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BAM oTmevaeT nonyBeKkoBOMu rodounen

alika;mo-AMypcKasi MarucTpaib BXOAUT B
YHCIIO KPYIHEHIINX KEJIE3HBIX JOPOT MUPA.
OHa NPOXOAUT IO TEPPUTOPUU AMYPCKOH U
Hpxyrckoit obmacreit, 3abaikanbckoro 1 Xabapos-
ckoro kpaeB, bypsitun u AAxytun. BAM crtan Bcena-
POAHBIM IPOEKTOM, €r0 BO3BEJIEHHME Ha3bIBAJIU
CTPOWKOHN BeKa, B KOTOPOHW B OOIIEH CIOKHOCTHU
y4JacTBOBAIIM OKOJIO 2 MIIH YenoBeK. Pabora mpoxo-
JIAJIa B CIIOXKHBIX KIIMMAaTHYECKUX, TeOIOTHIECKUX
ycnoBusix. [Toaru 1,5 Thic. KM IPONIOXKEHO B paiioHax
BEYHON MEP3JIOTHI ¥ BHICOKOM CEHCMUYHOCTH.
BAM nepecekaeT 7 TOpHBIX XpeOTOB 1 11 kpyI-
HBIX peK. JIIs Ipeo10oeHNs €CTECTBEHHBIX NIPErpa
OBLTIO coopyxeHO 4242 MOCTa M BOXOMPOIYCKHBIX
coopykeHust. [lodtn KaXkabIii JECATHIN KHJIOMETP
BAMa npoxonuT mo MocTy, a KasKIbIi COTBIN — B TOH-
Hene. M3-3a cnokHOro penbeda MECTHOCTH Ooliee
30 KM >KeJIe3HOM JOPOrH MPOXOAUT B TOHHENSX. 34ECh
HaxXOJIWTCs CaMbli JUIMHHBIN B Poccuu TOHHENb —
Cesepomyiickuii. Ero ctpounu ¢ 1977 mo 2001 rox,
BBEJIU B IIOCTOSHHYIO dKCILTyaTanuto B 2003 roxy.
IIporssxkennocts BAMa cocraBnset 4,3 ThIC.
kuiomeTpoB. baiikamo-AMypckas MarucTpaib
M3MEHHIIa 00JIMK OTPOMHOTO TaeXKHOI0 Kpasi, BOB-

JIeKJIa B 9KOHOMHUKY CTpaHbl KpyIHEHIINE 3a1achl
MOJIC3HBIX UCKOMAEMBIX H Jieca, o0ecredmia 00b-
€MBI TPY30I1€PEBO30K, YKPEIIIa BHEIIHEAKOHOMH-
geckue cBsizu CCCP uepe3 mopckue moptsl Janb-
Hero Boctoka. Bmecte ¢ BAMowMm nosiBUiIucCh HO-
BBI€ ITOCEJIKH, FOPOJIa, YTO CIIOCOOCTBOBAJIO 3aKpe-
IUICHUIO KaJpOB U YIYYIIEHUIO YCIOBHM KU3HH B
Cubupu u Ha JlanbHeM BocToke, KOTOpEIE BCeraa
HTPaJl 0COOYI0 UCTOPHUYECKYIO POJIb B PA3BUTHH
Poccun u cerogHs ocTaroTcs CTpaTeruuecKy Bax-
HBIMH HalpaBICHUSAMHU.

8 uromnst 2014 roga Bagumup Ilytun nan ogu-
uanabHbl cTapT « BAMy-2», kpynHenei cospe-
MEHHOMU cTpolike Ha BocTounom nmonmurone. IIpoekr
pacmupeHus bAMa HanpaBieH Ha yBEeIUYECHHE
TPaHCIIOPTHOW CBS3HOCTH Poccmm co cTpanamu
A3snarcko-THXO00KEaHCKOTO PETMOHA U YIydIlIeHHE
YCIOBUH COLMAJIBHO-3KOHOMHYECKOTO Pa3BUTHUSA
JansHero Boctoka.

ITo maTepuajiam npecc-neHTpa
MunucrtepcrBa Tpancnopra Poccuiickoi
®enepanum: https://mintrans.gov.ru/press-
center/news/11209 ®

125-neTne CTONMYHOro TpamBas

onee 200 ThicAY yenoBek oTMeTHIN 125-1e-

THE MOCKOBCKOTO TpamBas y bemopycckoro

BOK3aJa. [0CTH Mpa3iHUKa YBUACIH TOPKE-
CTBEHHBIN Iapaj TpaMBaeB Ha JlecHol ynwuiie, BbI-
CTaBKY PETPOaBTOMOOMIIEH, IPy30BUKOB U aBTOOYCOB
Ha Tuiomaau TBepckas 3acTaBa, a TaKKe MOCETHIIN
KOHILIEPT.

B ro0uneitHOM A1 MOCKOBCKOTO TpamBasi TOIY
IUTAHUPYIOT IPOBECTH TPH Mapaga MCTOPHUYECKUX
BaroHOB: BECEHHHM, JIECTHUI 1 OCCHHUI.

B T0 3xe Bpemst BeieTCsl MOATrOTOBKA K pacuInpe-
HUIO TpaMBaliHBIX MapHIpyTOB. B koHue mas Ha Tpu-
(hOHOBCKOH yIHIIe HAYHYTCS PaOOTHI ITO BOCCTAHOB-
JeHnto TpaMBaiiHOW nuHUH. B 2025 romy, cmycts
30 set, 31€Ch BHOBb OyAyT KypCHpOBaTh TPaMBau.
BoccTaHOBIEHHBIH y4acTOK MO3BOJIUT COCAUHUTH
Prxckuii BOK3aJl ¢ CaMbIMH MOIYJISIPHBIMH MECTaMH
B IIEHTPE IOpoJa.

«C Bo3BpamieHneM TpamBaeB Ha Tpu(oHOB-
CKYIO YWy HaJeKHBIH TPAHCIIOPT MOSBUTCS 00-
nee yeM y 70 ThICSY 4eI0BEK, KOTOPHIE >KHUBYT
WU paboTarT B palioHE 3TOHM JUHHHU. 3a CYET
YIO0OHBIX Mepecagok © MUHUMAIIbHBIX HHTEPBAJIOB
BpeMs B ITyTH COKPATHUTCSI, & MOE3]IKH CTAaHYT KOM-
(doprHee. Pa3BuTHe CTONMYHON TpaMBaWHOW CH-
CTEMBI IPOBOJUTCS IPX HEMOCPEACTBEHHOM IO~
nepxke Cepres CoOsSHHHA», — pacckasall 3aMe-

Domo na nepesoii cmpanuye: E. Camapun, Mos.ru.
Front cover photo: E. Samarin, Mos.ru.

crutenb Mapa MoCKBBI IO BOIIpOCaM TPaHCIOP-
ta Makcum JIuKCyTOB.

B sTOM romy maHupyeTcs HOJIHOCTBI0 OOHOBUTH
PENbChI U MITalibl Ha Beel TprQOHOBCKOW yHIe.
IIpOTsKEHHOCTh 3TOT0 y4acTKa COCTABISET OKO-
JI0 TpeX KUIOMETPOB. PaOOTHI BBIMONHAT ClielUaI-
cTbl MOCKOBCKOTO METpOIONUTEHA. B cienyromem
rofly 3aIIaHUPOBAaHO MOCTPOUTH HOBBIA Y4acCTOK
MyTe Ha ynuie [ UuasIpoBCKOTO C Pa3BOPOTHBIM
KOJbIIOM Y Pmxkckoro Bok3ama. Ha yuactke OymyT
KypCHPOBAaTh COBPEMEHHBIE HU3KOIIOJIbHBIE TPAMBAH.

HoBblll yyacTok NpoiAET HEMOCPEACTBEHHO
psinoM ¢ PoccuiickuM yHUBEpCHTETOM TPaHCIIOPTA,
OJIMH M3 KOPITYCOB KOTOPOTO BHIEH Ha (oTorpadun
Ha IepBOM CTpaHHUIIE Ha epekpectke TprudoHOBCKOMH
yauis! 1 ynunsl O6pasosa.

CronuuHas TpaMmBalHas cucTeMa paboTaer
[oj ynpaBiieHHeM MOCKOBCKOTO METPONOIUTEHA.
CrenuanucTsl peryispHO 00CIYKUBAIOT, PEMOHTH-
PYIOT ¥ MOZCPHIBHPYIOT HH(pacTpyKTypy. Kax sz
JIEHb Ha JIMHUIO BRIXOMAT okoio 500 TpamBaes,
Ha KOTOPBIX 0 OyaHsIM coBepinaeTcst okoso 700 Thi-
Cs14 MOE3/10K.

IIo maTepnajam caiita Mapa MocKkBbI:
https://www.mos.ru/news/item/138658073/;
https://www.mos.ru/news/item/137286073 ®
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BBEOEHUE

O06paboTka TeonH(POPMAIIHH C TTOAKITIOYE-
HUEM 3HAKOBOH CHCTEMBI 0003HAYEHHUH BBI3bI-
BAacT OrPaHWYCHNUS IIPY peaATN3aliH CEMaHTHYIe-
CKO¥1 00pabOTKH reopecypcoB, KOTOpBIe 00yCIIOB-
JICHBI ca0oi CTaHAapTH3aluel aTpuOyTHBHOMH
1 BU3yalIbHON TeOMH(OPMALNH U HEKAYECTBEH-
HBIMHU CTPYKTYypaMH €€ OIFCaHusI, KOTOpBIE HE0O-
XOAWMBI IS CO3JIaHMS B3aUMOCBS3aHHOI COBO-
KyITHOCTH TeopecypcoB. OmmucaHus TeofaHHBIX
BBUIY X T€TEPOT€HHOCTH HEBO3MO)KHO ITPEJICTa-
BUTb NCKITIOUUTENBHO B IMHIBUCTHIECKOH (hopme,
TI0TOMY MOJKET OKa3aThCsl MPOXYKTHBHOMN HIES
pa3paboTKy mMoaxona Ha OCHOBE (DYHKITHOHAIH-
HOTO IPOTPaMMHPOBAHHMSA, YTO MTO3BOJIMIO OBI
TIOCTABUTH B COOTBETCTBHE T€O/TaHHBIM HHKAIICY-
JUPOBaHHBIE PYHKIINH NX 00pabOTKH, B KAKOH-TO
CTETICHN OTOOpakarole MX ceMaHTuky [1; 2].
IIpennaraemplii TOAXO MO3BOJIUT PAaCUIMPUTD
CHCTEMY UCTOJIB3YEMbIX T€OONMCAHUI Pa3IMIHON
TEOSI3BIKOBOM MPHHAUISKHOCTH, BKITIOYAst Pe-
CTaBJICHNE BU3yaIbHBIX TCO3HAHMI.

PE3YNbTATbI
JIBa Hay4YHBIX HANPaBJIEHUs PA3BUTHUS
KapTorpauyeckmux cucreM

CunTe3 KapTorpaguy U CEMHOTHKH o0ecIie-
YT 3apOKIIEHIE HOBOW HAyYHOM TUCIIMITIIMHBI —
KapTOCEMUOTHKH, KOTOpas BKIIOYana B ceds
aHaIW3, UHTEPIIPETAINIO U Mpeodpa3oBaHne
3HAKOBBIX KapTOrpa(uuecKux CHCTEM.

KaprocemmoTika HCIONB3yeT INHIBUCTHYE-
CKH€ ONMCAHMA B TCOMH(POPMATHKE U JAACT BO3-
MO>KHOCTB MPE/ICTaBISTh aTpUOYTHBHBIC XapaK-
TEPUCTHUKHU KapT, TaKUE KaK yCIOBHBIE 0003Hae-
HUS ¥ JIETCHIpI, C IOMOIIBIO CIICIUATBHBIX SI3bI-
KOBBIX KOHCTPYKIHMH KapT C MOJAEIbHOU
1 COEPIKATEIFHOW COCTaBIISIOIINMH.

C TeducHHEM BpEMEHH B KapTOCEMHOTHKE
ObUTH 3a(pUKCHPOBAHEI IISATh PA3IEIIOB, TAK FITH
MHa4e CBSI3aHHBIX C CO3JaHWEM T'COOMHCAHUM:
KapTOCEMUOTHUYECKUH, KapTOJIUHIBUCTHUECKUH,
(dhopmMaTbHO-IOTHYECKNN, KHOepHETHIE CKII
7 CyOBS3BIKOBEIN. TeM He MeHee, (popMaibHO-
JIOTHYECKUN U CyOBS3BIKOBEIA pa3/ienbl He TIpe-
TEpHENH CYLUIECTBEHHOTO Pa3BUTUSA M HOCST
MapruHaJIbHBIN XapakTep.

Kaprocemmoruka, Oymytm, o CyTH, TPUKIIa-
HOM CEMHMOTHKOM, BKJIIOYAET B C€0sI aHAJIOTMIHBIE
CEMHOTHKE TPH COCTaBHBIC YacTH: 1) KapTorpa-
(bruecKui CHHTaKCHC 3HAKOBBIX COBOKYITHOCTEHA;
2) xaprorpaduueckas cCeMaHTHKa, CBI3aHHAs
C aHAJIM30M CMBbICIIA HCIOJIB3YEMBIX 3HAKOB, KOP-
PECTIOHTUPYIONIHX C ONMCHIBACMBIMH T€OpECyp-

® Mwup TpaHcnopTa. 2024. T. 22. Ne 2 (111). C. 6-11

camu; 3) kaprorpaduueckas parMarika, Koropast
TMIO3BOJISIET M3MEPUTD YTHIIMTAPHOCTH HCIIOJIb3Ye-
MBIX 3HAKOB B 3aBUCUMOCTH OT CTEIIEH! OCBEIOM-
JIEHHOCTH ¥ Npo(ecCHOHaIbHON NOATOTOBKH
norpebureneil reopecypcoB. LleHTpanbHbIM
3BEHOM KapTOCEMHOTHKH SBISETCSl pa3paboTka
SI3bIKA KapThl — KOPPEKTHOW 1 HEIPOTHBOPEUNBOM
3HAKOBOW CHCTEMBI, PeJHa3HAUYSHHOM JUIsl OTO-
OpaxxeHust Kaprorpaduieckoil nHPOpPMAIIHH.
KadecTBo si3bIKa KapThl XapaKTepU3yeT YPOBEHb
Pa3BUTHS CPEICTB IMPEICTABICHUS T€O3HAHUM
1 BO3MOXKHOCTH BH3YyaJIM3alllu Kaprorpaduue-
ckoit uapopmaru. Hanbomnee 3HaurMbIi BKIIa]]
B CTAHOBJICHHE SI3bIKa KapThl BHeC A. A. JIt0oThIi
[3]. Co3nanHbBIN UM S3BIK KapThl BKIIOYAET /1B
TIOIIBSA3BIKA: OJIMH [103BOJISIET ITPEJICTABUTH COCTAB
re000bEKTOB, a IPYTOii PEJICTABIISIET FEOMETPHIO
1 TOMOJIOTMIO re000BekToB. [1oBbIIeHIE TpeOo-
BaHUI K OpPraHU3alUi TeopecypcoB MPHUBEIIO
K OYpHOMY pOCTY MPEIJIOKEHHUN U JOMOIHCHUN
B 00J1acTH pa3pabOTKH Ie0CTaH/1apTOB, II03BOJINB-
mmx OoJiee MOJTHO ¥ TOYHO (POPMHUPOBATh HpE.-
CTaBJICHHS I€03HAHHMI Ha OCHOBE BBOAMMBIX
Te00HCaHUH.

A. A.JlioThlii paccMmarpuBan Tpu GopMBI
MpeJCTaBIeHUs] Te03HaHM: «HeBepOaIbHbIe
3HAHUS, BepOaJbHbIE 3HAHUS U 3HAHMUS, [IPEeJICTa-
BUMBIC U B BepOaIbHOM, U B HEBEpOATIBHOM Qop-
Max» [3]. U3 atoro ciemyer, 4TO KapThl, adpo-
(DOTOCHUMKH, JIUTOJIOTMYECKUE U CTpaTUrpadu-
YeCKHe KOJIOHKH, F€0IUarpaMMBbl, [aJICOTEKTOHH-
YECKHE CXEMbl, FT€OXMMHUYECKHE AHarpaMmbl
U CXEMbI KOPPEJSILMU MPEACTABIISIOT cOO0W He
YTO MHOE, KaK Pa3HOOOpa3HbIE T€OTEKCTHI.

B kadectBe 07jHOr0O U3 HauOoJEe 3HAYMMBIX
BKiIan0B A. A.Jlotoro B reomHpopMaTuky
MOXXHO yKa3aTh pa3paboTKy CEMHUOTHKH T'€OHH-
(hopmarm, Ha3BaHHOM UM «T'€0CEMUOTUKON [3].
B reocemuoruke reorpaduueckie KOHIEIIHN
MOJPA3IENISIIOTCS Ha MSITh Kareropuii (puc. 1).

A. A. JTroTsIil u3yyas npo0iieMy COOTHECECHHS
00pa3Horo U BepOabHOTO B paMKax 3aJladu I'eo-
CEMaHTHUYECKOIO ONMCAHNUS T€0NPOCTPAHCTRA IS
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Puc. 2. 3ada4yu conocmaeneHus 2eoonucaHull.

pa3paboTKu 3MeKTpoHHOTO 0Opasa 3emun. Ero
HCCIEA0BAHUSI O PACIIONOKEHUU U B3aUMOBIIHSI-
HHUH DJIEMEHTOB N€ONpPOCTPAHCTBA MO3BOJIIIN
pelark 3a/1a9 reonH()OPMATHKH Ha OCHOBE I'e0-
OITMCAHMI.

3agaum conmocTaBJieHUs Te0ONMCAHUIA

T'eTeporeHHOCTh TeOTaHHBIX 00YCIIOBINBACT
OoTbIIIME 3aTPAaTHI HA CO3/IaHKe, XpaHEeHHUE, 00pa-
0OTKY ¥ MOIIEPKKY reoomnucanuii. JlomonHu-
TENBHYIO HArPy3Ky BBI3BIBACT WX HHTEpOIEpa-
OeIBPHOCTH U3-32 HE KOPPEIUPyeMbIX (opMaToB
W pa3inyus MOCTABIIMKOB TCOJAHHBIX H IPO-
TPaMMHEIX CEpBHCOB. 3aJladya COMOCTaBICHUS
TEOOTMCAHMIH JUIsI KX COBMECTHOT'O COITIACOBAH-
HOTO HCIIONIb30BAHUS SIBIISICTCSI BAXKHBIM MEpO-
MPUSATHEM, TPEOYIOIIMM MPOTPaAMMHBIX, TEXHO-
JIOTUYECKUX U JIMHTBUCTUYECKUX peuleHuit [4;
5]. AJ11 COBMECTHOT'O MCTIOJIb30BaHHSI I'€0/IaHHBIX
Ha OCHOBE COIIOCTAaBJICHUS T€00MUCAHNHN HYKESH
CEMaHTHYCCKHH YPOBEHb MHTEpOIEepadeIbHO-
CTH, HO aBTOHOMHOCTB Pa3padaThIBAEMbIX MPO-
TPaMMHBIX CHCTEM IMPHUBOIWUT K JOKAIU3AUU
cnenuduku reoomucanuid. [1ombITKA WHTETpa-
MU Pa3HOPOIHBIX TEONMHUCAHUNA C HE KOPPEIH-
pyeMbIMHU (popMaTaMH IPUBOJIAT K 3aTparaM Ha
COIIaCOBaHHE MPOTHBOPEYUBBIX MOJEICH reo-
JTAaHHBIX, TIPEBBIIIAIONIAM COOCTBEHHO pa3padoT-
Ky T€00NHCaHull.

IIpoekTupyemsie 06a3bl reoaHHBIX Yallle
BCETr0 UMCIOT TIEPCOHU(DHUIIMPOBAHHBINA U Be-
JIOMCTBEHHBIN XapakTep, 4To TPeOyeT MOTOTHH-
TEIBHBIX MEPOIPHUATUH JUISI UX COBMECTHOTO
HCIONb30BaHus. Eciu mipu 3ToM 6a3sl reojaH-
HBIX UMEIOT TCH/ICHIIMIO K IEPMAaHEHTHOMY I10-
MMOJTHEHUIO, TO BO3HUKAIOT JOMOJHUTCIBHBIC
TpeboBanus k Macmrabupyemoctu ['MC u pas-
paboTKe MoJIeIeit COMOCTaBICHUS ICOOTUCAHUH,
00eCIICYNBAOIIUX HEMPOTUBOPCUYMBOCTD U IIE-
JIOCTHOCTB T€OJJaHHBIX.

CormocTaBieHHAE T€OOMUCAHUN BKIOYACT
MPOIIE Ty PBI 00paOOTKU CCHUIOK M YCTAHOBIICHHUS
CBSI3Ci MEXKY pa3HBIMH YPOBHIMH JACTATU3AINU
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JUTS pealTi3allii UHTEPONepaOeIbHOCTH MEKITY
COIOCTABIIIEMBIMU Te000bekTaMu [6]. MHTep-
onepaberbHOCTh HeoOXoauMa Jutst (yHKIINO-
HAJIBHOM COBMECTUMOCTH U KOPPEKTHOTO COIO-
CTaBJICHUS TCOaHHBIX Pa3HOM JIeTaTN3aIUH.

JIOMOTHUTEIbHBIE CIIOKHOCTH BBI3BIBAECT
HAJIMYHE MYJIBTHIINHTBATBHOCTH T€OOITUCAHHN,
KOTOpas SBIISICTCS HE TAKHM YXK PEIKHM SBJIC-
HueM. COBOKYITHOE I€OOMHUCAaHUE CTPOUTCS Ha
OCHOBE CHHTE3a I'€OOIHICaHUH, IPEICTABICHHBIX
HA Pa3HBIX CCTECTBCHHBIX SI3bIKAX. 3a7a41 COIIO-
CTaBJICHHS T'COOIMCAHUI Ha Pa3HBIX sI3BIKAX
MIPEJICTABIICHEI Ha PUC. 2.

YcnenmrHoe comocTaBiIeHUE re0OMMCaHUM
o0ecricurBacT:

* yIy4IlIleHHe HHPOPMATHBHOCTH;

* MTOBBINICHUE CEMAHTHKH TCOOTHCAHNS;

* BBIIBJICHHE KaUueCTBA TCOOTUCAHNM;

* TIOBBIIIICHUE HHTEPOIICPaOEeTBHOCTH YKCIIEP-
TOB-aHAITUTHKOB;

* anpoOaIio METOJIOB CONOCTABJICHUS TeO0-
0OBEKTOB;

* pa3pabOTKy METONOB MPeoOpa3OBaHUS Ieo-
ONHCAHUH.

dopMupoBaHHe re0ONUCAHUI

Conepxumoe reonH(popMaoHHOTO HOp-
Taja He MCUepIIbIBACTCSl BU3YyaJbHON KapTorpa-
¢uueckoii nHpopmarmeil. B 6aze reomaHHbBIX
CONICPXKUTCS U 00padaThIBacTCs OOIBIIOE KOJIH-
YeCTBO aTpUOYTHBHBIX (CEMaHTHYECKUX) JaH-
HBIX B BHJIE Pa3HOTO XapaKTepa TEKCTOB U JIOKY-
MeHTOB. [eonHpOpManMOHHBIN TOpPTaN, Kak
ormeuan A. A.JIrOTHIH, mpencTaBiseT co0oi
«QIIEKTPOHHYIO OMOINOTEKY C TeoTeKCTaMu Ha
Pa3HBIX €CTECTBEHHBIX s3bIKax». [eTeporeH-
HOCTb T€O/IaHHBIX TIPUBOJHUT K CEMHOTHYECKOH
HEOJHOPOAHOCTH T€OTEKCTOB, XPAHSIIIUXCS Ha
reonH(popManroHHoM roptaie. C mo3uimu 3a-
IIPOCHO-OTBETHOTO pexxnMa 0a3bl JaHHBIX 00pa-
00TKa CyHIEeCTBYIONIUX I'€OTEKCTOB JOJDKHA
obecrieqnBarh MOJTyYeHUE 3alpalinBaeMoil WH-
(opmanmu. Ha puc. 3 nzo0paxeHs! Oioku, odec-
TIEYHBAIOINE aHATU3 U 00pabOTKy reoaHHbIX,
TIPE/ICTaBIEHHBIX T€OOMUCAHUSIMU B BHJE I'€O-
TEKCTOB.

l'eonH(OpMannOHHOE NMPOCTPAHCTBO IS
CO3/1aHMs ¥ CONIPOBOXKACHHS T€OOIMCaHUH NpeI-
CTaBJSIET COOOI CHHEPIHI0 HHPOPMALMOHHOTO
HanonHeHust [ MIC, cpeapl XpaHeHuUs: peno3uTo-
pHsL M IPOTpaMM, OPUEHTHPOBAHHBIX Ha MaHU-
MyJIUPOBaHNE HEOOXOJUMBIMH T'€0laHHBIMH.
Crnenyer OTMETHTH CleUU(UKY PEHNO3UTOPUS
T€0JJaHHBIX, KOTOPBIH BBHINOJIHSET POJIb KOOPIIH-
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Puc. 4. FeouHghopmay uoHHOe 83aumodeiicmeue 2eoonucaHull.

HATOpa pear3aliy COMOCTABICHHS T€00MHuca-
HUI ¢ APYTMMH T'€OONUCAHUSIMH, 00ecTIeunBast
PeeBaHTHYIO HHTEPOIEepadeIbHOCTh Ie00ITHCa-
Hu# (puc. 4).

IIpeo6pa3zoBaHue reoonucanmii

Heob6xoqmmocTs mpeoOpa3zoBaHms re00nHca-
HUH BO3HUKAET, €CIIH TPpeOyeTcsl MPOaHATIH3UPO-
BaTh M COMOCTABHUTHh MYJIBTHIIMHIBAJIbHBIC TE€O0-
OTIMCaHUs, CHHTE3UPYs B3aHMMOIOIOIHEHHBIC
peneBaHTHBIE Teoonucanus. Bo3MoXxHO, Takoe
npeoOpa3oBaHue IMEeT HanOoJbIlee 3HAUCHIE
Ut (QOPMHUPOBAHUS PENO3UTOPHS TCOAAHHBIX
BBH/Iy MEHBILIETO KOJMIECTBA OIPAaHUUCHUI Ha
XpaHUMBIE CTPYKTYPBI IO CPAaBHEHHUIO ¢ 0a30i
T€OJJaHHBIX.

JIMHrBUCTHYECKHI XapaKTep 3a1aun mpeoo-
pa3oBaHMs FEOONMCAHUN IETIAET €€ MOXOXKEN Ha
3a7jaqy MEpeBOa €CTECTBEHHO-SI3BIKOBBIX TEK-
CTOB C IOMOINBIO CHEHUAIBHBIX IPOTPAMM,
OCYIIECTBISIONINX MEXI3BIKOBOE TPE0Opa3oBa-
aue [7]. Ecim BBIOpaTh CHIIBHO (OpMaTH30BaH-
HBIH TEOSI3BIK, HA KOTOPOM BBITTOJTHEHO T€00ITH-
CaHHME, TO MOXHO CYIIECTBYIOIIHE METOABI
ME>KbSI3BIKOBOTO PEOOPa30BaHUs HCIIOIB30BATH
Ipu MpeoOpa30BaHUM TEOOIMCAHNH.

KiroueBoil uneeit npeanaraeMoro noaxozna
K aHaJIN3y TE€OS3BIKOBBIX CTPYKTYD SIBISETCS
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MIPOCTOE TPeATIOKEHIE: TIPEICTABIATh TpaMMa-
THYECKHe MpaBuia B BUAC YHKIMA B MaTeMa-
THYECKOM CMBICIIE, TO €CTh B BUAE OTOOPaKECHHUS
BHA ALB , Tne A m B — HeKOTOpBIe KOHEYHBIE
MHOXecCTBa. [ KaXKI0TO M3 TEOSA3BIKOB CyIIIe-
CTBYET COOTBETCTBYIOIIAsl aHAIUTHYECKAs Ma-
mIMHa, Orarofaps KOTOPOW TpaMMaTHdecKui
pa3dop MOXKHO BHITIOJHUTH B aBTOMATHIECKOM
PEKHIMe, TO €CTh TIOCPEICTBOM BHIUHCIHTEIBHBIX
npoueayp. Mcrnonp3zoBaHue aHaJIUTUYECKOU
MAIlIiHBI, OCHOBAaHHOHN Ha apaanurMe QyHKITHO-
HaJHHOTO IOIXO0/Ia, MPEANoaraet, 4To OymeT
TIPOBOIUTHCS aHATIM3 HOPMAITN30BAaHHBIX TEKCTOB
Ha €CTECTBEHHOM s3blke. HopManu3oBaHHBIN
TEKCT — 3TO TEKCT, 00pabOTaHHBII CHHTaKCHYE-
CKHM H/HITH MOP(OJIOTHIESCKIM aHATN3aTOPOM.
B xauecTBe eme 0JHOTO OTpaHIYCHHS CIIEITYeT
OTMETHTH HEOOXOANMOCTH 3a/TaHUS TPEIMETHOH
o0macT aHaTM3UPYEMOTO TEOTEKCTA.

[Nonxom x OMHMCAaHUIO MPABUII TPAMMATHKH,
KaK K 3a/IaHIIO MaTeMaTHIeckoit pyHkunu (c ee
00TacThIO OTIpeNIeNIeH s ¥ 00JIaCThIO 3HAYCHMS)
JTaeT BOZMOXXHOCTB TIPH IIPOTPaMMHOM peasm3a-
[IUH aHAJTUTHIECKON MAITHEI TPUMEHUTH Iapa-
IUTMy (PYHKIIMOHAJIHHOTO TPOTpPaMMHPOBAHHS,
B OCHOBE KOTOPOTO JIeKAT YUCTHIC (YHKIIUU
1 HEM3MEHseMbIe CTPYKTYpHI JaHHBIX. Criemyer
TaKXe OTMETUTH, YTO HCIOIB30BAaHUE CPEIbI
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Puc. 5. Brioku npeobpa3zoeaHus 2eoonucaHutl.

(yHKLIMOHAJIBHOTO MPOrPaMMUPOBAHUS Kak
AQHAJIMTUYECKON MalIMHBI JaeT BO3MOXXHOCTh
MPOEKTHPOBUIMKY HMCHOJIB30BATh KOPTEKHU
U «(QyHKIUH-3AIUTHUKID).

«ATOMOM» Ha30BeM JIO00H OJHO3HAUHO
OIpe/ieNieHHbI UIeHTH(UKATOP. ATOMBI Mpe-
Ha3HaueHbI JUIS 3a/1aHKs aTpUOYTHUBHBIX Xapak-
TEPUCTHK aTpHOyTOB reosi3bika. Takum o0pazom,
3a/1a10TCs BCE BO3MOXKHBIE aTPHOY THBHBIE XapaK-
TEPUCTUKHU T€O0S3BIKOBBIX CTPYKTYp, U (opMa-
JIU3M (YHKLIMOHAIBHOTO MPOrPaMMHUPOBAHUS
OKa3bIBAaeTCsl JOCTATOUHBIM (hOPMATTU3MOM ISt
aHaJIM3a TeosI3bIKOBBIX CTPYKTYP, TaK YTO HET
HEoOXOIMMOCTH HCIIOJIb30BaTh KaKHe-JIK00 Apy-
rHe MaTeMaTHYeCKUe CPE/ICTBaA.

Vcnonb3oBaHue B KaueCTBE MHCTPYMEHTA
AQHAJIMTUYECKOM MaIlIMHbI HA OCHOBE SI3bIKa (PyHK-
LUOHAJILHOTO MPOTPAMMHUPOBAHUS MTO3BOJIUT
CIIPOEKTHUPOBAaTh aHAJIUTUYECKYIO MAlIUHY,
peanzyromyio popMalbHbIE IpaBriia Npeodpa-
30BaHUsI T€OONNCAHUI B BU/IE MaTeMaTHYECKUX
(byHKUHM.

OCHOBBIBasICh Ha rpaMMaTHke (YHKIHO-
HaJIbHO 33/IaHHBIX T€OTEKCTOB U BBIOpaB Cpeny
(yHKIMOHANBHOTO MporpaMmupoBanus [8; 9],
MOXKHO ITOJTYYUTh aHATUTUYECKYIO MALTUHY JUIs
OCYIIECTBIICHHUS aHAJN3a FE€OTEKCTOB, PEJIEBAHT-
HBIX BBIOpaHHOI rpammaruke. Kpome Toro, BbI-
60p cpeibl PYHKIMOHATBHOTO IPOTrPaMMHPOBa-
HHS OTKPBIBAET pa3paboTYHKaM JOCTYII K yIIpaB-
JICHUIO Ha YPOBHE TAaKUX CTPYKTYP, KaK aTOMBI
S3bIKA M KOPTEXKH, IIPU 00pabOoTKe arpuOyTUBHBIX
XapaKTePUCTHK F€00NHCaHU.

OmnpejeneHne CBOMCTB arpudyToB NprUoOpe-
TaeT 31ech Apyroe 3Hauenue. [Ipu nepexone Ha
YPOBEHb KOpPTEXel U aTOMOB B (pyHKIIMOHAIIb-
HOM $I3bIKE paboTa ¢ XapaKTePUCTHUKAMU aTpH-
OyTOB yXe He SIBISIeTCSl IPeporaruBoil 06as3bl
reo/laHHbIX, ATy Harpy3Ky Oepet Ha ceOs sI3bIK
(yHKIMOHAIBHOTO porpaMmmupoBanus. CooT-
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BETCTBEHHO, TOZIEP)KKA 1IEJI0CTHOCTH U 00pa-
0OTKH XapaKTePUCTHK aTpHOyTOB OCYIIECTBIISI-
€TCsl C IMOMOILIBI0 (PYHKIMOHAIBHOTO SI3BIKA,
a He reonH(pOPMaIMOHHON CUCTEMBI. JTO 00-
CTOSITENILCTBO CHJIBHO YNPOLIAET CO3JaHue
AQHAJMTUYECKOM MaIIMHBI JJ1s1 peoOpa3oBaHus
Te00NHICaHUi, BBUIY TOTO, YTO paboTa ¢ Xapak-
TEePUCTHKAMHU aTPUOYTOB MPOUCXOAUT BHE
reorH()OPMAIMOHHON MOICIH.

OCHOBHBIM IIPEUMYILIECTBOM HCIIOIb30BAHHS
(YHKIMOHAJILHO-BBIYMCIMMBIX IpaMMaTHK [9]
npu padore ¢ aTpuOyTHBHBIMH XapaKTEPUCTH-
KaMH T'€0OIHCaHUH SIBJSIETCS TO, YTO MpaBHiIa
rpaMMaTHKH yXKe SIBJSIFOTCS JlieMEeHTaMu (yHK-
LUOHAJILHOTO SI3bIKa POrPaMMHPOBAHHUS, 4TO
YIIPOILAET PEeLICHHE Psiia BOIPOCOB IPH MPOEK-
TUPOBaHUU FeOMH(OPMALIMOHHOM CHCTEMBI, Ta-
KHX KaK pa3pellieHne HeOAHO3HAYHOCTEH TpaK-
TOBKH ITPaBWJI WM 33/1aHHE caMuX rpasuil. [1pu
9TOM IIPH 33J]aHUH PABHJI CYLIECTBYET BO3MOXK-
HOCTH MCHOJIb30BaHUSI KaK CPEICTB CaMOro
(YHKIMOHAIBHOTO SI3bIKa, TaK M €r0 pacilupe-
HU, TaKUX KaK «(QyHKIMH-3aLIUTHUKNY, KOTO-
pbIe MO3BOJISIIOT 3aJaBarh MpaBUiia B THOKOM
(dopme, 4TO B CBOIO 0YEPEb MO3BOJIUT CHENIATh
paboty ¢ arpuOyTHBHBIMH XapaKTEPHCTHKAMHU
re0oINHCcaHuii boliee ananTUpyeMou 1Sl periae-
MOM 3a7a4u.

Takum oOpa3om, umesi HopMaIr30BaHHbIE
aTpuOyTHBHBIE XapaKTEPUCTUKU T'€O0OTHCAHUN
1 HabOop MpaBuJI rPaMMAaTHKH, 331aHHBIN B (DYHK-
LUOHAJILHOM BUJIE€, MOXKHO JUISL UX 00paboTKH
HCIIONB30BATH SI3bIK (PYHKIMOHAIBLHOTO ITPOrpaM-
MHPOBAHHUS U HE MPOEKTUPOBATH OTAEIHHO
AQHAIMTUYECKYIO MallMHY, a TAK)X€ BBIHECTH
00paboTKy MpaBUJ U3 FCOMH(POPMAIMOHHOMN
MOJIEJIH.

Crenyer 3aMeTUTh, YTO OIMCAHHBIN BBILIE
MOJIXO/1 MO3BOJISIET HE TOJILKO aHAJIM3UPOBATh
arpuOyTUBHBIE XapaKTEPUCTHKH I'€OOIHCaHUH,
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HO U T€HEepUPOBATh NX B HEOOXOIUMOM BUJIE JIIS
JabHEHIINX 33184 CUCTEMBI.

Cucrema npeoOpa3oBaHUs T'€OOTUCAHUN
MIpe/ICTaBjIeHa Ha puc. 5.

HerpynHo 3ameTHTh, 4TO 3TaIbl 00padoTKH
TIPY ITPe0OpPa30BaHNK F'€0OIHCAHN aHATIOTHYHBI
JTanam oOpabOTKH IPU MEKbS3BIKOBOH TpaHC-
¢dopmanuu [10; 11]. Mopdonorniyeckuii U CuH-
TaKCUYECKHH aHaIN3aTOPbI, KaK ObLJIO OTMEYEHO
BBIIIIE, HEOOXOAUMBI JJIsl IOJIyYEeHHUS] HOpMaIIu-
30BaHHOT'O T'€0TEKCTa, KOTOPBII Nepenaercst Ha
610Kk TpaHc(hepa B QyHKIHMOHAIBHYIO (OpMY.
CpezcrBa (yHKIMOHAIIBHOTO MPOrPaMMHPOBa-
HUSl MCIIOJIB3YIOT 'paMMaTHYecKue MpaBuia,
CHHTE3UpYs (PYHKIMOHAIBHBINA BH] T€0O0INKUCa-
HUsl. 3aBepluaromas CTaaus MoJy4eHHOTO Ieo-
OIMCaHUsI MOXET 00eCHeYuTh IepeBo]] ero Ha
JPYTOi Te0sI3bIK.

[pennoxxeHHas cxema IpeoOpa3oBaHusi reo-
ONMCaHUN OPUEHTHPOBaHA Ha obOecleueHue
BO3MOXKHOCTH Ipu padote ¢ 'C obpabdaThiBaTh
re00NHCaHMs, IPEJICTABICHHbIEC HA PA3HBIX I'€0-
SI3BIKAX.

3AKNOYEHUE

B crarbe npezcTaBiieH Moaxo, Mo3BOJISIO-
LM YYUTHIBaTh CEMAHTHKY r€000BEKTOB 3a
CUeT aHaJIi3a ¥ IpeoO0pa3oBaHuUsl [€OOITMCAHUN
UX aTpuOyTHBHBIX XapaKTePUCTHK. Bo3moxk-
HOCTb YINPOIIEHUS] 00pabOTKKH aTpruOyTUBHBIX
XapaKTEePUCTUK I'€OIaHHBIX OCHOBaHAa Ha WC-
0JIb30BaHUH CPEJCTB (PyHKIIMOHAIBHBIX S3bI-
KOB IporpaMMHpoBaHus. PaccMOTpeHbl BOII-
pOCBHI, CBsi3aHHBIE ¢ (POPMHUPOBAHUEM, COIIO-
CTaBJICHUEM U ITpeoOpa3oBaHUEM Ie00NCaHul
JUIsl aKTyaJu3aluu reonH(opManuu B HHPOp-
manuonHo# cpene I'UC. [Ing ocymecTBieHus
npeo0pa3oBaHUsl TEOONUCAHUN MPEATOKEHO
ynpouienne GopMUPOBaHUS WHCTPyMEHTa Ha
OCHOBE MapaJurMbl (YHKIIMOHAIHHOTO MPO-
IrPaMMHUPOBAHUS JUUISl IPEICTABICHHUS T€OMH-
(dbopmariu 1 Habopa re0TEKCTOB Ha Pa3IMYHBIX
reosI3bIKax.

Peanm3zauus cucrembl npeoOpa3zoBaHus reo-
OITMCaHUI Ha OCHOBE Cpelibl PyHKIMOHATBHOTO
MIPOrpaMMHPOBAHUS TTO3BOJIUT PELIUTh 33/auy

peoOpa3oBaHuUs I'€OONMCAHU aHAIOTHYHO MPe-
00pa30BaHUIO MEXKbA3BIKOBBIX TEKCTOB.

B kauecTBe manbHEHIIErO HMCCIEIOBaHMS
B 00J1aCTH T'€OONKMCAHUI MPEANOIaracTcs pas-
paboTKa CrIeIUaTM3UPOBAHHOM CPeIbl (PYHKIINO-
HAJIBHOTO TIPOTPAMMHUPOBAHUS, NIPEIHAZHAYCH-
HOM 1Sl peleHus 3a1ad o0paboTKy 1 aHaIHu3a
TEOOIUCAHMM.
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AHHOTALUA

B 2apMOHUYHOL MpaHCNopmHoL cucmeme agmoMoBUIbHb Ie NOMOKU
PpayuoHanbHo pacnpedensitomes 8 3a8UCUMOCMU OM 803MOXHocMel dopoe
u ynuy, no 06ecneyeHur0 NPONYyCcKHOL cnocoBHOCMU C y4emomM cucmem
peeynuposanus. Mpu 3mom He ydensemcs AOMKHO20 BHUMAHUS U3MEHe-
HUSIM N0200HbIX U NPUPOOHbIX yCrosul, Ymo e ok o4epedb 3Hayu-
MebHO KOpPEKMUPyem pexuMb A8UXEHUS, 8bI800ST UX U3 CMabUmbHOZ0,
npoeHo3upyemoeo cocmosiHusi. CospemeHHbIe npo2paMMHo-annapamHbie
KOMNIEKCh U UHGhOPMALUOHHB Ie PeCypChbI BOMbLILX 20p0008 UMEIOM WUpo-
Kuii duana3oH peaucmpupyeMbix nokazamenel, OkasbIBaloUUX enusHUE
Ha pacnpedesieHue mpaHCNOPMHbIX NOMOKOB. Mx asmomamu3aupogaHHas
o6pabomka ¢ UCNoMb308aHUEM an2opUMMUYEcK020 UHCMPYMEHMapus
MalWUuHHO20 0ByyeHus chopMuposana KomniekcHoe npedcmagneHue 0
3aKOHOMEPHOCMSIX USMEHEHUS NoKa3amersi UKMeHCUBHOCMU, Ymo sens-
emcs HoBbIM 3ManoM nosbIweHusi 6e3onacHocmu 00POXHO20 OBLXKEHUS,
cmpemswedics K Hyneeol cMepmHocmu.

HayyHas HogusHa npednazaemoeo uccrnedogaHus 3akmoyaemcs 8
npuemax u nodxodax K uccredosaHu0 NO20OHO-KITUMaMUYECKUX Xxapakme-
pucmuk u ¢hakmopos yu4HO-00pOXHOU cemu, ux npedsapumensHoli 0bpa-
60mKe ¢ UCNOMb308aHUEM COBPEMEHHBIX CMAMUCMUYECKUX U I02UYECKUX
Memodo8 HOPMau3ayuU U UCKIIOYEHUS! ClTyYaliHbIX 8bI6POCOs.

YCrI08USI, HEUPOHHbIe cemu, MOdenb.
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WccnenoBaHWA MUHTEHCUBHOCTM TPAHCMNOPTHOIO
notoka metoaom Deep learning
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Memod anybokozo 0byyeHus omkpbigaem WUpPOKUe 803MOXHOCMU
0518 aHanusa UHMEeHCUBHOCMU mpaHCnopmHo20 nomoka. [lymem obpa-
6omku borbuux 06beM08 aHHbIX maKue aneopummb! CNOCOOHbI 8bIBNSAMb
CIOXHbIe NamMMepHbI U 83aUMOCBS3U, YMO No3eOMISIem yiy4uWwums npo-
2Ho3UpOsaHue 8UXKEHUS mpaHchopma U ONMUMU3UPO8amb ynpaesieHue
€20 nomokamu. [ins koppekmHoli pabomb! HelipoHHO cemu no 0byyeHuro
modenu u uccredosaHus UHMEHCUBHOCMU MPaHCNOPMHO20 NOMokKa pas-
pabomaH KOMNAEKC npo2paMMHbIX UHCMPYMEHMO8 no npedeapumebHol
0bpabomke OaHHbIX, KOMOpIL 8KAKOYaeM No3ManHbIti aHanus cmpykmyp
maccugos ¢ nocnedyrouweli 3ameHod 3Ha4eHUL LU UCKTIoYeHUeM OWUBOK.

Mocne npedsapumesibHOl o4ucmKu OaHHbIX 8 coomeemcemsuu ¢
CUHMaKCUCOM Npo2paMmHOLl S02UKU U npagunamu cmamucmuyeckozo
aHaru3a bb11 npuMeHeH Memod NOUCKa U UCKIIOYEHUS aHOManuli — Memod
U30/1UPOBAHHORO Sleca.

[lanHoe HanpasneHue ownio 8 cocmag 60/1bli020 uccredosaHus
UHMEHCUBHOCMU MPaHCNOPMHO20 NOMOKa, & NPoAeMOHCMPUPOBaHHbIE
Pesynbmam! S8NAI0MCS COBOKYNHOCMbIO PeLIeHUll Ha OCHOBE CUCMEMHO20
83aumodeiicmeusi pa3pabomaHrHbIX agmopamu npozpamm U Memoouk
CMamucmuyeckux U aHanumuyeckux npeobpasosaHut.

Kntodesble cnoga: mpaHCnopmHbIe CUCMEMb, UHMEHCUBHOCMb MPaHCNOPMHO20 NOMoKa, Memod 2ﬂy60K020 Oﬁy’-leHUﬂ, No200HbIe U NPUPOOHbIe
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English translation of the full text of the article is published in the second part of the issue.
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BBEOEHUE

CoBpeMeHHBIC TeHCHIINH pPa3BUTHS HHPOP-
MalMOHHBIX TEXHOJIOTUH MTPeIaratoT IUPOKUH
NepevYcHb BO3MOXHOCTEH aHaANIW3a JaHHBIX.
BonbIoe konn4ecTBO MPU3HAKOB TA€T BO3MOXK-
HOCTB c(hOpMHPOBATh MIA0JIOHBI PacIpeaeICHUS
TPAHCIIOPTHBIX CPE M B KAXKIOH pacCMOTPETh
moroHbie yciaoBust' [1].

HUckyccreennsrii naremiext (M) apnsercs
OIHOM M3 TIEPCIICKTUBHBIX 00JIacTe! B COBpEMEH-
HOM HayKe U TeXHOJIOrusiX. B nmocnennue necaru-
JeTHA ¢ ucnoiab3oBanueM MU Obuty co3maHbl
CHCTEMBI CIIOCOOHBIC BBINTOJIHATE CIOXKHBIC 3a-
Jla4u, TPeOYIOIIIE HHTEIIEKTYaIbHbIX HABBIKOB
[2;3].

CoBpemennsiii UM ciocoben anamm3upo-
BaTh OKPY’KAaIOIIYIO CpeRy M B3aHMMOJCHCTBO-
BaTh C HE, NHTEPIPETHPOBATH U IepepadaThl-
BaTh JaHHBIE, 00YJIaThCS U aJanTHPOBATHCS MO
Mepe pa3BUTUA. VIMEHHO MO3TOMY IJIaBHOMU
3aa4eil paboThI SIBISETCS ITOATOTOBKA TaHHBIX
JUT1 00BEKTUBHOM OLIEHKH HCCIIEAYEMOTO SIBIIC-
HUSL.

WU HaxomuT nprMeHeHHe BO MHOTHX 00Ja-
CTSX, BKJIIOYas KOMIBIOTEPHOE 3peHue, oOpa-
0OOTKy €CTECTBEHHOTO S3BIKa, POOOTOTEXHUKY,
aBTOHOMHBIE TPAHCIIOPTHBIE CPEACTBA, MEIH-
IUHY, GUHAHCOBYIO aHAINTHKY U T. 1. B kaxxnoi
n3 3tux obmacreit MM mo3BossieT aBTOMaTH3u-
pOBaTh MPOIECCH, YITy4IIaTh IPOTHO3BI U MPHU-
HUMATh PEIIeHUs Ha OCHOBE OOJBIIOTO 00beMa
JAHHBIX ¥ aHAJIM3a CIIOXKHBIX MOZEIIEH.

IIpunnunsr MM ocHOBBIBAIOTCS HA pa3iny-
HBIX TIOJXOJIaX ¥ METOAX I10 CO3IaHUIO KOMITBIO-
TEPHBIX CHUCTEM, CIIOCOOHBIX aHaIM3UPOBATh
JaHHBIC, 00yJaThCs M IPUHUMATh PELICHUS Ha
OCHOBE TIONYyYCHHOW WMH(popMaruu. MeTomnbt
MAaIIMHHOTO 00y4eHHs, HCHPOHHBIE CETH U TITy-
O0okoe o0yueHHEe — OCHOBHBIE MHCTPYMEHTHI
B JIOCTH)KEHHUH dTOMH IEIIH.

B nannHO# padoTe M MPOTHOZHPOBAHUS
MHTEHCHBHOCTH TPAaHCIIOPTHOTO ITOTOKA XapaK-
TEPUCTHUKH yITUIHO-1opokHoH cet (Y C) sBist-
I0TCSL KJIACCU(UKATOPOM ISl KaTeropu3anuu
TPAHCIIOPTHBIX COOPY’KEHNUH, a TOTOJHbIE yCIIO-
BHUS — HE3aBUCUMBIMHU TIEPEMEHHBIMH, MO KOTO-
PBIM OyZEeT IPOTHO3UPOBATHCS N3MEHEHUS 3aBHU-
cumoii [4].

B paboTre mpHCYTCTBYIOT CIIOXHBIC dJIE-
MEHTHI NporpaMMHpoBaHus. [lepBeie omepa-
U OynyT TMOACHATHCS, a IJIsl OCTalIbHBIX,

"'OOM 218.4.005-2010. OTpacneBoil TOpPOKHBIH
METOIMYECKHI JOKyMEHT. PekoMeHIaImy 1o o6ecreueH o
0e30aCHOCTH JIBMKCHUS HA aBTOMOOMIIBHBIX IOPOTaXx.
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oJ0OHOTO poJia, C LEJbI0 CHUXKEHUS JyOiu-
pyrouieii nHbopMaIi, KOMMEHTapuu OymyT
OTCYTCTBOBATb.

PaGouee okHO cpenbl ais pa3paboTku
PyCharm umeeT npoHyMepOBaHHBIE CTPOYKH.
Komanzip1 Oyty T MOSICHATBCS, CCHUTAsCh HA HOMEP
CTPOYKH NPHUBEICHHOIO CKPUHILIOTa paboyero
TIOJIS.

PE3YINbTATDI
ApXUTEKTypa HelipOHHOM ceTH 00PaTHOIrO
pacnpocTpaHeHus

C 1esIbI0 MOATBEPIKICHUS BIUSHUS TOTO/-
HBIX YCJIOBHH, T€OMETPUYCCKUX IJIECMCHTOB
JIOPOT M XapaKTEPUCTHUK JABUKCHHS Ha HHTCH-
CHBHOCTBH TPaHCIIOPTHOTO IMOTOKA, a TaKXe
MPOBEPKH MPOTHOCTHYSCKUX BO3MOKHOCTEH
Obli1a MCIIOJIb30BaHA HEMpOHHAs CeTh 00part-
Horo pacnpoctpanenus (BackPropagation)?.

HetiponHas ceTh 00paTHOTO pacrnpocTpa-
HEHUS — 3TO TUI HEUPOHHBIX CETeH, KOTOPHIH
HCIIOJIB3YET aJITOPUTM 00PaTHOTO pacipocTpa-
HeHUst OIIMOKY AJist 00y4eHus. OCHOBHas uaes
3aKJII0YaeTCs B TOM, YTO CETh IPOXOJUT Yepe3
JIBa 3Tama: npsSiMoe paciupoCTpaHEHHE, T
BXOJHBIC JIaHHBIE MEPENA0TCsI OT BXOAHOTO
CJI0S1 Uepe3 CKPBITHIE CJIOU K BBIXOAHOMY CJIOIO,
u o0paTHOE pacrnpoCTpaHeHUe OMIMOKH, rie
IIPOUCXOJIUT KOPPEKTHPOBKA BECOB CeTH [5; 6].

IIpouecc oOparHOTO pacrnpocTpaHeHUs
OIMMOKK HAYUHACTCS C BBIYMCIICHUS OIIMOKU
Ha BBIXOAHOM ciioe. 3aTeM 3Ta omubKa pac-
MPOCTpaHsieTcs 0OpaTHO uepe3 CJIOU CEeTH,
MIPONOPIIMOHATILHO BECaM CBA3EH MEXy Heil-
pOHaMH, U pacCUUTHIBACTCS OLIMOKA Ha Kax-
oM cioe [8; 9]. [lanee, Beca HEHPOHOB KOP-
PEKTUPYIOTCS B HAITPABICHHUH, IIPOTHUBOTIOI0XK-
HOM TPaJMCHTy OUIMOKH, JJI YMCHBIICHHS
OMIMOKH NMPH MOCIEAYIOIHUX MPOXoAax Io
ceTu.

Jns anropurma oOpaTHOTO pacnpocTpaHe-
HHUS OMKUOKH HEOOXOMMMO OINPEICIUTh €€
¢byHk1uio. OHA U3MeEpsETCs pAa3HOCTHIO MEXIY
OXKUJITAEMBIMHU 3HAYCHHSIMU U MPEACKA3aHHbBI-
mu. CpenHekBaaparuuyHas omudka (mean
squared error) sBiisieTCsl Haubojee pacmpo-
CTPaHEHHOW IS 3ajJa4y PEerpeccHH U Iepe-
KpPECTHOM SHTPOIHUH (Cross entropy) AJis 3amga4y
kiaccudukanuu [10].

Bo Bpemst 00y4eHus ceTh NMPOXOAUT uepes
HECKOJIBKO 3II0X, TJIe KaXK/as d1oxa MpeacTaB-

2 DKerutyaTaiysi aBTOMOOHIIBHBIX I0por: Y4ed. mocobue /
coct.: M. H. Ilyraues, A. B. Kamenuykos, H. C. Hecreposa. —
Xabaposck: Uza-so ABI'VIIC, 2022. — 168 c.
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‘ Ipespaputenshas

JQHHBIX ‘

Mozens cymecrpyer?
CostaeM 1ocIe/10BaTEIbHYIO MOJICITH
Sequential

MHHIHAIH3HPYIOTCS BECA BXOIHBIX
i B clloe

‘ OGyuenne cetH ‘

picy

3arpyskaem MoJelTh ‘
[

‘ TIporHosupyem ‘

[

‘ 3anuceiBaem B (aiist u coxpansem ‘

‘ CoxpaHeHHs MOZIEH

‘ Tectupyem Mozelnb

CoxpaHsieM pe3yIbTaTbl
B (aiin

Puc. 1. Briok-cxema HelipoHHOU cemu 06pamH020 pacnpocmpaHeHus [8bINOSIHEHO agmopamu].

Js1eT co00i OHH MPOXOJ 110 BCEM TPEHUPOBOU-
HbIM ipuMepam [11; 12]. Beca cetu HacTpanBa-
FOTCSI TAKMM 00pa3oM, 4TOObI MUHUMU3HUPOBATh
omnOKy Ha TPEHHUPOBOYHBIX JaHHBIX.

ApXUTEKTypYy HEHPOHHO# ceTn ObLIO peltie-
HO c(hopMHPOBATh Ha A3BIKE IPOrPAMMHUPOBAHUS
Python, ucnione3yst Haacrpoiiky Keras Hu3KO-
ypoBHeBo# 6ubnuoreku TensorFlow [13].

Keras Obu1 pa3zpaboTaH ¢ UeJbI0 00JIErduTh
W YCKOPHUTBH TIPOIIeCcC pa3paboTKu Mozeneil mry0o-
xoro 00y4deHnst. OH IpeIoCTaBIIET BEICOKOYPOBHE-
BbIE a0CTPaKIUH [ TIOCTPOSHHUS HEHPOHHBIX Ce-
TEH, CKpbIBas OT pa3paboTdrka OONBIIYI0 YacTh
CIIOKHOCTH U JIETJIel HU3KOYPOBHEBBIX OHONMOTEK.

ApxuUTeKTypa HEHpOHHOU ceTH 00paTHOro
pacrpocTpaHeHHs COCTOUT U3 HECKOIBKUX OC-
HOBHBIX KOMITOHEHTOB:

1. Bxoowoti cioti — MpUHUMAET Ha BXOJ JaH-
HBIE, KOTOPbIE MOJAIOTCA HAa BXOJA HEMPOHHOU
cetu. B 3TOM ciioe konu4ecTBO HEMPOHOB COOT-
BETCTBYET Pa3MEPHOCTH MOCTYAIOIIHX JAHHBIX.

2. Ckpuimbule ci0u — BBHIIIOTHSIOT IIPOMeE-
JKYTOYHBIC BBIYUCIHUTEIbHBIE ONEPAIHU.
B 3aBUCHMOCTH OT KOHKPETHOH 3aJauu WU
APXUTEKTYPbl HEUPOHHOW CETU U3MEHSETCS
KOJIUYECTBO CKPBITBHIX CI0EB M HEHPOHOB
B HUX. Ka)Xp1if HEHPOH B CKPBITOM clloe 6epeT
Ha BXOJ 3HAYCHHS aKTHBALUU HPEIBIIYIIETO
CJIOSl ¥ BBIYHCIISIET CBOE 3HAUCHNE AKTHBALNU
Ha OCHOBE BECOB, KOTOPBIC CBS3BIBAIOT €TI0
C IPEABIAYIINM CIOEM.

Mup TpaHcnopTa. 2024

3. Buvixoowoti ciioti — BBITIOMHSET TPOTHO3.
KonnuecTBo HEMPOHOB B BEIXOIHOM CIIOE 3aBH-
CHT OT 3aJa41 KJIACCU(HUKALINH HIIN PETPECCHH.
Hanpumep, ecnu pemaeTcs 3agada OMHApHON
KJTacCH(UKANA, TO B BBIXOIHOM clioe OymeT
OIMH HEMPOH, OTBEYAIOIIHUM 3a BEPOATHOCTH
MIPUHAUIE)KHOCTH K OJHOMY KJIACCY.

4. Qyukyus akmueayuu cemu — ACHOIb3Y-
eTcsl U HEMMHEHHOTO NMpeoOpa3oBaHus BXOI-
HBIX JaHHBIX. Hambomnee pacmpocTpaHeHHBIMH
(GYHKIIUSMH aKTUBALINH SABIIOTCS sigmoid, tanh
n ReLU.

5. Obpamnoe pacnpocmparnenue ouiuoKy —
aJTOPUTM 7151 OOHOBJICHHS BECOB B HEHPOHHOMH
cetu. OH BBIUUCISACT TPagUeHT QYHKIIHU
OIMOKH 10 BCEM BECAM U HCTIOIB3YET €ro Ul
OOHOBIIEHHUS] BECOB, YTOOBI MHUHUMH3UPOBAThH
OINOKY TpeICKa3aHusl.

6. Onmumuzamop — NPUMEHIET ONTHMHU3a-
LUOHHBIN aJTOPHUTM JIJIs1 OOHOBJICHHS BECOB
B HEHPOHHO CETH Ha OCHOBE IPaFeHTa OIIHO-
ku. HekoTopble momynsipHbIE ONTHMHU3ATOPHI
BKITFOYAIOT B C€051 CTOXaCTUYCCKIH TPaJHEHTHBIN
ciyck (SGD), Adam u RMSprop.

7. @yuKyus nomepv — ONPEAEIAET, HACKOIb-
KO XOpOIIIO HEMPOHHAS CETh CIIPABIISETCA C I10-
craBieHHOH 3aga4eii. OHa BBRIYUCISET Pa3HHUILY
MEXXIy IpEICKa3aHHBIMH 3HAUYCHUSIMH 1 HCTHH-
HBIMH 3HaYEHUAMH 1 HCIIOJIb3yETCS B 00paTHOM
pacipoCTpaHEHNH OMIMOKH JUISI BBIYMCICHUS
rpajieHTa.
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Puc. 2. Modyns - explode_start. Copmupoeka daHHbIX no py6exam u ghpopmupoeaHue ¢halinoe [8bINOTHEHO asmopamu].

OCHOBHBIE KOMITOHEHTHI aPXUTEKTYPHI HEH-
POHHOH ceTH 00paTHOTO pacNpOCTPAHECHHS
MOTYT OBITh M3MEHEHBI U MOAN(HUINPOBAHBI
B 3aBHCMOCTH OT KOHKPETHOW 3aa41 U TpeOo-
BaHuii [14; 15].

bnok-cxema HEHPOHHOM CETH NMPEICTABICHA
Ha puc. 1.

W3HavanbHO CTpyKTypa HEHPOHHOHN CeTH
CTpOWIJIaCh Ha aHAJM3€ JAHHBIX 0e3 mpenBapu-
TeNbHOM 00paboTku u Bamunaryu [16]. Tectu-
pOBaHHME MOJAETH IMOCJIe 00yYEHHUs MOKa3alo
He3()PEeKTUBHOCTH MPOTHO3a. DTO CBI3aHO
¢ OOJTBIINM KOJTMYECTBOM BXOAAIINX HEHPOHOB.
[TosToMy OBITIO IPUHATO pPELIEHHE CIPYIINPO-
BaTh KOJMUYECTBEHHBIE IPU3HAKU. B pesynbrare
MPUIIIOCH U3MEHHUTH MOAXOIBI K CO3JAHUIO
HelpoHHOI ceth [17].

Jlns peannzayy nporpaMmBbl MO TIPUBEICH-
HOMY BBIIIE AJTOPUTMY B MHTETPHPOBAHHOM
cpene paspaborku PyCharm O6vimo coszmaHo
BHPTYyaJIbHOE OKpY)XE€HHE. JTO, B MEPBYIO OUe-
pens, HeoOXomuMo OBLITO CHeNaTh s Oolee
YIO0OHOTO YIIPABJICHNS 3aBUCHMOCTSIMH TIPOCKTA,
TO €CTh CJIIeNaTh Mpolecc pa3paboTku Oomee
yAOOHBIM 1 CKOHIICHTPHUPOBAHHBIM.

B co3nanHOM BHPTYalIbHOM OKPY)KCHHH pa3-
MeTIEHBI MOIYIH ((haiiiIbl ¢ pacIIMPEHUEM «PY»).
OHM UCTIONB3YIOTCS VIS YIPABICHHUS 3aBHCUMO-
CTAMH MPOEKTa, CO3AaHUS M30JIUPOBAHHOU
cpenbl pa3paboTKH W pabOTHl C Pa3TMIHBIMHU
BEPCHSIMH TTAKETOB U OMONMOTEK.

ITpoexT cocTONT UX TpeX ATAIOB:

1) popmupoBaHKE TaHHBIX;

2) BanmuIanys JaHHBIX;

3) oOydeHue MOIeIH.

®opMupOBaHHE JAHHBIX

CrartucTnieckne AaHHbIE HMIOPTHPOBAHBI
B TUPEKTOPHIO BUPTYAJILHOTO OKPYKEHHS ITPO-
ekTa B opmare ¢aiina csv. Takoe pacmmpenne
TIpUMEHSETCS JUIs ynoOCTBa XpaHEHHS JaHHBIX
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(B BuzE TekcTa), 4TOOBI OBUTO yHOOHO MX 00pa-
OarsiBaTh 1 TIepenaBarts [18].

Jns vccnenoBaHns BIAUSHUS MOTOMHBIX,
MIPUPOIHBIX YCIOBUH M T€OMETPHUYECKHUX DIe-
MEHTOB JIOPOT Ha MHTCHCHUBHOCTH TPAHCIIOPT-
HOTO TOTOKa OBUTO COOpaHO M CrPyNIHPOBAHO
562612 gacoB ¢ pa3IMIHBIMU XapaKTEPUCTHKAMA
co 107 py6exeii. [IpenBaputenpHas o0paboTKa
JTAaHHBIX BCETO MacCHBa IT0Ka3ajia INIOXHE Pe3yIlb-
TaThl BIMSHAS HE3aBUCHMBIX IIPU3HAKOB HA 3aBH-
cuMbIil. OOBSICHASA 3TO HEAOCTAaTOYHBIM TIeped-
HEM aHaAJM3UPYEMbIX (haKTOPOB, OBIJIO PEHICHO
KaXAbl pyOex aHalW3MpOBaTh OTIAEIBHO,
C IEPCIIEKTUBOM CO3/1aTh HE OHY, a 107 Moxeneit
JUIs TIporHO3MpoBaHus. TakuM oOpaszoM, OymeT
HCKJIIOYCHO BIMSIHNE HEYITEHHBIX CTATHIECKUX
HE3aBUCUMBIX TIepeMeHHBIX [19; 20].

JInst TOCTHKEHUS TOCTABIICHHOM BBIIIIE SN
C y4eTOoM IpaBHiI 00pabOTKH HEHPOHHOH CETHIO
13 OfHOTO (haiia co BceMH TaHHBIMHU TpeOoBa-
nock chopmupoBars 107 daiinos ¢ pacmupe-
HHUEM csv. B Ka’k10M 13 HUX — TaHHBIE KOHKPET-
HOTO pyOexa.

Jlns copTupoBKY reHepalbHON COBOKYITHO-
CTH TI0 pyOekaM ¢ ToceyomuM (GpopMHupoBa-
HHUEM (aiyIoB OBUT CO3/IaH U 3aITyIICH AITOPUTM
explode_start.py (puc. 2), KOTOpBII HaXOIUTCS
B KOPHE TIPUIIOKEHUS.

B monyne explode start 6putn ©MIIOpTHpO-
BaHbl (DYHKIMH ONEPanMoHHOM cucTteMbl — OS
(import os) nns obecrieueHnst YTeHNs (aiioB
n 6ubmmotreka pandas (import pandas as pd) s
paboThl ¢ maHHBIMHE (pHC. 2). JIOMOTHATENRHO,
K Oubnmoteke nmpumensiercs alias (IepernMeHo-
BaHME JJIsI TPOCTOTO OOpaIeHNs K OnOIoTeKe)
C YIIPOIIEHNEM ero Ha3BaHUs 10 pd.

Ha geTBeproii cTpodke MporpaMma «4uTaeT
(aiin, TOOTHUTENbHO OBUT YKa3aH BUJ cenapa-
TOpa — TOYKa C 3aISTOM.

Ha msToit cTpouke aenaercs rpynmnmupoBKa
o pyoexam.
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Ha mecroii cTpouke mporpamMma moixydaer
CIIMCOK pyOesKei.

C ceapMoit CTPOKH B IMKIIE MOOYESPETHO
nporpamma repedupaeT pyOoeskd 1 COXpaHseT nxX
B OT/IENIbHBIE (DAiiJIBI, 3aMTUChIBasi B HANMEHOBA-
HHE UX HOMED.

TTocne Beimonuenus ckpunra explode start
B JINPEKTOPUH 7, CIIEIYs] TUHAMHYECKOMY MapIil-
pyTy ‘/output/r/’ (puc. 2), MOSBIAIOTCS (Qaisbl
C TaHHBIMH 0 pyOexkax (puc. 3).

IloaroroBka JaHHbBIX

Iocne popmupoBanus Gaiinos ¢ pydexamu
JUTSL UCKJTFOUCHUS OIIMOOK TIPU 00ydYeHUH HEO00-
XOIMMa MOJTrOTOBKA NAHHBIX, KOTOpas Oyaer
BKJIFOYATh KOHTPOJb OTCYTCTBHUS 3HAYCHUU
B MO3uIMHU (IPEAYNPEKIATH ONepaTopa, 3ame-
HsITh Ha (), yIansiTh BCIO CTPOKY U T. I1.) U AMAma-
30H JIOMYCTUMBIX BEJIWYHH, BAJTHAAIMIO H T.]I.
[21].

J171st OArOTOBKH IAaHHBIX OBLT CO3/IaH H 3aIty-
HIeH aroput™ validate_start (puc. 4).

Komanpoit «from app.validator import start
as validate» Obl1a UMIIOPTHPOBaHa (DYHKIHS
BATMIALNK «starty u3 MOmyis «validator» mu-
pexropuu «app» (puc. 5).

B nukie anropurma validate _start (puc. 4)
nporpamMma MmojxydaeT CIHUCOK (aiioB u3
IUpEKTOpuu /output/r, nepedupas ux mo oj-
HoMy. Ha mectoii cTpouke paszbemauHseTCs
Ha3BaHue (aiina Mo pa3geauTeNio — TOYKA.
B pesyabrare 4ero moay4aeTcs MacCHB U3
nByX yacteii. [lepBas yacth (HyneBas) — 3TO
ums Qaiina, BTOopas 4acth (€AMHHIA) — ITO
pacuupenue. B nanHOd QyHKUMM y4HUTHIBa-
eTcs ToJIbKO uMs (aiina.

Ha BocbMoit cTpouke, HCHOMB3Ys (HYHKIIUIO
start (IepenMEHOBaHHOM B predict), U3 MOIyJs
validator 3anyckaeTcst Baauparus (puc. 5).

[Ipu BBITIOMHEHUH ANTOPUTMA MPOTPAMMBI
Mopyiis validator AMITOPTHPYHOTCSI BCIIOMOTaTe b~
Hble QYHKIMU M EPEMEHHbBIC U3 AUPEKTOPHU
columns (app/domain/columns) u Mmonyib logger
u3 aupekropuu helpers (app/domain/ helpers).
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Puc. 3. ChopmuposaHHble ¢halinbl ¢ pybexamu 8 dupekmopuu
8upmyanbHo20 OKPYXeHUs1 NPoeKkma [8bINoSIHeHO agmopamu].

3ayiaua Moxysist logger MeHATh LiBET HIpudTa coo0-
LIIEHUSI, KOTOPOE BHIBOAUTCSI B KOHCOIB (0(hopMIte-
HHeE He 00s3aTesIbHO B paboTe, HO3TOMY JIeTah3a-
LIHs JITOPUTMA JTAHHOTO MOJLYJIS OITYCKaeTCs ).

Y4uThIBas, 4TO COl/UMNS — 3TO TUPEKTOPHS,
a He UCIOJHIEeMbI (a1, TO 10 YMOJIYaHUIO
B HEM MHULHATU3UpYETCst Moy _init . Co-
OTBETCTBEHHO, CTPOUKOii 2 (puc. 5) uMnopTH-
pYIOTCS B MOIyab validator w3 Momyns _init_
METOIBbl names_input U names_output — 3TO
WHKAICYJISLHUs, OAUH U3 IPUHIUIIOB 00BEKT-
HO-OPUEHTUPOBAHHOTO MPOTrPaMMHUPOBaHUS,
COKPBITHS pealin3anuu JUist o0ecredeHus Bo3-
MOXXHOCTH BHEJPEHUS JOMOJHUTENbHON JIO-
T'MKH B pOpMUpOBaHUE names_input u names_
output (CIMCOK HAa3BaHUU KOJOHOK BXOIHBIX
IapamMeTpoB, KOTOPBIE HCTIONB3YIOTCS B IIIATIKE
IaHHBIX) (puc. 6, 7).
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Puc. 5. ®yHkyus eanudayuu start uz modyns validator dupekmopuu app [8bInoHeHO aemopamu].

Merton validators B Monyne _init_ BO3Bpa-
[IAeT CIUCOK BCEX BAIUIATOPOB, KOTOPBIC HAXO-
JSITCS B JIBYX KOHCTAHTax, MPEICTABISIOMINX
co00if MaccuBBI TaHHBIX (puc. 8):

1) _columns_inputs+ columns_outputs;

2) validators_input+ validators_output.

OTn MaccuBbl Nociie 00padOTKH JaHHBIX
KOHKaTCHUPYIOTCS, U yCTaHABINBACTCS COOT-
BETCTBHE MEXIy Ha3BaHHEM KOJOHKH U ee
BaJHIATOPOM. DTO 3HAUYUT, YTO OYCPEAHOCTD
BaJIUJIaTOpa B KOHCTaHTe — validators_input
JOJKHA COOTBETCTBOBATH OUEPEAHOCTH €€
KOJIOHKH.

Kaxxnmasi KOJTOHKa M3 CIHCKOB KOJIOHOK
(_columns_inputs, columns_outputs, _
validators_input, validators outpuf) onuceiBa-
eTcsl B TUPEKTOpUH columns, a oOpabarsiBaeTcst
B MOAYJIE€ _inif_ C UCIIOIb30BAHUEM IIPUBEIAEH-
HBIX Ha puc. 4 meTonoB. Jlis obecreueHus
9TOTO B MOAYJIb _inif_ KOMaHIO# from app.
domain.columns ObUTM IMIIOPTHPOBAHBI MOYJIH
U METOJIbI IPOBEPKH JTAHHBIX:

1. enn Henenu:

— week _day import validate as week
validator;

— week day import COLUMN NAME as
WEEK COLUMN NAME.

2. Bpewms cyTok:

—time import COLUMN_NAME as TIME
COLUMN_NAME;

— time import validate as time validator.

3. IHTE€HCUBHOCTB:

— intensivity import COLUMN NAME as
INTENSIVE_COLUMN_NAME;

— intensivity import validate as intensive
validator.

4. Temnepatypa Bo3ayxa:

—t_airimport COLUMN NAMEasT AIR
COLUMN_NAME;

—t_air import validate as t_air validator.

5. Temneparypa nouBsl:

— t_soil import COLUMN NAME as T
SOIL_ COLUMN_NAME;

—t_soil import validate as t_soil validator.

6. Temnieparypa TOYKH POCHI:

—t dew import COLUMN NAME as T
DEW_COLUMN_NAME;

—t_dew import validate as t dew validator.

7. IlapunanbsHOe AaBI€HME BOISHOTO HMapa
(ps), Ma:




f names_input():

Puc. 6. Memod names_input modyns _init_ [ebinonHeHo asmopamul.

Puc. 7. Cnucok Ha3eaHuli KOTOHOK 8X00HbIX U 8bIX00HbIX Napamempoe 8 Modyne _init_ [ebInosHeHo asmopamu].

Puc. 8. Cnucok HaseaHull KOTOHOK 8X00HbIX U 8bIXOOHbIX napamempoe e modyse _init_ [ebInonHeHo asmopamul.

— pressure import COLUMN_ NAME as
PRESSURE COLUMN_NAME;

— columns.pressure import validate as
pressure_validator.

8. OTHOCHUTEeNbHAs BIAXXHOCTH BO3/1yXa
(9), %

— f percent import COLUMN_ NAME as
F PERCENT COLUMN _ NAME;

— f percent import validate as f percent
validator.

9. Bugmmocts, mmdp (VV):

— from app.domain.columns.visibility _cipher
import COLUMN NAME as VISIBILITY
CIPHER COLUMN _ NAME;

— visibility cipher import validate as
visibility cipher_validator.



Puc. 9. Cmpykmypa mModynsi koHmposns owu6ok Modyns f_percent [ebinonHeHo asmopamu].

10. Jedunut maceimenus (d), r/m>:

— columns.saturation_deficit import
COLUMN NAME as SATURATION _
DEFICIT COLUMN NAME;

— saturation_deficit import validate as
saturation_deficit_validator.

11. AtmocdepHOE maBleHHE Ha YpOBHE
cranmuu (P cranmun), r. T1a:

— p_level station import COLUMN _
NAME as P LEVEL STARION COLUMN
NAME;

— p_level station import validate as p_
level station_validator.

12. AT™MocdepHOe naBieHHE Ha ypOBHE
mops (P mops), . [Ta:

— p_sea_level import COLUMN NAME
as P SEA LEVEL COLUMN NAME;

— p_sea_level import validate as p_sea
level validator.

13. [loroxa, mudp (Ww):

— weather code_ ww import COLUMN
NAME as WEATHER CODE WW _
COLUMN_NAME;

— weather_code_ww import validate as
weather code ww_validator.

14. HampaBieHue BeTpa, Tpagychl:

— direction_wind import COLUMN _
NAME as DIRECTION WIND COLUMN
NAME;

— direction_wind import validate as
direction_wind_validator.

15. CxopocTs BeTpa, M/c:

— wind_speed import COLUMN NAME
as WIND SPEED COLUMN NAME;

— wind_speed import validate as wind _
speed_validator.

16. Ocagku, MM:

— precipitation import COLUMN NAME
as PRECIPITATION COLUMN NAME;

— precipitation import validate as
precipitation_validator.
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17. EcTrecTBEHHOE OCBEIIEHHUE:

— daylight import COLUMN_NAME as
DAYLIGHT COLUMN NAME;

— daylight import validate as daylight
validator.

Ha neBsitoit cTpouke GyHKINA Sfart MOTYIS
validator nupexropuu — app/ domain/columns
gutaet (aiin csv (puc. 5). [lo cTpouxe madmo-
Ha popMuUpyeTcs MyTh K daitry (os.getcwd() +
‘loutput/r/’).

[lepemenHas filename — 3TO Ha3BaHUE
(aiina, oHO epeaaeTCst apryMEeHTOM B JaHHYIO
¢byHKIHIO, a need_train — 3TO TIOKa3aTeNb TOTO,
YTO BaJINAALNS UAET HA yPOBHE TPEHHPOBKH
MOJIETTN WJIX K€ Ha yPOBHE NMPOTHO3UPOBAHUS
(puc. 5). lemo B TOM, 4TO BaJTHIAIUS UCTIOIh-
3yeTcsi Kak Ha 3Tale TPEHHPOBKU MOIEIH, TaK
U Ha 3Tare MpOTHO3HPOBAHMUSL.

[Ipu momommu BaauIaTopoB B QyHKINU start
mMonyis validator (puc. 5) popMupyroTcs HOBbIE
IIPOBEPEHHBIE JTaHHBIE, KOTOPHIE 3aIHCHIBAIOTCS
B AMpEKTOpUIo — /utput/validated.

CTpyKTypa caMOoro MOIYJIs, OTPaXarolero
nHGOPMANNIO O KOJOHKE, Ha IpUMeEpe Iepe-
MeHHOH «OTHOCHUTENbHAS BIa)KHOCTh BO3IyXa»
MpHUBeneHa Ha puc. 9.

Ha ctpouke 2 mmmoptupyercs helpers, KOTo-
past 0003HaYaeT KACTOMHBIC (PYHKIIUU IIPOEKTA
JUTS IPOBEPKU THIIOB 3HAUYEHUs KOJIOHKHU Tao-
JIUIIBI CSV.

K xoucranre COLUMN_NAME Ha ueTBep-
TOH CTpOUYKE NMPUBA3BIBACTCS HANMEHOBaHHE
3aroJIoBKa KOJIOHKH. B maHHOM ciydae 310 —
«humidity».

C mATO# 1O BOCBMYIO CTPOYKH (YHKITUS
validate poBepsieT COOTBETCTBUE 3HAUCHUI
YCTaHOBIIEHHBIM TPEOOBaHHSAM, B IPOTHBHOM
ciydae nmporpamMma HHGOpMHUpPYeT 00 ommuoKe.
B xonkpeTHOM mpumepe (puc. 9) 3HaueHHSA
B KOJIOHKE /iumidity (OTHOCHTENbHAS BIaKHOCTh
BO3/yXa) HE TOJDKHBI OBITH HIKe 100 1 BhImIe
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110. Ipyrue 3HaueHust OyayT CUUTATHCS OMINO-
KOI1.

IIpaBuna KOHTPOJISA AAHHBIX HA S3BIKE MPO-
rpamMupoBanus Python koioHOK (haiina csv Ha
JTane MOATOTOBKHU MPUBEICHBI HIDKE.

EcrecTBeHHOe ocBemenune, Moayab daylight
import math

import app.domain.helpers.utils as f
COLUMN_NAME = ‘daylight’ #EctectBenHoe
OCBelLIeHHE

def validate(value):

if 0.5 <value < 1:

value = float(f.toFixed(value, 2))
types.in_range(value, [0, 0.5, 0.85, 1], «Daylight
Validator»)

return value

HanpagJienue BeTpa, rpaaycbl, MoayJb

direction_wind

import portion as P

from app.domain.helpers import types

COLUMN _NAME = ‘wind_direction’ #HanpaBnenue
BeTpa, TPajychl

def validate(value):

rl = P.closed(0, 360)

types.is_float(value, «direction_windValidator»)
types.in_range(value, rl, «direction_windValidator»)
return value

OTHOCHTEJILHAS BJIA)KHOCTDH BO3/1yXxa,

moayas f_percent

import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘humidity’ # OtHOCHTENBHAS
BIIQYKHOCTB Bo3ayxa (¢), %;

def validate(value):

rl = P.closed(-100, 110)

types.is_float(value, «FPercentValidator»)
types.in_range(value, r1, «FPercentValidator»)
return value

HNHTEHCHUBHOCTH TPAaHCMOPTHOI0 MOTOKA,

MoAyJab intensivity

import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘intensity’ # MHTeHCHBHOCTD
def validate(value):

rl = P.closed(0, float(‘inf”))

types.is_int(value, «Intensivity Validator»)
types.in_range(value, r1, «Intensivity Validator»)
return value

AtMocdepHoe 1aB/IeHHE HA YPOBHE

cTa”Huuu, Moay.ab p_level station
import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘pressure_station’

# ATMoc(epHOe JaBieHHe Ha YPOBHE CTaHIUU
(P cranuum), r. [Ta

def validate(value):

rl = P.closed(900, 1100)

types.is_float(value, «p_level stationValidator»)
types.in_range(value, r1, «p_level_stationValidator»)
return value

ATMoc(epHOe 1aBIeHHe HA YPOBHE MOpS,

Moayab p_sea_level

import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘pressure_sea’ # AtmocdepHoe
naBieHne Ha ypoBHe Mops (P mops), . I1a

def validate(value):

rl = P.closed(900, 1100)

types.is_float(value, «p_sea levelValidator»)
types.in_range(value, r1, «p_sea_leveValidator»)
return value

Ocanku, MonyJib precipitation

import portion as P

from app.domain.helpers import types

import math

COLUMN_NAME = ‘precipitation’ # Ocaaku, MM
def validate(value):

if math.isnan(value):

value = float(0)

rl = P.closed(0, 100)

types.is_float(value, «Precipitation_Validator»)
types.in_range(value, rl, «Precipitation_Validator»)
return value

Haplma.nbnoe AaBJICHHE BOJASTHOI'O Imapa,

MOAyJIb pressure

import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘partial_pressure’ # [lapruanbaoe
JlaBiieHue BoasHoro napa (ps), [la

def validate(value):

rl = P.closed(0, float(‘inf))

types.is_float(value, «PressureValidator»)
types.in_range(value, rl, «PressureValidator»)

return value

Jedunuout HaceIeHns, MOAYJIb saturation_
deficit

import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘saturation_deficit’ # Jledunur
uacsimenus (d), r/m?

def validate(value):

rl = P.closed(0, 40)

types.is_float(value, «SaturationValidator»)
types.in_range(value, rl, «SaturationValidator»)
return value

Temneparypa Bo3ayxa (t Bo3ayxa), MOayJ1b
t_air

import portion as P

from app.domain.helpers import types

COLUMN NAME = ‘t_air’ #Temneparypa Bo3ayxa
(t BO31yxa), C°

def validate(value):

rl = P.closed(-100, 100)

types.is_float(value, «TAirValidator»)
types.in_range(value, r1, «TAirValidator»)

return value

Temmneparypa Touku pocsl (DP), moxgyan t_

dew

import portion as P

from app.domain.helpers import types

COLUMN_NAME = ‘t_dew_point’ # Temmneparypa TO4KH
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pocer (DP), C°

def validate(value):

rl = P.closed(—100, 100)
types.is_float(value, «TDewValidator»)
types.in_range(value, r1, «TDew Validator»)
return value

Temmnepatypa no4ssl (t HO4YBbI), MOAYJIb t_
soil

import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘t_soil’ # Temneparypa mouss
(t mouBsr), C°

def validate(value):

rl = P.closed(—-100, 100)

types.is_float(value, «TSoilValidator»)
types.in_range(value, r1, «TSoil Validator»)

return value

Bpewmst cyTok, Moayab time

import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘day_time’ # Bpems cyTok
def validate(value):

rl =P.closed(0, 23)

types.is_int(value, «TimeValidator»)
types.in_range(value, rl, «TimeValidator»)
return value

Bunumocts, mugp (VV), moayas visibility

cipher

from app.domain.helpers import types

import math

COLUMN_NAME = ‘visibility VV’ # Bugumocts, mmop
(VV);

def validate(value):

if math.isnan(value):

value =0

types.is_int(int(value), «Visibility Validator»)
types.in_range(value, [90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 0], «Visibility Validator»)

return value

IMorona, mudp (ww), moay.s weather_

code_ww

from app.domain.helpers import types

import math

COLUMN_NAME = ‘weather WW?’ # [lorona, umbp
(ww)

def validate(value):

if math.isnan(value):

value =0

types.is_int(int(value), « Weather code_ww_Validator»)
types.in_range(value, [0, 1, 2, 3, ... 99], «Weather_code
ww_Validator»)

return value

JeHb Hegeu, Mmoayab week day
import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘week_day’ # Jlens Henenn
def validate(value):

rl =P.closed(1, 7)

types.is_int(value, «WeekValidator»)
types.in_range(value, r1, «WeekValidator»)
return value
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CxopocTh BeTpa, MoayJab wind_speed
import portion as P

from app.domain.helpers import types

import math

COLUMN _NAME = ‘wind_speed’ # Cxopocts BeTpa, M/c
def validate(value):

if math.isnan(value):

value = float(0)

rl =P.closed(0, 40)

types.is_float(value, «Wind_speedValidator»)
types.in_range(value, rl, «Wind_speedValidator»)
return value

OuucTka 0T BEIOPOCOB METOAOM
H30/IMPOBAHHOIO Jeca

3aberas Brepes, Hy)KHO 0003HAYHUTh, YTO
pemieHre 00 OYMCTKE JAHHBIX OT BHIOPOCOB
ObUIO CIEICTBUEM MAJOH TOYHOCTH MPOTHO3a
TECTOBBIX JTaHHBIX (Tabm. 1).

Test loss u test acc SBISIOTCS METPHKAMHU,
UCIIONIb3YEMBIMH /ISl OLIEHKH TPOU3BOANTEIb-
HOCTH MOJIEIT MAILIMHHOTO 00YYeHHsI Ha TECTO-
BBIX JJAHHBIX.

Test loss (TecToBas ommubka) — 3T0 Mepa
OIIMOKH MM PA3HHIIBI MEXKTY ITPEICKa3aHHBIMU
3HAYEHUSIMH ¥ (PaKTHIECKUMH 3HAYCHUSIMH Ha
TECTOBBIX JAaHHBIX. Test loss 0OBIYHO BBIYMCIIS-
€TCsl C MCIOJIBb30BaHUEM HEKOTOPOH (GYHKIHH
norephb (Hampumep, Mean Squared Error mnm
Cross-Entropy Loss) u moka3siBaeT, HACKOJIBKO
XOPOIIIO MOJIEITb CIIPABIISIETCS C TPeJICKa3aHueM
MIPaBIIIBHBIX 3HAUCHWH Ha TECTOBBIX JAHHBIX.
Uem MmeHbIIe 3HaueHue test loss, Tem mydme
MPOU3BOIUTENLHOCT MOJICIH.

Test accuracy (TOYHOCTb Ha TECTOBBIX JIaH-
HBIX) — 9TO MPOLEHT NPaBMWIIBHBIX IIpecKa3a-
HUI MOJENH Ha TECTOBBIX AaHHBIX. OH MoOKa-
3BIBAET, HACKOIILKO XOPOIIO MOJEIb KIacCU(H-
LUPYET MpaBUIbHBIE KJIACCHI HA TECTOBBIX
naHHbIX. Test accuracy BBIYHCISETCS MTyTEM
CpaBHEHHMS MpECKa3aHHBIX 3HAYEHHH ¢ (haKTH-
YECKUMH METKaMH KJIaCCOB U BBIYMCICHUS
JIOJTM TIPABUJIBHBIX OTBETOB. UeM BbIlle 3HaUe-
HUe test accuracy, TeM JTydllle MPOU3BOJUTEb-
HOCTH MOJIEJIH.

O06e MmetpukH, test loss u test accuracy, nc-
MOJTB3YFOTCS ISl OLEHKH MPOU3BOUTEILHOCTH
MOJIEJIM Ha JIaHHBIX, KOTOPbIE HE HCIIOJIb30Ba-
Juch npu o0ydeHnu. OHU TIO3BOJISIOT MPOBeE-
PHUTH, HACKOJIIBKO XOPOIIO MOAENs 0000maeT
3HaHW 1 CIOCOOHA ITPEACKa3hIBATh IIPABUIIbHbIC
3HAYCHUS HA HOBBIX JIAHHBIX.

ITpoBepke Ha aHOMAJIMK MOJBEPraJINCh BCE
(hakTOpBI, HO TOJILKO UHTEHCUBHOCTB TPAHCIIOPT-
HOTO TIOTOKA IT0Ka3ajia 3HaYUTEIbHOE 3arpsi3He-
HUE JaHHBIX CIy4YalHBIMH BBIOpOCaMH. DTO
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Tadauna 1

@dparMeHT IaHHBIX OLIEeHKHN Mojejeii MeTogamu test loss u test acc 10 U MocJie MCKIIIOYEHUS
aHOMAJIMii U3 NMOKA3aTe/isi HHTEHCMBHOCTH TPAHCIIOPTHOIO NMOTOKA [COCTaBJIeHO aBTOpaMu|

PyGex C aHOMaUSIMH Be3 anomanuii
test loss test acc test loss test acc

1011 0.21 0.44 0.36 0.69
1021 0.26 0.38 0.30 0.67
1031 0.25 0.31 0.62 0.52
111 0.52 0.26 0.89 0.43
1111 0.42 0.24 0.74 0.20
1121 0.25 0.35 0.33 0.65
1131 0.23 0.40 0.32 0.62
1141 0.25 0.47 0.40 0.60

cnencreue JTII, obcmykuBaHUs TOPOT MIH
TIPUJICTAIOIUX COOPYKEHUH C BDEMEHHBIM OTpa-
HUYCHNEM JBIKEHHS, TIOJIOMKA (PUKCHUPYIOIIETO
YCTPOMCTBA U T.II.

Jlid moucka aHOMaJIUil JTydIe BCEro Mofio-
IIeNT METOJ «M30JIMPOBAHHOTO JIECa», TaK KaK
M0Ka3aTelb NHTEHCUBHOCTH TPAHCHOPTHOTO
TIOTOKA HE UMEET SIPKO BBIPaKEHHOTO HOPMaJTb-
HOTO pacIpe/ieeHHs.

«M3onmmpoBannsi gecy» (Isolation Forest) —
3TO AITOPUTM MAIIMHHOTO 00y4eHHs I OOHa-
pyXEHHs aHOMalWi B JaHHBIX. B oTnudme or
JPYTHX aJITOPUTMOB, TAKHX KaK METOA KJlacTe-
pH3anny WK TUIOTHOCTh, M30JIMPOBAHHBIN JIeC
HCTIONB3YET AEPEBbs PEIICHHUH IS MOMCKa
aHOMaJIUH.

OcHOBHasA nzes W30JMPOBAHHOTO Jieca 3a-
KJIIOYAaeTcsl B TOM, YTO aHOMAaJIHH B JaHHBIX
OOBIYHO HMEIOT MEHBIIIEE YHCIIO CBsI3eH U Ooree
KOPOTKHE PACCTOSIHUS 10 OCTAJIbHBIX 00BEKTOB.
ANTOPUTM CTPOUT HECKOJBKO JIEPEBHEB peIlle-
HUH, cIy4aifHbIM 00pa3oM BHIOMpasi MPU3HAKH
W pa3zesisis JaHHbIC Ha KaXK0M HIary. 3aTeM OH
OLICHMBAET, KaK OBICTPO aHOMAJIHSI MOXKET OBITh
H30JIMPOBaHA B 3THX JIEPEBBAX.

IIpn 06yueHnH N30IMPOBAHHOTO Jeca:

1. 3agaercs MakcuMalbHas TTyOWHA IepeBa
¥ MaKCHMaJIbHOE KOJIMYECTBO Pa3OMEHHH.

2. larHBIC pa30MBArOTCS HA CITyYaiHEIC ITO/I-
BBIOOPKH, U ITIsI KaXKI0H TIOBEIOOPKH CTPOUTCS
JIEpEBO PEILICHUH.

3. Kaxxmoe nepeBo pemieHuii pa3aenseT 1aH-
HBIE Ha JIBE YaCTH, BEIONpAst CITyYaiHbIN IIPU3HAK
U ClTy4ailHOE pa3felcHue.

4. TToBTOpSAIOTCS TIar 2—3 10 AOCTIDKCHHS
MaKCHMaJIbHOM TITyOMHBI MJIM KOJIMYECTBA pas-
OueHmi.

5. Ilo okoH4aHWN OOy4YCHHMS M JUIS HOBOTO
00BEKTa MCIIONb3yETCsI BaIUIAIIMOHHAST OLICHKA
JUISL OTIPEJICNICHNS] aHOMAJILHOCTH.
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[Tpyn rcnonb30BaHNH N30IMPOBAHHOTO JIECa
JUT OOHAPYXEHUSI AaHOMAJIHIA:

1. Beraucnsercs «mmyTb» B I€peBe A Kax-
o0 00BEKTa, MPEICTABIMIOMNN KOINIECTBO
pa30ueHuiA, HEOOXOMUMBIX JJISI M30JISIINH OOBEKTA.

2. Beruncnsiercst cpeqHss UIMHA MYTH JUTA
BceX 00BEKTOB, KOTOpas MCIOIb3YyeTCsS A
onpeneneHus aHoManuii. OObEKTHI ¢ Ooee Ko-
POTKMMH IIyTSIMH OOBIYHO CUHTAIOTCS Ooiee
aHOMAaJIbHBIMH.

[IpenmymiecTBa HCIOIB30BAHUS U30IHPO-
BaHHOTO Jieca:

1. Xoporo macmrabupyercst Juist 00paboTKH
OoNBIMHIX 0OBEMOB TaHHBIX.

2. Momssli 1 3¢pdexTHBHEIN B 00HapYKe-
HUU aHOMAJIUH.

3. He TpeOyeT mpeaBapuTeIbHO MOATOTOB-
KM JaHHBIX, TaK KaK HEIyBCTBHUTEJICH K BHIOPO-
caM U MyJIBTHKOJITMHEapHOCTH.

CymecTByromuii ciocod pearn3anui MeTo-
Jla CITy9aifHOTO Jieca Ha SI3bIKE IPOrpaMMHpPOBa-
Hus Python tpebyeT ompexnenennsie Bepcun
CHEeNNANbHBIX OMONMMOTEK caMOi IPOTrpaMMBl,
KOTOpPBIE HE COBMECTHUMBI C IAHHBIM IIPOEKTOM,
mo3ToMy B cperne pazpadborku PyCharm Ovuto
CO3JJaHO JIOTIOTHUTEIBHOE BUPTYaJIbHOE OKpPY-
XKEHHE C KIIOYEeBBIM Monyiem clean start
(puc. 10).

I[Tpu 3amycke Mmonyins clean_start Ha TpeTher
CTPOUYKE UMIIOPTUPYETCS METOJ H30JINPOBaH-
HOTO Jieca OuOnMuoTeku sklearn HaICTPOWKHU
ensemble. 3ammyckaeTcst UKIMYeCcKas QYHKIHA
IUTSL KaKJOTO pyOeska W3 TUPEKTOpuH /output/
validated n orpabarsiBaetcst GyHKIUS cleaner
(puc. 10), tme:

— Ha [IECTOM CTPOYKE 3arpy>KatoTCs JaHHbIC;

— Ha CeIbMOW CTPOUYKE yHalseTCs IepBast
WHJICKCHAsI KOJIOHKA;

—Ha JIecATol cTpouke (opMHUpyeTCst MOJETh
1 3aJIaf0TCS TTapaMeTpBbl;
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Puc. 10. O4ucmka GaHHBIX UHMEHCUBHOCMU MPaHCNOPMHO20 NOMOKa MemMoJdoM U30/UPOBAaHHO20 Jeca [6bINOTHEHO asmopamu].

— Ha OJIMHHA/II[ATON CTPOUYKE B MOJIEIIb TIEpe-
JIAfOTCSI TaHHBIE 00 MHTEHCUBHOCTHU TPAHCIIOPT-
HOTO MMOTOKA,;

— Ha JIBeHaJILATOU-TPUHAALATOW CTPOUYKAx
OIIpeIeNISIOTCs ¥ oMevaroTcst anomanu. Cozna-
F0TCSI JIOMOJIHUTEIbHBIE JIBe KOJOHKH. OmHa
oTpaxkaeT OauTbl 3HAYCHHU (scores_intensity),
Bropas (anomaly_intensity) IOMe4aeT B COOT-
BETCTBUHU ¢ OaJlIaMU BCE aHOMAJIbHBIE 3HAYCHHUS
mudpoit «-1», a HopMabHBIE « 1».

B KkOHIIe KX I0T0 I[MKJIa MPeodpa30BaHHbIE
JIAaHHBIC CHOBA 3aMUCHIBAIOTCS B JUPEKTOPHIO /
output/validated.

Jlyist MCKITFOYEHUsI aHOMaTHiA riepe]; 00yue-
HUEeM OblIa MPOM3BEJCHA COPTUPOBKA JAHHBIX
o 3Ha4YCHUIO «1» cronbua anomaly intensity,
KOMaHNo#l data_frame = data_frame.loc[data_
frame[ ‘anomaly _intensity’] == 1].

3AKINIOYEHUE

[IpenBapurensHOe MpeoOpa3oBaHKe TaHHBIX
C 11EJIBI0 UX MOATOTOBKH K 00paboTKe MeToIaMu
MAaLIMHHOTO O0YYEHHS SBIISICTCS BaXKHBIM KOM-
MOHEHTOM JIOCTH)KEHHUS TOUHOCTH IOy YCHHBIX
PpEe3yNbTaTtoB, 00BEKTHBHOTO CPABHEHHS IPU3HA-
KOB U OIIPEJICITICHUS 3aBUCHMOCTEHA.

Hcnone3oBanue HHOOPMALHOHHO-aHATIUTH-
YECKUX PeCcypcoB OOIBIIUX TOPOJOB CTAHO-
BUTCS MIEPCIICKTUBHBIM JIJIsl aHAITH3a HHTCHCHB-
HOCTH TPaHCHOPTHOro mnotoka. C 3Toil nenbro
HCIIONIB30BAUCH AJITOPUTMUYECKUE HHCTPYMEH-
TapHy, OCHOBAHHbBIC Ha MOJTYYCHHBIX TEOPETH-
YECKHX pe3ylbTaTax M MPOTrPaMMHBIX MPOTO-
TUIIAX X OCHOBHBIX KOMIIOHCHTOB, METOJOB
Y aNrOPUTMOB NPEAUKTUBHON aHATUTHKH S3bIKA
nporpammuposanust Python, cpenst pazpaboTku
PyCharm.

HanpHeias peanu3anus pe3ylbTaToB
HCCJIeI0OBAaHUsl HANpaBjicHa Ha MOCTPOCHHE
HEHPOHHOH ceTH NryboKoro o0y4eHus, o0yde-

®  Mup TpaHcnopTa. 2024. T. 22. Ne 2 (111). C. 12-24

HUS MOJEJIM ¥ NPOTHO3UPOBAHHE, IOITOMY,
npenBapuTeabHas o0paboTka SBISETCS BaX-
HBIM KOMITOHEHTOM JIOTHKH IIPOTPaMMBbl, 1103~
BOJISIET YJIYYIINTh Kaue€CTBO JAHHBIX, YIIPO-
CTHTBH MOJIeJIb U CJellaTh o0yueHue Ooiee
3¢hHEeKTUBHBIM.

W3-3a BEICOKOH TMHAMHYHOCTH UHTCHCHB-
HOCTH TPAaHCIOPTHOTO MOTOKA M OOJBIIOrO
KOJIMYeCTBa HECTAOMIIbHBIX 1apaMeTpPOB, OKa-
3BIBAIOIIMX HA HEro BIMSHHE, HaOJII0NaloTCs
HENPOTHO3UpyeMble (AaHOMaJIbHbIC) 3HAYCHHUS,
B uncio kotopbix Bxoasat A TII, ctpourenbHbie
paboThl, cOon dukcupyrooleil anmaparypsl
u T.11. [l UX UCKITIOUEHUSI, TTOCIIE MTpeIBapH-
TEJIbHON 00pabOTKM TaHHBIX IPUMEHEH METO
n3onupoBanHoro jieca (Isolation Forest).

W30mMpoBaHHBIN JIeC UCIIONB30BAIICS IS
ITOVCKA aHOMAJIUH ITyTeM ITOCTPOEHUS aHCaMO-
7. U30JIMPOBAHHBIX JE€PEBHEB, B KaXIAOM H3
KOTOPBIX CIIy4aiiHBIM 00pazoM BBIOMpAIOTCS
pa3dueHus o cy4YaiHbIM ITPU3HAKAM U TOUKH
JIAaHHBIX /ISl HOCTPOCHMS iepeBa. 3aTeM aHo-
Mallid MCKIIOYAKTCS MyTeM yMEHBLICHUS
BBICOTHI aHOMaJIbHBIX TOYEK B JICPEBE.

Jlannas pabora crtana miatGopMon s
00yueHUsT Mojiesiell 3aBUCUMOCTH MHTCHCHB-
HOCTH TPaHCIIOPTHOTO MOTOKa OT ITOT'OJHO-
KJIMMaTHYeCKUX XapaKTepUCTHK U (PakTopoB
YJ1C meronom rimy6okoro o0yuenus. B taoa. 1
IIPOIEMOHCTPUPOBAHO Kau€CTBO MOJICIIH HE-
POHHOI1 ceTn 10 u nocie o0pabOTKH TaHHBIX,
B TOM YHCJIE METOZOM H30JMPOBAaHHOTIO JIeca.
Pesynbrarel uccinenoBaHui anpoOUpPOBaHBI
U ¢ HAyYHOU TOYKH 3pEHUS B3BEIICHEI, CBUIC-
TEIBCTBYIOT O OBBIIIEHUN KaueCcTBa IPOTHO-
CTHYECKOH MOJIENN Ha TECTOBBIX JIaHHBIX.

Pabora akTyanbpHa C TEOPETUYECKOH U IpaK-
THUYECKOH TOUEK 3pEHHUS U y)KE UMEeT IPHUMEPEI
IIPUMEHEHHSI, KOTOpble OyIyT OmyOIMKOBaHBI
B CIICIYIOLINX TPy/AaX.
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AHHOTALINA

W3m1oxeHa mexHoMoaus NoBbILEHUST HECYweli cnocobHocmu
0CHO8aHUSI OOPOXHO20 3EMIISIHO20 NOTOMHA Ha 8bICOKOMeMne-
pamypHbIX MHO201IEMHEMEP3ITbIX 2pyHMax 8 ApKmu4eckoli 30He.
Lenbto uccrnedosanus sienisemcs paspabomka mexHomo02udeckux
PEXUMO8 YNPOYHEHUS €r1aboe0 OCHO8aHUS Hackinel, donyckaro-
WUX peaynuposaHue Haepy3ok npu cmpoumenscmee 06bekmos
Ha MHO20NIeMHeMeP3/TbIX 2pyHmax. B kadecmee memodog uccrie-
0osaHusi 8 cmambe UCNoMb308anuUCs Memodbl OpaaHu3ayuu
cmpoumesnbcmea 8 Kpuoaumo3oHe, Memod CUCMEMHO20 aHa-
Jnu3a u cucmemHo20 nodxoda. Memoduka 3akmoyaemces 8 noaman-
HOM MOOe/IUpOBaHUU U pacyeme napaMempog 2e0MexXHUYECK020
MOHUMOPUH2a COCMOSIHUS 3eMIISIHO20 NONIomHa Onst onpedeneHust
MaKCUMasbHO 00NyCMUMbIX MEXHOM02UYECKUX Hagpy30K.

Onpedenerbi 3ada4u U hyHKYUU cuCmeMbl pe2ynuposaHust
U MOHUMOPUH2a MEXHOM0_UYECKUX onepayull Ons HanpaeeH-
HO20 NOBbILLIEHUST NPOYHOCMHbIX Xapakmepucmuk crnabbix OCHO-
8aHuli 8 cmpoumenbHbIli nepuod. YcmaHoneHb! 0CHOBHbIE

CmabusmbHOCMb, MEXHOM02US.

Taucus Bacunvesna llenumoko', Ceamocnae HAxosnesuy Jlyyruii’, Hzopv Anexc

Wropb APTIOLLEHKO
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123 Poccuiickutl ynugepcumem mpancnopma, Mockea, Poccust.
'ORCID 0000-0002-4785-1625; Scopus Author ID 57200189585, SPIN-k00: 6980-7287.

SORCID 0000-0002-7749-9626; Web of Science Researcher ID: AAT-5175-2020; Scopus Author ID: 57214076962,

¢hakmops|, 8usiHOL4UE Ha (hYHKLLOHUPOBaHUE HOB020 NPUPOOHO-
MEXHUYECK020 KoMNIieKca 8 nepuod cmpoumesibcmea Ha Mep3-
fi0me, a UMEHHO U3MEHeHUe meMnepamypHo20 Nossi, Hagpy3oK
CMpoumebHbIX MaWUH U (hUUKO-MEXaHUYECKUX Xapakmepucmuk
2pyHmos. [okasaHa uenecoobpasHocmb OpaaHu3ayUL KOMNITEKC-
HbIX OUEHOK U 83aUMHO20 KOHMPOJTs 0eghopMamugHOCMU 2pyHMos
cpedcmeamu 2e0mexHUYecko2o MoHUmopuHaa u ACY TITmawuH
u cmpoumesnbHo20 06opydosaHus. TexHomozudeckull pexum
2ny6UHHO20 YNPOYHEHUs cnaboeo 0CHO8aHUS 2€0MEXHUYECKUX
06bekmos AoMKeH 8KIIOYamb pezynuposaHue napamempos
CcmpoumerbHbIX Hagpy30K U KOHMPOITb Ka4ecmea npoueccos npu
8ubpoynIomHeHuU 8epxHeli 30HbI U ycmpolicmee csaliHo20 noss.
U3110)eHbI 0COBEHHOCMU ONbIMHO20 NPUMEHEHUS! KOMNITEKCHOU
mexHomnoauu 05151 0becnedeHuUst NPOeKMHOU Hecywieli cnocobHo-
CMUu 2pyHMO8 NpU PEKOHCMPYKYUU U CMPOUMebCMBe y4acmkos
CesepH020 WwupomHo2o xoda u xenesHoli dopoeu Obckas — bosa-
HEHKO80.
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BBEOEHUE

AKXTyaJITbHOCTb CTPOHTEIBCTBA U PEKOHCTPYK-
I[N ITyTeH COOOIIEHNS B KPHOINTO30HE COOTBET-
ctByeT CTpareruu pa3BUTHA APKTHIECKOH 30HBI
¥ 00€eCIIeueHNs HAIMOHAJIBHO O€30IaCHOCTH Ha
neprof 10 2035 roga' ¥ OCHOBHBIM HAIPAaBIIE-
HUSIM COIMAIbHO-3KOHOMHYECKOTO Pa3BUTHSA
ApPKTHKH. ABTOPBI JTAaHHOW CTaThU M3JIOXKILIIH
B pabote [1] ocoberHOCTH peanm3anuu Ctpare-
THH.

ITocTpolika re0TEXHUUECKUX COOPYKEHHUM
TPaHCHOPTHONH HMHPPACTPYKTypHI, 0COOEHHO
3eMJISTHOTO TI0JIOTHA, HA BEYHOH MEp3JIOTE CBS-
3aHa ¢ PHCKOM UX JeopMaryii ¥ MOTEpH Mpod-
HOCTH HE TOJBHKO B IKCILTyaTallHOHHBIH, HO
1 B CTPOUTENBHBINA teprof. OIBIT TEXHOIOTHYe-
CKHX PacdeTOB U MOITOTOBKH MaTeprasoB (pera-
MEHTOB, KapT ¥ TPOEKTOB MIPOU3BOACTBA PaboT)
U1t pabodeil JOKyMEHTAIMH CTPOUTEIIbCTBA
y4acTkoB JTMHUN TommoT — SIkyTck, boBaneHko-
B0 — Kapckast mokazas He0OXOMMOCTh yIUTHIBATh
PHICKH COCTOSTHHUS HE MOJHOCTBIO 3aBEPIICHHBIX
OCHOBHBIX U 3aIIUTHBIX COOPYKEHUH. YKe B IO~
TOTOBHUTENBHBIN TIEPHOJT HAPYIIIAETCS] MOXO-IEP-
HOBOH MOKPOB, N3MEHSIOTCS CTOKH TIOBEPXHOCT-
HBIX BOJI, @ B OCHOBHOM ITEPHOI TIPH PACTIPEAEIIe-
HUM U TIEPEMEIICHNN 3eMJITHBIX MacC B KOpHE
MEHSIETCSI JINTOIOTHSI MACCHBOB. JTa CTPOUTEITh-
Hasl crer()MKa He B TOTHOM Mepe y4TeHa B HOP-
MaTHBax 1 (pyHIAMEHTATBHBIX TPYJaX yIEHbIX 110
MeXaHWKE TPYHTOB H 3eMJITHOMY TIOJIOTHY [2—4].
Bwmecte ¢ TeM, B TeXHHUECKOM periaMenTe? yKa-
3aHO Ha HEOOXOIMMOCTh 00ECTIEYUTh MPOYHOCTD
7 0€30IacHOCTb 3JaHUH M COOPYKEHUH Ha TIPO-
€KTHOW, CTPOUTENBHON M HKCITYyaTallMOHHOU
CTaausIX. Ba)KHOCTh yNpaBIEHUS COCTOSTHHEM
OOBEKTOB B TEUCHNE BCETO YKU3HEHHOTO ITMKJIA
OTMEUEHa B TpyHax [5; 6] 1 mokazaHa MPaKTHKOH
crpoutenbeTBa [1]. TIpu peKOHCTPYKITHH 3eMILs-
HOTO TIOJIOTHA CIIEYET JOTOIHUTEIBHO yIUTHI-
BaTh CYIIECTBEHHYIO HEOIHOPOIHOCTH ITPON3BOI-
CTBEHHOH IPOTPaMMBbI ¥ OACHOCTH JETPAIAIN
TIOJIOCHI OTBOAA>.

! Vkas Ipesugenra PO ot 26.10.2020 Ne 645 «O Crpareruu
pa3Butus Apkrudeckoil 30Hb Poccuiickoit ®enepanun
1 obecreveHns HAaMOHATBHOM 6€30MacHOCTH Ha EPUOL 10
2035 rogay. [AnekTpoHHbIii pecypc]: http:/www.kremlin.ru/
acts/bank/45972. Toctym 15.12.2023.

2 TeXHUYECKHI pEerJaMeHT 0 0e30MacHOCTH 3MaHUM
u coopyxenui: denepanbubiit 3akoH Ne 384-D3.
[OnexTponnsrii pecypc]: https://www.consultant.ru/
document/cons_doc LAW_95720. Joctym 12.09.2023.

* PekoMeH/aIMH 110 HHTCHCUBHOH TEXHOJIOTHH X MOHHTO-
PHHTY CTPOUTENIHCTBA 3EMILTHBIX COOPY)KEHHH Ha CIIaOBIX
ocHoBanusax / MUUT. — M.: Tump, 2005. — 96 c.
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ONBIT TEXHOJIOIMYECKOTO NMPOEKTUPOBAHUS
Pa3BUTHUS TPAHCIOPTHBIX KOMMYHHKaMH SKy-
Tuu, SImMana u [lpunonspHoit 30861 APKTHKH [7;
8] mokazain HauOONBIIIYIO CIIOKHOCTD CTPOUTENb-
CTBa IIyTeil cOOOIEHNUS B paliOHaX pacpocTpa-
HEHHs BBICOKOTEMIIEPATYpPHBIX MHOTOJIETHE-
Mep3ibIX rpyHToB (MMI).

I]enb TEXHOJIOTUYECKOTO MCCIEJOBAHUS —
pa3paboTKa METOROB BO3BEICHHS 3EMILIHOTO
MIOJIOTHA HA BBICOKOTEMIIEPATypPHBIX MHOTOJIET-
HEMEp3JIBIX I'PyHTax, o0ecreynBaroIux 0e3-
OMAaCHOCTb U HAJIS)KHOCTh KOHCTPYKIIUH 3 CUET
pETYIMPOBAaHUS U MOHUTOPHHIA CTPOUTENBHBIX
Harpy3oK ¥ BO3AEeHCTBHH.

PE3YNbTATbI
MeToauka TeXHOJIOrHYeCKOIr0
peryJMpoBaHMs CTPOUTEILCTBA

VYcaoBreM 0e301acHOTO CTPOUTENBCTBA SIB-
JAETCS ero re0TeXHUYEeCKHUH MOHUTOPHHT
(I'TM), KoTOpBIii 110 HOpMaM* * BKJTIOYAeT KOHT-
POJIb TEMIIepPaTyPHO-BIAXKHOCTHBIX TapaMETPOB
B TeJ€ U OCHOBAHUHU HE3aBEPILIEHHOTO CTPOU-
TEIbCTBOM COOPYKEHUS.

OCHOBHBIE ITOJIOKEHHSI COOTBETCTBYIOIIECH
METOJIMKU U3JI0XKEHBI aBTOopamu B [9]. Jlis cTa-
OMJIBHOCTHU TPYHTOB OCHOBAHUS M yCTOWYHNBOCTH
KOHCTPYKIIMH Ha BCEX ATalax 3BOJIOLUU 00b-
€KTa He0OX0JMMO IPUMEHSTh TEXHOJIOT HIECKHI
PEXHM CHCTEMaTHUYECKOTO PEeryJIupOBaHUsA
CTPOHUTEIBHBIX U IKCIUTyaTaIllMOHHBIX Harpy30K
[10], xoTophIii MpeayCMOTPEH KOMIUIEKCHOM
texHonoruel (KT), 3amaTreHToBaHHOI 1 peanu-
30BaHHOI Ha ceBepHBIX cTporikax [ 11]. Ee coaep-
JKaHHE 3aKJII0YaeTCs] B OpPraHU3aIK Te0TeXHU-
YECKHUX HCCIIEeI0BAaHUM TEKYIIEro COCTOSHHS
c1a0bIX TPYHTOB M peasin3aliid HauOOJIbLINX,
JIOIYCTHUMBIX 10 0€3011aCHOCTH, BUOPALMOHHBIX
W yIapHBIX HArPy30K OT YIUIOTHSIOUIMX MaIIWH.
Cocrag KT (puc. 1) BkIro4aeT moaroToBKy mpo-
U3BOJCTBA, OCHOBHOW NEPHOJ CTPOUTEIHCTBA
U CTpYKTypHbIe O5I0KH. B3anmMopneiicTBue 0110k0B
U OPraHU3alHI0 YNPaBICHUs IMPOU3BOACTBOM
BBIMONIHACT L[eHTp TEXHONIOIMYECKOTO Perynu-
posanus (Lentp TP). OcHoBHas dpynkuus I'TM
(B 3TOM NpHHIMIINATIbHAS Pa3HHULA C MOHUTO-
PHHTOM 3KCIUTyaTUPYEMbIX OOBEKTOB) COCTOUT
B MH(OPMAIIMOHHOM COITPOBOXKIEHUHU 1 KOPPEK-
THPOBKE ITapaMeTPOB IPOU3BOACTBA.

4 CII 25.13330.2020. OcHoBaHust u QyHIAMEHTHl Ha
BEYHOMEP3JIbIX IpyHTax. — M., 2020. — 123 c.

> CII 305.1325800.2017. 3manus u coopyxenus. [IpaBma
NPOBEJCHUS] FE€OTEXHHYECKOr0 MOHUTOPHHIA IpHU
crpoutenbcTBe. — M.: Crannaptundopm, 2017. — 61 c.
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1. Texnosioruueckoe peryJiupoBaHue

2. I'eoTexHUYECKHil MOHUTOPHHT

1.1 Jpenaxnas cuctema,
WHTCHCHBHAs TEXHOJIOTHS
ycTpoiicTBa paboyeit
IIaTQOPMBI.

1. oaroroska
NIPOM3BOJICTBA

1.2 Opranu3zanus reoTeXHUYEeCKOro,
TEOKPHOJIOTHYECKOT0
MOHHTOPHHTA U CTPOUTEIILHOTO
KOHTPOJIA
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3.1 Bo3BeaeHue HaChINH,
6oproebie [1K cTpouTenbHBIX
mamuH. KOC.

3. CTpouTenbHbIN
KOHTPOJIb

3.2 OneparoHHBIN U
NPHEMOYHBIN KOHTPOJIb KaueCTBa.

Puc. 1. Cmpykmypa mexHo/102U4€CcK020 pe2ynuposaHusi U MOHUMOPUH2a CMPOUMEbCMea 2e0MexXHUYECKUX 06bexkmos
[paspabomaro aemopamu].

Juis 3¢ (heKTUBHOTO YIUIOTHEHHS TPYHTOB
npuHsITO TpeboBanue [4; 12] o HeoOxoaUMOCTH
Harpy30K Ha IIpe/ieNie IPOYHOCTH rpyHTOB. Jlo-
IyCTHMas TEXHOJIOTUYecKasl Harpy3Ka Ha cialble
TPYHTBI JOJDKHA COOTBETCTBOBATH YCIIOBHIO:
K({F~-F)X/F >K_, 1)
rne K , K, —COOTBETCTBEHHO, TPOEKTHBIE KOO (-
(UIMEHTHI HAJISKHOCTH U CTAOUIIBHOCTH 3€M-
JISTHOTO TIOJIOTHA B #-M TEXHOJIOTHYECKOM IIUKJIE;

F_, F — COOTBETCTBEHHO, Oe3omacHast s
CJ1a0BbIX TPYHTOB M TEXHOJIOTUYECKasi HATPY3KH;

Fn — [IOPOBOE JaBJICHUE.

Harpysky £, onpeensoT B 3aBUCHMOCTH OT
CTPYKTYpPBl M MPOYHOCTHBIX XapaKTEPHUCTHK
cimaboro ciost 1Mo pasuaam®S, B pexxume BuOpo-
YIDIOTHEHHS TPYHTOB CIIEIyeT yYHTHIBAaTh Oe3-
ONAacHBIN Ipeaes:

F (P.A, V,v)<minlF,  F,F I, 2)
TIe Fmt— Harpy3Ka, 3aBHCSILIAsl OT KOHTAKTHOMI
JKECTKOCTH CJI0Sl TPYHTa U IapaMeTpoB BHOPO-
Banbna — Beca P, aMIIHTYyasl A, CKOPOCTH
JBYDKEHHS V, 9aCTOTHI L;

an — IIpelen NPOYHOCTH I'PYHTOB;

F . — THKCOTPOIHBIN Npeiesl Harpy3KH B /-i
MIEPUOJI TPOU3BOJICTBA PabOT (pabouyio CMEHY).

B 3THX ycnoBusX ciexyeT pacCUHTHIBATH

¢ CII 447.1325800.2019. XKene3Hbie goporu B paiioHax
BeuHOU Mep3noThL. - M.: Cranmaprundopm, 2019. — 40 c.
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PHUCK HapylIeHHs CTaOMIBHOCTH OCHOBAaHHSA
CTPOUTENbHBIMH MAalIUHAMH, IIPU KOTOPOM
TEXHOJIOTHYECKOE BO3JEHCTBUE NMPEBBIIIACT
0e30macHy0 U1 TPYHTOB HAarpy3Ky (C y4eTom
mopoBoro aasienus) [13]. IlpexensHoe cocTos-
HHE OTPENENSETCS BEPOITHOCTBIO P, TOTO, 4TO
BennunHa F p OyaeT MEHbIIEe TEXHOIOTHIECCKOM
Harpy3ku OT MalllMH fu U IOCTPOEHHOHN 4acTu
oObekTa F:
P=plF,—(F +F)/K]t<0. 3)
Taxum 06pa3oM, B X0I€ CTPOUTENIBHBIX paboT
Lentp TP BbINONHAET HENPEPHIBHYIO JUATrHO-
CTHKY BO3BOJMMOTO 3€MJISTHOTO TIOJIOTHA IS
NPOQHUIAKTHKN €T0 MPEeeIbHOT0 COCTOSHUS,
0COOEHHO Ha yJacTKaX MHANBUIYaTbHOTO IIPO-
eKTHPOBaHUs (KOCOTOpax, KapcTax | Jp.)
Tloozomosumenvnuiii nepuod KT Bxiogaer
CTaJIN¥ YCTPOUCTBA JPEeHAKHOH CHCTEMEIL, pabo-
Yeil mIatopMbl ISl TSHKETIONW CTPOUTENbHOM
TEXHUKH 1 OPTaHU3ALMH F€OTEXHMYECKOTO MO-
HUTOpHHTA. [[peHa)KHBIE IPOPE3H 00CCIIeUNBAIOT
CHIDKCHUE BJIQ)KHOCTH 3@ CUET OTXKATHSI BOJBI
BHOPOKATKOM M3 JEATEIBHOTO CJIOSI OCEHBIO
B Ha4aJIe IPOMEP3aHUsI U MUTPALIOHHOTO BIIaro-
Hakoruienus [14]. YerpoicTBo paboueii miat-
(bopMbI — TyTe# ISl IepeMeleHHs TKEIon
CTPOUTENBHON TEXHUKH BBITOIHSIIOT B MHTEH-
CHBHOM pexuMe yIuloTHeHus. Ha 3toil cranuu
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(dhopmupytrorcs Tpebosanus k ['TM mo omnpene-
JICHUIO TeMIIepaTypHO-BIQ)KHOCTHBIX XapakTe-
PHUCTHK TPYHTOB, KOHTPOJIIO 00beMa MUTpaLuu
BOJIbl, CYMMapHOU BJIQ)KHOCTH U CTaOWIILHOCTH
JeSITeTIBHOTO CIO0SI.

Jnst peructpanuu TEKyUIUX H3MEHEHHH
TEII000MeHa B MACCUBAX BO3BOJIMMOTO 00bEKTa
U TPHUPOIHON Cpesl Mo HopMam® © cremyer
BBINOJHUTH Pa0OTHI 110 YCTPOICTBY CTalMOHAP-
HBIX IIYHKTOB MOHHMTOPUHIA U CETEeH KOHTPOJIA
TEeMIIEpaTypHOro peKuMa U Jedopmaruii Kax-
Joro cios. PerymspHsle ompocsl ceTei oco-
OEHHO Ba)KHBI JUIS OLIEHKH pabOoThl APEHAXKHOU
CHCTEMBI ¥ CTA0MIIM3ALH TPYHTOB OCHOBAHUIA.

B xone noxrorosxu npoussoactsa Llentp TP
JOJDKEH UMETh MOCTOSHHYI0 MH(pOpMalHUIo
0 COCTOSIHUM MH)XEHEPHBIX coopyxeHui. Ecnun
CTabMIIBHOCTH TI0 HOpMaM* He obecriedeHa, ciie-
JyeT MIPUMEHUTHh OPraHU3allMOHHO-TEXHOIOTH-
YECKHUE PeIeHUs:

1) MHTEHCHBHYIO TEXHOJIOTHIO BUOPOYILIOT-
HEHHs OCHOBAHHUSI B KOMILIEKCE C JAPEHaKHOM
CHCTEeMOM Ipope3eit 1 BOJOOTBOJIOB;

2) 3aMeHy cy1aboro rpyHTa NECKOM, ITOCaKY
NI€CYaHOTO MACcCHBAa Ha MHUHEPAJIBHOE JIHO;

3) ycTpOMCTBO CBaifHOTO MOJIS.

Br16op BapuaHTa ynpoyHEHHs BKIIIOYAET
MOJICIUPOBaHME, PAcYeT TEXHOJIOTMYECKUX Ia-
paMeTpoB, IPOTHO3 OCANIOK, IPOUYHOCTHBIX Xa-
PaKTEpPUCTUK I'PYHTOB, CPOKOB U CTOMMOCTH
npou3BoicTBa padbot. [Ipu onpenenenuu ocagok
B CTPOUTEJIbHBII NEPHOJA HYXXHO YYHTHIBATh
AQHHU30TPOITHOCTh, CTPYKTYPY I'PYHTOBBIX HaIruia-
CTOBaHHUI, PEOJIOTUUECKUE CBOICTBA TPYHTOB,
BO3MOXKHOCTb UX YXYALICHHS NPU HecTaOWIu-
3MPOBAHHOM COCTOSIHMHU B XOJie paboT U KaJeH-
JapHbli rpaduk npousBojcTsa. [dedopmarus-
HOCTb OCHOBAHUSI 3eMJISIHBIX COOPY>KEHUH ITpo-
THO3HMPYIOT C y4ETOM ITPUHIIUIIA AUHAMHYECKOTO
PaBHOBECHS MEX/1y KOIMYEeCTBOM He3aMmep3Iiei
BOJIbI U JIBIUCTOCTH IIPH U3MEHEHUH TeMIlepa-
TypHl U faBieHus [4; 6].

IIpakTHyeckas peanuzanus

AHanu3 pe3yJbTaToB UCCIIEIOBAHUS U OIIBIT-
Hoti npoBepku KT u I'TM conepsxutcs B padote
aBTOpPOB [ 1], B KOTOPO# OTMEUEHO, YTO «pa3pado-
TaHa KOMIUJIEKCHAsI TEXHOJOTUS COOPYXEHHUS
3eMJISTHOTO MTOJIOTHA Ha BEICOKOTEMITEPATyPHBIX
MMI, ocHOBaHHasI Ha PETYIUPOBAHUH CTPOU-
TEJNBHBIX HAarpy30K 1 MOHUTOPHUHIE MEXaHUYe-
CKHX ¥ TEIIO(U3UUECKHX IIPOLIECCOB B PEIKMME
peaNbHOTO BPEeMEHN».

B3anMocBs3b GJIOKOB TEXHOJIOTHYECKOTO

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 2 (111). C. 26-33

peryiupoBanus u [ 'TM B Haubosnblel cTereHn
MPOSIBJIICTCSI B OCHOBHOM MEPUOJ] YIIPOYHECHUS
cnadbix ocHoBaHui. [Ipu ynanenuun ciaadbix
IPYHTOB C 3aMEHOM IECYaHbIM MaCCUBOM BBITIOJI-
HSIOT YIUIOTHCHUE T'PYHTOB BHOpPOKATKaMH,
YIapHO-UMIYJIBCHOM WK OYPOB3PHIBHOMN TEXHO-
norueii. [lo TpeGoBaHHUAM* OCHOBHBIE CTPOU-
TelIbHbIE PadOThl AOJKHBI COMPOBOXKAATHCS
MOHHUTOPHHIOM U PETYJIMPOBAHUEM TEXHOJIOT U~
YeCKOI Harpy3KH C y4eTOM IIPOTHO3a COCTOSTHUS
Ka)KJIOT'0 CJIOSl B IPOLIECCE IIPOU3BOACTBA PaboT
[10].

JIJ1s BBIMOTHEHUS 3TOM CII0KHOM 3a/1a4u Ha
MHOTOKHJIOMETPOBOM y4acTKe TPAacChl ¢ mepe-
MEHHBIMH TPYHTOBBIMHU YCIOBHSIMHU PabOTHI
MEXKOJIOHHBI UCTIOJIB3YIOT BECH MIPELyCMOTPEH-
HBIH HOpMamu® apceHan I'TM (reome3nveckui,
apamMeTpUIeCKUil MOHUTOPHUHT, re0(pU3nIeCKUe
WCCIIEIOBAHUS) U BO3MOXXHOCTH KOHTPOJIBHO-
OIOBECTUTENBHOM cucTeMsl [5; 15]. Xapaxrepu-
CTUKH TPYHTOB OCHOBAHHS MPOBEPSIIOT KOHT-
POJIBHBIM OypEeHHEM M0 IIyOMHE 3aMEHEHHOTO
MaccHBa I'PYHTa C ONpeAelICHHEeM Halln4us
JIMH3 — OCTaTKOB CJIa0bIX MepeyBIaXKHEHHBIX
rpyHTOB ¥ TOp(oB. VIMEHHO Ha 3THX ydYacTKax
MOBBINICHHAS BIAXKHOCTh MPUBOIUT K CHHKE-
HUIO TIPOYHOCTHBIX XaPaKTEPUCTUK MOIYJIS JIie-
¢dopmanuu (puc. 2) u, Kak CIEACTBHE, K PUCKY
MOJI3Y4ECTH U BBITABITUBAHUS IPYHTOB U3 MOA0T-
KOCHOM 4aCTH HACBIIH. JTO SIBJICHUE TOATBEPXK-
JIaeT PerpecCHOHHast 3aBUCHMOCTb, ITOJTyUYeHHAs
[0 pe3yibTaTaM CTAaTHUCTHYECKOI'0 aHalu3a
JTAHHBIX U3BICKAHUH Ha OIBITHOM Y4acTKe IpO-
extupoBanus uaun O6ckas — Canexapy [8]:
E=6,46 +690,19X + 0,07Y*"1,06Y —
—20,66XY - 1738,54X,
rae X — cuemnenue C, Mlla;

Y — yron BHyTpeHHEr0 TpeHUs @, Tpa;

E — monyne nedopmarmu, MI1a.

JHannas 3aBucumocts (R = 0,86, F = 27,9;
p = 0; N = 48) nokaspiBaeT B3auMMOJICHICTBHE
Je(hOPMAIMOHHBIX M IPOYHOCTHBIX XapaKTePH-
CTHK CJTa0bIX TPYHTOB. [IprMeHEeHHE TEXHOIOT U
YCTPOMCTBA JAPEHAXXHOI CHCTEMBI U peXuMa
BUOPOYIUIOTHEHHS JIJIsl MOJrOTOBKH padoueit
IIaT(hOPMBI YBEINIMBACT 3HAYCHUS XapaKTEPHU-
ctuk C ¥ @, COOTBETCTBEHHO, ITOBBIILIAETCS MO-
nyns E.

TexXHONIOTUYESCKUI PEKHUM JTOJDKEH YUHTHI-
BaTh IMHAMKKY [TIOPOBOTO JIABJICHUS B HEIPCHU-
POBaHHOM (HEKOHCOJIHUANPOBAHHOM) COCTOSIHUH
IPYHTOBOTO MacCHBa Ha OCHOBE YMCIIEHHOTO
MOJICIMPOBAHMS M OIICHKH HAaINpPsOKCHHO-Je-
(OPMHUPOBAHHOTO COCTOSIHUSI TPYHTOBOTO Mac-

4)
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Puc. 2. B3aumocesi3b usmeHeHus Modyns degpopmayuu E, Mlla, cyennenus C, MIa u yana eHympeHHe20 mpeHusi ¢, 2pad. masnbiX c8si3HbIX
2pyHmoe [pa3pabomaHo aemopamu].

cua. Ecim ocazika yckopHiiach, CTPOUTENBHYIO
Harpys3Ky cleJlyeT OTKOPPEKTHPOBATh, YIIJIOTHE-
HUE MPEKPaTHTh, IPOBECTH JOMOJHUTEIBHO
WH)KCHEPHO-TU/IPOJIOTHYECKHUE H3BICKAHHS.
OnsiTHOe puMenenne KT Ha ocHOBaHUX
¢ m1yOokuM (OoJiblile aKTUBHOW 30HBI) pa3me-
IIEHUEM MPOCAZOYHBIX TPYHTOB [0 BAPHAHTY
MX BBIPE3KH C 3aMEHOH IIECKOM M0Ka3aji0 HeoO-
XOIIUMOCTh MHIMBHYalbHBIX PEIICHHH, TPH-
BesieHHbIX B [13]. dns addexTuBHOrO BUOpO-
YIUIOTHEHHMS MTECKa MPEAJI0KEHO PETYIUPOBATH
pexuM pabot BuOpokarka. [Ipu ymioTHeHUU
MeCYaHOT0 MacCHBa yAaPHO-UMITYJILCHBIM CII0-
cobom [13] ompeneneHb! peryaupyeMble mapa-
METpHI: pa3MelleHrne No3uuii Mamunel Y UM,
UMITYJIBC yliapa, YUCIIO YAapoB Ha KaXKJOH 103H-
1. OcoOEHHOCTh PEeryJIHMpOBaHUs 3aKIoya-
€TCs B CHCTEeMaTHYeCKOM JIMarH03¢ OCHOBAHUS
Ha Ka)XI0H MO3UIMK U MEXTy MO3ULUSIMU Ma-
IIMHBI U pacyeTe NapaMeTpoB yJapHOro (InHa-
MHUYECKOT0) BO3/CUCTBUS B 3aBHCHMOCTH OT
COCTOSIHUSI MaccuBa necka. OTBIT CTPOUTENb-
CTBa aBTOMAarucTpajy Ha cladbix rpyHTrax [11;
13] moka3an 3(hHEeKTUBHOCTh COMPOBOKICHUS
paboT KOMIUIEKCHBIMU Ie0(hH3HYECKIUMH HCCIIe-
JIOBaHUSIMH, BKJIIOUAIOIMMU: SJIEKTPOPa3BEAKY;
ceiicMOpa3BenKy; MOOMIIBHOE TeopanoiioKa-
IIUOHHOE MPOPHIUPOBAHNE; THAPOTeOI0rnye-
CKHe 00ClieIoOBaHUsl C PEKUMHBIMH CKBAXKH-
Hamu. Kommnekcusiii ' TM mo3BosisieT KOHTPO-
JUpOBaTh 3aMeHy cliabbIX 3aTOop(oBaHHBIX
TPYHTOB, IOPOBOE JaBJIEHHUE U MIOTHOCTH
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MeCYaHOr0 MacCHBa.

Haubonee cnoxkHbIe yCIOBHS peau3aliiu
KT 6putn ycTanoBieHsl npu paspadorke CTY
3aBEPILCHISI CTPOUTEILCTBA (YCHUIICHUS ) JKEIIe3-
HonopoxkHo nuHuM Haxpim — Ianronsr [17].
[To mMarepuanaM MHXCHEPHBIX W3BICKAHUI Ha
Tpacce pacrnpoCTpaHEHbl OCTPOBHAsI BEUHAs
Mep3JI0Ta, TIepeyBIaKHEHHbIE MEJIKUE MTbLIeBa-
ThIC MECKH U CYIJIMHKH TEKYYCIIaCTUYHOMN
KOHCHUCTCHITUH, KOTOPBIC OTHOCATCS K CJIa0BIM
MyYUHUCTHIM TPYHTAM C HU3KOM HECYIICH CIo-
COOHOCTBIO. {7151 PEKOHCTPYKIIMU 3EMIISTHOTO
MOJIOTHA 3aIPOCKTHPOBAHBI MPUHIIUITAAIBEHO
pasHble monepeuHble Tpo(UIN: a) MPUCTPOHKa
C YCTyNaMH K HACHIMHU JCHCTBYIOLIETO MYyTH;
0) HaZCTpOWKa HACBINEH HaJ ACHCTBYIOIIMM
MyTeM; B) HOBBbIC coOpyxeHwus. Haubonbpmine
nedopMalii TPOUCXOAAT TOJ TEXHOIOTHYEC-
CKMMH Harpy3Kamu MpH MPOU3BOACTBE padoT
B MMOJIOTKOCHOW YaCTH CYLIECTBYIOIIUX JOPOXK-
HBIX HACBHINICH C YBEIMYCHHEM OTTaWBAIOIICTO
CJI0S TTACTUYHO-MEP3IIBIX TPYHTOB. Bo3pacrator
PHCKH OMACHOTO COYCTAHUS HArPY30K U Mpe-
JIETIBHOTO COCTOSTHHSI HE3aBEPIICHHOTO 00bEKTa,
KOTOPBIC CBSA3aHBI C MIEPEMEHHBIMHU YCIOBUSIMHU
MHOTOKHJIOMETPOBOTO (hpoHTA pabOT, pa3HBIMHU
KOHCTPYKITUSAMHU COOPYKEHHUH, HEOTHOPOIHO-
CTBIO COCTaBa IPYHTOB IO MPOOIBHBIM U ITOTIe-
peYHBIM PO UM HACHITICH U BBIEMOK. B 3THX
YCIIOBUSX CJICTYET PACCUMTHIBATH PUCK HAPYIIIC-
HUS CTAOMJIBHOCTH OCHOBAHHSI CTPOUTEIIbHBIMHU
MallliHAMH, TIPH KOTOPOM TEXHOJIOTUYCCKOE
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BO3/ICHCTBHE IPEBBILIAET OE30MACHYIO JUIS TPYH-
TOB Harpy3Ky.

PacuerHble mapaMeTphl JOJKHBI ONpee-
JIATHCS C Yy4ETOM MEPEeMEeHHBIX MO Tpacce
U B X0JIe paboT yCIIOBHI IPOU3BOICTBA — HEO-
HOPOJIHOCTH XapaKTePUCTHK I'€OJOTHH, JTUTO-
JIOTHUH, YKIIOHOB MECTHOCTH. OIIeHKY H3MEHEHUI
COCTOSIHUS TIOJIOCHI OTBOJA NPHU COOPYKEHHUU
3eMJISTHOTO [TOJI0THA BBIITOJIHSIOT CTAllMOHAPHBIE
yHKTbI MoHUTOpUHTA U Llentp TP ¢ ucnomin3o-
BaHHMEM JIaHHBIX U(PPOBOH aIPOCHEMKH M Ha-
3€MHOTO JIa3ePHOTO0 CKAaHUPOBAHUS.

Jls nosslimenus onepatuBHocTU [ TM B [1]
MIPUBEICHBI PEKOMEHIAINH O LIeJIeco00pa3Ho-
CTH OPTaHH30BaTh MOCTOAHHYIO Iepenady
uu(ppoBoi HHPOPMAIMH O COCTOSIHUU I'PYHTOB
B KaXJOM CJIO€ OCHOBAaHHS IO pe3yibTaTaM
reousnueckux ucciaeaopanuii B Llentp TP,
0JI0K aBTOMaTU3UPOBAHHBIX YCTPOMCTB PETyIH-
pOBaHHS PEXKUMOB CTPOUTENbHON TEXHUKH.
VHTeHCUBHBIE HArpy3KH MalIMH CIIOCOOHBI
MIPUBECTH K aKTUBU3AIIMU OTIACHBIX IPUPOAHBIX
sBreHuil. Hanpumep, onoi3HeBsIi U KapCTOBO-
cy(pd0o3MOHHBIN MPOLECChl YYBCTBUTEIbHBI
K M3MEHEHUIO (MEepeMEeLIeHNUI0) COCTOSHUS
TPpYyHTOBBIX MaccuBOB. K norepe ycrolunBoctu
HaChINeH MOTYT IIPUBECTH NEePEMEIIEHUE 3eM-
JITHBIX Macc Ha npoQuiie J0poTH, epepacupe-
JleJIeHUe IPYHTOBBIX M MOBEPXHOCTHBIX BOJ,
NepeMeHHbIe Harpy3ku 3eMJIEpOHHO-TpaHC-
MOPTHBIX KOMIIJIEKCOB.

'Y4eT Takoro B3auMOJIeHCTBUS COOTBETCTBYET
COBPEMEHHBIM TEHJEHIMSIM COBEPIIEHCTBOBA-
HUS MEXaHH3aluK paboT ¢ MPUMEHEHUEM CHUC-
TeMBl AUCTAHIMOHHOTO NMPOrPaMMHOI0 WU
ABTOMATHUYECKOTO YNPaBICHUS TEXHOJOTHYe-
ckumu mpoueccamu (ACY TII) [18]. Cucremsl
JIA3epHOTO CKAaHUPOBAHMS YUUTHIBAIOT OTMETKU
MPOIOJILHOTO M TIOIIEPEYHOTO MPOQHIS COOPY-
JKEHUsI, KOTOpbIE U3MEHSIOTCS NpU pabore Ma-
IIMH B JII000H TOUKE CTPOUTEIHHOM TUIOLIAJKH.
OneparroHHas 3a/1aya 3aKII04aeTcsi B OpraHu-
3aLUH B3aUMOIEHCTBHS T€OTEXHUYECKOTO MOHH-
TopuHra u ACY MammuH A HallpaBIEHHOTO
1 0e3011acHOTO MOBBIIEHUS HECyIei croco0-
HOCTH OCHOBaHHIA .

Poct BUOpOHArpy3ku Kartka B JesITEJIbHOM
CJI0€ MPHUBOJUT K YBEJIMYEHHUIO BIAXXKHOCTH
H, KaK CJIEJICTBUE, K CHUKEHUIO MOIYJIs ie(hop-

7 Va3 Ipesunenra PO ot 26.10.2020 Ne 645 «O Crpareruu
pa3zButus Apkrudeckoil 30Hbl Poccuiickoit denepanuu
1 obecreyeHHs HallMOHAJIbHON 0€30MaCHOCTH Ha MEPHOJ 10
2035 roga». [DnekrponHslit pecypc]: http://www.kremlin.ru/
acts/bank/45972. Toctym 15.12.2023.
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Maluu TpyHTOB. OnepanuoHHbII KOHTPOJb
JIOJKEH IpeaycMaTpuBaTh CHHXPOHHYIO
OI[EHKY COOTBETCTBHS TEKYIIHX 3HAUYCHUU
0e30MacHOil Harpy3KH U PEryJUpyeMBbIX PEekKH-
MOB — U3MEHEHHs aMIUTUTY/Ibl U YaCTOTHI KOJIe-
OaHuii BuOpoBanbla. JJaHHBIE reoTeXHHYE-
CKOT'O MOHMTOPHHT'A SIBJISIFOTCS] UCXOJHBIMH IS
coBpeMeHHBIX BUOpokarkoB [19]. Boprosoii
KOMITBIOTEp MaIlIHBI [T03BOJISIET YCTaHABIMBATh
napameTpsl BUOPalM U CKOPOCTh ABHIKEHHUS
KaTKa B 3aBUCUMOCTH OT CTETIEHH YINIOTHEHHUS
rpyHra. [Tocine perucrpanuu u npeodpazoBaHus
CUTHAJIOB O BBIIOJIHEHUH ycioBus (1) mosiBis-
€TCsl BO3MOXXKHOCTh TOBBICUTBH HJIM XK€ MPHU
OIIACHOM CHUTHaJIe — HEME/JIEHHO CHU3UTh BH-
OpoHarpy3Kky 10 MakCHUMaJlbHO JOIYCTHMOU
BEJIMYMHBI U [TepelTH Ha ocumuisiiuio. Hanpu-
Mmep, ACY Variocontrol katka Bomag obecre-
YUBaeT OECCTyIeHYaToe MOBBIIIEHHE aMILIH-
TyAbl U HACTPOWKY YacTOTHI Uil U3MEHEHHS
BO3MYIIAIOUIEH CHIIBI 10 MAaKCUMaJIbHOTO 3Ha-
yenust. OqHoBpeMeHHO 6opToBoit [TIK ompene-
JseT TMHAMUYECKHH MOAyib aedopMaluu
IpYHTa Y€pe3 COOTHOIIEHUE KOHTaKTHON 30HBI,
JIMHAMHAYECKOTO JIaBJICHUS BaJblla U Ipeaesa
MIPOYHOCTH IpyHTa Ha ckarue. Tekyliee 3Haye-
HUE MalIMHHOTO MOAYJIS AeopManuu ciieayer
CPaBHUTH C pacyeTHHIMU Ae(pOpMalMOHHBIMU
XapaKTEePUCTHKAMH YIUIOTHSEMOTO CII0s, TI0JTY-
yeHHbIMU OT ['TM 1 rpyHTOBBIX J1a00paTopuii.
OTu nanubele nepepatTcs B Lleatp TP nns
JIMarHOCTUKH U ITPOTHO3a COCTOSIHUSL 0OBEKTA.
CucremMaTHuecKkoe peryjiupoBaHue BUOpOHA-
I'PY3KH ¥ KOHTPOJIb IFIOTHOCTH IPYHTOB I103BO-
JSIOT TOBBICUTH IIPOYHOCTH U BBINOJHUTH
NPOEKTHBIE TPeOOBaHUS K OCHOBAHHIO Ha
KOHKPETHOM y4YacTKe BO3BEJCHHS HACHIIIH.

