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TEJNNEKTYAJIbHbIE CUCTEMBbI

anAa roeogos

POCCHICKUX peruoHax B paMKaX HaIHoO-

HaJIbHOTO IpoekTa «be3omacHble kaye-

CTBEHHBIE JIOPOTH TIPOAOIKAETCS BHEAPE-
HUE W pa3BUTHE MHTEIUICKTYaJbHBIX TPAHCIOPT-
HBIX cucTeM. CerogHs 3TH MEPONPUATHS Peau-
3y10TcA B 56 CyOBEeKTax CTpaHbl U 62 TOPOACKUX
anIoMepalysaX B UX COCTaBe.

«Yucnao ropoAcKuX arsioMepanuii, y4acTByIO-
LIUX B peaju3alliy IIPOrpaMMBbl 110 BHEIPEHUIO
WHTEIUICKTYaJIEHBIX TPAHCIIOPTHBIX CHCTEM, pac-
teT. Ecnu B mponwiom roay ux 0o 57 B 51
CyOBEKTE CTPaHBL, TO B 3TOM Yke 62 B 56 pernoHax.
Kpome Toro, 18 ropoackux arioMepanuii JoOCTUr-
JIY TIEPBOTO W3 TiecTy ypoBHe# 3penoctu UTC, n3
Hux KpacHospckas u TiomeHcKas — BTOPOTO», —
coobmm Munuctp Tpancnopra Poman Crapo-
BOMT.

OH TaK)Xe HAIIOMHUJI, YTO «YMHBIE» CUCTEMBI
BHEZIPSIIOTCA B TOPOJICKUX alIOMEpalUsaX ¢ Hace-
aerueM cBbime 300 ThIC. YeIOBEK HauMHAas
¢ 2020 roma. «Co3manne WHTEINIEKTYaIbHOU
TPAHCHOPTHON CHUCTEMBI TO3BOJIUT ONTUMHU3HPO-
BaTh JBWIKEHHE OONIECTBEHHOTO TPAHCIOPTA,
Onarojapsi 4emy MOBBICUTCS CPEAHSSI CKOPOCTh

JBIDKCHUSI aBTOMOOIICH, YBEIIMIUTCS IIPOITY CKHAS
CIOCOOHOCTh TOPOACKUX MAarucTpajiei, yMeHb-
IIUTCS KOJIMYECTBO 3aTOPOB. M, KOHEYHO XK€, Mo-
BBIIIAETCS O€30MACHOCTh BCEX YUACTHHKOB JIOPOK-
HOTO JBMKEHHUS. B 3TOM rony BIepBbIE B paMKax
HanmnpoekTa UTC naganu BHeapATh B PecnyOmmke
CesepHnas Ocerust — Ananusi, [IpumopckoM kpae,
Cwmonenckort n Kypranckoi o0macTsx, a Takxke
B CeBacTonosiey, — OTMETHI IN1aBa MUHTpaHca.

[IporpaMma 1o BHEIPEHHUIO «YMHBIX» CHCTEM
peanusyeTcsi B paMkax (enepaabHOro MmpoeKTa
«O0mecucTeMHbIe MEPBl Pa3BUTHS JOPOKHOTO
X035 CTBa», KOTOPBIN BXOAXT B HaIIpoekT. Ha atn
eI IPETyCMOTPEHBI CPEICTBA U3 (heIepaIbHOTO
OromKeTa.

Brenpenue pa3nuaHbIX MOAYJIEH U IIOICHCTEM
MIOMOTaeT COOUPATH TOCTABIISATh, XPAHUTH, AaHAIIU-
3MPOBaTh U BU3YaJIM3UPOBaTh HH()OPMALIUIO, TIO-
JYYEHHYIO OT KOMIUIEKCOB (DOTOBUACO(PUKCAIIIH,
JETeKTOPOB TPAHCIOPTa, YCTAHOBJIEHHBIX Ha
YIUYHO-IOPOXXHOU ceTH. Ha ocHOBaHMH 3THX
JAHHBIX CHCTeMa OyIeT MpeayiaraTh pemeHus 110
ONTUMM3ALUY YIPABIECHUS TPAHCIOPTHBIMU IIO-
TOKaMH. L

Domo Ha obnodxckax: npecc-cyxcoa Murnucmepcmea mpancnopma Poccutickoti @edepayuu hitps://mintrans.gov.ru/press-center/news/11364.
Cover photos: press-service of the Ministry of Transport of the Russian Federation htips://mintrans.gov.ru/press-center/news/11364.
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Llenb onuckisaemoli 8 cmamee pabombi cocmoum 6 aHa-
nu3se ocobeHHocmel npUMEHeHUsT 0HMOsIo2ull 8 mpaHcnopmHoOU
cehepe. M3ydeHbI Memodbi NocmpoeHust oHmonoaull, UHpopma-
YUOHHas HeonpedeneHHoCMb, npenamemaytowas 06pasosaHUto
oHMooeull. BeedeHb! mepMUHbI «MPaHCNOPMHas OHMOI02UsT»,
«OHMOI02UYECKOE YNpasieHUE», «OHMONo2UYECKas UHhopMa-
YUOHHas HeonpeOeneHHOCMby.

OcHosHbIMU Memodamu uccnedosaHus A8MAIUCL CUCMEM-
HbIl, OHMOM02UYECKUU, Ka4eCMBEHHbIU U cpagHUMerbHbIU aHa-
3.

C y4emom mozo, Ymo npumeHeHue oHmonoaull 0ns ynpas-
TIeHUs mpaHCcnopmMoM npakmukyemcs nocnedHue dsadyams nem,
HaKonsneHHbIl 8 3mol cchepe onbim, pasgumue oHmosnoauli
U COBPEMEHHOE MEXHO02UYECKOe COCMOSHUE mpaHcnopmHol
UHgbpacmpyKmypbi 0arom 0CHO8aHUEe 88eCMU NOHSIMUS «MPaHC-
NopmHasi OHMOo2Us» U «OHMO02UYecKoe ynpassneHuey. OCHO-
8aHHble Ha HUX N00X00bI UMEKM KPUMUYECKU 8aXHOE 3HayeHue
051 OanbHelwe2o pa3sumus mpaHcnopmHol cucmemsl, Yugpo-
8020 mpaHcnopma, 3ghheKkmueHo20 ynpagneHusi obbekmamu
mparcnopmHoU uHgpacmpykmyp.. [pednoxeH kpamkull aHanu3s

€0UHUYBI, OHMOMI02UYECKOE YNPaBITEHUE.
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npumeHeHus oHmoroeauli 8 mpaHcnopmHol cghepe, 8 MoM yucne
NocMpoeHust NPUKMadHbIX OHMO02ul, K YUCTY KOMOPbIX OMHO-
CcUmCs U MpaHCcNoOPMHasi OHMOMO2US.

Mod4epkHymo 3HayeHue cemaHmuyeckux omHoweHul ons
ghopmuposaHusi npuknadHbix oHmonoaull. OnucaHbl npobrems!
UHMezpayuu uHghopMayuu u 060CHOBaHO NPUMEHEHUE OHMOo2U-
YecKUX UHGhOPMaUUOHHbIX eQUHUL On1s1 hoPMUPOBAHUST OHMOITO-
auti. KoHcmamupyemcs, ymo & cuny omcymemeusi obuwje2o me-
moda nocmpoeHuUsi OHMOJIo2uli 8 HaCMOosAWee 8pPEMS 8 MPaHC-
nopmHoli cihepe npeobiiadarom 4acmHbIe OHMOI02UU, OCHOBHbIE
U3 KOmopbIX nepeyucsieHbl 8 cmamese. OmmedeH Memod npume-
HEHUSI MapKUposKU Oni NOCMPOEHUSI OHMO0o2uli U oNUCaHo
npumeHeHue 2paghosbix 6a3 daHHbIX A1 MOOeNUPOBaHUS CeMaH-
MUKU, NPU 3MOM noka3aHo, Ymo npensmemausmu 01 hopmupo-
8aHUs OHMooeull A8MAMCA MH02000pa3ue UHhOPMAaYUOHHbIX
cucmem u 60MTbUIOE KONUYECMBO hakmuYecKux 0aHHbIX, npume-
HSIEMbIX 8 COBPEMEHHOM ynpasiieHuu mpaHcnopmoM, Komopoe
06BEKMUBHO COOEPXUM UHCHOPMALLOHHYH HEONPEOeIeHHOCMb.
B amom KoHmeKkcme onucaHb! munbl HeonpedeneHHoCmu U Me-
mo0dbi UX yempaHeHus..

Knroyesbie crosa: mpaHcnopm, ynpagrneHue, UHmezpayusi UHGopMayuu, cesidaHHble 2e00aHHbIe, ampubymueHas uHgopmayu-
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BBEOEHWUE
B coBpeMeHHOM yIIpaBIeHUN TPaHCTIOP-
TOM BO3pacTaeT poib 3HAHHH, YTO 0CO-
OCHHO XapaKTEPHO ISl HHTEIUICKTYaTbHOTO
u OecnuioTrHOoro Tpancmopra [1]. D10
BJIEUET 32 COOOH MOBBINICHUE 3HAYUMOCTH
OHTOJIOTHH, KOTOPEIE IIeJIeCO00pa3HO pac-
CMaTpPHUBAaTh B KA4Y€CTBE «TPAHCIOPTHBIX
OHTOJIOTHI» KaK Pa3HOBHUIHOCTHU MPUKIIA-
HBIX OHTOJIOTHH, CIIy)KallMX OCHOBOW WH-
TEJUIEKTYyalIbHOTO M KHOep-(Ppu3ndecKoro
yrpasienus [2]. B TexHomoruueckom ac-
MIEKTE OHU CIIYXaT OCHOBOU (pOPMHUPOBAHUS
pelIeHuit Ha OCHOBE OIIBITA, B CBSI3H C UeM
MOKHO BBECTH ITOHSATHE OHTOIOTHYECKUN
onbIT». OCOOCHHOCTHIO OHTOJOTHYECKOTO
OTIBITA SIBIISETCSI COKpAIICHUE YUCIa pac-
CMaTPHUBAEMBbIX BAPUAHTOB NPU MPUHATUU
pelIeHuil B CIOKHBIX CUTYaIlUsIX U B YCIIO-
BUSX OOJIBIIOTO 00beMa JaHHbIX [3; 4]. s
cKaTtus MHPOPMAIIUH NIPU PEIICHUH YIIPaB-
JMIEHYECKUX 3aJa4 MPUMEHSIOT MOAEIHHO-
CTEPEOTUIHBIN MOAXO/, COCTOSLIUNI B IpU-
MEHEHHH CTEPEOTHIIOB MOJEINIEH, KOTOphIe
coniepkar 000OIIEHHBIN OMBIT YIIPaBICHUS
B KOHKPETHBIX CUTYaUAX. J{71s1 MOOMIBHBIX
00BEKTOB XapaKTEPHO YIPaBICHUE C MPHU-
MEHEHHEM IHHAMUYECKHUX MPOCTPAHCTBCH-
HO-BpeMeHHBIX Mojenei [5]. [I[pumeHeHue
CTEPEOTHUIIOB MOJIeIIeH TpeOyeT KOHKPETHON
nHpoOpMaMU O CUTYyallMH YIpPaBICHUS
U COCTOSHHUH O0BekTa. B orTnmume ot cre-
PEOTHIIOB MOEIICH, METaMOICIIH COACPKAT
0000mIeHNs OTBITA YIpaBlIeHUsT 0€30THO-
CUTENIbHO K KOHKpeTHOH cutyaruu. OHuU
00001af0T YIIPaBJICHUE B TUIIOJOTHYECKON
rpyIIe CuTyanuil u ansg ux GopMUpOBaHUS
HEO0XO0AMMO H3yYCHHE TPYII CUTyaIuid.
TakuMm 00pa3oM, MOKHO PE3IOMUPOBATEH,
YTO METaMoJeu 0000IIalT TeopeTHYe-
CKUI1 OIIBIT, a CTEPEOTUIIBI MOJIEJIEH UCTIONb-
3YIOT NMPAaKTHYECKUi OMBIT. MeTamonenu
MO3BOJISIIOT COBEPIIUTH MEPEXO] K OHTO-
JIOTHSIM, KOTOPBIE COMIEPIKAT 3HAHUE.

L]env paboOTHI COCTOUT B UCCIACAOBAaHUU
0COOEHHOCTEH NPUMEHEHUS U TOCTPOCHUS
OHTOJIOTHH B TPAHCTIOPTHOH cdepe, B TOM
YHCce acleKTOB MH(PpOPMAIMOHHOW He-
OTIPENEeICHHOCTH, MPEMATCTBYIOMEH UX
(hopMUPOBAHUIO.
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PE3YNbTATbI

TpaHCIIOPTHBIE OHTOJIOTHH MOKHO OIIpe-
JIEITNTH KaK «OHTOJIOIMH, 0000IIAr0IIHeE OITBIT
B c(pepe ynpaBieHuUs TPAHCIIOPTOM, BKIIIOTAsT
CTallMOHAPHEIE 00BEKTHD).

®DaKkTHYECKH B HACTOSIIIEE BPEMs YIIpaB-
JIEHUE TPAHCIIOPTOM C UCTIONB30BAHUEM OHTO-
JIOTUYECKOTO U apXUTEKTYPHOTO IOAXOI0B
IUTsl 00eCTIieueHNsI HaIeKHOCTH Tpy30Iepe-
BO30K [6] perraercs ¢ mpuMeHEeHHeM UMEHHO
TPAHCIIOPTHBIX OHTONIOTHI. OCOOEHHOCTHIO
TPAHCHIOPTHOW OHTOJIOTHH SIBJISIETCS TO, YTO
OHa HCIOJNB3YeT UMEIOIIeecs: 3HaHUE, TOMO-
raeT peliaTh yIpaBlIeHUYECKUE 3a/1a9d U CO-
3/1a€T HOBOE MPOCTPAHCTBEHHOE 3HAHUE [7].
K 4uncity yacTHBIX TPaHCIIOPTHBIX OHTOJIOTUH
MOYXHO OTHECTH OHTOJIOTHH TPAaHCIOPTHBIX
ceteit [8], KoTopsie (OPMHUPYIOTCS KaK 0000-
nieHne (GaioB reomaHHBIX. TakKe MOXKHO
OTMETHUThH YaCTHYIO OHTOJIOTHIO TPAHCIIOPT-
HBIX cOoeB [9], koTopas mpenocTasisieT (op-
MaJbHYIO CTPYKTYPY AJIS MOICIUPOBAHUS
COOBITHH, CBSI3aHHBIX C ITITAHUPOBAHUEM TT0E3-
JIOK.

Pa3puTne npuMeHeHHs OHTOJIOTHH

W3navuanpHble HOEW TPUMEHEHUS OHTO-
JIOTHH CBSI3BIBAIOT ¢ (prtocodueit aHTHIHOTO
Mupa. C IOMOIIBbIO OHTOJIOTUN U CHUCTEMBI
OHTOJIOTUH TBITAJIUCh OMUCATh CYLIECTBYIO-
it MupoBoi nopsaaok [10]. B coBpemMeHHbIX
YCIOBHSAX pa3paboTKa OHTOJOTHYECKOW MO-
JeNI MPEeANpUsITHs Ha Ha4aJbHOM dTalle
TpeOyeT HopMHUPOBATh IIIOCCAPUil TEPMUHOB
U TIOHATHH, ONPEIeNSIONNX IPEeIMETHYIO
00macTe AESITeIPHOCTH KOHKPETHOTO Tpea-
npusitas [11], Tpy ’TOM TEPMHUH «IIPEITIPHS-
THE» MOXXHO 3aMCHHUTH Ha APYTroi OOBEKT,
HalpUMep «KUOEepmpoCTPaHCTBO» HIHU
«TPaHCTIOPTHASI THPPACTPYKTYPay, CyITHOCTh
MIOCTPOCHHUSA OHTOJIOTUU OT 3TOTO HE H3Me-
HUTCSL.

OHTOJIOrMYECKH TIIOCCapHii MOXKHO pac-
CMOTpPETHh KaK CUCTEMATU3UPOBAHHYIO COBO-
KYIMHOCTh OHTOJIOTUYECKHX UH(POPMAIUOH-
HBIX eauHuI. OHTOJIOTHYeCKUEe HHPOPMAITH-
OHHBIC €AMHUIBI TPAHCIOPTHONW OHTOJIOTHU
COOTBETCTBYIOT OOBEKTaM PEaJILHOTO MHUPA,
B YHCJIE KOTOPBIX HHINBU/BI, 31aHUS, TPAHC-
MIOPTHBIE CPEICTBA, )KEIE3HONOPOKHEIC ITyTH
u npouee. [1o BO3MOXKHOCTH B JaHHBIN IJI0C-
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capuil Kak OCHOBY OHTOJIOTHH CIICIYET BKIIFO-
4arh TOHATHS, CBSI3aHHBIC ¢ (DYHKIMOHUPO-
BaHHEM TPAHCIOPTHOH HHPPACTPYKTYPHI,
TPAHCIIOPTHBIX CHCTEM, BKIFOYAs TCXHHYC-
CKHe, OpPTaHU3alMOHHbIC, SKOHOMUICCKHUE,
ynpasieH4Yeckne, HHpopManroHHsie [12]
U Taxke KuOeprpocTpaHcTBeHHbIC. Ha BTopoM
sTane GOpPMHPOBAaHUE OHTOJOTHI Tpedyer
OTIMCAHMSI WM COCTABJICHHS MOJENIEH CyIl-
HOCTEM, CHOPMUPOBAHHBIX U3 ITUX MOHITHH,
MEXAY KOTOPBIMH JOJDKHBI CyIIECTBOBATH
CeMaHTHUYECKHE OTHOUICHH. B HacTosmiee
BpeMst ISl (POPMHUPOBAHUS CEMAHTUIECKHIX
OTHOWICHUH IpeaaraeTcs MUCIOIb30BaTh
OHTOJIOTHYECKHH moaxo [6].

[Ipuknagnas OHTOJIOTHS WM OHTOJIOTHS
MPEIMETHOW 00JaCTH MOXXET OBITh PacCcMO-
TpEHa KaK TeXHOJOTHS 0000IICHNS CEMaHTH-
YECKOHM MayTHHBI ¥ TEXHOJIOTHUS 0000ImICHUS
CBSI3aHHBIX JaHHBIX, TTO3BOJISIONIAST OTITUMH-
3MpOBATh UX 00IIee MM MOBTOPHOE HCIIOIb-
30BaHHUE.

3TO B NOJHON Mepe MPUMEHUMO K CHTya-
IUSIM U YTIPABJICHYESCKUM PEIICHUSAM B TPAHC-
noptHo# cdepe. brarogaps mudpoBoii TpaHc-
(hopmaru uHGOpPMANUSA O CYIIHOCTSIX, CBSI-
3aHHBIX C YIPaBJICHUEM TPAHCIIOPTHOU HHG-
PacTpPyKTypo#, Temepb MOXET cOOMpaThCs
aBToMarnyeckd. C TOHSATHEM «CYIIHOCTID
CBSI3aHO ITOHSTHE OHTOJIOTUI». TO €CTh TPAHC-
MOPTHBIC OHTOJIOTHMH MOTYT HPEICTaBIATH
3HaHUS MPEAMETHONH O0MaCTH TpaHCIOpPTa
M MOTYT WCIOJB30BaTh HH(POPMAIUIO IS
uudposoro ynpasnenus [13]. TpancmopTHsie
OHTOJIOTHH KaK BHJ MPUKIAIHBIX OHTOIOTHI
SIBIISTFOTCSI OOIIIMMHU TIPEICTABICHUSIMI 3HAHUIA
0 ctepe TpaHCTIOPTa, KOTOPBIE OIPENEIISIOT
TEPMUHBI H OTHOIICHUS MEXKIY HHUMH, IPU
9TOM JIJI HAX XapaKTepHa CIenn(puKa, KOTopast
3aKiII04aeTcs B HEOOXOAMMOCTH (POPMHUpPOBa-
HUS MHQOpPMAIIMH B peallbHOM BpeMeHH [ 14].

Hcnonb30BaHKre OHTOJIOTUH JJIS PEIICHUS
po0IeMBl JTI000T0 YIIPaBICHUS OCHOBAHO Ha
HHTETpaiy HHGOPMAIIH, KOTOpast OCyIIe-
CTBIISICTCSI UEPEe3 PA3IUUHBIC YACTHBIC CXEMBI
Y KOHTEKCTBI, TOCKOJIBKY B HACTOSIIIEE BPEMS
orcyTcTByeT obmas meronuka [13]. OcHoB-
HOUM TIpoOJIeMOl MHTErpanuu HHPOpMaIuu
IUTS TIONTyYCHHUST OHTOJIOTHI SIBJISIETCS TETEPO-
TEHHOCTb HCXOTHBIX HHPOPMAIIIOHHBIX MaC-
CHBOB, YTO 0OYCIIOBIICHO TEM, YTO TPAHCIIOPT-
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Hast wHPopManus coOupaeTcss pa3HBIMH
yCTpOHCTBAMU, JaTYUKAaMU M CHCTEMaMH
U B TIpolleccax MPUMEHEHUS Pa3HBIX TEXHO-
noruit. OnHa U3 ujen [6] uHTerpauu OCHO-
BaHA HA TOM, YTO OHa JIOJKHA CTPOHUTHCA
C OTIOPO¥1 HA CTaHAAPTHBIC HH(POPMAIIMOHHBIE
MOJICTTH ¥ WH(POPMAITHOHHBIC KOHCTPYKIIUH.
DTO BlleYeT HEOOXOAMMOCTh CTAHAAPTH3ALMH
MH(OPMAITMOHHBIX MOJIENEH U, B UTOTE, IPH-
BOJUT K HJIe€ CTaHIapTH30BaHHBIX HH(pOpMa-
LHUOHHBIX SIUHHIl UM OHTOJIOTHYECKUX UH-
(hOopMaLIMOHHBIX €OUHUI. B paMKkax oHTOJNO-
TUH OHTOJOTHYECKHE WH(OpPMaIMOHHEIE
€IUHUIIBI, 00Pa3yIOIIHe CyITHOCTD IPEIIPHS-
THS, ONPEAEISAIOTCS HAa OCHOBE OM3HEC-
TEPMHUHOB. DJTO €IIe pa3 MOAYSPKUBACT 3HA-
YUMOCTBH OM3HEC-ITI0ccapus 1 (OpMUPOBa-
HUS OHTOJIOTUH.

OHTONOrMU XapaKTepU3yeT BEICOKUI ypo-
BeHb 0000mieHus. B cury atoro ontonoruu
SIBJISIIOTCSL OOIIMMHM TI0 cBoeMy (hOpPMHUpOBa-
HU0. OHTOJNOT U KaK MOJIENTh SIBIISIETCSl HOBOM
B CBOEM IIPE/ICTAaBICHNH OJHO3HaYHOU (hop-
MaJIM30BaHHON HMH()OPMAIIMOHHON CTPYKTY-
poil. Uto kacaeTcst TpaHCIOPTHOM OHTOJIOTHH,
TO OHA CITY>KUT OCHOBOH IS CTPYKTYpHpOBa-
HUS ¥ MHTETPALUH JAaHHBIX U HHQOpMAIMH
JUTSI TOCTPOEHHUS 1IETIOCTHOM YIIpaBIeHYECKON
CUTYaIllH, B KOTOPOU HAXOAUTCS TTOABUKHBIN
o0bvext. HabGop oHTONIOTHH B IUGPOBOU
(hopMe MOXKET CITy>KUTh WHCTPYMEHTOM ISt
pa3paboTKK MPHUIIOKEHUH AJIST yIIpaBICHIS,
OCHOBOW KOTOPBIX SIBIISTIOTCSI CETEBBIE MOJIE-
JIU: CEMAaHTHIECKAas CETh TEPMUHOB U CBSI3aH-
HbIe AaHHbIe. OHTONOTHH, pa3paboTaHHEIC HA
OCHOBE CETEBBIX MOJEINEH, MOJIE3HBI s
CIICIIAJIMCTOB TEXHOJIOTMYECKOTO M CTpaTe-
TMYECKOTO YIPABIICHHUS, a TAKXKe JUIs aKaJe-
MUYECKHX HCCIeqoBaTesel, padoTammux
B 00JacTH TpaHCHOpTa, I7ie CyIeCTBYET
npobieMa HOpMHUPOBAHUS CHCTEMATHKU Me-
TOMOB HUHTErpallid WHGOPMAIUU IS T0-
CTPOCHUS OHTOJIOTHIA.

JJis co3naHusl OHTOJNOTUM, B TOM YHCIE
pelieHus 3axad OpraHu3alui CEeMaHTHUKH
B YCIIOBUSIX HEOOXOJMMOCTH pabOThI ¢ OOJIb-
[IMMU JaHHBIMH, B HACTOSIIIEE BPEMS IpHUMe-
HSIIOT METOIBI MCKYCCTBEHHOTO WHTEIUIEKTa
[3] v rpadossie 6a3b1 naHHBIX (I'B]T), KOTOpEIE
MTO3BOJISIIOT 0000MaTh U CKUMATh HHPOpMa-
LIUIO, BRI CYITHOCTH, 2P PEeKTUBHO OIH-
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CBIBaTh M 00pabaThIBaTh JAHHBIC, B TOM YHCIIC
reojanueie [3].

Just hGopMHUpPOBaHUS OHTOJOTUN TaKKe
UCIIONB3YETCs TEXHOJIOTUs, IMEHyeMas «Map-
KHUPOBKOH HHPOPMALIUIY», KOTOPAs BKIIIOYAeT
MIPOLIECCHI JOTOIHEHHS IECKPUIITUBHOM WH-
(hopManuu 3MIHUPUIECKOI: HAOOpaMHu H30-
OpakeHMi, N3MEPCHHUSMH, TTOTyYCHHBIMU OT
JaT4YuKoB. MapKupoOBKa MIMPOKO ITPUMEHSI-
eTcs B ceTsax [leTpu u CITy>KUT HHCTPYMEHTOM
aHaJM3a MpOoIIeCCOB, YTO MO3BOIMIO MPEIIIO-
JKUTh Ha OCHOBE JaHHOT'O METOMAa TOIXOM
K co3naHuto riodanbHOU oHToorHH (AGO)
JUTS aBTOTpaHCTIOPTa [ 3], BKITFOUAIOIIHIA B TOM
Yuclie co3anue TpadoBbIX 0a3 MaHHBIX IS
MOJETHUPOBAHUS CEMAaHTHKUA B aBTOTPAHC-
MIOPTHOH 00NIACTH.

IIpo6sema MH(POPMALIMOHHBIX CHCTEM

Hannune Gompioro unciia nHGpopMarm-
OHHBIX CHCTEM B TPaHCIOPTHOH cdepe He
ABIIAETCS camMo 1Mo cebe rapaHTueit 3gdek-
TUBHOTO YIIpaBIEHUS TpaHCHOPTOM. OmBIT
BHEJPEHUS Pa3HBIX CHCTEM ITOKA3bIBACT, YTO
UX IEHHOCTH U TPAaHCHOPTHOTO Om3HEca
9acTO OKa3bIBACTCS HUXKE OXHIACMO,
a B HEKOTOPBIX IPOEKTAX KOppessiuus P dek-
THBHOCTHU IEATEIBHOCTH TPaHCIOPTHBIX
KOMITaHHH C TPOIIECCaMU BHEIPESHUS HH(OP-
MAaIlMOHHBIX CHCTEM [6] MpocliexuBaeTcs
MIPEUMYILIECTBEHHO HAa yPOBHE ONITUMH3AINN
JOKYMEHT0000pOTa, YUETHBIX OmNepamuit
U CHIDKEHHS COOTBETCTBYIOLINX MM 3aTpar.
OmHUM W3 BBIBOJOB M3 aHAIN3a CIOXKHUB-
mIeiicst IPaKTHKH SIBISIETCS TO, YTO B CTpaTe-
THYECKOM IUIaHe PocT 3PpPeKTUBHOCTH
VIPaBJICHUS U ICATSIIEHOCTH TPAHCIIOPTHBIX
KOMIIaHUH U MX KOHKYPEHTOCHOCOOHOCTH
3aBHCHT B IIEPBYIO OUepeib OT obecrieueHus
COTJIAaCOBaHHOCTH (D)YHKIIMOHUPOBAHHS BHE-
IpseMBIX HHQOPMAIUOHHBIX CHCTEM,
a B mueaje — OT IOSIBICHUSI CHHEpTeTHYIe-
ckoro 3¢ (dekTa 0T UX COBMECTHOTO MpUMe-
HeHus. Bo MHOTOM 3TO 00yCIIOBHIIO TO, YTO
B IOCJHENAHNE TOoabl 0a30BONM KOHIENIUEH
(hopMHUPOBAHUS €IUHOTO HHPOPMAITHOHHOTO
YIPaBICHYECKOTO IPOCTPAHCTBA MPEAIPHSI-
TUH 1 00BEKTOB TPAHCIIOPTA CTANA SIBISATHCS
APXUTEKTYpa MPEIIPUITHUS.

[Ipu 3TOM CO BpeMeHEM BBISICHHIIOCH, UTO
ONITUMAIIFHOTO TTOCTPOCHUS OTHOW apXHUTEK-
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TYpPBI HEJOCTATOYHO TS (QYHKIIMOHHPOBAHHUS
TpaHCIOpTHOTO Tpeanpusatus. Heobxomumo
JIOTIOJTHUTETBHO pa3padaThIBaTh METOIBI KOM-
MJIEMEHTApHOTO TOBEACHHUS BCEX YacTel
Y DJIEMEHTOB apXUTEKTyphl. J1jist aTOr0 HE0o-
XOZMMO HCIIONb30BaTh MH(pOpMaIo 00 nux
CYIIHOCTSIX, YTO HEN30IKHO TPUBOIMT K HE-
00XOAMOCTH MCIIOIB30BAHMSI MOHATHHHOTO
anmapaTa OHTOJOTHH M COTJIAaCOBAHHOTO
MPUMEHEHHUSI OHTOJIOTHYECKOTO M apXHUTEK-
TYpPHOTO ITOJXO/I0B.

Oco0EeHHOCTBIO TPAHCIIOPTHOW CHCTEMBI
SIBIIIETCS M TO, YTO MHOTOOOpa3ue nHpopma-
[UOHHBIX CHCTEM MIPUBOIAUT K MHOTOOOPa3HIO
(hopMaToOB U THUIIOB MaHHEIX. bonbmoe komm-
4eCTBO (PaKTHICCKOW WH(POPMAIIH, TIPUME-
HSIEMOH B COBPEMCHHOM YTIPABICHUN TPAHC-
MIOPTOM, OOBEKTUBHO COZIEP)KUT HHPOPMAITH-
OHHYIO HeompeaeIeHHOCTh [15], koTopas
CTAaHOBUTCS TPETSATCTBUEM TSI TIOCTPOCHHUS
OHTOJIOTHH ¥ JOJDKHA OBITH YCTpaHeHa.

WHupopmanroHHas HeONpeneIeHHOCTh
UMEET pa3HbIe MPHYUHBI, KOTOPHIE MOXHO
CBSI3aTh C OINpeeIeHHBIM aTpHOYyTOM U OIIpe-
JICNIUTH TAaKyI0 HEOIIPEICICHHOCTD KaK aTpH-
OyTHBHYI0 HH(OPMALMOHHYIO HEOIIPECIICH-
HOCTb.

Hamnpumep, HeonpeneeHHOCTH 1o nHpOop-
MaIlMOHHOMY 00beMy 00yCIIOBIIEHa TPYIHO-
CTSIMH aHaJIn3a 0OJIBIINX 00BEMOB UH(pOPMa-
IIUH ¥ 3aMEHBI TIOJTHOTO aHaJIN3a Ha (parMeH-
TapHBI.

CymiecTByeT HEONPEIeIICHHOCTh 10 Pa3-
HOOOpa3Hi0 THIOB WH(pOpMAHH, 00yCIOB-
JIeHHas MHOT00Opa3neM THITOB HH(pOpMau-
OHHBIX MOJIEJICH U OTCYTCTBHEM OIIBITa pado-
THI C HOBBIMU THIIaMu. Kak ciieicTBre, HOBBIC
TUTIBI WA MOJCIIH 3aMEHSIOT Ha CTaphIe, YTO
MPUBOIUT K TOJNyYEHHUIO HEaJICKBATHBIX pe-
3yabTaToB. TakoW THUI HEOIpeneNeHHOCTH
XapaKTePEeH Il MHOTOACTICKTHBIX AJICKTPOH-
HBIX amiacoB [16], KOToOpble MOXKHO paccMart-
puUBaTh Kak rpaduyeckre OHTOJIOTHMYECKUE
IJI0CCApUH, €CJIM OHH CHCTEMAaTH3UPOBAHBI
U B HUX COIVIACOBaHBI MPOCTPAHCTBCHHBIC
U TEPMUHOJIOTUYIECKHIE OTHOIICHUSI.

CymiecTByeT HEOIlpeaeIeHHOCTh 10 He-
YEeTKOCTH HH(POPMAIINH, JCTCPMIUHUPOBAHHAS
0OBEKTUBHOW CUTYaITUEl COYCTaHUS KOJTNYEe-
CTBEHHBIX M KAYECTBEHHBIX JaHHBIX, KOTOPHIC
YaCTUYHO SBJIAIOTCS HeueTKUMH. be3 Teopun
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HEYETKUX MHOXECTB TAKYI0 WH(POPMAIUIO
00pabareiBaTh HENB3S.

Taxke MOKHO OTMETUThH HEONpPEIeIcH-
HOCTb I10 POTHUBOPeUrBOI nHpopmarmu [17],
OTIpeeIIIEMYI0 HaJJMYHEeM B UCXOIHOM KOH-
TEHTE SIBHOW MPOTHBOPEYUBON WH(POPMAIIHH
W HESBHOW MPOTHBOPEYHBON WH(MOPMAIIUU.
Juis1 ycTpaHeHus STHX MPOTHBOPEUNi HEOO-
XOIIUM JIOTIOTHUTEIIEHBIN aHaJH3.

BeposiTHO BO3HHKHOBEHHE HEOTIPE/IeNIeH-
HOCTH II0 BpEMEHH, KOTopasi 00ycJoBJIeHa
TEM, YTO JJIs TIPUHATHS PEIICHHUIA BBIICICH
HEeOOJBIION MPOMEKYTOK BPEMEHH, 33 KOTO-
PpbIii HEBO3MOXKHO TTPOBECTH MOJHBIN aHAN3
BCEro HH(POPMAITMOHHOTO MAaCCHBA.

[ yMEHBIICHUS HEONpPEAeIEeHHOCTH
TpeOyeTcs MPUMEHEHIE OHTONOTHIA U CIICTIH-
anpHOro Moneiauposanud [18]. OHTONOTMHK
U BEPOSITHOCTHBIC MEPhI TaKXke HEOOXOIUMO
TPUMEHSTh MPU HAJIMYNH HEYSTKOM HIIH BEPO-
stHoCcTHOM mH(DopMmarmu [19]. Yerpanenue
HH()OPMAIIMOHHOW HEONPEAEICHHOCTH I10
MIPOTUBOPEUHIO TPeOyeT 0TX0/a OT (OpMaTb-
HBIX JIOTHYCCKUX PACCYKICHHUN U Iepexona
K CXEMaM PacCy>KACHHUH, JOMYCKAIOIIIM IIPO-
TUBOpeUns. Bce 3Th cXeMbI BXOAAT B TIpenoo-
pabOTKy MOCTPOCHHST OHTOJIOTHH. YMEHBIIIE-
HUE WH(POPMAIIMOHHOW HEONPEACICHHOCTH
TaKXe BBIMOIHIIOT METOAMH CHCTEMATH3a-
MU, KJIacCU(PUKAIUU U CEMAaHTHUYECKOTO
aHaju3a. B kagecTBe mepBHYHOTO METOAA
MPUMEHSIOT KIACTEPH3AINIO TeTEPOTeHHON
nHpopMmanuu [20].

Bonbmoe 3HaueHne ycrpanenue uHOOp-
MaITHOHHOW HEOIPEeICHHOCTH UMEET MpH
VIPaBJICHUH OCCHUIOTHBIM TPAaHCIOPTOM,
rQpoBoit xene3noi qoporoi [21], B TpaHC-
MOPTHBIX KUOEpPU3MUECKUX cUCTeMax [2;
22].

YcrpaneHnue HeONpeeIeHHOCTH He00XO0-
IUMO IS TEXHOJIOTHYECKOTO YIPaBICHUS
HEMOCPEIICTBCHHO M KaK IPEIBAPUTEIEHBIN
9TaI MOCTPOSHHMS OHTOJIOTHH, NCTIONB30BaHNE
KOTOPBIX MTO3BOJISIET TOBOPHUTH 00 «OHTOJIOTH-
YECKOM YIIPaBICHUM.

BbIBOAbI

HaxomieHHbIH ONBIT B yIIPaBJICHUH TPAHC-
opToM, (POPMHUPOBAHUN OHTOJIOTHH U COBpE-
MEHHBIN TEeXHONOTUYECKUN YKIIAJ JAr0T BCE
OCHOBaHHS JUIs UCIIOJIb30BaHUS IOHATHHHOTO
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Y METOJIOJIOTMIECKOTO alliapara, OCHOBAHHOTO
HA «TPAHCIIOPTHOH OHTOJIOTUI H «OHTOJIOTHU-
YECKOM YIIPaBICHUI», 0€3 KOTOPOTO HEBO3-
MOXKHO pa3BuTHE dYPHEKTUBHON TPAHCTIOPTHOU
CHCTEMBI, COBPEMECHHOTO YIIPABICHUS 00BEK-
TaMH TPAHCIIOPTHO# HH(PACTPYKTYPHI.

[pu sTOM, OTHAKO, TTOKA HE CO3/aHa eI~
Has 001I1ast OHTOJIOTHSA, KOTOpasi OBl aIeKBaT-
HO OITMCBHIBAJIA IEPEBO3KHU I'Py30B. DTa MPoo-
nemMa 00yCIOBIE€HA OTHOIICHHUEM MEXIY
YaCTHBIM U 00IIINM, HEOOXOAMMOCTHIO pellie-
HUS TpoOIeM WHTErpamud TPAHCIOPTHOU
WHPOPMAINH U3 Pa3sHOPOIHBIX NCTOYHHUKOB,
YTO MOBHIIACT AKTYAIFHOCTh HCCIICIOBAHUN
B ATOH 00NIacTH.

OnsIT MOKa3BIBaET, 4YTO (popMHUpOBaHHE
TPAHCIIOPTHON OHTOJIOTHH CIIEAYET BBITION-
HATH B JBa 3Tamna. [lepsblil 3Tanm B mpocrom
BapHaHTE BKJIIOYAET COCTABICHHE OHTOJIOTH-
YEeCKOTO roccapus. B cucteMHoM BapuaHTte
MIEPBEII 3Tl BKJIIOYAET CO3JAHUE CHCTEMBI
OHTOJIOTUIECKUX MHPOPMAIIMOHHBIX SIAMHUIIL,
KOTOpasi UMeeT 0oJiee CBS3aHHBIE TCPMHHO-
Joruueckue otHolneHus. Ha Bropom stame
CO3JJaHUsl TPAHCIIOPTHON OHTOJIOTUU HEOO-
XOIUMO CO3/1aTh CEMaHTUYECKYIO CETh, KOTO-
pas Oy/eT CITy>)KUTh OCHOBOM OHTOJNIOTHH. [Tpn
CO3JJaHWU TAaKOW CETH IeNeco00pa3Ho B J0-
MOJIHEHHE K HEH HCII0NIb30BaTh rpadoByi0
0a3y JaHHBIX.

OtnenpHOTO BHUMaHUS TpeOyeT nmpoodieMa
MHOT000pa3us MHOOPMAIIMOHHBIX CHUCTEM
B YIPaBICHUH TPAHCIIOPTOM, YacTO 3aTpya-
HSIOIIAs yIIpaBIeHUE U (POPMUPOBAHUE OHTO-
noruii. Takoe MHOTOOOpasue co3maet HHPOp-
MAaIMOHHYIO HEONPEACICHHOCT, MMEIOIIYIO
pa3Hble MPUYUHEI H COOTBETCTBEHHO Pa3HBIC
BHJIBI, U3 MHOXKECTBA KOTOPBIX MOXKHO BBIJIC-
JIUTH TPYIIy BUAOB WH(MOPMAMOHHBIX HE-
OTIPENICTICHHOCTEH, KOTOPBIE MPEMATCTBYIOT
HOPMaJIbHOMY MOCTPOCHUIO OHTOJIOTUH
Y OHTOJIOTHYECKOMY YIIPABJICHUIO, U KOTOPYIO
MOYKHO Ha3BaTh «OHTOJIOTHYECKOMN HEeompee-
JICHHOCTBIO». YCTpaHEHHE TaKOH OHTOJIOTH-
YECKOM HEOMpeNeNeHHOCTH SBISETCS 00s13a-
TEIHHBIM ATAIOM MpeaoopadoTku nHpopMa-
ouH pu (OPMHUPOBAHUH OHTOIOTHH.

B nienom, ¢ mosuiuii nHGOPMAITHOHHOTO
YIpaBICHUS, OHTOJIOTHH MOYKHO paccMaTpH-
BaTh KaK METOJI C3KaTHsI HHPOPMALIUH U yCTpa-
HEHWS IPOTHBOPEUHIA B CHCTEME YTIPABICHHSL.
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[Ipennaraemble K pacCMOTPEHHIO MOAXObL
K OLIGHKE POJIN TPAHCHOPTHBIX OHTOJOTUM
1 UX (GOPMHPOBAHUIO SBISIOTCS IPHHIHUITH-
aJbHBIMU COCTABIAIOIUMU KOMILIEKCHOMN
Hay4YHO TpoOIeMBI U ITPEAIONaraloT CUCTEM-
HblE€ MEXAUCLUIIJIMHAPHBIE HCCIEN0BaHUs
MHOJKECTBA €€ B3aMOCBA3aHHBIX ACIIEKTOB.
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Muxaun BOAPLLUMHOB

AHHOTALNA

AKkmyanbHOCMb U3yyeHust Memodos ucciedosanust mpaHc-
NOpPMHbIX NOMOK08 00ycosneHa HeobXxoOUMOCMbI aHanu3a ux
ocoberHocmel, onpedenerus donycmumbix obnacmel ux npu-
MEHEHUS NPpu peweHuu npakmuyeckux 3aday mpaHcnopmHol
ompacnu.

Llenbio Hacmoswiell pabomb| A8nSemcs 8biseeHuUe pesysb-
mamog Ucnosb308aHUS COBPEMEHHbIX Memodos aHanusa epe-
MEHHbIX ps008, UCNONMb3YIOWUX 3HAYeHUsS UHMeHcusHocmel
nomokoe asmomobUbHbIX MPaHCNOPMHbIX cpedcme Ha 20p00-
cKkoU ynuyHo-0opoxHol cemu. Mpedmem uccnedosaHust — 8bIHUC-
nsemble nokazamenu Xépcma u hpakmanbHol pasMepHoOCMmU
((ppakmanbHbIl aHanus), a makxe nposepka cnpasednugocmu
KonuyecmeeHHoU 83aUMOC8S3U IMuX nokasamenel, ykasaHHoU
b. Mandensbpomom u npumersiemol 8 npuknadHbIx uccnedosa-
HUSIX, Ha peartbHbIX 0aHHbIX 06 UHMEHCU8HOCMU NOMOKO8 agmo-
MobusbHo20 mparHcnopma. Lughpossie OaxHble 0515 uccredosa-

pasmMepHoCMB, 20p00CKOL mpaHcnopm.

Mup Tparcriopta, 2024. T. 22. Ne 3 (112). C. 12-21

OcobeHHOCTU UCNONb30BaHMA METOAA HOPMUPOBAHHOIO
pa3maxa U pakTanbHOro aHanu3a npu M3y4eHuu
WHTEHCUBHOCTU NOTOKA aBTOMOOUNbLHOIO TPaHCNopTa

Muxaun I'ennadvesuy boapuiunos
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HUSI NOMyYeHbI C UCNOMb308aHUEM CMAaYUOHaPHbIX U3MEpUMENTb-
HbIX NPO2PaMMHO-MEXHUYECKUX Komniexkcos ¢omo- u eudeo-
hukcayuu «A3umymy, pasMeweHHbIX Ha ynu4Ho-00poXHOl cemu
2opoda.

UccnedosaHueM ycmaHO8/IEHO, YMO NPU UCNO/b308aHUU
mMemoda HOPMUPOBAHHO20 pasMaxa U ¢hpakmarnbHo20 aHanu3sa
8cmpeyalomes aHoMasbHbIe 3HaYeHUsl KIlo4YesbIx nokazamenel:
nokazamenb Xépcma npuHumaem 3HayeHus 3a npedenamu
06b14HO onpedenseMoeo Ouana3oHa, COOMHOWEHUE MeXAy
¢hpakmanbHOU pa3mMepHOCMbI0 U nokasamenem Xépcma He
8nosIHe coomeemcmeyem U3BECMHOMY COOMHoWweHuK b. Mak-
denbbpoma. [pedcmasnsemces Heobxodumbim 21ybokoe u AocKo-
HarbHoe uccriedosaHue pesybmamos, NOyyaeMbIX npu npume-
HEHUU yKa3aHHbIX U, BO3MOXHO, UHbIX MEMOoA08 U3y4eHust UHMeH-
CUBHOCMU NOMOKO8 a8MOMOBUMLHO20 MpaHCNopma Ha yu4YHo-
dopoxHol cemu.

Kntoyegble crioga: mpaHCNOpmHbIL NOMOK, UHMEHCUBHOCMb dsuxeHus asmomobunel, nokasamens Xépcma, ppakmanbHas
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BBEOEHUE

VIHTEeHCHBHOCTH TPAHCIIOPTHOTO MOTOKA KaK
BpeMeHHOU psia (PyHKINS BpeMeHH), HapsaAy
C IPYTUMH CITy9aifHBIMU IPOLIECCAMH, OTHOCHTCS
K 0cOO0OMY KJTaccy SJIEMEHTOB (PyHKITHOHAIBHBIX
TIPOCTPAHCTB, KOTOPBIE, B OTIAMYHE OT IIIAAKHX
(muddepernnpyemsix) GyHKIUH, TPOSBIAIOT
CBOIfcTBa (PPAKTATHFHOCTH WM CaMOIIONO0NS, TO
€CTh IIPY MHOTOKPaTHOM HM3MEHEHHWH MacITada
TIEPEMEHHBIX HaONIOMAeTCsl BOCIIPOU3BEICHHE
CTPYKTYpPHI (BYHKIINH, YK€ 3aUKCHPOBAaHHON Ha
nipenpiynwx Mactrradax [ 1, C. 36]. st onmcanms
0CO0BIX ((ppaKTaTLHBIX ) CBOMCTB TAKMX (DYHKIIHI
HCTIONB3YEeTCsl CHIEMAIBHO ONIPEEIAEMOe TIOHS-
e (HpaKTaTbHON WM JPOOHOW pa3MepHOCTH
Xaycnopga — besuxosmaa [2, C. 22] (MuHKOB-
cxoro [3, C. 129]).

@pakTaJIbHBI aHAJU3 C YCIEXOM NPUMEHSI-
€TCsI TS NICCIIEI0BAHMS CAMOTIOZOOHBIX CTOXaCTH-
YECKUX IPOIIECCOB, XapaKTEPHBIX ISl CETEBBIX
Tpa(hUKOB U JAHHBIX O COTHEYHBIX BCTIBIIIKAX [4],
JUTSL ICCTIEZI0BAHMS M IPOTHO3MPOBAHMUS 3EMIIE-
Tpscenwi [5]. MomemipoBarue [6] MyIBTHMOIAT-
HOTO pacrpeneNieHNs! TOPUCTOCTH He(hTETa30BbIX
MECTOPOK/ICHNH TTO3BOJHIIO BBISIBUTH B3aNMOCBSI3b
oKa3areys (PPaKTaTLHOCTH CO CTENICHBIO HedTe-
HACBIIIEHHOCTH TPyHTA.

AHanm3y (QpaKTaJbHBIX CBOWCTB BPEMEHHbIX
PSIIIOB, MOZICIMPYIONINX PEabHbIE CTOXacTHHIE-
CKHe ITPOLIECCHI, TOCBsIIeHa pabdora [7]. UneHTn-
(uKaIwsT BpEMEHHOTO psiia Ha OCHOBE (DpaKTaTb-
HOTO aHaJIN3a C y9E€TOM XaOTHYHOCTH IPEUIOKEHA
B [8]. Kimaccumkarms cranimoHapHBIX, HECTAIAO-
HAapHBIX U KBA3UMEPHOIWICCKUX CHTHAJIOB Pa3-
pabotana aBropom [9]. B [10; 11] pexomenmyercs
HCTIONB30BaTh KPUTUYECKOE 3HAYCHHE (PPAKTAIIb-
HOM pa3MEPHOCTH B Ka4ECTBE HHIUKATOPa KPHU3HC-
HOTO COCTOSHISA (KaTacTpoQbl) paccMaTpHBacMOi
cuctembl. CormacHo [12], 1u1st OleHKH CTPYKTYPhI
1 BIMSTHUSI JONTOBPEMEHHOM ITaMSATH BPEMEHHOTO
psima 1enecoodpa3sHo MCIOIb30BaTh 3HAYCHUE
(bpaxrambHO pa3sMepHOCTH (DYHKIINIA, OITFCHIBAIO-
mux (a3oBble MPEBPAIICHHS B PACCMATPUBACMBIX
MEXaHUUECKUX U (PM3UUECKUX CHCTEMaX.

@DpakranbHast pa3MEPHOCTH MOXKET UCTIONB30-
BaTHCS VTSI aHATIN3a TPEHIOB KOTUPOBOK M B yIPAB-
JICHVW MHBECTHIMOHHBIMHU TTOPT(EIIsIMH, TIPH HC-
CIIEIOBAaHUH U BBISIBIICHUH IMHAMUKH BPEMEHHbIX
PAIOB rokazareneii puHaHCOBOI akTHBHOCTH [ 13],
JUTSL IPOTHO3WPOBAHUS BOIATHIBHOCTH PHIHKA
HedrenponaykToB [14] n OICHKH 3HAYMMOCTH
(hMHAHCOBBIX aKTHBOB [15] Ha OCHOBE TIPEIIONO-
xKeHus [16] o ¢paxkTanpbHONW MpHUpOaE PHIHKA
1 HAINYHMHN Y PEIHOYHBIX LIEH HCTOPHH (ITOITOBpe-
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MEHHOH JIMOO0 KPaTKOBPEMEHHOMN MaMSITH).

Hcnosnp3oBanue (pakraibHOro momxona [17]
TIO3BOJIMJIO ONITUMHU3MPOBATh (POPMY Ky30Ba aBTO-
Oyca Uil yMEHBIICHUS] CONPOTUBIICHUS JIBUKE-
HUIO, CHU3UTD pacxof Torwmea. Ananmus [18; 19]
(hpakTaIbHBIX MMOKA3aTelICH MOTOKAa aBTOMOOMIICH
Ha ropojckor ynuaHo-mopokuoi cetu (YC),
pacripeziesieHUst BEpOSITHOCTEN M KOPPEJILIMOHHBIX
XapaKTepPUCTHK JBIKEHUS] TPAHCIIOpTa MOKa3all,
YTO SMITUPUUYECKHE IAHHBIE O TPAHCIIOPTHBIX MOTO-
Kax COOTBETCTBYIOT (DPAKTaIbHBIM MOKa3aTelIsIM
1 YAOBJIETBOPUTEIIHHO ONUCHIBAIOTCS C UX TTOMO-
uipto. UccnenoBanuem [20] ycTaHOBIEHO, YTO
TOSIBJICHUE Ha JIOPOTaxX CPElCTB aBTOMOOUIIBHOTO
TPAHCTIOPTA B OOJIBIIICH CTETICHH OIPE/IEIISIETCS He
ITyaCCOHOBCKUM (IIPOCTEHIIIMM ) IIPOLIECCOM, a (haK-
Topamu (ppakraimbHON mpupossl. [ knaccupu-
Kalli TPAHCIIOPTHBIX TIOTOKOB — KaK CJICACTBHE
HX CaMOTOI00MS U HEPETYJIIPHOCTH — LIEJIECO00-
Pa3HO KCIOJIBb30BAHKE THIIOTE3bI O «MYJIBTU(PAK-
TaJIbHOM» XapaKTepe CIeKTpa MOToKa aBTOMOOH-
neit [21].

Hapsiny ¢ aHaimi3om (pakraabHON pa3sMepHOCTH
AKTUBHO MPUMEHSETCS] METOJl HOPMHUPOBAHHOTO
pa3maxa, B OCHOBE KOTOPOTO JISKHT BBIUKCIICHUC
nokazarens Xépcra. Muneke Xépera [22] ucnosns-
3yeTcst ISl aHaJIM3a AMHAMUKH JIEKTPOHIIe(ao-
rpaduuecKuX CUTHAJIOB MALUEHTOB JUIS TOCTPOe-
HUS TIOKa3aTeJst 37I0POBOM M aHOMAJTLHOM MO3TOBOM
aktuBHOCTH. KomidyecTBenHast orieHka [23] mopdo-
JIOTUYECKUX CBOWCTB MOBEPXHOCTHBIX CTPYKTYP
3yOHOU 3Majii Ha OCHOBE (ppaKTaIbHOM pa3Mmep-
HOCTH TIPUMEHSIETCSI HApSILy C TPAJIULIOHHO OIpe-
JIeNSIeMbIM TIOKa3aTesieM LIEPOXOBATOCTH MOBEPX-
HOCTH. AHaJIM3 WHTEHCUBHOCTH MOTOKa aBTOMO-
OunbHOTO TpaHcnopra Ha Y/IC mMeraronuca ¢ uc-
TIOJIb30BAaHNEM COBPEMEHHBIX MaTeMaTHYeCKUX
METOJIOB (CTaTHCTHYECKUH, BeiBIeT- n Dypbe-aHa-
JI13, TIOKa3aTesb XEpCeTa) M3NoKeH B [24-29).

Jlnst GoNbLIMHCTBA BPEMEHHBIX PSIIOB, IOPO-
JKITAEMBIX €CTECTBEHHBIMH ITPOLIECCAMH, IIPSIMOE
(aHATMTHYECKOE) HAXOXKICHUE (DPAKTAITBHOU pa3-
MEpPHOCTH HEBO3MOXKHO, II03TOMY HPUXOIUTCS
T0JIb30BAThCA CHIEUATTBHBIMU asropuT™Mamu [30],
nokazarenem Xépcra [ 1, C. 348] wim uncieHHpIMU
npouenypamu [31]. Cesizb MexIy (pakTaibHOM
pa3MepHOCTBIO U IToKazareneM Xépcra Jiocra-
TOYHO TOAPOOHO M3ydeHa B padorax [1, C. 353;
32-34].

I]envio HacTOsAIIICH paOOTHI ABIISICTCS BBISBIIC-
HHE Pe3yJIbTaTOB HMCIIOJIb30BAaHUS COBPEMEHHBIX
METO/IOB aHAJTH3a BPEMEHHbIX PSJIOB, HCIIOJIb3YIO-
IIUX 3HAYCHUS] MHTCHCHBHOCTEH MMOTOKOB aBTO-
MOOMJIBHBIX TPAHCTIOPTHBIX CPEICTB Ha TOPOJICKOM
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Tadauna 1

Iloka3areas H Xépcra u ppakrajibHasg pasMepHOCcTb D GyHKIME HHTEHCHBHOCTH
TPAHCHOPTHBIX MOTOKOB Ha yyacTkax ropoackoii YJIC [BbinoiHeHO aBTOpoM]

Ne Cpennsis narencuBHOCTh | [Tokasarens H Xépcra DpakTanpHas Craructuka ITupcona y?
N, aBr/4 pa3mepHocTh D

1 166 0,5392 1,6998 30,6

2 281 0,7330 1,6943 32,5

3 311 0,7612 1,7501 31,6

4 417 0,7433 1,7701 40,9

5 467 -0,0310 1,7259 45,4

6 599 0,0359 1,6414 325,8

7 719 0,0573 1,7081 36,7

8 830 0,0158 1,6928 36347

9 956 0,0085 1,6715 39,0

10 975 —0,0520 1,6823 32,0

11 1046 —0,0230 1,6801 56,3

12 1273 0,0200 1,6523 108,0

13 1377 —0,0590 1,6606 31,5

14 1398 0,0313 1,6463 71,5

15 1426 —0,0080 1,7021 31,4

YIAMYHO-IOPOXKHOW CETH, MOIYICHHBIE B XOZC
9KCHEPUMEHTA C OMOIIIBIO H3MEPUTEIBHBIX MPO-
TPaMMHO-TEXHHYECKHUX KOMILICKCOB.

LOAHHBIE HATYPHbIX HABNIOQEHWUN
3A UHTEHCUBHOCTbIO NMOTOKA
ABTOMOBWINBHOIO TPAHCINOPTA

IIpn n3ydeHHHn 0COOEHHOCTEH MBHMIKEHUS
aBTOMOOMJIBHOTO TPAHCIOPTa TPATUIIMOHHO
TIPUMEHSIETCS 3aBUCHMOCTh OT BPEMEHHU MHTCH-
CHUBHOCTHU TPAHCIIOPTHOTO ToToKa [35; 36]. UH-
TEHCHBHOCTBL N(f) TOTOKa aBTOMOOHMIIBHOTO
TPaHCIOPTa Ha PACCMOTPEHHOM B ITPEILIaraéMoM
nccnenoBany yaactke ropoznckont Y/IC (sa mpu-
mepe ropona [lepmp) B IPOU3BOIBHEI MOMEHT
BPEMEHH ¢, OTIPEIENIAIACE 10 IAHHBIM, TTOCTYTIAK0-
IIMM OT «KOMIUIEKCOB M3MEPUTENBHBIX IPO-
rpammHO-TexHnIecknx» (KUIIT) B pexxume pe-
JIBHOTO BPEMEHH, C MCIOIb30BAHIEM BBIPAXKE-
HUSL:
N(z) =% , 1)
e 1(t,) — KOJIM4IECTBO aBTOMOOHKIIEH Ha BXOHOM
py0Oexe, 3aMKCHPOBaHHBIX 3a MHTEPBAJ Bpe-
MeHH [£,—A/2,t,+ A2, i=Lm;

A — BEIOpaHHBII HHTEPBAJ BPEMEHH;

m — o011ee KOJIMYeCTBO HHTEPBAJIOB HAOIIIO-
JICHUSL.

KUIIT cepun «A3uMyT»' O3BOJISET pacro-
3HaBaTh FOCYIapPCTBEHHBIM PErHCTPALIMOHHBIN 3HAK,
H3MEPSATH CKOPOCTH aBTOMOOMIIS B 30HE KOHTPOJIS,

! KUIIT «A3zumyT 2» Texronornu 6€30MacHOCTH AOPOXKHOTO
IBHOKEHUs. — [DnexTpoHHbI pecype]: https://tbdd.ru/
node/224. loctyn 11.01.2024.

€TO CPETHIOK CKOPOCTh, BPEMSI ABIKEHHST MEXKITY
pyOeskaMH KOHTPOJIS ¥ TIPOYHE XapaKTEPUCTHKH.

Jns BeluMcieHus mokasareneid Xépcra
1 (PpaKTaTbHBIX XapaKTEePUCTHK (YHKIMHA HH-
TEHCHBHOCTH ITIOTOKAa aBTOMOOWJIBHOTO TpaHC-
mopTa BeIOpaHs! 15 ymur ropona [epmu (ynumna
Basuuioa, ynuua JlacsBuHckas, ynuua [loxnec-
Has, ynuia CraxaHoBckast, [Ilocce kocMOHaBTOB,
IOxnHas gamba u gpyrue) ¢ pa3IuIHBIMA 3HAYC-
HUSAMH CPEAHEH MHTEHCHBHOCTH JBMIKCHUS
TpaHcmopTa (Tabmuma 1).

Ha puc. 1 npencraBieHsl 3aBUCUMOCTH HH-
TEHCUBHOCTEH TPAHCIIOPTHBIX ITOTOKOB OT Bpe-
MEHH, BBIUUCICHHBIX cormacHo (1), mpu D =5
MuH. [IpogomxuTeasHOCTh HAONIOOEHUS 3a
TPAHCIOPTHBIMU MOTOKaM{ BapbHpOBANacCh OT
350 mo 700 MUHYT, B TeUCHHE KOTOPHIX MHTEH-
cuBHOCTH N(f) aBTOMOOMJIBHBIX ITOTOKOB OCTa-
BaJINCH MPAKTHIECKH TTOCTOSHHBIMH.

B ocHOBe METO1a HOPMHUPOBAHHOTO pazMaxa
[1, C. 349; 24; 28] nexwut anmpokcuManus 6e3-
pa3MepHOro moka3areis R/S cTeneHHON 3aBUCH-
MOCTBIO Buzia at”, rae a — KoHcTaHTa, H — roka-
3arenb Xépcra (KOHCTaHTA), ¢+ — BpeMs. 310ecCh
0003HaYeHO:

R(M)= max Z (1, M)~ min Z (1, M) ()

— pa3Max OTKJIOHEHHH —
M
Z(t,M)=Y[N(1)-(N)] crnyuaitHpIx 3HATEHMIT
i=l

UHTEHCHBHOCTH N(Z,) MOTOKa aBTOMOOHJILHOTO
TPAHCIOPTA OT CPETHETO 3HAUCHUS

(M= 2N ) 6
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Puc. 1. UumencueHocmu N (aem/4) mpaHcnopmHbIX NOMOKO8 Kak (hyHKYUU epemMeHU t (MUH); cpedHue 3Ha4YeHus1 UHMeHcueHocmell NOMoKoe
(aem/4): 166 (a), 281 (6), 311 (s), 467 (2), 975 (3), 1273 (e), 1398 () u 1426 (3) [ebinonHeHO asmopom].

S= 2N -] @

— CPEIHEKBAIPATHIHOE OTKIOHEHUE HHTCH-
CHBHOCTH N({,) TPAHCTIOPTHOTO MOTOKA.

[Toxazarens crenenn (nHAekc H Xépcra)
GyHKIUU at”, annpoKCUMHUPYIOIIEH 3aBHCH-
MOCTb R/S, TI03BOJISIET BBIACIATH OCHOBHBIC THITBI
noBeieHUs BpeMeHHuX psagoB [1, C. 351; 37]:
npu H = 0,5 3HaueHNs1 BPEMEHHOTO psijia TpH-
3HAIOTCS CITyYalfHBIMHM, TO €CTh IS CIaraéMbIX
psia He POSIBISETCS TPEHAOBAs 3aBUCHMOCTD;
WHa4e TOBOPS, MPEABICTOPHS MOSBICHHUS «PaH-
HUX» WICHOB psiJa HE CKa3bIBacTCs Ha 3Haue-
HUSIX TTOCIIETYIOIINX;

npu 0 < H < (),5 BpeMeHHOH psi CUUTACTCA
«aHTHIIEPCUCTEHTHBIM», YTO OTPaXKaeT ero He-
YCTOWYUBOCTb;

mpu 0,5 < H < 1,0 mabmonaeMbIil mIporiecc
OKa3bIBACTCA (IIEPCUCTEHTHBIM», TO €CTh HIMEET
TPEH/IOBYIO COCTABJISIIONIYIO; TPEIBICTOPHS

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 3 (112). C. 12-21

(hopMHPOBAHUSI «PAHHUX» CIAraeMbIX CKa3bIBa-
€TCs Ha 3HAYCHUSX IOCIEAYIONINX CIaraeMbIX
BPEMEHHOTO psizia.

Ha puc. 2 B norapnmMuaeckux KoopAuHaTax
TIpe/ICTaBIICHBI 3aBUCHMOCTH (DYHKIIMI HOPMHPO-
BaHHBIX pa3MaxoB R/S oT BpeMeHH ¢ st (QyHKIUH
WHTEHCUBHOCTH N(f) TPaHCTIOPTHBIX ITOTOKOB Ha
paccMaTpuBaeMbIX y4acTKaX JOPOT COITIACHO
COOTHOIICHSIM (2)—(4), a TaK>Ke arpoKCUMAaIiH
METO/IOM HAHMEHBIINX KBAJPAaTOB 3TUX KPUBBIX
creneHHbIMH (pyHKIUsIMA. COOTBETCTBYIOLIME
3HaueHus [ noxasarens Xépcra MpHUBENEHBI
B Tabmume 1. 751 HEeKOTOPBIX BpEMEHHbIX PSIOB
MHTEHCHBHOCTEH N(¢) TPaHCTIOPTHBIX TTOTOKOB
3HadeHus /1 mokasarens XépcTa NPUHUMAIOT
OTpHUIIATEIbHBIC 3HAUCHNUS, YTO HE MPETyCMOT-
PEHO KITACCHUYECKOH HHTEPIIPETaIel 3TOro MoKa-
3arems, 0 <H < 1,0[1, C. 349; 37].

Jist mofcuera (pakTanbHBIX pa3MEPHOCTEH
HCCIEeAyEeMBIX KPUBBIX MHTEHCHBHOCTEH (1)
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TPAHCHOPTHBIX NOTOKOB HMCIOJIb3YETCS METOJ
knetoynoro nokpeitus [1, C. 46; 2, C. 197; 3,
C. 137], ocHOBaHHBI! Ha OMpECIEHUHU pa3Mep-
HocTtH Xaycnopga — besukoBnya.
[Tpennonaraercs, 4To Ha pacCMarprBacMOM
MHTepBae HaOmoeHus ¢, ¢ | u3BecTHa QyHK-
st N(¢) ¢ KOHEYHBIM YUCIIOM Pa3pbIBOB (MMEH-
Ho Takue QyHkumu N(¢) paccMaTpHBarOTCH
B Ka4eCTBE BPEMEHHBIX PSJOB, IOJY4aeMbIX
¢ KUIIT cepun «AsumyT»). Ha orpeske [z, £, ]
BBOJIMTCSI CETOYHAsl 00J1aCTh
o, ={t =84, i=Lm|,
e é = (¢, —t,)/m —mar CeTKu.
PaccmarpuBaemast GpyHkuusi N(f) mokpsiBa-
eTcs KBaJpaTHBIMH STYEHKaMH CO CTOPOHOM O.
IIpu ymeHbIIeHNN pa3Mepa & KOIMYECTBO KIETOK
m, TIOKPBIBAIOIINX KPUBYIO, PACTET COIIACHO

CTeTleHHOMY 3aKoHy [13]:
D

n®)-[3) 5)
TI0Ka3aTenb cTerneHn D orpernersieT pa3MepHOCTb
Xaycnopga — besuxosnya.

JlorapudmupoBanue BoipaxeHus (5) npu-
BOJIUT K COOTHOIICHUIO:

Inm(d
= ln(lfé)) : (©)

st BeraucneHnst ppakTaabHOW pa3MepHO-
cTH D MII0CKOCTh, Ha KOTOPOH OIpesiesieHa pac-
cMmarpuBaeMast GyHKIMA N(f), IepBOHAYAIEHO
TTOKPBIBAETCSl KBA/IPATHBIMU SUEHKaMU pazMme-
poM O,, W TIOJCYHMTHIBAETCSA KOJIUYECTBO M|
sIYEEK, TMMOKPHIBAIOIINX HCCIEAYEMBIH IpaduK.
3areM pa3Mep KBaJpaTHOW sUEHKM yMEHbIIA-
€TCSA 110 BEIMYHMHEI O,, MOJCYHTHIBAETCS KOJH-
9€CTBO M, TUeeK, MOKPIBAIONINX HCCIIEMYEMBIH
rpaduk sueiKkamMu pasMepoM J,, ¥ TaK Jallee.

JJ1st IpakTHYecKnX pacueToB BMECTO KOJIU-
YyecTBa M sTYEEK, MOKPHIBAIOIINX HCCIICTyEeMBIH
rpaduK, y100HO UCIIOIB30BaTh JITHHY H3Mepsie-
Mo KpuBoH L(J) = md. B aToM ciryuae BbIpaske-
HUe (5) IPUBOANUTCS K BUAY:

1 D 1 D-1
L(5)=om(s)~ a[g] =(g) , )
[TomyueHnas sMnupudecKkas 3aBUCHMOCTD
L(0) anmpoKCUMHUPYETCsI METOZOM HAUMEHBIINX
KBAaJ[paToB CTEICHHON (QyHKIHeN:
L(0) ~a(1/5)“. ®)
W3 cpasnaenns (7) u (8) caenyer, uto ¢pak-
TanbHasl Pa3MEPHOCTh D ompenensiercs: 3Hade-
HHUEM I10Ka3aTeNs CTETIEHH d alpoOKCUMHPYIO-
el QpyHKIUK:
D=1+d )
Ha puc. 3 moxa3aHbl 3aBHCHMOCTH JJIHHEI L
(byHKmid N(f) HHTEHCUBHOCTH TPAHCIOPTHBIX

® Mwup TpaHcnopTa. 2024. T. 22.

MIOTOKOB Ha pacCMaTpUBAEMBIX y4acTKax JIOPOT
OT BEJIMYUHEI 1/0 (B JTOTapupMUIECKUX KOOPIH-
HaTax), ONpe/ieJICHHbIE COIIAaCHO aJTOPUTMY
METO/Ia KIIETOUYHOTO TIOKPBITHS, a TAKXKE aIIpo-
KCUMaIlMM METOZIOM HaMMEHBUIMX KBaJpaToOB
9THX KPHUBBIX CTENIEHHBIMU (YHKIUSIMH.

B monorpaduu [1, C. 353] b. Manaens0po-
TOM TIPEJUIOKEHO COOTHOIIECHHE MEXTy WHJIEK-
com (mokazareneMm) H Xépcra u ppakTaabHOU
pa3mMepHOCThIO D:

D=2-H, (10)
KOTOpPO€ aKTHBHO UCIOJIb3YETCs HCCIIe0BaTe-
JISIMU ISl BBIYMCIICHUSI MHAeKca H 1o u3BecT-
HOMY 3Ha4eHHuto D u, HA000POT, AJIsl ONpee-
JIeHUsI pa3MepHOCTH D 10 HalileHHOMY 3Haue-
HUIO UHJEKCY H. Mcnonbp3oBaHue COOTHOILIE-
Hus (10) BcTpeyaeTrcss B TEOPETHUECKUX
uccnenoanusx [30; 34; 38], B myOnukanusax
o skoHoMuke [11; 15; 16; 39], duzuxe [12],
MenuiuHe [23], ceTeBbIM TexHONorusm [41—
441, orpacneBomy pas3Butuio [45-47], TpaHc-
MOPTHBIM 3a7a4am [20; 48] u npyrum auciu-
minHaMm. MccnenoBanuio coorHomenus (10)
Ha OOJIBIIIOM KOJIMYECTBE IKCIIEPUMEHTAIBHBIX
JIAaHHBIX MOCBsIeHa MoHorpadus [32], B koTo-
poli oTMe4aeTcs HaJlM4Khe ONpEAEeTIEHHOTO
HECOOTBETCTBUS 3TOTO COOTHOLICHHS PE3YITb-
TaraM HaTypHBIX U3MEPEHUH.

Hanuyue naHHBIX O peanbHBIX WHTEHCHB-
HOCTSIX TPAHCIOPTHBIX TIOTOKOB B pE3yJbTaTe
coopa undopmarmu ot KUIIT, ycTaHOBIEHHBIX
Ha JIOPOXKHOH cetH ropoxaa Ilepmu, mo3pomnsier
JIOTIOJTHUTENBHO U3yYUTh BOIIPOC COOTBETCTBHS
cootHotenHus (10) pe3ynbraraM HaTypHBIX H3Me-
peHnuii. [lnsg 3Toro Ha BBHIOpaHHBIX ydacTKax
YANYHO-IOPOXKHOM ceTh (Tabmuna 1) ¢ pasmud-
HOW MHTEHCHUBHOCTBIO JIBMIKEHHS TIOTOKA aBTO-
MoOuJiel BeIYMCIeHBl noka3zaTenn H Xépcra
U QpaxTajgbHON pazmepHocTH D.

Ha puc. 4 npuBeeHbI 3aBUCMOCTH TIOKa3a-
teneid H Xépcra (puc. 4, a) u QpakranbHbIx
pasmepHocteir D (puc. 4, 6), a TakKe CyMMBbI
D + H (puc. 4, 6) OT cpeiHNX UHTEHCUBHOCTEH
N NMOTOKOB aBTOMOOMJIBHBIX TPaHCIOPTHBIX
CPEACTB.

[Ipu 3HaueHUsIX cpenHEeil UHTEHCUBHOCTH
(N) tpancmoptHOro mnoroka menee 420 aBr/4
rokaszareib XEpcra NpUHUMAET 3HAYCHHUST OT
0,54 no 0,76, uTo XapakTepusyeT BpEeMEHH)IO
3aBHCUMOCTb MHTEHCHBHOCTH TPaHCIIOPTHBIX
MIOTOKOB KaK [IEPCUCTEHTHYIO, XapaKTEPHYIO JUIst
€CTeCTBEHHBIX IporeccoB [37].

IIpu cpenueit untencusHocTH (N) TpaHc-
MOpPTHOTO NoTOKa Oosyiee 420 aBT/4 MoKazareib
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Puc. 4. 3asucumocmu nokaszamens Xépcma H (a), ppakmanbHoli pa3

mepHocmu D (6) u cymmbl D + H (8) om cpedHezo 3HayeHusi N (aem/y)

UHMEHCUBHOCMU MPaHCNOPMHBIX NOMOKOE [bINOSHEHO a8MopPoM].

XépcTa nagaer 10 MUHUMAJIbHBIX, B TOM YHCIIC
OTpHIATENbHBIX 3HAUYCHUH (CM. JaHHBIE B Ta0-
mmue 1, puc. 2, 2, 0), XapakTepHu3yIonX BpeMeH-
HYI0 3aBHCUMOCTHh MHTEHCHBHOCTH TPaHCIOPT-
HBIX TIOTOKOB KaK aHTHUIIEPCUCTEHTHYIO, TO €CTh
Kak XaoTH4Hyo. CienyeT OTMETUTb, YTO IpH
BBIYHCIINTEIbHON 00pabOTKE JaHHBIX HATYPHBIX
HaOMI0IeHNH TOJTyYEeHBI OTPHLIATEIILHBIE 3HAYC-
HUA Tokasarens Xépcra (puc. 2, e, 9, 3, 4, a;
Tabmuna 1). OTo IpPOTHBOPEUHT YTBEP)KICHHIO,
coziepXKalieMycsi B HEKOTOPBIX U3 TIEPEUHCIICH-
HBIX BBIIIE ITyOJIMKAIH, 9TO IIOKa3aTenb XépcTra
HE MOXET IPUHUMATh OTPHIATEIbHBIC 3HAYCHHSI.

®pakranabHas pa3MEepHOCTh D BpEMEHHBIX
psanoB (puc. 4, 6) Mano 3aBUCHUT OT cpenHei
MHTEHCUBHOCTH (N) TpPaHCIIOPTHOTO MOTOKA
U U3MEeHseTcd B npenenax ot 1,65 no 1,77.

Cymma D + H (puc. 4, 6) ipu (N)<420 aBr/a
TIPEBBIIIACT 3HAYCHNUE 2, IPEACKa3bIBAEMOE COOT-
nouenueM (10); mpu (N)>420 ar/u cymma D +
H oxaspIBaeTcsi MEHBIIIE 0XXHAAEMOTO 3HaYCHHSI.
OTHOCHTENEHOE OTKJIOHEHHE CYMMapHOTO 3Hade-
uust D + H ot 3Hauenus 2 nocruraer 25,7 %.

B monorpaduu [1, C. 350] b. Mannensopot
YKa3bIBaCT, YTO COOTHOIICHHE (9) MOIydeHo
B IIPEAIOJI0KEHUH, YTO U3y4aeMblil CITy4aliHbIN
MpoLecC JO0JDKEH COOTBETCTBOBAThH I'ayCCOB-
CKOMY (HOpMaJIbHOMY) pacIipe/ie/ICHHIO BEPOSIT-
HocTel. Ha puc. 5 mpencraBieHs! JaHHBIE O pac-
MIpeAEIeHNH TEOPETHUECKUX M SMITMPUIECKUX
pacupeeneHnii MIOTHOCTEN p BEPOSATHOCTEN
HWHTEHCUBHOCTEH N HOTOKOB aBTOMOOMIIBHOTO
tpancniopta Ha Y/IC ropona ITepmn.

®  Mwup TpaHcnopTa. 2024
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B Tabnure 1 mpuBeaeHb! YMCIIOBbIC 3HAYCHHS
CTaTUCTUK KpuTepus > [TupcoHa miis Beex pac-
CMOTPEHHBIX y4acTKOB Jopor. Kputuueckoe
3HaueHue kputepus [IupcoHa i ypoBHS 3Ha-
yumoctH 0,95 cocrapnser 30,1, kKoTopoe MeHbI1IE
BCEX NMPUBEICHHBIX B Tabnume 1 3HaUYCHUH
KpUTepusl ¥* s IPEACTABICHHBIX B HACTOSIIEM
uccienoBanny QyHKIMA N(¢) WHTEHCUBHOCTH
ITOTOKOB aBTOMOOMIJIEHOTO TPaHCIIOPTA.

CrnenyeT mpu3HaTh, 4TO BO BCEX PACCMOTPEH-
HBIX CIIy4asX pacrpejieicHHe BEpOsSTHOCTEH
3HAYEHUI BPEMEHHbIX PS/I0B HHTEHCHBHOCTEH
N(t) TPaHCTIOPTHBIX IIOTOKOB HENb3s CUUTATh
TayCCOBCKMM (HOpMaJIbHbIM). DTHM, IO-BHIH-
MOMY, 0OBSICHIETCS HECOOTBETCTBHE COOTHOILIC-
nust (10), ycranosinennoro b. Manzaens0porom,
pe3yabTaTaM HaTypHBIX HaOmonenui (puc. 4, g).

CTaHOBUTCS OYEBHIHBIM, YTO ITEpPe]] HCIIOIb-
3oBaHHeM cooTHomeHus (10) cmenyer yoOe-
JIUTHCS B TAYCCOBCKOM (MJIM OJIM3KOM K TaKOBO-
MY) pacHpenesIeHHH BEPOSITHOCTEH caraeMbIX
N3y4aeMoro BpeMEHHoro psna. B mpotuBHOM
cityyae ommOKa IpH UCTIONB30BAaHUU (hOPMYIIBI
(10) MoxxeT OBITH 3HAYUTEITHHOI.

BbIBOObI

O6pabotka nanaeix ot KUIIT mo3Bomser
I0JTy4aTh JOCTOBEPHYIO M CO/EPIKATEIBHYIO
NHGOPMALMIO O TPAHCIOPTHBIX MOTOKAaX Ha
YIUYHO-IOPOKHON CETH COBPEMEHHOIO ropoja
B PEXXHME PEaTbHOTO BPEMEHH.

Amnanns nonydaemsix or KUIIT nanHbIX 06
WHTCHCUBHOCTH TPAHCIIOPTHBIX BBISIBUII aHO-
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Puc. 5. I'ayccosckue (<0-) u

ux

Kue () pacnped

mpancnop X 2

16HO20 mpancnopma (agm/u):

166 (a), 281 (6), 311 (8), 46r7 (2), 975 (0), 1273 (e), 1398 (a1c) u 1426 (3) [sbinonneno asmopomy.

MaJud B 3HAUEHUSX NoKazaTtens Xépcra mpu
HCIOJIb30BAHUU METOZa HOPMUPOBAHHOIO pa3-
Maxa. TpaguIIMOHHO CUNTAETCS, UTO OKA3ATEND
Xépcra, SBIAIOIUNCST KPUTEPUEM YCTOHUUBO-
CTH WY HEyCTOMYMBOCTH TEHACHIUMN 3BONIIO-
LU BPEMEHHOTO PAJIA, JIEKHUT B IUANa30HE OT
0 o 1, Torna Kak mMpy BEIYUCICHUN STOTO IOKa-
3arens UIs GyHKIMH WHTEHCHBHOCTH TpaHC-
MTOPTHBIX TOTOKOB B HACTOSIIIIEM UCCIIEJOBAHUU
MOJTyY€Hbl 3HAUYEHUS, BBIXOJAIINE 32 MPEIEIbI
yKa3aHHOTO Auana3oHa. BeIsBieHa 3aBUCH-
MOCTb MOKa3arens XEpcTa OT CpEHEro 3Haue-
HUSI HMHTEHCUBHOCTH MOTOKA TPAHCIOPTA: MpU
HEOONBIINX 3HAYCHUAX CPEIHEH MHTEHCHBHO-
CTH TIOKa3arenb XéEpcra mpessimaet 0,5, 9To
COOTBETCTBYET IIEPCUCTCHTHOCTH HaOironae-
MOTO Ipoliecca; NPU 3HAYEHUSX, MPEBBIIIAIO-
mux 420 ... 450 aBT/4, 3TOT MMOKa3aTelh PE3KO
CHUKAETCS, 4TO SBISETCS MPU3HAKOM aHTH-
MIEPCUCTEHTHOCTH MTPOLECCa JBUKEHNUS TOTOKA
ABTOMOOMIIBHOTO TPAHCIOPTA, U MOXET IPH-
HUMAaTh OTPHULATENILHbIE 3HAYCHHUS.

‘YcTaHOBIICHO, YTO TPAAUIIMOHHO TPUMEHSIE-
Moe coorHouieHne b. Mannens6pora, CBA3BI-
Batoree (pakTaIbHYIO pa3MEPHOCTh U TIOKa3a-
Tenb XEPCTa, IPU BBIMOTHEHUH HATYPHBIX U3Me-
peHMI MHTEHCHBHOCTH ITOTOKOB aBTOMOOMIIb-
HOT'O TPaHCIIOpTa HAPYIIAETCS C OTHOCUTEILHON
MOTPEIHOCTRIO 10 25 %. JlomomHuUTENBHOE
HCCIIEIOBaHNE TT0Ka3ajlo, 9TO, BOZMOXKHO, TIPH-
YHIHA TaKOH IMOTPEITHOCTH 3aKJII0YACTCs B HEBBI-
TIOJTHEHHUH YCIIOBHS TayCCOBCKOTO (HOPMAJIbHO-
TO) pacTpeaeIeHHs BEPOSITHOCTEH TS OTyYeH-
HBIX BPEMEHHbIX PSZI0B HHTEHCHBHOCTEH TIOTO-
KOB aBTOMOOMIJIBHOTO TPaHCIIOPTA.

IMpencrasnsercss HEOOXOMMMBIM B IPaKTHYE-
CKHX HCCJIEJOBAHUSAX BBIMOJIHATH MPOBEPKY
COOTBETCTBHSI PACIIPECICHUsI BEPOATHOCTEH
ClIaraeMbIX BPEMEHHBIX PSJAOB I'ayCCOBCKOMY
(HOpMaBEHOMY ) PacTIpEAEIEHHIO AJIst 000CHOBA-
HUSI KOPPEKTHOCTH MPUMEHEHUS COOTHOIICHHS
b. Mannens6pora.

OOHapyXeHHbIE aHOMAJINH TPEOYIOT aib-
HEWIIIero NTyOOKOT0 NCCIIE0BAHNS PACCMOTPEH-
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HbIX U MHBIX MCTOAOB U MOAXOA0B, UCIIOJIb3YyEC-
MBIX IJI aHaJIM3a TPAHCIOPTHBIX MTPOLECCOB Ha
YIUYHO-AOPOKHBIX CETAX KPYITHBIX TOPOJ0B.
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Wpwnra AYBYAK

AHHOTALNA

B cmambe npueodsimcs 8b1800bI N0 Umozam ucciedosaHusi
cnoxuswezocs de-ghakmo KOMNIEKCHO20 npocmpaHcmea yugh-
posoli xenesHoll dopoeu. [MokasaHo, YmMo KOMNIEKCHOE Npo-
cmpaHcmeo yugposoli xenesHol 00poau 8 Kayecmae nepeouc-
MOYHUKa UMEIo UHGhOPMAYLUOHHOE NPOCMPaHCMBO, HO 8 NPo-
yecce passumusi OHO YCIIOXHUIOC, NOSBUIUCH CNeyuguYecKue
omnuyusi, cdenaguwue e2o 6onee pazHoobpasHbM U, 6razodaps
UHMezpayuu UHGoPMayLUOHHO20 NPOCMpPaHCMea ¢ MexHomoau-
ell «uHmepHema geuwell», 6onee 6AU3KUM N0 COOePKaHUIO
K KubepnpocmpaHcmey.

[Noka3aHb1 cesi3b KOMNIEKCHO20 NPOCMPAHCMBa ¢ 260UHEOP-
MayUOHHbIM NPOCMPAHCMBOM U C KOOPOUHaMHbIM NpocMmpaH-
CMeoM, €20 MHO2OGhYHKUUOHaLHOCMb, BKIT0Yakowas (yHKYUU
KOMMYHUKaUuu, Hasuaayuu, KoopOuHayuu, no3uyUOHUPOBaHUs
U ynpaerieHusi, peanusyemble 8 mom Jucrie kak cnocob onmumu-
3ayuu epacpuka dsuxeHus u obecneyeHus becnepeboliHoli pabo-
MbI cucmeMb! MpaHCNOPMHOU UHGPacmpyKkmypb! Ha 0CHO8e
KoMnnemeHmapHo20 obecneyeHus: 2pynnogozo ynpaeneHus,
KOPNopamugHo20 ynpasnexus U ynpaesieHusi 0OUHOYHbIMU 00b-
ekmamu.

Kmiouesbie criosa: mpaHcnopm, KOMNIEKCHOE NPOCMPaHCMEO, ynpaesrneHue, Yughposas xesnesqasi dopo2a, CIOKHbIE CUCMEM.

[na yumuposarusi: [ly64ak M. A. KomnnekcHoe npocmpaHcmeo yughposoli xenesHol dopoau // Mup mpaHcnopma. 2024. T. 22.
Ne 3 (112). C. 22-26. DOI: https://doi.org/10.30932/1992-3252-2024-22-3-3.
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BBEOEHUE

Hudposas sxene3nas qopora (LK) nossu-
JIach Kak Pe3yNbTraT HU(PPOBOHA TEXHOIOTHYECKON
TpaHchopmMannu. B ee ocHOBE — AMHAMHUYECKHE
MIPOCTPAHCTBEHHO-BPEMEHHBIE MOJEIH YIpaB-
neHust Jkene3Hoi goporoit [1]. LK/ obmamgaer
OomnbIiei cBo60I0M B BEIOOPE PEKIMOB JBIKE-
HUS, HO OonbIiast CBOOOHA COMpPsKeHa ¢ OOJIb-
e HEOIPEIEeICHHOCThIO, BBHAY YEeTo HE0O-
XOJMIMO HCTIOJIb30BaTh METOBI MOZICITUPOBAHHS
[2] m ymenpmenns Heonpenenennocty [3]. dus
3amgaq LDK/] TpebyeTcs ncmons30Bath paccyxae-
HUS ¥ BEIOOP TOMUHHPYIOMNX (DAKTOPOB B YCIIO-
BHSIX HedeTKoM nHpopmarmu [4]. Heorpenenen-
HOCTb, KOTOpasi CYIIECTBYET B CONPSDKEHHBIX
¢ IDK]I cutyanusx, mpuBOAXT K HEOOXOAUMOCTH
TIPUMEHEHHS BEPOATHOCTHBIX MEp 110 HHAEKCAM
BKJIIOYEHUS B CIydae HEM3BECTHOW (PyHKINH
ToJIe3HOCTH [5].

LK/T [6] MoxeT OBITH paccMOTpeHa Kak
CJIOXHAS «CHCTEMA CHCTEM», B YACTHOCTH, JUIS
ee (YHKINOHHPOBAHHUS HEOOXOIMMO MCTIONB30-
BaTh HE TOJIBKO MH(OPMAIMIO, HO U T€O3HAHUSA
[7]. Kak u o6sraroe Takcw, LIDK]/] ucmonssyer
QJIEKTPOHHBIC KapTHl W aTiackl [8] ams mpo-
KJIaJIKH MapIIpyTOB U PEXUMOB JIBIDKCHUS, TIPH
9TOM U pEeIICHHUE 3a]1a4 MOTyIeHHS KapTorpadu-
YeCKUX MH()OPMAIIMOHHBIX MOJENEH JOIKHO
TIPOUCXOIUTH B pealbkHOM BpeMeHH [9].

LPK/] pa3BuBaeTCsl KOMIUIEMEHTAPHO C TEX-
HOJIOTHSIMH IIN(POBOTO TPAHCTIOPTA: IIUPPOBOH
noructukd [ 10], 6ecnmoTHOTO TpaHcHopTa [11],
nuQpoBEIX KOMMYyHuUKanuu [12], kubep-
¢usnuecknx cucteM [13; 14]. Kak camopa3su-
Baromasicsa cucreMa LK/ oTHocuTCs K Kiaccy
cybcunuapasix cucrteM [15]. Kak mpocrpan-
crBeHHbIi peromen LK/ ca3ana c reomndop-
MaTHKOH, Te0Ie3Uel U POCTPAHCTBEHHOM KO-
HoMukoi [16]. Kak coBpemeHHOe ympaBieHHE
[17] B memom TecHO cBA3aHO ¢ MH(DOPMAITHOH-
HBIMH IIPOCTPAHCTBAMH M MHBIMH IPOCTpaH-
CTBAMH KaK MHCTPYMEHTAMH YIPaBICHHUS, TaK

u K] Taxke ucnosib3yeT mpoCTPaHCTBO IS
yIpaBieHHs, KOTOPOE CJIENYyeT CUUTATh KOM-
IJICKCHBIM. DTO MPOCTPAHCTBO 00pa3oBaHO
KOMMYHHUKAI[HOHHBIMA M HH()OPMAIMOHHBIMU
MIPOCTPAHCTBAMH U TEXHOJIOTUSAMH.

L]envio vicciieoBaHMs CTAJI aHAJIN3 OCOOCH-
HOCTEH M B3aMMOCBA3EH KOMILIEKCHOTO TPO-
CTPaHCTBA IU(PPOBOH JKEIE3HOM TOPOTH.

PE3YNbTATbI
CTpyKTypa KOMILIEKCHOTO
npoctpancTBa LIVK/{

Jlns moHuMaHus OCOOCHHOCTEH KOMILICKC-
HOTO NPOCTPaHCTBA Ha puc. | MpuBeneHa ero
0000IIIeHHAs CTPYKTYpA.

Kommniekcnoe npoctpanctso LDK] BKITIO-
4aeT TPU OCHOBHBIX ITPOCTPAHCTBA: KOMMYHUKA-
YUOHHOE, YNPABTIEHYeCKoe U KOOPOUHAMHOE.

Tak xax LXK]J] siBasieTcst mpoCTpaHCTBEH-
HOH CHUCTEMOIl, OHa HCNOJB3yeT NMPOCTpaH-
CTBEHHOE YINpaBJIeHUE U IPUMEHSET Mpo-
CTpaHCTBEHHY!O JOTUKY [18]. [lnsg npocTpaH-
CTBEHHOTO yIPaBJICHUS HEOOXOUMO KOOPOU-
HamHoe NpocmpaHcmeo, KOTOPOe CO3JAI0T
C HCIIOJIb30BAaHUEM T'€0JIe3UUECKUX METOOB.
B koopauHaTHOE IPOCTPAHCTBO BXOAST TEXHO-
JIOTUH TIIO0AJIbHBIX HAaBUTAIIMOHHBIX CITYyTHH-
koBbIX cucteMm (THCC), ¢ momonibio KOTOphIX
KOOP/IMHATHI OABHIKHOTO 00BEKTa BEIYHCIISIOT
B peanbHOM BpeMmeHH. KoopamnatHOoe mpo-
CTPaHCTBO CO3/JJAI0T HAa OCHOBE I'€0I€3UIECKUX
cereii (ITC) u MECTHBIX CeTEH, IPHU ITOM IS
JKEJIE3HBIX JOPOT IPUMEHSIOT CIIeLHaJIbHbIE
pernepHbIe CeTH.

Kommynuxayuonnoe npocmpancmeo BKIIO-
4aeT CEeTH CBSI3U M ycTpolcTBa HU(GpPOBOU
KOMMYHUKAaTUBHUCTUKH, MOOHMIIBHYIO CBS3b,
KOTOpasi sIBJIsieTcs 00s3aTeNbHBIM KOMITIOHEH-
toMm LDK]I [12], a Takke paguopeneifHOe UH-
¢hopManMOHHOE NPOCTPAHCTBO, KOTOpOE
obecrieyrBaeT paJuoHaOIIOACHUE TOABHIKHBIX
00BEKTOB JONMOJHUTEIbHO K BU3YyallbHOMY

KoMMyHMKaLIMOHHOE
NpOCTPaHCTBO

H

YnpasnsioLiee
NpOCTPaHCTBO

H

KooppauHaTtHoe
NPOCTPaHCTBO

WHbopmauuoHHas
cutyaums

WHbopmaLmoHHasn
nosuuus

MapameTpbl
LBWKEHUS!

|

MapameTpb!
COCTOsIHUA

TNodeuxHbIli 06beKkm

| |

‘ Momexv ABWKEHMIO H

Bbluncnurens

MpuHsTne
pelueHne

Puc. 1. Cmpykmypa koMnnekcHoz2o npocmpaHcmea LIX[] [cocmaeneHo asmopom].
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moBankHoe ynpaenstollee

NpPOCTpaHCTBO

ro1

TlokanbHoe ynpasnsioLee |
npoCTpaHCTBO

BupTyanbHbiit
6ok

Puc. 2. FnobanbHoe u nokanbHoe ynpaensiowee npocmpaHcmeo LXK/ [paspabomaro asmopom].

HaOJIOIEHHUIO B OOBIYHOM TPAHCIIOPTE, SIBIISISACH
HEOOXOAMMBIM KOMIIOHEHTOM P OECHHIIOT-
HOM ympaBieHuHu Tpancmoptom [18]. Kommy-
HHUKAIlMOHHOE IPOCTPAHCTBO TAK)KE COAEPIKHUT
CIIyTHHKOBOE KOMMYHHUKAIIHOHHOE IIPOCTPaH-
CTBO, CIIyTHUKOBOE HABUTALIMOHHOE IIPOCTPaH-
CTBO U CIIyTHHKOBOE€ KOOPAMHAILIMOHHOE IIPO-
CTPAHCTBO. DTHU NMPOCTPAHCTBA MOJAEPKUBA-
forcs ¢ nomonisio 'HCC. CiyTHHKOBOE HaBU-
rallHOHHOE IPOCTPAHCTBO pelIaeT 3aJaqyu
OpPHEHTAIM ¥ HAaBUTAI[MH HOABHIKHOTO 00B-
eKTa.

KoopauHanuoHHOE IPOCTPaHCTBO (haKkTHIe-
CKH SIBIISIETCS KOOPAMHATHBIM IIPOCTPAHCTBOM,
pelIaeT 3a1a4y ONPeaeIeHHs MECTOIOIOKEHUS
00BbeKTa B a0COMIOTHON M OTHOCHUTEIIBHOM CHC-
TeMe KoopauHat, U Takum oopazom 'HCC Bxo-
JUT B KOOPAMHATHOE U KOMMYHHKAIlHOHHOE
HPOCTPAHCTBO.

CrnyTHMKOBOE KOMMYHHUKAallHOHHOE IIPO-
CTPAHCTBO MOAJEPKUBAET CBA3b Yepe3 KOCMU-
YecKHe CHCTeMBI cBs3u. KoMMyHHKanoHHOE
MPOCTPAHCTBO pelIaeT npodiieMbl HH(OpMaIH-
OHHOM 0e30MacHOCTH

VYnpasnenyecxoe npocmpancmeo 1K/ sBns-
eTcad HHPOPMALMOHHBIM YIPABIIONMM IIPO-
cTpaHcTBOM. OHO IEUTCS HA JIOKAIBHOE U IVI0-
OanpHOE, pa3yre MEKAy HHMHM IIOKa3aHO Ha
puc. 2.

I'moGanbHOE ynpasisroniee IPOCTPAHCTBO
1K1 BKiIIOYaeT MHOXKECTBO JIOKAJIBHBIX IIPO-
CTPAaHCTB U MIMEET AP0 B BHJIE LIEHTpPA yIIpaB-
nenus (LY, puc. 2). [mob6anbHOE ynpasisioliee
npocrpanctBo LK/ Takxke BKIIOYaeT TEXHO-
JIOTHIO «MHTEpHETA BEILEH».

JloxanbHOE yHpaBisioliee IPOCTPAHCTBO
BKJIIOYAeT CTAaTUYECKYI0 U AMHAMHYECKYIO
(cxomnb3sn1y0) MHQOPMALIMOHHYIO CHTYAIHIO,
IIPH 3TOM CTaTH4ecKast MHPOpPMaLIOHHAs CUTya-
UL CBA3aHA CO CTAllMOHAPHBIMU OOBEKTaMHU
OKDYXKEHHS TPAaCChl M IOMEXaMH ABHIKEHHIO

Mup TpaHcnopTa. 2024

[15], a ntuHamuueckast nHGOpPMAIIIOHHAS CUTYa-
LS — C TOABMKHBIM 00BEKTOM H IIepeMeIaeTCs
BMecTe ¢ HUM. VlHdopmaius u3 3Toi cutyauu
TIONaJIaeT B CUCTEMBI HHTEJIEKTYaJIbHOTO yIIPaB-
nenyus o0bexToM win rodansaeie UTC.

TexHnosioruueckue ocodennoctTu LK

[lepBoii TEXHOIOTHIECKON OCOOEHHOCTHIO
IDK/I siBnsieTcss MCHONb30BaHUE KOMILIEKCHOTO
npocTpancTsa. Bropoii TexHonoruyeckoit ocodeH-
Hocthio LK/ siBisteTcs mpuMeHeHre MOABIKHBIX
61okoB. Ota ocodennocts (Moving block signaling
(MBS)) moka3ana Ha puc. 4, a U1 CpaBHEHUS Ha
puc. 3 ToKa3aHO OOBIYHOE JBIKEHHE.

OO0bI9HOE ABIDKCHHUE HA3BIBAIOT CUTHAIBHO-
OJIOKOBBIM HMEHHO IIOTOMY, YTO OHO UCTIONB3YET
cUCTeMy (DUKCHUPOBAaHHEIX B NPOCTPAHCTBE
OJIOKOB UM CHCTEMY CHTHAJM3AlMH, pa3elisio-
nryto 6roku. CHrHai gaeT KOMaHy Ha ABMDKEHUE
WM OCTaHOBKY. Puc. 3 mokasbIBaeT IJIOTHOCTD
JBY>KEHHS ITPU CUTHAJIBHO-0JIOKOBOM JIBH)KEHHH,
IIpU KOTOpoM 4acTh O1okoB (ot 30 mo 50 %)
MIyCTYyeT.

Kax amprepnaTuBa 3TOMYy Ha puc. 4 maHa
cxeMa IU(POBOro NBIKEHUS C TEXHOJIOTHEH
TIOZIBYDKHBIX OJIOKOB MJIH «KOHBEPTOBY.

[MoaBrKHBIN OJIOK peann3yercs yepes CUc-
TeMy cBsi3u. [10JBMKHBIH 0OBEKT PacCUUTHI-
BaeT JOIyCTHUMOE NPUOIIDKEHHE K CIEeXyIo-
nieMy 0ObeKTY U ABUTAETCS CHHXPOHHO C HUM.
IIpu >TOM (UKCUpPOBAaHHAS CUTHAIU3ALUL
1 pukcupoBaHHbIE OJIOKH HE HYKHbI. [ToaBHk-
HBIW OJIOK — IMHAMHUYecKas HHPOPMaIHOHHAS
CUTYyanus, KOTOpas CKOJIb3UT 110 TPacce, a Io-
JBIKHBIH OOBEKT HAXOAUTCS BHYTPH TaKOH
cutyanuu. [Ipy TakoM ABMKEHUU IMyCTYIOIIUX
0JIOKOB HET U CYLIECTBEHHO BO3pacTaeT HHTEH-
CHUBHOCTb IIEPEBO3KH.

B texnonorun MBS noaBuxHbIH 00BEKT
HUMEET BCTPOEHHBIM BBIUUCIUTEND, KOTOPBIH
(dbopmupyeT pazmepsl OJ0Ka U 4epe3 KOMMYHH-
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Puc. 3. lpuHyun 06b14Ho20 deuxeHus [[6] u dp.].

LleHTp ynpaBnexns
ABVKEHVEM

=, <~
- NN
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Puc. 5. lpuryun ghyHKYUOHUPOBaHUS KOMNIEKCHO20 NnpocmpaHcmea LXK/ [nodzomoeneHo asmopom].

KallMOHHOE TIPOCTPAHCTBO OCYIIECTBIISIET KOM-
MYHHUKAIIIOHHOE B3aWMOICHCTBUE C APYyTUMHU
MOABUKHBIMH O0BEKTAMH.

OcHnosb! pynkunonuposanns K/

Ha puc. 5 nokazan npuHImI GyHKIIMOHAPO-
BaHUS KOMIDICKCHOTO MH(OPMAIIIOHHOTO TIPO-
crpanctea LK.

[Toka3aHHBIE TPU YCIOBHBIX IOJBHKHBIX
o0bekTa (A, b, B) vMeIoT CITyTHUKOBYIO CBSI3b
U CIIyTHUKOBYIO KOOpPAWHAIWIO. JTa CBI3B
moka3zaHa kak S1, S2, S3. IToMmumo 3TOTO,
MEXIy HEHTPOM YIpaBICHUS IBWKCHUEM
1 TIOIBYKHEIMH 00BEKTaMH CYIIECTBYET KOOP-
IuHAMOHHAs 1 nHpopmannoHHas cBsa3b (Ul,
U2, U3). Mexny MOABIXKHBIMH O0BEKTaMHU
CyIIeCTBYeT KOOpPAWHAIIMOHHAas W WH(DOpMa-
nuoHHas cBs13b (Intl, Int2). TTo sToit CBSA3M OHU
TepeAaoT HHPOPMAIHIO O COOCTBEHHOM IT0JIO-
JKEHHUH, CKOPOCTH M YCKOPCHHUH IBUIKCHHS,
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KOTOpasi UCIOJIb3YeTCsl B IEHTPE yIPaBICHUS
JIBHKEHUEM IS aJalTalluU IEPEBO30K, ONTH-
Mu3anuu Tpaduka M pacyera MOABHXKHOTO
6moxa.

Puc. 5 mo cytn nemoHCTpHpYeT OOBEKTHB-
HYI0 HEOOXOMMOCTh KOMITJIEKCHOTO TIPOCTPaH-
ctBa L[DK]I kak HHCTpyMEHTA yIIpaBICHHUS MIEpe-
Bo3kamH. [Ipu uCHoab30BaHUM TaKOH TEXHOIIO-
TMH UHTEHCUBHOCTH MEPEBO30K BO3PACTAET
(puc. 4), HO 3HAYUTETHHO BO3PACTACT H CIIOXK-
HOCTb YIIPABIICHHUS.

3AKINKOYEHUE

KommiexkcHoe mpocTpancTBO nu(ppoBOH
JKEJIE3HOM 1I0POTH, BOSHUKILIEE HA OCHOBE UHTE-
rpanuu “HPOPMAIIMOHHOTO MPOCTPAHCTBA
C TEXHOJIOTUEN «MHTEPHETA BELIEN» U BKITIOYALO-
mee QyHKIUA KOMMYHUKAIH, HABUTAIAH, KO-
OpAMHALIMU ¥ TO3ULIMOHUPOBAHUS, IPEAOIpEe-
JIUIIO CBOIO POJTh KaK MPaKTUIECKH Oe3albTep-
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HAaTUBHON OCHOBBI yIPABJICHHUS U PA3BUTHUS
JKEJIE3HOJJOPOXKHOTO TPaHCIOpPTA.

Hanpumep, TeXHOJOTMU BUPTYalbHOM
cuenku [20], TECHO CBSI3aHHOM C MOHATHEM
BUPTYAJIbHBIX OJIOKOB, MOBBIIAIOT 3()(HEKTHB-
Hoctb LIDK/] 1, oTHOCACH K JToKaibHOMY HH(OP-
MalMOHHOMY MPOCTPAHCTBY MOJBHIKHOTO 00B-
€KTa, MOTYT PacCMaTpUBAThCs UMEHHO B Kaye-
CTBE TEXHOJIOT'UU KOMIUIEKCHOTO ITPOCTPAHCTBA

LK.

Kpome Toro, KOMIUIEKCHOE NPOCTPAHCTBO
111 (POBOH JKeJIEe3HOH JOPOTH IIO3BONIAET OCYIIE-
CTBJISITH pPELCHUE 33/1a4 ONTHMHU3AIMU BHYTPU
ce0s1, He mpuoerasi K BHEITHUM BBIYUCIUTEISIM.

B nenom uccnenoBanue mokasano BEICOKYIO
MEePCIEKTUBHOCTh MCIOJIB30BaHUS KOHLICTIIMN
KOMIUIEKCHOTO IIPOCTPAHCTBA LU(PPOBOH xernes-
HOM JIOPOTH J1JIsI aHaJIK3a, CHCTEMHOTO Pa3BUTHS
W BHEIIPEHHS B3aMMOCBS3aHHBIX TEXHOJIOTHYE-
CKHUX PEIICHNH, HAIPaBJICHHBIX Ha TOBBIIICHHE
3¢ PEKTUBHOCTH KEJIE3HOJOPOXKHBIX IIEPEBO30K.
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AHHOTALNA

Bempoebie 8030elicmausi Ha b6oTbLUeNponemHbIe MOCMbI NPU
onpedenieHHbIX YCroguUsIX MO2Ym 8bI3bieamb S61EHUS a3poynpyeoli
Heycmolyugocmu. B Hacmosiwee epemsi 0CHO8HbIM MemodoM
uccnedosaHusi makux KOHCMPYKYUL Ha 803HUKHOBEHUE sigieHull
aspoynpyeoli Heycmoliyugsocmu s8rsiemcsi S3KCNEPUMERMabHOE
ModesnupogaHue 8 a3poduHamu4eckux mpybax.

OkcnepumermanbHoe MoOenupogaHue 0CHO8aHO Ha Npeo-
NOMOXEHUU O HEUIMEHHOCMU (hOPMbI NONEPEYHORO CEYEHUs
mMocma ¢ medeHuem spemeHu. O4yesudHo, Ymo makoe npedo-
KeHue He Moxem Obimb 8EPHbIM, NOCKOMbKY Hanu4ue mpaxc-
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nopmbIx cpedcme Ha MOCMOBOL KOHCMPYKUUU U3MeHsem
npoghunb nonepeyHo2o ceyeHus mocma. B cessu ¢ smum
KpaliHe 8aXHO 8bISCHUMb, S8MSeMCs U 060CHOBaHHbIM UgHO-
PUpPOBaHUE U3MEHEHUST NPOGHUIIS NONEPEYHO20 CEYEHUS MOCMO8
U3-3a Ha/u4us mpaHcnopmHozo nomoka. Hacmoswee uccre-
dosaHue HanpaeieHo Ha Mo, YmobbI nymeM 3KCNePUMEeHMartb-
HO20 M0denupogaHus 8 a3pPodUHaMUYECKUX Mpy6Gax nomydums
npedcmasneHue 0 8USHUU Ha a3POAUHAMUYECKYIO yemoddu-
80CMb MOCMA U3MEHEHUL e20 NONEPeYHO20 CeyeHus u3-3a
Hanuyust mpacguka.
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BBEOEHUE

ITpu xmaccudeckoM aHaIN3€ MOCTOBBIX KOH-
CTPYKLUH Ha SIBJICHUS a3pOYIIPYroi HEYCTOMYH-
BOCTH C HCTIOJIb30BAaHHEM KaK SKCTIEPUMEHTAITb-
HOTO, TaK ¥ YHCIEHHOTO MOJCINPOBAHUS aBTO-
MOOMIBHEIN TpaduK OOBIYHO UTHOPUPYETCS
[1-5]. Tox TpadukoM TOHMMAETCS PACIIONOXKE-
HHE aBTOMOOMJIBHOTO WIIN YKEJIE3HOJOPOKHOTO
TpaHCIOpTa Ha MPOJETHOM cTpoeHuu. Ode-
BUIHO, YTO TAKOW MOAXOJ 3HAYUTEIHHO 00JIer-
YaeT NCCIIEAOBAHNE a3POIMHAMHUKH OOJIBIIETIPO-
JIETHBIX MOCTOB. Ecitit ’ke yuuThIBaTh Tpauk Ha
MoOcCTax, MPO(HIIb MOIEPEIHOTO CEIEHUSI MOCTa
OyZIeT MOCTOSTHHO MEHSITHCS M3-3a JIBIKYIIETOCS
TPaHCIIOPTHOTO NOTOKA. B pe3ynbrare n3meHeH-
HbIE MPO(HUIN MONEPEYHBIX CEUYECHUH MOCTa
BIIOJTb IIPOJIETHOTO CTPOSHHMS OyIyT CyIECTBEH-
HO OTIMYAThCS Jake B OJHO M TO XK€ BPEMS,
KpoMe TOTo, MpouiH Taxke OyayT MEHATHCS
73-3a TOPOKHOM M BETPOBOI OOCTAHOBKH B pa3-
JWYHBIE MOMEHTHI BpeMeHH. M3-3a aToro cye-
CTBEHHBIM IIPE/ICTABIISIETCS] BOTIPOC, SIBISIETCS JIN
000CHOBaHHBIM HUTHOPHPOBAHNE M3MEHEHUS
TIPOQUIST TOTIEPETHOTO CEUCHHSI MOCTOB U3-3a
HaJIMYUS TPAHCTIOPTHOTO MTOTOKA.

o cpaBHEHHIO C UCCIEAOBAHUSIMH BIHSHUSA
TpaduKka Kak BHEITHEH IMHAMHYECKON Harpy3KH
Ha MOCT, HCCJICJOBAaHUS BIMSHUS W3MCHCHHSA
npouIIeH ITOTIEPEYHOTO CEYEHNS MOCTA Ha a3p0-
JMHAMHYECKOE TIOBEICHNE KOHCTPYKIIUH BCTpe-
YarOTCsI IOBOJIBHO PEIKO.

ABTODEI [6] TpOBENTN CEPHIO IKCIIEPUMEHTOB
B @3POIMHAMUIECKON TPYOE JUIsl H3yUEeHUSI BIUS-
HUSI CTOXaCTHIECKOTO Tpadrka Ha TIPOM3BOIHbIC
¢narrepa. [IpoTecTHPOBaHO HECKOIBKO CIICHA-
pHEB JUIS MOTyYEHHS MIPEACTABICHUS 00 M3Me-
HEHHUAX NMPOM3BOAHBIX (uiaTTepa Ha pas3HbBIX
y4acTKax MOCTa ¥ B pa3HbIE MOMEHTHI BPEMEHH.
B pabore [7], mOCBSMIEHHO BAMSHUIO Ha a3PO-
JMHAMHYECKHE XapaKTEPHCTHKH KOHCTPYKIIUH
M3MEHEHUS NMPOouUIs MOcTa M3-3a HAIWIUA
TPAHCIIOPTHOTO TTOTOKA, aBTOPHI, MPOBEAS 3KC-
MIEPUMEHTAIFHOE MOJEIUPOBAHNE, TTOKA3AIIH,
YTO U3MEHEHHE IOIEPEIHOTO CEUCHHUS MOCTa
13-3a HaJIU49usl TpauKa MOXKET CYIIECTBEHHO
TIOBIIMATH Ha adpOyNpyTHe CBOICTBa OOMbIIC-
MIPOJIETHBIX MOCTOB. B pabote [8] nccrenoBano
M3MEHEHHE a9POANHAMUIECKUX U a3pOyTPyTuX
XapaKTEPUCTUK MOCTa, 00yCIIOBIEHHBIX HETIO-
JBIDKHBIME TPAHCHOPTHBIMH CPEICTBAMH INIPH
Pa3aUIHOM PACIOJIOKEHUN TPAHCIOPTHBIX
CPEZICTB Ha MOCTOBOM ITOJIOTHE. YCTaHOBJICHO,
YTO IJISl CHCTEMBI C IBYMsI CTETICHSIMH CBOOO/IBI
HETIOABI)KHBIE TPAHCIIOPTHBIE CPENICTBA JOBOITh-
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HO OJIAaTOTBOPHO BJIMSIIOT HAa YCTOHYHMBOCTH
Mocrta. B pabote [9] u3yuaercs BeTpoBas Harpy3-
Ka Ha XKeJIe3HOZOPOXHBII MOCT, BXOMSIIHI
B COCTaB BBICOKOCKOPOCTHOM MarucTpaiu. AB-
TOPBI MPHUILIM K KAYECTBEHHOMY 3aKJIFOYEHHIO
0 HEU3MEHHBIX (IIYKTyalusx Kod((PHULIHUEHTOB
a3pPOIMHAMUYECKOTO COMPOTHUBIICHUSI CHCTEMBI
«IIPOJIETHOE CTPOEHUE» — KTPAHCHIOPTHBIE CPel-
CTBa» IS Pa3INYHBIX COYETAHUI COBOKYITHOCTH
TIOJIOKEHU I SKUTaKel Ha MOCTOBOM IEpeXoie,
B TOM YHCJI€, U JUISl BHICOKOCKOPOCTHBIX Maru-
cTpalien.

OpHo#t U3 peraeMbIX B TaHHOHN pabote 3a-
day, SIBJISIETCS UCCIIE0BAHUE BINSHUS TTIOTHO-
CTH TPAHCIIOPTHOTO NOTOKA M MECTOIOJIOKEHHS
OT/ICNIBHBIX SKUNIAKEH Ha ITPOJIETHOM CTPOCHHUU
Ha a’pOoIMHAMHUYECKOE MOBe/IeHHEe OOJIbLICIPO-
JIETHBIX MOCTOB.

C 3101 Yenvio M1 ABYX pa3IUUHBIX MOJIETIeH
OOJIBIIETIPOIETHBIX MOCTOBBIX IIEPEX0/I0B ObLIa
IIPOBENICHA CEPHsl IKCHEPUMEHNOE B A3POIUHA-
MHUYECKOH TpyOe B HECKOJIBKUX MOCTAHOBKAX:
OTCYTCTBHUE TPAHCIIOPTHBIX CPEICTB HA KOH-
CTpYKLUH (KJIacCHYecKasl TOCTAaHOBKA) M HaJH-
Yre aBTOMOOWIJIBHOTO TpaduKa, MPUBOISIIETO
K U3MEHEHHIO MONEePEYHOr0 CEUSHUsI MOCTa.

PE3YINbTATDI
O0bekT uccaenoBanus Ne 1
Ilocmanoeka 3a0auu
B kadecTBe 00beKTa UCCIICIOBAHKS BEIOPAHO
NPOJIETHOE CTpOeHHMeE AIuHON 265,41 M (puc. 1).

Memoouka nposedenus apoouHamMuecKux
IKCNEPUMEHINATILHBIX UCCIE006AHUTL

CornacHO OTeueCTBEHHBIM HOPMAaTHUBHBIM
JOKYMEHTaM ' mpoBepKa aspoAHMHaMHYECKOi
YCTOWYMBOCTH JUIsl TAKOW KOHCTPYKIIMH JTOJDKHA
OBITB IIPOBEICHA C IOMOILBIO AKCIIEPUMEHTAIIb-
HOTO MOJICJIMPOBAHMS B a3POJUHAMHUYECCKUX
Tpybax. B HacTosiIiee BpeMst B 3aBUCUMOCTH OT
pa3MepoB U OCHOBHBIX 11€J1eH HCIIBITAHHIA MUPO-
BBIM COOOIIIECTBOM BETPOIHEPreTHKH M IPO-
MblnuieHHoU asponuHamuku IAWE (International
Associations for Wind Engineering) oduuun-
aJbHO MPUHATHI JBa CrOCO0a MCCIENOBaHUS
BETPOBOTO BO3/ICHCTBHS HA MOCTOBBIE KOHCTPYK-
LUH:

1. UcnpiTaHus CEKIMOHHBIX (OTCEYHBIX)
MoIeNel MPOJIETHBIX CTPOCHHI;

! Cox mpasun CIT 35.13330.2011 Moctsl u TpyGsl.
AxtyanuszupoBanHasa penakuus CHull 2.05.03-84*.
[OnexTponHsIil pecype]: https://docs.cntd.ru/document/
1200084849. octyn 05.05.2024.
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Puc. 1. Cxema nonepeyHo20 ceyeHusi mocma Ne 1 [ebinonHeHo O. U. [Toddaesod, M. C. YypuHbim, A. H. ®edocoeoil].

2. VicipITanust MoJTHOMAacIITa0HBIX MOJIENeH
[10].

IIpoBeneHne HaTYpHBIX IKCIEPUMEHTOB
B a9POAMHAMUYECKUX TPyOax CBS3aHO C PAIOM
MIPSIMBIX U KOCBEHHBIX OFPaHUYEHNH, K KOTOPBIM
OTHOCHTCS HCIIOJIB30BaHHE TIOJTHOMACIITa0OHBIX
MaKeTOB, YTO 00YCIIOBIEHO T€OMETPHUYECKUMH,
(hMHAHCOBBIMH M BDEMEHHbIMH ACTIEKTaMH MPO-
BEJCHHS TAaKOTO BHAA paboT. XoTs co3maHue
TTOJTHOMAcIITaOHBIX MOfieleH 00BEeKTa MOXKET
MO3BOJIUTh MONYYUTh MOITHYI0 JOCTOBEPHYIO
nHpOpMAUIO 0 (GAKTHIECCKOM COCTOSTHUH
W MOBEJICHUU KOHCTPYKLUH TP a3pOIUHAMUYE-
CKHMX BO3JICHCTBHAX, BBUAY HEOOXOAMMOCTH
TOYHOTO BOCITPOU3BEICHHS MACCO-UHEPLIUOHHBIX
M YaCTOTHBIX TapaMETPOB MOCTOBOTO COOPYHKe-
HUS U3y4YeHHE SIBICHUN adpOyNpyroil HeyCTou-
YHBOCTH CBS32HO CO CIIOKHOCTBIO MacIITaOHpO-
BaHMs MOZI€TIEN U MHTEpIpeTalel pe3ynbTaToB,
MoJy4aeMbIX mocie 3kcnepumenTa’ [11-16].
B npouecce MogenupoBaHus BaKHBIM SIBIISIETCS
BO3MOYKHOCTb BapbUPOBAHUS IIUPOKOTO CIIEKTpa
MapaMeTpoB MOAEIH, MOCKOIBKY MPH MPOBEE-
HHUM Hay4YHO-TEXHHUYECKOTO CONPOBOXKACHUS
MPOEKTUPOBAHUS MOCTOBOTO MEpPeXofa KOH-
CTPYKTUBHBIE M MHBIE WH)XXEHEPHBIC PEIICHUS
MoryT MeHsAThes [10]. McnbiTanus npoaeTHBIX
CTPOEHHI MOCTOBBIX IEPEXO/IOB B A9POTUHAMU-
YeCKHX TpyOax mpeasaraeTcs IpOBOJUTH B BUIC
JKECTKUX CEKINH, TeOMETPHUYECKU MOJOOHBIX
peanbHON KOHCTPYKIMH, O0JIAAaIoNINX TPeMs
CTEIEHSIMHU CBOOO/IBI 1 TIOJJBEIIIEHHBIX B paboueit

2 Guide for the assessment of wind actions and effects on
structures. National Research Council of Italy. CNR-DT
207/2008. [DnextponHslil pecypc]: https://www.cnr.it/it/
node/2627. Joctyn 05.05.2024.
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30HE TPYOBI B MIECTUKOOPAWHATHON CHCTEME.
Takoe MomenbHOE MPEACTaBICHHE MO3BOJISAET
JIOCTaTOYHO TOYHO BOCIIPOU3BOIUTH PEATILHBIE
a’poanHaMuIeckue d3QGeKTh B 1a00pPaTOPHBIX
YCIIOBHSIX: PA3JINYHbIE BHIBI a9POTUHAMUIECKIX
MIOTOKOB, U3MEHEHUE CKOPOCTH BETPA 110 BBICOTE,
BapbUPOBAaHNE WHTEHCHBHOCTH BETPOBOTO II0-
TOKa, Pa3JInYHbIC YIIIbI aTakd, BEPTHKAJIbHbIC
Y TOPU3OHTAJIBHBIE ITyNbCAIlIH HATPY3KH, BU3ya-
JIM3ALUIO pacpe/IeNICHNs] BETPOBBIX OTOKOB I10
OKPECTHOCTSIM NpPOJyBaeMOW KOHCTPYKIUHU
uTt.na. [10].

CeKIMOHHBIE UCTIBITaHHUS SIBIISIOTCS HAan0o-
JIee PacHpOCTPAHEHHBIM METOAOM HCCIEN0Ba-
Husl. JlaHHBIH METOJ 1eTIeco00pa3HO HCIOIB30-
BaTh JUIsI 0AJOYHBIX MOCTOB NIPH OTCYTCTBHH
BBICOTHBIX IIJIOHOB M HEOOXOANMOCTH ydeTa
BO3JICHCTBHS BAHTOBOW CHCTEMBI Ha IIPOJICTHOE
CTPOCHHE.

