOAsAT MOCTPOE-
HUE MOJIOBUHBI 00bEMa KIIMHOBOM 3aIBYKKHU
MOCPENCTBOM:

* co3AaHMs TPEX MOMYLUIUHAPOB (CTPOKHU
Ne 14—16);

* IMEePEKIIOUYCHUs B UMIMHAPUUECKYIO
cucTeMy KoopauHart (ctpoka Ne 17);

* MOBOPOTA OJHOTO M3 MOJYLMUIUHIPOB
(ctpoka No 18);

* BO3BpallleHUsI B INIO0AJIbHYIO IEKapTOBY
cucteMy KoopauHar (ctpoka Ne 19);

VINPA PAHC OPJA v D N = =)

KPAaBYYKA KpdB

CPERASNBACMON TP CB

* CMEIICHMS TIOBOPAYMBAEMOTI0 MOIYIIH-
auHapa (ctpoka Ne 24);

* CO3/JaHUS ABYX BCIIOMOTATeIbHBIX IMO-
JIYUAIMHAPOB, UMUTUPYIOIIMX 32l paloIUi
2JIeMEHT Ha Baly (KoMaHIbl No 21—22);

* CJIOXEHUS TePBbIX TPEX MOTYLIMINH-
JIPOB, UMUTUPYIOLINX BHYTPEHHUI 00BEM
yIJ0BOro KjaamnaHa (komanaa Ne 23);

* CJIOXKEHMS IMOCASIHUX IBYX MOTYLIINH-
JIPOB, UMUTUPYIOLLIMX 3alIPAIOIINIA 2JIEMEHT
1 Ban (KomaHma Ne 24);

* CIIBMTA 3alMpalolIero 3JeMEeHTa B I0JI0-
xkeHne POSITION (komanma Ne 25);

* BBIYMTAHMS 00BEMA 3aIIMPAIOIIETO JIe-
MEHTa M3 BHYTpeHHero o0b&Mma KjamaHa
(xomanga Ne 26).

Hanee B Tabauiie 6 TPUBOIATCS KOMAHIbI
No 27—31 co3naHusi KOHEUHO-3JIEMEHTHOM
cetku (puc. 10). Mx onucaHue MOJHOCTBIO
COOTBETCTBYET MpEAbIAYIIeMYy NPUMEpPY
(komanabl No 37—41 Tabnulisl 3).

3aKaHYMBAIOT CIIMCOK KOMaH/I Ta0IUIIbI 6
koMaHabl No 32—93 3amaHusl KpaeBbIX YCIIO-
BUIA Ha y3J1aX KOHEYHO-3JIEMEHTHOMN CETKU,
U ganee uayT ase KoMaHabl Ne 94 11 95 3agaHus
KpaeBbIX YCJIOBUIT HAa TOBEPXHOCTSIX, UMUTH -
DPYIOIIMX BXOJ W BbIXOA KiamaHa. OTMETUM,
410 onucaHue komana Ne 32—93 (Tabu1. 6) moJi-
HOCTbIO COOTBETCTBYET OMMCAHUIO KOMaHI
No 42—61 tabmuusl 3. I1pu sTOoM 3amaHue
KpaeBbIX yca0BUil KomaHaaMu Ne 94 u 95 u3
Ta0JIUILBI 6 HEOTHOKPATHO KOMMEHTUPOBA-
JIOCH B IPEABIAYILINX IPUMEpPaX.

6. 3agaHue (PU3NIYECKUX CBOMCTB HECKM-
MaeMOM XUIKOCTU IJISI BCEX KOHCTPYKIIMMA
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Ta6mmma 7
CncoK KOMaH/I 32Ja10IMHX
cBoiicTa cpensl [1; 2]

2

Komanna

FLDATA7, PROT, DENS, CONSTANT
FLDATAS, NOMI, DENS, 1000
FLDATA?7, PROT, VISC, CONSTANT
FLDATAS, NOMI, VISC, 0.000894
FLDATA7, PROT, COND, CONSTANT
FLDATAS, NOMI, COND, —1
FLDATA7, PROT, SPHT, CONSTANT
FLDATAS8, NOMI, SPHT, —1
FLDATALIS, PRES, REFE, P

R E Pl N Rl ol el ol

TaGauua 8
CnHCcoK KOMaH/I ISl onpe/iesieHust
napamMeTpoB peniaTeisi U penieHus
3amaun [1; 2]

=

Komanna

FLDATAI1, SOLU, TRAN, 0
FLDATAL, SOLU, TEMP, 0
FLDATAI1, SOLU, TURB, 1
FLDATAI1, SOLU, COMP, 0
FLDATA24, TURB, MODL, 3
FLDATA37, ALGR, SEGR, SIMPLEN
FLDATA2, ITER, EXEC, 500
FLDATA34, MIR, MOME, 0.35
FINISH

/SOL

SOLVE

FINISH

Rl el PN EAN Rl Pl Bl El e

,_.
e

—_ =
D | —

3aIIOpHBIX apMmartyp. Pu3ndeckue cBOiCTBa
XKUJAKOCTU 3a1al0TCsl ¢ TTOMOIIbIO KOMaH],
3a7aHus] CBOMCTB XXUJIKOCTH, a TAKXKe MaHO-
METPUYECKOTo IaBiaeHUs U3 Tabauubl 7 [1; 2].
B yacTtHOCTH, KOMaHbI TAOIUIIBI 7 yKa3biBa-
10T 3HaYeHue mmotHocTH 1000 Kr/M> 1 BSI3KO-
ctu 0,000894 Ila « c xxunkoctu [1; 2; 8].

3anaHue TepMOJIMHAMUYECKUX XapaKTe-
PUCTUK HEBO3MYIIEHHOIO MOTOKA OCYIIe-
CTBJsIETCS MO yMoadyaHuio. C MOMOIIbIO
KoMaHIBl No 9 TaGmuubl 7 yKa3bplBaeTCs
HeoOXxoanMasi BeJIMuMHa MaHOMETPUUECKO-
ro nasiaeHus P.

7. IToAroToBUTEILHBIE MEPOIIPUSTUS TIe-
pen pelieHrueM MOCTaBIEHHBIX KpaeBbIX 3a/1a4
TeUeHUS XKUAKOCTHU U pelieHue 3agauu [ 1; 2].
3agaHue MOJEIM TeYEHUST XKMIKOCTU He00XO0-
JIMMO OCYILLIECTBUTH C TIOMOIIbIO KOMaH ¢ 1
o 5[1; 2]. B 6 crpoke TaGiuiIbl 8 IPUBOIUT-
cs1 KoOMaH1a BbIOOpa aaropuTMa pelieHus
BUXpeBoii 3amauum [1; 2].

VINPAI PAH PIA TRl O INC

HecMorpst Ha To, 4TO pemaeTcs 3amavya
crauroHapHasi, Ho Bo FLOTRAN npu atom
WCTIONIB3YIOTCSI UTEPAITMOHHBIC aJITOPUTMBI,
IMO3TOMY TIepel 3aITyCKOM peIleHUs 3aJaun
HEOOXOMMO OTPaHUYNTh KOJTMIECTBO UTepa-
nuii. HazHaueHue KojJuyecTBa UTEpaLUid
OCYIIIECTBIISIETCS C TOMOIITBIO0 KOMaHIbI, TIPU-
BEeIEHHON B 7 CTpOKe TaOJULIbI 8.

ITpu perreHnn 3ama4m MOXeT BO3HUKATh
OIIMOKa ¢ yKazaHWeM Ha TO, YTO B pelraeMoi
MaTpulie Ha OTIPeIeIEHHON UTepalliy MOJTy-
4yalTCcs OTpULaTeIbHbIe 2ieMeHThl. O00iTH
JAHHYIO OIIMOKY MOXHO C ITOMOIIBI0 KOMaH-
bl 8 B Tadnuie 8 (mapamerpy MIR HeoOxo-
IUMo mpucBouTh 3HaueHue 0,35). Ha atom
MOATOTOBKA JII0OOO U3 pACCMOTPEHHBIX 33124
K peIIeHUI0 3aKaHYMBAETCS, M JUISl 3aIycKa
aJIrOpyUTMa pellieHusI HE0OXOIMMO MCITOIb30-
BaTb KoMaHAbl 10—12 13 Tabnuiis 8.

8. UteHue pe3y/bTaToB pelleHMsl 3a1a4u Ha
rocjeaHeM 1are v ux otoopaxkenue [1; 2]. Io-
CKOJTbKY BUXPEBBIE 33/1aUU (aKe CTallMOHAPHbIE)
pelarTCsl UTEpaIliMOHHO, TO, YTOOBI TIOJTYIUTh
JIOCTYTI K pe3yJIbTaTaM pellieHus, He00XOIMMO
TPOYUTATH MOCTIEAHKE TTO BpEMEHU JIaHHBIE Pe-
weHus [1; 2]. BeimosHsieTcss 3To ¢ MOMOIIbIO
nyHkTa MeH1o: Main Menu > General Postproc
> Read Results > Last Set [1; 2].

751 oToOpaKeHus pe3yJIbTaTOB B BEKTOP-
HOM BHJIe HEOOXOJIMMO BOCITOJIb30BAaThCS
nyHKToM MeH0o Main Menu > General
Postproc > Plot Results > Vector Plot >
Predefined [1; 2]. B mosiBuBIIEMCSI OKHE CTIE-
JIyeT BBIOpATh TPeOyeMble pe3yJIbTaThl B CTIUC-
Ke 1, €CJI HEOOXOIMMO, U3MEHUTD pa3Mephl
BEKTOPOB CKOpocTeii motoka (puc. 11) [1; 2].

SAKJIIOHEHME

C 1ebio peneHus KOMITIEKCHOM TTpo0sie-
MBI YIIpaBJAEHUS U pecypcocOepekeHus Ha
TPYOOTIPOBOTHOM TPAHCITOPTE B CTaThe MpPel-
JIOXKEHBI TapaMeTpUIeCKUe MOJIETU BUXPEBO-
o CTAallMOHAPHOTO TEUYEHUS B TAKUX BUIAX
3aMOPHO-PETyJIUPYIOIIE apMaTyphbl, Kak
1IapOBOYi KPaH, NMCKOBBIN 3aTBOP, KIIMHOBAS
3aIBMKKA, YIJIOBOM KiiamnaH [1; 2].

be3 yiiepbda o061IIHOCTH METOIMKH B Kaue-
CTBe MpUMepa MepeKauynBaeMOo Cpeibl pac-
cMarpuBaetcs Boja [1; 2].

AmnanusBbinonHeH cpeactBamu FLOTRAN
CFD nporpammsr ANSYS10 ED [1; 2].

YcTaHOBIIEHO, YTO pacxol Cpelabl U CKO-
pPOCTh €€ MPOKAYKU MOXHO OTPEAENsATh MO
TOJIOXKEHWIO 3aupalollero ajeMenTa [1; 2].
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Puc. 11. lMone ckopocTeri B napamMmeTpu4ecKmux MOAeIsiX 3arnopHoO-perynupyioLlleii apmarypsl [1; 2]:
a) wapoBoi KpaH, 6) ANCKOBbI 3aTBOP, B) KIMHOBAas 3aABWXKa, A) Yr7IOBOW KianaH.
ABTOPCKMNIi PUCYHOK.

YCcTaHOBJICHO, UTO Ha XapaKTep TCUCHUS
U pacxXxo Cpelbl OKa3bIBacT BIAMSHUE KakK
TeOMETPHST PACCMOTPEHHBIX BUIIOB 3aIIOPHO-
peryampyouei apmaTypbl, TaKk U CKOPOCTb
noroka [1; 2].

[Ipennaraembie MOICIN M METOIUKA MO-
JKET OBITh IPUMEHEHA [T JIIOOBIX KOHCTPYK-
LM apMaTyphl, CBSI3aHHBIX C PACYETOM JIBU-
JKEeHMS BSI3KOM Kuakoctu [1; 2].

st yaydieHUsT KauyecTBa pe3yIbTaToB,
IMOJTyJ4aeMbIX Ha TIpeljiaraéMbIX MOICIISIX,
HEOOXOMUMO B MPUBEAEHHBIX CITMCKAX KO-
MaH]I TOJIbKO yKa3aTh 3HaUCHUE, YIIy4Ilaro-
KX pa3oueHune rmapamMeTpos [1; 2].

JINTEPATYPA
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ABSTRACT

Any object located in the pipeline, including the flow meter,
leads to a drop in pressure in the pipeline and the need to increase
the power of the pumps. Therefore, it seems promising to reduce
energy consumption for pumping fluid in the pipeline by reducing
the number of flow meters installed after shut-off and control
valves and to predict the flow rate of the pumped medium by the
position of the locking element in the valve. This will also lead to
a reduction in the cost of transporting media by reducing the
number of metering devices. In order to solve this complex
problem in pipeline transport, the article solves a number of
regional problems of hydromechanics based on the finite element
method. In order to simplify the acquaintance with these solutions,
as well as their practical application by engineers, the article
proposes «parametric stationary vortex flow models in such types
of shut-off and control valves as a ball valve, butterfly valve, wedge

gate valve, angle valve. Without prejudice to generality of the
technique, water is considered as an example of a pumped
medium. The analysis was performed using FLOTRAN CFD
software of ANSYS10 ED program».

The article describes in detail the capabilities of both the
graphical interface and the command line. Creating models is
accompanied by full comments on the actions, which allows any
user to master these models. All stages of building models are
considered in detail: construction of a solid-state model, selection
of elements, appointment of properties of the pumped media,
appointment of boundary conditions, as well as solving the
problem and viewing the results. «It has been established that the
flow rate of the medium is affected both by the geometry of the
considered types of shut-off and control valves», and the position
of the locking element. The technique can be applied to any
designs of pipe fittings associated with calculation of movement
of a viscous fluid.
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«Until now, all hydrodynamic calculations
of pipelines have been carried out using semi-
empirical formulas obtained mainly for the
laminar flow of the medium in the pipeline, in
which experimentally determined coefficients
taking into account Reynolds numbers are
present. Using this approach, various effects
that occur during pumping of the medium and
possible occurrence of vortices and other
phenomena in these cases that reduce the
velocity of the medium are taken into account»
[1, p. 6].

«The main weakness of these methods is
intuitiveness and complexity of adequately
determining the necessary values of Reynolds
numbers and inability to theoretically predict
the flow rate of the pumped medium through
shut-off and control valves» without installing
additional metering devices (flow meters), which
significantly increases the cost of building and
operating pipelines [1, p. 6; 2, p. 6].

In addition, since it is obvious that any
metering device is an obstacle to the medium,
installation of any additional equipment in the
path of the pumped stream leads to a pressure
drop [1; 2]. Although it is «insignificant, a lot
depends on the number of metering devices
along the route, which can lead to a significant
increase in the cost of electricity for pumping
the medium» [1, p. 6; 2, p. 6].

Accordingly, one of the obvious ways to
reduce energy and resource costs for
operation of pipeline transport is to maximize
simplification of pipeline equipment
(a significant reduction in the number of
control and measuring equipment)», as well
as to use of a calculation-theoretical
methodology for controlling the flow of the

medium and its redistribution» over flows
using such modern means of analysis of the
eddy flow of liquid and gas as ANSYS with
FLOTRAN module» [1, p. 6; 2, p. 6].

The proposed parametric models of shut-off
and control valves will make it possible to refuse
to install additional flow meters on the pipeline
route, and to determine the flow rate of the
medium by the geometric position of the
locking element, which, in particular, for some
structures can be determined by the angle of
deviation of the handle from the axial direction
of flow» [1; 2; §].

1. A brief description of the task. «Due to
the symmetry of the tasks and the need to save
elements, we consider three-dimensional
parametric models of the internal volume of a
half ball valve, butterfly valve, valve and wedge
gate valve, which are obtained by their section
in the longitudinal plane. In all cases, the
discarded (symmetric) part of the internal
volume of the shut-off and control equipment
is replaced by the corresponding boundary
conditions for the flow (zero flow velocities in
the direction perpendicular to the plane of
symmetry).

The boundary-value problem for studying
the turbulent flow of the medium in shut-off
and control valves was carried out taking into
account the hypothesis of complete adhesion
of the medium to the inner surface of the valve»
[1,p. 19].

«Since all models under construction will
be parametric, before starting to build any of
the models, it is necessary to enter all the
parameters listed in the statement of the
problem with their values» [1, p. 19].

2. Creating a finite element model of the
inner space of a ball valve. Ball valve is one of
the most common types of shut-off and control
valves. All cranes have a similar design and it is

Ball valve

Pic. 1. The axial section of a ball valve with a vertical plane [1; 2]. Authors’ drawing.
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Pic. 2. The axial section of the ball valve horizontal plane [1; 2]. Authors’ drawing.

Table 1
List of commands for building a finite-element model of inner volume of a ball valve [1; 2]
No. Command No. Command
1. /FILNAME, PipingCrane, 0 19. CSYS, 0
2. D=1 20. BTOL, 0.10E-5
3. d =095 21. VADD, 1, 6, 2
4, Fi=45 22. BTOL, DEFA
5. V=0.2 23. AADD, 20, 21, 16, 17, 24,28, 18, 13, 31, 30
6. P=3+(1E+5) 24. NUMCMP, ALL
7. Pi=ACOS(—1) 25. ET, 1, FLUID142
8. /PREP7 26. SMRTSIZE, 4
9. CYLIND, D/2,0,-D/2, -2+ D, 0, 180 27. MSHAPE, 1, 3D
10. CYLIND, D/2,0,D/2,2+D, 0, 180 28. VMESH, 1
11. CYLIND, d /2,0, -D/2/COS(45/180+PI),| |29. ASEL, S, AREA,, 4, 10
D/2/COS(45/180 + PI), 0, 180
12. SPH4, 0, 0, D/2/COS(45/180 « PI) 30. DA, ALL, VX, 0, 1
13. VDELE, 4,,, 0 31. DA, ALL, VY, 0, 1
14. ADELE, 17,,, 1 32. DA, ALL, VZ,0, 1
15. VSBA, 3, 16,, DELETE, DELETE 33. ASEL, ALL
16. VDELE, 4, 5, 1, 1 34. DA, 2, VY, 0, 1
17. CSYS, 5 35. DA, 3,VZ, -V, 1
18. VGEN, 2,6,,,, FI,,,, 1 36. DA, 1, PRESS, 0, 1

enough to demonstrate the technique on one
of the versions of the locking element. In this
article, the most common ball valve currently
selected [1; 2; 5; 6].

In case of constructing a model of the inner
space of a ball valve (Pic. 1), the following
parameters are used (Pic. 1) [1;2]: D=1 (m) —
diameter of the inner space of the pipe [1; 2];
d_=0,95 (m) — diameter of the hole in the ball
locking element (valve) [1; 2]; Fi = 45
(degrees) — angle between the symmetry planes

ofthe locking element and the symmetry plane
ofthe entrance and exit of the crane (Pic. 2) [1;
2]; V=10,2 (m/s) — fluid transfer rate [1; 2];
P =3+(1E + 5) (Pa) — gauge pressure in the
pipeline [1; 2].

In this model, the radius of the locking
element (ball valve) is a calculated parameter,
although the user can manually set its values if
necessary [1; 2].

The list of commands for setting parameters,
starting work in the preprocessor, building half
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Pic. 3. The finite element model of half the internal volume of a ball valve [1; 2]. Authors’ drawing.

of the internal space of a ball valve, symmetrical
with respect to the longitudinal plane, is given
in Table 1 [1; 2].

Line No. 1 (Table 1) defines the name of
the solution PipingCrane with saving the names
of open task files (error file, results, etc.) with
which data will be exchanged.

Lines No. 2—6 set the values of the task
parameters.

Line No. 7 sets the value of the constant ©
with the best accuracy for ANSYS.

Line No. 8 contains the input command to
the preprocessor.

Lines No. 9—24 produce construction of the
upper half of the volume of the ball valve by:

« creation of semi-cylinders (lines
No. 9—11);

« creation of a ball (line No. 12);

» removal of the internal volume of the ball
with preservation of its surface (line No. 13);

» removal of unnecessary hemisphere along
with auxiliary lines and key points (line
No. 14);

« dividing the semi-cylinder simulating the
hole in the ball valve using the hemisphere built
in the previous steps (command No. 15);

* removal of unnecessary volumes obtained
after the last operation (command No. 16);

 changing the global coordinate system to
a cylindrical (command No. 17);

« rotation of the semi-cylinder simulating
the hole in the locking element by a
predetermined angle FI (command No. 18);

* activation of the global Cartesian
coordinate system (command No. 19);

» changing the accuracy of construction
(command No. 20);

+ addition of volumes (command No. 21);

» returning the accuracy of the default
operations (command No. 22);

« addition of surfaces in the plane of symmetry
of the crane (Pic. 2), to simplify the definition of
boundary conditions (command No. 23);

« compression of the numbering of all
geometric components of the model (command
No. 24).

The following table 1 shows the commands
No. 25—28 of creation of a finite element mesh.

Command No. 25 selects a volumetric
element to simulate the flow of the medium
FLUID142.

Command No. 26 sets the parameter
SMRTSIZE to automatically control the
accuracy of constructing a free partition.

Command No. 27 sets a parameter
indicating that the partition will be performed
by pyramidal elements.

Command No. 28 builds a free partition of
the previously created geometric model
(Pic. 3).

Commands No. No. 29-36 of setting
boundary conditions end the list of commands
of Table 1.

Commands No. 29—32 choose the outer
surfaces of the model and set the boundary
conditions of adhesion in them.

Command No. 33 cancels the selection of
external surfaces.

Command No. 34 sets aboundary condition
corresponding to the symmetry of the task.
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Pic. 4. A large shutter with a flat-blade disc used at a hydropower plant in Japan [1; 2]. [Electronic resource]:
https://commons.wikimedia.org/wiki/File: Yagisawa_power_station_inlet_valve.jpg?uselang=en. Last accessed
22.07.2019.

Commands No. 35 and 36 set the boundary
conditions at the input and output of the crane.

3. Creating a finite element model of half of
the internal space of a disk shutter symmetrical
with respect to the horizontal plane [1; 2]. A
disc shutter is a type of pipe fittings in which a
locking or regulating element has the shape of
adisk that rotates around an axis perpendicular
to orlocated at an angle to the direction of flow
of the working medium [1; 2; 5; 6] (Pic. 4).

To build a model of a symmetric half of the
internal volume of a disk shutter (Pic. 4) with
aflat-skewed disk, the following parameters are
used [1;2]: D=1 (m) — inner passage diameter
of the disk shutter and the disk itself [1; 2];
H _MAX=0,1 (m) — maximum thickness of a

Table 2

The coordinates of the points for constructing

half the longitudinal section of the inner space
of the disk shutter [1; 2]

KP X-Loc Y-Loc Z-Loc

1 0 0 -H_MAX/2
2 D/2 0 -H_MIN/2
3 D/2 0 H_MIN/2
4 0 0 H_MAX/2

flat-skewed disk in the middle [1; 2];
H_MIN = 0,03 (m) — minimum thickness of
the disk at its edges [1; 2]; Fi =45 (degrees) —
opening angle of the disk [1; 2]; L=2+D —
distance from the input section to the shutter
disk and from the shutter disk to the output
section in the model [1; 2]; V= 0,5 (m/s) —
fluid transfer rate [1; 2]; P=3+ (1E + 5) (Pa) —
gauge pressure in the pipeline [1; 2].

When constructing a disk shutter model,
four auxiliary key points are used with the
coordinates listed in Table 2 [1; 2].

The list of commands for setting parameters,
starting work in the preprocessor, constructing
half of the internal space of the shutter with a
plane-skewed disk, symmetrical with respect
to the longitudinal horizontal plane (Pic. 4), is
given in Table 3 [1; 2].

Line No. 1 (Table 3) defines the name of
the ButterflyValve solution file.

Lines No. 2—8 set the values of the
parameters of the task.

Line No. 9 sets the value of the constant ©
with the best accuracy for ANSYS.

Line No. 10 contains the input command
to the preprocessor.



Table 3

List of commands for constructing the finite element model of the internal volume
of the disk shutter [1; 2]

No. Command No. Command

1. /FILNAME, ButterflyValve, 0 33. CSYS, 0

2. D=1 34. CYLIND, D/2,0, -L, L, 0, 180
3. Fi=45 35. VSBVY, 1, 2,, DELETE, DELETE
4. H_MAX=0.1 36. NUMCMP, ALL

5. H_MIN =0.03 37. ET, 1, FLUID142

6. L=2+D 38. SMRTSIZE, 8

7. V=0.5 39. ESIZE, D/5

8. P=3+(1E+)5) 40. MSHAPE, 1, 3D

9. Pi=ACOS(-1) 41. VMESH, ALL

10. /PREP7 42. ASEL, S, AREA,, 3,12, 1, 1
1. K, 1,0,0,-H_MAX/2 43. NSLA, S, 1

12. K,2,D/2,0,-H_MIN/2 44. D, ALL, VX, 0

13. K, 3,D/2,0, H_MIN/2 45. D, ALL, VY, 0

14. K, 4,0,0, H_MAX/2 46. D, ALL, VZ,0

15. KSYMM, X, 2,3, 1 47. ASEL, ALL

16. A, 1,2,3,4,6,5 48. NSEL, ALL

17. CYLIND, D/2,0,-H_MAX/2, H_MAX/2, 49. ASEL, S, AREA,, 15,,, 1

0, 180

18. VOFFST, 1, -D 50. NSLA, S, 1

19. VSBA, 1, 11,, DELETE, KEEP SI. D, ALL, VX, 0

20. VSBA, 4, 10,, DELETE, KEEP 52. D, ALL, VY, 0

21. VSBA, 5, 8,, DELETE, KEEP 53. D, ALL, VZ, 0

22. VSBA, 6, 13,, DELETE, KEEP 54. ASEL, ALL

23. VDELE, 1,5, 1, 1 55. NSEL, ALL

24. CYLIND, 0.2-D/2,0,-L, L, 0, 360 56. ASEL, S, AREA,, 13, 14,, 1

25. CSYS, 5 57. NSLA, S, 1

26. VGEN, 2, 1,,,,90,,,, 1 58. D, ALL, VY, 0

27. CSYS, 1 59. ASEL, ALL

28. VGEN, 2, 1,,,,90,,,, 1 60. NSEL, ALL

29. CSYS, 0 61. ESEL, ALL

30. VADD, ALL 62. DA,2,VZ, -V, 1

31. CSYS, 5 63. DA, 1, PRESS, 0, 1

32. VGEN, 2,2,,,, Fl,,,, 1 64. —-

Pic. 5. The initial position of flat-skewed shutter and its shaft [1; 2]. Authors’ drawing.
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Pic. 6. The finite element model of half the internal volume of the disk shutter [1; 2]. Authors’ drawing.

Lines No. 11—36 produce construction of
the upper half of the volume of the ball valve
by:

« creation of four key points (lines No. 11—
14) with the coordinates from Table 2;

« symmetric display of two points (line
No. 15);

+ creation of a surface at key points (line
No. 16);

« creation of a semi-cylinder simulating a
shutter (line No. 17);

+ extraction of volume from a surface
previously created at key points (line No. 18);

+ dividing the semi-cylinder simulating the
shutter, the side surfaces, the created volume
(commands No. 19-22);

» removal of unnecessary volumes obtained
after the last operations, together with their
surfaces, edges and key points (command
No. 23);

+ creation of a cylinder (Pic. 5) correspon-
ding to the vertical shutter shaft (command
No. 24);

« inclusion of a global cylindrical coordinate
system and rotation of the cylinder, simulating
the shaft of the locking element at an angle of
90° (commands No. 25-28);

+ activation of the global Cartesian
coordinate system (command No. 29);

+ addition of the constructed shutter and
shaft volumes (command No. 30);

+ inclusion of the global cylindrical
coordinate system and turning the shutter at a
given angle FI (commands No. 31 and 32);

« activation of the global Cartesian
coordinate system (command No. 33);

* building a semi-cylinder of internal
volume (command No. 34);

* subtracting the volume simulating the
shutter from the volume of the constructed
cylinder (command No. 35);

» compression of the numbering of all
geometric components of the model (command
No. 36).

The following Table 3 shows commands
No. 37—41 of creation of a finite element
mesh. Command No. 37 selects a volumetric
element to simulate the flow of the medium
FLUID142. Command No. 38 of setting the
parameter SMRTSIZE for automatic control
of the accuracy of constructing a free
partition (the large value of this parameter
guarantees a small number of elements
corresponding to the educational version of
ANSYS10 ED). Command No. 39 sets the
approximate size of the edge of the element
relative to the value of the parameter D of the
model. Command No. 40 sets a parameter
indicating that the partition will be performed
by pyramidal elements. Command No. 41
performs a partition of the constructed
volume (Pic. 6).

Commands No. 42—61 setting the
boundary conditions on the nodes of the finite
element mesh and then two commands No. 62
and 63 setting the boundary conditions on the
surfaces simulating the input and output of
the model end the list of commands in Table 3.



Pic. 7. Wedge gate valve [1; 2]. Authors’ drawing.

Table 4

The coordinates of the points for constructing half the longitudinal section
of the inner space of the tee [1; 2]

KP X-Loc Y-Loc Z-Loc

1 0 -H/2 -L/2

2 0 -H/2 L/2

3 0 H/2 L/2 + H+ TAN(FI/180 « PI)
4 0 H/2 L/2 + H« TAN(FI/180 « PI)
5 0 H/2 -L/2 — H+* TAN(FI/180 - PI)
6 0 H/2 -L/2 — H+ TAN(FI/180 - PI)

This significantly distinguishes this model
from the previous one, because in this case,
the boundary conditions are specified directly
on the components of the finite element
decomposition, and not on the components
of the geometric model.

Commands No. 42—53 select the external
surfaces of the model and the nodal points of
the finite element partition located on these
surfaces to specify the boundary conditions
of adhesion on them. Commands No. 54 and
55 deselect external surfaces and nodal points
on them. Commands No. 56—58 choose the
surface of the plane of symmetry and the
nodal points on it to determine the boundary
condition corresponding to the symmetry of
the given task. Commands No. 59—61 cancel
the choice of surfaces on the plane of
symmetry, nodal points and elements on
them. Commands No. 62 and 63 set the
boundary conditions at the input and output
of the disk shutter.

4. Creation of a finite element model of the
internal space of the wedge gate valve [1; 2].
Gate valve — industrial pipe fittings, in which
the shut-off element moves reciprocally
perpendicular to the axis of the flow of the
working medium [1—4]. It is possible to use
valves for on-off (discrete) regulation of the
flow of the working medium [1; 2]. Overlapping
in gate valves is carried out due to the locking
element blocking the flow. This article discusses
a wedge gate valve (Pic. 7) [1; 2].

To build a model of the internal volume of
a wedge gate valve (Pic. 7), the following
parametersare used [1; 2]: D =1 (m) — internal
input and output pipe diameters [1; 2]; H =
1 (m) — height ofthe wedge [1;2];h_ =D (m) —
height of the parallel part of the valve [1; 2];
POSITION = 0,5« H (m) — valve position
relative to full closure [1; 2]; L = 0,05 (m) —
minimum thickness of the wedge [1; 2]; Fi=5
(degrees) — angle of inclination of the lateral
planes of the valve [1; 2]; V= 0,5 (m/s) — fluid
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Table 5

List of commands for constructing a finite element model and setting boundary conditions for
the internal volume of a wedge gate valve [1; 2]

No. | Command No. |Command

1. /FILNAME, WedgeGateValve, 0 29. CYLIND, D/2,0,—-2+D, 2+D, 90, 270
2. D=1 30. |VADD, 1,3

3. H=1.05 31. | VSBV, 4,2, DELETE, DELETE
4. h =D 32. |AADD, 20, 19, 36, 7, 21

5. Fi=35 33. |ET, 1, FLUIDI142

6. V=0.5 34. | SMRTSIZE, 8

7. L=0.05 35. | ESIZE, D/5

8. POSITION =0.5-H 36. | MSHAPE, 1, 3D

9. P=3+(1E+5) 37. | VMESH, 1

10. | Pi=ACOS(-1) 38. |ASEL, S, AREA,, 32, 35, 1
11. | /PREP7 39. | ASEL, A, AREA,, 37

12. |K,1,0,-H/2,-L/2 40. |ASEL,A, AREA,, 5,6, 1
13. |K,2,0,-H/2,L/2 41. | ASEL, A, AREA,, 1, 10,9
14. |K, 3,0, H/2, L/2+H* TAN(FI/180 * PI) 42. |ASEL, A, AREA,, 25,26, 1
15. |K,4,0,H/2+h_, L/2+ H-+TAN(FI/180« PI) 43. | DA, ALL, VX, 0, 1

16. |K,5,0,H/2+h_,-L/2—H-+TAN(FI/180+PI) 44. | DA, ALL, VY, 0, 1

17. |K,6,0,H/2,-L/2 — H+TAN(FI/180 < PI) 45. | DA, ALL,VZ,0, 1

18. [*DO,i, 1,5 46. |ASEL, ALL

19. |LSTR,i,i+1 47. |ASEL, S, AREA,, 23,24, 1
20. [*ENDDO 48. |ASEL, A, AREA,, 27,28, 1
21. |LSTR,6, 1 49. | ASEL, A, AREA,, 2

22. |AL,1,2,3,4,5,6 50. | DA, ALL, VX, 0, 1

23. | VOFFST, 1, H/2 51. | DA, ALL, VX, 0,1

24. | CYLIND, H/2,0, -H, H, 180, 270 52. | DA, ALL, VX, 0,1

25. |VSBA, 1, 11,, DELETE, DELETE 53. | ASEL,ALL

26. |VDELE,?2,3,1,1 54. | DA, 18,VZ,-V, 1

27. |NUMCMP ALL 55. | DA, 17, PRESS, 0, 1

28. |VGEN, 2, 1,,,, POSITION 56. | ——

Pic. 8. The finite-element partition of the model of half the internal volume of the wedge gate valve [1; 2].
Authors’ drawing.

transfer rate; P = 3+ (1E + 5) (Pa) — gauge

pressure in the pipeline (Pic. 7) [1; 2].

The list of commands for setting parameters,
starting work in the preprocessor, building half

When constructing a wedge gate valve

model, six auxiliary key points with the
coordinates listed in Table 4 are used [1; 2].

WAe IFMRANOFEUR IJANL L RANOFEURIALIC

AICXATNTUCTIO SN N AVCNTUKEANZINCT K"

Ntrolling the FlowRate orine Pumpe:

LIVICUIUT]

of the internal space of the wedge gate valve,
symmetrical with respect to the longitudinal
vertical plane (Pic. 7), is given in Table 5 [1; 2].
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Pic. 9. Section of the angle valve [1; 2]. Authors’ drawing.

Line No. 1 (Table 5) defines the name of
the WedgeGateValve solution file.

Lines No. 2—9 set the values of the
parameters of the task.

Line No. 10 sets the value of the constant ©t
with the best accuracy for ANSYS.

Line No. 11 contains the input command
to the preprocessor.

Lines No. 12—32 produce the construction
of half the volume of the wedge gate valve by:

* creating six key points forming the wedge
gate valve profile (lines No. 12—17) with the
coordinates from Table 4;

« plotting lines connecting the constructed
key points using the loop operator (lines
No. 18-21);

* creating a wedge gate valve profile surface
along lines (line No. 22);

* pulling the wedge gate valve profile (line
No. 23);

 construction of the auxiliary quarter of
the cylinder (line No. 24);

« dividing the volume constructed by
pulling the quarter plane of the cylinder by the
lateral plane (command No. 25);

» removal of unnecessary volumes obtained
after the last operations, together with their
surfaces, edges and key points (command
No. 26);

* compression of numbering of all
geometric components of the model (command
No. 27);

« creating a copy of the volume
corresponding to the wedge gate valve at a given
distance POSITION (command No. 28);

* building a semi-cylinder of internal
volume (command No. 29);

 addition of the first and third (last)
volumes (command No. 30);

* subtracting from the result of adding the
second volume constructed by the shift and
simulating the wedge gate valve position
(command No. 31);

 addition of the lateral surfaces of the
vertical section of the valve to simplify the task
of boundary conditions (command No. 32).

The following Table 5 shows the commands
No. 33—37 of creation of a finite element mesh
(Pic. 8). Their description is fully consistent
with the previous example (commands No. 37—
41 of Table 3).

Commands No. 38—55 setting boundary
conditions on the components of the geometric
model end the list of commands in Table 5.
Commands No. 38—45 choose the outer
surfaces of the model to set the boundary
conditions of adhesion on them. Command
No. 46 deselects external surfaces. Commands
No. 47—52 select the surfaces of the plane of
symmetry to determine the boundary condition
corresponding to the symmetry of the given
task. Command No. 53 deselects surfaces on
the symmetry plane. Commands No. 54 and
55 set the boundary conditions at the entrance
and exit of the wedge gate valve.

5. Creation of a finite element model of the
internal space of the angle valve [1; 2]. Valve —
industrial pipe fittings in which a shut-off or
regulating body moves reciprocally parallel to
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Table 6
Commands for constructing the finite element model of the angle valve volume [1; 2]

No. Command No. Command
1. /FILNAME, Valve, 0 49. D, ALL, VY, 0
2. D=0.5 50. D, ALL,VZ, 0
3. D1=0.6 S1. ASEL, ALL
4. D2=0.55 52. NSEL, ALL
5. D3=0.1 53. ASEL, S, AREA,, 28, 34,6, 1
6. H=0.1 54. NSLA, S, 1
7. Hl=D+2-H 55. D, ALL, VX, 0
8. L=2-D 56. D, ALL, VY, 0
9. POSITION =2+H 57. D, ALL,VZ, 0
10. V=0.5 58. ASEL, ALL
11. P=3+(1E+5) 59. NSEL, ALL
12. Pi=ACOS(-1) 60. ASEL, S, AREA,, 26,,, 1
13. /PREP7 61. NSLA, S, 1
14. CYLIND, D/2,0, L, 0,0, 180 62. D, ALL, VX, 0
15. CYLIND, D1/2,0,0,-H1, 0, 180 63. D, ALL, VY, 0
16. CYLIND, D/2,0, L, 0,0, 180 64. D,ALL,VZ, 0
17. CSYS, 5 65. ASEL, ALL
18. VGEN, 2, 3,,,,270,,,, 1 66. NSEL, ALL
19. CSYS, 0 67. ASEL, S, AREA,, 4,5, 1, 1
20. VGEN, 2, 3,,,,, -(H+D/2),,, 1 68. NSLA, S, 1
21. CYLIND, D2/2,0,0, -H, 0, 180 69. D, ALL, VY, 0
22. CYLIND, D3/2,0,-H/2, -L, 0, 180 70. ASEL, ALL
23. VADD, 1,2, 3 71. NSEL, ALL
24. VADD, 4, 5 72. ASEL, S, AREA,, 22,23, 1, 1
25. VGEN, 2, 1,,,,, -POSITION,,, 1 73. NSLA, S, 1
26. VSBY, 6, 1,, DELETE, DELETE 74. D, ALL, VY, 0
27. ET, 1, FLUID142 75. ASEL, ALL
28. SMRTSIZE, 8 76. NSEL, ALL
29. ESIZE, D/5 77. ASEL, S, AREA,, 29, 30, 1, 1
30. MSHAPE, 1, 3D 78. NSLA, S, 1
31. VMESH, ALL 79. D, ALL, VY, 0
32. ASEL, S, AREA,, 1,3,2, 1 80. ASEL, ALL
33. NSLA, S, 1 81. NSEL, ALL
34. D, ALL, VX, 0 82. ASEL, S, AREA,, 16, 19, 3, 1
35. D, ALL, VY, 0 83. NSLA, S, 1
36. D, ALL,VZ,0 84. D, ALL, VY, 0
37. ASEL, ALL 85. ASEL, ALL
38. NSEL, ALL 86. NSEL, ALL
39. ASEL, S, AREA,, 17,18, 1, 1 87. ASEL, S, AREA,, 33,,, 1
40. NSLA, S, 1 88. NSLA, S, 1
41. D, ALL, VX, 0 89. D, ALL, VY, 0
42. D, ALL, VY, 0 90. ASEL, ALL
43. D, ALL,VZ,0 91. NSEL, ALL
44. ASEL, ALL 92. NSEL, ALL
45. NSEL, ALL 93. ESEL, ALL
46. ASEL, S, AREA,, 15, 20, 5, 1 94. DA,2,VZ, -V, 1
47. NSLA, S, 1 95. DA, 12, PRESS, 0, 1
48. D, ALL, VX, 0 96. —_
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Pic. 10. The finite-element partition of the model of half the internal volume of the angle valve [1; 2].
Authors’ drawing.

the axis of the flow of the working medium
(Pic. 9) [1; 2; 5; 6]. Until 1981, the valve, in
which the locking element is moved by means
of a screw pair and controlled manually, was
usually called a valve [1; 2]. Now the term
«valve» is not allowed for use by GOST [7].

To build a model of the internal volume of the
angle valve (Pic. 9), the following parameters are
used [1; 2]: D=10,5 (m) — inner diameter of the
pipe [1; 2]; D1 = 0,6 (m) — diameter of the valve
chamber [1;2]; D2=0,55 (m) — diameter of the
locking element of the valve [1; 2]; D3=0,1 (m) —
diameter of the rod of the locking element [1; 2];
H = 0,1 (m) — height of the locking element of
therod [1;2]; Hl = D + 2 * H — chamber height
[1; 2]; POSITION = 2+H — position of the
locking element relative to the extreme lower state
is «completely blocked» [1; 2]; L=2+D — pipe
length [1; 2]; V=0,5 (m/s) — fluid transfer rate
[1;2]; P=3+(1E + 5) (Pa) — gauge pressure in
the pipeline [1; 2].

The list of commands for setting parameters,
starting work in the preprocessor, building half
ofthe internal space of the angle valve (Pic. 9),
symmetrical with respect to the longitudinal
vertical plane, is given in Table 6 [1; 2].

Line No. 1 (Table 6) defines the file name
of the Valve solution.

Lines No. 2—11 set the values of the
parameters of the task.

Line No. 12 sets the value of the constant 7t
with the best accuracy for ANSYS.

Line No. 13 contains the input command
to the preprocessor.

Lines No. 14—26 produce construction of
half the volume of the wedge gate valve by:

+ creation of three semi-cylinders (lines
No. 14—16);

» switching to a cylindrical coordinate
system (line No. 17);

* turning one of the semi-cylinders (line
No. 18);

« returning to the global Cartesian
coordinate system (line No. 19);

Table 7
List of commands setting properties of the
medium [1; 2]

Z
S

Command

FLDATA7, PROT, DENS, CONSTANT

FLDATAS, NOMI, DENS, 1000

FLDATA?7, PROT, VISC, CONSTANT

FLDATAS8, NOMI, VISC, 0.000894

FLDATA7, PROT, COND, CONSTANT

FLDATAS8, NOMI, COND, —1

FLDATA7, PROT, SPHT, CONSTANT

FLDATAS8, NOMI, SPHT, —1

R Ecl Pl N Rl Pl Pa E ol

FLDATAL1S, PRES, REFE, P

Table 8
List of commands for determining the
parameters of the solver and solving
the task [1; 2]

Z
2

Command

FLDATAL, SOLU, TRAN, 0

FLDATAL, SOLU, TEMP, 0

FLDATAI, SOLU, TURB, 1

FLDATAL, SOLU, COMP, 0

FLDATA24, TURB, MODL, 3

FLDATA37, ALGR, SEGR, SIMPLEN

FLDATA2, ITER, EXEC, 500

FLDATA34, MIR, MOME, 0.35

R R PR N Rl Pal Pl ol e

FINISH

—
e

/SOL

—_
—

SOLVE

_
N

FINISH
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a)

c)

b)

d)

Pic. 11. The velocity field in parametric models of shut-off and control valves [1; 2]: a) ball valve, b) disc shutter,
c) wedge gate valve, d) angle valve.

« displacement of the rotatable semi-
cylinder (line No. 24);

+ creation of two auxiliary semi-cylinders
that simulate a locking element on the shaft
(commands No. 21—-22);

« addition of the first three semi-cylinders
imitating the internal volume of the angle valve
(command No. 23);

+ addition of the last two semi-cylinders
imitating a locking element and a shaft
(command No. 24);

« shifting the locking element to POSITION
(command No. 25);

+ subtracting the volume of the locking
element from the internal volume of the valve
(command No. 26).

The following Table 6 shows the commands
No. 27—31 of creation of a finite element mesh
(Pic. 10). Their description is fully consistent
with the previous example (commands No. 37—
41 of Table 3).

Commands No. 32—93 setting the boundary
conditions on the nodes of the finite element
mesh end the list of commands of Table 6 and
then there are two commands No. 94 and 95

setting the boundary conditions on surfaces that
simulate the input and output of the valve. Note
that the description of commands No. 32—93
(Table 6) fully corresponds to the description
of commands No. 42—61 of Table 3. Moreover,
setting boundary conditions by commands
No. 94 and 95 from table 6 was repeatedly
commented on in the previous examples.

6. Setting the physical properties of an
incompressible fluid for all designs of shutoff
valves. The physical properties of the fluid are
set using the commands for setting the fluid
properties, as well as gauge pressure from
Table 7 [1; 2]. In particular, commands of
Table 7 indicate the density of 1000 kg/m?* and
viscosity 0,000894 Pa s of liquid [1; 2; 8].

Setting the thermodynamic characteristics
of the undisturbed flow is carried out by default.
Using command No. 9 of Table 7, the required
gauge pressure P is indicated.

7. Preparatory measures before solving the
boundary value tasks of fluid flow and solving the
task [1; 2]. The task of the fluid flow model



must be carried out using commands 1to 5 [1;
2]. In line 6 of Table 8, the command for
selecting the algorithm for solving the vortex
task is given [1; 2].

Although the stationary task is being solved,
iterative algorithms are used in FLOTRAN,
therefore, before starting the solution of the
task, it is necessary to limit the number of
iterations. The number of iterations is assigned
using the command given in line 7 of Table 8.

When solving the task, an error may occur
indicating that negative elements are obtained
in the matrix being solved at a certain iteration.
You can get around this error using command
8 in Table 8 (you need to set MIR parameter to
0,35). This completes the preparation of any of
the tasks considered for the solution, and to run
the solution algorithm, it is necessary to use
commands 10—12 from Table 8.

8. Reading the results of solving the task at
the last step and displaying them [1; 2]. Since
vortex problems (even stationary ones) are
solved iteratively, in order to gain access to the
solution results, it is necessary to read the most
recent decision data [1; 2]. This is done using
the menu item: Main Menu> General
Postproc> Read Results> Last Set [1; 2].

To display the results in vector form, it is
necessary to use the menu item Main Menu>
General Postproc> Plot Results> Vector Plot>
Predefined [1; 2]. In the window that appears,
select the required results in the list and, if
necessary, resize the flow velocity vectors
(Pic. 11) [1; 2].

Conclusion. In order to solve the complex
task of management and resource saving in
pipeline transport, the article proposes
parametric stationary vortex flow models in
such types of shut-off and control valves as a
ball valve, disc shutter, wedge gate valve, angle
valve [1; 2].

Without prejudice to generality of the
technique, water is considered as an example
of a pumped medium [1; 2].

The analysis was performed by means of
FLOTRAN CFD of program ANSYS10 ED
[1;2].

It was established that the flow rate of the
medium and its pumping rate can be determined
by the position of the locking element [1; 2].

It was established that the nature of the flow
and the flow rate of the medium is influenced

both by the geometry of the considered types
of shut-off and control valves and the flow rate
[1;2].

The proposed models and methods can be
applied to any reinforcement designs related to
calculation of the motion of a viscous fluid [1; 2].

To improve quality of the results obtained
on the proposed models, it is only necessary to
indicate in the given lists of commands a value
that improves partition of parameters [1; 2].
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OueHka 3a¢dpPpeKkTuBHOCTHU
YCTOM4YMBOro pa3BUTUSA TPaHCNOpTa

Mapusa CABOCUHA

TphaaunumoHHas oueHka a¢dekTMBHOCTY pPaboTbl
U MPOEKTOB Pa3BUTUS TPAHCIMIOPTHBLIX CUCTEM OCHOBA-
Ha Ha MEepKaHTUIMCTCKOM 04X04€e, PaccMaTpuBalo-
LUMM 3 DEKTUBHOCTL IESTESILHOCTU 10 CXEME «3aTpa-
Thl—10X0bl—-MPUObIIL XO3SHCTBYIOLLMX CYOBLEKTOB>.
lNpyi 3TOM 0BBIYHO HE YHUTLIBAKOTCS BHECUCTEMHbIE,
OKCTEPHAsIbHbIE Pe3y/ibTarbl, KOTOPbIE MOryT MHOIMO-
KPparHo rpeBoCcxXoanTb B CTOMMOCTHOM OTHOLLEHUU
BHYTPEHHWE pe3y/ibTathl, MoJy4aemMble X035CTBYIO-
LUMMU CYyOBEKTaMU. IKCTEPHAIbHBIE PE3Y/TLTATbI YHACTO
HabnoaloTces 3a rpeaenamy chepbl YACTO SKOHOMM-
yeckux oTHoLeHUA. OCOBEHHO HarysSAHO 3TO MPOSiB-
JIIETCS B HGPAaCTPYKTYPHOU cgepe, MmatepuasibHyo
OCHOBY KOTOPOV 06pa3yroT TPaHCOPT U JIOMUCTYKA.
B onpenenéEHHOM CMbIC/1e BO3HUK KPU3NC 9KOHOMUYE-
CKOW JOKTPYHBI. Beeactame 6e3ynepxxHovi aHTporno-
reHHO [esiTesIbHOCTY HabIloaaeTCsl 9KO/I0rNYeCKui
Kpu3uc. KoHUeHTpaLmsi JioAevi v Mpou3BOLACTBEHHOM
Z1eATesIbHOCTY B ropodax ctasia rnpuynHow ypbaHu3a-
LIMOHHOIO Kpu3uca. PacTtyLuee HepaBeHCTBO MpyUBesio
K 060CTPEHUIO CoLMalIbHbIX MPOTUBOPeYuii. B ntore
4€J10BE4ECTBO CTOJIKHYJIOCH C KOMITIIEKCHBIM KPU3NCOM
umBmndauymm. OCHOBHbIM CPEACTBOM pa3peLueHus
KPU3NCHOVI CUTYaLIn MPU3HAaHO yCTONYNBOE pa3BUTHE.
YcroriymBoe pa3sButve TpaHcropTa Kak nH@GpacTpyK-
TYPHOV cepbl AESATE/IbHOCTU CIYXUT QYyHAAMEHTOM
MOCTPOEHUS YCTONYNBOIrO pa3BUTNSI SKOHOMUKN U CO-

Casocuna Mapus Hocughoena — OAO « HUUAT», Mockea, Poccus*.

umanbHou cepsl. Llenn ycTonymBoro pa3sutus,
YCTaHOBJ/IEHHbIE MVPOBLIM COOBLLECTBOM 104 SrAoM
OOH, moryT 6bITb OCTUHYTbI TOJILKO PY YCII0BAN
KOMIMIEKCHOV OLEHKN 9(PGHEKTUBHOCTU yripaBieH4Ye-
CKUX peLLeHWI (COBOKYIHbIV Y4ET BCEX MHTEPHAaNi
naKCTEePHami). TpaHCoOPT CTasl NepPBONPOXOALEM HA
nyTv YCTOMYUBOIro PasBUTvsi TEPPUTOPUN U rOPOLOB.
lMoaxoa kK KOMMIEKCHOW OLeHKe 3¢ GHEeKTUBHOCTU
YCTONYMBOIro pa3BuTisi 00yC/I0BANBaET PePOPMUPO-
BaHWe B MepcriekTuBe 9KOHOMUYECKUX M Ha/loroBO-
O10AXKETHBIX OTHOLLIEHWIA MO MPUHLMITY Hasora [ury.

Llenb HacTosiLeri cTatbi — COBEPLUEHCTBOBAaHNE
OLEHKM 9 DEKTUBHOCTY U METOLOJIOMMN YCTONYNBOIO
pPasBUTHS TPAHCIOPTHBIX OpraHu3aLmni v TPaHCropT-
HbIX cucTeM. B ctatbe 060CHOBaHbI akTyasibHOCTb
W Harpas/ieHysi COBEPLLEHCTBOBaHUS METOL0JI0Mrn
KOMI1JIEKCHOWV OLi€HKWU pe3y/ibTaToB TPaHCropTHOM
J1esITe/IbHOCTH, a Takxke NpeAcTaB/eHbl aHA/INTUHECKME
MOZE/IN KOMIMIEKCHOM OLIeHKN €€ 3PGHEKTUBHOCTU.
lNepcrnekTnBHbIMY 3a4a4aMu MPOLOSIKEHNS NCCIIe40-
BaHWii 1 pa3paboTok siBASIOTCS 060CHOBaHWe U 1o0py-
An4eckasi IeruTyMaLmvs Crosib30BaHNs CTOMMOCTHbIX
OLIEHOK Pas/INyHbIX 9KCTePHasIbHbIX PE3Yy/IbTaroB Co-
BEPLLEHCTBOBAHMS TPaHCopTa, co34aHne CUCTeMbI
MOHUTOPUHIa HGOpMaLn, HEOOXOLMMO /151 BbINOJI-
HEHWSI KOMIM/IEKCHOV OLIeHKM ero yCTONYMNBOIro pa3su-
TS

KnroyeBblie crioBa: TpaHCnopT, 3¢HEKTUBHOCTb, OLIEHKA, YCTOMYMBOE Pa3BUTNE, METOAMKA.
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BBEOEHUE

B HacTos111ee BpeMsi Bo3pacTaeT BEpOsIT-
HOCTbh U YacTOTa MOSIBJEHUSI KPU3UCOB
pa3auyHOi Mmpupoasl. MacmTadbbl TaKux
KPU3UCOB MOTYT ObITh HACTOJbKO 3HAUYU-
TeJbHBIMM, YTO BO3HHUKAET Iao0aabHas
yIrpo3a pa3BUTHIO HuBHIM3a . OO0Lens-
BECTHBIMU (haKTOpaMU SIBJISIIOTCS YXY/Ille-
HHE 3KOJIOTHUYECKOl 00CTaHOBKM, 000CTpe-
HUE collMaJbHBbIX MPOOJIeM, KpU3uc ypoa-
HUCTUKU. bypHOoe pa3BuTue mHpopMalu-
oHHBIX TexHonorui (IT) obocTtpuno
npobJiemMy npodeccruoHalbHO TOTOBHOCTHU
KaJpoB K pab0Te B KOTHUTUBHOM MPOU3BO/I-
CTBEHHOI cpee. TpanuIIMOHHO UCITOJIb3Ye -
Mble METOIbI YIpaBJeHUS 3KOHOMUKOM
TMoKa3ajy OrpaHMYEeHHOCTb UX UCIT0JIb30Ba-
HUSI: MEpKAHTUIMCTCKAsI KOHLETIIMS X035 -
CTBOBaHUsI, OCHOBaHHAasl HA 9KOHOMUYECKUX
MHTepecax MHBEeCTOpa M MPOM3BOICTBEHHU -
KOB, OIlepupylolllas KaTeropusiMu «3aTpa-
TBI—I0XOIBI—IPUOBLIL», BCTYIMJIA B IPO-
TUBOpEYHE C OOIIECTBEHHO 3HAYMMbBIMU
MHTEepecaMy U TYMaAaHUCTUYECKUMU Uaeasa-
mu. CIoXMBIIAsICS CUTyallusl B IIMPOKOM
cepe o0lIeCTBEHHBIX OTHOILIEHU aKTya-
JIM3UPYEeT HEOOXOAUMOCTh MOMCKa HOBBIX
MOAXOM0B K Pa3BUTHUIO aHTPOMOMOPQHOI
NesITeIbHOCTU U MHBIX METOIO0B OILIEHKU
5O PEeKTUBHOCTU MPOU3BOJACTBEHHO-
XO34MUCTBEHHOM U COLIMAJIbHOU NEATEbHO-
CTU B HaIlpaBJ€HMU BCECTOPOHHEIO yuyéTa
BCEro CIekKTpa KOHEUYHBIX Pe3yJbTaTOB
¥ MHTEpPECOoB JIoAeil u obiiectBa. [ocynap-
ctBa — 4yiaeHbsl OOH, Bkuouasa Poccuio,
25 ceHtsa6ps 2015 roma npunsiiau IToBecTky
IHS B 00J1aCTU YyCTOMUYMBOIO Pa3BUTUS Ha
nepuoa g0 2030 r., kotopas BkiIoudaeT 17
1ejeit, HalpaBJIeHHBIX Ha JUKBUIALIMIO
HepaBHOIpPaBUs, HUIIETHI, COXpaHEHUE
NPUPOAHBIX peCypcoB U obecrieueHue Oya-
ronoayuus goaeil. [ToBecTkoii yctaHOBIe-
HbI 169 3a1a4 1 mokasateau (MHIMKATOPHI)
JUJISI OLIEHKU TOCTHXKEeHUs 1eneit [1].

ITo 0OBbEKTUBHBIM MPUUYMHAM TpPaHC-
MOpTHAas OTpacjb HapOAHOTO XO3sHCTBa
oKasajach B YHMCJIe MEPBOINPOXOIIEB Ha
MNYTU peaan3allui yCTOMYUBOTO Pa3BUTHUS.

1lenvro HACTOSIIIEH CTATbU SIBISETCS HC-
cleloBaHUE U MpeACTaBIeHUE Pe3yIbTaTOB
pa3paboTOK B 00J1aCTU METOIOJOTUU OLIEH-
K1 3(p(EeKTUBHOCTU YCTONUMBOIO Pa3BUTHUS
TPaHCIOPTHBIX OpraHU3alMii U TPAaHCTIOPT-
HBIX CUCTEM.

VIIE oA P A | 3 = s

MMOBAJIbHbIE KPU3UCDI
B CUCTEME OBLLLIECTBEHHbIX
OTHOLLEHUN

I[no6anbHOE 0OOCTpeHUE MPOTUBOPEUU I
MeXIy 0e3yAep>KHOI aHTPOMOreHHOM aesi-
TEJIbHOCTbIO, C OMHO CTOPOHbI, U CTaOUIb-
HOCTBIO OKpYXalolleid cpelibl, a TaKxXe
paBHOBECUEM COIMAJIbHBIX OTHOIIEHMUIA,
C JIpyroii CTOPOHBI, Mpelncka3aniu Ooliee
100 et ToMy Ha3aa ocHoBaTeaM Hoochep-
Horo yuyeHust D. Jlepya (bp. douard Louis
Emmanuel Julien Le Roy — 1870—1954),
I1. ne lapaen (bp. Pierre Teilhard de
Chardin — 1881—1955), poccuiickue ydéHble
akagemMuk B. . Bepnanckuii (1863—1945)
un akagemuk H. H. Mowuceen (1917—2000)
U ux yyeHuku [2; 3]. B HacTosiiee Bpems
MpeacKa3aHusl HeraTUBHBIX IMOCIEACTBUIA
HEKOHTPOJIMPYEMOI aHTPOITIOTEHHOM mesi-
TEJbHOCTU COBIBAIOTCSI, YTO CTAJIO YyTPOXKATH
CYIIECTBOBAHUIO LIMBUJIN3ALIUU.

DKOJOrMYeCKUd KPU3KC TTPUBEIT K U3MeE-
HEHMIO KJIMMaTa Ha TIaHeTe, yrpo3e nedu-
LIMTa YUCTOM BOIbI, YCKOPEHHOMY MCYE3HO-
BEHMIO BUJOB U COKPAIICHUIO MOMYJISIINU
¢Jyopsl U hayHbl, HEOOPATUMBIM T€0JOTH-
YECKMM CIBHMTaM, 3arPsSI3HEHUI0 3HAYUTE b~
HBIX IPOCTPAHCTB CYIIIU U CBOOOTHOM BOJIBI.
TemIr pocta BEIOPOCOB BPEIHBIX BEIIECTB
orepekaeT TEMIT pOCTa HaceJeHUSI TUTAHEThI.
Hamnpumep, ¢ 1960 r. 1o HacTosI1Iero BpeMe-
HU KapOOHOBBIE BHIOPOCHI YBEJIUYUIUCH
B 4,5 pa3sa nipu pocte HaceneHust Ha 20 %.
Oco00 cepb€3Hble 3arpsa3HeHUsT HaOtoaa-
I0TCS B ropojickoii uepte. [opona siBisioTcst
TOYEYHBIMU MCTOYHMKAMM, KOHIEHTPATO-
paMu HEIOIyCTUMOTO 3arpsi3HEHMST OKpY-
xaromeit cpenbl: 6onee 70 % BBIT co3maér-
¢s B ropoJax; Ipu 3ToM pacxomayercs 10 80 %
MPOU3BOAMMOI SHEPTUHU; BHIOPOCH TOKCUY-
HBIX BEIIECTB B aTMOC(hepy rOpoI0B COCTaB-
JISIIOT 0K0J10 85 % ux ob61iero oonéma. Pas-
peleHue mpodeM, 00yCIOBUBIIMX 3KOJIO0-
TMYECKUI KPU3KUC, BO MHOTOM 3aBUCHUT OT
MpoBeaeHusl cOajaHCUPOBAHHOM TpaHC-
MOPTHOU MOJUTUKU [4—T7].

O0ocTpeHure coliMaJbHbIX OTHOLIEHUI
MPOUCXOIUT BCJICICTBUE HEPABHOMEPHOCTHU
COILIMAJIbHO-3KOHOMUYECKOTO Pa3BUTHUS
o0l11ecTBa B pa3IMUHbBIX CTpaHax, yriyoJse-
HUs pa3pbiBa MeXIy O0TaTHIMK U OETHBIMMU,
OCTAaTOYHOTO BJIMSIHUS aHTATOHUCTUYECKUX
KJIACCOBBIX U PACOBBIX «T€OPUii», TEHAEPHO-
ro HepaBHOMpPaBMsI, Pa3MbITOIO OOIIMMU
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CJIOBAaMU TIPENOCTaBJICHUS COIIMATbHBIX
rapaHTHii, HEJOCTATKOB B Pa3BUTUU KYJIb-
TYpbl, MEAULIMHBI U 00pa3oBaHusl. B HacTosI-
1ee BpeMsl, 1Mo OlleHKe TeHepaJbHOTO
cekpetapss OOH A. Iyreppuina, Bo3HUKIIA
MaHIeMWsT HEpaBEeHCTBA W pa3BMBAETCS
KOMILIEKCHBIW KpU3UC, Ha MPeooieHne
MPOSIBJICHU KOTOPOTO NOJIKHBI OBITH Ha-
MpaBJeHbl YCUJIUS BceX cTpaH [8§].

[TpuBreyeHe MHBECTUIINI B 9KOHOMMU -
Ky ¥ colMaibHYyIO chepy, HUBEIUPOBaHUE
pa3nIuuuii MeXIy pa3NIUuYHBIMU TPYIIIaMu
HaceJIeHUs U peain3alust KOHIIETIIIUMN «yM-
HBIX TOPOIOB» 00ECTIeYMBAIOT MOTEHIIMAT
JUIST pa3pelieHUsI MHOTUX COIIMaIbHBIX TTPO-
TUBOpeunii [9].

HenocrarouHoe Ka4ecTBO MOATOTOBKU
CTIEIIMAJIMCTOB U OTCYTCTBHME MOCTOMHBIX
pabovYMX MECT JUIST HUX TIPUBEJIN K TIaJIeHUIO
TpecTr:ka 00pa3oBaHUsI, B TO BPeMsI KaK OHO
SIBJISIETCSI OCHOBHBIM CPEJICTBOM ITOCTPOE-
HUSI COBPEMEHHOI KOTHUTUBHO 9KOHOMHU -
ku 3HaHuii. [To ompocy rpaxnaH BbICIIEe
00pa30BaHUE XOTS CITOCOOCTBYET KAPbEPHO-
MY poOCTY, HO B Poccuu He oKa3bIBaeT cylie-
CTBEHHOTO BJIMSHUS Ha MaTepualbHOE
osaronoayuue. O6pazoBaHUEe CTAHOBUTCS
MeHee JOCTYITHBIM, W KeJalolInX TIaTUTh
3a ToJiydeHue oOpa3oBaHUSI CTAHOBUTCS
MeHbl1e [10].

YpOGaHU3allMOHHBINA KPU3UC TECHO CBS-
3aH C KOJIOTMYECKUM, COITMATBLHBIM U 9KO-
HOMUWYECKNM Kpusnucamu. [opoma 3aHUMaIoT
TobKO 1 % cyliu, HO B HUX MPOKUBAIOT
0oJiee TOJIOBUHBI Jtojei (B Poccun okoJjio
74 %), a Kk 2050 . TpOTHO3UPYETCH, YTO
JTOJISI TOPOACKUX KUTEJIEH TJTaHEThI IIPEBbI-
cur 70 %. [11; 12].

PocTt Hacen€HHBIX MyHKTOB Bceraa pop-
MU pPOBAJ 3aIlpoC Ha CO37aHNEe HOBBIX BUIOB
U CHUCTEM TpaHCMoOpTa, 00eCcTeYnBaAIONINX
pa3ymMHOE BpeMsI TPAHCIIOPTHBIX TepeBU-
JKEHUH JIIOJEN U CBOEBPEMEHHYIO JOCTaBKY
IPY30B MOTPEOUTENSAM.

B Hacrosiiee BpeMsi aBTOMOOMIN3AIINS
HaceJIeHUs TIpUBesa K Hepa3pelnMbIM J10-
POXHBIM 3aTOopaM M CHUXXEHUIO KauyecTBa
TPAHCIIOPTHOTO 00CITYKMBaHUSI TACCAXKUPOB
TPAHCTIOPTOM OOIIIETO MOJTb30BaAHUS. YIUIIBI
U JIOpOTY B KPYITHBIX Topoaax EBporbl 3a-
HUMalT B cpeaHeM 10 % Tepputopuu
(B Mockse — 20 %) ne(UIIUTHBIX U TOPOTUX
TOpOJCKUX 3eMenb. [lJIsT cpaBHeHUs, —
yaeabHasl TUIONIaab TEPPUTOPUU TOpPOIA,

3aHMMaeMasl accaXkupoM aBToOyca, Tpu-
MepHO B 40 pa3 MeHbIIIe MO CpaBHEHUIO
C JIETKOBBIM aBTOMOOMIEM [13—15].

3arpaTbl BpeMEHUM Ha €XeJIHEBHBIE IM0-
€3JIK1 TOPOJCKUX KUTEJIel yBETUINBAIOTCS
BILJIOTH JIO TIpeaesia, JOIMycKaeMoro 1o ca-
HUTApPHBIM U TICUXOJIOTUYECKUM HOPMaM.
DTO CyIIECTBEHHO CHUXKAET KaueCTBO KM3-
HU B ropojiax.

TpanWIIMOHHBIM MOTEHIIMAT METOIOB
peleHus MpobaeM ypOoaHU3aIMK UcUyepIial
ce0s1, TTOATOMY B 1IEJIsIX TTOMCcKa MHHOBAIU-
OHHBIX ITyTe pa3BUTHUS TOPOJCKHUX CUCTEM
17 u 18 centabps 2014 . B Heio-Mopke
obu1a npoBeneHa Kondepenuus OOH no
KWJTBIO U YCTOMIMBOMY TOPOJICKOMY Pa3BU -
tuio «Xaoutat-111» [9; 16].

O01Ke 3aKOHOMEPHOCTU BO3ZHUKHOBE-
HUST 9KOHOMUYECKUX KPU3UCOB U3YUEHBI
KEMHCHMAHCKOU M HEOKEWHCHAHCKOU 3KO-
HOMUYECKUMU 1KoJdamMu. Ha ¢poHe sKoo-
TUYECKOTO U COILMAJIbHOTO KPU3KMCOB CTall
MPOSIBAATHCS KPU3UC IKOHOMUYECKON
JOKTPUHBI, OCHOBAHHOUW Ha Tpeumylie-
CTBEHHOM Y4Y€Te MHTEPECOB MHBECTOPOB
M XO3SIMCTBYIOIIMX CYOBEKTOB. DTHU JUIIA
BCeTJa MCXOMSIT M3 CBOUX KOMMEPUYECKUX
nHTepecoB. Takue WHTEpPECH MPUHATO Ha-
3bIBaTh MHTEPHAJbHBIMU (T.€. BHYTPEHHM -
MM) pe3yJbTaTaMu. [IpuMepomM MHTEpHATb-
HOTO pe3yJbTaTa CIYXUT IOJydeHHas
npubsib. Ho mpu peanuzanuu OusHec-
MPOEKTOB HAOJIOIAIOTCS TAKXKe PE3yIbTaThl
BO BHEIITHE! MO OTHOILIEHWIO K MHBECTOPaM
M XO3STCTBYIOIINM cyObekTaM cpene. [Tpex-
JIe BCEro, BHEIIHUE PEe3YIbTaThl TIPOSBIIS -
FOTCSI B OKOJIOTMYECKUX U COIIMAbHBIX ac-
MmekTax. 3a4acTyio BHEIIHUE Pe3yJIbTaThl,
Ha3bIBa€MbI€ SKCTEPHATUSIMU, B CTOUMOCT-
HOM 2KBUBaJIEHTe MHOTOKPATHO TTPEBBIIIIA-
[OT MHTepHaJIbHbIE pe3yabTaThl. [TepBorpu-
YUHAMU TIOSIBJIEHUSI SKCTEPHAJINI CUMTAIOT-
Csl HEPaBHOMEPHOCTh Pa3BUTHUS PHIHKOB
pa3JIMIHBIX OJI1ar, UCITOJIb30BaHUE «OeCTIIaT-
HBIX» PECYPCOB M OTCYTCTBHE YETKO OTOBO-
PEHHBIX MPAB HAa PeCYPChl pa3IUIHON TTPU-
pOJibl, BHEPBIHOYHOE BOCTIPOU3BOJCTBO
yejoBeyeckoro kanurana [17—19].

TeopeTuveckoit OCHOBOM JJIsI KOMITJIEKC -
HOro y4éTa MHTEpPHAIWN W 3KCTepHAIUi
(TTOJIOKUTETLHBIX U OTPUIIATEIBHBIX) MOXKET
OBITH MCITOJIb30BaHME TaK HA3bIBAEMOTO
Hasora [Tury (A. C. ITury; anri. Arthur Cecil
Pigou — 1877—1959) [9]. Hanor ITury npen-



YCMaTPUBAET 3aKOHOIATEIbHOE YCTAHOBIE-
HUe WTpadHBIX HAYUCIEHUNA TIPU MPEBBI-
IIEHUU XO3SUCTBYIOIIUM CYOBEKTOM Jeii-
CTBYIOLIMX 0053aTeJIbHBIX HOPMATUBOB
BO3MOXHOTO HEraTUBHOTO BO3AEWCTBUS
OM3HEC-TIPOEKTa Ha OKPYXAWIIYI0 Cpeay
U couuabHy1o cepy (Mpu HeOOXOIUMOCTH,
U Ha JApyrue oOIeCTBEHHbIE OTHOILIEHUS).
OTU HAYUCIIEHUSI TIPOU3BOJSTCS U3 TPUOBI-
JIU U MOCTYNalT B COCTaB OIOJXKETHBIX
cpeactB. HanpoTus, eciiu X03aiCTBY O]
CyOBEKT JOKaXeT, YTO OH OCYIIECTBJSII
CBOIO JAEATEbHOCTh C MEHBIIMMU HETaTUB-
HBIMU TOCJEACTBUSIMU, MO CPABHEHUIO
C YCTaHOBJ€HHBIMU HOPMAaTUBaMU, TO OH
MMEET MPaBO MOJTYYUTh U3 OI0KEeTa CTUMY -
JINPYIOIIIUE BBITUIATHI UM COOTBETCTBYIONIEE
10 CyMMe€ OCBOOOXIEHUE OT YCTAHOBJIEHHbBIX
HaJ0roB (HAJOTOBbIE JIbTOTHI).

B HacTos11ee BpeMsi HaIOTOBbIE MTOCTYTI-
Jenust B 01okeThl Poccuiickoit @enepaiuu,
€€ CyOBbeKTOB U MyHULIMITAJbHBIX 00pa3oBa-
HUI 00€3IMYUBAIOTCS, U paclpeneaeHue
STUX CPEICTB Ha LIeJIU peaau3alliu rocyaap-
CTBEHHBIX U MyHUIIUTIAJIbHBIX 00S13aTEIbCTB
HUKaK He yBSI3aHO C COOTBETCTBYIOIIUMU
HaJIOTOBBIMM ITOTOKaMU. TakuM 00pa3oM, He
HCITOJIb3YIOTCS MOTEHILIMATbHO UMEIOLIUECS
B CUCTEME MOCTPOECHUSI HAJTOTOBBIX OTHOIIIE-
HUII OOpaTHBIE CBSI3U MEXIY pe3yjabTaTaMu
JeITeIbHOCTU HAJTIOTOBBIX PE3UIEHTOB U CTU-
MYJIUPOBAaHUEM UX K JOCTUXEHUIO O0Ie-
CTBEHHO 3HAUYMMBIX pe3yJbTaTOB. BBeneHue
Hasora Ilury morpedyetr pecdopMUpOBaHUS
HaJIOTOBOTO 3aKOHOAATENIbCTBA U JACT BO3-
MOXHOCTbh aKTUBU3AIMU YKA3aHHBIX 00paT-
HBIX CBSI3€ii, YTO CYyIIECTBEHHO MOBBICUT
PETYJISTUBHYIO POJIb HAJIOTOB B COLIMAIbLHOM
1 9KOHOMUYECKOM PAa3BUTHUU CTPAHBI.

YCTOM4YNBOE PA3BUTUE U POJIb
TPAHCIMOPTA B ErO PEAJIUSALNU
[nobGanbHbIE KPU3KCHI BBI3BIBAIOT 03200-
YEHHOCTh MUPOBOI1 OOIIIECTBEHHOCTH, Ha-
YYHOTO CcOOOIIecTBa U MOJUTUKOB BCEX
CTpaH. YCWIUSIMU TPAKTUYECKHU BCEX YICHOB
OOH Ha 6a3e 3TOi1 MEXIYHapOTHOIT opra-
HU3aI1MU ObUTU TTIOITOTOBJIEHBI U MIPOBEEHbBI
HECKOJILKO TIPEICTaBUTEIbHBIX KOH(EpeH-
uuit, Ha KOTOPHIX OblIa chopMUpOBaHa
KOHIIEIIMST YCTOMYMBOTO pa3BUTHS. Bbinn
MPUHSITHI UTOTOBbIE JOKYMEHTHI [20—24].
3aboTa 0 coxpaHeHUU OKpyXalouiei
Cpeabl TaKXe HAaXOAUTCS B TOJIE 3pEHUS

MupoBoro coobuiectna: 12 nekadps 2012 ro-
na nmpuHato [lapuxkckoe corjalieHue
corsnacHo PamouHoit konBeHuu OOH 06
“3MeHeHuHU Kiumata ot 12 nekadps 2012 ro-
na (JIeTUTUMaIMs MCTIOJIb30BaHUS 3TOTO
corainieHus B Poccun mpousseaeHa nocra-
HoByieHueM IlpaBurtenncrBa Poccuiickoit
®epepanun ot 23 ceHtsaops 2019 roxa).
HanpaneHust pa3Butus odbpa3oBaTeabHOMI
NIeSITEIbHOCTH C 11eJTbI0 YCTOMYMBOTO PA3BU -
TUd onpeaeaeHsl B nekiapauuu FOHECKO
[25].

YcrosiBiieecsi B HAaydyHOM COOOIIIECTBE
U B ITOJIUTUYECKUX KPyTax CIOBOCOYETAaHUE
YCTOWUYMBOE pa3BuTUE (aHTI. — Sustainable
Development — SD) B OyKBaJIbHOM IepeBOE
HE BITOJTHE aJIeKBaTHO MepeaaéT ceMaHTu4e-
CKO€ HAITOJIJHEHWE COOTBETCTBYIOIIETO MO-
Hatus. [Tox ycTOMYMBBIM pa3BUTHEM (TaKKe
Ha3bIBa€MbIM TADMOHUYHBIM Pa3BUTUEM)
MOHUMAIOT cOajlaHCUPOBAHHBIN Mpoliece
9KOHOMUYECKHUX M COIMAJIBHBIX TTPE00pa3o-
BaHWi, dKCIUTyaTallud TIPUPOIHBIX pecyp-
COB, TIPU KOTOPOM MHBECTULIMU, HAYYHO-
TeXHUYECKUIA MPOTrpecc, MHCTUTYIIMOHAb-
Hble U3MEHEHUS U pa3BUTHUE JIUYHOCTHU
B3aMMHO COTJIaCOBaHBbI C IIEJIbIO COXpaHEHUS
MMPUPOIHOTO Hacjeausl B MHTepecax obdec-
MeYeHUsT TOCTOMHOTO KauecTBa XU3HU Ha-
CTOSIIIETO U OynyluxX nmokoygeHuii. Kiraccu-
YeCcKUI MOIXOA K YCTOMIMBOCTU Pa3BUTUS
0asupyeTcs Ha TpHaae «3KOHOMHUKA—3KO-
JIOTHSI—COIMAIbHOE paBHOBECHE». YCTOM-
YUBOE pa3BUTHE TPEIoJaraeT MpuHsITUE
yIpaBJIeHYECKUX PEIIeHN, UMEIOIINX IIe-
JIBIO JTOCTUXEHUE ONTUMaJbHOTO (palmo-
HaJILHOTO) COYETaHWs 3JIEMEHTOB YKa3aH-
Hoit Tpuanbl. CorocraBieHue KOHIEMINH
HoocdeprusMa U YCTOWUYUBOTO Pa3BUTUS
MOKa3bIBaeT, YTO YCTOMYMBOE pa3BUTHE
MPEACTABIISIET COOOM TMHAMUYECKYIO MHTEP-
rpeTaiuio HoocepHOoro nmoaxonaa, e€ mpak-
TUYECKOe BOILIOIIEHUE B XXU3Hb [13].

Kaxk ciiemyet n3 cka3aHHOTO BBIIIIE, HAW-
0oJiee aKTyaJIbHO OCYIIECTBIIEHUE YCTOMUM -
BOTO Pa3BUTHUs ypOAHU3UPOBAHHBIX IMPO-
ctpaHcTB [3—8]. CorjilacHO OCHOBHOMY
MMPUHIUITY I'PaJOCTPOUTEIHCTBA, 0OOCHO-
BaHHOMY BEJIMKUM apXWUTEKTOPOM M ypba-
HuctoMm XX crosetus Jle Kop6irosbe (pp. —
Le Corbusier, 1887—1965, HacTosIiee UM
npu poxaenuu Charles- Edouard Jeanneret-
Gris), HU OJUH TOPOJ HE MOXET pacTu ObI-
cTpee, YeM pa3BUBaeTCs ero TpaHcopT [13].
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ITo aHasoruu 3TOT NPUHILUAI CIIpaBe.-
JIUBO PAacCHpOCTPAHUTh TAaKXe Ha Maru-
CTpajbHble BUABI TPAHCIIOPTA, OCYIIECTB-
JISTIOIME TIePEeBO3KU MaccaxupoB U IPy30B
3a mpeaesaMu TOPOACKUX TEPPUTOPUI,
MOCKOJIBKY B 3TOM CJlydyae TPAHCHOPT BbI-
MOJHSAET OJHOTUIIHBIE JOTUCTUYECKUE
(GyHKIIMHA, SIBIISISICh MATEPUATBLHON OCHOBOM
UHGPACTPYKTYPHl 9KOHOMUKHU U COLIMAITb-
HOU cdepbl. MarucTpajabHblii TpaHCTIOPT
TaKXe OKa3bIBaeT BO3JECCTBUE HAa OKpPY-
KAIOUIYI0 Cpely, B CBSI3U C YeM MPUHSTHI
MHOTOYMCJIEHHbIE MEXIyHapOIHbIE KOH-
BEHIMU U aKThl HALIMOHAJIBHOTO 3aKOHO1a-
TeabcTBa. [ToTOMy pa3BUTHE MUPOBOU
5KOHOMUKM, Pa3BUTHE SKOHOMUKHU U COLIM -
aJIbHOM cephl cTpaHbl U €€ PETMOHOB HE
MOTYT IPOUCXOAUTH OBICTPEE, UEM Pa3BUBA-
€TCsI MarucTpaabHbIN TPAHCITOPT.

TpaHcHOpT B HacTosIlee BpeMs CTal
MUOHEPOM B OCYIIIECTBIEHUU YCTOUYNBOTO
pa3Butus. [MaBeHCTByWOIIAs POJb TPAHC-
MopTa B YCTOMYMBOM Pa3BUTHUU HecTydyaliHa,
U O0BSCHSIETCS KOMIUIEKCOM MPUYUH 00b-
€KTUBHOTO XapakTepa:

* TPAHCTHOPT OCYILIECTBJISIET MTEPEBO3KU
MPaKTUYECKU BCEX IpakaaH U 00CIyKUBaeT
BCE KOMMEpPUYECKUE U HEKOMMEpPUYECKUE
OpraHu3aluu, roCy1apCTBEHHbIA U MyHU-
LUNaabHbIA ceKTOphl. [ToaTOMY TpaHCHOPT
HEMOCPEACTBEHHO 3aTParuBaeT MHTEPECHI
BCEX U KaXJ0ro;

* TPAHCHOPT OTHOCHUTCS K KamuTaao-
U TPYAOEMKUM OTpacisiM (Ha BUJ IeSTeb-
HOoCTU «TpaHCIOPTUPOBKA U XpPaHEHUE»
TIPUXOASATCS 0KOJIO 24 % OCHOBHBIX ITPOU3-
BOACTBEHHBIX GoHm0B U 7,3 % oT uucia
pPabOTHUKOB B HAPOJIHOM X03sicTBe [26]);

* TpaHCHOPTHAas COCTaBJAIONIasi B KO-
HEYHOM 1IeHEe POCCUIMCKOW MPOAYKIINH, 1O
SKCIEPTHON OlLIEHKE, IPUMEPHO BABOE BbI-
1Ie IO CPAaBHEHUIO C HEKOTOPBIMU 3apy0exk-
HBIMU CTpaHaMU (CTaTUCTUYECKOTO Y4yéTa
TaHHOTO MoKa3arteys He Benétcs). Hampu-
Mep, MPU XeJEe3HOAOPOXKHBIX MEePEBO3KaAX
rPY30B A0Jid JOTUCTUYECKUX U3AEPXKEK
B BBII Poccuu cocrasiser okoso 20—24 %,
a B psijie pa3BUTHIX cTpaHax — 10 % [27].

DTO CHUXAEeT KOHKYPEHTOCITOCOOHOCTh
OTEYECTBEHHBIX TOBAPOMPOU3BOIUTEIEH,
TakXe MPpUHUMasi BO BHUMaHUE, YTO UX
MPOAYKIIMS TTOKA HE OABEPraeTcs INyOoOoKOMi
nepepaboTke (Takas MPOAYKIIUS ropasnio
JlellIeBIe CIOXHO-TEXHUYECKUX U3AETUN

U MPOAYKTOB rIy0OKOW mepepaboTKH,
BCJIEICTBUE YETO TPAHCITIOPTHAS COCTABJISIO-
1as 3HayuTelbHee BIUSET Ha KOHEUHYIO
LEeHY TIPOAYKIINN);

* TOPOJCKOW TPpaHCHOPT OKa3bIBaeT
3HAYUTEJbHOE BO3/IEHCTBUE HAa TOPOMICKYIO
cpeny, o BeIOpocaM B aTMOC(epy TopooB
yrjepoja U MapHUKOBBIX ra30B 3aHUMAET
MepBOE MECTO CPEU PA3TUYHBIX TOCTABIIH-
KOB 3TUX 3arps3HuTtesieil. TpaHCIOpPTHBIE
3emuin ropoga orHuMaoT 10—20 % nedu-
LIUTHOW TOPOJCKOU TEPPUTOPUHU, «TITTIOMOU -
pYIOT» €€ JTOPOKHBIM MOKpbITHEM [13];

* TPAHCHIOPT U €ro MyTU COOOIIECHUS
(brHaHCUpYyIOTCS U3 OIOIKETa, YTO aKTyaTu -
3UPYyeT HEOOXOIUMOCTb THIATEJIbHOMN OLIEH-
K1 3(p(heKTUBHOCTU PACXOAOBAHUS COOTBET-
CTBYIOIIUX cpeAcTB. JoJyig 610AXETHOTO
(prHaHCHUpPOBaHUS TOPOACKOTO MapUIPYTHO-
ro MacCaxXupPCKOTo TPAaHCIOPTA MOKPHIBAET
noutu 40 % pacxog0B TPaHCIIOPTHBIX Opra-
Huzanuii [28]. KpyrHbie MPOEeKThl pa3BUTUS
nyTeil cooOUIeHUsT peannu3yloTcs Takxe 3a
CU€T yyacTus Or0/1KeTa B UX (PruHAHCUPOBa-
HUM,

* JOPOXHBIN TpaHCIOPT (aBTOMOOUIIb-
HBI YU TOPOJCKOU HA3eMHBIU 3JIEKTpUYE-
CKUI TPAHCTIOPT B COBOKYITHOCTH ) SIBJISIETCS
CaMbIM OIMAaCHBIM TEXHOT€HHBIM MCTOUYHU-
KOM NPUYMHEHUS BpeJa XXU3HU U 310POBbIO
JIIOOEH;

* Ha TpaHcnopTe 0co00 3¢pHEeKTUBHO
WCIO0JIb30BaHE€ MHHOBAIIMOHHBIX TEXHOJIO-
TU# (2JIEKTPOTATA U pEKyIepalus IHEPTUU
topmoxeHus, IT, untepHer Beueit — IoT,
TPaHCMOPTHAas TeJeMaTUuKa, aBTOMaTU3aLIus
YIIpaBAE€HUS U MP.), YTO oOecneyrnBaeT 3a-
METHOE BJIMSIHUE Ha KauyeCTBO TPAHCHOPT-
HOTO OO0CTY>XXMBaHUS IPU OOIIEM CHUKEHUU
WU3IepPXKEK MePeBO3UYNKOB.

3HaurMMble HaydyHbIE U MPAKTUYECKUE pe-
3yJIbTaThl B 00JIACTU YCTOMUYUBOTO Pa3BUTHUS
TOPOJNICKOTO TpaHCTopTa MosyyeHsl B EBpore.
EBporeiickas komuccust pazpaborana peko-
MEHJIaLIUK 110 OCyIlecTBIeHn0 SD B ropoaax
W TIPUTOPOJTHBIX 30HaX. Pa3BuTHE roponckoro
TPaHCIOPTa TOJDKHO MTPOU3BOAUTHCS B COOT-
BeTcTBUM Sustainable Urban Mobility Plans
(SUMPs) — TpaHCTIOpTHBIMM IIJ1aHamu. [1naH
pa3padaTbIBaeTCs Ha OCHOBE OOIIMX MPUHIIU-
MOB U MOAXOIOB C YYETOM HALIMOHAIBHOTO
3aKOHOJaTeJbCTBA. AHAINU3 BBHIITOJTHEHUS
TPaHCHOPTHBIX IJIAHOB OCYLIECTBJIsIeTCS 10 20
OLICHOYHBIM KpuTepusim [4; 6; 13; 14; 29].



B Poccum mraHnpoBaHue yCTOMYMBOTO
Pa3BUTHUS OCYLIECTBIISIETCSI C YIETOM €BpO-
neiickoro omnbita [6; 13; 19]. OCHOBHBIE
YCUJIMS HaIlpaBJICHbl Ha OCYILIECTBJIECHUE
TPAHCIIOPTHOIO IUIAHUPOBAHUS IIPU TOCY-
JapCTBEHHOU M MYHUIIMITAIbHOM MOIIEPK-
Ke TIePEBO30K MaCCaXXMPOB IO PETYISIPHBIM
MmapumpyTaM. [IpaBoBbie OCHOBBI TaKOM
MOAAePXKU ycTaHOBIeHbl PenepaibHbIM
3akoHOM oT 13.07.2015 . Ne 220-®3 «0O6
OpraHu3aIuy PeryJspHBIX TIEPEBO30K Iac-
CaxXMpoB 1 Oaraxa aBTOMOOMIbHBIM TPaHC-
IIOPTOM M TOPOICKUM HAa3eMHBIM 3JIEKTPU-
yeCKHUM TpaHcopToM B Poccuiickoit Defe-
panny ¥ 0 BHECEHUU U3MEHEHUN B OTHE/Tb-
HBIE 3aKOHOIaTeJbHbIe aKThl Poccuiickoit
Ddenepanuu». PazpaboTka TOKYMEHTOB
IUIAHUPOBAHUSI PEryJIsIPHBIX MEPEBO30K
BO3JIOKE€HA Ha OpraHbl UCIIOJHUTEIbHOM
BJIACTH.

B HacTos111Iee BpeMsI TpaHCIIOPTHOE Tj1a-
HUPOBaHUE, MO CyTH, CBOAUTCS K (popMHU-
POBAaHMIO MEPEeYHEl MapLIPYTOB PEryJsip-
HBIX IIEPEBO30K C MX MOApa3aejeHueM Ha
MapIIpPyThl C PETYAUPYEMBIMU Y HEPETYIIH -
pyeMbIMU Tapudamu. s nmepBoii U3 3TUX
JIBYX TPYIII MapLIPyTOB OPTraHbl UCITOIHM-
TEJIbHOM BJACTU YCTAHABIMUBAIOT TapUQbI
W COOTBETCTBYIOIINE OIOIKETHBIC TOTLIATHI
nepeBo3urkam. Tapudsl 115 Tpoe3aa v mpo-
BO3a 0araxa 1o MaplipyTaM ¢ HeperyJampye-
MBbIMU TapudaMy yCTaHABIMBAIOTCS Iepe-
BO3YUKAMHU CAMOCTOSITEILHO.

METO40J1I0TUSA OLLEHKMU
9DDEKTUBHOCTU YCTOUYUBOIO
PASBUTUA TPAHCIMOPTA
N AKTYANTbHBIE 3AAYU EE
COBEPLWUEHCTBOBAHUSA
DddexTUBHOCTH (1aT. — effectivus) xa-
paKTepu3yeT COOTHOIIEHUE PE3yIbTAaTOB
C 3aTpaTaMM Ha UX JOCTUXEHUE, TO €CTh
SIBJISIETCSI OTHOCUTEJIbHOW XapaKTepUCTHU-
Koit. D deKT BhIpaxaeT JOCTUTHYTHII pe-
3yIbTaT B abcomoTHOM hopme [30].
OxoHomuueckue 3Ppdextol u 3pdek-
TUBHOCTbh MOTYT pacCMaTpUBATbCS KakK
YHUBEPCaJbHbIC U3BMEPUTEIU MOJIE3HOCTH,
a TaKXKe CIY>KMTh DKBUBaJCHTAMU BHEJKO-
HOMHUYECKUX 3P PeKTOB 1 3 HEKTUBHOCTH.
it conocTaBUMOCTU 3KBUBAJIEHTOB 3(-
¢GekToB U 3P (HEKTUBHOCTU pa3IUYHON
MPUPOIBI UCITOJIB3YIOT CTOUMOCTHBIE OIICH -
KM 3aTpaTt U pe3yapraToB. Hampumep, co-

KpalleHue 3aTpaT BpeMEeHU MacCaxXxupoB Ha
MOE3IKU B pe3yJbTaTe COBEPIICHCTBOBAHUS
paboTHl TPAHCIOPTAa MOXKET MOJABEPraThCs
CTOMMOCTHOM OIlleHKe maccaxkupo-yaca.
I[MonuepkHEM, YTO TIPU MCITOJIB30BAHUU
CTOMMOCTHBIX OLIEHOK pe4b HE UIET O TOP-
TrOBJiIe COOTBETCTBYIOIIUM IMOJE3HBIM pe-
3yabratoM. [ToaTomy cienyeT AMCTaHIIUPO-
BaTh CTOMMOCTHBIE OLIEHKU Yero-jiubo oT
9KOHOMUYECKUX KAaTeTOPUU CTOMMOCTH
U TIEHBI.

Ilpu ompeneseHUU SKOHOMUYECKUX
addekTa U 3¢pPeKTUBHOCTU pPe3yabTaThl
U 3aTPaThl PECYPCOB BBIPAXKAIOT B NEHEX-
HOM U3MEPEHUU, PYKOBOJACTBYSICh TIPUH-
LUMaMU: COMOCTAaBUMOCTHU MOKa3aTeen
(mpuBeneHUe BCexX MokKas3aTeaeil 1 HopMma-
TUBOB, TIPUMEHSIEMBIX B pacuérax, K eIu-
HbIM 0a3MCHBIM YCJIOBHUSIM, B TOM YUCJIE 3a
CUYET NMCKOHTUPOBAHUS MO BPEMEHU);
HE3aBUCUMOCTU OTIpENIeICHUS PEe3yIbTaTOB
BHEAPEHUS pa3IUUHBIX MEPOTIPUATUI;
MepCneKTUBHOCTU 0a3bl CPaBHEHUS, 3a
KOTOPYIO MPUHUMAIOT MOKa3aTeu, TJIaHU -
pyeMbie Ha mepuo/ (roJ) BHEAPEHUS MEPO-
mpusTUs 6e3 yuyéra BIUSHUS paccMaTpu-
Ba€MOTO MEPOIIPUSTHUS.

BHeakoHoMuueckue a3pdekThl (BHE-
mrHue 9dEKTHI, KCTEPHATNMN) TIPU pacyé-
TaX 9KOHOMUYECKON 3(pPeKTUBHOCTU HE
YUUTHIBAIOTCS, TTOCKOJBKY CTEWKXOJIEPHI,
SBJISIOLIMECS TTOJlydaTeasIMU Takux d2ddek-
TOB, HE BXOJAST B UMCJIO UHBECTOPOB U IKC-
miyataHToB. OJHAKO Ha MPaKTUKE UMEHHO
9KCTEPHAJINY SIBJISIIOTCST JOMUHUPYIOITUMU
(1Mo CTOMMOCTHOW OLIEHKE) pe3yJbTaTaMu
paboTHl TPAaHCIIOPTHBIX cucTeM. B MHOrO-
YUCJIEHHBIX MyOJIMKAIMSIX IO MEHETKMEHTY
HCITOJIb3YETCS TIOHATUE «MHUCCHSI OpTaHM3a -
LIMW», B KAYECTBE KOTOPOI OOBIYHO YKa3bI-
BalOT HA 3HAYMMBbIE COLIMAJIbHbIE U IKOJIO-
ruueckue pesyabratel. HecMoTpst Ha Giarue
HaMepeHUs, BhIpaXXeHHbIe B CChIIKaX Ha
MUCCHUIO OpTaHU3alMH1, TPakJaHCKOE 3aK0-
HOJAaTeJbCTBO TPEOYET, UTOOBI B yCTaBaxX BCEX
KOMMEPUYECKMX OPraHU3alUi 1eJIblo ObLIO
OBl 3a51BJIEHO MTOJyYEeHUE 10X0Aa, MPUOBLIU
(Ho He peanuzauusg muccuu). [TosTomy
MUCCHUSI OpPTaHU3ALMU CIYXKUT «(PUTOBBIM
JINCTKOM» MEPKaHTWJIMCTCKMX 11eJIei X035 -
CTBEHHUKOB.

YyeHue 00 aKcTepHaIUsIX ObLIO pa3pa-
6oraHo A. ITury [31]. B Poccuu ata KOH-
LieNnKs pa3padaTbiBaeTCsI MHOTMMU UCCIIE-
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noBateasiMu. Jlugepom sBIsieTCS HaydyHas
1mKosa, cozganHasi B MI'Y um. M. B. Jlomo-
HocoBa npodeccopom A. [I. IllepemeTrom
(1929-2020) [32]. OkcTepHanbHbIE b heK-
ThI HAYMHAIOT YIUTHIBATHCS B TPAKTUYECKOU
NeATeIbHOCTU. TaK, B POCCUICKOM 3KOJIO-
TMYECKOM 3aKOHOJATEIbCTBE YCTAHOBJIEHBI
TUIATHOCTBD ITOJIb30BAHMST TPUPOTHBIMU Pe-
cypcaMu, CaHKIMU 32 CBEPXHOPMATUBHbIC
BBIOPOCHI 3arps3HSAIOIIUX BEIIECTB, Mpe-
3YMILMS 9KOJIOTUYECKOM OMACHOCTH X035 -
CTBYIOIIMX CYOBEKTOB. DTa MpaKTUKa, CO-
[JIACHO KOHIIEIUU YCTOMYUBOTO PA3BUTHS,
OyJeT MOCTOSIHHO PAacIIUPSAThCS 3aKOHOAA-
TeJIeM.

OO1IEeNPUHSATO KOJUYECTBEHHO OLIEHU-
BaThb 9KOHOMUYECKYIO PE3YyJbTAaTUBHOCTh
WHBECTULIMI: BHYTPEHHEW HOPMOW pEHTA-
6enbHOCTH ((hakTUUYeCcKast HOpMa MPUOBLTUA OT
WHBECTULINI ); YN CTON MPUBEAEHHON CTOUMO-
cteio (YITC, yuctelit mpuBene¢HHbINA 3D heKT,
YUCTasl TEKYIasi CTOMMOCTb, YACTBIN TMCKOH -
TupoBaHHbI goxon YJIJI — aHri. Net present
value — NPV) [17; 18]. Pacuér 3Tux nokasza-
Teneit 3 HeKTUBHOCTU aBTOMATU3UPOBAH
B TaOIMYHBIX mpotieccopax Microsoft Excel
u OpenOffice.org Calc.

AHaNnu3 cyliecTBa KOMIUIEKCHOM OLIEHKU
3 PEeKTUBHOCTU YCTOWUYMBOTO Pa3BUTHUS
TPAHCIIOPTHBIX CUCTEM ITOKAa3a, YTO METO-
MUKW pacuéra BHYTPEHHEW HOPMBI peHTa-
0eJbHOCTHU U YUCTOTO TUCKOHTUPOBAHHOTO
JIOX0J1a MOTYT CJIY>KUTb UCXOAHBIMU aHAJIO-
raMU JIJ1 TOCTPOEHUSI METOIMKY KOMILIEKC-
HOW OLIEHKM.

KommiekcHbI pe3yabTaT B CTOUMOCT-
HOM BhIpaxenuu R, mpeparaercs oLeHU-

BaTb COIJIaCHO CJIC,[[y10H.[€I7I 3aBUCUMOCTH:

R =NPV+FE, +S,

ecol

iﬂ_E +

t 0

=—IC+ (1)

=1 (1+i)

N N

e Z

:1 1+1 P 1+1

rae NPV — 4ucThlii TUCKOHTUPOBAHHBII
noxod (MHTepHAaIbHBI 3KOHOMUYECKUN
pe3yJbTaT UHBECTOPOB U X035 CTBYIOIINX
CyOBEKTOB TPAHCIIOPTHOU CUCTEMBI), THIC.
pyo.;

E, ,— CTOUMOCTHOE BbIpaXKe€HME TUCKOH -
TUPOBAHHOTO CYMMapHOTO 9KCTEPHATBLHOTO
3KOJIOTMYECKOTO pe3yabraTa, ThiC. pyo.;

VIS PA A v 5 MIN-

S . — CTOMMOCTHOE BBIPaXKEHHE TUCKOH-
TUPOBAHHOTO CYMMapHOTrO COLMAaIbHOTO
pesysbraTta, Thic. pyo.;

t=0,1,2,.., N— ycnoBHblif HOMEp pac-
YETHOTO Mepuoaa BpeMeHU (Hampumep,
roja; HyJeBbIM MTEPUOAOM CUUTAETCS Hava-
JIO UHBECTULIMI B peajn3aluio MpoeKTa
pPa3BUTUS TPAHCTIOPTHYIO CUCTEMY);

i — cTaBKa JUCKOHTUPOBAHUS;

CF, — cyMMapHbIil TOTOK HaJMYHOCTH
B MEPUOJ UHBECTULIUN C YCTIOBHBIM HOME-
poMm ¢ (anredpanyeckasi CcyMMa BCeX IMPUTO-
KOB M OTTOKOB JIEHEXHbIX CPEACTB B 3TOM
nepuoje), Thic. pyo.;

IC — uHBecTULIUU, TIPOU3BENEHHbIE B HY-
JIEBOM Tlepuofe, ThiC. pyo.;

E, — cymmapHbIe 3aTpaThl 9KOJOTHYE-
CKUX PECYpPCOB, TPOU3BEAEHHBIE TSI peasi-
3al[iU TTPOeKTa B HYJIEBOM MEpUOJie BpeMe-
HU B CTOUMOCTHOM BbIpaxK€HUU, ThIC. pYyO.;

S, — CyMMapHbIe 3aTpaThl COLMATbHbIX
pecypcoB, MPOU3BOIUMBIE 151 peau3aluu
MpoeKTa B HYJ€BOM IMEPUOAE BPEMEHU
B CTOUMOCTHOM BBIPaXXE€HUU, ThIC. pyO.;

E — cymMMapHBIA IUCKOHTUPOBAHHBIN
MOTOK 3KOJIOTUYECKUX PECYPCOB B MEPUOL
BPEMEHMU { B CTOMMOCTHOM BbIPaKeHUU, ThIC.
pyo.;

S, — CyMMapHBI# TUCKOHTUPOBAHHBIH
MOTOK COLMAaJbHBIX PECYPCOB B MEPUOL
BPEMEHMU B CTOMMOCTHOM BbIPa>KeHUU, ThIC.

pyo.
an/I 3TOM:
N M
ecol ZO (1= O)m m+zlzoEr,m
m =1 m=
N M (2)
=22 E.pvd,;
=0 m=0
M N M
ZS(I:O),m ¢ fm + ZZSI,m
t=1 m=0
N M (3)
=228 S
1=0 m=0
rae E — pacxod 9KOJOIMYECKOIro pe-

=0, m
cypca Buaa m = (1, 2, ..., M) B HyJ1eBOM

Tepuoe, IPeaCTaBIIeHHBIN B HATypaIbHBIX
eAMHUIIaX YUETa;

E, , — pacxox sKoJOrnueckoro pecypca
Bugam = (1,2, ..., M) B nepuogax BpeMeHU
t= (1,2, ..., N), npeacraBjJeHHbIIl B HATy-
paJbHBIX eIMHUIIAX YUIETA;

d — CTOMMOCTHAs OLEHKA YYUThIBAEMOIA
SIVMHUIIBI 9KOJIOTUUECKOro pecypca Buaa

m=(1,2, .., M);



S~ 4, » — PACXOJ COLMATBHOIO pecypca

Buga f = (1, 2, ..., F) B HyJIeBOM Tiepuoje,
MpeACTaBAeHHbIN B HATypaJbHbIX € IMHUIIAX
YUETa;

S~ — pacxol collMaJbHOTO pecypca BU-

t,m

naf= (1,2, ..., F) Buepruonax BpeMeHU ¢ =
(1, 2, ..., N), npeacrtaBieHHbI B HaTypaJb-
HBIX eMMHUIIAX YUETA;

J, — CTOMMOCTHasl OLIEHKa YYUTbIBAEMOMA
eIWHUIIBI COIMATBbHOTO pecypca Buaa f =
(L,2,..,F).

PaccmoTpenHast MeToamka pacuéra KoM-
TUIEKCHOM 3(DDEeKTUBHOCTU MTO3BOJISIET OlLie-
HUTH COBOKYITHBIE PE3YJIBTaThI, TTOJIydaeMble
TIpU IKCTUTyaTalluM TPAHCIIOPTHBIX OpraHu-
3alldil U CUCTEeM, a TakXKe MPOEKTOB UX CO-
BepIlIeHCTBOBaHUs. MeToanKa Takxke TaéT
BO3MOXKHOCTH JIJISI TIO9TAITHOTO Tiepexosa
K MCIOJIb30BaHMIO Maen Hayora [lury, uto
obecreyuT obpaTHbIE CBI3U MeXAy oble-
CTBEHHO 3HAYMMBbIMU 3 deKTaMU 1 HAJIOTO-
00J10KEHUEM XO3SIUCTBYIOIIUX CYOBEKTOB.
DTO MO3BOJUT TEPEUTH OT MEPKAHTUIIMCT-
CKOI DKOHOMUKM, HalleJIeHHOW Ha TTOoJIyYe-
HUE MPUOBUIM WHBECTOPOM, K 9KOHOMUKE
YCTOMYMBOTO Pa3BUTHSI B UHTEPECax HACTOSI -
IIETO U OYIyIINX MOKOJEHUH.

PazpaboTka MeTOHOJOTUM OLIEHKU 3(]-
(beKTMBHOCTU YCTOMYMBOTO Pa3BUTHUS aK-
TyaJu3UpyeT MPOBeJIeHNE UCCIeJOBaHUM
u pazpaborok. [To HamIMM olLleHKaM, AJs
pa3pabOTKU MepeuHeil OCHOBHBIX KOJIOTH -
YECKUX U COLMATbHBIX MHANKATOPOB YCTOM -
YUBOTO Pa3BUTHUS, METOAUK X HAYIHO 00-
OCHOBaHHOT'O pacuéTa u METOIUK CTOMMOCT-
HOM OLIEHKU MoJiydaeMbIX 9(PHeKTOB 0K~
HO OBITh BbIMOJIHEHO Oosiee 100 HaydyHBIX
paboT 3KOHOMUYECKOI HAIPaBJIEHHOCTH.

3AKJTIOMEHUE

KomrmuiekcHbI moaxoa K ¢popMupoBa-
HUIO METOJ0JIOTUU OLIEHKU 3(PPEKTUBHOCTU
pabGoThl TPAaHCHOPTHBIX OpPraHU3aAL UK
U CUCTEM, a TAKKEe MPOEKTOB UX COBEPILICH-
CTBOBAHUS B COOTBETCTBUM C KOHILIEMIIUEN
YCTOWYUBOTO PAa3BUTUS BBIJBUTAET B UUCJIO
AKTyaJIbHBIX HAITPABIEHU I 11T TPUKIIATHBIX
Hay4YHBIX UCCJIETOBAHUN U pa3paboToK cie-
NIYIOIIUE 3a0a4H:

* CTPYKTYypUpPOBaHUWE MEpeYHEe TUIIO-
BBIX 9KOJIOTUYECKHUX U COLMATIBHBIX 3D dek-
TOB, PE3YJbTAThl YU4ETA KOTOPHIX HAJIEXKUT
NPUMEHSTh MPU OMPENeJeHUN KOMIUIEKC-
Hol 3(ppeKTUBHOCTH;

VIIE oA P A | 3 = s

* pa3paboTKa METOJI0JOTMU YUYETa BO3-
JeicTBUST pabOTHI TPAHCIIOPTHBIX OpTaHM-
3alMii ¥ CUCTEM Ha 3KOJOTMYECKUE U COLIM -
abHble 3(PPEKTHI;

* KOHOMHYECKOE, TEXHOJOTUYECKOE
U MpaBoOBOe OOOCHOBAHUS CTOMMOCTHBIX
OLICHOK KaXJ0TO M3 YUYUThIBAEMbBIX IKOJIO-
TMYECKUX U COLMAIbHBIX U3MEHEHUMN s
repeBo/ia MoJydyaeMbIX Pe3yIbTaTOB B CTOU -
MOCTHOE BBIpaXKeHHE COOTBETCTBYIOILIUX
3(ppeKToB;

* CO3MaHMe CUCTEMbl MOHUTOPUHTIA UC-
XOOHOW MHMOPMAIIMU MJIsI BHIITOJHEHUS
pacuyéToB 3(p(PEeKTUBHOCTH;

* IIpaBOBas JETUTUMALIUS PE3yJbTaTOB
yaéTa, COOMpacMBbIX CHCTEMOt MOHUTOPHUH-
ra 1 METOOMK pacyéTra KOMIUIEKCHOM (-
(EeKTUBHOCTH;

* IMOATOTOBKA CIICIINAIMCTOB IIJIsI aTlra-
paTa ympaBIJICHUSI TPAaHCIIOPTa U OPTraHOB
WCTIOTHUTEJIBHOM BJIACTH C Y4ETOM MHHOBA-
IIMOHHBIX U3MEHEHU I, COMPSIKEHHBIX C TTe-
PeX0JI0M K YCTOMUYMBOMY Pa3BUTHIO TPaHC-
MOPTHOM OTpaciu;

* TIo3TarHas TpaHchopMalns MpaBoBOi
OCHOBBI JIJII OCYIIIECTBJICHUST CTUMYJIMPOBa-
HUS XO3IUCTBYIONINX CYyOBEKTOB B COOTBET-
CTBUM C NMpUHLMIIaMU Hajiora Ilury (rias-
HbIM 00pa3zoM B cdepax rpaxaaHCKOTO,
OIOI’KETHOTO M HaJIOTOBOI'0 3aKOHOAATEb-
CTBA).
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Assessment of Effectiveness of
Sustainable Transport Development
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ABSTRACT

The traditional assessment of efficiency of
operations and of development projects of transport
systems is based on a mercantilist approach that
considers efficiency of activities according to the
«cost-income—profit of economic entities» pattern.
In this case, non-systemic, external results are
usually not considered, while they can be many times
higher in value terms than the internal results
obtained by economic entities. External results are
often seen outside the realm of purely economic
relations. This is especially evident in the
infrastructure sector, the material basis of which is
formed by transport and logistics. To some extent a
crisis of economic doctrine has arisen. An ecological
crisis is being observed due to unrestrained
anthropogenic activity. The concentration of people
and production activities in cities has become the
cause of the urbanization crisis. Growing inequality
has led to an exacerbation of social contradictions.
As a result, mankind has faced a complex crisis of
civilization. Sustainable development was recognized
as the main means of resolving the crisis. Sustainable
transport development being primarily an
infrastructure field of activity, serves as the
foundation for building sustainable development of
the economy and social sphere. The sustainable
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development goals set by the world community
under the auspices of the UN can only be achieved
through the comprehensive assessment of
effectiveness of management decisions (cumulative
accounting of all internalities and externalities).
Transport has become a pioneer in sustainable
development of territories and cities. The approach
to a comprehensive assessment of effectiveness of
sustainable development determines the reform of
economic and fiscal relations in the future according
to the principle of the Pigou tax.

The objective of this article is to explore ways to
improve assessment of effectiveness and
methodology of sustainable development of
transport organizations and transport systems. The
article substantiates the relevance and directions of
improving the methodology for a comprehensive
assessment of the results of transport activities and
presents analytical models for a comprehensive
assessment of its effectiveness. The promising tasks
for continuation of research and development are
associated with justification and legal legitimation of
the use of cost estimates of various external results
of improving transport, as well as with development
of a system for monitoring of information necessary
for a comprehensive assessment of sustainable
transport development.
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Background. At present, probability and
frequency of crises of various nature are
increasing. The scale of such crises can be so
significant that a global threat to development
of civilization could arise. The deterioration
of the ecological situation, aggravation of
social problems, and the crisis of urbanism
are well known factors. The rapid development
of information technology (IT) has
exacerbated the problem of professional
readiness of personnel to work in a cognitive
production environment. Traditionally used
methods of economic management showed
that they have constraints: the mercantilist
concept of management, based on the
economic interests of the investor and
production workers, operating in the
categories «cost—income—profit», came into
conflict with socially significant interests and
humanistic ideals. The current situation in
the broad sphere of social relations actualizes
the need to search for new approaches to
development of anthropomorphic activity
and for other methods for assessing
effectiveness of production, economic and
social activities able to comprehensively
consider all the kinds of final results and
interests of people and society. The UN
member states, including Russia, adopted the
2030 Agenda for Sustainable Development
on September 25, 2015, which includes 17
goals aimed at eliminating inequalities,
poverty, preserving natural resources and
ensuring human well-being. The agenda sets
169 tasks and indicators (indices) to assess
the achievement of goals [1].

For objective reasons, the transport sector
of the national economy was among the
pioneers on the path of sustainable develop-
ment.

The objective of this article is to study and
present the results of developments in the
field of methodology for assessing
effectiveness of sustainable development of
transport organizations and transport
systems.

Global crises in the system of public
relations

The global exacerbation of contradictions
between the unrestrained anthropogenic
activity, on the one hand, and stability of the
environment, as well as the balance of social
relations, on the other hand, was predicted

more than 100 years ago by the founders of
the noospheric doctrine, who were douard
Louis Emmanuel Julien Le Roy (1870—1954),
Pierre Teilhard de Chardin (1881—1955),
Russian scientists academician V. 1. Vernadsky
(1863—1945) and academician N. N. Moiseev
(1917-2000), and their disciples [2; 3]. At
present, predictions of negative consequences
of uncontrolled anthropogenic activity are
coming true, which has begun to threaten the
existence of civilization.

The ecological crisis has led to climate
change on the planet, to threat of a shortage
of clean water, accelerated extinction of
species and a reduction in the population of
flora and fauna, irreversible geological shifts,
pollution of significant areas of land and free
water. The growth rate of emissions of
harmful substances outstrips the growth rate
of the world’s population. For example, from
1960 to the present, carbon emissions have
increased by 4,5 times with a population
growth of 20 %. Particularly serious pollution
is observed in urban areas. Cities are point
sources, concentrators of unacceptable
environmental pollution: more than 70 % of
GDP is created in cities; this consumes up
to 80 % of the energy produced; emissions of
toxic substances into the atmosphere of cities
make up about 85 % of their total volume.
The resolution of the problems that caused
the ecological crisis largely depends on
implementation of a balanced transport
policy [4-T7].

The aggravation of social relations occurs
due to uneven socio-economic development
of society in different countries, deepening
gap between rich and poor, residual influence
of antagonistic class and racial «theories»,
gender inequality, provision of social
guarantees blurred in common words,
shortcomings in development of culture,
medicine and education. At present,
according to the UN Secretary Gene-
ral A. Guterres, a pandemic of inequality has
arisen and a complex crisis is developing, and
efforts of all countries should be directed to
overcome its manifestations [8].

Attracting investments into the economy
and social sphere, leveling the differences
between different groups of the population
and implementation of the concept of «<smart
cities» provide the potential for resolving
many social contradictions [9].



Insufficient quality of training of
specialists and the lack of decent jobs for
them led to a decline in the prestige of
education, while it is the main means of
building a modern cognitive economy of
knowledge. According to a survey of citizens,
although higher education contributes to
career growth, in Russia it does not have a
significant impact on material well-being.
Education is becoming less accessible, and
there are fewer people willing to pay for
education [10].

The urbanization crisis is closely related
to environmental, social and economic
crises. Cities occupy only 1 % of the land,
but more than half of people live in them
(in Russia, about 74 %), and by 2050 it is
predicted that the share of urban inhabitants
of the planet will exceed 70 % [11; 12].

The growth of settlements has always
generated a request for creation of new types
and systems of transport that provide a
reasonable time for transportation of people
and timely delivery of goods to consumers.

Currently, motorization of the population
has led to insoluble traffic congestion and a
decrease in quality of transportation services
for passengers by public transport. Streets
and roads in large European cities occupy an
average of 10 % of the territory (20 % in
Moscow) of scarce and expensive urban land.
For comparison, the specific area of the city’s
territory occupied by a bus passenger is about
40 times smaller than that of a passenger car
[13—15].

Time spent on daily travel by urban
residents is increasing up to the limit allowed
by sanitary and psychological standards. This
significantly reduces quality of life in cities.

The traditional potential of methods for
solving urbanization problems has exhausted
itself, therefore, in order to find innovative
ways of developing urban systems, the UN
Conference on Housing and Sustainable
Urban Development «Habitat I1I» was held
on September 17 and 18, 2014 in New York
[9; 16].

The general patterns of emergence of
economic crises have been studied by
Keynesian and neo-Keynesian economic
schools. Against the background of
environmental and social crises, a crisis of
the economic doctrine based on predominant
consideration of the interests of investors and

business entities began to manifest itself.
These persons always proceed from their
commercial interests. Such interests are
usually called internal (i.e. internal) results.
An example of an internal result is the profit
made. But when implementing business
projects, there are also results manifested in
the environment which is external to investors
and economic entities. First, external effects
are manifested through their environmental
and social aspects. Often, external results,
called externalities, in terms of value, are
many times higher than internal results. The
uneven development of markets for various
goods, the use of «free» resources and the
lack of clearly specified rights to resources of
various nature, and the out-of-market
reproduction of human capital are considered
the primary reasons for emergence of
externalities [17—19].

The theoretical basis for integrated
accounting of internalities and externalities
(positive and negative) can be the use of the
so-called Pigou tax (Arthur Cecil Pigou,
1877—1959) [9]. The Pigou tax provides for
legislative establishment of penalties when
an economic entity exceeds the current
mandatory standards of possible negative
impact of a business project on the
environment and the social sphere
(if appropriate, on other public relations as
well). These charges are made from profit and
go to the budget. On the contrary, if an
economic entity proves that it carried out its
activities with less negative consequences
compared to the established standards, then
it has the right to receive incentive payments
from the budget or the corresponding
exemption from established taxes (tax
benefits) from the budget.

Currently, tax revenues to the budgets of
the Russian Federation, its constituent
entitiesand municipalities are depersonalized,
and distribution of these funds for
implementation of state and municipal
obligations is in no way tied to the
corresponding tax flows. Thus, the potential
feedback between the performance results of
tax residents and incentives to achieve
socially significant results are not used in the
system of taxation. The introduction of the
Pigou tax will require a reform of tax
legislation, and will provide an opportunity
to activate this feedback, which will
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significantly increase the regulatory role of
taxes for the social and economic development
of the country.

Sustainable development and the role of
transport in its implementation

Global crises are sources of concern of the
world community, the scientific community,
and politicians in all the countries. Through
the efforts of almost all UN members, and
under the auspices of that global organization
several representative conferences were
prepared and held, at which the concept of
sustainable development was formed. The final
documents were adopted [20—24].

Concern for preserving the environment is
also in the field of vision of the world
community: on December 12, 2012, the Paris
Agreement was adopted in accordance with the
UN Framework Convention on Climate
Change of December 12, 2012 (the application
of this agreement in Russia was legitimized by
the decree of the Government of the Russian
Federation of September 23, 2019). The
directions of development of educational
activities for the purpose of sustainable
development are defined in the UNESCO
declaration [235].

Established in the scientific community and
in political circles, the phrase «sustainable
development» in its literal translation to Russian
does not quite adequately convey the semantic
content of the corresponding concept.
Sustainable development (also called
harmonious development) is understood as a
balanced process of economic and social
transformations, exploration of natural
resources, in which investments, scientific and
technological progress, institutional changes
and personal development are mutually
coordinated in order to preserve the natural
heritage in the interests of ensuring a decent
quality of life of the present and future
generations. The classical approach to
sustainable development is based on the triad:
economy—ecology—social balance. Sustainable
development presupposes adoption of
managerial decisions aimed at achieving the
optimal (rational) combination of the elements
of this triad. Comparison of the concepts of
noospherism and sustainable development
shows that sustainable development is a
dynamic interpretation of the noospheric
approach, its practical implementation [13].

As follows from the above, implementation
of sustainable development of urbanized spaces
is most relevant [3—8]. According to the basic
principle of urban planning, founded by the
great architect and urbanist of 20™ century Le
Corbusier (1887—1965, named at the birth
Charles- Edouard Jeanneret-Gris), no city can
grow faster than its transport develops [13].

By analogy, it is fair to extend this principle
to mainline modes of transport that transport
passengers and goods outside urban areas, since
in this case transport performs the same type
of logistics functions, being the material basis
ofthe infrastructure of the economy and social
sphere. Mainline transport also has an impact
on the environment, in connection with which
numerous international conventions and acts
of national legislation have been adopted.
Therefore, development of the world economy,
development of the economy and social sphere
of the country and its regions cannot proceed
faster than development of mainline transport.

Transport has now become a pioneer in
implementing sustainable development. The
dominant role of transport in sustainable
development is not accidental, as it is explained
by a complex of objective reasons:

 transport carries out transportation of
almost all citizens and serves all commercial
and non-commercial organizations, public and
municipal sectors. Therefore, transport directly
affects the interests of everyone;

 transport refers to capital and labor-
intensive industries (in Russia the economic
activity «Transportation and storage» attracts
about 24 % of fixed assets and 7,3 % of
employees occupied in the national economy
[26]);

* transport component in the final price of
Russian domestic products, according to expert
estimates, is approximately twice as high as in
some countries (no statistical record of this
indicator is kept). For example, for railway
transportation of goods, the share of logistics
costs in Russia’s GDP is about 20—24 %, and
in some other countries is about 10 % [27].

« this reduces competitiveness of domestic
producers, also taking into account that their
products are not yet deeply processed (such
products are much cheaper than complex
technical products and products of deep
processing, as a result of which the transport
component significantly affects the final price
of products);



+ urban transport has a significant impact
on the urban environment, ranked first among
various suppliers of these pollutants in terms of
carbon and greenhouse gas emissions into the
atmosphere of cities. Lands of the cities used for
transport infrastructure take 10—20 % of the
scarce urban area, «sealed» with a road surface
[13];

* transport and construction of the routes
are financed from the budget, which makes it
necessary to carefully assess the effectiveness of
spending the corresponding funds. The share of
budget funding for urban route passenger
transport covers almost 40 % of the costs of
transport organizations [28]. Large-scale
projects for development of transportation
routes are also being implemented due to
participation of the budget in their financing;

 road transport (road and urban ground
electric transport in aggregate) is the most
dangerous man-made source of harm to human
life and health;

+ for transport, the use of innovative
technologies is especially effective (electric
traction and regenerative braking, IT, 1oT
(Internet of Things), transport telematics,
control automation, etc.), which produces a
noticeable impact on the quality of transport
services while reducing the overall costs of
carriers.

Significant scientific and practical results in
the field of sustainable development of urban
transport have been obtained in Europe. The
European has developed guidelines for
implementing sustainable development in urban
and suburban areas. The development of urban
transport must be carried out in accordance with
Sustainable Urban Mobility Plans (SUMPs). The
plans are developed based on general principles
and approaches, considering national legislation.
The analysis of fulfillment of SUMPs is carried
out according to 20 evaluation criteria [4; 6; 13;
14; 29].

In Russia, sustainable development planning
is carried out considering European experience
[6; 13; 19]. The main efforts are aimed at
implementation of transport planning with state
and municipal support for passenger
transportation on regular routes. The legal basis
for such support is established by the Federal
Law of July 13, 2015 No. 220-FZ «On
organization of regular transportation of
passengers and luggage by road and urban land
electric transport in the Russian Federation and

on amendments to certain legislative acts of the
Russian Federation». The development of
planning documents for regular transportation
is entrusted to the executive authorities.

Currently, transport planning, in fact, is
limited to development of lists of routes for
regular transportation followed by their division
into routes with regulated and unregulated
tariffs. For the first of these two groups of routes,
the executive authorities set tariffs and
corresponding budget surcharges for carriers.
Fares for travel and baggage on routes with non-
regulated fares are set by the carriers themselves.

Methodology for assessing efficiency of
sustainable transport development and topical
tasks of its improvement

Efficiency (form Latin word effectivus)
characterizes the ratio of results to the costs of
achieving them, that is, it is a relative
characteristic. The effect expresses the achieved
result in absolute form [30].

Economic effects and efficiency can be
considered as universal measures of utility, and
also serve as equivalents of non-economic effects
and efficiency. For comparability of equivalents
of effects and efficiency of different nature, cost
estimates of costs and benefits are used. For
example, reduction in travel time of passengers
as a result of improved transport performance
may be subject to passenger-hour valuation. We
emphasize that when using value estimates, there
is no question of trading the corresponding
useful result. Therefore, it is necessary to
distance the value estimates of something from
the economic categories of value and price.

‘When determining the economic effect and
efficiency, the results and resource costs are
expressed in monetary terms, guided by the
principles:

+ comparability of indicators (bringing all
indicators and standards used in the calculations
to single basic conditions, including through
discounting over time);

+ independence of determining the results
of implementation of various measures; the
prospects of the comparison base, for which the
indicators planned for the period (year) of
implementation of the event are taken without
considering the impact of the event in question.

Non-economic effects (externalities) are
not taken into account in calculations of
economic efficiency, since stakeholders who
are recipients of such effects are not included
into the group of investors and operators.
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However, in practice, externalities that are the
dominant (in terms of value) results of operation
of transport systems. Numerous publications
in the field of management use the concept of
an organization’s mission, which is usually
referred to as meaningful social and
environmental result. Despite the good
intentions expressed in references to the
mission of the organization, civil law requires
that in the charters of all commercial
organizations, the goal would be associated
with the declared receipt of income, profit (but
not the mission). Therefore, the mission of the
organization serves as a «fig leaf» of the
mercantilist goals of business executives.

The doctrine of externalities, as mentioned
above, was developed by A. Pigou [31]. In
Russia, this concept is being developed by many
researchers. The leading position belongs to the
scientific school created at Lomonosov
Moscow State University by Professor
A. D. Sheremet (1929-2020) [32]. External
effects are now considered in practice. For
example, Russian environmental legislation
establishes payment for the use of natural
resources, sanctions for excess emissions of
pollutants, and presumption of environmental
hazard for economic entities. This practice,
according to the concept of sustainable
development, will be constantly expanded by
the legislator.

It is generally accepted to quantify the
economic performance of investments: by the
internal rate of return (actual rate of return on
investment); by net present value (NPV) [17;
18]. The calculation of these performance
indicators is automated in Microsoft Excel and
OpenOffice.org Calc spreadsheets.

The analysis of the essence of acomprehensive
assessment of efficiency of sustainable
development of transport systems showed that
the methods for calculating the internal rate of
return and net present value can serve as initial
analogs for constructing a comprehensive
assessment methodology.

It is proposed to evaluate the complex result
in value terms R; according to the following
dependence:

R =NPV+E, +S,,

ecol
N

E+y (1)

t=1 1+l

where NPV is net present value (internal
economic result of investors and economic
entities of the transport system), thousand
rubles (or other monetary units);

E,  isvalue of the discounted total external
environmental result, thousand rubles;

S, . is value of the discounted total social
result, thousand rubles;

t=20, 1, 2, ..., Nis conditional number of
the settlement period (for example, a year; zero
period is beginning of investments in
implementation of the transport system
development project);

i is discount rate;

CF is total cash flow during the investment
period with the conditional number 7 (the
algebraic sum of all cash inflows and outflows
during this period), thousand rubles;

IC are investments during zero period,
thousand rubles;

E, is total cost of environmental resources
incurred for implementation of the project
during zero period of time in value terms,
thousand rubles;

S, are total expenditures of social resources
made for implementation of the project during
zero period of time in value terms, thousand
rubles;

E istotal discounted flow of environmental
resources during time period 7 B in value terms,
thousand rubles;

S, is total discounted flow of social resource
during time period 7 in value terms, thousand
rubles.

At the same time:

N M
ecol Z (1= O)m ZZE
m=

t=1

ﬁ: i (2)
t=0 m
M N M
zSo:m,m mt ZZSr m
m= t=1 m=
N oM (3)
=22 S
1=0 m=0
where £ is consumption of an ecological

(=0, m
resource of the form m = (1, 2, ..., M) during

zero period, presented in natural accounting
units;

E, , is consumption of an ecological
resource of the form m = (1, 2, ..., M) during
time periods f = (1, 2, ..., N), presented in
natural accounting units;



d is cost estimate of the considered unit of
an ecological resource of the form m = (1, 2,

ey M);

S(t: Oom is consumption of a social resource
of the form f= (1, 2, ..., F) during zero period,
presented in natural accounting units;

S, ,, is consumption of a social resource of
the form f= (1, 2, ..., F) during time periods
t=(1,2,..., N), presented in natural accounting
units;

/. is cost estimate of the considered unit of
a social resource of the form /= (1, 2, ..., F).

The considered methodology for
calculating the integrated efficiency allows
evaluating the cumulative results obtained
during operation of transport organizations
and systems, as well as projects for their
improvement. The methodology also provides
opportunities for a phased transition to the use
of the idea of the Pigou tax, which will provide
feedbacks between socially significant effects
and taxation of economic entities. This will
enable the transition from a mercantilist
economy aimed at generating profit for the
investor to the sustainable development
economy in the interests of present and future
generations.