Ha yuactkax rimyOMHHOTO YIPOYHEHHs Clia-
00ro OCHOBaHUS ClielyeT OpraHU30BaTh KOHT-
pOJIb KayecTBa MPOLECCOB BHOPOYILUIOTHEHHS
BepxHeW 30HBI s paboueil nmuardopmsl
W YCTPOWCTBa CBalHOTIO I0JIs B BHAE OypoHa-
OMBHBIX, T€OTEKCTUIIbHBIX HJIM NI€OEHOYHBIX
CBaii-cTo100B (B 3aBUCUMOCTH OT IPOEKTHOTO
pelieHus1) ¢ THOKUM pocTBepkoM. Jlis 3toi
LeJIH TPUMEHSIOT MOJCIUPOBaHUE U pacder
Hecy1ei ciocoOHocTH cBait B [IK Midas GTS
NX [15; 17].

[Ipu ycrpolicTBe cBaii 0 JaHHBIM HHKEHED-
HBIX M3BICKAaHUI YYUTHIBAIOT I'€OJIOTHYECKYIO
CTPYKTYpY, YPOBEHb I'PYHTOBBIX BOJ] U XapaKTe-
pucTikH rpyHTOB. COBpeMEHHbIE BUOPOIIOTPY-
JKaTesy ¥ OypoBbIe MaIIUHBI (HanpuMep, (GPUPMEI
Liebherr) oGecrieunBarot kauecTBo pador ¢ 1mo-
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Motbio 6oproBoit ACY TII st KoHTpOIs
U pEryJMpOBaHusi CKOPOCTH OypeHHs, TIIyOUHBI
Y BEPTUKAIBHOCTH ITOTPY)KEHUsI ITHEKa B IPYHT,
JnaBineHus O6etoHHO# cmecu. [IporpammHBIii
KOMIUIEKC MAIllMHBI MO3BOJISIET MOJYYHUTh Iac-
MOPT CBau C ee MpOoQHIEeM Ha reoJIOTHYECKOM
paspe3e u 00beMOM MaTepuala, yJI0XKEHHOTOo
B CKBaXXHMHY. B Xo1e cBaifHbIX paboT KOHTPOJIb-
Hble ¢pyHkimu ['TM HanpaBieHbl Ha yTOYHEHHE
nH(pOpPMALMK O PacYETHBIX 3HAYEHUSIX COMPO-
TUBJICHUS] TPYHTOB 110 OOKOBOIl ITOBEPXHOCTH
cBail. VcnbplTanus cBail U MeXcBailHOH 30HBI
Clle/lyeT BKIIIOUYUTH B KOMIUIEKC paboT 110 3aBep-
HICHUIO TEXHOJIOTMYECKOTO LUKJA MOATOTOBKHU
OCHOBaHHSL.

VYeTpoiicTBO cBali MeTonaMu BHOpOOIpy-
JKEHUsI M 3a0MBKH MO3BOJISIET HOBBICHTH ILIOT-
HOCTb OCHOBaHHUS
Pa = W ) (5)

- 274
%

T1e P, — HadalbHas INIOTHOCTH TPYHTOB,;

V — 00beM MaccuBa;

Ky — K03 GUIUEHT YINIOTHEHHSL;

Vof JIOTIOJTHUTEIBHBIN 00bEM MaTepuaioB
YIPOYHEHHUS] OCHOBAHUS B XOJI€ TEXHOJIOTHYEC-
KOTO peryJaupoBanus (00beM necka npH yIioT-
HEHUH JPEHHUPYIOLIETO CIosi U 00beM OypoHa-
OMBHBIX CBaif).

ITocne cBaiiHbIX pabOT U yCTPOUCTBA THO-
KOT'O POCTBEPKA BBIIIOIHSETCS 3aBepIlaroias
cranuss KT — BUOpOynminoTHeHHE POCTBEpKa
Y KOHTPOJIb TPOCKTHO# Ha/Ie)KHOCTH OCHOBaHHMSI
JUIS IEPEX0/Ia K KOHCTPYKTHBHO-TEXHOJIOTHYEC-
KOMY LIMKITy BO3BeeHus Hachinu. [Tpu opranu-
34l CTPOUTEIBHOTO KOHTPOJISI CIeNyeT
y4ecTb BO3MOXKHOCTb B3aumonencrsusa ['TM
Y COBPEMEHHOU KOHTPOJIbHO-OTIOBECTUTEIbHOMN
cuctemsl (KOC). Pa3paboranHnas st aKcIuTya-
TaIMK COOPYKEHUH B CIIOMHBIX THPOTEOJIOTH-
yeckux ycioBusix KOC MoxeT ObITh Moje3Ha
YK€ Ha CTPOUTEIBHOMN CTaJNU C IENbI0 CBOE-
BPEMEHHOI perucrpanuu MnpeanpeaenbHoro
COCTOSIHUS, OCOOCHHO OIIOJI3HEBBIX YYaCTKOB.
B cTpykTypHOIi cxeme (cM. puc. 1) mpeaycmoT-
peHa B3aMMOCBS3b OJIOKOB C ammapaTHoOi
u nuHeinon nmoacuctemamu KOC, BKiouaro-
111 BOJIOKOHHO-ONITHYECKUE KaOeIH JIIsl n3Me-
peHHs U KOHTPOJISl TeMIIepaTypsl U aedopma-
UM TUHEHHO-pacpeAeIeHHBIMU CEHCOPaMU
[19]. Bo3MOXXHOCTh TOTy4YE€HHSI TOCTOSHHON
uHpOpMAITHK 00 3THX XapaKTEPUCTHUKAX I03-
BOJIUT KOHTPOJUPOBATh M3MEHEHHE TeMIlepa-
TYPHOTO TOJISI U HANPSDKSHUH B TPYHTaX B XOJE
CTPOUTENBCTBA.
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OnbIT NpUMeHeHNns

[IpakTHUecKkoe MPHUIOKEHHE PE3YJIbTAaTOB
MHOTOJIETHUX HCCIEIOBAaHUN M3JI0KEHO aBTO-
pamu B [1]. B wacTHOCTH OTMEUYEHO, UTO «OCHOB-
Hble TonoxeHnss KT 1 reoTexHn4eckoro MoHu-
TOpUHTA OBUTH pa3paboOTaHbI i YCOBEPIICHCTBO-
Bansl UTICC PYT (MUUT) B 2009-2019 rT. Ha
HUX OCHOBE pa3pabOTaHbBl TEXHOJIOTHYECKHE
pemIaMEeHThl TTOCTPOHKN yYacTKOB KEIE3HBIX
nopor Oockast — boBanenkoBo — Kapckas u bep-
KakuT — ToMMOT — SIKyTCK M CTPOUTENBLCTBA
aBromoporu Hagpmv — Canexapa [16]. Mccneno-
BaHMSI BBINIOJTHEHBI B pamMkax «CornameHuns
0 CTpaTeruuecKoM mapTHepcTBe Mexay [IpaBu-
TeJILCTBOM SAMaiio-HeHenkoro aBTOHOMHOIO
okpyra u PoccuiickuM yHUBEPCUTETOM TpaHC-
mopTay, noanucanHoro B 2013 roxy u akTyanu-
3upoBanHOTrO B 2018 1y [1].

B TexHONMOrMYECKOM peraMeHTe NOCTPOUKHI
yuactkoB uHIKA O6CKast — boBanenkoso — Kap-
CKasi MOHUTOPHHT BKJIIOYAJl aHAIN3 T€OKPHO-
JIOTHYECKHX MPOLECCOB JUIs TTOCTPONKH TEXHO-
JIOTHYECKOI aBTOJJOPOTH, OAHOITATHOTO U IBYX-
STAITHOTO BO3BEIEHMS HACHINEH U3 NMPUTPACCO-
BBIX KapbepoB. [IporHo3 ¢opMupoBaHus
TETUIOBOTO MOJIS MOJ MPOEKTHOW HAaCHIIbIO
yuactka CLLX, BBITOTHEHHBIH 1O TIpOTrpaMMe
«Qfrosty [11] ¢ y4yeToM TEIIONPOBOAHOCTH
U TOIOBOTO OajaHca TeMIepaTyp, YCTaHOBUII
00pa30BaHNE HOBBIX M PA3BUTHE CYIIECTBYIOIINX
HECKBO3HBIX TAJIMKOBBIX 30H.

PesynbTaTel uccienoBaHUM aBTOPOB MO
YIPOYHEHHUIO BBICOKOTEMIEpaTypHbeIXx MMI
TIPOBEPEHBI B YCIOBUSIX PEKOHCTPYKIHH JKETIe3-
HBIX 70por. IloAroToBIEHHbIE NPEIOKEHUS IO
TIepEyCTPONHCTBY 3EMIISTHOTO MOJIOTHA BKJIFOUCHBI
B CTY — cnennanbHbIE TEXHUYECKHE YCIOBHUS
Ha NPOEKTHPOBAHHUE, CTPOUTEIHCTBO U BBOJ
B DKCIDTyaTaIuio 00beKTa «3aBepIieHne CTPOn-
TeNbCTBA (YCHICHHUE ) KeJIe3HOIOPOKHOM JIMHAN
«Hanpim — I1aHrONMBY, OHHM JTOJOXKEHBI HA KOH-
(bepennun, oprannzosannoit SIHAO [20].

BbIBOAbI

Bo3BezneHne 3eMIISTHOTO TTOJIO0THA HA BBICOKO-
TeMneparypHblx MMI' ¢ npumMeHeHneM MOIIHOM
CTPOMTEIILHON TEXHUKH CBSI3aHO C PHCKOM IIpe-
JIENIbHBIX COCTOSIHUI OCHOBaHUS U [TOTEPU yCTOM-
YUBOCTH HE3aBEPIICHHBIX I'€OTEXHHUYECKHUX
koHCTpykumit. Ilpennoxennas KT Bkirouaer
YCTpPOICTBO ApEHaXKa, PETYIHUPYEMbIE TEXHOIOTH-
YEeCKHE PEKUMbI 1 MOHMTOPHHI, KOTOPbIE CO-
BMECTHO 1 HAaIIPaBJIEHHO 00ECIIEUNBAIOT TPOCKT-
Hble TpeOOBaHMs IO 6E30MACHOCTH OOBEKTA.
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[eoTeXxHUYECKUIT MOHUTOPUHI Ha CTaIUH
CTPOUTENILHOTO MPOU3BOJCTBA U PETYIUpPOBa-
HHUS CTPOMUTEIBHBIX HArpy30K BKIJIIOYAET B3au-
MOJOTOJHAIOIINE HUCCIEOBAHUS MeXaHHUYe-
CKHX ¥ TETIIO(PU3UYECKHX ITPOLIECCOB, TPOXOIS-
LIMX B CJIOSIX OTTAUBAIOLIUX U TAJIbIX IPYHTOB
B XOJle CTPOMTEIBHO-MOHTAXXHBIX padoT. [ns
OLIGHKHU BJIMSIHUSI TPOU3BOJICTBA paboOT Ha co-
CTOSIHUE TPYHTOB IEPCIIEKTHBHA B3aUMOCBA3b
¢ynkuuit Monuropunra c ACY TII crpoures-
HBIX MAIIIHMH.

s adpdexkTuBHOM peanu3anyu pa3padboTaH-
HOW TEXHOJIOTUYECKON CUCTEMBI pETyIHPOBAHUS
Y MOHUTOPHHT IIPOLIECCOB YIPOUHEHHUS CIIa0BIX
IPYHTOB II€1€CO00Pa3HO MIPEyCMOTPETh B CBOJI-
HOM KalJleHJapHOM IIaHE CTPOUTEIbCTBA
Y4acTKa JKeJIe3HOIOPOYKHOI'O ITyTH OpTaHU3aLIUI0
OTIBITHBIX YYaCTKOB 3€MJISTHOT'O IT0JIOTHA C IT0JIe-
BBIMU UCIIBITAHUSMHU M T€OKPHUOJIOTHYECKUMU
HCCIIEJOBaHUSIMH JUHAMHMKH HECYIEeH Croco0-
HOCTH OCHOBAHHUSI 1O/ BO3JICUCTBUEM CTPOUTETb-
HOM TEXHUKH.
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AHHOTALINA

B pabome 060cHoBaHa akmyanbHOCMb UccriedosaHusi npo-
yecca nnacmuyeckoeo koneeobpasoeaHusi Ha aBmMomMobUTbHbIX
Oopozax ¢ acgharbmobemoHHb IMU NOKPbIMUSMU. Bbid8uHyma euno-
me3a 0 moM, Ymo cywecmayrouuli Nodxo0 K KOHMPOITHO KaYeCmeeH-
HbIX nokasameneli Ha 3mane binycka acghasnbmobemoHHbIX cMe-
cell, 8 MoM yucrie 8Xo0UUX 8 ee COCMag KOMNOHEHMO8, @ UMEHHO
KOHMpose mpebyemoli cmolikocmu K nnacmuyeckomy Koneeobpa-
308aHUI0 NOTydaeMbIx acehanbmobemoHHbIX NOKpbIMul, umMeem
cywecmeeHHb i Hedocmamok. O603HaYeHH Il HeAoCMamoK 3aKTo-
yaemcs 8 MoM, Ymo OUeHKa B03MOXHOCMU LCNOMb308aHUS KOH-
KpemHol napmuu esxyuieeo mamepuasna 0ns npu2omMoeneHus
acghanbmobemoHHOL CMecu 8 HacMosILee BPEMS OCYUeCMeIIs-
€mcsi MoJIbKO Ha OCHOBaHUU 8X00HO20 KOHMPONs kKayecmea OaH-
HO20 Mamepuaria, nymem conocmaesieHus NOMTyYeHHbIX 8 labopa-
MopUU hakmUYECKUX 3HaYEHUL! hU3UKO-MEXaHUYECKUX Xapakme-
PUCMUK C MUHUMaJTbHb IMU HOPMamuegHb IMU 3Ha4YeHUsaMU, yCmaHos-

eHHbIMU 01151 NPUHAMOLI 8 NPOEKMHOL AOKYMEHMaUUU MaPKU 85Xy~
we20 Mamepuana, 6e3 y4ema hakmudeckux 3Ha4eHuLl KadecmeeH-
HbIX Xapakmepucmuk 8sXyweeo Mamepuana, ucnofib308aHH020
Ha amane n1abopamopHo2o nodbopa cocmasa. [aHHbIi Hedocma-
mok;, 8 pside cry4aes, MoXem npusecmu K HeobecneyeHuro cmoi-
Kocmu acghanbmobemoHHOU CMecu K nracmuyeckoMy Koseeobpa-
308aHUK0 Ha 3mane ee 8binycKa.

IMpusedeHb! pe3ynbmamsi ucnsimaruti cdgueosoll ycmolyu-
80cmu hapmull 8sXyUiUX Mamepuarnos 00Hol Mapku U cmodkocmu
acghanbmobemoHo8, NPU20MOBEHHbIX C UCNOb308aHUeEM 0aH-
HbIX BSXKYWUX Mamepuanos, K niacmu4yeckoMy Koneeobpasosa-
Huto. Mo pe3ynbmamam uccnedogaHusi nodmeepx0eHa 8bI0BUHY-
masi asmopamu 2unome3a, 8 MOM YucIie NOMTy4eHa U cmamucmu-
yecKu 060CHOBaHa 3a8LUCUMOCTIb NoOKa3amerts «cpedHsis enybuHa
Koneu» om cdgu20s8oll ycmoliyugocmu esxyuie2o Mamepuana,
cocmapeHHo2o no memody RTFOT.

Knroyesbie crosa: asmomobusnbHbIl mpaHchopm, acganbmobemoH, 8sxywue Mamepuaribl, nnacmuyeckas Kones,, cdsueosas
yemoliyugocms, cmolikocmb K Koneeobpa3osaHuio, cpedHsis eybuHa koneu.

bBnaeodapHocmu: MiccnedosaHust 8bInonHeHbI npu noddepxke Poccutickoeo Hay4Ho20 ¢hoHda u lMpagumenscmea SImano-HeHeyxozo
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BBEOEHUE

OnmHUM W3 OCHOBHBIX HOPMATHUBHBIX Tpebo-
BaHUH, PEABSIBISIEMBIX K SKCIUTyaTallMOHHOMY
COCTOSTHHIO aBTOMOOWIIBHBIX JOPOT T10 YCIIOBUSIM
obecrieueHns1 0€30MaCHOCTH JJOPOYKHOTO JIBHKE-
HUS, SIBJISETCS OTPaHMYECHNE MaKCHMalbHOU
DTyOWHBI KoJen Ha TOKphITHAX. [Ipu aTOM, B Ha-
crosmiee BpeMs, 0 35 % BcexX BBIABISIEMBIX
CITyJaeB HEHOPMAaTHBHOTO TPAaHCTIOPTHO-IKCILTya-
TAIMOHHOTO COCTOSIHUSI aBTOMOOWJIBHBIX JJOPOT
00yCIIOBJIEHO HAJIMYHEM KOJICH Ha TMOKPBITHIX
¢ TIIyOMHOMW, MPEBHIMIAIONICH yCTaHOBICHHEIE
MaKCUMaJTbHBIE 3HaYeHHUs [1].

[HosBnenne konen Ha ac(arbTOOSTOHHBIX
TIOKPBITHAX OOYCIIOBJIEHO KaK IUIACTUYECKUMH
nedopManusIMi MaTepraa MOKPHITHs (TITaCTH-
Yyeckas Kojies), TaKk M MCTUPAaHWEM MaTepHhaia
TOKpEITHA (abpa3uBHas komes). [Imactiuueckas
KOJIEsI, B CBOIO OYE€PEIb, MOXKET OBITh KaK OBEPX-
HOCTHOM, CBSI3aHHOHM C HECOOTBETCTBHEM (hak-
TUYECKOM CIBUTOyCTOMYMBOCTU Marepuara cios
MOKpEITHAS (acPanprobeTOHA) KOHKPETHBIM
YCIIOBHSIM 3KCIUTyaTalluM, TaK U TIIyOMHHOM,
TIOSIBJICHUE KOTOPOH BBI3BAHO CABUTOBBIMH JIC-
(hopManusAMH HIKENIEXKAIINX CIOCB TOPOKHON
OJIEXIBI ¥ 3eMJIsTHOTO TTontoTHa [ 1-3]. B HacTos-
IIIEM HCCIICIOBAaHUN PacCMaTPUBACTCS IIACTH-
YyecKasi HOBEPXHOCTHAs KOJIEsl, BU3yaIbHO OTIIH-
yaeMas 1o Hajxumauio rpeOHe Beimopa [1] —
OOKOBEIX BBHIIOPOB ac(arbToOeTOHa IO TPaHU-
am ronoc Hakara (puc. 1).

[ToBepxHOCTHasA TUIaCTHYECKasl KOJes Ha
ac(hampTOOCTOHHBIX TOKPBITHIX 00pa30BEIBa-
eTcsa B HamboJiee )KapKoe BpeMsI TOAa W MIMEET,
B OCHOBHOM, HAKOTIUTENEHBINA AP PEeKT — hopMu-
PpyeTcs oz BO3AEHCTBUEM HATPy3KH OT IIPOXOAS-
IIUX TPAaHCIIOPTHBIX CPENCTB. B cooTBeTcTBUM
C ICHCTBYIOLIEH HOPMAaTUBHON JOKyMEHTALIMEN
CTOWKOCTH ac(aabToOOETOHOB K 00pa30BaHHIO

KOJIEH JAaHHOTO BU/1a OLIEHUBAETCSI 110 3HAUYCHUSIM
MOKa3aTessl «CpeiHssl TIyOrHa KOoJIen», IOIy-
YaeMBIX MPH MPOBEJCHUU COOTBETCTBYIOIINX
UCIBITAaHUN B 1aboparopHbIX yciaoBusx. Cyii-
HOCTb METOJIa 3aKJII0YAeTCsI B LHUKJINYECKOM
Bo3neiicTBiK Harpy3ku (20 000 mpoxo0B HArpy-
J)KEHHOTO KOJIeca) Ha KOHTPOJBHBIN 00pasels
acanpToOCTOHA NpU 3aJaHHON TeMIeparype
C MOCIIEYIOIINM OIPEAETICHHEM CpEaHel Ty-
OMHBI KOJIEU TI0 Pe3yNbTaTaM JIBYX Mapajuieiib-
HBIX UCIIBITAHUM [4].

LleneBble 3HaYEHMS MOKA3aTEIsl «CPEIHSS
DIyOHWHA KOJNIEH» YCTaHOBICHBI B HOPMATHBHOM
JIOKyMEHTaI1H 17151 ac(halIbTOOETOHHBIX CMeceit
Pa3IMYHBIX THUIIOB B 3aBUCHMOCTH OT YCJIOBHil
9KCIUTyaTalliil KOHKPETHBIX YYaCTKOB aBTOMO-
OUIBHBIX TOPOT. JIOCTIKEHHE TaHHBIX [[ETEBBIX
rokazaresneil B 1a00paTOpHBIX YCIIOBUSX SIBIISI-
eTcs 00s13aTeNIbHBIM JISl YTBEPIK/ICHHS COCTaBa
ac(anbTOOETOHHOW CMECH B ITPOU3BOJICTBO pa-
00T. JIONONHUTENBHO MTPEAYCMOTPEH KOHTPOJIb
KayecTBa ac(haJIbTOOETOHHOM CMECH 10 JaHHOMY
rapameTpy Ha dTare ee BbIIYCKa C IepUoanY-
HOCThIO | pa3 B 15 cyTok.

DakT CymeCTBEHHOTO BIHSIHHS CBOWCTB
BSDKYILEro MaTepualia, BXOJSIIEro B COCTaB
ac(anbTOOETOHHBIX CMecell, Ha CBOMCTBa ac-
(aspTo0eTOHOB, B TOM YHCIIE Ha YCTOMYMBOCTh
K 00pa30BaHMIO [UIACTUYECKOI KOJIer, OTMEYEH
B paborax MHOrux aBropos [1; 3; 5—15]. Ouen-
Ka BO3MOXXHOCTH HCIIOJIb30BaHUSI KOHKPETHOM
MapTUH BSOKYIIETO MaTepHaa Jisl IPUTOTOBIIE-
HUsl ac(hanbTOOETOHHOW CMECH B HacToOsIIee
BpeMsl OCYIIECTBISIETCSI HA OCHOBaHUM BXOJ-
HOTO KOHTpOJISi Ka4ecTBa JIAHHOTO Marepuala,
IyTEM COIIOCTABJICHHS IOJy4eHHBIX B Jlabopa-
TopuH HaKTHICCKUX 3HAYCHUH (PU3HKO-MEeXaHHU-
YECKUX XapaKTePUCTHK ¢ MUHUMAIbHBIMH
HOPMAaTHBHBIMH 3HAYCHUSIMH, YCTaHOBICHHBIMU
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Puc. 1. [pebeHb 8bInopa Ha acthasbmo6emoHHOM NOKpbIMUU ¢ N08ePXHOCMHOU niacmuyeckoll koneel [(homomamepuan aemopos].
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JUI IPUHATON B INPOEKTHOM IOKYMEHTAaLUU
MapKH BSDKYIIEro MaTepuaina, 6e3 yuera (aktu-
YEeCKUX 3HAUCHU Ka4€CTBEHHBIX XapaKTEPHCTHK
BSDKYILEr0 MaTepuaia, MCIO0JIb30BaHHOIO Ha
Jtarne JadboparopHoro nogbopa cocrasa. Peasu-
3aiusl NaHHOTO IMOAXO0Ja, 3aKJIF0YaIoLIErocs
TOJILKO B IOJATBEP)KACHUU TpeOyeMOW MapKu
BSDKYIIIETO Marepuasia NpH OLEHKE BO3MOXKHOCTH
€ro HCIOJIb30BaHus, 0e3 ydyera (pakTHUIeCKHX
3HAUEHUH ero XapaKTePUCTHK, MOXKET IIPHUBECTH
K HEOOCCIEUCHHIO CTOMKOCTH ac(hanbTo0eTOH-
HOI1 CMeCH K IIIaCTHYECKOMY KoJleeo0pa3oBaHHIO
Ha dTaIe ee BhITyCKa.

Jlns mpoBepKkU NaHHOW THIIOTE3bl U pa3pa-
0OTKM HOBOTO MO/IX0/IA K OLICHKE BO3MOYKHOCTHU
NPUMEHEHHs] IOCTYNAIOUIMX Ha IPOU3BOJICTBO
MapTUil BHKYIIMX MaTepraoB aBTOPaMH ObLIN
MIPOBEJCHbI MCCIIEJ0BAHMUS, HAIIPABICHHbIE Ha
BBISIBJICHHE 3aBUCMOCTH CTOMKOCTH ac(habro-
OCTOHOB K O0OpPA30BaHHUIO IUIACTHYCCKON KOJICH
OT CBOMCTB BSDKYILMX MaT€pUaOB.

PE3YNbTATbI

[MTapameTpamu, xapakrepu3yronMu 3 hex-
TUBHOCTb paboThl BSDKYILEr0 Marepuania Mpu
TIOJIOXKUTENBHBIX TEMIIEPATypax, SIBJISETCS CIIBH-
roBasi YCTOHYMBOCTb HUCXOJHOI'O BSIKYILETO
U CIBHIOBas YCTOHYMBOCTD BSDKYIIETO, COCTa-
penHoro no metony RTFOT. Metog RTFOT
MO3BOJISIET OLEHUTh U3MEHEHHSI CBOMCTB BSIKY-
1Iero Marepuaia (B HOPMaruBHOM JOKyMEHTa-
LM [IPUHSAT TEPMHUH «CTapeHHe»), IPOUCKOISI-
Y€ B TPOLECCE MPUTOTOBJICHUS TOPSIYUX ac-
(hasbTOOETOHHBIX CMECEH.

B nabGoparopuu npoBeleHbl HCCIIeTOBaHMS
00pa3uoB BsOKYIIMX MaTepuaioB Mapku PG
64—40 gyeTsIpex MPOU3BOAUTEIICH — 1aiee 00pas-
1l Ne 1 — No 4. BeiGop Mapku OUTYMHOTO BSIKY-
111ero 00y CJIOBIICH KIMMATHYECKUMH YCIIOBUSIMU
JKCILTyaTallid aBTOMOOWIIBHBIX JOPOT Ha Tep-
putopun HoBocubupckoit 00acTy.
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6)

Puc. 2. [lod2omoeka KOHMPONbHbIX 06pa3y0e-nauM (a) ¢ ucnbimaHuem Ha AUHaMUYecKoM
cdeuzoeom peomempe (6) [pomomamepuasnbi aemopos].

Jns onpeneneHus BEIUYUHBI COBUIOBOM
YCTOHYMBOCTH OUTYMHOTO BSKYILIETO B COOTBET-
CTBUHM C HOPMAaTHUBHON METOAMKOW M3 KaXKI0TO
BSKYIIETO MaTepHajia U3rOTOBICHB! KOHTPOJIb-
HbIE 00pasiiel AuameTpoM 25 MM (puc. 2 a) ¢ ux
MTOCIIEAYIOIIUM HCIIBITAHUEM Ha JMHAMHUECKOM
CIBUTOBOM peomerpe (puc. 2 0).

Pesynbrarsl ucnbITaHUI CABUTOBOM yCTOM-
YUBOCTH HCXOJHOTO BSDKYIIETO M CIABUTOBOM
YCTOMYMBOCTH BSDKYIIETO, COCTAPEHHOIO II0
merony RTFOT, nnsi Bcex oOpa3LoB MpeacTaB-
JIeHbl Ha puC. 3. YPOBEHb rOPU30HTAIBLHON
KpacHOH JINHUY Ha PUC. 3 COOTBETCTBYET TPeOo-
BaHUSM, TIPEIBSIBIAEMBIM K 3HAYCHUSM CIABHUIO-
BOH YCTOMYMBOCTH BSDKYLIETO Marepualia MapKu
PG 64-Y npu temneparype ucnsiranust 64°C.

[TosydueHHbIe pe3ynbTaThl MOATBEPKAAIOT,
YTO BCE HCIMBITAHHBIE BSKYIIHE MaTEpUAJIbI
COOTBETCTBYIOT TPEOOBaHHSM, IPEABSIBIISIEMbIM
Kk Mapke PG 64-Y, mpu 3TOM JIsl HCIIBITAHHBIX
00pasloB 3HAYEHUS] CIBUTOBOW YCTOHYMBOCTH
HCXOIHOTO BSDKYILETO pa3inyaoTcs Ooliee yem
B 5 pa3, a 3HaYEHUS CIBUTOBOIl yCTOMYMBOCTH
BSKYIIETO, cocTapeHHoro o merony RTFOT, —
Oosee ueM B 2 pasa.

Jns onpeneneHus BIUSHUS CABUTOBOU
YCTOWYHMBOCTH OUTYMHOIO BSDKYLIEro Ha oOpa-
30BaHME IIaCTHYECKOH KOJIEH B Ka4eCTBE HCCIe-
JtyeMoii Obu1a BEIOpaHa 11e0eHOUHO-MaCTHIHAS
acganbrodeToHHas cMech SMA-16, ucnomnb3ye-
Masi Ha Tepputopur HoBocuOupckoi obnactu,
COCTaB KOTOPO#i, MPUBENCHHBIN B Ta0. 1, ObLI
nonoOpaH aBTOpaMu B paMKax BBINOJIHEHHUS
paboT N0 CTPOUTEIHHOMY KOHTPOIIIO OOBEKTOB
JIOPOXHOTO CTPOUTEIHCTBA.

Ha srane moxbopa yka3zaHHOTro cocTaBa
B JIaOOPaTOPHBIX YCJIOBHUSAX OBLIO TOJIYYEHO
3HAYEHHUE [TOKA3ATENs «CPEAHEH TITyOUHBI KOJIEH»
3,30 MM IIpH 3HAYEHUAX CIBUTOBOI yCTOWIHMBO-
CTH MCHOJIb30BAHHOTO OUTYMHOTO BsKy1iero PG
64—40 mpu Temneparype ucnsltanus 64°C: uc-
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6)

Puc. 3. Pesynbmambi ucnbimaruti cdeu2oeoll ycmoliiyueocmu Ucxo0H020 8sKYWe20 (a) U 8sKywe20, COCMapeHHo20
no memody RTFOT (6), npu memnepamype ucnbimarus 64°C [ebinonHeHo asmopamu].

6)

Puc. 4. [lod2omoeka KOHMPONbHbLIX 06pa3y08-NaUM (a) c UCNbIMaHUeM Ha ycmaHoeke npokambleaHusl HazpyXeHHo2o Koneca (6)
[pomomamepuanbi aemopos].

xonHoro — 1,3 kIla; cocrapeHHoro mo Merony
RTFOT - 3,0 xI1a.

B pamkax HacTosiIero uccienoBanus B J1abo-
PATOPHBIX YCIIOBHSIX OATOTOBIIEHBI YETHIPE MPOOBI
eOCHOYHO-MACTHYHOH ac(haTETOOCTOHHOM CMECH
SMA-16 c ucronb30BaHMEM UCCIIEJOBAHHBIX paHee
BSDKYIIMX MaTepuanoB Mapku PG 64—40.

[ onpenenieHns 3HaYEHHUH TOKas3aTels
«cpenHei [TyOHHBI KOJIe» U3 KaXkJI0H ITOATOTOB-
JICHHOH MPOOBI 111e0eHOYHO-MacTHIHOH acdab-
ToOeTOHHOH cmecu SMA-16 Ha CeKTOpHOM
YIZIOTHUTEJIE PUTOTOBIICHBI KOHTPOJIbHEIE 00-
pasubl-IMTH (pUC. 4 @) ¢ X HOCIEAYIOINM
HCIIBITAaHHEM Ha yCTaHOBKE IPOKAaThIBaHUS Ha-
Tpy>KeHHOTO Koieca (puc. 4 6).

Pesynbrarsl onpeaeneHus 3Ha4eHUHA OKa3a-
TeIIsl «CPEIHSIS IITyONHA KOJIeW», TI0JTydeHHbIE Ha
JTarne mojadopa cocraBa M ATare NPOBEICHHS
JTAaHHOTO HCCJIEJOBaHMUs, IPUBEJICHBI B Ta0M. 2.

AHanu3upyst pe3yJbTarhl IPOBEICHHBIX HC-
MIBITAHUH, CIEAYEeT OTMETUTD, YTO ISl 00pasia
Ne 4, coOOTBETCTBYIOLIETO MapKe BSKYIIETO
PG 6440 o noxasarensM CIBUTOBOH yCTOHUH-
BOCTH, TIOJI[y4EHO 3HAUYCHHE MOKA3aTeJNs «Cpel-
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Taonmuna 1
CocraB cmecu SMA-16
[BBINOTHEHO aBTOpaMH]

HanmeHoBanue mMarepuaia Copneprxanue
B cMmecH, %
MumnepanbHast gactb | Gp. 0-4 Mm 16,5
cvecn o ppakumsaM | hp 4112 mm | 44,3
¢p. 11,2— 25,1
16,0 mm
Mumn. nopomok | 8,5
MII-1
Crabunmmupyromas fodaska CJI-3 0,4
(8 100 %)
Opranunueckoe Bsoxyiee PG 6440 5,2
(8 100 %)

HSS TIyOMHa KOJIEW», HE COOTBETCTBYIOIIEE
TpeOOBAaHHUIO HOPMATUBHOI TOKYMEHTAIUH,
YCTAHOBICHHOMY JUIS MIeOCHOYHO-MACTHYHOM
acansrodeToHHON cMecu SMA-16 — He Oomnee
3,5 mMm. JlaHHBIH (haKT TOATBEPKIAET KOPPEKT-
HOCTb BBIIBUHYTOI aBTOPAMHU THITOTE3bIL.

Jliist pa3pabOTKH HOBOTO IOJX0/a K OIIEHKE
BO3MOXKHOCTH NMPUMEHEHUS MOCTYMAIOMUX Ha
MPOM3BOJCTBO MApTHH BSDKYIIMX MaTepUaioB
ABTOPaMH NPOBE/ICH PErpPEeCCHOHHBIA aHAIN3
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Taoauua 2

Pe3yabTarhl onpeesieHus 3HaYeHHI MOKa3aTeJIsl «CPeAHssA LIy0OMHA KoJTen»
[BBIIOTHEHO aBTOpaMH]

ITapamerp En. u3m. 3HaueHne napamerpa
Ha 9Tarne nogdopa Uit oOpasua Ne
COCTaBa CMeCHU 1 2 3 4
Cpennsis nryOuHa MM 3,30 1,93 3,03 2,96 4,62
KOJIeU
= 5
S 45 ®
5 4 . 35
) E 3,2 ) . y= 4 188)('()‘4%
a = . s
----- R2= 14
: T e 0.7146
% S e S ()
=15
E 1
=
i 0,5
o 0
0 2 4 6 8
CaBuroBast ycToi4nBocTh, klla
= 3 [}
=,
5 5: 3,5
) g, oo o
Z y = 11,402 1077 e,
g2 R2=0,9671 e °
g
2
£0
50 1 2 3 4 5 6
8‘ CaBurosasi ycToi4nBoOCTS, klla

Puc. 5. 3asucumocmeb 3Ha4yeHusi noka3amens «cpedHsis 2y6uHa koneu» om cogu2oeoll ycmolyueocmu ucxodHo20 8syuse2o (a)
U eskywe2o, cocmapeHHo20 no memody RTFOT (6) [ebinonHeHo asmopamul].

Tabauna 3
PesynbTarhl NpoBepKH 3HAYMMOCTH 3aBHcHUMoOcTeil o F-kpurepuio
[BbIIOTHEHO aBTOpaMH|
Ne n m R? - F .
3aBHCUMOCTH a=0,05 a=0,01
1 5 1 0,7146 7,51 10,13 34,12
2 5 1 0,9671 88,19 10,13 34,12

TTONYYEeHHBIX JAHHBIX, IO PE3YIbTaTaM KOTOPOTro
YCTaHOBIIEHBI (PyHKIIMOHAIBFHBIC 3aBHCHMOCTHU
3HAUCHUS [TOKA3ATEIISI «CPEIHS TITyOHHA KOJICH»
OT 3HAYEHUS CABHIOBON YCTOWYMBOCTH BSIKY-
mero ans achansrobeToHHON cmecu SMA-16
HCCIIEAYeMOro cocTaBa (puc. 5).

ITomy4eHHbIEe 3aBUCHMOCTH HMEIOT CIIEYIO-
IIUH BUJT:

G
RD =4,188-(——) "%
(sin 5) ’ O
RD=11,402-(% o )
sin§ ’

rae RD — cpenusis NTyOnHA KOJIEH, MM;
G" — KOMIUTEKCHBIH MOIYIb caBura, Klla;

0 — (a3oBBIi yrOI, pasm;

G"/0 — cBUTOBAs YCTOWIHBOCTD UCXOIHOTO
BsDKyIIETO (1) mitn BSDKYIIEro, COCTapeHHOTO 110
merony RTFOT (2), xI1a.

Pe3ynbrarsl poOBEpKH 3HAYMMOCTH MOy IEH-
HBIX 3aBICHMOCTEH (YpaBHEHHUN PErPECCHH) TI0
kpurteputo Pumepa (F-xputepnio) npuBeIeHbI
B Tabm. 3.

JlanHble, mpeAcTaBIeHHBIE B Ta0n. 3, moa-
TBEPKIAI0T BO3MOXXHOCTH HCIIOJIb30BaHMS 3aBHU-
cuMOCTH (2) mpHu pacueTe MPOrHO3UPYEMBIX
3HAYECHHH TOKA3aTeIsl «CPETHSAS TITyONHA KOJIEH
yepes 3HaUYCHHUS CIBUTOBON YCTOMUMBOCTH BSIKY-
X MaTepHajoB, COCTAPEHHBIX MO METOLY
RTFOT.
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3AKINIOYEHUE

ITo pe3ynpraTaM NpOBEICHHBIX UCCIIET0BA-
HUH aBTOpaMH MOJATBEpPXKIEHA THUIIOTE3a
0 HAJTMYHUHU CYIIECTBEHHOTO HEAOCTATKA B Cy-
IIECTBYIOLIEM ITOJXO0/E K BBIITYCKY ac(haabTo-
OETOHHBIX CMECEH, 3aKII0YAIONIETOCS TOIBKO
B TOATBEPKACHUH TPeOyeMOil MapKH BSXKY-
IIETO MaTepuajia MpH OLEHKE BO3MOXHOCTH
€ro MCIOJB30BaHUs, 0e3 yuera (GaKTHIEeCKUX
3Ha4YeHUH ero xapakrepuctuk. [lokazano, 4yTo
JaHHBI HEZOCTATOK B PAJC CIyYacB MOXKET
MIPUBECTH K HEOOECIIEUCHUIO CTOMKOCTH ac-
(harpTOOETOHHON CMECH K ILIaCTHYECKOMY
KoyeeoOpa30oBaHNUIO. YCTAHOBJIEHA B3aMMO-
CBA3b CTOWKOCTH ac(paabToOETOHOB K 00pa3o-
BAHUIO IIJIACTHYECKOW KOJEUW U CIABHUTOBOI
YCTOHYHMBOCTH BSDKYIIUX MaT€pHasioB, BXOMS-
X B COCTaB ac(anbToOETOHOB, MOTy4YcHA
(GyHKOMOHANbHAS 3aBUCHUMOCTH 3HAUCHUS
MOKa3aTeNns «CPEIHss TITyOMHa KOJIeW» OT
3HA4YE€HUS M0Ka3aTelsl CABUTOBOM yCTOMYMBO-
CTH BSIKYIIET0, COCTAPEHHOTO IO METONLY
RTFOT, nns achanbToOETOHHOH cMecH
SMA-16 uccnemyemoro cocrasa. Mcrons3oBa-
HHE NaHHOH (PyHKIHMOHAJIBHON 3aBUCUMOCTH
TTO3BOJIUT OTIPEIEIISITh POTHO3HYIO BETHINHY
ToKa3aTens «CpeaHss TIyOmHa KoJIewm» Ha
3Tare BXOAHOTO KOHTPOJIS BSUKYIINX MaTepHa-
J0B, 9TO acT BO3MOXKHOCTh CYIIECTBEHHO
CHU3HUTH BEPOATHOCTH BHIITyCKa acgaipTode-
TOHHOW CMecCH, HE COOTBETCTBYIOIIECH Tpebo-
BaHWSAM HOPMAaTHBHOW NOKYMEHTAIUH IIO
CTOMKOCTH K 00pa30BaHHUIO TMOBEPXHOCTHOM
IJIACTUYECKON KOJEU.
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Aptem PADIA Hukonait KOHbKOB

AHHOTALINA

AsmomoburibHble Aopoau SI8/ISIMCS cCmpame2u4ecku Heob-
Xodumol yacmbio UHGpacmpyKmyps! CmpaHbl, 8bicoKue mpebo-
8aHUS K UX COCMOSIHUIO 0BYcriagnusatom peaynsipHbiti KOHMPOIb
kayecmea opoxHO20 noomHa. bonbwas npomsxeHHocMb as-
momobunbHbIx dopoe 8 Poccuu U enusHUe Ha HUX NO200HO-
KnuMamuyeckux ycrosull (Ce30HHble KonebaHusi memnepamyp,
ocadKu) nodyepKkugatom akmyarnbHoCmb noucka Memodos Hepas-
pywaroweeo koHmpons npu duagHocmuke dopoe, obecneyusaro-
WUX KOPOMKUE CPOKU 8bINOSIHEHUs QuagHocmuyeckux pabom
U UCNOIb308aHUE MUHUMATTbHBIX PECYPCOB.

PaccMompeHbl cywecmeyioujue pewieHus 0nis 06HapyXKeHus!
nospexdeHuli OOPOXKHO20 NOMOMHA: NPpUMeHeHue eeopadapa,
J1a3epHo20 Memoda, Memoda aHasu3a 8ubpogoadelicmeuli Hepos-
Hocmell OopoxHol nogepxHocmu, 0emekyusi nospexoeHull no
OaHHbIM fudap-ycmpolicms U cucmeMbl MOBUIbHO20 Kapmo-
2pachuposaHus.
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Pa3paboTka anroputMa aHanu3a CoCTOSIHUS
[OPOXHOrO NOMIOTHA C NPUMEHEeHUeM
WCKYCCTBEHHOTO UHTeNNeKTa
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Huxkonaii FOpvesuu Konvkos’

2 Mnemumym yughpol Kemeposckoeo ocyoapemeeninozo
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Llenbto uccnedosaHus sensiemcs paspabomka ansopumma
aHanusa cocmosHusi AOPOXHO20 NOOMHa, NO36ONIAIOUE20 OCY-
wecmensimb 0emekyuro 0echekmos OOPOXHO20 NOKPLIMUS NO
CHUMKaM, NoMy4eHHbIM 8 npoyecce OuazHOCMUKU asmomMoburb-
HbIX dopoe aspodpomMHO-00POXHOU U3MepUmebHOL nepedsLxHOL
nabopamopuet K-514-RDT, 8 komnnekme ¢ npoepammHbim
obecneyeHuem IndorRoad u RDT-Line.

Paspabomka anzopumma Ons 0bHapy)eHus deghekmos no-
KpbImusi a8mo0opo2u OCywecmensinack ¢ npuMeHeHueM Memodos
MawuHHO20 0by4eHus. BbiigneHHbIe 0eghekmbI UMEOm MOYHY0
2e0npussA3Ky No NUKemaxy U3Mepsemoeo yyacmka asmo0opoau.
B pe3ynbmame pa3pabomku nomy4yeHa obyyeHHast Modesb, nos-
80/1SII0WAsT 8 @BMOMamUYECKOM PEXUME pasMeyamb Ha CHUMKe
Oechekmnl pa3HbIx knaccos. PaspabomaHHbili aneopumm uHmee-
puposaH 8 npoepammHoe obecneyerue 015 ynpaeneHusi MOHUMO-
PUH20M COCMOSHUS PE2UOHaIbHBIX U MyHUUUNANbHbIX 00pOR.

Knroyesble crnoga: asmomoburibHbie dopoeu, duagHocmuka a8momMobUbHbIX A0poe, HepaspyLarLuli KOHMPOIb, UCKYCCMBEHHb Il
UHMenneKkm, MawuHHoe obyyeHue, demekyus deghexmoe OOPOXHO20 NOKPbIMUS.

30 ceHmsbps 2022 e Ne 075-15-2022-1195.

QDuHaHcuposaHue: uccredosaHue 8bINOIHEHO Npu (huHaHcoeol noddepxke MuHucmepcmea Hayku U 8biclie20 0bpa3osaHust
Poccutickoli ®edepayuu 8 pamkax coznawieHusi o npedocmasneHuu u3 ghedepanbHozo brodxema epaHmos 8 hopme cybeuduil om
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BBEOEHUE

CocTostHHEE TOPOXKHOTO MOJIOTHA HAMIPSIMYIO
BIIHSIET HA CTEIEHb 0E30MacHOCTH JIOPOKHOTO
nmewkeHus [1; 2]. CormacHo cratuctuke Hayd-
HOTO IIeHTpa 0€301MacHOCTH JOPOKHOTO JIBHKE-
HHUA MuHHCTEpCTBa BHYTpeHHUX aen Poccuii-
ckoil denepanuu, N0 COCTOSHUIO Ha KOHEI]
2022 roma HEyHOBIETBOPUTEIHHBIC JTOPOKHBIC
YCIOBHS, TOApa3yMeBaroIIne HeHaaIexanee
COCTOSIHHE M 00yCTPOHCTBO aBTOMOOMIBHBIX
JIOPOT ¥ JKEIIe3HOJOPOKHBIX TEPee3IoB, SBIII-
srck npuauHon 30,5 % ITpou30me X T0pOXK-
HO-TPaHCIOPTHBIX IpoucuecTBui. Yucno mno-
rubmmx B Takux JTTI coctaBuio 4 089 yemosek,
a paHeHHBIX — 48 241 [3]. B 3101 CBsI3M Ba)KHOI
TOCyIapCcTBEHHOH 3a1adeil SBiseTcs: odecrede-
HHE Mep 0 TOoNAep KaHuIo JOPOT B HOPMAaTHB-
HOM COCTOSTHHH.

Ilo nanueiM Poccrara, B HacTosiiee Bpemst
MIPOTSHKECHHOCTD CETH aBTOMOOWIBHBIX JOPOT
obrmrero moyb3oBaHus B Poccum cocTaBisieT
1575,5 ThIC. KM, M3 KOTOPBIX 64,7 THIC. KM — 1O~
poru denepanrpHOro 3Ha4eHUs, 503 THIC. KM —
JOPOTH PETHOHAIEHOTO 3HAYEHHUS FITH MEKMYHH-
numnanbHOTO 3HadeHus, 1 008 TeIc. KM — TOporH
MECTHOTO 3HaueHus. TBepIoe MOKPHITHE OTCYT-
cTByeT Ha 29,2 % aBTOOPOT; YCOBEPIICHCTBOBAH-
HYIO IOPOKHYTO OISy MPOeKei gacTu, odec-
TTEYMBAIOIYIO0 BBICOKYIO MPOMYCKHYIO CITOCO0-
HOCTH HE3aBUCHMO OT IPAPOHO-KITNMATHICCKIX
YCIIOBUIA, UMEIOT MEHbIIIEC MOJOBHHBI U3 HUX'.
Ipu stom 15,3 % denepanpubix gopor?, 49,4 %
PETHOHANBHBIX Aopor 1 46,3 % mopor MECTHOTO
3HAUCHUS HE OTBEYAIOT HOPMATHBHBIM TpeOOBa-
HUSIM!, 4TO MOXKET CTaTh MPUYHUHOMN JOPOIKHO-
TPaHCIIOPTHBIX TpoucinecTBIiA. Clre1oBaTenbHO,
CBOEBPEMEHHOE BBIABICHHE M JHAarHOCTHKA TIO-
BPEKICHHI TOPOKHOTO ITOJIOTHA IMEIOT PETato-
1Iee 3HaYEHNeE U [ieIel ooecrieueHns Oe3orac-
HOCTH JJOPOXKHOTO ABIKEHUSA [4; 5].

CoracHo TpeOGOBaHUIM 3aKOHOIATEIIBCTBA,
eXeroHas THarHOCTHKA, 00CIIeIOBaHUE 1 OICH-
Ka TEXHHYECKOTO COCTOSHUS aBTOMOOMIIBHBIX

! Tpauncnopt. Odurmansuas craructuka: OeaepanbHast
ciay)0a TOCyqapCTBEHHOH CTATHCTHUKHU. [DICKTPOHHBIH
pecypc]: https://rosstat.gov.ru/statistics/transport. Joctyn
10.09.2023.

2 TpoTsKeHHOCTh (peiepalibHbIX JOPOT. [DIeKTPOHHbIN
pecypc]: https://map.rosavtodor.gov.ru/. loctyn 10.09.2023.

3 ®enepanbHbii 3akoH or 08.11.2007 Ne 257-®3
«O0 aBTOMOOMIIBHBIX OPOTAX U O JOPOKHOI EATETBHOCTH
B Poccuiickoit denepanuum U 0 BHECEHUU M3MEHEHMH
B OTAEIbHBIE 3aKOHOJATeabHBIE aKThl Poccuiickoit
Denepanyny. [DnekTpoHHEI pecypc]: http:/www.kremlin.
ru/acts/bank/26452. Toctym 10.09.2023.
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JIOPOT B HENSAX OMPE/CICHUsI COOTBETCTBHS
TPAHCIIOPTHO-3KCILTYaTAIHOHHBIX XapaKTepH-
CTUK TPeOOBaHUAM TEXHHYESCKUX PErIaMEHTOB
SIBISICTCS 00S3aHHOCTHIO BIIafIesIblla aBTOMO-
OuIbHBIX Mopor. KadecTBeHHBIH MOHUTOPHHT
aBTOMOPOTH MO3BOJISAET MPOaHAINU3UPOBATH
U CIIPOrHO3MPOBAThH CPOK CITY>KObI 00bEKTa J10-
POXKHOTO XO3SHCTBA, IPAMOTHO CILTAHHUPOBATh
Oynyiiue paboThl MO MPUBEICHUIO 00BEKTOB
K COOTBETCTBHIO HOPMATHBHBIM TPEOOBAHUSAM,
pacmpeaenuTs GUHAHCOBBIC PECYPCHl U MPO-
KOHTPOJIUPOBAaTh pabOTy reHEePaILHOTO MOAPS/I-
YUK, YTO OJTArOMPHUITHO CKAXKETCS Ha YIydllie-
HUHU JOPOXKHON 0E30MACHOCTH U CHUIKCHHUH
cmeptHocTH oT JITII mo npuynHe HEY10BIETBO-
PUTEIBHBIX TOPOXKHBIX YCIOBHIA.

ITpOTsIKEHHOCTh aBTOMOOHMIBHBIX TOPOT
B Poccuu noppaszymeBaet 60mb110it 00beM padboT
0 TUATHOCTHKE, 3TO OKA3bIBACT BO3/ICHCTBHIE Ha
CPOKH M CTOMMOCTh MX MPOBEICHUS, YTO 0CO-
OCHHO Ba)XKHO YYUTHIBATh BBHY OTPAaHHUYCHHO-
CTH PECYPCOB MECTHBIX U PETHOHANBHBIX OOM-
)keToB [6]. 31ech aKTyalbHBIM CTAHOBUTCSA
co3nanue oosee 3h(HEKTUBHBIX U OIICPATUBHBIX
METO/IOB OIIEHKH Ka4eCTBa TOPOKHOTO MOIOTHA.

Tpa uIHOHHBIE METOJBI OIICHKH KauecTBa
aBTONIOPOTr [7] 3aHUMAIOT JJIUTEIHLHOE BpEMs,
TPeOyIOT OOJIBIIOT0 KOJINYECTBA 000PYI0BAHUS
U CTIICIIHAIUCTOB, YTO HE TIO3BOJISIET TOBOPHTH 00
UX OnepaTuBHOCTHU U dpdexkruBHocTU. OcoOyI0
3HAYMMOCTh MPH MPOBEICHHH JAUATHOCTUKH
JIOPOKHBIX KOHCTPYKIIM#T B 3TO# CBsI3U mpuodpe-
TAT MOOWIIbHBIE METObI HEPa3pyIIAIIEro
KOHTPOJISI, B TAKOM CJIydae MPH BHIMOJHEHHH
HCCIIEIOBaHMUSI OOBEKT HE TEPSET CBOMX MCXOI-
HBIX CBOWCTB, @ pabOThI BO3MOXKHO BBITIOJHUTH
B KOPOTKHE CPOKH, HE HCIOJb3ys MPH 3TOM
000N 00BEM PECYPCOB.

PE3YNbTATbI

C nesbio popMupoBaHust TpeOOBaHUI K pa3-
paboTKe anropuTMa aHaInu3a COCTOSHUSI IOPOXK-
HOTO IT0JIOTHA ITPOBEEH 0030p CYIIECTBYIOIINX
pelIeHnit MOOMIIBHOTO Hepa3pyLIaloniero KOHT-
pOJISL TIPH IMarHOCTUKE aBTOMOOHJIIBHBIX JJOPOT.

B cratbe [8] moapoOHO omucaH OAMH U3
METO/IOB HEPa3pyLIAIOIIEro KOHTPOJIS — IUarHo-
CTHKa aBTOMOOWJIBHBIX JIOPOT C MPHUMEHEHUEM
reopanapa. ['eopauonoKalMOHHbIA METOJ 1ie-
J1ecO00pa3HO MPHUMEHSTH B LIENSX BBISBICHHS
pa3iIMyuHBIX NPHU3HAKOB JehOopMaluu JTOpOXK-
HOT'O TOKPBITHSI, KOTOPbIE HE ONPEACISIOTCS
METO/IOM OypeHHsi B JOPOXKHOU ojexzae. [eo-
PaHoIOKalIMOHHOE UCCIIE0BaHHE OCHOBAHO Ha
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W3y4YEHUH I10JISI BBICOKOYACTOTHBIX BOJIH,
a TaKKe passINuiy TOPHBIX MOPOJ 10 AUIEKTPH-
4eCcKOM NpOoHUIIaeMocTH. B cirydae, onncaHHOM
B yKa3zaHHOH pabote, reopamap OKO-2 ¢ Bo3-
JIyLITHOM SKpaHUpOBaHHOM aHTeHHOM AB-1000P
OBLI MPUKPEIUIEH C MOMOIIBI0 KPOHIITEHHA
K aBTOMOOMJIIO, OCYILIECTBIIAIOIIEMY HETTPEphIB-
HOe JBKeHHe. MccnenoBanus NpoBOUIINCH HA
pUMepe NeHCTBYOLIEro 00BbEKTA, 110 pe3yJIbTa-
TaM aHaJiM3a COBOKYITHOCTH OTPaKEHHBIX CHT-
HAJIOB B CIICILIMAIEHOM ITPOrpaMMHOM obecrieye-
HUH BBUIBJICHBI TPEIIUHBI, pa3pyLICHUs, SIMBbI,
MPUCYTCTBYIOIINE B BEPXHEM CJIOE JOPOXKHOU
OZIeXk1bl, TPEOyIOLIHe MPOBEICHUS 3aMEHbI ac-
(hanbTOoO0eTOHHOTO TOKPBITHS. [laHHBIH MeTOx
3¢ deKTHBEH B pELICHUU 3aja4 OOHapyKEeHHS
W BBISBJICHUS I6(hEKTOB IOPOXKHOTO MOJIOTHA, HO
B TO K€ BPEMs MHTEpIIpETalys Pe3yJbTaToB
paboThl reopanapa NnpeacTaBiseT CIOXKHBIN
U TPYIOEMKHUH MpoLecc, JOCTYIHBIH TOJIBKO
CreLaIicTaM, MIMEIOIIUM ITPpoQecCHOHaIbHBIE
HaBBIKM B 00JIACTH T€OJIOTHUECKUX UCCIIeI0Ba-
Huii. Kpome Toro, MeToj| IMeeT CBOM orpaHuye-
HUS: KayeCcTBO IOJYyYECHHBIX MCCIIEOBAHUN
MOYKET CHU3UTBCS MIPU TUIOXHUX TOTOAHBIX YCIIO-
BUAX (DOXKIb, TEMIIEpaTypa Bo3ayxa Hinke — 40
u Beinre +40 rpamycos)®.

JlJist mony4eHust TOYHOH reOMETPUH U BU3Y-
AJIILHOTO ONHKCAHMUS JOPOXKHBIX E€(EKTOB Iielie-
C000pa3HO HMCHONB30BATh BBICOKOAETAIN3UPO-
BaHHBIE IPOCTPAaHCTBEHHBIE AaHHbIe. OHUM U3
CHOCOOOB IMOJTYYEHHs] TAKUX JIAHHBIX SIBIISIETCS
MPOBEICHHE JIA3EPHOT0 CKAHUPOBAHUS aBTOMO-
OwnbHOM noporu. JlazepHoe cCKaHHpOBaHUE
MPOM3BOIUTCS C MOMOLIBIO KaMep, JIa3epHOr0o
obopynoBaHus (MUaap) U HaBUTALIMOHHBIX
YCTPOICTB, YyCTAaHOBJICHHBIX Ha TPAHCIOPTHOM
cpeznctse [9]. Pe3ynpraTtom na3epHOro CKAaHUPO-
BaHMs1 Oy/IeT SBISATHCS 00JIAKO TOYEK, ITPEICTaB-
nstronee U(PoBYIO TPEXMEPHYIO MOJIENb I0PO-
ru. C TOMOLIBIO TPEXMEPHOU MOJIENTH BO3MOXKHO
OIpeaeNaTh Ae(eKThl JOPOKHOW MOBEPXHOCTU
U MIPOBOAUTH HEOOXOonuMble u3MepeHus. M3-3a
JOPOTOBH3HBI JIA3€PHOT0 000PYAOBaHUS TaHHBIH
METOJl HE MOXKET OBITh IIUPOKO MPUMEHEH JUIsl
JIMarHOCTUKH PErHOHANIBHBIX U MECTHBIX J0POT,
KpoMe Toro paboTa jiijapa orpaHn4eHa B HEKO-
TOPBIX ITOTO/IHBIX YCIIOBHSX.

B pabore [10] BXogHble naHHBIE I OOHA-
PYXEHHsI JOPOXHBIX Je(EKTOB BKIIOYAIOT 00-

4 MeroMyeckue peKoMeHIALUH I10 IPUMEHEHHIO FeopaiapoB
TIpu 00CIIeI0BaHUHM IOPOKHBIX KOHCTPYKIMIL. [ DNEKTPOHHBII
pecypce]: https://pandia.ru/text/77/122/621.php. Joctyn
23.09.2023.
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JlaKa TOYEK M OPTOMO3aHKy, COOpaHHBIE C TOMO-
LIBI0 TEXHOJIIOTHH MOOMIIBHOTO Kaprorpadupo-
BaHMsI, N0JIPa3yMEBAIONIEr0 HCIIOJIb30BaAHHE
ckanupytomiei cucremsl Trimble MX9, ycraHos-
JICHHO#M Ha KpBbIllle TPAHCIIOPTHOTO CPE/ICTBA.
Croco0 BKJIOYAJ HECKOJIBKO 3TAmoB: cOOp
JAHHBIX TOCPEJICTBOM MOOMJIBHOTO KapTorpa-
(upoBaHusi, 00pabOTKa MOJYUEHHBIX Pe3yJIbTa-
TOB, KJacCH(UKALUs MPOCTPAHCTBEHHBIX 00b-
€KTOB JUISl JajIbHEHILEro ONpeAeeHs] MECTo-
MTOJIOXKCHHS KOHKPETHOTO nedekra (mpoesxkas
YacTh, BEJIOJAOPOKKA, MEIIEX0IHASI 30HA), BU3Y-
aJBHBII OCMOTpP ONEPaTOPOM OPTOMO3AMKHU
Y NIAaHOPaMHBIX CHUMKOB M M3BJICUEHHE U3 HUX
00J1aCTH MOBPEKACHHI JOPOTH B BHJIE ITOJIHUIO-
HOB, JITHUH 1K ToueK. KaxkjoMy BblIeIEHHOMY
H300paKeHUIO MPUCBAUBAINCH YHUKAIbHBIH
UIEHTU(PUKATOP U aTpUOYThI, BKIIOYAIOIIHE
TIOBEPXHOCTh Je(heKTa, MECTOIOIOKEHH E Je(eK-
Ta, HOMEp MOJIOCHI PACIIONOKEHUS, IIyOUHY, THII,
YPOBEHb CEPhE3HOCTH, pa3Mep U APYrHe reo-
Merpuyeckue napamerpsl. [To pesynpraram
BBINIOJIHEHUsI paboT monydeHa 0asza JaHHBIX
MTOBPEK/ICHUI aBTOMOOUIIBHOM TOPOTH, COCTOSI-
mas U3 menn-gaiaoB ¢ TOYSUHBIMH, JINHEH-
HBIMH U MOJIMTOHAJIBHBIMU JI€(EKTaMH.

MeTton MOOMIIBHOTO KapTorpadupoBaHUs
B JMarHOCTHUKE JIOPOT UMEET PSiJ] IPEUMYIIECTB:
BBICOKasi CKOPOCTh CKaHHPOBAHMSI, TI03BOJISIIO-
11asi He OCTaHaBJIMBAaTh JBMKEHHE Ha OObEKTe
HCCIIEJIOBaHUS, COKpaIlleHne BpeMEHH U (PHaH-
COBBIX 3aTpaT Ha MPOBEAEHHE MOJIEBBIX PadoT,
00JbI1I0N 00beM aTpuOYTHBHBIX JAaHHBIX IO
Ka)XJJOMY TIOBPEX/CHHUIO, TOYHOE OIIpEeeIeH e
MECTOIOJIOKEHHS HalJJeHHOTO JedeKTa, BO3-
MOKHOCTh COPTHUPOBKH 0a3bl JaHHBIX MOBPEXK-
neHuit. Ilpu 3ToM Hcnonbp30BaHUE TaHHOTO Me-
TOZa Tpe/roaraeT pabory o0y4eHHOro ornepa-
TOpa, CHOCOOHOT0 MO M300paXKEHUIO OCyIIe-
CTBHTB HE TOJILKO MTOUCK, HO U KJIACCU(PUKALIHUIO
Je(exToB TOPOXKHOTO MOJI0THA. ABTOMATH3ALMS
MOKCKA TOBPEKACHUI B JaHHOM Cllydyae Tpe-
OyeT MCIONb30BaHMS CHELHAIN3UPOBAHHOTO
MIPOrPaMMHOT0 00eCIIeYEHHsL.

3agauy JgeTekuuu JeeKTOB JOPOKHOTO
TIOKPBITHSI 10 JAHHBIM JIA3€PHOTO CKaHUPOBAHHMSI
0e3 HeoOXOAMMOCTH Pa3METKH JIaHHBIX C y4a-
CTHEM olleparopa HCCIEeIyeT aBTOp CTaThH’.
Ienbto nmpoekra sBisIach pa3paboTKa ajiro-
pUTMa aBTOMAaTHYECKOro OOHapyKeHus aedex-

> Jlerekuusi 1e(peKTOB JOPOXKHOIO IOKPHITHs 6e3
pa3MeueHHBIX JaHHBIX: XakaroH, Lidar, Ransac, ICP u 44
06eCCOHHBIX 4acoB. [ DeKTpoHHBIH pecypc]: https://habr.com/
ru/articles/765230/. Joctym 25.02.2024.
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TOB JJOPOXKHOT'O IMOKPBITHSI HA TAHHBIX, TIOJTyYCH-
HBIX ¢ Juaap-ycrpoicTBa. CII0KHOCTh TAKOrO
MOJX0/J1a 3aKJIIYAeTCsA B OOJBIIOM O00BEME
MOJITOTOBUTEJIBHBIX MPOIECCOB, BKIIFOYAOIIIX
MOJrTOTOBKY Ka4eCTBECHHOTO 00JaKa TOYEK
U BhIICICHUsI oOnacTu moucka nedekros. Tak,
Ha MEpPBOM JTalle MPOU3BEACHA KOHBEPTAIUI
(dbopmara naHHBIX db ¢ BIOYKEHHBIM OHMHAPHBIM
KOJIOM B YIOOHBIHN aJ1s1 paboThI hopMaT csv. 3a-
TeM ¢ nomotsto aaroputMa RANSAC npous-
BeJICHa KOPPEKILUs JaHHBIX. B 1emsax co3manus
Ka4eCTBEHHOIO JaTacera MOJy4YCHHbIC o0Jiaka
TOYEK BBIPOBHEHBI C MOMOIIBIO AJITOPUTMA
RANSAC. /I MUHUMHU3AIUH TOTSHITHATBHBIX
OIIMOOK M MCKaXEHUs ¢ ucnosib3oBanuem ICP
anropuTMa JBa 00JlaKa TOYEK 00BbEIUHEHBI
B OJTHO. DTO IO3BOJIMIJIO MPEOOPa30BaTh 00JIAKO
TOYEK B KAYECTBEHHBIN MaTepHa Il abHEH-
IETO MOMCKA OBPESKACHUHN TOPOKHOTO TOJIOT-
Ha. JleTekiust 1e()eKTOB, B YaCTHOCTH TITyOOKHX
sIM, TIPOM3BOMIIACH B BBIJICJICHHOM 30HE C HaM-
BBICIIICH TIOTHOCTHIO TOYeK. CaMm pa3paboTaH-
HBII aJITOPUTM MIOMCKA SIM 3aKJIF0YAJICS B OIpe-
JICIICHUH CTAaTHCTHYECKUX BHIOPOCOB B paciipe-
JICIICHUX BBICOTHI TOYCK C MPUMEHEHHEM METO/Ia
knactepusanuu DBSCAN, no3BossoomemMy
TPYIIIHPOBATH TOYKH, OMPEICIIIEMBIC KaK «SIMay,
B OTIENbHBIC KIAcTephl. [1o pe3ynbraraM Bcex
MPOBEACHHBIX Pa0OT ONMpeesiCHbI KOOPIMHATHI
LIEHTPa KaXJOT0 KJIACTEpa, MPEICTABISIOIINE
c000¥ TOYHOE MECTOIOJIOKEHHUE AedeKTa 10po-
ru. Takum 00pazom, B paboTe yaaioch JOOUTHCS
pe3ynbTara AeTSKI|H OJHOTO 13 BHIOB IIOBPEXK-
IEHUH — SIMBI.

B narenre Ha nzobperenne «Crocob auar-
HOCTUKH POBHOCTH MOBEPXHOCTH JIOPOKHOTO
nokpsITHs» [11] mpencrasieH crocold OLEHKH
Ka4eCTBa JOPOXKHOTO MOKPBITUS IIYTEM aHaJIH3a
BHUOPOBO3/ICHCTBUIT HEPOBHOCTEH IOPOTH IpU
JBIOKEHUM aBTOMOOWMIIs. JlaHHBII crioco0 mpen-
moJlaraeT MCIIOJb30BaHUE MOOMIBLHOTO BHOPO-
HU3MEPUTEIHLHOTO KOMILJIEKCA, COCTOSINEro M3
BHOPOIATYMKOB, YCTAHOBJICHHBIX Ha HEMOIPEC-
COPCHHOW YacTh aBTOMOOWIIS, BBIYUCIATEIb-
HOTO KOMILIEKCa, pabovyero Mecra oreparopa,
CPE/CTB JICKTPOIUTAHUS M CIIyTHHKOBOMW CHC-
TEeMbI MO3UIMOHKPOBaHUs. OlEHKa KauecTBa
JIOPOXKHOTO TIOJIOTHA B JAHHOM CJTy4ae MPOU3BO-
JUTCS 32 CUET CPAaBHEHHSI aMILUIUTYIl BUOPOBO3-
JCHCTBHUS TIOJYYCHHON 3TajJOHHON 0a3bl mapa-
METPOB POBHOCTH JIOPOTH HA 3Tare MacnopTh-
3alMM MPHU BBOJE JOPOTH B SKCILIyaTallHIO
U TAaHHBIX KOHTPOJHHOTO U3MEPEHHUS B IIEPHOLT
9KCILIyaTal[iid aBTOJOPOTH HAa OJHOMMEHHBIX
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ToYKax Tpaccel. Ha ocHOBe pesynbraroB aHa-
Ju3a U3MEHEeHHs] IapaMeTpoB BHOPOBO3/EH-
CTBHUI1 BO3MOYXHO BBISIBUTH YYaCTKU Pa3pyLICHHs
MOKPBITUS, CHOPMUPOBATH PEKOMEHIALUU IO
KOPPEKTUPOBKE CKOPOCTHOTO PEXKUMa Ha HCCIle-
JIyeMBIX y4aCTKax aBTOIOPOTH U, 10 3asIBIIEHHIO
aBTOPOB, CIIPOTHO3UPOBATh CPOKH IKCILTyaTalllK
JIOPOXHOTO MOKPbITUsL. He00X0AMMOCTh 3TalloH-
HOW 0a3bl MapamMeTpoOB POBHOCTH aBTOJOPOTH
3aTPyAHSET UCIIOJIb30BaHKE TAHHOTO METOIA IIPH
OoubiInX 0ObeMax paboT, Tak Kak TpeOyeT yBe-
JIMYEHHUS 3aTPaT Ha IIPOBE/ICHUE ACIIOPTH3ALHH.

PaccMmoTpeHHBIEe pelieHus] Hepaspyllua-
mero KOHTpousis 3 (EeKTUBHBI B TUArHOCTHKE
COCTOSIHUSI aBTOMOOMIIBHBIX JIOPOT, HO B [TOJTHOW
Mepe He 00eCIeYrBar0T aBTOMATH3aIHIO [TONCKA
MIOBPEXIICHUH JIOPOKHOM MOBEPXHOCTH, YI00-
HOTO JUIsl UCTIONIb30BaHMUs IPHHUMAIOLIUMH pe-
1IeHus inam. Ha ceronsiiamii feHb Habuparor
HONY/ISIPHOCTD U MIMEIOT JIOKa3aHHY0 3P )EeKTUB-
HOCTb MHCTPYMEHTBI aBTOMATH3alMH U [IOBBIILIE-
HUSI ONIEPATUBHOCTH TOJYYEHUs! JaHHBIX O CO-
CTOSIHUM JIOPO)KHOTO MOJIOTHA, pa3paboTaHHbIe
C MCII0JIb30BaHNEM MCKYCCTBEHHOTO HHTEIUIEKTA.

JluarHoctuka aBTOMOOHMJIBHBIX NOPOT
C HCIIOJIb30BAHUEM HMCKYCCTBEHHOTO WHTEJ-
JIEKTa B IOCJIEIHEE JIECATHIIETHE IIUPOKO H3-
yuaercs 3a pyoexom [12—17]. B Poccun nannas
TeMa npejcTaniena padoramu C. C. Kpagijosa,
H. A.Kanaesoii, b. B. Co6o:s, I1. B. Bacunb-
eBa u apyrumu [18-23]. B ocHoBe pemienuii —
METOJ] aBTOMaTHYECKO# 00paboTKu H300pake-
HUH, MOJYYEHHBIX C MOMOIIbIO cMapTQoHa,
BUJICOPErHCTPATOPA, YCTAHOBJIEHHOTO B aBTO-
mobuie, wiu BITJIA. B nannoi pabote mpo-
JIEMOHCTPUPOBAH Ipoliecc pa3paboTKH anro-
pHUTMa aHaJIM3a COCTOSHUS JJOPOXKHOTO MOJIOTHA,
MO3BOJISIONIETO OCYIIECTBUTh ACTEKIHIO Je-
(eKTOB JIOPONKHOTO HMOKPBITUS MO CHUMKAM
a3pOJPOMHO-I0POKHOM JIadOpaTOPHH.

Ha ocHoBe pe3ynbraToB 0030pa CyLiecTByO-
KX pelIeHnH MOOMIIBHOTO HEepa3pylIaloIero
KOHTPOJIS IIPU JAMAarHOCTHUKE aBTOMOOMIIbHBIX
JIOpPOT C(OPMHUPOBAHBI OTIIMYUTEIbHBIE XapakK-
TEPUCTUKH AITOPUTMA aHalli3a COCTOSIHUS JI0-
POXKHOTO [TOJIOTHA, Pa3padaThIBAEMOTO B paAMKax
MIPOBEACHUsSI JaHHOM Hay4HOIl paboThI:

— cOOp IaHHBIX JUIS OLIEHKU COCTOSIHUSI J10-
POXKHOTO HOKPBITHS IPH IBMXKEHUH Ha CKOPOCTH
(0e3 IOpOroCcToAIIEro MepeKpPhITHs IBHKEHHS
TpaHCHOPTa 10 aBTOJOPOTaM M 0e3 PUCKOB,
CBSI3aHHBIX C IPOBOJUMBIMH paboTaMH BIOJb
OXXHMBJIEHHBIX MarkCTpaseil ¢ IUIOTHBIM JIBHKE-
HHUEM);
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Puc. 1. Mempuka «Mampuya owu6ok» [ébInoTHeHa asmopamu].

— MPUMEHEHUE MAITMHHOTO 3PEHHMS AT 00-
HapyKeHHS TIOBPEKACHHUN JOPOKHOTO TTOJIOTHA;
— OTCYTCTBHE HEOOXOIMMOCTH ITPOBOIUTH
MIEPBUYHYIO (3TAJIOHHYIO) CHEMKY COCTOSHHS
JIOPO’KHOTO TIOJIOTHA aBTOMOOMIIBHON JIOPOTH;
— TOYHAsI TEOTPHUBA3KA BBISIBICHHOTO Je(hek-
Ta 0 MUKETAXY U3MEPSEMOTO YJacTKa JOPOTH.
[Ipu pa3zpaboTke anropuT™Ma NPUMEHSIINCH
JaHHbBIE, TTOJIy9eHHBIE B paMKaX NPOBEICHHS
paboT Mo macmopTU3alUH aBTOMOOHUIBHBIX
JIOPOT C MCIOJIh30BAHMEM KOMIUIEKCA U3MEPH-
TEJIEHON a3pOAPOMHO-I0POXKHON TabopaTropun
KII-514-RDT B KOMIUIEKTE ¢ MPOTPAMMHBIM
obecneuennem IndorRoad m RDT-Line. IToiy-
YEHHBIEC B XOZIE€ MCCIECIOBAHMS KaAPHI C IIOMO-
B0 MPOTPaMMHOT0 00ecTiedeHNst ObUTH Chop-
MHPOBAHBI B OTAEIBHBIN MOTOK (hoTorpaduii
HEOOJIBIINX O MPOTSHKEHHOCTH YYacTKOB J10-
POXHOTO TIOJIOTHA OIHOTO pa3Mepa, yCIOBHO
COCIUHSIOMNXCS B €IUHBIA KaJp BCETO THa-
rHOcTHpyemoro myTu. Ha Bropom stame Oblna
OTIpeieNIeHa ONTUMANIbHAS APXUTEKTypa Hei-
POHHO¥ CEeTH JUTS pELICHUS 3a/1a91 HAaXOKICHUS
W CerMeHTanny Ae(eKToB TOPOKHOTO IMOKPHI-
THSA; HA TPEThEM — MpPOBEJEHa IMOATOTOBKA
CBOETO OOYYaIOLIETO JaTaceTa: B PyYHOM pe-
)kuMe Ha 2500 cHEMKax ObLTH OTpeIelICHBI
35225 nedekros. lns pa3METKH MCIIOIB30Ba-
JIMCh TAaKHE TUIIB 00BEKTOB, KaK TPEIINHA, TMa

Ta6auna 1
MeTpuKH, HCHOJb3yeMble 1JIsI OLIEHKH
paboThI ajiropuT™Ma

Nen/n | HammeHoBaHME MeTpHKU 3HaveHne

1 Tounocts 0.73

2 IIporHocruyeckas 1EHHOCTb 0.64
TOJIOKUTEIIBHOTO pe3yJbTara

3 UyBCTBUTEIILHOCTD 1.00
CrenuduaaocTb 0.49
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WM BBIOOWHA, CETKA TPEUINH, BOJHBI, MPO-
CaJKH M BCITyYHBaHUE, 3a/IeTaHHbIC BEIOOWHBI
U Ipyrue Ae(eKTsl.

B pe3synsrare MammHHOTO 00y9YeHHS HCIIOIb-
3yeMOH apXHUTEKTypbl HeHpoHHOI cetn Mask
R-CNN 065l1a moryueHa Mojienb, HO3BOIISIONIAs
B aBTOMAaTHYECKOM pEXXHME€ pa3MedaTb Ha
CHUMKE Je(eKThl pa3HbIX KiaccoB. KauecTBo
MOJZIEJIH OLICHWBAJIOCH IO JaTaceTy, BKJIIOYAr0-
meMy 1000 dotorpadwuii ¢ nedexramu aAByX
KiaccoB: «TpemmHbDy U «SIMBI/BBIOOMHBD).

B mensx orneHkn Mpou3BOAUTEIFHOCTH MO-
JIeT TIpUBeieHa MeTpruKa «Marpuiia onmmook»
(puc. 1). Metpuka mpeacTaBiseT coO0H TadIHIry
C YETHIPHMS PA3TMIHBIMH KOMOWHALIMSIMA:

1) TP — True Positive (mcTuHHO-
TIOJIOKUTEIFHOE PEIICHHE): MOJEIb HalllIa Jie-
(eKT Ha CHUMKE, T/I€ OH MPUCYTCTBYET;

2) TN — True Negative (MCTHHHO-
OTpHIIATENIFHOE PEIICHNE): MOZIETh HE OOHApY-
JKuta 1eeKTOB Ha CHIUMKE, T/Ie e PEeKTHI OTCYT-
CTBYIOT;

3) FP—False Positive (JI)KHO-TIOJIOXHTENBHOE
pelreHue): Moaenb Hanuia neeKT Ha CHIMKE,
TJ€ OTCYTCTBYIOT I€(heKTHI;

4) FN — False Negative (Jlo)xHO-OTpHIa-
TEJIFHOE PEIICHHE): MOJIENIb He Hanuia Ae(exT,
HO Ha CHUMKE OH IPHCYTCTBYET.

ITo puc. 1 BuaHO, 9TO B OOJBIIMHCTBE CITy-
4aeB 10 Kiaccy «TpenrHay MoJeIb OCyIecT-
BIISICT BEPHYIO KJIaCCH(HUKAINIO, IS Kiacca
«SIma min BEIOOMHA» MOJIEINb Yallle BCETo IpH-
HUMaeT UCTUHHO-OTPHUIIATENILHOE PEIICHHE.

B Tabn. 1 Taxke MpuBEICHB METPHUKH, HC-
MOJb3YEeMBbIE JUIS OIICHKH pabOoThl alropuTMa,
MIOATOTOBJICHHBIE HAa OCHOBE pacueTa IoKas3are-
JIei MaTpHIbl ONTHOOK.

Ha puc. 2, 3 mpeacTaBieHbl pe3ynbTaTsl pa-
60THI anropuT™a mno kiaccam «TpemruHa
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Puc. 2. Pesynsmam pa6omsI anzopumma no knaccy « TpewjuHa»
[ebInonHeHo asmopamu].

u «Beibonnay. Ilo kaxIoMy CHUMKY Ompene-
JICHBI ITapaMEeTPhI IUTOMAIH, JITHHBI U INHPUHBI
BBISIBJICHHBIX TIOBPEXICHUH.

Pa3paboTaHHBIl anTOPUTM HHTETPHUPOBAH
B web-npmioxeHne «Cucrema yrpaBIieHHs] MOHH-
TOPUHTOM COCTOSIHHS OOBEKTOB >KHMJIMIHO-
KOMMYHAIIBHOTO XO3SHCTBa (TerwioTpace, omaro-
yCTpocTBa (Ta30HBI, MAPKH, TOPOACKUE Jieca),
3naHuil (KpoBiA, (acaapl))» B 4aCTH MOIYIS
YIpaBIe€HUs MOHHTOPHUHIOM COCTOSHHSI PETHO-
HaJIbHBIX 1 MyHHIUIAIBHBIX JOPOT.

BbIBOObI

Cospmanue 6omnee 3¢ (HEKTHBHBIX U OTIEPATHB-
HBIX METOZIOB HEPA3PYILIAIOIIEr0 KOHTPOJIS Kade-
CTBa aBTOMOOWJIBHBIX JOPOT B YCIOBHAX OTrpa-
HUYEHHOCTH PECYPCOB MECTHBIX M PETHOHAIb-
HBIX OIOIKETOB SIBIISIETCS aKTyaJbHON 3a7avei.
B 1aHHOM KOHTEKCTE NMEPCHEKTHBHBIMH SIBIIS-
FOTCSI METOABI MOOMIBHOTO HEpa3pyIIaroIero
KOHTPOJISI KaueCTBa AOPOT, MMO3BOJSIONINE HE
TIOABEPTaTh JOPOKHOE MOJOTHO JOTIOIHHUTEIh-
HBIM BO3JICHCTBHUSIM U HE TPEOYIOIINE OCTAHOBKH
ABTOMOOMIIPHOTO MTOTOKA Ha yYacTKe o0cieno-
BaHMUA.

PaccMoTpeHHBIE METOABI HEPA3PYIIAIOIIETO
KOHTPOJISI COCTOSTHHSI aBBTOMOOMIIBHBIX OPOT HE
B ITOJTHOH Mepe 00ecneYnBal0T aBTOMATH3ALHIO
TIONCKA M OMPENENEHUS MMapaMeTPOB IOBPEXK-
IeHUl nopoxHoro nojporHa. Kpome rtoro,
OTPaHUYEHHS PACCMOTPEHHBIX METOIOB, TAKHE
KaK CJIO)KHOCTb B MHTEPIIPETAIINH PE3YIBTATOB,
HEOOXOAMMOCTh Yy4acTHs B MHTEPIPETALHH
00yYEeHHOTO CIIeIaNCTa, TpeOOBaHNSA K HAITH-
YHIO 3TAJIOHHOM 0a3bI TapaMeTPOB aBTOMOOHIIB-
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Puc. 3. Pesynbmam pa6omsi anzopumma no knaccy «Bbi6ouHa»
[8bInonHeHo asmopamu].

HOW OpOTH, HPENSATCTBYIOT BOBMOXHOCTH HX
IIMPOKOTO MIPUMEHEHNS, B TOM YHUCIIE IS TIPH-
HSTHUS YIPABIEHYECKUX PELICHUI OTBETCTBEH-
HBIX JIMLI.

B pamkax paGotbl pa3paboTaH aqroputm
aHaJI3a COCTOSHHSL JOPOXKHOT'O ITOJIOTHA, T03BO-
JISIFOLIMH B aBTOMAaTUYECKOM PEKUME OCYIIECT-
BJIATB ICTEKIUIO Je(hEKTOB JOPOTH 10 CHUMKaM,
MOTyYCHHBIM IPH [ACTIOPTHU3ANNHT ABTOMOOHITB-
HBIX JIOPOT C HCTIOJIb30BaHNEM KOMITIIEKCA H3Me-
PHUTEIBEHON a3pOIpPOMHO-AOPOXKHON JTaboparo-
puu KI1-514-RDT B koMIUIEKTE ¢ IPOrpaMMHBIM
obecrnieuenuem IndorRoad m RDT-Line. Ilpu
kinaccudukanuu 1e(eKTOB U ONPEAETICHHH UX
apaMeTpoB He TpedyeTcs paboTa omeparopa.
Jlerexkuyss NOBpeKAEHUN TPOU3BOJUTCS C UC-
MOJIb30BaHNEM OOyYeHHONW HEHpPOHHOW CETH.
Pa3paboTaHHbIil aXTOpUTM IMO3BOJIAET OMEpa-
TUBHO ¥ 0€3 BbI€3/1a Ha MECTO OLICHUTH TeKyILee
COCTOSIHHE aBTOMOOMIIEHOI JOPOTH, OTIPEAEIIUTE
Y4YacTKH, TpeOyIOIIne peMOHTa, U3MEPUTD Napa-
METPbI TIOBPEKACHUIN U OLIEHOYHO ONpPENeINTh
CTOMMOCTb BO3MOXKHBIX Pa0OT IO TEKYIIEMY HIIH
KaluTaJIbHOMY PEMOHTY.
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AHHOTALINA

PaccmompeH 80npoc NoBbILIEHUSt MA208bIX C80LICME 2py30-
8bIX TOKOMOMUBOS 8 ycrosusix BocmoyHoeo nonueoHa. B pe3synb-
mame nposedeHHO20 aHanu3a 8bIsi8NIeHbl KOHCMPYKMUBHbIE
¢hakmopsl, snusOWUEe Ha CUenHble ceolicmea OKOMOMUBOS
U npedrnoxeHa pacliupeHHas Kaccugukayusi cnocobos yny4we-
HUSs1 cyenHbIx ceolicme nymem 8b160pa payLUoHabHbIX KOHCMPYK-
MUBHbIX PEWeHUl 3KUNaxHoU Yacmu.

YemanoeneHo, 4mo Or1st yHUhULUPOBAHHBIX MPEXOCHbIX mefe-
JKEK OMEYECMBEHHB IX 2PY308bIX MENIog0308 K (hakmopam, 8e0yLuuUM
K CHUXEHUI0 K0aghhuyueHma CUensieHust 8 aKcnilyamauyuu, OmHo-
camcest 3HaqumerbHasi dnuHa 6adb |, HecharaHcupogaHHoe PECCOPHOE
nodsewusaHue U HedocmamoyHasi XecmKocmb 0nop Ky308a Ha
MeNeXKY Npu 8EPXHEM PACNONOXEHUU WKBOPHS, a Onsi mefexex
3716KMPO80308 C bECKONNIEKMOPHBLIMU MS208bIMU 31eKMpPodgUea-

menamu — xecmkasi cea3b pomopa dsuzamerisi ¢ KoecHou hapol,
8edyLyast K 603HUKHOBEHUIKO BbICOKUX OUHAMUYECKUX KDYMSUWUX MO-
MeHmo8. [pednoxeHo 8 kayecmee Mep N0 MOOePHU3AUUU MesTeXeK
Mennogo3os NPUMEHUMb cbaraHCupos8aHHOe NHEBMONPYXUHHOE
PECCOpHOEe NOOBEWILBAHUE U Y8enuYUIMb XeCmKoCmb Pe3UHoMemart-
TIU4ecKuX onop, a An1s nepenekmuUsHoU YHUhULUPOBAaHHOU SKUNAXKHOU
yacmu mensioo308 U 311eKMPO80308 — OMKa3ambCsl OM PasMELUEHUST
monnueHo20 6aka nod Ky3080M U npUMEHUMb O8YXOCHbIE MENEXKU
C ONOPHO-PaMHB IM MSI208b 1M NPUBOJOM € 0CE8bIM PeOyKMOPOM, 1U6O
C 0NOpPHO-0CESbIM NPLUBOJOM aepe2amHo20 MuNa, UMEIOLUM ynpyayio
Mygbmy, amopmuaupyroLyto duHaMuyeckue Haepy3ku. [omyyeHHbie
Pe3yrbmambi0alom 0CHOBaHUS NoTa2am, Ymo OaHHbIe MEPbI N0380-
JIIM N08bICUMb 3KCNyamayUOHHbIL KO3ghguyUeHm cuenneHus
¢0,27000,3...0,33.

Kntoyesbie cnosa: )Keﬂe3HOOOpO)KHbIL7 mpaHcnopm, JIOKOMoOmueHas msea, cuyensieHue Koseca ¢ PefibCoM, 3KUnaxHas 4acme,

YCUTUMENU CUensIeHus, ms208bIti npueod IOKoMomuea.

[ns uumuposanus: Kocmodamuanckuli A. C., Bopobsée B. U., Namepos O. B., Hukonaes E. B., LLleguerko [. H. lNosbieHue
MS2080-CUENHbIX C8OLICME TOKOMOMUBO8 NymeM CO8epWEeHCMao8aHus skunaxHol yacmu // Mup mparcnopma. 2024. T. 22. Ne 2
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BBEOQEHUE

OcHoBHOE TpeOOBaHNE K TOKOMOTHBAM IS
BocTtouHoro nonurona, B KOTopslil BxoaaT baii-
Kamo-Amypckas u TpaHccuOMpcKkas MarucTpa-
JIY, — BO3MOYKHOCTb BOXKICHHS TTOE37I0B MACCOM
7100 TOHH, YTO BO3MOXKHO «B CIydae peaimnsa-
WM. .. CIBI TSTH He MeHee 431 kH» [1] B omHOM
ceknuu, win 862 kH mns IByXCeKIHOHHOTO
TerIoBo3a. bim3koe K JaHHOMY ITOKa3aTelio
TsaroBoe ycmnue (786 kH) Oputo ycTaHOBICHO
mis tennoBosza 2TD137, mocTpoeHHOTO
B 1985 romy. YBenmmaenue cuisl TsrH 10 862 KH,
win Ha 10 %, mpenmonaraeT 1oBeIcHUE pacyeT-
HoTo K03 Puimenra crernenws xo 0,29. Oxgna-
KO, comTacHo [ 1], KMHOTOJIETHHI OMBIT UCTIONb-
30BaHusA Ha BAMe TemnoBo3o 2TO25A...
C aCHHXPOHHBIM TATOBBIM IIPHBOIOM HE TOJ-
TBEPIHI BO3SMOKHOCTH pean3anuu ko3 hurrm-
enra Taru 0,29, 3aJ0)KEHHOTO B TEXHUYECKOM
3a/IlaHIH Ha 3TOT JIOKOMOTHB, BO BCEX IKCILTya-
TaIMOHHBIX YCIOBUAX JaHHOW MarucTpaii Ipu
pacuetHO# ckopoctu 18,5 km/4.» C apyroit
CTOPOHBI, PACUETHBIIN KOA(PPHUIINEHT CIIETUICHHUS
0,29...0,32 panee ObIT peain30BaH Ha TEIIO-
Bo3ax ¢ ruaponepemaueir TTM3 u TI'M4,
W B HacTosIIee BpeMs — Ha TerioBo3ax Gravita
10BB ¢upmer Voith, Asctpus u G2000 BB
tupmer Vossloh, I'epmanns (0,33). Takum o6pa-
30M, JIeJIaTh BEIBOJ O BO3MOJKHOCTH Peaji3aiu
TSATOBOTO YCIJIMS IO YCIOBUSM CIICTIJICHHS
TOJBKO TIO pe3yibTaTaM IKCIDIyaTalldd OIXHOTO
JIOKOMOTHBa, 0€3 ydeTa ero KOHCTPYKTHBHBIX
ocoOeHHOCTEH (PKHMaXHOW YacTH, CHCTEM
YIpaBJICHUS, B YaCTHOCTH, IPOTHBOOOKCOBOY-
HBIX) SIBHO TIPEXKICBPEMEHHO.

B noxomotuBax ¢ ruzapomnepenadei, rae Bce
KOJICCHBIE TIApBI MEXaHUYECKH CBS3aHBI MEXKIY
co0oii, mepepacnpeneseHre KPyTAMEero MOMEH-
Ta IO OCSIM BO BpeMs ABIDKEHUS JIOKOMOTHBA
MPOUCXOAUT B COOTBETCTBHUH C BEIHMIMHOU
YIIPYTOTO CKOJIBXEHHS KOJEC IO pelbcaM,
W, TAKAUM 00pa3oM, Kaxkzas u3 oceil mpu odmieit
CHIIC TSTH, ONMM3KON K OTpaHWYCHUSM II0 CIIETI-
JICHHUIO, PAa3BUBAET CHIIy TATH, COOTBETCTBYIO-
Y0 MAKCUMaJIbHO BO3MOYKHOH /17151 TaHHOM OCH.
B nokoMOTHBaxX C 3JIEKTPUYIESCKUM TMPHBOIOM
0CeH 1 TOOCHBIM PETYIINPOBAHNEM, B TOM YHCIIE
¥ ¢ OECKOITIEKTOPHBIMH TATOBBIMH JIEKTPOABH-
raressiMu (TO]1), CBS3b MEXIY YIPYTHUM CKOJb-
JKeHHEM U CHIIOHM TATH OCH OTIOCPEOBaHa CHC-
TEMOH YIIpaBIICHUs, HAKJIAIbIBAIOIIEH OTpaHu-
YeHUS (TOIHOCTH H3MEPEHHS CKOJIBKEHHUS, TIOPO-
TOBBIE BEITMYHHBI CKOJBXKCHHS, IPH KOTOPBIX
cpabaThIBaET CHCTEMA, JKECTKOCTB DJICKTPOMEXa-
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HUYECKHX XapakrepucTuk TOJl, HHEPIIMOHHOCTD
CHCTEMBI PETYIUPOBAHUS, AITOPUTMBI OTITUMH-
3alliU CKOJILKEHUS U T.11.).

Takum 06pa3oM, 1711 TOKOMOTHBOB C OSCKOJI-
nektopabiMu TOJl ocTaeTcs akTyalbHOM Mpoo-
JieMa BBIOOpA PEIICHU KOHCTPYKIIMH SKHITaXK-
HO#M YacTH JOKOMOTHBA, 00eCleYnuBaroIeH
MaKCHUMaJbHOE MCIOJIb30BAaHUE CICTUICHHUS KO-
Jieca ¢ penbcoM IS Beex oceil. [lpemnaraemast
CTaThs SIBJISIETCSI TIOMBITKON PEIIEHHsI YKa3aHHOU
po0IIeMBI.

PE3YINbTATbI
AHanau3 npodJjieMbl

Ha puc. 1 npencraBiieHa mpeyioKeHHAs
aBTOpaMHU KJIaccU(UKalnus cIocoOoB yiryulie-
HUSI CLIETTHBIX CBOWCTB IYTEM M3MEHEHUs KOH-
CTPYKLIMH dKHUMaXHOW yacTH. Kak BUAHO U3
KJaccuuKaiyy, Bce (PakTopbl, KOTOPBIE BIHSIOT
Ha KO3(Q(UIMEHT CUEIUIEHNsI U OIHOBPEMEHHO
3aBUCSAT OT KOHCTPYKIUHM DKUIIa)KHOHW YacCTH,
MOYKHO Pa3JIeJIMTh HA TPH TI'PYIIbL: KHHEMATH-
YeCcKHe, CTaTHUECKHe ¥ JJMHAMHUYECKHUE.

Kunemamuuecxue ghaxmopoi

K xunemarnueckuM (haKTopam OTHECEHBI Te,
KOTOpBIE 3aBHCST OT CKOPOCTEH 3JIEMEHTOB CHC-
TEMBI «KOJIECO — PEJIbC TIPH ABMIKEHHUH B PEXKUME
TATH. DTO HAJMYUE IBYXTOUCUYHOTO KOHTAKTa KO-
Jleca C PebCOM M IONEPEYHON COCTaBIISIONICH
CKOJTb)KEeHHSI KoJtecHOM mapbl. O0a akropa mpo-
SIBJISIFOTCSL B KPUBBIX YYacTKax ITyTH, [ HAOJO-
JACTCsl CHWKCHUE KOA(PDUIMCHTA CICTUICHUS
B 3aBHCHUMOCTH OT pajinyca KpuBoi. I3BecTHO, 4TO
IPU TPOT'AHHUHU C MECTa B KPHBOW CHIYKEHHUE CHJIBI
T MoxkeT coctaBuTh 40...50 %, ogHako 3TO
OOBSICHSIETCS HE TOJIBKO JIBYXTOUYEYHBIM KOHTAKTOM,
HO ¥ IIepepacIpeielieHeM Harpy3KH I10 KoJIecaM.

JIBYyXTOYEUHBI KOHTAKT KOJIECa C PEIbCOM —
9TO KacaHue Koljieca rpedHeM OOKOBOIT OBEPX-
HOCTY TOJIOBKH peJibea. [I0CKONIBKY ITOBEpXHOCTh
KacaHHs Ha IpeOHe JIOKUT Ha pajuyce Kojeca,
0OJTBbIIIEM, YeM ITOBEPXHOCTh KaTaHUSI, 3TO YBEIIHU-
YHBAET MMPOCKAJIb3bIBAHHE KOJIEC U, COOTBET-
CTBEHHO, CHIDKAET TPEEN TATU IO CLEIJICHHIO
(Ha MpPaKTUKE — MPHU NPOXOKIACHUU KPUBBIX
y4acTKoB myTH). JlaHHas mpobieMa 4acTUYHO
pelIaeTcsl CHIKCHUEM TPEHHUSI MEXKIy TpeOHeM
KoJieca M MOBEPXHOCTBIO pelibca C MOMOIIBIO
JTyOpUKAIIUH, 3 TAKXKE ITyTEM MOIBITOK H3MEHCHHUS
nipoduiist konec. Llenpio yKka3aHHBIX MepoIpusi-
TUH SBIISETCS CHI)KCHUE M3HOCA MMOBEPXHOCTEH
KoJIeECca U pelibca, IPU 3TOM B BOIpoce 00 m3Me-
HeHuM npoduns koneca B crarbe U. [lyxosa
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Puc. 1. Knaccucgpukayusi cnoco6oe yny4uieHusi cyenHbIx ceolicme nymem U3MeHeHUsl KOHCMPYKYUU SKUNaxHol Yacmu,
npednazaemas asmopamu cmamau.

«Mexnay KonmecoM U penbcoM. [Ipodure koneca
BIIUSICT Ha €ro H3HOC»' KOHCTATUPOBAH «KPH3UC
H7IeH», XOTSI BO3MOXKHOCThH KOMIUIEKCHOTO pellie-
HUS TaHHOW MpoOieMsl He oTpumnaercsa. He
yDIyOIsisiCh B CJIIOKHOCTBH JaHHOH HPOOIIEMBI,
MO>KHO C/IENTaTh BHIBOI, YTO P POCKTHPOBAHNH
SKHUIaKHOW YacTH BIWSHHUE Ha JAHHBIN (akTop
OyZleT B OCHOBHOM 3aKJIIOYaThCs B TOM, YTOOBI
MIPEAYCMOTPETh BO3MOXKHOCTh pa3MENICHUS
YCTPOHCTB CMa3bIBaHUS TPEOHEH, M 3TO OOBIYHO
HE BBI3BIBACT TpynHOCTeH. CHIKEHHE BEpPOST-
HOCTH KacaHHs KoJjieca TpeOHEM B KPUBBIX HAIps-
MYIO 3aBHCHT OT yIJIa HaOeTaH!sI KOJIeca Ha peibC,
410 OYIET PaCCMOTPEHO HIXKE.

[lo mawHBIM [2], cymiecTBeHHOE CHIDKCHHE
k03¢ GHUIMEHTa CHETUICHNS IS 3JIEKTPOBO30B
HaOmromaeTcss B KpuBbIX MeHee 500 M w st
TEII0BO30B — B KpuBBIX MeHee 800 M. [laHHOE
pas3nnyaue yKa3plBaeT Ha BIWSHHE yTIia Habera-
HUSI KOJIeca Ha PEIbC, MMOCKOIBbKY 0a3a AByXocC-

'TlyxoB U. Mexay konecom u peinbcoM. [Ipoduns koreca
BiusieT Ha ero u3Hoc // «'ynox». — Beimyck Ne 207 (26346)
22.11.2017.

HOH TENEKKH TPY30BBIX IEKTPOBO30B COCTAB-
nsieT okoJio 3,0 M, @ TPEXOCHBIX TENEKEK TPY30-
BBIX TCIUIOBO30B — 3,7...4,4 M. U3BecTHO, 4TO
Ha BocTOYHOM MoOMMTOHE KPUBBIE PATHYyCOM
MeHee 650 M coctaBisioT 40 %, a MeHee 350 M —
56 % ot obmeceTeBBIX 3HaYCHNUH [3]. DTO 03Ha-
JaeT HeOOXOANMOCTD Y)KECTOUCHHUS TPEOOBaHMH
K JIOKOMOTHBaM 151 BoctouHoro nmonmrona mo
YIAYYIICHUIO TOPU30HTAIBHOW JUHAMHUKH JKH-
Taka B KPUBBIX C YUETOM HE TOIBKO COOITIONCHHS
JIOITyCTUMBIX YPOBHEH BO3AECHCTBHS HA ITyTh, HO
1 MaKCUMAJIbHOH pealn3aliv CLEITHBIX CBOMCTB
JIOKOMOTHBA.

CHmxeHne yria Haberanus Kojieca Ha peibe
B KPUBBIX OTHOCHUTCS K MEPOTIPHATHSIM TI0 CHH-
JKCHUIO BO3ZIEHCTBHUS Ha ITyTh B KPUBBIX U pea-
JIM3YETCs CIEAYIONMMH CIIOCO0aMM:

* yMEHbIIEHNEM 0a3bl TENEKKH;

* CHIDKCHHEM COIPOTHBIICHUS TOBOPOTY
TEJICKKH;

* COWICHECHHEM TEIICHKEK;

* IPUMEHEHUEM MEXaHW3Ma paIualbHON
YCTaHOBKH KOJIECHBIX Map B KPHBBIX;
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* NPUHYINTEIHHBIM IIOBOPOTOM TENEKEK
KOJIECHBIX Tap.

YMeHbmeHne 6a3bl TENEeKKH JTOCTHTACTCS
KaK YMEHBIICHHEM PACCTOSHUS MEXKITY OCIMH,
TaK ¥ MPUMECHEHHEM TEJIEKEK C MEHBIINM YHC-
J0M ocell. ba3a IBYXOCHBIX TeJEXEK OTeue-
CTBEHHBIX TPY30BBIX JIEKTPOBO30B COCTABISAET
2900...3000 MM, y 3apyOeKHBIX 3JIEKTPOBO30B
ona MeHbIe —2600...2900 mM. Benmunna 6a3st
JIBYXOCHOM TENE)KKH OTPAHWYMBAETCS JABYMS
(haxTOpaMH: yCIIOBHAMH KOMITOHOBKH (B TIEPBYIO
ouepenb — BO3MOXKHOCTBIO pasmerieHus TO/I)
W YCTOHYMBOCTBIO ABMKEHHS B MIPSMBIX ydacT-
Kax ITyTH. MUHIMabHas 6a3a AByXOCHBIX Telle-
JKEK MOCTPOCHHBIX OTEYECTBEHHBIX JJOKOMOTH-
BOB C KOHCTPYKIIMOHHO# ckopocThio 100 xM/4
npu guamerpe koieca 1250 MM — 2250 mMm
(temtoBo3 TD136), mpu nquameTpe KoJyieca
1050 mm — 2100 mm (teruroBo3z TOM7).

Kaxk BusHO 13 pHc. 2, Ha TEIeXKe TeIII0B03a
2T3136 UCIIOIB30BAHO BCTPEYHOE PACIIONOMKE-
HHE MICCTUMONIOCHBIX KOJIEKTOPHBIX TO/,
HUMEIOIINX 3HAYUTENbHBIA THaMeTp. YMEHbIIIe-
HHE 0a3bl IPH JAHHBIX YCIOBUSIX OBLIO JOCTHT-
HYTO 3a CUET TOTO, YTO TEJEKKAa COCAMHEHA
IIKBOPHEM C HHU3KO PACIIOJIOKEHHOH ITPOMEXyY-
TO4YHOH pamoH, a TO/] onmmparoTcs Ha MIKBOPHE-
ByIo Oanky cBepxy. Takasi KOMIAakTHast KOMITO-
HOBKa MOXKET OBITh JOCTUTHYTA MPH HPUMEHE-
HHUH TOPU30HTAIBHBIX MM HAKIOHHBIX TAT JUIS
nepenady yCHIHs Ha Ky30B.
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o 10 11

Puc. 2. Tenexxa mennoeo3sa T3136: 1 - pama ky3oea; 2 - pama menexku; 3 - konecHas napa; 4 - T3[]; 5 - onopHo-go3epaujarouyue
ycmpoiicmea; 6 - emopasi cmyneHb peccopHo20 nodeewusaHus; 7 — 6ykca; 8 — 6ykcoeas cmyneHb peccopHo20 NodeelwusaHus;
9 - 6anancup; 10 - wkeopHesoil y3en; 11 — HU3KopacnosoxeHHas pama [9].

CHIDKEHNE COTTPOTUBIICHHS TIOBOPOTY Telle-
KEK oOJIerdaeT Imepexos Mo Mepe YBEINYeHHS
CKOPOCTH JIBHXKCHHUSI OT YCTaHOBKH HamOOIb-
IIIET0 MepeKoca K AMHAMHIECKOH yCTaHOBKE, UTO
COIIPOBOXKIAETCSl YMEHBIICHHEM yIila Habera-
Hust. OHO ToCTHTaeTCs 32 CUeT MPUMEHEHUS Mep
TIOBBIMIECHUS CTAOMITEHOCTH IBIKEHUS TEIEKKH
B NPSIMBIX y4YacTKax IyTH (BBEICHHE IOIeped-
HBIX 3230pOB B IIKBOPHE, 3aMeHa ()PUKIIHOHHBIX
TacUTEeJIeH MOIEePEeUHBIX KOJICOAHUH TEIeKKH
THIPABINYCCKAMH).

CounieHeHHE TeNEeKEeK TPUBOIUT K TOMY, UTO
TIepeTHsISE IO X0y JIOKOMOTHBA TEJIEXKKa, TOBO-
paumBas IpH BXOJE B KPHUBYIO, TOBOPAYMBACT
33/IHIOIO TEJIEKKY B IIPOTHBOIIOIOKHYIO CTOPOHY,
CHIDKasi TEM CaMbIM YTroJI HaOeraHus Koieca
HATPaBIIOMEN KOJIECHON Maphl 3aIHEH TeIexK-
k. [1pu 3TOM KeCTKOE MEXaHWIECKOE COUJICHE-
HHE TeJNeKeK, IPUMEHSBIIEECS Ha MEPBBIX OTe-
YEeCTBEHHBIX JIEKTpoBO3ax (Hampumep, BJIS),
TIPUBOJIUT K YXY/IIICHUIO TOPU3OHTAIBHOM JTMHA-
MUKH SKHUIAXa B TMPSIMBIX y4acTKax ITyTH, U3-3a
TIOBBIMICHUS] CKJIIOHHOCTH K BHJISTHHMIO. [Ipume-
HEHHE B OTIBITHOM TIOPSIIIKE YIIPYTOTO COWICHE-
HUS TEJIEeKEK Ha Teru1oBo3e TO7 U 3IIeKTpoBo3e
BJI8O [4] moka3amno, uTo Ha TemioBoze T3I3
COWICHEHHE JaeT 3HAYUTEIbHBIA dQQPEKT mpu
IBIDKEHUH B KpuBOH panmyca 300 merpos
(CHMXXCHHUE KBa3UCTATHIECCKOW COCTABIIAIOIICH
pamubIX cui Ha 58 % mpu ckopocta 10 kM/9
1 YCTaHOBKE HaWOOJBIIETO IepeKoca); B KpH-
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Puc. 3. YembipexocHasi menexka ¢ PYKI1: 1- anagHasi pama; 2 - pama menexku; 3 - konecHasi napa; 4 - T3[; 5- 6ykca; 6 - 6ykcoeas
cmyneHb peccopHo2o nodeewusaHus; 7 — 6ykcoebili noeodok; 8 — 6anaHcup; 9, 11— ppiyazu; 10 — msea; 12, 14— 2zacumenu; 13 — emopast
cmyneHb peccopHo2o nodeewugaHus [7].

Boit paanyca 600 MeTpoB coulieHeHHe He o0ec-
MeYNBAET CYIECTBEHHOTO CHIDKCHHS KBa3W-
CTaTUYCCKON COCTABISIONMEH paMHBIX CHII,
a HauOoJIblllee CHMIKEHHE KBa3UCTAaTHYeCKOU
COCTABJISFOILEH OBLIO ITOYYEHO MTPU MHPABITH-
YECKOM COWICHEHHH TelexkeK. [Ipu 3ToM makcu-
MaJbHBIE PaMHBIC CHIIBI OCTAJIHCh Ha TOM K€
YPOBHE W3-3a YBEIWYCHUS TUHAMHYCCKOU CO-
crapisronied. Ha anexrpoBose BJIS0 mexannye-
CKOE€ COUWICHEHHE TeJeXeK TaKKe MOoKa3ajo
CHMIKEHHE KBa3UCTAaTHYECKOM COCTAaBISIONIEH
PaMHBIX CHJI U YBEJTMUEHUE AUHAMUYECKO. Bbli
CZIeTIaH BBIBOJ, YTO COWICHEHHE TEICHKEK MOXKET
OBITh HCIIOJIB30BAHO JJIS JIOKOMOTHBOB C MTOBBI-
LIEHHOW Harpy3koil Ha ock. IlozaHee rugpoco-
YJICHEHHE TEJIeKEK B OIBITHOM HOPSKE ObLIO
npuMeHeHo Ha TeroBose 2T2121 [5]. B pesyns-
Tare MCCICAOBAHMI OBIJIO YCTaHOBICHO, YTO
THPOCOWICHEHHE PaO0TaeT yIOBIETBOPUTEIb-
HO TOJIBKO TPH (PUKCHPOBAHHOM B MOMEPEYHOM
HaTpaBJICHUH IIKBOPHE, B CBSA3H C UeM JUIS Ce-
puitHOTO BapHaHTa OBLTH PEKOMEHIOBAHBI JIPY-
THE CIIOCOOBI CBSI3H TEJIEKKHU C Ky30BOM.
PanuanpHas ycTaHOBKa KOJICCHBIX Map
(PYKII) npuMmeHeHa Ha TPEXOCHOM TEIEXKE
AO «BHUKTH», ycTaHOBICHHOW Ha OTede-
CTBEeHHOM TemtoBo3ze 2TD25a. MccnenoBanus
METOJOM MOJEIUPOBAHUS, MPOBEICHHBIC
B BI'TY [6], noka3zanu, yro Gnaropaps PYKII
«B KpHuBO# paanycom 600 M paboTa CHII TpeHH
Ha rpebHe MeHblIe B 2,8...2,14 pasa, a Ha To-
BEpXHOCTHU KaraHus — B 3,2...2,9 paza. Anaio-
THUYHBIC PE3yJIBTAThI TOTYYCHBI U [0 CyMMapHOH
pabote cuil TpeHus B KpuBbIX pamuycamu 300,
600 1 1000 M». DTO OTHO3HAYHO YKa3hIBACT HA
BO3MOKHOCTb YITyUIICHUS CIICTTHBIX CBOHCTB 110
CPaBHEHUIO C TENIe)KKaMHU C TOU ke 0azoil. 3a
py6exom ¢upmamu «General Motors»
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n «General Electricy B 1993-95 romax Obuin
co3nanbl TpexocHble Tenexxku ¢ PYKIL: renexka
HTCR gns nmoxomotuBos cepun SD70 (GM)
1 TETIEKKA IS TOKOMOTHBOB ceput AC4400CW
n Oonee nmo3mHuUX Bepeuit Evolution (GE).

AO «BHUKTMW» Taxxke Obuta paspaboTana
geTpIpexocHas Tenexka ¢ PYKII (puc. 3), kotopyro
TPEIIONaraioch MPUMEHNTh Ha IPOESKTUPYEMOM
termoBose 2T235a AO «CunHapa» mist Bocrou-
poro nonurona. ITo ganaeiM AO «BHUKTH»?,
BO3JIEICTBUE HA ITyTh TAKOM TENEKKH B KPUBBIX
JIOJDKHO COOTBETCTBOBATH BO3ICHCTBHIO TPEXOC-
HOH TeJeXKH TerioBo3a 2T2116.

YacTHBIM CillydaeM TEJIEKKU C pagualbHON
YCTaHOBKOM KOJIECHBIX Iap MOXET CIIYXHUTh
YEeTHIPEXOCHAs TEJIEXKKa C TPUIICTIHBIMU OCSMHU.
Kak yka3aHo B [4], mepeqHsist 1o Xoy ABHKESHUS
KOJIECHAS ITapa B TAKHUX TENIE)KKaX MOXKET HMETh
JTakKe OTPHUILATEIBHBIN yroyl Haberanus, OTHAKO
JUIsL 3TOTO TpedyeTcs, YTOObl XapaKTePUCTHKH
BO3BPAMIAOIINX YCTPOWCTB MEHSIIUCH B 3aBUCH-
MOCTH OT PaZinyca KPUBOW M HEIOTallleHHOU
LEHTPOOEKHOU CHIIBI, YTO TpeOyeT lesiaTh uX
ynpasisieMbIMH. B ¢Bs13u ¢ 3TiM B [4] B KauecTBe
MIPEANOYTHTEIFHON KOHCTPYKINN YKA3aHbI TPEX-
OCHBIE TEJEKKH C IPOMEKYTOUHON paMoil.

[IprMepoM NMpakTUYECKOM peanu3aluy HKu-
MaKHON YacTH ¢ MPUHYAUTEIHHBIM ITOBOPOTOM
oceil MOXKeT CIy)XHUTh Ju3eib-noe3s Integral
kommanuu Jenbacher (ABCTpus) ¢ OAHOOCHBIMU
TenexkaMu. JlaHHas KOHCTPYKLMSA JAJIbHEMILETO
pacrpocTpaHeHHs He oirydmia. B oredecTBen-
HO¥ IIPaKTUKE POBOMIIUCH PA0OTHI 1O CO3IAHHIO

2 Jlyuun A. A., Ciupos A. B. O HanpaBiieHHsIX pa3BUTHS
moABMXKHOIrO cocTaBa. IIpesentanus AO BHUKTHU
30.08.2019. [OnextponHbIi pecypc]: https://www.
railwayexpo.ru/images/docs/2019/presentation/JEHb 3_30
aBrycta/3AJ12/10-00_6-it MmexxayHapoasslii popym/Ceccust
1/1.7_A_Jlyaun_A_Cnupo_RU.pdf. loctyn 27.12.2023.
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CHCTEM NPUHYJUTEIBHOTO MOBOPOTA TEJEKEK
TEIUIOBO30B IPOMBIIILICHHOI'O TPAHCIIOPTA B KPY-
TBIX KPHMBBIX, OJJHAKO TOBOPUTH O BO3MOXXHOCTH
MCIIOJNIb30BaHMs TAKMX CHCTEM Ha MAarMCTPAJIbHBIX
TEILIOBO3aX I0Ka MPEXKIEBPEMEHHO.

W3 aHanu3a KMHEMaTU4YECKUX (aKTOPOB
ClIeJlyeT, 4TO HanboJiee MPOCTHIM B TEXHUYECKOM
OTHOUICHUH NYTEM CHW)XEHHS IONEPEYHOI0
CKOJIL)KEHUS! B KPUBBIX U OJIHOBPEMEHHO YMEHb-
IICHHUS] BEPOSITHOCTY BO3HUKHOBEHHS JIBYXTOUEY-
HOTO KOHTAaKTa SIBJISIETCS MaKCUMaJIbHOE COKpa-
1eHue 0a3bl TeNekKeK, TO eCTh, IPUMEHEHHE
JIBYXOCHBIX TeJexek ¢ 0a30it 2250...2600 mm.

Cmamuueckue ¢hakmopul

K crarnueckum ¢akropam B Kiiaccu(pUKamu
OTHECEHBI T€, KOTOPBIE OIPEIEIISIIOTCS YCHIUAMU
B3aMMOJICHCTBHUS KOJIeca U Peibca U KOTOphIe
MaJio U3MEHSIOTCS 32 IIEPUOJT BPEMEHH, COOTBET-
CTBYIOLIMH MEPUOAY COOCTBEHHBIX BEPTHKAJb-
HBIX ¥ TOPH30HTAJIBHBIX KOJIEOaHUIl dKHIIaKa
B JIBUOKEHHH.

IIpexxne Bcero, k crarnueckuM (akropam
OTHOCHTCS y/IeJIbHasl Harpy3Ka B KOHTAKTe KOTO-
past 3aBHCHUT OT ILIOIIAAN KOHTAKTa U KOTOPYIO
MOKHO MEHSTb JBYMSI IMYTSAMH: yBEJIHUECHHEM
JUaMeTpa Kojieca 1 Hi3MEHEHUEeM TpoduIis 6aH-
Jaxa. O Ipo0OIeMaTHYHOCTH ITOMCKA PALOHAb-
Horo npo¢uis 6aHaaxa yxe ObLIO CKa3aHO
BhIlIe. YTo ke KacaeTcs M3MEHEHUs Auamerpa
Oanpaxa, o, no nanHeiM BHUMXT [2], npo-
THO3MPYETCSI, UTO YBEJIIMUSHHUE THaMETpa KoJieca
¢ 1050 no 1250 MM mpuBeneT K YBETHYEHHIO
ko3 durrienTa cuerieHus Ha 4 %, CO CChUIKOM
Ha uccrnegopanus K. Kpadra [7]. BeiBog
K.KpadTa B ycinoBusx OTe4eCTBEHHBIX JKeJle3-
HBIX JIOPOT HE NPOBEPSIICS; KOCBEHHO B €ro
M0JIb3y CBHUIETENbCTBYET 0ojiee BHICOKUU
Cpe/IHECTaTUCTHYECKUI KOI((DHUIUEHT CLeTIe-
HUSI DJIEKTPOBO30B, MMEIOIUX Kojleca JuaMeT-
poM 1250 MM, IO CpPaBHEHHUIO C TEIUIOBO3aMHU
¢ xonecamu 1050 MM (4TO TakKe OOBSICHACTCS
MEHbLIEH BEPOATHOCTHIO 3arpsi3HEHUS MYTH
He(TENPOTYKTAMU U MEHBIIICH 0a301 TEIEKEK),
a Taxxe Oojiee BHICOKUMH CLEIMHBIMH CBOM-
crBaMu TermoBo3a 2TD121, uMeronero xkojeca
1250 mm. Kpome TOro, 10BOJOM B MOJIB3Y HpHU-
MEHEHHSI Ha JIOKOMOTHBAX C ITOBBIIICHHON CHIION
TATU Ha OJHY OCh Kosiec nuameTpa 1250 mm
SIBJISIETCSI TO, YTO P OaHJIQKHBIX KOJIecax 3TO
MOBBIIIAET HAJISKHOCTh TOCAAKH OaHIaxka Ha
KoJieCcHbIH 1eHTp (Ha TerwtoBo3ax CIIA ¢ aua-
MmetpoM kosiec 1050 MM npumenstorcst 6e30aH-
JTaXKHbIE KoJeca).
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Bornee onpeneneHHbIM cTaTH4eCKUM (haKTO-
POM sIBIIsSI€TCS M3MEHEHUE CTaTHYECKOW Harpys-
K1 Ha OCb [IPH JIBUOKEHUH JIOKOMOTHBA B PEXKUME
taru. [lepepacnpenenenue Harpy3Ku o OCsAM
MOXKET POUCXOAUTB IO CIIEAYIOLINM ITPUYHNHAM:

— HaJIM4Ue BEPTHKAJIBHBIX COCTABIISIOIINX
YCUIINH B KOJIECHO-MOTOPHBIX OJIOKax B peXXUMe
TATH;

— HaJIMYHME ONPOKHJBIBAIOIIETO MOMEHTA
BCJIEJICTBUE TOTO, YTO IIepe/adya CUIIbI TATH CLIET-
HBIMH YCTPOWCTBAMH MPOU3BOIMUTCS BBIIIE
YPOBHSI TOJIOBKH PEJIbCa;

— MPOXOXK/ICHNE BEPTUKAIbHBIX HEPOBHOCTEH
MyTH.

OTtzeBHO ClleyeT YIIOMSIHY Th BEICKa3aHHYIO
B [2] runoTe3y 0 BIMSHUN HEPAaBHOMEPHOTO pac-
MpeeeHUs] Harpy30K M0 KojiecaM KOJIECHOM
napel IPpU OAHOCTOPOHHEH TATOBOH Iepenade.
Kax noxaszanu pesynsTaTsl HCCIEIOBAaHUH, HE
BoleAune B [8], mpu ABMKEHHUU JTOKOMOTHBA
B PSIKUME BBIOETa B OCH KOJICCHOM Maphbl CyIIIe-
CTBYIOT KacaTelbHbIe HAIPSDKEHNUS], BbI3BaHHbIE
KPYTSILM MOMEHTOM, MEHSIOIIUMCS CITydaii-
HBIM 00pa30M B 3aBUCHUMOCTH OT TOJIOKEHHUS
KOJIECHOH Mapbl B IPSMON, TPUYUHOIN KOTOPOTO
SIBIIICTCS pa3HHIIA B TUAMETPax KOJIeC, COOTBET-
CTBYIOIIMX TOYKaM KacaHus Kojeca 1 OaHIaxa.
BBuay konnyHocTH npoduiis OaHgaxel Kojec
9Ta pa3HHLA MEHSETCS B 3aBUCMOCTH OT IOJIO-
JKEHUsI Kojleca B NpsMOM. B pexxume Tsiru, no
Mepe IPUOIKEHNUS K IPEIeTbHOMY YCHIIHIO 1O
CLETUICHHIO, BEJIMUMHA KacaTeIbHBIX HaIpsDKe-
HUI CTaHOBUTCS MOCTOSTHHOM, YTO TPOTHBOPE-
YUT Tunorese [2], HOCKOJIbKY B MNPOTHBHOM
cllyyae yCHJIME MEHSUIOCH OBl CiTy4aiHbIM 00pa-
30M BCJIEICTBHE CITy4alHOTO U3MEHEHHs TAHTeH-
LUAJIBHOM XKECTKOCTH KOHTaKTa KoJleca 1 pejibca.

CHU)XEHHE BEPTHKAJIBHBIX YCHIIMH MOXKET
OBITh JIOCTUTHYTO CIEAYIOIINMH CIIOCOOaMU:

— MCKJIIOUEHHEM MOBOPOTa PaMBbl TEJIEKKH
B BEPTUKAJIHOM IUIOCKOCTH 32 CYET TPUMEHEHHS
JKECTKHX OIOp Ky30Ba Ha TEJIEKKY;

— OJJHOCTOPOHHUM pacrojoxeHuem TO]]
B TPEXOCHBIX TEJIEKKAX, YTO BENIET K BCTPEYHOM
HAITPaBJICHHOCTH YCHJIMH, TPUIIOKEHHBIX K pame
TeJeXKU yepes noasecku TIJI, pacmonoxeHHbIe
T10 Pa3HbIe CTOPOHBI OT OCH [TIOBOPOTA B BEPTH-
KaJIbHOM IIOCKOCTH;

— KOMIICHCAlMeil YCHINH B JIBYyXOCHBIX Te-
JIeKKaX 3a CYET PACIIOJIOKEHHUS TOUEK ITOBEIIN-
BaHus T3]l Kk IeHTpy MTOBOPOTA;

— IPUMEHEHHEM TATOBBIX ITPUBOJOB, HE CO-
3[aI0LIMX HEKOMIIEHCHPOBAHHBIX YCHIIHIA peak-
LUK B BEPTUKAIIBHOI [JIOCKOCTH;
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Puc. 4. U3smeHeHue Ko3ghghuyueHma ucnonb308aHuUs CYENHO20 8eca 1) om koaghghuyueHma msizu y Ons menexxku mennogosa 273116,
wmamHbIl eapuaHm [9].

— KOMIIEHCAIel BEPTUKAIBHBIX YCUIHN 3a
CUET YMEHBIICHHUS PACCTOSHUS MEXIy TOYKON
TIepeiadyl YCHIIHSA C TEIECKKH Ha Ky30B U YPOB-
HEM TOJIOBKHU PEIIbC, YTO TAKKE MOXKET UCTIOIb-
30BaTHCS TSI KOMITEHCAIMN OTIPOKHIBIBAIOIIETO
MOMEHTA.

Kak nokazamu nccnenosanus [9], koadpu-
IIUEHT MCIOJIB30BAHMS CIIEITHOTO Beca JUIs TPEX-
OCHOM TeJIeXKKH TerToBo3a 2192116 B nuama3one
n3MeHeHus koaddurmenta tsru ot 0,15 10 0,33
MEHSIeTCS MPaKTUIECKH JIMHEHHO (prc. 4).

CornacHo pacueram [9], IUIs IITaTHOTO BapH-
aHTa TeJISKKHN TertoBo3a 212116 mpu v = 0,33
BemmunHa 1 = 0,832. MI3MeHeHne KOHCTPYKIUH
TEJNIEKKH JIAJI0 CIICTYIOIINE PE3YIIBTaThL:

— YMEHBIIICHHAE CTAaTHIECKOTO MMPOTHoa o1op
TenexKu ¢ 20 MM 10 Hyisl (YCTaHOBKa JKECTKUX
orop) yBemmauBaet 1 ¢ 0,832 mo 0,869 3a cuet
WCKJIIOYCHHS TOBOPOTA PaMbl TEJIEKKH B BEPTH-
KaJIbHOM TIOCKOCTH;

— NMpUMEHEeHHe cOATaHCHPOBAHHOTO Peccop-
HOTO TOJIBEIIMBAHMS B COBOKYIMHOCTH C XKECT-
KHMH oriopamy yBennanBaet 1) ¢ 0,832 o 0, 922
3a CYET paBHOMEPHOTO paclpe/ieIeHNs Harpy30K
IO OCSIM TEJIEXKKH;

— IpUMEHEHHE OMOPHO-PAMHOTO TPUBOJA
C TTepeIATOIHBIM MEXaHU3MOM Ha OBICTPOXOIHOMN
YaCcTH Iepejadul, HCKITIOYAOIIETr0 BEPTHKAIBHYTO
COCTABJISIIONIYIO YCHINH OT TATOBOTO IPHBOJA,
HO TIpY HecOaIaHCHPOBAaHHOM PECCOPHOM ITOJ-
BemmBaHWH, yBenmunBaet 1) ¢ 0,832 mo 0,902,
TO €CTb, YBEIMUYHMBALT 1) [I0 CPABHEHHIO C OIIOP-
HO-0oceBbIM npuBogoM ¢ 0,869 mo 0,902; mpu
HCIIOJB30BAaHUH OMOPHO-PAMHOTO IIPHUBOAA
C OCEBBIM PEIYKTOPOM H3-3a BEPTHKAJIBHBIX
YCHIIUH B PEAKTUBHBIX TATax 1) IPH TPEXOCHON
Tenexke yxymamaercs o 0,848.

Taxoxe Obl1a MOATBEPIKAEHA HEOOXOTUMOCTh
TIPUMEHEHHS Ha TPEXOCHOW TENEXKKE OTHOCTO-
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poHHero pacronoxenus TOJ] (BcTpeuHoe pac-
monoxenue camkamo 1 ¢ 0,832 mo 0,79 nmaxe
TIPH KECTKHUX OTIOPAX).

Taxum 00pa3oM, IsI MHOTOOCHOH TEJIeKKA
B XKECTKOH pame Ienecoo0pa3Ho MpUMEHEHHE
cOaIaHCHPOBAHHOTO PECCOPHOTO ITOIBEIINBA-
HUSL, B TOM YHCJIIE U TI0 IPUYHMHE HEPaBHOMEPHOU
Harpy3KH OCeH, 4To TaKkKe KOHCTaTupyeTces B [9].
ITpn sTOM cOamaHCHpOBaHHOE MOABEIINBAHHE
B OyKCOBOM CTYIIEHH ITO CBOUM JTHHAMHYECKIM
KadecTBaM PaBHOIIEHHO HecOalaHCHPOBAaHHOMY
¢ OombIIel BEIMYMHON CTaTHIECKOTO Mporuoda,
MTOCKOJIBKY M3MEHEHHE Harpy3KH Ha OCh IIPH
IIpoe3/ie BEPTHKAIBHOW HEPOBHOCTH Iepepac-
IpesessieTcsl o APYTUM OCSIM TeleXkHu. Ha
MIPAaKTHKE 3TO TIO3BOJISIET OTKA3aThCs OT BTOPOH
CTYIEHH TOABEIINBAHHNA, IO KpailHell Mepe, st
JIOKOMOTHBOB C KOHCTPYKIIMOHHOH CKOPOCTBHIO
mo 120 xm/a. daktudecku cOaraHCHPOBaHHOE
OIIHOCTYTIEHYATOE MOABEIINBAHIE IPIMCHSIIOCH
1 Ha TaccakupckoM TeruroBose TII160 co cko-
pocthio 10 160 KM/4, TOCKOIBKY Ky30B OITH-
pasicst Ha TEJEXKY 4epe3 MasTHHUKOBBIC OMOPBI
C PE3MHOBBIMH KOHYCaMH, UMEBITMMH HE3HAUH-
TENBHBIA CTaTHYECKUH MPOTHO, a MPYKUHBI
MEXIy TEJIeKKOH M Ky30BOM Y4acTBOBAIH
TOJIBKO B TIpoIiecce OOKOBOM KadKH.

Taxoxe 111 MHOTOOCHOM TEJIEKKH B 3KECTKOHU
pame K03 (PUIMEHT HCTIONB30BAHUS CIIEITHOTO
BECa MOXKET OBITH TOBBIIICH 32 CYET HCIONB30-
BAaHMS ONMOPHO-PAMHBIX TATOBBIX IPHBOJOB
C KOMIICHCHPYIOIINM MEXaHU3MOM Ha THXOXOI-
HOW Y9acTH MpHUBO/A (UTO OBLIO pearTn30BaHO Ha
ombITHOM TertoBo3e TD120), a Taxoke Henocpea-
CTBEHHOTO TSTOBOTO NPHUBOJA, B YaCTHOCTH,
OTIOPHO-OCEBOTO IIPU TOPH30HTAIBGHOM PacIio-
JIO)KEHUH PEAKTUBHOM TATH, MEPEAAIOIIEH YCH-
TS CO CTaTopa Ha TenexKy. [Ipu sTom Hammane
MEXaHU3Ma PaHalbHON YCTAHOBKH KOJECHBIX
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Puc. 5. Pacnonoxerue nodeecok T[] Ha ocu, npoxodsiujell Yepe3 yeHmp msukecmu menexku. 1, 2- T3M; 3, 4 - kpoHwWmelHbI; 5, 6 - msazu;
7, 8 — pesuHoeble waiibbi; 9, 10 - 2aiiku; 11, 12 — wapHupsi; 13, 14 - eanuku; 15, 16 — nnaku; 17 — mpaeepca; 18 — pama menexku [10].

rnap 3aTpyAHSIET BO3MOKHOCTH pealu3anuu
OTIOPHO-PaMHOTO TIPUBOAA M3-3a MOSBICHUS
TepeMenIeHIi KpailHIX KOJIECHBIX T1ap B TOPH-
30HTAJIBHOW IUIOCKOCTH, a MMPUMEHEHHE HEro-
CPE/ICTBEHHOTO OIIOPHO-O0CEBOTO IIPHUBOAA Tpe-
Oyer ynpyroro onupanust TO/] Ha och nii Koec-
HBIE LIEHTPBI JJIsl CHIDKEHUS HENOIPECCOPEHHOM
MAacchbl.

Jlist IBYXOCHBIX TEJEKEK, KaK MpaBuio,
HCHOJb3YETCs BCTpeuHoe pacnonokenue T,
T103BOJISIIOIIEE CHU3UTH MOMEHT MHEPIIMH TEJIeK-
KM B BEPTHKAIBHON U TOPU30HTAIIBLHON IIJIOCKO-
cTsAX. B 3TOM cilydae OCHOBHBIM CIIOCOOOM
yBEJIMYEHHUS KOd(P(UINEHTA HUCIIOJIB30BAHUS
CIIEITHOTO Beca SIBJISAETCS] KOMIIEHCALUSI BEPTH-
KaJBHBIX YCHIMH U ONIPOKHIBIBAIOLIIETO MOMEH-
Ta 3a CYET CHIKEHUSI yPOBHS TOUKH NPHIIOKECHUS
CHJIBI TATH, TIEPEAABAEMON C TEJIEKKH Ha Ky30B
C ITOMOUIBIO HU3KO PACIIONIOKEHHOTO IIKBOPHS
(B TOM YHCIIE M HU3KO PacIOIOKEHHON IpoMe-
JKYTOUHOH pambl), THOO TOPU30HTAIBHBIX HIIH
HAKJIOHHBIX THIT.

[IprmMeHeHne HaKJIOHHBIX TST, HAIIPaBJICHUE
KOTOPBIX IIPOXOUT Yepe3 CepeJMHY IPOJIOILHOM
0a3bl TENE)KKH Ha YpOBHE TOJIOBOK PEJILCOB,
TIO3BOJISICT TTOJTHOCTHIO KOMIIEHCHPOBATh TSTO-
BbIe U3MEHEHHMS Harpy3KH MO KOJICCHBIM ITapam
B OJTHOM TEJICIKKE M 00CCIICUUTH BEITMIUHY KO-
(unyeHTa MCNOoNb30BaHUsI CLEMHOTO Beca 1 >
0,92 npu MATKOM JIByXCTYHNEHUATOM PECCOPHOM
MOJIBELIIMBAHUH, YTO OOYCIIaBIMBAET IIUPOKOE
NpUMEHEHNE HAKJIOHHBIX TSI B KauyecCTBE
YCTPOMCTB Iepeiadyl CHIIBI TSATH C TEJIEKKH Ha
Ky30B B COBPEMEHHBIX JIOKOMOTHBaX. B MeHb-
el CTereHN KOMIIEHCHPYIOT CHM)KCHHUE CHUJIBI
TSITW HU3KO PACIIONIOKEHHBIE IIKBOPHH.

B coBpeMEeHHBIX KOHCTPYKIHSAX JOKOMOTH-
BOB IIPUMEHSIOTCS HAKIIOHHBIE TATH, ICHCTBYIO-
[Me Ha CKaThe U pacTsbkeHue. Tsru, 1eiCcTByIo-
M€ TOJIKO Ha PacTSHKEHHE, B HOBBIX JIOKOMO-
THUBAX HE HCIIOJIb3YIOTCS, KaK M TOPH30HTAJIBHBIC
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Tsru. [Ipy 5TOM HAaKJIOHHBIE TATH HAIPaBIICHbBI
B CTOPOHY OJIKaNIIIero aBTOCIEITHOTO YCTPOH-
CTBa, BCJICJICTBUE YET0 NEPEIHSS 110 XO/Ty TeIIexk-
Ka JIOKOMOTHBA JIOTPY’KAeTCsl BEPTUKAIHHOU
COCTABJISAIOIICH CHJIIBI PEaKIHU CO CTOPOHBI TATH,
a 3aJHsIs — PasrpyXKaeTcs, U 3TO KOMIIEHCHPYET
MOTEJIe)KEYHOE N3MEHEHHE Harpy3Ku OT Jeii-
CTBUS OIPOKUABIBAIONIETO MOMEHTA, BHI3BaH-
HOTO YCWJIMEM TSTH, NpHUJaraeMoil Ha ypOBHE
aBTOCILIEITHOTO YCTPOHCTBA.

J171st IByXOCHBIX TEJIEKEK MAaHEBPOBBIX JIOKO-
MOTHBOB, IMEIOIIUX OJJHOCTYTIEHYATOE PECcCOop-
HOE MNO/IBEIINBAHUE, OJHOW N3 MEp CHMKEHHS
HEpaBHOMEPHOCTH PACIpEeNICHNs] OCEBOM Ha-
I'PY3KH MOXET OBITh PacIiOJIOKEHHE TO/IBECOK
TOJ1 Ha ocu, mpoxonsIel yepes3 LEHTp TKECTU
TeNnexKH. [Ipe/ioKeHHbI aBTOpaMH BapHaHT
o0OHOT0 yCTPOMCTBA IOKa3aH Ha puUC. 5.

[Ipu monepevHOM U yIJIOBOM IIepeMEIeHIH
TOH 1 12 Taru 5 u 6 NOABECOK HAKJIOHSIOTCS
Onaromapsi NoABMXKHOCTH mapHupoB 11 u 12
1 HabOpOB pe3UHOBBIX maid 7 u 8. [Ipu peanu-
3aIlM CHJIBI TSTH B BEPTUKAIBLHO PACIIONOKEH-
HBIX TSraxX 5 U 6 BO3HUKAIOT BCTPEYHO HAIpaB-
JICHHBIC YCWIIUS, KOTOPBIE TepeAatoTcs Ha Tpa-
Bepey 9. Iockonbky mapHups! 11 u 12 pacno-
JIO’KEHBI Ha OJTHOM OCH, TO YCHJIMS B TSITax S U 6
HalpaBJieHbl B POTHUBOIIOJIOXHBIX HarpasJie-
HUSX U PUIIOKEHBI K OJHOU U TOM K€ TpaBepce
9, BCIeICTBHUE YETO YKa3aHHbIE YCHUIINS B3aHMHO
KOMIIEHCHPYIOT JIpYyT ApYra U HE CO3/aloT Iepe-
pacnpeneneHus Harpy3ok 1o ocsm. Ha mpenio-
JKEHHYIO KOHCTPYKIIMIO aBTOpaMH IOJIy4eH I1a-
TEHT Ha 1ose3Hywo moaens [10].

Jly11 MaHEBPOBBIX TEILUIOBO30B C ACUHXPOH-
HbIMU T/ ¥ xKeCcTKUMH 3y0UaThIMHU IIepeiadaMu
(manpumep, TOM23) aBropaMu npenjoxeHa
KOHCTPYKIHS, B KOTOPOH MOABECKH, BKJIIOYAO-
1ye B ce0sl apHUPHI ¥ INIOCKHUE aMOPTH3aTOPBI,
racsiye yaapsl IpH MPOXOXKICHUH HEPOBHOCTEN
ITyTH, KPEIsITCs K KOPHITOOOpa3HOW TpaBepce
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Puc. 6. Ycmpoiicmeo dns kpennexusi T[] nokoMomuea k pame menexku: 1, 2— nodeecku; 3, 4 — wapHupbI; 5, 6 — Ha6opbI NNOCKUX
ynpyaux anemeHmos; 7 - mpasepca; 8, 9 - 2aiiku; 10, 11 - mazoebie anekmpodsuzamenu; 12, 13 - eanuku; 14, 15- cmonopHbIe nnaHku;
16, 17 - 6onmsi; 18, 19 — kpoHWMeliHbI; 20 — yeHmp msxecmu menexku [11].

(puc. 6). Ha manHy0 KOHCTPYKIIHIO TAKXKe MOy~
YeH MaTeHT Ha TOJIe3HYI0 Monenb [11].

ITpn HecOamaHCHPOBAaHHOM PECCOPHOM ITOJ-
BEIIMBAHUH MPOE3/] KOPOTKUX HEPOBHOCTEH 0e3
ydeTa KojleOaHUH HaApEeCCOPHOTO CTPOCHHS
MOXKET PaCCMaTpHUBaThCA KaK KBa3UCTATHICCKUH
TIpOIIeCcC, NPUBOMAIINI K IepepacipeieIeHHIO
Harpy3ok no ocsiM. CHMXXEHHUE BIUSHUS JIaH-
HOTO (pakTOpa MOXKET OBITH TOCTUTHYTO C TIOMO-
IO YHOMSIHYTOTO BBIIIE COaJIaHCHPOBAHHOTO
PECCOPHOTO MOAIBEIINBAHIS TMOO YBEINICHHEM
00IIIer0 CTaTHYECKOTO IMPOTuOa PeCCOPHOTO MO~
BEIIMBAaHUSL.

Crnenyer oTMETHTH, 9TO 00a IMyTH (OXHO-
CTyINeH4YaToe cOalaHCHPOBaHHOE PECCOPHOE
TIO/IBEIIBAHKE U JIByXCTYIIEHUATOE C IIepeaadci
TSATOBOTO YCHITUS HAKIIOHHOM TATOM) TIO3BOJISTIOT
peann30BaTh IPUMEPHO OIMHAKOBBIC 3HAUCHUS
1. Tak, y Tenexxkun TeruioBoza TOM21 ¢ HakIIoH-
HOHM TATOM M JBYXCTYIEHYAaTHBIM IOJBELINBA-
HueM 1 = 0,921, y Tenexku TeruioBoza 2172121
co cbaaHCHPOBAHHBIM OZHOCTYNEHYATHIM
peccopHbIM noasermmBanueM 1 = 0,92.

OTxenbHBIM BOIPOCOM SIBISIETCS IIENIECO-
00pa3HOCTh NMPUMEHEHHUS TPYNIIOBOTO IPHBOAA
JUTSL 7IEKTPOBO30B 1 TEIUIOBO30B C AJIEKTPOTIEpe-
nmadeit. C omHOI CTOPOHBI, MEXaHUIECKOE COIe-
HEHHE OCEH KOMIIEHCHPYET HEpaBHOMEPHOCTH
pacripesieNnieHusl CIEMHBIX CBOMCTB B Mpeenax
TEJISKKH, UTO YIPOIIAET PETYINPOBAHUE CHIIBI
Tsru. C Ipyroi CTOPOHBI, TAaKOW MPUBOJ TPeOyeT
YBEIMYEHNS MOLIHOCTH NMpUMEHseMbIX TO]]
1 YCIOXHEHHUS PEMOHTa HKHMIIAKHOI YacTH.
B cBsI3u ¢ 3THIME 00CTOATEIECTBAMY IPIMEHEHHUE
TPYIIIOBOTO IPHBOIA B ONMKAMIIIeH ITepCrieKTHRE
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HUMEEeT CMBICI B MIEPBYIO OYepeIb A TIPOMBIIII-
JIEHHBIX JIOKOMOTHBOB, UMEIOIIUX MEHBIIYIO
MotHOCTh TOJI, B CBSI3M € YeM B IAHHOH CTaThe
BJIMSIHUE TPYTIIOBOTO IPHBOMA HA TOBBIIICHUE
KO3 PHIIHCHTA CLETIICHUS HE PACCMATPHBACTCS.

Hunamuueckue ghaxmoput

K muramugecknm pakropaM B TaHHOM KIac-
CHU(UKAIMN OTHECEHBI T€, KOTOPHIE ONpEes-
I0TCSI HE TOJIBKO T€OMETPUIECKUMH pa3MepaMH,
CTaTHYECKUMH YCHIMSAMH U BETMUMHAMHY TIepe-
MEIICHUS AIIEMEHTOB KOHCTPYKIMH, HO TaKXke
1 MacCoii 37IEMEHTOB M YIPYTO-IMCCUTIATUBHBIMA
CBOMCTBaMHM CBsi3el Mexay HUMU. J(MHaMuye-
ckue (aKTopbl pas3AeIeHbl Ha TPYIIIb, COOTBET-
CTBYIOIIME SBJICHUSIM, BBICTYIAIONINM B Kaue-
CTBE IPUYUHBI UX TPOSBICHNUS:

— HaM4ue TUHAMHAYECKOH (IepeMeHHOH)
COCTaBJISIIOILIEN OCEBOM HATPY3KHU ITPU JBHKEHUN
10 HEPOBHOCTAM ITyTH;

— HaJIMUME TUHAMHYECKOM COCTAaBIISAIONIEH
KPYTAIIEr0o MOMEHTA B BaJIONIPOBOJIaX TATOBOTO
MIPUBOAA;

— pa3BUTHE (PPUKIIMOHHBIX aBTOKOJICOAHUH
IIPU CKOJIBXXEHUH KOJICCHOM Maphl 10 peIbcam.

JluHaMu4eckasi COCTaBIISIONIAs OCEBOM Ha-
TPY3KH, B CBOIO OYEPE/Ib, CKIIAIBIBACTCS U3 IUHA-
MHYECKHUX yCHIHN MIPH KOJIeOaHNU HeoOpecco-
PEHHBIX U 00pPECCOPEHHBIX MacC.

BrnusiHue xonebaHMit HEOOPECCOPEHHBIX
Macc Ha CIEMHBIE CBOHCTBA PacCMOTPHUM Ha
[IpUMEpPE Mpoe3/1a KOJIECHOM Mapoil CTHIKOBOM
HepoBHOCTH (puc. 7).

[Tocne npoe3na KosecHO! napoi yria nepe-
JIOMa B CTHIKE (pHC. 7 @) BEpTUKAIbHAas COCTaB-
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JISFOIAasi CKOPOCTH HEMOAPECCOPEHHOM Macchl
MI'HOBEHHO W3MEHSIETCsl, U KWHETHUEeCKask SHep-
TSI HETIOJPECCOPEHHONW Macchl JI0JDKHA OBITH
TroranieHa 3a C4eT PEeBpalICHUs B TOTCHINAIb-
HYIO SHEPTHIO JIepOpMaIIi BEPXHETO CTPOCHHS
ITyTH Ha BEJIMYHMHY X M TEIUIOBYIO SHEPTHUIO 3a
CUET TPEHUS] B BEPXHEM CTPOCHUHU MYTH NpPHU
yKa3aHHOW AuHamMu4eckoi nedopmanuu. [Ipu
9TOM BO3HUKAET YCKOPEHHUE KOJIECHOM Mmaphl X ,
HalpaBJeHHOE BBEPX, B PE3YJIbTATE YEr0 MaKCH-
MaJbHOE 00lee YyCHINe Harpy3KH KOJIECHOM
TIapbl Ha PENTbChI COCTABUT (TIPH MTPEACTABICHUH
Harpy3KH II0JIpeCCOPEHHBIX Macc, KaK KBa3u-
CTaTUYECKOM):
FcyMl=mog+mH(g+)'él)=Foc+mHjc‘l, )
rae g= 9,81 m/c? — yckopeHue CBOOOIHOrO majie-
HUS,;

m_ — BEJMYHHA MOJPECCOPEHHOH MacCH,
TIPUXOASIIEHCS Ha OJJHY OCb;

m_ — BEJMYMHA HEMOAPECCOPEHHON MacCHhl,
MIPUXOASIIEHCS Ha OJJHY OCb;

¥, — MakCUMaJIbHOE YCKOpPEHHE NpHU yaape
(puc. 7 6);

F _— crarndeckas Harpyska Ha OCb.