IIpu mpoBeneHUM UCHBITAHUHA CEKLIMOHHOU
MOJICITH MOZIETINPYETCs y9acTOK HanboJiee IIHH-
HOTO TIPOJIETa MOCTa KaK CaMOT0 BOCTIPHUMYH-
BOTO K JMHAMHYECKOMY BETPOBOMY BO3JEH-
cTBHIO. [IpakTHYECKHUA OTBIT POBEICHUS IKC-
MIEPUMEHTOB B a3pOJMHAMHYECKHX TpyOax,
a TaKkKe TpeOOBaHNS HOPMATHBHBIX JIOKYyMEHTOB
TIO3BOJISIFOT YTBEPXKIATh, UTO /151 Hanbosee To4-
HOTO MOJZICJTMPOBAHUSI HEOOXOJMMO CEKIIHOHHYIO
MOJIETIb TPOJIETHOTO CTPOCHHSI M3rOTaBINBATh
a0COJIFOTHO JKECTKOM, a YIpyrue XapakTepH-
CTHKH MOJEIHNPOBATH C TIOMOIIBIO MTPY>KHHHBIX
MIOIBECOB Ha CIENHAIU3UPOBAHHOM CTEHJE-
croze. [lonpoGHbIe TpeOoBaHus ObUIN paHee
onucanbl B O/IM 218.2.040-2014 «Metoauue-
CKHE PEKOMEHIALNY 10 OLIEHKE apOJHAMUYe-
CKUX XapaKTEPHCTUK CEYCHUH MPOJICTHBIX

2. Ne 3 (112). C. 28-38
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ToBeneHHe COOPYKEHNUH M NX SIIEMEHTOB 110/l BO3JCHCTBHEM BETPOBOIl HArPY3KH
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Puc. 2. Knaccudpukayus aspoynpyaux sieneHuii M. U. Kazakesuya [10] [ouaepamma ebinosiHeHa A. A. JlokmeebiM].

CTpOCHHIT MOCTOBY»>. B Hactosiiiee BpeMst jeit-
ctByer I'OCT P 59625-2022, HanmoHaNbHBIHA
cranaapt Poccuiickoin ®@enepaunuu «loporu
aBTOMOOMJIBHEIE OOIIETO MTOIBE30BaHus. MocCTO-
BBIe coopykeHms. [IpaBmia pacdera u momu-
TBEPKICHUS a3pOyNpyroil yCTOWIHBOCTH» *.
HeykaszaHnHble B JaHHOM JTOKYMEHTE 0COOEHHO-
CTH OTpabaTHIBAIOTCS U B TaJbHEHIIEM yUUTHI-
BAIOTCS MTyTEM SMITMPUYECKOTO BapbHPOBAHUS
XapaKTepUCTUK MPY Havdajie 0OMyBKHA MaKeTa.
AdpoaMHaAMHUYECKHE BO3ICHCTBUSA, KaK
1 100YI0 PYTYIO HATPY3KY, IPHHATO Pa3IesATh
Ha CTaTMYECKUE U JUHAMHUYCCKHE, B UX OCHOBE
JIeKaT a3pOANHAMHYECKUE CIUTBI U CHITBI YIIPY-
roctH (¢pnarrep, 6adhTHHT), OOHOMN U3 JOMOTHH-
TENBHBIX MPUYUH MOSBICHUS JUHAMUYECKHUX
BO3JECHCTBUI SIBJISIOTCS CUIIbI MHEPLIUHU.

3 OM 218.2.040-2014 «MeToanueckue peKOMEHIAHN
0 OLEHKE a’POAMHAMHYECKHX XapaKTEPUCTHUK
CEUECHUH MPOJIETHBIX CTPOCHHH MOCTOBY». YTBEPKICHBI
pacnopspkerueM DeaepanbHOrO JOPOKHOTO areHTCTBA OT
24.03.2014 . Ne 478-p. [OnexrponHslil pecypc]: https://
rosavtodor.gov.ru/docs/prikazy-rasporyazheniya/13183.
OTMmeHeHsl pacniopspkeHHeM DenepanbHOT0 TOPOKHOTO
arenTcTBa oT 05.05.2022 1. Ne 1414-p. [DnexTpoHHBIH
pecypc]: https://rosavtodor.gov.ru/docs/prikazy-
rasporyazheniya/522301. Joctyn 05.05.2024.

* TOCT P 59625-2022. «/loporu aBTOMOGOHIbHBIE
oOuiero monab3oBaHus. MocToBble coopyxeHus. [IpaBuia
pacdera U MOATBEPXKIACHHUS a’spOyNpyroil yCTOWYHBOCTI.
[DnexTponusi pecypc]: https://docs.cntd.ru/
document/1200182851. Toctyn 05.05.2024.
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[TpencraBnenHas Ha puc. 2 Kiaccudukamms
OXBaTBIBACT MPAKTHYECKH BCE N3BECTHBIE (POPMBI
JIBIDKEHHS YIIPYTHX TEJ B BETpoBOM 1oToke [ 10].

Bo3znelicTBUs, KOTOPBIM MOABEPrarOTCs
MOCTOBBIE COOPYKEHHUS, MOXXHO TaKXe pasfe-
JIUTH HAa TEXHOTCHHBIE U IPUPOJIHBIE, B 3aBUCH-
MOCTH OT NMPHUPOABI UX BO3HHKHOBEHHS, HO
YUUTHIBas! HEIMHEHHBIH XapakTep OONbIIMHCTBA
U3 HUX, PE3YJIBTaThl HX COBMECTHOTO JIEHCTBHSA
HEJIB3SI TTOJyYUTh OOBIYHBIM arperupoBaHHEM
OAMHOYHBIX siBIeHUH. [lockonbKy BKJIag OT-
JIETIbHBIX TUIIOB BO3IEUCTBUI B UTOTOBBIM pe-
3yJIBTaT MOXKET OBITh CYIIECTBEHHBIM, HCCIIEI0-
BaTEJIH BHIHYKJCHBI YCIIOKHSTD TPUMEHIEMBIC
MOXOABl ¥ MOJIENN, COBMEIAsi, HAapUMeD,
3¢ EKT HaXOXKICHHUS Ha ITPOJIETHOM CTPOCHHUH
TPAHCIIOPTHBIX CPEJCTB M CHETOBBIE (M/WMIH
TOJIOJICTHBIE) OTIOXKEHUS, MECTOIOJIOKEHUS
KOTOPBIX TAK)KE MOXKET N3MEHSATHCS B 3aBUCH-
MOCTH OT HAaIlpaBJICHUS W MHTCHCUBHOCTH
BETpA.

Tak, mpu GU3HMIECKOM MOAEITNPOBAHUH CHE-
TOBOI Harpy3kum Ha MakeTe MCKYyCCTBEHHOTO
COOPYKCHHS MCIOJb30BAJICS CHEIHUANbHBINA
IUTACTHKOBBIM MOPOMIOK, (PpaKIUU KOTOPOTO
COOTBETCTBYIOT ITapaMeTpaM MacCIITaOMPOBAHIS
COOPY)KEHHS, C yUETOM BIXHOCTH B ITOMEIIIE-
HUM Ta00paTOpHH, YTOOBI HE Oy CTUTH Y dek-
TOB CJIUTIAHUS 1 TOTIOTHUTEIHHOTO BIIUTHIBAHUS
BJIarH.

Mopnaesa O. WU., JlokteB A. A., YypuH . C., ®epgocosa A. H. Bnusinne Tpacuka
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Puc. 3. Cxema nodsewugaHusi Ha NPYKUHHbIX
pacmsKKax ceKyuu NPosIeMHO20 CMPOEHUS
[ebinoniHeHo O. U. [Moddaeeoli, I1. C. YypuHbim, A. H. ®edocoeol].

[Mpemnaraemplii MOAX0J K MOJEIMPOBAHUIO
HE T03BOJISIET y4ecTb d((PEKTOB TasHUS HIIH,
Ha000pOT, HAaMEP3aHUs IOTIOIHUTEIBHOMN ToJI0-
JIeJHOM 000HMBI Ha 3IIEMEHTHI KOHCTPYKIIMH, TO
€CTh OH (DaKTMYECKU CBOJMTCS K JIOTIOTHUTEIb-
HOW KBa3UCTAaTUYECKOW HArpys3Ke, JOKajdbHas
MHTEHCUBHOCTH KOTOPOH MOXKET MEHSTHCS M3-32
NepeHoca 4acTHIl BeieAcTBHe BeTpa. [Ipu aTom
pacrnpenesieHHe 4acTHll, UMUTHPYIOIIUX CHET,
MO3BOJISIET TIPOrHO3MPOBATh TOSBJICHUE HA CO-
OPY)KEHHH U 10 OJIM30CTH OT HEro OMaCHbBIX JUIs
paOOTHHUKOB 30H, CBSI3aHHBIX C YBEJIUUECHHBIMU
CKOPOCTSIMHU BETPOBBIX ITOTOKOB U JICHCTBYIO-
IIMMH OTPaHUUYCHUSIMH B paMKax oOecrieueHus
0e3omacHOCTH Tpy/a.

duznueckass MOJETb-MaKeT CEKLUH TPOJIET-
HOTO CTPOEHHS JIEKUT B OCHOBE SKCIIEPHMEHTAIb-
HBIX HMCCIICIOBAHUHN JJISI MOCTOBOTO Iepexoa
B adpoIMHAMHUYECKOi TpyOe (puc. 3). Maker nop-
BELIMBACTCSI Ha TPYXUHHBIX Kperexax M Iocie
TIOJIBEPraeTcsi BETPOBOMY BO3ICHCTBHIO [IsI IETEK-
THPOBAHUSI U3TUOHBIX U KPYTUIILHBIX KOJICOAHMIH
C arperupoBaHUEM Pa3IUYHBIX (HOpM KoteOaHUH
C MoCIeqyoIMM ux pazaenenuem [10].

dusnueckas MoJeNb-MaKeT yCTaHaBIUBa-
€TCs B ICHTPE MONEPEYHOT0 CEYCHUSI a9POIHHA-
MHYECKON TpyObl Ha CIleUMaJbHBIA CTEHI,
OIIOPBI KOTOPOTO KECTKO KPETISTCS K IOy KaMe-
P, ¥ K HUM, B CBOIO O4Yepe/ib, [10ABEIINBACTCS
MPOJICTHOE CTPOCHHME Ha HpyxuHax (puc. 4).
Takasi KOMIIOHOBKA 3KCIIEPUMEHTA MO3BOJISIET
MPOBOJUTH KaK CTaTHYECKUE, TaK U JTMHAMUYE-
CKHe€ UCTIBITaHusl MOCTOBOTO mepexona [10; 16].

B xoze nMHAMUUYECKUX UCTIBITAHUIA TIPOJIET-
HOT'O CTPOGHHUS MOCTa OINpEACIIOTCS napa-
METpPBI BBIHYK/JICHHBIX KOJIEOaHUH MOJEIH MpU
BO3JICHCTBHU adpPOJJMHAMUYECKON HAIrPy3KH:

® AMIUTUTY/IbI KOJIEOATENbHBIX ABHKECHHI;

® YACTOTHBIE CIIEKTPHI KoJieOaHuH;

Mup TpaHcnopTa. 2024 2. Ne 3 (112). C. 28-38

Puc. 4. Ycmanoeka dns ucnbimaHus Makema
Mocmogo20 nepexoda 8 aapoduHamuyeckoli mpybe
[8binonHeHo O. U. Moddaesoil, M. C. YypuHbim, A. H. ®edocoeoli].

® [1OpsiIKOBBIE (OPMBI KoJIeOaHuH;

® CreKTpaJibHblE XapaKTepUCTUKU Koseba-
HUH.

Crarr4eckue UCTIBITAHUSI CEKIIMH MOCTOBOTO
repexosia HeOOXOAUMBI JUIsl BHIBEPKH XapaKTe-
PHUCTHK Harpy3KH M COIIOCTABJICHHS €€ C rapa-
MeTpaMH Harpys3KH, IeiicTByIolIeH Ha peaabHoe
COOpY)XEHHE TPAHCIIOPTHOH UH(PACTPYKTYPBHI:

® JJ000BOTO COINPOTHBIICHUS XapaKTEPHOTO
MIPOJIOJIHOTO WJIU MTOTIEPEYHOr0 CEYCHUS;

® MOJILEMHON CHJIBI, JEHCTBYIOIIEH KakK Ha
CEKIIMIO TPOJIETHOTO CTPOEHHS, TaK U Ha BECh
CTEH/I B 1IEJIOM;

® KPYTHJILHOTO MOMEHTA BOKPYT IIPOJIOJIBHON
OCH MakKeTa CEeKIIMH TPOJIETHOTO CTPOCHHS MO-
CTOBOTO Mepexofa.

B kauecTBe sKcIieprMEHTaIbHON YCTaHOBKH
JUIsl TIPOBEJICHUS] adPOIMHAMUYECKUX IKCIIEPH-
MEHTaJbHBIX HCCIIEJIOBAaHUN HCIOJIb3YyeTCs
YHUKallbHasi Hay4yHas ycTaHoBka «bonbinas
HCCIIEJIOBATENLCKAs TPaAMEHTHAs! a3POIUHAMH-
yeckas TpyOa» (Homep peructpanmu 585332,
nopran «HaydHo-TexHoJOorn4Yeckass uHOpa-
cTpyktypa Poccuiickoit ®@enepanun. LleHTpHI
KOJJICKTUBHOTO IT0JIb30BaHUS HAYYHBIM 000pY-
JIOBAaHUEM W YHHUKaJIbHbIE HAyYHbIC yCTAHOBKI;
JHara peructpanuu: 04.05.2018).

IIpoexmuposanue modenu

[TpuHMMas BoO BHUMaHHE NONEPEYHOE ceye-
HUE paboueil 30HbI adPOANHAMUYECKOI TPYOBI
(4 x 2,5 M), U3 YCIIOBHS «IIPO3PAYHOCTH» U He-
3arpOMOXKAEHHOCTH BO3IYIITHOTO MOTOKA OITH-
MaJIbHBIM ITpeJIcTaBIsIeTcst MacTad Makera 1:40
(puc. 5). Jlnst oqHOBPEMEHHOTO 00ECIeUCHHUS
TeOMETPHYECKOTO0 MOA00HsI, Hy)KHOTO COOTHOILIIE-
HUSI MacChl M )KECTKOCTH MPOJIETHOTO CTPOSHHMS
npeuIaraeTcs MCIoJb30BaTh IIOCKUE JINCTHI
AITFOMHHUS, U3 KOTOPBIX Ha OOJNTOBBIX U 3aKJiie-

MNMopnaesa O. WU., IlokteB A. A., YypuH . C., ®epgocosa A. H. Bnusinne Tpacuka
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Puc. 6. I'paghuku 3agucumocmu 3HayeHusi nodbemHoli cunbl (Cy), cunbi 10608020 conpomuesnerus (Cx) om yana amaku nomoka
[ebinonHero O. U. Moddaeeoli, I1. C. YypuHbim, A. H. edocoeoii].

TTOYHBIX COEIMHEHUAX COOMPAETCS CEKIMA IPO-
JIETHOTO CTPOCHHS MOCTA.

[IpennaraeMbie KOHCTPYKTHUBHBIC PELICHUS
JUISL CO3JJaHMS MaKeTa 00eCIeYMBaIOT HE TOJIBKO
BEPHOE TreoMeTpHYecKoe NofooKe, HO U JOCTO-
BEpHOE pacIpeleIeHne MOTOHHBIX Macc, MpU
KOTOpPOM IEHTPHI Macc MakeTa M pPeaJbHOro
COOPYKEHHS COBIIAIAIOT B OTHOCHUTEIIBHBIX KOOP-
JTUHATaX.

Takum 06pa3oMm, mpoeKkTupyemas MoJelb
COOTBETCTBYET HATYPHOMY OOBEKTY I10 CIIEAYIO-
LM [TapaMeTpam:

® reoMeTpUIecKoe 1ojooue;

® COOTBETCTBHE PACIPEICICHHUS Macc;

® COOTBETCTBHE I€OMETPHUUYECKUX IIEHTPOB
Macc ¥ MOMEHTOB HHEPIHUH.

OTO MOJTHOCTHIO YIOBIETBOPAET TpeboBa-
HUSM 3KCIIEPUMEHTAJIBHBIX UCCIICIOBAHUIL.

[IpaBuibHBIA BEIOOP KOHCTPYKTUBHBIX dlie-
MEHTOB IT03BOJIIET 00ECIEUYUTEL MOAOO0HUE 10
MaccaMm M CHUJaM HMHEpIHH, TIOCTaBUTh B COOT-
BETCTBHE MTOBEICHUE MAaKeTa IIPOJIETHOTO CTPOe-
HUS U peajbHOT0 00BEKTa TPAHCIIOPTHOM HH(D-
PacTpyKTypHI IPH a3pOAMHAMHUYECKUX BO3CH-
CTBHSIX Pa3IMYHON HHTCHCUBHOCTH M HaIpaBJIe-
Huti [16].
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Bce uacToTHBIE XapaKTEpUCTHKH MPOJIET-
HOTO CTPOCHUS MOJICIUPYIOTCS CIIEIMATN3UPO-
BaHHBIMH MPY>KHHAMH U3MEPHUTEIHLHOTO CTEHIA.

DKcIepUMEHTAIbHBIC UCCIEAOBAHUS TIPO-
BOJISITCS B J]BA dTaIa:

® CTaTUYECKUE UCIIBITAHNUS, B XO/I€ KOTOPBIX
OTIPEIEIISIOTCS 3HaUeHNS oibeMHO¥H cuitbl (Cy),
cuitbl J10060Boro comportusieHus (Cx) u a’spo-
JIMHaMu4eckoro MmomeHTa (Cmz);

® JMHAMHYECKUE UCIIBITAHUS, HANPaBICH-
Hble Ha BBIYMCJIEHHE aMIUIUTYI HU3THOHBIX
W KPYTHJIbHBIX KOJIEOaHHMH NP Pa3inyHbIX
3HauUEHHSIX CKOPOCTEH 1 HAIPABJICHUAX BETPO-
BOT'O TTOTOKA (01).

Cmamuueckue ucnvimanus
B pesynbrare cTaTu4ecKuX UCIBITAHUH I10-
Jy4eHbl rpaUKu 3aBUCUMOCTH 3HAYCHUS
nogbeMHol cuitbl (Cy), CHITBI TIOOOBOTO COTIPO-
TuBieHus (CX) oT yriia aTaku notoka (puc. 6).
[To momydeHHBIM 3HAUEHUSM a3pOAMHAMU-
yeckux kod3(dduineHTroB (puc. 6) aas Momeau
Ne 1 BO3MOXHO BBITIOJTHUTH POBEPKY HEOOXO/IH-
MOTO YCJOBHS BOSHHKHOBEHHS a’3pOyHpyroi
HEYCTOMYMBOCTH T'JIONUPOBAHUS — KPUTEPUI
I'mayspra—/len-I'aptora [10]:
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Puc. 7. 3agucumocmb nepemeujeHull npu kone6amenbHbIX A8UXEHUSIX MaKema NPOIEMHO20 CMPOEHUSI OM CKOPOCMU 8eMpPo8020 NOMOKa
npu e20 pa3nuYHbIX HanpaeneHusix [einonHeHo O. U. [loddaesol, 1. C. Yypurbim, A. H. ®edocoeoli].

Puc. 8. Cxema nposedeHus 3KCnepuMeHma no oyeHKe KouYecmaa U pacnosioxeHus Ikunaxell Ha NPOIEMHOM CMPOeHUU
Ha e20 aapoduHamuyeckyto ycmolyugocms [ebinonHeHo O. U. [oddaesod, M. C. Yypurbim, A. H. ®edocosoll].

[c, @) +C, @] <o0. (1)
Kax BuzmHO 13 puc. 6, ko3 GUIMeHT nogbeM-
HBIX CWJI Ha UHTEpBaJIe BO3PACTAET, a KO3 puu-
€HT JJ000BOTO CONPOTHBIICHUS TTOJIOXKUTEIIEH, CO-
OTBETCTBEHHO Kputepuil Inayapra—/len-I'aprora
HE BBIIOJTHACTCSI, ¥ TATIONTMPOBAHNE HEBO3MOXHO.

Junamuueckue ucnslmanus

HccnemoBanus Ha THHAMHAYECKHE BO3ICH-
CTBUS CEKIIHH IIPOJETHOTO CTPOCHHUS MPOBO-
IATCS Ha ONMMCAaHHOM BBINIE CTeHAe (puc. 3,
4), Ipu 3TOM NapaMeTphl )KECTKOCTH MPY>KUH-
HBIX TIOJIBECOB YBSI3BIBAIOTCS CO CKOPOCTIMU
BETPOBOTO MMOTOKA M 3aKJIAaJBIBAIOTCS B MO-
JIeNb TIPU €€ MPOCKTUPOBAaHWH. Pe3ymbrarsl
MPOBECHHBIX UCIBITAHUN MPEICTaBICHEI Ha
puc. 7.

®  Mwup TpaHcnopTa. 2024

BrinonHeHa omeHKa BIMSHHUS aBTOMOOMIIb-
HOTro Tpaduka Ha a3POJUHAMHUIECKYIO yCTONYIH-
BOCTH (puc. 8, 9).

VcnsiTaHUS. TPOBOIMIINCE I HaBETPEH-
HOTO ¥ TOJBETPEHHOTO MPOJIETHOTO CTPOCHHSA
HCCIIEAYeMOTO MOCTa B CIEAYIOINX KOH(HUry-
panusx:

A. CBoOOIHOE TIpOJIETHOE CTpOCHHE (pHC. 5);

b. IIponeTtHoe cTpOoEHHE C YUETOM aBTOMO-
6mpHOTO Tpaduka (puc. 8);

B. IIponetHoe cTpoeHUE € YYETOM aBTOMO-
OmITbHOTO TpaduKa U CHETOBBIX OTIOKCHHH.

Pezynomamul ucnvtmanuii

PesynbraTel HATYpPHBIX 3KCIEPIMEHTOB, TIPO-
BEJCHHBIC U IBYX HAIPABICHUH BETPOBOTO
ITOTOKA C YIJIOM aTakd, N3MEHSIOIUMCS B JHa-

MNMopnaesa O. WU., IlokteB A. A., YypuH . C., ®epgocosa A. H. Bnusinne Tpacuka
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Puc. 9. 3agucumocmb amnnumydbI konebaHuli Makema npoaemMHO20 CMPOEHUSI OM CKOPOCMU 8empo8o20 NOMoka 01151 PasuYHbIX
ycnosuil 3a2pyxeHusi KOHcmpykyuu [esinonHero O. Y. loddaesol, I1. C. YypuHbim, A. H. dedocoeol].

Puc. 10. Cxema nonepe4Ho20 ceyeHusi Mocma [ebinonHeHo O. U. [Moddaeeoll, I1. C. YypuHbim, A. H. ®edocoeoli].

ma3zoHe oT — 10° mo + 10°, mokasau, 4To ABICHUS
a’pOAMHAMHUYECKON HEYCTONYMBOCTH, COTTIACHO
Kiaccudukayu (puc. 2), He BO3HUKAIOT.

Takxxe pe3ynsraTsl 5KCIIEPUMEHTA ITOKA3aIIH,
YTO HAJUYNE DKUMAXKEH W CHETOBBIX MEIIKOB
CYILIECTBEHHO HE BIMSET HA a3POIMHAMUYECKYIO
YCTOMYMBOCTB KOHCTPYKINI IPONETHOTO CTPOE-
HUS B pACCMOTPEHHOM KBa3UCTaTHYECKON OCTa-
HOBKE aBTOMOOMIIbHOTO Tpaduka. Onpenernsto-
MM (PaKTOPOM SIBIISIETCS BIMSHIE PACTIONOXKEH-
HOTO B HETOCPEACTBEHHON OJIM30CTH Cylie-
CTBYIOIIIETO MOCTOBOTO Ilepexoaa. Brusuue
aBTOMOOWJIBHOTO Tpad)MKa B JaHHOM Cllydae
MIpeHeOpeXnMOo MaJo.

O0bexT uccaenopanus Ne 2
Ilocmanoska 3a0avu

HccnenyeTcs mpoleTHOE CTPOCHHE TPOTSI-
xeHHocThio 600 meTpos (puc. 10).

IIpoexmuposanue moodenu
Mogens MacmtaboMm 1:70 M3roToBicHA W3
JUCTOBOTO aymoMuHuUSA (puc. 11).

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 3 (112). C. 28-38

Pe3ynbrarel cTaTHUeCKUX MCHBITAHUM AJIA
MOJIENH TIPOJIETHOTO CTPOSHHUSI MOCTA C YUETOM
aBTOMOOMIIBHOTO TpaduKa (puc. 12) mpuBeneHs!
Ha puc. 13.

Brinonnena nposepka kputepus Inayspra—
Jen-T'aprora no ¢opmyne (1): 11 HEKOTOPBIX
YIJIOB aTaKyl HEOOXOAMMOE YCIIOBHE T'aJ0IHpPO-
BaHU BEIIONHsETCA (puc. 14).

J171 HaBSITHOCTH NPEZICTaBIEHNS Pe3YIIBTaToB,
TIOJTyYE€HHBIX B XOJI€ SKCTICPUMEHTAIIBHBIX TMHAMH-
YECKHX WCIIBITaHWH, TOKa3aHa rpaduieckas 3aBy-
CHMOCTb TIEPEMEIIICHHI TIPOJIETHOTO CTPOEHHS OT
CpeIHel CKOPOCTH BETPOBOTO ITOTOKA B MacIITade,
COOTBETCTBYIOIIEM pPealbHON CUTYaIUH Ha OOBEKTE
TPaHCTIOPTHOM MH(PPACTPYKTYpbI. DakTiIecKu, IpH
3TOM MOXXHO HaOmonaTte M3MEHEeHue (GyHKIUH
YCTOMUMBOCTH KOHCTPYKLIMM MOCTA.

WcnpiTanust MpoOBOIWINCE IS HABETPEH-
HOTO W IOJBETPEHHOTO ITPOJICTHOTO CTPOSHHS
HCCIIEyeMOrO MOCTa B CIEAYIOIUX KOH(UTY-
panusx:

A. CBobonHOE NMpOJIETHOE CTPOCHUE

(puc. 11);
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Puc. 11. Modenb nponemHozo cmpoeHust [ébinonHeHo O. U. [Moddaeeod, I1. C. YypuHbim, A. H. dedocoeoii].

Puc. 12. Modenb nponiemHo20 cmpoeHusi Mocma (a8momobunbHbIl mpaguk)
[8binoniHeHo 0. M. Moddaesoil, M. C. YypuHbim, A. H. ®edocoeoli].
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Puc. 13. paghuku 3agucumocmu 3Ha4yeHusi nodbemHoli cunbi (Cy), cunbi 10608020 conpomueneHus (Cx), kpymsiuje2o MomeHma (Cmz)
om yana amaku nomoka npu yanax amaku (-10° - +10°) [esinonHeHo O. Y. [oddaesod, 1. C. Yypurbim, A. H. dedocoeoli].
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Puc. 14. pachuk 3agucumocmu 3Ha4eHusi kpumepusi Fnayapma - flen-Fapmoaa om yana amaku nomoka npu yanax amaku (-10° - +10°)
[ebinonHero O. U. lModdaesoli, 1. C. YypuHbim, A. H. ®edocoeol].
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Puc. 15. 3asucumocms MakcuManbHbIX NepeMewseHull moyex NPosemHo20 CMPOeHUs Mocma npu Koe6amesnbHbIX A8UKEHUSX
om cKopocmu eempogo2o Nomoka npu e2o HanpaeneHuu a = 00 [exinonHeHo O. Y. Moddaesoli, 1. C. YypuHbim, A. H. dedocoeol].

b. [IponeTHO€E CTpOCHHE C YIETOM CHETOBBIX
OTJIOXKEHUH ¥ aBTOMOOMIIBHOTO TpadukKa;

B. [IponetHoe cTpoeHUE C YIETOM aBTOMO-
ouipHOTO Tpaduka (puc. 12).

MonenupoBaliack CUTYyalus CKOIICHHS aBTO-
JIOPOXKHBIX CPEJCTB MO JIBYM HAlpaBICHHUIM
JIBDKCHHS IIOOYEPETHO (ABTOMOOMIIbHAS TIPOOKA).
B cooTBeTCTBHU €O CpelHECTaTUCTHYECKUMHU
pa3MepaMu aBTOTPaHCIIOpTa MPH MOJETUPOBAHUHI
32 OCHOBY B3SThI CJICAYIOLINE rA0apUTHIL:

— Tpy30BOit aBTOTpaHCIOPT —4 X 18 X 2,5 M;

— JeTKoBOi#l aBTOTpaHcmopT — 1,5 x 4,2 x
1,7 m.

Ha puc. 15 nzo0pakeHsl rpaduyeckue 3aBu-
CHMOCTH MaKCHUMaJIbHBIX TIEpEMELIICHUH ITPOoJIeT-
HOT'O CTPOEHUSI OT CKOPOCTH BETPOBOIO IIOTOKA
JUISL Pa3NIMUHBIX CIIyYaeB HArpyXEHHs CEKIUH
MPOJIETHOTO CTPOCHUSI TIPH yIute ataku +3°.

BbIBOAbI

[IpoBeneHHbIE ¢ PU3UUCCKUM MAaKETOM
COOPYKEHUsI HATYPHBIC UCIBITAHUS Ha TIPEJ-
MET BO3MOXXHOM MOTEpPU a’pOJUHAMUYECKON
YCTOWYUBOCTHU CEKIIMI MPOJETHBIX CTPOEHUM
MOCTOBOTO TEpexoja C YY4ECTOM aBTOMOOHUIIb-
HOTO TpaduKa MOoKa3alld, YTO HAJTUUHC aBTO-
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MOOHMIIBHOTO TpaduKa, IPU UCCIICAOBAHUIX Ha
OTIEJBHBIX yIJIaX aTaku, OKa3blBaeT OJiaro-
NpUSITHOE BIUSHUE HA a’pPOJMHAMUUYECKYIO
YCTOMYHUBOCTH MPOJETHOTO CTPOEHHS, UTO
corjacyeTrcs ¢ BbIBOJaMH paboTsl [8]: mis
CUCTEMBI C JIByMsI CTEIIEHsIMU CBOOO/IbI HEMO-
JIBUJKHBIE TPAHCIOPTHBIE CPECTBA IOBOJIBHO
0J1aroTBOPHO BIIMSIOT HA YCTOWYUBOCTH MOCTA.
OT0 B mepByl0 ouepenb OOBACHAETCS AOMON-
HUTENBHOU TypOysIu3aleil BETPOBOT0 IOTOKA
HaJl IPOJIETHBIM CTPOCHUEM, UYTO C Y4ETOM
pa3IUYHBIX radapuTOB aBTOMOOMIILHOTO Tpa-
(uka Ha ero OTHEJIBHBIX Y4YacTKax IMpernsT-
CTBYeT (POPMHUPOBAHHIO CTAOMIIBHOM TOPOKKH
KapmaHa 1 BO3HMKHOBEHHIO PE30HAHCHOTO
BHUXPEBOT'0 BO30YKACHHS.

IIpencrapnsercs, yTo MOTyYCHHbIE PE3yib-
TaThl JaI0T BOSMOXKHOCTh CO3/laHUs OoJiee Tou-
HBIX MOJieNel a3poAMHAMUUECKHUX Harpy30K Ha
MOCTOBBIE COOPYXKEHHS C YUEeTOM BIMSHHUSI
TpaduKa SKHIaKeH U IONOJIHUTEIBHON CHETOo-
BOM Harpy3KH.
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OcobeHHOCTH BM3YyanbHOro NporpaMMUpPOBaHnA ans
NPOEKTMPOBAHUA MOCTOBbLIX COOPYXEHUN Ha OCHOBE
WH(OPMALIMOHHOIO U NapaMeTPUYeCcKoro Moaen1MpoBaHuUs

Bun Ko Mvunm Ty

BWH Ko MbuHt Ty

AHHOTALINA

TexHu4eckull npoepecc 3HayumesbHoO cnocobemeosan pac-
WUpPeHUIo 8HeAPEHUS UHGhOPMaUUOHHO20 MOdenuposaHus 30aHull
(BIM) 8 ynpasneHue cmpoumenbHbiMu npoekmamu. Hecmomps
Ha amo, no0xo0 BIM & ocHO8HOM npumeHsncsa K npoekmam
cmpoumesniscmea 30aHuli, Npu 3MoM UHGhpacmpykmypHbIM Npo-
eKmam, makum Kak MOCMb, y0ensnocs 02paHU4eHHOe BHUMaHUe.

3mu munbi NPOEKMOo8 Yacmo UMerom 3HadumerbHble 2e0-
MempuyecKue U ceMaHmuyeckue pasiiudust Mexay cmpykmypamu,
Ymo 3ampyOHsiem UCNOMb308aHUE CYUECMBYIOULUX CXEM OaHHbIX
BIM. HedagHue uccnedogaHus noka3bigaom, Ymo napamempu-
yeckoe ModenuposaHue Moxem obecnequms XuUsHecnocobHoe
PpeweHue, No38onAIowee NosbIcUMb 3hhexmusHOCMb NPOeKMuU-
posaHus U (hyHKUUOHasbHylo cogmecmumocme. OOHaKo Komu-
4ecmeo CywecmeyIouux HayyHbIX UCMOYHUKO8 No 3moli meme
ocmaemcs 8ecbMa OzpaHuYeHHbIM. Llenb uccnedosarus, nped-
CMageHHo20 8 CMamee, = yempaHume 3mom npoben 8 3HaHUsIX

Poccuiickuii ynusepcumem mpancnopma, Mockea, Poccusi / Maeys, Mvanma.
ORCID 0009-0001-1751-5348.
b4 winkomyintthu@mail.ru.

nymem paspabomku napaMempuyeckux MOCMO8bIX 31EMEHMO8,
CNOCOBHbIX 2EHEPUPOBaMb 8CE MUNLI MOCMOBKIX KOHCMPYKYU(
U3 00H020 Napamempuyeckoeo ¢alina.

Mapamempudeckue ckpunmbl, UCNOML308aHHbIE 8 3MOM
uccnedosaHuu, bbinu pa3pabomaHbi ¢ UCNOMb308aHUEM Si3bIKa
8U3yanbH020 npoepammuposaHusi Grasshopper u enocnedcmeuu
uHmeepuposaHbi 8 Tekla Structures, nonynspHoe npoepammHoe
obecneyeHue BIM dna yeneti modenuposanus. [lonyyeHHas 8
pe3ynbmame uHmeepayus BIM nossonsem uccnedosams u
co30asamb NEPCNEKMUBHbIE NPOEKMbI CO CIIOXHOU 2eomempued,
Ymo 8 KOHEYHOM UMoee NPUBoOUM K NOMTYYEHUI0 SKOHOMUYECKU
appekmusHbix peweHud. 1o cpasHeHu ¢ MPaduyUOHHbIMU
MemoO00I02UsMU NPOEKMUPOBAHUS], NOMTYYeHHbIE Pe3ybmamel
OEMOHCMPUPYIOM CYWECMBEHHBIE YYYWEHUS C MOYKU 3PEHUS
9KOHOMUU BPEMEHU, NOBLILIEHHOL 2UBKOCMU NPOEKMUPOBaHUS U
0NMUMU3UPOBaHHbIX KOHCMPYKMUBHbIX XapaKmepuCmuk.

Kniodesble cnosa: mparcnopmrasi unghpacmpykmypa, BIM, mocm, napamempuyeckoe Modenuposarue, anemesm mMocma, npo-

epammuposaHue, Tekla Structures, Grasshopper.

Ona uumuposarus: But Ko Mbuim Ty OcobeHHocmu 8u3yanbHo20 npozpammupogaHusi Orsi NpOeKmupo8aHuUs MOCMO8bIX
COOpYXeHUll Ha 0CHO8E UHGHOPMAUUOHHO20 U napaMempuyeckozo modenuposanusi // Mup mpaHcnopma. 2024. T. 22. Ne 3 (112).

C. 39-44. DOI: https://doi.org/10.30932/1992-3252-2024-22-3-5.

MonHbii mekcm cmambu 8 nepegode Ha aHanulickull A3bIK Ny6nuKyemcs 0 8mopoil Yacmu 0aHHO20 ebINycKa.
English translation of the full text of the article is published in the second part of the issue.
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HAYKA I TEXH/KA



BBEOEHUE

TexHOMOrNH, NCTIONB3YEMBIE B 00TaCTH ap-
XUTEKTYPbl, NHXKUHUPHUHTA, CTPOUTEIHCTBA
u 3kcruryatanun (AECO), TOCTOSHHO COBEPIIICH-
CTBYIOTCS, HO IIPH 3TOM TaKKe YCKOPSETCS
U pOCT HOBBIX TpeOoBaHMI K HUM. KpymnHbie
MH(PACTPYKTYPHBIE IPOEKTHI, TAKHE KaK MOCTBHI,
CTaHOBSTCS BCe OoJIee pacpOCTPaHEHHBIMH, YTO
TpebyeT pa3pabOTKN HOBBIX TEXHOJIOTHHA IS
CO3/IaHUsI TNIAHOB M IOKyMEHTOB, a TaKKe o0pa-
OOTKM M3MEHEHUH W MOCTYTAIoMed nHpopMa-
UM B TIPOIECCE TIPOSKTHUPOBAHNS.

IIpexnee mporpaMMHOE 00ECTIEUEHUE IS
cosnmaHus yepTexeil (Hampumep, AutoCAD)
TIO3BOJISUIO CO3/1aBaTh NMPOCKTHYIO JOKYMCHTA-
LIMFO, XPAHUTH €€ B IIEKTPOHHOM BH/IE H BHOCHTD
HeoOxonuMble n3MeHennsa. OIHAKO TaKo# MOj-
XOJI BBITECHSIETCS MH()OPMAIIIOHHBIM MOJIEIH-
pOBaHMEM, KOTOPOE MPEIaracT 3HAYUTEIbHBIC
MIPEVMYINECTBA C TOYKH 3PEHUSI WHTETPaINH
JaHHbIX. B pesynprare cuctemsl BIM renepu-
PYIOT 00BEKTHO-OPHEHTUPOBAHHYIO TPEXMEP-
HYIO MOJIENb, CBA3aHHYIO ¢ 02301 JaHHBIX BCEX
3JIEMEHTOB M MAaTEPHANOB. APXUTEKTYPHBIH
JM3aliH (TeOMETPHS CTPOUTEIBHBIX JIEMEHTOB,
MIPOCTPAHCTBEHHBIE COOTHOIICHNUS, CBSI3HOCTB),
CTPYKTYpHBIA AM3aiH (TIPOEKTHAs TOKyMEHTa-
s, CTPYKTYPHAsS cXeMa) U HH(popMaIus o mpo-
[IECCaX CTPOHUTENILCTBA M TEXHMUECKOTO 00CTy-
JKMBAHMS 34aHHS — BCE 3TO BKIIFOYEHO B CHCTEMY
nH(OPMAIMOHHOTO MoaerpoBaHus [1].

IIpoexTnpoBaHe MOCTOBBIX 3JIEMEHTOB SIB-
JSIETCSI BAKHEHUIIINM aCTIEKTOM Pa3BUTHS HH(pa-
CTPYKTYpBI, TPEOYIOINM TINATEIHHOTO yUeTa
pa3nnIHBIX (HAKTOPOB, TAKMX KaK IIEIOCTHOCTh
KOHCTPYKIIHH, JIOJITOBEYHOCTD, 3CTETHKA M BO3-
JIEHCTBUE Ha OKpYKarollyo cpeay. Tpaauunon-
HBII pyYHOH MpOIECC MPOEKTUPOBAHUS MOXKET
OBITH TPYIOEMKHM, MOABEPKEHHBIM OIIHOKAM
¥ IPUBOJUTD K JUINTEIBHBIM IIUKIIAM IIPOCKTH-
poBarus. O030p HEKOTOPHIX MyONMUKanui (Ha-
npumep, [2]) mokazan, 9To mapaMeTpHUeCKUi
TIOAXO/ K TIPOEKTHPOBAHUIO SIBJISETCS OHUM M3
METOJIOB TOBBIIICHUS 3(PPEKTUBHOCTH ITOTO
npornecca 1 pyHKINOHAIEHON COBMECTHMOCTH.

TexHonoruu HHMOPMAIIMOHHOTO U TTapaMe-
TPHUIECKOTO MOJICTTUPOBAHHMS BCE MINPE UCTIONb-
3yI0TCSI B TIPOCKTHPOBAaHUN HHGPACTPYKTYPHI
Gmaromaps MHCTPYMEHTaM IPOEKTHPOBAHUS
BIM [3]. Ucnons3oBanne MHPOPMAITHOHHOTO
¥ TapaMeTPUIECKOTO MOJEITHPOBAHUS YIIyd-
IIAaeT MPOIECC MPOEKTUPOBAHHUS 32 CUET COKpa-
IICHUS BpeMeHH! U ycrwii [4; 5]. Meton ocHOBaH
Ha BBEJCHUH [TAPaMETPOB U YUCIICHHBIX 3aBHCH-

Mup TpaHcnopTa. 2024 2. Ne 3 (112). C. 39-44

MOCTEH MEXAy 3JIeMEeHTaMH sl CO3JaHUsA
rubkux moneneii. [eomeTpus peann3oBaHa
B MMapaMeTPUUECKOM MOJICITUPOBAHUY C UCTIONb-
30BaHHEM S3bIKa MMPOTPAMMHPOBAHUS, U OOJIb-
IIUHCTBO CUTyaIluil MapamMeTpuyecKoro Moje-
JIMPOBAHUSI COCPEOTOUCHBI BOKPYT BU3YaJIbHBIX
cueHapues [6].

Llenv viccnenoBanust — pa3paboTka napame-
TPUUCCKUX MOCTOBBIX BJICMEHTOB, CIIOCOOHBIX
TeHEePUPOBATh BCE TUITLI MOCTOBBIX KOHCTPYKITHIA
U3 OJIHOTO MapameTpudeckoro (aiina.

PE3YINbTATbI
MertopaoJiorusi. [IpeumymecrBa
napaMeTpu4ecKoro MoaeJTupoBaHUs

[Ipu mapameTpuyeckoM MOJEIUPOBAHHH
pa3pabOTYHMK CKPUIITA BBOJUT ITapaMeTpPhI, KOTO-
pBIE CITy’KaT OCHOBOM JUIsl CO3/IaHUsI TEOMETPUH
U MOCJIEYIOIIETO BBIMOIHEHUs BCEX HE0OX0IH-
MBIX aHAJIM30B U BIYUCIEHHUH. J{i1s ynpoiieHus
Tporecca CII0XKHbIE KOHCTPYKIIUH MOTYT OBITh
pazzieneHbl Ha yTpaBiiseMble KOMIIOHEHTbI, TAKUE
KaK IIaBHBIH MOCT, OIbE3IHBIE MOCTHI ¥ BCIIO-
MorarejibHble COOpY)KeHUs. 3aTeM, 00beIMHNB
9TH OTJEJIbHBIE Pa3/iesibl, MOXHO CO3/aTh €IH-
HYIO BH3yaJIbHYIO MOJIENb, 00ECIICUNBAIOLIYIO
BCECTOpPOHHEE MPEeICTaBIeHHEe 00 001IeH CTpyK-
Type.

MertooJorusi, ONUCaHHAasl B 3TOW cTaThe,
HarpaBJieHa Ha PE0I0JIeHIEe OTPaHYECHHUH, BO3-
HUKAIOIIUX B IIPOLIECCE MPOSKTHPOBAHMSI, ITyTEM
HCII0JIB30BAaHUSI HHCTPYMEHTOB, IOCTYITHBIX
B cpene Grasshopper, koTopast HCTIONIb3YET BU3Y-
aJIbHBIE CKPHITHI U HE TPeOyeT OT MPOEKTUPOB-
LIMKA YMEHHsI IPOTPaMMHUPOBATh.

B crarbe Takike paccMOTpPEHbI TPUMEPHI pa3-
paboTaHHBIX MapaMETPUYECKUX MOCTOBBIX
9JE€MEHTOB, MPHU HCIOJIB30BAHUH KOTOPBIX
MOYKHO YCKOPHTb ITPOLIECC CO3/IaHUsI U U3MEHE-
HUS TIapaMeTPUYECKUX MOZEJeH COOpYKeHHUs
0e3 HeOOXOIUMOCTH B PYYHOH HACTpPOMKE OT-
JIEJTBHBIX KOMIIOHEHTOB. DTO HOBOBBEJICHHE
HaIpaBJIeHO Ha ONITHMH3ALIUIO ITPOlIecca MPOeK-
TUPOBaHMUsI, TOBBIILICHUE TPOU3BOIUTEIBHOCTH
paboThl M CHUKEHHE BEPOSTHOCTH OIINOOK.
[Tapamerpuueckue 3JeMEHThI, HEOOXOIUMBIE
B IIPOEKTe, pa3pabarsiBaoTcs B cpeae BIM,
a 3aTeM COEAMHSIOTCS, 00pasys eMHBIN CTPYK-
TypHBIH opranusM. [Ipsmas cesi3b Grasshopper —
Tekla Structures nmo3BojsieT 3aBepIIUTh BECh
nponecc. brarogaps mpsiMbIM CBSI3SIM MEXIY
MporpaMMHBIM oOecrieucHreM, TakuM kak Tekla
Structures, ¥ UHCTpYMEHTAaMH BU3YyaJIbHOTO
IporpaMMHpoBaHus, TakumMu kak Grasshopper,
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Puc. 1. Pa6oyuii npoyecc mexdy Grasshopper u Tekla Structures [8binonHeHo agmopom].
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Puc. 2. lMpocmoti ckpunm Grasshopper dns 6emoHHbIX 0Nop MOcMma [8bINOTHEHO a8MOPOM].

MIPOEKTHPOBIIMKU MOTYT Peanu30BaTh pabouuii
nporuecce 06e3 ombITa mporpaMmupoBanus. [1po-
[eCC B3aUMOJCHCTBHS MEXIY NMpOTrpaMMaMu
HH()OPMALMOHHOTO MOJICITUPOBAHUS U BH3YaJlb-
HOTO MPOrpaMMHPOBAHHS KPATKO MPEICTABICH
Ha puc. 1.

JTanbl CO3IaHUS MapaMeTPHYeCKUX
3J1eMEeHTOB

[IprmMeHeHne alITOPUTMUYECKOTO MPOEKTH-
POBaHHS B CTPOUTENHCTBE MOCTOB OTKPBIBACT
MHOT000€IIaroNe BO3SMOXXHOCTH JJIsl HHHOBA-
. YToOBI MTPOMIUTIOCTPUPOBATH 3TOT ITOTEH-
IIMaj, pACCMOTPHM TIPHMEP CO3/IaHMS Tapame-
TPHUYECKHX IEMEHTOB JUI MocTa B Pecrybnnke
Mpsama.

MocT Bceraa CTpouTes ¢ HyIs, OT OIOp JI0
mpoe3keit 9acT [7]. DTO XOPOIIO MOIXOANT IS
MozenmpoBanus. B cpene Grasshopper momnb3o-
BaTellb MOXKET OTPENEINTh OCh MOCTa, yKa3aB
TPH TOUKH (KOOpAMHATHI Ha4aJIbHOM, CpemHeit
1 KOHEYHOW TOYEK), MIIM HETIOCPENICTBEHHO H3-
BJI€Yb KPUBYIO M3 OCH MOCTa, IOBTOPHO ITPOBEAS
rapaMeTpHU3anuio TeOMETPHUH, ITOTyICHHOH
B pe3ynbTare MpsSMOTO MOIEIHUPOBAHUS C HC-
TIOTb30BAHUEM DIIEMEHTA «CUIve». 3aTeM I10JThb-
30BaTeb MOXKET MIPOCTO CO3/1aTh CIEHAPHH IS
CTPOWTENIECTBA ONOP B COOTBETCTBHUHU C OCBHIO
MocTa. UToOBI MOTYYHUTh CTAaOMIBHYIO B yIO0-
HYIO JUTS TIPOCKTHPOBIIHMKA MOJEIb, TTOJIb30Ba-
TEIn MOTYT pa30UTh MOAENb Ha HECKOIBKO
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MIOAMOZENEH, CBSI3aHHBIX C KaX/IBIM JIEMEHTOM
MocTa (IIpoe3kel JacThio, OTIOPAMH, OTPaXK/Ie-
HUSIME U T.7.). Ha puc. 2 mokasan creHapui,
pa3paboTaHHBIN I OTTOP MOCTA.

CI1e Ly OIiM 3TaroM SIBISIETCS IPOSKTHPOBa-
HHE 2JIeMEHTOB Oasiok MocTa. banku cimy»xar oc-
HOBHOM OMOPOM JUT HACTHIIA MOCTA U IEPEAAIOT
Bec Ha omopsl. [Tockombky dopma «I» (aByTaBp)
KOHCTPYKTHUBHO 3()(EeKTHUBHA, OATKH YaCTO IMEIOT
3Ty (hopmy. Bepxuuii 11 HYDKHUH (raHIB! B hopme
OykBHI «I» 0OecTIeunBarOT TOPH30HTABHYIO TTO/-
JIEPXKKY M YCTOHUMBOCTD K M3THOY, B TO BpeMs KaKk
BEPTUKaIbHAS MEpPEMBbIUKa COCIUHSIET IBa
¢manna 1 odecreunBaeT YCTOWINBOCTD K JIaBIIe-
nuto cBura. B Grasshopper 1ByTaBpoBble Oanku
CO3/IAIOTCS ITyTeM NPEABAPUTEIHHOTO 3a/1aHHs
mpoduIIs, a 3aTeM HCIIONB3YIOTCS Pa3INIHbIC
9NIEMEHTHI JJIsl TOCTPOEHUs reoMmeTpun. bankm
CKOHCTPYHPOBAHEI TAKAM 00pa30M, YTOOBI MOJTb-
30BaTellb MOT M3MCHSTH TEXHHIECKHE XapaKTe-
PHCTHKH CEUCHHS 110 CBOEMY JKEITAHHIO.

Banka co3maercs ¢ MCIOIB30BAHUEM ITOJTH-
JUHUH, KOTOPBIE 3aTE€M CErMEHTHPYIOTCS Ha
OCHOBE TOUCK COCMHEHHMS MM CHEeIN(UKAIIHA
JUTMHBL. B CTpYKTYpHO#H MOAENN MOTYT OBITH
OTIpEZIETICHBI 00IACTH, B KOTOPBIX N3MEHSIOTCS
CBOMCTBa Oayky, Takue Kak 3((eKTUBHAS IIH-
prHA OCTOHHBIX JJIEMEHTOB MIJIM CBOICTBA ITOTIe-
PEYHOTO CEYEHUsI CIUTONIHON Oanku. DTH mapa-
METPBl MOXXHO M3MEHATH C ITOMOIIBIO TTapame-
TpHudeckoro noaxona. Harmpumep, mapamerpnde-
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hopper u Tekla Structures [ebinosHeHO agémopom].
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Puc. 4. Konuyecmeo 6anok onpedesnisiem usmeHeHue npoe3xell Yacmu Mocma [8bINOITHEHO a8MOpPOM].

Puc. 5. Bonbwoe konuyecmeo npoghunell 8 ninazuHe Tekla e Grasshopper [8binonHeHO agmopoM].

cKasi AByTaBpoBas Oaska Oblla co3maHa
C FICTIOJTB30BaHKIEM aJITOPUTMA, OCHOBAaHHOTO Ha
BIM (puc. 3), 4T0 JEMOHCTPUPYET HOTEHIHAT
3TOTO TOIXO0AA.

Co3nanne MpoJICTHOTO CTPOCHUS, KaK Tpa-
BWJIO, OIUH U3 CIIOXKHBIX aCIEKTOB VISl ITPOCK-
THPOBIIHUKOB M3-32 YHHKAIHHOCTH BXOMHBIX
JIaHHBIX, KOTOPBIE IPEACTABISAIOT COOOH HaITpaB-
JSFOIIYI0 KpHBYIO Ut Mocta [8]. Ilpu paccra-
HOBKE OTIOp YYUTBIBAETCS JUTMHA MOCTA U IPYTHE
XapakTepuUCTUKH. CKPHUIIT MTO3BOJISIET CO31aBaTh
OTIOPHI PA3JIMYHON JIMHBI U COCIHHITH MX
C OCHOBHBIMH HIJIH TTOTICPEYHBIMU Oankamu [9].
B mponecce MonenpoBaHus MOKHO BBIOUPATH
Ppa3nuYHBIE TUIBI TPOQUIS MTOTIEPEIHBIX OATOK
¥ MIX KOJIMYECTBO B 3aBHCUMOCTH OT OCOOEHHO-
creit mpoekra. UYTOOB! MONTBEPIUTH aTalTHB-
HOCTb K M3MCHEHUSIM 3HAYCHHH MapaMeTpoB
W YCIOBHH, IpOIECC TeHEpali TeOMETPHH
TIPOXOJUT HECKOJBKO 3TanoB. Kak Tombko Mo-
nens Mocta Grasshopper Oyzer 3aBepiicHa, ee
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MO’KHO HCIIONIb30BaTh B KaUeCTBE IabIoHa JuIs
JPYTUX MPOEKTOB, MOIKITIOUNB €€ K 0a3e TaHHBIX
[10; 11]. Pe3ynmbrar ncronbp30BaHus TApAMETPH-
3aIMH ITUPHHBI IPOE3KEH YaCTH MOCTa M TO, KaK
OHA M3MEHSETCS MPU M3MEHEHUH IapaMerpa,
CBSI3aHHOTO C KOJIMYECTBOM OallOK, ITOKa3aH Ha
puc. 4.

C moMomIpio MpsIMBIX COCAMHEHUH MEXIY
mporpaMMHEIM obecniederreM BIM, TakuMm xak
Tekla Structures, ¥ HHCTpYMEHTaMH BH3yallb-
HOTO NpPOTPaMMHPOBAHHS, TAaKMMHU Kak
Grasshopper, MPOEKTUPOBIINKH MOTYT PEalIi30-
BaTh MapaMeTpUUecKui paboumii mpomecc 6e3
TIPEABAPUTEIBHOTO OITBITa TPOTPAaMMHPOBAHHS
[12].

[Ipu xenaHWM MTOB30BATEIIO JOCTATOUYHO
creHepupoBarh 31eMeHT Ha 0a3e Grasshopper,
J00aBUTHL €ro B Karajor koMmoHeHToB Tekla,
U C JIETKOCTBIO HCTIONB30BaTh. [lockonbky Tekla
TIpeAaraeT O0IMpHYI0 OHOIHOTEKy poduIeH
JUTSL pa3MYHBIX CEKIUH (pHc. 5), MporpaMMHOE

BuH Ko MbUHT Ty. Oco6eHHOCTM BU3yarnbHOro NporpaMmmMmpoBaHuUs AN NPOeKTUPOBaHUs
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Puc. 7. Mapamempuyeckas cexyus gpepmbi 8 Tekla Structures [8binonHeHo asmopom].

obecrieueHne 0co0eHHO Y(PPEKTHBHO TPH pa3-
paboTKe mapaMeTpUIeCKUX AeTajel It MOCTOB
[13].

PabGorast Has aBTOMaTH3MPOBAHHBIM ITPOEK-
TUPOBAHUEM C HCIIOJIb30BAHHEM aJTOPUTMOB,
TIPOEKTHPOBIUKH MOT'YT IPEOJIONIETh OTpaHuye-
HUSI CTAaHAAPTHOTO IPOTPaMMHOTO 00eCIeYeHHS
CATIP n naCTpyMEHTOB KOMIBIOTEPHOU 3D-rpa-
(UK, TOCTHTast CTETIEHH CIIOKHOCTH, ITPEBBIIIa-
omIeit crocoOHOCTh YeT0BeKa B3aNMOICHCTBO-
BaTh ¢ nu(ppoBbIMU oObekTamu [14]. UToOs
BOCTIOJIb30BaThCSI MTPEUMYILECTBAMH ITHX BO3-
MOYKHOCTEH, OIeparop JOJDKEH OBITH 3HAKOM
C OCHOBaMH SI3bIKOB ITPOTPaMMHPOBAHUSL, TAKUX
kak C# wmu Python.

VYnporieHnHas nmapamerpuieckasi KOHCTPYyK-
U] METAJUTMYECKON (hepMbl JUII MOCTa TOKa-
3aHa B 3aKJIIOYNTEIIHLHOM Pa3Jielie 3TOTro HCclie-
nosanus. Llensio siBnsieTcs pa3paboTka mpo-
CTOTO 1 3 PEKTUBHOTO MpOIIecca, TOJIC3HOTO Ha
JTane KOHIENTYyaJlbHOTO MPOEKTHPOBAHUS,
pPaHHHUX MPOBEPOK W MPHHATHS PEICHHUH, Mo-
CKOJIBKY MBI ITpOJIoJKaeM paboTare Haj mapa-
METPUYECKIMH IIEMEHTaMH BCEX MHOTOUMCIICH-
HBIX THUIIOB MOCTOB, KOTOpPBIC NpEAIaraet
Grasshopper.

Co3nanne mapaMmeTpuieckoro ¢gpeima
B Grasshopper mpenanonaraer UCHONb30BaHHUE
Pa3IMYHBIX AJIEMEHTOB W WHCTPYMEHTOB JUIS
OIIpe/IeNICHNS TapaMeTPOB, B3aUMOCBSI3eH U reo-
MeTpuu. s co3naHus TakOW KOHCTPYKIHH
HE0oOXOIMMO OTIPEICITUTh KITIOUEeBhIE ITapaMeTphl,
YCTAHOBHTH AJTOPUTMBI HJIM MaTeMaTHYCCKUE
COOTHOIIICHHS, YIIPABIISIOIINE TeOMETpHEH Kap-
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Kaca U CTPYKTYPHBIMH 3JIEMEHTAMH, U UCTIOJb-
30Bath AMeMeHThl Grasshopper Uit mpeodpazo-
BaHHsS ITUX NPABHI B TAPAMETPUUYECKYIO TPEX-
MEpHYIO MOjielib. brarogapst 3ToMy uTeparuB-
HOMY MPOIECCY NPOEKTUPOBIIHUKU MOTYT
YCOBEPIICHCTBOBATh U ONTUMH3UPOBATH KOH-
CTPYKIIHUIO B COOTBETCTBHHU C MOCTABICHHBIMU
LENSIMH U OrpaHuueHusIMEU. KOHEUHBIM pe3yib-
TATOM SIBJISIETCSI [TapaMeTpuuecKas hepma, KOTo-
pasi JIETKO 1Al TUPYETCS K MEHSFOIIMCS TPe0O-
BaHUSIM JIM3aiiHa U aBTOMATHYECKU OOHOBIISETCS
B Tekla Structures (puc. 6; 7).

BbIBOAbI

HHTerpanus COBPEMEHHBIX TEXHOJIOTHM
B MPOEKTUPOBAHUE, CTPOUTEIIECTBO U IKCILTya-
TaIUIO TPAHCTIOPTHOU HHPPACTPYKTYPHI ITIO3BO-
JISIeT HAXOAUTh 3(P(PEeKTUBHBIC M ONTUMAIIEHBIC
pelIeHus Ha JTF000M 3Tare KU3HCHHOTO IIHKIIA
coopyxenust [15; 16]. Ucnonb3ys noakiroyae-
MBI MOAYIH JJIs1 OOBEINHCHHS CIICIUATA3HPO-
BaHHOT'O IIPOTPaMMHOT0 0OecTiedeH s ¢ HH(OpP-
MAaIlMOHHBIM MOJCIUPOBAHUEM, OMEPATOPHI
U IPOSKTUPOBIUKU MOT'YT CBECTH K MUHUMYMY
BEPOSTHOCTh OMIMOOK U ONTUMHU3UPOBATH MPO-
Iecc MpPOeKTHPOBaHUs. BHEIpEeHUE OMOIHU-
TENBHBIX MIPOTPAMM H ITOIKIFOYAEMBIX MOITYJIeH
oOneryaet co3nanue HHGYOPMATMOHHONW MOJICITH
MOCTa, a TaK)Ke BBIMOJHEHHE HEOOXOIUMBIX
BBEIYHCIICHUH Ha JIFOOOM 3Tare 3KCILTyaTaluu
00BEKTa C yYETOM PE3yJIETaTOB MOHUTOPHUHTA.
Kpome Toro, mapameTpraeckoe MOICITHPOBAHHE
MO3BOJISICT MHXKEHEpaM pabdoTaTh CO CIOXKHOM
reoMeTpuell, aBTOMaTU3UPOBATh MOBTOPSIO-
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IIMECs 3aJa4ul MPOCKTUPOBAHUS U CO3JaBaTh
WHIUBUyaJIbHBIC pa0boyure MPOIECChI, TEM Ca-
MBIM ONTHMHU3HPYS MPOIECC MPOCKTUPOBAHUS
1 TIOBBIIIAst 00MIYI0 3 ()EKTHBHOCTS.

B npencrarnenHoit pabore mapameTpuye-
CKHE BJIEMEHTHI JJI1 MOCTOB CO3/IAIOTCS C UC-
moJib30BaHueM jnononHeHus Grasshopper, BU3y-
aJIbHOTO fA3bIKA MPOrPAMMHUPOBAHUS M CPEJIbI,
YTO MO3BOJISICT CO3/aBaTh TMOKYIO T€HEPATHB-
HYIO MOJEJb, TOTOBYIO JJIsi TCCTHPOBAHUS
B Tekla Structures. AJIroput™ reHepUpyeT reo-
METPHIO 3JICMEHTOB MOCTa Ha OCHOBE MapamMe-
TPUYECKUX BXOJHBIX MApamMeTPOB, IPH ITOM
Kbl KOHCTPYKTUBHBIN 3JIEMEHT UMEET CBOM
COOCTBECHHBINM HAOOP BXOJIHBIX 3HAUCHHI, KOTO-
pBIC OIIPEACIISIIOT pa3Mepbl reoMeTpur. M3mMeHsis
9TH BXOJHBIC 3HAYCHUS, MOXKHO M3MCHSTH IIIH-
PUHY, BBICOTY, [UTHHY U YTOJI HAKJIOHA OT/ICIIBHBIX
KOHCTPYKTHBHBIX 3JIEMEHTOB. 3apoc oreparopa
OMpE/ICIIACT, KAKKE 3HAYCHUS HEOOXOAUMO Mapa-
METPHU3UPOBATH, YTO MO3BOJISICT BHOCHUTH (P (heK-
THUBHBIC U I[CJICHANIPABICHHBIC M3MCHCHHUS
B KOHCTpyKuuto. [Ipeanaraempic BU3yallbHbBIC
CIICHAPHH JIEMOHCTPHUPYIOT YIYUIICHHYIO MPO-
W3BOAUTEIIBHOCTD C TOYKH 3PCHUS BBIYHCITUTCIIb-
HBIX 3aTPaT U pecypcocOeperaromiero NpoeKTu-
POBaHUsI M aHAJTK3A, IPEBOCXOIS TPATUIIMOHHBIC
HECOBMECTHUMBIC Hpollecchl. Takoil moaxon
MO3BOJIAET A3 (PEKTUBHO CO3/[aBATh MOCTHI CIIOXK-
HOW reOMETpPUHU M 00JeryacT ONTUMH3AIHUIO
MPOEKTHBIX MaPAMETPOB, YTO B KOHCYHOM HTOTE
COKpaIlaeT BpeMsi U PeCypChl, HCOOXOIMMBIC JIJIs
MIPOSKTHPOBAHUS U aHAU3A.
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AHHOTALINA

Cmambs nocesiyeHa uccnedosaHuto 8MUSHUS yPOHSA 3anort-
HEHUST JKUOKUM 2Py30M Ha YacmomHble Xapakmepucmuku 06o-
JI04KU KOMAa 8a20Ha-UUCMEpHb!.

B pamkax pabombi npumereH nodxo0, ucnonb3yemsiti 0s
OUeHKU Yacmom u ¢hopM cobCMBeHHbIX KonebaHull cmasnbHbIX
pe3epasyapos nod o3delicmeuem CeliCMUYECKUX Ha2Py30K.
[aHHbili nodxod npednonazaem yyem d8yx KOMNOHEHMO8
€06CMBeHHbIX Yacmom: UMNybCUSHOU U KoHeekmueHoU. ns
onpedeneHus NepequUCeHHbIX Yacmom u hopm cO6CMBEHHbIX
konebaHuli 8bI6paH MeMOQO KOHEYHbIX 31eMEHMO8 C UCNOsb-
308aHuUeM akycmudveckux anemeHmos FLUID221. Bbibop

memoda 060CcHOBaH 8 paHee NPoBedeHHbIX UccredosaHusX
asmopos.

C ucnonb30saHuem ebibpaHHo20 Memoda bbiu uccrnedo-
8aHb! KOHBEKMUBHbIE cOBCMBEHHbIE Yacmoms| KonebaHuli c8o-
600HO( NogepXHOCMU XUAKOCMU U UMNYITbCHbIE Yacmome! cob-
CMBEHHbIX KorebaHuli ¢ pasnuyHbIM yPOBHEM 3aN0THEHUS KUOKUM
2py3oM Komsa 8agoHa-yucmepHsl. [odmeepxdeHue docmosep-
Hocmu pe3ysbmamog /151 UMNYIIbCHbIX Yacmom 060704Ku, codep-
Xawel xudkocms, obecnequgaemcsi co21aco8aHHOCMbIO
¢ QaHHbIMU, NOMyYeHHbIMU asmopamu 8 npedwecmsyowux pabo-
max ¢ Ucnosb308aHuUeM Noy6eaMoMeHmHol meopuu 060T0Yex.

Knroyesble crioga: xene3Ho00poxXHbIL mpaHCNopm, 8a20H-UucmepHa, Komes 8a20Ha-UUCMepHbI, 4acmoms| konebarul, (hopmb!
Kkonebarutl, ce0b600Hasi N0BEPXHOCMb, KOHBEKMUBHbIE YaCMOMbI, UMNY/TbCHbIE Yacmomb.

Lns yumupoganus: puzopbes 1. C., Kopxut C. H., M6odynnoes LL. P. BiusiHue )udko2o epy3a Ha YacmomHble Xapakmepucmuku
Komna ea2oHa-yucmepHn!// Mup mparcnopma. 2024. T. 22. Ne 3 (112). C. 45-51. DOI: https://doi.org/10.30932/1992-3252-2024-22-3-6.

MonHbii mekcm cmambu 8 nepegode Ha aHanulickull A3bIK Ny6nuKyemcs 0 8mopoil Yacmu 0aHHO20 ebINycKa.
English translation of the full text of the article is published in the second part of the issue.
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BBEOEHUE

B mporecce pa3paOoTKu KOHCTPYKIUH IS
JKEIIE3HOIOPOKHOTO TOABIKHOTO COCTaBa OC-
HOBHOE BHUMaHHE YACISACTCS IIPOBEICHUIO BCE-
CTOPOHHWX HCCIICIOBAHH, IIEJTb KOTOPBIX — TIIIa-
TeJIbHAsI OIIeHKA TMHAMIUIECKIX XapaKTePUCTHK.
Takne mccneqoBaHus SBISIOTCS KPUTHYECKHU
Ba)KHBIMH T10 IPHYHHE CTICITH(UIECKUX YCIOBHI
SKCIUTyaTallid, B KOTOPBIX (QYHKIHOHUPYIOT
BaroHHbIE KOHCTPYKIMH. B 4acTHOCTH, aHATTN3
CcOOCTBEHHBIX YaCTOT KOJIEOAHUN M UX MOIAIb-
HBIX (pOpM ISl TPY30BBIX BarOHOB CTaHOBHTCS
HEOTHEMJIEMBIM 2JIEMEHTOM MPOSKTHPOBAHUS ',
obecrieunBarOIM 0€30MacHYI0 M HaJCKHYIO
paboTy KoHCTpyKIMu BaroHa. [loHnManme 4a-
CTOTHBIX XapaKTEPUCTHK KOHCTPYKIHH MO3BO-
JSeT MHKEeHepaM MPeI0TBPaIaTh OMTaCHBIE Pe3o-
HAHCHBIE SIBJICHUS, KOTOPBIE CIOCOOHBI IPUBECTH
K aBapUAHBIM CHTYaIHsIM.

OcHOBHas yenb WCCIAETOBAHUS — OILCHKA
COOCTBEHHBIX 9acTOT M (GopM KomebaHuit 000-
JIOYKH KOTJIa BaroHa-IUCTepHBI. OIHON U3 KITI0-
YEeBBIX MPOOIEM, YCIOKHSIOIINX IIPOLIECC pac-
YeTa dTUX MapaMeTpoB, SBISIETCS HEOOXOmH-
MOCTH y4e€Ta XapaKTEPUCTHK MEepEeBO3UMOTO
rpy3a. B cBs3U ¢ 3TUM OCHOBHOM 3a1au€eil ucce-
JIOBaHUS CTAHOBUTCS y4eT B3aMMOJICHCTBUS
rpy3a ¢ KOHCTPYKIIHEH KOTIIa BaTOHA-IIUCTEPHEI,
KOTOpOE, KaK IMOKAa3bIBAIOT IPAKTHKA H TEOPETH-
YeCKHe HCCJIEI0BAHUS, OKa3bIBACT 3aMETHOEC
BIUSHIE HA YAaCTOTHHIC XapaKTEPUCTHKH CHC-
TeMbI. B mpakTuke pacdeToB ydYeT KHUAKOCTU
B pe3epByapax, MOIABEPTafoNIuXCs pa3INIHOTO
pona IMHAMHYECKAM Harpyskam, TpeOyeT oco-
00T0 BHUMAaHUA NPH NMPOCKTHPOBAHUH IS
obOecreuenns 0€30MaCHOCTH W HAJIEKHOCTH
KOHCTPYKITHH.

OB30P UICTOYHKUKOB

3amagam MOZOOHOTO pona yuenseTcs: 00b-
[10€ BHUMaHHE B 00JIACTH PAacUEeTOB CTAIBHBIX
pe3epByapoB Ha CEHCMUYECKHUE BO3JIECHCTBUS.
OCHOBBI pac4yeToB MaTeMaTHYECKOM MOIENH
CHCTEMBI «pE3epByap — XKHAKOCTH» 3aI0XKHII
B 1954 rony B cBoeti pabore k. Xaysuep [1].
B sToM nozxxoze paccMarprBaiach yIpoIeHHAs
MaTeMaTndecKas MOJENb, COCTOSINAs U3 CHUC-
TEMBI JUCKPETHBIX MACC, YTO MO3BOJIIO CyIIle-
CTBEHHO OOJIEIYHTH MPOIECC BBHIYUCICHUS CHII
THApOANHAMUKH. [IpeanoskeHHas MOZIeITb BKITIO-

'TOCT 33788-2016 «Baronsl rpy30Bble H NaCCOKUPCKHUE.
MeToabl UCHBITAHUI HAa MPOYHOCTh M JUHAMHYECKHE
KadecTBa». [DnekTpoHHbIH pecypc]: https://docs.cntd.ru/
document/1200137251. Joctym 21.02.2024.
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Yaja JiBa BHJa KHHEMaTHYeCKOW CBOOOIBI: M-
IYJILCUBHYI0, KOTOpPasi OTHOCHIIACh K JIBHKEHHIO
000JI0YKH pe3epByapa BMECTE C OCHOBHOMU
Maccoi ero ColIep)KMMOTo, U KOHBEKTHBHYIO,
CBSI3aHHYIO C JIBWKEHUEM BOJIH Ha TIOBEPXHOCTH
KHUJIKOCTH BHYTpH. OCHOBBIBAsICh Ha IPEAIO-
JIO)KEHHH, YTO CTEHKH KOHTEHHepa abCONIIOTHO
Hene(OpMUpPYEMBI, a KHUIKOCTh WACAIBHO He-
C)KMMaeMa M He UMEET BHYTPEHHEro TPEHUs,
Xay3Hep NPUMEHHUIT YIIPOILEHHbIE BBIUYMCIIUTEIb-
HBIE TIOJXOJbI JJIsi BbIBO/A (OpMYJI, Kacaro-
LIMXCS PsiJia Pa3IMYHBIX THUIIOB KOHTEHHEPOB,
BKJIFOYas IMIIMHApUYeckre. B HacTosiee Bpemst
B psiZie 3apyOeXHBIX CTpaH JUlsl pe3epByapoB
C TUOKUMH CTEHKaMHU HCIOJB3YeTCsI MOEIb
XapyHna u Xay3Hepa [2], a 1yis pe3epByapoB
C XKECTKUMH CTEHKaMu — Mojiesib Benercoca
u Sura [3]. B oreuecTBEHHOM PaKTHUKE pacyeToB
pacnpocTpaHeHHe MOJyYHUIH PEeKOMEHAlUH,
npeninoxennsie M. U. Fonpaenbnarom
u H. A. Huxonaenko [4].

s paccMatpuBaemMoil 3ajauu MpeacTaB-
JISIET UHTEPEC BBIPAKEHHUE JJISI ONpeAeTIeHHs
YacTOTHI IUIECKaHUsI CBOOOIHOW MOBEPXHOCTH
KHUJKOCTH:

g H
== th{ A, —
(Dn R n ( nRJ b (1)

rae A — Hyl1u MOAM(MUUMPOBAHHON (QyHKIMH
Beccenst (nnst onpenenenust nepBoi GopMel
BOJIHBI UIECKAHHUs A IPUHAMAETCSA PaBHO# 1,84);

n — opma KonebaHMH;

g — YCKOpEHHEe CBOOOIHOTO MaJICHNUS;

H — BBICOTA IMIMHIPUUECKOTO pE3epByapa;

R — BHyTpeHHMI pasguyc pe3epByapa.

Hecmotps Ha mocTaTo4HO OOINPHEIE HCCTIe-
JIOBaHHS B 00JIACTH OLICHKH YacTOT Pe3epByapoB
C JKUJIKOCTBIO, YIUTBIBAIOIINX KaK KOHBEKTHB-
HBIE, TaK U UMITYJIbCUBHBIE YaCTOTBI, IPUMEHH-
TENIBHO K 000JI0YKaM KOTJIOB BarOHOB-LIUCTEPH
TaKWe pacyeThl He BHIIOJIHSIINCH. B paborax [5;
6] paccMaTpHuBarOTCs aHAIUTHYECKHE TTOIXOIBI
K OLICHKE YaCTOTHBIX XapaKTePUCTUK 000I04YeK
KOTJIOB BarOHOB-IIUCTEPH C Y4ETOM YPOBHS 3a-
TIOJTHEHUS MX SKUJIKUM Ipy30M. Pe3ynbsrarel aTHX
pacydeToB [I0Ka3alH yA0BICTBOPUTENBHOE COIVIa-
COBaHME C PE3YIITaTaMHU, OJTyUYCHHBIMH HCCIIC-
JOBaTeNsIMH paHee [6], ¥ pe3yasraTaMu, Moy-
YEHHBIMHM Ha OCHOBE 3KCIEPHMEHTAIbHBIX UC-
cnenoBaHuii [7; 8]

B crarbe [9] aBropamu ObUTH PaCCMOTPEHBI
HIOZIXOJIbI K OIIEHKE COOCTBEHHBIX YacTOT KOTIOB
BaroHOB-IIMCTEPH U Pa3JIM4HbIe CIOCOOBI OLIEHKH
BJIUSIHHSA KUAKOCTH Ha COOCTBEHHBIE KOeOaHus
C MCTIONB30BaHUEM UHCIIEHHBIX MeTONO0B. K Takum

IpuropseB . C., KopxuH C. H., U6oaynnoes LU. P. BnusiHue xuaKoro rpy3a Ha 4acToTHble
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METOJIaM OTHOCSITCS aHaJIN3 COOCTBEHHBIX YaCTOT
C MpUMEHEeHUEM pactimpenus Acoustic body, yuer
JKHMIKOCTH KaK pacrpeielieHHONW MacChl, MOJICIIHU-
pOBaHUE XHUAKOCTH B BHJIE TBEPIOTO Teja, HC-
nosb3oBanue aMemenTa FLUIDSO0 u mpumenenue
AKyCTHUYECKHX JIEMEHTOB.

CornacHo pe3yiaprataM MpPOBEACHHOTO HC-
ClIeIoBaHMs, HanboJiee MpUeMIIeMbIM OKa3acs
MOJIXO/, 3aKJIIOYAIOUIMNCS B yUeTe JKUAKOCTH
BHYTPH LIMCTEPHBI C MCIOJIb30BaHHEM aKyCTH-
YECKHX DJIEMEHTOB.

B crarbe [10] nokazan npumep pacuera ya-
CTOTHBIX XapaKTEPHCTHK, BKIIFOUasi COOCTBEHHBIE
4acTOThl U (hOPMBI KoJieOaHUIl KBaJpaTHOTO
pe3epByapa METO/J0M KOHEYHBIX IJIEMEHTOB
C HUCIIOJIb30BAaHUEM aKyCTHYECKHX DJIEMEHTOB
FLUID221. 3ToT moaxoA MO3BOJMI OLIEHUTh
HMITYJIbCUBHBIE M KOHBEKTUBHBIE YaCTOTHI pe3ep-
Byapa IIpY pa3HbIX YPOBHIX HAIIOJIHEHUS U pa3-
JIMYHBIX YCIIOBUSIX. JJ0CTOBEpPHOCTB paccMOTpEH-
HOT0 [10/1X0/1a TOPOOHO onucaHa B padorax [11;
12] myTem cpaBHEHHUS pa3IHUHBIX aHAJIUTHYE-
CKHX M YHMCICHHBIX METOJOB OLIEHKH 4acTOT
COOCTBEHHBIX KOJIeOaHUI CHCTEMBI «MEXaHHUe-
CKasl CHCTeMa — JKUJIKOCTBb» HJIM TaK Ha3bIBae-
MOTO B3aWMOJICHCTBUS KHUIKOCTH U KOHCTPYK-
i (Fluid Structure Interaction, FSI).

B paborte [11] paccmarprBajioch HECKOIBKO
BapUaHTOB YHCJICHHOTO MOJIEITUPOBAHHS yueTa
YKHJIKOCTH KaK aKyCTHYECKOTO TejIa, B TOM YUCIe
kak snemeHTa xxuakoctu FLUID80 u kak pas-
JINYHBIX TUIIOB aKyCTHYECKOTO AJIEMEHTA >KH/I-
xoctu FLUID30/220/221.

MATEPWAIbI U METOLbI
FLUIDS80

Onement FLUID80 mpencrasiser codoi
OTJICIIbHBIN 3JIEMEHT JKUIAKOCTH, KOTOPBIH HC-
MOJIB3yeT TAKKME CBOMCTBA MaTepraia, Kak IIoT-
HocTh (DENS) u Moaynb 00bEMHOTO CHKATHS
(EX). lns mMomenupoBaHHS B3aUMOICHCTBHS
JKUJIKOCTH M TBepaoro Teya Ha uatepdetice FSI
HCIOJB3YIOTCS OTJENIbHbIE, HO COBIAJAIOLINe
y3J1b1. DTH Y3JIbI COCTUHCHBI C TBEPABIM TEJIOM
TaKuM 00pa30M, YTO OHU MOTYT CKOJIB3UTh B TaH-
TCHIMAIbHOM HAIPABJICHUH OTHOCHUTEIILHO TEJa,
HO CBsI3aHBbI B HOpMaJILHOM HampasicHud. J[o-
CTHYb 3TOT0 MOXKHO IIyTEM CO3[aHHs COOTBET-
CTBYIOIIIHX CETOK Ha I'PAHUIIC pa3/ieiia JKUIKOCTH
C TBEpJABIM TEJIOM M Ha UHTEpdeiice TBEPHAOro
Tella ¢ XKHUIKOCTBIO. 3aTeM COBIIAIAIOIIUE Y3IIbI
COC/IMHSIOTCS B HOPMAJIbHOM HAIlPaBICHUH. JTH
2JIEMEHTHI 00JIaal0T CTereHs MU cBoOoabl UX,
UY u UZ. B uccnenoBanusix [13; 14] nanusIit
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SIIEMEHT MTPUMEHEH ITPU MOJICITUPOBAHHH Pe3ep-
ByapoB LTS XpaHEHHUS )KHIKOCTH. OTMETHM, 9TO
Onounblii pemarens Jlannoma [15; 16] takxe
TOMIXO/THT JUTS 3THX IICMCHTOB. DIIEMCHT MOYXKET
TeHEePUPOBATh HECKOIBKO HU3KOYACTOTHBIX TLITE-
cKaroruxcst Gopm KoaeOaHui KUIKOCTH, KOTO-
pBle MOTYT BO3HHKATh MPU HE3HAYUTEIHHOM
JIBIDKCHUH TBEPIBIX TN WITH JaXe IPH OTCYT-
CTBUH JBWXeHHUA. [[09TOMy peKoMeHIyeTcs
MPOITYCKATh HJIH HTHOPHPOBATh HU3KOYAaCTOTHBIC
MOJIBI XKHUAKOCTH MPHU OLCHKE UMIYIbCHBIX Yac-
TOT COOCTBEHHBIX KOJICOAHHU. ITH MOJIBI TAKKE
MOTYT OBITh HICHTH()UIIUPOBAHBI 10 X MAJIOMY
k03()HHUIHEHTY MaCCOBOTO YUACTHSI.

FLUID30, FLUID220 u FLUID221

FLUID30 npencrasnsier co0oi 3JIeMEHT
aKyCTHYECKOW KMUIKOCTH, KOTOPBIH HMeeT 00-
M€ y3JIbI C COCEAHUMH TBEPAOTEIbHBIMHU 3J1e-
MEHTaMH. DTOT IEMEHT UCTIOIb3yeT IIIOTHOCTh
skuakoctr (DENS) u ckopocts 3Byka (SONC)
JUIsL OTIpesielieHus CBOMCTB MaTepuana. Panee
anemeHT FLUID30 ncrnone3oBain HeCUMMETpHY-
HYIO MaTpHUILy, N3-3a 4ero TpeOoBaJICsl HECHMMe-
TpHUUHBIN pemarens. COOTBETCTBEHHO, MOJIANIb-
HBIN aHAJIM3 HE MOT COITPOBOXK/IAThCS aHATIM30M
BBIHYXJEHHOTO OTKJHMKAa M CIHEKTPaJbHOM
IJIOTHOCTH MOIIHOCTH. {1 MopenupoBaHUS
B3aUMOJICHCTBUS KUAKOCTH U TBEPAOTO Teja
(FSI) ucnonp3oBanuck J1Ba THIA 3JIE€MEHTOB
FLUID30: *uaKoCcTh, MpUiIeTarolias K TBEpAOMY
TeIy, U KUIKOCTh, HE COPHKACAIOIIASICS C TBEP-
JI5IM TenoM. JKHIKOCTh, pHieraromiast K TBep-
oMy Teny, uMeeT crerienn ceoboasl UX, UY,
UZ u nasnenne (PRES) nns onucanus B3anmo-
JICHCTBUS MEXTy TBEPABIM TEJIOM U )KHUIKOCTHIO.
YKunkocTs, KoTOpas He B3aUMOJIEICTBYET C TBEp-
JIBIM TEJIOM, UMEET TOJBKO CTENeHb CBOOOJIBI
PRES 111 B3auMoieiCTBUS ¢ IPYTHUMH dJIEMEH-
TaMU KUAKOCTH. [o3ke cTaay nCronb30BaTbes
snemenTsl FLUID30, mo3Boisionme co3iaBaTh
CUMMETPHUYHYIO MaTpuIly. B otnndue ot anemeH-
toB FLUIDSO0, anementst FLUID30 mMenee uyB-
CTBUTEJBHBI K IJIOTHOCTH CETKH.

FLUID220 u FLUID221 — 370 GOJee BbIco-
kornopsiakoBsle BapuanTel FLUID30.

Ha ocHoBe npoBeeHHOTO aHaIN3a MPaKTH-
YECKUX PacdyeToB OyleM HMPUMEHSTH JJIEMEHT
FLUID221, xoTOopsIif SBISIETCS TPEXMEPHBIM
TBEpAOTENBbHBIM 20-y3JI0BBIM JIEMEHTOM BBIC-
nrero nopsaka (cm. puc. 1). dnmement FLUID221
UCTIOJb3YyeTCs I MOJACTUPOBAHUS KUIKOM
Cpelsl M TpaHUIBl pa3zerna B 3agadax B3auMO-
JIeHCTBUS )KUIKOCTH ¢ KOHCTPYKIIHEH.
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Puc. 1. FeoMempusi, pacnosnoxeHue y3108 u cucmema koopduHam anemesma FLUID220 (cneea) u FLUID221
(cnpasa) [https://www.mm.bme.hu/~gyebro/files/ans_help_v182/ans_elem/HIp_E_FLUID220.html;
https://www.mm.bme.hu/~gyebro/files/ans_help_v182/ans_elem/HIp_E_FLUID221.htmI].

Hcxonnple JaHHBIE

Jaiee B pacuerax OyaeM HCIOIh30BaTh Clic-
JIYIOIIME MCXOJHbIE JaHHbIE, NPEACTaBIECHHbIE
B Tabmulge 1.

IIpu panpHeHmMX pacuerax HNPUHSATHL clie-
JIYIOIIME JOMYLICHHUS:

— )KMIKOCTb HJieabHasl, HSCoKMMaeMasi;

— JIBIDKCHHUE JKUIKOCTH OE3BUXPEBOC;

— 000J109Ka KOT/Ia UACaTbHON IMIHHAPUYIC-
CKOH (POPMBI C IUTMITHYCCKUMHE THHUIIAMH.

PE3YNbTATbI U OBCYXOEHUE

Ha puc. 2 u 3 npencraenena uccinenyemast
TBEPAOTENIbHAS MOJIENb.

Jns HarIsgHOCTH Ha puc. 3 m300pakeHa
MoJieTb, pa3pe3aHHas B Iockocty XOY, U noka-
3aH ypOBEHb HAIMOJHEHHUSI, COOTBETCTBYIOIINMA
90° (m Ko3(h(hpULKEHTY 3arTOTHEHHS, PABHOMY
0,5).

Pasz0OueHne Momeny Ha 3IEMEHTHI BHITTOTHS-
JIOCh CIEAYIOIUM 00pa3oM: JUIsl TBEPIOIo Teja
HCIIOJB30BaINCh d1eMeHTH Tuma SOLID187,
st sxuakoctr — FLUID221, a KoHTakT B3auMO-

JIeHCTBHS MEXKITy TBEPIBIM TEJIOM U KHUIIKOCTHIO
obecrmeynBayics C MOMOIILIO 3JIEMEHTOB
CONTA174. Dnement CONTA174 HeoOxomuM
ISl CO3MTaHUA KOHTAKTa CKOJIBKEHUS MEXIY
AIIEMEHTAaMH TBEPIOTO Tella U KHUIKOCTH.

[IepBbie hopMBI KONEOAHUH WMITYITBCHBIX
U KOHBEKTHBHBIX YacTOT MPEICTaBICHBI Ha
puc. 4 u 5 coorBercTBeHHO. B Tabmume 2 npu-
BEICHBI PE3yJBTAaTHI, TIONYYEHHBIE C HCIOIb30-
BaHHEM METOJIa KOHEUHBIX DJIEMEHTOB M Ha OC-
HOBE DHEPreTHUECKOT0 Torxoa [9], mpemioxkeH-
HOTO aBTOPaMH C MCIIOIE30BAHNEM IT0ITy0e3MO-
MEHTHO# Teopuu obonouex. [Ipu cpaBHEHUN
PE3YIBTaTOB pacueToB OBLIO YCTAHOBJIEHO, YTO
OHH JJOCTATOYHO XOPOIIO KOPPENUPYIOT MEXKITY
c000¥ 1 HAXOATCS B OHOM JTHANa30HE YacTOT.
CunraeM 3TH pe3yibTaThl yAOBIECTBOPHUTEIb-
HBIMH.

OmneHnM BIUSHHUE JXKUJIKOCTH HAa 9aCTOTBHI
COOCTBEHHBIX KOJIeOaHHI caMoii 00O0JIOUKH, TO
€CTh Ha TaK Ha3bIBaeMbI€ UMITYJIbCHBIC YaCTOTHI.
W3 Tabnutrer 2 SICHO BUHO, YTO C YBEIHICHAEM
YPOBHSI 3aITOJTHEHNS COOCTBEHHAS aCTOTAa KOJIe-

Taonauna 1
HcxonHble 1aHHBbIE [BBINOJHEHO aBTOPaMH |
Ob6o3nauenne | HasBanme Ilapamerp PasmepHocTs
E Mopyins ynpyrocTu Marepualia Kotia 210 I'Tla
n Koappumment [Tyaccona 0,3 -
g ‘Yckopenue cBoOOHOTO MaJeHUs. 9,81 Mm/c?
P, IInoTHOCTH MaTepuana 000I0UKH 7850 Kr/™m3
P, IInoTHOCTB MaTepHaa >KUJIKOTO rpy3a 1000 Kr/m?
C CKOpOCTb B aKyCTHYECKOH Cpejie :UAKOTo rpysa 1435 m/c?
D JluaMeTp MUIMHAPUIESCKOI YacTH 000I0UYKY BHYTPEHHUH 3 M
h TosmmHa 000I04YKH KOTIA 10 MM
L, JlnvHa HUITHHAPUYECKOH YacTH 000I0UKH 17 M
L JlnvHa BBUIETa SIUIMNTHYECKOTO THUIIA 0,45 M
B ‘Yro:n HanmMBa KUIKHM IPY30M 0°—180° -
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Puc. 4. Nepeasi co6cmeeHHas ¢hopma UMNYNbCHbIX KonebaHull 060/104KU KOMAa 8a20Ha-YUCMEPHbI,
3anosiHeHHoU XudKkocmbHo [8bINOTHEHO agmopamu].
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Puc. 5. lepeas koHeekmueHasi hopma konebaHuii ceo600HOL NogepXHOCMU UOKOCMU [8bINOTHEHO agmopamu].

Oannit cHmkaercs. Hampumep, mpu n3MEHEHUN
ypoBH: 3anonHeHus ¢ 0° mo 171° cobcTBeHHAs
gacToTa KojeOaHmi 0OOJOYKHM KOTJa paccMar-
pHUBaeMOi MOJENHN yMEHbIIaeTcs Oonee 4eM Ha
50 %.

OTaenbHOTO BHUMAHHMS 3aCITyKHBAIOT KOH-
BEKTHBHBIC YAaCTOTHL. M3ydeHue mieckaHus
JKUJIKOCTH B KOTJIC BarOHA-IIUCTEPHBI SBISACTCS
AKTyaJIbHOM WU JI0CTAaTOYHO CIJIOKHOM 3alauei.
B Tabnmie 2 HanpoTHUB KaKIOTO YPOBHS 3aII0J-
HEHUS IPEACTABIICHBI IBE YaCTOTHI UMITYJIBCHBIX
KoneOaHmit CBOOOTHON TOBEPXHOCTH KHUIKOCTH
J.ne 11EPBAS 9ACTOTA COOTBETCTBYET OIXHOM TIO-
JyBOJIHE KOJI€OaHMH JKUIKOCTH B MPOAOIBHOM
HalpaBJICHUH; BTOPAs — OJHOU MOITyBOJTHE KOJIe-
0aHM KUIKOCTH B TIONIEPEIHOM HATIPABICHUH.
ITo HameMy MHEHHWIO, 3TH BUABI KOJIeOaHUH
JKHJIKOCTH JIETKO BO30YKJatOTCsI IPH JBIKCHUH
BaroHa-IMCTEPHBI TI0 HEPOBHOCTAM mmyTH. Ha-

TIPUMED, €CITU KOTEJT BarOHA-IIUCTEPHBI 3aII0JTHEH
Ha yroji HanmuBa 153° 1 mponcXonsaT BEIHYKICH-
HBIE KOeOaHus ¢ yacToToi ranormpoBanws 0,19
', 5TO MOXKET IPUBECTH K JBHKECHUSAM SKUJIKO-
CTH, OKa3bIBAIOIIMM BIIMSHHE HAa TUHAMHKY Ba-
rOHA.

BbIBOObI

Bt mpoBeznien pacdeT 9acToT U hopM cob-
CTBCHHBIX KOJICOaHHI 000J0YKH KOTJIa BaroHa-
LOUCTEPHBI C YUETOM Pa3IMIHOTO YPOBHS 3aII0J-
HEHHS eT0 KUAKAM Ipy30oM. PacueT BEITOmHIICS
C HCIIONB30BaHUEM METOAa KOHCYHBIX 3JIEMEH-
TOB, B KOTOpOM TipuMeHeH memenT FLUID221.
Takoil moIxoA MO3BONMII MOJIYYUThH JABa BHUIA
COOCTBEHHBIX YaCTOT — MMITYJIbCHBIC W KOHBEK-
THBHBIC. Pe3ynbpTaTsl pacyeToB MOKa3ail YIo-
BIICTBOPHUTEIHHYIO CXOIUMOCTh C TIOAXOAaMH,
MIPEUIOKEHHBIMEA aBTOPAMH UL PEIICHUs T0-

Tabnuma 2
PacuerHble 3HAYEeHHUA HUMIYJbCHBIX 1 KOHBEKTUBHBIX YaCTOT [BLIHO.]'IHeHO aBTOpaMH]
Vroa nanusa Co0cTBeHHas 4acToTa 000I0UKH Co0cTBeHHas 4acToTa CBOOOIHOM
C yYETOM JKHAKOCTU TIOBEPXHOCTH JKHIKOCTU
(MMITyJIbCHAsI 4acTOTA) (KOHBEKTHBHAsI 4aCTOTA)
Juwr T4 oo T
Py OHepreTu4yeckuit MKD MKD3
MOMIXOT

171° 4,12 4,24 0,32 -
153° 4,17 4,35 0,19 0,83
126° 4,15 4,52 0,13 0,59
90° 5,45 4,86 0,093 0,47
54° 7,69 6,21 0,057 0,42
0° 10,81 10,89 -
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JIOOHBIX 3a/1a4 B UX MPEABIIYIINX Pab0Tax, OCHO-
BaHHbBIX HA DHEPTETHYCCKHIX MOAX0/IaX U TCOPUHU
00oJI0UEK.

ITo pe3ynbraramM MPOBEACHHBIX HCCIIEIOBA-
HUH MOXXHO CJIEJIaTh CJCIYIOIINE BHIBOIBI:

— MPUMEHECHUE METO/1a KOHCYHBIX 3JICMCHTOB
¥ DHEPTEeTHYCCKOTO MOX0/Ia HAa OCHOBE TCOPUHU
000JI04EK TaCT CXOKHE PE3YIILTATHI PH OLICHKE
HMMITYJIbCHBIX YaCTOT COOCTBEHHBIX KOJICOaHU;

— OPUMCHSICMbBIN B UCCJICJOBAHUH TIOIXO
MO3BOJISIET OLICHUTh KOHBEKTHBHBIC COOCTBEHHBIE
YacTOThI CBOOOJHON MOBEPXHOCTH YKHUIKOCTH,
KOTOPBIC 3HAYUTEIILHO HIDKE UMITYJIbCHBIX YacTOT;

— 3aMOJIHCHUE KOT/Ia BArOHA-I[CTEPHBI KK /I
KHM TPY30M CYIIECTBEHHO CHH)KAeT COOCTBEH-
HYIO 4acTOTy ero 000J0YKH (JIJIsI pacCMOTPEH-
HOTO CJTy4asi 3aTI0JIHCHHUE KHIKOCTHIO IPUBOIUT
K YMEHBIICHHIO COOCTBEHHOW YaCTOThI KOTJA
Goinee ueM Ha 57 %);

— KOHBEKTHBHAsI 4aCTOTa CBOOOTHO MOBEPX-
HOCTH JKHMJKOCTH YBEJIHWYHUBACTCSI C POCTOM
YPOBHSI 3aITOJTHCHUS YKUKUM TPY30M;

— B pacueTax KOTJIOB BaroHOB-I[HCTEPH Ha
MPOYHOCTH CIICAYET YACIITh BHUMaHHE H3MCHE-
HUIO COOCTBEHHOM 4acTOThI €0 000JIOUKH NPH
3aMOJHCHUH UX JKUIKHUM IPY30M.
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Asmocnopm signsiemes 00HoU u3 Haubonee bbicmpopassu-
8aKOUUXCSH MEXHOMORUYECKUX Chep, @ MEXHUYECKUE PEWEHUS,
Kacaruwjuecs 20H04YHbIX asmomobuneli, Hepedko enocrnedcmeuu
sHedpsiromes 8 epaxdaHckoe asmomobunecmpoeHue. Takum
06pa3om, pasgumue 20HOYHb X a8momoburel okasbieaem npsimoe
8/1UsIHUE Ha pa3sumue agmoMobUIbHOU Ompacu 8 Lesom.

B pamkax uccnedogaHusi nocpedcmeom 0bpawjeHus K na-
meHmHbIM 6a3am daHHbIX 6bin NposedeH nameHMHbIU nouck
8 06/1acMU 20HOYHBIX a8MoMobuseli, 8bINONHEH NameHMHbIU
aHasus3 pbIHKa, @ makxe paccMompeHb! 0C06EHHOCMU NameHmo-
8aHUsi 0mOesbHbIX MEeXHUYECKUX pelieHull. Llenbro sensnock
8blseieHUe meHOeHYuUU passumusi nameHmHol akmusHocmu
8 obracmu mexHono2ull 20HOYHbIX agmomobusedl. B yucne 3aday
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6b 110 8bIsBIIEHUE CMPaH U Opearu3ayudl, 3aHUMaKWUX NUOUpyio-
Wue nosuyuu no 3aseumenbCkoll U nameHmHoU akmusHoCmu,
ycmanossieHue obwel 0515t HUX meHOEHUUU KacamesbHO MEeXHO-
noaull 20HOYHbIX asmomobunell. [lo pes3ynsmamam aHanu3a
ebisigneHa obwas duHaMuka pazsumusi mexHomoaul, Xxapakme-
pusyrowjasics nepuodamu yeepeHHo20 pocma U cnada akmueHo-
cmu, a makxe onpedeneHo abcomomHoe nudepcmeo Kumasi
U Kumalickux opeaHu3ayuli 8 OMHOWEHUU Konu4yecmesa 3asi8ok
u namexnmos. [JaHHoe uccnedosaHue Moxem 6bimb NPUMEHUMO
KkaKk s onpedenieHus OUHaMUKU pa3gumusi mexHonoauli  06-
f1acmu 20HOYHbIX agmomobunel, mak u 0ns ycmaHoeneHus
YPOBHS UHMepeca omoenbHbIX cmpaH, uccnedosamenell u opaa-
Huzayuti k 0aHHol obnacmu.

Kntoyesbie crosa: 20HO4Hb Il a@momobure, asmocnopm, nameHMHbIU aHanu3, a8momMobUsbHb I mpaHcnopm, 6onud.
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BBEOEHUE

ABTOCTIOPT — OJIHA W3 CaMBIX OBICTpOpa3-
BUBAIOIINXCS TEXHOJIOTHYECKUX oOyacTel,
TpeOyromast, B CHITy COPEBHOBATEIBHOTO Xapak-
Tepa, MOCTOSHHOTO COBEPIICHCTBOBAHUA. DTa
OosnpIIast MHIAYCTPUSI UTPACT HEMAJOBAXKHYIO
pOJb B 9KOHOMHYECKOM CEKTOpE, IPUBICKAs
TYpUCTOB U OOJNENBIINKOB O Bcero mupa. On-
HaKO C POCTOM MOMYJISIPHOCTH aBTOCIIOPTa pa-
CTYT 1 IPOOJIEMBI, CBSI3aHHBIE, B TOM YHCJIE, C €T0
TEXHOJIOrM4eckoil cropoHoil. Hanpumep, onac-
HOCTb ITPE/ICTABISICT BO3ACHCTBIE JAHHOTO BHIA
crnioprta Ha 3kojoruo [ 1]. ns permenns nanaoi
MpoOIIeMBI HETTPEPHIBHO IPOUCXOIUT MPOIIECC
MOZEPHHU3AINHN TEXHOJIOTHii: HAPHUMED, B aBTO-
CHOPT MHTETPHUPYIOTCS THOPHUIHBIE CHIIOBBIC
ycraHoBKH. TakuM 00pa3om, MOSIBIISIFOTCS HOBBIE
TEXHOJIOTUH, HYXJAIOINECS B IOPUANIECKOI
3alUTe KaK pe3ydbTaThl MHTEIUIEKTYalbHOU
JEATEIEHOCTH.

OxpaHa pe3ylbTaTOB MHTEIIEKTyalbHON
JIEATETBHOCTH B 00JIACTH TOHOYHBIX aBTOMOOMIIEH
HMeEeT CBOIO 0COOeHHYTO criernuKy. Yacto n3o-
OpeTeHus B TaHHOH 001acTH HE OTPaHUIHUBAIOTCS
TOJNBKO pPaMKaMH TOHOYHBIX COPEBHOBAHHH, HO
TaKKE TPUMEHSIOTCS ¥ B TPAXKJAHCKOM aBTOMO-
OunectpoeHnH. Pe3ynbsraTel HHTEIUIEKTYABHOM
COOCTBEHHOCTH, KacaloIecs TOHOYHBIX aBTO-
MOOWMIIEH, OIIMCHIBAIOT HE TOJIHKO CAMH TOHOYHBIC
OOIUIBL, HO U yCTPOMCTBA, HEOOXOAUMBIE IS HX
(YHKIMOHMPOBaHWS, 0COOCHHOCTH KOHCTPYKIIHH,
JIETaJTH, CHCTEMBI YIIPABICHHUSI © MHOTOE JIPYTOE.
MOXHO cKa3aTh, 9TO aBTOCIIOPT SIBIISIETCS CBOE-
00pa3HBIM «ITOJIUTOHOMY [T aBTOMOOMIIECTPOH-
TENBHBIX KOMITAHUH, KENAFOIINX IPOTECTHPOBATh
HOBEHININE TEXHOJOTHYECKNE AOCTHUKCHUSA.
Kpowme Toro, roHOYHBIE COPEBHOBAHHMS SIBIISTFOTCS
CHIJTBHBIM CTUMYJIOM K Pa3BUTHIO TEXHOIOTHH, TAK
KaKk BO MHOTOM aBTOCIOPT OCHOBBIBACTCS Ha
TEXHOJIOTUUECKOW TOHKE, BBIHYX/IAIOLIEW y4acT-
HHKOB ITOCTOSIHHO MOJIEPHHU3UPOBATh 1 Pa3BHUBAThH
coOcTBeHHBIE pa3paboTku. B cBs3u ¢ 3THM akTy-
QJIbHBI HAYYHBIE NCCIIEIOBaHUsI, HAIIPUMeEp, Kaca-
OIIMECs PAa3BUTHS aBTOCTIOPTA B PAMKaX OT/AEIb-
HOTO MYHHUIIUIIAJIIEHOTO oOpa3zoBaHus [2], mms
KOTOPOTO aBTOMOOHIIECTPOCHHUE SABIISIETCSI TPAI0-
o0Opasyroreii otpacibio. Emte 6omee pacmpocTpa-
HEHBI HayYHbIE PAOOTHI, aHATU3UPYIOIINE TEXHHU-
YECKYI0 CTOPOHY, B YaCTHOCTH OCOOCHHOCTH
KOHCTPYKIIMHM TOHOYHBIX aBTOMOOWIIeH (Harpu-
Mep, [3—8]). Caemyer ynmoMsHyTh W HaydHBIE
PpaboTHI, OMMCHIBAIOIIHE PA3TMYHBIE AIIEKTPOHHBIC
CHCTEMBI I TOHOYHBIX aBTOMOOMIIeH (Hampu-
Mep, [9-15]).
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L]envio npeniaraeMoro UCCeI0BaHHUS SBIIS-
€TCs aHaJIM3 TEXHOJIOTHH TOHOYHBIX aBTOMOOH-
Jeil ¢ MOMOIIbI0 MHCTPYMEHTOB MaTEHTHOTO
TIOUCKA.

[TaTeHTHBIN TOUCK OCYLIECTBISICS C IO-
MOIIBIO MATEHTHOM 0a3bl JaHHBIX Espacenet !
o kiroueBbIM cioBaM (racing AND car OR
racing vehicle; bolide AND car OR bolide
AND vehicle; motorsport AND car OR
motorsport AND vehicle; formula AND car
OR formula AND vehicle), B peTpocnexTuse
2012-2022 ronos, ¢ orpanndenueM no MIIK
(MexayHapoaHasi maTeHTHas Kiaccuduka-
uus) (B60, B62, B65, B66, F16, GO1, GOS,
G06, HO1, HO2, HO8) u 6e3 orpaHuYcHU M0
CTpaHaM INpPUOPUTETHOW 3asBKU. [lpu ana-
JM3€ MaTeHTHOHW aKTUBHOCTH YYHTBIBAJIHNCH
TOJIKO IATeHTHI HAa H300PETEHNUs U TI0JIE3HBIC
MOJIEIIH.

PE3YNbTATHI.
IMoaxonml Kk anaM3y NMOKa3aTesei
NMaTeHTOBAHUS

['MmaBHBIM OTJIMYMEM 3aIUTHl MHTEIJICKTY-
ambHON COOCTBEHHOCTH, KACAOIIEHCS TEXHO-
JIOTU TOHOYHBIX aBTOMOOWIIEH, SIBJISIETCS TO, YTO
COXpaHUTh TaiHy MPOM3BOJCTBA B paMKax ro-
HOYHBIX COPEBHOBAaHUH JIOBOJILHO 3aTPyIHH-
TEJILHO, TaK KaK COMNIACHO CHOPTHBHOMY perJia-
MEHTY, CTPOT0 3aIpeliaeTcsl HOKPHIBATH KAKYyO-
7100 YacTh aBTOMOOWIISI SKpaHaAMH, KPBIIIKaMH
U IPYTHMMH YacCTSMH, CIIOCOOHBIMH CKDPBITh
KOHCTPYKIIMIO KaK BCETO aBTOMOOMIISI, Tak
U OTAENBHBIX AeTanei (Hanpumep, [16]). Koneu-
HO, KOHKYPEHTBI HE UMEIOT JOCTYIl K TeXHHYe-
CKOIf CTOpOHE KOHCTPYKIM#T (YepTEXH U JApyras
TEXHUYECKasl JOKyMEHTAIINs1), HO MH)KEHEPbI-
CIENHAINCTEl B JaHHON 001acTh CIIOCOOHBI
pa3IUuUTh H300pETaTENILCKOE HOBIIIECTBO JJaXKe
CO CTOPOHBI.

Yariie Bcero aBTOphI MpUOEraroT K pukcanuu
ABTOPCKHX IIPaB B OTHOLIIEHHH TaKUX pa3padoToK
C IOMOIIBIO MyOJIMKAIIMU HAayYHBIX CTaTei,
B KOTOPBIX B TOM MJIM MHOW CTETIEHH ONKCHIBA-
€TCS TEXHUYECKOE PellleHHe, TOCKOJIBKY 3TO BO
MHOTHUX ClTy4asx ObICTpee v Impolie.

[TosTOMYy MOXHO 3apaHee OTMETHUTb JIOBOJIb-
HO HU3KHH ypOBEHb NATEHTOBaHMUS B cepe ro-
HOYHBIX aBTOMOOWMIIeil. Ha 3T0 ecTh HECKOIBKO
MPUYNH:

* Pa3BuTHe OTpacin HACTONBKO CTPEMHU-
TEJILHO, YTO MaTeHTOBAaHHWE HOBBIX TEXHOJIOTHIM

! [DnexrponHstii pecype]: https://worldwide.espacenet.comy/.
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Puc. 1. JuHamuka 3as180k u nameHmoe 3a nepuod 2012-2022 20doe [no OaHHbIM nameHmHoli 6a3b1 0aHHbIX Espacenet!].

CTaHOBHUTCS OECCMBICIEHHBIM. TeXHHYECKOE
pelIeHre MOKET MOTePSITh aKTyaJbHOCTh YKe
B TedeHHe 3—4 MecALeB, a MPOIeaypa MOy IeHU
MaTeHTa 3aHUMaeT KpaiHe MPOJOIKUTEIHHOE
BpeMsl, KPUTUYECCKOE IS CTOJIb OBICTPOPA3BHU-
Barolleiics oTpaciu.

* KoHKypeHTBI MOT'YT C JIETKOCTBIO TIOACMO-
TPETh HE TOJHKO BHEIIIHEE BBIPAKEHUE OCOOCH-
HOCTEe KOHCTPYKIINH, HO M CYyTh TEXHHYECKOTO
pelieHus.

* CyneOHble pa30uparenbCTBa Mo pesysibTa-
TaM MHTEJUIEKTYyaJIbHOW COOCTBEHHOCTH B JaH-
HOW 00J1aCTH JOBOJILHO 3aTPATHBI M OTHHUMAIOT
MHOT'O BPEMEHH U YCUJIMH KOMITaHUH.

* Jlaxke HECMOTPSI Ha TO, YTO OOJIbINAS YACTh
TEXHUUYCCKHX PEIICHUH B TAaHHOW 00JIaCTH 3aIl[y-
IIAIOTCS HE TaTEHTHBIMU TOKYMEHTaMH, a PEXHU-
MOM KOMMEPUYECKOM TailHbl, CYLECTBYET PUCK
PAaCKpBITHS TEXHUYECKHUX pEIIeHUIl KOHKYpEeH-
TaMH, HampuMmep, IpH MOMOIIU COTPYIHUKOB-
»IEPEOSIKIUKOBY H JIP.

JlaHHBIE HIOAHCHI CO3/1AI0T OCOOCHHYIO Clie-
MUKy MaTeHTHOW aKTUBHOCTH B OTPACIIHU TO-
HOYHBIX aBTOMOOWJCH. BeposiTHO, Oonbias
YacTh TEXHUYECKUX PEIICHUH U3-3a BhINIETIepe-
YHUCIICHHBIX (DAKTOPOB OCTAETCS BHE MOJIST BUIH-
MOCTH HaTeHTHOTro aHanu3a. OgHaKo, YPOBEHb
MMaTEHTOBAHUS, BLISBIICHHBIN B X0OJ/I€ UCCJICIOBA-
HUS, BCE PABHO JOCTATOYCH, YTOOBI CIeIaTh
BBIBOJIBI OTHOCHUTEJIBHO COCTOSIHUS TEXHUUECKOH
OTpACIv, TEMIIOB Pa3BUTHS K OYIYIINX TCHICH-
1uit. TakuM 00pa3oM, ITaBHAs 3ajada HACTOs-
IIETO UCCIIEIOBAHNUS 3aKIII0YAETCs B IEMOHCTpa-
MW Pa3BUTHUS TATEHTOBAHMS B OTPACIH TOHOU-
HEIX aBTOMOOMIIEH, BEISIBICHUHU 0COOEHHOCTEM
MaTeHTOBAHUS, a TaKXe JUACPOB CPEeIu CTPaH
U KOMITAaHUH.

®  Mwup TpaHcnopTa. 2024

PE3YNbTATbI AHAIIU3A
JAMHaMHKa IAaTeHTOBAHUA

JuHamMuKa 3asgBOK M TMATEHTOB 3a MEPHUOJ
2012-2022 ronos (puc. 1) NeMOHCTPHUPYET aK-
TUBHBIH POCT TEXHOJIOT Wil TOHOYHBIX aBTOMOOH-
neii B 2014 roxny, npopomxkasmuiics 10 2017 ro-
na. 3a2014-2017 roga G610 3apEernCTPUPOBAHO
4197 3asBoK 1 3938 mMareHTOB, YTO COCTABIISIET
OOJBIIYIO YacTh MATEHTHOH aKTHBHOCTH 32 pac-
CMOTPEHHBIA OJAMHHAJUATUIECTHUN MEPUOL.
KonudecTBO 3aperucTpupOBaHHBIX 3aIBOK
¥ 3apETUCTPUPOBAHHBIX IMATEHTOB IPUOIU3U-
TEJIBHO PABHO, YTO TOBOPHT O MATEHTOCIIOCO0-
HOCTH OOJIBIIIEH YaCTH MPEICTABICHHBIX TEXHH-
yeckux pemieHuii. B 2018 rogy mabmromancs
3HAUUTENBLHBIN CIaj] 3asiBUTEIILCKOM M MATEeHT-
HOW aKTMBHOCTHU. B nanbHeiiiiem 1uHaMuka He
MOCTHUTIA MPEXHUX MUKOBBIX MOKa3aTeyei.
OnHako MaHHBIHA (QaKT MOXHO OOBSICHHUTH Bpe-
MEHHBIM JIarOM TIaTeHTHOW 0a3bl JaHHBIX, BbI-
3BaHHBII TeM, 9TO OOJIBIIIOE KOMIECTBO MAaTECHT-
HBIX JOKYMEHTOB €IIe MPOXOAT MPOIIECIYpPHI
SKCTIEPTHU3EI, B CBSI3H C YeM HE MOTYT OBITH OTpa-
>KEHBI B OTKPBITOM JIOCTYIIE IOMCKOBOM CHCTEMBI.
TeM He MeHee, Ha JaHHBI MOMEHT PE3yJIbTaThl
MATEHTHOTO aHAIN3a JEMOHCTPHPYIOT TeHICH-
OHUI0 CHUXKCHUSI WHTEpeca K MaTeHTOBAHHIO
B iepuon 2018-2022 roxos'.

O0beKThbl MATEeHTOBAHUS

PBIHOK TEXHOJIOT M TOHOYHBIX aBTOMOOMIICH
JIOBOJIEHO Pa3HOOOpPA3eH W BKIIOYACT B cedA
MHOYKECTBO TEXHUYIECKUX PEIICHHUH, HAIIPaBJICH-
HBIX Ha JIOCTIDKCHUE TAKIX TEXHIYECKHUX PE3Yib-
TaTOB, KaK 0€30MacHOCTh, d3(PPEKTUBHOCTH
1 TIPOYHE TIOKa3aTell paboTOCIOCOOHOCTH aBTO-
MoOWIss. [OHOYHBIN aBTOMOOWITE TIPEACTABISCT
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C000¥i CIIOKHYIO CHCTEMY, KOTOPOI HEOOXOTHMMBI
KaK JIETajld U YCTPOMCTBA, TaK U DIIEKTPOHHBIE
cucTeMbl. Takxke, B 3aBUCHMOCTH OT THITa COPEB-
HOBaHMH, TPeOOBaHUsI, TPEABABIAEMbIE K KOH-
CTPYKIIUHM aBTOMOOMIIS, OYEHb CHJIBHO OTJIHYa-
1orcst. B Hacrosiiem aHanmuse, ObUIM paccMOT-
PEHBI BCE TEXHUYECKUE PELICHUS, KaCaAIOIINECS
TOHOYHBIX aBTOMOOMJIEH B LIEJIOM, 0€3 OrpaHu-
YEHUH 10 TUIaM COPEBHOBAHUM.

B kayecTBe mpuMepa TaKMX TEXHHYECKUX
peueHui clieyeT paccMOTPETh MaTEeHT
CN108050173B Taiyuan University of
Technology. JlaHHOE H300pETEHUE OMUCHIBACT
TOPMO3HYIO CUCTEMY OHOHUYECKOU CTPYKTYPBI
JUTS TOHOYHOTO aBTOMOO It DopMyibl-1 1, Kak
3asIBJICHO B OIIMCaHUH, PeIIaeT MpoOIeMbl HU3-
KO 3((PEKTHBHOCTH TOPMOXKEHHUS U KOPOTKOTO
CpOKa CIIyXkObI CyIIECTBYIOUIUX TOPMO3HBIX
cucteM. OnuceiBaeMas TOpPMO3Hasi CUCTEMa
BKJIIOYAEeT B ce0sl TOPMO3HOMU JHCK, YETBIPEX-
MOPIITHEBOM CYIITOPT, HAPABJISAIOLIHIA OOJIT, Ba
(OPUKIUOHHBIX 0JIOKA M BO3BPATHYIO MPYXKHUHY.
JaHHas TOpMO3Hasi cCTEMa OCHOBaHa Ha OHo-
HHYECKOM MPHUHIUIE (MMHUTAIIMH HETIaIKOM
MMOBEPXHOCTH), YTO MOBBINIACT U3HOCOCTOM-
KOCTb CHCTEMBI.

Taxxe, ciieyeT pacCMOTPETh IATEHT
KR102478299B1 Honam University Industry
(University Cooperation Center). Jlanaoe u3o-
OpeTeHHEe ONMUCHIBACT YCTPOMCTBO MOIBECKU
TOHOYHOTO aBTOMOOWIIS, OCHOBAaHHOE Ha SIBJie-
HUHM Ka4eHHsi, CIIOCOOCTBYIOIIEE MOBBIMICHHUIO
YCTOWYMBOCTH aBTOMOOMIISI Ha noBopoTax. Co-
[JIaCHO OIHMCaHHIO0 U300pETEeHHs, KOorna TPaHC-
MOPTHOE CPEJICTBO JIeJaeT PEe3KUil MOBOPOT,
NepeTHue KoJieca IOBOPaYMBAIOTCS B HAIIPaBJIe-
HUH, TPOTHBOIIOJIOKHOM KaY€HHIO, TEM CaMbIM
yiIydIias yCTOMYMBOCTh TPAHCIIOPTHOTO CPen-
CTBa Ha IIOBOPOTax.

Pacnpenenenue 3asiBUTEIbCKOM
U NAaTeHTHOI aKTHUBHOCTH IO CTPaHaM
U OpraHM3anusIM

B paspese 3as9BUTENBCKON U MATEHTHON aK-
TUBHOCTH OTZEJBHBIX CTPAH CJEAYET BBIICIUTh
abcomotHoe nunepcrso KHP. Kutaiickue 3as8-
K1 cocTaBisiioT 93 % ot o0uiero Maccupa Tex-
HUYECKHX PELICHHUH, KacaloUIMXcs TOHOYHBIX
aBToMOOMJIeH, a nareHTsl — 96 % (10 ITaHHBIM
nmaTeHTHOM 0a3el maHHbIX Espacenet!). Takoii
0010} OTPBIB aKTUBHOCTH opranu3auuii KHP
OT KOHKYPEHTOB SIBJISIETCSI CIIEAICTBUEM TOTO, YTO
MHOTHE WHOCTPAaHHBIE KOMIIAHHH, 3aHHUMAI0-
LIMeCs TOHOYHBIMU aBTOMOOWJISIMHU, OTAAIOT
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pa3paboTKy TEXHUYECKUX PELICHHH Ha ayTcop-
CHUHI' B KUTalCKHe UCCIIE0BaTEIbCKIE IIGHTPBI
W YHUBEPCHUTETHI B CUITy 9KOHOMHUYECKUX CO00-
paKeHUIl ¥ OBICTPBIX CPOKOB peaH3alliy pas-
paboToK, a Te, B CBOIO OYEpellb 3aKPeIIsioT
pe3yabTarhl pa3paboToK 3a co00il ¢ MOMOLIBIO
nareHToB. JlaHHBIN QaKT MOATBEPKIAETCS TEM,
YTO HEKOTOPBIE NATEHTHBIC IOKYMEHTHI HMEIOT
MIPUOPHUTETHYIO 3asiBKy U3 Kutast, HO myOauKy-
IOTCSl B MHOCTPaHHOM MaTeHTHOM BEJIOMCTBE
(nanpumep, B CLUA, SInonuu, Mtanuu u gpyrux
CTpaHax).

Cpenu oCTaJbHBIX CTPaH UMEIOTCS 3asBKU
u3 Snonun, FOxno#t Kopen, I'epmanuu, CILA,
®panuuu, Poccun u npyrux rocynapers. Ho ux
Jlos, o cpaBHeHuto ¢ Kuraem, B o0miemM mac-
CHBE HaCTOJIBKO MaJla, YTO TOBOPUTH O MOJTHO-
LIEHHOW KOJIMYEeCTBEHHOW KOHKYpPEHLIMH HE
npuxoautcs. Kuralickie naTeHTHbIE JOKYMEHTBI
MPAaKTHYECKH TOJHOCTBIO 3alOJIHUIA PHIHOK
TEXHOJIOTHI TOHOYHBIX aBTOMOOMJICH, TIpHUeM
HE TOJIBKO Ha HAIMOHAJILHOW TEPPUTOPHH.

Petitunr Ton-10 opraHu3zanuii-muaepos mo
KOJIMYECTBY MOAAHHBIX 3asBOK U MATEHTOB
(puc. 2) Taxxe JeMOHCTPUPYET abCOIIOTHOE
JUIEPCTBO KUTAaWCKUX opraHu3anuii. Toybko
omna opranusanus (TOSHIBA KK) sBisercst
SITIOHCKOW, OCTaJbHBIC XK€ MO3UIMN PEUTHHTa
MIPE/ICTaBJICHBI KUTAHCKMMHU KoMmaHusiMu. Vc-
XOJIsl U3 JIaHHBIX BUJIHO, YTO paclpeieieHue
TOIaHHBIX 3a5BOK U MaTEHTOB HEPaBHOMEPHO.
Hampumep, TpeThe MecTO pedTHHTa 3aHHMaeT
I'yannyHCKHI TEXHOJIOTMYECKUN YHHUBEPCUTET
(Guangdong University of Technoloogy, Ha
puc. 2 - «UNIV GUANGDONG
TECHNOLOGY»), umerommii 47 3asB0oK u 23
narenTa. OfHaKo, FOCyapCTBEHHAs AJIeKTpopac-
npenenutensHas xkoprnopamus KHP («STATE
GRID CORP CHINA») umeer MeHblIIe 3asBOK,
Ho Oonbiie nareHToB (31 3asBka u 31 mareHT).