The development of a methodology for
assessing the efficiency of sustainable
development actualizes research and
development. According to our estimates, in
orderto develop lists of the main environmental
and social indicators of sustainable
development, methods for their scientifically
grounded calculation, and methods for
valuation of the effects obtained, more than
100 research works in the economic field should
be completed.

Conclusion. An integrated approach to
development of a methodology for assessing
the efficiency of transport organizations and
systems, as well as projects for their
improvement in accordance with the concept
of sustainable development, puts forward the
following tasks as topical areas for applied
research and development:

* structuring lists of typical environmental
and social effects, the results of which should
be applied for determining integrated
effectiveness;

+ development of a methodology for
accounting for the impact of transport
organizations and systems on environmental
and social effects;

* economic, technological and legal
justification of the cost estimates of each of
the environmental and social changes taken
into account in order to transfer the results
obtained into the value of the corresponding
effects;

+ development of a system for monitoring
the initial information for performing
efficiency calculations;

* legal legitimization of the accounting
results collected by the monitoring system and
methods for calculating integrated efficiency;

* training of specialists for administration
of transport and executive authorities, taking
into account the innovative changes associated
with transition to sustainable development of
the transport industry;

» gradual transformation of the legal
framework for implementation of incentives
for economic entities in accordance with the
principles of the Pigou tax (mainly in the areas
of civil, budgetary and tax legislation).
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HanpsaxeHHo-pedpopmMmupoBaHHOe
COCTOSIHUE XeJie300eTOHHOro
nyrenposopa nog Harpy3komn

Wean BOHOAPb Muxaun KBALUHUH

Avnnapa AJIBEKEEBA
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BbasnoyHble nponETHbIE CTPOEHUS SIBASIOTCS HAaU-
6ornee ysi3BUMbIMY 351EMEHTaMU MOCTOBOV CUCTEMBI,
Tak Kak OHY NOABEPraloTCs NPSIMbIM BO3AEHCTBUSIM:
noaABUXHOM Harpy3ku, rnpupoaHO-KINMaTUYeCKUM
pakTopam (TemnepaTypHbIM 1 BIAXHOCTHbIM BO3-
AevicTBysSIM, BKJIlO4asi 3aMopaxnBaHmne v oTranBaHue,
ycanaky, BJaxXHOCTb v Ap.). [ossneHne nepexkros
KOHCTPYKUMI MOCTa B ripoLecce aKkcriiyaraymm He-
n36EXHO, MO3ITOMY Nepes UHXEeHEPaMU-CTPOUTE-
JISIMU BOIPOC YCUIIEHWS MOBPEXAEHHbIX KOHCTPYKLMIA
MOCTOB SIB/IIETCS aKTYasIbHbIM U B HACTOSILLEE BPEMSI.
B cTatbe paccMOTpeHbl HEKOTOpPbIe pPe3y/bTaTbl
PacHETHbIX 3HAYEHWUI U MHCTPYMEHTAasIbHbIX U3Mepe-
HUVI HanpsixXEéHHO-AepOpPMUPOBAHHOIO COCTOSIHUS

(HAC) xene306eTOHHbIX 6an04YHbIX MPOAETHbLIX
CTPOEHUI XeNe3HOA0POXHOro nyTernpoBoaa rnoj
9KCrlyaTauMoOHHbIMUW Harpy3kamu, rnpu rnpoxoae
pPasanNyHbIX eanHUL NoABUXHOro coctasa. Llenbio
JaHHbIX NCCIeA0BaHNi SBASETCS KOHTPOJIb Harpsi-
XKEHHO-AeGOPMUPOBAHHOIO COCTOSIHWUS XX€/1€3HOA0-
POXHOrO rnyTenpoBoAa U151 BbISIB/IEHNS U Yy CTPDAHEHUS
AedekToB Ha paHHUX cTaausix. [lony4eHHble pe3ysib-
TaTbl pacyéra, BbiMOJIHEHHbIE METOAOM KOHEYHbIX
anemeHToB (MK3) B nporpamme ABAQUS/Standard,
XOPOLWO KOPPENUPYIOT C 3KCNePUMEHTaIbHbIMU
JaHHbIMU. 9TV pe3ysibTaTtbl MOryT UCIMOJIb30BaTbCs
PV MOHUTOPUHIE COCTOSIHNS UCKYCCTBEHHbIX COOPY-
KeHu Ha MarucTpanbHbiX InHNIX AO «HK «KTXK».

KnwoyeBsle cnoBa: xenesHasi nopora, rnyreriposoa, 6asio4HbIe NPONIETHLIE CTPOEHUS, HanpPsXXEHHO-

1e(hopMUpPoOBaHHOE COCTOSIHUE.
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OCTOBOE TIOJIOTHO SIBJISIETCSI OCHOB-

HBIM HECYLIUM 3JIEMEHTOM, KOTO-

DBl IepeaaéT Harpy3Ku mormeped-
HO OTopaM, TaKUM Kak TMPOoJIbHAsT OaJka,
ToTiepeyHbIe 0asiku 1 cTpuHTephl. [TockombKy
JKe1e300eTOHHbIE OaJIK MOCTa TIOIBEPTAIOT-
CSl IPSIMBIM BO3JEWCTBUSM TMOIBUXHOMN
(TpaHCTIOPTHOIT) Harpy3KU, a TAKXKe TPUPOJI-
HO-KJIMMaTUYeCKUM (haKTopaM — 3aMOPaKK -
BAHUIO U OTTAUBAHUIO, YCAJIKU U BIAXKHOCTH,
OHU SIBJISTIOTCS. OMHUMU U3 Hanbosee ysa3BU-
MBIX 2JIEMEHTOB B MOCTaX, TJ¢ 4Yallle BCETO
TIOSTBIISTIOTCSI TIOBPEXKACHUS (IeDeKTh), TaK1e
KaK TPEUIMHbBI, CKOJIBI 3aAIIIUTHOTO CJI0ST OeTO-
Ha U KOppo3us CTaibHOI apmatypsl. Kpome
TOTO, TIOCTOSTHHBIE (peaslbHble) HATPY3KU OT
TEPETPyKeHHBIX TPAHCTIOPTHBIX CPEACTB,
KOTOPBIE YaCTO BCTPEUYAIOTCST HA MAaTUCTPAITh-
HBIX 3KeJIE3HOMOPOXKHBIX TMHUIX KazaxcraHa
u Poccuu, IpUBOST K CEPhE3HOMY YCTATOCT-
HOMY TMOBPEXIECHUTO HECYIITNX XKeJIe300EeTOH -
HBIX OaJTOK. V3-3a TaKuX CUTyaluii cpenHui
CPOK CJIyXOBbI XKeJ1e300€TOHHbBIX 0aJIOUHbBIX
TPOJIETHBIX CTPOCHUI XKeJIe3HOTOPOKHBIX
MOCTOB PE€3KO COKpAIlaeTcs, a pacXoabl Ha
colepKaHue M TeXHUIEeCKOe OOCITy>KUBaHUE
MOCTOB TTOCTOSTHHO YBEJTMIMBAIOTCS.

B KoHI1€e MpOoIILTOro BeKa HECKOJBKO CTPaH,
takux Kak [epmanms, CILA, Kanana, Anonns
u Kopest ToHSITH, 9TO CPOK CITYXKOBI 3KeJIe30-
0OETOHHBIX OATTOK MMEET peliarolinee 3HaUeHIEe
JUTSI BCErO MOCTa. bt HaYaThl uccieaoBaHUs
HarnpsKEHHO-1e(hOPMUPOBAHHOTO COCTOSTHUST
0aN0UHbIX NPONEMHBIX CIPOEHUTL Jcene300emoH -
Hoix mocmos. TlosiBneHue nedexroB (CKOIOB
¥ TPEIIMH OETOHA, KOPPO3UH apMaTyphl) KOH-
CTPYKILIMI MOCTa B TIPOIIeCCe AKCIUTyaTalnu
HEen30eXHO, TTOATOMY TIepe/l MHXKEeHEepaMU-
CTPOUTEJISIMUA BOTIPOC YCUJICHUST TIOBPEXKIEH-
HBIX KOHCTPYKIIMIT MOCTOB SIBJISIETCSI aKTyalTb-

ncz3 nci-2
11,5Mm 23,.6M

HBIM U B HacTosee BpeMd [1, ¢. 1705—1708;
2, c.484—513; 3, c. 35—49].

B psme cTpaH mpUHSATO MIPOM3BOIUTH
MOHHMTOPUHT UCKYCCTBEHHBIX COOPYKECHUIA,
CBOCBPEMCHHO YCTPaHATH He(heKTH (I10-
BpPEXIEHUS) XKeJIe300€TOHHBIX 0aJTOYHbIX
MIPOJETHBIX CTPOCHUIT MOCTOB 1 TIPOM3BO-
IUTh YCUJICHNE UX KOHCTPYKTUBHEIX 3JIe-
MCHTOB YTJI€BOJOKHOM MJIM KOMIIO3UTHBI -
MU maTtepuanamu [4, c. 2769-780; 5,
c. 258-266; 6, c. 302—310].

Hanee IpruBeIeHBI paCYETHBIC U OKCIICPH -
MEHTAaJIbHBIC PE3YIbTaThl OIPEACICHNS Ha-
MPSKEHHOTO COCTOSTHHS XKeJIe300C TOHHBIX
0aJIOYHBIX ITPOJIETHBIX CTPOCHMI XKeJIe3HOIO-
POXKHOTO ITyTeInpoBoaa (puc. 1) mom meii-
CTBUEM M3BECTHBIX HATrpy30K (cIiema — Tell-
noBo3a TOM-18 m BaroHa Xormrmep-ao3aTopa
JUTSL TIEpeBO3KM 11e0Hs, Momens 19—9870;
CIUTOTKH — M3 TPEX TeTTOB030B TOM-18), ipn
CTaTUYECKUX UCITBITAHMSIX ITyTeIIPOBOIA.

PE3VYJ1bTATblI PACYETHOIO
CTATUHECKOIO AHAJIU3A

BrinonHeHbl pacy€Thl HAIPSIKEHHOTO
COCTOSTHUSI DJIEMEHTOB COOPYKCHMS TIPU 3a-
MaHHBIX COYETAHUSIX HArpy30K (pacuéTHBIX
cayyvasx) [7, c. 101—120].

Bcero 6610 paccMoTpeHo 12 pacuéTHBIX
CITy4aeB:

1 cnyuvaii — I10. «HaTtsokeHue apmaTtypbl
0J10KOB 23,6 M + COOCTBEHHBI BECY;

2 ciyuait — Cl. «I10 + cuen (cepeauHa
JokoMoTuBa Haja cepeanHoii [TIC0—1)»;

3 cayyait — C2. «I10 + cuen (cepenmHa
BaroHa Han cepenuHoit [ICO—1)»;

4 cimyqait — C3. «I10 + cuen (cepeauHa
BaroHa Haz oropoit No 1)»;

5 ciyuait — C4. «I10 + cuen (cepeauHa
cuemna Han cepenuHoit [TIC1—2)»;

mce1
11,5M

|
|
~J |

dat]? ‘

darid

ONz2

ONel

Puc. 1. Cxema pacnosnoxeHusi TEH30Pe3UCTEepPOB Ha NPOJIETHLIX CTPOEHUSIX XE/1Ie3HO4OPOXXHOIro

Jxene306eTOHHOro nyrenposoaa, Ha 97 km MK5+20,

nco-1, ric1-2, NC2-3 — nponéTHbie CTPOEeHNs

nyrenpoBoga; dat 1, 2, 3, 4, 5, 6 — reH3ope3ucTopbl FLM-60—-11; O N2 1, O N2 2 — pamHble, ABYXCTOEYHbIE

npomMexxyToyHbie onopsi; O N2 0, O N2 3 —

ycTOM 06CBINHOro TUna (aBToOPCKni).
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Puc. 2. CxeMbl BDeMeHHbIX Harpy30K OT cLena «J1okomoTus—BaroH» (C1-C6), dat 1, 2, 3, 4, 5, 6 —
TEeH30pPe3UCTOPbl YCTaHOBJIEHHbIE Ha NPOJIETHbIX CTPOeHusix nyTenposoga; K, T — ctaHuun ao n nocne
nyrenpoBoAa (MoAaroToBsieHbl aBTOPaMm).

Puc. 3. @ororpagums ycTtaHOBKM cLena «JIOKOMOTUB—BaroH» Ha nposiéTHoe cTtpoeHune 0—1 (Harpy3ka C1)
(caenaHa aBTopamum).

6 ciygait — C5. «I10 + cuen (cepeanHa
crena Haz ormopoi Ne 2)»;

7 ciyyait — C6. «I10 + cuen (cepeanHa
BaroHa Hapa cepeauHoit ITC2—-3)» (cM.
puc. 2, 3);

8 cinyyvaii — L1. «IT0 + crimoTka (cepeanHa
sokomoTtuBa Ne 1 Hax cepennHoii [1C2—3)»;

9 cayyaii — L2. «I10 + cinotka (cepeanHa
JjokoMoTrBa Ne 2 Haz ormopoit Ne 2)»;

10 cayyait — L3. «I10 + crinotka (5-51 ocb
2-ro J1oKoMoTuBa Haj cepeauHoit [TC1—-2)»;

11 cayyait — L4. «I10 + crimoTka (2-s1 ocb
3-ro 1okoMoTuBa Haj cepeauHoi [TC1—-2)»;

12 cayyait — LS. «I10 + crimotka (2-s1 ocb
3-ro JokoMmoTuBa Haja cepeauHon [TCO—1)»
(cMm. puc. 4, 5).

Pacu€rHast Moziesib paccMaTprBaeMoro 1c-
KYCCTBEHHOT'O COOPYKEHUSI COCTaBJIeHa B IIPO-
rpamme ABAQUS/Standard. Pesynsratsl pacué-

TOB MPECTAaBICHbI B BUE 3HAYCHMIA echopma-
LM B KOHTPOJIbHBIX TOUKAX, MOTyYEHHBIX TIPU
TTOMOIIIM BUPTYaJIbHBIX JaTYMKOB (MONATIMBBIX
CTePXKHEBBIX 3JIEMEHTOB HAYaJIbHOM JIJTMHOM
60 MM C JTMHEHO-YTIIPYTMMU CBOMCTBAMM CTaJTH ),
YCTaHOBJIEHHBIX Ha OETOHE IPOJIETHBIX CTPOSHMIA
myTenpoBojia. KoHTposbHbIE TOYKK BBIOPAHbI Ha
HIDKHEM T10SICE B CEPEIMHHBIX CCUEHUSIX TIPOJIET-
HBIX CTPOEHUIT cOopyKeHUs: «dat 1, 2» — qaTum-
KU B cepenuHe nposaétHoro crpoeHust [1C0—1;
«dat 3, 4» — maT4YMKKU B CepearHe MPOJIETHOIO
ctpoenust [TC1-2; «dat 5, 6» — maT4nKu B cepe-
JuHe npoyétHoro ctpoeHus IMC2—-3 (rae
T1C0—1 — nponérHoe ctpoeHue 11,5 M, co cTo-
poHbl ctaHimu K; TTC1—2 — nponérHoe cTpoe-
Hue 23,6 m; [1C2—3 — nponé€THoe cTpoeHue
11,5 M, co croponsbl ctaHuuu T).

PesyibraThl pacu€TOB 3JIEMEHTOB COOPY-
JKEeHUs MpU 3amaHHBIX Harpyskax (C1-—C6



Puc. 4. CxeMbl BDeMEHHbIX Harpy30K OT CriJIoTKu «3 iokomoTuBa» (L1-L5), dat 1, 2, 3, 4, 5, 6 — TeH30pe3uUcTopbI
YyCTaHOBJIeHHbIE Ha MPOJIETHbIX CTPOEeHusiX nytenposoga; K, T — ctaHuun Ao n nocne nyrenposoga (aBTOPCKuii).

Puc. 5. @otorpagus ycTtaHOBKM CrIOTKM «3 JIOKOMOTUBA» Ha NPONIETHOe cTpoeHne 1-2 (Harpy3ka L4)
(caenaHa aBTopamu).

n L1-L5), npencrasiaeHbl B BUIE pacipee-
JICHUI HampsiKeHUi B apMaType U OeTOHE
0JIOKOB MPOJETHBIX CTPOSHUIA ITyTEIIPOBOIA
I71s1 pacu€tHoro ciydast I10 u B Buzie 3HaueHUIA
HaNpsDKEHU B KOHTPOJIBHBIX TOUKAX U BUP-
TyaJIbHBIX TaTIMKAX TSI BCEX PACCMOTPEHHBIX
PacYETHBIX CIIY4aeB, S — HATSKEHKE apMary-
poI (Tab:1. 1). [TorydyeHHBIE pacuéTOM JaHHBIC
COTIJIaCYIOTCS C TTOTyYeHHBIMH SKCTICPUMEH-
TaJbHO aBTOpamMH [8, c. 163—166; 6, c. 64—67].

PE3YJ1bTATbl SKCNEPUMEHTAJIbHO
MOJTYMEHHbIX AAHHbIX

HarypHble MCIIBITAHUST OMHOITYTHOTO XKe-
JIE3HOJIOPOKHOI'O ITYTEIPOBO/Ia Yepe3 aBTO-
JIOPOT'Y B IIPOM3BOJICTBEHHOM 30HE ITPOBOIM -

Jmch BecHo# 2018 roma rmpu moMoIIy TeH30-
METPHUYECKOTO MPOTpaMMHO-AIIIapaTHOTO
komruiekca (TTTIAK) [10, c. 43—47]. [Tyrenpo-
Box roctpoeH B 1988 romy, mo cxeme: 11,5 +
23,6 + 11,5 M Ha 96 kM TTK5—20 xene3Hon0-
poxHoit tuHuu Kynbcapbl—TeHrus, us coop-
HBIX KeJ1€300€ TOHHBIX KOHCTPYKIIMIA.

Tenzopesucropsl (dat 1, 2, 3, 4, 5, 6)
YCTaHOBJICHBI Ha KaxXAa0M OJIOKe MPOaET-
HBIX CTPOCHUI B CpemHel JacTu (HEe4yeT-
HbI€ Ha MpaBbIX 0J10KaX, YETHBIE HA JIE€BbIX
0JoKax), TakKxXe IMpOM3BEIeHa 3alluTa
HaKJIEeHHBIX TEeH30PE3UCTEPOB OT BHEIII-
HUX BO3ACHMCTBUI OKpPYXAlOUIEU Cpeabl
C LIeJIbI0 MaTbHEHNIIIero MOHUTOPHUHTA B TE-
yeHue 8§—10 mer.

n



Taouua 1
PacuéTHble 3HAYeHHST HANPSKEHUI B KOHTPOJIbHBIX TOYKAX MPOJETHBIX CTPOEHHIA MyTENPOBOAA

PacuéTHblit Hanpsixenune, MI1a IIpupanieHre HanpsKEHUs1 OT BPEMEHHOM
cayyaii Harpy3ku, MIla

dat12 dat34 dat56 dat12 dat34 dat56
S, 0,00 -22,88 0,00 — - —
10 3,17 -17,98 3,14 — - —
Cuen — reroBo3 TOM-18 u BaroH xomnrep-103arop
Cl 3,17 -17,98 7,75 0,00 0,00 4,61
C2 3,17 -14,65 6,34 0,00 3,33 3,21
C3 3,17 -14,01 6,57 0,00 3,97 3,43
C4 4,54 -14,10 3,14 1,37 3,88 0,00
C5 8,59 -14,76 3,14 5,41 3,22 0,00
C6 8,56 -17,16 3,14 5,39 0,82 0,00
Crutotka — 13 3-X TernaoBo3oB TOM-18
L1 6,40 -17,98 3,14 3,23 0,00 0,00
L2 3,17 -17,98 7,41 0,00 0,00 4,27
L3 3,17 -14,09 8,61 0,00 3,89 5,47
L4 8,53 -14,25 7,35 5,35 3,73 4,21
L5 6,27 -14,50 6,16 3,10 3,48 3,02

Puc. 6. Anarpammbi pnbGPOBbIX HaNpPsHKeHWii pacTaHyTou 30Hbl [1C 0—1 (dat 5, 6, Harpy3ka C1):
a — B npaBom 6s1oke; 6 — B 1eBOM 6710ke (NOCTPOEHbl aBTOpamMm).

Puc. 7. Anarpammel pnbPOBbIX HAMPSKEHNI pacTaHyToli 30HbI [1C 1-2 (dat 3, 4, Harpy3ka C4):
a — B npaBom 6s10ke; 6 — B 1eBOM 6710ke (MOCTPOeHbl aBTopamm).

VINEM PARCIIOEIA VT O BIN= DOTO 02C

DORAdPBWL NEATTHTHAVI 35 SRAITICRECE T B A AT PR HH TCPOPMNPOBEIHHOCICD AHVE

KEJICSOOCTOHRY | YIETIpOBOAaTIoAHarpysKkon:




Puc. 8. Anarpammbi pn6GPOBbIX HANPSHKeHWIi pacTaHyTou 30HbI [1C 2-3 (dat 1, 2, Harpy3ka C6):
a — B npaBom 6s10ke; 6 — B 1eBoM 610ke (MOCTPOeHbl aBTopamum).

Tabsmna 2

DubpoBbie HATIPSIKEHUS OT BPEMEHHBIX HATPY30K ciena «TenioBo3 TOM-18 u Baron xonmep-
J103aTOP» M CIUIOTKH «U3 TPEX TemnoBo30B TOM-18» (cTaTnyeckue NCIbITAHUS)

KenesznonopoxHbiit myrernposox 11,5+23,6+11,5 m Ha 96 km [TK5—20

Cxema TC 01 TC 1-2 C2-3

PACCTAHOBKU | TTpapprif 610k | Jlesbiit 610k | [Tpaserii 6ok | Jesbiit 610k | TpaBbrii 610k | JIeBblit 610K
EURMEIEEQE || qlayi ] dat 2 dat 3 dat 4 dat 5 dat 6
APy MITa o, MIla o, MIla o, MIla o, MIla 5, Mlla
Cuen — rerioBo3 TOM-18 1 Barox xorirep-a03aTop

Cl 3,71 3,90 0 0 0 0

C2 3,.99 4,12 1,94 1,61 0 0

C3 1,54 1,59 3,37 2,97 0 0

C4 0 0 3,42 3,73 0,52 0,45

C5 0 0 1,63 1,75 3,70 3,46

C6 0 0 0 0 3,88 3,61
Crutotka — u3 3-X TeruioBo3oB TOM-18

L1 3,12 3,05 0,02 0,03 0,00 0,10

L2 0,07 0,08 0,03 0,04 3,02 3,06

L3 0,15 0,03 3,38 3,18 4,19 4,11

L4 4,12 4,15 3,26 3,19 3,99 3,96

L5 2,34 2,50 2,98 2,91 2,86 2,82

B xauecTBe npumepa npUBeACHbI Uarpam-
MBI U3MEPEHHBIX (PUOPOBBIX HAIIPSKCHUMN
B PacTSIHYTOI 30He (HMXKHSISI 9acTh pedpa)
B CpeIHEl YaCTU XKeJ1e300€ TOHHBIX ITPOJIETHBIX
CTPOCHUI KeJIE3HOIOPOKHOIO ITyTEIIPOBOIA
(puc. 6—8), BO3HMKAIOLIUE IIPY BO3ACHCTBUI
BPEMEHHBIX Harpy3okK OT CIIeIla «TeIIOBO3
TOM-18 1 BaroH xorrrep-a03aTop» (CTaTuIe-
CKUe UCTIBITaHms, Tao. 2). [TogpobHOoe omm-
CaHMe TeXHNMYECKO YacTu (TIepBUIHBIC ¥ BTO-

PUYHEBIC TIpeoOpa3oBaTe/Iv) U IPOrPaMMHOTO
obecIieueHUs NCITOIb3yeMOTo aIlapaTHO-
nporpammHoro komrurekca « TEH30» uznara-
ercs B padore [11, ¢c. 275-279].

PacuérHble JaHHBIE COIIACYIOTCS C KCIIe-
PUMEHTAIBHBIMM TaHHBIMU, TTOTYICHHBIMU
Ha pa3IMYHBIX 00BEKTaX Ha MaruCTPaIbHBIX
ymHISIX AO «HK «KT2K», TprBe 1€ HHBIX B pa-
oorax [12, c. 163—166; 13, c. 43—47; 14,
c. 38—57; 15, c. 64—67; 16, c. 275-279].
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BbiBOAbI

W3 cpaBHEeHUST HANTPSIKEHUIA, TTOJTYYeHHbBIX
pacy€THBIM MYTEM C MPUMEHEHUEM METOJa
KOHEYHBIX 3JIEMEHTOB, U HAIIPSIKEHU, TOJTY-
YEHHBIX TIPYU HATYPHBIX UCITBITAHUSIX Oaou-
HBIX 3KeJIe300€ TOHHBIX MPOJETHBIX CTPOSHU I
MyTepoBOIa CIEAYET, UTO ONMMCAaHUE HaIPSI-
XKEHHO-1e(POPMUPOBAHHOTO COCTOSHUSI
MPOJIETHBIX CTPOEHUI KeIEe3HOIOPOXKHOIO
MMyTeNMpoBOAa BIOJHE aAeKBaTHO OTpaxkaeT
BO3/IEIICTBHE HAI'Py3KHU Ha ITPOJIETHBIE CTPOE-
HUSI M OTKJIMK KOHCTPYKIIMU Ha 9TO BO3/IEHCT-
Bue. [ToaydyeHHbIe HAMPSKEHUST B OAJIOUHBIX
XKeJIe300€TOHHBIX MPOJETHBIX CTPOEHUSIX
MyTepoBOJa, MOXKHO UCITOJIb30BaTh B pacyé-
Tax MOAOOHBIX (TUMOBBIX) 0ATOYHBIX TTPOJET-
HBIX CTPOCHUI Ha CEAICMOCTOMKOCTb U ANUHA-
MMYECKUX pacyéTaX yCTOMYMBOCTU TP yBeE-
JIMYEHUU 3KCIUTyaTallMOHHOM Harpy3ku Ha
JKeJIE3HOAOPOXKHbBIE MOCTHI.

g onpeneneHust (akKTUYECKOrO TEXHU-
YECKOT'0 COCTOSIHMSI KOHCTPYKLIMI 1 HanboJiee
9 HEeKTUBHON OLIEHKU HAAEXHOCTU KOH-
CTPYKLIMIT MOCTOB M YCTAHOBJICHUST COOTBET-
CTBUSI MEXY PACUETHOM CXEMOW U NEUCTBU-
TEJIbHOI pabOTOU MCKYCCTBEHHbBIX COOPYKe-
HUI HEOOXOAMMO OCYIIECTBIISITh KOHTPOJIb
W3MEHEHUST HaNPSKEHHO-Ae(OPMUPOBAH-
HOT'O COCTOSTHUSI ICKYCCTBEHHBIX COOPYKEHU M
O[], 9KCILTyaTallMOHHBIMU Harpy3KaMHM.
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ABSTRACT

Beam spans are the most vulnerable elements of
the bridge system, as they are exposed to direct
effects of mobile load, environmental and climatic
factors (temperature and humidity effects, including
freezing and thawing, shrinkage, humidity, etc.).
Appearance of defects of the structure is inevitable;
therefore civil engineers face a topical problem of
strengthening of damaged structures of bridges. The
article discusses some results of calculated values
and instrumental measurements of stress-strain state

(SSS) of reinforced concrete beam span structures
of railway overpass under operational load caused by
different rolling stock units. The objective of this study
is to control stress-strain state of railway overpass for
identification and elimination of defects at early
stages. The calculation results obtained, carried out
by finite-element method (FEM) in the program
ABAQUS/Standard correlate well with experimental
data. These results can be used for monitoring the
state of artificial structures on main lines of JSC NC
KTZ.
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bridge bed is the main load-bearing
76 Aelement that transfers loads trans-

versely to supports, such as a
longitudinal beam, transverse beams and
stringers. Since the reinforced concrete beams
of the bridge are directly affected by the
moving (transport) load, as well as the natural
and climatic factors — freezing and thawing,
shrinkage and humidity, they are one of the
most vulnerable elements in bridges, where
damage (defects), such as cracks, chips of the
protective layer of concrete and corrosion of
steel reinforcement most often occur. In
addition, constant (real) loads from overloaded
vehicles, which are often found on the main
railway lines of Kazakhstan and Russia, lead
to serious fatigue damage to load-bearing
reinforced concrete beams. Due to such
situations, the average life of reinforced
concrete beam spans of railway bridges is
sharply reduced, and the cost of maintaining
and technical services of bridges is constantly
increasing.

At the end of the last century, several
countries, such as Germany, the USA,
Canada, Japan and Korea realized that the
service life of reinforced concrete beams is
crucial for the entire bridge, and studies of the
stress-strain state of beam spans of reinforced
concrete bridges began. The appearance of
defects (chips and cracks in concrete,
corrosion of reinforcement) of bridge
structures during operation is inevitable,
therefore, for civil engineers, the issue of
strengthening of damaged bridge structures is
still relevant [1, pp. 1705—1708; 2, pp. 484—
513; 3, pp. 35—49].

In a number of countries, it is customary
to monitor artificial structures, timely
eliminate defects (damage) in reinforced
concrete beam span structures of bridges, and

reinforce their structural elements with carbon
fiber or composite materials [4, pp. 2769—780;
5, pp. 258—-266; 6, pp. 302—310].

The following are the calculated and
experimental results of determining the stress
state of reinforced concrete beam spans of a
railway overpass (Pic. 1) under the influence of
known loads (a short train consisting of coupled
TEM-18 locomotive and hopper-batcher car
for crushed stone transportation, model 19—
9870; triple-heading consisting of 3 diesel
locomotives TEM-18), during static tests of the
overpass.

Static analysis results

The calculations of the stress state of the
elements of the structure for given combinations
of loads (design cases) were made [7, pp. 101—
120].

In total, 12 design cases were considered:
case 1 — PO. «Tension of reinforcement of
blocks 23,6 m + dead weight»; case 2 — C1. «P0
+ train (the middle of the locomotive is over
the middle of PSO—1)»; case 3 — C2. «P0 +
train (the middle of the car is above the middle
of the PS0—1)»; case 4 — C3. «I10 + train (the
middle of the car is above the support No. 1)»;
case 5 — C4. «P0 + train (the middle of the train
is over the middle of PS1-2)»; Case 6 — C5.
«P0 + train (the middle of the train is above the
support No. 2)»; case 7 — C6. «P0 + train (the
middle of the car is above the middle of PS2—
3)» (Pics. 2, 3); case 8 — L1. «P0 + triple-
heading (the middle of the locomotive No. 1 is
above the middle of PS2—3)»; case 9 — L2. «P0
+ triple-heading (the middle of the locomotive
No. 2 is above the support No. 2)»; case 10 —
L3. «P0 + triple-heading (5" axis of the 2"¢
locomotive is above the middle of PS1-2)»;
case 11 — L4. «P0 + triple-heading (2" axis of
the 3" ]locomotive is above the middle of

Pic. 1. Layout of resistance strain gages on span structures of railway reinforced concrete overpass, at 97 km

PK5+20, PSO-1, PS1-2, PS2-3 — span structures of the overpass; dat 1, 2, 3, 4, 5, 6 — resistance strain gages

FLM-60-11; O No. 1, O No. 2 — frame, two-rack intermediate supports; O No. 0, O No. 3 — foundations of talus
type (authors’ picture).



Pic. 2. Schemes of temporal loads from the train «locomotive—car» (C1-C6),
dat 1, 2, 3, 4, 5, 6 — resistance strain gages installed on span structures of the overpass;
K, T — stations before and after the overpass (authors’ picture).

Pic. 3. Photo of installation of the train «<locomotive—car» on a span structure 0—1 (load C1) (authors’ photo).

Pic. 4. Schemes of temporal loads from the triple-heading (L1-L5), dat 1, 2, 3, 4, 5, 6 — tensile strain gages installed
on span structures of the overpass; K, T — stations before and after the overpass (authors’ picture).
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Pic. 5. Authors’ photo of installation of the triple-heading on a span structure 1-2 (load L4).

PS1-2)»; case 12 — L5. «P0 + triple-heading
(2" axis of the 3™ locomotive is above the
middle of PSO—1)» (Pics. 4, 5).

The calculation model of the artificial
structure under consideration is compiled in
the program ABAQUS/Standard. The
calculation results are presented in the form of

strain values at control points obtained using
virtual sensors (ductile rod elements with an
initial length of 60 mm with linearly elastic
properties of steel) mounted on concrete
overpass structures. Control points were
selected on the lower belt in the middle sections
of the span structures of the structure:

Table 1
Calculation values of tensions in the control points of span structures of the overpass
Calculation case Tension, MPa Increase of tension from the temporal
loading, MPa
dat12 dat34 dat56 dat12 dat34 dat56
S, 0,00 -22,88 0,00 - - -
PO 3,17 -17,98 3,14 — - _
Train of diesel locomotive TEM-18 and hopper-batcher car
Cl 3,17 -17,98 7,75 0,00 0,00 4,61
C2 3,17 -14,65 6,34 0,00 3,33 3,21
C3 3,17 -14,01 6,57 0,00 3,97 3,43
C4 4,54 -14,10 3,14 1,37 3,88 0,00
C5 8,59 -14,76 3,14 5,41 3,22 0,00
Co 8,56 -17,16 3,14 5,39 0,82 0,00
Triple-heading: locomotives TEM-18
L1 6,40 -17,98 3,14 3,23 0,00 0,00
L2 3,17 -17,98 7,41 0,00 0,00 4,27
L3 3,17 -14,09 8,61 0,00 3,89 5,47
L4 8,53 -14,25 7,35 5,35 3,73 4,21
L5 6,27 -14,50 6,16 3,10 3,48 3,02

VORI 19}



Pic. 6. Diagrams of fibre tensions of the stretched zone PSO-1 (dat 5, 6, load C1):
a — in the right block; b — in the left block (authors’ picture).

Pic. 7. Diagrams of fibre tensions of the stretched zone PS1-2 (dat 3, 4, load C4):
c —in the right block; b — in the left block.

«dat 1, 2» — sensors in the middle of the span
structure PSO—1; «dat 3, 4» — sensors in the
middle of the span structure PS1—2; «dat 5,
6» — sensors in the middle of the span structure
PS2—-3 (where PSO—1 — span structure 11,5 m,
from the side of the station K; PS1—-2 — span
structure 23,6 m; PS2—3 — span structure
11,5 m from the side of the station T).

The results of calculations of structural
elements at given loads (C1—C6 and L1—-L5)
are presented in the form of stress distributions
in the reinforcement and concrete of blocks of
the span structures of the overpass for the design
case PO and in the form of voltage values at
control points and virtual sensors for all
considered design cases, S, — tension of the
reinforcement (Table 1). The data obtained by

the calculation are consistent with those
obtained experimentally by the authors [8,
pp. 163—166; 6, pp. 64—67].

Results of the experimentally obtained data

Model tests of single-gauge railway overpass
through a motorway in a productive zone, were
conducted in spring of 2018, through a strain-
gage hardware-software complex (TPAK) [10,
pp. 43—47]. An overpass is built in 1988
according to the scheme: 11,5+23,6+11,5 m
on 96" km of PK5—20 of railway line Kulsary—
Tengiz, from collapsible reinforce-concrete
constructions.

Resistance strain gages (dat 1, 2, 3, 4, 5, 6)
are installed on every block of span in the
middle part (odd number on right blocks, even
on the left blocks), protecting of glued on
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Pic. 8. Diagrams of fibre tensions of the stretched zone of PS2-3 (dat 1, 2, load C6):
a —in the right block; b — in the left block.

resistance strain gages is similarly produced
from external influences of environment with
the purpose of further monitoring during
8—10.

Asanexample, the diagrams of the measured
fibre stresses in the stretched zone (lower part
ofthe edge) in the middle part of the reinforced

concrete span structures of the railway overpass
(Pics. 6—8), arising under the influence of
temporary loads from the train «TEM-18
locomotive and hopper-batcher car» (Static
tests, Table 2) are shown. A detailed description
of the technical part (primary and secondary
converters) and the software of the used

Table 2

Fibre tensions from temporal loads from the train «diesel locomotive TEM-18 and hopper-
batcher car» and the «triple-heading consisting of 3 diesel locomotives TEM-18» (static tests)

Railway overpass 11,5+23,6+11,5 m on the 96" km of PK5—20

Scheme of arrangement of | PSO—1 PS1-2 PS2-3
temporal load Right block | Left block | Right block |Leftblock | Rightblock | Left block
dat 1 dat 2 dat 3 dat 4 dat 5 dat 6
o, MPa o, MPa o, MPa o, MPa o, MPa o, MPa
Train of a diesel locomotive TEM-18 and hopper-batcher car
Cl 3,71 3,90 0 0 0 0
C2 3,.99 4,12 1,94 1,61 0 0
C3 1,54 1,59 3,37 2,97 0 0
C4 0 0 3,42 3,73 0,52 0,45
C5 0 0 1,63 1,75 3,70 3,46
C6 0 0 0 0 3,88 3,61
Triple-heading consisting of 3 diesel locomotives TEM-18
L1 3,12 3,05 0,02 0,03 0,00 0,10
L2 0,07 0,08 0,03 0,04 3,02 3,06
L3 0,15 0,03 3,38 3,18 4,19 4,11
L4 4,12 4,15 3,26 3,19 3,99 3,96
LS 2,34 2,50 2,98 2,91 2,86 2,82

RANOFEUR LIAINI



TENZO hardware-software complex is
described in [11, pp. 275-279].

The calculated data are consistent with
experimental data obtained at various facilities
on the main lines of JSC NC KTZ, given in
[12, pp. 163—166; 13, pp. 43—47; 14, pp. 38—
57; 15, pp. 64—67; 16, pp. 275—-279].

Conclusions

From a comparison of the stresses obtained by
calculation using the finite element method and
the stresses obtained during field tests of beam
reinforced concrete spans of the overpass, it follows
that the description of the stress-strain state of the
spans of the railway overpass quite adequately
reflects the effect of the load on the spans and the
response of the structure to this impact. The
obtained stresses in the beam reinforced concrete
span structures of the overpass can be used in the
calculations of similar (typical) beam span
structures for seismic resistance and dynamic
stability calculations with an increase in the
operational load on the railway bridges.

In order to determine the actual technical
state of structures and the most effective
assessment of reliability of bridge structures and
to establish correspondence between the design
scheme and the actual operation of artificial
structures, it is necessary to monitor changes
in the stress-strain state of artificial structures
under operational loads.
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dakTopbl, OKa3biBaoOLiNE BIMSHME Ha pa3BUTHe
NpPOoAOoJibHbIX NPOPUNbHLIX AedopmMmauumn
3€eMJISHOIro NOJIOTHA B KPUOJIUTO30HE

Bnapumup LUAMPAH ynbdua PASUJTIOBA

B nepcnektuse no 2025 rona Ha rnoavroHe
CeBepHO XXes1e3HOM A0POrv MPOrHo3npyeTcs yBe-
nmdeHne o6LEMoB paboTsl Ha 28,4 %, 4TO CBSI3aHO
co cTpoutenbcTBOM CeBEPHOro LUMPOTHOIO X0Aa.
lNpn 3TOM 3HaynTeIbHas YacTb CeBepHOV Xene3Hou
Z0pOry xapakTepu3yeTcsi CII0XHbLIMU MPUPOAHO-
KIMMaTUYECKUMU YCIIOBUSIMU: BEYHOU MEP3/1I0TOM,
10N OHasIbHO - XXKWIIbHLIMY JibAaMu, 3aTOPGOBaHHO-
CTbIO TEPPUTOPUIL, PE3KMMU repenanamm Temnepa-
Typ, 3Ha4YUTEsIbHbIMU 06bEMaMU 0CaaKoB B BUAE
cHera. B ycnoBusix naaHupyemMoro pocta rpy30Ha-
NPSIXXKEHHOCTU ANArHOCTUKA 3E€MJISIHOrO 0JI0THa
B 30H€ pPacrpoCTPaHeHsi rPYHTOB CO c1aboi Hecy-
L1{evi CTOCOBHOCTbLIO Ha POHE r7106a/1bHOr0 M3MeHe-
HUWSI KuMaTta HOCUT KJTl04YEeBOV XxapakTep.

Cratbsi nocssiLieHa Borpocam o6cien0BaHNs
3EMJISSHOro MoJI0THA, PAacroJIOXEHHOro B KPUOJIN-
TO30He. Pe3ynbTaTsbl AnarHOCTUKN COCTOSTHUS Xe-
J1€3HOLAO0POXHOIr0O NyTU MO3BOJISIOT MPOrHO3MPO-
BaTrb COCTOSIHME 0ObLEKTOB Xe/1e€3HOAO0POXHOM
WHGPPacTPyKTypbl, MPOU3BOANTL KATErOPUPOBAHNE
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npocanok 3eMJIIHOro noJsioTHa no CTerneHu onac-
HOCTU n pa3pabaTbiBaTb MEPONpPUsITUS M0 ero
crabunnsaymu.

Llenbto paboTkl ABASETCS 3y4eHne ¢pakTopos,
BJINSIIOLLUMX HA NPOLeCChl Aerpagaumm 3eMyssHOro
M0JIOTHA, PacriosIOXeHHOro B KPUOJIMTO30HE.

MeTtonabl paboTbl OCHOBaHbI Ha HaTypPHbIX 06-
cnen0BaHUsSIX «B0JIbHbIX» MECT 3€MJISIHOIO 110/10THA
W CTaTUCTUYECKUX popMax aHanm3a rnpoLosibHbIX
npogubHbIX epopmaumnii (Mpocasok) rnyTu.

Pe3ynbTatom rnpoBeaEHHOV paboTkl IBSIETCS
uccnenoBaHve BANSHUS psaa ¢akTtopos, Ha pas-
BuUTHE AedopmMauni 3eMJITHOro rnoJioTHa, pacro-
JIOXKEHHOro B KpUOJIMTO30HE. B ganbHerwem
naaHUPyeTcsl Ha OCHOBE Pe3yJ1bTaToB ANarHOCTUKU
COCTOSIHUS X€JIe3HOLLOPOXHOIO MyTv NMPON3BOANTL
npPOrHo3nMpPoBaHNe MHOr0J1IeTHEMEP3/10ro COCTOSI-
HUSI OO bEKTOB X€J183HOA0POXHOM MHPPACTPYKTY-
pbl, MPON3BOANTL KATEropmpoBaHue npocanok
3eMJISIHOI o M10J1I0THa M0 CTENeHW 0rnacHOCTU U pas-
pabarbiBaTb MepOornpusTUs 1o ero crabunusaumu.
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nepcnekTuse 10 2025 roga Ha MOJU-

roHe CeBepHOI XeJe3HOW JOpoTU

MPOTHO3UPYETCS yBeJIMYeHUE 00bEMOB
rpy3oriepeBo3ok Ha 28,4 %. I1pu atom Ham-
OoJibllee YBEJIMUYECHUE TIEPEBO30K OXKMUIAAETCS
Ha yJacTKax C TeIUIoTsroi — 165,5 % K nmero-
IIAMCS Ha CeTOAHSIIHUI JeHb 00bEMaM, YTO
CBSI3aHO CO CTPOMUTEILCTBOM CeBEpHOTO K-
potHoro xoja (puc. 1). B ycnoBusix mnanupye-
MOTO POCTa TPY30HANPSKEHHOCTA AUATHO-
CTHMKa 3eMJISTHOTO ITOJIOTHA B 30HE pacipocTpa-
HEHMUSI TPYHTOB €O CJIaboii Hecyllei crnocoo-
HOCTbhIO Ha (hOoHE I10OATBLHOTO U3MEHEHUS
KJIMMaTa HOCUT KJTIOYEBOU XxapakTep.

BopkyTuHCKUIT TpOMBILIJIEHHBIN paiioH
pacmnosoXeH Ha OKpauHe BEYHOMEP3I0ro
MaccuBa EBpa3uu u oTHOCHUTCS K 00JacTu
pacnpocTpaHeHUsI BEUHOMEP3JIbIX TPYHTOB.

B pesynbrate Bo3neicTBUS pas3aiUMUYHbBIX
(hakTOpPOB KaK MPUPOIHOTO, TaK Y TEXHOT€H-
HOTO XapakTepa IpU IKCILTyaTallMu JUHE-
HBIX COOPYXEHUI (3eMJISTHOTO IOJIOTHA),
BO3HHUKAIOT MPOIOJbHbIE MPOMUIbHBIE Je-
dbopmanuu (mpocaaku) MyTU, KOTOPbIE CIO-
COOCTBYIOT JOTOJHUTEIbHOMY Pa3BUTUIO
MPOIOJbHBIX U MOMEPEYHBIX CUJI, BO3ACH-
CTBYIOIIMX KaK Ha XOIOBYIO YaCThb IMOABUKHO-
'O COCTaBa, TaK 1 Ha XKeJIe3HOIOPOXKHBIM ITyTh
[1-5].

Ileavio pabOTHI SIBASIETCSI U3yYeHUE (Pak-
TOPOB, BIUSIIOLIMX Ha ITPOLIECCHI Aerpagalliu
3eMJISSHOTO MOJIOTHA, PacMoOJOXEeHHOI0
B KPMOJUTO30HE.

Memoob: pabOTHI OCHOBAHBI HA HATYPHbBIX
00cyie10BaHUsX «O0JbHBIX» MECT 3€MJISTHOTO
MOJIOTHA U CTAaTUCTUYECKUX (hopMax aHaIM3a

MMPOAOJBbHBIX MPOGUIBHBIX AehopMaluit
(mpocagok) MyTH.

Ha Hacrosmuii MOMEHT 3HaYUTEJbHOE
BHUMAaHME YIEISIETCS TEXHUIECKOMY COCTOSI-
HUIO 3eMJISTHOTO ITOJIOTHA, Ka4eCTBY IPOBO-
JIMMBIX HATYPHBIX OCMOTPOB U aHAJIM3Y UTOTOB
paboThl AMAaTHOCTUYECKUX CPENICTB.

OnHako, HeCMOTPsI HA MHOXECTBO CTATUCTH -
YyecKUX (hopM aHaIM3a, Kaxkaoe MecTo echopMa-
LM YHUKAIBHO 110 HAOOpY U CTENICHM BIUSTHUS
Pa3IMYHBIX (hAKTOPOB, KOTOPHIE YCJIOBHO MOXKHO
pa3nenTh Ha SIBHBIE 1 HESIBHBIE.

Tak, mpu MpoBeACHUM HATYpHBIX 0OCie-
JIOBAaHUM MECT MPOJOJIbHBIX MPOGUIbHBIX
nedopMalinii B KauecTBe SIBHBIX (haKTOPOB
MPUHATO CYUTATh: OOBOJHEHNE OCHOBAHMS
3eMJISTHOT'O TTOJIOTHA I10 PUYMHE OTCYTCTBMS
CTOKa IMOBEPXHOCTHBIX BOJ, 3aBbIIICHHAs
KPYTHM3Ha OTKOCOB 3¢MJISTHOTO TI0JIOTHA 1 OT-
CYTCTBHE €70 000YMHBI, TPOXOKIEHUE yIaCT-
KOB, MMEIOIIMX MePEMEHHYIO XECTKOCTD
(HampuMmep, MOAXOAbl K MOCTaM).

K HesiBHBIM hakTOpamM MOKHO OTHECTH:

* 0COOEHHOCTH pesibeha MECTHOCTH, €TO
CKJIQIOYHOCTh, 9KCIO3UIINIO U KPYTU3HY
CKJIOHOB, MOTEPEYHbIl YKIOH MECTHOCTH,
HaJIMY1e HECKBO3HBIX TAJTUKOB,;

* PaBHOYMPYTOCTb ITYTH (pa3IMyHast MOIII-
HOCTb LIE€OEHOYHOT0, CTAPOTro 11Ie0EHOYHOTO,
acbecToBOro U MmecyaHoro 6aaaacToB, obpa-
30BaBIIAsICs MMPU MPOBEICHUU PEMOHTOB
U BBITIPaBOYHBIX paboT);

* HaJIMYMe CKOIUICHUI MOBEPXHOCTHBIX
BOJI, PacMOJIOXEHHBIX B BEPXOBOI YacTH Ha-
ChIMNU, BO3BeNEHHOI Ha Kocorope (cyhdo3ust
TPYHTOB TeJla HACBIIIN);

Puc. 1. Cxema passutuns CeBepHOro LLMPOTHOIo XoAa v yBesIn4eHnsi Noe3[HOV Harpy3kv (M3 4oknaaa
nepBoro 3amecTutesis Ha4asbHUKa CeBepPHOI Xene3Hoi 4oporu Ha Temy «TexHosiorusi paboTbl IOKOMOTUBOB
Y JIOKOMOTUBHBIX GpUran, passuTne HGPacTPyKTypPbl IOKOMOTUBHOIO KOMITJIEKCA B YCJIOBUSIX Pa3BUTUS
CeBepHOro LUMPOTHOIO Xo4a U NoaxoA[0B k nopram Cesepo-3anagHoro 6acceriHa», r. ipocnasnab 31.08.2018r.).

VIIP SAH PJA M 3 S
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Puc. 2. @PparmeHT cxemaTn4ecKor NHXeHepPHO-reos1ornyeckoii kapTbl BopkyTuHckoro parioHa Pecnybonnku
Komu (Cxematuyeckas nHxeHepHo-reosiornyeckasi kapta Komu ACCP n HeHeLikoro HauMoHasibHOro okpyra
ApxaHresnbckovi obnactu, asTop 3. M. lzennws, MuHucrepcteo reonorun CCCP, YXTUHCKOE TeppuTopuasibHoe
reosiorn4eckoe ynpasneHuve, 1966 roa).

* HapylIeHHEe MOXOBOTO M TOPGHSIHOTO
IMOKPOBOB U, KaK CJICACTBUE, PAHUMOCTh
«MEP3JIBIX» IPYHTOB;

* BJIAXKHOCTb TPYHTOB, 3aCTOM BOJIBI B pa3-
JINYHBIX TOHKEHUSIX pesibeda, B TOM YHCIIe
B KaHaBax ISl OTBOJA BOABI IIPU HAJIMIUK
B HUX IIEPEMBIYCK;

* OTEIUISIONIee BO3ACUCTBHE CHEXXKHOTO
ITOKPOBA B PA3JIMYHBIX YACTHBIX CIIydasiX.

[Ipexne yem paccMOTpPeTh BIUSIHUE HESIB-
HBIX (PAKTOPOB Ha 1e(POPMATUBHOCTD 3eMJISI-
HOT'O MOJIOTHA 3KEJIE3HOAOPOXHOTO TYTH,
00paTUM BHUMaHME Ha T€0JIOTUIECKYIO UCTO-
puto ceBepa Tepputopun Pecriyonuku Komu.

PaccmaTtpuBaeMble TOpHBIE TTOPOIBI OTHO-
caTes K (popManiiy 3pIpSHCKOTO oJieIeHEHUST
(manee — 30) [6—8]. Omnoxenust obnactu 30
MPeACTaBICHBI IIMPOKO PA3BUTHIMU JICTHU-
KOBBIMU 00pa30BaHUSIMU (MOpEHaMM), a TaK-
K€ BOIHO-JICAHUKOBBIMU (TIECKaMU, TPaBUEM)
1 03€PHO-JICTHUKOBBIMU (TTITMHAMU, TIECKAMU )
OTJIOXKEHUSIMU, O0beAUHEHHBIMU B 3bIPSH-
CKMM HAATOPU3O0HT BEPXHETO ILICHCTOLIEHA
YETBEPTUYHOM CUCTEMBI. 3BIPSTHCKIE MOPEHBI
CJIOXKEHBI CYTJIMHKAMU, COIEPXKAITUMU 00JTb-
1I10€ KOJIMYECTBO BaJIyHOB. B HUX BcTpevaroT-
¢Sl 0CaIKU ¢ MOPCKOI MUKpOQayHOIi, 3aXBa-
YeHHBIC JbI0M C menbda Kapckoro mops
U NIpUOpexXHON cymu. MoOILIHOCTh MOpPEH
30—50 M. B 1eIHUKOBBIX OTJIOXKEHMSIX TTO3I-
HE3BIPSTHCKOTO OJIEICHEHUSI COXPAHWIICS Pe-
JIMKTOBBII MTOTPeOEHHBIN JIE.

B npunegHukoBoit odmactu 30 pacrpo-
CTpaHEeHbI aJIJTIOBUAJIbHO-03EPHbIE U 03EPHbIE
(TIOATIpYyIHBIE) TOHKOCTOUCTBIC JICHTOIHBIC

VIS PA A v 5 MIN-

TJIUHBI, CYNECHU, MECKU C PaCTUTEIbHBIMU
OCTaTKaMMU.

Iunporeosornyeckast xapakKTepucTuKa
BOJBI: TSI JIETHUKOBOTO KOMILJIEKCA — CITO-
panguyeckoro (eAMHUYHOTO, OTAEIbHOIO)
pacmpocTpaHeHUs B TTIeCUaHBIX JIMH3AX, TIpe-
MMYILIECTBEHHO HAMOPHBIC, BCTPEUYAIOTCS Ha
pa3IMIHON TIyOMHE, arPECCUBHOCTD BHIIIE-
JlauMBalollas, pexe oolle KUCAOTHas; s
03€pHO-aJIJIIOBUAJILHOTO — BOAbI OE3HaIop-
HbIe, BcTpevatorcs Ha riyonHe 0—10 M 1 60-
Jiee, arpeCCMBHOCTD BBIIIIEIaYMBAIOIIAsl, pe-
Ke — 00111e KucaoTHad [6; 9].

Hnsg obnactu 30 xapakTepeH MOPEHHBI
penbed (XOJIMUCTO-TPSIIOBBINA, XOJIMUCTO-
3alaJMHHBIN), a TaKXKe pejbed ApyMIUH,
MPENCTABSIONINI COOOM BBITSHYThIE XOJIMBI,
COCTOSIIIIME M3 MaTepraia OTJIOKEHHON MO-
peHsl, uMmerorue pasmMepsl 900—2000 M B -
Hy, 180—460 M B impuny 1 15—45 M B BbICOTY
(puc. 3).

Bausnue peavegpa. 2Kene3HOTOPOXKHBIN
MyTb UCXOMS U3 YCJIOBUIM MUHUMAJIbHBIX 00bE-
MOB 3¢MJISTHBIX pa0OT, KaK MPaBUIIO, TIPOXOIUT
BIIOJTb TIOMTMEHHBIX YIaCTKOB PEK.

Tak, Ha puc. 3 mpencTaBieH y4acTOK
JKEJIC3HOAOPOKHOTO IMYyTH HampaBJIeHUS
Konoma—BopkyTa. [1peruMyiiecTBeHHbI
YKJIOH MECTHOCTUA B CTOPOHY MOMMEHHOM
yacTu peku Bopkyra, rne myThb IIpOXOauT IO
e€ IpeBHUM BBICOKUM Teppacam. B coorBeT-
CTBUH C CYIIECTBYIOITUMUA HOPMaMHU ITPOCK-
THUPOBAaHUS BOZOIIPOITYCKHBIX COOPYXKECHUA,
BOJIOTIPOIMYCKHAas TpyOa (Ha paccMaTpuBae-
MOM YyYacTKe) OTCYTCTBYET, OMHAKO B pe-



Puc. 3. Y4acTok xxene3HoA0pOXXHOro nyTu, npoxoasaLymnii o ApymMianHHoMy pesbedy (cnyTHukoBas poTocbEMKa
https://www.google.ru/maps/).

Puc. 4. dparmeHT rocygaapcTBeHHOV reosiorn4ecko kapTel U csoi «JinHeameHTsi» B TUC (pecypc cetn
UnTepHeT «Bcepoccuiicknii Hay4HO-UCC1eA0BaTesIbCKNii reos1orn4ecknii MHCTUTyT um. A.Il. KapnuHckoro»
http://www.geolkarta.ru/).

3yJbTaTe CTOKAa BOJABI, CKaIJIMBAIOIIUIACS
B MECTaX CKJIaJJOK IPYMJIMHHOIO (YaCTUYHO
IMOJIUTOHAJLHOTO) peabeda M Pa3BUTUS
TepMoKapcTa, o0pa3yloTcs o3épa, HEelo-
CPEACTBEHHO MPUMBIKAIOIINE K TEJTy HaChI-
. B pe3ynbrate mpoMCXOoUT MepeyBIaK-
HEHNe TPYHTOB OCHOBAaHUS 3eMJISTHOTO T10-
JioTHa. [1pu HaMTMYNUYM 3HAYUTETTHBHOTO TOTIe-
PEYHOTO YKJIOHA MECTHOCTHU ITPOUCXOAUT
MeaJIeHHasT puiIbTpalus BOABI Yepe3 Teao
Hachinu (compoBoxmaeMmas cyddosueit
TPYHTOB).

OnHako He BceTJa B MOJOOHBIX MecTax
00BEMBI CTOKA BOMABI JOCTATOYHBI JJIsI 00pa-
30BaHMST 03EpP, B OOJBIIMHCTBE CIy4aeB MpHU
repecevde HNM 3KeJIe3HOAOPOKHOTO ITyTH JT0XK-
OMHaMM, T1Ie 3eMJITHOE TTIOJIOTHO TIpeACTaBIIe-
HO BBICOKMMM HachIisiMu 6—12 1 Gosree MeT-
POB, He TIPOUCXOIUT BU3YAJTbHO pa3InIiMOTO
CKOITIEHMS Boibl. OnMchbIBaeéMble HEPOBHOCTHU
MECTHOCTH, KaK IPaBUJIO, CJILHO 3apacTaloT
HU3KOPOCJION pacTUTEIbHOCTHIO (EpHUKOM),
YTO OKa3bIBaeT OTEIISIoNIee BIAUSIHUE Ha
COCTOSTHUE «MEP3JIBIX» TTOPOJI B TaHHBIX MeC-
Tax (YCIIOBHO HAa30BEM UX «JIMHEOMEHTEI»,
puc. 4).

B coueTaHum co 3HAUMTETBHOIT MOIITHO-
CTBIO YETBEPTUYHBIX OTIOXECHUI, KOTOPBIC
B paccMaTpUBacMOM paiioHe MOTYT JOCTUTATh
100 MeTpoB, HAOIOIACTCS PA3BUTHE HECKBO3-
HBIX TAJIMKOB, KaK CJICACTBUE, B OCHOBAHUM
TeJla BBICOKMX HACHITICH TPYHTHI HaXOMSTCS
KakK B TaJIOM, TaK 1 KpaifHe TiepeyBIaxKHEHHOM
COCTOSTHUAM. DTO OBUIO HATJISITHO TIOATBEPKIIC-
HO TIpA OOYCTPOMCTBE MECT MepeceUeHUt
myTu u razomnpoBona B 2010—2011 rr., korma
B 3UMHUI TIEPUOJT Y OCHOBAHUSI HACKITIU OBLIT
BCKPBIT BOAHBIN TOPU3OHT. 3HAUYMTEIbHAS
YacTh MPOHOJBHBIX TPOMWIBHBIX AehopMa-
LU, PACIONIOXEHHBIX B pacCMaTPUBAEMOM
paiioHe, TTPOXOJUT MO MOAOOHBIM yJyacTKam
penbeda.

Pasnoynpyeocms nymu. B xone sKcruiyara-
LTI XKeJIE3HOMOPOKHOTO ITyTH B MECTax I10-
CTOSTHHBIX Ae(hopMaIInii ITPOM3BOASITCS PaOOTHI
10 €ro MallIMHU3WPOBAHHBIM BHITIPaBKaM.
B pesynbpraTte AIUTeNBHON 3KCILTyaTallMy
M MHOTOYMCIIEHHBIX «[TOJBEMOK» BEPXHSAA
YacTh HACBHIIIA UMEET CIIONCTYIO CTPYKTYDY,
KOTOpasi CHU3y BBEPX TMPEACTaBIeHA: OCHOB-
HBIMU TPYHTaAMM TeJia HACBINU, Iajiee CIIOM
CTaporo IecyaHO-rPaBUHOTO OayiacTa, cTa-
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Puc. 5. Pagaporpamma rpyHTOB, COBMELLEHHAs C pa3MeTKOW NpoaosibHOro npoguns nytu
(ppoHT kanuTanbHOro pemoHTa 2009 roga).

poro acbecToBOro OajuTacTa ¥ BepXHEl yacTn
cioeM gyucToro 6amiacta. [Ipu paBHOMepHOM
cpese OyIbI03ePOM BEPXHETO CJIOS 3arpsI3HEH -
HOTO 1IeOHS (B XO/Ie KalnUTaJIbHOTO PEMOHTA
ITyTH) OOHAXKAETCS ITPOCIIOiKa CTapOro YILIOT-
HEHHOTO acbecTa (KOTOPHIN TAKTHIHFHO MOXHO
cpaBHUTH C achansroM). [1pu MammHN3MPO-
BaHHOM BBITIPaBKEe OCamOK (JOIIWH) ITYyTH
CJIONCTasl CTPYKTypa HapyIIaeTcs.

CoBpeMeHHBIC ITyTeOOCIea0BaTCILCKIE
KOMILICKCHI ITO3BOJISTIOT TTPOM3BOIUTH T'eopa-
JIapHOE 30HIMPOBaHWE U MPOGIIMPOBaHIE
neopMaTUBHBIX MECT 3¢MJISTHOTO ITOJIOTHA.
MeTtoauky MHTEPIPETALIMA JaHHBIX Teopa-
IapHOTO MPOGMINPOBAHUS U MaJIOTIyOMH-
HOU ceiicMoToMorpaduu, pa3padoTaHHBIC
B ABI'YIIC [2—3], TTO3BOJISIIOT MOJYYUTH
MHOTOCJIOITHYIO MOJIe/Ib TTyOMHHOTO pa3pe3a
3eMJISTHOTO TIOJIOTHA M OCHOBAaHUS C HEIpe-
PBIBHBIM pacIlipefesIeHUEM ITPOYHOCTHBIX
1 1eHOpMaIIMOHHBIX XapaKTEPUCTHUK IPYHTOB
[12], BBIIEIEHHBIMU 30HAMU HEOJHOPOIHO-
CTeil KaK B MOIEPEYHBIX MPODUIIX, TaK
U B OOBbEMHOM MOCTAHOBKE.

Ha puc. 5 mpeacraBieHa pamgaporpaMmma
rpyHTOB (maHHbIe JIKC MHuTerpan) [13], coB-
MEIIEHHAS ¢ Pa3METKOM IPOIOJIBHOTO TIPO-
¢ursg yuactka mytv ((PpOHT KamuTaIbHOTO
pemonTa 2009 roma). B neBoit yactu pucyHKa
(pammorpamMMe) 10 OCH ITyTH 1 JIEBOIT 000UM-
He HaOJomaeTcsT MECTHOE TIPOHMKHOBEHUE
cTaporo acbecToBOro dbayiacTa B CI0 OCHOB-
HBIX TPYHTOB Tejia Hachlmu. CHHUE TI0JIOCH
B BEpXHEI YaCTH reopagapHOro 30HIUPOBA-

VIS PA A v 5 MIN-

HUS yKa3bIBaIOT Ha MEpeyBIaKHEHHOE CO-
CTOSTHME TPYHTOB. 3ajieraHue TPYHTOB B T10-
MepevyHoil MIOCKOCTH HepaBHOMepHO. Ha
MIpaBoOit YaCTH pHC. 5 TAHHBIA yI4aCTOK MPeI-
CTaBJICH pa3METKOU MPOIOJIBHOTO MTPOMUIsI
(marnsre IHWUW-4) [14], toe MoxXHO HabJTI0-
IaTh TIPOJOJIBHYIO TTPOGIIbHYIO AedopMma-
IUIO TIyTU MPOTSKEHHOCTHIO 120 M 1 3HaUe-
Huem nedopmanmn 0,250 m.

K HessBHBIM (hakTOpaM (CITOCOOCTBYIOIINM
BO3HUKHOBEHUIO TTPOIOIBHBIX MPOMUIBHBIX
nedopMaliiii Hacklineil, BO3BeAEHHBIX Ha
KOCOTOpE) MOXXHO OTHECTH HAJTMIE TTOHIDKE-
HUI, 3aTI0THEHHBIX BOIOI U PACITOIOKEHHBIX
B BEPXOBOIT YacTH HACHITIH (CyhdO3Us TPyH-
TOB Tejla HAachIK). B cBsI3M ¢ aTM 0coboe
BHUMAaHUE NPU MPOBEICHUU HATYPHBIX
OCMOTPOB HACHIIU TP €€ PacIlOI0XKECHUN Ha
KOCOTOpe CJIeayeT yaeasTh HaTnInio dacceii-
HOB BOA0COOpa, HEIMOCPEACTBEHHO TPUMBI-
KaloluXx K e€ ey (puc. 6).

B pesyabraTe o6pasyrolierocsi BOJHOToO
pyKaBa IIpoucxoauT cy(pdo3ust rpyHTOB (BbI-
HOC MEJIKMX YaCTHII TPYHTA), KOTOpast MOKET
TIOBJICYb BHE3AITHBIC Ae(hOPMALINH 3eMJITHOTO
MOJIOTHA, TUOO OceIaHne OMHOM WM 00enX
PEJIbCOBBIX HUTEH pa3TnIHON MHTCHCUBHOCTH
[9; 11]. Tak, B mtoHE mpo1utoro roga Ha 2195-m
kmtoMetpe reperona Celima—Yym Habmoma-
JIOCh MHTEHCUBHOE OCeAaHUe ITPaBOi peIbco-
BO#l HUTH (puc. 7), 4TO TOBJIEKJIO 3a CO0O0it
OTpaHNYCHNE CKOPOCTU ABIDKCHUS TTOE3I0B:
B IIEPBBIC CYTKHM 110 25 KM/4Yac, a B IIOCIIeAYIO-
mue Tpoe cyToK — 1o 40 kM/49ac.



Puc. 6. aHHble Bugeokamepsbl BaroHa nyten3meputens NCO67 (n3 apxuBa aaHHbIX BOPKYTUHCKOW ANCTaHLNN
nyTu CeBepHOI ANPEKLUU NHPPACTPYKTYpbl, BUAeogaiis1 0630pHOIi Kamepbl BaroHa-nyrenamepurtens [1C067,
unionub 2019 roga).

Puc. 7. Ipadpmyeckas anarpamma BaroHa nyrenamepuresis (M3 apxusa AaHHbiX BopKyTUHCKOW AncTaHunm
nyTu CeBepHOI AnpeKunn MHPPacTpyKTypbl, rpadppudeckas agnarpaMmma BaroHa-nyrenameputens NNCO67,
unioub 2019 rona).

Bnaea. KoahduimeHT TEIUIONPOBOIHOCTH
JIMCIIEPCHBIX [IOPOJI BO3PACTAET C YBEJIMUCHUEM
MX BIIAXKHOCTH, IIOCKOJIBKY TEILIOIPOBOIHOCTD
BOJIbI M JIbJA BbILLIE, 4eM Bo3ayxa. Takum oopa-
30M, IJIyOMHa MPOMep3aHus-IPOTauBaHMSI
IIOPOJ C yBEJIMUYEHUEM BJIAXKHOCTHU OymeT
ymeHbInatbes [8; 10]. OOmast 3aBUCUMOCTD
M3MEHEHUsI [TyOMHBI CE30HHOTO IIPOMEP3aHMs
Y OTTAMBAHUsI ITOPOJ OT MX BJIAXKHOCTHU IIPE-
cTaBJIeHa Ha puc. 8.

HauanpHas yacth rpaduka MmokKa3bIBaeT
HEKOTOPOE yBeJMYeHUE IJIyOMHbBI CE30HHOIO
IIPOMEP3aHMsl M IPOTAUBAHUS C YBEIMUCHUEM
BIIAXXHOCTHU OT 0 10 HEKOTOPOI BEIMUMHEI
Wh3. B 9TOM MHTepBaJjie Bjara He 3aMep3aeT
IIpY OTPULIATEIbHOM TEMIIEPATYPE, Y ITOPOIbI
OCTAIOTCSI HEMEP3JIbIMU (OXJIAXIEHHBIMM ).
C yBe/IMueHMEM BJIaXKHOCTH CBbILIe W3 BO3-

pacraeT mos (pa3oBBIX MEPEXOI0B B OOIIEM
TEIUI0000POTE MTOPOABI, M TAYOMHA MX MPO-
Mep3aHus U IIPOTauBaHMSI YMEHBIIIAETCS.
BaxxHoe 3HaueHNIE B (hOPMUPOBAHIH MOIII-
HOCTH CJIOSI CE30HHOTO MpoMep3aHus (UIn
MIPOTaNBaHMS) UMECT MemMnepamypHas cO8uic-
Ka, KOTopas TIpEACTaBIIsIeT CO00I pa3HOCTh
TeMIIepaTyp MeEXOY IMOBEPXHOCTHIO TOPHBIX
ITOPO/I 1 TIOAOIIIBOM CE30HHOIIPOMEP3aI0IIETO
(mporamBampIero) ciosi. TeMmrepaTypHas
CIBMXKa BO3HUKACT 3a CUCT YBEIUICHUS
TETUIOIIPOBOIHOCTH TTOPO, IIPU MX MEePexoe
W3 TAJIOTO B MEP3IIOE COCTOSTHUE; YeM OOJIBIIIE
JIBIMCTOCTb MEP3JI0it TTOPOABI, TEM OOJIBIIE
paznmune Ko3(hGUIIMEHTOB TeTUIOIPOBOIHO-
CTU. DTO SIBICHUE OOBSICHSICTCS TEM, 4TO
TETUIONPOBOAHOCTB JIbJIA IPUMEPHO B YETHIPE
paza BBIIIIE TEIIONPOBOTHOCTH BOIbI. OTMe-
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Puc. 8. UameHeHune rny6uHbl
Ce30HHOro nNpomMep3aHns
Y OTTanBaHusi B 3aBUCUMOCTHU
OT BNIa)KHOCTU rPYHTa
[no 9, A. B. boriyos].

Puc. 9. Pacnpenenexnne
Temneparypsl o mecsiam
Ha rnybuxe H1 = 0 m;
H2=0,4m; H3=0,8 m;
H4=1,2mM;H5=1,6Mm; H6=2,0m
[no 10, C. A. Kyapsisues,

A. B. Kaxapckwii].

YeHO TaKXe, 4TO 4yeM AUCIIepPCHEee mopomaa
(TIpM OMMHAKOBOM BIAXKHOCTH ), TeM KO3 b1~
LIMEHT TETUTOITPOBOTHOCTY MEHBIIIE U MEHBIIIE
COOTHOIIIEHUE AM/ AT.

INoHmXeHne cpemHeronoBoit TeMIIEPaTypPhI
ITOPOJI Ha ITOMIOIIIBE CJI0SI CE30HHOTO ITPOTanBa-
HMS IPUBOINT K COKPAIIIEHUIO TITyOMHBI CE30H-
HOT0 ITPOTanBaHUsI TTOPOI, YTO TTOATBEPXKIACT-
¢S JaHHBIMU UccIenoBaHus JlaTbHEeBOCTOUHO -
r0 TOCYIapCTBEHHOTO YHUBEPCUTETA MyTel
coobrenust [10], puc. 9.

Ha monorux npeHnpyeMbIX CKJIOHAX U BO-
JIopasnenax, B 30HE a’pallu, CIOXEHHOM
necKaMy MEJKON M CpeaHel KPYIITHOCTH,
B Havyajie M”HTEHCUBHOTO ITPOMEP3aHUsI TPYH-
TOB KOJMYECTBO BJIarv OJIM3KO K 3HAYCHUIO
BE€JIMYMHBI MAaKCUMAaJIbHOU MOJIEKYJISIPHOM
BJIATOEMKOCTHM U He mpeBbiaer 4—5 % ot
o0béma nopoasl. B 1eTHuit ce30H, 0COOGEHHO
B Neprol MHOUIBTPALIMU TaJIBIX CHETOBBIX
BOJI, BJIAXKHOCTb I'PYHTOB BO3pacTaeT B 2—3
pasa, B COOTBETCTBUU C 3TUM PE3KO YBEITNIM -
BaeTcsd KOOD@PUIMEHT TETIONIPOBOIHOCTH
IIPpY HEM3MEHHON BeMIMHE (Da30BBIX Tepe-
XOIOB. DTO SIBJICHUE TIPUBOIIUT, BO-TIEPBBIX,

VIS PA A v 5 MIN-

K OBICTpOMY IPOTaMBAHUIO BepXHEil 4acTH
TreoJOTUIECKOTr0o pa3pe3a M, BO-BTOPHIX,
K (bOpMUPOBAHUIO 10A0XCUMENBHOL MeMnepa-
MYpHOI cdgudcKy HA TIONONUIBE NESATETbHOTO
ciog [7].

KonnuecTtBeHHast orieHKa nedopmanui
MBLJIEBATOTO CYTIIMHKA TYTOTUTACTUIHOM KOH-
CHUCTEHIIMU, CBSI3aHHBIX C MOPO3HBIM ITyJe-
HUEM 1 OTTauBaHUEM, TIpUBeIEHHAS B paboTe
[10], moka3zaia, 4TO 3a TOOUYHBINA LUK MPU
YPOBHE IPYHTOBBIX BOJ OT 1 10 2,5 M OT AHEB-
HOI1 TTOBEPXHOCTH BJIaXKHOCTD YBEJTMINBACTCS
Ha 68 %, a CONpPOTUBJIEHUE CIBUTY IJIMHUCTO-
IO IPyHTA CHIXKAETCS B MSITH Pas.

Mxu u moppsanuxu. TpyoaHO TIpEICTaBUTD
0O0JIbIlIE3eMENIbCKYIO TYHIPY 03 MXOB, JM-
IIAHUKOB U TOPPAHUKOB. OTHAKO UX BIIMSI-
HIE Ha COCTOSTHUE «MEP3JIBIX» TPYHTOB HENIO-
OlIeHEeHO. B xo1e TeXHOreHHOTO BO3IeHCTBUS
B TI0JIOCE OTBOJA KEJIe3HOTOPOXKHBIX 3eMeTb
(paboTa 3eMIIepOITHOI TEXHUKH, Be3IEXOTHBIC
JIOPOTH) TIPOMCXOIUT HApYIIEHUE PACTUTEIb-
HOro 1mokpoBa. PaboThl mo pekyjabTUBaLIUU
B OOJIBIIMHCTBE CJIy9acB HE MPOM3BOISITCS,
TIpU pa3pabOoTKe TpaHIIIeH pa3TIMIHOrO Ha3Ha-



Puc. 10. MoxoBoii nokpoB 60/1bLLe3eMesIbCKOoi TyHAPbI (poTo aBTOpa B. B. LLanpaH, 2018 roa).

YeHUsI UX YKPEIUIEHUE U YTeIUICHUE UX cede-
HUST HE TIPOU3BOISITCS.

Taxk MEp3ibie TOIIM U PACTUTEIBHOCTD,
pa3BMBasICh BO BpEMEHU, pearupyloT Ha U3Me-
HeHue apyr apyra. PacturenbHbie cooOlecTBa
BO MHOTHX CJIy4dasix SIBJISIFOTCS XOPOIIUMU
MHAMKATOPAMM TEPMUYECKOTO U BIAXXHOCT-
HOTO COCTOSIHUSI ITOYBBI, U1 3TO OOCTOSITE/Ib-
CTBO LIIPOKO UCITOJIb3YETCSI ITPU MEP3IOTHOM
cbéMKe. YacTo YHUUYTOXEHUE PACTUTETbHO-
CTU IPUBOAUT K MOBBILIEHUIO JIETHUX TEMIIC-
paTyp TOPHBIX TTOPOJ U INIyOMHBI CE30HHOIO
MPOTaBaHMS, YTO CIIOCOOCTBYET YCUJICHUIO
KPUOTEHHBIX IIPOLIECCOB, B MEPBYIO OYepEIb
TEpMOKapCTa, TEPMO3PO3UU U 3a00J1aUrBac-
MocTtu. HapyllieHue TerjioBoro pexuma pa-
OGOTBHI TPYHTOB OCHOBAaHUS TeJia HAChIIIU
MPUBOIUT K UX JAehOopMalLisIM.

Cpenn HarmToYBEHHBIX TOKPOBOB OCOOEHHO
BBICOKA OXJIAXKIAIOIIask POJIb BJIAXKHBIX MXOB
(puc. 10). /Iesio B TOM, UTO B TaJIOM COCTOSTHUM
KOG (GULIMEHT TEIJIONPOBOAHOCTH MXa B He-
CKOJIbKO pa3 MeHble, yeM MEp3sioMm. Creno-
BaTeJIbHO, 3UMOI1 11O TAKUM IIOKPOBOM I'PYH-
ThI OCTBIBAIOT JIOCTATOYHO MHTEHCUBHO, a Jie-
TOM €J1a00 MporpeBaroTcsi. MoXoBbIe MTOKPOBbI
MOIITHOCTBIO 15—20 ¢cM MPUBOAAT K COKpalle-
HUIO TJTYOMHBI CE30HHOTO MTPOTauBaHus B 2—3
pa3a I10 CPaBHEHUIO C OTOJIEHHOM ITOBEPXHO-
CTBIO U CHIXXEHUIO Ha HECKOJIbKO I'PajlycoB
CPEIHETOMOBOI TeMITepaTyphl mopox [6; 9].

[TomoOHBIM 00pa3oM BeAET cebdst Topdsi-
HoOM MoKpoB. KoahdULMeHT TerIonpoBoi-

VIIPA PA PIA A3 O NS

HOCTU Topda B TaJIOM COCTOSIHMM, KaK Ipa-
BUJIO, B IBA pa3a HUXKe, yeM B MépanoMm. [1pu
OIpeaeIEHHOM BJIaXKHOCTHOM PEXUME TOp-
¢bsHMKa pa3inyKe TEIUIONPOBOAHOCTEN MO-
JKeT OTJIMYaThes B pa3bl. [loaTomy maxe mpu
CPEIHETO0BOM MOJIOXKUTEIbHOM TEMIIEPATY -
pe Ha MOBEPXHOCTU Topda MoacTuiIalolme
TPYHTBI MOTYT HaXOAUTHCS B MEP3TIOM COCTOSI -
Huu [9].

Chee. CHEXHBII MTOKPOB (popMUpYyeETCs
MpaKTUYECKU MOBCEMECTHO B paiioHax, Tie
BCTpevaloTcst MEp3ble TOpoabl. BiusHue ero
Ha paaualMoOHHO-TEIIOBOM 6ajaHC MOBEPX-
HOCTHM BeChMa BEJIMKO U MHOTOOOpa3HoO.
IIpexne Bcero, CHer yBeJanMuMBaeT anboeao
JTHEBHOM MOBEPXHOCTH, MOBBIIIAS €€ OTpaxka-
TeJIbHYIO CITOCOOHOCTh B HECKOJIBKO pa3. DTo
MPUBOAUT K YMEHBIICHUIO MOIIOIICHUS JTy-
YUCTOM 3HEPTUM U K MOHMKEHUIO CPeIHUX
rofoBbIX TeMmmepatyp nopoa. Kpome toro,
K CYIIIECTBEHHOMY COKpPAaIIEHUIO TPUXOTHOMN
YaCTH TEIJIOBOTO OajlaHca IMPUBOISIT 3aTPaThl
TeIla Ha TasiHUE CHera U YaCTUYHOE ucIape-
HUeE TaJIbIX Bo. Taloluii CHEeT B TeUeHUE He-
KOTOPOTO BpEMEHM MOIEP>XKUBACT Ha TOBEPX-
HOCTHU HYJIEBYIO TeMIIepaTypy, 4TO MpPEIsT-
CTBYET IIPOIPEBaHUIO TOYBBI, HECMOTPS Ha
MOJIOXKUTEIbHYIO TeMIepaTypy Bo3myxa. Ot-
crola CJIeayeT OXJIaXKAaIolIee BIUSHIE CHEX -
HOTO MOKpoBa. B To e BpeMsi CHeXXHBIH T10-
KpoB, 00J1afarolinii Majaoii TenaIonpoBOIHO-
CThbIO, KaK TeIJIOU30JISITOP, MpeaoXpaHseT
MOYBY OT 3UMHUX TEIUIONOTEPh 1 BHICTYMACT
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Puc. 11. UameHeHne BINSIHNSI CHEXHOIO NMoKpoBa
Ha TeMnepaTypHbIii PeXUM rnoACTUIAIoLLNX ITOPo4
B 3aBUCUMOCTHM OT ero MoLHocTu [no 9, A.B. boiilos].

Kak oTeruIstiomnii pakrop. YeMm BhIIIIE TEILIO-
M30JISIIIMOHHBIC CBOMCTBA CHETa B 3UMHUIA
IIePHUOI, TeM OOJIBIIIE €TO OTCTUISIONICE BIIUSI -
HHE Ha TIOYBOTPYHTHI. TaKuM 00pa3om, IiiaB-
HBIMU (DaKTOpaMH, OIPEACIISIONINMU BIIVSI -
HHE CHEXXHOTO ITOKPOBa Ha TeMIIepaTypPHBI
PEXUM ITOBEPXHOCTH, SIBIISTIOTCS BBICOKOE
ap0eo M TeIUION30IMPYIOIas poJIb CHera.

HccnenoBaHye BIMSHNS CHEXKHOTO TTIOKPO-
Ba Ha TEMIICPATYPHBINA PEKMM MOACTHIAFOIINX
IOPOI B 3aBUCUMOCTH OT €T0 MOIITHOCTH, pe-
3yJIbTaThl KOTOPOTO TIPUBEACHBI Ha puc. 11,
ITOKa3aJio, YTO €CIIA CHET MMEeT MaJTylo MOIII-
HOCTB (110 h,), TO mpeo6agaeT ero posib Kak
OTpaXkaTeJist COJTHEUHBIX JIy4eit, M TAKOI MaJio-
MOIIIHBIA TTOKPOB OKa3bIBaeT OXJIaXKIAIoIee
BO3ICUCTBME HA TPYHTHI. [Ipm yBenmueHUU
MOIIHOCTH CHEXHOTO TIOKpoBa oT h, 110 h, ipe-
obnamaeT ero oreruisiolnee BausHUE. [1pn
JabHEHIEM POCTE MOLIHOCTHU CHera OT h, 10
h, GosbIIIOE KOMYECTBO TEIIa PACXOIYETCA Ha
€ro TassHUE B BECEHHUI TIEPHOI, TTPOIOIIKAIO-
1Ieecs 3HAYNTEIbHOE BPEMSI TTPH TTOJIOKUTEITb-
Holi TeMriepatype Bosayxa. [loatoMy oteruisiio-
1asi poJIb CHEXXHOTO TTOKPOBa ITOCTEIIEHHO
CHIKAETCsI, M, B KOHEYHOM HUTOTE, OH CTaHO-
BUTCS OXJTAXKTAOIINM (haKTOPOM UTSI TOPHBIX
nopoz (ot h, 10 h,), 4To0 MaKCMMaIbHO TIPOsIB-
JIIeTCsI HA y9acTKaX, TIe CHET He YCIIeBaeT CTasITh
B TEIUIBIN nieprof Toa. JlampHeliee HaKoTuIe -
HHE CHeTa TIPUBOIUT K (DOPMUPOBAHMIO MHO-
TOJIETHUX CHEXKHUKOB, TEMITEPATyPHBIN PEXKM
Ha TIOIOIIBE KOTOPBIX 3aBUCUT OT Pa3IMIHBIX
(aKTOpPOB IPUPOTHOI CPEABI, B TOM YHCIIC 1 OT
MpUTOKA IITyoMHHOTO Tetuia [9; 11].

B 1ieom st permoHoOB, T pa3BUTH
MHOTOJICTHEMEP3JIbIe TOJIIIHN I HaOIoaa-

eTCsl YCTOMYMBOE CE30HHOE IpoMep3aHue
TPYHTOB, CHEXXHBI TTOKPOB SIBJISICTCSI OTEIl-
oM akrtopoM. B obacTu ce30HHOTO
npoMep3aHust IpU CHSITUU WM OTCYTCTBUM
CHEXHOTO ITOKpOoBa HabjwogaeTcss 3HauYU-
TeJbHOE YBEJIMUYEHUE IJIYOMHBI 3UMHETO
npoMep3aHusl TOpHBIX nopoa. B obnactu
pacIrpocTpaHeHUsI MHOTOJIETHEMEP3IbIX
TOJILI IPU HAJIMYUU CIAUBAIOILIEACS MEP3J10-
Thl, YMEHbILIEHUE MOIIHOCTU CHeTa BEeJHET,
C OJHOM CTOPOHBI, K CHUKEHUIO CPEeIHEro-
JIOBOI1 TeMIIiepaTyphl IOPOJ, a, CJIeI0BaTEIb-
HO, U HEKOTOPOMY CHUKEHUIO TJTyOUHBI
NpoTauBaHUSI, a C APYTrOi, K YBEJIUUYECHUIO
aMILUIMTYIbl KOJeO0aHU TemmepaTyphl I10-
BEPXHOCTU MMOPOJ, U, TIOATOMY, — K YBeJIUYe-
HUIO 3TOM r1yOouHBI. TakuumM oOpa3oM, CHITHUE
WM OTCYTCTBUE CHEXHOTO MOKpOoBa Majo
U3MEHSIET JIeTHUE TeIJI0000PpOThI B IPYHTAX,
KOTOpPbIE B OCHOBHOM M ONPEACISIOT IIyOu-
Hy uX npoTauBaHusl. [1o JTaHHBIM HaTYpPHBIX
HaOJII0ICHUI YCTAHOBJIEHO, YTO YBEJUYEHUE
MOIIIHOCTU CHEXHOIo MOoKpoBa Ha 5—15 cm
NPUBOAUT K MOBBILIEHUIO CPEIHETr0I0BOM
temrneparypsl mopon Ha 1°C. IToatomy npu
JIOCTaTOYHOM MOIIIHOCTU CHEXKHOTO MOKPOBa
TOpPHBIE TTOPOABI MOTYT UMETh IMOJOXUTEIb-
HYIO TeMIlepaTypy B paiioHax, rjue HaOatoaa-
IOTCSl HU3KME CPEHETO0BbIE TEMITEPATYPbI
Bo3ayxa. JlaHHas nmpo0OJjieMa HanboJiee akTy-
aJibHa JJIsl pacCMaTpUBaeMOTO peruoHa, rjie
MOCTOSSHHBIM MOIIHBIA CHEXHBI IIOKPOB
HaOJIIoaeTCs ¢ OKTIOPS Mo Mail. 3eMIIsTHOe
MOJIOTHO TPeICTaBIeHO BLICOKMMU HACHITISI-
MU, TIPOXOISIIIUMU TI0 OTKPBITBIM TYHAPO-
BBIM TEPPUTOPUSIM, TAaHHOE OOCTOSITEILCTBO
CIIOCOOCTBYET CKOIJIEHUIO 3HAUUTEIbHBIX
00BbEMOB cHera. B oTeIbHBIX CTydasiX Hachl-
MU IMMOJIHOCTHIO 3aChIIIaHbl CHETOM 1 00pa30-
BBIBAIOTCS «CHEXXHBIC BEIEMKIW» (puc. 12).

SAKJTKOMEHUE

ITonBoast UTOrM, MOKHO CKa3aThb, YTO XKe-
JIE3HOIOPOXHBIN IIYyTh CTAJl HEOTHEMJIEMOM
YaCTbl0 9KOCUCTEMBI apKTUUYECKOTO Kpas.
CaMa TyHIpa TIpeACTaBIIsSIeT COO0I YHUKATb-
HYIO 30HY IPUPO/IbI, U151 KOTOPOI XapaKTEPHO
HaJM4YMe BEUHOW Mep3J10Thl, 3aIMBAHKE MTOY-
Bbl PEUYHBIMUM BOJAMHU B TMEPUOJ MaBOaKa
U MOJIHOE OTCYTCTBUE IPEBECHOI PACTUTEIIb-
HOCTHM, YTO CO3JIAET ONpPeNEAEHHbIE TPYAHOCTH
MpU 3KCIayaTaluud WHPPaCTPYKTYpHOTO
KOMILIeKca.



Puc. 12. Pasgenka CHeXHOWV BbIeMKU C UCI0JIb30BaHNeM MalunHbl PPI3
(¢poTto aBTOpPa B. B. LLlanpaH, 2015 rog).

AHaJIlM3 MHOTOYMCIIEHHBIX (PaKTOPOB,
BJIMSIIOLLIMX HA BO3HUKHOBEHNE U pa3BUTHE JIe-
dopManmit 1Mo 3eMITOJIOTHY, ITPOJIETAIOLIEMY
B KPMOJIMTO30HE, ITOKAa3aJl, YTO KaxKI0e MECTO
nedopMaliy JOJDKHO paccMaTprBaTLCSI U U3-
y4aTbcst MHAMBUIYaIbHO. ITopoii u3 MHOXecTBa
BBISIBJICHHBIX (DAKTOPOB TPYIHO OIPEACTUTD
KJII0YEBOM, OKA3bIBAIOLII MAKCUMAIBHOE B~
HHE Ha pa3BUTUE OTCTYIUJICHUI. Pe3yibraThl
aHAJIN30B JIO/KHBI ObITH CBEAICHBI B KATAJIOT 1JIsI
JIaJIbHEMIIIero KaTeropupoBaHus aedopmMalinii.

B nmanbHeiileM miaaHUpyeTcss Ha OCHOBE
pe3yJIBTaTOB IMarHOCTUKU COCTOSIHUS KeJ1e3-
HOAOPOXKHOI'O ITyTU MPOU3BOAUTH IPOTHO3U -
pPOBaHUE MHOTOJIETHEMEP3JIOIO COCTOSIHUSI
00BEKTOB XKeJIE3HOTOPOKHON MHPPACTPYK-
Typhl, IPOU3BOJIUTH KAaTerOpUpOBaHUE IPO-
CaJI0K 3eMJISTHOTO TT0JIOTHA I10 CTEIEHU OTlac-
HOCTHU U pa3padaTbiBaTh MEPOIIPUSITUS 1O €0
CTabUJIM3aln.
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of Longitudinal Profile Deformations
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ABSTRACT

Up to 2025 operations at the network of the
Northern Railway (a subsidiary of JSC Russian
Railways) may increase according to forecasts by
28,4 %, which is associated with construction of the
Northern latitudinal railway. At the same time, a
significant part of the Northern Railway is
characterized by difficult climatic conditions:
permafrost, polygonal-vein ice, peat bog areas,
sharp temperature drops, significant amounts of
precipitation in the form of snow. In the context of
the planned increase in cargo intensity, the
diagnostics of the roadbed in the zone of distribution
of soils with weak bearing capacity against the
backdrop of global climate change is of key
character.

The article is devoted to survey of the roadbed
located in the permafrost zone. The results of
diagnostics of the state of the railway track make it
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possible to forecast the state of railway infrastructure
facilities, to categorize subsidence of the roadbed
according to the degree of danger, and to develop
measures for its stabilization.

The objective of the work is to study the factors
affecting degradation of the roadbed located in the
permafrost zone.

The methods of the work are based on field
examinations of «sick» places of the roadbed and
statistical forms of analysis of longitudinal profile
deformations (subsidence) of the track.

The result of this work is the study of influence
of a number of factors on development of
deformations of the roadbed located in the
permafrost zone. In the future, it is planned, based
on the results of diagnostics of the state of the railway
track, to forecast the permafrost state of railway
infrastructure facilities, to categorize subsidence of
the roadbed according to the degree of danger, and
to develop measures to stabilize it.
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Background. In the future, up to 2025, an
increase in cargo volumes by 28,4 % is
forecasted at the Northern Railway operating
ground. At the same time, the largest increase
in transportation is expected in areas with diesel
traction — 165,5 % of currently available
volumes, which is associated with construction
of the Northern latitudinal railway (Pic. 1). In
the context of the planned increase in cargo
intensity, the diagnostics of the roadbed in the
zone of distribution of soils with weak bearing
capacity against the backdrop of global climate
change is of key character.

Vorkuta industrial region is located on the
outskirts of the permafrost massif of Eurasia and
belongs to the area of distribution of permafrost
soils.

As a result of influence of various factors,
both natural and technogenic in operation of
linear structures (roadbed), longitudinal profile
deformations (subsidence) of track arise, which
contribute to additional development of
longitudinal and transverse forces affecting
both the running gear of rolling stock and
railway track [1—5].

The objective of the work is to study the
factors affecting degradation of the roadbed
located in the permafrost zone.

The methods of the work are based on field
examinations of «sick» places of the roadbed
and statistical forms of analysis of longitudinal
profile deformations (subsidence) of the track.

Results. Currently, considerable attention
is paid to the technical state of the roadbed,
quality of field examinations and analysis of the
results of the work of diagnostic tools.

However, despite many statistical forms of
analysis, each place of deformation is unique
by the set and degree of influence of various
factors, which can conditionally be divided into
explicit and implicit ones.

So, when conducting field surveys of sites of
longitudinal profile deformations, it is customary
to consider as obvious factors: roadbed foundation
flooding due to the lack of runoff of surface water,
steepness of slopes of the roadbed and the absence
of the roadside, sections with variable stiffness
(for example, approaches to bridges)

Implicit factors include:

« features of the terrain, its folding, exposure
and steepness of slopes, the transverse slope of
the terrain, presence of through taliks;

 equal elasticity of track (different power
of crushed stone, old crushed stonel, asbestos
and sand ballasts, formed during repairs and
straightening work);

» accumulations of surface water located
at the upper part of the embankment erected
on the slope (suffusion of soils of the body of
the embankment);

* violation of moss and peat cover and, as
a result, vulnerability of «frozen» soils;

« soil humidity, water stagnation in various
depressions, including in ditches for water
drainage in the presence of dams in them;

» warming effect of snow in various special
cases.

Before considering influence of implicit
factors on deformability of the roadbed of the
railway track, we pay attention to the geological
history of the north of the territory of Komi
Republic.

Pic. 1. Scheme for development of the Northern latitudinal railway and increase in train load (from the report of
the First Deputy Head of the Northern Railway on the topic «Locomotive and locomotive crew work technology,
development of the locomotive facilities following the development of the Northern latitudinal railway and
approaches to the ports of the North-Western basin», Yaroslavl 31.08.2018).
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Pic. 2. Fragment of the view of schematic engineering-geological map of Vorkuta district of Komi Republic
(Schematic engineering-geological map of Komi ASSR and Nenets national district of Arkhangelsk region,
author Z. M. Dzenish, Ministry of Geology of the USSR, Ukhta territorial geological administration, 1966).

Pic. 3. A section of the railway track passing through the drumline relief (satellite imagery
https://www.google.ru/maps/).

The rocks under consideration belong to
formation of Zyryansk glaciation
(hereinafter — ZG) [6—8]. The sediments of
ZG region are represented by widely
developed glacial formations (moraines), as
well as water-glacial (sands, gravel) and lake-
glacial (clays, sands) sediments, combined
into Zyryansk super horizon of the Upper
Pleistocene of the Quaternary system.
Zyryansk moraines are composed of loams
containing a large number of boulders. They
contain sediments with marine microfauna
trapped in ice from the Kara Sea shelf and
coastal land. The moraine thickness is 30—50
m. Relict buried ice has been preserved in the

glacial deposits of the Late Zyryansk
glaciation.

In the subglacial region of ZG, alluvial-
lacustrine and lacustrine (dammed) thin-
layered ribbon clays, sandy loams, and sands
with plant debris are common.

Hydrogeological characteristics of water: for
the glacial complex — sporadic (single, separate)
distribution in sandy lenses, mainly pressure
lenses, occur at different depths, it is of leaching
aggressiveness, less commonly acidic; for
lacustrine-alluvial water, pressureless water is
found at a depth of 0—10 m and more, it is of
leaching aggressiveness, less commonly acidic

[6;9].



Pic. 4. A fragment of the state geological map and «Lineamenta» layer in GIS (Internet resource «Karpinsky All-
Russian Scientific Research Geological Institute». [Electronic resouce]: http://www.geolkarta.ruy).

The moraine relief (hilly-ridge, hilly-
lowland), as well as the Drumlin relief, which
represents elongated hills consisting of
deposited moraine material, measuring 900—
2000 m in length, 180—460 m in width and
15—45 m in height (Pic. 3) is typical for ZG.

Relief influence. Railway track based on the
conditions of minimal volumes of earthworks,
as a rule, passes along the flood-lands sections
of rivers.

So, Pic. 3 shows a section of Konosha—
Vorkuta railway line. The predominant
deviation of the terrain is towards the floodplain
of the Vorkuta River, where the track passes
through its ancient high terraces. In accordance
with existing standards for designing culverts,
there is no culvert (in the area under considera-
tion), however, as a result of water flow
accumulating in the places of folds of the
drumlin (partially polygonal) relief and
development of thermokarst, lakes are formed
that are directly adjacent to the body of the
embankment. As a result, waterlogging of the
soil base of the roadbed occurs. In the presence
of a significant transverse slope of the terrain,
a slow filtration of water through the body of
the embankment (accompanied by soil
suffusion) occurs.

However, the volume of water runoff is not
always sufficient in such places for formation
of lakes, in most cases when the railway crosses
the ravines, where the roadbed is represented
by high embankments of 6—12 meters or more,
there is no visually distinguishable accumulation
of water. The described irregularities in the
terrain, as a rule, are heavily overgrown with
stunted vegetation (dwarf), which has a
warming effect on the state of «frozen» rocks
in these places (we will conditionally call them
«lineoments», Pic. 4).

In combination with a significant thickness
of the Quaternary sediments, which can reach
100 meters in the area under consideration,
development of open taliks is observed, as a
result, the soils in the base of the body of high
embankments are both in a thawed and
extremely waterlogged state. This was clearly
confirmed when arranging intersections of the
track and the gas pipeline in 2010—2011, when
a water horizon was opened at the base of the
embankment in winter. A significant part of the
longitudinal profile deformations located in the
region under consideration passes through
similar sections of the relief.

Track equal elasticity. During operation of
the railway track in places of constant
deformation, work is carried out on its
mechanized straightening. As a result of long-
term operation and numerous «elevations», the
upper part of the embankment has a layered
structure, which is presented from bottom to
top by: main soils of the embankment body,
then a layer of old sand and gravel ballast, old
asbestos ballast and the upper part with a layer
of clean ballast. If the bulldozer cuts evenly over
the top layer of contaminated crushed stone
(during the course of track repair), a layer of
old compacted asbestos (which can be tactilely
compared with asphalt) is exposed. With a
mechanized straightening of sediment
(hollows) of the track, the layered structure is
broken.

Modern track-examination systems allow
georadar sounding and profiling of deformative
sites of the roadbed. The methods of interpreting
georadar profiling data and shallow seismic
tomography developed at Far Eastern State
Transport University (FESTU) [2—3] make it
possible to obtain a multilayer model of the
deep section of the roadbed and foundation
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Pic. 5. Radarogram of soils, combined with marking of the longitudinal profile of the track (overhaul in 2009).

Pic. 6. Data from the video camera of PS067 track-measuring car (from the archive
of Vorkuta Track Division of the Northern Directorate of Infrastructure, video file of the surveillance
camera of PS067 track-measuring car, June 2019).

with a continuous distribution of strength and
deformation characteristics of soils [12],
identified by areas of heterogeneity both in
transverse profiles and in volumetric design.
Pic. 5 shows a radarogram of soils (data
from DCS Integral) [13], combined with
marking of the longitudinal profile of the track
section (overhaul of 2009). In the left part of

the picture (radiogram) along the track axis and
the left roadside, local penetration of old
asbestos ballast into the layer of the main soils
of the body of the embankment is observed.
The blue stripes in the upper part of georadar
sounding indicate a waterlogged state of the
soil. The occurrence of soils in the transverse
plane is uneven. On the right side of Pic. 5, this



Pic. 7. Graphical chart of the track-measuring (geometry) car (from the archive of Vorkuta Track Division of the
Northern Directorate of Infrastructure, graphical chart of the track-measuring car PS067, June 2019).

Pic. 8. Change in the depth of seasonal freezing and thawing depending on soil humidity
[based on [9], A. V. Boytsov].

section is represented by marking of the
longitudinal profile (TsN1I-4 data) [14], where
it is possible to observe the longitudinal profile
deformation of a track with a length of 120 m
and a deformation value of 0,250 m.

Implicit factors (contributing to occurrence
of longitudinal profile deformations of
embankments erected on the slope) include the
presence of depressions filled with water and
located at the upper part of the embankment
(suffusion of the soil body of the embankment).
In this regard, special attention when conduc-
ting field surveys of the embankment when it
is located on a slope should be given to the
presence of catchment basins directly adjacent
to its body (Pic. 6).

As a result of the water arm being formed,
soil suffusion (removal of small soil particles)
occurs, which can lead to sudden deformation
of the roadbed, or subsidence of one or both

rail lines of different intensity [9; 11]. So, in
June 2019, on the 2195" kilometer of Seyda—
Chum haul, intensive subsidence of the right
rail line was observed (Pic. 7), which entailed
a limitation of speed of trains: on the first day
to 25 km/h, and on the next three days — up to
40 km/h.

Humidity. The thermal conductivity
coefficient of dispersed rocks increases with
increasing humidity, since the thermal
conductivity of water and ice is higher than
that of air. Thus, depth of freezing-thawing of
rocks with increasing humidity will decrease
[8; 10]. The general dependence of changes
in the depth of seasonal freezing and thawing
of rocks on their humidity content is presented
in Pic. 8.

The initial part of the graph shows a slight
increase in the depth of seasonal freezing and
thawing with an increase in humidity from 0 to
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Pic. 9. Monthly temperature distribution at a depth of H1 =0 m; H2 = 0,4 m; H3 =0,8 m; H4=1,2m; H5 = 1,6 m;
H6 =2,0 m [based on [10], S. A. Kudryavtsev, A. V. Kazharsky].

a certain value of Waz. In thisinterval, humidity
does not freeze at a negative temperature and
the rocks remain unfrozen (chilled). With
increasing humidity above Whz, the proportion
of phase transitions in the total heat circulation
of the rock increases, and the depth of their
freezing and thawing decreases.

Of great importance in formation of the
thickness of the layer of seasonal freezing
(orthawing) is the temperature shift, which is the
temperature difference between the surface of the
rocks and the base of the seasonally freezing
(thawing) layer. Thermal shift occurs due to an
increase in thermal conductivity of rocks during
their transition from a thawed to frozen state; the
greater is ice content of frozen rocks, the greater
is the difference in thermal conductivity
coefficients. This phenomenon is explained by
the fact that the thermal conductivity of ice is
about four times higher than the thermal
conductivity of water. It was also noted that the
more dispersed is the rock (at the same humidity),
the lower is the thermal conductivity coefficient
and the smaller Am/\f ratio.

Lowering the average annual temperature
of the rocks at the bottom of the seasonal
thawing layer leads to a decrease in the depth
of seasonal thawing of rocks, which is
confirmed by the research data of the FESTU
[10], Pic. 9.

On the gentle drained slopes and watersheds,
in the aeration zone, composed of fine and
medium-sized sands, at the beginning of
intensive soil freezing, the amount of humidity
is close to the value of the maximum molecular
moisture capacity and does not exceed 4—5 %
of the rock volume. In the summer season,
especially during the period of snowmelt
infiltration, soil humidity content increases by
2—3 times, in accordance with this, the thermal
conductivity coefficient sharply increases with
a constant value of phase transitions. This
phenomenon leads, firstly, to rapid thawing of
the upper part of the geological section and,
secondly, to formation of a positive temperature
shift at the bottom of the active layer [7].

Quantitative assessment of deformation of
dusty loam of a refractory texture associated
with frost heaving and thawing given in [10]
showed that fora one-year cycle at agroundwater
level of 1 to 2,5 m from the day surface,
humidity increases by 68 %, and the resistance
to shift of clay soil is reduced by five times.

Mosses and peat bogs. 1t is difficult to
imagine Bolshezemelsky tundra without
mosses, lichens and peat bogs. However, their
influence on the state of «frozen» soils is
underestimated. During the technogenic
impact in the right of way of railway lands (work
of earthmoving equipment, all-terrain roads),



Pic. 10. Moss cover of the Bolshezemelsky tundra (photo by V. V. Shapran, 2018).

vegetation cover is disturbed. Recultivation
works in most cases are not carried out, when
developing trenches for various purposes, their
strengthening and warming of their cross-
section are not performed.

So the frozen strata and vegetation,
developing in time, react to changing of each
other. Plant communities in many cases are
good indicators of thermal and humidity
conditions of the soil, and this circumstance is
widely used in permafrost surveys. Often,
destruction of vegetation leads to an increase
in summer temperatures of rocks and the depth
of seasonal thawing, which contributes to
strengthening of cryogenic processes, primarily
thermokarst, thermoerosion and waterlogging.
Violation of the thermal regime of the soil of
the base of the body of the embankment leads
to its deformations.

Among the soil covers, the cooling role of
wet mosses is especially high (Pic. 10). The fact
is that in the thawed state, the thermal
conductivity coefficient of moss is several times
less than in frozen state. Therefore, in winter,
under such a cover, the soils cool off quite
intensively, and in the summer they warm up
slightly. Moss covers with a thickness of 15—20
cm lead to a reduction in the depth of seasonal

thawing by a factor of 2—3 compared with the
exposed surface and to a few degrees lower
average annual temperature of the rocks [6; 9].

The peat cover behaves in a similar manner.
The thermal conductivity coefficient of peat in
the thawed state, as a rule, is two times lower
than in the frozen one. Under a certain humid
regime of the peat bog, the difference in thermal
conductivities can differ significantly. Therefore,
even with an average annual positive temperature
on the surface of peat, underlying soils can be in
a frozen state [9].

Snow. Snow cover is formed almost
everywhere in areas where frozen rocks are
found. Its influence on the radiation-thermal
balance of the surface is very large and diverse.
First of all, snow increases the albedo of the
surface, increasing its reflectivity several
times. This leads to a decrease in absorption
of radiant energy, and to a decrease in the
average annual temperature of the rocks. In
addition, a significant reduction in the
incoming part of the heat balance is caused by
heat consumption for melting snow and partial
evaporation of melt water. Melting snow
maintains a zero temperature on the surface
for some time, which prevents the soil from
warming up despite the positive air
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Pic. 11. Change in the effect of snow cover on the temperature regime of underlying rocks depending on its
thickness [[9], A. V. Boytsov].

Pic. 12. Cutting of a snow hole using a FRES machine (photo by V. V. Shapran, 2015).

temperature. From here follows the cooling
effect of the snow cover. At the same time,
snow cover, which has low thermal
conductivity, as a heat insulator, protects the
soil from winter heat loss and acts as an
insulating factor. The higher are heat-
insulating properties of snow in winter, the
greater is its warming effect on the soil. Thus,
the main factors determining influence of
snow cover on the surface temperature are the
high albedo and the heat-insulating role of
SNOW.

Study of the effect of snow cover on the
temperature regime of underlying rocks
depending on its thickness, the results of which
are shown in Pic. 11, showed that if snow has
alow power (up toh,), thenits role as a reflector
of sunlight predominates, and such a low-
power cover has a cooling effect on soils. As the
thickness of the snow cover increases from h,
to h,, its warming effect prevails. With a further
increase in snow thickness from h, to h,, alarge
amount of heat is spent on its melting in the
spring, which lasts a considerable time at a
positive air temperature. Therefore, the

warming role of the snow cover is gradually
decreasing and, ultimately, it becomes a cooling
factor for rocks (from h, to h,), which is most
evident in areas where snow does not have time
to melt in the warm season. Further
accumulation of snow leads to formation of
perennial snowfields, the temperature regime
on the sole of which depends on various
environmental factors, including the influx of
deep heat [9; 11].

In general, for regions where permafrost
strata are developed or stable seasonal freezing
of soils is observed, snow cover is an insulating
factor. In the field of seasonal freezing with
removal or absence of snow cover, a significant
increase in the depth of winter freezing of rocks
isobserved. In the area of permafrost distribution
in the presence of merging permafrost, a
decrease in snow thickness leads, on the one
hand, to a decrease in the average annual
temperature of the rocks, and, consequently, to
a certain decrease in thawing depth, and, on the
other hand, to an increase in the amplitude of
fluctuations in the temperature of the rock
surface, and therefore — to increase in this depth.



Thus, removal or absence of snow cover
does little to change in summer heat exchange
in soils, which mainly determines the depth of
their thawing. According to field observations,
it was found that an increase in the thickness
of the snow cover by 5—15 cm leads to an
increase in the average annual temperature of
the rocks by 1°C. Therefore, with sufficient
snow cover, rocks can have a positive
temperature in areas where low average annual
air temperatures are observed. This problem is
most relevant for the region under consideration,
where a constant thick snow cover is observed
from October to May. The roadbed is
represented by high embankments passing
through open tundra territories, this fact
contributes to accumulation of significant
amounts of snow. In some cases, the
embankments are completely covered with
snow and «snow holes» are formed (Pic. 12).

Conclusion. Summing up, we can say that
the railway has become an integral part of the
ecosystem of the Arctic region. The tundra
itself is a unique zone of nature, which is
characterized by the presence of permafrost,
soil flooding by river waters during the flood
period and the complete absence of woody
vegetation, which creates certain difficulties in
operation of the infrastructure.

The analysis of many factors that influence
the occurrence and development of deforma-
tions along the roadbed that lies in the
permafrost zone showed that each place of
deformation should be considered and studied
individually. It is sometimes difficult to
determine the key factor that has the maximum
impact on development of deviations from the
many factors identified. The results of the
analysis should be compiled into a catalog for
further categorization of deformations.

In the future, it is planned, based on the
results of diagnostics of the condition of the
railway track, to forecast the permafrost state
of railway infrastructure facilities, to categorize
subsidence of the roadbed according to the
degree of danger, and to develop measures to
stabilize it.
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HoBble noaxoabl K oueHKe COCTOSHUSA
M30JIALULMOHHOI0 MaTepuasna TAroBbix
aneKkTpoaBuraresien 3J1IeKTPpoBO30B

Oner TEPEIYJ10B

lloBbiLeHnEe 3¢ PEKTUBHOCTU PYHKLIMOHN-
pPOBaHWSI Xe1e3HOA0POXHOro TpaHcnopTa
B cepe rpy30BbIX U 1aCCaxXupCkmnx nepeBo-
30K, CHUXEHWE 9KCr1yaTaLMOHHbIX pacxonoB
B HacTosiLee BpeMsi HernocpeacTBeHHO CBsI-
3aHsbl C pacxonamu Ha CoaepXaHve n Boccra-
HOBJIEHWE TSroBOro nNoABUXHOIo cocTasa.
OnTummn3aumsi 3KcryaraLnoHHbIX PacxonoB
BO3MOXHa Ha OCHOBE rnepexoaa OT MjaaHoBO-
npeaynpeauTesbHoVi CUCTEMbl PEMOHTA TSro-
BOro noABWXHOIO cocTaBa, OCHOBAHHOM Ha
OLleHKe CPenHecTaTuCTNYeCcKOro ypoBHS €ero
TEXHWYECKOro cocTosiHusl 6e3 y4éta 0CObEeH-
HOCTel NonroHa aKcrayaraumm, K CucTeme
PEMOHTa 1 06CNYXNBaHWS 110 PakTU4eCKoOMy
TEXHUYECKOMY COCTOSIHMNIO, OO bEKTUBHO Orpe-
AensieMOoMy Ha OCHOBE CO34aHVsi  BHEAPEHUS
6OpPTOBbIX, MEPEHOCHbLIX U CTALNOHAPHbIX
CcpencTB TEXHUYECKOro ANarHoCTUPOBaHUS
y3/10B u arperaroB, ¢opmupoBaHus baHka
JaHHbIX O TEKYLLLEM COCTOSIHUU 3J1EKTPOBO30B
U VX Y3J10B.

Tepezyaoe Oaee Arexcandposuu — OAO «PK/]», Mockea, Poccus™.

OHeprocunnoBbie yCcTaHOBKN OTHOCSTCS
K 6a30BbIM 3/1eMEHTaM U y3/1aM KOHCTPYKLMHA
TSIrOBOro rnoABWXHOro cocrasa. HaaéxHocTb
N pecypc TSAroBbIX 3/7eKTpoaBurarene
BJ1eKTPOBO30B, 0COOEHHO U30/151LNM OOMOTOK,
He oTBe4YaeT COBPEeMEHHbIM TPpeboBaHUSIM,
a CyLUEeCTBYIOLUME CUCTEMbI ANArHOCTUKMN CO-
CTOSIHUST N30151UMN 0OBMOTOK HE M03BOJISIIOT
obecrne4ynTb HeObXoANMBIN YPOBEHb BbISIB/IE-
HUS1 OTKa30B Ha paHHeu ctaauu. [nsa kade-
CTBEHHOIO OrpeaeseHns Kateropmum n3Hoca
N30JISIUMOHHOro Mmatepuana pa3paboTaHbl
HOBble noaxo4bl Ha OCHOBE MeToha
UK-criekTpogoTomMeTpum no OTHOCUTETIbHOMY
KO3 PULIMEHTY rMNponyckaHs 371eKTPOMarHAT-
HOro n3Jly4eHusi B ra30Bov atmocgepe, 0TBO-
VMOV OT 0OMOTKU TArOBOIo 371eKTPOABMraTe-
JIsl, 4TO §IBJISETCS OCHOBOV AJi19 CO34aHuns
v BHeapeHnst 60pPTOBOV CUCTEMbI aBTOMAaTU3U-
[POBaHHOrO MOHUTOPUHIa TEKYLLErO COCTOSIHUS
N3OSN SNIEKTPOABUIraTesisi u OLeHKU ocTa-
TOYHOI o pecypca.

KnioueBble ciioBa: xenesHasi 4opora, 3J1IeKTPOBO3, TSrOBbI€ 3J1eKTPOABUIraTesn, OLeHKa Te-
KYLLIEero COCTOSIHUS, N30JISILIMOHHbIV MaTepuas, NnoBbiLLEeHNE HaaEXHOCTHU.
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€J1Ie3HOIOPOXKHBIN TPAHCIIOPT UTPaeT
BAXKHEMIIIYIO POJIb B CTAOUIBHOM,
OCTYIIaTeIbHOM Pa3BUTUU MPO-
MBIIUTEHHOTO KOMIUIEKCA, SIBJISIETCS. OCHOBOM
JUIS. peanu3aluy mporpaMM J0JrOCPOYHOTO
pPa3BUTHS SKOHOMUYECKOro noteHuuana. Ce-
TOMIHS OIHOM M3 HauboJjiee aKTyalbHbIX 3a1a4
SIBJISIETCSI CO3JaHWe YCJIOBUIA JUTS TIOBBILIEHUS
adekTuBHOCTU HYHKIIMOHUPOBAHUS XKeJe3-
HOIOPOXHOTO TpaHCMOpTa B chepe IPy30BbIX
1 TACCAXXUPCKUX MEePEBO30K, CHUKEHUST IKC-
ITyaTallMOHHBIX PACXO/IOB, MOBBILIEHUS MPO-
MU3BOIUTELHOCTHY TPY/A.

BonpocaM noBbliiieHus: 3pHeKTUBHOCTU
(GyHKIMOHUPOBAHUS XEJIE3HOIOPOXKHOTO
TpaHCIOPTa, ONTUMU3ALIUY HATIPABJICHU I IPU-
MEHEHUSI pa3JIMYHBIX BUIOB TATU C YUYETOM
MEePCIEKTUB PA3BUTUS TPY30IIEPEBO30OK YIS -
eTcst ocoboe BHUMaHue B padote [1]. ABTOpbI
B KOHTEKCTE€ OCHOBHOU TeMbI MCCJIEIOBAHUS
MOAYEPKUBAIOT HEMOCPEACTBEHHYIO CBS3b
MeXy 9PHEKTUBHOCTBIO DYHKIITMOHUPOBAHUS
JKEJIE3HOIOPOXKHOTO TPAHCTIOPTA, ET0 ITOCTYTIA-
TEJbHBIM Pa3BUTUEM U aJalITUBHOCTHIO TO-
JNBUXXHOTO COCTaBa C YYETOM KOHKPETHBIX
YCJIOBUW 3KCILTyaTalMu.

Pemraronum pakTopoM MOBBIIIEHUS (-
(beKTUBHOCTU PaOOTHI KEJE3HOAOPOXHOTO
TPaHCIOPTA B COBPEMEHHBIX YCIOBUSIX SIBJISIET-
CS COBEPIIIEHCTBOBAHUE TEXHOJIOTMYECKUX
MPOLIECCOB IKCILTyaTalIMU U PEMOHTA TATOBOTO
MOMIBVDKHOTO COCTaBa, pellieHre MpooJieM Io-
BBILICHUS HAIEXKHOCTH,, CHUXKEHMS 9KCILTyaTa-
LIMOHHBIX PACXOOB.

JlaHHBIE MOIXObI UCTIOB3YIOTCS HE TOJIBKO
Ha POCCUMCKUX XKeJIe3HbIX TOPOrax, HO U SIBJISI-
I0TCSI ITPEIMETOM OOCYKIAECHUS U BHEAPEHUS HA
Kene3HbIx noporax EBporibsl u mupa. Taxk, B pa-
0ote [2] aBTOpBI pacCMaTpUBAIOT IYTH YBEJIU-
yeHUs 3(OGHEKTUBHOCTY CUJIOBBIX arperaToB Ha
puMepax JJokoMotrBoB 2M62 1 TEP-70, mo-
BBIIIEHUS UX HAIEXKHOCTH,, CHYDKEHUS IKCILTya-
TallMOHHBIX 3aTpaT HAa OCHOBE BHEIPEHUS
CHCTEMbI KOHTPOJISI TapaMeTpoB (DYyHKITMOHU -
POBAHUS TSITOBOTO JBUTATEIS.

OnHUM U3 MPUOPUTETHBIX HATPaBIECHUI
COBEPLIEHCTBOBAHMS OTEUECTBEHHOM CUCTEMBbI
COIepKaHUsl, TEXHUYECKOTO 0OCITy>KUBaHUS
1 PEMOHTA 3JIEKTPOBO30B B HACTOSIIIIEE BPEMS
SIBJISIETCSI PEMOHT U OOCTYXKMBAHUE IO TEXHU-
YECKOMY COCTOSIHUIO, JIJISI 3TOTO HEOOXOAUMO
000CHOBATh pecypc 0a30BbIX 2JIEMEHTOB U y3-
JioB. Hanbosee mepcrneKTUBHBIMU MEPOTPUS-
THUSIMU TIO PEJTA3AI K TIPOTPAMMBbI ITOBBIIIIEHUST

93(hHEKTUBHOCTU KCILIyaTallMU TSTOBOTO
TMOJIBVDKHOTO COCTaBa SIBJISIIOTCS: CO3/aHue
U BHEJIpEHNE CUCTEM TMAarHOCTUKY Ha OCHOBE
MMPUMEHEHNSI OOPTOBBIX, TTIEPEHOCHBIX M CTa-
IIMOHAPHBIX CPEICTB TEXHUIECKOTO IMArHOCTH -
pOBaHUSI Y3JI0B M arperatoB; (hopMupoBaHMe
0aHKa JaHHBIX O TEKYIIIEM COCTOSTHUM 3JIEKTPO-
BO30B 1 MX Y3JIOB C I1eJTbI0 00eCTIeueHUsI Tiepe-
XOJla Ha CUCTEMY TEXHUIECKOTO O0CITY>KMBaHUST
U PEMOHTA JJIOKOMOTHBOB C YUETOM (haKThye-
CKOT'O COCTOSTHHSI.

Pe3ynbTaThl 5KOHOMUYECKOTO aHaliu3a
(YHKIIMOHMPOBAHMS TTapKa TSITOBOTO ITOIBITK -
HOT'O COCTaBa CBUIETEJILCTBYIOT O 3HAYMTEIb-
HOI1 3aBUCUMOCTH Ce€0eCTOMMOCTHY BCEX BUIOB
TEPEBO30K OT 3aTpaT Ha TEXHUIECKOE COMepKa-
HMe ¥ PEMOHT TSTOBOTO ITOIBMXKHOTO COCTaBa.
CTpyKTYpHBII aHaJIM3 PAacXOJ0B XKeJIe3HOI0-
POKHOTO TPaHCTIOPTa MOKA3bIBAET, UTO YIE/b-
HBI BEC SKCTUTyaTallMOHHBIX 3aTPaT IOCTUTAET
18—20 % ot 0611Iei cebecTOMMOCTH MEPEBO30K
[3]. B HacTosiiiee Bpemsi Mpu CYILIECTBYIOIICH
CUCTEME TEXHUIECKOTO COMIEPXKAHMST M PEMOHTA
TSTOBOTO TMOJBMKHOTO COCTaBa, 3aTpaThl HA
BOCCTAHOBJICHUE 3a ITEPUO/ OT HayasIa SKCILTya-
TalMy 10 TIOCTAHOBKM JIOKOMOTHBA Ha Karu-
TaJbHbII peMOHT B 3,5—4,0 pa3a NpeBbILLIAOT
€ro MepBOHAYAIBbHYI0 cTOMMOCTH [4]. Ha cetn
JIOPOT €KECYTOUHO Ha BCeX TUTAHOBBIX BUIAX
peMoHTa 1 obciayxuBaHus (6e3 yuéta TO-2)
HaxoauTcsl okoyio 1700 JIOKOMOTHUBOB, B TOM
yucie okojio 100 TOKOMOTUBOB HAaxXOMATCS Ha
3aBOJCKUX BUAAX peMOHTa. TakuM oOpasoMm,
€XeCyTOYHO Ha TeXHUYECKOe OOCITyKMBaHUeE
1 PEMOHTHI OTBJIeKaeTcs 10 13,5 % sKcryatu-
pyemoro napka OAO «PXK]I».

B Hacrosiiiee Bpems TUIaHOBO-TIPEIyTIpe-
JIUTEJTbHAsI CUCTEMa PEMOHTA TSTOBOTO TIOIBYIX-
Horo coctaBa OAO «P2K]l» ocHoBaHa Ha OLIEH-
K€ CPeTHECTATUCTIUECKOTO YPOBHST €T0 TEXHU -
YeCKOT0 COCTOSTHUS. 3a4acTyIo OLIeHKA TeKYIIIe-
o TEXHUYECKOTO COCTOSIHMS 2JIEMEHTOB
KOHCTPYKIIMU U OTIpeNiesieHre He0OXOMUMOTO
BUJIA U 00bEMA PEMOHTHBIX pabOT 3aBUCSIT OT
KBaIM(DUKAIIMK TIepCOHaNIa, TEXHUIECKOTO
OCHAIIICHUSI Y HAJIMYUST TUAarHOCTUYECKOTO
obopynoBaHus. Kak ciencrsue, a1eeKThbl BbI-
SIBJISTEOTCSI TTO BHEIITHUM IpY3HAKaM (TTOBBIIIICH-
HbI T0dT, IyM, BUOpalLMsi, HarpeB, U3HOC
U T.IL).

K 6a30BbIM 3j1eMEHTaM U y3J1aM KOHCTPYK-
LMY TSITOBOTO TTOJIBMXKHOTO COCTaBa MOXHO
OTHECTH: SHEPTOCUJIOBBIC YCTAHOBKH, XOIOBbIE
yacty 1 ap. CTaTUCTUYECKUIA aHATTM3 OLICHKU
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TEKYIIETO COCTOSTHUST CBU/IETETLCTBYET O TOM,
YTO HAJIEKHOCTD U PECYPC TATOBBIX JIEKTPOJIBU -
rareneit (TO/I) 21eKTpOBO30B, OCOOEHHO U30-
JIAIIMU OOMOTOK, HE OTBEYaeT COBPEMEHHBIM
TpedoBaHusIM. CylLIECTBYIOLIME CUCTEMbI IMar-
HOCTUKHU COCTOSIHUSI U30JISIIIUU 0OMOTOK TO/],
HE TTO3BOJISIIOT 00eCTIeYnTh HEOOXOIUMBII
YPOBEHb BBISIBJICHMSI OTKa30B Ha paHHel cTa-
TN,

Kaxk nmokasasa npakTuka, cuctema rmoiep-
>KaHUST HAEXKHOCTY U3OJISIIIAU TI0 TIPOOETY He
SIBJISIETCSI ONITUMAJTLHOM. YCIIOBUS 9KCIUTyaTa-
LMY TSITOBBIX 3IEKTPOJIBUTATEICIH HE SIBJISTIOTCS
OIIMHAKOBBIMU JUTS Pa3HBIX PETHMOHOB CTPaHbI,
CJIeIoBaTeIbHO, HEOAMHAKOBO MTPOUCXOIUT
U CTapeHUe U30JISIIIAY, U He BCSIKWI JBUTATENb
c ipoGerom 1600 ThIC. KM 00sI3aTeTbHO HYKIa-
eTcsl B 3aMeHe 0OMOTKH. MHOTIIa OKa3bIBaeTCst
JTIOCTAaTOYHBIM O0JIee AIIEBBIN CPeTHUIA PEMOHT
T3], To ecTh YnCcTKA, MPOIUTKA U CYLIIKA U30-
JISILIMKY OOMOTKU. TakM 00pazoM, 00 beKTUBHAS
OIIEHKA PeaTbHOTO COCTOSTHUS N30SI 00ec-
MEeYUT NpOoAJIeHUE €€ CPOKa CITy>KObI 03 CHUXKe-
HUS HAIEKHOCTU pabOThI ¢ MEHBIITMMU 3aTpa-
TaMU.

Ileabro viccenoOBaHUS SIBJISIETCS aHAIN3
npuMmeHeHus1 Metona MK-crekrpodoromer-
pUU TI0 OTHOCHUTEIbHOMY KO3(D(DUIIUEHTY
TIPOITYCKAHUST DJIEKTPOMAarHUTHOTO U3JTyde-
HUSI B Ta30BO#l aTMocdepe, OTBOAUMOM OT
OOMOTKM TSITOBOTO 3JIEKTPOJIBUTATENS, B Ka-
YECTBE OCHOBBI JIJISI CO3MaHUs M BHEAPEHUS
OOpPTOBOIT CUCTEMBI aBTOMATU3UPOBAHHOTO
MOHUTOPWHTA TEKYIIETr0 COCTOSIHUS U30JIsI-
LIMM 2JIEKTPOJIBUTATEIISI M OLIEHKW OCTaTOYHO-
ro pecypca. Mcronb3oBaninch memoos: CTpPyK-
TYpPHOTO 9KOHOMUWYECKOTO aHaiau3a, CTaTH-
CTUYECKOTO aHaJIn3a, IKCIIePUMEHTaTbHbIE
METO[IbI CITEKTPO(POTOMETPUH.

PE3YJIbTATbI

B skcrityatanmm u30ss1us 31eKTpoodopy-
JIOBAaHUSI TSITOBOTO TIOIBUKHOTO COCTaBa TOJI-
BepraeTcsl MIMPOKOMY CTIEKTPY BO3IEUCTBUIA.
K HUM oTHOCSTCS: TemIiepatypa 0OMOTOK,
aMIUTUTYNIA U YacTOTa BUOpAlMU, SJeKTpUUe-
CKUe MepeHanpsLKeHus, 2IeKTPOIMHAMUYECKIE
BO3IEHCTBUS OT 3JEKTPUYECKOTO TOKA, BIaXK-
HOCTb BO3/IyXa, HAJIMUME B OKPYXalolLeil cpesie
€MIKVX MTapOoB U MbLTH. OHU MTHUTLIUUPYIOT B N30~
JISILIMY CII0XKHBIE MPOLIECCHI, CJIEICTBUEM KOTO-
DBIX SIBJISIETCSI TIOCTETIEHHOE YXYAIlIeHUEe e
2JIEKTPUYECKUX CBOMCTB, UMEHYEMOE CTapeHU-
eM [5]. Tlox Bo3aeiicTBrEM pa3TUUYHBIX (haKTO-

VINPAI PAH PTA Ml S IN*

POB M Harpy3oK B MaTepuaax AUIJIeKTpUKa
TIPOUCXOIAT (DU3UKO-XUMUIECKUE TTPOIIECCHI,
KOTOpBIE MPUBOIAT K Pa3pylIeHNIO N30SI -
OHHOTO MaTepuaja 1 IMOCJIeAYIOIINM OTKa3aM
M30JISIIIMA OOMOTOK DJIEKTPUIECKUX MAIIH
B BUJIE JIEKTPUYECKOTO MPOOOST U MEXXBUTKO-
BBIX 3aMbIKaHUii. OgHAaKO B OOJIBIIMHCTBE
CJTyyaeB TIOCTIEICTBUSI CTAPEHUSI MOTYT OBITh
YCTpaHEHBI IyTEM BOCCTAHOBUTETLHOTO PEMOH -
Ta U30JISILIKH [6].