ITocne noramieHus: BepTUKAIbHOI COCTaB-
JSAOIEH CKOPOCTH KOJIECHOM Mapbl BEpXHee
CTpOEHHE MyTH MOJ ASHCTBUEM CHJI YIIPYTOCTH
CTPEMHTHCS BEPHYTHCS B IEPBOHAYAIBHOE I10JI0-
JKEHHe, Coo01I1ast KOJIECHOH Mape BEPTUKAIIbHYTO
CKOpOCTb, HallpaBJIEHHYIO BBEPX, ¥ OTEHIIHAIIb-
Hast 9HepTHs 1e()OPMHUPOBAHHOTO BEPXHETO
CTPOCGHHS NpEBpaIlaeTcs B KHHETHYECKYIO
9HEPTHUIO HemlojpeccopeHHoil maccel. [locie
BO3BpAILEHHS] BEPXHETO CTPOCHUS ITyTH B I10JI0-
JKEHHEe, COOTBETCTBYIoLIee AeGOpMaluu MpH
CTaTMYECKOW Harpyske, JBM)KEHUE KOJIECHOU
rapsl BBEpX 3aMeEIJISIETCs 3a CUET JeHCTBHS
0CeBOM Harpy3KH (puc. 7 0), 1 ycuinme Harpy3ku
KOJIECHOH Tapbl Ha PebC COCTABUT:
F,,=mg+m (g—5%)=F, —mxX,, 2)

cym2
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Puc. 7. U3smeHeHus ocesoli Hazpy3Ku npu Kose6aHusiX HenodPeCcCoPeHHbIX Macc:
a) dechopmayusi cmbika cpa3y nocne npoesda Koneca; 6) 8o3epaujeHue 8 UCXOGHOE NOMOXEHUE; 8) NPUMEPHbIU 2paghuk ycKopeHull
HenodpeccopeHHol Macchl [asmop cxembl U3mepoe O. B.].

rae X, — MaKCHUMaJIbHOC YCKOPCHUE MPH OTPHU-
LATEILHOM IOJIyTIiepruo/e KojdeOaHuil Henoa-
PECCOpPEHHBIX Macc mociie yaapa (puc. 7 6).
Takum 00pa3oM, MPOUCXOTUT JUHAMHYCCKAS
pasrpyska KoJleCHOM 1apbl Ha BETMYMHY m * %, .
3a cuer paccesiHUs SHEPrUU NpH Aedopmarin
BEPXHET0 CTPOCHUs IyTH X, <X, . Mccnenopanus
BEJIMYUH ¥, K HACTOSIIEMY BPEMCHH HE MPOU3-
BOJMIIMCh, HO MOXXHO YTBEPXIaTh, YTO X,
B cpelHeM OyaeT NponoplroHalbHa ¥, U ee
BEJIMYUHA JJIs1 OTJCIIBHO B3ATOU CTHIKOBOW HE-
POBHOCTH OyIEeT 3aBUCETh OT HEIUHCHHOCTH
JKECTKOCTHOMN XapaKTEPUCTUKH BEPXHETO CTPOE-
HUS My TH, CTETICHHU PACCESTHUS SHEPTHH KoJieha-
HUH HEOOPECCOPEHHBIX MACC U HATUYMUS APYTHX
dbopM KkonebaHUl HEOOPECCOPEHHBIX Macc.
B niepBoM mpHOIMKEHUH MOXKHO TIPUHSTD, YTO
X,= 0,75-% . TakuM oOpa3oM, sl TEIIOBO3a
2T325a pu %,=50 m/c?, m =3900 kru F =
245 xH monyuyuM MUHMMAJIbHYIO BEIUUYHUHY
JUHAMUYecKo Harpy3ku Ha och okoso 100 kH
unu cHmwkenue 110 0,41 oT cpeaHel BeTUYUHEI.
OnHako, Mepexos K BIUSHUIO THHAMUYC-
CKOM pa3rpy3KH OCH Ha CLIETTHbIE CBOHCTBA JIOKO-
MOTHBA, HEOOXOUMO YUHUTHIBATh TAKKE BPEMSs
JNEUCTBUS Pa3rpy3KH U MHEPIHMIO BPAIICHUS
KOJICCHOM TMaphl MPU MOTEPE CICIUICHHUS, T0-
CKOJIbKY 4acTOTa KoJieOaHHi HEMOPECCOPEHHBIX
Macc 1o Husuiel (Gopme MpH OMOPHO-O0CEBOM
MPHUBOMAC ISl Pa3HBIX JTOKOMOTHBOB OOBIYHO
Haxoautcs B nuamnazone 20...40 T'm. daHHbIHA
BOIIPOC B HACTOSIIEE BPEMs MPAKTUUYCCKU HE
H3yYCH, TO3TOMY MOYKHO OTPAHUYUTHCS BBIBO-
JIOM O 11eJIeCO00Pa3HOCTH CHIDKCHUS J0NIU He-
TIOAIPECCOPEHHON Macchl B 001Iel Macce JIOKO-
MOTHBA, YTO, B MEPBYIO OYEPE/Ib, TOCTUTACTCS
MPUMEHEHHEM OITOPHO-PAMHOTO MPHBOJA.
Harpy3ky Ha OCh Ipu €€ U3MCHCHHH BCIIC-
CTBUE KOJIeOaHUIT MOJIPeCcCOPEHHBIX Mace, MPo-
ucxomAnmx ¢ yactorou 1,5...2,5 I’y (ky3oBa)
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Puc. 8. MakcumanbHble 8epmukasnbHble nepemeujeHusi 6ykcbl omHOCUMENbHO paMbl menexku mennogo3a 2T3121-011, yuacmok Bopkyma -
CocHozopck [no OaHHbIM, noy4eHHbIM W3meposbim O. B.].
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Puc. 9. Yentocmnas 6ykca mennoeo3a T333a: 1 - 6ykca; 2 - yentocmu; 3 — HanUYHUK; 4 - npyxuHa 6ykcoso2o nodeewusaHus [30].

u4...6 I'n (Tenexku), Mo OTHOIICHHIO K AMHA-
MHYECKHM MIPOIECCAM B TATOBOM IIPHBOJE IIPH
CKOJIBXKEHHUH KOJIECA TI0 PEIbCY MOKHO CUUTATh
kBazucraruyeckoil. Takum oOpa3om, n3MeHe-
HUE Harpy3KH Ha OCh MOXHO OLIEHHUTB, Pa3JeIIHB
aMIUIUTYJy BEPTHKaJIbHOTO MEpEeMELIeHUS
OyKCBI OTHOCUTEJIBHO PaMBbl TEJIEKKH IIPH JBH-
JKEHUH JIOKOMOTHBA HA BEIMIUHY CTATHYECKOTO
nporuba OykcoBoil crymnenu. Tak, amus Terio-
Bo3a 2TD121 npu ucHBITaHUAX HA ydacTKe
BopkyTa — CocHOropck cpeiHeMaKCHUMalbHbIE
aMIUIUTYJbl BEPTUKAJIbHBIX MEPEMEIICHUN
OyKChl TIpH CKOpPOCTU 27 KM/4 COCTaBIsIN
7,5 MM (puc. 8) mpu CTaTUIECKOM IPOrude
OykcoBoii crynenu 130 MM; COOTBETCTBEHHO,
Harpy3ka Ha 0Ch MOXeT cHmxkatbes 10 0,942 ot
CpeIHEN BEIMYMHbBl. YMEHBIUUTD BIUSHUE BEP-
THKAJIbHBIX KOJNEOaHWH BO3MOXXHO 3a CUET
yIy4LICHUs] BEPTUKAIBHON IMHAMHUKH SKUITaXKa
(mpumeHeHue cOaTaHCHPOBaHHOTO PECCOPHOTO
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[OJBELINBAHUS, YBEINICHHE CTATHYECKOTO
nporu6a).

Taxoke mpu KoneOaHUAX 00pecCOpEeHHBIX
Macc TEJIeXKKU Ha CLEIJICHHE KoJIeca C PebCcoM
MOJKET OKa3bIBaTh BIMSHHUE TPEHHUE B YEMIOCTHBIX
oykcax. CornacHo [2], CKOPOCTH CKOJIbKEHUS
JBIDKYIIUX OCEH y JIOKOMOTHBA C YEIIOCTHBIMH
Oyxcamu Ha 5 % BEILIE, 4eM ¢ OeCUEeITIOCTHBIMH.
YemocTHbIe OYKCHI TPOJOIDKAIOT IIPUMEHSATHCS
Ha TerioBo3ax npomssoacTBa CIIIA, B wacTHO-
cTH, Ha TemnoBo3e TD33a, sKCIuTyaTupyeMoMm
B HEKOTOPBIX CTpaHaxX OJMKHEro 3apy0exbs
(puc. 9). Bnusinue TpeHust BO QpPUKIIMOHHBIX
racuTensx KojebaHui epBoil CTyneHn peccop-
HOTO ITOJIBEIIMBaHUSL, ITUPOKO IPHUMEHSFOIINXCS
Ha OTEYECTBEHHBIX TEIUIOBO3aX, B HACTOsAIIEe
BpeMs He HCCIIEA0BAHO, OAHAKO CIIETyeT IPHHATD
BO BHHUMaHHE, YTO B TacUTENAX KoleOaHW,
B OTJIMYHE OT YEJIIOCTHBIX OyKC CHJIa TPEHUS He
YBEJINYNBACTCS IPONOPLUOHAIBEHO CHIIE TSATH.
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Puc. 10. OnopHo-ocesoli npugod ¢ xecmkoli 3y64amoli nepedayeii: a) mennoeo3 T333a;
6) anekmpogo3 BKI™-1; 8) anexmpoeo3 23B-120; 1- T3[; 2 - ean T3[; 3 - ock konecHoll napbI; 4 — pPOMOPHbIU NOGWIUNHUK;
5 - manoe 3y64amoe koneco; 6 - 6onbuioe 3y64amoe koneco; 7 — ocegoil nodwunHuk; 8 - kopnyc pedykmopa;
9 - Mmem6parHas mygpma; 10 - nodwunHuku pedykmopa [29].

W3BecTHO, YTO ITUHAMHYECKAs COCTaBIISIO-
masi KPyTSAMIero MOMEHTA B TATOBOM IIPUBOJE,
BO3HHUKAIOIIAS IPU TIPOE3/Ie BEPTUKAIBHBIX HE-
POBHOCTEH IyTH U BCIICICTBHE KOJICOAHUH HAMI-
PECCOPHOTOTO CTPOEHHS, OKa3bIBaCT 3HAYNTENb-
HOE BIIMSIHUE Ha CIIEITHBIE CBOWCTBA IOKOMOTHBA.
Tax, OBIJIO YCTaHOBJIEHO, YTO Ha TEIUIOBO3E
2T310J1, umeromieM OMOPHO-OCEBOI MPUBOI
¢ ’KecTKoW 3yOuaroil mepemadeit, mpu mpoesae
YYacTKOB ITyTH C BOTHOOOpa3HbIM H3HOCOM Ha-
6mromanock CHIKeHHE KO QUITEHTa CIeTIIe-
Hus Ha 20 % u Gonee [2]. Bonee Toro, B [12]
JUHAMHUYECKUH KPY TN MOMEHT IIPH JKECTKON
3y04aToli mepenaue paccMaTpuBaeTcs Kak MpH-
YIHA BOTHOOOPa3HOTO N3HOCA penbcoB. Mccie-
noBaHUs [4] IOKa3amm, 9TO MPH KECTKOH 3y0da-
Toii mepenmade TeroBo3a 2TD10J1 auHamude-
CKHf MOMEHT Ha BaJIy TATOBOTO MIICKTPOJBUTA-
tenst (TOJ]) mocturan 9,4 xkHwm. Ilpu Takoit
BETMYMHE MOMEHTA M HAJIMYHUU CICTUICHUS KO-
Jieca ¢ peIbCcoM 0CeBasi CHIIA TATH JODKHA Obliia
051 coctaButh 82 kH, a = 0,39, 9yTO yKa3eBaeT
Ha BO3MOXXHOCTH IIPOCKAIB3BIBAHIS KOJIeca IO
PpernbCy, KOrzia COpOTHBIEHHE ANHAMUYECKOMY
MOMEHTY CO3AAeTCs KaK CHJION TPEHHS CKOJb-
JKCHHSI, TaK ¥ MHEPITUECH BPAaIIarOIInXCS Macc
KoJeca.

Kak ykazano B [12], mpuMeHeHHE yTIPYTOTO
KoJieca B OIOPHO-OCEBOM TSTOBOM IIPHUBOJC
TPY30BBIX TEIUIOBO30B, ITPUBEAS K CHIDKCHHIO
JUHAMUYIECKOTO MOMEHTa IPHMEPHO BTpPOE,
YMEHBIIMIO CKJIOHHOCTH K OOKCOBaHHWIO M Ha
15 % CHHU3WIO MHTEHCHUBHOCTEH M3HOCA OaHia-
xke#. B pesynmprare k 80-M rogam mpouuioro
BEKa Tepeada ¢ yOpyruM 3BEHOM ObLIa BHe-
JIpeHa Ha BCEX MaruCTPaJIbHBIX TPY30BBIX TEILIO-
BO3aX C OIIOPHO-OCEBBIM MPHUBOIOM, W OBLIO
co3maHo ympyroe 3youaroe kxoneco (Y3K) mns
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MIPUMEHEHUS B IBYCTOPOHHEH TATOBOM Nepeaaue
OTEYECTBEHHBIX TPY30BBIX AEKTPoBO30B. C Apy-
TOW CTOPOHBI, HCTIOJIb30BaHNE OECKOJUIEKTOPHBIX
T3/l Ha 3apyOe’KHBIX TPY30BBIX JOKOMOTHBAX
B HACTOSIIIIEE BPEMsI IIPUBETIO K BO3BPATY K KECT-
Koii 3y0uaroii mepenade (puc. 10).

BbI00p KOHCTPYKTHBHBIX pEUICHUI B TPH-
BOJIaX, MOKa3aHHBIX Ha puc. 10, oOycioBieH
CTpEeMJICHHEM YMEHBIIUTH AUAaMETP MaJoro
3y0uaroro Kojieca Tepenaq, A TMOBBIIICHUS
TIepEATOYHOTO YHCIIA B OMHOCTYIEHIATOH ITepe-
Jlade W MOBBIIICHUS MaKCHMAaJIBHOTO YHCIa
ob6opotoB TOI, uTo, B CBOIO 0YepeIh, TIO3BOISIET
CHHM3HTH HETIOAPECCOPEHHYIO Maccy. B mpuBoze
termoBo3a TO33a (ES44ACi, pa3paboTka KOM-
narnn General Electric, CILIA) a7t yMeHbIICHHS
JMaMeTpa Majioro 3y04aToro Koeca 3yObst Hape-
3aHBI Ha camoM Bay TOJI (puc. 10a), gaTo Tpe-
OyeT M3rOTOBJICHUS Bajla U3 BHICOKOJICTHPOBAH-
HOW ctanu u pa3zdopku TI]] ¢ pacmpeccoBKoit
MakeTa CTAIM POTOpa B cIydae M3HOCA Bajla-
IIECTEPHN, TMO0 BOCCTAHOBIICHNUS 3yObEB ITyTEM
Har1aBky. B mpuBoze anexkrpososa BKI'-1 (pas-
paborka [daryHckoro 3aBoxa, KHP, coBmecTHO
¢ xkommnanueit Alstom, ®pannus, Ha OCHOBE
anekTpoBo3a Alstom Prima 47000) manoe 3y0-
gaToe KoJieco mocakeHo Ha Ban TOJ] ¢ HaTsaToM,
HO M3-32 MaJIOTO AWaMeTpa 3y04aToro kojeca
JUIS YBETUYEHUS CTYNHIBI KOJIECO MPHIIIOCH
Pa3MEeCTUTh MEXy POTOPHBIMH MTOAIINITHUKAMHI
(puc. 1006). B mpuBone anekrposoza 20B-120
(paspabotka ¢upmbl Bombardier, Kanana) ms
YBEIMUYCHUS CPOKA CITy>KOBI MOAMIMITHIKOB BaJl
pOTOpa OIHUM KOHIIOM OINHPAETCsl Ha Baj-IIe-
cTepHIO oceBoro peaykropa (puc. 10B). Ilpu
9TOM TATOBas Mepenada ISl CHIKEHHS yIapoB
B 3aICIJICHHNH BO BCEX CIy4asX BBHIMIOJTHEHA
¢ HEOONBIINM HAKJIOHOM 3yObEB, BCICICTBHE
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Puc. 11. MakcumanbHble eepmuKkanbHble yckopeHusi ocegozo pedykmopa mennogo3da 2T3121-011, yuacmok Bopkyma-CocHozopck
[no daHHbIM, nonyyeHHbIM U3mepoebim O. B.].

4Yero B Hell BO3HUKAIOT IOIEPEYHBIE yCHUIIHS,
sarpyassronue coznanne Y3K. Ipyrum dakro-
poM, 3aTpyaHstonM npuMmernenue Y3K, crano
YMEHBIICHHE MOJIYJS TATOBOM Nepenavyul 10
8...9 MM, 4TO yBeIMUUBAET BIUSHUE PagHaib-
HOTO 3a30pa B COEMHEHHUHU BEHIA CO CTYIHLEH
Ha JIONTOBEYHOCTH MEpeiayuH.

Pacuer nuHaMHYeCKMX MOMEHTOB, JIEH-
CTBYIOILIMX B TATOBOM ITPUBOJE C )KECTKOU 3y0-
4aToii epesayeii, 3aTpyAHeH BCIEACTBHIE CIOXK-
HOCTH pacyeTa BHOPOyHapHBIX Harpy3ok IpH
TepeKaake 3yObeB U OTCYTCTBHS TOUHBIX JIaH-
HBIX O psifie TapaMeTpoB (HaIpuMep, O KOHTaKT-
HOM ECTKOCTH 3yObeB ITPH HAJIMUMH CMa3KH Ha
MIOBEPXHOCTH) M yUeTa IIPOCKAIIb3BIBAHUS KOJIe-
ca 1o pesbey. B cBs3u ¢ 3TM nonpoOyeM npu-
OMKEHHO OLICHHUTh BEJMUUHY JUHAMUYECKOTO
MOMEHTa B MpuBoje Temioso3a TO33a mpu
yCIIOBUH 0€33a30pHOT0 3alleTUICHHS U COXpaHe-
HUH CLICTUICHHS KOJIECHOH Haphl C PEILCOM.

Ha ocnoBanuu [11] 3aBucuMocCTb qUHAMU-
YeCKOro MOMEHTA Ha BaJIy TSTOBOT'O AJIEKTPO/BH-
rarenst TOJI konec KoJieCHOM maphl OT BEPTHKAb-
HBIX YCKOPEHHUI OCH KOJIECHOH Mapbl MOXKHO
OIPEACIUTD CIEAYIONMM 00pa3oM:
RAGDN

s 3
rae X,, — BEpTHKAJIbHBIE YCKOPEHHS OCH KOJieC-
HOW TIaphl, M/CEK;

¢ =0,85 M — paccTostHUE MEXy TOUKOI 1TO1-
Beca K pame (Toukoit mosopora KMbB mpwu mpo-
XOXKJICHUH BEPTUKAIIBHBIX HEPOBHOCTEH) M OCBIO
KOJIECHOH Mapsl;

I — MoMmeHT MHepuuH poTopa TOM; i =
5,3125 — nepenarounoe unco (85:16).

BeprukansHoe yckopenue TOJl Hang ocbio
KOJIECHOH TIaphl OIpeNIeNINM Ha OCHOBE MH(OP-
Manuu 00 YCKOPEHHX KOJIECHOM aphl IPUBO/Ia-
aHajora:
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“Kﬂ “Kﬂa — b (4)

rae X, —CcpelHeMaKcHMallbHble 3HaUYeHNUs Bep-
THKaJIbHBIX YCKOPEHHH KOJIECHOH Maphbl JIOKOMO-
THBA-aHAJIOTa IPU CKOPOCTH JIBMKEHUSI HA PYKO-
BOJISIIIIEM TIOJTbEME.

B kauecTBe aHanora nmpuMeM TEIUIOBO3
2T2121 (puc. 11), a cKOpOCTh ABMKCHHS HA
PYKOBOJISIIIIEM TTOJbeMe pHMeM paBHO#H 30 kM/4
(4TO IOMYCTHMO, TaK KaK pacdeT AeiaeTcs
C 1IeJIBIO0 IIPOaHAIN3UPOBATh ITPEXKIE BCETO Kade-
CTBEHHYIO CTOPOHY SIBJICHUS), TOrna U3 puc. 10
X =55 M/ m_= 4200 Kr — BeJMYKMHA HEMO/-
PpeCcCOpEeHHO Macchl aHajIora, NPUXOAIIAscs Ha
onHy ock. UTo KacaeTcsi HENOAPECCOPEHHON
Macchl TemioBo3a THO33a, HCXoIUM 13 TOTO, UTO
macca TOIl SGEB30A1TM paBHna 2268 kr npo-
tuB Maccsl TOJI 3100 kr Ha TerioBoze 2TA10J1
C YENMOCTHBIMH OyKCaMU ¥ HETOPeCCOPEHHOMN
Maccoit 4440 xr, 1 3TO JaeT OCHOBAHUS IPUHSATh
BEJINUMHY HeoOpeccopeHHO# Macchl it TO33a
MeHnbliei, uem 2T210J1, Ha BeMYUHY, paBHYIO
nosioBuHe pasHuilel Mace TOJI, T.e. m =4000 kr.
C yka3aHHBIMH 3HaYEHUSIMU [1APAMETPOB MOITY-
qaeMm X, =56 m/c?.

MowmenT nHepuuu poropa TOJ] npubmusu-
TEJIBHO IPUMEM PaBHBIM MOMEHTY HHEPIHH
LWINH/PA B BUJE MTAKETa 3JIEKTPOTEXHHYECKON
CTaJM IIOTHOCTHIO Y = 7650 Kr/M?%, pauycom r
=0,225 M u aimaHoi 1 = 0,5 m:

4
I, = yn%l . (%)

Ipu ykasaHHbIX mapamerpax I = 15,4 kr/m%

[Moncrasmnsst monydeHnple 3HadeHUsA B (3),
TIOJIyYMM CPEAHEMAKCHMANIbHOE 3HaYeHne M =
6,4 xHM, 9TO COOTBETCTBYEeT AMHAMHUYCCKOM
COCTAaBIISIONICH TATOBOTO ycmius Ha ocu 65 kH
n ko3 punmenty tru y = 0,28. 310 03HaUaeT,
YTO, CyMMapHOE CTaTHYECKOE U THUHAMHYECCKOE
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Puc. 12. MakcumanbHble QuHaMuyeckue MOMEHMbI Ha 8asty oceeo20 pedykmopa mennoso3a 2T3121-011, ysacmok Bopkyma-CocHozopck,
8 pasHbIX pexumax deuxeHus [no daHHbIM, nony4yeHHbIM U3mepoesim O. B.].

TSTOBOE YCHJIME B ATOM CIIy4ae MPEBBIIIao Obl
TpeJielt 1o CLEIUIeHNI0. TakuM 00pa3oMm, KecT-
Kasi 3yOuarasi mepenada Ha TeruioBose TD33a
JIOJDKHA ITPUBOIIUTH K TEM XKe CaMbIM IpodiieMam
C YXyAUIEHUEM CIEIUICHHS MPU MPOXOXKICHUN
BEPTHKAJIBHBIX HEPOBHOCTEH MyTH, KOTOpHIE
paHee Habmomaduch Ha TemtoBo3e 2TI10J1,
HECMOTpsI Ha TO, YTO IPUMEHEHHE aCHHXPOH-
Horo TOJI mo3Boawmiio cau3uth maccy TOI B 1,4
pa3a u MoMeHT uHepuuu sxops TOJl — mouru
BJIBOE.

Kak Obl710 yka3aHO BbINIE, TPUMEHEHHE
YOPYTrUuX 3BEHbEB B BaJIOTIPOBOJIaX OIOPHO-
OCEBOT0 MPHUBOJAA MO3BOJSIET CHU3UTh MaKCH-
MaJIbHbIE 3HAYCHHS TUHAMHUYECKOTO MOMEHTa
nouTH Brpoe. IPPEeKTHBHOE CHIKEHUE IUHAMH-
YEeCKOT0 MOMEHTA JJOCTUTAETCs U ITyTeM IpHMe-
HEHUsI OTIOPHO-PaMHOTO MpHBoya. Kak rokazaHo
Ha puc. 12, B OTIOPHO-PaMHOM IIPUBOJIE C OCEBBIM
penykTopoM Terutoo3a 2T2121 Haubosnee BbIco-
KM€ MaKCHMaJIbHbIe MOMEHTHI HaOIIONaI0TCs
B PeXXUMeE BbIOEra; B peKHUME TATH CO CKOPOCTHIO
50 kM/4 (4TO COOTBETCTBYET CKOPOCTH YaCOBOTO
peXHMMa TPy30BBIX AJIEKTPOBO30B) BEIMYMHA
Cpe/IHeMaKCUMaJIbHON JAMHAMUYECKON COCTaB-
JSFOIIEl MOMEHTA Ha BaJly OCEBOTO PEyKTopa
cocTapisieT mpuMepHo 2,25 kHwm, uto ans gaH-
HOTO JIOKOMOTHBA COOTBETCTBYET TSITOBOMY
yemnuto Ha ocu 15,5 kH n koaddunmenty taru
vy =0,06.

IIpu onopHO-paMHOM IPUBOJZIE C MOJBIM
BaJIOM JIByXOCHOH TeNIC)KKH 1eKTpoBo3a BJI84
B BapUaHTE C MOBOJKOBHIMH MY(pTaMU MaKCH-
MaJlbHasl BeJIMYMHA AUHAMUYECKOI COCTaBIISIIO-
e KpyTsIero MoMeHTa cocrasuia 6,5 kHm
[14], 9T0 COOTBETCTBYET TATOBOMY YCHJIMIO Ha
ocu 30 kH u y = 0,12; 1711 TENEkKEK € )KECTKUMHU
OIopaMu Ky30Ba B OMOPHO-PAMHOM ITPHBOJIE
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C TIOJIBIM BaJIOM TUHAMHYECKHH KPYTAIINI MO-
MEHT HEe3HAYHTEJICH.

E1ie onHUM myTeM CHYU)KEHUS AMHAMHYIECKOM
COCTAaBJISIOIIEH KPYTSIIETO MOMEHTA B TPUBOZIE
U OJIIHOBPEMEHHO HEIMOAPECCOPEHHONH MaccChl
sBIseTCs ynpyroe onupanue TOJl Ha ock wiu
KOJIECHBIN I[EHTp (TaK Ha3bIBaeMBIil OMOPHO-
LEeHTpoBOH npuBoxa). Kak nokasanu nccnenosa-
HYsI [6], TOZOOHBII TPUBOA MOXKET OBITh 3 Pek-
THBEH NpH AuameTpe koneca 1250 MM, HoCKoIIb-
Ky npu auametpe koneca 1050 mm Henmocra-
TOYHO MecTa JJIsi pa3MelleHHs YHpYTrux
9JIEMEHTOB, 00ECMEYHBAIOIINX JI0CTATOYHOE
CHIJKEHUE BepTHKaldbHBIX yckopeHuir TO/.
B nenom 3¢ ¢peKTHBHOCTD yIIpyroro onupaHus
TO]] Ha KONECHYIO Mapy CHM)KAETCS MPH MOBHI-
LIEHUU YACJIBHOTO KPYTALIEr0 MOMEHTAa Ha
eanHuily Maccbl TOJI, mockonbKy npenenbHbIe
neopManui yIpyrux JIEMEHTOB OT JCHCTBUS
KPYTSILEr0 MOMEHTa OIPaHUYHMBAIOT BO3MOXK-
HOCTbh CHM)KEHHS UX JKECTKOCTH B paliaIbHOM
HarpasieHnH. TakuM 00pa3oM, HCIIOJIb30BaHHE
MIpUBOAA C yIpyruMm omupanueM TO]] Ha och
KOJIECHOW Mapbl JJIsi TPY30BBIX JIOKOMOTHBOB
HUMEET CMBICI PacCMaTpHBaTh TOJBKO B Cllydae
AJIEKTPOBO30B C KosutekTopHbiMu TOJI 1 oceBoi
MOIIHOCTEIO, MMoBBIIeHHON 10 1000 u Oomee
kBT

W3BecTHO, 4TO NpH HauaBLIeMCst OOKCOBAaHUH
KOO QUIIUESHT TPEHUSI MKy KOJIECOM H Pellb-
COM YBEJINYMBAETCS, €CITH B CUCTEME IKHITKHOH
YacTH MPUBOJIA BO3HUKAIOT (YPUKIIMOHHBIE aBTO-
kosnebanus [15; 16]. Tak, cornacuo [15], mus
MIPOMBIIITIEHHOTO 31ekTpoBo3a 14KP1 B ciyuae
WHTCHCUBHBIX (DPUKIMOHHBIX aBTOKOJIEOAHMH
KOJIECHOM Tapbl IPU CpeTHEH CKOPOCTH CKOJIb-
eHus 12 KM/4 cpeqjHee 3HaueHNe KacaTeJIbHOTO
YCHUJIHS KOJIECHOW Mapbl MoBbIaeTcsa Ha 38 %
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Puc. 13. 3Mnupuyeckas 3agucumocms Ko3ghghuyueHma cyenneHusi ocu y mennogo3a 2T3121-0036 om omHocumenbHoli ckopocmu
CKOMbXKEHUs1 U/v 8 ciyyae pa3gumusi asmokonebaHull konecHol napbl [no OaHHbIM, nosy4yeHHbIM W3mepoebim O. B.].

10 CPaBHEHHIO ¢ OOKCOBAaHHMEM TIPH OTCYTCTBUH
KPYTHJIbHBIX KoJieOaHui. JlaHHOE siBIeHUE 00b-
SICHSETCS TEM, UTO, BCIICACTBHE CHUXKEHUS KOA(-
¢bunreHTa TpeHUs MpU yBEIUYEHHUH CKOPOCTH
CKOJIBYKEHHUSI, TP KOJIe0aTeIbHOM M3MEHEHHN
CKOPOCTH CKOJILKEHHUS MHTETPaJIbHOE 3HAUCHHE
CWJIBI TPEHHS OKa3bIBaeTCsl BBIIIE, YEM OHO
JIOJKHO OBITh IPU CPEIHEH CKOPOCTH CKOJIBKE-
Hus. O. B. FI3MepoBbIM NpH WUCMBITAHUAX Ha
xonbiie BHUMKT Teruoro3a 2T2121, npuBon
KOTOPOTO CKJIOHEH K Pa3BUTHIO aBTOKOJICOAHUM
KOJIECHOM Mapsbl, ObUIO OOHAPYKEHO, UTO JaXe
ripu ckosibkeHun 10—14 % kosdduipenT cuen-
JICHUSI MOT mocTurath Beawduubel 0,25-0,27
(puc. 13).

IIpu 3TOM HaOIIOAANOCH HE Pa3HOCHOE,
a rnepemMexaromieecs 0O0KCoBaHHe, HECMOTPSI Ha
OTCYTCTBHE Ha JJAHHOM JIOKOMOTHBE ITOOCHOTO
perynupoBanust cuiibl TArH. A. ['omyOeHko B [9]
TaKkKe OTMedaeT (aKT, YTO IKCILUTyaTallMOHHBIH
KO3 GHUIMEHT CHEMICHUs A TEII0BO3a
2T3121 npu UCTIONB30BAaHNUHU TIECKA BBIIIIE, YeM
paccuMTaHHbII COIIACHO HOPMATHBAM TATOBBIX
pacdetoB 1yist TermoBo3oB 2TD10 u 2TO10J1,
MIPU 3TOM JKCIUTyaTalMOHHbBIN Kod(hduueHT
crerieHus 1 TemioBo3oB 2TO10JIu 2T2310B
ObUT HUKE paCYETHBIX HOPMATHBHBIX.

[Ipu OOKCOBaHUM B PEKUME ABHIKEHHSI TIOJT
TATOM HanboJee TUMHYHA (opMa aBTOKoJIeOa-
HUI KOJIECHOM Mapsbl, IPU KOTOPOH KoJieca Ha
OJTHO¥M OCH KOJIeOII0TCS B IpoTHBO(dase. Yeio-
BUsI U Pa3BUTHS TakKMX KoyieOaHUU cyliie-
CTBYIOT B MPUBOJaX, UMEIOLINX yIPyrue 3Be-
HbS B BaJIONIPOBO/iax (OMOPHO-0CEBOI MPHUBOJ
¢ Y3K, onmopHO-paMHBIN TPHUBOJ, OMOPHO-
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LEHTPOBO¥ mpuBox). IIpu 3TOM HEO0OXOIUMO
OTpaHUYMBaTh AMIUIUTYY KOJieOaHuit BO n3be-
KaQHHE TOSBJICHUS HEIOMYCTHMO BBICOKHMX
KacaTeJbHbIX HaNpsDKEHUH B ocH (OrpaHuye-
HUEM CKOPOCTH CKOJIBXKEHHSI WM 32 CUET BH-
OpoynapHOTO rameHus KoJeOaHui B TATOBOU
nepesaye).

IIpennaraemble penieHust
Moodepnusayusi mpexocHot menexncxu
mennogosa

B nacrosmee Bpemst TeriioBo3bl 3TI25kwm,
JKCIITyaTupyeMble Ha BocTouHoMm monurone,
B OCHOBHOM HMEIOT TPEXOCHbIE OeCUEIOCTHRIE
TEJEeKKH, aHAJOTHYHBIE TEJIeKKaM TEeIIOBO3a
2TD116, B cBA3M C YeM I1EJICCOO00PA3HO PACCMOT-
peTh BO3MOXHOCTH MOBBIMIEHUS HX TSITOBBIX
CBOJCTB.

YeTpoiicTBO paccMaTpuBaeMOM TEJIEKKU
JIOCTATOYHO OCBEIICHO B OTCUYECTBEHHON TEXHH-
YECKOHM JIUTeparype, MO3TOMY B HACTOSLIEH
CTaThe PaCCMOTPUM BO3MOXKHBIC H3MEHEHHS:

— IpUMEHEHHe cOalaHCUPOBAaHHOTO PECCOp-
HOTO TIO/IBEIIIMBAHUS;

— YBEJIMYCHHE KECTKOCTH OIOp Ky30Ba Ha
TEJEKKY;

— IPUMEHEHHE ONIOPHO-PAMHOTO ITPUBOJA.

Haubosee mpocThiM CrIOCOOOM peann3aiiinu
c0aIaHCPOBaHHOTO PECCOPHOTO MO/IBEIINBAHHS
JUTSL pacCMaTpUBAEMOM TENEKKH SIBISETCS MPH-
MEHEHHE B OyKCOBOI1 CTyIeHH ITHEBMOTIPY KW H-
HOTO TOJIBEIIMBAHHUs, paHee NPUMEHEHHOTO
B OIBITHOM TOPSIIKE Ha TerioBo3e 2TD116—-184
[10; 18] (puc. 14). CornacHo [17], cratnaeckuit
nporud TaKOTO MOJBEIIMBAHHUS COCTABISET
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Puc. 14. Cxema nHeeMONpPYXUHHO20 NOO8eWUBaHUS Ha YHUULUPOsaHHOU becyemnocmHol menexke: 1 - pesepeyap; 2 — dpoccens;

rs

yka; 7 -

dok 6yKcbl; 8 - mpy6onposod; 9 — pama menexKu;

3 - npyxuHa; 4 - 6ykca; 5 - konecHas napa; 6 — nH

10 - kpoHwmeliH; 11 - npyxuHa; 12 - ebicomopeaynupytowuli knanaH [17].

~—
*

-
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Puc. 15. PesuHomemannuyeckue onopbl Ky308a Ha menexky: a) mpexocHoli 6ecyentocmuoll menexku; 6) mennoeo3sa T333a (CLUA);
8) npednazaemasi aemopamu cmamabu: 1 - 0NOPHbIe NIUMBI; 2 - pe3uHoOMemannuyeckull anemeHm; 3 - kpaiiHue n1acmuHbI apMamyphb;
4 - npoMexymoyHbIie nnacmuHbl apmamypbl; 5 - ol pe3uHbl [29].

150 MM, 4TO JOCTATOYHO JIJIsl TEIJIOBO30B C KOH-
CTPYKIHOHHOH ckopocThio 100...120 km/4.

OKcIepUMEHTAIBHBIMU UCCIIEIOBAHUSAMHU
YCTaHOBIIEHO [9], 9TO NP MTHEBMOIIPY>KHHHOM
MOJBENIMBAaHNH aMIUIMTYAbl JTUHAMHYECKUX
Harpy3oK 0 CpaBHEHHMIO CO IITAaTHBIM BapHaH-
TOM IOJBEIIMBAaHUA Ha OYKCHl CHHU3UIIHUCH
B 1,5...2,5 pa3a, 94TO TaK)Xe CHIDKAeT TUHAMUIC-
CKYIO Pa3rpy3Ky OCH IIPH IIPOXOXKIICHUH BEPTH-
KaJIbHBIX HEPOBHOCTEH ITyTH.

OCHOBHO# TIPOOIEMOM, BOSHUKAOMIEH MpH
HCIIOIb30BAaHUH ITHEBMOIIOIBEIINBAHHS B OyK-
COBOI1 CTYIICHH, ABISIETCS HEOOXOMUMOCTB Orpa-
HUYCHUS BEPTHKAJIBHBIX NEPEMEICHUN OyKC
OTHOCHTEJIEHO paMBbl TEJIEXKH IPU OTCYTCTBHH
BO3/yXa B IIHEBMOpeccopax (Hampumep, IpH
NepeMeIICHIN SKUITaXKa 110 3aBOJICKHM ITyTSIM).
V3BecTHO, YTO TUHAMHYECKHE MepeMEelIeHHs
Oykc OecUerOCTHOW TENEXKH TPH WHIWBUIY-
AJILHOM PECCOPHOM ITOABSIIIMBAHIHI COCTABIISIOT
30...35 MM [4], a ipu cOamaHCHPOBAaHHOM OTHO-
crynerdaroM — 22...26 MM [4; 18], uTo corna-
CYeTCsI C OTMEUCHHBIM BBIIIC SIBICHHEM CHIDKE-
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HUS aMIDIHTY] TUHAMHYECKHX Harpy3ok. OTo
MIO3BOJISICT OXKUIATh, YTO MPU ITHEBMOIIPYKHH-
HOM cOaJIaHCUPOBAHHOM ITOJBEIINBAHHUH JIHA-
MHYECKHE MepeMelIeHHs OyKC OTHOCUTEIBHO
PaMBbI TENEKKH COCTABST MIPUMEPHO 25 MM, YTO
J1aeT BO3MOXKHOCTh OTPaHUYUTh BEPTHKAIbHbBIC
repeMeneHnst OyKChI BETMINHOHN 35 MM, HarlpH-
Mep yCTaHOBKOIl Ha OYKCHI PE3HHOBBIX YIIOPOB.

YBenmn4eHne CTaTHIecKoro mporuba Oykco-
BOU CTYIICHH PECCOPHOTO IOJBELINBAHUS 1103~
BOJISICT YBEIMYHTH )KECTKOCTH OIOp Ky30Ba Ha
TeNeKKY. B KOMOMHMPOBAHHBIX OIIOpax Ky30Ba
OTEYEeCTBEHHBIX TEIUIOBO30B (puc. 15a) omopa
TIpeACTaBIseT co00it Habop AMCKOBBIX IIOCKHIX
OIHOCJIOWHBIX PE3NHOMETAITHYECKHX JIeMEH-
TOB C TONIIIMHOHN pe3nHOBOTO cirost 30 MM U Me-
TAJUIMYECKHUX TUIACTHH TOJNIIMHOK 2 MM, B pe-
3yJIBTATE Yero MeTaJUTNYecKas apMarypa COCTaB-
mstet 12,5 % ot BbIcOTHI MakeTa. Takas KOHCTPYK-
st ObuTa IpUHATA B 60-X TO/1aX MPOIIIOro BeKa
IUTS YIPOIIEHHUS TEXHOJIOTHYECKOH OCHACTKH
IIPH U3TOTOBJICHHH OIIOpP U BO3MOYKHOCTH 3aMe-
HBI OTACIBHBIX MOBPEKICHHBIX DJIEMEHTOB.
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B onopax ky3oBa terioBozoB CIIA (puc. 150)
TIPUMEHSIOTCSI MHOTOCJIOHHBIE PE3UHOMETAILITH-
YEeCKHE MaKeThl, YTO YCIOKHIET OCHACTKY, OJ-
HaKO IMO3BOJISIET YMEHBUIUTh TOJIILIMHY MpPOMe-
JKYTOYHOU apMarypbl U 00ECIIEUUTh OTUHAKOBBIE
CBOWCTBA Pe3UHBI B OIIOPE.

CJenyer OTMETHUTb, YTO BOIIPOC O NPUMEHE-
HUH MHOTOCIJIOWHBIX 3JIEMEHTOB B OIOPaX Ky30-
Ba BMECTO HabOpa OJHOCIIOWHBIX OBUT HOIHST
emte B cepeaune 80-X ToJ0B MPOILIOrO Beka,
OJIHAKO, ITOCKOJIBKY LIENBIO NIPEIIOKEHUs ObLiia
TOJIBKO SKOHOMHSI MeTaJl1a, ujesl He Obuia pea-
nu3oBaHa. B naHHOM ke ciydae (puc. 158)
MIPUMEHEHHE MHOTOCIIOWHOTO AJIEMEHTa M03BO-
JISIeT IPU COXPAHEHHH TOH K& CyMMapHOU ToJI-
LIMHBI PE3UHOBOTO CJI0A (TO €CTh, IPH TEX XKe
OTHOCHTENBHBIX Ae(opMalusx cBHUra MpH I110-
BOPOTE TEJIEKKH) CYHIECTBEHHO YMEHBIIUTH
paccTosiHue MEX]1y IUIACTUHAMU, YBEJIHYHB TEM
CaMbIM JKECTKOCTb OIOPHI B pa3bl U MOBBICHTh
KO3 QULUEHT UCIIOJIb30BaHHS CLICITHOTO Beca.

YBennueHue )KeCTKOCTH OIOp Ky30Ba B COBO-
KYITHOCTH CO cOalaHCUPOBAaHHBIM ITHEBMOIIOI-
BEIIMBAHUEM I103BOJISIET OBBICUTH KOA(DPHIIH-
€HT UCIIOJIb30BaHUS CLIEITHOTO BECa 1) IPUMEPHO
Ha 11 % 1o cpaBHEHUIO CO LITATHBIM BAPHAHTOM
TEJIEKKH.

JanbHeiiiee NOBBIIIIEHHE 3TOTO MOKA3aTeNst
BO3MO)KHO ITPH UCTIONB30BAaHUH OIIOPHO-PAMHOTO
TAroBOro npuBojaa. OnHAaKo PUMEHEHUE TATO-
BOTO [IPUBO/IA C ITOJIBIM BaJIOM Ha OCH KOJIECHOM
napsl Ha TEIJIOBO3E C JMAaMETPOM Kolieca
1050 MM cBsI3aHO CO 3HAUUTENBHBIMHU TPYIHO-
CTSIMH, BBI3BAHHBIMH HE TOJILKO YMEHBIICHHEM
LEHTpaJIM 3y04yaTol nepeaauu u3-3a HeoOXomu-
MOCTH YMEHbBIIICHUS THaMeTpa BEZIOMOro 3yOua-
TOTO KoJieca, HaXOISIIErocst Ha 00peccoOpeHHOM
Macce (yMeHbLIEHHEe uuciia 3yobeB ¢ 75 no 72
nipu moxyiie 10), HO, IIaBHBIM 00pa3oM, U3-3a
pa3MelleH s 0JIOro Bajia Mexkay kopirycoM TO/]
1 OCBIO KOJIECHOM Tapbl, IPU 3TOM PACCTOSIHHUE
MEXJly IOJBIM BajJOM U OCbIO JOJDKHO OBITH
nopsinka 40 mm. Kak nmokazanu npopadotku [19],
TIPY OIHOCTYIIEHYATOH repenade Tpedyercs pas-
MEIIeHNEe MPOMEXYTOYHOTO Koneca. Jpyrum
IyTEM PELIEeHUs SIBISIETCS NPUMEHEHHE OIHO-
CTOPOHHETO IapHUPHO-NIOBOAKOBOIO MEXaHH3-
Ma, 4TO MOTpedyeT CO3JaHus MHOTOCIONHBIX
cepruvecKux pe3nHOMETAJUINYECKUX IapHH-
POB, UMEIOIIMX HArpy304HYIO CIIOCOOHOCTH
B Pa3bl BBIILE 110 CPABHEHHUIO C CYLIECTBYIOIH-
MU. Ha gaHHBI MOMEHT MOXHO JIMIIL KOHCTa-
THPOBATh NMPUHIUIUAIBHYIO BO3MOXHOCTD
CO3/IaHUsI TAKOTO IPHUBO/IA B IEPCIIEKTUBE U Lie-
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JIECO00Pa3HOCTh PabOT B 3TOM HANPABJICHUU,
MOCKOJIBKY OTOPHO-PaMHBIN MPHUBOZ MO3BOJIHUT
HE TOJBKO HECKOJIbKO TOBBICHTH 3HAYCHHE 1|
npuMepHo Ha 4 %, HO U CHU3UTh HENOAPECCO-
PEHHYIO Maccy.

[Tockonbky B JIIOOOM Cilydae HEIOCTATKOM
TPEXOCHOI OeCUeNOCTHON TEJEeKKH OCTaeTCs
3Ha4MTeNbHast 0a3a Mo CPaBHEHUIO C JIBYXOC-
HBIMH, 110 MHEHHUIO aBTOPOB, AJISI TEIJIOBO30B
cepun 3TD25kM, paboralomMx B HacTosIIEe
BpeMsi Ha BoCcTOYHOM MOJIMroHe, UIMEET CMBICI
MOJZIEpHHU3AlIMs B BUJIE BHEPEHHS cOaaHCUpO-
BaHHOTO ITHEBMOIIO/[BEILIMBaHUS U 00JIee KeCT-
KHX OIOp Ky30Ba, 4TO He TpeOyeT 3HaYNTeNbHbIX
W3MEHEHHH B KOHCTPYKIMH TEJIEXKKH U COXpa-
HSET BBICOKYIO CTEIIEHb €€ YHHU(DUKAIUH C CEPUIi-
HBIM BapuanTtoM. J{is peanuzaunu kodpduim-
eHra Tsry y = 0,3 ¥ BbIllIe HEOOXOAMMO CO3/aHKe
HOBOW JKUITaKHOW YacTH, YUYUTHIBAIOIIEH CIie-
uuduky Bocroynoro nosuroHa.

Yuupuyuposannas menescka meniososa
U 91eKmpo8o3a.

B Hacrosiiiiee BpeMst H3BECTHBI IJIAHBI CO3-
JIaHWsI IBYX JIOKOMOTUBOB Juisi BocTouHOTO 110-
suroHa. Tak, AO «Cunapa TpancnoptHeie Ma-
IIMHB IUIAHUPYET CO3/aTh JABYXCEKIIMOHHBIC
Ter1oBo3bl 2THD35a ¢ BOCBMUOCHOM TEJIEHKKOM,
HMEIOIIEH BEPXHIOK MPOMEKYTOUHYIO pamy,
¢ nnuHOU cekuuu 24 M. B cBoio ouepens,
AO «TMX» 1uiaHupyeTcsi co37aTh TPEXCEKIIH-
oHHBIN razoremnoBo3 3TIA30r co cpennei cek-
L{UeH, B KOTOPOH pa3MellleH 3arac C)KUKEHHOTO
rasa Wid JU3eJIbHOIO TOILIURA.

O6a BapuaHTa MMECIOT CBOH JOCTOMHCTBA
U HEIOCTaTKU. BOChMHOCHAs Telle)KKa TeruIo-
Bo3a 2T335a no3BossieT MOBBICUTH KO PHUIH-
SHT CLEIUICHUS B KPUBBIX, OJHAKO MPH 3TOM
OTPaHMYCHO MECTO IMOJ Pa3MEIICHHE TOILIHUB-
HOTO 0aKa Jaxe MpH O0IIeH ITHHE CeKIkn 24 M,
YTO MPEMATCTBYET BO3MOKHOCTHU HCIIOJIB30BATh
CXKIDKCHHBIIH ra3. KpoMe Toro, BepXHss mpoMe-
JKYTOUHast pama uMeeT OOJIBIION Bec, 2 aHOHCH-
poBaHHOe ucnonb3oBanue TOJ oT anekTpoBo3a
29C8, uMeroIero JByCTOPOHHIOK KECTKYIO
3y0OuaTyro mepeaaqy, BeneT K CHHKECHUIO KOd(-
(GUIMEeHTa CLUEIUICHUS MPH TPOE3Ie HEPOBHO-
CTEH ITyTH KaK 3a CYET BHICOKOM HETOIPECCOPCH-
HOM Macchl (ITOCKOJIBKY B HEE BKIIIOYAIOTCSA
BpAIAIOIIUECS MAacChl POTOpa), TaK U BCICI-
CTBUC IMHAMHYECKUX HArpy30K B mpusozae. Ha
terioBo3e 3TA30r ¢ nnuHoM cexiuu 20 M uc-
MOJIb30BAHUE TPEXOCHOM TEJIEKKH YMPOIIACT
U 00yierdyaeT KOHCTPYKIIMIO, OJJHAKO BEICT
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K YXYZIIEHHUIO CIIETTHBIX CBOMCTB U YBETHUEHHIO
H3HOCa IpeOHEl KoJieC; MCIOIb30BaHUE KE
BOCBMHOCHOTO KHUIAXKa HEPEATLHO U3-32 HEBO3-
MOXXHOCTH B 3TOM CIIy4ae pa3MeCcTUTh I1OJ] Ky30-
BOM TOIUTMBHBIA OakK MJIM YBEJIUYUThH JJTHHY
CEeKIMU M3-32 HEJOIyCTUMOTO YBEIHYCHUS 00-
IIeH JJIMHBI TETIOBO3Aa.

Takum 00pa3zoMm, UCIIOIb30BAHUIO IBYXOCHBIX
Tenexek Ha TeroBo3e 3TA30r mpemsTcTByeT
AHTArOHW3M CBOMCTB: TOIUIMBHBIN 0aK IO/DKEH
OBITh U €ro He JOJDKHO OBITh. AHTAaroHMU3M
MOXXHO CHSITh, €CJIM Pa3MECTHUTh MPAKTUYECKH
BeCh 3amac TOIUIMBA Ha CPEIHEN CEKITUH, OCTaBUB
Ha KpalHUX HEOOJIBIION OaK 1715l CAMOCTOSTEIIb-
HBIX NEpeMENIeHUI pacUeIIEeHHON CEeKIUu 110
JIETIOBCKUM IyTsAM. B 3TOM ciryuyae oka3bIBaeTcs
BO3MOXKHBIM TPUMEHUTh Ha KPalHUX CEKITHIX
TEIUIOBO3a BOCBMHUOCHBIC TEJICKKH C HUXHEH
paMoii, aHAJTIOTUYHBIE MPUMEHEHHBIM Ha TETLIO-
Bo3e TD136 (puc. 16).

B sToMm ciydae Tenexku cpeaHeil CeKLuu
MOTYT OBITh BBIIIOJIHEHBI HEOOMOTOPEHHBIMH.
Ecnu xe Ha cpeHel CeKIIMM UCTI0Ib30BaTh ABE
JIByXOCHBbIE OOMOTOpEHHBIE TEJIEKKH, TO Ha
KpallHUX CEKIUAX MOXKHO MCIOIb30BaTh TPU
JIBYXOCHBIE TEJIEKKH, MMOJJOOHO TOMY, KaK 3TO
caenano Ha anektposose D111 (puc. 17), mpume-
HUB JUIS TIepeJady CHIIBI TATH Ha Ky30B HaKJIOH-
HbIE TATH (Ha puc. 15 He MmoKaszaHsbl).

YkazaHHbIE BUJIbI KOMIIOHOBKH MOTYT OBITh
peann30BaHbl U B BApHAHTE deKTpoBo3a. Kpome
TOTO, TIPY KOMIIOHOBKE TEIIOBO3a ¢ KPAHUMHU
BOCBMHOCHBIMH CEKIIHSIMH M OOMOTOPEHHOM
YETHIPEXOCHOM CpefHel cekuueil o0ras Mori-
HOCTb TEIIOBO3a MOYKET OBITH IOBBIIIEHA C 6 110
8,8 MBT mmyTem ucmonp30BaHIS OTE€YECTBEHHOTO
nusenb-reneparopa 12JI1'500.

| ; .
Puc. 16. [pumep pa3meujeHuss 60CbMUOCHOU menexku Ha KpaliHell cekyuu mennogo3a 3T3302 no npednoxeHuto aemopos cmamaUu.

[IpuMeHeHre HAKIOHHBIX TAT UJIN HU3KO
PacloJIOKEHHOW paMbl, KOMIEHCUPYIOLIUX
nepepacrpeesieHie Beca 1mno ocsiam, mo3Bo-
JsieT ¢cBOOOMHO BBIOMpPATHh THI TIATOBOTO
npusona. B c¢Bs3u ¢ Tem, 4To peanusaius
BBICOKUX TATOBBIX yCHIIHH Tpedyer co3na-
HHSI HOBBIX KOHCTPYKTHBHBIX 3JIEMEHTOB
IUI TIepelaTOuHOT0 MeXaHu3Ma, pPacroo-
JKEHHOTO Ha HHU3KOOOOPOTHOW 4acTH IpH-
BoJa (Hampumep, ABYXCIOWHBIX cepuue-
CKMX PE3MHOMETAJIMYECKUX HIAPHUPOB,
paHee omucaHHBIX aBTOopamMu B [20]),
a CPOKHU pa3pabOTKU U OCBOCHUS IPOU3BOJI-
CTBOM HOBBIX JOKOMOTHBOB OI'paHUYEHBI,
BO3MOJKHBI JiBa BapuaHTa NMPHBOJA, KOTO-
pble, ¢ OAHOM CTOPOHBI, HE TPEOYIOT co3/a-
HHUSI IPUHIIUITHATBHO HOBBIX KOHCTPYKTHB-
HBIX 3JIEMEHTOB, a ¢ Jpyroi — obecrneyu-
BaIOT CHHIKEHHE HENOAPECCOPEHHONH MacChI
JIOKOMOTHBA M JMHAMHYECKOH COCTaBJIAIO-
e CUIIBbIl TATH:

* IPUBOJ C OTMIOPHO-PaMHBIM TOJBEIINBA-
HueM T3]l 1 0CEeBBIM PeyKTOPOM;

* IPUBOJI C OTIOPHO-OCEBHIM MOJIBELINBAHUEM
T3]I arperatHoii KOMIIOHOBKH.

Hcnonp3oBaHKue OMOPHO-PAMHOTO MPHUBOJIA
C OCEBBIM PEIYKTOPOM IIeJIecO00pa3Ho Mpu
ucrnonb3oBanuu TOJ] ¢ MAKCMMaJIbHOM YaCTOTOM
Bpamienust Hioke 3000 MUH!, TOCKOJIBKY 3TO
03BOJISIET Pa3MECTUTh TOPCHOHHBIN BaJl Mepe-
JIATOYHOTO MEXaHH3Ma BHYTpH IOJIOTO poTopa.
Ipu ko3 duituerTe TSru B IPOIODKUTSIEHOM
pexume y = 0,3 u oceBoif Harpy3ske 245,25 kH
MIPUBOJI JIOJDKEH O0ECIeYMBATh CHIYy TATH Ha
oboze Koneca F_=73,575 xH. lna peanuzauuu
TaKOM CHIIBI TATH MEPEAATOYHOE YHCIIO PEAyK-
TOpa JA0JKHO COCTaBHTh!

Puc. 17. BapuaHm KoMNOHOEKU Mens0803a ¢ 06MOMOPEHHLIMU OCAIMU cpedHell CeKYUU U WecmUOCHbIMU KpalHUMU
CeKUUSAMU NO NPeOSIOXEHUI a8Mopoe cmambUu.
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Puc. 18. A2pezamHasi KOMNOHOBKa ONOPHO-0CE8020 NPU80da, NpedNokeHHasi asmopamu cmambUu: a) o6wuii eud; 6) eud co cMopPoHbI
oceso20 pedykmopa; 1- T3[; 2 - konecHasi napa; 3, 14 - nodwunHuku; 4 - oceeoll pedykmop; 5 — kpoHwWmelH ¢ nanbyeM; 6 — chepuyeckuli
wapHup; 7 - nodeecka; 8 - kpoHwmeliH ocegozo pedykmopa; 9 - pama menexku; 10 - nodeecka T3; 11 - ean T3[; 12 - ean ocesozo
pedykmopa; 13 - ynpyao-KkoMneHcayuoHHasi Myghma [28].

P Fw DK

i ©)
rae M_ = 10,4 kHM — Bpamaromuii Moment TO/I

B MPOAOJDKUTEIBHOM peXuMe (10 aHaJOTHH
¢ TOJ CTA-1200VY1 anekrpososa JC3, nmero-
IIeTO IPUBOJ] TAHHOTO THUIIA);
D = 1,25 m — ntnameTp Komeca;
n,= 0,98 — x.m. 1. 3y6uarol mepenaun npu
MO/IINITHIKAX KaueHHsI.
Jnst ykazaHHbIX mapamerpoB U = 4,51. Ilpn
Moztyne 3youaroii nepenadu, pasHoM 10 u uncine
3yObEB BEIOMOTO 3y04aToro Koieca, paBHOM 95,

HauOosee OnM3koe 4ucio 3yObeB MaJloro 3youa-
TOrO Kojeca paBHO 21, T.e. BCero Ha OIMH 3y0
MEHBIIIE, YeM B OCEBOM PEAYKTOpE Ha TEIIOBO3e
212121 (mpu atoM u=4,52). ITockosbKy paauans-
Hb1i radaput TOL CTA1200Y 1 B IIIOCKOCTH TATO-
BOH nepefauu cocTapiseT okoio 800 MM, 4To cy-
IIIECTBEHHO MEHBIIIE, YeM Hapy>KHbIH JUaMETp
T D126AYXJI1 (1036 MM), BO3MOXKHOCTh
pasmererns TOJ[ CTA1200Y 1 mpu naHHOM niepe-
JIATOYHOM YHCIIE MOXKHO CYHUTATh JIOKA3aHHBIM.
MaxkcumanpHas 4acToTa BPAaIlleHUs poTopa
T3] mpu JaHHOM ITepeIaTOYHOM YHCIIE COCTABUT:
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60v u
" =3 6mD), ™
e v, = 120 kxM/9 — KOHCTPYKIIMOHHAS CKOPOCTh
JIOKOMOTHBA.

[lpw ykasaHHBIX BBINIE BEJIHYMHAX N =
2304 MuH'', YTO 3HAYUTEITHHO HIKE PACUCTHOM
MaKCUMaJBHOW 9acTOTH BpameHus TDI]]
CTA1200VY1 (2304 mun'), m0O3TOMY MOXHO
CUUTATh, YTO CYIIECTBEHHBIX MIPOOJIEM C POTOP-
HBIMH HO/IIIHITHUKAaMH B PACCMOTPEHHOM CITydac
HE BO3HHUKHET.

IIpu ncnonp3oBanmu TOJl ¢ MaKCHMaNbHOM
4acTOTOM BpareHus mopsiika 3500 mun! ene-
€000pa3HO UCITIOIB30BaTh OIIOPHO-OCEBOHN TPH-
BOJI arpETaTHOTO TUIIA, TPEUMYIIIECTBA KOTOPOTO
10 CPAaBHEHHMIO C IIPUMEHAEMBIM Ha 3apyOeKHBIX
JIOKOMOTHBAaX WHTETPUPOBAHHBIM MPHUBOJOM
(puc. 10B) ObTH paHee MOAPOOHO M3TOKEHBI
aBTopamu B [21]. CorracHo [22], Kk arperaTHBIM
TSTOBBIM MPUBOJIAM IIPEATIOKEHO OTHOCHUTB TSTO-
BBIE MTPHUBOJIBI, KOTOPHIE CONEPKAT HECKOJIBKO
Y3JIOB C OHUM 1 TEM K€ TUIIOM ONUPAHUS, CO-
XPaHSIOMAX PaboTOCIOCOOHOCTh MO OTHEIb-
HOCTH JpYT OT JIpyTa, ¥ CBSI3aHHBIC IPYT C APY-
TOM TIOJBIDKHBIMH COCIMHEHUAMH. braromaps
TIOABIXHOCTH COETMHEHHSI OCEBOTO PEAYKTOpa
u TO]l mosBiseTcs] BO3MOXHOCTh COCTUHUTD
BaJbl oceBoro penykropa u TOJl ympyro-
KOMITEHCHPYIOIIeH My(TOii, IIPH 3TOM HECOOC-
HOCTh yKa3aHHbIX BAJIOB, B OTIIMIHE OT OTIOPHO-
PaMHOTO TIPHBOZA C OCEBBIM PEAYKTOPOM, HE
3aBHUCHUT OT BEPTHKAIIBHBIX IIEPEMEIIICHNH OyKCHI,
a OTIPEAENAETCS TOIBKO TMOTPEIIHOCTSIMU H3T0-
TOBJIEHUS neTajieii. He3HauurennrHass HeECOOC-
HOCTh BaJIOB JA€T NMPHUHIHUIMHAIBHYIO BO3MOX-
HOCTh NPIMEHHUTH OMHAPHYIO KOMIICHCHPYIO-
IIyI0 My()TY ¥ TIOBBICHTH YaCTOTY €€ BPAIICHHS
JI0 BEIMYHUH, OMPEACTIEMBIX PECYpCOM BEmIy-
IIET0 3y04aToro Kojieca M MOAIIMITHIKOB BXO/I-
Horo Basia. KpoMme Toro, Hasmm4ue ynpyrou cBs3u
Mexay poropoMm TOJl u KoIecHOH mapoii cro-
COOCTBYeT Pa3BUTHIO IPH OOKCOBAHIH aBTOKOJIC-
OaHMIt KOJIECHOM MMapkl, YTO NOBHIIAeT K03 du-
[UEHT CLCTUICHNUSI.

ABTOpaMu pa3paboTaH U 3alaTEHTOBAH PSiJI
KOHCTPYKTHBHBIX CXEM ITOZOOHBIX NMPHUBOIOB
(mammpumep, [23-26]). OxpuH U3 mpeIaraeMbIx
aBTOPaMH BapHAHTOB TAKOTO IPHBOA PEICTaB-
JieH Ha puc. 18.

B npenyiaraemoM npuBozae 0CeBOM peLyKTOP
cBsizad ¢ TO/l, omuparomMcest Ha OCh KOJICCHOM
Mapsl, IAPHUPHOM OJBECKOM, KOTOpasi HE 03~
BOJISIET OCEBOMY PEAYKTOPY MEPEMEINAThCs OT-
HOCUTEeNnbHO TOJl B BepTHKAIFHOM HaIlpaBie-
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HUH, HO TIPY 9TOM He TpeOyeTcs Takast TOUHOCTh
W3TOTOBJICHUS KOPITyCHBIX AeTajel, Kak B OIH-
CaHHOM BBIIIE TIPUBOJIC HHTETPHPOBAHHOTO TH-
ma. Kak BuzmHO 13 pric. 17a, arperaTHast KOMIO-
HOBKa BeJIeT K HEKOTOPOMY YBEIIITYSHUIO OCEBBIX
rabapuTOB IPUBOAA JJIS Pa3MELICHUS YIPYTOH
My(THI, OTHAKO, KaK paHee OBII0 JOKa3aHO aBTO-
pamu B [27], s TOKOMOTHBOB KoJew 1520 Mm
9TO HE MpenATCTBYeT pasMereHnto TOJI Tpedye-
Mot MmomHOCTH. Ha prBoz, m300pakeHHBIH Ha
puc. 17, aBropaMu IOJTy94eH TaTeHT Ha ITOJIE3HYIO
Monenb [28].

Hcxons u3 Toro, 4To s TerioBo3a TO136,
Ha KOTOpOM OBLTa IpUMEHEHa BOCHMHOCHAs
TeJIEeKKa C OMOPHO-PaMHBIM TIPHUBOJIOM H TIepe-
Jadei CHIIBI TSATH 9epe3 HU3KO PACTIONOKEHHYIO
MIPOMEKYTOUHYIO pamy, 0e3 IIPUMEHEHUS CHCTEM
ITOOCHOTO PErYIUPOBAHMUS CIIIBI TATH, KO3 -
OUEeHT TATH ¥ ObuT moBbImeH A0 0,24 mpoTus
0,18 y TermmoBo3a 2T2116, To ects, Ha 33 %, B TO
BpeMs KaK BBIpAaBHHBAaHHE HATPYy30K IO OCSM
TEOPETUICCKH MO3BOJISUIO YIYUIIUTh TATOBBIC
CBOWCTBA ITO0 OTHOIICHUIO C TeruroBo3oM 2T 116
He Ooisee yeM Ha 15 %, UMEIOTCS OCHOBAaHUSA
moJIaraTh, YTO MpeaaraeMbelii BapHanT yHUH-
UPOBAHHOM TEJICIKKH IS TPY30BBIX TEIIOBO30B
1 3JICKTPOBO30B IIPH UCTIONB30BAaHUHT OECKOIIICK-
TOopHBIX TOJl ¢ MOOCHBIM peryrmpoBaHHEM
ITO3BOJIHT MOBBICUTH KOY(D(MHUITUECHT TATH B pac-
geTHOM pexume a0 BenuunH 0,3...0,33.

BbIBOAbI

BrisBiieHo Hanmm4re mpooOiIeMbl parmoHab-
HOTO BBIOOPa KOHCTPYKTOPCKHUX PEIICHUN dKH-
Ma)KHOH YaCTH JIOKOMOTHBOB, 00€CITEUNBAIOTITIX
HamboJiee TOJIHOE HMCITOTB30BAHUE CI[CITHBIX
CBOMCTB B ycl0BHUSIX BocTOYHOrO mosjurona,
XapaKTepHU3YOMErocss HaJTHIueM 3HAa9UTeIb-
HOTO KOJIMYECTBa KPHWBHIX pagmycoMm 350 m
" MEHee.

Ha ocnHoBe npoBeneHHOTO aHanm3a (axTo-
POB, BIHSIFOIINX HA CIIETTHBIE CBOWCTBA, TIPEIIIO-
JKCHa pacCIIMpEeHHAs KIIACCU(PHUKAIISI METOIOB
VITydIICHUs! CIETTHBIX CBOMCTB 3a CUET COBEp-
INMEHCTBOBAHUS YKUTIAXXHOW JaCTH.

YcraHoBneHH! (haKTOPBI, KOTOPBIE MOTYT TIPH-
BOIIUTH K YXyAIICHHIO CIIETTHBIX CBOWCTB OTEYe-
CTBEHHBIX JIOKOMOTHBOB B YCIOBHUSAX BocTou-
HOTO ToNWTOHA. [ TPy30BBIX TEIIOBO30B
C YHUPHUIINPOBAHHBIMHU TPEXOCHBIMH TETICKKAMHU
YXyAIICHNE CIIETTHBIX CBOHCTB BBI3BIBACT 3HAUH-
TenmbHas 0a3za TeNeXKH, HEAOCTaTOIHAS KECT-
KOCThb PE3WHOMETAIUTMYECKUX OMOp Ky30Ba Ha
TEJEXKY ITPY BEPXHEM PACIIONOKEHNH IITKBOPHS
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U HecOanaHCHpOBaHHOE OYKCOBOE IMOJIBEIINBA-
Hue. [IpuMeHeHHEe Ha TEemI0BO3aX TENEKEK
C paauaIbHON yCTaHOBKOM KOJIECHBIX Tap JIMIIb
YaCTHYHO YCTpaHsSeT JIaHHbIE HEAOCTATKH, I10-
CKOJIbKY OYKCOBOE IOJIBELIMBAHUE OCTAETCS
HecOaJaHCUPOBAHHBIM, @ HU3KO PacIOOKeH-
HBII IIKBOPEHb MeHee 3Q(EeKTHBEH 10 cpaBHe-
HHUIO C Iepefadeil TAroBOTO YCHJIMS Ha Ky30B
C MOMOIIIBIO HAKJIIOHHOW TATH, IPU 3TOM MeXa-
HU3MBI PaJlajbHON YCTAaHOBKH KOJIECHBIX Iap
YCIIOKHSIOT KOHCTPYKIIMIO TEJIEKKH, ee 00CITy-
JKHBaHHE U PEMOHT. [[J1 Tpy30BBIX 2JIEKTPOBO30B
(akTOpOoM, yXyAIIAIOUIMM TSATOBBIE CBOWCTBA,
SIBJISIETCS NMPUMEHEHHE JKECTKOW Tepeadu
B OINIOPHO-OCEBOM IPHUBOJIE, MPHUBOJSILEH MpH
Ipoe3/ie HEPOBHOCTEH IyTH K BO3HUKHOBEHHIO
CYMMAapHBIX CTaTHYECKHX M AMHAMHYECKHX
KPYTSILIMX MOMEHTOB, IPEBBIIAIONINX MTPEAEI
10 CHETICHUIO.

YCcTaHOBIICHO, YTO 3KUNAXKHYIO 9acTh 3apy-
O€XKHBIX I'PY30BbIX JIOKOMOTHBOB TaK)Ke HEJIb3sl
CUMTATh IMOJHOCTHIO PAlMOHAJIBHON C TOYKH
3pEHMS MAKCUMH3aIHHU CLIETTHBIX CBOWCTB, B IEP-
BYIO O4Uepe/Ib U3-3a XKECTKOM 3yOuaroii nepenaydu.
s terutoBo3za TA33a pa3paboTKH KOMITAHUU
General Electric cuennble cBOHCTBa Takke yXy/-
LIaeT 3Ha4YMTEJbHAsT 0a3a TPEXOCHOH TEeNekKH
Y IIPUMEHEHUE YEITIOCTHBIX OyKC.

B kadecTBe Mep 10 MOJEepHHU3ALMH YHUDU-
LIMPOBAHHON TPEXOCHOW TENEKKU TPy30BBIX
TEIIOBO30B IPE/I0KEHO HCII0Ib30BaTh COaIaH-
CHPOBaHHOE ITHEBMOIPY>KUHHOE IT0/IBEIINBAHIE
B OyKCOBOI1 CTYIIEHU U yBEJIHMYECHHUE KECTKOCTH
PE3UHOMETAJUINYECKUX OIOP Ky30Ba Ha TEIEKKY
3a cyeT nepexosa oT Habopa OTAENBHBIX PE3UHO-
METaJUIMYECKHUX 3IEMEHTOB K MHOTOCIOMHOMN
PEe3MHOMETAJUIMYECKOIl OTope C yBETUYEHHBIM
YHCJIOM IIPOMEKYTOUHBIX TIACTHH.

[pemnoxeno s co3nanus yHUOUIMPOBaH-
HOM DKMITQ)KHOM YacTH MEPCHEKTUBHBIX TEILIO-
BO30B U 3JIEKTPOBO30B JUIsi BocTouHoro momu-
roHa ¢ 0eCKOJIJIEKTOPHBIM IIPUBOJIOM B BapUaHTe
TEIUIOBO3a OTKA3aThCs OT pa3MeleHUs TOIUINB-
HBIX OAKOB IOJ Ky30BaMH KpailHHX CEKIHii,
1 OCHOBHOI! 3amac TOIUIMBA Pa3MECTUTh B CpeJi-
Hel YEeTBIPEXOCHOM CEeKIMU. JTO MO3BOJIUT MPU
JUIMHE KpaiHe# cexuuu 20 M IpUMEHUTH Ha
KpalHUX CEKLUX JIMOO JIBE YETHIPEXOCHBIE Te-
JICKKH B BHJIC IBYXOCHBIX ¢ 0a3oii 2250 mm,
00BbEMHEHHBIX HU3KO PACIIOIOKEHHOMN OaTKOH,
MO0 TPH JIByXOCHBIE C IepeAadeil TAroBOTO
YCUIINSL Ha KY30B C IIOMOILIBIO HAKJIOHHOH TSTH.
B kxauecTBe TSAroBOro MpHUBOAA MpeIJIaraeTcs
HCIIOIb30BaTh KOHCTPYKIIMH C YIIPYTOH CBS3bIO
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poropa TOJI u KosiecHOH Maphl, B BUJIE OMTOPHO-
PaMHOTO ITPHUBOJIA C OCEBBIM peaykTopoM i TO]]
¢ MaKCUMaJIbHOM 4acTOTON BpallEHUs] HHXKE
2500 mun"!', 17160 OMOPHO-OCEBOTO MPUBOIA
arperaTHoi cXeMsl ¢ ynpyroi mydroi. [Ipenmo-
JIaraeTcs, YT0 JaHHBIE MEPHI TI03BOJIAT IIOBBICUTH
AKCIUTYyaTAIlHOHHBIN KOA((GHUIINCHT CICTUICHUS
¢ 0,27 10 0,3...0,33, B TOM YHuCIIE U 3a CUET pa3-
BUTHS aBTOKOJICOAHU I KOJICCHOM Maphl B PEXKUME
OOKCOBaHHUSI.

[To Teme craTbu aBTOpaMH IMOTYyYCHO CEMb
MATCHTOB Ha MOJIC3HBIC MOJICIIH.
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AHHOTALIUA

B cmambe paccmampugaemcs 3ghghekmusHocmb obecnedeHus
npuopumemHbIx ycnosuii Onsi 20poACKO20 NAccaxupckoeo mpaHcnopma
nymem 8bideneHusi omAesbHbIX NOMOC MapwpymHo20 mpaHcnopma Ha
npoesxeli yacmu. MpedcmasneHb| pesynbmamb MOOeNUPO8aHUS MPaHC-
NOpMHO20 NOMOKa Ha paccMampueaeMbix yyacmkax ynuyHol cemu 2opo-
0a, cdenaH 8b1800 0 HEObX00UMOCMU Yy4WEHUS OpeaHu3ayuu OOPOXHO20
0BUXEHUST Ha IMUX ydacmkax C y4yemoM UHMEHCUsHOCMU U cocmasa
MpaHCcNopmHO20 NOMoka.

MmumayuoxHoe modenupogaHue no3sonsiem co3dagamb Mamema-
muyeckue usiu KoMnblomepHble Modenu Ost aHanusa U OUeHKU ycrosull
0BUXEHUS 20p00CK020 Naccaxupckoeo mpaxcnopma. Modenu ocHogaHb!
Ha pasfu4HbIX napamempax mpaHcnopmHbIX NOMOKOS, 2pachuka pabome!
20p00CK020 NAcCaXupckozo mpaHcnopma, pacnoioXeHuu 0CmaHo8oK
MapuwpymHo20 mpaHcnopma u m.d. Modenupogarue no3gonsem npogo-
Oumb pasnuyHble AKCNepUMeHMbI O11st OUEHKU 3(hheKMUBHOCMU Pa3TUYHbIX
Meponpusmull U USMEHeHUL 8 MPaHCNOPMHOU cucmeme.

Llenbto uccnedogarus siensiemes pa3pabomka MemoOuKu aHanu3a
yeroguli d8LXXeHUs!, Komopasi N0380aUM onpedenumb U npuceoUMb NPUo-
pumemHoe npaso 0BUXEHUS 20p0ACKOMY naccaxupckomy mpaHcnopmy

Wpuna KOTEHKOBA Wean CEHUH

Tamvsna Bauecnasosna Konosanosa', Cous Jlesonosna Haoupsan?, Upuna Hukonaeena Komenkosa®,
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¢ mem, Ymobbi docmub IghchekmusHOCMU U KOMGbopma 620 (hYHKYUOHUPO-
8aHUS1, yy4WeHUs mpaHcnopmHoL A0CMynHOCMU U COKPaLEHUS 3a0epeK
8 0BUXKEHUU.

Onmumu3ayusi dopoxHo20 8UxKeHus npedycmampusaem pasudHbie
CleHapuu opzaHu3ayuu ¢ Yenbio noucka onmuManbHbIX peweHud, CHu-
JKarowux 3a0epxKu, 3amopl, UHMEHCUBHOCMb OBUXEHUS U M.O.

MnaHuposaHue mapwpyma Heobxodumo Ons paspabomku onmu-
manbHol cmpameauu 3(hhekmusHo20 06CTYKUBaHUS Naccaxupos.
[po2Ho3b! cnpoca daom 803MOXHOCME CMOOENUPO8amb He MOMbKO
naccaxuponomok, Ho U NompebHOCMb 8 Nepeso3kax 8 pasHbie Nepuodbl,
4mo Heobx00uMo 01151 NaHUPOBaHUs Mapwpymos U 8bibopa onmumarb-
HbIX Xapakmepucmuk nodguxHoz0 cocmasa. Bce amu HanpaeneHus
modenuposaHus 0BUXEHUs 20pOOCKO20 NAccaxupckozo mpaHchopma
paspabambigatomes 05151 docmuxeHus yeneli pocma aghchekmugHocmu,
CHUXEHUS! PUCKO8 COBEPUIEHUSI AOPOXHO-MPaHCNOPMHbIX npoucwiecmauti
NoBbILIEHUS KaYecmea mpaHCNOPMHO20 obenyxusaHus U 6esonacHocmu
naccaxupckux nepego3ok, Ymo AOMmKHO co30ame yecmolidugyro cucmemy,
HanpasneHHyio Ha yd08nemeopeHue 0CHOBHbIX nompe6Hocmel nacca-
Xupos 20podcko20 mpaHcnopma.

Kniouesble criosa: 20p00CKOL NAcCcaxupcekutl MpaHcnopm, yauya, MpaHcNopMHbIU NOMOK, UHMEHCUBHOCMb, MOOesTb, ABUXEHUE, 3(DiheKMUBHOCL
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BBEOEHUE

OpraHu3anus J0poXKHOTO JIBUKEHUS aKTy-
ajbHa Ui BCeX roponoB mupa. KpymnHble n
CPEIHHE TOpoJia Pa3BUBAIOIUXCS CTPaH B Ha-
CTOsIIIee BpeMsl HaXOJATCS Ha Takod CTajuu
pa3BUTHS, KOTAA UJET COBEPUICHCTBOBAHHE
TPaHCIOPTHOHN COCTaBJAIONIEH, U COOTBET-
CTBEHHO, BCE OOJIBLIE ITPOSIBIISIFOTCS IPOOJIEMBI,
CBSI3aHHBIE C MHTEHCHBHBIM TPAaHCIOPTHBIM
poctoM. K Takum npoGiemam OTHOCSTCS ypo-
BEHb 3arpy3KH YIUYHO-JIOPOXKHOM CETH, Kaye-
CTBO TPaHCHOPTHOTO OOCIYXXUBaHUs, MPOO-
JIEMBI 9KOJIOTUU TpaHCIopTa, 0e30MacHOCTh
nBrkeHus. Ecin B OonbLIMX ropogax HAET
TPEH]] Ha BBHITECHEHUE JINYHBIX aBTOMOOMJIEH
13 LEHTPa U Nepexoj Ha 00LIeCTBEHHBIH U KO-
JIOTUYECKU YHUCTBIA TPaHCHOPT, 4TO elle He-
CKOJIBKO JIET Ha3a/1 Ka3aJ0Ch HEBO3MOXHBIM, TO
B pa3BHUBAIOUIMXCS HApacTaloT NpoOJIeMsbl
JPYTOro pojia: HEKOTOPOE MOBBIIIEHHE YPOBHS
JKU3HH, IOCTYITHOCTb KPEAUTHBIX IIPOJAYKTOB H
3a CYET 3TOTO MOBBINIEHUE MOKYNAaTEIbCKOM
CHOCOOHOCTH HaceNIeHHsI BEYT K YBEJIHYESHHIO
YPOBHSI aBTOMOOMJIM3ALIHH.

[Ipu 3TOM B HacToOsILIIEe BpeMs B KPYITHBIX U
KpYyNHEHInX ropoaax Haubojee akTyallbHOU
TPaHCIOPTHOW POOIEMOI] SIBIISIETCS] HECOOTBET-
CTBHE NApaMETPOB YIMYHO-JOPOKHOU CETH U
ypOBHEM aBTOMOOWIIM3alMK. [l OBBIICHHS
KauecTBa TPAHCIOPTHOTO OOCITY)KMBaHUS HACe-
JICHUSI U peILIeHUsI KOHQIIMKTOB B CUCTEME FOpOI-
CKOT'O TpaHCIOpPTa HeoOXoauma pa3paboTka u
peanu3anusi MEpPONPHUATHH MO MOMYJSpU3aLUT
1 TIOBBIIICHHIO IIPUBJIEKATEIEHOCTH FOPOJICKOTO
Macca)kupckoro Tpancnopra. s goctmxeHus
9THX LeJed He0OOXOIMMO YBEIIMUUBATH BOCTPE-
OOBaHHOCTH MaplIPYTHOTO TPAaHCIIOPTa, Kak
BapUaHT — 32 CYET MOBBILICHUS Ka4e€CTBA TPAHC-
opTHOro oocmykuBanust. OTHUM U3 OCHOBHBIX
KpHUTEPHEB OLIEHKH 3((PEKTHBHOCTH TPAHCHIOPTa
T0JIb30BATENISIMU SIBIISIETCS CKOPOCTh COO0IIE-
Hust. U B TakoM cirydae, Bce OOJIbLIYIO aKTyallb-
HOCTBh IpHOOpeTaeT obecreyeHne MpuopHTEeT-
HOTO JBHI)KEHUS Ha3€MHOTO MAaCCaKUPCKOTO
TpaHCIopTa.

PE3YNbTATbI
BroliesieHHbIE M0JIOCHI: AHAJIU3 MP00JIeM
U MOJX0JbI K PelIeHUsIM

«Jnst obecrieuenus a3ppexTuBHOrO (HyHK-
[UOHUPOBAHHS CHCTEMBI HPUCBOCHUS MPHO-
puTeTa MapIIpyTHOMY TPAHCIIOPTY HEOOXoau-
Ma pe3yJIbTaTuBHAas MeTo/inKa pacueTa 3 dex-
THBHOCTH PabOTHl BBIJIEICHHONH MOJIOCH C
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Y4ETOM 3a/laHHBIX KPUTEPUEB U MOAEIUPOBA-
HUS JIBMKEHHS TPAHCHOPTHBIX ITOTOKOB Ha
y4yacTKax yIU4HO-JOpOoxHOU ceTu. Hanpasie-
HUE 00ecreYeHNs IPUOPUTETHOTO IBUKECHUS
TOPOJCKOTO MacCaXHUPCKOTO TPAHCIIOpPTa B
paMKax ONTHMHU3AaIHU PAOOTHl TPAHCTIOPTHOH
CHCTEMBI aKTHBHO IIPOBOANTCS B €BPOTIEHCKUX
ropojax, a Tak e B amtomepanusax Kwuras,
CIIA» [1].

C yBenMueHneM HHTCHCUBHOCTH TPAHCHIOPT-
HBIX ITOTOKOB 33j1a4a 00ECHEYCHUsS] ONTHMAIIb-
HOTO CKOPOCTHOTO PEKMMa U 0e30IacHOCTH
MapuIpyTHOT'O MacCaXMPCKOTO TPAHCIOPTa
(MIIT) cranoBuTCcs 0COOCHHO aKTyalbHOH U
BMECTE C TEM TpyIHOpa3pemmMoil. «Ee perenue
TpeOyeT MPenoCTaBICHUS ONPENEIICHHBIX Tpe-
MMYIIECTB MapIIpyTHBIM TPAHCIIOPTHBIM CPEl-
CTBaM, KOTOPbIE 00€CIEINBAIOTCS:

— HOpPMaTUBHOW JOKYMEHTAILUEMH;

— JIOPOXHBIMH 3HAKaMH U 3JIEMEHTaMH CBe-
TO(QOPHOTO PETYINPOBAHHS,

— obecnedeHHEeM MPEUMYIIEeCTBEHHOTO
IIpaBa JIBIKCHHUS B IIUKJIE CBETO(OPHOTO Pery-
JTUPOBAHUS Ha TIepecedeHusIX» [2];

— BBEJICHHEM OTAEIBHBIX OTPAaHHMUYCHUH JUIs
OCTaJbHBIX TPAHCIOPTHBIX CPEACTB HA YIHILAX
U JI0pOrax, MO KOTOPHIM MPOXOAAT MapIIpyThI
ropozckoro naccaxxupckoro tpancropra (I'TIT);

— BBIACJIICHHEM IOJOCH MPHOPUTETHOTO
JIBIDKEHHS MapIIPyTHOTO ITACCAKUPCKOTO TPAHC-
nopra.

OnucaHHBIE METOIBI 00ECIIEUNBAIOTCS TEX-
HUYECKHMH CPEICTBAMH, IPEACTaBICHHBIMH Ha
puc. 1.

JIJIs TIOBBIMIEHUS] CKOPOCTH COOOIIEHHMS TO-
POJZICKOTO MapIIPYTHOTO TPAHCIIOPTA BO3MOXKHO
BBIJICTICHNE JTFO00H MOJOCH! YIHIBI B KaueCTBE
MIPUOPUTETHOM.

Taxk >ke ecTb BOSMOYKHOCTB HCITONIb30BATh JUTS
OCTaHOBOK aBTO0YCOB OCTaHOBOYHBIE IUTOIIAAKN
TpamBaeB. B Takux ciaydasx HCIIOIb30BaHHE
MOCAZ0YHOHN TUIOMIAAKK U OCTaHOBOYHOTO Ma-
BIJIBOHA COBMECTHO OCYIIIECTBIISICTCS acCaXKH-
paMu 1 aBTOO0YCHOTO MapILIPyTHOTO TPAHCIIOPTa,
U TPaMBaeB.

Ecnu npuHUMaeTcs pelieHne o BhIACICHIN
B Ka4eCTBE MPUOPUTETHON TOJIOCHI IS JIBYKE-
Hust MIIT kpaitHeil npaBoil OA0CH TOPOICKOM
YIAHILBI, TO BO3HUKAIOT ONPECICHHBIE CIOKHO-
CTH, CBSI3aHHBIE C MAHEBPOM IPABOTO TOBOPOTA,
— JIETKOBBIM aBTOMOOWIISIM JJISi COBEPIICHUS
MaHEeBpa NMPHUXOANTCS MEepecTPanBaThCs Ha I10-
socy g MIIT, a Tak >k Cl10)KHOCTH BO3HUKAIOT
C OCTaHOBKOM M CTOSIHKOM — Apyrue TpaHCIOPT-
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| Texuuveckue CpeACcTBa OpraHu3alyy U YIpaBJICHUS IPUOPUTETHLIM IBHKCHUEM TTIT |

| |

|

| JlopO>KHBIC 3HAKU

| | JlopoxHas pasMeTKa | | CaeroopHoe peryanpoBanue

J } |

) l l

Uckiouenue OrpanuyeHus TTonoca mst
JeHcTBHS JIBIDKCHHS Ha MapuIpyTHOTO
3aMpemaromx MapuipyTax TOPOJCKOro
3HAKOB TOPOJICKOTO macc.
macc. TpaHcnopTa
TpaHCIIOpTa

JloposxkHast PexuMbI Boizenenne
pasmeTka B cBeToopHOTO CrenHaabHON
30HE peryimposa- haszbt
TEPEKpecTKa HHS U cBeToOpHOTO
KOOPMHAIINA PeryIMpOBaHIs

| CTOII-n1HMs CO CMEIEHUEM |1—

| CTOII-nuHus ¢ pa3aencHueM |4—

INaccuBHBIi TpHOpHTET |

| IlepepacupeseneHne ouepean |<—

| AKTHBHBIH IPUOPHTET |

Puc. 1. TexHuyeckue cpedcmea obecneyeHus npuopumema MapwpymHbIx mpaHcnopmHbIX cpedcme [8bINOTHEHO agmopamu].

| HEVY/IOBJIETBOPUTEJ/IbHBIE YCJIOBUS IBUKEHUSA MTC

/

Beicoxas
HEperyJsipHOCTh
nBwkenns MTC

Huskue 3nauenus
JKCIUTYaTallMOHHBIX
CKOpocTel

JTII ¢ ygactuem
MTC
Hanmnune
'———®| DpEryIsapHBIX 3aTOPOB
Ha MapupyTax
nBuxenns MTC

HeynosneTBopuTenbHbIEe yCIOBUS
newkennss MTC na mapmipyTe 1o
OLICHKE BOUTENEH

HeraTtupnas orienka HaceneHHEM
XapakTepucTik paborst MTC,
CBS3aHHBIX C YCJIOBUAMU
JIBHOKEHHS

Puc. 2. Heo6xoduMble ycriogusi deuxeHusi MapwpymHbIx mpaHcnopmHbix cpedcme (MTC) dnst esedeHusi npuopumemHo20 08UXeHUs
[ebInonHeHo aemopamu].

HBIE CpEJCTBa HE MOTYT OCTAaHAaBIMBATHCS Ha
nonoce asrkenus MIIT.

«/lns onpeneneHust y4acTKOB YJINYHO-]I0-
POXXHOM ceTH, Ha KOTOPBIX HEOOXOIMMO U IIejIe-
coobpa3Ho BBexenue npuopurera MIIT» [3],
HEOOXOANMO OIPENENNTh, KaKhe yCIOBUS JIBU-
sxkeHus MIIT Ha gaHHOM ydacTKe SIBISIOTCS
HETaTHBHBIMH. DTO MOKHO YCTaHOBHUTBH IO
OlIpeieTIeHHbIM IIPU3HAKAaM HEY/IOBIICTBOPUTEIIb-
HBIX ycnoBuii asmxenus MIIT (puc. 2).

«B Hacrosiee BpeMsi OTCYTCTBYIOT KpHTe-
pUM BBOAA BBIAEIEHHBIX IIOJIOC ST MapIpyT-
HOTO TTaCCa’KUPCKOT0 TpaHcnopray [4]. laHHble
MEpONPHUATHS PEaANN3yIOTCsl XaoTHIHO, 0e3
ydeTa HIpOIyCKHOH CIOCOOHOCTH Ipoe3kKer
yacTH. PakTHUECKasi MUHUMAJIbHAS ITPOITY CKHAs
CIOCOOHOCTh yYacTKa YJINYHO-TOPOXKHON CeTH
3aBUCHUT OT IIPOITYCKHOM CIIOCOOHOCTH Hanbosee
«Y3KHX» y4aCTKOB — CJIOXHBIX IEPECeUCHUH B

Mup TpaHcnopTa. 2024

OJTHOM YPOBHE ¢ MHOTO(a3HbIM CBETO(OPHBIM
PEryIHpOBaHUEM.

COOTBETCTBEHHO, BO3HHKAET HEOOXOIUMOCTb
pa3paboTKu METOMUKH pacueTa 3PPEeKTHBHOCTH
paboTHI BBIIETICHHON MOJIOCKH C YYeTOM 3alaH-
HBIX KPUTEPHEB, MOJCIHPOBAHUS ABHIKCHUS
TPaHCIOPTHBIX MOTOKOB Ha YYacTKax YJIMYHO-
JOPOXKHOM CETH W ONpeleeHHEe OCHOBHBIX
9TANOB PeaNn3aliy IPHOPUTETA TOPOICKOTO
MACCAKUPCKOTO TPAHCIIOPTA, YTO OIpenesseT
AKTyaJbHOCTh JaHHOM TeMBI.

«71st TOTO, YTOOBI OLIEHUTH BO3MOXXHOCTD H
3¢ PEKTUBHOCTh NPEAOCTABICHUS IPUOPHUTET-
HOM monockl i aemxkeHus MIIT, Bo3aMoxHO
HCIIOJIb30BaTh KPUTEPUM CPaBHUTEIBLHOU MpO-
MYCKHO# ciocobHocTH. Ecnu 3HaueHne TaHHOTO
KPHUTEpUS NPEBHIMIACT SIUHUILY, TO BBEACHHE
MIPUOPUTETa MOXKHO CYHMTATh 3()(HEKTUBHBIM H
menecoodpazHeM» [4].

KoHoBanoga T. B., HagupsH C. J1., KoteHkoBa WU. H., CeHuH WU. C. MeTtoguka o6ecnevyeHust

NPUOPUTETHBLIX YCITOBUWN OBMKEHUA FOPOACKOro NacCcaXXMpCKOro TpaHcnopra




_ (Slg(n—1)) |
S ©-9 M
rae S1 — mpormyckHas ciocoOOHOCTh OTHOM TO-
JIOCHI TIOPOTH, e1./4;

& — ko3 punmenT pacrpeneneHuss TpaHC-
TTOPTHBIX CPEJICTB IO IIMPHHE MPOE3KEN YacTH;

1 — 9HCIIO TI0JIOC JIBYKEHNUS HA TIEPETOHE;

(O — MIHTEHCHUBHOCTb JIBIDKCHNS Ha IIEPETOHE,
en./qa;

q — VHTEHCUBHOCTH ABIKCHHS MapIIpyT-
HOTO TIACCaXUPCKOTO TPAHCIIOPTA, e1./4 [5].

Jnst IpuHATHS peIIeHns: 0 He0OXOANMOCTH
BBezieHHs npuopureTa asmwkeHns MIIT obs3a-
TEJILHBIM SIBIISICTCS HCIIOIb30BAHHE PE3YIILTATOB
00ce10BaHNs YCIIOBUH TOPOKHOTO JBHKEHUS,
TPAHCIOPTHOTO MOTOKA, a TaKXKe HEOOXOIMMO
YUUTHIBATH aHAIN3 3()(PEKTUBHOCTH IIPHHUMAE-
MOTO pELIeHHs] KaK C TEeXHHYECKOW, TaK U ¢
SKOHOMUYECKOH TOUKH 3pEHHS.

« /17151 OIeHKH 11e7IecO00Pa3sHOCTH BBEIICHUS
TIPUOPUTETHOTO NpaBa ABHKEHHUS MapIIpyTHOTO
MaCCaKUPCKOTO TPAHCIIOPTa MCIONb3YeTCsl Ta-
KOW KpUTEpHi, KaK CHIDKCHHE 3aTpaT BPEMEHU,
3aTpayuBaeMbIX yYaCTHUKAMH IBWIKCHUS Ha
IepeMeIIeHre Ha pacCMaTPHBAaEMOM y4YacTKe
YIAMYHO-JOPOXKHOM CETH TPH 3a]aHHOM ypOBHE
HaITOJIHEHUS! MapUIPYTHOTO ITacCaXXHUpPCKOTO
TPAHCIIOPTa U JIETKOBOTO TPaHCIIOpTay [5].

«KoMmnbploTepHass Mofenb TpaHCHOPTHOU
CHCTEMBI TOPO/ia C UCTIOIH30BaHUEM ITPOT PAMM-
HOTO KOMIUIEKCA ITO3BOJISICT IPOBECTH PACUETHI
MACCaKMUPCKUX TIOTOKOB C yYETOM HHMBHUTyallh-
HOTO W OOIIECTBEHHOTO TpaHcmopTa» [5].
«Mozenb COCTOUT U3 JBYX OCHOBHBIX YacTei»

[6] (puc. 3).

K1

OnpeaesieHne ONTHMAILHOTO BAPHAHTA
MAPLIPYTHOI CeTH rOPOACKOro
NACCAKUPCKOr0 TPAHCIOPTA HA OCHOBAHHH
JAAHHBIX MOEJTMPOBAHUS H IKCTIEPTHOTO
aHaJIM3a

«Jlns coBepIICHCTBOBAHHUS CTPYKTYPBHI
MapIIpyTHON CETH FOPOICKOTO MacCaKUPCKOTO
TPaHCIOPTa HEOOXOAUMO IPOU3BECTH pe/Ba-
PHUTEIBHOE MOJCIUPOBAHUE C HCIIOIb30BaHUEM
MaTeMaTHYeCKUX HHCTPYMEHTOB, C Y4ETOM Ta-
KHUX [TOKa3aTelnei Kak cyMMapHOe BpeMs Ha repe-
JBIKCHHE «OT IBEPH 10 JABEPH», YIAICHHOCTD
OCTaHOBOYHBIX ITYHKTOB, 4aCTOTA JBHIKCHHUS
TOPOJICKOTO ACCAXKUPCKOT0 TPAHCIOPTA, KOJH-
YeCTBO IEePecaJoK MPH MOE3/IKe ITacCaKHUpPOB,
0e30IacHOCTh, CTEIICHb HAIOJIHCHHUS ITOJBHXK-
HOTO COCTaBa, CTOMMOCTH IIpoe3Ja, YA0OCTBO
TIOJTb30BAHUS TPAHCIIOPTOM H T.1L.» [7].
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TPAHCIIOPTHASI CUCTEMA T'OPOJIA

TpaHCIIOPTHOE MPEJUIoKESHHE

(BKJTIOYAET B ce6sl YIMIHO-IOPOIKHYIO CETh,
TpaHCIOpTHEI rpad, rpady myTeit cooGuieHs)

IIpocTpaHcTBEHHBII cripoc
(uH(OpMANKS O YUCIECHHOCTH HACEIEHH,

XapaKTePUCTHKAX TPAHCIOPTHBIX PaifOHOB,
TPAHCIIOPTHOH IOJIBHKHOCTH HACEIICHHST)

Puc. 3. Modenb mpaHcnopmHoli cucmembl 20p00a [8bINOSHEHO
aesmopamul].

AJTOPUTM peanu3alii TPUOPUTETHOTO
IIpaBa ABMKEHUS MapIIPYTHOTO MACCAXKUPCKOTO
TpaHCIIOpTa MPECTaBIICH Ha pucC. 4.

JlaHHbBIE U pacdyeToB COOMPANNCH HATYp-
HBIM CIIOCOOOM, METOJIOM TIO/ICUETa KOJINYECTBA
MIPOEXaBIINX TPAHCIIOPTHBIX CPENICTB Uepes3 ce-
YeHue A0poru. Jlanee A yrpomeHus pacueToB
00mas MHTEHCUBHOCTDh PACCUUTHIBACTCS KaK
npusezigHHas 1o Gopmyie (2):

Nnp =" (Ni-Knp) , 2)
rae Ni - HWHTEHCHBHOCTH JIBUKEHHSI aBTOMOOH-
JIel TaHHOTO THIIA, aBT/4;

Knp — xo3duimenTsr npuBeeHUs s
JIAHHOM TpyNmbl aBTOMOOHIIEH .

st onpenenenust nenecooOpa3HOCTH Tpe-
noctaienus npuopurera MIIT HeoOxommmo
OCYIIECTBUTH ONPENEIECHHbIN aJITOPUTM JIeii-
CcTBUH [8] C MOMOIBIO COOTBETCTBYIOLIETO
MPOrpaMMHOTO obecredeHus (puc. 5).

B xoze BeInonHsieMoii paboThI OBLT pacCMOT-
PEH Y4acTOK YIUUHO-I0pOKHOM ceTH LleHTpanb-
Horo paifona ropona KpacHonapa Ha nepeceueHnu
yiun Odurnepekas u mocce Hedrsaukos.

«IBmxxenue no ynmune Odunepckas co
CTOPOHBI YIUIBI J[3epKUHCKOTO — OJHOCTO-
pOHHee, MIUPUHA IPOE3KEN YaCTH COCTABISET
9 M, KOJINYECTBO TOJIOC ABMXKEHHS Ha TaHHOM
y4acTKe paBHO TPEM, [10 00EUM CTOPOHAM IPO-
e3as yacTh 000pya0BaHa TPOTyapaMu LINPH-
HOU 1,5 M, TOPOKHOE MOKPHITHE — achaIbTO-
oeron. [Tocne nepeceuenns mocce Hedrsiau-
KOB JIBU)KEHUE CTaHOBUTCS JBYCTOPOHHUM, C
HIUPUHON mpoeskel yacTu 18 M U mecThio
noxocamu» [9].

Ha ymune Oduniepckoii HaHeceHa TOpOKHAs
pa3MeTKa, COCTOSIHHE JaHHOW Pa3MEeTKH OlleHH-

! Kimukosurreiin I W., Adanacbe M. B. Opranuzauust
JIOPOXKHOTO ABWIKCHHS: Y4eOHHK. — 4-e H3A., mepepad. u
nor. — M.: Tpancnopr, 1997. —231 ¢. ISBN 5-277-01959-6.
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!’; S~
Pacuer u onpenenenue pacnonoxenus kopuaopos aukenus TTIT. s
: 3TOTO OMPEJIENIUTh OCHOBHBIE TOYKH TPAHCHIOPTHOTO NPUTSKEHHS, B KOTOPBIX
TIPOUCXOINUT (POPMHUPOBAHNE TTACCAKUPONOTOKOB U NoTokoB MIIT ¢ yuetom
3a/JaHHOTO YPOBHS TPAHCHIOPTHOI 06ECIEUEHHOCTH U JOCTYITHOCTH.

}

AHaJu3 IIAHKPOBOYHBIX PELICHHI, TCXHUYECKUX YCIIOBHIT M BO3MOXKHOCTEH
JUIsL BHEIPEHHS TIpaBa puopuTeTHoro asmkenust MIIT Ha paccMaTpiBaeMbIx
YYACTKAX YIMYHO-IOPOKHOM CETH.

A 4

AHann3 ABMXCHUS TPAHCIOPTHBIX IIOTOKOB, yOIIMPYIOIIHUX YIIUIL IS
JIBHIKCHUS JITKOBBIX aBTOMOOWIICH, aHAJIN3 ACCaKMPOIOTOKA, aHAIU3
3a/iepKeK TPAHCIIOPTHBIX CPEJICTB 15 OLEHKH BO3MOXKHOCTH OPTraHU3aLUN
neikenus ITIT B BbIIEICHHOM KOpHIODE.

}

Peanusanus pa3pabOTaHHOIO IIPOEKTA OPraHU3ALMH JOPOKHOTO ABHIKEHHS C
PEKOHCTPYKIHEH HilH 6€3 PEKOHCTPYKIIMH YITHYHO-I0POKHOI CETH JUIs
obecreueHns MPHOPUTETHOTO npasa mpoe3aa MIIT.

|

Ornpejie/ieHHE NPOITYCKHON CIOCOOHOCTH y4acTKa YINYHO-JOPOKHOMN CeTH,

HpeHa3HauYeHHOro Juist iBrkeHnst MIIT, 1o pe3yabraTtaM 4ero BO3MOXKHO

MPOU3BECTH KOPPeKTHPOBKY MapuipyToB MIIT, rpaduka paborst MIIT Ha
MapLipyTe, a TaKKe OJBUXKHOTO COCTaBa.

Puc. 4. OcHoeHbIe 3mankI peanu3ayuu npuopumema 20p00cKk020 NAcCaXUPCKo20 MPaHcnopma [ebIN0AHEHO agmopamu].

Baetcs Kak xopoiiee. Ha mepekpectke Oduriep-

\
War ckas — mocce Hedranukos nmeercs cetodop-
Pacuet UHTEH ropoAcKoro 0 Ta
Ha ayrax rpada (cekumax) no Tekylwein TpaHCNopTHON moenu. Pacuet HOC peI‘y.]'IPIpOBaHI/IC.
TOPOACKOro NaccaXMpCcKoro TpaHCNopPTa Ha Uccnesyemom y4acTke yANYHO-
Vi cew & npor & TpaHCNOpTHOTO HepereCTOK Ha CXEM€ ropoja KpaCHoz[apa
6e3 BBoAa 11 nonocel. [laHHblit Nokasatens,
DaCC‘IMYbIBaEMbIﬁ ana KE)K.CIDI‘;I CeKUuMK, ABNALTCA NCXOAHbIM ANA MOAV/A. / HpeI[CTaBHeH Ha pHC‘ 6 :
I JlaHHBII IEPEKPECTOK SBIISIETCS PETYIHpYe-
ar2 \  MBIM H OCHAIIEH CBETO(OPHBIM OOBEKTOM.
Pacuer  ycpeny NPOE3Aa UCC/IRAYeMOrO y4acTka Tak xe B nmpouecce pa6OTBI ObLI pacCMOTPECH
Aoporu nposoauTca moaynem Anylogic. o
J yuactok YJIC LlenTpanbHOro paiioHa ropojaa
i KpaCHo;[apa Ha IICPCCCUYCHUH YIIUL] O(i)I/II.IepCKaSI
War 3 u Kpacnas.
«Ha 3ToMm Lware HeO6X0AMMO NPOBECTU KOPPEKTUPOBKY
cyuiecTaylouer cxems opr Ha «/IBmwkenue mo ynune Oduuepckas qByX-
nee y4acTke y. 1 cetn ans p o
o T ann CTOPOHHCEC, IIUPUHA IIPOEC3KEU YaCTH MO YIHILIC
06LeCTBEHHOrO TPAHCNOPTa. KOPPEKTUPOBKA CyLECTBYOWEN O(bI/II.[epCKaSI COCTAaBJISIET 2 1 METPOB KOJIU-
CxXembl opr A >
CamoCTOATeNIbHO Ha OCHOBaHMM HOPMaTUBHbIX NOKa3aTenei YeCTBO II0JIOC ,Z[BI/I)KGHI/I)I Ha )IaHHQM yqaCTKe
31eMEHTOB TPAHCMOPTHOM CUCTEMbI, aKTYaM3NPyeMbIX
Ha AaHHbIN MOMEHT BPEMEHU. PaBHO CEMH, II0 obenm CTOpOHAM Mpoe3xKas
l 4yacTh 000pyAOBaHa TPOTyapaMH MIMPUHOH 1,5
ward M, TOPOXKHOE MOKPHITHE — acamsrodeTon» [9].
«[laHHan onepauua NONHOCTbLIO aHAN0TM4Ha N0 CBOEN CTPyKType wary 1 3a Ha YJ'II/II.IC O(bI/ILIepCKaSI HaHeceHa I[OpO)KHaSI
WUCKNKOYEHUEM TOTO, 4TO Ha 3TOM LWare pacyeT HOBbIX 3HayeHwit o
MHTEHCUBHOCTY Ha Aiyrax rpada (CeKuum) no Tekylyeit TpaHcnopTHOM pa3MeTKa, COCTOSIHHUEC NJaHHOU pa3MeTKI/I OUCHU-
MOZENM NPOBOAMUTCA Y)KE C YHETOM BBO/AA BbIAENEHHOM NO/OCHI HA
uee yuactke y. i ceTun., BacTCs KaK XOpOuIce.
l ITepekpectok Ha cxeme ropoaa Kpacnonapa
— MOKa3aH Ha puc. 7.
Pacuet apdeKTMBHOCTU ¥ nonocel no )IaHHLIﬁ TNEPEKPCCTOK TAKIKE ABJIACTCA PEry-
Ha nct y y4acTke y. i cetn.
JIMPYEMBIM 1 OCHAILICH CBeTO(i)OpHLIM 00BEKTOM.
Puc. 5. Pacyem agbghekmuaHocmU 8bI10eIeHHOI Nonochl HanHble MEpPeKPeCTKU OBUIM BHIOpaHBI
[einonHetio aemopamu]. B KQ4eCTBE 00BEKTA UCCIICIOBAHMS H3-3a BEICOKOI
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Puc. 7. Mepexpecmok yn. Ochuyepckoli u yn. KpacHas Ha cxeme 2. KpacHodapa.

WHTEHCUBHOCTH JIBVDKCHUS KaK JIETKOBBIX, TaK H
MapIIpYTHBIX TPAHCIIOPTHBIX CPEICTB. Bricokas
WHTEHCHBHOCTH OIPaBAaHA TEM, YTO YIHIIA
Od¢unepckas sBisieTcs CBA3YIOMEH ynuien
MeXIy TpeMs palioHamu ropoaa: LlenTpansHoro,
[puxybanckoro n ®ecTHBAIBLHOTO.

[Ipu cymecTBytomel cxeme OpraHU3aIiH
JOPOXKHOTO ABWXEHUs Ha ynune Oduiepckont
ot ymunps! Komxo3noi 1o mocce HedrsiHnkoB
3aTpyIHEH OECIPENsITCTBEHHBIN BbE3/ B TOPOA
¢ PocroBckoro mocce u ynunsl Konxo3Hoi.
CxeMa moka3aHa Ha puc. 8.

B umMeromuxcs ycloBHSX CpegHEe YHCIIO
MaIlMH ¥ CPEHEE BPEMS IIPOE3/1a ATOTO yJacTKa
32 4ac OTCJICKMBAHMS IBVKCHHS IIPH HIHEIITHEH
WHTEHCHBHOCTH JJOPOXKHOTO ABHXEHHS B IPO-
rpamme AnyLogic 8.7.5 onennBaercst kak 269
TPAHCIIOPTHBIX CPEACTB U 734 cekyHsI (puc. 9).

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 2 (111). C. 70-80

B mpomecce uccienoBaHus mepeKkpecTka
OBUTH BBISIBIICHBI PA3TMYHOTO PO/Ia HEJOCTATKH,
KOTOpBIE MEIIAIOT HOPMaJIbHOMY JABMKEHHIO Ha
nepecedeHny ynaun. VIMEeHHO 3TH HeIOoCTaTKH
aBTOPBI MpENIaraloT JUKBUINPOBATE ITyTEM
N3MEHEHHS CYIIECTBYIOMIEH CXEeMBI OpraHN3aIiH
JIOPO’KHOTO JBIKCHUS M CO3/IaHNS BBIACTICHHOM
nostocs! st MTC.

[Mocre mpoBeneHNsT HATYPHBIX HAOTIOACHIH
1 OLCHKH [eJIeCO00Pa3HOCTH CYIIECTBYIOMEH
CXEMBI OpPTaHH3AIUU JTOPOXKHOTO JIBYIKECHUS
MOXKHO CJIETIaTh BBIBOJ O HEOOXOIMMOCTH IPO-
€KTHPOBAHNS YCOBEPIICHCTBOBAHHOMN CXEMBI
OpraHU3aIMN JOPOXKHOTO JIBIKCHUSI Ha paccMar-
PHBAaEMOM y4acTKe YAHIHO-TOPOKHON CETH /IS
YBEIMUYECHHUS IPOITyCKHON CIIOCOOHOCTH IO Ha-
MIPaBJICHHIO K IEHTPY ropoaa. Kpome Toro, ecth
HEOOXOANMOCTh B CHIDKCHHH aBapUITHOCTH Ha
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JTAHHOM y4YacTKE U TOBBIIICHUN OE€30MaCHOCTH
JIBIDKCHUS IPYTHX YYaCTHUKOB.

B mepByro odepens HEOOXOMMMO YITyUIIIUTh
BHANMOCTH CYIIECTBYIOIINX 3HAKOB JJOPOXKHOTO
JBIKCHHSI, 9aCTh KOTOPBIX NMPaKTUIECKH HE
BHIIHO W3-3a 3eJICHBIX HacaxaeHuit [10].

B nipesiokeHs! U3MEHEHHST B OpraHn3a-
UM JOPOXXKHOTO JBIDKeHMs ynmuir: Oduiepekasi,
Kpacnas n mocce Hedrsankos.

Tax, m1s nepecevenns ynmun Odunepckas n
mocce HedsiHMKOB ObUTa MpemIoXKeHa peKoH-
CTPYKIHS TIepeKpecTKa TaKuM 00pa3oM, 9TOObI
€ro MOJKHO OBLITO Ipoe3XaTh 6e3 CBeTOOpHOTO
PpeTyIupOBaHHsI.

[IpemmaraeMple peKOMEHIAIMN PACCMOTPUM
JUTSL KKIOW CTOPOHBI TTEPEKpeCTKa.

Vrmra Odunepekast co cropons! ymmisl Kpac-
HOM:

— CZIeNaTh y4acTOK JOPOrH oT ynuiisl KpacHoi
JI0 ynuiibl mocce HedTsHNKOB 0AHOCTOPOHHNM;

® Mwup TpaHcnopTa. 2024. T. 22. Ne 2 (111). C. 70-80
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Puc. 9. Pesynbmami, 3aghukcupoeaHHbie 8 AnyLogic 3a 4ac skcnepumeHma
[8binonHeHo asmopamu, CKPUH OKHa NPo2paMMbl 8 npoyecce IKcNepuMeHmal.

— KpalHIOIO NpaBylo MOJIOCY CAeIaTh
BeIfeNeHHo# 1t MTC;

— YBEIWYHUTH KOJIUYECTBO IOJIOC ABHKE-
HUSA C YETHIpEX /10 MATH;

— ABe KpaifHWe mpassle monocsl (1 u 2)
OCTaHyTCS JIJIs TOBOPOTA HAMpPaBO Ha yIHUILY
mocce HedTsaunkos B cTopony ynuis! Jlysa-
Ha;

— TPEThs MOJI0Ca MOCEPEANHE MO3BOIHT
JBHUTATHCS MPSAMO B CTOPOHY ynuisl [3ep-
KUHCKOTO ¥ HAJIEBO BO BTOPYIO MOJIOCY;

— IBe KpaliHme neBbie moaochl (3 u 4)
OCTaHyTCs JUJIsl IOBOPOTA HAJIEBO HA YIHILY
mocce HedTsiaukos B cropony ynunsl Kpac-
HOM B TPETHIO U YETBEPTYIO MOJOCHI.

Takum 00pazom, ¢ 3TOTO HampaBICHUSA
MOXHO OyZeT cleoBaTh B JTIOOOM M3 Tpex
OCTaBIIUXCS HallpaBICHUN.

VYnuna nrocce HedTssHMKOB MO Hampasiie-
HHIO K ynuue KpacHoit:
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Puc. 10. Mpednazaemas cxema Of4L Ha nepeceyeHuu ynuy Oguyepckas u wocce HegpmsiHuKoe [bINoIHEHO agmopamu].

— caenaTh KpalHIO0 mpaByto nojocy (1)
BBIJICJICHHOH JIJIs1 aBTOOYCOB, I10MIACTh Ha HEe
MOXHO OYJIIET C BBIICIEHHO AJIs Hee MOJIOCHI
¢ ynuibl Oduriepckoii co ctoponsl J[3epxun-
CKOTO;

— Ha 2, 3 1 4 MOJOCH MOXHO OyaeT mo-
macth TOJNBKO ¢ OQuIiepcKoil CO CTOPOHBI
ynuisl KpacHoid.

B utore HanpaBneHue octaeTcs mpakTuye-
cku 0e3 U3MEHEHHId, HO MOJIydaeT Clieualb-
HYIO TI0JIOCY JUIsl OOILIECTBEHHOTO TPAHCIIOPTA.

Vnuuna Odunepckas co CTOPOHBI YIHUIbI
J3epxuHCKOTrO:

— cIeJaTrh y4yacTOK JAOPOTH OT YJIHUIIBI
JI3epuHCcKOTrO 10 yaullsl mocce Hedrsauukor
JBYCTOPOHHHUM, B CTOPOHY YJIHIBI IIOCCE
HedrsaHukoB oiHy 110710CY, B IPOTHUBOIIOI0XK-
HYIO JIBE;

— I0JI0CY B CTOpOHY ynuibl mocce Hed-
TSHUKOB CJIeJIaTh BBIJICIEHHOH J1JIs1 aBTOOYCOB,
10 TI0JIOCE MOXKHO TIOBEPHYTH TOJBKO HaIpa-
BO B IEpBYIO nosiocy ynuubl mocce Hedrs-
HHUKOB B CTOPOHY ynuIlbl KpacHoii;

— B mepByIo nojocy ynunbl Oduiepckoi
B CTOPOHY yNHUIBI J[3€pKMHCKOTO MOXXHO

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 2 (111). C. 70-80

OyzeT monacTh TOJIBKO CO CTOPOHBI YIHIIBI
KpacHoii, ¢ TpeTbeil moaoch;

— MEPBYIO MOJIOCY PACIIUPHUTH 10 ABYX IO-
JIOC, IUISl 3TOTO MPHUAETCS PaCIIUPHUTH TOPOTY
nepe mepecedeHueM ¢ yauren /[3ep>xunckoro,
KOTOpas ceiyac IBYXIOJOCHAas, HAaYMHASA OT
ynuipel J(3ep>;KUHCKOTO.

B pesynbrare peKOHCTPYKIMU MbI Oynem
HMMETh JIByCTOPOHHIOIO YIIHITY C OJTHOH MOJIOCOM
B CTOpOHY ynuibl occe HedrsiHUKOB 1 qBYyMst
MIOJIOCAMHU B CTOPOHY YIHIEI [{3ep>KUHCKOTO.

Viuna mmocce HeTAHMKOB B CTOPOHY YJIHIIBI
Jly3ana:

— HCKJIIOYUTHh BO3MOXHOCTH BbI€37a Ha
yauity ¢ yiuiiel OGHIIEPCKO CO CTOPOHBI YITUIIBI
J13epKMHCKOTO;

— [TO3BOJIATH BBE3/1 HA YITUITY TOJIBKO C YIIHILIBI
Odunepckoii co cTopoHs! ynuibl KpacHoit ¢
MIepPBO U BTOPOH MOJIOC BO BTOPYIO M MEPBYIO
COOTBETCTBEHHO;

— IIEPEeHECTH OCTAHOBKY OOILIECTBEHHOTO
TpaHCIIOpPTa JaJIbIIIe OT IePeKpecTKa.

B urore HanpaBiieHHe OCTaHEeTCS IpaKTHYe-
cku 0e3 M3MEHEHHIi, a MepeHOC OCTAaHOBKHU
YMEHBIINT 3aTOp Ha MEePEKPECTKE.

KoHoBanoga T. B., HagupsH C. J1., KoteHkoBa WU. H., CeHuH WU. C. MeTtoguka o6ecnevyeHust
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IIpenmaraemas cxema O/1/] mpencrapneHa Ha
puc. 10.

3aBepmarommeii craauell N3MEHEHUs Tepe-
ceuennst ynun O¢unepckas u Kpacuas moxer
CTaTh PEKOHCTPYKIHS MEPEKPECTKA TAKUM 00-
paszom, 4TOOBI YMEHBIIUTH KOJUYECTBO KOH-
(mukTHBIX Touek [11]. Tlpemmaraembie pexo-
MEH/IAIUH PACCMOTPUM ISl KaXIO0H CTOPOHBI
TIepPEeKpeCTKa.

VYnuna Odunepckas co CTOPOHBI YIUIIEI
PocToBckoe mocce:

® Mwup TpaHcnopTa. 2024. T. 22. Ne 2 (111). C. 70-80

Puc. 12. [pednazaemasi cxema Of[ Ha ynuye Ocpuyepckas [ébIN0THEHO agmopamu].

* cJenaTh y4acTOK JOPOTH OT yiaunsl Kom-
MYHapoB 10 yauLbl KpacHOH NATHIIONOCHBIM;

* ¢ KpaifHeil mpaBoi mosockl (1) MOXHO
OyzeT moBepHyTh Hanpaso B OpIoBCcKuii mepe-
YIOK WJIM I0eXaTh IPSIMO B IIEPBYIO MOJOCY
Odurepckoii ynuisl;

*co 2, 3,4 u 5 moioc IBMKEHHE MOXKHO
OyZeT OCyIeCTBIATh TOIBKO MPSAMO.

Takum 00pa3om, ¢ 3TOr0 HalpaBICHHS
MOXHO OyIeT moexarpb Jin0o mpsiMo, Jubo B
OpIoBCKUii IIepeyIoK, KaK U paHblIe, HO KO-

KoHoBanoga T. B., HagupsH C. J1., KoteHkoBa WU. H., CeHuH WU. C. MeTtoguka o6ecnevyeHust
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Puc. 13. Pesynbmamel, 3ahukcuposaHHble e AnyLogic 3a yac akcnepumeHma
[8bINOTHEHO a@Mmopamu, CKPUH OKHa NPo2PaMMbI & NPOYECCE SKCNepuMeHmal.
Taoéauna 1
CpaBHeHHe OCHOBHBIX NOKa3aHMIi, BbIIaHHBIX Mporpammoii AnyLogic
[BbIIOTHEHO aBTOpaMH]
Bpewmst Koi-Bo Cpennee Mun Maxkc Cpenne- JloBepur. Cymma
mpoesza KBaJIp. HHTEepBaI
OTKJIOHECHHE | IS
CpeIHero
o 269 734.665 79.429 1508.19 284.563 34.006 197624.781
Tlocne 276 402.051 48.006 1362.975 229.637 27.092 110965.946

JIMYECTBO IOJIOC, C KOTOPBIX 3TO MOXHO CJie-
naTh, OyleT YBEJIWYCHO U JOCTUTHET IATH.

Vrta Kpacrast:

— TIO3BOJIUTH € KpaiHMX Tpex mnoinoc (1, 2, 3)
OeCIIpersITCTBEeHHBII TOBOPOT HAIIPaBo, 0e3 3a1epK-
KU Ha cBeTodope;

— YBEIIMYHUTH KOJIMYECTBO TOJIOC JUIS TIPOE3a
TIPSIMO U TIOBOPOTA HAJIEBO HA OZIHY;

— C 4ETBEPTOH IOJIOCHI PA3PELINTh IPOE3]
NPSIMO U Pa3pelHTh TOBOPOT HAIEBO BO BTOPYIO
nosocy ymunsl OQHLEpPCKOl B CTOPOHY YIHIIBI
mocce Hedrsiaukos;

— ¢ 5, 6 1 7 IONOCHI pa3peIrTh IOBOPOT HaJle-
BO B 3, 4 1 5 1OJIOCHI COOTBETCTBEHHO

— OCTaBUTHb CBETO(GOPHOE PETYINPOBAHUE
TOJBKO /IS TIPOE3/1a MPSIMO U HAJIEBO.

B wnrore HanpapneHue NOMY4UT JOIOIHUTEb-
HYIO TI0JIOCY ULl TIOBOPOTA HAJIEBO U JIUILIHUTCS
CBETO(OPHOTO PEryIMpOBaHHUS UL IIOBOPOTa Ha-
TIPaBo B CTOPOHY ynHisl KomMmyHapoB.

Vina O¢uriepekast B CTOPOHY YIIHIIBI IIOCCe
Hedrsinuxos:

* clIeNaTh Y9acTOK JOPOTH OT ymuibl KpacHoi
J0 yiupl mocce He(hTsiHUKOB OHOCTOPOHHNM;

* YBEJIYUTD KOIMYECTBO TOJIOC IBWKEHIS C 4
20 5;

* BO BCE IIOJIOCHI MOKHO OyzeT IomnacTh ¢
ymunsl Odunepckas, ¢ nepBoi B INepBylo, €O
BTOpPOH BO BTOPYIO U T.A., ¢ ynunsl KpacHas

TOJILKO BO BTOPYIO, TPETHIO, YETBEPTYIO, IATYIO
TIOJIOCHL, COOTBETCTBEHHO, a ¢ Iiepeyika Opiiosa —
TOJIBKO B TIEPBYIO II0JIOCY.

B nporiecce pekoHCTPYKLMK MBI TTOTy9HM OIHO-
CTOPOHHIOIO YJIUILY, Ha KOTOPYEO MOXKHO IIOTIACTh €
J000T0 13 OCTABIIMXCS TPEX HanpasieHuii [ 12].

[Ipennmaraemas cxema OJ1/] mpencrasieHa Ha
puc. 11.

Bce MeponpusTs, peKOMeHIOBaHHbIE IS
JIBYX MepeKpecTKoB yauibl Odutiepckoit, OyayT
3¢ PeKTHBHBI, €CIIU AOTIOTHUTEIBHO OYYT IPH-
HATHI CIeAYIOIINe U3MEHEHHUS:

— Ha niepekpectke ynui Odunepckas u Kom-
MyHapoB Oyzer 3arnpeieH noBopot ¢ Oduriep-
CKOM ynuIbl cO CTOpOHBI PocToBCKOro 1mocce
HaJeBo Ha ynuiy KommyHapos;

— Ha Konxo3Hoi#l ynune no6aButcs mojioca
IUIs Tipoesza npamMo Ha OHLepeKyo;

— Ha PocToBCcKOM 10cce 106aBUTCS 1ojIoca
UL TIOBOPOTA HajieBo Ha ynuiy OQHuepcKyro
(puc. 12).

B npemuiaraembIx ycnoBusAX CpeqHEe YHCIO
MallIdH U cpelHee BpeMs IPoe3sia 3TOro yyacT-
Ka 32 4ac OTCIIC)KUBAHHUS JBHKCHUS [IPH HBIHEIII-
Hell MHTEHCHBHOCTH JOPOXKHOTO ABHKEHHS B
nporpamme AnyLogic 8.7.5 olieHuBaercsi Kak
3486 aBromoOuieii u 358 cekynapl (puc. 13).

CpaBHEHHUE Pe3yJbTAaTOB IPEACTABICHO B
Tad. 1.

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 2 (111). C. 70-80
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[pu ycrnoBru BBITOMHEHMI 5THX PEKOMEH/IALIUIA
MOXKHO M30aBUTKCsI OT CBeTo(Opa TSl TOBOPOTA HA
yauiy KommyHapos ¢ Oduiiepckoit yiauisl co
croponsl PoctoBckoro mocce. Takum oOpazom Ha
yuactke Oduriepckoii yimip! ot yiuis KoxosHoi
JI0 yauupl mocce HedtssHUKOB OyyT CTOSITH BCero
TpH cBeTo(hopa, 110 1Ba U KAXKOTO HAlPaBICHHUS
JIBYDKCHUSL.

KPATKUE BblBOblI

B pesyssrare MoIepoBaHus CUCTEMBI YCIIO-
BHSL JIBIYKEHHS WHMBUIYATbHBIX TPAHCIIOPTHBIX
CPEJICTB YXY/IILIATCSI FJTM OCTAHYTCSl HeM3MEHHBIMU,
a YCJIOBHSI JIBIDKEHHS TOPOZCKOTO NACCAKUPCKOTO
TpPaHCIIOpTa YJIy4IIarcsi. TO MOXKET MPHBECTH K
TriepepacIpeeNeHHIO acCaKUPOIIOTOKA C NHIANBH-
JTyaJIbHBIX TPAHCIIOPTHBIX CPENICTB HA MOABHKHON
COCTaB I'OPOJICKOIO MacCa)KUPCKOTO TPaHCIIOpTa, B
CBSI3M C YeM IOTpeOyeTCsl IIPOU3BECTH Tepepacyer
TPAHCIIOPTHBIX TIOTOKOB B CJICIYIOIIMX UTCPAIHIX
(c yueToM n3MeHeHus cocTaBa moToka) [ 13].

Takum 00pa3oM, MO UTOraM MPOBEICHHOTO
IKCIIEPUMEHTA MOXKHO CZIeJIaTh BBIBOJL, YTO IIPHMe-
HsIs1 IaHHY!O METOAMKY B KPYITHBIX TOPOAAX, MOYKHO
JIOCTHYb SKOHOMHH BPEMEHH PabOThI Taccaup-
ckoro TpaHcriopta [14]. JlaHHas mMonens npuMe-
HUMa HE TOJIBKO JIJISi TPAHCIIOPTHON CHUCTEMBI
. KpacHonapa, HO 1 ist TPaHCTIOPTHOW CHUCTEMBI
J000r0 ropoza, Ie BhlpakeHa HEOOXOIMUMOCTh
CHIDKCHHSI YPOBHS 3arpy3KH YJIHYHO-TOPOKHON
CETH U COKpALIICHHs] BpEMEHH NIepeMEILIeHHs Hace-
JIeHusI TI0 TeppuTopun ropoza [15].
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Anekceit TONIKOB

AHHOTALNA

Llenbto OaHHol pabombI senisemces uccredogaHue nponyck-
Holi cnocobHocmu asmomoburibHol 0opoau, komopas 3agucum
om 6011bWwo20 yuca hakmopos. Popmysna, NOMOXeHHas 8 0CHO-
8y HopmamugHol Memoduku onpedeneHusi nponyckHol cnocob-
HOCMu, €8s3bisaem (hakmuyeckyto nponyckHyro cnocobHoCmb
C MakcumasnbHol 4Yepe3 umoeosbiil K03aghhuyueHm CHUXeHUs
nponycKHoU cnocobHocmu, CoCmMoAWull u3 NPoL38e0eHUs CeMHal-
yamu YacmHbIX K03¢hehuyUeHmMos.

CoenacHo amoli MemoduKke, pekoMeHOyemcs ucnons308ame
8 pacyemax He bonee wecmu yacmHbIX Ko3ghghuyueHmos, onpe-
Oenisis Habop aMuX YacmHbIX K03ghuyueHmos 0nsi kax0020
KOHKPemHoeo cryyasi. B cesisu ¢ amum eosHukaem npobrnema
8blbopa Haubosee 3Ha4UMbIX YacmHbIX K0IGhUYUEHMOos.

B kayecmee obbekma uccnedogaHus 8bibpaHa 00Ha U3
ueHmparnbHbIx ynuy 2opoda Bnadumupa — ynuya opbkoeo.

[inst docmuxeHus nocmassieHHOU Uesu ucnob308arcs Me-
mo0 HabrodeHusi, @ makxe bbiru NPosedeHsb! IKCNepUMeHMalTb-
Hble uccrnedogaHusi UHMEHCUBHOCMU OBUXEHUS MPaHCNOPMHbIX
cpedcme Ha paccvampugaemol yiuuye.

Mo dnuxe dopoau bbIT0 8bI6PAHO HECKOMBKO CeYeHul,
8 KOmopbIX NposodusTUCL 3aMepbl UHMEHCUBHOCMU O8LXEHUS
U cocmaga mpaHchopmHo20 nomoka e yac nuk. OnpedensieMbil
napaMemp — UmMo208bill KO3PUUUEHM CHUXEHUS NPONyCKHOU

Anexceit Bnaoumupoeuu Tonkoe

Braoumupckuii 2ocyoapcmeenHblil yHueepcumem umenu Anexcanopa I pueopvesuua u
Huxonas I'pueopvesuna Cmonemosvix (Bal'Y), Braoumup, Poccus.
Web of Science Researcher ID: AAE-1850-2019; PUHI] SPIN-ko0: 9599-5189; PUHI]

cnocobHocmu dopoeu. OH paccyumsisancs 0n1si kaxool nomnochi
0BUXEHUS 8 30HE CEYEHUS. 3ameM 8bINOTHSNOCk YCPEOHEHUE €20
3HayeHuLl N0 YemHoU U HeYemHOU CMOPOHaM yfiuubl, @ Makxe no
OnuHe ecell ynuyb.

B daHHoll pabome, 8 kayecmee npumepa, u3-3a Hebosb-
Wwo20 Konuyecmea ceveHull, ucnonb3osaHa eeoMempuyeckas
UHMepnonayus MHozo4neHoM flaeparxa. anee onpedenerHa
MaKcuMarbHasi No2pewHoCMb UHMEePNOIUPOBaHUS U NOCMPoe-
Hbl 2pagpuku 3asucumocmell akcnepuMeHmarnbHbIX U UHmep-
NOUPOBaHHbIX KPUBKIX UMO208020 KO3ghehuyueHma CHUXEHUS
nponyckHol cnocobHocmu dopoeu st yemHol U HeyemHol
CMOPOH ynuybl, @ makxe no dnuHe gcell ynuybl. ns npakmu-
yeckux yeneli cnedyem ebibupamb makoil Memod uHmepnons-
yuu, komopslli 6ydem obecneyusames MUHUMaIbHYK0 No2pel-
Hocmb. Takum 06pa3oM, umes Mamemamuyecku ONUCaHHYIo
Kpugyio, MOXHO onpedenume 3Ha4YeHUe Umo2o8oeo KoIgu-
YUeHMa CHUXEHUSsI nPonyCKHOL cnocoBHoCMU 6 m1lobom ceveHuu
yuypl.

Pe3synsmamom pabomsI sienisiemcs paspabomarHasi Memo-
Ouka 3KCnepuMeHmanbHo2o onpedesieHus nponyckHol cnocob-
Hocmu dopoeu, komopasi no3eonsiem onpedensims UmoaoebIi
KO3GhehuULLIEHM CHLXEHUSI NPONYCKHOL cNOCOBHOCMU KOHKpemHol,
yxe cywecmeyroweli dopoeu.

Kntoyesbie cnosa: asmomoburnbHas Oopoea, nponyckHas cnocobHocme, MemoOuka 3KCnhepumeHmarbHo20 onpedeneHu;l nponyck-

Hol cnocobHocmu dopoau.

[ns uumuposanus: Tonkog A. B. Hogbili nodxod k onpedeneHuto nponyckHol cnocobHocmu asmomobunbHol dopoeu // Mup
mparcnopma. 2024. T. 22. Ne 2 (111). C. 81-87. DOI: https://doi.org/10.30932/1992-3252-2024-22-2-8.

MonHbili mekcm cmambu 8 nepeeode Ha aHanulickull A3bIK Ny6IuKyemcsi 80 mopoll Yacmu daHHO20 8bINycKa.
English translation of the full text of the article is published in the second part of the issue.
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BBEOEHUE

AHanmu3 HayYHBIX pa0OT W MCCIICIOBAHUMA
B 0071aCTH OpraHU3aNNH JOPOKHOTO IBUKECHHS
TO3BOJIMJI CJIETaTh BEIBOJ O HEAOCTATOYHOM
rmyOnHE TPyIOB, CBA3AHHBIX C IPOIYCKHOH
CITOCOOHOCTBIO aBTOMOOHMIBHBEIX Jopor [1; 2;
3]

IIpormyckaas crmocoOHOCTh aBTOMOOHITHHBIX
JIOPOT 3aBUCHT OT GOJIBIIIOTO Yrciia GaKTopos '+
[4]. HopMaTHBHBIM HCTOYHHKOM IO pacyeTy
MPOIMYCKHOHN CIOCOOHOCTH IOPOT SIBISIETCA
OJIM 218.2.020-20123. ®opmyrna, OIOKEHHAS
B OCHOBY METO/IMKH OTIPEICIICHHSI POITYy CKHOH
CITIOCOOHOCTH, CBS3BIBACT (PaKTHIECKYIO TPO-
ITyCKHYIO CIIOCOOHOCTH C MAKCUMAaJIbHOM uepes
HUTOTOBBIH KOA(POHUINCHT CHIDKEHHUS IPOITYCK-
HOH CIIOCOOHOCTH, COCTOSIINI U3 IPOHU3BEIe-
Hus 17 gacTHBIX K023 PuruerTos [5]. CormacHo
3TOH METONKE, PEKOMEH/IyETCs HCIIOIb30BaTh
B pacueTax He 0oJiee mecTH YaCTHRIX Kod(du-
HAEHTOB [6], ompenensisi HA0Op ITUX YACTHBIX
KO3 PUIIUEHTOB TSI KaKIOTO KOHKPETHOTO
cirydast. Y BOT 371ech Kak pa3 ¥ BO3HHKAET IIPO0-
nmeMa BeIOOpa HamOoJee 3HAUMMBIX YaCTHBIX
KO3 PHUIIHECHTOB.

L]envro maHHOM PabOTHI ABISAETCS HCCIEIO-
BaHUE MPOITYCKHOH CIOCOOHOCTH aBTOMOOMIIB-
HOM moporu. B kagecTBe 00BEKTa HCCITETOBAHUS
BBIOpaHa OfHA M3 IIEHTPAIBHBIX YJIHIl TOpoa
Brnapumupa — ynuna ['opskoro.

B kagectBe Mmemo0os ucciaenoBaHus TpH-
MEHSUICS METOJ HaOIIOACHUS, a TaKke ObLIN
TIPOBEICHBI AKCIIEPUMEHTAIbHBIC HCCIIEA0BA-
HUSI ”HTEHCUBHOCTH JIBYKCHHUS TPAHCTIOPTHBIX
CPEICTB Ha pacCMaTpHUBAEMOM yIHIIE.

METOOUKA

ITo nmHE HOpoTH OBLTO BEIOPAHO HECKOIBKO
CeYeHHH, B KOTOPBIX MPOBOJMINCH 3aMePbl HH-
TEHCHBHOCTH JIBVDKCHUS U COCTaBa TPaHCIIOPT-
HOTO TIOTOKA B Yac IHK.

OnpenenseMblii TapamMeTp — UTOTOBEIH KO-
(DUIIHEHT CHIKEHUS TIPOITYCKHON CTIOCOOHOCTH
nopori (B) [6]. OH paccauThIBaNCS T KaXKION
TIOJIOCHI IBMDKECHHS B 30HE CEUCHHUS. 3aTeM BBI-

! Tonkos A. B. CoBepIICHCTBOBaHNE JOPOXKHOTO IBUKCHHUSI
Ha mepekpecTkax: Yued. mocobue. — Brnagumup: U3a-o
Bnl'Y, 2018. — 180 c. ISBN 978-5-9984-0852-6.

2 TonkoB A. B. BeinyckHasi KBanu(uKannoHHas pabora
maructpa: Yueb. mocobue. — Bnagumup: Msn-so Bal'y,
2021.—128 c. ISBN 978-5-9984-1403-9.

3 0IM 218.2.020-2012. MeTtonuueckie peKOMEHIAIIH
110 OICHKE NMPOIYCKHOH CIOCOOHOCTH aBTOMOOMIIBHBIX
nopor / ®enep. nopox. arearctBo. — M.: POCABTO/IOP,
2012.- 148 c.
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TIOJTHSIOCH YCPEIHEHHUE €T0 3HAYSHUH 110 YETHOU
1 HEYETHOW CTOPOHAM YITHILIBI, @ TAKXKE 10 JUINHE
BCEH YIUIIBL.

B nanHoli pabote, B KauecTBe IpUMeEpa, H3-3a
HeOOJIBLIOro KOJNYECTBa TOYEK KpUBOH [, mc-
M10JIb30BaHa FeOMETpHYECKasi HHTEPIIOJSLIUS
MHorowieHoM Jlarpanxka. Jlanee ompeneneHa
MaKCHUMaJlbHasi MOTPEHIHOCTh HHTEPIIOIUPOBa-
HUS U TIOCTPOEHBI IpauKH 3aBUCUMOCTEN
9KCHEPUMEHTAIBHBIX ¥ MHTEPIIOJIMPOBAHHBIX
KpHUBBIX [ I 4ETHOW M HEYETHOUH CTOPOH
YIMLBL, @ TaKXKe 10 AJIUHE Bced ymauubl. s
MIPaKTHYECKHX LIeNIeil cieayeT BIOUpaTh Takou
METOJI HHTEPIIOJISIIIMY, KOTOPbIi OymeT obecre-
YMBaTh MHHUMAJIbHYIO TIOTPELIHOCTb.

Takum 00pa3om, UMest MaTEMaTHIECKH OITH-
CaHHYIO KPUBYIO, MOXKHO OITPEAEIUTh 3HAYCHHE
f B J1I00OM CEYECHUH YIHULIBI.

Bonee nmoxppoOHO MeTonMKa SKCIIEPUMEH-
TaJILHOTO OIIPEEIIeHHS ITPOITYCKHOMN CIIOCOOHO-
CTH aBTOMOOMJILHOM JIOPOTH BBIIJISLIUT CIIEAYIO-
M 00pa3om:

1. COOp MCXOTHBIX JAHHBIX:

1.1. Onpenenenue KOIMYECTBA CEUCHUI TIO
deTHol (K,) M HeueTHoM cTopoHaM (K,,,) yIULbL.

1.2. OmpeneneHue KOJIMYECTBA MOJOC JBH-
JKCHUS B KoM cedenuu (n) [7; 8].

1.3. Omnpenenenrie MakCUMaJIbHON MPaKTH-
4eCKOM NpoIyckHoii cnocobnocTu (P )"

1.4. Onpenenenue BpemMenn qaca muk (£, ) [9;
10].

1.5. OnpeneneHue UHTepBana BpeMEHH Ha-
omronenus (A7) [11; 12].

1.6. OmnpenesneHue pacCTOSHUS MEXKIY cede-
HUSIMU 110 YETHOM ¥ HEUETHOW CTOPOHAM YJIHILIBI
(xo’ Xp o x](ll(KHlt)-I)'

2. BeInosHEeHHE 110/ICYETOB UHTEHCUBHOCTH
JIBHYKEHHUS TPAHCIIOPTHBIX CPeZICTB (V) B KaXKIOM
cedeHuH u ee mpuseaenue [13-15].

3. [IpuHrMaeTcs nonyIieHue, 4to GpakTuye-
CKasl MPOITYCKHas CIIOCOOHOCTh paBHA M3MEpEeH-
HOW UHTEHCUBHOCTH JBIKeHus (P = N), Tak Kak
3aMepbl MHTEHCHBHOCTH JBM)KEHHS MPOBOJIH-
JIUCh B Yac MHK.

4. Beinonnenue pacuera  mo gpopmyie (1)
B=P/P_,
rae P — dakTudeckast mporrycKkHast CHOCOOHOCTb,
MIPUBEJICHHBIX aBT./4.

— JUIs1 K&KJJOH TI0JIOCHI JIBUXKEHHUS B CEUEHUH
(By: B .. B):

— s getHodt (B, B, --- Py,) ¥ HEYEeTHOH
(B, By --+ By,,) CTOPOHBI YJIHIIBI B KaXI0M
CEUSHHUH ITyTEeM YCPEIHEHHS 3 110 1oJI0caM JIBU-
KEHHUS;
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1. UcxoaHble JaHHBIE

2. DKcnepuMeHT

= Ku, Kuy

7, Pmax

- tun
- At

X0, X1,

.+« XKu(Knu)-1

5. IlponmyckHasi cHOCOOHOCTH
P(X) = BI/IHT Prax

N

|
3. Pacuer

P=N, =N/ Pmax
Bi1, B2, ... Pn
Bia, B2uy ... Pra
Brua, Ps, - Prarn
B1, B2, ... Prya

Ha
AB(x) S*[AB(X)]

Het Her

—>| 4. Crioco0 HHTEpPNOJIMPOBAHHUS

B=/()
CVY, Ax
Pemenne CVY

Ornpenenenue norpeHocT!

ITocTpoenne rpadukoB:

uHTepnoaupoBanus AP(x)

B> =/ (x), Bur =1 (x)

Puc. 1. Briok-cxema MemodQuKu 3KcnepuMeHmansHo20 onpedesieHusi nponyckHoll cnocobHocmu dopozu [8bINOAHEHO agMopoMm].

—ans Beel ymunwt (B, B, ... ﬁKyﬂ,) nyTemM
YCpPEeOHEHHs 3HAYCHUI M0 YEeTHON W HEYeTHOM
CTOPOHAM YIHIIbI B CEYCHUSIX.

5. Beibop crmocoba WHTEPIOIUPOBAHUS
Gynxumit B (B =7(x)).

6. CocraBienue cucteMsl ypasaenuit (CY)
HWHTEPIOJISIIIAN ¥ BBIOOD Imara (Ax).

7. Hanucanue KOMMbIOTEPHOW IpOrpamMMbl
pemenwnst CV.

8. I[TocTpoenue sKCepuMEHTabHEIX (B, = f
(x)) 1 uaTEprIoNMpoBanHbIX (B, = f(X)) KpHBBIX
B. Ompenenenue morpemHocTy AB(x).

9. Jlist momy4yeHus! 3HaUEHUS MPOITyCKHOM
CIOCOOHOCTH B TOYKE YAHIBI P(X) HamIo yMHO-
KMTb COOTBETCTBYIOLIEE 3HaueHue B Ha P .

X

10. Mepsl ai1st cHikeHUst AB(X) ¥ yTOYHEHHS
B,

— YBEJIMUYCHHE KOJIMUecTBa ceueHui (n. 1.1);

— yBeJHMYeHHEe BpeMeHH HaOmoneHusi (n. 1.4)
[14, 15];

— ymensienue Az (n. 1.5);

— OoJsiee TOYHOE M3MEPEHHE PaCCTOSHUI
MeXIy cedeHms M (n. 1.6);

— BBIOOpP TOYHOTO METOJa MHTEPIIOIUPOBa-
Hus (n. 6).

Bnok-cxema MeToauKHy pUBEACHA Ha puc. 1.

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 2 (111). C. 81-87

PE3YNbTATbI

B kaugecTBe mpuMepa NpUBENEHO HCCIIe-
nosaHue ynunsl ['opskoro B r. Bmagumup.
KonnuectBo paccmMaTpuBaeMbIX CEYEeHHH
(65110 BHIOPAHO IIECTH, B palilOHE OCTAHOBOY-
HbIX nyHKTOB (OII)) m mosioc ABMXEHHS,
3HAYEHHSI MAKCUMAJIbHOW MPAKTUYECKOM Mpo-
ITyCKHOH CITIOCOOHOCTH, PE3yIbTaThl 3aMEPOB
WHTEHCHBHOCTH JIBHKEHUS TPAHCHOPTHBIX
CpEZCTB M pacuer 3 Mo MoJ0caM MPUBEICHBI
B Tabm. 1.

I'padux pactipenenenus 3 o mepBbIM I10JI0-
caMm yJuIpl IPUBEJICH Ha pUC. 2.

I'padux pacnpenenenus P o BTOPHIM I10JI0-
caMm yJuIpl IPUBENIeH Ha puC. 3.

I'padux pacnpeneneHus ycpeaHeHHBIX 3 1o
YETHOI M HEYETHOU CTOPOHAM YJIULIBI IPUBEACH
Ha puc. 4, a rpaduK pacupeneseHus 1Mo Bcer
yiHlle IPUBEIEH Ha PUC. 5.