Vcxonst M3 JaHHBIX ATEHTHOTO MTOKCKA Clie-
JIyeT, 4TO M3 OOIIEro MaccuBa 3asiBUTEINICH yHHU-
BepcuTeTaMu sBIsA0TCS 41 % opraHuzamuii,
YaCTHBIMU OpraHu3auysiMu — 56 %, a ¢pusmye-
CKUMU JuiaMu — 2 %. YacTHbIe OpraHu3aluu
(HOpMHPYIOT OOJBIIYI0 YaCcTh 3asBUTEIbCKOM
W TIaTEeHTHOW aKTMBHOCTH B 00JIACTH TOHOYHBIX
aBroMmoOunel. Hanpumep, B peiiTHHIe opraHu-
3alU-TNAEPOB MTATEHTHOW aKTUBHOCTH ISITh U3
JIECSATH OPTaHN3aLINi SBIISIOTCS YaCTHBIMU Opra-
HU3ALUSIMH, OCTaBUIMECS TSATh NO3UIMK Mpe-
CTaBJICHBI YHHBEPCUTETaMHU. B yucie yacTHbIX
OpraHM3alMi MPeCTaBICHbI KaK YaCTHBIEC Hayd-
HBIE LIEHTPBI, TaK U KPYITHBIC aBTOMOOUIIECTPOU-
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Puc. 2. Konuyecmeo 3asi80k u nameHmoe no opzaHu3ayusM 3a nepuod 2012-2022 20doe [no daHHbIM nameHmHol 6a3b1 daHHbIX Espacenet!].

TeJIbHbIE KoMIaHuu. Hampumep, B pedTuHre
OpraHHM3alUH-INAEpOB (pUC. 2) IPUCYTCTBYIOT
Takue KpyIHbIE aBTOMOOHIIECTPOUTENbHBIC
kommanuu, kak SAIC, FAW, BAIC.

[Ipu 53TOM yHUBEPCUTETHI TaKKe (GOPMHUPYIOT
3HAUUMYIO YacTh MAaTEHTHOW U 3asBUTEIILCKOM
aKTHBHOCTH. Tak, Harmpumep, JTUIEPOM 3asiBH-
TEJICKOW M MTaTEeHTHOW aKTUBHOCTH (puC. 2) sB-
nsercs L3unuabsckuit yuusepcurer (Jilin
University), Bcero ad$uimpoBaHHbIE C yHUBEP-
CUTETaMH CTPYKTYPBI 3aHUMAIOT IISITh O3UIMN
Cpe/u JIECSITH JTUJIEPOB.

dusnyeckure IMa 3aHUMAIOT HAUMEHBIITYIO
JIOJII0 OT 00IIero MaccuBa 3assBUTEIbCKOH
¥ TIaTEHTHOW aKTUBHOCTH. BBIsSIBIICHHBIE [TATEHT-
HBIE JJOKyMEHTBI (PU3NYECKUX JIUI] OMHCHIBAIOT
CKOpee TEXHUUECKHE PEILICHUS JIsl aBTOMOOHIIe-
CTPOEHHUS B LIEJIOM, IPUMEHUMEIE, B TOM YHUCIIE,
M JIJ1s1 TOHOYHEIX aBTOMOOMIIEH, HEXKeEITH CIIeIHa-
JIM3UPOBAHHBIE YCTPONCTBA CKITFOUUTEIBHO JIIS
TOHOYHBIX aBTOMOOMIICH. B TakoM ciydae BO3-
pacraet IeHHOCTb ITaTeHTOB, TaK KaK pacIInpsi-
ercsi uX o0nacTe NMPUMEHEHHSI, HO OJHOBpE-
MEHHO C 3THUM MOATBEPXKIAETCS TOT (DaKT, 4TO
HM300peTeHus, MoJICKAIINEe HCIIOIb30BAHUIO
HCKIJIIOYUTENBHO B TOHOYHBIX aBTOMOOWIIAX,
MaTEeHTYIOTCS JOCTATOYHO PEAKO BBUJTY OBICTPO-
TO yCTapeBaHMsl TEXHHYECKUX perieHuid. [Ipo-
JUINTH aKTyaJIbHOCTh TaKOTO ITaTeHTa Ha PhIHKE

Mup TpaHcnopTa. 2024

TEXHOJIOTUH BO3MOXKHO JIMIIb PACIIUPUB €ro
00J1acTh MPUMEHEHHSI, II03TOMY HEPEIKO 3ally-
LIEHHbIE TEXHUYECKHE PElIeHus] B 00JIacTh ro-
HOYHBIX aBTOMOOWIIEH TPUMEHUMBI U J1J1s1 0011Ie-
r'0 aBTOMOOMIIECTPOCHHUS.

IMy0nukannoHHAsi AaAKTUBHOCTH

OT/e’bHOE BHUMAHUE CTOMT YICIUTH aHa-
JIU3y MYOJUKAIIMOHHON aKTUBHOCTH IO TEXHO-
JIOTUSIM TOHOYHBIX aBTOMOOMIEH. [laTeHTHI
U Hay4yHbIC MYOJMKAIMKA BMECTE JArOT MOJTHOE
MPEICTABICHHE O PA3BUTHH TEXHOJIOTH 1 HAy4-
HBIX HcclienoBaHui. [laTeHThI MOKa3bIBAIOT,
KaKHe TEXHOJIOTHH 3alUINAIOTCS U MOTYT OBITh
KOMMEPIIMAIN3UPOBaHbI, TOT/Ia KaK Hay4HbIC
My OJTMKAIMY [TOKA3BIBAIOT, KAKHUE UCCIICIOBAHUS
BEAYTCS U KAaKUE HATPABJICHUS CUATAIOTCSI [Iep-
CIIEKTUBHBIMU B aKaJIeMU4eCKOH cpefie. AHaIn3
MyOJIUKAIMOHHOW aKTUBHOCTHU IPOBOIHIICS
AHAJIOTUYHBIM C TATCHTHBIM TOUCKOM METOJIOM,
IO KJTFOUCBBIM CJIOBaM, C OTPAHHYCHUEM I10 TUITY
Hay4dHBIX cTarei (Articles) B 6a3ax maHHBIX
nyonukaiuii Dimensions, CORE, npu 3tom
OCHOBHOW MACCHB HAyYHBIX MMyOJHKAIMA s
aHayi3a ObuT B3AT U3 6a3wl naHHBIX Open Alex.

JluHamuKa myOnuKauuii HayuHbIX cTaTei 3a
niepuon 20122022 ropos (puc. 3) JeMOHCTPH-
PYeT OTHOCHUTEIILHO PAaBHOMEPHBIN POCT ITyOIH-
KallMOHHOM akTUBHOCTHU. 3a mepuoa 2012—

2. Ne 3 (112). C. 52-58
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Puc. 3. JuHamuka ny6nukayull Hay4yHbIx cmameli 3a nepuod 2012-2022 20doe [no daHHbIM 6a3bi daHHbIX Open Alex].
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Puc. 4. Konuyecmeo nybnukayuii Hay4HbIx cmameli no memamuyeckum pybpukam 3a nepuod 2012-2022 20doe
[no aHHbIM 6a3bi AaHHbIX Open Alex].

2018 romoB KOIMYECTBO €KETOAHBIX ITyOTHKAITHIA
yBenuaminoch ¢ 708 mo 993 myGnukanmii, 9yTo
SIBIISIETCS] TMKOBBIM 3HAYEHHEM 33 BECh aHAIH-
3upyembrii epuoxa. OgHako, HaunHas ¢ 2019
u 1o 2022 ron AMHAMUKA HAYMHAET IEMOHCTPH-
poBaTh TEHAEHINH K MaJieHnto. Tak, 3a yKa3aH-
HBIH TIEpHOJl KOIWYIECTBO ITyONMKauii CHU3M-
mock ¢ 899 no 786, 4rto, BIpodeM, HE SBISICTCS
CKOJIBKO-HUOYIb KPUTHIHBIM (DAKTOPOM.

Taroke OB POAHATN3UPOBAHBI TEMATHYC-
CKHe PyOpHKH, K KOTOPBIM OTHOCSITCSI PACCMOTPEH-
Hble myOmikarmu (puc. 4.). Hanbonsmee xomu-
4ecTBO MyOmmKarmii (358 myOnmKarwit) OTMEUEHO
B KaTerOpUH, OTHOCSIIEHCS K MIEPEIOBBIM CHCTE-
MaM yTpaBlIeHUS AUHAMUKON TPaHCIOPTHBIX
CPEIICTB, YTO yKa3bIBacT Ha BBICOKHI MHTEpEC
1 aKTUBHBIC MCCIICIOBAHWS B JAHHOW oOmacT,
BO3MOXKHO, M3-32 aKTYaJIbHOCTH W 3HAaYHMOCTH
YIAYUIIEHUS] YIPaBIsSIeMOCTH U 0€30MacHOCTH
TPAHCHOPTHBIX CPeACTB. Takke B TaHHOM peil-
THHTEC OTMEYEHBI ITyOIMKAINH 110 TeMaTHke «Mo-
JCJIMPOBAHNE U ONTHMH3AIM KOMIO3UTHBIX
TIPY’KHH TPaHCIIOPTHBIX CPeACTBY (238 myOimika-
i), « ADPOIMHAMHKA BEICOKOCKOPOCTHBIX ITO€3-
JIOB ¥ TPAHCTIOPTHBIX cpeZicTB (213 myOnukarwit).

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 3 (112). C. 52-58

Takum 00pa3om, MyOIMKALMOHHAs aKTHB-
HOCTB IEMOHCTPUPYET OTHOCUTEIILHO PAaBHOMEP-
HYIO TE€HJAEHIMIO pa3BUTHA. CTOUT OTMETHUTB,
YTO OTMEYEHHBIN cnaj B epuox 2019-2022 ro-
JIOB HE SIBJIAETCSI KPUTUYHBIM U HE JIEMOHCTPH-
pyeT ObICTphIe TEMITBI CHI)KEHHS Iy OIMKanoH-
HOW aKTUBHOCTH, OJHAKO MPH JOJITOCPOYHOM
aHaJIM3e OTPACIIH €ro CIEAyeT UMETh B Buy. [Ipn
CpaBHEHHUH ITOKa3aTeNel MaTeHTHON 1 IMyOnKa-
IIMOHHON aKTHMBHOCTH 3aMETHO, YTO ITUKOBBIE
3Ha4YEHMs Iy OJIMKAIOHHOM aKTHBHOCTH CHIIBHO
YCTYNaroT aHAIOTMYHBIM 3HAYSHUSIM ITaTeHTHOH
aKTUBHOCTH. TeM He MeHee, TeMIIbl Pa3BUTHSA
MyOIMKAIIMOHHON aKTUBHOCTH AEMOHCTPHUPYIOT
Oostee cTaOMIIBHBIN XapakTep.

BbIBO[bI

W3 maHHbIX aHaIn3a NaTeHTHOM aKTHBHOCTH
CJIEIYET, YTO B 11EJIOM YPOBEHb IATEHTHOW aKTUB-
HOCTH B 00JIaCTH TOHOYHBIX aBTOMOOHMJICH HUCIIBI-
TBHIBAJ KaK YBEPEHHBIH MOABEM, TAK U 3HAYATEIIH-
Hbli cnag. HecMoTpst Ha TO, YTO, BEPOSATHO,
OoJpIas 9acTh TEXHUYECKUX PEIICHUH 3aIliu-
IICHBI B Ka9eCTBE HOY-Xay M HEHOCTYIHBI JIIS
OTKPBITOI'O MATEHTHOI'0 aHaJIN3a, Y1aJl0Ch Mpo-
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CJIEIUTh HETIPEPHIBHBIN POCT NMAaTEHTHON aKTHUB-
HoctH B niepuof 2014-2017 rogoB. OcHOBHOM
MACCHUB 3asBUTEJICKOH 1 MTAaTeHTHON aKTUBHOCTH
MIPUILEJICS Ha BBINIEYKAa3aHHBINA MEPUOJI, MOCIIE
KOTOPOTO HaOMronaeTes cnal akTuBHoCTH. Kaca-
TEJbHO 3asBUTEIHLCKON U TATEeHTHON aKTUBHOCTH
OT/ICJIBHBIX CTPaH, ObLIO BBISIBICHO O€3YCIIOBHOE
MEePBEHCTBO MUPOBOTO Jujepa — Kutas, kak 1o
KOJIMYECTBY 3asBOK, KacCAIOIIUXCs TOHOYHBIX
aBTOMOOWJICH, TaK U MO KOJIUYCCTBY IATCHTOB.
Kwurait Taxke muaupyeT U 1Mo KOJU4eCTBY Hau-
0oJiee aKTHBHBIX OpPraHU3AIUN U BPSIJT JIA YCTY-
MUT CBOKO MO3HIIMIO B Oyvoxaiiime rozpl. Bemay-
IO POJIb B 3aIBUTEIHCKOM U ITATEHTHOM aKTHB-
HOCTH 10 TEXHOJIOTHSIM TOHOYHBIX aBTOMOOMIICH
WTPalOT YaCTHBIE OPTraHU3alluU U YHUBEPCUTETHI,
MPEIOCTABIISIONINE OOJIBIIYI0 YaCTh TEXHUYC-
CKHX PELICHUH.

CMNCOK UCTOYHUKOB

1. Ekanem, 1., Ikpe, A., Abia, E. Evolution of formula
one (F1) motorsports and its top-notch advancement in
engineering innovations across the racing industry. In: Atlas.
11" International Congress on Advanced Scientific Studies
and Interdisciplinary Research, Marrakesh, Morocco, January
16-18, 2024. Proceedings Book. Eds. Prof. Abuharris, A.,
Kidiryiiz, M. Liberty Academic Publishers, 2024, pp. 107—
127. ISBN: 978-1-955094-94-8.

2. Nopoukus B. I, Jlssmun A. C. PazBuTre aBTOMOOWITH-
Horo criopra B ropoze Tonbsittn: 1966-2016 rr. // Banrwuii-
CKHii ryMaHuTapHbId KypHai. —2017. — T. 6. — Ne 1 (18). —
C. 90-93. [OnexrponHslii pecypc]: https://elibrary.ru/item.
asp?id=28921917. EDN: YIXJAF. loctyn 15.05.2023.

3. bepnankuii B. B., Kpacasun II. A., Maptun I. K.
K Bompocy nccineioBaHms )ECTKOCTHBIX XapaKTePUCTUK paM
TOHOYHBIX aBToMoOwmei / ABromo6mis. lopora. Mudpa-
crpykrypa. — 2019. — Ne 3 (21). — C. 11. [DnekTpoHHBIi
pecypc]: https://elibrary.ru/item.asp?id=41152477. EDN:
UQTIYI Hocryn 15.05.2023.

4. Nerres /1. H., JlaBpenos C. B., Ocunos A. A. [u dp.].
CraTnyeckuii aHaJIu3 MepeHero HOBOPOTHOTO KyJ1aKa TOHOY-
Horo aproMobmis kinacca «Popmyna Crynent» // Beicokue
TEXHOJIOTHU B CTPOUTEIbHOM KoMmIuiekce. — 2021, — Ne 1. —
C. 61-67. [OnexrponHslii pecypc]: https://elibrary.ru/item.
asp?id=46141472. EDN: WZOEVH. Jloctyn 15.05.2023.

5. CopoxkuH I1. A., Xpskos K. C., Mummn A. B. Criex-
TpaJIbHBIN aHAJIU3 BUOpaLMii HEPEAHEro aHTUKPbLIa TOHOU-
Horo asromoomst «[amiapa T12» // U3Bectus Tynbckoro
rOCYapCTBEHHOTO YHHBEpPCHTETa. TeXHHYECKNE HAyKH. —
2015. — Ne 7-1. — C. 221-226. [OnexTpoHHEIH pecypc]:
https://elibrary.ru/item.asp?id=25070439. EDN: VCQAMN.
JHoctyn 15.05.2023.

6. Xpsixos K. C. IIpo6Giemsl 3¢ ek THBHOI paboThI a3p0-
JIMHAMUYECKUX DJIEMEHTOB TOHOYHBIX aBTOMOOMIIEH // M3Be-

ctus TyIbCKOTO TOCYIapCTBEHHOTO YHHBepcuTeTa. TexHu-
yeckue Hayku. —2014. —Ne 11-2. - C. 193-196. [OnexTpon-
HBII pecypc]: https://elibrary.ru/item.asp?id=23050864.
EDN: TKKZCX. [octyn 15.05.2023.

7. netun [1. A. OcoOGeHHOCTH KOHCTPYKIIHH TOHOUHBIX
aBromobmuteit kiacca ®opmyna // Ussectust MI'TY «MA-
MI».-2014.—T. 1.—Ne 1 (19). — C. 63-66. [ DneKTpOHHBIH
pecypc]: https://elibrary.ru/item.asp?id=21834415. EDN:
SJUWHX. octym 15.05.2023.

8. EBceeB K. b. AHanu3 MeXaHU4ECKUX CBOMCTB yruie-
IUTACTHKOBBIX HAIPABIISIONINX 3JIEMEHTOB MOJBECKU aBTO-
Mobms kitacca «Popmyia ctyaeHT // MonoaeKHbIi Hayd-
HO-TeXHH4YecKui BecTHHK. — 2013, — Ne 10. — C. 11.

9. buxbynaros P. 1., ®enopos C. B. Cucrema teneme-
TPUU TOHOYHOTO aBTOMOOHMIIsE // JIOCTHKEHUSI HAYKH 1 00pa-
3oBaHus. — 2019. — Ne 5 (46). — C. 14-21. [DnexTpoHHbIH
pecypc]: https:/elibrary.ru/item.asp?id=37347336. EDN:
YLSVOG. Joctyn 15.05.2023.

10. Kpacun I1. C., Bonsaenxo H. A. DxcrnepuMenTans-
Hast KaTMOPOBKA JATYMKOB TOHOYHOTO aBTOMOOMIIS // DNeKT-
POHHBII CeTeBOM MoMTeMaTHuecKuil xypHan «Hayunbie
Tpyasl KyoI' TY». —2015. — Ne 2. — C. 205-212. [Onekrpon-
HBII pecypc]: https://elibrary.ru/item.asp?id=23028910.
EDN: TJYMIB. [octyn 15.05.2023.

11. Typenko A. H., YkBa A. B., Jlykamos U. B. [u op.].
Hcnonb30BaHNe HAaBUTAIIMOHHOH CITyTHHKOBOW CHCTEMBI
GPS u1st BOCIIPOHM3BEACHHS TPACKTOPUH JIBHKCHHS TOHOY-
HOro aBTOMOOMIS // BecTHHK XapbKOBCKOTO HAI[HOHAIIb-
HOTO aBTOMOOMIJIBHO-IOPOXKHOTO yHHBepcutera. — 2013, —
Ne 60. —C. 083-089. [DnexrponHslii pecypc]: https://elibrary.
ru/item.asp?id=21120196. EDN: RUEMYH. [doctyn
15.05.2023.

12. Cypanosuu [I. 1., Kopyxosa 1O. C. Cuctema aBro-
MaTH3HPOBAHHOTO BBISBICHHS OMIMOOK BOAMUTENS B aBTO-
roukax // Hayuuslii cepuc B cetn Unrtepuer. — 2018. —
Ne20.—C.454-458. [DnexrponHblii pecype]: https://keldysh.
ru/abrau/2018/theses/51.pdf. EDN: YPOHCX. [Jloctyn
15.05.2023.

13. Shinde, T., Chavan, R., Savadekar, P. [ef al]. Failure
Analysis of a Wheel Hub of Formula Student Racing Car.
Journal of The Institution of Engineers (India): Series D,
2021, Vol. 102, Iss. 1, pp. 73-78. DOI: 10.1007/s40033-020-
00244-z.

14. Susca, L., Mandorli, F., Rizzi, C., Cugini, U. Racing
car design using knowledge aided engineering. Artificial
Intelligence for Engineering Design, Analysis and
Manufacturing (AI EDAM), 2000, Vol. 14, Iss. 3, pp. 235—
249. DOL: https://doi.org/10.1017/S0890060400143057
[OrpanuyenHslii goctym].

15. Manaf, M. Z. A., Latif, M. F. A., Razak, M. S. A.
[et al]. Suspension kinematic analysis of UTeM’s FV
Malaysia electric vehicle racing car. International Review of
Mechanical Engineering, 2016, Vol. 10, Iss. 4, pp. 294-300.
DOL: 10.15866/ireme.v10i4.8626.

16. Kamansan A. M. OxpaHa pe3y/bTaToB HayuHbIX HC-
ClIeIOBAaHNH M Hay4HOH MH(OPMAIMM B CIIOPTE BBICHIUX
JocTmxkeHni Ha npuMepe «Dopmyisl-1» // AxryanbHble
npobieMsl poccuiickoro mpasa. — 2021, — T. 16. — Ne 2
(123). — C. 175-182. DOI: 10.17803/1994-
1471.2021.123.2.175-182. °

Unoopmayus 06 asmopax:

Hukonaee PomaH Cepzeesuy — aHanumuk UHXeHEPHO-Memodudyeckozo yeHmpa nepedogol UHXEeHEepHOU WKOMbI
anekmpompaxcnopma Mockogcko2o nonumexHu4ecko2o yHugepcumema, Mockea, Poccus, r.s.nikolaev@mospolytech.ru.

XdaHoeuy Onb2a AHApeesHa — 3amecmumers dupekmopa nepedosoli UHXEHEPHO WKoMbI anekmpompaxcnopma Mockosckoeo
nonumexHuYeckoz0 yHusepcumema, Mocksa, Poccus, 0.a.zhdanovich@mospolytech.ru.

Cmambsi nocmynuna 8 pedakyuro 15.05.2023, akmyanusuposaHa 15.03.2024, o0obpeHa nocne peueHsuposaHusi 05.06.2024,

npuHsma k nybnukayuu 29.06.2024.

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 3 (112). C. 52-58

Hukonaes P. C., )KpaHoBu4 O. A. AHanu3 ypoBHAl MaTEHTHOW aKTUBHOCTU B 06NacTV rOHOYHbIX

aBTOoMoOOUunen



HAYYHAS CTATbA
YK 629.4.027.4:620.179.16
DOI: https://doi.org/10.30932/1992-3252-2024-22-3-8

Mup Tparcriopta. 2024. T. 22. Ne 3 (112). C. 59436\

MoBbiweHue 3hheKTUBHOCTM YNbTPA3BYKOBOIO
KOHTpoNsA 0604b€eB LieNIbHOKaTaHbIX Konec
NpPU PeMOHTE KONECHbIX Nap BaroHOB

Anekcanpp OTOKA

Oner XONOAMNOB

AHHOTALNA

[NogbiieHUe 3¢hghekmuUBHOCMU YbMPAa3ByK0BO20 KOHMPOSIS
Ha ene3Ho00POXHOM MPaHCNOPMe 803MOXHO 3a CYEM COBEPLIEH-
CM80BaHUs U UMEHEHUs cywiecmayroweli mexHomoauu. OdHol u3
OCHOBHbIX 3a0ay NOBKILEHUS AghehekmuBHOCMU ABNSemes yiy4-
weHue AocmosepHOCMU U UHGhOPMamUBHOCMU YiibMpasgykoeo20
KOHMpO#s 0600b€8 KONEC NPU PEMOHME KOMECHBIX nap.

Konmakmnbili cnocob esoda ynbmpaseyka 0ns 0600bes
Konec no-npexHemy siensemcs npeobnadarowum Ha npednpus-
MUsIX 8a20HHO20 U JIOKOMOMUBHO20 X0351licmea Xene3Hbix dopoe.

B cmambe ocsewjaromcs mexHu4eckue npueMb! ynbmpasgy-
kool Oeghekmockonuu 0600a UelbHOKamaHbIX Koriec npu PEMOH-
Me KONeCHbIX Nap 8a20HO8 8 COOMBEMCMBUU C CYLYECM8YWUMU

Anexcanop I'enpurosuu Omoka ',
Onez Bukmoposuyu Xonoounos *

-2 Benopycckuti 20cy0apcmeenblil yHugepcument
mpancnopma, Iomens, Pecnybnuka Benapyce.

! T'omenvckoe 6azonnoe deno PYII «I'omenvckoe
omoenenue Benopycckoii scenesnoii dopoeuy, Iomens,
Pecnybonuka Benapyce.

" ORCID 0009-0003-9926-9439; PUHL] SPIN-x00:
2466-5708; PUHL] Author ID 1220168.

2 ORCID 0009-0005-5799-0097; PUHIL] SPIN-x00:
1818-4103; PUHL] Author ID 188646.

>4 ! otokaa@mail.ru.

>4 2 olhol@tut.by.

HOpMamueHbIMU MeXHUYecKuMU OokymeHmamu. OnucaHb| npob-
nieMb 8bIsigIeHUs 0eghekmos Nbe3oanekmpuyeckuMu npeobpa-
308amensmu ¢ yenamu 8soda 0°, 40°, 50° npu koHmpone 0600a
¢ 6okosoli 6HympeHHeli nosepxHocmu u 90° - co CMOPOHB I NOBEPX-
HOCMU KamaHusi.

MpednoxeH eapuaHm Hogol Memoduku KoHmpons oboda
Koneca co CMopOHbI NOBEPXHOCMU KamaHUsi C UCNOMb308aHUEM
nbe3oanekmpuyeckux npeobpaszosameneli ¢ yenamu egoda
65°-74°. [pogedeH cpasHUMESbHbIU aHanu3 no 8bIIBNEHUI0
00HO8PEMEHHO 8OCKMU Ompaxameneli 8 HacmMpoeyHoM obpasue
¢ ucnonb3osaHuem npeobpaszosamenel 2,5P65°69°74°,
M121-2,5-70° POM u [1121-0,4-90°.

Kntoyesbie cnosa: yenbHokamaHble Koneca, Paneesckue 80/Hbl, ynbmpa3eyKoeot7 KOHMPOI1b, NOBEPXHOCMb KamaHuA, 0600 Ko-

n1eca, nosbIweHUe aghhekmusHocmu.
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BBEOEHUE

CeronHs ynpTpa3ByKOBOW KOHTPOJb Ha JKe-
JIE3HOZIOPO’KHOM TPAHCIIOPTE 3aHUMAaET 0coboe
MECTO B CHIIy HEOOXOIMMOCTH OOecIedeHUs
6€3011acCHOCTH IEPEBO3KHU TPY30B M TACCAXKHUPOB.
OH sIBsI€TCS OCHOBOW BBISIBIICHHS BHYTPECHHUX
TIe(PEKTOB, PACKPBITHIX 10 TITyOHHE TIOBEPXHOCT-
HBIX TPEIIMH B Pa3IMYHBIX YaCTAX OCEH Koyec-
HBIX Map, a TAKXKe B 000bsIX U IUCKAX LENBHO-
KaTaHbIX KoJec'.

J1st KOHTpOJst 000/1bEB LENbHOKATAHBIX
KoJeCc Ha Halmudue Ac(EKTOB HCIHOIB3YIOT
B Ka9eCTBE OCHOBHOTO BBOJ yIIbTpa3Byka (V3)
C BHYTPEHHEH TpaHN Kojeca ¢ yrilaMH BBOAA
be303JIeKTpHIecKoro mpeodpazosarens (I1911)
0°, 40°, 50°. OmHako Ha MpaKTUKE MPU BBOJE
Y3 ¢ BHyTpeHHEH TpaHd UMEET MECTO «MEepT-
Bas» 30Ha, B KOTOPOH BO3MOXHO BO3SHHKHOBE-
Hue aedexra. K nmpumepy, HopMupyemas
«meptBas» 30Ha y [1211 mis yrmos BBozma 40°,
50° cocraBmser ~6 MM, a gy yria BBoga 0°—
10...15 mm. [Ipu 5TOM KOHTaKTHBIA CIIOCOO
BBOZIa Y3 MOXET HE 00eCHeuuTh TpeOyeMyto
YYBCTBUTEIHHOCTh METO/Ia B MECTaX 3aIHPOB
7 CKOJIOB, KOTOpPBIE MOT'YT OBITh Ha BHYTPEHHEH
rpanu kozeca [ 1]. Tommmaa 00012 KoJIec Taxxke
BIMSIET HA BBISIBICHHE AC(EKTOB B CiIydac
¢ pukcupoBaHHBIM nTonoxenneM [1311 B cocra-
BE yCTpoiicTBa ckaHMpoBaHus kojeca Y CK-5A.
B HOpMaTHBHOI TEXHUYECKON NOKYMEHTALHUU
OCHOBHOE BHMMaHHE 00paIaeTcst Ha BBISBIIC-
HHE OTpakaTeJeil OMpeNeNeHHBIX Pa3MepoB
B Pa3IMYHBIX YaCTSIX KOJECa, HO HE YUNTHIBA-
ercs TOT (akT, 9To Ne(eKTH MOTYT pacIoiia-
TaThCsl 1O Pa3IMYHBIMHU YIJIAMH 110 OTHOIIE-
Huo K 1001 u HaXoguThCSA B APYTHX 30HAX.
EctectBennsie nedexThl (MOPHI, TPEIIUHEL,
paccioeHus 1 Ap.) OTINYAIOTCS OT HCKYCCTBEH-
HBIX OTpaxkarenel (OTBEpCTHE, 3aCBEPIOBKa,
TIPOTIHI U JIp.) aHOPMAJIBHOCTBIO opmbl. Ha-
TIPUMeEp, BHYTPH Je(PEKTOB MOTYT OBITH OKCHIBI
¥ pa3INvIHbIC BEMECTBA, KOTOPBIE IpH Y 3-KOH-
TPOJIE CIIOCOOCTBYIOT, KaK MPAaBUIIO, yMEHbIIIE-
HUIO aMIDTUTYIBI OTPaXeHHOTO curHaia. O0b-
eMHbIe Ne(EeKTHl THUIA MOp, MUIAKOBBIX BKIIO-
YEHHWH pa3IMIHOTO BHAA JAIOT paccesHUe ma-
JIaroIeil BOJIHBI, MPAKTHYECKH OANHAKOBOE IO
BCEeM HarpaieHuAM. OTHAKO JJIS IIIOCKOCTHBIX
neeKToB (TpemmHaa, paccioeHUe W Jp.) pac-
CesHNE MMECT OYCBUAHYIO HAIPaBICHHOCTD.

'TIP HK B.2. I1paBuiia Hepa3pyLIaloIero KOHTPOJIst AeTajeit
1 COCTaBHBIX YaCTeH KOJIECHBIX Map BarOHOB MPU PEMOHTE.
Crrenmanbable TpeboBanms. — M.: AO «Koxmeke». — 2013, —
88 c.
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HamnpapneHue miockocTd Takux Ae(EKTOB MO
OTHOIIECHHUIO K IIOCKOCTH, B KOTOPOM pacnpo-
cTpaHseTcs Y3-BOJHA, MOXKET KapAUHAJIbHO
OTJIIMYATHCS M HANpsIMYIO0 3aBUCUT OT TEXHO-
JIOTMM W3TOTOBJICHHMS, YCIOBUH M PEXKHMOB
JanbHeHel skcuyaTannu konec. [Ipencras-
JISIFOT UHTEPEC /1151 BBISIBJICHUSI TPELLMHBI, BBIXO-
JSIIIME U3 OJHOM TOYKH MJIM MMEIOIINE TayKo-
00pa3HbIil BUII.

OT IUIOCKOCTHBIX Je(EKTOB 3XO-CUTHAIIBI
0OJIBILION aMIUTUTY/AbI HAONIONAIOT TOJIBKO MPU
0J1aronpUsITHBIX YCIIOBUSX (3€PKAJIbHOE OTpake-
nue). [Ipu He3epKambHOM OTpa)KEHHU TOSBIIS-
10TCst AM(PAKIMOHHBIE BOJHBI OT KpaeB Jedek-
Ta. VX aMIunTy1a 3Ha4uTeNnbHO MEHbIIE aMILIH-
TYJIbI TIPH 3€PKATBHOM OTPaXEHUU U OIpeIeisi-
eTcss Gopmoi medekra, HampaBICHUCM
W3JTy4eHHs U TIpHeMa OTHOCHUTEIILHO IJIOCKOCTH
nedekra, a TAKIKE THUIIOM U3ITy4aeMBIX U PH-
HHUMaeMbIX BOJH [2—4].

Ha npakTrke oT™MeuaeTcst, YTo Ipu KOHTPOJIe
npsmbivu T1311 usnenuit ¢ HEPOBHOCTMHU TO-
BEPXHOCTH OT MEXaHUYECKOI 00pabOTKH MOXKET
MIPOUCXOUTH BO30YKJECHUE MOBEPXHOCTHOU
BOJIHBI Pasnesi, koTopasi pacripocTpaHsieTcs nep-
MIEHTUKYJISIPHO HaNIpaBJIeHUsIM HEpoBHOCTEH! [5].
Tako# 3¢h(heKT MPUBOANT K MOSIBICHHIO JIOKHBIX
9X0-CUTHAJOB Ha pa3BepTKe JHe(eKTocKona
U BIIMSICT HA NMPAaBUIBHOCTH OILICHKU KauecTBa
00oybeB koec (0annaxeit). Tak, Harpumep, pu
BBOJIe Y3 ¢ OOKOBOM BHYTpPEHHEW MOBEPXHOCTH
KoJIeca JIOKHBIN CHTHaJl MOXKET MOSBIISITHCS OT
JIByTpaHHOTO yIiia Kpast 000/1a (6aHaxa), mpo-
THUBOTIOJIOKHOTO TPEOHIO.

Heo0x0aumMo OTMETHTB, YTO TIPH KOHTPOJIE
HaKJIOHHBIM coBMeleHHbIM [IDI1 ammuTyna
9X0-CUTHANA JU(PaKIIMOHHOW BOJHBI OT Kpas
BEPTHKAJIBHOMU MOJIYIIIOCKOCTH IIPH MAJIOH ILI10-
LM CEYCHUS TPUOIM3UTENLHO SKBUBAJICHTHA
aMILUIUTYJIE OTPAYKEHHOTO CUrHajia 0T OOKOBOTO
LMJIMHAPUYECKOTO OTBEPCTHUS TUaMETPOM ~4 MM
TS IPOJIOTIBLHOM BOJTHBI M 2 MM JIJTSI IIOTIEPEYHOM
(myst pacuera d = M2m, Tie A — [UIMHA BOJHBI IPH
yacrore [1911 2,5 MI'm).

Habnronaercs Takxke paccesiHie Ha HEpOBHOU
MOBEpXHOCTH Jiedekra. PaccesHue Tem Oosblie,
yem Oosbiiie mapameTp Panest (R = 2koxcosXe,
e kK — BOJIHOBOE YHCIIO, G — CPEIHEKBApaTH-
YeCcKOoe 3HauYeHUE BBICOTHI HEPOBHOCTEH, € — yroJ
MaJIcHUs BOJHBI Ha edekT) [6].

Ha ocHOBaHMHM BBHIIIEHU3II0KEHHOTO BUIHO,
YTO CYIIECTBYIOT TEXHOJIIOTHYECKHE OTpaHuye-
HUSI, CHOKaIoIUe 3 eKTHBHOCTh KOHTAKTHOTO
VY3K.

Otoka A. I, Xonoaunog O. B. MoBbiweHne ad)cheKTMBHOCTU yNbTPa3ByKOBOro KOHTpornsA o6oabeB
LieNbHOKaTaHbIX KOJieC Npu PeMOHTEe KOJNEeCHbIX Nap BaroHOB



Taoéauna 1

BapuaHThl MeTO10B BBO1a Y3 ¢ BHYTpeHHeil rpanu 06o1a KoJeca’

v" DR2.1 (yeon 6600a 0°)

KOHTPOJIb 110 OKPY)KHOCTH 00071 Koreca
MPOJOJILHBIMU BOJTHaMH TIpH ycTanoBke 1311 Hike
YPOBHS IIOBEPXHOCTH KaTaHHs

v" DR2.2 (yeon 6600a 0°)

KOHTPOJIb 110 OKPY)KHOCTH 00071 Koreca
MIPOJIOJIHBIMU BOJTHAMH Ha paccTostHuu 30 MM

OT HIDKHETO Kpasi 000/1a (115 KOJIeC NOBBIIICHHO
TBEPAOCTH)

v" DR3.1 (yeon 6600a 40°)
KOHTPOJIb 110 OKPYKHOCTH 000712
KOJIeCa TIONEePEeYHBIMH BOTHAMHU
nipu ycranHoBke [1011 nuxe
YPOBHsI TIOBEPXHOCTH KaTaHUs

v" DR3.3 (yeon 6600a 50°)
KOHTPOJIb 110 OKPY>KHOCTH
000712 KoJIeca MONePEeYHBIMU
BOJIHAMU IpH ycraHoBke 1311
BBIIIIE YPOBHS TIOBEPXHOCTH
KaTaHus

BblsiBIICHHE B OCHOBHOM CEYeHHH 000712
MIPOJOJIBHBIX YCTAIOCTHBIX TPEIIUH,
Pa3BUBAIOLIMXCS IPEUMYILECTBEHHO
MEPIEHANKYIIAPHO TOBEPXHOCTH KaTaHUs,
pacciIoeHui, HeMETaNIMYEeCKUX BKIIOUEHUH
1 JPYTUX BHYTPEHHUX HECIUIOIIHOCTEH

BelsiBIeHHE HONEPEYHBIX
YCTaJIOCTHBIX TPCIIUH

Ha BHEILIHEH OOKOBOM rpaHu
00072 B 30HE CONPSDKCHHS

C HOBEPXHOCTBIO KaTaHUs

BbIsiBiIeHHE NOTIEPEYHBIX
TPEIIUH U BHYTPEHHHUX
HECIUIOIIHOCTEH B rpeOHe
oboza

B Hacrosimee BpeMs BeIETCS MOCTOSTHHAS
pabota 1o pa3paboTKe HaIllpaBJICHUH COBEPIICH-
CTBOBaHHMS CYIIECTBYIOIINX METOANK Y3-KOH-
TPOJIS KOJIECHBIX Map MOJBMXHOTO COCTaBa,
B TOM YHCJIC ¥ TEXHUIECKUX CPEICTB KOHTPOJIA
[7; 8].

L]envio pabOTHI ABISETCS COBEPIICHCTBOBA-
HUE Y3-KOHTPOIIST 000IbEB IEITbHOKATAHBIX KO-
JIeC Ha HAJIMYME Pa3HOOPHUEHTHPOBAHHBIX Tpe-
IIMHOTIOIOOHBIX IE(PEKTOB.

OBBEKTbI KOHTPONA.
NCNONb3YEMbIE NOAXOoAObl

B cooTBeTcTBUM C HOPMAaTHBHBIM JIOKyMEH-
TOM' Y3-KOHTPOIIb LEIBHOKATAHBIX KOJIEC BBI-
TIOJTHSAIOT 3XO-HMITYJIbCHBIM METO/IOM C IIEJBIO
BBISIBJICHUS BHYTPEHHHX U TIOBEPXHOCTHBIX JIe-
(eKTOB, KOTOpBIE PACIIOIOKEHBI B 000IbAX
1 UMEIOT XapaKTePHCTHKH, MPEBBIIIAIOIINE
OpaKoOBOYHBIC 3HAYCHUS' .

B Tabn. | moka3ansl 00s13aTeIbHBIC BAPHAHTHI
METOJa KOHTPOJS LEIbHOKATaHOTO Kojeca
C BHyTpeHHEH O0KOBOM MOBEPXHOCTH 0007a.

OnHrM 13 c1oco60B Y3-KOHTPOIIS MTOBEPX-
HOCTH JIeTasIei ITHHIPUIECKOH (hOPMBI SIBIIS-
eTcs 9X0-METO/I C UCTIONb30BaHNeM PaneeBCKIX
BOJIH. JIOCTOMHCTBA 3TOTO METO/AA KOHTPOJIS
CBSI3aHBI C BBICOKOH ITPOM3BOIUTEIHEHOCTHIO 32
cuer ycranoBku [I3I1 B ogHy WM HECKONBKO
TOYEK, MO3BOJISFONINX OLIEHUTh COCTOSIHHE BCEH
MTOBEPXHOCTH 00bekTa KoHTpois [9]. [Ipu sToM
He TpeOyeTcsl CKaHMPOBaHUE T10 BCEHl MOBEPX-
HocTH. Tak Kak HOBEpXHOCTHAS BOJIHA 001a1aeT
BBICOKOW YyBCTBHTEIBHOCTHIO K BBISBICHHUIO
TTOBEPXHOCTHBIX AC(EKTOB, TO M TpeOOBaHHA
K COCTOSIHUIO TOBEPXHOCTH JCTAJIN MPEIbSIBIS-
IOTCSI BEICOKHE.

B kene3HomopoKHON OTpaciIi METO MOITY-
Y11 HanboJee MIMPOKOe MPUMEHEHHE JUTS KOHT-
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POJIS IEbHOKATAHBIX KoJiec U OaHIaxel rmoce
00TOUYKH Ha KOJIECOTOKapHOM cTaHke. KoHTpons
MTOBEPXHOCTHBIMHU BOJIHAMH OCYIIECTBIIAETCS
B JIBYX HAIIPaBJICHUSAX IIyTEM I€pPECTaBICHUS
I131I1 Ha paccTosiHMe Y4 JUIMHBI OKPY>KHOCTH
Koneca (Kak IpaBHIIO, HE MEHEE OHOIO mepe-
CTaBJICHU). BRISIBIICHHIO MTOATIEKAT PAa3IUIHbIE
Je(eKThI Ha TIOBEPXHOCTH KaTaHUsI U B MIPUIIO-
BEPXHOCTHOM ciioe 0001a Ha riyOuHe 10
1...2 mm (DR4).

W3BecTHO, 4TO 10 3aK0HY CHeumyca nocie
nazeHus Y3-iyuda B npusme [I9I1 mox yrmom
55-57° B cpezne mpesioMIICHHAs BOJIHA CYIIE-
CTBYET TOJIBKO B BHJIE IOBEPXHOCTHOW. IMEHHO
TaKOH yroi nafieHus jayda B IPU3ME UCIIOJIb3Y-
erca B [IOI1 xene3HOMOpOKHOTO Ha3HAYCHUS,
npoMapkupoBaHHoro kak [1121-0,4-90°.

Opnnako ucnons3oBanue ganHoro 1011 Ha
MIPAKTHKE OCIOKHEHO BIMSHIEM Ha Pe3ybTaThl
TaKuX (aKTOPOB, KaK 3arps3HEHNUS, OCTATKU HIIH
N30bITOK KOHTAKTHOM KHUAKOCTH, HAJTMIHE 311~
POB, OCTaBJICHHBIX IIOCJIE OOTOYKH KoJIeca U Jp.
Crnenyer y4uThIBaTh, 4TO B Ipolecce paboTsl
¢ TakuM turoM 1911 noctarouHo cloXXHO HANTH
JIe(eKT 1Mo MPUYNHE ero COCOOHOCTH MPHHU-
Marb BOJIHBI HEOCHOBHBIM «33JTHUM JICTIECTKOM
JarpaMMBbl HamnpasiieHHOCTH. Takxke aMIuu-
Tyzla 9XO-CUTHaJIa OT Ae(eKTa U3MEHSIETCs He-
PaBHOMEPHO 10 MPUYMHE TAKHUX SBICHHUH, KaKk
MHOT'OKpaTHOE IIePe0TPaXKeHUE BOJH OT IPAHHIL
(dacka oboza, ranTeNbHBIA TEPEXo K IpeOHI0)
n nanpHenmei nx uareppepennun [10].

KoHTponp koneca MOBEpXHOCTHOW BOJIHOM
o Bapuanty meroxa DR4 (90°) co cTopoHs!
MIOBEPXHOCTH KaTaHHWs SBISIETCS HEAOCTAaTOU-
HBIM, TaK Kak Je(eKThl MOTYT 3aJIeraTh Ha pas-
HOW ImyOWHE M He Bcerna OyayT BBISBIATHCS
U C BHYTPEHHEH CTOPOHBI 00012 TOMEPEIHOMH
BostHON HakioHHBIM IIDIl mo BapmaHTy

Otoka A. I, Xonogunog O. B. MoBbiweHne ad)cheKTMBHOCTU yNbTPa3ByKOBOro KOHTponsA o6oabeB
LernbHoKaTaHbIX KOfec NPy PEMOHTE KONIeCHbIX Nap BaroHoB
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Puc. 1. lpumep ebisieneHus amanoHHbix ompaxamenel 8 HO [(homo asmopoe].
a - 1311 1211-0,4-90° (co scmpoeHHbIMu MazHumamu); 6 — 1311 2,5P65°69°74°;
& - 1311 11121-2,5-70-POM; 2 - pacnonoxerue ompaxameneii 8 HO no cekmopam.

DR3.1(40°), u mpogonsHON BOTHOW HPSIMBIM
I13I1 mo DR2.1 (0°).

Jliist ipoBeAeHNsT SKCIIEPUMEHTAIBHBIX HC-
CIIeIOBaHUH OBLT BEIOpaH HACTPOCUHBIN 00pazer]
(HO) B Buze chopMupOBaHHOH KOJIECHOH Mapbl
C BOCEMbIO HCKYCCTBEHHBIMHU OTPa)KaTEIIMHU Ha
eTpHOKaTaHOM Kojece nuamerpoM 903 mm.
Brox Y3 nposoamicst Ha HO co cropoHs! mmo-
BEPXHOCTH KaTaHUs Ha paccTosHuu 70 MM OT
BHYTpEHHEH rpaHu 000/1a B OAHOM TOUKE KoJieca
¢ mcmoip3oBaHueM Y 3-aedexTockoma Y2—
102BJ u xomrutekta mpeobpaszosareneii: [1121—
0,4-90° (P®), I1121-2,5-70° PIM (PD),
1121-2,5-65° PAM (P®), 2,5P65°69°74°
(KHP). B xauecTBe KOHTaKTHON XKHUIKOCTH IPHU-
MEHSUIOCH Macio uHAycTpuansHoe M-20. Tlpu
KoHTpose obonma xonmeca ang [1121-0,4-90°
BBI3BIBAJIACh THIIOBAas HACTPOIKa 3aBOja-
H3roTOBUTENS (CKOpOCcTh Y3 ¢ = 2999 m/c, am-
IJINTYAa 30HANPYIOMIET0 UMITYJIbCa BBICOKAS,
30HBEI BpeMeHHOH cenekunu BC1 , BC1
BC2 ,BC2  HacTpamBaroTCs aBTOMATHIECKH,
gacrora [1311 0,4 MI'n, yron BBoga 90°), a ans
BCEX OCTAJIbHBIX ITapaMEeTPBI KOHTPOJISI yCTaHAB-
JUBAJUCh CAMOCTOSITEIbHO B COOTBETCTBHH
C AITMHON OKPY)KHOCTH KOJIECA U XaPaKTEPHCTH-
kamu [I9IT (BC1 = 133.6R, BC1_ = 3000R,
ckopocth Y3 ¢ = 3260 M/c, aMIuinTy1a 30HA1-
PYIOIIETO UMITYIbCa BRICOKas, gacToTa [1911 2,5
MTI i, yron BBoma 65°, 69°, 70°, 74°).
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PE3YNbTATbI UCCNEQOBAHMIA
U UX OBCYXKOEHUE

[Ipeacrapnsio nHTEpEC M3y4eHHE OCOOEH-
HOCTEH BBISIBIICHUS OTpakaresieil ¢ HOBEpPXHOCTU
KaTaHMA KoJieca IPH UCIIOJIb30BaHUU TPaJULIU-
onnoro [1911 I1121-0,4-90° (c momouip0 10-
BEPXHOCTHOI BOJIHBI) M HakJIOHHBIX [IDT]
¢ 0ONBIIMMY yIJIaMH BBOJIA (C TIOMOIIBIO TTOTIe-
peuHoii BoiHEI) 2,5P65°69°74° (TpexanemMeHT-
weiii [I0I1 B omHOM Kopmyce), T1121-2,5-70°
PIIM, 11121-2,5-65° PIM (puc. 1).

Hcnonb3oBanue Takux OOJBIIKX YIIOB 65°—
74° mpu KOHTpOJE KOJECHBIX Map B BarOHHOM
X03s1iicTBe He npenycMoTpeHo. OHaKo JaHHBIE
[I3IT mmpoko UCHONB3YOTCS B Ae()EKTOCKOIHU
PETbCOB KaK B COCTaBe 1e()eKTOCKOITHOM TeNex-
KU, TaK ¥ TIPH PyYHOM ITOATBEPIKAAIOIIEM KOHT-
posne (70° — KOHTPOJIb TOJIOBKH Peibca CO CTO-
POHBI IOBEPXHOCTH KaTaHUsl, 65° — KOHTPOJIb 30H
CBApHBIX CTHIKOB B 00JIACTH T'OJIOBKH CO CTOPOHBI
MOBEPXHOCTH Katanus)> . CTOUT OTMETHTb, YTO
TaKye yIJIbl BBOZIA HCIIONB3YIOTCS IPU KOHTPOIIE

2CTII BY 38.427-2021 Hepa3pyuraroumii KOHTPOIb PEIBCOB
U CBAapHBIX CThIKOB. CTaHAApT opraHm3anuu (YTBEpP:KICH
MIPUKa30M HaualbHHUKA benopycckoil xkene3Hoi 1oporu ot
18.06.2021 Ne 532H3). —2021. - 127 c.

3 CTI BY 38.343-2016 YapTpa3ByKOBOH KOHTPOIb
penbcoB B nyTH aedpexrockonom YJIC2-PIIM-22.
CraHaapT opraHu3anuu (yTBEpKAEH MPUKA30M
HauaspHUKa benopycckoii skenes3Hoii noporu ot 15.07.2016
Ne 665H3). — 2016. — 81 c.

Otoka A. I, Xonoaunog O. B. MoBbiweHne ad)cheKTMBHOCTU yNbTPa3ByKOBOro KOHTpornsA o6oabeB
LieNbHOKaTaHbIX KOJieC Npu PeMOHTEe KOJNEeCHbIX Nap BaroHOB
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Puc. 2. lehekmozpaMMb I bisienieHuss ompaxamenel e HO 1311 1121-0,4-90°:
1~ cuzHan om ompaxamensi; 2 - paccmosiHue no Jiy4y 0o ompaxameJisi, MM; a — 20pPU3OHMasIbHOE ceeprieHue duamempom 5 MM
Ha 2ny6uHe 10 MM om nogepxHOCMU KamaHusi Koreca (8He 30HbI KOHMPOs 8pemMeHHoll cenekyuu BC1); 6 — eepmukanbHoe ceepreHue
5 MM e 2pebHe Ha paccmosiHuu 17,5 MM om eHympeHHel 2paHu Koneca; 8 — eepmukanbHOe ceepieHue 5 MM Ha No8epXHOCMU KamaHusi
Ha paccmosiHuu 70 MM om eHympeHHell 2paHU Kofleca; 2 — 8bIsie/ieHue Nnponusia Ha gacke 2i1y6uHol 3 MM U WupuHoU 1 MM «3a0HUM»
nenecmkom; 0 - ebisienieHue 3aceepioeku 4 MM 2r1y6uHoll 5 MM Ha eHympeHHell 2paHu Kosieca Ha paccmosiHuu 50 MM om eepuwuHbI
2pe6Hs «3ad0HUM» lenecmkom [homo aemopoe].

CBapHBIX COCAMHEHHH, YTO 00eCTICYMBACT HUZKUI
YPOBEHb Mapa3uTHHIX (JIOXKHBIX) CUTHAIOB
1 BBICOKYIO BBISIBISIEMOCTH J€()EKTOB, 3aJeraro-
MX Ha pa3Hoi nryoune [11-13].

Kontpons mosepxuoctu katanus 1911
I1121-0,4-90° (puc. 2) mokazaut, uto B 30He BC1
OBUTH BBISIBIICHBI OTPAXKATEIH MPSIMBIM JIy4OM
(mo paccrostauio ot mepenner rpanu [1911)
B ceuennn BB, I'-T, a B 30ne BC2 «3amaum»
JIETIECTKOM (IO PACCTOSIHUIO OT 3aJHEH TpaHu
[I3110) — B ceuernnu E-E, XX—XK. Bue 30u51 BC1
OBIT BBISIBICH OTpa)kaTeldb MPSIMBIM JTy4OM
(mo paccrostauio ot mepenHer rpanu [1911)
B CEUECHUH A—A.

WnentndunmpoBaTs ocTambHbBIE CHTHAIBI
TPYIAHO, a B OTAENBHBIX CIy4asX HE IPeCTaB-
JISIETCST BO3MOYKHBIM 110 PUYMHAM, OTTUCAHHBIM
BhImIe. [Ipu 3TOM, MOSBISIOIINECS OTIOTHUTEIb-
HBIE CUTHaJBI B 30He BC2 MoryT my0nupoBaTh
curHaisl 30861 BC1, HO ¢ mepecueToM paccTosi-
HUS UCKYCCTBEHHO CO3JaHHOW HACTPOMKH Je-
(exrockomna.

Kontpons mosepxuoctn katanus [1311
2,5P65°69°74° (puc. 3) mokasayl OTIMYHBIC pe-
3yIBTATHl 110 BBISBICHUIO BCEX OTpa)kareneH
MIOCTIEZIOBATENILHO PYT 33 APYTOM.

O4eBHUIHO, TaKasi BBHICOKAsl UyBCTBUTEIb-
HOCTH CBsi3aHa ¢ KoHcTpykuueit 1911, xorma
OZIMH TTEE30JIEMEHT MOXKET UCITyCKaTh Y 3-BOJI-
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HY, a Ipyro# (HaxoIsuiicst B Hanbosnee Giaro-
NIPUSTHOM MecCTe JUIs IIpHueMa) ee IPUHAMATb.
Bonbume ymbl BBoga, yacrora 2,5 MI'n u mupo-
Kas quarpamma HanpasiaenHocTH [1911 crioco6-
CTBYIOT TOMY, YTO Je(eKThl, HIMEIOIIIE Pa3HbIe
TeOMETPHUIECKHE PasMephl v (POPMY, MOTYT OBITH
KJIacCHU(UITMPOBAHBI 10 CUTHAITY.

ITpu co3nanny HaCTPOMKH B MaMsITh edeK-
TOCKOIIa 3aHOCWICS yroa 69°, onmuH U3 Tpex,
yKa3aHHBIX B MapkupoBke [1311.

CxeMa Npo3By4HMBaHUS KoOJeca MpPEeACTaB-
JieHa Ha puc. 4.

3a c4eT MHOTOKPAaTHOTO IEePEOTpakeHuUs
VY3-1y4a OT MOBEPXHOCTH KaTaHUs KOHTPOJIb
cTaHOBUTCA 3((YEKTUBHBIM IO BCEH IIMHE
OKpY’KHOCTH KoJieca. B 3aBucumocTH ot nuame-
Tpa Kosteca 1 ymia BBoza [13I1 yuacrok mepe-
oTpaxeHHs ¥Y3-JIyda o NpOTSHKEHHOCTH Oyner
pa3NMYHBIA M HAXOAUTCA B JIHama3oHe
160...260 MmM. MOXHO OTMETHTB, YTO TaKOM
KOHTPOJIb CO CTOPOHBI ITOBEPXHOCTH KaTaHMS
TIO3BOJIUT BBISBIIATH A€()EKTHI HE TOJIBKO B IIPH-
MIOBEPXHOCTHOM cJloe 000712, HO U Ha IIyOuHE
110 35 MM OT MOBEPXHOCTH KaTaHus. [Ipu Takoi
cXeMe CKaHWpPOBaHUs 3()(PEKTUBHOCTH BBLIBIIE-
HUSL 1€(PEKTOB — HEMETAJUTNUECKHX BKJIIOUCHNH,
MIOTIEPEYHBIX TPELINH, PAKOBHH, PacclIOCHUH
1 IPyTUX HECIUIONTHOCTEH — TOJBKO yBEINYNBa-
eTcH.

Otoka A. I, Xonogunog O. B. MoBbiweHne ad)cheKTMBHOCTU yNbTPa3ByKOBOro KOHTponsA o6oabeB
LernbHoKaTaHbIX KOfec NPy PEMOHTE KONIeCHbIX Nap BaroHoB
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Puc. 3. Jechekmozpammbi ebisienieHuss ompaxamenel e HO 1311 2,5P65°69°74°:

1- uckyccmeeHHbIl ompaxamerib; 2 - cugHan om ompaxamensi, MM; 3 — paccmosiHue no s1y4y do ompaxamensi; a — 20pU30HMasnkLHoe
ceepnieHue duamempom 5 MM Ha 2i1y6uHe 10 MM om nogepxHOCMU KamaHusi Koseca; 6 — 20pU3oHMasnbHoe ceeprieHue 5 MM Ha anybuHe
30 MM om nogepxHOCMU KamaHusi Kofieca; 8 — eepmukanbHoe ceepiieHue 5 MM 8 2pe6He Ha paccmosiHuu 17,5 MM om eHympeHHel
2paHu Koneca; 2 — eepmuKanbHoe ceepieHue 5 MM Ha N08ePXHOCMU KamaHusi Ha paccmosiHuu 70 MM om eHympeHHeli 2paHu Koneca;
0 - eepmukasnsHoe ceepsieHue 5 MM 8 30He (hacku No8epXHOCMU KamaHusi Ha paccmosHuu 125 MM om eHympeHHell 2paHu; e — nponusn
Ha ¢hacke any6uHol 3 MM u wupuHoii 1 MM; X — 3aceeprioeka 4 mm 2/1y6uHol 5 MM Ha HympeHHell 2paHu Kosleca Ha paccmosiHuu 50 mm
om eepuwuHbl 2pebHs; 3 — 3aceepnoska 3 MM 2n1ybuHoli 2 MM Ha paccmosiHuu 16 MM om eepuwuHbI 2pebHs Koneca [(homo aemopos].

- * Xoa Vi-nwa

(-\E : Mecma vemavoexn TT3HT
e

Puc. 4. Cxema ckaHuUpoeaHusi U HanpaeJieHue npo3ey4ueaHus [npednoxeHa asmopamu].
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Puc. 5. leghekmozpammbi 200H020 Koseca koecHoli napbi nocae 06mMoYKu Ha KosIecomoKapHOM cmakke, noy4erHbie 1311 2,5P65°69°74°
a - do ycmaroeku 1311; 6 — nocne ycmaxoeku 131 Ha nogepxHocmb kamaHus [ghomo aemopoe].

CkaHupoBaHue TpeOyeTcss MPOU3BOJUTH
B HECKOJIbKHMX TOUKaX, OTKIOHss 1y4 [19]1 B 00e
ctoposs! Ha 10-15°. Ilpu nosBneHuu B 30HE
KOHTPOJISI CHT'Hajla HEOOXOIUMO HAlTH Takoe
TIOJIO’KEHUE, ITPU KOTOPOM €ro aMILIUTY/Ia OyieT
MaKCHMAaJbHOIL.

JJis MoNTBEPKACHUSI TOTO, YTO KOHTPOJIb
93¢ eKTUBEH 1 HACTPOIKa co3/laHa PaBHIILHO,
Obl1a MoZI00paHa KoJecHast napa mociie 00TOUKH
KoJIeca Ha KOJIECOTOKapHOM CTaHKE C aHaJIOTHY-
HbIM auameTpoM 903 mm. Kak BuzaHO Ha puc. 5,
JIO)KHBIE MHANKAIIMU OTCYTCTBYIOT.

IIpu ucnonszosanuu I13I1 11121-2,5-70°
(puc. 6) TaK)xe UMEET MECTO BBICOKast 1yBCTBH-
TENLHOCTH KOHTPOJISI IIPH BHISIBIICHUH BCEX OTpa-
JxKarenen.

Opnaxo xkouTposs [1121-2,5-70° PIIM u3-3a
€ro reOMeTPUYECKUX Pa3MEpoB M MaJIOH ILIO-
IIaJ]1 KOHTAKTa BCE )K€ YCTYIAeT MO 4yBCTBU-
TelbHOCTH TpexiemMeHTHoMY IIOII B wactu
pa3dpoca noka3aHuil CUTHAJIOB MO aMILTUTYIIE,
TaK KaK U3JIydaresieM W MPUEMHHUKOM SIBIISIETCS
OJIMH TbE303JIEMEHT.

VYnbTpa3ByKOBOW KOHTPOJIb 000712 Koyeca
TP TaKoW cXeMe MPO3BYYHBaHUS O/pa3yMe-
BaeT JIeJIeHUE KoJieca Ha Y4acTKH (KOHTPOJIB 1O
TOYKaM) WJIM CKAHUPOBAaHHUE IOBEPXHOCTH KaTa-
Hus Ha paccrosiHuu 300400 MM B AByX HaIpas-
neHusx nmytem nepememienus I19I1 mocepe-
JMHE TOBEPXHOCTH KaTaHWsl, OTKIOHSIS Jyd
[13I1 B 06e croponst Ha 10—15° uepes kaxable
5 cM IyTH.

BbIBOAbI

PesynbraThl ncciaenoBaHUl MOATBEPIUIH
BBICOKYIO 4yBCTBUTEIBHOCTh HOBOTO BapHaHTa
METOJIa KOHTPOJISI CO CTOPOHBI MOBEPXHOCTH

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 3 (112). C. 59-66

Puc. 6. legpekmozpamma ebisienieHus ompaxameneli
& HO 11311 M1121-2,5-70-PAM:

1 - 20pu3oHmansHoe ceepreHue duamempom 5 MM Ha 2n1ybuHe
10 MM 0m No8epXHOCMU KamaHusi Koneca; 2 — 20pU3oHManbHoe
ceeprieHue 5 Mm Ha any6uHe 30 MM om nogepxHocmu
KamaHusi Koneca; 3 — eepmuKanbHoe ceepiieHue 5 MM
8 2pebHe Ha paccmosiHuu 17,5 MM om eHympeHHell 2paHu
Koneca; 4 - eepmukanbHoe ceeprieHue 5 MM Ha nogepxHocmu
KamaHusi Ha paccmosiHuu 70 MM om 8HympeHHel 2paHu
Koneca; 5 - eepmukasnbHoe ceeprieHue 5 MM 8 30He thacku
noeepxHOCMU KamaHusl Ha paccmosiHuu 125 mm om eHympeHHel
2paHu; 6 - nponun Ha ghacke 2mybuHol 3 MM u wupuHoii 1 Mm;
7 - 3aceepriogka 4 MM 2i1y6uHol 5 MM Ha eHympeHHell 2paHu Koneca
Ha paccmosiHuu 50 MM om eepuwiuHbI 2pebHsi; 8 — 3aceepioska
3 MM 2ny6uHoli 2 MM Ha paccmosiHuu 16 MM om eepuiuHb!
2pe6Hs Koneca [¢homo aemopos].

KaTaHusl Ha pacCTossHUU 70 MM OT BHYTpEHHEH
0OKOBOI1 MOBEpXHOCTH 0001a.

ITpu ycranoske I13I1 B ogHy TOUKY ¥ OTKIIO-
HeHuH Jiy4ya B 00e croponsl Ha 10—15° ormeua-
€Tcs BBISIBJICHHE JIe()EKTOB Ha PIMEpPE UCKYC-
CTBEHHBIX oTpaxareineil B HO, pasnuyubix no
CBOMM pasMmepam, oprueHTanun u Gpopme. Beico-
Kasi IPOU3BOAUTENBHOCTb TAKOI'O KOHTPOJIS HE
CHIDKAET JOCTOBEPHOCTb MOIYUYEHHBIX PE3YIIb-
TaroB Y 3-nedekTockonuu, 1, Gmaroxaps mupo-
KO JuarpaMMe HamlpaBICHHOCTH, 3(P(PEKTUB-
HOCTH BBISBICHHS AC(PEKTOB MOBHIIIACTCS
B CPAaBHEHHH C BBOZIOM Y3 CO CTOPOHBI BHYTPEH-

Otoka A. I, Xonogunog O. B. MoBbiweHne ad)cheKTMBHOCTU yNbTPa3ByKOBOro KOHTponsA o6oabeB
LernbHoKaTaHbIX KOfec NPy PEMOHTE KONIeCHbIX Nap BaroHoB




Hell OOKOBOW MoOBepxHOCTH 0007a. B cBsizu
C BO3MOXKHBIM [IEPEOTPAKECHUEM OT IIPHOOOTHOM
30HBI M C YYETOM TOTO, YTO KOHTPOJIb P PEeKTH-
BEH Ha DIyOuHE 10 35 MM, 1e51ecoo0pa3Ho uc-
TMOJTB30BATh MPEIIOKCHHBIN BAPUAHT METOA JJIS
KOJIEC C TONIIMHOM 00012 110 40 MM.

B pa6orax [14; 15] npuBoaurcst nHpopmarys,
YTO OIICHKA JOMYCTUMOCTH HECIUIONIHOCTEH IO
9TalIOHHBIM oTpaxaresisiv B HO MO>XHO BBITIOTHUTD
TOJTBKO CO 3HAYUTEITHHO OTPEIITHOCTHIO, KOTOPYIO
BHOCHT Pa3HOCTh 3aTyXaHUs B Kojiece (Marepuai
Cr. 2, Cr. 2I, Cr. 1, Cr. T) 1 HO. ITosTomMy npume-
HEHUE MPEJIOKESHHOTO BAPUAHTA KOHTPOJIS C TIPH-
meHenueM 1911 ¢ yramu BBozta 65°—74° ¢ moBepx-
HOCTH KaTaHHs Kojieca MPeIyCMaTpHUBacT BO3MOXK-
HOCTh U3MCHEHHS TEXHOIOTUH Y3 000/THCB IeITBHO-
KaTaHbIX KOJICC B YAaCTH KCIIOJBb30BAaHUS €r0 Kak
OCHOBHOT'O METOJIa COBMECTHO ¢ Komruiekcom DR3.1
(40°), DR3.3 (50°), DR 2.1 (0°), DR2.2 (0°), DR4
(90°) miM KaK JOTONHUTEIFHOTO (TIOATBEPIKIAIO-
IIIET0 B CIIOPHBIX CUTYAIIHSX).

IpenioxeH bl HaMK TOAXO0A K Y 3-1edek-
TOCKOITHH 000/IbEB IIEIbHOKATAHBIX KOJIEC KOJIEC-
HBIX Tap MPU PEMOHTE MO3BOJHUT MOBBICHTH
3()HEKTUBHOCTH HEPa3PyILIAOIIETO KOHTPOJISA
M 9KCIUTYaTallMOHHYO HAaJISKHOCTH MIOJIBHIKHOTO
COCTaBa Ha KEJIC3HOAOPOKHOM TPAHCIIOPTE.
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AHHOTALUA

Lenb cmambu 3akmoyaemcs 8 ebibope u 060cHo8aHuu nodxoda
Kk ¢hopmuposaHuto peauoHanbHol pecypcocbepezatowieli modenu pacnpe-
OereHust 2py308 Ha OCHO8e ONpedeneHust SKOHOMUYECKU UerecoobpasHoeo
Konuyecmea mpaHcnopmHo-oaucmuyeckux ueHmpos (T/1L), obecneyu-
8alOWUX CHWXeHUe 3ampam Ha docmasky.

B npouecce uccnedosaHus 6b iU UCNOb308aHb! MeMOoObl 3KOHOMUKO-
MameMamuyecko20 MoJesTUpo8aHUsi, CMamucmu4eckoeo U CpagHUMesTb-
HO20 aHanu3sa, KoppensiyuoHHO-Pe2PeccUoHHo2o, abcmpakmHo-
1102U4ECK020, MEOPemuUKO-AMNUPUYECKO20 U CMPYKMYPHO20 aHanu3a.

B pabome nposedeHbi aHanu3 Hay4Hbix N00X0008 K yMEeHbWEHUI
3ampam npu 8bi6ope 3KOHOMUYecku 060CHOBaHHO20 Konuyecmea
06beKMoe mpaHCNOPMHO-N02UCMUYECKOU UHGhPacmMpPyKmypbI ¢ N03u-
yuu 6onee achchekmugHoll op2aHu3ayuu NPOCMpPaHCMBEHHO20 8b160-

pa UHGpacmpykmypHbix 06bEKMO8 MpPaHCcnopmHO-102ucmMuyeckol
cemu, a makxe KoppensyuoHHO-Pe2PEeCCUOHHbIU aHanu3 enusiHus
Konuyecmea 06beKmMo8 MPaHCNOPMHO-M02UCMUYECKUX UEHMPOB Ha
mpaHcnopmHble 3ampamsi npu pacnpedesieHuu 2py308 8 Uensix nocma-
80K U paccyumaHa aHanumuyeckas 3agucuMocmb Mexdy amumu noka-
3amensiMu; 060CHOBAHO BUSIHUE YPOBHS UEH npu 00cCmaske 2py308
Ha nokasamenu pecypcocbepexeHus 8 cucmeme pacnpedeneHus
2py308.

Pe3ynbmambi nposedeHHo20 ucciedogaHusi Mo2ym 6bimb UCNOb30-
8aHb! NPpuU onpedeneHuU ypogHS 02UCMUYECKUX 3ampam U UX 8/TUSHUS Ha
UEHbI KOHEYHbIX MO8apo8 U ycrye, Ymo sensemcs 00HUM U3 cnocobos
peanusayuu yenu pecypcocbepexenus 051 KOMMEPYECKUX KOMNaHull
U op2aHoe UCcNoHUMeNbHoU enacmu.

Kntoyesble cnosa: pecypcocbepezatowast Modesb, cknadbl, MPaHCNOPMHO-N02UCMUYECKUE UeHMPbI, UHbpacmpykmypa, PeauoH, pecypcsl,

KOpPensyUOHHO-Pe2PECCUOHHBIU aHanu3.

bnaezodapHocme: uccredogaHue 8bINOIHEHO 8 pamMkax 20cydapcmeeHHo20 3adaHusi ®edeparnbHo20 aeeHmemea Xene3HodopoXHO20 mpaHcnopma
(Pocxendop) Ha 8bIN0NHEHUE Hay4HO-UCCIe008amesbCKUX, ONbIMHO-KOHCMPYKMOPCKUX U MeXHO02U4ecKux pabom epaxdaHcKko2o HasHayeHus. [poexkm
«lpoexmuposaHue pecypcocbepezaroweli mpaHCNOPMHO-M02UCMUYECKOL CUCMEMb| 8 3KOHOMUKe cybbekmos P®y. MHmepHem-HoMep/PeaucmpayuoHHs It

Homep: 124040300020-8.

[ns yumuposanus: Xatim6aeg B. A., Kocmpos B. H., YepHsies E. B. Pecypcocbepezarousuii nodxod K opaaHu3ayuu 0ocmasKu epy308 8 peaUoHaslbHbIX
yensix nocmasok // Mup mpancnopma. 2024. T. 22. Ne 3 (112). C. 68-79. DOI: https://doi.org/10.30932/1992-3252-2024-22-3-9.

MonHbIl mekem cmambu e nepegode Ha aHanulickull 3bIK ny6nuKyemcsi 60 emopoli Yyacmu 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

BHenpenue B mpakTuKy OM3Heca HHHOBAL-
OHHBIX MO/IXOI0B K ()OPMHPOBAHHUIO PETHOHAITb-
HOUW pecypcocOeperarolnieii Moaeiu pacrpee-
JICHUS TPY30B Ha OCHOBE OIIPEIEJICHUS YKOHO-
MHYECKH 11e1ec000pa3HOro KOJM4YecTBa TPAHC-
noptHo-yorucruueckux nentpos (TJILL),
KOTOpBIE TOJKHBI 00ECTIEUUTh CHU)KEHHUE 3aTpaT,
SIBIISICTCSI OYEBUIHBIM ITPUOPUTETOM HE TOJIBKO
MEHEKMEHTa KOMIIaHUH, HO ¥ OPI'aHOB UCIIOJ-
HUTENIBHON BIACTH BCEX YPOBHEH yIpaBIeHHUS.
B aT0i1 cBs31 B (hoKyce KOpHOpaTuBHOM U rocy-
JTApCTBEHHON YIKOHOMUYECKOH ITOJTUTUKHU IIEPBO-
OYepeHBIMHU 33Ja4aMH HaXoJsTCs pa3padoTka
U BHEJPEHHE pecypcocOeperaronmx MexaHu3-
MOB OpraHM3aIlMN YKOHOMHYECKOTO MPOCTPaH-
CTBa, IPUYEM OJHOHN M3 NMPHOPUTETHBIX Iienei
SBJISETCS pa3paboTKa MoAX0J0B K GopMHpOBa-
HUIO ¥, COOCTBEHHO, MOJIEJICi CETH JOCTaBKH
TPY30B C yUETOM UX BINSHUSA HA MEXaHU3M IIEHO-
00pa3oBaHMsl KOHEYHBIX TOBAPOB U YCIIyT.

B kadecTBe 00bEKTa aHANIN3a U ONTUMHU3ALIUH
BbIOpaHa pernoHaNbHas JIOTHCTUYECKAs I1eTb.
Br100p Takoro o0bekTa 00yCIIOBJIEH LEIeBOH
HaNpaBlIeHHOCTHIO JIaHHOW paboThI, KOTOpas
SIBIIIETCS] YacCThI0 HAy4YHOTO HCCIEHOBAaHUSA
B paMKax IoCyJapCTBEHHOTO 3a1anus Denepaib-
HOI'O areHTCTBA XKEJIE3HOJOPOKHOTO TPaHC-
nopra.

O4eBUAHO, YTO KPOME PETHOHAIBHBIX LIeTIeH
MTOCTAaBOK, CYIIECTBYIOT U ApyTHE, Halpumep,
OTpacjieBble, TPAHCHALIMOHAIBHBIE UITH IJ100aITh-
Hble ¥ T. 1. Crienn@uka Kaxk 0l 13 HUX XapaKTe-
pu3yeTcs, MPexe BCEro, IeeBBIMU yCTaHOB-
KaMH, MaciiTaboM BOBJICYEHHOCTH y4aCTHHKOB
JIOCTaBKM T'Py30B M Pe3ylIbTaToM, KOTOPBII MO-
KEeT OBITh HE TOJIBKO SKOHOMHUECKHM.

B kxauecTBe OCHOBHI yJIydYIlIEHUS KauecTBa
TPaHCIIOPTHO-IOTUCTUYECKOH YCIIyTH, TPEao-
JIararoIei, B TOM 4Hclie yMEHbIIIEHUE €€ CTOU-
MOCTH, aBTOpPaMHU MPEIJIOKEH pecypcocodepe-
TaloMUi MOAXO0A, KOTOPBIH MpenycMaTpuBaeT
YMEHBIICHUE HMCIOIb30BAHUS COBOKYIHOCTH
SKOHOMMUYECKHUX PECYPCOB HA I0CTABKY I'Py30B
C UCIMOJb30BaHUEM TPAHCHOPTHO-JIOTUCTH-
YECKOW CETH NpPU HEU3MEHHBIX TPeOOBaHUSX
3aKa34MKOB. B ominuue ot 3arparHoro noaxona,
pecypcocbeperapuiuii mpeagycMarpuBaeT
yMeHbIlIeHHEe 00beMa HCITOIb3YEMbIX PECypCOB
JUTS TOCTHIKEHUS TUTaHUPYEMBIX I[eJIeBBIX ITOKa-
3arenei.

[TosToMy 3amadya yMEHBIIIEHUS KOIUYECTBA
TJIL[ B TpaHCHOPTHO-JIOTUCTUUYECKUX CETHAX,
C OJTHOW CTOPOHBI, MpeaycMaTpUBaeT BHIOOP

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 3 (112). C. 68-79

MapuipyTa ¢ MEHBIINM UX KOJIMYECTBOM, C APY-
roil — obecrieynBaeT yMEHbIICHHE 3aTpaT Ha
JIOCTaBKY TPY30B.

3amada MPOSKTUPOBAHUS MTapaMETPOB yKa-
3aHHBIX CETEH TOCTaTO4YHA TPUBHAJIbHA, OHAKO
HEIOCTATOYHBIM y4eT XapaKTEPUCTHK TEPPUTO-
puii BX GOpMUPOBAHHS, PA3BUTOCTH CETH TPAHC-
MOPTHO-JIOTUCTUYECKUX LEHTPOB, 3P dekra
MacuITaba 3a4acTylo IPUBOIAT K HEYAOBICTBO-
PEHHBIM OXKUJAAHUSAM 3aKa34UKOB U MPOTUBOIIO-
JIOXKHBIM Pe3yabTaTaM, OCHOBHBIMU U3 KOTOPBIX
SIBJIISIFOTCS TOMOJHUTENbHbIE KallUTaJbHbIE
BIIOKEHUS U POCT LIEH Ha KOHEUHBIE TOBApbI
U YCIIyTH.

AHanus3 nenoro psajaa peruoHalbHBIX CTpa-
teruit popmupoBanus cereir TJIL moka3zbr-
BAET, C OJHOI CTOPOHBI, BHUMAaHHE, yAENse-
MO€ UX Pa3BUTHIO, HO, C IPYTOH, BO-NEPBHIX,
HE BCETJa BBICOKHHM ypPOBEHb UX MpaKTUYe-
CKOH pealn3anuy, BO-BTOPBIX, 3HAUUTEIbHOE
MPEBBIIICHUE B pAJle CIy4aeB 3alUIaHUPOBaH-
HOTO Oromxera Ha coszmanme cereid TJIL]
U, HaKOHEL, pOCT 3aTpaT Ha JIOTUCTHUKY
B IICHE TOBApOB U YCIYT.

Tak, HampuMep, pa3paboTaHHAsl CTPATETHs
thopmuposanus cetu TJIL Camapckoii obmactu '
He OBLIa BHITIOJTHEHA B TOJTHOM 00beMe. Ctpare-
THsI COLMATIbHO-9KOHOMUYEcKoTo pasButus Ca-
paroBckoit obmactu mo 2025 roma u ee HOBas
penaknus Co CpOKaMHU Peau3aliid OCHOBHBIX
Mmeponpusatuit 1o 2030 roxa? npeamnonaraet
CO3JaHHE CETU TPAHCIOPTHO-IOTUCTUYECKUX
nentpos — Caparosckoro, Prumesckoro, Ile-
TPOBCKOT0, XBaJBIHCKOTO, banakoBckoro, O3uH-
ckoro, KpacHoapMelckoro u B 3Tol 4acTu MoKa
He TOJIHOCTBIO BBINOIHEHA. B mporxHose coun-
AIBHO-3KOHOMHUYECKOTO pa3BuTusi OpeHOypr-
CKoif o0nacTu®, HECMOTPsI Ha HaJIMYHe ToCyIap-
CTBEHHOM 1Tporpammsl «Pa3BuTHE TpaHCIIOPTHOMI
CUCTEMBD», OTCYTCTBYET Pa3BEPHYTHII paszed,
KacalolIMICs TPAHCIIOpTa U JIOTUCTUKH. B cTpa-

! ITocranosnenue IlpaBurenscra Camapckoil 061acTi or
23 centsi0ps 2010 roga Ne 422 «O KoHuenuuu pa3BUTHA
PETHOHAIBHOI TPAHCHOPTHO-JIIOTHCTHYECKON CHCTEMBI
Camapckoit oonactu Ha 2011-2015 roas». [DneKkTpoHHbIH
pecypc]: https://docs.cntd.ru/document/945029027. loctyn
05.05.2024.

2 CrpaTerus COLHMAIbHO-?KOHOMHYECKOTO Pa3BUTHUS
CaparoBckoii oonactu 10 2030 roxa. [ DneKTpoHHSIH pecypc]:
https://investinsaratov.ru/files/docs/321-p.pdf.PDF. Jloctyn
05.05.2024.

* TIporHo3 conManbHO-IKOHOMUYECKOTO Pa3BUTHS
OpenOyprekoit oomacti Ha 2023 rox ¥ IUIaHOBEINH HEPHOJ
2024 u 2025 rogos. [Dnekrpounsiit pecypc]: https://
mineconomy.orb.ru/documents/active/11493/. Jloctyn
05.05.2024.
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TErHMH COLMaJIbHO-DKOHOMHYECKOTO Pa3BUTHS
ITen3enckoit obmactu* ecTh paszaen «TpaHc-
MIOPT», TJIe OCHOBHOE BHUMAaHHE Y/IEJIeTCs Iepe-
BO3KE [aCCa)KHUPOB, HO IJIaHA Pa3BUTHS TPaHC-
MOPTHO-JIOTHCTHYECKOT'0 KOMIUIEKCa B BHJIE
KJlacTepa WM CeTH HeT. B oTinume oT yKazaHHBIX
cTpaTerui, cTpaTerus COIUaIbHO-IKOHO-
MHUYeCKOTO pa3Butus PecnyOnuku Tarapcran®
npelycMaTpUBaeT MPOCTPAHCTBEHHOE Pa3BUTHE
MPOM3BOJHUTENILHBIX CHJI, IIPOMBIIUICHHBIX KJla-
CTEpOB, B TOM YHCIIE€ TPAHCHOPTHO-JIOTUCTH-
YECKOT0, YTO ITOKa3bIBACT [IOHNMaHHUE U 3aUHTe-
PECOBaHHOCTh PYKOBOJICTBA PECITYOJIMKH B pa3-
BUTHUH 3TOH OTPACIIY PETHOHAIBEHOI SKOHOMHUKH.
AHanu3 cTpareruy ColualIbHO-9KOHOMHYECKOTO
pa3BuTHsI YIBSHOBCKOH 0061acTH® MOKA3bIBACT,
YTO B CHJTy BAYKHOCTH TPAHCIIOPTHOTO KOMILJIEKCa
BBIJICJICHBI B OT/IEJIbHBII pa3/el Lely 1 3a1a4n
ero pasButus. OHAKO B CTpaTeruy He paccmar-
PpuBatoTCs 331241 (POPMHUPOBAHUS €IUHON TPaHC-
MIOPTHOM CUCTEMBI PErMOHA U POJIb TPAHCIIOPT-
HO-JIOTUCTUYECKOW YCIYT'M B PErHOHaJIbHOM
COLIMAJILHO-9KOHOMHYECKOM pa3BuUTUHU. Oue-
BUJIHO, 9TO HE HOJIHBIH IepedeHb PETHOHAIBHBIX
CTpaTeruii, KOTopble, UMest IOCTaTOYHO BBICOKHI
YpOBEHb IPOPAOOTKH, HE JIUIIEHBI BMECTE C TEM
W HEJIOCTAaTKOB C TOYKU 3PEHMS JeTalN3alHu
TUIAHOB Pa3BUTHSI TPAHCIIOPTHO-JIOTUCTUYECKUX
cucreM (nanee — TJIC).

Bwmecrte ¢ Tem 3anpoc Ha (opMUpOBaHHE
addextuBHBIX pecypcocdeperaronmx TIIC co
CTOPOHBI HaceJieHHs1 U Ou3Heca CTaBHT Iepen
OpraHaMy BJIACTH 33Ja4y CO3AaHHsI HHTErpUpo-
BaHHBIX C JIPyTUMH OTPACIISIMU SKOHOMHUKH TO-
BapOIPOBOJSIIIMX CHCTEM CO cOaaHCHpPOBaH-
HBIMH TapaMeTpaM¥ TPAHCIIOPTHOW U TEPMHU-
HaJIbHOM MH(PACTPyKTyphl. B 3THX ycnoBusix
MOUCK HOBBIX UCTOYHUKOB SKOHOMHHU PACXOJ0B
Ha TPAHCIIOPTHO-JIOTHCTHYECKHE YCITyTH CTAaHO-
BUTCSI IPUOPUTETHON 3ajjauell MpU OTHOCH-
TEJILHO HEOOJIBIIOM KOJHYECTBE aJbTEPHATHB
CHIDKEHUSI 3aTpar U o0ecreueHnsi KOHKYPEHTO-
CIIOCOOHOCTH OTPACIIH.

4 Crparerus COLMalbHO-?KOHOMHYECKOIO Pa3BUTHUS
Ilen3enckoit obmactu uHa mepuon mo 2035 roxa.
[Onexrponnsii pecypc]: https://pnzreg.ru/open-government/
nekommercheskie-organizatsii/etnokonfessionalnye-
otnosheniya/Crparerusn%202035.pdf. loctyn 05.05.2024.

> Ctparerus COLMAIbHO-3KOHOMHYECKOIO Pa3BUTHUSA
Pecnybnuxu Tarapctan mo 2030 roga.[DneKTpOHHEIH
pecypc]: https://eco.tatarstan.ru/strategiya-sotsialno-
ekonomicheskogo-razvitiya.htm. Toctym 05.05.2024.

¢ Crparerus COLHMAalbHO-?KOHOMHYECKOIO Pa3BUTHUS
VYapsHOBCKOW o6nactu 1o 2030 roxa.[DneKTpOHHBII
pecypc]: https://docs.cntd.ru/document/463710828. Jloctyn
05.05.2024.
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3amauy pecypcocOepexeHus A0CTaTOYHO
YacTO aCCOLMUPYIOT C OOIIETPU3HAHHBIM MOHSI-
THEM «OepexIMBOe MPOU3BOACTBO». OmHAKO
IpaHULBl pecypcocOepekeHus: BBIXOAAT 3a
PaMKH OTAEIBHO B3STOTO MPENNPHUATHS WIH
TPYIITBI IPEINPUSITHIA, B TO BpeMs Kak 0 «Oeperk-
JIMBOM ITIPOU3BOJICTBE» NPUHATO TOBOPHUTH, Kak
0 KOHIICTIIMY YMEHBILICHUS 3aTpar B TpaHHUIaxX
TIPEATIPUSATHS.

HenooueHka peanuzaiuu nporpamm pecyp-
cocOepexeHust Ha ypOBHE KOPIOpaIHid, 0Tpac-
JIeH W peruoHajJbHBIX YKOHOMHK, OUYEBHIIHO,
yMEHbBIIAET HEe TONBKO 3()(PEKTUBHOCTH IKOHO-
MHYECKOH JIeTeNIbHOCTH, HO M KaY€CTBO TOBApOB
1 YCITIYT KaK pe3yJIbTaT HCI0JIb30BaHHs PECYPCOB
B IIPOU3BOJICTBEHHOM JIESITEIIbHOCTH.

Bwmecre ¢ TeM, TOJIBKO TOHUMaHUSI B&YKHOCTH
BHEJIPEHHUSI TEXHOJIOTUH pecypcocOepexeHts,
KOTOPBbIE MOTYT OOECIIEUUTh CHIDKCHHUE 3aTpar
U yBEJIMYEHHUE TPEUMYIIECTB, HEIOCTaTOYHO.
Camo BHeZIpeHHe TEXHOJIOTHI pecypcochepeke-
HUs TpeOyeT 3HAYMTENBHBIX 3aTpar Ui nepe-
xo0/ia K Oosee 3¢ PEKTUBHOM OpraHU3aLuy Mpo-
W3BOJICTBA, KOTOpas MOXET 00ECHEeYUTh MOBbI-
LIIEHHE IPON3BOUTENEHOCTH TPY/Ia U YMEHBIIIE-
HUE 3aTpar pecypcoB.

B rpanunax npemiaraeMoro McciieoBaHus
B KaueCTBE TEXHOJIOTHI pecypcocOepexeHus,
KaK yKa3aHO BBILIE, HCIIOIb30BaHbI MOJIENIHU Pac-
yera konn4uectBa 00bexToB TJIL], uto B coBOKyn-
HOCTH 00€CIIeYrBaeT yMEHBILIEHUE 3aTPaT pecyp-
cOB Ha (DYHKIIMIO JIOCTaBKHU I'Py30B.

BMecTe ¢ TeM CyIecTBYIOT U IpyTHE CIIOCOOBI
pecypcocoepesxerus B TJIC, kotopsie B OosIbIei
WA MEHBIICH CTENCHU TOKa3ain CBOKO dddek-
TUBHOCTb. Tak, Hy’)KHO OTMETUTB TIOJXOJ, OCHO-
BaHHBII HA METOJOJIOTH YITPABIICHHS 3arlacamMu
B LEIISIX TIOCTABOK, ITPU KOTOPOM, B KXKIOM T10-
cnenytomem TJIL] cuctemsl mpexycMarpuBaeTcs
pacuer napameTpoB 3aIacoB C yYETOM TaKUX JKe
napamMeTpoB, kak Ha npeabiaymeM TJII. Oto
CHOCOOCTBYET YMEHBIICHHIO 3aTpaT Ha CofiepKa-
HHUE ¥ MMMOOMJIM3AIMIO UHBECTUIIMI B 3aI1achl,
YBEJIMYCHUIO CKOPOCTH 000paYnBaeMOCTH Kalli-
Tana u, ClieJI0BaTebHO, MUHUMH3aL[M1 00bEeMOB
HEOTrpy>KeHHbIX ToBapoB. [ToaTomy mpu Takom
BcrpauBanuu TJIL B cucteMy OCHOBHBIM MOKa-
3areneM pecypcocOepekeHus OyJeT He CTONIBKO
BEJIMYMHA CKJIaJICKUX 3allacoB BO BCEX 3BEHbBSIX,
CKOJIbKO YYeT METOZIOB YIPaBJICHHsI IMH Ha Ipe-
neirynmx TIIL

Kpome mnepeuncieHHbIX MOoIX0/10B, yCIo-
Busimu pecypcoctepexenns B TJIC Taxoke sBis-
I0TCSl IPUMEHSIEMbIE TEXHOJOTHH T'py30Iepe-
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pabOTKH ¥ ypOBEHb aBTOMATH3aI[1H JIOTUCTHYE-
CKUX mpoueccoB. O4eBHIHO, HAIPUMEP, YTO
BBICOKHI YPOBEHb aBTOMAaTH3al[MH JIOTHCTHYE-
ckux mporeccos onHoro TJIL B cucreme He nacT
obwero cucreMHOro 3dggexra, MoCKOIbKY
B TaHHOM ciiydae 3 dekt pecypcocOepexeHus
MpeycMarpuBaeT cOaIaHCUPOBAHHOCTh H rap-
MOHU3AIIMIO UCTIOIb3YEMBIX TEXHOJIOTHI IPy30-
nepepaborku Bo Beex TJIL] cucrembl.

B 37011 CBsI3U pauMoHaIBHBII BBIOOP JHCIIO-
KalMii pa3MeIleHns] ¥ pacyeT KOJINYeCTBa WH-
(bpacTpyKTypHBIX OOBEKTOB TPaHCIOPTHO-
JIOTHCTHYECKOW CHCTEMBI KaK pa3 sIBJISIeTCsl OJl-
HOM M3 TaKMX JITEPHATUB JUIsl CHU)KSHUS 3aTpaT
Ha TPAHCIIOPTHO-JIOTUCTUYECKUE YCIYTH.

COOTBETCTBEHHO Ye/1bio UCCIICIOBAHUS, pe-
3yJIBTaThl KOTOPOTO U3J1araloTCsl B CTaThbe, SIBJIs-
eTcss 000CHOBaHUE MoAxoaa K (OPMHUPOBAHHIO
perMoHalbHON pecypcocOeperaroned MoJeH
pacripeienieHus Ipy30B Ha OCHOBE OIpeeIICHUs
9KOHOMHYECKH LIeJIeCO00pa3HOT0 KOJIMYECTBA
TPaHCIOPTHO-JIOTHCTHYECKUX LIEHTPOB, o0ecTie-
YHMBAIOIIMX MUHUMU3ALHUIO JIOTUCTUYECKUX 3a-
TpaT MOCTABIIUKA U MUHUMHU3ALIUIO CTOUMOCTH
TPaHCIOPTHO-JIOTHCTHYECKOM YCIIyTH JUIsl T10-
Tpeburelns.

OB30P JIUTEPATYPbI U UCCNEQOBAHUN
TJILL, urpatorire KIHO4YeBYIO pOJb B CUCTEME
JIOCTaBKH U PACIPEICICHUS OOBIINX 00HEMOB
rpy30B U (hOPMUPYIOIIHE JTOTHCTHYECKYIO 1IEITh
MOCTaBOK, KaK ITPaBUIIO, HE 00ECIICYMBAIOT TPe-
OyeMblii ypoBeHb 3PPEKTUBHOCTU peasIn3aIlui
(YHKIMI TOBEIECHUS TPY30B 10 KOHEYHOTO I10-
tpeoutens. ChopmupoBannbie cuctembr TJIL]
B IPAHUIIAX «ITOCTABIIHMK — 3aKa34HMK» 110 3aMBIC-
JIy TPOCKTHPOBIIUKOB JTOJKHBI 00CCIICYMBATH
yMEHBIIEHHE 3aTpaT Ha TPAHCIOPTHPOBKY,
rpy30mepepadoTKy U pacipeielieHHe B yCIo-
BHSX KOHCOJIUAALNH OOJIBIINX 00BEMOB IPY30B.
Onnako, 6oibIrioe (u3nuinHee) komuuectBo TJIL]
Ha MapIIpyTe OT MOCTABIINKA K 3aKa3YHKY MTPH-
BOJUT K POCTY 3aTpaT Ha TPaHCHOPTHO-
JIOTHCTUYECKUE YCIIyTH, YTO BJIEYET 3a COOOM
yBEJIUYEHHE CTOMMOCTH KOHEYHBIX TOBApOB
u ycuyr. B aToMm ciydae nmeer MecTo HelTMHEeH-
Has TapaboIIyecKas 3aBUCUMOCTb, JUIsl KOTOPOU
TpeOyeTcst MPOBEICHHUE PACUCTOB BIUSHHS KOJIH-
yectBa TJIL] Ha JIOTHCTHYECKHUE 3aTPAaThI, I/
JI0JIsL TPAHCIIOPTHBIX 3aTpaT Hanboliee BeJlnKa.
AHau3 HAyYHBIX TPYAOB, MOCBSIICHHBIX
KOHIIETIIIMSM CHUYKEHHUS TPAHCIIOPTHO-TIOTUCTH-
YECKHX 3aTpaT, II0Ka3bIBaeT UX OOJIBIIOE Pa3HO-
o0pasue U 1o KOJIMUYECTBY, U MO (PyHKIIMOHAIb-
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HbIM 00nacTsaM. Tak, B 6a3e qanHbIx eLibrary.ru
paboT 1o 37O mpobiieMaTHKe HACYMTHIBACTCS
CBBIILIE OJTHOH THICSYH, B MEXKTyHAPOAHBIX 0a3ax
JAaHHBIX, Takux kak Web of Science u Scopus, —
cBbitre 2,5 Teic. OmMHaKo paboT, B KOTOPHIX UCCIIC-
nyercsa BiausiHue konuuectBa TJIL m mopsmox
3aKperyIeHHs 3a HUMH MOTpeOHTeNeH, cyle-
CTBEHHO MEHBIIIE.

TeMm He MeHee, MOXHO BBIJICTUTH PsiJ| padoT,
KOTOpPBIE 3aCTy>KHBAlOT BHUMAHHUS B KOHTEKCTE
BBIOpAaHHOM TeMbI HcceoBanus. Tak, B pabote
M. Bayapcokca u JI. Knocca [1] npoBoautcs
aHaJIN3 BIMAHUSA KOJIMYECTBA CKJIAZIOB Ha CyM-
MapHble TPAHCIOPTHBIEC U3ACPIKKU U MpesIara-
eTCs TIPUMEp OTpe/IeNIeHHs] TEPPUTOPHI 00CITy-
skuBanus TJIL mo kpurepuio HaMMEHbIINX 00-
IIMX U3epxKek. MccenoBanre 10Ka3bIBaeT, YTO
IIPU NEPBOHAYATIFHOM YBEJIIMYEHUH KOJTMYECTBA
TJILL B ienu nocTaBoOK TPAHCIIOPTHBIE U3IEPKKH
YMEHBIIIAIOTCS, 1 3aTeM 10 Mepe POCTa UX Yucia
MIPOUCXOIUT yBeNudeHue 3arpar. OqHaKo Takast
3aBUCUMOCTb HaONIOAAeTCsl IPU JTOCTATOYHO
OOJIBIIIOM TPY30MOTOKE.

Kpome Toro, mopsaok 3akperieHus moTpe-
ourereii 3a onpeaencuubiM TJIL] 000cHOBBIBaA-
eTCsl CIIOCOOHOCThI0O 00ECIEYUTh MOCTaBKY
rpy3a ¢ MUHUMaJIbHBIMH OOIIIMMHU 3aTpaTaMy Ha
JIOTHCTHUKY.

Tem He MeHee, TpH POKYCHPOBAHUY YCHIIHNA
Ha MEePecTPONKY JTOTUCTHYECKOH CHCTEMBI
U CTPEMJICHUH MUHUMH3HPOBATh 3aTPaThl aBTO-
PHBI He TTOKA3BIBAIOT CBSI3b MEXKIY 3aJa4aMHU pac-
yeTa onTuMaiabHoro koauuectsa TJIL u 3akpern-
JICHUS] DKOHOMHUYECKH 000CHOBAaHHOTO KOJINYe-
CTBa MOTpeOUTENEeH 32 COOTBETCTBYIOIUMU
obbekTamu. [ToaTomy 3amgaun pecypcocbepesxe-
HUsSI PELIaloTCsl JIOKAIBHO, 0e3 y4yera BIUSHUS
TEKYIETo pe3yJbTaTa Ha CJIeIyIOIuii.

B uccnenoBanuu J1. Yorepca [2] mpuBoasTcs
MPUMEPBI I0CTaTOYHO TPHBHAIBHBIX CIOCOOOB
MIPUHSITUS PEIIEHUH N0 BEIOOPY JIyYILero MecTa
JICITOKAIMH JIOTHCTHYECKOTO 00BEKTa, KOTOPBIH
JIOJDKEH 00€CIeYNTh Jy4IINe YCIOBHUS I0CTyIa
NoTpeduTesNel 0 CPAaBHEHHIO C JIPYTUMHU yXKe
cymectByomumu. [logpodHo packpsiBaeTcs
TEXHOJIOTHS IJIAHUPOBAaHMUS MECT pa3MEIICHUs
MH(PACTPYKTYPHBIX JIOTHCTHIECKUX OOBEKTOB,
OJHAKO HET OIICHKH M CPaBHEHHS CYMMapHBIX
JIOTHCTUYECKUX 3aTpar MPHU NepenpuKperieHUn
NOTpeOUTENeH K IPYTUM LIEHTPaM 00eCIIeUeHUSL.
Tak xe, kak 1 B padote [1], aBTop 000CHOBBI-
BAaeT 3aBUCHMOCTb 3aTpaT Ha IIEPEBO3KY OT KOJHU-
4YeCTBa MJIEMEHTOB UH(PACTPYKTYPHI, HO OLICHKA
OCHOBBIBAETCS Ha SKCIIEPTHOM aHaJM3e.
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Jxeddpu I'. larT B cBOCH padore [3] uccite-
JIyeT Mpo0JIeMbl IUIAHKPOBAHUSI TOBAPHOTO T10-
TOKa, JIaeT OIIEHKY COBPEMEHHBIM JIOTHCTHYE-
CKUM TEXHOJIOTHSIM yITpaBJICHHS TOBAPOIIOTOKA-
MH, TakuM Kak Materials requirements planning
(naHUpoBaHME MOTPEOHOCTH B MaTepHualiax,
MRP), Distribution requirements planning (mia-
HUpOBaHHE NMOTPeOHOCTEH B pacrpeesieHuH,
DRP), Just-in-time («To4HO B cpok», JIT),
Theory of Constraints (Teopusi orpaHu4eHu,
TOC). B ocHoBe aHasM3a, MPEIOKESHHOTO aBTO-
POM, HaxoIsATCsl MOTOKH MaTePHAJIOB, KOTOPbIE
B OCHOBHOM OILIGHHBAIOTCSl HA MPOU3BOJICTBE
B Pa3lIMUHBIX OTPACIAX MPOMBIILICHHOCTH
C TO3UIMK MX BO3MOXXHOTO TIPOTHO3MPOBAHMS
Y TUIAaHUPOBAHUS TPAIUIMOHHBIMU M COBPEMEH-
HBIMH METOJJaMH. YCOBEPILIEHCTBOBAHHBIE TlJIa-
HHPOBOYHBIE PEIICHUS U CIIOCOOBI NX BHEAPEHHUS
B [IPAKTHKY OM3HECa COCTABISIOT METOOJIOTH-
YeCKyI0 OCHOBY paboThl. OueBHIHO, TpodiemMa
3aTpar Ha JOTUCTUKY — OJHA U3 LIEHTPAJIbHBIX,
OJIHAKO MPOCTPAHCTBEHHOE CETEBOE TNIAHUPOBA-
HHE TPY30II0TOKA B KOHTEKCTE MPUBSI3KU K TOY-
KaM KOHCOJIMJIALUK U PACIpEeNICHUs, a TaKkKe
KOJINYECTBEHHbIE MTapaMeTpbl HH(PacTpyKTyp-
HBIX OOBEKTOB HE PACCMaTPUBAIOTCSL.

B aHanoru4HeIX Tpyax NOX0KME KOHLIENIUH
U TOJXOABI MPEJCTaBICHbl UCCICAOBAHUSIMH,
HarpapJIeHHBIMH Ha METOJI0JIOTMUECKUE ACTICKTHI
IUTAHUPOBAHUS, B TOM YHCJIE TOBAPOIIOTOKOB
B JIOTUCTHUKE, C UCIOJIb30BAaHUEM MaTreMaTHye-
CKOTO arapara, ¥ pacKpbIBalOTCs B BUJIE ITOCIIE-
JIOBATENBHBIX CTaUil MpeoOpa3oBaHUs HMeEIO-
IIETOCs HayYHOr0 MHCTPYMEHTapusi B HOBBIC
MeToibl U noxaxonsl. K Takum paboram oTHO-
carcst Tpyabl A. Kimapka u I'. Ckapdoa [4], C. Cun-
ro [5], C. Toittopa, P. I'anemnna u M. Marazuna
[6], Jx. M. PuBa [7] u npyrux aBTopoB.

OCHOBOI1 IIPOEKTHPOBAHUS CHCTEM pacipe-
JIeJICHHSI TPY30IOTOKOB SIBIISIETCS SKOHOMHKO-
MaTeMaTH4YeCKOe MOJIeIUPOBaHUE, TOITOMY
3HAYUTEITBHOE YHUCIIO PAOOT IMOCBSIIEHO BO3MOX-
HOCTSIM HCIOJIb30BaHUs MATEMaTHYECKOT'O arma-
para npu peuieHuH JIOKaJbHBIX U CHCTEMHBIX
3aJa4 yIpaBJeHus LEMsIMH IT0CTaBoK. Tak, Ha-
npumep, B pabore k. [llanupo [8] npennara-
I0TCS1 CIIOCOOBI TUNITAHUPOBAHUS M MOZICITUPOBAHHMS
1eneil NocTaBok, Ha4YMHAasi OT dTana BbIOOpa
KOH(UTYpaliy Lener MmocTaBok U 10 ux ¢op-
MUpoBaHMs U yrpasienus. [lo copepxanutio
pabora sBjseTCsl HayYHbIM IIOCOOHEM C BbIpa-
JKeHHOW METO/I0JI0TNYeCKON HaNPaBJIeHHOCTHIO,
B KOTOPOM aHAJIM3UPYIOTCS U OLIEHUBAIOTCS UC-
TOJIb3yeMbIe Ha MPAKTHKE pa3iInyHble HH(OopMa-

®  Mwup TpaHcnopTa. 2024

LIUOHHBIE TEXHOJIOTHH, a TAK)KE MOJEIIH U METO-
Jbl TIPUHSATHUS PEIICHUH YIPABICHUS LEISIMH
mocTaBok. B pabGore mpeiararoTcss METObI
WHTErPUPOBAHHOTO TOJXO0Ja K yIPaBICHUIO
LIETSIMH [TOCTABOK Ha TPUMepe KOMITaHHH U KOp-
nopauuii. Tem He MeHee, poOIeMBbI, chopmy-
JIMPOBAHHBIE B [IEJM HACTOSIIIIETO NCCIIEI0BaHMS,
B IIPSIMOI1 [TOCTAHOBKE HE PaCcCMaTPHBAIOTCA.

Crenyer OTMETHTH psiji APYTUX padoT, B KO-
TOPBIX JaIOTCSl MaTEMaTH4YeCKHUE MOJXOJbI
K YIIPaBJICHHUIO U ONITUMHU3aINH QyHKIUH U oTle-
panuii B 1ersix nocraBok. K rakum uccnenona-
HUIM oTHocsATcsa pabotel [I. Tepuepal[9],
B. C. Jlykurckoro’, I1. M. Cumonoga?, I. . ITpo-
ceeroBa’, O. O. 3aMmkoBa, A. B. ToscTonsreHko,
10. H. Yepemnnix 1, H. I11. Kpemepa ! u mpyrux
aBTOPOB.

3HAUYMUTENIBHO MEHbIIE PadOT OTHOCSTCS
K pa3paboTaHHBIM METOJOJIOTHYECKHM MOAX0-
JlaM TIPOCKTHPOBAHMUS JIOTHCTHYECKUX CHUCTEM,
I7ie OCHOBHBIMH MapaMeTPaMH SIBIISIOTCS KO-
yectBo TJIL[ 1 sxoHOMHMYECKas 1eaecoodpas-
HOCTB ITPUKPEIUICHHS TIOTPEOUTEINS K TOMY HIIH
unomy TJIII. OgeBumHO, 3a1a4a pecypcocoepe-
JKEHUSI 3/1eCh SIBIIsIETCS LeHTpaibHOi. K aTiM
HCCIIEJOBaHUSIM OTHOCATCS padoTsl A. Jlemra
[10], O. Ix. bayapcokca [1], E. B. bonrosoi,
M. B. Kypuuxkosoii [11], b. A. AHukuHa,
A.TI. Tanyxuna'? [12] u apyrue.

[IpoGiieMbl panoOHaIbHOTO Pa3MEIleHUs
TIPOM3BOIUTENBHBIX CHJI HAXOIST CBOE OTpake-
HUE 1pH (OPMHUPOBAHUH TOCYIAPCTBEHHOH CO-
UaIbHO-I)KOHOMHUUYECKON moauTuku. Tak,
B CTparerun npocTpaHCTBEHHOTO Pa3BUTHUS
Poccuiickoit @eneparuu Ha nepuon 10 2025 ro-
Jla, YTBEPXKICHHO pacriopsbkenueM [IpaBurerns-
ctBa Poccuiickoit dexepaunu or 13 despans

7 Mozenu U METO/bI TEOPUH JIOTHCTUKH: Y4ed. mocobdue.
2-e m3n. / Ilox pen. B. C.Jlykunckoro. — CII6.: Ilutep,
2007. - 448 c.

8 CumoHnoB II. M. DKOHOMHKO-MaTeMaTHIECKOE
MoJienupoBanue [DNeKTpoHHbIH pecypc]: Yued. mocodue:
B2 4. — Ilepms, 2019. - 4. 1. -230 c.

° Ipoceeros I. V1. Maremarnueckie METObl B JIOTUCTHKE:
3a1a4d U penreHns: Y4eOHo-IpaKT. mocodue. — M.: U31-Bo
«Anbda-Tlpeccy, 2014. — 304 c.

19 3amkoB O. O., Toncronsitenko A. B., Uepemnsix 0. H.
MareMaTu4eckiue METOABI B SKOHOMHKE: YUeOHHMK. — M.:
MI'Y um. M. B. Jlomonocosa, U3a-Bo «I1Cy», 1998. 368 c.

' Kpemep H. III. UccrenoBanue oneparyii B SKOHOMHKE:
Vueb6. mocobue. — M.: JOHUTH, 2005. — 407 ¢

12 Anuknn b. A., Tsmyxun A. I1. Kommepueckast Toructuka:
Vuebnuk. — M.: TK «Ben6u», U3n-so «IIpocnexr», 2005. —
432 c.
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2019 roma Ne 207-p '3, copMyTUpOBaHBI OCHOB-
Hble NpOoOJIeMbl, TEHJICHLIUH, BBI3OBBI, LIEJIN
W 3aJlau¥, KaKk Ha ypoBHE (enepaTHBHOIO
yCTpOICTBa, TaK U Ha PETHOHAJILHOM YpPOBHE.
I'maBHoO# 3amadeil 3TOro JOKyMEHTa SIBJISETCSA
obecrieueHne cOAIaHCUPOBAHHOIO U yCTOHYM-
BOTO Pa3BUTHS COLHAIbHO-IKOHOMUYECKOTO
npoctpancTBa Poccuiickoit @enepaunu. Ilpen-
YCMaTpHUBAIOTCSl HAIIPABJICHHS HA YMEHbBLICHHE
MEXXPETHOHAIBHBIX Pa3IMYUid B YaCTH DKOHO-
MUKH, COLMAIBHOM cepbl, TEXHOJIOTHH U 3Jie-
MEHTOB CHCTEMbI HAIIHOHAILHO 0€3011aCHOCTH.

MATEPWAIbI U METOLbI

Marepuanamu JUis IPOBEACHHSI HCCIIe0Ba-
HUSI TOCITY>KHJTH HAyYHO-METOANYECKHIA U METO-
JIOJIOTHUYECKHI armaparsl, KOTOpble ObUIN ITPO-
aHaJM3MPOBaHBI B pazaeine «O030p IuTeparypsl
U HCCIIeIOBaHUI) JaHHOU paboThl, a TaKxke
Pe3yAbTaThl peasTi3aliuy CTPaTerkuii U MPOrpaMmm
(dhopMupoBaHHs POCTPAHCTBECHHBIX MOJCICH
cereil TJIL] opraHoB rocyaapcTBeHHON BIAaCTH
u Ou3Heca. MeTo0IOTHYeCKHIA TOAXO0, TPe.-
JIO)KCHHBII B MCCJIEAOBAHUH, 3aKII0YAETC
B UCIOJIb30BaHMM aHAJUTUYECKUX MOAENIeH
Y 3aBHCHMOCTEW ONpe/IeNICHUsI KOJINYECTBEHHBIX
U reorpaMYecKuX MmapaMeTpoB CO3AaHUs CUC-
TEM pacIpeeIeHUs] TPY30B B LIEISIX MOCTABOK
Ha ocHoBe ucnoiyibzoBanus ceru TJIL. C atoi
Lenbpro st mosyueHust adgdekra pecypcocoepe-
JKEHUsI TOTPEeOOBAIIICH PELICHHs 3a/1ad 10 pac-
4eTy ¥ 000CHOBAHHUIO CUCTEMBI pacIipe/ieieHHs
rpy30B C MUHHUMAJIbHO TOCTATOYHBIM M YKOHO-
MHYECKH 11eJ1ecO00pa3HbIM KOJIHMYECTBOM 00b-
extoB TJIII. DTo mo3BoMMIO MOOUTHCS Oojice
3¢ GeKTUBHOI MO/EIH TOCTaBKH TPYy30B, YTO
o0ecreunIo yMeHbIICHHE 3aTpaT Ha TPaHCIIOP-
THPOBKY B KOHTEKCTE IJIAHUPYEMBIX TO3UTHB-
HBIX OKHJIAHUI OT MpeJIaraeéMbIX MEPOTPHUSITHA.

B kauecTBe mpHOpHUTETa TEOPETHUECKOM
0a3bl B CTaThe UCIOJIB30BAHbI MAaTEMAaTHUECKHE
METO/IbI, B YACTHOCTH ITOJIOKEHHUS PErPeCcCUOH-
HO-KOppeJISIUOHHOr0 aHanu3a. OO00CHOBaHHE
HCIIOJIb30BaHMsI JAHHOTO BU/1a aHAJIU3a OCHOBBI-
BaeTcsl Ha BBIOOPE JOCTATOYHO CIOKHOTO 00b-
€KTa ONTUMHU3AIUU — PETHOHAIBHOU TpaHC-
MOPTHO-JIOTHCTHYECKOW CETH M YHUBEPCAIbHO-
CTH U JOCTYIHOCTH Camoro criocoba aHajinza

13 Crparerusi mpoCTPaHCTBEHHOTO pa3BUTHs Poccuiickoii
®Genepanuu Ha nepuoa no 2025 roga. YTBepxaeHa
Pacnopsxennem Ilpasurenscta PD Ne 207 (pen. or
16.12.2021) 13.02.2019. [ OnexrponHstii pecypc]: http:/www.
consultant.ru/document/cons_doc_ LAW_318094/.Jloctyn
05.05.2024.
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U ONTHMH3ALHK — PErpeCCHOHHO-KOPPesi-
LIMOHHOTO aHayu3a. B BUIy cBoeli OTHOCHTENb-
HOM MPOCTOTHI M YHUBEPCAIBHOCTH UCIIOJIb3Ye-
MBI MaTeMaTHYEeCKUH ammapar Juis BbIOpaH-
HOTrO 00BEKTa UCCIIEAOBaHUS UMEET Psill HE/l0-
CTaTKOB, OCHOBHBIMU M3 KOTOPBIX SIBIISIOTCS
IIPUHUMAaeMble JIONYIEHHs 110 00beMy Iepe-
pabarbiBaeMOro U IIepeBO3UMOr0 I'py3a, HEelloJl-
Hasl CTPYKTYpa JIOTUCTHYECKUX 3aTPaT, UCTIONb-
3yeMasl B pacueTax, ¥ IpHCylIHe JaHHOMY Me-
Toay morpeurHoctu. Kpome toro, B Monenu He
MIpelyCMOTPEHO MpH BbIBO3e Ipy30B u3 TJIL mis
Ka)K10H IapTHH BBIOOP BHA U THIIA TPAHCIIOPTA,
YTO MOYKHO OTHECTHU K OIPEAEICHHBIM OrpaHu-
YEeHUSIM UCIIONIb3YeMOH B CTaThe Mojenu. Tem
He MeHee, ONpPEeIesHB 1eEeBYI0 (DYHKIIHIO, CUC-
TeMy OrpaHHUYCHU U JOMYIECHUI TaHHBII METO
MOXXET UCIIONB30BAThHCS AJIsl PELIEHHS TTOJOOHBIX
3a/1ay.

Kpowme Toro, B pabote KCI0Ib30BaHa TEOPHs
(hopMHUpOBaHHMs ¥ Pa3BUTHSI OTPACIIEBOI U PETHO-
HaJIbHOW IKOHOMHMKH. JIJIsl aHajIM3a M OLICHKU
CHCTEM pacIpe/eICHuUsI TPY30B ObLIN UCIIONB30-
BaHbl TPYIbl POCCUICKHUX M 3apyOeKHBIX yue-
HBIX.

OMIIUPUYECKYIO OCHOBY HCCIEOBAaHUS CO-
CTaBUWJIM OTYETHI 10 3aTparaM KOMITaHWH, BBITION-
HSIOIMX (QYHKIMU TPAHCIIOPTUPOBKH U IPY30-
nepepabOTKH IPpy30B, OTpACiIeBbIe CTATHCTHYE-
CKHE OTYETHBIE JIOKYMEHTBHI, JOKYMEHTBI PETHO-
HaJlbHOTO M (esepanbHOrO NJIAHUPOBAHUS
OCHOBHBIX COIIMaJIbHO-OKOHOMHYECKHX TI0Ka3a-
Tenen.

AHaTUTUYECKUMHU TPETNOCHUIKAMHU HCIIOJIb-
30BaHUsI [TPE/IIaraeMbIX METO/IOB UCCIICAOBAHUS
Uit OpPMHUPOBaHUS MEXaHH3Ma pecypcochepe-
JKCHUSI TIPU pacIIpelielieHHH TPY30B SBIISIOTCS
HEOOXOIMMOCTb UCITIOIB30BaHUS CIIEUAILHOTO
MareMaTH4ecKoro armnapara, aJleKBaTHOIO CIe-
duKK periaeMoi 3a1a4u B yCIOBHSIX Ipeoliia-
JIaHUS CITy4aiHbIX Beau4yuH. [lockonbKy TpaHc-
MOPTHBIE 3aTparhl B CHCTEME paclpeaeIcHus
IPy30B M3MCHSIOTCS HEJIMHEWHO, Y4eT Takou
3aBHCHMOCTH TpeOyeT pacuera SKOHOMHYECKH
BbIrogHOTO Koynuectra TJILI.

HopmatuBHbIE MPENIOCHUIKH UCCIIENOBAHUS
cocrapisitoT nonokeHus 3 «O crparernyeckoM
uTanupoBanuy B Poccuiickoi @eneparmm» . TIpak-
THKa oTpacieBbix crpareruii pazsutua TJIC cBo-

14 ®enepanpuprii 3ak0oH oT 28 wioHs 2014 r. Ne 172-
®3 «O crparerndyeckoM NaaHUpOBaHMM B Poccuiickoii
®Denepanyny. [Ipunsar FocynaperBennoit JIymoit 20 utons
2014 rona. Ono6pen Coserom denepanuu 25 nroHSA
2014 roga
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2019r.

2020r. 2021r. 2022r. 2023r.

Puc. 1. JuHamuka o6ema e80da cknadckux
nnowadeli 8 pe2uoHax Poccuu, mbic. ke
[McmoyHuk: paspabomaHo aemop C ucnosb. OGaHHbIX
AnekmpoHHo20 cnpagoyHuka «ud Cknadbl PO 2024»"].

JIATCS K pa3pabOTKe ¥ peaTi3aliy [TaKeTa JOKyMEH-
TOB B cocrase: TpaHcnopTHoi crpareruu PO no
2030 roza ¢ mporuo3om Ha riepuor 1o 2035 roma'®;
Crparersl pasBUTHS JKENE3HOIOPOKHOTO TPAHC-
mopra B P® 10 2030 roma'; Crparernu pasBuTHst
ABTOMOOHIIBHOTO TPAHCIIOPTa ¥ TOPOZICKOTO Ha3eM-
HOTO 3JIEKTPUYECKOro TpaHcmopta (poekrt) ',
a taxxe DenepanpHOro npoekra « TpaHcropTHo-
JIOTHCTHYECKHE LIEHTPBD) (CTPYKTYPHOTO KOMIIO-
HeHTa pasnena | « TpancroprHas nHbpacTpyKTypay
KomruiekcHOro 11aHa MOIEpHH3aIiY | pacIype-
HUS| MATHCTPAIGHOM HHPPACTPYKTYPHI) '8,

PE3YNbTATbI UCCNNEAOBAHUA

AHann3 OTYETHBIX JAaHHBIX MO 00BEKTaM
TJIC mo pernoHam u ¢eaepaIbHBIM OKpyram
¥ MIX CPaBHEHHE C TMHAMUKOW U3MEHEHHS PETHO-
HaJIBHBIX TPAHCIOPTHBIX MOKa3aTele HE OTBe-
YJaeT Ha BOIPOC 3aBUCUMOCTH 3aTpaT Ha TPaHC-
noptupoBky or konuuectBa TJIL. Takas cBs3b
BHJHA TIPH aHAIN3€ CHPOCKTHPOBAHHOW CHC-
TEMBbI pacupenesieHus rpy3oB uepe3 cetb TJIL]
JUISL OTIPENICICHHOH HOMEHKJIATYyphl 1 00BEMOB
JIOCTaBKH TPY30B.

Tem He MeHee, aHATN3 OTYCTHBIX JOKyMEH-
TOB, Hampumep crupaBodHuka «I'mx Cxiramgsl

!5 TpancnoptHas crparerus Poccuiickoit ®eaepanun 10
2030 roza c nporHo3oM Ha nepuoz 1o 2035 roja. YBepikieHa
Pacnopsoxenuem IpaButensctBa PO ot 27 HosOps 2021
Ne 3363-p. [DnexrponHslii pecypc]: http:/static.government.
ru/media/files/7enYF2uL5kFZ10OpQhLI0nUT91RjCbeR.
pdf. Hocrym 05.05.2024.

16 Crparerust pa3BUTHS JKEJIE3HOJOPOKHOTO TPAHCIOPTa
B Poccuiickoii @eneparyu g0 2030 roga. YTBepxkaeHa
Pacnopsbxenuem IlpaBurenscrBa P® or 17.06.2008 rona
Ne 877-p. [OnexrponHsIii pecypc]: http://www.consultant.
ru/document/cons_doc LAW_92060. Jloctyn 05.05.2024.

7 Crparerusi pa3BUTHI aBTOMOGHIBHOTO TPaHCIOPTa
M TOPOJICKOr0 HAa3eMHOTO JICKTPHYECKOTO TPAHCIOPTA.
IIpoexr. [Dnexrponusiii pecypc]: https://www.mintrans.ru/
documents/7/9306. Joctyn 05.05.2024.

8 KoMIIeKCHBIN MUIaH MOAEPHHU3ALNH M PACUIHPEHUS
MarucTpanbHOI HHPPACTPyKTyphl Ha neprox 1o 2024 roxa.
VYrBepxaen Pacnopsokenuem IlpaBurenscrBa PP ot
30.09.2018 . Ne 2101-p. http://gov.garant.ru/SESSION/
PILOT/main.htm. JToctym 05.05.2024.
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Puc. 2. JuHamuka o6ema cdesok co cknadckoll HedeKUMOCMbIO
8 pe2uoHax POCCUU, mbic. Ke?.