Iporiecchl crapeHust OTPaHUIMBAIOT CPOK
CJTy>KOBI U3OJISILIUOHHBIX KOHCTPYKIMiA [7; §].
IToatomMy npu pa3paboTke, U3rOTOBJIEHUU
M B TIpoIlecce KCITTyaTallii 000pyIOBaHUS
BBICOKOTO HAIPSDKEHUST TOJKHBI TIPETyCMaTpy -
BaTbCSl MEPBI, CHIKAIOIINE TEMITbl CTapEHUS
W30JISIIIMN IO TAKOTO YPOBHS, TPU KOTOPOM
obecrneynBaeTcs TpeOyeMblil CPOK CITyXKObI
U30JIIIUOHHBIX KOHCTpYKIMi — 20—30 net
u oosee [9; 10]. OcHOBHBIE 3aKOHOMEPHOCTHU
CTapeHUs U30JISILIMU U METOIOB €€ TTpoduiak-
TUYECKUX UCTIBITAHUI paccMOTpeHbI B [11—13].

B mporiecce akcrutyataiuu B pe3yJsibTate
repesadn IeKTPUIECKO U30JISIIIMY Pa3jIny-
HBIX BUIIOB SHEPTUU TIPOUCXOIUT CYIIIECTBEH -
HO€ M3MEHEeHME TIepBOHAYAIbHBIX CBOMCTB.
Paznmualot cienytonive BUIbI CTAapEeHUs N30~
JSIUU — BJIEKTPUYECKOE, MEXaHUUeCKoe
u TertoBoe. KpoMe Toro, Ha TeKyliee cocTosi-
HUE U MHTEHCUBHOCTb MPOLIECCOB CTApEHUS
CYIIIECTBEHHOE BJIMSIHUE MOTYT OKa3bIBaTh
BO3/IEICTBME BHEITHEN CpPENbl, MOBBIIIEHHAs
BJIQXKHOCTb U 3aTpsi3HEHUE.

M3BecTHO, UTO 3JIEKTPUYECKUI MTPOOOi
TBEPBIX IUJIEKTPUKOB ITPOUCXOINT TTPEUMY-
IIECTBEHHO IO CJICAYIOIIMM NTpuurHam [13]:

1) MexaHUUYeCcKMe — MEXaHUYECKOE pa3py-
IeHue, a UMEHHO Pa3BUTUE MUKPOTPEIINH,
OCTabJISIOMNX BJEKTPUIECKYI0 TTPOYHOCTD
nuanekTpuKa. C 11ebI0 TOBBIIIEHUS SKCTUTya -
TallMOHHOM HaaEXKHOCTU THOJI HOKHbBI OBITH
obecrieueHbl BBICOKME MEXaHUIeCKHe CBOMCTBA
M30JISIIIMOHHBIX MaTepraioB 0OMOTOK TIOJTIO-
COB U SIKOPSI, HEOOXOMMMBIX JUTSI COXPAHEHUST
3JIEKTPUIECKON TTPOYHOCTH U3OJISIIUN, MOPO-
30CTOMKOCTH M HAaTrpeBOCTOMKOCTH KakK B TIPO-
1ecce usrotopyieHus TOJI, Tak U B mpoluecce
JUTUTETLHOM 3KCIUTyaTalluy, Korna oOMOTKU
TTO/IBEPXKEHBI BIUSIHAIO KOHTPACTHBIX TEMITE-
paTyp, 3HAYUTEJIbHBIM IIEHTPOOEKHBIM
W BJIEKTPOAMHAMUYECKUM BO3JIEHCTBUSIM,
TpsICKe, BUOpaLUsIM U ynapam [14];

2) TEIUIOBbIE — UBMEHEHUE CBOMCTB U CTPYK-
TYpBI AUBJIEKTPUKA, BO3pacTaHUE TETLIOBOM



3JICKTPOIIPOBOTHOCTH. TeTUIOBBIE MPOIIECCH
WTPArOT PEIIAIOIIYIO POJIh B U3MEHEHUY CBOVICTB
1 XapaKTePUCTHK 3JIEMEHTOB, B IPOIIECCcax MX
pa3pylIeHsT U CTapeHUsI. TeMITbI TEIJIOBOTO
CTapeHUs U30JISILIMU OTTPEIEIISIIOTCS CKOPOCTSI-
MM XUMUWYECKMX PEaKIINii, 3aBUCSIIIUMH OT
TeMmeparypbl. OOBIYHO T10JIATa0T, YTO CPOK
CITY>KOBI TIPY TEIJIOBOM CTapeHUM OOpaTHO
MIPOTIOPIIMOHATICH CKOPOCTH XMUMHUYECKUX pe-
aKIIMii, KOTOPBIC CBSI3aHBI C TEMIIEPATypOi
ypaBHeHHeM AppeHuyca. OTciona moyJaeTcst
paBmwIo0 MoOHT3MHTEepa (IPaBUIO BOCEMU Ipa-
nycos) [14];

3) aNeKTpUIECKIe — UMITYJILCHBIC TIepeHa-
TIPSDKEHUST, MOHU3ALIMS C TIPOIIECCOM BBIPHIBA-
HMS 2JICKTPOHOB M3 aTOMOB, MOJICKYJI 1 MOHOB.
[Ipu HaxoXImeHUM MaTepuajia AUAJICKTPUKA
B BBICOKOTEMITIEPATYPHOM IT10JIE TTPOMCXOIUT
YaCTUYHOE Pa3IOKCHUE MaTepuajia, KOTopoe
UAET TeM MHTEHCUBHEE, YeM BBIIIIC TEMITepaTy-
pa. C TeueHrEeM BpeMEHHM ITPOMCXOIUT ITOCTe-
TIEHHOE YBEIMUYCHUE TTIOPHUCTOCTH MU30JISIIINOH-
HOTO MaTepuayia. DTO TIPUBOIUT K BO3HUKHO-
BEHMIO MECTHBIX 2JICKTPUICCKUX HEOTHOPOI-
HOCTEN, CKa3bIBAOLINXCI HAa U3MEHEHUU
JIOKAJTHOM TA3IEKTPIYECKOM IIPOHUIIAEMOCTH,
YTO, B CBOIO OY€pE/lb, MPUBOAUT K BOBHUKHOBE-
HMIO MECTHBIX TTePeHANPSLKEHUIA TIPY HAJTOXKe -
HUU Ha M30JISILIMOHHbI MaTepurasl IepeMeHHO-
IO DJIEKTPUYECKOTO ToJIst [14].

AHanmM3 TaHHBIX 110 oTKa3aM TO/I mokasar,
YTO HAaUOOJIBIIICe HETATUBHOE BIISTHHE Ha TTPOY-
HOCTh BUTKOBO M30JIIINN OOMOTOK OKa3hIBa-
€T TEIUIOBOE CTapeHUE B TIPOLIECCE IKCITIyaTa-
un. B paGorax [15; 16] aBTOphI YKa3bIBaIOT,
«9TO MHOTHE (PHUBNKO-XUMHIYECKHE TIPOIIECCHI,
CBSI3aHHBIC C BOBHMKHOBEHHMEM OTKA30B BUTKO-
BOI M3OJISILIAHN, SIBJISTIOTCSI TEPMIYCCKI aKTUBH -
PYeMBIMU TIPOIIECCAMHU, T.€. MHTCHCUBHOCTh
MPOTEKaHUSsI TIPOLIECCOB YBEJIUUMBAETCS C MO-
BBIIICHUEM TeMIIepaTyphl». B TO ke Bpewms
MIPUIMHON Pa3pyIICHUS N30JISIIIMOHHOTO MaTe-
puana TOI — nmogBiaeHNsT MOPUCTOCTU U Pac-
TPECKMBAHMSI, SIBJISICTCS BO3IEHCTBIE MEXaHU-
YECKMX HATPy30K, B YACTHOCTH, BUOPALINH.

[Ipu paccMoTpeHN MEXaHW3MOB pacrana
MaTepyaia 3IeKTPON30JISILIVN TSTOBBIX 3JIEKTPO-
neurareneir Hb-418K6 ycranosiieHo, 4To rpu-
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Puc. 1. CTpykTypHas ¢popmyna nn€Hku n3 nonmmepa
nonuaTtuneHrepegTanar.

YUHOM 3JIEKTPUUECKOTO MPOO0SI 0OMOTOK TSITO-
BBIX 3JICKTPOIBUTATEIICH SIBIISICTCST TepMITIecKast
1 TePMOOKVCIIUTEIbHAS AeCTPYKIIVSI, TIPUBOISI-
ast K MEXaHMIeCKOMY Pa3pyIIeHUIO 3JIEKTPO-
M30JISIIIMKA C 00pa30BaHMEM TPEIIMH B HEMl
1 K KapOOHM3ALMHY (0OYIIIMBAHIIO) 3IIEKTPON30-
JISIIIMH,, KOTOPasi COITPOBOXKIACTCST PE3KIM TTajie-
HHMEM e€ 3JIEKTPUUECKOTO COIPOTHUBIICHMSI.

DnekTpon3osaiys «DaMukatepm 524019,
HCTIOJIb3yeMasl B TSTOBBIX SJIEKTPOIBUTATEIISIX
HB418-K6, npencrasisier co00i KOMITO3ULIMIO,
COCTOSIILYIO U3 cimofsHoM Oymaru (28 % Bec),
TKaHH 13 CTEKJITHHOTO BOJIOKHA U TIOJIUATUJICH-
TepedTanaTHO I1EHKU (BMecTe 32—52 % Bec),
CKJICCHHOM MEXIy COO0OI M ITPOIMTaHHBIX
3JICKTPOM30JISIIIMOHHBIM JIAKOM MJTH KOMITayH-
noM (20—40 % Bec). [lpu e€ TepMuYeCKOM
1 TEPMOOKHCITATETBHOM Pa3pyIIEHNH B TIEPBYIO
ouepeIb CTpamgaeT e€ OpraHMIecKast COCTaBIISTIO-
1as.

OCHOBY 2JEKTPOU3OIILNN «DIMHUKA-
TepM-524019» cocTaBiisgeT TUIEHKA M3 IToIMMepa
nmonuaTHIeHTepedTanarta (JiaBcaHa) (puc. 1).

ITpu HarpeBaHMM HAOITIOMACTCSI BOCHOBHOM
TOMOJINTUIECKUH (paINKAaTbHBIN) Pa3phIB CBSI-
3eit C-0O, Kak HanMeHee IPOYHBIX (puc. 2).

[Iporiecc TepMOOKUCIUTEILHOM TeCTPYK-
UK TTOIUATUIeHTepedTamaTa MHTEHCUBHO
npoTrekaeT Impu Temrieparypax 170—220°C.
Hamrame Bo3myxa crtocoOCTBYeT 3HAYMTETBHOM
JECTPYKIINN M30JISILAM, YTO COITPOBOXKIACTCS
MTOKEJITCHUEM W WHTCHCUBHBIM BBIICICHUEM
TaK1X Ta3000pa3HbIX IIPOMYKTOB, KaK alleTalb-
TIeTU, YTapHBIi 1 YIJIEKUCITBIH ra3 (puc. 3).

B MK-criekTpe BBIACISIONIIUXCS JIETYIUX
MIPOAYKTOB IIPUCYTCTBYIOT COCTMHEHUS CO
cBs13siMu C-O — TIpOCTHIE U CIIOXKHBIE 2(UPHI,
KHCIIOTHI, aJIbACTUIHI, alleTanu. IMeHHO T10-
sapnenue B UK-criekTpe JTaHHbBIX COeIUHEHU I
CBUCTENBCTBYET O Hauaje pa3pyliecHUs I10-
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Puc. 2. lomonuTnyeckuii (pagukanbHbiii) pa3pbiB cBsa3eri C-0 nnéHku na nonmmepa nonnaTunaeHTepedranar.
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Puc. 3. TepmookucnutTenbHasi AECTPYKLNS NON3TUNIEHTEpegTanara.

JIMMEPHOI 3JIEKTPOU30JISILIMU, a UX UCYE3HO-
BeHUE — O €€ MOoJIHOM paspylieHuu. I1pose-
JIEHHbIE UCCIIENOBAHMS [TOKA3AIM, YTO COEIM -
HEHUsI C TAKUMU IPYIIIaMU IIPU TEPMOIU3E
paccMaTpUBAEMOM SJIEKTPOU3OJISILIMI MOXHO
HaOmonats B MK-criekrpe B cieayroimmx aua-
I1a30HAaX BOJTHOBBIX YKCEJI:

* C=0 (croxHO03(puUpHasT, KUCIOTHASI) —
1770—1680 cM™' (HabmomaeTCst CUCTEMa Iiepe-
KPBIBAIOLLIMXCS TMKOB B IAHHOI 00J1aCTH);

* C-O (mpocThle U CIOXHBIC 3(DUPHI, KIC-
J10Thl, ateraan) — 1300—1000 cm™! (Habmona-
forcd muky ipu 1038, 1065, 1125, 1155, 1169,
1241, 1295);

* nedopMarmoHHbIe Kosnebanus C—C cBs-
3eii apoMaTryeckux Kosel, — 2000—1667 (Ha-
OiogaeTcs cucreMa ciabbixX MuKoB) U 900—
690 cm! (740, 812, 877);

* coemHEeHMs co cBsi3simu, H-C= (Hampu-
Mep, atuiieH) — 1000—800 cm! (umeercst MUK
pu 937 em!);

» coenuHeHund co cBazamu C=C — 1500—
1700 cm™! (Ipu paHHUX CTAAUSIX HATpEBa 3[1eCh
HMMeETCS PsiI MHTCHCUBHBIX ITMKOB).

Ha ocHoBe pe3ysnbraToB aHajluM3a Cylle-
CTBYIOILMX B HACTOSIIIEE BPeMsI TEXHUYECKIUX
CPEICTB YCTAHOBJIEHO, YTO IIPOCThIE OIITUYECKIE
JATYMKKU Ha aleTaIbIeruI, METUIIMOKCOIAaH
U ApYyTUe YKa3aHHbIE COeAMHEHNSI, paboTAalOLI1e
B YCJIOBUSIX IUIOTHOTO (hOHA MApOB APYIUX Op-
raHMYEeCKUX COENMHEHMUI, B HACTOSIILEE BPEMSI
OTCYTCTBYIOT. CpOK CJ1y>KObI CYILECTBYIOLIUX
IIPOMBIILIIEHHBIX JIEKTPOXUMUYECKUX IaTI-
KOB Oy/IeT Ype3BbIYaiiHO KOPOTKUM B pE3YJIbTa-
Te MPOTEKAHMS LIEMU CeLIn(PUUSCKIX XUMUYe-
CKUX peaklnii B aTMocdepe ra3oBoro BbIoOpoca
OT HATPETO U30JISILIUU TSTOBOIO 3JIEKTPOABI-
raresist, paboOTaIOIIEro B pealbHbIX YCIOBUSIX
C 3arpsi3HEHKEM OT Pa3/IoXKeHUsI He(DTemPOayK-
TOB, YTO CIIOCOOCTBYET UX MUHTEHCUBHOMY BbI-
XO[Iy U3 CTPOSL.

Takum 00pa3oM, IpoBeJecHUE aHaIU3a
M K-criekTpa BbIIEISIOIIMXCS JIETYIUX ITPOIYK-
TOB ITPU TEPMUYECKOM U TEPMOOKHUCIUTEILHOM
pa3pyLIeHUH 3JICKTPOU30JISILIAU LIEJIecoo0pas-
HO Ha OCHOBE MCIT0/Ib30BaHMsI CIIELIMATU3UPO-

BaHHOTro nH(ppakpacHoro MK-uHtepdepomer-
pa, HaCTPOEHHOTO Ha 9aCTOTY 13 Habopa mepe-
YMCJICHHBIX BBIIIIE aHATMTUIECKIX KOJICOAHMIA
¥ TaKKe aalTUPOBAHHOTO K IIPOO00TOODY.

ITo pe3ynbraTaM IpoBeIEHHBIX UCCICIOBA-
HUI YCTaHOBJICHA TpeOyeMasl CeJIeKTMBHOCTD
aHaymm3a B UK -nmmnamasone mmmH BotH. Bo Bcex
SKCIIEPUMEHTAX C aHAIUTUICCKIMHU 3aJa9aMu
MPUMEHSUTACh UICHTUIHAS METOIMKA M3Mepe-
HUI, KOTOpas IpeaycMaTprBaeT BBEICHUE Ta-
3000pa3HOi1 MPOOHI B Ta30BYIO KIOBETY IOCTIC
TIpeIBapUTEIIBHOM €€ TIPOKAYKM YMCTHIM BO3IY-
XOM B TeueHre 30 MUHYT. DTO MO3BOJIMIIO 130e-
JKaTh BIMSIHUS aTMOC(EpHI OT MPEIbIIYIINX
U3MEPEHUI Ha MOCJIEAYIOLIME CEPUU IKCTIEPU-
MEHTOB.

K xaxxmoMy HOBOMY M3MEPEHHIO YCTAHOBKA
TOAXONMJIa B OMMHAKOBOM CTaPTOBOM COCTOSI-
HUU. DTO COCTOSIHME KOHTPOJIHMPOBATIOCH T10
npoOHoii 3anucu MK -cnekTpa rmycToii KioBeThl
C TIPOKAYKOM BO3MyXa depe3 IyCTOU peakTop
neun. [Ipu yooBIeTBOPUTEIEHOM PE3yJIbTaTe
CTapTOBOTO KOHTPOJISI KIOBETHOM aTMOCHhEPHI,
B KaMepy-peakTop (puc. 4) BBOOMICS 00pa3erl
¥ HAaYMHAJIACh 3aIMCh CEPUM CIICKTPOB.

J1s1 peTuCTpaly CIIEKTPOB UCTIOIB30BAJICS
cpenunit MK-amanaszon 5000—350 cm!' kak
HanboJsiee TH(GOPMATUBHBIN IS ICCIICIOBAHIS
MOJIEKYJISIPHOM CTPYKTYPBI OPTaHUIECKUX CO-
ennHEeHUI. BrIOpaHHOE CHIeKTpaIbHOE pas3pe-
HeHue 2 cM™' SBISeTCS CTaHAAPTHBIM IS
OOJBIIMHCTBA UCCACIOBAaHUI TaKOTO THUIIA
M OIIpPeNeIeHO KaK ONTUMAIbHOE B MPOOHBIX
M3MEPEHMSIX.

Ha ocHOBaHMM pe3yJIbTaTOB MPOBEIEHHBIX
W3MEepeHHI, TTIOJYIYCHHBIX IIPH BBIIIOJTHEHUN
ONMCAHHBIX UCCIICMIOBAHUI, YCTAHOBJICHO, UTO
TEPMHMUYCCKHI pacItag OpraHMIECKIX COSIITHE-
HUI, BXOMISIIIUX B COCTaB PAaCCMOTPEHHOTO
M30JISIIMOHHOTO MaTepraia, COIPOBOXIAeMBIi
TapaJuIeIbHBIM TEPMOJIM30M BEIIIECTB — 3arpsi3-
HUTeJIE Hapy>KHOI 000JI0UKIT 00MOTOK TOJI —
MMeeT JOCTATOYHO CIIOXKHYIO KHHETUKY ¢ 00pa-
30BaHMEM OOJIBIIIOTO KOJTMYECTBA Pa3TMIHBIX
TIPOAYKTOB B ra3oBoii (pase. OmpenensaTh KaTe-
TOPUIO0 U3HOCA U3OJSLMOHHOIO Marepuasa



nenecoobpasHo merogoM MK-cnekrpodoTo-
METPUM TI0 OTHOCUTEITLHOMY KO3(PDULIMEHTY
TIPOIYCKAHMUSI 3IEKTPOMArHUTHOTO M3TyJYeHUSI
B Tra30Boi1 aTMOcepe, OTBOIUMOIT OT OOMOTKH
TO/1. PesybraTsl uccaenOBaHM MTOATBEPAVIIN,
YTO U3MEPEHHST BO3MOXKHO TIPOBOIUTH IT0 pa3-
pabOTaHHOI METOMUKE, aHATUTUYECKAsT YaCTh
KOTOpOI1 6a3upyeTcst Ha OLIEHKE OTHOCUTEIbHOM
MHTEHCUBHOCTH TTMKA TIOTJIOIICHHUST C MaKCH-
myMoM B obiactu 1150—950 cm™!, cooTBet-
CTBYIOLLETO BO30YKIECHUIO ITPOCTBIX KOJICOaH Ui
C-0 B Hanboee BasKHBIX MPOAYKTAX TEPMOJIH-
32 TTOJIMMEPHOI 37IEKTPOM3OJISIIINN — ITPOCTHIX
M CJIOXHBIX 3(Hrpax, KapOOHOBBIX KHCIOTaX,
aleTasix.

C 11e/IbI0 OTIpene/IeHUST BIMSIHUST CTETICHU
u3Hoca m3ossiuuu ooMotok TOJ HB-418K6
Ha MHTEHCUBHOCTH 0011IeTO 00BEMA Ta30BOTO
BbIOpOCa, B TOM YMCJIe BIOpOCA YIJIEKUCIOTO
rasa, pOBEICHBI MCCIICIOBAHNS 00Pa3IIOB U30-
JISIIMOHHOTO MaTepraja OT INIABHBIX TTOJIIOCOB
Pa3HBIX TATOBBIX AsieKTpoaBurareeit Hb-418K6
3JICKTPOBO3a, KOTOPBIC MPEACTABIISIA COOOM
KOMOMHAIIMIO JJaBcaHOBOI 1eHTHI K-20 1 cimto-
JoniaacToBoit JeHTh Damukatepm 0,1 x 20
n 0,13 x 30.

ITo cniexkTpam Bcex 00pa3oB ObLIT clesiaH
BBIBOJ O MOCJICAOBATEJIbHOM yBEJIMUYCHUU
BBIOpOCA YITICKHCIIOTO Ta3a B pe3y/IkTaTe Harpe-
Ba B CIJTY 3aIlycKa IpoIiecca OKHUCICHUS opra-
HUYECKUX COCIMHEHUI, BXOIIIINX B COCTaB
Bcex oopasuos. [Ipu aTom 001111t 00BEM razo-
BOTI'0O BbIOpOCa TeM 0O0JIbIIIe, YeM HUXKE CTEIIeHb
n3HOoca n3ossnn. CrieayeT OTMETUTD OOJIhIIIOE
KOJIMYECTBO BOASIHOTO Iapa, BBIACISIECMOTO
MaTepuajaoM Bcex 00pa3LoB Ipu paboueit TeM-
nepaType, — eMy OTBEYArOT CIICKTpaIbHbIC 00-
JIACTHU C OOJTBIIIMM YMCJIOM Y3KUX JIMHUH C IICHT-
pamu Boym3u 3800 cm!, 1600 cm .

C 1enbio BBISIBJICHUS XapaKTepHOI KOHT-
POJIbHOI KOMITOHEHTBI OBUTH ITPOBEICHBI SKC-

Puc. 4. Tepmoperynupyemas
npucTaBka Ansa uccaenoBaHns
raszoobpa3aHbix MPOAYKTOB OT
N30/194NOHHOIro MaTepmnana
C KannbpoBOYHOW KIOBETO.

TIEPUMEHTHI TT0 OIPECICHIIO COCTaBa 3arpsi3-
HSIIOIINX BKJIIOYCHHUI B SMaHMUPYIOIINX ra3ax
n3onsinn oomorok TOJI. Ilpu cpaBHEeHUN
pe3y/ibraToB U3MepeHUii 00pa3LIoB 3arpsI3HEH-
HBIX 00pa3LoB 1 00pa3lia c padboyeit u3ossuuein
C HOBOTO JBUTATEIST YCTAHOBJIEHO, YTO OCHOB-
HBIC 3aKOHOMEPHOCTH B UI3MEHEHNH MHTEHCHB-
HOCTEM JIMHUI U ITOJIOC ITOIIOLIEHMS COXPaHI-
forcst. OmHAKO OTMEYaeTCs TIOSIBJICHUE M POCT
WHTEHCUBHOCTH HOBBIX JIMHUI TTOTJIOIICHMS,
npexae Bcero B oosmactu 740—1000 cm™!, uro
CBSI3aHO C TIOSIBJICHHEM B Ta30BOi1 (pase 3amMe-
LLIEHHBIX TPOU3BOIHBIX O€H30J1a ITPU TEPMOJIM-
3¢ YIJICBOIOPOIOB, BXOISIINX B COCTaB CMA304-
HbIX Maces1. CXoxue o XUMIIEeCKOI Ipupoe
MMPOAYKTHI TEPMOJIM3a N3OSN U TPSI3U HE
JIaf0T BO3MOXKHOCTH HCIIOJIb30BaTh 00JIaCTh
740 cM' KaK aHAJIMTUYECKYIO, TO €CTh I10JI0Ca
740 cm™! HerpuromHa 1T OLIEHKU KaTeropvu
WCTIPAaBHOCTU U30JISILIAN B PEATbHBIX YCIIOBUSIX.
B pesynbrate npoBeaEHHBIX IKCIIEPUMEH-
TaJIbHBIX MCCJICIOBAHUI YCTAHOBJICHO, YTO
HauboJiee THPOPMATUBHOM U YCTOMUYMBOIA
K IIEPEKPBITUIO C IMHUSIMU TIOTJIOIIECHMS TPSI3U
B IIpUMEHsIeMOM AuariazoHe yactot MK-uzmy-
YEHUS SIBJISIETCST TOJIBKO IITMPOKasi MHOTOKOM-
MOHEHTHas nojoca B oonactu 1150—950 cm™!
¢ makcumymoM BOiu3u 1090 cm!. dopma
JTAaHHOM TOJIOCHI OTCTOUT JOCTATOYHO TAJIEKO OT
MMapa3sUTHBIX MHTEHCUBHBIX JTMHUIA TTOTJIONIe-
HUSL, CBSI3aHHBIX C TTOSIBJICHUEM 3arpsI3HCHMIA.
AHanM3 OTHOCUTEIbHOW MHTEHCUBHOCTH
TTOJIOCHI TTOTJIOIICHMS Ta30BOI aTMOChEPHI ITPU
1090 cm™! T 06pa3LIOB U30JISILIMU C PA3IMIHOM
CTEeTICHBIO M3HOCA CBUICTEIBCTBYET O TOM, UTO
MOJIOXKEHNE MaKCHMMyMa JTaHHOU TIOJIOCH 1 e€
MHTEHCUBHOCTD SIBJISTFOTCS TTIOKa3aTesIeM CO-
CTOSTHUSI MaTepraia. B HOBoM Marepuaje oT-
HOCHUTEJIbHAsI MTHTCHCUBHOCTD TAHHOM ITOJIOCH
MaKCHMaJIbHa, a IIEHTP e€ clerka COABUHYT
B HM3KOYACTOTHYIO 00JaCTh K 3HAYCHUIO
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1070 cm!. TTpy HATMYMKM HEUCTIPABHOCTHU B U130~

JISLIMY UHTEHCUBHOCTh JAHHOM MOJIOCHI MaJia,
U OHa IJIOXO pa3juyMMa Ha ypoBHE (hoHa, TO
€CTb OTCYTCTBYeT. B criekTpe obpasna ¢ npen-
MPOOOKHON WM 3arpsi3HEHHOUN U30sIUeil
WHTEHCUBHOCTb UMEET OJIM3KYI0 OTHOCUTEJTb-
HYIO UHTEHCHUBHOCTb, HO HECKOJIBKO pa3HOe
OTHOLIEHUE MTPaBOi 1 JieBOi KoMrnoHeHT — 1080
n 1120 cm™'. Ha ocHOBaHMM aHaJIM3a 3KCIIepy-
MEHTAJbHBIX JAHHBIX YCTAHOBJEHO, YTO MO
WHTEHCUBHOCTH TOJIOCHI TTOTJIOIIEHUS Ta30BOMA
atMochepbl MOXHO BBISBJISITh HE HOBBIM, HO
elg pabouuii IBUTaTENb.

BbIBOAdbl

TakuM 00pa3oM, HA OCHOBAHUU PE3YJib-
TaTOB U3MEPEHMUI, TOTYISHHBIX ITPU BBITION -
HEHUU OMUCAHHBIX UCCIECIOBAHUNA, MOXHO
3aKJIIOYUTh, YTO TEPMUYECKUI pacia opra-
HUYECKUX COETUHEHUI, BXOASIIUX B COCTAB
U30JIIIMOHHOTO MaTepuasa, COpoBOXaae-
MBI mapasuiebHbIM TEPMOJM30M BEIECTB-
3arpsi3HUTENE HApY>KHOU 000J104K1 0OMO-
ToK TOJI, UMeeT JOCTaTOYHO CIOXKHYIO KU-
HETUKY C 00pa30BaHUEM OOJIBIIOrO KOJINYEe-
CTBa pa3JIMYHbBIX TPOAYKTOB B ra30Boi (ase.
711 Ka4eCTBEHHOTO OMpPeaeIeHUS KAaTeTOPUU
M3HOCA U30JILIMOHHOTO MaTepuaa 1eJieco-
006pazHo npuMeHaTh MeTon MK-cnekTpodo-
TOMETPUHU MO OTHOCUTEJIbHOMY KO3(pduiiu-
€HTY MPOIMYCKaHUS 3JE€KTPOMATHUTHOTO
U3JTy4YeHUs B ra3oBOii aTMocdepe, OTBOIU-
Mot ot oomotku TOJl. MHpopMaTuBHOE
W3MEpPEeHNE HEOOXOAUMO BBIMOJHATH IO
pa3paboOTaHHOU MeTOAUKE, aHATUTUYEeCKast
4acTh KOTOPOIi 6a3upyeTcs Ha OLIEHKE OTHO-
CUTEJIbHOU MHTEHCUBHOCTH MUKA MOTJIOIIe-
HUS ¢ MakcuMyMoM B obtactu 1150—950 cm !,
COOTBETCTBYIOLIETO BO30YXKIEHUIO MPOCTHIX
kojiebanuii C-O B HamboJiee BaXKHbBIX MPO-
JTyKTaxX TePMOJIM3a OJIMMEPHOI DJIEKTPOU30-
JITUU — TIPOCTBIX W CIIOXHBIX 2upax,
KapOOHOBBIX KUCJIOTaX, alleTaISIX.
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New Approaches to Assessing State
of Insulating Material of Traction
Electric Motors of Electric Locomotives

Oleg A. TEREGULOV

ABSTRACT

Increasing the efficiency of functioning of
railway transport in the field of cargo and
passenger transportation, reducing operating
costs are immediately related at present to the
cost of maintaining and restoring traction rolling
stock. Optimization of operating costs is
possible on the basis of the transition from a
scheduled preventive system of repair of
traction rolling stock, based on assessment of
the average statistical level of its technical
condition without considering peculiarities of
the operating range, to a system of repair and
maintenance based on the actual technical
condition, objectively determined on the basis
of creation and implementation of onboard,
portable and stationary means of technical
diagnostics of units and assemblies, of
development of a data bank on the current state
of electric locomotives and their units.

Teregulov, Oleg A., JSC Russian Railways, Moscow, Russia*.

Power plants belong to the basic elements
and units of traction rolling stock structures. The
reliability and service life of traction electric
motors of electric locomotives, especially
winding insulation, does not meet modern
requirements, and the existing systems for
diagnosing the state of winding insulation do not
allow providing the required level of failure
detection at an early stage. To qualitatively
determine the wear category of the insulating
material, newapproaches have been developed.
They are based on the method of IR
spectrophotometry based on relative rate of
transmittance of electromagnetic radiation in a
gas atmosphere removed from the traction
motor winding. This is the basis for development
and implementation of onboard system for
automated monitoring of the current state of
the electric motor insulation and assessment of
the residual resource.
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ailway transport plays a crucial role for
110 R the stable, progressive development of

the industrial economics, and is the
basis for implementation of programs for long-
term development of national economic
potential. Today one of the most urgent tasks
isto create conditions for increasing efficiency
of railway transport in the field of cargo and
passenger transportation, reducing operating
costs, and increasing labour productivity.

The issues of increasing the efficiency of
functioning of railway transport, optimizing the
use of various types of traction, considering
prospects for development of cargo transportation,
are considered in work [1]. The authors, in the
context of the main topic of the research,
emphasize the relationship between the
efficiency of functioning of railway transport,
its progressive development, and adaptability
of rolling stock, considering specific operating
conditions.

The decisive factor in increasing efficiency
of railway transport in modern conditions is
linked to improvement of technological
processes of operation and repair of traction
rolling stock, to solution of the problems of
increasing reliability, reducing operating costs.

These approaches are implemented on
Russian railways, are subject to wide discussion
and implementation on the railways of Europe
and other regions. In [2], the authors consider
ways to increase the efficiency of power units
using the examples of locomotives 2M62 and
TEP-70, increasing their reliability, reducing
operating costs through the introduction of a
system for monitoring the parameters of the
traction motor.

Priority areas for improving the Russian
domestic system of maintenance and repair
of electric locomotives currently comprise
repair and maintenance according to
technical condition, for this it is necessary to
assess both the current and the residual
resource of basic elements and assemblies.
The most promising measures for implemen-
tation of the program aimed at improving
efficiency of traction rolling stock operation
are creation and implementation of diagnostic
systems based on the use of on-board,
portable and stationary means of technical
diagnostics of units and assemblies;
development of a data bank on the current
state of electric locomotives and their units
in order to ensure transition to a system of

maintenance and repair of locomotives,
considering their actual, current state.

The results of economic analysis of
functioning of traction rolling stock fleet
indicate a significant dependence of the prime
cost of all types of transportation on the costs
oftechnical maintenance and repair of traction
rolling stock. The structural analysis of the costs
of railway transport shows that the share of
operating costs reaches 18—20 % of the total
cost of transportation [3]. At present, with the
existing system of technical maintenance and
repair of traction rolling stock, the cost of
maintenance for the period from beginning of
operation to setting of the locomotive for
overhaul is 3,5—4,0 times higher than its initial
cost [4]. About 1700 locomotives on the railway
network daily underwent all planned types of
repair and maintenance (excluding TM-2
[technical maintenance of type 2]), including
about 100 locomotives that were undergoing
factory repairs. Thus, up to 13,5 % of the
operated fleet of JSC Russian Railways was
diverted daily for maintenance and repairs.

Currently, the preventive maintenance
system for traction rolling stock of JSC Russian
Railways is based on assessment of the average
level of its technical condition. Often, the
assessment of the current technical condition
of structural elements and determination of the
required type and volume of repair work
depends on qualifications of employees,
technical equipment, and availability of
required diagnostic equipment. As a result,
defects are detected by external signs (increased
backlash, noise, vibration, heating, wear, etc.).

The basic elements and units of the structure
of traction rolling stock include power plants,
running gear, etc. The statistical analysis of
assessment of the current state indicates that
reliability and service life of traction electric
motors (TEM) of electric locomotives,
particularly of winding insulation, does not
meet modern requirements. Existing systems
for diagnostics of the state of insulation of
windings of traction electric motors do not
allow to provide the required level of failure
detection at an early stage.

As practices have shown, the system for
maintaining reliability of insulation using
mileage indices is not optimal. The operating
conditions of traction electric motors are not the
same for different regions of the country,
therefore, insulation aging is not the same, and



not every motor with a mileage of 1600 thousand
km necessarily needs to be replaced with a
winding. Sometimes a cheaper average repair of
traction electric motors is sufficient, i.e.
cleaning, impregnating and drying the winding
insulation. Thus, an objective assessment of the
real state of insulation will ensure extension of
its service life without reducing reliability of
operation but at a lower cost.

The objective of the research was to study
the application of IR spectrophotometry
method based on relative rate of transmittance
of electromagnetic radiation in a gas atmosphere
removed from the traction motor winding as a
basis for development and implementation of
onboard system for automated monitoring of
the current state of the electric motor insulation
and assessment of the residual resource, while
the methods of structural economic analysis,
statistical analysis, and experimental methods
of spectrophotometry were used.

Results

In operation, insulation of traction rolling
stock electrical equipment is exposed to a wide
range of impacts. These include temperature
of winding, vibration amplitude and frequency,
electrical overvoltage, electrodynamic effects
from electric current, air humidity, presence of
corrosive vapors and dust in the environment.
They initiate complex processes in insulation,
the result of which is a gradual deterioration of
its electrical properties, called aging [5]. Under
the influence of various factors and loads,
physicochemical processes occur in dielectric
materials, which lead to destruction of the
insulating material and subsequent failures of
the insulation of windings of electrical machines
in the form of electrical breakdown and turn-
to-turn short circuits. However, in most cases,
the effects of aging can be eliminated by
restoration of the insulation [6].

Aging processes limit the service life of
insulating structures [7; 8]. Therefore, in
development, manufacture and operation of
high voltage equipment, measures should be
taken to reduce the aging rate of insulation to
such a level that ensures the required service
life of insulating structures which is of 20—30
years or more [9; 10]. The main patterns of
aging of insulation and methods of its preventive
testing are considered in [11—13].

During operation, following the trans-
mission of various types of energy to electrical

insulation, a significant change in its initial
properties occurs. There are the following types
of insulation aging: electrical, mechanical, and
thermal aging. Besides, the current state and
intensity of aging processes can be significantly
influenced by the external environment, high
humidity, and pollution.

It is known that electrical breakdown of
solid dielectrics occurs mainly for the following
reasons [13]:

1) mechanical — mechanical destruction,
namely development of microcracks that weaken
dielectric strength. In order to increase
operational reliability of TEM, high mechanical
properties of insulating materials of the pole
and armature windings must be ensured, which
are necessary to maintain the dielectric strength
of the insulation, frost resistance and heat
resistance both during manufacture of TEM
and during long-term operation, when windings
are exposed to the influence of contrasting
temperatures, significant centrifugal and
electrodynamic influences, shaking, vibrations
and shocks [14];

b) thermal — a change in properties and
structure of a dielectric, an increase in thermal
conductivity. Thermal processes play a decisive
role in changing the properties and features of
elements, in the process of their destruction
and aging. The rates of thermal aging of
insulation are determined by the rates of
chemical reactions, depending on temperature.
The service life of dielectric exposed to thermal
aging is generally believed to be inversely
proportional to the rate of chemical reactions,
which are related to temperature by the
Arrhenius equation. This results in the
Montzinger rule (the rule of eight degrees) [14].

¢) electrical — impulse overvoltage, ionization
followed by the process of ejection of electrons
from atoms, molecules, and ions. When the
dielectric material is in a high-temperature
field, partial decomposition of the material
occurs, which is the more intense, the higher
isthe temperature. Over time, there is a gradual
increase in porosity of the insulating material.
This leads to appearance of local electrical
inhomogeneities, which affect the change in
the local dielectric constant (permittivity),
which, in turn, leads to occurrence of local
overvoltage when an alternating electric field
is applied to the insulating material [14].

Analysis of data on TEM failures showed
that thermal aging during operation has the
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Pic. 1. Structural formula of polyethylene terephthalate polymer film.
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Pic. 2. Homolytic (radical) rupture of C-0 bonds of a film made of polyethylene terephthalate polymer.
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Pic. 3. Thermal oxidative destruction of polyethelene terephthalate.

greatest negative effect on strength of the turn
insulation of windings. In works [15; 16] the
authors point out that «many physicochemical
processes associated with occurrence of failures
in coil insulation are thermally activated
processes, i.e. intensity of processes increases
with increasing temperature». At the same
time, destruction of TEM insulating material
through appearance of porosity and cracking,
is due to the effect of mechanical loads, in
particular, vibration.

Considering the mechanisms of decomposi-
tion of the electrical insulation material of
traction electric motors of NB-418K6 type, it
was found that the cause of electrical breakdown
of traction electric motor windings is thermal
and thermal oxidative destruction, leading to
mechanical destruction of electrical insulation
with formation of cracks in it and to
carbonization (charring) of electrical
insulation, which is accompanied by a sharp
drop in its electrical resistance.

Electrical insulation of Elmikaterm-524019
type, used in NB418-K6 traction motors, is a
composition consisting of mica paper (28 % by

weight), glass fiber cloth and polyethylene
terephthalate film (together 32—52 % by
weight), glued together and impregnated with
electrical insulating varnish or a compound
(20—40 % by weight). Its organic component
suffers first of all in case of its thermal and
thermal oxidative destruction.

The basis of Elmikaterm-524019 electrical
insulation is a film made of polyethylene
terephthalate (lavsan) polymer (Pic. 1).

During heating, there is mainly a homolytic
(radical) rupture of C-O bonds, as the least
strong (Pic. 2).

The process of thermal oxidative destruction
of polyethylene terephthalate proceeds
intensively at temperatures of 170—220°C. The
presence of air contributes to significant
destruction of insulation, which isaccompanied
by yellowing and intense release of such gaseous
products as acetaldehyde, carbon monoxide
and carbon dioxide (Pic. 3).

The IR spectrum of the emitted volatile
products contains compounds with C-O
bonds — ethers and esters, acids, aldehydes,
acetals. Itisthe appearance of these compounds



Pic. 4. Temperature-controlled attachment for the study of gaseous products from an insulating
material with a calibration cuvette.

in the IR spectrum that indicates beginning of
destruction of polymer electrical insulation,
and their disappearance shows its complete
destruction. Studies have shown that
compounds with such groups during thermolysis
of the considered electrical insulation can be
observed in the IR spectrum in the following
wave number ranges:

+ C=0 (ester, acidic) — 1770—1680 cm™!
(a system of overlapping peaks is observed in
this area);

» C-O (ethers and esters, acids, acetals) —
1300—1000 cm™! (peaks are observed at 1038,
1065, 1125, 1155, 1169, 1241, 1295);

+ deformation vibrations of C—C bonds of
aromatic rings — 2000—1667 (a system of weak
peaks is observed) and 900—690 cm™' (740, 812,
877);

+ compounds with bonds, H-C = (for
example, ethylene) — 1000—800 cm™! (there is
apeak at 937 cm!);

+ compounds with C = C bonds — 1500—
1700 cm ' (at the early stages of heating, there
are series of intense peaks).

Based on the results of the analysis of the
currently existing technical means, it has been
established that there are currently no simple
optical sensors for acetaldehyde, methyl-
dioxolane and other indicated compounds
operating under conditions of a dense
background of vapors of other organic
compounds. The service life of existing
industrial electrochemical sensors will be

extremely short as a result of a chain of specific
chemical reactions in the atmosphere of a gas
released from the heated insulation of a traction
motor that operates in real conditions of
pollution from decomposition of petroleum
products, which contributes to their intensive
failure.

Thus, it is advisable to proceed with the
analysis of the IR spectrum of emitted volatile
products during thermal and thermooxidative
destruction of electrical insulation using a
specialized infrared IR interferometer tuned to
frequency from within the set of the above
analytical vibrations, and adapted also to
sampling.

Based on the results of the studies carried
out, the required selectivity of analysis in the
IR wavelength range was established. In all
experiments with analytical tasks, an identical
measurement technique was used, which
provides for introduction of a gaseous sample
into a gas cell, after its preliminary pumping
with clean air for 30 minutes. This made it
possible to avoid the influence of the atmosphere
from previous measurements on subsequent
series of experiments.

The device began each new measuring in
the same starting state. This state was monitored
by a test recording of the IR spectrum of an
empty cuvette with air pumping through the
empty reactor of the furnace. When the result
of initial control of the cuvette atmosphere was
satisfactory, a sample was introduced into the
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reactor chamber (Pic. 4), and a series of spectra
were recorded.

The spectra were recorded in the mid-IR
range of 5000—350 cm!, which is the most
informative for studying the molecular structure
of organic compounds. The selected spectral
resolution of 2 cm™! is standard for most studies
of this type and is determined to be optimal in
trial measurements.

Based on the results of the measurements
obtained during the described studies, it was
found that thermal decomposition of organic
compounds that make up the considered
insulating material, accompanied by parallel
thermolysis of substances contaminating the
outer shell of TEM windings, has a rather
complex kinetics with formation of a large
number of different products in the gas phase.
It isadvisable to determine wear category of the
insulating material by the method of IR
spectrophotometry according to relative
transmittance of electromagnetic radiation in
the gas atmosphere, removed from TEM
winding. The research results confirmed that
measurements can be carried out according to
the developed method, the analytical part of
which is based on assessment of relative
intensity of the absorption peak with a
maximum in the range of 1150—950 cm!,
corresponding to excitation of simple vibrations
C-0 in the most important thermolysis
products of polymer electrical insulation which
are ethers and esters, carboxylic acids, acetals.

To determine the effect of the degree of wear
ofthe insulation of TEM NB-418K6 windings
on intensity of the total volume of gas emissions,
including carbon dioxide emissions, samples
of insulating material from the main poles of
different NB-418K6 traction motors of electric
locomotives were studied, Samples comprised
K-20 lavsan film and Elmicatherm mica film
with dimensions 0,1 x 20 and 0,13 x 30.

Based on the spectra of all samples, it was
concluded that emission of carbon dioxide
following heating sequentially increased due to
initiation of the oxidation process of organic
compounds included in all samples. In this case,
the lower is the degree of insulation wear, the
greater is the total volume of gas emission. It
should be noted that a large amount of water vapor
was released by the material of all samples at the
operating temperature, and it corresponded to
spectral regions with a large number of narrow
lines with centers near 3800 cm™', 1600 cm™'.

To identify the characteristic control
component, experiments were carried out to
determine composition of contaminating
inclusions in emanating gases of the insulation
of TEM windings. When comparing the results
of measurements of samples of contaminated
samples and a sample with working insulation
from a new engine, it was found that the main
regularities in the change in intensities of lines
and absorption bands are stably maintained.
However, appearance and growth of intensity
of new absorption lines is noted, primarily in
the range of 740—1000 cm™!, which is associated
with appearance of substituted benzene
derivatives in the gas phase during thermolysis
of hydrocarbons that are part of lubricating oils.
The products of insulation and dirt thermolysis,
similar in chemical nature, do not make it
possible to use the 740 cm™! area as an analytical
one, i.e. the 740 cm! band is not suitable for
assessing the insulation service category under
real conditions.

The conducted experimental studies
allowed to reveal that only a wide multicompo-
nent band in the region of 1150—950 cm™! with
a maximum near 1090 cm™' is the most
informative and resistant to overlapping with
absorption lines of dirt in the applied frequency
range of IR radiation. The shape of this band
is far enough away from the parasitic intense
absorption lines associated with appearance of
pollution.

The analysis of relative intensity of the
absorption band of a gas atmosphere at
1090 cm! from insulation samples with
different degrees of wear indicates that the
position of the maximum of this band and its
intensity indicate the state of the material. In
the new material, relative intensity of this band
is maximal, and its center is slightly shifted to
the low-frequency region, to a value of
1070 cm'. If there is a fault in the insulation,
intensity of this band is low and it is hardly
distinguishable at the background level, i.e. it
is absent. In the spectrum of a sample with
pre-breakdown or contaminated insulation,
intensity has a similar relative intensity, but gets
a slightly different ratio of the right and left
components — 1080 and 1120 cm'. Based on
the analysis of experimental data, it was found
that the intensity of the absorption band of gas
atmosphere can be used to identify an engine
which is not a new one but is still in working
condition.



Conclusions

Thus, based on the results of measurements
obtained during performance of the described
studies, it can be concluded that thermal
decomposition of organic compounds that
make up the insulating material, accompanied
by parallel thermolysis of substances
contaminating the outer shell of TEM windings,
has a rather complex kinetics with formation
of a large number of different products in the
gas phase. For qualitative determination of wear
category of the insulating material, it is
advisable to use the method of IR spectro-
photometry based on relative transmittance of
electromagnetic radiation in the gas atmosphere
removed from TEM winding. An informative
measurement should be carried out according
to the developed method, the analytical part
of which is based on assessment of relative
intensity of the absorption peak with the
maximum in the range of 1150—950 cm™!,
corresponding to excitation of simple
vibrations C-O in the most important
thermolysis products of polymer electrical
insulation which are ethers and esters,
carboxylic acids, acetals.
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EXPRESS INFORMATION

YMHbBIE NEPEKPECTKU B MOCKBE

5TOM TOMy B CTOJUIIE TUIAHUPYIOT

B opraHun3oBaTh 400 yMHBIX TepeKpPECT-

koB. [1ocie BHeIpeHUsI HOBOM CHCTE -

MBI aBTOOYCHI, TPOJIEHOYCHI, 2JEKTPOOYCHI

U TpaMBau OYIyT MepeaBUTaThCS 110 TOPOIY
ObIcTpee 1 0e3 3afepxKeK.

«B 2019 roay MbI caenaaad 0KOJIO COTHU
YMHBIX TTEPEKPECTKOB, KOTOPBIE COKPAIIAIOT
3aTOPbI ¥ YCKOPSTIOT pabOTy UMEHHO TOPOJICKO-
ro TpaHcrnopTa. CucremMa 3a C4€T HECKOJIBKUX
THUTIOB IaTYMKOB M COOTBETCTBYIOIIEH MHMOP-
MallOHHOM TPaHCTIOPTHOM CUCTEMBbI BBIIEIIS-
€T U3 MIOTOKa aBTOOYCHI, TpaMBau, 3JIEKTPOOy-
ChI 1 OTIAET KOMaHIy Ha TIPUOPUTET Ipoe3/a.
TakuM 00pa3oM BKITIOUAETCSI 3€JIEHBIN CUTHAIT
cBeTohopa», — paccKasaiu B IPECC-CIyxKOe
LleHTpa opraHu3amm 10pOXXKHOTO JIBVDKEHMS.

CpenHee BpeMsl IPOXOXKICHUS ITEPEKPECT-
Ka coKpalmaeTcs mpuMepHo Ha 15—-20 %.
KpomMe Toro, yctaHaBIMBAIOTCSI CIICIIMATbHbIC
KHOIIKH JUTSI TTeIIIeX0/I0B, KOTOpble paboTaloT
B HouHoe BpeMs. C 07:00 no 21:00 nemexoma-
Hasl ¢ha3a BKITIOYAETCST aBTOMATHUECKHU.

YMHBIE TEPEKPECTKU MOXHO BCTPETUTH
Ha nepeceyeHusix YoHrapckoro u Cumdoe-
POIIOJIbCKOTO OyJibBapoB, CymoCTpOUTEIb-
Hoit ynunbl 1 KineHoBoro OyiabBapa. Yxke
ceifyac mpomycKHasi ClOCOOHOCTh TaM I10-
BeImaetcst Ha 15—20 %, a BpeMs OXXUIaHUS
neimrexonHoi das3bl cokpalaercs Ha 18—
23 %. I1propuTeT TOPOICKOTO TPAaHCIIOPTA
B Mockse Oynet obecrnieyeH Ha 500 mepe-
KpECTKax.

YMHas cuctema ynpasyieHus1 cBeTodopa-
mu paboraet B Cunranype, CIIA, JlaHuu,
Hwunepnannax u npyrux crpanax. Hampumep,
Onaromaps et B Jloc-AHaKenece CKOPOCTh
TIepeIBIKEHNST aBTOOYCOB BO3pOcCia Ha YeT-
BepThb. Cuctema, KoTopast BHeapsieTcs: B Mo-
CKBe, OCHOBaHa Ha OOIIeTTPU3HAHHOW MUPO-
BOI TEXHOJIOTMH, HO aAanTUpOBaHa K CTOJTNY-
HBIM YCJIOBUSIM.

Ha ocHoBe MaTepnasioB o0(hUIHATLHOTO
caiita mapa Mockssl https://www.mos.ru/
news/item/71399073/ ®

SMART INTERSECTIONS IN MOSCOW

his year, the capital plans to organize

I 400 smart intersections. After the

introduction of the new system, buses,

trolley buses, electric buses and trams will move
around the city faster and without delay.

«In 2019, we have made about a hundred
smart intersections that reduce congestion and
accelerate the work of urban transport. The
system, thanks to several types of sensors and
the corresponding information transport
system, identifies buses, trams, electric buses
and gives them the priority. Thus, the green
traffic light is turned on», — the press service
of the city Center for Traffic Organization
said.

The average time for crossing an intersection
isreduced by about 15 to 20 %. Besides, special
buttons are installed for pedestrians who work
at night. From 7 a.m. to 9 p.m., the pedestrian
phase is automatically switched on.

Smart intersections can be found at the
intersections of Chongar and Simferopol
boulevards, Sudostroiteley street and Klenyovy
boulevard. Transit capacity there had immediately
increased by 15 to 20 %, and waiting time for the
pedestrian phase has been reduced by 18 to 23 %.
The priority for urban transport in Moscow will
be provided at 500 intersections.

The smart traffic light management system
operates in Singapore, USA, Denmark, the
Netherlands and other countries. For example,
in Los Angeles, bus speed increased by a
quarter. The system, which isbeingimplemented
in Moscow, is based on universally recognized
world technology, that has been adapted to the
local conditions.

Compiled from the materials of the official
website of Moscow Mayor https://www.mos.
ru/news/item/71399073/ ®



mas 2020 roga UucTUTYT
SKOHOMMKU U (PUHAHCOB
Poccuiickoro yHuBepcure-

Ta TpaHcIopra ormedaeT 90-meTHUM
00UIEN.

Ucropus NDD Bo MHOTOM OTpakaeT
3BOJIIOLUIO POCCUMCKOM TPAaHCHOPTHOM
OTpaciu.

C pasButueM TpaHcnopra emg B XIX
BEKe BO3HUKJIA IITMPOKast IOTPEOHOCTh HE
TOJBKO B MHXKEHEPHBIX, HO ¥ 9KOHOMHU-
YeCKMX Kaapax s orpaciau. Ha mepBbix
IMopax MHAYCTPUAIBHOIO Pa3BUTHUS Tpa-
HUIIA MEXITY TEXHUYECKMMU 1 S KOHOMU-
YyeCcKMMM pacu€TtamMu Obljla He Bcerjga
OUCBUIHOM, M MOCIEeAHNE 3a4acTyIO
MIPOU3BOININCH IPOCKTUPOBIINKAMMU,
CTPOUTEJIIMU, CIIEIIUATUCTaMU 110 3KC-
TUTyaTaIuu IyTeil COOOIIICHMSI.

CrienmMaarcThl 0 TEOPUU U METOIO0-
JIOTUY 3KOHOMUYECKUX BBIYMCICHUI Ha

® MWP TPAHCIOPTA, Tom 18, N2 2 (2020)

WORLD OF TRANSPORT AND TRANSPORTATION, Vol

TpaHCITOPTE, KaK IpaBuIo, (GOPMUPOBaA-
JINCh U3 9KOHOMMUCTOB, PUHAHCUCTOB
M CTaTUCTUKOB OOIIETO PO,

OmHaKo Takasi CUTyaIus He TTO3BOJIsI-
JIa MAacCOBO FOTOBUTH KBaTU(PUIIMPOBAH-
HBIX SKOHOMMCTOB, pabOTaIOIINX Ha OC-
HOBE €IMHBIX METOAMK W BiadeIOLINX
OCHOBaMU TEXHUKH Y TEXHOJIOTUU TPaHC-
MOPTHBIX IIPOILECCOB B JOCTATOYHOM
CTENEeHM, YTOObI ITOHMMATh UCTOYHUKNA
GOpMHUPOBAHMS 3aTPAT 1 PE3YJIBTATOB IIPU
MPUHSITAM yIIPaBIEHYECKUX PEIIEHUIA.
IToaroroBKa MMEHHO TAKMX CITELIAAIH -
CTOB CTAaHOBWJIACH C KaXKIbIM T'OJOM BCE
0oJsiee HEOOXOAUMOIA.

B cBsa3u ¢ atim 29 mas 1930 roma 6611
co31aH MOCKOBCKUI TpPaHCIIOPTHO-
3KOHOMMYEeCKUiI nHCTUTYT. [lepen mHCTH-
TyTOM OBblJIa ITOCTaBJIEHA 3a1adya IMOAro-
TOBKHM BBICOKOKBAJM(MUIIMPOBAHHBIX
3KOHOMMCTOB ISl JKeJIE3HOIOPOXKHOTO,

. 18, Iss. 2 (2020)



MOPCKOI'0, PEUHOTO U aBTOIOPOXHOTO
TpaHcrnopTa. B uucie ¢akynbreToB MH-
CTUTYTa TOMMMO TJIAHOBOTO OB XKeJe3-
HOJIOPOXHBIN, BOAHBIN U aBTOIOPOXKHBIA
¢axkynbTeThl, BKIOYaBIIMe Kadgeapsl Mo
COOPYXEHUIO, CONEPKaHUIO U IKCILTya-
Talud 00BEKTOB COOTBETCTBYIOLINX BH-
JIOB TpaHCIIOpTAa.

B 1933 romy MTHCTUTYT BOLIEN B COCTaB
MUMUNT, B 1948 romy BHOBB MpuoOpEN
cTaTyc MOCKOBCKOrO TpaHCHOPTHO-
SKOHOMMYECKOI0 MHCTUTYTa, a B 1958 ro-
ny BepHyJsicsi B MUNT.

Ceituac MDD gBisieTcsi OOHUM K3
BeIyILIUX MHCTUTYTOB Poccuiickoro yHu-
BepcUTETa TPAHCIIOPTA.

B nacrosee Bpemst UD® roroBut
CIIeIIMaJNCTOB, 0aKalaBpOB U MaruCTPOB
10 HaIpaBJIeHUSIM «DKOHOMUKa», «Me-
HeIKMeHT», «ToproBoe neno», «busHec-
nHpopmaTtukar, «IIpuknagHas uHdop-
MaTuKa», « IMHrBUCTHUKA».

B cocrase MDD B 2005 rony 6bu1a
coznaHa Briciast paHcmopTHasi Ou3Hec-
IIKOJIa — MOpa3aeieHNEe, pealu3yolee
MpoTrpaMMBbl OM3HEC-00pa3oBaHUS s
PabOTHMKOB TPAHCIIOPTHOI'O KOMILJIEKCa.

® MWP TPAHCIOPTA, Tom 18, N2 2 (2020)

3a 15 ner cymectBoBanuss BTBII Beimy-
meHo 6onee 500 caymareneit MBA,
MHOTHE 13 KOTOPBIX CTAJIM KPYIMHBIMU
DPYKOBOIUTEISIMU B TPAHCIIOPTHBIX Opra-
HU3ALSIX.

B 2018 r. B cocTaBe MHCTUTYTa OBLT
00pa3oBaH HayyYHO-00pa30BaTEJIbHBIM
eHTp «JIMH-akanemusi», COTpyIHUKU
KOTOPOTO 3aHMMAIOTCSI HAyYHBIM 000CHO-
BaHMUEM U BHEAPEHNEM METOIOB BBISIBJIC-
HUS U YCTPAaHEHUS TTOTeph MPU peaan3a-
LI OM3HEC-TIPOLIECCOB TPAHCIIOPTHBIX
KOMITaHUM, a TaKXKe peaar3aluei mpo-
rpaMM JOIOJHUTEIbHOIO Mpodeccuo-
HaJIbHOTO 00pa30BaHUs B JaHHOM cepe.

B 2018 rogy UD® cran wienom Ha-
LIMOHAJbHOUN MaaTGOpPMbl OTKPHITOTO
oOpa3oBaHUs M pa3paboTas, MepBHIit
B YHUBEPCUTETE, MAaCCOBBII OTKPBITHII
onnaiH-Kypc (MOOK) «DkoHOMUUE-
CKHE OCHOBBI TPAHCTIOPTHOM AESITETbHO-
CTU», IO KOTOPOMY ceifuac obyyaeTcs
oosiee 1000 yenoBex.

IToapoOHee 03HAKOMUTBCS
¢ ucropueit UD® PYT (MUUT)
MOKHO Ha c. 226@
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ay 29, 2020 is the anniversary
date for the Institute of
Economics and Finance (IEF)

of Russian University of Transport.

The history of the Institute reflects the
evolution of the Russian transport industry.

Developments in the transport sector
as early as in 19" century generated a
demand not only for engineering, but also
for highly qualified economic employees
for the industry. At the first stages of
industrial development, the border between
technical and economic calculations was
not always obvious, and the latter were
often made by designers, builders, traffic
and infrastructure engineers.

® MWP TPAHCIOPTA, Tom 18, N2 2 (2020)
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Rail staff competent in the theory and
methodology of economic calculations
usually were educated from among the
employees with general economic,
financial and statistician educational
background.

However, this situation did not allow mass
training of qualified economists mastering
uniform methods and possessing the
fundamentals of transportation technology
to the extent sufficient to deeply understand
costing processes when making management
decisions. The training of such specialists has
become vital for the national economy.

In this regard, on May 29, 1930,
Moscow Transport and Economic Institute

. 18, Iss. 2 (2020)



was founded. The Institute was assigned a
task to train highly qualified economists
for railway, sea, river, and road transport.
Institute comprised planification, railway,
water and road faculties, which it turn
integrated departments for construction,
maintenance and operation of facilities of
respective modes of transport.

In 1933 the Institute merged with
Moscow Institute of Railway Engineers
(MIIT), in 1948 acquired again the status
of Moscow Transport and Economic
Institute, and in 1958 rejoined MIIT.

IEF is now one of the leading institutes
of Russian University of Transport.

IEF trains engineers, bachelors, and
masters in the fields of economics,
management, trade, business and applied
informatics, linguistics.

Since 2005, the Higher Transport
Business School has implemented business
education programs for transport employees.
More than 500 students have been awarded

® MWP TPAHCIOPTA, Tom 18, N2 2 (2020)

MBA diplomas over the 15 years of the
existence of HTBS. Many graduates have
become executives in transport
organizations.

Since 2018 the research and educational
center LEAN Academy has started
research in the methods for identifying and
eliminating losses in implementation of
business processes of transport companies,
as well as held programs of advanced
professional education in that field.

In 2018, IEF became a member of the
National Platform for Open Education
and developed, the first at the Russian
University of Transport, a Massive Open
Online Course (MOOC) dedicated to
economic foundations of transport
activity, which is currently attended by
more than 1000 trainees.

To continue reading on IEF of Russian
University of Transport please see the
article at p. 236 ®
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UccnepoBaHue npennocbiyiok
BO3HUKHOBEHMS OMNepaLuoHHOro
yObITKa B A€ATENIbHOCTHU
aBMaKOMMNaHNn

Bacwunuii )XKYKOB

MeToabl aHanm3a xo3siCTBEHHOM AesiTeIbHOCTU
aBnanpeanpusiTi 1 NPOrHO3MpPOoBaHNe NPeanochI-
10K 6aHKPOTCTBa aBUMaKkoMIaHuii CTaHOBSITCS] BaXKHOM
3afaqevi pa3BuTvs oTpacsav. B npoLunbsie rogbi imesn-
CSsl PE30HaHCHbIN HEeraTtuBHbIV OMbIT, CBSI3A@HHbIN
¢ 6aHKPOTCTBOM aBuakoMnaHuii. [lpy 3ToM 06bEM-
Hbl€ rokKa3artesiy HEKOTOPbIX aBUakoMnaHuii He3a-
107110 10 MOMEHTa 6aHKPOTCTBA MEJTV MOJIOXUTE Tb-
HYI0 MHAMUKY U paccmaTpurBaince rno matpure bKIr
Kak sIBHblE «3BE3/bl» 10 TEMIMaM MpupocTa 00LEMOB
npou3BOACTBa U NMPUPOCTY A0JIN PbiHKa aBuarnepe-
BO3O0K.

Cpeaw Hux B Poccum MOXHO Ha3BaTb aBnakoM-
naHunto «Cnbupb», koTopasi B 2007-2008 rr. ¢ 60/1b-
WMy yeunusimm ndbexana 6aHkpoTCcTBa, 1 aBma-
KOMMaHuio « TpaHcaapo», KOTopasi HaBceraa rnokuHy-
Js1a pbIHOK aBmarnepeBo30k. [lepBbie 10ykocTepbl —
«Ckaviskcrnpecc» n «ABMaHOBa» — pPa3opuInChb Ha
¢OoHe BbICOKMX TEMIMOB POCTa KOJIM4ecTBa repese-
3EHHbIX 1accaxupos.

3apava, nocraBsieHHasl B cTatbe, HalesieHa Ha
popmurpoBaHne Moaesn, NO3BOJISIOLLEN MOAEINPO-
BaTb CUTyaLMIO, CBSI3aHHYIO C rpeososieHeM aBua-

2Kyrxoe Bacuauii Ecoposun — Canxm-[lemepOypecicuii eocydapcmeeHnHblii yHueepcumem
epaxcoanckoil asuayuu (CII6I'YTA), Cankm-Ilemepbype, Poccus .

KOMriaHvewi Tak Ha3blIBaeMOowi «BTOPOU TOYKM 6€3Yy0bi-
TOYHOCTU». []1 MPOrHO3mMpOBaHNsS BO3MOXHOIO
CpoKa rosty4eHusi aBnakomraHues onepaLmoHHOro
ybbITka Ha POHE PacTyLLmX 06bEMHbIX roka3aresner
MCMOoIb30BaHbl MPOU3BOACTBEHHbIE U PUHAHCOBbIE
riokasaresi 4essTesIbHOCT OAHOV U3 BEAYLUNX aBNA-
KOMIMaHWU HaLlevi CTpaHsbl.

MeTtonom nccnenosaHus 3aga4v, peain3yemMmort
B CcTatbe, sIB/SETCS MoAeanpoBaHne 00bEMHbIX
u pUHAHCOBBLIX rokasaresiev 4esTe/IbHOCTU aBma-
KomnaHuy. Ho mogesnb npeanaraercsi NoCTPOUTb HE
Ha nccnen0BaHny NepcrnekTUBbl U3MEHEHNS POCTa
00BLEMHbIX 1 QUHAHCOBBIX roKa3aTesiel, a Ha 3yqe-
HUW ANHAMVIKW TEMIOB U3MEHEHUS 3TUX rokasare-
JIel. 3a OCHOBY UCC1Ie40BaHWsI MPUHSIT TOT PakT, 4TO
ANHaMyiKa aBnanepesBo30K UMEET UMKITNYHYIO OCHO-
By, KOTOpasi He3aMeTHa HernocpeACcTBEHHO npu
aHan3e N3MeHeHs MPON3BOACTBEHHBIX N PUHAH-
COBbIX [10Ka3aTese, Ho OTYET/IMBO BUAHA IPU N3y4e-
HUW AVHAMUKW TEMIMOB 9TUX riokasatesie, 4To
Y MO3BOJINII0 CMOAE/INPOBATL CUTYaLMIO, MPY KOTO-
povi B 6yayLiemM y aBnakoMnaHum BO3HUKHET ornepa-
LIMOHHBIN YOBITOK.

KnioyeBble cnoBa: BO34YLLIHbIV TPAHCNOPT, rpaxaaHckas aBuaumsi, 06 bEMHbIN nokasaresib, PUHaHCOBbLIE
riokasaresiv, orepaLmnoHHbI yObITOK, TEMIbl MU3MEHEHVISI roka3aTenei, MoAe b MPOrHO31POBaHUS.

*NHdopmauma 06 aBTOpE:

XKykoe Bacunuii EropoBuY — kaHamMaaT TEXHUYECKUX HayK, AoLeHT CaHkT-MNeTepbyprckoro
rocyAapCTBEHHOMO YHUBepcuTeTa rpaxaaHckoin asnaumm (CMeryrA), Cankr-Metepbypr, Poccus,

vasizhukov@yandex.ru.

Crartbs noctynuna B pegakumio 28.12.2019, npunaTa k nyénukaumm 17.03.2020.

For the English text of the article please see p. 127.



BBEOEHUE

MezxnyHapoHast accolManusi BO3IYITHO-
ro tpaHcnopta (MATA) BeisiBUIIa, YTO HbIHEIII -
HHUE TEHIEHIMHU B 00JIACTH BO3IYLIHOTO
TpaHCIIOPTa IPEIoIaralT, YTO YMCIO Iac-
CaXXUPOB MOXET YABOUTHCS OO0 8,2 MIpPH
B 2037 rony [1].

TTocnenHee oOHOBAEHUE K ABaALIATUICT-
Hemy nporHody MATA 1o aBuanepeBo3KaM
IOKAa3bIBaeT, UTO PACTYIIMIA CABUT MIET Ha
BocTOK, KOTOpBI CTaHET LIEHTPOM TSLKECTH
OTPAC/IM U HAaXOIUTCSI B CTAIUU IIPOAOJIKAIO-
LLIErocst CUILHOTO pocTa. B TeueHue cienyro-
IIMX ABYX ACCATUICTUI IMPOTHO3 MPEAroia-
raeT COBOKYIIHBIM IOIOBOM TEMI pocTa
(CAGR) B pazmepe 3,5 % [1], uto npuBenér
K YABOCHUIO YMCJIa TAaCCaXXKUPOB IO CPaBHE-
HUIO C CETOIHSIITHUMU YPOBHSAMM. M3 mokJia-
JareHepaiabHoro nupekropa MATA AnexkcaH-
pa ge KyHuaka Ha IOCJIeIHE! cecCUu opra-
HU3alMU U3BECTHO, YTO aBUAKOMIIAHUM YXKe
B IICCSITBII pa3 MOIPSI 3aBEPLIAIOT TOJI C IIPH -
obutbio [1]. Mexny Tem MATA cHuszuna cBoit
MIPOTrHO3 BHIPYYKM aBHUAIlePeBO3YMKOB
B 2019 romy, HO oXXMIAeT yIyJIIeHUS ToKa3a-
teneit B 2020 romy [1].

Tak, B aTOM romy aBUakKoMmnaHuu 3apado-
taroT $25,9 Mipa. D1o Huxe uroHbcKoro (2019
ron) nporuosa MATA B $28 mupa [1]. Xors
CKA4YOoK 1I€H Ha TOIUIMBO ObLI HE TAKUM pe3-
KHM, KakK IpeAnojarajim 3KCIepThl acColua-
1uu, poct mupoBoro BBIT u Toprosnu oxa-
3aJICsl HUXKE, YeM IIPOrHO3MPOBAIOCh B TO
BpeMsl.

ITo cnoBsam ne ZKyHuaka, 3TOT roji CTaHET
«THOM TEKYIIETO 3KOHOMUYECKOTO IIMKJIa».
B 2020 roay skcnepThl IPOrHO3UPYIOT TOXO/,
aBMaKoMIaHuii B pasmepe $29,3 mupa [1]'.

«3amenieHne 3KOHOMMYECKOTO POCTa,
TOPTOBBIC BOMHBI, TEOITOJIUTHYECKAs HAIIPSI-
JKEHHOCTbh M COIIMAIbHBIC BOJTHEHUS... — BCE
9TO BMECTe CO3MaET OoJsiee KECTKYIO, YEM
OXMIIAT0Ch, OM3HEC-CPETY JIsT aBUATIEPEBO3-
YUKOB, — cunTaeT Aslekcanap ae KyHuak. —
Tem He MeHee OTpaciM yAaloCh MOJOUTH
K HOBOMY JIECATWJIETHUIO B TITIOCE, TTOCKOJIBKY
PECTPYKTYPHU3aIIMs U COKPAIllEHUE PACXO/IOB
MPOAOJKAIU TPUHOCUTD TUBUACHIBI» [1].

Ilenvlo MTaHHOW CTAaTHU SIBJISIETCS IPEICTAB-
JICHEe MHCTPYMEHTOB aHaJIM3a SKOHOMUYE-
CKOTO TTOJIOXKEHMS Ha IMpUMepe OTHON M3
POCCHIICKMX aBUAKOMITAHMUIA.

PE3YJIbTATbI
Jns1 anaauza UCONb3YIOTCS OOBEMHBIE
1 (DUHAHCOBBIE MOKA3aTENU ACITEIbHOCTU
aBMAKOMITAHWNU KaK (DYHKIINY BPEMEHM:
y =f1). (1)
OO0BEMHBIM TTOKa3aTeeM OyIeT KoJInde-
CTBO MEPEBE3EHHBIX MACCAXUPOB (puc. 1).
M3MmeHeHre 00 bEMHOT0 MoKa3aTesst HOCUT
CJ1a0OBBIPAXKEHHYIO LIUKIUYHOCTD, POCT T0-
kazarens g1o 2010 roga, CHUXXEHHUE U CHOBaA

! JlaHHbBIC HA MOMEHT MIPUHSITHSI CTAThU B I1€YaTh.
TMosnnee MKAO u MATA 3HauMTEIBHO CKOPPEKTUPO-
BaJIM IPOTHO3 B CTOPOHY YMEHBIIIEHNUST BBUJLY MTAH e~
Muu, Bei3BaHHoOU KoBua-19 — npum. peo.
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Puc. 2. OnepaunonHas
npubbIsIb M onepaynoHHasa
mapxxa aBuanHgyctpum CLLUA
(npunbbiNb/BbIPYYKa) (COXpaHeHa
TePMUHOJIOrNsi OPUrNHAIIbLHOr O
Tekcrta) [2].

pocT. LIUKIIMYHOCTh 0OBEMHOTO MOKAa3aTeNs
MOXET UMETh 3HAYUTEIbHOE BIUSIHUE Ha
(bmHaHCcoBBIE TOKA3aTeM aBuakommnanuu. Ho
rpacduk Ha puc. | MoKa3bIBaeT, YTO ABUAKOM-
TTaHWST Pa3BUBAETCS YCIIEIITHO U 0COOBIX YTPO3
ToTepu MpUOBLIN He 3aMmedaeTcs. 3adaua,
TTOCTaBJIEHHAST B CTAThe, CBOAUTCS K TOMY, UTO
HEOOXOAMMO BbIPAOOTaTh MOJIEIb MPEAYTIPEXK-
JIEHWSI OTTACHOTO JIBVDKEHUST aBUATIePEBO3Y M -
Ka K TIOJIyYEHUIO OTIepallMOHHBIX YOBITKOB.
B nuteparype o aHanu3y (pUHAHCOBBIX TO-
KazaTesieil NesTeJIbHOCTU aBUaKOMITaHUH
CIIIA otMevaeTcst siBHasI TUKJIMYHOCTh TaKO-
TO IMoKa3areJisl, Kak ornepamoHHast MpuobLTb
(puc. 2) [2].

Ipaduk U3MeHEHMS OTIePAIIOHHOM TIPH-
OBUIM TSI MCCIIeMyeMOil aBUaKOMITAaHUM He
MOKa3bIBaeT SIBHOW HMUKIMYHOCTH, MOXKHO
BUIETh YBEPEHHBIN POCT C TICPUOTAMU 3aMe]I-
JleHusT 1 yckopeHus (puc. 3). CiaemoBaTeIbHO,
MpeacKa3aTh OymyIre YOBITKA aBHAaKOMIIa-
HUHM, UCITOIb3Ys TOJBKO TMHAMUKY M3MEHe-
HUS OMEePallMOHHON MPHOBLIN, OyAeT HEelo-
CTaTOYHO 000cHOBaHO. Haubosbias n1octo-
BEPHOCTH Al POKCUMAIIAY TTOJIMTHOMUATBHO-
roTpeHnacocraiset,77. Ho ucnonb3oBaHue
JUTSI TIPOTHO3A IMTOJTMHOMMAJTEHOTO TPEeH 1A, KaK
TOKAa3bIBACT ITPAaKTUKa, CBSI3aHO C OITMOKAMM
BBIUMCIICHUI, TeM 00JIiee YTO TPEH]I B KOHIIE
aHAJIM3UPYEeMOTO TIepUOIa UMEET OTPHUIIATe b~

OnepannonHas IpuObLTH
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Puc. 3. luHamunka onepaLunoHHON NpubbIIn aHain3npyeMor aBnakomnaHnm (rpagpuk coctaBsieH aBTOpom).
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Puc. 4. Annamuka TemnosB o6LEMHOIro nokasartesns (rpagmuk cocTaBieH aBTopom).
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Puc. 5. AnHamunka TeMrnoB 06bEMHOIro n puHaHCOBbIX Noka3arese (rpaguk cocTaBneH aBTopom).

HYIO JMHAMUKY, YTO B JAJIbHEHIIIEM OITPEACTUT
0011Iy0 TMHAMUKY IIPOrHO3a.

MupoBasl pakTHUKa aHajau3a MPOU3BOJI-
CTBEHHOI1 e TeIbHOCTY aBUAKOMITAHMI TTOKa-
3bIBACT, YTO IIMKIMYHOCTD I10KA3aTesIeii UMeeT
MECTO, TO €CTb HaOIFOAAI0TCSI IIEPUOIBI ITOTBEMA
M TICPUO/IbI CIT1ajia 5KOHOMUKM oTpaciu. PaHee
y3Ke IPUBOIMIIOCH BhICKA3bIBaHUE AJICKCaHIpa
ne ZKyHuraka o «THe TeKYILEro 9KOHOMUYECKO-
ro nukia» [1]. B aHanusupyemoit KoMnaHuu
LIMKJIMYECKUI XapaKTep TMHAMUKY 00BbEMHOTO
1oKasareJisi OTCYTCTByeT. Ho m3ydyeHue nuHa-
MMKU, TO €CTh CKOPOCTH U3MEHEHUST ITOKa3aTe-
JIsT, MOKHO TIPOJIOJIKUTh M PACCMOTPETh ITPOM3-
BOIIHYIO OT CKOPOCTHU, YCKOPEHUE WU TEMIIbI
M3MeHeHUs okazateJst (puc. 4).

VINEM PAACILIOEPIARIOME O BIN= 52 B B 3O 2020

NYKOB D 38 CC

ABVIAROMITaAN

Ha rpacduke BumHa siBHasi HUKJIMYHOCTD,
MEPUOINYECKOE M3MEHEHHIE TEMIIOB ITaCCasKUp-
CKUX ITepeBo30K. [leprosa n3MeHeH s TToKa3a-
TeJss cocTapisieT 6—7 ieT. Takke MOXKHO 3ame-
TUTh U3MEHEHNE aMILTUTY/IbI KOJICOAHMSI ITOKa-
3aresist. CpeIHEroI0BOM TEMIT POCTa, pacCcuu-
ThIBAaEMbIii 110 hopmyite 2 coctasisier 9,18 %:

1

Vi)Yot
Vi)

CAGR(t,.1, )= -1, (2)
rae V(t,) — HaYaIbHOE 3HAYEHME TTapaMeTpa;
V(t,) — KOHeYHOE 3HaYEeHHUE MapamMeTpa;
t, — t, — KOJIMYECTBO JIET.
[lepBblii MapamMeTp, U3MEHEHHUE TEMIIOB
roKa3saTeJsl, MOXKHO CUMTATh [TapaMeTPOM JIJIsT

TENOB AHVNERTDEATIOCHITOKRIEO SHNKHOBEEHMADTIEPAINOHHOT OO BITK B EHTEIIBHOCTI
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Taouua 1

3HaueHus KOppeIsaui 00bEMHOT0 U (PMHAHCOBBIX NMOKa3aTeIeii (PacyEéT aBTopa)

TTaccaxupbr Bripyuka
ITaccaxupbr 1
Bripyuka 0,981084962 1
CebecTonMOoCTb 0,971206513 0,997498666
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e BbIpyyKa

Puc. 6.4

.
U @

COCTAaBJICHUSI IIPEICTABICHUS O OYAYIIKMX Pe-
3yJIbTaTaX POU3BOJACTBEHHOM IeSITEIbHOCTH.
Hapsny ¢ 0o0bEMHBIM MMOKa3aTeeM CIASAyeT
paccMOTpeTh TMHAMUKY (PUHAHCOBBIX IMOKa-
3aTeneit (puc. 5).

W3 nuarpaMmbl BUTHO, YTO TEMIIbI U3Me-
HeHUs (PMHAHCOBBIX ITOKa3aTeJieil UMEIOT
LMKJIMYECKUIA XapaKTep, YTO MOXET CBUIC-
TEJIbCTBOBATh O BHICOKOM CTEIIEHU KOPPEJIsi-
LK1 00bEMHOTO 1 (DMHAHCOBLIX TOKa3aTenei
(tabmn. 1).

Hccnenyst 3HauyeHMST TEMIIOB M3MEHEHMS
(bmHAHCOBBIX IMOKa3aTes i1, MOKHO 3aMETUTD,
YTO B 1IeJIOM TTOKa3aTe v (PMHAHCOBOM yCITel-
HOCTHY aBUaKOMITAHUU HAXOISITCS Ha YPOBHE,
00ecreynBaloLIeM IOJIydYeHYE OIePallMOHHOM
npuobLUIn (puc. 6).

OnHako ucxonsl U3 rpaduka M3MeHeHUs
TEeMITOB (DMHAHCOBBIX IMOKA3aTeJIeii CTOUT 3a-
METUTb, UTO TEMIIbl Ce0ECTOMMOCTU aBUa-
TPAHCIIOPTHOM YCJIYTY B OTAC/IbHBIC IEPUOIbI
IPEBHILIAIOT TEMIIBI BBIPYYKHU, YTO MOXKET
B IIEPCIIEKTUBE IIPUBECTU K ONEPALIMOHHOMY
yOBITKY. BrIpaBHMBaHUE TTOI0XEHMS, TTO3BO-
JISIIOLLETrO MOJy4YaTh MPUObUIb, IIPOUCXOAUT
TOJIBKO 32 CUET MOBBIIICHMUSI CTOUMOCTH aBHa-
nepeBo3ku. [IpubmkeHHOe 3HaUeHue Tapuda

@ CebecToMMoCTb

e OripeaLMoHHan Npubbinb

COBbIX Noka3aresei (rpagpuk cocTaB/ieH aBTOPOM).

3a IEPEeBO3KY MOXHO IOJIYYUTh, pacCYUTaB
3HaYeHME BBIPYYKM Ha OIHOTO IaccaxKupa.
CpenHeroaoBoii TeMIl U3MEHEHUS BBIPYYKHU
CAGR=0,73(73 %), a cebecroumoctu CAGR
=10,71 (71 %). D10 MOKA3BIBACT, YTO LICHBI HA
IePEBO3KY 1 Ce0eCTOMMOCTh UMEIOT IIPUMEPHO
OAVMHAKOBBII TEMIT. DTO MOAYEPKUBAET TOT
(bakT, 4TO aBMAKOMITaHUS HE OECIIOKOUTCS
O CHIDKEHUHU Ce0ECTOMMOCTH, a pacTyLIue 3a-
TPaThl IOKPBIBAET POCTOM LIEH Ha IEPEBO3KY
(puc. 7). lnarpaMmma 1oKa3bIBaeT, YTO TEMITbI
M3MEHEHHUsI ce0eCTOMMOCTHU B OTAE/IbHBIC T1e-
PUOIBI BBILLIE TEMIIOB U3MEHEHUST BBIPYYKMU.
BrloIHeHHBIIA HA JAaHHOM 3Talle aHalnu3
IMOKAa3bIBAET, YTO aBUAKOMITAHUSI HAXOAUTCS
B COCTOSIHUM IOCTOSIHHOM YIpO3bl MOJIyYe-
HUs YOBITKOB OT OIePallMOHHOM AesITeIbHO-
cTU. BeCKOHEeYHBI POCT LIeH Ha IePEeBO3KY
HEBO3MOXEH, TaK KaK OH HaIIpsSIMYIO CBSI3aH
C IOKYIAaTeJbCKOM CIIOCOOHOCThIO Hacele-
HUsI, KOTOpasi 3aBUCUT OT YPOBHSI CPEAHEIY -
LIEBBIX T0X0A0B. [IMHAMUKa CpeaHEeAYILEeBbIX
JIOXOJI0B HACeJICHUsI IIpeIcTaBIeHa Ha puc. 8.
Eciau paccuuraTh cpeaHErog0BOM TEMII
pocta (CAGR) aToro mokasatensi, TO B UCCIe-
nyeMbrit miepuon o paseH 0,07 (7 %). Cpen-
HETOIOBOIM TEMII POCTa BBIPYYKM B ITOT XK€
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nepuon, ¢ 2008 mo 2018 romer 0,14 (14 %),
a CPeJHEroI0BOM TEMII pOCTa Ce0eCTOMMOCTHI
0,15 (15 %). CnenoBaresbHO, TEMI POCTa
CTOMMOCTHU MEPEeBO3KU B JBa pa3a OOJIblIIe,
YeM TEeMII pOCTa CPEeIHEAYILIEBbIX 10X0A0B
HaceJIeHWsI CTpaHbl, YTO MPUBEAET K 3aTyXa-
HUIO CIIpoca Ha aBManepeBo3ku. OHU U ceit-
4ac UMEIOT POCT TOJIBLKO 3a CUET YacTo JIeTalo-
LIMX JEJOBBIX MACCaXKUPOB U YaPTEPHBIX Tie-
PEBO30K, a TaKXe MacCaXUpOoB, UCIIOJIb3YIO-
11X CBOM cOepeskeHMs UJIN KPeIUThl 0aHKOB.
Onpene/uTh Ipe/ies, 3a KOTOPbIM aBUAKOM-
MaHMs He OyIeT MoTydaTh MTPUOBLLUIN, TTO3BOJIUAT
MOJIeTMPOBAaHNE TOYKN 0€3yOBITOUHOCTH.
«Touka 6e3yObITOYHOCTH — 3TO OOBEM MPO-
M3BOJICTBA U Peai3alliyi IPOIYKLIMU, ITPU KO-
TOPOM PacXoibl OYIYT KOMIIEHCUPOBAHbI JOXO-

VIVIEM PAACILIOEJA' IV O WIN= 2

MYKOBD SV CCITE OB AN ETTPE ANMOCBNTOKIBOSHNKHOEC

ABVIAROMITAAN

AoxoA4bl Hace.

JlaMU, a TIPY IMPOU3BOACTBE U PeaTM3aliuu KaxkK-
NOM TMOCJEAYIOe eIMHULIBI NPOAYKIIU
MPpEeATNPUSATIE HAYMHACT ITOJTy4aTh MPUObLTL» [S].
Pacuét rouku 6e3yonitouHocti BEP mox-
HO BBITIOJTHUTH AaHAJIUTUYECKU B IEHEKHOM
9KBUBAJIEHTE. DTO 3HAYCHUE MPUHSITO HA3bI-
BaTh IOPOTOM PEHTA0ETLHOCTHU:
BEPn = TFC
KMR’
rae TFC — nocTossHHBIE pacxonbl;
KMR — ko3¢ duiimeHT Map:KuHaabHOTO
Joxona:

kMR =MR
TR
rne MR — MapXXuHaIbHBIN 10XO;
TP — BeIpyuKa.

3)

@ 13

ANSTOTIEPdOINOHHO! yOBTTRABYICHTEITEHOC i
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Puc. 10. Ipaguyeckoe npeacras. o

MMOCTU roka3arteJsieii 4OXOL40B U PaCXOLO0B rpu

yBenunyeHumn o6bLEma npon3sBoacTea [3].

MR =TR - TVC,
rae TVC — niepeMeHHbIe PacXO/Ibl.

Touka 6e3yObITOUHOCTU B HaTypaabHOM
BBIPAXKEHWH, B OIMMCHIBAEMOI MOAEIN — 3TO
KOJIMUECTBO TEPEeBE3EHHBIX MAaCCAXKMPOB,
paccumMThIBaeTCs 1Mo popMyIie:

BEPH =—TFC , (6)
P—AVC

rae P — BeIpyuka B pacuére Ha OIHOTO Macca-
KUPA;

AVC — nepeMeHHBbIe pacXoAbl Ha OJHOTO
rnmaccaxupa.

[TpuMeHuTETHHO K UCCIeMyeMOli aBUAKOM-
manuu — BEPo = 10556387 teIC. py6., BEPH =
2627 TeIc. maccaxkupoB. [paduaecku pe3yibra-
ThbI PACYETOB TaK:Ke MONTBEepKIatoTcs (puc. 9).

Ha rpacduke Bce mokasareaud UMEIOT JI-
HEHYIO 3aBUCUMOCTb, HO KaK y>Xe YKa3bIBa-

(&)

VITESL PATH OP.A

MYRKOBI Sy (

ABVIAROMITAHAVN

JIOCh paHee, 3TO HepeaJbHO, OCOOCHHO MpPHU
nocTpoeHn! rpacduka B mepcnekTune. [Toka-
3aTejin Ha rpadukKe TOYKU 0e3yObITOUHOCTH
npuodpeTaroT HeuHeHYIo hopmy (puc. 10).
C 10TMYECKOM TOYKM 3pEHUS TaKOe TTOBEIC-
HUE aHAJIU3MPYEMBIX TTOoKa3aTeeil BIIOJTHE
peabHO U OTIpaBIaHHO.

Brimmykubrit rpaduk mokasartesst BRIpYIKH
MOXKHO OTTCaTh JIorapu(pMUIeCcKoi (PyHKIIN-
el y = In(x), a BOTHYTBI rpachnK pacxomoB —
9KCITOHEHUIMATbHOM (PYHKLIMEH y = e,

[TosTOMYy MOXXHO TIPEAMOJOXHUTH, UTO
IJISI MOJASIMPOBAHUS HEJIMHEWHOCTH MOKa-
3aTeJieil TOCTaTOYHO OIMMCATh X TUHAMUKY
HeJMHEHHBIMU GYHKIMSIMHU, TIPUBEIEHHDI -
mu Bhiie. Ho 310 He mipencraBisieTcst BO3-
MOXHBIM, TaK KakK IIPU NPOeIMPOBaHUU
rnmokasareyicii B [MHAMUKE HECKOJIbKUX JIET
BCe TMOKa3aTeJM MPUHUMAIOT HEJTMHEHHYIO

BYICHTCIIBH
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dbopmy, OIM3KYIO K 3KCIOHEHIIMAJIbHOMU
(puc. 11).

CirenoBaTeIbHO, HY>KHO OTTATKMBATHCS OT
nokKazaTeJisl, “3Ha4YaJbHO UMEIOLIETO JUHEM -
HyI0 (DYHKIIMIO U3MCHEHUSI, HO OIMCaTh U3-
MEHEHHUS 3TOrO MoKa3aTess Jorapupmude-
CKOIl M DKCIOHEHIMAIbHOM (hopmymoii. Ta-
KMM MOKa3zaTesIeM SIBJISIETCSI KOJUYECTBO I1e-
peBe3E¢HHBIX IaccaxkupoB. IlocTpouB TpeH
9KCMOHEHIIMaIbHOU 3aBUCUMOCTU, MOXHO
MPOTHO3UMPOBATh POCT YMCJA MAcCaXXUPOB
M, UMes 3HAUEHUE PacX0J0B Ha OAHOIO Iac-
caxupa, CMOJIEJIMPOBaTh U3MEHEHUE cebe-
crouMocTu. Takxe, €ciayd MOCTPOUTH Jiora-
puGMUIECKUIA TPEHI pOCTa YKCIIA TTaCCaXKM-
POB M OIMCATh 3TOM (OPMYNIO M3MEHEHNE
BBIPYYKHU, TO MOJYYUTCSI MOJIEJIb, TTPEACKA3bI-
Balollas NpuMepHOEe KOJUYECTBO JIET, MO
MPOIIECTBUM KOTOPOTO aBUAKOMIAHUSI TTOJTY-
YUT OTIEPAIIMOHHBIN YOBITOK (puc. 12).

VINPA PAH PJIA Ml S NS

O0s3aTeIbHO CIIEAYET CACIaTh OTOBOPKY,
YTO MOCTPOEHUE TPEHA0B MPUMEHUTEIBHO
K YMCITy IEPeBE3EHHBIX ITACCAXKUPOB HE CTABUT
3a7a4y MOCTPOUTh ONTUMUCTUYHBIN U MECCU-
MUCTUYHBIN TTPOrHO3 POCTa 3TOTO MoKa3are-
JIS, @ UCTIOJIb3YETCS TOJBbKO JIMIIb U151 UMMUTA-
LMY TMHAMMKHU TTIOKa3aTeseil BBIpyuYkKU U ce-
0eCTOMMOCTHU, TTOCKOJIbKY, KaK yKa3blBaJIOCh
BBILIE, TEMITbI pOCTa C€OECTOMMOCTHU BBILIE
TEMITOB U3MEHEHUS BbIpyuku. Eciu paccmar-
puBaTb MOJZieJb, B OCHOBE KOTOpPOI OymeT
NUHAMUKA U3MEHEHUS TaKuX MoKasaTesei,
Kak BbIpyYKa Ha OJHOTO Maccaxupa u cebe-
CTOMMOCTb Ha OJIHOTO Iaccaxkxupa, HY>KHO
CHOBA 3a/1aBaTb U3MEHEHUE BbIPYUKM JiOTa-
pubMIIECKOi (yHKIIMEH 110 TPUIMHE TOTO,
YTO AMHAMMKa CIIpoca Ha MepeBO3KY HOCUT
3aTyxamouui xapakrep. M3aMeHeHue nuHamMu-
KM ce0ecTOMMOCTU TpedyeTcsl 3a1aTh 9KCIO-
HEeHUMAJIbHOU (PyHKIMEH, UMes B BUIY TO,
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YTO 3aKPEAUTOBAHHOCTh aBUaKOMIIAHWU
MPUBOAUT K HEJIMHEMHOCTU pacxonoB. Eciu
IIPY 3TOM JUHAMUKY U3MCHEHUS KOJIMYECTBA
IIepeBO3UMBIX ITACCAXKNPOB OCTABUTh JIMHE -
HOM, TO TTOJIydeHHAsI MOJCIb MPEICcKaxeT
YOBITKM aBUAKOMITAHUM YK€ B CJICAYIOIIEM
rony (puc. 13).

3AKJIOMEHUE

O06e pacCMOTpPEHHbIE MOJIEH ITOKA3bIBAIOT
TPEIITOCHIIKY [UTsI BOBHUKHOBEHUST OTlepaLiM -
OHHBIX YOBITKOB. HO mipu 3TOM mpoliecc pas-
BUBAaeTCSI NTMHAMUYHO, U MOTOMY aHaIu3
¢MrHaHCOBOrO pe3yjbraTa He0OXOAUMO Bbl-
MOJIHAThH MOCTOSIHHO 1 HA OCHOBaHUU UMEI0-
IIMUXCS MPEAITOChUIOK, TAKUX, KaK TMHAMMKA
TEMIIOB ITOKa3aTeJIei, MPUHUMATh YIIpaBJICH-
YeCKNE pEeIIeHUS, CYThI0O KOTOPBIX OymeT
IIPOBEICHNE MEPOIPUSITUIA IO CHIKCHUIO
€e0eCTOMMOCTH aBUATPAHCIIOPTHOM YCIYTH.
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The Study on Prerequisites for
Operating Losses in the Airline Activity

Russia*.

Vasily E. ZHUKOV

ABSTRACT

Methods for analyzing the economic activity
of airlines and forecasting the prerequisites for
bankruptcy of airlines is becoming an important
task for development of the industry. In past
years, there were examples of a sound negative
experience related to bankruptcy of airlines. At
the same time, the main volume indicators of
the airlines concerned had got positive dynamics
shortly before the bankruptcy and were
considered by BCG matrix as evident «stars» in
terms of growth in production volumes and in
the share of the air transportation market.

In Russia that was the case of Sibir airlines
which in 2007-2008 barely avoided bankruptcy,
as well as of Transaero Airlines that has left the
air transportation market forever. The first low-
cost airlines, Skyexpress and Avianova, went
bankrupt amid high growth in the number of
passengers transported.

The task of the research was to create a
model that allows to simulate the situation

Zhukov, Vasily E., St. Petersburg State University of Civil Aviation, St. Petersburg,

associated with the airline overcoming the
so-called «second break-even point». To
forecast the possible time period for the airline
to receive an operating loss against the
background of growing volume indicators,
production and financial indicators of one of the
leading Russian airlines were used.

The method of research is modelling of
volume and financial indicators of the airline
activity. The model is proposed to be built not
on the study of future changes in the growth of
volume and financial indicators, but on the study
of dynamics of the rate of change of those
indicators. The study is based on the fact that
the dynamics of air transportation has a cyclical
basis, which is invisible when directly analyzing
changes in production and financial indicators,
and which is on the contrary clearly visible when
studying the dynamics of the rates of those
indicators, which makes it possible to simulate
a situation when the airline will have an
operational loss in the future.

Keywords: air transportation, civil aviation, volume indicator, financial indicators, operating
losses, rate of change of indicators, forecasting model.
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Background. The International Air

128 Transport Association (IATA) has revealed that

current trends in air transport suggest that the
number of passengers could double and attain
8,2 billion in 2037 [1].

The latest update to the IATA twenty-year
air travel forecast shows that a growing shift is
moving eastward, which will become the
industry’s center of gravity and which is now
in the midst of continued strong growth. Over
the next two decades, the forecast provides for
an aggregate annual growth rate (CAGR) of
3,5 % [1], which will lead to a doubling of the
number of passengers compared to today’s
levels. From the report of Alexandre de Juniac,
IATA Director General, at the latest IATA
session, it is known that airlines are completing
the year with profit for the tenth time in a row
[1]. Meanwhile, the IATA has lowered its
forecast for airline revenues in 2019, but expects
improvements in 2020 [1].

So, this year airlines will earn $25,9 billion.
This is below the June 2019 IATA forecast of
$28 billion [1]. Although the jump of fuel prices
was not as sharp as the experts of the association
suggested, the growth in world GDP and trade
was at that time lower than forecast.

According to A. de Juniac, this year will be
«the bottom of the current economic cycle». In
2020, experts predict airline revenues of $29,3
billion [1]".

! Data were provided at the moment of acceptance of the
article. While the article was published the ICAO and
IATA have considerably revised the forecast downward
due to COVID-19 pandemic situation. — ed. note.

«The slowdown in economic growth, trade
wars, geopolitical tensions and social unrest,
all together create a harsher than expected
business environment for air carriers», said
Alexandre de Juniac, nevertheless, the industry
managed to approach the new decade in the
black, as restructuring and cost reduction
continued to bring dividends» [1].

The objective of this article is to present tools
for analyzing the economic situation at the
example of one of the Russian airlines.

Results.

Volume and financial indicators of an
airline’s activity are used for the analysis, as a
time function:

y =f1). (1)

The volume indicator will be the number of
passengers transported (Pic. 1).

The change in the volume indicator has a
slightly pronounced cyclicality. There was an
increase in the indicator rate until 2010, then
there was a decrease and a growth again. The
cyclicality of the volume indicator can have a
significant impact on airline’s financial
performance. But the graph in Pic. 1 shows that
the airline is developing successfully and there
are no special threats of loss of profit. The task
posed in the article is that it is necessary to
develop a model for preventing dangerous
movement of an air carrier towards operating
losses. In the works analyzing the financial
indicators of US airlines, we can see a clear
cyclicality of such an indicator as operating
profit (Pic. 2) [2].
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Operating profit (dollars per year)

Operating margin (percent of proceeds)

Year

Pic. 2. Operating profit and operating margin of the US aviation industry (profit/proceeds) (terminology of the
original text remained) [2].

Operating profit
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Pic. 3. Dynamics of operating profit of the airline under analysis (graph compiled by the author).

The graph of changes in operating profit for
the airline under study does not show obvious
cyclicality; one can see steady growth with
periods of deceleration and acceleration
(Pic. 3).

Therefore, it will not be sufficiently
substantiated to forecast future losses of the
airline, using only the dynamics of changes in
operating profit. The greatest reliability of
approximation of the polynomial trend is 0,77.
But the use of a polynomial trend forecast for
forecasting, as practice shows, is associated

WORLCDOEN RANSPORIANDERANSPORIALIONAO!

ZNUKOVAVASTTYIES NeHTUdyon

EIeTequUISITeSHONU PeTatiNMgIEOSSEeSAn

with calculation errors, especially since the
trend at the end of the analyzed period has a
negative dynamics, which will determine the
overall forecast dynamics in the future.

The world practices of analyzing the
production activities of airlines show that the
cyclical nature of the indicators takes place,
that is, there are periods of recovery and periods
of decline in the economy of the industry. The
statement of Alexandre de Juniac about the
«bottom of the current economic cycle» has
already been quoted [1]. In the analyzed
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Pic. 4. Dynamics of rate of volume indicator (graph compiled by the author).
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Pic. 5. Dynamics of rate of volume and financial indicators (graph compiled by the author).

company, the cyclical nature of the dynamics
of the volume indicator is absent. But the study
of the dynamics, that is, the rate of change of
the indicator, can be continued and it is possible
to consider the derivative of speed, acceleration,
or rate of change of the indicator (Pic. 4).
The graph shows a clear cyclical, periodic
changes in the pace of passenger transportation.
The period of indicator change is 6—7 years, a
change in the amplitude of the fluctuation of
the indicator can also be noted. The average
annual growth rate calculated by formula 2 is

9,18 %:

1
CAGR(fO,tn ) =(M\Ja-to .y

V) &

where V(t) is the initial value of the parameter;

V(t,) is the final value of the parameter;

t —t, indicate number of years.

The first parameter, the change in the rate
ofthe indicator, can be considered a parameter
for making an idea of the future results of
production activities. Along with the volume
indicator, one should consider the dynamics of
financial indicators (Pic. 5).

The diagram shows that the rate of change
in financial indicators is cyclical in nature,
which may indicate a high degree of correlation
between volume and financial indicators
(Table 1).

Studying the values of the rate of change of
financial indicators, it can be noted that in general,
the financial success indicators of the airline are at
a level that ensures operating profit (Pic. 6).



Table 1

Correlation values of volume and financial indicators (author’s calculation)

Passengers Proceeds

Passengers 1
Proceeds 0,981084962 1
Cost price 0,971206513 0,997498666

o)

2

g

[S)

kS

Proceeds Cost price

Operating profit

Pic. 6. Dynamics of changes in financial indicators (graph compiled by the author).

However, according to the graph of changes
in the rates of financial indicators, it is worth
noting that the rate of the cost of air
transportation services in certain periods
exceeds the rate of proceeds, which may lead
to operational loss in the future. The alignment
of the position that allows to make a profit
occurs only due to an increase in the cost of air
transportation. The approximate value of the
tariff for transportation can be obtained by
calculating the value of proceeds per passenger.
The average annual rate of change in proceeds
is CAGR = 0,73 (73 %), and cost price
CAGR = 0,71 (71 %). This shows that
transportation prices and costs are at about the
same pace. This is underlined by the fact that
the airline is not worried about cost reduction,
and the rising costs are covered by rising
transportation prices (Pic. 7).

The diagram shows that the rate of change
in cost price in certain periods is higher than
the rate of change in proceeds.

The analysis performed at this stage shows
that the airline undergoes a constant threat of
operating losses. An endless increase in

transportation prices is impossible, since it is
directly related to the purchasing power of the
population, which depends on the level of per
capita income. The dynamics of per capita
income in Russian Federation is presented in
Pic. 8.

If the average annual growth rate (CAGR)
of this indicator is calculated, then in the study
period it is equal to 0,07 (7 %). The average
annual growth rate of proceeds in the same
period, from 2008 to 2018, was 0,14 (14 %), and
the average annual growth rate of cost price was
0,15 (15 %). Consequently, the growth rate of
the cost of transportation is twice as high as the
growth rate of the average per capita income of
the country’s population, which will lead to
damping of demand for air transportation, which
probably is growing only due to frequent-flying
business passengers and charter flights, as well
as passengers using their savings or bank loans.

Modelling of a break-even point will allow
determining the limit beyond which the airline
will not make a profit.

«Break-even point is the volume of
production and sales of products at which costs
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Pic. 7. Rate of change in proceeds and cost price per one passenger (graph compiled by the author).
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Pic. 8. Average per capita income of the population of the Russian Federation [4].

will be offset by income, and the company
begins to make a profit in production and sale
of each subsequent unit of production» [5].
Break-even point calculation can be

performed analytically in monetary terms. This
value is usually called the profitability threshold
(PRT):

BEPm = TFC
KMR’
where TFC are fixed costs;

3)

WORLCDUEMBANSEUR LIANDE RANSFEURIALIU

LITUKO VAV JS11YIESLITED TUU Y OTIRETeTequiSIieSH Or
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KMR is margin profit rate:

MR
KMR TR’ 4)
where MR is margin profit;
TP are proceeds.
MR =TR - TVC, (5)

where TVC are variable costs.

The break-even point in physical terms in
the described model is the number of passengers
transported, which is calculated by the formula:
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Pic. 9. Break-even point graph (graph compiled by the author).
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Pic. 10. Graphical representation of the nonlinear dependence of indicators of income and expenses
with an increase in production volume [3].

TFC
BEPpt P_AVC’ (6)
where P are proceeds per passenger;

AVC are variable costs per passenger.

In relation to the airline under study —
BEPm = 10556387 thousand rubles, BEPpt =
2627 thousand passengers. Graphically, the
calculation results are also confirmed (Pic. 9).

On the graph, all indicators have a linear
dependence, but as mentioned earlier, this is
unrealistic, especially when building a graph
for the future periods. The indicators on the
break-even point graph take on a non-linear
form (Pic. 10). From a logical point of view,

such a behaviour of the analyzed indicators is
quite real and justified.

The convex graph of proceeds can be
described by the logarithmic function y = /n(x),
and the concave graph of expenses can be
described by the exponential function y = e*.

Therefore, we can assume that to model the
nonlinearity of indicators, it suffices to describe
their dynamics by the nonlinear functions given
above. But this is not possible because while
projecting indicators within the dynamics of
several years, all indicators take a nonlinear
form close to exponential (Pic. 11).

Therefore, it is necessary to lean on an
indicator that initially has a linear change
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Pic. 11. Dynamics of changes in indicators in the future (graph compiled by the author).
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Pic. 12. Forecast of changes in key financial indicators (graph compiled by the author).

function but to describe the changes in this
indicator with a logarithmic and exponential
formula. This indicator is the number of
passengers transported. Having built a trend of
exponential dependence, it is possible to
forecast an increase in the number of passengers
and, having the value of expenses per passenger,
to model a change in cost price. Also, if we
construct a logarithmic growth trend regarding
the number of passengers and describe the
change in proceeds with this formula, we get a
model that forecasts the approximate number
of years after which the airline will receive an
operating loss (Pic. 12).

It is imperative to make a reservation that
the construction of trends in relation to the
number of passengers transported does not set
the task to build an optimistic and pessimistic
forecast for growth of this indicator but is only
used to simulate the dynamics of proceeds and
cost price indicators. It is due to the fact,
mentioned above, that the growth rate of cost
price is higher than the rate of change in
proceeds. If we consider a model based on the
dynamics of changes in such indicators as
proceeds per passenger and cost per passenger,
we will again set the change in proceeds by a
logarithmic function, because the dynamics of
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Cost price, total
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Pic. 13. Forecast of changes in key financial indicators (graph compiled by the author).

demand for transportation is damped. A change
in the dynamics of cost price should be set by
an exponential function, bearing in mind that
the debt of the airline leads to non-linearity of
costs. At the same time, keeping the dynamics
of the number of passengers transported linear,
the resulting model will forecast airline losses
next year (Pic. 13).

Conclusion. Both models show the
prerequisites for emergence of operating losses.
At the same time, as the process is developing
dynamically, the analysis of the financial result
must be carried out constantly, and management
decisions should be made on the basis of the
existing prerequisites, such as the dynamics of
the rates of indicators. The management
decisions should be focused on implementation
of measures to reduce the cost of air transpor-
tation services.
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PaspaboTtka «Jloma KayecTBa» Ha pblHKe
XXen1e3HOA0POXHOro TpaHcnopTa

Poccus*.

WUnba JIABPOB

B cratee paccmatpuBatoTcsi 0COOEH-
HOCTU U MIPUMEHEHVE TEXHOJI0M M Pa3Bep-
ThiBaHUs pyHKUMI kadyecTsa. Llesb cTa-
Tb — MPeAcTaBUTb IPPEKTUBHYIO METO-
AUKY A5 MPUHSITUST TPAHCIOPTHbLIMU
KOMMaHuUsIMy yrpas/ieHYECKUX PEeLUEHUN
B 06/1aCTV OBbILLEHNS] KA4€CTBa TPAHC-
MOPTHbIX YCAYr, OKa3bIBAEMbIX rPy30B/1a-
aenbuam. Metoamka pa3pabotaHa Ha
OCHOBe MoAem (MaTtpU4YHOro KoMmriiekca)
roa Ha3BaHvieM «Jom kayecTBa», B paMkax
KOHUEenumy BCeoOLLEro yrnpasJieHus Kade-
cTBom (TQM).

Ha ocHoBe siorndeckoro, rpagpuy4eckoro,
¢akTopHOro, cpaBHUTEJILHOIO 1 6anaHco-
BOIro MeTo4oB 1 paccMarpyBaeMom TEXHO-
JI0rnuv B CTatbe AeTasIbHO ONMUCaHbl CTPYKTY-
pa Marpu4HOro Kkomrisiekca «Jom kayecrtsa»
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Y Mo3TanHbIvi NOPsiA0K €ro noCTPOeHus
B rpouecce aHanm3a AesiTe/IbHOCTY MPes-
MPUSITU XXEeIE3HOLOPOXHOro TpaHcrnopTa
C aKUeHTOM Ha 0COBEHHOCTU U KpUTEPUU
rnoTPEBUTEILCKUX MPEAINOYTEHWI B chepe
rPY30BbIX TPAHCHIOPTHbIX YCIIYT.

lMpuBeAeHbl KOHKPETHbIE MPUMEPHI,
oTpaxarwLjue oTpacseByr creunpuky
TPaHCNopTHOro o6cayxvBaHus. Ha ocHo-
Be pa3paboTaHHOV MeTOANKN 1 PEKOMEH-
Zauwnii irobasi KomrnaHus B cgpepe TpaHc-
rnoprta 6ygeT UMeTb BO3MOXHOCTb poBe-
CTU MHOro®akTOpHbIVi aHasin3 cBoen
LesiTesIbHOCTU B 006/1acTy obecrieqdeHus
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BBEOEHUE

B coBpeMeHHBIX yCI0BUSIX YPOBEHb Kaue-
CTBa YCJYT, NIPEAOCTABISIEMbIX KIMEHTaM,
SIBJISICTCSI OHUM M3 BaXXHEHIIUX (haKTOPOB,
OIpPEeACISIIONINX YCIeX TPAHCIIOPTHBIX KOM-
MaHWi1 B KOHKYPEHTHOI 0ophoe.

ITockoabKy ycayru 1o nepeBo3ke, B yacT-
HOCTH, Ha KeJe3HOAOPOKHOM TpaHCHOpTe,
MOJIb3YIOTCSl 3HAYUTEIbHBIM CIIPOCOM Y T10-
TpeOuTeNeii-rpy30BaanaeiblieB, TPAHCIIOPT-
Hble KOMIIAHUM B HAUOOJbIIIEH CTEIIEHU 3a-
MHTEPECOBaHbl B MOMCKE HOBBIX CIIOCOOOB
TOBBIIICHUS KauecTBa 00CTyKMBaHUSI.

Kene3HomopoxXHbI TpaHCTIOPT obJiaga-
€T MOII[HBIM ITOTEHIIMAJIOM JJISl TOBBILLIEHUSI
KayecTBa TPAaHCIIOPTHBIX YCJIYT 3a CUeT pea-
JIM3alMK MEPCIIEKTUBHBIX MPOEKTOB BHE-
IpeHUsT MHHOBALIMOHHBIX TPAHCIIOPTHBIX
1 MTHGOOPMALIMOHHBIX TEXHOJOT U, pa3BUTHUS
TPAaHCIOPTHON MHGMPACTPYKTYpPhI, COBEP-
IIEHCTBOBaHUS TEXHUYECKOM 6a3bl. B TO ke
BpeMsl HEOOXOIMMO MPOBOAUTH aHAIU3
3(PGHEKTUBHOCTU 3TUX MPOEKTOB C LEIbIO
YCTAaHOBJIEHUSI COOTBETCTBUSI MPOBOIMMBIX
MEPOIPUATUI MOXEeJTaHUSIM KJIUEHTOB-
TPY30BJIaIC/IbIICB.

CorjlacHO COBPEMEHHOI O0IIeMpU3HaH-
HOU KOHILEIMIUU BCEOOIIEro yrpaBaeHUs
kauyectBoM (TQM) e€ ocHoBomoaramIIM
3JIEMEHTOM SIBJISIETCS TOJXOJ, OCHOBAHHBIN
Ha IOTPeOUTETbCKOM OLIEHKE KayeCcTBa, KJII0-
YeBbIM B KOTOPOI SIBJISIETCS MOTPEOUTEIbCKas
MPUYACTHOCTh K JaHHOMY Ipoueccy [1; 2].
VYyacTue KJIMeHTOB, aHaI13 UX OT3bIBOB pac-
cMaTpHuBaeTcsl Kak 3ajor a(p@ekTuBHON pa-
60t1el TQM. Cucrtema MOBBIIIEHNST KauecTBa
MPOAYKIIMU C aHAJIM30M OT3bIBOB IIOTPEOUTE-
JIel mpeIcTaBIIsIieT CO0O0M TEXHOIOTHIO pa3BEp-
ThIBaHUS DyHKUMI KadyecTBa (QFD) mpu
MPOEKTUPOBAHUU U MPOU3BOACTBE MPOIYK-
1y uam yerayr. OHa OCHOBBIBAeTCSl Ha Mart-
PUYHOM TPUHIIHUIE MOCTPOCHUS, a TakKxKe
MNPUMEHEHUM 3KOHOMUKO-MaTeMaTUYECKUX
DPAcy€TOB C LIEJIbIO OTpeeeHUs IPUOPUTET-
HOCTHU NTPUHUMAEMBbIX YIIPaBJICHYECKUX pellle-
HUM.

CoracHo JIOTMKe IMOCTPOSHUSI ITPOLIECCOB
o texHonoruu QFD Bce pyHKIMOHANIbHbBIC
OTJIEJIbI TPAHCIIOPTHOI OpraHMU3aLMK JOJDKHbBI
OBITb BOBJICYCHBI B TEXHOJIOTMUECKUIA ITPOLIECC
C MIEPBOTO JHS, YTO SIBJISICTCS TIAaBHOM LIEJIbIO
TQM |3, c. 3]. Takum ob6pa3oM, TEXHOJIOTUS
QFD MeToanuecku pa3BUBaeT MOIXOAbI BCe-
00111eT0 yIIpaBJIeHMS KaueCTBOM.

VIIPA PA PIA A3 O NS

CoracHO TaHHOM TEXHOJIOTUW OJTHUM U3
CITOCOOOB JOCTMKEHUSI YIOBIETBOPEHHOCTH
MOTPeOUTESIS U HEMPEePbIBHOTO pocTa 3 dek-
TUBHOCTH JIESTETbHOCTY OPTaHU3aIU U STBJISI-
€TCsI TOHMMaHUE eTOo XeJaHW 1 TTOTpeOHO-
CTel 1 MCITOTb30BaHKE UX B IPOIIECCE TTPOEK-
TUPOBAHUS U TIPOU3BOJICTBA MPOAYKIIUU.
3HAYMMBII BKJIaJ B pa3BUTHE TEXHOJIOTUU
QFD BHEC SAMOHCKUI CHELUATUCT, JOKTOP
Ensu Axao, uMeHHO oH B 1966 rony o6beau-
HUJI CTpaTeruy KayecTBa ¢ pa3paboTaHHOM
TEXHOJIOTHEN pa3BEépThIBaHUS (DYHKIIMI Ka-
yecTBa [4, c. 24]. CorjlacHO ero mMoaxoay
KJMEHT (MOTEeHIIMAJbHBINA MMOJTb30BaTEb
TPAHCITIOPTHBIX YCJIYT) CTAHOBUTCS YaCThIO
KOMaH Ibl, KOTOPAst OCYIIECTBIISIET IIEPEBO3KY.
DTa TeXHOJIOTHS YKa3bIBaeT TO HaIlpaBJIeHUE
JIESTETbHOCTH MTPOSKTUPOBIINKOB U TITAHU-
POBIIIMKOB, KOTOPOE MO3BOJISIET COCPENOTO-
YUTHCS HA CaMbIX BaXXHBIX JJIs KJIMEHTA
MpU3HaKaX TPAaHCITIOPTHOM YCITyTH. AJITOPUTM
pa6oTsl o texHojsoruu QFD coctoutr us
CJIEAYIOIIUX 3TAMOB:

1. uneHTUPUKAIUSA TOTPEOUTETbCKUX
MOTPeOHOCTEl, KOTOpbIe HOCST Ha3BaHUE
«Tonoc xnmuenta» (VOC);

2. uneHTUUKAIMI TEXHUIECKUX pellie-
HU# (MEpOTIPUATHIT), KOTOPBIE MO3BOJIST
MaKCUMaJIbHO TIPUOJIN3UTH TPAHCITIOPTHYIO
MPOAYKIIUIO K Han0oJ1ee MOJTHOMY YIOBJIETBO-
penuio VOC;

3. opraHM3aIMs U ONTUMM3ALINS TIPOLIeC-
ca pa3pabOTKM TPAHCITIOPTHOM MPOAYKIIMY Ha
OCHOBE YY€Ta pe3yJIbTaTOB peaau3aluu mnep-
BBIX JIBYX 2TamoB, a TakKxXe olpeaeeHune
TPUOPUTETOB TEXHUYECKUX PEIIEHUN 1 KOH-
KpeTHBIX 3a1au [2, c. 311].

Takum ob6pa3om, OCHOBHOE pabouee Tpe-
o6oBaHue TtexHoJoruu QFD 3akirouaercs
B TOM, YTOOBI KaXKaasl TPaHCIIOPTHAsT KOMIIa-
HUSI 3HaJIa XeJaHUs U TIPEANIOYTEHUS] CBOMX
KJIMEHTOB-TPY30BJIae/IblIeB ¥ TIPEOOPA30BhI-
BaJla UX B COCTAaBJISIIONIUE TIpeajaraeMoi
TPAHCIIOPTHOM YCIYTH TSI TIOJTHOTO YIOBJIE-
tBopeHust VOC [5; 6]. Takke TpaHCITOpTHAas
KOMIIaHMST TOJIKHA IT0 BO3MOXKHOCTH OCYIIIE-
CTBJISITB TTPOIIECC TIPOMEKYTOUYHOTO TECTUPO-
BaHUsI CBOMX YCJIYT, KOTOPBII CITOCOOCTBYET
0oJiee MOJHOMY OCO3HAHUIO TOTO, KaKUe U3
MPUHSTHIX PEIIEHN BHOCSAT HAaUOOIbIINI
BKJIa]l B YIOBJIETBOPEHME TTOTPEOHOCTEI TPy-
300TIPABUTENS.

JaHHOe yTBepXKIeHUE O0YCIABIUBAECT Ueab
JTAHHOM CTaTbU, KOTOPasl 3aKJIF0YAETCsT B pac-
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5. MaTpHIa KOppelsIHHT

3. TexHHYECKHE pElIEHUA

1. [ToTpeSHOCTH KITHEHTOB

4. Marpuua B3auMOCBs3ed

2. MaTpHia INTaHHPOBAHHSA

6. 3a1a4H IPOSKTHPOBAHHA

Puc. 1. CtpykTypa «[Joma ka4ecTBa» ¢ NPOHYyMepPOBaHHOI 04epPEQHOCTbIO BXOASLLMNX B HEro MaTpuL.

CMOTPEHUN OPUTMHATBbHOW METOAMKU MJIsI
MPUHSITUSL YIIPABJIEHUYECKUX PEILIeHUId B 00-
JIACTH TIOBBIIIIEHUS Ka4yeCcTBa yCJAyTr Ha TPaHC-
MOPTHOM PbIHKE Ha OCHOBE pa3paboTKu
CTeMaTIbHON MOJEIH.

Ha ocHOBe KOHILIENMIIMU BCEOOIIETO
yIIpaBJ€HUsI KA4eCTBOM U CTPYKTYPHO CO-
craBisoneii ero TexHoysorn QFD ctpout-
Cs1 MOZIEJIb OLIEHKM KauyeCcTBa, MPeICTaBIsI0-
mast coboii «/Iom kauectBa» (HOQ) — Habop
B3aMMOCBSI3aHHBIX MaTPHUILL, Kaxaast U3 KO-
TOPBIX OINMMUCHIBAET OMNPENEAEHHBIN 3TaAn
HCCeI0BaHUS. DTO OIHA U3 Hambojee Co-
BPEMEHHBIX MU YHUBEPCATbHBIX MOJIEJIEN 1151
aHaM3a U OLEHKMU KayecTBa MPOMYKIIMMU.
AKTyalbHOCTb JAHHOTO MCCJAEIOBAHMUS,
B KOTOPOM HCIIO0Jb30BaJUCh JIOTUUYECKU,
rpapuyeckuii, GakTOpHBI, CPAaBHUTEIIb-
HBI 1 0aTaHCOBBIN Memodst, 3aKITIOYAETCS
B aHaJIM3€ NPUMEHUMOCTU U aAANTUPYEMO-
CTU MOJAEJU K JeSITeJIbHOCTU TPAHCITOPTHBIX
KOMITAaHUN.

PE3YJIbTATDbI

Monenp «[lom kauectBa» (House of
Quality, HOQ), xak ykazaHo BbIIIIe, TPeaCTaB-
JIsIeT co00ii HabOp B3aMMOCBSI3aHHBIX MATPHUII,
MMEIOLIKMX OIPEACEHHYIO ITOCIeI0BATEIb-
HOCTb B IMOpPSIAKE UX ITOCTpoeHus . JJaHHbIIA
MaTPUYHBIA KOMILIEKC MCIIOJb3YEeTCs IJIst

BCECTOPOHHETO aHaJIN3a BHEIITHUX I BHYTPEH-
HUX (haKTOPOB, BIMSIONINX Ha ITPOIIECC YITpaB-
JICHUsI KaueCTBOM, U pa3pabOTKM Ha X OCHO-
BE PEKOMEHIALIN (KOHKPETHBIX TEXHUIESCKIX
pelreHuit), 3pheKTUBHOCTD (11eecoobpas-
HOCTB) BHEIPEHMST KOTOPBIX BO3MOXKHO TaKKe
3apaHee OTNPEIeIUTD.

Mogenb «Jlom KauyecTBa» Ha3BaHa TakK
M3-3a CXOXKECTH CBOCH CTPYKTYPBI C BHEIITHUM
BUIOM aoma (puc. 1).

«Jlom KayecTBa» COCTOMT U3 IIECTH MaT-
pun [7, c. 434]:

* Martpuua BbISIBIEHUS TIOTPeOHOCTE
K1eHTOB («IToTpeOHOCTH KITMEeHTOBY);

* Marpuua riaHupoBaHuUs;

* Marpuua BbIpaOOTKM TEXHUUYECKUX
petreHuit («TexHUYECKUE peIIeHUsI» );

* Marpuiia B3auMOCBSI3€i;

* Marpuua Koppesiuuu;

» Marpuiia moCTaHOBKHM 3a1a4 IMPOEKTH-
poBaHUs («3ama4u TPOCKTUPOBAHUST» ).

ITpu cocraBnenn HOQ Bce KOMITOHEHTHI
MaTpHII 3aTTOTHSIOTCS B (POpMaIbHOI ITocIe-
nJoBarebHOCTH OT 1 10 6. J11st paccMoTpeHnst
stanoB nmocrpoeHnus HOQ Bocmonb3zyeMmcs
YCIIOBHBIM NTPUMEPOM (PYHKIIMOHUPOBAHUS
OTIEJbHO B3ITOU TPAHCOOPTHOM KOMITAHUU.
Bce yuncnoBbie 3HAYCHMSI, UCIIOJIb30BaHHBIE
B IIpUMepax Jajiee, MMEIOT YCIIOBHBIN XapaK-
Tep.
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Puc. 2. «OAunarpamma cpoacTBa»: aHann3 npobsiem, NnpUBOASLLNX K cnagy 06bEMOB rpy30nepeBo30K.

Martpuna 1: «IToTpedGHOCTH KIHMEHTOB>

Harmra runoretTnyeckast KoMmnaHus 3aHU-
MaeTcs XKeJIe3HOIOPOXKHBIMU TIepPeBO3KaAMU
rpy3oB. KomnaHus He1oBOJIbHA CBOMM TEKY-
IIIMM TTOJIOXKEHUEM Ha PhIHKE M HAMEepeBaeTCs
MeEPECMOTPETh CBOM MPEIJIOXKEHUS C 1LIEIbIO
YBEJIMUEHUST CBOECH NOJIM Ha pbiHKe. KowmIta-
HUS MTOHUMAET, YTO I 3TOr0 OHA JOJIKHA
OCYIIECTBIISITh IIEPEBO30YHBIN TTPOLIECC B CO-
OTBETCTBUM C TPeOOBAHUSIMU MMOTEHIINAIBHBIX
rpy301epeBo3unkoB. KoMmaHus miaHupyeT
HCITOIL30BaTh B CBOEH MPAKTUKE TEXHOJIOTUIO
QFD.

IMepen HavamoM pealm3alyd TPAHCIIOPT-
HBIX YCIAYT COTPYAHUKW KOMITAHUMW JOJIKHBI
TIIATEJIBHO TTOPaboTaTh C TPY30BIaAeIbIIaMU,
YTOOBI ONIPEIE/INTh, KAKME KOHKPETHO YCIIYTH
OHU XOTST MOJYYUTh OT TPAHCITOPTHOI KOM-
MMaHWU, U, BO3MOXHO, Y3HATh, UTO HE YCTpau-
BaeT MOTEHIIUAILHBIX KJTNeHTOB. CyIiecTByeT
MHOECTBO CITOCOOOB ITOTYYeHUS TTOTO00OHOTO
poma nH(poOpMallUU OT TPY30BIAACIbIICE,
BKJIIoUas aHalu3 pbIHKa, (OPMUPOBAHUE
¢ okyc-Tpy1, MpoBeAeHNEe TUUYHBIX, aHKET-
HBIX, TeJe(DOHHBIX, OHJIAITH-OIIPOCOB, B TOM
YHCJe TOKYyIaTeIe-Toab30BaTeeil TpaHC-
MOPTHBIX YCJIYT APYTUX KOMIAHUMA U T.1.

Kax TobpKO KOMaHIa COTPYIHUKOB KOM-
IMaHUU coOpasia TO0CTaTOUHYI0 MH(POPMAIIAIO
0 TOM, B KaKMX XapaKTEPUCTUKAX U OCOOEH-
HOCTSIX TPAHCITOPTHOM IPOIYKIINN HYKIAI0T-
¢S TPY30BJIaJIeIbIIbI, TTOJIydeHHasI MH(popMa-
LMl 1OJKHA ObITh 0OpaboTaHa 1Jisl JajdbHeu -
nrero aHanu3a. s yckopeHus paboThI 11O

00paboTKe OrpOMHOI0 MacCcuBa MOTPEOUTEIb-
CKMX MHEHUWI TaHHBIC JOJIKHBI OBITH OTCOP-
THPOBAHEI T10 TPYIIIaM B 3aBUCUMOCTHU OT MX
MIPUOPUTETHOCTHU C TOUKU 3PCHUSI YIOBIIETBO-
PEHUSI CaMBIX BaXXHBIX MOTPEOUTEIBCKUX
moTpedHoCTe . 17151 3TOr0 MUCTIOIB3YeTCS OMUH
13 WHCTpYMeHTOB TexHojornu QFD, xoto-
pBIi HOCUT Ha3BaHMe «/rmarpaMma cpoacTBa»
(Affinity Diagram). ®@uisrpaiiust 00JIbIIOTO
KOJIMYECTBA JaHHBIX B BRIOOPKY — 0a3y pe-
3ynbsratoB orpoca VOC ocyIecTBIIsieTcs ue-
pe3 aHATUTUYECKYIO METOUKY «Jlrnarpammbl
CPOICTBa» U MyTEM OOCYXIEHUST KOMaHIOMN
COTPYIHUKOB [8].