B nmanno# pabote, 13-3a HEOOIBIIOTO KOJH-
YecTBa TOYEK KPUBOH pactpesieNieHus 3, UCTIob-
30BaHa reOMETpUYECKast HHTEPIOJISIUS MHOTO-
uneHoM Jlarpanxka.

McxXonHBIMU JaHHBIMH JJIS COCTaBIICHUS
CHCTEMbl YPaBHEHUI MHTEPIIOSINY SBIISIOTCS
PacCTOSIHUS MEK/Ty CEIEHHSIMH 110 JUTHHE YIIHIIBI,

Tonkoe A. B. HoBbIii nogxoa K onpeAeneHm1to NponyckHOM CnocoGHOCTU aBTOMOGUNLHON Aoporu




i Taoauna 1
L)1 Pacuer [} mo nosiocaM [BBINOJIHEHO ABTOPOM]|

OIl Cropona Homep P o P, B
ynunbl T10JIOCHI JICTK. aBT./‘{ TIpUB. aB’I‘./ q
1-it UYernas 1 2300 204 0,089
p. Conpmka 2 2300 734 0,319
3 2300 512 0,223
Heuernas 1 2300 142 0,062
2 2300 607 0,264
3 2300 581 0,253
2-if YerHas 1 2200 307 0,140
yn. Tacrenno 2 2200 639 0,290
HeuerHast 1 2200 596 0,271
2 2200 385 0,175
3-it YerHas 1 2200 578 0,263
Bal'y 2 2200 597 0,271
Heuernast 1 2200 827 0,376
2 2200 508 0,231
4-if YerHas 1 2200 533 0,242
Mnomans 2 2200 551 0,250
g“.“ﬁ. Mermma | HoveTHaR 1 2200 569 0,259
2 2200 565 0,257
5-if Yernas 1 2200 607 0,276
Bcnonse 2 2200 506 0,230
Heuernas 1 2200 664 0,302
2 2200 669 0,304
6-it Uernas 1 2200 346 0,157
fOpbeBckast 2 2200 441 0,200
sacrasa Heuernas 1 2200 587 0,267
2 2200 1027 0,467
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Puc. 2. Fpagpuk pacnpedeneHusi 1 no nepebIM nosocaM ynuybI [8bINOTHEHO a8 MOPOM].
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Puc. 3. Fpagpuk pacnpedenieHus 2 no MopbIM NOIOCaM yuybl [8bINOTHEHO a8MOPOM].
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Tadauma 2
HcxonHble JaHHbIE TSI CHCTEMbI YPABHEHU i HHTEPNOJISIUHU [BBINOJTHEHO aBTOPOM]

ITo Bceii ynuue
x() x! ‘xZ x3 x4 xS
0,00 km 0,53 km 0,95 km 1,60 km 2,15 km 2,65 kM
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Puc. 4. ['pachux pacnpedeneHusi koagehuyueHma Bcp no yemHoll u HeYemHoUl CMOPOHaM ynuybI [8bINOHEHO a8MOPOM].
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Puc. 5. [pagpuk pacnpedenerus koagpgpuyuenma Bon no ecell ynuye [bINOIHEHO a@MopPom].
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Puc. 6. CpasHeHue aKkcnepuMeHmanbHOU U UHMEPNONUPO8aHHOU KPUBbIX B4 N0 YemHOU CMOPOHe ynuybl [8bINOHEHO a8MOPOM].
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Puc. 7. CpaeHeHue 3KcnepuMeHmarbHoll U UHMePNoUPOBaHHOI KPUBLIX BHY NO HeYeMHOI CMOPOHE YAUYbI [8bINOIHEHO a8MOPOM].
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Puc. 8. CpasHeHue 3KkcnepumeHmanbHoU U UHMEePNoUPoBaHHOI KpUebIX B, NOYYeHHbIX No AnuHe yauybl opbKko2o
[ebInonHeHo asmopom].

a TaK)Ke COOTBETCTBYIOIINE 3THM CEYCHHAM
3HaueHus P (tadm. 2).
Jaee s aBTOMaTH3alUK PAacdeToB ObLIH
HanucaHsl nporpaMmsl B MATLAB.
CpaBHEHHUE HKCIICPUMEHTANbHOI U UHTEp-
IIOJINPOBAHHOM KPHUBBIX [} 110 YETHOHW CTOpPOHE
YJIUIIBI IPUBEICHO Ha puc. 6.

[TorpemnocTs cocrapuna Ax, =[x —

X MHT

x_1=0,043 (21,3 %).
OKCIT

CpaBHEHHUE HKCIICPHMEHTANbHOI U UHTEp-
HOJIMPOBAHHOM KPUBBIX pacrpeeeHus 3, Ioiy-
YEHHOT0 110 HEYETHON CTOPOHE YJIUIBI, IIPHBE-

JIeHO Ha puc. 7.

®  Mup TpaHcnopTa. 2024

IMorpemHocTs cocTaBuna Ax_ = |x  —
Max HUHT
x__|=0,0617 (30,0 %).
OKCIT

CpaBHEHHE HKCIIEPHUMEHTAIBHOM U HMHTEp-
TIOJINPOBAHHO KPUBBIX pacrpeieseHus 3, moiy-
YEHHBIX 110 JUIMHE yIUIbl [ 0pbKoro, NpuBeeHO
Ha puc. 8.

MakcuMaiibHasl IOTPEIIHOCTh UHTEPIIONH-
poBanus coctapwnaAx, = |x —x  |=0,0477
(22,7 %).

MHT

BbIBOAbI
PazpaboTana MeToKa, TO3BOJISIONIAS OTPe-
JIENSATh UTOTOBBIH KOI(PQMUIUEHT CHIKCHHS
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MIPOITYCKHOM CHOCOOHOCTH OT/AENBHON JOpOTH
(ynu1Lbl) TPY KOHKPETHBIX JJOPOXKHBIX YCIOBUIX
U COCTaBe TPAHCIOPTHOIrO MOTOKa. JlaHHBIM
TI0Ka3aTelb ONPEAEIAeTCS KaK OTHOIIECHHE (haK-
TUYECKOH MPOIYCKHOW CIIOCOOHOCTH JOPOTH
K MaKCHUMaJIbHOW MPaKTUYECKON MPOIMYCKHON
cnocooHocTH. CyTh METOJUKHU 3aKJIH0UaeTCs
B MOJYYCHUU (PAKTUYCCKON KPUBOU pacmpee-
JIEHUSI UTOTOBOTO KOA((ULMEHTA CHUKEHHS
MIPOITYCKHOW CITIOCOOHOCTH I10 JJIMHE KOHKPET-
HOW JIOpOTH U CPaBHEHUEM €€ C KPHBOIi, MOITy-
YEHHOM C TOMOIIBIO METO/1a MHTEPIIOIUPOBAHUS
(MareMaTH4eCKUM ONHCaHUEM (aKTUUECKOU
KpuBoii). Kpureprem TOYHOCTH METOMKY SIBJISI-
€Tcs MOrPEeIHOCTh MHTepronupoBanus. Mmes
MaTeMaTH4eCKH ONMUCAHHYI0 KPHUBYIO, MOKHO
OMpEACIUTh 3HAYCHUE MTOTOBOTO KO3 HUIH-
€HTa CHUXXEHUs MPOINYCKHOH CIOCOOHOCTH
B JIIOOOM CEUEHUH YIIHLIBI.

Pa3paboTaHbl peKoMeHIalnH TS CHHKEHHS
MOr'PEIIHOCTH METOJUKH, 3aKJII0UaroInecs
B YBEJIMYCHUU KOJIMUECTBA CEUSHUH (ITyHKTOB
HaOJIO/IEHNs) 110 JAJIMHE JIOPOTH, B yBEIHYEHUH
o011ero BpeMeHU HaOJIOeHUs 38 TPaHCIIOPT-
HBIMH TOTOKaMHU (Ul TOJY4YEeHHs OOJIBLIETO
o0beMa JIaHHBIX), B YMEHBIIEHUH UHTEpBaa
BpeMeHH (DPMKCALUH TPAHCTIOPTHBIX CPEICTB (115
MoJTy4eHHs: 00Jiee TOUHON KapTUHBI N3MEHEHHS
WHTEHCHBHOCTH TPAHCIOPTHBIX NMOTOKOB BO
BpeMeHH), B BbIOOpe Oojiee TOYHOTO METoAa
HU3MEPEHUsl PACCTOSSHUA MEXAY CEUCHUSIMHU
Y METOJIa HHTEPIIOJIUPOBAHUSL.
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Auppeit IXAHTUPAH

AHHOTALNA

B ycnosusx npodomkarouweeocss UMeHeHus1 HanpaeneHuli
2py3onomokos, npoxodsawux no meppumopuu Poccutickoli ®ede-
payuu, @ makxe NepeoCcMbICIIEHUS OCHOBHbIX NPUHLUNO8 pegysu-
PpogaHus Muposoli mopaosnu AoNoIHUMENbHbIU UHMepec nped-
Cmaesisiem U3yYeHue BMusHUE yKasaHHbIX Npoueccog Ha OuHa-
MUKy peanu3ayuu npoekmog pa3gumus Mex0yHapoOHO020
mpaHcnopmHozo kopudopa «Cesep — H0z».

AHanu3upyrmes OCHO8HbIE NPUYUHBI U MEHOEHYUU U3MeHe-
HUSI NPUHUUNO8 MEXOyHapOOHBIX SKOHOMUYECKUX OMHOWEHUU.
OmmeyeHbI nepcnekmusb! pa3sumus U pacmyujasi BocmpebosaH-

Mup Tparcriopta. 2024. T. 22. Ne 2 (111). C. 88-91

WU3meHeHMe NPUHLMNOB MeXAYHAPOAHbLIX IKOHOMUYECKUX
OTHOLIEHWI KaK (hakTop PasBUTUA MEXAYHAPOAHOrO
TpaHcnopTHoro kopuaopa «Cesep — KOr»

Andpeit Bnaoumupoeuy /[acancupan
OAO «Poccuiickue sicenesnvie dopoeuy, Mockea, Poccus.

Hocmb MTK «Cegep — tOe», 8axHOCMb c030aHusi delicmeeHHbIX
MEXaHU3MO8 0Nepexarolye2o NPUBNeYeHuUs UH8ECMULUOHHBIX
pecypcos 6 yersix 0becneyeHuUst HoBbIX NPOEKMO8 pa3guMUust Kopu-
dopa ucmoyHukamu ghuHaHcuposaHus. lpednazatomes nodxodb!
no coomeemcmeyroweli adanmayuu npoyecca nod20mosKuU UHee-
CMUYUOHHBIX NPOEKMO8, HanNPaeeHHbIX Ha pa3sumue UHppa-
cmpykmypbl MTK «Cegep — tOz2». Ommeyaemcs eaxHocmb
nposedeHust danbHelwux uccredosaHull, HaueneHHbIX Ha NogbI-
WeHUe 3KOHOMUYecKol 3¢hheKmuBHOCMU NPOEKMUPOBaHUS,
cmpoumerbcmea U 3Kcniyamauyuu 3moeo kopudopa.

Kntoyesbie crioga: npuHLUNG! MeXAyHapOOHbIX SKOHOMUYECKUX OmHoweHull, mpaxcnopm, MTK «Cesep — F02», UHBECMULUOHHb e
NPOEKMbI, (PUHAHCUPOBAHUE, UHOCMPaHHbIE UHBECMOPBI, MPaHCNOPMHas NOAUMUKa.

0rg/10.30932/1992-3252-2024-22-2-9.

[na yumuposarus: [xaHeupsiH A. B. MiameHeHue npuHyunog mexdyHapoOHbIX 3KOHOMUYECKUX OMHOWEHUL Kak hakmop passumusi
mex0yHapodHo20 mpaHcnopmHoeo kopudopa «Cegep — Ke» // Mup mparHcnopma. 2024. T. 22. Ne 2 (111). C. 88-91. DOI: https://doi.

MonHbili mekcm cmambu 8 nepegode Ha aH2ulickull A3bIK Ny6IuKyemcsi 80 mopoll Yacmu daHHO20 8bINycKa.
The full text of the article translated into English is published in the second part of the issue.
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BBEJEHUE

Toukoii orcueTa B mporiecce TpaHcopmauu
TIPHHIATIOB MEXTyHAPOIHBIX SKOHOMUIECKHX OTHO-
mennit cautaercs 2016 ron. [lepexon ot panee noMu-
HUPOBABIICH MapagurMbl I100aNH3alUd MUPOBOM
9KOHOMHKH K ()OPMHPOBAHHIO JBYCTOPOHHUX MEX-
TOCYAAPCTBEHHBIX JKOHOMIYECKUX CBS3eH, HHHUINH-
POBaHHEIN KpyHmHEHIIeH MUPOBOW IKOHOMHUKOM,
CIIPOBOLMPOBAI OCTa0eHNE paHee MPUMEHABIINXCS
HOPM MEXTyHapOJHBIX SKOHOMUYECKHX OTHOIICHHH
(MBO0).

TpaguUMOHHBEIMU CTOJNIAMH B O00JIaCTH MEX-
IYHApOAHBIX YKOHOMHYECKHX OTHOIIECHUSAX CUHU-
TaluCch HEKOHPPOHTAIMOHHOCTh, CBOOOIHOE
IBHKEHNE TPYTOBBIX PECYypCOB U KAaIMTAJOB,
00BEKTUBHOCTB, B3aMMOBBITOIHOCTE. Marepuanu-
3aIHs yKa3aHHBIX OCHOB ITPOM301LIA, B TOM YHCIIE,
B IpUHIHINAX BceMupHO TOproBoii OpraHu3aini,
BKJIIOYHBIINX:

— NPHUHIIUI HAOOJBILIETO ONArOMPHATCTBOBAHHS,
3aKPETUISIONINH HeJMCKPUMHUHALMOHHBIN PEXUM I10
OTHOIICHHUIO K «TOBapaM U IOCTABIIHKAM M3 HHO-
CTpPaHHBIX TOCYAPCTB-WICHOB opranu3anum» [1];

— IPUHIUI TPAHCTIAPEHTHOCTH, IIPEIIIoIarar-
MUl HEIPUMEHEHNEe HEOMyOINKOBaHHBIX HOpMa-
THBHO-TIPABOBBIX aKTOB K HHOCTPAHHBIM MOCTABIIH-
KaM TOBapoB U YCIIYT;

— IIPUHIIMIT HAIIMOHATIHEHOTO PEXHIMA, 3aKPETUISIO-
M HeTMCKPUMHUHAIMOHHBIN PEXKIM JJISI HHOCTPaH-
HBIX TOBapOB M YCIYT MO CPAaBHEHHUIO ¢ HAIIMOHAIb-
HBIMH YYaCTHHKAaMU PHIHKA.

B 10 ke BpeMsI B LIeTISIX CO3aHUsI OfHOCTOPOHHUX
MPEUMYIIECTB i COOCTBEHHON HAIlMOHAJIBHOM
9KOHOMHKH PSIZl TOCYIAPCTB CTAJI aKTUBHO IPUMEHSITH
MEXaHU3M Tapu(OB U IOLUIMH B LENAX 3aIIUTHI
BHYTPEHHETO PhIHKA OT 00JIee KOHKYPEHTOCIIOCOOHBIX
9KOHOMHK. Takoii heHOMEeH ObLI OITKCaH eIlIe B Kiiac-
CHUYECKON HEMEIKOH SKoHOMIYeckoi Teopu. CBOIO
M3BECTHOCTD 32 PA3BUTHE TEOPUH MPOTEKIIMOHU3MA
nonyunn @. JTuct, chopMyTHpoOBaBILIHIA TIATH STATIOB
Pa3BUTHS K&KIOU CTPaHbL:

— (JIUKUH,

— MACTYIIECKHUH,

— 3eMJIeICITBUCCKHH,

— 3eMJIEIeNTBYECKO-TIPOMBIIUIEHHBIH,

— 3eMJIE/IETFIECKO-TIPOMBIIILIEHHO-TOPTOBBIID [2].

B 10 e Bpemst HeOOXOIMMO OTMETHTb, 4TO HEMEIl-
KH{ YYEHBIH, HA KOTOPOTO YacTO CCBUIAIOTCS TPH-
BEPIKEHIIBI MPOTEKIIMOHUCTCKUX MOIXO0I0B, YKA3bIBAI
Ha 1e1eco00pa3HOCTh MPUMEHEHHUs MOKPOBHUTEIb-
CTBEHHBIX NOLUTNH HCKITIOYUTETHHO P IIEPEXO0Jie OT
3eMJIEJIENBYECKOr0 CTPOSI K IPOMBIIUIEHHOMY, IOJIa-
ras, yTo 6apbepsl Ha Iy TH MEKTYHAPOIHON TOPTOBIIH
HEYMECTHBIL.

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 2 (111). C. 88-91

‘YkazaHHas TeHICHIMSA NI0Ty4mIIa IOTIOJHUTENBHOE
Pa3BUTHE C HAYalIOM aKTUBHOTIO NPHMEHEHHS MeXa-
HH3Ma CaHKIMOHHBIX OrpaHndenuil. Ecim B koHTeKcTe
Tapu(oB U MONIIIUH MOKHO TOBOPUTH O HEOOXOIUMO-
CTH IOJJEPKKU HAIlMOHAIBHBIX MPOU3BOAUTENEH
B IIEPUO/IbI «CII0XKHOHM SKOHOMUYECKOH cutyauum» [3]
Y IPUMEHEHUS IEMITMHIOBBIX MEXaHH3MOB CO CTOPOHBI
HWHOCTPAHHBIX TOCYAAPCTB, TO IENb CAHKIIHOHHOI
TOJIUTHKY — TIOBJIMSATH HA PA3BUTHE OTACIBHBIX OTpac-
JIe} IKOHOMHUKH 3apyOeKHbIX CTpaH. Yka3aHHas 0JIH-
THKa cO03JaeT 0apbepsl I MUPOBOH TOPTOBIH
Y IIPSMO BIIHSET HA TEMIIEI MUPOBOTO SKOHOMUYECKOTO
pocTa 3a CYeT BO3HUKAIONIUX IPo0ieM ¢ «(hHHaHCHPO-
BaHHEM HOBBIX MPOCKTOBY» [4], TIOCTaBKOil TOBapOB
U YCIIyT, UX IIepeMEIeHIeM Yepe3 roCyIapCTBCHHYIO
TPaHHUILY.

B 9THX YCTOBHSIX MOXHO TOBOPHTH O BUTKE PETHO-
HaJIM3alii MUPOBOH S5KOHOMHKH, KOIJIa UTHOPHPOBA-
Hue HopM u mpaBul BTO coBmagaer ¢ akTUBHBIM
Pa3BUTHEM PETMOHATEHBIX SKOHOMUYECKHX 00beMHE-
HHH, «Ha KOJUIEKTHBHON OCHOBE» [S5] MpUMEHSIONIHMX
Tapu(bl 1 NOUUIMHEL [IpuMepoM sBisieTcst 00cysxe-
HYE BBEACHHUS BPEMEHHBIX Tapu(oB Ha KUTaHCKHil
UMIIOPT, B TOM YMCJIE, Ha IEKTPOMOOMIIH, IIPOH3BE-
nennbie B KHP'.

Lenv nccnenoBanys, OCHOBHbIE PE3Y/IBTAThI KOTO-
POTO M3IOMKEHBI B CTAThE, COCTOUT B aHAIIM3€E BIUSIHUS
TpaHc(OpMALY OCHOBHBIX IPHHIUIIOB PETYINPOBa-
HMSI MHUPOBOM TOPrOBIM HA PEANU3ALMIO KPYIHBIX
MEKPETHOHAIBHBIX TPAHCTIOPTHO-UH(PACTPYKTYPHBIX
IIPOEKTOB Ha MpUMEPE Pa3sBUTHS MEXIYHAPOIHOIO
tpancnoprHoro xopugopa (MTK) «Cesep — HOr».
B KadecTBe OCHOBHOTO MHCTPYMEHTA HCCIICIOBAHMUS
HCTIONb30BAHBI SKOHOMHYECKHIT CPABHUTENBHbIN aHa-
U3, a TakoKe (haKTOPHBIA U CHCTEMHBIH METOJIBI.

PE3YNbTATbI

CaHKIMOHHOE JIaBlIeHUe, IPUMEHEHHE 3arpajiy-
TENBHBIX MOLUIMH B 3HAYMTENBHON CTENEHN OKa3aly
BIIMSIHUE M HA BEKTOP Pa3BUTHUS TPAHCIIOPTHOM COCTaB-
JSTIOILEN poccHiCKON SKOHOMUKU. PanukainbHas ierpa-
Jalusl S3KOHOMUYIECKUX OTHOLIECHUH ¢ KpyNMHEHIINM
naptHepoM — EBponeiickum Coro30M U nepeopueHra-
111 9KCTIOPTHO-UMIIOPTHBIX TIOTOKOB C HAIIPaBJIECHHUS
Bocrok — 3anag na MTK Cesep — Or orpasuinuchk Ha
NPUOPUTETAX PA3BUTHS HALMOHATBHOM TPAaHCIIOPTHOH
CHCTEMBI.

OCHOBHBIM KOMITIOHEHTOM MEK/IyHAPOIHBIX TPaHC-
MOPTHBIX KOPUIOPOB Ha TeppuTopuu Poccuiickoit
Denepanuu SABIAETCS KEIE3HOIOPOKHAS COCTABIISIO-

"' EU Goes on China Trade Offensive After Getting ‘Played’
[OmexrponHsIit pecypce]: https://www.bloomberg.com/news/
articles/2024—-04—15/eu-goes-on-china-trade-offensive-after-
getting-played-for-years. Joctym 15.04.2024.

[bxaHrupsiH A. B. UameHeHUe NPUMHUMMNOB MeXAYHapPOAHbIX 3KOHOMUYECKUX OTHOLLEHUIA
KaK (pakTop pasBUTUS MeXAYHapOAHOro TpaHCNopTHOro Kopuaopa «Cesep — KOr»




mast. Poccuiickast sxene3HomopoKHas CUCTeMa, Onaro-
naps peanmzyembiM OAO «PXK][» meponpusTusiM 1o
pazsutrio MTK, IpoXoasimux 1o TeppuTOprn CTPaHbI,
CMOIIa CIIPABUTBCS C STUMH H3MEHEHUSIMH, OTIPE/ICIB
CO3/IaHNe YCIOBUH «UTsI TATBHEHIIIEr0 pOCTa BHEIITHE-
TOPrOBOTO I'PY30II0TOKa» [6] B KadecTBe IPUOPUTETHOM
3amaun. Haunnas ¢ 2022 roma B 4acTH JKene3HOIOPOK-
HOTO TPaHCIIOPTa MOXKHO KOHCTATHPOBATh JMHAMUYHO
MPOHCXONAIIEe N3MEHEHNE HANPABIECHUH MeXITyHa-
POIHBIX TPY30IIOTOKOB. AKTHBHO Pa3BUBAETCS JKeJe3-
HOZIOPO)KHOE COOOIIEHNE ¢ NPY)KECTBEHHBIMH CTpa-
HaMH, J0JI KOTOPBIX B 00IIeM 00beMe JKCIopTa
B 2023 roxy npesbicuina 81 %. 1o HekoTOpbIM U3 Ha-
MIpaBJIEHUN OTMEYAeTCs MPUPOCT TPY30MEPEBO30K
B JIBa-TpH pasza’.

OCHOBHBIMH HaIPABJICHUSMU NEPEBO3KU MEXKTY-
HApOJHBIX TPY30B SABIAIOTCS MOAX0Ab! K nopram Ce-
Bepo-3anana, AzoBo-UepHoMopckoro OacceliHa
u BocTtouHoe Hampapnenue, BKitodass BocTouHbIi
nonurod. OJIHAKO B HOBBIX YCIOBHAX IPUOPHTETHOE
3HaYEHHE OTBOAUTCS H «PA3BUTHIO MEXTYHAPOIHOTO
TpancnoptHoro kopunopa «Cesep — FOr» [7]. Ilpu-
pocT 00BEMOB MEPEBO30K I'PY30B KOHCTATUPYETCS HA
BCeX BeTBAX Kopupopa (3amamgubiid, BocTouHbIH
u Tpanckacnuiickuit MappyTer)’. Ilo xene3Hoi
nopore B 2023 roxy o kopunopy «Cesep —FOr» ynuio
11,59 muH T rpy30B 10 cpaBHenuto ¢ 10,21 MiH T
B 2022 romy*. [lepBOOYEPEAHBIMI MEPOIIPHSITHIMHE
T10 TOH IPUYHHE CTAHOBSITCS Pa3BHTHE JKEITE3HOMO-
POXKHOTO IyHKTa Hpomycka J[epOeHT u mepeBox
yuactka JepOent — Camyp Ha CHUCTeMy TSTH Iiepe-
MEHHOTO TOKA, a TAKXKE CTPOUTENBCTBO JKEIE3HO0-
poxHoro yuactka Pemr — Acrapa.

Ha snauntenspiii moterrman MTK «Cesep — FOr»
1 PA3IMYHbIC ACTIEKTHI €0 PAa3BUTHS YKA3bIBACT IIEJIbIH
psin aBTopoB [8—11].

B Takux ycioBusAX moTpeOHOCTH B peatnu3aluu
HOBBIX IIPOSKTOB Pa3BUTHS KOPUAOPa OyIEeT TONBKO
HapacTarb. DTO IpeAInoIaraeT HeoOXOAUMOCTB TIPH-
BJICUEHUS K UX OCYIECTBICHHUIO YACTHOTO KalUTaIa
3aMHTEPECOBAHHBIX CTOPOH. C TOUKH 3PEHUS BIIHS-
HUS TIPOLIECCOB MUPOBOM 3KOHOMHUYECKOH TpaHc-
(dopmaiun HanboJee MOABEPIKCHHBIMHU €i IeMeH-

2 B PXX/I ormernian poct oObeMa MEXIyHapOIHBIX
rpyszonepeBo3ok B 2023 roay. PBK. 19.03.2024.
[OnexTponnsli pecypce]: https://www.rbc.ru/industries/
news/65f9b0c69a79472ffodbeb04. Joctyn 10.04.2024.

3 O6bem rpy3oBbix mepeBo3ok mo MTK «Cesep —
IOr» ¢ nauyana 2023 roxma // Caiitr OAO «PX».
[DnexTponnsiii pecypce]: https://company.rzd.ru/ru/9401/
page/78314?1d=213166&ysclid=m20i6vytrw149477316.
Hoctyn 10.04.2024.

4 O6bem Mopckux rpysonepeo3ok o MTK «Cesep-1Or»
BeIpoc Ha 55 % 3a 2023 rox. Mopckue Bectu Poccum.
12.02.2024. [DnextponHsIit pecypc]: https://morvesti.ru/
news/1678/107534/. octyn 10.04.2024.
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TaMH OLIEHKH MPOEKTOB OYLyT BHICTYIIATh CHCTEMA
OLIEHKH PHCKOB M TAPAaHTHH BO3BPATHOCTH BIIOXKEH-
HOTO KanuTaa.

ObecnieueHre BO3BPaTHOCTH B MPOEKTaxX rocy-
JTapCTBEHHO-9aCcTHOTO MTapTHEPCTBA, Hanboee pac-
IpoCTpaHeHHOM (opMare peanu3alnd MPOSKTOB
Pa3BUTHS TPAHCHIOPTHOH MHPPACTPYKTYPHI C HPH-
BJICYEHHEM YACTHOTO KalUTasa, B ONIMCAaHHBIX HOBBIX
9KOHOMHYECKHUX PEasAX MOXKET JJOCTUTaThCs Cie-
IYIOLIUMH CII0COOaMH.

Bo-nepBhIX, 3TO rapaHTHPOBaHHE rOCYIAPCTBOM
(MHAHCOBOW YCTOWYMBOCTH MPOEKTA MPU YCIOBHU
H3MEHEHHUS SKOHOMUYECKHX yCIOBHUH B cTpane. OHO
MOXET OBITh PEaN30BaHO MOCPEICTBOM TapaHTHPO-
BaHUs TOCYapCTBOM IUIATHl 3a TPELOCTaBICHHE
MHQPPACTPYKTYPHI, BHE 3aBUCHMOCTH OT CTETICHH €€
3arpyKeHHOCTH; COACHCTBHS NMPHUMEHEHUIO MeXa-
HH3Ma «OepH WM IUTaTH» B OTHOLICHHSIX MEXKIY Iepe-
BO3YMKOM H TPY300TIPABHUTENIEM; CyOCHANPOBAHUS
rOCYIapCTBOM Tapu(OB Ha MEPEBO3KH B YCIOBHSX
HEraTHBHON KOHBIOHKTYPHI PBIHKA IIEPEBO30K, cop-
MHpOBaBIIEics HE 10 BUHE EPEBO3UHKA.

Bo-BTOpEIX, B Cllydae CyNIeCTBEHHOTO BIHSHUS
CaHKLIMOHHBIX OTpaHUYCHUI Ha TMapamMeTpsl Hpo-
€KTa, MOXKET OBITh MPEIYCMOTPEH MEXaHU3M J0-
CPOYHOI €ro rnepeiayy B IepuMeTp rocy1apcTBa co
CIpaBeUIMBBHIM BO3MENIEHHEM TOHECEHHBIX HHBE-
CTOpaMH 3aTpar Ha ero peaju3aluio Wil yBeauye-
HUS HOMHHAJIBHON J0JIM B NMPOEKTE CO CTOPOHBI
rocyapcTBa MyTeM JOMONTHUTEIbHON IMUCCHH, HE
IPUBOJISIIEH K M3MEHSHHUIO TpoIiecca yIpaBIeHHUs
MIPOEKTOM.

Baxneiiim GpakTopoM BO3BPaTHOCTH MPOEKTOB,
o0ecreunBaroIINX X03IHCTBEHHBIE B3aMMOCBSI3H
MEX/Ly TOCYIapCTBAMH B YCIIOBHSX H3MEHEHNUS PUH-
LIUIIOB MEK{yHApOIHBIX SKOHOMUYECKHX OTHOIICHHH,
TPUBOIAIINX K CMEHE HAIPaBIIeHNH IPy301epeBO30K,
SIBISIETCS TAPAHTHPOBAHUE TOCYIAPCTBOM IIPUMEHE-
HUSI HEIUCKPHUMHUHAIIMOHHBIX MEp PEerylInpoBaHHs
U TIOAICP)KKH B OTHOLIEHHWH Pa3IMYHBIX CEKTOPOB
TPAHCIIOPTHOTO KOMILIEKCa.

O1eHKY pHCKOB IIPOEKTa Pa3BUTHS TPAHCIIOPT-
Holt uHdpactpykrypsl MTK «Cesep — FOr» B pas-
HOH CTemeHH HeOOXOMUMO aIanTupoBaTh K MOIH-
¢duxamusm MDO. Takoit moaxox BO MHOTOM COTIPS-
raeTcss ¢ KOHILENIueil MHOTOKPUTEPUAIbHON
OIICHKH TIPY MPUHITHH PEIICHHH B TPAHCTIOPTHOM
monutuke [12].

Tax, mpuHUMAs 32 OCHOBY CHCTEMY OLIEHKH pHC-
KOB, 0a3MPYIONIYIOCS Ha CTa[MAX Peau3aliu IIpo-
€KTa («CTa/Is CTPOUTENBCTBA, CTAIHS SKCILTyaTallii
[9]), TpedyeTcst mo uToram Kaskaoro dTamna JA0TONHATh
UTOTH OLEHKH KOPPEKTUPOBKAMU HA PUCK KOHTpa-
TeHTa, KOTOPBIM U OyIeT BBICTYIaTh TOCYHApCTBO,
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abcopOHpyst OMHOBPEMEHHO CTPAHOBOM M TEOMOJH-
TUYECKUH pUCKU. B 3TOM KOHTEKCTE, IPOBOAS KOp-
PEKTHUPOBKY, HEOOXOAUMO ONHUCATh PUCK-CLEHAPHH,
a TaKxkKe MPOMHASKCHPOBAaTh UX B 3aBUCUMOCTH OT
CTETIeH! BJIMSHHS Ha MPOEKT U BEPOSTHOCTH Pean-
3anuu. K KateropusM puCKOB, KOTOPBIE MOMIEKAT
yuery B npoektax passutusi MTK «Cesep — FOr»,
Leeco00pa3Ho OTHOCHTH:

— CaHKIMM B OTHOLICHUH TPY300THPABUTEINEH;
0OAaHKOBCKUX yUpeXICHUH, pabOTaIOIIUX C HUMH;
JIOTHCTHYECKUX OIIEPaTOpOB,

— KOHBEHI[HOHHBIE OTPaHUYECHHS, IPHHIMAaeMble
U3 MOJHUTHYECKUX COO0Opa)keHHH, OKa3hIBAIOIINE
CpEIHEe-I0ITOCPOYHOE BIHSHUE HA 00OBEMBI TTEPEBO-
30K,

— BOGHHO-TIOJIUTHYECKAsl 00CTaHOBKA,

— OTKa3 TOCYIapcTBa OT NMPONOJDKEHHUS peau3a-
LMY TIPOEKTA,

— HEHCIOJHEHHE TOCYIapCTBOM CBOHMX 00s3a-
TEJBCTB BBUJIY OTCYTCTBHS CBOOOIHBIX CPEICTB
B OrOKETE.

Kaxzpiii mpoekT Kopuaopa OyaeT UMETh CBOIO
MHIEKCAIHIO 10 YKa3aHHBIM IapaMeTpam, KOTopast
TIO3BOJIMT BHIBECTH MapaMeTp VIS KOPPEKTUPOBKH
PE3YIbTaTOB OIICHKH PHCKOB.

KPATKUWE BbIBO[bI

B uenom, poct BoctpedoBanroctit MTK «Cesep —
IOr» kak BaxkHOTO (paKTOpa TPaHCIOPTHO-JIOTHC-
TUYECKOW CBS3aHHOCTH SIBISETCS AEMOHCTpAIUeH
MPONYKTHBHON afanTalliy KPYIHEIX TPAHCIOPTHO-
HHPACTPYKTYPHBIX U JOTHCTHYECKHX IPOEKTOB
K TIporieccy m3MeHeHus mpuHIUImoB MO0 u ckiajpl-
BAIOIMMCSI B PE3YNIBTATE YCIOBUSIM.

BaxHoit 3amadeil B yka3aHHOM KOHTEKCTE SIBJISI-
ercsl TpaHchopManus YIEMEHTOB SKOHOMHYECKOH
OLICHKH TIPOEKTOB TPAHCIIOPTHOTO KOPHAOPA B LIEISX
o0ecreueHns ero MPUBIEKATENbHOCTH ISl YaCTHBIX
MHBECTOPOB, Y€H KaluTall SBISIETCS HEOOXOIUMBIM
ycnoBueM uHteHcuBHOro passutus MTK «Cesep —
Or».

OnemeHTamH, TpeOyIOIMMI HAHOONBIIETO BHU-
MaHHsI, B 3TOM KOHTEKCTE SIBISIOTCS MEXaHU3M o0ec-
TIeYeHHs] BO3BPATHOCTH HHBECTHIINH M OLEHKHU IIPO-
eKTHBIX PHCKOB, a TakKe TTOXOMIBI TI0 X A0paboTke
B CKJIQJIBIBAIOIINXCS YCIOBHUSIX.

[loaroroBneHHbIE HA ATOM OCHOBE MPEIOKEHUS
MOTYT OBITh IMILIEMEHTHPOBAHEI B [IPAKTHKY MPOEKT-
HOTO YIpaBIEHHS KPYIHBIX HHPPACTPYKTYPHBIX

KOMITaHH#t 1 pOPMHUPOBAHUS TOCYAAPCTBECHHOM MOJTH-
Tk B obnactu pasutus MTK «Cesep — IOr».
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BBEOEHUE

Ha ¢done ycuiaeHust HHTETpallMOHHBIX IPO-
1ieccoB B Mupe, Poccus, BeICTynaromias 3a CHHEp-
THIO HAIIMOHAIBHBIX M MEXIYHAPOIHBIX ITPOEK-
TOB Pa3BUTHS IPH COOONEeHNH OanaHca UHTe-
PECOB BCEX YYaCTHHUKOB, BBIIBUHYJA CTPATEIU-
YEeCKYyI0 MHHIMATUBY 1O (HOPMHUPOBAHUIO
Bonbioro EBpa3zuiickoro napTHepcTBa, KOTopas
MIPeAyCMaTpPHUBAET HaJla)KUBAHHE MHOTOCTOPOH-
HEro COTPYIHUUYECTBA CTpaH-y4acTHUL EBpazuii-
CKOTO DKOHOMHYECKOIro coio3a, Illamxaickoit
OpraHM3aly COTPYIHUYECTBA, ACCOUMALNU
rocynapets FOro-Boctounoit Asum [1]. Kak
OTMEYACTCs, POCCUICKast HHULIMATHBA IPEIIO0-
naraet (opMHpOBaHNE COBOKYITHOCTH HAIHO-
HaJIbHBIX W PETHOHAIBHBIX MHTETPALIHOHHBIX
CTpaTeTHi U ITPOEKTOB, PA3BUBAIOIUXCS CKOOP-
JUHUPOBAHO B MHTEPECAX MHUPA, OE30IIaCHOCTH
u rporBeTanust HapoyoB EBpaszumy» . Peup Taxoke
HUJET U O CONPSDKEHUU C KUTalCKOM MHULIMATH-
Boit «OnuH nosic, OuH MyTh», 00BEIUHSIOMICH
MIPOEKTHl DKOHOMHYeckoro nosica [llenxoBoro
nyti 1 Mopckoro HenkoBoro nytu XXI Beka.

Kak panee ormevanocs, «rnoreHuuan «bosub-
woii EBpa3un» He OrpaHMYUBAETCA TOJBKO
SKOHOMHUYECKOHN HHTerpaunei. Jlanuast KoHIen-
LUl MOXKET BBICTYIIUTh M B KaYECTBE CTPATETHH
MIPEOIOTICHHS TII00ABHOTO KpU3nca, OpMHPO-
BaHUS YCTOHYHMBOTO MHOTOMOJSPHOTO MHPO-
ycTpoiicTBa Ha 0a3e Amanora OHUBIIH3ALNAN.
B 3TOM KOHTEKCTE MOXXHO TOBOPHTH, YTO KOH-
uenuys «bosbIoro eBpa3uicKoro NapTHEPCTBA
BBICTYIIAE€T B KaYECTBE «MHTErPalliyl MHTErpa-
iy [1]. B BeicTyrurennu [Ipesunenta Poccwii-
ckoil denepauun B. B.Ilytuna na MexnayHa-
ponHoM ¢opyme «OauH TOSC, ONWH MyTh»
14 mas 2017 roma ObUIO MOAYEPKHYTO, YTO ...
Bonpmas EBpasus — 310 He abcTpakTHas reo-
TIOJIUTHYECKAs CXeMa, a, 0e3 BCSIKOTO MPEyBEIH-
YeHHUS, NEUCTBUTEIBHO IIMBHUIN3AIlMOHHBINA
MIPOEKT, YCTPEMIICHHBII B Oymymiee» .

C To4KH 3peHns oTpaciaeBor cTpykryps! BEIT
MOIJIO OBI BKJIFOUATh CIEAYIOINE KOMITOHEHTEI:

— CeTb MEX/TyHapOJHBIX TOPTOBBIX U MHBE-
CTHIOHHBIX COTTIALICHUIA;

! Bonbuioe EBpasuiickoe mapraepcTBo: B3rsa ¢ Bocroka
u 3amaga. IIpoext. Konkypc Ilpe3nneHTcKkuX TpaHTOB.
[Anexrponnsiii pecype]: https://xn-80afcdbalictéafooklqiSo.
xn — plai/public/application/item?id=a043d464—2eac-42de-
a275-706fb8¢3d858. Hoctymn 30.05.2023.

2 Boictymnenune B. B. Ilytuna na MexayHapomgHOM
bopyme «OauH mosic, OJUH MyTh». AJIMUHHCTpAIUL
TIpesunenra Poccuiickoii @enepanun: opuanbHbIil CalT.
[OnexTponuslil pecypce]: http://www.kremlin.ru/events/
president/news/54491. Joctyn 04.04.2021.
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— O611ee TpaHCIIOPTHOE MPOCTPAHCTBO;

— EnnnHas ceTh SKOHOMHUYECKUX KOPHIOPOB
Y 30H Pa3BUTHSL;

— lndposoe n3mepenue;

— DHepreTUYecKoe MpOCTPAHCTBO;

— dUHAHCOBOE U3MEPEHHE’.

[TpoekT peanusyeTcs 0 MHOKECTBY TPEKOB.

Cpenu HUX, HalpuMmep, 00pa30BaTeNbHbIH.
[TpumepoM yCHenIHo# NesTeNbHOCTH Ha 3TOM
HalpaBJIeHNH CTaJl0 MpoBeAeHHe 25 CeHTIOps
2023 roga O6pasoBarensHoro opyma bosnbioro
EBpasuiickoro napraepcrsa. ®opym ObL1 opra-
HHM30BaH B paMKax MexTyHapOTHOM MapTHEPCKOH
uwenenmu HUY BIID, npuypodeH k mpezceaaTeb-
ctBy Poccuiickoit @enepannu B opranax EASC
1 HAIpaBJICH Ha CONPSHKEHUE CTPaTerHii U MHU-
L[MaTHB €T0 YYaCTHUKOB B 00J1aCTH 00pa3oBaHusl,
HayKH 1 TEXHOJIOTHi. B hopyme npuHsim yuactie
npeactaButesy 23 cTpad u 6onee 40 HaydHBIX
1 00pa30BaTENbHBIX OPraHU3aIHID *.

CoBpeMeHHast BHICOKOTEXHOJIOTYHAs TPaHC-
TIOPTHAs! CETh SBIISIETCS] HEOTHEMIIEMBIM 2JIEMEH-
TOM, CIIOCOOCTBYIOIINMM YIITyOJIEHHIO COBPEMEH-
HOM eBpasmiickoil mHTErpanuu. B aToil cBs3u
TpaHCHIOpTHasl cepa HEM3MEHHO (QUTYpUpYeT
B KauecTBe npuopurera bonbioro EBpasuii-
ckoro napraepcTBa. Kak cripaBeminBo orMmeya-
€TCsl, «TPAHCIOPTHAs CHCTEMa — KapKac JIF000i
SKOHOMMKH ]ISl HapaIllBaHUs BHEITHETOPTOBBIX
motokoB. Poccus, 3anumaromiast 1/7 MupoBoit
CYLIM U PaCHOJIOKHUBIIASCS BIOJIb BCETO €Bp-
a3MiICKOr0 KOHTHHEHTA, CIIOCOOHA MPE/ITIOKUTh
LIMPOKHUI HA0OP KOHKYPEHTOCIIOCOOHBIX aBHa-,
aBTOMOOMJIbHBIX, JKEJIE3HOIOPOXKHBIX U MOPCKUX
MapIIpyTOB BCEMH BUAaMU TpaHcTiopTa. Bener-
s CUCTEeMHasi paboTa 1o pa3BUTHIO TPAHCIIOPT-
HOW MH(PACTPYKTYpHI B HampaBieHusx «Bo-
crok-3anan» u «Cesep-FOry»... Xoporiue nep-
CHEKTHUBBI JUIsI KOMMEPYECKOH JKCILTyaTaluu
umeer CeBepHBI MOpPCKO# myTh»’. B 11em0M,
B CHJIy CBOETO reorpa)uueckoro MoyIoKeHHUs
n macmTaba Poccus obnagaeT 3HAYUTEILHBIM
TPaH3UTHBIM MOTEHIMAJIOM B 00ECIIEYEHUHN EB-
PO-a3uaTCKUX TPAHCIIOPTHBIX CBSI3EH.

B ato0ii cBsi3u ocoboe 3HaueHue npuodpe-
TaeT MOHSATHE «TPAHCIOPTHOI CBI3yEeMOCTHY

> O poccuiickoit nHMIKaruBe bonemoro EBpasuiickoro
napTHepcTBa. [DnekTpoHHbIH pecype]: https:/www.mid.
ru/ru/activity/coordinating and_advisory_body/head of
subjects_council/materialy-o-vypolnenii-rekomendacij-
zasedanij-sgs/xxxvi-zasedanie-sgs/1767070/. Joctyn
30.10.2023.

4B HIY BIID npomten O6pa3oarenbHbiii hopym bombioro
EBpasuiickoro naptHepcTsa. [ QneKTpoHHbIH pecypce]: https://
www.hse.ru/gepf2023/#news. Jocrym 30.10.2023.
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WU «TPAHCIIOPTHOM CBA3aHHOCTHY. J{aHHBIN
TEPMHUH NPOYHO 3aKPENuiICS B MOBECTKE IHS
MEXIyHApOJHBIX OpraHU3aluil U JBYXCTOPOH-
HHUX BCTpEY, B TOM YHCJIE Ha CAaMOM BBICOKOM
rOCYIapCTBEHHOM YPOBHE®.

OTpakeHneM TOro, YTO «KOHUenuus boib-
moro EBpa3suiickoro maprHepcTBa UCXOIHUT U3
TOT0, YTO TOPTOBO-IKOHOMHUUECKHUE CBSI3H SIBJISI-
I0TCS KJIFOUEBBIM MHCTPYMEHTOM OOBEIHMHEHHUS
ctpan EBpazuu u conpsikeHnst HHTErPaliOHHBIX
IIPOEKTOB Ha BCEM OOLIMPHOM €BPa3uiCKOM
NpoCTpaHCcTBe» [2], SBASETCS BKIIOUYEHHE
B YHCJIO MPHOPUTETOB TPAHCIIOPTHOTO KOMII-
nexca Poccuiickoit denepanuu eBpazuiickoit
9KOHOMHUYECKON MHTErparuH.

B ytBepxnenHoii B HosiOpe 2021 roxaa Ipa-
ButenbcTBOM Poccuiickoit ®enepamnu Tpanc-
noptHo# crpareruu Poccuiickoit denepanuu 1o
2030 roga c mporuo3om Ha niepuo a0 2035 roga
oTMedaeTcs HeoOXOIMMOCTh peaii3aluy TPaH-
3UTHOTO MOTEHIMaja Haled CTpaHbl yepes
oleperxarolee pa3BUTHE TPAHCIIOPTHOM HH(pa-
CTPYKTYPBI, a TAaK)K€ UCII0JIb30BaHKE reorpadu-
yeckux ocobennocreit Poccuiickoii denepanun
B KauecTBe KOHKYPEHTHOTO MpeuMyiiecTBa’.
Taxoxe ogHOM U3 3a1a4 TpaHCIOPTHOI cTpareruu
Poccuiickoit ®enepaunu spisercst «3pHeKTuB-
Hoe 00CITy)KMBaHKe BHEIIHeW Toprosiu Poccnii-
ckoii degeparuu, pasBUTHE IKCIOPTA TPaHC-
MOPTHBIX YCIYT U Pa3BUTHE MEXITYyHApOIHOTO
COTpPYIHHYECTBA»®.

BaxxHbIM HanpaBJIeHUEM SIBJISIETCS pean3a-
Us CKOOPJAMHUPOBAHHOH (COITIaCOBAHHOM)
TPaHCIIOPTHOM NMONUTUKU B paMkax EBpasuii-
CKOT'0 SKOHOMHUYECKOT'0 COI03a, KOTOPBIA MOKHO
paccmarpuBarh B Ka4eCTBE KIIIOYEBOTO IIEHTpa
(hopMHUpPOBaHUS MHTETPALMOHHOTO KOHTYpa
Bounbioro eBpa3uiickoro napTHepcTBa.

CucremHasi paboTa IPOBOJMTCS IO ITPOJBH-
JKCHUIO MHUIMATHB 10 Pa3BUTHUIO €BpO-a3uar-

5 Cwm., Hanp.: TpaHCIIOpTHAsI CBS3yeMOCTh B MHTEpEcax
3 (HEKTUBHBIX U yCTOIHYMBBIX IIPOU3BOACTBEHHO-COBITOBBIX
Lenouek. DKOHOMHUUECKAs U COIHMANbHAss KOMUCCHUS IS
Aszun u Tuxoro okeana Komurer no tpancnopry. llecras
ceccus. banrkok, 12—-13 nos6psa 2020 roxa. Ilynkr 3a
MpeABapUTENIbHOI moBecTKN AHA. CKBO3HBIE BONPOCHI
B cepe TpaHCTIOPTA. [ DIEKTPOHHEIN pecypc]: https://www.
unescap.org/sites/default/files/RU_2_TRANSPORT%20
CONNECTIVITY%20FOR%20EFFICIENT%20AND%20
RESILIENT%20SUPPLY %20CHAINS.pdf. loctyn
30.10.2023.

¢ Pacriopspxenne [IpaButenscrsa Poccniickoit @exepauunn
ot 27 uosibps 2021 roga Ne 3363-p «O6 yTBepxkaACHHU
TpancnoptHoi#t crpareruun Poccuiickoit denepanuu
1o 2030 roma ¢ mporuozom Ha mepuox ao 2035 roxax.
[OnexTponHEIi pecypc]: https://mintrans.gov.ru/ministry/
targets/187/191/documents. Jloctym 23.10.2022.
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CKUX TPAHCIIOPTHBIX CBsI3€H, BHEAPEHUIO LU(-
POBBIX TEXHOJIOTHII B TPaHCHOPTHO-JOTHCTH-
YEeCKHH MPOLIECC B paMKaxX TaKHX MEXKTyHapOI-
HBIX opranuzanuii, kak JCKATO, IIOC,
ACEAH. B yactHoCTH, 10 nHMIIMAaTHBE Poccuii-
ckoit deniepaliuy MeXIyHapOIHbINA TPAHCIIOPT-
HbI MapmpyT «EBpona — 3ananueiii Kuraii»
Obu1 BKITtoYeH B [lepeyens MapuipyToB A3uar-
CKHUX aBTOMOOWJIBHBIX JOPOI, yTBEP)KJECHHBIH
MeXnpaBUTEINbCTBEHHBIM COTJIALIEHUEM
OCKATO 1o cetdt A3MaTcKuX aBTOMOOMIIBHBIX
nopor’. IIpu akTHBHOM YYaCTHH POCCHIICKHX
9KCIIEPTOB PEan30BaH MPOEKT TEXHUYECKOTO
coneiictBust JCKATO «IloBbimenue adhexrus-
HOCTH MHTEPMOJAAJBHBIX TPAHCIIOPTHBIX Iepe-
BO30K B A3MH ITyTE€M pPa3BUTHUs KOOPANHALMOH-
HBIX ME€p B MOAJEPXKKY cOajaHCHPOBAaHHOTO
yueTa JKOHOMHYECKHX, COL[HATBHBIX U IKOJIOTH-
geckux (aktopos»®. B pamkax mpoekTa ObuT
MIPOBE/ICH CPABHUTENBbHBIA aHANIN3 YEeThIpeX
HWHTEPMOJAJIbHBIX TPAHCHOPTHBIX KOPUAOPOB
U CYIIECTBYIOIIMX MEXaHU3MOB KOODPJHHALMU
nepeBo3ok. 1o uroram mccienoBaHusi ObLIO
TIPUHSTO PEIIEHNEe CKOHLEHTPUPOBATh IPOEKT-
HYI0 paboTy Ha MEK/IyHapOHOM TPaHCIIOPTHOM
kopugope «Cesep — FOr»®.

MHorue ucciesoBaresan 0OTMe4aroT 00Jib-
LIOW MOTEHIHAJ PACIIUPEHUsT MEXIyHapO/-
HBIX TPAHCIOPTHBIX KOPHIOPOB KaK OCHOBY
nis pa3Butug bonsmoro EBpasuiickoro
naptHepctBa (Hamnp.: [3]). PesonHo oTMmeua-
eTcs, uTo «Bcies 3a co3manueM MTK Haum-
HaeT pa3BUBAThCA CONYTCTBYIOIIas MH)pa-
CTPYKTypa, MPOMBIIIJIEHHOE MPOU3BOJICTBO
B IPUJIETAIOMINX 00JACTAX, TAMOXKEHHOE pe-
T'YJIMPOBAHHE — TAaKHE KOPHIOPBHI SIBISIIOTCS
MOIIHBIM HUMITYJIBCOM JUJISl Pa3BUTHS L[EJO0TO
psana orpacieil. K tomy xe a¢pdexTuBHbIe
U B3aMMOBBITOJHbIE COBMECTHBIE MH{]pa-
CTPYKTYpPHBIE IPOEKTHI SBIISIIOTCS BECOMOM
rapaHTHel Uil MmoaJepiKaHusl IpYKeCTBEH-
HBIX OTHOLIEGHHUH CPeAH Peaju3yIoIUX ITH
MPOEKTHl YYaCTHHUKOB... IMEHHO 3amyck
u Oecnepeboiinas paboTa MeXAyHapOIHBIX
TPaHCHOPTHBIX KOPUJIOPOB MOXKET CTaTh
JpaiiBepoM JUIsl pacUIMPEHUs] KOONepaluuu

" Intergovernmental Agreement on the Asian Highways
Network. UNESCAP. [Qnekrponnslii pecypce]: https:/www.
unescap.org/resources/intergovernmental-agreement-asian-
highway-network. loctyn 23.10.2022.

8 Dry Ports and Intermodal Transport. TekcT: 371eKTPOHHBIIH
// DxoHOMHYecKas ¥ conpanbHas komucenst OOH st Aznn
u Tuxoro okeana. [DmekTpoHHBIN pecypc]: https://www.
unescap.org/our-work/transport/dry-ports-and-intermodal-
transport. loctyn 23.10.2022.
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B ¢opmare bonbioro EBpasuiickoro mapt-
HEpCTBa U YyIIyOJIeHHs COTPYIHUYECTBa BCEX
3aMHTEPECOBAHHBIX YYaCTHUKOB B MPUOPH-
TETHBIX OTPaCIsIX SKOHOMHUKH» [3].

CyuiecTBeHHbIM (DaKTOPOM, CIIOCOOCTBYIO-
UM peaIn3alii TPAHCTIOPTHON COCTABIAONIEH
Bonsmoro EBpasuiickoro maprHepcTBa, SBIS-
€TCsl BO3MOXKHOCTh CO3/1aHUSI €AMHOTO TpaHC-
MOPTHOTO MPOCTPAHCTBA, HHTETPUPOBAHHOMN
peanu3anuy 3a7a4 BceX Y4acTHHKOB. Tak, Ha-
MpUMep, aBTOPHI [4], BbIIENSSI IPUOPUTETHBIE
HalpaBlIeHUs MHTErpaluy OTAEIbHBIX roCy-
napctB-wieHoB EADC B TpaHcnopTHO# cdepe,
OTMEYaloT, YTO «IpH (HOPMHPOBAHUK OOILIETO
pbiHKa TpaHcopTHBIX yeiryr EADC HeoOxonumo
JOOUTBCS TAKOTO YPOBHS COTPYAHUYECTBA, IIPH
KOTOpOM OyJer HaijieH OajlaHC MeX[Iy HalHo-
HaJbHBIMU HHTE€PECAMU Ka)JI0TO TOCYyJapCTBa —
yieHa Coro3a U LeIsIMH, KOTOphIE CTaBATCS Ha
HaJHAIMOHAJIBHOM YPOBHE B YaCTH peaau3aliu
CKOOPJIMHHUPOBAHHOW (COTNIacOBaHHOI) TpaHC-
noptHOil nonutuku EADCy. BHumanue uccne-
JioBaTesiel MpUBJIEKAIOT IePCIIEKTUBHBIE HAIIPaB-
JIEHUsI B3aUMOJEHCTBHSA, OTAEIBHBIX MIPOEKTOB
1 (OpMaTOB COTPYAHUYECTBA B TPAHCIIOPTHO-
noructuaeckoit cpepe mexny EADC u crpa-
HaMH NPOXOKJIEHUS TPAHCHOPTHO-JIOTHCTHU-
YECKUX KOpHI0pOB (Hamp.: [5]).

TpancnopTHas cocTtapisoomas boapmioro
EBpa3uiickoro mapTHepCcTBa OCTACTCS BaXKHBIM
NpeaIMeTOM Hay4YHOTO MCCIEJOBaHMH Kak
B Ka4yecTBe Crenn(pUIecKor TeMbI, TaK U B KOH-
TekcTe OoJiee MIMPOKUX OOCYXKICHMI (Hamp.:
[6=T7]).

B nenom kxonnenmus bonsmoro Espasuii-
CKOTO MapTHEPCTBAa MpHU3BaHa CTaTh aJbTepHa-
THBOH Kak Irpoueccam nio0anu3amnuu, Tak
U TIpolieccaM HallMOHAJIU3alu1 B COBPEMEHHOM
mupe. [loaTomy kak pa3 koHuenuus bonbmioro
EBpasuiickoro mapTHepcTBa NpH3BaHa NPHUTH
Ha CMEHY KaKk CKOMIIPOMETHPOBaBIIEH ceds
m100a1M3aluy, TaK U OrPaHUYMBAIOIIEH camy
ceOsl HallMOHAIN3ALHH.

CrpeMuTenbHble 1 HeOOpaTHMBbIE IePEMEHBI,
MIPOUCXOAIINE B COBPEMEHHOM MHpE, TIPH BCEX
TPYIHOCTSIX M BBI30BAX JAIOT YHUKAJIBHBIN IaHC
JUIs I100a7IbHOM MepecTpOrKU TPaHCIIOPTHOM
OTpaciy, IPU ITOM OJHUM U3 ITIABHBIX BEKTOPOB
pa3BuTusa coBpeMeHHOM Poccum cranoBuTCs
pa3BUTHE U peann3alus KoHuenuu «bonpmoi
EBpazun».
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Pocm 06bemM08 xene3H0O0POXKHbIX KOHMEUHEPHbIX NEPego-
30k 8 Poccutickol @edepayuu 0bs3bisaem 06pamume 8HUMaHUe
Ha 0becnedeHue coxpaHHOCMU Nepesosku epy308. B amoli cessu
UyenecoobpasHo 0603HaYUMb 0p2aHU3aULUOHHO-MEXHOM02UYECKUe
acnekms| Nepegosku XenesHod0pOXHLIM mpaHcnopmomM 0cobo
UEHHbIX 2py308 8 KOHMeUHepaX.

Ha ocHose aHanusa delicmeylowux HOPMamugHo-
MexHuYeckux OOKYMEHMO8, OMEYEeCmBEeHH020 U 3apybexHo20
onbima onpedeneHb! Haubonee aghghekmueHble HanpagneHus
obecneyeHus CoxpaHHOCMU NePeso3UMbIX 2py308, KOMOpbIe
6a3upyromcst Ha BHECEHUU UBMEHEHUL 8 KOHCMPYKUUIO asmocyen-
HO20 yempoticmea nodsuxHo20 cocmasa. ObocHoeaHa Heobxo0u-
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OpraHu3auuoHHO-TEXHONOrMYECKUe acneKTbl
nepeBO3KK Xene3HOA0POXHbIM TPaHCMOPTOM
0C000 LieHHbIX rPY30B B KOHTENHEpax
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MOCMb UCNOMb308aHUST UHOUKamopoe 6epexHo20 0bpaLeHus,
ydapa, HaknoHa epy3a, subpayuti, memnepamyps!. [poaHanusu-
posaH U 060CHOBaH 80NPOC HEObX0AUMOCMU nepecMompa cuc-
MeMbI CMPaxo8aHusi NPU NEPeOo3Ke 2py308 Kene3HOO0POKHbIM
mpaHcnopmom.

[larras cmambs sensiemcs 0630pHO-aHanumuyeckum uccre-
0ogaHueM 8onpoca 0becneyeHus1 COXpaHHOCMU NEPEBO3KL Kene3-
HOOOPOXHb IM MPaHCNOPMOM 0cob0 UEHHbIX 2py308, nocpedcmsom
NPUMEHEHUST OCHOBHbIX (BHECEHUE U3MEHEHU( 8 KOHCMPYKUUIO
nodsuxHo20 cocmasa) u conymemsyouwux (npumeHeHue UHou-
Kamopos (0am4uKos) U COBEPLIEHCMBO8AHLE CUCMEMbI CMPaXo-
8aHUS 2py308) MEXHUKO-Op2aHU3aUUOHHbIX Meponpusmud.

Krtouesbie criosa: xee3Ho00POXHbIL MPaHcNopm, 2py308bie 8a20HbI, 8a20HbI-NIAMGOPMbI O7isi NEPEBO3KU KPYNHOMOHHAKHBIX
KoHMe(iHepos, AUHaMuKa 8a20H08, NePe8o3ka 0COBO UeHHbIX 2py308, No2rowakwull annapam, niagarouwas xpebmogas 6aska, KoH-
medHep, CMpaxosaHue 2py308 NPpU Nepesoske Kese3HoA0POKHbIM MPaHCNOPIMOM.
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BBEOEHWUE

IIepeBo3kH TPYy30B JKEIE3HOAOPOKHBIM
TpancnopToM B Poccuiickoit denepanuu
u ctpanax CoapysxkectBa HezaBucumeix T'ocy-
JapcTB 3aHUMAIOT JTUIUPYIOIHUE MO3UIHHU.
Kene3HonopoXKHBIN TPaHCTIOPT HaNboIIEE IPH-
croco0JieH K MaCCOBBIM IIepeBO3KaM, OH (pyHK-
LIMOHUPYET B JTI000€ BpeMsi rojia 1 He3aBUCHMO
oT arMocdepHbIX yciaoBui [1].

C nauaina 2000-x ronoB B Poccuiickoit @ene-
paluy HaYMHAETCsl aKTUBHOE Pa3BUTHUE XKeJle3-
HOJIOPOXKHBIX KOHTEHHEPHBIX MEPEBO30K. ITO
CBsI3aHO C co3nanueM B okTssOpe 2003 roxa
IleHTpa mo mepeBo3ke rpy30B B KOHTEHHEpax
«Tpanckonreiinep» — punmnana OAO «Poccuii-
CKHe KeJie3Hble qoporn» (HbiHe — [1yOnumunoe
aknuoHepHoe obmectBo «TpancKoHTelHep»)
[2].

KoHreliHep — 3TO MHOroo0OpOTHas CTaH-
JapTU3UPOBAaHHAA Tapa [ IepeBO3KU IPy30B
LIMPOKO HOMEHKJIATY Pl BCEMH BUAaMH TPAHC-
rmopra (KeJIe3HOAOPOKHBIN, aBTOMOOUIBHBIN,
aBHAIIMOHHBIN, MOPCKOH).

B koHTeitHepax nepeBO3UTCs IUPOKast HO-
MEHKJIaTypa I'py30B, BKJII04ast [IEHHBIE U AOPO-
rocrosinire (ObITOBas TEXHHKA, CIIyTHHKOBOE
o0opynoBaHue, MUKPOCKOIBI, MUKPOCXEMBI,
CKYJBIITYPBI, apXEO0JOrHueCKUe HaXoakH, dap-
¢dop, cTekyI0, KepaMHKa U T.II.).

Crenyer OTMETHTB, YTO HEKOTOPbIE HOpMa-
TUBHO-TEXHUYECKHUe ToKyMeHTHI (nanee — HT/T)
HE YYHUTHIBAIOT 0COOBIX TPeOOBAHUH U YCIIOBHH
JUIS TIEPEBO3KH XPYIKUX TPY30B (Hampumep,
Hopwmsb! st pacuera ¥ NpOEKTUPOBAHUS Baro-
HOB xene3Hbix aopor MIIC koneu 1520 mm
(necamoxonusbix))'. B HT/] Gosibliie BHUMaHUS
yIEJIEHO CUJIaM M Harpy3kam, py 3TOM IOYTH
HE MTOTHUMAJIMCh BOIIPOCHI COXPAHHOCTH Iepe-
BO3KHU IICHHBIX TPYy30B B KOHTEIHEpax.

B 370l cBSI3M aKkTyasbHO 0030pHOE UCCIIe-
JIOBaHHE BOIPOCAa 00ECHEYCHHs] COXPAaHHOCTH
NEePEBO3KU JKEJIE3HONOPOXKHBIM TPaHCIOPTOM
0Cc000 IEHHBIX I'PY30B, B 4YaCTU NMPUMEHEHUS
OCHOBHBIX (BHECEHHE U3MEHEHHI B KOHCTPYK-
LU0 TOABMYKHOTO COCTABa) M COIYTCTBYIOIIUX
(IprMeHeHHe MHIWKATOPOB (JJaTUUKOB) U CO-
BEPUICHCTBOBAHME CHCTEMBI CTPaxOBaHUs
Irpy30B) TEXHHKO-OPTaHU3AIMOHHBIX MEpPO-
MPUATHH.

! HopMsl jutst pacdeTa 1 pOESKTHPOBAHMSI BATOHOB JKEJE3HbIX
nopor MIIC xonen 1520 MM (HecamMOXOAHBIX). — M.:
TocHUMB-BHUWXT, 1996.-317c. [QnekrpoHHslii pecypc]:
https://dwg.ru/dnl/2822. octym 01.10.2023.
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PE3YNbTATbI
TexHu4yeckne MepONPHUSITHS

BaxHoe 3HaueHue 151 00ecrieueHns Hajex-
HOW JIOCTaBKHM U COXPaHHOCTH 0CO0O IIEHHBIX
IPy30B BO MHOTHX CIIydasiX MIpaloT yJapHO-
MOIVIOIIAIOIIE YCTPOUCTBA.

VYaapHo-noromaroime ycTpoiicTsa mo-
JIBIDKHOTO COCTaBa JKeJIe3HOIOPOKHOTO TPaHC-
nopta Poccuiickoit @enepanuu [3] B menom
CXOXKH C aHAJIOTUYHBIMH 3apyOeKHBIMHU YCTPOH-
cTBaMH. Bmecre ¢ TeM, HEOOXOJUMO TTOTYEPK-
HYTb, 4TO Ha OTEYECTBEHHOM ITOJIBH)KHOM COCTa-
Be Hcmonb3ytorcs BapuanTel CA-3 (CoBerckas
aBTOCIENKa, 3-i BapHaHT) ¢ MOMIOIIAOIIUMHU
annaparaMmy pasJIMuHbIX M0 CIIO0CO0Y MOIIOoNIe-
HUSI DHEPrUH MonuduKanuii [4].

Ecnu o0paTuThCcst K HCTOPHUU BOIPOCA, TO
reoMEeTPHYECKHE MapaMeTphl YapHO-I0IIoIa-
IOLIUX YCTPONUCTB MOJBIKHOTO cocTaBa ¢ 30-x
TOJIOB ITPOIILIOTO BEKa NPAaKTUYECKU He MpeTep-
NeJu KOHCTPYKTHBHBIX M3MEHEHHH. Bmecre
C TeM, JUINHA, BEC U CKOPOCTD JIBHXKEHUS IPY30-
BBIX I0€3/I0B CTPEMHUTEIBHO YBEIHYUBAIUCH.
C 1950 ronma na xene3Hbix poporax Corosa
Coerckux Conmanuctuueckux PecmyOmuk
HAYMHAETCS] MACCOBOE BHE/IPEHUE COPTUPOBOY-
HBIX TOPOK (TOPOYHBIX KOMIUIEKCOB), IIPU 3TOM
perinaMeHTHPOBaHHAs CKOPOCTh COyJapeHHs
BaroHoB [5] mpu ux pocmycke coOogaercst He
Bcerna. J{is obecniedeHust COXpaHHOCTH TPY30B
CJIE/IOBAJIO U3MEHUTh KOHCTPYKIHUIO aBTOCLEI-
HOTO yCTPOWCTBA, YBEIMYUB XOJ| MOIJIOLIA0-
miero ammapara ¢ 70 (90) mo 110 (120) mm. On-
HaKO MPOCTOE YBEJIIMYEHHE XOJla HE MO3BOJISET
MOJIyYUTh CKOPOCTh COYJIapEHUs TIPH 33/laHHOM
YPOBHE ITPOJOJILHBIX HArpy30K. Be1O0Op BO3ZMOXK-
HBIX U3MEHEHUI TeOMETPUYECKUX I1apaMeTpOB
MOXKET OBITH CJIeJIaH TOJILKO Ha OCHOBE TILATEIb-
HBIX TEOpEeTHYeCKHX HccienoBanuil. K mepso-
OYepEHBIM MEPOIIPHUSATUSIM MOXHO OTHECTH
pa3paboTKy TEOpEeTHYECKHX MOJENEH pasiiny-
HBIX MOJIeJIel aBTOCLENHBIX YCTPOWCTB H/WIN
METOJIOB aMOPTH3ALIMHU I'PY30B.

B cBs13u ¢ 3THM 11€11€C000pa3HO KPaTKO Mpo-
aHaJIM3UPOBATh KOHCTPYKIIUH, UCTOPHIO H OIIBIT
MIPUMEHEHHS MOMVIOMIAIOIINX allapaToB, IpH-
MEHSIBIIMXCSI M ITPUMEHIEMBIX, HapuMep, Ha
skene3HbIx goporax CIIIA. AMepukaHCKue IMo-
IJIOINAIOIIME alllapaTbl UMEIOT TEHACHIUIO
K YBEJIMYEHHIO X0/1a MMOTVIOIIAIOIIETO arapara.
Ombit xkene3nbix qopor CIIA cBuneTensCcTByerT,
YTO yBEJINYEHHE X012 MOMVIOIIAOIIEro anapara
TpeOyeT yBeIN4eHHs JUIMHbI XBOCTOBUKA aBTO-
cuenku (puc. 1).
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Puc. 1. Aemocyenka AAR Alternate Standard Controlled Slack Coupler ¢ msizoebim xomymom (CLUA). [Car and Locomotive Cyclopedia
of American Practice. 2nd edition by C. L. Combes (Editor). New York, Simmons-Boardman Publication Corporation, 1970, 1074 p. ISBN-
101122559348, ISBN-13 978-1122559348].

Puc. 2. Xpebmoeas 6anka ¢ 2udpasnuyeckum deMnghepoM e yeHmpasnbHol yacmu (CLUA) [mam xe].

YBennueHne JUTMHBI XBOCTOBUKA aBTOCIICIIKH
peaT30BBIBACTCS TPH YBEINYEHUH X0/1a TTOTIIO-
IIAIOMIETO anmnapara, B CBOIO 09epeb I 3TOTO
TpeOyeTcst BHECEHHE KOHCTPYKTUBHBIX H3MEHE-
HUH B KOHCOJIBHYIO 9acTh XpeOTOBOH Oaikwu.
OnHIM U3 TTIOJXO0B IO 00ECIICYCHNIO COXPaH-
HOCTH IIEPEBO3UMOTO I'Py3a SIBISETCS H3MEHEHHUE
KOHCTPYKIIMH XpeOTOBOH Oalku B 30HE yIOp-
HOTO yTOJIbHUKA ¥ 3aMEHE LIEHTPUPYIONIHX Oao-
YeK, a TaKKe HMCIIOIb30BAHUE OTKIOHSIOIIETO
ycTpoiicTBa aBrocuenku [6]. [lomgepkHeM, 91O
9TOT MOIXO]] He B TIOJTHOM Mepe MOXeT obecte-
YUTh COXPAaHHOCTH IIEHHBIX IPY30B.

Ha sxene3nbix goporax CIIIA paspaboTansl
pa3nuYHbIe KOHCTPYKTHBHBIC BApUAHTHI HCIIOJ-
HEHU TUIABAIOIINX XPeOTOBBIX Oamok (puc. 2).
OmHOBPEMEHHO C 3aJa9aMU 110 00CCIICUCHHIO
COXPAaHHOCTH TIEPEBO3MMBIX TPY30B PEIIAOTCS
3a/a4y 10 MCKIIIOUYEHHIO CaMONPOU3BOIHHOTO
pacliiena BaroHOB B COCTaBe MOE37I0B.

Jlis IepeBo3KM CHenHaIbHBIX I'PY30B I0-
CTPOEHBI U HCIIBITAaHBl BATOHBI C TIABAIOIIIMHA
xpebToBeiMu Oankamu ¢upmsl «Pullman-
Standard Car Manufacturing Company» (puc. 3).
OnHaKo yKa3aHHBIH y3€J TPUMEHSUICS B IIEPBYIO
odepeb Ha OOJBIIErPy3HBIX BarOHAX, 4TO OBLIO
00yCIIOBIIEHO HEOOXOAMMOCTHIO X TPIMEHEHHS
¢ JUTMHHOM KOHCOJbIo. JlaHHble pemenus B Poc-
CHH paHee ObIIIM PeaM30BaHbl TONBKO B paMKax

WCTIBITAHUH BArOHOB CIEIHAIFHOTO HA3HAYCHNS,
HarpuMep BaroHa mMozenu 11-9960 mocrpoiixkn
OAO «TB3» [7].

B nacrosmee Bpemst B OAO «Poccniickue
JKEJIE3HbIE JOPOTH» PELIAIOTCS 3aa9k odecrede-
HUS 0€301IaCHOCTH IBHKEHHS ITOE3/I0B U COXPAH-
HOCTH MEPEBO3NUMBIX TPY30B C NCIIOIBb30BAHNEM
BBICOKO’HEPTOEMKHX TOTTIOMIAIOIINX aIlllapaToB
(3macToMepHbIE MOMIOIMIAIOIIIE arapaThl Kiac-
coB T2 u T3). [Ipumensiemble >IaCTOMEPHBIE
TIOTVIONIAIOIINE ATIIapaThl, CEPUHHO BBIMyCKae-
MBIE€ B HACTOSIIIEE BPEMsI, UMCIOT XapaKTepH-
CTHKH, 00yCIIOBJIEHHBIC HEOOXOANMOCTHIO TIOTTIO-
meHnst seprud. [Ipy yqacTin oHoro n3 aBTopoB
ObIIM pa3paboTaHbl TACTOMEPHBIE MOIIOMIAIO-
mue armapartsl [9; 10], koTopble B HacTosimee
BpEMsI IIUPOKO MPUMEHSIOTCS Ha BaroHax JUIs
TIEPEBO3KH OMACHBIX I'PY30B.

PaccmarpuBast KOHCTPYKITHIO ACCAKUPCKUX
BaroHOB, CIIEyeT OTMETHTh, YTO Ha yKa3aHHOM
TTOJIBHYKHOM COCTaBE IIHUPOKO MPUMEHSIOTCS
PE3MHOMETAINTNYECKHIE TTOMIOIMIAONINE arta-
parst (P-2I1 u P-51IT) [11]. W3BecTHO, 4TO TIpH-
MEHEHHE PE3MHOBBIX YIPYTHX JIEMEHTOB IPH-
BOJIUT K W3MEHEHMIO KECTKOCTH TPH HHU3KUX
Temreparypax. OTMETHM, 9TO B PacYETHBIX
MOJZIEIIIX HE YUUTHIBACTCS BO3MOXXHOCTH H3Me-
HEHUS )KUIKOCTHBIX XapaKTEPUCTHK TIPH TEMITe-
parype —60°C.
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Puc. 3. lnasatoujast xpe6moeas 6aska 2py308020 8azoHa ¢pupmnl «Pullman-Standard Car Manufacturing Company» (CLLA) [8].

3apyOeKHBI OMBIT 00CCICUCHUST COXPaH-
HOCTH TI€PEBO3MMBIX I'Py30B IIOKA3bIBAET CBOIO
s¢pdexruBHOCTh. OH Oa3upyeTcs Ha KOHTPOJIE
YPOBHS yCKOpEHUH, BKiIIo4Yas (PUKCUPOBAHHE
yAapoB, HaKJIOHOB W maneHus. lllupokoe pac-
MIPOCTPAaHEHHNE MNOJYYHJIN HHIMKATOPHI
ShockWatch® 2 (CIIA): 6epeskHOro oOparieHus,
y/apa, HaKkJIOHa Ipy3a, BUOpaIuii, TeMneparypbl.
JlaHHBIE MHAMKATOPBI OBIBAIOT OIHOPA30BBIMH
(puc. 4) n MHOTOpa30BBEIMU. B 0HOPa30BEIX
WH/IMKATOPaX KOHTPOJIBHBIA 3IeMEHT (CTeKJISTH-
Hast TpyOKa) HeoOpaTUMO OKpaIIMBaeTCs B Kpac-
HBII IBET, €CJIN MPOU3OIIEN y/Iap, HPEeBHIIIAI0-
IIUH JOIyCTUMOE 3HaueHHe. MHOTopa3oBbIe
HMH/IMKAaTOPbl 00ecneYnBaloT (UKCAIHIO 3Haue-
HUH W HCIIOJB3YIOTCS TOBTOPHO B IIpejesax
HOPMAaTHBHOT'O CPOKa CITYKObI®.

B cBs131 ¢ TeM, YTO B HacTosIIIIeE BpeMsI HAOMIO-
JiaeTcsl CTabMIIbHO BEICOKHMI ITOTOK IPY30B, IIepe-
BO3HMMBIX B COCTaBe KOHTEIHEPHBIX MOE3/10B U3
Kuraiickoit Haponnoit PecniyOnuku B cTpansl
EBponeiickoro coroza yepes teppurtoputo Poccuii-
ckoil denepanyu, Ui KOHTPOMS 32 PeKUMaMU
JMHAMHYECKHUX HAarpy30K BO3MOXHO OyIyT IpH-
MEHSITHCSI HEKOTOPbIE U3 BBIILIETICPEUHCIICHHBIX
THUIIOB MHANKAaTOpoB. [IpuMeHeHne yka3aHHBIX
WH/IMKaTOPOB (MX aHAJIOTOB) TO3BOJIUT MOBBICUTD
OTBETCTBEHHOCTb KKIOI'0 y4aCTHUKA I1EPEBO30Y-
HOTO Ipoliecca i MUHUMH3HPYET CITydau ITOBPEK-
JICHHS 0C000 LIEHHBIX I'PY30B.

ObecneueHne COXPaHHOCTH IEPEBO3KHU
0c000 XpPYIIKUX U IEHHBIX I'PY30B MOXKHO JO-
CTHYb TOJIBKO KOMITJIEKCHBIMHM MEPAaMH 1 B 4aCT-
HOCTH — BHECCHUEM N3MEHEHUH B KOHCTPYKIIHIO
ABTOCIIEITHOTO YCTPOMCTBa MOJIBHIKHOTO CO-
CTaBa, a TAKXKE ITyTEM YCTaHOBKH OCOOBIX TEX-
HUYECKUX YCTPOHCTB BHYTPH KOHTEHHEpa.

Ha ocnoBannn npoBoaumeix Poccuiickum
yHuBepcureroM Tpancnopra (MUNT) uceneno-

2 NUnaukarops! ynapa u HakiaoHa ShockWatch® 2 (CILA).
IoxBoruy I'K «Texnonoruu KoHTpomsi». [DneKTpoHHbIH
pecypc]: https://rosplomba.ru/g6920376-indikatory-udara-
naklona. Joctym 01.10.2023.
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Puc. 4. OdHopa3oeble uHOukamopbI ydapa ShockWatch 22

BaHUH yIapHO-TIOTIIONIAIONINX YCTPOHCTB [12—
15] BO3MOXKHO CO31aHKE BEPOSTHOCTHBIX MOJIC-
Jiell BOBHMKHOBEHMS MOBPEKICHUI NEPEBO3U-
MBIX TPY30B B TEKYIINX YCIOBHAX KCILTyaTaIAH.

B Hacrosee BpeMs mpoBOASTCSA paboTHI O
YBEIUYEHHUIO XOAa YAApHO-MOMIOMAOIINX
YCTPOICTB C UCTIOIB30BAHNEM THIIOBBIX MTOTJIO-
MIAOIINX aNMaparos.

CoryTCTBYFOIMM MEXaHH3MOM HOBBIIICHHS
COXPaHHOCTH IEPEBO3KH 0CO00 LIEHHBIX TPY30B
JKEIE3HOLOPOKHBIM TPAHCIIOPTOM, Ha Haml
B3IV, SIBJISICTCSI COBEPIICHHAS M a1alITHPOBAH-
Hasl TT0] yCJIOBUS TIEPEBO3KH CHCTEMA CTPaxoBa-
HUSI TPY30B Ha KEIE3HOJOPOKHOM TPAHCIOPTE.

B Mupe mmpoko pacnpocTpaHEeHBI pa3iand-
HBIE MTOZIXO/IBI TT0 CTPaXOBAHUIO TPY30B Ha XKeIe3-
HOZIOPOKHOM TPAaHCHOPTE, BKIIOYas MPUMEHE-
HUE TOCYIapCTBEHHBIX CHCTEM W NPOTPAMM.
AHanmm3 nH(OpMaHK 0 CTPaXOBaHHUHU I'PY30B Ha
JKETIE3HBIX JOPOTax MHUpPa MOKA3bIBAET, YTO KaXK-
Jlast CTpaHa IMPUMEHSIET CHCTEMBI M ITPOTPaMMBI,
KOTOpBlE MAaKCHMaJIbHO aJalTHPOBAHBI MO
MECTHBIE YCIOBHSI TIEpeBo30K [16]3.

CymectBytomas B Poccuiickoii @eneparim
CHCTEMa CTPaXOBaHMS NEPEBO30OK HE B MOJHOU
Mepe YYUTHIBACT TPeOOBaHMS 110 00ECIICIeHIIO
coxpanHoOCTH. {715t oOecrnedeHns eANHOTO Mo-
X0/la K CTPaxOBaHHIO I'py3a, Ha HAII B3TIAI,

3 Insurance Requirements for Federally Regulated Freight
Railway Companies — Implementation guide [QnekTpoHHBII
pecypc]:  https://otc-cta.ge.ca/eng/publication/insurance-
requirements-federally-regulated-freight-railway-companies-
implementation. JIoctym 01.10.2023.
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1eaecoo0pa3Ho paccMOTPETh BO3MOXKHOCTh
CO3/1aHMS FOCYAapPCTBEHHOM CUCTEMBI CTpaXoBa-
HUs rpy30B. [Tonaraem, 4To Ha ypoBHE rocyaap-
CTBEHHBIX OpPraHOB HEOOXOJUMO 00ECIEYUTh
BBEJICHHE TPEOOBAHUH C yYETOM CIICIIU(HUUSCKIX
ycJI0BH 00ecTiedeHHsI COXPaHHOCTH OIIpe/iesIeH-
HBIX BHJIOB IPy30B (HampuMep, 0co00 IICHHBIX)
C OIpE/eJICHUEM IPABOBBIX ACHCKTOB PabOThI
HAJI30PHBIX OPI'aHOB U CTPAXOBBIX OPraHU3AIINH.

KPATKWE BbIBOAbI

Jaxe xparkoe 0030pHO-aHAIUTUYECKOE UC-
ClIeloBaHNE II0KA3aJo0, YTO AOCTHXKEHHEe 0e3-
YCIIOBHOTO O0€cIleueHHs COXPaHHOCTH Iepe-
BO3KH 0000 IIEHHBIX T'PY30B JKEIE3HOJOPOXK-
HBIM TPAHCIIOPTOM MOXET OBITh peaM30BaHO
TOJIBKO IPU YCJIOBUU KOMILIEKCHOTO IOJX0Ja
(COBOKYNMHOCTH TEXHHMKO-OpPraHU3aIIMOHHBIX
MEpOIIPUSATHI).

[IpuBeneHHbIE IPUMEPBI KaK TEXHUYECKOH,
TaK ¥ OPraHU3a[IOHHOI HAITPABJICHHOCTH MOT'YT
OBITh 3HAUUTENBHO JJONOJHEHbI K CUCTEMaTH3H-
POBaHBI, IEPBBIH 1Iar K 4eMy — chOPMYIIUPOBaTh
COOTBETCTBYIOLIYIO 3a/1ady.
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Banepuit XAUTBAEB Esrenuit YEPHAEB

AHHOTALINA

Llens uccnedosarus cocmoum 8 onpedeneHuu cmenexu
3asucumocmu Mexdy peauoHanbHOU mpaHCnoOpmMHoO-
f102UCMUYecKoli cucmemoli U OCHOBHBIMU PE2UOHaMbHBIMU 3KO-
HOMUYECKUMU NoKa3amensmu U UX efIUsHUSI Ha pecypcocbepexe-
HUE U yposeHb 3KOHOMUYECKOU yemodyusocmu.

Memodki uccriedosaHus 0OCHO8aHbI Ha UCNOb308aHUU Cpas-
HUMenbHO20 aHanuaa no0xod08, NPUMEHSIEMbIX K OnpedeneHuro
XapaKmepucmuK mpaHcNOPMHO-I02UCMUYECKUX CUCMEM, Pempo-
CNeKMUBHO20, KOPPENALUUOHHO-PE2PECCUOHHO20, MOPEhOoaUYe-
K020, abCmpakmMHO-1102U4ECK020, MEOPEMUKO-3MNUPUYECKO20
U CMpyKmypHO20 aHanusa.

Pesynbmamom uccrnedogaHus sensiemcs aHanu3 no0xo0os
Kk onpedeneHuro u oyeHke TIIC ¢ no3uyuu npocmpaHCmMBeHH020
pasmewjeHuss 06beKmMo8 mpaHCNOPMHO-02UCMUYECKOl UHG-
pacmpykmypbl 8 KOHMEKCME UX 8/1USHUS HA NPOCMPaHCMBEHHYIO
opaaHu3ayur npoussodumenbHbIX cun. [posedeH pempocnek-
MUBHbIL, CpagHUMENbHbIL U KOPPEAYUOHHO-PE2PECCUOHHB I

yeckas yemoliyueocmb, PECYPCOCOEPEXEHUS, 3a8UCUMOCTIb.

Mup Tparcriopta. 2024. T. 22. Ne 2 (111). C. 102-117

OueHKa BNUSAHWUA TPAHCMOPTHO-NOrMCTUYECKON CUCTEMbI
Ha pecypcocbepexeHue, KnyeBble permoHanbHble
9KOHOMMYECKME NOKa3aTenu U IKOHOMNYECKYH YCTONYUBOCTb
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aHanu3 nokasamesnel, xapakKmepu3ylowux peauoHanbHyt
MPaHCNOPMHO-I02UCMUYECKY0 CUCMEMY, SKOHOMUYECKUX NOKa-
3amenell BPIT u o6opoma po3Hu4HoU mopaoenu; paccyumaxa
aHanumuyeckasi 3a8UCUMOCMb IKOHOMUYECKUX nokaamenel
peauoHa om COCMOSHUS peauoHanbHolU mpaHcnopmHo-
noaucmuyeckol cucmembl; 060CHO8aHa 3a8UCUMOCTIb YPOBHSA
3KOHOMuUYeckol ycmolyusocmu U pecypcocbepexeHus om
pas3gumocmu mpaHchopMHo-102Ucmuyeckol UHGpacmpyx-
mypbl.

Pe3ynbmams uccredosarusi Mo2ym 6bimb UCNOb308aHs! Npu
onpedesieHuUU YPOBHSA 8MIUSHUS MPaHCNOPMHO-N02UCMuYecKol
clcmeMb| Ha peaUoHalTbHb e 3KOHOMUYECKUE Nokasamenu Oessmerts-
HOCMU pa3nuyHbIX ompacnel NPOMbILUIEHHOCMU, YMo senisemcs
UHOUKaMOPOM yPOBHS UX 3KOHOMUYECKOU ycmoliyusocmu 8 pamkax
npuHsmMoU peauoHabHOU cmpameauu NiaHUpo8aHusi NPOCMpaH-
CMBEHHO20 pa3meLUeHUs 0GLEKMO8 MPaHCNOPMHO-M02UCMUYECKoU

UHGbpacmpykmyp|.

Kntoyesbie criosa: mpaHCcnopmMHo-yi02ucmu4yeckas cucmema, UHcppacmpmeypa, PESUOH, 3KOHOMUYeCKue nokazameJiu, 3KOHOMU-
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BBEOEHUE

3amady BbIBoga Poccum Ha MHHOBAaIMOH-
HBIM MyTh COIMaIbHO-3KOHOMHYECKOTO pa3-
BHUTHS HENB3s] paCCMATPUBATh BHE KOHTEKCTA
pErMOHAIBHON SKOHOMHYECKON MOJUTUKH.
JlonrocpodHsie MPOTHO3BI M CTPATErHH COLIH-
aJIbHO-3KOHOMMYECKOTO pa3BuTus Poccuiickoi
®enepanunu, B yacTHOCTH DeiepanbHbIi 3aKOH
0T 28.06.2014 N 172-@3 (pexn. ot 17.02.2023)
«O cTparermueckoM IranupoBannn B Poccuii-
ckoii denepaiuu» ', KOTOPbIN paspaboTaH Ha
Onmxaifue MmecTh JIET, OYEBUIHO, MOXKET
OBITh peain30BaH UCKIIOUUTEIBHO CPEICTBA-
MH TIPOPBIBHOTO HAYyYHO-TEXHOJOTHYECKOTO
Pa3BUTHSI pETHOHATIBHBIX YKOHOMHK CYyOBEKTOB
Poccutickoit @eneparu. B pamkax pazpadbor-
KU cTpaTterui pazsutus Poccuiickoit @enepa-
LMY TPOUCXOAUT KOOPAWHAIUS NESATEIBHOCTH
10 COTVIACOBAHUIO CTPATETHH COIHaIbHO-
SKOHOMHYECKOTO pa3BUTHs cyObekToB Poccnii-
ckoil denepanuy U MOATOTOBKA 110 HUM CBOJI-
HOTO 3aKJIFOYEHUs. B 3TOM KOHTEKCTE HE MeHee
BaXXHOE 3HAYCHHE MMEIOT HAlMOHAJIBHBIC
mpoekTH «COaraHCHpOBaHHOE PETHOHAIEHOE
pasBuTHE» (CPOKH pEaNH3ally 110 PErHOHaM,
BomeamuM B mpoekT, 10 2030 roma) u «bes-
OTIaCHBIE W Ka4eCTBEHHBIC aBTOMOOWIIbHBIC
Joporm» (CPOKHM peaan3alny 10 PEerHoHaM,
BOIIEANINM B MPOEKT, 10 2026—2030 romos).

Pa3BuTHEe pernoHaIbHBIX TPAHCIIOPTHO-
noructudeckux cucteM (TJIC) sBusercs ox-
HHUM M3 KJIIOYEBBIX (PAKTOPOB MOBBIIIECHUSA
3} PEeKTHBHOCTH pEeTHOHATBHBIX YKOHOMHUK.
BBuay ocobeHHOCTEH TEpPUTOPHATBHOTO pa3-
MEIIEHNS MPOU3BOANTENBHBIX CHII, TPH KOTO-
pPOM 3KOHOMHYECKOE PACCTOSHUE MEXIY
CyOBEeKTaMU XO3SUCTBEHHON NEATEIHHOCTH
3HAYNUTENIFHO MOBBIIIAET CTOMMOCTH KOHEUHBIX
TOBAapOB M YCIYT, CO3/aHNE Pa3BUTOI TpaHC-
MOPTHO-JIOTUCTHYECKON MHPpPaCTPyKTypHI
BITOJIHE 000CHOBAHO, €TO MOXKHO CUHTATh Of-
HUM W3 MPHOPUTETOB PETHOHATBHOTO Pa3BH-
THA.

o TO¥ npuU4YMHE MPOCTPAHCTBEHHOE pa3-
MeIIeHHEe IpeanpusTuii TpedyetT 000CHOBaHUS
BBIOOpA X JUCIIOKAIINH, B TOM YHCIIE C yIETOM
BosmoskHOcTel TJIC. B atoit cs3u Ctparerus
NPOCTPaHCTBEHHOTO pa3BUTUS Poccuiickoi
Oenepanun Ha mepuox no 2025 roxa, yTBepx-

! ®enepanpupiii 3akon ot 28.06.2014 N 172-03 (pex.
ot 17.02.2023) «O cTparern4eckoM IJIAaHUPOBAHUU
B Poccuiickoit @eneparumny. [DnekTpoHHsIi pecypc]: https:
www.consultant.ru/document/ ons_doc_ LAW_164841/.
Joctyn 19.04.2024.

JNeHHas pacnopsxeHueMm IlpaBurenbcTBa
Poccuiickoii ®enepanuu ot 13 dempans
2019 roma Ne 207-p?, bopMupyeT cuctemy
KpUTEpUEB Pa3MEUICHUS MPOU3BOIUTEIBHBIX
CuII, 00€CIeYHBaIONIUX PA3BUTHE TEPPUTOPHIA
1 9KOHOMHYECKHI POCT, ¥ IIPEJICTaBIseT cOO0H
JIOKYMEHT CTPaTeTM4ecKOoro MJIaHUPOBAHUSA
B paMKax LeJenojlaraHusl o TeppUTOpUab-
HOMY NpUHIUITY. BBUly 3aBeplIeHus epuoaa
peanu3anuu CTpareruud ¢ OONBIIOW aoJiei
BEPOSITHOCTH MOXHO IIPeJIoaraTb NpUHATHE
AQHAJIOTHUYHOW CTPAaTETHH Ha IMOCJIENYIOMUi
MepuoJ B MEHMHCTpUME MpEeAbIAyIeH, B TOM
YHCJIe C Y4ETOM HEOOXOAUMOCTH A0CTHIKECHUS
paHee MOCTaBJIEHHBIX LieJeH.

OnHUM U3 HEHTPaIbHBIX NPUHIHUIIOB pas3-
BHUTHS FOCY/IapCTBa B YKa3aHHBIX JOKYMEHTax
sBIIsieTCs pecypcocOepexenue. Pecypcocbe-
pexeHue 1 3koHOMHUKHU Poccuiickoit dene-
paumu u ee cyObeKTOB BMECTE C IPYTHMH 3a]1a-
4aMU OINpeieNsieT OCHOBY Pa3BUTHUS TEPPUTO-
puil. B 3Toit cBA3M BAUSHHE 3aTPAaTHOCTHU
TPaHCIOPTHO-JIOTUCTUYECKOM YCIYrH CTaBUT
3aJja4y COBEPIICHCTBOBAHUSA TPAHCHOPTHO-
JIOTUCTHYECKOW MH(]pAaCcCTPyKTyphl, a 3aya-
CTYI0 — (POPMHUPOBAHHS HOBOM.

Iens Bxoxaenus Poccuiickoit @eaepannun
B YHCJIO BEAYIIMX SKOHOMHK MHpa TpeOyer,
B TOM YHCJIe, Pa3paObOTKH ONTUMAJILHBIX MeXa-
HU3MOB pecypcocOepeKeHHs], U MOCKOIbKY
JI0JIs 3aTpaT Ha JIOTUCTUKY B Poccuu cocTas-
nseT okoi1o 25-30 % oT BaJ0BOro BHYTPEHHETO
npoaykra [1], 4To ABISIETCS OJHUM M3 CaMBIX
BBICOKHX ITOKa3aTeseil cpeiu pa3BUTHIX CTPaH,
OYeBUIHA HEOOXOMMOCTD €€ Pa3BUTHSI U MO-
JIepHUBALIH.

Bonee Toro, BHeApeHHE MEXaHU3MOB pe-
cypcocOepexeHHUs BIHMsET Ha MOBBIIICHUE
9KOHOMHYECKOH YCTOMUMBOCTHU U TOCYIapcTBa
B I[€JIOM, U OTJAEJBbHO B3SITHIX PETrHOHOB.
BBuay BBICOKOH CTOMMOCTH TPaHCHOPTHO-
JIOTUCTUYECKOH YCIyTH ee BIUSHHUE Ha IMpo-
CTPAHCTBEHHYIO CBA3aHHOCTb TEPPUTOPUI
0e3ycioBHA, a 3aBUCUMOCTh MEX]y pecypco-
cOeperapiyM MeXaHU3MOM TPaHCIOPTHO-
JIOTUCTUYECKOH CHUCTEMBI U YPOBHEM 3KOHO-
MHUYECKOH yCTONYMBOCTH OYEBHJIHA.

2 Crparerusi MpoOCTPAHCTBEHHOTO pa3BUTHs Poccuiickoi
®Genepaunn Ha nepuoa a0 2025 rona, yTBepKIeHHas
pacrniopsixeHueM IIpaButenscta Poccuiickoit denepauuu
ot 13 ¢eBpans 2019 roga Ne 207-p. [DnaekTpoHHBIH
pecypc]: https: www.consultant.ru/document/cons_doc_
LAW_318094/. Joctym 19.04.2024.
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OB30P JIMTEPATYPbI U UCCNEQOBAHUNA

Paspabotka pecypcocbeperaromeii Moaean
TJIC B KOHTEKCTE SKOHOMHKH HE TOJNBKO TIpes-
TIPUSITHSL, HO U PETHOHA, CTPAHBI ABIISETCS Kpae-
YTONBEHON Tpo0NIeMoi i TpedyeT HaydHOro aHa-
TM3a, OLICHKU ¥ PUMEHEHHS METOJ0JIOTNIECKUX
TIpUEMOB e 000CHOBaHM 1 3()(PEKTHBHOTO perrie-
HUs. B coBpeMeHHOI HayqHO JInTeparype pador,
PacKphIBAIONINX yKa3aHHYIO MIPOOIEMY M Mpea-
Jaramux Ha0Op HAayYHBIX WHCTPYMEHTOB
¥ MEXaHN3MOB €€ PEUICHHS, TOCTAaTOYHO MHOTO.
MOo’KHO BBIACTUTH Psi paboT, KOTOpPBIE 00TaIatoT
HECOMHEHHBIMH JIOCTOMHCTBAaMH IO YPOBHIO
aHaM3a M JeTaM3aliu 3a/1a4 pecypcocoepesxe-
HYIS1, BOIIOLVH M COZIEPIKaT Hay THO-TIPAKTHIECKUE
peKOMeHAanuy 1Mo ux pemreHuro. K ux umciy
MOXHO OTHECTH, HaIpUMEp, MOHOTPadUIo
JI. JI. Kamenmuk «PecypcocOeperatoriasi moiauTHKa
7 pPecypc ee peann3aiyi B (popMare SBOIIOINOH-
HOTO pa3BUTHs» [2]. ABTOPOM NpeAIaratoTcst TpU
Mozenu pecypcocoepexenns. [lepsbie nBe, KoTo-
PpBI€ aBTOP Ha3bIBACT TEXHOKPATHUECKUMH, TIPE/I-
YCMaTpUBAIOT CHIDKEHUE PECYPCOEMKOCTH TEXHO-
JIOTHH ¥ TIOTy4eHHe pecypcocbeperaromero 3¢-
(hexTa Ha ypoBHE NpeAnpuiTHA. TpeThsi MOAETb
TIpeycMaTpHUBacT MOyYeHUE pecypcocOeperaro-
mero »(¢eKxTa Ha MPOCTPAHCTBE pPErHOHA
W CTPaHbI, TO €CTh MACIITA0MPYET CUCTEMY
TIPON3BOJICTBECHHBIX OTHOIICHUH B IPOCTPAHCTBE
MEXIy NPEINPUATHSIMHA B IIPOU3BOICTBCHHO-
JIOTHCTUYECKOH Ierogke. ABTOp 000CHOBAaHHO
JIOKa3bIBAECT MPUYNHHO-CIICICTBEHHYIO CBS3b
MEeXIy pecypcoobecrieaeHreM 1 pecypcocoepe-
skeHreM. OTHAKO OCHOBHOE BHUMaHIE B pabote
YAENSETCS MOIENSIM pecypcocOepexeH s MpH-
pomHO-pecypcHoOro noteHmuana Pocenm.

BwmecTe ¢ TeM, aBTOPOM MEHbIIIE BHUMAHHS
yaenaseTcss OpraHu3alnOHHBIM MEXaHU3MaM
pecypcocOepeReHusI, YTO SIBISIETCS KITIOUEBBIM
(hakTOpOM OpraHM3anny ¥ (PyHKIIMOHUPOBAHUS
pecypcocOeperatomieii TpaHCIIOPTHO-TOTUCTH-
geckoit Mmogenu. Pabotel [3—5] B Oomnbmieit mepe
choxycupoBaHbl Ha IpobieMax pecypcocbepe-
JKCHUSI Ha IPOM3BOJICTBE, B CTPOUTEILCTBE, IPH
YIPaBICHUHN OTXOAAaMH, COXPAHEHHS SHEPTHH
7 T.11. OfHAKO OpraHU3alMOHHO-YTIPABICHUECKUE
TEXHOJIOTHH pecypcocOepexeHus, 3amadn coe-
PEXECHUS PECYPCOB MPH JIOCTaBKE IPY30B C HC-
nions3oBanneM TJIC meTanpHO HE paccMaTpHBa-
FOTCHL.

B xonTtexcre pecypcocbepexenns B TJIC
MOXXHO BBIJEJIUTH psAJl HampasiieHUd. Bo-nep-
BBIX, 3TO COBEPIICHCTBOBAHNE OPTraHU3AI[IOHHO-
YTPaBICHIECKOTO MEXaHW3Ma; BO-BTOPBIX, pa-
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LIMOHAJIbHBII BBIOOP MECTOMOJIOXKEHUS MpPe-
MPUATHHA C YYEeTOM MHHHMMH3ALMU 3aTpar Ha
TPaHCIIOPTHPOBKY, KOHCOJIUJIALIMIO U pacIipesie-
JICHHE TPY30II0TOKOB; B-TPETHHX, (POPMUPOBAHHUE
CeTH TPAHCHOPTHO-JOTUCTUYECKUX LIEHTPOB
(TJILL); B-ueTBepTHIX, pPA3BUTHE JOPOXKHOU CETH
BUJIOB TPAHCIIOPTA U, HAKOHEIl, TIOBCEMECTHOE
BHeJ[peHHe MH()OPMAIIMOHHBIX TEXHOJIOTHH.
Bonee neranmpHOro aHanmm3a 3acily’KHBaOT
TJIC, coctosume u3 TJILL u ceTu TpaHCIOPTHBIX
KoMMyHHUKaIui. [Tockonbky pazmelieHue mpous-
BOZICTB TpeOyeT y4yera 0a30BbIX YCIOBHUI U pe/-
TMIOCBUIOK, KOTOPBIE MPEII0JaraloT IPUeMIIeMbIi
ypOBeHb 3((HEKTUBHOCTH NPEIPUATHH, YIIpaB-
JICHHE MPOCTPAHCTBOM 4Ye€pe3 MOJIEIIMPOBaHUE
TJIC nmpu3BaHO 00ECIEUUTh UHTETPAIUIO TIPS/~
TIPUSITHI B LIETN «CHA0XKEHHE — TPOU3BOJICTBO —
COBIT — pacnpezeneHye — NoTpediIeHne» U CHU-
YKEHHE BO3PACTAIOIINX JIOTUCTUUECKUX 3aTpar.
Tema pa3pa®oTKu ¥ BHEAPEHUS TPAHCIIOPT-
HO-JIOTUCTUYECKUX MOJENEH JI0CTaTOYHO TPH-
BUAJIbHA U TTOAPOOHO MpeCTaBlIeHa B HAYYHOU
sureparype. Tak B padorax [1; 6-9] 060CHOBBI-
BaeTcsl HEOOXOAUMOCTh (POPMHUPOBAHHMS TPAHC-
noptHo-noructuueckux kiaacrepor (TJIK) na
OCHOBE Pa3JIMYHBIX MoJeliel, B TOM 4HcClIe
CTPYKTYPHO-JIOTUCTHUECKUX. B yka3zaHHBIX pa-
00Tax NpeCTaBIeHbl METOJMKH OLIEHKH YKOHO-
MHYECKOT0 ITI0TEHIIMANIa TEPPUTOPUHL LISl OTIpe-
JieieHust 1esnecoodpasHoctu GopMupoBaHHs
TJIK, a Takxe MPOBOAUTCS YTOUHEHHUE OTpeie-
JICHMH M MOHATHUM, oTHOCsuxcs kK TJIK.
Amnanu3 nyonukanuii, nocsieHHsix TJIK,
MOKa3bIBAE€T HAYYHO-IIPAKTHUECKYIO LIEHHOCTD
JIAHHOTO CII0c00a OpraHU3alMi SKOHOMUYECKOH
JIEATEIILHOCTH JUIS peTH3alliK 33134 COLUAIILHO-
SKOHOMHYECKOro pa3Butusi. Ha crpanuie anekt-
poHHOTO pecypca npoekra «Kapra kinacrepos
Poccun», paszpaboranHoro cnermanucramu Poc-
CHICKO# KiacTepHoii oocepearopuu ICUD3 HIY
BIIIB?, coobrmaercs, uro B Poccuiickoit denepa-
uuu cosgano 120 kiactepoB mo 28 oTpacisam
MPOMBIIIIEHHOCTH, U ITOKa3aHO BIIMSIHUE paciipe-
JIeJIeHUsI KJIAacTepOB 110 (heJiepalibHBIM OKpyTraM Ha
Benmunubl BBIT (BPIT). B patote [10] npoBenen
a"anu3 cTpykrypsl TJIK ¢ BblAeNeHHEM IIIaBHBIX
COCTaBJISIIOLIUX: TPAHCIIOPT, TEPMHUHAIBHO-
CKJIaJICKUE KOMILIEKCHI, TPAaH3UTHBIN MMOTEHIIHA
U JIOTUCTHYECKHe oreparopbl. st onpeznenenus
piustHUA TJIK Ha SKOHOMMKY, B TOM YHCIIE PETHO-
HAJTbHYIO, OBLUTH TAKXKE UCCIICIOBAHbI, 0000IICHBI

3 Kapra knacrepos Poccun. HUY BIID. [DnekTpoHHbIH
pecypc]: https://map.cluster.hse.ru/.
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1 [IpOaHaIM31poBaHbl e padotst [10; 11], B koto-
PBIX YTOUHSAIOTCA MOHATUS U onpenenenus TJIK
U UX CTPYKTYPHBIE JIEMEHTHI.

BwMecre ¢ Tem aHaIM3 OKa3bIBAET, YTO MPOO-
nemsl co3nanus TJIK B Poccuiickoit @eneparnuu
BO3HHUKAIOT, B TOM YHCJE, BBUAY OTCYTCTBUS
OOIICTIPUHATOrO HAYYHBIM COOOIIECTBOM, OH3-
HECOM W OpraHaMH BJIACTH IOHUMAaHUsI COCTaB-
JISIFOIMX KJIACTEPA, €r0 YYaCTHUKOB U (hyHKIIHO-
HaJIbHBIX B3aUMOOTHOIIEHUH [1].

AHanu3 HayYHbIX ITyOJIMKaLUi, PACKPBIBAIO-
LIMX COJEPKaHHe OTPACIEBOTO MOAX0/a, OKa-
3BIBAET €r0 HEeJOCTATOYHYIO IPPEKTUBHOCTD,
TOT/1a KaK 3aJ1a4ya JIOCTIKeHUS [eJIel 0Tpaciibio
TpeOyeT BbIX0/a 3a €€ IPaHUIbl U PUBJICYECHHS
TEXHOJIOTMYECKOTO, TEXHHYECKOTO ¥ PECYPCHOTO
MOTEHLUAJIOB JpYyrux oTpacieil. Tak, B padore
[11] yka3piBaeTCsi Ha NPEUMMYIIECTBEHHO OTpac-
JIEBOI MO/IXO0J K OpraHU3aluy SKOHOMUYECKOM
JeSITeNIbHOCTH, KOTOPBIH OIpaHUYMBAET pa3BU-
THE MIPEANPUATHI IT'PaHULIaMK oTpaciu. B pado-
TE POBOJMTCS CPABHUTEIbHBINA aHAN3 OTpac-
JIEBOTO U KJIACTEPHOT'O MOAXO/IOB, I7Ie yKa3bIBa-
€TCsl IPEUMYIIECTBO KJIACTEPHOTO.

OnHako He MOJYYMJIM JOJDKHOTO Pa3BUTHUS
paboThl, B KOTOPHIX ONpEAeNsieTcs BIHSHUE
KJIACTEPHOT'0 M OTPACJIEBOrO MOAXO0B Ha JKO-
HOMHYECKHE 0Ka3aTeld, yCTONYNBOCTh PETHO-
HaJIbHBIX SKOHOMUK U pecypcocOepekeHue.

Tem He MeHee, 9Ta CBSI3b OUEBH/IHA, A BIIUS-
HUE Ha yPOBEHb SKOHOMHYECKOH yCTOHUYUBOCTH
OIIpEe/IeIISIeTCS Uepe3 CUCTEMY PE3YJIBTUPYIOIINX
rpymn nokasaresnei. K atum rpymnmnam nokasare-
JIe peKOMEHYeTCsl OTHECTH: MIOKa3aTely Ipo-
HU3BOJCTBEHHON yCTOWYMBOCTHU MpPEeANPUATUI
pEruoHa; oKa3aTeI pecypCcHOM U TEXHUIECKOH
YCTOMYMBOCTH; TIOKA3aTeIH MHBECTHIIMOHHOM
YCTOWYHMBOCTH; ITOKa3aTe Il (PUHAHCOBOH yCTOM-
YHBOCTH; TIOKa3aTesId OpraHu3alliOHHO-YIIpaB-
JIEHYECKON yCTOMYHUBOCTH.

Jedunnims «3xoHOMHYECKast yCTOHYUBOCTD
XO3SHMCTBYIOIIEr0 CyObeKTay aHallM3UPYeTCs
B psiJie HAy4HBIX ITyOJIMKaLuii, HarpuMmep, B [12;
13], HO He UMeeT yCTOSABILIETOC ONpeAeTICHNUS.
CnoXXHOCTB ompeneieHust 3Toi JaeuHuInu
3aKJII0YaeTCsl B TOM, YTO OHA COCTOUT M3 JIBYX
CJIOB — YCTOMYHMBOCTBY» U «Pa3BUTHEY, KOTOPhIE
SBIISIOTCS, 10 MHEHHIO HEKOTOPBIX aBTOPOB,
B3aMMOUCKJIIOYAIOIIMMU: «yCTOHYNBOTO pa3-
BUTHUSI IPOCTO HE MOXKET OBITh, TaK KaK IpHU
pa3BUTUH (IMHAMUKE) CTAOMIBHOCTH (TIOCTOSTH-
cTBa) He Oyner» [14].

B 3apy0OexHOl Hay4HOM JIUTEparype TepMUH
«Sustainable development», NoIy4u HIMPOKYIO

M3BECTHOCTH MocJIe okiazia «Haiue obee Oyry-
mee» B 1987 romy, BBITOIHEHHOTO IO PYKOBO/I-
creom . X. BpyHariana®, u ObUT mepeBeneH Ha
PYCCKHI SI3BIK KaK «yCTOWYMBOE pa3BuTue». [lepBo-
HavaibHO BBeneHHbIM I X. BpyHaTiann tepMuH
«yCTOMYMBOE pa3BUTHE» Kacalicsi N100aIbHOTO
Pa3BUTHUS BCEr0O MUPOBOTO COOOILECTBA, H €ro
CMBICJI 3aKJIFOYAJICS] B TADMOHUYHOM, COaIaHCHUPO-
BaHHOM Pa3BUTHUH 3KOHOMHYECKOH, COLMAIbHON
1 DKOJIOTMYECKHX Cc(hep CYILIEeCTBOBaHHS YeJI0OBEKa.
B nmanpHel1eM 3TOT TEpMHH CTaJl HACTONBKO T10-
IYJIIPHBIM, YTO €r0 CTaJIM IPHUMEHSTH HE TOJIBKO 110
OTHOIIEHHIO K MAKPOYPOBHIO, HO ¥ MUKPOYPOBHIO,
YBEIMYMB J0 CIOBOCOYETAHHS «IKOHOMHUUECKAs
YCTOHYUBOCTH HPEIPHATHS), YTO PACLIMPUIIO
cepy ero yroTpeOIeH st v IPUBEJIO K eIlie OobIeit
CJIOKHOCTH €ro ucronb3oBanus [ 10].

AHanu3 Hay4yHBIX IyOJHKAIMA 10 SKOHO-
MHYECKOH yCTOMYMBOCTH XO3SHCTBYIOIIUX
cyOBEKTOB, MPOBEACHHBIH MO 0a3e JaHHBIX
HAy4YHOH dJIeKTpOHHOW OnbinoTexu elLibrary.
ru, mokasai, 4To ux okoJio 470 (110 COCTOSTHUIO
Ha Mapt 2024 rozaa), u 0OJIBIINHCTBO paboT 1O
JIaHHOU TMpoOJieMe OTHOCUTCS K NPOHM3BOJ-
CTBEHHO-IIPOMBIIIJICHHBIM NMPEANPUITHIM
U Jpyrum chepam X03siiiCTBEHHO! JIesITeNIbHO-
ctu. Hanpumep, B [16—22] B 3TOM KOHTEKCTE
OTCYTCTBYET aHaJU3 pabOThl TPAHCIOPTHBIX
npeanpuatuid, TJIL] u TpaHCIOPTHO-TOTUCTH-
YECKHX KOMIUIEKCOB.

Kpome Toro, BEICOKO OIIeHHBas BKJIa]l OTeue-
CTBEHHBIX YYEHBIX B HCCIIEJIOBAHHS IPOCTPaH-
CTBEHHOTO Pa3MEIEHUs] MPOU3BOJUTEIBHBIX
CHJI, OTMETHUM, YTO B 3TUX UCCIICAOBAHUSIX HE/I0-
CTaTOYHO YYUTHIBAETCS OMBIT APYTUX SIKOHOMH-
YEeCKH Pa3BUTHIX CTPaH, HAalPpUMEp, CO3JaHHe
CETH «TPAHCIIOPTHO-JIOTHCTHYECKHUX JIEPEBEHB
EBpomneiickoro corosa.

BwMmecrte ¢ Tem, crieyeT OTMETUTh POCCUMCKUIA
OTIBIT CO3/IaHMSA TPY30BbIX JiepeBenb u TJIL], Takux
kak «Dpeitr Bunnamx Bopcunoy, TIIL «benbrii
Pact» u npyrux. 3aciay>KMBaeT BHUMaHHs NIpaK-
THKa CTPOMUTENBCTBA «CyXxux» moptoB OAO
«PX]I», koTOpbIe, B TOM YHCIIe, ABIISIOTCS PErro-
HaJIbHBIMH Xa0aMH I10 OIPE/ICIICHHBIM BEKTOpaM
BHELTHUX IKCIIOPTHBIX MapIIPyTOB.

Takum 00pa3oM, IPHOPUTETHI Pa3BUTHUS pe-
TMOHAJIBHBIX SKOHOMHK JIUKTYIOT HallpaBJICHHs

4 Gro Harlem Brundtland. Statement at the 42nd session of
the General Assembly of the United Nations. October 19,
1987. Presentation of the unanimous report of the World
Commission on Environment and Development - «Our
Common Futurey. P. 4. [QnexrponHusiii pecypc]: https://idl-
bnc-idre.dspacedirect.org/bitstream/handle/10625/20579/
WCED_v42_doc1-36.pdf. Joctyn 19.04.2024.
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coziepKaTeIbHOM MOAEPHU3AINHT TPAHCIIOPTHO-
JOTHUCTHYECKOH MHPPACTPYKTYpPbl, KOTOPHIE
(okycupyrorcsi Ha HeOOXOIMMOCTH HE TPOCTO
ajlanTanuy K NOTPeOHOCTSIM IPYy30BJaeibleB
Y TIEPEBO3YHMKOB, a MPOTHO3UPOBAHUS UX U3Me-
HEHUH, CBS3aHHBIX C MIOOAIBHBIMHU U CTPAHO-
BBIMHU YCJIOBHSIMH XO3SIICTBOBAHMSI, OUYEBUIHO
BIUSIOUINX Ha TPeOOBaHUS K TPAHCIOPTHO-
JIOTUCTUYECKOH yCIyTe.

PernonanbHble MPOCTPaHCTBEHHBIE OCOOEH-
HOCTH (POPMHPYIOT MPEANIOCHUIKH JUIs (PYHKLIHO-
HUPOBAHHUS M Pa3BUTHSI TPAHCIIOPTHO-JIOTHCTH-
YECKOI CHCTEMBI B KaueCTBE POCTPAHCTBEHHOM,
MHTErPUPOBAaHHON B PErMOHAIIBHBIN NPOU3BO/I-
CTBEHHO-TEXHOJIOTMYECKHU T KOMIUIEKC, M TOJIBKO
B 9TOM BHJI€ OHa MOXKET BBICTYIIATh «IIOJFOCOM
pocray.

K aBropam, xotopble pa3paboTaiii KilacCu-
YeCKHEe TEOPHHU IPOCTPAHCTBEHHOTO pa3Mellle-
HHSI IPOU3BOAUTENBHBIX CHJI, OTHOCSTCS
. I. don Tronen, A. Bedep, A. Jleu, D. 'ysep
u ipyrue [23-25]. Padotsl H. H. Konocosckoro,
H. H. bapanckoro, M. K. banamana, XK. Otra-
BuaHo, I1. Maptuna, XK. P. Tucca u apyrux mo-
CBSILIIEHBI [TO/IX0/IaM CHCTEMHOM IIPOCTPaHCTBEH-
HOM OpraHu3aiuu xo3siicrea’ [26-29]. Meromo-
JIOTHSl TEPPUTOPHAIBHON OpraHU3aliy MPOU3-
BOJMTENLHBIX CHJI [IPU UCCIIE0BAHUH TIOJIIOCOB
pocTa B 5KOHOMHUYECKOM ITPOCTPaHCTBE pa3pado-
taHa B Tpynax II. Kpyrmana, M. Iloprepa,
B. Acxeiima, A. W3akcena, [Ix. Xamdpu,
X. Imutoa u gpyrux [30-36], B Tom uucie
B MyOJMKALMSIX POCCUHCKUX HCCieoBareliei,
Hanpumep, [37-39].

HHTerpanbHbIM KpUTEpUEM B paboTax repe-
YHCJICHHBIX aBTOPOB SBJISIETCS yPOBEHb Pa3BUTHS
TJIC xak HEOOXOAMMOE YCIIOBHE Pa3BUTHS TEP-
PpUTOPUH.

CrnenoBaTenbHO, IPOCTPAHCTBEHHAS HHTE-
rpanys CyObeKTOB X035 HCTBEHHOH JesITeIbHO-
ctu Ha 0a3e 3(pPeKTUBHBIX TPAHCIOPTHO-
JIOTHCTUYECKHUX MOJIeJIeil OpPUEHTUPYET IKOHO-
MHYECKYIO CHCTEMY Ha CYIIECTBEHHOE yBEJIH-
YyeHUe BKJIaJa B COLMAIbHO-9KOHOMUYECKOE
pa3BUTHE POCCUHCKMX pernoHOoB. [loaTomy
MPOCTPAaHCTBEHHOE PAa3BUTHE TEPPUTOPUU
B CHJIy MHOTHX HEpEIEeHHBIX MpoOieM ocTa-
€TCsl MPEIMETOM HayYHOTO aHAJIM3a U MPaKTH-

5 Baparckuit H. H. Kparkwit Kypc 9KoHOMEYECKOl reorpaduit.
Bem. 2. OxonoM. reorpadus CCCP. O6nmit 0630p CCCP
B 1enoM. O030p 1Mo SKOHOMUYECKUM paiioHam. — M. — JI. —
1928. — 455 c. [DnexrponHslii poecypce]: https://elib.rgo.ru/
safe-view/123456789/229245/1/MzM2MjRfQmFyY W5za2l
pLCBOLiBOLiBLecmF0a2lplGtlenMgZWtvbm9taWNoZX
Nrb2kgZ2VvZ3TucGRm. Joctym 19.04.2024.
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YECKUX PEUICHHH, PEeICTaBICHHBIX B CTpaTe-
TUYECKUX, TPOTHO3HBIX, IPOTPAMMHBIX JIOKY-
MeHTax Poccuiickoit @eneparuu u ee cyObek-
TOB.

MATEPWAIBI U METOAbI

AHanu3 MOJIXOM0B K ONMPEICIICHHUIO, CTPYK-
Type, popMe COOCTBEHHOCTH, (DYyHKIHOHAIIb-
HOMY npenHa3zHaueHHIo U MecTy TJIC B skoHO-
MuKe cyobekToB Poccuiickoit deneparnuu umeet
JIOCTaTOuHOE pa3HooOpasue.

B sTtoMm mepeuHe Hanbosiee M3BECTHBIMHU
U 00CY»XTaeMbIMU SBJISIOTCS KIIACTEPHBIH O/~
XOJT K OTIPEJICIICHUIO U (DYHKIIHOHATLHOMY TIPe/i-
HasHaueHuto TJIC, oTpacieBoif U mpocTpaH-
CTBEHHBIHN TOIXO/bI, UMEIOIIUE CBOIO CIICLU-
¢buKy.

Oco00EHHOCTH KJIACTEPHOTO MTOIX0/1a BBIIC-
JISTFOT TPAHCIIOPTHO-JIOTHCTUYECKUE CHCTEMBI
B CAMHYIO OPTaHHU3AI[MOHHO-IKOHOMHYECKYIO
€IMHUILY, KOHCOIUIUPYIOIIYIO PECYPChI U CBSI-
3aHHYIO 00I1Iel KOHCUHOM 11EJIbI0, — IPE0CTaB-
JICHUE 3aKa3yuKaM, MPSANPHUATHIM U OpraHu-
3anusM 3PPEKTUBHON TPAHCIOPTHO-JIOTHCTHU-
YeCKOU ycIIyru. Bo3aMOXKHOCTH MpeiocTaBiIeHUS
HHU3K03aTPaTHOW U KAY€CTBCHHOM YCIyTH 3aBU-
CUT OT YpPOBHS KOOTIEpAIlMU ¥ B3aUMOCBSI3aH-
HOCTH OpPTraHHM3alHi TPAHCIOPTHO-JIOTHUCTHU-
YECKOTO KjlacTepa, HaXOMIsAIIeTroCs Ha Onpee-
JICHHOW TeppuTOpHuH. To ecTh 3TO crerudpuie-
CKHii pecypc, 00ecleunBaroIUi CBI3aHHOCTh
U TOCTYIHOCTh YYaCTHHUKOB SKOHOMHYECKOMH
JEATeIbHOCTH B MPOU3BOACTBEHHO-JIOTHCTH-
yeckoi renodke. C MO3UIMK KIIACTESPHOTO MO~
X0J1a TPAHCIIOPTHO-JIOTUCTHYECKAs CUCTEMA —
9TO OJUH M3 DJIEMEHTOB SKOHOMHYECKOH CHC-
TeMbl 00Jiee BBICOKOTO MOPSJIKA, HAIPUMEP
IKOHOMHUKH cyObekTa Poccuiickoit @enepanuu.
AHaJIN3 KJIACTEPHOTO MOJX0/1a TIO3BOJISACT BhIIC-
JISATh, HAPUMEP, MTPOMBIIMIJICHHBIA KJIacTep
(110 BUJaM IPOMBINIUICHHOCTH ) — aBHAIIMOHHBIH
KJlacTep, HepTeXUMUYECKHUH KllacTep, KiacTep
ABTOMOOMJICCTPOCHHUS, arpapHbBIi KiacTep
U T.I0.

C touxu 3penus orpacieBoro noaxonaa TJIC —
9TO creruduyecKas YKOHOMUYECKAs NEATEIb-
HOCTb, COCPEIOTOYCHHAS B OTPACIIH PEIOCTAB-
JICHHSI YCIIYT IO TPAHCIIOPTUPOBKE M pacIpe/ie-
JICHHIO IPY30B, TJI¢ TPYIIHPOBKA IPEANPHUITAN
MIPOUCXOMHUT MO OTPACIICBOMY MpH3HAKY. B 0T1-
paciii, B OIAYHE OT KJIacTepa, TPaHHUIIbI KOTO-
POTO MOTYT BBIXOAUTH 338 PAMKH OTPACIIH, IPO-
HCXOAUT 00BbETUHEHUE MPEANPUITHI 110 TEXHO-
JIOTHYECKOMY WJIM MPOJYKTOBOMY IPH3HAKY.
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Taoéauna 1

CpaBHuTebHBIH aHa U3 moaxoaos ouenkn TJIC [pa3paGoran aropamu]

IMoxazarens Knacrepnsiii noxxon OrtpacneBoii mozaxox IIpocTpancTBEHHBIH TOAXON
ITpousBoacTBEeHHO- T'pynmna npennpustait COBOKYITHOCTE YeTKuX rpaHuIl HET, IPU3HAKH
TEXHOJIOTHYCCKHE, PA3IUYHBIX OTpaCieH, TIpePHSTHT TEPPUTOPHAIIBHOTO BBIICICHHS:
OpraHH3alMOHHBIE B3aUMOJIOTIONHAIOMMUX IPYT | g6 ,HI/IHCHHLI’X MECTOIIOI0XKEHUE; YKOHOMHIECKOE
IPaHHIIBI npyra 110 JIOTHCTHYECKOMY PacCTOsIHYE; JIEMEHTHI
TIpH3HAKY KJIaCTEPHOTO
B PaHMIAX OAHOf U OTPACcIeBOTO MOAXOI0B
oTpaciu
Perynuposanue Ha ocHoBe rocyapcTBeHHO- OpraHb! HCOMHATENbHOI OpueHTHpoBaHue
IKOHOMUYECKOI YaCTHOTO NapTHEPCTBA BIIACTH, [IPABHTENLCTBO Ha MH/NKATHBHBIC [TapaMeTPhl
JIeSTeITbHOCTH ’ NIPUHSATHUS PEIICHUI pa3MenIeH s
ob6bexroB (Crparerus
IIPOCTPAHCTBEHHOTO Pa3BUTHUS
P®)
Ilokazarens Beicokwuii TloKasaTelb yMeHbLIACTCS Haunbonsmmii nokaszarens
KOHKYPEHTOCIIO- TIPH TIpSIMOM KOHKYPEHTOCIIOCOOHOCTH,
COOHOCTH perynipoBanin ozcy;;nz);};z; EgﬂMoe
5KOHOMHYECKO# peryJmp
JIeSATeIbHOCTH
CreneHb KombuHarms KOHKYpeHIMA | o HpejlyCcMOTpeHo MakcuManbHbIi YpOBEHb
B3aHMOJICHCTBHS U KOOTepaluu B3aHMOJICHCTBIE B3aHMOJICHCTBHS
o o s
C BHCILHEH CpeNlon MPOLECCH OTPAHUYEHbI
BHYTPHOTPACIIEBOH
TEXHOJIOTHEH
bapbepbl / Toukn Beicokas PacXoK/ICHHE HHTCPECOB HeobxonumMocts fodopmMupoBanus
pocra 3a010POKPATU3UPOBAHHOCTD, | JPYTHMH OTpaCIIAMH 4acTH HHPPACTPYKTYPbI
n060MpoBaHue, W KiacTepamu / TPaHCIIOPTHO-JIOTUCTHYECKOIT
KOPPYIIHOHHBIE PHCKH BEICTpAs peaKIHA Ha CHCTEMBbI / MacITad
/ BBICOKHMIT TIOTEHIMAI H3MeHEHHS BHEIHEi ACSTENBHOCTH, HU3KHH yPOBEHD
KOHI[CHTPAI[HU PECYPCOB cpebt 3aKOHO/IaTeIbHBIX OTrPAHHICHUH
DxoHOMMYECKHUI pocT | YeuieHue Ha OCHOBE Orpauten paMkami 3aBHCHT OT 9P HEKTHBHOCTH
CHHEPreTHIeCKoro dddexra oTpacin nucnokauuu oosekros TJIC
n >dp¢exra Macmraba

Kuacrep e npemycMaTpiBaeT BBIXOJ 32 paMKU
oTpaciy u 00bCTMHECHUE TIPSIIPUATHI pPa3HBIX
oTpacyei, 9To XapakTepHO, B TOM YHCIE, U IS
TPAHCIIOPTHO-JIOTUCTUYECKOTO KiIacTepa.

Hcmonp30BaHne MPOCTPAaHCTBEHHOTO MOJ-
xona (OPMHUPOBAHUS TPAHCIOPTHO-JIOTUCTHU-
YECKHX CHCTEM IIPH aHalM3e SKOHOMHYECKHX
TIPOIIECCOB OMPEAETAET BIUSHIE Ha SKOHOMHKY
MIPEATIPUATHS WK PETMOHA TPAHCTIOPTHEIX TAPH-
(0B, BpeMEHN U CKOPOCTH JOCTaBKH TPYy30B,
JIOCTYITHOCTH BHUJIa TPAHCIIOPTA, BO3MOKHOCTH
TIEPEBO3KH OONBIINX 0OBEMOB I'PY30B U APYTUX
0a30BbIX TAPAMETPOB, BIAHMSIONIUX Ha POCTPAH-
CTBCHHYIO JHCIOKAINI0 HHPPACTPYKTYPHBIX
00OBEKTOB.

TakuM 00pa3oM, aHAIHU3 MMEPEUHCICHHBIX
moaxonoB K otieHke TJIC B 5KOHOMHKE PETHOHOB
MOKa3aJl KaK CXOXKECTh, TaK M UX Pa3TUIHA
(tabm. 1). AHanm3 comepkaHus TaOIHUIBI TTOKa-
3BIBAET OUEBHUIHBIE IPEUMYIIIECTBA KJIACTEPHOTO
MOJIX0/1a, OJTHAKO Y MPOCTPAHCTBEHHOTO IOJ-
X0JIa OTCYTCTBYIOT aAMUHICTPATUBHBIE OTPaHH-
yeHus. [103TOMy BO3MOXHBI BBIXOJ] 32 TIPEICIIBI
HE TOJBKO OTPACIH, HO U KJIACTepa U BOBJICUCH-

HOCTh B 00II[ee SKOHOMHUYECKOE MPOCTPAHCTBO
0OJIBIIIETO KOJIMYECTBO KJIACTEPOB U OTpaciieit
MpH YCJIOBHUH, YTO IICHA HA TPAaHCIOPTHO-
JIOTUCTUYECKYIO YCIYTY SABJISICTCS KOHKYPCHTO-
CIIOCOOHOM U YIOBJICTBOPSICT KaK MOCTABIIUKOB,
TaK ¥ MOTpeOUTEINCH.

B a3T0li cBsA3U 0COO0T0 BHUMAHUS 3aCITy)KH-
BaeT, HAIIPUMEP, OMBIT OPTaHOB YIIPABICHHS
EBpOCO030M U CTpaH €ro WICHOB Mpu (popMu-
poBanuu TJIC U ero BIUsSHUE HA IKOHOMHUKY
BCEro OOBCAMHEHMS, B TOM YHCIIC, HA PETHOHBI
U CTpaHbl. EBporieiickue cTpaHbl POty 0oJiee
4YeM copoKoJieTHHH myTh co3nanus TJIC u obGec-
MICYMJIA STUMH CHCTEMaMHK CHIKCHHUE 3aTPaT Ha
JIOTHCTUKY X MAKCUMAJIbHBINA OXBAT TCPPUTOPHI
moctaBku. Co3naHHas eBpoIelckasl cucTemMa
UrpacT yCHJIMBAIOMIYIOCS POJIb B SKOHOMHKE
00bEeIMHEHNS.

Mo nanusim Europlatforms EEIG®, uinenamu
KOTOPOH SIBJISIFOTCS KPyIMHEHIIINE 00beIHHEeHUS,
otaenbHble TJIL u «rpy3oBbie nepeBHu» EBpo-
mbl, Ha 2015 rox B 28 crpanax EC HacuuThiBa-
nmock 240 TJII obmieii momaznso 25891 I'a

¢ [Qmexrpounsiii pecypc]: https://www.europlatforms.eu.
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Tadauua 2
AFpeerOBaHHble peruoHa’jJibHbI€ JKOHOMHUYECCKHE NMOKa3aTeJIn CaMapCKOﬁ 00J1aCTH

Tlokasarenu Tomer

2017 2018 2019 2020 2021 2022
BauoBoii pernonansusiit npogykr | 1449005,7 | 1625558,7 | 16895754 |1625461,8 |2157662,0 |2378451,0
(B TEKYIIUX OCHOBHBIX IICHAX),
MIH pyo0.
Nupexe pusnyeckoro oobema 100,8 100,2 101,4 94,1 105,3 97,8
BAJIOBOTO PETHOHAIEHOTO
g{/po;[yKTa (K mpeaplyIeMy rouny),

0

CrpourenbctBo (K npeasiaymemy | 104,5 80,7 116,2 86,8 121,8 102,1
rozty), %
TpaHCTIOPTHPOBKA M XpaHEHUE 104,0 103,0 100,8 92,1 104,2 105,2
(k mpeapLIyImeMy roay), %

Vcroynuk: pa3paboTaHO aBTOPaMH C HCIIONb30BaHHEM TaHHBIX DesiepallbHOi CiryKObI TOCYIapCTBEHHON CTATHCTHKH®.

(cpemnss romans ogHoro TJII cocraBmia
108 I'a)”.

Oneir EBpomeiickoro Coroza moxa3bIBaeT
TIO3TANHYI0 TPAHC(HOPMALIUIO B CO3IAHUH CETH
TJILL OoT OTpacyieBoro K KIaCTEpHOMY U, HAKOHEII,
K IPOCTPAHCTBEHHOMY TOAXOLY, YTO MOATBEPIK-
JlaeTcst oxBaToM npaktudeckn Bcero EC u mo-
CTyTa K TPAaHCIIOPTHO-JIOTUCTUYECKUM yCIIyTaMm
MaKCHUMAaJIbHOTO KOJMYECTBA MTOTPEOUTEICH.

Taknm 00pa3zom, aHaNM3 ITOIXO0B K OTIpe-
neneruto poru 1 Mecta TJIC B SKOHOMUYECKOM
MPOCTPAHCTBE MOKA3BIBAET, YTO OCHOBHAS OIS
Hay4IHBIX pa0OT, XOTS W PAaCKPHIBACT BIIHSIHUC
TJIC kak KiacTepa WM OTpaciy Ha SKOHOMHUKY
PErHOHOB, HO HE AKLIEHTUPYET BHUMaHHUE Ha TOM,
KaK 3TH CBSI3H BIUSIOT, HAPUMEP, Ha IKOHOMH-
YECKYI0 YCTOMYUBOCTb.

CrenoBarenibHO, 000CHOBAHHBIM ITPEICTABIIS-
€Tcsl JaJIbHEHIIee UCCIIEJOBAHKE C Yebio OIpeTe-
JIEHUsI CTENCHU 3aBHCHUMOCTH OCHOBHBIX PETHO-
HAJIbHBIX SKOHOMHYECKHUX MOKa3aTeNel OT pErHo-
HAJIbHOW TPAHCIIOPTHO-TIOTUCTHYECKON CHCTEMBI
H €€ BIIUSIHUS HA yPOBEHb DKOHOMUYECKOH yCTOM-
YHBOCTH ¥ TIPAKTHKH PECypcoCOepeKeHIS.

PE3YNbTATbI

IIpoBeaeHHb aHAIN3 MpeaaraéMbIx ISt
OLICHKN IMMaHEHTHBIX PErHOHAIBHBIX 3KOHOMH-
YECKHX MOKa3aTeNe U ONpeaeaeHuUs CTENEH! X
3aBHCUMOCTH OT CYIIECTBYIOIIEH PETHOHAIBHON
TJIC mo3BossieT caenarh NPeoNIoKeHIE O HaJTU-
YU CYILECTBEHHOMN KOPPEIALNN MEXKIY HUMH.

J1st poBenieHys HecIe0BaHus ObLTa BEIOpa-
Ha Camapckast 00nacTb. AHAIM3 U OLIEHKA TPo-

7 Konuenuusi GopMupoBaHus U QyHKIHOHHPOBAHHUS
TPAHCIIOPTHO-JIOTMCTHYECKUX LEeHTPOB, npuHsTas B EC.
[Dnextponnsiit pecypc]: https://mintrans.org/ru/o-nih/
transportno-logisticheskie-centry/evrosojuz/. JJoctyn
19.04.2024.

BOAWJINCH MO CIIEAYIOIIMM OTPacIeBBIM ITOKa3a-
TENAM PErMOHAIBHON 3KOHOMHKH: BaJOBOH pe-
THOHAJIBHBIA POIYKT C MHIEKCAMH €TO0 (hr3mtec-
KOTO 00BbeMa; CTAaTHCTHYECKHUE TOKa3aTesH
oTpaciell (CTpOUTENBCTBO, TPAHCIIOPT W XpaHe-
HHE, ONITOBAsI M PO3HIYHAS TOPTOBIIA); HHBECTH-
MM B OCHOBHOM KallUTal W UX CTOUMOCTb IO
BUJIaM JIEATEIILHOCTH (CTPOUTENBCTBO, TPAHCIIOPT
1 XpaHEHHUE, ONTOBasl M PO3HUYHAS TOPTOBII);
BBOJ U CTEIIEHb W3HOCA OCHOBHBIX (DOHIOB IO
CTPOUTEIIBCTBY, TPAHCIIOPTY M XPAHEHHIO, ONITO-
BOH M pO3HUYHOM TOPTOBJIE; (PUHAHCOBBIE PE3YITh-
TaThl ACSITEIBHOCTH; IEPEBO3KA TPY30B U IPy30-
000pOT aBTOMOOMIIBHOTO TpaHcnopTa. Paccmar-
puBasicst nepuox 2017-2022 romos.

ITpu 3TOM HEoOXxoaMMa BakHAsi OTOBOpPKA.
3agaveil B KOHTEKCTE MCCIIEOBaHMUS SIBISUTHCD
BBISIBIICHHE TIPUHINITHATIBHBIX 3aKOHOMEPHOCTEH
1 pa3pabdOTKa METOOJIOTHYECKHX TTOIXO0/I0B, HO
HE aHaJIWM3 TPUYNH U3MEHEHUS TMHAMHUKH pac-
CMaTpUBAEMBIX TTOKa3aTeJel B OTAEIBHOM pe-
ruoHe. B 3Toil CBSI3M MCHOIB30BAJICS MEPHOL,
JUTS1 KOTOPOTO K MOMEHTY ITOJTOTOBKH ITyONnKa-
UM UMEJHCh B HAJWYIUU JOCTATOYHO ITOJHBIC
ceenenust. B 2023 roxy mpon3onuio CymecTBeH-
HOE YIyYIICHWE PErHOHAIbHBIX ITOKa3arelnei,
OJTHAKO TIO TIPEIBAPUTEIFHOMY aHAIN3y MOJIO-
KHUTENbHAs AMHAMUKA IOATBEPNIIA CACTaHHbIC
B HCCIICOBAaHUH BBIBOABI OTHOCHUTEIHHO BBISB-
JIEHHBIX 3aKOHOMEPHOCTEM.

Tabm. 2 u puc. 1 1 2 AEeMOHCTPHUPYIOT OCHOB-
HBIE arperHPOBaHHBIC PETMOHANBHBIC SKOHOMH-
YeCKHUE TI0Ka3aTeln .

AHanmu3 NaHHBIX, TPUBEJICHHBIX B Ta0m. 2
1 Ha IMarpaMmax Ha puc. | u 2, IToka3bIBaeT, 4To

8 ®exepainpHas ciayxba rocylapCTBEHHOW CTATHCTHKH.
Pernonsl Poccun. ConpanbHO-9KOHOMHYECKHE IOKA3aTEIN
2023. [OnexTpoHHEI pecypc]: https://rosstat.gov.ru/storage/
mediabank/Reg Rus Pokaz 2023.htm. Toctym 19.04.2024.
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cnyx6bi 20cydapcmeeHHol cmamucmuku?].

2022

2021

2020

2019

2018

2017

Puc. 2. AepezupogaHHble p
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¥ TpaHCIOPTUPOBKA U XpaHEHHUE

B CTpOHUTEeNbCTBO

B Nnpexc ¢pusngeckoro oobema
BaJIOBOTO PETHOHAIBHOTO
IIPOAYKTa

CKkue nokazamenu

[paspabomaro aemopamu ¢ ucnonb3oeaHuem 0aHHbIX dedepanbHoli cnyx6bi 20cydapcmeeHHolU cmamucmuku®].

JUHAMMKa IOKa3aTeslell BaJOBOTO PEruoHallb-
Horo npoxykra (BPIT) B aOcomoTHBIX 1 OTHOCH-
TEeJBbHBIX 3HAYEHUSX B LIEJIOM MeJa B pacCMOT-
peHHBbIN Iepuoj oTpULaTeNbHbI TpeHa. Poct
3HaYeHUH B pyONsiX oTpakaeT MHQIALUOHHbIE
MPOIECCHI, @ HHJIEKC (Qu3nueckoro oobema BPIT
MOATBEPKAAET YMEHbIIEHUE 3HAUEHUS 3TOTrO
noka3zarens. Mckimouenue cocrasisaer 2021 rox,
YTO CBA3aHHO C IOCTKOBUAHBIM POCTOM, IPUYEM
3TO BOCCTAHOBJIEHUE HE IPEBBIIIAET YPOBEHb
2017 roxa.

IToxa3aTenu BUOB 3KOHOMHUYECKON JeATelNb-
HOCTU «CTPOUTEIHCTBO», «TPAHCIOPTUPOBKA
U XpaHEHHE» B IIEJIOM TaKXKe€ UMEJIU MOHUXKa-
TeJIbHBIN TpeH 1 3a uckitoueHueM 2021 roxa, uto
a"nanoruyHo auHamuke BPIIL. Iloxa3zarens
«ctpoutensctBo» B 2021 romy BeIpoC 3a cuer
TEMIIOB POCTa KUIHITHOTO CTPOUTENHCTBA U HE
OTpPa)kaeT BBOJ B JKCIUTyaTalMio0 00BEKTOB
TPaHCIOPTHO-JIOTUCTHYECKOH HH(PPACTPYKTYPHI.
Hons o6bexroB TJIC B 0b1ieM 00beMe BBOIH-
MBIX B 3KCIIIyaTallUi0 34aHUNH U COOPYXKEHUM
B CpeJHEM cocTaBiseT He Oosee 5-7 %,

1 B 2020-2023 romax 3HAYMMBIX 0OBEKTOB B 3KC-
IUTyaTalio He BBOJUIOCH.

Iloxa3arens BUja SKOHOMUYECKOH JesTeNb-
HoctH (B cootBercTBUU ¢ OKBD/I) «Tpancmop-
THUPOBKA U XpaHEHUE) MMOKA3bIBAET 3aBUCUMOCTD
ot noka3areneid BPII, u oueBuaHo, 4TO 4yem
MEHbIIIE MMPOU3BOJIUTCS, TEM MEHbILIE MEPEBO-
3uTcs. Takke HEeraTUBHOE BIIMSIHUE HA 3TU [TOKa-
3aTeNn OKa3ak yMEHbIIEHHE 00bEMOB TPaH3UT-
HBIX IPY30B KaK MEKPETUOHAIIBHBIX, TAK U MEXK-
JtyHapoaHbIX. Bo3pocmnii nokasarens B 2022 ro-
Jy TOKa3bIBAET MOCTKOBUJHOE OXKHUBJICHUE
NIEPEBO30K, OJJHAKO B aOCOIOTHBIX 3HAYEHUSIX
OH He npeBbicu ypoBeHb 2017 rona.

B Tabn. 3 u Ha puc. 3 u 4 nokasaHa JuHa-
MUKa PETMOHAIBHBIX DKOHOMUYECKUX MOKa3aTe-
JIel, KOTOpble B OOJbIIEH CTENEHH OTPaKaIOT
Biusiaure TJIC Ha 5KOHOMHUKY peruoHa®.

[Tokazarenu po3HUYHOW TOPTOBIHU U Iepe-
BO3KH I'Py30B [0 aHAJIOTHH C Moka3atesieM BPIT
Takke uMenu B 2022 roly oTpULIaTeIbHYIO AUHA-
MUKY. OCHOBHBIMH OTUYETIMBO BUIUMBIMHU IIPH-
YUHAMU SIBJSJIOCh YMEHBLICHUE JIEHEXHOU
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Taoauua 3
I[I/lHaMI(lKa B3aMMO3aBHCUMBIX PEriOHAJIbHBIX IKOHOMUY€CKHUX nokasareJjen

Toxasarenu Tomer

2005 2010 2015 2020 2021 2022
O60pOT PO3HUYHO TOPTOBIU 225858 423534 589988 674641 757583 835385
(B hakTHUeCKHU NEHCTBOBABIINX LICHAX;
MIIH py0.)
MNupexcnl pusndeckoro oobema obopora | 113,7 103,3 80,9 94,5 103,1 94,5
PO3HHYHOI TOPrOBIH (B COIIOCTABUMBIX
IICHAX; B NMPOLECHTAX K NPEAbIAYIIEMY
rozty)
TlepeBo3ku rpy30B, MJIH T. 77,8 60,1 40,6 28,3 32,5 30,7
T'py30060pOT, MITH T-KM. 3393 5596 4442 3881 3393 3703

Hcrounuk: pa3paboTaHO aBTOPAMH € UCTIOJIB30BaHUEM JaHHbIX DeepaabHON CIIy:KObl TOCYIaPCTBEHHOM CTATUCTUKNU®.

IlepeBo3ku rpy3oB, MJIH T.
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Puc. 3. JuHamuka nokazameneli nepego3ku 2py30e [pas3pabomaHo
asmopamu ¢ ucnonb3oeaHuemM 0aHHbIX ®edepanbHOl cryx6bI
2o0cydapcmeeHHolU cmamucmuku®].