[AcmoyHuk: pazpabomaHo aemopamu ¢ UCNOb308aHUEM OaHHbIX
AnekmpoHHo20 cnpaeoyHuka «ud Cknadbl PO 2024»™,
P®» ' Mo ckItaIcKoi HEABUKAMOCTH, B CpaBHE-
HUY C THHAMHAKOW TPAHCIIOPTHBIX 3aTParT yCJIOB-
HOTO PETHOHA, B3STOro u3 oruetoB denepanpHoi
CITyO0bI TOCYIapCTBEHHOM CTATHCTHKH 2, TIpeI-
CTaBJISAE€T OYEBUAHBIN HAy4YHO-NPAKTUUYECKUN

HWHTEpEC.

Ha puc. 1 1 2 moka3aHbl AHHAMIKA 00HEMOB
BBOJIA CKJIAJCKHX ILIOMIAACH 1 JUHAMUKA 00be-
MOB CJEJIOK CO CKJIaJCKOW HEIBHKHUMOCTBIO
B pernoHax Poccum.

AHann3 JaHHBIX Ha JUarpamMmax IOKasbl-
BaeT JIMHEWHBIN XapaKkTep IMHAMUKH [10Ka3aTe-
neit. JlnHaMuka rmokasarens Ha puc. 1 B memom
TTOBTOPSICT JHHAMHUKY pHC. 2. DTO MOBTOPECHUE
00yCJIOBIIEHO 3aBUCUMOCTBIO 00BeMa BBOIA OT
BO3PACTAIOMINX BEIMIHH 0OBEMOB CIEIIOK, XY/~
muM nokasareneM ssisierca 2022 rox. HaGro-
JTAeTCs IOYTH IByKpaTHOE MTPEBEIIICHHE 00beMa
BBOJIa HaJ 00bEMaMHU CHCNIOK, 3a UCKITIOUCHUEM
2023 romga. B 2023 romy o0BmeMsl crienok 6oee
YeM B J[Ba pa3a MPEeBBICHIN 00beMBI BBOAA. To
€CTh BO3pacTaromre 00beMbI CACTOK CTUMYITH-
PYIOT yBEIWYEHHE MPEIIOKCHUI Ha PBIHKE
CKITAJICKOM HEABMKMUMOCTH W CTPOHUTEIHCTBA
HOBBIX 00BekTOB. Kpome Toro, HabmromaeTcs
3HAYNTEIFHOE YMEHBIIICHIE 3HAYCHUIA TIOKa3a-
teneid B 2022 roxy, u pe3kuii poct B 2023 romy,
B CBSI3M C MPOIECCOM HMIIOPTO3aMeEIICHHUS.
CormocraBienne mokasarenei Ha puc. 1 u 2
C 3aTpaTaM¥ Ha TPAHCIOPTHUPOBKY M BBOIOM
HOBBIX 00bekTOB?’, Ha mpuMepe Camapckoii
obmactH, ykazaHHbIe B Tabn. 1, mMoka3pIBaeT
Haln4gue Bpoae OBl OYeBHUIHON KOPPEISIUU
MEXITy STHMH BPEMEHHBIMH PsIaMU.

Onunako, OoJyice JAeTallbHBIM aHaIU3 3TOMH
CBSI3M MOXKET ITOKa3aTh OTPHUIIATEIBFHYIO KOppe-
JISIIHEO, TIOCKOJIBKY aHAJIN3 3aBUCIMOCTH 3aTpar

9 Onexrponnsiii cupaBounuk «[ug Cxmagst PO 2024».
[Onexrponuslit pecypc]: https://ruacknanst.pd.
20 Pernonsl Poccuu: colManbHO-3KOHOMUYECKHE TTOKA3ATEIN.

2023: cratuctuyecknii coopruk. — M.: Pocusnar. —2023. —
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Taodauna 1

ArperupoBaHHbIe perHOHAJbHbIE JKOHOMHUYecKHue noka3areau Camapckoii 061acTn
[pa3paGorano aBropamu Ha ocHOBe ']

Iloxa3zarenn Tonst

2017 2018 2019 2020 2021 2022
CTpOHTEIBCTBO 104,5 80,7 116,2 86,8 121,8 102,1
(x mpeapLyIiemMy roay %)
TpaHCIOPTHPOBKA U XPaHEHUE 104,0 103,0 100,8 92,1 104,2 105,2
(k mpenpLayIEeMy rogy %)

Ha TPaHCIIOPTUPOBKY OT KOJIMYECTBA OOBHEKTOB
noructudeckor nHdpacrpykrypst (TJIL, ckna-
JIbI) U TIOPsZKA MPUKPEIUICHUS OTpeOuTeneit
k TJIL] cnenyet olleHUBaTh MO rPyIaM HOMEH-
KJIaTyp TOBapoB M MX 0ObEMam IpH JOCTaBKe
MOTPEOUTEIISAM B LEISIX TOCTABOK.

Pa3paboTaHHbIil MOAX0J, OCHOBAaHHBIA Ha
OIIpEeIeIeHNH 3aBUCUMOCTH MEX/Ty TPaHCIIOPT-
HBIMH 3arparamu 1 koiaudectBoMm TJILI, mo3Bo-
JieT CPOpPMUPOBATh 00JIEe FIKOHOMHUYHYIO KOH-
(buryparro CHCTEMbI JOCTABKU I'PY30B C MHHH-
MajabHO-HE00X0AuMbIM KoauuecTBoM TJILI.
[Monxon ocHoBaH Ha GopMupyeMOl MoOJENH:
«JIMCIIOKAITMS TIoCcTaBIIMKa — quciokanus TJIL —
JMcIoKanys noyyaress». Criocod pacuera 3Toi
3aBUCHMOCTH BKIIIOYAET HECKOJIBKO JTAIlOB.

B mnepBylo ouyepenb, OLEHUBAIOTCS CIIO-
co0bl nocraBku rpysa 6e3 TJIL (mpsimoi)
u ¢ TJIL. Ins npsMoii 10CTaBKU UCTIOJIb3YyEM
dopmyay (1):

R! =R, *R_+R *+R, )
rae R! — TpaHCIOPTHBIE PACXOIBI HAa IEPEBO3KY
rpysa;

R, — pacxozibl Ha TPaHCIIOPTUPOBKY;

R, — PacXoibl Ha IOTPy30-pasrpy304HbIC
paboThl;

R, — pacxo/bl Ha yIiakoBKy Ipysa;

“RX ~ PacXo[lbl Ha XpaHEHHe Ipy3a B Hadab-
HOW U KOHEYHOH TOYKE.

Jnst nocraBku ¢ ucnons3oanueM TJIL pac-
XOJIbl OyAyT pacCUMTHIBATHCS 110 (hopmye (2):
R =R _+ R tR, +(n *R ), 2)
riue n — koymuectro TJILT.

[IpuHuMnHaNIbHO Uit crioco0a JOCTaBKH
rpy30B yuutbiBaTh orpannuenue (3) [1]:

P +T.
z%wﬂgsz@mﬁ

: 3)

e P, — pacxomsl Ha Ipy30nepepaboTKy KOHCO-
JIUAXPOBAHHOH IPy30BOl OTIIPABKY;

T~ pacxo/ibl Ha TPAHCIIOPTUPOBKY KOHCOJH-
JUPOBAHHOW I'Py30BOH OTHPABKH;

W~ pacxojibl Ha XpaHEHUE CPEIIHEN TPy30-
BOI1 OTIIPaBKY;

L~ pacxo/ibl HA MECTHYO JIOCTABKY CPEIHEN
TPy30BOM OTIPaBKH;

N ~1Hucio cpesIHUX OTIPABOK B KOHCOJIUIU-
POBaHHOM OTIIpaBKe;

P~ pacxonipl Ha Tpy30nepepaboTKy cpeiHei
OTIPaBKH;

T~ TpaHCIOPTHBIE PACXOJbl Ha TPAMYIO
JIOCTaBKY CpeJHEH OTIIPaBKH.

To ecTh 00BEMBI IEPEBO30K TOJIKHBI OBITH
JIOCTaTOYHO OOJBIIMMHU — HACTOJIBKO, YTOOBI
UX BEJIWYMHA MO3BOJMIIA MOJYyUYUTh dPeKT
MacmTaba ¢ BO3MOKHOCTBIO TOKPBIBATh 3aTpa-
ThI Ha rpy3onepepadorky B TJILI.

3areM METO/I0M IPOCTOTO Iiepedopa BEIOH-
paroTcsi MapuIpyThl JOCTaBKH C Y4ETOM T'eo-
rpaduun u konugectra TJIL] myist kaxmoro Bapu-
aHTa LeNnu MMocTaBoOK. B Tabn. 2 ykazaHsl
MIPUMEPBI PACYETOB JUIsI IBYX YCIOBHBIX MapIl-
pPYTOB.

B Ta0u1. 3 yka3pIBatoTCs pe3yJibTarhl pacueToB
10 BBIOPaHHBIM MapUIPyTaM.

ITo paccunTaHHBIM YCPEIHEHHBIM 3HAUYSHUSIM
0 KaXXJOMY MapuipyTy C HCIIOJIb30BaHUEM
tabnuupl Excel cTposites rpaduky 3aBUCUMOCTH
3arpar Ha TPAHCIOPTHPOBKY OT KOJIHMYECTBA
TJILI.

Jlanee npoBogUTCS aHAJIU3 YyBCTBUTEIILHO-
cti npupocta Konmdectsa TJII[ x u3MeHeHHIO
3aTpar Ha TPaHCIIOPTUPOBKY. Jli1st onpeneneHus
XapakTepa 3Toi 3aBUCMOCTH IPOBOAST BHIYUC-
nenusi. O4eBUIIHO, 9Ta 3aBUCUMOCTb — HEIMHEH-
Hasl MapaboJIMYecKOro TUMA, IJe ypPaBHEHHE
HEJIMHEIHOM perpeccuy napadboamyeckoro TuIa
umeet Bu (4)%":
y=ax’+bx +c,
rae a, b, ¢ — k03 GULNECHTBI PErpecCUH.

Iocne pacuera KOAQPHUIUECHTOR PErpecCHH
U OIICHKU HCCIIeyeMOil 3aBUCHMOCTH PacCcyu-
TBHIBAIOTCSI MHCKCHI KOPPEJISLUH U IeTePMHHA-
0707

Jyis mpoBeieHus BEIYMCIUTEIHHOTO IKCIIe-
puMeHTa ObliIa BRIOpaHa OpraHu3alus J0CTaB-
KU MEIMKaMEHTOB B HECKOJbKO PETMOHOB

(4)

2! 3anopoxusiit B. H., 3anemex B. @., Tpudonos A. 10.,
[IlaroBanoB A. B. Beicmiasi MmareMaTrka JiIsl TEXHHYECKIX
yHuBepcuTeToB. JluHeinas anrebpa: Yueb. mocobue. —
Tomck. — U3np-Bo TITY, 2009. — 310 c.

®  Mwup TpaHcnopTa. 2024. T. 22. Ne 3 (112). C. 68-79

Xaunt6aeB B. A., KoctpoB B. H., YepHsieB E. B. Pecypcocbeperatowuin nogxon K opraHusauumu
[OCTaBKU FPy30B B PErMOHaNbHbIX LensiX NOCTaBOK




Tadauna 2
Bb160p MapmIpyTOB U pacyeT CTOMMOCTH MO Ka:KAOMY MapIIpyTy
Mapupyt II-A-JI-JI-K-U-B1
OrtmpaBka Ilomy4enue L,xm |[Rr,p |Rx,p |Rymp [Ilor,p |[Pa3,p |Rmpp,p |R,p
II A L, RT, Rx, Rym, ;| Ior, Pas, Rupp, R,
A Pl L, RrT, Rx, Ilor, Pas, Rupp, R,
a JI L, Rr, Rx, Ior, Pas, Rmpp, R,
JI K L, Rr, Rx, Ior, Pas, Rmpp, R,
K n L, R, Rx; Ior, Pas; Rmpp, R,
Uror >
Mapupyt I1-A-J1-JI-K-HU-B1
OrnpaBka TTonyuenune L,km [Rn,p |Rx,p |Rymp [Ilopp ([Pa3,p |Ruopp,p |[R,p
II A L, Rr, Rx, Ryn, | Ior, Pas, Rmopp, R,
A Pl L, Rr, Rx, Ilor, Pas, Rmpp, R,
bl JI L, Rt, Rx, Ior, Pas, Rupp, R,
J K L, Rt Rx, Ior, Pas, Rmpp, R,
K b1 L, Rrt, Rx, Tor, Pas, Rmpp, R,
Hror >

rae IT — nocraBumk, b1 —3akazuux Ne 1; A, 1, JI, K, 1 — TJIL] na BLIGpaHHLIx MapIpyTax AOCTaBKH, R — TPaHCIIOPTHbIE

pacxom,l Ha TIEpEBO3KY Tpy3a; R, —

pacxofibl Ha TPAHCIOPTHPOBKY; R

— pacxojbl Ha TOTrPy30-pasrpy304HbIe PaboTHI;

— pacxofibl Ha YIIAaKOBKY I'py3a; R Pacxojibl Ha XpaHeHHe Ipy3a.

I/lycmqnnx pa3paboTaHo aBTOpaMH.

Tabauna 3
Pe3ysbTaThl pacyeToB Ha A0CTABKY IPy30B
no mapupyTty I1-B1 ¢ yyeTom cucremsl
TJILL [pa3padoTrano apropamu|

Mapmpyr R, py0
II-A-JI-7-K-1-B1 R,
[-A-JI-JI-K-B1 R,
I-A-JI-J1-b1 R,
[-1-JI-B1 R,
II-JI-51 R,
II-T-J-K-H-B1 R,
I1-J1-K-U-B1 R,
I1-JI-X-B1 R,
I1-XK-B1 R,

Poccuiickoit ®enepannu — Camapckyto, Capa-
TOBCKy10 1 OpeHOypreKyio 06IacTu OT OJHOTO
n3 npousBoguTenei SpocmaBckoil obmactu
(1. SIpocmapms). Ha puc. 3 u 4 moka3aHBI CXeMBI
JIOCTaBKH MEINKaMEHTOB HampsaMyto 6e3 TJIL]
u ¢ ucnosp3oBanueM cuctemsl TJIL[ cooTBeT-
CTBEHHO.

ITocne BeIOOpa MapmIpyTOB PACCUNTHIBACTCS
CTOMMOCTH TPSIMOM JTOCTaBKH JUTS PA3ITHYHBIX
3aKa34MKOB OT OJHOTO U3 MPOU3BoaUTENEH SIpo-
CJIABCKOW 00IacTH.

Wcnone3yst nanable Tabn. 2, paccunTaeMm
3aTparhl Ha TPAHCIIOPTUPOBKY IO HECKOJIBKUM
BBIOPAHHBIM JUTS IIPEMEpPA MapIIPyTaM JOCTaB-
ku ¢ ucronp3oBanueM TJILI. B tabmn. 4 ykasansl
pe3yabTaThl pacyeToB (pparMeHT).

AHaNOrM4HO MPOBOIATCS PACUETHI 10 OCTaB-
LIMMCSI MapIIpyTam.

B Tabn. 5 moka3aHbl pacCUNTAaHHBIC 3HAYCHHS
Ha mepeBo3Ky no mapuipyty I1-B4 ¢ yuerom
cucremsl TJILI.

Ha puc. 5 noka3aHbl pe3ynbTaThl pacyeToB
3aBHCHUMOCTH 3aTpaT Ha TPAHCIOPTUPOBKY OT
xommuectsa TJILI.

OueBUIHO, YTO MEXK/y 3aTpaTaMy Ha mepe-
BO3KY U konnyecTtBoM TJIL ecTh 3aBUCUMOCTb,
XapakTep KOTOpOH HeNMHEHHBIH mapaboimye-
ckuii. C MOMOIIBIO KOPPEISIIHOHHO-pErpec-
CHOHHOIO aHaJIM3a ONPEAEIUM TECHOTY CBSI3U
MEXXIY 3TUMH ITOKa3aTeIsIMHU C BHIBOJIOM ypaB-
HEHUs1 HEJIMHEWHOM perpeccuu.

B Tabn. 6 mokazaHsl TpeOyemble 3HAUCHHS
JUIsl pacdeTa MaTpHILl PErPECCHH.

ITonyueHnHOe ypaBHEHHE HENMHEWHOH pe-
IPECCUH UMEET BUJ;

Y =237564x-11794,14x + 55977,78. 5)

WHaeKesl KOppensnuu U 1eTepMUHALNNA
pasusl cootBercTBeHHO = 0,99 1 R*=0,98. Ha
puc. 6 mMoKa3aHbl PEe3yabTaThl, MOJTYYEHHBIE
C IOMOUIBIO YPaBHEHHsSI PETPECCUU.
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Puc. 4. locmaska 2py308 om npou3zgodumensi ¢ ucnonb3oeaHuem TIIL.

KPATKWE BbIBOObI

Takum 00pa3oM, BEIYHUCIUTENBHBIHN SKCTIEPH-
MEHT HOATBEPIUII TIPEAIIONIOKEHIE O HEITMHEH-
HOHM mapabosndecKod 3aBUCUMOCTH MEXIY
TPaHCIOPTHBIMH 3aTpaTaMH M KOJIUYECTBOM
TJIL. MHAeKcsl KOppensiuuy U AeTepMUHALIUN
MOATBEPKAI0T TECHOTY CBS3H MEKAY dMIHNPH-
YECKHMH U TEOPETHIECKUMH 3HAYEHUSIMH, KOTO-
psle He ormyckanuch Hmke 3HadeHus 0,89. Oto
MOATBEPKAAET, UTO TEOpEeTHYECKasT MOJEIb
C JIOITy CTUMOM TOYHOCTBIO COOTBETCTBYET PEAITb-
HOW cutyaruu. ClenoBaTesbHO, TOAX0A BO3-
MOYKHO HCHOJIB30BaTh JJIsl PACUYETOB U NIPOTHO-
3UPOBaHUS 3aBHCHMOCTH BEJIMYHMH TPAHCIIOPT-
HBIX 3aTpar oT konuyecTsa TJIL] Ha mapmipyTe,
YTO UMEET CYLIECTBEHHOE IPAKTHYECKOE 3HaUe-
HUE KaK JJIsl TOCTaBIIUKOB, TaK H U IIOTPEOH-
TeJeH.

Nn-64

3aTpaTbl Ha TPaHCNOPTMPOBKY, Py6

Pesynbrarsl NPOBEJEHHOTO UCCIICIOBAHHMS,
B IPaHUIIaX KOTOPOTO penrajgach 3aa4ya Ioucka
MOAX0/]a YMEHBILICHHUS 3aTpaT Ha OPraHUu3alHIo
JIOCTaBKU TPY30B B KOHTEKCTE pecypcocOepe-
raromield rnapajurmbl, MOMOIJIH MOATBEPANUTH
BBIIBUHYTOE IPENIOJI0KEHNE 00 O4eBHIHOU
3aBHCHMOCTH 3aTpar Ha TPAaHCIOPTHUPOBKY,
BKJIIOYasl pacxoJibl Ha XpaHEeHHEe U MOrPy304HO-
pasrpy3ounsie padotsl B TJILI, ot konuuecTsa
TJIL] Ha mapmpyTtax. Kpome Toro, moiaydeHHbIE
pe3yabTaThl MOTYT OBITh MUCIOJB30BAaHBI NPU
(hopMHpOBaHNY CTpATErnil pa3BUTHSI PErHOHAIIb-
HBIX TPaHCHOPTHO-JIOTUCTHYECKUX CHCTEM
B YacTH BbIOOpa METOOJIOTHH OINpPEIeIICHUs
palMOHANBHBIX KOJHMYECTBEHHBIX MapaMeTpPOB
yKa3aHHBIX OOBEKTOB.

Kpowme Toro, ynanoch BeISIBUTH ITpo0IieMy He
yueTa 3TOW 3aBUCHMOCTH OpraHaMH rocyaap-

y = 2375,6x2 - 11794x + 55978
R? = 0,9803

Puc. 5. 3asucumocmb 3ampam Ha mpaxcnopmupogky om konuvecmea TJIL| npu nepesoske 2py3a no mapwpymy [1-54
[pazpabomaHo aemopamu].
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';Ff ' Taoauua 4

1t Pe3yabTarhl pacyeToB CTOUMOCTH A0CTABKHU FPY30B M0 HecKoJbKUM MapupyTam I1-b4
¢ yuerom cucrembl TJILL [pazpaGorano apropamu|”

Mapupyt II-I"-/1-M-H-b4

OrnpaBka ITonyuenue |L, km Rt p Rx, p Rym, p Ior, p Pas, p Ropp,p |R,p

II T 405 8100 156 8437 2230 948 3178 19871
r pi 417 8340 669 948 1450 2899 11908
pi M 256 5120 223 1450 1394 2788 8131
M H 31 622 145 1394 836 1673 2439
H b4 22 432 836 3345 4181 4613

Hror 46962

MapmpyT I1-I'-1-M-b4
OrnpaBka ITonyuenue |L, km Rt p Rx, p Rym, p ITor, p Pas, p Rmpp,p |R,p

I1 r 405 8100 156 8437 2230 948 3178 19871
T J 417 6255 134 948 1450 2899 9288
1 M 256 3840 223 1450 1394 2788 6851
M b4 52 776 1394 3345 4739 5514

HWtor 41524

Mapupyt 1I-1-M-b4
OrnpaBka IMomyuenne |L, km Rt, p Rx, p Rym, p Ilor, p Pas, p Ropp,p |R,p

11 Pl 807 16140 669 8437 2230 1450 3680 28926
Pl M 256 5120 223 1450 1394 2843 8186
M b4 52 1034 1394 3345 4739 5773

Uror 42885

Mapmpyt I1-T-M-b4
OrnpaBka ITonyuenue |L, km Rt p Rx, p Rym, p Ilor, p Pa3, p Ropp,p (R, p

II I 405 8100 781 8437 2230 948 3178 20495
r M 609 12180 446 948 1394 2342 14968
M b4 52 1603 1394 3345 4739 6341

Hror 41804

* CTOMMOCTHBIE ITOKA3aTeIU 3aTpar B3sThl Ha KoHeln 2023 roxa.

Taoauna 5 Perpeccus M-64
PaccuuTaHHbIe 3HAYEHUS HA NEPEBO3KY ¥= 23756 11794+ 55978
no mapupyty I1-b4 ¢ yuerom cucremsl
TJIL [pa3paboTaHo aBTOpaMu|

3aTpaThl Ha TPAHCMOPTUPOBKY, PY6

Mapmipyt R, pyo
I1-I'-JI-M-H-B4 46962
I1-I'-JI-M-B4 41524
I1-JI-M-B4 42885
I1-I-M-B4 41804 Kon-so cianos
I1-I'-B4 43808 Puc. 6. . edvemoil

uc. 6. Facyem uccriegyeMou 3agucumocmu ¢ noMoWbHo ypasHeHus1
[1-M-b4 49009 pezpeccuu [pa3pabomaHo aemopamu].

Ta0nuna 6
Heob6xonnmble 3HaYeHHs A1 pacdyeTa MmaTpun perpeccuu I1-b4 [paspadorano apTopamu]

N X Y x2 5 x4 Xy yx2 y (Y-y)? (Y-ycp)?
1 |1 |4640845 |1 1 1 46408,45 46408,45  |46559,28 |22750,44 | 4404699,09

2 2 4234455 |4 8 16 84689,10 169378,20 | 41892,05 |204753,99 |3861863,65

3 3 41523,6 9 27 |81 124570,80 373712,40 | 41976,10 | 204753,99 |7762422,86

4 4 46962,25 |16 |64 |256 187849,00 751396,00 |46811,42 |22750,44 7035955,19

P> 10 | 177238,85 |30 [100 |354 443517,35 1340895,05 |177238,85 |455008,86 |23064940,80
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Taoaunma 7

JKxoHOMHUYecKH# 3 PeKT HCnoab30BaAHUS NPeLIAraeMoro noaxona
[pa3zpaboTano aBTOpaMu|

CTBEHHOI1 BJIACTH M COOOIIECTBOM MPEIIPHHU-
Mateneit. OTCYTCTBUE NOJKHOTO BHUMAaHUS
K npoOneme OOJNBLIMX 3aTpar MpH MPSIMOH 10-
CTaBKe 0 CPaBHEHUIO C JIOCTABKOM 4epe3 CUC-
temy TJIL] 3HauuTenbHO yMeHbIIAET S PEKTUB-
HOCTb SKOHOMHUYECKOM ICSITENTbHOCTH MPEIIPHUs-
THIA, TPEITOCTABIISIIOLINX TPAHCTIOPTHO-JIOTUCTH-
YECKHE YCITyTH.

3HaHKMe W peanu3alys MpeaIaraeMoro moj-
X0Jla B paMKaX CTpareruu pecypcocoOepeeHus
MOXET CIocOOCTBOBaTh YMEHBIUICHHIO cebe-
CTOMMOCTH YKa3aHHBIX YCJYT, 4TO SIBISIETCS
9KOHOMHUECKH BBITOJIHBIM JIJISI BCEX Y4aCTHHKOB
JIOTUCTUYECKOH 1IETIOUKH.

K OCHOBHBIM pe3ynbTaTaM HCCIeI0BaHHS
OTHOCATCS pa3paboTaHHBIM HAay4YHO-TIPAKTH-
YECKHIi OIXO/ YMEHbBIICHHS 3aTPAT B KOHTEKCTE
CTpareriu pecypcocOepeKeHusl, B OCHOBY KOTO-
POro TMOJIOKEH MPHHIMIT PAOHATIBHOM Opra-
HHU3aIMU [POCTPAHCTBEHHOTO BhIOOpa MH(Mpa-
CTPYKTYPHBIX 0OBEKTOB TPAHCIIOPTHO-JIOTUCTH-
YECKOH CETH U IOIYYEHHBI 3KOHOMMYECKUH
3¢ (GeKT M0 CPpaBHEHHIO C IPSIMOM JTOCTaBKOM,
MOKa3aHHbIH B Tad. 7.

Pa3paborannbiii MOaX01 ¢ 000CHOBaHHEM
palKOHAJIBHOTO KOJMYECTBA M AMCIOKAIMH
TJILI, oOecrmednBaromuii yMEHbIIICHHE 3aTPaT
B CHUCTEME JOCTaBKH I'PY30B, MOXKET OBITh HC-
M0JIB30BaH MPH MPHUHITUU YHPaBICHYECKUX
peleHuid U pacueTe 3arpar Ha JIOCTaBKy IpHU
pasHoit koHpurypanuu ceru TJIL ¢ ux paznuy-
HBIM KOJIMYECTBOM.

MapIpyTsl TOCTaBKU CHumxeHue 3arpar, pyo. OxoHomuueckuit addext, %o
I1I-b1 25286,7 5,1

I1-B2 22126,6 8,8

I1-B3 16 146,7 26,9

I1-B4 28017,9 10

I1-B5 23121,1 16

I1-B6 14084,5 5,6

II-67 7257,5 6,1
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MNasen MMHAKOB

AHHOTALINA

Kene3HodopoxHbil mpaHcnopm s8nsemcs 00HUM U3
saxHelwux nepeso3quKos naccaxupos 8 Poccutickol ®edepa-
yuu. Ha ezo dormo 8 2023 20dy npuwnocb bonee 35 % ecex
naccaxupckux nepeso3ok. [pu smom Ha danbHee coobweHue —
noymu 37 % om obwe2o 0bbema nepego3ok Xene3HoO0POXHbIM
mpaxcnopmom. AHanu3 QUHaMUKU USMEHEHUST naccaxupoobo-
poma u 06beMo8 Nepeso3ok 2080psIM O MOM, YMO PbIHOK He
mosbKo 8occmarosusics nocie becnpeyedeHmHo20 nadeHusi
2020 200a, Ho npodommxaem ysepeHHo pacmu. Pocm obbemos
naccaxupcKkux nepego3ok enedyem 3a coboll yeenudeHue obbe-
M08 pabombl NAaCCaXUPCKUX U NACCAXUPCKUX MEXHUYECKUX
cmaHyull. Yeenudusaemcsi Hazpy3ka Ha 80K3aslbHbIe KOMNIEKCh|
(ocobeHHO 8 nepuodbl Maccosbix nepesosok). lepesosyuku
nocmosHHo pabomarom Had (hopMUPOBAHUEM HOBbIX MpPaHC-
NopmHbIX NPOOYKMO8, OMITUYAIOW4UXCSH CKOPOCMbIO U YPOBHEM
komcpopma. Hanpumep, monsko AO «@I1K» ceeo0Hst npednaza-
em ceouM KnueHmam nopsdka 90 kombuHayul npednoxeHud,
OmnuYarwUXcs He MonbKo kameaopuel noe3da, munom 8azo-
Ha, HO U Habopom ycnye e nymu cnedosaHus. [Tpu 3mom, oye-
8UOHO, KITto4YeebIM mpebosaHueM, He3agUCUMO Om Kiacca, rsi-
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MeToauka onpeaeneHnsa paumMoHanbHOro
nopAaaKka ncnojib3oBaHnA MaHeBPOBbIX
JIOKOMOTUBOB Ha naccamupcxoﬁ CTaHUnHn
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emcs 8bICOKOe kayecmso nodeomoeku cocmagoe 8 pelic
u cnaxeHHas paboma ecex nodpa3deneHull naccaxupckozo
Komninekca.

B Hacmosuwee spems 60nbwuHCM80 uccnedosaHuli nac-
caxupckol UHGpacmpykmypbl xene3Ho00POXHO20 mpaHc-
nopma nocssweHo uccnedosaHuto ee omoesnbHbIX 06bekmos,
Hanpumep, 0CO6EHHOCMSIM NPOEKMUPOBAHUS U KChTyamayuu
mpaHcnopmHO-nepecadoyHbIX Y3108, mexHonoauu pabomsl
NaccaxupcKux U naccaxupckux mexHudeckux cmawnyud. Mpu
9MOM Maso 8HUMaHUs yOensiemcsi KOMNIEKCHOMY (OyHKUUOHU-
POBaHUIO «NACCaXUPCKOU CMaHyuU — Naccaxupckoll mexHuye-
cKoll cmaHyuu — mpaHcnopmHo-nepecadoyHozo y3na» Kak
eduHoll cucmembl. B cmambe npednazaemes mamemamude-
ckasi (hopmanu3ayus npouyecca payuoHanbHol nocnedosa-
menbHOCMU 06CAYXUBaHUS NACCaXUPCKUX N0e3d08 ¢ ucnosb-
308aHuemM Memo0os8 NUHeliHo20 NPo2paMMUpPOB8aHUs, N038o-
nawas pewams yensili psod akcnnyamayuoHHbIX 3adad
U nposodums uccnedosaHus No OUEHKE YPOBHS BUSHUS pa3-
JIUYHBIX ¢hakmopoe Ha nokaszamesnu pabomsl NAcCaxupckux
U Naccaxupckux mexHUYecKux cmaHyud.

Knroyesb e crioga; mpaHcnopmHo-nepecadoyHbIil y3en, Naccaxupekas CMaHUUS, NacCa)UpCKas MexHUYECKas CIaHLUS, 3aHAMOoCb
NPUEMO-0MnPagoyHbIX Nymet, 3a2py3ka MaHe8POBo20 IOKOMOMUEa, PUMMUYHOCML PABOMbI CMaHUUL.

3252-2024-22-3-10.

[na yumuposanus: Kynukoea E. b., Murakos 1. A. Memoduka onpedeneHust payuoHanbHo20 nopsidka Ucnorb308aHUs MaHEe8POoBbIX
JI0KOMOMUBO8 Ha naccaxupckoli cmaHyuu // Mup mparcnopma. 2024. T. 22. Ne 3 (112). C. 80-91. DOI: https://doi.org/10.30932/1992-

© Kynwukosa E.
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BBEOEHUE

B ocHoBe (hyHKIMOHMPOBAHUS KOMILIEKCA
«TaCCaXUPCKasi CTAHIMS — MACCAKHUPCKAS TEX-
HHAYEeCKasi CTAHIMS — TPAaHCIOPTHO-IIEpeca-
nouHbld y3en (mamee — TIIY)» kak eguHOM
CHCTEMBI, TPEXE BCETO, JIEKHUT TEXHOJIOTHUS
00CITy’)KMBaHHA MMACCAKUPCKHUX 10e370B [1-5].
IMopsinok obcayXMBaHUS MACCAKUPCKUX TTOE3-
JIOB Ha CTaHIMSX NPUHIUIHAIGHO OTIHYIACTCS
OT I'PY30BBIX.

Tak mpu onipeieIeHHON 3arpy3Ke «00CITyKH-
BAIOIIMX CTAHIIMOHHBIX YCTPOHCTB)» M HEPaBHO-
MEpPHOCTH TIOCTYIIJICHUS TPY30BBIX TOE3/10B Ha
00CITyKBaHHE TTOABIISIETCS OUEPEb, 3aBUCSIIAS
OT «MOIIHOCTH» YCTPOHCTB, 00€CIEINBAIOIINX
TIEPEeX0J] TPY30BBIX BaTOHOB M3 OMHOW CHCTEMBI
00CITyKHBaHHMS B CIEAYIONTyI0. Bpems Haxoxe-
HUS TPY30BBIX BaroHOB (COCTaBOB I'PY30BBIX
TI0€3/10B) Ha CTAHIINH, B OTIIMYHE OT ITACCAXKHP-
CKHX, 3aBHCUT OT «MOIIHOCTH» OOCITYKHBaro-
X YCTPOMNCTB, BEIMYHHBI BATOHOTIOTOKOB
1 4Yalie He MPUBSI3aHO K KOHKPETHBIM HHUTKaM
rpaduka.

B maccakupckoM ABMKCHHH, UCXOAS U3
rpauka 060poTa, COCTaBHI IPHUBS3AHEI K OIpe-
JIeTICHHBIM HUTKaM TpaduKa JBIDKCHUS TOE3/10B
110 OTHPABICHUIO M UX OOCITYKMBaHUE MOIYH-
HEHO TVIaBHOW €M — OTNPABICHNE TOTOBOTO
COCTaBa C MaccakxnpaMu B (PUKCHPOBAHHOE
BpeMs, 10 pacHHUCaHuio. B 3Tux ycnoBumsx 3a-
rpy3Ka 00CITyKHBAIOMIUX YCTPOUCTB (MaHEBPO-

1 -

BBIX JIOKOMOTHBOB, TIPHEMO-OTIPABOYHBIX ITy-
Teil, myTell KUNUPOBKH U Mp.) HE TOIKHA
onpenensiThcss (HOpMaIbHO Kak J0JsI BPEMEHU
HEMOCPEACTBEHHO BBINOJIHAEMOI paboTHl 10
OTHOUICHHUIO K PacCMaTpUBAaeMOMY IEPUOIY
BpEeMeHHU (CYTKHM WJIM BEJINYMHA MHTEHCUBHOTO
neprona padotsr). [TonqroroBka u nogada cocra-
BOB K OTIPABIICHHIO MO paclHCaHUIO Oyaer
MpearoiaraTh OnpeaejeHHble UHTEPBaIbI
MEX1y OKOHYaHHEM PaOOThI C OAHUM COCTaBOM
1 HauaJioM paboThl ¢ ApyrumM. B cityyae eciu a1
WHTEPBAJIbI TAKOW ITPOJOIDKUTEILHOCTH, YTO HE
MOTYT OBITh MCIIOJIb30BaHBI JJIsl BHIMOJHEHHUS
JIOKOMOTHBOM JIpYroi pabOThl, OHU TaKXKe
JIOJDKHBI OBITH OTHECEHBI KO BPEMEHHU paboThl,
YBEJIMYMBAs 3arpy3Ky JIOKOMOTHUBOB [6].

Torna nmpu GpukcupoBaHHOM rpadUKe OTIIPaB-
JICHUsI, HallpUMep, MacCaKUPCKUX MOE3/10B
JIAJIGHETO CJIEZIOBaHMS U ydeTe (DaKTHUECKOTo
00beMa pabOThl CTAHIIMOHHBIX YCTPOMCTB 3a-
rpy3Ka MaHeBpPOBOTO JIOKOMOTHBA OyIeT mpe-
CTaBJIATh HEKOTOPYIO 3aBUCHUMOCTBH OT YHUCIIA
COCTaBOB, BHIBOIMMBIX 32 OIPE/ICIICHHBIH MepH-
on BpeMenH (puc. 1).

Amnanu3 paboThl MaHEBPOBBIX JIOKOMOTHBOB
Ha NMacCaXUPCKUX CTAHIMAX MoKazain [7]:

— B UX paboTe eCTh MEepPHOABI (IICPHO UH-
TEHCHBHOTO NPHUOBITHSI U OTIPABJICHUS MOE3-
JIOB, TIEPHOJT 10 U TIOCJIE TPOBEACHUS TEXHHYE-
ckoro obciyxuBanus (nanee — TO) 10KkOMO-
THBA, OTEpPalUid MO CMEHE JOKOMOTHBHBIX
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Puc. 1. 06wuii Xapakmep UMeHeHUs1 3a2py3Ku MaHes8po80o20 JTOKoOMomuea e 3agucuMocmu om Kosuvyecmea 06CI1Y)KUCBGMHX cocmaeos
naccaxupcKux noe3doe Ha CmaHyuu [8bINONHEHO agmopamu].
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Opuraj), Korna 3arpyska JOKOMOTHBA MPAKTH-
YyeCKH paBHa enuHuIle. Tak Ha crtaHiuu Mo-
CKBa-maccaxupckas KaszaHckas mepBblii JIOKO-
MOTHUB IIpU CpedHecyTo4yHoil 3arpy3ke 0,72
MMeeT JiBa mepuoza mo 3,5 yaca, Korga Jaxe
HEOONBIINX EPEPHIBOB B €ro padore HeT. BTo-
PO¥i JIOKOMOTHB MPH CPEAHECYTOUHO 3arpy3Ke
0,65 umeeT Taxke ABa TAKUX MEPUOJIa MPOIOI-
JKUTEIIBHOCTBIO IIECTh U MSITh 4acoB. [Ipuuem
PE3epBOB IS YBEIUYCHHUS 00beMOB pabOTHI
Y JIOKOMOTHUBOB IIPAKTHYECKH HET.

— Il CHUKCHUS 3arpy3Kd JIOKOMOTHUBOB
B TaKUE IEPHOIbI MPAKTHKYETCS «IPEKICBpPE-
MCHHBIH» BBIBOJ COCTAaBOB Ha MPHUEMO-
OTIIPABOYHBIC IIYTH WK OOJIee MO3MHUI BHIBOJ
COCTaBOB C HUX JUIsSl MOCHEAYIOIICH paboThI
C COCTaBaMHU B COOTBETCTBHU C TEXHOJOTHYC-
CKHUM IIPOLIECCOM (TI0 TEXHOJIOTUYECKOH JIMHHHN).
UYto, B CBOIO 0YEPE/lh, IPUBOIUT K YBEIUICHUIO
MPOJIOJDKUTEILHOCTH 3aHATOCTH ITPUEMO-OTIIPA-
BOYHBIX ITyTeH.

Ha mpaktuke, Kak mpaBuiio, HEOOXOIUMO
OJTHOBPEMEHHO OTBEUYaTh Ha J[Ba BOIpOCa:

1.CrmpaBuTcst 11 MaHEBPOBBIA JIOKOMOTHB
C 3aIaHHBIM 00BEMOM PabOTHI?

2.B03MOXKHO JIM peajin30BaTh «IIPEKIACBPE-
MCHHBIH» BBIBOJ COCTAaBOB Ha MPHUEMO-
OTIPABOYHBIC ITyTH W/UITH BHIBOJ COCTABOB C HUX
C 3aJICP)KKOM OTHOCHUTEIBHO TEXHOJOTHUECKOTO
BPEMEHH, YMEHBIITHUB HEMIPONU3BOAUTEIIBHBIC IPO-
CTOM MaHEBPOBOT'O JIOKOMOTHBA IPU BBITIOIHE-
HUM 33JIaHHOTO 00beMa padoThI, UCXOMIS U3
HMMEIOIIIETOCS YUCIIA TIPUEMO-OTIIPABOYHBIX ITy-
Tell W pacnucaHusi NPUOBITUS/OTIPABICHUS
MACCAKUPCKUX MOE3I0B (3aaHHOTO YHCIIA CO-
CTaBOB MACCAKUPCKUX MOE3/10B)?

OTBeT Ha 3TH BONPOCH (PAKTHUCCKU SIBIISI-
©TCs PEIICHUEM 3a/1a9H MPOBEPKH YCTOUIUBOCTH
paboThl MAHEBPOBBIX JIOKOMOTHBOB TIPU 33aH-
HOM 00beMe pabOThI, TEXHUKO-TEXHOJIOTHYCCKUX
BO3MOXXHOCTSIX CTaHIUH U (PUKCHPOBAHHOM
paCIMCaHUH MPUOBITHS U OTIPABIICHH Macca-
JKUPCKUX MTOC3/I0B HA CTAHIIHUIO.

PaccMoTpuM yCIIOBHSI BO3MOXKHOCTH BBIIOJI-
HEHHUSI MaHCBPOBBIM JIOKOMOTHBOM 3aJ]aHHOTO
00béMa paboTHI.

dopManbHO CPEAHECYTOUHYIO 3arpy3Ky
MaHEBPOBOI'0 JIOKOMOTHBA MOXKHO OIPEICIIUTh
o ¢opmyiie (1):

n
Zi:ltilmﬁ

(1440-T,,,)*K ~ct,,’

G .
e 1" — Bpems paGoTHI TOKOMOTHBA C i-M
HOMEPOM COCTaBa, KOTOPBIH ONPE/IENEH Ha Bpe-

W/IOK = (1)
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MEHHOW OCH TIPH YCJIOBUH BO3PACTaHHS TEXHO-
JIOTHYEeCKH 000CHOBaHHBIX BpEeMEH Havaja pa-
00THl ¢ HUM (MCXOJs M3 BPEeMEH MPHUOBITUS
1 OTIPABJICHUSI MACCAKUPCKUX MOE30B U 1M0Y-
TOBO-0ara)kHbIX MOE3]0B, a TAKXKe BPeMEH Ha-
yana oneparuii mo TO u cMeHe Opuran);

n — oflee Yucio Moe3a0B, MPUObIBAOIINX
1 OTIIPABIISIOIIMXCS 3 CYTKH, C KOTOPBIMH pado-
TaeT MaHEBPOBBIH JOKOMOTHB (IEpecTaBIIsis
cocrassl Mexxay [1OI1 u myTsimMu 0TCTOS/9KHITH-
POBKH/PEMOHTA/ . ...);

T, — IePEPBIBBI BO BPEMCHH PabOTHI MaHe-
BPOBOT'0 JIOKOMOTHBA (BpeMsl, KOTOPOE JIOKOMO-
TUB HE HAaXOAMTCS B paboyeM rapke B TEUYCHHUE
CYTOK);

K, — K02 pUIIHENT, yUHTHIBAFOIMH BO3MOK-
HBIE TIEpEepBIBBI B MaHEBPOBOW paboTe u3-3a
OTKa30B TEXHHYECKHX cpencTB (KoadurmeHt
HaIEKHOCTH UHDPACTPYKTYpBI)';

O, — K03(QdHIHMEeHT BpaxkaeOHOCTH Tiepe-
JIBIDKEHHH, KOTOPBIH YYUTHIBACT POIOIKUTEb-
HOCTH OIEpaluii, BHI3BIBAIONUIUX IE€PEPHIBBI
B BBINIOJIHCHUW MaHEBPOBOM paboOTHI, B 00MIeH
MIPOJOIKUTENILHOCTH CYTOK.

B rpy3oBom JBrKEHNH Ha TPOBE/ICHNE PadboT
BBICTpauBaeTCs oyepeb u3 coctaBoB. OHa Mo-
KeT OBITH OOJIbILIE MIIM MEHBILIE B 3aBUCUMOCTH
OT NepHoJia CyTOK M MHTEHCUBHOCTU PabOThI
¢ cocraBaMu. B mo0om ciyudae mpu 3arpyske
snokomoruBa MeHbuie 1,0 (a2 B MHTEHCHUBHBIE
TIepHoBI MOXKET OBITH 1 Ooublie 1,0) T0KoMOTHB
B CPEJHEM 3a CYTKH BBIIOJHSACT 3aJaHHBIN
00bEM, JIHIIb YBEINYUBAS U3-3a 04epeneii cpei-
Hee BpeMsl IIPOXOXKJICHHSI COCTaBOB 10 TEXHO-
Jlornyeckou uHuu [8; 9].

B maccakupckoM JBMKEHUH COCTaBbI IPH-
BsI3aHBI K BpeMeHaM IPHOBITHS U OTIIPABICHUS,
1 BO BCEX CJIy4asiX 3TU pacIlicaHus HaJlo BBIITOJI-
HATh. [loaToMy yciosue y, < 1 sBysieTcs HEOO-
xoIuMbIM (nanee — HY), HO He 10CTaTOYHBIM.

OmnpenenyM JOCTaTOUHbIE YCIIOBHS (ayiee —
JY) BblnonHeHHUs pabOThI ISl MAaHEBPOBOTO
JIOKOMOTHBA C TACCAKUPCKUMU I10€3/1aMH TIPH
YCIIOBUH 33JJaHHOTO (PMKCHPOBAHHOTO PacIyca-
HUSI BBITTOJTHEHHS PadoT.

ITycTts onmpeneneHs:

1" _ eXHONOrHYECKH 0GOCHOBAHHBIC
BpEeMeHa Hayalla paboThl MaHEBPOBOTO JIOKOMO-
THBa C MACCAXUPCKUMH, MOYTO-0arakxHbIMHU
10€3JJaMH 110 TIPHOBITHIO, OTIIPABICHHIO (OCHO-

! MeToauka OLEHKH M KOHTPOIS 3p(PEeKTHBHOCTH
UCIOJIb30BAaHUS JOKOMOTHBOB MaHEBPOBOTO JIBHIKSHHS:
yT1B. pacnopskeHreM OAO «PXK/I» ot 01 nexabpst 2017 r.
Ne 2485/p.

KynukoBa E. B., MuHakoB 1. A. MeToguka onpeaeneHusi paLuyoHanbHOro nopsigka
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Puc. 2. [Tepuodbl 3aHsIMocmu MaHeepo8o20 JIOKOMOMuUea 8 Me4YeHue Cymok [8bIN0NHEHO agmopamu].

BaHHbBIE HA PACTIMCAHUHU TIPUOBITUSI-OTIIPABICHHS
3THX MOE37I0B);

i — TIOPSIKOBBI HOMEp pabOThl MaHEBPO-
BOTO JIOKOMOTHBA C COCTaBaMH, ONPEIeIIieMbIi
B BO3PACTAIOIIEM MOPSIIKE BPEMEH PaCIIONIOKEH-
HbBIX Ha BPEMEHHO OCH.

Torma cyToYHBIN BPEMEHHOM OTPE30K OyaeT
pa3out Ha (n + 1) OTpe3ku, rPaHUIIAMH KOTOPBIX
OylyT CMEXHbIE Ha BPEMEHHOH OCH BpeMEHa
Hayasa pa0oT, BKIIIOUas BpeMsi Hayasia u KOHIa
CYTOK.

Crpynnupyem BpeMeHa Hadalia paboThl MaHe-
BPOBOI'0 JIOKOMOTHBA C COCTaBaMHU T10 OTIEIbHBIM
HeIepeceKaroLIMMCs Pacu€THBIM MIepruoiaM Bpe-
menn T (puc. 2), rpaHUIIAMU KOTOPBIX OyIyT:

— BpeMeHa Hayalla ¥ OKOHYaHHs 00LIero
(COBOKYIHOT0) epuoja — CyTKH;

— BpeMEHa Hayajla U OKOHYAHMS NEePUOJIOB
MIPOBE/ICHUSI MAHEBPOBBIM JIOKOMOTHBOM PadoT,
HE OTHOCSIIHMXCS K paboTe ¢ cocTaBamMy (TEXHU-
YECKHUi 0CMOTP, SKUIIMPOBKa, CMEHa JIOKOMOTHB-
HBIX OpHran).

B npuBenenHoM Ha puc. 2 mpuMepe B CyTKax
YeThIpe PACYETHBIX IIEPHO/IA:

1.or 0 MuH (YCIOBHO) 10 BpPEMEHH Hauaja
TO noxomoTHBA;

2.otr BpeMenu okoH4yaHus TO jokoMOTHBa
JI0 BpEeMEHH Havasia IepBoii CMEHbI JIOKOMOTHB-
HOW OpUrajsl;

3.0T BpeMeHHU OKOHYaHUs MEPBOH CMEHBI
JIOKOMOTHBHOM OpHrajabl 10 BpeMEHH Hadaja
BTOPO¥ CMEHBI JIOKOMOTHBHOM OpUTaIbI;

4.0T BpeMEHU OKOHYAaHHs BTOPOH CMEHBI
JIOKOMOTHBHO# Opuraabl 10 1440 muH (ycioB-
HO) — BpEMEHH OKOHYaHHsI PACUETHBIX CYTOK.

Bpemena Hauana pa6otsl (7“**) , naxons-
LIMEeCs] Ha OTPE3Kax BPEMEHHOH OCH, KOTOPBIM
HE XBaTaeT TEeXHOJOIMYeCKH 00OCHOBAHHOTO
paboyero BpeMEHH MaHEBPOBOIO JIOKOMOTHBA
B lanHoM pacuétHoM nepuozie ( 1, ) (1160 onu
MPUXOIATCS. HA Hepabouul IUIsl TIOKOMOTHBA
OTpPE30K BPEMEHH ), IEPEHOCATCS Ha IpyTHe pac-
YEeTHbIE MEPUOJIbI B COOTBETCTBHU CO CIEAYIO-
LIMMU [TPaBUIIAMH:

— BpeMeHa paboThI ¢ COCTaBaMU 110 IPUObI-
THIO — B CIIeAyIOInH (32 Hepa601mM TIEPHOIOM)

6
PACUETHBI MEPHOA: #/'s =
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— BpeMeHa paboThl ¢ COCTaBaMHM IO OTIIPAB-
JICHUIO — B TpeAbLayInil (mepen Hepabounm
MIEPUOIOM) PACUCTHBIN TIEPHOJ:

Ha‘{ pab __

KOH
1 OTIp T
HY BI:IHOHHCHI/UI MaHEBPOBBIM JIOKOMOTHBOM
3aJlaHHOr0 00beMa paboThl MpH Oe3yCIOBHOM
obecrieueHn rpaduka MpUOBITUS U OTHpaBIie-
HHS NAaCCaKUPCKUX IMOE3/I0B CIENyeT CUUTATh
COOMIOICHE HEPABEHCTB IS KaXKI0T0 U3 TAKUX
pac
pacyetnbix neprozios (T, ) (2):

S
i=1f < 1
Tpa6 -

pabd
-7

@)

r7e k — o0I1ee KOJTMUECTBO BPEMEH PabOThI JIOKO-
MOTHBA, HAXOJSIIIUXCSI HA BPEMEHHOM OTPE3Ke
pacyeTHOro mepHuoja, BKIIOYas epeHeCeHHbIe
Ha JIaHHBIN pacyeTHBIN MepHoz;

[ — TIOPSITKOBBIH HOMEP pabOTHI IOKOMOTHBA
Ha BPEMEHHOM OTpE3Ke PacueTHOTO MepHoja,
OTIpeZIeICHHBII B BO3pACTAIONIEM TIOpsAKE pac-
TMOJIOKEHHUS HA BPEMEHHOM OCH.

JY 3akimtoyarorcsi B TOM, 4TOOBI B pamMKax
Kax10r0 pacyeTHoro nepuoaa ( 11, ) Gbutn uc-
TMOJTb30BaHbI BCE CBOOOHBIE OT paboThI MpOMe-
JKYTKH BPEMEHH ITyTEM CMEIIICHHUSI TEXHOIOTHYe-
CKH 000CHOBaHHBIX BpeMEH Hauasa paboT MaHe-
BPOBBIM JIOKOMOTHBOM ¢ cocTaamu (7"
B paMKaX pa3pelIeHHOTr0 MHTEpBalia BPEMCHH,
PACTIONIOKEHHBIX JIEBEE HITH IPaBee Ha BPEMEHHO
OCH OT TEXHOJIOTUYECKH 000CHOBAaHHOTO BPEMEHH
Havasa paboT B 3aBUCHMOCTH OT Xapakrepa pa-
0O0TBI (110 MTPUOBITHIO WM OTIIPABJICHHIO).

JAY nomxHBI OBITH BBIMOTHEHBI IS BCEX
pacyeTHBIX MEepPHOIOB. B mMpoTHBHOM ciiydae
ClIeZlyeT MPOBECTH MEpPecUeT C YUETOM Iepe-
HOCa IepBBIX BpeMEH Havaja padoT (1o oTnpas-
JICHUIO) B CMEXKHBIH MPEAIICCTBOBABIIHIA pac-
YEeTHBIN NMEepHOA U MOCIeIHUX BpeMEH Hadasa
paboThl (10 MPUOBITHIO) B CMEXHBIH MOCe-
NYIOUIUNA pacyeTHBI mepuoa. IDTUM MOXKHO
JIOOUTKCS TIepepacipeiesicHus: 00beMOB pabo-
THI JIOKOMOTHBA B PacUYeTHBIC MEPHOMABI, HO
B yiep6 CyMMapHOMY BPEMEHH 3aHSITHI COCTa-
BaMH IPHEMO-OTIIPABOYHBIX MyTeil.

Ananutuyecku Y i pacdeTHOrO nepuoaa
(6e3 pa3pelIeHHOTo CMEIICHUS TEXHOIOTHUCCKU
000CHOBAaHHOTO BPEMEHHU Havaja padoThI C CO-

KynukoBa E. B., MuHakoB 1. A. MeToguka onpeaeneHus paLuyoHanbHOro nopsigka
MCNONb30BaHUA MaHEBPOBbLIX JIOKOMOTUBOB Ha MNacCaXXMPCKOW CTaHLUKU
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Puc. 3. lpumep ebinonHeHust HY u [1Y dns cMeXHbIX pacyemHbix nepuodoe
8 obujem epeMeHHOM ompe3ke [8bINOIHEHO asmopamu].

CTaBOM) TPHHMMAET BHIL 3):
1
tﬂampaﬁ _tﬂampaﬁ <1 Vn =k7k_17---~1, (3)
n+l n

pab __ rpac
e tk+1 _T;tep
PaccmoTrpum npumeps! BeinosHeHuss HY

pad — 2
u JIY mpu t. 30 MuH? I OBYX CMEXHBIX
pacuy€THBIX MEPHONOB Ha OOIIEM BPEMEHHOM

otpeske B 600 muH (puc. 3).

Tepsbiit pacuérabiii nepuox (1, ) :

150
k=5, neobxomumoe ycnopue Y = —— = 0,625
240
_5 L—l
> 240-210
=, L—w y .
n * 510-210 , AY He BBIIONHSETCS;
30
320 —05;
"3 lo-1s0
_2 L—l
5 1s0-120
30
=1, ———=0,5
5 120-60
Bropoii pacuérabiii nepuon ( 1,0) :
k=7 0 —@—0 75
=7, neobxommoe yeaosue ¥ = =0,
_6 L—l
% 600-570
_5,— 0 ___y5. :
n=>5, 570-550 ; Y He BBIMOTHACTCS;
4, 2 -6,
550-500
_3 L—IS y .
n=3, <00 _ag0 =" ; JIY He BBIIIONHSETCS;
=2 L—l
7% 480450
30

=1, ———=0,467 .
"7 450-380

Hespmonaenue 1Y (6e3 pa3peiieHHOro cMe-
IIEHUSI TEXHOIOTNYECKH 000CHOBAHHOTO BPEMEHH
Havana paboThl C COCTaBOM) HE O3HAYACT, YTO

2 Jlnst pelueHust mpuMepa NPUHUMAETCS! Clly4aiHOe BpeMst
C IENTbIO POBEPHTH X0 PaCYETOB.

®  Mwup TpaHcnopTa. 2024

MaHEBPOBBII JIOKOMOTHB HE BBIIIOJIHUT PaboTy
B JIaHHOM PacyeTHOM Iiepuose. ITo OyJaeT BO3-
MOXKHO, €CJIY Pa3pelliTh CMEICHHE ITPU YCIIOBUH
yBemuueHus Bpemenu 3auatus [1011 cocraamu.

[penrmonoxm (B paMKax JaHHOM JIOKaJIbHOM
3aJ[a4u), 4TO JIOMYCTHUMO HEOrPaHHMYSHHOE YBe-
JIMYEHUE BPEMEHH 3aHATHUS MPUEMO-OTIIPaBOU-
HBIX yTel cocTaBaMu (T.€. X 3arpy3Ka HeOOoIb-
LIasi ¥ HE SIBJISETCS JIUMHUTUPYIOLICH ).

Hcnonp3oBanue (MM HEBO3MOXKHOCThH HC-
TI0JIb30BaHMs1) CBOOOTHBIX HHTEPBAJIOB BpEMEHH
JUTS. BBITIOJIHEHHSI MaHEBPOBBIM JIOKOMOTHBOM
paboThI B pacUeTHBIN TIEPHO]] 3aBUCHT OT:

— 33JJaHHOTO PACIIUCaHHsI TPUOBITHS U OTIIPAB-
JICHHSI TACCAKUPCKUX MOE30B Ha / CO CTAHIINM;

— [OCJIEA0BATEIbHOCTH PA0OTHI B 3TOT IIE€PHU-
0]l C M0€3/]aMH T10 MPUOBITHIO U OTIIPABJICHUIO,
T.K. BO3MOXKHOCTh CMELICHUsI OT TEXHOJIOTn4e-
CKH 000CHOBAaHHOI'O BPEMEHH pabOThI C COCTa-
BOM B 3THX BapHaHTax pPa3jiMyHO (BIPABO WMJIH
BJICBO HAa BPEMEHHOM OCH).

Torna 3ama4a o BBINOJIHEHHH MaHEBPOBBIM
JIOKOMOTHBOM CBOEH pabOThI CBOJMTCS K pellie-
HUIO 3a]]a9¥ HAX0XKACHUSI MUHUMYyMa JIMHEHHOH
(GYHKIMU TIPH 33J]aHHBIX OTPAaHUYEHHSIX B BULE
paBeHCTB U HepaBeHCTB. [locTaBuM 3Ty 3a1ady.

YcoBHbIE 0003HAYCHUSL:

1 — KOJIMYECTBO MACCAXHUPCKHUX MOE3/10B
B paccMaTpHBaeMOM I€PHOJIC BPEMEHHU;

m — KOJIMYECTBO MPOYMX MOE3/10B, TPEOYyIO-
HIMX 00CIYKHBaHUSI MaHEBPOBBIM JIOKOMOTH-
BOM;

#” — BpeMs IPUOBITHS i-TO TIACCAKUPCKOTO
1oe3/ia Ha CTaHIHMI0 (OTCYET BPEMEHH MOXKET
BECTHUCH C JIF000 BpEMEHHOM TOUKH). J{nurennb-
HOCTB PaCYETHOTO ITEPHUO/IA MOKET OBITh JI000H
(i — nopsaKoBbIit HOMep (YCIIOBHBII) Mmoe3aa B
PacYETHOM MEPUOIE);

™ — BpeMs OTHPABIEHHS i-TO TACCAKUP-
CKOI'0 MO€3/1a CO CTAHIIMU IO PACIIUCAHHUIO;

t ¢ BpeMsi YOOPKH (IIepECTaHOBKH) COCTaBA
[-TO TIACCAKMPCKOTO T0e3/Ia C TIPUEMO-OTIIPABOY-
HBIX ITyTeH Ha ITyTH SKUIUPOBKH (OTCTOS ), BKITIO-
Yasi BpeMsl [Iepe/IBUKEHHsI JIOKOMOTHBA 10]] COCTaB
1 BO3BpAILICHHE €r0 HA MECTO CTOSIHKH, BpeMsl Ha
MepeCTaHOBKY MOYTOBO-0arakHbIX BaroHOB

KynukoBa E. B., MuHakoB 1. A. MeToguka onpeaeneHusi paLuyoHanbHOro nopsigka
WUCMOJIb30BaHUA MaHEeBPOBbIX JIOKOMOTUBOB Ha NacCaXUpPCKOM CTaHLUU




K MECTaM TIOTPY3KU | BBITPY3KH (TIp HEOOXOAH-
MOCTH) ¥ BpeMsl Ha Noi()OpMUPOBAHHIE COCTABA
IIPU IOCTAHOBKE Ha MPOCTOMH;

1 _ Bpemst noxaun (EPECTAHOBKH) CO-
CTaBa i-ro MacCa)KMpCKOro moesna ¢ myTel
OTCTOS Ha IIPHEMO-OTIIPABOYHbIE Y TH, BKIIIO-
Yasi BpeMsl NepeIBUKEHUS JJOKOMOTHBA TIOX
COCTaB ¥ BO3BPAILICHHUE €T0 HA MECTO CTOSHKH,
BKJIFOYasi BpeMs Ha IPULENKY IMOYTOBBIX
u OaraXHbIX BaroHOB B COCTaB MAaCCaXUp-
CKOTO T0€3/1a M NoAGOpMUPOBAaHNE COCTaBA
TIPH €TO NEPECTaHOBKE C IIyTeH OTCTOS;

177" _ hemsi paGOTHI IOKOMOTHBA C IIPH-
OBIBAIOIIMM ITOYTOBO-0araXHeIM COCTaBOM,
BKJIIOYAsl BpEMsI [IePEABIKESHHUS JIOKOMOTHBA I10JT
COCTaB W BO3BpAIEHHE €TI0 HA MECTO CTOSIHKU
10 TIPUOBITHIO TTOE311a;

100 pacnucaHHe COOTBET-
CTBEHHO NPHOBITUS U OTHPABJICHHS i-T'O IOYTO-
BO-0arakHoro Ioe3/a;

(OO A MeHbIIee Ha YNCIIOBOM
ocH (camoe paHHee) TEXHOJIOTHIEeCKH 000CHO-
BaHHOE BpeMs Hayajia paboThl C i-M MOYTOBO-

Oara’xHbIM TIOE3I0M TIOCJIE ero MPUOBITUS (4):
tnaw.paﬁ n—06 no npub _ tnp n—o6 + tmexn npué n—o

’ =1, ’ ; “
mext npu6 n—6

rae — TEXHOJIOTMIECKH HEOOXOIMMOEe
BpeMs OT MOMEHTA MPHOBITHS i-TO HOYTOBO-
6ara)xHoro 1moesza 10 MOMEHTa Hadasa paboThl
C HUM MaHEBPOBOTO JJOKOMOTHBA;

177" 0 _ ppensi pabOThI TOKOMOTHBA C [T0Y-
TOBO-0ara)XHbIM COCTAaBOM, BKJIIOYas BpeMs
NepeIBIKCHHUS JIOKOMOTHBA II0]] COCTaB M BO3-
BpAIllEHHE €ro Ha MECTO CTOSIHKU HPH OTIIPAaB-
JICHUH [10€3/1a;

(PO IOOOY o iGOMIbILee HA YHCIOBOI
ocH (caMoe T03/1Hee) TEXHOIOTHYECKH 000CHO-
BaHHOE BpeMs Hayajia paboThl C i-M MOYTOBO-

Oara’xHbIM TIOE3IOM TI0 €TO OTIPaBIeHUIO (5):
timm pab n—6 no omnp — tiam n-6 _ timexn omnp n—6 , (5)
e 1"’ TeXHONOTMYECKH HEOOXOIUMOE
BpeMs OT MOMEHTa OKOHYaHUS PadOTHI C i-M
MOYTOBO-0ara)kHbIM MOE37I0M IO MOMEHTa €ro
OTIIPaBJICHUS;

PO aMeHblIee HA YUCIOBOI OCH
(camoe paHHee), TEXHOIIOTHIECKH 000CHOBaH-
HOE BpeMs Hadalio padOTBI C COCTAaBOM i-TO

TTacCaXUPCKOTo moe3aa Impu NePeCTaHOBKE €ro

c I1OI1 (6):
Hau pab npub __ ,np 8vicad
T g g ©)
bica
rae t,- — BpPEMsA BBICAJIKH IMTACCAXKUPOB U3

COCTaBa i-T0 MacCaKUPCKOTo 1oes/a (Ipu ycio-
BHH, YTO OHO SIBJISIETCS JIMMHUTUPYIOLIUM IO
OTHOIICHHIO K MapajieNIbHO BBHIIOIHIEMBIMU
C COCTaBOM TEXHHUYECKHMH OTIEPALIMSIMN);
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tnau pab omnp

’ — HanOoJbIlIee Ha YUCIOBOH OcH
(camoe mo3/HEE) TEXHOIOTHIECKH 000CHOBAH-
HOE BpeMs Hadasia paboTHI C COCTAaBOM i-TO
MTaCCAKMUPCKOTO T0E3/1a T10 IIEPECTaHOBKE €T0 Ha
IIPUEMO-0TIpaBOYHbIC IyTH (7):
tina't pab omnp — t[om _ tinocad _ timexn , (7)
rae " — Bpems IOCAIKU MACCAKUPOB B CO-
CTaB i-TO TACCa’KMPCKOTO TT0E3/1a;

1™ —TexHONOTMYECKH HEOOXOIMMOE BpeMsl
OT MOMEHTa OKOHYAHUS MOCAIKU MaCCaKUPOB
JT0O MOMCHTA OTIIPABIICHHUS.

Kpome Toro, ecnv Ha CTaHIIMHA MOTYT OBITH
BpaxIcOHOCTH TPH TMEPEMEIICHUU COCTaBOB
C TIPUEMO-OTIPAaBOYHBIX ITyTeHd U 00paTHO, UX
HEOOXOIMMO YYUTHIBATH B Ka4€CTBE JOMOTHU-
TEIBHOTO BpeMEHHU OkumaHus (8):

Ty = M Jaie ®)
Hanpuwmep, npu ., =0,2uac |
hepec 0’1
M ]= 0,075+ [Wope =0,575W

ECn Yoo =08, To M[ 1% ]=0,46
T, =0,092 gac = 5,5 mun.

Ectn Yyepee =07, 10 M| 1 ]=0,4025 ,
T =0,08 uac = 4,8 muH.

Ecmn W, epec = 0,76, o M[l’l::pec:| =0,437,
T =0,087 wac = 5,2 mum.

JanHoe Bpemsi B ciiydae HEOOXOMUMOCTH
ClleyeT YYUThIBaTh MPH pacyere oOLIero Bpe-
MEHH MePEMEIICHHS COCTABOB.

IMokasaresu paboThI OTAEITBHO B3STON «CHCTEMBI
00CITy>KMBaHHsD», IO KOTOPOH MOHMMAETCS Tepe-
JIBIDKEHHIE COCTABOB C IIPHEMO-OTIPABOYHBIX IyTeit
¥ 00paTHO NpH 3HAYUTEIILHOM 3arpy3Ke MapLIpyTOB
JIBIDKECHUSI, MOTYT OBITh PACCUMTAHBI 110 METOIHKE,
mssoxeHHol B [10-12] muddepentmpoBanHo st
Pa3TIYHBIX BPEMEHHBIX TIEPUOIOB B 3aBHCUMOCTH
OT 3arpy3Ki MECT [IePECCUCHHS MAPILIPYTOB, BKITFOUAst
TIEPUOIBI «CBEPX 3arPy3KM», T.€. KOI/a HOTPeOHOCTH
B HCIIOJIB30BAHHH TAKUX MECT TPEBBIIIAOT KX TIPO-
ITYCKHYO CIIOCOOHOCTB (9):

0,1(1+0,75¢/7
%WW«,”F“O SV 0,8
2AWiepee = Yapee + 0,221+ 0,751,)
M= o
20(2 e =1, 75, +0,77)

e
’xan

pu0,8<y,,, <1

,(9)
F15(We =239 +1,32),
npul <y, <12
rae M[n,ff"“] — MaTeMaTHYE€CKOE OXUJAHUE
(cpemHee KOTM4eCTBO) COCTABOB MMACCAKUPCKHUX
MI0€3/I0B, OXKHJIAFOIIUX JIOTIOJTHUTEIBHOE BpEMs,
CBSI3aHHOE C BPaXJIcOHOCTbIO;
W e — KOIDOHUIIMEHT 3arpy3KH «CHCTEMBI
o0cyuBaHUsD) (BpaKA€OHBIX MapIIPyTOB Iie-
PEIBIDKEHUS COCTABOB);
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nepec <
L.n — CPElHee BpeMs 3aHATHs BPaXaeO- HHIO MHHMMYyMa LIeJIeBOM (pyHKIMH NP OrpaHHU-

HOTO MapuIpyTa MpH MepeIBIKESHUN COCTABOB,
yac.JJTuTeNbHOCTh Tepuo 0B AU PepeHIUPO-
BAaHHOTO pacyera MPOAOKUTEIBHOCTH OXKH-
JaHUsS EPECTAHOBKU MOMKET OBITh MEHBLIC
pacYeTHBIX MEepUOJOB PabOTHl MAaHEBPOBBIX
JOKOMOTHBOB B 3aBUCHMOCTH OT M3MCHCHHS
HWHTCHCUBHOCTH 3aHATOCTH MapLIPYTOB C Bpa-
XKAeOHOCTSIMHM U OTpeessieTcs Ui KOHKpET-
HBIX MAaCCAXUPCKUX CTAHIIMH.

[TocraBuM 3aady 1711 OAHOTO MaHEBPOBOTO
JIOKOMOTHBA.

JIOKOMOTHB JTOJDKEH 3a paccMaTpUBacMbIH
TIEPUOJI BpEMEHH BBINIOJIHUTH paboTy 110 yoopke
(mepecTaHoBKe) (1) MACCAKUPCKUX COCTABOB HA
ITyTH SKUIHUPOBKHU (OTCTOSI), 1O Tofade (Iepe-
CTaHOBKE) MX Ha MPHEMO-OTIPABOYHBIC MYTH,
BBINOJIHUTH paboTy ¢ (7) TOYTOBO-0araxHBIMH
110€31aMH T10 MTPUOBITUIO U OTIIPABJICHUIO.

IIpn 3TOM CymMMa OTKIIOHEHHH (paKkTHYECKH
peanu3yeMbIX BpeMEH Havajia padoThl C cocTa-
BaMHU OT JUKTYEMBIX TEXHOJOTHYESCKUMH IMPO-
eccaMu paboThl ¢ COCTaBaMU MacCaXUPCKUX
1 TI0YTOBO-0arakHbIX MOE30B U PACHHCAHUSIMH
UX MPHOBITHS W OTIPABJICHUS JOJKHBI OBITH
MHHUMAJIbHBIMH, YTO 00ECIIEUUT ONITUMAJbHBIH
0aJaHC 3aHATOCTH IPHEMO-OTIIPABOYHBIX Iy TeH
1 ITyTeH 0TCTOS pH O€3yCIIOBHOM BBIITOJTHEHUH
3aJjaHHOTO 00beMa PaboTEHIL.

Taxum 06pasom, taHHas 3a/1a4a SBISIeTCS 3a71a-
yell IMHEIHOTo IPOrpaMMHUPOBAHUSI ITO HAXOXKIE-
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YEHUAX TUIA PABEHCTB U HepaBeHCTB [13; 14].

OTCcyTCTBHE pELICHUS 3TOW 3a/ladu IpH 3a-
JIAaHHBIX HCXOIHBIX JAHHBIX OyIET rOBOPHTH
0 HEBO3MOXXHOCTH BBINTOJIHEHUS 3aJaHHOI'O
00beMa padOoTHI TSI JIOKOMOTHBA IPH (PUKCHPO-
BAaHHOM paCIIMCaHUH.

[IpencraBuM 3ajady MaTreMaTH4ecKd MpPH
TIPUBEJICHHBIX BBIIIE 0003HAYCHUSIX.

Beenem Hymepanmio BpeMEH Havasia paboThI
C IpHUOBIBAIOIIMMH M OTIPABILIIOIIMMUCS TTacca-
SKHPCKUMHU U TTOYTOBO-0araKHBIMH 1moe3amu [ 15].
3neck U ganee moj i-M IPHOBIBAIOIINM (OTIpaB-
JISTFOIIMMCST) TI0e37IoM OyZieM MOHMMAaTh He KOH-
KPETHBII COCTaB MOE3/1a, KOTOPBIX MPUOBIBACT HA
CTaHLMIO (OTHPABJIAETCS CO CTAHLMM), a MOe3,
KOTOPBIH MPHOBIBACT Ha CTAHIMIO (OTIIPABIISETCS
CO CTaHLIMN ) TI0 i-O1 «HUTKE» M 0OCITY>KMBaeTCsl Ha
CTaHIMU B COOTBETCTBUH C IPHHSTOM TEXHOJIOTH-
i1 pabOTBI € T0E30M, IPHOBIBAIOIINM Ha CTAHLIHIO
(OTHPABIISFOIIMMCS CO CTAHIIMH) 10 KOHKPETHOMY
Ha3HAYCHUIO i-OM «HUTKI» IpaiKa JIBIKEHHUS.
OTcueT MOYKHO BECTH C JII0O0T0 MOMEHTA B COOT-
BETCTBHH C TEUCHUEM BPEMEHH.

HeusBecTHBIMH (MCKOMBIMH) BEITHYMHAMHU
B 3a7a4e OyayT SBIATHCS (PAKTHUECKH PEKOMEH-
JIOBaHHBIE BpEMEHa Havasa paboThI C COCTaBaMHU
MacCaXKUPCKUX W TOYTOBO-OArakHbIX ITOE3]0B
(puc. 3).

OO01iee MUHUMAJIBHOE YHCIIO HEM3BECTHBIX
paBHO (2 m + 2 n) B 3aBUCUMOCTH OT BEJTMUUHBI
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paccMarpruBaeMoro Nepuosia BpeMeHH, TO €CTh
X,1= 1,...,2 (m+n) (31€Ch NPUHATA HyMEPALHS,
oTpezieIeHHast BBIIIE).

OrpaHuueHUSIMH B 3a/1a4e OymyT:

1. lnst Bcex BpeMEH, ONPEEIISIONINX BpeMs
Havyayia padoThl MaHEBPOBOTO JIOKOMOTHBA 10
ybopKe COCTaBOB NMacCaXKUPCKHUX IOE3]I0B
C TIPUEMO-OTIIPaBOYHBIX ITyTei (10):
t[ﬂa'{ pat nput X, < tiﬂaw pat npu6 ", A, (10)
r1e A — MakCUMaJIbHO BO3MOXHBIH (yCTaHOBJIECH-
HBII BOJIEBBIM ITOPSIIKOM MJTH APYTUMH COOOpa-
JKCHUSIMU) MHTEPBAJI BpEMEHH, B TEYEHUE KOTO-
pOro cocTaB JIOJDKEH OCBOOOIUTH IMPHUEMO-OT-
NPaBOYHBIC MYTH. DTa BEJIMYHHA MOXET OBITh
ycTaHOBIIeHa MU GEPEHIIMPOBAHO [T Pa3IIny-
HBIX BPEMEHHBIX OTPE3KOB MJIM ISl KaXJIOTO
10€3/1a B 3aBUCUMOCTH OT (haKTUIECKOH 3aHTO-
CTH IIyT€H OTCTOSl B TE€ WJIM MHBIC NEPUOIBI
BPEMEHH.

2. /1511 Bcex BpeMEH, OIpeeIIoInX BpeMst
Hayaia padoThl MAaHEBPOBOT'O JIOKOMOTHBA IO
rojiaye cocTaBa MacCaXXHUPCKOro Ioe3na Ha

npueMo-oTipaBoyHsle myTH (11):
timq pat omnp _ Al <x < timq pas omnp , (11)
rae Al — MakCUMalTbHO BO3MOXKHBIN (yCTaHOB-
JICHHBIH BOJICBBIM MTOPSIAKOM HIIH IPyTHMH CO00-
PpaKeHHUSIMH) HHTEPBAJ BPEMEHH, 01Ty CKarOIINi
3a0J1arOBpeMEHHYI0 IEPECTaHOBKY COCTaBa
C IYTH OTCTOS (IKUIMPOBKHU) JUISI TTOCIEAYIO-
IIET0 OTIPABJICHHS CO CTAHIMU. DTa BEMUMHA
TaKXe MOXKET OBITh ycTaHOBIIeHA AU PepeHI-
POBaHO B 3aBUCHMOCTH OT (pakTHUeCcKOW 3aHs-
TOCTH IPUEMO-OTIIPABOYHBIX ITyTEH, a TaKKe
pacrucaHus IPUOBITHS U OTIIPABIICHHUS TI0E3/I0B,
B TIEPBYIO 04YEpEb TPAH3UTHBIX.

IIpunsaroe npu pacuerax 3HaueHue A = 0
v win A = (0 O3HAYAET, YTO BBUJY MIIOTHOU
3aHATOCTH IIPUEMO-OTIPABOYHBIX IyTeH (ITy-
TeH OTCTOS) OTKJIOHEHHE OT TEXHOJOTHYE-
ckoro rpaguka paboTHl ¢ cOCTaBaMHM Ilacca-
JKUPCKHX TOE3/10B HE JIOIyCKaeTCs.

3. Jln4 Bcex BpeMEH, ONPEAESIIOIUX BpeMs
Havasa paboTbl MAaHEBPOBOT'O JIOKOMOTHBA C ITPH-
OBIBIIIMM TIOYTOBO-0ara)xHeIM moe3nom (12):

12)
rjae A, — MaKCUMalnbHO BO3MOXHBIH (yCTaHOB-
JICHHBIH BOJIEBBIM MOPSIAKOM MU IPYTHMH CO00-
paXEHUSMH) MHTEPBAJ BPEMEHH, B TCUCHHE
KOTOPOT0 IO/DKHA OBITh Hauara pabora C mou-
TOBO-0Ara)KHBIM IMOE3I0M I10 MTPUOBITHIO.

4. JInst BceX BpeMEH, OMPEEesIFOIINX BpeMst
Hayasia paboThl MaHEBPOBOIO JIOKOMOTHBA IO
(hopMHpOBaHHIO, TEPECTaHOBKE COCTaBa I0Y-

Hau pab n—6 npub
t
i

< xi < tiﬂalt pab n—6 npud + Az ,
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TOBO-0ara’xHoro mo€saa npu €ro OTImpaBJICHUN
Ha ctaHuu (13):

Hau pab n—6 omnp Hau pab n—6 omnp
t ~A, <X, <t

i , o (13)
rae A, — MaKCMMaJIbHO BO3MOMKHBIN (yCTaHOB-
JICHHBIH BOJIEBBIM ITOPSIIKOM HIIH IPYTHMH CO00-
paXXeHUSIMH) HHTEPBAJI BPEMEHH, JIOITYCKAIOIINH
3a0JaroBpeMeHHOE Havaio paboThl ¢ TOYTOBO-
OarakHbIM ITOE37I0M IO OTIpaBieHuI0. [losicHe-
HUS K BEMYMHAM A u A | B TIOJIHOM MEPE MOTYT
OTHOCHUTBCS U K BEMUMHAM A, u A .

5. st Bcex BpeMEH, ONpeessIIOLIMX Hadallo
TEXHUYECKOTO0 OOCITY)KMBaHUS, CMEHBI OpUraj
MaHEBPOBOTO JJOKOMOTHBA (14):
tmc obca — tua-f oben + Cj, (14)
rae C, — QUKCHPOBAHHOE BPEMS BBINOIHEHHUS
TEXHHYECKOTO 00CTYKUBAHUS, CMEHBI JIOKOMO-
TUBHBIX OpHTaI IJI j-Oi OTIeparny.

OTH BeTMINHBI IEPEMEHHBIMHE HE SIBIISTFOTCS,
3aJaHbl KaK UCXOIHAas I/IHq)opMauHﬂ: s oben

B HEKOTOPBIX CITy4asx MOXKET OBITh JAOITYIICHO
HE3HAYNTENBHOE CMEIIICHHE BO BPEMEHH 3HAYCHUH
(4 95¢1 g1 TITHTENBHOCTH CaMOTO OOCITY>KUBAHHIS.

Crenyromas rpymna orpaHHueHNH KacaeTcs
obecriedeHUsS BO3MOXXHOCTH Hadayia paboTh
MaHEBPOBOTO JIOKOMOTHBA CO CIEIYIOIINM CO-
CTaBOM IIOCJIC 3aBEPIICHHS pabOTHI C IPEBITY-
M COCTaBOM.

6. It Bcex BpeMEH, ONPEICTISIIONINX BpeMs
Havyayia paboTsl MaHEBPOBOTO JIOKOMOTHBA CO
CJIEYIOIIMM COCTAaBOM IIOCTIE 3aBEPIICHHUS pa-
OOTHI C MPENBIAYIINM COCTABOM IO YOOpKe
(mepecTaHOBKE) MacCcaXMPCKOTO COCTaBa
C TIPHEMO-OTIIPABOYHBIX MTyTEH HA IyTH 3KUITH-
poBku (otctost) (15):
Xi+ty6 P SXi- (15)

7. Ans1 Bcex BpeMEH, ONPENeNIOINX BpeMs
Havyayia paboTsl MaHEBPOBOTO JIOKOMOTHBA CO
CJIEYIOIIMM COCTAaBOM IIOCTIE 3aBEPIICHHUS pa-
60TBHI ¢ MPEIBIAYIINM COCTAaBOM IIO TOJadue
(TIepecTaHoOBKe) ACCAXHPCKOTO COCTaBa C My-
Tei OTCTOS Ha IPHEMO-0TIIpaBoUHBIE TyTH (16):
Xi+ t1'10;(i S Xi+l' (16)

Orpanndenus 6, 7, 8 u 9 obecrneunBaror
HEOOXOANMYIO «Pa3pesKeHHOCTRY B paboTe TOKO-
MOTHBA.

8. 151 Bcex BpeMEH, OTIPEeNSIONTINX BpeMs
Havyayia paboTsl MaHEBPOBOTO JIOKOMOTHBA CO
CJIEYIOIIMM COCTAaBOM IIOCTIE 3aBEPIICHHUS pa-
0OTHI ¢ MPEOBIAYIINM COCTaBOM (ITOYTOBO-
OaraxHbIM) 10 TTpUOBITHIO (17):

X, + tipa6n—6npn6 <X, (17)

9. /1 Bcex BpeMEH, ONpeICIISIONINX BpeMs
Havyayia paboTsl MaHEBPOBOTO JIOKOMOTHBA CO
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Ta6auua 1

Pemenne npu A =10

x,20, x,<10

x;280, x,<80+10, x; —x,>20;

X, <240-20=220.

X,265-10 x,<65, x,-x,>20;

x,2110-10, x,<110 | x, —x;>20;
X,2120 ) x,<120+10, x5 —x,>20;
X2140 | x,<140+10 | x, —x;>20;
x,2175-10 | x, <175  x, —x,=20;
X;2190-10 | x,<190 | x, —x,>20;

x, =0
X, =60,
x, =80,
x, =100 |
x5 =120,
Xs =140 |
x, =170
X =190

CIIEYIOIIMM COCTABOM IOCIIE 3aBEPLICHUS pa-
0OTHI ¢ MPEeABIAYLUIMM COCTAaBOM (IIOYTOBO-
GaraxHbIM) 110 otnpasienuto (18):

pab n—6 omnp
X+ <X (18)
10. [lmst Bcex BpeMEH, ONMpPEIeISIOMHUX

BpeMs ITepe/ HadaJloM TEXHUIECKOTO 00CITy KH-
BaHUs (CMeHBI Opuran) mokoMotuBa ((h-ma 19):
X, +tf a7 (rpud)omnp T . (19)

Orpanndenne 10 aHamoru4HbIM 00pasoM
(xax ¥ Bce OTpaHUYEHHS 3TOHM I'PYIITBI) OTIpee-
JSIET BO3MOXKHOCTB 3aBEpIICHHs pabOTHI ¢ COCTa-
BaMH JI0 Havaja TEXHOJIOTHYECKOTO TepephIBa
B paboTe JIOKOMOTHBA.

PaccMoTpuM KOHKPETHBIHI IPHIMEp, COOTBET-
CTBYIOIIMH OOIIEH cxeMe MPHUOBITHS U OTIPaB-
JICHUS! TTOE3/]10B, IPUBEAEHHON Ha pHC. 4.

Hcxonapie JaHHBIC:

1 =1 i=2,... ., 8 — 20 mun.
Pacuer mpusenen mpu A=A =0, 5, 10 mun.

170" 0 = 60 MuH.,

TP =240 MuH.

nep

IIpu >ToM hopmanbHas 3arpy3ka MaHEBPO-
BOTO JIOKOMOTHBA paBHa 0,83, a BpeMs Herocpe-
CTBeHHOU paboTsr 200 MUH.

AHaTUTUYECKH KPUTEPHI TaHHON 3amadn
nMmeeT caenyromui Bux (20):

f(x,i=1..2(m+n))=
> (—x,.+t[‘”"”""°’””" )+
PY (e )

ieM,;
rae M| | — IOAMHOKECTBO HaTypalbHBIX YHCEI,
OTIPEACIIAIOUINX B YUCIIOBON MOCIIEA0BATEIBHO-
CTH HOMepa paboT MaHEBPOBOTO JIOKOMOTHBA I10
110Jaye COCTAaBOB MACCAKUPCKHUX IOE3]0B Ha
IIPUEMO-OTIIPaBOYHBIE ITyTH U PaboT C IOYTOBO-
0araxxHbIMH MOE34aMH 110 OTIPABICHHUIO 32

(20)

pacyeTHbIH epHo;

M, — mOAMHOXECTBO HATYpaIBHBIX YHCEI,
OIPEETAIONINX B YACIOBOH OCIEA0BATEIBHO-
CTH HOMepa paboT MaHEBPOBOTO JIOKOMOTHBA 110
ybopKke cOCTaBOB MAacCaXXUPCKHUX IOE310B
C IIPUEMO-OTIPABOYHBIX ITyTeH U padoT ¢ 1moy-
TOBO-0ara>kHBIMM MO€37]aMU 110 IPUOBITHIO 32
pacueTHBbI nepuos.

B nannom npumepe (21):

_ nay pab omnp
S (o)
i=2,4,78

S 3 (e )

i=1,3,5,6

2]

=min

tlmw pag npu6 _ 0 ; tzua-t pad omnp _ 65 ; t;‘“ pag npu6 _ 80 ;

t:al«pa&amnp — 1 10 ; tsna-«paﬁ npu6 — 120 ; tguwpaénpu& — 140 ;

gty _ 75 ¢ pretredomy _ 19

T,'::; = 240 muH.

Orpanmuenns npu A = 10:

X, 20;

X, 20,%x,20,x, <A;

X,>265-A,x,<65,x,-x,=20;

X, > 80, x, <80 + A, x, —x,>20;

x, = 110 - A, x, <110, x, — x,2 20;

X, 2120, x, <120 + A, x, —x,> 20;

X, > 140, x, <140 + A, x, — x,> 20;

x, =175 - A, x, <175, x, —x,2 20;

xg = 190 — A, x, <190, x, — x, > 20;
X, < 240-20 = 220.

Kputepmii:
(65 -x)) + (110 —x,) + (175 - x,) + (190 — x,)
(-0+x))+ (=80 +x,) + (~120 +x,) + (~140 + x ).

IIpuBenEHHBIN BUI KpUTEPUS U OIpaHUYE-
Huii (TIpH PUKCUPOBAHHOM 3HAYEHHUHN BEJTMYHHBI
A ¥ KOHEUHBIX 3HAYCHUSX KOHCTAHTHI):
min: X, — X, + X, — X, + X, + X, — X, — X, + 200.
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Taoauna 2

Pemenne npu A = 10.
x20, x,<10

X, <200-20=180 .

X,265-10 ) x,<65, x,-x,220;

X280, x,<80+10, x; —x,>20;

x,2110-10 | x,<110 , x, —x;>20;
x52120 ) x,<120+10, x;—x,>20;
X2140 | x,<140+10 | x,—x;>20;
x,2170-10 | x,<170 | x, —x,>20;
Xg2190-10 | x,<190, x; —x,2>20;

x, =0
X, =60
x, =80
x, =100 |
x5 =120,
X, =140 |
x, =160 |
Xxg =180,

il

Pemenue npuseneHo B Tabnuue 1.

MuHMMabHOE 3Ha4eHke Kputepust: min /= 20.

HocrarouHoe ycioBue 0e3 pa3pelieHus
caBmkkH (A = 0) ve BemonHsercs. [Ipu paspe-
IIEHHOW CABMXKKE A = 5 pelleHue 3aJauu Ipu
3aJlaHHBIX MCXOAHBIX JTaHHBIX TAKXe OTCYT-
CTBYET.

V3MeHHM HCXOAHBIE NaHHBIE, & HMEHHO
yMeHbIIMM pacueTHbId iepuon: 1, = 200 mun
1 CABUHEM HadaJlo pabOThI C COCTAaBOM OTIIPAB-
JISOLIETOCS ACCAKUPCKOro moesza £ 7 " =
170 muH.

Pemenue npuseneHo B Tabnuie 2.

MunnmaiasHOe 3HadeHne kpurepus: £ = 35.

B ostom ciywae g = 1. )}OKOMOTI/IB pabo-
TaeT B PeXKUME MaKCHMaJIbHOW 3arpy3Ku H JIO-
0oe oro3aaHue Moe31a MOXKET «CIIOMaTh» BECh
rpad MK NpHOBITUS-OTIIPABIICHNU TACCAXKUPCKHUX
II0€37I0B, a BPeMs JONOJHUTEIBHOTO 3aHATHS
IIPUEMO-OTIIPABOYHBIX ITyTEH MacCaKUPCKUMHU
cocTaBaMH Bo3pacTaeT Ha 75 %.

[Ipu paboTe HECKOIBKIX JIOKOMOTHBOB HEO0-
XOOUMO PacHpeleNuTh paboTy MeXAy HUMH
COIJIACHO CIIEAYIOIIEMY aJITOPUTMY:

1.IIpenBapuTenbHO ONMpenenuTh HeoOX0a1-
Moe (TIOTpeOHOE) YHCII0 MaHEBPOBBIX JJOKOMO-
THBOB (22):

DI RD% b
== 22
A0K 1 440 b ( )

I1€e 7 — KOJMYECTBO BCEX paboOT MaHEBPOBBIX
JIOKOMOTHBOB 32 CyTKH;

7" pOROMKMTENBHOCTD i-0H paGoThI
JIOKOMOTHBA;

2T,"" —cymmapHoe BpeMms (3a CyTKH) Tiepe-
PBIBOB B PabOTE MaHEBPOBHIX JIOKOMOTHBOB,
CBS3aHHBIX C OTEpalyeil HX TEXHUYECKOTO OC-
MOTpa ¥ CMEHOM Opuraza (BO3MOXKHO MOTpeOy-
I0TCSl BApUAHTHBIE PACUETHI, T.K. TEXHUYECKHIl
OCMOTP TIPOBOJIUTCS HE KAXIbIE CYTKH).
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2.Bce BpemeHa Hadaa pabOT pa3MEeTHUTh Ha
CYTOYHOU BpEMEHHOM LIKaJIE€ U OCYLIECTBUTh UX
MIEPEHOC MPUMEHUTEIBHO K PACUETHBIM TIEPHO-
JlaM JJIs1 IEPBOTO MaHEBPOBOTO JIOKOMOTHBA (CM.
paHee yKa3aHHBIC TIPAaBIIIA).

3. a1 Ka’KAOTO pacyeTHOro MepHoia Iep-
BOTO MaHEBPOBOTO JOKOMOTHBA Ha OCHOBAaHWUHU
AQHAINTHYECKOTO JOCTATOYHOTO ycioBus (op-
Myna 3) IPOBECTH H3BATHE U pa3MelleHue pa-
0OTBI JIOKOMOTHBA C BPEMEHHOH IIKaJIBI IIEPBOTO
Ha BPEMEHHYO [ITKaJIy BTOPOTO O YCIOBHIO (23):
trfel;ﬁeuaci =max;,_, (ti’.l—al't 0y tilialﬁ - tim e . (23)

Taknm 00pa3zoMm, OCyIIECTBIAETCS MEPEHOC
paboT, HAXO/SIIMXCS B HAOOJIEE «CTECHEHHBIX)
ycnoBHsAX. Takoe mepeMemeHne Al KaKaoro
pacueTHOrO meproaa (OTAEITHHO) MPOM3BOANTE
JI0 TeX MOp, TTOKa He OyZeT BBIIIOJIHEHO aHAJIHU-
THUYECKH JOCTaTOYHOE YCIIOBHE.

4.VtepanioHanbHO POU3BOIUTH NEPEMe-
IIEHHE C BPEMEHHOW OCH JIOKOMOTHBA Ha Bpe-
MEHHYIO 0Ch ITOCJIETYOIIEr0 JOKOMOTHBA JI0 TEX
op, TIoKa paboTHl He OyAyT pa3MenIeHbl OTHO-
CHUTENILHO PABHOMEPHO Ha BCEX BPEMEHHBIX OCSX
BCEX MCIOJIb3yEMBIX IOKOMOTHBOB.

5. PacripeneneHue paboTbl HEOOXOIUMO IO
TBEPXKAATh PEIICHUEM 3a7adu ISl KaKJOTO
JIOKOMOTHBA M AJS KaXAOTO €ro pPacieTHOTO
MepHoia M0 ONPENEICHHOMY Pa3pelICHHOMY
CMEIICHNIO BpeMEH Hadana paboT, CBA3aHHOE
C JOTIOMHUTENBHBIM 3aHATHEM IPHEMO-OTIpa-
BOYHBIX IIyTEH.

*kk

B ycnoBusix 00s13aTeNbHOTO BBIOTHEHHS MaHe-
BPOBBIMH JIOKOMOTHBAMH PabOTHI 110 BEIBOIY IPHU-
OBIBIIMX Ha IPUEMO-OTIIPABOYHbIE ITyTH CTAHIIUH
MACCKUPCKUX TIOE3/I0B M IIEPECTAHOBKE I1acca-
JKHPCKHX MOE3]]0B Ha IPHEMO-OTIIPABOYHBIE ITyTH
Ha OTIIPABJICHUE IPU BBICOKOHM CpPEIHECYTOUHON
3arpy3Ke IPUXOANTCS Mpuoerars K:
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6 # FTONT = 6 rymeii

Puc. 5. BpemeHHas ocb.
— Jlurusi coomeemcmeayem 3aHsmocmu nymeii 6e3 pa3peweHHO20 CMeleHus (ToKoMomue He ebldepkusaem epaghuk);
— JluHusi coomeemcmeyem 3aHssmocmu nymel ¢ pa3peweHHbIM CMeujeHueM (Tokomomue ebidepxusaem 2paghuk).

— OoJjiee mo3HEMY BpeMeHH yOOpKH cocTa-
BOB (II0 OTHOUICHHIO K TEXHOJOTHYECKU 000C-
HOBaHHOMY) C TIPHEMO-OTIIPABOYHBIC Ty TH;

— OoJiee paHHEMY BpPEMEHH MO/Ia4H COCTABOB
(110 OTHOIIICHUIO K TEXHOJIOTHYECKHA 000CHOBAH-
HOMY) Ha [IPUEMO-OTIIPABOYHBIE ITyTH.

OTO NPUBOJUT K yBEJINYCHHOMY (38 CyTKH)
BpPEMEHU CyMMapHOTO 3aHSTHS COCTaBaMu
MPUEMO-OTIPABOYHBIX MYTEH.

Takoe yBennueHue B OTACIbHbIE TIEPUOJIBI
BpPEMEHH MOXKET [TPUBECTH K HEXBATKE IPHEMO-
OTIPAaBOYHBIX MyTEH JJIsl BBHIIOJIHEHHS I'pa-
(huka MpUOBITHS U OTHPABICHUS KaK KOHEU-
HBIX, TaK ¥ TPOXOJAIINX (TPAH3UTHBIX) MOE3-
JIOB.

IToaToMy nocie onpenencHus BpeMEH Ha-
yajna paboThl MaHEBPOBBIX JIOKOMOTHBOB
C KOHEYHBIMH COCTaBaMU HEOOXOAHMMO IpO-
BOJAUTH MPOBEPKY AOCTATOYHOCTH €MKOCTHU
MPUEMO-OTIIPAaBOYHBIX MYTEH, AJIsl BBIIOJIHE-
HHUs 001tero rpaduka MPUOBITHS U OTIIPABIIC-
HUS TACCAKUPCKUX MOE3/I0B Ha CTAHIIMH.

VcXomHbIMH TaHHBIMU ISl TAKOH IPOBEPKH
SIBJISIFOTCSI:

1.[ns paxma yeenuuenus uucia 3aHsamoix
nymeii:

— BpeMs IPUOBITHS TPAH3UTHBIX (IIPOXOIs-
MIMX) U KOHEYHBIX [aCCAKUPCKHUX MOE3/I0B,
CKOPPEKTUPOBAaHHOE Ha BpPEMsl MOATOTOBKHU
MapuIpyTa puema noesja namyts 477" 1"

— BpeMs (PaKTUIECKOro Hadajia paboThl MaHe-
BPOBOTO JIOKOMOTHBA 110 BBIBOAY COCTaBa Ha
MPUEMO-OTIPABOYHBIX MyTel, CKOPPEKTHPOBaH-
HOT'0 Ha BpeMsl 3ae3/1a JIOKOMOTHBA T10]] BBIBO/IU-
MBI COCTaB:

B
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2./{na paxma ymeHvuleHUs Yucia 3aHAMvIX
nymeii:

— BpeMs1 OTIIPaBJICHUS IPOXOIALIMX U KOHEU-
HBIX ACCAXKUPCKUX II0€3]10B, CKOPPEKTHPOBAH-
HBIX Ha BpeMs OCBOOOXACHHS IYTH IIOCIie
Tporanus moesga 4 ",

— BpeMst (haKTUIECKOTo Havasa paboThl MaHe-
BPOBOIO JIOKOMOTHBA 110 YOOpKe cOcTaBa KOHEU-
HOT'O MAaCcCaXUPCKOTOo Moe3/a ¢ MPUeMo-0TIIpa-
BOYHBIX ITyT€H, CKOPPEKTHPOBAHHOTO Ha BpeMs
3ae371a JOKOMOTHUBA I10J] BHIBOAUMBIH COCTaB!
1" (X, +1,,,, ) 1 Ha BpeMs 0CBOOOXKICHHS
IIyTH TIOCJIe TPOTaHMs M0e3/1a.

Bce yka3aHHbIe BpeMeHa HAHOCSTCS Ha Bpe-
MEHHYIO OCh (Ha CyTKH HJIM Ha PacueTHBIH Iie-
pHOI) B BO3pACTAIOIIEM IOPSIKE U Ha rpaduke
oToOpakaeTcsi N3MEHEHNE YNCIIa 3aHATHIX Iy TeH
BO BpeMeHH (¢ marom t = 6 MIH), BpEMEHHasI OCh
NIpUBENICHA Ha puC. 5.

Ecnu B oTmenbHbIE MPOMEXYTKH BPEeMEHH
IpeBbIIIaeTCs 3aJaHHOE YNCIIO MyTeH (B JaHHOM
npuMepe — 6), Torna rpaduk Toxe He OyJeT co-
OMonaTeCs M 3HAYUT HAZO MEHSATH PaclHCaHue
NPHOBITUS-OTIIPABIICHHS [TACCAXKUPCKIX IOC3/I0B.

BblBOAbI

[pemioxeHHas B paboTe METOMKA HAaIPABJIeHA
Ha MareMaTH4ecKylo (GopMalii3aiuio npoiecca
OIpe/iesIeHHs PALMOHAILHOM ITOCIIEI0OBATENBHOCTH
B paboTe MaHEBPOBBIX JIOKOMOTHBOB C COCTABAMHU
MACCAKMUPCKUX MOE3/I0B Ha cTaHImsIX. OHa MOXKET
OBITh HCIIOJIL30BaHA NP PEILIEHUHU LIEJIOro psija
9KCILTyaTallMOHHBIX 33/1a4, B TOM YUCIIE:
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* TIPU KOPPEKTHPOBKE PE3y/IbTATOB pacuéra
KOJIMYECTBA MaHEBPOBBIX JIOKOMOTHBOB Ha I1ac-
CaXHUPCKOM TEXHUYIECKOW CTAHIMU B YCIOBUAX
UX TPEACTBHBIX 3aTPy30K;

* [IPH COBEPIICHCTBOBAHUH H KOPPEKTHPOBKE
pacrucanusi TPUOBITHS U OTIPABJICHHS TMacca-
KHUPCKHUX MOE3/0B MPU HA3HAYCHUHU MACCAKHUP-
CKHX IOTOJHUTEIbHBIX TOE30B B MEPUOIBI
MAacCOBBIX MEPEBO30K;

* MOBBINIEHHS 3 PEKTUBHOCTH pabOThI MaHe-
BPOBBIX JIOKOMOTHBOB C YIETOM HCIIOIB30BAHHS
JOTIOJIHUTEIBHBIX PE3EPBOB, 3aJOXKCHHBIX
B MEPHOJaX OTCYTCTBHUS 3aHSATOCTH MPHEMO-
OTMPaBOYHBIX MyTEH;

* OlIpe/ieNieHHs PE3EPBOB B pabOTe MaHEBPO-
BBIX JIOKOMOTHBOB ITPH BO3MOYKHBIX OTO3IaHHSX
MPUOBITHSI TACCAKUPCKUX TIOS30B HA CTAHIIUIO.

MeTtoauka MO3BONSET peliaTh JaHHbIC 3a71a-
4K KaK (parMeHTapHO B OT/ACNbHBIC TEPUOJIBI
BPEMEHH, TaK U JUIS «CyTOYHOTO OTPE3Kay.

B pabore hopmannzoBaHbl MOHATHS: HEOO-
XOZIMMOE YCJIOBHE H JOCTATOYHOE YCIOBHE BbI-
MOJTHEHHST MAHEBPOBBIMH JIOKOMOTHBAMH 3a,1aH-
HOro o0beMa paboThI, KaK B LIEJIOM, TaK W JJIs
OT/ENBHBIX Hanboee 3arpyKEeHHBIX TIEPUOIOB
B IPUOBITUH M OTIPABICHUH TTOE3I0B.

Hcnonp30BaHue ammapara JHHEHHOTO
MPOrpaMMHUPOBAHUS MO3BOJISET PeIlaTh Kak
KOHKPETHBIE 3a]1a4H, TAK U TPOBOJUTh HCCIIC-
JIOBaHUSI [0 OI[EHKE YPOBHS BIUSHUS Pa3ind-
HBIX (PAaKTOPOB Ha MMOKa3aTenu paboThl macca-
KUPCKUX U MACCAKHUPCKUX TEXHUUCCKHUX
CTaHILIHH, OTIPE/ICNICHUIO PE3EPBOB UCITOJIB30-
BaHUsI MAHEBPOBBIX JIOKOMOTHBOB H HX PAIIHO-
HaJbHOMY HCIOJb30BAHUIO B YCIOBHAX
mpo6eMb e(UIUTA TOKOMOTHBOB MAHEBPO-
BOTO JIBHIKCHHS.
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B KOHUENUUU OUEHKU 3GheheKmUBHOCMU MEXHUKU 8 pamKax
NOMHO20 XU3HEeHHo20 yukna (KL) ebibop modenu — 00uH u3
onpedensirwux hakmopos.

Llenb 0aHHol paboms| 060CHOBaMb NPUMEHEHUE YCOBEPWIEH-
cmeosaHHoU asmopamu MemoOUKU OUEHKU KOHKYPEHmMocnocob-
HOCMU U Kayecmea MeXHUKU NPUMeHUmesbHO K A0POXHO-
CcmpoumeribHbIM MawuHam, npednazaemoll k Lcnob308aHuko Onst
8bibopa MawuH 8 ycrosusx YacmuyHol HeonpedeneHHocmu
u Hedocmamka uHpopmayuu.

B cmambe Memodonoauyecku 060CHO8aHb! BIIOKU OUEHKU
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MexHUKu Ha cmaduu ebIbopa, npugoosmMcs pesyrnbmams| ucciedo-
8aHULl USMEHEHUS CMOUMOCMU AOPOXHO-CMPOUMESTbHbIX MaUH
Ha emopuyHoM pbiHKe 8 Poccutickoli ®edepayuu, npednazaomes
OUEHOYHbIe N00X00k! K ONpedeneHuro kayecmea U pabomocnocob-
HoCmu npodyKyuu, a makxe npusodumcsi Umozosblii aneopumm
C (hopMuposaHuUEM UHMe2pabHOL OUEHKU NO eOUHUYHLIM NoKa3a-
mensim KOHKypeHmocnocobHocmu. Memodonozuyecku npednazae-
MbILi Memod Moxem Bbimb UHMEPECEH NPU OUeHKe Opyaux munos
U KIacco8 MeXHUKU NPU aHao2uUYHbIX YCII08USIX OUEHKU.
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BBEOEHUE

B coBpeMeHHOM 0Te4eCTBEHHOM U 3apyOeiK-
HOM Hay4yHO-HCCJEN0BaTEIbCKON JIUTEpaType
JIOCTATOYHO IIUPOKO PACCMATPUBAIOTCS YACTHbIE
BOIIPOCHI OLICHKU Ka4eCTBa, IPOU3BOAUTEIHHO-
CTH U KOHKYPEHTOCIIOCOOHOCTH TEXHUKH B lie-
JIOM U JIOPOXKHO-CTPOUTENbHBIX MamuH (JICM)
B YAaCTHOCTH.

B paborte [1] cpaBHUBAIOTCS SKOHOMHUYECCKHUE
MOKa3are/Ii MCIOJIb30BAHUS THAPABIMYECKUX
Y KaHaTHBIX JKCKaBaTOpoB B Iiaxrax Poccuu.
YcTaHOBIIEHO, YTO CTOMMOCTb BJIaJICHUSI KaHAT-
HbIM dKckaBaTtopoM DKI'-12K MeHsbIiie 1o cpas-
HEHUIO C TUAPABIMYECKHMHU JKCKaBaTOpaMH.
B paborte [2] pa3paboTanbl nokasarenau 3¢ dhex-
TUBHOCTH KONAHUS THAPABIMYECKUM IKCKaBa-
TOPOM M CO3[]aHO IPOrpaMMHOE OOecreueHue
Ut ux pacueta. B [3] uccnenyercs crparerus
9KCIUTyaTalluy I'PYIIbl MAalIMH Ui OaJlaHCH-
POBKH pacxo/ia TOILIMBA U TIPOM3BOANUTENLHOCTH,
a TaK)Ke OIpe/IeNIeHbl ONTUMAaJIbHbIE IApaMETPhI
JUISl MUHMMH3AIMU KCILUTyaTallMOHHBIX PacXo-
noB. B pabore [4] aHanu3upyercs npuMeHEHNE
JCM s 3aBepiiieHus KPYIHBIX TOCYIapCTBEH-
HBIX TIPOEKTOB, TAKUX KaK HPOEKT UPPUTALIUOH-
Ho#t cuctembl Kaleswaram Lift u mpoekrt
Polavaram. Pe3ynsraTtsl MOHUTOPHHTA PaOOTHI
C KaMEHHBIMHM JIpPOOMIIKAMH M Kapbepamu,
a TaKKe aHaJIN3 TEXHMYECKUX XapaKTepUCTHUK
MaIlIH, [IOMOTal0T ONTUMH3HPOBATH MAPKETHH-
rOBbIE CTpaTeruy MpoJaXh 3KCKaBaTOPOB
U morpy34ukoB. B [5] BeiOupatorcst Haubosee
3¢ GeKTUBHBIC MOICIIH 3eMJICPOHHO-TPAHCIIOPT-
HBIX MAIIIUH IS YCJIOBHE IpyHTOB PecryOmuku
Kazaxcran. HccnenoBanue [6] aHanu3upyer
9BOJIIOLIMIO METOJIOB OLICHKH KOHKYPEHTOCIIO-
COOHOCTH MaIIuH ¥ 000PYIOBAHHSI, BBIBIISS UX
MPUMEHUMOCTb B COBPEMEHHBIX PBIHOYHBIX
YCIIOBUSIX.

B ucciaegoBanum [7] omuchIBa€TCA OMBIT
komnanuu PT Citra Mitra Sehati, 3anumaro-
LICHCS TOOBIUCH [TOJIC3HBIX HCKOIAEMBIX OTKPBI-
TBIM CIIOCO00M B paiione Yiok Kynaii, Benrkyiny,
WNunonesus. McnonbzyeMmoe o00pynoBaHue,
BKJTIOUast 9kckaBarop Dossan Dx 500 u mecartb
camocsaiioB Hino 700, uMeeT BHICOKHH YPOBEHb
M3HOCA, YTO CHHIKAET NMPOU3BOAUTEIBHOCTD
U yBEJIMYMBAET JKCIUTyaTal[IOHHbBIE PaCXOMbI.
HccnenoBanne HanpaBlieHO Ha CpaBHEHHE HC-
T10JIb30BAHUS CTAPOro U HOBOTO 00OpPYIOBaHHS
C Y4E€TOM 3KOHOMHUYECKHX IapaMeTpoB. Pe3yib-
TaThl MOKa3bIBAIOT, YTO HOBOE 00OpyHOBaHHE
6oee 3¢ (GEeKTUBHO B MPOU3BOACTBE, IPH 3TOM
HMMEIOTCSI 3HAYUTENIbHbIC PA3JIMYHs B CTOUMOCTH

00cIy’KMBaHUSl M TPOU3BOACTBA MPOAYKIHA
MEXJy CTapblM W HOBBIM 00OpPYZOBaHHUEM.
B paborte [8] o6cyxknaercst BaXXHOCTh THarHoc-
THUKHU COCTOSTHHSI 00OpPY/IOBAaHHS M yTIPABICHUS
€r0 JKU3HEHHBIM IUKJIOM IS MUHUMHU3AIUU
JIOTIOJTHUTENBHBIX 3aTPaT U BpEMEHH, CBSI3aHHBIX
C HEMIPEABUICHHBIMH NTOJIOMKaMU. AHAIIU3 CTOU-
MOCTH HM3HEHHOTO 11K SKkckaBaTopa 320C 3a
nepuof ¢ 2010 mo 2017 rox no3BosseT onpene-
JIUTH ONTUMAIEHOE BPEMs 3aMEeHBI 000py/10Ba-
HUS U €r0 CTOUMOCTbD BIIAJICHUSI.

B cratbe [9] ocBemeHs! pe3yabTaThl aHAIN3a
TEKYIL[Er0 COCTOSHUS U HallpaBI€HUH pa3BUTUSA
CEKTOpa JI0POKHO-CTPOUTEIHHOTO 000pyaA0Ba-
Hust B Pocenn Ha py6esxe 2023 roma. Hccneno-
BaHue Oa3upyercs Ha U3yUYeHUH CTaTHCTUIECKON
nH(pOpMaINH, a TaKkKe Ha pa3paboTKax, peau-
30BaHHBIX MHCTUTYTOM mpobieM TpaHCHopTa
Poccuiickoit akanemun Hayk, Hayuno-nmpous-
BoncTBeHHOU KoMmmarueit «HTMT» u kadenpoit
aBTOMOOMIBHBIX Topor CaHkT-IleTepOyprckoro
TOCYJapCTBEHHOTO apXUTEKTYPHO-CTPOUTEINb-
HOTO YHHUBEPCHUTETA B Pa3IMUYHbIE MEPUOJBI,
JIOTIONTHEHHBIX CBEACHUSMU, IMOJYYEHHBIMU U3
UHTepHeTa. B cTaTbe nomquepkuBaeTcsl, 4To KIIto-
yeBast MpodieMa OTedeCTBEHHOI OTpaciy J10-
POXHOTO CTPOUTENBCTBA KPOETCS B 3HAUUTENb-
HOM H3HOCE 000pYIOBaHHMS, JOCTUTAIONIEM
50 %, raBHOM MPUYUHON YEro SIBISIETCS HEJO-
CTaTOYHO BBICOKHH yPOBEHb €T0 OOHOBJICHUSL.

ABTtops! paboTs! [ 10] 00Cyxaat0T Ba)KHOCTD
MPOU3BOAUTEIBHOCTH AOPOXKHBIX MAIllUH KaK
KpPUTEpPHs], CBA3BIBAIOLIETO BCE ATAIBI KU3HEH-
HOTO IUKJIa Jopor u mMamuH. MccnenoBanue
HaIllpaBJIEHO HA ONPEAEIECHUE CBSI3H MEXKIY
o0bemMamMu paboT M MPOU3BOANTEIBHOCTBIO J10-
POXKHBIX MaIllWH, UCTIONB3YEMBIX Ha 0OBEKTax.
Ilens craTby 3akiTodanach B aHAIU3€ TEXHUYE-
CKOM, SKCIITyaTannoHHOH 1 (pakTHYEeCKOH Mmpo-
H3BOJUTENBHOCTU MAIIMH ITPH HKCILTyaTal[H Ha
KOHKPETHBIX 00BEKTax.

B crartbe [11] paccmaTpuBaetcs Bopoc 00
3¢ PEKTUBHOCTH HKCILUTyaTalluy TOPOKHBIX Ma-
IIMH, OCHOBHOW aKILIEHT JENaeTCs Ha CHCTEME
TEXHUUYECKOH JKCIUTyaTaluu. B kadecTBe OCHOB-
HOI0 HEJOCTATKa TEKyILEro moaxoja oTMeda-
€TCs OTCYTCTBHE y4eTa 00bEMOB BEITTOTHIEMBIX
padoT Ipu noIepKaHUN TEXHUYECKOTO COCTOS-
HUSI MAIlIMH, YTO CYUTACTCS HEOOXOANMBIM IS
Oonee 3pGEKTUBHON IKCIUTyaTAllMA MAIIWH.
Cratbs [12] HaueneHa Ha BBISIBICHUE CBA3U
MEX]Ty )KU3HEHHBIMY IIUKJIAMH MAIIUH 1 JOPOT.
O6cyxnatorcs (hakTopsl, BIUAIOMNE HA (OPMH-
pPOBaHUE MApKOB JOPOXKHBIX MAIIMH C Yy4€TOM
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0COOCHHOCTEH 3KCIUTyaTal[dd U OOHOBJICHHS
TexHUKH. [Ipe/uiaraercst HOBBIN MoaXox K (hop-
MHPOBaHHIO [TAPKOB MAILIH Ha OCHOBE 00paTHON
CBSI3M MEXAY >XM3HCHHBIM IUKIIOM JIOPOTH
W MalIMHBI, YTO MOXET YIY4IIUTh 3QQEeKTHB-
HOCTb H PallMOHAJIBHOCTh MCIIOIb30BaHUs 000-
PYIOBaHHSI.

B coBpeMeHHOH NMpakTHKE 3KCILTyaTaliu
JIOPO)KHOW TEXHUKH MHOTHE INPEKHHUE 3a]a4u
MOTEPSIIM CBOIO HAYYHYIO 3HAYUMOCTh [ 13]. D10
00yCIIOBIICHO BHEAPSHUEM HOBEHIIIMX HOPMaTH-
BOB, pazsutueM CALS-texHonoruii, BHeape-
HHEM epeJOBbIX CUCTEM MOHUTOPHHTA U YCH-
JUSMU 10 aBTOMATH3alUK POLECCOB pabOThI.
B 31011 CBSI3M BO3HHKAET HEOOXOAUMOCTB B IIepe-
OLIEHKE U CTPYKTYPHPOBAaHUH HAYYHBIX BOIPO-
COB, CBSI3aHHBIX C U3y4YEHHUEM )KU3HEHHOTO [TUKJIa
JIOPO’KHBIX MaliuH. J{yis aHami3a npuMeHsIoTCs
MaTeMaTHYeCKoe MOJEHpOBaHHE, aHaIIU3
BIUSIOUINX (AaKTOPOB M OLIEHKH JKCIIEPTOB.
B o6nacty 1OpOKHOTO CTPOUTENBCTBA AKTHBHO
UCIIONB3YIOTCS OTPACIIeBbIE METOIMKH M CHCTEMa
OPA-TJIOHACC. TlpoBeneHHOE UCCIEOBAHNE
TMOTYEPKHBACT KIIFOYEBBIE ACTIEKTHI COBPEMEHHON
CUCTEMBI XM3HEHHOTO LIUKJA JOPOXKHOM Tex-
HUK{ W BBIICISET ClENUPUKY UX H3YUCHHS.
PexomeHnaluy u BHEPEHNE MOHUTOPUHIOBBIX
CUCTEM B JIOPOKHOW TEXHHKE CHOCOOCTBYIOT
Hay4YHbIM pa3paboTkaM. B crarbe npeoxeHs!
METOIbI PEIICHNs] aKTYaJIbHBIX HAaY4YHBIX POO-
JIeM, YYUTHIBAIOLINE HOBBIE TPEH/IbI B OKCILTya-
TalMU JOPOXKHOU TEXHUKH, YTO CIOCOOCTBYET
OoJiee TOU4HOMY ¥ 0OOCHOBaHHOMY (hPOPMYIIUPO-
BaHMIO HAY4HBIX 3371ad.

Cratbs [14] uccnenyet u3MEHEHHUS B TO-
TPEOUTENIBCKUX KaueCTBaX AOPOIKHO-CTPOU-
TenbHbIX MamuH ¢ 1993 mo 2018 roasl. B uc-
CIIeJOBAaHUU, OCHOBAaHHOM Ha DKCIIEPTHBIX
OLIEHKaX Pa3JInYHbIX UCTOYHUKOB, OTMEYAETCs,
YTO 3a MOCcIeHue 25 JeT U3MEeHWIHCh Tpebo-
BaHMs K MalluHaM, 0COOCHHO IOJ BO3JEi-
CTBUEM SKOHOMHMYECKHX KpU3HCOB. B Havaie
paccMarpuBaeMoro nepuonaa Oosblie IeHU-
JUCh XapaKTEPUCTHKH, CBsI3aHHBIE C (HOpMHU-
pOBaHHEM MapKOB MalIMH U obecreyeHrueM
pabdorocnocodnoctu. C pa3BUTHEM pPBIHKA
CTaJIM Ba)KHEE KayecTBa, onpeaeisiomue 3¢-
(DEeKTHBHOCTH UCIIOJB30BAHUS MAallWH MPHU
pactyuux o0beMax CTPOUTEIbCTBA.

Cratbs [15] obcyxaaeT HEOOXOAUMOCTD
OLIEHKU (P PEKTUBHOCTU IKCILIyaTallud aBTO-
MOOUJIEH B arponpoOMBIIIIEHHOM KOMILIEKCE
(AIIK) u npearaeT MHOTOKPUTEPUAIBHYIO
MoJenb g 3Toil nenu. OCHOBHOE CBOHCTBO
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MOJIENHN — 00OBEKTUBHOCTB, KOTOPAst IOCTHIAETCs
0e3 MCMOJb30BaHUSI IKCIEPTHBIX OIEHOK.
B crarpe [16] Takxke mpeacTaBICHO «AEPEBO
PpeIeH i ISl CHCTEMBI OIICHKH Ka4eCcTBa aBTO-
TPaHCHOPTHBIX CPENICTB, KOTOPOE MOMOTaeT
YIOPSI0YUTH TIOUCK PEIICHHH.

B crarse [17] onuchkiBaeTcss HOBBIN MOAXON
K ONPEACICHUIO TPEANOYTCHUIN MOTpeOuTeNei
IIpY BBIOOPE JOPOKHO-CTPOUTENBHON TEXHUKH
cpenu AOCTYMHBIX Ha pbIHKE BapuaHToB. OH
OCHOBaH Ha NMIPUMEHEHUH OHOW M3 MaTeMaTH-
YECKUX CTPATeruil JUisi MHOTOKPHUTEPUAIbHON
ONTHMU3AINH — METO/1a pallOHUPOBAHNUS — U 3a-
KIIIOYaeTCsl B aHAITM3€ BCEX BO3MOXHBIX KOMOU-
HalWii MPUOPHUTETOB MO OL[EHOYHBIM XapaKTepH-
ctukaM. Vcnonap30BaHUE AaHHONH METOIUKHU
3HAUUTEIBHO YIy4IIaeT MOHATHOCTh U TOUHOCTh
orleHOK. D(Hh(HEeKTUBHOCTh METOAA IEMOHCTPHU-
pyeTcs Ha IpuUMepe aHalinu3a TEeXHHYECKOro
yPOBHSI OyJIbJI03€POB M CPABHEHHH MOITYYEHHBIX
JAHHBIX C OLIEHKAMH, C/ICJTAHHBIMHU C IOMOIIBIO
OJTHOTO U3 KJIACCHYECKHX MTOJXOA0B, — IKCIIEPT-
HOTO KJIAaCTEpHOTO aHaJIK3a 10 3HAYUMBIM 3KC-
TTyaTallMOHHBIM XapaKTEePUCTHKAM.

B cBsI3M ¢ 3TUM HaMU CTaBUTCA CIEAYIOIMIas
yenb TAaHHOTO MCCIE0BAaHUS: TIPEATIOKUTE yCO-
BEpPIICHCTBOBaHHYIO METOIUKY onieHKH JJCM o
TEXHHKO-I)KOHOMHUECKUM [T0Ka3aTeNsIM, TPUTOI-
HYIO JUTSI IPUMEHEHUSI KaK JJIsl TEXHUKH ¢ OJTH3-
KHMH JIO CTEIIEHU CMEIICHUS TeXHUYECKHUMH
XapaKTepUCTUKaMH, TaK U B CIIydyae YaCTUYHOMN
WJIM OTpaHUuCHHON HH(OPMAIIMH O pe3yJibrarax
SKCILTyaTaluy (HOBBIC WJIM CBEXHE MOJEINH),
TaK)ke OTHOCUTEJILHO CBOOOTHYIO OT CYyObEKTHB-
HBIX OIICHOK JIMIIA, IPUHUMAIOIIETO PEIICHHS.