Ha puc. 2 u3o6paxeHa «lnarpamMmma cpoj-
CTBa», pa3paboTaHHAasI KOMaHIOM COTPYIHU-
k0B [9]. Llenb e€ MOArOTOBKM 3aKJI0OJaiach
B TOM, YTOOBI OPTaHM30BaTh MPOIIECC aHAIH -
3a BXOOHOU MHGOPMAIIMN TPY30BIIAICIbIICB
(Kaxkue TpaHCITIOPTHBIC YCIYTH OHU BBIACIISIIOT
U XOTSIT TIPUOOPECTH C YIYETOM TOTO, UTO TIe-
PEeBO3YMK WX HE Mpemaraj, ¥ 4To X He
yCcTpauBaeT MPH BHITTOJTHEHUN peaTn3yeMbIX
ceifigac yciyr), IOHSTh IMPUYMHBI CHIDKCHUS
CIIpoca Ha TPaHCIIOPTHBIC YCIIYTY KOMITAHUH.

Crnenyomuii UCIob3yeMblil MHCTPY-
MeHT — «/IpeBoBmmHas nuarpamma» (Tree
Diagram). B naHHOM city4ae OHa UCIIOJIb3YeT-
CsI UTSl yTOUHEHUS Pe3yabTaToB «JlrmarpaMmbl
CPOJICTBa», YTOOBI COCTABUTH OKOHYATEIIHHBIN
CITMCOK ITOTPEOHOCTEH TPY30BIIaIe/IbIICB U 3a-
ITOJTHUTH MM MaTPHILy ITOTPEOHOCTEH KIIMEeH-
ToB. Ha puc. 3 mpencrasnen ¢pparmeHT «JIpe-
BOBUIHOI TMarpaMMbl», KOTOpasi Oblia pas-
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VIOEIeTE OPEHHBII TPy 30EIaIEIeL]

Pem exrte mpobneMel TPAHCIIOPTHOM
OOCTVIHOCTH/ 00eCIIeYeHHOCTH
[IPH PeANH3aLHH [IEPeE 03KH

Pem enne mpobmemer
CKOPOCTH/CPOKOR
OOCTAEKH I'DYI0E

Pemenne mpobmemst
obecredeHNa CepBHUCHOT O
o0CIVEHMBAHNA Ha TPaHCIopTe

*  Ynobereo coaum m mpuéMa
MepeE03MMBIL TPV 30E;

e J[oCTYIIHOCTE CTAHLMIT
[UIE TIPEANPHATHIA, MMEHOM HX
MOTBE3AHEIE TV TH;

o  [eorpadmdeckoe MonmKeHHE
CTaHLIMH, EIHAKD ee
Ha PUTMHYHOCTE [IEDEE 030K,

¢  YpoeeHs KauecTBa MaHEeEPOBOH
paboTel, XapaKTepH3y eMBIi
HAIMEHEM H TOCTATOMHOCTBED
MaHEEPOBbIX CPEICTE Ha CTAHITHH H
MOTBE3NHEIX Ty TAX.

e  IlocToAHHAA I OTOBHOCTE KOMITAHWH * Bpewmsa noctaekm e CoxpaHHOCTE
K OCYII eCTEIICHHUEO [IEPEE0IKH (CEOESEpPEMEHHOCTE ) MePEE0ZHMMOr 0 TPY3a;
(momeHOTa yIOBNETEOPEHMA CIIPOCA * Uacrota ® Hcmpaenoe cocToanme
Ha [EPEE O3KH); OTIpaBIeHHiT TPaHCIOPTHEIX CPEICTE;

¢  CnocobHOCTE NepeEosUTs (pUTMIYHOCTE); * Hamme nocToEepHOiT
pasIMHYHBIE TPy IBI; e Han&xmocts HMHDOpPMAITHI

¢  CrocoOHOCTE TOCTAENATE IPY3EI cobmoneHud O MEeCTOIIONIOKEHHH DY 2a;
E MO0V TOYKY TEpPHTOPHH rpaduKa IoCTAB KK *  OTEPBITOCTE MHDOPMALTHH
(rmepeBozKa OT AEEPH IO NEEPI); (perymapHoCTE). o Tapudax ¥ YCIOBHAX

*  Hamwame obopyaoeaHn [IEpeBO3KH;
IJIA TIEPETrPY3KH B [TePeBalbHEIX e Tlommas obecrieueHHOCTE
ITYHETAxX; OOKYMEHTALMEH;

* YVpoBeHb pasBUTHA
MH} OPMALIHOHHELX CHCTEM;

* YpoBeHE TEXHHYECKOTO
OCHAM eHHA CTAHLIMH,
BEJIFOYAd JOCTATOUHOCTE
[Ty TEBOr O PAIBMTHA 1
COPTHPOEOYHEIX
YCTPOMCIE;

e Hanuumne pazniauex
BH/IOB ¥CIIYT.

N

/

TloTpebHoCTH KNMEHTOR

Puc. 3. «[lpeBoBugHas guarpaMmma: BbisIBJIEHUE KJII04YEeBbIX MOTPeOHOCTe rpy30BaaaenbLeB n3 oowen
BbIGOPKUN OTBETOB.

paboTaHa ISl peleHUs ITPo0JIeM, YKa3aHHBIX
Ha puc. 2.

Ha npakrtuke pabouast KomaHga 060011a-
€T CIIMCOK MOTPEOHOCTE I KIIMEHTOB, OCTaBISISA
KJTI0UYeBBIC, HAn0OOJIee 3HAYMMbIC U3 UX YUCIIA.
OKOHYATEeNbHBII CITMCOK, OXBATHIBAIOIINIA
ITOJTHBI HA0OP BOIIPOCOB, MOXET COCTABIISATh
110 20—30 IMyHKTOB B 3aBUCUMOCTH OT CUTYya-
uuu. JJaHHble MOTPEOHOCTU MOAPa3yMEBaIOT
TO, YTO KJIIMEHTHI XOTEJIU OBl BUACTH (MU
CKOPPEKTUPOBATh) B TPAHCIIOPTHOM ITPOIIEC-
ce. [lorpebHOCTU XapaKTepU3yIOT TO, K YEMY
IOJDKHA CTPEMUTHCST TPAHCIIOPTHASI KOMITa-
HUSI, YTOOBI OCYIIECTBUTHh TPAHCIIOPTHYIO
yCIIyTy, KOTOpasi OyIeT MPeaCTaBIsATh LIeH-
HOCTB Ut KireHToB [10]. BToT chopmupo-
BaHHBII CIUCOK, MPEACTABISIONIAN CO00M

«Jonmoc xkmueHTa» (VOC), sBIsieTcs OCHOBOM
JUTSL 3aTIOJTHEHUS TIepBOM MaTpUlbl «Joma
KauyecTBa».

B ananus nipu cocTaBlieHUM TaHHOM MaT-
PUIIBI TaKXKe BXOAUT OlleHKa 3HAYMMOCTU
BBISIBJICHHBIX TTOTPEOHOCTEN IS CAMUX Tpy-
30BJIaJIeIIbLIEB. YPOBEHb 3HAUMMOCTH OLIEHU -
BAeTCs 110 IIKaJIe OT OHOTIO 0 MSITU ITYHKTOB,
T7Ie TATh SIBIISIETCS HAUBBICIIUM TIPUOPUTE-
TOM. DOTa MH(POPMAIIASI MOXKET OBITh ITOJIyYe-
Ha Ha 3Tarfe MpOoBeAeHUsT Oonpoca Ipy30Bia-
nenbleB. Ho MocKobKy HEBO3MOXKHO TTOTY-
YUTh OT BCEX IPY30BJIAJIENIbIIEB OLIEHKY IT0-
TpeOHOCTH 110 IIKaJIe peTUHTa 3HAYUMMOCTH,
pabouast KomaHaa JOJKHA cleaTh BCE BO3-
MOXHOE, YTOOBI CAMOCTOSITEIbHO OLIEHUTD
¥ Ha3HAYUThb IPUOPUTETHI, ONMUPasICh Ha pe-



MPE3eHTATUBHYIO BHIOOPKY OMPOIIEHHBIX
TPY30BJIaNEbIIeB. 3HAUCHUS] 3HAUYNMOCTHU
BBOJISITCS B CTOJIOEII «YPOBEHb 3HAUMMOCTHU
TUTST KITMEHTA» .

Marpuna 2: «Marpuua nianupoBaHus»

3aech HEOOXOAUMO COOPATh U MTPOaAHATU-
3UpOBaTh JaHHBIE 00 YAOBJIETBOPEHHOCTHU
IPy30BJa/e/blieB TPAHCTIOPTHBIMU YCJIyTaMU
JMaHHOW KOMMAaHWU M KOMITAaHUI-KOHKY-
PEHTOB, pa3paboTaTh IJIAHOBYIO 1IEJEBYIO
OLICHKY YJIOBJIETBOPEHHOCTU TOTOBSIIEHACS
K MpeAJOXEeHUI0 Oyaylleil TpaHCIIOPTHOM
YCJIYTOiA, a TAKXKe paccuuTaTh KOAM@PUIIMEHTbI
YIIy4YlLIEHUS U 3aIUTAaHUPOBATh TOUKU MPOAAXK.

CHayvajia MpOBOAUTCS CPAaBHUTEJIbHBINI
aHaJIM3 YCIIYT aHAJIM3UPYEMOI TPAHCIIOPTHOM
KOMITaHUU U KOHKYpeHTOB. Ha naHHOM 3Tare
BaXXHO 3HATh MOTPEOUTENbCKUN PEUTUHT
YAOBJIETBOPEHHOCTU KJIUEHTOB yCJIyraMu
KOHKYPEHTOB, ITOCKOJIbKY OH ITO3BOJIUAT OIpe-
JIeJIUTh, YTO JaHHAsi KOMITAHUS TOJKHA Cle-
JIaTh, YTOOBI TOOUTHCS OOJIbIIEH MO CpaBHE-
HUIO C KOHKYpPEHTaMU MPUBJIEKATEIbHOCTU
TPAHCIIOPTHBIX YCJIYT. YTOOBI MOIYYUTh Ty
nHdopmairio, padbovyast KOMaHIa OPTaHU3YET
doxkyc-rpynmny ajigd cpaBHEHUS KavyecTBa
TPAHCTIOPTHBIX YCIIYT. Takke MOXHO OpraHu-
30BaTh AHKETHBIA OMPOC CPelu KIUEHTOB,
KOTOPBIE UCITOIB3YIOT TPAHCTIOPTHBIE YCIYTU
AHAJIM3UPYEeMON KOMMAaHUU U KOMIAHW -
KOHKYPEHTOB. B 00oux ciyJasix pecroHIeH-
TaM JOJI)KHO OBITh MPEMJIOXKEHO OLEHUTH
TPAHCTIOPTHBIE YCIYTH IO KaXIOW U3 Xapak-
TEPUCTHUK, TTEPEUYUCTEHHBIX B MaTpUlIe TO-
TpeOHOCTEN KIIMEHTOB, UCITOJIb3ysl 3HAKOMYIO
LKAy OT OMHOTO 10 NATU. [TonyyeHHas uH-
(bopMarmst 3aHOCUTCS B «MaTPUILy TIIAHUPO-
BaHUs». (ITpuBOAMMBIE 31ECh U Jajiee MpuMe-
DBl IPOWJLTIOCTPUPOBAHBI HA PUC. 4).

Ha «maTpulie miaHupoBaHus» TakKxe Oy-
JIET 0OTOOpaXKaThCs KelaeMasi CTeTeHb YIOBJIe-
TBOPEHHOCTU KJIUEHTOB TPAaHCIOPTHOM
YCJIYTOM 10 KaX10My KPUTEPUIO TTIOTPEOHOCTHU
(ueneBoil MOTpeOdUTENbCKUL peTuHr). Mc-
MOJIb3YeTCs Ta XKe IIKaja OT OMHOTO 10 ISTH.
TIpakTnyeckas 1eab 3aKJII0YAETCd B TOM,
YTOOBI peain30BaTh TAKyl TPAHCIIOPTHYIO
YCIIYTY, KOTOpas yAOBJIETBOPUT KIIMEHTOB, HO
MPU TOM He OyIeT CAUIIKOM 3aTPaTHOM ISt
koMmmaHuu. OMHAKO 2TO He O3HAYaeT, 4To
YJIy4dllIeHUE YIOBIETBOPEHUS OTIPENEIEHHBIX
MOTPeOHOCTEN HE MOJIXKHO YUYUTHIBATHCS.
TpaHcniopTHast KOMITaHUS JOJIKHA OBITh J10-

VIIPA PA PIA A3 O NS

CTaTOYHO KOHKYPEHTOCIIOCOOHOI MO BCEM
MOTPEOUTETBCKUM MapaMeTpaM, HO He 00s-
3aTeJIbHO I0JXKHA OBITh CAMOIA JOPOro¥i B IJ1a-
He ¢uHaHCcOBBIX 3atpat [11; 12]. Pabouas
KOMaH/1a pa3pabaTbhiBaeT LIEJeBO MOTPEOu-
TEJbCKUU PEUTUHT T KaXKI0W MOTPEOHOCTH
U 3aHOCUT YCTAHOBOYHbBIE 3HAYEHUS B «MaT-
pULy TIJTAHUPOBAHUST».

3arem paboyasi KOMaHJIa pPacCUYMUTHIBAET
KO2(h@UILIMEHT YAydllleHUs 17151 KaXIon Io-
TpeOHOCTU B TPAHCIIOPTHOM ycayre. YpaBHe-
HUe O KoddduuueHTa yaydyleHuss co
LIKAJI0W OT OMHOTO A0 ISTHU:

Koadbdunuent ynyumenuss = {(LleneBoii
NOTpeOUTENbCKU peUTUHT — OLEHEHHBII
noTpeduTeabCKuii peituHr) * 0,2} + 1. (1)

Crparernyeckuii MapKeTUHTOBBIN (hak-
TOP, MHOT/Ia Ha3bIBAEMbI «TOUKOM TTPOIaXK»,
TaKXX€ MOXET ObITh BKJIIOUEH B «MaTPUILY
IJIaHUPOBaHUsI». « Touka IpoIak» — 3TO YUC-
Jo ot 1 go 1,5, KoTopoe ucnoab3yercs s
aKIIEHTUPOBAaHUSI BHUMAaHUs Ha MOTPEOHO-
CTSIX KJIMEHTOB. DTO OlleHKa MapKeTUHTOBOM
Ba>KHOCTHU MOTPEOHOCTU B MPOABUKEHUUN
TPAHCTIOPTHOM YCITYT'Y, U TTO3TOMY OHA MC-
MOJIb3YETCSI BMECTE C YPOBHEM 3HAYMMOCTHU
IS KJTMEeHTa U KO3GhGUIIUEHTOM YIydIlIeHUS
B pacuére o0lIero Beca oTpedHOCTe ! KIMeH-
ToB. «Touka npoaax», uMerolasi 3HaueHue 1,
He MTPUBEAET K U3MEHEHUIO OOIIIETO Beca IMo-
TpeOHOCTe KIMeHTOB. Touka mpogax co
3HavYeHueM 1,5 BIBOE yBeIMUMBAET 3HAUCHUE
0o0111er0 Beca MOTpeOHOCTEN KIMEHTOB 1O
CpPaBHEHMUIO C TeM 3HAaUeHUEM, KOTOPOE ObLIO
paccuMTaHO Ha OCHOBE YPOBHS 3HAYMMOCTHU
JUTIST KJTMEHTa U Ko puineHTa yrydnieHus.
Pabouag komaHaa pa3pabaTbiBaeT JaHHbIE
0 «TOYKaX MPOIaXK» ¥ TTOMEIIAET UX B «MaTpPH-
11y TIJIaHUPOBAHUS» .

3arem paboyasi KOMaHIa PacCUYUTHIBAET
001 BeC JUTS KaXK IOl MOTPEOHOCTU KIIUEH -
TOB B OTAEJILHOCTH TIO Clie/ytolieit (popmyiie:

OO01uii Bec = YpoBeHb 3HAUMMOCTH JJIS1 KU~
eHTa * KoadbduuueHnt ynyumenus « «Touka
TPOJIAX». 2)

Hanee HEOOXOAMMO ONPEACIUTh 3HAYEHUE
001X BECOB MOTPEOHOCTEl B MPOLIEHTAaX,
YTOOBI JIy4IIIe TOHSITh, KaKylo JOJII0 3aTpaT Ha
YCOBEPIIIEHCTBOBAHNE CJIEIYET YACTNUTD KaxkK-
IOW U3 paccCMaTpuBaeMbIX MOTpeOHOCTEH
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KJIMeHTOB. [TpoLieHT OT 06I11ero Beca paccum-
THIBAETCS 110 Clienytoleit popmyire:

% ot obmero Beca = (O6wmwuit Bec/Cymma
o611mx Becos) ¢ 100. 3)

TakuM 06pa3oM, UCIOJIb3Ysd «MATPUILY
TJIAHWPOBAHUST» HA OCHOBE YUETa COCTABIISIIO-
mux e€ HakTopoB: YPOBHS 3HAUMMOCTH IS
KJIMEeHTa (TTOKa3bIBaeT, HACKOJbKO KPUTHUYE-
CKU BaXKHa 3Ta MOTPEOHOCTh M KJIUEHTA),
ko2 duiMeHTa yaydlieHus (XapakTepusyeT
HEoOXOAUMBIN 00BbEM PabOT TPAHCITOPTHOM
KOMITaHUH IO YJIYYIIEHUIO0 CBOUX TPAHCTIOPT-
HBIX YCYT IJTS1 TOCTUKEHMUS 1IeJIEBOTO YPOBHS
C LIEJIbIO TOJHOTO YAOBJIETBOPEHUS MOTPEO-
HOCTH) U «TOYKHU MpOoAax» (XapakTepusyeT
YPOBEHBb BAXKHOCTH 3TOM MOTPEOHOCTHU C TOY-
KU 3p€HUsI MapKETUHIa) — UMEETCS BO3MOXK-
HOCTb PaCCUMUTATh OOIIUI BeC MOTPEOHOCTH.
Ha ocHoBe paccuuTaHHOTrO MPOLIEHTa OT 00-
1LIErO Beca UMEETCsI BO3MOXXHOCTb PAllMOHAJTb-
HOTO pacrpeiesieHrs] TPAHCTIOPTHOM KoMIa-
HUel CBOUX (PUHAHCOBBIX U TPOU3BOJICTBEH-
HBIX PECYpPCOB JJISI OCYLIECTBICHUS MEpPO-
MPUSATUN MO MOBBILLIEHUIO Ka4yeCcTBa.

Hanpumep, noTpeOGHOCTb KJIMEHTOB B ITe-
PEBO3KaX TPY30B «OT JIBEPH JI0 TBEPU» UMEET
caMblil BBICOKUI OOILIMIA BEC U MPOLEHT OT
obuiero Beca. 11t TpaHCIIOPTHOW KOMITAHUU
JTaHHBIN TapaMeTp OyleT UMeThb MPUOPUTET-
HO€ 3HAUEeHUE B JOCTUKEHUU 1IeJIEBOU OLIEH-
KU «5». [ToTpeOHOCTb B PETYJISIPHOCTU U PUT-
MUYHOCTHU UAET HA BTOPOM MECTe, a MOTpeo-
HOCTb B ITOCTOSIHHOI TOTOBHOCTY KOMITAaHUU
K OCYIIIECTBJICHUIO MEPEBO3KU — HA TPETHEM.

Marpuna 3: «Texnuueckue pemeHus»

B marpuiie BbIpaOOTKM TEXHUYECKUX Pe-
IIEHUI yKa3bIBaeTCsl KaAKUM 00pa3oM TpaHC-
TOPTHAsT KOMIIaHUSI TUTAHUPYET pearupoBaTh
Ha BBITIOJIHEHUE KaXK IO TOTPEOHOCTH TPY30-
BJasiesbla. MIHOTIa 3TO Ha3bIBAIOT «TOJIOCOM
KkoMnaHuu». Heobxoaumo cpa3y OTMETUTb,
YTO TEXHUIECKHE PEIICHNSI HE TIPECTABIISTIOT
€00011 TEXHUIECKUE XapaKTePUCTUKH TTPOTYK-
ta uau yeayru [13, c. 1580]. Ckopee, 31O
yJyqIlleHHbIe WJIM BHOBb CO3aHHBIE XapaK-
TEPUCTUKU U OCOOEHHOCTHU MPOAYKIINU, KO-
TOpBbIE MPU3BaHbI 00Jiee KAYeCTBEHHO YIIOBJIE-
TBOPUTH MOTPeOHOCTH KiMeHTa. OHU MOTYT
OBITH U3MEPEHBI IO YCJOBUSIM JTOCTUKEHUS
ynoBiIeTBOpEHHOCTU. HekoTopbie M3 HUX
MOTYT OBITh U3MEPEHBHI 110 BECY, CUJIE, CKOPO-

CTHU U T.A., APYTHE UBMEPSIIOTCS IO KPUTEPUIO
«1a/HeT». TexHu4YecKkue pereHus JOJKHbBI
OBITh HE OTPAHUYMBAIOIIMMU, a JOBOJBHO
TUOKUMMU, YTOOBI MO3BOJUTh KOMITAHUU UC-
M0JIb30BaTh BCE TBOPUYECKUE BO3MOXHOCTU
IUISL YIOBJIETBOPEHUSI TOTpeOHOCTU. B Kaue-
CTBE PYKOBOJICTBA IO UX BbIPAOOTKE UCITOb-
3YIOTCSI MOJTYYE€HHBIE PE3YJIbTaThI IBYX IPEIbI -
JTYIIUX MATPHULI.

Hcnonb3oBanue «/IuarpaMmbl CpoAaCTBa»
WIH «/IpeBOBUAHON ArarpaMMbl» TakXkKe I0-
MOXeT paboueil KOMaHIe COCPEeNOTOUUTHCS
Ha XapaKTepUCTUKAX U 0COOEHHOCTSX TPaHC-
MOPTHOU ycayru (Irpy30BoOii MepeBO3KHU),
a TaKXKe Ha Mpolieaypax U TPOU3BOJACTBEHHBIX
npoleccax, KoTopble TOMOTYT TOCTUYb 3aria-
HUPOBAHHOIO yiyullleHUusd. PazHuua 3nech
3aKJIIOYAETCS B TOM, UTO MPEITOKEHUS MOCTY-
MaoT U3HYTPU KOMITAHUU, 2 HE OT KJIMEHTOB.

PaszpaboTrka npeanoxeHuit moBTOpsIETCs
JUJIS. BCEX MPOU3BOACTBEHHBIX 3a7a4, YTOObI
chopMUpOBATh CITUCOK JIEMEHTOB, U3 KOTO-
pbIX paboyast KOMaHAa OKOHYATEIbHO BbIOE-
PET TEXHUYECKUE PEILIEHUS, KOTOPbIE JOJIKHBI
OBITh MTOMEIIEHBl B MAaTPUILLY BBIPAOOTKU
TEXHUYECKUX PEIICHUM.

Martpuua 4: «MaTpuia B3auMoCBsI3€eii»

Korma TexHnueckne pereHmsT BKIIOYCHBI
paboueii KOMaHI0M B CTPYKTYypy «Jloma Kaue-
CTBa», CJICAYIOIINM IIIaTOM SIBJISICTCST U3yde-
HUe€ BOMpoca, Kak OHU COOTHOCSITCS C MOTPeO-
HOCTSIMM KJINEHTOB. Pe3yIbraThl OyayT ITOKa-
3aHbl B MaTpulle B3auMOCBsI3ell, KOoTopas
cBa3bIBaeT MaTpulibl 1 1 3. B kaxmoii ssueiike,
COCTaBJISIIOLLE MaTpully B3aUMOCBSI3eil, pa-
0oyasg KOMaHIa MOJKHA OLEHUTh CTEIeHb
B3aMMOCBSI31 MEXy KaXJI0i MOTPEOHOCThIO
rpy3oBijajiesiblia U COOTBETCTBYIOIIUM €ii
TeXHUYEeCKUM pelneHrueM. OObIYHO 3TO MpPo-
BOIUTCS C MCIIOJIB30BAHUEM IIKAJIbI 3HAUM-
MocTHu OT 1 1o 9, mpuuém Gosiee BEICOKOE
3HauYeHMUEe yKa3biBaeT Ha 0ojiee CUJIbHYIO
cBs13b. IHOTMA 3TN 1T PBI BBOASITCS, HO YACTO
MCIIOJIB3YIOTCSI CUMBOJIBL. [IJ1s1 HallleTo Mpu-
Mepa Mbl OyaeM MCIOJb30BaTh CUMBOJbI
CJenyIouM 00pa3oM:
© =9 (cusibHas B3aUMOCBSI3b);
O = 3 (cpenHsIsI B3aMMOCBSI3b);
A =1 (cnabast B3aUMOCBS3b).

ITycras siueiika yka3blBaeT Ha OTCYTCTBHUE
CBSI3U.

st TOTo 4TOOBI MOHSTh, KaKk paboTaTh
¢ JaHHOM MaTpuleit, pacCCMOTPUM MEPBYIO



notpedHoCcTh knueHTa «CBOEBPEMEHHOCTh
JIOCTaBKU Ipy30B». Heob6xoamuMo onpeneanThb,
KaK1e TeXHUIEeCKHUE PeIIeHUs] NMEIOT OTHO-
IIEHKE K BEITTOJIHEHUTO JAHHOM ITOTPEOHOCTH.

B cnyuae aHanusupyemMoil yca0BHOU
TPAHCIIOPTHOM KOMIIAaHWY B3aMMOCBSI3b MO-
JKeT HaOJTIOIAThCS ¢ TEXHUIECKMMU PEIICHUS -
MM, aHAJIOTUYHBIMY BHEIPEHHBIM B XOJIIMHTE
«Poccuiickue xene3Hble JOpOrv», HalpuMep,
c IeHTpanm3oBaHHOI cucTeMoil AC «DoKyc»,
JIOJITOCPOYHOU CUCTEMOI B3aMMOAEUCTBUS
XOJIIVHTA C KITIOUYEBBIMU TPY300TIIPABUTEIIS -
MU 1 udmeHeHueM cuctembl KITD (KPI) pa-
00THUKOB. YTOOBI MOHSITH, HACKOJIbKO CUJIb-
HBI JaHHBIE B3aMMOCBSI3H, pabouas KOMaHIa
JIOJKHA 3TO 00AYMATh W MPUHSITH pelllcHUE.
IToaTomy pe3yabTaT JaHHOI OLIEHKU MOXKET
OBITH HE TOYHBIM, a IPUMEPHBIM, COTIaCOBaH-
HBIM T10 pe3yJibTaTaM OOCYKACHUS.

B texnonoruu QFD cyiectByeT aMnupu-
YeCcKOoe MPaBUIO, COTJIACHO KOTOPOMY TOJIBKO
0Ko0J10 15 % stueek B3auMOCBSI3U OyIyT ITOKa-
3BIBATh CBSI3b MEXKITY IOTPEOHOCTSIMU KITUCH-
TOB M TEXHUUYECKUMHU pelleHUsIMU. B 1o XKe
BpeMsl €CTb ell€ OJHO TBEPIOE MpaBUJIO 3a-
ITOJTHEHUSI MaTPULIBI B3aUMOCBSI3N — KaxKIast
CTPOKa M KaXIBI CTOJIOCI TOJIKHBI MMETh
XOTs OBI OOWH MapKep 3HauYnMocTH. [TycToit
cToJsi0el] O3HAYAET, YTO TaHHOE TEXHUYECKOE
pelIeHre He COCOOHO 00eCeynTh YIoBIe-
TBOpEHHNE HU OIHON MOTPEOHOCTH KJIMEHTA.
3arpauuBaTh Kakue-au00 yCUIusl Ha TOm00-
HbIE TEXHUIUYECKHE PEIICHUS OBUIO OBI ITyCTOM
TpaToOil pecypcoB IS TPAHCTIOPTHOM KOMIIa-
HUM, TaK KaK KJIMEHTHl He HAWAYT B HEM
1oJib3bl. C Ipyroit CTOPOHBI, FOPU3OHTAIbHAS
CTpOKa C ITyCTBIMM sTYeiiKaMM yKa3bIBaeT Ha
TO, YTO oNpeaeaEHHasI MOTPEOHOCTh KJIMEeHTa
HUKaK He pellraeTcs MpeIIoKeHHBIMU TEXHM -
yecKUMU pemieHusIMu. Heobxoaumo mo-
MHUTb, 9TO BCE MIepEeUNCIICHHEIC TTOTPEOHOCTH
KJIMEHTOB JOJKHBI OBITh YITEHBI B TEXHUYC-
CKUX pEIICHMSIX, 1, HAITPOTUB, JTIOObIC TEXHM -
YeCKUE PEIIeHNST, KOTOPEIE HE COOTBETCTBYIOT
IMOTPEOHOCTAM KJIIMCHTOB, BEpPOSITHO, HE
JIOJKHBI IPUHUMATHCS K MCIIOJTHEHUIO.

Martpuua 5: «Marpuua Koppeasuun»

ITpu paszpaboTKe mpoayKTa UKW YCIYyru
Hen30eXHO BO3HUKHYT HEKOTOPbIE TEXHUYE-
CKMe pelIeHUsI, KOTOpble MOTYT MPUHECTH
MOJIb3Y APYT APYTY (T.€. UMEIOT MOAIeP>KUBAIO-
IIYI0 WIK MOJOXUTEIbHYIO KOPPESIUIO),
a HEeKOTOpble — paboTaTh APYT MPOTUB JpyTa

VIIPA PA PIA A3 O NS

(T.e. CTAaHOBSITCS MPEISITCTBUEM WU UMEIOT
OTPULIATEIbHYIO KOppeJIsiLnio). TpaHCTTOPTHOM
KOMTMaHUY HEOOXOIMMO 3HATh, KaKkasi Koppe-
JISIIASE CYIIECTBYET MEXIy IpejiaraeMbIMKU
PpEIIeHUSIMU, YTOOBI PAaBWJIBHO MCTIOIBb30BaTh
TTOIIEP>KMBAIOIITNE KOPPEIISIIIUY U HAUTH KOM-
TPOMUCCHI JUTST T€X, YTO MEIIAIOT JAPYT JIPYTY.
OTtcyTcTBUE MH(POpMALIMU 00 3TOM MOXET
TPUBECTU K TOMY, UTO TPAHCTIOPTHAS YCITyTa He
OyIeT COOTBETCTBOBATh TPEOOBAHUSIM TPY30-
BJIANeJTIBIIEB WJTK OYy/IeT TPeOOBATh JOPOTOCTOS -
et MogepHu3au. [1paBIbHO MMOHSTH 3TO
C TIEPBOTO pa3a U SIBJIIETCS 11eJbI0 « MaTpuIlbl
KOPPEJISILII» WU «KPBITIN» «JloMa KadecTBay.

Ilepecekatonyecs AMaroHaaIbHbIe TUHUN
PUCYIOTCSI B TPEYTOJIBHUKE CBEPXY KaxKIOTO
CT0J1011a TEXHUYEeCKUX peleHuii. Jlanee onpe-
JIeJIIeTCSl TUM KOppesiluu (MoaaepXKuBao-
1M, TIPENSATCTBYIOIINNA UM HE UMEIOLINIA
KOPPEJSIIAN) TSI KaXIOTO U3 TEXHUUECKUX
pelIeHUii MpU COTIOCTABIEHUHU UX CO BCEMU
IPYTUMM TEXHUYCCKUMU pereHussMu. Ilom-
Jlep>KUBatolIas Koppesiiys 0003HaYaeTcst
3HAaKOM <«IITI0C» (+) B mepeceKaromuxcs
CTOJIOIAX IBYX pacCMaTpUBaeMbIX TeXHUYE-
ckux perreHunit. OTpuiiatebHast KOpPesIus
YKa3bIBAaETCs C MOMOIIIbIO 3HAKa «MUHYC» (—).
Ecnau kKoppenasguuss MeXay TeXHUIeCKUMU
pelIeHNUsIMU OTCYTCTBYET, UX sTueiika rmepece-
YeHUSsT OCTAETCS MyCTOM.

Ha npakTuke npu aHam3e TUIIa Koppessi-
MU MEXIY TeXHUWISCKUMU PEIICHUSIMH pa-
0oyast KomaHa 3a1a€T cede Borpoc: «[IpuBo-
JIAT JIX YJTy9IIeHUE 3TOTO TEXHUUYECKOTO pe-
IIEHUS K YIYYIICHUIO IPYTOT0O WA IIPUBOIUT
K yXyauleHuio gpyroro?». Eciu He ykazaHO
HU yAy4dIIeHWe, HU YXyOIIeHNuEe, OUYEeBUIHO,
YTO KOPPEJISIIUS MEXIy HUIMU OTCYTCTBYET.

Pa3b6epéM 3T0 Ha BbIlLIEHA3BAHHOM IPHU-
Mepe xoiamuHTa «P2XKJI». Pabouyasg xomanma
QFD nomnbitaetcst onpeneauts: «Crnocoo-
CTBYET JIU PEKOMEHI0BAaHHOE TPAHCTIOPTHOM
KOMITaHMEl K BHEIPEHUIO TEXHUUECKOe pe-
1ieHue «BHenpeHue LieHTpaa30BaHHOM CHUC-
TemMbl AC «DoKyc» oIIepXKaHUIO WU 3aTPY/I-
HEHWIO UCTIOJTHEHUSI IPYTOTr0 BHENPSIEMOTO et
peteHust «JloarocpoyHasi cucTeMa B3auMO-
JIEWCTBUS XOJIIMHTA C KIIIOYEBBIMU TPY300T-
npaBuTeasiMu»? O6a TaHHBIX TEXHUYECKUX
pelleHusl cloCOOHBI MOMOYb CaMUM cebe
B BBITIOJTHEHUM, ITIOTOMY MEXIY HUMU OyIeT
HaOJII0IaThCsl TTOJIePKUBAIOIIAsT KOPPEIsi-
uus. [TogobHoe ucciaenoBaHre TOBTOPSIETCS
JUUIST BCEX OCTABIITUXCS STYEEK KOPPESIIIUAMN.
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g «Jloma KadyecTBa» C JEBSITbIO TEXHU-

144  yeckuMu pelIeHUAMHU, KAK B HAILIEM [TPUMEpE,

CyIIeCTBYeT 36 BO3MOXHBIX KOPPESIIUiA.
OnHako, 4YeM O0IIMpHEE COCTaB MaTPUIIbI
TEXHUYECKUX PEIICHUIA, TeM OOJbIIIe TPYIO-
€MKOCTbh U AeTanu3aius «JJoMa KadecTBar.
[MosrydeHHBIE pe3yJbTaTHI TTO 3aITOJTHEHUIO
MaTpUIbl KOPPEJISIIIUA CITOCOOHBI O0JIETYNUTh
paboTy B CJIOKHBIX AaHATUTUIECKUX CUTYaIIV -
sIX, TApAaHTUPYSI, YTO BCE BaXKHBIE BIMSIONINE
(akTOpBl OBLIM THIATEIBHO PAaCCMOTPEHBI
U OIIEHEHBI. DTO IMO3BOJIUT OOECTIEYNTh HaM -
OOJTBIITYI0 BEPOSITHOCTB TOTO, UTO YCOBEPIIICH-
CTBOBaHHAasl TPaHCIIOPTHAsI yCIyra, KoTopast
OyIeT npeajaoXeHa KOMIIAaHUEN, TPUHECET el
yCITeX ¥ TTIO3BOJIUT JIOOUTHCS TIOJTHOTO YIOBIIE-
TBOPEHUSI CO CTOPOHBI KJIMEHTOB.

Marpuna 6: «3agaun NpoeKTUPOBAHMUS»

Ecnu morpeOGHOCTHU rpy3oBiajaeablia
OIMCBIBAIOT, YTO €My HYXKHO, a TEXHUIECKIE
pelIeHust TOBOPSIT, KaKue NelCTBUS TPaHC-
TMOpPTHAsI KOMIaHUsI COOMpaeTcst TpeaTpu-
HSTH IS YAOBJIETBOPEHUS €TO MOTPEeOHO-
CTeif, TO 3a/1aUuM TPOEKTUPOBAHUS yKa3bIBa-
10T, KaKue JAeHCTBUS MO YIYUIIEHUIO Kade-
CTBa CO CTOPOHBI KOMITAHWM B UTOTE TOJIKHBI
OBITH peaIM30BaHbl U B KAKOM KOJIUYECTBE.

Hamnpumep, B Hairem ciydae 3aKa3umk
TPAHCITOPTHBIX YCIYT KOMITAHUY OTOBOPUJI,
YTO XOYET, YTOOBI TPAHCIIOPTHBIE YCIYTU
OBLITN B TIOCTOSTHHOM JUISI HETO TOCTYITHOCTH.
B pazpaboTaHHBIX pellIeHUsIX yKa3aHo, 4TO
JIJISI 9TOTO TPAHCITIOPTHO KOMITAaHUM HE00-
XOAUMO JU0OO CO31aTh AOJATOCPOYHYIO CU-
CTeMYy B3aUMOJEMCTBUS C KJIIOYEBBIMU
I'PY300TIIPABUTENISIMU, JTUOO MTPOBECTU pe-
WHXWHUPUHT CUCTEMBI KOMMEPUYECKUX
JIUCIIETYEPOB (3TU IBa crocoba onpeaeeHbl
KakK HauOoJjee 3(ppeKTuBHbIC IS yIOBIIE-
TBOPEHUs TOTpeOHOCTH). Terepb B MaTpulile
«3amayM MPOEeKTUPOBAHUS» HAM HYXHO
OTpeNeINTh, HACKOJIBKO 3HAYUMBIM SIBJISI-
€TCsI JAHHOE PeIlIeHNE CPEIU IMPOUYNX pellie-
HMM, U KakKoi A0JIXeH ObITh YCTAHOBJIEH
LieJIeBOM pe3yabTat. DTo OyAeT onpeneasaTh-
CSl TAaHHBIMM, KOTOPBIE YK€ pacCUYUTaHbI
Y BBEJICHBI B TIPEABIAYIINX MaTpUIIaX, a TaK-
Ke TIpY HEOOXOMMOCTH JaHHBIMU CPaBHM -
TEJILHOTO aHajInW3a U TeCTUPOBAHUS. DTa
MaTpuiia crocobHa o6padoTaTh BbIBOMABI,
nojydyeHHble 1o TexHosorun QFD, u npe-
o0pa3oBaTh UX B cHelU@UKAIIUU TpaHC-
MOPTHOU yCayru Oyayuiero.

Marpuna «3agauyu IpoeKTUPOBAHUSI»
COCTOUT U3 TPEX Pa3/leyioB:

* TeXHUUYECKHE TPUOPUTETHI (ITO U3BECT-
HBIM TaHHBIM «JloMa KayecTBa»);

* TEXHUYECKUI CPaBHUTEJIbHBII aHATTN3
(110 cOOpaHHBIM TaHHBIM U3 BHEITHUX WC-
TOYHUKOB);

* pacu€THBIe IIeJIeBble 3HAUeHUS (pa3-
pabaThIBAIOTCS Ha OCHOBE IMOJYYEeHHBIX
pe3yabTaTOB MEPBBIX IBYX Pa3IeioOB).

YTOOHBI OTTpEeNeTUTh OTHOCUTETHHYIO BaK -
HOCTb WJIW TIPUOPUTETHI KaXI0TO M3 3asiB-
JIEHHBIX TEXHUUECKUX PEIIEHUH TSI yIOBIIe-
TBOPEHUSI TOTPEOHOCTE KITMEHTOB, pabovast
KOMaH/1a MpOCTO YMHOXaeT KaXIylo 13 T0-
JIY4EHHBIX CTeTIEHEe |l B3aUMOCBSI3U TEXHUYE -
ckoro tpedoBanus (0, 1, 3 wiu 9) uz «Mar-
pUIIBI B3aMMOCBsI3eli» Ha 3HAUeHUE OOIIEro
B€ca COOTBETCTBYIOIIEH el MOTPeOHOCTU
KJIMeHTa B «Marpulle TUTaHMPOBaHUST». 3aTeM
MOJTyYeHHBIE PE3YJIBTaThl CYMMUPYIOTCS T10
KaXXJIOMY TEXHUYECKOMY PeIlIeHUIO.

J11s1 yCTTIOBHOM TPaHCTIOPTHOM KOMITAaHU U,
paccMaTpuBast JTaHHbBIM TTPOIIeCcC Ha MpUMepe
TEXHUYECKOTO pelieHus xoaauHra «P2KJI»
«BHenpenue ieHTpaan3oBaHHOM cructeMbl AC
«®okyc», 00OHAPYKMBAETCS, YTO €TO CBSI3b
C TOTPeOHOCTHIO KiMeHTa «CBOEBPEMEHHOCTh
JIOCTaBKM TPY30B» OblJIa OTMEUEHA B MaTPUIIE
B3aMMOCBs3ell 3HaueHueM 3. B ctonbue «O06-
1ii Bec» «MaTpuIbl IJIaHUPOBAHUST» 3HAYE-
HUe ISl JaHHO# MOTpeObHOCTH 6,6. YMHOXKeE-
HUe UX Ja€T HaM 3HadyeHue 19,8.

CyiecTByeT eli€ nsTh 3HAaYeHU B3au-
MOCBSI3U IS TEXHUYECKOTO pelieHus «BHe-
JIpeHue LeHTpaau3oBaHHOU cucteMbl AC
«@oKyC», TTO3TOMY HEOOXOIMMO BBITIOJIHUTh
IIECTh MPOU3BEICHUI U 3aTEM CyMMHUPOBATh
ux:

* Onsa «CoXpaHHOCTU MEPEBO3UMOTO
rpysa» Hy>xkHo 32,4 =7,2.

» Jlnst «PerynsipHOCTH U pUTMUIHOCTH»
HyxHOo 37,0 =21,0.

» JIna «IlepeBo3Kku rpy30B OT ABEPU 10
nBepu» Heooxoaumo 3+ 7,7 = 23,1.

» JIna «YpoBHsI pa3zBUTUSI MH(pOpMALIU-
OHHBIX CUCTEM» HeEoOXoaumMo 9 * 3,6 = 32 4.

» Jlnst «[TonHOM 06ecriedeHHOCTU JOKY-
MeHTalmein» Heooxoqumo 3+ 3,2 =9,6.

B coBOKyITHOCTH TEXHUYECKOE pellleHre
«BHeapeHune 1eHTpaaIu30BaHHON CUCTEMBI
AC «Doxkyc» umeet nmpuopuret 113,1.

3HaueHue 113,1 3aHOCUTCS B CTPOKY
«TexHU4YeCKre MPUOPUTETHI» MATPUIIBI «3a-



Puc. 4. MonHocTbio cocTaBneHHbIN «[JoM KayecTBa» TPaHCMNOPTHOM KOMIMNaHNU.
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Jllauyu TPOEKTUPOBAHUS» MO CTOJOIIOM
«BHenpeHne 1eHTpaIM30BaHHON CUCTEMBI
AC «®oxyc», KaK IToKa3aHo Ha puc. 4.
CTpoka TeXHMYECKUX MPUOPUTETOB 3a-
TTOJTHSIETCSI, CJIeTysI aHAJIOTUIHOMY TIpOliec-
Cy, IO OCTaJbHBIM TEXHUUYECKUM TpeOoBa-
HusiM. [TorydeHHbIe 3HAYEHUST TEXHUYECKUX
IMIPUOPUTETOB SIBISIOTCS aOCOJMIOTHBIMM.
YToOBI TIEpeBEeCTH 3HAUYCHUST TEXHUUECKUX
TIPUOPUTETOB B MPOIIEHTHBIN BU, HEOOX0-
MO Pa3IeIUTh MOJyYeHHBIE a0COTIOTHBIC
3HAYEHMST TEXHUYECKUX MPUOPUTETOB Ha
001IIY10 CYMMY BCeX 3HAUEHU I TEXHUUECKUX
MPUOPUTETOB U YMHOXUTH Ha 100.

ITpoueHT oT ob1iero npuoputera = (KoH-
KPETHHIN TeXHu4YecKuii mpuopuretr/Cymma
BCceX TeXHUUYecKux rnpuoputeron) * 100. (4)

Hanpuwmep, s Haiero npumepa Tex-
HUYECKOro pelieHust «BHenpeHue 1eHTpa-
nm3oBaHHoOM cucteMbl AC «Dokyc» pacyer
OyZET BBITJISIIETH CIETYIOIINM 00pa3oM:

IMpoueHT OT 061IETO TIpHOpUTETa = [113,1/
(113,1+158,4+40,8+20,8 ++40,7+98,0
+ 43,2 + 61,2 + 78,7)] <100 = (113,1 +
654,9)+100 = 17,3 %.

ITpouieHTHBIE 3HAYEHUS ITO BCEM OCTaJb-
HBIM TEXHUYECKUM PEIICHUSIM pacCUNTHIBA -
I0TCS U pa3MellaloTcs B CAEAYIOUIEM PSIy
ImocJjie TeXHUYECKNX IMPUOPUTETOB. 3a MC-
KJIIOUeHUEM HeOOJbIINX MOTPEITHOCTEH,
CBSI3aHHBIX C OKPYTJICHUEM, CyMMa TaHHOMU
CTPOKM J0JiXKHa ObITh paBHa 100 %.

Pacuérbl mokazanau, 4TO TeXHUUYECKOE
peuieHue «oarocpouyHas cucteMa B3au-
MOJCUCTBUS XOJAWHTA C KJIFOUEBEIMU TPY-
300TIPABUTEIISIMU» UMEeT MaKCHUMaJIbHOE
IIPOLICHTHOE 3HAYCHNE OT OOIIUX IIPHOPH -
TeTOB (24,2 %). DTO rTOBOPUT O TOM, 4TO JJIsI
YAOBJIETBOPEHUS NOTPEOHOCTEN KIUEHTOB
pa3paboTKa JOJATOCPOYHON CUCTEMBI B3aU-
MOJCUCTBHUS XOJAWHTA C KJIFOUEBBEIMU TPY-
300TIpPaBUTEISIMU, 0€3YCIOBHO, SIBISIETCS
CaMBbIM BaXKHBIM TEXHUYCCKUM PEIICHUEM.
To, 4TO 3TO TeXHUUYECKOE peIlIeHNEe UMEeeT
ropasao 0oJiee BBICOKMI MPOLIEHT MO CpaB-
HEHHIO C OOIMWMU NMPUOPUTETAMU, YeM
IpyTHe, KaXeTcs Pa3yMHBIM, IOCKOJBKY
OHO B pa3HOI CTETIEHN 3aTParuBaeT BBITIO -
HEHUE MATU MOTPeOHOCTEN KIMCHTOB.
JdaHHasgs mHGoOpMaL U UCIOJb3yeTCs

TPaHCHOPTHOW KOMIIaHMWEW B KayecTBe
PYKOBOJICTBA TS HAUJIEXAILlero pacipee-
JIEHUSI COOCTBEHHBIX OTPAaHUYEHHBIX PECyp-
COB IJISl peaju3aluu MepPONpUSATUNA TTO
TMOBBIIIEHUIO KAaYeCTBA.

B cnenyroiieM pasneie MaTpuIiibl TPOEK-
TUPOBAHUS 3a[1a4 CPAaBHUBAETCS TPAHCIIOPT-
Hasl ycjyra aHaJu3upyeMOn TPaHCIIOPTHOM
KOMIIaHUU ¢ KOHKYPUPYIOIIUMU TpaHC-
nmopTHbIMHU ycayramu. B matpuiie Ne 3 «Jlo-
Ma KavyecTBa» paboyasi KOMaHIa ONpeneu-
Jla TEXHUYECKUE PELIeHUs — KaK TPaHCIOPT-
Hasi KOMITaHUS TUIAHUPYET YIOBJIETBOPUTH
noTpedHocTH KineHToB. Paznen « TexHuue-
CKMU CPAaBHUTEJIbHBINA aHAJIU3» TIPEIHA3Ha-
YeH JJIS1 MPeAoCTaBIeHUSI KOHKPETHOU UH-
(dopmaniuu o ToM, B KAKOM KOHKYPEHTHOM
MOJOXEHUU HAXOAUTCS TpaHCIOPTHAs
ycjiyra KOMIIaHUU IO CPaBHEHUIO C OJHO-
TUITHBIMU KOHKYPUPYIOIIUMU yCIyraMu
B OTHOIIEHUU KaXAOro U3 TEXHUYECKUX
peuieHuit. UctouHukamu nHbOpMaLUU 111
KOHKYPUPYIOLIUX YCIYT MOTYT OBITh KJIUEH -
Tbl, pokyc-rpynnbl, CMU, KOHTpOJIb Kaue-
CcTBa Ha pabouux Mectax U T.J4. OOBIYHO 3TO
BBIXKMMKaA U3 COBOKYIHOCTU COOpPaHHOM
nHbOpPMalUU U3 BCEX BO3MOXHBIX UCTOY-
HUKOB. Pabouas komMaHAa HaYMHAET CO
cbopa TaHHBIX O COOCTBEHHOI TPAHCIOPT-
HOW ycJyre IJIsl KaXIOTO U3 TeXHUYECKUX
pelieHuid. JlaHHbIE OLIEHKU TPAHCIOPTHBIX
YCJIYT IO COOCTBEHHOU U KOHKYPUPYIOIIUM
TPAHCMOPTHBIM KOMIAHUSM BBOISATCS
B CTpPOKM paznesia « [eXHU4ecKuil cpaBHU-
TEJIbHBI aHAJIU3».

Tlocneanuit pasmaen MaTpuilbl «3agadyu
MpPOEKTUPOBAHUSI» MO3BOJSIET YCTAHOBUTH
KOHKpPETHBIE 3aJauM MO peaau3aluu Kax-
JIOTO U3 TeXHUYECKUX pelleHUl padboueit
KOMaHJI0i KoMmnaHuu. JJaHHBII pasaen
MOKa3bIBAET UTOT BCEl paOOTHI HAJl COCTAB-
JieHueM «Jloma KayecTBa», yKa3blBaeT Le-
JIeBbl€ 3HAYEHUST U OPUEHTUPHBI, KOTOPBHIM
JNOJDXHA clenoBaTh paboyasi KOMaHIa UTS
ycrelmHoi u 3¢dpdeKTuBHONU pabOTHl MO
MOBBILIEHUIO KayecTBa TPAHCMOPTHBIX
YCIYT.

ITo okoHYaHUU 3aTOJHEHUSI MaTPUILbI
«3agayM MpOEeKTUPOBaHUSI» pa3dpaboTka
«Jloma kavecTBa» 3aBepluaercs. [0TOBBIN
K MCTIOJIb30BaHUIO B pabote «JloM KauecTBa»
YacTO MPUMEHSETCS COTPYAHUKAMU BCEX
noapasaesieHUi TPAHCIIOPTHOM KOMIIAHUU,
YTOOBl CKOHIIEHTPUPOBATh BECh pabouuit



IEPCOHAJ Ha MpOolecce MOBBILIEHUST Kaye-
cTBa 1 3(HEKTUBHOCTU paboyero mnpoiiecca.
«JloM KauecTBa» 00eCIeunBaET BBITTOJTHEHNE
YCJIOBUSI TTIOJTHOTO COOTBETCTBUS BCEX ACIIEK -
TOB MPUHUMAEMBbIX TEXHUYECKUX PEIICHU N
pPacCMOTPEHHBIM MOTPEOHOCTIM KJIUEHTA,
0e3 IMILIHUX 3aTpaT U IeCTBUM AJ1s1 KOMMa-
HUU.

SAKJIIOMEHME

ITpoBenénHoe uccaeqoBaHMEe TO3BOIMIO
BBISIBUTH MEPCIEKTUBHOCTh MPUMEHEHUS
MOAXOA0B B paMKax Moneau «Jloma kaue-
CTBa» AJISI aHaJAW3a U OLIEHKU KayecTBa
TPaHCIIOPTHBIX YCITYT, OKa3bIBAEMbIX IPYy30-
BJIaieIbllaM U TPY300TIPABUTENISIM Ha XKe-
JIE3HOAOPOXKHOM TPAHCIOPTE.

IlepcnieKTUBHOCTh TaHHOW MOJEIU 3a-
KJII0YAeTCs B TOM, 4YTO JitoOass KOMITaHUS,
paboTaloliias B TpaHCIIOPTHOM cepe, nme-
€T BO3MOXHOCTb Ha OCHOBE COOCTBEHHBIX
pa3paboToOK ¢ UCITOJb30BAHUEM OMTUCAHHO-
ro B CTaTbe aJropuTMa U C yYETOM CBOEH
cneuuUuKu TPpOBECTU MHOTOMaKTOPHBINI
aHaJIM3 CBOEU NEesITeJIbHOCTU B 00JacTu
obecrieueHusI KayecTBa, OLIEHUTh P dex-
TUBHOCTb U YCTAHOBUTHh MPUOPUTETHOCTH
NPUHUMAEMBIX PELICHUN MO MOBBIIICHUIO
KayecTBa TPAHCMOPTHBIX YCIYT.

ITpu 5TOM HEOOXOAUMO CUCTEMHOE WC-
MOJIb30BAHUE OMUCAHHBIX B CTAThE DJIEMEH-
TOB MOJIEJIN, TOCKOJIBKY COOTI0IEHNE yCTa-
HOBJICHHOW MOCJeI0BAaTEIbHOCTU B €€ TO-
CTPOEHUU U YUET B aHaAluU3e COOpaHHOU
nHbOPMaUU MO KaXI0W MaTPUILIE B COBO-
KYNHOCTU MO3BOJISIT 00ECTIEYUTh MaKCU-
MaJIbHYI0 TOYHOCTb U JTOCTOBEPHOCThH pe-
3yJIbTATOB JJI1 KOPIIOPATUBHOTO pa3padboT-
YUKA.

B 1o Xxe BpeMsl maHHas MOJEJTb MOXET
OBITh aJaNTUPOBaHA JJISI KOMITAHUA APYTUX
oTpaclyieil, yuuThIBas JOOYI0 creuu@uky
JeSITeIbHOCTU, KOTOPYIO MOXHO OTKcaTh Ha
OCHOBE OMUCAHHOTO MATPUYHOTO KOMILJIEK-
ca.

Ha npakTrke KoMOaHUsI MOXET pa3pa-
O0aTbIBaTh «JloM KauecTBa», OPUEHTUPYSICH
Ha BBIMTOJIHEHUE COOCTBEHHBIX LI€JIe TOBbI-
IIEHUS KayecTBa Ha MaKpOypOBHE (TTOBBI-
IIeHUEe KOHKYPEHTOCIMOCOOHOCTHU Mpes-
NPUATHS) U MUKPOYPOBHE (MOBBIIIEHUE
KOHKYPEHTOCITOCOOHOCTU OTIAEJIbHOTO
npoaykrta uinu yciayru). [Ipuuém paszpado-
TaHHBI HA MAKPOYPOBHE KOMIaHUU «Jom

VIIPA PA PIA A3 O NS

KayecTBa» OYIET SIBASITHCS OTIIPABHOM TOY-
KOl misT pa3paboTkn «JloMa KauecTBa» Ha
MUKpOypoBHe. TakuM oOpa3omMm, BaxXHO
MOHMUMATh, UTO pPacCMOTpPEHHAasl MeToaAuKa
no TexHosoruu QFD MoxXeT moaxoauThb Kak
JUJISI MaTepUaJibHbIX MPOAYKTOB, TaK U AJs
YCIYT.
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ABSTRACT

The article discusses the features and
application of the technology of
deployment of quality functions. The
objective of the article is to present an
efficient methodology allowing transport
companies to make management
decisions in the field of improving the
quality of transport services provided to
cargo owners. The technique was
developed based on the House of Quality
model (matrix) in the framework of the
Total Quality Management (TQM)
concept.

Using logical, graphic, factorial,
comparative, balance methods and
considered technology the article
describes in detail the structure and the

Lavrov, Ilya M, Russian University of Transport, Moscow, Russia*.

procedure for constructing the House of
Quality matrix within the process of
analysis of rail transportation companies
and focusing on the features and criteria
of customer preferences in the field of
rail freight transportation.

Actual examples were used to show
particularities of provision of rail
transportation services. The developed
technique and recommendations may be
useful for transport companies to proceed
with multiple factor analysis if their
activity in the field of quality management,
to assess efficacy and identify priorities
while making decisions aimed at
increasing quality of transportation
services.
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Background.

In modern conditions, the quality of
services provided to customers is one of the
most important factors determining the success
of transport companies in competition for the
client.

Since transportation, and particularly
railway transportation services, are in significant
demand among cargo owners as customers,
transport companies are most interested in
finding new ways to improve the quality of
service.

Railway transport has a powerful potential
for improving the quality of transport services
through implementation of promising projects
introducing new transportation and information
technologies, developing transport infra-
structure, enhancing engineering facilities.
However, it is necessary to analyze efficacy of
those projects to confirm conformity of the
undertaken measures with the needs of cargo
owners.

According to the modern universally
accepted Total Quality Management (TQM)
concept, it comprises as the fundamental
element the approach based on quality
assessment by customer, while consumer
involvement in this process is a core factor [1;
2]. Customer involvement, analysis of their
feedback is considered the key to the TQM
effective operation. The system for improving
product quality involving analysis of customer
feedback is associated with a technology for
quality functions deployment (QFD) during
design and manufacture of products or services.
Itisbased on the matrix principle, as well as on
the application of economic and mathematical
calculations to determine priority of manage-
ment decisions.

According to the logic of constructing
processes using QFD technology, all functional
departments of a transport organization should
be involved in the technological process from
the first day, which is the main goal of TQM [3,
p. 3]. So, the QFD technology methodically
develops approaches to total quality manage-
ment.

According to this technology, one of the
ways to achieve customer satisfaction and
continuous growth in the effectiveness of the
organization is to understand customer’s
desires and needs and to apply them in design
and production. A significant contribution to
development of QFD technology was made by

prominent Japanese expert Dr. Yoji Akao, who
in 1966 combined quality strategies with the
developed technology for quality functions
deployment [4, p. 24]. According to his
approach, the client (potential user of transport
services) becomes part of the team that carries
out transportation. This technology indicates
the line of action for designers and planners
that allows them to focus on the features of a
transport service which are the most important
for a client. The QFD technology workflow
consists of the following steps:

1. identification of consumer needs, which
are called «The Voice of the Customer» (VOC);

2. identification of technical solutions
(measures) that will allow to bring transport
products as close as possible to the point of the
fullest satisfaction of the VOC;

3. establishment and optimization of the
process of developing transport products based
on the first two stages, as well as setting
priorities for technical solutions and identifying
specific tasks for implementation [2, p. 311].

Thus, the main operating requirement of
QFD technology is that each transport
company should know the desires and
preferences of its cargo owners and should
convert them into components of an offered
transport service to fully satisfy the VOC [5; 6].
Whenever possible, a transport company should
carry out an intermediate testing of its services,
which contributes to a more complete
understanding of which of the decisions made
bring the greatest contribution to meeting the
needs of the cargo owner.

This statement determines the objective of
this article, which is to consider the basic
methodology for making managerial decisions
in the field of improving the quality of services
in the transport market based on the
development of a special model.

The described TQM concept and QFD
technology as its structural component, make
foundation for building a quality assessment
model, which is the House of Quality (HOQ) —
aset of interconnected matrices, each of which
describes a certain stage of the study. It is one
of the most modern and universal models for
analysis and evaluation of product quality. The
relevance of this study that used logical,
graphic, factorial, comparative and balance
methods is to analyze applicability and
adaptability of the model to the activity of
transport companies.
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5. Correlation matrix

3. Technical solutions

1. Customer
needs

4. Interrelationship matrix

2. Planning matrix

6. Design tasks

Pic. 1. Structure of the House of Quality with a numbered sequence of included matrices.

Results

The House of Quality model (HOQ), as
mentioned above, is a set of interconnected
matrices that have a specific sequence once they
arebuilt. Those matricesare used forcomprehensive
analysis of external and internal factors influencing
the quality management process, and for further
development of recommendations (specific
technical solutions). The implementation
efficiency (feasibility) of those technical solutions
can also be determined in advance.

The HOQ model is named so its structure
is similar with the appearance of the house
(Pic. 1).

According to Pic. 1, the quality house
consists of six matrices [7, p. 434]:

» Matrix of identification of customer
needs (Customer needs);

* Planning matrix;

* Matrix of development of technical
solutions (Technical solutions);

* Interrelationship matrix;

 Correlation matrix;

* Matrix of setting of design tasks (Design
tasks).

When compiling HOQ, all matrix
components are filled in a formal sequence
from 1 to 6. To consider the stages of building
HOQ, we use a conditional example of
functioning of a transport company. All
numerical values used in the examples below
are conditional.

Matrix 1: «Customer needs»
Our hypothetical company is engaged in
railway transportation of goods. The company

is not satisfied with its current market position
and intends to update its offers to increase its
market share. The company understands that
to do this it must carry out the transportation
process according to the requirements of
potential cargo forwarders. The company plans
to implement QFD technology.

Before starting to provide transport services,
corporate employees should carefully work with
potential cargo owners in order to determine
what exactly they want to get from the transport
company and, perhaps, to find out what does
not suit potential customers. There are many
ways to obtain this kind of information from
cargo owners, including market analysis,
establishment of focus groups, conducting
personal, telephone, online surveys, sending
questionnaires, also involving buyers-users of
transport services of other companies, etc.

As soon as a team of company employees
has collected sufficient information about
characteristics and features of transport
products cargo owners do need, the received
information should be processed for further
analysis. To speed up processing of a huge array
of consumer opinions, the data obtained should
be sorted into groups depending on their
priority in terms of meeting the most important
customer needs. For this, an QFD technology
tool is used, which is called Affinity Diagram.
Filtering a large amount of data into a sample
that would represent the basis of the results of
VOC survey is carried out with the analytical
methodology called Affinity Diagram and
through a discussion of the results by a team of
employees [8].
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Pic. 2. Affinity Diagram: analysis of problems, leading to a decrease in cargo transportation volume.

Pic. 2 shows the Affinity Diagram developed
by a team of employees [9]. The purpose of its
development was to organize the process of
analyzing the input information of cargo
owners (which transport services they select
and want to purchase, considering the fact that
the carrier has not offered them and that they
are not satisfied with the current services), of
revealing the reasons for the decrease in
demand for transport services of the company.

The next tool to be used is Tree Diagram.
In this case, it is used simply to refine the results
of Affinity Diagram, to compile a final list of
needs of cargo owners and fill in the matrix of
consumer needs. Pic. 3 presents a fragment of
Tree diagram, which was developed to solve the
problems indicated in Pic. 2.

In practice, the working team summarizes
the list of customer needs, keeping the key, most
significant needs. The final list of customer
needs, covering a complete set of questions,
can be up to 20—30 points, depending on the
situation. These needs imply what customers
would like to see (or adjust) in the transportation
process. Needs characterize what a transport
company should strive for in order to provide
a transportation service that will be of value to
customers [10]. This list, representing the VOC,
is the basis for filling in the first matrix of HOQ.

The analysis of this matrix also includes an
assessment of significance of the identified
needs for cargo owners themselves. The
significance level is rated on a scale of one to
five points, where five is the highest priority.
This information can be obtained at the stage
of the survey of cargo owners. But since it is
impossible to get an assessment of the need
according to significance scale from all the
cargo owners, the working team should do
everything possible to independently evaluate
and set priorities, based on a representative
sample of interviewed cargo owners.

Significance values are entered into the column
«Level of significance for the client».

Matrix 2: «Planning matrix»

Then, it is necessary to collect and analyze
data on satisfaction of cargo owners regarding
the transport services of the considered
transportation company and competing
companies, to develop a planned targeted
satisfaction assessment of a transportation
services which is being prepared, and to
calculate improvement coefficients and
allocate points of sale.

First, a comparative analysis is carried out
to compare services of the analyzed transport
company and the services of competitors. At
this stage, it is important to know the customer
satisfaction rating regarding competitors, since
it will help the transport company to identify
what it needs to do to make its transportation
services more attractive than those of its
competitors. To get this information, the
working team organizes a focus group to
compare quality of transportation services. It
is also possible to organize questioning among
customers who use transportation services of
analyzed company along with the services of
competing companies. In both cases,
respondents should be asked to rate transport
services regarding each characteristic listed in
the customer needs matrix using a scale from
one to five points. The received information is
entered into the planning matrix. (Examples
provided here and further on are shown also in
Pic. 4).

The planning matrix will also display the
desired degree of customer satisfaction with the
transportation service for each criterion of
customer’s needs (target customer rating). The
same scale from one to five points is used. The
practical goal is to implement a transportation
service that will satisfy customers but will not
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Satisfied cargo owner

Solution of a problem
of transport accessibility/provision
when carrying out transportation

Solution of a problem
of speed/terms
of delivery of cargo

Solution of a problem
of provision of a transportation
service

reloading at transshipment points;

e Convenience of delivery and
acceptance of transported cargo;

e Accessibility of stations for the
enterprises, having access tracks;

e  Geographic location of the station,
affecting the transportation
stability;

e Quality level of maneuvering work,
characterized by the presence and
availability of maneuvering rolling
stock at the station and at access

e Constant readiness e Delivery time e Safety of transported
of a company to carry out (timeliness); cargo;
transportation (full satisfaction e Frequency of e Good condition
of demand for transportation); dispatch (rhythm, of vehicles/rolling stock;
e Ability to transport various cargo stability); e Availability of reliable
e Ability to deliver cargo to any o Reliability of information about cargo
place within the territory compliance with location;
(door-to-door transportation); delivery schedule e Openness of information
e Availability of equipment for (regularity). about tariffs and terms

of transportation;

e Full documents’
provision;

e Level of information
systems development;

e Level of technical
equipment of the station,
including availability
of track development and
sorting devices;

e Availability of various
types of services.

tracks. =

i 7

| Customer needs |

Pic. 3. Tree Diagram: identification of key needs of cargo owners from the total sample of answers.

be too costly for the company. However, this
does not mean that improvement of some other
needs should not be considered. A transport
company should be sufficiently competitive by
all consumer parameters, but it does not have
to be the most expensive in terms of financial
costs [11; 12]. The working team develops a
target customer rating for each need and enters
the set values into the planning matrix.

Then the working team calculates the
improvement coefficient for each need for a
transportation service. Equation for
improvement coefficient with a scale of one to
five points:

Improvement coefficient = {(Target customer
rating — Evaluated customer rating) « 0,2} + 1. (1)

A strategic marketing factor, sometimes
called a «point of sale», can also be included
in the planning matrix. A point of sale is a
number from 1 to 1,5 that is used to focus on
customer needs. This is an assessment of
marketing significance of the need to promote
a transportation service, and therefore it is
used together with the assessment of the level
of significance for the client and the
improvement coefficient in calculating the

RANOFEUR AN |

total weight of customer needs. A point of sale
with a value of 1 will not lead to a change in
the total weight of customer needs. A point of
sale with a value of 1,5 doubles the value of
the total weight of customer needs compared
to the value that was calculated based on the
level of significance for the customer and the
improvement coefficient. The working team
develops data on the points of sale and enters
them in the planning matrix.

Then the working team calculates the total
weight of each customer need separately,
according to the following formula:

Total weight = Level of significance for the
consumer ¢ Improvement coefficient + Point
of sale. 2)

Then it is necessary to determine the value
ofthe total weights of needs in percent, to better
understand what share of the cost of
improvement should be given to each of the
considered customer needs. The percentage of
total weight is calculated using the following
formula:

% of the total weight = (Total weight/Sum of
total weights) ¢ 100. 3)



Thus, using the planning matrix and basing
on the consideration of its constituent factors
(the significance level for the client (shows how
critical this need is for the client); the improvement
coefficient (characterizes the necessary amount
of efforts of the transport company to improve
its transportation services to achieve the target
level with the goal of full satisfaction of the
need); the point of sale (characterizes the level
ofimportance of this need in terms of marketing))
it is possible to calculate the total weight of a
need. Based on the calculated percentage of the
total weight, it is possible for the transport
company to rationally distribute its financial and
production resources to implement quality
improvement measures.

For example, customer need for door-to-
door cargo transportation has the highest total
weight and the highest percentage of the total
weight. For the transport company, this
parameter will have priority in achieving the
target rating of «5». The need for regularity and
stability (rhythmic transportation) occupies the
second place, and the need for constant
readiness of the company to carry out
transportation is in the third place.

Matrix 3: «Technical solutions»

The matrix of technical solutions
development indicates how the transport
company plans to respond to each cargo owner’s
need. This is sometimes called the «voice of the
company». It should be noted right away that
technical solutions do not represent the technical
specifications of a product or a service [13,
p. 1580]. Rather, these are improved or newly
created product features that aim to better meet
consumer needs. They can be measured in terms
of satisfaction. Some of them can be measured
by weight, force, speed, etc., others are measured
by the criterion of «<yes/no». Technical solutions
should not be constraining, but quite flexible to
allow the company to use all the creative ability
to satisfy the need. As a guide to their
development, the obtained results of two
previous matrices are used.

Using Affinity Diagram or Tree Diagram
will also help the working team focus on the
characteristics and features of the transportation
service (cargo transportation), as well as on the
procedures and production processes that will
help achieve the planned improvement. The
difference here is that suggestions come from
within the company, not from customers.

The development of proposals is repeated
for all production tasks in order to form a list
of elements from which the working team will
finally select technical solutions that should be
placed in the matrix of technical solutions.

Matrix 4: «Interrelationship matrix»

Once technical solutions are included by
the working team in the structure of the House
of Quality, a next step is to study the issue of
how they relate to the needs of customers. The
results will be shown in the interrelationship
matrix, which links the matrices 1 and 3. For
each cell making up the interrelation matrix,
the working team should evaluate the degree of
interrelation between each cargo owner’s need
and the corresponding technical solution. This
is usually done using a significance scale of 1
to 9, with a higher value indicating a stronger
interrelation. Sometimes the numbers are
entered into the matrix, but symbols are also
often used. For our example, we will use the
symbols as follows:
© =9 (strong interrelation);

O = 3 (medium interrelation);
A =1 (weak interrelation);

An empty cell indicates the absence of
interrelation.

To understand how to work with this matrix,
let’s consider the first need of the client « Timely
delivery of goods». It is necessary to determine
what technical solutions are relevant to
fulfillment of this need.

In case of the conditional transport
company being analyzed, interrelation can be
tracked using technical solutions similar to
those that have been implemented in Russian
Railways holding company, e.g., introduction
of the centralized Focus automatic system
(Focus AS), a long-term system of the holding
company’s interaction with key shippers, and
a change in the KPI system for employees. To
understand how strong these interrelationships
are, the working team should think it over and
make a decision. Therefore, the result of this
assessment may not be accurate, but
approximate, agreed upon following the results
of the discussion.

There is an empirical rule in QFD
technology, according to which only about
15 % of interrelationship cells will show the
relationship between customer needs and
technical solutions. At the same time, there is
another solid rule for filling in the interrelation
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matrix: each row and each column must have at
least one significance marker. An empty column
means that this technical solution is not able to
satisfy any consumer needs. Spending any
efforts on such technical solutions would be a
waste of resources for the transport company,
as customers would not find it useful. On the
other hand, a horizontal line with empty cells
indicates that a specific customer need is not
solved in any way by the proposed technical
solutions. It must be remembered that all of the
listed customer needs should be considered in
technical solutions, and any technical solution
that does not meet the needs of customers
should probably not be accepted for execution.

Matrix 5: «Correlation matrix»

When developing a product or a service,
certain technical solutions will inevitably arise
that can benefit each other (i.e., have a
supportive or a positive correlation), and some
will work against each other (i.e. become an
obstacle or get a negative correlation). The
transport company needs to know what
correlation exists between the proposed
solutions in order to correctly use supporting
correlations and find compromises for those
that interfere with each other. Lack of
information about this may lead to the fact that
a transportation service will not meet the
requirements of cargo owners or will require
expensive modernization. The goal of
correlation matrix or «roof» of the House of
Quality is to help understand it correctly from
first sight.

Intersecting diagonal lines are drawn in a
triangle on top of each column of technical
solutions. Next, the type of correlation is
determined (supporting, inhibiting or not
having correlation) for each of the technical
solutions in comparison with all other technical
solutions. The supporting correlation is
indicated by a plus sign (+) in the intersecting
columns of two technical solutions under
consideration. Negative correlation is indicated
by a minus sign (—). If there is no correlation
between technical solutions, their intersection
cell remains empty.

In practice, when analyzing the type of
correlation between technical solutions, the
working team asks itself the question: «Does
improvement of this technical solution lead to
improvement of any other solution either to
deterioration of some other solution ? «. If neither

improvement nor deterioration is indicated,
there is obviously no correlation between them.

Let’s take a look at the specific example of
Russian Railways holding company mentioned
above. The QFD working team will try to
determine: «Does the recommended technical
solution to introduce Focus AS support or hinder
implementation of another solution on long-term
system of the holding company’s interaction with
key shippers ?» Both of these technical solutions
can respectively facilitate implementation of
the other solution, therefore, there will be a
supporting correlation between them. This
study is repeated for all remaining correlation
cells.

For HOQ with nine technical solutions, as
in our example in Pic. 4, there are 36 possible
correlations. However, the larger is the
composition of the matrix of technical
solutions, the greater is complexity, and more
details should be provided to fill in HOQ
matrices. The results obtained while filling in
the correlation matrix can facilitate work in
complex analytical situations, ensuring that all
important influencing factors have been
carefully considered and evaluated. This will
ensure the greatest likelihood that the improved
transportation service that will be offered by
the company will bring it success and will get
complete satisfaction from customers.

Matrix 6: «Design tasks»

If the needs of the cargo owner describe
what he needs, and technical solutions say what
actions the transport company intends to take
to meet his needs, then the design tasks indicate
what actions to improve quality on the part of
the company should ultimately be implemented
and in what quantity.

For example, in our case, the customer of
the company’s transportation services
stipulated that he wanted transportation
services to be permanently available to him.
The developed solutions indicate that to satisfy
that need the transport company should either
create a long-term system of interaction with
key shippers, or reengineer the system of
commercial dispatchers (let us assume that
those two options have been previously
assessed as most effective ways to meet the
needs). Now we need to determine in the
design tasks matrix how significant this
solution is as compared to other solutions, and
which target result should be set. This will be



determined by the data that have already been
calculated and entered in the previous
matrices, as well as, if necessary, by the data
of comparative analysis and testing. This
matrix can develop conclusions derived from
QFD technology and to transform them into
future transportation service specifications.

The design tasks matrix consists of three
sections:

 technical priorities according to the
known HOQ data);

» technical comparative analysis (made
based on the data collected from external
sources);

» calculated target values (developed based
on the results obtained while processing data
of two sections above).

To determine the relative importance or
priorities of each of the stated technical
solutions to meet customer needs, the working
team simply multiplies each of the obtained
degrees of correlation of the technical solution
(0, 1, 3, or 9) from interrelation matrix by the
value of the total weight of the corresponding
customer need from planning matrix. Then the
results are summarized for each technical
solution.

Referring again to the example of a
conditional transport company and examining
this process at the example of the technical
solution of Russian Railways holding company
on implementation of the Focus AS, it might
be found that its interrelationship with the
customer need «Timely delivery of goods» was
noted in the interrelation matrix by 3 points.
The value of that need in the column «Total
weight» of planning matrix is marked by 6,6
points. Multiplying those two figures gives us a
value of 19,8.

There might be five more correlation values
for the technical solution on implementation
of the Focus AS, therefore it is necessary to
make six products and then to summarize them:

» For «Safety of transported cargo» it is
necessary to multiply 3 by 2,4 thatis 32,4 =
7,2.

+ For «Regularity and rhythm»: 37,0 =
21,0.

* For «Door-to-door cargo transportation»:
37,7=23,1.

* For «Level of development of information
systems»: 9+ 3,6 = 32.4.

* For «Full provision with documents»:
3+3,2=9,6.

In total, the technical solution on
implementation of Focus AS has a priority of
113,1.

Thevalue 113,1isentered in the line «Technical
priorities» of the design tasks matrix under the
column «Implementation of the centralized system
AS «Focus», as shown in Pic. 4.

A line of technical priorities is filled
following the similar process for the rest of the
technical requirements. The obtained values of
technical priorities are absolute ones. To bring
the values of technical priorities into a
percentage form, it is necessary to divide the
absolute values of technical priorities obtained
by the total amount of all values of technical
priorities and then to multiply by 100.

Percentage of the total priority = (Certain
technical priority/Sum of all technical
priorities) ¢ 100. 4)

For example, for our example of the
technical solution on Focus AS the calculation
will look as follows:

Percentage of the total priority =[113,1/(113,1
+ 158,4 + 40,8 + 20,8 + 40,7 + 98,0 + 43,2 +
61,2 + 78,7)] < 100 = (113,1 + 654,9) « 100 =
17,3 %.

Percentages for all other technical solutions
are calculated and placed in the next row after
technical priorities. With the exception for
small round-off errors, the sum of this line
should be 100 %.

Calculations showed that the technical
solution on long-term system of interaction
between the holding company and key shippers
has the maximum percentage of total priorities
(24,2 %). This suggests that to meet the needs of
customers, development of a long-term system
for the holding company’s interaction with key
shippers is by far the most important technical
solution. The fact that this technical solution has
amuch higher percentage of overall priorities than
others seems reasonable, since it affects to some
extent satisfaction of five consumer needs. This
information is used by a transport company as a
guide for proper distribution of its own limited
resources for implementation of quality
improvement measures.

The next section of the design tasks matrix
compares the transportation service of the
transport company under analysis with
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Correlation matrix
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Pic. 4. Fully compiled HOQ of a transport company.

competing transportation services. Using
matrix No. 3 of HOQ, the working team
identified technical solutions providing for how
the transport company plans to meet customer
needs. The section «Technical comparative
analysis» is intended to provide specific
information about the competitive position of
the company’s transportation service in
comparison with competing services of the
same type for each of the technical solutions.
The information for competing services can be
received from customers, focus groups, media,
results of quality control in the workplace, etc.

AA®ia1 Iy

Usually this is a squeeze from the aggregate of
the collected information from all possible
sources. The working team starts with collecting
data on its own transportation service for each
of the technical solutions. Evaluation data of
transportation services for the own and
competing companies are entered in three lines
of'the section «Technical comparative analysis».

The last section of the design tasks matrix
allows to set specific tasks for implementation
of each of the technical solutions by the
working team of the company. This section
shows the summary of HOQ compilation,



indicates the target values and guidelines that
a working team should follow in order to
successfully and efficiently improve quality of
transportation services.

Upon completion of the design tasks
matrix, development of the House of Quality
is completed. Ready to use HOQ is often used
by the staff of all the departments of the
transport company to focus the attention of the
employees on the process of improving quality
and efficiency of the work process. HOQ
ensures that all the aspects of technical
solutions fully comply with consumer needs
without unnecessary costs and actions for the
company.

Conclusion. The research allowed us to
reveal the prospects of applying the approaches
developed within the framework of HOQ model
for analysis and assessment of quality of rail
transportation services provided to cargo
owners.

The promising outlook for this model is
explained by the fact that any transport
company has the opportunity, based on its own
development, using the algorithm described in
the article and considering its particularities,
to conduct a multivariate analysis of its
activities in the field of quality management,
to evaluate effectiveness and to prioritize
decisions made to improve quality of
transportation services.

Meanwhile, it is necessary to implement the
model’s elements described in the article is a
systemic way, since only observing established
sequence of construction of the model and
considering totality of the data collected for
each matrix will ensure maximum accuracy and
reliability of the results for corporate developer.

The model can be adapted by companies in
other industries, considering any specifics of
activity that could be described based on the
described matrix.

In practice, a company can also develop
HOAQ, focusing on attaining its own goals of
improving quality at the macro level (increasing
competitiveness of the enterprise) and at the
micro level (improving competitiveness of an
individual product or a service). Moreover,
corporate HOQ developed at the macro level
will be a starting point for development of HOQ
at the micro level. Thus, it is important to
understand that the considered QFD
methodology can be suitable for both tangible
products and services.
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CoBpeMeHHbIii 3Tan pas3suTus XapakTepu3yeTcsi CTPYKTYPHbIM
KPU3UCOM, MPOSIBAISIIOLLMMCS BO MHOIMX Cepax 1 0TPacIsiX 9KOHOMU-
ku. [Nlopo6Hasi cuTyaLmsi OObSICHSIETCS], B TOM YUCIIE NEePEXOAHbIM CO-
CTOSIHNEeM MUPOBOV 3KOHOMUYECKOU CUCTEeMbI, 00YC/I0BAEHHbIM
npoLIeCCOM yKOPEHEHMs HOBOIrO TEXHOJIOrMYeCcKoro yknaaa, pa3Butiu-
em ViHayctpuun 4.0. U3MeHeHusi, KOTOpbIe SBASIOTCS pe3ysbTatam
peanusauun fgaHHoro npouecca, 6yayT urpatb Kal04eByio posib
B oripeAesieHny TeHAHLMI 1 HarpasieHnii MUPOBOro 9KOHOMUNYECKO-
ro pa3sutusi B Gavxaiilume AecTUAeTUs, XapakTepn3oBarb HOBYIO
TEXHOJIOrM4YEeCKYI0 CTPYKTYPY M BEKTOPbI AaslbHeiLero passutms
W PUMEHEHUS TEXHOJIOMMIA.

OTMYNTE IbHON YepPTOM HOBOIO TEXHOJIOMMYECKOro ykiaaa siBsi-
eTCcsi CKOPOCTb, C KOTOPOV pa3pabarsiBaloTCsl N BHEAPSIIOTCS HOBbIe
TEXHOJIOrW U MPOAYKTHI. BaxHewmmm nHankatopammy yCreLHocTi
HOBOW 9KOHOMUYECKON MoAenm OyAyT CKOPOCTb, 0ObEM 1 Ka4eCTBO.
JInnepamu HOBOV CUCTEMbI PbIHOYHOU 3KOHOMUKY ByyT TE KOMMaHuu,
KOTOpbIe CMOryT BbICTPEe U Jlyylle BCeX npucrocoOUTLCS K HOBbIM
peanvsm 3KOHOMUYECKOro pa3BuTiys. B uucne rnaBHbix Kputepwues,
ornpenensioLmX yCrewHOCTb KOMNaHN1 B COBPEMEHHbIX YC/IOBUSIX,
SIBJISIIOTCSI CKOPOCTb M KQ4ECTBO: B KOHKYPEHTHOV 60pbbe 3a tnavpyio-
Lme no3numm KoMmnaHum 6yayT O/KHbI AeaTb BCE ObiCTpee v Jy4Lle

opcumem umernu M. B. Jlomonocoea, Mockea, Poccus.

— Mockoeckuii 2cocyoapcmeennblii yrugepcumem umenu M. B. Jlomonocosa, Mockea, Poccus™.

ocTasnbHbIX. AKTyanbHOCTb MoA06HOM napaanrMsl MoATBEPXAaeTCs
COKpaLLeHNeM Hay4HO-TEXHOJIOrM4ECKUX N MHHOBALIMOHHBIX LIMKITOB —
BPEMEeHU OT CO34aHusi uaeun Ao e€ peannsaumm u nepeaayv B npo-
MBILLIEHHYIO 9KCIITyaTaumio.

MaccoBas un¢ppoBu3aLms BCex acrekToB AesiTesIbHOCTU U CO-
KpatlueHve 4/inTesibHOCTU LIMKIT0B 0BOHOBJIEHUSI TEXHUKU Y TEXHOJIOM NI
onpeaensioT TeHAEHLUMIO NepeopUeHTaLIMM KOMMaHWI C UCKIIIOYATESb-
HO BHYTDEHHEro Turna opraHn3aLmny HHOBALMOHHON 4esITe/IbHOCTY Ha
npeuMyLLeCTBEHHO BHELHWUI. B AaHHOV cTaTbe aHa/in3upyloTcs
POPMbI 1 MIHCTPYMEHTbI OPraHN3aLmMn MHHOBALMOHHOM AESITE/IbHOCTY,
B TOM 41CJ1€ MOCPEACTBOM BbICTPANBAHUS CIIELMOUYECKUX OTHOLLIEHUIA
C BHELUHUMUW y4aCcTHUKamun l/lHHOBaL{MOHHOVI akocuctemsl. basovi uc-
criefoBaHusl SIBJISIETCSI NMPaKTKa HEKOTOPbIX BEAYLMX 3apyOexHbIX
KEe1e3HOA0POXHBIX KOMMaHWIA.

Lenbto faHHoOM cTaTby siBISIETCs npoBeAeHne 063opa UCrosb-
3yeMbIX MHCTPYMEHTOB 1 CrloCcO60B OpraHn3aLmuy NHHOBAaLMOHHOM
[esITe/IbHOCTY B PSIAE BEAYLUMX XEee3HOA0POXHbIX KOMIaHWi v onpe-
feneHne eé Hanbosiee pacnpocTpPaHEHHbIX GopM. KomrnekCHbii
aHann3 QyHKUMOHNPOBaHMS GOPM MHHOBALMOHHON [esTebHOCTA
OCYLLECTBJISI/ICS C IPUMEHEHNEM METOLO0B CTPYKTYPHOIO Y KOMIT/IEKC-
HOIo CPaBHUTEJIbHOrO aHa/m3a, 06006LUEeHVs U AeAYKTUBHbIX METOL0B.

Knro4eBble crioBa: MHHOBaLIMOHHAS AESITE/IbHOCTb, Xe/Ie3HOA0POXHasl oTpacsb, R&D LieHTP, MHHOBAaLMOHHas naboparopusi, BHyTpukopropa-

TUBHOE NPEANPUHAMATENILCTBO, yrpaBieHne nHHoBaumsmu, RID, xakaToH, Gu3Hec-akceneparop, 6U3HEC-MHKYOaTop, KANTUBHbIA BEHYYPHbIA POHA.
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BBEOEHUE

AKTUBHBII Tipouiecc UM(PPOBOI TpaHC-
opmany MPUOPUTETHBIX OTpacieii 9KOHO-
MMKM, BKJTFOYas XKeJIE3HOOPOKHBIE TIEPEBO3-
KU, IPeIOoTpeaesieT HOTPEOHOCTh KOMITaHUM
B CTPYKTYPHOM M3MEHEHMU CJIOXMBIICHCS
CHUCTEeMBbI YIIPaBICHUSI HAyIHO-TEXHUUECKOM
NeSITeIbHOCTBIO.

B Poccuiickoit @enepaiini B COOTBETCTBUM
¢ macropToM denepaabHoro rpoekTa «Ludpo-
BbI€ TEXHOJIOTMM» HAlIMOHAJIBHOM IMPOTrpaMMbl
«udposas skoHomuka Poccuiickoit Mene-
palMu» KOMITAaHUHM C TOCYIapCTBEHHBIM yua-
CTHEM 00s13aHbI pa3padboTaTh U PeaTu30BbIBaTh
cTpaTernu LM@pPoBoit TpaHchopMaLMn. YKa-
3aHHBIN IPOrPaMMHBIN JOKYMEHT IpPeaonpe-
JIEJISIET, B TOM YKCJIe HEOOXOTUMOCTD Pa3BUTHS
MOJIXO0M0B K YIPAaBACHUIO U KOOPAUHALIUU
MPOLIECCOB MCCJIENOBAaHUI U pa3pabOTOK,
(opMMpPOBaHNIO MHHOBALIMOHHOI 9KOCHCTE-
Mbl. OTaeIbHOE BHUMAHME YACJISIeTCs] BOIIPO-
caM KOMIUTIEKCHOTO MEKOTPacJIeBOro B3auMO-
JIEMCTBUS KOMITAHUM 1O BOIIPOCAM Pa3BUTHS
«CKBO3HBIX» LIM(DPOBBIX TEXHOJIOTUIA U B LIEJIOM
peaqu3aliy MHULIMATUB, HallpaBJICHHBIX Ha
COBMECTHOE OCYIIIECTBJIEHUE MTPOPHIBHOT'O
HAYyYHO-TEXHOJIOTMYECKOTO U COLIMAIbHO-
SKOHOMMYECKOTo pa3Butus Poccuiickoit Pe-
Jeparuu.

BonbIIMHCTBO KeIe3HOAOPOXKHBIX KOM-
MaHUI UCTOPUYECKU BKJIIOUYAIOT B COOCTBEH-
HYIO OPraHM3alMOHHYIO CTPYKTYPY BBICOKO-
Pa3BUTBI HAYYHO-TEXHOJIOTMYECKUI OJIOK,
COCTOSIIINIM M3 TPOPUIBbHBIX YHUBEPCUTETOB,
Hay4YHO-MCCEeI0BaTEIbCKUX UHCTUTYTOB
u nabopatopuii. OCHOBHasI 3a1aua Mog0OHO-
IO MHHOBAIIMOHHOTO KJIacTepa 3aKJII0YaeTCs
B ITOJTHOM KOHTpOJIEe, YIIPaBJICHUU U OpTaHU-
3a1M1 MHHOBALIMOHHOM NeSITeIbHOCTH XKeJe3-
HOJIOPOXHBIX KOMIIAHUM.

B pamkax HacTtosIeit cTaTbu OCYIIIECTB-
JisieTcst 0030p crieuKy U GopM opraHu3a-
LIMM UTHHOBALIMOHHOM NEeSTEbHOCTU B BEdy-
KX 3apyOesKHBIX KEJEe3HOTOPOXHBIX KOM-
MaHUIX, OCHOBHOM 11€/IbI0 KOTOPOTO SIBJISIET-
csl oIpenesieHUue U OomMcaHue Hauboliee
pacrpocTpaHEHHBIX M aKTyaJbHBIX CITIOCOOOB
BeIeHUSI MHHOBAIIMOHHOM NEesTEIbHOCTH,
HUTOTOM KOTOPOI1 SIBISIOTCSI KOHKYPEHTOCTIO-
COOHBIC pe3yabTaThl MHHOBAILIMOHHON Aes-
TEJbHOCTHU, HampaBJIeHHbIC Ha TTOBBIIICHUE
KayecTBa 1 3¢ GHEKTUBHOCTU (DYHKIIMOHUPO-
BaHUsI OpraHu3aiuu B ueaom. st foctuxke-
HUS YKa3aHHOM 11eJIM ObUIM MTPUMEHEHBI Me-

TOABI CTPYKTYPHOT'O W KOMIUIEKCHOTO CpaB-
HUTEJIbHOTO aHalu3a, AeAyKIMU 1 0000111e-
HUS.

PE3YJIbTATbI

TpaauIMOHHO BHYTPEHHEE NHULIUUPOBA-
HUE MpolLiecca MTHHOBAIUIA 1 MTHHOBALIMOHHBIX
MPOEKTOB CBI3aHO ¢ (PYyHKIIMOHUPOBAHUEM
KoprnopaTtuBHoro R&D 1ieHTpa ujin nHHOBa-
HMOHHOW Nabopatopun. OCHOBHOU (DyHK-
IIMOHAJ UHHOBAIIMOHHBIX JabopaTopuii
1 R&D ueHTpoB 3akiiio4aeTcss B cCaMOCTOS -
TEJIbHOM MPOBEIECHUY UCCIENOBAHUI U pa3-
paboTOK B paMKaxX MPUOPUTETHBIX HAIIPaBJIe-
HUI TexHoJiorTuueckoro pa3sutus [1]. Bce
BO3MOXHbBIE PUCKU, CBSI3aHHBIE C pa3paboT-
KO M BHEIPEHUEM TEXHOJOTWUUN U pPEIICHUN
B paMKaX MHHOBAIIMOHHBIX JlabopaTopuii
1 R&D 11eHTpOB, MOJHOCTHIO JieXKaT HA KOM-
MaHWMU.

B nensx peanuzanuu TEXHOIOTUYECKUX
MPOEKTOB, TPEOYIOIIUX CITELIUDUIECKIX KOM-
MEeTeHLWH, ONbITa U 3HAHUI, KOTOPbIE JIeXKaT
3a mpeesiaMy KOHTYpa KOMITAaHU U, CYIIIECTBY-
€T MpaKTUKa OpPraHU3alluu NesITeIbHOCTHA
WHHOBALIMOHHBIX JJAOOpaTOpuiA, GyHKITUOHU -
PYIOIINX IO TIPUHIIAIY «OTKPBITBIX MHHOBA-
uuit». JJaHHBIA TPUHUUI MOAPa3yMeBaeT
AKTUBHOE B3aUMOJEHCTBUE C TPETHbUMU JINLIA-
MM (Harpumep, YHUBEPCUTETAMU, KOHKYPEH -
TaMU WU KJIWeHTaMu) [2], 4TO OTKPBIBAET
MOCTYN K KOMIIJIEMEHTAPHBIM 3HAHUSIM,
PBIHKaM U ceTsiM [3].

Cpenu Beaylux 3apyoeKHbIX KeJIe3HON0-
POXHBIX KOMMAHU, B OPraHU3aLlMOHHON’
CTPYKTYpe KOTOPBIX MPUCYTCTBYIOT MHHOBA-
LIMOHHBIE JJabopaTopun uau R&D 1eHTphI,
MOXHO BbiaeauTh Deutsche Bahn (manee —
DB) (ITepmanust), SNCF (®pannus), China
Railway (manee — CR) (Kwurait).

InaBHOW MccienoBaTeIbCKOM J1abopaTo-
pueit DB gasnsgercs DB MobilityLab, rosos-
HOI1 ouc KOTopoii pacojioxkeH Bo dpaHk-
dypre!. B pamkax maHHO MCClIeIOBaTEb-
CKOW JTabopaTOpuu COTPYIHUKUA KOMITAHUU
CaMOCTOSITEJIbHO 3aHUMAIOTCS pa3padOTKOM
U TECTUPOBAHUEM PA3JIUYHBIX MPOTOTUIIOB
B LIeJIIX olleHKU ux addektuBHocTu. [1o pe-
3yJIbTaTaM OLleHKU (hOpMUPYyeTCs ITporpaMma
JIOpabOTKU U BHEIPEHUS MPOTOTUIIOB B ITPO-
U3BOACTBEHHYIO NESITEIbHOCTh KOMITAHUU.

! [Dnexrponnsiii pecype]: https://karriere.
deutschebahn.com/karriere-de/ueber-uns/it-projekte/
DBmobilitylab-3673300. doctyn 19.03.2020.
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ITpuopuTeTHEIMU HaMPaBICHUSIMU UCCIIEN0-
BaHuii B DB MobilityLab sBnsiorcs:

* pa3zpaboTKa aBTOMaTU3UPOBAHHBIX CUC-
TEM YMpaBIeHUS TOKOMOTUBAMU;

* aIAUTUBHBIE TEXHOJIOTUM;

* TEXHOJIOTUY BUPTYaJIbHOU U JOMOJIHEH-
HOM peajibHOCTH.

B 2017 r. Ha 6aze DB MobilityLab ObL1a
3amylieHa mporpaMMa BHyTPUKOPIOPaTUBHO-
rO MPpeANPUHUMATENBCTBA, TPEIOCTABISIONIAS
COTPYIHUKAM HEMEIIKOM KeJIE3HOAOPOXHOMN
KOMMNAaHUU BO3MOXHOCTb peajiu3alliu co0-
CTBEHHBIX ujaeil. OCHOBHOI MeXaHU3M WHU-
LIMMPOBAHUS U TTOMACPKKU TEXHOJIOTUIECKMUX
MPOEKTOB B paMKax yKa3aHHOM MpPOrpaMMbl
3aKJII0YaeTCs B MEPBUYHOM PACCMOTPEHUU
MPOEKTOB SKCIEPTAMU U, B CTyYae UX Mepcrek-
TUBHOCTU U BOCTPEOOBAHHOCTU CO CTOPOHBI
DB, nocnenywiieit nepenaye NpoeKTHOMR
KoMaHje, popMUpyeMOii BOKPYT MHULIMATOpa
WUaeu, ISl UX peayin3aliviu.

Hpyroii GyHKIIMOHUPYIOIIEe HE3aBUCUMO
WHHOBALIMOHHON JJabopaTopueil HEMELKOTo
KEJe3HOAOPOXKHOr0 KOHIEPHA SIBJISETCS
DBmindbox?, ocHOBHasl 1LieJib KOTOPOii 3a-
KJIIOUAETCS BOTOOPE, SKCIIEPTU3E U COMTPOBOXK-
JNIEHUU B TIpollecce peanu3alluv Haudosee
MepCHeKTUBHBIX cTapTanoB. B myn paccmar-
puBaeMbIx 3asBoK DBmindbox BxonmgT mpo-
€KThI B 00JIACTU CTPOUTEJIHCTBA U SKCILTyaTa-
LMY UHGPACTPYKTYPHBIX OOBEKTOB, TOBBIIIE-
HUS 3(pHeKTUBHOCTU pabOTHI ¢ KIUEHTAMU
MOCPEICTBOM BHEAPEHUST LIU(DPOBBIX pelle-
HUIi, aBTOMATU3aLIMU TPAHCTIOPTHBIX CUCTEM
U CO3[aHUS MPOTPAMMHBIX PELICHUI.

MenemxmeHT SCNF 0603Haun1 HalMuue
notpedHocTH B iepexojie oT R&D K KoH11ern-
uuu RID (Research, Innovation & Develop-
ment), YTO O3HAYAET MPUHSTUE HOBBIX MPO-
1IECCOB yIpaBjeHUsI UHHOBaUUsIMU. [Ipume-
HeHMe npuHIUnoB RID ocyuiectBasercs
MepeJ0BbIMA MHHOBALIMOHHBIMU KOMITAHUS -
MU [4], 3aHUMaIOIIMMU JIUAUPYIOLINE TTO31-
LIMY Ha PBIHKE 110 YPOBHIO TEXHOJIOTMYECKOTO
pa3BUTUS.

VrnpaBiaeHre UHHOBALUAMU SBJSIETCS
ocHoBHoOI Muccueir SNCF Innovation &
Research. B 30Hy 0TBETCTBEHHOCTU JAHHOTO
CTPYKTYPHOTO IMOIPA3AEICHNST> BXOIUT yIpaB-

2 [Dnekrponusiii pecype]: https://dbmindbox.com/de/.
Hoctyn 19.03.2020.
3 [Dnexrponnsiii pecype]: https://www.sncf.com/en/

innovation-development/innovation-research. Jloctymn
19.03.2020.

JIeHVWEe UWHHOBALIMOHHBIMU JIabOpaTOPUSIMU
Y MUHU-JTA00paTOPUSMU, OPUEHTUPOBAHHbI-
MU Ha U3y4YeHUE U Pa3BUTUE MPUOPUTETHBIX
HaIpaBJIeHU! B 001aCTU 9HEPTeTUKU, OOIIIe-
CTBEHHOTO TPAHCIOPTa, MOOMIBHOCTH MTOXKU -
JIBIX JIIOJEN, 9Koau3aiiHa u T.4. JlaHHbIe UH-
HOBALIMOHHBIE JTaOOPATOPUU COCTOST U3 CO-
TpynHuKoB SNCEF, 06be1uHSIeMbIX B pabounie
KOMaHJIbl Ha MEePUOJ pealu3alui MPOEKTOB
10 pa3paboTKe MPOPBIBHBIX U UHKPEMEHTATb-
HBbIX MHHOBauMii. JlTabopaTopuu peryiasipHO
MPOBOJAT O0yYalOlIe CEMUHAPBI C TIPUBJIE-
YEHUEM CTOPOHHHUX CHEUATUCTOB, B TOM
YUCJie U3 CMEXHBIX OTpaciiei.

Hanpumep, GbyHKIMOHUPYET MHHOBALUA-
OHHas JJabopaTtopus 00IIEeCTBEHHOrO TPaHC-
nopta PublicTransportLab, nesteiabHOCTb
KOTOPOI CKOHILIEHTPUPOBAHA HAa Pa3BUTUU
TPaHCIIOPTHBIX BO3MOXXHOCTEN 1 MOBBIIIEHUU
y1o0CTBa MacCaXKMpPOB B TOPOICKUX MOE3IKaX.
HesatensHocTh PublicTransportlLab ocHOBBI-
BaeTCs Ha MPUHIIUIE «OTKPBITBIX UHHOBA-
uit». O0benMHEeHUEe B paMKax OJHOI J1a0o-
patopuu cotpyaHUKoB koMmnaHuu SNCF u3
pPa3IUYHBIX NeMnapTaMeHTOB (MapKeTUHT,
UH@PaACTPYKTypa, CTpaTeTUUECKUI MEHEIX-
MEHT U T.J.) TOBBIIIAET TBOPUYECKUIA U Kpea-
TUBHBI MOTEHLIMAT, HEOOXONUMBIA IJISl Te-
Hepaluy UHHOBALIMOHHBIX UIEH.

TTpakTrka KUTalUCKOM XKeJe3HOAOPOKHON
kommnanuu CR ¢ty kKUT MpuMepoM OpraHu3aLiviv
R&D uieHTpa, yripapieHre KOTOPbIM OCYIIECTB-
JISIETCSI COBMECTHO C KOMITAHUEN-MTapTHEPOM —
CR noamnucana crpareruyeckoe corjanieHue
C OIHOM U3 KPYITHEUIIIMX KUTARCKUX TEJIEKOM-
MYHUKAIIMOHHBIX KommaHuii Huawei o cozna-
HUU COBMECTHOTO MHHOBALIMOHHOTO LIEHTpA.
B cooTBeTCTBUM C JAHHBIM COMJIALIEHUEM COB-
MECTHBII LIEHTP OpraHM3yeTCs Ha MPUHIIUITIAX
COTPYIHUYECTBA IO CJEMYIOIIUM MPUOPUTET-
HBIM HaITPpaBJIeHUSIM TEXHOJIOTUYECKOTO Pa3BU-
TUSL: JIOTUCTUYECKAS CETh, 00JIauHbIe TEXHOJIO-
My, OOJIbIlIME JaHHbIE, OECITPOBOAHAS CETh,
aBapuviiHas CBA3b U T.[I.

TTpuopurtetHas uenb GyHKIIMOHUPOBAHUS
JAHHOTO 1LIEHTPa 3aKJII0YaeTCcs B pa3paboTke
pelIeH, HarpaBIeHHbIX Ha ()OPMUPOBAHUE
€IMHON UHTEJIEKTYaJbHON TPAHCIIOPTHOM
CUCTEMBI TTyTEM IIyOOKOW MHTErpaluu WH-
(opMallMOHHO-KOMMYHUKAIIMOHHBIX TEXHO-
JIOTUI B NESATEIbHOCTD XKEJIE€3HOIOPOXKHBIX
KOMIMaHWI, B TOM YUCJIe TOCpeacTBoM dop-
MUPOBaHUS €AUHOTO FeOMH(MOPMALIMOHHOTO
MPOCTPAHCTBA XeJAe3HbIX Jopor [5—7].



Takum ob6pa3oM, THHOBALIMOHHBIE JIa0O-
patopun U1 R&D 1IeHTpBI TpenCTaBISIOT CO-
00itf 6a30Bble KOPIOPATUBHbIE UHCTUTYTHI,
3aHUMAlOIIMeCcs BOIPOCaMU MHHOBALIMOHHO-
ro pa3Butus. Haubosee pa3BuThIe KOMITAHUU
nepexogat or R&D k RID, cMmemias gokyc
C TPaIULIMOHHBIX UCCIENIOBaHUN U pa3pado-
TOK Ha KOMIIJIEKCHOE yIpaBjieHue MHHOBA-
LIMSIMUA Ha BCEX CTAIMSIX XKM3HEHHOTO ITUKJIA.
Tem He MeHee COBpEMEHHbIE PeaIui U CKO-
pOCTb OOpalleHus TEXHOJIOTMYECKOTO [IMKIa
MpeaonpeneasiioT He0OXOAUMOCTbh B3aUMO-
e CTBUS KeJIE3HOMOPOKHBIX KOMITaHUA
C TPETHbUMU OPTaHM3ALMSIMU, B TOM YHCTIE U3
CMEXXHBIX CEKTOPOB 9KOHOMUKHU. Kommannmu
BBIPAXAIOT BBICOKUII YPOBEHb 3aUHTEPECO-
BaHHOCTHU B BBICTPAaMBAHMU CUCTEM TpaHCde-
pa TeXHOJIOTUH, yAessasi ocoboe BHUMaHUE
MeXaHU3MaM BHEIIHEro TpaHcdepa U KOM-
MepLMaIu3alnu.

ITposeneHne THHOBALIMOHHO-OPUEHTUPO-
BaHHBIX MEPOTIPUSITHUI, BKIIIOUAsT XaKaTOHBI,
SIBJISIETCSI OTHUM U3 CIIOCOOOB B3aMMOJe-
CTBUSI KOMITAaHUI ¢ BHEITHUMU CYObEKTaMU
WHHOBAIIMOHHOM Cpeibl B paMKaX BBICTpaM-
BaHUsI COOCTBEHHOI MHHOBAIIMOHHOM TTOJIH-
TUKU. XaKaTOHBI MTPEACTABIISIOT COO0 Mepo-
MPUSATHUS, TTIPOAOIKUTEIBLHOCTBIO OT 12 10 72
4acoB, B TEUEHUE KOTOPBIX PA3IMYHBIC yUacCT-
HUKW UHTEHCUBHO B3aMMOJEHCTBYIOT APYT
C IPYyrOM B paMKax pa3pabOTKu 00pa3ioB
WHHOBAIIMOHHBIX PEIIEHUI/TIPOIYKTOB, TIpe-
HUMYIIECTBEHHO MH(MOPMALIMIOHHOTO XapaKTe-
pa [8].

OCHOBHBIMHU TEJISIMU TIOTOOHBIX MEpO-
TIPUSITUIA SIBJISIFOTCSI:

* oTOOp Harbosiee MEePCIEKTUBHBIX MPO-
€KTOB C PbIHKA JUIS UX TTOCJIEeAYIOIIel UMILIe-
MEHTAIlMU B TIPOU3BOJCTBEHHYIO JESTEINb-
HOCTb;

* TeHepalus HOBBIX UJICIH;

* TIpUBJICYEHUE TATAHTIIMBBIX COTPYIHU-
KOB U TTPOEKTHBIX KOMaH/I;

* yJy4YlIeHWEe BOCIIPUITUS MUMUIXKA
1 OpeHa KOMIaHWMU.

B cooTBeTcTBUU ¢ Kinaccudukanumeit
I’ Bpucko [8, ¢. 5] cieayeT BbIASIUTD CAEAYI0-
1€ KaTerOp1UU XaKaTOHOB:

* TEXHUYECKN-OPUEHTUPOBAHHBIE XaKa-
TOHBI, OpraHuU3yeMble B LEISIX pa3paboTKu
TEXHOJIOTUI WJIM MHGOPMAIIMOHHBIX TIJIaT-
bopwm;

* (OKyC-OpUEHTUPOBAHHbBIE XaKaTOHBI,
HaIpaBJIeHHbIE Ha KOJJIEKTUBHOE pelleHue

VIIPA PA PIA A3 O NS

3apaHee c(hOpMYyJIUPOBAHHBIX MpobaeM (3a-
nav).

Hanpuwmep, B 2018 rony B TiomeHu Ha
6aze PI'BOY BO «TioMeHCKuiT MHAYCTpUAITb-
HBI yHUBepcuTeT» Tpomén 11 Beepoccwmii-
ckuit KoHKypc «Smart City & [oT Xakaton».
OCHOBHOV 11€JIbIO MEPONPUSITHS ObLIa pa3pa-
00TKa TEXHOJOTMI YMHOTO ropojia U, B 4acT-
HOCTU, UHTEJIEKTYaJbHOU TPAaHCTIOPTHOM
CHUCTEMBI.

AXTUBHBIMU TIPUBEPKEHIIAMU TIPUMEHE-
HUS MOAOOHBIX (POPM OCYIIECTBICHUSI NUHHO-
BaLlMOHHOM NESATETbHOCTU B XKEJI€3HOAOPOX-
Hoii otpaciu gaenstoress DB u SNCE Hanpu-
Mep, HEeMELKUI >KeJIe3HOIOPOKHbINM KOHLIEPH
Ha peryJsipHOil OCHOBE OPraHU3YeT XaKaTOHBI
B bepiiriHe, OCHOBHOI 11€JIbI0 KOTOPBIX SIBJISI-
€TCs Pa3BUTHUE TEXHOJIOTUII OTKPBITHIX aH-
HBIX.

ITo pesynsraTam xakatoHoB DB oToupaer
HauboJ1ee MepCrneKTUBHbBIE U KOHKYPEHTOCIIO-
COOHBIE MPOEKTHI, KOTOPBIM MPEIOCTABISIETCS
Pa3IMYHOrO poja MoAaepXkKa U 3KCIepTu3a
(dbuHaHCOBas, TEXHOJIOTUYECKAST, MADKETUH-
rosas 4 T.1.). Pe3yibratoM mogoOGHOro co-
TPYIHUUYECTBA SBSIETCS MOAEPHU3UPOBAH-
HBbIA MPOAYKT, MOJIEXAIIUN BHEAPEHUIO
B ITPOU3BOJICTBEHHYIO JESATEbHOCTh KOMIIa-
HUU.

SNCF npoBOaUT XaKaTOHBI B paMKax
exerogHoro hopyMma, NoCBSIIIEHHOMY UHHO-
BalMsIM B chepe maccaXupcKux MepeBO30K
EcoMotion. B 2017 rony onHUM U3 1obenu-
TeJiel JTaHHOTO MEPOIPUSITUS CTajla KOMITa-
Hug Selentium, pasdpaboTaBiias CUCTEMY
3ByKousossiiu QuiteBubble as maccaxxup-
CKOTO TpaHcIopTa’.

Hpyrum nogo6HbM MepornpusitueM SNCF
siisieTcs Traindroid, HarpaBeHHBIN Ha pa3-
BUTHUE TEXHOJIOTUI B 00J1aCTH pPOOOTOTEXHU -
ku®. Hambosee BaXHBIMU pe3yJbTaTaMu
JTAaHHOTO XaKaTOHa, KOTOPbIE SIBJISIIOTCS:

* ONTUMU3UPOBAHHBIA MEXaHU3M OTKPBI-
THSI/3aKPBITUS IBEPEii TTOE3/I0B;

* CHUCTEMBI B3aUMOACUCTBUS «YETIOBEK-
MallHa»;

4 Deutsche Bahn. [DnexrponHblii pecypc]:
https://dbmindbox.com/de/db-opendata-hackathons/.
Joctyn 19.03.2020.

3 [DnekrponHsbIit pecype]: https://www.silentium.com/
ecomotion-hackathon-2017/. Joctyn 01.03.2020.

¢ [DnekTpoHHBI pecypc]. https://www.sncf.com/
fr/groupe/newsroom/innovations-materiel. Jloctyrm
15.03.2020.
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* IIpMMEHEHUE aJIUTUBHbBIX TEXHOJOTUM
B LIEJISIX YIIPaBJIEHUST KAYECTBOM.

AKTHUBHOE B3aIMOJIEICTBUE CO cTapTalia-
MU U IPOYUMU CyObEKTaMU MAJIOTO U CPe/l-
HeTo IpeanpuHuMaTeabeTBa (nanee — MCIT)
MO3BOJISIET KOMIAHUSIM OBITh B Kypce KO-
YeBBIX TEXHOJOTUYECKUX TPEHOIOB KaK Xe-
JIE3HOJOPOKHOM OTpaciau, TaK U CMEXHBIX
CEKTOPOB 93KOHOMMKM, HAIIpUMEp, OpraHu-
3allM1 aBTOOYCHBIX TTepeB030K. [lToHnMaHue
BEKTOPOB pa3BUTHUS OJMXKANIINX CMEXKHBIX
HamnpaBJieHU TPaHCOOPTHOUW OTpaciu
B YCJIOBUAX (POPMUPOBAHUS €IUHOM TpaHC-
MNOPTHOM CETH M OpraHu3aluyd MYJbTUMO-
IaJIbHBIX MEePEeBO30K C MPUMEHEHUEM pa3-
JIMYHBIX KaTETOPUIl TpaHCIIOpTa SIBJISIETCS
CeroJHs ONHUM M3 Haubojee 3HAaYMMBIX
KPUTEPUEB YCIIEIITHOTO Pa3BUTHUS TPAHCIIOPT-
HBIX KOMITaHUA.

BzanmopeiictBue co crapranamu u MCII
OCYILLECTBJISIFOT CJEAYIOIINE TUITLI CTPYKTYD:

* KOpIIOpaTUBHbIE OM3HEC-aKCeaepaTOphl
1 OM3HEC-UHKY0aTOPHI;

* mapTHEpCcKUe OM3Hec-aKceliepaTophl
1 OM3HEC-UHKY0aTOPHI;

* KOMNTHUBHBIE (KOPIOPATUBHbBIE) BEHUYP-
HbIe (POHIBI.

OCHOBOIIOJIATAIOIIMMHY 3aJadyaMy (DYHK-
MOHMPOBAHMSI BBIICICHHBIX MHCTPYMEHTOB
B3aMMOICUCTBUS C BHCITHUMU CyOBEKTaMM
MHHOBALIMOHHOM Cpembl SIBISIOTCS:

* 0TOOp M (pHAHCHpPOBaHKWE HamboJee
KOHKYPEHTOCITOCOOHEBIX ITPOEKTOB (KOMIIa-
HUIA) B LEJISIX TTOCTICAYIOIIETO IIPUOOPETCHUS
WX IIPOIYKIINH IT0 BHITOTHBIM IIeHaM (BBICTYII-
JICHUE B POJIU SIKOPHOTO 3aKa34nKa);

* COIIPOBOXKIEHWE MPOEKTOB IJIST TIOCIIE-
IYIOIIETO BHEAPEHUS X Pe3yIbTaTOB B IIPO-
M3BOJCTBEHHYIO IeSITEIbHOCTD;

* 0TOOpP HaMbOJIee KOMIICTEHTHBIX 1 TIEPC-
TMEKTUBHBIX TTPOCKTHBIX KOMAaHI B IIEJISIX CO-
TPYIHUUYECTBA B KaUeCTBE HE3aBUCUMOM WIIN
IoYepHEe opraHM3auny (MU IIPUBICUCHUS
KalpoB);

e yAydlIIeHUE BOCHPUITUSI UMUIXKA
¥ OpeHIa KOMITaHWU.

OpraHn3anmoHHasI CTPYKTypa HeMeIKOi
komrianuu DB BkitouaeT B ce0s1 Bce Bblllie-
yKa3zaHHBIe (DOPMAaTHl B3aUMOIEIICTBHUSA CO
craprannamu 1 MCII. CoBmectHo ¢ Plug and
Play DB ununuuposana ¢opMupoBaHue
ousHec-akceneparopa BEYOND1435. Kmo-
YeBBIMM ITAPTHEPAMU aKceJiepaTopa SIBIISIIOT-
Cs CIIeNyIOIINe Bemyllre MeXIyHapOmHBIe



komnaHuu: Alba Group, Siemens AG, Swiss
Federal Railways, TUI Group, Bombardier
Transportation’.

DB tax:ke nonaepxkuBaeT GYHKIHMOHUPO-
BaHMEe COOCTBEHHOTO OM3Hec-MHKybaTopa
Startup Xpress, Ha 6a3e KOTOPOro cTapTalibl
1 MOJIOJTbIe KOMITAHU M, ODUEHTUPOBAHHbBIE HA
co3laHVe MHHOBAIIMIA B 00JIACTH CEPBUCHBIX
YCIIYT, OIYYatoT pa3IMYHOTO POIA SKCIEPTU-
3y. KoHEUHBIM pe3yJIbTaToM yJacTusl CTapT-
arnoB B Startup Xpress sIBJIsSIeTCS TpeIoCTaBe-
HUe (UHAHCUPOBAHUA U paboYUX TUIOIIAAeH
B 30He KOBOpKMHTa B bepiuHe Ha mepuon
pa3paboTKu NpPOTOTUMIOB. Pe3ynsraThl HAaubOo-
Jiee ycreHbIix mpoektoB DB akTuBHO BHEA-
pSIET B TIPOM3BOICTBEHHYIO IESITEIbHOCTDS.

I[TpuMepom opraHuzanuu BeHUYYpHOU
nesiteibHOCTH B DB CITy>kKUT KOaNTUBHBIN BEH-
yypHbIid pona Digital Ventures. @oHn hrHaH-
CUPYeT IesTeTbHOCTD ITPOEKTOB IO pa3padoT-
Ke U(POBBIX TEXHOJOTUI M MX TIOCENYI0-
1eMy BHEIPEHUIO B KEJIE3HOMOPOXHYIO OT-
pacib. [IpyopUTETHBIM HampaBJieHUEM
SIBJISIETCS] PA3BUTHE TEXHOJIOTUI MCKYCCTBEH -
HOTO MHTEJUIEKTa ¥ TPOMBIIIUIEHHOTO MHTEP-
HeTa’.

Cxoxre MHCTPYMEHTBI B3aUMOJIEHCTBUS
co ctaptanamu 1 MCII akKTUBHO TIpUMEHSI -
IOTCSI U B IPYTMIX BEIYIIUX 3apyOeskHbIX XKe-
JIe3HOAopOoXHbIX KoMmaHusx: JR East (Amno-
Husi); SBB-CFF-FFS (IBeiiuapus), NS
(Hunepnanabl) v T.A.

busHec-akcenepaTopsl, OM3HEC-MHKYOa-
TOpPBI U KANTHUBHBIE (KOPIIOPATUBHBIC) BEH-
qypHbIe (DOHIIBI TTPETOCTABIISIOT KOMITAHUSIM
BO3MOXHOCTh 3(p(PeKTUBHO OpTaHU30BaTh
CBOIO JIOJITOCPOYHYIO MHHOBAIIMOHHYIO U UH-
BECTUIIMOHHYIO JIeaTeJIbHOCTh. B3aumoneii-
CTBUE C BHEIITHUMHU TIPEJCTaBUTEISIMU MHHO-
BallMOHHOI 2KOCHUCTEMBI CITOCOOCTBYET pas-
BUTHIO TIPOIIECCOB BHEIIHETO TpaHchepa
TEXHOJIOTHIA, HAIpaBJIEHHbIX HA ONITUMMU3a-
IO ITPOIIECCOB IO YITPaBIeHUIO MHHOBALIMSI-
MU.

OddexTrBHOE yIIpaBieHUEe UHHOBALIUSIMU
(RID) nmpenmnoJiaraet Hajiuyue MKUPOKOTO

7 Beyond 1435. [DneKTpoHHBII pecypc]:
https://beyond1435.com/. Joctyn 01.03.2020.

8 Deutsche Bahn. StartupXpress. [ D1eKTpOHHBII
pecypc]: https://dbmindbox.com/dbstartupxpress/.
Hoctyn 12.03.2020.

° Deutsche Bahn. Digital Ventures. [D1ekTpoH-
HbII pecypc]: https://www.deutschebahn.com/de/
Digitalisierung/startups/digitalventures-3242722.
Hocrym 16.03.2020.

VIIPA PA PIA A3 O NS

Kpyra KkomneTeHuui [9], KpuTuueckoro
U TBOPYECKOTO MBIILJIEHUS COTPYAHUKOB KOM-
MaHUU: HEOOXOIUMO OCO3HAHHOE TOHUMAaHKE
HEOOXOAUMOCTH 1 MTOCJIEIOBATEIbHOCTY BHEI -
pEeHUSI IepefOBbIX MTHHOBALIMOHHBIX pa3pado-
ToK. BaxxHoit cocrapisiolieit npoiecca, Ha-
MPaBJEHHOTrO Ha MOBBINIEHME KBaTU(DUKAIUN
COTPYIHUKOB U 9(MEKTUBHOCTU UX ACSITEIb-
HOCTHU B 00JIaCTU MPOEKTHOTO YIPaBJICHUS,
SIBJISIETCSI aBTOMATU3aLIMSI, B TOM YKCJIE:

* MIPeNOCTaBICHUE MTEPCOHATBHBIX TFaKe-
TOB CO CIIELUATTU3UPOBAHHBIM MPOrPAMMHBIM
obecrieyeHreM, 00JIEryarolIuM B3auMOIeH-
CTBUE COTPYIHUKOB KOMIaHUU MEXTY COOOIA;

* MPUMEHEHUE MPOIBUHYTHIX CUCTEM
yIpaBJieHUs] 3HAHUSIMU.

IOxHoKOpelickas XeJIe3HOAOPOKHAas
komnanus Korail B pamkax npoliecca odyue-
HUS COTPYOHUKOB OPraHU3yeT MHTEPAKTUB-
HbI€ TPYIINOBBIE 3aHSITHUS 110 Pa3BUTUIO TBOP-
YECKOro MoTeHlMransa, KpUTUYECKOTO MBbIIII-
JIEHUS U TaliM-MeHeIKMeHTY. OCHOBHas LieJb
MOAOOHBIX 3aHATUI 3aKJTI0YAETCSI B OOYYEHUU
HaBbIKaM alanTalliy K HEMTPEPbIBHBIM U3MeE-
HEHUSIM U YCKOPEHUHU MPOLIECCOB YITPaBICHUS
MHHOBAIIMOHHOW NesaTenbHOCThI0. OCcoOeH-
HOCTbIO UHTEPAKTUBHBIX 3aHATUN SBISETCS
BO3MOHOCTb OYHO BCTPEUU C HAaCTaBHUKA-
MU B LEJISIX CUCTEMATU3allUU U YTOUHEHUS
MOJYYEHHBIX 3HAHUM.

SNCF B mapTHEpPCTBE C UHCTUTYTOM
Mines-Télécom pazpaborana KOHUELHUIO
YIpaBJIeHUS UHHOBAILIMOHHOU AeSITeNbHO-
CTBIO Y CO3/IaHUSI UHHOBALIMOHHBIX MPOIYK-
TOB «UACHTU(PUKAIUSI—3HAHUSI—KOHIIEM-
US—IIPeII0XEeHNEe», OCHOBBIBAIOIIYIOCS Ha
YETBHIPEX KITIOYEBBIX AJIEMEHTAX:

* YETKOE OMpe/e/ieHUe LeJIU MPOeKTa;

* 00beMHEHNE CYIIECTBYIOIINX 3HAHUIA;

* TIpUMEHEHUE TPUTTEPHBIX M OTKPBITHIX
KOHLIEILINIA;

* TpaHc@opMalusl KOHUENIWI 1 3HAaHU I
B CTpaTerMYECKU BaXXHbIE MPEIOKEHUS.

OTaesbHBIM 3HAYMMBIM HampaBieHUEM
pa3BUTUSI UHHOBAIIMOHHOTO MOTEHIMala
KOMIIaHUM SIBJISIETCS BHEAPEHUE MHCTPYMEH -
TOB BHYTPUKOPITOPATUBHOTO MPEANTPUHUMA-
TeabeTBa. Llenpio JTaHHOTO MoaXona SIBIseTCs
(GopMUpPOBAHUE CUCTEMBI, MPETOCTABISIOLIEI
COTPYAHUKAM KOMMAaHUM BO3MOXHOCTb BO-
TUTOIIATH B KM3Hb COOCTBEHHBIE UAEHU MTyTEM
peajnu3alMi MHHOBAIIMOHHBIX MPOEKTOB
B MepUMETPE WHHOBAIIMOHHON 3KOCHUCTEMBI
KOMIIaHUM.
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XapakTepHbIM NMPUMEPOM MOJOOHOM
NpakTUKU sABAsseTcd mporpamma DB
Intrapreneurs'?, cocrosiiast u3 4eThIpEX 3Ta-
TOB:

* 3Tan BOBJIeUeHUs: HOPMUPOBAHUE MPO-
€KTHBIX KOMaHJ U3 COTPYAHUKOB KOMITAaHUU
U UX UHTEHCUBHOE 00ydyeHre B 00JIaCTU TO-
CTpOeHUsI Ou3Hec-Mojaeeld B U poBoOi
cpene, mepeaadya NOTEHUIMAIbHO MOJIE3HBIX
KOHTAKTOB Ha PBIHKE;

* 9Tal Ju3aiiHa: OlleHKa MPeIIOXEeHUI
B pa3pese «IpobiieMa—UMelolIurecs pelie-
HUSI» B paMKax apaaurmMbl chOpMUPOBAHHOMN
OU3HEC-MOJENN;

* 9Tal CTPOEHUS: HEMOCPEACTBEHHOE
dopmMupoBaHrEe MUHUMAJIBHO XKU3HECTOCO0-
HOTO MPOAYKTA;

* 3Tall pocTa: MpeAocTaBlIeHue (GUHAHCH -
pOBaHUS MPOEKTaM, JEMOHCTPUPYIOLIUM
Haunbosiee KOHKYPEHTOCITOCOOHBIE PE3YJIbTa-
ThI, C TOCJIEAYIOIIUM BbIACIEHUEM TPOEKTHOM
KOMaH/Ibl B Ka4eCTBE JeMapTaMeHTa KoMIa-
HUU WU HE3aBUCUMOU KOMIIAHUU.

ITpuMepoM peasibHOTO MPOEKTa, MPOILIET -
1Iero Bee aTarnbl mporpaMMbl DB Intrapreneurs,
apnsercss WeColli — nundopmanimonHas miat-
dopma 71 TOTUCTUYECKUX KOMITAHUIA, TIpe-
JIOCTABJISIOIINX YCIYTA JOCTaBKUA MOCHIIOK
«OT IBEPU JI0 TBEPU».

BbiBOAbl

'YkazaHHbIe IPUMEPHI TOBOPSIT O TOM, YTO
BeIyllue 3apy0exkHble XeJe3HOJOPOXKHbIE
KOMITAaHUU aKTUBHO MPUMEHSIOT B CBOEH
NeSITEIbHOCTU PAa3JINUYHbIe WHCTPYMEHTHI
B3aMMOJICTICTBUS C BHEIIHE WHHOBAIIMOH-
HOM cpenoil. DTo obecnieunBaeT MOAIEPKKY
BBICOKOTO YPOBHSI KOHKYPEHTOCITIOCOOHOCTH
B YCJIOBUSIX YCKOPEHUSI OTPACIEBOTO TEXHO-
JIOTUYIECKOTO PA3BUTHSI, TTPY KOTOPBIX CJIOKHO
00ecnevnThb pa3paboTKy NepeaOBbIX PEIICHU
CUJIaMU UCKJTIOUUTETHHO CaMO KOMITAaHUU.

1 Deutsche Bahn. [QnekrponHsIii pecype]: https://
intrapreneurs.deutschebahn.com/. Joctyn 18.03.2020.

BaxxHoi1 TeHIeHLIMe! SIBIsIeTCsI O0beAMHEe -
HY€e YCUJIUI1 KOMITAHU I U3 CMEXHBIX CEKTOPOB
SKOHOMUKU IS TTOJTyYE€HUsI CHHEPTreTU4eCKO-
ro adekTa B 001aCTU YIIpaBIeHUs] UHHOBA-
LUSIMU U BHEIPEHMS UX B TIPOU3BOIACTBEHHYIO
JIeSITeIbHOCTD. BHYTpHUKOpITOpaTUBHEI HAyd-
HO-TeXHUYECKUI OJIOK MPU 3TOM COXpaHsIeT
CBOIO KJTIOUEBYIO POJIb KaK MHTErpaTop pasinyd-
HBIX TEXHOJIOTUYECKUX PEILIEHUI.
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ABSTRACT

The current stage of economic development is characterized by a
structural crisis that manifests itself in many areas and sectors of the
economy. This situation is explained, among other things, by the
transitional state of the world economic system, caused by the process
ofrooting of a new technological order, development of Industry 4.0. The
changes resulted from implementation of the process will play a key role
in determining trends and directions of world economic development in
the coming decades and will characterize the new technological structure
and vectors of further development and introduction of technologies.