Macchl B cepe PO3HUYHON TOPTOBIIH, KOJIMYeE-
CTBa KOMMEPUYECKHX KOHTPAKTOB, YTO HPHUBEIIO
K CHIDKCHHUIO 00bEMOB TOPTOBJIH M MIEPEBO30K.

Bropas npuunHa, KoTOpasi MposBIIETCS He
cpasy, a Kak IpaBuWIo, B T€UEHUE JUTUTEIHHOTO
BPEMEHH, — 3TO yMEHBIIICHUE ITPOBO3HBIX, TPY30-
repepadaThIBAIOIINX U CKJIQJICKUX MOIITHOCTEH.

CrpaBeuInBO 3aMe4aHHe, YTO YMEHBIICHHE
00BEMOB TOPTOBIN BBIHYXJAET YYaCTHUKOB
JIOTUCTUYECKUX IIETI0YEK COKPAIIATh CBOM MOIII-
HOCTH. AHaiH3 MOJOOHOTO COKpAIICHUS MOKa-
3bIBaeT OOJIee BBHICOKHE TEMIIBI BBIBOJIA TPAHC-
TIOPTHO-JIOTUCTUYECKUX OOBEKTOB U3 IIPOU3BOI-
CTBEHHO-JIOTHCTUYECKON JESTEIBHOCTH, YeM
TEMITBI COKpaIIeHUss 00bEMOB PO3HUYHON TOp-
TOBIIH.

ITockonbKy B cuity cBoei OONBIION MHEPT-
HOCTH BBOJ] JIOTUCTUYECKUX OOBEKTOB B IIPOM3-

BOJICTBEHHYIO IESITEILHOCTD OyZIeT OTCTaBaTh OT
Oomee OBICTPOTO BOCCTAHOBIICHHS OOOPOTOB
PO3HUYHOM TOPTOBIIN M COOTBETCTBEHHO Aedu-
LIUTa TPAHCIIOPTHO-JIOTHCTHYECKHUX YCIYT, BO3-
HUKaeT OTPHIATENBHBIN d(PPEKT, CAePKUBAIO-
I pocT 060pOTa POZHUIHON TOPTOBIIH.

CnenoBarennHo, BausHue cocrosuus TJIC
Ha IOKa3aTeau po3HUYHOM Toproeiau u BPII
TIOKa3bIBAIOT OYEBHIHYIO 3aBUCHMOCTb U, COOT-
BETCTBEHHO, MOTYT OBITH OHUM W3 ()aKTOPOB,
OTIPEACIISAIOIINX SKOHOMUYECKYI0 YCTOHYHNBOCTD
perHoHa.

BwmecTe ¢ TeM aHaU3 OTpaciei «CTPOUTENb-
CTBO», «ONTOBAs M PO3HUYHAS TOPTOBIA,
«TPAHCTIOPT U XPaHEHUE» B II€JIOM KOPPEIHPYET
C TIOKa3aTeIsIMH, IPUBEICHHBIMA B Ta0I. 2 1 3,
n Oojee peJIeBaHTHO YKa3bIBA€T Ha BIHMSHHE
ypoBHs pa3ButocTtH peruoHanpHoil TJIC Ha
TepevnciIeHHble oTpaciu (cM. Tab. 4)5.

Tak, HampuMep, MOKa3aTeiab «OTpacieBas
CTPYKTypa BaJIOBOI1 JOOABICHHOW CTOMMOCTH»
TIOKa3bIBACT, YTO KOHEYHAs (PyHKIHUS IECTOYKH
IIOCTaBOK «TOPTOBJIA PO3HHYHAS U ONTOBAsH
JEMOHCTPHUPYET IPOLIECCHI PACIIMPEHUS U CKa-
TUSI IPEATIPUHAMATETBCKOH eI TETbHOCTH, TIPO-
SIBISIOIINECS M B NMPEABIOYIINX OTPacisX.
AHaJM3 OTpaciy «TPaHCIOPTHPOBKA M XpaHe-
HEe» 3a 2020-2022 rompl JeMOHCTPUPYET XyI-
miee 3HaueHue B 2020 roxy (maHaeMust KOpoHa-
BHpYyCa) W HE3HAYUTEIHHBIA moaseM B 2021

2022
20021
20020
2015
2010/
POOREEE
0 20 40 60 80 100 120

Puc. 4. lunamuka nokazamenel o6opoma po3HuYHol mopeoenu [pa3pabomaHo asmopamu ¢ Ucnosb3oe8aHueM OaHHbIX dedepanbHoll
cnyx6b1 20cydapcmeeHHOl cmamucmuku®].
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u nazgenue B 2022 roxy. To ecTh, BO3MOXHOCTH
pacmupeHus: GyHKIHMHA KOHCONHMIAINH, IPy30-
nepepabOTKU U pacrpeesieHus] yMEHbIIAaeTcsl,
OTYaCTH O NPUYUHE YMEHBUICHHS «TOPTOBIN
OIITOBOM M PO3HUYHOI». AHAJIOTHYHBIM 00pa3oM
MPOUCXO/IUT YMEHBILIEHUE 0OBEMOB «CTPOUTEIb-
CTBay.

C npyroit CTOpoHBI, YMEHBIIEHUE KOJIHYe-
CTBa BBOJIMMBIX OOBEKTOB CKJIaICKOW HEJIBUKH-
MOCTH H, COOTBETCTBEHHO, YMEHbIIICHUE TTOKa-
3aTesyiell «TPaHCIIOPTHPOBKU M XPAaHEHHS» CHU-
JKarT 00bEMBI TOPTOBIIH.

Takum 006pa3om, Bo3HUKAET dPPeKT, npu
KOTOPOM MaKCHMaJIbHOE 3HaY€HHE TPAHCIIOPTH-
poBku 1 xpaHenus B 2018 roxy obecrnedusio poct
TMOKazaTeJst TOPTroBIU B 3ToM ke roay. B 2019 ro-
Jly 3Ha4€HHE «TPAHCIOPTUPOBKH M XPaHEHHSD)
YMEHBIINJIOCH, OJTHAKO T0Ka3aTeilb TOPTOBIIH,
B CHJIy HM3KOW HMHEPLHH, OCTAJICS IOYTH Ha
NPEeXXHEM YPOBHE M [0Ka3aJl 3HAYUTEIILHOE CHU-
skeHue Tojbko B 2020 romy (0T4acTH MO HpH-
YHHE MaHJeMUU KOPOHAaBHUPYCa).

Bwmecte ¢ Tem 06bem Toprosiu B 2021 romy
yBenuuwics Ha 2,6 % BaJoBO# 100aBICHHON
CTOMMOCTH 110 cpaBHeHH!0 ¢ 2020 roiom 1 obec-
NeYns HE3HAYUTEIbHBIH POCT «TPAHCIIOPTH-
POBKH U XpaHEHUsD 3a aHAJIOTUYHBIH EpHUOA Ha
0,4 %. ITomo6OHast ”HEPTHOCTH MPOIIECCa MOXKET
OBITH 00YCIIOBIIEHA 3HAYUTEIbHBIM BPEMEHHBIM
JIaroM IpU PacIIMpPeHUH 00bEMOB «CTPOUTEIb-
CTBa», «TPAHCIIOPTUPOBKU M XPaHEHUS» M Ma-
JIBIM BPEMEHHBIM JIarOM JJIs yBEIMYEHUsI IOKa-
3aTesisl TOProBIIs.

Bo3HHKaeT HECOOTBETCTBHE MEXAY CHUKE-
HHEM 00bEMOB TOPIOBJIH M OoJiee MeUICHHBIM
(BBULy HM3KON MHEPIMOHHOCTH) CHMKEHHEM
NoKazaresell «CTPOUTENILCTBAY», «TPAHCIOPTH-
POBKH M XpaHEHHUs» U HA000POT UHTEHCUBHOE
YBEJIIMYCHHUS [10Ka3aTelsi TOPTOBIU HPUBOIUT
K OTHOCHTEJILHO 00JIee MEJJICHHOMY BOCCTAHOB-
JICHUIO TI0Ka3aTelei «CTPOUTENBCTBAY, «TPAHC-
MOPTUPOBKH M XpaHeHHs». IHBIMH cloBamH,
POCT TOPrOBIIM B HA4aJIe rofia 00eCIeuuBaeT poCT
«CTPOUTENBCTBAY, TPAHCIIOPTUPOBKHU U XpaHe-
HUS» K Hauauly CJIEAYIOIIEro Toja, Iie BpeMeH-
HOM JIar paBeH NPUOIU3UTEIBHO OJHOMY TOIY
(cm. Tabm. 4).

OueBUHO TaKUM 00pa3oM, YTO YKa3aHHbIC
cdepsl AesTeNbHOCTH, OTHOCSIIHECS K TpaHC-
MOPTHO-JIOTHCTHYECKUM YyCIIyraM, KOTOpbIe
00ecreunBarTCsl COOTBETCTBYIOIUMH HH(pa-
CTPYKTYPHBIMH OOBEKTaMHU, KOPPEIUPYIOT
C PErvOHAJBHBIMU T10Ka3aTeJIIMH SKOHOMHYE-
cKoii pesitenbHOCTH. [loaTOMY, OeccnopHo, pas-

Mup TpaHcnopTa. 2024

BUTOCTH peruoHaibHbix TJIC BnusieT Ha SKOHO-
MHKY PETMOHA U €€ YCTOMYHBOCTb.

OnenuBas pa3BUTOCTh pernoHansHon TJIC,
CIelyeT 3aMEeTHTh, YTO Ha YpOBHE pEruoHa
ObUTM pa3pa0dOTaHbl HECKOJIIBKO 3aKOHOAATEIb-
HBIX UHUIMATHUB 151 JOPMUPOBAHUS PETHOHAIIb-
Houi cetu TJIII.

Cpenu Hux nocranosienue [IpaBurenscrBa
Camapckoii obnactu ot 23 centsiops 2010 roga
Ne 422 «O Konuenimu pa3BUTHS peTHOHAIBHON
TPaHCIOPTHO-JIOTUCTUYECKOI cucTeMbl Camap-
ckoit obmactu Ha 2011-2015 roas» u Ilpo-
rpaMma mnpaButenbctBa Camapckoil obnacTu
cornacHo [ToctanoBnenus Ne441 ot 12.07.2017 .
«O Crparernu couuanbHO-3KOHOMHYECKOTO pa3-
BuTus Camapckoil obnactu Ha mepuoj A0
2030 roga (c u3MeHeHUs MU Ha 17 ceHTs0pA
2019 roma)».

B coorBercTBuu ¢ nocranoienuem [Ipasu-
tenberBa Camapcekoit oonactu Ne 422 ot 23 cen-
Ta0pst 2010 roga niIaHUPOBAJIOCH 0 KOHIIA
2015 roga co3maHue HAa TEPPUTOPUHU 00JIACTH
mectu TJI (cm. puc. 5).

PaspaboTanHasi MozieNb PErHOHAIBHONW CHC-
tembl TJIL] nomkHa Oblna yCUIUTH TPaH3UTHBIN
TIOTEHIUAJl PETHOHA U CTUMYJIMPOBAaTh SKOHOMH-
YECKUH POCT PErHOHAILHOW IPOMBIIIIEHHOCTH
MOCPEACTBOM IMPENOCTABICHUSI KOMIUIEKCHOU
TPaHCHOPTHO-JIOTHCTUYECKOH yciyru. Tem He
MEeHee, B YCJIOBUSIX BBITOJHOIO reorpauyeckoro
TIOJIOYKEHU S, HAJIMYHSI TPAHCTIOPTHBIX KOMMYHHKa-
LMK BCEX BUIOB TPAHCIIOPTA, PA3BUTOM IIPOMBbIILI-
JIEHHOCTH M HAyKH KOHLICTILIHS He ObLIa IIOJIHOCTHIO
peanu3oBana. Ha xonert 2023 roma Camapckas
obnacTh He oOnmaaina enuHo cuctemoit TJILT, aTor
CEKTOP DKOHOMMKH OBLJ TpE/ICTaBICH, KpOMe
OOJIBILIOTO KOJIMYECTBA HEOOJBIINX M CPEIAHUX
CKJIaJIOB, HECKOJILKUMH KPYIHBIMU HpeNnpusi-
THSIMH, CPEIIH KOTOPBIX, Harpumep, «CpetHeBOIDK-
cKast Jloructhueckasi komnanus» (80 ThIC. KB. M
CKIIQJICKUX TIoMeleHwuit), kommanus «COM3»
(24 1BIC. KB. M), «Bonrarpancrepmunan (10 Tbic.
KB. M), JIOTHCTHUECKHI KoMILIieke «[Ipumopoxk-
HBIID» (48 ThIC. KB. M).

B ocnoBHoMm cucrema TJILI pernona npen-
CTaBJIeHa KOPIOPAaTHBHBIMU CKJIa1aMH KPYITHBIX
KOMITaHHH, KOTOpbIe 00CITYKUBAIOT CBOU I'PY30-
noroku. K Haubosee M3BECTHBIM OTHOCATCA
OI'VII «Iloura Poccumn», AO «Camapaarpo-
npomnepepabotka», OO0 «O30n», AO «Hopo-
KyHOBIIIEBCKasi He(hTEXMMHUUECKast KOMITAaHHSD»,
X5 Retail Group NV u apyrue.

Amnanu3 TJIL| nepednclieHHBIX KOMIaHUH
peruoHa MoATBEPIKIAeT, YTO CO3/aBaEMble UMHU

XaunTt6aeB B. A., YepHsieB E. B. OLeHKka BNUAHUA TPAHCMOPTHO-NTIOFMCTUYECKOW CUCTEMbI

Ha pecypcoc6epexeHue, KIoUYeBble permoHanbHbIe 3IKOHOMUYECKUE NoKasaTenu
1 3KOHOMMUYECKYH0 YCTOWUUBOCTb




Puc. 5. lnaHupyembie TJIL| Camapckoli o6nacmu
[pazpabomaHo asmopamu Ha ocHoee nocmaHoeneHus Mpasumenscmea Camapckoli o6nacmu Ne 422 om 23 cenmsbps 2010 2.].

CcOOCTBEHHBIE OOBEKTHI MpeJHa3HAYEHBI s
KOHCOJIM/IAIIY M pacTipeAeseH st COOCTBEHHBIX
)K€ IPy30B, IIOATOMY paccMarpuBarh UX B KOH-
TEKCTE eINHON perrnoHanbHol cuctemsl TIIL He
COBCEM KOPPEKTHO.

Tem He MeHee, B COOTBETCTBHH C PELICHUEM
npaBuTenbcTBa CaMapckoil 001acTr (OCTaHOB-
nenue Ne 441 ot 12.07.2017 . «O Crpareruu
COIMAJIbHO-OKOHOMHYECKOro pa3ButHs Camap-
ckoii obactu Ha nepuon 1o 2030 roxa (c u3me-
HeHussMU Ha 17 centsops 2019 roma)»), mpemyc-
MOTPEHO CO3/JJaHHE TPAHCIIOPTHO-TOTUCTUYECKOH
cuctembl Camapckoit oonactu Ha ocaose TJIK,
KOTOPBII MO 3aMbICITy PETHOHAJBHBIX BacTel
00eceunT MPOCTPaHCTBEHHOE Pa3BUTHE TIPOU3-
BOJMTEIBHBIX CHJI U TIOBBICUT SKOHOMHYECKYIO
ycroiunBocTh Camapckoit obnmactu. JlanHoe pe-
[IIEHHE TIPaBUTENBCTBA 00JIACTH, B YacTH GopMu-
POBaHHUs TPAHCTIOPTHO-JIOTUCTHYECKON CHCTEMBI,
10 CyTH, NpeJHA3HAYCHO /ISl peanu3alnuy He
TIOJTHOCTBIO BBITIOJIHEHHOTO MocTaHoBNeH s [Ipa-
ButesnbcTBa Camapckoid obmactu Ne 422 ot
23 cents0pst 2010 roza, B BUAC CO3AAHUS JIOTH-
CTHUYECKOTO KilacTepa.

Unes TJIK 3akiouaercss B obecriedeHUH
B3aUMOJICHCTBYSI BCEX TPENPHUATHIA U OpraHu-
3alMii 00JIaCTH, CO3AaHUM PABHOTO JOCTyTa
K TPaHCHOPTHO-JIOTHUCTUYECKHUM YCITyTaMm, IIOBbI-
LIEHUH YKOHOMUYECKOH d(PEKTUBHOCTH MEXK-
PETHOHAIIBHOTO ¥ MEX/IyHapOJHOTO COTPY/IHHU-
yectBa. OYEBUIHO, BOBMOKHOCTD PEaIH3aLUH
9TOW IPOTrpaMMBbI 00ECTIEUNT TPOCTPAHCTBEHHOE
pa3BHUTHE pernoHa B coorBeTcTBUM co Crpare-
ruel IpoCcTpaHCTBEHHOTO pa3BUTHs Poccuiickoit
®enepanuu Ha iepuon a0 2025 rona.

Takum 06pa3zom, GOpMUPOBAHKE U Pa3BUTHE
pernonansHoro TJIK, 4To mo coaepkaHuio

U IpeHa3HaueHHIo aHajnoruuHo tepmuny TJIC,
Ipe/roaraeT Co3laHue YCIOBUil A1 MOBBIIIE-
HUSI DKOHOMUYECKOH (PPEKTUBHOCTH PETHO-
HaJbHON MPOMBIIUIEHHOCTH. B3aumosnusHue
MEX/Jy YPOBHEM Pa3BUTOCTU PETHOHAIBHOMN
TJIC u oTpacisiMu MPOMBIILIEHHOCTH OYEBUIHO,
OJIHAaKO CJEeNyeT OMpPEAeNUTh, HACKOJIBKO 3Ta
CBSI3b BIIUSIET HA UX LI€JIeBbIC TIOKA3aTeNU U yPO-
BEHb 3KOHOMUYECKOH yCTOMUMBOCTH.

I DKOHOMETPHUECKOT0 000CHOBAHHUS
B3aumoBnusiHUuA TJIC U 2KOHOMUKHU peruoHa
HCIOJB30BAJICSA METOJ KOPPEISIIMUOHHO-
PETPECCHOHHOTO aHajN3a, KOTOPbIM Mo3BONISET
ONPEAETUTh TECHOTY CBSI3U MEXJy IOKa3are-
My TJIC ¥ 95KOHOMHUYECKUMU TMOKA3aTeNISIMU
pernoHa. B kadecTBe cTaTHCTHYECKOil 0a3bl
aHaJIM3a UCIOIb30BaHbl NaHHbIe DenepanbHOit
ciyx0a rocynapcTBeHHOM cTatucTuku 3a 2017—
2022 rogpi®. B Tabn. 5 npuBeneHbI MOMyYCHHbIC
pE3yNbTaThI.

OHU NOATBEPXKIAIOT MPEANOT0XKEHUE
o BiustHUM nokasarened TJIC Ha noxaszaTenu
BPIT u o6opor po3HnyHoit Toprosiu. Kaskupiii
nokasarenb TJIC (x,) HMeeT B3aMMOCBA3b XOTS
OBl C OJJHMM SKOHOMHYECKHM PETHOHAIbHBIM
MoKa3aTeseM (yj). J171s BEIYMCIIUTENBHOTO SKCIIe-
pPUMEHTa U B COOTBETCTBHM C METOJOJIOTHEN
KOPPEISIIMOHHO-PErPECCUOHHOTO aHanu3a 0Oy-
JIEM CUUTaTh, YTO 3HaueHHE KoddduuueHra
BhIme 0,7 IOKa3bIBAET CUIIBHYIO CBSI3b.

OmnpeneneHre 3HAYMMOCTH PACCUYUTAHHBIX
CBA3€Hl OCYyIIEeCTBIsAETCS MHOXECTBEHHOU pe-
rpeccueil. B kauecTBe mepeMeHHBIX OBUTH BbI-
OpaHbl BaJOBOM PErMOHANBHBIA MPOAYKT (),)
1 060pOT po3HMYHOH Toprosu (,). Ilepemen-
Hble, BPII 11 000poT po3HUYHO# TOPTroBITH, BHIOU-
PaJIUCh B COOTBETCTBUH C X 3HAYMMOCTBIO IS

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 2 (111). C. 102-117
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Taoauua 5

Kox¢ppunnents! koppensiuuu 3HaueHuil TJIC 1 3koHOMUYECKHX
noka3atejeil Camapckoii od1actu
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BPII, M py6. 0,59 0,84 0,86 0,80 -0,45 0,53 0,39 0,82 0,92 0,47
O6opoT po3HUYHOI TOPT., | 0,76 0,79 0,91 0,82 0,34 0,76 0,81 -0,29 (0,79 0,52
MITH py0.

Hcrounuk: pa3paboTaHO aBTOPAMH.

TJIC. [ly1s1 pacueToB ObLTH BEIOPAHBI CIEIYIOIIIE
TepeMeHHBIC: CTPOUTEIHCTBO 00BhekTOB TJIC
(,); TPAHCTIOPTHPOBKA M XpaHEHHE (X,); MEpe-
BO3Ka IPy30B (X,); TPy30000pOT (x,); CPEMHETO-
TOBask YACIEHHOCTD 3aHATBIX (X,); YMCIIO Opra-
auzanuid TJIC mo BHIaM SKOHOMUYECKOH nes-
TENBHOCTH (X,); TPY30BOHM IOIBHMXHOM COCTaB
(rpy30BbIe aBTOMOOHIIHN) (X,); TTACCAXKHPOOOOPOT
aBTOOYCOB OOIIETO TONB30BAHMS (X,); IKCTLTya-
TaIMOHHAsA JUTMHA aBTOMOOHMIIBHBIX TOPOT (X,);
9KCIUTyaTaIl[OHHAs UTHHA KEJIC3HOIOPOKHBIX
nyTe# (x,,). [lns pacueTa perpecCHOHHON 3aBH-
cumoctu TJIC u 060poTa po3HNYHON TOPTrOBIN
ObLTH BBIOpaHBI IEPEMERHBIE: (X ); (x,); (x,); (x,).
BrruncauTenbHBI SKCOEPUMEHT MOKa3all Cie-
JYIOIINE PETPECCHOHHBIC 3aBUCHMOCTH:

v, =19246,03+ 56,947x, + 410,124x, +
+620,521x, + 308,231x ~15,329x, +
+27,329x, + 547,872x, + 28,453x, +

+479,295x, + 19,787x, ; (1)
y, = 9273,729+ 3,143x, +349,274x, +
+ 474,839x, + 624,472x,, @)

Pacuersr mokaszanu, 4T0 KO3(GQPUIHUEHTHI
nerepMuHAIu Oonpmie 0,75 SBIAIOTCS 3HAYH-
MBIMH U PaBHBI COOTBETCTBEHHO R’ = 0,987
u R* = 0,991. D10 MOATBEPKIAAET CHIBHOE
BIIMSTHUE BEIOPAHHBIX JJISI pacdyeTa IepeMEeHHBIX
Ha BPII u o6opor po3nndHoii Toprosmu B Ca-
MapcKoi obmacTH.

Jns mepBoit Mmozeny Hanboee 3HAYNMBIMH
TTOKa3aTesIMU SBIAIOTCS: TPAaHCIOPTHPOBKA
M XpaHeHue (x,); MepEBO3Ka IPy30B (X,); Tpy30-
BOW TIOJIBIKHON COCTaB (Ipy30BbIC aBTOMOOMIIH)
(x,); DKCTUTyaTallMOHHAs JTMHA aBTOMOOMITBHBIX
nopor (x,). Jlns BTOpol Mozenn — Tpy30BOH

TIO/IBMOKHOM COCTaB (Ipy30Bble aBTOMOOHIIH) (X ,);
TIEpEeBO3Ka TPy30B (X ).

CrenoBarenbHO, TPAHCIIOPTHPOBKA U XpaHe-
HUE, NepPEeBO3Ka IPy30B, TPy30BOM MOABHIKHON
cocTaB (Tpy30BbIe aBTOMOOMIIHN), SKCILTyaTaIlH-
OHHasl JUIMHA aBTOMOOMJIBHBIX JOpOT Hanboiee
CHJIbHOE BIIMSTHUE OKa3bIBAIOT HA PETHOHAIBHBIN
BPII, a nepeBo3ka rpy30B ¥ HKCILTyaTallHOHHAS
JUTMHA aBTOMOOMIIBHBIX IOPOT — Ha 000POT po3-
HUYHOH TOProBIIN.

BbIBOObI

IIpoBeneHHBII KOPPEISOHHO-PErPECCUOH-
HBIM aHaJIM3 OKAa3bIBAET BIUSHHUE MTOKA3aTeNIen
TJIC Camapckoil o0nacTi Ha peruoHaIbHBIA
BPII 1 060poT po3HHMYHOI TOPTOBIH, TOATOMY
MIEPBOHAYAIILHOE MPEAMNONI0KEHNE O HAIUYUU
TaKOH CBSI3U NOATBEPHKAACTCS.

OueBHIIHO, YTO BBISBICHHYIO B3aHMOCBSI3b
TJIC 1 5KOHOMHYECKHX IIOKa3aTeyied peruoHa
BO3MOKHO MHTEPNPETHPOBATH Kak (akrop,
OnpeAeNsoIUNA YPOBEHb YKOHOMUYECKOU
YyCTOMYMBOCTH perroHa. Kommmeke ananmsupye-
MBIX PETHOHANBHBIX 2KOHOMUYECKUX ITOKa3aTe-
nei, Bkirodas cocrosHue TJIC, ompenenser
YPOBEHb YKOHOMUYECKOH YCTOMYMBOCTH 4epeE3
CUCTEMY PE3YNBTUPYIOLINX IPYIII OKa3aTesnen
[9-12]. Harmpumep, 3T0 moKa3aTeiay MPOU3BOA-
CTBEHHOH YCTOMYHMBOCTH, OKA3aTENIN UHBECTH-
LIUOHHOW yCTOWYMBOCTH U APYTHE.

BmecTe ¢ TeM permoHaIbHy0 YIKOHOMHYE-
CKYyH0 YCTOMYHMBOCTb HEJb3s PACCMATPHUBATh KaK
COBOKYITHOCTb CTaTUYHBIX, IOCTOSHHBIX U HE
M3MEHSIOIUXCS TP IOKa3aTelel, Torna Kak
BHEUIHSAS] SKOHOMUYECKAsl cpela HaXOIUTCS
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B COCTOSIHUM TIOCTOSIHHBIX U3MEHEHUM. YCTON-
YUBOCTH PETHOHAJIBHOI 3KOHOMHKHU — 3TO HE-
NpephIBHBIE COI[MAIBbHO-IKOHOMHYECKHE,
BKJIIOYAs IPOU3BOICTBEHHO-TEXHUYECKHE, JI0-
TUCTHYECKUE U3MEHEHHUsS, KOTOpble MPUBOIAT
pEeruoHaIbHYIO0 3KOHOMUKY B COCTOSIHHUE HOBO-
IO paBHOBECHS], IPEIIONIAraoLIero J0CTIXKe-
HUE TpeOyeMBbIX, JYUIIUX YKOHOMHUUECKUX T10-
Kaszareneil.

CrenoBarenbHO, CIOCOOHOCTh PErHOHAIb-
HOM SKOHOMHKH aJalTHPOBAaThCA K HOBBIM
YCIIOBUSM XO3SIIICTBEHHOMN IEATENBHOCTH, BO3-
BpAaIllaThCs B COCTOSIHHE PaBHOBECHS, KOTOpOE
XapaKTepu3yeTcsl JIyUIIUMHU IeJIeBBIMU KOHO-
MUYECKHUMH MOKa3aTeIsIMU, ClIeIyeT IOHUMATh
KaK SKOHOMHYECKYI0 ycTOWYHBOCTh. OO0 3TOM
CBUJIETENILCTBYET M IpeIBapUTENIbHAS OICHKA
MIPAaBUIBHOCTH C/ICTAHHBIX BEIBOIOB B YCIOBHSIX
MOJIOKUTEIFHON JUHAMUKH ITOKa3aTesel pac-
cMaTpuBaeMoro pernosa B 2023 roxy, He BoIe -
11ast B CHIIy OTCYTCTBHUSI HA MOMEHT ITOATOTOBKHU
MyOIMKaKK JaHHBIX JUIS IeTajIbHOTO aHAU3a,
B paccMaTpuBaeMoO€e HUCCIICA0BaHUE.

Amnanu3 quHamuku nokasareneit TJIC noka-
3bIBAET MX BIMSHHE Ha BBIJEJICHHBIE B padoTe
peruoHajgbHble SKOHOMHUYECKHE IMOKa3aTelu,
a MPOBEIECHHBIH PErpecCUOHHBIN aHaIU3 MOJ-
TBEPXKJAaeT BBICOKUH ypPOBEHB KOPpPEIALUU
U, OYEBHUJHO, XapaKTepPU3yeT IKOHOMHUYECKYIO
YCTOMUYUBOCTh. B KOHTEKCTE HCCIeI0BaHUS CO-
ctostaue TJIC MOXKHO paccMaTpUBaTh KaK BHEII-
HUii (akTop Bo3aelcTBHs Ha nokaszarein BPII
1 000pOTa POSHUYHOW TOPTOBIU. DTO TaKKe
MOATBEPKAACTCS APYTMMH HCCIEI0BaHUSAMU,
MOCBSIIIICHHBIMI KOMIUIEKCHOU orieHKe 3 dek-
TUBHOCTH TPAHCIOPTHO-JIOTHCTUYECKUX CUCTEM
peruonos [39].

Kpowme Toro, mosyumsio noareepskaeHUE pe-
TMIOJIO’KEHHUE O BIMSIHUH Ha PETHOHAIBHYIO 3KOHO-
MHUYECKYIO YCTOWYMBOCTh BHEIHUX (PaKTOPOB.

BPII MmoxeT ObITh HCHOIB30BaH B KaYeCTBE
HMHIMKAaTOpa AMHAMUKU U3MEHEHHsI perHOHaIb-
HOI SKOHOMHUYECKOM yCTOHYMBOCTH. AHanu3
PETHOHATBHBIX YKOHOMUYECKUX TOKa3areneit’
(Tabn. 2—4) nmoka3siBaeT 3TO BiUsHHE. Tak,
HHEKC Gu3nyecKoro ooObemMa BajoBOTO PEruo-
HAJIBHOTO MPOAYyKTa (Tabi. 2) IOKa3bIBaeT He-
3HAYUTENbHOE yBEJINYEHHE 3TOTO IMOoKa3aTess
¢ 100,8 % 82017 rogy no 101,4 % 8 2019 roxy.
B 2020 roay mpou3somnuio cHuwkeHue 10 94,1 %,
BoccTanoBienue B 2021 rony g0 105,3 % otHo-
cutenbHO naaeHus B 2020 rogy u CHMXKEHHE
B 2022 roxy nmo 97,8 %. To ecTh moxa Bo3xeii-
CTBHEM 9HIOT€HHBIX (PaKTOPOB, €CiIi paccMaT-

pUBaTh PETHOHANBHYIO YKOHOMHKY B IEJIOM,
noka3arens BPII cumxaercs, 3aTeM BOCCTaHaB-
JIUBACTCS B MPEKHUX WM B OOJBIIMX 3HAYEC-
Husix. K sngoreHHsiM hakropam, UCCIIEAYSMbIM
B paboTe, OTHOCATCS MOKA3aTeld: TPAHCHOPT
U XpaHeHHe, 000pOT ONTOBOW M PO3HUYHOU
TOPIrOBJIH, CTPOUTEILCTBO, MEPEBO3KHU IPY30B
U Trpy30000pOT, KOTOPHIC BIHSIOT HAa 00BEMBI
MIPOU3BOIUMBIX TOBAPOB U YCIYT  POPMUPYIOT
BPII. /Ilunamuka mepeyuciacHHbIX (HaKTOpOB
koppenupyeT ¢ nuHamukoit BPII, yto moxn-
TBEPXKJIAET UX BIUSHHEC HA YKOHOMHYECKYIO
ycroitunBocts. Hanbonee ycroiiunBoe cocrosi-
Hue o nokasarento BPII, eciu Opare nmepuon
2017-2022 rogos, Habmwoganocs B 2019
u B 2021 rogax, 4To MOBTOPSIET AMHAMUKY arpe-
THPOBAHHBIX 3HJIOTCHHBIX ()aKTOPOB U COOTBET-
CTBEHHO MOJTBEPIKAACT HE TOJBKO PE3YJIETAThI
BBINIOJIHEHHOTO KOPPEISLUOHHO-perpec-
CHOHHOT'O aHAJN3a, HO U BIIMSHHUE dTHX (PaKTO-
POB Ha PErMOHATBHYIO SKOHOMHYECKYIO yCTOM-
YUBOCTb.

OueBuaHO, CHIDKEHHE moka3arened BPII
1 000poTa POZHUYHOW TOPTOBJIHM M COOTBET-
CTBEHHO 9KOHOMUYECKOH YCTOMYMBOCTH OIOCpE-
JTOBAHHO MPOUCXOINT M3-32 CHUIKCHUS MOKa3a-
TeJeH, OTHOCSINUXCS K TPAHCIIOPTY M XPAHCHHIO,
00beMaM ePEBO30K, UHBECTUIIUSM B OCHOBHOM
KamuTal, BBOJY B JCHCTBHE OCHOBHBIX (DOHJIOB.
[ToaTOMy BO3Bpar K MOJIOKHUTEILHOMY POCTY
aHAJIM3UPYEMOI0 TPEHJa, YTO COOTBETCTBYET
MOBBIIMICHUIO YKOHOMHUYCCKOW YCTOWYHUBOCTH,
3aBHCHT OT YCTPaHCHHUS 0apbepoB, MPEIST-
CTBYIOIIMX YIYUIICHUIO MEPEYNCICHHBIX TTOKa-
3areneil.

B uccienoBanuu MpoBeICH CPAaBHUTEIBHBIH
aHanm3 noaxonos k onpezaenenuto TJIC ot otpac-
JIEBOTO J10 IpocTpaHcTBeHHOTO. Cleayer oTMe-
THUTb, YTO IIPU Pa3HOOOPa3uu GOPM IKOHOMHUYE-
CKOM JIeATeIbHOCTH BOCTPCOOBAHHBIMU OCTa-
10TCs BCe Tpu nofxona. Tem He MeHee, HeCMOTps
Ha OOJIBIIYIO MOMYJISIPHOCTh i SKOHOMHUYECKYHO
BOCTPEOOBAaHHOCTh KJIACTEPHOTO TOJX0/a, IIH-
POKOTO BHEJPEHHUS HA YPOBHE PErHMOHOB OH HE
noyuuit. [Tonxon Tpedyer Oosee CTpyKTypupo-
BaHHYIO U OOECIIEYEHHYIO pecypcamu MocTa-
HOBKY 33]1a4¥l Pa3BUTHSI TPAHCIIOPTHO-JIOTUCTHU-
YECKUX CHUCTEM, KOTOPBIC COOTBETCTBOBAIH ObI
MHUHHMAJIbHO HEOOXOIUMON IKOHOMHYECKOMH
HHPPACTPYKTYpE U, B IEPBYIO OUepeilb, TPAHC-
MOPTHO-JIOTHCTUYECKOM, a Takxke Oonee a3 dek-
THUBHOTO B3aUMOJICHCTBUS M KOOPIMHAIIUU
MEXIy MPEANPUATUIMUA U OPTaHaMU BIIACTH,
3aKPEIUICHHBIMHU 3aKOHOIATESILHBIMU IOKYMCH-
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tamu. [103TOMy TOMHUHHUPYIOLIMM OCTAeTCs OT-
pacieBoii Hoxxox.

C npyroii CTOpOHBI, MPOCTPAHCTBEHHBIH MO/
XOJ] OTYACTH PELIaeT 3a/]a4y POCTPAHCTBEHHOM
CBSI3aHHOCTH CYyOBEKTOB IKOHOMHYECKOH Jiesi-
TEJIBHOCTH NPH OTCYTCTBHHM SKOHOMUYECKOTO
aJIMUHHCTPHPOBAHMS HA OCHOBE 3aHHTEPECOBAH-
HOCTH XO3SIIICTBYIOIIUX CYOBEKTOB B Pe3yJbTa-
Tax CBOCH JI€SITEILHOCTH.

Ha ocHoBe aHaini3a cTaTUCTUYECKUX PETHO-
HaJIbHBIX YKOHOMHMYECKHUX T0Ka3areyeil 3a
2017-2022 roas! ompereneHbl KIIOUeBbIE CO-
crasistone pernoHansHoi TIIC. Koppensuu-
OHHO-PErPeCCHOHHBIN aHAJIN3 TOKA3aJl BHICOKHA
YPOBEHB BIIMSHHUS ¥ B3aUMOCBSI3H MEXY PErHo-
HanpHOM TJIC M KITIOUEBBIMU PErMOHAIBHBIMU
9KOHOMHUYECKUMHU NoKa3aresisiMu. [lonyuyeHHble
3aBHCHMOCTH IOJTBEPIKAAIOT BIMSHHUE OT/IEIb-
HbIX (akropoB TJIC na BPII u o6opot po3uny-
HOHW ToproBinu. Hanbosnee 3HauMMbIMU (hakTo-
pamu Bozneiictus Ha BPII siBisirorcs Tpancmop-
TUPOBKA U XpaHEHHe, IEPeBO3Ka I'Py30B; IPy30-
BOM NOJIBIKHOIT cocTas. [lj1st 000poTa po3HUYHON
TOPTOBJIM — IPY30BOM MOJBIIKHOM cocTaB (Ipy-
30BBbIE aBTOMOOMIIN); IIepeBO3Ka Ipy30B. Kpome
TOTO, B paboTe 000CHOBBIBACTCS IIPEATIONOKEHUE
O BJIMSHUM Ha PErHOHAJIBHYIO YIKOHOMHUECKYIO
ycroituuBocth akropos TJIC, rae mom ycroii-
YUBOCTBIO ITOHUMAETCSI CIIOCOOHOCTh BOCCTA-
HaBJIMBATh MPEXHNUE PErnOHANbHBIE SKOHOMHU-
YeCKHe [10Ka3aTeIM B COOTBETCTBHY C IUIaHUpYe-
MBIMH L€JIEBBIMH 3HAYCHHSIMH.

Takum 00pa3oM, MPOBENCHHOE UCCIIEN0Ba-
HHE IT03BOJISICT cleath BeIBOJ, uyTo TJIC sBis-
€TCsl HE TOJIbKO OJTHOW M3 KIIIOYEBBIX CHUCTEM
peruoHanbHOW PKOHOMHUKH, HO U OIHUM H3
(hakTOpoB 00CCIICYCHHU ST SKOHOMHUECKOM yCTON-
yuBocTH. ClieJoBaTelIbHO, INTAHUPOBAHUE LIeJIe-
BbIX JKOHOMHMYECKHX IO0Ka3aTelled U ypOBHs
9KOHOMHUYECKOH YCTOHYMBOCTH CJIE/IyeT IJIaHH-
poBaTh BMeCTe C IeJeBBIMU IOKA3aTeIsIMU
anemeHnToB peruoHanbHON TJIC. B 310 CBsI3W,
Harpumep [Iporpamma npaButenscta Camap-
ckoit obimactu «O Crpareruu coluaibHO-
9KOHOMHUYECcKoro pa3Butus Camapckoii obiaacTu
Ha nepuox 10 2030 romga» BO3MOXKHO TpeOyeT
JIOpaOOTKH B YaCTH BKJIFOYCHUS paszena «Dop-
MHUpPOBaHHE U pa3BuTHE peruoHanbHoi TIIC»
W ONpEeIeNICHHs] B3aMMOYBSI3aHHBIX LIEJIEBbIX
noka3zateneit TJIC ¢ kiIroueBBIMH PETrHOHAIb-
HBIMH YKOHOMUYECKUMH MHMKaTOPaMH.

B nenoM ypoBeHb pa3BHTOCTH PErHOHAIIb-
HBIX 9KOHOMHK, X B3aUMOJICHCTBUS U B3aHMO-
3aBHCUMOCTH, SKOHOMUYECKOW yCTOWYHBOCTH

®  Mwup TpaHcnopTa. 2024

U TPAKTHKH PecypcocOepexeHuss aupuopu
00eCIeUynBaeT YCTONYMBBIA POCT MAKPOIKOHO-
MHUUYECKUX IMOoKa3arejied M, CJea0BaTeIbHO,
KOMILIEKCHOE COLIMaIbHO-9KOHOMHUYECKOE Pa3-
BuTHEe CyOBekTOB Poccuiickoit denepamnuu
U SIBJISIETCSI OJTHOM U3 KITIOUEBBIX 33/1a4 OPraHOB
BJIACTH BCEX YPOBHEH yIpaBieHUsI.
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AHHOTALUA

Bonbuwoe konudecmso xepme T80 8cem Mupe co3daem cepbe3Hyro
npobnemy dnsi 3koHoMUKU, demozpachuu, 30pagooxpaHeHust. 3HadeHue obwe-
MUPO8020 NoKasameisi COYUabHO20 PUCKa, PaccyUmaHHo20 No coomeem-
cmeyroweli Memoduke, Haxodumcs e npedenax 18, 8 Poccuu - 9,7. Cmamu-
cmudeckue OaHHble nokasbigalom, Yymo OesimenbHOCMb 2ocydapcmea
8 Poccutickoli ®edepayuu no nosbiueHuto beonacHocmu dopoxHo20 A8u-
KeHus aghhekmueHa. B nocnedHue decsimb niem OCHOBHbIE Nokasamenu
asaputiHocmu 8 Pocculickoli ®@edepayuu, HeCMOMPS Ha y8enuyusarowulics
ypogeHb agmomobuu3ayuu, ymyqwaiomes. @edepanbHbiMu HopMamue-
HbIMU OOKyMeHmamu npedycMompeHo OanbHeliee CHUXEHUE 3HaYeHus:
Ueneso20 nokasamens coyuanbHoeo pucka k 2030 200y do yposHsi 4.

[pesbiLueHue CKOPOCMU U HECOOMBEMCMBUE CKOPOCMU KOHKDEMHbIM
ycnosusiv BUXEHUS — camasi pacnpocmpanerHast npuquna ATI1(19 % om
o620 Konuyecmea). Mdeu MHozux ypbaHuCmos, 3a4acmyto He onuparo-
Wuecs Ha cneyuanuauposarHbie ucciedosarus 8 cghepe GeonacHocmu
A0pOXHO20 ABUXKEHUS, N0 NPUHYOUMeEnbHOMY omka3y om asmomobunel
U CHUXXEHUI0 CKopocmu 8 20podax He Mo2ym 6bimb OCYUECMBIEHb! 8 NorT-
HOM 06beME, XOMs MOYEYHO UMEIOM NOMOXUMEbHbIE Pe3ybmambl.

B mo xe epems Ha 8eposimHocmb 803HUKHoseHUs [ TIT okasbiearom
3Ha4yumesnbHoe enusiHue UHOUsUOyasnbHble 0cobeHHocmu eodumened,
makue Kak 803pacm, nos, 0buwasi CKOHHOCMb K pucky. OAuH u3 ghakmopos
cosepwieHust TIT, 0cobeHHO MoodsMu 800UMeNsiMu, —3mo npucymemeue
naccaxupos-ceepcmHukos. OHu Mo2ym 6bimb NPUYUHOU ONAcHo20 80XAe-
HUSI, He8HUMameIbHOCMU, XenaHus 8odumens «nokasame cebsi». Boou-

0NacHoCMb O8UXEHUS.
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WccnepoBaHue BNuAHUA NPUCYTCTBUA NacCaXxupa
B aBTOMOOMNE Ha CKOPOCTb ABMXEHUSA

Mapuna BENTMKAHOBA

Anexcandp Bnaoumuposuu Ilonoe', N'anuna Anamonvesna Yepnosa’, Mapuna Bnaoumuposna Benuxanosa’

123 Bomicckui nonumexnudeckuil uncmumym (punuan) Bonzoepadckoeo 2ocyoapcmeenno2o mexnuiecko2o

mesnu cmapuie2o 8o3pacma Haobopom cmaHoesmces 6onee HUMameb-
HbIMU U aKKypamHbIMU 8 npucymemeuu naccaxupog. OOHako & Hay4HoU
Jiumepamype cywecmeyiom U NPOMUBONOIOXHbIe pe3ynbmams! (nacca-
Xupb! y Monodbix 800umenell Mo2ym oKasbiéamb NOMOXUMeNbHbIU 3¢h-
¢hekm, a y cmapwiux — ompuyamebHbit).

B amoli cesi3u 6 kKoHmekcme 8b1pabomku pexoMeHAayul No CHUKEHUIO
nokasameneli agapuliHocmu si8/IAeMCs akmyarbHbIM 80NPOC O Ueneco-
obpasHocmu HekomopbIx oepaHuyeHuli 01 Moodbix 8odumenel. Lenb
pabomsbi — ycmaHoBUMb 8USHUE Naccaxupa-ceepCmHuKka Ha CKopocmb
dBuxeHus Onsi M0100020 800UMENS U CPABHUMb C BMIUSHUEM naccaxupa
Ha 8odumens cmapuwe2o 8o3pacma. Memod uccriedosarus — skcnepumeHm,
8 pamKax komopozo Monodsie godumenu e go3pacme om 18 do 25 nem
u bonee onbimHble 8odumenu cmapuwie 35 1em npoesxanu no ycmaHos-
JIeHHOMY Mapwpymy ¢ naccaxupom u 6e3, npu 3mom ¢hukcuposanacs
ckopocmb 08UXeHUs. Y bonbwuHcmea Monodbix 6o0umeneli 3agukcupo-
8aHO y8enuyeHue cKopocmu npu A8UXEHUU C NaccaxupoM-C8EPCMHUKOM.
TMpuHuMas 80 8HUMaHUe, 4mo 60MbWUHCME0 MO0k IX todell nepeoueHu-
8alom c80U 803MOXHOCMU NPU ynpasrneHuu asmomoburnem, HapyweHue
CKOPOCMHO20 pexuma nod 8o3delicmeuem naccaxupa MoXem noesusmb
Ha 8o3HukHoseHue [TI1. Mo pesynsmamam pabomsi npednazaemcs:
8HedpuMmb cucmemy noamanHo2o 0ocmyna K ynpasieHuro asmomobunem,
88ecmu 3anpem Ha nepesosky naccaxupos Ao docmuxeHus onpedeseH-
HO20 803pacma Uslu NOJTyYeHUs COOMBemCmayIoLe20 0NbIima U yCo8epuIeH-
cmeosamb npozpammb| NPogheccloHansHo20 0bydeHus sodumened.

Kntoyesble crioga: 00poXHO-mpaHChopmMHoe npouciecmsue, 600Umenb, cKopocme 08UXeHUSs, nosedeHue 8odumens, Monodoll eodumens, 6e3-

[ns uumuposarus: Monos A. B., YepHosa I'. A., BenukaHosa M. B. Mccniedosarue enusiHusi npucymemeus naccaxupa 6 asmomoburie Ha CKopocmb
dsuxenus // Mup mpaxcnopma. 2024. T. 22. Ne 2 (111). C. 118-123. DOI: https://doi.org/10.30932/1992-3252-2024-22-2-13.

HoBa I. A., BenukaHoBa

MonHb1ii mexcm cmambUu @ nepegode Ha aHznulicKull A3bIK Ny6AUKyemcs 60 emopoll yacmu daHHO20 8bInycka.
The full text of the article translated into English is published in the second part of the issue.




BBEOEHUE

E>xerosHO B TOPOXKHO-TPAHCIIOPTHBIX ITPO-
HCIIECTBHAX NOTHOACT MM TOJTy9aeT CEPbE3HbIC
TpaBMBI OOJIBIIIOE YHCIIO JIOAEH, M, CIeI0Ba-
TEIBHO, JOPOKHO-TPAHCIIOPTHBIC MPOHCIIE-
CTBHS IPENCTABISIOT COOON 3HAYUTEIBHYIO
pobIeMy Il SKOHOMHKH, JeMOTpadraecKoi
CHUTYyaIllH, OOIECTBEHHOTO 3[PaBOOXPAHCHHS.
B nanbonee 6raromoixydHOM ¢ TOYKH 3pEHUS
0€3011aCHOCTH JIBHKEHHS €BPOIIEHCKOM PETHOHE
BO3 moxa3zaTtens TOPOXKHO-TPAaHCHOPTHOH
cMmeptHOCTH coctaBisteT 8,8 Ha 100 000 gemnoBexk,
B TO BpeMsI KaK OOIIEMHPOBOH MOKa3aTeNb CO-
crasizer 18,2 Ha 100000 yenosek!. B Poccun
o uroram 2022 roma Imokas3areilb COHaIbHOTO
pucka cocraBua 9,682 CTOUT OTMETHTH, UYTO
B [[EJIOM JJMHAMUKA TPEX OCHOBHBIX ITOKa3aTesIeH
aBapuitHocTH (kommaectsa ATII, uncia moru6-
X W paHEHBIX) Ha MPOTSDKEHUH Ooiee ueM
necstr 1eT B Poccun ctabuinbHO CHMXKaeTCs.
B T0 ke Bpems pacTeT ypoBeHb aBTOMOOMITN3a-
uH (3a gecsts et ¢ 2012 mo 2022 yBenwyuics
TIOYTH Ha TPETh). JJaHHOE COOTHOIIEHUE TIOKa-
3areneil ommcriBaeT Monens Pybena Cmuna,
oTpaxkaromast (pyHIaMEHTaIbHBIH MPUHIUII
B3aMMOCBSI3M YPOBHS aBTOMOOWIN3AINN H J10-
POXXHO-TPAHCHOPTHOH CMEPTHOCTH (TIpH HEKO-
TOPOM YPOBHE aBTOMOOMIIM3AINN OTMEYAETCS
POCT TPaHCTIOPTHOTO PHCKA, KOTOPBIH BIIOCIIE -
CTBHH CHIKAETCsI, @ yPOBEHb aBTOMOOHIIN3AIIN
npoxpoikaet pactn) [1; 2]. denepanbHBIM po-
ekToM «be30macHOCTh JOPOKHOTO JIBIKCHUS
meneBoil mokaszarenb k 2030 romy ycTaHOBIECH
Ha YpOBHE 4.

Hexotopsle XapaKTepHCTHKH BOTUTEINS, Ta-
KM€ KaK BO3pacT M 101, BIHSIOT Ha BEPOATHOCTD
cosepiieHus I TII, u puck BbliIe cpeayr MOJOABIX
Boamtenel, ocobenno myxuuH [3]. [lomumo
3TOrO 00IIast CKIOHHOCTH K PHUCKY y MOJIOIBIX
BOIUTENEH 3HaUUTENbHO BHIMIE [4; 5]. [IpucyT-
CTBUE MACCAKUPOB — 3TO €Ie OguH (akTop,
KOTOPBIH MO-Pa3HOMY BIHSIET Ha BEPOSTHOCTH
JIOPO’KHO-TPAHCIIOPTHBIX IpOUCIIECTBU. Mo-
KET TPOSIBIATHCA KaK MOJIOKUTENBHBIHN (T.€.
3aIIUTHEIN) (P (QEKT MPUCYTCTBUS MACCAKUPOB
(puck aBapuy BBIIIE NPU ABMKEHUH B OJHMHOY-

! Jloksiax 0 COCTOSHHU 0€30MacHOCTH TOPOXHOTO
nBuxeHus B EBpomnelickom permone BO3 2019.
Konenraren: EBpomneiickoe peruonansnoe 6ropo BO3;
2020. [OnextpoHHbIH pecypc]: https://iris.who.int/
handle/10665/333758. loctym 05.10.2023.

2 JlopoXXHO-TpaHCIIOPTHAs aBapuitHOCcTh B Poccuiickoit
Denepanyn 3a 2022 roa. MHbOpMaMOHHO-aHATUTUYECKUI
0030p. —M.: DKV «HI BT MB/{ Poccumn», 2023. — 150 c. —
C.5.

Ky), TaK U OTpULATEIbHBIN d(PdeKT BoXKIEHHS
¢ naccaxxupamiu. byner nu adpdexr nonoxurens-
HBIM MJIM OTPULATENLHBIM, 3aBUCUT OT Pa3ind-
HBIX CUTYallMOHHBIX ()aKTOPOB: BO3pacTa M 1oJja
BOJMTEJNS, @ TaKXKe KOJMUYEeCTBa, BO3pacTa
U moja naccaxupoB [6]. OmacHoe BOXIEHUE
1 HEBHUMATEJIbHOCTh, CIPOBOLIMPOBAHHbBIE MO-
JIOZIBIMH [TACCAKUPAMHU, SIBIISTIOTCS IBYMSI OCHOB-
HbIMH (OpMaMH MOBEJEHUS, MPEILIeCTBYIO-
mumu JTII cpenu monoaslx Boauteneu [7].
OJHUM U3 TVIaBHBIX MTPOSIBJICHUI PUCKOBaHHOTO
MOBE/ICHHS] B JaHHOM CUTYyallMu SBJISETCS Ipe-
BbIlIeHHe ckopocTH [8]. [y BomuTeneit crap-
LIEro BO3pacta, 0COOEHHO €CiM MacCaKUpamMu
SIBJISIFOTCS JIETH, XapaKTepPHO Ooliee aKKypaTHOe
BOX/ICHHE C MEHbIIIEH CKOPOCTHIO, YEM B OJH-
HOYKY [9]. B TO ke BpeMs HEeKOTOpBIe HCCIeno-
BaHMs1 HE BBISIBUIIN Pa3HUIIBI MEXKLY BOXKICHUEM
¢ maccaxxupoM U B oguHOouKy [10]. Hanmuuue
HEO/IHO3HAYHBIX PE3yJIBTaTOB MTO3BOJISIET MPE/-
MOJIOKUTh, YTO MOTYT CYIIECTBOBaTh 0COObIE
YCIIOBUSI, IPU KOTOPBIX TPOSIBICHUS] PUCKOBAH-
HOT'O BOXKJICHHUS! Y MOJIOZIBIX BOJIUTEINEH BCTpeya-
rotes vaie [11].

B3aumocBs3b Bo3pacTa BOAMTENS U Ka4eCcTBa
BOX/ICHHUS TaBHO M INUPOKO M3ydaercs. Bomu-
TEJIA MOJIOKE 24—25 JIET U HEOIBITHLIE BOIH-
Tenu (0COOCHHO MMEIOIINE BOMUTEIBLCKUI CTax
MeHee Tpex JieT) Haubosee noasepskeHsl JTIT
[12]. Monoapie BoguTenu 6ojiee MMIYJIbCHBHBI,
HETEpIIENNBbI, YHEPTUUHBI, CKIIOHHBI K PHCKY.
Takue BoguTeNIN HE CIIOCOOHBI OLIEHUBATH 00b-
€KTHBHO CUTYaLlHI0, THCTUHKT CAMOCOXPaHEHHMsI
Y HUX PAKTUYECKH OTCYTCTBYET, @ CAMOYBEPEH-
HOCTB KpaiiHe Bbicoka. OJiHa 13 [VIaBHBIX IPUYUH
JTII — mpessitienue ckopoctu [13; 14].

B uenom, nmaccaxupbl-CBEpCTHHUKH MOTYT
BIMSTH Ha MOBEJEHUE MOJOJOT0 BOIMUTEIIS,
HEMOCPEACTBEHHO MOOMIPSS HapyIIeHHUs,
a Takke Mojenupys noseneHue. OHM TaKxke
MOTYT BJIMSITh Ha IOBEJICHHUE Yepe3 CBOE odliee
OTHOIIICHHUE, MpejyIaras, HaCKOJIbKO IpHeMIIe-
MBIM SIBJISIETCSI TO MJIM MHOE MoBeJeHne. Biusi-
HUE MOXKET OBITH IPSMBIM, HAIIPUMEP, MOCPE-
CTBOM BepOaJbHBIX U SBHBIX HEBEpOaIbHBIX
BBIPAKEHHH NMOOUIPEHUS (MIU OCYXKICHHS ).
BrnusiHne MoxeT Takxke JIeiicTBOBaTh KOCBEHHO
4yepe3 CoLUalbHble HOPMbI, KOTOPbIE MOI'YT
nepenaBaThCsi HOCPEACTBOM MOJEIUPOBAHUS
[15]. B Poccuu Bonpoc BIMSIHUA MacCaXXKUpa Ha
JIBIOKEHHE c1abo MCCileZloBaH M MpeJCTaBlIeH
B OCHOBHOM TE€XHHYECKHMH HCCIIEIOBAHUSIMU
BIIMSIHUS 3arPy3KH Ha JIMHAMHMKY aBTOMOOMIIS
[16; 17].
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Puc. 1. [lpumep npomokona akcnepuMeHma [8bINONHEHO agmopamu].

Hapyuienue CkopoCTHOTO peXuMa sIBISeTCs
OIHUM W3 CaMbIX PAcCIpPOCTPAaHECHHBIX BUIOB
Hapymenuit I1J1J] u ctano B 2022 roxy npuanHOi
noutyu nsaTot gactu (19 %) Bcex ATIL. Ilpouc-
IIECTBHUS, CBSI3aHHBIC C HAPYIICHHUEM CKOPOCT-
HOTO PEXHMMa IBIIKCHHSI, BKIIOUAIOT MIPOU30-
HI/IINE W3-32 HECOOTBETCTBHUS CKOPOCTH KOH-
KPETHBIM YCJIOBUSIM JBIOKeHUs (92 %) u mpe-
BBILICHUSI YCTAHOBJICHHOW CKOPOCTH JIBUYKEHHUSI
(8 %). Ha nonto MomnonpIx BoAuTENICH B BO3pacTe
20-24 net npuxoxutes 11 % takux JITII.

B nocnenHue rospl HAOUPAKOT HOIYJISIPHOCTD
ujien ypOaHHUCTOB, NPU3BIBAIOLINX K PA3THYHBIM
METOoJaM AUCKPUMHHALUU BOAMTEICH U MOJ-
HOMY OTKa3y OT aBTOMOOMJISI, CHHYKEHHUEO CKOPO-
CTH B ropojax. [10M0KUTEeIbHBIN OMBIT CHUKE-
Hus ckopoctH 110 30-40 km/4 cyniectByer [18—
20], omHaKO JajIeKO HE BE3€ MOXKET ObITh MPH-
meHeH. [Iponaranaupyemble, Hanmpumep,
npodeccopom [IeHCHIBPBAHCKOTO YHUBEPCUTETA
Byxanom P. Byunkom uien npuHyIUTEIbHOTO
MOJIHOTO OTKa3a OT aBTOMOOWJICH M mepexona
K MEeNIeXOAHOMY JABHXXEHHUIO B ropojax [21,
C. 382], Ha HamI B3NS, YyTONIMYHBI U HEOCYIIe-
CTBHMBI, & IPUHYKICHUE BOIMTENEH K OTKa3y
OT aBTOMOOWJIS ITyTeM BBEJICHHUS I1JIAaThI 33 KaxK-
nyto moe3aky [21, C. 509] sBnsroTcs AUCKPUMHU-
HalWel N0 UMYIIIECTBEHHOMY IIPU3HAKY.

Hampotus, ¢ y4eTom 101roBpeMEHHOTO CHU-
JKeHHSI ToKa3aresiei aapuiinoctu B Poccuiickoii
Ddenepary MOXHO CeNIaTh BbIBOI 00 3¢ dek-
TUBHOCTH TE€X MEP, KOTOPbIE IPUHUMAIOTCS Opra-
HaMU UCIIOJIHUTEIbHON BIACTH B PaAMKaX rocy-
JTAPCTBCHHOM MOJIMTHKH 0€30MIaCHOCTH JOPOXK-
HOTO JBUKEHHUS.
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OjiHaKO HEKOTOpbIE HalpaBleHUs] TPeOyIOT
JIOTIOJTHUTENIFHOTO BHUMAHMS, B TOM YHCIIE B TIa-
HE BBEACHMS OTPAHUUCHUH [T MOJIOABIX ¥ MAJIO-
OMBITHBIX BoAuTE eH [22]. []ens naHHOM paboThI —
YCTAHOBHTPH BIIMSHHE MAaCCAKUPA-CBEPCTHUKA HA
CKOpPOCTH JABIDKEHUS IJI MOJIOJIOTO BOAMTENS
1 CPaBHUTH C BIMSHUEM [TACCAKHUPA HAa BOIUTEINS
cTapIero Bo3pacra. Memoo uccienoBaHus — IKC-
MEPUMEHT, /IS y4acTHs B KOTOPOM ObUIN OTO-
OpaHbI MOJIOIBIC JIFOIH B Bo3pacTe oT 18 10 25 et
u Oosiee ONBITHBIE BOJAWTENH crapiue 35 Jer,
HMEIOIIIE BOTUTENBCKOE YIOCTOBEPEHHE U HC-
TIOJIb3YIOIINE JIMYHBIH JIETKOBOH aBTOMOOHIIB.

B nccnenoBanuu ObLIM 33/1€HCTBOBAHBI JBE
TpYIIIBI BOAUTENEH Pa3HBIX BO3PACTHBIX KaTero-
pHH, 1o IecATh uenoBek Kaxaas. CpeaHuid Bo3-
pact coctaBun 21,5 u 41,5 net. Jlns npoBeaeHust
HCCIIEIOBAaHMA ITyTEM H3MEpEeHHs IoKa3aTeseit
B IIPOIIeCCE ABMKCHUS ObLT BBIOPAH CIICIY IO
MapupyT: . Bomxckwuii, npocnext JlennHa ot
[Tnomanu crpouteneit — yin. Onomoynkas — yiI.
um. I'enepana KapOsblieBa 10 nepecedeHus ¢ yi.
MononexHoi. I[IpoTskeHHOCTP MapuipyTa
okosio 13 kM. C momonisio npusoxenus «leo-
tpekep — GPStpekep» (it OC Android) cocras-
JISUTUCH TpauKy 3aBUCUMOCTH CKOPOCTE JIBU-
JKEHHUS OT BPEMEHH.

JLis Ka)X0T0 U3 1eCATH BOIUTENEH B IpyIIIe
MIPOBOMIIOCH TI0 TPH 3a€3/1a C ITACCAKUPOM U 0e3
naccakupa. [Ipu BeIOOpE YCIIOBUil TPOBEACHUS
SKCIIEPUMEHTA yYUTHIBAINCH PEKOMEHIAIIH 110
00CIIeI0BAHHIO CKOPOCTH JABMXKEHUSI TPAHCIIOPT-
HBIX CPE/ICTB, YCTaHOBJIEHHBIE B PaciopshxeHnn
Munucrepceta Tpancnopra PO or 27 nexadps
2022 . Ne AK-337-p «O06 yTBEepKACHHH METO-
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Taoéauna 1

HToroBnie 1aHHbIe HCILITAHUIA MOJIOABIX BOAUTEdEH

Bonurens Hcnbiranue Cpenusist Hcnbiranne Cpenusist Bospact
6e3 maccaxxupa, | CKOPOCTb C aCCaXKUPOM, CKOPOCTh
CKOPOCTb B KM/4 | TIO TPeM 3ae31aM | CKOpPOCTb B KM/4 | TIO TpeM 3ae3iaM

1 36, 44, 36 38,6 40, 37, 38 38,3 21

2 25,37, 36 32,6 37,37, 36 36,6 24

3 46, 46, 42 44,6 47,52, 44 47,6 21

4 43,43, 45 43,6 43,43, 45 43,6 20

5 38, 36, 36 37,3 40, 43, 37 40 22

6 35, 35,37 35,6 45,47, 44 45,3 21

7 32,32,40 34,6 38,37, 38 37,6 22

8 40, 40, 29 36,3 41, 47,37 41,6 20

9 36, 36, 38 37,3 38, 36, 38 37,2 21

10 33,35,35 34,3 41, 36, 38 38,3 23

Cpenunii Bo3pacTt 21,5

Taoanma 2

HTorosble JaHHbIE HCTILITAHUNA BOAUTEIEl cTAapLIEro BO3pacTa

Bogurens | Micnibitanue Cpenusist ckopocts | McnbiTanue Cpennsist ckopocts | Bospact
6e3 maccaxupa, 10 TPEM 3ae3/1aM C IACCaKUPOM, 10 TPEM 3ae371aM
CKOPOCTB B KM/4 CKOPOCTB B KM/4

1 40, 37, 37 38 36, 36, 38 36,6 41

2 45,42, 40 42,3 43,38, 33 38 46

3 40, 37,31 36 34,33, 31 32,6 37

4 39,42, 33 38 36,31, 32 33 36

5 32,36, 40 36 38, 40, 38 38,6 45

6 48, 44, 48 46,6 32,37,36 35 52

7 36, 36, 36 36 32,37,36 35 38

8 43,33,37 37,6 38, 34, 39 37 42

9 34,49, 31 38 40,43, 42 41,6 35

10 37,36, 33 35,3 35,35, 31 33,6 42

Cpennuii Bo3pact 41,4

JMYECKUX PEKOMEHAIUH 110 POBECHHUIO MOHH-
TOPHHTA IOPOXKHOTO JIBHIKCHUS.
COOTBETCTBYIOIINE HCIBITAHUS OBLIH IIPO-
BeZICHBI B anpene-uioHe 2022 roxa.
Pe3ynbTarhl M HICXOHBIE TaHHBIE 3aHOCHIINCH
B MIPOTOKOJIBI (puc. 1).

PE3YNbTATDI
KaxxqoMy BOIUTENIO B COOTBETCTBYIOIICH
BO3PACTHOH KaTeropuu ObLI PHCBOEH YCIIOBHBIH
nopsakoBeiid HoMep ¢ 1 10 10. beuto 3adukcu-
POBaHO MPEBBINICHUE CPEIHEH CKOPOCTH MpHU
JBU)KCHHUHM C MTACCAKUPAMHU Y MOJIOJIBIX BOJTUTE-
neit 2,3,5,6,7,8,10. Cpenssist CKOpOCTh ObLIa
MPUMEPHO OJIMHAKOBA KaK C MacCaXUpaMH, TaK
u 0e3 y Bomuteneit 1,4 u 9 (tabmn. 1, puc. 2).
Cpenu BoaMTeNEH CTaplliero Bo3pacra 3a-
(hUKCHPOBAHO CHUKEHHUE CPEIHEH CKOPOCTH IPH
JBIKCHHUHM C TACCAKUPAMU y BoAuTeNneH 1, 2, 3,
4,6, 7,8, 10. Cpenusiss cKOpOCTh ObLIA MpPHU-
MEPHO OTMHAKOBA KaK C MacCaKUPaMH, TaK 1 0e3
y Boputeneit 5 u 9 (tadmn. 2, puc. 3).

BbIBOObI U NPEQNOXEHUA

Takum o0pa3zoM, HalIW4Yue Imaccaxupa-
CBEPCTHHKA BMECTE C MOJIOABIM BOIUTEIEM,
BBHy O0JIee YaCTOTO HapYIICHUS CKOPOCTHOTO
pexuMa, MOXKET SBIATHCS NPUYWHON 3HAYH-
tenbHOTO yHncia JTII, B ToM 4ucie ¢ moruo-
IIAMHA ¥ PAaHEHBIMH. YUYHUTHIBAas OOBIYHOE
B MOJIOJIC)KHOH Cpejie 3aBBHIIICHHE CBOMX BO3-
MOXKHOCTEH B pab0TOCIIOCOOHOCTH B CKOPOCTH
peaknuu, 3HaHUH 00 aBTOMOOWIIE W METOmax
yIpaBlIeHUs UM, Ha3pelia He0OXOIUMOCTh BBe-
JIEHUS] OTPaHUYCHUHN TSI MOJOABIX M HEOIBIT-
HBIX BOJOUTEJEH, B TOM YHCIIE Ha IEPEBO3KY
raccaxupoB. B Bo3pacTHOH rpyIine BoguTeneu
35 meT m crapie mpociexXuBaeTcss oOpaTHAast
IWHAMUKA, TO €CTh IMPHUCYTCTBHE IMacCakupa
B OONBIIMHCTBE CIydaeB IN0O HE BIHAET Ha
CKOPOCTB JBI)KEHUS, TNOO CKOPOCTH IBIKEHUS
CHMKACTCS.

OpmHUMH U3 OCHOBHBIX HAIPaBIICHUH pealu-
3aruu Ctpareruu 0€30MaCHOCTH TOPOKHOTO
nmemkeHns B Poccuiickoit ®eneparmu Ha 2018—
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Puc. 2. Juazpammbi cpedHux ckopocmeii 08 uxeHusi Ans Monodbix eodumerell [6bINOSIHEHO aémopamu].
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BoauTe/n cTapuiero BO3pacra ¢ naccazkupom

Puc. 3. fuazpammbi cpedHux ckopocmeli deuxeHus 0nsi eodumeneli cmapuie2o 8o3pacma [8bINOIHEHO agmopamu].

2024 rT. SBISAIOTCS U3MEHCHHUE TIOBEICHHUS Y9acT-
HHUKOB JIOPOKHOTO ABM)KCHUSI € TIEITBI0 O€3YCIIOB-
HOTO COOJTIOZICHHUSI HOPM ¥ TIPAaBHJI JTOPOKHOTO
JIBIDKCHHSI ¥ COBEPIICHCTBOBAHNE OpPTraHM3all-
OHHO-TIPABOBBIX MEXaHM3MOB JIOMYCKa TpaHC-
TIOPTHBIX CPENICTB M WX BOJHUTENCH K yJacTHIO
B JIOPOXXKHOM JIBIDKEHHH. B pamkax peanmzanun
JTAHHOW CTPaTerny 1 IOCTIHKCHUSI [IEIEBBIX TTOKa-
3areneil ¢penepanpHOro npoekra «besomnacHocTh
JIOPOKHOTO IBMKCHHSD), IPHHAMAs BO BHUMAHHUE
TIPE/ICTABICHHBIE B pa00TE Pe3yIBTaThl HCCIIeN0-
BaHMS, BO3MOXKHO IPHHSTHE Psa Mep.

1. CoxpaHeHne MUHIMAILHOTO BO3pacTa Moiy-
YEHWs TIpaBa YIPaBJICHHUS TPAHCIIOPTHBIM Cpefl-
CTBOM B Tipezienax 18 jieT 1 BHEIPEHUE CHCTEMBI
TI03TAITHOTO JIOCTYNA K YIPaBICHNIO TPAHCIIOPT-
HBIM CPEJICTBOM ISl TOJBKO TTOTYYHBIINX BOIM-
TENILCKOE YIOCTOBEPEHUE JIMI] BCEX BO3PACTOB,

®  Mwup TpaHcnopTa. 2024

TIOJIOKUTETEHO 3apEKOMEHIOBaBIIEH ceOsl B Hau-
6oJ1ee ONIaroNoyYHbIX ¢ TOUKH 3pEHHS TOPOXKHO-
TPAHCIIOPTHON aBapUHHOCTH cTpaHax [23].

2. 3ampeT Ha NMepeBO3Ky MacCaXUPOB IS
MOJIOZIBIX BOJUTEINIEH 10 JOCTIKEHUS OIpesie-
JICHHOTO BO3PAacTa MM MOIYYEHHS COOTBET-
CTBYIOIIETO OTIBITA.

3. B paMkax mpemomaBaHHUs TpeaMeTa
«[Icuxodusznonornieckne OCHOBBI AEATEIHHO-
CTH BOAWTEINISD» TPH OOyYEHHH B aBTOIIKOJIAX
HEOOXOAMMO TPOBEJICHHE TECTUPOBAHUS Ha
CKJIOHHOCTh K PHCKOBAaHHOMY HOBEJICHUIO, YTO
MOXeT OBITh 3aKpeIuIeHo akTyanuzarueit [1pu-
ka3za Munnpocsemenuss P® or 08.11.2021
Ne 808 «O6 yTBepXICHUHM MPUMEPHBIX MPO-
rpamMM TIpo(heCCHOHATBHOTO 00YIEHHSI BOJHUTE-
JIe TPaHCTIOPTHBIX CPEICTB COOTBETCTBYIOIINX
KaTeTOPHUH U MOIKATETOPHID.
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AHHOTALINA

B cmambe paccmampusaiomes npobreMbl mpaHcopmauuu npo-
cmpaHcmea mpyda u 3aHImMocmu 8 cekmope 8030YWHO20 mMpaHcnopma
8 Poccuu Ha cospeMeHHOM 3mane 80 83aUMOC8Si3u C acnekmamu ycmou-
4ugo20 pa3gumus OaHHol ompachnu. Mcnonb3o8aHue makozo nodxoda 0n1st
aHasu3a mekywe2o COCmosHUS U NPO2H03a NEPCNEeKMU8 paseumusi 0CHO-
8b18aEMCs Ha MEHOEHYUSX NOBbILIEHUS 3HAYUMOCMU HEMamepuasbHbIX
aKmugos KoMnaHu(i 6030yLWHO20 mpaHcnopma.

Bo3dywHb i mpaHcnopm, oka3bigast 811usiHUE Ha MOBUITbHOCMb Hace-
NeHusi, 06beM CPOYHbIX 2Ppy308bIX NePeso3ok, obnadaem sghghexmom 0b-
pamHoli ces3u kak On1sl IKOHOMUKU CMpaHbl 8 UeroM, mak u Onsi cohepb|
3aHAMocmu, Ymo Heo6XoAUMO y4umbigams Npu onpedeneHuu cmpameaudl
pasgumusi daHHo20 cekmopa. Llenb uccrnedosaHusi — 8bIsI8UMb HOBbIE
8b1308b1 U 060CHOBaMB Memodonozuyeckue Nodxodk! k onpedeneHuro Kade-
CMBEHHbIX MPEHO08 NEPCNEKMUB 3aHIMOCMU 8 cekmope 8030yLWH020
mpaxcnopma.

Modens 3aHimocmu ebicmynaem e 3mMom Cry4ae He MosbKo Mapke-
POM yCnewHocmu 3KOHOMUYECKoU mpaHcopMayul, Ho U HeobXodumbIm
¢hakmopom ycmolivugo20 passumust u 3¢hghekmusHOCMU (OYHKULOHUPOBa-
Hus daHHO20 cekmopa. B xode uccredogaHus 8bI8MEeHs! HEOOHO3HaYHbIe
mpeHOb1 mpaHcghopMayuL MoOenU 3aHIMocmU Ha npednpusimusix 8030yw-
HO20 mpaHcnopma nod enusHUEM Kak 00120CPOYHbIX, Mak U KOHbIOHKMYp-
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HbIX Ghakmopog pa3sumusi 8030yLHbIX NEPEBO3OK, YUghposU3aUUU, HaUUo-
HanbHbIX 0c06eHHOCMel (hyHKUUOHUpPOBaHUS, nocnedcmeull «KopoHa-
Kpu3uca» u COBPEMEHHbIX 8b130808 A7si poccutickoll akoHomuku. Onpede-
J1eHO, YMO NOO BNIUSHUEM 3MUX NPOYUECCO8 NPOUCXOAUM COKPaLWeHUe 3aHs-
mocmu no eudy 3KoHOMUYecKol desimenbHOCMU 8 chepe 8030yLHO20
mpaHcnopma npu 00HOBPEMEHHOM KaYECMBEHHOM USMEHEHUU CMPYKMYpb!
paboyux mecm, yeenuyeHuu nompebHoCMU 8 YUghposbIx HaebIkax pabom-
HuKog 8cex yposHel keanugukauyuli, dughcheperyuayuu 3apabomHsIx nnam.
[okasaHo, Ymo yughposu3ayus 8 aguampaHcnopmHol ompacu cnocobHa
oka3amb ambusaneHmHoe enusHUe Ha cnpoc Ha mpyod & npogeccuo-
HarbHO-k8anuhUKaULUOHHOM pa3pese. B uccredosaruu ucnomb3oganuchk
cmamucmu4eckue U aHanumu4eckue memoObl, Memodbl KOHMeHm-
aHanu3a, aHanu3a omeyecmeeHHbIX U 3apybexHbIx nybukayuli no uccre-
dyemoli npobneme. B kayecmee UHhOpMayUOHHOL 6a3bl UCNOMb308aHb!
0OaHHble Poccmama, KpynHbIx KaOposbIX a2eHmeme U UHMepHem-nopmaiios
noucka pabomsi; pbiHka mpyoda pabomHuKos 8030yWHO20 MpaHcnopma.
Mo pesynbmamanm uccnedogaHusi onpedesieHbl NEPCNEKMUBHbIE 8eKMOpPbI
mpaHchopmayuu mpydogo2o npocmpaHCmea U Hogble Cmpameauu ynpas-
JIeHUS 3aHSIMOCMbIO C Y4emOM U3MEHeHUst cnpoca Ha mpyd 6 omeem Ha
HOBb e 8b1308bI Pa38UMUsT cekmopa 8030yWHbIX NEPEBO3OK 011 obecneye-
HUsl 820 ycmouiyugo20 paseumus.

Knroyesnle criosa: 3aHImMocmb, 8030y WHbIL mpaHCNOpm, 8akaHCUU, Yugposkie KoMnemeHyuu, 3apabomHas nnama.
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BBEOEHUE

ITokazaTenu oTpacieBOd 3aHATOCTH SIBIIS-
I0TCSL OJJHUM M3 MAapKepOB MPOHUCXOMSIINX
TpaHC(OPMAIOHHBIX ITPOIIECCOB, B TOM YHCIIC
B TaKOM CTIEIU(IIHOM ¥ 3HAYNMOM JJISl 3KOHO-
MUKH CTPaHBI CEKTOPE, KaK BO3AYIIHBIN TPaHC-
nopt. JlMHaMuKa U CTPYKTypa 3aHATOCTH
B aBHAIIMOHHOW OTpaciii JEeTCPMUHUPOBAHBI
CTPYKTYpPOH M KauyecTBOM paboOuMX MecT,
a TaK)K€ COCTOSTHHEM pPBIHKA Tpyda B IUIaHE
MTOTEHIINATHHOTO MPEATIOKEHHST paboUeii CHITBI
IUTSL TAHHOU c(hepHl.

Poct TexHONMOTMYHOCTH C(EpPBI BO3AYIIHBIX
TIEPEBO30K 1, B YACTHOCTH, BO3PACTAIOIIAS CIIOXK-
HOCTb TEXHHYIECKOTO OCHAIIICHNS aBHAJIAifHEPOB
B Ka4eCTBE JIONTOCPOYHOTO (haKTOpa TUKTYET
MOTPEOHOCTh B BBICOKOKBATH(UITIPOBAHHOM
netHoM cocTase. [Ipn 3ToM ecTh pHCK BCTyIIe-
HUSI JAHHOTO (hakTopa B IPOTHBOPEUYHE CO CHU-
KCHHEM HaBBIKOB PYYHOTO MUIOTHPOBAHUSA
1 CHOCOOHOCTH 3KHIMaka ACHCTBOBATh Kak
KOMaH/Ia B 9KCTPEMAIIBHON CUTYaINH, H30BITOY-
HOW 3aBHCHMOCTBHIO 0E30MacCHOCTH TOJIETa OT
aBTOMATHYECKOTO PETYIHUPOBAHHUS, CHIKECHHEM
3HAYAMOCTH YeJIOBeUecKoro (akropa mpu ¢op-
MHPOBAHUHN KBATM(UKALNH, YTO MOXKET CITyKUTh
TIpUYMHAMU aBUakaractpod. B crry sToro cyme-
CTBYIOT PHCKH TPaHC(OPMALIIH CTPYKTYPHI 3aHs-
TOCTH ¥ HOHATHS KBAIN(HUIMPOBAHHOTO JIET-
HOTO COCTaBa B CTOPOHY CIIOCOOHOCTH K OIepa-
[MOHHOMY YTIPABJICHHUIO TEXHUIECKUMH OOPTO-
BBIMH CHCTEMaMHU B yIIepO JIETHBIM HaBBIKAM
¥ CIIOCOOHOCTH MPUHUMATH OBICTpOE pelIcHre
KaK CHHTE3Y TEXHHUECKUX ¥ TMIHOCTHBIX KOM-
THETEHINH.

V3MeHeHns B CTPYKType M HAIllPaBICHUAX
aBHAINEPEBO30K, COCTOSHUE MH(PPACTPYKTYpHI
BHYTPEHHHX IIEpEeBO30K (OCOOEHHO BHYTpHpE-
THOHAIbHOW) 00yCIOBUIN KOHBIOHKTYPHEIH
POCT PHCKOB COKpAIIEHHS TIEPCOHANA U YTPAThI
KITFOYEBBIX KOMIIETEHIINH MpH NepeKBamndrka-
nuu nepcoHana. OQHAKO JOCTaTOUYHO OBICTpast
TIEPCOPUEHTAINS BO3IYIIHEIX ITEPEBO30K Ha
BHYTPEHHHE MOTPEOHOCTH C MEKAYHAPOIHBIX
MIEPEBO30K M WX MOCTEIEHHOE HapalluBaHHC
TIOMOTJIH HE JIOMYCTUTB PE3KOTO CHYDKCHUS 3aHSI-
TOCTH Ha BO3AyIITHOM TpaHctopre. [TorpedHOCTD
B KBIN(UIIMPOBAHHBIX KaJpax MpPH 3TOM HE
TONBKO HE CHU3WIACh, HO U BO3pOCia Ha (oHE
HapacTaOUIETo KaJpoBOro AeduIuTa BO BCEX
OTpaCIIIX HAPOTHOTO XO3SHCTBA.

C y4eToM BBIIIEH3IOKEHHOTO HEOOXOANMO
CTpaTeTNYeCcKoe KaapoBOE TUIAHUPOBAHUE CEK-
TOpPa BO3YIIHBIX IEPEBO30K HA OCHOBE N3MEHE-

HUI CTPYKTYPBI 3aHATOCTU U KBAIU(HUKALMOH-
HBIX XapaKTepHUCTHK, HAXOXJeHHe OajaHca
TpeOoBaHUN K KBanu(pUKAIUU, MOTHBALUH
B YCJIOBUSIX PHCKOB KaJpoBoro neduuura. He-
CMOTpSI Ha IOCTaTOYHO BHICOKYIO CTEIICHb a/1all-
TaIMY CEKTOpa BO3AYIIHOIO TPAHCIIOPTA K MPO-
UCXOASIIUM M3MEHEHUSIM, PUCKU HEJ0CTaTKa
KBaIM(UIMPOBAHHOIO TIEPCOHANA B TAKOW BbI-
COKOTEXHOJIOTMYHOH chepe, KaK BO3AYIIHBIN
TPaHCIOPT, MOTYT NMOTEHIHAIBHO CIYXUTh
TOPMO30M JIJIl Pa3BUTHS BCEHl aBUALIMOHHOM
orpaciu. BpeMeHHbIe H3MEHEHHS B YHCIICHHOM
COCTaBe aBHAIIMOHHOTO MapKa, COMPOBOXKIAI0-
mHMecss KpaTKOCPOYHBIM CHHMIXKEHHEM YHCIIeH-
HOCTH JIETHOTO 1 00CITY’)KHBAIOLIETO0 IepCoHaIa,
nepexBanrduKanueil CienuaaicToB 1 noTepen
YHHKAJIBHBIX KOMIIETEHIIMH, MOTYT NPU OTCYT-
CTBHH YNPEKAAOUIMX JEHCTBUH 1O UX HENO-
MYLIEHHUIO MOCITYXKUTb CIEPKUBAIOIIUM (DaKTO-
pOM IIpH MOCIENYIOIIEM pOoCcTe aBuamapka
B JIONTOCPOYHON IEPCIEKTUBE.

L]ens uccrenoBaHUs COCTOUT B ONIPEECTICHUN
npoOJieM U MepCHeKTUB TpaHchopMaluy 3aHsl-
TOCTH Ha BO3IYLIHOM TPAHCHOPTE B YCIOBHAX
MEHSIOILMXCS TPEOOBaHHUI K KOMIIETEHTHOCTHOM
Mozenu pabOTHUKOB, TEXHOJIOI'UH, Ou3HEcC-
MOJIEINH, JIOTHCTHKH, HHPACTPYKTYphL. TpaHc-
(dbopmMarus yciIoBUil esSTEIbHOCTH OKa3bIBaET
CYIIECTBEHHOE BIIMSIHAE HA COCTOSIHUE KaJpo-
BOTO IOTEHLIMANA MPENNPUITHH BO3AYIIHOTO
TpaHCIopTa U o0CIyKUBatoLed nHdpacTpyk-
Typbl. Hanuuue u norpeGHOCTh B KBAIU(HILIHU-
POBaHHOM IIE€PCOHAJIE BO MHOTOM OIPEIEIISIOT
YCTOWYMBOCTH M IEPCHEKTUBBI Pa3BUTHSI OTpAC-
JIH, 33/1a10T HEOOXOIMMOCTh pa3paboTKH cTpare-
Ui 3aHSTOCTH M KaJpOBOro oOecredeHus
C Y4eTOM JOoJNTOCpo4HON 3()(HEKTUBHOCTH, YTO
pacuMpsieT U JOIOJHSIET 1IeJIH UCCICIOBaHUs.
B xone peanu3zanny MocTaBIeHHOI 11eIH aBTO-
pamMu OBUIM PacCMOTPEHBI KIIIOUEBBIE TPEHIbI
3aHSTOCTH, €€ MEPCIEKTUBBI, BBITIOJIHEH aHAIN3
CTaTUCTUYECKHX JIAHHBIX, ONIEPATHBHBIX TAHHBIX
pPBIHKA TpyAa U BHYTPEHHUX HCCIEIOBaHUM
KaJIpOBBIX OTPEOHOCTEH NPENPUSITHI BO3AYII-
HOTO TPaHCIIOPTa.

METOQONOrnaA

Meronpogoruueckoit 6a3oi HcCaEAOBaHUS
SIBJISIFOTCSL OOIICHAYYHBIC U CTATUCTUYCCKHUE
METOJIbI aHAJIK3a, CUCTEMHBIH moaxo. Mudop-
MalMOHHON 0a30# HMCClIeqOBAHUS SIBUIHCH
KoM1uteKCHBI# I1aH MOACPHU3AINH U PACIIHAPE-
HUS MaruCcTpaabHON HH(PPACTPYKTYPHI HA ITEPHU-
on no 2024 roga, TpancmopTHas cTparerus
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Poccuiickoit @enepanun 1o 2030 roga ¢ mpo-
rHO30M Ha iepuoz 110 2035 roga; Pacnopsokenue
IIpaBurensctBa PO ot 25 uronst 2022 Ne 1693-p
«O0 yTBEpKIEHUN KOMILIEKCHOW MPOTrpaMMBbl
Pa3BUTHS aBUATPAHCIIOPTHOM oTpaciu Poccwuii-
ckoit ®enepannu 1o 2030 roga»; nanueie Poc-
cTara 1o BhIOOPOYHBIM 00CIICTOBAHIUSIM PaboUeit
cuiibl; cBenenust Poccrara o 3apaboTHOI 1uiare
paOOTHHUKOB BO3AYIIHOTO TPAHCIOPTA; PE3yJib-
TaThl onpoca paboronarelsieil, NIPOBEACHHOTO
B 2018 rogy HanmoHaiabHBIM areHTCTBOM pas-
BuTHs KBamukanuii (HAPK) B pamkax anpo-
0anuy eAMHOTO0 MHCTPYMEHTAPHSI MOHUTOPHHTA
PBIHKA TPY/Ia; MaTepHaIbl IEPUOIUUECKHUX U3/1a-
HHUH ¥ HHTEPHET-UCTOUHUKH.

B ycroBusiX AMHAMUYHBIX U3MEHEHHH OTpac-
JIM BO3/1yLLIHOTO TPAHCIIOPTA, PhIHKA TPY/a, pas-
PpabOTKH JOMOTHUTEIBHOTO METOA0JIOT NUECKOTO
WHCTPYMEHTapHUs ero o0CiIe0BaHMs aKIEHT
B HCCIIEIOBAaHHUHU OBUI CIEJIaH Ha JOJITOCPOYHBIX
TEHJCHIUSAX B OTHOIIEHUHU O0IIEeH YHCIIEHHOCTH
3aHSTBIX 10 BUy 9KOHOMUYECKOH IESITENTbHOCTH
BO3YLIHOTO TPAHCIIOPTa M BHIPAOOTKE KOM-
TUIEKCHBIX METOJIOJIOTMYECKUX TIOXO0/I0B, a HE
aHamM3e (aKTUUECKH CKIIaAbIBaloIIeiics CUTya-
LIMM Ha KOHKPETHOM BpeMEHHOM oTpe3ske. [Ipen-
METOM JIOTIOJIHUTENILHBIX UCCIIEIOBAHUI MOTYT
CTaTh BOIIPOCHI YHCIEHHOCTH OTIEIbHBIX MPO-
(heccHOHANBHBIX KaTETOPHii, B TIEPBYIO O4EpE/Ib
JIETHOTO HKUITaXa, MUJIOTOB.

OB30P UCCNEAOBAHWIA

B uccrienoBanuu BOIpocoB TpaHChOpMaIUK
3aHITOCTH CEKTOpa BO3IYIIHBIX MEPEBO30K
B COBPEMCHHOW HAy4YHOW JINTEPAType MOXKHO
BBIJICIUTH HECKOJIbKO BEKTOPOB.

InppoBusanus 1 HOBbIE TEXHOJIOTHH
OnpenensironM TPEHIOM B UCCIIEJOBAHUIX
B [IOCJIE/THHE TO/IBI CTaJIA [TPOOJIEMBI, CBSI3aHHbIC
¢ uudpoBuzalmei, OXBaTUBILEH MPaKTUYECKU
BCE CTPYKTYPHBIE SJIEMEHTBI TPYIOBBIX IPOIIEC-
coB [1]. B paborax y4eHBIX MOTUEPKUBAIOTCS
3HAYMMOCTB TPEHJIOB LI(POBHU3ALIMHI; HEOOXON-
MOCTb CO3/IaHMsI IIU(PPOBBIX JBOHHUKOB Camo-
JIETOB; UCNojib30BaHue BIM-TeXHOI0rHit; BEICO-
Kasi EeMKOCTh TEXHOJIOTHYECKUX W JIOTUCTHYE-
CKHX DJIEMEHTOB COBPEMEHHOT'O BO3/YIIHOTO
TPAHCIOPTa JUIsl TEXHOJIOTHUH MCKYCCTBEHHOTO
MHTEeIJIeKTa, Hanpumep, 11t ML (machine
learning), Big Data, Bl-pemennii, yoepuzanuu
orpaciu; npumeHenne VR/AR npu npoekTupo-
BaHMH, IPOU3BOICTBE U MOAJEPIKKE IKCILTyaTa-
LM CaMoJjIeTa; MPOMBILIIICHHBII HHTEPHET Be-

Mup TpaHcnopTa. 2024
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mieil. Taxke 3HAYMMBIMU TPEHJIAMHU B YCIIOBUSIX
uu(poBU3ALNU U aKTyallu3aluu KuOepyrpos
CTaHOBHTCSI HEOOXOIMMOCTh MOCTOSIHHOTO 00-
YUEHHUSI U Pa3BUTHSI COOTBETCTBYIOLIMX KOMIIE-
TEHUUH y paOOTHUKOB OTPACIIHU B [EJIOM, TIOBBI-
menue addexruBHoctr UT-ciyx6.

Yka3aHHbIE U3MEHEHHsI 00bEKTHBHO TPeOyIOT
MIePECMOTpa OTPACIIEBBIX KaJAPOBBIX CTPATETHH
JUISL IMHAMUYECKOTO COOTBETCTBUSI TEXHOJIOTH-
YeCcKHX 0a30BBIX 3HAHMH M CHHTE3a OllepaTHB-
HOTO aHallu3a MoJjeTHoi nHpopmanuu, GopMu-
PYIOLIHX 0COOBIE KOMITETEHIIMH PHHSATHUS peLie-
HUIi B HECTaH/IapTHOH 00CTaHOBKe, [UIs Olepe-
JKAIOIIEro Pa3BUTHUSl TPYLOBOTO MOTEHIIHAJIA.
W3menenue TpeOOBaHMiA K HABBIKaM PaOOTHHKOB
ABUAKOMIIaHWH, HOBbIE (POPMATHl MOATOTOBKU
Ka/IpOB ISl BO3/IyLIIHOTO TPAHCIIOPTA JIOTUUECKH
CIIEAYIOT U3 UU(POBBIX TPEHIOB Pa3BUTHS OT-
paciu [2]. HeobxonuMocTs 00yueHust padoT-
HUKOB BO3/YIIHOI'O TPaHCIIOPTa yIpaBJieHYe-
CKUM, IM(POBBIM U TPaHCTPAaHUYHBIM HaBbIKAM
OTMEYAIOT pa3inuHble ydeHble. Hanpumep
B MCCIEA0BaHMH [3], MPOBEIEHHOM Ha IPYIIIO-
BBIX IaHHBIX 12 aspoapomos [lonbiu 3a 1eBaTh
JIET, BBITTOJIHEH aHAJIU3 BIMSHUS YEI0BEYECKOTO
YIPaBJICHYECKOrO KaruTajla TOM-MEHEIKEPOB,
TO €CTh HAKOIUIEHHOTO OIbITa B COBOKYITHOCTH
C UMEIOIIMMHUCS 3HAHUSMH, Ha TEXHUYECKYIO
3¢ PEKTUBHOCTH A3POIIOPTOB, UTO OYIET CIIOCO0-
CTBOBATh ONTHMH3AIIMY YIIPABICHHS aBUALKEH,
TIOCKOJIbKY OHH SIBJISIFOTCSI HEOCSI3a€MBIMH 9K30-
TeHHBIMH (DAKTOPaMH, KOTOPbIE TPYAHO OLCHUTb.

MOXHO BBIIEIUTH UCCIEHAOBAHUS OTEYE-
CTBEHHBIX U 3apy0eKHBIX YUEHBIX 10 BOIIPOCaM
CIpoca U MOJICIIMPOBAHUSI TACCAKHUPCKUX aBUa-
nepeBo3ok [4-6] ¢ ucnonwszoBanuem MU, ueii-
POHHBIX CETeH U JJp. METOJIOB.

IMocTnangemMuiiHOe BOCCTAHOBJICHHE
CeKTOpa BO3YUIHBIX EPEBO30K

Lesnslit ciekTp UccIeq0BaHUI CBA3aH C BIUSA-
Huem COVID-19 Ha cocTosiHuE BO3AYIIHOTO
TpaHcropra. Bei3BaHHOe maHeMueli npekparie-
HUE TPAaHCTPAHUYHBIX Moe3/10k BecHo 2020 ro-
Jla BBIHYJIWJIO BCE aBUAKOMIIAHUHW MPHHSTH
MAaCIITa0HbBIC MEPBI [0 COKPAIIICHUFO ITATOB [7].
ITo narHBIM MeEXTyHapOTHOM acCcoUaIK BO3-
nyuHoro Tpancnopra (IATA), cekrop Bo3mymi-
HOTO TPaHCIOpTa 00eCIeunBaeT 25 MITH pabourx
MecT Bo BceM mupe. C Hagana maprta 2020 roga
BCE 3TH pabouue MecTa SIBHO OKa3aJlUCh 0]
yIpo30ii, HapsALy C €XEeIHEBHBIMH OObBsBIIE-
HUSIMH COTPYJHHKAM aBHAaKOMIIAHWUH U a’po-
opToB 00 yBosnbHEeHUsX [8].
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* uHpOBH3AIIS GOTBIIMHCTEA Gu3HEC-

npoueccoB

* r106aTbHOE HIMCHEHHE TOTHCTHKH
BO3/TYLIHBIX IEPEBO3OK

* TPCHJI Ha BHYTPCHHHE TyPHCTHUECKHE

nepeBosKu

* MacCoBBbIC NIOTPEOHOCTH
HaBBIKAX
TO/ITOTOBKH KaJIpoB

paGoueii cutit

Tpanchopmarust

Tpauchopmarms

HaBBIKOB

+ H3MCHEHHE CTPYKTYphI PAGOUHX MeCT
aBHATPAHCTIOPTHOI OTPACITH B LH(POBEIX
* 3anpoC Ha MepeCTPONiKy CHCTeMBI

* MOBBIIICHHE TPeOOBAHHIA K Ka4eCTBY

* M3MEHEHHE CTPYKTYPBI paGoUHX MecT
Beei HHPPacTPYKTYphI BO3YIIHOTO
Tpancnopra

ruKkix dopm
+ HEXBATK KBATHQHIMPOBANHLIX KaZPOB

Tpanchopmarms

Ou3HEeC-MOoeei

3aHATOCTHU

Puc. 1. Jloeuyeckas cxema mpaHcghopmayuu 3aHsimocmu [paspabomaHo aesmopamu].

Takum 00pazoM, B JOJTOCPOYHOM IIIaHE,
HE3aBHCHMO OT KOJIMYeCTBa PAOOTHUKOB M OTHO-
IIEHUH MeXay paboTomareneM U pabOTHHKOM,
KaJpOBBIC CTPATETHH TOJKHBI OBITH CHOPMHPO-
BAaHBI C yYETOM Pa3JINIHBIX BAPHAHTOB Pa3BUTHSA
COOBITHI W TIpeaycMaTpuBaTh HANPABICHUS
JEHCTBUH B DKCTPEHHBIX CUTYALHsIX, HAIPUMEP
B YCIJIOBUSIX NMAHJIEMHH, YTOOBI YCTAaHOBUTH pa-
3yMHBIE CTAaHIAPTHI KaK 15T KOMITAHHUH, TaK M IS
pabotauKoB [8].

HematepuanbHble AKTHBBI
U TpaHchopmManus Ha00pOB HABBIKOB
AHanu3 uccnenoBanuii [9—11] mo3Bomser
KOHCTaTHPOBATh, YTO OHOM M3 KITIOYEBBIX 0CO-
OcHHOCTEH HOBBIX OM3HEC-Mofeneil B chepe
BO3/IYIIHBIX IEPEBO30OK CTAHOBUTCS Bce OONbIIast
3aBUCUMOCTh OT HEMaTepHaTbHBIX AKTHBOB,
B TOM YHCIIe IIU(POBBIX, HO PH ITOM BO3pacTa-
€T 3HAYMMOCTh Ka4eCTBa TAKUX aKTHBOB.
CoBpeMeHHbIE aBHAKOMITAHUN CTOSIT TIepen
npo6sieMoil TpaHcGopManuK TPATUITHOHHON
CHCTEMBI padOYNX MECT U HaOOpPOB HABBIKOB.
Bosnukaer 3anpoc Ha BHYy TpHOPTraHH3AIOHHbIE
M3MEHEeHHMs On3Heca (epepacnpeesicHue 3aHs-
THIX B IIU()POBBIC CEIMEHTHI OM3HECa, YIpaBie-
HUE BO3JICHCTBHEM aBTOMATH3allMW Ha 3aHs-
ToCTh) [12], 94TO OmpenenseT akTyaaIbHOCTh HC-
ciienoBaHus. BmecTe ¢ TeM crenyeT yuuThIBaTh
HEOOXOIMMOCTD CIIEZIOBAHUSI CTPOTOMY periia-
MEHTY IPOBECHIS aBHAIIMOHHBIX pabOT HA BcexX
CTaausIX OOCIY)XMBAaHMS IacCakXMpOB, Mepe-
BO3KH I'pY30B, OYTHI H T. 1.

B3anMo3aBHCHMOCTh BEKTOPOB Pa3BUTHS
BO3YLIHBIX NEPEBO30K U 3aHATOCTH

Takum 00pa3oM, MEpCHEKTUBBI Pa3BUTHUS
CEKTOpa BO3YIIHBIX MEPEBO30K PEATU3YIOTCS

B KOOpAMHATaX «TpaHchopmanus OW3HEC-
Mozeneit — Tpanc(opMaris HaBBIKOB — TPAHC-
¢dopmanus 3aaATOCTHY (pHUC. 1) TIOA BIHASIHUEM
I[EJIOTO KOMIUIEKCAa BHEIIHWX W BHYTPECHHHUX
(axTopoB.

‘YkazaHHBIE TIPOOJIEMBI TTOKa HE TOIYUHIIH
JIOJDKHOTO HAayYHOTO MCCIIEAOBAHUS, YTO B 3HA-
YUTEIHHON CTETIEHH TOPMO3HUT BBIOOP HOBBIX
MoyIeIei pa3BUTHA CEKTOPA, aJalTAIlHIO K H3Me-
HUBIIUMCS YCIIOBUSIM M OIPENENSICT aKTyalb-
HOCTb UX MCCIIEOBAHNUSI.

PE3YNbTATbI
JAuHamMuka nokasaresjied BO3IyIIHOTO
TPAHCHIOPTA M OCHOBHbIE TPEH/ABI

3HaYUMOCTh BO3AYLIHOTO TPAaHCIOPTa
B 00ecriedeHIH 3KOHOMHYECKOTO POCTa CTPAHBI
CIOXHO TepeorneHnTh. CoracHo pacueram
MexayHapoaHOW acCOIUalMKU BO3AYIIHOTO
TpaHcnopTa, kaxasie 10 % pocra BO3AYIIHOTO
nerxenus mpudasisror 0,5 % x BBII cooTset-
CTBYIOLIEH CTpaHBbI.

B 2019 rony poccuiickuMu aBHaKOMITaHHAMHA
nepeBe3eno 128,1 MiH maccaxupos (13 HUX Ha
BHYTPEHHHX BO3AYIIHBIX JHHUAX — 57 %).
B neproz koporokpusuca B 2020 roxy mponzo-
IIIJI0 COKPAIIEHNE YHCIIa ABUANIEPEBO30K T1acca-
JKUPOB POCCHUICKMMH KOMITaHUSAMH Ha 42 %,
B OCHOBHOM 3TO KOCHYJIOCH MEXIyHapOJHBIX
MapupyToB, ogHako B 2021 roay mpoucxomuT
JIOCTaTOYHO OBICTPOE BOCCTAHOBJIICHHWE OCHOB-
HBIX TIOKa3aTelsieil paboThl BO3AYIIHOTO TPAHC-
nopra.

B nienom quHaMmka naccaxuporioToka BHy T-
PEHHHMX BO3AYIIHBIX NepeBo3ok B Poccunm 3a
MOCJIEIHNE CEMb JIET MOKA3bIBAaCT yBEINYCHHE
moyTH B 1,5 pasa, gaxe ¢ y4eToM MaHIEMHI-
Horo cnana B 2020 roxy (puc. 2).
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O0beM peryssIpHBIX MEKTyHApPOJHbIX IIepe-
BO30K TocIte peskoro cnana B 2020 roqy umeer
TEHACHINIO K POCTY M 3a JEBITh MECSIEB
2023 roma omepexkaer mokaszarenn 2022 roma
moutd Ha 30 %, B TO BpeMs Kak BHYTPCHHHE
TIEPEBO3KH PacTyT OoJiee MEITICHHBIMU TEMITAMH
¥ TIPEBBICHIIN TTOKA3aTeNM 33 TOT XK€ TMEPHOL
2022 roma Bcero Ha 8,3 %. Takoif pocT macca-
JKUPOTIOTOKA OKa3bIBAECT HEMOCPEICTBEHHOE
BIIMSTHUE Ha 3aHATOCTH B CEKTOPE BO3ILYITHOTO
TpaHCIIOpTAa.

B wactyi mapka BO3IyIIHBIX Cy/IOB «B alpee
2022 roma poccuiicKue aBHaKOMITAHUH SKCILTya-
TUpoBaiy 1287 BO3MyNIIHBIX CYZ0B AJISI KOMMEp-
YECKHX MEPEBO30K, OONBIINHCTBO U3 KOTOPBIX
OBUTH UMITOPTHOTO TPOU3BOICTBa» '. CpemHui
BO3PACT IMACCAKUPCKUX CaMOJIETOB aBHAKOMITa-
Hul coctaBwn 14,6 rona. [IpaBuTeNnbECTBO yTBEP-
JIVJI0 KOMITUIEKCHYIO MPOrpaMMy IO paciuupe-
HUIO TIPOM3BOJICTBA CAMOJICTOB, JIBHTaTEICH
n npubopoB, npeanonaratomyio k 2040 roxy
Npou3BOACTBO 1869 BO3AYIIHBIX CyHOB MJIA
BHYTPEHHETO U 9KCIIOPTHOTO PHIHKOBZ.

B pamxax TpancnoprtHoii ctparernu Pocenii-
ckoit @eneparin 1o 2030 rozma ¢ MporHO30M Ha
mepuon 1o 2035 roga oTMedaeTcs, 9To 00beM

! Pacriopsixenne [IpaButensctBa Poccuiickoit deneparmu
or 25.06.2022 Ne 1693-p «O06 yTBEpXkACHNN KOMILIEKCHOM
NpOorpaMMbl Pa3BUTUS aBHATPAHCIOPTHOH OTpaciu
Poccwuiickoit ®enepanmu 10 2030 rogay. [DaeKTpOHHBIH
pecypce]: https://mpalib.ru/2022/06/25/rasporyazhenie-1693
-r-id297739/. loctyn 24.03.2024.

2 Pacniopsixenue [Ipasurensctsa P® or 13.01.2024 . N 7-p
«O BHeceHUH H3MeHeHuil B pacropsbkenue [IpaBurenscrsa
P® ot 5 HOs16ps1 2013 . N 2044-p 1 yTBEpIKICHHH MTACIIOPTa
MHBECTHIIMOHHOTO Ipoekra «KommiekcHas mporpamma
MO0 pacHIMPEHUI0 NMPOU3BOACTBA BO3AYIIHBIX CYIOB,
ABHAIMOHHBIX JIBHTATeNel, IPHOOPOB M arperaros, B TOM
YHCce B LEISAX CO3JaHUS CHCTEMbI MOCIEIPOAANKHOTO
00CIyXMBaHUSA TPAXKAAHCKUX BO3IYIIHBIX CYHOBY.
[OnexrponHslit pecype]: https://www.garant.ru/products/
ipo/prime/doc/408264869/. loctyn 24.03.2024.
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s HeperymspHble KOMMepUecKHe IIepeBO3KH. BHyTpennue nepeBosku, Jei.
s HeperymspHble KOMMepUYecKHe IepeBo3KU. MexyHapoaHble HepeBO3KH, Yell.
Perynsapnrie kommepueckue nepeBo3Kku. MexayHapoaHble IEPeBO3KH, Yell.

_Pel'yﬂﬂ]JHHe KOMMEPUYECKHE IIEPEBO3KH. BHyTpeHHI/Ie MEPEBO3KH, U€I.

Puc. 2. luHamuKa naccaxupckux nepeeo3ok 8030ywHbIM mpaHcnopmoM e Poccuu [cocmaeneHo asmopamu Ha ocHoee 0aHHbIX Poccmama.
[3nexmporHbIi pecypc]: https:/fedstat.ru/indicator/59496. Jocmyn 24.02.2024].

TTACCaXMPCKHUX aBUATIEPEBO30K YEPE3 a9POTIOPTHI
TPaXIaHCKOHN aBHAIMM (POCCHHCKHMHU M MHO-
CTPaHHBIMH aBHAKOMITAHUAMH) OyAET pacTu co
CPEAHETOIOBBIM TEMIIOM B 2,9 % 1 yBenmnanTCs
Ha 59 % B 2035 rogy orHOocHuTensHO 2019 rona:
¢ 147,5 no 234 mua maccaxupos B 2035 romy.

IIpu 5TOM NOMHUMO IPOTHO3HBIX MOKA3aTeNEH
CEKTOpa BO3IYIIHBIX MEPEBO3OK CIIETYET OTMe-
THUTBH 1 CYIIECTBYIOIIHE ITPOOJIEMBI €TO Pa3BUTHS,
TpeOyIOIIHe HOBBIX MOIXO/IOB K PELICHHI0. AKTY-
IBHOW MPOOIEMOH JTs pa3BUTHSI aBUAIMOHHON
MOOWIBHOCTH OCTaeTCs BRICOKAs ce0ECTOMMOCTh
ABHAIIEPEBO30K B CPABHEHHH C YPOBHEM JIOXO/IOB
HaceJIeHHs, BBICOKAsi HEpaBHOMEPHOCTh BHYTPEH-
HHUX TEPEBO30K, TEPPUTOPUATIBHBIC IHCTIPOIIOP-
IIMA B YPOBHE PA3BUTHS a3POAPOMHON HH(pa-
CTPYKTYPBI 1 1Ip. J|J1s1 pernoHanbHBIX ¥ MECTHBIX
a’pOTIOPTOB C HU3KOH MHTEHCHBHOCTHIO JBIKE-
HUSI COXPAHSIOTCSI BBICOKHE TPeOOBaHMS TpaHC-
TIOPTHO# 6€3011acCHOCTH, YTO CHIDKAET peHTa0eb-
HOCTH PETHOHAIBHBIX TEPEBO30K.

Ho mpn 3TOM Ba)XKHO y4YHMTHIBaTh MOTECHIH-
aJgbHOE BIMSHUE HHBECTULMN B MACCAKUPCKUAN
BO3JIYIIHBIH TPAHCTIOPT HA PETHOHAIBHYTO KO-
HOMUKY:

— HAJIMYUE ad3pOoIopTa CTUMYIIHPYET Pa3BHU-
THE PETHOHAIBEHOI SKOHOMHUKH, YTO AAET OO
HUTEJIBHBIE JOXOJbI, CIIOCOOCTBYET HOBBIM
1 TIPSIMBIM MHBECTHIIMSIM B CO3JIaHNE pabodmx
MECT ¥ HOBYIO HH(PACTPYKTYPY;

— KOCBEHHBIC M BBIHYXJICHHBIC PacXOJbl,
CBSI3aHHBIC C MOCTOSTHHBIMH KaITUTaJIOBIIOXKE-
HUSMH B OONBIINX MacmTabax, cO3maloT Ipe-
MMYIIECTBA JUTSA Pa3BUTHS MECTHOW SKOHOMHKH
1 3aHATOCTH;

— CeTH aBHAJIMHMH, CO3/1aBacMble aBHAKOM-
MaHASAMH, MOTYT U3MECHHUTH YKOHOMHYECKHE
CBSI3M PETHOHA C APYTUMH PErMOHAMH M CTpa-
Hamu [13].
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B 11e510M, Ha OCHOBE aHaM3a TPEHIOB pas-
BUTHS CEKTOPA BO3IYIIHBIX IEPEBO30K U 0030pa
HCCIeOBaHUM, MOXKHO BBIJEIUTH LEIbIH s
KITFOUEBBIX ()aKTOPOB, BIUSAIONIMX HA CTPYKTYPY
OTPACJICBOM 3aHATOCTH CEKTOpa BO3YIIHOTO
TpaHCIOPTa:

— CIIOKHAsI CTPYKTYpa B3aMMOCBSI3aHHBIX
3JIEMEHTOB aBHAIIMOHHOM OTpaciu, GOPMHUPYIO-
Iasics 1o KJIACTEPHOMY THILY, KOTopasi TpedyeT
CKBO3HOTI'0 JIOJIFOCPOYHOTO MOAXO0/1a K ITIAHUPO-
BaHUIO KaJIPOBOTO 00CCICUCHUS;

— 3HAUUMBIN MPSMON U KOCBEHHBIM BKJIAJ
B OTE€YECTBEHHYIO 3KOHOMUKY;

— HOBBIA (popMaT (QYHKIIMOHUPOBAHHS CCK-
TOpa BO3AYIIHOIO TPAHCIOPTa MMOJ BO3ICH-
CTBHEM KOMILICKCA BHEIITHUX, TEXHOJIOTUUECKHX,
neMorpaduyecKux, MOBEACHYCCKUX, KYIbTYp-
HBIX M COIMAJIbHO-DKOHOMHYECKUX YCIIOBHUH,
MPE/IIOJIAraloIIMX Ka4eCTBEHHYIO TpaHCchopma-
LIHIO CIIPOCa Ha TPYIOBBIC PECYPCHI;

— pacTy1ast KOHKYpeHIHs1, TpeOyroIasi nepe-
CMOTpPa OCHOBHBIX OH3HEC-MOJeNeH (QyHKIHO-
HUPOBaHHMSI NIEPEBO3YHUKOB U COOTBETCTBEHHO
MPUBOJSIINX K HOBBIM IOTOKaM B CTPYKType
3aHATOCTH Ha BO3IYIIHOM TPAHCIIOPTE;

— TEXHOJIOTHYECKUE WHHOBAI[UH, OCHOBAaH-
HbIC Ha JIOCTIKCHUU TEXHOJIOTMYCCKOTO CyBe-
PEHHUTETA, UMITIOPTO3aMEIICHHUH, IIN(HPOBU3AIMU
¥ aBTOHOMUH, U3MEHSIOIINE TPEOOBAHUS K KBa-
JU(UKAIMY TIEPCOHAA;

— pacUIMpeHHe CIeKTpa YCIyT BO3LYIITHOIO
TPAHCIIOPTA; CTAHOBJICHUE HOBBIX MOJIEJICH OKa-
3aHUs YCIIyT, HEOOXOAMMOCTh y4eTa HOBBIX MO-
JieJiel TTOBEICHUS MOTPEOUTEIs, B TOM YHCIIE
BBI3BAHHBIC Pa3BUTHEM IH(PPOBBIX MIATGHOPM
U OHJIAWH-arperaTopos;

— HaKOIHUBIIHKECS MPOOJIEMbI, BHI3BAHHBIC
BBICOKOW HEPaBHOMEPHOCTHIO ITEPEBO30K, 3K30-
TCHHBIMU IIIOKAMH W HAIMOHAJBHBIMH PETYJIsi-
TOPHBIMH MIPABHJIAMH;

— HOBBIC 33]1a4M, [IOCTABJICHHBIC TIepe]l OT-
pacibto B TpancniopTHO# cTpareruu Poccuiickoit
Oeneparu 10 2030 roga ¢ IporHo3oM Ha Iie-
puon no 2035 rona.

YacTh yka3aHHBIX ()aKTOPOB OIpPEACseT
JIOJITOCPOYHBIC TPCH Bl B PA3BUTHH 3aHITOCTH,
4acTh — KpPaTKOCpPOUYHbIe 3(P(EKTH U CIBHUTH.
B3auMHOe BIMSHUE 3THX U MHOTHUX IPYTHX
(haKTOpPOB, BIMSIONINX HA PA3BUTUE BO3IYIIIHOTO
TpaHCIopTa, TPeOYIOT MPOBEACHUS TITyOOKUX
HUCCIICIOBAHUM JUII MUHUMHU3AIUN PUCKOB
U HUCIIOJIb30BaHUS BO3MOKHOCTEH POCTa, B TOM
YHCIIe B 00TaCTH 3aHATOCTH M KaJpOBOro obec-
MEYCHHS CEKTOPA BO3AYIIHBIX TEPEBO30K.

ITpoucxoasiias TpaHcHopMaIus CeKTopa
BO3IYIIHOTO TPAHCIOPTA HAXOJAHUT HEMOCPe-
CTBEHHOE OTPAKCHHE B MOKA3aTENISAX YHCIICH-
HOCTH M CTPYKTYPBI 3aHATHIX, OILIATHI TPy/aa
PabOTHHUKOB BO3AYIIHOIO TPAHCIIOPTA.

TenpeHuuu B cepe 3aHATOCTH

J1is1 BBISIBIICHUS XapakTepa TpaHcdopmanu-
OHHBIX CJIBUT'OB B CTPYKType 3aHITOCTH Ha
BO3AYIIHOM TPaHCIOPTE MPOBEICH aHaIH3
COCTOSIHUSI TPYJIOBBIX PECYpPCOB B OTpPACIH,
CJIOKUBIIETOCS B ITOCIEAHNE TOBI.

UHCIIEHHOCTD 3aHATBHIX B CEKTOPE BO3YII-
HOTO ¥ KOCMHYECKOTO TPAaHCIOpPTa 3a TMEepPHOJ
¢ 2019 mo 2021 roasl HECKOIBKO COKpaTHIIaCh
(c 84,9 thIC. Yen. 10 84,1 THIC. YEJIOBEK) U CO-
craBuia 1,8-1,9 % oT YHCIIEHHOCTH 3aHSATHIX
B chepe TPAaHCTIOPTHUPOBKHU U XpaHeHus *. Yunc-
JICHHOCTD JIETHOTO IIEPCOHAJIA B TPaIaHCKOH
appanuu B 2021 romy cocrammisia mopsaka
43 TrIc. yenosek [%, C. 18-19].

3a neBaTh MecaueB 2023 roga cpenHeMecsy-
Has YHMCIEHHOCTh PabOTHUKOB BO3AYLIHOTO
TpaHcrnopTa 0e3 yuyeTa MaibIX NMpEeANpHUITHHA
cocraBisina 73 549,5 yenosek, uro Ha 4,5 %
MEHBIIIE aHAJIOTHYHOTO EPHO/ia MPEbLIYIETO
rona. I1pu aToM 103151 paOOTHUKOB BO3YIIHOTO
TpaHcnopTa cocraBuia 3,8 % ot obuiei uunc-
JICHHOCTH Pa0OTHHKOB BCErO TPAHCIOPTHOTO
KOMILIEKCA.

HaGnronanucy pa3HOHaINpaBiieHHbIE TEHICH-
LMK B CIIPOCE Ha TPYA B CEKTOPE MACCaXKUPCKUX
U Tpy30BBIX IIepeBo3ok. B 2017-2021 romax mpo-
HCXOIIMIIO COKPAILIEHHE YHUCIEHHOCTH TPEOyeMBIX
PabOTHUKOB CIIMCOYHOTO COCTaBa Ha BAKaHTHBIE
paboune MecTa Ha KOHEIl OTYETHOTO KBapTaja
(1-2 kB.) 47151 peayTU3aliK ACATEILHOCTH BO3IYIII-
HOTO ¥ KOCMHUY€ECKOro TpaHcrnopra Ha 16,3 %, u3
KOTOPBIX 20COTFOTHOE OOJIBIIIMHCTBO OBLTO 3aHATO
BO3/IYILIHBIMH [IEPEBO3KAMH [TACCAKUPCKHM TPAHC-
MTOPTOM, MOAYUHSIIOIUMCS pacrnucanuo (6767
YEeJIOBEK, uTo Takke Ha 17,1 % MeHble nokasare-
neit 2017 rona). Poct uncneHHocTH TpeOyeMbIX
PabOTHUKOB HAaOJIIOAAETCS B IESTEIILHOCTHU IPy30-
BOTO BO3YILIHOIO TPAHCIIOPTA M KOCMHUYECKOTO
TpaHcnopra—B 1,6 pa3a 3a taHHbIi nepuon —c 487
0 777 denoBek (U3 KOTOPHIX B JAEATENbHOCTU
IPY30BOTO BO3AYIIHOTO TPAHCIOpPTa 3aHATHI 648
YeJl.); BO BCIIOMOTaTeNbHOW JIesITeIbHOCTH, CBSI-

3 MunwucrtepcTBo Tpancmopra P®: Tpauncmopt Poccun.
WndopmanmonHo-craTucTiueckuit 6romnerens. 2022 rox.
[Onexrponnsiit pecypc]: https://mintrans.gov.ru/storage/
app/media/files/3_bulleten_transport_russia.pdf. Jloctyn
22.09.2023.
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Puc. 3. Boinyck 6akanaspos, cneyuanucmos, Ma2ucmpos 20¢ydapcmeeHHbIMU U MyHUYUNabHbIMU 06pa3osamesnbHbIMU
Op2aHu3ayusaMU ebicuie20 06pa308aHus U Hay4YHbIMU Op2aHU3aLUAMU NO CNeYUaNbHOCMAM U HanpaeneHusaM
nodzomoeku akcnayamayuu eo3dywHo2o0 mpaxcnopma [, C. 17].

3aHHOH C BO3/LYIIIHBIM TPAHCIIOPTOM, — B 1,2 pasa
(c 10891 1o 12962 —GonbIas 4acTh 3aHATA B a9pO-
TIOPTOBCKOH AesTenbHOCTH (9144 ven.)).

Taknum 00pa3oMm, CHTyalys Ha peIHKE TpyAa
TPAHCIIOPTA TMHAMIYHO U3MEHSUIACH TTO]] BIIUS-
HHUEM Mep, IPEINPUHATHIX IS HEHTpaIH3aliun
nocieacteuit mangemun KOBU/I-19, 3arem —
JUIT MUTHIUMU3AIHAN TTOCIEICTBUI OJJHOCTOPOH-
HUX CaHKIWHA. B 4acTHOCTH, YUCIIEHHOCTH MTUIIO-
ToB B Poccmiickoit @eneparmu va 01.01.2020 ro-
na cocraBisiia 14800 genmoBek, Ha 01.01.2021 ro-
na cocraBuna 14600 denoBek, T.e. aOCOIIOTHOE
COKpaIIeHNE YNCICHHOCTH MHJIOTOB COCTaBHIIO
200 gemoBek, otHocuTensHOE Ha 1,4 %. Ilpn
3TOM 3a 0003HAYECHHBIH MEPHON B MHPOBOU
TPaHCTIOPTHON CHCTEME BO3IYLIHOTO TpaHC-
TopTa MPOU30IILTO 3HAYUTEIILHO OoJiee MaciTal-
HOE COKpallleHHe, 3aTpOoHyBIIee Oosee 4eM
50000 muIOTOB MPH YHMCIEHHOCTH HA Havajo
2020 roma mpumepHO 400 THICSY YeIoBeK .

Ecnu paccmarprBarh AMHAMUKY YHCIEHHO-
CTH OT/JICNIFHBIX KOMIIaHWH B CEKTOpPE BO3IYII-
HOTO TPaHCIOPTa, TO 3aMETHBI KOJIeOaHHs YHC-
JeHHOCTH B mipenenax a0 10 %, kotopele Haxo-
JSITCSA B TPAHHUIIAX €CTECTBEHHON TEKYy4YECTH
TepcoHasa, YTo B LIEJIOM HIDKE, YeM B OpraHu-
3aIUsAX TPAHCIIOPTHOH OTpaciy B IEIOM.

Bocnpon3BoACTBO TPYAOBBIX pecypcoB
TPaXKAAHCKON aBHALIMU

OCHOBHBIM MCTOYHHKOM BOCIPOW3BOJICTBA
TPYAOBBIX PECYPCOB NPEANPUATHIN IPAXKTaHCKON

4 Utoru gestenpHocTu Pocasuanmu B 2020 roxy.
[Onexrponnslit pecypc]: https://www.aviastat.ru/reports/
84-itogi-deyatelnosti-rosaviacii-v-2020-godu. doctyn
20.10.2023.

3 Tpaucmopt B Poccun. 2022: Crar.c6./Pocctar. — M., 2022 —

101 c. [OnexrpoHHsIA pecypc]: https://rosstat.gov.ru/storage/
mediabank/Transport 2022.pdf. Joctym 24.03.2024.
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aBHAIMH SIBJIIOTCS 00pa30BaTeNbHBIE OPTaHN3a-
uuu. ExxeroqHslil BBITYCK aBUallMOHHOTO MEPCO-
Haja U3 00pa30BaTeIbHBIX YUPEKACHUN IS
TPKTAHCKOH aBHAIMM COCTABISET MOPSJIKA
3,5 TBICSY YET0BEK, M3 HUX 10 TPOTrpaMMaM BBIC-
miero oOpa3oBaHUA Ooiee BYX TpeTeil o0miero
BBIITYCKa, B TOM 4Hciie 0koio 800 4enoBek nuio-
TOB (puc. 3).

[Tpu 3TOM yBenmuueHHE BBITYCKa CHEIUATH-
CTOB ¢ BbIcIIMM oOpaszoBanuem ¢ 2019 mo
2021 rom mpOM30ILIO TOIBKO IO HAPABICHUIO
«Asponasuraims» (Ha 41 %), 0 OCTANBHBIM
HalpaBJICHUSIM HaOIIOAAaeTCsl HE3HAYUTEIBHOE
COKpaIeHNE BBITyCKa.

Hcxons u3 cknaapIBaroLIeiicss MOAETH 3aHs-
TOCTH B a9pOHABHUTallUH, OTMETHM, YTO BO3YII-
HBIH TPaHCIIOPT MpPEACTaBIsAET COOOH ToCTa-
TOYHO JMHAMHUYHO PA3BHUBAIONIHHCS CEKTOP CO-
BPEMEHHOH SKOHOMHUKH, TIO3TOMY OT paOOTHHKOB
TpebyeTcsi THOKOCTh, TOTOBHOCTH K N3MEHEHHSIM,
K TTOCTOSSHHOMY ITOBBIIIEHHIO CBOETO Tpodec-
CHOHAJIBHOTO yPOBHS B paMKax TPYIOBOIO
KHU3HEHHOTO IuKia. [IpoBomuMele nccienoBa-
HUS [IETIEBBIX YCTAaHOBOK U MOTHBATOPOB CTYZCH-
TOB — Oymymmx mmwioToB [14] mo3Bomuim BEI-
SIBUTH BBICOKYIO 3HAYUMOCTb B CTPYKTYPE MOTH-
BaTOPOB J0XOJ1a, YCIOBUH U CTPYKTYPBI TPYHO-
BOW JIESTEINBHOCTH, HO HEBBICOKHE TTOKA3aTEIH
TOTOBHOCTH K IT€pEMEHaM.

AKTyalbHOM 3a/1aueH SIBISIETCS IPOTHO3UPO-
BaHME Ka/IpOBOM MOTPEOHOCTH B CBSI3U C H3Me-
HEHHMSMH Ha PBIHKE TPYyZAa, C IMOCTABICHHBIMH
3a7a4aMH Pa3BUTHS BO3IYIIHOTO TPAHCIIOPTA.

Psax mpuHATHIX B MOcIeqHNME TOIBI HOpMa-
THUBHO-TIPABOBBIX IOKYMEHTOB CBU/ICTEIbCTBYET
O TIPEANIPUHATHIX CYNIECTBEHHBIX MeEpax IO
o0ecTieueHnIo KaipoBOi O€301TaCHOCTH U pa3-
BUTHIO KaJPOBOTO MOTEHIHMAaJa BO3AYIIHOTO
TpaHcnopra. B KommnekcHoil mporpamme pas-
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Taoauna 1

JlaHHBIE 0 COBOKYIIHOM KOJMYeCTBe BAKAHCHII M pe3loMe N0 GpuiIbTpam:
1. Bo3aymnslii TpaHcnopT, 2. ABUALIHOHHBIE NepeBO3KH, 3. ['paskaaHckast aBHALMSA

Haumenoanne | KomnuecTBo BakaHcHii 3a KommuecTso pestome 3a CooTHONIEHNE KOJINYECTBA
rnopraia MOCIEIHUI MecsI nocnenauii Mecsit (Poccust/Mup) | pe3roMe K KOMH4eCcTBy BAKAHCHI
(Poccusi/mup)
1 2 3 1 2 3 1 2 3
hh.ru 899 235 535 3639/ 2582/ 1017/ 4,05/ 11,0/ 1,9/ 18,9
30610 24202 10102 34,05 103,0
trudvsem.ru 464 207 565 4/- 30/- 217/- 0,01/ - 0,14/- 0,38/-
zarplata.ru 204 23 40 7/ 121 7/ 133 14/ 87 0,03/ 0,3/5,7 10,35/2,18
0,59
gorodrabot.ru 387161 [132818 [28971 37/- 43/- 25/- 0,00/ - 0,00/ - 0,00/ -
superjob.ru 383 21 51 1063/ 451/ 633 | 546/ 815 |2,77/ 21,47/ 10,7/
1522 3,97 30,14 15,98

Hcrounuk: CocTaBiieHo 1o JAaHHBIM UHTCPHET-TIOPTAJIOB, IIPEACTABJICHHBIX B Ta6J'II/II_Ie.

BHTUS aBHATPAaHCIIOPTHOM oTpaciu Poccuiickoi
Oeneparn 10 2030 roma cpei OCHOBHBIX 3a,1a9
[Iporpammer 0003Ha4YeHA 3a/1a9a CTAOMITH3AAN
YHCIEHHOCTH NMPOQECCHOHANTBHOTO KaJpOBOTO
aBHAIMOHHOTO NEpCOHAaNa MPEATIPUATHI OTpac-
1 Ha goctatoyHoM yposae [%, C. 3]. B Ilpo-
rpaMMe OTMEYaeTcs, YTO MPOTHO3UPOBAHHE
YHCICHHOCTH 3aHATBHIX B OTPaciy 3aTpyAHEHa
BBICOKOH CTETICHBIO HEOTIPEIETICHHOCTH, CBSI3aH-
HOH C TEOTIOIMTHIECKUMH (DAKTOPaAMH; PUCKOM
OTTOKa KBaJM(HUIIMPOBAHHOTO MEpCOHAaNa
B CBSI3M C IIEPEXOIOM B MHOCTPAHHBIC aBHAI-
OHHBIE KOMITaHWH; Ie(QUIUTOM KaJIpOB IS
TIPOM3BOJICTBA, SKCILTYaTAIMH 1 0OCITyKHBaHHS
HOBBIX U BHOBb IIPOM3BOANMBIX THIIOB BO3/TyIII-
HBIX Cy/IOB, YTO MOXKET BBI3BaTh HEXBATKY ITHIIO-
TOB JUIsI 00ECIIeYeHHs BBIMOTHEHUS 00bema
BO3/yIIHBIX TIEPEBO30K B Oymymiem [, C. 18-30].
3amaueil 00pa30BaTENBHBIX YUPEKICHHUN SB-
JISIETCSI TIOATOTOBKA COOTBETCTBYIOIINX KaIpOB.
Kpowme Toro, HeoOxoammMo obecriedeHue eIeBOi
TIOAATOTOBKH CIICIIAAIIFICTOB ISl aBHATPAHCIIOPT-
HOW OTpaciy B POCCHICKUX By3ax. P poccuii-
CKUX aBUAKOMITAHUH UMEIOT TAKOU OIIBIT.
Pemennio akTyadbHBIX TPOOIEM JOIKHO
TIOMOYb M Pa3BUTHE KaJPOBOTO PE3€pBa BO3IYIII-
Horo TpaHcmopra. IIpukazom ®enepanbHOro
areHTCTBAa BO3/YIIHOTO TPAHCIIOPTA OT 21 HIOHS
2021 r. N 426-I1 «O0 yrBepxxaennn ITomoxeHus
0 KaJapoBoM pe3epBe DenepanbHOro areHTCTBa
BO3YIIHOTO TPAHCIIOPTa»® ONpeaeNIeHBI eI ,

¢ [Tpuka3 MenepabHOrO areHTCTBA BO3AYLIHOIO TPAHCIIOPTA
or 21 nrons 2021 . N 426-I1 «O6 yreepxaenun ITonoxenus
0 KaJpoBoM pe3epse De/iepaabHOro areHTCTBa BO3LYIIHOTO
TpaHcHopTay. [DIEeKTPOHHBIN pecypc]:
http://publication.pravo.gov.ru/document/
0001202107160028?ysclid=m4md6zqdwy914240588.
Joctyn 10.02.2024.

MIPUHINTIBL, TTOPSIIOK (POPMUPOBAHUS U pabOTHI
C KaJJpOBBIM PE3EPBOM BO3IYIITHOTO TPAHCIIOPTA.
Pe3epB KagpoB MO3BOJUT MOATOTOBHUTH CTpaTe-
THYECKHH Ba)KHBII pecypc Iis yNpaBIeHUS
BO3JIYIIIHBIM TPAHCIIOPTOM.

CTpyKTypa M KauecTBO BaKaHCHUIi U pe3lomMe
HA MOpPTAaJIax MoucKa padoTsl

ITpencraBnsier MHTEpEC aHAN3 CTPYKTYPHI
U TWHAMHUKH CIIPOCA U TPEIIOXKEHHS Ha PHIHKE
TpyZa BO3AYIIHOTO TpaHCHOpTa (10 JaHHBIM
MHTEPHET-MOPTAJIOB TIONCKa paboTel). CuTyarms
Ha pPBIHKE TPyJa CKJIaJbIBACTCS 10CTATOYHO
HETIPOCTast: MOCIe MAJCHUs ITOKa3aTeNeH mpe-
nokenust ¢ mons 202 1 roga HabIrONaeTCst HE3HA-
YUTEIBHBIN POCT, KOTOPBIH CYIECTBEHHO HUXKE
mokazareneir 2020 u 2019 ronmos. IIpu 3Tom
JMHAMUKA TPEUIOKEHUS 3aBHCUT OT Tpodec-
cHOHAJIBHON obOmactu. O6MacTh TpaHCIOpTa
1 JIOTUCTUKH HE TIO/[BEPIIIaCh CEPHE3HBIM H3MeE-
HEHWSIM, B OTIMYHE OT MHOTHX JAPYTHX cdep
SKOHOMHUKH. B Tabnwire 1 mpencTaBieHsI qaHHBIE
0 KOJIMYECTBE BAaKAHCHIT M pe3foMe 110 QHIIBTPY
«Bo3ymHBIN TPaHCOOPT» C OCHOBHBIX MOPTa-
JIOB 10 Tpy#oycTpoicTBy. Hanbonbmiee xomu-
YECTBO BAKAHCHH IO MCCIEIyEMOMY CEKTOpPY
pasmemaercs Ha caiftax Cymepmxo0, [opon
pabot, XenXanrep.

Curyanust Ha pBIHKE TPyJa BO3AYIIHOTO
TPAHCIIOPTA, ECIIM OPUCHTUPOBATHCS HA JAHHBIE
OTKPBITHIX 0a3 MoNcKa padoTHI, SBISETCS HEO-
HO3HAYHOW M Pa3IM4acTCsi B 3aBUCHMOCTH OT
CHenHaT3aliy IEKTPOHHOTO pecypca I1o T0-
HCKY paboThl, TOMYISIPHOCTH pecypca y paboTo-
Jatereil M cCoucKarenei, cennuKn HacTPOHKH
(GUIBTPOB M 3aTOKEHHBIX B IPOTPaMMBI aJITO-
PUTMOB TIOHCKa. B HEKOTOPBIX MH(pOPMANOH-

® Mwup TpaHcnopTa. 2024. T. 22. Ne 2 (111). C. 124-138
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HBIX CHCTEMaXx IIOMCKa PaboThI NpelCcTaBieHa
BO3MOKHOCTB TOJIa4H PE3IOME U3 IPYTHX CTPaH,
YTO CYIIECTBEHHO PACLIMPSET BO3MOKHOCTH
nondopa cnenuanuctoB. Couckarenu paboThI Ha
BO3/YILTHOM TPAHCIIOPTE PECTaBICHBI IPAKTH-
YECKH CO BCErO MHpa M IPEBOCXOISAT 110 KOJIU-
YECTBY PE3IOME POCCUICKUI CETMEHT B JIECATKU
a3 1o HEKOTOPHIM HANPABICHHUSM, YTO MTOKA3bI-
BaeT BOCTPEOOBAHHOCTh U KOHKYPEHTOCIIOCO0-
HOCTb POCCHICKHMX pabO4YMX MECT B CerMeHTe
BO3/YIIHOI'O TPAHCIIOPTA.

Cutyanys ¢ JaHHBIMHU IO 3apocaM HHO-
CTpaHHOU paboueii cuiibl st paboTsl B Poccuu
Ha paboyMx MecTax B BO3IYIIHOM TPaHCIIOPTE
TpeOyeT OTHENILHOTO aHajKu3a Mo CTPYKType
Y Ka4ecTBy paboyeii CHIIbl, 4TO HEOOXOIUMO ISt
MIPOEKTHPOBAHUS KaJPOBOTO oOecrieueHus Ha
CTPATETUYECKYIO IIEPCIICKTUBY. Y UNTHIBASI MHPO-
BOW PBIHOK TPY/Ia, CATYalsl B CEKTOPE BO3LY1II-
HOTO TPAHCIOPTA SIBISIETCS TPYION30BITOYHOM:
KOJIMYECTBO MpeIaraeMblX BaKaHCHUl cylie-
CTBEHHO MEHBIIIE KOJIMYECTBA PE3IOME, CpelTHEe
COOTHOIIIEHHE KOJIMYECTBA PE3IOME K CPEHEMY
KOJIMYECTBY BakaHcuii cocrasisier 50 (3a Bech
MepuoJ pa3MeIlleHHs] BaKaHCUH U pe3loMme)
n 43,35 (npu NpoBeIeHUN aHAIN3a 33 MECSII).

ITo nanHbIM mopTaia hh.ru Bo3ayuIHBIH
TPAHCIIOPT, BKIIFOYAEMBIN B BHJ[ JACATCILHOCTH
«TpaHcopt, JOTHCTHKA», MONaJgaeT B JeCITh
BHJIOB JIESITEJIBHOCTH C Hauboyee BHICOKUM
CIPOCOM Ha CIIELHAJIHMCTOB U B JIECATH BHJIOB
JIESITCIbHOCTH, B KOTOPBIX CICIIMATUCTHI Hau-
Oonee yacTo pa3meniator pesrome. OgHOBpE-
MEHHO, TPaHCIIOPT HEU3MEHHO OCTAETCSI OTHUM
13 JIUJIEPOB 110 KOJIMYECTBY PE3IOME OT MOJIOIBIX
couckareeii (oxono 34 % B 2021 roxy)’.

[IpoBeneHHbIN aHaNU3 MoOKa3all, 4TO HaW-
OospIast mOTpeOHOCTh Y paboTomaresei cyiie-
CTBYET B OTHOIIICHHH aBHAIIMOHHBIX TEXHHKOB,
crierpaiictoB 1o ATU (19 % ot Bcex BakaHcuit)
1 MHOKCHEPHBIX TEXHUYECKUX paboTHHUKOB (18 %
OT Bcex BakaHcuit). KonnuecTBo pestome 1o 060-
3HAYEHHBIM MPOHECCHOHANBHBIM IPYIIIaM Mpe-
BBIIIACT 3asIBJICHHBIN CITPOC, HHICKC HATIPSIKCH-
HocTH cocTaBiusaeT 53,18 u 69,91 coorBer-
CTBEHHO. BBICOKHIT UHJEKC HANPSHKCHHOCTH
XapaKTepeH sl CIEYIOIIUX HalpaBICHHH:
OOPTIPOBOAHUKY, HAYaJIO Kapbephl U MPEACTa-
BUTEeIM KommnaHui. OQHAaKO, COOTHOIIEHUE
CIpoca U NPEIUIOKEHUST Ha PBIHKE TPyAa BO3-
JIYIIHOTO TPAHCIOPTa 10 OTKPBITHIM 0a3aM 1o-

7 Mosoable CHEUHANUCThl: aKTyalbHbIE TPEH b
TpyRoycTpolicTBa. [DnekTpoHHsIl pecype]: https://hh.ru/
article/29416. Toctyn 20.10.2021.

®  Mwup TpaHcnopTa. 2024

HcKa paboThl HEJIb3s HAa3BaTh IOJHOCTHIO 00b-
€KTHBHBIM, TaK KaK PEJIEBAHTHOCTH BCEX MOMAB-
[IMX B TAaHHYIO BEIOOPKY PE3tOME HEBO3MOXKHO
YCTaHOBHTS (B 0a3ax JaHHBIX €CTh OyOIHpPOBa-
HUE 110 PE3FOMe U BAaKaHCHUSIM: OJIUH COMCKaTeb
MOJKET CO3/1aTh PEe3I0OME Ha BCEX Ha3BaHHBIX
ropTaiax, KOJMYeCTBO CO3JaHHbIX Ha KaXKIOM
ropTaJe pe3loMe He OrPaHUUuEeHO; TPU HaXOXKle-
HUU PabOThl COMCKATENM HE BCErJa YIaJsioT
pestome 13 0a3 JaHHbBIX).

W3 mpeacTaBleHHBIX aKTUBHBIX PE3lOMe
B CEKTOPE BO3JYIIHOTO TPAaHCIOPTa yKa3aH
JKeJlaeMbIi pa3Mep 3apaboTHO# mwiatel B 1280
pe3tome, u3 KoTopeix 16,56 % mpeteHmyer Ha
3apaborHyto wiaty ot 15000 mo 45000 pyO.,
a 17,7 % — Ha 3apabOTHYIO IJIATy CBBIIIC
170000 py6. B cpaBHeHMH, CpeHsis 3apaboTHAs
IuIaTa 1o BceMy MepeyHI0 BaKaHCHIA, TPeACTaB-
JICHHOMY Ha moptane https://www.adzuna.ru
cocrapisuia B 2021 romy 43815 py0., B cekrope
BO3/yIIHOTO TpaHcopTa — 38633 py0.® B nemom,
10 TAHHBIM ITOPTAJIOB HEBO3MO)KHO TOYHO OITpe-
JIEITUTh MacIITad JUCIPOIIOPIIHI CIIPOCa U P/~
JIOXKCHHUSL B YaCTH YPOBHs 3apabOTHOM IJIaThI,
MIOCKOJIbKY 3a4acTylO ee JeHCTBUTEIbHBIN pa3-
Mep OIPEIEIISETCs TOJIBKO 110 UTOraM codece1o-
BaHMH C MOTEHIMAJIBHBIMU pabOTHHKAMU. [Ipu
9TOM, T10 JJAHHBIM BBIIIEYKA3aHHBIX [TOPTAJIOB,
YPOBHH IPE/IIaraeMbIX ¥ 3aIIPAIIMBAEMbIX 3apa-
OOTHBIX IUIAT BBIILIE CPEAHETO YPOBHS 3apaboT-
HBIX IIJIAT I10 BCEM JIPYTUM BHJIaM JCATCIHHOCTH.

AHanu3 TPYAOyCTPOICTBA BBITYCKHUKOB
MOKa3aj, 4To OOJBIIMHCTBO BBIMYCKHUKOB
YCIENIHO HAXOHAT paboTy B TEUCHHE MEPBOrO
MOJIYTOMIUs TIOCTIC BBIYCKA, YTO MOATBEPIKAAET
BOCTPEOOBAHHOCTh BBHICOKOKBATU(UIIUPOBAH-
HBIX CIELUAIICTOB B JAHHON 00IacTH.

Co3gaHne HOBBIX pabo4nx MeCcT

B tabnuiie 2 npuBeieHbI TaHHbIE IO CO3/1aH-
HBIM PabdOYMM MECTaM Ha IPEIIPHUSITUIX, OTHO-
CSIIMXCS K BO3/YIIHOMY TpaHcopty. B nienom,
T10 BUJLY A€SATENBHOCTHU «JlesTeNnbHOCTh BO3/Iy -
HOTO U KOCMHUYECKOTO TPaHCIOPTa» YUCIIO CO-
30aHHBIX PabO4YMX MECT CYLIECTBEHHO YMEHb-
maetcs ¢ 7826 uenosek B 2017 rogy no 4454
yesnosek B 2020 roay (moutu B nB8a pazac 5,03 %
B 2017 romy 1o 2,63 % B 2020 romy). AHamoruy-
HOE CHW)KEHHUE HaOJI01aeTCsl ¥ 110 JIesI TeIbHOCTH
MaccaXupCKOro BO3AYIIHOTO TpaHCHOPTa
(c 4,8 % B 2017 roay o 2,06 % B 2020 roxy).

8 IMopran Bakancuii adzuna.ru. Bakancun B MockBe U mo
Bcell Poccnu. adzuna.ru. [OnextpoHHEIH pecypce]: adzuna.
ru. Joctym 01.10.2021.
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Taéauna 2
O011ee YMCJI0 CO3TAHHBIX PAGOYHX MECT MO IPyNIaM OpraHu3aluii,
HA KOTOPBIX CPEIHSsISI YUCIEHHOCTh PA0OTHUKOB H3MEHWJIACH, U 110 BHOBB CO3/IaHHBIM
opraHu3zaunusam 3a nepuon 2017-2022 rr., ye.

2017 2018 2019 2020

Toner 2021 2022

JHomns, % % % %

7826

N
o0

JlesTesIbHOCTh BO3/1y LLIHOTO 5,03 [12022,6 0, 6565 (4,83 |4454(2,63 |3949(2,84 |6098|3,60

U KOCMHYECKOTO
TpaHCIopTa

JlesiTensHOCTh 7461
MacCaxXupCcKoro

BO3JLYIIHOTO TPAHCIIOpTa

4,80 | 11376,64

—

6,

3 |5489(4,04 |3490(2,06 [3477|88,05 |5479]3,23

JlesTensHOCTE TPy30BOro | 365 645,96
BO3/IYIIHOTO TPAHCIIOPTa
U KOCMHUYCCKOTO

TpaHCIopTa

0,23

(9%

0,

5 11076(0,79 |964 |0,57 {472 |13,57 0,36

HWcrounuk: coctaBneno no gaHueiM Poccrara. [Qmexrponusiii pecypce]: https://www.fedstat.ru/indicator/58698. doctyn

02.10.2023.

Bcero 1o o0cneyeMbIM BHAaM 3KOHOMHYECKO#t
QeI TEIbHOCTH

JlesITeNbHOCTE IPY30BOr0 BO3AYIIHOIO
TPAHCIOPTa U KOCMHYECKOT0 TPAHCIIOPTA

JlesATeIbHOCTD TaCCaKMPCKOr0 BO3AYIIHOTO
TpaHCIOpTa

JlesATeIbHOCTD BO3/YIIHOTO M KOCMUYECKOT0
TpaHCIopTa

HpOI/I?)BOIICTBO JICTATCIIBHBIX arnmnapaTroB, BKIOYas
KOCMHUYECKHE, U COOTBETCTBYIOLIETO. ..

m2022 m2021

(=}

2020

40000 80000 120000 160000

2019 =m2018 m2017

Puc. 4. CpedHeMecsIYHas HOMUHaNbHasi Ha4UCNEeHHas 3apabomHasi nama no HekomopbIM eudam dessmenLHOCMU 8 cekmope 8030YWHO20
mpaHcnopma u npouzgodcmee iemamenbHbIX annapamos, py6. (2017-2022 22.) [cocmaeneHo asmopamu Ha ocHoee daHHbIX EMUCC.
[3nexmporHbIl pecypc]: https://www.fedstat.ru/indicator/57824. [ocmyn 10.02.2024].