PE3YNbTATbI. MPEANATAEMASA
METOQONOrnA

3a ocHOBY MeToauKH onleHkH JICM 1o Tex-
HHUKO-IKOHOMHUYECKUM IOKa3aTessiM ObLIH
B3STHI METOZ0JIOTMUECKHE TTOIXO/IBI IS JIETKO-
BBIX aBTOMOOMIIEH, pACCMOTPEHHBIE B HCCEp-
tanuonHoi pabore II. . Cmupuosa [18]
1 anpoOUPOBaHHBIE 151 JIECO3aTOTOBUTEILHON
u rpy3oBoii Texuuku [19; 20]. ITporecc moxym-
KU I0PO’KHO-CTPOUTEIBHON MaITIHBI aHAJIOTH-
YeH MHBECTUPOBAHMIO B IPOU3BOACTBEHHEIE
aKTHBBI, YTO OTPakaeT KIIOUeBbIE MHTEPECHI
KOMMEpPUYECKUX CTPYKTYp, HalleJICHHBIX Ha IIPU-
obperenue JICM 11t CBOMX OIEPAI[HOHHBIX
norpeOHOCTE.

OTOT MOAX0J MO3BOJSAET paccMaTpHUBaTh
BBIOOp, TpHOOpeTeHne u dkciuryatanuio JJCM
C Yy4€TOM SKOHOMHYECKHX MPUHIUIIOB U KpHUTe-
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PHEB, KOTOPBIC OOBIYHO HCIOJB3YIOTCS MPU
oleHKe 3(P(PEKTUBHOCTH MHBECTHUIIMOHHBIX
npoektoB. [Ipu onpenenenun Hanbonee moj-
xomsied mogenu JICM 11st KOHKPETHBIX YCII0-
BHI 3KCIUTyaTaI[ii OCHOBHOC BHUMAHHE YIS~
€TCsl TeXHUKO-3KOHOMHUYECKUM HapaMeTrpam
MariuH. K 3Toii KaTeropuu OTHOCATCS TEXHUYEC-
CKHUE XapaKTCPUCTUKH, BIUSIOIIUE Ha 3)(DEKTUB-
HOCTb HMCIIOJIb30BaHUS TEXHUKH, a TAKKE MOKa-
3aTesu, CBI3aHHbIE C 3aTpaTaMy Ha ee SKCILTya-
TalHMIO.

B navanbHoii (aze onenku JJCM stu napa-
METpPBI TPYNITUPYIOTCS 0 KPUTEPHUSAM, TO3BO-
JISIFOLIIM COOPATh UX B €IUHYIO aHAJIUTHYECKYFO
Kareroputo (1Mo TUIY, HA3HAYCHUIO, HAINIHIO
JIOTIOJIHUTEIILHOTO O0O0PYAOBAHHUS M IIPOYUM
XapaKTEPUCTUKAM).

IIpu BBIOOpPE TOPOKHO-CTPOUTEIILHOM MaIlId-
HBI JIJI1 KOMMEPUECKOTO MPUMEHEHHS BHYTPHU
OpraHu3aIlUi KPUTUICCKUM ACIICKTOM, HapsIy
C COOTBETCTBHEM TCXHHUYECKUX MapaMeTPOB
YCTaHOBJICHHBIM CTaHApTaM, SBJISCTCS CPaBHE-
HHUE «I0JIe3HOTO 3(PeKTa 0T UCIONB30BAHMSDY
C 3aTpaTamH Ha ero Mojy4eHHe B TeYCHHE BCETO
xusHernoro mukina (JKI) o6opynosanus.

DTOT NPUHIHUI SBIAACTCS KIFOUEBBIM IS
OIICHKH YPOBHs KOHKypeHTocmocoonocT JICM
C TOYKH 3pEHHS NIpeJiyIaraeMoro Habopa TeXHUKO-
SKOHOMHUYECKHX XapaKTCPUCTHK.

1. Dppexmusrnocmov ucnonv3osanus: OTHO-
CUTCS K CIIOCOOHOCTH MAIIUHBI BBIMOJIHSATH
Tpebyemble paboThl C MAKCUMAaIILHOM MTPOHU3BO-
JUTEITBHOCTHIO U MUHUMAIILHBIMH BPEMECHHbOIMU
3aTparami.

2. DxenyamayuoHHvle pacxooul. BKIFOYAKOT
B ce0st Bce 3aTparhl Ha 00CIY)KMBaHUE, PEMOHT,
CMa304YHO-3aIIpaBOYHbIE MaTepHajbl B TEUCHHE
Bcero XL TexHuKu.

3. Haoesicnocmo 1 001208€4HOCb.

4. Ocmamounas cmoumocmy: PEACTaBISAET
c000¥ OLIEHKY CTOMMOCTH MAIlIMHBI 10 OKOHYa-
HUH €€ IKCIUTyaTallMOHHOTO TepHoJa, KOTopast
MOXKET CYIIECTBEHHO BIIMATH Ha OOIIYIO SKOHO-
MHYECKYIO BBITOY OT €€ UCIIOJIb30BaHUSI.

5. Yoobcmeo u bezonacnocmo sxcniyama-
yuu: TIOPa3yMeBaIOT OLCHKY TOTO, HACKOJIBKO
yI00HO U Oe301acHo paboTaTh C JAHHOW MaIlIu-
HOW, YTO TaK)X€ MOXKET MOBJIHSITH Ha MPOHU3BO-
JMUTEIBHOCTh TPYyZa W 3aTpaThl HA OOy4YcHHUE
nepcoHara.

Bri6op ICM ¢ ydeTroM 3THUX HapaMeTpoB
MO3BOJISICT OPTaHU3AIUAM MaKCUMHU3HPOBATh
BO3BpaT MHBECTHUIMA M 00CCIEUUTH BBICOKYIO
KOHKYPEHTOCIIOCOOHOCTB Ha PBIHKE.

OTO yClIOBHE ONpeAessieT OLICHKY YPOBHS
KOHKYPEHTOCIIOCOOHOCTH 110 TEXHHKO-IKOHO-
MHUYECKHM OKA3aTeIIsIM:

P_ /3, — max, (1
rae P, — nonesnblit sddexr ot skcmryaranuu
JICM na Bcem XKI1;

3, — COBOKYIHBIE 3aTpaThl Ha JOCTHKEHHE
nosie3Horo 3¢ dekra Ha Bcem XKL,

B naneHeiiem 310 oTHOIICHKE OyeM 000-
3HAYaTh KaK MHTETPAJIbHBIN MIOKa3aTes b KauecTBa
MPOAYKIMH 10 TEXHUKO-DKOHOMHUYECKHM TOKa-
3aTeNaM — K. .

Kpon = Py/ 3, 2)

JI71s1 OLIEHKH 3KOHOMHYECKON BBITOJBI OT
HCIIOJIb30BAHUS JTOPOKHO-CTPOUTEIBHBIX Ma-
IIMH B KAYECTBE OCHOBBI UCIIOJIB3YETCS METO-
nuka, paspadorannas C. B. Penunbim. DTOT
MO/IXO MIPEAToJaraeT He TOJIBKO MPUMEHEHHE
HHTETPAIBHOTO MOKAa3aTess JJIsi CPaBHCHHS
JICM 1o ux TEXHUKO-9KOHOMHUYECKHM XapaKTe-
PUCTHKAM, HO M pacueT yACJIbHBIX 3aTpaT Ha
BBITIOJIHCHUE OMPEACICHHOTO 00beMa paboThI.
Takue 3aTpaThl BRIPAKAIOTCS 4epe3 yACIbHbIC
pacxoipl Ha EAUHUILY TPAHCIIOPTHOHM pabOTHI,
06o3HauaeMble Kak 3, ¢ NPEAIOYTCHHEM HC-
MOJIb30BAHUS [TOKA3aTelIs B pyOJIsiX 3a yac pabo-
ThI MalIMHEL.

Pacuer ynenbHbBIX 3aTpaT Ha SIUHUILY PaOOThI
MOYKET OCYIECTBIIATHCS Ha OCHOBE PEabHOTO
JKU3HEHHOTO ITUKJIa MAIlUHbI, JM00 HA OCHOBE
ycnoHoro I npu yciioBu#, 4T0 OTCYTCTBYIOT
9KCIUTyaTallMOHHBIC JaHHBIC, HAIPUMED, TPEI-
mojyarast 10000 yacoB pa®OTHI MamUHBL. ITOT
MOJIXOJ1 TIO3BOJISICT 00JIee OOBCKTHUBHO CPaBHU-
BaTh paznuunbie Moaenu JJCM u npuHUMATh
B3BCIIICHHBIC PEIICHUS MPHU BBIOOpE Hamboiee
MOAXOSIIIETO 000PYIOBAHUS C YUETOM €ro KO-
HOMHYECKOW 3()(PEKTUBHOCTH B JOJITOCPOYHOU
MEPCIICKTHBE.

Ham noaxox k aHaiau3y AOPOXKHO-
CTPOUTEJBHBIX MAIIMH HA ATArle CPABHEHHUS UX
MO0 TEXHUKO-IKOHOMUUYECCKUM MOKa3aTeIsIM
BKJIIOYAET BO3MOXHOCTh MPUMEHCHHSI TOTIOJI-
HUTEJIBHOTO aHAJTUTHYECKOTO MOAYJA. DTOT
MOJyJb IPEIHA3HAYEH JUIS IeTaTU3UPOBaHHON
OIIEHKH 10 OTAEIbHBIM CIIENU(DUIECKUM KPH-
TEpUSM, KOTOPbIE MOTYT OBITh KPUTHYECKH
B2)KHBI B ONPEICICHHBIX YCIOBHUAX IKCIUTya-
TAalMK WK JUIS KOHKPETHBIX MPEIIOYTEHUH
norpebutess. K TakuM KpUTEPHUSIM OTHOCATCS,
HalpUMep, MapaMeTphl JABUTATENs, TATOBBIE
XapaKTEPUCTUKU, 0COOCHHOCTH paboucii 30HHI,
IPY30I0ABEMHOCTbD, YPOBEHB yA00CTBa ¥ 3pro-
HOMHYHOCTH pabouero Mecra omneparopa,
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OKOHOMMYeEeCKUe nokasaren

Hauarno oLieHku rpynms!
CTaTUCTUYECKME fiaHHble

OCMnoTaN

npeanpusTs

McxopHble AaHHbIe: TEXHUKO-

PecypCHbIX UCTIbITaHNIA, AaHHbIE

",

v

PacueT uHTerparnbsHoro
Kko3uLmeHTa kauecTea
NPOLYKLMW NO TEXHUKO-
3KOHOMMYECKM NoKa3aTensiM

KTon

Pacu

3aTparT Ha efiMHILY paboTbl 3y)]

Mogynb ouexkn AICM no
OTAENbHBIM TEXHUKO-
3KOHOMUYECKUM
nokasaTernsim

€T BEJIMYMHbI yaenbHbIX

PesynbTat: OLEHOuHbIE
nokasatenv T3MN ACM

PesynbTat: eauHMYHble 1
TPYNMoBble OLEHOUHbIE
nokasatenv TOMN

3aBepLueHme oueHku mpynnsl ACM no TAM

Puc. 1. Bniok-cxema oyeHKu aHanu3upyembIx

a TaKkxKe Crenu(UKAIUU OTIACIbHBIX BAXKHBIX
y3JI0B MaITHHBI.

OIICHKH TI0 3TUM KPUTEPUIM POPMUPYIOTCS
Ha OCHOBE CPaBHUTEJIEHOTO aHANIN3a JOCTYIHBIX
BapuanToB JICM. J{11s1 0ObEKTHBHOTO CPAaBHEHUS
¥ BBIOOpA HAWIIYYIIETO BApUAHTA TIPU HATUYUN
HECKOJIBKUX CXOXKHX aJIETCPHATUB U B YCIIOBHSIX
OrpaHU4eHHON MH(OPMAIIUH M HEOTIPEAEIICH-
HOCTH, MpeJJIaraeTcs UCHOIb30BaTh METON
palioHHpOBaHUs. JTOT METOJ ObUI JIOTOJNHHU-
TeJIbHO ycoBeplieHcTBOBaH A. B. TepeHTheBbIM
[21] u nmo3BonsieT 3¢h(heKTHBHO peniaTh MHOTO-
KpUTEpUAIILHBIC 33]]a9K BHIOOPA, ONITUMH3UPYS
MPOIECC MPUHSATHUS PEIICHUH B CIIOKHBIX YCIIO-
BHSIX.

BBezeHue Takoro 1OMOIHUTENEHOTO MOAYJIS
103BOJISIET YIITyOJIEHHO aHAJIM3UPOBATh KaXKIbIH
ACTICKT IIpe/IaraeéMoy TEXHUKH, YUUTHIBAs YHU-
KaJIbHbIE TPEOOBAHMS U MPEANOYTCHUS OTPE-
owurenst, 4To nenaet mnpoiecc Beroopa JICM 6o-
Jiee 1ieJIeHanpaBiIeHHbBIM 1 000CHOBAHHBIM.

BxirodeHre TOTOTHUTEIBHBIX KPUTCPUECB
OIICHKY U TIPUMCHEHUE MAaTEeMaTHISCKUX METO-
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CM no T3 [paspabomara asmopamu].

JIOB JUISI UHTETPAIMH STHX PE3yJIbTaTOB B 00U
WHTETPATBbHBIN MOKA3aTeIh — 3TO 3HAYUTCIILHBIN
miar BIepea B METOIOJIOTHH aHAIKM3a U BhIOOpa
JIOPOKHO-CTPOUTEIILHBIX MAIKH. Takol moaxo
MO3BOJISICT HE TOJHKO YMEHBIIUTH CYOBEKTHU-
BH3M, KOTOPBIH YacTO COMPOBOXIACT MPOIECC
OIIEHKH, HO U IOBBICHUTh OOLEKTHBHOCTE U J0-
CTOBEPHOCTb IPH OMPE/ICIICHUU YPOBHS KOHKY-
PpEHTOCIOCOOHOCTH pasnuuHbIX Moxenel JICM.

HNuTerpanbHblii TEXHUKO-DKOHOMUYECKUI
MOKa3aTeib KauecTBa MPOMYKIUH, 0003HaYae-
MBIH Kak K, , HTPAeT KIIFOYEBYIO POJIb B 3TOM
MpOoIeCcCe, TaK KaK OH CYMMHPYET pa3jnyHbIC
acrekThl (Q()EKTUBHOCTH HCIIOIB30BAHUS Ma-
LIMH B OJIHO 0000INEHHOE YHCIIOBOE BHIPAKEHHE.
DTO MO3BOJISACT OTPEOUTEIISIM M OPTraHU3ALUAM
JienaTh 000CHOBaHHBIN BBIOOP HA OCHOBE CpaB-
HEHHSI MAKCUMAJIbHOM OTIa491 OT HHBECTHPOBAH-
HBIX CPEJICTB.

OHaKo, KaK ¥ J1F000# KOMIUIEKCHBIH METOI,
MpeI0KEHHBIA MOAX0J TpeOdyeT mocTryma
K OOLIMPHBIM M TOYHBIM JAHHBIM O TEXHHYESCKHIX
nmapamMeTpax, SKCITyaTallHOHHBIX Pacxojax
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U MOTEHIUAIBHOM JIOXO/I€ OT HCIOJIb30BaHMS
TEXHUKH, & TAK)KE YMEHHsI KOPPEKTHO UHTEpIIpe-
THUPOBATh 3Ty HHPOPMALIHIO B KOHTEKCTE CIIECLH-
(UUECKUX YCIOBHUH 3KCIUTyaTalli. DTO MOXKET
MIPEICTaBIATh COOONH HEKOTOPBIH BBI3OB, OCO-
OeHHO 1yt HOBBIX Mojesnel [JICM, 1o KoTopsiM
MOXET He OBITh JOCTaTOYHOTO 00beMa IKCILTya-
TAIlMOHHBIX JaHHBIX.

bnok-cxema npeiaraeMoro MeTosia OIeHKU
JICM 110 TeXHUKO-3KOHOMHYECKHM MTOKA3aTeNIsIM
MpHUBEICHA Ha PUC. 1, AITOPUTM HPOBEICHHUS
pacuera K- H 3y}1 qutst ouenku JICM Ha craguu
TIPUHSTHUS PELICHHS O NPUOOPETEHUHU TPUBEJICH
Janee.

Ilepeviii wae. Coznanve 0a3bl JaHHBIX IS
M3y4aeMoil TPpyHIIbl JOPOKHO-CTPOUTEIBHBIX
MallIMH Ha OCHOBE MH(OPMALIUHU U3 HHTEPHET-
PECYpPCOB U DKCIEPUMEHTAIbHBIX AaHHBIX,
MOJIYYEHHBIX OT M0JIb30BaTEIeH 1 SKCILTyaTaH-
TOB.

Bmopoii wae. JIns pacdera u onpeaeneHus
CYMMapHBIX 3aTpaT Ha IKCILTyaTaluo IOPOKHO-
CTPOUTEJILHBIX MAIlIMH Ha MPOTSHKEHUH BCETO UX
KU3HEHHOTO IUKJIa HEOOXOJUMO paccyuTarh
CJIEAYIOIINE COCTABIISAIONINE CTaThU T Ompe-
JleieHns O0IIKX 3aTpar 3, -

C oy~ CTOMMOCTD TEeXHUKH B PyOIIsIX;
cumony~ ICPBOHAYAIIHBIC 3aTPATHI IPH NPH-
oOpeTeHuH, B pyoIsix;
roorron~ YCIOBHO TOCTOSIHHBIC TOJI0BBIC 3a-
TpaThl, B pyOiIsx 3a Tojx;

T, — 4KCIIO JIET HCTIOJIb30BAHHUS B PACCMar-
puBaemom XKII, B rogax;

3, 3aTPaThl Ha TEXHUYECKOE OOCITYKHUBA-
HUE, B pyOIIsix;

N,,— ycpeaHeHHas HopMa pacxo/ia TOIIUBa,
B JINTPax 3a yac paboThI;

C,,,,— CTOMMOCTb TOIIUBA, B PYOJIsX 32 INTP;

3 pen ~ BBIILIATBI [0 KPCIHTY, JM3HHIOBBIC
IUIaTeXH, B pyOIIsix;

L . —Benu4MHa peIonaraeMoii HapaboTKu
WINA BEJIWYHMHA, paBHAs HapaOOTKE YCIOBHOTO
XKL,

Tpemuii wae. OnpenensieM UTOTOBBIE CyM-
MapHbIe 3aTparsl Ha skciuryaranuio JICM Ha
BceM XKII:

N L c
3nocm.ead x Tucn + 37'0 + = - 10(;8 . e + 3lcped 9 py6' (3)
Yemesepmutii wiae. PacueT yJeNnbHbIX 3aTparT:
3 = B /L, pyb/uac. 4)

ITamoiii wae. Pacuer none3Horo a¢dexra ot
sxcruryararuu JICM na Beem XKL P, B kauecTse
MOCIIEMHEro OepeTcs OlHa U3 YKa3aHHBIX HIKE
BEJIMYUH B py0./4ac:

I oy ™ YACTIBHAS BETMYHUHA IPEATIONATAE-
MOTO J0XOa OT KOMMEpPUECKOH IKCIITyaTalluu
orpezessieTcs B pyossix 3a yac paboThl;

.. — YACNbHBIH anbTePHATHBHBIM T0XOX
ompesessieTcst Kak pa3HHUIa MEXy CTOMMOCTBIO
YCIIYT IO MpenocTaBieHuto opranuzanuu JJCM
B apeHIy W MPOTHO3HBIMU 3aTpaTamMH Ha CO0-
CTBEHHbIE MAIlIMHBI, TPUBEJICHHAS K OJHOMY
yacy padoter JICM.

3Ha4YeHHUE MOCIIETHEr0 ONpeeNIIeTCs pelle-
HUEM CUCTeMBI (5):

A = 2 Cupens (1)~ 2 oo (1)
N o > 0,€C1110 [tmn B — ]
Lo <1 ’

oxyn S Leayoredn

)

Illecmoti wae. Pacuer oTHEIBHBIX COCTaB-
JAIOMMX 3aTpaT Ha JOCTHIKEHHE MOJIE3HOTO

s¢dexra Ha Beem XKII JICM 3.
3,— 3aTparTel Ha OIUIATY TPY/a,
3 —3aTparbl Ha TOIUTUBO;
TOmI
3 — npuoOpeTeHue 3an4acTell u IIHH;
34p
3 —3aTparhl Ha SKCIUTyaTalllOHHbIE MaTe-
SKCIUT
pHAIIBL;

ky

3, — HaKJIaJIHBIE PACXOIbI;
3 — BBIIUIATHl 110 KPEAUTY, TU3UHTOBBIC
Kpex
IJIATEKH;

A, — CTOMMOCTb MPOIAKH JCM npu 3kc-
IUTyaTaliy A0 MPEASIEHOTO COCTOSHUS MOXKET
OBITh MPUHSATA PABHOM JTMKBHIAMOHHOMN CTOH-
MOCTH MJIH C yYETOM IIPUMEHEHHS MaTeMaTuyie-
CKOM MOJIETY U3MEHEHHUSI OCTAaTOYHOU CTOMMO-
CTH, IPUBE/ICHHOI B paboTe naiee.

Ceobmoii wae. PacueT COBOKYITHBIX 3aTpar
Ha JIOCTHXEHHUe IoJie3Horo dddekra Ha BceM
KL ACM 3
3,=3 +3 +3 _+3 _ +3 +

o T 34p )

SKCIT

3 , — 3aTpaThl Ha TO u peMoHT;

+3, 530 Ao pyo. (6)
Bocbvmoti wiae. PacueT MHTETpaibHOTO TIOKa-

sarens mo TOIT k. :

KT31'I = (PE x Loﬁlll) / 32' (7)

Jesamuoiil wiae. 3aniCh paCCUMTAHHBIX 3HA-
ueHmii 3, py6/4ac u K, B HTOroBYIo TabiuIly
ouenku JICM. Ilpu HeoOXOIUMOCTH TIEpEXO/
K orieHke cnenyromniero JICM u3 aHamm3upyemMoit
rpynisl (IEpexon Ha 8mopotl uwiaz).

B npuBeneHHO BbIlLIE METOAUKE IPEACTAB-
JISIeT 0COOEHHBIN MHTEPEC BEIMUNHA I[np* CTOHU-
MocTH npofaxu JJCM mpu sKcmTyaTauu 10
HpeeTIbHOTO COCTOSHUA, KOTOpasi MOXET OBITh
[IPUHATA PABHOW JINKBUAALIUOHHONW CTOMMOCTH
WIN PacCYUTaHa IO MOJyYEHHBIM MaTeMaTHue-
CKHMM MOZEIAM. JIJ1st MX HaXOXKICHHS OBUI BBIION-
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Puc. 2. PezpeccuoHHbIe Modenu U3MeHeHUs CMouMocmu No2py34uKoe 2py30nodLEeMHOCMbIO 3 MOHHBI [pa3pabomaHb! asmopamu].

Tadauna 1
MaremaTuyeckue Moaeu u3MeHenus croumoctu JCM
Mogens ‘YpaBHEHHE Perpeccuu Kosbdumyent gerepmMuHanyu
A y = 15.794x>-404.68x + 4576.9 R2=0.7117
b y =10.492x>-356.58x + 4512.4 R2=10.7606
B y = 13.598x2-388.92x + 4337.8 R2=0.8171

HEH aHalu3 CTaTUCTUYECKUX NaHHBIX. [l TIpy34uMKOB KUTAMCKUX IPOU3BOAMUTEIEN IPy30-
pacdera OBLIM HCIIOJIB30BaHbI JAaHHbIE TAKUX IOXBEMHOCTBIO 3—5 T OT HOBBIX M JI0 CaMbIX
arperaropoB oObsABIEHUN Kak Avito, excavator. BO3PAaCTHBIX IPENI0KEHHH, OZTHOBPEMEHHO
ru, Avto.ru. AHaJIU3UPOBAINCH NPEUIOKEHHS  (HUKCHPOBAIACh IEHA U HapaOOTKa B MOTOYacax
0 Ipojaxe TpeX (POHTANBHBIX KOJIECHBIX I10- IIPH HAJIWYUH O HEH CBEACHHMIL.

10000 ]
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R*=0.7075
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Puc. 3. PezpeccuoHHasi Modeslb U3MEHEeHUs1 CMoUMOCMU Nozpy34uKoe 2py30nodLEMHOCMBIO NSiMb MOHH [paspa6omata aemopamu].
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Ha ocHoBaHMU COOpaHHBIX JAaHHBIX OBLIH
TOJTy4eHbI CTATUCTHYECKUE 3aBUCUMOCTH CTOU-
MocTu JJCM Ha BTOPUYHOM pPBIHKE OT X BO3pa-
CTa, IpecTaBleHHbIe Ha puc. 2. [Ipu atom cyie-
CTBYET SICHOE IOHMMaHHE TOTO, YTO MOHSITHS
«lleHa» Ha MopTajiaX OOBSBICHUH O Mpoxaxe
TEXHUKU W pealibHasi CTOMMOCTb TEXHHKH Ha
BTOPUYHOM PBIHKE MOT'YT 3a4acTyl0 3HAuH-
TeJIbHO ominyarhes. [Ipu 3TOM oTyacTh 3TO
OTpaHUYCHHUE KOMIICHCHPYETCSl Kak 00beMOoM
COOpaHHBIX 3aICel, TaK U 0COOCHHOCTBIO ITOP-
Tana oObsBICHHI excavator.ru, y KOToporo 3a-
IUCH O NMPOAAHHOW TEXHUKE YXOAAT B apXuB
C BO3MOKHOCTBIO IIPOCMOTpA. 3alliCH U3 apX1Ba,
Kak IPaBHJI0, YYUTHIBAIOT CHIDKEHHE 3asBICHHON
MIPOJABLIOM CTOUMOCTH B IIPOLIECCE IKCIIO3ULIUH
OOBSIBIICHUSI HA CAITE U TI0ITOMY ropasio Oimxe
K peasibHOM CTOMMOCTH MPOJAXXH TEXHUKU Ha
BTOPUYHOM pbIHKE. B 001meit none crarucruue-
cKkoW MH(OpPMALMK J10JI1 TaKUX OOBSIBICHUN
nopsiaka 34 %.

Jiist coOpaHHBIX CTaTHCTUYECKHUX JaHHBIX
O CTOMMOCTH TEXHUKU OBUIM PACCUUTAHBI pe-
rpecCHOHHBIE MOJieNH (cM. Tabmuity 1), Iuist KoTo-
PBIX OBUIM IOJYYEHBI JOCTATOYHO 3HAYMMBIE
ko3 duiments nerepmuHarmi R2. Haubomnbiiee
snadeHne R? = 0.8171 6bU10 MOTyUYeHO HA JaH-
HBIX O CTOUMOCTH ITOTPY34HKOB Mojiesn B rpy3o-
MOLEMHOCTBIO TPY TOHHBI BBUY HAUOOJIBIIIETrO
o0beMa COOpPaHHBIX TaHHBIX.

AHaJIoTHYHasi MOJIENIb TOCTPOEHA JUIS T10-
rpy34nkoB Gupmbl «B» rpy30mnoabpeMHOCTBIO
NATh TOHH, MIpe/ICTaBIeHHas Ha puc. 3. Perpec-
CHOHHAasi MOJENb IJIsi HUX UMEET BUA: Y =
22.119x2-659.99x + 7114.4 ipu xoadduiiuente
nerepmunanuu R?2 = 0.7075.

Kpome Toro, npu cbope naHHBIX (PUKCHPO-
BJTUCh 3aITMCH O HapaOOTKE TEXHHUKH, YTO TI03BO-
JIUJIO TIOJYYUTh JIOIOJIHUTENLHBIE JIOCTATOYHO
HWHTEPECHBIE Pe3yNbTaThl. Tak JUIs MOrpy34HKOB
IrPpy30MOABEMHOCTBIO 3—5 TOHH (GupMbI «B»
cpenHsisi HapaboTKa B MOTOYAcax Ha rof] 9KCILTya-
Tanuu coctasuiia 921 MmoTouac/ro, s MOAEIN
«Bb» — 780 MoTo4acoB/Tox W LI MOZIENHN «A» —
674 motovaca/rop.

OBCYXOEHMWE U BbIBOAbI

Kaxk nokaszan aHajan3 CTaTUCTUYECKUX JaH-
HbIX 0 croumoctu JJCM Ha mpumepe norpys-
YUKOB pa3HbIX OpeHmoB mpousBoactea KHP,
XapakTep U3MEHEHUs! CTOMMOCTH Y HUX aHaJIo-
THUYEH U HE MOKAa3bIBAET 3HAYUTEILHON Pa3HUIIbI
B 3aBUCUMOCTH OT KOHKPETHOTO MPOU3BOIUTEIIS
u Mmonenu. [locTpoeHHbIe O HUX KPUBBIE

W MOJIEJY aHAJIOTHYHBI Toiy4eHHbM C. B. Peru-
HeM 11 JICM eBpOmeHCKIX 1 aMepUKaHCKUX
npousBoauTenei [21].

ITpu 3TOM, €ciu elle HEeCKOJbKO JIET Hazajl
B aHAJIOTMIHBIX MCCIIEZIOBAHMSX, IPOBOIUMBIX aBTO-
pamu, TexHuka npoussoncTsa KHP o cpaBHeHHIO
¢ JICM eBpomneiickux 1 aMeprUKaHCKUX (PUPM MPo-
U3BOIIUTEIEH C IEPBOTO r0JIa CUJILHO TEPSiIa B CTOU-
MOCTH Ha BTOPHYHOM PBIHKE, TO CE9ac MbI 3TOTO
HE 00Hapy KUBaEM.

ITpu 3TOM, HECMOTPS Ha OTCYTCTBUE Pa3iiu-
YUl B JMHAMMKE CHUKeHUS ctouMmocTr JICM Ha
BTOPHUYHOM PBIHKE MEXKAY MOTPY3YMKaMH pa3-
HbIX (upm npousBoactea KHP, 6bu1o obHapy-
JKEHO, YTO CPEIHsA HapabOTKa B MOTOYACaxX/To/
JUTSL TIOTPY3YHMKOB OIHOM M3 Mapok Ha 15 u Ha
27 % Oonbliie, 4eM y TOTPY3UHKOB ABYX APYTUX
¢upm. Ilo HameMy MHEHUIO, TTOCHIEHUN (QaKT
MOKET TOBOPUTH O NMOTCHIIUAILHON BO3MOXKHO-
CTH 3KCIUTyaTHpPOBaTh TEXHUKY Oojee MHTCH-
CHBHO, a TaK)KC O MEHBIIMX CPOKax IOCTaBKU
3aI1acHbIX YacTel U, BO3MOXHO, O TIOTEHIIUATIbHO
6oJiee BEICOKOM Ka4€CTBE TEXHHUKH.

IIpennoxeHHBIH pacueTHBI METOA MOXET
OBITh UCIIONB30BaH mpu otieHke JICM npousBo-
quTenei, 0 MPOAYKIUU KOTOPBIX €Ie Mallo
(axTrdeckoi HHGOPMAIMHY B YaCTH XOIUMOCTH
Y3JI0B M arperaroB ¥ PeMOHTOIPUTOAHOCTH
JICM B 1iesoM.

Taknm oOpa3omM, mpeaaraeMast HAMH METO-
JIMKa, CyTh KOTOpPOH mpuBeaeHa Ha puc. |
U B aJITOPUTME BBIIIE, C yUETOM UCIIOIb30BaHMS
PE3yIBTaTOB CTATHCTHIECKNX NCCIIEOBAHUH 1O
CTOMMOCTH TEXHUKH Ha BTOPUYHOM PBIHKE MO-
JKET MCIOJIb30BaThesl npu BeIOOpe JJCM s
MPUOOPETEHNS C Y4ETOM CYILECTBYIOIIEH He-
OTIPE/ICIICHHOCTH 1 OTCYTCTBHS 3KCIUTyaTalliOH-
HBIX JIAHHBIX ¥ JIAHHBIX O PECYPCE M XOIUMOCTH
arperaros. OTAeNbHOr0 BHUMaHUS 3aCITyKHBAcT
OJI0K OIIEHKH CTOMMOCTH M HAJIMYHMS 3aIaCHBIX
YyacTeW ISl TEXHUKH, YTO OyIeT pacCMOTPEHO
aBTOpaMH B OTAEIBHOM HCCIICIOBaHHH.
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Bnagumup NAHKOB

Onbra ®E[JOPOBA

AHHOTALINA

B pamkax 3ada4u omkpsimusi 8 06acmu mpaHCcnopmHo2o
06pa308aHust omOesbHOU YKpyNHEHHOU epynnbi cheyuanbHocmed
U HanpaesieHull, a8Mopb, 0CHOBbIBASCH Ha MHO20/IemHeM neda-
202UYECKOM U Npou3godcmeeHHOM onbime, paspabomanu ons
BKITIOYEHUST 8 HEE SKCKITIO3UBHBIL NPOEKM NPo2pamMMb] CUHXPOHU-
3UpoBaHHO20 00y4eHUS cheyuanbHocmu «AemomobuibHble 00-
po2u U a3podpoMbi».

B cmambe, 8 mom yuciie ¢ yenbio 0bcyx0eHus npogheccuo-
HasbHbIM coobuiecmeom, npedcmaesieHa Mody/bHas cxema
CUHXPOHU3UPOBaHHOU OCHOBHOU npogheccuoHanbHol obpa3osa-
mesbHoU npoepammb| «ABmomobUsTbHbIe 00po2U U a3po0poMbIy,
paccmompera cneyughuka cmpykmypupogaHusi kax0020 Modyns
U HanoNHeHUs! e20 QUCYUNTUHaMU.

Ocoboe 8HuMaHUue yoereHo Xopowo ussecmHoli npobeme
COOMHOWIEHUS! 8 0Gpa308amesibHOM NPOUECCe Kouyecmea ayma-
HUMapHbIX U MexHudeckux ducyunnuH. lMokazaHbl OCHOBHbIE
NPUYUHbI NOsIBNIEHUS 8 0BWUX NPOCECCUOHaMbHbIX 06pa3osa-
MeribHbIX Npo2pammMax MeXHUYECKol HanpaseHHOCMU NO8bILUEH-
HO20 Konuyecmea 2ymarumapHbIx ducyunnuH. CdenaHbl npedno-

Mup Tparcriopta, 2024. T. 22. Ne 3 (112). C. 102-114

[poekT obpasoBaTenLHON NpOrpamMMbl
CUHXPOHU3NPOBaHHOIo 00y4YeHUsA cneunanbHOCTH
«ABTOMOOMILHBIE AOPOrK U a3POAPOMBI»

Bnaoumup FOpvesuu Ilankos’,
Onvza Anamonvesna ®edoposa’

-2 Cesepo-BocmouHbiil hedepanvHblil yHueepcumenn
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JKEHUS N0 MexaHu3MaM JTuKeuOayuU Cywecmeyowux ducnponop-
yud.

[JlemanbHo obcyxdarmces ocHosHble npobrieMbl 8 cucmeme
OpeaHu3ayuU 06y4eHUs MeXHUYECKUM CheyuarbHOCMsM 8 yacmu
¢huHaHcuposaHus1 npoepamm, obecneyeHus npoepamm paspaba-
mbigaemoli ykpynHeHHoU epynnbl cneyuansHocmel «JopoxHoe
Xo03slicmeo» mpebosaHUsMU NPOECCUOHaIbHbIX CMaHAapmos,
obpa3osamenbHO20 Npoyecca U Hay4yHo-uccnedogamesnbCcKux
pabom sbinyckarowux kaghedp — uccnedosamensckum/nabopa-
MOopHbIM 060pyd08aHUEM U AOPOXHBIMU MaWUHaMU.

MpednoxeH 00uH u3 803MOXHbIX Nymeli 8HEOPEHUS NPo-
epammbl «AgmomobusnsHble dopoau U aspodpoMbi» 8 npak-
MUKy npogheccuoHanbHo20 0bydeHusi cucmembl obpasosa-
MmenbHbIX opeaHu3ayull ebicleeo obpasosaHus Poccutickoll
®edepayuu. Asmopbi 060CHOBbLIBAIOM MHEHUE, YMO Haubonee
nepcnekmueHbiM peweHuem 6ydem co3daHue Mexeedom-
CMBEHHbIX Hay4HO-06pa3osamenbHbIX UEHMPO8 peauoHalb-
Ho20 3Ha4eHusi (MHOL]), npuesiaaHHbIX K KOHKDeMHbIM JOpOX-
HO-KIUMamu4yecKuM 30HaM.

Knroyesbie criosa: asmomoburnbHbie dopoau, obpa3osaHue, nod2omoska kadpos, npozpamma 0byqeHusi, opaaHu3ayusi npogec-
CUOHaIbHO20 0BYYeHUs], Hay4HO-06pasoeamerbHble UeHMPbI, KPUOIUMO30Ha.

0rg/10.30932/1992-3252-2024-22-3-12.

Lnsa yumuposanus: MaHkos B. 0., ®edoposa O. A. [lpoekm obpa3osamesnbHOU npozpamMbl CUHXPOHU3UPOBaHHO20 0by4YeHUs
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BBEJEHUE

[ToaroToBKa MHXEHEPHO-TEXHUUECKHUX
KaJIpOB SIBJIIETCS OTHUM H3 OCHOBOIIOJIATAf0-
mux (akTOpoOB MHTCHCU(DHUKAIUHI PA3BHTHS
SKOHOMUKHU U yKperenus Poccuiickoii ene-
pamnueil HaMOHAJIBHOTO CyBEPEHUTETA B 00-
JIACTH TEXHOJIOTHH ¥ TIPOMBIIIIICHHOTO IPOU3-
BoacTBa. OOIIe Teopunu MOATOTOBKH HHIKE-
HEPHO-TEXHUYIECKUX KaJpOB M OPTaHMU3AIHNH
00pa3oBaTeNbHBIX NMPOIECCOB yAENsETCS
BHUMAaHHE Ha Pa3INYHbIX YPOBHAX 23, maHHOM
npo0sieMe TMOCBSIIEHO 3HAYUTENBHOE YUCIO
Hay4YHBIX paboT, B yacTHOCTH, [ 1-8]. Bompocst
MTOJTOTOBKH MHXECHEPHBIX KaJpOB IS TPaHC-
MTOPTHOW OTPACIH paccMaTPHUBAIOTCS, HAIPH-
Mep, B [9—12]. IIpu 3TOM KpaiiHe Mao myoau-
Kanui B IEPHOINIECKUX HAYIHBIX M3IAHUSIX,
KaCaOIIUXCS peabHBIX MPOOIJIEM MTOATOTOBKH
KaJIpOB /IS TOPOKHO-CTPOUTENBHOI OTpacin
(B ux uncne, Hapumep, [13]).

PasBuTHe BBICIIETO OOpa3zoBaHHS B 00-
JIACTH AOPOXKHOTO XO35HCTBA MOIYYHIIO IOTION-
HUTEJBHBIN UMITYJIbC TIO PE3YJIBTaTaM 3acela-
HUs npe3uauyma [IpaBUTenbCTBEHHOM KOMHUC-
cun o Tparcopty 10 ampens 2023 roga. Ha
HeM ObBIT0 0moOpeHo mpemnoxeHne MuH-
TpaHca Poccun o ¢popmupoBanuu enepab-
HOTO TpoekTa «Pa3BuTHE KaagpOBOTO MOTEH-
1yajia TPaHCHOPTHOH OTpaciM» Ha MEPHOA
2026-2035 romos*. Kak GbUIO yKa3aHo, «eTo
LENBIO ABIISIETCA 00eceyeHrne HEOOXOAUMOTO
(hMHAHCHPOBAHMUSA, peaau3anus 00pa3oBaTeIb-
HBIX NMPOTPAMM H MOATOTOBKA HEOOXOINMOTO
KOJIMYECTBA CHEIMAINCTOB, B TOM YHCIE IS
HOBBIX OTJCNBHBIX HANPaBJICHUH. .., KOTOPHIC
TIpeJIaraeT BBECTH MUHTpaHCe ¢ GOPMHUPOBa-
HHUEM OTIEIbHOW YKPYNHEHHOM Irpynmsl crie-
LUAJIBHOCTEN M HampaBJIEHUH MOJATOTOBKHU
«JlopoxxHOE X0341CTBO» B 006JIaCTH 00pa3oBa-
uus «Tparcmopt»*. B cocraBe manno# ykpyI-
HEHHOW TPYMNIBI OBIITM OTMEYEHBI J1BE HEpPas-

! Tloauepo6 M. B Poccuu HOCTOSHHO rOBOPSIT 0 Aeduuute
HHXEHEPHBIX KaipoB // Bemomoctw, 25 ntomns 2023 . [Dnext-
poHHBIH pecypc]: https://www.vedomosti.ru/management/
articles/2023/07/25/986739-v-rossii-postoyanno-govoryat-
o-defitsite-inzhenernih-kadrov. loctyn 15.11.2023.

2 Uniukaropsl oOpasosanus 2023 // Craructuueckuii coop-
HUK. W3narenscrBo: HUY BIIID. —433 ¢. — C. 36. ISBN 978-
5-7598-2746-7.

3 Jlannbie MUHHCTEpPCTBA HAyKH M BHICLIETO 0Opa30BaHUs
Poccuiickoit denepaunn. [DnekrpoHHsIil pecypce]: https:/
publications.hse.ru/pubs/share/direct/269677991.pdf. Toc-
Tyn 27.12.2023.

* Aunpeit benoycos npoBén 3acenanue [IpaBuTeCTBEHHOM
KOMHUCCHH II0 TPAHCIOPTY. [DIeKTpoHHbIH pecypc]: http:/
government.ru/news/48205/. Joctym 27.12.2023.

pPBIBHBIC, Ha HAll B3TJSAJ, CHEHHAJbHOCTH
«ABTOMOOUIIBHBIE JIOPOTH U a3pPOJIPOMBI»,
«MOCTBI ¥ TPaHCHIOPTHBIE TOHHEIIN)

B HacTosimee BpeMs, B COOTBETCTBUHU
¢ OO1EepOCCUICKUM KIACCU(PUKATOPOM CIie-
nuanpHOCTe! Mo obpaszosanuio OK 009-2016
(OKCO)?®, moaroroBka KaapoB JOPOKHO-
CTPOUTENBHON oTpacnu B pasznenax I, IV, V
HalpaBJIeHUH TOATOTOBKU BhICIIEro 00pa3o-
BaHUsl, COOTBETCTBEHHO OakajiaBpuaTa, Maru-
CTpaTyphl, U ClIeUAIBHOCTEH BhICIIETO 00pa-
30BaHUs — CIICI[MAIUTETA, OTHECEHA K 00J1acTh
o0pazoBanus «MHXeHepHOE 1eJ10, TEXHOJIOTHU
U TEeXHUYECKUE HAyKW», YKPYITHEHHOH rpyIire
cnenuanpHocTer 08 (YI'C) — «2.08.00.00
TexHHKa M TEXHOJOIHH CTPOUTEIBCTBAY.
B pamxax YI'C no HampaBieHHsIM IOATOTOBKHU
O6axanaBpuara (08.03.) u marucrpatypsl
(08.04.) moaroroBka KaJapoB JOPOIKHO-
CTPOUTEIBHOU OTpPAaCiH OCYLIECTBISAETCS
B pamKax onHoro Hanpasienus 2.08.03(04).01
«CTpOUTENBCTBOY, a MO CHELHATBHOCTSIM BBIC-
niero oopasosanus — crneruanurera (08.05.) —
crenuanbHocTH 08.05.02 — «CTpOouTEILCTBO,
SKCIUTyaTalysi, BOCCTAHOBJICGHUE M TEXHUYE-
CKOE NMPHUKPBITHE aBTOMOOHMIBHBIX IOPOT,
MOCTOB U TOHHEJIEH».

CyuiecTByolasi CUTyalnusi co3iaeT s
y4eOHBIX OpraHn3aluii BeICIIEro 00pa3oBaHUs
MHOXECTBO Mpo0JIeM B OpraHHU3aluH, peau-
3allMM U CUHXPOHHU3ALHUK y4eOHOTo mpolecca
pa3HBIX ypoBHE# Beiciiero oopasosanus (0a-
KajJaBpHuaT, MarucTparypa, CuelHalnuTeT).
[ToaroToBKa CrenMaIuCcTOB MO MporpamMme
08.05.02 «CTpouTenbCcTBO, IKCILTyaTallHs,
BOCCTAHOBJICHHE M TEXHHYECKOE NMPUKPBITHE
aBTOMOOMJIBHBIX JIOPOT, MOCTOB U TOHHEJEI»
HE CTBIKYETCsI C HalpaBJICHUEM IOATOTOBKU
OakanaBpuara MU Marucrparypel. B HazBaHun
NpOrpaMMBbl CHEIUATUTETa MPUCYTCTBYET
(dpasza «kBOCCTAHOBJICHHE U TEXHHUUYECKOE MTPH-
KpBITHE», 3aMMCTBOBaHHAsl U3 BOSHHOW Tep-
MHHOJIOTUH, HO OTCYTCTBYET yIOMHUHaHUE
U3BICKATENbCKOM, MPOEKTHON, CTPOUTENBHOM,
9KCIUTYaTallHOHHON U PEMOHTHOM AesITeNbHO-
CTH, UMEIOLIell Ba)KHOE TEXHOJOTHYECKOEe,
NPOU3BOJACTBEHHOE, OPraHM3alUOHHO-
ynpaBjeH4YeCcKoe 3HAYCHHE B COBPEMEHHOM
JIOPOXKHO-CTPOUTEIBHOM KOMILIeKce. B 1enom
CYyLIECTBYET MPaKTHYECKH Hepaspemmnmas
pobJemMa 1o CHHXPOHU3ALUHU TPOTPaMM O~

5 [DnexrponHsIil pecypce]: https://www.consultant.ru/
document/cons_doc LAW_212200/.
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TOTOBKHU CHELHAJIUCTOB C OJHOW CTOPOHBI
u 0aKaJlaBpoB C MarucTpaMu — ¢ Apyrou. Jra
HEOIPEIeJICHHOCTh M0 PAaCHpe/IeNIEHUIO B 00-
pa3oBaTenbHOM IIpolecce NpodecCHoHaNbHBIX
KOMITETEHIIMH M KX YPOBHS CKa3bIBAETCs JaXKe
IIPU TPYAOYCTPOHCTBE BHIMYCKHUKOB Ha MpeJ-
HNPUSITHS. M B OPTaHU3alMK JTOPOXKHO-CTPOH-
TEJIbHOU OTpaciiu.

B 10 xe Bpems, ¢ kogom OKCO Gakainag-
puara u maructparypsi 08.03(04).01 csa3ana
enle olHa mpobiema, ¢ KOTOpPOW CTalKuBa-
I0TCS a0COJIIOTHO BCE YHUBEPCUTETHI U BY3HI,
B KOTOPBIX CYLIECTBYET HECKOJBKO CTPYK-
TYPHO pa3AelIeHHbIX YYeOHBIX I10/Ipa3ieIeHHs
(VUII) Ha ypoBHe (aKyabTeTOB WU HHCTH-
TYTOB, OCYIIECTBIISIOIINX OATOTOBKY KaJIpOB
10 ATOMY KoJy. DTa rpobiema cBsizaHa ¢ 0Co-
OCHHOCTSIMH BBIJICICHUS OIOMKETHBIX MECT.
MuUHHUCTEPCTBO HAyKH U BBICIIEr0 00pa3oBa-
Hus Poccuiickoit @eaepanuu BeiaesiseT Or0-
xketHbie Mecta (KIIIT) Ha ykpynmHEHHYIO
rpynny crnenunansHocred (08.00.00) Ha pas-
Hble ypoBHH o0pa3zoBanus (08.03 win 08.04)
Y Ha OIpe/IeNIEHHYI0 CleUaIbHOCTh. B neii-
ctBytomux konax OKCO mpeagycMmoTpeHa
TOJIBKO OJlHA crienuanbHOoCTh — 08.03(04).01
«CtpoutensctBo». COOTBETCTBEHHO, MPH
pacrpenelieHnH KOHTPOIbHBIX HU(P TpruemMa
naxe mexnay asyms YUII, nanpumep, 3aHu-
MaOIIUMHKCS TTPOMBIIIICHHO-TPaXIaHCKUM
CTPOUTEIBCTBOM U JAOPOXKHBIM CTPOUTEIb-
CTBOM B OJHOM M TOM € By3€, BO3HUKAIOT
npoOsieMbl, KOTOpbIE MOT'YT IPHBECTH K 3a-
KPBITHIO OT/EJIbHBIX HANPaBICHHU I MOJTOTOB-
Kd B OJHOM W3 y4EOHBIX MOApa3aciICHUM.
Hanpumep, B CeBepo-Boctounom denepans-
HOM yHHBepcuteTe uMmeHu M. K. AMMocoBa
Takas CHTyalHs BO3HHMKAeT €XEroJHO INpH
pacupenenennu KIIT mexny UHxenepHo-
TEXHUYECKHUM HHCTHTYTOM, OPHEHTHPOBAH-
HBIM Ha MPOMBIIIJIEHHO-TPaXK1aHCKOE CTPOU-
TEIbCTBO, 1 ABTONOPOXHBIM (aKyJIbTETOM,
TFOTOBSIIHUM KaJIpbl IJIsI JOPOXKHO-CTPOU-
TEJBHOI 0Tpaciu, U pelaeTcs OHa He Bceraa
B MOJI3y ABTOAOPOXHOrO (akyiapreTa. JTa
npoOiema nmpociexuBaercs u npu GopMupo-
BaHUM/PUHAHCUPOBAHUU NabopaTopHOU
U smnupudeckoi 6az YUII.

LEENb NCCNEOQOBAHUA

C uenplo MOATOTOBKH K BBHINOJHEHHIO
peuienuit [IpaBuTENbCTBEHHONM KOMUCCHH 10
TpaHcnopty oT 10 anpens 2023 roxa u ¢ yue-
ToM nosioxkeHuit Ykasza [Ipesunenra Poccuii-

®  Mwup TpaHcnopTa. 2024

ckoit deaepamuu «O HEKOTOPHIX BOMPOCAX
COBEPIICHCTBOBAHMS CHCTEMBI BBICIIETO 00-
paszoBanus» ot 12 mas 2023 roga Ne 3436,
ABTOPBI BBIHOCSAT JIJIs 0OCYXIeHHs mpodec-
CHOHAJBHBIM COOOIICCTBOM OT/CIbHBIC IIPEI-
JIOXKEHUS 110 OPraHU3aIMKi CHHXPOHU3UPOBAH-
HOT'0 00YyYCHHUS U OJTOTOBKHU CIICIIHATHCTOB
IUISL TOPOXKHO-CTPOUTEIBHOW OTpPACIH IO
HaMpaBJICHUI «ABTOMOOHMJIBHBIC HOPOTH
U a3poapoMbly. I[IpeaioKeHus OTOTOBICHBI
Ha OCHOBE MHOTOJICTHETO OIBITa MPeIoaaBa-
HUSI 10 HalpaBlICHUSM OakajaBpuara, Maru-
CTpaTyphl U CHCIHAJUTETa Ha Kadenape
«ABTOMOOUJIBHBIC TOPOTH U ad3POJPOMBI»
ABTomopoxHoro ¢akyibrera CeBepo-
BoctouHoro ¢emepalbHOr0 YHUBEpPCHTETA
umenu M. K. AmMocoBa.

PE3YNbTATbI U OBCYXOEHWUE
CxemMa CHHXPOHH3HPOBAHHOIO
oOpa3oBaHus

C menpio peuiecHUs MpoOieMbl BeIOOpa
KOHKPETHOW CIeIMalbHOCTH/HAlpaBIeHUS
00y4eHHs CTYJeHTaMH B paMKaX IUIaHUPyEeMOH
VYTI'C «JopoxHoe X035iCTBO» U CHHXPOHU3A-
LMY Pa3JIMYHBIX yPOBHEH BhICIIEro o0pa3osa-
HUSI 110 TPOTpaMMe MOJITOTOBKH CIIELUAIHNCTOB
«ABTOMOOHJIBHBIE JIOPOTH M a3pOJPOMBI» aB-
TopaMH pa3zpaboTaHa yKpyNHEHHas cxema
OCHOBHOI1 TpodecCHOHANIbHOM 00pa3oBaTeb-
HOU mporpammsl (puc. 1).

Cnenyer oTMETUTD, 4TO Monynb 5 «Acnu-
paHTypa» OpraHM3allMOHHO HE BXOIUT B IPO-
rpaMmMy «ABTOMOOUIIBHBIE JIOPOTH M a3pO-
apomby. OOyueHue B aCIIUPaHTYype OCYLIECT-
BJISIETCSl HA OCHOBE CaMOCTOSTEIbHON aKKpe-
JUTOBAHHON 0o0mIed mpodeccuoHaabHOU
obpa3zoBarenbHoil nporpammel (OITOII).
[IpoGnemam, cBsI3aHHBIM C HOATOTOBKOW BBI-
COKOKBaJIM(UIIUPOBAHHBIX HAy4HBIX KaJpOB,
He00XOJMMO MOCBSITHTH OTIEIbHYIO CTaThIO.

B 1enom, npepnaraeMasi cxeMma CHHXpOHH-
3UPOBAHHON MOATOTOBKH KaJpOB IO HaIpaB-
JICHUI0 «ABTOMOOUWJIBHBIE JOPOTH U a’po-
JPOMBD» UMEET PSIJI IPEUMYLIECTB 110 CpaBHE-
HUIO C CYIIECTBYIOUIEH CHCTEMOM, mepeyuc-
JISIEMBIX HIDKE.

1. ITonnaercs peryiupoBaHUIO U KOHTPOIIIO
rocyaapcTBOM U 00pa3oBaTeIbHON OpraHu3a-
LMel B 4acTH KoJuuecTBa TpeOyeMBbIX/TOro-
TOBJICHHBIX KaJIpOB OIpPEJEICHHOI KBaIUpu-

¢ [Dnekrponnsiii pecype]: http://www.kremlin.ru/acts/
news/71118.
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Puc. 1. CxeMa CUHXPOHU3UP! i ¢

o] np

Holl 06pa3oeamesnbHOl Npo2pammbl

¢
«Aemomo6unbHbie opozu U a3podpombi» [8bINOTHEHO agmopamu].

KaI[iK 1a)kKe Ha YPOBHE OTICJIBHBIX PErHOHOB/
By30B. Ha rocynapctBeHHOM ypoBHE MuHU-
CTEpPCTBOM HAayKH M BBICIIETO 00pa3oBaHUs
Poccuiickoii @enepanuu coBMECTHO ¢ MUHU-
crepcTBoM TpaHcnopTa Poccutickoit denepa-
IIUH 10 KOHKPETHBIM By3aM €XeroxHo Gpopmu-
pyeTcs 3aka3 Ha CHEIHAJUCTOB Pa3zHOTO
ypoBHs B BUje OromkeTHbIX MecT. OOpa3oBa-
TeIbHAsl OpraHU3al¥sl BEITOIHAET 3TOT Irocy-
JapCTBEHHBIN 3aKa3 C TrapaHTHUSAMH KadecTBa
3HaHUH 1 00beMa KOMIIETCHIIHH M0 KaXKIOMY
YPOBHIO 00pa30BaHMs — 6230BOMY CIICIIHAIH-
TETy, MarucTpaType, CIerualInTeTy.

2. IosiBnsieTcsl OHO3HAYHOE pa3JIeNCHHE
110 YPOBHIO 3HaHUH, MPAKTHIECKUM HaBBIKAM
1 KOMIETEHLHUAM 0a30BOTO CIIELHANINTETA,
MarucTpaTypsl U CIICUaINTETA.

3. Mooyne 1 «bBa3zoswiii 0b6a3amenvHblily
(puc. 1) mpeHTHYeH 114 BCEX CIIEIHATIBHOCTEH
Y HANpaBJICHUH MOATOTOBKH (HOPMHPYEMOW
YI'C «dopoxkHOe X034HcTBOY». MCKIoueHne
COCTaBIIAIOT TOJIBKO paclIMpeHHBIN Kypc «BBe-
JCHHUE B CIEIHMAIBHOCTD» U JUCIUIIINHBI, 1O
KOTOPHIM B y4eOHOM IUIaHE MPELyCMOTPEHBI
JIeTHHE yueOHbIE MPAKTHKHU MOCIE IEPBOTO
kypca. CTpyKTypa MOIyiIsl MAKCUMaIbHO YHH-
¢uIupyeT MOATOTOBKY CTYIEHTOB IEPBOTO
Kypca Ha BCEX HaNpaBIEHUAX MOATOTOBKH.
OHa M03BONSET CTyAEHTaM CBOEBPEMEHHO
OTPENCIUTHCA C BEIOOPOM CIEIUANBHOCTHU
U, B ClIly4ae HaJINYHs HEYIOBJIECTBOPEHHOCTH,
0e3 cylIecTBEHHBIX Iepecaad mepeitu Ha
IPYTYIO CIICHUANBHOCTH, BKIIOYasi APYTHUE
oOpa3oBaTenbHbIe yapexaeHus, B pamkax YI'C
«JlopoxHoe X03siicTBO». B pesynbrare Ha

Ka)XJO0M HaIllpaBIECHUH MOATOTOBKH IIOCIE
[ePBOrO Kypca OCTalOTCs HauboJjee MOTHBH-
POBaHHBIE CTYICHTBHI.

4. Mooyns 2 «bazosviii cneyuanumemy.
Bce nucuumuinHbl Moayis — oduienpogeccuo-
HaJIbHBIE, CBSI3aHHBIC NCKIIOUYNTENBHO C U3bI-
CKaHUAMH, MPOCKTUPOBAHUEM, CTPOUTEIb-
CTBOM, PKCIUTyaTalueil u cogepkaHueM aBTo-
MOOMIIBHBIX JOpOT. [IpHHIMIHANIBHBIM MPH-
3HAKOM 3TOTO MOIYJSI SIBISIETCSI MHTETPAIHS
B HETO 00pa30BaTEIbHBIX KypCOB MO MOIy4de-
HUIO npodeccuil ypoBHs cpenHero mpodec-
CHOHAIILHOTO 00pa30BaHUs — BOAUTEND KaTe-
ropuit A, B, C, D; TpakTOpHUCT; TpeHIepUCT;
omneparop achanbTOyKJIag4uKa; oIepaTop
KaTKa; OlepaTop IyIApOoHATOpa; BOAUTEIb
(pOHTANBHOTO MOrpy34HKa; TEOAE3UCT U Ip.
IMony4yeHune AOMOJHUTENbHBIX Mpodeccuii
ocymiecTBIsIeTCS Ha 6a3e 610Ka «{MCIUTUTHHEL
o BeIOOpY». B pesynbprare mo 3aBepIuieHHIo
TpeXJIeTHEro o0y4YeHuUs CTYACHTHI OyayT 00a-
JaTh AOMONHUTEIbHBIMU HPO(pEeCcCUIMH
(OT Tpex 0 meCTH B 3aBUCUMOCTH OT AJTUTEIb-
HOCTHU Kypca IOATOTOBKH).

5. Mooyne 3 «Cneyuanumemy. OCHOBHas
HAIIPaBIEHHOCTh MOIYJISI — Pa3BUTHE HABBIKOB,
BKJIIOYas TIPAKTHYECKUE, NHKEHEPHOTO TBOPUE-
CTBa, MPOBEJCHHS OMBITHO-KOHCTPYKTOPCKUX
paboT, MPOEKTUPOBAHUS M CTPOUTEIILCTBA HA
OCHOBE IOJyYEHHBIX 3HAHUN U HAy4YHOW MOITO-
TOBKH, OpraHHU3alMs U yIIPaBICHUE IPOIECCAMU
JIOPOXKHO-CTPOUTENBHON oTpaciu. [lo3Bonser
peann30BbIBaTh MHANBHUyaIbHbIE TPEHBI MOI-
TOTOBKHM Ka/IpOB C PACIINPEHHBIMH 3HAHUSIMHU
U MPAKTUIECKUMH HABBIKAMH IO OTJEIIBHBIM
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HarpapJIeHHAM MPO(ECCHOHATBHOM AeSTEIBHO-
ctu. IHauButyaisHble 00pa3oBarelibHbIC TPAeK-
TOpUH (GOPMHUPYIOTCSI HA OCHOBE IPEILYCMOTPEH-
HBIX B (peiepalIbHBIX TOCYAAPCTBEHHBIX 00pa3o-
BaTeJIbHBIX CTAHJApPTaxX MOAYJIEH AUCIUILIMH MO
BBIOOPY (QJIEKTUBHBIE JAUCLUILUINHBI), (aKyIbTa-
TUBHBIX 3aHSATHH, HAyYHO-HCCIIET0BATEIBCKOM
JICATEIILHOCTH CTY/ICHTOB Ha 0a3e KadeapaibHbIx/
MHCTUTYTCKUX J1abOpaTopuii, a Takke 3a cyer
MPUBJICYECHHS CTYJJCHTOB K BBIOJIHEHHIO HAYYHO-
MCCIIeZIOBATENIbCKUX U OIBITHO-KOHCTPYKTOPCKUX
padoT 110 rocyIapCTBEHHBIM KOHTPAKTaM M X0351i-
CTBEHHBIM JIOTOBOpaM. MIHIMBH Ty aIbHBIE TPEH/IbI
00pa30BaHMs CTYISHTOB PEATU3YIOTCS ISl 110/~
TOTOBKH OTAENBHBIX CIELUAJINCTOB, B KOTOPBIX
BO3HHMKAET OCTpasi TeKylasi HOTpeOHOCTh Ha pe-
THOHAJILHOM YPOBHE.

6. Mooynw 4 «Mazucmpamypay. Marucrtpa-
Typa BKIIIOYAETCs B IPOrpaMMy CIIeI[UAINTETa
B KaueCTBE OT/AEIBHOTO YPOBHS 00pa3oBaHHUs.
B HacTosiiee BpeMsi akKpeAuTaLus Iporpam-
MBI U O0y4eHHE MPOBOJSTCS HE3aBHUCHMO OT
HanpaBieHUs « ABTOMOOUIIbHBIE NOPOTHU
U a3poApoMbI». B TO ke BpeMs marucrparypa
SIBJISIETCSl BaXKHEWIIEH cocTaBisiomend mpe-
JaraeMoil CHUHXPOHU3UPOBAHHON CUCTEMBI
00y4eHus ¥ I0JKHA OBITh BKIIIOYEHA B €AMHBIN
(denepanbHbId TOCYIapCTBEHHBIH CTaHIAPT
Hapsny ¢ moayiisimu 1-3. Ee Hannvue B o6pa-
30BaTeJIbHOM HPOILIECCE AaeT BO3MOXKHOCTD
BBIIIYCKHUKAaM ypOBHS 0a30BOTO CIIELHAJIN-
TeTa MoCiie NOJIYYSHHS ONPEeSIEHHOTO OIbITa
MPaKTUYeCKOH paboThl Ha MPOU3BOJCTBEHHBIX
NpeNNnpUsATHAX HPOJOJDKUTH 00ydyeHUe Ha
Oosee BbIcOKO# ctynenu. C Apyroi CTOPOHBI,
Ha oOy4yeHHe B MarucTparypy MOTYT IOCTY-
MUTHh CHEIHAJIMCTHI, MMOJy4YnBIIHe 00pa3oBa-
HUE B paMKax JAPYTUX YKPYIHEHHBIX TPYIII
CIIeIMaIbHOCTEH, HapuMep, YKOHOMHCTHI,
MEHEeJ[KepBbl, CIEIIMATUCTHI 10 TPAHCIIOPTHBIM
CUCTeMaM, MaTepHaoBebl U T.11. [IpuHIUIBI
opraHuzanuu o0y4eHHst UACHTUYHBI TAKOBBIM
Moayns 3 «Cnenuanurery. Crnenuduka Ha-
MPaBJICHHUSI MATUCTPATYPbI — HAYYHO-HCCIIE10-
BaTeJIbCKasi U ONBITHO-KOHCTPYKTOPCKAs J1es-
TEIBbHOCTb, Pa3paboTKa HOBBIX TEXHOJOTHM
U MaTepualioB, MOATOTOBKA CIELHAINCTOB
C pacIIMpPEHHBIMU KOMITETEHIMSIMH B MOHHUTO-
PHMHTOBOM, SKCIIEPTHONH U HOPMOTBOPUYECKOMH
obnacrsx.

7. B 3aBHCUMOCTH OT TEKYyIIHX HOTPEO-
HOCTEH B KaJapax ONpeeICHHON KBaiupuka-
IIUU KaK OTPaciy B LIEJIOM, TaK U PErHOHab-
HBIX/MYHHLUTIATbHBIX TPEANPUSTHI U opra-
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HU3aIUil IpesiaraemMas cucteMa o0pa3oBaHus
JIaeT BOBMOKHOCTH OTIEPATHBHOMN IMOATOTOBKH
TpeOdyeMoro KoJM4YecTBa KaJpoB y3KO#l cre-
LUaIH3ali Ha OCHOBE OPTaHM3alMU KypCOB
JIOTIOJIHUTEIFHOTO PO eCCHOHAIBHOTO 00pa-
soBanus (JI[10) ypoBHeii 0a30BOro crienuaiu-
TeTa, CIelHaluTeTa U MarucTpaTyphl.

Kak nmomuepkuBaeTcst B myHkTe 12 pasgena
II «Texymiee cocTosiHuEe KaJpOBOTO odecreye-
HUS U 00pa30BaHUS IS TOPOKHOTO XO3HCTBA»
KoHremnmu pa3BuTHs JOPOXKHOTO 00pa30BaHHMs
10 2035 roga’, yrBepkaAeHHONH MUHHCTpOM
TpancnopTa Poccuiickoit deneparuu B. I'. Ca-
BesbeBbIM 15 despans 2023 rona, obpazoBa-
TEJIBHBIC TPOTPAMMBI 10 MOATOTOBKE TOPOKHBIX
CTpOUTEJIEH NePErpyKEeHBI «. .. TyMaHUTapHBIMU
JUCLUUILINHAMY, HE MMCIOIIUMHU OTHOIICHHS
K GOPMHUPOBAHUIO TPOPECCHOHATBLHBIX KOMIIE-
TEHIHI». ITa 00IIEN3BECTHAS B CHCTEME TEX-
HUYECKOT0 00pa3oBaHMs NpoOiieMa CBsi3aHa
€ 0COOEHHOCTSIMH (OPMHUPOBAHHSI KaJPOBOTO
cocTaBa y4eOHO-METOJMUECKHX IOJpa3iee-
HUH By30B. MIMes mpeuMyIeCTBEHHO T'yMaHU-
TapHOoe 0a30BOe oOpa3oBaHHE, PaOOTHUKU
y4eOHO-METOAMYECKUX MOJPa3AeICHUH TpH
paspabotke 6a3oBbix (BYII) n padounx (PYII)
y4eOHBIX IJIAHOB ISl TEXHUYECKHX CIIeIHalb-
HOCTEH 1Mo cBOeMy 0a30BOMY YPOBHIO KOMIIe-
TEHIMH HE B COCTOSHUM COCTaBHUTh COaJIaHCH-
POBaHHBIX yueOHbBIX mporpaMM. Kak pesyinb-
TaT — MEepBbIE YETHIPE ceMecTpa (IBa Kypca)
CTYAEHTHI 3aHUMAIOTCS H3yUYeHHEM TUCLUILIUH,
0oJbIIel YacThi0 HE MMEIOLIMX OTHOIIEHUS
K mpoOiieMaM HM3BICKaHUi, POEKTHPOBAHMUIO,
CTPOMTENBCTBY, KCIUTYaTal[MH U COJEPIKAHUIO
ABTOMOOMJIBHBIX JOPOT U a3poapomMoB. Ha ctap-
[IMX Kypcax Te )K€ TYMaHUTaPHBIC IUCITUTUTAHBI
MPAKTUYECKH MOJHOCTHIO 3aIOJIHSIOT MOIYJIH
3JICKTUBHBIX AUCHUIUIMH (AHUCHHUIIUHBL MO
BBIOODY, Ko /IB), a Takke HPUCYTCTBYIOT
B MOAYJSX 001enpoecCHOHaIbHBIX U TIPO-
(eccHOHABHBIX JUCLUIUINH.

C popmanbHOIi TOUKH 3pCHHS IIPEATIOKEH-
Hasi CHHXPOHU3HMPOBaHHAs cXeMa MOJrOTOBKH
MOXKET KyIHpOBaTh HEONpPaBIaHHO OOJBIIOE
KOJHMYECTBO I'YMaHUTAPHBIX JAUCIHUILIAH
B 00pa30BareNbHBIX IPOrpaMMax TEXHHUECKUX
OIIOII. OnHaxo KapAUHAIBHOE pelIeHHe HaXo0-
JUTCS] B OPTaHU3allMOHHON IIOCKOCTH.

Bo-nepBsix, B cooTBeTcTBHU ¢ Denepanb-
HBIM 3aKOHOM OT 29 nekabps 2012 ronxa

7 [Onextpouubli pecypc]: https://dor-obr.ru/
files/007/601/233/7601233/original/Konnenmus_pas-
BUTHUSI_JTOPOKHOTO _06OpasoBanus_mo_2035 roma.pdf.
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Ne 273-®3 «O6 obpaszoanuu B Poccuiickoit
Ddeneparun» ® 1 HOPpMAaTUBHBIMHU JIOKYMEH-
TaMH 00pa30BaTeIbHBIX YUpEKACHUH (yCcTaB,
MOJIOKCHHS MO YYCOHBIM MOAPA3ICICHUIM)
opraHu3alus U peanu3aiusi o0pa3oBaTeiib-
HBIX IIPOIIECCOB IO HAIIPABJICHUSAM IOTOTOB-
KU BO3JIO)KCHA Ha y4eOHBIC MOJpa3esiCHHs
U Kadeapbl COOTBETCTBYIOIIETo Npodus.
CrnenoBaTenbHO, pelIeHUe O MPEerno1aBaeMbIX
B pamkax OIIOIl gucuuminHax, HEOOXOaU-
MBIX ISl TIOATOTOBKH KBaJIH(UIIHMPOBAHHBIX
KaJpOB, JOJKHBI IPUHUMATH BBIMYCKAIOIIUE
kadeapel. YueOHO-METOMHYCSCKHE MOAPa3-
JCJICHUSI HE JOJKHBI BMCIIMBATHCSI B HOPMHU-
pOBaHHE CHHCKa YUTACMBIX AMCIHIJIHH
B CHJIy OTCYTCTBHS Yy HUX TPEOYyEeMbIX KOMIIC-
TeHIUH. VIX OCHOBHAs POJIb — METOAUYCCKAs
U TEXHHYECKasl MOJICPIKKA BBIMYCKAMOMUX
Kadeap npu cocTaBIeHUU 0a30BBIX U PabOUHNX
y4eOHBIX IJIAHOB, B MIEPBYIO OYEPEIb, IO pac-
MpeaCICHUI0 AUCIMIJIMH/9acOB O CeMe-
cTpaM, GOpMHUPOBaHUIO (POPMATOB IICKTPOH-
HBIX JOKYMCHTOB.

Bo-BTOpHIX, (hemepanbHBIME TOCYJapCTBEH-
HBIMU 00pa30BaTECIbHBIMU CTaHIAPTAMU
Tpethero mokojeHus (OIrOC3, 3+, 3++),
a taxxe maketoM ®I'OC deTBEepTOTO MOKOJIE-
HUs® OTHO3HAYHO MPOIUCHIBAETCS KOJTHUECTBO
“ 00beMBbI 00s3aTEIbHBIX TYMAaHUTapPHBIX
JNUCIUIUINH. Bo BCcex MOCaeAHUX MOKOJIEHUIX
CTaHIapTOB YKa3bIBAJIOCh HE O0JIee MATH ryMa-
HUTAPHBIX JUCIUILINH, BKJIFOYas GU3UICCKYIO
KyJIbTypy U cnopT. B myHkre 2.5 mpoekra
Maketa @I'OC 4eTBEpTOro MOKOJIECHUS TaKKe
NPUCYTCTBYIOT AUCHUILIHHBL: Qumocodus,
WHOCTPAHHBIH S3bIK, 0€30TACHOCTh KHU3HE-
nesTenbHOCTH, uctopus Poccuu (He meHee 4
3aUETHBIX €IUHUI] UJIU, COOTBETCTBEHHO, 144
yaca), pu3ndeckas KyJbTypa U CIopT, B 00be-
Me He MeHee 328 akaJeMHUYeCKHUX YacoB.

OCHOBBIBasICh Ha 0A30BBIX MTPABOBBIX JIOKY-
MEHTaX, MOXHO CJellaTh JOCTAaTOYHO OJHO-
3Ha4yHBIM BRIBOX — mepeHachimieHue OITOIT
TEXHHUYCCKHUX TUCIUIUINH TYMaHUTAPHBIMU
CBSI3aHO ¢ 0COOCHHOCTSIMH BHYTpPEHHEH opra-
HU3AIMOHHOW CTPYKTYPBI BBICIIMX Y4EOHBIX
3aBEJNECHUI, KOrjJa HamoJdHeHHEe 0a30BEIX
U paboYyuX y4eOHBIX IUIAHOB MUCIUILIHHAMU
OCYIIECTBISACTCS HE BBITyCKAlOMUMU Kade-
JpaMH, HECYUIMMH OTBETCTBEHHOCTh 3a pas-

8 [Dnexrponnsiii pecypc]: https://www.consultant.ru/
document/cons_doc LAW_140174/.

° [Dnexrponnsiii pecypc]: https:/fgosvo.ru/uploadfiles/fgos4/
Maket FGOSVO_4.pdf?ysclid=lhev18fg6p700616569.

paborky u peanuszaunuto OITOII, kauectBo
MOATOTOBKH CIEIMaJIUCTOB, a Yy4eOHO-
METOAMYECKUMH TOAPA3EICHUSIMHU BY30B, HE
UMEIOIIMMHU ITo4ac TpedyeMbIX KBanuduka-
LU ¥ 3HAHUI B 00JaCTH TEXHUYECKHUX HayK.

Hanpumep, nucuurinHa «be3onacHocTh
JKU3HeaeaTenbHocTHY. C MO3ULUH ecTeCTBEH-
HBIX ¥ TYMaHUTapHBIX HAayK NpolieMa akTya-
Iu3upyeTcss B obnactu texHochepHoi Oes-
OTIaCHOCTH, YKOJIOTHH, IIPUPOIOTIOIb30BAHHS,
COLIMAJIbHO-3KOHOMUYECKHUX B3aMMOOTHOLIIE-
HUM, MEXXHAMOHAJIBHBIX, KYJIBTYPHBIX, SI3bI-
KOBBIX Y PEJINTHO3HBIX B3aUMOACHCTBHH, TIeIa-
TOTHKH Y aHJParoruky. B TexHn4ecknx Haykax
u, B yactHoctH, OITOIl «ABTOMOOUIBHEIE
JIOPOTHU U a3pOJPOMBI» aKTyaIM3alusl IUCIH-
IJIMHBI CMENaeTcsi B KOHKpEeTHbIe 00JacTu
B3aMMOJACHCTBHS YEJIOBEKA C TEXHUYECKUMHU
CpeACTBaMU, MpoIeccaMi U TEXHOJOTUSIMU
(pou3BoICTBEHHBIE 0a3bl, JOPOXKHbBIE MaLIH-
Hbl 1 MEXaHU3MbI, KOHCTPYKIIHOHHbIE MarTe-
puanbl, TeXHUKa 0E30MaCHOCTH) C y4ETOM
peanu3aiiy 3K0JIOTHYECKON 3allUThl OT IPO-
M3BOJICTBEHHOI JIeATEIBHOCTH, KaK COLIMyMa,
TaK 1 MPUPOJIBL.

CoOTBETCTBEHHO, MpobiemMa pemiaercs
IyTeM IPUBEACHUS OPTaHN3aLlMOHHOMN CTPYK-
Typbl 00pa30BaTeNbHBIX YUPEXKICHUHN U TIOPS -
ka ¢opmupoBanusi bYIlos u PYIloB B coot-
BETCTBHE C TpeOOBaHMSMHU 0a30BBIX HOpMa-
THUBHBIX JOKYMEHTOB.

3HaYHUTENBHOE KOJIMYECTBO T'YMaHUTAPHBIX
JMUCLUUILIMH MOMagacT B 0a30Bbic U pabouune
yueOHbIe MJIaHbl B CBSI3U C HaJHMYWEM HOpMa-
THUBHBIX TpeOOBaHMH BKIIIOUCHHS B 00pa3oBa-
TeJIBHBIN Npolecc 00s3aTeNbHBIX 0JI0KOB/MO-
JUyJIeH/ IUCIUUIUINH, OTPaXKarolluX PEeruoHab-
HyI0 crienu(HKy — Tak Ha3blBaeMmas «peruo-
HajlbHass KoMHnoHeHTa». Onupasch Ha
MHOTOJIETHHI ONBIT paOOTHl aBTOPOB, MOXKHO
MPEIUIOKHUTD pelieHne npodiieMsl — B (ene-
paJIbHBIN rOCYIapCTBEHHBIH 00pa3oBaTeIbHbIH
CTaHJapT BHECTH MYHKT, PENINCHIBAIOIINN
(GbopMUPOBATh PETHOHAIBHYIO KOMIOHEHTY
UCKIIIOYUTENBHO 00menpodeccuoHaIbHbIMU
u npodeccHoHabHBIMU TUCIUIUInHAMK. Ha-
pUMep, JUIs HalpaBieHus « ABTOMOOHIIbHBIC
JIOPOTH U a3POAAPOMBI» OMHOUMEHHOH Kade bl
ABTonopoxHoro ¢akyiabrera CeBepo-
BocTouHoro ¢enepaibHOro YyHHBEpPCHTETA
nMeHu M. K. AMMocoBa peruoHaibHast KOM-
MOHEHTA JI0JDKHA OBITh HAllpaBlIeHa Ha pelie-
HUE psija npodiieM JTOPOXKHO-CTPOUTEIbHON
OTpaciu — TEXHOJOTUU CTPOUTENbCTBA Ha
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MHOTOJIETHEMEP3JIbIX I'PYHTAX, CYXOIMYTHBIC
ABTO3MMHUKMH, JICJOBBIC JOPOT'U U MEPCIPABLI,
yCTOfI‘-IPIBOCTB JOPOXXHBIX MallIMH, MaTEpHUAJIOB
n KOHCprKHI/Iﬁ IIpHU 3KCTPpEMAJIBbHO HU3KHUX
TeMueparypax, JOTrUCTUUYCCKUC 1'[p06J'IeMLI
KPHUOJUTO30HBI U JP.

Ba3oBble npodiieMbl H PHCKH peaJn3anun
NPOrpaMMsbl CHHXPOHU3HPOBAHHOTO
o0yueHust

IIpennaraemas Ha obcyxnenue npodec-
CHOHAJIBHOTO CO00IIeCTBa CHHXPOHU3UPOBaH-
Has CHCTEMa IOATOTOBKHM CHEIHAIMCTOB I10
M3BICKAHUSM, [TPOCKTHPOBAHHIO, CTPOUTENb-
CTBY, DKCIUTyaTallid ¥ COJIEPIKaHUIO aBTOMO-
OMJIBHBIX JOPOT U JIOPOKHOM HHPPACTPYKTYPBI
MOXeT OBbITh peaju30BaHa IPU BHIIOIHEHUN
YHOJIHOMOYEHHBIMH CTPYKTYPaMH psijia opra-
HHU3aLMOHHBIX, MPAaBOBBIX U (UHAHCOBO-
9KOHOMUYECKHX JIeUCTBUM. [ TaBHbIE U3 HUX:

1. Qunancuposamuvca 00NHCHA NPOSPAMMA
obyueHusl.

B Hacrosmee Bpemsi GuHaHCUpOBaHUE
JeATEbHOCTH Kadeap OCYLIECTBISETCS IO
«TIO/IYIIEBOMY» HPUHIUIY — BBITYCKAIOIIUM
kadeapam aiist GOpMUPOBAHHS IITATHOTO TIPO-
(heccopcko-npenoaaBaTeIbCKOro cocTaBa
(IITIC) BBIOEAsiFOTCS CpencTBa M3 pacdeTa
OJIHA WITAaTHAs €IMHMIA NpernoaaBaTeis Ha
JBeHaAUaTh oOydaroniuxcsi Ha kadenpe cry-
JneHTOB. OOOCHOBBIBAETCS ITOT MOJXOJ] «IKO-
HOMHYECKOM 11es1ec000pa3sHocThion. C 0HOM
CTOPOHBI, Ha MPAKTUKE MOAOOHBIH MOAXO0]
MIPUBOJUT K CYIIECTBEHHOMY CHII)KEHHIO Kade-
cTBa 00pa3oBaHUs, IOTOMY YTO IIPH IOSBIIE-
HUH MaJIOOIO/KE THBIX/HEKOMIUIEKTHBIX TPYTIIT
(B CBOY na 2022-2023 yueOHbIil rox Maio-
KOMIUJIEKTHOW TPYINIIOi cuMTajach rpymnmna
YUCJIEHHOCTHI0: MeHee 20 CTy/IeHTOB B rpyIIe
crenuaiuTera, MeHee 22 — OakanaBpuara,
MeHee 12 — MarucTpaTypsl) NpeAnpuHIMAaeTCs
Pl Mep IO COKpAallleHHI0 OIOKETHBIX pac-
xonoB. B wactHocTH, nepeson IIIIC Ha BHe-
OIOJKETHBIE CTaBKH, NEPEBOJ] CTYACHTOB Ha
oOyuyeHue Ha IUIATHOH OCHOBE, IEPEBOJ 3HA-
YUTEIHHOW YaCTH 4aCOB ayIUTOPHBIX 3aHATHH
(nexuuu, 1a0OPaTOPHBIC U MPAKTHUCCKUE 3a-
Hstus) B rpady PVII «CamocrosarenbHas pa-
6ora crynenroB» (CPC). D10 ecTecTBEHHBIC
CJIEJICTBUS «IIOIYIIEBOT0» MPUHLKIIA (PUHAH-
cupoBaHus. B cooTBeTCTBUY C IeHCTBYIOIMMU
OI'OC u PYII 00beM uacoB nmpernonaBaHus Ha
ISITH Kypcax CleUalINTETa COCTABISIET OKOJIO0
10800 ygacoB (300 3aueTHBIX eauHUI] Uaud 60
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3a4eTHBIX eIUHHI] Ha Kypc). B CB®Y npu
HOpME TOJJOBOH yueOHON HArpy3KH JJIsi acCH-
CTEHTOB, CTapIIUX MpernoiaBaTesiell U T0IeH-
ToB 900 yacoB mis peanu3anuu ydeOHOU
mporpaMMbl TpeOyeTcst 12 MTaTHBIX SIUHUIIL.
COOTBETCTBEHHO, YHCIEHHOCTh CTYACHTOB
B IIOTOKE JTOJKHA OLITHL He MeHee 144 uenoBek
WId, B cpelHeM, 29 CTYACHTOB Ha KaX0M
kypce. Kak moka3pIBaeT MpakTUYSCKHU OTIBIT,
MIPH MOCTYIJICHUH Ha TIEPBBIA Kypc, HAPUMED,
26 CTYACHTOB K MATOMY KypCy B TPYIIIIE OCTa-
ercst 15—16 4enoBek, T.€. COXpaHIETCS OKOJIO
61,5 % xontunrenra. CiemoBaTenbHO, A
COXpaHEHHs WTAaTHOTO MPOopeccCoOpCcKo-
MPETO/IaBaTeIbCKOTO COCTaBa y4eOHbIE MOJ-
pa3aelieHus] BBIHYKICHBI MEPEBOJUTh OKOJIO
40 % yacoB ayIMTOPHBIX 3aHATUH (JIEKIUH,
nabopartopHbie, npaktuueckue) Ha CPC wiu
BHeOMOMKeTHbIe cTaBku. C Opyroif CTOPOHEL,
MOHSTHE «IKOHOMHUYECKAS 11€7IeCO00Pa3HOCTh
HECOBMECTHMO KaK C COIMAJbHBIMHU SIBJIC-
HUSMH B II€JIOM, TaK U ¢ 00pa30BaTeIbHBIMU
npoleccaMu B 4acTHOCTH. Eciu moaTsep-
JKJeHa TOTPEOHOCTH B KaJpax ONpeac/IeHHON
KBaJTM(DUKAIMY ITYTEM BBIIAYH JIUIICH3HOHHBIX
U aKKPEIUTAIMOHHBIX JTOKYMEHTOB, OTpE/e-
JIEHO HEOOXO0IMMOE KOJHYECTBO ITHX CIIelra-
JIUCTOB (BBIJICIICHHBIE OIOJXKETHBIE MECTa), TO
HE JIOJDKHO MOSBISITHCS BOIPOCAa 00 «IKOHO-
MHUYECKOU 11eJIeco00pa3HOCTH» BHIMOIHEHUS
rocyaapcTBeHHoOro 3akaza. OOGpa3oBarenbHas
OpraHu3aIus B JUIIE BBIMTyCKaOIEH kadeapbl
00s13aHa IOATOTOBUTH TpeOyeMoe JIst JOPOXK-
HO-CTPOUTEIBHON OTPACIIM KOJIMYECTBO Kaj-
POB TpeOyeMol crerurain3amnnu.

O0beM (prHAHCHUPOBAHUS CHHXPOHHU3UPO-
BaHHOW MPOTPaMMBI B IIEJIOM OMpPEACIICTCs
JOCTaTO4YHO mpocTo. PaccMoTpuM 3TO Ha
puMepe mpejiaraeMoi cxeMbl 00pa3oBaHus
C y4eTOM HOPMAaTHBHOUW TromoBOW y4eOHOM
Harpysku [IIIC, npunstoit B8 CBOY — 900
4acoB/roJl (3Ta Harpy3Ka pasindaeTcs B By3ax)
1 00beMa roIoBoi mporpaMmel B 60 3a4eTHBIX
enunuil (2160 gacos).

O6wmumit 00beM vacoBoit Harpysku IIIIC
COCTaBJISCT:

* Ha ypoBHe 0a3oBoro cmenuaiurera
(momynu 1, 2, puc. 1) — 2640 gacos.

* Ha ypoBHe cnenuanutera (Moayisb 3,
puc. 1) — 3240 gacos.

* Ha ypoBHe MarucTpaTypsl (Moaynb 4,
puc. 1) — 4320 gacos.

CyMMapHO€E KOJIMYECTBO YACOB, HEOOXOIH-
Moe€ JUIsl Ka4eCTBEHHOTO O0Y4YEHHUS CTYIEHTOB
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10 CHHXPOHU3UPOBAHHOI porpaMmme, COCTaB-
nsietr 10200 ygacos. ns peanuszaunuu mpo-
rpamMmbl Tpebyercs 10200/900~11,4 ctaBku
M[IIC. C yyerom Hanuuus B LITaTe JIFOOOH
kadeapsl npodeccopoB, UMEIOIIHX, 4acToO,
MEHBIIIYIO TOIOBYIO 10YaCOBYO Harpy3Ky, IJis
peaTu3aui IPOrpaMMBbI ayTUTOPHBIX 3aHATUN
Ha kadeape A0HKHO ObITh mopsiaka 12 mrar-
HBIX €IMHHII aCCHUCTEHTOB, NpernoaaBareiei,
JoueHToB u npogeccopon. [Tomumo 3Tux
CTaBOK, Kaeape JOKHBI BBIICISATHCS MITAT-
HbIC €UHUIIBI WHKCHEPHO-TEXHUUYCCKHUX pa-
OOTHUKOB (B 3aBUCHMOCTH OT HaJUYHs KOH-
KpETHBIX J1abopaTopHii), a TakKe CTaBKH Ma-
CTEpPOB IPOM3BOJCTBEHHOTO OOYUYCHHS s
MPOBEICHUS 3aHATUH MO MHTETPUPOBAHHOMN
B IIPOrpaMMy IMOJATOTOBKHM 0a30BOro crerua-
JINTETA CUCTEMBI TPO(PECCUOHATBLHOTO 00y 1e-
nus CIIO.

2. Ha ypoene npogeccuonanvuvix cmam-
0apmog Q0NHCHBL OblMb CHOPMUPOBAHBL OOHO-
3HAYHbIEe MPYO0Gble GYHKYUU 05l KAHNCO020
ypoeusi 0bpazosanus — 6a306020 cneyualu-
mema, cneyuaiumema u Ma2ucmpamypbl.

Ha cerogusiiHuii neHb 11 CIEHATUCTOB
JIOPO>KHOU OTPACIIH C BBICIIUM 00pa3oBaHUEM
YTBEPXKJACH JIHIND OJUH MPOGECCHOHATBHBIN
craugapt'%. HecMoTps Ha aaty ero my0imka-
LIMH, €TO CTPYKTYpa HUKaK HE MOXKET CI0C00-
cTBoBarh paspaborke OIIOIl u ®T'OC, axne-
KBaTHBIX COBPEMEHHBIM TPEOOBAHUSAM U BBI30-
BaM. Bo-mepBhIX, TaM JqalTCsA TPYAOBBIC
¢yHK1MK OakanaBpoB Kak 0a30BOTO JIEMEHTa
CTPYKTYphl oOpa3oBanus. Bo-BTopbIX, B pas-
nemne III «XapakTepuctuka 0000IIEHHBIX
TPYAOBBIX (YHKIUI» MEPEUUCIISIOTCS JTOJDK-
HOCTH/TIPOQECCHH/CIICIIUATIBHOCTH U TPYIO-
BbIC PYHKIIMH, CBSI3aHHBIC HCKIIOYUTEIBHO CO
CTPOUTEIBCTBOM JOPOT, OpraHu3anuei
U yHpaBJICHUEM JOPOXKHO-CTPOUTEIbHBIMU
rpolueccaMu ¥ KOHTPOJIEM 33 KaueCTBOM HX
BBITIOJIHEHUS. 3 TpynOBBIX QYHKIIHI crieiiua-
JIMCTA JOPOXKHHKA BBIIANIHN 11€JIbIe KOMIUIEKCHI
paboT u 00sI3aHHOCTEH, B YACTHOCTH:

— U3pickaHus aBTOMOOMIBHBIX jgopor. Ha-
MpUMEpP, HA TEPPUTOPUH PACTIPOCTPAHCHUS
KPUOJIUTO30HBI OHU BKJIIOYAIOT B ce0sl OKOJIO
JIByX NECSITKOB M3bICKaHWH. B cOOTBETCTBUU

10 TIpuka3 MuHHCTEPCTBA TPy/a W COLHMAIBHON 3alINTHI
«O0 yTBepx)aeHUU Npo(heCCHOHANIBHOrO CTaHIapTa
«CriennanycT 1Mo OpraHMu3aliH CTPOUTENILCTBA OOBEKTOB
JOpOXKHOTO X03sicTBa» oT 20 mapta 2023 roma Ne 182H.
[Onexrponnslil pecypce]: http://publication.pravo.gov.ru/
Document/View/0001202304190017. loctyn 15.11.2023.

¢ TpeOOBAaHUSAMH HOPMATHBHBIX JOKYMEHTOB
K 0053aTENbHBIM H3BICKAHUAM OTHOCSTCS:
KJIMMaTH4YeCcKas XapakTepuCcTHKa paiioHa pa-
6ot; reomopdooruueckas XxapakTepucTHUKa
u penbed; reoboTaHNUECKast XapaKTePUCTUKA;
THAPOJIOTHYECKHE YCIIOBHS, F€OJOTHUECKOE
CTPOEHHE, JTUTOJIOTHYECKUN COCTaB TPYHTOB,
HX BO3PACT M FeHETHYECKAask XapaKTEPUCTUKA;
TEKTOHUYECKHUE YCIIOBHS; THIPOTEOIOrnye-
CKHe€ YCJIOBHS; IUIOIIAHOE PACIIPOCTPAHEHHE
BEYHOMEP3JIBIX M TAJIBIX TPYHTOB; MOIIHOCTh
U BEPTHKAJIbHOE CTPOEHHE BEUYHOMEP3IIOU
TOJIH; TIYOWHBI CE30HHOTO OTTAMBaHUS
U IpPOMEpP3aHus IPYHTOB; TeMIIEpaTypPHBIN
PEXUM IPYHTOB; TEMIIEPATYPHO-TIPOYHOCTHOE
COCTOSIHHE TPYHTOB (TBEpI0-Mep3Jible, Iia-
CTUYHO-MEP3JIble, ChIlyuyeMep3ible, MOPO3-
HbI€); XapaKTePUCTHKA MYyYUHHUCTOCTH TPYyH-
TOB; KPHOT€HHBIE TEKCTYpPhl TPYHTOB; Mep3-
JIOTHBIE (DPU3MKO-T€OJOTHYECKHE MPOIECCHI
U sBICHUS;, (pu3ndueckue, TEII0PU3NUICCKIE
U MEXaHUYECKHE XapaKTEPUCTUKHU TPYHTOB;
3aCOJIEHHOCTh IPYHTOB; XapaKTEPUCTHUKA CEHi-
CMUYHOCTH paiioHa paboT M MOBTOPSAEMOCTH
ceficMUUYeCKUX BO3JEHCTBUN B HEM, a TAKXKe
MPUPALIEHUS CEHCMUYHOCTH (TIOJIOKHUTEbHBIE
W OTPHIATENbHBIE) IUTOIIA0K CTPOUTENHCTBA
(B ceiicMoomacHbIX paiioHax).

— IIpoekTupoBaHe aBTOMOOHIBHBIX TIOPOT
C YYeTOM JaHHBIX H3BICKATEIHCKOIO KOMII-
JeKca.

— DKcmryaTamnus/conepKanue aBTOMO-
OUIIBHBIX JOPOT C yYE€TOM TPaHCIOPTHO-
JIOTHCTHYECKUX, MPUPOTHO-KIMMATHYECKUX
1 MHXEHEPHO-T€O0JIOMYECKUX 0COOEHHOCTEH
KOHKDPETHBIX PErHOHOB. JIJIss KPHOJIHUTO30HBI,
HanpuMmep, HeOOXOAMMBI CIEIHATUCTHI 1O
CYXOINyTHBIM 3UMHHKAM, JIEIOBBIM JAOPOraM
U TepernpaBam.

— YrnpaBieHHEe U PEMOHT JOPOKHO-
CTPOUTENBHBIX MAIIMH, paboTaloIUX B KOH-
KPETHBIX IPUPOHO-KJIMMATHUECKUX YCITOBHSX.

— DKCIUTyaTalys U CojJepKaHue MpoUu3BOI-
CTBEHHBIX 0a3 JOPOKHOTO CTPOMUTEIHCTBA
(kapbepbl JOPOXKHO-CTPOUTENBHBIX Marepua-
JIOB; ac(abTOOCTOHHBIC, IIEMECHTOOCTOHHBIC,
JpOOUITBHBIE 3aBOJIbI, BAXThI, PEMOHTHBIE 0a3bI
u 1p.).

— JIabopaTopHOE/HayYHOE COMTPOBOXKICHUE
JIOPOXKHOTO CTPOMTEILCTBA (TOPOKHBIE 1ab0-
paTopuu, J1abopaTOpuH BXOJHOTO KOHTPOJIS,
JKCIEPTHBIC JTAOOPATOPUH U IP.).

— HayuHo-uccnenoBareinsckue paboTsl M0
pa3paboTKe HOBBIX TEXHOJIOTHH CTPOUTEIb-
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CTBa M JIOPOKHO-CTPOUTENIBHBIX MAaTEpUAIIOB;
9KCHEPTU3Bl MIPOBOAMMBIX pabOT U aHAIU3
COCTOSIHHSI aBTOAOPOT, CHCTEMbI OPTaHU3alNN
Hay4HBIX UCCIIE0OBaHUI M OTYETHOCTHU; Opra-
HU3alMs ¥ NPOBEJEHUE HCCIIEeN0BATEIbCKUX
paboT Ha SKCIEPUMEHTANBHBIX U IPOU3BOJI-
CTBEHHBIX MOJIUTOHAX U AP.

— CTpOUTENBCTBO U IKCIUTYaTalus JT0POXK-
HOW MHQPACTPYKTYyphl, KOTOpas BKJIIOYAET
BOJIOTIPOITYCKHBIE M BOJIOOTBOJIHBIE COOPYXKE-
HUSl, OCBEIICHUE, CBETO(QOPHI, BUIEOKaMEPHI,
JHEprocHa0KeHue, 3HaKu, FOPU30HTAIbHYIO
pasMeTKy, 3alUTy OT HIyMa, IeHIeXOJHbIe
MePEexo/ibl, TPOTYaphl U AP.

— MOHHUTOPHHT COCTOSIHUS U 00CIIe/IOBaHNE
JIOpOT.

[Tapagokc 3akiao4aeTcss B TOM, 4TO IPHU
OTCYTCTBHH NPO(ECCUOHATIBHBIX CTAaHAaPTOB
B TIpOrpaMmax OOy4YeHHs CIICIHAIMCTOB 10
HanpaBiaeHuio 08.05.02 «CtpoutenscTBo,
JKCILTyaTalusi, BOCCTAHOBJICHHE M TeXHUYe-
CKOE NPHUKPBITHE aBTOMOOMIBHBIX IOPOT,
MOCTOB M TOHHEJIEH» BCe MepedyrcIeHHbIC
BBIIIIC 334U/ CIICIIHATH3AI[UH/KBATH(DHKAITTH
MPEACTABJICHBI B BUE OTJCIIbHBIX AUCIHUILINH.

HeobxonumocTh Hanu4us mnpodeccHo-
HaJIbHBIX CTaHIapTOB JNUKTYyeTcs TpeOoBa-
HUsMHU (eJepalibHBIX TOCYylapCTBEHHBIX 00-
pa3oBaTeNbHBIX CTAHIaPTOB U pa3pabaTbiBae-
MbIX Ha ux ocHoBe OIIOII u pabouux y4e0-
HBIX IJIaHOB, B COOTBETCTBHHM C KOTOPBIMH,
B CBOIO OYepe]b, OpraHu3yercsi yueOHbIN
npouecc. B ®I'OC npencrtaBieHo Takke TpU
THNa KoMIeTeHui: yHuBepcaiabhbie (YK),
obmenpodeccuonanpusie (OIIK) u npodec-
cuonanbHbie (I1K). Conepxanue YK mpo-
nuceiBaeTcsa B DI'OC, u oHM OJUHAKOBHI JJIS
BCEX JUCIUIIINH, BCEX YPOBHEH BBICHIETO
00pa3oBaHUs M BCEX YKPYIHEHHBIX TPYIIII
crenuanbHOCTEH. DTO OJMH M3 OCHOBHBIX
(haxTOpOB HENPOMOPIUOHAIBHO OOJBIIOIO
YHCclia TYMaHUTAPHBIX TUCIUIIINH Ha TEXHHU-
YECKUX HalpaBJICHUSX, IOTOMY YTO B y4eOHO-
METOJUYECKHUX IOApa3JeICHUSIX BY30B CUH-
TAlOT, 4TO 00IIenpodeCcCHOHANbHBIC U TIPO-
(eccroHaNbHbIE TEXHUYECKHE TUCLUTIITHHBI
He HecyT B cebe atux YK. Kak mpasuio,
B PVII yHuBepcanbHble KOMIETEHIIUU MPHU-
BS3BIBAIOTCSl MCKJIIOUUTEIBHO K TyMaHUTap-
HBIM JUCHHUILIHHAM.

ObmenpodeccuoHanbHble U MPOdeccHo-
HaJIbHbIE KOMIETCHIMU JOJDKHBI pa3padarsi-
BaTbCsl B COOTBETCTBUHU C HpOdeccHOoHalb-
HBIMU CTaHJIapTaMHU, KOTOPBIE JJIsl TIOPOKHO-

Mup TpaHcnopTa. 2024

CTPOUTENBHOI oTpaciu He pa3padboTansl. /s
Takoro ciay4das B @I'OC nmpucyTcTByeT mosc-
HeHHue — «(Tipu Hanu4uM)». Yto nenars, eciu
npo¢ecCUOHAIbHBIE CTAHJAPTHI OTCYTCTBYIOT,
pa3piacHeHHi He naetcd. B c¢Bs3u ¢ aTuM, pu
MOATOTOBKE JOKYMEHTAIUU, B KOTOPOU MpH-
CYTCTBYIOT (hOPMYTUPOBKH ITHX KOMITETCHITU I
(OITOI1, BYII, PVYII, paboune mporpammsl
JTUCITUILINH), ONpeesieHus obmenpodeccro-
HaJbHBIX U MPO(PECCHOHATBHBIX KOMIIETCHITU N
Juis OakanaBpuara, MarucTparypbl U crelua-
JIUTETA B PEAIbHOCTH pa3padaThIBalOTCS PO-
(eccopcKo-npenoiaBaTeibCKUM COCTaBOM
kadeapbl Ha OCHOBE MMEIONIETOCS MeIarori-
YeCKOTro, IPOU3BOJCTBEHHOrO OMBITA U MO
coracoBanuio ¢ paboromarensmu. Co3nas-
mrasicsl CUTyalusi CBUIIETENBCTBYET €CIU He
0 TMOJHOW (OPMATBHOCTH TIOHATHUS «KOMIIE-
TEHLUS», TO 0 0ECCMBICIIEHHOCTH MPUBSI3KH
00pa3oBaTebHBIX «KOMIETEHIINN» K podec-
CHOHAJBHBIM CTaHAApTaM, M0 KpaifHel Mepe
JUISL CHIEIIUATIUCTOB IOPOXKHOTO X035HCTBA, Ha
onuxaitimue necsituietus. [I[puaumas BO BHH-
MaHHe (aKT HEBO3MOXHOCTH OTMEHBI MpPO-
(eccuoHanbHBIX CTAaHAAPTOB, OCTaETCs
TOJIBKO OJIMH BBIXOA — HckitoueHue uz ®IrocC
TOHATUSA «KOMIICTCHIIUI.

Kaxk rmoka3siBaeT MHOTOJIETHHUH OIBIT Mpe-
MoJaBaTeIbCKON NEATEIbHOCTH, B paMKax
00pa30BaTeNLHOTO MPOIEcca OTCYTCTBUE TPO-
(eccuOoHaNBHBIX CTAaHAPTOB KYIHUPYETCs
HCKIIIOYUTENBHO MPOo(PeCcCHOHAIN3MOM IPO-
(deccopcko-npenoaaBaTebCKOro cocTaBa
y4eOHBIX OpraHu3alnuil IpU TECHOM B3aMMO-
JIEHCTBUH C PETHOHAIBHBIMU IIPOU3BOJICTBEH-
HBIMHU TPEANPUATHAMU U OPTaHHU3AIUSIMH.
OnHako Ha ypOBHE rOCyIapCTBEHHOTO MJIaHU-
pOBaHUS CTPYKTYpHl KaJpOBOT'O cOCTaBa
U ONpeAe]eHUus MOTeHIMajga AOPOXKHO-
CTPOUTENBHOI OTpaciu, OTpakaroIilerocs,
B YACTHOCTH, B BBIICJICHUHU OFOIKETHBIX MECT
JUTs y4eOHBIX 00pa30BaTeNbHBIX YUPEKICHUH,
npobieMa OTCYTCTBUSI MPO(ecCHOHaIbHBIX
CTaHJapTOB UMEET EPBOCTETIEHHOE 3HAUCHUE.
Perynaropom npodeccuoHanbHONW TOPOKHO-
CTPOUTENBHOH AeSTENbHOCTH SIBNIsSeTCI MUHU-
crepcTBO TpaHcnopTa Poccuiickoit @eaepanyu
B sinne OenepanbHOro JOPOKHOTO areHTCTBA
(PocaBrojiop). ToNbKO 3TH YUPESIKICHUSI UMCIOT
IpaBa U KOMIIETEHIIMH TI0 COCTABJICHUIO Tep-
CIICKTUBHBIX IJIAHOB (hOPMHUPOBAHUSA KaApO-
BOTO COCTaBa OTPACiii M pa3paboTKe Ha rocy-
JIApCTBEHHOM YPOBHE TPEOOBaHUH K KaueCTBY
U KOJIMYECTBY TPeOyeMbIX CIEIHAINCTOB
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C Pa3IUYHBIMH KOMIIETEHI[USAMH. TpeOGoBaHus
K KQ4eCTBY CIELUAIMCTOB PA3IMYHOIO YPOBHS
MMOJTOTOBKH M Ha0OpYy MX KOMIIETEHIIMIA (op-
MaJIM3YIOTCS Ha YPOBHE MPOQECCHOHATBHBIX
crangaptoB. O0pa3oBaTeIIbHBIC YUPCKIACHHUS,
B cooTBeTcTBUU ¢ TpeboBanusimu PI'OC, ocy-
LISCTBISIOT MOATOTOBKY KaJpOBOTO COCTaBa,
COOTBETCTBYIOIIETO 3allpocaM OTpaciiu, U3Jo-
JKEHHBIM B MPO(eCCHOHANBHBIX CTaHIAPTaXx.
C nosiBneHreM Accoluanuu J0poKHOro odpa-
30BaHUS U €€ MPEIT0KCHUEM O CO3JMaHUHU
y4eOHO-METOAUYCCKOTO IieHTpa [ 13], mosBs-
€TCs HAJIeK A, UTO B OiiMKaiiiee BpeMs pery-
JIITOpP B 00JIaCTH JOPOXKHOTO XO3siCTBa pas-
paboTaeT cTosib He0OXOAUMBIE JUIsl 00pa3oBa-
TEJBHBIX MPOIECCOB NPO(eCCHOHAIbHBIE
CTaHAaPTHI PA3INYHOTO YPOBHSI.

3. [lpobnema obecneuenus obpazosamenn-
HO20 npoyecca u Hay4Ho-UcCCie008amenbCKUxX
pabom euInyckaowux Kagheop ucciedosameliv-
CcKUM/1abopamopHuim 060py006anuem u 0o-
POIACHBIMU MAULUHAMU.

[Ipennaraemas Ha paccMoTpeHue npodec-
CHUOHAJILHOTO COOOIIECTBa CXeMa CHHXPOHH-
3UPOBAHHOTO OOYyYEHHs MO HANpaBIEHUIO
CrenuainuTeTa « ABTOMOOHIBHBIE AOPOTH
U adPOJPOMBI» OPUEHTHPOBAHA Ha TIOTOTOBKY
npodeCCHOHANBHBIX KaIpOB IS JTOPOXKHO-
CTPOUTEINILHOM OTpaciii Ha BCEX YPOBHIX 00-
ydyeHusi. Boicokas creneHb mpodeccuoHa-
JM3Ma MpeJnojiaracT He TOJIbKO HaJIUUYHE
y CTYIEHTOB TIIyOOKWX 3HAHHUI IO Mpernoaa-
BaeMbIM ITPEIMETAM U MEXKTUCITUILIHHAPHBIM
CBS35IM, HO M 3aKpeIllieHHEe dTUX 3HAHUN Ha
1a60paToOpHBIX M MPAKTUYECKUX 3aHATHIX.
HemanoBakHBIM aclieKTOM 00pa30BaTeIbHOTO
mpoiiecca sBJISCTCS MOJy4YCHHE CTYICHTaMU
MPAKTHYECKUX HABBIKOB 110 U3BICKAHUAM, TIPO-
E€KTUPOBAHUIO, CTPOUTENLCTRY, KCIUTyaTalluu
U COJEPIKAHUIO aBTOJIOPOT.

[IpakTHyecKne HABBIKH OOydYaroIIuecs
MOTYT HOJYYUTh WM [IPH MPOBEIECHUH yuel-
HBIX 3aHATHH (IpaKTHYECKKE U TJabOpaTOPHBIE
paboThl), WK HA YYCOHBIX U IIPOU3BOJICTBCH-
HBIX MPAKTHKaX, IPOBOJUMBIX Ha MMPOU3BOJ-
CTBEHHBIX MPEANPHUITHIX.

[Ipou3BoACTBEHHBIE TPAKTUKH — HanOOJIee
3¢ PEeKTUBHBIA MEXaHU3M JUIS 3aKperICHHUS
MOJIyYEHHBIX BO BpeMs yueObl 3HAHUN U MOJTY-
YeHHUs peajbHOro MPaKTUYECKOTO OIIBITA.
OnHako Ha HUX HAKJIAIBIBAETCS JKECTKOE
OrpaHWYEHHUE, CBA3AHHOE KaK CO CIEIUPUKON
00513aTeIbHOr0 BpEMEHH ayIuTOPHOTO 00yde-
Hus, onpenenenHoro ®I'OC, tak u ocobeH-

HOCTSMHU OpTaHH3alHuu pabdoOT B OTpACIH.
B Pecnyonuke Caxa (SIkyTus), Hanmpumep,
akTHBHas (a3a TOPOKHO-CTPOUTEIBHBIX pa-
00T HayMHAETCsA B Mae M IPOAOJDKAETCS A0
KOHILIa ceHTsAO0ps. B meixom crpouTenbHbIN
CE30H JUIMTCS OKOJIO IsITH MecsiieB. O0paso-
BaTeJbHBIM Tpolecc Ha Kadeape «ABTOMO-
OMJIbHBIE JOPOTH U a3POAPOMBD) ABTOTOPOXK-
Horo (dakynsrera CBO®Y B cooTBeTCTBHU
¢ tpeboBanusmu ®I'OC HaunHaeTcst HEpPBOTO
CEHTSAOpS M 3aKaHYMBAETCS, B 3aBUCHMOCTHU
OT ypoBHs oOpa3oBaHusi, B mepuon 10—
30 uroHs. [axe nmpu HaIM4YUU Y Kadeapsl
JIOTOBOPOB 00 OpraHu3aliy MpoU3BOICTBEH-
HBIX IPAKTHK TPAKTUYCCKU CO BCEMH JTOPOXK-
HO-CTpOUTEeNbHbIME Tpeanpustusimu PC(5)
B cHITy OpMabHBIX MPUYUH CTYICHTHI (ak-
THYCCKU MOTYT IPUCTYMHUTH K paboTe TOIBKO
B TpeThel nekane uioHs. K atomy BpeMeHn
Ha MPOU3BOICTBEHHBIX MPEANPUATUAX OCTa-
I0TCSI BAKAHCHH TOJIBKO TJOPOXKHBIX pa0o4uX,
Ha KOTOpPbIE ¥ YCTPAUBAIOTCS MPAKTHKAHTHI.
B03MOXHOCTh y4acTHsI MPAKTHKAHTOB B IPO-
M3BOJICTBEHHOM IIpOILIECCE OTpaHHYEHA Iie-
puonoM B JBa Mecsna (uMonb—asryct). [Ipu
OYEHB TUIOTHOM Tpa)MKe CTPOUTEIBHBIX pa-
00T y CTyIeHTOB, 0OCOOEHHO TIOCI]IE BTOPOTO
Kypca oOy4YeHHUs, HET BPEMEHHU IOJYYHUTh
OoJee BHICOKYIO KBATH(UKALNIO, a y paboTo-
JlaTessl HeT HU BO3MOXKHOCTH, HU TIpaB (OTCYyT-
CTBHE JINLIEH3UU Ha 00pa3oBaTENbHYIO Jes-
TeJIbHOCTh) Ha OOy4eHHE MPAKTHKAHTOB.
COOTBETCTBEHHO, PUOOPETEHHBIE CTYICH-
TaMU 3HAHUS Ha IPOU3BOJCTBCHHBIX MPAKTH-
Kax 3aKperuIsIoTCs TOJBKO Ha YPOBHE KBAJIH-
(hukanuyu 10poKHOTO paboyero.

C apyro#i CTOpOHBI, TPUOOPECTH MPAKTH-
YeCKHe HaBBIKU CTPOUTENBCTBA, COICPIKAHUS
M 9KCIUTyaTaI[lK CYXOIyTHBIX aBTO3UMHHUKOB,
JEeIOBBIX JOPOT W TEepenpaB CTYIEHTHI HE
MOTYT B TIPUHIIATIC.

[Tpobnema penraercs B paMKax Ipezjiarae-
MO# CHCTEMbI CHHXPOHU3HPOBAHHOTO 00y4e-
Husl. [IpnoOpeTenue JONOTHUTENBHBIX CIIEIH-
aJbHOCTEH M MOJyYCHHE 110 HUM IpakTH4e-
CKHX HABBIKOB 110 BCEM BUaM MPAaKTHYECKOM
JNEeSITEIbHOCTH YYalluXCsl OCYIIECTBISIETCS
B mporecce o0yueHHs, HaYMHasi C MEePBOr0
Kypca Ipu OCBOSHUH AMCIHUILUIMH O BBIOOPY
(37IEKTUBHBIX TUCIUTUINH ), TUCIIUTLIHH, OTHO-
CSILIMXCSl K PETMOHANILHOI KOMIIOHEHTE, (a-
KYIbTATHBHBIX 3aHSATHUW, HAYYHO-
HCCIIEJIOBATENBCKO e TENIBHOCTH U CIeIHa-
JTU3UPOBAHHBIX KPYKKOB. [IpHuem monydeH-
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Hbl€ JONOJHUTEJIbHbIE CIEIHaIbHOCTHU
U KBAJTM(DUKAIMH PA3THYHBIX YPOBHEH TOIKHBI
OBITH MOATBEPIKICHBI TOKYMEHTAMH TOCyaap-
CTBeHHOTO o0pasia (mpaBa Ha KaTeropuio,
YIOCTOBEPECHUS, CEPTU(GUKATHI, TUILIOMBI,
CBHJICTEJILCTBA U T.1I.).

B mepcnekTHBe MOXKHO MPHHSATH CHCTEMY
MEePernoAroTOBKU KaJpoB, AIUTEILHOE BpEeMs
MPaKTHKyeMYI0 B 00pa30BaTeIbHBIX YUpexie-
HHSX M IPOM3BOICTBEHHBIX MPEAMPUITHIX BOI-
HOro TpaHcmopTa. [1o okoHUYaHUU OOYYEHUs Ha
ypoBHe CIIO BBIITyCKHUKaM BBIIAETCSI, TOMUMO
JIMIUIOMa 00 OKOHYaHUH, paOOUHiA JTUIIIIOM, SIBJISI-
IOIINICST OCHOBaHMEM JIJIsl JIONycKa K paboTe.
Cpok neiicTBus pabodero TUIIioMa — IsTh JIeT.
PykoBosiiie pabOTHUKH TAKKE OJUH Pa3 B ISITh
JIET POXOZIAT CIIELNaIN3UPOBAHHbBIE KYpPChI Iepe-
TIOJITOTOBKH C BbIIa4ell yI0CTOBEPEHHMS Tocyaap-
CTBEHHOT0 00pasiia.

OCHOBHBIM PUHIUIIOM MTEPEIAIN CTYICHTAM
NPaKTHYECKU 3HAYMMBIX HABBIKOB PAbOTHI C CO-
BpEMEHHBIM 000pYIOBaHHEM JOJDKHA OBITh
TUIAaHOMEPHAsI peopraHu3alys yueOHbIX Jadopa-
TOpHIl By30B B peajbHbIe HAyYHO-HCCIJIEO-
BaTeJIbCKHE JIabOpaTOpUHU, OPTaAHU3AUOHHO
CTPYKTYPHUPOBaHHBIE 110 QHAJIOTHHU C J1aboparo-
PHAMH aKaJeMUIECKUX HHCTHTYTOB M POU3BO/I-
CTBEHHBIX IpeanpusaTuil. OpraHuzanys npeuia-
raeMoro NpHHLUNA 00y4eHHs CHEeNHaIbHOCTH
«ABTOMOOMIIBHBIE IOPOTH U a3POIPOMBIY TIPEI-
nosaraetT GopMUpOBaHKE U TpHOOpETEeHHE st
00pa30BaTeNbHOTO YUPEKICHHS:

— psAna aKKpEeIUTOBAHHBIX HAy4YHO-
MCCIIEI0BATENBECKUX CTAMOHAPHBIX JJa00paTopHid
1 KaOWHETOB, 00ECTICYEHHBIX MOJHBIM KOMILIEK-
TOM COBPEMEHHOI'0 00OpPYIOBaHHUS M IITATHBIM
COCTaBOM PaOOTHHKOB (B IEPBOOYEPEIHOM Iepe-
YeHb JIOJDKHBI BOWTH JIa00OpaTOpUH: TPYHTOBEIE-
HUS1, JOPO)KHOTO MaTePHAJIOBEICHHSI, UCTIBITAHUS
ac(ajabTOOETOHOB U JIOPOXKHBIX OMTYMOB, I'e0-
JIe3UN/TeOMH(POPMAIIMOHHBIX CUCTEM/IIU(POBBIX
TEXHOJIOTHIA);

— YKOMIUIEKTOBaHHON 000pyJOBaHHEM J0-
POXKHOIT 1Taboparopuu;

— CHa0YKEHHOM TIOJIHBIM KOMIUIEKTOM 000py-
JIOBaHUsI J1aOOpaTopuH 1o 00CIIeI0BaHHIO/MOHH-
TOPHHTY aBTOMOGHJIBHBIX JOPOT;

— IOPOXKHO-CTPOUTENBHOM TEXHUKH JUTsl 00-
YUYEHHS U TIPAKTHUKH CTYACHTOB B paMKax BTOPOTO
Monyist «bazoBbiii cnenpanuter» (puc. 1);

— CTPOUTENBCTBO aBTOAPOMA, IKCIIEPUMEH-
TaIBHBIX M MPOMBIILICHHBIX HATYPHBIX TIOJIUTO-
HOB [0 MUCCJICIOBAHUIO M HCIBITAHUIO MaTepua-
JIOB, TEXHOJIOTUH U JTOPOKHO-CTPOUTEIBHOM
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TEXHHUKH, YTO OCOOCHHO aKTyalbHO JUIS MpPHU-
POIHO-KIIMMATHYECKHX YCIOBU# KPHOIMTO30HBI,

— obecrieueHHe MHCTPYMEHTATIBbHOM 0a3bl
Y TEXHUKH TIOMEIICHUSIMA U PEMOHTHOMN 0a30H.

3aMeHa BechbMa OTrpaHUYEHHOUN y4eOHO-
J1a00paToOpHOI 6a3bl 0OPa30BATEIIBLHBIX YUPSKIIC-
HU Ha TPOM3BOJCTBCHHYIO Hay4HO-
HCCIIEIOBATENIBCKYH0 — MEpOIIPHSITHE KpaliHe 3aTpat-
Hoe. OJIHMM U3 CaMbIX «OIOIKETHBIX» MPHOOPOB
MOYKHO Ha3BaTh OECITMIIOTHBIH JIETaTeNbHBIH artia-
par (BIIJIA) nmpodeccroHansHOro ypoBHsi, He00-
XOAUMBIA It 00y4YEHHsI CTYICHTOB ITU(DPOBBIM
TEXHOJIOTUSIM U TIPHOOPETEHH s MPAaKTUYECKHUX Ha-
BBIKOB I10 JIUCTaHIIOHHOMY 30HIMPOBAHUIO 1 OLIU-
(pOBKe aBTOIOPOT, CO3/IAHNMIO IIU(POBBIX MOJENEH
MECTHOCTH, MOHUTOPHHI'Y COCTOSTHHS, IOCTPOCHHIO
3D mogzeneit, co3naHuro 6a3 aBTOMaTH3MPOBAHHOTO
YIIPABJICHHS TOPOKHBIM JIBIKCHUEM U aBTOMATH-
3UPOBAHHOTO MPOEKTUPOBaHHs1. CTOMMOCTB TOJIBKO
camoro BITJTA koneGrercs B mpenenax 2—3 MITH
pyOreit, He MPUHHUMAs BO BHUIMAaHHE POrPaAMMHOE
1 KoMIIbtoTepHOe obecriedenue. CTOMMOCTb repe-
JIBVDKHO# J1a00paTopuy 1o 00CIIeIOBaHUIO COCTOS-
HHS1 aBTOMOOHIIBHBIX JIOPOT B MOJTHOM KOMILIEKTa-
myM 1o ganHeiM 2022 roma cocTaBisieT 27 MIIH
pyoneii. Jlabopatopust 1Mo MCTBITAHKUIO ac(aTBTO-
0CTOHOB, YKOMIUICKTOBAHHAS B COOTBETCTBHU
C HOBBIMH HOPMATHBHBIMH TPSOOBAHHSMH, CTOUT
niopsinka 16—18 M pyoneit. JJaxe no atum tpem
MO3MIIMSIM CYMMApPHBIH 00beM (DHMHAHCHPOBAHHSI
TPEBBILIACT OFOIDKETHBIE CPE/ICTBA, MPEIHA3HAYCH-
HbIE Ha T'OJIOBOE CONEpIKaHKEe OHOTO (haKysbTeTa
(enepanbHOIO By3a.