The speed of development and introduction of new technologies and
productsis the main distinctive feature of the new technological paradigm.
The mostimportant indicators of the success of the new economic model
will be thus speed, volume, and quality. Those companies that can adapt
faster and better to the new realities of economic development will be the
leaders of the new system of market economy. Speed and quality will be
among key criteria that determine the success of a company in modern
conditions: in the competition for leading positions, companies will have

to do everything faster and better than others. The relevance of such a
paradigm is confirmed by the reduction of research, technological and
innovation cycles as for the time from emergence of an idea to its
implementation and transfer to industrial operations.

Mass digitalization of all aspects of activities and a reduction in
duration of cycles of updating equipment and technologies determine
the tendency for companies to reorient from an exclusively internal type
of organization of innovation activities to, mainly, external ones. This
article analyzes forms and tools for organizing innovative activities,
including through building specific relationships with external participants
in the innovation ecosystem. The research is focused on the practices
of selected world railway companies.

The objective of this article is to review the tools and methods of
organizing innovation in selected leading railway companies and to
identify its most common forms. A comprehensive analysis of functioning
of forms of innovation was carried out using methods of structural and
comprehensive comparative analysis, generalization, and deductive
methods.
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Background. The active process of digital
transformation of priority sectors of the
economy, including railway transportation,
predetermines the need for companies to
structurally change the existing management
system in the field of research and technical
activities.

In Russian Federation in accordance with
the passport of the federal project «Digital
Technologies» of the national program «Digital
Economy of the Russian Federation»,
companies with state participation are required
to develop and implement digital transformation
strategies. The specified program document
predetermines, among other things, the need
to develop management approaches and
coordination of research and development
processes, and formation of an innovation
ecosystem. Special attention is paid to the
issues of complex intersectoral interaction of
companies on development of «end-to-end»
digital technologies and, in general, to
implementation of initiatives aimed at joint
implementation of breakthrough scientific,
technological, and socio-economic develop-
ment of the Russian Federation.

Most of the railway companies have
historically included a highly developed
scientific and technological unit into their
organizational structure, consisting of and/or
cooperating with specialized universities,
research institutes and laboratories. The main
task of such an innovative cluster is to fully
control, manage and organize the innovative
activity of railway companies.

Within the framework of this article, a
review of features and forms of organization of
innovation activities in selected leading foreign
railway companies is carried out, the main
objective of which was to identify and describe
the most common and relevant ways of
conducting innovation activities, resulting in
competitive effects of innovation activities
aimed at improving quality and efficiency of
the overall organization. To achieve this
objective, structural and comprehensive
comparative analysis methods, generalization
and deductive methods were applied.

Results.

Traditionally, the internal initiation of the
process of innovation and of innovative projects
is associated with functioning of a corporate
R&D center or innovation laboratory. The

main functionality of innovation laboratories
and R&D centers is to independently conduct
research and development within the priority
areas of technological development [1]. A
company assumes all possible risks associated
with development and implementation of
technologies and solutions within the
framework of innovation laboratories and R&D
centers.

To implement technological projects that
require specific competencies, experience and
knowledge that lie outside the boundaries of
the company, there is a practice of organizing
innovation laboratories operating on the
principle of «open innovation». This principle
implies active interaction with third parties (for
example, universities, competitors, or
customers) [2], which opens access to
complementary knowledge, markets, and
networks [3].

Among leading railway companies outside
Russia, having innovation laboratories or R&D
centers among their organization structures,
one can single out Deutsche Bahn (hereinafter —
DB) (Germany), SNCF (France), China
Railway (hereinafter CR) (China).

DB’s main research laboratory is DB
MobilityLab!, headquartered in Frankfurt.
Within the framework of this research
laboratory, employees of the company
independently develop and test various
prototypes in order to assess their effectiveness.
Based on the results of assessment, a program
for completion and implementation of
prototypes in production activities of the
company is formed. The priority areas of
research at DB MobilityLab are:

» development of automated control
systems for locomotives;

« additive technologies;

* technologies of virtual and augmented
reality.

In 2017, an internal entrepreneurship
program was launched on the basis of DB
MobilityLab, giving employees of the German
Railway Company an opportunity to implement
their own ideas. The main mechanism for
initiating and supporting technological projects
within the framework of this program is initial
review of projects by experts and, if they are
promising and in demand from DB, subsequent

! [Electronic resource]: https://karriere.deutschebahn.
com/karriere-de/ueber-uns/it-projekte/
DBmobilitylab-3673300. Last accessed 19.03.2020.



transfer to the project team formed around the
initiator of the idea for their implementation.

Another independently functioning
innovation laboratory of the German Railway
Company is DBmindbox?, whose main goal is
to select, assess and support the most promising
startups during the implementation process.
The pool of applications under consideration
by DBmindbox includes projects in the fields
of construction and operation of infrastructure
facilities, increasing efficiency of customer
operations through implementation of digital
solutions; automation of transport systems, and
development of software solutions.

SCNF management has identified the
need to move from R&D to RID (Research,
Innovation & Development), which means
adoption of new innovation management
processes. The application of RID principles
is carried out by leading innovative
companies [4], which occupy a leading
position in the market in terms of
technological development.

Innovation Management is the core mission
of SNCF Innovation & Research?. The area of
responsibility of this structural unit comprises
management of innovation laboratories and
minilabs focused on study and development of
priority areas in the field of energy, public
transport, mobility of the elderly, eco-design,
etc. These innovation laboratories are made up
of SNCF employees, who work in working
teams during implementation of projects aimed
at development of disruptive and incremental
innovations. Laboratories regularly conduct
training workshops involving third-party
specialists, including those from related
industries.

For example, the activities of the innovative
public transport laboratory, PublicTransportLab
are focused on developing transport
opportunities and improving convenience of
passengers in urban transit. PublicTransportLab
is based on the principle of «open innovation».
Bringing together SNCF employees from
different departments (marketing, infra-
structure, strategic management, etc.) within
asingle laboratory increases creativity required
to generate innovative ideas.

2 [Electronic resource]: https://dbmindbox.com/de/.
Last accessed 19.03.2020.

} [Electronic resource]: https://www.sncf.com/en/
innovation-development/innovation-research. Last
accessed 19.03.2020.

The practice of the Chinese Railway
exemplifies organization of an R&D center,
which is managed jointly with a partner
company: CR signed a strategic agreement
with Huawei, one of the largest Chinese
telecommunications companies, to create a
joint innovation center. In accordance with
this agreement, the joint center is organized
on the principles of cooperation in the
following priority areas of technological
development: logistics network, cloud
technologies, big data, wireless network,
emergency communications, etc.

The priority goal of the functioning of this
center is to develop solutions aimed at
development of a single intelligent transport
system through deep integration of information
and communication technologies into the
activities of railway companies, including
through development of a single geoinformation
space of railways [5—7].

Innovation laboratories and R&D centers
are basic corporate institutions involved in
innovation development. The most developed
companies are moving from R&D to RID,
shifting focus from traditional research and
development to integrated innovation
management at all stages of the life cycle.
Nevertheless, modern realities and speed of the
technological cycle predetermine the need for
interaction between railway companies and
third organizations, including those from
related sectors of the economy. Companies
express a high level of interest in building
technology transfer systems, with a special role
for external transfer and commercialization
mechanisms.

Conducting innovation-oriented events,
including hackathons, is one of the ways
companies interact with external actors in the
innovation environment in the framework of
building their own innovation policy.
Hackathons are events lasting from 12 to 72
hours, during which various participants
interact intensively with each other developing
samples of innovative solutions/products,
mainly of an informational nature [8].

The main goals of such events are:

* selection of the most promising projects
on the market for their subsequent
implementation in production activities;

« generation of new ideas;

« attracting talented employees and project
teams;

167



168

+ improving perception of the company’s
image and brand.

In accordance with the classification of
G. Briscoe [8, p. 5] the following categories of
hackathons should be distinguished:

* technology-oriented hackathons
organized to develop technology or information
platforms;

+ focus-oriented hackathons aimed at
collective solution of pre-formulated problems
(tasks).

For example, in 2018 Tyumen Industrial
University located in in the city of Tyumen held
2" All-Russian Smart City & IoT Hackathon.
The main goal of the event was to develop smart
city’s technologies and, in particular, an
intelligent transportation system.

DB and SNCF are strong advocates of these
forms of innovation in the railway industry. For
example, the German Railway regularly
organizes hackathons in Berlin, the main goal
of which is development of open data
technologies®.

Based on the results of hackathons, DB
selects the most promising and competitive
projects, which are provided with various kinds
of support and expertise (financial, technological,
marketing, etc.). Such interaction results in a
modernized product to be introduced into
production activities of the company.

SNCF hosts hackathons as part of
EcoMotion, an annual forum dedicated to
innovations regarding passenger
transportation. In 2017, winners of the event
comprised, e.g., Selentium, which developed
QuiteBubble soundproofing system for
passenger transport?.

Another similar SNCF event is Traindroid,
aimed at developing technologies in the field
of robotics®. The most important results of this
hackathon are:

* optimized mechanism for opening/
closing train doors;

+ systems of interaction «man-machine»;

+ application of additive technologies for
quality management purposes.

4 Deutsche Bahn Open data. [Electronic resource]:
https://dbmindbox.com/de/db-opendata-hackathons,/.
Last accessed 19.03.2020.

> EcoMotion hackaton. [Electronic resource]: https://
www.silentium.com/ecomotion-hackathon-2017/. Last
accessed 01.03.2020.

¢ Plant of the future SNCEF. [Electronic resource].
https://www.sncf.com/fr/groupe/newsroom/
innovations-materiel. Last accessed 15.03.2020.

Active interaction with startups and other
small and medium-sized businesses (hereinafter
referred to as SME) allows companies to keep
abreast of key technological trends in the
railway industry and related sectors of the
economy, for example, of bus transportation.
Understanding the vectors of development of
the nearest adjacent areas of the transport
industry in the context of development of a
single transport network and organization of
multimodal transportation using various
categories of transport is today one of the most
significant criteria for successful development
of transport companies.

Interaction with startups and SME is
carried out by the following types of structures:

» corporate business accelerators and
business incubators;

* partner business accelerators and business
incubators;

« captive (corporate) venture funds.

The fundamental tasks of functioning of the
selected tools of interaction with external
subjects of the innovation environment are:

» selection and financing of the most
competitive projects (companies) for
subsequent purchase of their products at
competitive prices (acting as an anchor
customer);

» support of projects for subsequent
implementation of their results in production
activities;

« selection of the most competent and
promising project teams for the purpose of
cooperation with them as with an independent
or subsidiary organization (or attracting
personnel);

* improving perception of the company’s
image and brand.

The organizational structure of the DB
includes all the above formats of interaction
with startups and SME. Together with Plug and
Play, DB initiated development of
BEYOND1435 business accelerator. The key
partners of the accelerator are leading
international companies: Alba Group; Siemens
AG; Swiss Federal Railways; TUI Group;
Bombardier Transportation’.

DB also maintains its own business
incubator Startup Xpress, on the basis of which
startups and young companies focused on

7 Business accelerator Beyond 1435 [Biznes-akselerator
Beyond 1435]. [Electronic resource]: https://
beyond1435.com/. Last accessed 01.03.2020.



creating innovations in the field of services
receive various expertise. The end result of the
startups’ participation in Startup Xpress is
provision of funding and space in Berlin
coworking area during the prototyping period.
DB actively implements the results of the most
successful projects into production activities?.

An example of venture capital organization
at DB is Digital Ventures, a captive venture
fund. The fund finances activities of projects
for development of digital technologies and
their subsequent implementation in the railway
industry. The priority area is development of
artificial intelligence technologies and the
industrial Internet®.

Similar tools for interaction with startups
and SME are actively used in other leading
railway companies: JR East (Japan); SBB-
CFF-FFES (Switzerland), NS (Netherlands),
etc.

Business accelerators, business incubators
and captive (corporate) venture funds provide
companies with the opportunity to effectively
organize their long-term innovation and
investment activities. Interaction with external
representatives of the innovation ecosystem
contributes to development of external
technology transfer processes, aimed at
optimizing innovation management processes.

Effective innovation management (RID)
presupposes a wide range of competencies [9],
critical and creative thinking of the company’s
employees which is a conscious understanding
of the need for and of sequence of
implementation of advanced innovative
developments. An important component of the
process aimed at improving qualifications of
employees and effectiveness of their activities
in the field of project management is
automation, including:

* provision of personal gadgets with special
software that facilitates interaction of company
employees with each other;

+ application of advanced knowledge
management systems.

The South Korean Railway Corporation
Korail organizes interactive group sessions on

8 Deutsche Bahn StartupXpress. [ Electronic resource]:
https://dbmindbox.com/dbstartupxpress/. Last accessed
12.03.2020.

 Deutsche Bahn Digital Ventures. [Electronic resource]:
https://www.deutschebahn.com/de/Digitalisierung/
startups/digitalventures-3242722. Last accessed
16.03.2020.

creativity, critical thinking and time
management as part of its employees’ training
process. The main goal of such classes is to
teach skills of self-adapting to continuous
change and accelerating innovation
management processes. A feature of interactive
classes is the possibility of face-to-face meeting
with mentors in order to systematize and refine
the knowledge gained.

SNCEF, in partnership with the Mines-
Télécom Institute, has developed an Identity—
Knowledge—Concept—Proposal Innovation
Management and Product Innovation
Management concept based on four key
elements:

« clear definition of the purpose of the
project;

 consolidation of existing knowledge;

« application of trigger and open concepts;

« transforming concepts and knowledge
into strategically important proposals.

A separate significant area of development
of the innovative potential of companies is
introduction of intracorporate entrepreneur-
ship tools. The purpose of this approach is to
form a system that provides the company’s
employees with an opportunity to bring their
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own ideas to life by implementing innovative
projects within the perimeter of the company’s
innovation ecosystem.

A typical example of this practice is DB
Intrapreneurs program ', which consists of four
stages:

* involvement stage: formation of project
teams consisting of company’s employees and
their consecutive intensive training in the field
of building business models in a digital
environment, transfer of potentially useful
contacts into the market;

* design stage: evaluation of proposals in
the context of «problem—available solutions»
within the paradigm of the formed business
model;

* construction stage: direct development of
the minimum viable product;

« growth stage: providing funding for
projects that demonstrate the most competitive
results, followed by development of the relevant
project team as a department of the company
or as an independent company.

An example of a real project that has gone
through all stages of DB Intrapreneurs program
is WeColli, an information platform for logistics
companies that provide door-to-door parcel
delivery services.

Conclusions. These examples indicate that
leading foreign railway companies are actively
using various tools for interacting with the
external innovation environment in their
activities. This enables support for a high level
of competitiveness in the context of accelerating
industry technological development, in which
it is difficult to ensure development of advanced
solutions solely by the company itself.

An important trend is joining of efforts of
companies from related sectors of the economy
to obtain a synergistic effect in the field of

10 Deutsche Bahn Intrapreneuers. [Electronic resource]:
https://intrapreneurs.deutschebahn.com/. Last accessed
18.03.2020.

innovation management and of introduction
of innovations into production activities. At the
same time, the intracorporate scientific and
technical unit retains its key role as an integrator
of various technological solutions.
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K Bonpocy 0 Ha3Ha4YeHUn AOoMNOJIHUTESIbHbIX
OCTaHOBOK NMacCaXXpCKUM noe3anam aanbHero
cfiepoBaHus B rpaHuuax ropoaa Mocksbl

Oner MOKYCAEB Anekcanap YHEKMAPEB

BukTtop EBCEEB

Ilokycaes Oaee Hukoaaeeuu — Poccuiickuii yHusepcumem mpancnopma, Mockea, Poccus.
Yexmapes Aaexcandp Eezenvesun — Poccuiickuil ynugepcumem mpancnopma, Mockea, Poccus.
Escees Buxmop Cepeeeeun — Poccuiickuii ynuseepcumem mpancnopma, Mockea, Poccus™®.

Bo MHOrux KpyrHbiX ropoaax Mvupa Xesne3Hble 0porv
SIB/ISIOTCSI HEOTLEMJIEMbIM 3/1EMEHTOM FOPOACKNX TPAHCMOPT-
HbIX cucTeM. Hanbosiee 4acTo v LLUMPOKO paccMaTpuBaloTCs
B 3TOM KOHTEKCTE NpuUropoaHoe 1 BHyTPUropoAcKkoe nacca-
XKUPCKOE Xene3HoAopoxHoe AsvxeHve. C apyrovi CTOPOHBI,
MOCTOSIHHBIV POCT NaCCaxXMpPOroTOKOB MOe3408B Aa/lbHEro
cnen0BaHusl, TPAAULMOHHO TArOTeILMX K Xene3HOA0POX-
HbIM BOK3aJ/1aM Y1 MPUEratoLLyM K HUM ropoLCKUM TPaHCMopPT-
HbIM y371aM, B TOM YUCJIe CTaHLMSIM METPO, YepPEe3 KOTOpble
npubbiBaloLLMe Maccaxupbl OTAPABSIOTCS K KOHEYHbIM TOY-
Kam HasHayeHusi B ropoze, TpebyeTt novcka HoBbIX PELLEHWI,
03BONISIOLUMX KaK MOBLICUTE KOMGOPTHOCTL N0e3aKu AJ1s1
naccaxupoB, Tak v CHSITb U30bITOYHYIO Harpy3Ky C ropOACKOM
TPaHCMOPTHOV CUCTEMBI.

C yyéTom onbiTa v crneyundukn opraHn3auymm 4asibHero
naccaxupcKoro Xene3HoA0P0XHOro COOBLLEHNS B Passny-
HbIX CTPaHax, B CTaTbe Ha OCHOBE paHee MpoBenEHHbIX UC-
cnenoBaHwii, B epByr0 04epenb, NMpeanaraTcs MoAem

peLLeHii 4151 MOCKOBCKOIO Xe1e3HOA0POXHOrO y3/1a, KOTo-
Pbiti IBASIETCS CII0XHBIM TPAHCMOPTHBLIM KoMriekcom. C ue-
JIbKO OpraHn3aumy KOMGOPTHLIX YCI0BUIA [J1s1 IAaCCaxXnpoB
BCex KaTeropuii noe3nos Heobxoammo paspabortars cbasiaH-
CUPOBaHHYIO TEXHOJIOMMIO IBUKEHWS I0E3/0B B y3/1e, UCKITIO-
4aKoLLYI0 EPErpy3Ky OTAEbHbIX 3/IEMEHTOB TPaHCIMIOPTHOM
cUCTeMBI (B 4aCTHOCTU, BOK3aJ10B B LIeHTPe roposaa).

Llenblo gaHHOV cTaTby SBASETCS aHain3 3apybexHoro
onbiTa OpraHu3auny ABUXEHNsS] NacCaxupCKux noe3nos
AaslbHero CAe[0BaHvsl B rpaHnLax KpYrHbIX arroMepasmni
v BblpaboTKa NpeasIoXeHvii Mo opraHn3aumnm 4OMNoHUTE b-
HbIX OCTAHOBOYHBIX MYHKTOB 110€34aM AaJlbHero Cie40BaHus
B pas/inyHbIx parioHax MockBbl, KOTOPbIE MOMOryT CHU3UTb
Harpy3Kky Ha LeHTpaJibHble TPaHCNOPTHO-NepecanoqHble
Y3J1bl, MMOBbICUTH KAYE€CTBO TPAHCMOPTHOIrO 0OC/IYXUBaHUS
naccaxwpoB v BMECTE C TEM Pa3BUTb MPUIEraroLmNe K HOBbIM
TPaHCMOPTHO-NepecanoyHbiM y3iam parioHbl MocKkBbl
un MockoBsckori obnactu.

Kntodesble ciioBa: xenesHas 4Opora, naccaxumpckmue nepeBo3ku, MockoBCkui Xene3HoA0POXHbIN y3es1, noe3aa aallb-
HEero cief0BaHusl, BOK3aslbl, 0CTaHOBOYHbIE MyHKTbI, KA4€CTBO TPAHCMOPTHOrO 0OCYXUBAHMSI.
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BBEOEHUE

Toponckue arnomepanuu, 0cOGEHHO Me-
ramoJMChl, XapaKTePU3YIOTCI CIOXKHOMN
TPaHCHOPTHOM MH@PACTPYKTYpOii, TpeOyIoT
CHCTEMHOTO I10JX0/1a K OpraHU3alluy racca-
JKUPOMOTOKOB, KOMIIJIEKCHBIX PEIIeHUN,
TMO3BOJISIOIINX ONTUMU3UPOBATh UCIIOIb30-
BaHUeE Pa3IMYHBIX BUIOB TPAHCIIOPTA, a TAKKE
MHTErpUPOBaTh B TOPOACKYIO TPAHCIIOPTHYIO
CHUCTEeMY Pa3IMYHbIC BUIBI COOOIIEHUI (TO-
POJICKHE U MEXIYyropoaHble aBTOOYCHBIE
MaplIpYThl, BHYTPUTOPOACKOE, TPUTOPOIHOE,
JajbHee MacCakKMpCcKoe KeIe3HOIOPOXKHOE
COOO0IIeHHE).

Oco0ast posib B KOHTEKCTE paCCMOTPEHUS
3TOi MPOOJEMbI MOXKET OBITH OTBEIEHA Ke-
JIE3HBIM JIoporaM. B ycIoBUSIX TOCTOSIHHOTO
pa3BUTHUS U MOJepHU3aLUMKU MOCKOBCKOTO
JKEJIE3HOIOPOKHOTO y3J1a, YBETUISHUS KO-
YyecTBa MPUOBIBAIOIIMX ITACCAXKUPOB U POCTA
MPUBJIEKATEIbHOCTU MacCakKMPCKUX ITePEBO-
30K XeJIEe3HOAOPOKHBIM TPaHCIIOPTOM, 00-
ocTpwiach IpobdjieMa Meperpy3ku Keae3Ho-
JIOPOKHBIX BOK3aJ0B ropojga MOCKBBI U CO-
OTBETCTBYIOILIUX CTaHIM MOCKOBCKOTO
MeTpornoauTeHa. B yacTHOCTH, GOJBIIMHCTBO
rnaccaxupoB MOEe310B TaJbHETO CeIOBaHMS,
npubbIBalomux Ha JleHuHrpagckuii, Apo-
cJiaBckuil 1 KazaHcKuii BOK3aibl, B IUKOBbIE
MepUoIbl CO3Mal0T KOJOCCATbHYIO HATrpy3Ky
Ha cTaHLmIo MeTpo KoMcoMosbcKasi, SIBJIsIIo-
1IYIOCS CErOJHS CaMOM 3arpy>k€HHOM B CTO-
JIMYHOM MeTpornonuTeHe. Ha Heil exxenHeBHO
¢pukcupyoTcs 125 ThICAY MPOXOIOB Uepe3
TYPHMKETHI, a MAKCMMaJIbHbBII MaccaXXuporio-
TOK B YTPEHHUI1 Yac MUK cocTaBisieT 27 ThIC.
yestoBek. [Taccakupsbl Apyrux BOK3aj10B ropo-
Ja MoCKBBI TaK:Ke BBIHYXKIEHHO OKa3bIBalOT-
Csl B ONHUX U3 CaMbIX 3arpy>KEHHBIX TPaHC-
TMOPTHO-TIEPECaIOYHBIX Y3JIOB B LIEHTPE rOpo-
na (cranuuu mMetpo Kuesckas, Kypckas,
benopycckast) u, HepeaKo IepeaBurasch
C KPYITHBIM 0araxkom, CO31al0T TOMOTHUTEb-
HbI€ MPETSITCTBUS 1)1 MePEABYKEHUS B ILJIOT-
HOM MOTOKE MacCaXkKMpPOB CTOJIMYHOU MOA3EM-
KU.

BornipocaM pa3BuTHsI XKeJ1e3HOIOPOKHOTO
COOOIIEHHUS JIS1 MOBBILIEHUST CBSI3aHHOCTU
DPErMOHOB U arjioMepaliuii, THTErpaliy BHYT-
PUTOPOJCKOTO U MPUTOPOTHOTO XKEJE3HOIO-
DPOXKHOTIO COODILIEHUSI YesIeTCs TPaAULIMOH-
HO OosblIOoe BHUMaHue. KoMmIeKCHOMY
DPacCMOTPEHUIO 3TOI MPOOIeMaTUKU TTOCBSI-
IIEHbI, B YaCTHOCTU, pabOThI [1—2], MHOTO-

VIIPA PA PIA A3 O NS

YUCJIEHHbIE MYOJIUKALIMKA B IEPUOAUYECKUX
usnaHusix [3—4]. CsizaHHbIE ¢ 9TUM 0OI1LIMEe
BOIPOCHI U KOHKPETHbIE MPEATIOXKEHUS, B TOM
YHUCJIe B OTHOILIEHUU TPY30BOTO COOOIIEHUS,
B OTHOLIEHUHU OIHOTO U3 paitoHoB lenuna
paccmarpuBaiorcs B [5], [manbcka B [6].
B nieHTpe BHUMaHUS McclieqoBaTeNIe TakxKe
acreKThl U OTNpe/ie/IeHUs, CBSI3aHHbIE C PYHK-
LIMOHUPOBAHUEM KEJIE3HOAOPOXHBIX CTaH-
LM, HarpuMep [7], UX MUHTerpalueit B ropo-
cKue TpaHcmopTHble cuctembl [§—11]. OT-
NIeJbHBIM ACIEKTOM SIBJISIETCS U3yYEeHUE
MacCaXXKUpPOIMOTOKOB Ha KeJe3HOIOPOXKHBIX
cranuusax'. [IpenMeToM M3ydeHUs] Takxke
YaCTO CTAHOBUTCS KOHTEKCT pa3MelleHUus
KEJIE3HOJOPOXKHBIX CTAHLIUMI B UHTETPUPO-
BaHHBIX TPAHCHOOPTHBIX CUCTEMAaX HalMO-
HaJbHOTO U PErMOHAILHOTO YPOBHSI [12].

OQHUM U3 BapUaHTOB MOBBIIIEHUS (-
(hbEeKTUBHOCTU TPAHCITOPTHOW MOAETU KPYyII-
HBIX TOPOJIOB C YUETOM POJIU KEJIE3HOJOPOXK-
HOTO TPaHCIOPTa, B TOM YHUCJIe U MOE310B
JnajabHero (MeXIyropoaHoro) coooueHu s,
SBJISIETCS, HApSALY C YJYUYIIEHUEM COIYT-
CTByIOIIIEH UHPACTPYKTyphl, MpopaboTKa
BOMPOCOB PAallMOHAJbHOTO pa3MelleHUs
OCTAaHOBOYHBIX ITyHKTOB IS epepacnpe/e-
JIEHUSI TACCaKUPOITOTOKOB.

OpraHu3alMOHHOM OCHOBOIA 1JIS1 BO3MOX-
HOU peain3aliiy TAKUX IAaroB B MOCKOBCKO
arJioMepaluu SBaseTCs P MOJTOXEHUN
TpancroptHoii ctparernu Poccutickoit Pe-
nepanuu Ha riepuof 1o 2030 1., yTBepXKI€HHOM
pacnopsixenuem IlpaButensctBa Poccuii-
ckoit @enepanuu ot 22 Hos1O6ps 2008 1.
No 1734p. B Heii, B 4aCTHOCTH, OTMEUYAETCS
HEeo0XOIUMOCTh MOAiepHU3aM MOCKOBCKO-
ro XeJe3HOMOPOXKHOro y3aa. Tak, B 4aCTU
OpraHU3alvy MacCcaXXUpCcKrX MepeBO30K
TUTAHUPYETCS PeaTu30BaTh PSI MEPOTTPUSITHIA:

1. YcuneHue roloBHBIX Y4aCTKOB OCHOB-
HbIX HAPABJIEHUI MaruCTPaIbHBIX KeJIE3HbIX
JIOPOT.

2. Pa3BuTHe MPUTOPOJHBIX U MEXKPETUO-
HaJIbHBIX TIEPEBO30K MaCCAXXUPOB B MOe31aX
MOBBIIIEHHOU KOMGMOPTHOCTU Ha BCEX paau-
aJIbHBIX HAIMPaBJICHUSX B COOOIIIEHUU C paii-
OHHBIMU LIeHTpaMU MOCKOBCKOI 00yacT

! CM., Hamp., CTaTUCTUKY MAacCa kK MPOIIOTOKOB Ha
craHUMsIX AHIIMU 1 Yasbea. Rail passenger numbers
and crowding statistics: 2017 report. [DaeKTpOHHBII
pecypc]: https://assets.publishing.service.gov.uk/
government/uploads/system/uploads/attachment_data/
file/728526/rail-passengers-crowding-2017.pdf. JocTym
01.03.2020.
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Puc. 1. CywectByrowyasi cxema opraHn3aumnu 4BMKeHUsl NacCaXKnpckux noes3foB [asibHero cie[0BaHnus
B MockoBCcKOM >xes1e3HO[0POXXHOM y3Jie (cocTaBiieHa aBTopamm).

1 COCeTHUMM cyobekTamu Poccuiickoit De-
JIepaLmu.

3. OpraHu3zauus MaccaxkKMpcKoro JBMXKe-
HUs 10 MajioMy KosibIly MOCKOBCKOM 3KeJre3-
HOM 1OpOTM C OpraHu3alrei mepecagoyHbIX
IyHKTOB Ha paJvaibHbIE KeJIe3HOTOPOXKHBIE
JINHUM U CTAaHLIMW METPOTIOJINTEHA.

Ilenvro cTaThy IBJISIETCS pa3pabOTKa Ipe;-
JIOXKEHUHI TT0 pa3BUTHIO CYILIECTBYIOIIEH CXe-
Mbl OpraHU3allM ABMXKEHUS MacCakupCKUX
IMOE3[I0B JaJIbHEro cjiedoBaHUs B MOCKOB-
CKOM XeJIE3HOIOPOKHOM Y3JI€.

Hcnonb3oBanuch memoods: CTAaTUCTUIECKO-
IO M KOHTEHT-aHaJIN3a, a TAKXKe MOJIEINPOBa-
HUSI ITacCaxkMpPOITOTOKOB.

2 TpancrioptHasi crpaterusi Poccuiickoit @enepanuu
Ha niepuon 10 2030 roga (YTB. pacliopsKeHUEM
[pasutenbcTBa Poccuiickoii deneparvivt Ot

22 Hos16ps1 2008 . No 1734-p). [DnekTpoHHBbII pecypc]:
https://www.garant.ru/products/ipo/prime/doc/94460/.
Hoctyn 01.02.2020.

VINPAI PAH PTA VTl O INC

XAPAKTEPUCTUKA MOCKOBCKOIO
XENE3HOOOPO>XHOIO Y3J1A

[Maccaxxupckue moe3na MajlbHETO CIIENO-
BaHMS TPUOBIBAIOT CO BCEX HAIpaBJICHUM
MOCKOBCKOT0 XeJIe3HOTOPOKHOTO y3J1a Ha §
BOK3aJ10B MOCKBBI, KOTOPBIMH €XETOTHO
osb3yeTcs 6ojiee 60 MUJUTMOHOB aCCaXKUPOB
B nayibHeM coobieHuu [13]. CyiiecTByromas
cxXeMa OpraHM3alluy IBUKEHUS IacCaXxmp-
CKMX TI0€3I0B JaJIbHETO CJICIOBaHUS TIpe-
cTaBJieHa Ha puc. 1.

W3 3T0i1 cXeMbl BUIIHO, YTO BCE BOK3AJIbI
PaCIIOIOXKEHBI B IICHTPAIbHOM YaCTH TOPO.Ia,
TIPU 3TOM aJIbTePHATUBHBIX OCTAHOBOK LIS
OOJIBPIIIMHCTBA MACCaXKMUPCKUX IMOE3I0B JajTh-
HEro cJIeIOBaHUs Ha TeppUTOpUU MOCKBBI
u 6smxkariero ITonMOCKOBbSI B HAacToOsIIEE
BpeMsI He mpeaycMoTpeHo. Hepenko 31o co3-
JaeT mapamoKcaabHbIe CUTYallMH, KOTIa Tac-
CaXKUPBHI, KUBYIIIME B 00J1aCTU BOIM3U KAKOTO-
00 U3 paauaibHBIX HAITPaBJICHU, BBIHYX-



Puc. 2. Cxema opraHun3auyvv ABv>xeHus1 Nnoe3[oB gaJ/ibHero csie[osaHvs o Bok3asiamMm B Sepnm-:e. UcToyHuk:
NugopmauymnonHbili noptan Germania-online. [QnexkTpoHHbiVi pecypc]: https://germania-online.diplo.de/
ru-dz-ru. Joctyn 01.03.2020.

JIEHbI €XaTb U1 MOCaaKu B MOE3 JaJTbHETO
cJieJOBaHMs Ha BOK3aJl B LIEHTP MOCKBHI,
3aTpavyuBasi Py 3TOM JIOTTOJTHUTETbHOE BPEMS
B IIYTU U HEBOJIbHO CO3[aBas HAarpy3Ky Ha
TPAaHCIIOPTHYIO UHMpPACTPYKTYpy ropoia
(B YaCTHOCTH, HA METPOIIOJINUTEH WU TIPUTO-
POIHBIN XKeJIe3HOMOPOKHBIN TPAHCIIOPT).

K npumepy, npubsiBatoiie Ha JIeHUH-
rpaackuit, dpocnaBckuit unu KazaHckuit
BOK3aJIbl ITACCAXXUPbI TTOE310B TAJIBHETO CJIe-
JIOBaHUS B KAa4€CTBE JAJIbHEMIIIEro TpaHC-
MOpTa UCIOJb3YIOT s TEPEABUXKEHUS 1O
cronuiie MockoBckuii MmeTpornonuTeH. CTaH-
st KomcoMobecKas sIBIsSIETCSI cCaMOM 3arpy-
JKEHHOM cTaHLeit MeTpo B MockBe, T03ToOMY
HaJlMuue B IMKOBbIE MEPUOJbI TTACCAKUPOB
¢ OaraxxoM (4eMoIaHaMU, TeJIEKKaMU 1 KPYTI-
HBIMU CYMKaMH ) CO3IAET CePbE3HYIO ITPo0JIe-
My UTS1 (QYHKITMOHMPOBAHMSI METPOIIOJIUTEHA
Jaxe ¢ TOYKHU 3peHUsT 00eCIIeueHUsI TpaHC-

MOPTHOI O€30I1aCHOCTU, HE TOBOPSI yKe 0 0a-
HaJbHOM KOMQOpPTE MaccaxkKupoB.

FT’MNOTE3A PELLEHUS:
NEPEPACNPEAEJIEHUE
NMACCAXUPOMNOTOKOB
HA OONOJIHUTEJIbHBIE CTAHLUUU

0O0603HaYeHHasI BhIILE PoOIeMa reperpy3-
KU LIEHTPaJbHbBIX TPAHCIIOPTHO-TIepeCcaa0y-
HBIX Y3JIOB (3K€JIE3HOJOPOXHBIX BOK3aJIOB)
MOXET UMEeTh HECKOJIKO pellIeHWI, HO Hau-
0oJiee ONTUMAIbHBIM, IO MHEHUIO aBTOPOB
JIAaHHOM CTaTbU, SIBJSICTCS paclpenesieHue
MacCaXkKMPOIOTOKA ITO HECKOJIBKMM CTAaHLIUSIM
MOCKOBCKOTIO XeJIe3HOAOPOXKHOTO y3J1a Iy-
TEM Ha3HAYEeHMSI TOTIOJTHUTEIbHBIX OCTAHOBOK
MacCaXXMPCKUM MOe3/1aM JaIbHETo cliea0Ba-
HUSI B yepTe ropoja.

OnBbIT €BPOIMENCKUX CTPAH TOBOPUT HaM
0 LIMPOKOM MPUMEHEHUHN MOAOOHBIX pele-
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TpebGoBaHUs K OCTAHOBOYHBIM ITyHKTaM

]

1

l OcHoBHBIE l

|- Buicokie naccanupexie matgopmst
|- Hanecs: nax nnatdopmani

|- Jlugymen s wanomoGHBHEIX rpaaan

OCTanoBKH HA3eMHOTO TpascriopTa B 100 M
ot BXOM

Cramn metpo, Mockosckoro
LHTPAIBHOTO KObIa Wtk MOCKOBCKHX
LEHTPAIBHbIX AHAMETPOB B GH30CTH OT
OCTAHOBOUHOIO MyHKTA

t— MecTa okuanus TakcH

L Mapxoska wis missoro asTotpasciopra

]

[ Crienuani3upoBaHHbIe MO KaTETOPHSM T0€3/10B ]

P

MesKpernoHabHbIe SKCIPECChl ]

Bpens crosks - e Goice 2 Myt
| Maccammpekas nndpactpykrypa

Tparcrioprias mppacTpykTypa

- Inatdopma kol 257 M

BBICOKOCKOPOCTHBIC [0€3/1a

P

CKOpOCTHBIC U ]

f—  Bpews crosm - ne Goee 2 MiuHyT
Taccaupekas uuGpacTpyKTypa

F—  Tpancuopmmas muppacrpyxiypa

L Tnardpopma amHoi 450 M

l JlHeBHbIE FKCIPecchl l

|l Bpews cromk - ne Gosee 2 MunyT
——  Maccampexas mudpactpyxrypa
——  Tpancnopruas unpactpyxrypa

— Tnardopma ol 257 w

He(hUpMeHHbIE noe31a

[ Hounble pupmenHbie 1 ]

— Bpenist CTosHKi - 5 MitiyT

——  Taccwxupexas mipactpykrypa

[ Tpaucnopmas mipactpykrypa

I— Tnaropma ol 450 M

CBoBobIi MpHEMO-OTNpaBoUHbiii

nyTh

Puc. 3. Ba3oBble Tpe6oBaHUs K [OMOJIHATE/IbHbIM OCTaHOBOYHbIM MYHKTaM AJ1S1 NaCCaXXMPCKNX Noe3[08
AasibHero caenoBaHus Pa3INYHbIX KaTeropuii (COCTaBsIeHo aBTopamu).

HUI B TpaHMULIaX KPYIHBIX araoMepauuii. Tak,
HaIlpuMep, CXeMa OpPTaHM3allni JBIKCHUS
ITOe3I0B JAJTbHETO CJIEIOBAHUS IO BOK3allaM
B bepmmne (Iepmanus), mpemcraBieHHas Ha
puc. 2, IpeaycMaTpuBaeT HaJIMune He MEeHee
2 OCTaHOBOK B UepTe TOPOIa IS JTIOOBIX Ka-
TErOpWii MOe3I0B JAaJIbHETO CICAOBAHUS.
Yepes Bok3ansl bepianHa ciemyoT moesna
JATBHETO CIICIOBAHUS PA3IMIHBIX KATCTOPUIA:
BeIcokockopocTHEIe TToe3na (ICE), ckopoct-
ueie Ttoe3na (IC/EC), Hounsle moe3ma (NJ),
MeXayHaponHbie HouHbIe Tmoe3na (EN)
1 OIOIXKETHBIC «JIOYKOCTEPHBIC» ITOoe3aa
(FLX).

Bce maccaxxupckue moesna JaabHEero clie-
JIOBaHUS TIPOXOMIIT Yepe3 2 1 Ooyiee BOK3ajia
BepmuHa, a MexxayHapomTHBIC TPAaH3UTHBIC —
yepe3 3 u Oojiee BoK3ajia. BpeMms cTosHKu
ITOE3I0B IIJISI TTOCAIKU W BBICAIKH ITACCAXKIPOB
Ha BCEX BOK3aJlaX B TOPOACKO yepTe, Kpome
LleHTpasbHOTO, IIPU 3TOM COCTABJSIET BCETO
2 MuHYTBL. O0S3aTeTLHBIM YCIIOBUEM SIBJISICT-
cs 10, uTo uepe3 LleHTpanbHEBII Bok3an bep-
smHa (Berlin Hauptbahnhof) mpoxomsT moe3na
JAJIBHETO CJIeIOBaHUS CO BCeX HAIIPaBJICHMIA.
I[ToMumoO 3TOTO, Y TTacCaXKMPOB BCETIA €CTh
BO3MOXKHOCTB BOCITOJTb30BaThCS IS TTOCAIKI
B ITO€3I OCTAHOBKAMM, HAXOMSIIIUMMICS B IIPH -
ropone bepnuHa, 3a 3HaUUTENIHLHO OOJEe
HU3KYIO CTOMMOCTD, YeM IIPH BEIE3]Ie Ha TOM
XKe rmoe3se u3 neHTpa bepauaa. Kpome atoro,
mo Teppuropun [epMaHUM OpraHU30BAHO
IBUKEHUE MTOE3I0B-JIOYKOCTEPOB C HU3KOM

nenoii Ha 6uneT (FLX). OTnpaBstorcs Takue
roes3aa ¢ HEOCHOBHOTO BOK3aJIa B pa3IMIHbIC
ropoza CTpaHBI C YaCTOTON KypCHPOBaHUS 2
pasa B CyTKI®.

HecMoTps Ha To, 4TO He BCce BOK3aJbl
MOCKOBCKOTO KeJIe3HOTOPOXKHOTO y37Ia SIB-
JISTIOTCSI TYMMMKOBBIMU, ITPUHIMIIMAIbHAS
cxeMa OpraHM3alliy IBUKCHUS ITacCaXKmp-
CKUX ITO€31I0B JaJIbHETO ciienoBaHus bepiaHa
MOXET OBITh MpEeAT0oXeHa K peaan3aluu
u B MockoBckoMm peruoHe. B MockBy exe-
ITHEBHO MPUOBIBACT OIPOMHOE KOJTUUIECTBO
TOE3I0B JAIbHETO COOOIIECHMS Pa3IMIHBIX
KaTeropuii (ITHeBHBIC SKCIIPECCHI, CKOPOCT-
HBIE 1 BEICOKOCKOPOCTHBIE TToe3/1a, (PUpMeH-
HBIE Toe311a, He(pupMeHHBIE TToe30a M MEXKIY-
HapOIIHbBIE TTOE3/1a), YTO TOBOPUT O HEOOXO M -
MOCTHU pacIpeAcIeHUs MacCakpornoTOKOB
¥ ONTUMU3ALMUU HATPy3KW Ha LIEHTPaIbHBIC
TPAHCITOPTHO-TIEPECATOUHBIE Y3TIbI.

YCNoBUd U TPEBOBAHUA
K CO3AAHUIO OOMNOJIHUTEJIbHbIX
OCTAHOBOYHbIX MYHKTOB

Onupasich Ha OTE€UECTBEHHYIO HOpMaTUB-
HO-TIPaBOBYIO 0a3y U COBPEMEHHBIC TCHACH-
LIMU MPOEKTUPOBAaHUSI TPAHCIIOPTHO-
TepecamoyHbIX Y37I0B, MOXHO BBIASIUTD Oa-
30BbIe TPeOOBAHUS K JOIOJHUTEIbHBIM
OCTaHOBOYHBIM MMYHKTaM JJIsI MacCaKUPCKUX

3 UndopmannonHsiii moprain Germania-online.
[DnexTponHHbIif pecypc]: https://germania-online.diplo.
de/ru-dz-ru/. Joctym 01.03.2020.



MOE3/I0B JaJbHero CJIeJOBaHUs Pa3TUIHbBIX
KaTeropuii, MpeCcTaBieHHbIe Ha pUC. 3.

PaccMoTpuM naHHbIe TpeOoBaHUs Oosee
MOAPOOHO.

O6mue TpedboBaHUS K OCTAHOBOUYHBIM
ITyHKTaM, 00sI3aTeIbHBIC JIJIST TIOE3/I0B J1ajTh-
HETO CJIeIOBAaHMSI BCeX KATETOPHIA:

1. Boicokue maccaxkupckue miaTdopMbl
(He meHee 1 ocTpOBHOI UK 2 OOKOBBIX).

2. HaBechl Haj raccaXXupcKrumu riatgop-
MaMM Ha BCIO UX JUTHHY.

3. JIudTel, obecnieunBamonye nepemMere-
HIE MaJIOMOOUTLHBIX T'PaXKIaH 0 BEPTUKAIIH.

4. Dckanatopsl IS TIepeMellieHUs Tlacca-
SKUPOB MEXIY T1aThOPMOii, KOHKOPCOM WIIK
TIEIIEXOTHBIM TIEPEXOIOM.

5. OcTaHOBKM Ha3eMHOI'0 TOPOJICKOTO
IaccaXXMpcKoTo TPaHCIOpTa, pacroJiaraio-
muecsa He pajee, yemM B 100 M ot Bxona
B TPAHCTIOPTHO-TIEPECATOYHBIN Y3el.

6. CTaHLIMKM METPOTTOJIUTEHA, MOCKOBCKO-
TO LIEHTPAJIBHOTO KOJIbIIAa WM MOCKOBCKUX
LIEHTPAJIbHBIX TUaMeTPOB, HaXOMISIINECs
B HETIOCPEICTBEHHO OJIM30CTH OT TUTAHUPYE-
MOT'O OCTaHOBOYHOT'O ITyHKTa, JIMOO CBsI3aH-
HbIE C HUM TI0 TIPUHIIMITY TIepecaikKi «CyXue
HOTH».

7. MecTa 0XUIaHUS TAKCH.

8. ITapkoBKa AJ1s1 IMYHOTO aBTOTPAHCIOP-
Ta [14].

IToMuMO yKa3aHHBIX BbIIIE OOLIUX TPeOO-
BaHU, IS pa3IMUYHBIX KaTeTOpUiA 1MOe310B
CYIIECTBYIOT CBOU CITeIMaJN3UpPOBaHHbBIC
TpeOOBaHMST K OCTAHOBOYHBIM ITYHKTAaM B Yep-
TE ropoJia, 00yCIOBIEHHBIE PA3INIHOM CTPYK-
TypoOil maccaxXupororoka. Tak, maccaxupbl
«IHEBHBIX 3KCIIPECCOB» (HANpuMep, Moe3
Ne 741A benropon—Mocksa Kypckast) garie
BCETO OCYIIECTBIISTIOT ITOE3IKY 0€3 KPYITHOTO
Oaraxa, B OTJIMYME OT TMaccaxkupoB Hedup-
MEHHBIX HOYHBIX TI0€3/10B (HarpuMmep, moe31
Ne 246Y Yensaounck—MockBa-SpociaBckast),
KOTOpPBIE MOTYT ITyTEIIECTBOBATH ITOPOIi C He-
CKOJIbKUMHU KPYITHBIMU YeMogaHaMu. K Tomy
K€ TIacCaXXMpPbl HOYHBIX ITOE3M0B HE CMOTYT
OCYIIIECTBUTbH TTOCAJKY U BBICAIKY M3 BaroHa
3a 2 MUHYTHI BBUY HaJTMIMS Oaraxa, B OTJIM-
Yre OT MaccaXXupoB CKOPOCTHBIX MOE30B
«Carmcan» u «Jlactouka», moaTOMY BpeMs
CTOSTHKM Ha TaKWX OCTAaHOBOYHBIX ITyHKTaX
JUIST TIOE3/I0B PAa3IMYHBIX KaTeropuil Takxe
OTJIJaeTcs.

OCHOBHBIMM TPeOOBAHUSIMU JUTSI MEXpe-
TMOHAJIBHBIX 9KCITPECCOB SIBJISIIOTCSI:

VIIE oA PJA A 3 S

1. BpeMs cTosiHKM: He Oosiee 2 MUHYT.

2. TpaHcniopTHast UH(GPACTPYKTypa: mepe-
CaJIKV Ha HA36MHBIH 1 IOJ3EMHbII TOPOJACKOM
MACCAXXUPCKUNA TPAHCTIOPT, YIOOHBIN MOIBE3 N
JUJIS TAKCU U JIMYHBIX aBTOMOOUJIEI, CTOSTHKA
711 aBBTOMOOWIIEl KaplIepyHTa, BEJIOCUTIEIOB
U1 CaMOKAaTOB.

3. [Taccaxupckast MHpPacTpyKTypa: KacChbl
u BITA, TyaneTHble KOMHATbl, BEHAUHTOBbIE
anmnaparhl.

4. T1yTh ¢ BbICOKO MIaTGOPMOI 1T TO-
CalKi WU BBICAJKU MACCAXUPOB JJIUHOU
257 M.

OCHOBHBIMU TPeOOBaHUSIMU K MHDpa-
CTPYKTYPE 04151 «<OHEBHBIX IKCHPECCO8» SIBIISIIOT-
cs:

1. BpeMs cTosiHKM: He Oosiee 2 MUHYT.

2. TpaHncniopTHast UH(GPACTPYKTypa: mepe-
CaJIKV Ha HA36MHBIH 1 IOJ3EMHbII TOPOJACKON
MACCAXXUPCKUNA TPAHCTIOPT, YIOOHBIN MOIBE3N
JUJIS TAKCU U JIMYHBIX aBTOMOOUJIEI, CTOSTHKA
JIJISI aBBTOMOOWIIEl KaplIepyHTa, BEJIOCUTIEIOB
U1 CaMOKAaTOB.

3. [Taccaxupckast MH(pPacTpyKTypa: KacChbl
u BITA, TyaneTHble KOMHAThI, JOCMOTPOBas
30Ha, BEHJAWHTOBBIE aMlapaThl.

4. T1yTh ¢ BbICOKO IIaTGOPMOI 1T TO-
CalKi WU BBICAAKU MACCAXUPOB JJINHOU
257 M.

OCHOBHBIMU TPEOOBAHUSIMU TSI CKOPOCT-
HBIX U BLICOKOCKOPOCTHBIX MTOE3/10B SIBJISIIOTCS:
1. BpeMs cTosiHKM: He Oosiee 2 MUHYT.

2. TpancniopTHast UH(MPACTPYKTypa: mepe-
CaJIKV Ha HA36MHBIH 1 IOJ3EMHbII TOPOJACKON
MACCAXXUPCKUNA TPAHCTIOPT, YIOOHBIN MOIBE3N
JUJIS TAKCU U JIMYHBIX aBTOMOOUJIEI, CTOSTHKA
JIJISI aBBTOMOOMIIEl KaplIepyHTa, BEJIOCUTIEIOB
U1 CaMOKAaTOB.

3. [Taccaxupckast MH(pPacTpyKTypa: KacChbl
u BITA, nocMoTpoBas 30Ha, TyaJeTHbIE KOM-
HaTbl, 0OBEKTHl TOPTrOBJAM U OOLIEMUTA, 3a
OXUIAHMUS.

4. T1yTh ¢ BBICOKO IIaTGOPMOI 1T TO-
CaJKu (BBICAKU) TTACCAKUPOB IIMHOM 450 M.

OCHOBHBIMU TPEOOBAHUSIMU JJ1S1 HOYHBIX
(UpMEeHHBIX U HEUPMEHHBIX TTOE30B SIBJIS -
IOTCS:

1. BpeMs CTOSIHKU: 5 MUHYT.

2. TpancniopTHast UH(GPACTPYKTypa: mepe-
CaJIKV Ha HA36MHBIH 1 IOJ3EMHbII TOPOJACKON
MACCAXXUPCKUNA TPAHCTIOPT, YIOOHBIN MOIBE3N
JUJIS. TAKCU U JIMYHBIX aBTOMOOUJIEI, CTOSTHKA
JIJIS1 aBBTOMOOMIIEl KaplIepyHTa, BEJIOCUTIEIOB
U1 CaMOKAaTOB.
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Puc. 4. lpeanoxeHns no opraHn3aunm [oOroJIHNTE IbHbIX OCTaHOBOK rnoeszAam AgajlbHero cieoBaHus B Yepte
r. Mocksbl (PUCYHOK cOCTaB/1IeH aBTopamm).

3. IMaccaxxupckast MHPPpacTPYKTypa: KacChl
u BITA, nocMoTpoBasi 30Ha, TyaJeTHbIe KOM-
HaTbl, 0OBEKTHI TOPTrOBJIU U OOLIEMUTA, 3a1
OXMIAHMUS.

4. Tlytb ¢ BbICOKO¥ IUTaT(GOpMOIt 15 mo-
cajiku (BbICAJKH) ACCAXKUPOB JTMHOMN 450 M.

5. CBOOOMHBIN MPUEMO-OTIIPABOYHBII
MyTh JU1s1 BO3MOXHOCTU 0OroHa (OCTaHOBOY-
HBII TTYHKT JIOJKEH UMETh ITyTEBOE Pa3BUTHE).

MOJZEJ1b PELLEHUSA

YuuTteiBasg 5TU TpeOOBAHUS U MHOTOOOpa-
31€ KaTeropuil Mmoe3noB MajJbHEro CaenoBa-
HWUS, TPUOBIBAIOIINX B MOCKBY, TTpe/jiaraeTcst
OPraHU30BaTh UM JOTIOJHUTEIbHbIE OCTAHOB-
KU B yepTe ropoia MOCKBBI € LIEJbIO CHUXKE-
HUSI HArpy3KW Ha LEHTPaJbHbIe BOK3aJIbl
U CTaHIIMU MeTpo. Bcero B MOCKOBCKOM pe-
TUOHE MpejiaraeTcs Ha3HAYUTh CEMb TOTOJ -
HUTEJIbHBIX OCTAHOBOYHBIX MYHKTOB MTO€31aM
JTJTbHETO CIeI0BaHUS Ha 0a3€e CYIIECTBYIOIIMX

VIS PA A v 5 MIN-

TIPUTOPOIHBIX OCTAHOBOYHBIX MYHKTOB Kui-
eBckoro, CMoseHcKoro, JIeHMHTpanckoro,
Apocnasckoro, ToppkoBckoro, KazaHckoro
n Kypckoro paamaiabHBIX HaIlpaBJICHUA,
a Taxke Masoro kKoJiblia MocKOBCKO¥ Xkee3-
Ho¥i foporu (puc. 4).

PaccMoTpum HeKOTOpbIE TIPETOXKEHUST
6ouiee moapodHo. OMHOM 13 TOMOJTHUTEIbHbBIX
OCTAHOBOK TSI TACCAKUPCKUX TIOE3/I0B IajTb-
HEero cjeloBaHUs, MO HalleMy MHEHWUIO,
JIOJIKEH CTaTh TPAHCIIOPTHO-TIEPECagOuHON
y3en KocuHo, KOTOpHhIil, KaK MOKa3aHO Ha
puc. 5, dopmupyeTcst Ha OCHOBE CYIIECTBYIO-
1LIe¥ >KesTe3HONoPOoXKHOM 1aTdopMbl KocuHo
Kaszanckoro HanpasiieHust. OCHOBHOM (hyHK-
1Mel MIaHuPyeMOro TPaHCTIOPTHO-TIepe-
CaJI0YHOTO y3Ja SIBJISIETCSI BO3MOXHOCTh
OCYIIIECTBJICHUSI TIOCAJKU U BHICAIIKY B TI0€3/1a
nanbHero cnenoBanust Kazanckoro u Psizan-
CKOTO HarpaBJIeHUit i pa3rpy3ku KazaH-
CKOTO BOK3aJia, CaMOTO 3arpy>KeHHOTO Tacca-



Puc. 5. lNMpeanaraemas KOHpUrypawums TpaHCropTHO-nepecago4yHoro y3na KocuHo (pucyHok coctaeneH
aBTopamm).

SKUPCKUMHU TIO€31aMU JAJIBHETO CJIEIOBAHUS
BOK3aJia, U COKpAIlleHUsI BpeMEeHU B ITyTH ST
MaccaXXupoB, MPOKUBAIOIINX B BOCTOUHBIX
1 10T0-BOCTOUHBIX paiitoHaX MOCKBBI U BOC-
TOYHBIX pailoHax MOCKOBCKOI1 001acTu.

[Mpennaraemplit TpaHCTIOPTHO-TIEPECATOY-
HbIl y3es KocuHO MOXeT COCTOsITh U3 CTaH-
LMY C YETHIPbMSI TJIABHBIMU, IBYMST TIPUEMO-
OTMPABOYHBIMU MYTSIMU M YETHIPbMSI Tacca-
XKUPCKUMU Tatdopmamu. [Ipu aTom onHa
rmratrgopMa OyaeT crneunajTu3upoBaHa st
1oe3710B MOCKOBCKUX IIEHTPATbHBIX TUAMET-
poB (MapiupyT D3 3eneHorpan—PameHckoe),
e11€ oiHa — JIsl IPUTOPOAHbIX TTOE3/10B JAajb-
HMX 30H M BKCIIPECCOB, a JABE APYyrue — JUIst
MAaCCAKUPCKUX MOE3I0B JATBHETO CIIEI0Ba-
HUSI.

Xopoiasi TpaHCIIOPTHAST TOCTYITHOCTD
JTAHHOTO paiioHa OyzeT obecrieyeHa CTaH NS -
Mu Metpo KocuHo HexpacoBckoit muHuu
n JlepMOHTOBCKUI TTpocTieKT TaraHcKo-

VIIPA PA PIA A3 O NS

KpacHomnpecHeHCKOU TUHUU, XKEeTe3HOA0-
poxHo miardopmoit KocrHo u ceTbio aBTo-
MOOWJIBHBIX IOPOT ¢ MapIlIpyTaMu Ha3eMHOTO
TOPOJICKOTO OOIIIECTBEHHOTO TPaHCIIOPTA.
IToaTomy Oynet obecrieueHa CBsI3b HA3EMHOTO
TOPOJICKOTO U BHEYJUYHOTO PEIHCOBOTO
TpaHCIIOPTA.

ITo npenBapuTeTLHBIM JaHHBIM, OPTAHU-
3alusl JTOTOJHUTEIbHON OCTAaHOBKMU IMacca-
SKUPCKUM TIO€3/1aM TAJIbHETO CJIeJIOBaHUST Ha
TEPPUTOPUU TPAHCTIOPTHO-TIEPECATOUHOTO
y3na KocrHO TO3BOJIMT pa3rpy3uTh macca-
)xupckyto nHdpactpykrypy Kazanckoro
BOK3aJ1a He MeHee yeM Ha 15 %. BHewrHwmii Bz
MPOEKTUPYEMOTO TPAHCTIOPTHO-TIEPECaT0U-
Horo y31a KocuHo npeacTaBieH Ha puc. 6.

I[ToMuMO TpaHCTIOPTHO-TIEPECATOUYHOTO
y3na KocuHo, elg ofHUM A0MOJHUTEIbHBIM
OCTaHOBOYHBIM ITyHKTOM JIJIsI TIO€3/I0B J1aJTh-
HETO CJIENOBAHUS SIBJISIETCS OCTAHOBOYHBIN
nyHKT OctadbeBo, pacnoynioxkeHHbIi Ha Kyp-
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Puc. 6. BHewHuii Bua 6yayuiero TpaHCrnopTHo-nepecanoyHoro y3na Kocuno. Ucrtouynnk: Komnnexkc
rpagocTPoNTesIbHOM NOJIMTUKN U CTPOUTE/IbCTBA ropoaa MockBbl. [SneKkTpoHHbIV pecypc]: https://stroi.mos.
ru/. Qoctyn 01.03.2020.

Puc. 7. OctaHOBOYHbIN NMYHKT «OcTagbeBo». UcTouyHnk: Komnnekc rpagocTponTesibHOW NosIMTUKA
u cTpouTenbcTBa ropoaa MockBbi. [3neKTpoHHbIi pecypc]: https://stroi.mos.ru/. Qoctyn 01.03.2020.

CKOM HampabjieHUU. HoBbIi 0CTAHOBOUHBIM
IMyHKT OpraHU30BaH BBUIY CTPOUTEILCTBA
HOBBIX MEPCIIEKTUBHBIX KUIbIX KOMILICKCOB
MEK/TY CYIIECTBYIOILIMM OCTAHOBOYHBIM MTYHK-
toM CunukatHas u ctaHiueit [Tomoabek.
HasnaueHue JOMOMHUTEIbHON OCTAHOBKU
MacCaXXUpPCKUM Toe3aaM JajJbHEro ciaeaoBa-
HUSI Ha JaHHOM TPaHCITOPTHO-TIEPECaiouHOM
y3Jie MO3BOJUT pa3rpysuth Kypckuii Bokzan

VI PAH A M 5 MIN-

M COKPaTUTh BPEMEHM B ITyTH JIJIsI TTACCasKMPOB
Tpounkoro 1 HoBOMOCKOBCKOIO afMUHM-
CTPAaTUBHBIX OKPYTOB U 1ora MoCKOBCKOM
o0ylacTh. YYUTBIBasl TUIaHBI IO OCBOCHMIO
tepputopr HoBoit MOCKBBI, 03KMIAETCSI, YTO
B ITIEPCIIEKTUBE J0JI51 ITaCCaXKMPOB OCTaHABII -
BaIOLLIMXCS TaM TOE3[I0B MOXET NOCTUTHYTh
20 % oT 00I11IeTO YKCIIa ITacCaXKUPOITOTOKA 110
. Mockse.



Puc. 8. Mpennaraemasi KOHPUrypayms TpaHcrnopTHo-nepecanoyHoro y3na lerposcko-Pa3ymoBckas
(PUCYHOK cocTaBsieH aBTopamMmu).

OcTtaHoBOYHBIN NMyHKT OcTadbeBo,
(Ha puc. 7) cOCTOUT U3 IBYX OCTPOBHBIX Iac-
caxxupckux rmiaatdopm. [1pu aTom omHa riar-
dopMa cneumaau3dnpoBaHa IS TTOE310B
MOCKOBCKUX IIEHTPaJbHBIX IMaMETPOB
(mapuipyr D2 Haxabuno—Ilomonsck), a ase
JIPYTHe — IS TIPUTOPOIHBIX IIOE3/10B JAIbHUX
30H 1 3KCIIPECCOB.

B HacTos1ee BpeMsI TpaHCHOPTHO-
repecamouHkbIi y3ea OcradbeBo MpeacTaBis-
€T co00li COBpEMEHHbIII KOHKOPC, XKeJIe3HO-
IOPOKHBIE TIaTHOPMBI, 000PYIOBaHHBIE
HaBeCOM Ha BCIO JIJTMHY, JaBOYKaMU, S3HEPTO-
cOeperaIIuM OCBEIIICHUEM M HaBUTAIlOH-
HBIMU cTeJlaMu. TpaHCIIOpTHAsI JOCTYITHOCTh
obecreynBaeTCs MapKOBKOM IJIST JTMYHBIX
aBTOMOOMJICH M OpraHM30BaHHBIM aBTOOYC-
HBIM COOOIIIEHUEM.

Ha mepBoM 3Tamne mjis opraHU3aIuy 0cTa-
HOBOK MEXPETMOHAaJIbHBIM 3KCIIPECCHBIM
noesaam coodieHueM Mocksa-Kypckas—Ty-
JIa, a TAaKXKe «THEBHBIM dKCIIpeccaM», KypCh-
pyroiuM 1o mapiupyraM MockBa-Kypckasi—

VIIPA PA PIA A3 O NS

Kypck, Mocksa-Kypckas—Opén u MockBa-
Kypckasi—benaropona, o6cayxuBaeMblM
aJIeKTporoe3namMu «JlacTouka», TOCTaTOUHO
CYIIECTBYIOIIEH MaccakupcKoit miaThopMbl
mnuHoi 275 M. Ha mepcnekTuBy, B ciiydyae
Ha3HAYCHMST OCTAHOBOK IACCaXKUPCKUM IT10-
€3/1aM «THEBHOM 3KCITpecc», 00CTYKMBAEMbIM
LIEJIbHOMETAIINYECKMMU BarOHAMM C JIOKO-
MOTUBHOM TATOM, BO3MOXEH BapUaHT YIJIM-
HeHUs Taccaxkupcekoii riatdopmsl o [H1-1V
IIaBHBIM ITyTsIM 110 400 M.

Ellie omHUM 0CTaHOBOYHBIM MYHKTOM 151
MMaccaskMPCKUX MOE3M0B TAIbHETO CIeI0BAHS
CTaHeT TPAHCIIOPTHO-TIepEeCaqOYHbIN y3el,
KOTOPBI (hOpMUpYETCs HA OCHOBE CTPOSIIIICH-
¢Sl XKeJIe3HOI0POoKHOM T1aTdopMsl ITeTpos-
cko-Pa3ymoBckas JIeHnHrpaackoro Harmpas-
sneHus (puc. 8). HazHaueHUe TOMOJTHUTEIb-
HOI 0OCTaHOBKM BHICOKOCKOPOCTHBIM IT0E31aM
JleHUHTpaICKOTo HampaBlIeHUS HA TaHHOM
OCTaHOBOYHOM ITYHKTE TTO3BOJIUT Pa3rpy3uTh
JleHMHTpaaCcKuii BOK3al U COKPATUTh BpeMsI
B myTH [Uis maccaxkupoB CeBepHoro, CeBepo-
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Puc. 9. NMpepnaraemas KoHpurypaumsi TpaHCrnopTHo-rnepecanoyHoro y3na Kapayaposo
(prCyHOK cocTaB/ieH aBTopamMm).

BocTtouHoro u 3eneHorpaackoro aiMuUHU-
CTPAaTUBHBIX OKPYTOB ropoja MOCKBBHI.

B coctaB TpaHCTIOPTHO-MEpECaTOUYHOTO
y3J1a BXOIST JBe TIaTHOPMBI IJIsT TTOE30B
MOCKOBCKUX IEHTPAJbHBIX AUAMETPOB
(mapuipyt D3 3eneHorpan—PameHckoe),
OCTpPOBHAs IUIaTGopMa TSI TIPUTOPOTHBIX
MO€3A0B TaJbHUX 30H, 9KCIPECCOB U MOE3-
OB JaJIbHETO clienoBaHUs JIeHUHIpaacKo-
T'0 HaIlpaBJIeHUsI, €CTh BO3MOXHOCTD Ilepe-
CaJiIKi Ha OJMHOMMEHHBIA OCTAaHOBOYHBIN
nmyHKT CaBEJIOBCKOTO HaMpaBieHUs (MapIl-
pyT D1 OnuHiioBo—JIoGHS), CTAHLIUU Me-
tpo IlerpoBcko-PaszymoBckas CeprnyxoB-
cko-TumMupsseBckoii u JItro6amHcKo-JIMUT-
POBCKOU JTMHWI, MapKOBKM U OCTAHOBKU
Ha3eMHOIr'0 TOPOACKOTO MaccaXXupCcKoro
TpaHcHOopTa.

Ha sToMm TpaHCTIOPTHOM Y3J1€ ITpeiaraet-
Csl Ha3HAYUTh OCTAHOBKU BBICOKOCKOPOCT-
HbIM Ttoe3fnaM «CancaH» MockBa-OKTsI0pb-
ckass—CaHkT-IleTepOypr u 271eKTpoIoe3ny
«Jlactouka» Ne 725/726, cineayioliieMy I10o
Mapuipyty MockBa-OkTs0pbckasi—CaHKT-
[TeTepObypr. Hanuurie ocTaHOBKM y MOE30B
«CaricaH» MO3BOJUT caesiaTh rpaduk dosee
TapajyieIbHBIM OTHOCUTETLHO TIPUTOPOITHBIX
MOE3[I0B, YTO TAKXKE CKAXKETCS MOJTOKUTETBHO

VI PAH A M 5 MIN-

Ha MPOIMYCKHOU CITOCOOHOCTU TOJIOBHOIO
ydacTka JIeHUHTpaJCKOro HarpaBIeHUS.

Ha TopbkoBCcKOM HarpaBieHUU AJISI TPO-
MycKa MacCaXUpCKUX MOe310B AAJIbHETO
CJIeIOBaHUS MJAHUPYETCs OpraHu3alus
TPaHCIIOPTHO-MepecanoyHoro y3na Kapaua-
poBO, chOPMUPOBAHHOIO HA OCHOBE CYyIIE-
cTBytolei ctaHuuu Kapayaposo. TpaHcriopT-
HO-TlepecaiouHbli y3ea KapauyapoBo cocTouT
13 OCTAHOBOYHOTO MMYHKTA C TPEMSI aCCaXKUp-
CKUMU I1aT(opMaMu, YeTBIPbMS TJIABHBIMU
NyTSIMU U ABYMS MPUEMOOTIPABOYHBIMU
nyTtsamu. [Ipu aToM ABe mat@opmsel Ha Tep-
CIIEKTUBY OyIyT MpeaHa3HaYEHbI /151 [I0€3/10B
MOCKOBCKMX ILIEHTPaJbHBIX TUAMETPOB
(Mapupyt D4 AnpeneBka—XKene3Homopox-
Hasl), a TpeThs r1aTdopMa CTaHEeT COBMELIEH-
HOM [I7151 MPUTOPOAHBIX ITOE30B NaTbHUX 30H,
SKCIPECCOB U MOE3I0B NAJTbHETO CIeIOBaHUS.

B cocTtaB TpaHCIOPTHO-TEPECagOYHOTO
y3n1a KapayapoBo BXOAUT OCTAHOBOYHBII
nyHKT [OpbKOBCKOTO HaIMpaBJIeHUs, CTAHLIUS
MocKOBCKOTO LIEHTpaJIbHOTO KoJblia Huxke-
roponckasi, cranius Huxeropoackast Hekpa-
COBCKOI1 1 boJbI110¥i KOJTBLIEBOI IMHUI METPO
(puc. 9).

Tak xe BaXHEWIIUM TPAaHCIOPTHO-
MepecajoyHbIM Y3JI0M, paciojiaralolmnmcs Ha



Puc. 10. Mpeanaraemas koHpUrypawus TpaHCNOpPTHO-Nepecano4yHoro y3na CeBepssHUH
(PUCYHOK cocTaB/ieH aBTopamMmu).

nepecedeHUH ¢ MOCKOBCKUM ILIEHTPATbHBIM
KOJIBLIOM, SIBJSIETCSI OCTAHOBOYHBINA MYHKT
CeBepsaHuH fpociaBcKOro HalrpaBJIeHUS
(puc. 10).

Ha3znaueHne nomoTHUTEIbHOM OCTAHOBKH
HEKOTOPHBIM TOe3[aM JaIbHEro CIIeHOBAaHUS
Ha JaHHOM OCTaHOBOYHOM ITYHKTE ITO3BOJIUT
pa3rpy3uTh A pocaaBcKuii BOK3ajl M COKPaTUTh
BpeMs B IyTU IJs maccaxupoB CeBepo-
BocTouHOro aAMMHUCTPATUBHOTO OKpyra
MoOCKBHI 1 CeBEPO-BOCTOUHBIX paiioHOB Mo-
CKOBCKOI o0jyacT. B cocTaB TpaHCIIOPTHO-
TepecamoyHoro y3ja BOMIYT OCTAaHOBOUHBIN
nyHKT CeBepsTHIH S pociaBcKoro HaIrpaBJiie-
Hus (Tmoe3ma MOCKOBCKHUX IMEHTPaIbHBIX
amaMeTpoB Mmapiipyra D5, mpuropomHbie
moe3na JaJbHUX 30H, 3KCIPECCH W IToe3aa
IaJIbHETo CJIeIOBAHUS), a TaKXKE CTaAaHIIUS
MoCKOBCKOTO LIeHTpaIbHOTO KoJiblia PocTo-
KITHO.

BBumy Hauajga MacITabHOI peKOHCTPYK-
nuu ygactka MockBa-Ilaccaxupckasi-
Kypckas—MockBa-KananuéBckast ¢ 1eibio
CTPOUTEIIHCTBA TOTIOJTHUTESIHHOM IMaphl IJIaB-
HBIX IIyTeil, OBLIO TIPUHATO pelIeHne 00 OT-
KJIOHECHMH TPAH3UTHBIX (IIMPOTHHIX) TTOS3I0B
JaJbHEro CIeHOBaHMS, 00paIIaoIInuXCs
B HACTOSIIIIEe BpeMsI IO JaHHOMY YJacTKY, Ha
TPETUI TJIABHBIN ITyTh Majioro kosibiia Mo-
CKOBCKOW XX€JIE3HOM JOPOI'U, TJIE B HACTOSIIEE

BpeMs OCYIIECTBISIETCS TOJBKO I'PYy30BOE
nBrkeHue. B nepcriekTruBe Ha Majioe KOIbLo
MOCKOBCKOI1 3KeJIe3HOI JOPOTH MOTYT OBITh
TepeBeIeHBI TPAH3UTHBIC TTOS31a, CJICAYIOIINE
¢ JlermHTrpamckoro u SIpociaBcKoro HampaB-
neHuii Ha KazaHnckoe HampaBieHHE depe3
MUTBKOBCKYIO COeTMHUTEIBHYIO BETBb: HO-
BBIIf MAPIIPYT IPOITyCKa ITO3BOJIUT Ha3HAYUTh
TaKMM IMoe31aM TapruHYIO OCTaHOBKY B Mo-
CKBe.

H1s1 obecrieueHUsT BCEX YCIOBUIA, TIPeIb-
SIBJSIEMBIX K OpTaHU3allMM TPAHCIIOPTHO-
TepecagodHoOro y3ja, OblI pa3padoTaH ITPOSKT
10 CTPOUTEIBCTBY MACCAKMPCKOT0 TEPMUHA -
J1a YepKur30B0o, HAXOMSAIIETOCS MEXIY CTaH-
usMu JlJokomoTuB u bynbBap PokoccoBcko-
ro Majoro xosbpiia MOCKOBCKOI1 XKeJIe3HO
nmoporu. TpaHCTIOPTHYIO TOCTYITHOCTb TEpMU-
HaJla, TOMHMO HaJIWYUS MAacCaKMUPCKOTO
3MaHUS U T1aTHOPM IS TTOCAIKH U BHICAIKH
ImaccaXXupoB MOE3I0B JaTbHETO CICIOBAHMS,
obecrreyaT CTaHIMS MeTpo YepKn30Bo, CTaH-
st Majoro Kosblia MoCKOBCKO# XKeJIe3HOM
nmoporu JIOKOMOTHB, TTapKOBKa TSI JIMTHOTO
aBTOTPAHCIIOPTAa U MECTa OXHUIAHMS OOIIe-
CTBEHHOTO TOPOJICKOTO TpaHcIriopTta. Pazme-
IIeHUe JaHHOTO0 TepMHMHaJja IT0Ka3aHo Ha
puc. 11.

Boxk3zanpHBII KOMIUIEKC Ha cTaHIIAM Yep-
KHM30BO SIBIIICTCSI KOMIIO3UIIMOHHBIM IICHT-
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Puc. 11. PaamelyeHne nepcrnekTuBHOro naccaXxupckoro tTepmmuHana 4Y4epknsoBo (pUcyHOK cocTaB/ieH
aBTopamu).

pPOM TpPaHCIOPTHO-IIEpEecagouyHoTo y3ja,
B COCTaB KOTOPOTO BKJIIOUEHBI:

1. TpéxaTaxkHoe naccaxkMpcKoe 3JaHue.

2. Hag3eMHBII TTeNIEXOHBINA MEePEeXO0]I
(KOHKOPC), BBIIIOJTHEHHBI B MOHOJUTHBIX
XKeJ1e300€TOHHbIX KOHCTPYKIIUSIX, C TETUIBIMUA
Ha3eMHbIMU OCTEKJIEHHBIMU MTaBUJIbOHAMU U3
JIETKUX METaJJIMYEeCKUX KOHCTPYKUMMA A5
BBIXOJA Ha IUIAT(POPMBI M BOK3aJ ITOCPEI-
CTBOM JIECTHMII, 3CKAJaTOPOB M Maccaxup-
CKUX JTUQTOB C YTEIIEHHBIMU JTU(PTOBBIMU
IIaXTaMHU ¥ YCTPOMCTBOM YTEIUIEHHBIX JTUD-
TOBBIX XOJUIOB Ha IIaT(popmax.

3. JIBe BEICOKHE OCTPOBHBIC ITACCAXKUPCKIIE
tatdopmel muHoi 500 M, 060pyTOBaHHBIE
HaBecaMu U3 JETrKUX METALIMYEeCKUX KOH-
CTPYKLIUIA.

4. IlpuBOK3anbHAS MJIOIIAIL C OBYMSI
KOHTPOJIbHO-TIPOMYCKHBIMU TMyHKTaMu
(KIIIT), obopymoBaHHAsI CTOSTHKAMMU IIJIST aB-
TOOYCOB 1 JIETKOBBIX aBTOMOOWJIEH, BKJIIOYast
MapKOBOYHBIE MeCTa JJ151 aBTOMOOUJIE MaJlo-
MOOWJIBHBIX TPYMIT HACEJIEHUSI.

Takxum oGpa3om, MOSIBJIEHUE JOIIOIHU-
TeJIbHBIX OCTAHOBOYHBIX ITYHKTOB JJIS1 acca-
XKUPCKUX MOE3I0B JaJbHETO CJeI0BaHUS
craHeT 3¢ (PEeKTUBHBIM IIaTOM B CHIKCHUN
Harpy3kM Ha cCaMblX 3arpy>K€HHBbIX 2JIEMEHTaX
TPAHCTIOPTHOI CUCTEMBI ropoaa MOCKBBI.
BriOupass MmecToM Havajia WiM OKOHYaHUS
MOe31KU MOJIEPHU3UPOBAHHbIE TPAHCIOPTHO-
rnepecagoyHble y3Jbl, MacCaxXup AaJbHETO
cJieIoBaHUsI HE TOJbKO OECIpPEersITCTBEHHO
OCYLIECTBJISIET MepecaKy, u3dberas BCTpeuun
C MOTOKAMMU CTpeMSIIMUXCS Ha paboTy macca-
XKUPOB, HO U 3aTpauMBaEeT MEHbIIIE BPEMEHU
Ha TO, YTOOBI 1O0OpaTbCs 10 MECTa Ha3Haye-
HUS, TOTOMY YTO IVIaBHAas 3aja4a raccaxup-
CKHX TMEepeBO30K — JOCTaBUThb Iaccaxupa

B HEOOXOIMMBIN paifOH TopoIa ¢ MUHIMAJIb-
HBIMU ITOTEPSIMU BPEMEHM.

BbIBO4bl

Kputnueckas 3arpy>keHHOCTb OIIpeaeIEH-
HBIX 2JIEMEHTOB TPAaHCHOPTHOW CUCTEMBI
MockBbI (B 4aCTHOCTH, METPOITOJIUTEHA)
JIUKTYET HEOOXOIMMOCTh PEelIeHrsI BOIIpoca
0 Ha3HAYEHUU AOIOJHUTEIbHBIX OCTAHOBOK
JUTSI TACCAXKUPCKUX IMOE3/10B JAJTBbHETO CJIEN0-
BaHUS C LIEJIbIO paCIIpeaeIeHuUs MacCaKupo-
MOTOKOB €€ 10 MPUOBITHS TTOe31a JaTbHETO
CJIeOBaHMS Ha BOK3aJl B LIEHTp ropoja. bia-
ronapsi TaKOMy pelIeHU IO acCaXupbl CMOTYT
OCYILIECTBUTD MOCAAKY, BbICAAKY U MTEPECATKY
Ha IpyTroii BUII TpaHCIIOpTa B 0os1ee KoM(popT-
HBIX YCJIOBUSIX C BO3MOXKHOCTBIO ITOCTPOECHMUS
0oJiee ynoOHOT0 MaplilpyTa B 3aBUCUMOCTH OT
MecTa MPOKUBAHUS WU TPEObIBAHUS.

[1aBHBIMU NpenMyllleCTBAMU Ha3HAYECHUS
JIOTIOJIHUTEJIbHBIX OCTAHOBOK SIBJISIIOTCSI:

1. CHMXeHuMe Harpy3Ku Ha BOK3ajibl Mo-
CKBBI.

2. YMeHbIIIeHNEe TacCakMupOIoTOKa Ha
KPYMHbBIX TPAHCIOPTHO-TIEPECATOUHBIX Y3J1aX
C KPUTHUYECKOM 3arpy3KOM.

3. Pa3BuTHre TpaHCIIOPTHOM JOCTYITHOCTH
paitoHOB MOCKBBHI.

4. PantmoHaIbHOE pacIipeie/ieHUE Harpy3-
K1 Ha TPAHCIIOPTHYO MH(MPACTPYKTYPY TOpo-
na.

5. Cosnmanue 6osiee THOKOM BO3MOKHOCTH
BbIOOpa MecTa OTIPABJICHUST WU MPUOBITUS
1o MockBe AJisl MacCakKMupoB, MPOXKUBAIOILINX
B pa3IMYHbIX paliOHaX.

6. MonepHuU3a1usI CYLIECTBYIOILIEH TPaHC-
TIOPTHOM MH(PPACTPYKTYPHI.

OCHOBHIBasICh Ha 3apYOEKHOM OIIBITE €B-
pPOIENCKMX CTpaH, B YaCTHOCTH, Ha IPUMEpPE



Tepmanuu, roe B rpaHUIIaX CTOJIUYHOM arjao-
Mepaluu ropoaa bepiuH maccaxupckue
Moe3/1a aabHEero cieJ0BaHUS MTPOXOIST Yepes
2 u 6oJiee BOK3aJia, ObIJIO MPUHSTO PElIeHUE
0 Pa3BUTUU TPAHCTIOPTHO-TIEPECaTOUYHBIX
Y3JI0B C BO3MOXHOCTBIO OCTAHOBKU MOE310B
JIaJIbHETO CJIeIOBAaHUS HE TOJbKO Ha ILIEHT-
paJIbHBIX BOK3aJlaX, HO W B JIPYTMX paiioHax
MockBbl. TakuMU TOTIOJTHUTETLHBIMU OCTa-
HOBOYHBIMM TTyHKTaMU TSI TTACCAKUPCKUX
MOEe3M10B JaJIbHETo cienoBaHus ctaHyT Kocu-
Ho, OcradreBo, IlerpoBcko-PaszymoBckoe,
Yepkuzono, KapauapoBo, CeBepsIHUH U IPY-
rue, MpUBJIEKAONIME MTaCCAXUPOB PACIIONO0-
JKEHMEM, Pa3BUTOCTBIO TIPUJIETAIOIINX TEPPH -
TOPUIA Y TPAHCIIOPTHOM AOCTYMHOCTHIO. T1o-
3TOMY peaju3alliio JaHHOTO PELIeHUs IO
pa3rpy3ke MOCKOBCKOTO TPAaHCHOPTHOIO
y3J1a MOXKHO CUYUTATH LIEJIECO0OPa3HOIA.

AHaJIOTUYHBIE ITOIXO/IbI C ITOJIHBIM YIETOM
JIOKAJIbHOM CTIeTIM(UKN MOTYT OBITh PEKOMEH -
JIOBAHBI JUISI IPOPAOOTKU U JIJIsT KPYITHBIX TO-
DPOMIOB MUPA, TJE 3Ta MOJEb EIIE HE MOy -
Jia pa3BUTHS.
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ABSTRACT

In many world’s most populous cities, railways are
anintegral part of urban transport systems. Commuter
and intraurban passenger railway traffic is often and
widely considered in this context. On the other hand,
the constant growth in passenger traffic of long-
distance trains, traditionally gravitating towards
railway stations and adjacent urban transport hubs,
including metro stations through which arriving
passengers pass towards their final destinations in
the city, requires search for new solutions to improve
comfort of the trip for passengers, and to remove the
excess load from the urban transit system.

Considering the experience and features of
organization of long-distance passenger railway traffic
in various countries, the authors based on previous

research suggests certain solutions regarding Moscow
railway hub. To organize comfortable environment for
passengers of all categories of trains, it is advisable to
develop a balanced technology of train traffic within
the Moscow junction, excluding overloading of
individual elements of the transport system
(in particular, of rail stations in the city center).

The objective of the article is to analyze global
experience in organizing traffic of long-distance
passenger trains within the boundaries of large
agglomerations and to develop proposals to organize
additional stopping points for long-distance trains in
various districts of Moscow, which will help reduce the
load on central transport and interchange hubs,
improve quality of transportation services for
passengers, and develop the districts of Moscow and
Moscow region adjacent to the new TIHs.
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Background.

Urban agglomerations, especially
megalopolises, are characterized by complex
transport infrastructure, require a systematic
approach to organization of passenger flows,
complex solutions that would optimize the use
of various modes of transport, as well as
integrate various types of transportation into
the urban transport system (urban and intercity
bus routes, intracity, suburban, long-distance
passenger railway traffic).

A special role in the context of that
problem can be assigned to railways. With
constant development and modernization of
Moscow railway junction, an increase in the
number of arriving passengers and an
increase in attractiveness of passenger
transportation by rail, the problem of
overloading the railway stations in Moscow
and the corresponding stations of Moscow
metro has become aggravated. In particular,
the majority of long-distance train passengers
arriving at Leningradsky, Yaroslavsky and
Kazansky railway stations, during peak
periods, create a colossal load on
Komsomolskaya metro station, which is
currently the busiest in Moscow metro, where
125 thousand people pass through turnstiles
daily, and the maximum passenger traffic
during morning rush hours attain 27 thousand
people. Passengers of other Moscow railway
stations are also forced to find themselves in
some of the busiest transport hubs in the city
center (metro stations Kievskaya, Kurskaya,
Belorusskaya) and, often moving with large
luggage, create additional obstacles to
movement of a dense flow of passengers of
Moscow metro.

Traditionally, great attention is paid to
development of railways in order to increase
connectivity of regions and agglomerations, to
achieve integration of intracity and suburban
railway traffic. In particular, works [1-2],
numerous publications in periodicals [3—4] are
devoted to a comprehensive consideration of
this problem. More general issues and specific
proposals, including, e.g., those with respect
to cargo traffic in a district of the city of
Szczecin [5], in Gdansk [6] are also studied.
Definitions and other aspects of operation of
rail stations [e.g., 7], their integration into
urban transport systems [8—11] are considered
by many researchers. Particular attention is
paid to the analysis of passenger flows at rail

stations!. Studies often focus on the positioning
of railway stations in integrated transport
systems of national and regional levels [12].

Among the options allowing to achieve
better efficiency of the transport model of large
cities, taking into account the role of railway
transport and particularly of long-distance
(intercity) trains, along with the improvement
of the relevant infrastructure, we can refer to
the development of the issues of rational
location of stopping points for redistribution of
passenger flows.

The organizational basis for possible
implementation of such steps in Moscow
agglomeration is provided by several provisions
of the Transport Strategy of the Russian
Federation for the period up to 2030. It
particularly notes the need to modernize
Moscow railway junction. So, in terms of
organizing passenger transportation, it is
planned to implement measures providing for:

1. Strengthening head sections of main
railways.

2. Development of commuter and
interregional passenger transportation in trains
of improved comfort on all radial directions
linking Moscow with district centers of
Moscow region and neighboring constituent
entities of the Russian Federation.

3. Organization of passenger traffic along
the Moscow Central Circle? providing for
interchange points to radial railway lines and
metro stations?.

The objective of the article is to develop
proposals for development of the existing
scheme of traffic of long-distance passenger
trains within Moscow railway junction.
Methods of statistical and content analysis, as
well as modelling of passenger flows were used.

! Please see, e, g., Rail passenger numbers and crowding
statistics: 2017 report. [Electronic resource]: https://
assets.publishing.service.gov.uk/government/uploads/
system/uploads/attachment_data/file/728526/
rail-passengers-crowding-2017.pdf. Last accessed
01.03.2020.

2 Small Moscow Rail Ring of Moscow Railway and
Moscow Central Circle have the same configuration
but technically they are different, and not all the tracks
of Small Moscow Rail Ring belong to Moscow Central
Circle, but both will be called Moscow Central Circle
further on in the text

3 Transport strategy of the Russian Federation for the
period up to 2030 (appr. by the order of the Government
of the Russian Federation dated November 22, 2008
No.1734-r). [Electronic resource]: https://www.garant.
ru/products/ipo/prime/doc/94460/. Last accessed
01.02.2020.
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Pic: 1. The existing scheme of long-distance passenger trains traffic within Moscow railway junction
(compiled by the authors).

Features of Moscow Railway Junction

Long-distance passenger trains arrive from
all directions of Moscow railway junction at 8
Moscow railway stations. More than 60 million
passengers travel yearly with those long-
distance trains [13]. The existing traffic scheme
of long-distance passenger trains is shown in
Pic. 1.

It can be seen from this scheme that all
stations are in the central part of the city, while
there are currently no alternative stops for most
long-distance passenger trains in the territory
of Moscow and in the nearest Moscow region.
This often creates paradoxical situations when
passengers living in Moscow region near a
radial direction of a main railway are forced to
travel to the center of Moscow to board a long-
distance train at a railway station, spending
additional time for the trip and inadvertently
creating an extra load on the city’s transport
infrastructure (in particular, on metro and/or
commuter railway).

For example, long-distance train passengers
arriving at Leningradsky, Yaroslavsky or
Kazansky railway stations use Moscow metro
to move around the capital. Komsomolskaya
station is the busiest metro station in Moscow,
so presence of passengers with luggage
(suitcases, trolleys and large bags) during peak
hours creates a serious problem for metro
functioning, as well as from the point of view

of ensuring transport security, not to mention
the banal comfort of passengers.

Hypothetic solution: Redistribution of
Passenger Flows to Additional Stations

The above problem of overloading of central
transport hubs (railway stations) can have
several solutions, but the most optimal,
according to the authors of this article, is
distribution of passenger flows across several
stations of Moscow railway junction by
assigning additional stops to long-distance
passenger trains within the city.

The experience of European countries
tells us about widespread use of such solutions
within the boundaries of large agglomerations.
So, for example, the scheme of long-distance
trains’ traffic through railway stations in
Berlin (Germany), shown in Pic. 2, provides
for at least 2 stops within the city for any
category of long-distance trains. Berlin train
stations are used by long-distance trains of
various categories: high-speed trains (ICE),
speed trains (IC/EC), night trains (NJ),
international night trains (EN) and low-cost
trains (FLX).

All long-distance passenger trains pass
through 2 or more Berlin railway stations, and
international transit trains pass through 3 or
more railway stations. The parking time of
trains for embarking and disembarking



passengers at all stations within the city limits,
except for the Central one, is only 2 minutes.
A prerequisite is that long-distance trains from
all directions pass through Berlin Central
Station (Berlin Hauptbahnhof). In addition,
passengers always have an opportunity to use
stops located in the suburbs of Berlin to board
the train at a significantly lower cost than when
leaving the center of Berlin on the same train.
Besides, there are low-cost trains with a low
ticket price (FLX) in Germany. Such trains
depart from a non-main station to various cities
of the country twice a day*.

Despite the fact that not all railway stations
of Moscow railway junction are dead-ends, a
basic scheme of traffic of long-distance
passenger trains in Berlin can be proposed for
implementation in Moscow region. A huge
number of long-distance trains of various
categories (daily express trains, speed and high-
speed trains, branded trains, non-branded
trains and international trains) arrive in
Moscow every day, which indicates the need to
distribute passenger flows and optimize the load
on central transport hubs.

# Information portal Germania-online. | Electronic
resource]: https://germania-online.diplo.de/ru-dz-ru/.
Last accessed 01.03.2020.

Pic: 2. Scheme of organization
of long-distance train traffic at
railway stations in Berlin. Source:
Germania-online information
portal. [Electronic resource]:
https://germania-online.diplo.
de/ru-dz-ru. Last accessed
01.03.2020.

Conditions and Requirements for Creation
of Additional Stopping Points

Based on the domestic regulatory framework
and modern trends in design of transport
interchange hubs, it is possible to identify the
basic requirements for additional stopping
points for long-distance passenger trains of
various categories, shown in Pic. 3. Let’s
consider these requirements in more detail.

General requirements for stopping points,
mandatory for long-distance trains of all
categories:

1. High passenger platforms (at least 1 island
or 2 side platforms).

2. Awnings over passenger platforms along
their entire length.

3. Elevators providing vertical movement of
people with limited mobility.

4. Escalators to move passengers between
platforms, concourse or pedestrian crossing.

5. Stops of ground urban passenger
transport, located no further than 100 m from
the entrance to the transport interchange hub.

6. Metro stations, Moscow Central Circle
or Moscow Central Diameters stations, located
in the immediate vicinity of the planned
stopping point, or connected to in compliance
with «dry feet» transfer principle.
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[ Requirements for stopping points ]

1

l General l

]
[ Specialized for categories of trains ]

t—  High passenger platforms

—

I
Interregional express ] l Daytime express l

[—  Awnings over platforms

[~ Elevators for people with limited mobility

[— Escalators for movement of passengers

Stops of ground transport 100 m away from
the entrance

Stopping time- no more than 2 minutes

Passenger infrastructure

Transport infrastructure

Stopping time- no more than 2 minutes

Passenger infrastructure
Transport infrastructure

Platform 257 m Platform 257 m

—

Stations of metro, Moscow Central Circle [

Speed and high-speed ]

[ Night branded and non-branded ]

—  or Moscow Central Diameters in vicinity of
a stopping point

t—  Taxi waiting area

— Parking for personal transport

{—  Stopping time — no more than 2 minutes

Passenger infrastructure

Transport infrastructure

Platform 450 m long

— Stopping time- 5 minutes
Passenger infrastructure

Transport infrastructure

Platform 450 m long

Free receiving-departure track

Pic. 3. Basic requirements for additional stopping points for long-distance passenger trains of various
categories (compiled by the authors).

7. Taxi waiting areas.

8. Parking for personal vehicles [14].

Besides the above general requirements,
different categories of trains have their own
specific requirements for stopping points within
the city, due to the different structure of
passenger traffic. Thus, passengers of «daytime
express trains» (for example, train No. 741A
Belgorod—Moscow-Kurskaya), most often,
travel without large luggage, unlike passengers
of non-branded night trains (for example, train
No. 246U Chelyabinsk—Moscow-Yaroslav-
skaya), which can sometimes travel with several
large suitcases. In addition, passengers of night
trains will not be able to board and disembark
from the coach in 2 minutes due to presence of
luggage, unlike passengers of high-speed trains
Sapsan and Lastochka, therefore, stopping time
at such stopping points for trains of various
categories is also different.

The main requirements for inter-regional
express trains are:

1. Stopping time: no more than 2 minutes.

2. Transport infrastructure: transfers to
ground and underground urban passenger
transport, convenient access for taxis and
private cars, parking for carsharing cars,
bicycles and scooters.

3. Passenger infrastructure: cash desks and
ticket-printing machines, restrooms, vending
machines.

4. Track with a high platform for embarking
or disembarking passengers 257 m long.

The main infrastructure requirements for
daytime express trains are:

1. Stopping time: no more than 2 minutes.

2. Transport infrastructure: transfers to
ground and underground urban passenger
transport, convenient access for taxis and
private cars, parking for carsharing cars,
bicycles and scooters.

3. Passenger infrastructure: cash desks and
ticket-printing machines, restrooms, inspection
area, vending machines.

4. Track with a high platform for embarking
or disembarking passengers 257 m long.

The main requirements for speed and high-
speed trains are:

1. Stopping time: no more than 2 minutes.

2. Transport infrastructure: transfers to
ground and underground urban passenger
transport, convenient access for taxis and
private cars, parking for carsharing cars,
bicycles and scooters.

3. Passenger infrastructure: cash desks and
ticket-printing machines, inspection area,
restrooms, trade and catering facilities, waiting
room.

4. Track with a high platform forembarkation
(disembarkation) of passengers 450 m long.

The main requirements for night branded
and non-branded trains are:

1. Stopping time: 5 minutes.

2. Transport infrastructure: transfers to
ground and underground urban passenger
transport, convenient access for taxis and



Pic. 4. Proposals for organization of additional stops for long-distance trains within
the city of Moscow (authors’ drawing).

private cars, parking for carsharing cars,
bicycles and scooters.

3. Passenger infrastructure: cash desks and
ticket-printing machines, inspection area,
restrooms, trade and catering facilities, waiting
room.

4. Track with a high platform forembarkation
(disembarkation) of passengers 450 m long.

5. Free receiving and departure track for the
possibility of overtaking (stopping point must
have track development).

A model of problem solution

Considering these requirements and variety
of categories of long-distance trains arriving in
Moscow, it is proposed to organize additional
stops for them within the city of Moscow to
reduce the load on central rail stations and
metro stations. In total, in Moscow region, it
is proposed to designate seven additional
stopping points for long-distance trains based
on the existing suburban stopping points of
Kievsky, Smolensky, Leningradsky, Yaroslavsky,
Gorkovsky, Kazansky and Kursky radial rail
lines (directions), as well as the Moscow
Central Circle (Pic. 4).

Let’s consider some proposals in more
detail. One of the additional stops for long-
distance passenger trains, in our opinion,
should be Kosino transport hub, which, as
shown in Pic. 5, is developed based on the

existing railway platform Kosino, of Kazan line
(direction). The main function of the planned
transport hub is the possibility of embarking
and disembarking on/from long-distance trains
of Kazan and Ryazan lines to unload Kazansky
railway station, the busiest station with long-
distance passenger trains, and reduce travel
time for passengers living in the eastern and
southeastern districts of Moscow and the
eastern districts of Moscow region.

The proposed Kosino transport interchange
hub may consist of a station with four main,
two receiving and departing tracks and four
passenger platforms. At the same time, one
platform will be dedicated to trains of Moscow
Central Diameters (route D3 Zelenograd—
Ramenskoye), another one will serve long-
distance commuter trains and express trains,
and two others will be dedicated to long-
distance passenger trains.

Good transport accessibility of this area will
be provided by Kosino metro stations of
Nekrasovskaya line and Lermontovsky prospect
of Tagansko-Krasnopresnenskaya line, Kosino
railway platform and a network of motor roads
with ground urban public transport routes.
Therefore, connection between ground urban
and off-street rail transport will be provided.

According to preliminary data, organization
ofan additional stop for long-distance passenger
trains on the territory of Kosino transport
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Pic. 5. The proposed configuration of Kosino transport interchange hub (authors’ drawing).

interchange hub will relieve the passenger
infrastructure of Kazansky railway station by at
least 15 %. The appearance of the projected
Kosino transport hub is shown in Pic. 6.

In addition to Kosino transport interchange
hub, another additional stopping point for long-
distance trains is Ostafyevo, located at Kursk
line. The new stopping point was organized due
to construction of new promising residential
complexes between the existing stopping point
Silikatnaya and Podolsk station. The
appointment of an additional stop for long-
distance passenger trains at this transport
interchange hub will relieve the load on Kursky
railway station and reduce travel time for
passengers of Troitsky and Novomoskovsky
administrative districts and the south of Moscow
region. Taking into account the plans for
development of the territory of New Moscow, it
is expected that in the future the share of
passengers of trains stopping there may reach
20 % of the total passenger traffic in Moscow.

Stopping point Ostafyevo (Pic. 7) consists
of two island passenger platforms. At the same
time, a platform is dedicated to trains of
Moscow Central Diameters (route D2
Nakhabino—Podolsk), and the other two are
for suburban trains of distant zones and express
trains.

Currently, Ostafyevo transport interchange
hub is a modern concourse, railway platforms
are equipped with a full-length canopy,
benches, energy-efficient lighting and
navigation steles. Transport accessibility is
provided by parking for private cars and an
organized bus service.

At the first stage, for organization of stops
for interregional express trains connecting
Moscow-Kurskaya and Tula, as well as for
«daytime express trains» running along the
routes Moscow-Kurskaya—Kursk, Moscow-
Kurskaya—Oryol and Moscow-Kurskaya—
Belgorod, served by electric trains Lastochka,
the existing passenger platform with a length
of 275 m is quite sufficient. In the future, if
stops are assigned to the daily express passenger
trains served by all-metal locomotive-hauled
cars, it is possible to lengthen the passenger
platform along III—IV main tracks up to
400 m.

Another stopping point for long-distance
passenger trains will be Petrovsko-
Razumovskaya transport interchange hub,
which is developed (Pic. 8) on the basis of
Petrovsko-Razumovskaya platform of
Leningradsky line which is now under
construction. The appointment of an additional
stop for high-speed trains of Leningradsky line



Pic. 6. Exterior view of future Kosino transport interchange hub. Source: Complex of urban planning policy and
construction of the city of Moscow. [Electronic resource]: https://stroi.mos.ru/. Last accessed 01.03.2020.

at this stopping point will unload Leningradsky
railway station and reduce travel time for
passengers of Northern, North-Eastern and
Zelenogradsky administrative districts of
Moscow.

The transport hub includes two platforms
for trains of Moscow Central Diameters (route
D3 Zelenograd—Ramenskoye), an island
platform for commuter trains of distant zones,
expressand long-distance trains of Leningradsky
line. There is the possibility of transferring to
the stopping point of the same name at
Savelovsky line (route D1 Odintsovo—Lobnya),
metro stations Petrovsko-Razumovskaya of
Serpukhovsko-Timiryazevskaya and
Lyublinsko-Dmitrovskaya lines, parking and
stops for ground urban passenger transport.

At Petrovsko-Razumovskaya transport hub,
it is proposed to assign stops to high-speed
Sapsan trains Moscow-Oktyabrskaya—St.
Petersburg and Lastochka electric train No.
725/726 following the route Moscow-
Oktyabrskaya—St. Petersburg. The presence of
a stop for Sapsan trains will make the schedule
more parallel with respect to commuter trains,
and this will also make a positive effect on
transit capacity of the head section of
Leningradsky line.

On the Gorkovsky line, for long-distance
passenger trains, it is planned to organize
Karacharovo transport interchange hub,
developed on the basis of the existing
Karacharovo station. Karacharovo transport
interchange hub consists of a stopping point
with three passenger platforms, four main
tracks and two receiving and departure tracks.
At the same time, two platforms in the future

will be intended for trains of Moscow Central
Diameters (route D4 Aprelevka—Zhelezno-
dorozhnaya), and the third platform will serve
long-distance commuter trains, express trains
and long-distance trains.

Karacharovo transport interchange hub
includes a stopping point of Gorkovsky line,
Moscow Central Circle station Nizhegorodskaya,
Nizhegorodskaya station of Nekrasovskaya and
Big circle metro lines (Pic. 9).

Also, one of the most important transport
interchange hubs located at the intersection
with Moscow Central Circle is Severyanin
stopping point of Yaroslavl line (Pic. 10).

Assigning an additional stop to some long-
distance trains at this stopping point will help
relieve Yaroslavsky railway station and reduce
travel time for passengers in North-Eastern
Administrative District of Moscow and
northeastern districts of Moscow region. The
transport interchange hub will include
Severyanin stopping point of Yaroslavl line
(trains of Moscow central diameters of D5
route, suburban trains of distant zones, express
and long-distance trains), as well as the
Rostokino station of Moscow Central Circle.

In view of the start of a large-scale renewal
of Moscow-Passazhirskaya-Kurskaya—
Moscow-Kalanchevskaya section with the aim
of building an additional pair of main tracks, it
was decided to send long-distance transit
(latitudinal) trains currently circulating on this
section to the third main track of the Moscow
Central Circle, where currently only cargo traffic
is carried out. In the future, transit trains now
going from Leningradsky and Yaroslavl lines to
Kazan line through Mitkovskaya connecting
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Pic. 7. Stopping point Ostafyevo. Source: Complex of urban planning policy and construction of the city of
Moscow. [Electronic resource]: https://stroi.mos.ru/. Last accessed 01.03.2020.

Pic. 8. The proposed configuration of Petrovsko-Razumovskaya transport interchange hub (authors’ drawing).

branch can be transferred to the Moscow Central
Circle: the new connecting route will allow such
trains to be assigned a tariff stop in Moscow.

To enable all the conditions required for
organization of a transport interchange hub, a
project was developed for construction of
Cherkizovo passenger terminal located between
the stations Lokomotiv and Bulvar
Rokossovskogo of MCC. Transport accessibility
of the terminal, in addition to the presence of

a passenger building and platforms for
embarking and disembarking passengers of
long-distance trains, will be provided by
Cherkizovo metro station, Lokomotiv station
of the MCC, parking for personal vehicles and
waiting areas for public transport. The location
of this terminal is shown in Pic. 11.

The set of station buildings at Cherkizovo
station is a center of the transport interchange
hub, which includes:



Pic. 9. The proposed configuration of transport interchange hub Karacharovo (authors’ drawing).

1. Three-story passenger building.

2. An overhead pedestrian crossing
(concourse), made in monolithic reinforced
concrete structures, with warm ground glazed
pavilions made of light metal structures for
access to platforms and the station through
stairs, escalators and passenger elevators with
insulated lift shafts and arrangement of
insulated lift halls on the platforms.

3. Two high island passenger platforms,
500 m long, equipped with canopies made of
light metal structures.

4. Station square with two checkpoints,
equipped with parking for buses and cars,
including parking spaces for cars of people with
limited mobility.

Thus, emergence of additional stopping
points for long-distance passenger trains will
be an effective step in reducing the load on the
busiest elements of Moscow transport system.
Choosing modernized transport hubs as a
starting or ending point for a trip, a long-
distance passenger not only seamlessly transfers,
avoiding the flow of passengers traveling to their
job, but also spends less time getting to the
destination, because the main task of passenger
transportation is to deliver passenger to the

required area of the city with minimal loss of
time.

Conclusions.

The critical loading on some elements of
Moscow transport system (in particular, metro)
has led to the need to resolve the issue of
assigning additional stops for long-distance
passenger trains to distribute passenger traffic
even before the long-distance train arrives at
the station in the city center. Thanks to this
solution, passengers will be able to board,
disembark and transfer to another mode of
transport in more comfortable conditions with
the possibility of building a more convenient
route depending on the place of residence or
stay.

The main advantages of making additional
stops are:

1. Reducing the load on Moscow railway
stations.

2. Decrease in passenger traffic at large
transport hubs with a critical load.

3. Development of transport accessibility of
Moscow districts.

4. Rational distribution of the load on the
transport infrastructure of the city.
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Pic. 10. The proposed configuration of transport interchange hub Severyanin (authors’ drawing).

Pic. 11. Location of the promising passenger terminal Cherkizovo (authors’ drawing).

5. Creation of a more flexible opportunity
to choose the place of departure or arrival in
Moscow for passengers living in different areas.

6. Modernization of the existing transport
infrastructure.

Based on the experience of European
countries at the example of Germany, where

long-distance passenger trains pass through 2
or more railway stations within the metropolitan
area of Berlin, it was decided to develop
transport hubs with the possibility of stopping
long-distance trains not only at central stations,
but also in other areas of Moscow. Such
additional stopping points for long-distance



passenger trains will be Kosino, Ostafyevo,
Petrovsko-Razumovskoye, Cherkizovo,
Karacharovo, Severyanin, etc., attracting
passengers by the location, development of
adjacent territories and transport accessibility.
Therefore, implementation of this solution to
unload Moscow transport junction can be
considered reasonable.

Similar approaches with full consideration
of local features can be recommended to large
cities of the world, where this model has not
yet been developed.
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MeToauka BbiOOpa MecT pa3mMeLl,eHus
TPaAHCMOPTHO-Nepecano4vHbIX y3J/10B
Ha OCHOBe ONTUMWN3aLMOHHOM
MaTeMaTuyYeckom mopgenu

Oner MOCKBUYEB Ceetnana JIEOHOBA

B crarbe paccmoTpeHO ¢popmMmupoBaHue
CUCTEMbI TPaHCMOPTHO-NEPECAA0YHbIX Y3/10B
(Try). Heobxoanmoctb co3aaHus TIY o6-
yCJ10BJIEHA BO3MOXHOCTbIO MOBbILLEHUS 3¢-
(EKTUBHOCTY OpraHn3aLmu naccaxupornoTo-
KOB B CUCTEME ropoACKOro obLeCTBEHHOIro
TpaHcropTa, COKpaLLeH st BDEMEHU Moe3aKu
riaccaxupoB, o6ecrneyeHns KOMPOPTHbIX, 6e3-
ornacHbIX YCJIOBUI nepecagku v yaydLeHus
KkadectBa 06C/yXVBaHWSI HACE/IEHUS].

Llenb pabotel — pa3paboTka METoAMNKM,
r103BOJISIIOLLIEN peLuaTh 3a4a4y ornTUMasibHOro
Bbl6opa mecT paameLeHust TIY noboro ropo-
/18 10 3KOHOMUYECKOMY KPUTEPMIO 1 KPUTEPUIO
cpeaHero BpeMeHu noe3aku C UCrnoJsib30BaHu-
eM MeTOZ0B MaremMaTu4eckoro MoaesampoBa-
Hus. MeToauka BKIoHaeT rnomcK OnTUMaIlbHbIX
MapLLpYTOB MOE3aKu 10 roposay v ornpeaese-

Mockeuues Oaee Baarepvesun — Camapckuii
eocydapcmeentblil yHueepcumem nymeii cooOueHus.,
Camapa, Poccus

Jleonosa Ceemaana Aaexcanoposna — Camapckuii
20Cy0apcmeeHHblil yHugepcumem nymei coooujerus,
Camapa, Poccus*.

HUe 3¢ OEKTUBHBIX NepecanoyHbIX y3/10B C r10-
MOLbIO pa3paboTaHHOro nNPorpaMmMHOro
npoaykta «3¢ppekTuBHbie nepecanku». [pu
3TOM 9P PeKkTUBHbIE NnepecanoqyHble y3Jibl
C MakcumMasibHOM BEJINYNHOM rNaccaxmpornoTo-
Ka IBASIIOTCS KaHAuAaTaMy Ha co34aHnNe B HUX
TrYy. B paboTe BbInNo/IHEHbI PACYETblI COr/IaCHO
npeanaraeMovi MeToauke v onpeaesieHbl on-
TUMaJsibHble BapuaHTbl pasdMeLLeHuns TPaHC-
MOPTHO-repecasoqyHbIX y3/108 B rOPOLACKOM
okpyre Camapa npuvi OrpaHN4eHHbIX AEHEXHbIX
cpeacTBax C y4ETOM BESINYUHbI COKPALLEHUS
BpPEMEH Noe3aKu v KOJIMYeCcTBa naccaxupos,
M0/Ib3YIOLLMXCS] STUMU NMepecasoqyHbLIMU y3/1a-
mu. losydyeHa 3aBUCUMOCTb COKpaLLeHUs
cpenHero BpeMeHu O4HOV Noes3aKku ro roposy
OT KOJIM4ecTBa TPaHCMOPTHO-NepecanoqyHbIX
y3/10B.

Knto4yesble crioBa: TpaHCropTHO-NMepecanoyHblii y3es1, ropoAckasl TPaHCNoPTHas! CeTb, 00-
LLIeCTBEHHbIV TPAHCIOPT, NacCaxuporoToK, COeAHEeE BPeMs 0e34ku, ornTuMmn3aLmoHHas MaTe-

marndeckasi Mo4eJib.

*MHdopmaums 06 aBTopax:

Mockeuues Oner BanepbeBu4 — JOKTOP TEXHUYECKUX HAYK, AOLLEHT, 3aBeAyoLLmMiA kadeapon ynpasneHns
aKkcnyaTaumoHHo paboToii Camapckoro rocyaapCTBEHHOro yHBepcuTeTa nytei coobeHuns (CamlyYrcC),

Camapa, Poccusi, moskvichev063@yandex.ru.

JleoHoBa CBeTnaHa AnekcaHApOBHA — CNeunannct yuebHO-MeToAMYeCcKOro ynpasneHuns, cTapLlunia
npenoparaTenb kadeapsl ynpaBieHUs akcriayaTaumoHHo pabotoin Camapckoro rocygapCTBEHHOMO
yHuBepcuTeTa nytei coobuweHuns (CamlYIC), Camapa, Poccusi, Svetlana.8709@mail.ru.

Crtatbsa noctynuna B pegakumio 14.01.2020, npuHaTa k nyénvkauum 11.05.2020.

For the English text of the article please see p. 206.



BBEOEHUE

HeobxonuMocTh co3naHus TPAaHCTIOPTHO-
rnepecanoyHbIX y3J10B 00yCIOBICHa BO3ZMOX-
HOCTBIO MOBBIIIEHUST 3((HEKTUBHOCTU Opra-
HU3ALMU MacCakKMPOIIOTOKOB B CHCTEME TO-
pPOACKOIo OOIIEeCTBEHHOTO TpaHCHoOpTa,
VAYYIIeHUs KauecTBa 00CTy>KMBaHUs HaceIe-
HUS1, IOBBILLIEHUS TTPUBJIEKATEIbHOCTH TOPOI-
CKOTO 00IleCTBEeHHOTO TpaHcropra [1—6].
Bomnpockl obecrieueHUsT TPAaHCIIOPTHOM T0OC-
TYITHOCTH, TTOBBILIIEHUS Ka4eCTBa TPAHCIIOPT-
HBIX YCJIYT JUISI HACEJICHUS, YBETUYCHUS POJIU
TOPOJCKOI0 OOIIECTBEHHOIO TPaHCIIOPTA,
COKpAIlIEHUSI CPEHET0 BpeMEHU MOoe3IKH (UTO
BO3MOXKHO 32 CUET CO3IaHUsI CUCTEMBI TPAHC-
MOPTHO-MEePeCcagoYHbIX Y3JI0B) OTMEUEHBI KaK
ONIHU 13 HauboJjee BaxXHbIX B TpaHCIIOPTHOM
crpareruu Poccuiickoit @enepariny Ha riepu -
on g0 2030 rona [7].

ITpu aTom BaxkHO onpeneautsb Tiil TITY,
BUJBI TPAaHCIIOPTA, B3aMMOACHCTBYIOIIE
B y3Jie, CIIPOEKTUPOBATh KaXIbIii 3JIEMEHT
MepecagoyHoro y3jia TakuM o0pa3oM, YTOObI
o0ecreuyunThb OBICTPYIO, OE30MacHYIo Iepeca-
Ky YU OJHOBPEMEHHO BBICOKHI YPOBEHb 00-
CITy>KMBaHUS raccaxkxuposn [8—10].

OnTuManbHBIA BBIOOP MECT pacIioioxKe-
HUsI TPAHCTIOPTHO-TI€PECaaOYHbIX y3/I0B M03-
BOJIUT MOBBICUTD CITPOC HAa TOPOJICKOI OO11Ie-
CTBEHHBII TPAHCIIOPT, COKPATUTh BpeMsl T10-
€3IIKU 3a CYET UCMOJIb30BaHUs MaccaxkupaMu
ONTHUMAaJIbHBIX MapIIPYTOB, 00€CIIEeUYnTh
KoM(OpTHbIE, 0€30IacHbIe YCIOBUS Tiepeca-
KM U TIOMyTHOE OOCTYXKMBaHUE MacCakupoB
00BbEeKTaMU COLMAIbHON MH(PPACTPYKTYpPhI
[11;12].

B MupoBoii mpakTHKe OCHOBO IJisI CO3-
nanus TITY gaBasiioTcs CTaHIIMKM CKOPOCTHOTO
BHEYJIMYHOTO TPAHCIIOPTa, YTO CBS3aHO C pa3-
BUTOU CUCTEMOM TOPOACKUX KEIE3HBIX JOPOT
u MmeTpornionuteHa [1; 3; 4; 9; 13; 14]. Ilo
NpUMepy 3apyO0eXXHBIX TOPOAOB CTPOSITCS
TPaHCIIOPTHO-TIepecanioYHble Y3/l MOCKBbI
[15] m Cankr-IleTepOypra [16]. OqHako Bax-
HO pa3paboTaTh YHUBEPCAIbHYIO METOIUKY
oIpenesieHUs] KOJIMJecTBa U MECT pa3Mellle-
Hus TITY, koTopast mo3BoaUT chopMUPOBaAThH
CHUCTEeMY MepecamoyHbIX Y3J0B Jaxe ISl TO-
POIOB C HEAOCTATOYHO PA3BUTOM CUCTEMOU
BHEYJUYHOTO TPAHCIIOPTa, HO Pa3BUTOM CUC-
TEMOM TOPOACKOro Ha3eMHOI'O TPAHCIIOPTA.

3agaya BHIOOpa KOJIMYECTBA U MECT pa3Me-
ILIeHUS TIepecaloYHbIX y3JI0B paccMaTpuBa-
Jlach TAKUMU POCCUMCKMMM YYEHBIMU, KaK

VIIPA PA PIA A3 O NS

M. H. Bnacos [11; 17—19], A. A. lllarumypa-
toBa [20; 21], H. A. KamoxHsiit [22—25],
M. A. Iuwmp [26; 27].

H. H. Bnacos [11; 17; 18] npemyioxua
OTpeIeIISITh IPUOPUTETHBIE (TIepBOOYEpEI-
HbI€) TPAHCMOPTHO-TIepecagoYHbIe Y3JIbl
C MCTIOJIb30BAHUEM KBAJIMMETPUU. ABTOD
OTMeYaeT Psii TPaIOCTPOUTETLHBIX (PaKTOPOB,
BJIMSIIONIMX Ha BBIOOP MECTa CTPOMTEIHCTBA
TepecayiovHBIX Y3JI0B ¢ YIETOM 00eCTieueHUS
9KOJIOTUIHOTO YCTOMYMBOTO PA3BUTHSI TOPOT-
cKoii cpensl [19].

A. A. Illarumyparona [20; 21] pa3zpaboTa-
Jla METOIUKY BbIOOpa MpUOpUTETHBIX TITY,
(opMUpyEeMBIX C ydyacTHEM XKeJIe3HOTOPOXK-
HOTO TPaHCIIOpPTa, IMyTEM pacuéra pelTUHTa
KaXXIOTO M3 HUX Ha OCHOBAaHUM IKCTIEPTHBIX
OLIEHOK.

H. A. KamoxHbliii [22—25] ocyliecTBisieT
BbIOOD MpuopuTeTHbIXx TITY mo mpusHaky
YCTOMYMBOCTY K U3MEHEHMSIM TacCaXknpoIto-
TOKa. ABTOp paccMaTpuBaeT y3Jbl, (opMu-
pyeMble BOKPYT CTaHIIUI METPO ¥ TIPUTOPO/I-
HOI Xese3Hoi noporu. BaxkHbIM KpuTepueM
BbIOODa y3710B Ha posib TITY saBnsieTcs koad-
(ULMEeHT BIUSHUS BEJIVMYMHBI 3aePKKN Ha
pa3mep maccaxupornoroka. [1pu atom Bem-
YrHAa 3TOro Ko OUIIMEeHTa U €10 ONpenesiio-
1asi poJib B BEIOOpE TepecajiouHbIX y3J710B
B paboTe He 000CHOBaHA.

Meronuka ornpeseseHust ONTUMaTbHOTO
KOJIMYECTBa TPAHCTIOPTHO-TIEPECaTOUYHBIX
Y3JIOB B TOPOAX ¥ MeTarojmcax, mpeiokeH-
Hasg M. A. ITuupom [26; 27], Gasupyercst Ha
pacuére ymuciia nepecajoyHbIX Y3JI0B B 3aBU-
CHMOCTH OT TUTOIIa IV TOPOJIa U 30HbI BIUSTHUS
TITY. OnHako MeToAuKA MPEeAnoaaracT pacueT
KOJIMYECTBA Y3JIOB 0€3 OINpeIe/IeHUsI MECT UX
pa3MelleH s, He YIUTHIBAeT CIIelinUKy poc-
Ta COBPEMEHHBIX TOPOJIOB U METaIOJIMCOB.

CrnenoBaTenbHO, TpeOyeT AajlbHEeen
MpopabOTKM BOIPOC BhIOOpA KOJMYECTBA
U MECT pa3MelleHUsT TepecalouHbIX Y3JI0B.
ITpu 3TOM Heobx00uMmo nposecmu KOMAACKCHbLI
aHanu3 20po0CKoll MpancnopmHoll cemu U no-
mpeOHOCmell naccaicupos, onpedeaums 0CHO8-
Hble Kpumepuu, KOTOPbIE TTO3BOJIAT ChOPMU-
poBathb cuctemy TITY awoboeo eopoda TaKuM
00pa3oM, YTOObI TIPU ITOM JOCTUYb MAKCH-
MaJIbHOTO COIMaIbHO-3KOHOMUYECKOTO (-
dexkra [12; 28].

Lleavro paboOTHI SBIIETCS pa3paboTka Me-
TOJIUKU OIPENEICHUS KOJIUIeCTBA U MECT
pa3MelleHns] TPaHCITOPTHO-TIepecamouYHbIX
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Puc. 1. MporpamMmHbie NpoAYyKThI,
uncnonb3yemsbie Ans peann3aumm
anroputMma metToamku Bbi6opa
MecCT pa3melLLeHUs1 TPaHCMOPTHO-
nepecagoYHbIX y3J10B.

Mporpamma «3eKTUBHbIE NEpEcaaKn»

Co3paHue nporpaMMHoro npogykra (Ha sisbike C#), nossonstoLero
BbIGpaTh onTUMarnbHbIN MapLUPYT MOE3AKN U3 | B j U COCTaBUTb PENTUHT

BO3MOXHbIX TITY

y3JI0B JIIOOOTO TOPOaa M0 SKOHOMUUECKOMY
KPUTEPHUIO U KPUTEPUIO CPEIHErO BPeMEHU
MMOE3IKM Ha OCHOBE ONMTUMU3ALIMOHHON Ma-
TeMaTHYECKON MOJIEIH.

PE3YJIbTATbI

[Ipennaraemasi MeToIMKa BKIIIOYAET TPU
JTara:

* ] sman. V3ydyeHune notpedHOCTE! nac-
CaXMpPOB B YACTU TPAHCIIOPTHOTO OOCTYXM-
BaHMsI, paCUET BEIMYMHBI ITACCAXUPOITOTOKA,
COCTaBJICHUE MaTPUIIBI MEXKOCTAHOBOYHBIX
KOPPECTIOHACHIINIA.

* 29man. Be100p onTUMAIbHBIX MapLIPY-
TOB TACCaXXMPOB B CUCTEME T'OPOJCKOr0 00-
1eCTBEHHOro TpaHcmoprta. OnpeneneHue
«3(HEeKTUBHBIX» MTepecaoYHbIX Y3JI0B, B KO-
TOPBIX OCYIIECTBIISIIOTCSI TIEPECaTKK, COCTaB-
JIEHWE UX PEUTHHTA TI0 KPUTEPUIO BETUIMHBI
raccaxXxnporoToKa.

* 3aman. Bei6op mecT paszmetieHus TITY
Ha OCHOBE ONTUMM3AILIMOHHOI MaTeMaTnye-
CKOI1 MOJIEJIM TT0 SKOHOMUYECKOMY KPUTEPUIO
WIN KPUTEPUIO CPEJIHEr0 HOPMAaTHUBHOTO
BPEMEHM TMOE3IKHU.

JLnst peanu3alivu peiaraeMoil METOIMKKI
HCIOJIb3YIOTCSI U3BECTHBIE M pa3paboTaHHbIE

MWPAIPAHCITOPTARIOMITS AN P RCII 08!
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E
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nporpaMMHbIe TIPoayKThl. [IporpaMmMHbIe
MPOAYKTHI, UCITOJb3YeMble IJIs pealu3aliu
aJIropuTMa METOIMKHY BbIOOpa MECT pa3Mellie-
HUSI TPAHCIIOPTHO-MEPEecagouyHbIX y3J10B
npeacTaBieHbl Ha puc. 1.

3amgaya BbIOOpA MECT pa3MellleHUs TPaHC-
MOPTHO-TIePeCcagOuYHbIX Y3JI0B paccMaTpUBa-
eTCsl C TOUYKU 3PEHUsI TeHEepaJIbHOIO KpuTe-
PUST — CpEeIHETO0 BpEMEHH MOEe3K1 MaccaKu-
POB B CUCTEME TOPOACKOT0 OOILECTBEHHOTO
TpaHcropTa [12; 22—25; 28; 29].

Ha nepBoM aTane BBIMOJHSETCS aHAIU3
TOPOJICKOI TpaHCIOpTHOI cucTtemsl [29; 30],
M3y4yaeTcs CIIpoC Ha OOIIeCTBEHHbI TPAHCIIOPT,
PacCUMTHIBACTCSI MaTpULia KOPPECTIOHACHIIUIA.
PazneneHue ropoackoil TeppuTOpur Ha 30HbI
1 aBTOMaTU3UPOBAHHbBIN PACUET MAaTPHULIBI MEX-
pPaliOHHBIX KOPPECIIOHIEHIIMI paccMaTpyBa-
quck B paborax O. H. Canpeikuna [31; 32],
M. P. SIkxumona [33; 34]. OnHako 151 peaiu3a-
LMY MpeuiaraéMoii MEeTOAUMKHU BbIOOpa MECT
pasmenieHust TITY BakHO MOJyYUTh MaTpPULLy
MEXXOCTAaHOBOUYHBIX KOPPECHOHACHLIMHI, MPU
3TOM YYUTBIBAETCS TOCTYITHOCTD KaXKIOl ocTa-
HOBKH OOIIIECTBEHHOTI0 TpaHcnopTa [12; 29].

BoinosnHsieTcs mepecyér MaTpUuLbl MEX-
PalOHHBIX KOPPECHOHACHIIUM, MOTYYEeHHOI

cdoAcVUV)

VIETOAVIRTBBEIO OPTIVIEC TP SMEMEHMANPIHCTTOP THORITEPDECAZ O HBIX]

ySJIUB HAOCHOBECWITTNVINS AOVNOHHOMIVIA TEM d TWIECROVVIOAC TN



Puc. 2. Bnok-cxema anropurmMma BblyncrieHnst 3¢pekTuBHbIX nepecanoyHbiX y3/10B.

Ta6mma 1
@parMeHT MATPUIIBI MEXKOCTAHOBOYHBIX KoppecnioHaennmii C* = {c'(i, j)}
Howmep ocTaHoBKM oTnpaBieHust, i | Homep octaHOBKY PUOBITHS, / CpeHeCyTOUYHbII
acCakMPOIOTOK ¢, , TaccC.

1 2 2

1 3 3

1006 1004 1

1006 1005 71

MyTéM MaTeMaTUYeCKOro MOJAEIUPOBAHUS
(C MCTIONTb30BAHMEM «T'PABUTALIMOHHOM»
monenu B PTV Visum) [32; 33], B MaTpuiry
MEKOCTaHOBOYHBIX KoppecrnoHaeHnit C? =
{c’(i, J)}, ucrionb3ys IIpU STOM YIIPOLUEHHYIO
TOPOJICKYIO TPAHCTIOPTHYIO CETh OOIIECTBEH-
HOTO TPaHCIOPTa, MPEACTABIISIONIYIO COOOM
CEeTh C MEHBIIIMM YUCJIOM OCTAHOBOK 3a CUET
00beIMHEHUSI psAla OCTAHOBOK, KOTOpHIE
JieXatT Ha TMHUM OJHOTO MapIipyTa, B 6JI0KU
[12; 28].

Marpuiia MexX0CTaHOBOYHBIX KOPPECTIOH-
nenuuii C = {c’(i, j)} moka3bIBaeT CpeaHeCy-
TOYHOE YUCJIO MMacCaXUpPOB, KOTOPbIE Mepe-
MeIIarTCst OT OCTAHOBKM i 10 OCTAHOBKMU j IO
TOPOJICKOM CeTH OOIIeCTBEHHBIM TPAHCIIOP-
ToM. @parMeHT MaTpULbl MEXXOCTAHOBOUYHBIX
koppecnonaeHuumii C’ = {c’(i, j)} npeacraBieH
B Tabs. 1.

Ha Bropom atarie ocyiecTBisieTcsi BBIGop
ONITUMAJIbHBIX MapILPYTOB CJICJIOBAHUSI Tac-
CaXMPOB B CHICTEME TOPOICKOTO OOIIIeCTBEH-
HOTO TPAHCIIOPTA MO0 KPUTEPUIO MUHUMAITb-
HOTO BPEeMEHU TOe3IKH, ONPeAeIsoTCs 3(h-
(bekTUBHBIEC TIepecaloyHbIe Y3JIbl, U COCTaB-
JISIETCSl X PEUTUHT TIO KPUTEPUIO BETUIMHBI
rmaccaxkuporiotoka. biok-cxema anropurma
BBIYMCIICHUS] 3(D(DEKTUBHBIX MepecaiouHbIX
V3JIOB MpeNcTaBlieHa Ha puc. 2.