Onuara Tpyaa

Crenyromas npobiema, KOTOpyto HeoOX0oIu-
MO YYHTBIBATh IPU UCCIIEAOBAHUU 3aHATOCTH,
9TO YPOBEHB 3apaOOTHOM IUIATHI, KOTOPBIH ABJIS-
€TCsl OJIHUM U3 OIPE/IENSIONUX (haKToOpoB NpH-
BJIEUCHUS U yAEpKaHUsI paOOTHHUKOB.

MOXHO OTMETUTB JOCTaTOYHO BEICOKHH ypo-
BEHb 3apabOTHBIX IIAT PAOOTHUKOB BO3IYIIIHOTO
TPaHCIOPTa MO0 CPABHEHHUIO CO CpefHeH 3apria-
TOM KaK B LIEJIOM 110 SKOHOMUKE, TaK U Ha TpaHC-
TopTe, JaHHbIE [0 KOTOPOMY IPHUBEJICHBI Ha pUC. 4
(cpemHeMecsuHas HOMHHAJIBHAsT HAauYMCIICHHAS
3apa0oTHasl I1aTa o HEKOTOPBIM BUJIAM JIESTeb-
HOCTH B CEKTOPE BO3LYLIIHOIO TPAaHCIIOpTa U IIPo-
H3BOJICTBE JIETATEIbHBIX ammapaToB B 2017—
2022 rr.) u B Ta01. 3 (cpeaHeMecsiuHasi HOMUHAIb-
Hasl Ha4MCJIeHHast 3apaboTHast miara paboTaromnmx

CumoHoBa M. B., CaHkoBa J1. B., Mup3a6anaeBa ®.

3aHATOCTU B CEKTOpe BO3QYyLIHOro TpaHcnopTta

B paMKax BHAa JCATEIBHOCTH BO3AYIIHOTO
(TTaccaXxUpCcKOTO M IPy30BOT0) U KOCMHYECKOTO
TPAHCIIOPTa U B CKIIAJICKOM XO3SHCTBE 1 BCTIOMO-
rareJibHOM TPaHCIIOPTHOM IESITENbHOCTH, SIHBaph
2017 roma — nepuox stHBapb — MapT 2023 roma).
Tax, B 2023 roxmy cpenHeMecsiyHas 3apaboTHast
IUIaTa B CHCTEME BO3IYIIHOTO TPAHCIIOPTa CO-
CTaBysIa 0KoJo 157 ThIC. pyo.

Ha puc. 5. mpencraBneHa quHaMuKa 1 TUQ-
(hepeHIMaNHS 3apaOOTHBIX IIIAT IO OCHOBHBIM
JIOJDKHOCTSIM aBHAIMOHHOTO TepcoHana. Kax
BUJIHO U3 PHC. 5, YPOBEHb 3apabOTHOMN IIaThI
KOMaHANpPa BO3AYIIHOTO CyAHAa OTIMYAETCS OT
YpOBHS 3apabOTHOH MIaTel GOPTIPOBOJHUKOB
B CPEIJHEM B UETHIPE pasa, MHXKEHEPOB TI0 aBUa-
IIMOHHOMY W PaJMOdIEKTPOHHOMY 00OpyIoBa-
HUIO — B TpH pasza. [Ipu 3ToM Gosee BEICOKUMHA

® Mwup TpaHcnopTa. 2024. T. 22. Ne 2 (111). C. 124-138
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Taoauua 3

CpenHemecsiyHAs] HOMMHAJIBLHAS HAYUCIEHHAs! 3apadoTHAs IJIaTa padoTaIOLUX
B 3KOHOMUKe ¢ sHBaps 2017 r. mo mapt 2023 r., pyo.

Buib1 5KOHOMHYE CKOM 2017 2018 2019 2020 2021 2022 2023

ACATENEHOCTH SIHBapb- | SIHBapb- | SHBapbh- | THBaph- sHBapb- | SlHBaph- | SIHBaph-
nekabpb | nexabpp | mexkabpp | qexkaOpp | mexabpp | Mapt MapT

JlesaTenbHOCTh BO3/LYIIHOTO 108 866 123691,15|131776,38 | 119044 118669,7 |138097,3 |149729,8

¥ KOCMHYECKOTO TPAHCIIOPTa

JlesITenpHOCTh MTAaCCaKHUPCKOTO 111434 126670,7 | 135481,32(118960,9 | 117625,1 |138097,3 |149729,8

BO3JLYIIHOTO TPAHCHOpTa

JlesITensHOCTD TPY30BOTO 86714 100786,2 |107204,51|119597,2 |126212,7 | 135769,0 |152398.,9

BO3IYLIHOTO TPAHCIOPTA

¥ KOCMHYECKOTO TPAHCIIOPTa

CKJIaJICKO€ XO3SICTBO 45983 46255,58 [49158,53 |51608,9 |555254 |88368,5 [92074,5

¥ BCIIOMOTATebHAsT

TPaHCIOPTHAS NESATEIBHOCTD

Wcrounuk: coctaBieHo aBropamu Ha ocHoBe naHHbIXx EMUCC. [DnekTpoHHBIH pecypc]:

indicator/57824. octyn 10.02.2024).
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Puc. 5. fJuHamuka ypoeHs 3apabomHoli nnamel aguayuoHHO20 nepcoHana 3a nepuod ¢ 2013 no 2020 2. [AHanu3 pbiHka mpyda
aeuampaHcnopmrol ompacnu KoHcanmuHzoeoli koMnaHuu «AeuanepcoHan» [AnekmpoHHbIl pecypc]: https://aviapersonal.ru/uploads/s/lin/f/
Infblxkq8jfa/file/LhMgyXEv.pdf?preview=1. Jocmyn 27.09.2023 ].

TeMIIaMH pociia 3apaboTHas 1iara OopTIpOBO.-
HukoB (¢ 30000 B 2013 roay 10 83000 8 2019 ro-
ny), utkenepoB AuPO0 (ua 24,5 % 3a nepuon
2014-2019 rr.), Torma Kak orJiara Tpyaa KOMaH-
JTUPOB BO3AYIIHOTO CyaHa BeIpocia Ha 12 %.
ITagenue ypoBHs 3apaboTHbIX miat B 2020 roxy
CBSI3aHO C PE3KHM COKpAIllEHHEM PbIHKa TpyZAa
B CBSI3W C maHuemueil. B nepuon sHBapp—Mapr
2023 roma HabIIOMANCS POCT CpenHeit 3apadboT-
HOM IIJIaThl B CPEJHEM MO BCEMY BO3YIIHOMY
TpaHcopTy Ha 8,4 % 10 OTHOIIEHHUIO K aHaJo-
ruuHoMmy mnepuony 2022 roma, mpu 3TOM Ha
Macca)kKUpCKOM TpPaHCIOPTe HaOIOJaCs pocT
Ha 12,2 %, a B Tpy30BOM CE€rMEHTE BO3IyLIHOTO
TpaHcIopTa — CHIDKeHHe Ha 23,9 %.

HpOFH03HLIe NEePCEeKTUBDbI
HeCMOTpS[ Ha aKTHBHOC BOCCTaHOBJICHHUC
JACATCIBbHOCTHU CCKTOpAa BO3AYIIHOIO TpaHC-
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nopta B 2023 rofy, CyleCTBEHHBIM PUCKOM JJIS
MEPCIEKTUBHOTO TNIAHUPOBAHUSI SIBJISETCS Jie-
(GuIUT KaIpoB U CTPYKTYPHBIH AucOanaHC 1O
npodeccuoHaNbHBIM TPYIINaM CHEHATbHO-
creii. KonmuuecTBeHHO pocT crnpoca Ha TpyA
MOJXET OBITh OOYCJIOBJICH IJIAaHHUPYEMBIM PO-
cTOM 00BbEMOB TIEpeBO30K. Tak, 10 MPOTrHO3aM,
00bEM MEepPeBO30K IacCaXKUPOB POCCUHCKUMHU
ABUAKOMITaHUSIMH OyJIET PaCTH CO CPEIHET010-
BEIM TeMrioM B 3,1 % u yBenuuutcs Ha 63 %
B 2035 rony otHocutenbHo 2019 roma ¢ 128,1
110 209 mmH accaxxupoB. i1 cpaBHEHUS, HCTO-
PpHUECKHH TEMIT POCTa IIEPEBO30K POCCUHCKUMU
aBHAKOMIIaHUSIMH COCTaBuI 8,6 % B Toj B Ie-
puon ¢ 2015 mo 2019 ronpl, B 2023 roxy pocT
10 CpaBHEHUIO ¢ JaHHBIMU 2022 T0o/1a COCTaBUII
10 % (u a0 Ge3 ydera MOJHOTO UMIIOPTO3a-
MEIIEeHUs] B aBHACTPOCHUM M CEPUHHOIO BbI-
MyCcKa OTEYEeCTBEHHBIX aBUalaiiHepoB). DTO
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norpelyeT yBeIHMYeHHs 3aHITOCTH U €€ CTPYK-
TYpHOH TpaHchopMaIuy.

CrpykTypHas TpaHcdopManus 3aHITOCTH

[TanneMusi KOPOHOBHpYCaA BBICBETHIIA PSijI
BOIIPOCOB I10 CTPYKTYPE 3aHATOCTH Ha TIPEAIPHSI-
THSIX BO3IYLIHOTO TPAHCIIOPTA.

Kax rokasbIBatoT 3apy0e)KHbIE HCCIIEIOBaHMS,
B ycnoBusax na"aemun COVID-19 aBuanepeBos-
YHMKH OKa3aJIMCh B pa3HbIX yciIoBusx [15]. Ucxons
13 9TOr0, MOKHO YTBEPIKIATh, 4TO OOJIBILIE BCErO
3aHATOCTb MOCTPaJialia y TeX aBHAIlePEBO3UHKOB,
KOTOpbIE ObLIM OPUEHTUPOBAHBI Ha MEXTyHAPOI-
HbI€ PBIHKH, TIPEMUAIIBHBIA TpaUK U pa3BiieKa-
TeJIbHBIE MOE3/IKH, YTO TpeOyeT OoJbIle BpeMEHH
JUIsL BOCCTaHOBJICHHUSI 3aHSTOCTHU, TO €CTh Ha TEX
HaIpaBJIeHUSX, KOTOPbIE, IO MHEHHUIO Psifia HCCIle-
JioBaresiei, 00ecrieuBaoT OCHOBHOM POCT SKOHO-
MHYECKUX BBITOJl OT BO3AYLIHOTO TPaHCIIOPTa
(B TOM 4HMCIIe OT pOCTa TypU3Ma, MPSMbIX HHO-
CTPaHHBIX MHBECTHLMI U TOPTOBIIH), YTO B UTOTE
MIPUBOJUT K MOBBIMIEHUIO MPOU3BOANTEHHOCTH,
pocty BBII u yBenuuenuto uncia pabodux Mect
¢ Oostee BBICOKOH oruiaroi Tpyma [16].

ABTOp cratbu [17], oleHHBas MOCIEACTBUA
COVID-19, npuxomut K BBIBOIY, YTO BOCCTAHOB-
JICHHE TI0CJIE IOKOB HEOIPE/IEIEHHOCTH 3aiMeT
OT YETBIPEX /0 ILECTH JIET.

OnHO U3 3aKITI0UeHUH HccTenoBaTeneii cocto-
UT B TOM, YTO CIIELIMAJIMCThI, OTBETCTBEHHbIE 3a
Ppa3paboTKy MOIUTUKH B a3POIOPTOBBIX COOOIIIE-
CTBax, JIOJDKHBI OLIEHHBATh IPOTrPaMMbI 00yYEeHHST
¥ 00pa30BaHuUs1, YTOOBI ONIPEIACIIHUTh, YIOBICTBO-
PSIIOT JIM 3T IIPOTPaMMBbI ITOTPEOHOCTSIM OU3HECA.
OcHOBHOE BIIMSIHHE Ha CTPYKTYpY 3aHATOCTH
OKaXYT JI0JTOCPOYHBIE TEXHOJIOTHYECKUE TPEH-
Ibl. HoBblE TEXHONOrMH B aBHATPaHCIIOPTHOM
OTPACJIM MPUBEH K CHHKEHHIO 3aBUCHMOCTH OT
oIHUX 1Tpodeccuit, HO CO3aJIM CIIPOC Ha IPYTHE.
Boniee kpynHble M TEXHOJOTHYECKH CIIOXKHBIE
CaMOJIEThI, CIIOCOOHBIE OoJiee 3P PEKTHBHO repe-
BO3UTH OOJIBIIIE MACCAKUPOB U OOJIBIIE TPY30B,
3aMEHSIIOT OoJiee MelkKie U MeHee S QeKTHBHbIE
BO3JIyIIHBIE Cy/ia. DTO M3MEHEHHE CHIKAET CIIPOC
Ha OCHOBHBIE pabouKe MecTa, CBI3aHHbIE C aBHa-
NepeBO3KaMH, HO YBEJIMYMBAET CIIPOC HA MHKE-
HEpPOB U CIIELHAINCTOB 10 MHPOPMALMOHHBIM
TEXHOJIOTHSIM.

Takum 00pa3oM, HCCIieJOBaHUE MPOLIECCOB
TpaHchopMauu MOJeNu (YHKIIMOHHUPOBAHHS
CEKTOpa BO3AYIIHBIX IEPEBO30K Yepe3 MpU3My
TMIaTTEPHOB 3aHATOCTH OyeT HeNOJHBIM Oe3 yyeTa
MOAM(UKAIMY TTPO(ECCHOHAIBHOTO IIPOCTPaH-
crBa. ComtacHo Atiacy HOBBIX mpodeccuii 3.0,

B aBHAIMK B OyayieM OyayT BOCTPeOOBaHbI CIie-
LHATKCTHI CIIEYIOIINX ITPO(eCcCHii: MPOEKTUPOB-
UMK UHPPACTPYKTYPHI I BO3AYXOIUIABAHUS,
TEXHOJIOT PELMKIIMHTA JIETATEIIbHBIX allllaparoB;
MIPOEKTHUPOBIIUK WHTEPPEHCOB OECIUIOTHBIX
JIETaTENIbHBIX allapaToB; MPOSKTUPOBILHK JTHPH-
KalJel; aHATUTHK 3KCIUTyaTallHOHHBIX JIaHHBIX;
WHXEHEP ITPOU3BOCTBA MAJIOW aBHAIIMH; PEMOHT-
HUK-KOMIIO3UTYHK; CHEHAIUCT 10 HU(QPOBOMY
MOJIEITMPOBAHHIO B aBUACTPOCHHUH; MH)KEHEP OITH-
MU3aLUH HArpy3KH; pa3pabOTYMK MHTEIUIEKTYalb-
HBIX JHMCIETYEPCKUX CUCTEM; PEryIHPOBILUK
npoHoB [18]. KpynHble aBHakoMIaHuM 1Mo BceMy
MUpY 3asBIISIFOT NOTPEOHOCTh Ha KBATH()ULIUPO-
BaHHBIN JICTHBIA M HAa3eMHBIN MEPCOHAN B Oymy-
LIIEM: [THJI0TOB, OOPTIIPOBOIHUKOB, aBUA/TUCIICTHE-
pos [19].

BaxHbIM HalpaBJICHHEM pPa3BUTHsI aBHa-
TPaHCIIOPTHOW OTpaciy SIBIsIETCS pa3BUTHE
OecrnimiotHoit aBuanuu. B Pacriopsbxenun Ipa-
BurenbcTBa PO ot 21 utons 2023 roga Ne 1630-p
00ecneueHHOCTh KBAIN(HIMPOBAHHBIMU KaJjpa-
MH OTMeYeHa KaK KIJIFOYeBOM ApaiBep pa3BHTHs
OecrimiotHoi aBuanmu. OJJHAKO TeMIbI BHEIpeE-
HUS TEXHOJIOTUH OECHIJIOTHOM aBHAIMU OTepe-
MKaIOT BO3MOXKHOCTH CHCTEMbI 00pa3oBaHUsl 11O
TMIO/ITOTOBKE KaJIpOB B 3TO# 0051acTy U 00pa3oBbI-
BAIOTCSI 30HBI «pa3pblBa KOMIIETEHIHI», yCTpa-
HEHHE KOTOPBIX SBJISETCS KPUTHUSCKH BaXKHBIM
JUIsl pa3BUTHS JIAaHHOTO cerMeHTa. PasButue
OecHMIIOTHOM aBHalMK CO3/1aeT paboure MecTa
U TUKTYET HEOOXOIMMOCTD ITOJITOTOBKH M B CMEK-
HBIX 00JIACTSIX, IO TAKUM IPOPECCHSIM U CIIeLH-
AITBHOCTSIM, KaK «IPOSKTUPOBIIUK HHTEpdEHCcOB
0eCHMIIOTHOM aBUALUMY, «UHIKEHEP MPOHM3BOJ-
CTBa MaJIOW aBUALINI», «aHAJUTHK IKCILTyaTalu-
OHHBIX JJAHHBIX», «TEXHOJIOT PELMKIIMHIA JIeTa-
TEJBHBIX aIIIAPATOBY, «IIPOSKTUPOBIIUK HHPpa-
CTPYKTYPBI JUIsl BO3LyXOIUIABAHHSD), «IIPOTrPaM-
MUCT CUCTEM aBTOMATH3UPOBAHUS YIIPABICHUS,
«TEXHHUK I10 KCILUTyaTalluy OECITMIIOTHBIX aBHa-
LIMOHHBIX CHCTEMY, «IPOEKTUPOBIINK HA3eMHOU
UH(PACTPYKTYphI Il SKCIUTyaTaluy OeCIIIOT-
HBIX aBUALIMOHHBIX CHCTEM», «CIEIUAIUCT MO
pa3paboTke OECHUIOTHBIX BO3AYIIHBIX CYJIOB
KOCMHUYECKOTO Ha3HAUCHUSI», «Pa3pabdOTUHK CHC-
TEM aBTOMaTH4ECKOW HaBUTallMH OECIMIIOTHBIX
BO3/YILIHBIX CYI0B» U JIp°.

? Pacniopsixenue Ipasurensctsa PO or 21 nronst 2023 . N
1630-p O6 yrBepxaenun Ctpareriu pa3BUTHs OECIIMIOTHOM
apuanuu P® na nepuon no 2030 r. ¥ Ha NEPCIEKTUBY
no 2035 r. ¥ TIaHa MEPONPHITHH TO ee peanu3aliy.
[Onexrponnslii pecypc]: https://www.garant.ru/products/ipo/
prime/doc/407003744/. Noctym 27.02.2024.
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ITo HeKOTOPBIM IPOTHO3aM, HU(PPOBHU3ALIUS
B JJAJIbHEHIIIEM MOXET MPUBECTH K CHIIKCHUIO
YHUCJICHHOCTU COTPYIHUKOB B HEKOTOPBIX Cer-
MEHTax JIesITeIbHOCTH BCIEICTBHE POOOTH3a-
UM PYTHHHOTO TPYZa, €0 3aMEHbI MEXaHHU3H-
POBaHHBIM TPY/IOM, TOCTPOEHHBIM Ha aJITOPHUT-
Mmax. Ho npu 5TOM, HarpoTus, ciieayeT oKunarh
pocCTa YHCIEHHOCTH MEepPCOHaja, CBA3aHHOTO
¢ MHQOPMAIIMOHHBIMU TEXHOJIOTHAMH, JTUY-
HOCTHBIM B3aUMOJICHCTBHEM C KIMEHTAMH.
JlaHHas TeHJeHIMsI, HAIIPUMED, CBs3aHa C aK-
TUBHBIM BHEJ[PEHUEM 4aT-00TOB C HCKYCCTBEH-
HBIM UHTEJUIEKTOM JUISI TOJAEPIKKH KITUEHTOB.
ITokazarenbHo, 4TO ecnu B kKoHue 2017 rona sty
TEXHOJIOTHIO, 10 HEKOTOPBIM OIIeHKaM, UCIIOJIb-
30BaJi TONBKO 14 % aBuakommanuii u 9 % aspo-
MOpPTOB, TO B 2020 rogy MiIaHUpOBaIX €€ UCIIOJb-
30BaHHE COOTBETCTBEHHO 68 % m 42 % !0 11,
B HacTosimiee BpeMs HCIIOJIB30BaHHE 3TOU
TEXHOJIOTUHU B c(epe BO3IYLIHBIX IIEPEBO30K
MIOBCEMECTHO U PACIPOCTPAHSIETCS MPaKTH4e-
CKHM Ha BC€ BUJBI JESATEIbHOCTH — OT IOJ-
JIep>KKH KJIMEHTOB JI0 BbIJJa4u Oaraka, IpHHOCS
CylLIeCTBEHHbIN 3KoHOMHYecKuil addekt. Tak,
YHCJIO MTACCAXKUPOB, TPOXOSIIIUX PETUCTPALHIO
Ha peiic B aspomopTy, cHU3UI0Ch ¢ 49 %
B 2017 rony o 27 % B 2021 roxy, aBTOMaTU3H-
poBaHo 68 % obparieHuii maccaxupos, Ha 49 %
CHHM3HMJIOCH YUCJIO 3BOHKOB KIIMEHTOB B KOJIJI-
LCHTPBI 2.

OCO0EHHOCTH M3MEHEHHSI MOJIENIN 3aHSTO-
CTH KaK IPOEKIINs OCHOBHBIX TpaHchopmanui
CEKTOpa BO3AYLIHOTO TPAaHCIOpPTa HE MO3BO-
JISIFOT YBHUJIETH JIATEHTHBIE [TPOLIECCHI B CEKTOPE.
IIponeccol TpaHchopMalK 3aHATOCTH B paM-
Kax BO3/YIIHOTO TPAHCIIOPTHOT'O KilacTepa 3a-
TParuBaroT U BOIPOCHI HOBOW Mojiesiu UH]pa-
CTPYKTYPHOH 3aHATOCTH, B YAaCTHOCTH, T.H.
ybepuzanuu [20]. Tak, 3apyOexxHble ncciieno-
BaTeJIM 00palarTcs K pa3BUTHIO HHPPACTPYK-
TYpBI 110 OOCITY)KHBAaHHIO a3pPOIOPTOB. ABTOD
[21] u3yuaeT B cBOEM cTaThe B3aMMOCBS3b
Mex Iy riargopmerHoit padoroii B Uber u reo-
rpadueil MexayHapoaHoro aspomnopra. Orme-

10 Airlines and the growth of chatbots: potential and brand
awareness. [ DnexrpoHHsIit pecypc]: https://centreforaviation.
com/analysis/reports/airlines-and-the-growth-of-chatbots-
potential-and-brand-awareness-424982. Jloctyn 10.02.2024.

' Hamip.: Lufthansa pacckasaia o cBoeii crparernu pa3BUTHS.
[DnexTponnsiit pecypc]: https://www.frequentflyers.
ru/2017/05/31/1h_strategy/. Joctym 10.02.2024.

12 Caballé, M. Airline Chatbot Benefits, Use Cases, and
Examples for 2024. [Dnexrponnsiii pecypc]: https://www.

hubtype.com/blog/airline-chatbot-use-cases-examples.
Jocrym 10.02.2024.
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yaercs, 4To Ha cThike riaTdopmsl Uber u nHd-
pPacTpyKTyphl a3poropTa BO3HUKAIOT pa3iiny-
HbI€ BO3MOKHOCTH, KOTOPbIE MOIJIK OBl UMETH
CTpaTeruueckoe 3HaYeHUE JIJIsl HOBBIX MHUIUA-
TuB [21].

B crarbe [22] npeacrasnena o01as TeH1eH-
uust B 00J1aCTH ONEPATUBHOIO yIpaBieHUS
a’pONOPTaMHU, PAaCCMaTPHUBAIOTCS M3MEHEHUS
B ynpaBjeHuH 00pazoBaHHeM, TPOQeCcCHOHAIb-
HOM MOJATOTOBKOM U MapKkeTUHIOM. [TockombKy
TEXHUYECKHI MPOrpecc B aBUAIK 0OecIeyun-
BaeT MOBbILIeHNE 3P(PEKTUBHOCTH, aBTOPHI
CUHTAIOT HEOOXOIMMBIM (POPMUPOBAHKE OT/ICIIA
UQpOBU3ALINH, KOTOPBII 3aHUMAaIICs ObI BOIIPO-
CcaMM OINTHMHU3AIMK ONEepaluil B adponopTy
W aJanTaliy UX K TEXHOJIOIMYECKUM TeHJICH-
UM U TEHJIEHIMSIM BO3JYLIHOTO JBHXCHUS
[22].

BozaymiHelii TpaHCHOPT OKa3bIBaeT 3HAYM-
TEJbHOE BIIMSHME Ha 00bEM IPOU3BOJCTBA,
JIOXO/Ibl U 3aHSATOCTh. 3HAYUMOCTH 3 deKTa
00paTHON CBSI3M HEOOXOIUMO YUYHTHIBATH IPH
pa3paboTKe U peasu3alnuy CTpareruii pa3BUTHs
JIAHHOTO ceKTopa. B cratwke [23] aBTOpHI HCCIe-
JOYIOT B3aHUMOCBSI3b Pa3BUTHUSI BO3AYIIHOIO
TpaHCIOpPTa KaK MCTOYHHKA SKOHOMHUYECKOTO
pocTa U coKpalleHusl OeJIHOCTH B pa3BUBAIO-
LIMXCS CTPAaHAX M CTPaHaAX C MEPEXOHOM KO-
HOMUKOW. YBeJNHUEeHHE KOHEYHOro CIpoca Ha
aBUAIEPEBO3KH BHI30BET POCT TPYIOBBIX JI0XO-
JIOB, TIPUYEM HaUOOJIBIIUI POCT OyAET y BBICO-
KOKBaJIM(HULIUPOBaHHOI paboueii cuibl. Jlena-
€TCsI BBIBOJI O TOM, 4TO IPABUTEIHCTBO MOIJIO
Obl YMEHBIINUTH PaclbUICHHE J0XOI0B OT BO3-
JIyITHOTO TPAHCIOPTa MyTEM NPOBEACHUS pe-
(opM, HanpaBJIEHHBIX HA MOBBIIIEHUE YPOBHS
KBasIM(UKAMU. DTO UCCIIEAOBaHUE MTOKA3bl-
BaeT, 4TO JJIsl TOr0, 4YTOOBI CEKTOp UIpal 3Ha-
YUTEJILHYIO POJIb B COIIMAIbHO-OKOHOMHUUECKOM
pa3BUTHH, HEOOXOJUMO YCHIIUTh €r0 UHTErpa-
LU0 B MECTHYIO 3KOHOMHKY [23]. laHHBII
MOJXOJ] TIO3BOJISIET TaK)KE HCCIIEeNOBATh MEX-
CEKTOpaJIbHbIE TIOTOKH 3aHATOCTH Ha MECTHOM
YpOBHE.

B nenom MOXHO czienarth BBIBOJ O HEOOXO-
JIMMOCTH pa3pabOTKH MPOTrpaMM yCTOWYHBOTO
Pa3BUTHS 3aHSATOCTH, OPUEHTUPOBAHHBIX Ha
KOHKpETHBIE CTPaTeruu, aJeKBaTHbIE HOBOH
Mozenu QYHKIIMOHUPOBaHHS KlacTepa BO3Ly -
HBIX MIEPEBO30K B MHTEPECaxX BCEX PErMOHOB
Poccun.

Bormpocsl cTpykTypHO#l TpaHchopManuu
HOCSIT IOJITOCPOYHBIH XapakTep U 00YyCIIOBIICHBI
KaKk H3MecHeHHeM naHamadTa Ou3HEC-
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CTpaTeruii, TaK U TEXHOJOTHUCCKUMHU H3MEHE-
HusMu. CrielyeT Moa4epKHY Th, 4TO TIPOHCXO/IS-
[IMe TEXHOJOTHYECKHE W OPTaHU3alMOHHbIC
HU3MEHEHHS B CEKTOPE BO3AYIITHOTO TPAHCIIOPTA,
MOTPEeOYIOT COOTBETCTBYIOIINX MPOBOIHUKOB
HU3MECHEHHH, HHKESHEPOB, MEHEKepOB, oba-
JAOMIAX 3HAHUSAMH TEXHHUYECKHUX ACIEKTOB
1 (pakTOPOB HOBOBBEICHMUH, BHICOKOW MOTHBA-
[Hell K HOBOBBEICHHUSAM U CIIOCOOHBIX BIHUATH
Ha KOJUICKTUBBI, YIIPABISTH H3MEHCHUSIMHU.

Takum o06pa3oM, mproOpeTaeT 0CoOyIO aK-
TYalbHOCTh HEOOXOAUMOCTh OTEPEIKAIOIIETO
o0y4eHus, THOKOTO B3aWMOICHCTBHUS MEXIY
00pa3oBaTeNbHBIMH YUPEKICHUSIMA U aBHAIH-
OHHO¥ TPOMBIIICHHOCTHIO, TOATOTOBKA Ha
JIOTOBOPHOI OCHOBE 101 KOHKPETHBIE paboune
MecTa.

BbIBOAbI

IIpoBeneHHOE Hccne0BaHUE IIOKA3a10, YTO
TEeKyIllee COCTOSIHIE U CTPAaTerHuecKue 3a1aun
YCTOMYMBOTO Pa3BUTHs CEKTOPa BO3IYIIHOTO
TpaHCIIOpTa 00YCIOBIMBAIOT COOTBETCTBYIOIIUE
W3MEHEHHS] B MOJIEJIN 3aHAITOCTH B CPEIHECPOY-
HOM U gonrocpouHoi nepcnextuse. Ha ocHoBa-
HUH BBISIBJICHHOW 3aBUCMOCTH MOXKHO C/I€JaTh
BBIBOJI, YTO TEHCHIMU 3aHATOCTH U CTPYKTypa
PBIHKA Tpy/a TO3BOJISIOT ONPEENSTh NPOTHO3-
HBIE XapaKTEPUCTHUKHU IEPCIIEKTUBHBIX U3MEHE-
HUI B Ou3Hec-cucTteMax. Hamu BBISBIEHBI
KIIIOYEBbIE TPEHbI B KOJMYECTBEHHOM U Kaue-
CTBEHHOM pa3pe3e 3aHAThIX B CEKTOPE BO3LYII-
HoOro TpaHcnopra. Tak, U3MEHEHUE TUHAMHKH
TIPOUCXO/IUT MapalIeNbHO C U3BMEHEHUEM CTPYK-
TYpPbI ¥ TPEOOBaHUSIMH K KBaJIM(PUKAIIMU IIEPCO-
Hajla, MOJEJIbIO IPEIOCTaBICHUS YCIIyT, TPaHC-
¢opmarueil OM3HEC-IIPOLIECCOB B aBHALUH, PO-
croM auddpepeHInanny B oriare Tpyaa pa3Hbix
KaTeropuil COTPYHHKOB, MOSBIEHHEM HOBBIX
MaTTEpHOB TOBEJICHUSI COMCKATeel Ha PBhIHKE
TpyZAa B JaHHOM CEKTOpe (C TOUKU 3pEeHUs TPY-
JIOBBIX IIPEJIIOYTEHUH U ()OPMATOB KOHBEPTALIUH
HAKOIIEHHOTO YeJIOBEYECKOro KalnuTamia).

C ydeToM 3amau, CTOSIINX HEPel CEKTOPOM
BO3JIyIIIHOTO TPAHCIIOPTa, MOXKHO OIPENEIIUTh
CHCTEMY IIPUOPUTETOB B CTPATETHH 00ECTIeYEHHS
3aHATOCTH:

1) popmupoBaHue CTpaTErHyeCKH OPUSHTH-
POBaHHOTO Ha pa3BHTHE YEJIOBEUECKOIO Kallu-
TaJia Juisl yCTOMYMBOM 1 OecriepeOoiHOM paboThl
JIAHHOTO BU/1a TPAHCIIOPTA;

2) ¢opMupoBaHUE KilacTepa 3aHSITOCTH
B CEKTOpPE BO3AYLIHOTO TPaHCIOPTa, MPEIo-
JIararomero A0CcTxkeHne 3 (HeKTUBHOM 3aHATO-

CTH HE TOJNBKO B paMKax (PyHKIHMOHHPOBaHHS
BO3JYIIHBIX CY0B U (popMHpyrOmuxcs Xabos,
HO TaKXe C YY4eTOM B3aHMOCBSI3aHHBIX cdep
Y KOMILJIEKCa pabOuiX MECT, 3aHATOCTb Ha KOTO-
pBIX Oyzer obecliednBaTh YCIEIIHYIO peain3a-
U0 OM3HEC-TIPOLIECCOB B aBUATPAHCIOPTHOM
OTpACciH B LIEJIOM;

3) co3nanue HEOOXOAMMOM Cpebl s TOA-
TOTOBKH BBICOKOKBAJIH()UINPOBAaHHBIX U C pac-
HIMPEHHBIM HAOOPOM KOMITETEHIIHH CIIeIHAIH-
CTOB M OyIyIIUX JINIEPOB H3MEHEHUIT B CEKTOPE
BO3/IYIIIHOTO TPAHCIIOPTA.

B paMKax JOCTHIXKEHHS CTpPaTerHuyecKux
Lesnei HeoOXOIUMBI:

— COBEpILICHCTBOBaHHE MOHHTOPHHIA PHIHKA
TpyJa ¥ MOTEHIMANa CUCTEMbI IOATOTOBKY Kajl-
POB IS CEKTOpa BO3IYLIHOTO TPAHCIIOPTA;

— OoJsiee MIMPOKOE MPUMEHeHHe (GpopMaToB
LIEJICBOr0 OOYUEHHMS B By3aX;

— HOITYJIIPU3aLHs BCETO CIIEKTpa Mpodeccuii,
OTHOCSILIMXCS K YICHAM 3KUMaXKeH BO3TyLIIHBIX
CYIOB U 00eCIIeYHBaOLIEMY [IEPCOHAITY;

— MOJICpHHU3aIUsl POrpaMM mnpodeccuo-
HaJILHOTO 00pa30BaHUs IS BCEX KaTerOpHi
pabOTHHKOB CEKTOPa BO3MYIIHBIX MEPEBO30K
C YYeTOM HOBBIX TPEHJOB Pa3BUTHUS JaHHOTO
CeKTopa.

Ocoboe 3HaYeHNE IpHOOpeTaeT pa3padoTKa
Mojiesieli TIOATOTOBKH TPeOyeMbIX KapoB B paM-
KaX CHCTEMBI HEMPEPBIBHOTO MPO(eCcCHOHAb-
HOTO 00pa30BaHMs VISl CIIEHUATINCTOB I'PaKIaH-
cKoif aBuanuu [24].

Hapsimy ¢ MexaHH3MaMH IOITOTOBKH KaapOB
HeoOxoMMa pa3paboTKa CUCTEM MOTUBALIMH JUTs
3aHATHIX BO BCEM KJIACTepe BOMYIIHBIX MEPEBO-
30K, 00ECIIeUHBAOIINX BHEIIHHE W PETHOHAIb-
HbIe IepeBo3KH. Takue mporpaMMbl JOJDKHBI ObITh
HaI[eJICHbI HA COXPAHCHHE JICTHOTO COCTaBa s
o0ecIeueHNs PErHOHANIBHBIX IEPEBO30K U YCTON-
YHUBOTO PAa3BUTHS BO3MYIIHOTO TPAHCIIOPTA.

Takum 00pa3oM, HEOOXOIUMO 0OCCICUUTH
3 PEeKTHBHOCTh 3aHATOCTH B YCIOBHUSIX TPOUC-
XoAsIend TpaHchopManuu depe3 pa3padoTKy
KaJIpOBBIX CTPATEI Ui, COITACOBAHHBIX C (POPMH-
pyronmmucs: GH3HEC-CHCTEMaMH BO BCEM Kila-
cTepe BO3OYIIHBIX NEPEBO30K, BEISBICHHE
U yCTpaHEHHE «30H MOTEPb 3PHEKTUBHOCTHY.
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TpaHcnopmHbie abbpesuamypsi. Pycckue u aHanulickue
3HayeHus: cloeapb-cnpasoyHuk / cocm. B. B. KocmuH,
A. A. KocmuHa, 0. A. KocmuHa; nod o6w. ped. B. B. KocmuHa. -
M.: Bonozda: UHeppa-UHxeHepus, 2024. — 246 c. ISBN 978-5-
9729-2015-0.

Cmambs-peyeHsusi packpbisaem Heobxodumocmb 3HaHUS,
NOHUMaHUS! U NpUMeHeHUs abbpesuamyp cneyuanucmamu mpaHc-
NOPMHO20 CEKMOopa, UCNO/b308aHUS UMU CneyuasbHbIX UCmoy-
HUKOB UHGhopMayuU 011t NOBLILIEHUS YPOBHS NPOGHECCUOHANbHOU

cukoepachusi.

PUMEHEHHE TPAHCTIOPTHOM JIEKCUKH SIBIISIETCS

HEOTHEMJIEMOM YaCThIO MPO(ECCHOHATBHON

JIeSTeNIbHOCTH CHELHAIMCTOB oTpaciu. [Ipo-
Lecc NodaIM3aLuy MOBJIEK 3a CO00H TEXHOIOrHYe-
CKHe, COLMaIbHbIE, NHQOPMAIIOHHbIE H3MEHEHHS,
BBI3BIBAIOIIKE TPAHC(HOPMALIUIO MPOPECCHOHAND-
HOTO TPaHCIIOPTHOTO JUCKypca. BHenpeHne HoBbIX
TEXHOJIOTHH B JIOTHCTUKE (aBTOMATH3aIINs], CTIONb-
30BaHHE MH()OPMAIOHHBIX CHCTEM U MOOMIBHBIX
HPWIOKEHHH U JIP.), MTHTEPHALIMOHANM3ALIUS TPaHC-
HOPTHBIX YCIIYT, SKOJIOTHYECKasl TIOBECTKA U UHbIE
3HAYUMBbIE aCTIeKThI TIPHBENH K MOSBICHUIO HOBBIX

Mup tpaHcnopra. 2024. T. 22. Ne 2 (111). C. 140-142

CneunanbHble abbpeBnaTypbl M UX 3Ha4YeHne B paboTe
cneuuanucToB TpaHcnopTa. PeueH3nsa Ha cnoBapb-CnpaBoOYHUK
«TpaHcnopTHble abbpeBuaTypbl. Pycckue U aHFNMUUCKUE 3HAYEHUA»

Anna Muxaiinosna Kaweeckan

Poccuiickuii ynusepcumem mpancnopma, Mocksa, Poccus.
PUHI] SPIN-k00: 6746-9459.
b4 anna.kasevskaya@gmail.com.

KOMNemeHMHOCMU Ha NpUMepe CNeyuarnbHo20 Crosaps mpaHc-
NOpMHbIX PYCCKUX U aHenutickux abbpesuamyp nod obwjell pedak-
yueli B. B. KocmuHa. B crosape-cnpagoyHuke npedcmaeneHa
aKkmyansHasi ompacnesas mepmuHonozaus 8 sude abbpeguamyp
U UX pacwiuchpo8OK Ha PYCCKOM U aHeTULICKOM 5i3bikaX. YMOYHEHb!
U cmaHdapmu3uposaHbl NOHSIMUS, UCNO/b3yeMble cheyuasnu-
Ccmamu mpaHCnOpIMHO20 CEKMopa U CMexHb X ompacried. M3daHue
codepxum MHkomepme 2020, 06HO8MEHHbIE 8 coomeememeuu
€ nocnedHuMu UsMeHeHusMU U 02080peHHOCMAMU 8 cghepe
Mex0yHapoOHOU M02UCMUKU.

Kntoyesbie crioga: mparcnopm, cneyuanucm cghepbl mpaHcnopma, abbpesuamype, cneyuanbHas ekcuka, ViHkomepmc, nex-

HpO(ECCHOHAIBHBIX TEPMHHOB, UCTIONB30BAHHE KO-
TOPBIX SIBISIETCS] 00S13aTEIBHBIM YCIOBUEM JICSTENb-
HOCTH CIICIHAIUCTOB Chephl TPaHCTIOPTa (HATIPHMED,
aBTOMOOHIBHOTO ). OCOOEHHOCTBIO TAHHOM TEPMH-
HOJIOTHH SIBJISICTCSI HATMIHE MHOTOYHCIICHHBIX a00pe-
BHATYp, YIOTPEOIsIEMbIX B YCTHOH M MHMCbMEHHOW
KOMMYHHMKAIIHSIX, JEIOBOM JIOKyMEHTAIUH, CIIeH-
anpHo# nuTeparype [1-3]. Kak u3BectHo, oy «ab-

! ®denpepansHblii 3akoH ot 08.11.2007 N 259-®3 (pexn.
ot 19.10.2023) «YcraB aBTOMOOMIBHOIO TPaHCIOPTa
M TOPOACKOTO HA3eMHOTO 3JIEKTPHYECKOTO TPAHCIOPTa»
(c m3M. u jom., BCTym. B cuity ¢ 01.09.2024).

[na yumuposarusi: Kawesckas A. M. CneyuarnbHble abbpesuamypbl U UX 3HadeHue 8 pabome cheyuanucmos mpaHcnopma.
PeueH3aus Ha crogapb-cnpasoyHUK « TpaHcnopmHble abbpesuamypsl. Pycckue u aHenutickue 3HayeHus» // Mup mparHcnopma. 2024.
T.22. Ne 2 (111). C. 140-142. DOI: https://doi.org/10.30932/1992-3252-2024-22-2-15.

MonHbil mekcm cmambu-peyeH3uu 8 nepegode Ha aHanulickull A3bIK ny61uKyemcs 60 emopol yacmu daHHO20 8bInycKa.
The full text of the review article translated into English is published in the second part of the issue.
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OpeBHaTypoii» IMOHMMAIOT CIIOKHOCOKPAIEHHOE
CJI0BO, 00Pa30BaHHOE U3 HAYaIbHBIX OyKB HIIH CJIOTOB
KaKoro-1M00 cioBocoueTanus [4]. 3HaHue abOpeBHa-
Ty SIBJISIETCS 00s13aTeNbHBIM TPEOOBaHNEM K CIIeLHa-
JIMCTaM JII000H OTpaciy, a Halm4ue HHHOPMaIHOH-
HBIX UCTOYHHKOB, COZIEPIKAIIIMX aKTYaJIbHYO Ipodec-
CHOHAJIBHYI0 TEPMHHOJIOTHIO, 00JieryaeT padory,
SIBIACTCS CMOCOOOM TMOBBILICHUST MX OCBEIOMIICH-
HOCTH U, KaK CJIJICTBHE, KOMITETCHTHOCTH.

C110Baph TPAHCTIOPTHBIX PYCCKHX M AHIIUHCKUX
abOpeBuaryp mos penakuueit mpodeccopa Biamu-
mupa BuranbeBuua Kocmuna npencrasisier co0oit
JIeKCUKOrpadpUIecKuii TPy, CoIepIKalKii COKparlie-
HUSI MHUIHABHOTO THMA, IIHPOKO HCIOJB3yeMbIe
B TPaHCIIOpTHOM cexrope. CoaBTopamu CloBapsi sIBIsi-
10Tcs AHactacust AnekcanpoBaa Kocmuna u Onbra
AnexcannpoBHa Kocmuna.

B JaHHOM W37aHWK TIPEACTABICHO OKOJIO IISTH
TBICSY SIMHUII PYCCKUX M aHIIMHCKUX a00peBHaryp,
TPUMEHSIEMBIX B JICATEIBHOCTH BCEX BHIIOB TPaHC-
TIOPTa: JKENE3HOIOPOKHOTO, aBTOMOOIIBHOTO, BO3-
JYIIHOTO, TPYOOMPOBOIHOTO U BOIHOTO, BKIFOUAS
Mopckoit 1 pedHoil. [lupokuit criekTp nmo3HaHuUH
B TPaHCIIOPTHOM HHIYCTPHH IT03BOJIHII aBTOPAM OTpa-
3UTh TEPMUHONIOTHIO, YIIOTPEOTSIEMYO B PA3ITHYHBIX
aCreKTax peayin3aliy ee JAesTenbHOCTU. B cripaBoy-
HHUKE MPEJICTaBIIeHa JIEKCHKA, IMEIOIasi OTHOLIICHHE
K M3BICKAHHUIO, TIPOSKTUPOBAHHIO, IKCIUTyaTAaIllH,
Pa3BUTHIO TPAHCIIOPTHOTO KOMILIEKCA, B3aUMOJICH-
CTBHIO BHJIOB TPAHCIIOPTA U TAKAM CMEKHBIM BOII-
pocam, Kak SKOHOMHUYECKOE Pa3BUTHE, HH(POPMAIIH-
OHHOE O0ecrieyeHue  JIp.

AKTyaJIbHOCTb COCTaBJICHHSI CIIOBapSI-CIIPABOY-
HHUKa TPAHCTIOPTHBIX COKpAILleHHH 00yCIIOBIeHa BO3-
MOXHOCTBIO YTOUHHTb U CTaH [apTU3HPOBATH IOHSTHSI
JIUTSL TIOBBINICHHST (D (EKTUBHOCTH B3aUMOCHCTBHSI
BCEX YYACTHHKOB JIOTUCTHUECKHX Liereil. AOOpeBHa-
TypbI BCTPEYAIOTCS B PA3IHMYHBIX BHIAX TOKYMEHTa-
[MH, HCTIONB3YeMBIX ISl PeaTH3alliy TPAHCTIOPTHBIX
poreccoB (MH(OPMALMOHHO-CITPABOYHAsL, HAYYHO-
TEXHUYECKasl, HOPMATHUBHASI, PACTIOPSIUTEIbHAS,
TPOEKTHAs 1 J1p.) [5—7]. BbICOKHI POLICHT coziepka-
HUS COKPAIIICHHBIX TEXHMYECKUX TEPMUHOB Oe3 pac-
IM(POBOK B IOKYMEHTAX U CIIELUATILHOMN JINTEparype
SIBJISIETCSL OJTHOW M3 MPOOIIeM, C KOTOPOH CTalKuBa-
I0TCS CTIELMAINCTBI TpaHCIopTHOro cekropa. Cosna-
HUeE CHIeLAIM3UPOBAHHBIX HICTOYHHKOB, CONIEPIKAILIIX
HeoOX0IMMYH0 MH(OPMALIHIO, TO3BOJISIET COKPATUTD
BpEMsI Ha TTOMCK CMBICIIOBBIX 3HAYEHHH, H30eKaTh
OIIMOOK ¥ HEJOpa3yMEHHH, a TaKKe TOJIOKUTENBHO
CKa3bIBACTCs Ha 3 (HEKTUBHOCTH PabOTHI B TPAHCIIOPT-
HOM JIOTHCTUKE.

BaxHO OTMETHTH 3HAYMMOCTB H3yUCHHS U CHCTe-
MaTH3al[IK CIICIHAIIbHBIX a00peBHATYp, TAK KaK 3TO

CIOCOOCTBYET TMOBBILIEHHIO KayecTBa paboThl cre-
[UATIMCTOB Cepbl TPAHCIIOPTA, TaK Kak [8; 9]:

— HeNpaBUIbHOE NOHUMAaHHE COKPAIEHNH MOKET
TPUBECTH K OIIHOKAM H MOCIIEICTBUSAM, CO3TAFOIIIM
yrpo3y 0e30MacHOCTH TPaHCIIOPTUPOBKH;

— 3HaHHE COKPAILIEHHBIX TEPMHUHOB CIIOCOOCTBYET
00Jer4eHHOMY BOCIIPHATHIO HH(OPMAIIHH H TTOBbI-
IIACT YPOBEHb B3AUMOJICHCTBHS C BHEIITHIMH TapT-
Hepamu;

— CTaH/IapTH3aLys TIPU UCTIONB30BaHNUH €IMHOM
CHCTEMBI COKpAIIICHHH MO3BOJACT 00eCneuHBaTh
(GYHKIHOHUPOBAHKHE TPAHCIIOPTHBIX MPOLECCOB
B COOTBETCTBHH C OOIIMMU HOPMAMH U CTaH IAPTaMHu;

— MCTIONb30BaHKe a00peBHaTyp Mo3BOJISET CIKO-
HOMHMTB BpeMs TIpu pabote ¢ MpogeccHOHaNbHOM
JIOKYMEHTalneH;

— IOCTOSIHHAS [IPAKTHKA IIPU paboTe ¢ abOpeBua-
Typamu pa3BUBAET HHPOPMAIIMOHHYIO TPAMOTHOCTb
U TTOBBIIIIACT YPOBEHB MPO(ECCHOHATBHBIX CTAHAAP-
TOB;

— KOHKpETH3alysl IPH COKPAIEHHOM 0003Have-
HHM MapUIpyTOB, TUMOB YCIyT, BUIOB TPAHCIIOPTA
U T.J1. YTIPOLLAET HABHTALIHIO BHYTPU OTPACIIH M yIIPO-
AT UICHTH(PHUKAIIHIO.

CI10Bapb-CIIPaBOYHHUK COCTABIIEH Ha OCHOBE
HOPMATHBHO-TEXHUYECKOH, HAyYHO-TEXHIIECKOH,
y4e0HO-METOANYECKON TPAHCIIOPTHOW JJOKYMEHTa-
1n. [Ipy MOATOTOBKE JAHHOTO M3IaHHS aBTOPaMH
OBLTH MPOAHATH3HPOBAHBI TyOIMKAINH B CITCIHAITb-
HOII MEPHOIIYECKON TTeUaTH, COOPaHbI JaHHBIE OTe-
YECTBEHHBIX M 3apyOeKHBIX ClIoBapeit abbperuaryp,
0000IIEHbl U CHCTEMaTU3UPOBaHbl COKPAILCHHMS,
HCTONb3yeMble MPU 0003HAYECHHH HHKOTEPMHHOB,
Ha3BaHWH, JTIOKAIINH, 0OBEKTOB H T. 1.

Penensupyemoe u3naHue oTIMyYaeTcsl YETKOH
CTPYKTYpOH M COCTOMT M3 JIByX yacTedl. CHavyana
MPE/ICTABIICHBI PYCCKHE a00peBUATYphI B anaBuT-
HOM MOpsJKe ¢ Hocienytouei pacimudpoBKoi
Ka)X/I0TO COKpAILICHHsI, 3aTeM CIIEAYIOT aHIIHHCKIe
0003Ha4CHHS, OMUCAHHBIC aHATOTHYHBIM 00Pa3oM.
I1pu coBnajieHny Harcanus abOpeBHATYP C pasiuy-
HBIMH 3HAYECHISMH AHATIOTH PA3MEIIAFOTCS C KaXKIOH
HOBOM CTPOKH 4epe3 THIbAY (~) 6e3 MOBTOpeHHUs
0003HayeHus1. Psij1 coKpaleHnii IMeeT TOKICCTBEeH-
HbIC 3HAYCHHUS, MPHUBEICHHbBIC Yepe3 3asITyio (,),
1 HECBSI3aHHBIE JIPYT C IPYTOM 3HA4YEHUs, OT/IEIIsIeMbIe
yepe3 TouKy ¢ 3arsaToi (;). CHHXpOHH3UPOBaHHAS
BapHATHBHOCTh TEPMHUHOB MO3BOJSET OBICTPO
1 9ETKO OTPEICITUTHCS C ICKOMBIM TTOHSITHEM B 3aBH-
CHMOCTH OT KOHTEKCTA €T0 YIOTpeOIeHuS.

B aHDI0513bI4HOI YacTH CII0BAPS IPEUMYIIECTBOM
SIBJISIETCS HAJIMYHE PYCCKOTO NEPEeBO/ia I0CIIe aHTIIHIi-
cKkoll pacmudpoBku abOpeBHATYpPhI, YTO 3HAYH-
TENBHO COKPAIIAET MOUCK HHPOPMAIIHH O 3HAYCHHH
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KOHKPETHOTro TepMuHa. [II1 HEKOTOPBIX MOHSATHH,
CIIOCOOHBIX BBI3BaTh 3aTPYAHEHHs, B CKOOKaxX IpH-
BEJICHB! JIOTIOJHUTEIbHBIE KoMMeHTapuH. [Ipenmy-
IIECTBOM JIAHHOTO M3I[aHUsl SBJISETCS CONlepyKaHne
obHoBieHHbIX MHKOTEpMEe 2020, Kacarouuxcs
TPaHCHOPTHBIX 00S3aTEIbCTB PA3IMYHBIX CTOPOH
U X JIOTOBOPEHHOCTEH NPU peai3aliiy NPOLECCOB
MEKyHapOIHOM JIOTUCTUKH, & TAKKE TTOCIECTBUM
UCTIONHEHNS IOTOBOPHBIX YCII0BHIL. BraneHue akty-
anbHOW MH(pOpMAIMEH, PeCTaBIeHHON Ha JIBYX
S3bIKaX, TIOBBIIIAET OTEHIMA TPAHCIIOPTHBIX CIie-
[IMAJMCTOB U Pe3yNIBTaTUBHOCTD UX Tpyza [3, 5, 13—
15].

CrieranbHIH ClI0BAph TPAHCIIOPTHBIX PYCCKHX
Y aHIJIMHCKUX ab0peBraryp MOXeT ObITh HCIIONB30-
BaH CIELUANMCTAMH TPAHCIIOPTHOTO CEKTOpa MpH
pabote ¢ pa3M4YHBIMH acrieKTaMu NpohecCHOHANb-
HOH nedTenbHOCTH. [ IprMeHeHue cnoBaps B KauyecTBe
y4eOHOro nocobust OyAeT TONEe3HBIM B IpOLIecce
TO/ITOTOBKH Oy/YIIMX CHEUAIUCTOB JUIs PacIupe-
HHUSI UX TEPMUHOJIOTHYECKOTO 3araca ¥ pa3BUTHS
TIOMCKOBOTO HaBbIKa MpH pabote ¢ MHPOPMAIMOH-
HBIMH HCTOYHUKaMHU. B nekcukorpaduu JaHHbIH TPy
OyzieT roJe3eH CoCTaBUTEIISIM aHAIOTUYHBIX CIIPABOY-
HBIX WM METOIMYCCKHX TIOCOOHH 110 TPAHCTIOPTHON
WJIM CMEXKHOM TEMATHKE B Ka4€CTBE aKTYaJIM3UPOBAH-
HOTo MH(OPMAIIIOHHOTO HCTOYHHUKA.

B 3axioueHne He0OX0MMO OTMETHTB, YTO 3Ha-
YHMOCTh COCTaBJICHHSI IPE/ICTABICHHOTO CIIOBApSi-
CIIPaBOYHHMKA U MOAOOHBIX €My M3IaHHMH 3aKIIoda-
€TCsl B CUCTEMATH3alIIH CIIELUATbHON TEPMUHOJIOTHH,
00JIerYeH!! TPaHCIIOPTHOTO JIUCKYPCa, HOBBILIEHNH
OPUEHTUPOBAHHOCTH CIIELHANUCTOB NpH pabdoTe
C U3JAHKSIMHU TIEPUOIMYECKOH TTe4aTH, ClIelHaIbHOM
JIUTEPATypOH, JETOBOM JTOKYMEHTAIUEH, a TaKkKe
YPOBHSI OCBEJIOMJICHHOCTH O TOHSTHSIX, OITHChIBAIO-
I[MX HOBBIE SIBJICHHS, OOBEKTHI, MPOLIECCHI TPaHC-
HOPTHO#M 1 CMEXHBIX 00nacTeit. Bianexune npodec-
CHOHAIIbHOW TEPMUHOJIOTHEH TTOBBILIAET YPOBEHb
KBaIM(HUKALNH CTIEUATUCTOB TPAHCTIOPTHON HH/TY-
CTPHH, yBEINYMBAs UX KapbepHbIE IIE€PCHIEKTUBBI
Y BO3BMOYKHOCTH.
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BeaomectHoB U. B. CoBeplieHCTBOBaHME
KOHOMHUYECKOT0 MHCTPYMEHTApHUsl OLeHKHU
TPAaHCHOPTHO-JIOTHCTHYECKOI MHPPACTPYK-
Typbl IPUTPAHUYHOIO perHoHa/ ABToped. uc. ..
KaHj. 3koH. Hayk. — HoBocu6upcek, CI'VIIC,
2024.-24c.

Ipoueccr! TpaHchopMaIy SKOHOMUYECKHX
CHCTEM, MHTEHCHBHO MPOHUCXO/AIIIE B OCTICIHHIE
TOJIbI, 3aTPOHYIH TPAHCIIOPTHO-IOTHCTUYECKYIO
uHppacTpykrypy Poccnu n ee pernoHos. OcHOB-
HBIMH IEMEHTaMU TPaHCHOPTHO-JIOTHCTHIECKOH
undpacrpykrypsl (TJIN) sBnsitoTcs COOCTBEHHO
TpaHCIOPTHAas MHPACTPYKTYpa, TSPMHUHAIIBI
U CKJIaJIpl, HH(OPMALIOHHBIE CHCTEMBI M TpaHC-
TIOPTHO-JIOTHCTHYECKHUE [IEHTPBIL.

Cospemennas TJIV HenpepbIBHO CBSI3aHA C TCH-
JEHLMSAMU Pa3BUTHS MEXTyHApOJHOIH TOPTOBIH,
YTO SIBJIIETCSI HEOTHEMIIEMOM YacCThIO TOCyaap-
CTBEHHOM NONUTUKU. V3MEeHeHue HarpaBieHun
TPAHCIOPTHBIX TIOTOKOB C 3aMajia Ha BOCTOK IpH-
BEJIO K IPo0IIeMe HeCOOTBETCTBHS TPAHCIIOPTHOIO
TIOTCHIIMA/IA BOCTOUHBIX IIPUTPAHUYHBIX PETHOHOB
1 yBEJIMYEHNS TOTPEOHOCTH SKOHOMHUKH B IIEPEBO3-
Kax B IAHHOM HaIlpaBIICHUH

Lens nccenoBaHys 3aKII0YAIACH B COBEPIIICH-
CTBOBAHWH HAy9IHO-METONIIECKHX TTOIXOI0B U 9KO-
HOMHYECKUX MHCTPYMEHTOB yIPABICHUSI, OLCHHU-
BAIOLIMX MEPCIEKTUBBI Pa3BUTUSI TPAHCIOPTHO-
JIOTHCTUYECKOH HH(PACTPYKTYPBI IPHTPAHUYHOTO
pEeruoHa.

CucreMaTH3UpOBaHbl 00IEIKOHOMHYECKHUE
¥ crien(pHUEeCKIe 1711 PETHOHOB (PAKTOPBI, & TAKKE
COLIMAIBHBIC U TEXHOJIOTHYECKUE TPOLIECCHI, 00-
YCIIOBIIMBAIOLIIIE HEOOXOMMOCTh CTPATEr MYECKHX
W3MEHEHUH B TPAaHCTIOPTHOM ITOTEHIIMAJIE ¥ TPAHC-
MIOPTHOH MH(PACTPYKTYpe NPUIPAHUIHBIX PETHO-
HOB B paMKaX aJalTalliy K CTPaTernIecKoi TpaHe-

bopMary SKOHOMHIECKHX CHCTEM. BBISIBICHO
BIIMSIHUE OTUX (DaKTOPOB Ha IMPOLIECCHI PA3BUTHSI,
MPOTEKAIOIIHE B TPAHCIIOPTHO-TOTHCTHIECKOH
HH(PACTPYKTYpE.

YCOBEpIICHCTBOBAHBI METObI SKOHOMHUECKO#
OLICHKH Pa3BUTHUS TPAHCIIOPTHO-IOTHCTHYCCKOM
HH(PACTPYKTYPhI HA OCHOBAHUU CPaBHHTEIIHHOIO
TIOJIXO/Ia.

Y TOYHEHO 1 JIOTIOSTHEHO MOHSTHE TPAHCTIOPTHO-
JIOTHCTHYECKUX 0apbhepoB, KaK COBOKYTHOCTH Ipe-
rpaji ¥ NPEUMYILECTB ITPY OPraHU3aluK MEKTyHa-
POIHBIX MEPEBO30K, ONPEIETICHO UX BIMSHUE Ha
CTpaTEeryIo pa3BUTHS TPAHCIIOPTHO-TIOT UCTHYECKOU
MH(PPACTPYKTYPBI, pa3padoTaHa MpoLeIypa yrpas-
JICHUsI TPaHCIIOPTHO-IOTUCTUYECKUMU OapbepaMu
Ha OCHOBE BBISIBIICHHUSI F MOJICTTHPOBAHHS B3aUMO-
OTHOILICHHUH CO CTEHKXONIepaMu.

Ha ocHoBe 3KcriepuMeHTaIbHBIX UCCIIEI0BAHUIA
JIOTIOJIHEH ¥ alipOOMPOBaH MPOLIECCHBIH TTOXO0N
K Pa3BUTHIO TPAHCTIOPTHO-TIOTHCTHYECKO# HH(ppa-
CTPYKTYpbI, chopMHpOBaHa NPOLIECCHasi MOJIEb
TPAHCIIOPTHBIX MMOTOKOB, MPEIOKEHA CHCTEMA
yueTa (hakropa BpeMeHH IPH OIPEIETICHUN SKOHO-
Mudeckoro addekra ot moaepHusamuu TIIN.

[MpennoxeHa u anpoOUPOBaHa MOJIENb OPTaHH-
3auuu d(hexTuBHON HUMPOBOH cpezbl s (QyHK-
[HOHUPOBAHHS TPAHCIOPTHO-TOTUCTUICCKOM
HH(PPACTPYKTYPBL

[MonyyeHHbIe Pe3yIBTaThl MOTYT TOCTY)KHTh
OCHOBO#1 JUIsl TAJIbHEHILIETO Pa3BUTHsI UCCIIENI0Ba-
HUil B 007acTi 3)(HEKTUBHOCTH JCITEILHOCTH
TPaHCIOPTHO-JIOTHCTUYECKOM MH(PACTPYKTYpbI 110
TaKMM HAMPABIICHUSIM, KaK JIOKAITM3AIIHS X OIITHMH-
3alldsl TPAHCIIOPTHO-JIOTHCTUYECKUX OaphepoB,
(opMHPOBAHKE HHTETPUPOBAHHBIX PETHOHATBHBIX
MIPOEKTOB PA3BUTHSI.

5.2.3. — Pecuonanvhas u ompacnesas 3KoHo-
MUKA (MPAHCIOPM U JIO2UCIUKA).

Paboma evinonnena u 3awuugena ¢ Cubupckom
20Cy0apCmeenHoM YHugepcumene nymeti cooouje-
HUs.

T'opsinckas U. B. Ilosbienne 3¢ pexTnn-
HOCTH PadoThl TPAHCIIOPTHOM KOMIIAHMHU HA
OCHOBE PAllHOHAJBLHOIO PeCypCcHOro odecme-
YeHMs NepeBO30YHbIX BU0B eI TeJbLHOCTH /
ABToped. auc... KaHA. 3KOH. HayK. — M.: PYT,
2024.-24 c.

Db HEeKTUBHOCTD NEATEABHOCTH JTHO00T0
NPEANPUSITHS 3aBUCUT OT PallMOHAJIBHOIO
1 000CHOBAHHOTO HCIIOIb30BAHUS BCEX BUIOB
pecypcoB. CbanaHcupoBaHHOE oOecledeHue
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pecypcamu proOperaeT NpUOPUTETHOE 3HA-
YeHHE P JOCTHIKEHUH KOHKYPEHTHOTO Ipe-
MMYIIECTBA B CHIDKEHUH M3JIEPKEeK. YCUIICHHE
KOHKYPEHILIMM Ha TPAHCIIOPTHOM DPBIHKE Tpe-
OyeT OT TpPaHCHOPTHBIX KOMIAHHIl MOMCKa
HOBBIX MOJIXOJIOB JIJIsl YCTOHYHUBOTO SKOHOMH-
yeckoro pocta. OTHUM U3 MEXaHU3MOB TOBbI-
meHus 3pHEeKTUBHOCTH AESATEILHOCTH TPaHC-
MOPTHOW KOMIIAHHMHM SIBJISIETCS pallOHAJIbHOE
pecypcoobecrieueHue, 4To NO3BOJISIET ONTH-
MHU3HPOBaTh C€0ECTOMMOCTh IEPEBO30K, I'a-
paHTHpyeT Ooiee BHICOKYIO MPUOBLIb U MEHb-
IIME W3JIEPKKU, YeM y APYTHMX YYAaCTHUKOB
PBIHKA.

Ienpto uccepTanvoOHHOTO HMCCIEA0BAHUS
SBJISIACh Pa3pabdOTKa METOAMYECKOr0 MHCTPY-
MEHTapusl yIpaBlieHHUs1 pecypcoodecredeHueM
Y OLEHKH BIMAHUS (PAKTOPOB PallOHAJIBHOTO
UCIIOJIb30BaHUsl PECypcoB Ha 3(PEKTUBHOCTH
MIEPEBO30YHBIX BUJIOB JACSTEILHOCTH TPAHCIOPT-
HOI KOMIIaHHH.

HccnenoBanbl (hakTopbl, BIUSIONINE HA pa3-
BUTHE KOHKYPEHTHOT'O IPEUMYIIECTBA JJOMUHH-
POBaHHMs 10 M3JEPKKaM U YCTOHYMBBIA SKOHO-
MUYECKUH POCT TPAHCIOPTHBIX KOMIAHUM.
[IpennoxeH MeToAMYECKUI MHCTpyMEHTapuit
JUIsL pacuera COBOKYITHOTO SKOHOMHYECKOTO
a¢dexTa Npu UCHONB30BAaHUM KOHKYPEHTHOM
CTpATeruu «JOMHHUPOBAHUE 10 H3IEPKKAM)).
[IpumeneHue 3TOI MOAENH MO3BOJIUT BBISIBUTH
KPUTHYHBIE (AKTOPBI, IPUBOIALINE K POCTY
ce0eCTOMMOCTH NEPEBO30K, CHU3UTD H3JEPIKKU
Y TOBBICUTH KayeCTBO IJIAHMPOBAHUS 3aTpar
KOMITaHUH. Pe3ynbrar MpoBEeJeHHBIX pacyeToB
MoKa3aJl, YTO COBOKYIHBII SKOHOMHUYECKHI
3¢ QeKT NpUMEHEHUS PETI0KEHHBIX ITOJIX0/I0B
YIpaBJICHUs peCypcooOecIieueHuEM MOXKET CO-
CTaBUTH OT 3 110 15 % onrtuMusanuu cedecTou-
MOCTH TE€pPEBO30YHBIX BHUJIOB JIE€ATEIHbHOCTH
TPaHCIIOPTHOW KOMITaHHH.

[IpoaHann3upoBaHbl pa3NUYHbIE MOAXOJbI
K YIpPaBJIEHHIO pecypcamu 0e3 IpUBICUECHUS
JIOTIOJIHUTENBHBIX (prHAHCOBBIX cpencts. [1pen-
JIO)KEH TPEJUKTUBHBIN MHCTPYMEHTapuil pac-
yera pacxo/ioB Ha OCHOBHBIE BHIBI PECYPCOB,
pUOOpeTaeMBbIX TPAHCIIOPTHOM KOMITaHHEH 1St
OCYIIECTBIICHHS [IEPEBO30YHBIX BUJIOB JICATEIb-
HOCTH, YYHMTBIBAIOIIUN pa3JIM4HbIe CLIEHAPHBIC
YCIIOBUSI, YTO TIO3BOJIUT CHU3UTh PUCKH IIPEBbI-
IIEHHS PacXOl0B Ha PECYPCHI CBEPX ILIAHOBBIX
3HAYEHHH U ITOBBICUTH () PEKTHBHOCTB PECYpPCo-
obecrieueHusl.

[Ipoananu3npoBaHo BIUSHUE 1IEH ITPUOOpe-
TaeMBbIX TOIIMBHO-3HEPreTHYECKUX U METAILIO-
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€MKHX PecypcoB Ha pacxoJibl TPaHCIOPTHOU
KOMITaHHH.

Ilo pe3ynsraram npoBEAEHHOIO aHAIN3a pa3-
paboTaH MOPSAOK KOPPEKTHPOBKHU IJIAHOBOM
LIEHBl MaTepUANOEMKUX PECypCOB, PHUMEHse-
MBIl IPY NPEBBIIIEHUN HHIUKATOPOB I€HBI
MIOPOTOBBIX 3HAUEHUH, YTO 00ECHEYHUT pecypc-
HBIA MapuUTeT YYaCTHUKOB IIpoIiecca pecypco-
obecneuenus. [IpuMeHeHne npeniaraemMoro
MOpsAKa IO3BOJIUT CBOEBPEMEHHO OINPENIENUTh
HEOOXOANMOCTh KOPPEKTUPOBKH LIEHBI Ha KIIIO-
YeBBI€ PECYPCHI B IpeieNnax KOpUIopa npeaeb-
HBIX 3HAYEHUI1 (AMana3zoHa rmoporoBbIx Ko3dhu-
LIMEHTOB), YTO COAIAHCUPYET BBITO/bI U PUCKH
00eHX CTOPOH KOHTPAKTa, HOAIEPIKUT ITPOU3BO-
JIUTEJICH PH HEraTUBHON KOHBIOHKTYPE ChIPhb-
€BBIX PHIHKOB.

HccnenoBaHbl pa3auyHble MOIXOIbBI A
OLICHKH BIIMSHUS PECYPCHBIX (PaKTOPOB Ha pac-
XOJIbl TPAHCTIOPTHON KOMIIAHUU IO IIEPEBO30Y-
HBIM BHJAaM fAeATenabHOCTH. Ha ocHoBaHHU
MIPOBEJICHHOTO aHAIN3a MPEJI0KEeH HHCTPYMEH-
Tapuii, MO3BOJISIONUN BBISIBUTH 3aTpaTHBIE
1 PUCKOBBIE 3aKyTIKH PECYPCOB, HIMEIOIIHUE CYIIe-
CTBEHHOE BIIMSIHUE HA PACcXO/Ibl, BHIITOJIHUTH UX
KOJIMUECTBEHHYIO OLICHKY.

IIpemyaraercst UCIONB30BAaTh PE3YJIBTATHI
9TOM OLIEHKH KaK JJ1sl pOpMHUPOBAHUSI IITAHOBBIX
MapaMeTpoB, TaK U JUIS IPOTrHO3UPOBAHUS BO3-
MOYKHBIX PHCKOB, KOTOpbIE OYIyT YYTEHBI IPH
MIPUHSTUY YIIPABICHYECKUX PEICHUH.

Pa3paborana Mozenb OLEHKH BIMSHUS LEH
CBIPHEBBIX KOMIIOHEHTOB Ha U3MEHEHUE CTOUMO-
CTH METaJUIOEMKOH IIPOYKIMH, IPHOOpEeTaeMOoi
TPAHCIIOPTHOW KOMIIaHuel aisi obecrieueHus
NIePEeBO30YHOTO MpoIiecca.

Pa3pabotanbl MeTO/IBI TUIAaHUPOBaHUS 3 dhek-
TUBHOT'O PecypcoodeciedeH st Ha OCHOBE Iapu-
TETHOW BBITOABI MOKYIaTelss (TPaHCIOPTHOM
KOMITaHUH) U TIPOU3BOAUTEIS TPOLYKIHH.

[lepcnexTuBoil nanpHeimend pa3padoTKu
TEMBI SIBIIICTCS COBEPLICHCTBOBAHNE MEXaHU3Ma
(hOopMHUPOBaHHMS IPOTHO3HBIX 1IEH C UCIIOIb30Ba-
HUEM MHCTPYMEHTApHsI LIEHOBOTO ApUTETa, TaK
Kak Ipo0iieMariKa BHEIUIAHOBOTO POCTa 3aTpar
TPaAHCIOPTHBIX KOMIIAHHMH, CBSI3aHHBIX C NPH-
0o0OpeTeHneM MeTalTIOEMKOH POAYKIMU U TOI-
JIMBHO-3HEPreTHYECKUXPECypCcoB, 00ycioBie-
Ha YJIOPOKAHUEM ChIPhEBBIX KOMIIOHEHTOB.

5.2.3. — Pecuonanvuas u ompacnesas dKOHO-
MUKQ (MPAHCROPM U IOSUCTUKAQ).

Paboma evinonnena u sawuwena 6 Poccuii-
CKOM YHU8epcumeme mpancnopmad.




Kcenogontosa B. A. MoaeaupoBanue ¢pusu-
YeCKHX CBOWCTB H MPOLECCOB MEPEeBO3KH BS3-
KHX He()TeNpPOIYKTOB B YCJIOBUAX M3MEHEHHS
TEeMIIepPaTypHOTO pe;KMMa BHeLIHeil cpeabl /
Astoped. auc... kaHa. TexH. Hayk. — CII6.:
Nrymc, 2024. - 20 c.

Bsizkue Hedrenponykrsl (BHIT) 3anumator
3HAYUTEBbHBIN 00hEeM TPY30BBIX IEPEeBO30K Poc-
cuiickort denepanun, IMest HU3KYIO peHTa0eb-
HOCTb. JIaHHBII pakT MOXKHO OOBSICHUTD (hr3HHe-
CKUMH M 9KCIUTyaTallMOHHBIMH CBOHCTBaMY HeTe-
TIPOYKTa MPH OXJIAYK/ICHUH: 33 BPEMSI IIEPEBO3KH
BHII oxnaxnarorcsi, Iepexosis B BEICOKOBA3ZKOE
cocTtostHueE. VX BBITpy3Kka 0e3 TPO0IKUTEIBHOTO
Y HIHTEHCHUBHOTO Pa30rpeBa, TPEOYIOIIETO A0MOI-
HUTETBHBIX 3aTpaT BPEMEHH M PECYPCOB, CTAHO-
BUTCSI HEBO3MOXKHOU. IIpn 3TOM OTIIMUMTENBHON
YepTOi BCEX BA3KMX HE(TENPOIYKTOB SIBISETCS
HH3Kast TEMIONPOBOAHOCTH U OOJIbIIast BENMUMHA
00BEMHOTO TETIIOBOTO PACILIMPEHUS.

Lernpro paboTI siBiIsIETCS TOBHIICHHE Y(deK-
THBHOCTH IIpoliecca IePeBO3KH BSI3KHX HedTe-
TIPOYKTOB B 3UMHHMI IEPUOT (TO €CTh CHIDKEHHUE
3aTpaT PecypcoB M MPOAOIHKUTEIBHOCTH TPaHC-
TIOPTHBIX orepanyii 1o epesoske BHIT).

[IprmMeHeHNe MPEAIoKeHHOTO YHCIEHHOTO
METOZA pacueTa pacIlpeesIeHus] TEMIEpaTyp
B CJIO€ Ma3yTa MEPEMEHHOH TOJIIUHBI PH €0
pazorpese (pa3MbIBe) MMO3BOJIIIIO MONTYYUTH €T0
JUTSI BBIITYKJIO-BOTHYTOTO CETMEHTA.

Pa3paborana MeTOMKa TOCTPOCHHUS MaTeMa-
THYECKHX MOJIeNIel porecca HOCTaBKH Ha OCHOBE
BpPEMEHHBIX CTOXacTU4eCKuX cereit Ilerpu.

Pa3paborana crarucTiueckas UMUTAIMOHHAS
MOJIETIb, TTO3BOJISIOIIAsT ONPEACIUTD PAIOHANIb-
HbI BapuaHTt nepeso3ku BHII B 3uMHux ycno-
BUSIX C IIEJBIO TIOBBIIICHUS 3(PHEKTHBHOCTH Kak
BCETO IpoIecca MePEeBO3KH, TaK M OTACIBHBIX
MIOJIPOLIECCOB, PeaTn30BaHHAsA MTOCPEACTBOM
KOMIIIEKCa ITPOTPaMM C HCTIONB30BaHUEM POCCHIA-
ckoit aropmel Business Studio.

HecrannaprHoe npuMeHEHUE POCCUICKOM
miardopmsl Business Studio, npeaHasHaueHHO#M
JUTSI MOZIETIMPOBAHHS IPOM3BOICTBEHHBIX OU3HEC-
TIPOLIECCOB, MO3BOJIMIIO TIOTYYHUTh OLIEHKH SKOHO-
MHYECKOT0 3(dekTa MpeyIoKEHHOTO Crocoda
MIEPEBO3KH BA3KUX He(TENpomyKToB. B pesyis-
TaTe IMUTAIOHHOTO MOJIETIMPOBAHHS IOy HITH,
YTO MOLIHOCTb OTHOM POMBIBOYHO-TIPONAPOIHON
CTaHIIMM MOXeT OBITh yBeirnueHa B 3,4 paza mpu
OYHCTKE KOTJIa BAarOHA-IIUCTEPHBI OT BBICOKOBSI3KIX
OCTaTKOB Ma3yTa; MPH LUPKYISIHOHHOM CII0c00e
ciuBa BHIT pacxon napa, 251eKTposHepruu CHUKa-

totcst Ha 37 % u 32 % COOTBETCTBEHHO, BpeMs
pasrpy3ku ymeHblaercs Ha 4 % BaroHO-4acoB
(TecTUpyeMBbIi IEPHOJT COCTABIISET ITOJITOPA ro/a);
YHCII0 000POTOB COCTABa 3a 3MMHHI MEPUO yBe-
JIMYMBAETCS TTOYTH BBOE.

INokazana aJileKBaTHOCTb TOCTPOSHHBIX MOJIE-
JIeH JUIst MOZIENTH LIMPKYJISILIMOHHOTO CIIMBA Ma3yTa
Mapku M-100 myTeM cpaBHEHUS pe3yJbTaToB,
TIOJTYYEHHBIX IPH MMHTALMHU, U TAHHBIX, MPE/o-
CTaBIIEHHBIX ICMCTBYIOIIEH OpraHu3aryeil.

Jis ocrajbHBIX JaHHBIE UMHTALMOHHOTO
MOZICJIMPOBAHMSI CPaBHUBAIM C pPe3yJbTaTam,
TOJTyY€HHBIMH aHAJIMTUYECKH.

I[NepcrieKTHBHBIM HalpaBIIeHHEM JATTbHEHIIINX
HCCIIEIOBaHMH sIBJIsIETCSl 0000IIEHHE MaTeMaTHye-
CKOW MOJIENIM IEPEBO3KHU Il JIFOOBIX BHUIOB IPO-
JIYKTOB C U3MEHSFOLIMMUCS CBOMCTBaMH (0OLIeH
MOJIETIH).

1.2.2 — Mamemamuueckoe mooenuposarue,
YuCIeHHble MeNMOObl U KOMNIILEKCHI NPOSPAMM.

Paboma evinonnena u sawuwena ¢ llemep-
OYpeckom 20cyOoapCmeenom yHueepcumeme ny-
metl coobuenust Mmnepamopa Anexcanopa 1.

Ky3bsmun B. P. MeTonuueckuii moaxos, ajaro-
PHMTMBI M IPOTPAMMBI /11 OLIEHKH 3ar PA3HEHUS
OKpY:Kalolleil cpebl 00beKTAMU IHEPTeTHKH /
ABToped. nuc... kKanj. TexH. Hayk. — UpkyTck:
HpI'YIIC, 2023.- 19 c.

ComacHo OHepreTryeckoi crpareruu Poccuii-
ckoit @enepanuu Ha niepuosa a0 2035 rona, cpeau
MPHOPUTETOB TOCYIAPCTBEHHOM SHEPreTHYeCKOU
MOJIUTHKH — TIEPEXOJ] K SKOJIOTUYECKU YUCTOU
u pecypcocOeperaroleii SHepreTuke, a Takxe
PpalMOHAILHOE IPUPOJIONONIB30BAHNE U SHEPTETH-
yeckast 3(HEKTHBHOCTb.

Llesbro0 paboTHI ABISUIACH Pa3paboTKa METOAH-
YECKOTO TI0/IX0/1a, aJITOPUTMOB M IPOTPaMM ISt
OLICHKH 3arpsI3HEHHSI OKPYKaIOIIeH Cpeibl 00beK-
TaMH SHEPTeTHKH U TOJIEPIKKU IIPUHSATHS pelie-
HHUH 10 CHW)KEHHUIO MX BPEIHOTO BO3JEWCTBUS,
OCHOBAaHHBIX Ha UCIOJIb30BaHUH aBTOPCKOW HH-
(opmaroHHO-BbIuKCMTENbHOM cucTeMbl (BC).

Pa3paboTaHbl METOOMYECKUI MOIXOM, aJro-
putmel 1 UBC WICS s oueHku 3arpsisHEHUs
OKpYXalolle cpe/pl 00beKTaMH YHEPTeTHKU
U TOJIEPIKKH TIPUHSATHUS PEILICHHUH 10 CHUYKEHHIO
UX BPEIHOTO BO3JCHCTBUSL.

BeInonHeH aHanu3 CyIECTBYIOIMX METO/IOB
Y MOJIeNel ISt OLIEHKH 3ar pI3HEHHs] OKPY KaoIIer
cpelbl 00BEKTaM1 SHEPIeTUKH M MOIXOJ0B K I0-
ctpoenuto UBC.
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[TpenyioxkeH METOAMYECKHUI MOAXOJ st
OLICHKH 3arpsi3HEHHI OKpYKarolei cpezibl 00beK-
TaMH SHEPreTUKH, OTINYAOIINICS HHTeTpalyei
Pa3pO3HEHHBIX METOIMK U PUMEHEHNUEM CEeMaH-
THUUYECKHX TEXHOJIOTHI B paMKkax aBropckoit UBC
U BKJIIOUAIOIIMH CHCTEMY OHTOJIOTMH, HHTEIrpU-
PYIOIIYIO OHTOJIOTUM OOBEKTOB IHEPTETUKH
Y OHTOJIOTHMH BIIUSIHHSI OOBEKTOB DHEPreTHKH Ha
OKPYKaIOIIYI0 Cpeny; NPUHLHUIIBI HHTErpaliu
METO/IMK PacyeTOB BHIOPOCOB U PaCIPOCTPaHEHHs
3arpsi3HEeHUIl; aJropuTMbl pacyeToB BHIOPOCOB
W pacrpoCTpaHEeHHs 3arpsi3HEHNI U OPUTUHAIIb-
HBIH aJITOPUTM MMOCT-00pabOTKH PE3yIIBTaTOB pac-
YETOB PAaCIPOCTPAHEHHUS 3arPsI3HEHUI; METOIUKY
OLIEHKH SKOHOMHYECKOTO yIiep0a OT 3arpsi3HeHHs
OKpyKatolei cpeibl 00beKTaMH SHEPIeTUKH.

Ipennoxens! hopmanmzoBanHas Moaens TBC
u Meroauka npoektuposanus MIBC Ha ocHOBe
areHTHO-CEPBHCHOTO IOAXO0/a, OTINYAIOIIAsICs
MPUMEHEHHEM COOBITHIHBIX MOJIENIEH JIs OTTHca-
HHS1 areHTHBIX CLIEHAPUEB U IIPUMEHEHUEM OHTO-
JIOTHH JUIs TIpoeKkTHpoBaHus 0a3 jnaHHbIX. Ha ee
OCHOBe ObLTa pa3zpaboTaHa areHTHO-CEPBHCHAs
ApXHUTEKTypa U BBIIIOJHEHbI TPOrpaMMHasi peaiu-
sauus UBC WICS, 6a3bl 3HaHuil, XpaHsmei
CHCTEMY OHTOJIOTHH, U peaiu3anus 6a3 JaHHbIX
BBIOPOCOB BPEIHBIX BEIIECTB OT OOBEKTOB JHEP-
retuku (DB PEF) u pe3ynbraroB CHErochbeMku
(DB SMP).

PazpaboTana TeXHOIOIUs OLIEHKY 3arPA3HEHUS
OKpYy>KaroIeil cpelibl 00bEKTaMU YHEPreTUKU Ha
OCHOBE IPEIOKEHHOTO METOIMYIECKOTO MOIXosia
n UBC WICS.

C ucronp30BaHNEM Pa3pabdOTaHHBIX TEXHO-
JIOTHW ¥ MHCTPYMEHTApUsl BBINIOJIHEHbI HCCIIE/I0-
BaHMsl, OCHOBaHHbIC Ha CEPHU BBIYMCIIUTEIBHBIX
9KCIEPUMEHTOB, PE3YJIbTaThl KOTOPBIX TIOKA3bIBa-
0T MX IPUMEHUMOCTB ITPpY (DOPMUPOBAHUH TEXHH-
YECKHX PELIeHHH, TPUHUMAEMbIX TIPH CO3IaHUH
Y OKCILTyaTaliy OOBEKTOB SHEPIEeTUKH.

BrinosHeHa MHTEpIpETalusl pe3yibTaToB
BBIYUCIIUTENBHBIX SKCIIEPUMEHTOB U cHOpMYIIH-
POBaHBI, C UX Y4ETOM, PEKOMEHJIAlHU 110 Mepo-
NPUATHSAM JUIsl CHIDKEHUSI HETaTUBHOTO BO3/ICH-
CTBHUS JISHCTBYIOIIMX OOBEKTOB YHEPIeTHKU Ha
OKpY Karollyto cpefy. st IpeIoKeHHbIX PEKo-
MeH/1a1Hii ObL1a BBIIIOJIHEHA OlIeHKa 3 (heKTUBHO-
CTH B CITy4ae MX peali3allii: BIMSHHUE HA CHIKE-
HHe 00bEMOB BBIOPOCOB 3arpsi3HSIOIIMX BELIECTB
U CHIDKEHHE SKOHOMHYECKOTO yIiep0Oa, HaHOCH-
MOTO0 arMoc(epHOMY BO3/IYXY.

Pesynbrarsl iuccepTalMOHHON padoThI IpH-
MEHEHBI IPH BBIITOJIHEHUH [IPOEKTOB I10 roc3a1a-
Ho NCOM CO PAH, nipoekToB, noaepKaHHbIX
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rpantamu Poccuiickux (POOU n PHD) u mexy-
HapoaHbIx (EAIT) HayuHBIX ()OH/IOB U TepeaHbI
B UHctutyT sHepreruxku HAH benapycu.

2.3.1 — Cucmemnvlil ananus, ynpaeieHue
u 0bpabomxka uHgopmayuy, CMamucmuxa.

Paboma evinonnena 6 @edepanvrom 2ocyoap-
cmeeHHOM 6100cemHom yupedicoenuu Hayku Hn-
cmumym cucmem snepeemuxu um. J1. A. Menenmo-
esa Cubupcrozo omoenenust Poccutickoti akade-
muu Hayk (MCOM CO PAH), sawuwena 6 Hprxym-
CKOM 20CY0apCmeeHHOM YHUugepcumeme nymeu
CcoobUeHUsL.

IInernes /1. C. bopToBoii HakonuTeJIbL HEP-
THH HA )IEKTPONOABHKHOM COCTABE METPOTIO-
JuteHa / ABroped. auc... KaH/J. TeXH. HAyK. —
M.: PYT, 2024. - 24 c.

Bce pa3Buthbie rocyaapcTsa coOmonaoT MUpo-
BbIE€ COIVIAILICHHS O «3€JICHOW» SHEPIeTHKE U CIIO-
COOCTBYIOT OEpeKHOMY HCIIONIb30BAHUIO ITPUPOJI-
HBIX PECYPCOB. DTO BBIPAXXAeTCsS B MPHHATHU
Pa3JIMYHBIX MPAaBUTEILCTBEHHBIX NPOrPaMM I10
pecypco- u sHeprocoepexenunto. OHoI U3 otpac-
JIel 5KOHOMHUKH, TJI€ 3TO SIBHO BBIPAXKAETCS, SIBJISI-
€TCsl ANIEKTPOIHEPreTHKA, a B Hel — AIeKTPOCHA0-
YKEHHE SIIEKTPUIECKOTr0 TPaHCIIopTa

Hensmu uccepTaliioHHO paboThI SBISLINCH
uccrnegoBanue 3QQEKTUBHOCTH BHEAPEHHUS HAKO-
TIUTENIeH SHEPrUH Ha ANIEKTPOTIOZIBUIKHOM COCTaBe
METpPOIOJIUTEHA, pa3pabOTKa TEXHUUECKHUX pellie-
HUM U TMOUCK MyTell MpakTUYIeCKOoi peanu3anuu
BHD3 B cocrage anexrpoobopynosanus IIIC.

OrnpefieneHbl 0CHOBHBIE KPUTEPHH, TO3BOJISIO-
e OUEHUTH 3P(PEKTUBHOCTh MCIOJIB30BAHUS
HaKOIUTEJISl SHEPIHU Ha OOPTY AIEKTPOIOABUIK-
HOT'O COCTaBa METPOIOIUTEHA.

BelnonHeH aHan3 CyNIECTBYIOMIMX THUIIOB
HaKOIMTENEH DHEPrH, CPer KOTOPBIX OMpee-
JIEHBI HAMOOJIee MOIXO/SIIINE ISl UCTIONB30BaAHMUS
Ha DIIC merpononuTeHa.

Pa3paboraHbl TEOpETHUECKHE TTOJIOKEHHS MO
00ecreueHNI0 SKOHOMHH SHEPTUH M IOBBIIIE-
Huro 0e3onacHocty Asmxkenus DIIC, oTnyaro-
LIMEeCs] OT CYLIECTBYIOIINX TEOPETUUECKUX pe-
LIEHUH HCTIO0JIb30BaHHEM OOPTOBOTO HAKOIIUTEIIS
na JIIC.

[IpoBeneHbl 3KCIIEPUMEHTANIBHBIE 3aMePhI
nokasareneit paborsl DIIC Ha OBYX JHMHHIX
MOCKOBCKOTO METPOIIOJINTEHA, 32 CUET Yero
OBUTH TI0JTyYEHBI peaIbHbIE JaHHBIE IT0 PACXOY
9JEKTPOIHEPTUN Ha MEXII0e3THOH OOMEH
1 U30BITOYHOM SHEPTUH PEKyIIEpaIHH.




Co3znana nudposasi Mozienb paboThI AIEKTPO-
TIOJIBIYKHOTO COCTaBa B CTPYKTYPE CUCTEMBI TSTO-
BOTO DJIEKTPOCHAOKEHUS JIMHUK MOCKOBCKOTO
METPOIIOJIMTEHA.

Pa3paborana MeTOIMKa ¥ BBITIOJIHEHO CPaB-
HEHHUE Pe3yJIBTaTOB MPOBEIEHHOTO HMHTAIMOH-
HOT'O MOJICJTUPOBAHHUS IBKDKEHUS [IO€3/1a C PE3YITb-
TaraMy SKCIIEPUMEHTAIILHBIX 3aMEPOB TTapamMeT-
poB nBmwxkenust JIIC Ha nuHUM MOCKOBCKOTO
METPOIIOIUTEHA 10 UHTETPATLHBIM II0Ka3aTeIsM,
METO/IOM BEPOSTHOCTHOIO aHaJIM3a MO JIOTUCTH-
YECKOMY 3aKOHY paclpeesIeHHs], 0 KPUTEPHIO
CrplonenTa. JlokasaHna cXoquMOCTb Pe3yJIbTaToB.

Pazpaborana mporpamMma jajsi CTaTHCTHYE-
CKOTO aHaJIM3a EKTPHYECKUX MapaMeTpoB I10-
e3na. Pa3paboraH NOMOTHUTENBHBIH MOAYIb
MIpOrpaMMBbl, NpeJHa3HAUYCHHBIN ISl OIpeelie-
HUS YHCIIa UKIIOB TIepe3apsiia U SHEProeMKOCTH
0OpPTOBOTO HAKOIUTEISI JIEKTPOIHEPTHH.

Paspaborana cTpyKkTypHas cxeMa 1 KOHCTPYK-
LIUSI HAKOTTMTEIIS SHEPTHH JUIsl HCIIOJIb30BaHMS Ha
60pty DIIC. OmnpeneneHbl OCHOBHBIE XapaKTepH-
CTHKHM OOpTOBOrOo Hakomuress sHepruu. [lpu
WHCTPYMEHTAJILHOM O0CII€I0BaHUH TOJBArOH-
HOTO ITPOCTPaHCTBa OBbUIO ONPE/IENIEHO CBOOOIHOE
MECTO MOJI pa3MelleHne OOPTOBOTO HAKOIHUTEIIS
SHEPIUU.

OmnpejeneHa SHEPrOEMKOCTh HAKOIHUTEs
9JIEKTPOIHEPTHU Ha IMOJIBHIKHOM COCTaBE MO
TEXHUKO-DKOHOMUYECKHM ITapaMeTpam.

Pa3paborana MeToquKa U IPOU3BEACHA TEX-
HUKO-3JIEKTPOTEXHUYECKash OlleHKa d(dekra oT
MIPUMEHCHUSI HAKOITUTENIs dHepruu Ha 6opty DIIC
METPOIIOJIUTEHA B COBPEMEHHBIX YCIIOBHSIX 3KC-
TUTyaTaryy.

PexomennyeTcst BHeZ[peHHE OOPTOBBIX HAKO-
TIUTeNel SDHEPTUH Ha AIEKTPOIIOIBMIKHOM COCTaB
METPOIIOJIUTEHOB JUISl TOBBIILIEHHS SHEProdddex-
TUBHOCTHU JIBHJKEHUS MOE3/10B, a TaKXKe s
obecrieueHus JONOJIHUTENbHOIM 0e30MacHOCTH
MacCaKMPOB TIPU aBapUIHBIX OCTAHOBKAaX JIBH-
JKEHHMs1, CBSI3aHHBIX C IPEPhIBAHUEM MTUTAHUS OT
CHCTEMBI TATOBOTO JIEKTPOCHAOKEHUSI, 32 CUET
peanuzanuy GyHKIUH aBTOHOMHOTO XO71a.

[NepcniexTrBo# HasbHElIIEH padOThI O TEME
SIBIISIETCSI pa3pabOoTKa METOZOB 10 aBTOMAaTH3UPO-
BaHHOMY BBIOOPY €MKOCTH OOpPTOBOTIO HAKOIH-
TeJIsL DIIEKTPOIHEPTHU Ha 3JIEKTPONOABHKHOM
COCTaBe METPOIOIUTEHA.

2.4.2. — Dnekmpomexnuieckue KOMNIeKChl
u cucmembl.

Paboma evinonnena u sawuwena 6 Poccuii-
CKOM yHUSepcumeme mpancnopma.

Yeyearuuukuii A. . Cucrema Texuuue-
CKOT0 00CTy;KHBAHMSI ITyTH IIPH HAJTUYHH 1JTHH-
HBIX HEPOBHOCTEH MPOIOILHOr0 NPOopuIs Ha
Y4aCTKaX MAaKCUMATLHOI TATH U 2J1eKTPOIUHA-
MHMYEeCKOro TopmMo:keHusi / ABroped. amc...
KaHJ. TexH. HayK. — M.: PYT, 2024. — 24 c.

Pa3BuTHE XKEIE3HONOPOKHOTO TPAHCIOPTA
HEpa3pBIBHO CBS3aHO C MOBBIIEHNEM CKOPOCTEH
JIBIDKCHUS TI0€3710B, MOBBIIIEHHEM OCEBBIX Ha-
TPY30K U Beca Ipy30BBIX 1M0€3/10B. PeTpocriek-
TUBHBIH aHAJIN3 IOKA3bIBAET, YTO TOJIBKO C HaYa-
JIa TPETHETO THICAYEIIETHS CPEJHUI BEC MOe3]a
yBemmumics Ha 20 %, a oceBble Harpy3KH BbI-
pocnu Ha 26 %.

Ienbro HccienoBaHus ABIAIACH Pa3paboOTKa
Hay4YHO 0OOCHOBAHHOH CHCTEMBI OILICHKHU BITHSI-
HUSI JUTMHHBIX HEPOBHOCTEH MyTH U UX COYeTa-
HHS C KOPOTKUMH HEPOBHOCTAMH Ha Oe3orac-
HOCTb JABM)KCHUS [TOE3/10B U YIIPABIICHUS COCTOSI-
HUEM IyTH NPH HAIWYHU TaKUX HEUCIIPABHO-
cTe.

I[To pe3ymbraram IuCCepTaOHHON PabOTHI
00001IeHEl HayYHBIE MCCIIETOBAHUS IMPUYHH
00pa30BaHMs JUIMHHBIX POPIIEHEIX HEPOBHO-
CTel M MX BIMSAHUS Ha MOKa3aTeNH JUHAMHKH
TIOZIBM>KHOTO COCTaBa, HHTEHCUBHOCTB HAKOILIIE-
HHS HSHCIIPAaBHOCTEH U, KaK cleficTBre, Geomac-
HOCTb IIEPEBO30YHOTO IIpoIiecca.

CucrteMaTH3MpOBaHbI MapaMETPHI ATHHHBIX
HepoBHOCTeH Ha cetr fJopor OAO «PXKI» B paz-
JIMYHBIX YCIOBUSIX 3KCILTyaTalllH, PACIONOKUB-
HIrecs 10 JJIWHe B Auamna3one ot 25 mo 200 m,
a 1o amrmuTyzae ot 22 1o 164 mwm.

JlokazaHa BO3MOXHOCTb HCIIOIb30BaAHMUS
0000IIEHHBIX MOETEN OIEHKY BIIMSHUS IJIHH-
HBIX HEPOBHOCTEH Ha I10KAa3aTesId B3aUMOJEH-
CTBHS ITyTH U TIOJBIKHOTO COCTABA IIPH PA3IHI-
HBIX BapUAHTax BIUSAHUS MPOJOJIEHBIX CHIL.

N3ydeHo BIUSHUE MPOJOIBHBIX CHI TSITH
1 3NIEKTPOANHAMUYECKOTO TOPMOXKEHUSI COCTa-
BOB Ha INHAMUYECKHE TOKA3aTEI! IIOBIKHOTO
COCTaBa NP HAIWYMH B ITyTH JUIMHHBIX HEPOB-
HOCTEH IPOJONBEHOTO TPOQHIIS.

JlokazaHo, 4To HanboJiee HEONAroMPUITHOE
BO3/ICHCTBHE Ha MOKA3aTeIN ANHAMHKHY OIBIK-
HOTO COCTaBa MMEIOT COYETaHUs HEPOBHOCTEH
Ha y4JacTKaX MaKCHMAaJIbHOW TATH U BIEKTPO-
JUHAMHYECKOTO TOPMOXKEHHUSL.

BBezneHO HOBOE MOHSITHE B CHCTEMY OpTaHH-
3aIlMM TEXHUYECKOTO OOCTYKMBAHHS MyTH —
HEMEJIEHHOE YCTPaHEHNE COUETaHUN ATTMHHBIX
HEPOBHOCTEH ¢ pocaakaMu 3-eif crenenn u 2-i
cTeneHu, OMU3KOH K 3-eH.
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HOTO ITOJIOTHA.

Pa3paboTaHbl U YTBEPKAEHBI PACIOPsIKE-
Huem OAO «PXJI» ot 30.11.2023 Ne 1322
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ABSTRACT

An approach presented within the framework of the problem of
formalisation and presentation of geoinformation structures in the
GIS environment and based on the functional programming capacity
is intended to simplify the techniques of dealing with characteristics
of geodata attributes. The paper considers issues related to formation,
comparison and transformation of geo-descriptions for updating
geoinformation in the GIS environment. To implement the
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transformation of geo-descriptions, a simplification of formation of
a tool for representing geoinformation and geo-text sets is proposed.
The approach described in the paper is based on the choice of
a functional programming paradigm implemented in the form of data
analytics machine, which allows implementing transformations of
geo-descriptions in various GIS languages and maintaining the
geodata repository in an up-to-date state.
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BACKGROUND

Processing of geoinformation applying
a symbology layer causes constraints in
implementation of semantic processing of GIS
resources due to weak standardisation of
attributive and visual geoinformation and poor-
quality structures of its description, which are
necessary for creation of an interconnected set
of GIS resources. Descriptions of geodata, due
to their heterogeneity, cannot be presented
exclusively in linguistic form, therefore, the idea
of developing an approach based on functional
programming may be productive, which would
allow to match geodata with encapsulated
functions of their processing, that to some extent
reflect their semantics [1; 2]. The proposed
approach will allow to expand the system of used
geo-descriptions pertaining to various GIS
languages, including the presentation of visual
geospatial knowledge.

RESULTS
Two Scientific Directions in Development
of Cartographic Systems

The synthesis of cartography and semiotics
gave rise to a new scientific discipline, i.e.
cartosemiotics, which included the analysis,
interpretation and transformation of symbolic
cartographic systems.

Cartosemiotics uses linguistic descriptions in
geoinformatics and makes it possible to represent
attributive characteristics of maps, such as
symbols and legends, using special linguistic
construction of maps with model and content
components.

Over time, five sections were recorded in
cartosemiotics, one way or another related to
creation of geo-descriptions: cartosemiotic,
cartolinguistic, formal-logical, cybernetic and
sublinguistic. However, the formal-logical and
sublinguistic sections have not undergone
significant development and are marginal in
nature.

Cartosemiotics, being essentially applied
semiotics, includes three components similar to
semiotics: 1) cartographic syntax of system of
signs; 2) cartographic semantics associated with
the analysis of meaning of the signs used,
corresponding to the described GIS resources;
3) cartographic pragmatics, which allows us to
measure the utility of the signs used depending
on the level of knowledge and professional
background of users of GIS resources. The
central element in cartosemiotics refers to

development of a map language — a correct and
consistent symbology system designed to display
cartographic information. The quality of the map
language is characterised by the level of
development of the means of presenting
geospatial knowledge and by the possibility of
visualising cartographic information. The most
significant contribution to development of the
map language was made by A. A. Lyuty [3]. The
map language he created includes two
sublanguages: one allows us to present the
composition of geospatial objects (geo-bojecdts),
and the other represents the geometry and
topology of geospatial objects. Increased
requirements for management of geospatial
resources have led to a rapid growth in proposals
and additions in the field of developing geospatial
standards, which have made it possible to more
fully and accurately form representations of
geospatial knowledge based on the entered geo-
descriptions.

A. A. Lyuty considered three forms of
presenting geospatial knowledge: «non-verbal
knowledge, verbal knowledge, and knowledge
that can be presented in both verbal and non-
verbal forms» [3]. Thus, the maps, aerial
photographs, lithological and stratigraphic
columns, geocharts, paleotectonic schemes,
geochemical diagrams, and correlation schemes
are nothing more than various geo-text.

One of A. A. Lyuty’s most significant
contributions to geoinformatics was development
of the semiotics of geoinformation, which he
called geosemiotics [3]. In geosemiotics,
geographic concepts are divided into five
categories (Pic. 1).

A. A. Lyuty studied the problem of correlating
the figurative and verbal within the framework
of the task of geosemantic description of
geographical space for development of an
electronic image of the Earth. His research on
the location and mutual influence of geographical
space elements made it possible to solve

o Iata models
0 Dhata sets
o Methods and process models
@ Maps and globes
. Metadala

Pic. 1. Categories of geographical concepts.
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Pic. 2. Tasks of matching geo-descriptions.

geoinformatics problems based on geo-
descriptions.

Tasks of Matching Geo-Descriptions

The heterogeneity of geodata causes high
costs for development, storage, processing and
support of geo-descriptions. Their interoperability
causes additional burden due to non-correlated
formats and differences in geodata providers and
software services. The task of matching geo-
descriptions for their joint coordinated use is an
important undertaking that requires software,
technological and linguistic solutions [4; 5]. For
the joint use of geodata based on the matching
of geo-descriptions, a semantic level of
interoperability is needed, but the autonomy of
the developed software systems leads to
localisation of the specifics of geo-descriptions.
Attempts to integrate heterogeneous geo-
descriptions with non-correlated formats lead to
costs for coordinating contradictory geodata
models that exceed the costs of the development
of geo-descriptions itself.

The designed geodatabases are most often of
a personalised or departmental nature, which
requires additional measures for their joint use.
If, at the same time, geodatabases tend to be
constantly replenished, then additional
requirements arise for scalability of GIS and
development of models for matching geo-
descriptions that ensure the consistency and
integrity of geodata.

Matching geo-descriptions includes
procedures for processing references and
establishing links between different levels of
detail to implement interoperability between the
matched geospatial objects [6]. Interoperability

is necessary for functional compatibility and
correct matching of geodata of different levels
of detail.

Additional difficulties are caused by the
presence of multilingual geo-descriptions, which
is not such a rare phenomenon. The aggregate
geo-description is built based on the synthesis of
geo-descriptions presented in different natural
languages. The tasks of matching geo-descriptions
in different languages are presented in Pic. 2.

Successful matching of geo-descriptions
ensures:

* Improvement of information content.

* Increase in the semantics of geo-descriptions.

» Identification of the quality of geo-
descriptions.

* Increased interoperability of expert analysts.

* Testing of methods for matching geospatial
objects.

* Development of methods for transforming
geo-descriptions.

Formation of Geo-Descriptions

The content of the geoinformation portal is
not limited to visual cartographic information.
The geodatabase contains and processes a large
amount of attributive (semantic) data in the form
of different types of texts and documents. The
geoinformation portal, as noted by A. A. Lyuty,
is an «electronic library with geo-text in different
natural languages». The heterogeneity of geodata
leads to the semiotic heterogeneity of geo-text
stored on the geoinformation portal. From the
standpoint of the query-response mode of the
database, the processing of existing geo-texts
should ensure obtaining the requested
information. Pic. 3 shows the blocks that provide
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Pic. 4. Geoinformation interaction of geo-descriptions.

analysis and processing of geodata presented by
geo-descriptions in the form of geo-texts.

The geoinformation environment for creating
and maintaining geo-descriptions is a synergy of
the GIS information content, the repository
storage environment, and of software aimed at
manipulating the necessary geodata. It is worth
noting the specifics of the geodata repository,
which acts as a coordinator for implementation
of the matching of geo-descriptions with other
geo-descriptions, ensuring relevant
interoperability of geo-descriptions (Pic. 4).

Transformation of Geo-Descriptions

The need to transform geo-descriptions arises
if it is necessary to analyse and match multilingual
geo-descriptions, synthesising mutually
complementary relevant geo-descriptions. It is
quite probable that such a transformation is of the
greatest importance for formation of a geodata
repository, due to a smaller number of constraints
on the stored structures compared to a geodatabase.

The linguistic nature of the task of
transforming geo-descriptions makes it similar
to the task of translating natural language texts
using special programs that perform interlingual
transformation [7]. If we choose a highly
formalised GIS language in which the geo-
description is performed, then existing methods
of interlingual transformation can be used to
transform geo-descriptions.

The key idea of the proposed approach to the
analysis of GIS linguistic structures is a simple
proposition: to represent grammatical rules as
functions in the mathematical sense, that is, as
a mapping of the type ALB , where 4 and B
are some finite sets. For each of the GIS
languages, there is a corresponding data analytics
machine, thanks to which grammatical parsing
can be performed automatically, i.e. by means
of computational procedures. The use of a data
analytics machine based on the paradigm of the
functional approach assumes conducting the
analysis of normalised texts in natural language.
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Pic. 5. Blocks of transformation of geo-descriptions.

Normalised text is a text processed by a syntactic
and/or morphological analyser. As another
constraint, it should be noted that it is necessary
to specify the subject area of the analysed geo-
text.

The approach to the description of grammar
rules as to the assignment of a mathematical
function (with its domain of definition and range
of value) makes it possible to apply the paradigm
of functional programming, which is based on
pure functions and immutable data structures,
when implementing the data analytics machine
in software. It should also be noted that the use
of the functional programming environment as
a data analytics machine allows the designer to
use tuples and «guard functionsy.

An atom is any uniquely defined identifier.
Atoms are intended to specify the attributive
characteristics of geolanguage attributes. In this
way, all possible attribute characteristics of
geolinguistic structures are specified, and the
formalism of functional programming turns out
to be a sufficient formalism for the analysis of
geolinguistic structures, so that there is no need
to use any other mathematical tools.

Using a data analytics machine based on
a functional programming language as a tool will
allow us to design a data analytics machine that
implements formal rules for transforming geo-
descriptions in the form of mathematical
functions.

Based on the grammar of functionally defined
geo-texts and choosing a functional programming
environment [8; 9], we can obtain a data analytics
machine for analysing geo-texts relevant to the
selected grammar. Besides, choosing a functional
programming environment gives developers
access to control at the level of such structures
as language atoms and tuples when processing
attributive characteristics of geo-descriptions.

Defining attribute properties takes on
a different meaning here. When moving to the
level of tuples and atoms in a functional language,
working with attribute characteristics is no longer
the prerogative of the geodatabase; this load is
taken on by the functional programming language.
Accordingly, support for the integrity and
processing of attribute characteristics is carried
out using a functional language, and not
a geographic information system. This
circumstance greatly simplifies the creation of
a data analytics machine for transforming geo-
descriptions, since attribute characteristics are
processed outside the GIS model.

The main advantage of using functionally
computable grammars [9] when working with
attribute characteristics of geo-descriptions is
that the grammar rules are already elements of
a functional programming language, which
simplifies the solution of a number of issues when
designing a geoinformation system, such as
resolving ambiguities in the interpretation of
rules or setting the rules themselves. At the same
time, when setting rules, it is possible to use both
the tools of the functional language itself and its
extensions, such as «guard functions», which
allow you to set rules in a flexible form, which
in turn will make working with attribute
characteristics of geo-descriptions more
adaptable to the problem being solved.

Thus, having formalised attribute
characteristics of geo-descriptions and a set of
grammar rules specified in a functional form, it
is possible to use a functional programming
language to process them and not design
a separate data analytics machine and also take
the processing of rules out of the geoinformation
model.

It should be noted that the approach described
above allows not only to analyse the attribute
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characteristics of geo-descriptions, but also to
generate them in the form required for further
tasks of the system.

The system for transforming geo-descriptions
is shown in Pic. 5.

It is easy to see that the processing stages
during the transformation of geo-descriptions are
similar to the processing stages during interlingual
transformation [10; 11]. Morphological and
syntactic analysers, as noted above, are necessary
to obtain a normalised geo-text, which is
transferred to the transfer unit in a functional
form. Functional programming tools use
grammar rules, synthesising the functional form
of a geo-description. The final stage of the
resulting geo-description can ensure its translation
into another geolanguage.

The proposed scheme for transformation of
geo-descriptions is aimed at providing the ability
to process geo-descriptions presented in different
geolanguages when working with GIS.

CONCLUSION

The article presents an approach that allows
considering the semantics of geospatial objects
by analysing and transforming geo-descriptions
of their attributive characteristics. The possibility
of simplifying the processing of attributive
characteristics of geodata is based on the use of
functional programming languages. The research
studies the issues related to the formation,
matching and transformation of geo-descriptions
for updating geoinformation in the GIS
information environment. To implement the
transformation of geo-descriptions,
a simplification of the formation of a tool is
proposed based on the functional programming
paradigm for representing geoinformation and
a set of geo-texts in various geolanguages.

The implementation of a geo-description
transformation system based on a functional
programming environment will solve the
problem of transforming geo-descriptions
similarly to transforming interlingual texts.

As a further study in the field of geo-
descriptions, it is suggested to develop

a specialised functional programming
environment designed to solve the problems of
processing and analysing geo-descriptions.
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ABSTRACT

In a harmonious transport system, traffic flows are rationally
distributed depending on the capacity of roads and streets to
ensure transit capacity, considering the traffic light control
systems. At the same time, due attention is not paid to changes
in weather and natural conditions, which in turn significantly
adjusts driving regimes, taking them out of a stable, predictable
state. Modern software and hardware systems and information
resources of large cities have a wide range of recorded indicators
that affect distribution of traffic flows. Their automated processing
using algorithmic machine learning tools has formed a
comprehensive understanding of the patterns of change in the
traffic intensity indicator, which is a new stage of improving road
traffic safety, striving for zero mortality.

The scientific novelty of the study refers to the techniques and
approaches to studying the weather and climate characteristics and
factors of the street-and-road network, their preliminary processing
using modern statistical and logical methods of normalisation and
eliminating random outliers.

The deep learning method opens wide opportunities for
analysing the intensity of the road traffic flow. By processing large
amounts of data, such algorithms are able to identify complex
patterns and relationships, which improves traffic forecasting and
optimises traffic management. For correct operation of the neural
network for training the model and studying the road traffic flow
intensity, a set of software tools for preliminary data processing has
been developed, which includes a step-by-step analysis of array
structures with subsequent replacement of values or elimination of
errors.

Preliminary data cleaning in accordance with the syntax of the
program logic and the rules of statistical analysis is followed by
application of a method for searching and eliminating anomalies
was used, i.e. the isolation forest method.

This research direction was part of a large study on road traffic
flow intensity, and the described results are a set of solutions based
on the system interaction of software and methods of statistical and
analytical transformations developed by the authors.

Keywords: transport systems, traffic flow intensity, deep learning method, weather and natural conditions, neural networks, model.
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INTRODUCTION

Modern trends in development of information
technology offer a wide range of data analysis
capabilities. The presence of large number of
features make it possible to form various patterns
of transport environment distribution and
consider weather conditions in each respective
environment! [1].

Artificial intelligence (Al) is one of the
promising areas in modern science and
technology. In recent decades, systems have been
created that are capable with the use of Al to
perform complex tasks requiring intellectual
skills [2; 3].

Modern Al is able to analyse the environment
and interact with it, interpret and process data,
learn and adapt itself while evolving. That is why
the main task of the work is to prepare data for
an objective assessment of the phenomenon
under study.

Al is used in many areas, including computer
vision, natural language processing, robotics,
autonomous vehicles, medicine, financial
analytics, etc. In each of these areas, Al makes
it possible to automate processes, improve
forecasts and make decisions based on large
amounts of data and analysis of complex
models.

The principles of Al are based on various
approaches and methods for creating computer
systems that can analyse data, learn and make
decisions based on the information received.
Machine learning methods, neural networks and
deep learning are the main tools in achieving this
goal.

In this paper, to predict the intensity of road
traffic flow, the properties of the street-and-road
network (SRN) are considered to be a classifier
for categorising transport facilities, and weather
conditions are assumed to be independent
variables by which changes in the dependent will
be predicted [4].

The work contains complex programming
elements. The initial operations are explained,
and for the rest of this kind, to reduce duplicating
information, comments are omitted.

The working window of the PyCharm
development environment has numbered lines.
The commands are explained by referring to the
line number of the provided screenshot of the
workspace.

! ODM 218.4.005-2010. Industry road methodological
document. Recommendations for ensuring road traffic safety
on motorways.

RESULTS
Backpropagation Neural Network
Architecture

To confirm the influence of weather
conditions, road geometry and traffic
characteristics on traffic flow intensity, as well
as to test the predictive capabilities,
a Backpropagation neural network was used?.

A Backpropagation neural network is a type
of neural network that uses the backward
propagation of errors algorithm for training. The
basic idea is that the network goes through two
stages: forward propagation, where the input data
is transferred from the input layer through the
hidden layers to the output layer, and
backpropagation, where the network weights are
adjusted [5; 6].

The backward propagation of errors process
begins with calculating the error at the output
layer. This error is then propagated back through
the layers of the network, proportional to the
weights of the connections between neurons, and
the error at each layer is calculated [8; 9]. Next,
the neuron weights are adjusted in the direction
opposite to the error gradient to reduce the error
on subsequent passes through the network.

For the backpropagation algorithm, it is
necessary to define the error function. It is
measured by the difference between the expected
values and the predicted ones. The mean squared
error is the most common for regression problems
and cross entropy for classification problems
[10].

During training, the network goes through
several epochs, where each epoch is one pass
through the entire training set, i.e., all training
examples [11; 12]. The network weights are
adjusted in such a way as to minimise the error
relative to the training data.

It was decided to form the architecture of the
neural network in the Python programming
language, using the Keras add-on of the low-level
TensorFlow library [13].

Keras was developed to facilitate and speed
up the process of developing deep learning
models. It provides high-level abstractions for
building neural networks, hiding most of the
complexity and details of low-level libraries from
the developer.

The architecture of a backpropagation neural
network consists of several main components.

2 Operation of motorways: Study guide. Comp. by:
I. N. Pugachev, A. V. Kamenchukov, N. S. Nesterova.
Khabarovsk, Publishing house of FESTU, 2022, 168 p.
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| Loading data |

| Pre-normalisation of data |

No

| Creating Sequential |

I
The weights of the input neurons in
the layer are initialised

| Application of error function |

| Network learning |

| Loading the model |
[
| Forecasting |

I
| Writing to a file and saving |

| Model saving

| Model testing

| Saving test result in a file |

Pic. 1. Block diagram of a backpropagation neural network [performed by the authors].

1. Input layer receives as input data that is
fed to the input of the neural network. In this
layer, the number of neurons corresponds to the
dimensionality of the incoming data.

2. Hidden layers perform intermediate
computational operations. Depending on the
specific task or architecture of the neural
network, the number of hidden layers and
neurons in them changes. Each neuron in the
hidden layer takes the activation values of the
previous layer as input and calculates its
activation value based on the weights that
connect it to the previous layer.

3. Output layer performs a forecast. The number
of neurons in the output layer depends on the
classification or regression problem. For example, if
a binary classification problem is being solved, then
the output layer will have one neuron responsible for
the probability of belonging to a class.

4. Network activation function is used for
nonlinear transformation of the input data. The
most common activation functions are sigmoid,
tanh and ReLU.

5. Backward propagation of errors is an
algorithm for updating the weights in a neural

network. It calculates the gradient of the error
function over all the weights and uses it to
update the weights to minimise the prediction
error.

6. Optimiser applies an optimisation
algorithm to update the weights in a neural
network based on the error gradient. Some
popular optimisers include stochastic gradient
descent (SGD), Adam, and RMSprop.

7. Loss function determines how well the
neural network performs on the task at hand. It
calculates the difference between the predicted
values and the true values and is used in
backpropagation to calculate the gradient.

The main components of the backpropagation
neural network architecture can be changed and
modified depending on the specific task and
requirements [14; 15].

The block diagram of the neural network is
shown in Pic. 1.

Initially, the neural network structure was
based on data analysis without preliminary
processing and validation [ 16]. Testing the model
after training showed the ineffectiveness of the
forecast. This is due to the large number of
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Pic. 2. Explode_start module. Sorting data by reference points and generating files [performed by the authors].

incoming neurons. Therefore, it was decided to
group quantitative features. As a result, it was
necessary to change the approaches to creating
a neural network [17].

To implement the program according to the
above algorithm, a virtual environment was
created in the PyCharm integrated development
environment. This had to be done primarily for
more convenient management of project
dependencies, and to make the development
process more convenient and focused.

The created virtual environment contains
modules (files with the extension «py»). They
are used to manage project dependencies, create
an isolated development environment, and to
work with different versions of packages and
libraries.

The project consists of three stages:

1. Data generation.

2. Data validation.

3. Model learning.

Data Generation

The statistical data were imported into the
project’s virtual environment directory in the csv
file format. This extension is used for convenience
of storing data (in text form) so that it is easy to
process and transfer it [18].

To study the influence of weather, natural
conditions and road geometry on the intensity of
road traffic flow, 562612 hours with different
characteristics from 107 reference points were
collected and grouped. Preliminary processing
of the entire array of data showed poor results
for the influence of independent features on the
dependent one. Explaining this by the insufficient
list of analysed factors, it was decided to analyse
each reference point separately, with the prospect
of creating not one, but 107 models for
forecasting. Thus, the influence of unaccounted
static independent variables was to be excluded

[19; 20].

To achieve the above goal, considering the
rules for processing by a neural network of
a single file with all the data, it was necessary to
form 107 files with the csv extension. In each of
them, the data of a specific boundary.

To sort the general population by reference
points with subsequent formation of files, the
explode_start.py algorithm (Pic. 2), located in
the root of the application, was created and
launched.

In the explode start module, the operating
system functions were imported — OS (import
os) to ensure reading of files and the pandas
library (import pandas as pd) to work with the
data (Pic. 2). Additionally, an alias is applied to
the library (renaming for easy access to the
library), simplifying its name to pd.

In the fourth line, the program «reads» the
file, the a semicolon separator type was
additionally specified.

In the fifth line, grouping is done by reference
points.

In the sixth line, the program receives a list
of reference points.

From the seventh line, the program cyclically
alternately searches reference points and saves
them in separate files, writing their number in
the file name.

After executing the explode_start script and
following the dynamic route “output/r/’ (Pic.2),
files with data appear in the 7 directory (Pic. 3).

Data Preparation

After forming files with reference points, to
eliminate errors during training, it is necessary
to prepare the data, which will include checking
for missing values in a position (warn the
operator, replace with 0, delete the entire line,
etc.) and for the range of acceptable values,
validation, etc. [21].
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Pic. 3. Generated files with reference points in the project’s virtual environment directory [performed by the authors].

To prepare the data, the validate start
algorithm was created and launched (Pic. 4).

The command «from app.validator import
start as validate» imports the validation function
«start» from the «validator» module of the «app»
directory (Pic. 5).

In the validate_start algorithm cycle (Pic.
4), the program gets a list of files from the /
output/r directory, going through them one by

one. In the sixth line, the file name is separated
by a period separator. As a result, an array of
two parts is obtained. The first part (zero) is
the file name, the second part (one) is the
extension. Only the file name is considered in
this function.

In the eighth line, using the start function
(renamed to predict), validation is launched from
the validator module (Pic. 5).

Pic. 4. Validate_start script [performed by the authors].
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names_1nput

names_output

validators]

rayldata_name] = encoded
logger.success(

df = pd.DataFramelnew_array)

need_train:

d = names_input() + names_output()

d = names_input()

df.to_csvios.getcwd| +Filename+

b= |

Pic. 5. The start validation function from the validator module in the app directory [performed by the authors].

names_input():
_columns_inputs
f.names_output():
_columns_outputs

f validators():

(zip(_coluemns_inputs+_columns_outputs
_validaters_input+_validators_output))

Pic. 6. Method names_input of the module _init_ [performed by the authors].

When executing the algorithm of the validator  helpers). The task of the logger module is to change
module program, auxiliary functions and variables  the font colour of the message that is output to the
are imported from the columns directory (app/ console (the design details are not important for the
domain/columns) and the logger module is purpose of the work, so the details of the algorithm
imported from the Aelpers directory (app/domain/  of this module are omitted).




Pic. 7. List of column names of input and output parameters in the _init_ module [performed by the authors].

Pic. 8. List of column names of input and output parameters in the _init_ module [performed by the authors].

Considering that columns is a directory and
not an executable file, the init module is
initialised in it by default. Accordingly, line 2
(Pic. 5) imports the names_input and names_
output methods from the init module into the
validator module — this is encapsulation, one of
the principles of object-oriented programming,
hiding the implementation to ensure the
possibility of introducing additional logic into
the formation of names_input and names_output
(alist of column names of input parameters that
are used in the data header) (Pics. 6, 7).

The validators method in the init_ module
returns a list of all validators, which are within
two constants that are data arrays (Pic. 8):

1. _columns_inputs + columns_outputs;

2. validators_input + validators_output.

After data processing, these arrays are
concatenated and a correspondence is established
between the column name and its validator. This

means that the order of the validator in the
constant — validators_input must correspond to
the order of its column.

Each column from the lists of columns (_
columns_inputs, columns_outputs, validators_
input, _validators_output) is described in the
columns directory and processed in the init
module using the methods shown in Pic. 4. To
ensure this, the modules and methods for data
validation were imported into the init module
using the command from app.domain.columns:

1. Day of the week:

— week day import validate as week
validator;

— week day import COLUMN_NAME as
WEEK COLUMN NAME.

2. Time of the day:

— time import COLUMN_NAME as TIME _
COLUMN NAME;

— time import validate as time_validator
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Pic. 9. Structure of the error control module of the f_percent module [performed by the authors].

3. Road traffic intensity:

— intensity import COLUMN_ NAME as
INTENSIVE COLUMN NAME;

— intensity import validate as intensive
validator.

4. Air temperature:

—t airimport COLUMN NAMEasT AIR
COLUMN_NAME;

—t_air import validate as t_air_validator.

5. Soil temperature:

— t_soil import COLUMN_NAME as T_
SOIL COLUMN_ NAME;

—t_soil import validate as t_soil _validator.

6. Dew point temperature:

—t_dew import COLUMN NAME as T
DEW_COLUMN_NAME;

—t_dew import validate as t dew_validator.

7. Partial pressure of water vapor (ps), Pa:

— pressure import COLUMN_ NAME as
PRESSURE COLUMN NAME;

— columns.pressure import validate as
pressure_validator.

8. Relative humidity (¢), %:

— f percent import COLUMN_ NAME as
F PERCENT COLUMN NAME;

— f percent import validate as f percent
validator.

9. Visibility, cipher (VV):

— from app.domain.columns.visibility _cipher
import COLUMN NAME as VISIBILITY
CIPHER COLUMN NAME;

— visibility cipher import validate as
visibility cipher validator.

10. Saturation deficit (d), g/m*:

— columns.saturation_deficit import
COLUMN NAME as SATURATION _
DEFICIT COLUMN NAME;

— saturation_deficit import validate as
saturation_deficit validator.

11. Atmospheric pressure at the station level
(P station), g.Pa

—p_level station import COLUMN _NAME
as P LEVEL STARION COLUMN NAME;

—p_level station import validate asp_level
station_validator.

12. Atmospheric pressure at the sea level
(P sea), g.Pa:

—p_sea_level import COLUMN_NAME as
P SEA LEVEL COLUMN NAME;

—p_sea_level import validateasp_sea level
validator.

13. Weather, cipher (ww):

— weather_code_ww import COLUMN _
NAME as WEATHER CODE WW _
COLUMN_NAME;

— weather_code_ww import validate as
weather code_ww_validator.

14. Wind direction, degrees:

—direction_wind import COLUMN_NAME
as DIRECTION_WIND COLUMN NAME;

—direction_wind import validate as direction_
wind_validator.

15. Wind speed, m/s:

—wind_speed import COLUMN_NAME as
WIND SPEED COLUMN NAME;

— wind_speed import validate as wind
speed_validator.

16. Precipitation, mm:

—precipitation import COLUMN_NAME as
PRECIPITATION COLUMN NAME;

— precipitation import validate as
precipitation_validator.

17. Natural light:

— daylight import COLUMN_NAME as
DAYLIGHT COLUMN NAME;

— daylight import validate as daylight
validator.

In the ninth line, the start function of the
validator module of the app/domain/columns
directory reads the csv file (Pic. 5). The path to
the file is formed according to the template line
(o0s.getewd() + “Joutput/r/”).

The filename variable is the name of the file,
it is passed as an argument to this function, and
need_train is an indicator that validation is
performed at the model training level or at the
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forecasting level (Pic. 5). The fact is that
validation is used both at the model training stage
and at the forecasting stage.

Using validators in the start function of the
validator module (Pic. 5), new verified data is
formed, which is written to the directory — /
utput/validated.

The structure of the module itself, reflecting
information about the column using the example
of the variable — «Relative air humidity» is shown
in Pic. 9.

Line 2 imports helpers, which denotes custom
project functions for checking the types of the
csv table column value.

The constant COLUMN NAME in the fourth
line binds the name of the column header. In this
case, it is «humidity».

From the fifth to the eighth lines, the validate
function checks the values for compliance with
the established requirements, otherwise the
program reports an error. In this specific example
(Pic. 9), the values in the humidity column should
not be lower than 100 or higher than 110. Other
values will be considered an error.

The rules for data control in the Python
programming language for csv file columns at
the preparation stage are given below.

Natural light, daylight module
import math

import app.domain.helpers.utils as f
COLUMN_NAME = ‘daylight’ #Natural light
def validate(value):

if 0.5 <value < 1:

value = float(f.toFixed(value, 2))
types.in_range(value, [0, 0.5, 0.85, 1],
«Daylight Validator»)

return value

Wind direction, degrees, direction_wind

module

import portion as P

from app.domain.helpers import types COLUMN_NAME
= ‘wind_direction’ #Wind direction, degrees

def validate(value):

rl = P.closed(0, 360)

types.is_float(value, «direction windValidator»)
types.in_range(value, rl, «direction_windValidator»)
return value

Relative humidity, f percent module

import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘humidity’ # Relative humidity (¢),
%03

def validate(value):

rl = P.closed(-100, 110)

types.is_float(value, «FPercentValidator»)
types.in_range(value, r1, «FPercentValidator»)

return value

Traffic flow intensity, intensity module
import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘intensity’ # Intensity

def validate(value):

rl = P.closed(0, float(‘inf"))

types.is_int(value, «Intensivity Validator»)
types.in_range(value, rl, «Intensivity Validator»)
return value

Atmospheric pressure at the station level,

p_level_station module

import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘pressure_station’ # Atmospheric
pressure at the station level (P station), g.Pa

def validate(value):

rl = P.closed(900, 1100)

types.is_float(value, «p_level_stationValidator»)
types.in_range(value, rl, «p_level_stationValidator»)

return value

Atmospheric pressure at the sea level, p_

sea_level module

import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘pressure_sea’ # Atmospheric
pressure at the sea level (P sea), g.Pa

def validate(value):

rl = P.closed(900, 1100)

types.is_float(value, «p_sea_levelValidator»)
types.in_range(value, r1, «p_sea_leveValidator»)

return value

Precipitation, precipitation module
import portion as P

from app.domain.helpers import types

import math

COLUMN_NAME = ‘precipitation’ # Precipitation, mm
def validate(value):

if math.isnan(value):

value = float(0)

rl =P.closed(0, 100)

types.is_float(value, «Precipitation_Validator»)
types.in_range(value, r1, «Precipitation_Validator»)
return value

Partial pressure of water vapour, pressure

module

import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘partial_pressure’ # Partial pressure
of water vapor (ps), Pa

def validate(value):

rl = P.closed(0, float(‘inf”))

types.is_float(value, «PressureValidator»)
types.in_range(value, r1, «PressureValidator»)

return value

Saturation deficit, saturation_deficit module
import portion as P

from app.domain.helpers import types

COLUMN_NAME = ‘saturation_deficit’ # Saturation
deficit (d), g/m?

def validate(value):

rl = P.closed(0, 40)
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Table 1

Fragment of data from model assessment using test loss and test acc methods before and
after excluding anomalies from the traffic flow intensity indicator [compiled by the authors]

Reference point With anomalies Without anomalies
test loss test acc test loss test acc

1011 0.21 0.44 0.36 0.69
1021 0.26 0.38 0.30 0.67
1031 0.25 0.31 0.62 0.52
111 0.52 0.26 0.89 0.43
1111 0.42 0.24 0.74 0.20
1121 0.25 0.35 0.33 0.65
1131 0.23 0.40 0.32 0.62
1141 0.25 0.47 0.40 0.60
types.is_float(value, «SaturationValidator») def validate(value):
types.in_range(value, r1, «SaturationValidator») if math.isnan(value):

return value

Air temperature (t air), t_air module
import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘t_air’ #Air temperature (t air), C°
def validate(value):

rl = P.closed(-100, 100)

types.is_float(value, «TAirValidator»)
types.in_range(value, r1, «TAirValidator»)

return value

Dew point (DP) temperature, t_dew module
import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘t_dew_point’ # Dew point
temperature (DP), C°

def validate(value):

rl = P.closed(—-100, 100)

types.is_float(value, «TDewValidator»)
types.in_range(value, r1, «TDew Validator»)

return value

Soil temperature (t soil), t_soil module

import portion as P

from app.domain.helpers import types

COLUMN_NAME = ‘t_soil’ # Soil temperature (t soil), C°
def validate(value):

rl = P.closed(—100, 100)

types.is_float(value, «TSoil Validator»)
types.in_range(value, r1, «TSoilValidator»)

return value

Time of the day, time module

import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘day_time’ # Time of the day
def validate(value):

rl = P.closed(0, 23)

types.is_int(value, «TimeValidator»)
types.in_range(value, rl, «TimeValidator»)

return value

Visibility, cipher (VV), visibility _cipher
module
from app.domain.helpers import types

import math
COLUMN_NAME = ‘visibility VV’# Visibility, cipher (VV);

value =0

types.is_int(int(value), «Visibility Validator»)
types.in_range(value, [90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 0], «Visibility Validator»)

return value

Weather, cipher (ww), weather_code_ww

module

from app.domain.helpers import types

import math

COLUMN_NAME = ‘weather WW’ # Weather, cipher
(ww)

def validate(value):

if math.isnan(value):

value =0

types.is_int(int(value), « Weather code ww_Validator»)
types.in_range(value, [0, 1, 2, 3, ... 99], «Weather_code
ww_Validator»)

return value

Day of the week, week_day module
import portion as P

from app.domain.helpers import types
COLUMN_NAME = ‘week_day’ # Day of the week
def validate(value):

rl = P.closed(l1, 7)

types.is_int(value, « Week Validator»)
types.in_range(value, rl, «WeekValidator»)

return value

Wind speed, wind_speed module
import portion as P

from app.domain.helpers import types

import math

COLUMN _NAME = ‘wind_speed’ # Wind speed, m/s
def validate(value):

if math.isnan(value):

value = float(0)

rl = P.closed(0, 40)

types.is_float(value, «Wind_speedValidator»)
types.in_range(value, r1, «Wind_speedValidator»)

return value

Outliers Removal Using the Isolation Forest
Method

Looking ahead, it should be noted that the
decision to clean the data from outliers was
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Pic. 10. Cleaning traffic flow data using the isolation forest method [performed by the authors].

a consequence of the low accuracy of the test
data forecast (Table 1).

Test loss and test acc are metrics used to
evaluate the performance of a machine learning
model on test data.

Test loss is a measure of the error, or
difference between the predicted values and the
actual values on the test data. Test loss is usually
calculated using some loss function (such as
Mean Squared Error or Cross-Entropy Loss) and
shows how well the model does at predicting the
correct values on the test data. The lower is the
test loss, the better is the model’s performance.

Test accuracy is the percentage of correct
predictions by the model on the test data. It shows
how well the model classifies the correct classes
on the test data. Test accuracy is calculated by
comparing the predicted values with the actual
class labels and calculating the proportion of
correct answers. The higher is the test accuracy,
the better is the model’s performance.

Both test loss and test accuracy are used to
assess the performance of a model on data that
was not used for learning. They make it possible
to check how well the model generalises
knowledge and is able to predict the correct
values on new data.

All factors were checked for anomalies, but
only the traffic flow intensity showed significant
contamination of the data with random outliers.
These are consequences of road traffic accidents,
maintenance of road itself or of adjacent structures
with temporary restraints of traffic, either of
a breakdown of the recording device, etc.

The Isolation Forest method turned to be the
best choice for finding anomalies because the
traffic flow metric does not have a clearly defined
normal distribution.

Isolation Forest is a machine learning
algorithm for detecting anomalies in data. Unlike
other algorithms, such as clustering or density,
Isolation Forest uses decision trees to find
anomalies.

The basic idea behind Isolation Forest is that
anomalies in data tend to have fewer connections
and shorter distances to other features. The
algorithm builds multiple decision trees by
randomly selecting features and splitting the data
at each step. It then estimates how quickly an
anomaly can be isolated in these trees.

When learning an isolation forest:

1. The maximum tree depth and maximum
number of splits are specified.

2. The data is split into random subsamples
and a decision tree is built for each subsample.

3. Each decision tree splits the data into two
parts by choosing a random feature and a random
split.

4. Steps 2-3 are repeated until the maximum
depth or number of splits is reached.

5. Atthe end of learning and for a new feature,
the validation score is used to determine anomaly.

When using isolation forest for anomaly
detection:

1. A «path» in the tree is computed for each
feature, representing the number of splits needed
to isolate the feature.

2. The average path length is computed for
all features and used to determine anomalies.
Features with shorter paths are usually considered
more anomalous.

Advantages of using isolation forest:

1. It can be well scaled to handle large
amounts of data.

2. It is powerful and efficient in detecting
anomalies.
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3. It does not require preliminary data
preparation, as it is insensitive to outliers and
multicollinearity.

The existing method of implementing the
random forest method in the Python programming
language requires certain versions of special
libraries of the program itself, which are not
compatible with this project, so an additional
virtual environment with the key module clean
start was created in the PyCharm development
environment (Pic. 10).

When the clean_start module is launched, the
isolation forest method of the sklearn library
ensemble add-in is imported in the third line.
A cyclic function is launched for each reference
point from the /output/validated directory and the
cleaner function is processed (Pic. 10), where:

— Data is loaded in the sixth line.

— The first index column is deleted in the
seventh line.

—The model is formed, and parameters are set
in the tenth line.

— Data on traffic flow intensity is transferred
to the model in the eleventh line.

— Anomalies are identified and marked in lines
12-13. Two additional columns are created. One
reflects the scores of values (scores_intensity), the
second (anomaly _intensity) marks all anomalous
values with the number «-1» and normal values
with «1» according to the scores.

Atthe end of each cycle, the transformed data
is written back to the /output/validated directory.

To eliminate anomalies, before learning, the
data was sorted by the value «1» of the column
anomaly_intensity, using the command data_
frame =data_frame.loc[data_frame[ ‘anomaly
intensity’] == 1].

CONCLUSION

Preliminary data transformation in order to
prepare it for processing by machine learning
methods is an important component of achieving
the accuracy of the obtained results, objective
comparison of features and identification of
dependencies.

The use of information and analytical
resources of large cities is becoming promising
for the analysis of road traffic flow intensity. For
this purpose, the study has used the algorithmic
tools based on the obtained theoretical results
and software prototypes of their main components,
methods and algorithms for predictive analytics
of the Python programming language, and the
PyCharm development environment.

Further implementation of the research
results is aimed at building a deep learning
neural network, model learning and forecasting,
therefore, pre-processing is an important
component of the program logic, and allows
improving data quality, simplifying the model
and making learning more effective.

Due to the high dynamism of road traffic
flow intensity and a large number of unstable
parameters affecting it, unpredictable
(anomalous) values are observed, which include
accidents, construction work, failures of
recording equipment, etc. To exclude them,
preliminary data processing was followed by
processing the data by the Isolation Forest
method.

The Isolation Forest was used to find
anomalies by constructing an ensemble of
isolated trees, in each of which partitions were
randomly selected by random features and data
points for constructing the tree. Then, anomalies
were eliminated by reducing the height of
anomalous points in the tree.

This work became a platform for training
models on the dependence of traffic flow
intensity on weather and climate characteristics
and road network factors using the deep learning
method. Table 1 demonstrates the quality of the
neural network model before and after data
processing, including with the Isolation Forest
method. The research results have been tested
and scientifically weighed, indicating an
increase in the quality of the predictive model
on test data.

The work is deemed to be relevant from
theoretical and practical points of view, and
already has application examples that will be
published in future works.
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ABSTRACT

The study outlines the technology for increasing the bearing
capacity of the subgrade foundation on high-temperature permafrost
soils in the Arctic zone with the objective to develop technological
regimes for strengthening the weak foundation of embankments,
allowing for regulation of loads during construction of facilities on
permafrost soils. The research methods included system analysis
and the methods specific for organising construction in the
permafrost zone. The described methodology consists of step-by-
step modelling and calculation of parameters for geotechnical
monitoring of the condition of the subgrade to determine the
maximum permissible technological loads.

The tasks and functions of the system for regulating and
monitoring technological operations are determined to specifically
increase the strength characteristics of weak foundations during
the construction period. The main factors influencing functioning of
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a new natural-technical complex during construction on permafrost
have been established, namely changes in the temperature field,
loads of construction machines and physical and mechanical
characteristics of soils. The study highlights feasibility of organising
comprehensive assessments and mutual control of soil deformability
using geotechnical monitoring and automated process control
systems for machines and construction equipment. The
technological regime for deep strengthening of weak foundations
of geotechnical objects should include regulation of the parameters
of construction loads and quality control of processes during
vibration compaction of the upper zone and construction of a pile
field. The article outlines the features of the experimental application
of the complex technology to ensure the design bearing capacity
of soils during reconstruction and construction of sections of the
Northern Latitudinal Railway and Obskaya — Bovanenkovo railway.
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INTRODUCTION

The relevance of construction and
reconstruction of transportation routes in the
permafrost zone corresponds to the Strategy for
development of the Arctic zone and ensuring
national security for the period until 2035" and
the main directions of socio-economic
development of the Arctic. The authors of this
article outlined in [1] the features of
implementation of the Strategy.

The construction of geotechnical structures for
transport infrastructure, especially subgrade on
permafrost, is associated with the risk of their
deformation and loss of strength not only during
their operations, but also during the construction
period. The experience of technological calculations
and preparation of materials (regulations, maps and
work plans) for work documentation for construction
of sections of Tommot — Yakutsk, Bovanenkovo —
Karskaya lines has shown the need to consider the
risks of the state of incomplete main and protective
structures. Already at the preparatory stage, the
moss-turf cover is disturbed, surface water flows
change, and in the main period, during distribution
and movement of earth masses, the lithology of the
massifs radically changes. This construction
specificity is not fully considered in the standards
and fundamental works of scientists on soil
mechanics and subgrade [2—4]. At the same time,
the Technical Regulations? indicate the need to
ensure the strength and safety of buildings and
structures at the design, construction and operational
stages. The importance of managing the condition
of objects throughout the entire life cycle is noted
in the works [5; 6] and has been proven by
construction practices [ 1]. When reconstructing the
subgrade, one should additionally take into account
the significant heterogeneity of the operations and
the danger of degradation of the right-of-way?.

The experience of technological design for
development of transport infrastructure in
Yakutia, Yamal and the Subpolar Arctic [7; 8]
has shown that the greatest difficulty in

! Decree of the President of the Russian Federation dated
October 26, 2020, No. 645 «On the Strategy for development
of the Arctic zone of the Russian Federation and ensuring
national security for the period until 2035». [Electronic
resource]: http://www.kremlin.ru/acts/bank/45972. Last
accessed 15.12.2023.

2 Technical regulations on safety of buildings and
structures: Federal Law No. 384-FZ. [Electronic
resource]: https://www.consultant.ru/document/cons_doc
LAW_95720. Last accessed 12.09.2023.

3 Recommendations for intensive technology and monitoring
of construction of earthen structures on weak foundations.
MIIT, Moscow, Timr, publ., 2005, 96 p.

constructing arises in areas of high-temperature
permafrost.

The objective of the technological research
is to develop methods for constructing subgrade
on high-temperature permafrost soils that ensure
safety and dependability of the structure by
regulating and monitoring construction loads and
impacts.

RESULTS
Methodology for Technical Regulation of
Construction

Conditions for safe construction include its
geotechnical monitoring (GTM), which,
according to the standards**, includes control of
temperature and humidity parameters in the body
and base of an unfinished structure.

The main provisions of the relevant
methodology are described by the authors in
[9]. For stability of the foundation soils and
stability of the structure at all stages of the
evolution of the object, it is necessary to apply
a technological regime for systematic
regulation of construction and operational
loads [10], which is provided by integrated
technology (IT), patented and implemented on
northern construction sites [11]. Its content is
to organise geotechnical studies of the current
state of soft soils and implement the highest
safety-permissible vibration and shock loads
from compaction machines. The composition
of IT (Pic. 1) includes pre-construction (pre-
production), the main construction period and
structural blocks. The interaction of blocks and
organisation of production management is
carried out by the Centre of technical regulation
(TR Centre). The main function of GTM (this
is the fundamental difference with monitoring
of already operating facilities) is information
support and adjustment of production
parameters.

For effective soil compaction, the requirement
[4, 12] is accepted that loads must be applied to
the soil’s ultimate strength. The permissible
technological load on soft soils must correspond
to the condition:

K(F-F)t/FzK, @)
where K, K — accordingly, the design
coefficients of reliability (dependability) and

4 SP [Construction rules] 25.13330.2020. Basements and
foundations on permafrost soils. Moscow, 2020, 123 p.

5 SP [Construction rules] 305.1325800.2017. Buildings
and structures. Rules for geotechnical monitoring during
construction. Moscow, Standartinform publ., 2017, 61 p.
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1. Technical regulation

2. Geotechnical monitoring

= . . .
‘% 1.1 Drainage system, intensive 1.2 Organisation of geotechnical,
2 technology for constructing a ;
3 working platform geocryological
& EPp ’ monitoring and construction control
o
&
E 2.1 Deep TR Center 2.2 Geodetic,
g strengthening of parametric
e the subgrade TR: Pt (Pk, At, Vt, vt) monitori.ng,
‘2" foundation. ACS geophysical
o TP. GTM: [Qlim, Qs, Qt]t survey

3.1 Construction of
embankments, on-board PC of
construction machines. CWS.

3 Construction
control

3.2 Operational and acceptance
quality control.

Pic. 1. Structure of technical regulation and monitoring of construction of geotechnical objects [developed
by the authors].

stability of the subgrade during the ¢-th
technological cycle; F, FF,—respectively, loads,
safe for soft soils, and technological loads,
Fp — pore pressure.