IpensioxeHnst 0 OPraHU3AMMOHHOM cxeMe
CHHXPOHU3UPOBAHHOTO 00yYeHHUsT

Ha ocHOBe mpOBEICHHOTO aHAIKM3a CTaHO-
BUTCS OUYEBHMIHBIM HAJMYHE OMPEAETIECHHOTO, He
COBCEM €CTECTBEHHOTO TpoTtuBopeunsi. O6paso-
BaTeNbHBIE YUPEXKACHUS aaxe (eaepansbHOTo
YpOBHs, obnajasi THUICH3HEH Ha MPOBEIACHHUEC
00y4eHHs U KaJPOBBIM MMOTEHIIMAIOM, HE MOTYT
00eCIeYnTh MPOBEICHHE CUCTEMATHIECKHX Hayd-
HBIX UCCIIEJIOBAaHUI U KAYECTBEHHYIO MOATOTOBKY
KaJIpOB, MMEIOIINX MPAKTHIECKUE HABBIKHU U J0-
POXKHBIE CIIEIMATEHOCTH, H3-3a OTCYTCTBHUS HE0O-
XOZIMMOTO 00OPYIOBAHHS, YTO CBS3aHO, B IEPBYIO
odepesib, ¢ OTCYTCTBHEM (DUHAHCOBBIX CPEICTB.
IIpou3BOACTBEHHBIE K€ MPEANPHUATHS, UMES
B CBOEM PACIOPSDKEHUH M TEXHHUKY, U (PMHAHCO-
BbIE CPEJICTBA, HE UMEIOT HHU MPAB, HA BPEMEHHAIX
BO3MOYKHOCTEH MOBBIIIATH KBATH()UKAIMIO CTY-
JIEHTOB-TIPAKTUKAHTOB BBIIIIE YPOBHS JOPOKHOTO
paboyero.
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OObeauHeHne BO3MOKHOCTEW M TIOTCHIIMANA
00pa3oBaTeNbHbIX YUPEXKIECHUH U TOPOKHO-
CTPOUTEIIBHBIX NPEANPHATHH (unTail — MuHHCTEp-
CTBa HayKH U BBICILIET0 00pa3oBanusi 1 MuHMCTEp-
cTBa TpaHcrnopra Poccuiickoit Penepanuu u ero
PETHOHAIBHBIX YUPEXKICHHH ) MOXKHO OCYILIECTBUTh
Ha YPOBHE CO3/IaHMs! YK€ M3BECTHBIX CTPYKTYp —
Hay4HO-00pa3oBarebHbIX neHTpoB (HOLT).

OIHUM U3 BO3MOXKHBIX KOMIUIEKCHBIX PEILICHUH
3HAYUTENNBHON YacTh CYNIECTBYIOIIUX MpolieM
MOXET CTaTh CO3JaHHE HECKOJIbKUX (B COOTBET-
CTBHHU C MMEIOIMCS JIOPOKHO-KIIMMATHYECKHM
30oHMpoBaHueM Poccuiickoit Peneparrin) Mexse-
JIOMCTBEHHBIX Hay4YHO-00pa30BaTesIbHbIX LIEHTPOB
peruonansHoro 3HadeHust (MHOLT).

ABtonopoxHblii dakynbrer CeBepo-
Bocrtounoro ¢enepaibHOr0 yHUBEpCHTETa UMEHH
M. K. AMMoOcoBa npe/icTaryseT CO00H YHUKATBHYHO
mwiomaaky it co3nanust MHOLL no niepBoit f1o-
POXHO-KJIMMAaTH4eCKON 30HE. DTO 3aKIIIOUCHHE
OCHOBBIBAETCSI Ha CIIE/YIOLINX OCOOCHHOCTSIX yueO-
HOTO TTO/Ipa3/IesICHusL:

* JIOKaJIM3a1Ks 00Pa30BaTENBHOIO MOpasiesie-
HUS1 JIOPOYKHO-CTPOUTENIBEHOTO TIPOHIIS Ha TEpPPH-
TOPHU PACIPOCTPAHEHHS] MHOTOJIETHEMEP3JIBIX
ropox (10 YHUKaJIbHOCTH JIOKQJIM3ALUN — €IIH-
ctBeHHOe B Poccun);

* HaJM4Me JIMIIEH3UH Ha 00pa30BaTeIbHYIO
JIEATEILHOCTb, AKKPEIUTAITIH ISUCTBYOIIHUX B HAC-
TOsIIIIee BpeMsl IIporpaMM OakajiaBpuara, crerma-
JIUTETa ¥ MarkCTPaTyphbl [0 HAIPABJICHHIO «IOPOXK-
HOE CTPOUTEIIECTBOY;

* HaJI4ue MpoQeccopCKO-TIPErnonaBaTeNIbcKux
KaJIpoB, 00JIa/Iaf0LIMX HE TOJBKO YHUKATHHBIMU
3HAHHUSIMU U OIIBITOM IIPETIONIaBaHMs TUCLUILIINH
C Y4eTOM 3KCTpeMalbHbIX yciaoBuii Kpaiinero Ce-
Bepa, HO M UIMEIOILHX [PAKTHYECKUIA OIIBIT PadOThI
W OpraHu3alMy TEXHOJIOTHYECKHX IPOLECCOB
B YCJIOBHSIX KPHOJIUTO30HBI;

* (hakyIsTeT pacrnonaraeT HHQPacTpyKTypHbIMU
00BEKTaMK | JTAOOPATOPHOI 0a30ii, BKITFOYAs JBa
ABTOAPOMA, HATYPHBIH HCIIBITATENBHBIN TTOJUIOH
TUIOIIA/IBIO 72 TeKTapa, Pa3HOOOpa3HbIe TPEeHaXKe-
PBI, aBTOIAPK JIETKOBBIX aBTOMOOMIIEH, aBTOOYyC,
JOPOXKHYHO TEXHHUKY (achasisToyKIauuK, rpeiaep,
TPaKTop, (PPOHTAIBHBII aBTONOTPY3YHK, MUHH-
MO PY34HK, TPY30BbIC aBTOMOOMIIH ), JIAOOpaTopru
Te0JIe3UH, MaTepUAIOBE/ICHNS U TPYHTOBEICHNUS,
A TAKOKE MOJTHBII KOMILICKT 000PYIOBaHHS 17151 J1a00-
paToOpHH IO UCTIBITAHUIO ac(haTETO0ETOHOB (J1abo-
paropusi, Kak INaHUpyeTCsl, OMYYHT aKKPEUTALUEO
B 2024 rony);

* kadenpa «ABTOMOOWIBHBIC TOPOTH U a3PO-
JPOMBD) ABTOIOPOXHOTO (hakyisrera CBDY Haxo-

JIMTCS| B TECHOM B3aMMOZICHCTBHH, BKITIOYAs JI0TO-
BOPHBIE 00SI3aTENBCTBRA, C OONBIIMHCTBOM OpraHH-
3alUi U IpeInpHsATHH JOPOXKHO-CTPOUTETHHON
orpaciu Pecriyonuku Caxa (Skytust). OmiaxkeHo
Hay4HOe COTpyAHU4ecTBO ¢ IHCTHTYTOM Mep3noTo-
Benenust M. I1. Y. MensaukoBa CHOMPCKOTO OT/Ie-
nexus PAH.

Coznanne MeXBeIOMCTBEHHOTO Hay4YHO-
obpazoparensHoro nenrpa (MHOLL) no nepBoit
JIOPOYKHO-KJIMMAaTHYECKOH 30He Ha 0ase ABTONO-
poxuoro akynsrera CeBepo-Bocrounoro dene-
panpHOTO yHUBepcuTera uM. M. K. AMMocoBa
TIO3BOJIUT CYLIECTBEHHO YCKOPUThH KaK CO3/IaHHE
MOZIOOHOM CTPYKTYPBI, TaK ¥ ONTHUMU3UPOBATH 32~
TpaThl.

3AKINHOYEHUE

[Mpencrasnentas 1ist 006CyxaeHuUst mpodec-
CHOHAJIBHBIM COOOIIECTBOM CXeMa CHHXPOHH-
3UPOBAHHOTO O0YYEHHS CICIUATBHOCTH K ABTO-
MOOHIIBHBIE TOPOTH M a3POIPOMBD», HECMOTPS
Ha KaXYIIYIOCsS TMPOOIeMaTHYHOCTh peann3a-
I[UHM B JIEHCTBYIONIMX BBICIINX YYEeOHBIX 3aBe-
JICHUsIX, HA caMOM Jejie yxe paboraeTt, 1o
KpaitHell Mepe, B y4eOHBIX MOIPa3aeICHUIX
JIOPOXKHO-CTPOUTENBHOM HampaBieHHOCTH. OT
JICUCTBYIOMICH CTPYKTYPBI IPETIOAaBAHUSI [TPEI-
JIOXKCHHAsI CXeMa IPUHITUTHATBEHO OTIHYACTCS:

— BTOPBIM MOJYJIEM, MPEACTABISIONIUM
c000i#1 mporpamMmy OakajaBpuara ¢ HHTEIPUPO-
BaHHOW B HEE CHCTEMOM KBauUKamuii/pado-
YUX CIELUaJIbHOCTeH CpeaHero mpodeccuo-
HaJILHOTO O0y4eHHUS;

— CHUCTEMOU OpraHHU3aINK U 00bEAUHCHUEM
pa3HBIX YpOBHEH 00pa30BaHus B €MHYIO CHH-
XPOHU3UPOBAHHYO IPOTPAMMY;

— OTHOCHTEJBHO OoJiee YeTKHM pasjelie-
HUeM olOiacTel podeccuoHaIbHOM JesTeNnb-
HOCTH 10 00beMy 3HAHHH, MOTYYCHHBIX Ha
Ka)JIOM 3Tare o0y4YeHusI.

Hanuune 6a30Boi cxeMbl 00pa3oBaTellb-
HOTO Ipoliecca 1aeT OCHOBAaHUE AJIsl pa3padboT-
K1 (eepalbHOrO rocyaapcTBEHHOro 00pa3o-
BaTENILHOTO CTaHAapTa JJIs CIEeNUaIbHOCTH
«ABTOMOOMIIBHBIC TOPOTH U a3POJAPOMBI»
u nocneaytomuM popmupoBanuem OITOIT.

[puHIUTHATBHBIC TTO3UIIMN TIPEICTABICH-
HOW CXeMbI 00yUYCHHS, C YIETOM CIEeHUPHUKH,
MOTYT OBITh TIPUMEHEHBI JJIsI Pa3pabOTKH OC-
HOBHBIX MTPO(eCCHOHATBHBIX 00Pa30BaTEIBHBIX
nporpamMm o0ydeHHUs T000H HHKEHEPHO-
TEXHHYESCKON CIEIHATbHOCTH.

[pennoxxeHHass OpraHU3aIMOHHAS CTPYK-
Typa 00yueHust — Me:KBETOMCTBEHHBIC HAYYHO-
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00pa3oBaTeNbHbIE IEHTPHl PETHOHAIBHOTO
suadenus (MHOLI) — moryT dopmuposarscs,
B 3aBUCHMOCTH OT [TOCTABJICHHBIX MEPE] HUIMHU
3a/1a4 U MpoOIeM KOHKPETHBIX TEPPUTOPUH, Ha
YpOBHE MPaBUTENBCTB CyOBeKTOB Poccuiickoii
®Denepanuu WK, 9TO Kaxkercs 6onee 000CHO-
BaHHBIM, alIapaToB IIOJTHOMOYHBIX IPEICTaBH-
Telei B eepabHbIX OKpyTax.
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Om pedakyuu. BoamoxHo, Ymo Hekomopbie NPeANIOXEHUS U CyAeHUs asmopos Mo2ym nokasambCs 8ecbMa KapOUHabHbIMU

U No MeHbLUel Mepe 8bICOKO UCKYCCUOHHbIMU, HO OHU 6E3yCII08HO HaUeseHbI Ha NOBbILIEHUE kayecmea N0d20mosKu cneyuasnucmos,
NpOAUKMOBaHbI CIOXUBWUMCS ONbIMOM peanu3ayuu npoepamm nod20mosKu Cneyuanucmos-00pOXHUKO8, apayMeHmuposaHb!
U cmpykmypupoeaHs!. Hapsdy ¢ amum u KpoMe OUeHKU 0CHOBHO20 codepxaHusi npednoxeHul, mpebyomcs, Ha 832130 pedakyuu,
o6cyx0eHue U eepughukayusi MHEHUS aBmopos 0 NOBCEMECMHOCMU U NPEUMYLUECMBEHHO 8HYMPEHHUX 0P2aHU3aUUOHHbIX NPUYUHAX
nepeHacsieHust ONOM mexHudYeckux OUCYUNITUH 2yMaHUMapHBIMU, npu MOM Ymo 8axeH U 0COGEHHO akmyasneH NOUCK 836EWEHHO20
u cbanaHcuposaHH020 Nodxo0a K posiu 2yMaHumapHbIX QUCYUNIIUH, UX CENeKMUBHOCMU, NPUYeM Kak ¢ ydemom adanmayuu k 3adayam
N0A20Mo8KU 8bICOKOK8ANUULLUPOBaHHB IX CNeYUAIUCMO8, Mak U 0653ameibHO C y4emomM pocma Ux akmyarbHoCmU npu peLeHuu 3aday
80cnuUMamesibHO20 NilaHa 8 OMHOWeEHUU 0Byyatouwuxcsi. Kak npedcmasnsiemcs, HEKOMOPbIe 3aKYEHUS, 8 MOM YUCTE 8 OMHOWEHUU
ponu y4ebHo-memoduyeckux nodpasdeneHull, npoduKmMoeaHs| oKasbHbIMU YC08USMU U OAneKo He XapakmepHbl, Hanpumep, 0ns
mpaHcnopmHbIX 8y308. Takxe npedcmasnsemcs U3/UWHE NECCUMUCMUYHbIM 81800 O HEUenecoobpasHoCmu UCNob308aHus
KOMnemeHmMHoCMHo20 nodxoda 8 ycrousiX OMMeYeHHOU NOMPEBHOCMU 8 NPUHSMUU NPOGHECCUOHATbHBIX CMaHAapmos 8 AoPOXHOU
0mpaciu U npu UMEIOWUXCS 8 SMOM niaHe 803MOXHOCMSX UX pa3pabomKu 3aUHMEePEeco8aHHbIMU Op2aHU3ayUsMU.

TMpu 3mom agmops! camu HEOOHOKPAMHO yKa3bIealom 8 cmambe, Ymo Uesb pabomb| — 8bIHECMU 8bICka3aHHbIe NPEONoXeHUs Ha
obcyxdeHue, Yemy u cryxum OaHHas nybnukayusi. PeOakyusi paccyumbigaem 6 3moli ces3u Ha NpoghecCUOHaTbHOe MHEHUEe pabomHUKO8
00pOXHOL Ompac/u U cneyuanucmos 8bIclie20 06pa3oeaHus.
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AHHOTALINA

B 853U C 8bICOKOL CKOPOCMbI0 MEXHUYECK020 Npoepecca
8 MOpCKOL ompaciu, Mopsikam Heo6XodUMO NOCMOSIHHO CO8ep-
WweHcmeogamb NPOGHECCUOHaNbHbIE KOMNEMEHUUU U He yny-
ckamb u3 udy 8axHble nepcnekmugsbl. C yenbio uccnedoganus
onbima (hopMUPOBAHUS NPOHECCUOHATBHOU UHOS3bIYHOL KOM-
NemeHyuU MOPCKUX CNeYUAnUCcMoe asmopk! paccMampugaom
yCrosusi NPUMEHeHUS! WUPOKo2o Habopa o6pa3osamenbHbIX
cpedcme 8 MOPCKOM yHUBepcUmeme, eKyas MPeHaxepsbl.
O6ocHosblgaemcst nozuka paspabomku U NPUMEHEHUS UMUma-
LYuoHH020 ModenuposaHus. B cmamse Hawna ompaxexue de-
CKpUNYUsT pasnuyHbIx Memodos uccredogaHus (meopemuye-
CKO20 aHanu3a HayyHol numepamypbl, aHKemuposaHusi, paH-
KUPOBaHUS U CpasHeHusi, 06CyxdeHus u uHmepeblo, cbopa
cmamucmuyeckux daHHbIX, KOHCMamUpPYWe20 U hopMUpPYHO-
we2o 3KCNepUMeHmMos),

AHanu3 0bpasosamesnibHo20 Onbima Yepes npusmy komne-
MEHMHOCMHO20 N00X00a U Pe3y/ibmamos, NOMy4eHHbIX Ha pas-
HbIX 3manax OesimenbHocmu, dokasbigaem, Ymo aghghekmus-
HOCMb pa38UMUS UHOSI3bIYHOL KOMMYHUKamUBHOL KoMnemeHyuu
go3pacmaem & NPouyecce KOMNIEKCHO20 MEXOUCYUNIUHAPHO2O
nodxoda U NPUMEHEHUSI COBPEMEHHBIX 8bICOKOMEXHOMORUYHbIX
cpedcme 0byyeHus1, cpedu Komopbix ocoboe Mecmo omeodumcs
mpeHaxepam. Aemopbi nod4yepkusam Heobxodumocms coom-
gemcmeyrouieco MemoouYecko20 conposoxoeHus, ade mexHo-
noeudeckuli nodxo0 npednonazaem cheyuasnbHble cyeHapuu
MpeHaxepHo20 0By4eHUs, CUMYaUUOHHbIE aneopummbl ¢ npume-
HeHuem cmaHOapmHbIx opa3 MO, npu komopbIx y4umbieaemcsi
MHOXeCm80 (hakmopoe, KaK Cesi3aHHbIX C MeXHUYECKUMU Xapak-
mepucmukamu camux ycmpolicme, ux npoepamMmmHo20 obecneye-
HUSI, maK U cumyayuorHol cocmaensiowed.

Kntoyesble crosa: 800Hb I mpaHcnopm, mpeHaxepHasa nodzomogka, UHOSI3bIYHas KOMMYHUKamueHasa KoMnemeHUus, KoHeeHUu-

OHHas nod2omoska MOpsKo8

Una yumuposaxus: ®unoHerko B. A., TeHuwesa B. @., lNonosa A. B. Passumue UHOsI3b14HOL KOMMYHUKamueHoU KoMnemeHyuu
MOpsiKog C npumeHeHueM mpeHaxepos // Mup mpaHcnopma. 2024. T. 22. Ne 3 (112). C. 115-122. DOI: https://doi.org/10.30932/1992-

3252-2024-22-3-13.

MonHbili mekcm cmambu 8 nepegode Ha aHanulickull 3bIK ny6nukyemcsi 60 emopoll Yacmu aHHO20 8bInycKa.
English translation of the full text of the article is published in the second part of the issue.
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BBEJEHUE

Ilo cratuctuke, cerogus oxono 90 % Bcex rpy3oB
HEePEBO3ATCA MOPCKHMH CyAaMH. DTO JIOKa3bIBaeT
BBICOKYIO 3HAYUMOCTb 3TOTO TPAHCIIOPTa B MUPOBOH
skoHOMHKe. JIns obGecrieueHus S3pPEKTUBHOM U Oec-
nepeOOHHOI paboTHl MPAKTHYECKH BCE HPOLETYPHI
Ha 0OpTy CyHoB peryaupyorcs. CymiecTByIOT MEX-
JyHapoJHbIe KOHBEHIINH U HAIIMOHAJIBHBIE KOIEKCHI,
cUCTeMa yNpaBjieHUs 0e30MacHOCTBIO CYI0B, UH-
CTPYKLUU U PYKOBOJCTBA, COAEpPIKAIIUE HOPMBI
W TIpaBHJIa, CTaThbU, MOJOXCHUS U HPUIOKCHHUS.
Kpaiine BaxHO cO0i10aTh BCE HX B LIETIOM U OT/CIb-
HbIE M3 HUX IIPH OIPEISIICHHBIX 00CTOSATEIbCTBAX.

Paborarb B MeXTyHAPOHONH MOPCKOH MHIAYCTPHN
03Ha4aeT ObITh TUCIUIUIMHAPOBAHHBIM U KOMIIETEHT-
HBIM, 4TO )KU3HEHHO Ba)KHO, TOCKOJIBKY JIF000€ CYIHO
MTHOBEHHO MOXKET CTaTh OITACHBIM, €CJIU NePCOHAI
He OyneT coOmonars Bce 00s3aTeNbHbIC POLETYPHIL.
EcTp MHOTO (pakTOpOB, KOTOPBEIE HEOOXOIMMO OCTO-
STHHO KOHTPOJIMPOBAaTh, 0COOCHHO B HABUTallUU. DTO
MOT'YT OBITh KaK BHEIIHHE 0OCTOSATEIbCTBA, TAK U TE,
YTO CBS3aHBI C CYJHOM: HOTOJIHAS M HAaBUI'ALIMOHHAS
00CTaHOBKA, THII TPy3a, NOJIyYeHHas MHpOpMaLus
¢ Oepera WM IPYrUX CyA0B, HAXOMISIIUXCS TOOIH30-
CTH, yCJIOBHUSI pabOTHI pa3IMYHOro 00OPYJOBaHHMS,
BEINTOJTHSIEMBIE BHEITHUE M BHYTPEHHHE MPOLETYPEI
HT.HO.

TloaroroBka mro60ro crenuanicTa HampaBlIeHA
Ha ()OPMHUPOBaAHHE ONIPEICIICHHOTO HabOpa KOMIICTEH-
LHiA, 175t paboThl 1Mo crienuaibHOCTH. B pabore BbI-
HOJIHAETCS aHAJIM3 KOHCTPYKTHBHBIX IOJXO/I0B
U OINpe/ieNICHHEe BeAYLINX TEHJCHIUI CTaHOBICHHS
W pa3BUTHS MPOQECcCHOHATBHBIX KOMIETeHIHH [1,
C. 250-251]. IlpumeHsieMble B MOPCKOM YHUBEPCU-
TeTe KapThl KOMIIETCHIIMI OCHOBAHBI HA ME)XTyHapOI-
HBIX ¥ TOCYapCTBCHHBIX TPEOOBAHHAX, 0003HAYCH-
HbIX B KoHBeHuuu IIJJHB' u B rocyaapcTBeHHBIX
o0pa3oBaTeNbHBIX CTaHJapTax. Bce xommereHIMn
YUYTEHBI, pacrpe/eleHbl H 0003HaYeHbl B y4eOHO-
METOANYECKUX KOMILIEKCaX OTAENbHBIX AUCIIUIIINH.
TakuM 06pa3omM, Kaxaas JUCIUILUINHA HAIIPABJICHA Ha
(hopMupoBaHue HAOOpa OIPEIeTIEHHBIX KOMITCTEHIIHH.
W3 HEUX BBIIENAIOTCS 00IIKE U MPOoQecCHOHANBHBIE,
YTOUHSETCS MX COJIEPIKAHKE U IUIAHUPYEMBIE Pe3yIlb-
TaTbl OCBOCHHUS JUCUUIUINH. M neHTH(HKATOPBI KOH-
KPETH3UPYIOT OIMCaHHe Habopa HyKHBIX KOMIIETECH-
il yepe3 HabOp 3HAHUI YMEHHUH U OIIBITA, a TAKKE,
MOBEICHYECKUE HHMKATOPBI, KOTOPBIE MOYKHO OTCIIe-
IUTh U olleHUTh. CrennduKanus MUHUMAIbHBIX
TpeboBaHHIl OTpa’kaeT pa3HbIe YPOBHH ITOATOTOBKH,
JOJDKHOCTH U CIIENUAIBHOCTH. Y TOUHSETCS KOMIIe-
TEHTHOCTH Yepe3 0003HauCHHBIE 3HAHNUS, IOHIMaHUe
u npodeccuonanusm. IpeacTaBicHHbIE METOABI e-
MOHCTPAIMU KOMIICTEHIIMHU JAOTIOJHEHBI KPUTEPUSIMH

! MexmyHapoaHasi KOHBEHIHS O TOATOTOBKE M TUIUIOMUPO-
BaHUU MOPSKOB U HeceHHH BaxThl. YacTb 3—1 — [IpuHiumsl,
KOTOpPBIE HEOOXOMMO COOIOAATh MPU HECEHUU HABUTAllU-
onHo# Baxtbl. IMO (2021). [Onexrponusii pecypce]: https://
www.imo.org. Jloctyn 23.03.2023.

Mup TpaHcnopTa. 2024

Juist uX onieHkH. Ha ux 6a3e paspabarbiBatorcst poHIBI
OIIEHOYHBIX cpencTB. OHU cofeprkar OOIUpPHYIO 633y
TECTOBBIX MaTepUaoB U 3a1aHU 11 IPOMEKYTOU-
HOM W UTOTOBOH aTTECTAIMH 0 JUCIUIUINHAM.

KoMneTeHInu TeCHO CBS3aHBl U ONPEICISIIOT
MEXIUCLUUIUINHAPHBIC B3aUMOACHCTBUA. AHanu3
ugpoBoit 06pazoBaTeNBHEIH CPeIbl MOPCKOTO YHH-
BepcHUTeTa yKa3piBaeT Ha 3(PEKTHBHOCTD MPUMEHE-
HYSI MEXKTUCLUIUINHAPHBIX MHHOBAIIMOHHBIX [EJ]aro-
rudeckux texHonorui [2]. Tak, cnennduka « MAHU-
MaJIbHBIX TPEOOBaHNH K KOMIIETCHTHOCTH BaXTEHHBIX
IIOMOIIHUKOB CYJOB BajoBOIl BMecTUMOCTBIO 500 T
u Oosee» yka3bplBaeT Ha PAA KOMICTEHLHUH, cpeau
koTophIxX «lcnonbp3oBanye cTanaapTHEIX Gppa3 UMO
(MexnyHapOIHOH MOPCKOH OpraHM3aIIHN) ISt 001Ie-
HHS Ha MOPE M HCIOJb30BaHUE aHIIMIICKOTO s3bIKa
B MMCEMEHHOM M yCTHOH (popmey. DTo mpearnonaraer
HaJJIeKallee 3HaHHE aHIIIMCKOTO SI3bIKa, II03BOJISIO-
111ee JINILy KOMaHJHOTO COCTaBa UCIOJIb30BaTh HABHU-
TaIl[IOHHBIE KapThl U JPyrHe HaBUTAIIMOHHEIE IT0CO-
Owusl, IOHUMATh METEOPOJOTHUSCKYI0 HH(POPMAIHIO
U COOOIIEHHST OTHOCUTEIbHO OE30MIaCHOCTH CyaHA
1 €TO SKCILTyaTaluH, HOJIEPKUBATh CBSA3b C IPYTUMH
cynaMu, 6eperoBeIMu ctanisamMu 1 nentpamu CYJIC
(Cucrembl ynpaBlieHHS JBIKCHUEM CYIIOB), a TAKXKe
BBITIOJIHATH 00513aHHOCTH KOMaHAHOTO COCTaBa B 3KHU-
na)ke, TOBOPSIIIEM Ha Pa3HBIX S3BIKAaX, BKIIOYAs
CIOCOOHOCTB UCTIONB30BaTh U MOHUMAaTh «CTaHmapT-
Hble (pa3bl», MOArOTOBICHHBIE MeXIyHApOIHOM
MOPCKOH opraHu3aryei 1i1st 3pHeKTHBHON KOMMYHY-
KalliM B YCIOBHAX ACSATEIBHOCTH B Mope. «MeToabl
JIEMOHCTPAIlMM KOMIETEHTHOCTH — 3K3aMEH, IJe
OLICHUBAETCS AESTEIHHOCTH BBIITYCKHUKA TOCTIE TTOMTY-
YEeHHUS UM MPAaKTHYECKUX HHCTpyKuui. Kpurepusamu
JUTSL OLIEHKH KOMIIETEHTHOCTH SIBJISIETCS YMEHHE Ipa-
BUJIBHO MOHHMATh U COCTABIATH HaBUTallMOHHbIC
MOCOOMS U COOOLIECHNS HA AHIIMIICKOM SI3bIKE OTHO-
CHUTENIFHO Oe30macHOCTH cyaHa. CrenuanicTt 1eMoH-
CTPUPYET SICHOE M XOPOLIO IOHUMAeMOe OOIIeHUE Ha
AHIVIMHCKOM SI3BIKE»'.

CoBpeMenHbIe (HOpPMBI yueOHO-METOIHYECKON
paboTsl mpeanonararoT pa3paboTKy MHOTOypOBHE-
BOT'0 IMIaKTHYECKOT0 AEKTPOHHOTO TTaKeTa y4eOHO-
METOANYECKUX U HayIHO-HCCIIEOBATEIbCKUX MaTe-
puainos [2]. Ins obecrniedeHNs KaueCTBEHHOH MOAT0-
TOBKH CIIEMATICTOB B Iporpamme o0ydenus / Gpop-
MUPOBAHUS KOMIETEHIIUI JOJDKHO HAUTH OTpaKEHUE
BCE MHOroo0pa3ne KOMMYHUKATHBHBIX CHUTYallHid,
a 3TO BO3MOXKHO TOJIBKO B YCJIIOBHSIX TECHOTO MEX-
JMCLIUILTHHAPHOTO COTPYyIHUYeCTBa. Tak, BCe mpemno-
JaBaTeiau KageIpbl HHOCTPAHHBIX S3BIKOB UMEIOT
JOCTYI K y4e0HO-METOANYECKIM KOMIDIEKCaM 1 OCO-
OMsAM 110 CMEXKHBIM JUCUMIUIMHAM CIICLHAIBHOTO
nukiaa. PerynspHo mpoxXomsT Kypchbl HOATOTOBKH
1 CTaXXHPOBKH B KadeCTBE MHCTPYKTOpa-dK3aMeHa-
TOpa, B COOTBETCTBUH € TpeOOBaHUAMU MexayHapos-
Hoi kouBeHiwn [1[JHB (npasuna /6, 1/8), e B ycio-
BUSIX TECHOTO MPO(ECCHOHATBEHOTO COTPYAHUYECTBA
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HMEIOT BO3MOJKHOCTB OOCYIMTh KaK Hpolecc o0yye-
HUSL, TaK ¥ 3K3aMEHAIMOHHBIE ITPOLEy Pl Ha TPEHa-
JKepax ¢ mpeCcTaBUTeNsIMU Apyrux Kadenp. Pabounii
SI3BIK MEXTYHApOIHOH MOPCKOW OTpaciii — aHTIHH-
CKHi1 1 OONIBIIMHCTBO MMEIOIIEHCS B PACTIOPSHKEHIH
UH(pOpManK 0pOPMIIEHO Ha AHIVIMHCKOM, a UCIIOJHSIS
CBOM OOSI3aHHOCTH, BaXTEHHBII1 TOMOIHHK JOJDKECH
ObITh BHUMATEJIBHBIM K JII000# CUTyaluu U 00CTOsI-
TENBCTBAM, a TAKKE K MIPUMEHHMBIM MHCTPYKLIHUSIM
1 onepanysiM, KOTOPBIE BBITTOTHAIOTCS WIIH IIITaHUPY-
10TCS K UCTIOTHEHHIO. CyIeCTBYeT MHOKECTBO HCTOU-
HUKOB MH(}OpMAannu, KOTOPbIE HY)XKHO IIOCTOSHHO
OTCIIeXKHUBaTh. «BaXTeHHBI MOMOUIHUK KallUTaHA
SIBIISICTCS IPE/ICTAaBUTENIEM KalluTaHa U HeCET OCHOB-
HYIO OTBETCTBEHHOCTb B JIF000€E BpeMsi 3a OE30ITacHy 0
HaBUTALMIO U 3a coOmoneHne MexayHapoJHBIX
MIPaBHJI 110 MIPEIOTBPALIEHHIO CTOJIKHOBEHHH CYyIOB
Ha Mope»'. He TonpKO HaBUralyoHHas, HO U 00as
BHYTPEHHSSI ¥ BHEIIHAS 00CTaHOBKA JIOJDKHBI OBITH
TI0JT TIOCTOSTHHBIM O/TUTEITbHBIM HAOJFOICHUEM H KOHT-
ponem.

BaxHoit cocrapisromieil MoAroTOBKU CHeNUalI -
CTa SIBIISIFOTCS €0 YMEHHs paboTaTh C COBPEMEHHBIMH
cucteMamu onosenieHus. Hecs nexypcerBo, odurep
He JIOJDKEH YIIyCKaTbh U3 BULy HH OJHY JI€Talb [IOCTO-
SIHHOTO ITOTOKA IIOCTYTIAIONIEH U3 PA3HBIX HCTOYHUKOB
undopmarmu. B mro60if MOMEHT oduIiep roToB Ha
AQHIINIICKOM SI3BIKE MOYIHTH U ITepeaTh HeoOX0oaH-
MbIe TTOAPOOHOCTH, HHCTPYKIIMH, OOCYIUTh HAaBUTa-
LMOHHYIO CHUTYAaIMIO, CUTHAJIBI ONOBEIIeHUs U Oef-
CTBHSA H T.1.

Cy1mecTByeT psAl YCTPOMCTB, KOTOpPbIE IIOMO-
raloT BaXT€HHOMY Oo(uIlepy ynpaBiaTb Gezomnac-
HOCTBIO Cy/IHA M yIUTHIBATh MHOXKECTBO (haKTOPOB
u ycnoBuil. Pa3BuTas MHOS3BIYHAS KOMIETEHLUS
MOpsIKa HpearnoiaraeT yMeHHe BOCIPHHUMATH
1 BOCHPOHU3BOJUTH YCTHYIO M MHCbMEHHYIO pedb
C IPUMEHEHHNEM JJaHHBIX YCTPONUCTB W/HMIIH HX ITOKa-
3aHUH. DIEeKTPOHHO-KapTOorpadudecKas HaBUTaIH-
OHHO-MH(OPMAIMOHHAS CUCTEMA AaeT MOAPOOHbIH
0030p OKpecTHOCTEH, NeTaTu3upys PacCTOSHUS
MeX1y 00beKTaMHu, 10 OeperoBoil INHUN U IITyOHHBI
MOpsi, a TAaK)Ke, HaBUTAI[MOHHbBIE IPEAYIPEKICHHS.
K Heil 00bIYHO TOIKITIOUEH pajiap U aBTOMaTHIeCKast
nH(MOPMAMOHHAS CHUCTEMa, MPEJOCTaBIA0IIAs
0osee MOAPOOHYIO WHGOPMAIUIO O JAPYTUX Cyldax
(BkJFOUAs WX MENEHTH, KOOPAMHATHI, CKOPOCTH,
Kypc, paccTosiHusg Mexay cynamu). Cuctema mio-
0aJbHOTO TO3UIIMOHUPOBAHUS HCIIONB3YESTCS IS
YTOUHEHHMS Kypca U CKOPOCTH CyIHA OTHOCUTENEHO
3emau. [pyroit cnoco6 — H3MEpHTH CKOPOCTH
C TIIOMOIIBIO JIara, OH MO3BOJIAET O0Jiee TOYHO yUH-
THIBaTh CKOPOCTb TeueHMs. IIpUMeHsIoTCS KOMII-
JICKCHO U JIpyTHE CPENICTBA, KAaK 'MPO- U MArHUTHBII
xomnacel, YKB-paauocrannus, KypcoBoid camo-
TUCell, pa3IMYHbIe NMaHedn (CUTHAIbHEIE, Maxyo-
HbI€/HAaBUTAIMOHHBIE OTHU, TIO)KAapHAasl CUTHATH3a-
1), 3X0JIO0T, KOMIbIOTED (MHGOPMHUPYOIIUI

0 paboTe ¥ BO3MOXKHBIX HETIO0JIalkaXx 000pyIOBaHUs
MalIUHHOTO OTJENEHHUs), CYyL0BOH KOMIIBIOTED,
teserpad), HOCOBbIE M KOPMOBBIE [TOAPYIHBAIOIIUE
YCTpOWCTBA, CY[JJOBOH M CIlyTHHKOBBIE Tese(OHBI,
paauopyOKa ¢ pa3nnuHbIM 000py0BaHUeM, FIHMap-
caT (MeXayHapomHas MOPCKasi CHCTEMa CITy THHKO-
BOH cBsi3M W omoBemeHuss o 6eacteun), I'MCChH
(I'moGanpHast MoOpcKasi cucTeMa CBSI3M IpHU Oeji-
cTBUH), anekrponHas noura © HABTEKC (mexy-
HapoJHas aBTOMAaTU3HPOBAaHHAs CHCTEMA OTIOBEIIe-
HUs) ¥ Ap. TpeOyeTcst 3HaTh U CTPOTO CIEAOBATh
MIPaBUIIaM, IPEAyCMOTPEHHBIM MEXIyHapOJHBIMH
KOHBEHLUSIMHU, HAaI[MOHATbHBIM 3aKOHOJATELCTBOM
U IIPUHATHIM CyAOBBIMH KOMIIAHHUSAMH. Tak, TOMHMO
BOTIPOCOB 0€30MacCHOCTH CyIHA, MO KOHTPOJIEM
HAXOAUTCS U 3aIlIUTa OKPYKAIOIIEH CPEIbl, IIOCKOIIb-
Ky NpeoTBpalIeHHe 3aTrpsA3HEHUil ¢ CyIoB, Kak
B OOBIYHBIX, TAK ¥ B aBAPUHHBIX CUTYAL[UAX BXOLUT
B TPeOOBaHUS KIIIOUCBBIX KOHBEHIMH OTPACIIH.

Baxtennslii oduiep, TakuM 00pa3oM, HaXOIUTCS
B YCJIOBHSX IIOCTOSHHOW MHOT'033/Ja4HOCTH M HE00-
XOAMMOCTH TIOBBIIIEHHOTO BHUMAHHS K MHOXECTBY
(axropoB. J[J11 HOArOTOBKHM MOpPSKa K JEATEIbHOCTH
(HampuMep, K HECEHHIO BaXThl HA MOCTY), HEOOXOH-
MO, HO HE IOCTaTOYHO OTPabOTKH yMEHUI ¥ HABBIKOB
paboTHI ¢ OTAENBHBIMH 31eMeHTaMu (00MeH HH(pOp-
Manuel B pa3IYHBIX CUTYalusIX, UX OIIeHKa, aHAIN3
PHCKOB, pacrpesielieHHe pecypcoB, NPIMEHEHUE HH-
CTPYKIHMH, NCHOIb30BAaHUE CHCTEM U OTJIEIBHBIX
npuOOpOB M UHCTPYMEHTOB U Jp.). MHTEeTpanus
KOMILIEKCA KOMIETEHLIUH C y4eTOM HHOS3BIYHON
KOMMYHHKAIlMH TpeOyeT MO3TaNHOH MOATOTOBKH
U C IPUMEHEHHEM CIIELUaJIbHBIX CPECTB 00ydeHNs,
TaKMX, KaK TPEHaXKEPHI.

Bce »nemMeHTHI 0TpabaThIBarOTCST HA PyCCKOM
S3bIKE M, NapaulelIbHO, Ha Kadeape HHOCTPAHHBIX
SI3BIKOB, Ha aHTMiickoM. [Tonagaiy, taxe npu pere-
HUH 3HAKOMBIX CUTyanuii, 00yJaronuecs CTalKuBa-
I0TCSI ¢ TIPOOJIeMaMH U BBIHYXKAEHBI IIPEOJI0IeBaTh
SI3BIKOBOH Oapbep. DTO OTpakacTcs B MOHUKECHHBIX
MOKa3aTeNsIX CKOPOCTH MIPUHATHS PEICHUH U BBINO-
HEHHMs 337134, 110 CPABHEHHIO C yNPAXHEHHSIMHU Ha
pycckoM s3bike. [Iponiecc MHTErpanuy KOMIeTeHIMH
oIpezielIsieT M03TanHoe NpodeccCHoHaIbHOE Pa3BU-
tre. KommuiekcHOe opMHpOBaHHE KOMITETEHIIHH
U TPEHUPOBKA HABBIKOB PEANU3yeTCs C MPUMEHe-
HHEeM HHQOPMAaIMOHHBIX TEXHOJOTHH BooOIIE,
TUHTa(QOHHOTO 000PYIOBAaHHS U TPEHAXKEPOB, B 4ACT-
HOCTH.

MBI IpeANoIOKIIIH, UTO JUIS TIPEOIOJICHUS SI3bI-
KOBOTO Oapbepa MpH PelIeHHH MPOU3BOIACTBEHHBIX
3a]]ad Ha TPEHaXkepe, peaju3aluu CUCTEMHOCTH
U TIOBBIICHUS 3 (heKTUBHOCTU HEOOXOAUMO pa3pado-
TaTh HE TONBKO CIEHANIbHbIE CLIEHAPHH, HO KOMITIEKC
CUTYaIlMOHHBIX aJITOPUTMOB C MPUMEHEHUEM CTaH-
napTHEIX Gpa3z UMO.

Lenvio viccnenoBaHus SABISETCS aHAIMU3 OIBITA
Pa3paboTKy U PUMEHEHHS] IMUTAIIMOHHOTO MOJIENH-
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poBaHus [ HOpPMHUPOBaHUS NPodeccHoHaIbHOI
MHOSI3BIYHOM KOMIIETCHIIUY MOPCKHUX CIIENUAIIUCTOB
B YCJIOBHSIX TIPIMEHEHHS IHPOKOTO Habopa oOpaso-
BaTCJIIbHBIX CPEACTB, BKJIIOUas TPECHAXKEPDI.

METOAbI U OPFTAHU3ALIMA UCCNEQOBAHUA

C omopoii Ha OTIBIT «IIPOLIEAYpa MEIarOrHYECKOTO
MIPOCKTUPOBAHMS PEATU3YETCS Ha YPOBHSX: KOHILIETI-
TyaJIbHOM, TEXHOJIOTHU Pa3paboTKH, ee peayn3anin
U YPOBHE OLICHKH M KOppeKuuu. PazpabarbiBasi KOH-
LENIHIO IPOEKTa, MBI OlpesiensieM QyHKIUH H yPOB-
HH KOMIIETEHIINH, a TAK)KE CTAHAAPTHI X pealli3alliu.
Ha ypoBHe pa3paboTKH TEXHOJIOTHH aHAIH3UPYETCS
CHTYalLHsl, CTaBATCS LIEITH, OIPEACIISIOTCS KOMIETEHT-
HOCTHBIE 3aJa4d AJISl UCHOJHUTENS, COlEePKAHUE,
BHUJIBI yIeOHOM ASSITEIBHOCTH 00y4aeMbIX, yHKIHO-
HaJIbHBIE 0COOEHHOCTH IIPEIMETOB 00ydeHNs, TOTEH-
LHHaJIbHBIC BO3MOXXHOCTH CPEICTB OOY4YCHHUS, BbI-
CTPaMBaeTCs KOHLENTYalbHask MOJEIb.

Ha cnenyroiem sramne onpeaensorcs MyTH pea-
JM3aIAX MOJEIH, 00€CIIeUNBalOIIie YCIEIHOe pa3-
BUTHE HEOOXOAUMBIX KOMIETCHIUH C Y4ETOM BbISIB-
JIEHHBIX ycaoBuil. Ha ciesyromem ypoBHE TPOBOIHT-
cst aHanu3 3G PEKTUBHOCTH UMUTALIIOHHOTO MOJIEITH-
pOBaHHs, CONEPKAHUSI OOYUEHHUS M BBIHOCHUTCS
uTOroBas oreHKa. [IporcxoquT KOppeKTHPOBKa coziep-
JKaHHs YIPAKHEHUH U UX aJanTalus ¢ y4eTOM
YPOBHS IOATOTOBKH KypCaHToB» [3].

Ha pasnu4HbIX 9Tanax MCCiIeI0BaHHs HCIIONb30-
BaJIMCh Pa3HbIC METO/IBI: TEOPETUUCCKHUIT aHAIIN3 HAYY-
HO¥1 JINTepaTyphl, aHKETHPOBAHHUE, aHAJIU3, PAHKHPO-
BaHHE U CPaBHEHHUE, 0OCYKIEHUE U HHTEPBBIO, COOp
CTAaTUCTHYECKUX JAHHBIX, KOHCTATUPYIOWUH U dop-
MUPYOIINHA SKCIEPUMEHTHI H T. 1.

CoBpeMeHHOe MOpCKOe 00pa3oBaHUE OPHEHTH-
POBAHO Ha MEPCIIEKTUBbI, OTBEYAst HA BEI30BBI pealib-
HOCTH, YYUTBIBAET CIIEU(DUKY yrpaBieHus. YToObI
paboraTts 3p(HEeKTHBHO, COBpEMEHHBIE MOPCKHUE
YHHUBEPCHUTETHI JOJKHBI COOTBETCTBOBATH HE TOJIBKO
o01MM TpeOOBaHUAM K IIOATOTOBKE 00y4aromuXcs
K npodecCHOHaNbHOI AesTenbHOCTH [4], HO U psiny
MEK/TyHapOIHBIX KOHBEHI[HOHHBIX IPaBUII U TPEOO-
BaHuil. OTHUM U3 HUX SBJISETCS IPUMEHEHHE IIHPO-
KOTO CIIeKTpa y4eOHOro 000pyIoBaHus, B TOM YHCIIE
CYAOBBIX TPEHAKEPOB, OCHAILIIEHHBIX COBPEMEHHBIMU
HHPOPMALMOHHBIMHU TEeXHONOTHAMHU. Pa3zpaborka
yueGHBIX MaTEPUAJIOB YYUTHIBACT MIOAPOOHBIE PEKO-
MEH/IAIMH 110 UCTIOIB30BAaHUIO TPCHAKEPOBZ, KOTO-
pBle 00ECIIeYHBAIOT PA3IMYHYIO MOATOTOBKY Opra-
HH3AIUH IEATEILHOCTH Ha CY/IHE, B TOM YHCIIe, HABU-
TalMOHHO BaxThl B 0OIYHOM H aBApHIHHOM PEKHMAaX
paboThl, KOMMYHUKALUH, TIPUMEHCHUS Pa3IHYHBIX
TEXHHYECKUX CPEICTB M JOKyMEHTALUH, 3alUTy
oKpyxatommeit cpenst u ap. [5]. Jnsa adpdexTuBnoi
paboTHEI ¢ 000PYAOBAaHHEM HEOOXOJUMO YYUTHIBATH
HOBEHIIMEe pa3pabOTKH U EPCIEKTHBBI, aHATH3HPO-

2 IMO Model Course 1.22 Ship simulator and bridge
teamwork; u 1p.
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BaTh U KOPPEKTHUPOBATH AEATEIBHOCTh Ha KaXKIAOM
JTarne, GOPMHPOBATh KAYeCTBEHHYI0 00pa30BaTelb-
HYI0 HH()OPMALMOHHYIO CPely He TOJIbKO JyIsi pabo-
THI HAa 3aHATHUSX, HO M JUI1 JUCTAaHIMOHHOTO op-
Mara o0ydeHus u camopa3BuTHs [6]. Vicronb3yemblie
B MOPCKOM 00pa30BaHUU TPEHAXKEPHI CHOCOOHBI
MIEPEeHeCTH o[l B BUPTYaIbHBIH MHUP C ITOTHBIM
MOTPY>KEHHEM B OOCTOSITENIbCTBA PA3MUYHBIX HABH-
rallMOHHBIX U IIOTOAHBIX YCIOBUIl, IITaTHBIX U aBa-
PHUHHBIX CHTyalnuH, I7ie B Iponecc 00yueHNsI MaKCHU-
MaJIbHO BKJIIOUEHBI CEHCOPHBIE PEIeNTOPhl. MOpsIKH
JIOJDKHBI BBIPabOTaTh HAaBBIK KOHIEHTPHPOBATH
BHUMAaHHE Ha BBHINOJIHEHHH 3a/1a4d, HECMOTPS Ha
MIPUCYTCTBHE MHOXECTBA (haKTOPOB.

[IporpamMmHOE 0OeciedeHre ITO3BOJISET YCTaHAB-
JIMBAaTh Pa3HOOOpA3HbIC CLIEHAPUH, UMUTHPYS pabo-
Ty o(pHUIEpOB HA MOCTY CyAHA B yCIOBHSX, KOTJa
KypCaHT HE TOIBKO HAOIIOAAeT OKPYKAIOIIYIO Kap-
TUHY Ha 360 rpagycoB, HO HCIIBITHIBAET PEAlbHYIO
Ka4Ky B COOTBETCTBHH C 3alpOrpPaMMHUPOBAHHEIM
ypoBHeM mTopMma 1o mkane bodopra. IIpu sTom
JOCTYIl K pealkHOMY MOCTOBOMY 00OPYIOBaHHIO,
paboraromemMy B CTPOTOM COOTBETCTBHH C BBHIOpaH-
HBIM CLIEHapUEM, NOBbIIIAET 3P HEKTUBHOCTD TPEHHU-
POBOK MOPSIKOB. [ pyIIIIEI KypcaHTOB, paboTast BMecTe
Ha 3TOM BUPTYaJIbHOM MOCTY, CHOCOOHBI COBEPIIEH-
CTBOBATh BECh CIEKTP KOMIICTEHIMH, HOCKOIBKY UM
TIPUXOAUTCS BHITIOIHATH CBOM OOs3aHHOCTH KaK Ha-
cTosIIasi KOMaH/a, TAe KaXIblii HECET OTBETCTBEH-
HOCTb M B3aHMOJIeiCTBHE 00ecleunBaeTcsl 4epes
KOMMYHHKAIUIO, KOTOPasi IPOMUCXOANT KaK Ha MOCTY,
MEXIy YIEHaMH KHUIaXa, TaK U ¢ JPYTUMU CylaMH
u Oeperom.

Kadenpa nHOCTpaHHBIX A3bIKOB MOPCKOTO yHH-
BepcUTETa NpU3BaHa MOATOTOBUTS JIIOfEH K paboTe
B COCTaBE CMEMIAHHOTO YKUITaXa, UCTIONb3Ys pado-
YUl S3bIK MHAYCTPUHU — aHDIMKcKui. [lns storo
Ppa3pabaThIBAIOTCS M PETYISIPHO COBEPIICHCTBYIOTCS
o0pazoBarenbHbIe TEXHOJIOTHH U Y4eOHO-METOIU-
YeCKHe KOMIUJICKCHI, HAlpaBJICHHbIE HA Pa3BUTHE
HMHOSI3BIYHOHM IpodeccHOHANbHOW KOMIICTCHIINH,
Hapsiay ¢ APYTHUMH, 0003HAYEHHBIMH B MEX1yHapOI-
Hoii konBennuu [1/THB u B [ocynapcTBeHHBIX 00pa-
30BaTEJILHBIX CTaHAPTaX JUIsl aTyOHOTO, HHKEHEep-
HOTO WJIM 3JIEKTPOTEXHUIECKOT0 IepcoHaia. «B mpo-
necce o0ydeHHs NpodecCHOHATHLHOMY MOPCKOMY
AHIVIMICKOMY SI3BIKY ITHPOKO UCTIONB3YIOTCS BO3MOXK-
HOCTH CYIIECTBYIOIINX KOMIIBIOTEPHBIX TPEHaXKep-
HBIX KOMIUIEKCOB, 0a30BBIX ¥ MOOHMIIBHBIX KOMITBIO-
TEPHBIX CHCTEM, CETEBbIX, HHPOPMAIUOHHO-
KOMMYHHKAIIMOHHBIX U 00Ja9HBIX TEXHOJIOTHID» [7].
«ITpHUMEHSIOTCS 3IEMEHTHI AUCTAaHIIMOHHOTO 00yye-
HUSI HA BCEX ATamax NpoQecCHOHaIbHOH ITOrOTOBKH
KypcaHTa, IPU3BaHHBIE 00ECHEINTh Ka9eCTBCHHYIO
0o0paTHyI0 CBSI3b M OPTaHHU30BaTh HOJHOLCHHOE
MeTOANYecKoe obecredeHne y4eOHOro mpoiecca.
IIpakTruecku Bce BUABI yueOHOI 1 HCCIe0BaTeNb-
CKOIf pabOTHI Ha BCEX JTalax, OT MPOSKTHPOBAHHUS
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1 MOZIENIMPOBAHUS 10 NMPECTABIEHHs PE3YIbTaTOB,
KOHTPOJISI, 00pabOTKH JaHHBIX ¥ BHECEHHS KOPPEK-
THPOBOK, BBITOTHSAIOTCS C HCTIOIb30BaHHEM KOMITBIO-
TEPHBIX TEXHONOTHI» [3].

Ipm paboTe ¢ TpeHaXkKepaMH UCIIONB3YETCS KOMII-
JIEKC METOJMYECKHX MTPUEMOB H CPEJICTB CHENHAIb-
HOW M 0a3MCHOHM MOATOTOBKH cnenuanucra. Kade-
CTBEHHBIN KOHTEHT C HHTETPUPOBAHHBIMU TEXHHUE-
CKHMH PELICHUSIMH HEoOXOAMM Ui oOecnedeHHs
KypCcaHTaM XOPOIIO OPTaHH30BaHHBIX YCIOBHH pa-
00TbI, I7Ie IPOrpaMMbl CAMOOPTaHH3aLMHI KypCaHTOB
Jal0T BO3MOXXKHOCTH YYHTHIBATh WHIMBHIYyaIbHEIE
notpebHocTH [8].

WHauBuyanbHBIH TOAXO] PU 00yYEHUH IPO-
(heccroHANBEHOMY BJIICHHUIO HHOCTPAHHBIM S35IKOM
MpOsIBIISIETCS Yepe3 BHeApeHne rmOkux obpa3oBa-
TEIbHBIX IIpOrpamm [9], mnpuMeHeHHe JUCTaHIUOH-
HBIX 00pa30BaTeNbHBIX TEXHOIOTUIL, AKTyaIN3aIHIO
UHTEPAKTHUBHBIX METOOB 00Y4EHHUS U CaMOIIpOLeC-
coB. DIIeKTpOHHAsl 00pa3oBaTeNbHas IIaTGopma, Kak
000CHOBaHO, BBICTYIIAET CPEACTBOM OpPTraHH3ALUH
TaKXe U CaMOCTOSATENbHOI paboThl KypcaHnToB [10,
C.221-223].

IMocraBnenHas 3aa4a pa3pabOTKU U NPUMEHE-
HUSI CHTYaI[MOHHBIX aJITOPUTMOB Ha 0a3e cTaHIapT-
HbIX Gppa3z UMO 3arponyna psj AuCUUIUIAH. TexHO-
JIOTHSl MEXAUCIUIIINHAPHOTO B3aUMOJACHCTBHS
OKa3bIBaeTCsl HE TONBKO BOCTPEOOBAHHOM, H HEOO-
xonuMmoi B nHos3bIuHOM cpene [11, C. 351-356], Ho
1 B COBPEMEHHBIX YCIOBUSIX HU(PPOBOH TpaHChOp-
MaIuH ABIAETCS HEOThEMIEMON YaCThIO ITOATOTOBKH
crnenualucTa ¢ BRICHIUM oOpa3oBaHueM [12,
C. 48-50]. B wacTHOCTH, MHOTHE JUCIUIIIHHBI MOP-
CKHMX CHELHaJbHOCTEH, HalpaBIeHHbIe Ha HOPMH-
pOBaHME JTUAEPCKUX KAdeCTB OYAYIIMX MOPSKOB,
pa3BHUTHE HABHIKOB 3 PEKTHBHON KOMaHIHOM pabo-
ThI, peanu3anuio 3Q(PEeKTUBHON KOMMYHHKAIUK
B YCJIOBHSIX PaOOTHI B CMEIIIAHHOM JKHITaXKe, a TAKXKE,
yTIpaBJIEHHE COLHATbHO-TPYOBBIMH OTHOIICHUAMH,
BEIYTCS MCKJIIOYUTEIbHO Ha aHIIMHCKOM S3BIKE.
KypcaHTbI IpoXoAsT NEKIMOHHbIE U IPAKTHICCKHE
KypCBI, I/I€ B LIEHTPE BHUMaHHs HAXOSATCS CUTyaLUH
OOIIeHHsI Ha Cy[HE, B YCIOBHSAX CMEMIAHHOTO 3KH-
naxa [13], a Taxke, MEeXIy CyIaMH U CyITHOM U Oepe-
roM. Kaxiplii Kypc UMeeT CBOM 3aJja4yl, HalleJIeH Ha
(hopmupoBaHHE crieIH()UIECKOTO KOMILIIEKCa KOMITe-
TEHLHUH, 4TO ompezaenseT Habop TeM U creluduKy
npenopaBanus. OTpaboTKa KOMMYHHKaTUBHOTO Ha-
BBIKA OCYIIECTBIIACTCS B YCIIOBUSIX, KOTIA SI3BIK SIBIIS-
€TCs HE LIeNbI0, HO CPEACTBOM M3yU€HHMs IIUPOKOTO
KpyTa BOIIPOCOB OOIICHUS C KOJUIETaMH Ha CyJHE U 3a
ero ImpejesaMu, NepcoHaIoM OeperoBbIX CIyxkO.
B kaxJ0M Kypce oTpabaThIBarOTCsl IEMEHTHI Tpe-
Ha)kKepHON MOATOTOBKH, KaK JUIS CTaHJapTHBIX, TaK
U U aBapUIHBIX M TMOUCKOBBIX CHTyalui, Kyp-
CaHTBHI IMEIOT IOCTYII K Pa3HbIM HCTOYHUKAM HH(POP-
Maluy, B TOM YHUCIIE, TO3BOJISIONINM Pealn30BbIBaTh
nporpammy npo¢heCCHOHANBEHON CaMOOpTraHU3aLuH,

paborasi ¢ TIEKIHOHHBIMH 1 IOTIOTHUTEIbHBIMH MaTe-
pHanamMu B BHJEO- U ayJHMOBHU3YaJIbHOM JUCTAHIIU-
OHHOM (opMare, B 00pa30BaTeILHOH cpelie YHHBEp-
curera [14].

INpencrasneHuble Kypchl pa30UTHI Ha OJIOKH, KOTO-
pble, TOMUMO PabOTHI B ayANTOPUH, MPEINONATAIOT
JIMCTaHIIMOHHBIHA opMar, TIie Kypchl cofepiKar Mare-
PpHaJIBI JIEKIMOHHO# PE3eHTALNH C ayAnO- H BUAECO-
COIPOBOXIECHHUEM, IS TIOMCKA ITPOOEJIOB B HOHUMA-
HUH U yCTpaHeHHUs 0apbepoB Uepe3 yTOUHEHHUS
U IpOopadOTKU MaTepralia B MHAUBULYaIbHOM TEMIIE,
a, TaKoKe, IPaKTUYECKHEe W TBOPUSCKHE 3aJJaHus, J10-
MOJIHUTEJIbHBIE MaTepHabl, CYIOBbIC JOKYMEHTBI,
MIPUMEPBI CHTYallMOHHON KOMMYHHKALIUH, CCBUIKA Ha
HpEIbIIyIHe ¥ TeKyIHe 00CYKIACHHUS B AUCTAHIIU-
OHHOM MOPCKOM aHIJIMHCKOM KiIy0e, YTO Kypupyercs
kadenpoii. [Tocae mpoxoxkaeHns KaXXI0ro u3 OJIOKOB
KYPCaHT JOJDKEH IPOWTH TECTHPOBaHHE.

Cucrema mo3BOJISIET aBTOMAaTHYECKOe CO3JaHHe
WHIWBHUAYAJIBHBIX TECTOB M MPEIUIOKEHHBIX BapUaH-
TOB OTBETOB JUIsl KKIOI0 KypcaHTa n3 GaHKa BOIIPO-
COB, KOTOPBIM pEryJsipHO MOMOJIHsAETCSA. TecThl
JIOJDKHBI OBITH BBINIOJIHEHBI HE MeHee ueM Ha 80 %,
9T00 KypCaHT MOT MOIYYHUTH JOCTYII K CIIEIYIOIEMY
610Ky M3y4eHHUs! AUCHMIUIMHBL. Ecian HyXHBIH Oayut
He HaOpaH, TO CHCTeMa BO3BpalllaeT KypcaHTa K Ipe-
ZBIOyIIEeMy OJI0KY.

B 2022-23 roay ObLI0 3amylICHO JBa BapHaHTa
KypCOB, JIsl KOHTPOIBbHO#H Tpynms! (176 wein.), ¢ mpu-
MEHEHHMEM CTaHIAPTHBIX, OTPaOOTAHHBIX METO/OB
00y4eHust ¥ MpoQecCHOHATFHOTO CTAHOBICHHUS U IS
9KCTIepUMeHTaNbHOU rpymisl (149 ven.). MeTtonuue-
CKHI MaTepHaJt JUIsi SKCIIEPUMEHTAIILHON TPYIITBHI OBLT
JIOTIOJTHEH CIEHAIBHO pa3pabOTaHHBIMU CLICHAPHAME
U CUTYal[MOHHBIMH aJITOPUTMaMH Ha 0a3e cTaHmapT-
HBIX (paz UMO, 1ist ZOIOTHUTENBHOM MTPOpabOTKH.
B ofenx rpynnax akTHBHO IPUMEHSUICS BECh KOMII-
JIEKC TEXHUYECKHUX CPE/ICTBA O0yUCHUSL.

JIunragoHHble KAOWHETHI, B KOTOPBIX MPOXOST
BCE MPAKTUYECKHE 3aHATHS 10 YKa3aHHBIM Kypcam,
OCHAII[CHBI COBpeMeHHOM crcTeMoit Linko-v8. Ona
JTaeT BO3MOXKHOCTB IIPUMEHSITh JJIEMEHTBI TPEHaXep-
HO# TIOZTOTOBKH, CUTYALIMOHHBIX CLIEHAPUEB H aJIro-
PHUTMOB NIPUHATHUS PELICHUH B I1aI0r0BOM (opmare
U UHMBHIYalbHO, BKIIOYAaTh KypPCAHTOB B Pa3HO00-
pasHble GOPMBI ICATEILHOCTH, CO3/1aBaTh AUAIOTOBOE
1 TPYNIIOBOE OOIEHHE, CIIONE30BaTh YCTHYIO U ITHCh-
MEHHYIO pe4b, KOHTPOJIMPOBATh Pa3BUTHE KaXK0TO
KypcaHTa NPaKTHYeCKH BO BCEX BHAAX ydeOHOM
JIeATEIBHOCTH, B Cllydae HeOOXOAMMOCTH CBOEBpE-
MEHHO BHOCUTb KOPPEKTHBBI.

PE3YNbTATbI UCCNEAOBAHUA U UX
OBCYXAEHMWE

B npouecce npodeccuonanbHON caMOOpraHu3a-
I[UM, B XO/I€ PAa3BUTHS MHOSI3BIYHOW KOMIETECHIINH,
BOIPOC 00 yBEPEHHOCTH B C€0€ UIPAET BasKHYIO POIIb.
Odunep Ha cyane, OyaydH TUIEPOM, JODKEH BHYIIIATh
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9TO 4yBCTBO CBOMM IIOJYMHEHHBIM M KOJLIETaM. DTO
CBSI3aHO C IPyTHMH KadeCTBaMH, TAKHMH, KaK PEeIlIi-
TENBbHOCTh, YHTY3Ha3M, JOOPOCOBECTHOCTD, 00IIe-
CTBEHHAs1 aKTHBHOCTb U, 0€3yCIIOBHO, HE MOXKET CYIIle-
CTBOBATh B OTPHIBE OT KOMMYHHKATHBHOIT aKTHBHOCTH.
Korzna peub uzper 00 MHOA3BIYHOW NEATEIBHOCTH,
peleHye He TONBKO y4eOHbIX 3a/1ad, HO U IIPeooiIe-
HHE COOCTBEHHBIX KOMIUIEKCOB, CTAHOBHTCS IIEPBO-
ouepenHOl 3agadell. YacTHBIM cilyyaeM OTpakeHHs
YBEPEHHOCTH B ce0e SBISETCS MONO0KHUTEIbHBIH
aJIeKBaTHBIH YPOBEHb CAMONPUTI3AHUSA U CaMO-
OLICHKU.

Ilo nanaEIM HccnenoBanys, B 2022—-2023 yyeOHOM
Tofy HaOMIoqanack yCToHYMBas TEHASHIUS TOJIOXKH-
TEITBHOTO aJ[€KBATHOTO YPOBHS CaMOIIPUTSI3AHUS
U CaMOOLIEHKH B KOMMYHHKaTHBHON HWHOSI3BIYHON
JeATEeTbHOCTH (TaK, Ha dTarle MOATOTOBKH K BKJIIOYCH-
HOU N1ESITeNIbHOCTH, MOJIOKUTENbHBIN aJleKBaTHBINA
YPOBEHb CaMOINPUTA3AHUI U CAMOOLIEHKU COCTaBHII
okono 57 %, B 00enX, KOHTPOJIBHOW U SKCIICPHMCH-
TaJIbHOI TPyNIax, B TO BpeMs, KaK I0ciIe IPOXoxKe-
HUSI TPEHaXKEPHO OATOTOBKH, JIEJIOBBIX UTP U Kyp-
COB, YUTAEMBIX Ha aHITIMHACKOM S3BIKE, 86 % KypcaH-
TOB 3KCIEPUMEHTaIbHOH rpynmnsl U 70 % KOHTPOIb-
HOU TIOKa3aJIi TaKOW pe3yIIbTar), TIe POCT MOKa3aTes,
B Ooublmeil cTemeHu, miena 3a cu4eT npuodpeTeHHs
KypCaHTaMH IOJIO)KUTEIBHOTO OMBITa MPUMEHEHHS
c(hOpPMHUPOBAHHEIX KOMIIETEHINI M, KaK CIICICTBHE,
HOBBILICHUS yBepeHHOCTH B cebe. IIpu aToM oT™e-
YEHO MOJIOKUTENBHOE BIUSHHE BKIIIOYSHHS CHTYalH-
OHHBIX aJITOPHTMOB JIEATEIBHOCTH.

[pyroii BaxkHblii 3¢ deKT npruMeHeHus pa3pado-
TaHHBIX aJITOPUTMOB, HAIIEN OTPa)KEHHUE B ITOTyICH-
HBIX pe3yJbrarax. [[poMexyTouHBbIit KOHTPOJIb, Opra-
HU30BaHHBIH B CTaHJAPTHBIX YCJIOBHSX, IIE Kyp-
CaHTHI POXO/AT TECTUPOBAHUE, OTBEYAIOT Ha BOII-
pPOCHI TEOPUM M PEIIAIOT CHUTYallMOHHbIC 3aJa4u
C IPpUMEHEHHEM AHAITUTHUYECKUX METOHOB, CO
CCBUIKOM Ha EHCTBYIOIIME JOKYMEHThI U TEOPETHU-
YeCKHM MaTepHal Kypca, He ToKa3ajl 3HaYUTeJIbHOTO
pacxoxaeHus, Kak B MOJTYYEHHBIX Oajrax, Tak
U B KaU€CTBE OTBETOB PEOAT U3 KOHTPOJILHON M KC-
TIePUMEHTAIEHOM TPy,

OnHaKo, U BKIIOYCHUH 3JIEMEHTOB TPEHaXep-
HOW NMPaKTHKM B SK3aMECHALMOHHBIE MCHBITAHUS,
OBUIO OTMEYEHO MOBBIIICHNE CKOPOCTH TPUHSITHUS
pelIeHnit 1 BBIMOTHEHUS 3aJaHuii Ha 23 % B 3KcIIe-
PUMEHTAJILHOW TPyIIe 0 CPAaBHEHHUIO C KOHTPOJIb-
HOIL.

HccnenoBanye TaHHbBIX IOKa3aTeleil, OCHOBaHHOE
Ha pelIeHuH NMpoQecCHOHANBHBIX 331ad, MO3BOMISET
ClIeIaTh BBIBOJL B ITOJIB3Y POCTA YBEPEHHOCTH KypCaH-
TOB B NpOeCCHOHAIBLHON KOMIIETEHTHOCTH B YCJIO-
BHSIX KBa3H-NMpo(pecCHOHANBHOM AesITENbHOCTH,
a IpUMEeHEeHnEe pa3pabOTaHHBIX CHTYAlIIMOHHBIX aJIro-
PUTMOB YCKOPSIIOT BBHITIOJIHEHHE 3aaHUI W MOBHI-
IIAIOT YBEPEHHOCTD B cebe. B xone aHkeTHpoBaHus
BCE KYPCAaHTBl €IMHOIYIIHO OTMETHIIN 3()(DeKTHB-

Mup TpaHcnopTa. 2024

HOCTB 3aHSTHI Ha TPEHAXKEPax, MPEK/Ie BCETO, B XOIIE
0TpabOTKH NPOQEeCCHOHANBHON KOMMYHUKAIHUH,
(OpPMHPOBAHHUH ANTOPHUTMOB KOMAHTHOH JIEITEIIHHO-
CTH.

AHaM3upys MOJy4YeHHBIC PE3yJbTaTbl, Mbl HE
MOIJIM HE BBLIEIHUTH TEXHUUECKYIO COCTaBILIONIYIO,
KaK OZIHy U3 BOXKHEHIINX U BIHAIOLINX Ha COACPIKaHUE
1 TOPAJIOK HMpOBeAeHHs Jtoboro srana. [Tomumo
KOHLICHTPALMHU HA TOBBIIICHUN YPOBHS OTBETCTBEH-
HOTO IPO(eCCHOHAIBHOTO CaMOPa3BUTHS, MBI Opra-
HU30BaJI OTKPHITOE 0OCYXIECHHE B CETH MHTEPHET
U, TI0 IOJIy4eHHBIM pe3y/bTaTaM, IOATOTOBUIIH aHKe-
Ty. B onpoce B 2023 rony npunsnu yuactue 160 uerno-
Bek. Hanbomnbliee KOJIMYECTBO YUYaCTHHKOB COCTa-
BWJIM KyPCaHTbI/MOPSKH JHEBHOTO OTAeneHust Mop-
ckoro yHuBepcureta. [logapmnstomniee OOIBITUHCTBO
ONpPOILIEHHBIX COCTABIAINA MYKX4YMHBI 18—27 ner.
OneHkn Opajuch B MPOLIEHTaX U PaH)XUPOBAIKCH
B COOTBETCTBHH C HX ITOBTOPSIEMOCTHIO.

Ormpoc nokasai, 4To TpeMs Haubosee MOoIysp-
HBIMH [TEPCTIEKTUBAMHU JIJIOBBIX HT'P C IPUMEHEHUEM
HH(POPMAIIMOHHBIX TEXHOIOT Ui U TPEHAKEPHOU IO/
TOTOBKH TSI KYPCAHTOB SIBIISIFOTCS «IIOJTyYEHHE I10J10-
JKUTETEHOTO OTBITa HHOS3BITHOH MpodeccHoHanbHO
xoMMyHHuKauun» (30 %), «komanaHas pabora npu
peuieHnH npodecCHOHANBHBIX 3aa4, BO3MOXHOCTh
cMeHBI poiei» (28 %), «roBbIeHne 3 HEeKTHBHOCTH
Ipy paboTe ¢ UICTOYHUKaMH UH(POPMALUK HA aHIIIHH-
CKOM SI3bIK€, aKTUBH3ALUsI aHAJUTUUECKOTO IOTEH-
nuana» (24 %). [lomynasapHeiME OBLIN U APYTHE OTBE-
TBI, CPEI KOTOPBIX: «aKTHBU3ALUS MBICIUTEIBEHOM
JEATEIILHOCTH Ha HHOCTPAHHOM S3bIKe, 0€3 BHYTPEH-
Hero nepeBozia» (18 %), «pa3BUTHE YMEHHUS NPUHU-
MaTh pelIeHue, CHPaBISICh C TPEBOKHOCTHIO NPH
MIPOXOXKACHNH 3a1ad Ha BpeMsD» (15 %), «oBbIIIeHE
peaktuBHOCTHY (12 %), «yCHIIEHHE CaMOIIPOLIECCOB,
Cpey KOTOPBIX, IPEX e BCEro, CAMOKOHTPOIb, CAMO-
opranuzauus, camopassutue u ap.» (12 %). Ormeua-
J1ach M IO/ JIeprKKa TIpeTiofiaBaTesei, 1 KayeCTBEHHOE
METOANYECKOE COPOBOXKACHHE, B TOM YHCIIE B COIPO-
BOX/AIOIINX OHJIAH-Kypcax, ¢ JOCTYNOM K LIHpPO-
KOMY CIEKTPY MaTepHajoB U BO3MOKHOCTBIO CaMo-
KOHTDOJIA, U foOpoxkenarebHas arMocdepa Ha 3aHs-
THSIX.

ITpu aHanM3€e NOTEHINATIBHBIX TPOOIEM U HEeJ0-
CTaTKOB, CPE/IU TEX, KTO UX 3aMETHUII, CAMBIM IOITyJISIP-
HBIM OKa3aJICSl OTBET, «I0 Kypcy Mayio 3aHSTHI»
(52 %), npuueM 3T0 OTHOCHIIOCH K JIF00OMY U3 Ipea-
CTaBJIEHHBIX KypcoB. J[pyrue yKas3plBaiu Ha TO, YTO
BBITIOJTHSATH HEKOTOPHIE 3aJaHNsI 03 OTpaHUIEHHI BO
BpeMeHn Obu1o Obl HamHoTrO Jerue (12 %). Jpyrue
yKa3bIBaJIM Ha MHTCHCUBHOCTH Kypca M HEOOXOAu-
MOCTb TPOBOAUTH MHOTO BPEMEHH JIOMa, HPH MOJ-
TOTOBKE K 3aHATUAM (6 %).

JIaHHBIH OMIBIT MOKA3all, 4T I d()PEKTUBHOTO
MPUMEHEHHS TEXHUYECKOTO COMPOBOXKICHUS B XO/e
npodecCHOHATBHOM IMOATOTOBKM MOpsIKa K paboTe
B YCJIOBUSIX CMELLIAHHOTO SKHITa)Ka HEOOXOIMM TEXHO-
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JIOTHYECKHH ITOJIXOJL, TJIE BCE AIIEMEHThI 00pa3oBaTeb-
HOU CHCTEMSBI 3aJIeHiCTBOBAHBI M CUMTAIOTCS 3HAUH-
MBIMH, B PaHT IEPBOOYEPEIHBIX 3a/1a4 IO IaeT Haa-
JKEHHas: KOMMYHHKAIIHsI MEXJy BCEMH CyOBEKTaMH
JEeATEeTbHOCTH, TI€ PA3BUTHE HHOS3BITHOIN KOMITETEH-
IIMK UTpaeT BaxkHeilmnyto ponb. IIpu 3ToM, Bee ame-
MEHTBHI CIIOKHON MEXIUCIUILINHAPHOW CHCTEMBI
MOTYT OKa3bIBaTh BIMSHUE Ha Pa3pabOTKy CLIEHAPUEB
o0yueHus1, 0cOOEHHO KOT1a CaMOOPraHU3anysl JOTH-
YeCKHU peann30BaHa B ponexypax o0ydeHus. Takum
00pa3oM, KypcaHThl Ha KaXJOM 3Talle YyBCTBYIOT
CBOIO OTBETCTBEHHOCTB 3a IPOIECC M PE3yJbTar.
[IpumeHeHNe WHTETPAIHOHHO-MOAYIBEHOTO TTOAX0a
K NPOSKTHPOBAHUIO TUIAKTHYECKOTO OOeCIeueHHs
podeCCHOHANBHO OPUEHTUPOBAHHOTO Kypca [15]
mo3BoJsieT 3GGEKTUBHO NPUMEHSITh TEXHUYECKHE
cpencTBa oOydeHusl, 3aIeHCTBOBATh IIMPOKHUIT CHEKTP
BCeH cHCTEMBI 00pa30BaTENBHOM Cpelbl YHHBEPCHU-
TeTa, BKIIF0Yasi TPEHAKEPHYIO TOATOTOBKY.

[IpuMmeHeHnE CUTYaIIMOHHBIX AITOPHUTMOB KOM-
MYHHUKATHBHOH JIEATEIBHOCTH C 3JIEMEHTaMU CTaH-
nmapTHHIX Gpa3z UM O 1o3BONSIOT MOBBICUTH CKOPOCTh
BBITTOJTHEHUS 3aJITaHUH B CTIOCOOCTBYIOT (pOpMHpPOBa-
HHIO TIOJIOKUTENBHOM CaMOyBEpEHHOCTH, TIPEoaoIe-
HUIO KOMMYHHKaTHBHBIX 6apbepoB, 0COOEHHO B CTaH-
JApTHBIX CUTYyalUsX OOIICHHUs, KOTOpbIe OTPadaThl-
BAIOTCSI COIVIACHO KOHBEHIIMOHHBIM TPEOOBaHHSIM.

BriepBbie KypcaHTaM IPIXOAUTCSI IPOOOBATH CBOU
pa3BUThIE KOMMYHHKATUBHbIE HABBIKM HA HMHOCTPAH-
HOM SI3BIKE 3a IpeJieJIaMy albMa-Marep B Xoze code-
cel0BaHNUS B KPIOMHTOBBIX KOMIIAHHAX ITepe]] IEPBOH
IIPaKTHKOM, B pe3yJbTare KOTOPOH OTOMpAtoTCs Tyd-
ve JUTs TaJibHeWIel MpakTHKH Ha cyaax, paboraro-
IHUX B MEXIYHapOIHBIX peifcax. DTo MoTHBanus
BBICOKOT'O MOPSIKA CTUMYJIHPYET KypPCaHTOB U3 pas-
HBIX CTpaH JeaTh BCE BO3MOXHOE, YTOOBI CBOOOAHO
TOBOPHUTH HA MOPCKOM aHIIIMHCKOM s3bIke. Tak, ydyach
B YHHUBEpCHTETE, pedsTa IMPOBOAAT HE MEHEe Iroja,
pabortas Ha O6OpTy peaJbHBIX CyIOB, MPEXAE YeM
CMOTYT 3aBEPIIUTh TEOPETHYECKYIO HMOJArOTOBKY
1 TOJTyIHUTH Y4eOHBIH JUILIOM, HA OCHOBAaHUH KOTO-
POro BIOCIEACTBUU BBIIAETCS paboUmit.

3¢ eKkTHBHOCTD MPOTpaMMBI HHOSI3BIYHOM MO/
TOTOBKH aKTyaJIM3UPYETCS U IPOSIBIISIETCS HA TOCYyIap-
CTBEHHBIX 9K3aMEHax, NPH OPTaHU3AIMU KOTOPBIX
TMIPUMEHSIOTCS JIeIOBBIE UTPHl Ha TPEHAXKEPHBIX
YCTaHOBKaX, i€ MPEANONaraeTcsi CMeHa BaxXThl, CO-
CTaBJICHHE IJIaHA IIPOBOJAKH CyIHA M HAaBHTAIUs
B YCIIOBUSIX IUIOTHOTO TpaduKa, T1e KaKAblii NMeeT
TIOCTaBJIEHHYIO Tepe]] HUM 3a]1a4y U yIpaBiIsieT CBOMM
cyaaoM. CymoBOIHTENH TOJDKHEI OBITh BHIMATEIIbHEI
K IOCTOSHHOMY ITOTOKY MOCTYTaoIed HHpOpMannu
1 BBI30BaM Ha CBSI3b 10 panuu. Bee yyacTHUKY TOTO-
BBI B JTIO00H MOMEHT JIOJIOKUTH O CHTYAIHH T10 3aIIpo-
cy BHemHe# «6eperoBoit CY/IC», umutupyemoi
TIperoaBaTesieM Ha aHIIHHCKOM SI3BIKE, U 3alIPOCUTD
HeoOxoauMoe conpoBokieHne. CTaOUIbHBIC «UTOTO-
BBIE Pe3yJbTaThl FOCYIapCTBEHHBIX 9K3aMEHOB CBH-

JIETENBCTBYIOT O OCTATOYHO BEICOKOM YPOBHE Chop-
MHPOBaHHOCTH NPO(ECCHOHAIBHOH KOMIIETEHTHOCTH.
KypcaHTEI cripaBisIOTCSI ¢ MMOCTABIEHHBIMH HEpes
HUMU 3a]ja9aMH, a OO CpeTHNI ToKa3aTelb yCTOMH-
4UBO AEp:KUTCA Ha ypoBHe Bblle 90 %, B TO BpeMs,
Kak MPUHATO, YTO €CIH OH IOMAaAaeT B MpPeIesl OT
85 % no 100 %, TO 3TO CBUACTENLCTBYET 00 dhdek-
THUBHOCTH 00yueHus» [3]. DTH pe3ymbraTsl IOATBEp-
HKJAFOTCSI U CTaTUCTUYECKHMH JIAHHBIMH, TOIy4eH-
HBIMH TIOCJIe coOecenoBaHnil KypCaHTOB Ha aHIVINII-
CKOM SI3BIKE B KPIOWHTOBBIX KOMITAHMSX, KOTOPEIE,
ciretyst nosoxkeHnsiM KoHBeHIHN 0 TpyJe B MOPCKOM
CY/IOXOZICTBE, IPOBEPSIOT KBAM(PUKAIIUIO KaH/UIATOB
Ha paboTy C pa3HbIX CTOPOH U B CTPOIOM COOTBET-
CTBUH C MEXTyHApPOTHBIMH IIPAaBUIAMHU 1 HAI[OHAITb-
HBIMH PEKOMEHAAIMAMH.

BbIBO[bI

HanaxenHoe o011eHuE ABISETCS )KU3HEHHO BaK-
HOM 4acThI0 9 PEeKTUBHOCTH JTI000T0 IKHIIaXKa CyaHa.
Dt0 abcomoTHOE TpeboBaHue T 0e3011aCHOM HaBH-
ralyy ¥ BceM KypcaHTaM IIPUXOIUTCS yCepAHO pado-
TaTh HaJ aHIJHACKHM S3IKOM BO BpeMs y4eObl
B yHUBepcHTeTe. [I0cTOSHHOE BHUMAaHHE K Pa3BUTHIO
npoheCcCHOHATEHOI caMOOpraHU3aINH, TAPMOHIIHO
BKJIIOYCHHOE B IIPOLECC AEATEIBHOCTH, MO3BOJISACT
CTHMYJIHPOBATh CyOBEKTHYIO COCTABIISIONIYIO BCETO
nporecca npodecCHOHAIBHOTO Pa3BUTHS, Te 00yye-
HHE BBICTYIIaeT BOKHEHIINM, HO HE €INHCTBEHHBIM
(akTopom. TpeHakepHast MOATOTOBKA CIIOCOOCTBYET
aKTHBM3ALMM aHAJIUTHYECKOH AEATCIBbHOCTH, 4TO
MO3BOJISIET PACIIUPUTH BO3MOXKHOCTH MEPCIIEKTHB-
HOTO IUIAHUPOBAHUS M NMPOEKTHPOBAHUS Ha dTare
HCCIIEI0BAHNSI.

[Tockonbky paboTa CymoBOH KOMaHIBI HEBO3-
MOXXHa 0e3 HaJlaXeHHOTO d(PEKTHBHOrO OOLICHUS,
0co0oe BHUMaHHE B MPOIECCE MOATOTOBKH CHEIHa-
JIMCTOB JUIst pabOThI B MOpE yremsercs: npodeccuo-
HaJIbHOW MHOSA3BIYHON KOMIleTeHIHH. Pe3ynbrarsl
HCCIIEI0BAaHMs MOATBEPXKAAIOT 3D PEKTHBHOCTD MPH-
MEHEHHS Pa3HOOOPa3HBIX CPECTB, BKIIIOYas TPEeHa-
JKEpBI, TO3BOJISIOIINX [IEPEHECTH S3bIKOBOH MaTepuall
3 obpasoBaTelbHOU chepsl B KkBasu-npodec-
CHOHAJIBHYIO JIESATEIBHOCTh C YYETOM LIHPOKOTO
criexrpa Biusomux Qaxropos. [IpoBenenue rocynap-
CTBCHHBIX 9K3aMEHOB Ha TPEHAKePax, IPHONMIKEHHBIX
K CYPOBBIM YCIIOBHSIM MOps, IOKa3bIBaeT BBICOKHUH
YPOBEHb FOTOBHOCTH KYPCAaHTOB K BBIIOJTHEHHIO
obs13aHHOCTE# Ha OopTy. BHeapeHue pa3paboTaHHBIX
CIIEHApHEB TPEHAKEPHOTO OOYUCHHS M CUTYaI[MOHHBIX
QITOPUTMOB ¢ NPUMEHEHHEM CTaHIApTHHIX (pa3s
VMO B 00pa3oBatebHy0 IPAKTHKY TO3BOJISIET ITOBBI-
cUTh 3(PPEKTUBHOCTD AEATEINEHOCTH Yepe3 MPeoo-
JICHHE KOMMYHHMKaTHBHBIX 0apbepoB, IOBBILICHUE
CaMOYBEPEHHOCTH M CKOPOCTH NPUHSITHUS pelIeHIH
U BBITIOTHEHUS 3a/1a4. Ba)KHBIM 3IEMEHTOM TpeHaxep-
HOM HOJTOTOBKH SIBJISICTCS] IPEUMYIIIECTBO IPUMEHE-
HHS HAyKOEMKHX TEXHOJIOTHH C [ENbIO OJIOKMPOBAHUS
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PHCKOB [P 0TPadOoTKe IPOeCCHOHANBHOI KOMaH -
HOW paboThl HKUMaXa B CHTYAIHsAX MOTCHIHATIBHO
OTIaCHBIX JJISI OKPYKAIOIIel Cpelbl M XKU3HH JIFONEH,
B XOZI€ KOTOPBIX CTAHOBHUTCSI BO3MOXKHBIM CBOEBpE-
MEHHOE MOJy4YeHHE OIbITa U 0TPabOTKa HaBBIKOB
NPUHATHS PEIICHUH B CTAHIAPTHBIX M CTPECCOBBIX
CHUTyanusix MpoQecCHOHAIBHON esITeIbHOCTH.
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OmuTpuit MAYEPET

AHHOTALIUA

Cmambsi nocesiLeHa oueHKe ol mpaHchopma e passumuu
U UHMezpayuu espasulickoeo KoHmMuHeHma e dpegHocmu. [po-
aHarnu3uposaHa porib 800H020 (PEYHO20 U MOPCKO20) mpaHcnopma
8 ycmaHoeeHuU ces3eli MexOy ydarneHHb MU peauoHamu Egpasuu.
OmmeyeHo, Ymo, ¢ yyemom eeozpagpuyeckux ocobeHHocmel
Espasuu, Ha 0CHOBE UCNO/bL308aHUs 00H020 MOMbKO 800H020
mpaHcnopma ee uHmezpayusi He Mozna ocywecmaumscs. Cepo-
KyCcUpo8aHO BHUMaHUE Ha 3HayeHUU CyXonymHbIX MPaHCNOPMHbIX
UHHOBayull (ucnonb3osaHuu nowadeli 0n1st eepxogoli €30b1 U nosie-
JIEHUU KOMECHbIX N0B030K), b1a2odaps KOMopbIM 8 cmenHoli 30He
Eepasuu cmanu npueoOHbIMu 01151 UCNOsb308aHUs paHee Hedo-
cmynHble palioHbl U nosbicuiacs nPodyKMUBHOCMb CKOMOB0o-
cmea. Peaynismamamu cmainu ycusieHue Mexepynnogo2o 83aumo-
Oelicmeus u passumue UHMe2payUOHHbIX UHCMUMymos, onpe-
OenAowuX Kak Xu3Hb omAenbHbIX COYUYMO8, maK U 83aumoded-
cmeue Mexoy HUMU.
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Ponb TpaHCHOpTHbIX Cpe,qCTB B ,D,peBHeMI.IJEVI
eBpa3MMCKOVI UHTEerpaLunun
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Hosble mpaHcnopmHble 803MOXHOCMU, POCM NPOCMPaH-
CMBEHHOU MOBULHOCMU, YCIIOKHEHUE 0BUECMBEHHbIX UHCMU-
mymos nopoxdanu Hosble CoyuanbHble U MamepuarnbHbie no-
mpebHOCMU, CMUMYUPOsau Mugpayuu U pasgumue Mexpeauo-
HasbHo20 06meHa. [1pu 3mom He npocmo ocywecmensncs 0bmeH
uanuwKamu npodyKyuu, a npou3sodcmeo pactuupsinock C Yesbo
ysenu4eHusi obMeHa, cmaHoesicb mosapHbIM. Bce amo cnocob-
cmeogaro peanusayuu eeoepagpudeckux npeumywecme Eepasuu
u obecneyeHuro mam 6oree 8bICOKOU NIOMHOCMU HaceneHus
U xo03sticmeeHHOL NPOAYKMUBHOCMU UCNOMIb308aHUS MeppUMOo-
PUU NO CPABHEHUIO CO CPEAHEMUPOBLIM YPOBHEM.

CuHepaemuyecKuM pe3ysbmamom passumusi 600HbIX U CyXo-
NymMHbIX MPaHCNOPMHbIX cpedcme U coOBWEeHUU U 0CHO8aHHOU
Ha Ux ucnonb30saHuu OasnbHel mopaoenu cmana mpaHcgopma-
yusi Eepasuu K Hayany Il mbicsyenemus 0o H.3. 8 €QuHyto cucmemy
83aUMOCBA3aHHbIX KYNbmyp.
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MonHbili mekcm cmambu 8 nepegode Ha aHanulickull 3bIK ny6uKyemcsi 80 emopoll Yacmu daHHO20 8bInycKa.
English translation of the full text of the article is published in the second part of the issue.




BBENEHWUE

EBpasust — kpynHeHmuii MaTepuK, 3aHUIMalo-
i moutu 36 % 3emHoi cymu. [Ipu aTom ero
JneMorpadUUeCKUil B SKOHOMHYCSCKUN YACTbHBIN
Bec ewe Oosnee 3HayuTelneH. M3 onenok D. Mon-
nucoHa [ 1] caenyert, uto nons EBpasuu u B Mupo-
BOM HaceseHuu, u B mupoBoM BBII B Hauane
Harre 3pslI (310 — Hanbosee NTyOOKHE B XPOHO-
JIOTHYECKOM ITaHE OILEHKH) COCTABIsUIa IMOYTH
90 %, a B Hauaje HBIHEIITHETO BEKa, COOTBET-
CTBEHHO, CBEImE 72 % wu cBoime 65 %. Takum
o0Opa3om, OGonee BBICOKHE, IO CPAaBHEHHUIO CO
CpeIHEMHUPOBBIM YPOBHEM, TNIOTHOCTD HACEIICHHS
1 DKOHOMHYECKasl MPOAYKTUBHOCTh EBpazuu
CIIOKWIIUCH y’Ke B APEBHOCTH, UTO JENAET aKTy-
aJbHBIM PAaCCMOTPEHHE MOBIHUSABIIMX HA 3TO
(axTopoB.

Jx. JlaiimoHa O0OBSICHSET M3HAaYalbHOE
yCHeImHoe pa3BUTHE EBpasum mpupomHo-
reorpauuecKuMu (paKkTOpaMH, B YaCTHOCTH, €€
ITUPOTHON OpHEHTanuel, 9To obJaerdano pac-
MIPOCTPAHEHHE MHHOBAIIMH MEXIy CXOKHMH,
HaXOJISIIUMUCS Ha OTHOM MIMPOTE, reorpaduye-
ckumu 30Hamu [2]. OgHAKO, XOTS MPUPOIHO-
reorpagpuueckue (HakTOpsl HUMEIOT BaXKHOE 3HA-
YeHUe, OHM HEeOCTATOYHBI CaMU MO cede s
obecnieuenus ycrnemnoro passurus [3—5]. Ilo-
9TOMY HEOOXOAUMO aHAJIU3UPOBATh U UHbBIE
(akTophl. YUUTHIBas, 4TO B PsJIC UCCICIOBAHHH,
B 4aCTHOCTH B [6—11], BBISIBJICHO 3HAYNMOE BIIHS-
HHUE TPAHCIIOPTa Ha Pa3BUTHE IPEBHUX OOMIECTB,
000CHOBAaHHOW 3adaueli SBISCTCS OLICHKA POIU
TPAHCIIOPTa B HHTETPALINH U Pa3BUTHH eBpPa3Hii-
CKOTO KOHTHHEHTA B JIpeBHOCTH, HA OCHOBE Me-
TOZIAa UCMOPULECKO20 AHANU3A.

PE3YNbTATbI

3acenenue EBpaszuu monsMu COBPEMEHHOTO
THUIIa 3aBEPIIIIOCH €Ile B BEPXHEM HaJICONIUTe,
oxosio 30 TeIC. €T Ha3aj, BKIO4as APKTUKY
u octposa lOro-Bocrounoit Azum [12; 13]. U3
mocJeHero (akTa CleAyeT «Ba)KHBIH BBIBOA:
MaTepHabHas KyJabTypa IJIoneil Toro BpeMeHU
ITO3BOJIMJIA CO3/1aTh IIEPBHIC ITABATEIILHEIC CPE-
CTBa U C UX IIOMOIIBIO IPEOI0IECBATh 3HAYNTEIb-
HbIe paccTosiHus o mopro» [12, C. 191].

JlaHHBIE apXEONOTHUECKUX PACKOIIOK Ha Tep-
putopuu Boponexckoit obmacTtu, rae 6omee
40 TBIC. JIET Ha3aJ CYNIECTBOBaJ KOMILIEKC
BEpXHENaJECONUTHYECKUX CTOAHOK KocCTEHKH,
CBUJIETEIILCTBYIOT 00 HCIIOIB30BAHUHU «KaMHS,
KOTOPBII MOXHO 06110 HaliTH uis B 100—150 km
OT CTOSIHKI, M PaKyIIEK, KOTOPBIC «MOIJIH OBITh
MIPUHECEHBI TOJBKO C YEPHOMOPCKHX OEperos,
PACTIOJIOKEHHBIX Ha paccTosTHUU Oonee 500 kmy»
[13, C. 371]. D10 MOKa3bIBaeT NIyOOKYIO JApEB-

HOCTB DJIEMEHTOB MEXPETHOHAIBHOI HHTErpa-
UM, BKIIOYAIOMIAX IIePEeMEIICHUE KaK JIIOJICH,
TaK ¥ MaTepHaJIbHBIX Onar. OHAKO OHH OXBAaThI-
BaJIH JIMIITH COCEIHNE PETHOHBI ¥ OBLTH ()parMeH-
TapHbl. B ycrnoBusax kpaifHe MPUMHUTHUBHBIX
CPEICTB MEepeIBMKCHHS [6] MHTETpannoOHHBIE
MIPOIECCH HE MOIIIN JJOCTHYH OOJBIINX MacIITa-
00B HH II0 PACCTOSIHUIO, HH 110 HHTCHCUBHOCTH.

CyIecTBeHHBIC YCOBEPIIEHCTBOBAHHS TPAHC-
HOPTHBIX CPEACTB MPOU3OLUIA B MEPHOI ME30-
quta (X—VII ThIC. 10 H.3.) 1 HeonuTta (VII-III
TBHIC. JIO H.d.), OCOOCHHO B €ro 3aBepIlaromiei
qactH, B 310Xy sHeonuta (IV-III TeIC. 10 H.3.),
KoTrJa Havyajach 00paboTKa METalIoB — MeH,
30J10Ta, a 3aTeM 1 OPOH3BI — CIIJIaBa METH C MBIIIIh-
SIKOM WJIH (YTO JaBaji0 ONTHMAJBHBIA pe3yib-
TaT) — ¢ OJIOBOM [4; 6; 14]. YunTsIBas paccpeo-
TOYEHHOCTH M PEAKOCTh NCTOYHHKOB METAJIIOB,
UX 3HAYUTEIBHYIO YIAIEHHOCTD OT APEBHEHIIIX
XO03SCTBEHHBIX IEHTPOB C HAHOOJBILIECH KOHIIEH-
Tpaluedl HaceJIeHHs, YCOBEPIICHCTBOBAHUE
CPEACTB MEePeABMKEHHS U Pa3BUTHE HA 3TOH OC-
HOBE TOPTrOBO-TPAHCIOPTHOW AESITEIbHOCTH
OBLTH HEe0OX0OUMbIMY YCIIOBUSIMA JJISI Pa3BUTHUS
MIPOM3BOJICTBA U UCIIOJIB30BAHUS METAJUIOB, ChI-
IPaBIIEro KIIOYEBYIO POJIb B (POPMHPOBAHUU
JIPEBHUX [UBIIIH3ALIH.

Pa3BuTHe BOAHOrO TPpaHCHOPTAa

IIpexxne Bcero, ciemyeT OTMETHTh Pa3BUTHE
BOJHOTO (PEYHOTO M MOPCKOTO) TPaHCIOPTAa,
obecnednBaromero HanOOIBIIYI0 MPOBO3HYIO
CIOCOOHOCTD U JCIIEBU3HY MepeBo3ok [15]. He
Clly4aiiHO, ApeBHeNIIas He TONBKO B EBpasuu, HO
U B MHPE UBUIIU3ALUS — ITyMepcKast — chopmu-
poBanacek B lOxHolt Meconoramuu, Tam, Iae
cpa3y IBE M3 «BEIUKHX HCTOPHYCCKUX PEK»
[16] — Turp u EBdpar — Bnanamm B [lepcunckuii
3aJIUB, YTO JaBaJIO IIIyMepaM BO3MOKHOCTh TOP-
TOBATh KaK C PeTHOHAMH, HAXOTUBIIMIMUCS B 30HE
TsaroteHus Turpa u EBdpara B X ceBepHOM Teue-
HHUH, TaK U ¢ pernoHaMu Ha Oeperax [lepcun-
CKOTO 3aJIMBa U, aajiee, MHAUICKOTro okeana. 9To
HMeJIO0 KpaifHe BaXXHOE 3HAUYEeHHE, TaK Kak
B lO>xHOIt MeconoTaMun IpakTH4IecKy He ObLIO0
HUKAKUX TOJIE3HBIX UCKOTIAEMBIX (HH KaMHS, HHA
METaJIJIOB), a TaKkxKe U ApeBecuHsl [14]. Bee ato
HEoOXOIMMO OBLIO MPUBO3UTH 32 COTHH (a MHOTZIA
U THICSYM) KHJIOMETpoB. Tak uTo Oe3 manpHei
TOPTOBJIM, MaTepPUAIBLHON OCHOBOW KOTOPOU
OBLJIO YCOBEPIICHCTBOBAaHNWE TPAHCIIOPTHBIX
CPeICTB, 3Ta ApEeBHEWIIas MHUBIIM3AIUA HE
Morv1a OBI CYIIeCTBOBATE.

Crnemyer OTMETHTh MHHOBAIIMOHHBIH MOJXO/T
K pelIeHuIo mpobieMbl 00paTHOTO (TOPOKHETO)
MepeMeIeHUs] PEUYHbIX CYAOB, JAOCTABISIBIINX
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TOBaphl BHHU3 Mo TeueHuro Turpa m EBdpara
K TOPOACKHM LeHTpaM MecommoraMuu. JTH cyna
JleNaay U3 IIKYp, HaTSHYTHIX Ha JepeBSHHBIN
kapkac. [locie BEITpY3KH KapKac IpoJiaBain
BMECTE C TPY30M MM BHIOPACHIBANHU, & IIKYPHI
CKJIQJIBIBATIN U TIEPEBO3MIIN 00OPaTHO, HABBIOYHB
Ha 0CJIOB, YTOOBI UCTIONIE30BATH 3aTEM JIJISl COOPY-
JKEHHsI HOBBIX JIoAOK [15; 17]. YumreiBas, uto
npo6IeMa HOPOXKHETO MepeMEIeHUs TPAHCTIOPT-
HBIX CPEJICTB SIBIISCTCS OMHOU U3 (PyHIAMEHTAJb-
HBIX JJIs5 IEPEBO30YHOI NEeSTEILHOCTH U B HaIlle
BpEMsi, €€ OPUTHHAIIBHOE PEIICHUE B IPEBHOCTU
SIBJISIETCSI TIOKA3aTeIbHBIM PHIMEPOM HHHOBAIH-
OHHOTO Pa3BHUTH TPAHCIIOPTA.

3HavYeHHE PETYISIPHBIX U HaJIC)KHBIX TIOCTaBOK
CBIPBSI OBLITO JUTS ITyMEPCKOH IMBHIIN3AIINH CTOIh
BEJIHKO, UTO yke B [V ThIcSUeneTH! 710 H.3. ObUTH
co3maHsl mrymepckue ¢axropun B CeBepHoit
Meconoramuu [4]. DTO UMEJIO BaXKHOE 3HAYCHHE
JUTSE MEKPETUOHATBHOM UHTETPaLlny.

B III ThicAueneTun 10 H.3. pa3BUTHE MOpe-
TJ1aBaHMs IPUBENIO K YCTAHOBIICHUIO YCTOMUUBBIX
TOPrOBO-TPAHCIIOPTHHIX cBsi3ell Meconoramuu
¢ monuHoi WHna, rae Bo3HHKIA (BEChbMa BEpO-
STHO, TIOJ] BIUSHUEM STHX CBS3€H) Xaparckas
mmBuin3anusd [14; 17], oxBarsiBaBIas BCKO J10-
nuHy MHAa (Taroke SBISBIIETOCS BaKHOU TpaHC-
TOPTHOM apTepueil) u modepexnbe ApaBUHCKOTO
mops [18]. Takum 0OpazoM, CIOKMIACH STUHAS
TOPTOBO-TPAHCIIOPTHASI CUCTEMa, BKIIOUAIOMIAS
MeconoraMuio (BIUIOTh O TOPHBIX PailOHOB
y ucrokoB Turpa u EBdpara), peruon Ilepcun-
CKOTO 3ajiiBa, MoOepekbe ApaBUHCKOrO MOpPS
u gonuny Uupa [15], B pamkax KOTOpO# ocyiie-
CTBIISJIOCH YCTOWYMBOE MEpPEMELICHNUE TOBAPOB,
MO3BOJISIBIIICE OTACIBHBIM PETHOHAM CIICIIUAIIH-
3HPOBATHCSI HA IPOU3BOJICTBE COOTBETCTBYFOLICH
MECTHBIM YCIIOBUSIM IIPOIYKIIMU U BECTH dPPek-
TUBHBIA OOMEH C IPYTUMH PETHOHAMH.

B coceqnem Bocrounom CpennzeMHOMOpbE
TaK)Ke Pa3BUBAJIOCh MOpPEIUIABAHUE, YEMY CITO-
cobcTBOBAIO mosiBIeHue B KoHIle [V — nagane 111
THICSTYEITIETHS JI0 H.. JNTMHHBIX MHOTOBECEIBHBIX
nonok, BMemasmux ot 20 go 40 rpebuos [4].
ApXeonoruyeckue JaHHbIE MO3BOJSIOT MPEATO-
JIOKHTH, YTO C UX IOMOIIBIO OBUIH YCTAHOBJIECHBI
u KoHTakThl ¢ CeBepHBIM [IpHuepHOMOpbEM.

Takum oOpa3om, Onmaromapst pa3BHTHIO ped-
HOTO X MOPCKOTO TPaHCIIOPTa B 3MIOXY YHEOJTHTA
OBUTH YCTAHOBIICHBI CBS3H MEXIY BEChbMa yaa-
JIeHHBIME perroHaMu EBpasuu. Tawm, riae TpaHc-
TTOPTHPOBKA T10 BOZIE OBUIA HEJOCTYITHA, UCTIONb-
30BaJIMCh BBIOUHBIE OCTHI [15].

ToproBble CBsI3M HA 3HAYUTEIBHBIC PACCTOS-
HHSI MOTJIM OCYHIECTBIATHCS HE HAMPAMYIO,
a gepe3 mocpeaHukoB. [loka3arensHpIM TpUMe-
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POM pa3BUTON OCPEAHUYCCKOMN TOPTOBIH SIBIIS-
eTcs nopt JJuimbMyH, HAXOAUBIIHUIICS HA OCTPOBE
B IlepcuuckoM 3ammBe W 00eCIeunBaBIINN TOP-
TOBO-TPAHCIIOPTHOE B3auMoJieiicTBre Mecormnora-
MUU ¢ peruoHamu Apasun U Maamm [11; 19].

OnHako BCE 3TH TOPTOBO-TPAHCIOPTHBIE
CBA3H OXBAThIBAJIN JIUIIIb He60JILHIyIO YacTb €Bp-
a3MHCKOT0 KOHTHHEHTA. bombiiias ero 4acTh Oblia
HEIOCTYIHA JJIs IEPEYHCIIEHHBIX TPAHCIIOPTHBIX
cpencts. He ynuBuTenbHO, UTO pacipoCcTpaHeHHe
B EBpone B paHHeM HeonuTe 3eMileAeIbIeCKOM
KYJBTYPBI IIUTO IPUMEPHO C TaKOH e CKOPOCTBIO,
YTO U pacceeHHUe BEPXHETIAICOIUTHICCKAX OXOT-
HUKOB-KPOMaHBOHIICB ITPUMEPHO 3a 40 THIC. JeT
1o storo [13]. Bo BHyTpUKOHTHHEHTAJIBbHBIX
palioHax B3aMMOJICUCTBUE JTa)Ke MEXAYy COCE-
HUMH KyJIBTYPaMH Pa3BUBAJIOCH JOBOJIBHO MEJ-
JIeHHO [4].

CyxonyTHble HHHOBAIIMHU

Curtyanusi KaueCTBEHHO M3MEHUJIACh MOCHe
MOSIBJICHUSI PsIia CYXOMYTHBIX TPAHCHOPTHBIX
WHHOBaluil. BeposTHO, B KOHLIE V ThICAYENETUS
10 H.9. B YUepHOMOpcko-Kacuiickux cTersix, rue
paHee ObLIa BIIepBhIC OIOMAIITHEHA JIOIIA (b, Hada-
JIOCh UCIOJNB30BAaHUE JOMIANeH Ui BEPXOBOU
e3nbl [4]. BepxoBas e3/1a KapIUHAJIEHO TIOBBICHIIA
MIPOM3BOIUTENEHOCTE TPY/Ia TACTYyXOB, MacIuTad
1 3QPEKTHBHOCTh CKOTOBOJCTBA, 2, COOTBET-
CTBEHHO, 1 00bEM IIPON3BOJMIMOTO H30BITOYHOTO
MIPOAYKTA. YBEIWYCHUE CTaI TPEOOBAIIO HCIIONb-
30BaHMsI HOBBIX MACTOUIII, YTO OBLIO COTPSIKEHO
¢ HE0OXOAMMOCTBIO YPEryJIupoBaTh BOMPOCHI
3eMJIETIONIb30BaHUSA C JPYTUMH POIAMH WU TIe-
MEHaMH, CTUMYJIMPOBAJIO paCIIMPEHUE KOHTAKTOB
U Pa3BUTHE JAPOOOMEHA U «IIPECTHKHON» IKO-
HOMUKH — B)KHBIX HHTETPDATHBHBIX MEXaHU3MOB
[20].

B cepenune IV Thicsauenerus 1o H.3. B Meco-
TTOTAMUH MOSBIJIMCH KOJIECHBIC ITOBO3KH — IPyTast
BaXKHeHIIasi TpaHCHOpPTHAs MHHOBamus [14].
[TepBoHaYaTbHO B HUX 3ampsraid OBIKOB HIIH
ocioB. Yepes HECKOIIBKO BEKOB KOJIECHBIE TIOBO3-
KM pacnpocTpaHuiuch B Yepaomopcko-Kacnuii-
CKHX CTeIISIX, HO 3/1€Ch [T HUX YK€ UCTIONIb30Ba-
nach KoHHas Tsra [4]. [losiBIeHNe KOHHBIX TTOBO-
30K 03HAYaJI0 BOSHUKHOBEHHE NMPUHIUMUAIBHO
HOBOT'O TPAHCTIOPTHOT'O CPEJICTBA, KOTOPOE CTAJIO
OCHOBOIl CYXOITyTHOTO TPaHCIIOPTa Ha CIEIYI0-
IIHE TISTH THICSYENECTHI. A B TO BpeMs 3TO NPH-
BEJIO K KapAWHAIBHOH TPaHC(HOPMAIIMU CTEITHBIX
cKkoToBOMYeCKUX o0miecTB. CHHEPrus KOHHBIX
KOJIECHBIX TIOBO30K U BEPXOBOH €376 TO3BOJIIIIA
mepeiTn K MOOMIBHOM (6€3 MOCTOSHHBIX MOCe-
JIeHuit) GopMe CKOTOBOJICTBA, UTO CIEINAN0 TPH-
TOIHBIMU ISl UCTIONB30BaHMSI PaHee HEAOCTYII-
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HbIe (BCICICTBUE YIAIICHHOCTH OT HOCEICHHIA)
CTEIHbIE PaliOHbI, IO3BOJIWIO JOMOJIHUTEIBHO
YBEJIMYUTH IIOT0JIOBbE CKOTA, YCHIIMIIO MEXKIPYII-
MMOBOE B3aWMOJEHCTBHE M CIIOCOOCTBOBAIO
YKPEIJICHUIO U Pa3BUTUIO UHTEIPAIIOHHBIX UH-
CTHTYTOB, ONPEIEISIONINX KaK )KU3Hb OTIEITbHBIX
COITIYMOB, TaK 1 B3aNMOZICHCTBHE MEXAY HIMH.
(ITpexne Bcero, cieayeT BBIIEIUTH MHCTUTYT
B3aHMHOTO TOCTEMPUUMCTBA M B3aUMOOTHOIIIE-
HUS «TTOKPOBUTENb — KIMEHT» [4]).

HogBele TpaHCOpTHBIE BO3MOXKHOCTH, POCT
MIPOCTPAHCTBEHHOI MOOWIIBHOCTH, IIOPOXKIABIITHE
HOBBIE COIMAIIEHBIC U MaTepHaIbHbIC IMOTPEO-
HOCTH, yCIOKHEHUE O0IIeCTBEHHBIX HHCTHTYTOB
CTUMYJIMPOBAJIU MUTPALIMY HacESBILUX YepHo-
Mopcko-Kacrnuiickue cTenu npanHI0eBporen-
CKHUX IIJIEMEH KaK B 3aI1aIHOM, TaK 1 B BOCTOYHOM
HaIpaBJICHUX.

B nocnensem cirydae B crersix FOsxHoro 3aypa-
165 B koHLE Il — Havane I TeicayeneTus 1o H.5.
c(hOPMUPOBATIMCH HOBBIE KYJBTYPBI, IS KOTOPBIX
OBLITM XapaKTePHBI YKPEIJICHHBIC OCCICHUS
1 00pabOTKa MeTaia «B OCCIPElECHTHBIX VIS
CTeMmHOM 30HBI MaciiTabax» [4, C. 560]. Meran-
JypridecKoe IPOH3BOICTBO OBLIO B 3HAYUTEIILHON
CTENEHU 3KCIIOPTOOPUEHTHPOBaHHBIM. Ero «3a-
ITyCK CIIyYHJICSI BCJIEACTBUE KOHTAKTa C PhIHKaMU
TOPOJICKUX LMBUIM3AIMN [paCIIOIIOKEHHBIX K-
HEe — npuMm. agm.], HO yBEINYECHUE BBIILIABKU
MeTajla MPHUBENO0 K POCTY €ro MOTpebiIeHus
B CTCITHOM U JIECOCTEITHOM 30HE, TIOJIOKHMB HAYAJI0
BHYTPHEBPOIEICKOMY KTy 0OMEHOB, KOTOPBIi
nocne 2100 rozxa 10 H.3. puUBen k OyMy MeTauio-
MIPOU3BOJICTBA B eBpasuiickux cremsx» [4, C. 589].
Coopmuporasiasics B pe3yasrate Epasuiickas
CTeIHas MeTaJUTypruieckasi HpOBUHIIMS pacIpo-
CTpaHMIIACh «BO 2-M THIC. 0 H.D. OT OacceifHa
Juenpa no BepxHert O6u u ot npearopuii Kabkasa,
ITamupa u Tsaup-11lans ... g0 TaexHoit 30Hb1 EBp-
azun» [21, C. 514], 3anumasa niaomanb 10
7-8 muH kM2 ClieyeT OTMETHTh HaJHdhe ee
«TECHBIX B3aUMOIPOHUKAOIIIX KOHTAKTOB C OYa-
ramu Bocrounoasuarckoit 1 EBporieiickoii meran-
JMyprudeckux mpouHImin» [21, C. 514].

Cy1mecTByeT NPeAIoNoKeHNE, YTO OTACIbHbIE
noceneHus B crersix KOxHoro Ypana cnenuanu-
3UPOBAJIMCH HA PAa3BEACHUH JIOIIAAEH Ha SKCIIOPT
[4]. OTO COOTBETCTBYET apXEONOTHYECKUM JIaH-
HBIM, B COOTBETCTBHH C KOTOPBIMH «CTaOMIBHBIC
TOCTaBKHU JiomIaek [B peruoHsl LleHTpanpHON
u [lepenneit A3uu —npum. agm.] HaYANNUCh MEXTY
2100-2000 rogamu 110 H.3.» [4, C. 569]. Bckope
BO Bcex pernonax bimmkaero Bocroka nosiBunuch
1 KOJECHUIBI, N300pEeTCHHBIE B CTETTHON 30HE.
«KonecHHIEL. .. OBLIH IEPBBIM BUAOM KOJIECHBIX
MIOBO30K, PACCUUTAHHBIX Ha OBICTPYIO €311y, U 3T

WHHOBAIIMS HaBCET[a H3MEHIIIa Ha3eMHBIN TpaHC-
nopT. [TaBHBIM 3I€MEHTOM, KOTOPBIN clerai
BO3MOKHOU BEICOKYIO CKOPOCTB, CTAJIO KOJIECO CO
criuiamm» [4, C. 540-541]. (CymecTBoBaBIIme
paHee IMOBO3KH MMEIH CIUTONTHBIE KoJieca).

Braromaps peaan30BaHHBIM B CTEITHOH 30HE
TPAHCIIOPTHBEIM HHHOBALIUSAM, BO Il ThICSTUEeTHH
JIO H.3. «BIEPBBIE B HICTOPUU IIETIh B IIETIOM I10X0-
JKUX KyJBTYp PacIpOCTpaHUIACh HAa TEPPHUTOPHU
oT rpanun Kurtas go... EBponsl. MHHOBauuu
U CBIPbEBBIC MaTEpUAIIbl HAYATU ePEMEIIAThCS
gyepe3 KoHTHHEeHT» [4, C. 591]. Takum o0Opazom,
npowu3onuia «rpancopmanust EBpaznu u3 cepun
000COOJICHHBIX KYJABTYp B €IUHYIO, COOOIIar0-
mytocs cuctemy» [4, C. 618], karanuzaropom
KOTOpOH CTa0 HHHOBAIMOHHOE Pa3BHUTHE TPAHC-
MIOPTHBIX CPEJICTB.

ConManbHO-3KOHOMHUYECKHe ACTIEKThI

PackpsIB B 11e710M pOJTb TPAHCTIOPTHBIX HHHO-
BalUii B €BPa3UICKON MHTETPALUY B APEBHEUIIINI
Hepuos, ciegyeT oOpaTuTh BHUMAaHHE HA AL
BaXKHBIX COLHUAJIbHO-DKOHOMHUYECKUX aCIEKTOB
paccMaTpuBaeMoro BOmpoca.

CoBpeMeHHass MHTEPIPETaus B3aHMOOTHO-
IICHHUI KOYEBBIX IUIEMEH U IPEBHUX TOCYIapCTB
EBpasun Ha pyoesxe I11 u 11 ThicsueneTunit 1o H.9.,
OCHOBaHHAs Ha apXeoJOTMIeCKUX JaHHBIX, CBH-
JIETENBCTBYET O TOM, YTO JPEBHHE TOPOICKHE
uuBunu3auuu Ilepenneit u LentpanbHoit A3uun
3aBHICEIH OT CTEITHBIX CKOTOBOOB [4]. [opoacknm
IUBHIM3ALUAM OBLTH HEOOXOANMBI IIOCTABKH U3
CTETHON 30HBI METAJIIOB, a 3aTeM M JOIajaei.
ITpu 5TOM OOMTaTENH cTEenel OB, B OCHOBHOM,
CaMOJIOCTAaTOYHBI B YZIOBJIETBOPEHUH CBOUX 0a30-
BBIX OTpeOHOCTEH. OHM MPON3BONMIM HEOOXO-
JIUMOE KOJIMYECTBO MSCOMOJIOYHBIX MPOJYKTOB
NUTaHus (MCTOYHHMKOM PAaCTUTEIBHOMN MHIU
OBLTO COOMPATENBCTBO), TOOBIBAIIH Py H CAMO-
CTOSATENHFHO H3TOTABINBAIH METAJUTHIECKHUE H3/Ie-
yusi. OTHAKO CONMAaIbHO-?KOHOMHYECKOE pas-
BUTHE IPUBOAUT K TTOSBICHUIO HOBBIX HOTpEO-
HOCTEH, BEIXOIAIINX 32 PAMKH 0a30BBIX, BKITIOUAs
HMOTPeOHOCTH B TOBAPAX MPECTHKHOTO TOTpedie-
Hust. Takue TOBapsl, HapUMep, OPOH30BEIE 3€p-
KaJla ¥ MONTyAparolieHHbIe KaMHH, II0-BUANMOMY,
TKaHU, a TAKXKe TOHKOCTEHHYIO KepaMUKY XKUTEIU
CTerel Mmojyyanau C 1ora, B 0OMEH Ha MeTalllbl
u nomajei. Tak, B OTHOM U3 CTEMHBIX OCEIEHHIH
Ha Tepputopuu cesepHoro Kazaxcrana 12 %
00HapyXCHHOW KePaMUKH IIPUXOMIOCH Ha FIM-
MOPTHYIO, TOHKOCTEHHYIO, H3TOTOBICHHYIO Ha
tore LlenTpansHoit A3um, a 88 % OBLTO MIPOIYK-
[IMEe MECTHOTO MPOU3BOICTBA [4].

IIpumepHO B 3TOT X€ MEpPUOI HA OCTPOBE
CaHTopuHHU B DTEHCKOM MOpe, KOTOPBIA OBLI
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OJHUM U3 LICHTPOB MUHOMCKOM IMBUIM3AINH,
CTPYKTYpa KEpaMHKH, 110 JaHHBIM apXeoJoruye-
CKHX PacKOIIOK, ObITa ITOYTH TakoH xe: 85 % —
MECTHOT0 Npou3BoACTBa U 15 % — mpuBo3Has
[22]. MoxHO chemaTs BBIBOX, YTO Pa3BUTHE
«IIPECTHIKHON» HKOHOMHUKHA M TPAHCIOPTHBIX
BO3MOXKHOCTEH B pa3sHbIX peruoHax EBpazuu
K Haday Il TeicsueneTys 10 H. 3. IPUBEIIO K TOMY,
YTO «B XOJI€ TOPTOBJIM BBO3MIIUCH HE TOJIBKO TAaKHE
TOBaphbl, KOTOPBIE B JAHHOM MECTE HE MPOU3BO-
JUASTICH WIIK HE MOIVIM OBITh IPOU3BE/ICHBI B J10-
CTaTOYHOM KOJIMYECTBE..., HO U TOBaphl, KOTO-
pbIe. .. Ienany Ooree pa3HOOOpa3HbIM U YTOHYCH-
HBIM YJIOBJIETBOPEHHUE BO3POCILETO IATEXECTIO-
cobHoro cripocay [22, C. 8].

CroJb ke MOKa3aTeJIbHbl U OIMHAKOBBIE VIS
pa3HBIX PETHOHOB PE3YJbTAThl MPEKpPAIICHHS
TOProBBIX cBsi3ed. Pacman apeBHemyMepckon
CHUCTEMBI JaJibHEel TOPTOBIIM BCIIEICTBHE BHYT-
peHHux mpobinem B HOxHoN Mecomoramuu
B KoHIIe [V ThIcsSUeneTrs 10 H.9. MpUBEN K rude-
JI1 MaWKOIICKOH KyNbTYpBl, IPOLBETABIICH Ha
CeBepHom Kapkase Omaromaps mocTtaBKam
B MecomoramMuI0 METaJIOB B 0OMEH Ha BBICOKO-
LIEHHbIE peMecieHHble u3aenus [4]. A B Hauane
II ThICAYeneTuss OO H.3. Hayajgach JEeTpajauus
BBICOKOPA3BUTON XapamnmncKod HUBUIU3ALUA
B gonuHe MHIa, 3aBepIIMBIIAsICS €€ MOJIHBIM
ymaaxoM. K aTomy, mo-BuauMoMy, IPHBEIIO code-
TaHWe Pa3HBIX (PaKTOPOB, BKIOUAS IKOCHCTEM-
HYIO JIeTpaJalvio W BHEITHHE BTOpxeHus. EcTh
OCHOBAaHHsI [IPEAIONararh, 4YTo OXHON U3 Hanbo-
Jiee BaXHBIX IIPUYMH CTaJI0 pe3koe ocnabieHue
TOProBbIX cBA3€il ¢ MeconoTramueil nocie Kpy-
wenus lymepa [23]. Bo Bcskom ciyuae, Takoe
00OBsICHEHHUE YKJIabIBACTCS B MIAPAJUIMY Peau-
3anun «3(dexTa BEIIBIKECHHUSD Ha OCHOBE TOP-
TOBO-TPAHCHOPTHBIX CBS3EH (KOTOPBIN B MONHON
Mepe NPOSBUWIICA JUIS XapanICKoN UBUIN3ALIH
B cepenune III TeicsdeneTns no H.3. Onaromaps
HavyaJly ”HTCHCHBHOTO ToBapooOMeHa ¢ FOkHol
Meconoramueit) 1 ynajaka B CiIydae IpeKparie-
HUS Takux cBsizei [11].