Ha ocHoBe MaTpuIIbl MEXKOCTAaHOBOYHBIX
koppecrionaeHmin C? = {c%i, j)} (tabn. 1) u

VIIPJI PAH PIA TSNS

YIIPOIIEHHOH rOPOICKON TPaHCIIOPTHOM CeTU
00IIIECTBEHHOTO TPaHCIIOpTa ONPEae/IsSIIOTCS
MapuIpyThl CJIEA0BAHUS MACCAXKUPOB U3 I B .
YacTb maccakupos MOJIb3yeTCsl U3BECTHBIMU,
MPUBBIYHBIMU JJIs1 CE0s1 MapllIpyTaMH, O0CO-
OEHHO 3TO KacaeTcsl TPYIOBbIX KOPPECTTOH-
neHuuid. JIpyras 4yacTb naccakupoB MOJb3Yy-
€Tcsl CrielaIbHBIMU ITpOrpaMMaMu 1 IPUJI0-
JKEHUSIMM UIs1 BbIOOpa MapllipyTa MOE3aKH.
Bbi0op nyTu caenoBaHusI OCHOBAaH Ha BbIOOpE
npsiMoro (becrnepecagsouyHoro) MapuipyTa, 4to
CBSI3aHO C HEXeJJaHWEM TUIaTUThb 3a MPOe3/l
JBaX/bl, a TAKXKE HEY100CTBOM caMoOli mepe-
cagkn. OQHAKO IIPU 3TOM 3aTpadynBaeTCs
3HAUMTEIbHOE BpeMsl Ha MPOJOKUTEIbHbI
Meni Moaxoa K Hy>KHO OCTaHOBKE OTITpaB-
JICHUST U TPUOBITHUSL.

CuuTaeM, 9TO ACHCTBYET eMMHAsI CUCTeMa
oIuiaThl TIpoes3aa, TO €CTb, HAIPUMEpP, B Te-
YyeHMe Yyaca maccaxup InepeMellaeTcs 1o
TOPOJCKOM CETU OOIIECTBEHHOTO TpaHCIIOpTa
Mo OJHOMY OWJIETY, HE3aBUCUMO OT 4YucCJa
nepecagok U MCHOJIb3yeMbIX BUAOB TOPOJI-
ckoro TpaHcnopta. [Ipu BeiOOpe MapiipyTa
MepeaBUXKEHUS ITaccaKup MPUHUMAET pellie-
HU€ Ha OCHOBAaHUU BPEMEHU, 3aTpaurMBaEMO-
ro Ha IMOoe3lKYy, ¢ YYETOM KOMMPOPTHBHIX,
06e30ITaCHBIX YCIIOBUIA TTepecaaKi U BO3MOXK-
HOCTHU IOMYTHOI'O COLIMAJIbHOTO 00CTy>K1Ba-
HUSI, U TIPU 9TOM OIUIaYMBaeT MPOe3/ OJUH
pas, Jaxe eciaM MOJb3YETCS HECKOJIbKUMU
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BUJaMU TOPOJICKOTO OOIIIECTBEHHOTO TPaHC-
rnopra.

s perieHus 3aaa4u BbIOOpa onTUMaJIb-
HOTO MapuIpyTa Moe3Ku U3 i B j pazpaboTaH
MpOTpaMMHBIN POAYKT «DbdeKTUBHbIE
nepecaaku» Ha s13bike C# (cpena pazpaboTKu
Microsoft Visual Studio 2017), KOTOPBI TTO3BO-
JISIET BBIOpATh ONTHUMAaIbHBIN MapIIPyT U3 i Bj:
MpsIMOiA (€ciM TaKOBOU MMeeTCs), C OAHOU
WA HECKOJbKUMU Tiepecaakamu. B pe3yib-
TaTe MmoJlydyaeM MecCTa, TJe HaXOasTCsl Hanbo-
Jiee KPYITHBIE 110 YUCITY TTaCCaXXUPOB Mepeca-
JIOYHbIe y37bl. UMEHHO 3TU mepecagouyHble
Y3JIbI TTACCAXXKUPCKOTO TPAHCIIOPTA JOJKHBI
paccMaTpuBaThbcs KaK KaHAUAATHI Ha CO3/1a-
HUE B HUX TPAHCIIOPTHO-TIEPECATOUHBIX y3-
JIOB.

JI71sT KaxKmoro MapIipyTa ¢ OqHOM Iepeca-
KOI U3 BCErO MHOXECTBAa BO3MOXHBIX TTEepe-
CaJOYHBIX Y3JIOB kK Hali[leH TaKoW Mepecanoy-
HBII y3es r, KOTOPBIA 00ecrieYuBaeT MUHU -
MaJibHO€ BpeMsI Mpoe3a U3 i Bj:

f,; =min,, ;.

(M

Ilepebupas BapuaHThI, TTOJy4yaeM OAUH
WM HECKOJIbKO PaBHO3HAYHBIX TEpecagiod-
HbIX y3710B. C ITOMOLIBIO TTpOorpaMMbl «D¢-
(bexTUBHBIE TIEpecasKu» TOJIydaeM CIIMCOK
BCEX Y3JI0B 7, B KOTOPBIX OCYIIECTBIISIETCS
nepecaaka. HazoBeM ux appeKTuBHEBIE Iepe-
cajiouHble y3ibl. [TogcunThiBaeM MOITHOCTH
TaKuX y3JI0B. DTO MaKCUMaJIbHO BO3MOXHOE
KOJIMYECTBO TacCaxkupoB, KOTOPbIE OYIyT
TTOJTb30BaThCST OTUM A(PGHEKTUBHBIM TTepeca-
JIOYHBIM Y3JIOM

=D, ). C D r=12, R, ?2)
i 7 7

e ».c,, — KOJMYECTBO MacCaknpoB, Tepe-
ij

CcaxXrBaroLIMXCs B -M 3D (HEKTHBHOM Iepeca-
JIOUHOM Y3JIe;
Y ¢, — KOJMYECTBO MACCAKUPOB, TPUE3-

XKaroluX B 7-if 9(pPEeKTUBHBIN NepecagouHblit
y3ei (OH Xe j);
> "¢, — KOJIMYECTBO MACCAXKUPOB, YE3KAIO-
J

KX U3 7-T0 9 GHEKTUBHOIO MePecagoyHoOro
y371a (OH ke i).

Janee coctaBisieM peTUHT 2 (GEKTUBHBIX
MepecamoyHbIX y3JI0B M0 MOIIHOCTH Iacca-
JKHUPOIOTOKA (BEJIMYMHE C, ).

Ha tpeTbem 3Tare ocyIecTBisieTcsl BHIOOP
MecT pasmetneHus TITY Ha ocHOBe ONTUMU-
3aI[MOHHOW MAaTeMaTUYE€CKOW MOMIEIU T10

VINPAI PAH PTA Ml S IN*

3KOHOMUYECKOMY KPUTEPHUIO MU KPUTEPUIO
CpeIHero HOpMaTUBHOTO BPEeMEHU TIOE3/IKH.

PaccmarpuBasi 5KOHOMUUYECKUI TTOAXO]T
K BBIOOpPY MECT pa3MeIleHHs TTepecaqouHbIX
y3II0B, 3ala€éMC BEJUYMHON 3aTpar S, Ha
CTPOUTEJILCTBO KaxXX10ro KoHkpeTtHoro TITY.
CosmaHue TpaHCIIOPTHO-TIEPECaTOUHbIX Y3-
JIOB UMEET 1IEJIbIO MOBBIIIEHUE YI0OCTBA 00-
CITY>XMBaHUs TMacCaXXMpOB TPU Tiepecaake
1 TpeOyeT 3HAUNUTETHHBIX 3aTPAT Ha Teperiia-
HUPOBKY TEPPUTOPUU, CTPOUTETHCTBO yI00-
HBIX TIEPEXOJ/IOB U JIOTIOTHUTEIbHOM MHbpa-
CTPYKTYpPHBI (TOPTOBbIE TOUKM, MECTA OXKMIA-
HUS U APYroe).

Cosznanue TIIY nojxHO mpuUBECTHU
K YMEHBIIIEHUIO BPEMEHHBIX 3aTpaT IMacCcaxku-
POB Ha COBOKYITHOE 00cyxkuBaHue. To ecTb,
MPU CO3JaHUU TIEPECaTOUYHBIX y3JIOB BasKHO
COKPATUTh BPeMsI TIOE3/IKHU 3a CUET yMEHbBIIIe-
HUST KaXJIOTo 7, 1, CJIe/I0BATEIbHO, CPEIHEro
BPEMEHM TOE3I0K Yepe3 CUCTeMY TPAHCITOPT-
HO-TIePeCcaOuHbIX Y3JI0B.

Heobxomumo pacripene/iuth cpencTsa k
Ha CO3llaHNe TPaHCIIOPTHO-TIEPECaTOTHbBIX
Y3710B U3 BO3MOXXHOTO MHOXeCTBa 3(PHEeKTUB-
HBIX TIEpecaJloYHbIX y3/10B (KaHIUAATOB Ha
poab TITY). I1pu aTOM claeayeT 10CTUYb MaK-
CUMaJIbHOTO CHUXXEHMUSI CPETHETO BpEMEHU
noe3nok yepes cucremy TITY npu 3agaHHOM
E,. TlonyyaeM ONTUMU3aLMOHHYIO 3a1a4y
JIMHEIHOTrO OyJieBa MpOrpaMMUPOBaHUS, I1e
OyJIeBbI IEPEMEHHBIE X, = 1, €CIIU B r-M y3Jie
oyner TITY, u x = 0 B mpoTuBHOM crydae [12;
28]:

1
——2,¢ALx, —>max,

e 2

-

Zerr <E,.

AT =

3)

“

Pemras 3agauy (3), (4), BeIOepeM cpenu
Bcex 3¢ GEKTUBHBIX TIepecaiouHbIX Y3JI0B Te,
B KOTOPBIX OyJeM CTPOUTH TPAHCIIOPTHO-
repecamoyHbIe Y3JIbl.

Yepes kaxablii a¢pHeKTUBHBIN TTepeca-
JOYHBIN y3€e] r MPOXOAUT OAWH WU HE-
CKOJIBKO MapIIpyTOB C Iepecaakoii B r. s
KaXXJI0ro TaKOTO MaplipyTa C Iepecagkoit
ompeneneHo BpeMs moe3aku. CpaBHUBAS
BpeMs TOE3AKU 10 U MOCJe OINpeaeaeHus
ONTUMAJbHOTO MapuipyTa IoJiydaeM CO-
KpallleHre BpeMeH! TaHHOU MTOe3IKU Yepe3
paccMaTpuBaeMblid IEPECATOYHBIN y3€II 7.
Ecnu yepe3 r npoxoauT HECKOJbKO Nepe-
CaJl04HbIX MapIIpyToB N, TO I KaX10ro



Tabumua 2

Peiitunr 3¢yheKTMBHBIX epecagouHbIX Y3JI0B ropoAcKoro okpyra Camapa no BemynHe
NacCaXKUPONOTOKA C,

Nem/m | Ne ocraHoBku | Ha3Banue CpeaHeCcyTOYHbI
Naccaxu1poroTok (¢,), nacc.
1 122 KeJie3HOTOPOXKXHbII BOK3aJl 92154,5
2 183 ABTocTaHLIMsI ABpopa 88150,76
3 257 1. Kuposa 78206,33
4 163 bap6ornHa [MonsiHa 76829,26
5 292 lanakTroHoBckast (yin. KpacHoapmetiickast) 71891
6 46 HoBo-BoxksanbHast (MockoBckoe 1occe) 69064,28
7 265 MockoBckoe mocce (yi. TarkeHTcKast) 68801,35
8 220 np. Metamnypros (yi1. CoBeTckast) 63937,97
9 269 [ToGena 62279.,45
10 60 Crapa-3aropa (rip. Kuposa) 60913,49
11 133 [Moneas 60003,01
12 297 Kesne3HonOpOXHbII BOK3a 59221,62
13 323 ABTtocTaHIus Bojbekast 57061,23
14 236 TyxaueBckoro 54994,64
15 199 JloM rieyaTu 53717
16 47 HoBo-Bok3anbHas (yi. Crapa-3aropa) 52732,45
17 266 Crapa-3aropa (yi1. TalkeHTcKast) 51049,21
18 213 besbimsaHKa 50647,14
19 212 Bonbckast 48198,67
20 143 Jaunas (TpamBaii) 47989,96
271 155 Ydumckas 96,73184
272 314 TATII-3 84,437

ronpenenaseTcs CpeaHee CoOKpalleHue Bpe-
MEHU MOoe30KU Atr.

Paccmotpum perieHure 3aaaun BI0OOpa MeCT
PACITOJIOKEHUSI TPAHCIIOPTHO-TIEPECATOTHBIX
Y3JI0B IT0 KPUTEPUIO CPEITHETO BPeMEHU TTOe3/I-
KU. 3Has BEJIMIMHBI COKPAIIICHUST CPETHETO
BpEMEHU OIHOM IMOE3IKM C MepecanKkoii (Atr)
B y3JI€ r, ec/ii B HEM OyaeT obopynoBaH TI1Y,
MOKHO C(HOpMYIMPOBaTh TpeOOBAHUE, YTOObI
BBIOOP CUCTEMBI MIEpPeCcaOYHbIX Y3JIOB o0ecIie-
YUJI MAaKCUMaJIbHOE COKpAIlleHWE CPeIHETO
BPEMEHMU OJHOM ITOE€3IKH 110 TOPOIY Atcp:

1
A, = W ZcrAtrxr — max, (5)
i r

I ¢, — KOJIMYEeCTBO MACCAXMPOB, KOTOPbIC
eayT U3 i Bj OecrepecagouHbIMU MapIlpyTaMHu.

Arnipobanusg MeTOIUKUA OTITUMAJIbHOTO
BbIOOpa MECT pa3MellleHUs] TPaAaHCIIOPTHO-
repecagoyHbIX Y3JI0B B TOPOJACKOM OKpYre
Camapa mo3Bojinia onpeaeautsb 272 apdek-
TUBHBIX TTEPECATOUYHBIX y3/1a, KOTOPBIC SBIISI-
I0TCS KaHAauaaTaMu Ha posb TITY.

Tak Kak cyMTaeM, 4TO BEMUYMHBI ¢, OTIPE-
JIEJISTIOT OCHOBHOM KpUTEPUIi cO3AaHMs Tiepe-

camouyHBIX Y3108 [12; 28], To addeKTUBHbBIE
TepecagoIHbIC Y3/Ibl BEICTPaBaeM B PEUTHUHT
B IOPAJIKE YObIBAHMSA BEJTMYUHBI ¢, (TaOJI. 2).

IIpu paccMOTpeHUM 3KOHOMUYECKOTO
MoaXoma K BEIOOPY MECT pa3MellleHus Tepe-
CaIOYHBIX Y3JIOB MOJIYYECHBl ONTUMAJIbHbBIC
BapuaHTHI pacronoxeHust TITY B Camape,
KOTOpBIE TIPEICTaBICHBI Ha puC. 3.

B pesynbrare peuieHus 3agauu BbiOOpa
MECT PAaCHOJOXEHUS TPAaHCIOPTHO-
TepecamoIHbIX Y3JI0B [0 KPUTEPUIO CPETHETO
HOPMAaTUBHOTO BPEMEHM MOE3IKHU TOJIyyeHa
3aBUCHMMOCTb COKPAIIEHUSI CPEHETO BPEMEHU
OJHOW TOE3IKH M0 TOPOAY Atcp oruyucaa TITY
N (puc. 4).

CrnemyeT OTMETUTh, YTO BEJIMIMHA At
JIOCTUTaeT MpeAebHOrO 3HAYeHUsI 6 MUHYT.
[Tpu nanpHeIIeM yBETUICHUY YMCIIa TPAHC-
MMOPTHO-TIEPECAIOYHBIX Y3JIOB CPETHEE BPEMs
TOE3/IKH 110 ropony 7 OyIeT MpaKTUYECKN
HEU3MEHHBIM.

BbiBOAbl
Takum obpa3om, pazpaboTaHHAsI METOIM -
Ka MO3BOJISIET pellaTh 3aJayy BbIOOpa MeCT
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Puc. 3. OnTumanbHbie BapuaHTbl
paamewyenns TIY B Camape
npuv orpaHNYeHHbIX AE€HEXHbIX
cpeaAcTBax ¢ y4ETOM BeINYNHbI
cokpalyeHus BpeMeHU noe3akum
M KOIM4EeCTBa NaccaXxupos,
nonb3yowmxcs aTumu TI1Y.

.Onmmanbumﬁ BapuanT pasmeruenus TITY npu Eo = 2,5 mipa py6.

. *. OnrumanbHblil BapuanT pasmemienns TITY npu Eo = 3,0 mapa pyo.

.+. OnrumanbHblii BapuanT pasmerenus TITY npu Eo = 3,5 miapa pyo.

Atep, MUH

~

5 10 15 20 25

N

30 35 40 45 50

Puc. 4. 3aBUCUMOCTb COKpaLLleHUs1 CpeAHero BpeMeHn 0A4HO noe3aku no ropoay Atcp or yucna Ty N.

PACIIOJI0XKEHUS TPAHCIIOPTHO-TIEPECaTOUHBIX
y3510B. MeTonuka BKJIIOYaeT MOUCK OITHU-
MaJbHBIX MapUIPYTOB IOE3AKU IO TOPOIY
U onpeaeneHne 3(PHeKTUBHBIX IepecagoIHbIX
Y3JI0B C TIOMOIIIbIO pa3pabOTaHHOIO MPO-
rpaMMHOTO MpoayKTa «DhheKTUBHbIE TTepe-
cagku». [1pu aToM a(ppeKTUBHEBIE TIepecaaod-
HbI€ Y3JIbl C MAKCUMAaJIbHOW BEJIUYMHOU
IaccaKupornoToKa SIBJISIIOTCS KaHAUIaTaMU
Ha co3ganue B Hux TIIY. [Janee Ha ocHOBe
MaTeMaTUUYeCKO MOMENN OCYIIECTBISECTCS
ONTHUMAaJILHBIN BBIOOP KOJIUYECTBA U MECT
pa3MelIeHUsT TPaHCIIOPTHO-TIepeCcCagToYHbIX
y3JI0B J11000TO ropoaa, UCXOAsl U3 JaHHBIX
0 pa3Mepax MmaccaxupoIoToKa, CpeIHEero
BPEMEHU IMOE3IKU MEXITY OCTAHOBKAMM, YK C-
JIa OCTaHOBOK TPaHCIIOPTHOM CETH, CTOUMO-
CTU cTpouTeabeTBa Kaxaoro TITY.

JINTEPATYPA

1. Monzon, A., Hernandez, S., Di Ciommo, F. Efficient
urban interchanges: the City-HUB model. Transportation
Research Procedia, 2016, Vol. 14, pp. 1124—1133. DOI:
https://doi.org/10.1016/j.trpro.2016.05.183.

2. Graham-Rowe, E., Skippon, S., Gardner, B.,
Abraham, C. Can we reduce car use and, if so, how? A
review of available evidence. Transportation Research Part
A: Policy and Practice, 2011, Vol. 45, Iss. 5, pp. 401—418.
DOI: https://doi.org/10.1016/j.tra.2011.02.001.

3. Kristersson, P. The role of public transport
interchanges in regional planning. Regions Magazine,
January 2012, Vol. 285, Iss. 1, pp. 16—17.

4. Di Ciommo, F., Monz6n, A., Barberan, A.
Interchange place: Sustainable and Efficient Urban
Transport Interchanges. In book: CITY-HUBs, March
2016, pp. 37—-50. DOI: 10.1201/b19519-5.

5. Hernandez, S., Monzon, A., de Ofia, R. Urban
transport interchanges: A methodology for evaluating
perceived quality. Transportation Research Part A, 2016,
Vol. 84, pp. 31-43. DOI: https://doi.org/10.1016/j.
tra.2015.08.008.

6. Redman, L., Friman, M., Garling, T., Hartig, T.
Quality attributes of public transport that attract car users:



A research review. Transport Policy, 2013, Vol. 25, pp. 119—
127. DOLI: https://doi.org/10.1016/j.tranpol.2012.11.005.
7. TpancnoptHas crpaterust Poccuiickoit deneparmu
Ha niepuon 1o 2030 roma: odwuil. Teker pacrop. [1paBu-
tenbcTBa P® ot 22 Hos6pst 2008 . No 1734-p: Ha
11.06.2014. [DnexkrpoHHBIi pecypc|: http://government.
ru/dep_news/13190/. Joctyn 05.02.2020.

8. Di Ciommo, F., Vassallo, J.M., Oliver, A. Private
Funding of Intermodal Exchange Stations in Urban Areas:
Case of Madrid, Spain. Transportation Research Record,
January 2009, Vol. 2115, Iss. 12, pp. 20—26. DOI:
https://doi.org/10.3141/2115-03/.

9. Pitsiava-Latinopoulou, M., Iordanopoulos, P.
Intermodal Passengers Terminals: Design Standards for
Better Level of Service. Procedia — Social and Behavioral
Sciences, Transport Research Arena, 2012, Vol. 48,
pp. 3297—-3306. DOI: https://doi.org/10.1016/j.
sbspro.2012.06.1295.

10. Dell’Asin, G., Monzon, A., Lopez-Lambas, M. E.
Key quality factors at urban interchanges. Proceedings of
the ICE — Transport, 2014, pp. 1—10. DOI: https://doi.
org/10.1680/tran.13.00039.

11. Bnacos 1. H. TpaHCOpPTHO-TE€pecaiouHbIC y3IIbl:
Mownorpadwus / 2-e uzn. — M.: MI'CY, 2017. — 192 c.

12. Jleonosa C. A. BbIOOp MECT pacroyioKEeHUS Tie-
PECAIOYHBIX y3JIOB CETU TOPOACKOTO MaccakupcKoro
tpaHcnopTa // Tpancropt Ypana. — 2019. — Ne 4 (63). —
C. 101-105.

13. Li, Zhi-Chun; Lam, W. H. K.; Wong, S. C.
Modeling intermodal equilibrium for bimodal
transportation system design problems in a linear
monocentric city. Transportation Research Part B, 2012,
Vol. 46, Iss. 1, pp. 30—49. DOLI: https://doi.org/10.1016/j.
trb.2011.08.002.

14. Liu, Li Fen; Wang, Wen. Analysis of Urban Rail
Transit Seamless Transfer Standard. MATEC Web of
Conferences 81, 03002, 2016. [DnekTpoHHBIN pecypc]:
https://www.matec-conferences.org/articles/matecconf/
pdf/2016/44/matecconf _ictte2016_03002.pdf. doctym
05.02.2020. DOI: 10.1051/matecconf/20168103002.

15. TocranoBieHue IMpaButenbcTBa MOCKBBI OT
06 centsiopst 2011 . Ne 413-T1IT «O cdopmupoBaHuM
TPaHCIIOPTHO-TIEPECaTOUHbIX Y3JI0B B roposie MockBe».
[DnexTpouHblt pecypc]: http://docs.cntd.ru/
document/537907102. Joctyn 05.02.2020.

16. Crpaterust pa3BUTUSI TPAHCIIOPTHOM CUCTEMBI
Cankr-IletepOypra u JIeHMHrpaacKoii 06JacTu Ha repu-
on o 2030 roma. [DmekTpoHHBIN pecypc|: http://www.
spbtrd.ru/program-development/. Toctyn 05.02.2020.

17. Bnacos . H. [lpropuTteTHble HanpaBieHUS
Pa3BUTHSI CUCTEMbI TPAHCIIOPTHO-TIEPECaTOUHBIX Y37I0B
arnmomepanuu // Academia. ApXUTEKTypa U CTPOUTEITb-
ctBo. —2013. — Ne 3. — C. 86—89.

18. Biacos JI. H. CtpykTypa 1 cocTaB HOpMAaTUBHBIX
TpeOGOBaHU I K TOPOICKUM TPAHCIIOPTHO-TEPEecaiouHbIM
y3nam // IpamoctpoutenbctBo. — 2015. — Ne 3 (37). —
C. 11-19.

19. Sherbina, E. V., Danilina, N. V., Vlasov, D. N. City
planning issues for sustainable development. International
Journal of Applied Engineering Research, 2015, Vol. 10,
No. 22, pp. 43131—-43138. [DaekTpoHHBI pecypc]:
http://www.ripublication.com/Volume/ijaerv10n22.htm.
Joctyn 05.02.2020.

20. arumyparoBa A. A. CHCTeMHBIIT aHATH3 B OTTpe-
JieJIeHUY TIPUOPUTETHBIX HAIIPABICHUI Pa3BUTHSI TPAHC-
TMOPTHO-TIEPECATOUHBIX Y3JIOB XKeJIEe3HOIOPOKHOTO
TpaHcnopTa // IpamoctpoutenbctBo. — 2016, — Ne 2
(42). — C. 63-71.

21. llarumypaToBa A. A. MeTonuka OLEeHKHU pa3Bu-
TUST TPAHCTIOPTHO-TIEPECAIOYHBIX Y3JIOB KeTe3HOTOPOXK-
Horo TpaHcnopTa // MHTepHeT-XypHai «HaykoBeaeHue».

VIIP SAH PJA M 3 S

2017. — T. 9. — Ne 1. [DnekTpoHHBII pecypc]:
http://naukovedenie.ru/PDF/58TVN117.pdf. Joctyn
05.02.2020.

22. Kamoxusiit H. A. Mertoanka onTUMU3alun
pa3MelleHUs] TPAHCTIOPTHO-TIePecaOYHbIX Y3J10B B CUC-
TeMe TOPOJICKOTO TTacCaXUPCKOTO TpaHcmopTa // duc...
KaHn. TexH. Hayk. — CI16.: [ITYIIC. —2019. — 254 c.

23. byneruesa H. B., Kamoxnbiit H. A., Jlocun JI. A.
Mogenu pa3MmelleHu sl TPaHCIOPTHO-MEPeCcalOYHbIX Y3-
JIOB TOPOJICKOTO TTACCAXKUPCKOTO TpaHcTopTa // GuHaH-
cbl 1 6usHec. — 2018. — Ne 1. — C. 54—63.

24. Kamroxusriiit H. A. OGocHOBaHUE TPHOPUTETHO-
CTU MECT pa3MellleHUs] TPAaHCTIOPTHO-IepecasoyHbIX
Y3JI0B B CTPYKTYPE arloMepalifi METOIOM MaTeMaThye-
CKOTO MOJeIMPOBaHusl // BeCTHUK rpakIaHCKUX MHXKe-
HepoB. — 2017. — Ne 5 (64). — C. 142—148.

25. Kalyuzhnyi, N., Losin, L. A method of
mathematical modeling for transfer hub establishment in
Saint Petersburg. Transportation Research Procedia, 2018,
Vol. 36, pp. 245—-251. DOI: 10.1016/j.trpro.2018.12.075.

26. [MTuup M. A. OnipeneneHue HEOOXOIMMOTO KO -
YecTBa MePeCcaOIHbIX Y3II0B MPU (HOPMUPOBAHUU KOM-
TMJIEKCHOW TPaHCIOPTHOW CUCTEMBbI KPYITHOTO ropoja
// Tpynsl BTOpOoit CBEpIUTOBCKOI HAYYHO-TIPAKT. KOHbe-
peHuun «CoBpeMEHHOE COCTOSIHUE U MEePCHEKTUBBI
Pa3BUTHUSI TPAHCIIOPTHBIX CHCTEM KPYITHOTO Topoja» /
CBepIOBCKMI MHCTUTYT HapOJHOTO XO3s1iicTBa. —
1974. — Boin. 1. — MeTog0/IOTMYEeCKHE aCITEKThI UCCIe-
JNOBAaHWI M MPOEKTUPOBAHUSI TPAHCIIOPTHBIX CUCTEM
TOPOJIOB U arjioMepanuii. MiccienoBaHust 3aKOHOMEPHO-
CcTeii paccesieHUs! ¥ TIepeIBUKEHMST HaceJIeHUsI B TOPOjax
u artomeparnmsx. — C. 21-24.

27. Iuup M. A. Boripocsl (hopMHUPOBaHUSI CUCTEMbI
MaccaXupcKoro TpaHCIIopTa KpymHoro ropoxa // [pak-
THKa pa3pabOTKU U peaju3alliy TeHepaIbHbIX TUIaHOB
ropozioB. — Kues: ByniBenbHuk, 1975. — C. 96.

28. Jleonosa C. A. OnTuMaJIbHbIIA BEIOOP MECT pac-
MOJIOXEHUST TPAHCTIOPTHO-TIEPECANOYHBIX Y30B
// TpaHCIOPT M JIOTUCTHKA: CTPaTerMUeCcKue MPUOPUTETHI,
TEXHOJIOTMYEeCKUE TUIAT(GOPMBI U pEIIeHHUS B TJI00ATN30-
BaHHOI LIMbpoBoii sKoHOMUKe / CO. HaydHbIX TpyaoB [11
MEXITYHApOIHOW HAayYHO-TIPAKT. KoHbepeHmu. — Po-
croB-Ha-Jlony, 2019. — C. 214-216.

29. Chao, Sun; Xiaohong, Chen; H. Michael Zhang,
and Ze Huang. An Evaluation Method of Urban Public
Transport Facilities Resource Supply Based on Accessibility.
Hindawi Journal of Advanced Transportation, Vol. 2018,
Article 1D3754205, 11 p. DOI: https://doi.
org/10.1155/2018/3754205.

30. ®enopos B. I1., [Taxomosa O. M., Jlocun JI. A.,
Bynbruésa H. B. AHanu3 ripo6ieM TpaHCIIOPTHOM CUCTe-
MBI [IEHTPa KPYITHOTO TOPOJIA: OTBIT TPUMEHEHHUSI METO-
JIOB MaTeMaTUYECKOro MOJEJMpOBaHus // YrpaBieHue
passutreM Tepputopun. — 2009. — Ne 4. — C. 18-25.

31. Ludan, 1., Maiorov, E., Santana, J. D. M.,
Saprykin, O. Integrated approach to building a microscopic
city model. In Proceedings of the 5" International Young
Scientists Conference on Information Technologies,
Telecommunications and Control Systems, 2018, 8 p.

32. Saprykin, O., Saprykina, O. Multilevel Modelling
of Urban Transport Infrastructure, In Proceedings of the
1%t International Conference on Vehicle Technology and
Intelligent Transport Systems (VEHITS-2015). Portugal,
Lisbon, SCITEPRESS, 2015, pp. 78—82.

33. ddkumoB M. P. TpaHCcrOpTHOE MJIaHMPOBAHMUE:
CO3/IaHNe TPAHCTIOPTHBIX Moeseil TopomxoB: MoHorpa-
¢usa. — M.: Jloroc, 2013. — 188 c.

34 SlkumoB M. P., ApemnibeBa A. A. TpaHcmopTHOe
aHupoBaHue. OCOOGEHHOCTU MOJCIMPOBAHHUS TPAHC-
TMIOPTHBIX TIOTOKOB B KPYITHBIX POCCUMCKUX TOPOIAX:
Momnorpadus. — M.: Jloroc, 2016. — 280 c. (]

205



206

\

DOI: hitps://doi.org/10.30932/1992-3252-2020-18-198-213

Methods of Selection of Transport
Interchange Hubs Location Based
on Optimization Mathematical Model

Oleg V. MOSKVICHEV Svetlana A. LEONOVA

ABSTRACT

The article discusses development of a
system of transport and interchange hubs (TIH).
The need to create TIHs is due to an opportunity
to increase efficiency of passenger flows in the
urban public transport system, to reduce travel
time for passengers, to ensure comfortable and
safe conditions for transfer, and to improve
quality of service to the population.

The objective of the research is to develop
methods that allow solving the problem of
optimal selection of TIH locations in any city
according to the economic criterion and the
criterion of the average travel time using the
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methods of mathematical modelling. The
technique comprises search for optimal travel
routes in the city and identification of effective
interchange hubs using the developed software
product called «Efficient transfers». Efficient
transfer hubs with maximum passenger traffic
are candidates for TIH locations. The work
describes calculations made according the
proposed methods and optimal options for
location of this in the city of Samara considering
limited funds, reduction in travel time and in the
number of passengers using these TIHs. The
research also resulted in obtaining the
dependence of reduction in the average time
of an urban trip on the number of TIHs.
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Background.

The need to create transport interchange
hubs is due to the opportunity to increase the
efficiency of organizing passenger flows in the
urban public transport system, to improve
quality of services to the population, to increase
attractiveness of urban public transport [1—6].
The topics of providing better transport
accessibility, improving quality of transport
services to the population, increasing the role
of urban public transport, reducing average
travel time (which is possible due to development
of systems of transport interchange hubs) are
among most important issues in the Transport
Strategy of the Russian Federation for the
period up to 2030 [7].

In each case it is important to select the type
of TIH, the modes of transport interacting in
the hub, to design each element of the
interchange so that it could provide a fast, safe
transfer along with high level of passenger
service [§—10].

The optimal selection of location of
transport and interchange hubs (TIH) will
increase demand for urban public transport,
reduce travel time due to the use of optimal
routes by passengers, provide comfortable, safe
conditions for transfer, and facilitate acquisition
by passengers of accompanying services
provided by social facilities [11; 12].

Global practices show that development
of TIHs is often linked to off-street stations
of rapid transit, which is associated with the
developed system of urban railways and
underground (metro) [1; 3; 4; 9; 13; 14].
Following the example of foreign cities, TIHs
are being built in Moscow [15] and
St. Petersburg [16]. However, it is important
to develop a universal methodology for
determining the number and locations of
TIHs, which will make it possible to develop
a system of transfer hubs even for cities with
an insufficiently developed off-street
transport system, but a developed system of
urban land transport.

The problem of choosing the number and
location of transfer hubs was considered by
Russian researchers: D. N. Vlasov [11; 17—19],
A. A. Shagimuratova [20; 21], N. A. Kalyuzhny
[22—25], M. A. Piir [26; 27].

D. N. Vlasov [11; 17; 18] proposed to
determine priority (high-priority) TIHs using
qualimetry. The author notes a number of urban
planning factors influencing the selection of a

construction site for transfer hubs, considering
provision of ecological sustainable development
of the urban environment [19].

A. A. Shagimuratova [20; 21] has developed
a methodology for selecting priority TIHs
developed with participation of railway
transport, by calculating the rating of each of
them based on expert assessments.

N. A. Kalyuzhny [22—25] selects priority
TIHs on the criterion of resistance to changes
in passenger flows. The author examines the
junctions developed around metro stations and
suburban (commuter) railways. An important
criterion for choosing junctions as possible
future TIH is the rate of influence of the delays
on the size of passenger flows. Besides, the
value of this coefficient and its determining role
in the selection of transfer hubs in the work are
not substantiated.

The method for determining the optimal
number of TIHs in cities and megacities,
proposed by M. A. Piir [26; 27], is based on the
calculation of the number of transfer hubs
depending on the area of the city and the zone
of influence of TIHs. However, the method
involves calculating the number of junctions
without determining their locations, does not
take into account the specifics of the growth of
modern cities and megalopolises.

Consequently, the issue of determining the
number and selecting locations of transfer hubs
requires further study. It is necessary to carry
out a comprehensive analysis of the urban
transport network and the needs of passengers,
to determine the main criteria that will allow
to develop a TTH system of any city in such a
way as to achieve the maximum social and
economic effect [12; 28].

The objective of the research is to develop
methods for determining the number and
location of TIHs in any city using the economic
criterion and the criterion of the average travel
time and applying an optimization mathematical
model.

Results.

The application of proposed methods
includes three stages:

« [ stage. Studying the needs of passengers
in terms of transportation services, calculating
the amount of passenger flow, compiling a
matrix of inter-stop correspondence.

+ 2 stage. Selection of optimal routes for
passengers within the urban public transport
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PTV Visum — System of passenger flow modelling

Microsoft Excel — Correspondence matrix

Program «Effective transfers»
Creation of a software product (language C#), allowing to select
an optimal route of a trip from i to j and to draw up a rating
of possible TIHs

- description of routes of urban public transport of Samara
(2gis.ru, Transport operator)

- identifying direct (transfer-free) routes

- identifying routes with a single transfer

- identifying routes with two transfers

- identifying «effective» transfer stops

- drawing up a rating of possible TIHs

Software for optimal selection of TIH locations

Pic. 1. Software products used to implement the algorithm for selection the location
of transport interchange hubs.

Table 1
Fragment of an inter-stop correspondence matrix C° = {c’(i, j)}
Number of a departure stop, i Number of an arrival stop, j Average daily passenger flow
¢,  bass.
1 2
1 3
1006 1004 1
1006 1005 71

system; determination of «effective» transfer
hubs, in which transfers are carried out;
drawing up their rating according to the
criterion of the size of passenger flow.

* 3stage. Selection of TIHs locations based
on an optimization mathematical model using
the economic criterion or the criterion of the
average standard travel time.

To implement the proposed methods, well-
known and developed software products are
used. The software products used to implement
the algorithm for selection of locations of TIHs
are shown in Pic. 1.

The problem of choosing the location of
transport interchange hubs is considered from
the point of view of the general criterion which
is average travel time of passengers in the urban
public transport system [12; 22—25; 28; 29].

RANOFEUR AN |

At the first stage, the analysis of the urban
transport system is carried out [29; 30], demand
for public transport is studied, the
correspondence matrix is calculated. The
division of the urban area into zones and the
automated calculation of the interdistrict
correspondence matrix were considered in the
worksof O. N. Saprykin [31; 32], M. R. Yakimov
[33; 34]. However, for implementation of the
proposed methods for selection of TIH
locations, it isimportant to obtain an inter-stop
correspondence matrix, considering
accessibility of each stop of public transport
[12;29].

Interdistrict correspondence matrix obtained
by mathematical modelling (using the gravity
model in PTV Visum) is recalculated [32; 33]
into the inter-stop correspondence matrix



2. Selection
of optimal routes
for trips fromitoj

1. Initial data
compilation

Identifying

3. Determining set of
effective transport
interchange hubs

direct (transfer-
free) raiites

Graph of urban public
transport network

Identifying

routes
with transfer at k

Correspondence
matrix Cjj

Routes of urban
public transport

Identifying routes
with transfers at k,

Identifying routes

4. Drawing up a rating
of effective transport
interchange hubs
according to the size
of the passenger flow

with transfers
atk, l...q,p

Pic. 2. Block diagram of the algorithm for calculating effective interchange hubs.

C?={c"(,j)}, using a simplified urban transport
network of public transport, where the number
of stops is reduced by grouping some stops of the
line of one and the same route [12; 28].

The inter-stop correspondence matrix C? =
{c’(i, j)} shows the average daily number of
passengers who travel from stop i to stop j along
the urban network with public transport. A
fragment of the interstop correspondence
matrix C’ = {c%Gi, j)} is shown in Table 1.

At the second stage, the selection of optimal
routes for passengers within the urban public
transport system is carried out according to the
criterion of the minimum travel time, efficient
transfer hubs are determined, and their rating
is compiled according to the criterion of
passenger flow. The block diagram of the
algorithm for calculating effective transfer hubs
is shown in Pic. 2.

With an inter-stop correspondence matrix
C?={ci, j)} (Table 1) and a simplified urban
transport network of public transport, the
routes for passengers traveling from i to j are
determined. Some passengers use well-known,
familiar routes for themselves, especially for
traveling to job location and back. Another part
of passengers uses special software and
applications to choose the route of the trip. The
choice of the route is based on the choice of a
direct (non-stop, transfer-free) route, which is
associated with unwillingness to pay for travel
twice, as well as with inconvenience of the
transfer itself. However, this takes a lot of time
for a long walking approach to the desired
departure and arrival stop.

We believe that there is a single system of
payment for the trips, that is, for example,

within an hour a passenger travels through the
urban public transport network with one and
the same ticket, regardless of the number of
transfers and the types of urban transport used.
When choosing the route for the trip, the
passenger makes a decision based on time spent
on the trip, considering comfortable, safe
conditions of transfer and possibility to get
accompanying social services, and on a
possibility to pay the fare only once, even if he
uses several types of urban public transport.

To solve the problem of choosing the
optimal route for a trip from i to /, the software
product «Effective transfers» was developed in
C# (Microsoft Visual Studio 2017 development
environment), which allows you to choose an
optimal route from 7 to j: whether it is direct
(if there is any), or it provides for a single or
more transfers. As a result, we get the locations
where the largest transfer hubs in terms of the
number of passengers are located. Exactly those
interchange hubs of passenger transport should
be considered as candidates for location of
transport interchange hubs.

For each route with a single change, out of
the whole set of possible interchange junctions
k, such interchange hub ris found that provides
the minimum travel time from i to J:

f,,=mini,, . (1)

Going through the options, we get a single
or more equivalent transfer hubs. Using
Effective transfers software, we obtain a list of
all hubs r where transfer is performed. Let’s
call them effective transfer hubs. We calculate
the capacity of those hubs. The capacity
means the maximum possible number of
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Table 2

Rating of effective interchange hubs of the urban district of Samara according
to the value of passenger flow c_

No. No. of a stop Name Average daily passenger flow (c ), pass.

1 122 Railway station 92154,5

2 183 Bus station Aurora 88150,76

3 257 Kirova sq. 78206,33

4 163 Barboshina Polyana 76829,26

5 292 Galaktionovskaya 71891
(Krasnoarmeiskaya str.)

6 46 Novo-Vokzalnaya (Moskovskoe | 69064,28
highway)

7 265 Moskovskoe highway 68801,35
(Tashkentskaya str.)

8 220 pr. Metallurgov (Sovetskaya 63937,97
str.)

9 269 Pobeda 62279,45

10 60 Stara-Zagora (pr.Kirova) 60913,49

11 133 Polevaya 60003,01

12 297 Railway station 59221,62

13 323 Bus station Volskaya 57061,23

14 236 Tukachevskogo 5499464

15 199 Dom pechati 53717

16 47 Novo-Vokzalnaya (Stara- 52732,45
Zagora str.)

17 266 Stara-Zagora (Tashkentskaya 51049,21
str.)

18 213 Bezymyanka 50647,14

19 212 Volskaya 48198,67

20 143 Dachnaya (tram) 47989,96

271 155 Ufimskaya 96,73184

272 314 GATP-3 84,437

passengers who will use this effective transport
interchange hub 7:

=3¢, +2.6,+2.c;r=12_ R, ?2)
ij i J
where Y c,, is the number of passengers,
iJj

making transfers in r-th effective transfer
interchange hub;
Z ¢, is the number of passengers coming

to r-th effective transport interchange hub (it is
the same as);
> ¢, is the number of passengers, departing
J

from r-th effective transport interchange hub
(it is the same as 7).

Then we draw up a rating of effective
transport interchange hubs according to the
intensity of passenger flow (the value c).

At the third stage, selection of TIH locations
is carried out on the basis of an optimization
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mathematical model according to the economic
criterion or the criterion of average standard
travel time.

Considering the economic approach to
selection of TIH locations, we set the cost S
for construction of each specific TIH. The
development of TIHs is aimed at improving
convenience of servicing passengers when
transferring and requires significant costs for
redevelopment of the territory, construction of
convenient crossings and additional
infrastructure (retail outlets, waiting areas,
etc.).

Creation of TIH should lead to a decrease
in time spent by passengers on total service.
That is, when creating TIH, it is important to
reduce travel time by reducing each t, and,
consequently, average travel time through the
system of TIHs.

It is necessary to allocate funds E for
creation of transport interchange hubs selected



.Optimal option of location of TIH when E, = 2,5 bin rub.

. +‘ Optimal option of location of TIH when £, = 3,0 bin rub.

.+. Optimal option of location of TIH when E, = 3,5 bin rub.

Pic. 3. Optimal options for location of TIHs in Samara considering limited funds, reduction in travel time and the
number of passengers using the selected TIHs.

from a possible set of effective interchange hubs
(candidates for the role of TIH). In this case,
it is necessary to achieve the maximum
reduction in average travel time through TIH
system for a given E. We get an optimization
problem of linear Boolean programming,
where Boolean variables x = 1, if the r-th
junction will have a TIH, and x = 0 otherwise
[12; 28]:
1

D

-

> 8.x, <E, 4)

Solving problems (3), (4), we shall select
among all effective transfer hubs those in which
we will build transport interchange hubs.

Each effective transfer hub r is crossed by
one or more routes with interchange at ». For
each such route with an interchange, travel time
is determined. Comparing travel time before
and after determining the optimal route, we
obtain a reduction in time of this trip through
the considered interchange r. If several
interchange routes N pass through 7, then for

AT =

Zc,At,x, — max, 3)

each r the average travel time reduction Az is
determined.

Let us consider the solution to the problem
of selecting locations of TTHs using the criterion
of average travel time. Knowing the value of
reduction in average time of a single trip with a
transfer (A7) at the hub r, if it is equipped with
TIH, it can be required that the selection of the
system of transfer junctions ensures the
maximum reduction in average time of a trip
around the city Az

At, ¢, At x, —> max, &)

1
EOXES VI

where ¢, is the number of passengers, who travel
from i toj using transfer-free routes.

Approbation of the technique of optimal
selection of location of TIHs in Samara urban
district made it possible to identify 272
effective interchange hubs that are candidates
for the role of TIH.

Since we believe that the values of ¢,
determine the main criterion for creation of
interchange hubs [12; 28], then the effective
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Atay,min

Pic. 4. Dependence of reduction of average travel time of a trip in the city tav on the number of TIH N.

interchange hubs are ranked in descending
order of ¢, (Table 2).

Considering the economic approach to
selection of transfer hub locations, the optimal
options for the location of TIHs in Samara were
obtained, which are shown in Pic. 3.

Having solved the problem of selection of
locations of TIHs according to the criterion of
average standard travel time, we acquire the
dependence of reduction in average time of a
trip in the city Az, on the number of TIH N
(Pic. 4).

It should be noted that the value A7 reaches
the limit value of 6 minutes. With a further
increase in the number of TIHs, average travel
time in the city 7 will be practically unchanged.

Conclusions.

Thus, the developed methods allow solving
the problem of selection of the locations of
TIHs. The technique comprises the search for
optimal routes for traveling within the city and
identification of effective interchange hubs
using the developed «Effective transfers»
software product. Efficient transfer hubs with
maximum passenger traffic are candidates for
TIH location. Further, on the basis of a
mathematical model, the optimal selection of
the number and of locations of TTHs in any city
is carried out based on data on the volume of
passenger flow, average travel time between
stops, the number of stops of the transport
network, and the cost of building each TTH.
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AHanun3 KkayecTBa 00Cny)XnBaHns
rpy3ooTnpaBuTenen-4acTHbIX L,

Poccus*.

Onbra OCYNOBA

o oueHkam akcrepToB, 06bLEM pPbIHKA MepeBo-
30Kk c60pHbIX rpy30B B Poccuun B 2019 r. coctaBnsii
ot 180 no 200 mnpa py6. OTOT cermMeHT rpy3ornepe-
BO30K pa3BUBaETCS B HEMPEPbLIBHOM PEXVIME: M051B-
nisieTcst BCE 60JIbLLe HOBbIX CXeM [0CTaBky, banaH-
CUPYIOLLVX B KOPUAOPE NapamMeTpOB «LieHa—CPOKN—
cepBuC».

lpyHUMN opueHTaummn Ha notTpebuTesns BavsieT
Ha ¢opmupoBaHne cTaHgapToOB B3anMOAECHCTBUS
rpy30rnepeBo34YnkoB C KINEHTaMU Ha PasinyHbIX
cTaavsix okasaHus ycayru. [ns aToro HeobxoaMmo
BbISIBJIEHNE U OLeHKa NOTPebHOCTe KIneHTa v cTe-
reHu ero yA0BAeTBOPEHHOCTY.

B cTatbe npoaHann3vnposaHa MOAESb KIIMEHTO-
OPUEHTUPOBAHHOrO MoOBeAEeHUs TPaHCMNOPTHO-
JIOMNCTUYECKOM KOMIMaHWW B yCJI0BUSIX PbiHKa. B ka-
yecTBe obbekTa uccrenoBaHsi BbibpaH cepsuc OAO
«PXX/]» — «PXK/[-3kcnpecc», npeameToMm 1uccieno-
BaHWs BbICTYNalT NepeBo3ku COOPHbIX rPy30B 0
/Z10roBOpam C Y4aCTHbIMU NLAMU — OTPaBUTENSIMU
rpysa. ApryMeHT1poBaH BbIOOp B Ka4yecTBe npeame-
Ta uccrenoBaHuns TPAHCNOPTHBIX YCAYr MO rpy3ormne-
peBo3ke COOPHbIX rPY30B YaCTHbIX /INL. Takou BbiI6oOp
r103BONISIET NPEOA0NETL MPOBAEMY 3aKPLITOCTU VIH-
¢dopmanmn, opraHm3oBaTb NPoBeAeHne ornpoca
rnocpencTsoM VIHTepHeTa, obecrneynTb rnoJsyyeHne
obpatHoli cBs3u a1 GopMUpPOBaHNST OObEKTUBHO

FOcynoea Oavea Anamoavesna — Poccuiickuii ynueepcumem mpancnopma, Mockea,

OLIE€HKUN KJINEHTOOPUEHTUPOBAHHHOCTU KOMIMIaHUU.
B kayecTtBe uenn HanucaHus 4aHHOUW CTaTby BbICTY-
naet pa3paboTka aBTOPCKOW MeToANKU aHaam3a
Ka4yecTBa oka3aHus yCJyr nepeBo3Ku rpy3a puaunye-
CKUM ML aM € rMo3nLNA KITMEHTOPUEHTUPOBAHHOCTU.
B npouecce goctmxkeHunss yka3aHHOW LiesiM aBTOPOM
MCM0JIb30BaINCh METOAbl aHKETUPOBAHWS Y aHaIM3a
MoJIy4eHHbIX AaHHbIX; OblIY MOCTaB/IeHbI Y PeLLEHb]
Takue 3agayv, kak o6ocHoBaHne HeobXoaMMOCTU
paspaboTku crieumasabHOM MEeTOANKY aHam3a kade-
cTBa okalaHusi uccrenyembix ycayr; paspaboTka
aBTOPCKOV CUCTEMbI KPDUTEPUEB KA4eCTBa; OLEHKa
Ha 1X 0CHOBaHWU oTPeOUTEsNSIMU MPU NMOMOLLIN aH-
KeTUPOBaHUS KA4eCTBa 3TUX YCJ1Yr; BbISIBJIEHNE «Y3-
KUX MeCT» U GOPMyMpoBaHnNe pekoMeHaaLmni no
MOBBILLIEHUIO KA4eCTBa TPaHCMOPTHOrO 0OCTyXMBa-
HUS KIINEHTOB.

PaspaboTaHHasi aBTOPOM CUCTEMA KPUTEepUEB
OLIeHKM Ka4yecTBa nepeBo30K C¢hopmMupoBaHa C yk/io-
HOM Ha KJINEHTOOPUNEHTUPOBAHHbIE NapamMeTpbl, OHa
MoxeT ObITb MUCIMOJIb30BaHa /J1s1 OL|eHKM Ka4yecTBa
TPAHCMIOPTHO-JIOMMCTUYECKUX YCITYr NepeBo34nKamm
Ha /1l060M Buae TpaHcropTa, 6a30Bble KpUuTepumn
MOryT PacLUNpsiTbCS, BHYTPU KaX4oro n3 HuUX Bbiae-
JITCS NOAKPUTEPUM, YTO MO3BOJIAT MPOBECTY aHamn3
6osiee netTasibHO BHYTPU MPEAJIOXEHHbIX Marv-
CTpasibHbIX HAMPaBAEHNNA.

Knoyesble cnoBa: TpaHcnopT, KA4€CTBO TPAHCMIOPTHOrO 06C/IYXXNBAHWS, KDUTEPUM Ka4ecTBa, rpy30-
Bbl€ MepeBO3KU, KIIMEHTOOPUEHTUPOBAHHOCTb, COOPHbIE rPy3bl.

*ndopmaums 06 aBTope:

HOcynoBa Onbra AHaTONbEBHA — KAaHAMAAT 9KOHOMUYECKMX HayK, AOLEHT kadenpbl GUHAHCOB U KpeanuTa
Poccuiickoro yHnBepcuteTa TpaHcnopTa, Mocksa, Poccus, qwerty6020@mail.ru.

Cratbs noctynuna B pegakumio 08.01.2020, npuHaTa k nyénukauum 24.02.2020.
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HEOBXOAMMOCTb
KJIMEHTOOPUEHTUPOBAHHOIO
noaxogA B NEPEBO3KAX

ITo pa3HbIM olleHKaM, 00bEM pbIHKA
NnepeBOo30K COOpPHBIX I'py30B B Poccuu
B 2019 1. coctaBsii ot 180 1o 200 Mapa pyo-
Jeit [1]. DTOT cerMeHT rpy3onepeBo3oK
pa3BUBAaETCS B HEMPEPHIBHOM peXUME:
MOSIBJISIETCSI BCE OOJIbIIIE HOBBIX CXEM J10-
CTaBKU, OaJaHCUPYIOIIUX B KOPUIOpPE Ta-
paMeTpoB «lIleHa—CPOKU—CEPBUC».

Eciu B EBpomne kjlaccuka 1OoCTaBKU
COOpPHBIX IPY30B MpeAIogaraeT ucIob30-
BaHUE TEPMUHAJIbHBIX TUHUU (KOHCOIMIA-
1I1M10/pacKOHCOIMIAlINIO TPY30B Ha CKJla-
Jlax) mepeBo34unKoB [2], To B Poccuu B cuny
MPOTSKEHHOCTU TEPPUTOPUU, Oosiee IU-
pPOKOil reorpacduu nepeBO30K, TpedyeTcs
OoJsiee CIOXHBI KOMIJIEKCHBIN MOAXO0
K pELLIeHU IO BONTPOCca ONTUMU3ALIUU JOCTAB-
KU COOPHBIX TPY30B.

B EBporie BocTpe6b0BaHHOCTb 3TOro BUAa
YCIIYT CTUMYJIMPYET KPYTTHbIE U CPEIHIE KOM-
MMaHWK OPraHU30BbIBATh COOCTBEHHbIE TUHUH
JIOCTaBKM COOPHBIX IPY30B, 0OecreurBarone
MOJHYI0 MPO3PauyHOCTb JABUXEHUS I'py3a,
BO3MOXHOCTb YIIPABJISITh CPOKAMU M CTOMMO-
cThio moctaBku [2]. [1pu aTOM B repeBo3Kax
B OCHOBHOM 3aJIeiiCTBOBaH aBTOMOOMJIbHbI
TPAHCIIOPT, UTO BJACUYET MHOTOKIUJIOMETPOBbIE
MPOOKHU Ha €BPOIEMCKUX Tpaccax, 3aaepKKU
rpy30B. 1 ocHOBHOI1 mpo0aeMoil KoMNaHUi
SIBJISIETCSI HapyllleHUe CPOKOB JOCTaBKM,
CHIKaloIIee KaueCTBO OKa3bIBAEMbIX YCIIYT.

B Poccuu kpyr 3amad, cTossux nepen
TPaHCTIOPTHO-JIOTUCTUYECKUMU KOMITAHUSI -
MU, BKJIIOYAeT HECKOJIbKO CETMEHTOB:

* pa3paboTKa HOBBIX MPOIYKTOB. Mo1il-
HBIM JIpaliBepOM K HEOTJIIOKHOMY PEIIEHUIO
9TUX 3a/1a4 CJIY>KUT POCT OTIPABOK COOPHBIX
rpy3oB u3 Kurasa B P® u EBpomy, pocT un-
TEPHET-TOPTOBJIM, POCT KOJIMYECTBA TPY30B
B cermeHTe LCL. [l aToro tpedyeTcsl He
TOJIbKO OOHOBJIEHUE MTPOAYKTOBOM JIMHEKH,
HO M MPUHSATHUE MacHmTaOHBIX OU3HeC-
pelIeHunil, MEHSIIOIIUX PaCCTaHOBKY CHUJI
B O00pb0E€ 3a KJIMEHTA Ha PbIHKE B LIEJIOM.
B untepsbio [3] rnaBa «PXKJI-Jloructuku»,
B. BaneHTuK, 3asBUI O BO3MOXHOCTHU «TIPU-
00peTeHUs pa3TNIHBIX IOTUCTUIECKUX aKTH -
BOB, B TOM 4McJie yepe3 cueJku M&A», uyto
CBUETEIBCTBYET O TOTOBHOCTU KOMITAHUU
BKJIaJIbIBaTh CPEJCTBA B pa3BUTHE KIIMEHT-
ckoit 6a3sl B PD u 3a pyOexkoM, a Takxke
pacmupsTh COOCTBEHHBIE KOMITETEHIIUU.
O HaMepeHUM pa3BUBATh HaIIpaBJIeHUE Tiepe-
BO3KM COOPHBIX TPY30B 3asIBJISIIOT B 3TOM XK€
WHTEPBbIO TaKUeE JIUAEPHI pbIHKA, Kak «DHL
Express Poccust», OTJIK «BPA», Major Cargo
Service (onepauuroHHoe noapasaeneHue 'K
Major), «BaTpaHc+» u np.;

* pa3BUTHUE JEUCTBYIOIINX CEPBUCOB —
yCTpaHeHMWEe MPUYUH 3alepXkKekK, yTeph,
IMOpPYM, HEJIOCTAYU I'PY30B;

* TIOBBIIIIEHNE TUOKOCTH Y KJTMEHTOOPHU -
€HTUPOBAHHOCTU KOMITaHUI-TPy30Iepe-
BO3YUKOB B 00Oph0OE 32 KIMEHTA B YCIOBUSIX
BBICOKOKOHKYPEHTHOTO PBhIHKA.

Puc. 1. KnneHToopneHTUpOBaHHbIN PbIHOK (PUCYHOK aBTOPA).

VIIP SAH PJA M 3 S
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Mopenn KINCHTOOPUCHTUPOBAHHOTO

216 moBeneHMs Ha PHIHKE BBITISIUT CIENYIO-

1M obpazom (puc. 1).

ITpuHIIAIT OpMEeHTAIINY HA TTOTPEeOUTEITS
BJIUsIET Ha (pOopMHUpPOBAHUE CTAaHAAPTOB
B3aMMOJIEMCTBUS TPy30MePEeBO3UYUKOB
C KJIMEHTAaMU Ha pa3JIMUHbIX CTAAUSIX OKa-
3aHUS ycJayru. Jjass 3Toro Heo0XoaUMbl
BBISIBJIEHUE M OlLIEHKa MOTpeOHOCTe KIIM-
€HTa U CTeIIEHU ero YIOBJeTBOPEHHOCTH.

B pamkax gaHHOIT cTaTbM peub MONUAET
00 OlIeHKEe ¥ aHaJIM3€e KJIMEHTOOPUEHTUPO-
BaHHOCTU OAO «P2K]I» npu okazaHUU yCayT
Mo Tpy30MnepeBo3Ke COOPHBIX I'PY30B C UC-
nojb3oBaHUeM cepBuca «PKJI-akcnpecc».

METOOAUKUN AHAJTU3A KAHYECTBA
YCJIYT NO rPY3ONEPEBO3KE
CBOPHbLIXTPY30B

ABTOpPOM CTaTbM ITOCTaBJICHA 1IEJIb pa3-
pabOTKM METOIMKM OILIEHK! Ka4eCcTBa JaH-
HOT'0 BUA YCJIYT, IPOBEeACHNE HA €€ OCHOBE
aHaJIn3a, BBISABICHNE «y3KUX MECT» U (DOP-
MUPOBAHUE PEKOMEHIALMI MO MOBBILIE-
HUI0 KJIMeHTOoOpueHTupoBaHHOoCcTH OAO
«PX]Jl». JletanbHblii aHAAU3 KPUTEPUEB
KauecTBa, MOJYYUBIINX CaMyI0 HH3KYIO
OIICHKY, IpeaIojaracT HalnucaHue IIMKIIa
cTaTei, Iae KaXka0i BhISIBJICHHOI ITpo0JieMe
OyIeT IMOCBAIIEHO OTACIbHOE HCCIIemoBa-
HUE.

B xauecTBe 00beKTa MCCAEIOBAHUS BbIO-
paH cepBuc «P2KJI-Dkcrpecc», mpeaMeToM
HCCNIeTOBaHUS BBICTYITAIOT MIEPEBO3KU
COOPHBIX TPY30B 10 JOTOBOpaM C puU3HUIe-
CKUMMU JINIIAMMU: 3TO ITO3BOJISIET IIPEOIOJIETh
Ipo0IeMy 3aKpBITOCTH MH(POPMAIIUM, OP-
raHM30BaTh IIPOBEICHME OIIPOCA ITOCPE-
cTBOM MHTepHETa, 00eCTICUNTD IOJTyIeHIE
o0OpaTHOI cBI3U 11 POPMUPOBAHUS 00b-
eKTUBHOM OILIEHKM KJIMEHTOOPUCHTUPO-
BaAaHHHOCTU KOMIIaHUU.

ABTOpPOM CTaTbM OBLIO IIPOBEIEHO MO-
HorpaguyeckKoe UCCiIeI0BaHUE, PACCMOT-
pEeHBI METOAMKM aHaIW3a KauecTBa TPaHC-
ITOPTHOTO OOCITY:KMBAHUS, TIPEIJIOKCHHBIC
TakKuMu aBTopamMu Kak B. Barabino,
E. Deiana, E. Nathanail, P. Tilocca, A. M. Aca-
mueB, H. b. 3aBpsioBa, O. B. Carunosa,
N. B. Criupun, M. I1. Toponon, A. C. 3Be-
peBa, A. 1. Monokosnu, M. O. Cypaesa,
JI. B. Ditxnep, 0. . Cokonos, . M.
JlaBpoB, A. C. Ctpunkosckas, C. 1. Unb-
€HKOBA U ZIp., a TaK:Ke KPUTCPHUEB OLICHKN

VIS PA A v 5 MIN-

KayecTBa, MpeAcTaBleHHbIX B EquHOMN no-
JIMTUKE KJIMEHTOOPUEHTUPOBAHHOCTHU XOJI-
auaTa «PXKI» [4—6].

U1 olleHKM KayecTBa TPAHCIIOPTHOTO
o0ciyXUBaHUS YKa3aHHBIMU aBTOpPaMU
npeajaraeTcs pacCUMThIBAaTh MHAEKC Kaye-
CTBa TPAHCHOPTHOTO OOCTYXKUBAHUS IPY30-
BJIAJEJIbLIEB, ONPENeasieMblii KaK CpelHee
apudMeTuyecKoe Ha OCHOBE pe3yJbTaTOB
MapKETUHTOBBIX UCCJIEIOBAHUIA, OLIECHUBATh
NPOU3BONCTBEHHOE U MOTPEOUTETBCKOE
Ka4yeCcTBO TPAHCHOPTHOM YCIYTHU C UCIOJIb-
30BaHUEM CUCTEMBl KO3 OUILIMEHTOB
U KPUTEPUEB KauyeCcTBa, PACCUUTHIBATh UH-
TeTpaJIbHBIA MOKa3aTelb KauyecTBa TPaHC-
MOPTHOM YCIyTU HA OCHOBE TaHHBIX YIIPaB-
JIEHYECKOU OTYETHOCTH.

ITo psny mpuYMH UCMOJb30BAaHUE JaH-
HBIX METOIUMK IIJIST OLIEHKMW KayecTBa Iepe-
BO3KM COOpPHBIX T'PYy30B MO AOroBOpam
C YaCTHBIMU JIMLIAMU -TPY300TIIPABUTEISIMU
C MO3UIUIA KJIMEHTOOPUEHTUPOBAHHOCTHU
B ITOJJHOM 00bEME HEBO3MOXKHO:

1) B HUX MPUCYTCTBYIOT MOKa3aTesu,
OLIEHKA KOTOPBIX IS YACTHOTO JIULIA SIBJISI-
€TCs 3aTPYJIHUTEJIbHOU B CUJTy MaJlOl OCBE-
JTOMJIEHHOCTU U OTCYTCTBUS CIIELIMATIbHBIX
3HAHUUN («HAJTUYME BarOHOB HYXXHOTO TH-
na», «TeXHUYECKOE COCTOSIHME BarOHOB»,
«I10/1aya BarOHOB TIOJ] TIOTPY3KY/BBITPY3KY
no rpaduky», «BbICOKUII YPOBEHb COOJIIO-
NeHus TpacuKOB MTOJauyy U yOOPKU BarOHOB
C myTell HeoOIero MOJb30BaHUS» , «[TOJTHO-
Ta yIOBJIETBOPEHHOCTH CITPOCA HA IEPEBO3-
KW» U IIp.);

2) MHOWKATOPHl KayecTBa B OoJibliei
CTENEHU HaMpaBJIEHbl HA OLIEHKY MPOU3-
BOJICTBEHHOTO KaueCcTBa, KOTOPOE He Bceraa
OYEBUIHO TS KJIMEHTA U 0OJIbIIIe 3aTparu-
BaeT BHYTPEHHME MPOILECChl KOMIOAaHUU
(cTeneHb UCIOJB30BaHUS, TOAHOCTh, 00-
HOBJIEHUE 1 BO3PACT MOABUKHOIO COCTaBa,
nokasartejb Ipy30MOIbEMHOCTHU, CpEHEE
paccTosiHUE MTOE3IKU, TPOU3BOIAUTEITbHOCTh
€MHUIIbI TOJBUXHOTO COCTaBa U IIp.);

3) KpuTepuu KadyecTBa AyOJUPYIOT APYT
Jpyra B IIpefiejiaX OMHOW METOAUKY (Hampu-
Mmep, B EnruHON monuTruKe KIMEHTOOPUEH -
THUPOBAHHOCTHU xosianHra «P2KJ» mpucyrt-
CTBYIOT OJJHOBPEMEHHO TaKue KPUTEPUU
KayecTBa, Kak «[OTOBHOCTb K cOrjacoBa-
HUIO 0COOBIX (DMHAHCOBBIX YCIOBUN Tepe-
BO3KH» U «[MOKOCTh 1IeHOOOpa30BaHUS»

[7D);



Ta0imuna 1

Kputepun oueHKH YaCTHBIMH JIMIIAMH — OTIPABUTEISIMA IPy3a YPOBHS
KkimenToopuenTupoBanHocTn OAO «P2K]I» (aBTopckas pa3padoTka)

IMoka3zaresin Ka4ecTBa OKa3aHUsl YCIIyT IMokazarenn ®DuHaHCOBbIE Tu6koCcTh
Ha/IEXXHOCTH rokaszartesin M TIPOCTOTA
yeIIyr odbopmIIeHUS
VIoB1eTBOPEHHOCTH KAYE€CTBOM CobioeHue CripaBeinBast Ipo3payHocth
MPEIOCTABISIEMBIX YCITyT (reorpadusi J0CTaBKM, | CPOKOB JOCTaBKM | CTOMMOCTb YCJIYT | MEXaHHM3Ma
rpaduk paboThl, yI0OCTBO PACIIOIOXCHMSI, rpysa dopmupoBanus
OTEePAaTUBHOCTD CIAYM/TIPUHSITHSI TPy3a U 1p.) CTOMMOCTH YCITyT
TTosHOTa TIepeYHsI JOTIOJIHUTEIbHBIX YCIYT Ha Oo6ecrieueHue JenoBast Bo3MoxHOCTB
CTaINsIX MOJTOTOBKY M OKa3aHUSI YCIyTH COXPaHHOCTH peryTanust yAan€HHOTO
TePEBO3UMBIX rpy3orepeBo3unKa | obopMIICHUST 3aKa3a
Tpy30B Ha pbIHKE YCIIYT Yepe3 cait
YpoBeHb KBaM(UKaLMK NIepcoHaa, OrnepaTuBHOCTb | DddekTuBHas Bo3moxHOCTB
TOOPOKENATETBHOCTh OTHOIICHUS K KITUEHTY B pellleHU !’ rporpaMma COTJIACOBAHMSI
npoGieM KIMEHTa | TOSUTbHOCTH TSI VHAVBUIYATBbHBIX
KJINEHTOB YCIIOBUII TTEPEBO3KU

4) KpUTEepUHU, IMPEACTaBICHHBIC B METO-
JHMKaX, HEIOCTAaTOUYHBI JUISI OLIEHKHU 3a1Ipo-
COB YaCTHBIX JIML U CTEIIEHU UX YAOBJIETBO-
peHusl.

OTHeAbHO CAeAYeT OTMETUTD, YTO B CY-
MIECTBYIOIIMX METOAMKAX HE YIESICTCS
BHMMAaHNE TAKOMY BaXXHOMY HallpaBJIeHUIO
M3y4eHMs] MHEHHUs NOTpebuTesieil, Kak
OLIEHKA 3HAYMMOCTHU JUISI HUX TeX WJIM MHBIX
KpUTEpUEB KaueCcTBa, a He IIPOCTO IOJIyde-
HUe 00paTHOI CBSI3U B BUIE OLIEHKHU MPEI-
JlaraeMbIX B aHKETe KpUTEPUEB.

STANbI AHAJIN3A U KPUTEPUU
OLEHKU KAHECTBA YCINIYI

ITpoBenéHHoe uccaenoBaHue MO3BOJSIET
MPeIIOXKNUTh COOCTBEHHYIO METOIMKY OIICH-
KM KadyecTBa TPaHCIIOPTHOTO OOCIyXKHBa-
HUS TPY30OTIIpaBUTeNeld — (U3UUECKUX
JIUIL.

MeToauKa BKJIIOUACT:

* KPUTEPUHU OLEHKMU KauyecTBa YCHIYT,
aJanTUPOBAHHBIC MJIST YACTHBIX JIUI] — OT-
IpaBuUTEJEH Tpy3a;

* MHTEpHpeTalrio ¥ 000CHOBAaHUE KPU-
TepUEB;

* IeCITUOAIbHYIO KAy paHXUPOBa-
HUSI 3HAUUMOCTU KPUTEPUEB;

* QHKETY IJISl IPOBEICHUSI OIPOca YyacT-
HBIX JIUI — OTIIpaBUTEJIelt Ipy3a, BOCIIOJb-
3o0BaBIIMXcA yeayroi « P -Dkenpecc».

I[Ipennaraemast cucTeMa KpUTEpUEB
npeacTasieHa B Taba. 1. OHa B HaubobLIeH
CTETIEHU OTpaXaeT IMOTPEOUTEIHCKYIO OIIEH-
Ky KayecTBa OKa3bIBa€MbIX YCIIYT. DTa CUC-
TeMa MOXET OBITh HCITOJIb30BaHa B KAUECTBE
OCHOBBI MPU (POPMUPOBAHUU TIEPEUHS BO-

VIIPJI PAH PIA TSNS

MpPOCOB [IJIsI MPOBEACHUSI aHKETUPOBAHUS
rpy3ooTtnpasureiieit. DopmyaupoBKa KpK-
TEpUEB OCYUIECTBJIEHA TaKUM 00pa3oM,
4TOOBI, C OJJHOW CTOPOHBI, CAEIATh UX TO-
HSITHBIMH JJIsI PECTIOHIEHTOB — (U3nUe-
CKUX JIMLL, C APYTON — MO3BOJIUTH IPOBECTHU
OlLIEHKY KayecTBa OKa3blBa€MOW YCIyTu
U BBISIBUTHb COCTaB Mmpo0yieM, TpeOyrolux
pelIeHus C TOYKM 3pEHUSI MOTPEOUTENEM.

ABTOpCKasi METOIMKA COACPKUT YHHU-
KaJIbHbIE KPUTEPUU, OTCYTCTBYIOIIIME B YI1O-
MSIHYTBIX BbIllle MeToAMKax U EquHoil mo-
JUTUKE KJIMEHTOOPUEHTUPOBAHHOCTHU
xosinuHra «P2XK/I», a uMeHHO:

1) Bo3amoxxHOCTB yna€é HHOro oopmiie-
HUS 3aKa3a ycJayr Ha caliTe mepeBo3urKa —
B 2M0XY TOTAJbHOW 3KOHOMMUU BPEMEHHU,
MOBBIIIIEHUST IIEHHOCTU CKOPOCTH O0(OpM-
JIEHUS yCJyT, o0ecneyrnBaeMoOi pa3BUTHEM
yIaJléHHbIX CEpBUCOB, OHA IpuobOpeTaeT
ocoboe 3HaueHue [8]. Bo3aMoXHOCTH
0GOPMIIEHHNST YCIYTU «IT0J KJII0Y», HE BbI-
X0 U3 10Ma, IeJaeT €€ JIsl KIIMeHTa Mpu-
BiaekaTeabHOU. [TonyueHue BBICOKOM KM~
€HTCKOW OLIEHKU MO JAaHHOMY KPUTEPUIO
MMO3BOJIUT C(HOPMYJIMPOBATH BBIBOA O TOM,
YTO 3aKa3 yCAYTrM U JOKYMEHTaJIbHOE
odopMIIeHHNE Yepe3 CaliT He BBI3bIBACT 3a-
TPYAHEHUN U OTBEYAET KIMEHTCKUM OXMU-
naHusgM. B cBow ouepenb, HU3KUI Oasli
MOCAYXUT UHAMKATOPOM HEOOXOAUMOCTU
COBEpIIEHCTBOBAHMUS MeXaHM3Ma 3aKasa
YCJIYTY OHJIAMH.

2) DddekTuBHASA MporpaMMma JOsIIbHO-
CTHU — OHA HampapJjieHa Ha yaepXXaHue aei-
CTBYIOIIIEM KJIMEHTCKOI 0a3bl, Ojaromaps
HaJMYUIO CleUMaJbHbIX TPEIJIOXEHUN,
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Puc. 2. Pe3ynbratbl NpoBeAEHHOIoO onpoca cpeaun pecrioHAeHToB (COCTaB/eHO
aBTOPOM 10 pe3y/sibTaTam ornpoca).

CKMJ0K, 00HYycOB. KpoMme Toro, Takast npo-
rpaMMma MO3BOJUT IPUBJIEYHh KJIMECHTOB
NOTEHLMaIbHOU 0a3bl, B T.4. 00CITyK1BaIO-
IUXCsA y IPYTUX ollepaTopoB. Bricokyto
OILICHKY 110 JAaHHOMY KPUTEPHUIO KOMIIaHUS
MOXET TIOJIYIUTh B TOM CJIydae, €ClIu Ipy-
30IIEPEeBO3YMK Ha MOCTOSIHHOM OCHOBE HE
TOJIKO OpTaHU3YyeT pa3IudHbIC aKIIU1, HO
1 3(ppeKTUBHO 00ecTeunBaeT OTKPHITOCTD
nHOOPMALIMKM O HUX, TOCTYITHOCTh €€ I
HEOTrpaHMYEHHOTO YKcjia KIMeHTOB. Hu3z-
Kasl OLICHKAa, HAIIPOTUB, OyIeT CBUACTECIIb-
CTBOM JINOO OTCYTCTBHUSI MOJOOHBIX ITPO-
rpamm, J1m06o nx He3(hHEKTUBHOCTH, JTUOO
HEOCBEIOMJIEHHOCTHU TIOTPEOUTENISI O HUX.

3) [Ipo3pauHOCTh MexaHU3Ma (hOPMHUPO-
BaHUSI CTOUMOCTH YCJIYT TIPEACTaBIISIET CO-
00l KpUTepuit, KOTOPbINA UIJTIOCTPUPYET
MHEHHE TOTPEOUTENST O TOM, HACKOJIBKO
CBOOOJIHO MOXHO OTCJIeAUTh LIeHOO0pa3o-
BaHME Ha YCIYTU C YIETOM M3MEHEHUS
pPa3IMUYHBIX MapaMeTPOB, BKIIOYEHHBIX
B pa3aes JOIMOJTHUTEIbHBIX YCIIyT. TpaKToOB-
Ka BBICOKOM OILIEHKHU T10 3TOMY KPUTEPHUIO
TaKoOBa: KJIMEHTY B IIEJIOM SICEH MEXaHU3M
GopMHUpPOBAHUS CTOMMOCTH €TI0 YCIYTH,
COCTaBJISIONINE 3TON CTOMMOCTHU, YCIyTe
IIPYCYIIla BICOKAS CTEIIEHb CBOOOIHI B Ua-
CTU BapbUMPOBAHMS STUMU COCTABJISIONIN -
Mu. B cBoO ouepenn, HU3Kas OIleHKA SIBJISI -
eTCs IIPU3HAKOM PACTIIBIBYATOCTHU B TIOHU -
MaHUM KJIMEHTa Mpoliecca IieHooOpa3oBa-
HUSI.

VIS PA A v 5 MIN-

st OlleHKM KadyecTBa TPaHCIIOPTHOTO
00CyXXMBaAHUS CUYUTAEM HEOOXOAUMBbIM
B paMKax OIpoca IOMOJHUTEIbHO paHKHUPO-
BaTb 3HAYUMOCTb KPUTEPUEB B aHKETE C UC-
MOJb30BaHUEM JICCATUOAIPHON IITKAJbI,
B KOoTOpoii 0 6aJIJI0B MprcBauBaeTCs KPUTe-
pUIO B CiIyyae aOCOJIOTHON HE3HAYUMMOCTH
I KiveHTta, a 10 0anaoB IpucBanBaeTCs
TeM, KOTOPBIM KJIMEHT yIeJsIeT 0co00e BHU-
MaHMe TIpU BEIOOpPE IPy30IIepeBO3UMKa.

PazpaboraHHas cucreMa KputepreB Oblia
TOJIOXKEHAa B OCHOBY aHKEThI, pa3MEIIEHHOMN
B MHTEepHETE ¢ MCIIOJB30BaHNEM CepBUcCa
«Google-Tabmuibl». Orpoc NpoBeaEH cpean
135 pecrioHIEHTOB — YaCTHBIX JIUII, BOCITOJIb-
30BaBIIMMCS B KAYeCTBE OTIIPABUTEIIEH Tpy3a
ycayron «P2KJI-akcrnpece» 3a nepuon CeH-
TsI0pb—HOs10pb 2019 Toma. Pesynsrar onpoca
MOXHO YBUJIIETh HA pUC. 2.

dOPMUPOBAHUE BbiIBOOOB
N NPEANOXEHUNA

ITo utoram ompoca BBICOKYIO OLIEHKY
oy kputepuii «@uHaHCcoOBasI CTaOUIIb-
HOCTh Tpy30IlepeBO3UnKa», KoTopas, 1o
MHEHUIO PECTIOHIEHTOB, COCTaBJIsAET 75 Oa-
JioB 13 100, mpu BEICOKOI 3HAUMMOCTH, PaB-
Hoii 8 6ayutam. [TomydyeHHBI UcclienoBaTeaeM
pe3yabTaT OLIEHKU IO 3TOMY KPUTEpPUIO
MOXHO CYMTATh BIOJHE 3aKOHOMEPHBIM,
nockonbKy Kommanus « P2KJ/1-Jloructuka» rmo
IIpaBy CYMTAETCS OJHUM U3 JIMICPOB Ha
TPaHCIIOPTHO-JIOTMCTUYECKOM PhIHKE, OoJiee



YeM 3a JECSATh JIET CBOETO CYIIECTBOBAHMS
3apeKOMEHIOBABIIMM Ce0sT TTIOTPEOUTEISIM.
Yucragd npubbUIb OpraHMU3alluu BO3pocia
npakTryecku Ha 20 % Ha TPOTSKEHUU T10-
CJIETHUX JIBYX JIET.

Kaxk BuiHO Ha prCyHKE, BBICOKYIO OIICHKY
PECIIOHIEHTOB B pazMepe 84 0aLJIOB MOy
kputepuii «CoxpaHHOCTb ITePEBO3UMBIX TPY-
30B», [IPU €ro 3HAYMMOCTHU B 7 6asioB. Takas
OlleHKa SIBJISIETCS 3aKOHOMEPHBIM CJell-
CTBHMEM TMOJUTUKM KOMITAaHWUU B 00JIACTU OT-
CJIEXXUBAHUSI M KOHTPOJISI COXPAaHHOCTH Ipy3a
Ha BCeX ATalax MepeBo3KH, 0 YEM yIIOMUHA-
ercs B ronoBoM oTuéTe AO «PKJI-Jloructu-
Ka» [9].

ITo pe3ynbraTaM aHKETUPOBAHUS CTaJIO
BO3MOXKHBIM BBISIBICHUE psila «y3KUX
MeCT», HyXIalomuxcs B 0ojiee 1eTaTbHOM
aHanmuse. Cpenu HUX B MEPBYIO ovepeb
clieyeT oOpaTuTh BHUMaHWe Ha T0CTaTOu-
HO HEBBICOKYIO OIIEHKY MOTPEOUTEIIMU
«BO3MOXHOCTH YAaJ€HHOTO 3aKa3a YCyT
yepes cailiT», KoTopasi cocTaBuia BCero 53
OaJuia, TIpU BbICOKOI 3HAUYMMOCTH B 9 Oaj-
Ji0B. [ToydeHHBIN pe3yabTaT AJ1s1 UCClIef0-
BaTeJisl CIYXUT OECCIOPHBIM CUTHAIOM
0 HEOOXOIMMOCTH TIPOBEIeHUST Pa3BEPHY-
TOTO aHajM3a MexaHu3Ma oGopMIeHUS
ycayr norpeduteneM Ha caiite «P2KJ/I-Jlo-
TMCTUKa», CPABHEHUM 3TOTO MeXaHM3Ma C
MPaKTUKOM HanboJiee yCTIeITHbIX TTpecTa-
BUTEJIE TPAaHCIIOPTHO-JTOTUCTUUECKOTO
pBIHKA, pa3paboTKe KOMIIJIeKca peKOMEH-
Al O MOJIEpHU3ALIMU CalTa.

HeBbIcOoKy10 O1IeHKY PECITOHIEHTOB IT0-
JIyduJt Kputepuit «OddekTrBHas mporpaMmma
JIOSUTBHOCTH /151 KJIMEHTOB» (57 0ajUtoB), mpu
3HAYMMOCTH TToKazaTensl B 8 6amnoB. [Tony-
YEHHBIN Pe3yJIbTaT CBUACTEIbCTBYET O HEOO0-
XOIMMOCTH TTEPECMOTpPA IPOTPAMMBbI CKHIOK,
TPEIOCTAaBIISIEMbIX YaCTHBIM JTUIIAM-TPY30-
OTIIPABUTEJISIM, PACCMOTPEHMSI BO3MOXKHOCTH
BHEIIPpEeHMSI OOHYCHO ITPOTpaMMBbl, CUCTEMBbI
YBEIOMJIEHUSI KJIMEHTOB 00 MMEIOIIMXCS
aKIIMUSIX U CKUIKaX.

PestoMupyst mpoBei€HHOE cCieI0BaHNE,
OTMETHM, UTO MPEIJIOKEHHasT B HEM METOIN -
Ka OLIEHKM KauyecTBa TPAaHCITIOPTHOTO 00CITy-
JKMBAHUST YaCTHBIX JIMI — OTIPaBUTENEH
rpy3a TO03BOJISIET KOMITaHUU-TPY30I1epeB03-
YUKy MPOaHAJM3UPOBATh CBOU CUJIbHBIE
" cj1abble CTOPOHBI, YBUIETH CBOIO JCSTEb-
HOCTb TJIa3aMM KJIMEHTA C MO3UIINI eT0 yI0-
BJIETBOPEHHOCTH W aJieKBaTHO €il BHIOpaTh

VIIPA PA PIA A3 O NS

MNyTU pocTa KayecTBa MpeaocTaBasieMbIX
YCIIYT.

IlpennoxeHHass cucteMa KpUTepueB
OLIEHKHU KauyecTBa MepeBo30K cchopMupoBaHa
C YKJIOHOM Ha KJIMEHTOOPHUEHTUPOBAHHBIC
rnapaMeTpbl, OHa MOXET OBbITh UCITOJIb30BaHa
I OLIGHKW KadecTBa TPAaHCIOPTHO-
JIOTUCTUYECKUX YCJIYT MepeBO3UYMKOM Ha
J11000M BUIE TpaHCIIOpTa, cUcTeMa 0a30BbIX
KpUTEPUEB MOXKET ObITh paclliipeHa, BHyTpHU
KaXXI0TO U3 HUX MOTYT OBITh BbIICJICHBI ITOI -
KPUTEPUU, YTO MO3BOJUT MPOBECTU aHATIU3
0oJiee IeTaaIbHO BHYTPU BbIICICHHBIX Maru-
CTpaJIbHBIX HAIIPABICHMIA.

ABTOpPOM MOCTaBJIeHA 337a4a B MOCJIEAYIO-
IIMX CTaThSIX IIPOBECTH YIITyOJICHHBII aHAIN3
TIPUPOIBI BEISIBJIEHHBIX «yY3KUX MECT» C LIEJIBIO
BBIPaOOTKM BO3MOXKHBIX ITyTEH MX yCTpaHe-
HUS U TIOBBILIEHUST YPOBHS KIIMEHTOOPUEH-
TupoBaHHOCTH OAO «PXK]I».
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Assessment of Quality of Service
Provided to Private Consignors

Olga A. YUSUPOVA

ABSTRACT

According to experts, the volume of groupage
cargo transportation market in Russia in 2019 ranged
from 180 to 200 billion rubles. This segment of cargo
transportation is developing in a continuous mode:
there are more and more new delivery schemes
balancing in the corridor of «price—time—-service»
parameters.

The principle of customer focus affects formation
of standards for interaction of shippers with customers
at various stages of service delivery. This requires
identification and assessment of customer needs and
their satisfaction.

The article analyzes a model of customer-oriented
behavior ofa transport and logistics company in a market
environment. The RZD-Express service provided by JSSC
Russian Railways was chosen as the object of the studly,
the subject of the study is transportation of groupage
cargo under contracts with private individuals — shippers.
The choice of transport services for transportation of
groupage cargo of private individuals as the subject of
research was reasoned. This choice allows to overcome
the problem of information confidentiality, organize a
survey via the Internet, and provide feedback to form

Yusupova, Olga A., Russian University of Transport, Moscow, Russia*.

objective assessment of the company’s customer focus.
The objective of this article is development of an author’s
methodology for analyzing quality of provision of services
for transportation of goods to individuals from a customer-
oriented perspective. In the process of achieving this
objective, the author used methods of questioning and
analysis of data. The following tasks were setand solved:
substantiation of the need to develop a special
methodology for analyzing quality of research services;
development of the author’s system of quality criteria;
assessment on their basis by consumers using a
questionnaire ofthe quality of these services, identification
of bottlenecks and formulation of recommendations to
improve quality of transport customer service.

The system of criteria for assessing quality of
transportation, developed by the author, is formed
with a focus on customer-oriented parameters, it can
be used to assess quality of transport and logistics
services by carriers of any mode of transport, the
basic criteria can be expanded, subcriteria will be
highlighted within each of them, which will allow for
analysis in more detail following proposed main
guidelines.
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focus, groupage cargo.
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The need for a customer-oriented approach
in transportation

According to various estimates, the volume of
groupage cargo transportation market in Russia in
2019 ranged from 180 to 200 billion rubles [1]. This
segment of cargo transportation is developing in a
continuous mode: there are more and more new
delivery schemes balancing in the corridor of
«price—time—service» parameters.

If in Europe the classic delivery of groupage
cargo involves the use of terminal lines
(consolidation/deconsolidation of goods in
warehouses) of carriers [2], then in Russia, due to
the length of the territory and the wider geography
of transportation, a more complex integrated
approach to solving the issue of optimizing delivery
of groupage cargo is required.

In Europe, the demand for this type of service
encourages large and medium-sized companies to
organize their own delivery lines for groupage
cargo, ensuring complete transparency of
movement of goods, the ability to control timing
and cost of delivery [2]. At the same time, road
transport is mainly involved in transportation,
which entails multi-kilometer traffic jams on
European routes, cargo delays. And the main
problem of companies is violation of delivery
terms, which reduces quality of the services
provided.

In Russia, the range of tasks facing transport
and logistics companies includes several segments:

* development of new products. A powerful
driver for urgently solving these problems is the
growth of groupage shipments from China to
the Russian Federation and Europe, the growth
of online commerce, and the increase in the
number of goods in the LCL segment. This
requires not only updating the product line, but
also making large-scale business decisions that
change the balance of power in the fight for the
customer in the market as a whole. In an
interview [3], the head of RZD-Logistics,
V. Valentik, stated the possibility of «acquiring
various logistics assets, including through M&A
transactions», which indicates the company’s
readiness to invest in developing its client base
in the Russian Federation and abroad, and also
expand their own competencies. In the same
interview, such major market leaders as DHL
Express Russia, UTLC ERA, Major Cargo
Service (operating division of Major Group of
Companies), Altrans + and others also stated
their desire to develop the delivery of groupage
cargo;

* development of existing services —eliminating
the causes of delays, loss damage, shortage of cargo;

* increasing flexibility and customer focus of
cargo companies in the fight for the client in a
highly competitive market.

The model of customer-focused behaviour in
the market is as follows (Pic. 1).

The principle of customer orientation affects
formation of standards for interaction of cargo
carriers with customers at various stages of service
delivery. This requires identification and assessment
of customer needs and their satisfaction.

In the framework of this article, we will focus
on assessment and analysis of the customer focus
of JSC Russian Railways when providing services
for transportation of groupage cargo using the
service called RZD-express.

Methods of analysis of quality of groupage cargo
transportation services

The author of the article has set the objective of
developing a methodology for assessing quality of
this type of service, analyzing it based on it,
identifying bottlenecks and making
recommendations for improving the customer
focus of JISC Russian Railways. A detailed analysis
of quality criteria, which received the lowest rating,
involves writing a series of articles where a separate
study will be devoted to each identified problem.

RZD-Expressservice was chosen as the object
of the study, the subject of the study is transportation
of groupage cargo under contracts with individuals:
this helps to overcome the problem of information
confidentiality, organize a survey via the Internet,
and provide feedback to form an objective estimate
of the company’s customer focus.

The author of the article conducted a
monographic study, reviewed the methods of
analysis of quality of transport services proposed
by such authors as V. Barabino, E. Deiana,
E. Nathanail, R. Tilocca, A. M. Asaliev,
N. B. Zavyalova, O. V. Saginova, 1. V. Spirin,
M. P. Gorodon, A. S. Zvereva, A. D. Molo-

Competitor 1

Pic. 1. Customer-focused market (author’s picture).
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kovich, M. O. Suraeva, L. V. Eichler,
Yu. I. Sokolov, I. M. Lavrov, A. S. Strinkovskaya,
S. D. Ilyenkov, and others, as well as quality
assessment criteria presented in the Single
Customer Focus Policy of Russian Railways
Holding Company [4—6].

To assess quality of transport services,
these authors propose to calculate the quality
index of transport services for cargo owners,
which is determined as the arithmetic average
based on the results of marketing research, to
evaluate production and consumer quality of
transport services using a system of coefficients
and quality criteria, and to calculate the
integral indicator of quality of transport
services based on management data reporting.

For a number of reasons, the use of these
methods to assess quality of transportation of
groupage cargo under contracts with private
shippers from the perspective of customer focus in
full is impossible:

1) they contain indicators whose assessment
for a private person is difficult due to low awareness
and lack of special knowledge («availability of cars
ofthe required type», «technical condition of cars»,
«supply of cars forloading/unloading on schedule»,
«high level of compliance with schedule of supply
and removal of cars from non-public tracks»,
«completeness of satisfaction of demand for
transportation», etc.);

2) quality indicators are mainly aimed at
assessing production quality, which is not always
obvious to the customer and affects the internal
processes of the company more (degree of use,
suitability, renewal and age of rolling stock, load
rating, average travel distance, rolling stock unit
productivity, etc.);

3) quality criteria duplicate each other within
the same methodology (for example, in the Single
Customer Focus Policy of Russian Railways
Holding Company there are simultaneously such
quality criteria as «Willingness to agree on special
financial conditions of transportation» and
«Pricing flexibility» [7]);

4) the criteria presented in the methods are
insufficient to assess the requests of individuals and
their degree of satisfaction.

Separately, it should be noted that existing
methods do not pay attention to such an important
area of studying consumers’ opinions as estimate
of significance of certain quality criteria for them,
as opposed to just receiving feedback in the form
of estimate of the criteria proposed in the
questionnaire.

Stages of analysis and criteria for assessing
quality of services

The study allows us to offer our own
methodology for assessing quality of transport
services for individual shippers (private
consignors).

The method includes:

« criteria for assessing quality of services,
adapted for individuals;

* interpretation and justification of criteria;

* ten-point scale for ranking the significance
of criteria;

* a questionnaire for interviewing private
consignors who used the RZD-Express service.

The proposed system of criteria is presented in
Table 1. It most closely reflects consumer
assessment of quality of services provided. This
system can be used as a basis for formation of a list
of questions for conducting a survey of shippers.
The criteria are formulated in such a way as to, on
the one hand, make them understandable to
respondents who are individuals, and on the other
hand, to allow assessment of quality of the service
provided and to identify the composition of
problems that need to be addressed from the point
of view of consumers.

The author’s methodology contains unique
criteria that are absent in the above-mentioned
methods and in the Single Customer Focus Policy
of Russian Railways Holding Company, namely:

1) The possibility to remotely place an order
for services on the carrier’s website — in an era of
total time saving, increasing the value of speed of
processing services provided by development of
remote services, is of particular importance [8].
The ability to design a turnkey service without
leaving your home makes it attractive for a
customer. Obtaining a high client rating by this
criterion will allow us to formulate the conclusion
that its order and documentation through the
website does not cause difficulties and meets client
expectations. In turn, a low score will serve as an
indicator of the need to improve the mechanism
for ordering services online.

2) Effective loyalty program — it is aimed at
maintaining the existing customer base, due to
availability of special offers, discounts, bonuses. In
addition, such a program will attract potential
customers, including those now served by other
operators. A company can get a high score
according to this criterion if the cargo carrier on a
regularbasis not only organizes various promotions,
but also effectively ensures transparency of
information about them and its availability to an



Table 1

Criteria of assessment by individual shippers of customer focus of JSC Russian Railways
(author’s development)

Indicators of service quality

Indicators of service

Financial indicators | Flexibility and ease of

services at the stages of preparation and
provision of services

reliability execution
Satisfaction with quality of services Compliance with Fair cost of services Transparency of the
provided (geography of delivery, work delivery time mechanism of costing
schedule, convenient location, speed of of services
delivery/acceptance of cargo, etc.)
Completeness of the list of additional Ensuring safety of Business reputation | Possibility to

goods transported

of a cargo carrier in
the market

remotely place an
order for services

through the website
Staff qualification level, friendly attitude Efficiency in solving | Effective customer Possibility of
towards the customer customer problems loyalty program negotiating

individual terms of

transportation

unlimited number of customers. A low rating, on
the contrary, will be evidence of either the absence
of such programs, or their inefficiency, or consumer
ignorance about them.

3) Transparency of the mechanism of costing
is a criterion that illustrates the opinion of the
consumer about how freely it is possible to track
the pricing of services taking into account changes
in various parameters included in the additional
services section. The interpretation of high
assessment of this criterion is as follows: the client
as a whole understands the mechanism of costing
of its services, the components of this cost, the
service has a high degree of freedom in terms of
varying these components. In turn, a low rating is
a sign of vagueness in the understanding by the
client of the pricing process.

To assess the quality of transport services, we
consider it necessary, within the framework of the
survey, to further rank the significance of the
criteria in the questionnaire using a ten-point
scale, in which 0 points are assigned to the
criterion in case of absolute insignificance for the
client, and 10 points are assigned to those to which
the client pays special attention when choosing a
cargo carrier.

The developed system of criteria was the basis
for the questionnaire posted on the Internet using
the Google-table service. The survey was conducted
among 135 respondents from individuals who used
the RZD-Expressservice as shippers for the period
September—November 2019. The survey results
can be seen in Pic. 2.

Conclusions and suggestions

According to the results of the survey, the
criterion «Financial stability of the cargo
carrier» was highly rated, which, according
to the respondents, is 75 points out of 100,

with a high significance of 8 points. The
result of assessment obtained by the
researcher according to this criterion can be
considered quite natural, since the company
RZD-Logistics is rightfully considered one
of the leaders in the transport and logistics
market, which has proven its worth to
consumers over more than ten years of its
existence. The net profit of the organization
has increased by almost 20 % over the past
two years.

As can be seen in the picture, the criterion
«Safety of goods transported» received a high rating
of 84 points, with its significance of 7 points. Such
an estimate is also a natural consequence of the
company’s policy in the field of tracking and
control of cargo safety at all stages of transportation,
which is mentioned in the annual report of JSC
RZD-Logistics [9].

According to the results of the questionnaire,
it became possible to identify a number of
«bottlenecks» that require a more detailed
analysis. Among them, first of all, attention
should be paid to a rather low assessment by
consumers of «possibility of remote ordering
services through the website», which amounted
to only 53 points, with a high significance of 9
points. The obtained result for the researcher
serves as an indisputable signal about the need
for a detailed analysis of the mechanism for
providing services to consumers on the website
of RZD-Logistics, comparing this mechanism
with the most successful examples of the
transport and logistics market, and developing
a set of recommendations for modernizing the
website.

The criterion «Effective customer loyalty
program» (57 points) received a low rating of
respondents, with a significance of 8 points. The
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Pic. 2. The results
of the survey
among respondents
(compiled by the
author based on
the results of the
survey).

Satisfaction with quality of services

provided
Transparency of the mechanism of

Compliance with cargo delivery
service costing

terms
Fairness of service costing

obtained result indicates the need to revise the
discount program provided to individual
shippers, to consider the possibility of introducing
a bonus program, a system for notifying
customers about existing promotions and
discounts.

Summarizing the study, we note that the
methodology proposed in it for assessing quality
of transport services for individual shippers
allows the cargo carrier to analyze its strengths
and weaknesses, see its activities through the eyes
of the customer from the point of view of his
satisfaction and adequately choose ways to
increase quality of the services provided.

The proposed system of criteria for assessing
quality of transportation is formed with a focus
on customer-focused parameters, it can be used
to assess quality of transport and logistics services
by a carrier using any mode of transport, the
system of basic criteria can be expanded,
identification of subcriteria inside basic criteria
will allow for more detailed analysis following
main guidelines.

The author has set the task to conduct and
publish an in-depth analysis of the nature of the
identified bottlenecks in order to develop
possible ways to address them and increase the
level of customer focus of JSC Russian Railways.

REFERENCES

1. Overview of cargo transportation industry in Russia
2019 [Obzor otrasli gruzoperevozok v Rossii 2019 god].
[Electronic resource]: https://www.ey.com/Publication/
vwLUAssets/ey-transportation-services-2019-rus/$FILE/
ey-transportation-services-2019-rus.pdf. Last accessed
02.02.2020.

Completeness of the list of additional
services at the stages of preparation

and provision of services

Completeness of remote ordering of

Ensuring safety of goods transported
services on the carrier’s website

Staff qualification level, friendly
Effective customer loyalty program
Possibility to agree on individual
terms of cargo transportation

Business reputation of the cargo
attitude to the customer

carrier at the market
Speed of solving customer’s

problems

2. Zhikin, A. Logistics of industries and segments
[ Logistika otraslei i segmentov]. Moscow, LitRes: Samizdat,
2019, 60 p.

3. Skorlygina, N. Growth without assets. Logistics
companies are waiting for rapid development of the market
[Rost bez aktivov. Logisticheskie kompanii zhdut bystrogo
razvitiya rynka). Kommersant, 2019, Iss. 13 (6493), 7 p.
[Electronic resource]: https://www.kommersant.ru/
doc/3862169. Last accessed 02.02.2020.

4. Asaliev, A. M., Zavyalova, N. B., Saginova, O. V.,
Spirin, 1. V., Skorobogatykh, 1. I. [et a/]. Marketing
approach to quality management of transport services:
Monograph [Marketingoviy podkhod k upravleniyu
kachestvom transportnogo obsluzhivaniya: Monografiya).
Ed. by N. B. Zavyalova, O. V. Saginova, I. V. Spirin.
Novosibirsk, TSRNS Publishing House, 2016, 172 p.

5. Sokolov, Yu. I., Lavrov, . M. Analysis of the
dynamics of the index of quality of transport services for
cargo owners [Analiz dinamiki indeksa kachestva
transportnogo obsluzhivaniya gruzovladeltsev]. Corporate
Governance of Economic and Financial Activities in Rail
Transport: Proceedings based on the results of 3 International
Scientific and Practical Conference. Moscow, RUT (MIIT),
2019, Iss. 17, pp. 83—86.

6. Strinkovskaya, A. S. Diagnostics of quality of
transport services at cargo motor transport enterprises
| Diagnostika kachestva transportnogo obsluzhivaniya na
gruzovykh avtotransportnykh predpriyatiyakh). Tekhnika
i tekhnologii stroitelstva, Iss. 3 (11), 2017, pp. 75—380.

7. The Single Customer Focus Policy of Russian
Railways Holding Company in the field of Cargo
Transportation [Edinaya politika klientoorientirovannosti
kholdinga RZD v oblasti gruzovykh perevozok]. | Electronic
resource]: http://docs.cntd.ru/document/456025278. Last
accessed 02.02.2019.

8. The Russian Internet-trading market will reach 2,78
trillion rubles by 2024 [ Rossiiskiy rynok Internet-torgovii k
2024 godu dostignet 2,78 trin rub.]. | Electronic resource]:
https://www.rbc.ru/business/13/03/2019/
5¢c88f46a9a79479761da827d. Last accessed 02.02.2020.

9. Annual report for 2018 of JSC RZD-Logistics
[Godovoy otchet 2018 AO «RZD- Logistika»]. |Electronic
resource]: https://www.rzdlog.ru/upload/iblock/23e/23e1
5f4bc9e30e74a88al11d443d13624.pdf. Last accessed
02.02.2020. ®



TPAHCIMOPTHOE
OBPA30BAHME:
UCTOPUYECKUW

ACNEKT 226
|
WHCTUTYT 9KOHOMUKU 1
¢puHaHcoB Poccurickoro
yHUBepcUTEeTa TpaHcrnopTa:
OKCKYPC B HeaaiEKoe MpoLLioe
n B3rJ14 Ha COBPeMeHHOCTb.

OBLLECTBEHHASA
OUCKYCCUQ:
KAK 3TO BblJ10
CTO NIET

TOMY HA3A[, 245
|
Bonpocel ctpoutenscTBa n
BKJIIOHEHMISI XXeJ1€3HbIX [1OPOr,
TpamBaeB, METPOMNOJINTEHA B
€4MHYI0 TPAHCMOPTHYIO CETh
CaHkT-lleTepbypra n ero
rpuropooB Bbi3biBasv OYPHYHO
rnonemuky.

KOJIECO UCTOPUA ¢ HISTORY WHEEL

TRANSPORT

EDUCATION:

HISTORICAL

ASPECTS 236
|
Institute o Economics and
Finance of Russian University

of Transport: excursus to the
recent past and modernity.

PULBIC DISCUSSION:
AS IT PASSED

100 YEARS AGO 252
|
The issues of construction

and integration of railways,
trams, and metro into the

single transportation network of
St. Petersburg and its suburbs
provoked a vivid controversy.



226

VK 330.8
DOI: https://doi.org/10.30932/1992-3252-2020-
18-226-244

MHCTUTYT 3KOHOMUKN U PUHAHCOB
Poccumnckoro yHmeepcuTteTa TpaHcnopTa:
BE€XU CTaHOBJIEHUS U Pa3BUTUSA

Poccus*.

Opuihn COKOJIOB

B cTartbe pacCcMOTPEHbl OCHOBHbIE 3Ta-
bl Pa3BUTUS VIHCTUTYTa SKOHOMUKU U (pu-
HaHcoB Poccuiickoro yHuBepcuteTta
TpaHcropTa. lpeacraBrieHbl kpaTkue
cBeneHus1 00 MUBMEeHEeHUSIX CTaTyca v CTPYK-
TYPbl MIHCTUTYTA, Pe3y/1bTaTax ero Hay4Howi
M renarornyeckoi AessTesisHoCTu, U3BeCT-
HbIX Y4EHbIX-9KOHOMMWCTax TPaHCrnopTa,
paboTaloLmx B UHCTUTYTE.

Coxoao06 FOpuii Heopesuu — Poccutickuii ynusepcumem mpancnopma, Mockea,

NO®D aBngeTcs oaHUM 13 BeLYyLINX
WHCTUTYTOB, BEAET NOArOTOBKY Crieumnasnm-
CcTOB, 6akasnaBpoOB M MarucTpPoOB Mo Ha-
npaBaeHnsIM «3koHoMuka», «MeHeax-
MeHT», «ToproBoe aAeno», «busHec-
nHpopmartuka», «[puknagHas nHpopma-
TuKa», «JIMHrBucTuKa».

Crarbsi npuypoyeHa k 90-1eTvio OCHO-
BaHusi IHcTuTyTa.

KnoyeBbie cnoBa: TpaHCnopT, 0TPac/eBoe 06pa3oBaHue, Hay4Hasl LLIKOJa, UCTOpUS
SKOHOMUKM TpaHcriopTa, POCCuiickunii yHUBEPCUTET TpaHcropTa, IHCTUTYT 9KOHOMUKU

u pyiHaHCOB.

*Mndopmaums 06 aBTope:

CokonoB Opuit UropeBuy — JOKTOP 9KOHOMUYECKUX HaykK, Npodeccop, AupekTop VIHCTUTyTa SKOHOMUKMN
1 dunHaHcoB Poccuinckoro yHmBepcuteTa TpaHcnopTa, Mocksa, Poccus, jurysokolov@yandex.ru.

Crartbs noctynuna B pegakumio 27.02.2020, npuHaTa k nyénukaumm 19.04.2020.

For the English text of the article please see p. 236.



pasButreM TpaHcnopta B XIX Beke

BO3HUKJIA IIIMPOKast MOTPEOHOCTh He

TOJIBKO B MHXKEHEPHBIX, HO U 9KOHO-
MUUYECKUX Kaapax s oTpaciu. Ha mepBbix
Topax UHAYCTPUATLHOTO Pa3BUTHsI TpaHUIIA
MeXJIy TEXHUYECKUMHM U 9KOHOMUYECKUMU
pacuétaMu ObL1a He Bceraa OYeBUIHOM, 1 MOo-
CJIeIHUE 3a4acTyIO IPOU3BOIUIUCH ITPOSKTH -
POBIIMKAMM, CTPOUTENISIMU, CTIEIIUAIMCTaMU
T10 BKCIUTyaTalluy MyTeil COOOIIEHUSI.

B oTimume ot mpakTUKOB, CMIEIIUATTUCTHI 10
TEOPUU U METOJOJIOTUY SKOHOMUYECKUX BbI-
YUCJIEHUW Ha TpaHCMOPTE, KaK MPaBUIO,
(opMupoBaNch U3 YKMCIa IKOHOMUCTOB,
(pMHAHCUCTOB U CTATUCTUKOB OOIIETO MPOdu-
JIs1 (MOCTaTOYHO BCTIOMHUTH XOPOIIIO M3BECT-
Hoie mpuMepsbl C. 0. Burre u A. M. Uynposa).

B 20—30-e ronbr XX Beka B psijie KPYMHbIX
SKOHOMMYECKMX BY30B O0IIETO MPOhUJIS TTO-
SIBUJIMCH TPAHCITOPTHBIE CTIeIIMaIN3al1H.

OpmHako Takasi CUTyaldsl He TI03BOJIsiIa
MacCOBO FTOTOBUTH KBATU(UIIMPOBAHHBIX 9KO-
HOMUCTOB, paboOTaIONINX HAa OCHOBE €IMHBIX
METOJIMK M BJIANEIOIINX OCHOBAMU TEXHUKHU
1 TEXHOJOTUM TPAHCIIOPTHBIX MPOIIECCOB
B JIOCTaTOYHOM CTETEeHM, YTOObI TTOHUMATh
WMCTOYHUKY (DOPMUPOBAHUS 3aTpaT U pe3yib-
TaTOB TMIPU TIPUHSTUN YIIPABJICHUYECKUX pellle-
Huii. [TogroroBKa MMEHHO TaKUX CIEIAATM-
CTOB cTaJla XKM3HEHHO HEOOXOAMMO UTS Ha-
POHOTO XO3SIMCTBAa B TIEPUO TTPOBEACHUS
uHaycTpuanusauuu. B cBg3u ¢ atum 29 mas
1930 roma npukazom HapogHoro komuccapa
mmyteii coodieHus f. B. Pyazyraka Obu1 co3naH
MoCKOBCKUIT TpaHCTIOPTHO-39KOHOMUYECKUI
MHCTUTYT. [lepen MHCTUTYTOM ObLIa TTOCTaBIIE-
Ha 3a/1a4a ITOJIT0TOBKY BHICOKOKBaTU(DUIIMPO-
BaHHBIX 9KOHOMUCTOB JIJISI KEJIE3HOIOPOKHO-
ro, MOPCKOTO, PEYHOTO U aBTOAOPOXKHOTO
TpaHcropTa. B uncie hakyabTeToB MHCTUTYTa
TTOMMMO TTJTAHOBOTO OBbUIH KeJIE3HOMOPOXKHBIH,
BOJIHBII 1 aBTOIOPOXKHBIN (PaKyIBTEThI, BKITIO-
YaBIme Kadeapbl 1o COOPYKeHUIO, COIepKa-
HUIO U 9KCIUTyaTalluM OOBEKTOB COOTBET-
CTBYIOIIIETO BUJIa TPAHCTIOPTA.

Kpome Toro, psin Kadenp OTHOCUIICS K MH-
CTUTYTCKOMY TIOTUUHEHUIO (Kadeapbl Mmoim-
TUYECKOI 95KOHOMUU, SKOHOMUIECKOH reorpa-
(bru, KOHKPETHBIX 9KOHOMUK, TUTAHUPOBAHUS,
9KOHOMMKHU TPAHCIIOPTa, 9KOHOMUKM TpYy[a,
(bmHaHCMPOBAaHMS M CUETOBEACHUS U JIP. ).

Ha xene3HomopoxxHoM akyssreTe, Tiep-
BBIM IEKAaHOM KOTOpOTo ObL1 fotieHT B. A. Ero-
pOB, 00yYeHUE CTYIEHTOB IMPOBOAWIOCH T10

YEeTHIPEM CIEMaTbHOCTSIM: TMJIaHOBO-
9KOHOMUYECKOI, (DMHAHCOBOI, 9KOHOMHUKE
TPpya U YYETHO-CTATUCTUUECKON.

ITepBbiMu nipenogaBateasimu MTOU ObI-
au npodeccopa A. E. Tubiman, A. C. Uynos,
W. B. UBnues, noueHtsl B. D. YmMoOaus,
M. I1. Pomanos, I1. A. Capanuesn, H. 1. Cu-
nopoBud, M. A. Ipauuanckuii. C nepBbIx
nHel cyuectBoBaHusa B MTOW mist moaro-
TOBKU TIeIarOTMYECKMX KaIpoB ObLjIa CO3/1aHa
acrimpanrypa. [lepBsIMM aciupaHTaMu ObLTN
B. M. PomanoB, U. M. Huxkonabckuii,
®. 1. KexeznoB, M. A. Ckopoboratos
u H. W. T1b1x0B. ACIMpPaHThI, OKa3biBas Io-
MOIIb PYKOBOJICTBY MHCTUTYTA, TIPOBOIMIIN
00J1blIYI0 PadOTy IO OpraHU3alUu MpUEMa,
CITJIOYEHUIO KOJUTEKTUBA CTY/IEHTOB Ha CTPOM-
TeJIbHBIX paboTax, MOJATOTOBKE YUYeOHBIX
TUIAHOB JJIS1 XeJI€3HOJOPOKHOI0, BOIHOTO
U aBTOAOPOXHOTO (haKyJbTeTOB, TTPOrpaMM
U APYToit yueOHO! TOKYMEHTAIUM.

K 5 cents16ps 1930 rona HOBBIi By3 3aBep-
1M1 KOMIIEKTOBAaHUE U TIPUCTYITUA K y4e0-
HoMy Mipoueccy. MTHCTUTYT pa3Merasics B paid-
oHe MeTpo CokoJi, odyueHue Beaoch B bapay-
HOM 3[aH1H, OOILIEXUTHIE HAXOIUIIOCh B Baro-
Hax Ha ctaHimu [TomMocKoBHasl.

B aTOM € romy cocTosIICS M TIepBbBIA BbI-
myckK: mpuka3zom Ne 71 ot 23 Hosiopst 1930 rona
YeThIPEM BBITTYCKHUKAM-TOCPOYHHMKAM KeJIe3-
HOJIOPOXHOTO (haKyJbTeTa ObLTa MPUCBOEHA
KBanudUKaInsg MHXEeHepa-3KOHOMUCTA
TpaHCHopTa.

3a nepuon ¢ 1930 o 1933 ron TpaHcnopT-
HO-3KOHOMMYECKUI MHCTUTYT MOATOTOBWI 370
WHXEHEPOB-9KOHOMUCTOB.

ITpukazom HKIIC ot 15 utons 1933 ro-
na TpaHCITOPTHO-9KOHOMWYECKUI UHCTUTYT
COBMECTHO ¢ MOCKOBCKMM 3KCILTyaTallu-
OHHBIM MHCTUTYTOM MHXEHEPOB XeJIe3HO-
nopoxHoro TpaHcropra (MOUHNUT), Moc-
KOBCKUM WHCTUTYTOM HOBOTO K€JI€3HOI0-
poxHoro ctpouteabctBa (MU HXKC)
ObUTM 00BeNMHEHB B MOCKOBCKUI MHCTH -
TYT MHXEHEPOB XKeJIE3HOIOPOXKHOTO TPaHC-
nopta (MUNT), MTOU Bowmeén B cocTan
00beIMHEHHOTO By3a B Bujae MHXeHepHO-
9KOHOMUYECKOTO (paKyabTeTa.

MHXeHepHO-9KOHOMUYECKUI (haKyJIbTeT
MMUUT pabotan no 1941 rona, koraa By3 ObLI
sBakyupoBaH B HoBocubupck. B BoeHHOE
BpEMSI B 93BaKyalIMOHHBIX YCJIOBUSIX TIOATOTOB-
Ka MHXeHEepOB-3KOHOMUCTOB BeJlach Ha MH-
>KEHEPHO-CTPOUTEbHOM (DaKyJbTeTe.
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228 npenopasaTeny u cTyneHTbl MHXeHepHO-

9KOHOMUYECKOTo (haKkyabTeTa BCTYIUINU 100-
POBOJIbIIAMU B JIEWCTBYIOIIYIO apMUIO, pabo-
TaJI Ha TIPEeANpUITUSIX MOCKBBI M B TOCTIMTA-
JISIX.

BOxoHomuyeckuii pakyasrer B MUNT Obin
BoccTaHOBJIEH B 1943—1944 yyebHOM romy.

B 1iensix obecrieueHus KeIe3HOI0OPOXKHOTO
TpaHCIIoOpTa KajapamMu 3KoHomuctoB CoBeT
MunuctpoB CCCP cBoMM MOCTaHOBJIEHUEM
ot 2 aprycta 1948 r. pazpemnn MITC CCCP
BOCCTaHOBUTH ¢ | ceHTsA0ps 1948 . MockoB-
CKUI TPAHCITOPTHO-3KOHOMUWYECKUN MHCTH-
TYT.

Ero pykoBomuteneM ctan nmpodeccop
C. K. lanunos. [To3nHee WHCTUTYT BO3IJIaB-
agaaum . M. XykoBckuii, npogeccopa
A. K. Illyouukos, B. B. I[ToBopoxkeHKO,
. @. IMapheénos u moueHT [LA. UymaueHko.
IMonroroBka MHXeHEPOB-3KOHOMUCTOB 1 9KO-
HOMUCTOB JUISI JKEJIE3HOMOPOXKHOIO TpaHC-
MopTa MPOBOIMIIACH MO CIEIIUATBLHOCTSIM:
TJIAHUPOBAaHWE W OPTraHU3aIMs TIEPEBO30K;
OpraHu3alus TPy30BOii 1 KOMMEPYECKOi pa-
0OTbI; 5KOHOMMKA Y OpTraHU3aLIMs] CHAOXKEHUST;
(bmHaHCHMpOBaHUE U YUET.

Bo ucnonnenue nocranosneHus Cosera
MunuctpoB CCCP or 29 aprycra 1958 . «O6
YIOPSITOYEHUU CETU BY30B M COKpallleHUu!
KOHTUHTEHTA CTYIEHTOB B T. MOCKBe» U TIpU-
ka3za MuHuctpa mytei coodueHuss CCCP ot
3 ceHTs16ps 1958 1. 6bLUTO MPU3HAHO 1IEJECO00-
pa3HbiM 00beaMHUTE MTOU ¢ MUNUT. MTOU
BHOBB Biujicst BMUUT B kauectBe MHXXeHep-
HO-3KOHOMIYecKoro ¢akynsreta (MDD).

JlekaHOM O0BEeAMHEHHOTO (haKyJabTeTa
B 1958 . 6611 HazHaueH npodeccop C. K. [la-
Hw10B. OH BO3IaBisL1 akyasreT 10 1962 &
C 1962 o 1980 r. nekaHoM ObUT ITpodeccop
H. B. benos, ¢ 1980 mo 1985 . mpodeccop
B. 4. Hlymera, ¢ 1985 mo 1997 ron — npodeccop
M. E. MaHapukos.

B aToT nepuon ctanu opopMIISIThCS Hay4-
HBIE [ITKOJTBI B 00JIACT 9KOHOMUIECKUX UCCIIE-
JIOBaHUWII Ha TpaHcropTe, yu€éHbIMU MDD
OBUTM CO3MaHBI KPYITHBIE HAyYHBIE pa3padOTKH,
HCTIOJIb3YeMble B XO3SIMCTBEHHOW MPaKTHUKeE
B TpaHC(OPMUPOBAHHOM U YCOBEPIIIEHCTBO-
BaHHOM BUJIE IO CHX TOpP: METOIMKA pacuéra
ce0eCTOMMOCTH TIEPEBO30K METOIOM PACXOI-
HbIX cTaBoK (A. C. UynoB), METOAMKA OLIEHKU
TTOYy4acTKOBBIX 3aTpaT Ha IiepeBo3ku (M. B. be-
goB, M. E. ManapukoB, A. M. Ilynebra,

H. T CmexoBau ap.), METOIMUKA ONTUMATbHO-
TO pa3MelleHus POU3BOIUTEIBHBIX CUJI TIO
KPUTEPUIO MUHUMM3AIIMN TPAHCIIOPTHBIX 3a-
tpart (E. 1. XaHyKOB), METOIMKA ONTUMAJIBHO-
ro TiaHupoBaHus rpy3onotokos (B. I. Tana-
Oypna), MeToarKa OLeHKU 3(PHEeKTUBHOCTH
KaIruMTaJIOBJIOKEHUI Ha XeJIe3HOTOPOKHOM
tpancnopte (b. A. Boikos, M. @. TpuxyHKOB,
B. A. Amutpues, A. J1. HIUIIKOB U Ap.) U MHO-
TUe IpyTHeE.

Bosbiioe HaydHOE M METOIMYECKOE 3HAUYE-
HUe uMesio 06001IeHre hyHIaMeHTaTIbHBIX
AKOHOMUYECKUX TTOJIOKEHUI U TIepeaoBOi
MPaKTUKU B MHOTOYMCIIEHHBIX yUYeOHUKAX,
TTOITOTOBJIEHHBIX B TOT TIEPUOT; « DKOHOMUYE-
ckas reorpadus TpaHcnopta» (C. K. JlaHuios,
1974 1.), «<DKOHOMUKA KeJIE3HOJOPOXHOTO
TpaHCTIOPTa» (KOJUIEKTUB aBTOPOB IO PYKO-
BoactBom E. JI. XanykoBa (1979 r.)
u W. B. benosa (1989 1), «CraTuctrka xemnes-
HOIOPOKHOTO TpaHCITOpTa» (ITOJ pelakiei
T. . Koznosa u A. A. Tloaukapnona, 1981
1 1990 r1.), «CebecTOMMOCTD KeJE3HOA0POXK-
HbIX epeBo3ok» (A. C. Yynos, A. M. Llynera,
H. I CmexoBa u ap.). B. 4. Wyneroit,
A.J1. IluiikossiM, FO. 1. TTetpoBbim, P. M. Ia-
péBbiM, A. M. KyropoBbIM 1 ipyrumu npodec-
COpaMU U NOUEHTaMU ObLIU pa3paboTaHbI
YUEOHUKHM 110 SKOHOMUKE OTIETbHBIX TTOJCH -
CTEeM 3KeJIe3HOJOPOKHOTO TPAHCIIOPTa: ITyTe-
BOT'O KOMITJIEKCa, JOKOMOTUBHBIX M BATOHHBIX
JIETIO, 3aBOJIOB TI0 PEMOHTY TOABMKHOTO CO-
CTaBa, JIMHEWHBIX MPEINPUITHIA KeJTe3HbIX
JIOPOT U JIp.

Bonbiiioe 3HaueHUE 10 HACTOSITIIETO BpEMe-
HU UMEIOT MOHOTpadur, OCMBICIMBAIOIINE
OITBIT Pa3BUTHUSI DKOHOMUYECKOUW Teopuu
U YIIPaBJIEHYECKOU MPAaKTUKM Ha KeJIE3HOIO-
poxxHoM TpaHcrnopte CCCP, Hanpumep, «9Ko-
HoMuueckas teopust TpaHcnopta B CCCP»
(M. B. benos u B. A. IlepcuaHos, 1993 1.).

B 1993 romy MUWT nosryyun ctaTyc yHU-
BepcuTeTa U HOBOe Ha3BaHUe — MOCKOBCKUIA
TOCY/IapCTBEHHbBIN YHUBEPCUTET ITyTel cO00-
meHus. B xone mpoBoauMoiil B yHUBEpCUTETE
B KoH1e 1990-x—nHauane 2000-x ronoB agmMu-
HUCTPATUBHOU pedOopMbl ObUIO MPOBEAECHO
yKpyIHeHue GhaKyJIbTeTOB 1 Mpeodpa3oBaHue
WX B UHCTUTYTHI C TIPUIAHUEM TOTIOJTHUTEITb-
HBIX (PYHKIINH (IOMOJTHUTETBHOE TPOodecCcuo-
HaJIbHOE 0Opa3oBaHUe, AIMUHUCTPATUBHO-
XO3SMCTBEHHAsT U1 SKOHOMUYECKAsT IesITelb-
HOCTb 1 Jip.). [TMJIOTHBIM TIPOEKTOM HaHHOM
pedopMsl cTasio npeobpasoBaHue MHxXeHep-



HO-3KOHOMUYECKOro (hakynsreta B MHCTUTYT
9KOHOMMKHU ¥ (PMHAHCOB, TIPYA 3TOM ObLIa CO-
XpaHeHa TpaalulMoHHas abOopeBuatypa —
NDOO. [TepBbIM IUPEKTOPOM CTaJ IIpodheccop
M. E. Manapukos (1997 ron), mocie ero 6e3-
BPEMEHHOW KOHYMHBI MHCTUTYT BO3TJIaBUJIA
npodeccop H. IT. Tep€muna (1997—2004 rr.),
B 2004—2017 rogax MUHCTUTYTOM PYKOBOIWJI
cTapiuvii HaydHblid cotpyaHuk B. I1. Yynpu-
koB. B 2017 romy MHCTUTYT BO3I1aBuI podec-
cop 1O. . Cokonos.

[Tepexon Haleit cTpaHbl K phIHOYHOM 3KO-
HoMuKe B Havyasie 1990-x rr. cpopmupoBai
CIIPOC Ha HOBbIE 9KOHOMUYECKWE 3HAHUS
1 KoMIteTeHIIMy. Pearnpysi Ha 3ampocsl o0111e -
CTBa M 3KOHOMUKH, Kadenpsl MDD cranm
pa3pabaThIBaTh ¥ BKITIOYATh B YUeOHbBIE TITaHbI
TaKyie HOBbIE TUCITUTUIMHEI, KaK « MapKeTHHT»,
«MeHemxMmeHT», «bupxkeBoe neno», «MHBe-
CTUIMW» U 1p. JIJ1sT aTeHust IEKIMi Ha BbICO-
KOM Hay4YHO-METOIMYECKOM YPOBHE MpeToaa-
Bateu MDD akTMBHO IMOBKIIIATN CBOIO KBa-
JIMDUKAIIIO, TIPOXOIMIN ITPO(eCcCUOHATBHYIO
TIEPETIOITOTOBKY, K Y9eOHOMY IIpoIieccy Ipu-
BJIEKaJICh SKOHOMUCTBI-TIPAKTUKH, YCTIEIITHO
OCBOMBIIIME HOBYIO CUCTEMY 9KOHOMUYECKUX
otHoueHuit. B UO® OblI OTKPBITHI HOBBIE
CIIEIIMAJIBHOCTH, Takue, Kak «KoMmepuusi»,
«[IpeanpuHUMATETbCTBO», KOJIMYECTBO 00-
YUarOIIMXCSI CYIIECTBEHHO YBEIMUMIIOCH B CBSI-
3M C OTKPBITUEM IIJIATHOTO Habopa.

B 1995 roay npodeccop kadenpbl «DKOHO-
MUKa 1 yTipaBjieHue Ha TpaHcnopte» P. M. La-
PEB TOJIYYWUJT TOTIOJTHUTEIBHOE 00pa30BaHKe
1Mo (prHAaHCOBOMY 1 OAHKOBCKOMY MPOMUIIO
1 B COOTBETCTBUY C PEIICHUEM YIEHOTO COBE-
Ta YHUBEPCUTETA JIULIEH3UPOBAJ MOATOTOBKY
(UHAHCOBBIX U DAHKOBCKMX paOOTHUKOB,
€03/1aJ1 HOBYIO BbIITycKarol1yto Kadeapy «baH-
KOBCKOE JIEJIO», Yepe3 rofl IEpeuMEHOBaHHYIO
B «®@uHaHCH U KpeauT». [lo nHULIMaTuBe
npocdeccopa B. I Tamabypabl Obu1a OTKpHITA
CTIENUATBHOCTD « MapKETUHT» , TT0 UHUIIMATH -
Be mpocdeccopa H. I'1. TepémHoit — «Muposas
9KOHOMUKa». BaKHO OTMETUTD, UTO 3T U IPY-
THe CIIeNaTbHOCTU OBUTA OTKPBITHI 1O COTJIa-
COBAHUIO C yupeauTesieM — MUHUCTEPCTBOM
IyTell COOOIIEHUSI, C BBIAEICHUEM Ha HUX
OIOIKETHBIX MECT U BbIIAveil BHIITYyCKHUKAM
JATTOMA FOCyIapCTBEHHOT0 00paslia.

Ha xene3Hom0pOKHOM TPaHCITOPTE B 3TOT
TepUOoJI IITM TPYAHBIA MTOUCK U arpoOarius
METOJIOB pabOThI B PHIHOYHOM cpejie. DTO Co-
3[1aBasio yCIOBUS sl 3P (HEKTUBHOTO TpUMeE-

HEHMSI Ha 3KeJIE3HBIX TOPOTax JIeii, BbIIBUTAe-
MbIX y9€HbIMU MDD, criioueHns1 95KOHOMUYe-
CKO#l Teopuu U TpakTuku. Hamm yuéHble
B 9TOT MEPUOJ TTOATBEPAWIN CBOE JINAEPCTBO
B HCCJIEIOBAHUHU BOITPOCOB YIIPABJICHUS 3aTpa-
TaMU, CTUMYJTMPOBaHUS COBITA TPAHCITOPTHBIX
yeityT, hopMUpOBaHUST (DUHAHCOBBIX MOJIENIEH
TPY30BBIX U TTACCAXKUPCKUX TTEPEBO30K U JIPY-
TMX aKTyaJIbHBIX HAYIHBIX TIPOOJIEM.

Bax#eiiimm HarpaBieHreM paboThl MH-
CTUTYTa C MOMEHTA €T0 OCHOBAHUSI SIBJISIETCS
5KOHOMMKA TPAHCTIOPTHOTO KOMILIEKCa U €T
rmojicucTeM (OlIeHKa 3aTpaT M Pe3yJIbTaToB,
CBSI3aHHBIX C TIEPEBO30OYHBIM TIPOIIECCOM, 1Ie-
HOOOpa3oBaHUe Ha TIEPEBO3KY 1 COTTYTCTBYIO-
1II1e YCITyTH, TPOTHO3MPOBAHKE Y CTUMYJTUPO-
BaHUE crpoca Ha nepeBo3ku U ap.). [lemaro-
TUYECKYI0 U HayYHO-HCCIIeI0OBATEIbCKYIO pa-
00Ty B JaHHOM HaIlpaBJIeHUM BeleT Kadenpa
«DKOHOMMKA U yIIpaBJIeHWe Ha TPAHCTIOPTe»
(panee — «DKOHOMUKA TPAHCIIOPTa», CO3MaH-
Hasl OMHOBPEMEHHO ¢ UHCTUTYTOM B 1930 ro-
ay).