The load F_ is determined depending on the
structure and strength characteristics of the soft
layer according to the rules*®. In the mode of
vibration compaction of soils, the safe limit
should be considered:
F(P,A,V,v)<minlF,  F,F,]1t, 2)
where I/ —load depending on the contact rigidity
of the soil layer and the parameters of the
vibrating drum which are weight P,, amplitude
A, speed of motion V, frequency v;

F, —soil strength limit;

F,,.—thixotropic load limit in the #-th period
of work (work shift).

Under these conditions, it is necessary to
calculate the risk of violating the stability of the
foundation by construction machines, when the
technological impact exceeds the load that is safe
for soils (taking into account pore pressure) [13].
The limit state is determined by the probability
P, that the value F will be less than the process
load from the machines ' and the constructed
part of the object F:

P=p[F —(F +F)/K]t<0. 3)

Thus, during construction work, the TR
Centre carries out continuous diagnostics of the

¢ SP [Construction rules] 447.1325800.2019. Railways in
permafrost areas. Moscow, Standartinform publ., 2019, 40 p.

subgrade been constructed to prevent its limiting
state, especially in areas of individual design
(slopes, karsts, etc.).

The IT preparatory period includes the stages
of installing a drainage system, a working
platform for heavy construction equipment and
organising geotechnical monitoring. Drainage
slots provide a reduction in humidity by squeezing
water out of the active layer with a vibrating
roller in the autumn at the beginning of freezing
and migration of moisture accumulation [14].
Construction of a working platform, i.e., track
for moving heavy construction equipment, is
carried out in intensive compaction mode. At this
stage, requirements for GTM are formed to
determine temperature and humidity
characteristics of soils, control the volume of
water migration, total humidity and stability of
the active layer.

To record current changes in heat exchange
in the arrays of the object under construction and
the natural environment according to the
standards > it is necessary to carry out work on
installation of stationary monitoring points and
networks for monitoring the temperature regime
and deformations of each layer. Regular querying
of networks is especially important for assessing
the performance of the drainage system and
stabilisation of foundation soils.

During the pre-production stage, the TR
Centre must have constant information about the
condition of engineering structures. If stability
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a0 Surface Flot Dependence E on C and @
E = 8,4805-1, 05759 x+880,1972%+0 0874 x-20,6559**y-1738 535"y

P
3%
0
5 __E .30 "
Modulus £, MPa

Q’C{P &
0.01...C...005 ~=.2
C.MPa =

Puc. 2. Relationship between changes in deformation modulus E, MPa, adhesion C, MPa and internal friction angle ¢, degrees,
of thawed cohesive soils [developed by the authors].

according to the standards® is not ensured,
organisational and technological solutions should
be applied that include:

1) Intensive technology of vibration
compaction of the foundation in combination
with a drainage system of slots and drainage
systems.

2) Replacing soft soil with sand, placing
a sand mass on the mineral bottom.

3) Arrangement of a pile field.

The choice of hardening option includes
modelling, calculation of technological
parameters, forecast of settlement, strength
characteristics of soils, timing and cost of work.
When determining settlement during the
construction period, it is necessary to consider
anisotropy, the structure of soil strata, rheological
properties of soils, the possibility of their
deterioration if not stabilised during work and
the production schedule. The deformability of
the foundation of subgrade structures is predicted
taking into account the principle of dynamic
equilibrium between the amount of unfrozen
water and ice content with changes in temperature
and pressure [4; 6].

Implementation

The analysis of results of the study and
experimental verification of IT and GTM is
contained in the work of the authors [1]

highlighting that «a comprehensive technology
for construction of subgrade on high-temperature
permafrost has been developed, based on the
regulation of construction loads and monitoring
of mechanical and thermophysical processes in
real timey.

The relationship between blocks of technical
regulation and GTM is most evident during the
main period of strengthening weak foundations.
When removing soft soils and replacing them
with sand, soil compaction is performed using
vibratory rollers, shock-impulse or drill-and-blast
technology. According to the requirements®, main
construction work must be accompanied by
monitoring and regulation of the technological
load, considering the forecast of the state of each
layer during the work process [10].

To perform this complex task on a multi-
kilometre section of the route with variable soil
conditions, mobile mechanical division uses the
entire range of GTM provided for by the
standards® (geodetic, parametric monitoring,
geophysical research) and the capabilities of the
control and warning system [5, 15]. The
characteristics of the foundation soils are checked
by control drilling along the depth of the replaced
soil mass to determine the presence of lenses,
i.e., the remains of soft, waterlogged soils and
peats. It is in these areas that increased humidity
leads to a decrease in strength characteristics of
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deformation modulus (Pic. 2) and, as
a consequence, to the risk of creep and squeezing
out of soil from the under-slope part of the
embankment. This phenomenon is confirmed by
the regression dependence obtained from the
results of statistical analysis of survey data on
the experimental design section of Obskaya —
Salekhard line [8]:

E=6,46+690,19X+ 0,07Y*-1,06Y —
—20,66XY—1738,54X, @)
where X — adhesion C, MPa,

Y — angle of internal friction ¢, degrees;

E — deformation modulus, MPa.

This dependence (R = 0,86, F =27,9; p = 0;
N = 48) shows the interaction between the
deformation and strength characteristics of soft
soils. The use of drainage system technology and
vibration compaction mode to prepare the
working platform increases the values of
characteristics C and ¢, and module E increases
accordingly.

The technological regime must consider the
dynamics of pore pressure in the undrained
(unconsolidated) state of the soil massif based
on numerical modelling and assessment of the
stress-strain state of the soil massif. If settlement
has accelerated, the construction load should be
adjusted, compaction should be stopped, and
additional engineering and hydrological surveys
should be carried out.

Experimental use of IT on foundations with
deep (larger than the active zone) placement of
subsidence soils according to the option of
cutting them out and replacing them with sand
showed the need for individual solutions
described in [13]. For effective vibration
compaction of sand, it is proposed to regulate the
operating mode of the vibratory roller. When
compacting a sand mass using the shock-pulse
method [13], adjustable parameters are
determined: placement of positions of the
machine, impact impulse, number of impacts at
each position. The peculiarity of regulation is the
systematic diagnosis of the foundation at each
position and in-between machine positions and
calculation of the parameters of the impact
(dynamic impact) depending on the state of the
sand mass. The experience of constructing
a highway on soft soils [11; 13] has shown the
effectiveness of accompanying the work with
comprehensive geophysical survey, including:
electrical prospecting; seismic exploration;
profiling by mobile ground-penetrating radar;
hydrogeological surveys with regime wells.

Integrated GTM makes it possible to control
replacement of soft peat soils, pore pressure and
density of the sand massif.

The most difficult conditions for the
implementation of IT were revealed during
development of the special technical specifications
for completing construction (strengthening) of
Nadym — Pangody railway [17]. According to
engineering survey materials, the route had island
permafrost, waterlogged fine silty sands and
loams of fluid-plastic consistency, which are soft
heaving soils with low bearing capacity. For
reconstruction of the subgrade, fundamentally
different transverse profiles were designed: a) an
extension with berms to the embankment of the
existing track; b) adding embankments over the
existing track; c¢) new structures. The greatest
deformations occur under technological loads
during work in the under-slope part of existing
track embankments with an increase in the
thawing layer of plastically frozen soils. The risks
of a dangerous combination of loads and the
limiting state of an unfinished object are
increasing, which are associated with variable
conditions of a multi-kilometre long site,
different design of structures, heterogeneity of
soil composition along the longitudinal and
transverse profiles of embankments and
excavations. Under these conditions, it is
necessary to calculate the risk of violating the
stability of the foundation by construction
machines, when the technological impact
exceeds the load that is safe for the soil.

The design parameters must be determined
taking into account the variable conditions along
the route and during the work: heterogeneity of
the characteristics of geology, lithology, and
terrain slopes. Assessment of changes in the state
of the right-of-way during construction of the
subgrade is carried out by stationary monitoring
points and the TR Centre using digital aerial
photography and ground-based laser scanning
data.

To increase the efficiency of geological and
technical measures, recommendations are given
in [1] on advisability of organising the constant
transfer of digital information about the state of
soils in each base layer based on the results of
geophysical research to the TR Centre, to a unit
of automated devices for regulating the modes
of construction equipment. Intense machine loads
can lead to intensification of hazardous natural
phenomena. For example, landslide and karst-
and-suffosion processes are sensitive to changes
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(movement) in the state of soil masses. Loss of
stability of embankments can be caused by
movement of earth masses on the track profile,
redistribution of ground and surface water, and
variable loads from earthmoving and transport
machines.

Considering such interaction corresponds to
modern trends in improving the mechanisation
of work using a remote program or automatic
technological processes’ control system (ACS
TP) [18]. Laser scanning systems consider the
marks of the longitudinal and transverse profile
of the structure, which change when machines
operate at any point on the construction site. The
operational task is to organise the interaction of
geotechnical monitoring and automatic control
systems of machines for a targeted and safe
increase in the bearing capacity of foundations’.

An increase in the vibration load of the roller
in the active layer leads to an increase in humidity
and, consequently, to a decrease in the deformation
modulus of soils. Operational control should
include synchronous assessment of compliance of
current values of the safe load and regulated
modes — changes in the amplitude and frequency
of vibrations of the vibrating drum. Geotechnical
monitoring data are the initial data for modern
vibratory rollers [19]. The machine’s on-board
computer allows you to set the vibration parameters
and speed of the roller depending on the degree
of soil compaction. After registering and converting
signals about fulfilment of the condition (1), it
becomes possible to increase, or in case of

7ISO 18674-1:2015. Geotechnical investigation and testing —
Geotechnical monitoring by field instrumentation — Part 1:
General rules.

https://static.ngs.ru

a dangerous signal, immediately reduce the
vibration load to the maximum permissible value
and switch to oscillation. For example, the
Variocontrol control system of the Bomag roller
provides an infinitely variable amplitude increase
and frequency adjustment to change the disturbing
force to a maximum value. At the same time, the
on-board PC determines the dynamic modulus of
soil deformation through the ratio of the contact
zone, dynamic pressure of the drum and the
compressive strength of the soil. The current value
of the machine’s deformation modulus should be
compared with the calculated deformation
characteristics of the compacted layer obtained
from GTM and soil laboratories. This data is
transmitted to the TR Centre for diagnostics and
forecast of the object’s condition. Systematic
regulation of vibration load and control of soil
density makes it possible to increase strength and
meet design requirements for the foundation at
a specific site of embankment construction.

In areas of deep strengthening of weak
foundations, it is necessary to organise quality
control of the processes of vibration compaction
of the upper zone for the working platform and
installation of a pile field in the form of bored,
geotextile or crushed stone piles (depending on
the design solution) with a flexible grillage. For
this purpose, modelling and calculation of the
bearing capacity of piles are applied in the Midas
GTS NX software [15; 17].

‘When constructing piles, based on engineering
survey data, the geological structure, groundwater
level and soil characteristics are considered.
Modern vibratory hammers and drilling machines
(for example, Liebherr series) ensure the quality
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of work using an on-board ACS TP for monitoring
and regulating the drilling speed, the depth and
verticality of the auger immersion into the
ground, and the pressure of the concrete mixture.
The machine’s software package allows obtaining
a pile passport with its profile on the geological
section and the volume of material laid in the
well. During piling work, the control functions
of GTM are aimed at clarifying information
about the calculated values of soil resistance
along the lateral surface of the piles. Testing of
piles and of the interpile zone should be included
in the work package to complete the technological
cycle of foundation preparation.

The installation of piles using vibration
loading and driving methods allows increasing
the density of the foundation

— pdo
Par = cVdt ° (5)

V
where p,, — initial soil density,

V — array volume,

K, — compaction factor;

V, — additional volume of materials for
strengthening the foundation during technical
regulation (volume of sand during compaction
of'the drainage layer and volume of bored piles).

After piling work and installation of a flexible
grillage, the final stage of IT is performed:
vibration compaction of the grillage and control
of the design dependability of the foundation for
transition to the structural and technological
cycle of embankment construction. When
organising construction control, one should take
into account the possibility of interaction
between GTM and a modern control and warning
system (CWS). Developed for operation of
structures in difficult hydrogeological conditions,
the CWS can be useful already at the construction
stage for the purpose of timely identification of
the pre-limit state, especially landslide areas. The
block diagram (see Pic. 1) provides for
interconnection of blocks with the hardware and
linear subsystems of the CWS, which includes
fibre-optic cables for measuring and monitoring
temperature and strain by linearly distributed
sensors [19]. The ability to obtain constant data
about these characteristics will make it possible
to control changes in the temperature field and
stresses in soils during construction.

Implementation Experience

The practical application of the results of
long-term studies has been described by the
authors in [1]. Namely, it was noted that «The

basic provisions of IT and geotechnical
monitoring were developed and improved by the
Institute of track, construction and structures of
Russian University of Transport (MIIT) in
2009-2019. They served as a basis for
development of technical regulations for
construction of sections of Obskaya —
Bovanenkovo — Karskaya and Berkakit —
Tommot — Yakutsk railways and construction of
Nadym — Salekhard highway [16]. The research
was carried out within the framework of the
«Agreement on Strategic Partnership between
the Government of the Yamal-Nenets Autonomous
District and Russian University of Transporty,
signed in 2013 and updated in 2018» [1].

Technical regulations for construction of
sections of Obskaya — Bovanenkovo — Karskaya
railway included monitoring that comprised an
analysis of geocryological processes for
construction of a technological motor road, one-
stage and two-stage construction of embankments
using near-route quarries. The forecast of
formation of the thermal field under the design
embankment of the Northern latitudinal railway
section, carried out using the «Qfrosty» program
[11], taking into account thermal conductivity
and the annual temperature balance, established
the formation of new and development of
existing blind talik zones.

The results of the authors’ research on
strengthening high-temperature permafrost soils
were tested under the conditions of railway
reconstruction. The proposals prepared for
reconstruction of the subgrade have been
included in the special technical specifications
for design, construction and commissioning for
«Completion of construction (strengthening) of
Nadym — Pangody railway», and were reported
at a conference organised by Yamal-Nenets
Autonomous District [20].

CONCLUSIONS

The construction of subgrade on high-
temperature permafrost soils using powerful
construction equipment is associated with the
risk of attaining limit states of the foundation and
loss of stability of unfinished geotechnical
structures. The proposed IT includes a drainage
device, adjustable technological modes and
monitoring, which jointly and purposefully
ensure the design requirements for safety of the
facility.

Geotechnical monitoring at the stage of
construction works and of regulation of
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construction loads includes complementary
studies of mechanical and thermophysical
processes occurring in layers of thawing and
thawed soils during construction and assembly
works. The linkage of monitoring functions with
ACS TP of construction machines is promising
to assess the impact of works on the condition of
soils.

For effective implementation of the
developed technological system for regulating
and monitoring the processes of strengthening
soft soils, it is advisable to provide in the
consolidated calendar plan for construction of
a section of the railway track the organisation
of experimental sites of subgrade subject to field
tests and geocryological studies of the dynamics
of the bearing capacity of the foundation under
the influence of construction equipment.
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ABSTRACT

The paper substantiates the relevance of studying the process
of plastic rutting on roads with asphalt concrete pavements. It is
hypothesised that the existing approach to monitoring quality
indicators at the stage of production of asphalt concrete mixtures,
including the components included in its composition, namely,
monitoring the required resistance to plastic rutting of the resulting
asphalt concrete pavements, has a significant drawback. The
indicated drawback is that assessment of the possibility of using
a specific batch of binder for preparation of asphalt concrete mixture
is currently carried out only based on incoming quality control of
the binder, by comparing the actual values of physical and
mechanical characteristics obtained in the laboratory with the
minimum standard values stated for the grade of binder material

adopted in the design documentation, without taking into account
the actual values of the quality characteristics of the binder used
at the stage of laboratory selection of the mixture composition. This
drawback, in some cases, can lead to failure to ensure the
resistance of the asphalt concrete mixture to plastic rutting at the
stage of its production.

The study contains the results of testing the shear resistance of
batches of binders of one performance grade and the resistance of
asphalt concretes prepared using these binders to plastic rutting. The
results of the study confirm the hypothesis put forward by the authors;
the dependence of the «average rut depth» indicator on the shear
resistance of the binder aged by the RTFOT method is obtained and
statistically substantiated.
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BACKGROUND

One of the main regulatory requirements for
the operating condition of motorways in terms
of ensuring road traffic safety is limitation of the
maximum rut depth on the road surface. At the
same time, at present, up to 35 % of all identified
cases of substandard transport and operating
condition of motorways are due to the presence
of ruts on the surfaces with a depth exceeding
the established maximum values [1].

The rutting on asphalt concrete surfaces is
caused by both plastic deformations of the
surface material (plastic ruts) and abrasion of the
surface material (abrasive ruts). Plastic rutting,
in turn, can be either superficial [mix rutting],
associated with the discrepancy between the
actual shear resistance of the surface layer
material (asphalt concrete) and specific operating
conditions, or deep [subgrade rutting], the
appearance of which is caused by shear
deformations of the underlying layers of the road
surface and the subgrade [1-3]. This study
examines plastic surface rutting, visually
distinguished by the presence of uplift (shearing)
[1], i.e. lateral uplifts of asphalt concrete along
the boundaries of the track (wheel path) (Pic. 1).

Surface plastic rutting on asphalt concrete
pavements develops during the hottest time of
the year and has, mainly, a cumulative effect — it
is formed under the influence of the load from
passing vehicles. In accordance with the current
regulatory documentation, the resistance of
asphalt concrete to this type of rutting is assessed
by the values of the «average rut depthy indicator
obtained during the corresponding tests in
laboratory conditions. The essence of the method
lies in the cyclic effect of the load (20000 passes
of the loaded wheel) on the control sample of
asphalt concrete at a given temperature, followed

by determining the average rut depth based on
the results of two parallel tests [4].

The target values of the «average rut depth»
indicator are established in the regulatory
documentation for asphalt concrete mixtures of
various types, depending on the operating
conditions of specific sections of motorways.
Achieving these target indicators in laboratory
conditions is mandatory for approving the
composition of the asphalt concrete mixture for
production of works. Additionally, quality
control of the asphalt concrete mixture for this
parameter is provided at the stage of its production
with a frequency of once every 15 days.

The fact of a significant influence of the
properties of the binder included in the asphalt
concrete mixtures on the properties of asphalt
concrete, including resistance to plastic rutting, is
noted in the works of many authors [1, 3, 5-15].
The assessment of the possibility of using a specific
batch of binder for preparation of asphalt concrete
mixture is currently carried out on the basis of
incoming quality control of this material, by
comparing the actual values of physical and
mechanical characteristics obtained in the laboratory
with the minimum standard values established for
the grade of binder adopted in the design
documentation, without taking into account the
actual values of the quality characteristics of the
binder used at the stage of laboratory selection of
the composition. The implementation of this
approach, which consists only in confirming the
required grade of binder when assessing the
possibility of its use, without considering the actual
values of its characteristics, can lead to failure to
ensure the resistance of the asphalt concrete mixture
to plastic rutting at the stage of its production.

To test this hypothesis and develop a new
approach to assessing the possibility of using

Pic. 1. Ridge of the uplift of the asphalt concrete pavement with a surface plastic rut [photos by the authors].
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a)

b)

Pic. 2. Preparation of control plate samples (a) with testing on a dynamic shear rheometer (b) [photos by the authors].

batches of binders entering production, the
authors conducted studies aimed at identifying
the dependence of the resistance of asphalt
concrete to plastic rutting on the properties of
binders.

RESULTS

The parameters characterising the efficiency
of the binder at positive temperatures are the
shear resistance of the original binder and the
shear resistance of the binder aged by the RTFOT
method. The RTFOT method allows us to
evaluate the changes in the properties of the
binder (the term «aging is used in the regulatory
documentation) that occur during preparation of
hot asphalt concrete mixtures.

The laboratory conducted studies of samples
ofbinders of the PG [Performance Grade] 64—40
produced by four manufacturers — hereinafter
samples Ne 1 — Ne 4. The choice of the bitumen
binder performance grade is due to the climatic
conditions of operation of motorways in
Novosibirsk region.

To determine the value of the shear
resistance of the bitumen binder in accordance
with the regulatory methodology, control
samples with a diameter of 25 mm (Pic. 2a)
were made from each binder with their

subsequent testing with a dynamic shear
rheometer (Pic. 2b).

The results of testing the shear resistance of
the original binder and the shear resistance of the
binder aged by the RTFOT method for all
samples are shown in Pic. 3. The level of the
horizontal red line in Pic. 3 corresponds to the
requirements for the shear resistance values of
the binder PG 64-Y grade at a test temperature
of 64°C.

The obtained results confirm that all tested
binders meet the requirements for the PG 64-Y
grade, while for the different tested samples of
the original binder the values of shear resistance
differ by more than 5 times, and the values of
shear resistance of the binder aged by the RTFOT
method by more than 2 times.

To determine the effect of shear resistance of
the bitumen binder on plastic rutting, the stone
mastic asphalt concrete mixture SMA-16, used
in Novosibirsk region, was chosen as the test
material. The composition of the mixture, given
in Table 1, was selected by the authors as part of
the work on construction control of road
construction projects.

At the stage of selecting the specified
composition in laboratory conditions, the value
of the «average rut depth» indicator was obtained

Table 1

Composition of the SMA-16 mixture [performed by the authors]

Name of the material

Content in the mixture, %

Mineral part of the mixture by fr. 0-4 mm 16,5

fractions

fr. 4-11,2 mm 44,3
fr. 11,2-16,0 mm 25,1
Mineral powder MP-1 8,5

Stabilising additive SD-3

0,4 (in 100 %)

Organic binder PG 64-40

5,2 (in 100 %)

®  World of Transport and Transportation, 2023, Vol. 22, Iss. 2 (111), pp. 178-183

Tsibarius, Yury A., Lanis, Alexey L., Berdyugin, Alexey N., Razuvaev, Maxim A. Resistance
of Asphalt Concrete to Plastic Rutting Depending on Shear Resistance of Binders




Shear resistance, kPa
S =N WAL ®

1
l i - .
1 2 3 4

Sample number

a)

Shear resistance, kPa

6
5
4
3 2,2
2
1
0
1 2 3 4

Sample number

b)

Pic. 3. Results of testing the shear resistance of the original binder (a) and the binder aged by the RTFOT method (b)
at a test temperature of 640C [performed by the authors].

a

b)

Pic. 4. Preparation of control sample slabs (a) with testing on a load wheel rolling tester (b) [performed by the authors].

equal to 3,30 mm with the values of shear
resistance of the used bitumen binder PG 64—40
at a test temperature of 64°C: for initial bitumen
binder —1,3 kPa; for bitumen binder aged by the
RTFOT method — 3,0 kPa.

As part of the study, 4 samples of stone mastic
asphalt concrete mixture SMA-16 were prepared
in laboratory conditions using the previously
studied PG 6440 binders.

To determine the values of the «average rut
depth» indicator, control slabs (Pic. 4a) were
prepared on a sector compactor using respectively
each prepared sample of stone mastic asphalt
concrete mixture SMA-16, with their subsequent
testing on a load wheel rolling tester unit (Pic.
4b).

The results of determining the values of the
«average rut depth» indicator, obtained at the
stage of selecting the composition and the stage
of conducting testing, are shown in Table 2.

Analysing the results of the tests, it should
be noted that for sample No. 4, corresponding to
the PG 64-40 binder grade in terms of shear
resistance, the value of the «average rut depth»
indicator was obtained that does not correspond
to the requirements of the regulatory
documentation established for the SMA-16 stone
mastic asphalt concrete mixture (no more than
3,5 mm). This fact confirms the correctness of
the hypothesis put forward by the authors.

To develop a new approach to assessing the
possibility of using batches of binders supplied
to production site, the authors conducted
a regression analysis of the obtained data, based
on the results of which functional dependencies
were established for the value of the «average
rut depth» indicator on the value of the shear
resistance of the binder for the SMA-16 asphalt
concrete mixture of the composition under study
(Pic. 5).
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,?.{ A~ Table 2
Results of determining the values of the «average rut depth» indicator
[performed by the authors]

Parameter Meas. unit Value of the parameter
at the stage of selecting | for the sample Ne
the composition of the || 2 3 4
mixture
Average rut depth | mm 3,30 1,93 3,03 2,96 4,62
5
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Pic. 5. Dependence of the value of the «average rut depth» indicator on the shear resistance of the original binder (a)
and the binder aged using the RTFOT method (b) [performed by the authors].

Table 3
Results of testing the significance of dependencies using the F-criterion
[performed by the authors]
Ne 2 Fion
of the dependence " m R Fru a=0,05 a=0,01
1 5 1 0,7146 7,51 10,13 34,12
2 5 1 0,9671 88,19 10,13 34,12

The obtained dependencies are of the Fisher’s exact criterion (F-criterion) are given in

following types: Table 3.
. The data presented in Table 3 confirm the
1{1):4,188.(.i)-‘l‘“)8 , (1)  possibility of using dependence (2) when
sind calculating the predicted values of the «average
G rut depth» indicator through the values of the
RD=11,402- (ﬁ)_ ?, (2)  shearresistance of binders aged using the RTFOT
where RD is average rut depth, mm; method.
G" — complex shear modulus, kPa;
0 — phase angle, rad; CONCLUSION
G"/0 — shear resistance of the original binder Based on the results of the conducted
(1) or of the binder aged by the RTFOT method research, the authors have confirmed the
(2), kPa. hypothesis about the presence of a significant

The results of significance test of the obtained ~ drawback in the existing approach to production
dependencies (regression equations) using the of asphalt concrete mixtures, which consists in
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confirming only the required grade of binder
when assessing the possibility of its use, without
taking into account the actual values of its
characteristics. It is shown that this drawback in
some cases can lead to failure to ensure the
resistance of the asphalt concrete mixture to
plastic rutting. The relationship between the
resistance of asphalt concrete to formation of
plastic rutting and the shear resistance of binders
included in the asphalt concrete was established,
and a functional dependence of the value of the
«average rut depth» indicator on the value of the
shear resistance indicator of the binder aged by
the RTFOT method for the SMA-16 asphalt
concrete mixture of the composition under study
was obtained. The use of this functional
dependence will allow determining the predicted
value of the «average rut depth» indicator at the
stage of incoming inspection of binders, and
consequently significant reduction in the
likelihood of producing asphalt concrete mixture
that does not meet the requirements of regulatory
documentation for resistance to surface plastic
rutting.
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ABSTRACT

Motorways are a strategically important part of a country’s
infrastructure. High requirements for their condition stipulate
regular monitoring of quality of the road surface. The large
length of motorways in Russia and the impact of weather and
climate conditions (seasonal temperature fluctuations,
precipitation) emphasise the relevance of searching for non-
destructive testing methods for road diagnostics that ensure
short terms of diagnostic work and the use of minimal
resources.

The considered existing solutions for detecting road surface
damage include the use of ground penetrating radar, laser method,
method of analysing vibration effects of road surface irregularities,
detection of damage based on lidar data and mobile mapping
systems.
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The objective of the study was to develop an algorithm for
analysing the condition of the road surface that allows detecting
road surface distresses based on images obtained during the
diagnostics of motorways by the KP-514-RDT airfield and road
measuring mobile laboratory completed by the IndorRoad and
RDT-Line software packages.

The development of an algorithm for detecting road surface
defects was carried out using machine learning methods. The
detected defects have precise georeferencing according to
stationing of the measured road segment. As a result of
development, a trained model was obtained that allows automatic
marking of defects of different classes on the image. The developed
algorithm is integrated into the software for managing the monitoring
of the condition of regional and municipal roads.
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INTRODUCTION

The condition of the road surface directly affects
the level of road traffic safety [1; 2]. According to
statistics from the Scientific Centre for Road Traffic
Safety of the Ministry of Internal Affairs of the
Russian Federation, as of the end of 2022,
unsatisfactory road conditions, implying the
inadequate condition and arrangement of roads and
railway crossings, were the cause of 30,5 % of road
traffic accidents. The number of people killed in
such accidents was 4089, while 48241 were injured
[3]. In this regard, an important state task is to
ensure measures to maintain roads in conformity
with conditions stipulated by standards and
regulations.

According to Federal State Statistics Service,
the current length of the public road network in
Russia is 1575,5 thousand km, of which 64,7
thousand km are federal highways, 503 thousand
km are regional or intermunicipal motorways, 1008
thousand km are local motorways. Hard surfaces
are absent on 29,2 % of motorways, and less than
half of them have improved road pavement that
ensures high transit capacity regardless of natural
and climatic conditions'. At the same time, 15,3 %
of federal highways?, 49,4 % of regional motorways
and 46,3 % of local motorways do not meet
regulatory requirements ', which can cause road
traffic accidents. Consequently, timely detection
and diagnostics of road surface damage are of
crucial importance for ensuring road traffic safety
[4; 5].

According to the requirements of the legislation?,
annual diagnostics, inspection and assessment of
the technical condition of highways to determine
whether the transportation and operational
characteristics comply with the requirements of
technical regulations are the responsibility of the
owner of the motorways. High-quality road
monitoring allows us to analyse and predict the
service life of a road facility, competently plan
future work to bring facilities into compliance with
regulatory requirements, distribute financial
resources and monitor the work of the general
contractor, which will have a positive effect on

! Transport. Official statistics: Federal State Statistics
Service. [Electronic resource]: https://rosstat.gov.ru/statistics/
transport. Last accessed 10.09.2023.

2 The length of federal highways. [Electronic resource]:
https://rosavtodor.gov.ru/. Last accessed 10.09.2023.

3 Federal Law of 08.11.2007 No. 257-FZ «On Highways
and Road Activities in the Russian Federation and on
Amendments to Certain Legislative Acts of the Russian
Federation». [Electronic resource]: http://www.kremlin.ru/
acts/bank/26452. Last accessed 10.09.2023.

improving road traffic safety and reducing mortality
from road traffic accidents due to unsatisfactory
road conditions.

The extent of motorways in Russia implies
a large volume of diagnostic work, which affects
the timing and cost of its implementation, which is
especially important to consider due to the limited
resources of local and regional budgets [6]. Here,
the development of more effective and efficient
methods for assessing the quality of the road surface
becomes relevant.

The implementation of traditional methods for
assessing the quality of roads [7] takes a long time,
requires a large amount of equipment and numerous
specialists, which does not allow us to talk about
their efficiency and effectiveness. In this regard,
mobile methods of non-destructive testing are of
particular importance when conducting diagnostics
of road structures, in this case, when performing
the study, the object does not lose its original
properties, and the work can be completed in a short
time, without using a large number of resources.

RESULTS

To formulate requirements for development of
an algorithm for analysing the condition of a road
surface, an overview of existing solutions for
mobile non-destructive testing in the diagnostics of
highways has been made.

The article [8] describes in detail one of the
methods of non-destructive testing, i.¢. diagnostics
of highways using ground-penetrating radar (GPR).
The ground-penetrating radar method is advisable
to use to identify various signs of road surface
deformation that are not determined by the method
of road surface drilling. The ground-penetrating
radar survey is based on the study of the field of
high-frequency waves, as well as the difference in
rock permittivity. In the case described in paper
above, the OKO-2 ground-penetrating radar with
an AB-1000R air shielded antenna was attached
with a bracket to continuously moving vehicle. The
survey was conducted on the example of an
operating facility; the results of the analysis of the
set of reflected signals in special software helped
to identify cracks, distresses, and potholes in the
upper layer of the road surface, requiring
replacement of the asphalt concrete pavement. This
method is effective in solving problems of detecting
and identifying roadway defects, but at the same
time, interpreting the results of the GPR survey is
acomplex and labour-intensive process, accessible
only to specialists with professional skills in the
field of geological research. Besides, the method
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has its constraints: the quality of the obtained survey
results may decrease in bad weather conditions
(rain, air temperature below —40 and above +40
degrees)*.

To obtain accurate road geometry and visual
description of road defects, it is advisable to use
highly detailed spatial data. A technique to obtain
such data is to conduct laser scanning of the road.
Laser scanning is performed using cameras, laser
equipment (lidar’ [Light Detection and Ranging])
and navigation devices installed on a vehicle [9].
The laser scanning results in a point cloud
representing a digital three-dimensional model of
the road. Using a three-dimensional model, it is
possible to identify road surface defects and carry
out the necessary measurements. Due to the high
cost of laser equipment, this method cannot be
widely used for diagnostics of regional and local
motorways; furthermore, the operation of the lidar
is limited in some weather conditions.

In[10], the input data for detecting road defects
include point clouds and orthomosaic collected
using mobile mapping technology, which involves
the use of a Trimble MX9 scanning system installed
on the roof of a vehicle. The method included
several stages: data collection using mobile
mapping, processing of the obtained results,
classification of spatial objects for further
identification of the location of a specific defect
(roadway, bike path, pedestrian zone), visual
inspection by the operator of orthomosaic and
panoramic images and extraction of the road
damage area from them in the form of polygons,
lines or points. Each selected image was assigned
a unique identifier and attributes, including the
defect surface, defect location, location lane
number, depth, type, severity level, size and other
geometric parameters. Based on the results of the
work, a database of road damage was obtained,
consisting of shape files with point, linear and
polygonal defects.

The mobile mapping method in road diagnostics
has many advantages: high scanning speed,
allowing not to stop traffic at the surveyed site,

4 Guidelines for the use of ground-penetrating radars
in surveying road structures. [Electronic resource]:
https://pandia.ru/text/77/122/621.php. Last accessed
23.09.2023.

* Since there are at least seven different casings of this short
form for light detection and ranging (see, e.g.: Deering,
C. A., Stoker, J. M. Let’s Agree on the Casing of Lidar.
LiDAR News Magazine, 2014, Vol. 4, No. 6. [Electronic
resource]: https://lidarmag.com/wp-content/uploads/PDF/
LiDARNewsMagazine DeeringStoker-CasingOfLiDAR
Vol4No6.pdf), a «lidar» is used in the English translation of
the article. — Ed. note.

reduction of time and financial costs for field work,
a large volume of attribute data for each damage,
precise determination of the location of the defect
found, the ability to sort the database of found
defects. At the same time, the use of this method
assumes the work of a trained operator who is able
to not only search for, but also classify roadway
defects using an image. Automation of damage
search in this case requires the use of specialised
software.

The task of detecting road surface defects based
on laser scanning data without the need for data
marking with the participation of an operator is
investigated by the author of the article®. The goal
of the project was to develop an algorithm for
automatic detection of road surface defects based
on data obtained from a lidar device. The complexity
of this approach lies in the large volume of
preparatory processes, including preparation of
a high-quality point cloud and the selection of
a defect search area. Thus, at the first stage, the db
data format with an embedded binary code was
converted to a convenient ¢sv format. Then, using
the RANSAC algorithm, the data was corrected. To
create a high-quality dataset, the obtained point
clouds were aligned using the RANSAC algorithm.
To minimise potential errors and distortions using
the ICP algorithm, two point clouds were combined
into one. This made it possible to transform the
point cloud into high-quality material for further
searching for road surface damage. Defect
detection, in particular of deep potholes, was carried
out in the selected area with the highest point
density. The developed algorithm for finding
potholes consisted of determining statistical outliers
in distribution of point heights using the DBSCAN
clustering method, which allows grouping points
defined as «potholesy into separate clusters. Based
on the results of all the operations performed, the
coordinates of the centre of each cluster were
determined, representing the exact location of the
road defect. Thus, the work managed to achieve the
result in detecting one of the types of damage, i.e.
a pothole.

The patent for the invention «Method for
diagnosing the smoothness of a road surface» [11]
presents a method for assessing the quality of a road
surface by analysing the vibration effects of road
irregularities during vehicle’s movement. This
method involves the use of a mobile vibration

¢ Detecting Road Defects Without Labelled Data: Hackathon,
Lidar, Ransac, ICP and 44 Sleepless Hours. [Electronic
resource]: https://habr.com/ru/articles/765230/. Last accessed
25.02.2024.
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measuring complex consisting of vibration sensors
installed on the unsprung part of the vehicle,
a computing complex, an operator’s workstation,
power supplies, and a satellite positioning system.
In this case, the quality of the road surface is
assessed by comparing the amplitudes of the
vibration effects of the obtained reference base of
road smoothness [evenness] parameters at the
certification stage when putting the road into
operation and the data of control measurements
during operation of the road at the same points on
the route. Based on the results of the analysis of
changes in the vibration effects parameters, it is
possible to identify areas of pavement destruction,
formulate recommendations for adjusting the speed
limit on the studied segments of the road, and,
according to the authors, predict the service life of
the road surface. The need for a reference base of
road smoothness parameters makes it difficult to
use this method for large volumes of work, as it
requires increased inventory costs.

The considered non-destructive testing solutions
are effective in diagnosing the condition of roads,
but do not fully ensure automation of the search for
road surface damage, convenient for use by decision
makers. Today, tools for automation and increasing
the efficiency of obtaining data on the condition of
the road surface, developed using artificial
intelligence, are gaining popularity and have proven
effectiveness.

Diagnostics of roads using artificial intelligence
has been widely studied abroad in the last decade
[12—-17]. In Russia, this topic is represented by the
works of S. S. Kravtsov, I. A. Kanaeva, B. V. Sobol,
P. V. Vasiliev and other researchers [18-23]. The
solutions are based on the method of automatic
processing of images obtained using a smartphone,
a video recorder installed in a vehicle, or a UAV.
This paper demonstrates the process of developing
an algorithm for analysing the condition of the road
surface, which allows detecting defects in the road
surface based on images from an airfield and road
laboratory.

Based on the results of the review of existing
solutions for mobile non-destructive testing in road
diagnostics, the distinctive characteristics of the
road surface condition analysis algorithm developed
within the framework of this research work have
been formed:

— Data collection for assessing the road surface
condition when driving at speed (without costly
blocking traffic on roads and without the risks
associated with work carried out along busy
highways with dense traffic).

— The use of machine vision to detect damage
to the road surface.

— No need to conduct an initial (reference)
survey of the road surface condition.

—Accurate georeferencing of the detected defect
according to the stationing of the measured road
segment.

Development of the algorithm was based on the
data obtained within the framework of road
certification work using the KP-514-RDT airfield
and road laboratory measuring complex in
combination with the IndorRoad and RDT-Line
software. The frames obtained during the relevant
survey were converted with the help of software
into a separate flow of photographs of small
segments of the roadway of the same dimensions,
conditionally connected into a single frame of the
entire diagnosed motorway. At the second stage,
the optimal architecture of the neural network was
determined for solving the problem of finding and
segmenting road surface defects; at the third stage,
its own training dataset was prepared: 35225 defects
were manually identified on 2500 images. The
following types of objects were used for marking:
cracks, block cracking, potholes, corrugation,
depressions, upheaval, shoving, patching, etc.

As aresult of machine learning of the used Mask
R-CNN neural network architecture, a model was
obtained that allows automatic marking of defects
of different classes in a photo. The quality of the
model was assessed using a dataset that included
1000 photos with defects of two classes: «Cracksy»
and «Potholesy.

To assess the performance of the model, the
«Error Matrix» metric is provided (Pic. 1). The
metric is a table with four different combinations:

1) TP — True Positive: the model found a defect
in the photo where it is present.

2) TN — True Negative: the model did not find
defects in the photo where there are really no
defects.

3) FP—False Positive: the model found a defect
in the photo where there are no defects.

4) FN — False Negative: the model did not find
a defect, but it is present in the image.

o ik = P

Pic. 1. «Error Matrix» Metric [developed by the authors].

®  World of Transport and Transportation, 2023, Vol. 22, Iss. 2 (111), pp. 184-189

Rada, Artem O., Konkov, Nikolay Yu. Development of an Algorithm for Analysing the Condition

of the Road Surface Using Artificial Intelligence




Pic. 2. The result of the algorithm’s operation regarding the «Crack»
class [developed by the authors].

From Pic. 1 it is evident that in most cases the
model makes a correct classification for the «Crack»
class, while for the «Pothole» class the model most
often makes a true negative decision.

Table 1 also shows the metrics used to evaluate
the performance of the algorithm, prepared based
on the calculation of the error matrix indicators.

Pics 2, 3 show the results of the algorithm’s
operation regarding «Crack» and «Pothole»
calsses. For each image, the parameters of the area,
length and width of the detected damages are
determined.

The developed algorithm is integrated into the
web application «System for monitoring the
condition of housing and communal services’
facilities (heating mains, landscaping (lawns, parks,
urban forests), buildings (roofing, facades))», in
terms of the module for monitoring the condition
of regional and municipal roads.

CONCLUSIONS

The development of more efficient and effective
methods of non-destructive testing of the quality of
roads in the context of limited resources of local
and regional budgets is an urgent task. In this
context, mobile non-destructive testing methods for
road quality are promising, since they allow not to
subject the road surface to additional impacts and

Table 1
Metrics used to evaluate
the performance of the algorithm

Ne Name of the metric Value
1 Accuracy 0.73
2 Positive predictive value | 0.64
3 Sensitivity 1.00
4 Specificity 0.49

-

Pothole - 2 pos.

Pic. 3. The result of the algorithm’s operation regarding the
«Pothole» class [developed by the authors].
do not require stopping the traffic flow at the
surveyed site.

The reviewed methods of non-destructive
testing of the condition of roads do not fully ensure
the automation of the search and determination of
the parameters of damage to the road surface.
Besides, constraints inherent in the considered
methods, such as the complexity of interpreting the
results, the need for participation of a trained
specialist in the interpretation, the requirement for
availability of a reference database of road
parameters, hinder the possibility of their widespread
use, including for making management decisions
by responsible persons.

As part of the described research, an algorithm
for analysing the condition of the road surface was
developed, allowing for automatic detection of road
defects based on images obtained during the
certification of roads using the KP-514-RDT airfield
and road laboratory measuring complex in
combination with the IndorRoad and RDT-Line
software. No operator work is required when
classifying defects and determining their parameters.
Damage detection is performed using a trained
neural network. The developed algorithm allows
for prompt assessing of the current condition of the
road without visiting the sites, identifying areas
requiring repair, measuring pavement distress
parameters and estimating the cost of possible
works on current or major repairs.
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ABSTRACT

The study considers the issue of increasing traction properties of
freight locomotives under the conditions of the Eastern Polygon, the
eastern part of the Russian railway network. The analysis results have
allowed identifying design factors influencing the adhesion properties
of locomotive and suggesting an extended classification of methods
for improving the adhesion properties by selecting rational design
solutions for the undercarriage.

Itis established that for unified three-axle bogies of domestic freight
diesel locomotives, the factors leading to a decrease in the adhesion
coefficient in operation include a significant base length, unbalanced
spring suspension and insufficient rigiclity of the body supports resting on
the bogie with the upper location of the kingpin, while for bogies of electric

locomotives with brushless traction electric motors they include a rigid
connection of the engine rotor with the wheelset, leadling to the occurrence
of high dynamic torques. It is proposed to use balanced pneumatic spring
suspension and increase the rigidity of rubber-metal supports as
measures for modemisation of diesel locomotive bogies, and for the
prospective unified undercarriage of diesel and electric locomotives — to
refuse from placing the fuel tank under the body and to use two-axle
bogies with a frame-support traction drive with an axial gearbox, or with
an axle-support drive of the aggregate type, having an elastic coupling,
damping dynamic loads. The obtained results give grounds to believe
that these measures will increase the coefficient of adhesion during
operation from 0,27 to 0,3... 0,33..
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BACKGROUND

The main requirement for locomotives for the
Eastern polygon [or eastern part of the Russian
railway network], which includes the Baikal-Amur
and Trans-Siberian Mainlines, is the ability to haul
trains weighing 7 100 tons, which is possible «in case
of implementation of... a traction force of at least
431 kN» [1] in a single locomotive unit, or 862 kN
for a double-unit diesel locomotive. A traction force
close to this indicator (786 kN) was established for
2TE137 diesel locomotive, built in 1985. Increasing
the traction force to 862 kN, or by 10 %, implies
bringing the calculated adhesion coefficient to 0,29.
However, according to [1], «many years of
experience of operating 2TE25A diesel
locomotives. .. with an asynchronous traction drive
on the on Baikal-Amur mainline has not confirmed
the possibility of implementing a traction coefficient
0f 0,29, laid down in the technical specifications for
this locomotive in all operating conditions of this
mainline at a design speed of 18,5 km/h». On the
other hand, the calculated adhesion coefficient of
0,29...0,32 was previously implemented on diesel
TGM3 and TGM4 locomotives with hydraulic
transmission, and currently on the Gravita 10BB
diesel locomotives from Voith, Austria and G2000
BB from Vossloh, Germany (0,33). Thus, it is clearly
premature to draw a conclusion about the possibility
of implementing traction force under adhesion
conditions only based on the results of operating one
locomotive, without considering its design features
(undercarriage, control systems, in particular, anti-
skid [anti-slip] systems).

In locomotives with hydraulic transmission,
where all wheelsets are mechanically connected
to each other, the torque redistribution along the
axles during the locomotive’s movement occurs
in accordance with the value of elastic slip of the
wheels on the rails, and, thus, each of the axles,
with a total traction force close to the adhesion
limits, develops a traction force corresponding
to the maximum possible for a given axle. In
locomotives with electric axle drive and separate
axle control, including those with brushless
traction electric motors (TEM), the connection
between elastic slip and axle traction force is
mediated by a control system that imposes
restrictions (slip measurement accuracy, slip
threshold values at which the system is triggered,
rigidity of the electromechanical characteristics
of TEM, inertia of the control system, slip
optimisation algorithms, etc.).

Thus, for locomotives with brushless TEM,
the problem of choosing solutions for design of

the locomotive undercarriage that ensures
maximum use of wheel — rail adhesion for all
axles remains relevant. The proposed article is
an attempt to solve this problem.

RESULTS
Analysis of the Problem

Pic. 1 shows the classification of methods for
improving the adhesion properties by changing
the design of the undercarriage proposed by the
authors. As can be seen from the classification,
all factors that affect the adhesion coefficient and
at the same time depend on the design of the
undercarriage can be divided into three groups:
kinematic, static and dynamic factors.

Kinematic factors

Kinematic factors include those that depend
on the speeds of the elements of the wheel — rail
system when moving in traction mode. This is
the presence of a two-point contact of the wheel
with the rail and the transverse component of the
sliding of the wheelset. Both factors manifest
themselves in curved sections of the track, where
a decrease in the coefficient of adhesion is
observed depending on the radius of the curve.
It is known that when starting off in a curve, the
decrease in traction can be 40 ... 50 %, however,
this is explained not only by the two-point
contact, but also by the redistribution of the load
on the wheels.

Two-point contact of the wheel with the rail
is the contact of the wheel with the flange of the
side surface of the rail head. Since the contact
surface on the flange lies on a wheel radius
greater than the tread surface, this increases
wheel slippage and, accordingly, reduces the
traction limit with regard to adhesion
(in practices — when passing curved sections of
the track). This problem is partially solved by
reducing friction between the flange of the wheel
and the rail surface using lubrication, as well as
by attempts to change the profile of the wheels.
The purpose of these measures is to reduce the
wear of the surfaces of the wheel and rai. But as
far as the question of changing the profile of the
wheel is concerned, the article by I. Pukhov
«Between the wheel and the rail. The profile of
the wheel affects its wear» ! denotes a «crisis of
ideas», although the possibility of |
a comprehensive solution to this problem is not

! Pukhov, I. Between the wheel and the rail. The profile of the
wheel affects its wear. Gudok, Iss. 207 (26346) 22.11.2017.
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Pic. 1. Classification of methods for improving adhesion properties by changing the design of the undercarriage,
proposed by the authors of the article.

denied. Without going into the complexity of this
problem, it can be concluded that when designing
the undercarriage, the influence on this factor
will mainly consist in providing for the possibility
of placing flange Iubrication devices, and this
usually does not cause difficulties. The reduction
in the probability of wheel contact with the flange
in curves directly depends on the angle of the
attack of the rail by the wheel, which will be
discussed below.

According to data [2], a significant decrease
in the adhesion coefficient for electric locomotives
is observed in curves less than 500 m, and for
diesel locomotives — in curves less than 800 m.
This difference indicates the influence of the
angle of the attack of the rail by the wheel, since
the base of a two-axle bogie of cargo electric
locomotives is about 3,0 m, and of three-axle
bogies of freight diesel locomotives—3,7...4,4 m.
It is known that on the Eastern polygon, curves
with a radius of less than 650 m make up 40 %,
and less than 350 m — 56 % of the general
network values [3]. This means the need to
tighten the requirements for locomotives for the
Eastern polygon to improve the horizontal

dynamics of the vehicle in curves, considering
not only compliance with permissible levels of
impact on the track, but also the maximum
implementation of the adhesion properties of the
locomotive.

Reducing the angle of wheel — rail attack in
curves refers to measures to reduce the impact
on the track in curves and is implemented in the
following ways:

« reducing the bogie base;

« reducing the resistance to bogie rotation;

« articulating bogies;

* using a mechanism for radial positioning of
wheelsets in curves;

« forced rotation of bogies of wheelsets.

Reducing the bogie base is achieved both by
reducing the distance between the axles and by
using bogies with a smaller number of axles. The
base of two-axle bogies of domestic cargo
electric locomotives is 2900 ... 3000 mm, while
for foreign electric locomotives it is smaller —
2600 ... 2900 mm. The dimensions of the base
of a two-axle bogie is limited by two factors: the
layout conditions (primarily the possibility of
placing TEM) and the stability of movement in
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Pic. 2. Bogie of TE136 diesel locomotive: 1- body frame; 2 - bogie frame; 3 - wheelset; 4 - TEM;
5 - support and return devices; 6 - second stage of spring suspension; 7 - axle box; 8 - axle box stage of spring suspension;
9 - balance beam; 10 - kingpin assembly; 11 — low-mounted frame [9].

straight sections of the track. The minimum base
of two-axle bogies of domestically built
locomotives with a design speed of 100 km/h
with a wheel diameter of 1250 mm is 2250 mm
(TE136 diesel locomotive), with a wheel
diameter of 1050 mm — 2100 mm (TEM7 diesel
locomotive).

As can be seen from Pic. 2, the bogie of
2TE136 diesel locomotive uses a counter
arrangement of six-pole collector TEM with
a significant diameter. The reduction in the base
under these conditions was achieved due to the
connection of the bogie by a kingpin to a low-
positioned intermediate frame, and because the
TEM rests on the kingpin beam from above. Such
a compact arrangement can be achieved by using
horizontal or inclined rods to transmit force to
the body.

Reducing the resistance to turning of the
bogies facilitates the transition from the setting
of the greatest tilt to the dynamic setting as the
speed increases, which is accompanied by
a decrease in the angle of attack. This is achieved
by using measures to increase the stability of the
bogie in straight sections of the track (introduction
of transverse gaps in the kingpin, replacement of
friction dampers of transverse oscillations of the
bogie with hydraulic ones).

The articulation of the bogies results in the
fact that the bogie in front part of the locomotive,
turning when entering a curve, turns the rear
bogie in the opposite direction, thereby reducing
the angle of attack of the wheel of the guide
wheelset of the rear bogie. At the same time, the
rigid mechanical articulation of the bogies, used
on the first domestic electric locomotives (for
example, of VL8 series), leads to deterioration

of the horizontal dynamics of the undercarriage
on straight sections of the track, due to an
increased tendency to wobble. The experimental
use of elastic articulation of bogies on TE7 diesel
locomotive and VLS80 electric locomotive [4]
showed that on TE3 diesel locomotive the
articulation provides a significant effect when
moving in a curve of a radius of 300 meters
(a decrease in the quasi-static component of
frame forces by 58 % at a speed of 10 km/h and
setting the greatest skew), in a curve of a radius
of 600 meters the articulation does not provide
a significant decrease in the quasi-static
component of frame forces, and the greatest
decrease in the quasi-static component was
obtained with hydraulic articulation of bogies.
At the same time, the maximum frame forces
remained at the same level due to an increase in
the dynamic component. On VL80 electric
locomotive, mechanical articulation of bogies
also showed a decrease in the quasi-static
component of frame forces and an increase in the
dynamic component. It was concluded that
articulation of bogies can be used for locomotives
with increased axle load. Later, hydraulic
articulation of bogies was experimentally applied
on 2TE121 diesel locomotive [5]. As a result of
the research, it was established that the hydraulic
articulation works satisfactorily only with
a kingpin fixed in the transverse direction,
therefore, other methods of connecting the bogie
to the body were recommended for the serial
version.

Radial design of wheelsets («RUKP» /
RDWS) was used on the three-axle bogie of JSC
VNIKTI, installed on the domestic 2TE25a diesel
locomotive. Research using the modelling
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Pic. 3. Four-axle bogie with RDWS: 1 - main frame; 2 - bogie frame; 3 - wheelset; 4 - TEM; 5 - axle box; 6 - axle box
stage of spring suspension; 7 - axle box guide; 8 - balance beam; 9, 11 - levers; 10 - traction rod; 12, 14 - dampers;
13 - second stage of spring suspension [7].

method, conducted at BSTU [6] showed that due
to RDWS, «in a curve with a radius of 600 m,
the work of friction forces on the ridge is less by
2,8 ... 2,14 times, and on the tread surface — by
3,2 ... 2,9 times. Similar results were obtained
for the total work of friction forces in curves with
radii of 300, 600 and 1000 m». This clearly
indicates the possibility of improving the
adhesion properties compared to bogies with the
same base. Abroad, General Motors and General
Electric developed self-steering three-axle bogies
with radial design in 1993-95: the HTCR bogie
for SD70 series locomotives (GM) and the bogie
for AC4400CW series locomotives and later
Evolution versions (GE).

JSC VNIKTI also developed a four-axle
bogie with RDWS (Pic. 3), which was supposed
to be used on the designed 2TE35a diesel
locomotive of JSC Sinara for the Eastern
polygon. According to JSC VNIKTI?, the impact
of such a bogie on the track in curves should
correspond to the impact of the three-axle bogie
of the 2TE116 diesel locomotive.

A special case of a bogie with radial design
of wheelsets can be a four-axle bogie with
slave axles. As indicated in [4], the front
wheelset in such bogies in the direction of
travel can even have a negative angle of attack,
but this requires that the characteristics of the
return devices change depending on the radius
of the curve and the unquenched centrifugal
force, which requires making them controllable.
In this regard, three-axle bogies with an
intermediate frame are indicated as a preferred
design in [4].

2 Lunin, A. A., Spirov, A. V. On the directions of development
of rolling stock. Presentation of JSC VNIKTI 30.08.2019.
[Electronic resource]: https://www.railwayexpo.ru/images/
docs/2019/presentation/JTEHb 3 30 asrycra/3AJI 2/10-
00 _6-it mexaynaponausiii popym/Ceccust 1/1.7 A
Jlynun_A_CroupoB_RU.pdf. Last accessed 27.12.2023.

An example of practical implementation of
a chassis with forced axle rotation is the Integral
diesel train from Jenbacher (Austria) with single-
axle bogies. This design has not received further
development. In domestic practices, work has
been carried out to create systems for forced
rotation of industrial locomotives’ bogies on
steep curves, but it is too early to talk about the
possibility of using such systems on mainline
locomotives.

From the analysis of kinematic factors it
follows that the simplest technical way to reduce
lateral sliding in curves and at the same time
reduce the probability of two-point contact is the
maximum reduction of the bogie base, that is,
the use of two-axle bogies with a base of
2250...2600 mm.

Static factors

The static factors in the classification include
those that are determined by the interaction
forces of the wheel and rail and that change little
over a period of time corresponding to the period
ofthe undercarriage’s own vertical and horizontal
oscillations in motion.

First, the static factors include the specific
contact load, which depends on the contact area
and can be changed in two ways: by increasing
the wheel diameter and by changing the tyre
profile. The problematic nature of finding
a rational tyre profile has already been discussed
above. As for changing the tyre diameter,
according to VNIIZhT, in [2] it is predicted that
increasing the wheel diameter from 1050 to 1250
mm will lead to an increase in the adhesion
coefficient by 4 %, with reference to the research
of K. Kraft [7]. K. Kraft’s conclusion has not been
tested under the conditions of domestic railways.
Indirect argument in his favour is associated with
the higher average statistical coefficient of
adhesion of electric locomotives with wheels of
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Pic. 4. Change in the coefficient of use of the adhesion weight n depending on the traction coefficient y for the bogie of 2TE116 diesel
locomotive, standard version [9].

1250 mm diameter, compared to diesel locomotives
with wheels of 1050 mm (which is also explained
by the lower probability of pollution of the track
with oil products and the smaller base of the
bogies), as well as the higher adhesion properties
of 2TE121 diesel locomotive with wheels of 1250
mm. In addition, an argument in favour of using
wheels of 1250 mm diameter on locomotives with
increased traction force per axle is that for wheels
with tyres this increases the reliability of the fit of
the tyre on the wheel centre (on diesel locomotives
in the USA with wheels of 1050 mm diameter,
wheels without tyres are used).

A more specific static factor is the change in
the static axle load when the locomotive is
moving in traction mode. Redistribution of the
axle load may occur for the following reasons:

— the presence of vertical components of
forces in the wheel-motor units in traction mode;

— the presence of an overturning moment due
to the fact that the traction force is transmitted
by coupling devices above the level of the rail
head;

— moving over vertical irregularities of the
track.

Separately, it is necessary to mention the
hypothesis put forward in [2] about the influence
of uneven distribution of loads on the wheels of
the wheelset with one-sided traction transmission.
As shown by the results of studies not included
in [8], when the locomotive is moving in the
coasting mode, there are tangential stresses in
the axles of the wheelset caused by a torque that
changes randomly depending on the position of
the wheelset in a straight line, the cause of which
is the difference in the diameters of the wheels
corresponding to the points of contact of the
wheel and the tyre. Due to the conicity of the
wheel tyre profile, this difference changes
depending on the position of the wheel in
a straight line. In the traction mode, approaching
maximum traction force with regard to adhesion,

the magnitude of the tangential stresses becomes
constant, which contradicts the hypothesis [2],
since otherwise the force would change randomly
due to a random change in the tangential rigidity
of the wheel — rail contact.

Reduction of vertical forces can be achieved
by the following methods:

— elimination of bogie frame rotation in the
vertical plane by using rigid body supports on
the bogie;

— one-sided arrangement of TEM in three-
axle bogies, which leads to contrary directions
of forces applied to the bogie frame through the
traction motor suspensions located on different
sides of the rotation axis in the vertical plane;

— compensation of forces in two-axle bogies
by locating TEM suspension points to the rotation
centre;

—use of traction drives that do not create
uncompensated reaction forces in the vertical
plane;

— compensation of vertical forces by reducing
the distance between the point of force transfer
from the bogie to the body and the level of the
rail head, which can also be used to compensate
for the overturning moment.

As studies have shown [9], the coefficient of
use of the adhesion weight for the three-axle
bogie of 2TE116 diesel locomotive in the range
of traction coefficient changes from 0,15 to 0,33
changes almost linearly (Pic. 4).

According to calculations [9], for the standard
version of 2TE116 diesel locomotive bogie with
y = 0,33, the value of n = 0,832. Changing the
design of the bogie gave the following results:

— reducing the static deflection of the bogie
supports from 20 mm to zero (installing rigid
supports) increases 1 from 0,832 to 0,869 due to
the elimination of rotation of the bogie frame in
the vertical plane;

— the use of balanced spring suspension in
combination with rigid supports increases 1 from
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0,832 t0 0,922 due to the uniform distribution of
loads along the axles of the bogie;

— the use of a frame-support drive with
a transmission mechanism on the high-speed part
of the transmission, eliminating the vertical
component of the forces from the traction drive,
but with an unbalanced spring suspension,
increases 1 from 0,832 to 0,902, that is, increases
n compared to a axial-support drive from 0,869
t0 0,902; when using a frame-support drive with
an axial reducer, due to the vertical forces in the
reaction rods, 1 with a three-axle bogie worsens
to 0,848.

The need to use a one-sided arrangement of
TEM on a three-axle bogie was also confirmed
(the counter arrangement reduced 1 from 0,832
to 0,79 even with rigid supports).

Thus, for a multi-axle bogie in a rigid frame, it
is advisable to use a balanced spring suspension,
including due to the uneven load on the axles, which
is also stated in [9]. In this case, a balanced
suspension in the axle box stage is equivalent in its
dynamic qualities to an unbalanced suspension with
a greater static deflection, since the change in axle
load when passing a vertical unevenness is
redistributed across the other axles of the bogie. In
practice, this makes it possible to abandon the
second suspension stage, at least for locomotives
with a design speed of up to 120 km/h. In fact,
a balanced single-stage suspension was also used
on TEP60 passenger diesel locomotive with a speed
of up to 160 km/h, since the body rested on the
bogie through pendulum supports with rubber cones
that had an insignificant static deflection, and the
springs between the bogie and the body participated
only in the lateral rolling process.

Also, for a multi-axle bogie in a rigid frame,
the coefficient of utilisation of the adhesion
weight can be increased by using frame-support
traction drives with a compensating mechanism
on the low-speed part of the drive (which was
implemented on the experimental diesel
locomotive TE120), as well as a direct traction
drive, in particular, an axial-support drive with
a horizontal arrangement of the reactive traction,
transmitting forces from the stator to the bogie.
At the same time, the presence of a radial design
of wheelsets complicates the possibility of
implementing a frame-support drive due to the
occurrence of movements of the outer wheelsets
in the horizontal plane, and the use of a direct
axial-support drive requires elastic support of
TEM on the axle or wheel centres to reduce the
unsprung mass.

For two-axle bogies, as a rule, a counter
arrangement of the traction motor is used, which
allows reducing the moment of inertia of the
bogie in the vertical and horizontal planes. In this
case, the main way to increase the coefficient of
use of the adhesion weight is to compensate for
vertical forces and the overturning moment by
reducing the level of the point of application of
the traction force transmitted from the bogie to
the body using a low-positioned kingpin
(including a low-positioned intermediate frame),
or horizontal or inclined rods.

The use of inclined rods, the direction of
which passes through the middle of the
longitudinal base of the bogie at the level of the
rail heads, allows for full compensation of
traction load changes on wheel pairs in one bogie
and ensures the value of the coefficient of use of
the adhesion weight 1 > 0,92 with a soft two-
stage spring suspension, which determines the
widespread use of inclined rods as devices for
transmitting traction force from the bogie to the
body in modern locomotives. Low-mounted
kingpins compensate for the decrease in traction
force to a lesser extent.

In modern locomotive designs, inclined rods
acting on compression and tension are used. Rods
acting only on tension are not used in new
locomotives, as are horizontal rods. In this case,
the inclined rods are directed towards the nearest
automatic coupling device, as a result of which
the front bogie of the locomotive is additionally
loaded with the vertical component of the
reaction force from the traction side, and the rear
one is unloaded, and this compensates for the
bogie-by-bogie change in load from the action
of the overturning moment caused by the traction
force applied at the level of the automatic
coupling device.

For two-axle bogies of shunting locomotives
with single-stage spring suspension, one of the
measures to reduce the uneven distribution of the
axle load may be the location of TEM suspensions
on the axis passing through the centre of gravity
of the bogie. The version of such a device
proposed by the authors is shown in Pic. 5.
During transverse and angular movement of
TEMs 1 and 2, rods 5 and 6 of the suspensions
tilt due to the mobility of hinges 11 and 12 and
sets of rubber washers 7 and 8. When the traction
force is applied, in vertically located rods 5 and
6, counter-directed forces arise, which are
transmitted to the crossbeam 9. Since hinges 11
and 12 are located on the same axis, the forces
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Pic. 5. Arrangement of TEM suspensions on an axis passing through the bogie’s centre of gravity. 1, 2— TEMs; 3, 4 - brackets; 5, 6 — rods;
7, 8 - rubber washers; 9, 10 - nuts; 11, 12 - hinges; 13, 14 - shafts; 15, 16 - strips; 17 - crossbeam; 18 - bogie frame [10].

inrods 5 and 6 are directed in opposite directions
and are applied to the same crossbeam 9, as
a result of which the indicated forces mutually
compensate each other and do not create
a redistribution of loads along the axes. The
authors received a patent for a utility model for
the proposed design [10].

For shunting diesel locomotives with
asynchronous TEM and rigid gear transmissions
(for example, TEM23), the authors proposed
a design in which suspensions, including hinges
and flat shock absorbers that dampen impacts
when passing track irregularities, are attached to
a trough-shaped crossbeam (Pic. 6). A patent for
a utility model was also received for this design
[11].

With an unbalanced spring suspension,
passing short irregularities without taking into

8 20

account the vibrations of the over-spring
structure can be considered a quasi-static process
leading to a redistribution of loads along the
axles. A reduction in the influence of this factor
can be achieved using the above-mentioned
balanced spring suspension or by increasing the
overall static deflection of the spring suspension.

It should be noted that both ways (single-
stage balanced spring suspension and two-stage
suspension with traction force transmission by
inclined rod) allow to achieve approximately the
same values of 1. Thus, for the bogie of TEM21
diesel locomotive with inclined rod and two-
stage suspension n = 0,921, for the bogie of
2TE121 diesel locomotive with balanced single-
stage spring suspension 1 = 0,92.

A separate issue is the feasibility of using
a group [opertion] drive for electric locomotives

Pic. 6. Device for fastening the locomotive traction motor to the bogie frame: 1, 2 - suspensions;
3, 4- hinges; 5, 6 - sets of flat elastic elements; 7 - crossheam; 8, 9 - nuts;
10, 11 - traction electric motors; 12, 13 - shafts; 14, 15 - locking strips;
16, 17 - bolts; 18, 19 - brackets; 20 - bogie centre of gravity [11].
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Pic. 7. Changes in axial load during oscillations of unsprung masses:
a) deformation of the joint immediately after the wheel passes; b) return to the initial position;
c) approximate graph of accelerations of the unsprung mass [diagram is made by O. V. lzmerov].

and diesel locomotives with electric transmission.
On the one hand, mechanical articulation of the
axles compensates for uneven distribution of
adhesion properties within the bogie, which
simplifies the control of traction force. On the other
hand, such a drive requires an increase in the power
of TEM used and complicates the repair of the
undercarriage. In connection with these
circumstances, the use of a group drive in the near
future makes sense primarily for industrial
locomotives with lower TEM power, and therefore
the effect of a group drive on increasing the
adhesion coefficient is not considered in this article.

Dynamic factors

In the classification, dynamic factors include
those that are determined not only by the
geometric dimensions, static forces and
displacement values of the structural elements,
but also by the mass of the elements and the
elastic-dissipative properties of the connections
between them. Dynamic factors are divided into
groups corresponding to the phenomena that
cause their manifestation:

— the presence of a dynamic (variable)
component of the axial load when moving over
uneven track;

— the presence of a dynamic component of
torque in the shaft lines of the traction drive;

— the development of frictional self-
oscillations when the wheelset slides along the
rails.

The dynamic component of the axial load, in
turn, consists of dynamic forces during oscillation
of unsprung and sprung masses.

We will consider the effect of oscillations of
unsprung masses on the adhesion properties
using the example of a wheelset passing a joint
unevenness (Pic. 7).

After the wheelset passes the bend angle
in the joint (Pic. 7 @), the vertical component
of the unsprung mass speed instantly changes,
and the kinetic energy of the unsprung mass
must be compensated by converting it into
potential energy of deformation of the track
superstructure by the value x and thermal
energy due to friction in the track
superstructure at the specified dynamic
deformation. In this case, an acceleration of
the wheelset % occurs, directed upward, as
a result of which the maximum total force of
the wheelset load on the rails will be (when
representing the load of the sprung masses as
quasi-static):

Fyy =mg+m, (g+%)=F, +m5%, (1)
where g = 9,81 m/s? — acceleration of gravity;

m_— the amount of sprung mass per axle,

m_ — the amount of unsprung mass per axle,

% —maximum acceleration upon impact (Pic.
70),

F, - static axle load.

After the vertical component of the wheelset
speed has been compensated, the track
superstructure, under the action of elastic forces,
tends to return to its original position, imparting
a vertical speed directed upward to the wheelset,
and the potential energy of the deformed
superstructure is converted into the kinetic energy
ofthe unsprung mass. After the track superstructure
returns to the position corresponding to the
deformation under static load, the upward
movement of the wheelset slows down due to the
action of the axial load (Pic. 7 b), and the force of
the wheelset load on the rail will be:
P;umz=msg+mu(g-jé2)=FﬂX_mux29 2
where ¥, — maximum acceleration during the
negative half-period of oscillations of unsprung
masses after impact (Pic. 7 ¢).
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Pic. 8. Maximum vertical displacements of the axle box relative to the bogie frame of the 2TE121-011 diesel locomotive,
Vorkuta — Sosnogorsk section [according to data obtained by O. V. [zmerov].

Thus, the dynamic unloading of the wheelset
by the value m ¢ ¥, occurs. Due to the dissipation
of energy during deformation of the track
superstructure %,<X,. The values ¥, have not
been studied to date, but it can be stated that %, ,
on average, will be proportional to %, and its
value for a single joint unevenness will depend
on the nonlinearity of the rigidity characteristic
of the track superstructure, the degree of
dissipation of the energy of oscillations of
unsprung masses and the presence of other forms
of oscillations of unsprung masses. As a first
approximation, it can be assumed that X,= 0,75, .
Thus, for the 2TE25a diesel locomotive at
¥=50 m/s?>, m = 3900 kg and F_ =245 kN, we
obtain a minimum value of the dynamic axle load
ofabout 100 kN, or a decrease of up to 0,41 from
the average value.

However, when moving on to the effect of
dynamic axle unloading on the locomotive’s
adhesion properties, it is also necessary to take
into account the duration of the unloading and
the rotational inertia of the wheelset when
adhesion is lost, since the frequency of unsprung
mass oscillations in the lowest form with
a support-axle drive for different locomotives is
usually in the range of 20...40 Hz. This issue has
not been studied at present, so we can limit
ourselves to the conclusion about the advisability
of reducing the share of unsprung mass in the
total mass of the locomotive, which is primarily
achieved by using a frame-support drive.

The axle load, when it changes due to
oscillations of the sprung masses occurring with
a frequency of 1,5...2,5 Hz (body) and 4...6 Hz

(bogie), in relation to the dynamic processes in
the traction drive when the wheel slides along
the rail, can be considered quasi-static. Thus, the
change in the axle load can be estimated by
dividing the amplitude of the vertical displacement
of the axle box relative to the bogie frame, when
the locomotive is moving, by the value of the
static deflection of the axle box stage. Thus, for
2TE121 diesel locomotive, during tests on
Vorkuta — Sosnogorsk section, the average
maximum amplitudes of the vertical
displacements of the axle box at a speed of
27 km/h were 7,5 mm (Pic. 8) with a static
deflection of the axle box stage of 130 mm;
accordingly, the axle load can be reduced to 0,942
of the average value. It is possible to reduce the
influence of vertical oscillations by improving
the vertical dynamics of the undercarriage (using
balanced spring suspension, increasing the static
deflection).

Also, when the sprung masses of the bogie
oscillate, the friction in the pedestal («jaw») axle
boxes may affect the adhesion of the wheel to
the rail. According to [2], the sliding speed of the
driving axles of a locomotive with pedestal axle
boxes is 5 % higher than with jawless ones.
Pedestal axle boxes continue to be used on diesel
locomotives made in the USA, in particular, on
the TE33a diesel locomotive, which is operated
in some countries neighbouring Russia (Pic. 9).

The influence of friction in friction dampers of |4 §

oscillations of the first stage of spring suspension,
widely used on domestic diesel locomotives, has
not been studied at present, however, it should
be considered that in dampers, unlike jaw axle
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Pic. 10. Axle-support drive with rigid gear transmission: a) TE33a diesel locomotive; b) BKG-1 electric locomotive; ¢c) 2EV-120 electric
locomotive; 1- TEM; 2- TEM shaft; 3 - wheelset axle; 4 - rotor bearing; 5 - small gear wheel; 6 - large gear wheel; 7 - axle bearing;
8 - gearbox housing; 9 - diaphragm coupling; 10 - gearbox bearings [29].

boxes, the friction force does not increase
proportionally to the traction force.

It is known that the dynamic component of
the torque in the traction drive, arising when
driving over vertical unevenness of the track and
vibrations of the locomotive’s superstructure, has
a significant effect on the adhesion properties of
the locomotive. Thus, it was found that on
2TE10L diesel locomotive, which has a axle-
support drive with a rigid gear transmission,
when driving track sections with wave-like wear,
a decrease in the adhesion coefficient of 20 % or
more was observed [2]. Moreover, in [12], the
dynamic torque with a rigid gear transmission is
considered as the cause of wave-like wear of the
rails. Studies [4] have shown that with a rigid
gear transmission of the 2TE10L diesel
locomotive, the dynamic torque on the shaft of
the traction electric motor (TEM) reached 9,4
kNm. With such a torque value and the presence
of wheel — rail adhesion, the axial traction force
should be 82 kN, and n = 0,39, which indicates
the possibility of wheel slippage along the rail,

when the resistance to the dynamic torque is
created by both the sliding friction force and the
inertia of the rotating masses of the wheel.

As indicated in [12], the use of an elastic
wheel in the axle-support traction drive of cargo
diesel locomotives, leading to a decrease in the
dynamic torque by approximately three times,
reduced the tendency to skidding and reduced
the wear rate of the tyres by 15 %. As a result,
by the 80s of the last century, a transmission with
an elastic link was introduced on all mainline
freight diesel locomotives with a axle-support
drive, and an elastic gear wheel (EGW) was
created for use in a two-way traction transmission
of domestic freight electric locomotives. On the
other hand, the use of brushless TEM on foreign
freight locomotives has now led to a return to
rigid gear transmission (Pic. 10).

The choice of design solutions in the drives
shown in Pic. 10 is due to the desire to reduce
the diameter of the small gear wheel of the
transmission to increase the gear ratio in a single-
stage transmission and increase the maximum
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number of revolutions of the traction electric
motor, which in turn allows to reduce the
unsprung mass. In the drive of TE33a diesel
locomotive (ES44ACi, developed by General
Electric, USA), to reduce the diameter of the
small gear wheel, the teeth are cut on TEM shaft
itself (Pic. 10a), which requires the manufacture
of'the shaft from high-alloy steel and disassembly
of TEM with pressing out of the rotor steel
package in case of wear of the shaft-pinion, or
restoration of the teeth by surfacing. In the
BKG-1 electric locomotive drive (developed by
the Datong Plant, China, jointly with Alstom,
France, based on the Alstom Prima 47000 electric
locomotive), the small gear wheel is fitted onto
TEM shaft with tension, but due to the small
diameter of the gear wheel, the wheel had to be
placed between the rotor bearings to increase the
hub (Pic. 10b). In the 2EV-120 electric locomotive
drive (developed by Bombardier, Canada), to
increase the service life of the bearings, one end
of the rotor shaft rests on the pinion shaft of the
axial gearbox (Pic. 10c). In this case, the traction
transmission is made in all cases with a slight
inclination of the teeth to reduce impacts in the
engagement, as a result of which transverse
forces arise in it, which complicate the creation
of EGW. Another factor complicating the use of
EGW was reduction of the traction transmission
module to 8...9 mm, which increases the
influence of the radial clearance in the connection
of the gear ring crown with the hub on the
durability of the transmission.

Calculation of dynamic torque acting in
a traction drive with a rigid gear transmission is
complicated by the complexity of calculating
vibration and impact loads during tooth shifting and
the lack of accurate data on a number of parameters
(for example, on the contact rigidity of the teeth in
the presence of lubrication on the surface) and
taking into account the slippage of the wheel on the
rail. In this regard, we will try to approximately
estimate the magnitude of the dynamic torque in
the drive of the TE33a diesel locomotive, provided
that there is no backlash and the adhesion of the
wheelset to the rail is maintained.

Based on [11], the dependence of the dynamic
torque on the shaft of TEM of the wheelset on
the vertical accelerations of the wheelset axle can
be determined as follows:
LG+

ws 9

Md

. 3)
where X, — vertical acceleration of the axle of
the wheelset, m/sec;

®  World of Transport and Transportation, 2023, Vol.

¢ = 0,85 m — distance between the point of
suspension to the frame (the turning point of the
wheel-motor unit when passing vertical
unevenness) and the axle of the wheelset,

I. — moment of inertia of TEM rotor; i =
5,3125 — gear ratio (85:16).

The vertical acceleration of TEM above the
axle of the wheelset is determined based on
information about the acceleration of the
wheelset of the analogical drive:

Ry = Fy [ “)

where X,,, —average maximum values of vertical
accelerations of the wheelset of the analogical
locomotive at the speed of movement on the
ruling grade. As an analogue we will take the
2TE121diesel locomotive (Pic. 11), and the speed
of movement on the on the ruling grade will be
assumed to be 30 km/h (which is acceptable,
since the calculation is made with the aim of
analysing primarily the qualitative side of the
phenomenon), then from Pic.10 ¥,,=55 m/s2.
m = 4200 kg — the value of the unsprung mass
of the analogue, falling on one axle. As for the
unsprung mass of TE33a diesel locomotive, we
proceed from the fact that the mass of
5GEB30AITM TEM is 2268 kg against the mass
of TEM of 3100 kg on the 2TE10L diesel
locomotive with jaw axle boxes and an unsprung
mass of 4440 kg, and this gives grounds to accept
the value of the unsprung mass for the TE33a as
less than for the 2TE10L locomotive by an
amount equal to half the difference in the masses
of TEM, i.e. m = 4000 kg. With the specified
values of the parameters, we obtain ¥,,=56 m/s2.
The moment of inertia of TEM rotor is
approximately equal to the moment of inertia of
a cylinder in the form of a package of electrical
steel with a density of y = 7650 kg/m?, a radius
of r = 0,225 m and a length of 1 = 0,5 m:
1-mtl. )
With the specified parameters I = 15,4 kg/m®.
Substituting the obtained values into (3), we
obtain the average maximum value M, = 6,4
kNm, which corresponds to the dynamic
component of the traction force on the axle of 65
kN and the traction coefficient y = 0,28. This
means that the total static and dynamic traction
force in this case would exceed the adhesion
limit. Thus, the rigid gear transmission on the
TE33a diesel locomotive should lead to the same
problems with deterioration of adhesion when
passing vertical unevenness of the track, which
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Pic. 11. Maximum vertical accelerations of the axle gearbox of the 2TE121-011 diesel locomotive,
Vorkuta - Sosnogorsk section [according to data obtained by O. V. lzmerov].

were previously observed on the 2TE10L diesel
locomotive, despite the fact that the use of an
asynchronous TEM made it possible to reduce
the TEM mass by 1,4 times and the moment of
inertia of the TEM anchor by almost half.

As noted above, the use of elastic links in the
shafting of the axle-support drive makes it
possible to reduce the maximum values of the
dynamic torque by almost three times. An
effective reduction of the dynamic torque is also
achieved by using a frame-support drive. As
shown in Pic. 12, in the frame-support drive with
an axial gearbox of the 2TE121 diesel locomotive,
the highest maximum torques are observed in the
coasting mode; in the traction mode at a speed
of 50 km/h (which corresponds to the hourly
speed of freight electric locomotives), the value
of the average maximum dynamic component of
the torque on the shaft of the axial gearbox is

approximately 2,25 kNm, which for this
locomotive corresponds to a traction force per
axle of 15,5 kN and a traction coefficient of y =
0,06.

With a hollow shaft frame-support drive of
a two-axle bogie of the VL84 electric
locomotive in the version with quill driver, the
maximum value of the dynamic component of
the torque was 6,5 kNm [14], which corresponds
to a traction force per axle of 30 kN and y =
0,12; for bogies with rigid body supports in
a hollow shaft frame-support drive, the
dynamic torque is insignificant.

Another way to reduce the dynamic
component of the torque in the drive and, at
the same time, the unsprung mass is the elastic
support of the traction motor on the axle or
wheel centre (the so-called centre-support
drive). As studies have shown [6], such a drive
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= 4 @
E 4,00 g_ Gg p— S ]
< 300 ¢ =3B
2,00 +
1,00 hd s 0
0,00 ;
20,00 40,00 60,00 80,00 100,00
V, km/h
O Coasting @ Traction and EDB — Traction and EDB === Coasting

Pic. 12. Maximum dynamic torque on the shaft of the axle gearbox of the 2TE121-011 diesel locomotive,
Vorkuta - Sosnogorsk section, in different driving modes [according to data obtained by O. V. Izmerov].
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Pic. 13. Empirical dependence of the axle adhesion coefficient y of 2TE121-003B diesel locomotive on the relative slip speed
u/v in case of development of self-oscillations of the wheelset [according to data obtained by O. V. lzmerov].

can be effective with a wheel diameter of 1250
mm, since with a wheel diameter of 1050 mm
there is insufficient space to accommodate
elastic elements that provide a sufficient
reduction in the vertical accelerations of TEM.
In general, the efficiency of elastic support of
the traction electric motor on the wheelset
decreases with an increase in the specific
torque per unit mass of TEM, since the ultimate
deformations of the elastic elements from the
action of the torque limit the possibility of
reducing their rigidity in the radial direction.
Thus, the use of a drive with elastic support of
the traction electric motor on the axle of the
wheelset for freight locomotives makes sense
only in the case of electric locomotives with
collector traction electric motors and an axial
power increased to 1000 kW or more.

It is known that when skidding begins, the
friction coefficient between the wheel and the
rail increases if frictional self-oscillations
occur in the system of the undercarriage part
of the drive [15; 16]. Thus, according to [15],
for the industrial 14KR1 electric locomotive
in case of intense frictional self-oscillations of
the wheelset at an average sliding speed of 12
km/h, the average value of the tangential force
of the wheelset increases by 38 % compared
to skidding in the absence of torsional
vibrations. This phenomenon is explained by
the fact that, due to the decrease in the friction
coefficient with increasing sliding speed, with
an oscillatory change in sliding speed, the
integral value of the friction force turns out to

be higher than it should be at an average sliding
speed. O. V. Izmerov, during tests on VNIIZhT
ring railway track of a 2TE121 diesel
locomotive, the drive of which is prone to
development of self-oscillations of the
wheelset, discovered that even with a slip of
10-14 %, the adhesion coefficient could reach
a value of 0,25-0,27 (Pic. 13).

In this case, not random but intermittent
skidding was observed, despite the absence of
separate axle traction control on this
locomotive. A. Golubenko in [9] also notes the
fact that the operational coefficient of adhesion
for the 2TE121 diesel locomotive when using
sand is higher than that calculated according
to the traction calculation standards for the
2TE10 and 2TE10L diesel locomotives, while
the operational coefficient of adhesion for the
2TEIOL and 2TE10V diesel locomotives was
lower than the calculated standards.

During skidding in the traction mode, the
most typical form of self-oscillations of the
wheelset is when the wheels on one axle
oscillate in antiphase. Conditions for
development of such oscillations exist in drives
that have elastic links in the shaft lines
(support-axle drive with EGW, frame-support
periods, centre-support drive). In this case, it
is necessary to limit the amplitude of
oscillations to avoid the occurrence of
unacceptably high tangential stresses in the
axle (by limiting the sliding speed or by means
of vibration-impact damping of oscillations in
the traction transmission).
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Pic. 14. Diagram of pneumatic spring suspension on a unified jawless bogie: 1- reservoir; 2 - throttle; 3 - spring; 4 - axle box; 5 - wheelset;
6 - pneumatic casing; 7 - axle box leash; 8 - pipeline; 9 - bogie frame; 10 - bracket; 11 - spring; 12 - height control valve [17].
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Pic. 15. Rubber-metal supports of the body on the bogie: a) three-axle jawless bogie; b) TE33a diesel locomotive (USA);
c) supports proposed by the authors of the article: 1- support plates; 2 - rubber-metal element; 3 - end reinforcement plates;
4 - intermediate reinforcement plates; 5 - rubber layer [29].

Proposed Solutions
Modernisation of the three-axle bogie of the
diesel locomotive

Currently, the 3TE25km diesel locomotives
operated on the Eastern polygon mainly have
three-axle jawless bogies similar to the bogies of
the 2TE116 diesel locomotive, therefore, is
advisable to consider the possibilities of
increasing their traction properties.

The design of the bogie in question is
sufficiently covered in domestic technical
literature, therefore, in this article we will
consider possible changes:

— use of balanced spring suspension;

— increase in rigidity of the body supports
regarding the bogie;

— use of a frame-support drive.

The simplest way to implement a balanced
spring suspension for the bogie in question is to
use a pneumatic spring suspension in the axle
box stage, previously used experimentally on the
2TE116-184 diesel locomotive [10; 18] (Pic. 14).

According to [17], the static deflection of such
a suspension is 150 mm, which is sufficient for
diesel locomotives with a design speed of
100...120 km/h.

Experimental studies have established [9] that
with pneumatic spring suspension, the amplitudes
of dynamic loads, compared with the standard
version of suspension on axle boxes, decreased
by 1.5...2.5 times, which also reduces the
dynamic unloading of the axle when passing
vertical irregularities on the track.

The main problem that arises when using
pneumatic suspension in the axle box stage is the
need to limit the vertical movements of the axle
boxes relative to the bogie frame in the absence
of air in the air springs (for example, when
moving the undercarriage along factory tracks).
It is known that the dynamic movements of the
axle boxes of a jawless bogie with individual
spring suspension are 30...35 mm [4], and with
abalanced single-stage suspension—22...26 mm
[4, 18], which is consistent with the above-
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mentioned phenomenon of a decrease in the
amplitudes of dynamic loads. This allows us to
expect that with pneumatic spring balanced
suspension, the dynamic movements of the axle
boxes relative to the bogie frame will be
approximately 25 mm, which makes it possible
to limit the vertical movements of the axle box
to 35 mm, for example, by installing rubber stops
on the axle boxes.

Increasing the static deflection of the axle box
stage of the spring suspension allows increasing
the rigidity of the body supports on the bogie. In
combined body supports of domestic diesel
locomotives (Pic. 15a), the support is a set of
disk flat single-layer rubber-metal elements with
a rubber layer thickness of 30 mm and metal
plates 2 mm thick, as a result of which the metal
reinforcement is 12,5 % of the package height.
This design was adopted in the 60s of the last
century to simplify the technological equipment
in the manufacture of supports and the possibility
of replacing individual damaged elements. In the
body supports of US diesel locomotives (Pic.
15b), multilayer rubber-metal packages are used,
which complicates the tooling, but allows for
a reduction in the thickness of the intermediate
reinforcement and ensures the same properties
of the rubber in the support.

It should be noted that the issue of using
multilayer elements in body supports instead of
a set of single-layer ones was raised back in the
mid-80s of the last century, however, since the
purpose of the proposal was only to save metal,
the idea was not implemented. In this case (Pic.
15¢), the use of a multilayer element allows,
while maintaining the same total thickness of the
rubber layer (that is, with the same relative shear
deformations when turning the bogie), to
significantly reduce the distance between the
plates, thereby increasing the rigidity of the
support by several times and increasing the
coefficient of use of the adhesion weight.

Increasing the rigidity of the body supports
in combination with balanced air suspension
allows increasing the coefficient of use of the
adhesion weight n by approximately 11 %
compared to the standard version of the bogie.

A further increase in this indicator is possible
with the use of a frame-support traction drive.
However, the use of a traction drive with a hollow
shaft on the axle of a wheelset on a diesel
locomotive with a wheel diameter of 1050 mm
is associated with significant difficulties caused
not only by the reduction of the gear transmission

centre due to the need to reduce the diameter of
the driven gear wheel located on the sprung mass
(reducing the number of teeth from 75 to 72 with
amodule of 10), but mainly due to the placement
of a hollow shaft between TEM housing and the
axle of the wheelset, while the distance between
the hollow shaft and the axle should be about 40
mm. As studies have shown [19], with a single-
stage transmission, it is necessary to place an
intermediate wheel. Another solution is to use
a one-sided hinged-drive mechanism, which will
require creation of multi-layer spherical rubber-
metal hinges with a load capacity several times
higher than existing ones. Now, we can only state
the fundamental possibility of creating such
a drive in the future and the feasibility of work
in this direction, since the frame-support drive
will not only allow us to slightly increase the
value of n by approximately 4 %, but also reduce
the unsprung mass.

Since in any case the disadvantage of a three-
axle jawless bogie is a significant base compared
to two-axle ones, in the opinion of the authors,
for the 3TE25km series diesel locomotives
currently operating on the Eastern polygon, it
makes sense to modernise them by introducing
a balanced pneumatic suspension and more rigid
body supports, which does not require significant
changes in the bogie design and maintains a high
degree of its unification with the serial version.
To implement the traction coefficient y = 0,3 and
higher, it is necessary to create a new undercarriage
part that takes into account the specifics of the
Eastern polygon.

Unified bogie of diesel and electric
locomotive

Currently, there are plans to create two
locomotives for the Eastern polygon. Thus, JSC
Sinara Transport Machines plans to create double
unit 2TE35a diesel locomotives with an eight-
axle bogie, having an upper intermediate frame,
with a unit length of 24 m. In turn, JSC TMH
plans to create a three-unit gas-diesel locomotive
3TE30g with a middle unit, which contains
areserve of liquefied gas or diesel fuel.

Both options have their advantages and
disadvantages. The eight-axle bogie of the
2TE35adiesel locomotive allows for an increased
adhesion coefficient on curves, but at the same
time there is limited space for a fuel tank even
with a total unit length of 24 m, which prevents
the use of liquefied gas. In addition, the upper
intermediate frame is heavy, and the announced
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Pic. 16. An example of placement of an eight-axle bogie on the outer unit of a 3TE30g diesel
locomotive, as proposed by the authors of the article.

use of TEM of the 2ES8 electric locomotive,
which has a two-way rigid gear transmission,
leads to a decrease in the adhesion coefficient
when passing unevenness in the track, both due
to the high unsprung mass (since it includes the
rotating masses of the rotor) and due to dynamic
loads in the drive. On the 3TE30g diesel
locomotive with a unit length of 20 m, the use of
a three-axle bogie simplifies and lightens the
design, but leads to a deterioration in adhesion
properties and an increase in wear of the wheel
flanges; the use of an eight-axle undercarriage is
unrealistic due to the impossibility in this case
of placing a fuel tank under the body or increasing
the length of the unit due to an unacceptable
increase in the overall length of the locomotive.

Thus, the use of two-axle bogies on the
3TE30g diesel locomotive is hindered by the
antagonism of properties: there must be a fuel
tank and there must not be one. The antagonism
can be removed by placing almost the entire fuel
supply in the middle unit, leaving a small tank
on the outer units for independent movement of
the uncoupled unit along the depot tracks. In this
case, it becomes possible to use eight-axle bogies
with a lower frame on the outer units of the
locomotive, similar to those used on the TE136
locomotive (Pic. 16).

In this case, the bogies of the middle unit can
be made unmotorised. If two two-axle motorised
bogies are used on the middle unit, then three
two-axle bogies can be used on the outer units,
similar to how it is done on the EP1 electric
locomotive (Pic. 17), using inclined rods to
transmit the traction force to the body (not shown
in Pic. 15).

The above types of arrangement can also be
implemented in the electric locomotive version.
In addition, when arranging a diesel locomotive
with outer eight-axle units and a motorised four-
axle middle unit, the total power of the locomotive
can be increased from 6 to 8,8 MW by using
a domestic 12LDG500 diesel generator.

The use of inclined rods or a low-lying frame,
compensating for redistribution of weight along
the axles, allows free selection of the type of
traction drive. Since the implementation of high
traction forces requires the creation of new
design elements for the transmission mechanism
located on the low-speed part of the drive (for
example, two-layer spherical rubber-metal
hinges, previously described by the authors in
[20]), and the terms of development and
production of new locomotives are limited, two
drive options are possible, which, on the one
hand, do not require the creation of fundamentally
new design elements, and on the other hand,
ensure a reduction in the unsprung mass of the
locomotive and the dynamic component of the
traction force:

* drive with a frame-support suspension of
TEM and an axial gearbox;

* drive with an axial-support suspension of
TEM of an aggregate arrangement.

The use of a frame-support drive with an axial
gearbox is advisable when using a traction
electric motor with a maximum rotation speed
below 3000 min’!, since this allows the torsion
shaft of the transmission mechanism to be placed
inside the hollow rotor. With a continuous
traction coefficient of y = 0,3 and an axial load
of 245,25 kN, the drive must provide a traction

Pic. 17. A variant of the layout of a diesel locomotive with motorised axles of the middle unit and six-axle outer units,
as proposed by the authors of the article.
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Pic. 18. The aggregate arrangement of the axial-support drive proposed by the authors of the article:
a) general view; b) view from the side of the axle gearbox; 1- TEM; 2 - wheelset; 3, 14 - bearings; 4 - axle
gearbox; 5 - bracket with pin; 6 - spherical joint; 7 - suspension; 8 - bracket of the axle gearbox; 9 - bogie frame;
10 - TEM suspension; 11 - TEM shaft; 12 - shaft of the axle gearbox; 13 - elastic-compensation coupling [28].

force on the wheel rim of F_= 73,575 kN. To
implement such a traction force, the gear ratio of
the gearbox must be:
ED,

Y, (6)

where M_= 10,4 kNm — torque of the TEM in
continuous mode (by analogy with the TEM
STA-1200U1 of the DS3 electric locomotive,
which has a drive of this type), D, = 1,25 m is
the wheel diameter; n, = 0,98 is the efficiency
of the gear transmission with rolling bearings.
For the specified parameters, u = 4,51. With
a gear transmission module equal to 10 and

[}

a number of teeth on the driven gear equal to
95, the closest number of teeth on the small gear
is 21, i.e. only 1 tooth less than in the axial
gearbox on the 2TE121 diesel locomotive (with
u = 4,52). Since the radial dimension of the
STA1200U1 TEM in the plane of the traction
transmission is about 800 mm, which is
significantly less than the outer diameter of the
ED126AUHL1 TEM (1036 mm), the possibility
of placing the STA1200U1 TEM with this gear
ratio can be considered proven.

The maximum rotation frequency of the TEM
rotor with this gear ratio will be:
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O 3’6an > (7)

where v, = 120 km/h — design speed of the
locomotive. With the above values, n = 2304
min”!, which is significantly lower than the
calculated maximum rotation frequency of
STA1200U1 TEM (2304 min™), so it can be
assumed that significant problems with the rotor
bearings will not arise in the case under
consideration.

When using TEM with a maximum rotation
speed of about 3500 min, it is advisable to use
an axial-support drive of the aggregate type, the
advantages of which, compared to the integrated
drive used in foreign locomotives (Pic. 10c),
were previously described in detail by the authors
in [21]. According to [22], it is proposed to
classify aggregate traction drives as traction
drives that contain several units with the same
type of support, maintaining operability
separately from each other, and connected to each
other by movable connections. Due to the
mobility of the connection of the axle gearbox
and TEM, it becomes possible to connect the
shafts of the axle gearbox and TEM with an
elastic-compensating coupling, while the
misalignment of these shafts, unlike the frame-
support drive with an axial gearbox, does not
depend on vertical movements of the axle box,
but is determined only by manufacturing errors
of the parts. Minor shaft misalignment makes it
possible in principle to use a single compensating
coupling and increase its rotation frequency to
values determined by the service life of the drive
gear and input shaft bearings. In addition, the
presence of an elastic connection between TEM
rotor and the wheelset contributes to development
of self-oscillations of the wheelset during
slippage, which increases the adhesion coefficient.

The authors have developed and patented
several design schemes for such drives (for
example, [23-26]). One of the versions of such
a drive proposed by the authors is shown in Pic.
18.

In the proposed drive, the axle gearbox is
connected to TEM, which rests on the axle of the
wheelset, by a hinged suspension, which does
not allow the axle gearbox to move relative to
TEM in the vertical direction, but this does not
require such precision in the manufacture of the
housing parts as in the integrated type drive
described above. As can be seen from Pic. 17a,
the aggregate arrangement leads to a slight
increase in the axial dimensions of the drive to

accommodate the elastic coupling, however, as
previously proven by the authors in [27], for 1520
mm gauge locomotives this does not prevent the
placement of a traction motor of the required
power. The authors received a patent for a utility
model for the drive shown in Pic. 17 [28].

Based on the fact that for the TE136 diesel
locomotive, which used an eight-axle bogie with
a frame-support drive and traction force
transmission through a low-positioned
intermediate frame, without the use of separate
axle traction force control systems, the traction
coefficient y was increased to 0,24 against 0,18
for the 2TE116 diesel locomotive, i.e., by 33 %,
while equalising the axle loads theoretically
made it possible to improve the traction properties
in relation to the 2TE116 diesel locomotive by
no more than 15 %, there is reason to believe that
the proposed version of a unified bogie for freight
diesel locomotives and electric locomotives
using brushless TEM with separate axle control
will make it possible to increase the traction
coefficient in the design mode to values of
0,3...0,33.

CONCLUSIONS

The existence of a problem of rational
selection of design solutions for the
undercarriage of locomotives, ensuring the
most complete use of adhesion properties in
the conditions of the Eastern polygon,
characterised by the presence of a significant
number of curves with a radius of 350 m and
less, was revealed.

Based on the analysis of factors affecting
adhesion properties, an extended classification
of methods for improving adhesion properties
by improving the undercarriage was proposed.

Factors that can lead to deterioration of the
adhesion properties of domestic locomotives
in the conditions of the Eastern polygon were
established. For freight diesel locomotives
with standardised three-axle bogies,
deterioration of adhesion properties is caused
by a significant bogie base, insufficient rigidity
of the rubber-metal body supports resting on
the bogie with the upper location of the kingpin
and unbalanced axle box suspension. The use
of radial wheelset bogies on diesel locomotives
only partially eliminates these shortcomings,
since the axle box suspension remains
unbalanced, and the low kingpin is less
effective compared to the transmission of
traction force to the body using an inclined
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traction rod, while the radial wheelset
mechanisms complicate the design of the
bogie, its maintenance and repair. For freight
electric locomotives, a factor that worsens the
traction properties is the use of a rigid
transmission in the support-axle drive, which
leads to the occurrence of total static and
dynamic torques exceeding the adhesion limit
when passing unevenness in the track.

It has been established that the undercarriage
of foreign freight locomotives also cannot be
considered completely rational in terms of
maximising adhesion properties, primarily due
to the rigid gear transmission. For the TE33a
diesel locomotive developed by General
Electric, the adhesion properties are also
worsened by the significant base of the three-
axle bogie and the use of jaw axle boxes.

As measures for modernisation of the
unified three-axle bogie of freight diesel
locomotives, it is proposed to use balanced
pneumatic spring suspension in the axle box
stage and increase the rigidity of the rubber-
metal body supports resting on the bogie
through the transition from a set of individual
rubber-metal elements to a multilayer rubber-
metal support with an increased number of
intermediate plates.

Itis proposed to create a unified undercarriage
of promising diesel and electric locomotives for
the Eastern polygon with a brushless drive in
the diesel locomotive version to abandon the
idea to place fuel tanks under the bodies of the
outer units and place the main fuel supply in the
middle four-axle unit. This will allow, with an
outer unit length of 20 m, to use on the outer
units either two four-axle bogies in the form of
two-axle with a base of 2250 mm, united by
a low-lying beam, or three two-axle with
traction force transmitted to the body using an
inclined traction rod. It is proposed to use
structures with an elastic connection of TEM
rotor and the wheelset as a traction drive, in the
form of a frame-support drive with an axial
gearbox and a traction motor with a maximum
rotation frequency below 2500 min’!, or a axial-
support drive of an aggregate scheme with an
elastic coupling. It is assumed that these
measures will increase the operational
coefficient of adhesion from 0,27t0 0,3 ... 0,33,
including due to development of self-oscillations
of the wheelset in the skidding mode.

The authors received seven patents for
utility models on the topic of the article.
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ABSTRACT

The article considers the efficiency of providing priority
conditions for urban passenger transport by allocating separate
lanes for public transport on the roadway. The results of modelling
the traffic flow on the considered segments of the city street
network are complemented by a conclusion about the need to
improve road traffic management on these segments, considering
the intensity and composition of the traffic flow.

Simulation allows creating mathematical or computer
models for analysing and assessing the traffic conditions of
urban passenger transport. The models are based on various
parameters of traffic flows, the schedule of urban passenger
transport, the location of public transport stops, etc. Modelling
allows conduct of different experiments to assess the
effectiveness of various measures and changes in the transport
system.

The objective of the study is to develop a methodology for
analysing traffic conditions that will identify and assign priority to

urban passenger transport traffic to achieve efficiency and comfort
of its operation, improve transport accessibility and reduce traffic
delays.

Optimisation of the traffic provides for various management
scenarios to find optimal solutions that reduce delays, congestion,
traffic intensity, etc.

Route planning is necessary for developing an optimal
strategy for efficient passenger service. Demand forecasts make
it possible to predict not only passenger traffic, but also the need
for transportation in different periods, which is necessary for route
planning and selection of optimal rolling stock features. All these
areas of modelling the urban passenger transport traffic are
developed to achieve the goals of increasing efficiency, reducing
the risk of road traffic accidents, improving the quality of transport
services and the safety of passenger transportation, which should
create a sustainable system aimed at satisfying the basic needs
of urban transport passengers.
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BACKGROUND

Road traffic management is relevant for the
cities all over the world. Large and medium-sized
cities in developing countries are currently at
a stage of development when the transport
component is evolving, and accordingly,
problems associated with intensive transport
development of cities become increasingly
evident. Such problems include the level of traffic
congestion on the street-and-road network, the
quality of transport services, transport ecology
problems, and road traffic safety. If in developed
cities there is a trend to displace private cars from
city centres and switch to public and
environmentally friendly transport, which
seemed impossible just a few years ago, then in
developing cities problems of a different kind are
growing: a low level of development, a slight
increase in the standard of living, availability of
credit products and, due to this, an increase in
the purchasing power of the population and an
increase in the level of motorisation.

Atpresent, in large and largest cities, the most
pressing transport problem is the discrepancy
between the parameters of the street-and-road
network and the level of motorisation. To
improve the quality of transport services for the
population and resolve conflicts in the urban
transport system, it is necessary to develop and
implement measures to popularise and increase
the attractiveness of public urban passenger
transport. To achieve this goal, it is necessary to
increase the demand for fixed-route transportation,
as an option, by improving the quality of
transport services. One of the main criteria for
assessing the efficiency of transport by users is

the speed of travelling from origin to destination.
And in this case, ensuring priority for ground
public passenger transport is becoming
increasingly important.

RESULTS
Dedicated lanes: Analysis of Problems
and Approaches to Solve Them

«To ensure the efficient operation of the
system providing for priority of fexed-route
transportation, an effective method for calculating
the efficiency of operation of the dedicated lane
is required, considering the specified criteria and
modelling the movement of traffic flows on
segments of the street-and-road network. The
direction of ensuring the priority traffic for urban
passenger transport within the framework of
optimising the operation of the transport system
is actively implemented in European cities, as
well as in the agglomerations of China, the USA»
[1].

With the increase in the intensity of traffic
flows, the task of ensuring the optimal speed
mode and safety of fixed-route passenger
transport (RPT) becomes especially urgent and
at the same time difficult to solve. «Its solution
requires providing certain advantages to public
transport vehicles, which are provided by:

— regulatory documentation;

—road signs and traffic light control elements;

— ensuring the priority right of movement
within the traffic light control cycle at
intersectionsy [2];

— introducing some restrictions for other
vehicles on the streets and roads along which
urban passenger transport (UPT) routes pass;

| Technical instruments of organisation and control of priority traffic of UPT |

l l

!

Road signs Road markings Traffic lights control
J v v v l l

Exclusion of Traffic Lane for fixed- Road markings Traffic light Identification
the effect of restrictions on route urban in the control and of a special
prohibitory urban public passenger intersection traffic phase of traffic
traffic signs transport transport area coordination light control

routes modes

| Recessed STOP line |—>

| Advanced STOP line |—> Passive priority

| Redistribution of the queue |—> |

Active priority

Pic. 1. Technical instruments of ensuring the priority of fixed-route vehicles [performed by the authors].
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UNSATISFACTORY TRAFFIC CONDITIONS FOR FIXED-ROUTE

VEHICLES

Y

\

High irregularity of
fixed-route vehicles
traffic

fixed-route vehicles

Road traffic
accidents with

Low operating speeds

Regular traffic jams
on fixed-route
vehicles’ routes

Unsatisfactory conditions of
fixed-route vehicles’ traffic on
the route as assessed by drivers

Negative assessment by the
population of the characteristics of
the fixed-route vehicles operation
related to traffic conditions

Pic. 2. Traffic conditions of fixed-route vehicles necessary for introduction of priority traffic [performed by the authors].

— allocating a priority lane for fixed-route
passenger transport.

The described methods are provided by the
technical instruments shown in Pic. 1.

To increase the speed of urban route transport,
it is possible to designate any street lane as
a priority lane.

It is also possible to use tram stops for bus
stops. In such cases, the landing platform and the
stop pavilion are used jointly by passengers of
both bus and tram routes.

If a decision is made to designate the
rightmost lane of a city street as a priority lane
for movement of RPT, then certain difficulties
arise associated with the right turn manoeuvre:
cars must change to the lane for RPT to perform
the manoeuvre, and difficulties also arise with
stopping and parking — other vehicles cannot stop
in the lane for RPT.

«To determine the segments of the street-and-
road network where it is necessary and appropriate
to introduce the priority of RPT» [3], it is
necessary to determine which traffic conditions
of public transport within this segment are
negative. This can be established by certain signs
of unsatisfactory traffic conditions for RPT
(Pic. 2).

«Currently, there are no criteria for introducing
dedicated lanes for RPT» [4]. These measures
are implemented chaotically, without considering
the capacity of the roadway. The actual minimum
capacity of a segment of the street-and-road
network depends on the capacity of the
«narrowesty segments, i.e. complex at-grade
intersections with multi-phase traffic light
control.

Accordingly, there is a need to develop
a methodology for calculating the efficiency of
a dedicated lane considering the specified

criteria, modelling the movement of traffic flows
on segments of the street-and-road network and
determining the main stages of implementing the
priority of urban passenger transport, which
determines the relevance of this topic.

«To assess the possibility and efficiency of
providing a priority lane for the RPT, it is possible
to use the criterion of comparative transit
capacity. If the value of this criterion exceeds
one, then the introduction of priority can be
considered effective and appropriate» [4].
=(Sla(n—l))’ 0

Q-9
where S1 —capacity of one road lane, units/hour;

¢ — coefficient of distribution of vehicles
along the width of the roadway;

n — number of traffic lanes within the
segment;

O —traffic intensity within the segment, units/
hour;

q — intensity of passenger transport traffic,
units/hour [5].

To decide on the necessity of introducing the
priority of RPT traffic, it is mandatory to use the
results of the survey of traffic conditions, traffic
flow, and it is also necessary to consider the
analysis of the effectiveness of the decision made,
both from the technical and economic points of
view.

«To assess the feasibility of introducing the
priority right of movement of fixed-route passenger
transport, such a criterion as a reduction in the time
spent by road users on travel within the considered
segment of the street-and-road network at a given
occupancy rate of fixed-route passenger transport
and passenger cars is used» [5].

«A computer model of the city’s transport
system using a software package allows for the
calculation of passenger flows considering

K1

®  World of Transport and Transportation, 2024, Vol. 22, Iss. 2 (111), pp. 212-222

Konovalova, Tatiana V., Nadiryan, Sofia L., Kotenkova, Irina N., Senin, Ivan S. Methodology
for Providing Priority to Urban Passenger Transport Traffic




TRANSPORT SYSTEM OF THE CITY

Transport offer (includes road network, transport
graph, transportation routes” graph)

Spatial demand (information on population size,
characteristics of transport specific areas, transport
mobility of the population)

Pic. 3. Model of the city’s transport system [performed by the authors].

Calculation and positioning of the traffic corridors of urban passenger
transport. To do this, it is necessary to determine the main points of transport
gravity, where passenger flows and RPT flows originate, considering the
specified level of transport provision and accessibility.

!

and-road network.

Analysis of planning solutions, technical conditions and possibilities for
implementation of the RPT priority on the considered segments of the street-

A

Analysis of traffic flows, relief streets for passenger car traffic, analysis of
passenger traffic, analysis of vehicle delays to assess the possibility to
implement fixed-route public transport traffic within a dedicated corridor.

v

Implementation of the developed project for road traffic with or without
reconstruction of the street-and-road network to ensure the RPT priority.

'

Calculation of transit capacity of a segment of the street-and-road network
intended for RPT traffic, based on the results of which it is possible to adjust
RPT routes, RPT schedule on the route, as well as of the operated rolling stock.

Pic. 4. The main stages of implementing the UPT priority [performed by the authors].

individual and public transport» [5]. «The model
consists of two main parts» [6] (Pic. 3).

Determining the Optimal Variant of the
Route Network of Urban Passenger
Transport Based on Simulated Data and
Expert Analysis

«To improve the structure of the route
network of urban passenger transport, it is
necessary to carry out preliminary modelling
using mathematical tools, taking into account
such indicators as the total travel time for «from
door to door», the remoteness of stopping points,

the traffic frequency of urban passenger transport,
the number of transfers during a passenger trip,
safety, the rate of occupancy of the rolling stock,
the cost of travel, the convenience of using
transport, etc.» [7].

The algorithm for implementing the priority
of fixed-route passenger transport is shown in
Pic. 4.

The data for the calculations were collected
by field survey, by counting the number of
vehicles passing through the road segment. Then,
to simplify the calculations, the total intensity is
reduced to that given by formula (2):
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carried out in the software package of transport modelling without entering a
dedicated lane. This indicator, calculated for each segment, is the initial one for

the module. /
!

Step 4
“This operation is completely similar in its structure to step 1, except that at
this step the calculation of new values of intensity on the graph (section)

!f
f Ff Step 1 \
‘. oE Calculation of the value of intensity of urban passenger transport on the graph
| (section) arcs according to the current transport model. The calculation of urban
4 passenger transport on the studied segment of the street-and-road network is

~

Adjustment of the existing traffic scheme is carried out
independently based on the standard indicators of the elements of
the transport system, updated at the current moment in time".

Step 2
The calculation of the average time of travel through the road segment
(carried out with the AnyLogic module).

Step 3
"At this step, it is necessary to adjust the existing traffic scheme at
the studied segment of the street-and-road network for the
algorithm of uniform distribution of intensity for public transport.
arcs according to the current transport model is carried out considering the
implementation of a dedicated lane at the studied segment of the street-
and-road network”.
I
Step 5
Calculation of the efficiency of a dedicated lane based on the delay time
value at the studied segment of the street-and-road network.

Pic. 5. Calculation of the efficiency of the dedicated lane [performed by the authors].

" as good. There is a traffic light at the intersection
Nr= z:l:(Nl “ ), @ of Ofitserskaya Street and Neftyanikov Highway.
where Ni is traffic intensity of vehicles of this The intersection is shown in Pic. 6 on the map
type, car/hour; of the city of Krasnodar.

Fr—reduction factors for this group of cars'.

To determine the advisability of granting UPT
priority, it is necessary to implement a certain
algorithm of actions [8], using the appropriate
software (Pic. 5).

The study performed considered a segment
of the street-and-road network of the Central
District of the city of Krasnodar at the intersection
of Ofitserskaya Street and Neftyanikov Highway.

«Traffic along Ofitserskaya Street from the side
of Dzerzhinsky Street is one-way, the width of the
roadway is 9 meters, the number of traffic lanes on
this section is three, both sides of the roadway are
equipped with sidewalks 1,5 m wide, the road surface
is asphalt concrete. After crossing Neftyanikov
Highway, traffic becomes two-way, with a roadway
width of 18 meters and six lanes» [9].

Road markings are applied on Ofitserskaya
Street, the condition of this marking is assessed

! Klinkovstein, G. I., Afanasyev, M. B. Road traffic
management: Textbook [Organizatsiya dorozhnogo
dvizheniya: Uchebnik]. 4™ ed., rev. and enl. Moscow,
Transport publ., 1997, 231 p., 231 p. ISBN 5-277-01959-6.

®  World of Transport an

This intersection is controlled and equipped
with a traffic light.

Also, during the work, a section of the street-
and-road network of the Central District of the
city of Krasnodar at the intersection of
Ofitserskaya and Krasnaya Streets was
considered.

«Traffic along Ofitserskaya Street is two-way,
the width of the roadway along Ofitserskaya
Street is 21 meters, the number of traffic lanes
on this section is seven, on both sides of the
roadway there are sidewalks 1,5 m wide, the road
surface is asphalt concrete» [9].

Ofitserskaya Street has road markings, the
condition of these markings is assessed as good.

The intersection is shown in Pic. 7 on the map
of the city of Krasnodar.

This intersection is also controlled and
equipped with a traffic light.

These intersections were chosen as the object
of the study due to the high traffic intensity of
both passenger and fixed-route vehicles. Its
intensity is high because Ofitserskaya Street is
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Pic. 6. The intersection of Ofitserskaya Street and Neftyanikov Highway on the map of Krasnodar [compiled by the authors].
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Pic. 7. The intersection of Ofitserskaya Street and Krasnaya Street on the map of Krasnodar [compiled by the authors].

an arterial street connecting three districts of the
city: Central, Prikubansky and Festivalny
Districts.

With the existing traffic management scheme
on Ofitserskaya Street in the segment from
Kolkhoznaya Street to Neftyanikov Highway,
unimpeded entry into the city from Rostovskoye
Highway and Kolkhoznaya Street is difficult. The
scheme is shown in Pic. 8.

Under the current conditions and at the
current traffic intensity, the average number of
cars and the average travel time of this section
per hour of traffic monitoring are estimated in
the AnyLogic 8.7.5 program as 269 vehicles and
734 seconds.

During the survey of the intersection, various
types of deficiencies were identified that interfere
with normal traffic at the intersection of streets.

These exact deficiencies are proposed by the
authors to be eliminated by changing the existing
traffic management scheme and creating a RPT
dedicated lane.

After conducting field observations and
assessing the viability of the existing traffic
management scheme, the conclusion can be made
about the need to design an improved traffic
management scheme for the considered segment
of the street-and-road network to increase its
transit capacity towards the city centre. Besides,
there is a need to reduce road traffic accidents’
rate at this segment and improve road traffic
safety for other road users.

First, it is necessary to improve the
visibility of existing traffic signs, some of
which are practically invisible due to green
spaces [10].
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Pic. 9. Results recorded in AnyLogic after an hour long experiment [performed
by the authors, screenshot of the program window during the experiment].

Changes were suggested to the traffic
management on Ofitserskaya and Krasnaya streets,
and on Neftyanikov Highway~.

Thus, for the intersection of Ofitserskaya Street
and Neftyanikov Highway, it was suggested to
reconstruct the intersection so that it could be passed
without traffic lights.

‘We will consider the proposed recommendations
for each side of the intersection.

Ofitserskaya Street from the side of Krasnaya
Street:

— To make the segment of the street from
Krasnaya Street to Neftyanikov Highway one-
way.

— To make the rightmost lane dedicated to RPT.

— To increase the number of traffic lanes from
4to05.

2 It is called in full «Street of Neftyanikov Highway»,
for simplification will be called further in the article
«Neftyanikov Highway». — Transl. note.

— To make two rightmost lanes (1 and
2) intended for right turns onto Neftyanikov
Highway towards Luzana Street.

— To allow moving from the third lane in the
middle straight towards Dzerzhinsky Street and
left into the second lane of Neftyanikov Highway.

— To make two leftmost lanes (3 and
4) intended for left turns onto Neftyanikov
Highway towards Krasnaya Street into the third
and fourth lanes.

Thus, from this direction it will be possible
to go in any of the three remaining directions.

Neftyanikov Highway towards Krasnaya
Street:

— To make the rightmost lane (1) dedicated
for buses, it will be possible to get to it from the
dedicated lane from Ofitserskaya Street going
from Dzerzhinsky Street.

— To make lanes 2, 3 and 4 only accessed from
Ofitserskaya from Krasnaya Street.
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Pic. 10. Proposed scheme of traffic management at the intersection of Ofitserskya Street and Nevtyanikov Highway [performed by the authors].

As a result, this segment remains practically
unchanged and gets a special lane for public
transport.

Ofitserskaya Street from the side of Dzerzhinsky
Street:

— To make the segment of the street from
Dzerzhinsky Street to Neftyanikov Highway two-
way, one lane going towards Neftyanikov Highway,
two lanes going in the opposite direction.

— To make the lane towards Neftyanikov
Highway dedicated for buses, allowing only turn
right along the lane into the first lane of Neftyanikov
Highway towards Krasnaya Street.

— To make the first lane of Ofitserskaya Street
towards Dzerzhinsky Street only be accessed from
Krasnaya Street, from the third lane.

— To widen the first lane to two lanes, for this
it will be necessary to widen the street, which is
two-lane now at its beginning from Dzerzhinsky
Street.

As a result of reconstruction, we will have
atwo-way street with one lane towards Neftyanikov
Highway and two lanes towards Dzerzhinsky
Street.

Neftyanikov Highway towards Luzana
Street:

— To eliminate the possibility of exiting
onto Neftyanikov Highway from Ofitserskaya
Street from the side of Dzerzhinsky Street.

— To allow entry onto Neftyanikov
Highway only from Ofitserskaya Street from
the side of Krasnaya Street from the first and
second lanes to the second and first lanes of
Neftyanikov Highway, respectively.

— To move the public transport stop further
from the intersection.

As a result, the direction segment will
remain practically unchanged, and moving
the stop will reduce congestion at the
intersection.

The proposed traffic management scheme
is shown in Pic. 10.

The final stage of changing the intersection
of Ofitserskaya and Krasnaya streets is
reconstruction of the intersection in such a way
as to reduce the number of conflict points [11].
We will consider the proposed recommendations
for each side of the intersection.
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Pic. 12. Proposed scheme of traffic management at Ofitserskaya Street [performed by the authors].

Ofitserskaya Street from the side of
Rostovskoye Highway?:

» To make the segment of the street from
Kommunarov Street to Krasnaya Street five-lane.

* To make it possible to turn from the
rightmost lane (1) right into Orlovsky lane or
go straight into the first lane of Ofitserskaya
Street.

3 Officially named «street of Rostovskoye Highway», same
remark as for Neftyanikov highway. — Transl. note.

* To allow only straight traffic from lanes 2,
3,4 and 5.

Thus, from this direction it will be possible
to go either straight or into Orlovsky lane, as
before, but the number of lanes from which it
is possible to do this will be increased to five.

Krasnaya Street:

— To allow from the outer three lanes (1, 2,
3) to turn right unimpeded, without delay at
the traffic light.
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Pic. 13. Results recorded in AnyLogic during an hour long experiment [performed by the authors,
screenshot of the program window during the experiment].

Table 1

Comparison of main indicators generated by AnyLogic [performed by the authors]

Travel time | Quantity Average Min Max Root-mean- | Confidence | Sum
squared interval for
deviation the average
Before 269 734.665 79.429 1508.19 284.563 34.006 197624.781
After 276 402.051 48.006 1362.975 229.637 27.092 110965.946

— To increase the number of lanes for
straight movement and left turns by one.

— To allow straight movement and left
turns into the second lane of Ofitserskaya
Street towards Neftyanikov Highway from
the fourth lane.

— To allow left turns into lanes 3, 4 and 5
from lanes 5, 6 and 7, respectively.

— To keep traffic light control only for
straight movement and left turns.

As aresult, the segment gets an additional
lane for left turns and loses traffic light
control for right turns towards Kommunarov
Street.

Ofitserskaya Street towards Neftyanikov
Highway:

- To make the segment of the street from
Krasnaya Street to Neftyanikov Highway
one-way.

* To increase the number of traffic lanes
from 4 to 5.

* To allow access to all lanes from
Ofitserskaya Street, from lane 1 to lane 1,
from lane 2 to lane 2, respectively, etc., while
from Krasnaya Street it will be possible to get
into lanes 2, 3, 4 and 5 respectively and from
Orlovsky Lane, only to lane 1.

After reconstruction, we will get a one-
way street that can be accessed from any of
the remaining three directions [12].

The proposed scheme of traffic management
is shown in Pic. 11.

All the measures recommended for two
intersections of Ofitserskaya Street will be
effective if the following changes are additionally
taken (Pic. 12):

— At the intersection of Ofitserskaya Street and
Kommunarov Street, a left turn from Ofitserskaya
Street (from the side of Rostovskoye Highway)
to Kommunarov Street will be prohibited.

— Alane will be added to Kolkhoznaya Street
for driving straight to Ofitserskaya Street.

— A lane will be added to Rostovskoye
Highway for turning left to Ofitserskaya Street.

Under the proposed conditions and with the
current traffic intensity, the average number of
cars and the average travel time through this
segment per hour of traffic monitoring are
estimated in the AnyLogic 8.7.5 program as 3486
cars and 358 seconds.

The comparison of results is shown in
Table 1.

If these recommendations are followed, it is
possible to get rid of the traffic light control while
turning onto Kommunarov Street from
Ofitserskaya Street from the side of Rostovskoye
Highway. Thus, on the segment of Ofitserskaya
Street from Kolkhoznaya Street to Neftyanikov
Highway there will be only three traffic lights,
two for each direction of traffic.
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BRIEF CONCLUSIONS

As a result of modelling the system, the
conditions for movement of individual vehicles
will worsen or remain unchanged, and the
conditions for movement of urban passenger
transport will improve. This may lead to
redistribution of passenger traffic from individual
vehicles to the vehicles of urban passenger
transport, which will require recalculating
transport flows in the further iterations
[considering the change in the composition of
the flow) [13].

Thus, based on the results of the experiment,
it can be concluded that by applying this method
in large cities, it is possible to achieve savings in
the operating time of passenger transport [14].
This model is applicable not only to the transport
system of Krasnodar, but also to the transport
system of any city where there is an expressed
need to reduce the congestion on the street-and-
road network and the time it takes for people to
move around the city [15].
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ABSTRACT

The objective of the study is to analyse capacity of a road
which depends on many factors. The formula underlying the
regulatory methodology for determining capacity relates the actual
capacity to the maximum capacity through the final capacity
reduction coefficient, consisting of the product of seventeen partial
coefficients.

According to this methodology, it is recommended to use no
more than six partial coefficients in calculations while defining a set
of these partial coefficients for each specific case. And this is where
the problem of choosing the most significant partial coefficients
arises.

One of the central streets of the city of Vladimir, Gorky Street,
was chosen as the object of study.

The objective was achieved with the observation method and
experimental studies of intensity of vehicle traffic on the considered
street.

Several cross-sections were selected along the length of the
street for measuring traffic intensity and composition of traffic flow
during rush hour. The parameter being determined is the final
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coefficient of reduction in road capacity. It was calculated for each
lane in the cross-section area. Then, its values were averaged over
even and odd sides of the street, as well as along the length of the
entire street.

This work uses, as an example, due to the small number of
cross-sections, geometric interpolation with a Lagrange polynomial.
Next, the maximum interpolation error was determined, and graphs
were drawn of the dependences of the experimental and
interpolated curves of the final coefficient of reduction in road
capacity for even and odd sides of the street, as well as along the
length of the entire street. For practical purposes, it is necessary
to choose an interpolation method that will provide the minimum
error. Thus, having a mathematically described curve, it is possible
to determine the value of the final capacity reduction coefficient for
any cross-section of the street.

The work has resulted in development of a methodology for
experimental determination of road capacity, which allows one to
determine the final capacity reduction coefficient for a specific,
already existing road.

Keywords: road, capacity, method of experimental determination of road capacity.
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INTRODUCTION

An analysis of scientific works and research
in the field of road traffic management led to the
conclusion that there is insufficient depth of work
related to the road capacity [1; 2; 3].

The road capacity depends on a large number
of factors! 2 [4]. The regulatory source for
calculating road capacity is ODM 218.2.020—
20123, The formula underlying the methodology
for determining capacity connects the actual
capacity with the maximum one through the final
capacity reduction coefficient, consisting of the
product of 17 partial coefficients [5]. According
to this methodology, it is recommended to use
no more than six partial coefficients in calculations
[6] by defining a set of these partial coefficients
for each specific case. And this is where the
problem of choosing the most significant partial
coefficients arises.

The objective of the work is to study the road
capacity. One of the central streets of the city of
Vladimir, Gorky Street, was chosen as the object
of study.

Research methods included observation and
experimental studies on the intensity of vehicle
traffic on the considered street.

METHODOLOGY

Several cross-sections were selected along
the length of the road, in which traffic intensity
and composition of traffic flow during rush hour
were measured.

The parameter being determined is the final
coefficient of reduction in road capacity (p) [6].
It was calculated for each lane in the cross-
section area. Then, its values were averaged over
even and odd sides of the street, as well as along
the length of the entire street.

This work uses, as an example, due to the
small number of points on the f§ curve, geometric
interpolation with a Lagrange polynomial. Next,
the maximum interpolation error was determined
and graphs of the experimental and interpolated
curves § were plotted for even and odd sides of
the street, as well as along the length of the entire

! Tolkov, A. V.Improving traffic at intersections: Study
guide. Vladimir, VLSU publ., 2018, 180 p. ISBN 978-5-
9984-0852-6.

2 Tolkov, A. V. Master’s final qualifying work: Study guide.
Vladimir, VLSU publ., 2021, 128 p. ISBN 978-5-9984-
1403-9.

3 ODM 218.2.020-2012 [Road industry’s methodological
documents]. Methodological recommendations for assessing
the capacity of highways. Federal Road agency. Moscow,
ROSAVTODOR, 2012, 148 p.

street. For practical purposes, it is necessary to
choose an interpolation method that will provide
the minimum error.

Thus, having a mathematically described
curve, it is possible to determine the value of
in any cross-section of the street.

In more detail, the methodology for
experimentally determining the road capacity is
as follows:

1. Collecting initial data:

1.1. Determining the number of cross-
sections along the even (K) and odd sides (K )
of the street.

1.2. Determining the number of traffic lanes
passing through each cross-section () [7, 8].

1.3. Determining maximum practical capacity
(P,.)"

1.4. Determining rush hour time (¢, ) [9; 10].

1.5. Determining observation time interval
(A [11;12].

1.6. Determining the distance between cross-
sections on the even and odd sides of the street
(xo’ Xps oo xKe(Kod)—l)'

2. Calculating vehicle traffic intensity (V) in
each cross-section and its reduction [13—15].

3. It is assumed that the actual capacity is
equal to the measured traffic intensity (P = N),
since traffic intensity measurements were carried
out during rush hour.

4. Calculating B using the formula (1)":
Bp=pP/P__,
where P is actual capacity, reduced cars/hour:

— for each lane in the cross-section (B, B, ...
B,

— for the even (B, , B,., -.. B,,) and odd (B, .,
Boops -+ Byoe) sides of the street in each cross-
section by averaging 3 over traffic lanes;

— for the entire street (B, B,, ... By DY
averaging the values on the even and odd sides
of the street in cross-sections.

5. Selecting a method for interpolating
functions B (B = f'(x)).

6. Drawing up a system of equations (SE) of
interpolation and choosing a step (Ax).

7. Writing a computer program for solving
the SE.

8. Drawing up experimental (B, = f'(x)) and
interpolated (B, = f(x)) curves . Determination
of error AB(x).

9. To obtain the capacity value at a street point
P(x), it is necessary to multiply the corresponding
value of Bby P__ .

10. Providing measures to reduce AP(x) and
clarify B :
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1. Initial data |
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P(x) = Bint Prax
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!
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Be =/ (x), Bine =1 (x)

Pic. 1. Flow diagram of the methodology for experimental determination of road capacity [performed by the author].
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Pic. 2. Distribution graph of B1 by first lanes of the street [performed by the author].

— increase in the number of cross-sections
(clause 1.1);

—increase in observation time (clause 1.4)
[14; 15];

— decrease in At (clause 1.5);

— more accurate measurement of distances
between cross-sections (clause 1.6);

— selection of the exact interpolation method
(clause 6).

The flow diagram of the technique is shown
in Pic. 1.

RESULTS

As an example, a study of Gorky Street in the
city of Vladimir is described. The number of
cross-sections under consideration (six were
selected, located in the area of stopping points
(SP)) and traffic lanes, the values of the maximum
practical capacity, the results of measuring
vehicle traffic intensity and the calculation of 8
by lane are shown in Table 1.

The distribution graph of B along the first
lanes of the street is shown in Pic. 2.
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i Table 1
i ; Calculation of p per lanes [performed by the author]

ommeees
SRR

SP Side of the street Number of P P, B
a lane passenger cars/hour | red. cars/ hour
I Even 1 2300 204 0,089
r.Sodyshka 2 2300 734 0,319
3 2300 512 0,223
0dd 1 2300 142 0,062
2 2300 607 0,264
3 2300 581 0,253
2nd Even 1 2200 307 0,140
Gastello street 2 2200 639 0,290
0Odd 1 2200 596 0,271
2 2200 385 0,175
3n Even 1 2200 578 0,263
VLSU 2 2200 597 0,271
0Odd 1 2200 827 0,376
2 2200 508 0,231
4t Even 1 2200 533 0,242
Lenin square 2 2200 551 0,250
0Odd 1 2200 569 0,259
2 2200 565 0,257
5th Even 1 2200 607 0,276
Vspolie 2 2200 506 0,230
0Odd 1 2200 664 0,302
2 2200 669 0,304
6t Even 1 2200 346 0,157
Yurievskaya 2 2200 441 0,200
zastava 0dd 1 2200 587 0,267
2 2200 1027 0,467

Table 2
Initial data for the system of interpolation equations [performed by the author]

Along the entire street
XO xl x2 XS XA XS
0,00 km 0,53 km 0,95 km 1,60 km 2,15 km 2,65 km
B, B, B, B, By By
0,201 0,219 0,285 0,252 0,278 0,273
0,500
B2 0450 /
0,400 ,/
0,350 /
0,300 ,/
0,250 +~A =
0,200 x\ \\ == Even side
0,150 e 0dd side
0,100
0,050
0,000
1 2 3 4 5 6

Section number

Pic. 3. Distribution graph of B2 by second lanes of the street [performed by the author].
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Pic. 4. Distribution graph of the coefficient Bav on even and odd sides of the street [performed by the author].
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Pic. 5. Distribution graph of the coefficient Bsp along the entire street [performed by the author].
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Pic. 6. Comparison of experimental and interpolated curves Be on the even side of the street [performed by the author].
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Pic. 7. Comparison of experimental and interpolated curves g,
on the odd side of the street [performed by the author].

The distribution graph of B along the
second lanes of the street is shown in Pic. 3.

The distribution graph of averaged B on the
even and odd sides of the street is shown in
Pic. 4, and the distribution graph for the entire
street is shown in Pic. 5.

The work, due to the small number of
points on the B distribution curve, applied
geometric interpolation using a Lagrange
polynomial.

The initial data for compiling a system of
interpolation equations are the distances
between cross-sections along the length of the
street, and also the values of B corresponding
to these cross-sections (Table 2).

Further, to automate the calculations,
programs were written in MATLAB.

A comparison of the experimental and
interpolated B curves on the even side of the
street is shown in Pic. 6.

The error is Ax =[x, — xexp|
(21,3 %).

A comparison of the experimental and
interpolated B distribution curves obtained on
the odd side of the street is shown in Pic. 7.

= 0,043

ax

x_|=0,0617

int exp

The error is Ax =[x
(30,0 %).

A comparison of the experimental and
interpolated B distribution curves obtained
along the length of Gorky Street is shown in
Pic. 8.

The maximum interpolation errorisAx =

x_ | =0,0477 (22,7 %).

int exp

|x

CONCLUSIONS

A methodology has been developed that
allows one to determine the final capacity
reduction coefficient of a particular road
(street) under specific road conditions and the
composition of the traffic flow. This indicator
is defined as the ratio of the actual road
capacity to the maximum practical capacity.
The essence of the technique is to obtain the
actual distribution curve of the final capacity
reduction coefficient along the length of
a particular road and compare it with the curve
obtained using the interpolation method
(mathematical description of the actual
curve). The criterion for accuracy of the
technique is the interpolation error. Having

B 035

0,3
0,25

=@ Experimental

== Interpolated

0 0,5 1 1,5

2 2,5 3

Average distance between cross-sections, km

Pic. 8. Comparison of experimental and interpolated curves B, obtained along the length of Gorky Street [performed by the author].
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a mathematically described curve, it is
possible to determine the value of the final
capacity reduction coefficient for any cross-
section of the street.

Recommendations have been developed to
reduce the error of the methodology, aimed at
increasing the number of cross-sections
(observation points) along the length of the road,
increasing the total time of observation of traffic
flows (to obtain a larger volume of data),
reducing the time interval for recording vehicles
(to obtain a more accurate image of changes in
the intensity of traffic flows over time), choosing
amore accurate method for measuring distances
between cross-sections and the interpolation
method.
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ABSTRACT

The context of ongoing changes in the directions of cargo flows
passing through the territory of the Russian Federation, as well as
a rethinking of the basic principles of world trade regulation
generates an additional interest in the study of the impact of these
processes on the dynamics of implementation of projects for
development of the International North-South Transport Corridor.

The paper refers to the analysis of the main reasons and trends
in changing the principles of international economic relations
highlighting the development prospects and growing demand for

transport policy.
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Changes in the Principles of International Economic
Relations as a Factor in Development of the International
North-South Transport Corridor
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the North-South ITC, the importance of creating effective
mechanisms for advanced attraction of investment resources to
provide new projects for development of the corridor with sources
of financing. Approaches are proposed for appropriate adaptation
of the process of preparing investment projects aimed at developing
the infrastructure of the North-South ITC. The study notes the
importance of conducting further research aimed at increasing the
economic efficiency of design, construction and operation of this
corridor.
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BACKGROUND

The starting point in the process of
transformation of the principles of international
economic relations is considered to be 2016. The
transition from the previously dominant paradigm
of globalisation of the world economy to formation
of bilateral interstate economic relations, initiated
by the largest world economy, provoked
a weakening of the previously applied norms of
international economic relations (IER).

The traditional pillars of international
economic relations were considered to be non-
confrontationism, free movement of labour and
capital, objectivity, mutual benefit. The
materialisation of these foundations occurred,
among other things, in the principles of the World
Trade Organisation, which included:

— the principle of most favoured nation, which
enshrines a non-discriminatory regime in relation
to «goods and suppliers from foreign member
states of the organisation» [1];

— the principle of transparency, which implies
the non-application of unpublished regulatory
legal acts to foreign suppliers of goods and
services;

—the principle of national treatment, which
establishes a non-discriminatory regime for
foreign goods and services in comparison with
national market participants.

At the same time, to create unilateral
advantages for their own national economy,
a number of states began to actively apply the
mechanism of tariffs and duties to protect the
domestic market from more competitive
economies. This phenomenon was described in
classical German economic theory. Friedrich List,
who formulated five stages of development of each
country, became famous for developing the theory
of protectionism:

— « primitive undeveloped stage (the savage);

— the pastoral;

— the agricultural;

— the agricultural and manufacturing;

— the agricultural, manufacturing, and
commercial» [2].

At the same time, it should be noted that the
German scientist, who is often referred to by
supporters of protectionist approaches, pointed
out the advisability of using protective duties
exclusively during the transition from an
agricultural system to an industrial one, believing
that barriers to international trade are inappropriate.

This trend received additional development
with the beginning of the active use of the

mechanism of restrictive sanctions. If in the
context of tariffs and duties we can talk about the
need to support national producers during periods
of «difficult economic situations» [3] and the use
of dumping mechanisms by foreign states, then
the goal of the sanctions policy is to influence
the development of individual sectors of the
economy of foreign countries. This policy creates
barriers to world trade and directly affects the
rate of global economic growth due to emerging
problems with «financing new projects» [4], the
supply of goods and services, and their movement
across state borders.

In these conditions, we can talk about a round
of regionalisation of the world economy, when
ignoring WTO norms and rules coincides with
the active development of regional economic
associations that «collectively» [5] apply tariffs
and duties. An example is the discussion on
imposing temporary tariffs on the PRC imports,
including on electric vehicles'.

The objective of the study, the main results
of which are presented in the article, is to analyse
the impact of the transformation of the main
principles of world trade regulation on
implementation of large interregional transport
and infrastructure projects using the example of
the development of International North—South
Transport Corridor (ITC). The main research
tools were methods of economic comparative
analysis, as well as factor and system methods.

RESULTS

The sanctions pressure and the use of
prohibitive duties have also significantly
influenced the development vector of the
transport component of the Russian economy.
The radical degradation of economic relations
with the largest partner, the European Union, and
the reorientation of exports and imports flows
from the East—West direction to the North—South
ITC have affected the priorities for development
of the national transport system.

The main component of international
transport corridors on the territory of the Russian
Federation is the railway component. The
Russian railways system, due to the measures
implemented by JSC Russian Railways to
develop the ITCs passing through the country’s
territory, was able to cope with these changes,

"' EU Goes on China Trade Offensive After Getting ‘Played’
[Electronic resource]: https://www.bloomberg.com/news/
articles/2024—-04—15/eu-goes-on-china-trade-offensive-after-
getting-played-for-years. Last accessed 15.04.2024.
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defining the creation of conditions «for further
growth of foreign trade cargo flow» [6] as
a priority task. Starting from 2022, in terms of
railway transport, we can state a dynamic change
in the directions of international cargo flows. Rail
transportation is actively developing with
friendly countries, whose share in exports in 2023
exceeded 81 %. The freight transportation has
grown by 2-3 times in some directions?

The main directions of transportation of
international goods are approaches to the ports
of the North-West part of the country, the Azov-
Black Sea basin, and the Eastern direction,
including the Eastern polygon. However, in the
new conditions, priority is given to «development
of the International North—South Transport
Corridor» [7]. An increase in the volume of cargo
transportation is noted on all branches of the
corridor (Western, Eastern and Trans-Caspian
routes)3. 11,59 miln t of goods were transported
by railways through North—South ITC in 2023
as compared to 10,21 miln t in 20224, For this
reason, the priority activities are development of
the Derbent railway checkpoint and the transfer
of the Derbent — Samur section to an AC traction
system, as well as construction of the Rasht —
Astara railway section.

Several authors point to the significant
potential of the North—South ITC and various
aspects of its development [8—11].

In such conditions, the need to implement
new corridor development projects will only
increase. This implies the need to attract private
capital from interested parties to their
implementation. From the point of view of the
influence of global economic transformation
processes, the most susceptible elements of
project assessment will be the risk assessment
system and guarantees of return on invested
capital.

2 The growth in 2023 of international freight transportation
was highlighted by Russian Railways [In Russian]. RBK
news agency. 19.03.2024. [Electronic resource]: https:/
www.rbc.ru/industries/news/65f9b0c69a79472{fbdbeb04.
Last accessed 10.04.2024.

3 Volume of cargo transportation on the North—South
International Transport Corridor since the beginning of
2023 [In Russian]. Website of JSC Russian Railways.
[Electronic resource]: https://company.rzd.ru/ru/9401/
page/78314?1d=213166&ysclid=m20i6vytrw149477316.
Last accessed 10.04.2024.

* The volume of sea cargo transported via North—South ITC
has increased by 55 % during 2023 [In Russian]. Website
Marine News of Russia. 12.02.2024. [Electronic resource]:
https://morvesti.ru/news/1678/107534/. Last accessed
10.04.2024.

Ensuring repayment in public-private
partnership projects, the most common format
for implementing transport infrastructure
development projects with private capital, in the
described new economic realities can be achieved
in the following ways.

Firstly, this is the state guaranteeing the
financial sustainability of the project subject to
changes in economic conditions in the country.
This can be implemented through the state
guaranteeing payment for provision of
infrastructure, regardless of its degree of its
loading; facilitating the use of the «take or pay»
mechanism in relations between the carrier and
the shipper; state subsidising tariffs for
transportation in the context of negative market
conditions for transportation, formed through no
fault of the carrier.

Secondly, in case of a significant impact of
sanctions on the parameters of the project,
amechanism can be provided for its early transfer
to the perimeter of the state with fair compensation
for the costs incurred by investors for its
implementation or an increase in the nominal
share in the project by the state through an
additional issue that does not lead to a change in
the project management process.

The most important factor in the return on
investment of projects that ensure economic
relations between states in the context of
changing principles of international economic
relations, leading to a change in the direction of
cargo transportation, is the state’s guarantee of
the application of non-discriminatory regulatory
and support measures in relation to various
sectors of the transport system.

Therisk assessment of the project for development
of the transport infrastructure of the North—South
ITC must equally be adapted to the modifications of
IER. This approach is largely consistent with the
concept of multi-criteria assessment in decision-
making in transport policy [12].

Thus, taking as a foundation a risk assessment
system based on the stages of project
implementation («construction stage, operation
stage» [9]), it is necessary to supplement the
assessment results with adjustments for the
counterparty risk at the end of each stage, which
will be the state, absorbing both country and
geopolitical risks. In this context, when updating
or making adjustments to a project, it is necessary
to describe the risk scenarios and index them
depending on the degree of influence on the
project and the likelihood of implementation.
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The risk categories that should be considered in
the projects for development of North—South ITC
should include:

— sanctions against shippers; banking
institutions working with them; logistics
operators,

— conventional restrictions adopted for
political reasons that have a medium- and long-
term impact on transportation volumes,

— military and political situation,

— refusal by the state to continue implementing
the project,

— failure by the state to fulfil its obligations
due to the lack of available funds in the budget.

Each corridor project will have its own
indexation according to the specified parameters,
which will allow for derivation of a parameter
for adjusting the risk assessment results.

BRIEF CONCLUSIONS

In general, the growing demand for the
North—South ITC as an important factor in
transport and logistics connectivity demonstrates
the productive adaptation of large transport,
infrastructure and logistics projects to the process
of changing the principles of IER and the
resulting conditions.

An important task in this context is the
transformation of the elements of the economic
assessment of transport corridor projects to
ensure its attractiveness for private investors,
whose capital is a necessary condition for
intensive development of the North—South ITC.

The elements that require the greatest
attention in this context are the mechanism for
ensuring the return on investment and assessing
project risks, and approaches to their revision in
the current conditions.

The proposals that be developed based on the
above can be implemented in the practices of
project management of large infrastructure
companies and the development of state policy in
the field of development of the North—South ITC.
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BACKGROUND

Against the backdrop of strengthening
integration processes in the world, Russia,
advocating for the synergy of national and
international development projects while
maintaining a balance of interests of all
participants, has put forward a strategic
initiative to form a Greater Eurasian
Partnership, which provides for establishment
of multilateral cooperation between the
member countries of the Eurasian Economic
Union (EAEU), the Shanghai Cooperation
Organisation, and the Association of Southeast
Asian Nations (ASEAN) [1]. As noted, «the
Russian initiative involves formation of a set
of national and regional integration strategies
and projects that develop in a coordinated
manner in the interests of peace, security, and
prosperity of the people of Eurasia» '. We are
also talking about connecting with the
Chinese «One Belt, One Road» initiative,
which unites the projects of the Silk Road
Economic Belt and the Maritime Silk Road
of 21* century.

As noted earlier, «the potential of «Greater
Eurasia» is not limited only to economic
integration. This concept can also act as
a strategy to overcome the global crisis and
form a sustainable multipolar world order
based on the dialogue of civilisations. In this
context, we can say that the concept of the
«Greater Eurasian Partnership» acts as an
«integration of integrations» [1]. In the speech
of the President of the Russian
Federation V. V. Putin at the International
Forum «One Belt, One Road» on May 14,
2017, it was emphasised that «...greater
Eurasia is not an abstract geopolitical scheme,
but, without any exaggeration, a truly
civilisational project aimed at the futurex»?.

In terms of its sectoral structure, the Greater
Eurasian Partnership (GEP) could include the
following components:

! Greater Eurasian Partnership: View from East and West.
Project. Presidential Grants Competition [In Russian].
[Electronic resource]: https://xn-80afcdbalict6afooklqgiSo.
xn — plai/public/application/item?id=a043d464—2eac-42de-
a275-706fb8c3d858. Last accessed 30.05.2023.

2 Speech by V. V. Putin at the International Forum «One Belt,
One Road». Administration of the President of the Russian
Federation: official website, 2017. [Electronic resource]:
http://www.kremlin.ru/events/president/news/54491. Last
accessed 04.04.2021.

— Network of international trade and
investment agreements.

— Common transport space.

— Single network of economic corridors
and development zones.

— Digital dimension.

— Energy space.

— Financial dimension?.

The project is being implemented on
multiple tracks.

Among them, for example, there is an
educational one. An example of successful
activity in this area was the holding of the
Educational Forum of the Greater Eurasian
Partnership on September 25, 2023. The
forum was organised as part of the
International Partnership Week of the
National Research University Higher School
of Economics, timed to coincide with the
Russian Federation’s chairmanship of the
EAEU bodies and aimed at linking the
strategies and initiatives of its participants
in the field of education, science and
technology. The forum was attended by
representatives of 23 countries and more
than 40 scientific and educational
organizations®,

A modern high-tech transport network is
an integral element that contributes to the
deepening of modern Eurasian integration.
In this regard, the transport sector is
invariably a priority of the Greater Eurasian
Partnership. As is rightly noted, «the
transport system is the framework of any
economy for increasing foreign trade flows.
Russia, occupying 1/7 of the world’s land
and located along the entire Eurasian
continent, can offer a wide range of
competitive air, road, rail and sea routes for
all modes of transport. System work is
underway to develop transport infrastructure
in the East—West and North—South
directions... The Northern Sea Route has
good prospects for commercial exploitation»?®.
In general, due to its geographical location

3 On the Russian initiative of the Greater Eurasian
Partnership. [Electronic resource]: https://www.mid.ru/ru/
activity/coordinating_and_advisory body/head of subjects
council/materialy-o-vypolnenii-rekomendacij-zasedanij-sgs/
xxxvi-zasedanie-sgs/1767070/. Last accessed 30.10.2023.