Kax xe n3menuscs eBpasuiickuii Mup B pe-
3yJBTaTe MHOTOTBICSIYENIETHETO Pa3BUTHS, CTHMY-
JUPYEMOTr0 TPAHCIOPTHBIMH MHHOBAIUSIMHU
1 0OMEHOM, K Havally mepuoja IpeBHeimein
unTerpauun kontuHenta? Hacenenue EBpaszuu
3a nepuoz ¢ 10000 ner no H.3. 1o 2000 ner no
H.3., II0 COBPEMEHHBIM OLIEHKaM, Bo3pociio B 30
pa3 — ¢ 2 go 60 muH uyenosek [24]. Hpyrumu
CJIOBaMH, OBIT JOCTHUTHYT KapIWHAIBHBIA POCT
IUIOTHOCTH HACEJICHNUS, YTO SIBISUIOCH KITIOYEBBIM
YCIIOBHEM U Pe3YIETATOM YCIIEIITHOTO COIIUATBHO-
SKOHOMHYECKOTO pa3BUTHA [25; 26]. XoTs cpenHe-
TOJI0BO¥ TEMII IPUPOCTA YUCICHHOCTH HACETICHHS
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ObuT HeBenuk, Bcero 0,043 %, 3To mpuUMepHO
BIBOE BBILIE, YEM, Hanpumep, B | TeicaueneTun
H.3.[1]. B paccmarpuBaemy!o 310Xy yBEIUUEHHUE
YHCIIEHHOCTH HaceJIEeHHs OBLITO TTIaBHBIM PE3yIlb-
TaTOM 3KOHOMHUYECKOTO POCTa (M, OHOBPEMEHHO,
CTUMYIIOM JUTs1 Hero). [TouTn Bech MpUpOCT BaIo-
BOTO TPOJYKTA B IOJITOCPOYHOM MIEPHOJIE TIOTIIO-
jajcsi pOCTOM YHMCIEHHOCTH HaceJIeHUs, 4To
SIBIISUIOCH CYILIECTBEHHOM UepToi roCroACTBOBAB-
el TaK Ha3bIBAEMOW «MaJIbTy3UaHCKOW 3KOHO-
Mukm» [27].

OpHako, mapajuieJabHO ¢ YBEIMYSHUEM IIJI0T-
HOCTH HAacelieHHUs, BpeMCHaMH HaOII0AaNoch
1 YBEITHMUCHHUE TTOTPEOICHNS Ha Iy HAaCEICHHS,
HAa3BaHHOE «MaJIbTy3MaHCKUMU CUHTYJISIPHOCTS-
mm» [28, C. 18]. Ecniu mpeanonoxuTh, 4To B Cpe-
HeM okoio 90 % mpHpocTa BaloOBOTO MPOLYKTa
MTOTJIOMAIOCH POCTOM HACENICHHS U JIUIIb OKOJIO
10 % cTaHOBMIIOCH UCTOYHHKOM POCTa CpeIHE-
JyIIEeBOTO NOTpebneHns (T.e. MOAYIIEBOH Baso-
BBIH NPOAYKT Bo3pactan xots Obl Ha 0,005 %
B IO/l — HUYTOXKHO MAJTYIO BEJIMYMHY ), 32 BOCbMU-
TBHICSYEIICTHHUI IEPUO CPETHEYIIEBOE MOTPEO-
JICHUE OJDKHO OBLITO Bo3pacTh B 1,5 pasa. C yue-
TOM (POPMHUPOBAHHA U, K KOHIy paccMaTpHBac-
MOTO [IEPHOJia, YCUIIEHHS COLIUAIbHOIO HEPaBEH-
CTBa, TaKO#l cpedHedyuiesoli POCT CO3AaBal
BO3MOXKHOCTH KapJHHAIBEHOTO TTOBBIIICHHS OJa-
TOCOCTOSIHHSI BEICIINX CJIO€B OOIIecTBa, 4To,
C OJTHOW CTOPOHBI, CTUMYJIHPOBAJIOCH Pa3BUTHEM
TpaHCIIOpTa W TOPTOBIH, a C JIPYTOid, B paMKax
«MPECTHKHON SKOHOMHUKNY, MTOOYX a0 UHTEH-
CU(HUIIUPOBATh JaPOOOMEH, U3 KOTOPOTO BbIpa-
crais ToBapoodmeH [25].

3AKNIOYEHUE

BrInonHeHHbIH aHaIHU3 TOKAa3bIBAECT, YTO pas-
BUTHE B JPEBHOCTH KaK BOIHBIX, TAK U CYyXOITyT-
HBIX CPEICTB NEPEOBIDKCHUS CHITPao BaXKHYIO
POJBb B HHTETPaLlNH €BPa3HHCKOTO MPOCTPAHCTBA
1 S5KOHOMHYECKOM IIPOTPECcCe KUBIIUX TaM Hapo-
JIOB. DTO TIO3BOJIMJIO pean30BaTh reorpaduue-
CKue mpeumyinecTBa EBpazun u o0ecrneunTsh
GoJiee BBICOKYIO TNIOTHOCTh HACEIICHUS U XO35IH-
CTBCHHYIO MPOAYKTUBHOCTH HMCIOJb30BaHUA
TEPPUTOPHH I10 CPABHEHHUIO CO CPEAHEMUPOBBIM
YPOBHEM.

Takue pe3ynbrarsl ObUIN JOCTUTHYTHI B 3Ha-
YHUTENIFHON CTEIEHU OJarofapsi CHHEPruu psina
TPaHCIOPTHBIX HHHOBALIUI U Pa3BUTHIO Pa3IHY-
HBIX BUIOB TPaHCIOPTa: PEYHOTO, MOPCKOTO
1 CyXOITyTHOTO, 9TO J1aJI0 BO3MOXKHOCTH Pa3HBIM
0 TeorpaduuecKoMy IOJOXKEHHIO PETHOHAM
BKITIOUHTHCSI B CETH JalIbHEH TOPTOBIH 1 0OecIIe-
YUTH CBOIO () (PEKTUBHYIO CHEenHaTN3anHI0
B paMKax MEXPErnOHaJILHOTO pas3eeH s Tpyaa.
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Vxe B IpeBHOCTH TPAHCIIOPTHBIE HHHOBAIIH
MOBBIIIATN MPOAYKTHBHOCTH XO3SHCTBEHHON
JIEATENILHOCTH, IIO3BOJISIS BOBJIEKATH B HEE HOBBIE
pecypchl U YBEIUYMBATh TPYIOOTHAYY, HATIISI-
HBIM IIPUMEPOM YETO SIBIISETCS pa3BUTHE dPPeK-
THBHON CKOTOBOJYECKOW 3KOHOMUKH B €BpaA3HiA-
CKUX CTCIIIX.

IIpu 3TOM co3naBancs N30BITOYHBINA IPOIYKT,
KOTOPBIA MOT OBITh UCTOIB30BaH IJs 0OMeHa,
TIPOUCXO/IUIIO YCIOKHEHHE COL[MAIbHOM OpraHu-
3alluu u pa3BI/ITI/Ie I/IHCTI/ITyTOB, YTO TAKKE CTU-
MynupoBaio oOMeH. OOMECHHBATIUCH YXKE HE
MIPOCTO M3IHIIKAMHU HPOAYKIHH — IIPOU3BOACTBO
PACHIMPSIIOCH C LENBI0 YBEIWYCHUS OOMEHa,
CTaHOBSICh TOBAPHBIM.

Takum 00pa3oM ObLIH CACTaHbI MEPBBIE, HO
OYCHb BXHBIC IIATH HA JIOJITOM ITyTH IPOTpeC-
CHUBHOTO Pa3BUTHs, KOTOPHIM MPUBEN K 3IOXE
COBPEMEHHOTO YKOHOMHYECKOTO pOCTa U (hOpMHU-
POBAaHUIO COBPEMEHHOTO OO0IIECTBa, HA BCEX
aTanax KOTOPOTo TPAHCIOPT UIPal O4€Hb BKHYIO
1 BCE BO3PACTAIOUIYIO POJIb.
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Ilpecc-apxue

JKypnan «Kenesnodopooicnoe oenoy onybauxosan ¢ 1912 200y mamepuan,
npeocmasnaowull cobot, no cymu, UN0JNCeHUe CILONCUBUIUXCS 8 MO 8PeMsL N0OX0008
K Ye1ecooopasHoCmu u memnam 0anbHelue2o paeumiisi JHcee3Ho00POICHOU cemu, 8 oM
yucie, K ux pagHOMepHOCMU, d MAKHCE U, 8 COBPEMEHHBIX MEPMUHAX, K MPAHCROPMHOU
CBA3AHHOCMU MEPPUMOPUL CIPANbL, COYUATLHO-IKOHOMUYECKUM dPpexmanm ee
no6bLULeHUs, UCIOYHUKAM uHeecmuyull. boiiu npedcmasgnenvt mpu mouku 3peHus —
npedcedamens Boicuwieli Komuccuu no ucciedosanuio cene3Ho00poicHozo dend, e2o
0CMaguie20cs Heu38eCmMubIM, HO, 8UOUMO, 0OIA0ABUUM ABMOPUMEMHbIM MHEHUeM
onnonenma noo unuyuanamu 4. O. u cobcmeenno pedakyuu JHcypHaia.

Hecmompsa na kapounaivbHo usmeHnusuiuecs dKOHOMUYECKUE YCA06Us.
U mexmono2uyeckull ykiao, npugeowiue K ymepe aKmyanbHOCmMu HeKOmMopblx
00CYHCOABUIUXCS BONPOCOS, HEKOMOPble Opy2ue NPUHYUNUATbHbIE MOMEHIMbL 8 3A0YHO
OUCKYCCUU HA CMPAHUYAX ICYPHANLA C NONPABKAMU HA COBPEMEHHbLe Peanui MO2ym
npeocmasisime onpeoeieHHblll UHmepec, 8 Mmom yucie, 603MONCHO, U 8 dcnekme

ucmopusi mparcnopma.

POTSDKEHHE M CPOK TTOCTPOHKH HEO0OXO-
(( n JIMBIX KEJIe3HbIX J0opor». Ilog Takum

3arimaBueM nomereHa B NeNe 12822
u 12823 «HoBoro Bpemenn» crares [Ipencenaremns
Beicuieit Komuccnu no rcciie10BaHUIO JKeN€3HO0-
poxsoro nena B Poccun H. I1. IlerpoBa, mocasien-
Hasi 371000JHEBHOMY BOIIPOCY O PACIIUPEHNH JKeTe3-
HOJIOPOXKHOH CeTH.

«Ecmu, npu caumikoM 00JbLION MOCTICITHOCTH
passutus cetu, — rooput H. I1. Ilerpos — Hacene-
HUE He OyJeT JOCTAaTOYHO YBEIUYUBATH CBOU IO-
TpeOHOCTH B yCIIyrax *eJe3HbIX JIOpPOT, 1 OHH, He
Toy4asi Bceil HeoOX0MUMOM M paboThL, He OymyT
B COCTOSIHUM CaMH yIUIauMBaTh BCE MPOLIEHTHI Ha
CBOH CTPOUTENBHBIE KAITUTAJIbI, TO HaCeIeHUE OyIeT
BBIHYX/ICHO IPHHATH Ha cebs yIIaTy BceHd Hemo-
CTaroIIel CyMMBI TIPOLIEHTOB. Takol HEZ0YeT MOKET

peanuzayuu CopeMeHHbIX KPYNHbIX UHDPACMPYKIYPHBIX RPOEKMO8.
B 6ocnpouzsooumom, He3HauUMeENbHO COKPAUWEHHOM MeKCme MAKCUMALbHO
COXpaHeHbl OPUSUHATILHAS NYHKIMY AYUSL, IEKCUKA U COKPAWYeHUS, NPUHAMbLE 6 MO BDEMS.

Kntoyesbie crioga: xene3HodopoxHs Ui mpaHcnopm, MpaHCnopmHasi CesdaHHOCMb, Pa3suMuUe mpaHcnopmHoU UHGpacmMpyKmypb,

COCTaBIISITh, IO OBIBIIUM Y)Xe NPUMEpaM, COTHU
MUUIMOHOB pyOneil. Eciu, HanpoTuB, IpY CIUIIIKOM
0OJIBIIOH OCTOPOKHOCTH B IIOCTPOMKE PEITBCOBBIX
IyTei, oHa Oy#eT MATH MEUICHHO U IPOTSDKCHHE
myTei, npuxosmuxcst Ha 10000 xwuteneit, Oymer
YBEITHYIUBATHCS MEHBIIIE TOTO yBEIMYCHHS, TIPH
KOTOPOM HacelleHHE, C TOJIb30# 151 ce0st, MOTIIO ObI
JIOCTABJISITH IOPOTaM HEOOXOIUMYEO UM PaboTy, TO
OHO TIOHECET KPYIHYIO TIOTEPIO B CBOEH MPOMBIIII-
JICHHOW MPOU3BOIUTEIIBHOCTI.

Jlaree aBTOp 1eaeT pacyeT, HACKOIbKO YMEHb-
IMIach ObI paboTa I0pOT, BEIPaXKEHHAs! B BAJIOBOM
JIoXozie, eciii Obl K 1925 rofy npoTsbKeHHe CeTH Ha
10000 >xuteneit 66110 ObI, HAIPUMED, HE 6, a TOIb-
Ko 5 Bepct. IToTeps BaloBOTO 10X0/a, OKa3bIBACTCS,
Jocrturia 661 209 MuLIMOHOB py6ieil. «CTouMocTh
e POHU3BEACHHUMN, KOTOPEIC He OYIyT NepeBe3eHbI,

3a nomowjb 8 nodeomoske Mamepuana.
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a CIIeOBaTeNbHO He OyyT M MPOU3BEICHBI, HAJI0 —
o mHennto H. I1. IlerpoBa — caurars B 7 v 8 pa3
OOoJIbIIIE CTOMMOCTH TIEPEBO3KM», T.€. IPHUMEPHO
B 1 2 Mumapna pyOnei.

C 5To#, IBaXKABI TOBTOPSIEMOM B CTaThe, MBIC-
JIBIO (YTO HE TIEPEBE3EHO, TO U HE CO3JIaHO) COIvIa-
CHUThCS Henb3sl. Hattie Bo3paxxeHue Ais HamIAHOCTH
IpUBEIEM Ha CIEAYIOLIEM KOHKPETHOM HpHMeEpe.
Bnarogapsi ycoBepieHCTBOBAaHUIO TPaHCIIOPTA,
AQHIIMYaHUH HAXOJUT OOJiee BBHITOJHBIM, BMECTO
rocesa xjieba B AHIVIMH, TUTAThCS XJIe00M, COOpaH-
HbIM B CaMapCKHX CTemsX. 37eCh MBI HMEeM He
CO31aHUE HOBOTO IIPOJYKTa, a JIUIIb IIepeMEILCHUE
IIyHKTOB Ipou3BoACTBa. Ho ynemeBienue mnpo-
JyKTa yBEJIMIMBAET U CIIPOC Ha HETO, B 3aBHCHMOCTH
OT 4ero 0oJiee COBEPLICHHBIN TPaHCHIOPT SIBISICTCS
(akTOpoM W CO3MaHMS HOBBIX NPOAYKTOB. TaKum
00paszom, sncenesnas 00po2a co3o0aem npooykm He
NOCMONBKY, NOCKONLKY OHA €20 603U, d HOCObKY,
NOCKONbKY OHA e20 yoewesnsiem. Y cnenoBaTesHO
13 TIEPEBE3CHHOTO, AOTOIHUTEBHOTO BCIIEACTBUE
Pa3BUTHS CETH KOIMYECTBA IIPOAYKTOB YacTh yIa-
JIaeT Ha 6HOGb CO3JAHHBIN NMPOYKT, a 4acTh Ha CO-
37IaHHBIN HA HOBBIX 63AMEH NPeXiCHUX MECTax Mpo-
n3BoncTBa. Kakas MIMEHHO 4acTh B TOM U JPyTOM
citydae? — e/(Ba JI1 KTO CyMEeT OTBETHTb.

Tlepexonst k onpeneaeHUur0 HOPMbI HEOOXOIH-
MOT'O COOPYXKEHHUS, aBTOP UCCIEA0BaHUs Oa3upyer
€e Ha CTPOUTEJIbCTBE IEBIHOCTHIX I'ofIoB. B TeueHne
nepuoga 1892—1900 rr. Halle CTPOUTENBCTBO 11O
Hanbolee YCKOPEHHBIM TEMIIOM, 2 HMEHHO: exe-
rorHo Ha 10000 >KuTennei mporcXomuIto yBeTnIeHHe
cetu EBponetickoit Poccun Ha 0,14 Bep., tocTuTHYB
k 1900 roxmy 3,61 BepcTHI.

Oty HOopMmy pocta B 0,14 Bepct H. Il.Ilerpos
cunTaeT HeOOXOMUMBIM U O€30IaCHBIM JOITyCTHUTD
u Ha Oyayuiee Bpemsi. Ho pasButue myteit exero-
HBIM YBEIHMYE€HHEM HOpMBI Oonee, ueMm Ha 0,14
BEPCThI, MOXKET OKazarbesl, Mo MHenuto H. I1. Ile-
TPOBA, JIEJIOM PHUCKOBAaHHBIM, «ECII B SKOHOMHYE-
ckoii xu3Hu EBponeiickoii Poccun He oOHapyxarcst
KaKue-HUOyIb OCOOEHHO OnaronpusTHbIe 00CTOs-
TEJILCTBA, ONPAB/IBIBAIOIIIE PUCKY.

Hcxons u3 HopMsl B 0,14 nomydaercst, 4To A1t
JOCTIDKEHHS TAKOI 00CITY>KEHHOCTH IOpOraMH Hace-
JIEHHs1, KOTOPYIO HbIHE UMeeT ABcTpo-Benrpus (8,9
Bepcr Ha 10 ThIC. x)uTeneit), EBponeiickoit Poccun
MOHAIO0HUTCS 35 JIeT, mpuYeM 3a STOT MEPUOJ TPH-
1UI0CH OBI MOCTPOUTH 143 ThIC. BepCT HA cymMmy 16
MUJTHApIOB pyOneit. Mccnenys cooTHOUIEHUS
JUTMHBI CETH, €€ BaJIOBOTO JIOXOJa M POCTa HaceJe-
nus', H. I1 Ierpor mst neprona 1888—1902 roxa
HallIeN SMIMPHIECKYI0 (GopMyITy, IO KOTOPOH pacxon
JKUTENEeHl Ha OmjaTy >KeJIe3HOLOPOXKHBIX YCIIyT

' H. II. Tlerpos. Kpurepuii jutst %. J0POT 1 €ro IPHMEHEHHeE.
[CHOCKa B OpUTHHAIILHOM TEKCTE].

OIpeIeIsIeTCs CIIEAYIOIIIM 00pa3oM: YMHOKHTS 1 p.
64 k. Ha yncao BepcT, npuxomsmieecs Ha 10000
JKHTEJIe!, ¥ U3 OITyYEHHOT O IPOU3BENICHHS BEIYECTD
1 p. 39 k. I1o 3To# 3MOMpHYecKol HOPMYIIE JIETKO
OTIPEICIUTh BaJIOBOM J0X01 OyIyllei ceTd u mpo-
BEPUTH €€ (PMHAHCOBYIO TIPABOCIIOCOOHOCTD.

3amerum, uto opmyna H. I1. [TerpoBa moxker
OBITh mepedpazupoBaHa CIEAYIOIUM 00pazoM:
BaJIOBOI J10X0x Ha Bepcty paBHsiercs 16400 p. —
13.900//, rae [ uncno Beper Ha 10000 xuTenei.

Tak xak HbIHE [ = 3,67, TO MOBEPCTHBIA JOXON
JIOJDKeH HblHe paBHATBCs 16400 p. — 13900/3,67=
12858 py6. C pa3BHTHEM *Ke CETH 3TOT TOXOJ A0~
JKE€H pacTH, MPUONIIKAACH K CBOEMY Mpeneny
16400 p. Ha Bepcty. Ho, KaKk 3T0 M3BECTHO BCSIKOMY
JKEITe3HOIOPOYKHOMY JIeTeNto, n HopMma 12 858 pyo-
Jielt, BOOOIIIe TOBOPSI, COBEPIICHHO JOCTAaTOYHA ISt
6e3y0OBITOUHOrO CcyliecTBoBaHus aopor. Crenosa-
TEJIbHO, JajibHeHIee pa3BUTHE T'YCTOTHI CETH Ha
€AMHUIY HAaceJICeHUS MOJDKHO O0eIIaTh BEIHKHE
1 Oorarble MUJIOCTH. .., €CITH SMITUPUIECKYIO (op-
MYJTy 3KCTPAIOIMPOBAaTh 3a MPENebl BpeMEH! Ha-
OmroneHust.

Bompoc, cTano ObITh, CBOIUTCS K TOMY, MOKHO
JI IMETh YBEPEHHOCTh, YTO MPH TEMIIE Pa3BUTHS
cetH, umesiieM Mecto B 1892—-1900 roxer (0,14
BepcThl B roj Ha 10 ThIC. JKuUTeIei), BHOBb COOpY-
JKaeMble JINHUK Oy[yT OIUIaYUBATHCS HACEICHUEM
IO BHILICTIPHBEICHHOMY (B SMIHPUYECKON HopMy-
1e) pacueTy? A eciau MOXKHO MMETh 3Ty YBEpEH-
HOCTB, TO HE CIICAYEeT JIH CBEPX TOTO OXKHIATh, YTO
B OKOHOMHYECKOH >KU3HU CTpPaHbl OOHapy)Karcs
Takue «0Co00 OJIArONpHUSITHBIC 0OCTOSTEIBCTBAY,
KOTOpBIE ONPaBIaJIH ObI PUCK Pa3BUTHS CETH CBBILLE
Hopwmel B 0,147

Ha niepBeIit Bompoc npuxoanTCs 0TBEYATh OYE€Hb
OCTOpOXKHO. XOTs Temrl pa3Butus B 0,14 B34T ¢ Ha-
TYpBbI, HO HE IIPUXOIUTCSI 3a0bIBaTh, YTO OH 3aBep-
LIWICS BOAJIGHUEM CETH B Ae(HLUTHOCTh. JTa Je-
(DUIUTHOCTH MMeNa CBOUMH MPUYMHAME KakK yI0-
pOXKaHHE HKCIUTyaTalluH, TaK U MaJCHHE TYCTOTHI
MepEeBO30K. YBEJIMUMBaBLIeeCs HenpephIBHO ¢ 1890
1o 1900 romga 4ucio myno-BepeT Ha BEPCTY IMOCe
1900 roga U3MEHMIIO 3aKOH POCTA: CIOBHO HACTY-
IO YTOMJICHHE B pa0OTe CETH, HAYaJIHCh CHIIbHBIC
nepebon. dmom Kpusuc npousouten 08yMs 200amu
panHee Kpusuca 8 pocme cemu, 3amedneHue 8 Koem
nauanoce auws ¢ 1902 200a’. Uto kacaercst Apyroi
NPUYUHBI e(DUIUTHOCTH POCTa PacxoloB, TO, He-
CMOTpSI Ha 3HAYUTEIBHBIE YITYUIICHHUS 32 TOCIIeTHEE
BpEMsI B XO3SHCTBE TOPOT, KOAGPHUIUCHT IKCILTya-
taiuu ceti EBporneiickoit Poccuu, Gnaromaps yio-

2 dakT, HaTIAAHO ycMmaTpuBaeMblii M3 rpaduka,
MIPUIIOKEHHOTO K BHeceHHOM 8 (eBpasst 1911 roga B [ocynap.
JlyMy IporpaMMBl XKeJIe3HOIOPOXKHBIX M IKOHOMUYECKHX
u3bickanuii. [CHOCKa B OPUTHHAIBHOM TEKCTE].
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POXKaHMIO TPyZa U Marepuaiios, B 1910 romy okasbl-
BaeTCsI BCE ellIe MeHee OJIaronpHUsTHbIM, YeM B Cpell-
HeM 3a maTwietre 1895-1900 1. (0,62 npotus 0,60).
HUrak, B npousiom Ml He odepriaeM OOIpOCTH IS
Oynymiero. O0paruMcs K OyaymieMy Hemocpes-
CTBEHHO U IIOCMOTPHUM, HE CYJIUT JIM OHO HaM KaKUX-
1100 0c000 OJIArONPHUATHBIX B SKOHOMHYECKOM
OTHOLICHWH Halxexn1. Ha 3To xodeTcs OTBETHTH
YTBEPIUTENBHO.

MoOXHO JI B CaMOM JieJie 3aKpBITh IJ1a3a Ha TO,
YTO B Cy[b0€ HAILETO OTEYeCcTBa MPOU30ILIET IPo-
MaJHEHWIINN CHBUI, BCE MOCIEICTBUS KOTOPOTO
ceifuac U ydecTb HEBO3MOXKHO! Yixke Ha IepBbIX
Topax JIeHCTBUS HOBOTO ITOPsi/IKa Bellei Obl1a ocy-
IIECTBJIEHA KOJIOCCANIbHAS [0 CBOEMY 3HAYCHHIO
pedopma oOIIMHHOTO 3eMITeBIaACHNS (3aKOH 9 HOSI-
Opst). COMHEHUI HET, 4TO B TEYEHHE CPABHUTEIHHO
KOPOTKOTO BPEMEHH IPOM30MAET CILIOMIHAS MOOH-
TM3aIys 3eMeNIbHOM coOCTBEeHHOCTH. Tak Ha3bIBae-
MBI€ TOJIONHBIE HOPMBI 3aMEHSTCSl HOpMaMH TPYIO-
BBIMH. BMecTo BiiaieHus, JAalOIIero NCTONIb30BaHNE
KaKOH-HUOYb OTHOM JIECSTOW TPYIOBOW SHEPTHH
BIIQJIETIbIIA, OABSTCS BIAACHUS, HCIIONB3YIOIIHE STy
SHEPTUIO LEIUKOM. JTOT MPOLECC KOHLEHTPAUH
3eMJIM B pyKaX «CHJIBHBIX» PaOOTHHKOB OyneT co-
IIPOBOXKAATHCSI OCBOOOXKICHUEM Macchl padodnx
PYK, OTpeOyIOIINX HOBOTO ce0e MPHIIOKEHUS. DTH,
T0 CYIIIECTRY, CO3UATEIIbHBIC CHJIBI IPH N3BECTHBIX
YCJIOBUSIX MOTYT OOPATHTHCS B CHIIBI Pa3pyINTENb-
Hble. THCTHHKT CaMOCOXPaHECHUs HAlMK JIOJDKEH
HaINpaBHTh OCBOOMKICHHYIO SJHEPTHIO Ha TPOU3BO-
IUTENbHOE Jen0. Bo3pactanue 061arococTosHus
3eMJIe/IeNbLIEB, KaK CIIE/ICTBHE KOHIICHTPAIINH PaHee
Pa3apoOIeHHBIX CBBIIIE MEPHI HAJIENOB, BBI30BET
COOTBETCTBEHHBIH CIIPOC HA MPETMETHI 00padaThi-
Baromiedl MPOMBIIUICHHOCTH U MOTpedyeT il Hee
HOBBIX KaJIpoB paboyeit cuitbl. TakuM 00pa3oM To-
Oy)KIeHUs UTsl YCHIEHHOTO U YCTOHYMBOTO SKOHO-
MHYECKOTO HOIbEMa CTPAHbI UMEIOTCSI HECOMHEH-
Hble. B CBA3U ¢ 9TUM 00CTOSTENTHCTBOM BO3MOXKHO
JKEJIEe3HOAOPOKHOE PAa3BUTUE CETH HE TOIBKO
B TEMIIE JICBSHOCTBIX I'OZIOB, HO Jaxke ele Ooiee
OBICTPBIN XOJI CTPOUTENIBLCTBA HE MPENCTABISIETCS
HenpaBaononoousiM. ONHAKO, HE B HAIKMX CPel-
CTBaX — MPEIBUACHUE TOYHOTO U OMPEICICHHOTO
KOJIMYECTBA BEPCT, ITPH MOCTPOMKE KOTOPBIX (DHHAH-
COBBIC U SKOHOMHYECKHIE HHTEPECHI OyIyT yIOBIIe-
TBOPEHBI HAWITYYIIUM 00pa3oM. MBI Ja)ke CKIIOHHBI
JIOMYCTHTB, YTO 3Ta (PMHAHCOBO-OKOHOMHYECKAS
¢byHKIMS He ecTh (yHKIMS ONHO3HA4Has. PasHo-
00pa3ue 3aMHTEPECOBAHHBIX (AKTOPOB CTONb
OIPOMHO, @ B3aMOJICHCTBHE UX CTOJb CIIOKHO, UTO
HET HUYET0 HEBO3MOXKHOTO B MPETIOI0KEHNH, YTO
KOMIUTEKC (PHHAHCOBO-OKOHOMHYECKUX HHTEPECOB
OyZeT OMHAKOBO XOPOIIIO YIOBJICTBOPEH KaK perlie-
HHUeM, Harp., B 3000 BepcT exXeroHoi MOCTPOHKH,
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tak 1 B 4000 Bepcr, a ciie1oBaTesIbHO U BCEMH I1PO-
MEKYTOUHBIMU.

Ham kaxercs, 9TO He CTOJNb Ba)KHO yraaaTh
TOYHO 3Ty IUPPY, KaK BAKHO YCTAHOBUTH BO3MOXKHYTO
PaBHOMEPHOCTh CTPOHTENLCTBA BO BpeMeHH. Ecin,
HanpHuMep, B OMH CTPOUTEILHbINH HEePHOJ CTPOHUTh
3000 Bepct B rox, B 1pyroit —4000 BepcrT, a B TpeTuit
orsath 3000 Bepet, TO 3TO OBUIO OBI BEIHKOE 3J10.
VI3MeHeHys: HOpMbI HEM30€KHBI, HO OHU HE JIOJDKHEI
WIITU CKaIKaMH, & JOJDKHBI OBbITh ITIaBHBIME. DPOHT
CTPOUTENBHBIN M 3aBOJICKOM, pa3BepHyThIid Ha 4000
BEPCT, MOXET 3aTeM cxarbest Ha 3000 BepcT ullb
LEHOIO OONBIINX SKOHOMIYECKUX ITOTPSACEHUH. DTn
HOTPSICEHHS — TOTO XKe TIOPSIKA, KaK M MOCIISCTBHS
HeypoxxaeB. Ho ecit MEI eme He yMeeM OTpakaThb
HEB3TO/IBI, TIOCBUIAEMbIE CTUXUSIMH, TO OT JKeJIe3HO-
JIOPO’KHOM TIOJIMTUKH MBI B TIpaBe TPeOOBaTh, 4TOOBI
OHA-TO Y HE MOChUIANIA MEPHOANYSCKH Ha HaIly
TPYAOBYIO HUBY TYOUTEIIBHBIX 3aCYX.

A. D.

Ot penakuuu [xypHana «7Kejie3Hoqopo:kHoe
neno»]. Mel nryboko Onaropapusl [Ipencenarento
Bricmeit Komycenn rmo nccnenoBaHuio xKene3Ho10-
POKHOTO Jiena B Poccun 3a MOCTaHOBKY €r0 BBIBOJIOB
I10 BOIIPOCY O MOPSJIKE OyIyIIero pa3BUTHS KeJe3-
HOZIOPO’KHOI ceTr Ha ol1iiee o0cyxaeHue. Bricoko-
yBaxxaeMblii Hukonaii IlaBioBuy, usnarast cBou
c000paKeHUs ¥ BBIBOJIBI, OCTAJICS IIPU 3TOM HEU3-
MEHHO BepEH YHCIICHHBIM KOMOHHAIMSM, XOTSI OHH
IIPUBEIH €T0 K JIOBOJIBHO IPYCTHOMY JJISI TOCyIap-
CTBA 3aKJIIOYEHUI0. MBI OlIaroqapHbl Takke U €ro
OMIOHEHTY, r-Hy A. @., yKa3aBmieMy Ha BO3MOX-
HOCTb M OCHOBATEJIbHOCTHh HAJEXKJ Ha JIydllee
B IaHHOM BOTIpoce Oy/ryIiee 1 Ha Te OIlacHBIE perie-
HUsI, KOTOpbIE MOTYT €My NMOBpeIuTh. [ocynapcTBy,
KeJAIoUeMy XUTh U OBITh MOTYIIECTBEHHBIM,
a TaKke M COCEIsIM €ro, CIEAyeT 3HaTh, YTO OHO
1 MOXKET OBITh MOTYILIECTBEHHBIM BO BCSIKOE, WIIH,
110 KpaliHel Mepe, He B OYEHb OTAAJIEHHOE BPeMsl.

Ms! npuduciseMm cebs K TeM IMyOnuiucram,
KOTOPBIMH — €CJIM CyAUTb 0 TIEpBOMY ab3alty pac-
CMaTpUBAEMOM, XOTs U MOMYJISIPHOH, HO BECKOU
CTaThH, — OHA BHI3BAHA.

OOGcyXaeHne 03Ha4eHHOI0, CTOJIb BaKHOTO
BOIpOca 0 OyIyIIieM pa3BUTHH KEJIE3HOIOPOKHOM
ceTH, HayaTo ObUTo Hamy emie B 1882 1., 1 MBI cie-
JIAIIA 3a €T0 pocToM, He mepecrapas’. [loaTomy
paccuntbiBaeM, uTo Ero BricokompeBocxomuTens-
CTBO JIO3BOJIUT HAM MPHBECTH HEKOTOPBIE COOOpa-
JKEHMsI O CYIIECTBEHHBIX, 10 HAIIEMy MHEHHIO,
TIPOMYCKaxX B CTaTbe ero, HarmedaTanHou B «HoBom
Bpemenn» n TpakTyemoii 31ech.

3 locrarouHo ykaszarb Ha NeNe 5 u 6 «Kein.-nop. [lena»
1882 r. m Ha Ne 21906 roga. [CHOCKAa B OPHTHHAILHOM
TeKcTe].
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1. Crarps 3Ta OCHOBaHa, INIAaBHBIM 00pa3oM, Ha
YHCJIEHHOCTH U JIeSITeNIbHOCTH HacesneHus. Ho rocy-
JTApCTBO COCTOUT HE U3 OJJHOTO HACEJIEHUs, HO U U3
TEPPHUTOPHH CO BCEMH €€ OOraTCTBaMH, TAaHHOU eMy
borom u Tpynamm MHOTHX HpeZIIecTBOBAaBIINX
nokoneHuid. B «CpaBHutensHO#M Tabmuue» 1882 1.
9TO BBIPA3WJIOCh CPEJHUMM BEJIIMUMHAMH Ha OJMH
KUJIOMETP NPOTSHKEHUS >KENE3HbIX JOPOr: Yuciia
JKUTEJIeH, KaK U B pacCMaTpUBaeMOW CTarbe, HO
B 00paTHOM OTHOLIEHHH, U KOJIMYECTBA KBaJPaTHBIX
KHJIOMETPOB IIPOCTPAHCTBA, YETO HET B HEW. Mexy
TEM 3TO MOCIIeJHEeE OTHOIIEHHE — Ta UMEHHO BEJIH-
YHHa, TI0 KOTOPOil MOYKHO CY/IUTB, B O0IIEM, O TPYII-
HOCTH TI0JIBO3a MECTHBIX IIPOJYKTOB K JKEJIE€3HOU
JIOpOTe ¥ OTBO3a MPUOBIBIIHX IT0 JKEJIE€3HOH Topore
Tpy30B Ha MecTa MOTPeOIeHUs], — €CIIN He TepATh U3
BUJIY, YTO BCE HACEJIEHHE MMEET IIPaBO U JKEJNaeT
T10JIb30BATHCS JKEJIE3HBIMH JIOPOTaMHU, — U KOTOpas
MOKET OCBOOOHUTH HAaceIeHNE OT peycMaTprBae-
MOTO cTaTbel OOBMHEHHS B HEAESATEIHHOCTH,
B HECOOTBETCTBHH HYXJIaM >KEeJIE3HOM I0POTH, KOTia
9TH Ka4€CTBA €T0 JIETKO O0BSICHSIIOTCS 0COOOK0 1aJTh-
HOCTBIO PACCTOSTHHS I'y’KEBOMU NE€PEBO3KH.

2. Camoe MOHATHE O HEHUCTIOB30BaHUH JKeJIe3-
HBIX JIOPOT HaceJIEeHHEM, TIPaBUIIbHOE, TaK CKa3aTh,
B KaCCOBOM OTHOILIEHHH, €/1Ba JIU CTOJIb CYyIIe-
CTBEHHO B OTHOLIEHHH TOCYIAapCTBEHHOM, €CIIU
MIPaBHJIBHO YCBOEHHOE HAaCEJIEHUEM IOJIOKEHHE, YTO
JKeJIe3HbIE JIOPOTH CTPOSTCS U 3KCILUTyaTHPYIOTCS
JUISL HETO, @ He OHO PacTeT M Pa3BUBACTCS JUIsl JKelle3-
HBIX gopor: Ho mosoxeHne 310 HECOMHEHHO TIpa-
BUIIBHO. 1HaYe Bce TATOCTH (haKTHIECKOTO 3aHSTHS
OorarpIxX, HO OTHAJICHHBIX OT LIEHTpa rocylapcTsa
qacTeil ero, Jexanu Obl Ha epecesyieHIax, a He Ha
rOCyapcTBe, MOXKET OBITH JIaKe 10 TOH IOPHI, KOraa
WX YUCIEHHOCTb U JIEATEIbHOCTh HA HOBOM MECTE
moceneHus OyayT B TOYHOCTH COOTBETCTBOBATb
HY/1aM >keNe3Hoi Jopory. Kak Hu BelMK KOHTpacT
MEXy pa3MepaMu JKeJIe3HONOPOKHEIX ceTeid Cee-
po-Amepukanckux CoenunenHsix IlltaroB u Ha-
1IeH, HO HE CTOJIbKO a0COJTFOTHOM BEJTMYMHOMN CBOCH
CETHU 3TH LITATHI IOJDKHBI CITY)KUTh HaM IPUMEPOM,
CKOJIBKO TOIO MPEAYNPEIUTENLHOCTHIO B KEIE3HO-
JIOPOXXHOM CTPOHTEIIHCTBE, KOTOPYIO OHU IPOSIBUIIN
110 OTHOILEHHUIO K CBOMM IepecenieHnaMm. [lepece-
JICHIIBI BO3HATPAXKIAJTH UX 3 3TO CBOUMH IPEATIPHU-
HMMYHMBOCTBIO U TpyaMu. IlocnencTBusiMu xe OTCyT-
CTBUS TAKOH NPEAYNPENUTETBHOCTH SIBISIETCS CO-
BEPILIEHHO HEeIleNIecO00Pa3HOE OIIO3IAHHUE B 3aHATUH
YIOMSIHYTBIX YacTel rocyJapcTBa, OCTaBIEHHE X
HEYCTPOCHHBIMHU B XO35HCTBEHHOM OTHOIICHHHU
1 B KOHIIE KOHIIOB BBIHY/IEHHOE COIVIaCHe Ha 3aHsI-
THE uX coceqsiMu. [Ipumepsl aToMy, K COXKaJIEHHIO,
UMEIOTCA.

3. Tpakryemasi CTaThs, NOCBSILEHHAS IKOHOMH-
YEeCKOMY BOIIpOCY, pasaeiseT Poccuro Ha 1Be orpom-

HBIE YacTH, B3aUMHO IIPOTHUBOIIOJIIOXKHBIE O MPO-
CTPaHCTBY U HACEJIEHHOCTH: Y OIHOW HaceleHHs
Oosibliie, y Apyroi OOJIbIIe MPOCTPAHCTRA, T.€. Ha
EBponeiickyro Poccuro ¢ KaBkazom 1 Ha Bce A3nat-
CKHE BJIAJICHM, 32 UCKJIIOYCHHUEM IOKHOW yacTu
KaBkaza; HO paszeneHue 3To TOJIBKO Teorpadude-
CKO€, ¥ IPUMEHEHHUE €r0 B JAHHOM Clly4yae e/[Ba JIn
npaBmiIbHO. Kazanock Obl, uTo, pajy OXHOPOTHOCTH
B OTHOLICHHUU CTENEHH CHAOXKEHUS XKEIEe3HBIMU
JIOpPOraMH, CJIEJIOBAJI0 APXaHIeJIbCKYI0 TyOepHHUIO,
yacTb Bomnorozackoil u roxHyto yacth KaBkasa cun-
TaTh Ha psny ¢ Cubupsio u CpenHero Asuero.

Haxoxnenue Apxanrenbckoil u Bonoroackoit
ryOepHuii 1 10xHON yacTu KaBkasa B omHOM cuere
WM B OHOM I'PyIIIE C IPOYMMH 4acTsiMu EBporieii-
ckoit Poccrn, a He ¢ MpounMH yacTsIMU A3HaTCKUX
BJIAJICHUH, NIPU pa3/eIbHOM pacueTe KOJIMYecTBa
JKEJIE3HBIX IOPOT AJIs STUX IPYIIIL U IIPH TOCTIOACTBE
B 3TUX pacyeTax IPUHIMIA HACEIEHHOCTH, MOKET,
OYEBHIHO, BECTU Ha3BaHHBIE TYOEPHHUH K IIOCTOSH-
HOMY TIPOUTIPBHIIIY: JIOJIM UX B paclpeneeHun
CPEZICTB Ha COOPYKEHHE KEIE3HBIX IOPOT, KOTOpPbIE
OHH MOIJIY OBl MONYYHTH [0 IPUHLUITY IPOCTPaH-
CTBA, AOJDKHBI OYIyT IOCTYIATh HA YCUICHUE CETH
JKEJIe3HBIX JO0POT B MpoYMX 4dacTsx Epomnelickoit
Poccum, uTo BoBce HE JKenaTenbHo.

4. B TpakTyeMoil cTaTbe IOCIEJOBATEIbHOE
COOPYXEHHE HOBBIX XKEJIE3HBIX A0por B EBpomeii-
ckoii Poccun ¢ 3akaBka3beM paccUUTaHO IO MATU-
netusiM axe 10 1947 roma. Takoro moapoOHOTO
pacuera Uit A3MATCKUX BIJIAJICHUH B CTaTbhe HE
MIPHUBEACHO, a 00OBSICHEHO JIHIIb, HA OCHOBAHHH
MIPUHIIMTIA HACETICHHOCTH, 4T0 K 1946 romy Hamo
k nmerommumcs tam 10000 BepcTaMm HOCTPOUTH
16000 BepcT xKene3HBIX JOPOT, B PEANOTOKEHHH,
YTO MPUPOCT HACEJICHHs TaM OyJeT OIM30K K MpH-
pocty ero B EBpon. Poccuu. Ho, nmo-Bugumomy,
B 9TOM PacyeTe He COCUUTAHO MPOUCXOIALIEE Iepe-
MeleHue HaceneHus u3 EBpomneiickoit Poccun
B A3HaTCKYI0, KOTOPOE C IOCTPOCHUEM B IIOCTIEIHEH
HOBBIX JKEJE3HbIX JIOPOI JIOJDKHO €€ YCHIUTHCS.
Ecnu cocuurarh 3T0 nepeMeleHle HaceleH s, TO
OKayKeTcsl He0OX0IMMbIM Ha3HayaeMoe Ha EBporneii-
CKYI0 Poccuio KoNuuecTBO BEPCT HOBBIX JKEIIE3HBIX
nopor y0aBUTb, a Ha3HaYaeMoe Ha A3HAaTCKYIO
Poccurio ¢ Apxanrensckoit 1 Bonorozckoii ryoep-
HUSIMH MO>KHO TIPHO@BHTh, UTO, ITO CIPABEIUTHBOMY
MHEHUIO aBTOpa CTaThH, OyleT TOJBKO K BBHITOIE
o01ero nena.

«Ipescoe 6ceto nomomy, umo nepemewsaio-
weecs 3a Ypan uz Egponeiicroii Poccuu nacenenue
b6ydem pasmewjamuvcsi 6audiCe K HOBIM O0PO2AM
u nomomy 6yoem bonee nob306amucs umu. Bo-emo-
PBIX, NOMOMY, YUMo 3aypaibckue 0opozu Oyoym
docmaensims dopozam Eeponetickoii Poccuu Hosbie,
O0ONONHUMENbHbIE U NOMOMY 8bI200HbIE NEPEEOKU.
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OTH cl10Ba BBICOKOYBa)KaEMOI'0 aBTOPa COBCEM
KCTaTH JUTs HaIlIeH eN CII0COOCTBOBATH COOPYXKe-
HUIO YKEJE3HBIX IOPOT OT LIEHTPa K OKpanHaM Tocy-
JIapcTBa U B IIpeeNax dTHX OKPauH JUIS 3alUTHI HX
OT coceneil u Ui pa3pabOTKH MMEIOLIUXCS TaM
GorarctB. He 114 coceneii sxe mpeiecTBOBaBIINE
MIOKOJIEHHSI PYyCCKOTO HapoAa TPYAWINCH U IIPOJIHU-
BaJIM KPOBB, IIpuodperast ux. Takoro sxe MHEHUS
U aBTOP CTaTbU:

«Omy nocneomI010 u, KOHeYHo, Camyto GaANCHYIO
HeobXo0UMocmb, NyOIUYUCMbL Yauje 6ce2o U 06Cy-
orcoarom. OHu He ouwubaomces 8 IMom, cmaesi ee na
nepgoe mMecnio.

5. Takum 00pa30M M3I0XKCHHEIN B TPAKTYeMOI
CTaTbe MOPSAAOK MOCIENOBATENBHOIO COOPYKEHUS
JKEJIE3HBIX J0POT JKENAaTeIbHO HECKOIBKO H3MEHUTb,
1 €CJIM HET BO3MOXKHOCTH BOOOIIIE YBEIIHMYHTD aCCHUT-
HOBaHMSI Ha 5TO COOPY)KEHHE, TO YBEINUESHHUE aCCUT-
HOBaHUS JJIs OKPAWH JTydIlie OCHOBATh Ha COKpallle-
HUM accurHOBaHus [yt EBpomneiickoii Poccun 6e3
Apxanresbckoid 1 Bonorozckoii ry0epHH 1 FXKHOM
yacTu KaBkasa, 4eM 0CTaBUTH OKpauHbI B X He3a-
IIUIIEHHOM U HEYyCTPOESHHOM COCTOSIHHUH. . .

EBpomneiickas Poccust HacTonbko cHaOXxeHa
KEJIC3HBIMU IOPOT'aMH, UTO Ha4aJla ye ePEeXOUTh
K CIIPSMJIEHUIO JINHUH, K COOPYXKEHUIO JIOPOT Ipsi-
MOTO KpaTJaiIliero clIe0BaHUs ¢ BBIUIPHIIIEM BO
BPEMEHU HECKOJIbKHX YacOB, a 3T0 MOXKHO IPU3HATh
CPaBHUTEIBHOIO POCKOIIBIO, KOIza HU SIKyTCK, HU
IIpxeBanbck, Hu naxke MypMaH He COETUHEHBI €11e
€ LEHTPOM TOCYIapCTBa PENbCOBBIM IIyTEM U TOBO-
PUTb O COEIMHEHUU TaKuM ITyTeM Kamuarku ¢ nen-
TPOM TOCYapCTBa eIe paHo, 0 MHEHHIO JaKe
Tocynapcreennoro Cosera®.

6. B pa3bupaeMoii cTaThe TakxKe BOBCE HE JaHO
MéeCTa BO3MOXKHOCTH IIPUMEHEHHUS], C LETIBIO COKpa-
LIEHHS PACXOZOB, IPYIUX THIIOB JKEJIE3HBIX JOPOL,
KpOME PYCCKOTO HOPMAIbHOTO, BBIPAOOTaHHBIX
TEXHUKOIO ¥ IPUTOJHBIX IS OKpauH. .. OT4ero He
PacIpoCTPaHUTh B ApXaHrelbCKON IyOepHUU THT
enesHoit foporu 3'/, gyrosoii konen? Otyero He
MPUMEHHUTh BOCTOYHEE Oyayleld MarucTpajbHOU
nuHuY, coequnstomei Cubups ¢ TypkecTaHoM,
Harpumep, Koiero B 3 Wi B 2,5 ¢yTa, a B UHBIX,
HauOoee TPyIHBIX MECTaxX, Kak U B SIKyTckoil 00-
nacty u B KamuaTke, 1 OJHOPEIBCOBYIO JOPOTY,
KOTOpOIi BepcTa, B AJsicke, 000inercs, 1o coodre-
HUIO B razerax B 6000 pyouneii («XKem.-gop. demno»
1911 & Ne 27)?

U B Eponeiickoii Poccun Takue oTcTynneHus
OT HOPMaJIbHOM KOJIEU UMEFOTCSI.

KoneuHo, mpoTuB nepecanok 1 neperpy3ok Bo3-
paXkaloT MHOTHE, HE3aBUCHMO OT TeX, KTO TpeOyeT
HOPMaJIbHYIO KOJIEI0 BO YTO ObI TO HM ctayo. Ho

4 Cm. «KenesHozmop. demo» 1908 . NeNe 15-16, crp. 68 x.
[CHOCKa B OpUrHHAIBHOM TEKCTE].
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MOTYT K€ OBITh CITy9au, KOTAa IIPUXOTUTCS MHPUTh-
cs1 ¢ 00CTOSATENBCTBAMH, BBI3BIBAIOIIUMH TaKHE
TiepeMenIeHNs TTaCCaKUPOB U TPY30B, H HE TOJIBKO
MHPHTBCS, & ¥ IPEANIOYUTATh UX...

be3 coMHeHMs, BOIPOCH 3TH 3aCITyKUBAIOT
BHUMaHMs U Briciieit Komuccuu no uccnenoanuio
JKENe3HONOPOKHOTO Aera B Poccun u moapoOHoro,
HO ckoporo, uzydenus. VIII Oraen Texuuueckoro
O01ecTBa yxe 3aHUMAJICs TOA0OHBIMU BOIIPOCAMU
JTa’Ke C yU4acTHEM IPeJICTaBUTEIIeH BOCHHOTO BEIOM-
CTBA ¥ MOT ObI OKa3aTh CONICHCTBUE B ATOM H3Y4CHHU.

*hk

Wrak Ham Kaxercsi, BO-IIEPBbIX, YTO BOIPOC
0 HeOOXOMMBIX XKEJNE3HBIX JOPOrax, 0003Ha4YEeHHBIH
B 3aIVIaBUM TPAKTYEMOH CTaTbU, IPECTaBIICH B HEH
HHUCKOJIBKO OJJHOCTOPOHHE, 8 IMEHHO — O JI0pOrax,
HEOOXOAMMBIX HaCEeJIEHHIO TOJIHKO COOTBETCTBEHHO
€ro JJOKa3aHHOH IPHCIIOCOOSIEMOCTH B TIOCIIETHEE
JIeCATUIIETHE, a IOPOT'H, HEOOXOANMBIE TOCYAapCTBY
UTSE HAPOIHOTO OJIArOCOCTOSIHUS IO OOraTcTBaM UX
palioHOB U B TOM YHCJIC B LENAX MOIUTHYECKHX
U CTPaTerM4eCcKHX, I0-BUANMOMY, OCTaBJIEHbI aBTO-
POM CTaThbU BHE COOTBETCTBEHHBIX MOJCYETOB,
1, BO-BTOPBIX, YTO CaMO€ MPU3HAHUE HEOOXOIMMO-
CTH JIOPOT JIJIsl HACEJICHUsI ITOCTABICHO B 3aBHUCH-
MOCTB JIMIIb OT TOTO, JIOCTABJISIET JIM HACEJICHHE
HY’KHBIE JIOpOTaM JIOXOZbI JIH HE JIOCTABJISIET, T.€.
OT OOCTOSITENILCTBA, BIOJIHE YCJIOBHOTO 3HAYCHHSI,
10 KpaifHel Mepe, A1 TIePBbIX JIET AKCIUTyaTaliy
JIOpOT KaK ¢ (paKTUYeCKON CTOPOHBI, TaK U C yMO-
3pUTEIBHOM.

Cesepo-JloHelkas popora, mokasapiias ceos
JIOXOJJHOIO C MIEPBOTO K€ JHS MO OTKPHITHH Ha Heil
JIBIDKEHNS, €1Ba JIN HE eIMHCTBEHHAS; a 3asIBIICHUS
BBICIIUX MIpeICcTaBuTeNeH rocynapcrsa B 1842 romy
npotuB coopyxenus CIIb-MockoBckoii, HbIHE
Hukomnaesckoit, noporu u cratbl B «MOCKOBCKHX
Benomoctsix» 1879 rona npotus coopyxenus: Exa-
TEPUHUHCKON JOPOTH, T.€. IPOTUB COOPYKEHHS
JIOpOT HBIHE MHOTO JOXOJHBIX, JaXE OCYK/ICHBI
ucropueil. CpaBHUTEIHLHO HEJABHO CIIBIIIHBI ObLIN
ocyxaeHus coopyxenus 1 CuOUpckoit poporw,
u l'ocynap. KoHTpons npuumciisii ee K yObITOUHBIM,
OTHOCS YBEIMYEHHE JIOXO/I0B €BPONIEHCKUX JIOP. OT
MepeBO3KU CHOMPCKHX TPY30B K 3aciyraM €BpOIL.
1op., a He CHOUpPCKOH.

BriBeneHHas ke U3 MOJICYETOB MPOMOPIUs
COOpPY’KEHHSI HOBBIX XKele3HbIX gopor mo 0,14
BepcThl Ha Kaxaple 10000 HacemeHusT €KeTroHO,
OCTAaBIISIIONIAsl MAJIOHACETIEHHBIE OKPAUHBI TOCYAap-
CTBa HAaJONTO 0€3 JKEeNEe3HBIX JOPOT WIH C MaJbIM
JIMIIb KOJIMYECTBOM HX, HE MOXKET, KaXKeTcs, MOx
BIUSIHHEM OOBSICHEHHBIX HAMH CTOPOHHHX [PHYHH,
0XMJATh TOYHOTO UCIIOIHEHHUS WM 000HTUCH O3
MOTPaBOK, TEM OoJiee HEOOXOIUMBIX, YTO M CaM
aBTOp CTaThH YTBEP)KAACT:
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«B Kaxyio 6vl cmopony nu YKIOHUIOCH COOPY-
JiCeHUe IKOHOMUYECKU HYHCHBIX IHCETE3HBIX 00PO2,
6 CMOPOHY AU USTUWKA ULU 8 CIMOPOHY HedOo-
cmamxa, HaceieHue nod8epeaemcs 02POMHuIM
YObImKaAM.

Hagneemcs, yObITKaM TOJIBKO IO MOACYETAM
1, B CIy4ae M3JIHUILIKA, JIETKO HCIIPABUMBIM.

Hcnonnennoe 31ech Oemiioe paccMOTpeHHe
METOJa ONpPEACICHUs MPOTSKEHUS U CPOKa I0-
CTPOWKH HEOOXOIMMBIX Poccuu xene3HbIX JOpoT,
n3noxenHoro [Ipencenarenem Briciieit Komucenn
110 UCCIIEIOBAHUIO XKEJIE3HOJOPOXKHOTO Aena B Poc-
CHHU, OYEBHUJIHO, HE CYJIUT 3TOMY METOAY IPOAOI-
JKUTEITBHOTO CPOKa MPHUMEHEHHs 0e3 M3MEeHEHHH.
OueHb coxazeeMm, 4To, BEpOsITHO, pa3Mep MOITyIIsip-
HOH CTaThH HE 1)l BO3MOYKHOCTH aBTOPY €€ OTHeC-
THCh KPUTHIECKH K IPyTOMY METOY OTIpeeIeHHS
PEeCypCOB Ha PACIIUPEHNE CETH JKEJIE3HBIX JIOPOT,
BIIEpBBIE pekoMeHnoBaHHOMY, ¥ Hac U. C. brimoxom
B ero crenuansHoM Tpyne («XKemn.-mop. demo»
1906 1. Ne 2, ctp. 18) u moBTopeHHOMY B «XKenes-
HOZOPOXXHOM Jles1e» HEeCKOIbKO pas:

«llo uccredosanuam uHMCEeHEPO8 Oe-
@Dpeticune, Jonwou u Jleiiea, oenemxcuvie coepe-
JiceHus, 0ocmasguiemvle cmpane JHcene3HblMu
dopozamu, oyeHusaromces 83amovim om 2 0o 4 pas
8AT108bIM 00X000M HCELE3HBIX OOPO).

MeI nonaraem, uto 3Ta GpopMysa npuMeHnMa
KO BCEM HApOAHOCTSIM U JOCTATOYHO LIMPOKa,
9TOOBI OBITH CIIOCOOHOIO OXPAHATH HACEICHHE
rocyapcTBa, KOTOPO€ €10 BOCIIOJb3YEeTCs, OT
JEWCTBUTEIBHBIX YOBITKOB HA COOPYIKEHHE JKeIe3-
HBIX Topor. OHa MoKa3bIBaeT OAHOBPEMEHHO MPH-
o0OpeTaeMylo HaceJeHHEM OT JKEJIE3HBIX TOpOT
BBITOJY W CIIOCOOHOCTBH €0 IUIaTHTH 32 HOBBIE
YCIIYTH KeNe3HBIX JAopor. B paccMoTpeHHOil ke
CTaThe COOOPaKEHHUs] OCHOBAHBI Ha BAJIOBOM JI0-
X0Jie, B35 TOM JIMIIb OIUH a3, T.€. B TOM TOJNBKO
pasMepe, B KOTOPOM HaceJIeHUE YXKe 3aIUIaTUIIOo 3a
YCIYTH >KeNe3HbIX opor. Kasanock Obl, 4TO 1O-
IIpaBKa 37IeCh OYEHb IPOCTa — AJIS IEPBOTO I1ara
JOCTaTOYHO IPEeATIOKEHHYI0 cTaTbelt nudpy 0,14
BepcThl Ha 10 000 sxuteneit yABOUTh U IPOBEPUTH
OCYILIECTBUMOCTb 3TOT'0 TIATENbHBIM 00pa3oM Ha
Jene.

Ha sto, ogHako, MoXeT OBITH CHEIaHO BO3-
paxxeHHe MPUOIU3UTENBHO CIIETYIOMEro Comep-
JKAHUS:

«B 1910 1. TomoBasi CTOMMOCTB COAEPIKAHUS
PYCCKHX XKeJ. NOop. (dKCIUTyaTalus W MPOLEHTHI
Ha KanmuTas) npubausuiack kK 1 Muuapay pyo-
neii. K Benmkomy cuacThio, M BaJlOBOM TOXOX
ONMU30K K TOMY e Muutuapay. Ho uro Obuio Obl,
eciu Obl IPU PacXo/ie B MUJUTHAP]L TOXOABI ObLTH
OBl TOJNIBKO B MOJIMWIIIMAPIA, a AeGUIUT — ToxKe
B nonmMuinnapaa — no ®peiicune, Jromtoun u Jle-

'y — IPUILIOCH OBl Pa3bICKUBATh B TEX KOCBEHHBIX
cOepeKeHUAX, KOTOPBIE HACENeHNE MOTYJIaeT OT
ken. qopor? O4ueBHIHO, B JOTIOTHEHHUE K CYyIIe-
CTBYIOIIIUM KOCBEHHBIM Hayioram (Bojka, Tabak,
KEPOCHH, IPOMBICIOBBIE CBHIETEIbCTBA, repOo-
BBIIl cOOp M MPOY.) NPUIIIOCH ObI B3UMATh €Ille
nonMmuitapaa!l Bot 3neck HMEHHO onpaBaanoch
OBl IOJIOYKEHUE: HAaCETICHUE TS JKEJIE3HBIX 10POT.

Kak 05! HU ObLIa BEpHA MBICIb, YTO JKEJ. J0-
POTH BBI3BIBAIOT NMPHUPOCT IICHHOCTEH OONBIINIA,
9eM HX JOXOH, HO He HYXKHO 3a0BIBaTh, YTO 3TU
Jo0aBouHbIE IIEHHOCTH He aposble. Eciu, Hamp.,
JIOIyCTUTh, YTO HBIHE, O1arogaps xejl. Joporam,
CO3/IAI0IIUM Henocpedcmeeno Ha MUILTUAp]I LieH-
HOCTel, CO3JaeTCs elle KOC6eHHO TOXKE Ha MUII-
JUapA, TO 3TOT BTOPOW MWJLTHApH TakK e, Kak
MIEPBEIiA, PACITUCAH 110 PACXOIHBIM CTAThsIM COOT-
BETCTBEHHBIX MPENNPUATHI: Ha pabodyio CHIy,
aJIMUHHUCTPALMIO, MAaTEPHAJIbI, OIUIATY KaruTaa,
HaJora u mpod.

Takum 00pa3oM U3 3TOTO JOMOIHUTEIHHOTO
MWUIHap/a MOMajgaeT B roCyIapCTBEHHBIE pecyp-
CBI JIMIIb TO, YTO OBITIO 3aHECEHO NPEAIPUATUAMU
B PAacXOIHYIO pyOpHKY «HAJIOTH», BEPOSITHO, OT 5
10 10 %. TombKo 3Ty JOMIO MOXHO 00palarh Ha
HOKPBITHE JE(PUIUTOB JKEIE3HBIX JOPOT.

OnHako, ¥ Takoe yHOTpeOICHUE HAIOIOBBIX
PECYPCOB CKaXKETCS 3aMEUIEHHEM B YCOBEpIICH-
CTBOBAHUU [IPOYUX YaCTEH IOCYyNapCTBEHHOTO MeXa-
HU3Ma CO BCEMH HEXeJaTeNbHBIMH Ul O0IIero
Iporpecca HalliK ITOCeCTBUIMH. OJHIM CIIOBOM,
HEJIb3sI TOBOPHTH: TaK KaK BOT 3TOT HAJIOT TOJyUeH
Orarozapsi JKeJIe3HBIM JJOpOraM, TO €ro U pacxozo-
BaTh HY)KHO Ha jKeJle3Hble Nopord. V3 Hamoros
JIOJDKHBI B M3BECTHOM 3aKOHOMEPHOCTH YIIOBJIETBO-
PATBCS BCE TOCYIaPCTBEHHBIC HY>K/IbI, HE3aBUCUMO
0T COOOpaKeHHI 00 UCTOUHHKAX HAJIOTaY.

B 5TOM BO3paxKeHHH, HE3aBUCUMO OT YKa3aHUsI
¢dopmynoit Opeiicune, romtou u Jleiira Ha TpeTnit
M Jaxe Ha YeTBEPTHIH MUILIHAPABI HAPOTHBIX
cOepexeHUH, 3aCcy)KUBAIOT 0COOOTr0 BHUMaHUS
COOCTBEHHO YETHIPE MeCTa:

1) 0 MHJUTHAPAHOM pacxofie IPH JI0X0JIE B MOJ-
MULIHAPJA;

2) yka3zaHUe Ha HEOOXOIUMOCTH B3UMAaHHSI
HOBOTO HaJiora Kak Ha ONpaBJaHHE IOJOKEHUS,
9TO HACEJICHHE IS JKell. JOPOT;

3) ykazaHue rocyZapCcTBEHHBIX PECypCOB,
MOTYIIMX UATH Ha TOKPBITHE Ae()UIIITOB KeJe3-
HBIX JJOPOT;

4) 0 3aMeANICHUSIX B YCOBEPIICHCTBOBAHUHU
IIPOYMX YacTel TOCyIapCTBEHHOTO MEXaHHU3Ma.

ITepBoe MecTo MMeeT, O4eBUIHO, THIIEPOOIIH-
YeCKHH XapakTep, T. K. IPU CKIIOHHOCTHU BaJIOBOTO
JI0X0JIa JOCTUTHYTH JIMIIb NOTyMHUJUINApAA, pac-
X0J B MIJUIMap[ Ha JKEJIE3HBIX A0pOrax coBep-
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IIEHHO HeJIOIyCTHM, a B HACTOsIee BpeMs U He-
BO3MOXKEH, Oyarofapsi ONMBITHOCTH YIIPaBICHUH.
OH OyzeT npeaynpekIcH, U ACPUIUT MOTYyIUTCS
3HAYNUTEIBHO MEHbIIE. FICTOUHUK e sl HOKPHI-
THSI BO3MOYKHOTO Ie(hHLIUTA yKa3aH COMIACHO 3-My
U3 NPUBEACHHBIX 37I€Ch MMyHKTOB. YCIIEX TaKoOTo
MOKPBITHS 3aBUCUT YK€ OT MYAPOCTHU PACHIOPSIH-
Teeu.

Bropoe MecTo B JaHHOM cily4ae 1aeT OCHOBa-
HUE€ NPU3HATh IPABUIBHOCTH BBICTABICHHOTO
MIOJIOXKEHM S, U XKEJI€3HbIE JOPOTU B 3TOM OTHOILIE-
HUU HE COCTABJISIIOT UCKIIIOUEHHS CPEAM BCEX
moTpedHOCTe! rocyapcTna.

Tperbe MecTo, Kak OOBSICHEHO YXKe, Haxo-
JIUTCS] B COOTBETCTBUHU C MECTOM IEPBBIM.

Haxonern, yeTBepToe MecTo, NpeaCTaBIAO-
mieecss HaM CaMbIM CepPbe3HBIM, CTaBHT BOIIPOC,
KaKHM JK€ TOCYZapCTBEHHBIM IOTPEOHOCTAM
CIIeIyeT AaBaTh NMPENNOYTeHHE B yHAOBIETBOpE-
Huu? MBI He BO¥iIeM B MOAPOOHOE PACCMOTPEHHE
9TOT0 BONPOCA M OTPAaHUYUMCS HAIllUM MHEHUEM
OTHOCHTENIFHO TOTPEOHOCTH TOCYAapCcTBa B JKe-
JIe3HBIX JOPOTax, YTO YAOBIETBOPUTEIILHBIC Ty TH
COOOILEHUS] BCEM U BCEMY HYXXHBI U UYTO, UMeEs
TaKue IMyTH, TOCYAapCTBO MOXET IMpeyclieBaTh
ropasfio JIy4Ile U BO BCEX MPOYUX OTHOIICHHSX.
Cokpaias BpeMsl IepeIBIKeHHs], TAKUE MYTH
YBEJIMYUBAIOT MOJb3YIOIHUMCI UMHU, & PaBHO
U BCEMY TOCYAapCTBY, BpeMs U CpPeCTBa Ha yHo-
BJICTBOPEHUSI OCTAIIBHBIX )KU3HEHHBIX U KYJIBTYP-
HEIX IMOTpeOHOCTeH. DTO yXe He KOCBEHHas,
a mpsiMas BBITOJla, JOCTaBiIsieMasl HACEICHUIO
My TSIMH COOOIIEHUSI, ¥ OIIJIaTa €e B TOM WX JIpY-
TOM pa3Mepe HaJIOraMH, TOMHMO IUTATHI 32 IIPOE3]T
U IIPOBO3, HE MOXKET CUUTATHCS HECIIPABEITIHBO-
CTBIO HU B KAKOM OTHOILICHHMHU.

TTonaraem Takxe, 4yto popmyna dpeiicune,
Mwontou u Jleiira cooOpakeHUsIMH HAILIETO MHH-
MOT0 OIIIIOHEHTA He OIIPOBEPrHYTa; HO, BIIOOABOK
K HEl, MbI IMEEM ellie, Kak Obl B pe3epBe, CIIpaBe/l-
nuBoe u uHTepecHoe npeanoxenue E. 0. Iron-
151, HanledataHHoe B «Kene3HonopoxkHoM [leney
1907 r., Ne 42, mon 3armaBueM «CremuaabHbIC
Hasoru MuHnucrepcrBa Ilyreit CoobimeHus»,
K COMKaJICHHUIO, MAJIO OOpaTuBIIee Ha ce0sl BHIMA-
HUe, YeThIpe To/la TOMY Hazaj. BeITh MOXeET, OHO
3acIy)XUT BHUMaHHE PEBHHTEINEH OnaroyctTpoi-
CTBa B PYCCKOM KEJIE3HOAOPOKHON IKOHOMHUHU
teneps. CTaTbu 3TON MBI 3[€Ch HE MOBTOPUM,
a MpUBEAEM JINIIb IPUIUCKY K Hel oT Pemakiun
«Kenesnonopoxxnoe [demno» (ctp. 477):

«OcHoBarenbHO OyAeT MPenrnoaokKHUTh, YTO
crarbs 3Ta (E. FO. [llTonns) BHyIIeHa €€ MOYTEH-
HOMY aBTOPY TE€MH BOIUISIMM IleYaTH Halel
0 Ie(UIUTaX XKeT. JOPOT, KOTOPbIE MPEISITCTBYIOT
COOPYXEHHUIO HOBBIX XKEJIE3HOLOP. IMHUN U JUK-

®  Mwup TpaHcnopTa. 2024

K 0630py ne4
(ny6nukauusa

TYIOT HameMy (pUHAHCOBOMY BEIOMCTBY, Kak
u ['ocymapcTBeHHOMY KOHTPOIIIO, IIOCTOSTHHOE
ype3bIBaHHE aCCUTHOBAHHMI Ha COAEpKaHHe jKe-
JIE3HBIX JOPOT, HAXOISIINXCS YK€ B dKCILTyara-
OUH. ABTOp yKaszal IyTh, CIEAys KOTOPOMY
MOJKHO OBLITO OBI CIIPAaBEIMBO HEMOCPEICTBEHHO
IIOKPBIBATh U 3TH AeUUUTHI. I1yTh 3TOT, HE 3aHU-
MaBIIMH [0 CUX IOpP HAIlU NpaBsiiue chepsl,
JMEHCTBUTENHHO, TIOXOAUT Ha OTKpPBIThIE IleTpy
Benukomy kHsi3eM POMOTaHOBCKHUM COXpaHEHHbBIE
uM, T00BITBIC ke apeM AnekceeM MuxaiaoBu-
4eM COKpOBHIIA. A €clid K HeMy NpuOaBUTh Ha-
KOIUIeHHe Toro GorarcTBa B HaceneHuH Poccuw,
0 KOTOPOM TOBOPHTCS B cTaThe «O Kele3HOmo-
POXKHOM CTPOUTENBCTBE B Poccum Mo ypokam
ucropum» (Ne 2 «XKenesnon. [eno 1906 r.) u koTo-
PBIM OHO 00SI3aHO XKeJl. A0POTaM, TO COKPOBUILA,
HaKOIUICHHBIE Y Hac, OJarogapst keJIe3HbIM J0PO-
ram ¥ BOJHBIM Iy TSAM COOOIIEHUS, 0€3 COMHEHHUS,
BO MHOTOM, OY€Hb MHOTO pa3 IPEB30HIYT CBOMM
pa3MepoM coxpaHeHHbIE KHs3eM POMOIaHOBCKUM
cokpoBumia. Ho, koHeuyHo, yka3aHHBIH aBTOPOM
MyTh JIOJDKEH OBITH JIETANIbHO pa3paboTaH TeMH,
KTO OyZ#eT UM 3aBe/bIBATHY.

«Taxkum 06pa3om, Ha Hall B3IVISA, HET HUKA-
KOTO OCHOBaHHS OTUTAKUBATh HEMMeHue B Poccuu
CPEICTB Ha MOJJAEPKaHUE U PACIPOCTPaHCHUE
JKEJIE3HBIX JIOPOT HJIM BOIHBIX MyTEH 1 OTKa3bIBAThH
Mumnucrepcrtsy Ilyteit CooOueHus (kak U Apyrum
BEJJOMCTBaM) B HEOOXOIMMBIX €My aCCHUTHOBA-
HUSX, 8 HAaJO JHUIIb MYIPbIM TPaBUTEISM «IPH-
OBUTBIIIMKAaM» HAWTH KJII0Y K O3HAYEHHBIM Cpell-
CTBaM W, CHSIB C HUX I1e4aTh 3a0BEHNUS MM HEBe-
JIeHUSI, yCTAHOBUTH IIPABUIILHOE MTOTE30BAHNE HMH
1 HE CTPAIUUTHCA MX M3PACXOAOBAHMUS, TaK KakK
OHM TOCTOSIHHO HapacTaloT, TOKa HaceleHHe
JKUBET U paboTaery.

Bo BcsikoMm ciydae, Haubomee ynauHoe pele-
HHE MOAHATOrO CTaThel BBICOKOYBaXKaeMOro
Huxonas [TaBnoBuya Borpoca CTOUT B HACTOSIILIEE
BpeMsl HE 3a COKPOBUILAMH, HE 332 HaceJIeHHEM
U HE 32 TEXHHYECKOIO MEeYaThio, a 32 «IIPUOBLIb-
IUKaMu» HoBeHmero ctpost Poccuiickoro T'ocy-
napcrBa. OHU JOJDKHEI OBI IIPEXJe BCETO OTKa-
3aThCs OT CBOETO (PHHAHCOBOTO nON possumus’,
a 3aTeM O0paTUTHCS K KJII0YaM OT COKPOBUII
CTpaHEI U JaTh MOCIEAHNUE e¢ HACEIICHHIO B BUIE
HOBBIX JKEJIE3HBIX JIOPOT, a TaKKe B BHUIE BCEM
HEeoOXOIIMOH 1 00ecIIeunBaroIe CKOpHIit ycrex
3aKOHOMEPHOCTH.

«Keneznoooposicnoe /lenoy,
1912 zopm, Mo 10-11, C. 70-74 ®

> OT nat. «MBI HE MOXEM», (HOpMyIa KaTerOpHIeCKOTo
oTkasa. — [lpum. peo.
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Bapomnaiite P. A. Onpenesienue mnep-
CNEKTHBHOI MOTPEOHOCTH B POBEIeHUHT
NyTeBbIX padoT Ha KPaTKOCPOYHBIH
U CpeAHeCPOYHbBIii Mepuo/ B 3aBUCHMOCTH
OT yCJIOBHUI IKCIIyaTalMu myTH / ABTO-
ped. auc... kaHA. TexH. HaykK. — M.:
AO «BHUHXKT», 2024. — 24 c.

VcnoxxHeHre YCIOBUM JKCTIIyaTaluu,
BEI3BAaHHOE YBEIHMUCHHEM KOIHIECTBA 00pa-
MIAIOMIMXCS TSAKEITOBECHBIX MOE30B, JKC-
IIyaTamueld JTOKOMOTHBOB IMOBBHIIICHHON
MOIIHOCTH, POCTOM IJIOTHOCTH MOE€310I0-
TOKa, ¥ MOCIeAYIoIas HHTEHCH(PUKAIH
IPOLECCOB HAKOIUIEHUS PACCTPONUCTB MyTH,
MPUBOJIAT K HEOOXOIUMOCTH KOPPEKTUPOBKU
CyIIECTBYIONEH CHCTEMBl TEXHUYECKOTO
00cIyXKUBaHUS IYyTH.

CornacHO CyHmIECTBYIOIINM IOAXOJAM,
paboTHl 1O ONEPaTUBHOMY yCTPaHECHHUIO
BO3HUKAIOIIUX PACCTPONUCTB MPOBOAATCS HA
0aze pe3ynbTaToB 00pabOTKU HHPOPMAITUN
0 (AaKTHYECKOM COCTOSHHU MYTH IOCIE
MPOXOJOB BaroHOB-IYTEU3MEpPUTEIEH,
a IJIaHHPOBAaHWE BHIIPABOYHBIX pabOT Ha
CcpeaHeCcpOYHBI epuox — Ha 6a3e qudde-
PEHIUPOBAHHBIX IO KPUTEPHUSIM U KJIaccaM
yTH CpOKaM HazHadeHus padoT. [Imanupo-
BaHHE «OKOH» Ha psAJieé y4acTKOB 0C000
TPY30HANPSKEHHBIX JTUHUH OCYIIECTBIS-
eTcs, B OCHOBHOM, B COOTBETCTBUHU C I'pa-
(hUKOM ABUIKECHHUS TOC3I0B U UMEIOIUMUCS
pecypcamu.

Llenpio 1uCCEPTAIIMOHHOTO HCCIEN0Ba-
HHUSI ABJISAIAcCh pa3paboTka HayduHO-000C-
HOBAHHON CHCTEMBI OPTaHHU3AINH U ILIaHH-
pOBaHUS BEIIPABOYHBEIX paboT Ha ydacTKax

C BBICOKOH Tpy30HAMPSHKEHHOCTHIO, OCHO-
BaHHOHW Ha MHOTOBapHaHTHOM IPOTHO3€
HW3MEHEHHMsI MOoKa3aTelel, XapakTepu3ylo-
X COCTOSIHUE IYTH, U YTOUHEHHUE TTOPSA-
Ka Ha3HAYCHUS MEPUOJUIHOCTH KOHTPOIS
OCHOBHEBIX [TAPaMETPOB T€OMETPHH PEIHCO-
BOH KOJICH B Pa3IMYHBIX YCIOBUAX IKCILTya-
TaluH Ha CETH.

DOKcnepuMeHTaIbHAs COCTAaBISIOMIAS
HCCIICIOBAHUH BKIIIOYAIIA B ce0sl pe3yabTaThl
CETEBOTO MKCIEPUMEHTA IO OIpPEACICHUIO
WHTCHCUBHOCTH POCTa aMILTUTY/] OTACITBHBIX
HEPOBHOCTEH Ha CETH JKEJIE3HBIX IOPOT IO
MAaCCHUBY JaHHBIX, MOJXYYSHHBIX MO PE3YIib-
TaTaM MPOXOJ0B BarOHOB-ITy TEU3MEPUTENCH,
3a IBYyXJCTHHH MEePUO/I.

JlocTOBEpHOCT HAYYHOTO UCCIIC0OBAHUS
OTpeesseTCs pe3yabTaTaMU CTaTUCTHYC-
CKO¥ 00pabOTKM MacCHBa TaHHBIX O COCTOS-
HUU ITyTH HAa yYaCTKaX C Pa3IMYHBIMH KC-
MIyaTalMOHHBIMHU XapaKTEepUCTUKAMU
MPOTSHKEHHOCTBIO OoJiee TATH THIC. KM 3a
JBYXJICTHUW TTepUOJT HAOIIOMCHHIA.

O06001IeHBI pe3yJIBTAThI HAYIHBIX UCCIIC-
JOBaHUI TT0 COBEPIICHCTBOBAHUIO CUCTEMBI
OpraHu3aliy U TUIAHUPOBAHUS BEIIPABOY-
HBEIX paboT Ha y4acTKaX ¢ BBICOKOW Tpy30-
HAaNPsDKEHHOCTHIO, OCHOBAHHOW Ha MHOTO-
BapUaHTHOM MPOTHO3¢ M3MEHEHHS MMOKa3a-
Tenei, XapaKTepU3yIOLINX COCTOSHUE Ty TH.

PackppIThI 3aKOHOMEPHOCTH HAKOTLICHUS
00X PACCTPOMCTB MYyTHU HA Pa3IUYHBIX
CTAaIUIX XU3HEHHOIO I[UKJIA B yCIOBHUAX
0c000 rpy30HaNpPSKCHHBIX TUHUN U UHTEH-
CHUBHOCTH POCTa aMIUIUTY] OTACIBHBIX HE-
POBHOCTEH B pa3IMUHBIX YCIOBUAX IKCILTya-
TalllH Ha CETH.

W3noxxeHsl OCHOBHBIE TONOXKEHUS CIIO-
coba JBYXKOMITOHEHTHOW CTaTHCTUYECKON
OIICHKH CTaOHMIBHOCTH ydYacTKa IIYTH II0
mapameTpam, OTHOBPEMEHHO pacipeneIcH-
HBIM 110 JITHE ¥ BO BPEMEHH (110 TOHHAXKY ).

YcTaHOBIEHBI 3aKOHOMEPHOCTH U3MEHE-
HUs TOKa3aTeleld CTaOMIBHOCTH ydacTKa
IyTH [0 TapaMeTpaM, PacrpeaeICHHBIM 10
JUTMHE U BO BPEMEHHU (TPOMYIICHHOMY TOH-
Haxy), Ha 6a3e pazpaboraHHOro crioco0a.

JlokazaHo BIHSHHE YCIOBUH dKCILIyaTa-
WU U CUCTEMBI OpraHU3aI[K TEXHHYECKOTO
06CJ'IY)KI/IBaHI/IH Ha MOSABJIICHHUE U pPa3BUTUC
00IUX PaCCTPOUCTB MYTH.
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[Tosy4eHbl ¥ IpeI0KEHBI TOTIOTHUTENb-
HBIC KPUTEPHUH OTPEICIICHUsT NOTPEOHOCTH
B paboTax OnepaTHBHOTO XapakTepa Ha OC-
HOBAaHWH IIOJIOXKEHUH TeopHHu BHIOPOCOB
CIy4alHBIX IPOLECCOB C y4ETOM TeMIla
IPUPOCTA AMILIUTY] OTJAENbHBIX HEPOBHO-
cTen.

CoznaHa METOROJOTUS MHOTOBapHAHT-
HOTO IIPOTHO3a COCTOSIHUSI ITyTH Ha CpeHe-
CPOYHBII IepUOJ B 3aBUCUMOCTH OT CXEMBI
OpraHM3aIH TEXHIUECKOTO 00CITyKUBaHUS
Ha KOHKPETHOM Y9acTKe M CTaJuH KU3HCH-
HOT'O IIUKJIA Iy TH.

BBenensl B HOpMaTUBHYIO JOKyMEHTa-
LU0 TOJOXEHUSI 0 HEOOXOAMMOCTH HpPO-
THO3a COCTOSIHMS IYTH IIPU OIpeIeIeHUU
MOTPEOHOCTH B pabOTax MO TEXHUYECCKOMY
00CITy’)KMBaHUIO TYTH U TPEIJIOKCHUS I10
YTOYHEHHIO KPUTEPHEB Ha3HAUYCHHS TPodu-
JTAKTUYECKOW BBINIPABKH MYTH Ha 0C000
IPy30HANpPSKCHHBIX TUHUSIX.

Pa3paboTaH 1 BBeJEH B HOPMAaTUBHYIO
JOKYMEHTAIUIO HOPSAA0K ONpeIeeHUS CPO-
KOB JMAarHOCTHKU FeOMETPUYECKUX Mapa-
METPOB PEIbCOBON KOJIEU C yueToM (pakTH-
YeCKOIl HHTEHCUBHOCTH POCTa HEPOBHOCTEH.

[lepcnekTuBOM nandpHEHIIEH pa3paboTKu
TEMBI HCCIICIOBAHNUS SIBIISICTCS OTPEACTICHHE
BapMaHTOB HCIOJb30BaHUS NJIAHOBO-
MpenynpeIuTeNbHON BHIIPABKH B OOIICH
CHCTEME TEXHUIECKOTO 00CTYKUBAaHUS ITyTH
JUISL IPOAJIEHUS] MEXKPEMOHTHBIX I1€pUOIOB
B Pa3IMYHBIX YCIOBUAX JKCILTyaTaluu.

2.9.2. — JKene3ano0opooichblil nymv, U3bi-
CKaHue U npOoeKmuposanue Heele3nHvlx 00poz
(mexHuueckue HayKu).

Paboma evinoanena ¢ AO «HayuHno-
UCc1e008amenbCKUutl UHCIMUMYm Hcelne3Ho00-
poarcrozo mpancnopmay (AO « BHUHIKT»),
3awuwena 8 Poccutickom ynugepcumeme
mpancnopma.

Ban Y:kyan. TexHosoruss m3roroBJe-
HHSA U CBOIicTBa MaTepHajga KOMIO3UIIU-
OHHBIX mNaja (aas ycaosuid Kuras) /
ABTOped. AUC... KAHJ. TeXH. HayK. — M.:
PVYT, 2024. — 24 c.

Lenpro muccepTaliOHHOTO HCCIIEN0BA-
HUS SBISUIACH Pa3pabOTKa TEXHOJIOTHH H3T0-
TOBJICHUS H OIpeaeieHue (pU3NKO-TCXHH-

YeCKHUX CBOHCTB MaTepraja KOMIIO3UIINOH-
HBIX IITTAJ, IpeIHa3HAYCHHBIX IS OKCILTya-
Tanuu B ycIoBusax Kuras.

Hayunas HOBH3Ha M HamOojee cylie-
CTBEHHBIC PE3YIIBTATHI IPOBEACHHBIX HCCIIE-
JIOBaHMI 3aKIIOYAIOTCS B YCTAHOBIICHUU:

— ONTUMAJILHOTO COACPKaHHS HAHOYA-
crunl (= 1 % mo macce) B IMOJUBHHHIXJIO-
puze, 00yCIOBIEHHOE MPOTCKAHUEM JIBYyX
KOHKYPHUPYIOIIMX MPOIECCOB, CBI3aHHBIX
C ymopsiiouMBaHueM (3a cueT 00pa3oBaHUs
KPUCTAJUINTOB) U Pa3phIXJICHUEM CTPYKTYPHI
MOJINMEPA;

— BIUSHHUS COOCTBEHHBIX HANpPSKCHUN
B IIOIMMEPHOM KOMITO3UTE Ha XapakTep pas-
PYUICHHS W MOBEICHUS €T0 IO Harpy3Kou
¢ ¢popMHUpOBAaHUEM OJOYHBIX CTPYKTYP
B IIpoIIeCCE pa3pymIeHUs;

— CBOICTB MaTepuajja KOMIO3UIHOHHON
[Imanbl ¢ Y4eTOM UX paboTHl B CHCTEME
«3EMIITHOE TTOJIOTHO — OaJutacTHAs IpU3Ma —
IIaNa — peibC — MOJBUIKHONW COCTaBY;

— MHOTOYpPOBHEBOT0 MOAX0/a (OT aTOM-
HO-MOJICKYJISIPHOTO JI0 MaKPOYPOBHSI — KOH-
CTPYKIIMH IITAJbI) K yIPaBICHUIO BaXKHEH-
[IMMH CBOWCTBaMHU MaTepuaia KOMIIO3HIIH-
OHHOU IIMAJIbI — MOIYJIEM YIPYTOCTH U Be-
nuunroit KJITP.

Anann3 paboT OTEYECTBEHHBIX U 3apy-
OC)KHBIX YUEHBIX II0KA3aIl IEPCICKTHBHOCTH
BHEJIPCHUS KOMITO3UIIMOHHEIX (KOMIIO3HT-
HBIX, TOJINMEPHBIX, TUIACTUKOBHIX ) IIITIaJ Ha
JKEJIE3HOIOPOKHOM TPAHCIIOPTE BCIICACTBHE
WCIIONB30BaHUs IS X MOJYYeHUS pa3Ho-
00pa3HBIX KPYMHOTOHHAXHBIX OBITOBBIX
OTXO0J0B, TOOOYHBIX MPOAYKTOB IPOMBIIII-
JIEHHOCTH U CEIBCKOT0 XO35HCTBA, a B psjie
CTpaH, B 4acTHOCTH, B Kurae, u Hanum4yus
MECTHOH CHIpbeBO 0a3bl B BUIE OBICTPO-
pactymero 6amOyka; mpy 3TOM IPUMEHEHHE
KOMITO3HMIIMOHHBIX MOAPEIbCOBBIX OCHOBA-
HUU CMOCOOCTBYET PEIICHHUIO U psja JKO-
JIOTHYECKUX Mpodiem.

YCTaHOBICHO, YTO OJHUM M3 OCHOBHBIX
MPENITCTBUNA IHPOKOMY IMPUMEHEHHIO Ha
KEJIE3HOIOPOKHOM TPAHCIIOPTE KOMITO3H-
[MOHHBIX TIAJT SBJISETCS BHICOKHH KO3 Pu-
OUCHT JIMHEHHOTO TeMIIepaTypHOTO pac-
IIMPEHUS MOTUMEPHON MaTPHUIIBL.

BrimonHeHa MHOTOYpOBHEBast MOIU(H-
Kalus MOJMBUHWIXJIOPUIA — MAaTPUIHOTO
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nmoJuMepa KOMIIO3WIIMOHHOW IITalbl, Ha
ISITH CTPYKTYPHBIX YPOBHSAX — aTOMHO-
MOJIEKYJISIpHOM (TIOJMMEepaMH ), HaHO- (yIuie-
POIHBIMU HaHOTPYOKaMu), MHKPO- (TOHKO-
JTUCIEPCHBIM MEIIOM U JAPEBECHOH MYKOIN),
Me30- (6amOykoBoit Gpubpoi) U mMakpo-
ypoBHe (CTepkHAMU U3 O6amOyka), Bciea-
CTBHUE Y€ro JOCTUTHYTA BeauurHa Kodhdu-
[UCHT JTMHEHHOTO0 TEeMIIEpPaTypHOTO pac-
mmpenns o, < 25,3¢10°°C™, uem obecme-
YHUBAETCS BO3MOXXHOCTH MX NPHUMEHECHHS
B OOJIBIIMHCTBE TPOBUHIMK KuTas.

Baxxuelimme GpU3HKO-TEXHUYECKUE CBOM-
CTBa pa3pabOTaHHOTO MaTepHanta KOMIIO3H-
OUOHHBIX MITNAJ ONTHMAalFHOTO COCTaBa,
OTIpEACISIONNE UX TOITOBPEMEHHYIO JKC-
IIyaTaluio B JKEIE3HOAOPOKHOM ITyTH,
00mamarT TyYIIHMHU ITOKA3aTeISIMH, 4eM
MaTepual MPOU3BOJCTBEHHOTO COCTaBa:
BEIUYMHA KOIPPUIMCHTA TUHEHHOTO TeM-
neparypHoro pacimupenus B 1,6 pa3 Huxe,
a BOJOMOIJIOIIeHue B 7,8 pa3 MeHbLIE; pU
9TOM [JIsl YCTAHOBICHUS MOCIEIHEH 3aBH-
CUMOCTH MMPUMECHEHA HOBasi METO/INKA OIIpe-
JICIICHHSI CBEPXMAJIOTO BOMOTIOTIIONICHUS [JTs1
MaTepHaIoB BEICOKOH INIOTHOCTH, OCHOBAH-
HOW Ha YCTAaHOBJICHHU HW3MEHEHHS oObeMa
oOpasma mpu ero KOHTAaKTe C BOAOH ¢ IpH-
MEHEHHEM JJIEKTPOHHOU-KOPPEISIIIHOHHON
CIIeKJI-HHTEepPepoMeTpHH.

BeckonTakTHOE H3MEpeHNUE MO Aepop-
MallMii METOJIOM Jla3epHO¥ HMHTepdepome-
TPUH MO3BOJIHIIO YCTAHOBUTH OJOYHBIN Xa-
pakTep paspylieHus o0pa3loB MarepHuaia
KOMITO3UIIMOHHBIX IIMAaJ MOJ Harpy3Kou,
a ¢ MpUMEHEHHEM Ja3epHoil nHTepdepo-
METPHHU TO pa3paboOTaHHONW METOTHKE
OIICHKH COOCTBEHHBIX HAIPSKCHHUIN MOKa-
3aTh, 4TO IJIACTHYHBIA XapakTep pa3pylie-
HUsI 00pa3IoB ONTUMAJBLHOTO COCTaBa 00-
YCIIOBJICHO CHIXCHHEM B HEM YPOBHS CO0-
CTBEHHBIX HANpsKEHUN; Ha yCTPOICTBA 10
OTIpeNeNIeHNI0 OCCKOHTAKTHBIM METOIOM
nazepHOd WHTEephepoMeTprH JedopManui
00pa3noB B IpoIecc UX HATPYKEHUS TOTY-
yeHbl naTeHTh PO Ne 2672192 u No 2710953.

Pa3paboTaHbl TEXHOIOTHIECKUE CXEMBI
3KCTPy3UOHHOTO (maTteHT PD No 2738498)
U UHXEKIMOHHOTO (mareHT PO Ne 2737711)
W3TOTOBJICHUS HE TOJBKO KOMIO3HIIMOHHBIX
LIITAJ JJIS1 KETIE3HOAOPOKHOTO Iy TH Pa3ind-

HOTO Ha3HAYCHHS, HO TAKXKE MOCTOBOTO, TIe-
peBoaHOTO Opyca 1 pa3paboTaHHOI (TTaTeHThI
P® Ne 2707435 u Kuras Ne 20862218.6)
WHHOBAI[MOHHOW KOHCTPYKI[UH KOMITO3HUI[H-
OHHOH IINAaJIBI, APMUPOBAHHOI 6aMOYyKOBBIMH
CTEPXKHSMHU C PerylIupyeMoil Hecylen cro-
COOHOCTBIO W TOoHMXeHHOU (mo 11 % ot
MPENeIbHO JOMYyCTUMON) BEIIMYUHOW KO3(]-
(uIIeHTa THHEHHOTO TEMIIEPaTyPHOTO pac-
mupenns. [IpoBeneHHas oneHKa XU3HEH-
HOTO IMKJIa KOMIO3UIIMOHHOM HIITaibl MOA-
TBEP)KJaeT KOHKYPEHTOCIOCOOHOCTh Tpea-
JJaraeMoN KOHCTPYKIIMH KOMIIO3UIIMOHHOM
[ITATBl OTHOCUTEIBHO NEePEBSHHBIX A
B OTHOIICHUH YKOJIOTUIECKON YCTOHIUBOCTH.

2.1.5. Cmpoumenvrvle mamepuans
U uz0enus.

Paboma evinonnena u sawuwena 6 Poc-
CUTICKOM YHUBepcumeme mpaHcnopma.

dyounosa O. b. ®peTTUHI-U3HAIIHU-
BaHUHe BHOPOHATPY:KEHHBIX (MIaHIEeBBIX
coennHeHuii / Aproped. quc... KaH/. TEXH.
Hayk. — M.: PT'Y nedTu u raza (HY)
umenn U. M. I'yOkuna, 2024. — 24 c.

3HauuTeNbHAsA 4acTh 00OpPYIOBAHUS
U KOHCTPYKIIMi ra30TpaHCIIOPTHON OTpaciu
AKCIUTYaTHPYeTCsl ¢ MpUMEHEeHHeM (iaHie-
BBIX coeiuHeHUH. DaaHIEeBble COeAUHEHUS
LIUPOKO UCTIONB3YIOTCA B yCTAHOBKAX KOMII-
JIEKCHOW TOJTOTOBKHM T'a3a, B CHCTEME Maru-
CTPaJIbHOTO TPAHCIOPTa, Ha KOMIIPECCOop-
HeiX (KC) m rasopacnpenenuTelbHBIX
crannuax (I'PC). Yeenuuenue o6beMoOB
U CKOPOCTH TPaHCHOPTHPOBKHM Tras3a B IIO-
cleHee NECATHIICTHE IPUBOANT K BO3pacTa-
HUIO KOJINYECTBA OTKA30B IO MPUIHHE Pa3-
repMeTH3anuu (IAaHIEBHIX COCTMHCHUH.
CornacHo JaHHBIM CTaTUCTHUKH, OCHOBHOH
NPUYUHONW HapyUIeHUS T€PMETUYHOCTH
B 40 % ciyuaes, SIBIsIETCS BRICOKHUM YPOBEHb
BHOpaIMy HU3KOU 9aCTOTHI, BOSHHKAIOIINN
[IPU TPAHCIIOPTUPOBKE ra30BOr0 MOTOKA.

[ToBbIlIeHNE HAZIEKHOCTH U O€30MacHOM
JKCIUTyaTaluu (JIaHLEeBBIX COCIUHEHHUH Ha
00BeKTax ra30Boro KOMILiekca Tpedyer pac-
IIMPEHUS CIEKTPa PacyeTHBIX METOAUK,
TO3BOJIAIOIINX YYCCTh HETaTUBHOC BJIUSIHNEC
BUOpAIMM HA UX OTIACIBHBIC 3JIEMEHTHI
U COEIWHEHHE B IesoM. Takum obOpasom,
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HCCIIeIOBaHUS, HAIIPABJIECHHBIEC HA YBEINYe-
HUe HapaOOTKH (DIIaHIEBBIX COCAUHCHUN
TpybonposoxubIx 00Bs30k (TI10) n 060py-
JIOBaHMsI Ta30TPAHCIIOPTHBIX CHCTEM, IIOA-
BEPIKEHHBIX (PETTUHI-M3HAIINBAHHIO
B YCIOBHSX BUOpAIUU, SBISIOTCS aKTyalb-
HBIMHU U TIEPCIEKTUBHBIMHU.

2.5.3. — Tpenue u usHoC 6 MAUWIUHAX.

Paboma eévinoanena ¢ Poccutickom eocy-
oapcmeenHom yHugepcumeme Hepmu u 2aza
(HayuoHabHblll UCCIE008AMENbCKUT YHU-
sepcumem) umenu M. M. ['yoxuna, 3awu-
wena 8 Pocmosckom eocydapcmeennom
YHUBepcumeme nymeti cooOujeHusl.

Kypuaxun JI. H. IloBblneHue 3Hepro-
3¢¢eKTHBHOCTH ABTOHOMHBIX JIOKOMOTH-
BOB 32 CYeT COBePIIEHCTBOBAHMS METOI0B
ONepPATHBHBIX TATOBBIX pac4eToB / ABTO-
ped. auc... 1okT. Texn. Hayk. — CIIO.:
NIryic, 2024. — 32 c.

OcHoBHO#l mpoOnemoil, pemaeMoi
B JUCCEPTALMOHHOM HCCIIEOBAHNUH, SBIIS-
JIOCh MOBBINICHUE dHEProd(HPEKTUBHOCTH
aBTOHOMHBIX JIOKOMOTHBOB 3a CUET COBEP-
MIEHCTBOBAHUSA METOJOB ONEPAaTHBHBIX
TATOBBIX PACUETOB HAa OCHOBE aHAJIN3a Te-
KYIIETO COCTOSIHHS SHEPreTHIECKOl ycTa-
HOBKH TI0 JTaHHBIM OOPTOBBIX MHKPOIIPO-
[ECCOPHBIX CHCTEM YHpaBICHUS M OHAar-
HOCTHUKH.

Llensio McciaenoBaHUs ABISIIOCH CHHU-
KEHUE pacxoja TOMINBA Ha TIATY MOE3]10B
Y ITOBBILICHHE TOYHOCTH TATOBBIX PAaCUETOB
3a cueT ydyeTa (PaKTHMUECKOrOo COCTOSHUS
CUJIOBOH YCTAaHOBKH aBTOHOMHOTO JIOKO-
MOTHBA MPH ONpeJeJeHHH dHEPTOOMNTH-
MaJIbHBIX PEXUMOB BCACHUA MOE€31a IIO
y4acTKy.

B pesynbraTe nccienoBaHHUS TEKYIIEro
COCTOSIHHUS BOIIPOCA DHEPTOONTUMAIBHOTO
YIpaBlIeHUs IBHKEHUEM I10€3/1a YCTaHOB-
JIeHO, 9TO, HECMOTPS Ha HaJIumdne MHOOp-
MaIid O PeaJbHOM TEXHHYECKOM COCTOS-
HUM SHEPTreTHYECKOI yCTaHOBKH COBPEMEH-
HBIX JIOKOMOTHBOB, IIPH BBHITIOJTHEHNUHU BapH-
QHTHBIX M ONTHMH3AIMOHHBIX TATOBBIX
pacdeToB OHA MPAKTHUUECKU HE UCIOJIb3Y-
€TCs, 4TO CHHMXKAEeT TOYHOCTb PAacCUETOB
U, KaK clIeJICTBUE, 3 (HEKTUBHOCTh HOPMHU-

pOBaHUS Pacxojia YHEPTOPECYPCOB HA TATY
M0Ee310B U IUIAHUPOBAHUS MEPEBO30UHOU
paboTHI.

YCTaHOBIEHO, YTO JaHHBIE, PETUCTPH-
pyeMble MHKPOIPOLECCOPHBIMU CUCTEMaMHU
YIpPaBIEHUS U TUarHOCTHKH COBPEMEHHBIX
JIOKOMOTHBOB, TIO3BOJISIIOT ONPEACIUTE CO-
CTaBIIOIHE >HepreTudeckoro OamaHca
CHJIOBOH IENMH JIOKOMOTHBA B Pa3IUIHBIX
pekuMax ero paboOTHl M pacCYUTATh aKTy-
AJBHYIO TATOBYIO XapaKTEPUCTHKY, COOTBET-
CTBYIOUIYI0 TEKyLIEMY TEXHHUYECKOMY CO-
CTOSIHUIO CHJIOBOH YCTaHOBKH JIOKOMOTHBA.

PaspaboTan u anpoGupoBaH METOI OTIpe-
JIeJIeHHs 3aTpaT MOLIHOCTU Ha Haubolee
3HAYMMBIE BCIIOMOTATEelbHBIC HArpy3Ku
SHEPreTUUECKON 1IeTIH TIOKOMOTHBA, & UMEH-
HO:

* Ha BO30Y’XJICHHE TATOBOTO U BCIIOMOTa-
TEJIBLHOTO TEHEPaTopOB TEIUIOBO30B C pas-
JUYHBIMH CXE€MaMH y3Jia BO30yXIeHUS
(2T3116Y u TOI70BC);

* Ha TPUBOJ ANEKTPUIECKUX U THIPO-
CTaTHYECKUX MOTOP-BEHTHISATOPOB OXJIa-
JKIAIOIIET0 yCTPOMCTBA TU3EIs O JaHHBIM
MCY-T(II, 3, A);

* Ha MPUBOJL TOPMO3HOTO KOMIIPECCOPA;

* Ha MO/A3aPSIIKY aKKyMYISATOPHOI Oara-
peu.

Pazpaborana u anpoOupoBaHa METOJUKA
OTIpeJieNIEeHUs] MOTEPh MOLTHOCTH B 3JIEMEH-
Tax CHJIOBOM IIeNH TEIJI0BO3a: TATOBBIN Te-
Heparop, BY, T/, TAroBeIil pexykTop, Ko-
JiecHas mapa.

Pa3zpabotan u anpoOupoBaH METOJ OIpe-
neneHnsl GaKTHIECKOTO CONPOTHBICHUS
LIETH ¥ Harpy304HBIX XapakTepucTuk TI]]
o gaaaeiM MCY-T(II, 3, A).

Pa3paboraHbI aNrOpUTMEI M IIPOTPaMM-
HOe obOecreyeHue s pacuera PakTHIeCKOn
TSATOBOW XapaKTEPUCTHUKH JIOKOMOTHBA,
BEBITIOJIHEH pacdeT (PaKTUIECKUX TATOBBIX
XapakTepucTuk temnoBo3a 2TO116Y. Ilpu
anpo6anuu MporpaMMHOro obecrneueHus
MOKa3aHO, YTO UCITIOIb30BaHNeE (PaKTHIECKUX
TSATOBBIX XapPaKTEPUCTUK JIOKOMOTHBOB 103~
BOJILET Oojiee YeM B [[Ba pa3a yYMCHBIIUTH
OIHMOKY ONpenescHUs KPUBOH CKOPOCTH
U IEPETOHHOTO BPEMEHH XO/1a.

Pazpaboran mMeTon ydeTa NEepexOmHBIX
MPOIECCOB B CHUJIIOBOI YCTaHOBKE TEILIO-
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BO3a, BHI3BAHHBIX W3MEHECHHUEM IO3UIIHHU
KOHTpOJIJIepa MallMHUCTA, IPU TATOBBIX
pacuerax.

PaszpaboTan u anpoOupoBaH METOX
MHOTOMEPHOTO IONCKA YHEPTOONTHMATIHHOM
TPAaeKTOPHUH IBIKCHUS MOE3/1a C yUYETOM
peanbHBIX XapaKTEpUCTUK COCTaBa, MPO-
THO3UPYEMBIX KJIMMAaTHYECKUX YCIOBHUH
1 (haKTHUYECKOTO COCTOSHUS SHEPTETHYECKOM
[IENH JIOKOMOTHBA. YCTaHOBJICHO, YTO pea-
TU3anus SHEPTOONTUMAILHONW TPAEKTOPUHU
JBWKCHUS 110314, HAMJEHHOM C UCII0Ib30-
BaHHEM MPEJI0KEHHOTO METO/1a, TO3BOJISIET
COKpaTHUTh pacxoj TomauBa Ha 5-7 % mo
CpPaBHCHHIO C PEXUMaMH YIpaBJICHUs, UC-
MIOJTB3YEMBIMH MAaIIUHUCTAMH B PSIOBOM
SKCILTyaTaluu.

Pa3paboTan 1 anpoGUpoBaH METO]I OTIpE-
JIeJICHUsI PeKUMOB OCTAHOBOYHOTO H PeTy-
JUPOBOYHOTO TOPMOXXEHHS U METOAMKA
pacdera TOpMO3HBIX CHII ITO€311a IPH ITHEB-
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ABSTRACT

The objective of the study described in the article was to
analyse the features of application of ontologies in the field of
transport and transportation. It referred to the exploration of the
methods of building ontologies as well as to the information
uncertainty hampering building ontologies, based on introduced
terms of «transport and transportation ontologies», «ontological
management» and «ontological information uncertainty».

The main research methods comprised system, ontological,
qualitative and comparative analysis.

Since the use of ontologies for transport management has
been practiced for the last twenty years, the accumulated
experience in that field, development of ontologies and the
current state of transport infrastructure technology provide
grounds for introducing the concepts of «transport and
transportation ontology» and «ontological management». The
approaches based on those concepts are critically important for
further development of transport system, digital transport,
efficient management of transport infrastructure objects. A brief
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analysis of the application of ontologies in the field of transport
and transportation refers also to the building of applied
ontologies that embrace among others transport and
transportation ontology.

The study highlights the significance of semantic relationships
for building applied ontologies, describes problems of information
integration and offers rationale for the use of ontological units of
information for building ontologies. It is noted that since a generally
shared method of building ontologies is missing, transport and
transportation field is now characterised by prevalence of private
ontologies, some of them are listed in the article. While highlighting
labelling method to build ontologies and describing application of
graph databases for modelling semantics, it is shown that building
of ontologies is hindered by the diversity of information systems
and by a large amount of factual data used in modern transport
management that objectively entail information uncertainty, the
types there-of as well as methods of their elimination being
described.
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INTRODUCTION

The always increasing role of knowledge for
modern transport management is especially
characteristic of intelligent and unmanned
transport [1]. This entails a growing significance
of ontologies which can be considered as
«transport and transportation ontologies» as a type
of applied ontologies playing the role of the basis
for intelligent and cyber-physical management
[2]. In the technological aspect, they serve as the
basis for making decisions based on experience,
consequently we can introduce the concept of
«ontological experience». A feature of ontological
experience is a reduction in the number of options
considered when making decisions in complex
situations and in conditions of large amounts of
data [3; 4]. To compress information when solving
management problems, a model stereotype
approach is used that consists in using model
stereotypes that contain generalised management
experience in specific situations. The use of
dynamic spatio-temporal models is typical for
management and control of mobile objects [5].
The use of model stereotypes requires specific
information about the management situation and
the state of the object. Unlike model stereotypes,
metamodels contain generalisations of
management experience regardless of a specific
situation. They generalise management in
a typological group of situations. To form
metamodels, it is necessary to study groups of
situations. It can be summarised that metamodels
generalise theoretical experience, and model
stereotypes use practical experience. Metamodels
allow transition to ontologies that contain
knowledge.

The objective of the work is to analyse the
features of building and applying ontologies in the
field of transport and transportation, comprising
aspects of information uncertainty hampering
ontology building.

RESULTS

Transport and transportation ontologies can be
defined as «ontologies generalising experience in
the field of transport and transportation
management, including management of stationary
objectsy.

At present, to ensure the reliability of cargo
transportation, transport and transportation are
now managed using ontological and architectural
approaches [6] applying transport and
transportation ontologies. A feature of transport
and transportation ontology is that it uses existing

knowledge, helps to solve management problems
and creates new spatial knowledge [7]. Among
private transport and transportation ontologies, we
can refer to ontologies of transportation networks
(OTN) [8], which are formed as generalisation of
geodata files. The private ontology of transport
disruptions is also of note [9], which provides
a formal structure for modelling events related to
trip planning.

Development of the application of ontologies

The very first ideas of using ontology are
associated with the philosophy of the ancient
world. Ontologies and the system of ontologies
were used to describe the existing world order
[10]. In modern conditions, development of an
ontological model of an enterprise at the initial
stage requires formation of a glossary of terms
and concepts that define the domain of activity of
a specific enterprise [11], and while the term
«enterprise» can be replaced by another object,
for example, «cyberspace» or «transport
infrastructure», the essence of the ontology
construction will not change.

An ontological glossary can be considered as
a systematised set of ontological units of
information. Ontological units of information
within transport and transportation ontology
correspond to objects of the real world, comprising
individuals, buildings, vehicles, railways, etc. If
possible, this glossary, as the basis for ontology,
should include concepts related to functioning of
the transport infrastructure, comprising transport
systems, technical, organisational, economic,
managerial, information [12] and even cyber-
spatial concepts. At the second stage, formation
of ontologies requires the description or
compilation of entity models formed from these
concepts and related semantically. Currently, it is
proposed to use the ontological approach to form
semantic relationships [6].

The applied ontology or domain ontology can
be considered as a technology for generalising the
semantic web and a technology for generalising
linked data, helping to improve the shared use or
repeated use of data.

It is fully applicable to situations and
management decisions in transport and
transportation sphere. Thanks to digital
transformation, information about entities related
to transport infrastructure management can now
be collected automatically. The concept of
«entities» is related to the concept of «ontology»,
so transport and transportation ontologies can
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represent knowledge in the transport domain and
can use the information for digital management
[13]. Transport ontologies as a type of applied
ontologies are general representations of
knowledge about the transport domain that define
terms and relationships between them while
transport and transportation ontologies are
characterised by a specificity that lies in the need
to generate information in real time [14].

The use of ontology to solve any management
problem is based on integration of information
that is carried out through various private schemes
and contexts, since there is currently no general
methodology [13]. The main problem of
information integration for obtaining ontologies
is heterogeneity of original information arrays that
is because transport information is collected by
different devices, sensors and systems and within
application of different technologies. One of the
ideas [6] of integration is based on the approach
that it should be built based on standard information
models and information structures. This entails
the need to standardise information models and,
ultimately, leads to the idea of standardised units
of information or ontological units of information.
Within the ontology, ontological units of
information that form the entity of an enterprise
are defined based on the business terms. This once
again emphasises the importance of a business
glossary for formation of ontologies.

Ontologies are characterised by a high level
of generalisation. Due to this, ontologies are
common regarding their formation. Ontology as
amodel is new in its provision of an unambiguous
formalised information structure. As for transport
and transportation ontology, it serves as a basis
for structuring and integrating data and information
to build a holistic management situation in which
a moving object is located. A set of ontologies in
digital form can serve as a tool for developing
management applications based on network
models which include a semantic network of terms
and related data. Ontologies developed based on
network models are useful for technology and
strategic management specialists, as well as for
academic researchers working in the field of
transport, where there is a problem of forming
a taxonomy of information integration methods
for building ontologies.

Building of ontologies and, particularly,
solving of problems of semantics organisation
while working with big data, has recently involved
artificial intelligence methods [3] and graph
databases (GDB) that allow generalising and

compressing information, highlighting entities,
effective describing and processing related
geodata [3].

Ontologies are also formed using the
technology called «information labelling» which
includes the processes of supplementing
descriptive information with empirical
information: image sets, measurements received
with sensors. Labelling is widely used in Petri nets
and serves as a tool for process analysis which has
allowed to propose, based on the labelling method,
an approach to creating an automotive global
ontology (AGO) [3] comprising creation of graph
databases for modelling semantics in the
automotive domain.

The problem of information systems.

The presence of many information systems in
the transport and transportation domain does not
guarantee by itself an effective transport and
transportation management. Experience in
implementing various systems shows that their
value for the transport business is often lower than
expected and, in some projects, the correlation of
efficiency of transport companies with
implementation of information systems [6] is traced
mainly through optimisation of document flow and
accountancy, and respective reduction in transaction
costs. One of the conclusions drawn from the
analysis of expertise is that strategically the growth
in efficiency of management and activity as well as
in competitiveness of transport companies depends
first on coordination of the operation of implemented
information systems, and ideally on the emergence
of a synergistic effect from their joint use. It is
amain prerequisite for a recent emergence of a basic
concept of forming a single information management
space for enterprises and transport facilities through
enterprise architecture.

Over time, it became clear that only optimal
construction of architecture is not enough for
functioning of a transport enterprise. It is necessary
to additionally develop methods for complementary
behaviour of all parts and elements of the
architecture. For this, it is necessary to use
information about their entities, which inevitably
leads to the use of the concepts of ontology and
the need for a coordinated application of
ontological and architectural approaches.

An additional feature of transport system is
that the diversity of information systems leads
to a variety of data formats and types. Big arrays
of factual information used in modern transport
management objectively contains information
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uncertainty [15] which becomes an obstacle to
building ontologies and should be eliminated.

Information uncertainty has different causes
that can be associated with a certain attribute and
thus such uncertainty can be defined as attributive
information uncertainty.

For example, uncertainty in information
volume is caused by the difficulties of analysing
large volumes of information and replacing
a complete analysis with a fragmentary one.

There is also uncertainty in diversity of
information types caused by diversity of types
of information models and the lack of experience
of working with new types. As a result, new types
or models are replaced by old ones, which entails
inadequate results. This type of uncertainty is
typical of multi-aspect electronic atlases [16] that
can be considered as a graphical ontological
glossary once they are systematised and spatial
and terminological relations are consistent in it.

There is uncertainty in the fuzzy information
caused by the objective situation of combination
of quantitative and qualitative data, which is
partially fuzzy. Such information cannot be
processed without the theory of fuzzy sets.

There is also uncertainty in contradictory
information [17] caused by the presence of
explicit contradictory information and implicit
contradictory information in the original content.
To eliminate these contradictions, additional
analysis is required.

There may be uncertainty in time, which is
caused by the fact that a small time slot is
allocated for decision-making, during which it
is impossible to conduct a full analysis of the
entire information array.

Reducing uncertainty requires the use of
ontologies and special modelling [18]. Fuzzy or
probabilistic information also demands
application of ontologies and probabilistic
measures [19]. Eliminating information
uncertainty in contradiction requires a transition
from formal logical reasoning to reasoning
schemes that allow contradictions. All these
schemes are included in the preprocessing of
ontology building. Information uncertainty is
also reduced with methods of systematisation,
classification and semantic analysis. Clustering
of heterogeneous information is used as a primary
method [20].

Elimination of information uncertainty is of
great importance in management of unmanned
transport, digital railways [21], in transport
cyber-physical systems [2; 22].

Elimination of uncertainty is necessary for
immediate technological management and as
a preliminary stage of ontology construction the
use of which allows us to introduce the concept
of «ontological managementy.

CONCLUSIONS

The experience cumulated in transport
management, development of ontologies, as well
as current technological pattern provide grounds
for application of concepts and methodology
based on «transport and transportation ontology»
and «ontological management», which is
essential for development of a full-fledged
transportation system and modern management
of transport infrastructure.

Nevertheless, currently, a single general
ontology has not been created that would
adequately describe cargo transportation. This
problem is due to the relationship between the
particular and the general, to the problems of
integrating transport information from diverse
sources, which increases the relevance of
research in this area.

Experience shows that formation of
a transport and transportation ontology should
be performed in two stages. The first stage in
a simple version includes compilation of an
ontological glossary. In the system version, the
first stage includes creation of a system of
ontological units of information, which has more
related terminological relations. At the second
stage of creating a transport ontology, it is
necessary to create a semantic network that will
serve as the basis for the ontology. When creating
such a network and in addition to it, it is advisable
to use a graph database.

The problem of diversity of information
systems in transport and transportation
management requires particular attention since
it often complicates management and formation
of ontologies. Such a diversity creates information
uncertainty, which has different causes and,
accordingly, different types, within a set of which
it is possible to identify a group of types of
information uncertainties that hinder the normal
construction of ontologies and ontological
management. This group can be called
«ontological uncertainty». Elimination of such
ontological uncertainty is a mandatory stage of |
information preprocessing when forming [
ontologies.

Generally, from the standpoint of information
management, ontologies can be considered as
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a method of information compression and
elimination of contradictions in the management
system.

The proposed approaches to assessment of
the role of transport and transportation ontologies
and their construction are inherent components
of a complex scientific problem and suppose
systemic interdisciplinary research of a diversity
of its interconnected aspects.
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ABSTRACT

The relevance of studying the methods of studying traffic flows
is due to the need to analyse their features, determine the allowable
areas of their application in solving practical problems of the
transport sector.

The objective of the work is to identify the results of application
of modern methods of time series analysis that use the values of
intensities of car traffic flows on the urban street-and-road network.
The subject of the study is associated with the calculated Hurst and
fractal dimension indices (fractal analysis), as well as with checking
the validity of the quantitative relationship of these indicators,
specified by B. Mandelbrot and used in applied research, on real
data on intensity of car traffic flows. Digital data for the study were
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obtained using «Azimuth» stationary measuring software and
hardware photo and video recording complexes, located on the
street-and-road network of the city.

The study has found that anomalous values of key indicators
are encountered when using the normalised range method and
fractal analysis: the Hurst exponent takes values outside the usually
defined range, the relationship between the fractal dimension and
the Hurst exponent does not fully correspond to the known
B. Mandelbrot set. It seems necessary to conduct a deep and
thorough study of the results obtained when using the above and,
possibly, other methods for studying the intensity of traffic flows on
street-and-road networks.
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INTRODUCTION

The intensity of the traffic flow as a time
series (function of time), along with other
random processes, belongs to a special class of
elements of functional spaces which, unlike
smooth (differentiable) functions, exhibit fractal
properties, or self-similarity, that is, with
repeated changes in the scale of variables, the
structure of the function already recorded on
previous scales is reproduced [1, P. 36]. To
describe the special (fractal) properties of such
functions, a specially defined concept of fractal,
or fractional dimension of Hausdorff—
Besicovitch [2, P. 22] (of Minkowski [3, P. 129])
is used.

Fractal analysis is successfully used to study
self-similar stochastic processes characteristic
of network traffic and data on solar flares [4],
to study and predict earthquakes [5]. Modelling
[6] of the multimodal distribution of porosity
of oil and gas fields made it possible to identify
the relationship between the fractal index and
the degree of oil saturation of the soil.

Analysis of fractal properties of time series
modelling real stochastic processes is provided
in the work [7]. Identification of time series
based on fractal analysis considering chaos is
proposed in [8]. Classification of stationary,
non-stationary and quasi-periodic signals was
developed by the author of [9]. The works [10;
11] recommend using the critical value of fractal
dimension as an indicator of the crisis state
(catastrophe) of the system under consideration.
According to [12], to assess the structure and
influence of long-term memory of time series
it is advisable to use the value of fractal
dimension of functions describing phase
transformations in the mechanical and physical
systems under consideration.

Fractal dimension can be used to analyse
quote trends and manage investment portfolios,
to study and identify the dynamics of time series
of financial activity indicators [13], to forecast
the volatility of the oil products market [14] and
to assess the significance of financial assets [15]
based on the assumption [16] on the fractal
nature of the market and the presence of history
of market process (long-term or short-term
memory).

The fractal approach [17] made it possible
to optimise the shape of the bus body to reduce
resistance to movement and reduce fuel
consumption. Analysis [18; 19] of fractal
indicators of the car traffic flow in the urban

street-and-road network (SRN), of probability
distribution and correlation characteristics of
traffic showed that empirical data on traffic
flows correspond to fractal indicators and are
satisfactorily described with their help. The
study [20] found that the number of motor
vehicles on the roads is largely determined not
by the Poisson (simplest) process, but by factors
of a fractal nature. To classify traffic flows,
following their self-similarity and irregularity,
it is advisable to use the hypothesis of the
«multifractal» nature of the spectrum of the car
traffic flow [21].

Along with the analysis of the fractal
dimension, the method of normalised range is
actively used, which is based on the calculation
of the Hurst index. The Hurst index [22] is used
to analyse the dynamics of
electroencephalographic signals of patients to
construct an index of healthy and abnormal
brain activity. Quantitative assessment [23] of
the morphological properties of the surface
structures of tooth enamel based on the fractal
dimension is used along with the traditionally
determined index of surface roughness. The
analysis of intensity of the car traffic flow in
SRN of a metropolis using modern mathematical
methods (statistical, wavelet and Fourier
analysis, Hurst index) is described in [24-29].

For most time series generated by natural
processes, direct (analytical) determination of
fractal dimension is impossible, so special
algorithms [30], the Hurst exponent [1, P. 348]
or numerical procedures [31] must be used. The
relationship between fractal dimension and the
Hurst exponent has been studied in sufficient
detail in the works [1, P. 353; 32-34].

The objective of the work is to reveal the
results of modern methods of analysis of time
series that use values of intensity of car traffic
flows in street-and-road network obtained
through an experiment with the help of
measuring software and hardware systems.

DATA OBTAINED THROUGH FIELD
OBSERVATIONS OF THE INTENSITY
OF THE CAR TRAFFIC FLOW

Studies on characteristics of car traffic flow
traditionally use the dependence of the traffic
flow intensity on time [35; 36]. The intensity N(z)
of the car traffic flow at the section of the urban
road network considered in the proposed study
(using the city of Perm as an example) at an
arbitrary time ¢, was determined based on data
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Table 1

Hurst exponent H and fractal dimension D of traffic flow intensity functions at sections of
urban road networks [performed by the author]

Ne Average intensity N, car’h Hurst exponent /| Fractal dimension D Pearson statistics x’
1 166 0,5392 1,6998 30,6

2 281 0,7330 1,6943 32,5

3 311 0,7612 1,7501 31,6

4 417 0,7433 1,7701 40,9

5 467 —0,0310 1,7259 45,4

6 599 0,0359 1,6414 325,8
7 719 0,0573 1,7081 36,7

8 830 0,0158 1,6928 3634,7
9 956 0,0085 1,6715 39,0
10 975 —-0,0520 1,6823 32,0

11 1046 -0,0230 1,6801 56,3
12 1273 0,0200 1,6523 108,0
13 1377 -0,0590 1,6606 31,5
14 1398 0,0313 1,6463 71,5
15 1426 -0,0080 1,7021 31,4

received from the measuring software and
hardware systems (MSHS) in real time, using the
expression:

n(t)
M= (1)
where n(¢) is number of vehicles at the entry
point recorded during the time interval [¢,— A/2,
t+ A/2], i=lm;

A —selected time interval;

m — total number of observation intervals.