IlepBriii 3aBenyrommii Kacbeapoit — mpo-
deccop U. B. Uenues. B nocieayroiime roabl
Kadepy BO3MIABISUIA KaHIUIAThl 9KOHOMU-
yeckux Hayk JI. C. Uepkacckuii, B. U. Jlenos-
ckuit, akanemuk T. C. Xauatypos, rmpodeccopa
C. K. Janunos, E. 1. XanykoB (1962—1974 rr)
u W. B. besnos (1974—1989 ), M. E. Mannpu-
koB (1989—1997 rr.), B. I. Tanabypaa (1997—
2002 rr), ¢ 2002 . Kaeapy BO3IIABISIET MTPO-
deccop H. I1. Tepémmna. Kadenpa peanuzyer
IIMPOKUI KPyr 00pa3oBaTeIbHBIX ITPOrpaMM
OakayiaBprarta i MarucTparypbl, UMEIOIITNX KakK
TPAHCTIOPTHYIO, TaK M OOIIIEIKOHOMMYECKYIO
HarpaBjieHHOCTb. Kadenpa siBisieTcss oqHUM
W3 JIMIEPOB YHUBEPCUTETA B 00JIACTH HAYIHBIX
HUCCleNoBaHUM, €€ pa3pabOTKM 3aKa3bIBalOT
JleriapTaMeHThl 9KOHOMUKHU, 9KOHOMUIECKO
KOHBIOHKTYPBI ¥ CTPATeTMUECKOTO Pa3BUTHS,
MapkeTuHra v tapudHoit moautuku OAO
«PXKI», a Takke Apyrue TpaHCIOPTHBIE Opra-
HU3ALUU.

E1€ onHUM TpaauLIMOHHBIM U UCKITIOUM-
TeJTbHO BAKHBIM HAITPaBJIeHUEM PabOThI YUEHBIX
u nienaroroB MOD sBisieTcsi 9KOHOMUIECKOE
COTIPOBOXICHME TEXHUIECKIX 1 TEXHOJIOTYe-
CKHMX pa3pabOTOK Ha TpaHCTOPTe (TEXHUKO-
9KOHOMUYECKOe 000CHOBaHWE MHBECTHU-
IIMOHHBIX ITPOEKTOB, OIIEHKA NX SKOHOMMYE-
cKoi 9(p(eKTUBHOCTU U T.M1.). BrimosHeHUEM
JTAHHBIX 3a/1a4 3aHMMaeTcs Kadeapa « DKOHO-
MHUKa TPAHCIMOPTHOW MHOPACTPYKTYPHI
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U yIpaBlieHUE CTPOUTEIbHBIM OM3HECOM>»,
ocHoBaHHas B 1954 rony non Ha3BaHUEM «DKO-
HOMUKA CTPOUTETLHOTO TTPOU3BO/ICTBA».

OcHoBaTeJieM U TIepBBIM PYKOBOJIUTEIEM
Kadenpsl ObLT IpeICTaBUTEh U3BECTHOM A1~
HACTUM YYEHBIX-TPAHCIIOPTHUKOB, JOKTOD
TeXHUYECKHMX HayK, mpodeccop A. E. [lb1mMaH.
OH Bosrasisia Kadeapy 1o 1970 . C 1970 o
1992 1. 3aBeAytoUM Kadeapoit ObLI 3aCTyKeH-
HBII gesaTenb Hayku U TexHuku PCDOCP, nok-
TOp TEXHUYECKUX Hayk, mpodeccop
B. 4. Illyabra.

B 1992—-2012 rr. kadenpy Bo3mIaBIISLI IPO-
deccop b. A. BonkoB. B HacTrosiiee BpeMst
Kkadenpy BosriasisieT npogeccop . A. Maye-
PET, SIBJISTIOIINIACS TaKKe ITEPBBIM 3aMECTUTE-
JieM nipeacenatesis O0beIUHEHHOTO YYEHOTO
coseta OAO «Poccuiickue xKeae3Hble 10POr».

Kadenpa MHorokpatHo pa3padaTbiBaia
METOJIMKY OLIEHKM 3KOHOMUYeCKOi ahek-
TUBHOCTU MHBECTULIMI Ha TPAHCIIOPTE, MPU-
HsaThie U yTRepKaeHHbIe MITC Poccun, OAO
«Poccuiickue xene3Hble 10poru» U APYyruMu
TPAHCTIOPTHBIMM OPTaHU3aAIASIMHU.

B cBoeit HayuHOI1 1 enarornyeckom aesi-
TEJILHOCTH Kadeipa yCTelHO B3auMOIECTBY -
eT ¢ npodunbHbiMu aernaprameHtamu OAO
«PXII», OAO «TpaHcmaiuxoaauHr», [TAO
«MocroTpecT» U IpYTMMU TPAaHCIIOPTHBIMU
Y CTPOUTEIBHBIMI OPTaHU3ALUSIMU.

OCHOBOI 110601 SKOHOMUYECKO AeSTeNb-
HOCTH, KaK Hay4yHOIi, TaK U TPaAKTUYECKOM,
SIBJISIETCST YUET 3aTpaT U PE3yJIBTaTOB, IPOU3-
BOJICTBEHHBIX TI0Ka3aTejieil, MaTepruaabHbIX
1 HeMaTepuabHbIX aKTUBOB U T.IT. [ToHMMaHMe
9TOro (pakTa mpuBesio K co3naHuio B MTOU
B 1931 r. kadpenpnl «Cratructuka u yuet». OHa
00benuHsIIa BCe CYETHO-CTATUCTUYECKUE TUC-
LIMTUTMHBI, TIPEToaBaBIINecs] B UHCTUTYTE:
TEOPHIO CTATUCTUKH, CTATUCTUKY KeJIE3HOIO-
POKHYIO Y TIPOMBIIIIEHHYIO, aBTOJJOPOKHOTO,
BOJTHOTO TPAHCTIOPTA M TPy/ia, TEOPUIO OyXTas-
TEPCKOro YU€Ta, OyXraITepcKuii y4eT v aHaIu3
OyxraaTepckoro 6ajgaHca Mo BUAaM TpaHC-
nopta. [TepBbIM pyKoBoauTesieM Kadeapbl ObL1
npodeccop JI. B. Hekpamr (1931—-1932 rr),
B TIOCJIEYIOIINE TOIbI Kadeapy BO3IIaBIISIN
nmoueHTH ®. A. Ily3anos, M. I1. PomaHoB,
npodeccopa U. B. Koueros, T. . Ko3snos.
B 1948 1. u3 cocraBa Kadeapnl BblAeIMUIACH
kadenpa «byxranrepckuil yu€t u cedectou-
MOCTb», KOTOpYI0 10 1959 . Bo3r1aBisiiin A0-
uneHtol A. C. Yynos, B. B. YM06aus
u A. IT1. TTonuxkapnos.

Kadenpa «DuHaHCcHpoBaHUE 1 OyXranTep-
CKUIt y4€T» ObL1a opraHu3oBaHa B 1959 1. mocne
obbenrHeHus Kadeapsl « byxrantepckuii y4eT
1 ce0ecTOMMOCTh» ¢ Kadeapoit «DuHaHCupo-
BaHUE XEJIE3HBIX TOPOr» (IOl OCHOBAHUS —
1952). E€ 3aBemyrommmM ¢ 1959 o 1984 ron ObuT
mpodeccop, TOKTOP SKOHOMUYECKMX HAayK
H. I Bunnuuenko. C 1984 o 1988 ron kage-
JIpY BO3TJIABJIST KaHAUIAT 9KOHOMUYECKHUX
Hayk, npocdeccop B. @. [lannauH.

B 1988 rony xadenpsr « DuHaHCUPOBaHUE
u Oyxrantepckuil yuét» u «CratucTuka
U YYET» ObLIM OOBEAMHEHBI B OMHY — «byX-
rajJTepckuili yu€T u craTuctuka». Oobeau-
HEHHYI0 Kadenpy a0 2015 roga BO3raaBiIsa
npodeccop B. @. JlaHwimH.

B 2013 rony nj1st MOATOTOBKY BbICOKOKBA-
JM(PUIMPOBAHHBIX CIIEIUATMCTOB B 00J1aCTH
MeXXITyHapOaHOTo (DMHAHCOBOTO U YIIPABJICH-
YeCKOTO y4ETa M MEXKTyHAPOIHBIX CTaHIapTOB
(bHaHCOBOI OTYETHOCTH, AKKPEAUTOBAHHBIX
MexmyHapoaHoO acconmalmeit mpodeccro-
HasibHBIX OyxrantepoB (ACCA), B MUHCTUTYTE
ObL1a co3naHa Kadenpa «MexayHapoaHbIi
(buHaHCOBBIN U ynpaBieHYecKuii yueé». Ka-
(enpy BosriaBuiia riaBHblil Oyxrantep OAO
«P2KJl», n.3.H., npodeccop I. B. Kpadr.
B 2016 rony xadeapa 6bl1a 00beIMHEHA C Ka-
denpoii «byxranrepckuil y4€T 1 CTaTUCTUKA»
(B yacTu OyXTaNTepCKUX MTUCHUTIINH, CTaTH-
CTUYECKUE MMCHIUTUTMHBI ObLTN TIepeIaHbl Ha
kadenpy «MHGopMalmoHHbIE cUCTEMBI LU G-
poBoii aKoHoMuKU»). C 2018 roma xadenpy
BO3IJIaBJISIET K.3.H., AoleHT E. 3. Makkeesa,
10 COBMECTHUTEIBCTBY UCTIOJTHSTIONIAST O0sI3aH -
HOCTH 3aMECTUTEJIST IUPEKTOPA MHCTUTYTA 110
JIOTIOJTHUTEJIbHOMY PO eCCUOHATbLHOMY 00-
Pa30BaHUIO.

Kadenpa ycrneurHo corpyaHuuaer ¢ byx-
ranaTepckoii ciayxo6oit OAO «PXK]I», psaom
JOYEepHUX KOMITAaHUM, MEXIyHapOIHBIMU
poheCcCUOHAILHBIMU COOOIIIECTBAMM, TAKM -
MU, Kak Accolmainusi JTUTIJIOMUPOBAHHBIX
ceptuduimpoBaHHbix OyxraitepoB (ACCA)
u 1Ip.

OOBEMBI BBIYUCEHUI, HEOOXOIMMBbIX B pa-
00Te PKOHOMUCTA Ha TpaHCIOPTE, Bceraa
OBbLTM 3HAYUTEJIbHBIMU, TPEXIe BCETO M3-3a
MaciTaboB oTpaciu. [103ToMy MOIBITKYA Me-
XaHU3allMM U aBTOMaTU3alluu TaKuX padoT
MPENTTPUHUMAJIUCH TOCTAaTOYHO 1aBHO. B cBsI-
3u ¢ 3TuM e1lé B 1940 rony B UDD Ha kadenpe
«CraTucTKa M y4€T», Havyajaach MOArOTOBKa
CTIEIUATMCTOB TT0 MEXaHU3alMK YIETA U BbI-



YUCIUTENBbHBIX paboT. B 1961 . o6pa3oBaHa
Kadenpa «MexaHu3auusl yuéta U BbIUMCIIU-
TeJbHBIX paboT». [lepBbIM pyKOoBOAUTEIEM
Kadeapsbl ObLT podeccop, TOKTOP SIKOHOMU-
yeckux Hayk B. M. MlcakoB, o1uH U3 BbIIa0-
IIIUXCS CTICIIMAIMCTOB TI0 MeXaHM3aIuu OyX-
rajtepckoro yuérta. B 1967 . kadenpa moxyun-
Jla HauMeHoBaHue «MexaHU3upoBaHHasT 00-
paboTKa 3KOHOMUYECKOUW MH(pOpMAIIUN»,
a B 1969 r., mociyie BeimedeHUsS Kadeapbl
«CpencTBa MexaHU3UPOBAHHOU 00paboOTKU
skoHOoMUYecKo nHdopmanun» (CMOBUN) —
«ABTOMaTU3MPOBAaHHBIE CUCTEMBbI ITTAHUPOBA-
Hus u yuéta» (ACITY). Kadenpoit CMODU
¢ 1969 mo 1985 r. pykoBoaua npodeccop,
TIOKTOp sKoHOMUYeckux Hayk H. M. CypuH,
BEIYIINN CTICIIUAIACT 110 MeXaHU3aIuu OyX-
raiirepckoro yuéra. C 1976 nmo 1984 r. kadenpoit
ACIIY pykoBoau rnpodeccop, A0KTOp 3KOHO-
Muyeckux Hayk C. A. AOpamMoB, KPYITHBIIA
CIIELIUATTUCT B 001aCTH 00OCHOBAHUS OOJIBIIIMX
CJIOXHBIX CICTEM.

B 1985 r. Ha Ga3e aByx kadenp (ACITY
u CMOOW) opranusoBaHa Kadeapa «Opra-
HM3aI1sI MAIIMHHOM 00pabOTKM SKOHOMUYE-
ckoit undopmanum» (OMODH), koTopyto 10
1996 . Bosrassut mpodeccop b. H. Makapos-
CKMI.

B 1996—2016 romax xadeapy BO3IJIaBIISLI
noueHT O. A. TpuropseB. Kadenpa B 10T ne-
puon HasbIBaach «MTH(GOpMaIIMOHHBIE CUCTE-
MBI B 9KOHOMUKE», 3aTeM — « DKOHOMUYECKAst
nH@opmaTuka». B HacTosiee BpeMsi Kadenpa
HOCUT Ha3BaHue «HpOopMallMOHHbBIE CUCTE-
MBI TU(DPOBOI IKOHOMUKM», €€ BO3TJIABJISIET
npodeccop JI. A. Kapruna. ITo uHuuunatuse
Kadeapsl B YHUBEpCUTETE ObLIa TULIEH3UPO-
BaHa crieuuaabHOCTh «IlpukiangHas uHbop-
MaTuka» (crieumanusanus «[IpuknangHas
nH@opMaTHKa B 5KOHOMUKE»). B HacTosilee
BpeMsi Kadenpa BeET MOArOTOBKY OaKalaBpoB
M MarvcTpoOB IO MPUKJIATHON U OU3HEC-
MH(bOPMATHKE, IITMPOKO COTPYTHUIAET C OTe-
YeCTBEHHBIMU 1 3apyO0eKHBIMU OPTaHM3ALIMS -
MU B cdepe udPpoBU3ALNN IKOHOMUIECKUX
niporieccoB (SAP, Jlura iudpoBoit 5KOHOMUKHU
U ap.).

B 1990-€ roabl o Mepe pa3BUTHUSI PbIHOYU-
HBIX OTHOIIIEHWI 1 (popMuUpoBaHMsT OAHKOB-
CKOTO 1 (PMHAHCOBOTO CEKTOpa SKOHOMUKU
cTa1 (popMUPOBATHCS CIIPOC Ha CTIEIUAITICTOB,
MMEIOINX (pTHAHCOBBIE KOMITETeHIIMH. B cBsI-
31 ¢ 3TuM B 1995 rony B UD® Obu1a co3mana
kacdenpa «PuHaHCH U KpenuT». E€ ocHoBare-

JIEM U TIEPBBIM 3aBEIYIOIINM CTaJ Ipodheccop
P. M. Hapén (1995—2000 rr.), 3ateM Kadeapoit
3aBenoBanu npogeccopa P. A. KoxxeBHUKOB
(2000—2015 rr., B HacTosiee BpeMs rpodec-
cop kagenps), FO. U. Cokonos (2015—2017 .,
B HacTosIIIIee BpeMsl — TUPEKTOP MHCTUTYTA).
C 2017 ronma xadeapoii 3aBeayet npogeccop
3. I1. Mexox. Kadenpa nepBoii B MHCTUTYTe
n yHuBepcurete B 1999 romy nepenia Ha mon-
TOTOBKY 0aKajlaBpOB M MarvucTpoB, Mperoa-
BaTeJisiMU KadeIphl TI0JT PyKOBOJICTBOM TIPO-
deccopa M. H. Ienosoii B 2007 roay ObLia
OpraHM30BaHa MOATOTOBKA I10 TporpaMMaM
BTOPOTO BBICIIIET0 00pa30BaHMsI 1O HaTTpaBJie-
HUI0 «DKOHOMUKA», K KOTOPOM MO3Ke MPUCO-
EIMHWINCH HEKOTOPBIE IpyTrre Kadenapbl MH-
crutyta. Ha kadenpe B 2014 rogy Obuta HauaTta
IMOJrOTOBKA CIEIMAJIMCTOB MO TIpOrpamMMe
«DKOHOMMUECKAs 0€30IacHOCTh>, ¢ 2016 roma
Kadepa ydacTByeT B IMCTAaHIIMOHHOM TTONIT0-
TOBKE MarucTpOB.

KiroueBbiMU mapTHEpamMu Kadenpsl sSIBJsI-
torcst AO «DenepaibHasi rpy30Bast KOMITAHUST»,
AO «DenepanbHast accaknpcKast KOMIIaHUs»,
6ank ITAO «BTb» u apyrue TpaHCHOPTHbIE
1 (DMHAHCOBBIE OPTraHU3ALINH.

C y4€TOoM MOTpeOHOCTE TPaHCIOPTHOMN
OTpacyu U 3arpocoB abutypreHToB B 2009 ro-
JIy B MHCTUTYTE ObLIa BOCCO3/IaHA CYIIIECTBO-
BaBuag eié B 1930-e roanl kadeapa «DKOHO-
MUKa TpyJa W yIpaBJeHHUE YeTOBEUECKUMU
pecypcamu». [1epBbIM 3aBeAyIoLIMM Kadeapoit
cTaj 1.T.H., mpodeccop H. M. Illepemer (B Ha-
crosiiiee Bpemsi rpodeccop AaHHOM Kadeapsl).
C 2011 rona kadenpy Bo3rjaaBisieT K.2.H., 10-
ueHT M. A. Enumkux (¢ 2019 . — Takxke au-
pektop Poccuiickoit akaneMuu mytei coob-
wenus B cocrae PYT (MUUNT)). [pu peanu-
3a1My 00pa3oBaTeIbHBIX MPOTpaMM Kadenpa
ITPOKO B3aUMOAEUCTBYET ¢ TPOGUIBLHBIMU
nenaptameHTamu OAO «PXK]I» (JlemaptameHT
10 OpraHMU3alMK, OTUIaTe U MOTUBAIIMY TPY/A,
JlemmapTaMeHT yIpaBJICHUs ITIEPCOHAIOM),
B TOM YHCJI€ C MPUBJIEYCHUEM KOPITOPATUBHBIX
CTYJIEHYEeCKUX TPYIIN, HAOUpaeMbIX U3 paboT-
HukoB koMnaHuu. B 2018 rogy kadenpoit Obu1
MPOBEIEH MEePBbIii HAOOP CTY/IEHTOB Ha HOBYIO
nporpamMmy «50 Ha 50», B pamkax Kotopoiit OAO
«P2KI» oraunBaeT CTyA€HTY ITOJIOBUHY CTOM -
MOCTHU OOy4YeHUs U TOCJIe ero OKOHYaHUS
MPEIOCTaBIIsIeT paboyee MECTO IT0 MOTyYeHHOM
CITeIMaTbHOCTH.

C 11eJTbI0 M POKOTO BHEIPEHUST B yUeOHBII
MPOIECC COBPEMEHHBIX 00pa3oBaTEIbHBIX
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TEXHOJIOTUI (B TOM YHMCJIe TUCTAaHIIMOHHBIX)
B 2015 roay B CTpYKType MHCTUTYTa CO3IaHa
kadenpa «CoBpeMEeHHbIE TEXHOJOTUU COLU-
aJIbHO-3KOHOMUYECKOro oopazoBaHus». [ep-
BBIM 3aBeIyIOIMM Kadenpoii CTaj K.3.H., 10-
eHT A. A. HarpanbsiH. B Hacrosiiee BpeMs
Kadenpoii 3aBeayeT K.2.H., goueHT M. K. Co-
KosioBa. PazpaboTku Kadeapbl B 001aCTH LK~
(bpoBBIX 0Opa30BATETHLHBIX TEXHOJIOTHIA IITUPO-
KO UCIOJIB3YIOTCSI HE TOJbKO B MHCTUTYTE.
3aKa3urMKOM BBITIOIHSIEMBIX Kadenapoii paboT
B 00J1aCTU BUPTYAJIbHOU U JOMOJHEHHO! pe-
anbHOCTH siBisieTcst OAO «P2K]I» kak B o0J1a-
CTM 9KOHOMWKHM, TaK M B 4aCTU TEXHUKU
U TEXHOJIOTUM TPAHCITIOPTHBIX MPOIECCOB.
B akTuBe Kadenpsl MHOXECTBO Meaieil U In-
IJTOMOB MOOeauTe el 001IEPOCCUCKUX U OT-
pacJieBbIX BBICTABOK IO IIU(PPOBOii TpaHChOp-
MallMyd Ha TPaHCIIOPTe U B 00Opa3oBaHUM.
B 2019 rony umMeHHo obpa3oBaTesibHas MiaT-
¢dopmMma, cozgaHHas Kadenpoii, BbIOpaHa st
pa3pabOTKM U peau3alvu MPorpaMM TOBBI-
IIeHWsT KBaTU(UKAIIMKA B paMKax HAIIMOHAJTb-
HOTO TpoekTa «be3ornacHble 1 KaueCTBEeHHBIE
ABTOZIOPOTH».

B 2018 romy B MHCTUTYT BepHyJ1ach Kacdeapa
«DKOHOMHUKA, OPTaHU3AlIMsST TTPOU3BOICTBA
1 MEHEIKMEHT», BblaeaeHHas B 1962 roay u3
cocTaBa Kabeapbl «DKOHOMUKA TPAHCIOPTa»
JUTSI TIPETIOIaBaHUsT SKOHOMUYECKUX JTUCIIH -
TJTMH Ha TEXHUYECKUX crieruanbHOCTsIX. C Tex
nop kadeapy BO3TJIaBIsIU Npodeccopa
C.K. danunos (1962—1974 ), B. A. ImMutpu-
eB (1974—1989 rr), A. 1. Iumkos (1989—
1996 rr.), 1. C. becenun (1997—2002 rr.),
A. B. bonotun (2002—2007 rr.), I. B. By6HOBa
(2008—2019 rr.). B HacTosuiee Bpems: kade-
Jpoii 3aBeayeT A.3.H., podeccop O. B. Epu-
MOBa, 10 COBMECTUTEJICTBY MCITOTHSIONIAS
00s13aHHOCTb 3aMECTUTEJIST TUPEKTOPA MHCTH -
TyTa Mo Hay4yHoil pabote. Kadenpa aktuBHO
BEJET HayYHBbIE MCCIIENOBAHUS U peaiu3yer
MPOTPaMMBbI JOTIOJTHUTEILHOTO TTpodeccro-
HaJIbHOTO 00pa3oBaHus B 00J1acTU LUGPOBU-
3a1Mu OM3HEC-TIPOIIECCOB, OPraHU3aIMK Oe-
PEXJIMBOTO TPOU3BOJICTBA HA TPAHCIIOPTE.
Cpenu naptHEpoB Kabenpsl — LieHTp pupmeH-
HOT'O TPAHCTIOPTHOT'O OOCTY>KMBaHUSI U fieTiap-
TaMEHT KOPIMOPaTUBHOM MHGbOpPMaTU3aIN
OAO «PXK», npyrue TpaHCIIOPTHbIE OPTaHU-
3aLu.

3a mocieaHue Ba MECATUIETUSI B COCTaB
WHCTUTYTa BOIIIEN PsijI OOIIIEYHUBEPCUTETCKIX
kadenp. Kadenpa «[IpukiiagHasg matemaTu-

Ka-2» (B HacTosuIee BpeMs — «MareMaTuka»)
TPaAUIIMOHHO TpeToaBajia MaTeMaTuIeCcKre
JVCIUTUTMHBI 17151 9KOHOMMCTOB. JloJIT1e Tob
Kadenpy BO3IJIABISIT YIYEHBIH ¢ MUPOBBIM
umeHeM, ujieH CeHT-JI>)koHc kosuteaxka (Kem-
opumx, BenukoOputanus), 1.¢.- M.H., Ipo-
(hbeccop 3acity>keHHbII nesiTesib Hayku Poccuii-
ckoit ®enepannu . M. Kapnienesuy, B cepy
HayYHBIX MHTEPECOB KOTOPOTO BXOMWIIA, TT0-
MMMO TIPOYero, pa3paboTKa MaTeMaTHUIeCKUX
METOJIOB B 3KOHOMMKe. B Hacrosiiiee Bpemst
Kacenpy Bo3riasisieT K.T.H., motieHT JI. @. Kou-
HeBa, MpernoaaBaTe/ v Kadeapbl CPeIr IIPOUNX
JTVCHUTIINH TIPETIOAa0T SKOHOMETPUKY, (pu-
HaHCOBYIO MaTeMaTHKY, METOTbI OIITUMAJTbHBIX
pELIECHUIA.

B coctaB D@ Bomta u crapeiiinas Kade-
JIpa YHUBEPCUTETA, BEyIasi CBOIO MCTOPUIO
C MOMEHTa ero ocHoBaHusl, — «[TommTrueckast
SKOHOMUSI» (B HACTOSILIEE BpeMs « DKOHOMUYE-
CKasl TEOpHSI 1 MUPOBasi 5)KOHOMUKa»). B Teue-
HMe MHOTHX JIET Kapepy BO3ITIaBIIsUT KPYTTHBIN
YU€HBIN, 1.3.H., ipodeccop A. B. OpsioB. 3ateM
Kadenpoit 3aBefaoBaiu noueHThl A. I. BoliToB
n JI. ®@. INaBmokoBa. B HacTostiiee Bpemst Ka-
(enpoii 3aBeayeT K.2.H., 1oueHT M. A. flkoBie-
Ba. KostekTuB Kadeapbl TOMUMO TpeTnoiaBa-
TEJILCKOM JeSTeIbHOCTH paboTaeT Hall TIPUJIO-
JKEHUEeM 9KOHOMUYECKUX 3aKOHOB K TPAHCITOP-
Ty C YYETOM OTpaceBoil cieliuduKu, a TakKe
METOJMYECKU COIEMCTBYET COBEPIIIEHCTBOBA-
HUIO 1 peaiu3alluv 00pa3oBaTeIbHBIX MPO-
rpamMM TI0 MUPOBOI 9KOHOMUKE.

B uHCcTHTYT TakXke mepennia Kadeapbl
«JIMHrBUCTHKA», KOTOPYIO BO3IIABIISIET 1.(D. H.,
npocdeccop JI. A. Uepnrbiiiona. Kadenpa sB-
JISIeTCST €MMHCTBEHHOM BBITTYCKAIOIIEH Cpean
SI3BIKOBBIX KaeIp yHUBEPCUTETA, OHA TOTOBUT
CTIEIUATMCTOB TI0 JIMHTBUCTUKE U MEXKYITh-
TypHOIT KOMMyHUKaimu. [IpernonaBaTenu Ka-
(benpbl TakKe COMENCTBYIOT Pa3BUTHUIO COOT-
BETCTBYIOIIMX HaBBIKOB Yy MpeTojaBaTeseit
WHCTUTYTA, 4TO Mo3BoJuio ¢ 2018 roga mpu-
CTYIIUTDH K peaau3aiiuyd MarucTepckoi mpo-
rpaMMBbI «YTIpaBieHue OM3HECOM», peaii3ye-
MO Ha aHTJIMiCKOM si3bike. Beauka posb
npernoaBaresieit Kadeapsl U B OCYIIECTBICHUN
MEXXIyHAapOIHOI nesiteibHOCTH B DD,

K ocHOBHBIM BUIaM €SI TETbHOCTH MHCTH -
TyTa B HACTOSIIIIee BPEMST OTHOCSITCSI:

* yyeOHas paboTa, KOOpAuHUpYyeMasi yueo-
HBIM OTAEJIOM (JIeKaHATOM ) 101 PYKOBOJCTBOM
MepBOTO 3aMECTUTEISI AUPEKTOpa K.3.H., JI0-
ueHrta M. M. JlaBposa.



* Hay4Has pabora, KypupyeMas 3aMeCTH-
TeJeM AUpeKTopa, I.3.H., Ipodeccopom
O. B. EdbuMOBOIi 1 OTBETCTBEHHBIM 3a CTY/IE€H-
YECKYIO HayKy, K.3.H., noueHtoM O. A. FOcy-
TTOBOW;

* yueOHO-MeTonnIeckast pabora, BO3IJIaB-
JisieMast 3aMeCcTuTesIeM IUPeKTopa, K.¢.- M.H.,
noueHToM M. B. MiixaHsiH;

* JIOTIOJIHUTEJIbHOE TIPO(heCCUOHATBHOE
oOpa3oBaHue s TIpertoiaBaTesieil U IpaKkTh-
YeCKMX paOOTHUKOB TPAHCITIOPTHOTO KOMITJIEK-
ca (3aMecTUTeNb TUPEKTOpa, K.3.H., TOIEHT
E. 3. MakeeBa);

* BOCTIMTaTeNIbHast paboTa Co CTyJeHTaMK
U MOJIONIEXHAS TOJUTUKA (3aMECTUTEb M-
pektopa A. C. MarseeBa);

* MeXIyHapojaHas JesITeJIbHOCTh (3aMe-
ctutesb nupekTopa JI. b. PeibakoB).

IToMuMo HaydHOIT PabOTHI, OCYIIIECTBIIsIC-
MOI1 mperogaBaTeIsIMA Ha Kadenpax MHCTH-
TyTa, 3HAYUTEJIbHbIE 00BEMBI UCCICTOBAHUIA
BEIyTCS B CHEMATU3UPOBAHHBIX HAyYHBIX
1 y4eOHO-HayYHbIX JJAOOPATOPUSIX.

Y4eOHo-HayuHas 1abopaTopusi « DKOHOMU-
Ka MHHOBAILIM HAa TPAaHCIIOPTE», BXOMSIIAS
B cocTaB Kadenpbl « DKOHOMUKA 1 yIIpaBJIeHUE
Ha TpaHCIIopTe», Obl1a co3aaHa B 1958 romy kak
CeKTop TEXHUKO-IKOHOMUYECKUX UCCIIEIOBA-
Huii. B pasHoe Bpemsi CeKTop BO3IJIABISIN
B. I’ Tanadypna, E. b. badomux, M. B. Cyrpo-
6oBa, B. A. TToncopuH. OCHOBHbIE Hay4YHbIE
MCCIIeIOBaHMST CeKTopa OBbLIM CBSI3aHBI C pa-
LIMOHATU3alIMel TTEPeBO30K Pa3TUIHBIX TPY-
30B, pacy€ToM ce0eCTOMMOCTH TMEePEeBO30K
rpy3oB. B HacTosee Bpemsi 1abopaTopurio
Bo3miasiseT ¢.H.c. H. M. IllumkuHa, nccie-
JIOBaHUS BeAyTcsd B 00sacTu 3¢ (HeKTUBHOCTU
BHE/IpeHMsI THHOBAIMi Ha TPAaHCTIOPTE, COBEP-
IIEHCTBOBAaHMS TapuhHOM TIOJTUTUKHU, YITPaB-
JIEHUs 3aTpaTaMu U T.I1.

VYyebHo-HayuyHas 1abopartopust «Moneau-
poBaHUEe OM3HEC-TTPOIIECCOB» OblIa CO3IaHa
B 1967 romy mon Ha3BaHUEM «ABTOMAaTH3ALIUS
OyXraJITepCKOro yuéra». 3HaUUTEIbHbII BKJIAL
B pa3BUTHE JJAOOPATOPUM BHECN BO3IJIABIISB-
mue e€ craplive HaydHble COTPYIHUKU
B. I1. Yynpukos (Taxcke npopektop MUNUTa
u qupektop MOD) u B. I. [lenos.

B Hacrosiee Bpems 1abopaTopuio BO3-
riaBisieT ¢.H.c. A. H. bytopuH.

Cpenu pa3paboToK JabopaTopuu — aBTO-
MaTU3UPOBAHHbBIE PA0OYME MeCTa OyXTaTepOB,
CUCTEMBI 2JIEKTPOHHOU OyXraJiTepuu JIUHEH-
HBIX ITPEATIPUSITUI KeJIe3HOTOPOXKHOTO TPAaHC-

VIIPA PA PIA A3 O NS

MopTa, MpOrpaMMHbBIE KOMIUIEKCHI 110 YIETY
Pa3IMYHBIX BUIIOB PECYPCOB, MOIABMXHOTO
cocraBa U T.0., BHeaApEHHbIe B OAO «P2KI»
" B priranax KOMITAaHUH.

B coctae MDD B 2005 romy ObLTa co3aaHa
Beiciias TpaHciopTHast GM3HEC-1IKOJIa — MO/ -
pasfesneHue, peaausylollee MporpaMmbl Ou3-
Hec-00pa3oBaHUs JIsI paOOTHUKOB TpaHC-
MOPTHOTO KoMILIeKca. 3a 15 jieT cylecTBoBa-
nHust BTBI BeimymieHo 6osee 500 cayniareneit
MBA, MHOTHE U3 KOTOPBIX CTATU KPYMHBIMU
PYKOBOIUTENISIMU B TPAHCTIOPTHBIX OpraHM3a-
usX. PyKoBoIMT MaHHBIM HaIlpaBJIeHUEM
npodeccop 3. I1. Mexox.

B 2018 r. mo nHuuMaruBe npogeccopa
O. B. EdumoBoii B cocTaBe MHCTUTYTA ObLI
o0pa3oBaH HaydHO-00pa30BaTEIbHbIN LEHTP
«JIMH-akaneMus», COTpyIHUKU KOTOPOTO
3aHUMAIOTCS] HAyYHBIM 00OCHOBAaHVEM U BHE-
JIPEHUEM METOJIOB BBISIBJICHUS W YCTPAHEHUSI
MOTEPh MPU pearu3alnu OM3HEC-MPOLIECCOB
TPAHCTIOPTHBIX KOMITAHUH, a TAKKe peann3a-
LIMS IPOrpaMM JOTIOTHUTETbHOTO MPodecCcro-
HaJIbHOTO 00pa3oBaHusl B AaHHOI cdepe.

B nHacrosiiiee Bpemst MDD rotoBuT cre-
LIMAIKCTOB, 6aKaaaBpOB U MarucTpoB MO Ha-
npaBieHUsIM «DKOHOMUKaA», « MEeHEIKMEHT»,
«ToproBoe neno», «busHec-uHdopmaTuKa»,
«[IpuknanHast uHbopMaTUKa», «JIMHIBUCTU-
Ka».

MHCTUTYT, KaK U BeCb YHUBEPCUTET, B CO-
otBeTcTBUU ¢ YKa3oM Ilpesunenta P® or
13 anpenist 2018 roga Ne 156 rmpoBoaut o0yde-
HUE MO CaMOCTOSITEJIbHO YTBEPKIaeMbIM 00-
pazoBarejibHbIM cTaHaapTaMm. Bce obGpa3oBa-
TeJIbHbIE MTPOTPaMMBbl MHCTUTYTA SIBJISTIOTCS
OPUTUHATBHBIMU, UX COJACPKAHUE U METOMIbI
peanu3alnu, Kak MpaBUio, COOTBETCTBYIOT
JIyYIIUM OTeYeCTBEHHbIM oOpasuam. Cpeau
00111ei1 Macchl TporpaMM 0COOEHHO UHTEepeC-
HBIMU MPEACTABIISIIOTCS CIEMYIOIINeE:

* CIeHUATUTET « DKOHOMUYECKAs Oe3omac-
HOCTh» (cmenuanuzanus «OuHaHCOBO-
9KOHOMMYECKOE obecrieueHue (enepaibHbIX
TOCY/IapCTBEHHBIX OPraHOB, 00ECIIEUNBAIOIIINX
6e3omacHocTh Poccmiickoit denepanmms) —
YHUKaTbHAs U1 HAMTPaBlIeHUsT « DKOHOMUKA»
MporpaMma ¢ TPaauIIMOHHBIM TSTUJIETHUM
CPOKOM 00y4Y€eHMUSI, OfiHA U3 HanboJiee BOCTpe-
OOBaHHbBIX Y A0UTYPUEHTOB;

* 0akajaBpuar U Marucrtparypa «Mexmy-
HapOAHbIA (GDUHAHCOBBIA U yIpaBIeHUYECKUA
YUET», peaii3yeMble OMHOUMEHHOM Kadeapoid,
aKKpeIUTOBaHHbIE Accolalineil TUIIoMM-
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POBAHHBIX CEPTU(DUIIMPOBAHHBIX OYXTaITEPOB
(ACCA) u BKITIOYAIOIIME MOArOTOBKY K caye
9 u3 14 cryneneii skdameHa ACCA, uTo sIBJIsI-
eTcsl yHUKaIbHBIM B Poccnu;

* QHIJIOSI3BIYHASI MATMCTEePCKAst ITPOrpaM-
Ma «YIIpaBiieHue OM3HEeCOM», peayinmzyeMast
Kadeapoit «DKOHOMUKA U yMpaBieHe Ha
TpaHCTIOPTe» C MPUBJIEYCHUEM TIpero1aBa-
Tese apyrux Kadenp nHcTUTyTa. Beé oOyue-
HUE BeJETCS Ha aHTIIMUCKOM SI3bIKE, B Ha-
cTosee BpeMs TOIMMCAaHO coTyiallieHue
0 TIporpaMMe JIBOMHOTO auTuioMa ¢ Beictieit
LIKOJION TeXHUKU U 9KOHOMUKH (T. Jlpe3aeH,
ITepmanus) Ha 6a3e JTaHHOW MPOTrpaMMBbI;

* MIPOTrpaMMBI C COKpaIIEHHBIMU CPOKa-
MM O0y4yeHHUsI Ha 6a3e CpelTHEro Crennaitb-
HOro oOpa3oBaHMsI, peayiM3yeMble B paMKax
HampaBJieHUsT « DKOHOMMKa» OaKaiiaBpuarta,
MMO3BOJISIIOT CTYJIEHTaM OCBOUTH y4eOHYIO
nporpaMmmy 3a 3,5 roga, obydasich 1o cy60o-
TaM, 4TO Ja€T BOBMOKHOCTb YCITEIITHO COBME -
1aTh y4éoy ¢ paboToii;

* psII TTPOTPaMM peau3yIoTcs C IUCTaH-
LIMOHHO TeXHOJIOTHe 00yYeHus, UTo y100-
HO 1151 paOOTHUKOB TPAHCIIOPTHOM OTpacu,
MOBBIIIAIOIINX CBOW 00pa3oBaTeIbHBIN
ypoBeHb. [ToHas yHubuKams ayIuTOPHBIX
U TUCTAHIIMOHHBIX TIPOTPAMM ITO3BOJISIET
HaIlllUM CTyJAeHTaM-OYHMKaM He OpocaTb
Y4€OyY B cyuyae, eCayd OHM YCTPOSITCS Ha pa-
00Ty WK TIepeeyT B IPYyTroii TOpox;

* 00yueHwue ro rnporpamme «I[1puknamHas
nHOOpPMaTHKa» BKITIOYAET MPOrpaMMYy IBO¥ -
HOTO IUTUIOMA C YHUBEPCUTETOM TIPUKIIAMI-
HBIX HayK I. Ayrcoypra (Iepmanus).

HayuHnas u yueObHO-MeToamveckas pabo-
Ta WHCTUTYTAa HAaXOIMUT OTpaXkeHUe B OOJb-
oM oobEMe mybaukanuit. ExxeronHo u3-mom
riepa coTpynHukoB MDD Berxoaut 6osee 100
cTaTeil B BEIYIINX OTE€UECTBEHHBIX PEIIEH3M -
pyeMbIX XypHasiax u 6osee 50 — B XypHajax,
BXOJISIIIIMX B MEXKIyHAPOIHbIE 0a3bl IIMTUPO-
panwmst (Web of Science, Scopusu ap.). Cpenn
MHOKECTBa YUeOHUKOB, M3TaHHBIX B TTOCIE -
HUE IeCATUIETHUST, 0COOEHHO CTOUT OTMETUTD
Takue u3NaHus, Kak « JDKOHOMUKA XKeJIe3HO-
JIOpOoKHOTO TpaHcnopTa» (moa pen. H. IT. Te-
péumHoit, b. M. Jlaniuayca, 2001, 2006, 2011,
2019 rr.), «TpaHCHOPTHBI MapKETUHT» (MO
pen. B. I TanaGypasr, 2001, 2006, 2011 1),
«YmpaBjieHue KauecTBOM MPOAYKIIMU Ha
JKEJIe3HOIOPOKHOM TpaHCcTiopTe» (IO pejl.
0. . Cokonona, 2008, 2014, 2019 rr.),
«DKoHOMHUYECcKast 6E30MacHOCTh KeJe3HO-

JIOpOXXHOTOo TpaHcnopTa» (o pexd. P. A. Ko-
KeBHuKoBa, 3. I1. Mexox, 2005, 2015 r.),
«Kommepueckast 1esiTeIbHOCTb» (MO pel.
. A. Mauepera, 2016 1), «Haorossrii yuér»
(mox pen. E. 1O. Hekpacosoii, E. 3. Makee-
poit, T. H. Ky3pmunoBoit, 2019 1), «byxran-
Tepckuii (GUMHAHCOBBII YUET Ha XEJEe3HOI0-
poxHoM TpaHcropTe» (1o pen. E. Y. Xapbl-
ounoii; E. 3. Makeenoii, . Il. Ycruua,
2019 ).

B 1ies1oM qucuIiiinHb mpodeccruoHab-
HOTO IIWKJIa, TIpernomaBaemMbeic B MDD, kak
MnpaBujo, obecreyeHbl COOCTBEHHbIMU yueO-
HUKaMH.

PesynbraThl HaIIMX UCCIENOBAHUM My0-
JIMKYIOTCSI B Hay4YHBIX MOHOTpadusax (Kak
npaBuyio — 6ojee 10—15 B roa). Cpeau mno-
CJIeIHUX U HauboJiee 3HAUMMBIX MOXHO
BBIJIEJIUTH CJIEAYIONINE:

* «DKOHOMUYECKOe 000CHOBaHUE CO3/1a-
HUST MHTETPUPOBAHHOTO MH(MOPMAIIMOHHOTO
MPOCTPaHCTBA B3aMMOJICICTBUS TPAHCIIOPT-
HbIX KommnaHuit u kaueHToB» (FO. 1. Coko-
JoB, O. B. Epumoga, M. M. JIaBpos, 2019 T.).

* «DKOHOMMKA MHHOBAILIMI Ha TpaHC-
nopte» (H. I1. Tepémuna, B. A. [ToacopuH,
2019 ).

* «¥YmpaBieHre 95KOHOMUYECKOM apdex-
TUBHOCTBIO 9KCITTyaTallMOHHOM IesITeTbHO-
CTHU 3KeJIEe3HOMOPOXKHOTO TPAaHCIIOPTa C MC-
MOJIb30BaHUEM MHHOBAIIMOHHBIX TTOJIXOI0B»
(mox pen. . A. MauepeTa, A. B. PoliikoBa,
2018 r.).

* «IudpoBbie TEXHOJIOTUN SKOHOMUYE-
CKUX TIPOIIECCOB Ha TpaHcTopTe» (IO pe/l.
JI. A. Kaprunoii, A. B. Pesepa, 2019 ).

* «YmpaBjieHue KauyeCTBOM TPAHCITOPT-
HOTO OOCJIy)XMBaHUS TPYy30BJaNeIbIEeB:
aHaJIu3, METOAbI OLIEHKHU, 9(D(HEKTUBHOCTH»
(1. M. JlaBpos, 2019 1n).

* «MeTOabl 9KOHOMUYECKOU OIIEHKU
W MHCTPYMEHTBI TOBBIIIEHUsI KauyecTBa 00-
CITY>KMBaHUsI TPY30BJIaIEIbIIEB TIPU B3aUMO-
NeHCTBUU TPAHCTOPTHBIX KOMITAHUM»
(¥O. 1. Cokonos, E. B. Porosa, 1. M. JlaB-
pos, 2018 ).

B pamkax MexxayHapoIHOM AeSITeTbHOCTH
npenongaBareau MO nepuonnyeckut Bbie3-
JKAOT JUTS YTEHUS JICKITUIA HA ”HOCTPAaHHOM
s3bIke 3a pyoex. B 2018—2019 rr. ¢ Takumu
JiekusiMu BeIcTyranu: npogeccop 0. K. Co-
KoJioB (Banbsnonun, Ucnanus), noueHTtsl M.
M. JlaBpos, E. A. MBaHOBa, CT. nipernoaaBa-
tenb S1. B. TTonornenosa (BananceeH, @pan-



uust), npodeccop JI. A. Kapruna (Ayrcoypr,
Tepmanust) u ap.

B uHcTUTYTE (PYHKIIMOHUPYET COBET MO
3aIIMTe KAHIUIATCKUX U IOKTOPCKUX TUCCEP-
TallMil TIO CTeMaIbHOCTU «DKOHOMUKA
M yIIpaBJIEHUE HAPOIHBIM XO3SHCTBOM», CIIe-
IIUAJIU3alNU «TPAHCTIOPT» U «CTPOUTEIb-
CcTBO». PaboToli coBeTa B pa3HbIe TOAbI pyKO-
Boausii mpodeccopa M. B. benos, M. E. Man-
npukos, H. I1. Tep€muHa. ITocne peopraHu-
3anuu coeta B 2018 romy ero Bo3riaBul
npodeccop 0. 1. Cokonos. B coete 3aniu-
MIAIOTCST HAyYHO-TIearornyeckue paboTHUKU
u3 Mocksbl, CaHkT-IleTepOypra, PocToBa-
Ha-oHy, HoBocubupcka u Apyrux ropofaon
Halllelt CTpaHbl, a TAKXKE MPECTABUTENN CTPaH
OJIMPKHETO U JaJbHETo 3apy0exbsl. 3a mocie/-
HUE ECATH JIET B COBETE 3alllUIIEHBI YeThIpe
JOKTOPCKUX U 96 KaHAMIATCKUX AUCCepTa-
UK.

CoBeT orepaTuBHO pearupyeT Ha Tpe0do-
BaHus BAK mo moBbllIeHUIO KayecTBa 3a-
IUT: BCe NMCCepTAIMM, TTOCTYyIalolne
B COBET, ITPOXOJIAT TIIATEJbHYIO 9KCIIEPTU3Y
JUIST OTIpe/ieJIeHUST BECOMOCTHM HAayYHBIX pe-
3yJIbTaTOB, BEIHOCUMBIX Ha 3aIIMTY, a TAKKe
TPOBEPSIIOTCS HA OTCYTCTBUE HEKOPPEKTHBIX
3aMMCTBOBaHUII TeKcTa. Ha Bcex 3ammrax
MPOBOJIUTCS BUAEOCHEMKA, 3aITMCh OTChLIA -
eTcss B BAK BMecTe ¢ aTTecTallMOHHBIM
JeJIOM.

B cooTBeTcTBUM ¢ OOIIETPAHCTIOPTHBIM
BEKTOPOM pa3BUTHSI YHUBEPCUTETA, TIOCIIET -
Hue roasl UO® pacimupsieT CieKTp HayIHOU
W TeJaroTudeckoil paboThl, HajlaxkMBaeT
COTPYIHUYECTBO C OPTraHU3AIMSIMU Pa3TNI-
HBIX BUJIOB TpaHcTiopTa. B HacTosmee Bpemst
y4€HbIe MHCTUTYTAa aKTUBHO YYaCTBYIOT
B peanu3anuu HanmnoHaJlbHOTO MpoOeKTa
«Bbe3ormacHbie 1 KaueCTBEHHBIE aBTOMOOWITb-
HbIE JOPOTH» B YaCTU CO3MAHUST CUCTEMBI
MOBBIIIEHUS] KBAIMMDUKALIMY 1T pAaOOTHM -
KOB JIOPOKHOTO XO35TMCTBA, OPMEHTUPOBAH -
HOW Ha oOyyeHUEe MPUMEHEHUIO HOBBIX
W HAWJIyYIIUX TexHoJioruit. beut pazpadoran
«BBOIHBINI Kypc» 17151 MOBBIIIIEHUS KBATU(DU-
KAl ¢ MCITOJIb30BaHUEM ITUCTAHIIMOHHBIX
00pa3oBaTeIbHBIX TEXHOJIOTHH, TTO0 KOTOPOMY
npouin odoyuyeHue 6osiee 500 yesioBek.
K kpyry opranu3zanuii-rapTHEpOB UHCTUTY -
Tta mobasuimch 'K «ABTomop», «Pocllop-
HWW», asponiopthl «IllepemerbeBo» 1 «J10-
MomaenoBo», ITAO «AspodaoT» m apyrue
TPaHCTIOPTHBIE OPTaHU3AINM.

VIIPAIL PA PIA A3 8 NS

B 2018 rogy DD cran uieHom Harmo-
HaJIbHOI T1aTOPMBI OTKPHITOTO 00pa3oBa-
HUS U pa3pabdoTall, IepBblii B YHUBEPCUTETE,
MacCOBBII OTKPBITHIH oHIaitH-Kypc (MOOK)
«DKOHOMMUYECKHNE OCHOBBI TPAHCTIOPTHOM
NIeATETbHOCTH», [I0 KOTOPOMY ceifyac ooyJa-
ercs 6onee 1000 yemoBex.

B 2019 romy Ha mHMOPMAIIMOHHOIT 00pa-
3oBarebHON T1ardopme MDD mponim 06-
yueHue MpernonaBaTeiM U HaydYHbIe COTPYI-
HUKU pa3InIHbIX By30B (cBbIIe 700 yenoBeK)
1o 12 pa3IMIHBIM ITpOrpaMMaM ITOBBIIICHUS
KBaTU(UKALIMKA B pamMKax HanmoHalrbHOTO
npoekTa «O6pa3oBaHue».

Takum oOGpazom, B HacCTOsIlIee BpeMsl UH-
CTUTYT BHOCHT 3HAYUTEIHHBIN BKJIAl B pa3BU-
THE He TobKo Poccuiickoro yHuBepcuteTa
TpaHCIIOPTa, HO U BCEif CUCTEMBI TPAHCIIOPT-
HO-3KOHOMUYECKOTO 00pa30BaHUs B HaIlleit
cTpaHe, IO MHOTMM 00pa3oBaTeIbHBIM 1 Ha-
YYHBIM pa3paboTKaM COOTBETCTBYET ITepPeIo-
BBIM OT€YECTBEHHBIM 0Opa3iaM. Takoe mojio-
JKeHHe, 6a3upyloleecs Ha pe3yibsraTax padoT
MHOTHX ITOKOJICHUI HAIIIAX IPEIIICCTBCHHN -
KOB, TIO3BOJISIET HAM HaJesSIThCsS Ha TO, YTO
WHCTUTYT Y AaJIbliie OyAeT COXpaHsITh U YKPEIT-
JISITh CBOW MO3UIINY B HaIlleM TUHAMUYHO
pa3BUBaOIIEMCS MUpE, a Halllid pa3paboTKu
OyIyT MO-TIPEXHEMY LIMPOKO BOCTPeOOBaHbI
TOCyIapCTBOM, OOIIIECTBOM 1 OM3HECOM.
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evelopments of transport in 19" century
D resulted in a wide need not only for

engineering, but also for economic
staff for the industry. At the first stages of
industrial development, the border between
technical and economic calculations was not
always obvious, and the latter were often made
by designers, builders, specialists in transpor-
tation.

Unlike practitioners, specialists in the
theory and methodology of economic
calculations in transport were usually formed
from economists, financiers and statisticians
who had general educational background (it is
worth recalling the well-known examples of
S. Yu. Witte and A. 1. Chuprov).

In 1920sand 1930s, transport specializations
appeared in a number of large economic
universities of a general profile.

However, this situation did not allow mass
training of qualified economists working on the
basis of uniform methods and possessing the
fundamentals of technology of transportation
processes to the extent sufficient to understand
the sources of formation of costs and results
when making management decisions. The
training of such specialists has become vital for
the national economy during the period of
industrialization. In this regard, on May 29, 1930,
People’s Commissar of Railways Ya. E. Rudzutak
issued the order to create Moscow Transport
and Economic Institute (MTEI). The Institute
was assigned with a task of training highly
qualified economists for railway, sea, river and
road transport. The faculties of the Institute
comprised, besides planning faculty, railway,
water and road faculties, which included
departments of construction, maintenance and
operation of facilities of the corresponding
mode of transport.

In addition, a number of departments
belonged to the Institute’s subordination
(departments of political economy, economic
geography, specific economies, planning,
transport economics, labour economics,
finance and accounting, etc.).

At the railway faculty, the first dean of which
was Associate Professor V. A. Egorov, students
were trained in four specialties: economic
planning, financial, labour economics, and
accounting and statistics.

The first academic staff of MTEI comprised
Professors A. E. Gibshman, A. S. Chudov,
I. V. Ivliev, Associate Professors V. E. Umblia,
M. P. Romanov, P. A. Sarantsev, N. I. Sidorovich,
M. A. Gratsiansky. From the first days of the
existence of MTEI, Ph.D. studies course was

created to train pedagogical personnel. The first
Ph.D. students were V. M. Romanoyv,
I. M. Nikolsky, F. I. Zheleznov,
M. A. Skorobogatov and N. 1. Pykhov. Ph.D.
students, assisting management of the Institute,
carried out a great deal of work on organizing
admission, rallying a team of students during
construction work, preparing curricula for
railway, water and road faculties, programs and
other educational documentation.

By September 5, 1930, the new university
had completed recruiting and enrollment and
started the educational process. The Institute
was located in the district adjacent to Sokol
metro station, training was conducted in the
barracks building, the dormitory was in the
railway cars at Podmoskovnaya station.

The first graduation took place the same
year: by the order No. 71 of November 23,
1930, four early graduates of the railway faculty
were awarded the qualification of transport
engineer-economist.

During the period from 1930 to 1933,
Transport and Economic Institute had trained
370 engineers and economists.

By the order of the People’s Commissariat
of Railways dated June 15, 1933, Transport and
Economic Institute, together with Moscow
Operational Institute of Railway Engineers
(MOIRE), Moscow Institute of New Railway
Construction (MINRC), were merged into
Moscow Institute of Railway Engineers
(MIIT). MTEI became a part of the single
university in the form of the Faculty of
Engineering and Economics.

The Engineering and Economics Faculty
of MIIT worked until 1941, when the university
was evacuated to Novosibirsk. In wartime, in
evacuation conditions, training of engineers-
economists was conducted at the Faculty of
Civil Engineering.

During the Great Patriotic War, professors
and students of the Faculty of Engineering and
Economics volunteered for the active army,
worked at enterprises in Moscow and in
hospitals.

The Faculty of Economics at MIIT was
restored during the 1943—1944 academic year.

In order to provide railway transport with
economists, the Council of Ministers of the
USSR, by its decree of August 2, 1948, allowed
the Ministry of Railways of the USSR to restore
the Moscow Transport and Economic Institute
from September 1, 1948.

Professor S. K. Danilov became its head.
Later the Institute was headed by
Ya. M. Zhukovsky, Professors A. K. Shubnikov,
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V. V. Povorozhenko, D. F. Parfenov and
Associate Professor G. A. Chumachenko. The
training of engineers-economists and
economists for railway transport was carried
out in the following specialties: planning and
organization of transportation; organization of
cargo and commercial work; economics and
organization of supply; financing and
accounting.

Pursuant to the resolution of the Council
of Ministers of the USSR of August 29, 1958
«On streamlining the network of universities
and reducing the number of students in
Moscow» and the order of the Minister of
Railways of the USSR dated September 3,
1958, it was deemed expedient to merge MTEI
with MIIT. MTEI again joined MIIT as the
Faculty of Engineering and Economics
[abridged in Russian as IEF].

Professor S. K. Danilov was appointed a dean
of the single faculty in 1958. He headed the faculty
until 1962. Professor 1. V. Belov was the dean from
1962 to 1980, Professor V. Ya. Shulga — from 1980
to 1985, Professor M. E. Mandrikov — from 1985
to 1997.

During this period, scientific schools in the
field of economic research in transport began to
take shape, IEF scientists created major
scientific developments that are still used in
economic practices in a transformed and
improved form: method of calculating the cost
of transportation by the method of expenditure
rates (A. S. Chudov), methodology for assessing
sectional costs of transportation (1. V. Belov, M.
E. Mandrikov, A. M. Shulga, N. G. Smekhova,
etc.), methodology for optimal allocation of
productive forces by the criterion of minimizing
transport costs (E. D. Khanukov), the method
of optimal planning of cargo flows
(V. G. Galaburda), the method of assessing
efficiency of investments in railway transport
(B. A. Volkov, M. E Trikhunkov, V. A. Dmitriey,
A. D. Shishkov, etc.) and many others.

Great scientific and methodological
importance belonged to generalization of
fundamental economic provisions and best
practices in numerous textbooks prepared at
that time: Economic Geography of Transport
(S. K. Danilov, 1974), Economy of Railway
Transport (a team of authors led by
E. D. Khanukov, 1979, and I. V. Belov, 1989),
Statistics of railway transport (ed. by T. I. Kozlov
and A. A. Polikarpov, 1981 and 1990), Prime
cost of railway transportation (A. S. Chudov,
A. M. Shulga, N. G. Smekhova, etc.). V. Ya.
Shulga, A. D. Shishkov, Yu. D. Petrov, R. M.
Tsarev, A. I. Kuporov and other professors and

associate professors developed textbooks on
economics of individual subsystems of railway
transport: track facilities, locomotive and
wagon facilities, rolling stock repair plants,
linear railway enterprises, etc.

Until now, monographs that comprehend
the experience of development of economic
theory and management practice in the railway
transport have been of great importance, i.e.,
Economic theory of transport in the USSR (1.
V. Belov and V. A. Persianov, 1993).

In 1993 MIIT received a status of a university
and a new name: Moscow State University of
Railway Engineering. In the course of the
administrative reform carried out at the
university in the late 1990s — early 2000s, the
faculties were consolidated and transformed
into institutions with additional functions
(training in continuous life-long vocational
education courses, autonomy of administrative
and economic activities, etc.). The pilot project
of'this reform was transformation of the Faculty
of Engineering and Economics into the
Institute of Economics and Finance, thus the
traditional abbreviation IEF was retained. The
first director of the IEF Institute was Professor
M. E. Mandrikov (1997), after his untimely
death the Institute was headed by Professor
N. P. Teryoshina (1997—2004), in 2004—2017
the Institute was headed by senior researcher
V. P. Chuprikov. Since 2017, the Institute has
been headed by Professor Yu. I. Sokolov.

The transition of our country to the market
economy in the early 1990s created a demand
for new economic knowledge and competencies.
Responding to the demands of society and
economics, the IEF departments began to
develop and include in the curricula such new
disciplines as «Marketing», «Management»,
«Exchange Business», «Investments», and
others. To be able to deliver lectures at the
highest scientific and methodological level,
IEF lecturers actively improved their
qualifications, underwent professional
retraining, and involved practical economists,
who had successfully mastered the new system
of economic relations, in the educational
process. New specialties were opened at the
1EF such as «Commerce», «<Entrepreneurship»,
etc. The number of students increased
significantly due to the start of fee-paying
enrollment.

In 1995, Professor of the department
«Economics and Management in Transport»
R. M. Tsarev after graduating from additional
course of education in finance and banking
and, in accordance with the decision of the



Academic Council of the University, licensed
training of financial and banking employees,
created a new graduating department
«Banking», later renamed «Finance and
Credit». On the initiative of Professor V. G.
Galaburda, the specialty «Marketing» was
opened for students, on the initiative of
Professor N. P. Teryoshina — «World Economy».
It is important to note that these and other
specialties were opened for training in
agreement with the founder — Ministry of
Railways, with allocation of budget funded
places for them and issuance of a state diploma
to graduates.

During this period, a difficult search and
approbation of working methods in the market
environment was going on in the railway
transport. This created the conditions for
effective application on the railways of the ideas
put forward by the IEF scientists, for integration
of economic theory and practice. During this
period, our scientists confirmed their leadership
in study of cost management, promotion of the
sale of transport services, formation of financial
models of cargo and passenger transportation
and other topical research problems.

The most important area of work of the
Institute since its inception has been the
economics of the transport complex and its
subsystems (assessing the costs and benefits
associated with the transportation process,
pricing for transportation and related services,
forecasting and stimulating demand for
transportation, etc.). Pedagogical and research
work in this direction is carried out by the
department «Economics and Management in
Transport» (previously — «Economics of
Transport», created simultaneously with the
Institute in 1930).

The first head of the department was
Professor 1. V. Ivliev. In subsequent years, the
department was headed by Ph.D. (Economics)
L. S. Cherkassky, V. I. Ledovsky, Academician
T. S. Khachaturov, Professors S. K. Danilov,
E. D. Khanukov (1962—1974) and 1. V. Belov
(1974—1989), M. E. Mandrikov (1989—1997),
V. G. Galaburda (1997—2002), since 2002 the
department has been headed by Professor
N. P. Teryoshina. The department implements
a wide range of educational programs for
bachelor’s and master’s degrees, which have
both transport and general economic focus.
The department is one of the leaders of the
University in the field of scientific research, its
developments are in demand by the departments
of economics, economic conjuncture and
strategic development, marketing, and tariff

policy of JSC Russian Railways, as well as other
transport organizations.

Another traditional and extremely
important area of work of IEF scientists and
teachers is associated with economic support
of technical and technological developments
in transport (feasibility study of investment
projects, assessment of their economic
efficiency, etc.). These tasks are carried out by
the department «Economics of Transport
Infrastructure and Management of
Construction Business», founded in 1954 under
the title «Economics of Construction
Production».

The founder and the first head of the
department was a representative of a well-
known dynasty of transport scientists, D.Sc.
(Eng), Professor A. E. Gibshman. He headed
the department until 1970. From 1970 to 1992,
the department was headed by the Honored
Worker of Science and Technology of Russia,
D.Sc. (Eng), Professor V. Ya. Shulga.

In 1992—2012 the department was headed
by Professor B. A. Volkov. At present, the
department is headed by Professor
D. A. Macheret, who is also the First Deputy
Chairman of the Joint Scientific Council of
JSC Russian Railways.

The department has repeatedly developed
methods for assessing economic efficiency of
investments in transport, adopted and approved
by the Ministry of Railways of Russia, JSC
Russian Railways and other transport
organizations.

In its scientific and pedagogical activities,
the department successfully interacts with the
specialized departments of JSC Russian
Railways, JSC Transmashholding, PJSC
Mostotrest, and other transport and construction
organizations.

The basis of any economic activity, both
scientific and practical, is accounting of costs
and results, production indicators, tangible and
intangible assets, etc. Understanding of this fact
led to creation of the department «Statistics
and Accounting» at MTEI in 1931. It combined
all the accounting and statistical disciplines
taught at the institute: theory of statistics,
railway and industrial statistics, road, water
transport and labour statistics, accounting
theory, accounting and analysis of the balance
sheet by mode of transport. The first head of
the department was Professor L. V. Nekrash
(1931—-1932), in subsequent years the
department was headed by Associate Professors
F. A. Puzanov, M. P. Romanov, Professors
1. V. Kochetov, T. I. Kozlov. In 1948, the new
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department «Accounting and Cost» left the
structure of the department, the newly created
department until 1959 was headed by Associate
Professors A. S. Chudov, V. E. Umblia and
A. P. Polikarpov.

The department «Finance and Accounting»
was organized in 1959 after the merger of the
department «Accounting and Cost» with the
department «Financing of railways» (founded
in 1952). Its head from 1959 to 1984 was
Professor, D.Sc. (Economics)
N. G. Vinnichenko. From 1984 to 1988 the
department was headed by Ph.D. (Economics),
Professor V. E. Danilin.

In 1988, the departments «Finance and
Accounting» and «Statistics and Accounting»
were merged into a single one: «Accounting
and Statistics». Until 2015, the single
department was headed by Professor
V. E Danilin.

In 2013, in order to train highly qualified
specialists in the field of international financial
and management accounting and international
financial reporting standards, accredited by the
International Association of Professional
Accountants (ACCA), the department
«International Financial and Management
Accounting» was created at the Institute. The
department was headed by the chief accountant
of JSC Russian Railways, D.Sc. (Economics),
Professor G. V. Kraft. In 2016, the department
was merged with the department «Accounting
and Statistics» (in terms of accounting
disciplines, statistical disciplines were
transferred to the department of Information
systems of the digital economy). Since 2018,
the department has been headed by Ph.D.
(Economics), Associate Professor
E. Z. Makkeeva, who is also acting Deputy
Director of the Institute for continuous
professional education.

The department successfully cooperates
with the Accounting Service of JSC Russian
Railways, a number of subsidiaries, international
professional communities such as the
Association of Chartered Certified Accountants
(ACCA), etc.

The amount of computation required in the
work of a transport economist has always been
significant, primarily due to the size of the
industry. Therefore, attempts to mechanize and
automate such work have been undertaken for
alongtime. In this regard, back in 1940 training
of specialists in mechanization of accounting
and computing began at IEF at the department
«Accounting and Statistics». In 1961, the
department «Mechanization of Accounting

and Computing Work» was formed. The first
head of the department was Professor, D.Sc.
(Economics) V. I. Isakov, one of the outstanding
specialists in mechanization of accounting. In
1967 the department received the name
«Mechanized Processing of Economic
Information», and in 1969, after separation of
the department «Means of Mechanized
Processing of Economic Information»
(MMPEI) it received a new name: «Automated
Planning and Accounting Systems» (APAS).
From 1969 to 1985, the MMPEI department
MMPEI was headed by Professor, D.Sc.
(Economics) N. M. Surin, a leading specialist
in mechanization of accounting. From 1976 to
1984, the department APAS was headed by
Professor, D.Sc. (Economics) S. A. Abramoy,
a prominent specialist in the field of
substantiation of large complex systems.

In 1985, the department «Organization of
Machine Processing of Economic Information»
(OMPEI) was organized on the basis of two
departments (APAS and MMPEI), which until
1996 was headed by Professor B. N. Makarovsky.

In 1996—2016 the department was headed
by Associate Professor O. A. Grigoriev. During
this period the department was called
«Information Systems in Economics», then —
«Economic Informatics». Currently, the
department is called «Information Systems of
the Digital Economy», and it is headed by
Professor L. A. Kargina. On the initiative of the
department, the university was licensed in the
specialty «Applied informatics» (specialization
«Applied informatics in economics»).
Currently, the department trains bachelors and
masters in applied and business informatics,
widely cooperates with domestic and foreign
organizations in the field of digitalization of
economic processes (SAP, League of Digital
Economy, etc.).

In the 1990s, with development of market
relations and of the banking and financial
sector of the economy, a demand for specialists
with financial competencies began to form. In
this regard, in 1995, the department «Finance
and Credit» was established at the IEF. Its
founder and first head was Professor
R. M. Tsarev (1995—2000), then the department
was headed by Professor R. A. Kozhevnikov
(2000—2015, currently Professor of the
department), Yu. I. Sokolov (2015—2017,
currently Director of the Institute). Since 2017,
the department is headed by Professor
Z. P. Mezhokh. The department was the first
in the Institute and university in 1999 to switch
to training of Bachelors and Masters [for many



years in former USSR only specialists
(engineers, etc.) were trained], the teaching
staff of the department under the guidance of
Professor I. N. Dedova in 2007 organized
training within the programs of the second
higher education in the field of «Economics»,
which was later joined by some other
departments of the Institute. In 2014, the
department began training specialists within
the program «Economic security», since 2016
the department has been participating in the
distance training of Masters.

The key partners of the department are JSC
Federal Cargo Company, JSC Federal Passenger
Company, PJSC VT B Bank, and other transport
and financial organizations.

Considering the needs of the transport
industry and the requests of applicants, in 2009
the department of Labour economics and
human resource management that existed in
the 1930s was restored. The first head of the
department was D.Sc. (Eng), Professor
N. M. Sheremet (currently a Professor of this
department). Since 2011, the department has
been headed by Ph.D. (Economics), Associate
Professor 1. A. Epishkin (since 2019 — also
Director of Russian Academy of Railways
which is also part of Russian University of
Transport). When implementing educational
programs, the department extensively interacts
with specialized departments of JSC Russian
Railways (Department for organization,
remuneration and motivation of labour,
Department of human resources management),
trains corporate student groups recruited from
the company’s employees. In 2018, the
department carried out the first recruitment of
students for the new program «50 to 50», under
which JSC Russian Railways pays the student
half of the cost of training and after graduation
provides a job according to the specialty
obtained.

With the aim of widespread introduction of
modern educational technologies (including
distance ones) into the educational process, in
2015, the department of Modern technologies
of socio-economic education was created
within the Institute. The first head of the
department was Ph.D. (Economics), Associate
Professor A. A. Nagralyan. Currently, the
department is headed by Ph.D. (Economics),
Associate Professor I. I. Sokolova. The
developments of the department in the field of
digital educational technologies are widely used
not only at the Institute. JSC Russian Railways
is the customer of the work carried out by the
department in the field of virtual and augmented

reality, both in the field of economics and in
terms of technology of transport processes. The
department has many medals and diplomas of
the winners of all-Russian and industry
exhibitions on digital transformation in
transport and education. In 2019, it was the
educational platform created by the department
that was selected for development and
implementation of advanced training programs
within the framework of the national project
«Safe and High-Quality Roads».

In 2018, the department «Economics,
Organization of Production and Management»
returned to the Institute (previously in 1962 it
separated from the department «Economics of
Transport») to teach economic disciplines in
technical specialties. Since then, the
department was headed by Professors
S. K. Danilov (1962—1974), V. A. Dmitriev
(1974—1989), A. D. Shishkov (1989—1996),
I. S. Besedin (1997-2002), A. V. Bolotin
(2002—2007), G. V. Bubnova (2008—2019). At
present, the department is headed by D.Sc.
(Economics), Professor O. V. Efimova, who
also acts Deputy Director of the Institute for
research. The department actively conducts
research and implements programs of
continuous professional education in the field
of digitalization of business processes,
organization of lean production in transport.
The partners of the department comprise the
Center for Corporate Transport Services and
the department of Corporate Informatization
of JSC Russian Railways, and other transport
organizations.

Over the past two decades, a number of
university-wide departments have become part
of the Institute. The department «Applied
Mathematics-2» (currently — «Mathematics»)
traditionally taught mathematical disciplines
for economists. For many years, the department
was headed by a world-renowned scientist,
member of St. John’s College (Cambridge,
Great Britain), D.Sc. (Physics and Mathema-
tics), Professor, honored scientist of the
Russian Federation F. I. Karpelevich, whose
scientific interests included, besides other
things, development of mathematical methods
in economics. Currently, the department is
headed by Ph.D. (Eng), Associate Professor
L. E Kochneva, Professors of the department,
among other disciplines, teach econometrics,
financial mathematics, methods of optimal
solutions.

The IEF also includes the oldest department
of the University, counting its history from the
moment of its foundation, «Political Economy»
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(now «Economic Theory and World
Economy»). For many years, the department
was headed by the prominent scientist, D.Sc.
(Economics), Professor A. V. Orlov. Then the
department was headed by Associate Professors
A. G. Voitov and L. F. Pavlyukova. Currently,
the department is headed by Ph.D.
(Economics), Associate Professor
M. A. Yakovleva. The staff of the department,
besides teaching, is working on application of
economic laws to transport, taking into
account the industry specifics, and also
methodically contributes to improvement and
implementation of educational programs in
the world economy.

The institute also got the department
«Linguistics», which is headed by D.Sc.,
Professor L. A. Chernyshova. The department
is the only one that graduates among the
language departments of the university, it trains
specialists in linguistics and intercultural
communication. The lecturers of the
department also contribute to development of
relevant skills of the lecturers of the Institute,
which made it possible from 2018 to begin
implementation of the Master’s program
«Business Administration», implemented in
English. The role of lecturers of the department
is also great in implementation of international
activities at the IEE.

The main activities of the Institute currently
include:

+ educational work coordinated by the
educational department (dean’s office) under
the leadership of the First Deputy Director,
Ph.D. (Economics), Associate Professor
1. M. Lavrov;

« scientific work supervised by the Deputy
Director, D.Sc. (Economics), Professor O. V.
Efimova and by Ph.D. (Economics), Associate
Professor O. A. Yusupova, responsible for
student science;

+ educational and methodical work, headed
by the Deputy Director, Ph.D. (Physics and
Mathematics), Associate Professor
M. V. Ishkhanyan;

+ continuous professional education for
professors and transport employees (Deputy
dDrector, Ph.D. (Economics), Associate
Professor E. Z. Makeeva);

» educational work with students and youth
policy (Deputy Director A. S. Matveeva);

* international activities (Deputy
Director L. B. Rybakov).

Besides scientific work carried out by
lecturers at the departments of the Institute,
significant volumes of research are carried out

in specialized scientific and educational
research laboratories.

Educational and scientific laboratory
«Economics of innovations in transport»,
which is a part of the department «Economics
and management in transport» was established
in 1958 asthe Sector of technical and economic
research. At various times, the Sector was
headed by V. G. Galaburda, E. B. Baboshin,
M. V. Sugrobova, V. A. Podsorin. The main
scientific research of the sector was associated
with rationalization of transportation of various
goods, calculation of the cost of transportation
of goods. At present, the laboratory is headed
by senior researcher N. M. Shishkina, research
is being conducted in the field of effectiveness
of implementation of innovations in transport,
improving tariff policy, cost management, etc.

Educational and scientific laboratory
«Modelling of business processes» was created
in 1967 under the name «Automation of
accounting». A significant contribution to
development of the laboratory was made by
senior researchers V. P. Chuprikov (former
vice-rector of MIIT and ex-Director of the
IEF) and V. G. Dedov, who headed it.

At present, the laboratory is headed by
senior researcher A. N. Butorin.

Laboratory’s developments include
automated workstations for accountants,
electronic accounting systems for linear
enterprises of railway transport, software
systems for accounting for various types of
resources, rolling stock, etc., implemented at
JSC Russian Railways, and at the company’s
branches.

In 2005, the Higher Transport Business
School was created as part of the IEF, a unit
that implements business education programs
for transport employees. Over the 15 years of
its existence, more than 500 MBA students has
graduated from HTBS, many of whom have
occupied leading positions in transport
organizations. This direction is headed by
Professor Z. P. Mezhokh.

In 2018, on the initiative of Professor
O. V. Efimova, the research and educational
center «LEAN-Academy» was formed as part
ofthe Institute. Its staffare involved in scientific
substantiation and applying of methods for
identifying and eliminating losses in
implementation of business processes of
transport companies, as well as in
implementation of programs of life-long
professional education in this area.

Currently, the IEF trains specialists,
Bachelors and Masters in the fields of



economics, management, trade, business
informatics, applied informatics, linguistics.

The Institute, like the entire University, in
accordance with the Decree of the President of
the Russian Federation of April 13, 2018 No. 156,
conducts training according to independently
approved educational standards. All educational
programs of the Institute are original, their
content and methods of implementation, as a
rule, correspond to the best domestic standards.
Among the total mass of programs, the following
are especially interesting:

* specialty «Economic security»
(specialization «Financial and economic
support of federal state bodies ensuring the
security of the Russian Federation»): a unique
program in the field of «Economics» with a
traditional five-year study period, one of the
most in demand among applicants;

+ Bachelor’s and Master’s studies in
International Financial and Management
Accounting, implemented by the department
ofthe same name, accredited by the Association
of Chartered Certified Accountants (ACCA)
and including training for passing 9 of 14 stages
of the ACCA exam, which is unique in Russia;

* English-language Master’s program
«Business Management», implemented by the
department of Economics and Transport
Management, with involvement of teachers
from other departments of the Institute. All
training is conducted in English, currently an
agreement has been signed on a double degree
program with the Higher School of Technology
and Economics (Dresden, Germany) based on
that program;

+ programs with reduced terms of study on
the basis of previously obtained secondary
professional education in that field,
implemented in the framework of «Economics»
Bachelor’s degree program, allow students to
master the curriculum in 3,5 years, studying on
Saturdays, which makes it possible to
successfully combine study with work;

* several programs are implemented with
distance learning technology, which is
convenient for transport employees who are
improving their educational level. Full
unification of classroom and distance programs
allows the full-time students not to quit their
studies if they get a job or move to another city;

 training under the program «Applied
Informatics» includes a double degree program
with the University of Applied Sciences in
Augsburg (Germany).

Scientific and educational-methodical work
of the Institute is reflected in a large volume of

publications. Every year, more than 100 articles
are published by IEF staff in leading national
peer-reviewed journals and more than 50 in
journals included in international citation data
bases (Web of Science, Scopus, etc.). Among
many textbooks published in recent decades, it is
especially worth noting such publications as
«Economics of Railway Transport» (ed. by N. P.
Teryoshina, B. M. Lapidus, 2001, 2006, 2011,
and 2019), «Transport Marketing» (ed. by V. G.
Galaburda, 2001, 2006, 2011), «Product Quality
Management for Railway Transport» (ed. by Yu.
1. Sokolov, 2008, 2014, 2019), «Economic
Security of Railway Transport» (ed. by R. A.
Kozhevnikov, Z. P. Mezhokh, 2005, 2015),
«Commercial Activity» (ed. by D. A. Macheret,
2016), «Tax Accounting» (ed. by E. Yu. Nekrasova,
E. Z. Makeeva, T. N. Kuzminova, 2019),
«Financial Accounting in Railway Transport» (ed.
by E. I. Kharybina, E. Z. Makeeva, D. P. Ustich,
2019).

In general, the disciplines of the professional
cycle taught at the 1EF as a rule, are provided
with the own textbooks of the academia of the
Institute.

The results of the research are published in
scientific monographs (as a rule, more than
10—15 per year). Among the latter and the most
significant are the following:

* «Economic Substantiation for
Development of an Integrated Information
Space for Interaction between Transport
Companies and Customers» (Yu. I. Sokolov, O.
V. Efimova, 1. M. Lavrov, 2019);

* «Innovation Economics in Transport
Industry» (N. P. Teryoshina, V. A. Podsorin,
2019).

* «Management of Economic Efficiency
of Operational Activity of Railway Transport
using Innovative Approaches» (ed. by D. A.
Macheret, A. V. Ryshkov, 2018).

» «Digital Technologies of Economic
Processes in Transport» (ed. by L. A. Kargina,
A. V. Rezer, 2019).

* «Quality Management of Transportation
Services for Cargo Owners: Analysis,
Assessment Methods, Efficiency» (I. M.
Lavroy, 2019).

* «Methods of Economic Assessment and
Tools for Improving Quality of Service for
Cargo Owners in Interaction with Transport
Companies» (Yu. I. Sokolov, E. V. Rogova, I.
M. Lavrov, 2018).

As part of their international activities, IEF
lecturers periodically travel abroad to deliver
lectures in a foreign language. In 2018—2019
such lectures were delivered by: Professor
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Yu. 1. Sokolov (Valladolid, Spain), Associate
Professors 1. M. Lavroy, E. A. Ivanova, senior
lecturer Ya.V. Podoplelova (Valenciennes,
France), Professor L. A. Kargina (Augsburg,
Germany), etc.

The Institute has an approved council for
defense of Ph.D. and D.Sc. theses in the
specialty «Economics and management of
the national economy», specialization
«transport» and «construction». The work of
the council in different years was supervised
by Professors I. V. Belov, M. E. Mandrikoyv,
N. P. Teryoshina. After reorganization of the
council in 2018, it was headed by Professor
Yu. 1. Sokolov. The council considers theses
of researchers and academic staff from
Moscow, St. Petersburg, Rostov-on-Don,
Novosibirsk, and other Russian cities, as well
as of representatives of foreign countries.
Over the past ten years, four doctoral and 96
master’s theses have been defended in front
of the council.

The council promptly responds to the
requirements of the Higher Attestation
Commission [of the Ministry of Higher
Education and Science] to improve quality of
defense: all the theses submitted to the council
undergo a thorough examination to determine
weight of scientific results submitted for
defense, and are also checked for the absence
of incorrect citations. All the defenses are
filmed, the recording is sent to the Higher
Attestation Commission along with the
attestation file.

In compliance with the vector of the
University’s development towards the demand
of all modes of transport, in recent years IEF
has been expanding the range of scientific and
pedagogical work, establishing cooperation
with organizations of various modes of
transport. At present, the Institute’s researchers
are actively involved in implementation of the
national project «Safe and High-Quality
Highways» in terms of developing a system of
advanced training for road employees, focused
onteaching the use of new and best technologies.
An «Introductory Course» was developed for
advanced training using distance learning
technologies. More than 500 attendees have
been trained. Avtodor State Corporation [Road
State Corporation], RosDorNII [Research
Institute of Road Construction], Sheremetyevo
and Domodedovo airports, PISC Aeroflot and
other transport organizations were added to the
wide range of the partner organizations of the
Institute.

In 2018, IEF became a member of the
National Platform for Open Education and
developed, the first at the University, a massive
open online course (MOOC) «Economic
Foundations of Transport Activity», which
currently trains more than 1000 people.

In 2019, lecturers and researchers from
various universities (over 700 people) were
trained using IEF educational information
platform in 12 different professional
development programs within the framework
of the national project «Education».

Thus, at present, the institute makes a
significant contribution to development of not
only Russian University of Transport, but also
of the entire system of transport and economic
education in the country. Many educational
and scientific developments correspond to the
advanced domestic standards. The current
positioning of the Institute, based on the results
of the work of many generations of our
predecessors, allows us to hope that the
Institute will continue to maintain and
strengthen its positions in our dynamically
developing world, and our developments will
continue to be widely demanded by the state,
society, and business.
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NPECC-ARXAE

B 1910 200y ycypran «2Kene3nodoposicroe deno» noodpobHo uznodcun xo0 ouckyccuu,
6o3HUKUell 8 2opoockoii dyme Cankm-Ilemepoypea, 6okpye dokaada komuccuu MIIC,
npeonodcusuieil npoeKm KOMNACKCHO20 PA38UMUs Penbco8oeo MpaHcnopma 2opooa.
Hcnonv3ys 6onee cospemeHHble MepMUHbL, 3aMPAUBANUCy PA3NUHHbIE ACHEKMbl, U
HblHe npedcmasasiouue uHmepec npu NOOOOHbIX 00CYIHCOCHUSX: GAUSHUE NPOCKMA HA
2padocmpoumensHy0 NOAUMUKY U 3a2pyJICeHHOCHIb UEHMpa 20pooa, UCNOAb308aHUe
20Cy0apcmeeHHO-4acmH020 NAPMHEPCMBA, MOOUNLHOCIb HACENCHUS, KOMNACKCHOE
paseumue npueopooHo20 U 20p00CK020 COOOUICHUSl, 603MONCHOCHIU UCHONb308AHUS
2HCeNe3HO00PONCHBIX AUHULL N5 6HYMPULOPOOCKUX NO€300K U COOMBEMCMBY WA
mapugnas noaumuka, nepcneKmuesl CmpoumenbCmea Memponoaumend.

KntoyeBble cnosa: l'OpO,qCKOﬁ TPAHCIIoOPT, ropoAacKkue v rnpuropodHble XXes1e3HO4O0POXHble JINHUN, MO-

6unbHoCTb, CaHKT-lNeTepbypr.

Penakuus BbipaxaeT NPU3HaTeNIbHOCTb COTPYAHMKAM BUOANoTeKN POCCUIACKOro yHMBEpcuTeTa

TpaHCnopTa 3a NOMOLLb B NOAroToOBKE MaTtepuana.

OO0 yayumeHHH YCJOBHil MACCAKUPCKOTO
JBIKEHHS 110 JKeJie3HbIM goporam [lerepoypr-
CKOro0 y3J1a MPUrOPOIHBIM U FOPOIACKUM

B «Iletep6yprckom JIuctke» ot 6 Masi C.L.
HalleyaTaHO CJIeAyIolee He INIIEHHOE NHTe-
peca, o ero XapaKTepHOCTH, U3BECTHE:

Buepa, 5-ro mas, B 3atemHéHHOM Huko-
JlaeBCKOM 3ajyie I. TabypHO uuTan obiiemy
TIPUCYTCTBUIO YIIPABBI TOKJIAT O CBOEM TIPO-
eKTe YCTPOMCTBa IMIPUTOPOTHBIX TpaMBacB
¢ OecniepecaouyHbIM COOOILIEHUEM YEPE3 TO-
pPOICKUE MTYTH.

Ha sTom noksane mpucyTcTBOBaIv FOpoI-
ckoit ronoa M. WM. [l1azyHOB, ero ToBapuil,
YJIeHBI YIIPaBbl, MHOTHE IJIACHBIC, IIPEACTABH -
Teau MuUHHCTEpPCTBA IIyTeil COOOIIeHMUS
M TIpeAcenaTesib 0 3TOMY IIPeAMETY IIpaBu-
TeJbCTBEHHON KOMUCCUU NHX. [opuakoB.

Hoxuan cBoit . TabypHO compoBoxkaan
CBETOBBIMM KapTMHAMU Ha 3KpaHe U CO00-
LW, 9YTO BCe pabOThI 0OOUIYTCSI OKOJIO TIsi-
THICCSTH YETHIPEX MIJUTMOHOB PyOJICHA.

JloxyiagumMk BechbMa IMOAPOOHO M3jaaraj
JeTaJii MPOEKTa BILUIOTh J0 TUIMA PEJIbCOB,
KPECTOBUH U T.II.

I. TabypHO [0J0OXMUA COOpPaHUIO O Mpe.-
IoJlaraeéMbIX MapIIpyTax M JUIIb BCKOJb3b
YIOMSTHYJI, YTO TOPO/I TTOJTYYUT BO3HATPAXKIE -
HUE 3a IBIKEHHE 110 eT0 TEPPUTOPUH.

Xots 1e6aToB 1Mo JOKJIaay U He ObLIO, HO
clyliaTesu, BbIAS B cOCeqHU AJeKcaH-

VIIPJI PAH PIA TSNS

IPOBCKUI 3aJI, KaK Obl pa30MJIMCh Ha NIBE
MapTUu.

Onxu, HanpuMmep, racHbiit H. H. TTepuos,
JIOKa3bIBAJIM, YTO PAHO WJIM TTO3HO TaKasi
MMEHHO OpOTa IOJDKHA OBITh YCTPOECHA, YTO
OHa pa3peluT KBapTUPHBIM KPU3UC ILICH-
TpaJbHBIX YaCTeil Topojia, 3aCeIUT TOPOIACKUE
OKpauHBbl, MOABIMET TOXOAHOCTh HEABMXKU-
MBIX UMYIIIECTB 3TUX OKPAWH U, CJIeI0BATEIIb-
HO, TOMHUMET OOILETOPOJCKON OLEHOUYHbBII
cOOp ¢ HEABIKMMBIX UMYIIICCTB.

Dra rpy1ia IJIacHBIX CChIIajIach Ha IIPUMEpP
bepnuHa, mpu mogo6HOM THTIE JOPOT ABVKEHUE
10 TOPOACKHUM TpaMBasiM BO3POCJIO B BOCEMb
C ITOJIOBUHOI pa3 JIMIIIb 3a IBAIATh ITSTh JIET.

[MpoTMBHUKYM BO3paxaau Ha 3TO, YTO 3a
IIBaIIaTh ITSITh JIET HaceeHne bepaHa 6oee
YeM YIBOUJIOCK.

K Tomy ke ¥ TOMMMO TPUTOPOTHBIX TPAM-
BaeB ObLIO MHOXECTBO MPUYUH, YBEIUUUB-
KX OepIMHCKOE TpaMBaliHOE TBUKEHUE.

Camoe TJIaBHOE B OTUX CiIydasix — 3TO
00MIMe TOPOICKNX TPaMBaITHBIX ITyTEH.

W ecnu Obl y HAac ObLIM TpamMBau BTOPOI
U TPEThEH ouepeneit, To ABMXKEHUE MO IEPBOU
oyeper TOXEe YBEJIUYMUIIOCh B UeThIpe pasa.

B o01ieM, Hago0 cO3HATHCS, OTHOLIEHUE
TJIACHBIX K MpoeKkTy I. TaBypHO ObLIO
TOBOJIBHO-TaKH! KUCJIOE.

— HecoMHEHHO, YTO MPUTOPOIHBIN TPaM-
Bali, COEAMHEHHBIN C TOPOACKUMMU ITYTIMU,
MPUHECET TOJIb3Y, HO BOIIPOC — KOMY?
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Ckopee Bcero, camomy I. TabypHo, U TeM,
KTO OyIeT 3TOT TpamMBali CTPOUTH, HO HU
B KaKOM CJIydae He TOPOIY.

[leperpy3ka y3KuX yJIMII U ceiiyac yxe
OYeHb BeJIMKa.

A eciiv 3Ty Tieperpy3Ky ABUXKCHUS YBEJIH -
YUTH eII€ U TPAaH3UTHBIM JABMKEHUEM Yepes
rOpo/I, TO 100pa KAaTh OT ITOTO HEJIb3SI.

«Manenbkas [IyMa» peluuia o moJjy4de-
HUM U3 MMUHHUCTEPCTBA IyTel COOOIICHMUS
o(duIiMaIbHOrO MPOeKTa, HE COBIAAIOIIEero
¢ BUAaMu U HamepeHusMHU T. TabypHo, pa3o-
CJ1aTh 3TOT O(PUIIMATILHBIN TTPOEKT BCEM TJIac-
HBIM 1 TIOCTaBUTB BOIIPOC Ha TTIOBECTKY JIyMBbI,
He BBICKa3bIBasi HUKAKOTO JIMIHOTO 3aKJTI0UC-
HUs, a mpeaocTaBisas Jyme mocTynuTh, Kak
ei1 3abaropaccyauTcs.

Om Pedaxkyuu. CooOI1IEHNE 3TO TOCTABJIC-
HO HaM CJIyJyaiiHO, — U B IPYTUX ra3eTax, Be-
POSITHO, OBIJIO TIOMEILIEHO HEYTO MOJOOHOE.
Kak HanmrcaHHOE CIIeIITHO, OHO HE OTINJacT-
¢ ToOYHOCThIO. Tak, HanpuMmep, B 1-M 1 3-M
ab3aliax ckazaHo, 4To I. TabypHO HOKJIaabIBal
«CBO¥» TIPOEKT, TOTAa KaK OH JOKJIaabIBaJI He
CBOI1 MPOEKT, a MPOEKT, cocTaBleHHbI Ko-
MUCCHE, TIpeaceaaTe]lb KOTOpoil Ha3BaH BO
2-M ab3a1ie; 0 TeXHUYECKO K€ CTOPOHE TIPO-
eKTa OH Jaxe He JOKJIaablBajl: TOJOXUIN
0 Hel ObIBIIME uJeHamu Toil xxe Komuccuu
uHxeHepsl benaro u PynHunkuii. Yto xe
KacaeTcsl BOTIpoca — KOMY 3TOT ITPOEKT TpH-
HEC ObI TOJIb3Y, UTO W COCTABJISLIO TIPEIMET
JIOKJIana, MPOYUTAHHOTO CAMUM MHXEHEPOM
TaOypHO, TO 00 3TOM YMTATENb Y3HAET IO~
IPOOHO U3 HUXECIEAYIOLIEro M3J0XEHUS
Cero I0KJIa/1a, KOTOPOMY, OJHAKO, IIPEAITOCHI-
JlaeM cT. T-Ha [opojckoro, HameyaTaHHYIO
oceHblo Tpoiioro roga. OHa MpencTaBisieT-
csl HaM ONTHOI 13 HanboJiee 00MyMaHHBIX ra-
3ETHBIX CTAaTEl MO JAHHOMY BOIIPOCY.

B 3akiioueHue npuBoauM U3 TpubaBiie-
Hust Ne 5 k «M3Bectrsim CoGpaHust MHXEHE-
POB myTeit coob1eHusI» 3a Ne 26 oT 8 Masi C.I.,
yto «MunanctepctBo Ilyteit CoobimeHus
BHOCHUT Ha MpPeaBapUTEIbHOE PACCMOTPEHUE
CoBeta MUHUCTPOB BOIIPOC O pa3pelieHuu
MPOU3BECTU U3bICKAHMSI U COCTABJIEHUE MPO-
€KTa JIEKTpU(UKALIUY IIPUTOPOTHBIX y4aCT-
koB CeBepo-3amagHbIX XeJIE3HbIX JOPOT,
C YCTPOMCTBOM LIEHTPAJIBHOM JIEKTPUUECKOM
CTaHIIMU Ha p. BoxoBe, a paBHO MOABEPTHYTh
OITBITHOMY OOCJIEIOBAaHUIO BOIIPOC O HAUITYY-
IIEeM CIoco0e YCTPONCTBA JIMHUHU Mepenadu
BBICOKOTO HampstkeHusl B TekyieM 1910 n.
1 00 OTKPBITMM Ha 3TOT TMpeaMeT 0CO0O0To
KpenuTa B cymMmMme 125 T.p., ¢ OTHECEHHUEM pac-
XOIOB Ha OOIIMe OCTAaTKU 110 cMeTe MUHU-
crepctia [1yreit CoobmieHus 1910 1., a B ciny-
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yae MX HEIOCTaTOYHOCTH — Ha OCTAaTKU IO
001l POCIIUCHU JOXOI0B U PACXOJ0B Ha TOT
Ke TO[I».

BepostHo, corpynHuk «IletepOyprckoro
JIuctka» UMeeT B BUILY 9TOT ITPOEKT, Ha3bIBasI
€ro B TOCJIeIHEM ab3alle CBOe 3aMeTKU He
COBITANAIONINM C BUIAMU Y HaMEPECHUSIMU
. TabypHO, B IEMCTBUTEILHOCTH XK€E YITOMSI-
Hytoii Komuccun. Ho 3TOT poeKT 3aTpoHeT
MHTEPECHl TOpoja JUILIb B HE3HAYUTEIbHOM
creneHu, u easa jau [opoackasa Iyma Haligér
4YTO-JIM00 CKa3aTh ITPOTUB HETO.

I. Cratpa r. Topoackoro moj 3arjaBueM
«IIeTepOyprcKmii METPONIOJIMTEH»

IIpaBuUTEILCTBO ONATH BEPHYJIOCH K TOMY,
OTYero JieT ceMb—BOCEMb HA3a] 0TKA3aJI0Ch:
K METPONOJIUTEHY.

Torma aBTOpOM TIpoOeKTa M MHUIIUATOPOM
BBICTYITWJI MHXeHep I. bammuckuit. MuHu-
crepctBo DuHanHcoB, Bonase crp. C. FO. Bur-
T€, TOPSYO MOAACPKMBAJIO UIEIO METPOIIOJIM -
TeHa. COYyBCTBEHHO OTHOCHUJIMCH B 0CO0O0M
KOMUCCHM TI0 YCTPOMCTBY 3TOTO TOPOACKOTO
JKEJIE3HOIOPOXKHOTO TTPEATPUSITHS U TTPEICTa-
BUTEJIN IPYTUX MUHUCTEPCTB.

Ho y nmpoekra MeTponojuTeHa ObUIO ABa
CUJIbHBIX ITPOTUBHUKA; TIETEPOYPICKOE rOPOI-
CKO€ OOIIIECTBEHHOE YIIPABJIEHUE U BCECUITb-
HBII TOrIa MUHUCTP BHYTpeHHUX 1ei T. [Tne-
BE.

B pesynbraTe IpOTUBHUKU METPOIIOJINTE -
Ha oepKaJi BepX Hajl OJIArONMPUSITHBIM IS
3TOTO MPEANPUATUS TeUEHUEM: IIPOEKT ObLI
OTKJIOHEH...

N BoOT Tenepp, yKe 1o MHUIIMATUBE Mpa-
BUTEJbCTBEHHBIX MHCTAHIIMI, pa3paboTaH
HOBBII ITPOEKT, IEPBOOOPA30M IJISI KOTOPOTO,
HECOMHEHHO, ITOCIYKIJI TpyA I. banuHckoro.

U onsiTh B uKciie IPOTUBHUKOB Mbl BUIUM
1eTepOyprcKoe ropojcKoe yrpaBjieHue.

Touka 3peHMsT IPYTUX 3aUHTePECOBAHHBIX
CTOPOH el1€ He 0003HAYITACH.

Topon BbIIBUTAET T€ K€, UTO U PaHbIIE
ApTYMEHTBHI, TOT e apceHasl JOBOIOB IIPOTUB
METPOIOJIUTEHA.

Ho Gonbiie Bcero Haima ayma oOMKeHa
TeM, YT0 MUHUCTEPCTBO ITyTel COOOIIEHMS,
W3 HeJIPp KOTOPOTO BHIIIIES TIPOEKT, HE CUMTAa-
JIOCh C TOPOJIOM, KaK C OOIIEeCTBEHHOM Bia-
CTbIO, PACITOPSDKAIOLIECICS HA ITpaBax X03siMHa
Ha TEPPUTOPUU CTOJIMIIBI.

Henb3st He cormacuThest, 4TO U IIPU pa3pe-
IMIEeHWU 3a7a4 TOCyAapCTBEHHOM ITOJIb3bI
1 BaXXHOCTH, BCE-TaKM, €CJIM 3TU 3aa4M Ha-
PYIIAIOT WIN 3aTParuBarOT MHTEPECHI TOPOI-
CKOTO YIIpaBJIeHUsI, HeJIb3sI ObLIIO UTHOPUPO-
BaTh IOPO/I.



IIpaBna, xkomuccuss NedCTBUTEIbHOTO
CTaTCKOro coBeTHMKA [opuakoBa mpurIaia-
JIa K y9aCTHUIO B 3aCeIaHUSIX IIPEICTaBUTEICH
ropoga. OHU yJ4acTBOBaJIM Ha OMHOM U3 3a-
CelaHUil U BbICKA3aJIMCh MPOTUB MPOEKTA
METPOTOJIUTEHA.

Ty, B cyniHOCTH, ObLTa ABOSIKAS OLIMOKA:
B TaKMX CephE3HBIX AeJIaX HAI0, YTOOBI B KO-
MUCCUM UMeJICsI, CHaOXEHHBIN COOTBET-
CTBYIOIIMMU IUPEKTUBAMU, ACTYTaT OT JIyMblI,
a He WIeHbI TOPOACKOM yIIpaBhl, BbICKa3bIBaB-
1uecst OT cBoero UMeHu. Touka ke 3peHust
Hymbl Ha co3naHue B [letepOypre MeTporno-
JINTEHA JI0 CHUX TOpP OCTAETCS HEM3BECTHOIO.
Cxkaxewm Oogbie: Jlyma gaxke He 3HaeT CyIII-
HOCTH TIPOEKTa, €r0 OCHOBHBIX YacTel U 11e-
JIEH.

B €€ pacnopsi>keHUM UMEIOTCS TOJIBKO
YaCTHBIE CBEIEHMS: 1opora OyAeT ycTpoeHa
C IIPUMEHEHUEM 3JIEKTPUICCKO TSTH; TIPOii-
IET yepe3 HMEeHTP CTONUIBI — JIMTOBCKYIO
VAULY IO 3cTakazae, nepeceuy€r HeBckuii
MPOCIIEKT, BeIiineT Ha HeBy, 3mech nepekuHeT-
cs yepes crelraibHblii MocT Ha Beiboprekyio
CTOPOHY, coequHUTCS ¢ OUHIISTHACKOW J0pO-
rolo 1 ToBapHOU ctaHuuel [Ipumopckoii
JIOPOTHU U T.1.

Llenp MeTporoauTeHa — OOBEAUHUTD CO-
0010 BCEe BOK3aJIbl U COJICCTBOBATD MPABUJIb-
HOMY PacceIeHUIO U Pa3peXkeHUIO CTOJTNYHO-
r'O HaceJIeHUS ITPUBJICUEHUEM €TI0 K OKpauHaM
U TaYHBIM ITOCENIKAM, HAXOMSIIIMMCST Ha JIN-
HUSIX 3KEJIC3HBIX JOPOT.

Bort Bc€ TO, UTO M3BECTHO HACUYET METPO-
MOJIMTEHA B TOPOACKOM YIPABICHUM.

Jlaxke Ipy TaKMX OTPBIBOYHBIX CBEACHUSIX,
HJe€ HOBOTO XeJIE3HOAOPOXKHOTO MPEATpHUs-
THSI HEJIb3sl He COUyBCcTBOBaTh. Ecimm Jlyma
BBICKA3bIBACTCSI M BBICKAXKETCS CIIE C 00Jb-
111 TBEPAOCTHIO IPOTUB METPOTIOIUTEHA, TO
HUCKJIIOUUTEIBbHO B CUITY TOTO, YTO B €€ COCTa-
Be Mpeob1agaloT JoMoBIaneblibl. [IpoekTu-
pyeMasi [opora, 0XBaTblBasl LIMPOKUM IOJTY-
KOJIBLIOM CTOJIMITY, HAHECET M3BECTHBIN yIIIepo
LICHTPAJIBHOMY TOMOBJaaeHuio. [leTepoypr-
CKMIi TpaMBail MOCTPOEH C TAKUM PaCUETOM,
YTO HE MOT 1 He MOXET OCBOOOIUTH Hacese-
HUE OT TECHOThI U CKYYeHHOCTU kU3HU. OH
00CITy>XMBaeT apTepUU U MECTHOCTU, B KOTO-
PBIX KJTFOUOM KUTTUT TOPOACKAs KU3Hb 1 MaJIo
OTBJIEKACT HaceJIecHWEe B MaJl03acTPOCHHBIC
M 310pOBBIC paitoHbl. ClienoBaTeIbHO, TPOSKT
MEeTPOTMOJIUTeHa, BhIpaOOTaHHBIN MTPaBUTEb-
CTBOM, BIOJIHE OTBEYAET UHTEepecaM OeHe -
IIEro HaceJeHUsl, CTPAAaloIero OT 10POro-
BU3HBI KBapTUP, 3arPA3HEHHOCTU BO3IyXa
1 mouBkl. YTO TOpoacKas Kacca MOXKET T0-
cTpagaTh OT KOHKYPEHIIMU METPOIOJUTeHA

VIIPA PA PIA A3 O NS

C TpaMBasiMU — 3TO COBEPIIEHHO OCOOBIN
Boripoc. Hamo gymaTh, 4TO MpaBUTEIBCTBO
CyMeeT KOMIICHCUPOBATh ITPOTOPU U YOBITOK
ropona.

BricTynaTh ke cO BCAKUMU OPYAUSIMU
MTPOTUBOACICTBISI HECOMHEHHO TI0JIE3HOMY
TPENITPUSTUIO — TOPOLY HETTPOCTUTEIbHO. OH
OTJIMIHO 3HAET, YTO caM OH HMKOTHa He pe-
UTCS Ha 3aTpaThl B 40 MJIH IS CO3MaHUS
3TOr0 XKeJIe3HOAOPOXKHOTIO ITOIYKOJIblia, BHO-
CSILIETO CTOJIBKO LIEHHBIX OJ1ar B YKJIa TOPO/I-
CKO¥ XM3HU, HUKOT/IA JaKe He TTPUOIU3UTCS
K 9TOW uuee.

Bcg ero 3amaua B 3TOM BOIIpoce, HaM Ka-
JKETCsI, MOJDKHA CBECTUCH K TOMY, YTOOBI M3-
BJIeYb M3 ITOTO MPEANPUATUSI HAUOObIINE
MaTepUuasibHbIE BHITObl. B 3TOM OTHOILIEHUM
€ro, BepOsITHO, MOAIEPKUT U [ocymapcTBeH-
Has [lyma, KoTopast JoJDKHA CAaHKIIMOHUPO-
BaTh KPEIUTHI HA METPOITOJIUTEH.

«C.- [lemepbypeckue Bedomocmu» om
1 noabps 1909 eo0a Ne 245.

Om Pedaxyuu. Y1 aTa cTaThs HyXAaeTcs
B HEKOTOPBIX pa3bsICHEHUSIX. Bo-TIepBHIX,
npoekT Komuccuu, D070XKEeHHBI 5-TO Mas,
B TEXHNYECKOM OTHOIICHUM UMECT OYeHb
MaJio O0IIIEeTO ¢ TPOCKTOM MHXeHepa bammH-
ckoro. Bo-BTopbIx, mIst KOMUCCHH, pa3pada-
ThIBaBILIEH MPOEKT, OT3bIB Bceil [opoackoii
Jymbl BoBce He ObLT Hy>KeH. KoMmuccuu Hamo
ObLIO y3HATh, He cocTaBsieT [lerepOyprckoe
Toponckoe YmpaBneHUe B TaHHBIE MOMEHT
KaKOro-JIM00 OJarONMpUsSTHOTO UCKITIOUCHUS
BO B3IVISIIAX Ha 11eJIeCO00Pa3HOCTh U BBITOI-
HOCTb MOAOOHBIX COOPYXKEHUI, U 1Ba WieHa
Topoackoii YripaBsl, yyacTByolI1e B 3aceaa-
HuM Komuccum M BBICKA3aBIIMeCsT IIPOTUB
MMpOeKTa, 0Ka3aJI1Ch JOCTATOYHO KOMITETCHT-
HBIMU. B-TpeThux, nipeacenarens Komuccun,
10 CBOMM ITPEXKHUM OTHOIIIEHUSIM K MOCKOB-
ckoit OKpy:KHOI1 1opore, JaBHO 03HAKOMJIEH
C 3TUMH B3TJISIIAMU U OBLI HEBBIPA3UMO
yIuBIEH U 0bpanoBaH, eciau 661 CI16. Topon-
ckag Jlyma He pa3mesiia 3asiBJICHUI O3HAYCH -
HbIX wieHoB [Toponackoit YnpaBbl. B-ueTBép-
TBIX, U3 IPYTMX 3aMHTEPECOBAaHHBIX CTOPOH
BBICKA3aJIMCh ITPOTUB MPOEKTA MPEICTaBUTEN
BOEHHOTO BEIOMCTBA M, HYXXKHO OTIaTh UM
TTOJTHYIO CITPaBEJTMBOCTh, UMM CEJIAaHO BCE,
IIJIST HUX BO3MOXKHOE, YTOOBI YPOHUTD ITPOEKT,
OTCTamBasl MOCTPOUMKY HBIHE COOpYKaeMOt
3aoxTeHcKoM auHuu. bynyiee, KoHeuHO,
MOKaeT, BO YTO 0OOIIIOCH CTpaHe U HaceJie-
Huto [leTepOypra 3T0 HaCTOSTHME MPEACTaABM -
TeJield BOGHHOTO BeIOMCTBa. B cyniHocTu ke
OHM OCBOOOIWIIN IIPOEKT OT HEHYXKHBIX IIPH-
TaTKOB, BBEACHHBIX paayu 00IIeil SKOHOMUM,
HO yIOPOKaBIIMX CaMBbIii TTPOEKT.
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CooOueHns npoeKTe yJIyuylleHUS] YCIOBU
MPUTOPOJHOTO MACCAKUPCKOTO BUKEHHUS MO
noporam IleTepOyprckoro xeJie3H00POKHOTO
y3na

[onoxeHo yieHoM Ha3BaHHOU Komwc-
cuu I1. TabypHo Topoackoit Jyme manoro
coctana 5 mast 1910 roma mocie noxkiana apy-
TMMU JIUIIAMU TEXHUYECKON YaCTH MPOEKTA.

ITo3BoJibTe MHE, MUJIOCTUBBIEC TOCYIApH,
TIOTTOJTHUTh HEKOTOPBIMU JAaHHBIMUA U CO00-
paxkeHUsIMU OOIIETO XapaKTepa TOJIbKO 4TO
MU3JIOKEHHYIO TEXHUYECKYIO YACTh IIPOEKTA.

Komuccus, obpazoBanHass MuHucrep-
ctBoM [Tyteit CooOliieHus1, KoTopasi pa3pada-
ThIBaJIa 3TOT MPOEKT, MMeJIa 3a1aduelo pa3pe-
IIUTh BOTIPOC O MEPEBO3KE MaccaknupoB
B IPUTOPOIHOM I1€PEIBYKEHIHU Ha XKeJIE3HO-
JIOPOXKHBIX IMHMSX, TPUMbIKaloux K [letep-
Oypry. 17151 3TUX 3KeJIe3HBIX JOPOL BOIIPOC 3TOT
CTajl OCTPBIM: MEPENOJHEHUE MTOe3I0B I'PO-
MaJgHOEe, TIPUTOPOIHOE ABVXKCHHE PACTET
6oistee yeM Ha 7 % B rom, Tak 4TO B KaKOii-
HUOYIb IECITOK JIET OHO [TOYTH YTO yABaUBa-
ercs. Ecnu B HacTosIiee BpeMsl 3TO MIPUTO-
POJIHOE IBVXKEHUE HAXOAUTCS B HEHOPMaJlb-
HBIX YCJIOBUSIX, Y €CJIA HE IIPUHSITh KOPEHHbBIX
Mep IIJIs €ro YAYYIIeHNS, TO B CpPaBHUTEIIBHO
KOPOTKMI CPOK keJie3Hoit moporu I[letep-
OYprcKoro ysjia OKaxyTcsi B COBEPIIEHHO
0e3BBIXOMHOM MMOJOXKeHNU. Yepes KaKux-
HUOyab 5—10 JeT cyliecTBylollee IBUXKEHIE
CUJILHO BO3pACTET, a Belb S-JETHUIN CPOK —
5TO TaKOU CPOK, K KOTOPOMY TOJBKO M BO3-
MOXKHO OyIET OCYIIIECTBUTD T€ MEPBI, KOTOPEIE
OKai MM 06pa30oM B COCTOSIHUU YITOPSIIO-
YUTb U IIPUBECTU B HaJUIEKALIMIA BUJI IIPUTO-
ponHoe aBvxXeHue. [103ToMy eCcTeCTBEHHO,
yT0 MUHUCTEPCTBO MyTeil COOOILIEHUSI TETIEPh
y3Ke 3a00TUTCSI O COCTABJICHUH PAllMOHAIBHO-
ro TJIaHa COOTBETCTBEHHBIX MEPOIIPUSITHIA.
Komuccust, pazpabarbiBaBIlasi TPAKTYeMbIii
IIPOEKT pa3pelleHMs 3a1a41 YI0BICTBOPEHUS
npuropoaHoro nBuxeHus us Ilerepoypra
u B IletepOypr, camo cobow0 paszymeeTcs,
IIOJKHA OBIJIa 3aTPOHYTh U MHTEPECHI TOPOJI-
CKUE KaK CaMOTo HaceJIeHUs, TaK Y TOPOICKO-
ro XO3$iCTBa, IOTOMY YTO, B CYLIHOCTH,
paspellaeMblii €10 BOIIPOC KACaeTCsl MOYTU
HUCKTIOYUTETHLHO TOpoicKuX oobiBaTeneit. Ho
HE3aBMCUMO OT TOTO, YTO, pa3peliasi Hame-
YEHHBIN BOITPOC, B CHITY TEXHUUECKHX YCIIO-
BUIT HEOOXOIUMO OBLITO KOCHYTHCSI TOPOICKIX
MHTEPECOB, IIPABUTEILCTBY, KAK BEPXOBHOMY
PaCITOpSAINUTENIO Hall BCEM TOCYIapCTBOM, HE
MOTYT OBITh YYKIbl M1 MHTEPECHI OOJIbIIUX
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TOPOACKUX LIEHTPOB, TEM IMaye cToauLbl M-
Mepuu, B OTHOLIEHUU KaK 3KOHOMUYECKUX,
TaK U TMTUEHUYHBIX YCIOBUI XU3HU HaceJe-
HU4.

Bpsin v KTo cTaHeT ocapuBaTh, YTO K-
TeJIM PYCCKOU CTONMIIBI, BCIEACTBUE HebJa-
TOMPUSATHBIX, [JTABHBIM 00pa30M KJIMMaThye-
CKMX, U, OTYACTU, TUTUEHUYHBIX YCIOBUA,
HYXIAIOTCS OOJIbILIE, YEM KUTEIU KAKOTO-0bI
TO HU OBUIO HE TOJIKO €BPOIIEHCKOro, HO
U PYCCKOI0 ropo/ia, B IPOXUBAaHUU B TECYEHUE
HEKOTOPOro BpeMEHMU rojia B 0oJiee 6aronpu-
SITHBIX YCJIOBUSIX. Mexay TeM xutenu [letep-
Oypra noJib3ylTCs JaYHOW XXKU3HBIO B BECbMa
orpaHnyeHHOM KonuvecTBe. Cy/isi o cTaTu-
CTUKE TEPEBO3KHU MMACCAXUPOB B IIPUTOPOI-
HOM JBUXeHuU, MeHee yeMm 10 % xuteneit
[TeTepOypra nMe0T BO3MOXHOCTD MOJIb30-
BaThCs B TeueHUe 3—4 JIETHUX MecsLeB ay-
HOM XU13Hb10. TaKO! MPOLIEHT BeCbMa HU30K,
U HE TOJIbKO MPaBUTEIbCTBO, HO IJIaBHBIM
00pa3oM camoyIipaBieHUe JOIKHO ObLIO ObI
MU3bICKUBATh BCSIKME MEPhI, CIIOCOOCTBYIOLIE
pacIpoCTpaHEHUIO JAYHOM KU3HU, TaXKe eCIU
3TU MepPBI TPeOOBAIU HEKOTOPBIX XEPTB CO
CTOPOHBI TOPOJICKOTO Ka3HAYEMCTBA, TaK KaK
3TU MPSIMbIE XKEPTBBI KOCBEHHBIM 00pa3oM
OKYMNaJIUCh Obl TEM YJIYYIIEHUEM 310POBbS
U NIOIKPEIJIEHUEM OPraHM3Ma eCJIM He BCETrO,
TO YaCTHU HacCeJeHUs, KOTOPbIE TOCTUTAIOTCS
npeObIBAaHWEM B TEUEHUE HECKOIbKUX MECS-
1IeB Ha CBEXXEM U 310pOBOM Bo3ayxe. [JlaBHbIM
MPEMAITCTBUEM K PAa3BUTUIO JAYHOU XU3HU
CJIeyeT CUMTATh HEYI00CTBA MePeaBUKEHNSI,
10O He O/IMH, HE JIBa U HE TPU pa3a B Mecsll
MauHUKY HYXXHO Mpuesxkatb B [leTepOypr
u ye3xatb u3 IletepOypra, a exXemHEeBHO.
Kaxnple nuniHue nosyaca, ynorpedji€HHbIE
Ha TMepeIBUXEHUE, CTOST BECbMa T0POTrO
CpenHe- U MAJIOUMYILIEMY KJIACCY HACEIEHMUS.
Tosibko GOraThIM JIOJSIM JOCTYITHA POCKOILb
HEe CUMTATKCS C ITOTepeli BpeMeHU; yeM OeiHee
YeJI0BEK, TEM JOPOXE €My Kaxaasi MUHYTa,
U BOT MO3TOMY [JIABHBIM YCJIOBUEM CJIETyET
CUYUTATh OBICTPOTY MEPEABUXKEHUS U MUHU-
MaJIBHYIO MIOTEPIO BPEMEHU B OXUAAHUM T1e-
peBo3ku. U To, 1 Apyroe B CyLIECTBYIOLLUX
CpeAcTBaX MPUIOPOJHOr0 MepeaBUXKEHUS
SIBJIIETCSL JAJIEKO HE YAOBJIETBOPUTEIbHBIM.
ITpoekT, BoipaboTaHHbI KoMuccueii, o Ko-
TOPOM UIET 3[ECh peYb, CIEAYeT CYUTATH
HauboJiee yNOBIETBOPSIIOUIUM 3TUM ABYM
YCJIOBUSIM — OBICTPOTE MEePEABUKEHUST U MaK-
CUMAaJIbHOU T'yCTOTE OTIPABISIEMbBIX 1 TPUObI-
BaIOIIUX MEPEBO30YHBIX €TUHULI.

Komuccus, BeipaboTaBiasi 10J0XEHHbBIN
BaM 3[€Ch MIPOEKT, MPULLIA K 3aKIIOYEHUIO,
YTO €IMHCTBEHHBIM CIIOCOOOM MPABUIBHOTO



(YHKIIMOHUPOBAHUSI C TEXHUYECKOU CTOPOHBI
BKCIUTyaTallMOHHBIX YCJIOBUM SIBIISIETCS HE
TOJIBKO TEPeXO MPUTOPOIHBIX XKeJIe3HBIX
JIOPOT Ha 3JIEKTPUIECKYIO TATY, IIPUAAOIIYIO
IBUXKEHUI0O MaKCUMaJIbHYI0 TMOKOCTb, HO
M COOPYKEHME OHOM, a BITOCJIEACTBUM JIBYX,
TPEX JIMHUIM, TIepeceKalolX FOpo U MPOeK-
TUPOBAHHBIX TAKMM 00pa3oM, YTOOBI OHH
COCTaBJISLIM HETIPEPBIBHOE KOJIBIIO, TT0 KOTO-
pPOMY IBUTAIMCh Obl MO€31a 0€3 BCIKMX MaHE-
BpOB.

ITpu ocymecrBieHun HamedyeHHOro Ko-
MUCCUel MpoeKTa, KaK TO SIBCTBYET U3 I0-
JNIPOOHBIX MOJACYETOB, HbIHE YOBITOUHOE IS
Ka3¢HHBIX KEJIE3HBIX JOPOT IMPUTOPOITHOE
JBIDKEHUE MOXKET CTaTh JOXOIHBIM HE TOJIBKO
0e3 yBeJMYeHUs MePeBO30YHOI IJIaThl, HO
Jlaxe ¢ yMeHblleHueM e€. TakuM obpazom,
OCYIIECTBJIEHUE 3TOrO MPOEKTa CYJIUT TOPOI-
CKHM OOBIBATEIISIM YIYIIIICHUE CPEACTB ITepe-
IBUKCHMS JUIST JAYHOM KU3HU, a, CJIeI0Ba-
TEJIbHO, U Pa3BUTUE €€, a C IPYTroii — rocyaap-
CTBEHHOMY Ka3HauyelCTBY MaTepualbHbIe
BbIroabl. OTCIOa BBIBOA: U MPaBUTEIbCTBO
B KauecTBe obeperaresisi Tocy1apCTBEHHOIO
Io0pa, 1 O0IIeCTBEeHHOE yIIPaBIeHUE, TIEKY-
1eecs 00 MHTepecax v yIo0CTBaX TOPOACKOTO
HaceJIeHUSI, TOKHBI COMTUCH HA 9TOM IIyTH
1 COBMECTHO CIIOCOOCTBOBATh OCYIIECTBIIE-
HUIO 11eJIecCO00pa3HbIX B JaHHOM BOIIpOCE
MEPOTIPUATUI.

M3 cka3aHHOTO MOXHO BBIBECTH 3aKJIIO-
YeHME, YTO OCYIIEeCTBICHUE ITpoekTa Komuic-
CUU, Mpeiaralouero ¢ 0OJHONW CTOPOHBI
9JIEKTPU(UKAIIMIO TPUTOPOIHBIX KEJTE3HBIX
JIOPOT, a ¢ APYroil — NMPOHUKHOBEHUE UX
BHYTPb TOpojia, SIBJSETCS JeJ0M HE TOJbKO
11eJIeco00pa3HbIM, HO I HEOOXOIUMBIM B MH-
Tepecax Kak XeJIe3HBIX JOPOT, TaK M TOPOI-
CKOTO HAacCeJICHUSI, U 3TOT BBIBOI BPSI JU
MOXKET OBITh OCITap1BacM.

IMpennoxenune KoMmuccuum o npoHUKHOBE-
HUM KeJIE3HBIX TOPOr B TOPOJ SIBJSETCS, IO
MOeMy MHEHUIO, He UeM-JIN00 HOBBIM, a JINIITh
pa3yMHBIM IIPUMEHEHNEM OCYIIECTBIEHHBIX
Mep B KPYITHBIX HACEJIEHHBIX IIEHTpaX AMepH-
K1 U EBpomnbl, HAXOOMBIIUXCS B TaKUX XK€
YCJIOBUSIX OTHOCUTEJLHO TMepeaBUKEHUS,
B Kakux HblHe HaxoauTcs IletepOypr. s
OCBEIIIEHUS BOIIpOca MHTEPECHO OYIET Ipo-
CJICINTh, KaK1e 00CYKIEeHUS TIPEIIIeCTBOBA-
JIV OCYIIECTBICHUIO 3THUX MEP B €BPOIEUCKUX
1 aMePUKAHCKUX KPYITHBIX LIEHTPaxX U Kakue
MOJYYUJIUCH Pe3yJIBTaThl MOCJIE OCYLIECTBIIE-
HUS uX. M3 KpynmHbIX IeHTpoB EBporbl O1mxke
K HaIllUM YCJIOBUSIM OO0 YT ropoaa bepama
n Bena. B c(pepax 00111 CTBEHHBIX TOPOICKNX
yIOpaBJIeHUI 3TUX FOPOJIOB OMAaCaauCh, YTO

VIIPA PA PIA A3 O NS

IMPOHUKHOBEHME XKEJIE3HBIX TIOPOT B TOPO/I
HaHECET CYIIEeCTBEHHBIN yIIepO HE TOIBKO
TOPOACKOMY XO3SIHCTBY, HO M TOPOICKOMY
YaCTHOMY UMYIIECTBY. [OBOPMIIOCH, UTO Ke-
JIe3HbIE TOPOTHU, MPOJOXKEHHBIE Yepe3 TOPo/l,
HE OrpaHUYMBasICh YIOBIETBOPEHUEM TTPUTO-
POMHOTO MepeIBUKEHUSI, 063 COMHEHUS, Oy-
IIyT BBITIOJTHSITH TIOITYyTHO M YHCTO TOPOIICKOE
MepeIBIKEHNE W OTBJICKYT OT TOPOICKUX
TpaMBaeB M3BECTHOE YMCJIO ITacCaXXupoB,
OTYEro YMEHBIIUTCS JOXOJ TOPOACKUX Tepe-
BO30YHBIX peAnpusATuii. C Ipyroii CTOpOHHI,
oracajuch, 4TO yao0CTBa TepeaBUKEHUS,
CIIOCOOCTBYSI PACCEICHUTO XXUTEJICH CTOJTAIIBI
B TIPUTOPOIBI, IIOHU3ST IICHBI HAa KBApPTUPHI,
a OT 3TOTrO0 IMOCTPAJAIOT HE TOJIbKO TOMOBJIa-
JIeJIbLIbl, HO U TOPOACKOE Ka3HaueiCcTBO, KO-
TOopoe obJjlaraeT HeABMXUMBIC NUMYIIECTBA
MPOTIOPIIMOHATIBHO JTOXOMHOCTH.

BoTuTo Ha 3TH OITaceHMST OTBEYAET CTaTH-
ctuka . bepnauna. B 1885 romy B Hauaie oT-
KPBITUSI TOPOJICKON OKPYKHOM K€JI. JOPOTU
OBLIO MIEPEBE3CHO:

OKpy>XHOIT TOpOACKOM X.1. — 15,2 MiIH
accakKupos,

TpamBasimu — 85,5

OmHunobycamu — 16,1

Bcero —116,8

B 1902 rony mo ropoackoii oKpyXXHo
JKEJIe3HOM opore OBLIO MEepeBe3eHO yxKe —
91,7 MJIH maccaxkupos.

TpamBasimu 3 — 62,6

Owmuubycamu — 78,7

Bcero — 533,0
T.. B TeueHue 17 JeT 4ucio TpaMBalHBIX
MaccaxxupoB YBEJIMUYUIOCh Ha — 277 MUJLIINO-
HOB, a B 1907 roay ObL10 epeBe3eHO:

OKpyXHOIT TOpojaCcKOoi k.1, — 148,9 MaH
maccaxxuposn

TpamBasimu — 504,8

OmHubycamu — 140,6

Bcero — 794,3
T.€. 32 TISATh JIET YMCJIO TPAMBAHBIX TTACCAXM -
pOB yBenmumioch Ha 142,2 MutH. DTu TaHHBIE
C OYEBHUIHOCTHIO TOKA3BIBAIOT, YTO COOPYKe-
Hue B bepauHe oKpy>KHOI ropoICKOi XKene3-
HOI JOPOT'M HE TOJIbKO HEe OTBJIEKJIO OT TpaM-
BaeB IacCaXMpoB, a HAOOOPOT, OHO CIIOCO0-
CTBOBAJIO YBEJIMUECHUIO YMCJIa U TPAMBaHBIX
MepeBO30K, 1 OMHUOYCHBIX, ¥ BOOOIIIE BO3pa-
CTaHUIO BCETO MePeABIKEHIS 10 TOPOLIY, MO0
B bepnune B 1885 rogy Ha ogHOIO XUTENs
manano 82 noe3nku, a B 1907 roay 265 noes-
oK. Takolt CUJIbHBIN POCT KaK TpaMBaitHOTO,
TaK 1 OMHUOYCHOTO TIEPEIBUKEHMSI CIIETyeT
MIPUITHACATh, TTITABHBIM 00pa30M, OCYIIECTBIIe-
HUIO OKPYKHOM TOPOJICKOM JTUHUM, KOTOpast
Jajla BO3MOXHOCTb M30exKaTh CKy4eHHOCTHU
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3aceJIeHUsI LIEHTPaIbHBIX YacTel Topo/ia 1 Tie-
pEHeCTH JacTh OOBIBaTeNIeil Ha OKPAWHEI TO-
pona. [Toe3ma oKpyKHOIT 1 TOPOIICKOM JKeIe3-
HO1 TOPOTHU SIBJISTIOTCSI COOMpPATEIbHBIM arl-
MmapaToM ¢ OTHaJEHHBIX YacTell ropona, 10-
CTaBJIsII Maccy HaceJIeHUs B IIEHTpaJIbHbIe
4acTW ero, OTKyJa OHa yXe I0 TpaMBasM
1 B OMHHMOYycaxX HaIlpaBJISIETCS IO MeCTaM
paboThl WK TOProBiau. Eciau, MoxkeT ObITh,
TrOpoACKasl OKpYyKHasl KeJe3Hasl 1opora OT-
BJIeKaeT HEKOTOPYIO YacTh MaccaxupoB, TO
TOJIPKO MCKJTIOUMTEIbHO eIyIINX Ha JaeéKue
paccrosiHus. Ha 6/1M3Kue paccTosIHUS OHA He
MOKET OTBJIEKATh IACCAXUPOB, XOTSI OBI IO
YUCTO TapuHOI IMpUInHEe, MO0 Ha MaJcHb-
K€ pacCTOSTHUS Tapy FOPOICKUX KEIE3HBIX
JIOPOT ropasao Bhille TpamBaitHoro. Ho 3aro
OHa YBEJIMYMBAET YHUCJIO TPaMBalHBIX Tacca-
KUPOB Ha OJIM3KUE PACCTOSTHUS, KaKOBBIE
ImaccakXuphl IJIsI TPaMBaiHOTO XO3sSicTBa
0oJiee BHITOIHEL.