4 The HSE hosted the Greater Eurasian Partnership
Educational Forum. [Electronic resource]: https://www.hse.
ru/gepf2023/#news. Last accessed 30.10.2023.
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and scale, Russia has significant transit
potential in ensuring Euro-Asian transport
links.

In this regard, the concept of «transport
connectivity» acquires special significance.
This term has become firmly established on
the agenda of international organisations and
bilateral meetings, including at the highest
state level”.

The inclusion of Eurasian economic
integration among the priorities of the transport
complex of the Russian Federation reflects the
fact that «the concept of the Greater Eurasian
Partnership is based on the fact that trade and
economic ties are a key instrument for uniting
the countries of Eurasia and linking integration
projects throughout the vast Eurasian space»
[2].

The Transport Strategy of the Russian
Federation until 2030 with a forecast for the
period up to 2035, approved by the
Government of the Russian Federation in
November 2021, notes the need to implement
the transit potential of our country through
the accelerated development of transport
infrastructure, as well as the use of the
geographical features of the Russian
Federation as a competitive advantage®. Also,
one of the objectives of the Transport Strategy
of the Russian Federation is «effective
servicing of foreign trade of the Russian
Federation, development of export of
transport services and development of
international cooperation» °.

An important area is implementation of
a coordinated (agreed) transport policy within
the framework of the Eurasian Economic
Union, which can be considered as a key centre
for formation of the integration contour of the
Greater Eurasian Partnership.

5 See, for example: Transport connectivity for efficient and
sustainable value chains. Economic and Social Commission
for Asia and the Pacific Committee on Transport. Sixth
session. Bangkok, 12—13 November 2020. Item 3a of
the provisional agenda. Cross-cutting issues in transport.
[Electronic resource]: https://www.unescap.org/sites/default/
files/RU_2_TRANSPORT%20CONNECTIVITY %20
FOR%20EFFICIENT%20AND%20RESILIENT %20
SUPPLY%20CHAINS.pdf. Last accessed 30.10.2023..

¢ Order of the Government of the Russian Federation
dated November 27, 2021 Ne 3363-r «On approval of the
Transport Strategy of the Russian Federation until 2030 with
a forecast for the period until 2035». [Electronic resource]:
https://mintrans.gov.ru/ministry/targets/187/191/documents.
Last accessed 23.10.2022.

System work is carried out to promote
initiatives to develop Eurasian transport links,
introduce digital technology in the transport and
logistics process within the framework of such
international organisations as ESCAP, SCO,
ASEAN. In particular, at the initiative of the
Russian Federation, the international transport
route «Europe — Western Chinay was included
in the List of Asian Highway Routes approved
by the ESCAP Intergovernmental Agreement
on the Asian Highway Network’. With the
active participation of Russian experts, the
ESCAP technical assistance project «Improving
the Efficiency of Intermodal Transport in Asia
through the Development of Coordination
Measures to Support a Balanced Account of
Economic, Social and Environmental Factors»
was implemented?®. The project included
a comparative analysis of four intermodal
transport corridors and existing transport
coordination mechanisms. Based on the results
of the study, it was decided to focus the project
work on the North—South ITC ®.

Many researchers note the great potential
for expanding international transport corridors
as a basis for developing the Greater Eurasian
Partnership (e.g.: [3]). It is reasonably noted
that «following the creation of the ITC, the
accompanying infrastructure, industrial
production in neighbouring areas, and customs
regulation begin to develop — such corridors
are a powerful impetus for the development of
a number of industries. In addition, effective
and mutually beneficial joint infrastructure
projects are a significant guarantee for
maintaining friendly relations among the
participants implementing these projects... It
is the launch and uninterrupted operation of
international transport corridors that can
become a driver for expanding cooperation in
the format of the Greater Eurasian Partnership
and deepening cooperation between all
interested participants in priority sectors of the
economy».

" Intergovernmental Agreement on the Asian Highways
Network. UNESCAP. [Electronic resource]: https://www.
unescap.org/resources/intergovernmental-agreement-asian-
highway-network. Last accessed 23.10.2022.

8 Dry Ports and Intermodal Transport. Text: electronic
// United Nations Economic and Social Commission for Asia
and the Pacific. [Electronic resource]: https://www.unescap.
org/our-work/transport/dry-ports-and-intermodal-transport.
Last accessed 23.10.2022.
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An essential factor contributing to
implementation of the transport component of
the Greater Eurasian Partnership is the possibility
of creating a single transport space, integrated
implementation of the tasks of all participants.
For example, the authors [4], highlighting the
priority areas of integration of individual EAEU
member states in the transport sector, note that
«when forming a common market for transport
services of the EAEU, it is necessary to achieve
such a level of cooperation that a balance will be
found between the national interests of each
member state of the Union and the goals that are
set at the supranational level in terms of
implementing a coordinated (agreed) transport
policy of the EAEU». The attention of researchers
is drawn to promising areas of interaction,
individual projects and formats of cooperation
in the transport and logistics sector between the
EAEU and the countries hosting transport and
logistics corridors (eg: [5]).

The transport component of the Greater
Eurasian Partnership remains an important
subject of scientific research both as a specific
topic and in the context of broader discussions
(e.g. [6-7)).

In general, the concept of the Greater
Eurasian Partnership is intended to become an
alternative to both the processes of globalisation
and the processes of nationalisation in the modern
world. Therefore, the concept of the Greater
Eurasian Partnership is intended to replace both
the globalisation that has compromised itself and
the nationalisation that is limiting itself.

The rapid and irreversible changes taking
place in the modern world, with all the difficulties
and challenges, provide a unique opportunity for
a global restructuring of the transport industry,
while one of the main vectors of development of
modern Russia is the development and
implementation of the concept of «Greater
Eurasiay.
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ABSTRACT

Growth of railway container transportation volumes in the
Russian Federation obliges to pay attention to ensuring the safety
of cargo transportation. In this regard, it is advisable to outline
organisational and technological aspects of transport of especially
valuable cargo in rail containers.

The analysis of current regulatory and technical
documents, domestic and foreign experience, allowed
identifying the most effective areas of ensuring safety of
transported goods, which are based on making changes to the
design of the automatic coupling device of the rolling stock.
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INTRODUCTION

Cargo transportation by rail in the Russian
Federation and the Commonwealth of
Independent States occupies a leading position.
Railway transport is best suited for mass
transportation; it operates at any time of the year
and regardless of atmospheric conditions [1].

Since the early 2000s, active development of
railway container transportation has begun in the
Russian Federation. This is due to creation in
October 2003 of the Centre for Transportation of
Cargo in Containers «TransContainer» —a branch
of JSC Russian Railways (now — Public Joint-
Stock Company TransContainer) [2].

A container is a reusable standardised tare for
transportation of a wide range of goods by all
modes of transport (railway, road, air, sea).

Awide range of cargo is transported in containers,
including valuable and expensive ones (household
appliances, satellite equipment, microscopes,
microcircuits, sculptures, archaeological finds,
porcelain, glass, ceramics, etc.).

It should be noted that some regulatory and
technical documents (hereinafter referred to as
RTD) do not consider special requirements and
conditions for transportation of fragile cargo (for
example, Standards for calculation and design of
wagons for the railways of the Ministry of
Railways with a gauge of 1520 mm (non-self-
propelled))!. RTD pays more attention to forces
and loads, while almost no issues are raised about
safety of transportation of valuable cargo in
containers.

In this regard, a review study of the issue of
ensuring the safety of the transportation of
especially valuable goods by rail is relevant,
particularly in terms of the application of the
main (making changes to the design of rolling
stock) and related (use of indicators (sensors)
and improvement of the cargo insurance system)
technical and organisational measures.

RESULTS
Technical Arrangements
In many cases, shock-absorbing devices play
an important role in ensuring the reliable delivery
and safety of especially valuable goods.
Shock-absorbing devices of railway rolling
stock in the Russian Federation [3] are generally

! Standards for calculation and design of railway wagons of
the Ministry of Railways with a gauge of 1520 mm (non-
self-propelled). Moscow, GosNIIV-VNIIZhT, 1996, 317 p.
[Electronic resource]: https://dwg.ru/dnl/2822. Last accessed
01.10.2023.

like the same foreign devices. At the same time,
it should be emphasised that domestic rolling
stock uses variants of the SA-3 (Soviet automatic
coupling, 3™ variant) with absorbing devices of
various modifications in terms of the method of
absorbing energy [4].

Addressing the history of the issue, the
geometric parameters of the shock-absorbing
devices of rolling stock have remained
structurally unchanged since the 1930s. At the
same time, the length, weight, and speed of
cargo trains increased rapidly. Since 1950, the
railways of the Union of Soviet Socialist
Republics have begun to widely introduce hump
yards, but the regulated speed of collision of
wagons [5] during their disassembly is not
always observed. To ensure safety of cargo, it
was necessary to change the design of the
automatic coupling device, increasing the stroke
of the shock-absorbing device from 70 (90) to
110 (120) mm. However, simply increasing the
stroke does not allow obtaining the set collision
speed at a given level of longitudinal loads. The
choice of possible changes in the geometric
parameters can only be made based on thorough
theoretical research. Priority measures include
development of theoretical models of various
models of automatic coupling devices and/or
methods of shock absorption of cargo.

In this regard, it is advisable to briefly analyse
the design, history and experience of using the
shock absorbers operated and being now
operated, e.g., on US railways. American shock
absorbers tend to increase the shock absorber
stroke. US railway experience shows that
increasing the shock absorber stroke requires
increasing the length of the automatic coupling
tail (Pic. 1).

The increase in the length of the coupler tail
is implemented by increasing the stroke of the
absorbing device, which in turn requires making
design changes to the cantilever part of the centre
sill. One of the approaches to ensuring safety of
the transported cargo is to change the design of
the centre sill in the area of the thrust angle and
replace the centring beams, as well as use
a deflecting device of the coupler [6]. We
emphasise that this approach cannot fully ensure
safety of valuable cargo.

On the US railways, various design options
for the implementation of floating centre sills
have been developed (Pic. 2). The tasks of
ensuring safety of the transported cargo are
solved simultaneously with the tasks of
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Cataleg Mo, C-CES0-HT

Pic. 1. AAR Alternate Standard Controlled Slack Coupler with Drawbar [USA Car and Locomotive Cyclopedia of American Practice. 2 edition
by C. L. Combes (Editor). New York, Simmons-Boardman Publication Corporation, 1970, 1074 p. ISBN-10 1122559348, ISBN-13 978-1122559348.

Pic. 2. Spinal beam with hydraulic damper in the central part (USA) [Idem].

eliminating the spontaneous uncoupling of
wagons from trains.

For transportation of special cargo, cars with
floating centre sills of Pullman-Standard Car
Manufacturing Company were built and tested
(Pic. 3). However, this unit was used primarily
on heavy-duty wagons, which was due to the
need to use them with a long console. These
solutions were implemented only within the
framework of testing special-purpose wagons,
for example, the model 11-9960 wagon built by
JSC «TVZ» [7].

At present, JSC Russian Railways solves the
problems of ensuring safety of train traffic and
safety of transported goods using high-energy
absorbing devices (elastomeric absorbing
devices of classes T2 and T3). The elastomeric
absorbing devices used, currently in serial
production, have characteristics due to the need
to absorb energy. With participation of one of the
authors, elastomeric absorbing devices were
developed [9; 10], which are currently widely
used in wagons for transportation of dangerous
goods.

Considering the design of passenger cars, it
should be noted that rubber-metal absorbing

devices (R-2P and R-5P) are widely used on this
rolling stock [11]. It is known that the use of
rubber elastic elements leads to a change in
rigidity at low temperatures. Note that the
calculation models do not consider the possibility
of changing the liquid characteristics at
a temperature of —60 °C.

Foreign experience in ensuring safety of
transported goods shows its effectiveness. It is
based on monitoring the acceleration level,
including recording impacts, tilts and falls.
ShockWatch® 2 indicators (USA) are widely
used for monitoring careful handling, impact,
load tilt, vibrations, temperature. These indicators
are disposable (Pic. 4) and reusable. In disposable
indicators, the control element (glass tube) is
irreversibly painted red if an impact exceeding
the permissible value occurs. Reusable indicators
ensure recording of values and are reused within
the standard service life?.

Since there is currently a consistently high
flow of cargo transported in container trains from

2 Shock and tilt indicators ShockWatch® 2 (USA).
Shockwatch GC «Control Technologies». [Electronic
resource]: https:/rosplomba.ru/g6920376-indikatory-udara-
naklona. Last accessed 01.10.2023.
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Pic. 3. Floating centre sill of a cargo wagon manufactured by Pullman-Standard Car Manufacturing Company (USA) [8].
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Pic. 4. Disposable shock indicators ShockWatch 22

the People’s Republic of China to the countries
of the European Union through the territory of
the Russian Federation, some of the above
indicators will probably be used to monitor
dynamic load conditions. The use of these
indicators (their analogues) will increase the
responsibility of each participant in the
transportation process and minimise the incidence
of damage to particularly valuable cargo.

Ensuring safety of transportation of
particularly fragile and valuable cargo can only
be achieved by comprehensive measures, in
particular, by making changes to the design of
the automatic coupling device of the rolling
stock, as well as by installing special technical
devices inside the container.

Based on the studies of shock-absorbing
devices conducted by Russian University of
Transport [12—15], it is possible to create
probabilistic models of the occurrence of damage
to transported cargo under current operating
conditions.

Currently, work is underway to increase the
stroke of shock-absorbing devices using standard
absorbing devices.

In our opinion, an accompanying mechanism
for increasing the safety of the transportation of
especially valuable cargo by rail is a perfect
system of cargo insurance on railway transport
adapted to the conditions of transportation.

There are various approaches to cargo
insurance on railway transport, including the use
of state systems and programs, widely used in
the world. Analysis of information on cargo
insurance on the world’s railways shows that
each country uses systems and programs that are
maximally adapted to local transportation
conditions [16]°.

The existing transportation insurance system
in the Russian Federation does not fully consider
the requirements for ensuring safety. In our
opinion, it is advisable to consider a possibility
of creating a state cargo insurance system to
ensure a single approach to cargo insurance. We
believe that it is necessary to ensure the
introduction of requirements at the level of state
bodies, considering the specific conditions for
ensuring the safety of certain types of cargo (for
example, especially valuable), with the definition
of the legal aspects of the work of supervisory
authorities and insurance organisations.

BRIEF CONCLUSIONS
Even a brief review and analytical study have
shown that achieving unconditional provision of

3 Insurance Requirements for Federally Regulated Freight
Railway Companies — Implementation guide [Electronic
resource]: https://otc-cta.ge.ca/eng/publication/insurance-
requirements-federally-regulated-freight-railway-companies-
implementation. Last accessed 01.10.2023.
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safety for the transportation of especially
valuable cargo by rail can only be achieved under
the condition of an integrated approach (a set of
technical and organisational measures).

The quoted examples of both technical and
organisation nature can be considerable
complemented and systemised, and the first step
towards it was to state the problem.
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ABSTRACT

The objective of the study is to determine the degree of
dependence between the regional transport and logistics system and
the main regional economic indicators and their impact on resource-
saving and the level of economic sustainability.

The research methods are based on the use of a comparative
analysis of approaches used to determine the characteristics of
transport and logistics systems, retrospective, correlation and
regression, morphological, abstract logical, theoretical and empirical,
and structural analysis.

The study has resulted in the analysis of approaches to defining
and assessing transport and logistics system from the position of the
spatial location of transport and logistics infrastructure facilities in the
context of their impact on spatial organisation of productive forces;
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a retrospective, comparative and correlation and regression analysis
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economic indicators of GRP and retail turnover; evaluation of the
analytical dependence of the region’s economic indicators on the
state of the regional transport and logistics system; rationale of the
dependence of the level of economic sustainability and resource-
saving on the development of the transport and logistics infrastructure.

The results of the study may be used to determine the level of
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BACKGROUND

The task for Russia to enter an innovative path
of socio-economic development cannot be
considered beyond the context of regional economic
policy. Long-term forecasts and strategies for socio-
economic development of the Russian Federation,
i.e., the Federal Law of 28.06.2014 N 172-FZ
(as amended on 17.02.2023) «On Strategic
Planning in the Russian Federation»', which was
developed for the next six years, can obviously be
implemented exclusively by means of breakthrough
scientific and technological development of
regional economies of the constituent entities of the
Russian Federation. As part of drawing-up
development strategies for the Russian Federation,
coordination of activities includes matching the
strategies for socio-economic development of the
constituent entities of the Russian Federation and
preparing a consolidated conclusion on them. In
this context, are no less important the national
projects «Balanced Regional Development»
(implementation deadlines for the regions included
in the project are until 2030) and «Safe and High-
Quality Highways» (implementation deadlines for
the regions included in the project are until 2026—
2030).

The development of regional transport and
logistics systems (TLS) is one of key factors in
increasing the efficiency of regional economies. In
view of the peculiarities of territorial distribution
of productive forces, in which the economic
distance between business entities significantly
increases the cost of final goods and services,
creation of a developed transport and logistics
infrastructure is quite rationale, it can be considered
one of the priorities of regional development.

Therefore, the spatial distribution of enterprises
requires rationale choice of their location with the
account of the capabilities of TLS. In this regard,
the Strategy for Spatial Development of the Russian
Federation for the period up to 2025, approved by
the Order of the Government of the Russian
Federation dated February 13, 2019 No. 207-r2,
shapes a system of criteria for placement of

! Federal Law dated 28.06.2014, N 172-FZ (as amended
on 17.02.2023), «On Strategic Planning in the Russian
Federation». [Electronic resource]: https: www.consultant.
ru/document/ons_doc_ LAW_164841. Last accessed
19.04.2024.

2 Strategy for Spatial Development of the Russian Federation
for the period up to 2025, approved by the Order of the
Government of the Russian Federation dated February
13, 2019, No. 207-r.[Electronic resource]: https: www.
consultant.ru/document/cons_doc_ LAW_318094/. Last
accessed 19.04.2024.

productive forces that ensure territorial development
and economic growth and is a strategic planning
document within the framework of goal-setting
following a territorial principle. Since the period of
implementation of the strategy is ending, it is highly
probable to suppose that the similar strategy will
be adopted that will be in the mainstream of the
previous one, including the need to achieve
previously set goals.

Those documents highlight resource-saving
among most important principles of state
development. Resource-saving for the economy of
the Russian Federation and its constituent entities,
along with other tasks, determines the basis for
territorial development. In this regard, the impact
of the cost of transport and logistics services sets
the task of improving the transport and logistics
infrastructure, and often of developing a new one.

The goal of the Russian Federation joining the
leading economies of the world requires, among
other things, development of optimal resource-
saving mechanisms, and since the share of logistics
costs in Russia is about 25-30 % of the gross
domestic product [1], which is one of the highest
values of this indicator among developed countries,
the need is obvious to develop and modernise the
logistics sector.

Moreover, introduction of resource-saving
mechanisms affects the increase in economic
sustainability of both the entire state and individual
regions. Due to the high cost of transport and
logistics services, their impact on the spatial
connectivity of territories is undisputable, and the
dependence between the resource-saving
mechanism of the transport and logistics system
and the level of economic sustainability is obvious.

LITERATURE AND RESEARCH REVIEW

The problem of developing a TLS resource-
saving model in the context of the economy of
not only an enterprise, but also of a region and
a country is a cornerstone and requires scientific
analysis, assessment and methodological
techniques for its rationale and effective solution.
Modern scientific literature comprises sufficiently
many works that reveal this problem and offer
a set of scientific tools and mechanisms for
solving it. It is possible to outline several works
that have undoubted advantages in terms of the
level of analysis and detailing of resource-saving
tasks, their evolution, and contain scientific and
practical recommendations for solving them. It
may refer, e.g., to the monograph by
L. L. Kamenik «Resource-saving policy and the
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resource of its implementation in the format of
evolutionary development» [2]. The author
proposes three models of resource-saving. The
first two, which the author calls technocratic,
provide for a decrease in the resource intensity
of technologies and obtaining a resource-saving
effect at the enterprise level. The third model
provides for obtaining a resource-saving effect
within the space of a region and a country, that
is, it scales the system of production relations in
the space between enterprises in the production
and logistics chain. The author substantiates the
cause-and-effect relationship between resource
provision and resource-saving. However, the
main attention in the work is paid to resource-
saving models regarding the natural resource
potential of Russia.

At the same time, the author pays less
attention to the organisational mechanisms of
resource-saving, which is a key factor in
management and functioning of a resource-
saving transport and logistics model. The works
[3—5] are more focused on the problems of
resource-saving in production, construction,
waste management, energy conservation, etc.
However, organisational and managerial
technologies of resource-saving, the tasks of
saving resources during delivery of goods using
TLS are not considered in detail.

In the context of resource-saving within TLS,
several areas can be identified. Firstly, this is
improvement of the organisational and managerial
mechanism; secondly, the rational choice of the
location of enterprises considering minimisation
of costs for transportation, consolidation and
distribution of cargo flows; thirdly, development
of a network of transport and logistics centres
(TLC); fourthly, development of the road
network of transport modes and, finally,
widespread introduction of information
technologies.

TLS consisting of TLCs and a network of
transportation routes deserve a more detailed
analysis. Since placement of production sites
requires considering the basic conditions and
prerequisites that imply an acceptable level of
enterprise efficiency, spatial management
through TLS modelling is designed to ensure the
integration of enterprises into the chains of
«supply — production — sales — distribution —
consumption» and a reduction in increasing
logistics costs.

The topic of developing and implementing
transport and logistics models is quite trivial and

is presented in detail in the scientific literature.
Thus, the works [1; 6-9], substantiate the need
to develop transport and logistics clusters
(TLCL) following various models, including
structural and logical ones. The indicated works
present methods for assessing the economic
potential of territories to determine the feasibility
of developing TLCL, and also clarify the
definitions and concepts regarding TLCL.

The analysis of publications devoted to
TLCL shows the scientific and practical value
of this method of organising economic activity
for implementation of socio-economic
development objectives. On the webpage of the
electronic resource of the project «Map of
Clusters of Russia», developed by specialists
of the Russian Cluster Observatory of the
ISSEK HSE [Institute for Statistics Studies and
Knowledge Economics of Higher School of
Economics]?, it is reported that 120 clusters
have been created in the Russian Federation in
28 industries, and the influence of the distribution
of clusters by Federal Districts on the GDP
(GRP) values is shown. The work [10] analyses
the structure of TLCL, highlighting the main
components: transport, terminal and warehouse
complexes, transit potential and logistics
operators. To determine the impact of TLCL on
the economy, including the regional economy,
two works [10; 11] were also studied,
summarised and analysed, in which the concepts
and definitions of TLCL and their structural
elements are clarified.

At the same time, the analysis shows that the
problems of creating TLCL in the Russian
Federation arise, among other things, due to the
lack of a generally accepted understanding of
components of a cluster, its participants and
functional relationships by the scientific
community, business and government bodies [1].

The analysis of scientific publications that
reveal the content of the industry approach
shows its insufficient effectiveness, while the
task of achieving the goals of an industry
requires going beyond its boundaries and
attracting the technological, technical and
resource potential of other industries. Thus, the
work [11] points to a predominantly industry
approach to managing economic activity, which
limits the development of enterprises with the
boundaries of the industry. The work provides

3 Map of Clusters of Russia. HSE. [Electronic resource]:
https://map.cluster.hse.ru/.
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a comparative analysis of the industry and
cluster approaches, where the advantage of the
cluster approach is highlighted.

However, the works that determine the
influence of the cluster and industry
approaches on economic indicators,
sustainability of regional economies and
resource conservation have not received due
development.

Nevertheless, this relationship is obvious,
and the impact on the level of economic
sustainability is determined through a system
of resulting groups of indicators. It is
recommended to include the following
indicators in these groups: indicators of
production sustainability of regional
enterprises; indicators of resource and
technical sustainability; indicators of
investment sustainability; indicators of
financial sustainability; indicators of
organisational and managerial sustainability.

The definition of «economic sustainability
of an economic entity» is analysed in a few
scientific publications, for example, in [12;
13], and does not have an established
definition. The difficulty in shaping this
definition is that it consists of two words —
«sustainability» and «development», which
are, according to some authors, mutually
exclusive: «sustainable development simply
cannot exist, since with development
(dynamics) there will be no stability
(constancy)» [14].

In international scientific literature, the
term «Sustainable development» became
widely known after the report «Our Common
Future» in 1987, completed under the
leadership of Gro Harlem Brundtland“, and
was translated into Russian. The term
«sustainable development» originally
introduced by G. H. Brundtland concerned the
global development of the entire world
community and meant harmonious, balanced
development of economic, social and
environmental spheres of human existence.
Later, this term became so popular that it
began to be applied not only to the macro
level, but also to the micro level, being scaled

* Gro Harlem Brundtland. Statement at the 42nd session of
the General Assembly of the United Nations. October 19,
1987. Presentation of the unanimous report of the World
Commission on Environment and Development — «Our
Common Future». P. 4. [Electronic resource]: https://idl-
bnc-idre.dspacedirect.org/bitstream/handle/10625/20579/
WCED_v42 _docl-36.pdf. Last accessed 19.04.2024.

to the phrase «economic sustainability of the
enterprise», which expanded the scope of its
application and led to even greater complexity
of its use [10].

The analysis of scientific publications on
economic sustainability of business entities,
conducted according using the database of the
Scientific Electronic Library eLibrary.Ru
showed that there are about 470 of them (as of
March 2024), and most of the works on this
problem relate to industrial enterprises and
other areas of economic activity. For example,
in this context the works [16—22] do not
analyse the activity of transport enterprises,
TLC and transport and logistics systems.

Besides, while highly appreciating
contribution of domestic scientists to the
study of spatial distribution of productive
forces, we note that this scientific research
does not sufficiently consider the experience
of other economically developed countries,
for example, development of a network of
freight villages in the European Union.

At the same time, it is worth noting the
Russian experience of creating freight
villages and TLC, such as «Freight Village
Vorsino», TLC Bely Rast and others. Attention
may be drawn to the practices of building
«dry» ports by JSC Russian Railways, which,
among other things, are regional hubs for
certain vectors of external exports routes.

Thus, the priorities of regional economic
development dictate the directions of
substantive modernisation of transport and
logistics infrastructure, which focus on the
need not just to adapt to the needs of cargo
owners and carriers, but to forecast their
changes associated with global and country’s
economic conditions, obviously influencing
the requirements for transport and logistics
services.

Regional spatial features form the
prerequisites for functioning and development
of the transport and logistics system as
a spatial one, integrated into the regional
production and technological system, since
only in this form can it act as a «growth pole».

The list of the authors who developed
classical theories of spatial distribution of
productive forces includes 1. G. von Thunen,
A. Weber, A. Losch, E. Hoover and others [23—
25]. The works of N. N. Kolosovsky,
N. N. Baransky, M. K. Bandman, J. Ottaviano,
P. Martin, J. R. Thisse and others are devoted to
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approaches to the systemic spatial organisation
of the economy?® [26-29]. The methodology of
the territorial organisation of productive forces
in the study of growth poles in economic space
was developed in the works of P. Krugman,
M. Porter, B. Asheim, A. Isachsen, J. Humphrey,
H. Schmitz and others [30-36], as well as in
publications of Russian researchers, e.g. in
[37-38].

The integral criterion in the works of the
listed authors refers to the level of development
of TLS as a necessary condition for development
of territories.

Consequently, the spatial integration of
business entities based on effective transport and
logistics models orients the economic system
toward a significant increase in its contribution
to socio-economic development of Russian
regions. Therefore, the spatial development of
territories, due to many unresolved problems,
remains the subject of scientific analysis and
practical solutions presented in strategic,
forecast, and program documents of the Russian
Federation and its constituent entities.

MATERIALS AND METHODS

The analysis of approaches to the definition,
structure, form of ownership, functional purpose
and place of TLS in the economy of the
constituent entities of the Russian Federation is
quite diverse.

In this list, the most well-known and discussed
are the cluster approach to the definition and
functional purpose of TLS, industry and spatial
approaches, which have their own specifics.

Features of the cluster approach distinguish
transport and logistics systems into a single
organisational and economic unit that consolidates
resources and is linked by a common ultimate
goal: providing customers, enterprises and
organisations with an effective transport and
logistics service. The possibility of providing
a low-cost and high-quality service depends on
the level of cooperation and interconnectedness
of organisations of the transport and logistics
cluster located in a certain territory. That is, it is
a specific resource that ensures connectivity and
availability of economic participants in the

5 Baransky, N. N. Short Course in Economic Geography. Part
2. Economic Geography of the USSR. General Overview of
the Entire USSR. Overview by Economic Regions. Moscow,
Leningrad, 1928, 455 p. [Electronic resource]: https://elib.
rgo.ru/safe-view/123456789/229245/1/MzM2MjRfQmFyY
W5za2lpLCBOLiBOLiBLemF0a2lplGtlenMgZWtvbm9ta
WNo0ZXNrb2kgZ2VvZ3lucGRm. Last accessed 19.04.2024.

production and logistics chain. From the
standpoint of the cluster approach, the transport
and logistics system is one of the elements of an
economic system of a higher order, for example,
the economy of a constituent entity of the Russian
Federation. The analysis of the cluster approach
allows us to identify, for example, an industrial
cluster (by industry type), i.e., an aviation cluster,
a petrochemical cluster, an automotive cluster,
an agricultural cluster, etc.

From the point of view of the industry
approach, TLS is a specific economic activity
concentrated in the industry of providing services
for transportation and distribution of goods,
where the grouping of enterprises occurs
according to industry characteristics. In an
industry, in contrast to a cluster, the boundaries
of which may extend beyond the industry, there
is a unification of enterprises according to
a technological or product characteristic.
A cluster, on the other hand, provides for going
beyond the industry and for unification of
enterprises from different industries, which is
typical, among other things, for a transport and
logistics cluster.

The use of a spatial approach to development
of transport and logistics systems in the analysis
of economic processes determines the impact on
the economy of an enterprise or of a region of
transport tariffs, time and speed of cargo delivery,
availability of transport, the possibility of
transporting large volumes of cargo and other
basic parameters that affect the spatial dislocation
of infrastructure facilities.

Thus, the analysis of the listed approaches to
assessing TLS in the economy of regions showed
both their similarities and differences (see
Table 1). The analysis of the contents of Table 1
shows obvious advantages of the cluster
approach, but the spatial approach has no
administrative restrictions. Therefore, it is
possible to go beyond not only the industry, but
also the cluster and involve a larger number of
clusters and industries in the common economic
space, provided that the price for the transport
and logistics service is competitive and satisfies
both suppliers and customers.

In this regard, special attention should be
paid, for example, to the experience of the EU
governing bodies and its member countries in
forming the TLS and their impact on the
economy of the entire EU, including regions and
countries. European countries have gone through
more than forty years of creating TLS and have
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Table 1

Comparative analysis of approaches to assessing TLS [developed by the authors]

Indicator Cluster approach Industry approach Spatial approach

Production, A group of A set of enterprises There are no clear boundaries, signs of

technological and enterprises from united by logistic territorial allocation: location; economic

organisational various industries features within the distance; elements of cluster and industry

boundaries that complement boundaries of one approaches

each other industry

Regulation of economic | Based on private- Executive authorities, Focus on indicative parameters for

activity public partnership government decision-making on placement of facilities
(Strategy for spatial development of the
Russian Federation)

Competitiveness High The indicator decreases | Highest competitiveness indicator, no

indicator with direct regulation of | direct regulation

economic activity

Degree of interaction
with the external

Combination of
competition and

No interaction is
provided, processes are

Maximum level of interaction

scale economy

environment cooperation limited to intra-industry
technology

Barriers/growth points | High bureaucracy, Divergence of interests | The need to complete the development of
lobbying, corruption | with other industries and | part of the infrastructure of the transport
risks / high potential | clusters / rapid response | and logistics system / scale of activity, low
for resource to changes in the level of legislative restrictions
concentration external environment

Economic growth Strengthening based | Limited by industry Depends on the efficiency of location of
on synergies and boundaries TLS facilities

ensured that these systems reduce logistics costs
and cover maximum delivery territories. The
created European system has a strengthening role
in the EU economy.

According to Europlatforms EEIGS, whose
members are the largest associations and
individual TLC and freight villages of Europe,
in 2015 there were 240 TLC in 28 EU countries
with a total area of 25891 hectares (the average
area of one TLC was 108 hectares)’.

The experience of the European Union shows
a gradual transformation in the creation ofa TLC
network from an industry-based to a cluster-
based approach and, finally, to a spatial approach,
which is confirmed by the coverage of almost the
entire EU and access to transport and logistics
services for the maximum number of customers.

Thus, the analysis of approaches to
determining the role and place of TLS in the
economic space shows that most scientific
papers, although they reveal the influence of TLS
as a cluster or industry on the economy of
regions, do not focus on how these links affect,
for example, economic sustainability.

Consequently, further research will be
rationale with the objective to determine the

¢ [Electronic resource]: https://www.europlatforms.eu

7 The concept of formation and functioning of transport and
logistics centres adopted in the EU. [Electronic resource]:
https://mintrans.org/ru/o-nih/transportno-logisticheskie-
centry/evrosojuz/. Last accessed 19.04.2024.

degree of dependence of the main regional
economic indicators on the regional transport and
logistics system and its impact on the level of
economic sustainability and resource-saving
practices.

RESULTS

The conducted analysis of the of the immanent
regional economic indicators proposed for
assessment and determination of the degree of
their dependence on the existing regional TLS
allows us to assume the presence of a significant
correlation between them.

Samara region was chosen for the study. The
analysis and assessment were carried out based
on the following sectoral indicators of the
regional economy: gross regional product with
indices of its physical volume; statistical
indicators of industries (construction, transport
and storage, wholesale and retail trade);
investments in fixed capital and their cost by type
of activity (construction, transport and storage,
wholesale and retail trade); commissioning and
degree of depreciation of fixed assets for
construction, transport and storage, wholesale
and retail trade; financial results of activities;
transportation of goods and cargo turnover of
motor transport. The study covered the period of
2017-2022.

At the same time, an important reservation is
necessary. The task in the context of the study
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Table 2
Aggregated regional economic indicators of Samara region
Indicators Years
2017 2018 2019 2020 2021 2022
Gross regional product (in current basic 1449005,7 | 1625558,7 | 1689575,4 | 1625461,8 | 2157662,0 | 2378451,0

prices), million rubles

previous year %)

Index of physical volume of gross regional 100,8 100,2 1014 94,1 105,3 97,8
product (% of the previous year)

Construction (compared to the previous year | 104,5 80,7 116,2 86,8 121,8 102,1
%)

Transportation and storage (compared to the | 104,0 103,0 100,8 92,1 104,2 105,2

Source: developed by the authors using data of the Federal State Statistics Service .

Table 3
Dynamics of interdependent regional economic indicators

Indicators Years

2005 2010 2015 2020 2021 2022
Retail trade turnover (in current prices; 225858 423534 589988 674641 757583 835385
million roubles)
Indices of physical volume of retail 113,7 103,3 80,9 94,5 103,1 94,5
trade turnover (in comparable prices; as
a percentage of the previous year)
Cargo transportation, million tons 77,8 60,1 40,6 283 32,5 30,7
Cargo turnover, million 3393 5596 4442 3881 3393 3703
t-km

Source: developed by the authors using data of the Federal State Statistics Service .

was to identify fundamental patterns and develop
methodological approaches, but not to analyse
the exact reasons for changes in the dynamics of
the indicators under consideration in a particular
region. In this regard, the study focused on the
indicated period for which sufficient information
was available at the time of publication. In 2023,
there was a significant improvement in regional
indicators, but according to preliminary analysis,
the positive dynamics confirmed the conclusions
made in the study regarding the identified
patterns.

Table 2 and Pics. 1 and 2 demonstrate the
main aggregated regional economic indicators®.

The analysis of the Table 2 and data shown
in the diagrams in Pics. 1, 2 shows that the
dynamics of the gross regional product (GRP)
indicators in absolute and relative values
generally had a negative trend during the
considered period. The growth of values in rubles
reflects inflationary processes, and the index of
physical volume of GRP confirms a decrease in
the value of this indicator. The exception is 2021,

8 Federal State Statistics Service. Regions of Russia. Socio-
economic indicators 2023. [Electronic resource]: https://
rosstat.gov.ru/storage/mediabank/Reg_Rus_Pokaz_2023.
htm. Last accessed 19.04.2024.

®  World of Transport

which is associated with post-COVID growth,
and this recovery does not exceed the 2017 level.

The indicators of the types of economic
activity «construction», «transportation and
storage» in general also have a downward trend,
except for 2021, which is similar to the dynamics
of GRP. The «construction» indicator in 2021
increased due to the growth rate of housing
construction and does not reflect the
commissioned transport and logistics
infrastructure facilities. The share of
commissioned TLS facilities in the total volume
of commissioned buildings and structures on
average does not exceed 5—7 % and in 2020—
2023, no significant facilities were commissioned.

The indicator of the «transportation and
storage» type of economic activity (in accordance
with OKVED / Russian classifier of types of
economic activity) shows the dependence on the
GRP indicators, and it is obvious that the less is
produced, the less is transported. Also, a negative
impact on these indicators was exerted by
a decrease in the volume of transit cargo, both
interregional and international. The increased
indicator in 2022 shows a post-COVID revival
of transportation, but this value is less, in absolute
values, than the level of 2017.
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Pic. 1. Dynamics of changes in gross regional product [developed
by the authors using data of the Federal State Statistics Service®].

Table 3 and Pics. 3 and 4 show the dynamics
of regional economic indicators, which to
a greater extent reflect the impact of TLS on the
regional economy?®.

The indicators of retail trade and cargo
transportation, like the GRP indicator, also had
in 2022 negative dynamics. The main clearly
visible reasons are the decrease in the money
supply in the retail trade sector, in the number of
commercial contracts, which led to a decrease in
the volume of trade and transportation, as well
as a decrease in the income of the main consumer
groups, mainly households.

The second reason, which does not appear
immediately, as a rule, but over a long period of
time, is the decrease in transport, cargo handling
and warehouse capacities.

It is fair to note that a decrease in trade
volumes forces participants in logistics chains to
reduce their capacities. The analysis of such
areduction shows a higher rate of withdrawal of
transport and logistics facilities from their
production and logistics activities than the rate
of reduction in retail trade volumes.

2022
2021
2020
2019
2018

2017

0 50 100

Since, due to its high inertia, the introduction
of logistics facilities into production activities
will lag the faster recovery of retail turnover and,
accordingly, the deficit of transport and logistics
services, a negative effect arises that restrains the
growth of retail turnover.

Consequently, the impact of the state of the
TLS on retail trade indicators and GRP shows an
obvious dependence and, accordingly, can be one
of the factors determining the economic stability
of the region.

At the same time, the analysis of the
«construction», «wholesale and retail tradey,
«transportation and storage» activities correlates
in general with the indicators shown in Tables 2
and 3, and more relevantly indicates the impact
of the level of development of the regional TLS
on the listed industries (see Table 4)8.

For example, the indicator «industry structure
of gross value added» shows that the final
function of the supply chain, i.e. «retail and
wholesale trade», demonstrates the processes of
expansion and contraction of entrepreneurial
activity, manifested in the previous industries.

= Transportation and storage
= Construction

® Index of physical volume of
gross regional product

150

Pic. 2. Aggregated regional economic indicators [developed by the authors using data of the Federal State Statistics Service ].
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Pic. 3. Dynamics of cargo transportation indicators [developed by the
authors using data of the Federal State Statistics Service®].
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Pic. 4. Dynamics of physical volume of retail trade
turnover indices [developed by the authors using data
of the Federal State Statistics Service®].

The analysis of the «transportation and storage»
sector for 2020-2022 shows the worst value in
2020 (coronavirus pandemic) and a slight rise in
2021 and a slight fall in 2022. That is, the
possibility of expanding the functions of
consolidation, cargo handling and distribution is

reduced, partly due to the reduction of «wholesale
and retail trade». Similarly, there is a reduction
in the volume of «constructiony.

On the other hand, a decrease in the number
of warehouse real estate objects commissioned
and, accordingly, a decrease in the «transportation
and storage» indicators reduce trade volumes.

Thus, an effect arises in which the maximum
value of transportation and storage in 2018
ensured an increase in the trade indicator in the
same year. In 2019, the value of «transportation
and storage» decreased, but the trade indicator,
due to low inertia, remained almost at the same
level and showed a significant decrease only in
2020 (partly due to the coronavirus pandemic).

At the same time, the growth in trade volumes
in 2021 was by 2,6 % of gross value added
compared to 2020 and ensured a slight increase
in «transportation and storage» over the same
period by 0,4 %. Such inertia of the process may
be due to a significant time lag in the expansion
of the volumes of «constructiony, «transportation
and storage» and a smaller lag for an increase in
the trade indicator.

There is a discrepancy between the decline
in trade volumes and a slower (due to low inertia)
decline in the «constructiony, «transportation and
storage» indicators, and vice versa, an intensive
increase in the trade indicator leads to a slower
recovery of the «constructiony, «transportation
and storage» indicators. In other words, the
growth of trade at the beginning of the year

Pic. 5. Planned TLC of Samara Region [developed by the authors based on the Resolution
of the Government of Samara Region No. 422 of September 23, 2010].
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Table 5

Correlation coefficients of the values of TLS and economic indicators of Samara region
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GRP, million rubles 0,59 0,84 0,86 0,80 -0,45 0,53 0,39 0,82 0,92 0,47
Retail trade turnover,
oo > 10,76 0,79 0,91 0,82 0,34 0,76 0,81 -0,29 10,79 0,52
million rubles.

Source: developed by the authors.

ensures the growth of «constructiony,
«transportation and storage» by the beginning of
the next year, where the time lag is approximately
one year (see Table 4).

Obviously, the specified areas of activity
related to transport and logistics services, which
are provided by the corresponding infrastructure
facilities, are correlated with regional indicators
of economic activity. Therefore, undoubtedly,
development of regional TLS affects the
economy of the region and its sustainability.

Assessing the development of the regional
TLS, it should be noted that several legislative
initiatives have been developed at the regional
level to develop a regional network of TLC.

Among them are the Resolution of the
Government of Samara Region dated September
23, 2010, No. 422, «On the Concept of
Development of the Regional Transport and
Logistics System of Samara Region for 2011-
2015» and the Program of the Government of
Samara Region in accordance with Resolution
No. 441 dated July 12, 2017 «On the Strategy
for Socio-Economic Development of Samara
Region for the Period up to 2030 (as amended
on September 17, 2019)».

In accordance with the Resolution of the
Government of Samara Region No. 422 dated
September 23, 2010, it was planned to create six
TLC in the region by the end 0f 2015 (see Pic. 5).

The developed model of the regional TLC
system was supposed to enhance the transit
potential of the region and stimulate the
economic growth of the regional industry by

providing integrated transport and logistics
services. However, given the favourable
geographical location, the availability of
transportation routes of all modes of transport,
developed industry and science, the concept
was not fully implemented. At the end 0f 2023,
Samara region did not have a single TLC
system and this sector of the economy is
represented, in addition to a large number of
small and medium-sized warehouses, by
several large enterprises, for example,
Srednevolzhskaya Logistics Company (80
thousand square meters of warehouse space),
SOYUZ Company (24 thousand square
meters), Volgatransterminal (10 thousand
square meters), Pridorozhny Logistics
Complex (48 thousand square meters).

The region’s TLC system is mainly
represented by corporate warehouses of large
companies that service their cargo flows. The
most famous include FSUE Russian Post, JSC
Samaraagroprompererabotka, LLC Ozon, JSC
«Novokuibyshevskaya neftekhimicheskaya
kompaniya», X5 Retail Group NV and others.

The analysis of TLC of the listed companies
in the region confirms that the facilities they
create are intended for consolidation and
distribution of their own cargo, so it is not correct
to consider them in the context of a single
regional TLC system.

However, in accordance with the decision of
the Government of the Samara Region (Resolution
No. 441 of July 12, 2017 «On the Strategy for
Socioeconomic Development of Samara Region
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until 2030 (as amended on September 17,2019)»,
it is envisaged to create a transport and logistics
system of Samara Region based on TLCL, which,
according to the plan of the regional authorities,
will ensure the spatial development of productive
forces and increase the economic sustainability
of Samara Region. This decision of the
Government of the region, in terms of
development of the transport and logistics
system, is essentially intended to implement not
completely implemented Resolution of the
Government of Samara Region No. 422 of
September 23, 2010 in the form of creating
a logistics cluster.

The idea of TLCL is to ensure the interaction
of all enterprises and organisations of the region,
create equal access to transport and logistics
services, and increase the economic efficiency of
interregional and international cooperation.
Obviously, the possibility of implementing this
program will ensure the spatial development of
the region in accordance with the Strategy for
Spatial Development of the Russian Federation
for the period up to 2025.

Thus, formation and development of
aregional TLCL, which is similar in content and
purpose to the term TLS, involves creation of
conditions for increasing the economic efficiency
of the regional industry. The mutual influence
between the level of development of the regional
TLS and industries is obvious, but it is necessary
to determine to what extent this relationship
affects their target indicators and the level of
economic sustainability.

For econometric rationale of the mutual
influence of TLS and the regional economy, the
method of correlation and regression analysis
was used, which allows us to determine the
closeness of the relationship between TLS
indicators and the economic indicators of the
region. The statistical basis for the analysis was
the data of the Federal State Statistics Service
for 2017-20228. Table 5 shows the results of the
correlation and regression analysis.

The results of the correlation and regression
analysis confirm the assumption about the
influence of TLS indicators on GRP indicators
and retail turnover. Each TLS indicator (x,) has
arelationship with at least one regional economic
indicator (yj). For the computational experiment
and in accordance with the methodology of
correlation-regression analysis, we will assume
that the value of the coefficient above 0,7 shows
a strong relationship.

The significance of the calculated relationships
is determined by multiple regression. Gross
regional product (y,) and retail turnover (y,) were
selected as variables. The variables, GRP and
retail turnover, were selected in accordance with
their significance for TLS. The following
variables were selected for the calculations:
construction of TLS facilities (x,); transportation
and storage (x,); cargo transportation (x,); cargo
turnover (x,); average annual number of
employees (x,); the number of TLS organisations
by type of economic activity (x,); cargo rolling
stock (trucks) (x,); passenger turnover of public
buses (x,); operational length of motorways (x,);
operational length of railways (x, ). To calculate
the regression dependence of TLS and retail
turnover, the following variables were selected:
(x,); (x,); (x,); (x,). The computational experiment
showed the following regression dependencies:
Yy, =19246,03+ 56,947x, + 410,124x, +
+620,521x, + 308,231x ~15,329x +
+27,329x, + 547,872x, + 28,453x, +

+479,295x, + 19,787x,; (1)
y,=9273,729+ 3,143x] +
+349,274x2 + 474,839x3 + 624,472x7.  (2)

The calculations showed that the coefficients
of determination greater than 0,75 are significant
and equal to R* = 0,987 and R*, = 0,991,
respectively. This confirms the strong influence
of the variables selected for the calculation on
the GRP and retail turnover in Samara Region.

For the first model, the most significant
indicators are: transportation and storage (x,);
cargo transportation (x,); cargo rolling stock
(trucks) (x,); operational length of motorways
(x,). For the second model — cargo rolling stock
(trucks) (x,); cargo transportation (x,).

Consequently, transportation and storage,
cargo transportation, cargo rolling stock (trucks),
operational length of roads have the strongest
influence on the regional GRP, and cargo
transportation and operational length of
motorways — on the retail turnover.

CONCLUSIONS

The conducted correlation and regression
analysis shows the influence of TLS indicators of
Samara region on the regional GRP and retail
turnover, therefore the initial assumption about the
presence of the identified relationship is confirmed.

Obviously, the identified relationship between
TLS and the economic indicators of the region
can be interpreted as a factor determining the
level of economic sustainability of the region.
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The complex of analysed regional economic
indicators, including the state of TLS, determines
the level of economic sustainability through
a system of resulting groups of indicators [9—12].
For example, these are indicators of production
sustainability, indicators of investment
sustainability and others.

At the same time, regional economic
sustainability cannot be considered as a set of
static, constant and unchanging groups of
indicators, while the external economic
environment is in a state of constant change. The
sustainability of the regional economy is
continuous socio-economic, as well as
production-technical, logistical changes that
bring the regional economy to a state of new
equilibrium, which involves achieving the
required, better economic indicators.

Consequently, the ability of the regional
economy to adapt to new conditions of economic
activity, to return to a state of equilibrium, which
is characterised by better values of target
economic indicators, should be understood as
economic sustainability. The same is proved by
the preliminary assessment of the correctness of
the conclusions made regarding the positive
dynamics of the indicators for the considered
region in 2023, not included in the study since
data for in-depth analysis missed when preparing
the paper for publication.

The analysis of the dynamics of TLS
indicators shows the impact on the regional
economic indicators identified in the work, and
the regression analysis confirms the high level
of correlation and, obviously, characterises
economic sustainability. In the context of the
study, the state of TLS may be considered as an
external factor influencing the indicators of GRP
and retail turnover. This is also confirmed by
other research, dedicated to complex assessment
of the efficiency of regional transport and
logistics systems [39].

Besides, the study confirmed the assumption
about the influence of external factors on regional
economic sustainability.

GRP can be used as an indicator of the
dynamics of changes in regional economic
sustainability. The analysis of regional economic
indicators (Tables 2—4) shows this influence.
Thus, the index of physical volume of the gross
regional product (Table 2) shows a slight increase
in this indicator from 100,8 % in 2017 to 101,4 %
in 2019. In 2020, there was a decrease to 94,1 %,
arecovery in 2021 to 105,3 % relative to the fall

in 2020 and a decrease in 2022 to 97,8 %. That
is, under the influence of endogenous factors, if
we consider the entire regional economy, the
GRP indicator decreases, then recovers to the
previous or higher values. The endogenous
factors studied in the work include transport and
storage, wholesale and retail trade turnover,
construction, cargo transportation and cargo
turnover, which affect the volumes of goods and
services produced and form the GRP. The
dynamics of the listed factors correlate with the
dynamics of GRP, which confirms their impact
on economic sustainability. The most stable state
in terms of GRP, if we consider 2017-2022, is
observed in 2019 and 2021, which repeats the
dynamics of aggregated endogenous factors and,
accordingly, confirms not only the results of the
performed correlation and regression analysis,
but also the impact of these factors on regional
economic sustainability.

Obviously, the decrease in GRP and retail
turnover and, accordingly, economic
sustainability indirectly occurs due to a decrease
in transport and storage indicators, transportation
volumes, investments in fixed assets, and
commissioning of fixed assets. Therefore,
areturn to positive growth in the analysed trend,
which corresponds to an increase in economic
sustainability, depends on the elimination of
barriers that impede the improvement of the
listed indicators.

The study provides a comparative analysis of
approaches to determining TLS from industry to
spatial one. It should be noted that with a variety
of forms of economic activity, all three approaches
remain in demand. However, regardless of the
great popularity and economic demand for the
cluster approach, it has not been widely
implemented at the regional level. The approach
requires a more structured and resourced
formulation of the task of developing transport
and logistics systems that would correspond to
the minimum necessary economic infrastructure
and, first of all, to transport and logistics
infrastructure, as well as more effective
interaction and coordination between enterprises
and authorities, enshrined in legislative
documents. Therefore, the sectoral approach
remains dominant.

On the other hand, the spatial approach
partially solves the problem of spatial connectivity
of economic entities in the absence of economic
administration based on the interest of economic
entities in the results of their activities.
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Based on the analysis of statistical regional
economic indicators for 2017-2022, the key
components of regional TLS were identified.
Correlation and regression analysis showed
ahigh level of influence and relationship between
regional TLS and key regional economic
indicators. The obtained dependencies confirm
the influence of individual TLS factors on GRP
and retail turnover. The most significant factors
influencing GRP are transportation and storage,
cargo transportation; cargo rolling stock; factors
influencing retail turnover are cargo rolling stock
(trucks); cargo transportation. In addition, the
study substantiates the assumption about the
influence of TLS factors on regional economic
sustainability, where sustainability is understood
as the ability to restore previous regional
economic indicators in accordance with the
planned target values.

Thus, the conducted study allows us to
conclude that TLS is not only one of the key
systems of the regional economy, but also one of
the factors ensuring economic sustainability.
Consequently, planning of target economic
indicators and the level of economic sustainability
should be planned together with the target
indicators of the elements of regional TLS. In
this regard, e.g., the Program of the Government
of Samara region «On the Strategy for Socio-
Economic Development of Samara region for the
Period up to 2030» probably requires revision in
terms of including the section «Formation and
Development of Regional TLS» and defining
interrelated target indicators of TLS with key
regional economic indicators.

Generally, the level of development of
regional economies, their interaction and
interdependence, economic sustainability and
resource-saving practices, a priori, ensures
sustainable growth of macroeconomic indicators,
and, therefore, the comprehensive socio-
economic development of the constituent entities
of the Russian Federation, and is one of the key
tasks of government bodies at all levels of
governance.

REFERENCES

1. Kvitko, K. B. Structural and logical model of transport
cluster. Modern Transportation Systems and Technologies,
2021, Vol. 7, Iss. 4, pp. 76-89. DOI: 10.17816/
transsyst20217476-89.

2. Kamenik, L. L. Resource-saving policy and the
resource of its implementation in the format of evolutionary
development [Resursosberegayushchaya politika i resurs ee
realizatsii v formate evolyutsionnogo razvitiya). 2™ ed. enl.
St.Petersburg, 2012, 477 p. ISBN 978-5-8088-0686-3.

®  World of Transport and Transportation, 2024, Vol.

3. Murray, R. Zero Waste — alternative concept of waste
management [In Russian]. Ecologiya i zhizn, 2004, Iss. 6
(41), pp. 16-18.

4. Energy and resource conservation. Energy supply.
Alternative and renewable energy sources. Nuclear power.
Danilov Readings — 2020: collection of scientific papers /
Ural Federal University named after the first President of
Russia B. N. Yeltsin, Ministry of Science and Higher
Education of the Russian Federation. Yekaterinburg,
Publishing House of Ural University, 2021, 632 p. ISBN 978-
5-7996-3379-0.

5. Savenko, A. A., Stolyarova, Yu. V., Shadrina, O. M.
Resource saving in modern construction [Resursosberezhenie
v sovremennom stroitelstve). Scientific works of KubSTU,
2017, Iss. 11, pp. 112-121. EDN: XMRKVF.

6. Magomedov, A. M. Transport subsystem in logistics
systems region. Management of economic systems, 2013,
Iss. 11 (59), 15. EDN: QFQNXA.

7. Menshenina, I. G., Kapustina, L. M. Cluster formation
in the regional economy: Monograph [Klasteroobrazovanie
v regionalnoi ekonomike: Monografiya]. Yekaterinburg, Ural
State Economic University, 2008, 154 p. ISBN 978-5-9656-
013-4. EDN: SHIDWV.

8. Prokofieva, T. A., Khairov, B. G. Logistics clusters in
the Russian economy: Monograph [Logisticheskie klastery
v ekonomike Rossii: Monografiya]. Gen. editorship of D.Sc.
(Economics), Professor T. A.Prokofieva. Moscow, OJSC
«ITKOR», 2016, 416 p. ISBN 978-5-00082-038-4.

9. Rastvortseva, S. N., Snitko, L. T., Cherepovskaya, N. A.
Methodology for assessing the economic potential for cluster
development in the region [ Metodika otsenki ekonomicheskogo
potentsiala dlya razvitiya klasterov v regione]. National
interests: priorities and security, 2013, Iss. 30 (219),
pp. 20-32. EDN: QYVSZF.

10. Sultanov, A. G. Integration of transport and logistics
clusters into the system of national and international transport
corridors. Abstract of Ph.D. (Economics) thesis [Integratsiva
transportno-logisticheskikh klasterov v sistemu natsionalnykh
i mezhdunarodnykh transportnykh koridorov. Abstract of
diss... kand. ekon. nauk]. Moscow, Institute for the Study of
Commodity Movement and Market Conditions, 2017, 154 p.

11. Patrakeeva, O. Yu. Prospects for social and economic
development of Krasnodar krai in the context of national
transport infrastructural projects. Regionalnaya ekonomika.
Yug Rossii, 2021, Vol. 9, Iss. 2, pp. 95-104. DOLI: https://doi.
org/10.15688/re.volsu.2021.2.10.

12. Yurchenko, A. Yu. Historical foundations of
emergence and development of economic theories of
economic sustainability of enterprises [Istoricheskie osnovy
vozniknoveniya i razvitiya ekonomicheskikh teorii
ekonomicheskoi ustoichivosti predpriyatii]. Current scientific
research in the modern world, 2017, Iss. 8—1 (28), pp. 119—
123. EDN: ZUKNBF.

13. Baranova, V. E., Nikolaeva, E. F. Economic
sustainability of the enterprise [ Ekonomicheskaya ustoichivost
predpriyatiya). Academy, 2018, Iss. 10 (37), pp. 18-24. EDN:
YLQIVV.

14. Demyanova, O. V., Ishkova, E. I. Specifics of
building a strategy for sustainable development of enterprises
under current crisis. Finance and credit, 2017, Vol. 23, Iss. 6,
pp- 310-319. DOL: https://doi.org/10.24891/fc.23.6.310.

15. Baburina, O. N., Sadykov, E. A. Developing and
testing a methodology to assess the economic sustainability
of a seaport operator. Economic Analysis: Theory and
Practice, 2021, Vol. 20, Iss. 5 (512), pp. 924-958.
DOI: 10.24891/ea.20.5.924.

16. Savitskaya, Zh. S. Economic sustainability of
industrial enterprises: essence and main indicators
[Ekonomicheskaya ustoichivost promyshlennykh predpriyatii:
sushchnost i osnovnie pokazateli). Bulletin of St. Petersburg
State University of Economics, 2017, Iss. 1-2, pp. 155-159.

22, Iss. 2 (111), pp. 244-258

Khaitbaev, Valery A., Cherniaev, Evgeny V. Assessment of the Impact of the Transport
and Logistics System on Resource Efficiency, Key Regional Economic Indicators and Economic

Sustainability




[Electronic resource]: https://sciup.org/jekonomicheskaja-
ustojchivost-promyshlennyh-predprijatijsushhnost-i-
osnovnye-14875799. Last accessed 15.04.2024.

17. Topoleva, T. N. Study of principles and factors of
sustainable development of industrial enterprise [Issledovanie
printsipov I faktorov ustoichivogo razvitiva promyshelnnogo
predpriyatiya). Bulletin of NGIEI, 2018, Iss. 6 (85), pp. 85—
96. EDN: XSZDCP.

18. Safonova, T. Yu. Ensuring economic sustainability
of companies in the oil and gas sector in conditions of high
volatility of energy prices [Obespechenie ekonomicheskoi
ustoichivosti kompanii neftegazovogo sektora v usloviyakh
vysokoi volatilnosti tsen na energoresusrsyl. Russian
entrepreneurship, 2012, Vol. 13, Iss. 7, pp. 98-102.
[Electronic resource]: https://1economic.ru/lib/7420?ysclid
=m2ykxvnr7a499710318. Last accessed 15.04.2024.

19. Komissarova, M. A., Rygalovskiy, D. M. The
opportunities of risk management for achieving the
sustainable development of an enterprise. Russian Journal
of Entrepreneurship, 2016, Vol. 17, Iss. 22, pp. 3197-3206.
DOI: 10.18334/rp.17.22.37027.

20. Nevmyvako, V. P. Ensuring economic sustainability
of enterprises by optimizing the quality management system
of services [Obespechenie ekonomicheskoi ustoichivosti
predpriyatii putem optimizatsii sistemy upravleniya
kachestvom uslug]. Economy and society: modern
development models, 2018, Vol. 8, Iss. 2 (20), pp. 22-32.
EDN: YPTPUD.

21. Afonasova, M. A. On the issue of sustainability of
economic systems in conditions of uncertainty of the external
environment [K voprosu ob ustoichivosti ekonomicheskikh
system v usloviyakh neopredelennosti vneshnei sredy).
Bulletin of Altai Academy of Economics and Law, 2020, Iss. 2,
pp- 20-27. DOI: https://doi.org/10.17513/vaael.994.

22. Bardal, A. B. System-Hierarchical Approach to
Studying the Transport Complex of the Region: Methodology
and practical Approval for the Far East. Bulletin of the Far
Eastern Federal University. Economics and Management,
2022, Iss. 2, pp. 5-17. DOL: https://dx.doi.org/10.24866/2311-
2271/2022-2/5-17.

23. Thunen, I. von. The Isolated State [Izolirovannoe
gosudarstvo]. Moscow, Ekonomicheskaya zhizn publ., 1926,
326 p. [Electronic resource]: https://archive.org/details/
Tunen. Last accessed 19.04.2024.

24. Weber, A. Theory of industrial location [Teoriya
razmeshcheniya promyshlennosti]. Leningrad-Moscow,
Kniga publ., 1926, 223 p.

25. Losch, A. Spatial organisation of the economy
[Prostranstvennaya organizatsiya khozyaistva]. Moscow,
Nauka publ., 2007, 663 p. ISBN: 978-5-02-035367—1.

26. Kolosovsky, N. N. Production-territorial combination
(complex) in Soviet economic geography [Proizvodstvenno-
territorialnoe sochetanie (kompleks) v sovetskoi
ekonomicheskoi geografii]. Voprosy geografii, 1947, Iss. 6,
pp. 133-168. EDN: ZBFRBF.

27. Bandman, M. K. Territorial-production complexes:
theory and practice of pre-planning studies [Zerritorialno-
proizvodstvennie kompleksy: teoriya i praktika
predplanovykh issledovanii]. Novosibirsk, Nauka publ.,

1980, 256 p. [Electronic resource]: http://lib.ieie.su/docs/
2000before/Bandman1980Territorialno_proizvodstvennye
kompleksy teorija_i_praktika.pdf. Last accessed
15.04.2024.

28. Ottaviano, G., Thisse, J.-F. Chapter 58. Agglomeration
and economic geography. In: Handbook of Regional and
Urban Economics, 2004, Vol. 4, pp. 2563-2608.
DOI: 10.1016/S1574-0080(04)80015-4.
ISBN 9780444509673. S2CID 153604628.

29. Fujita, M., Thisse, J.-F. Does Geographical
Agglomeration Foster Economic Growth? And Who Gains
and Losses from It? The Japanese Economic Review, 2003,
Vol. 54, Iss. 2, pp. 121-145. [Electronic resource]:
https://link.springer.com/article/10.1111/1468-5876.00250.
Last accessed 15.04.2024.

30. Fujita, M., Krugman, P., Venables, A. J. The Spatial
Economy. Cities, Regions, and International Trade.
Cambridge, MA: MIT-Press, 1999, 367 p.

31. Krugman, P. Development, geography and economic
theory. Cambridge MA: MIT Press, 1995, 117 p.
DOI: 10.2307/1243317.

32. Krugman, P. Urban Concentration: the Role of
Increasing Returns and Transport Costs. International
Regional Science Review, 1996, Vol. 19, Iss. 1-2, pp. 5-30.
DOI: 10.1177/016001769601900202.

33. Porter, M. International Competition
[Mezhdunarodnaya konkurentsiya]. Moscow,
Mezhdunarodnie otnosheniya, 1993, 378 p. ISBN: 5-7133—
0413-2.

34. Asheim, B., Gertler, M. Understanding regional
innovation systems. Handbook of Innovation. Oxford: Oxford
University Press, 2004, 329 p. ISBN: 978—-0-19-926455-1.

35. Isaksen, A., Trippl, M. Regional industrial path
development in different regional innovation systems:
A conceptual analysis. Papers in Innovation Studies, Lund
University, CIRCLE. Centre for Innovation Research, 2014,
17 p. [Electronic resource]: https://wp.circle.lu.se/upload/
CIRCLE/workingpapers/201417_Isaksen_Trippl.pdf. Last
accessed 17.04.2024.

36. Humphrey, J., Schmitz, H. Governance and
Upgrading: Linking Industrial Clusters and Global Value
Chain Research. IDS Working Paper 120. Institute of
Development Studies, 2020, 37 p. ISBN 1858643341.

37. Bolgova, E. V., Bolgov, S. A., Kurnikova, M. V.
Rating method in assessing the spatial organization of higher
education: the experience of France [Reitingoviy metod v
otsenke prostranstvennoi organizatsii vysshego obrazovaniya:
opyt Frantsii]. Ars Administrandi, 2018, Vol. 10, Iss. 4,
pp. 687-721. DOL: https://doi.org/10.17072/10.17072/2218-
9173-2018-4-687-721.

38. Sergeev, V. L. General trends in development of
logistics centres abroad [Obshchie tendentsii razvitiya
logisticheskikh tsentrov za rubezhom). Logistics and supply
chain management, 2012, Iss. 5 (52), pp. 7-18. EDN:
PWPSRR.

39. Rudneva, L. N., Kudryavtsev, A. M. Methods of
complex assessment of the performance of regional transport
infrastructure. Russian Journal of Entrepreneurship, 2014,
Iss. 8 (254), pp. 109-121. EDN: SCBVNT. [

Information about the authors:

Khaitbaev, Valery A., D.Sc. (Economics), Professor at the Department of Transport Economics and Logistics of Samara State

Transport University, Samara, Russia, vhaitbaev21@mail.ru.

Cherniaev, Evgeny V., Ph.D. (Economics), D.Sc. candidate at Volsk Military Institute of Material Support, Volsk, Russia; ki-la@mail.ru.

Article received 29.04.2024, approved 20.05.2024, accepted 30.05.2024.

®  World of Transport and Transportation, 2024, Vol. 22, Iss. 2 (111), pp. 244-258

Khaitbaev, Valery A., Cherniaev, Evgeny V. Assessment of the Impact of the Transport
and Logistics System on Resource Efficiency, Key Regional Economic Indicators and Economic

Sustainability




ORIGINAL ARTICLE
DOI: https://doi.org/10.30932/1992-3252-2024-22-2-13

World of Transport and Transportation, 2024,
Vol. 22, Iss. 2 (111), pp. 259-264

A Study of Influence of Presence
of a Passenger on Driving Speed

Alexander V. POPOV

Galina A. CHERNOVA

Marina V. VELIKANOVA

Alexander V. Popov', Galina A. Chernova?, Marina V. Velikanova®
1:23Volzhsky Polytechnic Institute, a branch of Volgograd State Technical University, Volzhsky, Russia.

M ! alexandrus238@yandex.ru.

ABSTRACT

The large number of victims of road traffic accidents around the world
creates a serious problem for the economy, demography, and health care.
The value of global social risk calculated according via relevant method, is
within 18, in Russia it is of 9,7. Statistical data shows that government
activities in the Russian Federation to improve road traffic safety are effective.
Over the past ten years, the core values of road traffic accident rate have
been decreasing, despite the increasing level of motorisation. Federal
regulations stipulate a further decrease of target social risk index by 2030 to
the value of 4.

Excessive speed and inconformity of the speed with specific traffic
conditions are the most common cause of road traffic accidents (19 % of the
total). The ideas of many urbanists (that often are not backed up by specialised
research in the field of road traffic safety) to forcibly make abandon cars and
reduce speed in cities cannot be implemented to full extent, although they
have local positive results.

The likelihood of occurrence of a road traffic accident is significantly
influenced by the individual characteristics of drivers, such as age, gender,
and general risk propensity. One of the factors causing road traffic accidents,
especially by young drivers, is the presence of peers. They can be the cause
of dangerous driving, inattention, and the driver’s desire to «show off.» Older

drivers, on the contrary, become more attentive and careful in the presence
of passengers. However, in the scientific literature contains also opposite
results (passengers can have a positive effect on young drivers, but a negative
effect on older ones).

In this regard and in the context of developing recommendations on
reduction of road traffic accident rate, it is relevant to study feasibility to set
some restrictions for younger drivers. The objective of the work is to evaluate
the influence of a passenger of the same age on driving speed for a young
driver and to compare it with the influence of a passenger on an older driver.
The research method was an experiment in which young drivers aged 18 to
25 years and more experienced drivers over 35 years old drove along a set
route with and without a passenger, while the speed of a car was recorded.
An increase in speed was revealed when most young drivers were driving
with a peer passenger. Considering that most young people overestimate
their ability to drive a car, violation of the speed limit under the influence of
a passenger can affect the occurrence of a road traffic accident. Based on
the results of the work, it is proposed to introduce a system of phased access
to driving, introduce a ban on transportation of passengers until the drivers
reach a certain age or gain relevant experience, and improve drivers’training
programs.
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INTRODUCTION

Every year, many people are killed or
seriously injured in road traffic accidents, and,
therefore, road traffic accidents pose a serious
problem for the economy, demographics, and
public health. The WHO European Region, the
best performing region for road traffic safety, has
a road traffic fatality rate of 8,8 per 100000
people, compared with the global rate of 18,2 per
100000 people'. In Russia, at the end of 2022,
the social risk index was 9,682. It is worth noting
that in general, the dynamics of three main
indicators of road traffic accident rate (the
number of road traffic accidents, the number of
fatalities and persons injured) has been steadily
declining in Russia for more than ten years. At
the same time, the level of motorisation is
growing (over ten years from 2012 to 2022 it had
increased by almost a third). This ratio of
indicators is described by Reuben J. Smeed’s
model, which reflects the fundamental principle
of the relationship between the level of
motorisation and road traffic mortality (at a
certain level of motorisation, there is an increase
in transport risk, which subsequently decreases,
while the level of motorisation continues to
grow) [1; 2]. The federal project «Road Traffic
Safety» set the target index to be attained by 2030
as 4.

Several driver’s features, such as age and
gender, influence the likelihood of crashes, and
the risk is higher among younger drivers,
especially male drivers [3]. In addition, the
general propensity to take risks among young
drivers is significantly higher [4; 5]. The presence
of passengers is another factor that has different
effects on the likelihood of road traffic accidents.
There can be both a positive (i.e. protective)
effect of driving with passengers (the risk of an
accident is higher when driving alone) and
a negative effect of driving with passengers.
Whether the effect will be positive or negative
depends on various situational factors: the age
and gender of the driver, as well as the number,
age and gender of passengers [6]. Reckless
driving and inattention caused by young

! World Health Organization. Regional Office for
Europe. (2020). European regional status report on road
safety 2019. World Health Organization. Regional Office
for Europe. [Electronic resource]: https://iris.who.int/
handle/10665/333758. Last accessed 05.10.2023.

2 Road traffic accident rate in the Russian Federation in 2022.
Information and analytical review. Moscow, FKU «NC Road
Traffic Safety Centre of the Ministry of Internal Affairs of
Russiay, 2023, 150 p., P. 5.

passengers are two main forms of behaviour that
precede road traffic accidents caused by young
drivers [7]. One of the main manifestations of
risky behaviour in this situation is speeding [8].
Older drivers, especially those with children as
passengers, tend to drive more carefully and at
lower speeds than driving alone [9]. At the same
time, some studies have found no difference
between driving with a passenger and driving
alone [10]. The ambiguous results make suppose
that there may be specific conditions under which
manifestation of risky driving behaviour among
young drivers is more often [11].

The relationship between driver age and
driving features has been widely studied for
a long time. Drivers under 24-25 years of age
and inexperienced drivers (especially those with
less than three years of driving experience) are
most susceptible to accidents [12]. Young drivers
are more impulsive, impatient, energetic, and
inclined to risk. Such drivers are not able to
objectively assess the situation, their instinct of
self-preservation is practically absent, and their
self-confidence is extremely high. One of the
main causes of road traffic accidents is excessive
speed [13; 14].

In general, passengers of the same age can
influence young driver behaviour by directly
encouraging violations as well as by modelling
behaviour. They can also influence behaviour
through their general attitude, suggesting how
acceptable a particular behaviour is. Influence
can be direct, for example through verbal and
explicit non-verbal expressions of encouragement
(or disapproval). Influence can also be applied
indirectly through social norms, which can be
transmitted through modelling [15]. In Russia,
the issue of the influence of a passenger on traffic
has been poorly studied and is represented mainly
by technical studies on the influence of loading
on the dynamics of a car [16; 17].

Exceeding the speed limit is one of the most
common types of traffic violations and in 2022
was a cause of almost a fifth (19 %) of all road
traffic accidents. Road traffic accidents
associated with violation of the speed limit
include those that occurred due to speed
inconsistency with specific traffic conditions
(92 %) and exceeding the established speed
(8 %). Young drivers aged 20-24 years account
for 11 % of such accidents 2.

In recent years, the ideas of urbanists have
been gaining popularity, calling for various
methods of discriminating against drivers and
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Driver’s features Age Gender Marital status | Occupation / educational
institution
21 Male Not married Cargo transportation / VTI
Car’s features Year of manufacture Model Power
2005 VAZ-2112 89
Route Streets Time Date
Lenin Avenue, Generala Karbysheva street, 12:00-16:00 25.05.2021
Olomoutskaya street
Route features Driving time Maximum speed Average speed | Total distance
18:53 73 44 13,7

Pic. 1. Example of a protocol of a test run [performed by the authors].

completely abandoning the car, reducing speed
in cities. Positive experience of reducing speed
to 30—40 km/h exists [18-20], but it cannot be
applied everywhere. Promoted, for example, by
Professor Vukan R. Vuci¢ of the University of
Pennsylvania, the ideas of forced complete
renouncement to cars and transition to pedestrian
traffic in cities [21, P. 382] are, in our opinion,
utopian and impracticable, and forcing drivers
to deny to use their cars by introducing a fee for
each trip [21, P. 509] means discrimination based
on property.

On the contrary, using the example of a long-
term decline in road traffic accident rates in the
Russian Federation, we can conclude on the
effectiveness of the measures taken by
government agencies within the framework of
the state road traffic safety policy.

However, work remains to be done in some
areas, including in terms of introducing
restrictions for young and inexperienced drivers
[22]. The objective of this work is to reveal the
influence of a peer passenger on driving speed
for a young driver and compare it with the
influence of a passenger on an older driver. The
research method is an experiment involving
selected young people aged 18 to 25 years and
more experienced drivers over 35 years old who
have a driver’s license and use a personal car.

The study involved two groups of drivers
of different age of ten people each. The average

age for respective groups was 21,5 and 41,5
years. To conduct the study by measuring
indicators during driving, the following route
in the city of Volzhsky was chosen: Lenin
Avenue from Builders Square — Olomoutskaya
street — Generala Karbysheva street
(intersection with Molodezhnaya street). The
length of the route is about 13 km. Graphs of
dependence of speed on time were compiled
using the Geotracker — GPStracker application
(for Android OS).

Each of the ten drivers in the respective group
made three drives with and without a passenger.
The conditions for conducting the experiment
were in conformity with the recommendations
for examining the speed of vehicles, established
in the Order of the Ministry of Transport of the
Russian Federation dated December 27, 2022,
No. AK-337-r «On approval of methodological
recommendations for monitoring road trafficy.

Relevant tests were carried out in April-June
2022.

The results and initial data were recorded in
protocols (Pic. 1).

RESULTS

Each driver in relevant age group was
attributed a conditional number from 1 to 10.
Young drivers 2, 3, 5, 6, 7, 8, 10 exceeded the
average speed when driving with passengers.
Drivers 1, 4 and 9 had approximately the same
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Table 1
Final test data for young drivers
Driver Test Average speed per | Test with a passenger, Average speed Age
without a passenger, | three drives speed in km/h per three drives
speed in km/h
1 36, 44, 36 38,6 40, 37, 38 38,3 21
2 25, 37,36 32,6 37,37, 36 36,6 24
3 46, 46, 42 44,6 47,52, 44 47,6 21
4 43,43, 45 43,6 43,43, 45 43,6 20
5 38, 36, 36 37,3 40, 43,37 40 22
6 35, 35,37 35,6 45,47, 44 453 21
7 32,32,40 34,6 38,37, 38 37,6 22
8 40, 40, 29 36,3 41, 47,37 41,6 20
9 36, 36, 38 37,3 38, 36, 38 37,2 21
10 33, 35,35 34,3 41, 36, 38 38,3 23
Average age 21,5
Table 2
Final test data for older drivers
Driver | Test Average speed Test with Average speed per three | Age
without a passenger, | per three drives | a passenger, speed drives
speed in km/h in km/h
1 40, 37, 37 38 36, 36, 38 36,6 41
2 45,42, 40 42,3 43, 38,33 38 46
3 40, 37,31 36 34,33, 31 32,6 37
4 39,42,33 38 36,31, 32 33 36
5 32,36, 40 36 38,40,38 38,6 45
6 48, 44, 48 46,6 32,37,36 35 52
7 36, 36, 36 36 32,37,36 35 38
8 43, 33,37 37,6 38, 34, 39 37 42
9 34, 49, 31 38 40, 43, 42 41,6 35
10 37, 36,33 35,3 35, 35,31 33,6 42
Average age 41,4

average speed both with and without passengers
(Table 1, Pic. 2).

For older drivers, a decrease in average speed
was recorded when driving with passengers for
drivers No. 1, 2, 3, 4, 6, 7, 8, 10. The average
speed was approximately the same both with and
without passengers for drivers 5 and 9 (Table 2,
Pic. 3).

CONCLUSIONS AND PROPOSALS

Thus, the presence of a peer passenger
together with a young driver, due to more
frequent violations of the speed limit, can be the
cause of a significant number of road traffic
accidents, including those with fatalities and
injuries. Considering the usual overestimation
among young people of their capabilities in
performance and reaction speed, knowledge
about the car and methods of driving it, there is
a need to introduce restrictions for young and
inexperienced drivers, including on transporting
passengers. In the age group of drivers 35 years
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and older, the opposite dynamics is observed, i.e.
the presence of a passenger in most cases either
does not affect the speed, or the speed becomes
lower.

One of the main directions of implementation
of'the Road Traffic Safety Strategy in the Russian
Federation for 2018-2024 is changing the
behaviour of road users for they unconditionally
comply with the road traffic rules and regulations
and improving the organisational and legal
mechanisms for admitting vehicles and their
drivers to participate in road traffic. As part of
implementation of this strategy and achieving
the target indicators of the federal Road Traffic
Safety project, considering the research results
presented in the work, it is possible to take
several measures:

1. Maintaining the minimum age for obtaining
the right to drive a vehicle within 18 years and
introducing a system of phased access to driving
a vehicle for persons of all ages who have just
received a driver’s license, i.e. the system which
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Pic. 3. Diagrams of average speed for older drivers [performed by the authors].

has positively proven itself in the most successful
countries in terms of road traffic accident rate
[23].

2. A ban on transportation of passengers for
young drivers until they reach a certain age or
gain relevant experience.

3. As part of teaching the subject on
psychophysiological foundations of driver
activity when training in driving schools, it is
necessary to conduct testing for risky behaviour
propensity, which might be enshrined in Order

of the Ministry of Education of the Russian
Federation dated November 8, 2021, No. 808,
«On approval of exemplary professional training
programs for drivers of vehicles of relevant
categories and subcategoriesy.
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ABSTRACT

The article considers the current problems of transformation of the
labour and employment environment in the sector of air transport in Russia
in connection with the aspects of sustainable development of this industry.
The use of this approach to analyse the current state and forecast
development prospects is based on the trends of increasing importance of
intangible assets of air transport companies.

Air transport, influencing the mobility of the population, the volume of
rapid cargo transportation, has a feedback effect both for the entire country’s
economy and for the sphere of employment, which must be considered when
determining development strategies for this sector. The objective of the study
is to identify new challenges and substantiate methodological approaches
to revealing quality trends in employment prospects in the sector of air
transport.

The employment model acts in the case not only as a marker of the
success of economic transformation, but also as a necessary factor in
sustainable development and efficiency of the aviation industry. The study
has revealed ambiguous trends in transformation of the employment model
at air transport enterprises under the influence of both long-term and market

factors in development of air transportation, digitalisation, national features
of its functioning, the consequences of the «corona crisis» and modern
challenges for the Russian economy. It has been determined that under the
influence of these processes, there is a reduction in employment in the
economic activity of air transport with a simultaneous qualitative change in
the structure of jobs, an increasing need for digital skills of employees of all
skill levels, and differentiation of wages. It has been shown that digitalisation
in the aviation industry can have an ambivalent effect on the demand for
labour in the professional and qualification context. The study applied
statistical and analytical methods, methods of content analysis, analysis of
domestic and foreign publications on the examined problem. The sources of
information include data from Federal State Statistics Service, large
recruitment agencies and Internet job search web-portals as well as data on
the labour market of air transport employees. Based on the results of the
study, promising vectors for the transformation of the labour environment
and new employment management strategies were identified considering
changes in labour demand in response to new challenges in the development
of the aviation industry to ensure its sustainable development.

Keywords: employment, air transport, vacancies, digital competencies, wages.
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BACKGROUND

The sectoral employment indicators are one
of the markers of ongoing transformation
processes, including in such a specific and
significant sector for the country’s economy as
air transport. The dynamics and structure of
employment in the aviation industry are
determined by the structure and quality of jobs,
as well as by the state of the labour market in
terms of the potential supply of labour for this
sector.

The growing introduction of new air
transportation technologies, and particularly,
the increasing complexity of technical
equipment of airliners dictates the need for
highly qualified flight personnel. Therewith,
there is a risk that this factor comes into conflict
with the decline in manual piloting skills and
the ability of the crew to act as a team in an
extreme situation, with excessive dependence
of flight safety on automatic control, a decrease
in significance of the human factor in
development of qualifications, which can cause
air crashes. Therefore, there is a risk of
transformation of the employment structure and
the concept of qualified flight personnel towards
the ability to operationally manage technical
on-board systems to the detriment of flight skills
and the ability to make a quick decision as
a synthesis of technical and personal
competencies.

Changes in the structure and directions of
air transportation, the conditions of the
infrastructure of domestic transportation
(especially intraregional) have led to
a conjunctural increase in the risks of staff
reduction and loss of key competencies during
personnel retraining. Nevertheless, a fairly rapid
reorientation of air transportation to domestic
needs from international transportation and their
gradual increase helped to prevent a sharp
decline in employment in aviation industry. The
need for qualified personnel not only did not
decrease, but also increased against the
background of a growing personnel shortage in
all sectors of the national economy.

In view of the above, strategic personnel
planning is needed in the aviation industry based
on changes in the employment structure and
qualification characteristics, finding a balance
between requirements for qualifications and
motivation in the context of risks of personnel
shortage. Despite a fairly high degree of
adaptation of the air transport sector to the

ongoing changes, the lack of qualified personnel
in such a high-tech area as air transport can
potentially serve as a brake on development of
the entire aviation industry. Temporary changes
in the number of aircraft accompanied in the
short term by a reduction in the number of flight
and maintenance personnel, the retraining of
specialists and the loss of unique competencies,
may, if no proactive actions are taken to prevent
it, serve as a deterrent to subsequent growth of
the aircraft fleet in the long term.

The objective of the study is to identify the
problems and prospects for transformation of
employment in air transport in the context of
changing requirements for the competency
model of employees, technologies, business
models, logistics, and infrastructure. The
transformation of operating conditions has
a significant impact on the state of the human
resources potential of air transport enterprises
and servicing infrastructure. The availability
and need for qualified personnel largely
determine sustainability and development
prospects of the industry, set the need to develop
employment and staffing strategies taking into
account long-term efficiency, which expands
and complements the objectives of the study.
While achieving this objective, the authors
examined key employment trends, its prospects,
analysed statistical data, current labour market
data, and internal studies of the personnel needs
of air transport enterprises.

METHODOLOGY

The methodological basis of the study
comprises general scientific and statistical
methods of analysis, a systems approach. The
information sources for the study include the
Comprehensive plan for modernisation and
expansion of the trunk infrastructure for the
period up to 2024; the Transport Strategy of the
Russian Federation until 2030 with a forecast
for the period up to 2035; Order of the
Government of the Russian Federation No.
1693-r, dated 25.06.2022, on approval of
a Comprehensive program for development of
the air transport industry of the Russian
Federation until 2030; data of Federal State
Statistics Service on sample surveys of the
labour force; Federal State Statistics Service
data on the salaries of air transport employees;
results of a survey of employers conducted in
2018 by National agency for development of
qualifications as part of testing a single toolkit
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for monitoring the labour market; materials
from periodicals and Internet sources.

With dynamic changes in aviation industry,
labour market, development of additional
methodological tools of its survey, the study has
focused on long-term trends in total number of
persons employed in economic activity of air
transport and on development of integrated
methodological approaches instead of analysis
of actual situation during a certain time lapse.
Besides, additional research may be conducted
on the issues of employment within specific
occupations, regarding, first, flight crews and
pilots.

REVIEW OF RESEARCH

Several vectors can in modern scientific
literature be identified in the studies on issues
of employment transformation in the air
transport sector.

Digitalisation and New Technology

The determinative trend in research in recent
years has been associated with the problems of
digitalisation covering almost all structural
elements of labour processes [1]. The works of
researchers emphasise the importance of
digitalisation trends; the need to create digital
twins of aircraft; the use of BIM technology;
high capacity of technological and logistics
elements of modern air transport for artificial
intelligence technologies, for example, for ML
(machine learning), Big Data, BI solutions,
uberisation of the industry; the use of VR/AR
in design, production and support of aircraft
operation; industrial Internet of things. Also,
a significant trend in the context of digitalisation
and urgent cyber threats is the need for
continuous training and development of relevant
expertise among the entire industry’s employees,
growth in the efficiency of IT services.

The specified changes objectively require
revision of industry personnel strategies for
dynamic compliance of technological basic
knowledge and synthesis of operational analysis
of flight information, forming special
competences of decision-making in a non-
standard situation, as well as for advanced
development of labour potential. Changes in
requirements for skills of airline employees,
new formats of personnel training for air
transport logically follow digital trends of
industry development [2]. The need to train air
transport employees in management, digital and

cross-border skills is noted by various
researchers. Thus, the study [3] using group data
of 12 airfields in Poland over nine years,
performed an analysis of the influence of human
managing capital of top managers on the
technical efficiency of airports, i.e. the influence
of cumulated expertise of top managers along
with possessed knowledge on technical
performance of airports, which will contribute
to optimisation of aviation management, since
they are intangible exogenous factors that are
difficult to assess.

It is possible to highlight the research of
domestic and foreign scientists on issues of
demand and modelling of passenger air
transportation [4—6] using Al, neural networks
and other methods.

Post-Pandemic Air Transportation
Recovery

A whole range of studies are related to the
impact of COVID-19 on the condition of air
transport. The pandemic-induced halt in cross-
border travel in the spring of 2020 forced all airlines
to take large-scale measures to reduce their
workforce [7]. According to the International Air
Transport Association (IATA), the air transport
sector provides 25 million jobs worldwide. Since
the beginning of March 2020, all these jobs have
clearly been at risk, along with daily announcements
of layoffs to airline and airport employees [8].

Thus, in long-term perspective, regardless of
the number of employees and the relationship
between employer and employee, HR strategies
must be shaped to consider various scenarios and
provide for emergency (such as a pandemic)
response plans, to set reasonable standards for both
the company and the employees [8].

Intangible Assets and Transformation of Skill
Sets

An analysis of studies [9—11] allows us to state
that one of the key features of new business models
in the air transportation sector is an increasing
dependence on intangible assets, including digital
ones, but at the same time, the importance of the
quality of such assets is increasing,.

Modern airlines are faced with the problem of
transforming the traditional system of jobs and skill
sets. There is a demand for intra-organisational
business changes (redistribution of employees to
digital business segments, managing the impact of
automation on employment) [12], which determines
the relevance of the study. At the same time, it is
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Pic. 1. Logical scheme of employment transformation [developed by the authors].

necessary to consider the need to follow strict
regulations for conducting aviation operations at
all stages of passenger servicing, transportation of
cargo, mail, etc.

Interdependence of Development Vectors of
Air Transportation and Employment

Thus, the prospects for development of the air
transportation sector are implemented within the
coordinates of «transformation of business
models — transformation of skills — transformation
of employment» (Pic. 1) under the influence of
a whole range of external and internal factors.

The above-mentioned problems have not yet
received proper scientific study, which significantly
slows down the selection of new models for
development of the sector, adaptation to changed
conditions and determines the relevance of the
research there-of.

RESULTS
Dynamics of Air Transport Indices
and Main Trends

The importance of air transport in ensuring
a country’s economic growth is difficult to
overestimate. According to calculations by the
International Air Transport Association, every 10 %
growth in air traffic adds 0,5 % to a respective
country’s GDP.

In 2019, Russian airlines carried 128,1 million
passengers (57 % of which were on domestic
routes). During the corona crisis in 2020, there was
a 42 % decrease in the number of passenger flights
by Russian companies, mainly on international
routes, but in 2021, the main indices of air transport
performance were recovering quite quickly.

The dynamics of passenger flows of internal air
transportation for the past seven years have shown
an increase of almost 1,5 times, even taking into
account the pandemic decline in 2020 (Pic. 2).

Scheduled international traffic has shown signs
of growth after a sharp decline in 2020 and is almost
30 % ahead 0f 2022 figures for the first nine months
of 2023, while domestic traffic is growing at
aslower pace, only 8,3 % ahead 0f 2022 figures for
the same period. This growth in passenger traffic
under these conditions has a direct impact on
employment in the air transport sector.

As for aircraft fleet, «in April 2022, Russian
airlines operated 1287 aircraft for commercial
transportation, most of which were imported» . The
average age of airline passenger aircraft was 14,6
years. The government has approved
a comprehensive program to expand production of
aircraft, engines and instruments, which envisages
the production of 1689 aircraft for domestic market
and exports by 20402

Within the framework of the Transport
Strategy of the Russian Federation until 2030

! Order of the Government of the Russian Federation dated
25.06.2022, No. 1693-r,»On approval of a comprehensive
program for development of the air transport industry of
the Russian Federation until 2030». [Electronic resource]:
https://npalib.ru/2022/06/25/rasporyazhenie-1693-r-
1d297739/. Last accessed 24.03.2024

2 Order of the Government of the Russian Federation dated
13.01.2024, N 7-r, on amendments to the Order of the
Government of the Russian Federation of November 5,
2013, N 2044-r, and Approval of the Investment Project
Passport «Comprehensive Program for Expanding the
Production of Aircraft, Aircraft Engines, Instruments and
Units, Including for the Purpose of Creating an After-Sales
Service System for Civil Aircraft».[Electronic resource]:
https://www.garant.ru/products/ipo/prime/doc/408264869/.
Last accessed 24.03.2024.
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Pic. 2. Dynamics of passenger transportation by air transport in Russia [developed by the authors based on the data of Federal State Statistics
Service in the number of passengers transported: the number of passengers carried from the initial to the final point of their transportation on
the flight. [Electronic resource]: https://fedstat.ru/indicator/59496. Last accessed 24.02.2024].

with a forecast for the period until 2035, it is
noted that the volume of passenger air
transportation through civil aviation airports
(by Russian and foreign airlines) will grow at
an average annual rate of 2,9 % and will increase
by 59 % in 2035 relative to 2019: from 147,5
to 234 million passengers in 2035.

Besides forecast indices for the air
transportation sector, it is necessary to note the
existing problems of its development, which
require new approaches to the solution. The
urgent problem for development of aviation
mobility remains the high cost of air
transportation in comparison with the level of
income of the population, high unevenness of
domestic transportation, territorial
disproportions in the level of development of
airfield infrastructure, etc. High transport safety
requirements remain valid for regional and local
airports with low traffic intensity, which reduces
profitability of regional transportation.

Here, it is important to consider the potential
impact of investments in passenger air transport
on the regional economy:

— Presence of an airport stimulates
development of the regional economy, which
provides additional income, promotes new and
direct investments in creation of jobs and new
infrastructure.

— Indirect and forced costs associated with
large-scale, ongoing capital investment create
benefits for local economic development and
employment.

— Air route networks created by airlines can
change region’s economic ties with other
regions and countries [13].

Generally, based on the analysis of
development trends in aviation industry and
review of research, several factors can be
identified that influence the structure of industry
employment in the air transport sector:

— A complex structure of interconnected
elements of the aviation industry, shaped
according to the cluster type, which requires an
end-to-end long-term approach to planning
staffing.

— Significant direct and indirect contribution
to the domestic economy.

— A new format for functioning of the air
transport sector under the influence of a set of
external, technological, demographic,
behavioural, cultural and socio-economic
conditions, which presuppose a qualitative
transformation of the demand for labour
resources.

— Growing competition, requiring a revision
of the basic business models of carriers and,
accordingly, leading to new flows in the
employment structure in air transport.

— Technological innovations based on
attaining technological sovereignty, import
substitution, digitalisation and autonomy,
changing the requirements for staff qualifications.

— Expansion of the range of air transport
services; emergence of new service delivery
models, the need to consider new consumer
behaviour models, including those caused by
development of digital platforms and online
aggregators.

— Accumulated problems caused by high
unevenness of transportation, exogenous shocks
and national regulatory rules.
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— New tasks set for the industry in the
Transport Strategy of the Russian Federation
until 2030 with a forecast for the period up to
2035.

Some of these factors determine long-term
trends in employment development, while
others determine short-term effects and shifts.
The mutual influence of these and many other
factors affecting development of air transport
requires in-depth research to minimise risks and
take advantage of growth opportunities,
including in the field of employment and staffing
in the air transport sector.

The ongoing transformation of the air
transport sector is directly reflected in the
indices of the number and structure of employees
and their remuneration.

Trends in Employment

To identify the nature of transformational
shifts in the employment structure in air
transport, an analysis was conducted on the
condition of labour resources in the industry in
recent years.

The number of people employed in aviation
and aerospace transportation sector for the
period from 2019 to 2021 slightly decreased
(from 84,9 thousand people to 84,1 thousand
people) and is 1,8-1,9 % of the number of
people employed in the transportation and
storage sector®. In civil aviation in 2021, the
number of flight personnel was about 43
thousand people [%, P. 18-19].

For the first nine months of 2023, the
average monthly number of air transport
employees, excluding small businesses, was
73549,5 people, which is 4,5 % less than during
the same period of the previous year. At the
same time, the share of air transport employees
is 3,8 % of the total number of employees of
the entire transportation sector.

There were multidirectional trends in labour
demand in the passenger and cargo transportation
sectors. In 2017-2021, there was a 16,3 %
decrease in the demand for payroll employees
for vacant positions at the end of the reporting
quarter (Q1-Q2) for air and aerospace
transportation activity, of which the absolute
majority were to be employed in scheduled

3 Ministry of Transport of the Russian Federation: Transport
of Russia. Information And Statistical Bulletin 2022.
[Electronic resource]: https://mintrans.gov.ru/storage/app/
media/files/3_bulleten_transport_russia.pdf. Last accessed
22.09.2023.

passenger air transportation (6767 people,
which is also 17,1 % less than in 2017). An
increase in the demand for employees was
observed in the activities of cargo air transport
and aerospace transportation — by 1,6 times over
this period — from 487 to 777 people (of which
648 people were to be employed in cargo air
transportation) as well as in auxiliary services
related to air transport — by 1,2 times (from
10891 to 12962 — the majority were to be
employed in airport activities (9144 people)).

Thus, the situation in the transport labour
market changed dynamically under the influence
of measures taken to combat COVID-19, then
to minimise the effects of unilaterally imposed
sanctions. For example, the number of pilots in
the Russian Federation as of 01.01.2020 was
14800 people, as of 01.01.2021 it was 14600
people, i.e. the absolute reduction in the number
of pilots was 200 people, the relative reduction
was 1,4 %, while over the specified period, the
world air transport system saw a reduction of
more than 50000 pilots with a total number of
approximately 400 thousand people at the
beginning of 20204,

If we consider the dynamics of the number
of employees of companies in the air transport
sector, we can see fluctuations in the number of
employees of up to 10 %, which are within the
limits of natural staff turnover, which is
generally lower than in organisations in the
entire transport industry.

Reproduction of Human Resources of Civil
Aviation

The main sources of labour resources for
enterprises of civil aviation are educational
organisations.

About 3,5 thousand people graduate annually
to be employed as civil aviation personnel from
educational institutions, of which more than
two-thirds graduate from higher education
programs, including about 800 pilots (Pic. 3).

The increase in the number of graduates with
higher education from 2019 to 2021 took place
only in the Air Navigation (by 41 %), in other
directions there was a slight decrease in number
of graduates.

Upon the emerging employment model in
air navigation, we note that air transport is

4 Results of the activity of the Federal Air Transport Agency
in 2020. [Electronic resource]: https://www.aviastat.ru/
reports/84-itogi-deyatelnosti-rosaviacii-v-2020-godu. Last
accessed 20.10.2023.
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Pic. 3. Bachelors, specialists, masters graduated from state and municipal educational institutions of higher education and scientific
organisations in specialties and areas of training regarding operation of air transport.
(Federal State Statistics Service. Transport of Russia 2022. Statistical Digest. P. 17. [Electronic resource]: https://rosstat.gov.ru/storage/
mediabank/Transport_2022.pdf. Last accessed 24.03.2024).

a fairly dynamically developing sector of the
modern economy, so employees are required to
be flexible, ready for change, and to constantly
improve their professional level within the
framework of the work life cycle. The conducted
studies of the target settings and motivators of
students — future pilots [14] have revealed the
high significance in the structure of motivators
of income, conditions and structure of job
activity, but low indicators of readiness for
change.

The urgent task is to forecast the demand
for staff in connection with changes in the labour
market, with the set tasks of air transport
development.

Several regulatory documents adopted in
recent years indicate that significant measures
have been taken to ensure secure staffing and
develop the human resources potential of air
transport. The Comprehensive Program for
Development of the Air Transport Industry of
the Russian Federation until 2030 identifies
among the main objectives of the Program the
task of stabilising the number of professional
aviation personnel of the industry enterprises at
a sufficient level [% P. 3]. The Program notes
that forecasting the number of people employed
in the industry is complicated by a high degree
of uncertainty associated with geopolitical
factors; the risk of an outflow of qualified
personnel due to their transition to foreign
aviation companies; a shortage of personnel for
the production, operation and maintenance of
new and newly produced types of aircraft, which

may cause a shortage of pilots to ensure the
fulfilment of the volume of air transportation in
the future [, pp. 18-30].

The task of educational institutions is to train
the relevant personnel. In addition, it is
necessary to ensure targeted training of
specialists for the air transport industry in
Russian universities. Several Russian airlines
have such experience.

Respective problems can also be solved
through development of succession planning in
aviation industry. The order of the Federal Air
Transport Agency dated June 21, 2021, No.
426-p «On approval of the Regulation on the
succession pool of the Federal Air Transport
Agency»® defines the goals, principles,
procedure for developing and work of
management succession pool for air transport
industry. The management succession pool will
allow training of a strategically important
resource for air transport management.

The Structure and Quality of Vacancies
and Resume on Job Search Sites

Analysis of the structure and dynamics of
supply and demand in the air transport labour
market can be suggested based on the data from
online job search portals. The situation in the
labour market is not too simple: after a drop in

5 Order of the Federal Air Transport Agency dated June
21,2021, No 426-P «On approval of the Regulation on the
personnel reserve of the Federal Air Transport Agency».
[Electronic resource]: http://publication.pravo.gov.ru/
document/0001202107160028. Last accessed 10.02.2024.
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Table 1

Data on the total number of vacancies and CVs by filters:
1. Air transport, 2. Air transportation, 3. Civil aviation for Russia

Name of the | Number of vacancies during the | Number of CVs during the last | Ratio of number of CVs to the
website last month month (Russia/world) number of vacancies (Russia/
world)
1 2 3 1 2 3 1 2 3
hh.ru 899 235 535 3639/ 2582/ 1017/ 4,05/ 11,0/ 1,9/ 18,9
30610 24202 10102 34,05 103,0
trudvsem.ru 464 207 565 4/- 30/- 217/- 0,01/ - 0,14/- 0,38/-
zarplata.ru 204 23 40 7/ 121 7/ 133 14/ 87 0,03/ 0,3/5,7 10,35/2,18
0,59
gorodrabot.ru 387161 | 132818 [28971 37/- 43/- 25/- 0,00/ - 0,00/ - 0,00/ -
superjob.ru 383 21 51 1063/ 451/ 633 | 546/ 815 |2,77/ 21,47/ 10,7/ 15,98
1522 3,97 30,14

Source: Compiled based on data of Internet websites, shown in Table.

supply indicators, there has been a slight
increase since June 2021, which is significantly
lower than the indicators of 2020 and 2019. At
the same time, the dynamics of supply depends
on the occupational field. The field of transport
and logistics has not undergone significant
changes, unlike many other sectors of the
economy. Table 1 presents data on the number
of vacancies and CVs collected using the filters
regarding «Air transport» from the main job
portals. The largest number of vacancies in the
studied sector are posted on the job sites
Superjob, Gorodrabot [City of Jobs],
HeadHunter.

The situation in the air transport labour
market, if we focus on the data of open job
search databases, is ambiguous and varies
depending on specialisation of the electronic
job search resource, the popularity of the
resource among employers and job seekers, the
specifics of filter settings and search algorithms
embedded in the programs. Some job search
information systems provide a possibility to
submit CVs from other countries, which
significantly expands the process for selecting
specialists. Job seekers in air transport are
represented from almost all over the world and
exceed the Russian segment in the number of
CVs by tens of times in some areas, which
shows the demand and competitiveness of
Russian jobs in the air transport segment.

The situation with data on requests for
foreign labour to work in Russia on jobs in air
transport requires a separate analysis of the
structure and quality of the labour force, which
is necessary for designing staffing for the
strategic perspective. Considering the global

labour market, the situation in the air transport
sector is characterised by labour surplus: the
number of vacancies offered is significantly less
than the number of CVs, the average ratio of
the number of CVs to the average number of
vacancies is 50 (for the entire period of posting
vacancies and CVs) and 43,35 (when analysing
data for a month).

According to the hh.ru portal, air transport,
included in the «Transport, logistics» activity
type, is among the ten types of activity with the
highest demand for specialists and among the
ten types of activity in which specialists most
often post CVs. At the same time, transport
invariably remains one of the leaders in terms
of the number of CVs and applications from
young applicants (about 34 %)°.

The conducted analysis showed that the
greatest demand from employers is for aviation
technicians and technicians in aviation technic
equipment (19 % of all vacancies) and technical
engineering employees (18 % of all vacancies).
The number of CVs for the specified occupational
groups exceeded the declared demand, the
indices characterising this gap or imbalance
were 53,18 and 69,91, respectively. A high gap
index is typical for the following areas: flight
attendants, early career and company
representatives. However, the ratio of supply
and demand in the air transport labour market
according to open job search databases cannot
be called completely objective, since the
relevance of all CVs included in this sample
cannot be established (there is duplication of

®Young specialist: current trends of employment. [Electronic
resource]: https://hh.ru/article/29416. Last accessed
20.10.2021.
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Table 2
Total number of jobs created by groups of organisations where the average number
of employees changed and by newly created organisations for the period 2017-2022, people

Years 2017 2018 2019 2020 2021 2022

Share, % % % % % % %

Activities of air and space | 7826 |5,03 |12022,6 |6,48 [6565 [4,83 |4454 (2,63 |3949 |2,84 [6098 |3,60
transport

Activities of passenger air | 7461 |4,80 | 11376,64 | 6,13 [5489 (4,04 |3490 (2,06 |3477 |88,05(5479 |3,23
transport

Activities of cargo air 365 0,23 [ 645,96 0,35 {1076 [0,79 | 964 |0,57 |472 |13,57|618 0,36
transport and space
transport

Source: compiled based on Federal State Statistics Service. [Electronic resource]: https://www.fedstat.ru/indicator/58698.
Last accessed 02.10.2023.

CVs and vacancies in the databases: one often determined only based on the results of
applicant can create a CV on all of the named interviews with potential employees. At the
portals, the number of CVs created on each same time, according to the above websites, the
portal is not limited; when finding a job, levels of offered and requested salaries are
applicants do not always delete their CVs from  higher than the average salary level for all other
the databases). types of activities.

Of the active CVs submitted in the air The analysis of graduate employment
transport sector, the desired salary level was showed that most graduates successfully find
indicated in 1280 CVs, of which 16,56 % work within the first six months after graduation,
claimed a salary from 15000 to 45000 rubles, which confirms the demand for highly qualified
and 17,7 % — a salary over 170000 rubles. In  specialists in this field.
comparison, the current average salary for the
entire list of vacancies presented on the website  Creation of New Jobs
https://www.adzuna.ru was in 202143815 Table 2 shows the data on jobs created at
rubles, in the air transport sector — 38633  enterprises related to air transport. In general, for
rubles’. In general, based on websites, it is the «Air and aerospace transportation activities»
impossible to accurately determine the scale of activity type, the number of jobs created has
imbalances between supply and demand in significantly decreased from 7826 people in 2017
terms of salary levels, since its actual size is to 4454 people in 2020 (almost twice as much,

L from 5,03 % in 2017 to 2,63 % in 2020). A similar
7 Vacancy portal adzuna.ru. Vacancies in Moscow and

throughout Russia. adzuna.ru. [Electronic resource]: adzuna. decrease is observed for passenger air transport
ru. Last accessed 01.10.2021. activities (from 4,8 % in 2017 to 2,06 % in 2020).

Table 3
Average monthly nominal accrued wages of those employed in economics
from January 2017 until March 2023, RUB

Types of economic 2017 2018 2019 2020 2021 2022 2023
activities January- | January- |January- |January- |January- |January- | January-
December | December | December |December |December |March March

Air and space transport 108866 123691,15 [131776,38 | 119044 118669,7 |138097,3 |149729,8
activities
Passenger air transport 111434 126670,7 |135481,32 | 118960,9 |117625,1 |138097,3 |149729,8

activities

Activities of cargo air 86714 100786,2 |107204,51 | 119597,2 |126212,7 |135769,0 |152398,9
transport and space

transport

Warehousing and 45983 46255,58 |49158,53 |51608,9 55525,4 88368,5 92074,5

auxiliary transport
activities

Source: compiled based on Federal State Statistics Service data. [Electronic resource]: https://www.fedstat.ru/indicator/57824.
Last accessed 17.01.2024.
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Total for the surveyed types of economic activity

Activities of cargo air transportation and
aerospace transportation

Passenger air transportation activities

Air and aerospace transportation activities

Manufacture of aircraft, including spacecraft, and
related equipment

0
m2022 m2021 =2020

40000 80000 120000 160000

©2019 =m2018 ®=m2017

Pic. 4. Average monthly nominal accrued wages for some types of activities in the sector of air transport and manufacture of aircrafts,

RUB (2017-2022). [Compiled by the authors based on Federal State

Statistics Service data. [Electronic resource]: https://www.fedstat.ru/

indicator/57824. Last accessed 17.01.2024].

Wages

The next problem that needs to be considered
when studying employment is the wages rate
which is among determinant factors of attraction
and retention of employees.

It is worth noting a fairly high level of wages
of employees in air transport compared to the
average wage both in the entire economy and
in transportation sector (Pic. 4) (the average
monthly wage in the air transport sector and
aircraft manufacture in 2017-2022) and in Table
3 (average monthly nominal accrued wages of
employees in the sector of air (passenger and
cargo) and aerospace transportation activities
and in warehousing and auxiliary transportation
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activities from January 2017 to the period
January — March 2023). Thus, in 2023 average
monthly wage in air transportation was about
157 thousand rubles.

Pic. 5 shows the dynamics and differentiation
of'salaries for the main job positions of aviation
personnel. As can be seen from Pic. 5, the
difference in the level of salaries of an aircraft
commander and flight attendants is on average
four times, with engineers for aviation and
radio-electronic equipment — three times. At the
same time, the salaries of flight attendants (from
30000 in 2013 to 83000 in 2019), of aviation
radio electronics engineers (by 24,5 % over the
period 2014-2019) grew at a higher rate
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Pic. 5. Dynamics of wages of the aviation personnel for the period from 2013 until 2020. [Analysis of the labour market in the aviation
industry by the consulting company «Aviapersonal» [Electronic resource]: https://aviapersonal.ru/uploads/s/l/n/f/infblxkq8jfa/file/LhMgyXEv.

pdf?pr 1. Last

d 27.09.2023].
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compared to the salaries of aircraft commanders
(by 12 %). The drop in wages in 2020 is
associated with a sharp contraction in the labour
market due to the pandemic. In the period from
January to March 2023, there was an increase
in average wages across all air transport by
8,4 % compared to the same period in 2022,
while there is an increase in average wages in
passenger transportation by 12,2 % and
a decrease by 23,9 % in the cargo segment of
air transport.

Forecast and Perspectives

Despite the active recovery of the air
transport sector in 2023, shortage of personnel
and structural imbalance in professional groups
of specialties represent a significant risk for
long-term planning. Quantitatively, the growth
in demand for labour may arise due to the
planned growth in transportation volumes.
Thus, according to forecasts, the volume of
passenger transportation by Russian airlines
will grow at an average annual rate of 3,1 %
and will increase by 63 % in 2035 compared to
2019, from 128,1 to 209 million passengers. For
comparison, the historical growth rate of
transportation by Russian airlines was 8,6 %
per year from 2015 to 2019, in 2023 the growth
compared to 2022 data was 10 % (and this does
not consider full import substitution in aircraft
manufacturing and serial production of domestic
airliners). This will require an increase in
employment and its structural transformation.

Structural Transformation of Employment

The coronavirus pandemic has highlighted
several issues regarding the employment
structure in the air transport industry.

International research shows that air carriers
have found themselves in different situations
during the COVID-19 pandemic [15]. Based on
this, it can be argued that employment has been
most affected by those air carriers that were
focused on international markets, premium
traffic and leisure travel, which require more
time to recover, i.e. on the segments that
according to some research ensure main growth
of economic benefits of air transport (including
form growth in tourism, foreign direct
investment and trade), which ultimately lead to
increased productivity, GDP growth and more
jobs with higher wages [16].

The author of [17], estimating the impact of
COVID-19, concludes that recovery from the

uncertainty shocks will take between four and
Six years.

Another conclusion of experts is that
specialist responsible for policymaking in
airport communities should evaluate training
and education programs to determine whether
these programs meet the needs of businesses.
The employment structure will be most
influenced by long-term technology trends. New
technologies in the aviation industry have
reduced dependence on some professions but
created demand for others. Larger, more
technologically sophisticated aircraft, capable
of carrying more passengers and more cargo
more efficiently, are replacing smaller, less
efficient aircraft. This change reduces demand
for core air transport jobs but increases demand
for IT engineers and specialists.

So, an examination of the processes of
transformation of the air transport sector
operating model through the prism of
employment patterns would be incomplete
without considering the modification of the
professional environment. According to the
Atlas of New Professions 3.0, several professions
will be in demand in aviation in the future. They
include aeronautics infrastructure designer;
aircraft recycling technologist; unmanned aerial
vehicle interface designer; airship designer;
operational data analyst; small aircraft
production engineer; composite repairman;
aircraft digital modelling specialist; load
optimisation engineer; intelligent dispatch
systems developer; drone controller [18]. Major
airlines around the world are stating their need
for qualified flight and ground personnel in the
future: pilots, flight attendants, air traffic
controllers [19].

Unmanned aviation is an important area of
development in the aviation industry. The Order
of the Government of the Russian Federation
dated June 21, 2023, No. 1630-r, notes the
provision of qualified personnel as a key driver
for development of unmanned aviation.
However, the pace of implementation of
unmanned aviation technologies is outpacing
the capabilities of the education system to train
personnel in this area and areas of «competency
gaps» are being formed, the elimination of
which is critically important for development
of this segment. The development of unmanned
aviation creates jobs and dictates the need for
training in related fields, in such professions
and specialties as «<unmanned aviation interface
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designer», «small aircraft production engineer»,
«operational data analyst», «aircraft recycling
technologist», «aeronautics infrastructure
designer», «automation control systems
programmer», «unmanned aircraft systems
operation technician», «designer of ground
infrastructure for operation of unmanned
aircraft systemsy, «specialist in development of
unmanned space aircraft», «developer of
automatic navigation systems for unmanned
aircrafty, etc®.

According to some forecasts, digitalisation
may further lead to a reduction in the number
of employees in some segments of the activity
associated with robotisation of routine labour,
which can be replaced by mechanised labour
built on algorithms. At the same time, on the
contrary, one should expect an increase in the
number of personnel associated with
information technology and personal
interaction with clients. This trend, for
example, is closely linked to introduction of
chat bots with artificial intelligent for customer
support services. It is eloquent that if in late
2017 this technology, according to some
estimates, was used by only 14 % of airlines
and by 9 % of airports, then in 2020 already
68 % and 42 % respectively planned to use
it°1%. Currently the application of this
technology in aviation industry is widespread
and covers almost all operations, from
customer support to baggage claim, providing
significant economic effect. Thus, the share of
passengers proceeding with check-in at the
airports decreased from 49 % in 2017 to 27 %
in 2021, 68 % of passengers applications are
automated, the number of passengers
addressing call-centres decreased by 49 %!

8 Order of the Government of the Russian Federation dated
June 21, 2023, No 1630-r, «On approval of the Strategy of
development of unmanned aviation in the Russian Federation
for the period until 2030 and for the period until 2030 and
an action plan for its implementation. [Electronic resource]:
https://www.garant.ru/products/ipo/prime/doc/407003744/.
Last accessed 27.02.2024.

° Airlines and the growth of chatbots: potential and brand
awareness. [Electronic resource]: https://centreforaviation.
com/analysis/reports/airlines-and-the-growth-of-chatbots-
potential-and-brand-awareness-424982. Last accessed
10.02.2024.

10 E g.: Lufthansa told about it development strategy
(InRuss.). [Electronic resource]: https://www.frequentflyers.
ru/2017/05/31/1h_strategy/. Last accessed 10.02.2024.

I Caballé, M. Airline Chatbot Benefits, Use Cases, and
Examples for 2024. [Electronic resource]: https://www.

hubtype.com/blog/airline-chatbot-use-cases-examples. Last
accessed 10.02.2024.

The specifics of the employment model
change as a projection of the main
transformations in the air transport sector do
not allow us to see the latent processes in the
sector. The processes of employment
transformation within the air transport cluster
also affect the issues of the new model of
infrastructure employment, in particular, the
so-called uberisation [20]. Thus, foreign
researchers consider development of airport
servicing infrastructure. The author of [21]
studies in his article the relationship between
the Uber job platform and the geography of an
international airport. It is noted that at the
junction of the Uber platform and the airport
infrastructure, various opportunities arise that
could be of strategic importance for new
initiatives [21].

The article [22] presents the general trend
in the field of airport operational management,
discusses changes in the management of
education, vocational training and marketing.
Since technological progress in aviation
provides for increased efficiency, the authors
believe that it is necessary to create
a digitalisation department that would deal with
optimisation of airport operations and their
adaptation to technological and air traffic trends
[22].

Air transport has a significant impact on
production output, income and employment.
The importance of the feedback effect must be
considered when designing and implementing
strategies for development of the sector. In the
article [223], the authors examine the
relationships of the air transport development
as a source of economic growth and poverty
reduction in developing countries and countries
with economies of transition. An increase in
final demand for air travel will lead to an
increase in labour income, with the highest
increase coming to highly skilled employees. It
is concluded that the government could reduce
the dispersion of income from air transport by
implementing reforms aimed at increasing the
level of skills. This study shows that for the
sector to play a significant role in social and
economic growth, its integration into the local
economy needs to be strengthened [23]. This
approach will allow one to explore cross-
sectoral employment flows at the local level.

Generally, it can be concluded that it is
necessary to elaborate sustainable employment
development programs focused on specific
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strategies that are adequate to the new model of
functioning of the air transport cluster in the
interests of all regions of Russia.

The issues of structural transformation are
long-term and are determined by both the
changing landscape of business strategies and
technological changes. It should be emphasised
that the ongoing technological and organisational
changes in the air transport sector will require
appropriate change agents, engineers, managers
with knowledge of technical aspects and
innovation factors, highly motivated for
innovation and owing the ability to influence
teams and manage changes.

Thus, urgent is the need for advanced
training, flexible interaction between educational
institutions and the aviation industry, contractual
training for specific jobs

CONCLUSIONS

The conducted study showed that the current
state and strategic objectives of sustainable
development of the air transport sector determine
the corresponding changes in the employment
model in the medium and long term. Based on
the identified dependence, it can be concluded
that employment trends and the structure of the
labour market allow one to determine the
forecast characteristics of future changes in
business systems. We have identified key trends
in the quantitative and qualitative context
regarding those employed in the air transport
sector. Thus, the change in dynamics occurs in
parallel with the change in the structure and
requirements for personnel qualifications, the
service provision model, the transformation of
business processes in aviation, the growth of
differentiation in remuneration of different
categories of employees, the emergence of new
patterns of behaviour of job seekers in the
labour market in this sector (in terms of labour
preferences and formats for converting
accumulated human capital).

Considering the challenges facing the
aviation industry, it is possible to define
a system of priorities in the employment
strategy:

1) Formation of strategically oriented human
capital for sustainable and uninterrupted
operation of this mode of transport.

2) Development of an employment cluster
in the air transport sector, which implies
achieving effective employment not only within
the framework of operation of aircraft and

emerging hubs, but also considering
interconnected areas and a system of jobs,
employment in which will ensure successful
implementation of business processes in the
entire aviation industry.

3) Creation of the necessary environment
for training future specialists and leaders of
change in the air transport sector having high
qualification and expanded set of competences.

As part of achieving strategic goals, it is
necessary:

- To improve monitoring of the labour
market and the potential of the personnel
training system for the air transport sector.

- To wider use targeted training formats in
universities.

- To popularise the entire range of
occupations and professions related to aircraft
crew members and support personnel.

- To update vocational education programs
for all categories of employees in the air
transport sector, considering new trends in the
development of this sector.

Development of training models within the
system of life-long professional training of the
civil aviation specialists is of particular
importance [24].

Along with mechanisms of staff training, it
is necessary to develop motivation systems for
those employed in the entire air transportation
cluster providing external and regional
transportation. Such programs should be
focused on retaining flight personnel to ensure
regional transportation and sustainable
development of air transport.

Thus, it is necessary to ensure the
effectiveness of employment in the context of
the ongoing transformation through the
development of human resources strategies
consistent with the emerging business systems
in the entire air transportation cluster, identifying
and eliminating «zones of efficiency losses».
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The review article reveals the necessity of knowledge,
understanding and application of abbreviations by specialists of the
transport sector, their use of special sources of information to

he use of transportation vocabulary is an

integral part of the professional activity of

specialists of the industry. The globalisation
process has entailed technological, social,
informational changes, causing the transformation
of professional transport discourse. The
introduction of new technologies in logistics
(automation, use of information systems and
mobile applications, etc.), internationalisation of
transport services, environmental agenda and
other significant aspects have led to the emergence
of new professional terms, the use of which is
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improve the professional competence on the example of a special
dictionary book of Russian and English transport abbreviations
under the general editorship of V. V. Kosmin. The dictionary-
reference book offers the up-to-day transport terminology in the
form of abbreviations and their explications in Russian and English.
The concepts and notions used by specialists of the transport sector
and related industries are clarified and standardised. The publication
contains Incoterms 2020 updated and conform to the latest changes
and agreements in the field of international logistics.

Keywords: transportation, transport specialist, transportation sector, abbreviations, special vocabulary, Incoterms, lexicography.

a prerequisite for the activities of transport
specialists'. The peculiarity of this terminology
is the presence of numerous abbreviations used
in oral and written communication, business
documentation, special literature [1-3]. An
«abbreviation» is understood as a compound
abbreviated word formed from the initial letters
or syllables of a word combination [4].
Proficiency in abbreviations is a mandatory

! Federal Law dated 08.11.2007, N 259-FZ, (as amended on
19.10.2023) «Statute of road transport and urban land electric
transport» (effective from 01.09.2024).
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requirement for specialists of any industry, and
the availability of information sources containing
current professional terminology facilitates their
work, and is a way to enrich their knowledge
and, therefore, competence.

The Dictionary of Transport Russian and
English Abbreviations under the editorship of
Professor Vladimir V. Kosmin, is a lexicographic
oeuvre containing abbreviations of the initial type
widely used in the transport industry. The
dictionary was co-authored by Anastasia
A.Kosmina and Olga A. Kosmina.

The edition presents about five thousand units
of Russian and English abbreviations used in the
activities of all modes of transport: rail, road, air,
pipeline and water, including sea and river
transport. A wide range of knowledge in the
transport industry allowed the authors to reflect
the terminology used under various aspects of
the implementation of its activities. The reference
book presents the vocabulary related to the
survey, design, operation, development of the
transport system and to such related issues as
economic development, information support, etc.

The relevance of compiling a dictionary of
transport abbreviations is determined also by
a possibility to clarify and standardise terms to
improve the efficiency of interaction between all
participants in logistics supply chains.
Abbreviations are found in various types of
documentation used to implement transportation
processes (information and reference sources,
scientific and technical, regulatory, administrative,
design documentation and specifications, etc.)
[5-7]. The high percentage of abbreviated
technical terms without interpretation or decoding
contained in documents and special literature is
one of the problems faced by specialists of the
transport sector. The creation of specialised
sources containing the necessary information
allows reducing the time to search for semantic
meanings, avoiding errors and misunderstandings,
and positively affects the efficiency of transport
logistics operations.

It is worth noting the importance of studying
and systematising special abbreviations since that
contributes to the work excellence of transport
specialists, because [8; 9]:

— Incorrect understanding of abbreviations
can lead to errors and consequences that create
a threat to transportation safety.

— Knowledge of abbreviated terms contributes
to easier perception of information and increases
the level of interaction with external partners.

— Standardisation using a single system of
abbreviations allows to ensure the functioning
of transportation processes in accordance with
common norms and standards.

— The use of abbreviations saves time when
working with professional documentation.

— Constant practice in working with
abbreviations develops information literacy and
raises the level of professional standards.

— Specificity in abbreviations for routes, types
of services, modes of transport, etc. simplifies
navigation within the industry and facilitates
identification.

The dictionary — reference book is compiled
based on normative and technical, scientific and
technical, educational and methodological
transport documentation. When preparing this
edition, the authors analysed publications in
special periodicals, collected data from domestic
and foreign dictionaries of abbreviations,
summarised and systematised abbreviations used
in the designation of incoterms, names, locations,
objects, etc.

The reviewed edition is characterised by
a clear structure and consists of two parts. First,
Russian abbreviations are presented in
alphabetical order with the subsequent decoding
of each abbreviation, followed by English
designations described in a similar way. When
the spelling of abbreviations with different
meanings coincide, analogues are placed each
on a new line via tilde (~) without repeating the
designation. A series of abbreviations having
identical meanings is given separated by
a comma (,) and unrelated meanings are
separated by a semicolon (;). The synchronised
variation of terms allows to quickly and clearly
define the desired concept or notion depending
on the context of its use.

The advantage of the English-language part
of the dictionary is the presence of a Russian
translation after decoding of the English
abbreviation, which significantly reduces the
search for information on the meaning of
a particular term. For some concepts that may
cause difficulties, additional comments are given
in brackets. The advantage of this edition is that
it incorporates updated Incoterms-2020, referring
to the transport obligations of various parties and
their agreements during the implementation of |
international logistics processes, as well as the |
consequences resulting from the execution of
contractual terms. Possession of up-to-date
information presented in two languages enhances
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the abilities of transport specialists and the
efficiency of their work [3, 5, 13-15].

Dictionary of Transport Russian and English
Abbreviations can be used by specialists of the
transport sector when working with various
aspects of professional activity. Using the
dictionary as a teaching aid will be useful in the
process of training future specialists to expand
their terminological vocabulary and develop
search skills when working with information
sources. In lexicography, this oeuvre will be
useful for compilers of similar reference books
or methodological manuals on transport or
related topics as an updated information source.

In conclusion, it should be noted that the
significance of compiling the reviewed
dictionary — reference book and similar
publications is explained through systematisation
of special terminology, facilitating transport
discourse, increasing awareness of specialists
when working with periodicals, special literature,
business documentation, as well as the knowledge
of concepts describing new phenomena, objects,
transportation processes and related fields.
Mastery of professional terminology contributes
to enriching the qualification of transport industry
specialists, increasing their career prospects and
opportunities.
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Belomestnov, L. V. Improving the economic
tools for assessing the transport and logistics
infrastructure of the border region. Abstract
of Ph.D. (Economics) thesis [Sovershenstvovanie
ekonomicheskogo instrumentariya otsenki
transportno-logisticheskoi infrastruktury
prigranichnogo regiona. Avtoref.dis...kand.
ekon.nauk]. Novosibirsk, SGUPS publ., 2024,
24 p.

The processes of transformation of economic
systems, intensively occurring in recent years,
affected the transport and logistics infrastructure
of Russia and its regions. The main elements of
the transport and logistics infrastructure (TLI)
are the transport infrastructure itself, terminals
and warchouses, information systems and
transport and logistics centers.

Modern TLI is continuously linked to the
trends in development of international trade,
which is an integral part of state policy. The
change in the direction of transport flows from
west to east revealed a problem of discrepancy
between the transport capacity of the eastern
border regions and an increase in the economy’s
need for transportation in this direction.

The purpose of the study was to improve
scientific and methodological approaches and
economic management tools that assess the
prospects for development of the transport and
logistics infrastructure of the border region.

General economic and regional-specific
factors, as well as social and technological
processes were systematised that determine the
need for strategic changes in the transport
capacity and transport infrastructure of border
regions as part of adaptation to the strategic
transformation of economic systems. The
influence of these factors on development

processes taking place in the transport and
logistics infrastructure is revealed.

The methods of economic assessment of
development of transport and logistics
infrastructure have been improved based on
a comparative approach.

The concept of transport and logistics barriers
as a set of obstacles and advantages in organising
international transportation has been clarified and
supplemented, their impact on the strategy for
development of transport and logistics
infrastructure has been determined, a procedure
for managing transport and logistics barriers has
been developed based on identifying and
modelling relationships with stakeholders.

Based on experimental studies, a process
approach to development of transport and
logistics infrastructure has been supplemented
and tested, a process model of traffic flows has
been formed, a system for considering the time
factor in determining the economic effect of TLI
modernisation has been proposed.

A model for organising an effective digital
environment for the functioning of transport and
logistics infrastructure has been proposed and
tested.

The results obtained can serve as a basis for
further development of research in the field of
the efficiency of transport and logistics
infrastructure in such areas as localisation and
optimisation of transport and logistics barriers,
development of integrated regional development
projects.

5.2.3. — Regional and sectoral economics
(transport and logistics).

The work was performed and defended at
Siberian Transport University.

Chechelnitsky, A. I. Track maintenance
system in the presence of long irregularities
in the longitudinal profile in areas of maximum
traction and electrodynamic braking. Abstract
of Ph.D. (Eng) thesis [Sistema tekhnicheskogo
obsluzhivaniya puti pri nalichii dlinnykh
nerovnostei prodolnogo profilya na uchastkakh
maksimalnoi tyagi i elektrodinamicheskogo
tormozheniya. Avtoref. dis. kand. tekh. nauk].
Moscow, RUT publ., 2024, 24 p.

The development of railway transport is
inextricably linked to the increase in train speeds,
axle loads and the weight of cargo trains.
Retrospective analysis shows that since the
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beginning of the third millennium alone, the
average train weight has increased by 20 %, and
axle loads have grown by 26 %.

The objective of the study was to develop
a scientifically sound system for assessing the
impact of long track irregularities and their
combination with short irregularities on safety of
train traffic and track condition management in the
presence of such faults.

Based on the results of the thesis, the scientific
research on the causes of long profile irregularities
and their impact on the dynamics of rolling stock,
on intensity of fault accumulation and, consequently,
on safety of the transportation process was
summarised.

The parameters of long irregularities on the road
network of JSC Russian Railways under various
operating conditions were systematised, they were
within the length range from 25 to 200 m, and
within amplitude from 22 to 164 mm.

The possibility of using generalised models for
assessing the influence of long unevenness on the
indicators of interaction of the track and rolling
stock for various variants of the influence of
longitudinal forces has been proven.

The influence of longitudinal traction forces
and electrodynamic braking of trains on the
dynamic performance of rolling stock in the
presence of long irregularities in the longitudinal
profile of the track has been studied.

It has been proven that the most unfavourable
effect on the performance of rolling stock dynamics
is caused by combinations of irregularities in areas
of maximum traction and electrodynamic braking.

A new concept has been introduced into the
system of track maintenance management.i.e.
immediate elimination of combinations of long
irregularities with 3™ degree subsidence and 2™
degree which is close to 3" degree.

Atechnology has been developed for eliminating
long irregularities and their combinations with short
irregularities to ensure safe train movement.

A scientifically based system has been
developed for track maintenance management in
the presence of long irregularities in the longitudinal
profile in areas of maximum traction and
electrodynamic braking.

The prospects for optimising the track
maintenance system on heavy-duty sections with
long irregularities formed due to insufficient
bearing capacity of the subgrade been determined.

Proposals for changing the track maintenance
standards and the procedure for performing
works on the parameters of long irregularities

and their combinations with short irregularities
for conducting operational testing have been
developed and approved by the order of JSC
Russian Railways dated 30.11.2023 No. 1322.

It is recommended to use the developed track
maintenance system as a standard one in the
presence of long irregularity of the longitudinal
profile in areas of maximum traction and
electrodynamic braking.

The prospect for further development of the
topic is to determine the parameters of long
irregularities and the rate of their development
based on the track force loading value and the
characteristics of the foundation soils.

2.9.2. — Railway track, survey and design of
railways.

The work was performed and defended at
Russian University of Transport.

Goryanskaya, I. V. Improving the efficiency
of a transport company based on rational
resource provision of transportation activities.
Abstract of Ph.D. (Economics) thesis
[Povyshenie effektivnosti raboty transportnoi
kompanii na osnove ratsionalnogo resursnogo
obespecheniya perevozochnykh vidov
deyatelnosti. Avtoref. dis...kand.ekon.nauk].
Moscow, RUT publ., 2024, 24 p.

The efficiency of any enterprise depends on
the rational and justified use of all types of
resources. Balanced provision of resources
acquires priority importance in achieving
a competitive advantage in reducing costs.
Increased competition in the transport market
requires transport companies to search for new
approaches to sustainable economic growth. One
of the mechanisms for increasing the efficiency
of a transport company is rational resource
provision, which allows optimising the cost of
transportation, guarantees higher profits and
lower costs than other market participants.

The objective of the thesis research was to
develop a methodological tool for managing
resource provision and assessing the impact of
factors of rational use of resources on the
efficiency of transportation activities of
a transport company.

The factors influencing the development of
a competitive advantage of dominance through
costs and sustainable economic growth of transport
companies have been studied. A methodological
tool for calculating the total economic effect when
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using the competitive strategy of «dominance
through costs» is proposed. The use of this model
will identify critical factors leading to an increase
in the cost of transportation, reduce costs and
improve the quality of the company’s cost planning.
The results of the calculations showed that the total
economic effect of the proposed approaches to
resource supply management can be from 3 % to
15 % of the cost optimisation of transportation
activities of a transport company.

Various approaches to resource management
that do not imply additional financial resources
have been analysed. A predictive tool for
calculating the costs of the main types of
resources purchased by a transport company to
carry out transportation activities is proposed,
considering various scenario conditions, which
will reduce the risks of exceeding resource costs
above planned values and increase the efficiency
of resource supply.

The impact of the prices of purchased fuel
and energy and metal-intensive resources on the
costs of a transport company has been analysed.

Based on the results of the analysis,
a procedure for adjusting the planned price of
material-intensive resources was developed,
applied when price indicators exceed threshold
values, which will ensure resource parity of
participants in the resource supply process. The
application of the proposed procedure will allow
for timely determination of the need to adjust the
price of key resources within the corridor of limit
values (range of threshold coefficients), which
will balance the benefits and risks of both parties
to the contract, and support manufacturers in case
of a negative situation on the raw materials
markets.

Various approaches to assessing the impact
of resource factors on the costs of a transport
company for transportation activities were
studied. Based on the analysis, a toolkit was
proposed that allows identifying costly and risky
purchases of resources that have a significant
impact on costs and performing their quantitative
assessment.

It is proposed to use the results of this
assessment both to form planned parameters and
to predict possible risks that will be considered
when making management decisions.

A model was developed for assessing the
impact of raw material component prices on
changes in the cost of metal-intensive products
purchased by a transport company to ensure the
transportation process.

Methods for planning efficient resource
supply based on the parity benefit of the buyer
(transport company) and the manufacturer of the
products have been developed.

The prospect of further development of the topic
is improvement of the mechanism for forming
forecast prices using price parity tools, since the
problem of unplanned growth in the costs of
transport companies for acquisition of metal-
intensive products and fuel and energy resources is
associated with the rise in the cost of raw materials.

5.2.3. — Regional and sectoral economics
(transport and logistics).

The work was performed and defended at
Russian University of Transport.

Ksenofontova, V. A. Modelling of physical
properties and processes of transportation of
viscous oil products under conditions of
changes in temperature regime of the external
environment. Abstract of Ph.D. (Eng) thesis
[Modelirovanie fizicheskikh svoistv i protsessov
perevozkivyazkikh nefteproduktov v usloviyakh
izmeneniya temperaturnogo rezhima vneshnei
sredy. Avtoref. dis...kand.tekh.nauk].
St.Petersburg, PSTU publ., 2024, 20 p.

Viscous oil products (VOP) account for
a significant volume of cargo transportation in
the Russian Federation, having low profitability.
This fact can be explained by the physical and
operational properties of the oil product during
cooling: during transportation, VOP cools down,
passing into a highly viscous state. Their
unloading without prolonged and intensive
heating, which requires additional time and
resources, becomes impossible. At the same time,
a distinctive feature of all viscous oil products is
low thermal conductivity and a large value of
volumetric thermal expansion.

The objective of the work was to improve the
efficiency of the process of transportation of
viscous oil products in winter (that is, reducing
resource costs and duration of transport operations
for transportation of VOP).

The application of the proposed numerical
method for calculating the temperature
distribution in a variable-thickness fuel oil layer
during its heating (washout) allowed obtaining
the method for a convex-concave segment.

A methodology for constructing mathematical
models of the delivery process based on time
stochastic Petri nets has been developed.
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A statistical simulation model has been
developed that allows determining a rational
option for transporting high-viscosity oil
products in winter conditions to improve the
efficiency of both the entire transportation
process and individual subprocesses,
implemented using a set of programs using the
Russian Business Studio platform.

The non-standard application of the Russian
Business Studio platform, designed for modelling
production business processes, allowed us to obtain
estimates of the economic effect of the proposed
method for transporting viscous oil products. As
a result of the simulation modelling, we found that
the capacity of one washing and steaming station can
be increased by 3,4 times when cleaning the boiler
of a tank car from highly viscous fuel oil residues;
with the circulation method of draining the VOP, the
consumption of steam and electricity is reduced by
37 % and 32 %, respectively, the unloading time is
reduced by 4 % of car-hours (the testing period is
one and a halfyears); the number of train turns during
the winter period almost doubles.

The adequacy of the constructed models for
the model of circulation draining of M-100 fuel
oil is shown by comparing the results obtained
during the simulation and the data provided by
the operating organisation.

For the rest, the simulation data were
compared with the results obtained analytically.

A promising direction for further research is
generalisation of the mathematical model of
transportation for any types of products with
changing properties (general model).

1.2.2 — Mathematical modelling, numerical
methods and software packages.

The work was performed and defended at
Emperor Alexander I St. Petersburg State
Transport University.

Kuzmin, V. R. Methodological approach,
algorithms and programs for assessing
environmental pollution by energy facilities.
Abstract of Ph.D. (Eng) thesis [Metodicheskiy
podkhod, algoritmy i programmy dlya otsenki
zagryazneniya okruzhayushchei sredy obektami
energetiki. Avtoref. dis...kand.tekh.nauk].
Irkutsk, ISTU publ., 2023, 19 p.

According to the Energy Strategy of the
Russian Federation for the period up to 2035,
the priorities of the state energy policy comprise
the transition to environmentally friendly and

resource-saving energy, as well as rational use
of natural resources and energy efficiency.

The objective of the work was to develop
a methodological approach, algorithms and
programs for assessing environmental pollution
by energy facilities and supporting decision-
making to reduce their harmful impact, based
on the use of the author’s information and
computing system (ICS).

A methodological approach, algorithms and
WICS ICS have been developed to assess
environmental pollution by energy facilities and
support decision-making to reduce their harmful
impact.

The analysis of existing methods and models
for assessing environmental pollution by energy
facilities and approaches to constructing ICS
has been performed.

A methodological approach to assessing
environmental pollution by energy facilities is
proposed, characterised by integration of
disparate methods and the use of semantic
technologies within the framework of the
author’s ICS and including a system of
ontologies integrating ontologies of energy
facilities and ontologies of the impact of energy
facilities on the environment; principles of
integrating methods for calculating emissions
and the spread of pollutants; algorithms for
calculating emissions and the spread of
pollutants and an original algorithm for post-
processing the results of calculating the spread
of pollutants; a method for assessing the
economic damage from environmental pollution
by energy facilities.

A formalised model of ICS and
a methodology for designing the ICS based on
the agent-service approach are proposed,
characterised by the use of event models to
describe agent scenarios and the use of
ontologies for designing databases. On its basis,
an agent-service architecture was developed and
a software implementation of the WICS ICS,
a knowledge base storing the ontology system,
and the implementation of databases of
emissions of harmful substances from energy
facilities (DB PEF) and snow survey results
(DB SMP) were carried out.

A technology for assessing environmental
pollution by energy facilities has been developed
based on the proposed methodological approach
and the ICS WICS.

Using the developed technology and tools,
studies have been carried out based on a series
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of computational experiments, the results of
which show their applicability for preparing
technical solutions adopted during creation and
operation of energy facilities.

The results of the computational experiments
have been interpreted and with the account for
them, recommendations have been formulated
for measures to reduce the negative impact of
existing energy facilities on the environment. For
the proposed recommendations, an assessment
of their effectiveness was made for case of their
implementation: the impact on reducing the
volume of pollutant emissions and reducing the
economic damage caused to the atmosphere.

The results of the thesis work have been
applied in implementation of projects under the
state assignment of the ISEM SB RAS, and of
projects supported by grants from Russian (RFBR
and RSF) and international (EAPI) scientific
foundations and transferred to the Institute of
Energy of the National Academy of Sciences of
Belarus

2.3.1 — System analysis, information
management and processing, statistics.

The work was performed at Federal State
Budgetary Scientific Institution L. A. Melentyev
Institute of Energy Systems of the Siberian
Branch of the Russian Academy of Sciences
(IEMS SB RAS) and defended at Irkutsk State
Transport University.

Pletnev, D. S. On-board energy storage
device on electric rolling stock of the metro.
Abstract of Ph.D. (Eng) thesis [Bortovoi
nakopitel energii na elektropodvizhnom sostave
metropolitena. Avtoref. dis...kand. tekh. nauk].
Moscow, RUT publ., 2024, 24 p.

All developed countries comply with global
agreements on green energy and promote the
careful use of natural resources. This is expressed
in adoption of various government programs on
resource and energy saving. One of the sectors
of the economy where this is clearly expressed
is the electric power industry, and within it — the
power supply of electric transport

The objectives of the thesis were to study the
efficiency of introducing energy storage devices
on electric rolling stock of the metro, to develop
technical solutions and to find ways of practical
implementation of on-board energy storage
devices as part of the electrical equipment of the
electric rolling stock.

The main criteria for assessing the efficiency
of using an energy storage device on board an
electric rolling stock of the metro were identified.

The analysis of existing types of energy
storage devices was carried out resulted in
outlining the most suitable ones for use on the
electric rolling stock of the metro.

Foundations for ensuring energy savings and
improving safety of electric rolling stock
movement were developed, differing from
existing theoretical solutions by introduction of
an on-board storage device on the electric
rolling stock.

Experimental measurements of the electric
rolling stock performance indicators were
conducted on two Moscow metro lines, which
resulted in obtaining real data on the power
consumption for inter-train exchange and excess
recuperation energy.

A digital model of operation of electric
rolling stock in the structure of the traction
power supply system of a Moscow Metro line
was created.

A methodology has been developed and the
results of the conducted simulation modelling
of train movement have been compared with
the results of experimental measurements of the
parameters of the electric rolling stock
movement on the Moscow metro line using
integral indicators, the method of probabilistic
analysis using the logistic distribution law, and
the Student’s criterion. The convergence of the
results has been proven.

A program has been developed for statistical
analysis of the electrical parameters of the train.
An additional program module has been
developed to determine the number of recharge
cycles and the energy capacity of the on-board
energy storage device.

A structural diagram and design of the energy
storage device for use on board the electric
rolling stock have been developed. The main
characteristics of the on-board energy storage
device have been determined. During an
instrumental inspection of the undercarriage
space, free space for placing the on-board energy
storage device was determined.

The energy capacity of the energy storage
device on the rolling stock has been determined
using technical and economic parameters.

A methodology has been developed and
atechnical and electrical engineering assessment
of the effect of using the energy storage device
on board the electric rolling stock of the metro
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under modern operating conditions has been
made. It is recommended to introduce on-board
energy storage devices on electric rolling stock
of metro systems to improve the energy efficiency
of train traffic, as well as to ensure additional
safety for passengers during emergency stops of
traffic associated with interruption of power
supply from the traction power supply system,
due to implementation of the autonomous
running function.
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BAM celebrates its half-century anniversary

railways in the world. It passes through the

territory of the Amur and Irkutsk regions, the
Trans-Baikal and Khabarovsk territories, Buryatia
and Yakutia. The BAM became a nationwide
project, its construction was called the construction
of the century. A total of about 2 million people
participated in the construction works which took
place in difficult climatic and geological conditions.
Almost 1,5 thousand km are laid in areas of
permafrost and high seismicity.

The Baikal-Amur Mainline crosses 7 mountain
ranges and 11 large rivers. To overcome natural
obstacles, 4242 bridges and culverts were built. Almost
every tenth kilometre of the BAM passes over the
bridge, and every hundredth — through a tunnel. In
total, due to the difficult terrain, more than 30 km of
the railway passes through tunnels. Severomuysky
tunnel the longest in Russia was built from 1977 to
2001, put into permanent operation in 2003.

The length of the BAM is 4,3 thousand
kilometers. The Baikal-Amur Mainline changed
the appearance of the vast taiga region, made the
largest reserves of minerals and timber become a

The Baikal-Amur Mainline is one of the largest

new source for the country’s economy, ensured the
growing volume of cargo transportation, and
strengthened the foreign economic relations of the
USSR through the seaports of the Far East. Along
with the BAM, new settlements and cities
appeared, which made many people become
residents of the area and contributed to the
improvement of living conditions in Siberia and
the Far East, which have always played a special
historical role in the development of Russia and
today remain strategically important areas.

On July 8, 2014, Vladimir Putin inaugurated
the beginning of BAM-2, the largest modern
construction site at the Eastern segment of Russian
railway network. The BAM expansion project is
aimed at increasing Russia’s transport connectivity
with the countries of the Asia-Pacific region and
improving the conditions for the socio-economic
development of the Far East.

Compiled based on the news of the press
centre of the Ministry of Transport of the
Russian Federation: https://mintrans.gov.ru/
press-center/news/11209 ®

125" anniversary of the capital’s tram

ore than 200 thousand people celebrated
M the 125" anniversary of the Moscow tram

at the Belorussky Railway Station. Guests
of the holiday saw a solemn parade of trams on
Lesnaya Street, an exhibition of retro trams, trucks
and buses on Tverskaya Zastava Square, and also
attended a concert.

During the anniversary year for the Moscow tram,
it is planned to hold three parades of historical trams:
spring, summer and autumn.

At the same time, preparations are underway for
the expansion of tram routes. At the end of May, work
will begin on the restoration of the tram line on
Trifonovskaya Street. In 2025, after 30 years, trams
will run here again. The restored section will connect
the Rizhsky Railway Station with the most popular
places in the city centre.

«With the return of trams to Trifonovskaya Street,
more than 70 thousand people who live or work in
the area of this line will have reliable transport. Due
to convenient transfers and minimum intervals, travel
time will be reduced, and trips will become more
comfortable. The development of the capital’s tram
system is carried out with the direct support of Sergei

Sobyaniny, said Maxim Liksutov, Deputy Mayor of
Moscow for Transport.

This year, it is planned to completely renovate
the rails and sleepers on the entire Trifonovskaya
Street. The length of this section is about three
kilometers. The work will be carried out by specialists
of the Moscow Metro. Next year, it is planned to build
a new section of tracks on Gilyarovsky Street with
a U-turn ring near the Rizhsky Railway Station.
Modern low-floor trams will run on the site.

The new section will pass directly next to the Russian
University of Transport, one of the buildings of which
is visible in the photo on the front page at the intersection
of Trifonovskaya Street and Obraztsova Street.

The capital’s tram system operates under the
control of the Moscow Metro. Specialists regularly
maintain, repair and modernise the infrastructure.
Every day, about 500 trams go on the line, on which
about 700 thousand trips are made on weekdays.

Compiled based the news of the Website of
the Mayor of Moscow: https://www.mos.ru/
news/item/138658073/; https://www.mos.ru/

news/item/137286073 @
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