B Bene B 1895 roay He ObLIO TOPOICKUX
>KeJIe3HBIX JOPOT, a Ha TpaMBasiX MepeBO3U-
gock 70,5 maH naccaxupon; B 1902 roay
TOpOJACKME XeJe3Hble TOPOTU TepeBe3n
33,8 MJIH mmaccaxupos, a TpaMmBau 145 mutH
rnmaccaxxupoB, OMHUOYCHI 17,8 MJTH Imaccaxku-
poB. B 1907 rony ropoackue kejae3Hble 10-
pPOT'U IepeBe3JIv TO XKe KOJMYECTBO Maccaxu-
poB, uTo 1 B 1902 roxy, TpaMBau e nepeBes-
nu 216,9 MJIH maccaXupoB, a ABUXKEHUE
OMHHMOYCOB ymao 1o 13,9 MJTH maccaxxupos;
TaKUM 00pa30oM YMCJIO TpaMBaMHBIX ITacca-
KUPOB 3a 12 jeT yBeauuumyioch Ha 146,4
MWUIMOH. U 31ech Mbl 3aMeuaeM Ty XKe Kap-
THUHY, YTO U B bepiuHe: coopyxeHue ropo-
CKOW JTUHUM CITOCOOCTBOBAJIO Pa3BUTUIO
TpaMBalfHOTO ABVMXKCHUS, a OTHIOOb HE CO-
KpaIeHuIo ero. Sl Mor ObI IPUBECTU aHAJIO-
TUYHbBIC TaHHBIE U TI0 MHOTUM APYTUM T'OpO-
JlaM, HO OTpaHUYyCh JaHHBIMU BeHbl u bep-
JIMHa, Kak TOpoaoB, O6oJjice OJU3KUX IO
YCJIOBUSIM, a TAaKXKe U 110 KOJIMYECTBY MX Ha-
ceneHus kK [leTepOypry, Kak paBHO U II0
IIPOIIEHTHOMY pPOCTY HacejeHus (B Bene
B 1907 romy ObLIO OKOJIO 2 MJTH XKUTEJICH, POCT
okoJio 4 % B ron; B bepiuHe okojio 3 MiIH
1 POCT 0KoJIo 5 % B rox).

YTo KacaeTcst BTOPOTO OIACeHUs — O TOM,
YTO TOPOJACKNE JOPOTH, CITOCOOCTBYS pacce-
JICHUIO TOPOACKUX XKUTEJIeHt 6 IPUTOPOMIBI,
SIBSITCSI IPUYMHOIO Majieka 1IeH Ha TOPOICKHE
YaCTHbIE HEABMXKUMbIC UMYILIECTBA, TO 5 AY-
Malo, YTO He CTOMJIO ObI HAa 9TOM UM OCTaHaB-
JINBATBHCS, MO0 BPSIL I MOKHO COTJIACUTHCS
C TaKUM MOJIOKEHUEM, KOTOPOE KePTBOBAJIO
OBl MHTEpEeCcaMM MacChl HACEJICHUS B TIOJIb3Y
00raToro MEHbUIMHCTBA, XXUBYIIIETO 32 CYET
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3TOI Macchl. fl He nymaro, 4TOObI KTO-JIMOO
13 Bac 3/1eCh IPUCOEAUHWICS K TOJIOCY mex
rpaxaaH Bensl u bepnuna, kotopsle Tam
MPOTUBOIEICTBOBAIM OCYIIECTBICHUIO TO-
POJICKUX XKeJIE3HBIX JOPOT U3 ONACEHUSsI, YTO
HaéMHas riaTa 3a KBapTUpbl ynaiaet. Bawm,
TMOHSITHO, XeJIaTeJIbHO OCBEIlIEHUE 3TOM Ya-
CTU BOTIPOCA, MOCKOJbKY OH OTHOCHUTCS
K BO3MOKHOCTY YMEHBIICHUS I0XO/1a TOPO/I -
CKOTO Ka3HauelcTBa SIKOObI OT MaaeHUs
CTOMMOCTU TOPOICKUX YaCTHBIX HEIBUXKHU-
mbix umytiects. Hu B bepnaune, Hu B Bene
C MOMEHTa COOPYXEHUS TOPOACKUX KeJe3-
HBIX JOPOT, LIEHbI Ha KBAPTUPHI B IIEHTPAJTb-
HBIX YacTsIX ropojie 0aarogapsi pacceaeHuIo
Ha OKpauHbI HE yIaan, Ha OKpanHax ke To-
poloB, HA0OOPOT, CUJBHO YBEJIUYUIUCH,
Jaji 0OJIBIION MPUPOCT OOJOKEHUS TOPOJI-
CKUX HEABUXXKUMBIX UMYIIECTB. MOXET OBbITb,
LIEHbI Ha TTOMEIIEHUST B LIEHTPAJIBHBIX YACTSIX
repecTany MOJHUMATHCS C TOM MOPa3UTETb-
HOM OBICTPOTOM, C KAKOI OHY ITOJJHUMAJIUCh
paHee. 31ecbh B KBAPTUPHOM BOIIPOCE HACTY-
MU HOPMaJbHbIE YCIOBUS, U POCT KBap-
TUPHOTO HaliMa MOIIENT MO KPUBOU 001Iero
pocTta BooOIie ctouMocTu xu3Hu. Ecium
obpaTtumcs K O10KeTaM TOPOJICKHUX YIIpaB-
JIEHU 3TUX JBYX TOPOJIOB MOCJIE COOPYXKEHUSI
TOPOJICKUX XKEJIE3HBIX TOPOT, TO B OIOKETax
MbI HE YCMOTPUM IMaeHusl, a HA000pOT — 3a-
METHM OoJiee ObICTPBIN POCT 10X0a0B. Topo-
CKOU OIO/IKET 3UKIIeTCsI Ha 0J1ar0COCTOSTHUYT
Maccel HacesieHust. Ecnu aTa Macca caKoHO-
MMWT Ha KBAPTUPHOIA T1aTe, TO 3Ty SKOHOMUIO
OHa YyMOTPEOUT Ha YTO-JIMOO Apyroe, yiayd-
IIalo1Iee XU3Hb, U I0Js 9TUX JO0OABOYHBIX
pacxoaoB MOMaAaeT TeM WJIW WUHBIM IMYTEM
B TOPOJICKOE Ka3HAUeCTBO HEe B MEHbIIEH
TPOTIOPIIMU, YEM HAJIOT C HEIBVDKUMBIX UMY -
1ECTB.

BosBpalasicb K mpoekTy, 0 KOTOPOM ce-
TONHS 3[eCh JTOKJIaAbIBACTCSI, HY>KHO COIIO-
CTaBUTh T€ YCJOBUS, KOTOPbIE CO3AAAYTCS
B TOPOJICKOM MEPENBUXEHUU B Cllydyae Mpo-
HUKHOBEHUSI TTPUTOPOIHBIX AOPOT B TOPO/,
C CYHIECTBYIOIIMMHU B HACTOSIIIEE BpeMs
CpelcTBaMU FOPOICKOTO MepeaBUKEHUSI.

Bpsn nu MOXHO MpU3HATh, YTO CyIIle-
CTBYIOIIIME KYJIBTYPHBIE CPEACTBA MePEABIKE-
HUS, T.e. TPaMBau B TOPOJE B COCTOSTHUU
B IOJIHOW Mepe YIOBJIETBOPUTD HYXK/bI TOPOJI-
CKOTO TIepeIBUKEHUS. Mbl BUIUM, YTO B UH-
TEHCUBHbIE Yachl MEPEABUXEHUS — YTPOM,
KOTIJia OTKPBIBAIOTCS CIIY>KEOHbIE U TOPTOBbIE
YUpEXIEeHUS, U BeYepOM, KOTIa OHU 3aKpPbl-
BAIOTCSI, TpAaMBau TEPETIONHSIIOTCS 10 HENlo-
IyCTUMBIX pa3MePOB, U IMaccakupam MoJoTy
MPUXOAUTCS KIATh HA OCTAHOBOYHBIX MyHK-



Tax OvYepear; Mbl BUAUM, YTO HaceJieHUue
[TetepOypra, 6iarogapss HEBO3MOXHOCTHU
MOJIb30BaThCSl TPAMBAsIMU BCIENCTBUE UX
HEJ0CTaTOYHOCTHU, MPUHYK/IEHO MOJIb30BaTh-
Csl IOPOTMM U3BO3UMYBUM TEPEIBUKEHUEM.
Toponckoe yrnpaBiieHUe B HACTOSIIIEEe BpeMsi
032004Y€HO U3bICKAHUEM CPENICTB K pa3rpy3Ke
LIEHTPAJIbHBIX TPAMBAWHBIX JTUHUMI, OO me-
perpyska ux, KpoMe BCEero Mpoyero, HAHOCUT
Bped U CaMOMY TpaMBaliHOMY XO3SICTBY.
OrpaHUYUTHCS TEMU TUHUSIMU, KOTOPBIE yKE
COOPY>XEHbI, HETb3sI, — HEOOXOIUMO MPOAOT-
JKWUTh OCYILIECTBJIEHUE BCEI CETU; COOPYKEH-
HbIE JIMHUU COCTABJISIOT MEHBIIIYIO YACTh 3TOU
CETH TOPOJICKUX TpamBaeB. Eciiu B HacTosI1ee
BpeMsI CyIIECTBYET Takasl meperpyska, To
KaKoBa OHa OyJIeT, KOraa HauYHYT 1eliCTBOBATh
JIMHUM, CKaXXeM, BTOpoii ouepenu. Benp atu
HOBBIE JIMHUU YCUJISIT MPUJIUB MTacCaXupoB
K LIEHTPAJIbHBIM JIUHUAM, U0O TJIaBHOE BU-
JKEHME HAIMpaBIsIeTCsl K LEHTPAIbHOUN YacTu
ropoza, Tae pacrioJIOXKeHbl TPABUTEILCTBEH-
Hble, OOIIIECTBEHHbIE U TOPTOBbIE YUPEXIe-
Hus. [TonoxkeHne MOXeT CTaTb KpUTUYECKUM,
1 MHE KaXeTcs, UTO He CleAyeT MPUCTYNaTh
K COOPY>KEHUIO TPAMBAEB MOCJIEAYIOLINX OYe-
pezeii npexae, 4eM OyayT M3BICKAHBI CPEICTBA
K pa3rpy3ke CyIleCTBYIOIIUX JUHUMA.

[Tpu TakoM MOJ0XEHUM TEPEBO30YHBIX
TOPOACKUX CPENCTB, MHE KaXeTCs, HE MOXET
OBITH MeCTa BOMPOCY 00 OTBJIEUYEHUM Iacca-
XKUPOB MPOEKTUPYEMBIMUA TOPOICKUMU JIU-
HUSMU OT TOPOACKUX TPAMBAEB; €CJIU ObI Ta-
KO€ OTBJI€YEHUE MOTJI0 UMETb MECTO, TO
3TOMY CJIEI0BAJIO TOJIBKO PaJ0oBaThCSI.

Hpyroe aeyio — BONpoc 00 y4yacTuu ropojaa
B OCYIIIECTBIIEHUU HamMeueHHbIX Komuccueit
TOPOACKUX JIMHUM.

Komuccust, BeipaboTaBiiiast MpoexT, B 1ie-
JIIX oOecreyeHusl eIMHCTBA X03s11CTBa DKC-
MJIyaTaluu, noJjaraja ocyllecTBIeHNUE BCEro
MpoeKTa Ka3HOlo, KOTOPOU MpUHAIJIeXaT, 3a
MaJIbIM UCKJIIOYEHUEM, NMOYTU BCE JIMHUMU,
npuneratomue K I[lerepOypry. [Ipasna,
u B bepnune, u B Bene, u gaxe B Ilapuxe
JIOPOTU MPOEKTUPOBAHHOTO TUTA OCYIIECTB-
JIeHbl Ka3Hoto. JINYHO 51 ¢ 3TUM MHEHUEM
Komuccun pacxoxyce, Ho B Komuccuu aToTt
BOIPOC BeCbMa MaJio U fedaTuponaics. A ay-
Malo, YTO B BOIPOCE O MPOBEAECHUU UYepe3
TOPOJI 3KeJIE3HBIX JOPOT, XOT$ ObI aXKe C TIpe-
00J1aaoleli Heablo YperyJiupoBaTh MpUro-
POIHOE ABMXEHUE, Pa3 3TU JOPOTU BbITIOJIHS-
0T QYHKIIMU U YUCTO TOPOACKOTO MepeIBU-
KEeHUSI, HUKOUM 00pa30M HeJb3s1 UTHOPUPO-
BaTh IMpaBa ropoja Ha 3KCIJyaTalUIo
TePEeBO30YHBIX CpeicTB. OTpaHUYUTh TPOEK-
TUpYeMble 10pPOTH DYHKIIUEN MepeIBUXKEHUS

TOJIBKO TIPUTOPOIHBIX ITACCAKMUPOB (haKTHUe-
CKM HEBO3MOXKHO, 1a U HEPa3yMHO OBLIO OBI
JIMIIATh TOPOACKOE HaceJeHNUEe YIO0OHOTO
nepeaBuxkeHus1. Ha ycTpoiicTBoO TUHUM I
TOPOJICKOTO MepeABUKEHUS TPEUMYIIECTBEH-
HbIE TpaBa MPUHAJJIEXAT TOPOIY, U TOPOILY
MPUHAJIEXXUT WHUIIMATUBA OCYIIECTBICHUS
TOPOICKUX JIMHUI, ITyTEM JIM BBITTOJTHEHUS X
Ha CBOM CPENICTBA, WJIM K¢ OTIA4Yeii X B KOH-
LIECCMOHHOE ITOJIb30BaHUE, MPUIEM B TAKOM
clyyae KOHIECCHs JOKHA ObITh TOpOACKasi,
a He MPaBUTEILCTBEHHASI, M TIPaBO BHIKYIIA
JTIOJKHO TIpUHAJIEXKaTh TOPOIY TaK Xe, Kak
¥ TIpaBO 0€3BO3ME3IHOIO Mepexoma TOPOTH
K TOPOIy 10 OKOHYaHUU KOHIICCCMOHHOTO
cpoka. UTo ke KacaeTcs COBMECTHOTO JIBIKE-
HUsI TOPOACKUX JIMHUI C ydaCTKaMM MPUTO-
POIIHBIX XKeJIE3HBIX TIOPOT, TO B 3TOM OTHOIIIE-
HUN OYKBaJbHO HET HMKAKMX TEeXHUIECKUX
MPETSITCTBUIA: TT0e31a TIPUTOPOTHBIX KeJIe3-
HBIX JIOPOT, 0€3 BCSIKMX OYMaKHBIX WJIM MHBIX
MaHUMYJISUNM, MOTYT TIPOHMKATh Ha TOPO/I-
CKMe XeJIe3HbIe TOPOTY U ABUTaThCS 110 HUM.
Jeno 3akiato4aeTcs JUIIb B YUETE YUCTO XO-
3MCTBEHHOTO XapakTepa, BeCbMa JIETKO
OCYIIIECTBIMOM.

Takum 06pa3zoM MbI NPUIILUIM HE K OTPU-
LIAHUIO 11eJIeCO00Pa3HOCTH OCYIIIECTBACHUS
TOPOACKUX JIMHUI, a K BOIIPOCY O CIiocodax
WX OCYIIIECTBJICHHUSI.

ITo mopcuéram Komuccnu, skcruryaraiust
MPOEKTUPYEMBIX TOPOACKUX JAOPOT SIBJISIETCS
BBITOIHBIM TIpeanpusaTueM. Ho mpu o6mmmp-
HOCTH TOPOJCKOI0O XO3SIICTBA BPSII JIM TAKUE
JIMHUU MOTYT OBITh YCTIEIITHO 3KCILTyaTUpye-
MbI camMuM ropoaoM. I[lpaBuibHee ObUIO ObI
IMOCTPOUTD TaKWe JIMHUM Ha TOPOJCKUE CPel-
CTBa M TepeaaTh MX Ha BBITOTHBIX YCIOBUSX
B OKCIUTyaTaIldIO0 YACTHBIM OOIIIECTBAM.

Ho ecnu, 1o Toit, My MHOI, IpUYMHE WU
CO00OpaKeHHI0, TOPOJI, CTal Obl MELIKAaTh C OCY-
IIECTBJICHUEM TOTPEOHBIX TOPOICKUX JTMHUN
0OJTBILION CKOPOCTHU, TO HEJIB3S1 OYIIET IMEHSATh Ha
MIPaBUTEJILCTBO, €CJIM OHO ITPESAITPUMET CaMO MX
OCYIIIECTBICHUE, HECMOTPSI Ha MPEUMYIIIE-
CTBEHHBIE TIpaBa ropoja: BeAb peyb UAET He
TOJIBKO 00 YperyJIMpoOBaHUM ABVDKEHMS Ha XKe-
JIE3HBIX JOpOraX, MPUMBIKAIOIINX K CTOJIMIIEC,
HO 1 0 Mepax, 63 KOTOPbIX B HeJaNEKOM OyIy-
IIeM JKeJIC3HBIC TOPOTY He OKaXKYTCS B COCTOSI-
HHUU BOBCE BBITIOJTHSITh BO3pacTaIOIIee IBIDKE-
Hue. [IpaBUTEIBCTBO HE MOXET U HE TOJDKHO
CTaBUTb OE30ITaCHOCTb ABUXKEHUS U NHTEPECHI
TOCyIapcTBa U TOPONCKUX KUTEJIeil B 3aBUCH -
MOCTb OT ITOCTOPOHHUX COOOPaKeHMIA.

(Keaesnodopocnoe deao. — 1910. —
Ne28. —C. 151-155) ®
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The journal Zheleznodorozhnoe Delo [Railway Business] in 1910 reviewed in detail the
discussion in City Duma [Council] of St. Petersburg on the report of the Commission of
the Ministry of Railways, that suggested the project of comprehensive development of

rail transport in the city. Using more modern terminology the discussion touched upon

the aspects that are still of interest nowadays, comprising impact on urban planning and
traffic jams in the downtown, private public partnership, mobility of population, system
development of urban and suburban transit, possibility to use railways for intracity travels
and relevant fares, prospect for construction of metro.

Kew words: city transport, urban and suburban railways, commuter trains, mobility, St. Petersburg.

The editors are grateful to the staff of the library of Russian University of Transport for their help in preparing

the material.

On Improving the Conditions for Passenger
Traffic on Suburban and Urban Railways of
Petersburg Junction

In the Petersburg List of May 6, this year
the following message has been published, not
devoid of interest, according to its specific
character:

Yesterday, on May 5, in the darkened
Nikolayevsky hall Mr. Taburno read to the
general presence of the council a report on his
project for arrangement of suburban trams with
a direct connection through city roads.

This report was attended by the mayor
I. I. Glazunov, his deputy, members of the
council, many public officials, representatives
ofthe Ministry of Railways and Ing. Gorchakov,
the chairman on this subject of the Government
Commission.

Mr. Taburno accompanied his report with
light pictures on the screen and said that all the
work would cost about fifty-four million rubles.

The speaker set out in great detail the
project, including the type of rails, track
crossings, etc.

Mr. Taburno reported to the meeting about
the proposed routes and in passing only
mentioned that the city will receive a reward
for the traffic on its territory.

Although there was no debate on the report,
the audience, having entered the neighbouring
Alexander hall, seemed to be divided into two
parts.

Some, for example, member of the town
council N. N. Pertsov, argued that sooner or
later such a road should be arranged, that it
would resolve the housing crisis in the central
parts of the city, help populate the urban
outskirts, raise profitability of real estate in
these outskirts and, consequently, raise the
citywide estimate levy on real estate.

This group of members of the town council
referred to the example of Berlin, where with
asimilar type of road, city tram traffic increased
eight and a half times in just twenty-five years.

Opponents objected that the population of
Berlin had more than doubled in twenty-five
years.

In addition to the suburban trams, there
were many reasons that increased Berlin tram
traffic.

The most important thing in these cases is
abundance of city tram lines.

And if we had trams of the second and third
stages [of earlier planned], the traffic on the
first stage would also quadruple.

In general, it must be confessed that the
attitude of the members of the town council



to the project of Mr. Taburno was rather
sour.

— There is no doubt that a suburban tram
connected to city lines will be useful, but the
question is — for whom?

Most likely, for Mr. Taburno himself, and
to those who will build this tram, but in no case
for the city.

The congestion of narrow streets is already
very high.

And ifthis traffic congestion is also increased
by transit traffic through the city, then no good
can be expected from this.

The «Little Duma» decided upon receipt of
an official draft from the Ministry of Railways,
which does not coincide with the views and
intentions of Mr. Taburno, to send this official
draft to all publics and put the issue on the
agenda of the Duma, without expressing any
personal opinion, but leaving the Duma to do
what it wants.

From the Editor. This message was delivered
to us incidentally — and in other newspapers
something similar was probably placed. As
hastily written, it is not accurate. So, for
example, in the 1*t and 3" paragraphs it is said
that Mr. Taburno reported «his» project, while
he reported not his own project, but a draft
drawn up by the Commission, the chairman of
which is named in the 2" paragraph; he did not
even report on the technical side of the project:
engineers Belago and Rudnitsky, former
members of the same Commission, reported
on it. As for the question — to whom this project
would benefit, which was the subject of the
report read by the engineer Taburno himself,
the reader will learn about this in detail from
the following presentation of this report, to
which, however, we preface article of Mr.
Gorodsky, published last autumn. It seems to
us to be one of the most deliberate newspaper
articles on this issue.

In conclusion, we quote from addendum
No. 5 to Izvestia of the Meeting of Railway
Engineers No. 26 dated May 8 this year, that
«the Ministry of Railways submits for
preliminary consideration of the Council of
Ministers the issue of permission to conduct
surveys and drafting a project for electrification
of suburban areas of the North-West Railways
with arrangement of a central power station on
the river Volkhov, as well as subject to an
experimental survey the question of the best
method for arranging a high-voltage

transmission line in the current 1910 and
opening of a special loan for this subject in the
amount of 125 thousand rubles, and in case of
their insufficiency — on the balances according
to the general list of income and expenses for
the same year».

Probably, the employee of Petersburg List
had this project in mind, calling it in the last
paragraph of his note that it did not coincide
with the views and intentions of Mr. Taburno,
in fact, of the mentioned Commission. But this
project will affect the interests of the city only
to asmall extent, and the City Duma is unlikely
to find anything to say against it.

I. Article of Mr. Gorodsky entitled
«Petersburg Metro»

The government again returned to what it
had refused seven or eight years ago: to the
metro.

Then an engineer Mr. Balinsky was the
author of the project and the initiator. Ministry
of Finance headed by Mr. S. Yu. Witte warmly
supported the idea of the metro. Representatives
of other ministries were also sympathetic in the
special Commission for construction of this
city railway enterprise.

But the metro project had two strong
opponents: Petersburg city public
administration and the then all-powerful
Minister of the Interior Mr. Plehve.

As a result, the opponents of the metro
prevailed over the current favourable for this
enterprise: the project was rejected...

And now, already on the initiative of
government agencies, a new project has been
developed, the work of Mr. Balinsky was
undoubtedly its prototype.

And again, among the opponents, we see
St. Petersburg city administration.

The views of other stakeholders have not yet
emerged.

The city puts forward the same arguments
as before, the same arsenal of arguments against
the metro.

But most of all, our Duma is offended by
the fact that the Ministry of Railways, from the
depths of which the project came out, did not
reckon with the city as with the public authority,
which disposes of the rights of the owner in the
capital.

One cannot but agree that even when
solving problems of state benefit and
importance, nevertheless, if these problems
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violate or affect the interests of city management,
the city could not be ignored.

But the Commission of Active State
Councillor Gorchakov invited representatives
of the city to participate in the meetings. They
took part in one of the meetings and spoke out
against the metro project.

Here, in essence, there was a twofold
mistake: in such serious matters it is necessary
that the Commission should have a deputy
from the Duma, supplied with appropriate
directives, and not members of the city council
who spoke on their own behalf. The Duma’s
point of view on creation of metro in St.
Petersburg is still unknown. Let’s say more:
the Duma does not even know the essence of
the project, its main parts and goals.

It has only private information at its
disposal: the road will be constructed using
electric traction; will pass through the centre
of the capital — Litovskaya Street along an
overpass, cross Nevsky Prospect, go out onto
the Neva, here it will cross a special bridge to
Vyborg side, connect with Finlyandskaya road
and the freight station of Primorskaya road,
etc.

The purpose of metro is to unite all the
stations and to promote the correct
resettlement and thinning of the capital’s
population by attracting it to the outskirts and
summer cottages located on the railway lines.

Here is everything that is known about the
metro in the city government.

Even with such fragmentary information,
one cannot but sympathize with the idea of a
new railway enterprise. If the Duma speaks
out and will speak out even more firmly against
the metro, it is solely due to the fact that it is
dominated by homeowners. The projected
road, embracing the capital in a wide
semicircle, will cause certain damage to the
central household. The Petersburg tram was
built in such a way that it could not and cannot
free the population from the cramped and
crowded life. It serves arteries and areas in
which city life is in full swing and little
distraction of the population to undeveloped
and healthy areas. Consequently, the project
of the metro, developed by the government, is
fully in the interests of the poorest population,
suffering from the high cost of apartments, air
and soil pollution. That the city ticket office
may suffer from the competition between the
metro and trams is a very special issue. One

must think that the government will be able to
compensate the city’s losses.

It is unforgivable for the city to come out
with all sorts of instruments of counteraction
to an undoubtedly useful enterprise. It knows
very well that it will never dare to spend 40
million to create this railway semicircle, which
brings so many valuable benefits to the way of
city life, it will never even come close to this
idea.

Its whole task in this matter, it seems to us,
should be reduced to deriving great material
benefits from this enterprise. In this regard, the
State Duma will probably also support it, which
should authorize loans for the metro.

St. Petersburg Vedomosti, dated November
1, 1909, No. 245.

From the Editor. And this article needs
some clarification. Firstly, the project of the
Commission, reported on May 5, in technical
respect has very little in common with the
project of engineer Balinsky. Secondly, for the
Commission that developed the project, the
recall of the entire City Duma was not at all
necessary. The Commission had to find out if
the St. Petersburg City Administration was
currently making up any favourable exception
in their views on feasibility and profitability
of such structures, and two members of the
City Administration who participated in the
meeting of the Commission and spoke out
against the project turned out to be quite
competent. Thirdly, the chairman of the
Commission, according to his previous
relations with the Moscow Circle Road, has
long been familiar with these views and was
inexpressibly surprised and delighted if
St. Petersburg City Duma did not share the
statements of the aforementioned members of
the City Council. Fourthly, out of other
interested parties’ representatives of the
military department spoke out against the
project and, we must give them full justice,
they did everything possible for them to drop
the project, defending the construction of
Zaokhtenskaya line currently under
construction. The future, of course, will show
how much this insistence of representatives of
the military department costs the country and
the population of St. Petersburg. In essence,
they freed the project from unnecessary
appendages, introduced for the sake of general
economy, but increased the cost of the project
itself.



I1. Interests of the city of Petersburg in the
project for improving the conditions of suburban
passenger traffic on the roads of Petersburg
railway junction drawn up by the Commission of
the Ministry of Railways

Reported by a member of the named
Commission P. Taburno to the City Duma of
small composition on May 5, 1910 after other
persons reported on the technical part of the
project.

Let me, Dear Sirs, add some data and
general considerations to the technical part of
the project just outlined.

The Commission formed by the Ministry of
Railways, which developed this project, had the
task of resolving the issue of transporting
passengers in suburban traffic on the railway lines
adjacent to Petersburg. For these railways, this
question has become acute: overcrowding of
trains is enormous, suburban traffic is growing
by more than 7 % a year, so that in some ten years
it will almost double. If at the present time this
suburban traffic is in abnormal conditions, and
if radical measures are not taken to improve it,
then in a relatively short period of time railways
of Petersburg junction will find themselves in a
completely hopeless situation. In some 5—10
years, the existing traffic will greatly increase,
and in fact a 5-year period is the period by which
it will only be possible to implement those
measures that are most likely to be able to
streamline and bring suburban traffic into proper
form. Therefore, it is natural that the Ministry
of Railways is now taking care of drawing up a
rational plan of appropriate measures. The
Commission, which was developing the
interpreted project of resolving the problem of
satisfying suburban traffic from Petersburg and
to Petersburg, of course, had to touch the
interests of the urban population, both of the
population itself and of the urban economy,
because, in essence, the issue it resolves concerns
almost exclusively urban residents. But regardless
of the fact that, in resolving the intended issue,
due to technical conditions it was necessary to
touch on urban interests, the Government, as
the supreme manager over the entire state,
cannot be alien to the interests of large urban
centres, especially the capital of the Empire, in
relation to both economic, and hygienic living
conditions of the population.

It is unlikely that anyone would dispute that
the inhabitants of the Russian capital, due to

unfavourable, mainly climatic, and, in part,
hygienic conditions, need more than residents
of'any not only European, but also Russian city,
in living for some seasons in more favourable
conditions. Meanwhile, residents of
St. Petersburg use their dacha life in very
limited quantities. Judging by the statistics of
passenger transportation in suburban traffic,
less than 10 % of St. Petersburg residents have
the opportunity to use their dacha life for 3—4
summer months. This percentage is very low,
and not only the Government, but mainly the
self-government should have sought all kinds
of measures to promote spread of dacha life,
even if these measures required some sacrifices
on the part of the city treasury, since these direct
sacrifices would indirectly pay off by improving
health and reinforcement of the body, if not all,
then part of the population, which is achieved
by staying for several months in fresh and
healthy air. The main obstacle to development
ofdachalife should be considered inconvenience
of travelling, because not one, not two or three
times a month a summer resident needs to
come to Petersburg and leave Petersburg, but
every day. Every extra half hour spent on travel
is very expensive for the middle and low-
income class of the population. Only rich
people have the luxury of not reckoning with
waste of time; the poorer is a person, the more
expensive is each minute, and that is why the
main conditions should be considered: speed
of movement and minimum loss of time while
waiting for transportation. Both conditions in
existing commuter vehicles are far from
satisfactory. The project developed by the
Commission, which we are talking about here,
should be considered the most satisfying these
two conditions — speed of movement and
maximum density of dispatched and arriving
transport units.

The Commission that developed the
project, reported to you here, came to the
conclusion that the only way to properly
function from the technical side of operational
conditions is not only the transition of suburban
railways to electric traction, which gives traffic
maximum flexibility, but also construction of
one, and subsequently two, three lines, crossing
the city and designed in such a way that they
form a continuous ring along which trains
would move without any manoeuvres.

With implementation of the project
outlined by the Commission, as it is clear from
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detailed calculations, suburban traffic, which
is now unprofitable for state-owned railways,
can become profitable not only without an
increase in transportation fees, but even with
a decrease in it. Thus, implementation of this
project promises urban inhabitants an
improvement in the means of transportation
for summer cottage life, and, consequently, its
development, and on the other hand, material
benefits for the state treasury. Hence the
conclusion: both the Government, as a
guardian of state property, and public
administration, taking care of the interests and
conveniences of the urban population, must
converge on this path and jointly contribute
to implementation of appropriate measures in
this matter.

From the foregoing, it can be concluded
that implementation of the Commission’s
project, proposing, on the one hand,
electrification of suburban railways, and on the
other, their penetration into the city, is not only
expedient, but also necessary in the interests of
both railways and the urban population, and
this conclusion can hardly be disputed.

The Commission’s proposal on penetration
of railways into the city is, in my opinion, not
something new, but only a reasonable
application of the measures taken in the large
population centres of America and Europe,
which were in the same conditions of traffic as
Petersburg meets now. To highlight the issue,
it will be interesting to trace what discussions
preceded implementation of these measures in
European and American major centres and
what results were obtained after their
implementation. From the large centres of
Europe, the cities of Berlin and Vienna are
closer to our conditions. In the spheres of
public city administrations of these cities, they
feared that penetration of railways into the city
would cause significant damage not only to the
city economy, but also to city private property.
It was said that railways laid through the city,
not limited to satisfaction of suburban traffic,
would no doubt carry out purely urban traffic
along the way and would distract a certain
number of passengers from city trams, which
would reduce income of urban transportation
enterprises. On the other hand, they feared that
convenience of movement, facilitating
resettlement of residents of the capital in the
suburbs, would lower apartment prices, and this
would affect not only homeowners, but also the

city treasury, which taxes real estate in
proportion to profitability.

This is what the statistics of the city of Berlin
answers to these fears. In 1885, at the beginning
of opening of the circle city railway, were
transported by:

Circle city railway — 15,2 min passengers,

Trams — 85,5

Omnibuses — 16,1

Total — 116,8

In 1902 already 91,7 mIn passengers were
transported on circle city railway.

Trams — 362,6

Omnibuses — 78,7

Total — 533,0
that is over 17 years the number of tram
passengers increased by 277 million, and in
1907 were transported by:

Circle city railway — 148,9 mln passengers

Trams — 504,8

Omnibuses — 140,6

Total — 794,3
that is over five years, the number of tram
passengers increased by 142,2 million. These
data clearly prove that construction of Berlin
city railway not only did distract passengers
from trams, but, on the contrary, it contributed
to an increase in the number of travels by tram,
and omnibus, and in general, an increase in all
travels around the city, for in Berlin in 1885 82
trips fell per inhabitant, and in 1907 265 trips
per inhabitant. Such a strong growth in both
tram and omnibus traffic should be attributed
mainly to implementation of the circle city line,
which made it possible to avoid crowding in the
central parts of the city and move some of the
inhabitants to the outskirts of the city. Trains of
the circle and city railways are a collecting
apparatus from remote parts of the city,
delivering mass of the population to the central
parts of it, from where it is sent by trams and
omnibuses to places of work or trade. If,
perhaps, the circle city railway distracts some
of the passengers, then only travelling
exclusively over long distances. For short
distances, it cannot distract passengers, at least
for a purely tariff reason, because for short
distances the tariffs of city railways are much
higher than of the tram. But on the other hand,
it increases the number of tram passengers for
short distances, and those passengers are more
profitable for the tram industry.

Vienna in 1895 had no urban railways, and
trams carried 70,5 million passengers; in 1902



city railways carried 33,8 million passengers,
trams — 145 million passengers, omnibuses —
17,8 million passengers. In 1907, city railways
carried the same number of passengers as in
1902, trams carried 216,9 million passengers,
and omnibus traffic dropped to 13,9 million
passengers; thus, the number of tram passengers
over 12 years increased by 146,4 million. And
here we notice the same picture as in Berlin:
construction of the city line contributed to
development of tram traffic, and by no means
to its reduction. I could cite similar data for
many other cities, but I will confine myself to
data from Vienna and Berlin, as cities that are
closer in terms of conditions, as well as in terms
of their population, to Petersburg, as well as of
the percentage growth of population (Vienna
in 1907 had about 2 million inhabitants, an
increase of about 4 % per year; Berlin had about
3 million and an increase of about 5 % per year).

As for the second fear — that urban roads,
contributing to resettlement of urban residents
in the suburbs, will cause a drop in prices for
urban private real estate, I think that it would
not be worth stopping at this, because one can
hardly agree with this situation, which would
sacrifice the interests of masses of the population
in favour of a wealthy minority living off those
masses. I do not think that any of you here would
join the voice of those citizens of Vienna and
Berlin who opposed implementation of the city
desires there for fear that the rent for apartments
will fall. You, of course, would like to cover this
part of the issue, since it refers to the possibility

of reducing the income of the city treasury,
allegedly from the fall in the value of urban
private real estate. Neither in Berlin nor in
Vienna since the construction of the city
railways, the prices for apartments in the central
parts of the city did not fall due to settlement in
the outskirts, while on the outskirts of the cities,
on the contrary, they increased greatly, gave a
large increase in taxation of urban real estate.
Perhaps prices for premises in the central parts
have stopped rising with astonishing speed with
which they had risen earlier. Here in the housing
issue, normal conditions have come, and the
growth in apartment rent has followed the curve
ofthe general growth in the general cost of living.
Ifwe turn to the budgets of the city administrations
of these two cities after construction of urban
railways, then we will not see a fall in the budgets,
but on the contrary, we will notice a faster growth
in income. The city budget is based on the well-
being of the mass of the population. If this mass
saves on rent, then it will use this savings on
something else that improves life, and a share of
these additional expenses one way or another
ends up in the city treasury in no less proportion
than the tax on real estate.

Returning to the project, which is being
reported here today, it is necessary to compare
the conditions that will be created in urban
traffic in the event of penetration of suburban
roads into the city with the currently existing
means of urban transportation.

It can hardly be recognized that the existing
cultural means of transportation, i.e., trams in
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the city, are able to fully satisfy the needs of
urban movement. We see that during busy hours
of travel — in the morning, when office and
trading establishments open, and in the
evening, when they close, trams are overcrowded
to unacceptable sizes, and passengers have to
wait for a long time at stopping points; we see
that the population of St. Petersburg, due to
inability to use trams due to their inadequacy,
is forced to use expensive cabs. The city
administration is currently concerned with
finding funds to unload central tram lines,
because overloading them, among other things,
harms the tram economy itself. It is impossible
to restrict oneself to those lines that have
already been built — it is necessary to continue
implementation of the entire network; the lines
constructed make up a smaller part of this city
tram network. If there is such an overload at
present, then what will it be when the lines of,
say, the second stage start operating. After all,
these new lines will increase the flow of
passengers to the central lines, since the main
traffic is directed to the central part of the city,
where government, public and commercial
institutions are located. The situation may
become critical, and it seems to me that we
should not start building the trams of the next
stages before funds are found to unload the
existing lines.

With such a position of urban transportation
means, it seems to me, there can be no place
for the question of diverting passengers by
projected city lines from city trams; if such a
distraction could take place, then this should
only rejoice.

Another matter is the question of
participation of the city in implementation of
the city lines outlined by the Commission.

The Commission that developed the
project, in order to ensure the unity of the
economy of operation, considered that the
implementation of the entire project will be
carried out by the treasury, which, with a few
exceptions, owns almost all the lines adjacent
to St. Petersburg. True, in Berlin, and in
Vienna, and even in Paris, the roads of the
projected type were carried out by the treasury.
Personally, I disagree with this opinion of the
Commission, but in the Commission this issue
was less debated. I think that on the issue of
building railways through the city, even if only
with the overriding goal of regulating suburban
traffic, since these roads perform functions of

purely urban traffic, in no way can the city’s
right to operate transportation facilities be
ignored. It is virtually impossible to restrain the
projected roads to the function of carrying
commuter passengers only, and it would be
unreasonable to deprive the urban population
of convenient transportation. On construction
of a line for urban movement, priority rights
belong to the city, and the city has the initiative
to implement city lines, whether by
implementing them at its own expense, or by
giving them to concession use, and in this case,
the concession should be urban, not
governmental, and the right of redemption
should belong to the city in the same way as the
right to transfer the road to the city free of
charge at the end of the concession period. As
forjoint movement of urban lines with sections
of suburban railways, there are literally no
technical obstacles in this respect: trains of
suburban railways, without any paperwork or
other manipulations, can enter and move along
urban railways. The point is only in accounting
for a purely economic nature, which is very easy
to be implemented.

Thus, we came not to deny feasibility of
implementing city lines, but to the question of
how to implement them.

According to the Commission’s
calculations, operation of the planned urban
roads is a profitable undertaking. But given
vastness of the urban economy, such lines are
unlikely to be successfully operated by the city
itself. It would be more correct to build such
lines with city funds and transfer them on
favourable terms to private companies for
operation.

But if, for one reason or another, or
consideration, the city began to delay
implementation of the required high-speed city
lines, then the Government cannot be blamed
if it undertakes their implementation, despite
the city’s priority rights: after all, this is not only
on regulation of traffic on the railways adjacent
to the capital, but also on measures without
which in the near future railways will not be
able to carry out the increasing traffic at all.
The Government cannot and should not make
traffic safety and the interests of the state and
urban residents dependent on extraneous
considerations.

(Zheleznodorozhnoe Delo [Railway
Business], 1910, No. 28, pp. 151—155) ®
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XypHan «CoBpeMeHHUK» 0 XXeNe3HOoUn
aopore (counasibHO-3KOHOMUYECKUMn
aHanus)

Poccus*.

Anexcen PASYBAEB

Crartbsl nocssillieHa aHan3y rnoaTm4eckKmx
rnpovdBeneHni aBTopoB cepeavHbl XIX Beka,
ny6ankKkoBaBLINXCS B JINTepaTypHOM
v 06LEeCTBEHHO-NOJINTUYECKOM XYypHase
«COBPEMEHHUK» N MacluTabHO OCBETUBLLNX
TEMY COOPYXEHUS Xese3HbiX Jopor
B Poccuvickori Umnepun. NpountrupoBaHsl
n3bpaHHble MecTa 3 rPou3BeaeHNii Takmx
aBTopos, kak A. C. lNywkunH, H. A. Hekpacos,
H. A. obposniobos, A. A. ®er, 5. I1. [Mos1oHCKuiA.
lMokasaH coaepxalunvics B rnpon3BeneHnsIx
aBTOPOB COLMNasIbHO-9KOHOMUYECKNK aHaan3
rpobiem, cBsi3aHHbIX C COOPYXeHnem B Poccum
repBbIx Xxene3Hbix gopor. CaenaH BbIBOA O 3a-
WHTEPEeCcOBaHHOCTU aBTOPCKOro KOJI1IEKTVBA
XypHana «CoBPeMEeHHUK» TEMOVI COOPYXEHUS

Pasyeaes Anexceii J{mumpueeuyu — Poccuiickuii ynueepcumem mpancnopma, Mockea,

W 9KCrTyaTaLmm Xene3HbIX 40POor Kak O4HOV 3
Hanbosiee 06LLeCTBEHHO 3Ha4VIMOV V1 MEPCIIEK-
TUBHOM.

OT pegakunn. BmecTo TpaanLmnoHHONM 415
[AaHHOro pasgesa peueH3un Ha HayyHo-
TEXHUYeCKue v y4ebHbIe N3aHUS YUTATENSIM
npeanaraeTcs OPUrnMHasibHbIVi aHaIN3 TBOpYE-
cTBa nucaresnev n noatos XIX Beka nog yriiom
3PeHUsT ICTOPUU TPaHCNopTa M, B YaCTHOCTU,
counanbHO-9KOHOMUYECKUX aCcreKkToB ero
pasButus. Hageemcs, 4To0 marepuasn 4acr,
B TOM 4uCJ/le, BO3MOXHOCTb yO6enunTbcs, Ha-
CKOJIbKO BaxHa AesiTe/IbHOCTb TpaHcnopTa,
Kakoe BHUMaHue caMbiX LLMPOKUX KPYroB 00-
LjecTBa oHa criocobHa rnpuBeyb, kKak Ba Beka
TOMY Ha3az, Tak v cen4ac.

KnioyeBble croBa: )Keﬂe3HO,quO)KHbII7I TPAaHCropT, XXeJs1e3HO4OPOXHOEe CTPONTEJIbCTBO, CO-
UnasibHO-3KOHOMUNYECKN aHaIn3, XypHani «COBpeMeHHMK», JsmrTeparypa, rnod3us.

*Mndopmaums 06 aBTope:

Pa3yBaes Anekcen AMUTpueBnY — KaHAMOAT 93KOHOMUYECKMX HAayK, CTapLuni npenogasaTens kadeapbl
3KOHOMUKM TPAHCMOPTHON MHDPACTPYKTYPbI 1 YrpaBfieHUs CTPOUTENbHbIM B13HECOM Poccuiickoro
yHMBepcuTeTa TpaHcnopTta, Mockea, Poccusi, razuvaevalex@yandex.ru.

Cratbs noctynuna B pegakumio 18.08.2019, npuHsaTa k nyénukauum 27.01.2020.

For the English text of the article please see p. 265.



cepenrHe XIX Beka CyliecTBYIOLINUE M-

TepaTypHble HATNpaBJeHUST OMUCAHUS

U aHaJIM3a COLUAbHBIX MIEpeMEH B 0011Ie-
CTBE 3aTPOHYJIM HOBOE SIBIIEHWE — TOSIBICHUE
B Poccuu nepBbIX XKeJie3HbIX Jopor. B ocodeHHOCTH
CTOUT BBIIEIUTH NMOITUYECKUE MPOU3BEIEHUS,
MOCBSIIEHHBIE TEME, HA TOT MOMEHT YyTYHHBIX
MarucTpajieil, u uX aBTOpoB, KOTOpble HEOJHO3HAY-
HO OTHOCWJIUCH K caMoMy (DaKTy MOSIBJICHUS U Ha-
pacTaollieli 3aMHTEPEeCOBAHHOCTH (YBJIEUYEHHOCTH)
TOCYIapCTBa B COOPYKEHUU KeJIE3HBIX TOPOT, HO
TPU 3TOM TOHKO YyBCTBOBAaBIIWE WX MTOTEHITUAI.
AHanMM3upysl MOI3UI0, CBI3AHHYIO C OTHOIIIEHNEM
00111ecTBa K MOSIBICHUIO XKeJIe3HbIX 1opor B Poc-
cum XIX Beka, BecbMa MHTEPECHBIM MPEICTaBIIS -
€TCsl He pa3pO3HEHHOE PacCMOTpEeHue U pa3doop
MPOU3BEACHUN OTIEIbHBIX aBTOPOB, a AaHAINU3 UX
KOHLIEHTPUPOBAHHOTO MPOSIBJIEHUS] B TIEYaTHOM
U3IaHUM, KOTOPOE B MEPBOI MOJOBUHE U B cepe-
nuHe XIX Beka ¢popmupoBaio JuTepaTypHble,
MOJIUTUYECKUE U COLIMaIbHbIE BO33peHUs 0O0Jb-
IIIMHCTBA MPEICTAaBUTENEN POCCUNCKONM NHTEJLIU -
TeHIIUU. DTO JIUTEPATypPHBIH U O0OIIECTBEHHO-
MOJUTUYECKUI XKypHasl «COBpEMEHHUK».

[lanHoe HampaBJeHUe ST UCCIeqOBaAHUS
TIPENCTABISIETCSI MHTEPECHBIM yXKe TOJTbKO TTOTOMY,
4YTO OJWH W3 TJIaBHBIX M3JaTesieil XypHaia,
H. A. Hekpacos (c 1847 o 1866 roa nzgateasamu
oot H. A. Hekpacos u U. W. TlaHaeB), aBTOp
CaMOTro 3HAMEHUTOrO CTUXOTBOPEHMS Ha JaHHYIO
TeMaTuky — «XKese3Has gopora» (puc. 1), a ocHO-
Baresib XypHasia — A. C. [lylkuH, akTUBHO yya-
CTBOBAJI B 00CYKIEHUU HEOOXOIUMOCTH XKEJIE3HbIX
nopor B Poccun.

BHauane ciemyeT MOsSICHUTD, YTO COLIMATTBHO-
SKOHOMWYECKUI aKIIeHT JAaHHOU CTaThU, HATIpaB-
JIEHHBIN Ha aHAJIU3 TTOTUYECKUX TIPOU3BEACHUN
U TOYEK 3PEHUs] UX aBTOPOB, CBSI3aH C TEM, YTO
B MO23UM MbI MPUBBIKJIM MOAMEYATh TOUYHOCTD
yIoTpebsieMbIX CJI0B, CTUXOTBOPHBIN pa3mep,
AJIJIETOPUYHOCTb U IPYTUE Xy 0KECTBEHHbIE MPUE-
MBI, HO COTJIACHO 3aJyMKe aBTOPOB (KOHEYHO, 3TO
MorJia ObITh HE 3a/lyMKa, a TPOCTOe CTeUeHUe 00-
CTOSITEJILCTB, HO KAKOE 9KOHOMUYECKU 3HaUMMoe!)
CTUXOTBOPEHMS U MHEHUSI, TIOCBSIIIIEHHBIE TAKOMY
PE30HAHCHOMY COOBITHIO, KaK COOPYXKEHME XKeJe3-
HBIX IOPOT, KaK MPaBWJIO, COAepKain B ceOe OlleH-
Ky COLIMAJIbHO-9KOHOMMWYECKOU 3(DhEeKTUBHOCTH
CO3/1aHUsT HOBBIX MyTel cooOieHus. M nist oObl-
BaTessl, U AJsl COTPYAHUKA KypHayia B TO Bpems
OBLIO MOHSITHO, UTO COOPYKEHUE KETE3HOA0POXK-
HBIX MarucTpaieit BIeYET 3a cO00i 3HAUUTEIbHbIE
JIEHEeXHbIe BJIoXeHUsl. Bo MHOromM, UMEHHO Mo-
3TOMY OOLLECTBO OBLIO Pa3/IeIeHO Ha 1Ba Jarepst —
3a CTPOUTEIBCTBO U MPOTUB Hero. [Tpuuém npen-
CTaBUTEJIU BTOPOTO Jlareps 3a4acTylo yrnoBajiu

VIIPA PA PIA A3 O NS

COBPEMEHHHRD

KYPHATD

JUTEPATYPUIR n NOHTHYRCRIA

EaABAENM

B A HEEPACOBHNT
TOMB X

CAHKTIETEPEYPIB

T3 THNOTPASIN EiPdi BTIbA

1865

Puc. 1. CtpaHuusbl xypHana «CoBpeMeHHUK»
C ony6nuKoBaHHbIM B HEM cTuxoTBOpeHuem H. A.
HekpacoBa «Xene3Has gopora». Tom 110, 1865 r.
[1, c. 547].

MMEHHO Ha HEOIpaBAaHHOCTb 3HAYUTEJbHbBIX Je-
HEXHBIX BJIOKEHUI, 0COOEHHO B3SIThIX U3 rocyaap-
CTBEHHOI Ka3HBbI.

HecMoTpst Ha TO, UTO yKe YIOMSIHYTO «IJITaBHOE
JKeJIe3HOIOPOXKHOE CTUXOTBOPEHME» 32 aBTOPCTBOM
HekpacoBa, HauaTh, MMoXasyii, CTOUT C OCHOBATe-
51 xypHana, A. C. [lymkuHa, 46€ OTHOIIEHWE
K KeJIe3HBIM JOpOraM ObLIO JaJIeKO HEOTHO3HAYHO.
O 3amHTepecoBaHHOCTU AnlekcaHapa CepreeBuya
TEMOI CTPOMTENIbCTBA XKeJIEe3HBIX Jopor B Poccun
TOBOPHUT YK€ TO, YTO OH ObLT OAHUM 13 YUaCTHUKOB
OXMBJICHHOM TMCKYCCUU HApsIIy C YYEHBIMU U UH-
KeHepaMmu [2]. 3aJ0KYMEHTUPOBAHHOE MHEHUE
A. C. IlymikuHa o XeJIe3HbIX Joporax npuBeAcHO
B pabortax [3, c. 78—83; 4], rine oH cTay BHayaje
KOCBEHHBIM, a 3aTeéM BOBJICUYEHHBIM YIaCTHUKOM
TTOJIEMUKU.

Hcropus Havanach B 1830 1. myOnukanueit
H. I1. llernoBa «O xene3HbIX [0poTax U IMperuMy-
IIecTBaxX MX HaJl OOBIKHOBEHHBIMM JOpOTaMU
¥ KaHaJaMW», ¥ TIpofokmiachk B 1835 . craTbeid
H. WN. Tapacenko-OtpenikoBa, KOTOPbIii BbICKa-
3bIBAJICSI OMHO3HAYHO MTPOTHUB CTPOUTENIBCTBA Ke-
ne3HbIx gopor. Yuactue A. C. IlymkuHa HaynMHa-
ercs co ctatbu M. C. Bosakosa, mpodeccopa MH-
crutyTta Kopriyca MHXeHEepOB IyTeil COOOIIeHMSI,
B KOTOPOi1 TOT KOHCTPYKTUBHO KputukyeT H. U.
TapaceHko-OTpeniKoBa 1 HarpasJsieT e€ 11sl myo-
nukauuu B «CoBpemeHHUk». Ho A. C. Tlymikun

261



262

RPATROE NAYTEPTANIE TEOQ=
) PII NAPOBDLIX D MAIRINET ().

Quique pii vates, ‘et Phebo digna locuti,
Inventas aut qui vilam excoluere per artis,
Quigue sui memores alios fecere merendo:
Ominibus his nivea cinguntur tempora vitia.
60 xuwra Jwendss, cx. 662—665.

1. O xuykoctTaxsd Fluidesh.

(A Wabaioantean npnpoant, ¢h JACTIHNG BPEMCNE, CTA-
]'L‘\-lm:b BOCNOALMBATHCA  CILIA MM, '\OTDPblﬂ ORA caw
06]AYETH, g4 NPONINCICNIN ABUACHI MEXARNNCCKNYR,
Tlepomil, kameTen, APXHMCA® MOABIMAAB CROMME Bui-
Toun (vis) moay cn raySuust ma Bepym. Oawnn nas
Aprennxs Cpeuceknxs an1ocotobh TOIADILTE Ye.roRs-
weeToy ofuikmoncnnuiil macocw, KOTOPAro ou#ako abit-
eTsie, nn Teaewin 2000 atrs, T. €00 cavaro Caamaca,
0CTAnAI0CL GESB TOMNATO MHINUECKATO HCTOAKOBAHIA.

() Koraa nesaBremwaidt wagarear «Corpevennngas ¥6txya0m
WenA Gure £ro COTPY.MMNKOMY &% ITONR AKYPULIL, A npeicTa-
Mam cuy, Gesn scakod suiemtpuoh exposnoct, Sexn oot
JpTORT canunodin, CKOARKD CYXIA CTATAN MOW, N0 MOENY Wiik-
B0, AGUKENCTEORAMN  RAITLCA MENMECTULINN KL Oepiognues
CRUXE MICTAX, OMoR SeRON INTEPATYPE nocAamennuxs. He
nx pvuaas Ilywwnos: oms rosopais, wTo mMoria ciysasccs
€M WATATE KB UEROTOPRINT NI MALIINH XY PUAIOEH, NOtCINLIN
CTATIIL O MAYRAXE €CTECTREINBINS, NCPCOCACINLLA HTN HIOCTDAR-
BUIL APPEAIOSL WM KMAMR; WO UTO NEDCEOAM B3 TAKOME ru-

-

Puc. 2. CtpaHunya xypHana «CoBpeMeHHUK»
c ony6mMkoBaHHOV B HEM cTaTtbeli I1. b. Koanosckoro
«KpaTkoe HayepTaHue Teopumn NapoBbIX MaLLUuH». Tom
7, 1837r. [6, c. 51].

CTaThiO MyOIMKOBATH HE CTall, 00bSICHUB IPUYUHbI
B mucbMe B. ®@. Onoesckomy: «Cmamps e. Boakosa
6 camom deje O4eHb 3aMe1amenvia, 0eabHO U YMHO
HAanucana u 3aHuMamenra oz ecsikoeo. OOHaKo i
A e€ He nomeuwy, Nomomy umo, no Moemy MHeHUIo,
npasumenvcmey 606ce He HYICHO 6MeUlU8AMbCs
6 npoexm smoeo lepcmuepa. Poccus ne modcem opo-
cumo 3000 000 na nonvimky. /leao o Hosoli dopoce
Kacaemesi YacmHwix A00ell: nyCKail OHU U XA0N04Ym.
Bcé, umo moxcHo um obewams, makx 3mo nPUSULEeSU)
Ha 12 uau 15 aem. Jlopoea (ncene3nas) uz Mockewvt
6 Huxcnuii Hoeeopoo ewé bvina 6l HydcHee dopoeu
u3 Mockeul 6 [lemepOype — u moé muenue 0bL10 Obl:
¢ Heé u Hauamo... S, KoHeuHo, He NPOMUE Jcene3HbIX
00poe; HO 5 NPOMUE M0o20, YMOO SMUM 3AHAN0C
npasumenscmeo. Hexomopuie 603pasicenusi npomug
npoexma neocnopumvl. Hanpumep, o 3anoce cHeea.
s ceeo dondcna Gbimb 6bl0yMaHa HOBAs MAWUUNA,
sine qua non'. O ebicbLiKe HapoOa Uy 0 Haime pa-
OOMHUKO08 0151 CMEMAaHUs CHeea Heweeo U JyMamb:
amo Heaenocmow» |3, ¢. 81—82]. [1pu 3TOM XKenaHue
Ony0IMKOBaTh MaTepual Ha KeJe3HOIOPOXKHYIO
TeMaTUKy ObLI0 Yy AnekcaHapa CepreeBuya B Iia-
Hax, MO3TOMY Ha CTpaHWLAX XypHajia OH Muca:

1 HeoGxonumoe ycioBue (JaT.).

«A npocua knaza Koznoeéckoeo dame mue cmamou
0 meopuu naposvix MauluH, meneps, koeoa lepcmuep
3aKaAHYUBaem CE0H UYeYHHYH 00p02y Medcdy CIoau-
yeti u Llapckum Cenom, 6cem Ham HYICHO NOHAMb
U yceoumas geauxoe u3obpemenue, KOMopomy npuHao-
nexcum 0ydywee». Ctatbs I1. b. KoznoBckoro
«Kpartkoe HauepTaHue TEOPUU MAPOBBIX MaITH»
ObL1a onybrukoBaHa B «CoBpeMeHHUKE» (pUC. 2) B
VII Tome [5, c. 6—14].

N3 mpuBen€HHBIX BBIIIE MaTePUAIOB MOXHO
ceJIaTh BBIBOJ O HEOMHO3HAYHOCTU MHEeHUS [Ty1n-
KMHA HAacUeT COOPYKEHUS XEJIE3HBIX TOPOT, TaK
KaK OH He ObUT yBepeH B 9 (PEKTUBHOCTU JaHHOTO
npoekTa. C 0HOI CTOPOHBI OH MHUIIET PO KeIe3-
HBIE TOPOTH, UTO «BCeM HAM HYICHO NHOHAMb U YCEO-
umbo 6eauKoe uzoopemerue, KOMopomy NPUHAOAEHCUMN
bydyuee», a ¢ apyroit «Poccus He moxcem b6pocums
3000 000 na nonvimky. /leao o Hosoll dopoee Kaca-
emcesi YacmHbIX A0eil: NYCKAll OHU U XA0NO4YM».
OTtum A. C. [1ylIK1H MoKa3bIBaeT, YTO OH Ha CTO-
pOHe Tporpecca, HO MPOTUB pucka. Takxke OH OT-
MEYaeT U JJOJTOCPOYHOCTh MPOEKTa CTPOUTEIbCTBA
HOBOI1 XXeJIe3HOI JOpOTH, U €€ ITUTEIIBHYIO OKY-
MaeMOCTb: «Bcé, umo moxcHo um obewams [uacmuwvim
ar00am ], max smo npueuneeuro Ha 12 uau 15 rem».
WMHTepecHO 1 ero MHEHME O YaCTHBIX KaluTajiax,
HEOOXOMMMBIX JIJIS CTPOUTENbCTBA. MMen i B BU-
Iy TMO3T TO, YTO Y TOCydapcTBa U 0e3 XeJe3HOit
JIOPOTM XBaTaeT MpoOJieM, WIM OH MpPeaBUIEI MO-
suimio C. FO. Butte, KOTOpHBIii B HEKOTOPBIX CBOMX
TpyJdax paccyxjaajl o HeOOXOAUMOCTU TepeBoia
KeJIe3HBIX TOPOT M3 Ka3€HHOTO YIIPABJIEHUsI B 4acT-
Hoe!? B 1o0oM citydae 3To J0Ka3bIBaeT ellié u To,
yto A. C. IlyliknHa BOJHOBaJIU HE TOJbKO TEXHU-
YeCKHUe BOIPOCH (CITOXUBIINICS UCTOPUICCKUIA
(aKT, 4YTO TTOAT CTAJT ABTOPOM MIEU CHETOOYMCTH -
TeJTbHOM MaIlIMHBI), HO K 9KOHOMUYECKasi COCTaB-
JISTIOIIAst TPaHAMO3HOTO MPOEKTa, B KOTOPOIi OH,
MO-BUAMMOMY, MPUAEPKUBAICSI TMOTUYEPKHYTO
JMdepasibHOM 1o3uLuu [7].

BosBpamasicb K HekpacoBy u ero BeJIMKOMY
MPOU3BEACHNIO, CIIEAYeT OTMETUTh, UTO B OTJIMYLE
OT OOJIBIIIMHCTBA aBTOPOB, YbM PAOOTHI ObUIU TO-
CBSIIIIEHBI ITOTEHIIMATY XKeJIe3HBIX TOPOT, CKOPOCTH,
WX TIPOTPECCUBHOCTU U BaxxHOCTH st Poccum,
POMaHTHUKE TTyTEUIECTBUIA, OH, CO CBOWCTBEHHOW
€ro MPOMU3BEACHUSIM JIMPUYHOM HAPOIHOM Tparny-
HOCTBIO, OTIMCHIBACT UMECHHO HETIPUTJISIHYIO
CTOPOHY COIIMATbHO-3KOHOMUYECKOTO TOJIOXKE-
HUSI, CBSI3aHHOTO CO CTPOMTEIBCTBOM: TSIKENbIC
YCJIOBMS Tpya, HU3Kasl 3apaboTHas IJiaTa, CXKaThble
CpOKHM caauu o0bekToB U T.u. Eciu mHTepnpeTu-
pOBaTh CTUXOTBOPEHME HA COBPEMEHHBIN Jal, TO
OHO OTpaKaeT CyIIeCTBOBABIIME B TO BPeMsl MPO-
GJIeMBbl yIIpaBICHUST Y€JIOBEUYECKMMU PECYpPCaMH,



Hea(P(HEKTUBHOCTU UX UCIIOIb30BAHUS U OTCYT-
CTBUSI CPEICTB MEXaHU3AIIHU:

[Tybw1 beckposHble, 6eku ynasuiue,

S3661 Ha mowux pyKax,

Beuno 6 600e no koaeno cmossuiue

Hoeu onyxau; koamyH 6 éoaocax;

SImoro epyds, umo Ha 3acmyn cmapamenvHo

H30 Ons 6 denv Haneeana eecw 6ex...

Tot npuensiouce k Hemy, Barns, énumamenvho:

TpyodHo ceoti xae6 dobvian uenosex!

He pasoenyn ceoro cnuny eopbamyro

On u meneps ewyé: myno mMoa4um

U mexanuuecku picagoil 10namoro

Mépaayro 3emaro doabum! |8, c. 40].

BesycnoBHo, onydaukoBaHHOe B 1865 T. cTH-
XOTBOPEHUE «IMOHPABUIOCh» TOCYIapCTBEHHbBIM
NETeNISIM U 3aCTPOMIIIMKAM KEJIe3HbIX TOPOT, U BO
MHOTOM, Giarogaps 3Tomy B 1866 T., ToJyduB
MpeABapUTETHLHO B TPEAYIPEKACHUS, KypHaI
obL1 3aKpbIT [9; 10, ¢. 392].

Y HekpacoBa OTHOIlIEHUE K CTPOUTEIbCTBY
JKEJIE3HBIX TIOPOT OBLIO TaK Ke He OTHO3HATHO, KaK
uy A. C. Ilymkuna. Ho, ecnu y [lymkuna Het
orpeneIEHHOTO MHEHUSI O TEXHMKO-3KOHOMUYEC-
KOM 0J1aroIoIydrHt XKeJIe3HbIX 1opoT, To y Hekpa-
COBa aHAJIOTUYHBIC TPEBOTH 3a TIPOCTOI HAPO, 3a
«MYXUKOB». C OTHOIl CTOPOHBI, OH BbIpaXaeT
CKOPOBb M3-3a UpEe3MEPHOI IKCITTyaTalli padOU X,
a, ¢ Apyroil, MoAuYE€pPKMBAET, YTO JOPOra-To Mo-
CTpOEHa, OIpaBabIBacT ceOst M Hapo1 catoxuI [ 10,
c. 391].

Kenanue BpICKa3aThCcsl O HAOMpAIOIIeM TeMIT
Pa3BUTHUU XeJIe3HBIX TOPOT Ha CTPAHMIIAX XKypHaJIa
(6o7€€ TOUHO, B MPUJIOXKEHUU K OCHOBHOMY XYp-
Hairy — «CBUCTOK») OBIJIO U Y OJHOTO M3 CaMBIX
MPOTPECCUBHBIX JINTEPATYPHBIX KPUTUKOB TOTO
BpeMmeHH, coTpyanuka «CoBpemeHHuKa» H. A.
Ho6pomobosa [11, c. 185—186]. Kak u3BectHo, OH
MPUIEPXKUBAJICS «JIEBBIX» B3IJISA0B HA YCTPOICTBO
o0llIlecTBa U MPOBeJEHME COLMAIbHBIX pedopm
B OTeuecTBe (ero myoauKalys yBuaesaa CBeT JUIlb
B 1886 romy B «Pycckoii ctapyHe» ), TO3TOMY UMEH-
HO uyepe3 MoJUuTUYecKylo catupy J1ooposnobdoB
cTapaJics IepeaaTh IPUBSI3aHHOCTh MHOTHX O0IIIe -
CTBEHHBIX JIESATENIEN K «CTaApUHE» U OTTOPXKEHUE
00111eCTBOM 04€BUAHOTO MTporpecca. CTUXOTBOpeE-
Hue [1o0poitoboBa MOCTPpOEeHO Ha (GyHIAMEHTE
«PYCCKO# pa3BSI3HOCTU M HEITYHKTYaJdbHOCTU»,
OCTPOM OIIYIIEHUH CBOOOIBI, HO ITPU 3TOM 3aTpa-
TUBAIOTCS Y COLIMAIbBHO-3KOHOMUYECKUE MPodJIe-
MbI. B Havasie CTUXOTBOPEHUS OH B CAaTUPUICCKOM
KJII0Y€e OMUChIBAE€T MPOTUBOMOCTABIEHUE JTUHEH-
HOMY JBMKEHMIO TTO€3/10B XaOTUYHOCTD IBUXKEHUS
TYXXeBOT0 TpaHCIIOpTa:

1o au deno ¢ mpoiikoii!

Muycs, kyda xouy 1,

VIIP SAH PJA M

be3 nyocowl, 6e3 ueau

3emaro noaocys.

He xouy 51, npsamo —

3abupaii naneso,

Ilo ayeam nanpaso,

B3ao uepes nocesuo.... [12, c. 513—514].

JHanee 06 MHOCTPaHHBIX MHBECTULIMSIX B CTPOU-
TEJIBCTBO XKeJIe3HbIX TOPOT U IPUOOPETEHUY 3apy-
OE>XHBIX MAITUH OH TTUTIIET:

Coinarom uHocmpanybl

Pycckue munvonet,

Ymobbt pycckoii 6one

Tlonoxncums npenonoL.

3atem J106po11060B BBICMEMBAET BCE HETaTUB-
HbIE BBICKA3bIBaHMSI O 3KeJIE3HOI Topore, rmepevmc-
JISIST OTaceHusl U MpoOJeMbl, KOTOPbIE MOTYT BO3-
HUKHYTb MPU IKCIUIyaTalluU XKEJE3HbIX JOPOT
B Poccuu. [Tpu 3TOM B riepeumnciieHHbIX MpodiemMax
MBI BUIMM SIBHBIE 9KOHOMUYECKUE UIEePXKKHU, YTO
ObLIO OCHOBHOI «BU3UTHOI KapTOUYKOI» MTPOTUB-
HUKOB CTPOUTEJIHCTBA KeJIE3HBIX TOPOT:

He noiioém naw noeso,

Kak uoém nemeuyruii:

To cockouum ¢ peavcos

C cunoii moro0eyKoii;

To o66asum Hacwins,

To mocmok npodagum,

To na ecmpeunublii noeso

Yxapcku nanpasum.

To noiioém nomuue,

Onoszdaem 660110,

3a memenvio cmanem

Cymku mpoe 6 noe.

3akaHuyuBaeT J1oOpoJI0OOB CTUXOTBOPEHUE
B TOM € CAaTUPUIECKOM KITI0U€E, HO TIPU 3TOM SIBHO
MPOCJICKUBAIOTCS €T0 JIMIHBIC YOSXKICHNS 1 HaJle-
KBl Ha TIOJIOXKUTEJIbHBIN MCXOI TTOSIBICHUS Ke-
JIe3HbIX Jopor B Poccum:

Ma, 5 6epro meépdo:

Mépmeas mawuna

IIpouseon He cescem

Pycu-ucnoauna.

Bepro: 6ce mawunbl

C pycckoro npupodoii

Camu oxcueames

Jlyxom u c606000ii.

OcoOGeHHO MHTEPECHBI CTPOKM «CaMy OXKUBSITCST
/ JlyxoM 1 cCBOOOIIOi1», TIIE «OKUBSITCSI» MOKHO TOJI-
KOBaTh KaK «IIPUKUBYTCs». Takass yBepeHHOCTh
Jo6posito0oBa B 0JJarOTBOPHOCTU COOPYKEHMST Ke-
JIE3HBIX JOPOT COOTBETCTBOBAJIA U C(HOPMUPOBAB-
1Ieiicsl TocylapcTBEHHON Mo3uiMu. Tak, U3 ykasza
Anexcanapa I1 «O coopyXeHuu NepBoii CeTH XKeJjie3-
HbIX Jopor B Poccum» o1 26 stHBaps 1857 rona cieno-
BaJIO: «....KenesHvie dopoeu, 6 HA00OHOCMU KOUX OblU
Y MHORUX COMHEHUs elé 0ecsimy 1em, NPU3HAHb! HblHe
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6cemu cocA08UAMU Heobxo0umocmuvro 0as1 Mmnepuu
U cOenanucy nompeodHOCMvi0 HAPOOHOH, JCeAAHUEM
obwum, Hacmosimenvhoim» [13].

OTMETHM el OTHY MHTEPECHYIO OCOOEHHOCTD,
MpocieXnuBaeMyto y aBTopoB «CoBpeMeHHUKa»
U IPYTUX MTO3TOB cepearHbl XIX BeKa, YbU Mpou3-
BEJCHUS MUCAMCh HA KEJIe3HOJAOPOXHYIO TeMa-
TUKY. OHa OTHOCUTCS K YIIOMUHAHUIO MOCTOB,
MoXajyil, caMmoro MomnyJasspHOrO UCKYCCTBEHHOTO
COOpYyXeHHUus Ha xeje3Hoil nmopore. Tak,
y H. A. Hexpacosa onucarenbHoe: «[Ipssmo nopo-
XeHbKa: Hacknmy y3kue, / CTONOMKU, PEIabCHI,
MocTbl», y H. A. [loGpositoboBa catupuueckoe: «To
00BaJIUT HACKITIb, / TO MOCTOK IIpoIaBuUT». B cBOEM
YYBCTBEHHOM CTUXOTBOpeHMU «Ha xene3Hoii no-
pore» (omyGiukoBaHHOM B 1860 I. B XypHaie
«Pycckuii BeCTHUK» ) He 4yKIblii >KypHaiy «CoBpe-
MeHHUK» AdaHacnit DeT nmuiier:

U, cepebpom 0baumbL AYHHBIM,

Jlepesvs mumo Hac nemsam,

I100 nHamu ¢ epoxomom yyeyHHbIM

Mocmbt menosennwvie epemam 14, c. 282—283].

A 4. T1. TTonoHcKuUil B CBOEM CTUXOTBOPEHUU
1868 roma «Ha xxene3Hoit qopore» (OImy0JIUKOBaH-
HOM TaKXXe B XXypHaJie «PyccKuii BECTHUK») CpaB-
HUBaeT TMOABMKHOM COCTaB C «KeJIe3HbIM KOHb-
KOM» M OTMeYaeT IIIyM OT MOCTOB:

Bou nascmpeuy necémces necok,

Yepes banku epoxouym mocmeol,

H yenasemces nap 3a Kycmol;

Muumces, muumces ycene3nwlil KOHEK,

U menvkarom, meavkarom uiecmeol... [15, c. 108—
111].

Crout v nipeanoaratb, 4yto f. 1. [TonoHckuit
Harmca CBO€ CTUXOTBOPEHUE O/ BITEYATIICHUE OT
TBopeHMst Peta? BriosiHe BO3MOXKHO, TaK KakK Ha-
3BaHME, TOUHO TaKoe Xe, U B 000X CTUXOTBOpPE-
HUSIX OTMEYAETCSI TPOXOT MOCTOB, M MECTO ITyOJIM -
KallM¥ — XypHaJl «PyccKkuii BeCTHUK».

[ToMuMoO miepeynciIeHHBIX aBTOPOB, XKeJe3HO-
TIOPOXKHOM TeMe B TT093MHU 1 ITPO3€ MOCBSIIAIN CBOU
TPYIbl MHOTME COBPEMEHHUKHU XypHaja, 3TO
I1. A. Bazemckuii, B. A. Cienos, H. C. Jleckos,
B. T' benenukroB, M. E. CantbikoB-Illenpun,
A. H. AnlyxtuH 1 MHorue apyrue [16, c. 255].

Tema xene3HoOl NOPOrU B PYCCKOM XyHOXkKe-
cTtBeHHOU snutepatype XIX—XX BB. Obl1a BecbMa
nornyasipHa [17]. UyryHHble, a 3aTeM CTalibHbIe
MarucTpaiu Bc€ 6oJIblie 3aHUMAaIA YMBI TTPOTpec-
CHUBHO MBICJISIIIIEH MHTEJUTUTEHIIUM,, 3HAYUTEIbHAS
YacTh KOTOPOIT BBICKa3bIBaJIach Yepes3 JIUTepaTyp-
Hble TTPOU3BEACHUS, KPUTUKY U MYOJIULMCTUKY,
CKOHLIEHTPUPOBaIach B xKypHaie «COBpeMEHHUK».
BaxeH TOT (hakT, 4TO OTBETCTBEHHbIEC U3AATEIU
U COTPYAHUKM XypHajia ObUIM B OOJIbLIMHCTBE
CBOEM IPEICTaBUTEIISIMUA «HOBBIX JTIOCH» [3, C. 62;

VI PAH A Y SIN- O

YEACBIAN \Y ’ B] VIC MR K s

11], 1 B cBOUX MPOU3BEAECHUSIX MMPU ONUCAHUU
COLIMAJIbBHO-3KOHOMMWYECKMX mpobiem Mmmnepuu
OHM YaCTO YXOAMJIU OT «XYIOXECTBEHHOCTU»
B MOJIb3Y «peajii3Ma». ABTOPbI CBOMM MPUMEPOM,
CBOMMMU UACSIMU U TPOU3BEACHUSIMU MTOKA3bIBAIH,
YTO HUKOTIIA HeJb3sl UCKYCCTBEHHO TOPMO3UTh
nporpecc, 4To 31paBasi OlleHKa «HOBOTO» U €ro
TAapMOHUYHOE COCYIIECTBOBAHUE CO «CTapbIM» JACT
cuHepreTuyeckuit aPeKkT. A Keje3Hble T0poru
B ATOM TTpoliecce kak B XIX B., Tak 1 ceituac urpa-
0T KJTIOYEBYIO COLIMAIbHO-3KOHOMUYECKYIO POJib.
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trends in description and analysis of social changes

in society were affected by a new phenomenon,
the emergence of the very first railways in Russia. It
is worth particularly highlighting poetic works on the
topic of cast-iron (at that time) main lines, and the
personalities of their authors, who were ambivalent
about the very fact of emergence and growing interest
(enthusiasm) of the state in construction of railways,
but at the same time they were sensitive to the
potential of railways. Analyzing poetry associated with
the attitude of the society to emergence of railways in
Russia in 19" century, it is remarkably interesting not
to consider and analyze the works of individual
authors separately, but to analyze their concentrated
manifestation in the print edition, which in the first
half and in the middle of 19" century influenced
literary, political and the social views of most
representatives of Russian intelligentsia. This is a
literary and socio-political magazine called
Sovremennik [The Contemporary].

This vector of research could have already been
of interest thanks to two facts only. The founder of
the magazine, Alexander S. Pushkin actively
participated in the discussion of the need for railways
in Russia. Nikolay A. Nekrasov who was one of the
main publishers of the magazine (he together with
1. I. Panaev were its publishers from 1847 to 1866) is
the author of the most famous Russian poem on the
considered topic which is called «Railway» (Pic. 1).

First, it should be clarified that the socio-
economic emphasis of this article, aimed at analyzing
poetic works and the points of view of their authors,
is due to the fact that we are used to notice in the
poetry the accuracy of the words used, poetic meter,

n the middle 19™ century, the existing literary
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Pic. 1. Pages of Sovremennik with the first page of the
poem «Railway» by N. A. Nekrasov who published it in
Vol. 110, 1865 [1, p. 547].

allegoricality and other artistic techniques. But in the
considered case according to the authors’ idea
(of course, this could not be an idea, but a pure
combination of circumstances, but what an
economically significant one!), poems and opinions
dedicated to such a resonant event as construction of
railways, contained, as a rule, an assessment of socio-
economic efficiency of creating new transportation
routes. At that time, both for a man in the street and
forajournalist it was clear that construction of railways
entails significant financial investments. In many
ways, therefore the society was divided into two camps
consisting of those who were for construction and
against it. Moreover, the opponents often argued that
significant financial investments, especially those
taken from the state treasury, might not be worth it.

Even though the «main» railway poem by
N. A. Nekrasov has already been mentioned, it is
perhaps worth starting with the founder of the journal,
Alexander S. Pushkin, whose attitude to railways was
far from unambiguous. The interest of the poet in the
topic of construction of railways in Russia is evidenced
by the fact that he was one of the participants in a
lively discussion along with scientists and engineers
[2]. The documented opinion of A. S. Pushkin about
railwaysisgivenin [3, pp. 78—83; 4], where he became
at first an indirect and then an involved participant in
the controversy.

The story began in 1830 with the publication by
N. P. Shcheglov entitled «On railways and their
advantages over ordinary roads and canals» and
continued in 1835 with an article by N. 1. Tarasenko-
Otreshkov, who spoke out unequivocally against
construction of railways. Involvement of Pushkin
begins with an article written by M. S. Volkov,
professor at the Institute of the Corps of Railway
Engineers, in which he constructively criticizes
N. I. Tarasenko-Otreshkov and sends the article to
Sovremennik for publication. But A. S. Pushkin did
not publish the article, explaining the reasons in a
letterto V. F Odoevsky: «Mr. Volkov’s article is indeed
very remarkable, efficiently and cleverly written and
entertaining for everyone. However, I will not post it,
because, in my opinion, the government does not need
to interfere with this Gerstner’s project at all. Russia
cannot throw 3000000 to try. The case of the new road
concerns private people: let them bother. All one can
promise them is a privilege for 12 or 15 years. The road
(railway) from Moscow to Nizhny Novgorod would still
be more necessary than the road from Moscow to
St. Petersburg — and my opinion would be: start with it
... Lam, of course, not against railways, but I am opposed
to the idea that government engages. Some of the
objections to the project are undeniable, for example,



about snowdrifts. For this a new machine must be
invented, sine qua non’. There is nothing to think about
sending people or hiring workers to sweep snow: this is
absurdity» |3, pp. 81—82]. At the same time,
Alexander Pushkin had plans to publish material on
railway topics, so he wrote on the pages of the journal:
«I asked Prince Kozlovsky to give me articles on the
theory of steam engines, now that Gerstner is finishing
his cast-iron road between the capital and Tsarskoe
Selo, we all need to understand and master the great
invention to which the future belongs». The article by
P. B. Kozlovsky «A Brief Outline of the Theory of
Steam Engines» was published in Sovremennik
(Pic. 2) in Volume VII [5, pp. 6—14].

From the above materials, it can be concluded
that Pushkin’s opinion on construction of railways
was ambiguous since he was not sure of effectiveness
of this project. On the one hand, he writes about
railways that «we all need to understand and master
the great invention, to which the future belongs», and
on the other, «Russia cannot throw 3000000 to try.
The case of the new road concerns private people: let
them bother». By this A. Pushkin shows that he is on
the side of progress, but against risk. He also notes
the long-term nature of the new railway project and
its long-term return on investment: «All you can
promise them [private people] is a privilege for 12 or
15 years». His opinion about the private capital
required for construction is also interesting. Did the
poet mean that the state has enough problems even
without a railway, or did he foresee the position of
S. Yu. Witte, who in some of his works argued about
the need to transfer railways from state to private
management!? In any case, this also proves that
A. S. Pushkin worried not only about technical issues
(there is a historical fact that the poet became the
author of the idea of a snowplow), but also about
the economic component of the grandiose project,
and in that case he apparently adhered emphasized
liberal position [7].

Returning to Nekrasov and his great work, it
should be noted that, unlike most authors whose
works were devoted to the potential of railways, speed,
their progressiveness and importance for Russia, the
romance of travel, he, with the lyrical folk tragicalness,
characteristic of his works, describes particularly the
unattractive side of the socio-economic situation
associated with construction: difficult working
conditions, low wages, tight deadlines for
commissioning facilities, etc. If we interpret the poem
in a modern way, then it reflects the problems of
human resource management that existed at that

! Necessary condition (lat.).

Pic. 2. Page of Sovremennik with the article by
P. B. Kozlovsky «A Brief Outline of the Theory of Steam
Engines», Vol. 7, 1837 [6, p. 51].

time, inefficiency of their use and the lack of means
of mechanization:

Bloodless lips, drooping eyelids,

Ulcers on skinny arms

Forever knee-deep in water

The legs are swollen; tangled hair;

1 will wash my chest, which is diligently on the
spade

1 spent the whole century day after day...

You take a closer look at him, Vanya, carefully:

It was difficult for a man to get his bread!

Didn’t straighten his hunchbacked back

He is still: stupidly silent

And mechanically with a rusty shovel

Hollows the frozen ground! [8, p. 40/]°.

Undoubtedly, the statesmen and railway
developers «liked» the poem published in 1865,

2 The author of translation is unknown. Another version
of translation was posted at https://matthias-gloeckner.
de/blog/en/nikolay-nekrasov-the-railway/:

His lips bloodless, eyelids sunken,

His skinny arms sore,

Always kneeling in the water,

His legs swollen; Polish plait in his hair;

A dent in his breast, because day by day

He stemmed against the spade for all of his life...

Look at him, Vanya, attentively:

This man worked hard to earn his bread!

His hunched back he straightens up

No more now: in silence

And the mechanical rusty spade

Is hitting into the frozen ground!
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and largely due to this, in 1866, after two
preliminary warnings, the magazine was forced
to close [9; 10, p. 392].

Nekrasov’s attitude to construction of
railways was as ambiguous as that of A. S. Push-
kin. But, if Pushkin did not have a definite
opinion about the technical and economic
well-being of railways, then Nekrasov had
similar worries for common people, for
«muzhiks». On the one hand, he expressed
sorrow due to excessive exploitation of
workers, and on the other hand, he emphasized
that the road had been built, justified itself and
people had been able to cope [10, p. 391].

One of the most progressive literary critics
ofthat time, an employee of Sovremennik N. A.
Dobrolyubov, also had a desire to speak out
about accelerating development of railways
on the pages of the magazine (more precisely,
in Svistok [The Whistle], the appendix to the
main magazine) [11, pp. 185—186]. As it is
known, he adhered to the «left» views on the
structure of society and implementation of
social reforms in the fatherland (finally, his
publication was published only in 1886 in
Russkaya starina magazine), so it was through
political satire that Dobrolyubov tried to
convey the attachment of many public figures
to the «old days» and social alienation of
obvious progress. Dobrolyubov’s poem is
built on the foundation of «Russian swagger
and non-punctuality», a keen sense of
freedom, but it also touches upon socio-
economic problems. At the beginning of the
poem, in a satirical manner, he describes the
opposition of the chaotic movement of horse-
drawn vehicles to the linear movement of
trains:

Troika is quite another!

1 rush where [ want,

With no need, no purpose,

Indenting traces on the soil.

I do not want, straight —

Take it to the left,

Through the meadows to the right,

Backwards through the crops ... [12,p. 513—
514].

Further, he writes about foreign investments
in construction of railways and purchase of
foreign machines:

The foreigners bulk

Russian millions

To put obstacles

To the Russian will.

Then Dobrolyubov ridicules all the negative
statements about the railway, listing fears and
problems that may arise during operation of
railways in Russia. At the same time, in the
listed problems, we see obvious reference to
economic costs, which was the main «visiting
card» of opponents of construction of railways:

Our train will not go

As the German one goes:

1t will jump the track

With a valiant force;

Or will crumble the embankment,

FEither will crush a little bridge,

Then towards the opposing train

Rakishly will drive.

1t will go slower,

Will be late to its heart’s content,

Because of blizzard

Will be halting for a day or three in the open
country.

Dobrolyubov ends the poem in the same
satirical vein, but at the same time his personal
beliefs and hopes of a positive outcome of
emergence of railways in Russia are clearly
traced:

Yes, I passionately believe:

Dead car

Will not bind the arbitrariness of the

Giant Russia.

1 believe: all machines

In the Russian nature

Will revive themselves

By the spirit and freedom.

The lines «Will revive themselves/By the
spirit and freedom» are of particular interest.
Here, the word «revive» can be interpreted as
«take root». The confidence of Dobrolyubov
in wholesomeness of construction of railways
corresponded also to the officially formulated
state position. So, the decree of the Emperor
Alexander Il «On construction of the first
railway network in Russia» dated January 26,
1857 read: «...Railways, in the need for which
many had doubts for another ten years, are now
recognized by all estates as a necessity for the
Empire and have become a national need, a
common, urgent desire» [13].

Let us note another interesting feature
traced in the works of the authors of
Sovremennik and of other poets of the middle
19" century written on the topic of railways.
It refers to the mention of bridges, perhaps the
most popular man-made structure on the
railway. So, N. A. Nekrasov used descriptive



words: «Straight path is: narrow embankments,
/ Mileposts, rails, bridges»; N.A. Dobrolyubov
worded satirically: « Or will crumble the
embankment, / Either will crush a little
bridge». In his sensuous poem «On the
railway», published in 1860 in Russkiy vestnik
journal, [the poet] Afanasy Fet, who was not
a stranger to Sovremennik, wrote:

And, doused with silver moon,

The trees are flying past us

Below us with a roar of cast iron

Instant bridges thunder |14, pp. 282—283].

And [the poet] Ya. P. Polonsky in his poem
of 1868 «On the railway» also published in
Russkiy vestnik compared rolling stock with
an «iron horse» and noted the noise from
bridges:

There is a little forest rushing towards,

Bridges rumble across the ravines,

And the steam clings to the bushes;

The iron horse is riding, riding,

And the poles are flickering, flickering ... [15,
p. 108—111].

Should we assume that Ya. P. Polonsky
wrote his poem under the impression of Fet’s
creation? It is quite possible, since the name
is exactly the same, and in both poems note
the rumble of bridges, and both were published
in Russkiy vestnik.

Besides the listed authors, many
contemporaries of the magazine devoted their
works to the railway theme in their poetry and
prose, these are P. A. Vyazemsky, V. A. Sleptsov,
N. S. Leskov, V. G Benediktov, M. E. Saltykov-
Shchedrin, A. N. Apukhtin and many others
[16, p. 255].

The railway topic in Russian fiction of
19t-20™ centuries was extremely popular [17].
Pig-iron and then steel main lines more and more
occupied the minds of progressively thinking
intelligentsia, a significant part of which expressed
their opinions through literary works, criticism
and journalism and rallied around Sovremennik.
Itisimportant to note that responsible publishers
and employees of the magazine were mostly
representatives of «<new people» [3, p. 62; 11], and
in their works, when describing the socio-
economic problems of the Empire, they often left
«artistry» in favor of «realism». The authors by
their own example, their ideas and works showed
that one should never artificially slow down
progress, that sensible assessment of the «new»
and its harmonious coexistence with the «old»
will give a synergistic effect. And railways, both

in 19™ century and now, play a key socio-
economic role in this process.
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BenbkoBuy H. Y. CoBepuiencTBoBaHNE aJIrOPUTMOB
YIPaBJIeHUs TATOBBIM PHUBOIOM TEIJIOBO30B C ACHHXPOHHBI-
MH 3JIeKTpoaBuratensiMu / Aproped. Quc... KaHI. TeXH.
Hayk. — CII6.: TIT'YIIC, 2020. — 16 c.

OCHOBHOII 111610 pabOTBHI SIBJISIETCSI COBEPILIEHCTBO-
BaHUE AJITOPUTMA YIIPABICHMSI aBTOHOMHBIM UHBEPTOPOM
HanpspkeHust (AVMH) TsiroBoro ripeo6pas3oBatelisi TUTaHust
ACHHXPOHHBIX DJICKTPOJIBUTATEIIEi TETIIIOBO3a, 00eCTIeYr-
BaIOILIETO CHIDKEHME TUHaMuueckux norepb B AUH, mo-
BBIILIEHNE TATOBBIX U TIPOTUBOOOKCOBOYHBIX CBOMCTB JIO-
KOMOTHBA.

Peluensl cnenyrolime 3aaaum:

* TEOPETUUYECKOE CPaBHEHUE CYIIECTBYIOIIUX alro-
PUTMOB (hOPMHMPOBAHUSI BHIXOMHOTO HATIPSIKEHUST TBYX-
YPOBHEBOTO MHBEPTOPA U OMpPEAEICHUEe HEOOXOIUMBIX
TpeOOBaHMIA TSI UX COBEPIICHCTBOBAHMS;

* COBEPLICHCTBOBAHME U UCCIIEIOBAHNE HA KOMITBIO-
TEPHOI1 MOJIEIH aITOPUTMA MTPSIMOTO LUMPOBOTO Peryau-
poBaHus1 (Hha3HBIX TOKOB ACUHXPOHHBIX TSTOBBIX 2JIEKTPO-
JIBUTATEJICH C PeryJMpyeMoii 4acToToOi KOMMYTalMy CU-
JIOBBIX TIOJTYTTPOBOAHUKOBBIX TPUOOPOB;

* COBEpILIEHCTBOBAHUE AJITOPUTMA 3AIUTHI OT OOK-
COBaHMSI 1 1032 KOJIECHBIX T1ap TETIOBO3a;

* pa3paboTKa MeTo/Ia 1 arraparyphbl 7151 00ecrie4eHust
MOHUTOPUHTA IMHAMUYECKUX POIIECCOB B TSTOBOM 2JIeK-
TPOTIPUBOJIE;

* CTEHAOBbBIE U KCIUTYaTallMOHHbIE UCTILITAHUSI Pa3-
pabOTaHHBIX AITOPUTMOB B COCTaBE CUCTEMbI aBTOMATHU-
YeCKOTO YIPaBJICHHUSI TITOBBIM IIPeoOpa3oBaTesieM.

Pazpaborana meToayka v mporpaMMHOe oOecreueHe
UISL UBMEPEHUSI U PETUCTPALIUY 3IEKTPOMATHUTHOTO MO-
MEHTa aCUHXPOHHOTO TSITOBOTO JBHMTATENISI B YCIOBHSIX
peabHO IKCIUTyaTally TeIIOBO30B.

[pumeHeHre MOANPUIIMPOBAHHOTO AJITOPUTMA
C YIy4IIEHHBIMU TUHAMWIECKIMU Ka4eCTBAMU TO3BOJIH~
JIO TIOBBICUTB TSTOBBIE U TPOTUBOOOKCOBOUHBIE CBOMCTBA
TETUIOBO3A.

J171st U3MepEeHUsT M COXPaHEHUST 9KCTIEPUMEHTATBHBIX
JIaHHBIX ObLT pa3paboTaH CrelMaTu31MPOBaHHbII BHICOKO-
YACTOTHBIN PETUCTPATOP, 00ECTICYMBAIONINIT HETIPEPHIB-
HYIO (B TeUeHUeE TISITH CYTOK) 3aITUCh IIIECTHAIIIATH aHAJIO-
TOBBIX ITapaMeTpoB Ha SD KapTy maMsITu ¢ yacToToii 2 KIiI.
17151 06pabOTKY pe3yIbTaTOB U3MEPEHUIA NCTIONL30BATUCH
niporpaMMHbie Komruiekebl Win[TOC u MatLab. Komribro-
TepHasi MaTeMaTUuecKasi Mofie/b Oblia codpaHa B MPo-
rpaMMHOM KoMIutiekce SimuLink.

Cneyuanvrocmo 05.09.03 — DaekmpomexnuuecKue
Komnaekcnl u cucmemslt. Paboma eévinonnena é Ilemepoype-
CKOM 20Cy0apcmeeHHoM YHugepcumeme nymei cooOuwjeHus
Hmnepamopa Anexcanopa 1.

Jlenucos 1. A. O6ocHOBaHNEe IAPAMETPOB METAILIOKOH-
CTPYKIMiA TPY30BbIX TeJeXKeK KPAaHOB MOCTOBOIO THIA HA
OCHOBE YHUBEPCAJIbHOI KOMIIOHOBOYHOI cXeMbl / ABTOped.
JIMC... KaHJ. TexH. HayK. — bpsmck: BI'TY, 2020. — 22 c.

Lenbio uccaenoBaHusl ObUIO COBEPIIEHCTBOBAHUE
IPY30BBIX TEJIEKEK KPAaHOB MOCTOBOTO THIIA OBINETO Ha-
3HAYEHUST 32 CYET MPUMEHEHUST HOBBIX KOHCTPYKTUBHBIX
peLIeHU# 1 IPOEKTHBIX MOAXOIO0B MPU ONPEACICHUN Ma-
pPaMeTPOB MX HECYIIINX METAUIOKOHCTPYKIIHIA.

Pazpaborana MaremaTuyeckast MOJIEJIb CTPYKTYPHO-
napaMeTpUYecKoro CUHTe3a Hecylleil MeTalJOKOH-
CTPYKIIMK TPY30BOii TEJEKKHM KpaHa MOCTOBOTO THUIIA

VINPAI PAH PTA VTl O INC

00111eT0 Ha3HAUYEHUSl HA OCHOBE YHUBEPCAJIbHOU KOM-
TTOHOBOYHOI CXeMbI MOAYJIbHOI KOH(UTYpaLMU C BO3-
MOKHOCTBIO €€ CTPYKTYPHOI peKOMOMHALIMY B ITPOLIEC-
ce dKCITyaTaluu.

B xone paboTbl ObUIM YCTAHOBJIEHBI 3aKOHOMEPHOCTU
BJIMSHUS MOJOXEHUSI MEXaHU3MOB I'PY30BOM TEJIEXKHU,
CIMPOEKTUPOBAHHON HA OCHOBE YHUBEPCAIBbHBIX KOMIIO-
HOBOYHBIX CXEM, Ha pacrpe/ie/ieH1e OMOPHbBIX HArpy30K
MeXIy e€ XOJOBbIMU KOJIECAMU.

PazpaGoTaHbl NpMHUMUINIMAIbHBIE YHUBEPCATIbHbIE
KOMITOHOBOYHbBIE CXEMbl HECYIIIMX METAJLIOKOHCTPYKLIMIA
TPY30BbIX TeJIEXKEK KPAHOB MOCTOBOTO TUTIA OOIIIEro Ha3Ha-
YeHUsI KOMIUIEKCHOM M MOMTYJTbHO KOH(UTYPAINU, TIO3BO-
JISTIOLIME CHU3UTD OOLIYI0 METAJUIOEMKOCTD TEJIEKEK MPU
COXpaHEHUU MoKa3aTeseil MPOYHOCTU, YCTOMUMBOCTHU
U XKECTKOCTU.

DKCIepuMeHTalbHO UCCIIeIOBaHbI OCOOEHHOCTU
MPUMEHEHUS YACTOTHO-PETYIMPYEMOrO 3JIEKTPOIIPUBOAA
MPU €ro 3KCIUIyaTalluy B peXMUMax padoTbl KPAHOBbIX
MexaHM3MoB. Ha ocHOBe ucciieoBaHUS 1aHbl PEKOMEH-
Jauuu 1o HopMUPOBAHUIO PACYETHBIX COUETAHMI HATpy-
30K, IEUCTBYIOILMX HA METAIJIOKOHCTPYKLIMIO IPY30BOi
TeNeXKU. JJOMONTHUTEIbHO chOPMUPOBAHBI PEKOMEH/IA-
LIMM MO HACTPOIKe CUCTEM YaCTOTHO-PETYJIUPYEMOTO
3JIEKTPONPUBO/Ia KPAHOBBIX MEXaHM3MOB C y4ETOM JTUHA-
MMYECKUX U SHEPTeTUYECKUX IKCIUTyaTallMOHHBIX MTOKa-
3aTesieil B pa3HbIX pexXuMax UX paboThbl.

Pazpaborana MeToMKa MpOeKTMPOBAHUS METAJUIIOKOH-
CTPYKLIMU TPY30BOI TEJIEXKKU KpaHa MOCTOBOTO THUIIA 00-
LLIEr0 Ha3HAYEHUS! HA OCHOBE YHUBEPCAIBbHOI KOMIIOHO-
BOUYHOI1 CXeMbI KOMIUIEKCHO 1 MOIYJTbHOW KOH(UTYPALIAU.

Ha ocHoBe npeU1oKeHHbIX YHUBEPCATbHBIX KOMITO-
HOBOYHBIX CXE€M Pa3padOTaHbl KOHCTPYKTUBHbIE PELLICHUST
HECYLIMX METAJUIOKOHCTPYKLIMI IPY30BbIX TEJEXKEK KDAHOB
MOCTOBOTO THIIa OOLLEro Ha3HAUEHUsI, 3aIMILEHHBIC MTa-
teHtamu PO Ne 175918, No 178169, Ne 185448.

Cneyuanvrocms 05.05.04 — Jlopoxchbie, cmpoumenshole
u nodsémHo-mpancnopmuole mawunsl. Paboma evinosnena
6 bpancKkom 20cy0apcmeeHHOM MEXHUYEeCKOM yHueepcumeme.
3awuma cocmosaace 8 Mockogckom agmomooOUunbHo-
Q0PONCHOM 20CYOAPCMBEHHOM MEXHUMECKOM YHUBEPCUMeme

(MALH)

Hcakos T. A. ABToMaTH3aMsl peryMpoBaHus nacca-
JKHPOMOTOKA NPHU MPOBEAEHNN KPYNHOMACIITAOHBIX KYJIBTYP-
HO-MACCOBBIX MeponpusATHii / ABToped. muc... KaHI. TeXH.
Hayk. — M.: PYT, 2020. — 24 c.

[Npu mmaHupoBaHWM KPYITHOMACIITAOHBIX KYJIETYPHO-
maccoBblx Meponpusatuil (KKMM) 3anauu, cBsizaHHBIE
C OpraHu3alyeil CBOeBPEMEHHOTO 1 6€3011acHOro NMpUObI-
TUST U OTOBITHSI OOJIBIIIOTO YKMCTIA JIIONEH, SIBISIIOTCSI KITIO-
YeBBIMM JJIs1 OpraHn3aTopoB. B nepuon robdanbHON K-
¢poBU3aLMyU onpeeseHre KauecTBa paboThl TPAHCIOPT-
HO nHOPACTPYKTYpHl 9PGHEKTUBHO BBITIONHSTH Ha 1IM-
(GPOBBIX TBOMHUKAX — MMHUTALMOHHBIX Monesix. [1pu
BbIOOPE AJITOPUTMOB aBTOMATU3MPOBAHHOTO PETYIMPOBa-
HUS Taccaxkupornoroka nmpu nposeneHur KKMM Heo6-
XOAMMO TIPOBENEHUEe UMUTALIMOHHBIX SKCIIEPUMEHTOB
C LIEJIbIO TOMTyYeHUsT YUCACHHDBIX 3HAaU€HUI BbIOPAHHBIX
KpUTEpHEB KauecTBa YIpaBlIeHUs U BbIOOpa criocoba
yIpaBJIeHUs], 00eCIeurBaoLEero TpedbyeMble 3HaUCHUs
KPUTEPHEB KaueCTBa yIIPABICHUSI.

OIHUM 13 aCTIEKTOB PEIIeHUsT 3a1aYU SIBJISIETCS OTIpe-
JIeJIEHNE aJITOPUTMOB M METOJIOB aBTOMaTU3MPOBAHHOTO
peryaupoBaHus MaccaXuponoToka Mpu MpoBeAeHUNU
KKMM, BbIOOp MaTeMaTUUECKOT0 arrapaTa v porpaMM-
HOro obecrieyeHus sl pa3paboTKM UMUTALIMOHHbBIX MO-
neneit KKMM ¢ y4€ToM M3MEHSIIOLIMXCS [TapaMeTpOoB.

OOBEKTOM HCCIIeNOBaHUs ObUla TPAHCTIOPTHAST UH-
dpacTpyKTypa ¥ peryJMpoBaHue MeIIeXONHbIX TOTOKOB
npu npoeaeHun KKMM.

B kauecTBe npeaMeTa ncceoBaHus PACCMATPUBATUCE
ITOPUTMBI U METOZIbI aBTOMaTU3MPOBAHHOTO PEryIMpoBa-
HMSI TaccaxupornoToka npu nposeaeHnn KKMM.

Lenbio qucceprainy Obl1a pa3paboTKa CTPYKTYPhI
1 MaTeMaTUYeCKOro o0ecrieueHusl aBTOMaTu31pOBaHHOM
CHCTEMbI PEeryIMPOBAHUSI MACCAXUPOIOTOKA MIPU MPOBe-
nednn KKMM (ACPIT).



®opmanuszoBanbl TpeboBanust K ACPII, uto mo3Bo-
JINJIO CUHTE3UPOBATh CTPYKTYPY M MHOXKECTBO MOJENeit
3TOI CUCTEMBI.

CocrasineH kinaccudukarop KKMM, nossossitoimii
OMNpEIENTUTh COCTaB OOBEKTOB U UX OOBbENUHEHUI, YIU-
ThIBaeMbIX U r1aHupoBaHu KKMM — 30H pa3rpaHu-
YEeHUIii, YpPOBHEN TMJIaHUPOBAHUS U MEepeyHsi OOBEKTOB
YIIPABJIEHUS, YTO TIO3BOJIVIIO BHITTOJTHUTD AEKOMITO3ULIIO
3a/1a4, CTOSIIUX Mepell OpraHu3aTopamu.

Ha ocHoBe aHayiM3a CTaTUCTUYECKUX TAaHHBIX BbISIB-
JIEHBI pa3InIvs B TIOBENEHUH YIACTHUKOB TIEIIEXOTHOTO
MTOTOKA 3pUTEJIeH, crielidrKa X B3aUMOIEHCTBYSI MEXITY
0001, YTO MO3BOJIMJIO PACCMATPUBATD MELIEXOAHbIN 1MO-
TOK KaK HEOTHOPOIHBIN U BBIIETUTDH B €0 COCTaBe KIU-
EHTCKUE IPYMITbl. DTU Pe3yJIbTaThl CIeIAI BO3MOXKXHBIM
aJIeKBaTHO MOZIEIMPOBATh MOBEICHNE YUaCTHUKOB Iellie-
XOIHBIX MTOTOKOB Mpu TipoBeaeHu KKMM.

PazpaboTtaHa MeTo1Ka aBTOMaTU3UPOBAHHOTO pery-
JIMPOBAHMs MaccakxupornoToka npu nposeaeHun KKMM,
YUUTBIBAIONIAS KPUTEPUU KauecTBa yIPaBJICHUsI TPaHC-
nopTHoit nHppacTpykrypoit KKMM.

IIpoBeneHo uccienoBaHue 0OBHEKTa BO BCEX 30HAX
pasrpaHUYEeHMS TPY TOCTPOSHU N MATEMATHUECKIX MOJIe-
JIeil, B pe3ysibTaTe KOTOPOro MpeAcTaBiIeHo (hopMaan3o-
BaHHOE OIKMCAHME MOBEICHMSI KIIMEHTCKUX TPYIII Melle-
XOIHOTO TOTOKA, BOSHUKAIOLINX B MOIETUPYEMOM TPO-
CTPaHCTBE.

Co3zaaHa UMUTALIMOHHAST MOJIESTh (DYHKIIMOHUPOBAHUS
30H pasrpanuueHus npu nposeaeHun KKMM, yuutei-
BaloIlasi B OTJIMYME OT U3BECTHBIX HEOHOPOIHOCTH Teliie-
XOJHOTO MIOTOKA, Pa3INyKsi B KPUTEPUSIX OLIEHKM KayecTBa
(YHKIIMOHMPOBAHWSI CUCTEM OOCITY>KMBAHUS B PA3TINIHBIX
30HaxX pa3rpaHUYEHMUS.

BoinosnHeH aHanu3 pe3ybTaToB UMUTALLMUOHHOTO
MOJETMPOBAHUS, TIO3BOIUBIINI C(HOPMYTUPOBATH TUIIO-
BbIe PEKOMEHIAIIMH TI0 TOCTHXKEHUIO 1IeJIeBBIX 3HAUCHU I
KPUTEPUEB KauecTBa PeryJIMpoBaHmsl MacCcaXXMpornoToKa.

BeirmonHeH aHaM3, A0 BO3ZMOXHOCTh UCTIONb-
30BaTh CYIIECTBYIONINE HAayIHbIE TIOMXOJIbI, METOIOJIOTHUH,
METO/IbI U151 00pabOTKM MOTyYEHHBIX B XO/1€ UCCIIeI0BAHUS
naHHbIX TIpu oaroroBke K KKMM u chopmynupoBath
TpeGoBaHUS K CTPYKTYpe U pyHKLnoHany ACPII.

BrisiBiieHb! ypPOBHU MJIAHUPOBAHUS M 30H pa3rpaHu-
yeHust npu nipoBeaeHur KKMM. B 3aBucumMocTtu ot ux
KOMOWHAIIWIA 3TO MTO3BOJISIET BBIIESITh KIIMEHTCKUE FPYTI-
Tbl B COCTaBe IMELIEXOJHOro MOTOKA U 3a/1eiicTBOBaHHbIE
00BEKTBI THPPACTPYKTYPHI, YTO UMEET BaXKHOE 3HAUCHIE
TIpY PeIlieHU] 3aa4 PEeryJIMPOBaHMsI TTACCaKUPOTIOTOKA.

CocrapieH kiaccubuKaTop, o3BOJISIOIIMIA BEISIBUT
YACTHBIE 3aJau¥l PEryJIMpOBaHUS MACCaXUPOIMOTOKA,
XapaKkTepHbIe TSI KOHKPETHOI TPYIIThl MEPOTIPUSITHIA,
Y BBIOpaTh KPUTEPUM KauyecTBa (PYHKLIMOHUPOBAHUS
00BEKTOB MH(MPACTPYKTYPHI.

OmnpesiesiéH cocTaB MaTeMaTUUECKOro 00ecredeHust
ACPTI, no3BositoLIMiA pelaTh 3a1a41 aBTOMaTU3UPOBaH -
HOTO PeTyIMPOBaHMSI TACCAKMUPOITOTOKA TIPY MPOBEIEHUT
KKMM.

TpencraBneHa rpacdudeckasi MHTEpIpeTaLus CTPyK-
TYPHOI1 CXeMBI CICTEMBI OOCITY>KUBaHsI, KOTOpasi T03BO-
JISIET peliaTh MHOKECTBO 3a/1a4 ITAHUPOBAHKSI TPAHCTIOPT-
HbIX TpotieccoB npu nposeaeHn KKMM B envHoOM MH-
(opManmoHHOM TIPOCTPAHCTBE.

Co3naHa MaTeMaTUYecKasi MOJIEJb MeIeX0IHOTO
MOTOKA B Pa3JIMYHbIX 30HAX Pa3rpaHUUYEHUs C yIETOM
HaTM4YMsI B HEM KIMEHTCKUX TPYIII, KOTOPast TIO3BOJISIET
pelaTh 3a1a4u 6€30MacHOro MIaHUPOBaHUS U (DYHKIIMO-
HUPOBAHUS 0OBEKTOB UH(MPACTPYKTYPHI.

PazpaboTaHbl UMUTAIMOHHBIE MOJEIHN TPaHC-
MOPTHOW MHOPACTPYKTYPHI ¢ YIETOM HATUIUS KITU-
€HTCKUX I'PYMIl B COCTaBe MPUObLIBAIOIIETO MacCcaxu-
pomnoroka Ha KKMM, no3Boisiioniue pemaTts 3agaqyu
6e30MacHOro MJIaHUPOBaHUST HYHKIMOHUPOBAHUS
TPAHCIOPTHOU MHOPACTPYKTYPHI U MELIEXOLHOTO
TMOTOKA B 30HE TIOCJIeAHE I MM TTepe] HAuYaaoM U 1O
okoHyaHuu KKMM.

CdhopMynrpoBaHbl PEKOMEHAALIMU 110 OpraHU3alnuu
TacCaKMUpPOTIOTOKA U pekuMa paboThl OOBEKTOB TPaHC-
noptHoit uHdpacTpyktypel KKMM. DddekTuBHOCTD
TMPEATIOXKEHHBIX METOJOB YIPABACHUSI MOJHOCTBIO MO~
TBEPIMJIACH B XONIEe CPABHEHUSI Pe3YIBTATOB MMUTAIIMOH-

VIIP SAH PJA M 3 S

HOTO MOJETMPOBAHUS U HATYPHBIX 9KCIIEPUMEHTOB,
BKJTIOUAIOIIMX B TOM 4rcIie Maran Yemmmonata Mupa 1mo
dbytoony 2018 rona (UM 2018).

Cneyuanvrocms 05. 13.06 — Asmomamusayus u ynpag-
JleHue MeXHON0UMECKUMU NPOUeccamil U npou3so0cmeami
(mpancnopm). Paboma evinoanena é Poccuiickom yHusepcu-
meme mpancnopma.

OmopoBa B. B. Pa3pa6oTka npe/ioxKeHuii 110 OrpaHu-
YEeHHI0 IKCILUTYATAIMN HHINBUAYAJIBHBIX TPAHCHOPTHBIX
CPEJICTB B 3aTPY2KEHHOIi YaCTH rOPO/Ia B IIEPUO.T HAUOOIbIIIEH
IUIOTHOCTH TPAHCIIOPTHOTO MOTOKA / ABTOped. auC. .. Kau.
TexH. HayK. — M.: MAJIU, 2020. — 25 c.

OrpaHuyeHe IKCIUTyaTalliy TPAHCTIOPTHBIX CPEICTB
¢ MMHMMU3aLMeil oTepb, 3aTpat, PecypcoB B YCIOBUSIX
OrpaHMYCHHOCTH YIMYHO-10poxxHOM cetn (YIC) siByisteT-
CSl aKTyaJIbHOM HayYHO-TIPAKTUYECKOM 3a1a4eit.

Lesblo vccnenoBaHus SIBISIETCSI COKpALEHKE TIOTepb
BpPEMEHU YIACTHUKOB JOPOKHOTO ABUKEHUS U SKOJIOTH-
yeckoro yiiepoa (00ycIOBIEHHBIX TTPEBBIILIEHUEM TPaHC-
MOPTHOTO CMpOca Ha DKCIUTyaTallMi0 MHAMBUIYAJTbHBIX
TPaHCIIOPTHBIX CPEACTB HAIl IIPOITYCKHON CTIOCOOHOCTHIO
YIC).

OOBEKTOM HCCeI0BaHMsI ObLT TPAHCIIOPTHBII CIIPOC
Ha JKCIUTyaTallMi0 WHIWBUAYATbHBIX TPAHCIIOPTHBIX
CPEJICTB B KPYITHBIX TOPOJIAX.

TIpeamerom uccienoBaHUt ObLIM CKOPOCTh, TUIOT-
HOCTb U WHTEHCUBHOCTH ABUKEHUS TPAHCTIOPTHBIX
CPEJICTB, B YCJIOBHSIX 3aTOPOBBIX COCTOSTHUI TPAHCIIOPT-
HOTO [TOTOKA, U3MEHSIEMbIE B 3aBUCMOCTHU OT IPUMEHEHUST
(ucKaTbHOTO PeryIMpOBaHUs TPAHCIIOPTHOTO CITPOca Ha
9KCIUTyaTallMio MHIAMBUIYATbHBIX TPAHCTIOPTHBIX CPENICTB.

HayuHast HoBU3Ha 3aKJto4aniach B pa3paboTKe Teope-
TUYECKUX M METOIOJIOTUUECKYX TIOIOKEHU T OTPAaHIIEHUST
9KCIUTyaTalliy MHAWBUIYATbHBIX TPAHCTIOPTHBIX CPEJICTB
B MIEPUO/IbI HAKOOIbLIEH TJIOTHOCTU TPAHCIIOPTHOTO MO~
TOKa B 3arPy>KeHHOI YaCTU ropoza:

* omnpeesieHue LeaeBoi GYyHKIMU OrpaHUYeHU
9KCILTyaTalluy MHAMBULYATbHBIX TPAHCTIOPTHBIX CPEICTB
u Kputepusi otoopa yyactkoB YJIC s BBEACHUST TaKUX
OrpaHUYEHUIA;

* 000CHOBaHME U3MEHEHHUsI MJIOTHOCTU TPaHCIIOPT-
HOTO TIOTOKA B 3aBUCUMOCTH OT ITPUMEHSIEMOTO TaprudHO-
TO PETyJIMPOBAHNSI;

* onpeaesaeHue KpUutepust Uit OLeHKU 3(hheKTUBHO-
CTH TIPOBENEHHBIX MEPOTPUSTHI TI0 OTPAHUUYEHHIO DKC-
TIyaTallid WHAWBUIYATbHBIX TPAHCTIOPTHBIX CPEICTB,
YUUTHIBAIOLLETO COBOKYITHbIE U3AEPKKU YYACTHUKOB J10-
POXHOTO JIBVKEHUSI.

TeopeTuyeckasi ¥ MpakTUYECKasi IEHHOCTh PaGOThI
B TOM, YTO pa3paboTaHHble HaAyUHO-METOIUYECKHUE
U TIPAKTUYECKUE TIOIXOIbI TMTO3BOJISAT 00ECIIEYUTh 1ie-
JIeBbIe TTOKA3aTeJIM OCHOBHOU IrarpaMMbl TPAHCTIOPT-
HOTO IMOTOKa M CHU3UTb HeraTUBHbIN 3(hdeKkT oT 3a-
IpsI3HEHUST aTMOC(HEPHOTO BO3AyXa B 3arpyXeHHOU
YACTU TOPOJIa; COKPATUTD ITOTEPU BPEMEHHU BCIIEICTBHE
TPAHCMOPTHBIX 33/1ePXKeK; CIOCOOCTBOBATH Pa3BUTHIO
Y PUMEHEHUIO HOBBIX TEXHOJIOTUI TTO3ULIMOHNPOBA-
HUSI TPAHCITOPTHBIX CPEJICTB, & TAKKE MOTYT MOCITYXUTh
TEOPETUUYECKOI OCHOBOI (hOpMUPOBAHUSI TPAHCIIOPT-
HOTO CIIpOca, B YCIOBUSX (PUCKAIBHOTO PETYINPOBa-
HWSI, JUIS1 pa3pabOTKU COOTBETCTBYIOIIMX HOPMATHUBHBIX
NPaBOBbIX TOKYMEHTOB.

Pesynbrarhl viccnenoBaHusl BHEAPEHBI B yUEOHBIN
npouecc MAIIU I'TY B pasnesibl JIEKIMOHHBIX KypCcOB
OUCUUIUIMHBL «OCHOBBI JIOTUCTUKMW» 10 HAMpaBIeHUIO
noarotoBku 38.03.02 « MeHeIKMEHT».

Pe3ynbraThl ucciienoBaHus TPUHSITHI K CBEICHUIO
U BHEIPEeHbI B MpakTuky aesitenbHocti CI16 TKY «/Iu-
PEKIIVsI TI0 OPTaHU3AIMU JOPOKHOTO NBIKeHMsT CaHKT-
IetepOypra» 1isT TOATOTOBKY OOOCHOBBIBAIOIINX MaTe-
pUAaJIOB NIPY MOJATOTOBKE aHAJTUTUYECKUX MAaTEPUAIOB MO
BOMPOCaM 00OCHOBAHMSI TUIATHOTO Bbe3/a B IIEHTPATTLHYIO
yactb CaHkr-IletepOypra.

CneyuanvHocms 05.22.10 — Dxcnayamauus aemomo-
ounvHo20 mpancnopma. Paboma evinoanena 6 Mockosckom
a8MoMoOUNLHO-00POICHOM 20CYOAPCMBEEHHOM MEXHUHECKOM
yHueepcumeme (MAIH). Y
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Benkovich, N. I. Improvement of algorithms
for traction drive control of diesel locomotives with
asynchronous electric motors. Abstract of Ph.D.
(Eng) thesis [Sovershenstvovanie algoritmov
upravleniya tyagovym privodom teplovozov s
asinkhronnymi elektrodvigatelyami. Avtoref. dis...
kand. tekh. nauk]. St. Petersburg, PGUPS publ.,
2020, 16 p.

The main goal of the work is to improve the
control algorithm of an autonomous voltage
inverter (AVI) of a traction power converter for
asynchronous electric motors of a diesel
locomotive, which ensures a decrease in dynamic
losses in AVI, an increase in traction and anti-
slipping properties of a locomotive.

The following tasks were solved:

» theoretical comparison of existing
algorithms for generating output voltage of a two-
level inverter and determining necessary
requirements for their improvement;

» improvement and research using a computer
model of the algorithm for direct digital regulation
of phase currents of asynchronous traction motors
with an adjustable switching frequency of power
semiconductor devices;

« improvement of the anti-slippage and skid
protection algorithm for locomotive wheelsets;

+ development of a method and equipment
for monitoring dynamic processes in a traction
electric drive;

* bench and operational tests of developed
algorithms as part of the traction converter
automatic control system.

Atechnique and software have been developed
for measuring and recording the electromagnetic
moment of an induction traction motor under
conditions of real operation of diesel locomotives.

The use of a modified algorithm with improved
dynamic properties made it possible to increase
traction and anti-slipping properties of a
locomotive.

To measure and store experimental data, a
specialized high-frequency recorder was
developed, which provides continuous (within
five days) recording of sixteen analog parameters

on an SD memory card with a frequency of 2 kHz.
To process the measured results, we used WinPOS
and MatLab software packages. The computer
mathematical model was assembled in the
SimuLink software package.

Specialty 05.09.03 — Electrotechnical complexes
and systems. The work was carried out at Emperor
Alexander I Petersburg State Transport University.

Denisov, I. A. Substantiation of parameters
of metal structures of cargo bogies of bridge-type
cranes on the basis of a universal layout scheme.
Abstract of Ph.D. (Eng) thesis [Obosnovanie
parametrov metallokonstruktsii gruzovykh
telezhek kranov mostovogo tipa na osnove
universalnoi komponovochnoi skhemy. Avtoref.
dis... kand. tekh. nauk]. Bryansk, BSTU, 2020,
22 p.

The objective of the study was to improve
cargo bogies of general-purpose bridge-type
cranes through the use of new design solutions
and design approaches in determining the
parameters of their supporting metal structures.

A mathematical model has been developed
for the structural-parametric synthesis of the
load-bearing metal structure of a general-
purpose bridge crane truck on the basis of a
universal layout diagram of a modular
configuration with the possibility of its structural
recombination during operation.

In the course of the work, regularities of
influence of the position of mechanisms of a
cargo bogie, designed on the basis of universal
layout diagrams, on distribution of support loads
between its running wheels were established.

Basic universal layout diagrams of load-
bearing metal structures of cargo bogies for
general-purpose bridge cranes of complex and
modular configuration have been developed,
which allow to reduce total metal consumption
of bogies while maintaining strength, stability
and stiffness indicators.

The features of the use of a frequency-
controlled electric drive during its operation in
operating modes of crane mechanisms were
experimentally studied. Based on the study,
recommendations are given on development of
design combinations of loads acting on the metal
structure of a cargo bogie. In addition,
recommendations were formulated for setting
up systems of a frequency-controlled electric
drive of crane mechanisms, considering the
dynamic and energy performance indicators in
different modes of their operation.



A method for designing a metal structure of a
cargo bogie of a general-purpose bridge crane is
developed based on a universal layout diagram of
a complex and modular configuration.

Based on the proposed universal layout
schemes, design solutions have been developed
for load-bearing metal structures of cargo bogies
for general-purpose bridge cranes, protected by
Russian patents No. 175918, No. 178169,
No. 185448.

Specialty 05.05.04 — Road, construction and
hoisting-and-transport vehicles. The work was
carried out at Bryansk State Technical University.
The defense took place at Moscow Automobile and
Road Construction State Technical University
(MADI).

Isakov, T. A. Automation of regulation of
passenger traffic during large-scale cultural
events. Abstract of Ph.D. (Eng) thesis
[Avtomatizatsiya regulirovaniya passazhiropotoka
pri provedenii krupnomasshtabnykh kulturno-
massovykh meropriyatii. Avtoref. dis... kand.
tekh. nauk]. Moscow, RUT, 2020, 24 p.

When planning large-scale cultural events
(LSCE), tasks related to timely and safe arrival
and departure of large numbers of people are
key ones for organizers. In the period of global
digitalization, it is effective to determine quality
of transport infrastructure operation using
digital twins, simulation models. When
choosing algorithms for automated regulation
of passenger traffic during LSCE, it is necessary
to conduct simulation experiments to obtain
numerical values of selected control quality
criteria and to select a control method that
provides the required values of control quality
criteria.

One of the aspects of solving the problem
refers to definition of algorithms and methods
for automated regulation of passenger traffic
during LSCE, the choice of mathematical
apparatus and software for development of
simulation models of LSCE, considering
changing parameters.

Transport infrastructure and regulation of
pedestrian flows during LSCE was chosen as
the object of the research, while algorithms and
methods of automated regulation of passenger
traffic during LSCE were considered as the
subject of research.

The purpose of the thesis was to develop the
structure and mathematical support of an
automated system for regulating passenger
traffic during LSCE (ASRP).

The requirements for ASPR have been
formalized, which made it possible to synthesize
the structure and many models of this system.

The LSCE classifier has been compiled,
which makes it possible to determine the
composition of objects and their associations
considered when planning LSCE: zones of
delimitation, planning levels and a list of
controlled objects, which made it possible to
decompose the tasks facing the organizers.

Based on the analysis of statistical data,
differences in behaviour of participants in the
pedestrian flow of spectators, the specificity of
their interaction with each other were revealed,
which made it possible to consider the
pedestrian flow as heterogeneous and identify
client groups in its composition.

These results made it possible to adequately
model the behaviour of pedestrian traffic
participants during LSCE.

A method for automated regulation of
passenger traffic during LSCE was developed,
considering the criteria for quality of
management of the transport infrastructure of
LSCE.

The study of the object in all zones of
delimitation was carried out during construction
of mathematical models, resulted in a
formalized description of the behaviour of
client groups of pedestrian traffic arising in the
simulated space.

A simulation model of functioning of
delimitation zones during LSCE was created,
considering, in contrast to the already known,
heterogeneity of the pedestrian flow, the
differences in the criteria for assessing quality
of functioning of service systems in different
delimitation zones.

The analysis of the results of simulation
modelling was carried out, which made it
possible to formulate standard recommendations
for achieving the target values of quality criteria
for regulation of passenger traffic.

The analysis has been carried out that makes
it possible to use existing scientific approaches,
methodologies, methods for processing data
obtained during the study during preparation
for LSCE and to formulate the requirements
for the structure and functionality of ASRP.

The levels of planning and delimitation
zones during LSCE have been revealed.
Depending on their combinations, this makes
it possible to distinguish client groups in the
pedestrian flow and the infrastructure facilities
involved, which is important for solving
problems of regulating passenger traffic.

23
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A classifier has been compiled that allows
to identify particular tasks of regulating
passenger traffic, typical for a specific group of
activities, and to select quality criteria for
functioning of infrastructure facilities.

The composition of mathematical support
of ASRP has been determined, which makes it
possible to solve the problems of automated
regulation of passenger traffic during LSCE.

A graphical interpretation of the structural
diagram of the service system is presented,
which allows solving many problems of
planning transport processes when carrying out
LSCE in a single information space.

A mathematical model of a pedestrian flow
in various delimitation zones has been created,
considering the inclusion of client groups, which
allows solving the problems of safe planning and
functioning of infrastructure facilities.

Simulation models of transport
infrastructure have been developed, considering
the presence of client groups as part of the
arriving passenger traffic at LSCE, allowing to
solve the problems of safe planning of
functioning of transport infrastructure and
pedestrian flow in the last mile zone before and
after LSCE.

Recommendations on organization of
passenger traffic and the operating mode of
transport infrastructure facilities of LSCE are
formulated. The effectiveness of proposed
control methods was fully confirmed during
comparison of the results of simulation
modelling and field experiments, including
matches of the 2018 FIFA World Cup.

Specialty 05.13.06 — Automation and control
of technological processes and production
(transport). The work was carried out at Russian
University of Transport.

Oshorova, V. V. Development of proposals to
restrain operation of individual vehicles in a busy
part of the city during the period of the highest
traffic density. Abstract of Ph.D. (Eng) thesis
[Razrabotka predlozhenii po ogranicheniyu
ekspluatatsii individualnykh transportnykh sredstv
v zagruzhennoi chasti goroda v period naibolshei
plotnosti transportnogo potoka. Avtoref. dis... kand.
tekh. nauk]. Moscow, MADI, 2020, 25 p.

Restraining operation of vehicles with
minimization of losses, costs, resources in
conditions of a limited street-road network (SRN)
is an urgent scientific and practical task.

The aim of the study is to reduce loss of time
of road users and environmental damage

(caused by the excess of transport demand for
operation of individual vehicles over the
capacity of SRN).

The object of the study was the transport
demand for operation of individual vehicles in
large cities. The subjects of research were speed,
density and traffic intensity of vehicles under the
conditions of traffic congestion, changing
depending on application of fiscal regulation of
transport demand for operation of individual
vehicles.

The scientific novelty consisted in development
of theoretical and methodological provisions for
restraining of operation of individual vehicles
during the periods of the highest traffic density in
the busy part of the city:

+ identification of the target function of
restraints on operation of individual vehicles and
the criterion for selection of road sections for
introduction of such restraints;

* substantiation of changes in traffic density
depending on the applied tariff regulation;

» determination of a criterion for assessing
the effectiveness of measures taken to restrain
operation of individual vehicles, considering total
costs of road users.

The theoretical and practical value of the work
is that the developed scientific, methodological
and practical approaches will provide the target
indicators of the main traffic flow diagram and
will reduce the negative effect of atmospheric air
pollution in the busy part of the city; will reduce
wasted time due to transport delays; will promote
development and application of new technologies
for positioning vehicles, and can also serve as a
theoretical basis for formation of transport
demand in the context of fiscal regulation, and
for development of appropriate regulatory legal
documents.

The results of the research were introduced
into the educational process of MADI technical
university in lecture courses of the discipline
«Basics of logistics» that is part of training in
03.03.02 «Management» study programme.

The results of the study were considered and
introduced into the practices of St. Petersburg
State Public Institution «Directorate for Traffic
Management of St. Petersburg» by using them for
preparing feasibility materials for further analytical
materials on substantiation of a tolled entrance
to the central part of St. Petersburg.

Specialty 05.22.10 — Operation of road
transport. The work was carried out at Moscow
Automobile and Highway State Technical University
(MADI). ®
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AHEKOOT

Puc. Makcum CmarvH / Maxim Smagin

HA OBO4YUHE

® Dk3aMeH Mo MOJIy4eHUIO BO-
JIUTENbCKUX MpaB. MHcnekTop cipa-
LLIMBAET BOIAUTEIIS:

— Kakoe 13 KoJIEC MEHbIIIEe BCETO
MOBOPAYMBAETCSI BO BpeMsl TIOBOPO-
Ta HaTmpaBo?

Tor, 3agymMaBIINCD:

— HagepHoe, 3anacHoe!

® Heyxenu B aBapMsIX Bcerma
BUHOBATHI MHcTIeKTOphl TMBJIJ1?
— Begknii pa3, Kak BUXKY aBapHio,
OHU 00s13aTeJIbHO PSIIOM CTOSIT!
® _ ABamia cobaka moamyckaer
K Ballleil MalllMHE YYXKUX JIFOAC?
— KoHeuyHOo, MHaue KaK oHa MX

YKYCUT?

CoBpemMeHHble adpopu3mbl

Modern sayings

you civilization up close.

HaOEXHbIM, KaK BOJOMNPOBO/,

® O6LLECTBEHHbIV TPAHCMOPT MNOXOX HA YBENUYUTENBHOE
CTEKJ10, KOTOPOE MoKa3biBAET BaM LMBUIN3ALIMIO BOIN3N.
Kpuc letapg

® Public transportation is like a magnifying glass that shows

Chris Gethard

® Mbl XOTUM, 4TOObI TPAHCMOPT OblS1 TAKUM Xe

Tpasuc KanaHuk
(ocHoBatenb Uber)

e \We want transportation as reliable as running water.
Travis Kalanick

JeXypHbii no pyopuke — A. KopHees.
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