MSHS of «Azimuth» series! [37] allows
recognising state registration plates, measuring
the speed of a vehicle in the control zone, its
average speed, the time of movement between
the control lines and other characteristics.

To calculate the Hurst exponents and fractal
characteristics of the functions of the intensity
of the car traffic flow, 15 streets of the city of
Perm (Vavilova Street, Lasvinskaya Street,
Podlesnaya Street, Stakhanovskaya Street,
Kosmonavtov Highway, Yuzhnaya Damba and
others) with different values of the average traffic
intensity (Table 1) were selected.

Pic. 1 shows the dependences of the intensities
of traffic flows on time, calculated according to
(1), with A =5 min. The duration of observation
of traffic flows varied from 350 to 700 minutes,
during which the intensities N(f) of car flows
remained almost constant.

The normalised range method [1, P. 349; 24,
28] is based on the approximation of the

! «Azimuth 2» MSHS. Road safety technologies. [Electronic
resource]: https://tbdd.ru/node/224. Last accessed 11.01.2024.

dimensionless R/S index with a power-law
dependence of the form a#?, where a is a constant,
H is the Hurst exponent (constant), ¢ is time.
Here:

R(M)=max Z(t,M)- min Z (1, M) )

H<t<ty B<tSty,
— the range of deviations of —

Z(f,-,M)=Z[N(t,-)—(N)] of random values of

intensity N(¢) of the car traffic flow from the
average value

(M= 2N 0 ©)

S\ 2N -(V] @

— standard deviation of the intensity N(z) of
the traffic flow.

The exponent (Hurst index H) of at?
function approximating the R/S dependence
allows us to identify the main types of time
series behaviour [1, P. 351; 38]: when H = 0,5,
the values of the time series are considered
random, that is, the terms of the series do not
exhibit a trend dependence; in other words, the
history of the appearance of the «early» terms
of the series does not affect the values of the
subsequent ones.

When 0 < H < 0,5, the time series is
considered «anti-persistent», which reflects its
instability.

When 0,5 < H < 1,0, the observed process
turns out to be «persistenty, that is, it has a trend
component; the history of the formation of the
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Pic. 1. Intensities N (car/h) of traffic flows as a function of time t (min); average values of intensities of traffic flows (car/h): 166 (a), 281 (b), 311
(c), 467 (d), 975 (e), 1273 (f), 1398 (g) and 1426 (h)[performed by the author].

«early» terms affects the values of the subsequent
terms of the time series.

Pic. 2 presents in logarithmic coordinates
the dependences of the functions of the
normalised ranges R/S on time ¢ for the functions
of the intensity N(¢) of traffic flows at the
considered road sections according to relations
(2)—(4), as well as the approximation by the
least squares method of these curves by power

functions. The corresponding values H of the
Hurst exponent are given in Table 1. For several
time series of intensities N(¢) of traffic flows,
the values H of the Hurst exponent take negative
values, which is not provided for by the classical
interpretation of this indicator, 0 <H < 1,0 [1,
P. 349; 37].

Calculation of fractal dimensions of the
considered intensity curves (1) of traffic flows is
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1398 (g) and 1426 (h) [performed by the author].

made with the box-counting method [1. P. 46; 2,
P. 197, 3, P. 137], the idea of which is based on
determining Hausdorff-Besicovitch dimension.
It is assumed that within the considered
observation interval [¢,, ¢ ] the function N(¢) with
a finite number of breaks is known (it is these
functions N(z) that are considered as time series
obtained with MSHS of «Azimuthy» series).
Within the segment [¢, 7 ] a grid region
o, = {t,. =&, i=1,_m} is introduced,
where 8 = (t —1t,) /mis a grid step.

The considered function N(?) is covered by
square cells with a side of 8. As the size of
decreases, the number of cells m covering the
curve increases according to the power law [13]

1 D
no)-(3) 5)
the exponent D defines the Hausdorff—
Besicovitch dimension.
Taking the logarithm of expression (5) leads
to the relation:

. lnm(8)
REOR ©)
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To calculate the fractal dimension D, the
plane on which the function N(#) under
consideration is defined is initially covered with
square cells of size 3, and the number M, of cells
covering the graph under study is counted. Then
the size of the square cell is reduced to the value
d,, the number M, of cells covering the graph
under study with cells of size 23, is counted, and
SO on.

For practical calculations, instead of the
number m of cells covering the graph under study,
it is convenient to use the length of the measured
curve L(9) = md. In this case, expression (5) is
reduced to the form:

1 D 1 D-1
L(6)=5m(6)~6(g) =[g) , %)
The obtained empirical dependence L(9) is
approximated with the least squares method with
a power function:

L(5) =a(1/5)". (®)
From the comparison of (7) and (8) it follows

that the fractal dimension D is determined by the

value of the exponent d of the approximating

function,

D=1+d. C)

Pic. 3 shows the dependences of the length L
of the functions N(?) of the intensity of traffic flows
at the considered road sections on the value 1/8
(in logarithmic coordinates), determined according
to the algorithm of the cell coverage method, as
well as the approximation by the least squares
method of these curves with power functions.

In the monograph [1, P. 353] B. Mandelbrot
proposed a relationship between the Hurst index
(exponent) H and the fractal dimension D:
D=2-H, (10)
which is actively used by researchers to calculate
the index H from the known value of D and,
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Pic. 5. Gaussian (-o-) and empirical (0) distributions of the density of probabilities p of the intensities N of traffic flows; values of the average
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conversely, to determine the dimension of D from
the found value of the index H. The use of relation
(10) is found in theoretical studies [30; 34; 38],
in publications on economics [11; 15; 16; 39],
physics [12], medicine [23], network technologies
[41-44], industry development [45-47], transport
problems [20; 48] and other disciplines. The
monograph [32] is devoted to the study of
relation (10) using a large amount of experimental
data; it notes the presence of a certain discrepancy
between this relation and the results of field
measurements.

The availability of data on real traffic flow
intensities following collection of data of MSHS
installed in the road network of the city of Perm
allows us to further study the issue of the
conformity of the ratio (10) with the results of
field measurements. For this purpose, the Hurst

indices H and the fractal dimension D were
calculated at the selected sections of the street-
and-road network (Table 1) with different traffic
intensities.

Pic. 4 shows the dependences of the Hurst
indices H (Pic. 4, @) and fractal dimensions D
(Pic. 4, D), as well as the sum D + H (Pic. 4, ¢) on
the average intensities N of car traffic flows.

For values of the average traffic flow intensity
(N) less than 420 car/h, the Hurst index takes
values from 0,54 to 0,76, which characterises the
time dependence of the traffic flow intensity as
persistent, characteristic of natural processes
[37].

At an average traffic flow intensity (N) of
more than 420 car/h, the Hurst exponent drops
to minimum values, including negative values
(see data in Table 1, Pic. 2, d, e), characterising
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the time dependence of traffic flow intensity as
antipersistent, i.e. as chaotic. It should be noted
that during computational processing of field
observation data, negative values of the Hurst
exponent were obtained (Pic. 2,d, e, h; 4, a; Tab).
This contradicts the statement contained in some
of the publications listed above that the Hurst
exponent cannot take negative values.

The fractal dimension D of the time series
(Pic. 4, b) depends little on the average traffic
flow intensity and varies within the range from
1,65 to 1,77.

The sum D + H (Pic. 4, ¢) at (N) <420 car/h
exceeds the value 2 predicted by the relation (10);
at (N) > 420 car/h, the sum D + H is less than the
expected value. The relative deviation of the total
value of D + H from the value of 2 reaches
25,7 %.

In the monograph [1, P. 350] B. Mandelbrot
indicates that the relationship (9) is obtained
under the assumption that the random process
under study should correspond to the Gaussian
(normal) probability distribution. Pic. 5 presents
data on the distribution of theoretical and
empirical distributions of the probabilities p of
the intensities N of car traffic flows in Perm
SRN.

Table 1 presents the numerical values of the
statistics of the Pearson criterion y* for all the
road sections considered. The critical value of
the Pearson criterion for a significance level of
0,95 is 30,1, which is less than all the values of
the criterion y2 given in Table 1 for the functions
N(z) of the intensity of car traffic flows given in
this study.

It should be recognised that in all the cases
considered, the probability distribution of the
values of the time series of intensities N(z)) of
transport flows cannot be considered as Gaussian
(normal). This, apparently, explains the
discrepancy between the relationship (10),
established by B. Mandelbrot, and the results of
field observations (Pic. 4, ¢).

It becomes obvious that before using the
relationship (10), one should make sure that the
probability distribution of the components of the
time series under study is Gaussian (or close to
it). Otherwise, the error in using formula (10)
may be significant.

CONCLUSIONS

Processing of data from MSHS installed in
the road network of the city of Perm allows to
obtain reliable and meaningful information on

traffic flows in the street-and-road network of
a modern city in real time.

Analysis of the data on traffic intensity
obtained from MSHS revealed anomalies in the
values of the Hurst exponent when using the
normalised range method. It is traditionally
believed that the Hurst exponent, which is
a criterion for stability or instability of time series
evolution trends, lies in the range from 0 to 1,
whereas when calculating this indicator for the
functions of traffic intensity in this study, the
values obtained were beyond the specified range.
The dependence of the Hurst exponent on the
average value of traffic intensity was revealed:
for small values of the average intensity, the
Hurst exponent exceeds 0,5, which corresponds
to the persistence of the observed process; for
values exceeding 420 ... 450 car/h, this indicator
sharply decreases, which is a sign of anti-
persistence of the process of car traffic flow, and
can take negative values.

It has been established that the traditionally
used B. Mandelbrot relation, which links the
fractal dimension and the Hurst exponent, when
performing field measurements of the intensity
of vehicle flows, is violated with a relative error
of up to 25 %. An additional study has shown
that the reason for such an error may be the
failure to meet the condition of the Gaussian
(normal) probability distribution for the obtained
time series of car traffic flow intensities.

It seems necessary in practical studies to
check the compliance of the probability
distribution of the components of the time series
with the Gaussian (normal) distribution to justify
the correctness of applying the B. Mandelbrot
relation.

The detected anomalies require further
in-depth analysis of the considered and other
methods and approaches used to analyse
transport processes in the street-and-road
networks of large cities.
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the study on de facto shaped integrated space of the digital
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source, but in the process of development became more
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INTRODUCTION

The digital railway (DR) has emerged
following digital technological transformation.
It is based on dynamic spatio-temporal models
of railway management [1]. The DR has greater
freedom in choosing the modes of movement,
but greater freedom is associated with greater
uncertainty, in view of which it is necessary to
use modelling [2] and uncertainty reduction [3]
methods. The tasks of the DR require the use of
reasoning and the selection of dominant factors
in the conditions of fuzzy information [4]. The
uncertainty that exists in DR-linked situations
leads to the need to apply probabilistic measures
regarding switch indices in the case of an
unknown utility function [5].

The DR [6] can be considered as a complex
«system of systems», and, particularly, its
operation requires not only information, but also
geoscience [7]. Like a regular taxi, the DR uses
electronic maps and atlases [8] to plot routes and
travel modes, while the solution to the problems
of obtaining cartographic information models
should occur in real time as well [9].

DR is developing complementarily with
digital transport technologies: digital logistics
[10], unmanned transport [11], digital
communications [12], cyber-physical systems
[13; 14]. As a self-developing system, DR
belongs to the class of systems based on
subsidiarity [15]. As a spatial phenomenon, DR
is related to geoinformatics, geodesy and spatial
economics [16]. Since modern management [17]
is closely related to information spaces and other
spaces as management tools, then DR also uses
control space, which should be considered
integrated. This space is formed by communication

and information spaces and technologies.

The objective of the study was to analyse
features and relationships within the integrated
space of the digital railway.

RESULTS

The Structure of the Integrated Space of
the Digital Railway

To help to better understand the features of
an integrated space, Pic. 1 shows its generalised
structure.

The integrated space of the Digital Railway
includes three main spaces: communication,
coordinate spaces and that of control and
management.

Since the Digital Railway is a spatial system,
it uses spatial control and applies spatial logic
[18]. Spatial control requires a coordinate space,
which is created using geodetic methods. The
coordinate space englobes global navigation
satellite systems (GNSS) technologies, with the
help of which the coordinates of a moving object
are calculated in real time. The coordinate space
is created based on geodetic networks (state
geodetic network) and local networks while
dedicated survey grids are used for railways.

The communication space englobes
communication networks and digital
communicology devices, mobile communication,
which is a mandatory component of the Digital
Railway [12], as well as aradio relay information
space, which provides radio surveillance of
moving objects in addition to visual surveillance
in conventional transport systems, being
a necessary component in unmanned transport
control [18]. The communication space contains
also the satellite communication space, the

Communication Space of control Coordinate
Situation in information Position in information Motion
space space parameters
v v
Parameters
of state . L Sensors -
v v -
Traffichindrance = *= Computer - D"?;:g

Pic. 1. The structure of the integrated space of the Digital Railway [compiled by the author].
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Pic. 2. Global and local space of control and management of the Digital Railway [compiled by the author].

satellite navigation space and the satellite
coordinating space. These spaces are supported
by GNSS. The satellite navigation space solves
the problems of orientation and navigation of
a moving object.

Coordinating space is actually a coordinate
space, it solves the problems of determining the
location of an object in an absolute and relative
coordinate system, and then GNSS is included
in both the coordinate and communication space.

The satellite communication space supports
communication through space communication
systems. The communication space solves
information security problems.

The space of control and management of the
Digital Railway is an information control space.
It is divided into local and global ones; the
difference between them is shown in Pic. 2.

The global space of control and management
of the Digital Railway includes many local
spaces and has a core in the form of a control
centre (Pic. 2). The global space of control and
management of the Digital Railway implements
also the technology of the «Internet of Things.

The local space of control includes a static
and dynamic (sliding) information situation. The
static information situation is associated with
stationary objects of the route environment and
traffic hindrance [15], and the dynamic
information situation is associated with a moving
object and so moves with it. Information from
this situation enters the intelligent systems that
controls this object or global ITS.

Technological Features
of the Digital Railway

The first technological feature of the Digital
Railway is the use of integrated space. The
second technological feature of the Digital
Railway is the use of moving blocks. This
feature, also called Moving Block Signalling
(MBS), is shown in Pic. 4. The normal movement
is shown in Pic. 3.

The signalling system used in conventional
traffic is called exactly signalling block system
since it uses a system of blocks fixed in space
and a signalling system separating the blocks.
The signal gives a command to move or stop.
Pic. 3 shows the traffic density when using
signalling block system and with which some
blocks (from 30 to 50 %) are empty.

As an alternative, Pic. 4 shows a diagram of
digital traffic with the technology of moving
blocks (or «envelopesy).

The moving block is implemented through
a communication system. The mobile object
calculates the permissible approach to the next
object and moves synchronously with it, thus
fixed signalling and fixed blocks are not needed.
The moving block is a sort of a dynamic
information situation that slides along the route,
and the mobile object is inside such a situation.
With such movement, there are no empty blocks,
and the intensity of traffic increases significantly.

In MBS technology, the mobile object has
a built-in computer that forms the dimensions of
the block and through the communication space
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Pic. 3. The principle of conventional traffic [compiled based, i.e. on [6]].
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Pic. 4. The principle of digital movement [compiled based, i.e. on [6]].
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Pic. 5. The operating principle of the integrated space of the Digital Railway [compiled by the author].

carries out communication interaction with other
mobile objects.

Basics of DR Operation

Pic. 5 shows the operating principle of the
integrated information space of the Digital
Railway.

Three mobile objects (A, B, C) shown have
satellite communication and satellite
coordination. This communication is shown as
S1, S2, S3. Besides, there is a coordination and
information communication (U1, U2, U3)
between the traffic control centre and the mobile
objects. There is a coordinating and information

communication (Intl, Int2) between the mobile
objects. Through this communication they
transmit information about their own position,
traffic speed and acceleration that is used in the
traffic control centre for adaptation of
transportation, traffic optimisation and for
calculation of mobile blocks.

Pic. 5 shows in substance the objective
need for the integrated space of the Digital
Railway as a tool for transportation
management. Using this technology, the
intensity of transportation increases
significantly (Pic. 4) together with the
complexity of traffic management and control.
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CONCLUSION

The integrated space of the Digital Railway
born based on integration of the information space
with the technology of the «Internet of things» and
having englobed functions of communication,
navigation, coordination and positioning, has
predetermined its own role of a quite uncontested
backbone framework of railway management and
development.

For example, the technology of virtual coupling,
closely linked to virtual blocks [20], increases the
efficiency of the Digital Railway and, referring to
the local information space of the moving object,
can be considered as a technology of the integrated
space of the Digital Railway.

Besides, the integrated digital railway space
allows solving optimisation problems within itself,
without resorting to external computers.

Generally, the study has shown high promising
nature of applying the concept of integrated digital
railway space to analyse, system developing and
implementing of interrelated technological
solutions focused on growing efficiency of railway
transportation.
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ABSTRACT

Under certain conditions, wind effects on long-span bridges
can cause aeroelastic instability phenomena. Currently, the main
method for studying such structures for occurrence of aeroelastic
instability phenomena is experimental modelling in wind tunnels.

Experimental modelling is usually based on the assumption
that the cross-sectional shape of the bridge remains unchanged
over time. Obviously, such a proposal cannot be true, since the
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INTRODUCTION

In the classical analysis of bridge structures
for aeroelastic instability phenomena using both
experimental and numerical modelling, car traffic
is usually ignored [1-5]. Traffic means the
location of motor (or railway) vehicles on the
span structure. Obviously, such an approach
significantly simplifies the study of the
aerodynamics of long-span bridges. If we
consider the traffic on the bridges, the cross-
sectional profile of the bridge will constantly
change due to the moving traffic flow. As a result,
the changed cross-sectional profiles of the bridge
along the span structure will differ significantly
even at the same time; besides, the profiles will
also change due to the road and wind conditions
at different times. Because of this, the question
of whether it is justified to ignore the change in
the cross-sectional profile of bridges due to the
presence of traffic flow seems significant.

Compared to studies of the influence of traffic
as of external dynamic loads on the bridge,
studies of the effect of changes in the cross-
sectional profiles of the bridge on the aecrodynamic
behaviour of structures are quite rare.

The authors of [6] conducted a series of
experiments in a wind tunnel to study the effect
of stochastic traffic on flutter derivatives. Several
scenarios were tested to obtain an idea of the
changes in flutter derivatives at different sections
of the bridge and at different points in time. In
the work [7], devoted to the effect of changes in
the bridge profile due to the presence of traffic
flow on the aerodynamic characteristics of the
structure, the authors, having conducted
experimental modelling, showed that a change
in the cross-section of the bridge due to the
presence of traffic can significantly affect the
aeroelastic properties of long-span bridges. The
work [8] examined a change in the aerodynamic
and aeroelastic characteristics of the bridge
caused by stationary vehicles with different
locations of vehicles on the bridge deck. It was
found that for a system with two degrees of
freedom, stationary vehicles have a rather
beneficial effect on stability of the bridge. The
work [9] has studied the wind load on a railway
bridge, which makes part of a high-speed line.
The authors have come to a qualitative conclusion
about the constant fluctuations of the aerodynamic
resistance coefficients of the «span structure» —
«vehicles» system for various combinations of
the positions of the vehicles on the bridge
crossing, including for high-speed lines.

One of the tasks solved in this work is the
study of the influence of traffic flow density and
the location of individual vehicles on the span
structure on the aerodynamic behaviour of long-
span bridges.

For this purpose, a series of experiments was
conducted in a wind tunnel for two different
models of long-span bridge crossings in several
settings: the absence of vehicles on the structure
(classical setting) and the presence of car traffic,
leading to a change in the cross-section of the
bridge.

RESULTS
Research Object Ne 1
Statement of the problem
A span structure with a length of 265,41 m
was selected as the object of study (Pic. 1).

Methodology for conducting aerodynamic
experimental studies

According to domestic regulatory documents',
the aerodynamic stability of such a structure
should be tested using experimental modelling
in wind tunnels. Currently, depending on the size
and main objectives of the tests, the world
community of wind energy and industrial
aerodynamics (International Associations for
Wind Engineering) has officially adopted two
methods for studying the wind effect on bridge
structures:

1. Testing sectional (cut-off) models of span
structures.

2. Testing full-scale models [10].

Conducting full-scale experiments in wind
tunnels is associated with several direct and
indirect constraints, which include the use of
full-sized models, which is associated with the
geometric, financial and time aspects of this type
of work. Although creation of full-scale models
of the object can provide complete reliable
information on the actual state and behaviour of
the structure under aerodynamic effects, since
this is associated with the need for accurate
reproduction of the mass-inertial and frequency
parameters of the bridge structure, the study of
aeroelastic instability phenomena is associated
with complexity of scaling models and
interpreting the results obtained after the

' Code of rules SP 35.13330.2011. Bridges and Pipes.
Updated version of SNiP [Construction standards and rules]
2.05.03-84*. [Electronic resource]: https://docs.cntd.ru/
document/ 1200084849. Last accessed 05.05.2024.
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Pic. 1. Cross-section diagram of bridge Ne 1 [performed by O. I. Poddaeva, P. S. Churin, A. N. Fedosova].

experiment? [11-16]. In the process of modelling, as absolutely rigid one, and model the elastic
it is important to be able to vary a wide range of characteristics using spring hangers on
model parameters, since when conducting aspecialised stand-table. Detailed requirements
scientific and technical support for design of were previously described in ODM [road
a bridge crossing, design and other engineering industry’s methodological document]
solutions can change [10]. It is then proposed to  218.2.040-2014 «Methodological recommen-
test bridge span structures in wind tunnels inthe dations for assessing the aerodynamic
form of rigid sections, geometrically similar to characteristics of sections of bridge spans»°.
a real structure, with three degrees of freedom Now valid is GOST R 59635-2022, a national
and suspended in the working area of the pipe in  standard of the Russian Federation «Motor
a six-coordinate system. This model roads of public use. Bridges. Rules for
representation allows for fairly accurate calculating and confirming aeroelastic stability»*.
reproduction of real aerodynamic effects in Features not specified in the document are
laboratory conditions: various types of comprehended and then considered by empirically
aerodynamic flows, changes in wind speed by varying the characteristics at the beginning of
height, variations in wind flow intensity, various  blowing on the model.
angles of attack, vertical and horizontal load Aerodynamic effects, like any other load, are
pulsations, visualisation of wind flow distribution usually divided into static and dynamic ones;
in the vicinity of the blown structure, etc. [10].  they are based on aecrodynamic forces and elastic
Sectional tests are the most common research ~ forces (flutter, buffeting); one of the additional
method. This method is appropriate for beam causes of the appearance of dynamic effects are
bridges in the absence of high-rise pylons and inertial forces.
the need to consider the impact of the cable- The classification presented in Pic. 2 covers
stayed system on the span structure. almost all known forms of motion of elastic
When testing a sectional model, the section bodies in a wind flow [10].

of the longest bridge span is modelled as th
& £¢ sp s modelled as the * ODM 218.2.040-2014 «Methodological recommendations

mOSt. susceptljble t(? dynamlc. wind effeCts' for assessing the aerodynamic characteristics of sections of
Practical experience in conductlng experiments  bridge spans». Confirmed by the order of Federal Road Agency,

in wind tunnels. as well as the requirements set dated 24.03.2014 Ne 478-r. [Electronic resource]: https://
’ rosavtodor.gov.ru/docs/prikazy-rasporyazheniya/13183.

in regulatory documents, allOWS us to assert that  Cancelled by the order of Federal Road Agency, dated
for the most accurate modelling, it is necessary ~ 05.05.2022 Ne 1414-r. [Electronic resource]: https://
to make the sectional model of the span structure rosavtodor.gov.ru/docs/prikazyrasporyazheniya/522301. Last
accessed 05.05.2024.

4 State standard GOST R 59625-2022. «Motor roads of
2 Guide for the assessment of wind actions and effects on  public use. Bridges. Rules for calculating and confirming
structures National Research Council of Italy. CNR-DT  aeroelastic stability». [Electronic resource]: https://docs.
207/2008 cntd.ru/ document/1200182851. Last accessed 05.05.2024.
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Behaviour of structures and their elements under the wind effect
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Pic. 2. Classification of aeroelastic phenomena by M. |. Kazakevich [10] [performed by A. A. Loktev].

The impacts to which bridge structures are
exposed can also be divided into technogenic and
natural, depending on the nature of their
occurrence, but given the nonlinear nature of most
of them, the results of their combined action
cannot be obtained by the usual aggregation of
single phenomena. Since the contribution of
individual types of impacts to the final result can
be significant, researchers are forced to sophisticate
the applied approaches and models, combining,
for example, the effect of vehicles being on the
bridge deck and snow (and/or ice) deposits, the
location of which can also change depending on
the direction and intensity of the wind.

For example, during the physical modelling
of the snow load on the model of the artificial
structure, a special plastic powder was used, the
fractions of which correspond to the parameters
of scaling the structure, considering the humidity
in the laboratory room, to prevent the effects of
adhesion and additional moisture absorption.

The proposed approach to modelling does not
allow considering the effects of melting or,
conversely, freezing of additional ice on
structural elements, that is, it is actually reduced
to an additional quasi-static load, the local
intensity of which can change due to the transport
of particles due to wind. At the same time, the
distribution of particles imitating snow makes it
possible to predict the appearance of hazardous

areas for workers on the structure and in the
vicinity of it, associated with increased wind flow
speeds and current restrictions as part of ensuring
occupational safety.

A physical model of a section of the span
structure forms the basis of experimental studies
for the bridge crossing in a wind tunnel (Pic. 3).
The model is suspended on spring fasteners and
then subjected to wind action to detect bending
and torsional vibrations with aggregation of
various vibration modes with their subsequent
separation [10].

The physical model is installed in the centre
of the cross-section of the wind tunnel on
a special stand, the supports of which are rigidly
attached to the floor of the chamber and on them,
in turn, the span structure is suspended on springs
(Pic. 4). This layout of the experiment allows for
both static and dynamic testing of the bridge
crossing [10; 16].

During dynamic tests of the bridge
superstructure, the parameters of forced
oscillations of the model under the influence of
an aerodynamic load are determined:

» Amplitudes of oscillatory movements.

* Frequency spectra of oscillations.

* Ordinal forms of oscillations.

* Spectral characteristics of oscillations.

Static tests of the bridge section are necessary
to verify the load characteristics and compare
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Pic. 3. Scheme of suspension of a section of a span structure on spring braces [performed by O. I. Poddaeva, P. S. Churin, A. N. Fedosova].

Pic. 5. Model Ne 1 of the bridge span structure [performed by O. I. Poddaeva, P. S. Churin, A. N. Fedosova].
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Pic. 6. Graphs of the dependence of the lift force (Cy), drag force (Cx) on the angle of attack of the
flow [performed by O. . Poddaeva, P. S. Churin, A. N. Fedosova].

Displacensents., ma

1]

Wind flow speed. m's

Pic. 7. Dependence of displacements during oscillatory movements of a model of a span structure on the speed of the wind flow in its various
directions [performed by O. I. Poddaeva, P. S. Churin, A. N. Fedosova].

them with the parameters of the load acting on
the actual structure of the transport infrastructure:

* Drag of a characteristic longitudinal or
transverse section.

« Lift force acting both on the span section
and on the entire installation.

* Torsional moment around the longitudinal
axis of the bridge span section model.

The unique scientific installation «Large
Research Gradient Wind Tunnel» (registration
number 585332, webportal «Scientific and
technological infrastructure of the Russian
Federation. Centres for shared use of scientific
equipment and unique scientific installations»;
registration date: 04.05.2018) is used as an

experimental installation for conducting
aerodynamic experimental research.

Designing a model

Considering the cross-section of the working
area of the wind tunnel (4 x 2,5 m), from the
condition of «transparency» and uncluttered air
flow, the optimal scale of the model is 1:40 (Pic. 5).
To simultaneously ensure geometric similarity, the
required ratio of mass and rigidity of the span
structure, it is proposed to use flat sheets of
aluminium, from which the section of the bridge
span is assembled using bolted and riveted joints.

The proposed design solutions for creating
the model ensure not only the correct geometric
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Pic. 8. Scheme of the experiment to assess the number and location of vehicles on the span structure for its aerodynamic stability [performed
by 0. I. Poddaeva, P. S. Churin, A. N. Fedosova].
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Pic. 9. Dependence of the amplitude of oscillations of the model of the span structure on the wind flow speed for different loading
conditions of the structure [performed by O. I. Poddaeva, P. S. Churin, A. N. Fedosova].

similarity, but also a reliable distribution of linear
masses, in which the centres of mass of the model
and the real structure coincide in relative
coordinates.

Thus, the designed model corresponds to the
full-scale object by the following parameters:

* Geometric similarity.

* Correspondence of mass distribution.

+ Correspondence of geometric centres of
mass and moments of inertia.

These parameters fully satisfy the
requirements for experimental studies.

The correct choice of structural elements allows
for similarity in mass and inertial forces, which will
allow for the behaviour of the span structure model

®  World of Transport

to be matched to the behaviour of the real transport
infrastructure facility under aerodynamic impacts
of varying intensity and direction [16].

All frequency characteristics of the span
structure are modelled by specialised springs of
the measuring stand.

Experimental studies are carried out in two
stages:

« Static tests, during which the values of lift
force (Cy), drag force (Cx) and aerodynamic
moment (Cmz) are determined.

* Dynamic tests aimed at calculating the
amplitudes of bending and torsional vibrations
at different values of speed and wind flow
directions (o).
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Pic. 10. Cross-section diagram of the bridge [performed by O. I. Poddaeva, P. S. Churin, A. N. Fedosova].

Pic. 11. Model of the span structure [performed by O. I. Poddaeva, P. S. Churin, A. N. Fedosova].

Static tests

As aresult of static tests, the following graphs
were obtained showing the dependence of the lift
force (Cy), drag force (Cx) on the angle of attack
of the flow (Pic. 6).

Based on the obtained values of the acrodynamic
coefficients (Pic. 6) for model Ne 1, it is possible to
check the necessary condition for the occurrence
of acroelastic instability of galloping — the Glauert —
Den-Hartog criterion [10]:

[C,(e) + Cpfe)] < 0. (1)

As can be seen from Pic. 6, the lift coefficient
increases within the interval, and the drag
coefficient is positive, accordingly, the Glauert-
Den Hartog criterion is not satisfied, and
galloping is impossible.

Dynamic tests

The studies on the dynamic impacts of the
span section are carried out on the stand described
above (Pic. 3, 4), while the parameters of the
spring suspension rigidity are linked to the wind
flow speeds and are set in the model during its
design. The results of the tests are shown in
Pic. 7.

The impact of car traffic on aerodynamic
stability also was assessed (Pic. 8, 9).

Tests were conducted for the windward and
leeward spans of the bridge under study in the
following configurations:

A. Free span (Pic. 5).

B. Span with car traffic (Pic. 8).

C. Span with car traffic and snow deposits.
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Pic. 12. Model of the bridge span structure (car traffic) [performed by O. I. Poddaeva, P. S. Churin, A. N. Fedosova].
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Pic. 13. Graphs of the dependence of the lift force (Cy), drag force (Cx), torque (Cmz) on the angle of attack of the flow at angles of attack
(-10° - +10°) [performed by O. I. Poddaeva, P. S. Churin, A. N. Fedosova].

45

&

! ! o
0,2 0,15 0.1 0,05 o 0,05 o1 0,15 02

Pic. 14. Graph of the dependence of the Glauert - Den-Hartog criterion value on the flow attack angle at attack angles (-10° - +10°)
[performed by O. I. Poddaeva, P. S. Churin, A. N. Fedosova].
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Pic. 15. Dependence of maximum displacements of bridge span points during oscillatory movements
on wind flow speed with its direction a = 00 °) [performed by O. . Poddaeva, P. S. Churin, A. N. Fedosova].

Test results

The results of the physical experiments
conducted for two directions of wind flow with
an attack angle varying in the range from — 10°
to + 10° showed that the phenomena of
aerodynamic instability, according to the
classification (Pic. 2), do not occur.

The results of the experiment also showed
that the presence of vehicles and locally
cumulated snow bags does not significantly affect
the aerodynamic stability of the span structures
in the considered quasi-static setting of car traffic.
The determining factor is the influence of the
existing bridge crossing located in the immediate
vicinity. The influence of road traffic in this case
is negligible.

Research Object Ne 2
Statement of the problem

A span structure with a length of 600 meters
is being studied (Pic. 10).

Designing a model

The 1:70 scale model is made of sheet
aluminium (Pic. 11).

The results of static tests for the bridge span
model considering car traffic (Pic. 12) are shown
in Pic. 13.

The Glauert — Den-Hartog criterion was
tested using formula (1): for some angles of

attack, the necessary galloping condition is met
(Pic. 14).

For clarity of the results obtained during the
experimental dynamic tests, a graphical
dependence of the superstructure displacements
on the average wind flow speed is shown on
a scale corresponding to the real situation at the
transport infrastructure facility. In fact, it is
possible to observe a change in the stability
function of the bridge structure.

The tests were conducted for the windward
and leeward spans of the bridge under study in
the following configurations:

A. Free span (Pic. 11).

B. Span with snow accumulation and car
traffic.

C. Span with car traffic (Pic. 12).

The situation of accumulation of road
vehicles in two directions of traffic alternately
(traffic jam) was simulated. In accordance with
the average statistical dimensions of vehicles,
the following dimensions were taken as a basis
for the simulation:

—trucks —4 x 18 x 2,5 m;

— passenger vehicles — 1,5 x 4,2 x 1,7 m.

Pic. 15 shows the graphical dependencies of
the maximum displacements of the span structure
on the wind flow speed for various cases of
loading the span structure section at an attack
angle of +3°.
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CONCLUSIONS

Physical tests conducted with a physical
model of the structure regarding possible loss of
aerodynamic stability of sections of bridge spans
considering car traffic have shown that the
presence of car traffic, when studied at individual
angles of attack, has a favourable effect on the
aerodynamic stability of the span, which is
consistent with the conclusions of work [8]: for
a system with two degrees of freedom, stationary
vehicles have a rather beneficial effect on stability
of the bridge. This is primarily due to additional
turbulence of the wind flow over the span, which,
considering the different dimensions of car traffic
at its individual sections, prevents the formation
of a stable von Karman vortex street path and the
occurrence of resonant vortex excitation.

The results obtained appear to offer
a possibility of creating more accurate models of
aerodynamic loads on bridge structures
considering the influence of vehicle traffic and
additional snow load.
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ABSTRACT

The widespread adoption of Building Information Modelling
(BIM) in construction project management has been greatly
facilitated by technological advances. Despite this, the BIM
approach has been mainly applied to building construction projects,
with limited attention paid to infrastructure projects such as bridges.

The projects of this kind often present significant geometric and
semantic differences between structures, making it difficult to leverage
existing BIM data schemas. Recent research suggests that parametric
modelling can provide a viable solution to improve design efficiency
and interoperability. However, the number of existing scientific sources
on the topic remain extremely scarce. The objective of the study
presented in the paper is to address this knowledge gap by developing
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parametric bridge elements capable of generating all types of bridge
structures from a single parametric file.

The parametric scripts used in this study were developed using
Grasshopper, a visual programming language, and subsequently
integrated into Tekla Structures, a popular Building Information
Modelling (BIM) software, for modelling purposes. The resulting
BIM integration enables exploration and creation of advanced
designs with complex geometries, ultimately leading to cost-effective
solutions. Compared to traditional design methodologies, the results
obtained demonstrate significant improvements in terms of time
savings, increased design flexibility, and optimised structural
performance.
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INTRODUCTION

The technologies used in the architecture,
engineering, construction and operations
(AECO) industry are constantly improving, but
development of new requirements for them is
also accelerating. Large infrastructure projects
such as bridges are becoming more common,
requiring development of new technologies for
creating plans and documents, as well as handling
changes and incoming information during the
design process.

Previous drawing software (e.g., AutoCAD)
made it possible to create design documents,
store them electronically and make the necessary
changes. However, this approach is being
replaced by information modelling, which offers
significant advantages in terms of data integration.
As a result, BIM systems generate an object-
oriented 3D model linked to a database of all
elements and materials. Architectural design
(geometry of building elements, spatial
relationships, connectivity), structural design
(design documents, structural diagram) and
information about construction and maintenance
processes of the building are all included in the
information modelling system [1].

The design of bridge elements is a critical
aspect of infrastructure development, requiring
careful consideration of various factors such as
structural integrity, durability, aesthetics and
environmental impact. The traditional manual
design process can be labour-intensive, error-
prone and result in long design cycles. A review
of several publications (e.g., [2]) has shown that
a parametric design approach is one that
improves the efficiency of this process and
interoperability.

Building information and parametric
modelling technologies are increasingly used in
infrastructure design thanks to BIM design tools
[3]. The use of building information and
parametric modelling improves the design
process by reducing time and effort [4; 5]. The
method is based on the introduction of parameters
and numerical dependencies between elements
to create flexible models. The geometry is
implemented in parametric modelling using
a programming language, and most parametric
modelling situations are centred around visual
scenarios [6].

The objective of the study is to develop
parametric bridge elements capable to generate
all types of bridge structures out of a single
parametric file.

RESULTS
Methodology. Advantages of parametric
modelling

In parametric modelling, the script developer
enters parameters that serve as the basis for
creating geometry and then performing all the
necessary analyses and calculations. To simplify
the process, complex structures can be divided
into manageable components, such as the main
bridge, approach bridges and auxiliary
structures. Then, by combining these individual
sections, a single visual model can be created
that provides a comprehensive view of the
overall structure.

The methodology described in this article
aims to overcome the limitations that arise in the
design process by using the tools available in the
Grasshopper environment, which uses visual
scripts and does not require the designer to have
programming skills.

The article also discusses examples of
developed parametric bridge elements, using
which it is possible to speed up the process of
creating and modifying parametric models of
astructure without the need for manual adjustment
of individual components. This innovation is
aimed at optimising the design process, increasing
work productivity and reducing the likelihood of
errors. The parametric elements required in the
project are developed in the BIM environment
and then connected to form a single structural
organism. The direct link between Grasshopper
and Tekla Structures enables the entire process
to be completed. With direct links between
software such as Tekla Structures and visual
programming tools such as Grasshopper,
designers can implement the workflow without
programming experience. The process of
interaction between information modelling and
visual programming software is briefly presented
in Pic. 1.

Stages of creating parametric elements

The application of algorithmic design in
bridge construction offers promising opportunities
for innovation. To illustrate this potential, let’s
consider the example of creating parametric
elements for a bridge in the Republic of
Myanmar.

A bridge is always built from scratch, from
the piers to the deck [7]. This is well suited for
modelling. In the Grasshopper environment, the
user can define the bridge axis by specifying three
points (coordinates of the start, middle and end
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Pic. 1. Workflow between Grasshopper and Tekla Structures [performed by the author].
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Pic. 2. A simple Grasshopper script for concrete bridge piers [performed by the author].

points) or directly extract a curve from the bridge
axis by re-parameterising the geometry obtained
from direct modelling using the «curve» element.
The user can then simply create a script to build
the piers according to the bridge axis. To obtain
a stable and convenient model for the designer,
users can split the model into several sub-models
associated with each bridge element (deck, piers,
guardrails, etc.). Pic. 2 shows a script developed
for bridge piers.

The next step is to design the bridge beam
elements. The beams provide the primary support
for the bridge deck and transfer the weight to the
piers. Since the «I» shape is structurally efficient,
the beams are often shaped like this. The top and
bottom flanges of the «I» shape provide horizontal
support and resistance to bending, while
a vertical web connects two flanges and provides
resistance to shear pressure. In Grasshopper,
I-beams are created by first defining a profile and
then using various elements to build the
geometry. The beams are designed in such a way
that the user can modify the section specifications
as desired.

The beam is created using polylines, which
are then segmented based on connection points
or length specifications. Regions can be defined
in the structural model where the beam properties
change, such as the effective width of concrete
elements or the cross-sectional properties of
a solid beam. These parameters can be modified

using a parametric approach. For example,
a parametric [-beam was created using a BIM-
based algorithm (Pic. 3), demonstrating the
potential of this approach.

The creation of a bridge span is usually one
of the challenging aspects for designers due to
the uniqueness of the input data, which is the
guide curve for the bridge [8]. The length of
the bridge and other characteristics are
considered when arranging the piers. The script
allows creating piers of different lengths and
connecting them to the main beams or cross
beams [9]. During the modelling process, it is
possible to select different types of cross beam
profiles and their number depending on the
features. To prove the adaptability to changes
in parameter values and conditions, the
geometry generation process goes through
several stages. Once the Grasshopper bridge
model is completed, it can be used as a template
for other projects by connecting it to the
database [10; 11]. The result of using the
bridge deck width parameterisation and how
it changes when the parameter related to the
number of beams changes is shown in Pic. 4.

With direct connections between BIM
software such as Tekla Structures and visual
programming tools such as Grasshopper,
designers can implement a parametric
workflow without prior programming
experience [12].
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Pic. 3. Parametric I-beams in Grasshopper and Tekla Structures [performed by the author].

\
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Pic. 4. The number of beams determines the change in the deck of the bridge [performed by the author].

Pic. 5. Large number of profiles in Tekla plugin in Grasshopper [performed by the author].

If desired, the user only needs to generate
a Grasshopper-based element, add it to the Tekla
component catalogue, and use it with ease. Since
Tekla offers an extensive library of profiles for
different sections (Pic. 5), the software is
particularly effective in developing parametric
parts for bridges [13].

By working on computer-aided design using
algorithms, designers can overcome the
limitations of standard CAD software and 3D
computer graphics tools, achieving a degree of
complexity beyond the ability of humans to
interact with digital objects [14]. To take
advantage of these capabilities, the operator must
be familiar with the basics of programming

languages such as C# or Python.

A simplified parametric design of a steel truss
for a bridge is shown in the final section of this
study. Developing a simple and efficient process
that is useful during conceptual design, early
reviews and decision making is the goal while
we continue to work on parametric elements for
all the many bridge types that Grasshopper offers.

Creating a parametric frame in Grasshopper
involves using a variety of elements and tools to
define parameters, relationships and geometry. To
create such a design, it is necessary to define key
parameters, establish algorithms or mathematical
relationships that govern the frame geometry and
structural elements, and use Grasshopper elements
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Pic. 7. Parametric truss section in Tekla Structures [performed by the author].

to transfer these rules into a parametric 3D model.
Through this iterative process, designers can refine
and optimise the design according to the stated goals
and constraints. The final result is a parametric truss
that is easily adaptable to changing design
requirements and is automatically updated in Tekla
Structures (Pic. 6; 7).

CONCLUSIONS

The integration of modern technologies into
design, construction and operation of transport
infrastructure allows finding effective and
optimal solutions at any stage of the life cycle of
the structure [15; 16]. Using plug-ins to combine
specialised software with information modelling,
operators and designers can minimise the
likelihood of errors and optimise the design
process. The implementation of additional
programs and plug-ins facilitates creation of an
information model of the bridge, as well as
execution of necessary calculations at any stage
of the facility’s operation, considering the results
of monitoring. In addition, parametric modelling
allows engineers to work with complex geometry,
automate repetitive design tasks and create
customised workflows, thereby optimising the
design process and increasing overall efficiency.

In the presented work, parametric elements
for bridges are created using Grasshopper add-in,
a visual programming language and environment
that enables creation of a flexible generative
model ready for testing in Tekla Structures. The
algorithm generates the geometry of bridge
elements based on parametric input parameters,
where each structural element has its own set of
input values that define the dimensions of the
geometry. By changing these input values, the
width, height, length, and inclination of individual
structural elements can be changed. An operator
query determines which values need to be
parameterised, allowing for efficient and targeted
design changes. The proposed visual scenarios
demonstrate improved performance in terms of
computational costs and resource-efficient design
and analysis, outperforming traditional
incompatible processes. This approach enables
the efficient creation of bridges with complex
geometries and facilitates the optimisation of
design parameters, ultimately reducing the time
and resources required for design and analysis.
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ABSTRACT

The article is devoted to the study of the effect of the fill level
of liquid cargo on frequency characteristics of the shell of a tank
wagon boiler.

The study has applied within its framework an approach used
to estimate the frequencies and modes of natural oscillations of
steel tanks under the influence of seismic loads. This approach
assumes considering two components of natural frequencies: pulse
and convective ones. To determine the listed frequencies and modes
of natural oscillations, the finite element method using FLUID221

acoustic elements was selected. The choice of the method is
justified in the previous studies of the authors.

Using the selected method, convective natural frequencies of
oscillations of the free surface of the liquid and pulsed frequencies
of natural oscillations with different fill levels of the tank wagon boiler
with liquid cargo were studied. Confirmation of reliability of the
results for pulse frequencies of the shell containing the liquid is
ensured by consistency with the data obtained by the authors in
previous works using the semi-momentless theory of shells.

Keywords: railways, tank wagon, tank wagon boiler, oscillation frequencies, oscillation forms, free surface, convective frequencies,

pulse frequencies.

For citation: Grigorev, P. S., Korzhin, S. N., Ibodulloev, Sh. R. Study of Liquid Cargo Influence on Frequency Characteristics of Tank
Wagon Boiler Shell. World of Transport and Transportation, 2024, Vol. 22, Iss. 3 (112), pp. 183-189. DOI: https://doi.org/10.30932/1992-

3252-2024-22-3-6.

The original text of the article in Russian is published in the first part of the issue.
Tekcm cmambu Ha pycckoM si3bIke ny6aukyemces e nepeoli Yyacmu daHHO20 8bInycka.

® © Grigorev, P.

orzhin, S. N., Ibodulloev, Sh. R., 2024

N

SCIENCE AND ENGINEERING



INTRODUCTION

In the process of developing railway rolling
stock design, the main focus is on conducting
comprehensive studies aimed at a thorough
assessment of the dynamic characteristics. Such
studies are critically important due to the specific
operating conditions in which wagon structures
operate. In particular, the analysis of natural
frequencies of oscillations and their modal forms
for cargo wagons becomes an integral element
of the design', ensuring safe and reliable
operation of the wagon structure. Understanding
the frequency characteristics of structures allows
engineers to prevent dangerous resonance
phenomena that can lead to emergency situations.

The main objective of the study is to assess
the natural frequencies and vibration modes of
the tank wagon boiler shell. One of the key
problems complicating the process of calculating
these parameters is the need to consider the
characteristics of the transported cargo. In this
regard, the main purpose of the study is to
consider the interaction of the cargo with the tank
wagon boiler structure, which, as practice and
theoretical studies show, has a noticeable effect
on the frequency characteristics of the system.
In calculation practice, considering liquid in
tanks subject to various types of dynamic loads
requires special attention during design to ensure
safety and reliability of the structure.

REVIEW OF THE SOURCES

Problems of this kind are given much
attention in the field of calculations of steel tanks
for seismic impacts. The basis for calculating the
mathematical model of the «tank — liquid»
system was laid in 1954 by G. W. Housner in his
work [1]. This approach considered a simplified
mathematical model consisting of a system of
discrete masses, which made it possible to
significantly simplify the process of calculating
hydrodynamic forces. The proposed model
included two types of kinematic freedom:
impulsive, which related to movement of the tank
shell together with the main mass of its contents,
and convective, associated with movement of
waves on the surface of the liquid inside. Based
on the assumption that the container walls are
absolutely non-deformable, and the liquid is
ideally incompressible and has no internal

! GOST [Russian state standard] 33788-2016 «Cargo and
passenger cars. Methods of testing for strength and dynamic
properties». [Electronic resource]: https://docs.cntd.ru/
document/1200137251. Last accessed 21.02.2024.

friction, G. W. Housner applied simplified
computational approaches to deriving formulas
related to a number of different types of
containers, including cylindrical ones. Currently,
in some countries, the Haroun and Housner
model [2] is used for tanks with flexible walls,
and the Veletsos and Yang model [3] is used for
tanks with rigid walls. In domestic calculation
practices, the recommendations developed by
I. I. Goldenblat and N. A. Nikolaenko [4] have
become widespread.

For the problem under consideration, the
expression for determining the splash frequency
of the free surface of a liquid is of interest:

H
®, =%xn th(xn ;), (1)
where A are the zeros of the modified Bessel
function (to determine the first form of the splash
wave, A_is taken to be equal to 1,84);

n — oscillation mode,

g — acceleration of gravity,

H — height of a cylindrical tank,

R — inner radius of a tank.

Despite the rather extensive research in the
field of estimating the frequencies of liquid tanks,
considering both convective and impulsive
frequencies, such calculations have not been
performed for tank wagon boiler shells. The
works [5; 6] consider analytical approaches to
estimating the frequency characteristics of tank
wagon boiler shells, considering the level of
filling them with liquid cargo. The results of these
calculations showed satisfactory agreement with
the results obtained by researchers earlier [6] and
the results obtained based on experimental
studies [7; 8].

The authors of the article [9] considered
approaches to estimating the natural frequencies
of tank wagon boilers and various methods for
estimating the effect of liquid on natural
oscillations using numerical methods. Such
methods include the analysis of natural
frequencies using the Acoustic body extension,
accounting for liquid as a distributed mass,
modelling liquid as a solid body, using the
FLUID80 element and applying acoustic
elements.

According to the results of the conducted
study, the most acceptable approach was to
consider the liquid inside the tank using acoustic
elements.

The article [10] shows an example of
calculating the frequency characteristics,
including natural frequencies and oscillation
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modes of a square tank using the finite element
method with the FLUID221 acoustic elements.
This approach made it possible to estimate the
impulsive and convective frequencies of the tank
at different fill levels and under different
conditions. The reliability of the approach
considered is described in detail in [11; 12] by
comparing various analytical and numerical
methods for estimating the frequencies of natural
vibrations of the «mechanical system — liquid»
system or the so-called fluid structure interaction
(FSI).

The work [11] considered several options for
numerical modelling of considering liquid as an
acoustic body, including as the FLUIDS80 liquid
element and as various types of the
FLUID30/220/221 liquid acoustic element.

MATERIALS AND METHODS
FLUIDS80

The FLUID8O element is a single fluid
element that uses the material properties of
density (DENS) and bulk modulus (EX).
Separate but coincident nodes are used to model
the fluid—solid interaction at the FSI interface.
These nodes are connected to the solid such that
they can slide in the tangential direction relative
to the body but are bonded in the normal
direction. This can be achieved by creating
appropriate meshes at the fluid—solid interface
and at the solid—fluid interface. The coincident
nodes are then connected in the normal direction.
These elements have the degrees of freedom UX,
UY, and UZ. In [13; 14], this element is applied
to model liquid storage tanks. Note that the Block
Lanczos method [15; 16] is also suitable for these
elements. The element can generate several low-
frequency sloshing modes of fluid oscillations
that can occur with little or no motion of the
solids. Therefore, it is recommended to skip or
ignore low-frequency fluid modes when
evaluating the pulse frequencies of natural
oscillations. These modes can also be identified
by their low mass participation coefficient.

FLUID30, FLUID220, and FLUID221
FLUID30 is an acoustic fluid element that
shares nodes with neighbouring solid elements.
This element uses the fluid density (DENS) and
sound velocity (SONC) to define the material
properties. Previously, the FLUID30 element
used an asymmetric matrix, which required an
asymmetric solver. Accordingly, the modal
analysis could not be accompanied by forced

®  World of Transport and Transportation, 2024, Vol.

response and power spectral density analysis. To
model the fluid-solid interaction (FSI), two types
of FLUID30 elements were used: fluid adjacent
to the solid and fluid not in contact with the solid.
The fluid adjacent to the solid has the degrees of
freedom UX, UY, UZ, and pressure (PRES) to
describe the interaction between the solid and
the fluid. The fluid that does not interact with the
solid has the degree of freedom PRES only to
interact with other fluid elements. Later,
FLUID30 elements were used, allowing creation
of a symmetric matrix. Unlike FLUID80
elements, FLUID30 elements are less sensitive
to grid density.

FLUID220 and FLUID221 are higher-order
variants of FLUID30.

Based on the analysis of practical calculations,
we will use the FLUID221 element, which is
a three-dimensional solid 20-node element of
higher order (see Pic. 1). The FLUID221 element
is used to model a liquid medium and an interface
in problems of fluid-structure interaction.

Initial data

Further in the calculations we will use the
following initial data, shown in Table 1.

The following assumptions are accepted for
further calcualtions:

— The liquid is ideal, incompressible.

— The liquid movement is irrotational.

— The boiler shell has an ideal cylindrical
shape with elliptical bottoms.

RESULTS AND DISCUSSION

Pics. 2 and 3 show the solid model under
study.

For clarity, the Pic. 3 shows a model cut in
the XOY plane, and the fill level corresponding
to 90° (or a fill factor of 0,5).

The model was divided into elements as
follows: elements of the SOLID187 type were
used for the solid body, elements of the FLUID221
type were used for the liquid, and the contact
between the solid body and the liquid was
provided using CONTA174 elements. The
CONTA174 eclement is necessary to create
a sliding contact between the elements of the
solid body and the liquid.

The first forms of oscillations of pulse and
convective frequencies are shown in Pics. 4 and
5, respectively. Table 2 shows the results obtained
using the finite element method and the energy
approach [9] proposed by the authors using the
semi-momentless shell theory. When comparing
the calculation results, it was found that they
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Pic. 1. Geometry, location of nodes and coordinate system of the FLUID220 element (left) and FLUID221
element (right) [https://www.mm.bme.hu/~gyebro/files/ans_help_v182/ans_elem/Hlp_E_FLUID220.htmI;
https://www.mm.bme.hu/~gyebro/files/ans_help_v182/ans_elem/HIp_E_FLUID221.htmI].

correlate fairly well with each other and are in
the same frequency range. We consider these
results satisfactory.

Let us estimate the effect of the liquid on the
frequencies of natural oscillations of the shell

itself, that is, on the so-called pulse frequencies.
Table 2 clearly shows that with an increase in the
filling level, the natural frequency of oscillations
decreases. For example, when the fill level
changes from 0° to 171°, the natural frequency

Table 1
Initial data (performed by the authors)

Designation Name Parameter Dimension
E Modulus of elasticity of the boiler material 210 GPa
1 Poisson’s ratio 0,3 -
g Acceleration of gravity 9,81 m/s?
Py Density of the shell material 7850 kg/m’
P, Density of liquid cargo material 1000 kg/m?
C Velocity in the acoustic environment of liquid cargo 1435 m/s
D Inner diameter of the cylindrical part of the shell 3 m
h Boiler shell thickness 10 mm
L, Length of the cylindrical part of the shell 17 m

ot Length of the elliptical bottom overhang 0,45 m
Ban Liquid cargo filling angle 0°—180° -
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Pic. 2. General view of the solid model [performed by the authors].
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Pic. 3. Finite element model of the boiler shell [performed by the authors].
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Pic. 4. The first natural form of pulse oscillations of the shell of a tank wagon boiler filled with liquid [performed by the authors].
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Pic. 5. The first convective form of oscillations of the free surface of a liquid [performed by the authors].

of oscillations of the shell of the model under
consideration decreases by more than 50 %.

Convective frequencies deserve special
attention. The study of liquid splashing in the
boiler of a tank wagon is an urgent and rather
complex task. In Table 2, opposite each fill level,
two frequencies of pulse oscillations of the free
surface of the liquid f,  are presented. The first
frequency corresponds to one half-wave of
oscillations of the liquid in the longitudinal
direction, the second — to one half-wave of liquid
oscillations in the transverse direction. In our
opinion, these types of liquid oscillations are
easily excited when a tank wagon moves along
uneven track surfaces. For example, if the tank
wagon boiler is filled to a filling angle of 153°
and forced oscillations occur with a galloping
frequency of 0,19 Hz, this can lead to liquid
movements that affect the dynamics of the
wagon.

CONCLUSIONS

The frequencies and modes of natural
oscillations of the tank wagon boiler shell were
calculated considering different levels of filling
it with liquid cargo. The calculation was
performed using the finite element method, in
which the FLUID221 element was used. This
approach made it possible to obtain two types of
natural frequencies — pulse and convective ones.
The calculation results showed satisfactory
convergence with the approaches proposed by
the authors for solving similar problems in their
previous works based on energy approaches and
shell theory.

Based on the results of the studies, the
following conclusions can be made:

— The use of the finite element method and
the energy approach based on shell theory gives
similar results in estimating the pulse frequencies
of natural oscillations.

Table 2
Calculated values of pulse and convective frequencies [performed by the authors]
Fill level | Natural frequency of the shell Natural frequency of the free surface of a liquid
considering the liquid (convective frequency)
(pulse frequency)
Bﬁll -fpulse’ Hz fconv= Hz
Energy approach FEM FEM
171° 4,12 4,24 0,32 —
153° 4,17 4,35 0,19 0,83
126° 4,15 4,52 0,13 0,59
90° 5,45 4,86 0,093 0,47
54° 7,69 6,21 0,057 0,42
0° 10,81 10,89 —
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— The approach used in the study allows us
to estimate the convective natural frequencies of
the free surface of the liquid, which are
significantly lower than the pulse frequencies.

— Filling the tank wagon boiler with liquid
cargo significantly reduces the natural frequency
of its shell. For the case under consideration,
filling with liquid leads to a decrease in the
natural frequency of the boiler by more than
57 %.

— The convective frequency of the free
surface of the liquid increases with the increase
in the fill level of the liquid cargo.

— In the strength calculations of tank wagon
boilers, attention should be paid to the change in
the natural frequency of its shell when they are
filled with liquid cargo.
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ABSTRACT

Motorsport is one of the fastest growing technological areas,
and technical solutions related to racing cars are often subsequently
implemented in civilian automobile manufacturing. Thus,
development of racing cars has a direct impact on development of
the entire automotive industry.

In the framework of the study, a patent search in the field
of racing cars was conducted using patent databases; a patent
analysis of the market was performed, and the features of
patenting individual technical solutions were considered. The
objective was to identify trends in development of patent activity
in the field of racing car technologies. The purpose was to
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identify leading countries and organisations in terms of patent
application and activity, and to reveal a common trend for them
regarding racing car technologies. The analysis revealed the
general dynamics of technology development, characterised by
periods of confident growth and decline in activity, and the
absolute leadership of China and Chinese organisations in terms
of the number of applications and patents. The study can be
applied both to determine the dynamics of technology
development in the field of racing cars and to establish the level
of interest of individual countries, researchers and organisations
towards this area.
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INTRODUCTION

Motorsport is one of the fastest growing
technological areas, requiring constant
improvement due to its competitive nature. This
large industry plays an important role in the
economic sector, attracting tourists and fans from
all over the world. However, as the popularity of
motorsport grows, so do the problems associated
with, among other things, the technological side.
For example, the impact of this sport threatens
the environment [1]. To solve this problem, the
process of modernisation of technologies is
constantly taking place: e. g., hybrid power plants
are integrated into motorsport. Thus, new
technologies appear that require legal protection
as the results of intellectual activity.

Protection of the results of intellectual
activity in the field of racing cars has its own
specifics. Often, inventions in this area are not
limited to racing competitions but are also used
in civil automotive engineering. The results of
intellectual property related to racing cars
describe not only the racing cars themselves, but
also the devices necessary for their operation,
design features, parts, control systems and much
more. It can be said that motorsport is a kind of
«testing ground» for automobile manufacturers
wishing to test the latest technological
achievements. In addition, racing competitions
are a strong impetus for development of
technologies, since motorsport is largely based
on a technological race, forcing participants to
constantly modernise and enrich their own
developments. In this regard, relevant are various
scientific studies, for example, concerning
development of motorsport within a separate
municipality [2] for which automotive industry
plays the role of urban development backbone.
Even more spread are research works analysing
the technical side, in particular the design
features of racing cars (e.g., [3-8]). It is also
worth mentioning research describing various
electronic systems for racing cars (e.g., [9—15]).

The objective of the study is the analysis of
racing car technologies using patent search tools.

The patent search was carried out using the
Espacenet patent database by keywords (racing
AND car OR racing vehicle; bolide AND car OR
bolide AND vehicle; motorsport AND car OR
motorsport AND vehicle; formula AND car OR
formula AND vehicle), in retrospect from 2012
t0 2022, with a restriction on the IPC (International
Patent Classification) (B60, B62, B65, B66, F16,
G01, G05, G06, HO1, HO2, HO8) and without

restrictions on the countries of the priority
application. When analysing patent activity, only
patents for inventions and utility models were
considered.

RESULTS
Approaches of analysis of patent indicators

The main difference in protection of
intellectual property concerning racing car
technologies is that it is quite difficult to keep the
secret of production within the framework of
racing competitions, since, according to the
sports regulations, it is strictly forbidden to cover
any part of the car with screens, covers and other
parts that can hide the design of both the entire
car and individual parts in particular (e.g., [16]).
Of course, competitors do not have access to the
technical side of the designs (drawings and other
technical documentation), but engineers who are
experts in the field are able to discern an inventive
innovation even from the outside.

Most often, authors resort to fixing copyrights
in relation to such developments by publishing
scientific articles that describe the technical
solution to one degree or another, since this is
faster and easier.

Therefore, it is possible to note in advance
a rather low level of patenting in the racing car
industry. There are several reasons for this:

* The industry is developing so rapidly that
patenting new technologies becomes meaningless.
A technical solution may lose its relevance within
3—4 months, and the procedure for obtaining
a patent takes an extremely long time, which is
critical for such a rapidly developing industry.

» Competitors can easily spy not only on the
external expression of design features, but also
on the essence of the technical solution.

* Court proceedings on the results of
intellectual property in this area are quite
expensive and take a lot of time and effort from
companies.

* Even though most technical solutions in this
area are protected not by patent documents, but
by a commercial secrecy regime, there is a risk
of disclosure of technical solutions by
competitors, for example, with the help of
defector employees, etc.

These nuances create a specificity of patent
activity in the racing car industry. Probably, most
technical solutions remain outside the field of
view of patent analysis, due to the above factors.
However, the level of patenting revealed by the
study is still sufficient to draw conclusions about
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the state of the technical industry, the pace of
development and future trends. Therefore, the
main purpose of the study is to demonstrate the
development of patenting in the racing car
industry, identify patenting features, as well as
leaders among countries and companies.

ANALYSIS RESULTS
Patenting dynamics

The dynamics of applications and issued
patents for the period 2012-2022 (Pic.
1) demonstrates the active growth of racing car
technologies in 2014, continued until 2017. In
2014-2017, 4197 applications and 3938 patents
were registered, which accounts for most of the
patent activity for eleven years-long period. The
number of registered applications and issued
patents is approximately equal, which indicates
the patentability of most of the presented
technical solutions. In 2018, there was
a significant decline in application and patent
activity. Subsequently, the dynamics did not
reach the previous peak indicators. However, this
fact can be explained by the time lag of the patent
database, caused by the fact that many patent
documents are still undergoing examination
procedures, and therefore cannot be reflected in

the open access of the search engine. Nevertheless,
now, the results of the patent analysis demonstrate
a trend of declining interest in patenting during
the period 2018-2022".

Patented objects

The racing car technology market is quite
diverse and includes many technical solutions
aimed at achieving such technical results as
safety, efficiency and other performance
indicators of the car. A racing car is a complex
system that requires both parts and devices as
well as electronic systems. Also, depending on
the type of competition, the requirements for the
design of the car vary greatly. In this analysis,
all technical solutions related to racing cars in
general were considered, without restraints on
the types of competitions.

As an example of such technical solutions,
we should consider patent CN108050173B of
Taiyuan University of Technology. This invention
describes a bionic structure braking system for
a Formula 1 racing car and as stated in the
description solves the problems of low braking
efficiency and short service life of existing
braking systems. The described braking system
includes a brake disc, a four-piston calliper,
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a guide bolt, two friction blocks and a return
spring. This braking system is based on the bionic
principle (imitation of a rough surface), which
increases the wear resistance of the system.

Also, it is worth considering the patent
KR102478299B1 of Honam University Industry
(University Cooperation Centre). This invention
describes a suspension device of a racing car
based on the rolling phenomenon, which helps
to improve the stability of the car when turning.
According to the description of the invention,
when the vehicle makes a sharp turn, the front
wheels turn in the direction opposite to the
rolling, thereby improving the stability of the
vehicle when turning.

Distribution of applications and patent
activity by countries and organisations

In the context of application and patent
activity of individual countries, it is necessary to
highlight the absolute leadership of China.
Chinese applications make up 93 % of the total
array of technical solutions related to racing cars,
and patents — 96 % (according to the patent
database Espacenet?. Such a large gap between
Chinese activity and competitors is a consequence
of'the fact that many foreign companies involved
in racing cars outsource the development of
technical solutions to Chinese research centres
and universities due to lower costs and faster
implementation of developments, and they, in
turn, secure the results of developments for
themselves with the help of patents. This is
confirmed by the fact that some patent documents
have a priority application from China but are
published in a foreign patent office (for example,
in the USA, Japan, Italy and other countries).

Among other countries, there are applications
from Japan, South Korea, Germany, the USA,
France, Russia and other countries but their
share, compared to China, in the total array is so
small that it is impossible to talk about full-
fledged quantitative competition. Chinese patent
documents have almost completely filled the
market of racing car technologies, and not only
on the national territory.

The ranking of the top 10 leading organisations
by the number of filed applications and patents
(Pic. 2) also demonstrates the absolute leadership
of Chinese organisations. Only one organisation
(TOSHIBA KK) represents Japan, while the rest
of the ranking positions are represented by
Chinese companies. Based on the data, it is clear
that the distribution of filed applications and

patents is uneven. For example, Guangdong
University of Technology (UNIV GUANGDONG
TECHNOLOGY in Pic. 3) ranks 3™ with 47
applications and 23 patents. However, State Grid
Corporation of China (STATE GRID CORP
CHINA) has fewer applications, but more patents
(31 applications and 31 patents).

Based on the patent search data, it follows
that out of the total array of applicants, universities
account for 41 % of organisations, private
organisations — for 56 %, and individuals — for
2 %. Private organisations form the largest part
of the application and patent activity in the field
ofracing cars. For example, in the ranking of top
organisations regarding patent activity, five out
often organisations are private organisations, the
remaining five positions are represented by
universities. Among private organisations, there
are both private research centres and large
automobile manufacturing companies. For
example, in the ranking of leading organisations
(Pic. 2) there are such large automobile
manufacturing companies as SAIC, FAW, BAIC.

Universities also form a large part of patent
and application activity. For example, the Jilin
University is the leader of application and patent
activity (Pic. 2), entities affiliated with universities
occupy five positions among top 10 organisations.

Individuals occupy the smallest share of the
total array of application and patent activity. The
identified patent documents of individuals
describe technical solutions for the entire
automotive industry, applicable, among other
things, to racing cars, rather than specialised
devices exclusively for racing cars. In this case,
the value of patents increases, since their area of
their application expands, but at the same time
this confirms the fact that inventions to be used
exclusively in racing cars are patented quite
rarely, due to the rapid obsolescence of technical
solutions. It is possible to extend the relevance
of such a patent in the technology market only
by expanding its area of application, therefore,
often protected technical solutions in the field of
racing cars are also applicable to general
automotive engineering.

Publication activity

Special attention should be paid to the
analysis of publication activity on racing car
technologies. Patents and research publications
together provide a complete picture of
development of technologies and scientific
research. Patents show which technologies are
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protected and can be commercialised, while
scientific publications show what research is
being conducted and what areas are considered
promising in the academic community. The
analysis of publication activity was carried out
using keyword searches similar to patent
searches, with a limitation on the type of
scientific publications (Articles only) in the
Dimensions, CORE publication databases, while
the main array of scientific publications for
analysis was taken from the Open Alex database.

The dynamics of scientific article publications
for the period 2012-2022 (Pic. 3) demonstrates
a relatively uniform growth in publication
activity. For the period 2012-2018, the number
of annual publications increased from 708 to 993
publications, which is the peak value for the
entire analysed period. However, starting from
2019 and until 2022, the dynamics begin to show
downward trends. Thus, during the specified
period, the number of publications decreased
from 899 to 786, which, however, is not a critical
drop in publication activity.

Also, the subject headings to which the
mentioned publications belong were analysed
(Pic. 4). The largest number of publications (358
publications) were noted in the topic referring to
advanced vehicle dynamics control systems,
which indicates high interest and active research
in this area, possibly due to the relevance and
significance of improving the controllability and
safety of vehicles. Also, in this ranking were
noted publications on the topic of «Modelling
and optimisation of composite springs of
vehicles» (238 publications), «Aerodynamics of
high-speed trains and vehicles» (213 publications)
and others.

Thus, publication activity demonstrates
a relatively uniform development trend. It is
worth noting that the noted decline in the period
2019-2022 is not critical and does not demonstrate
a rapid rate of decline in publication activity,
however, it should be considered in the long-term
analysis of the industry. When comparing patent
and publication activity indicators, it is noticeable
that the peak values of publication activity are
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much lower than similar values of patent activity.
Nevertheless, the rate of development of
publication activity demonstrates a more stable
nature.

CONCLUSIONS

The patent activity analysis data shows
that, in general, the level of patent activity in
the racing car field has experienced both

a steady rise and a significant decline. Even
though most of the technical solutions are
probably protected as know-how and are not
available for open patent analysis, it was
possible to trace a continuous increase in
patent activity over the period 2014-2017. The
bulk of the application and patent activity
occurred during the above-mentioned period,
after which a decline in activity was observed.
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Regarding the application and patent activity
of'individual countries, the undisputed primacy
of the world leader — China — was revealed,
both in the number of applications related to
racing cars and in the number of patents issued.
China also leads in the number of the most
active organisations and is unlikely to give up
its position in the coming years. The leading
role in application and patent activity for
racing car technologies is played by private
organisations and universities, providing most
of the technical solutions.
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ABSTRACT

Increasing the efficiency of ultrasonic testing in railway
transport is possible due to improvement and modification of the
existing technology. One of the main tasks of increasing efficiency
is to improve reliability and information content of ultrasonic testing
of wheel rims during repair of wheelsets.

The contact method of ultrasound input for wheel rims is still
predominant at the enterprises of the wagon and locomotive facilities
of railways.

The article covers the techniques of ultrasonic flaw detection
of the rim of solid-rolled wheels during repair of wagon wheelsets
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in accordance with the existing regulatory technical documents.
The problems of detecting defects by piezoelectric transducers with
input angles of 0°, 40°, 50° when testing the rim from the lateral
inner surface and 90 ° from the side of the tread area are described.

A version of a new method for testing the wheel rim from the
side of the tread area using piezoelectric transducers with input
angles of 65°-74° is proposed. A comparative analysis was
conducted to simultaneously identify eight reflectors in a test sample
using 2.5R65°69°74°, P121-2.5-70° RDM and P121-0.4-90°
transducers.
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INTRODUCTION

Today, ultrasonic testing in railway transport
occupies a special place due to the need to ensure
safety of cargo and passenger transportation. It
is the basis for identifying internal defects,
surface cracks revealed by the depth in various
parts of wheelset axles, as well as in rims and
disks of solid-rolled wheels'.

To check the rims of solid-rolled wheels for
defects, the main method is ultrasound (US) input
from the inner edge of the wheel with piezoelectric
transducer (PET) input angles of 0°, 40°, 50°.
However, in practice, when US is input from the
inner edge, there is a «dead» zone in which
a defect may occur. For example, the standardised
«dead» zone for PET for input angles of 40°, 50°
is =6 mm, and for an input angle of 0° — 10 ...
15 mm. At the same time, the contact method of
US input may not provide the required sensitivity
of the method in places of scoring and chips,
which may be on the inner edge of the wheel [1].
The wheel rim thickness also affects the detection
of defects in the case of a fixed position of PET
in the USK-5A wheel scanning device. In the
regulatory technical documentation, the main
attention is paid to the detection of reflectors of
certain sizes in different parts of the wheel, but
the fact that defects can be located at different
angles relative to PET and be in other zones is
not considered. Natural defects (pores, cracks,
delamination, etc.) differ from artificial reflectors
(holes, drilling, cuts, etc.) by abnormality of the
shape. For example, inside the defects there may
be oxides and various substances, which, during
US testing, as a rule, contribute to a decrease in
the amplitude of the reflected signal. Voluminous
defects such as pores, slag inclusions of various
types provide scattering of the incident wave
almost the same in all directions. However, for
planar defects (cracks, delamination, etc.), the
scattering has an obvious direction. The direction
of the plane of such defects in relation to the
plane in which US wave propagates can differ
dramatically and directly depends on the
manufacturing technology, conditions and modes
of further operation of the wheels. Cracks that
come out from one point or have a spider-like
appearance are of interest for detection.

High-amplitude echo signals from planar
defects are observed only under favourable
conditions (specular reflection). With non-

! PR NK V.2. Rules for non-destructive testing of parts
and components of wagon wheelsets during repair. Special
requirements. Moscow, JSC Kodeks, 2013, 88 p.

specular reflection, diffraction waves appear from
the edges of the defect. Their amplitude is
significantly smaller than the amplitude with
specular reflection and is determined by the shape
of the defect, the direction of emission and
reception relative to the plane of the defect, and
the type of emitted and received waves [2—4].

In practice, it is noted that when testing
products with surface irregularities from
mechanical processing with straight PET,
a Rayleigh surface wave can be excited, which
propagates perpendicular to the directions of
irregularities [5]. Such an effect leads to
appearance of false echo signals on the flaw
detector scan and affects the correctness of
assessment of the quality of wheel rims (tires).
For example, when introducing US from the
lateral inner surface of the wheel, a false signal
can appear from the dihedral angle of the edge
of the rim (tire) opposite the flange.

It should be noted that when testing with an
inclined combined PET, the amplitude of the
echo signal of the diffraction wave from the edge
of the vertical half-plane with a small cross-
sectional area is approximately equivalent to the
amplitude of the reflected signal from a lateral
cylindrical hole with a diameter of ~4 mm for
a longitudinal wave and 2 mm for a transverse
wave (for calculating d = M/2w, where A is the
wavelength at a PET frequency of 2,5 MHz).

Scattering is also observed on the uneven
surface of the defect. The scattering is greater,
the greater is the Rayleigh parameter (R =
2koxcosxe, where k is the wave number, o is the
root-mean-square value of the unevenness height,
¢ is the angle of incidence of the wave on the
defect) [6].

Based on the above, it is clear that there are
technological constraints that reduce the
efficiency of contact US testing.

Currently, ongoing work is underway to
develop directions for improving existing
methods of ultrasonic testing of rolling stock
wheelsets, including technical means of testing
[7; 8].

The objective of the work is to improve the
US testing of solid-rolled wheel rims for the
presence of differently oriented crack-like
defects.

CONTROL OBJECTS. APPROACHES USED

In accordance with the regulatory document',
ultrasound testing of solid-rolled wheels is
performed using the echo-pulse method to
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Table 1

Options for methods of inputting US from the inner edge of the wheel rim'

v' DR2.1 (input angle 0°)

control of the wheel rim circumference using
longitudinal waves when PET is installed below
the level of the tread

v' DR2.2 (input angle 0°)

control of the wheel rim circumference with
longitudinal waves at a distance of 30 mm

from the lower edge of the rim (for wheels with
increased hardness)

v' DR3.1 (input angle 40°)
control of the wheel rim
circumference using transverse
waves when PET is installed below
the level of the tread

v' DR3.3 (input angle 50°)
control of the wheel rim
circumference using transverse
waves when PET is installed
above the level of the tread

Detection of longitudinal fatigue cracks

in the main section of the rim, developing
predominantly perpendicular to the rolling
surface, delamination, non-metallic inclusions
and other internal discontinuities

tread

Detection of transverse fatigue
cracks on the outer sidewall of the
rim in the mating zone with the

Detection of transverse cracks
and internal discontinuities in
the rim flange

identify internal and surface defects that are
located in the rims and have characteristics that
exceed the rejection values.

Table 1 shows the mandatory options for the
method of testing a solid-rolled wheel from the
inner side surface of the rim.

One of the methods of US testing of the
surface of cylindrical parts is the echo method
using Rayleigh waves. The advantages of this
testing method are related to high productivity
due to the installation of PET at one or several
points, allowing to assess the condition of the
entire surface of the tested object [9]. In this case,
scanning over the entire surface is not required.
Since the surface wave has a high sensitivity to
detecting surface defects, the requirements for
the condition of the surface of the part are high.

In the railway industry, the method has found
the widest application for testing solid-rolled
wheels and tires after turning with a wheel lathe.
Testing with surface waves is carried out in two
directions by moving PET at a distance of % of
the wheel circumference (usually at least one
move). Various defects on the rolling surface and
in the near-surface layer of the rim at a depth of
up to 1 ... 2 mm (DR4) are subject to detection.

It is known that according to Snell’s law, after
the US beam falls in PET prism at an angle of
55-57° in the medium, the refracted wave exists
only in the form of a surface wave. This angle of
incidence of the beam in the prism is used in PET
for railway purposes, marked as P121-0.4-90°.

However, the use of this PET in practice is
complicated by the influence of such factors on
the results as: contamination, residues or excess
of contact fluid, the presence of burrs left after
turning the wheel, etc. It should be considered
that in the process of working with this type of
PET, it is quite difficult to find a defect due to its

ability to receive waves with a minor «rear» lobe
of the directional pattern. Also, the amplitude of
the echo signal from the defect changes unevenly
due to such phenomena as multiple re-reflection
of waves from the boundaries (rim chamfer, fillet
transition to the flange) and their subsequent
interference [10].

Wheel inspection by surface wave according
to the DR4 method variant (90°) from the tread
side is insufficient, since defects can be located
at different depths and will not always be detected
from the inner side of the rim by transverse wave
with inclined PET according to the DR3.1 variant
(40°) and longitudinal wave with direct PET
according to DR2.1 (0°).

To conduct experimental studies, a tuning
sample (TS) was selected in the form of a formed
wheelset with eight artificial reflectors on a solid-
rolled wheel with a diameter of 903 mm. The US
testing was carried out on TS from the tread side
at a distance of 70 mm from the inner edge of
the rim at one point of the wheel using the UD2—
102VD ultrasonic flaw detector and a set of
transducers: P121-0.4-90° (RF), P121-2.5-70°
RDM (RF), P121-2.5-65° RDM (RF),
2.5R65°69°74° (China). Industrial oil I-20 was
used as a contact fluid. When testing the wheel
rim with P121-0.4-90°, the standard setting of
the manufacturer was set (US speed s = 2999
m/s, high probing pulse amplitude, time selection
zones TZ1, ., TZ1, ,TZ2 ., TZ2  are adjusted
automatically, the PET frequency is 0,4 MHz,
the input angle is 90°), and for all the other PET,
testing parameters were set independently in
accordance with the wheel circumference and
the PET characteristics (TZ1, , =133.6R, TZ1|
=3000R, US speed s = 3260 m/s, high probing
pulse amplitude, PET frequency is 2,5 MHz, the
input angle is 65°, 69°, 70°, 74°).
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Pic. 1. An example of identifying reference reflectors in TS [photo by the authors].
a- PET P211-0,4-90° (with built-in magnets); b - PET 2,5R65°69°74°;
¢ - PET P121-2,5-70-RDM; d - arrangement of reflectors in TS by sectors.

RESEARCH RESULTS AND DISCUSSION

It was of interest to study the features of
detecting reflectors from the wheel tread using
the traditional P121-0.4-90° PET (using
a surface wave) and inclined PET with large input
angles (using a transverse wave) 2.5R65°69°74°
(athree-element PET in one housing), P121-2.5—
70° RDM, P121-2.5-65° RDM (Pic. 1).

The use of such large angles of 65°-74° when
inspecting wheelsets in the rolling stock division
is not envisaged. However, these PET are widely
used in rail flaw detection both as part of a flaw
detection trolley and in manual confirmation
testing (70° — rail head testing from the tread
side, 65° — testing of welded joint zones in the
head area from the tread side)?. It is worth noting
that such input angles are used in testing welded
joints, which ensures a low level of parasitic
(false) signals and high detection of defects
located at different depths [11-13].

The control of the tread with P121-0.4-90°
PET (Pic. 2) showed that in TZ1 zone, reflectors

2 STP BCh [standard of the Belarusian Railway] 38.427—
2021. Non-destructive testing of rails and welded joints.
Organisation standard (approved by the order of the head
of the Belarusian Railway, dated 18.06.2021, No. 532NZ),
2021, 127 p.

3 STP BCh 38.343-2016. Ultrasonic testing of rails on the way
with the UDS2-RDM-22 flaw detector. Organisation standard
(approved by the order of the head of the Belarusian Railway,
dated 15.07.2016, No. 665NZ), 2016, 81 p.

were detected with a direct beam (by distance
from the front face of PET) in the section C-C,
D-D, and in TZ2 zone with a «rear» lobe
(by distance from the rear face of PET) — in the
section F—F, G—G. Outside TZ1 zone, a reflector
was detected with a direct beam (by distance
from the front face of PET) in the section A—A.

It is difficult to identify the remaining signals,
and in some cases, it is impossible for the reasons
described above. At the same time, the additional
signals appearing in TZ2 zone can duplicate the
signals of TZ1 zone, but with the recalculation
of the distance of the artificially created flaw
detector setting.

Testing the tread surface with the
2.5R650690740 PET (Pic. 3) showed excellent
results in identifying all reflectors sequentially
one after another.

Obviously, such high sensitivity is related to
the design of PET, when one piezoelectric
element can emit an US wave, and the other
(located in the most favourable place for
reception) can receive it. Large input angles,
a frequency of 2.5 MHz and a wide directional
pattern of PET contribute to the fact that defects
of different geometric dimensions and shapes can
be classified by the signal.

When creating a setting, an angle of 69° was
entered into the flaw detector memory, one of
three indicated in PET marking.
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Pic. 2. Screenshots made while detecting reflectors in TS with PET P121-0.4-900:
1- signal from the reflector; 2 - distance along the beam to the reflector, mm; a - horizontal drilling with a diameter of 5 mm at a depth
of 10 mm from the wheel tread (outside the time selection control zone TZ1); b - vertical drilling of 5 mm in the flange at a distance of 17.5 mm
from the inner edge of the wheel; ¢ - vertical drilling of 5 mm on the tread surface at a distance of 70 mm from the inner edge of the wheel;
d - detection of a cut on the chamfer 3 mm deep and 1 mm wide by the «rear» petal; e - detection of a 4 mm drill hole 5 mm deep on the inner
edge of the wheel at a distance of 50 mm from the top of the flange by the «rear» petal [photos by the authors].

The wheel sounding scheme is shown in
Pic. 4.

Due to multiple reflections of US beam from
the tread surface, testing becomes effective along
the entire length of the wheel circumference.
Depending on the wheel diameter and the input
angle of PET, the area of US beam re-reflection will
vary in length and is within the range of 160 ... 260
mm. It can be noted that such control from the side
of the tread surface will allow to detect defects not
only in the near-surface layer of the rim, but also at
adepth of up to 35 mm from the tread surface. With
such a scanning scheme, the efficiency of detecting
defects: non-metallic inclusions, transverse cracks,
cavities, delamination and other discontinuities only
increases.

Scanning must be performed at several
points, deflecting PET beam in both directions
by 10-15°. When a signal appears in the control
zone, it is necessary to find a position at which
its amplitude will be maximum.

To confirm that the control is effective, and
the setting is created correctly, a wheel pair was
selected after turning the wheel at a wheel lathe
with a similar diameter of 903 mm. As can be
seen in Pic. 5, there are no false indications.

When using the R121-2.5-70° PET (Pic. 6),
high control sensitivity is also achieved when
detecting all reflectors.

However, control with P121-2.5-70° RDM,
due to its geometric dimensions and small contact
area, is still inferior in sensitivity to the 3-element
PET in terms of the spread of signal readings by
amplitude, since one and the same piezoelectric
element serves as emitter and receiver.

Ultrasonic testing of the wheel rim with this
sounding scheme involves dividing the wheel
into sections (point-by-point control) or scanning
the tread surface at a distance of 300—400 mm in
two directions by moving PET in the middle of
the tread surface, deflecting PET beam in both
directions by 10-15° every 5 cm of the path.

CONCLUSIONS

The results of the studies confirmed the high
sensitivity of the new version of the testing
method from the side of the tread surface at
a distance of 70 mm from the inner side surface
of the rim.

When PET is installed at one point and the
beam is deflected in both directions by 10-15°,
defects are detected using artificial reflectors in
TS of different sizes, orientations and shapes. The
high productivity of such testing does not reduce
the reliability of the obtained results of ultrasonic
flaw detection, and, due to the wide directional
diagram, the efficiency of defect detection
increases in comparison with the introduction of
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Pic. 3. Screenshots made while detecting reflectors in TS with PET 2,5R65°69°74°:

1 - artificial reflector; 2 - signal from reflector, mm; 3 - distance along the beam to the reflector; a - horizontal drilling with a diameter
of 5 mm at a depth of 10 mm from the wheel tread surface; b - horizontal drilling of 5 mm at a depth of 30 mm from the wheel tread
surface; c - vertical drilling of 5 mm in the flange at a distance of 17.5 mm from the inner edge of the wheel; d - vertical drilling of 5 mm
on the tread surface at a distance of 70 mm from the inner edge of the wheel; d - vertical drilling of 5 mm in the chamfer area of the tread
surface at a distance of 125 mm from the inner edge; e — cut on the chamfer 3 mm deep and 1 mm wide; g - pre-drilling of 4 mm, 5 mm
deep on the inner edge of the wheel at a distance of 50 mm from the crest; h — pre-drilling of 3 mm, 2 mm deep at a distance of 16 mm from
the crest of the wheel [photos by the authors].
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Pic. 4. Scanning scheme and direction of sounding [proposed by the authors].
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Pic. 5. Screenshots of a serviceable wheel of a wheelset after turning it at a wheel lathe, obtained with PEP 2.5R65°69°74° a - before installing
PET; b - after installing PET on the tread surface [photos by the authors].

ultrasound from the side of the inner side surface The works [14; 15] provides information that
of the rim. Due to possible re-reflection from the  assessment of admissibility of discontinuities
rim zone and considering that the testing is using reference reflectors in TS can only be
effective at a depth of up to 35 mm, itis advisable = performed with a significant error, which is
to use the proposed version of the method for introduced by the difference in attenuation in the
wheels with a rim thickness of up to 40 mm. wheel (material St. 2, St. 2G, St. 1, St. T) and

rR225.6 N>5.95
0.00
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Pic. 6. Screenshot while detecting reflectors with TS PET P121-2.5-70-RDM:

1 - horizontal drilling with a diameter of 5 mm at a depth of 10 mm from the wheel tread surface; 2 - horizontal drilling of 5 mm at a depth
of 30 mm from the wheel tread surface; 3 - vertical drilling of 5 mm in the flange at a distance of 17,5 mm from the inner edge of the wheel;
4 - vertical drilling of 5 mm on the tread surface at a distance of 70 mm from the inner edge of the wheel; 5 - vertical drilling of 5 mm
in the chamfer area of the tread surface at a distance of 125 mm from the inner edge; 6 - a cut on the chamfer with a depth of 3 mm and
a width of 1 mm; 7 - a 4 mm drill hole with a depth of 5 mm on the inner edge of the wheel at a distance of 50 mm from the top of the flange;
8- a 3 mm drill hole with a depth of 2 mm at a distance of 16 mm from the top of the wheel flange [photo by the authors].
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TS. Therefore, the use of the proposed version
of testing using PET with input angles of 65°—74°
from the wheel rolling surface provides for the
possibility of changing the technology of
ultrasonic testing of solid-rolled wheel rims in
terms of using it as the main method together
with DR3.1 (40°), DR3.3 (50°), DR 2.1 (0°),
DR2.2 (0°), DR4 (90°) complex or as an
additional testing (for confirmation in
controversial situations).

The approach we propose of ultrasonic flaw
detection of rims of solid-rolled wheels of
wheelsets during repair will improve the
efficiency of non-destructive testing and
operational reliability of railway rolling stock.
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ABSTRACT

The objective of the article is to select and justify an approach to
formation of a regional resource-saving model of cargo distribution based
on determining the economically feasible number of transport and logistics
centres that ensure a reduction in delivery costs.

The study used methods of economic and mathematical modelling,
statistical and comparative analysis, correlation and regression, abstract
logical, theoretical and empirical and structural analysis.

The paper analyses scientific approaches to cost reduction when
choosing an economically feasible number of transport and logistics
infrastructure facilities from the standpoint of more efficient spatial selection

of infrastructure facilities of the transport and logistics network, contains
a correlation and regression analysis of the impact of the number of transport
and logistics centres on transport costs when distributing goods in supply
chains and estimate of an analytical relationship between these indicators,
as well as substantiates the influence of the cargo delivery price level on
resource-saving indicators in the cargo distribution system.

The results of the conducted research can be used to determine the
level of logistics costs and their impact on the prices of final goods and
services, which is one of the ways to implement the goal of resource
conservation for commercial companies and executive authorities.
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INTRODUCTION

The implementation of innovative approaches
to formation of regional resource-saving model
of cargo distribution based on determining
economically feasible number of transport and
logistics centres (TLC), which should ensure
areduction in the costs of these operations, is an
obvious priority not only for company
management, but also for executive authorities
at all levels of administration. In this regard, the
focus of corporate and state economic policy is
on development and implementation of resource-
saving mechanisms for organising economic
space, with one of the priority goals being the
development of approaches to formation and of
actual models of the cargo delivery network,
considering their impact on the pricing
mechanism of final goods and services.

The regional logistics chain was chosen as
the object of analysis and optimisation. The
choice of such an object is due to the dedicated
orientation of this work, which is part of the
scientific research within the framework of the
state assignment of the Federal Agency for
Railway Transport.

Obviously, besides regional supply chains,
there are others, for example, industry,
transnational or global chains, etc. The specifics
of each of them are characterised, first, by the
targets, the scale of involvement of the participants
in the delivery of goods and the result, which can
be not only economic.

As a basis for improving the quality of
transport and logistics services, which involves,
among other things, a reduction in its cost, the
authors propose a resource-saving approach,
which provides for a decrease in the use of a set
of economic resources for the delivery of goods
using a transport and logistics network with the
unchanged requirements of customers. In
contrast to the cost-saving approach, the
resource-saving approach provides for a reduction
in the number of resources used to achieve the
target indicators.

Therefore, the task of reducing the number
of TLCs in transport and logistics networks, on
the one hand, provides for the choice of a route
with a smaller number of them, on the other hand,
ensures a reduction in the cost of cargo delivery.

The task of designing the parameters of these
networks is quite trivial, but insufficient
consideration of the characteristics of the
territories of their formation, of the development
of the network of transport and logistics centres,

and the effect of scale often cause failure in
meeting customer expectations and opposite
results, the main ones of which are additional
capital investments and growth in prices for final
goods and services.

The analysis of several regional strategies for
formation of TLC networks shows, on the one
hand, big attention paid to their development,
but, on the other hand, first, that their
implementation is not always at high level,
second, a significant excess of the planned budget
for creation of TLC networks and, finally,
increased logistics costs cumulated in the price
of goods and services.

For example, the developed strategy for
formation of a TLC network in Samara region has
not been implemented' in full. The strategy for
socio-economic development of the Saratov
region until 2025 and its new version with
deadlines for implementation of the main activities
until 20302 assumes creation of a network of
transport and logistics centres (Saratovsky,
Rtishchevsky, Petrovsky, Khvalynsky, Balakovsky,
Ozinsky, Krasnoarmeysky TLCs) and in terms of
implementing the plan for their creation has not
yet been implemented. The forecast for socio-
economic development of Orenburg region?,
regardless of integrated of state program
«Development of transport system», does not
include a detailed section on transport and
logistics. The strategy for socio-economic
development of Penza region* does have a section
on transport, where the focus is on passenger
transportation, but there is no plan for development
of the transport and logistics complex in the form
of a cluster or network. Unlike these strategies,
the strategy for socio-economic development of

! Resolution of the Government of Samara Region dated
September 23, 2010, No. 422 «On the Concept for
Development of the Regional Transport and Logistics System
of Samara Region for 2011-2015». [Electronic resource]:
https://docs.cntd.ru/document/945029027. Last accessed
05.05.2024.

2 Strategy for social and economic development of
Saratov region until 2030. [Electronic resource]:
https://investinsaratov.ru/files/docs/321-p.pdf.PDF. Last
accessed 05.05.2024.

3 Forecast of socio-economic development of Orenburg
region for 2023 and the planning period of 2024 and 2025.
[Electronic resource]: https://mineconomy.orb.ru/documents/
active/11493/. Last accessed 05.05.2024.

4 Strategy for socio-economic development of the Penza region
for the period up to 2035. [Electronic resource]: https://pnzreg.
ru/open-government/nekommercheskie-organizatsii/
etnokonfessionalnye-otnosheniya/Ctparerns%202035.pdf.
Last accessed 05.05.2024.
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the Republic of Tatarstan® provides for spatial
development of productive forces, industrial
clusters, including transport and logistics, which
shows the understanding and interest of the
republic’s leadership in the development of this
sector of the regional economy. The analysis of
the strategy for socio-economic development of
Ulyanovsk region® shows that because of
significance of the transport system the goals and
objectives of its development are highlighted in
a separate section. The list of regional strategies
is obviously far from being complete, some of
those strategies being scrupulously developed,
nevertheless have shortcomings from the point of
view of detailed specification of the plans of
development of transport and logistics systems
(hereinafter referred to as TLS).

At the same time, the demand for formation
of effective resource-saving TLSs from the
population and business sets the task for
government bodies to create commodity
distribution systems integrated with other sectors
of'the economy and having balanced parameters
of transport and terminal infrastructure. In these
conditions, the search for new sources of savings
on transport and logistics services becomes
a priority task with a relatively small number of
alternatives for reducing costs and ensuring the
competitiveness of the industry.

The task of resource saving is often associated
with the generally accepted concept of «lean
production». However, the boundaries of
resource saving go beyond a single enterprise or
group of enterprises, while «lean productiony is
usually spoken of as a concept of reducing costs
within the boundaries of an enterprise.

Underestimation of implementation of
resource saving programs at the level of
corporations, industries and regional economies
obviously reduces not only the efficiency of
economic activity, but also the quality of goods
and services as a result of the use of resources in
production activities.

However, understanding the importance of
implementing resource-saving technologies that
can reduce costs and increase benefits by itself
is not enough. The implementation of resource-

5 Strategy for socio-economic development of the Republic
of Tatarstan until 2030. [Electronic resource]: https://eco.
tatarstan.ru/strategiya-sotsialno-ekonomicheskogo-razvitiya.
htm. Last accessed 05.05.2024.

¢ Strategy for socio-economic development of Ulyanovsk
region until 2030. [Electronic resource]: https://docs.cntd.ru/
document/463710828. Last accessed 05.05.2024.

saving technologies itself requires significant
costs to move to a more efficient organisation of
production that can increase labour productivity
and reduce resource costs.

Within the boundaries of the proposed study,
as indicated above, the models for calculating
the number of TLC objects are used as resource-
saving technologies, which in total ensures
a reduction in resource costs for the cargo
delivery function.

At the same time, there are other methods of
resource saving in TLS that have proven their
effectiveness to a greater or lesser extent. It is to
note an approach based on the methodology of
inventory management in supply chains, in
which, in each subsequent TLC of the system,
the calculation of inventory parameters is
provided for considering the same parameters at
the previous TLC. This helps to reduce the costs
of maintaining and immobilising investments in
inventory, increase the rate of capital turnover
and, consequently, minimise the volume of
unshipped goods. Therefore, with such an
integration of TLC into the system, the main
indicator of resource-saving will be not so much
the amount of warehouse stocks in all links, but
accounting of the methods of managing them at
previous TLCs.

In addition to the listed approaches, the
conditions for resource saving in TLC refer also
to the applied cargo handling technologies and
the level of automation of logistics processes. It
is obvious, for example, that a high level of
automation of logistics processes of a single TLC
within the system will not give a general system
effect, since in this case the resource-saving effect
provides for the balance and harmonisation of
the applied cargo handling technologies in all the
TLCs of the system.

In this regard, a rational choice of locations
and calculation of the number of infrastructure
facilities of the transport and logistics system is
just one of such alternatives for reducing the costs
of transport and logistics services.

Accordingly, the objective of the study, the
results of which are describe in the article, is to
present the rationale to the approach of the
regional resource-saving model of cargo
distribution based on identification of
economically feasible number of transport and
logistics centres that ensure minimisation of
logistics costs for the provider and minimisation
of the price of transport and logistics service for
the customer.
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LITERATURE AND RESEARCH REVIEW

TLCs which play a key role in the system
of delivery and distribution of large volumes of
cargo and form a logistics supply chain, as
a rule, do not provide the required level of
efficiency in the implementation of the functions
of delivering cargo to the end consumer. The
formed TLC systems within the boundaries of
«supplier — customer» according to the
developers’ plan should ensure a reduction in
the costs of transportation, cargo handling and
distribution under the conditions of consolidation
of large volumes of cargo. However, a large
(excessive) number of TLCs on the route from
supplier to customer leads to an increase in the
costs of transport and logistics services, which
entails a growth of the cost of final goods and
services. In this case, a non-linear parabolic
dependence takes place, which requires
calculating the impact of the number of TLCs
on logistics costs, where the share of transport
costs is the highest.

The analysis of scientific papers devoted to
the concepts of reducing transport and logistics
costs shows their great diversity both in quantity
and in functional areas. Thus, the eLibrary.ru
database contains over one thousand works on
this issue, and international databases such as
Web of Science and Scopus contain over 2.5
thousand. However, there are significantly fewer
works that study the impact of the number of
TLCs and the procedure for linking consumers
to them.

Nevertheless, it is possible to highlight
several works that deserve attention in the
context of the chosen research topic. Thus, the
work of D. J. Bowersox and D. J. Closs [1]
analyses the impact of the number of warehouses
on total transport costs and provides an example
of determining the areas served by TLCs based
on the criterion of the lowest total costs. The
study proves that with an initial increase in the
number of TLCs in the supply chain, transport
costs decrease, and then as their number grows,
costs increase. However, such a dependence is
observed with a sufficiently large cargo flow.

In addition, the procedure for assigning
consumers to a specific TLC is explained through
the ability to ensure the delivery of goods with
minimal total logistics costs.

However, when focusing efforts on
restructuring the logistics system and striving to
minimise costs, the authors do not show the
relationship between the tasks of calculating the

optimal number of TLCs and linking an
economically justified number of consumers to
the corresponding facilities. Therefore, resource-
saving tasks are solved locally without
considering the influence of the current result on
the next one.

Donald Waters’s study [2] provides examples
of fairly trivial methods for making decisions on
choosing the best location for a logistics facility,
which should provide better access conditions
for consumers compared to other existing ones.
The technology for planning the locations of
infrastructure logistics facilities is disclosed in
detail, but there is no assessment and comparison
of the total logistics costs when re-assigning
consumers to other supply centres. Justasin[1],
the author substantiates the dependence of
transportation costs on the number of
infrastructure elements, but the assessment is
based on expert analysis.

Jeffrey H. Schutt in his work [3] examines
the problems of planning the flow of products,
evaluates modern logistics technologies for
managing the flow of products, such as Materials
requirements planning (MRP), Distribution
requirements planning (DRP), Just-in-time (JIT),
Theory of Constraints (TOC). The analysis
proposed by the author is based on the flows of
materials, which are mainly estimated in
production in various industries from the
standpoint of their possible forecasting and
planning using traditional and modern methods.
Improved planning solutions and methods for
their implementation in business practices
constitute the methodological basis of the work.
Obviously, the problem of logistics costs is one
of the central ones, but spatial network planning
of cargo flow in the context of referring to
consolidation and distribution points, as well as
quantitative parameters of infrastructure facilities
are not considered.

In similar works, comparable concepts and
approaches are presented by studies aimed at the
methodological aspects of planning, including
planning of cargo flows in logistics, using
mathematical apparatus and are disclosed in the
form of successive stages of transformation of
the existing scientific tools into new methods and
approaches. Such works include the works of
A. J. Clark and H. Scarf [4], S. Shingo [5],
S. Tayur, R. Ganeshan, M. Magazine [6],
J. M. Reeve [7] and others.

The basis for designing cargo flow distribution
systems is economic and mathematical modelling,
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therefore a significant number of works are
devoted to the possibilities of using mathematical
apparatus in solving local and system problems
of supply chain management. For example,
Jeremy Shapiro in the work [8] proposes methods
for planning and modelling supply chains,
starting from the stage of choosing the
configuration of supply chains and up to their
formation and management. In terms of content,
the work is a scientific manual with a pronounced
methodological focus, which analyses and
evaluates various information technologies used
in practices, as well as models and methods for
making supply chain management decisions. The
work proposes methods for an integrated
approach to supply chain management using
corporations and companies as examples.
However, the problems formulated within the
objective of this article are not considered in
a direct formulation.

It is worth noting several other works that
provide mathematical approaches to management
and optimisation of functions and operations in
supply chains. Such studies include the works of
J. C. Turner [9], V. S. Lukinsky’, P. M. Simonov?,
G. I. Prosvetov?’, O. O. Zamkov,
A. V. Tolstopiatenko, Yu. N. Cheremnykh '°,
N. Sh. Kremer!! and other authors.

Significantly fewer works relate to developed
methodological approaches to designing logistics
systems, where the main parameters are the
number of TLCs and the economic feasibility of
attaching a consumer to a particular TLC.
Obviously, the task of resource saving is central
here. These studies include the works of A. Lésch
[10], D. J. Bowersox, [1], E. V. Bolgova,
M. V. Kurnikova [11], B. A. Anikin,
A. P. Tyapukhin'? [12] and other works.

7 Models and methods of logistics theory: Study guide. 2nd
ed. Ed. by V. S. Lukinsky. St.Petersburg, Piter publ., 2007,
448 p.

# Simonov, P. M. Economic and mathematical modelling
[Electronic resource]: Study guide in 2 parts. Perm, 2019,
Part 1. —230 p.

° Prosvetov, G. I. Mathematical methods in logistics:
problems and solutions: Textbook and practical manual.
Moscow, Publishing house «Alfa-Press», 2014, 304 p.

10 Zamkov, O. O., Tolstopiatenko, A. V., Cheremnykh,
Yu. N. Mathematical methods in economics: Textbook.
Moscow, Lomonosov Moscow State University, Publishing
House «DIS», 1998, 368 p.

! Kremer, N. Sh. Operations research in economics: Study
guide. Moscow, UNITY publ., 2005, 407 p.

12 Anikin, B. A., Tyapukhin, A. P. Commercial logistics:
Textbook. Moscow, TK «Velbi», Publishing house
«Prospect», 2005, 432 p.

The problems of rational distribution of
productive forces are reflected in the formation
of state socio-economic policy. Thus, 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-r'3,
formulated the main problems, trends, challenges,
goals and objectives, both at the federal and
regional level. The main objective of this
document is to ensure balanced and sustainable
development of the socio-economic space of the
Russian Federation. It envisages the directions
for reducing interregional differences in terms of
the economy, social sphere, technology and
elements of the national security system.

MATERIALS AND METHODS

The materials for the study comprise the
scientific, methodological and methodological
apparatuses that were analysed in the section
«Literature and research review» of this work,
as well as the results of implementation of
strategies and programs for formation of spatial
models of TLC networks of government agencies
and businesses. The methodological approach
proposed in the study consists in the application
of analytical models and dependencies for
determining the quantitative and geographical
parameters of creating cargo distribution systems
in supply chains based on the use of a TLC
network. For this purpose, to achieve the effect
of resource saving, it was necessary to solve
problems on calculating and justifying a cargo
distribution system with a minimum sufficient
and economically feasible number of TLC
facilities. This made it possible to achieve a more
efficient model of cargo delivery, which ensured
a reduction in transportation costs in the context
of the planned positive expectations from the
proposed activities.

As apriority theoretical base, the article uses
mathematical methods, in particular, the
regression-correlation analysis. The rationale
of the use of this type of analysis is based on
the choice of a rather complex object of
optimisation which is the regional transport and
logistics network and of the universality and

13 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, No. 207, dated
13.02.2019 (as amended on 16.12.2021). [Electronic
resource]: http://www.consultant.ru/document/cons_doc_
LAW_318094/. Last accessed 05.05.2024.
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availability of the very method of analysis and
optimisation which is regression-correlation
analysis. Due to its relative simplicity and
versatility, the mathematical apparatus used for
the selected object of study has several
drawbacks, the main of which are the
assumptions made on the volume of cargo
processed and transported, the incomplete
structure of logistics costs used in the
calculations, and the errors inherent in this
method. In addition, the model does not provide
for the choice of the mode and type of transport
for each batch when exporting goods from the
TLC, which can be attributed to certain
limitations of the model used in the article.
Nevertheless, having defined the objective
function, a system of constraints and
assumptions, this method can be used to solve
such problems.

Besides, the work used the fundamentals of
formation and development of industry and
regional economies. The works of Russian and
foreign scientists were used to analyse and
evaluate cargo distribution systems.

The empirical basis of the study comprise
reports on the costs of companies performing the
functions of transportation and cargo handling,
industry statistical reporting documents, regional
and federal planning documents of the main
socio-economic indicators.

The analytical prerequisites for using the
proposed research methods to form a resource-
saving mechanism in distribution of goods are
the need to use a special mathematical apparatus
adequate to the specifics of the problem being
solved in the conditions of the prevalence of
random variables. Since transport costs in the
cargo distribution system change non-linearly,
considering such a dependence requires
calculating the economically advantageous
number of TLCs.

The regulatory prerequisites for the study are
the stipulations of the Federal Law «On Strategic
Planning in the Russian Federation» 4. The
practices of industry strategies for development
of TLCs can be summarised in development and
implementation of a package of documents
consisting of: the Transport Strategy of the
Russian Federation until 2030 with a forecast for

!4 Federal Law of June 28, 2014, No. 172-FZ «On Strategic
Planning in the Russian Federation». Adopted by the State
Duma on June 20, 2014. Approved by the Federation Council
on June 25, 2014.

the period up to 2035'%; the Strategy for
Development of Railway Transport in the
Russian Federation until 2030'¢; the Strategy for
Development of Automobile Transport and
Urban Ground Electric Transport (draft)!’, as
well as the Federal Project «Transport and
Logistics Centres» (a structural component of
Section 1 «Transport Infrastructure» of the
Comprehensive Plan for Modernisation and
Expansion of the Mainline Infrastructure)'s.

RESEARCH RESULTS

The analysis of reporting data on TLC
facilities by regions and federal districts and their
comparison with the dynamics of changes in
regional transport indicators does not answer the
question of the dependence of transportation
costs on the number of TLCs. Such a relationship
is visible when analysing the designed system of
distribution through a TLC network of goods of
a certain nomenclature and volumes.

Nevertheless, the analysis of reporting
documents, for example, the reference book «The
Guide of Warehouses of the Russian Federation» !
on warehouse real estate, in comparison with the
dynamics of transportation costs of a conditional
region taken from the reports of the Federal State
Statistics Service?, is of obvious scientific and
practical interest.

Pics. 1 and 2 show the dynamics of the
volumes of commissioning of warchouse space
and the dynamics of the volumes of transactions

1> Transport Strategy of the Russian Federation until 2030
with a forecast for the period until 2035. Approved by the
Order of the Government of the Russian Federation of
November 27,2021, No. 3363-r. [Electronic resource]: http:/
static.government.ru/media/files/7enYF2uLSkFZ1I0OpQhL
10nUT91R;jCbeR.pdf (last accessed 05.05.2024)

16 Strategy for Development of Railway Transport in the
Russian Federation until 2030. Approved by the Order of
the Government of the Russian Federation of 17.06.2008,
No. 877-r. [Electronic resource]: http://www.consultant.ru/
document/cons_doc LAW_ 92060 Last accessed 05.05.2024.

17 Strategy for Development of Automobile Transport
and Urban Ground Electric Transport. Draft. [Electronic
resource]: https://www.mintrans.ru/documents/7/9306. Last
accessed 05.05.2024.

18 Comprehensive plan for modernisation and expansion
of the mainline infrastructure for the period up to 2024.
Approved by the Order of the Government of the Russian
Federation of September 30, 2018, No. 2101-r. http://
gov.garant.ru/SESSION/PILOT/main.htm. Last accessed
05.05.2024.

1 Electronic reference book «The Guide of Warehouses
of the Russian Federation». [Electronic resource]: https://
TUICKIAABLPO.

2 Regions of Russia: socio-economic indicators. 2023:
statistical collection. Moscow, Rosizdat publ., 2023, 1126 p.
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Pic. 1. Dynamics of the volume of warehouse space commissioning
in the regions of Russia, thousand sq.m.
[Source: developed by the authors using the data
of Electronic reference book «Guide of Warehouses
of the Russian Federation 2024»19].

with warehouse real estate in the regions of
Russia.

The analysis of the data in the diagrams shows
the linear nature of the dynamics of the indicators.
The dynamics of the indicator in Pic. 1 generally
repeats the dynamics of Pic. 2. This overlapping
is due to the dependence of the input volume on
the increasing values of transaction volumes, the
worst indicator being 2022. There is an almost
twofold excess of the input volume over the
transaction volumes, except for 2023. In 2023, the
transaction volumes more than twice exceeded the
input volumes. That is, the increasing volumes of
transactions stimulate an increase in offers on the
warehouse real estate market and construction of
new facilities. In addition, there is a significant
decrease in the values of the indicators in 2022,
and a sharp increase in 2023, due to the import
substitution process. Comparison of the indicators
in Pic. 1 and 2 with transportation costs and
commissioning of new facilities?®, using the
example of Samara region, indicated in Table 1,
shows the presence of a seemingly obvious
correlation between these time series.

However, a more detailed analysis of this
relationship may show a negative correlation,
since the analysis of the dependence of
transportation costs on the number of logistics
infrastructure facilities (TLC, warehouses) and
the procedure of attaching consumers to TLCs
should be assessed by product nomenclature
groups and their volumes when delivered to
consumers in supply chains.

The developed approach, based on
determining the dependence between
transportation costs and the number of TLCs,
allows us to form a more economical configuration
of the cargo delivery system with the minimum
required number of TLCs. The approach is based
on the model being shaped: «location of the

2019r.

2020r. 2021r. 2022r. 2023r.

Pic. 2. Dynamics of the volume of transactions with warehouse real
estate in the regions of Russia, thousand sq.m.
[Source: developed by the authors using the data
of Electronic reference book «Guide of Warehouses
of the Russian Federation 2024»"].

supplier — location of TLC — location of the
recipient». The method for calculating this
dependence includes several stages.

First, the modes of cargo delivery without
TLC (a direct mode) and with TLC are assessed.
For direct delivery, we use formula (1):

R = RT + Rlu + Rpack + Rs’ (1)
where R! — transportation costs for cargo
transportation;

R, — transportation costs;

R, — loading and unloading costs;

R, — cargo packaging costs;

R_— expenses for storing cargo at the starting
and ending points.

For delivery using TLC, costs will be
calculated using formula (2):
R=R,*R, R, +(nR),
where 7 is the number of TLCs.

It is essential to consider the constraint (3)
[1] for the mode of cargo delivery:

PV];TV +W,+ L, <SP 4T,

2

)

3)

where P, — consolidated cargo handling costs;

T, — transportation costs for consolidated
cargo shipments;

W, — warehouse storage costs for an average
cargo shipment;

L, — local transportation costs for medium
cargo shipment;

N, — number of average shipments in
a consolidated shipment;

P —average shipment handling costs;

T, — transportation costs for direct delivery
of medium shipment.

That is, the volumes of transportation must
be large enough — so large that their size allows
for an effect of scale with the ability to cover
TLC handling costs.

Then, using a simple enumeration method,
delivery routes are selected considering the
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Table 1

Aggregated regional economic indicators of Samara region
[developed by the authors based on ]

Indicators Years

2017 2018 2019 2020 2021 2022
Construction 104,5 80,7 116,2 86,8 121,8 102,1
(as compared with the previous year %)
Transportation and storage 104,0 103,0 100,8 92,1 104,2 105,2
(as compared with the previous year %)

Pic. 4. Delivery of goods from the manufacturer using TLCs (A- S).

geography and number of TLCs for each supply
chain option. Table 2 shows examples of
calculations for two conditional routes.

Table 3 shows the results of calculations for
the selected routes.

Based on the calculated average values for
each route, graphs of the dependence of
transportation costs on the number of TLCs are
constructed using an Excel table.

Next, an analysis of sensitivity of the increase
in the number of TLCs to changes in transportation
costs is carried out. Calculations are carried out

to determine the nature of this dependence.
Obviously, this dependence is of a nonlinear
parabolic type, where the equation of nonlinear
regression of the parabolic type has the form (4)2':
y=ax’+bx tc, @)
where a, b, ¢ — regression coefficients.

After calculating the regression coefficients
and assessing the studied dependence, the

2! Zadorozhny, V. N., Zalmezh, V. F., Trifonov, A. Yu.,
Shapovalov, A. V. Higher Mathematics for Technical
Universities. Linear Algebra: Study guide. Tomsk, TPU
Publishing House, 2009, 310 p.
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Table 2
Selecting routes and calculating the cost for each route
Route S-A-D-L-K-I-C1
Departure Reception | L, km R R ek Loading | Unloading | R R
S A L, Rt Rs, Rpack . [Load Unload, Rlu, R
A D L, Rr, Rs, Load, Unload, Rlu, R,
D L L, Rt, Rs, Load, Unload, Rlu, R,
L K L, Rr, Rs, Load, Unload, |[Rlu, R,
K 1 L Rt Rs Load, Unload, Rlu R,
Total >
Route S-A-D-L-K-I-C1
Departure Reception | L, km R R R . Loading | Unloading | R R
S A L, Rt Rs, Rpack . [Load Unload, Rlu, R
A D L, Rr, Rs, Load, Unload, Rlu, R,
D L L, Rt, Rs, Load, Unload, Rlu, R,
L K L, Rr, Rs, Load, Unload, |[Rlu, R,
K Cl L, Rt, Rs, Load, Unload, |Rlu, R,
Total >

where S is the supplier C1 is the customer No. 1; A, D, L, K, I are the TLCs on the selected delivery routes, R are transportation
costs for cargo transportation; R are transportation costs; R, are the costs of loading and unloading operations; R, are the
costs of packaging the cargo; R are the costs of storing the cargo.

Source: developed by the authors.

Table 3
Results of calculations for cargo delivery
along the S-C1 route considering the TLC
system [developed by the authors]

Route R, rub
S-A-D-L-K-I-C1 R,
S-A-D-L-K-C1 R,
S-A-D-LCl R,
S-D-LCI R,
S-D-C1 R,
S-G-D-M-I-C1 R,
S-D-M-1-C1 R
S-D-M—CI R,
S-M—CI R,

correlation and determination indices are
calculated®..

To conduct the computational experiment,
a delivery of medicines to several regions of the
Russian Federation was selected — Samara,
Saratov and Orenburg regions from one of the
manufacturers of Yaroslavl region (city of
Yaroslavl). Pics. 3 and 4 show the schemes for
delivery of medicines directly without TLCs and
using a TLC system, respectively.

After selecting the routes, the cost of direct
delivery for various customers from one of the
manufacturers in Yaroslavl region is calculated.

Using the data in Table 2, we will calculate
the transportation costs for several delivery
routes selected for the example using TLCs.
Table 4 shows the calculation results (fragment).

®  World of Transport and Tr.

Calculations are made similarly for the
remaining routes.

Table 5 shows the calculated values for
transportation along route S-B4 taking into
account the TLC system.

Pic. 5 shows the results of calculations of the
dependence of transportation costs on the number
of TLCs.

It is obvious that there is a dependence
between transportation costs and the number of
TLCs, the nature of which is nonlinear parabolic.
Using correlation-regression analysis, we will
determine the closeness of the relationship
between these indicators with the derivation of
a nonlinear regression equation.

Table 6 shows the required values for
calculating the regression matrices.

The resulting nonlinear regression equation
has the form:

Y =237564x-11794,14x + 55977,78. 5)

The correlation and determination indices are
r=0,99 and R?>=0,98, respectively. Pic. 6 shows
the results obtained using the regression equation.

SHORT CONCLUSIONS

Thus, the computational experiment
confirmed the assumption of a nonlinear
parabolic relationship between transportation
costs and the number of TLCs. The indices of
correlation and determination confirm the
closeness of the relationship between the
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y= 2375,6x2-11794x+ 55978 o

R?=0,9803

/
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Transportatipn costs, rub
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Pic. 5. Dependence of transportation costs on the number of TLCs when transporting cargo along the S-B4 route [developed by the authors].

Table 4
Results of calculations of the cost of cargo delivery along several
routes S-B4 considering TLC system [developed by the authors]*
Route P-G-D-M-N-B4
Departure | Reception | L, km RT’ rub RS’ rub Rpack, rub | Loading, rub | Unloading, rub |R,,rub |R, rub
S G 405 8100 156 8437 2230 948 3178 19871
G D 417 8340 669 948 1450 2899 11908
D M 256 5120 223 1450 1394 2788 8131
M N 31 622 145 1394 836 1673 2439
N B4 22 432 836 3345 4181 4613
Total 46962
Route P-G-D-M-B4
Departure | Reception |L,km R rub R rub R . rub |Loading, rub| Unloading,rub |R, rub |R,rub
S G 405 8100 156 8437 2230 948 3178 19871
G D 417 6255 134 948 1450 2899 9288
D M 256 3840 223 1450 1394 2788 |6851
M B4 52 776 1394 3345 4739 5514
Total 41524
Route P-D-M-B4
Departure | Reception |L,km |R rub |R rub R, rub | Loading, rub| Unloading,rub |R,,rub |R,rub
S D 807 16140 | 669 8437 2230 1450 3680 [28926
D M 256 5120 223 1450 1394 2843 8186
M B4 52 1034 1394 3345 4739 5773
Total 42885
Route P-G-M-B4
Departure | Reception | L, km RT’ rub RS’ rub kay rub | Loading, rub | Unloading, rub R, ,rub |R, rub
S G 405 8100 781 8437 2230 948 3178 20495
G M 609 12180 | 446 948 1394 2342 [ 14968
M B4 52 1603 1394 3345 4739 6341
Total 41804

*Price indices are indicated as for late 2023.

empirical and theoretical values, which did not
fall below 0,89. This confirms that the theoretical
model corresponds to the real situation with
acceptable accuracy. Consequently, the approach
can be used to calculate and forecast the
dependence of transportation costs on the
number of TLCs on the route, and that is
practically important for both suppliers and
customers.

The results of the study, within the boundaries
of which the problem of finding an approach to
reducing the costs of cargo delivery in the context
of aresource-saving paradigm, helped to confirm
the put forward assumption about the obvious
dependence of transportation costs, including
storage costs and loading and unloading
operations in TLCs on the number of TLCs the
routes.
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ﬁ ' Table 4
1H3 Results of calculations of the cost of cargo delivery along several routes

S-B4 considering TLC system [developed by the authors]*

Route P-G-D-M-N-B4
Departure | Reception |L,km R rub |R rub R . rub | Loading, rub | Unloading, rub | R, rub | R, rub
S G 405 8100 156 8437 2230 948 3178 19871
G D 417 8340 669 948 1450 2899 11908
D M 256 5120 223 1450 1394 2788 8131
M N 31 622 145 1394 836 1673 2439
N B4 22 432 836 3345 4181 4613
Total 46962
Route P-G-D-M-B4
Departure | Reception | L, km RT, rub Rs’ rub Rp“k’ rub | Loading, rub | Unloading, rub | R ,rub |R, rub
S G 405 8100 156 8437 2230 948 3178 19871
G D 417 6255 134 948 1450 2899 9288
D M 256 3840 223 1450 1394 2788 6851
M B4 52 776 1394 3345 4739 5514
Total 41524
Route P-D-M-B4
Departure | Reception | L, km RT’ rub Rs, rub Rpack’ rub | Loading, rub | Unloading, rub | R, rub |R, rub
S D 807 16140 | 669 8437 2230 1450 3680 28926
D M 256 5120 223 1450 1394 2843 8186
M B4 52 1034 1394 3345 4739 5773
Total 42885
Route P-G-M-B4
Departure | Reception | L, km R rub [R rub R . rub | Loading, rub | Unloading, rub | R, rub | R, rub
S G 405 8100 781 8437 2230 948 3178 20495
G M 609 12180 | 446 948 1394 2342 14968
M B4 52 1603 1394 3345 4739 6341
Total 41804

*Price indices are indicated as for late 2023.

Table 5 g
Calculated values for transportation along #= 237560 147040+ 5507
the route S-B4 considering the TLC system A
[developed by the authors] g
Route R, rub
S-G-D-M-N-B4 46962
S-G-D-M-B4 41524
S-D-M-B4 42885 e
S-G-M-B4 41804
S-G-B4 43808 Pic. 6. Calculation of the studied dependence using the regression
SM.Ba 29000 equation [developed by the authors].
Table 6
Necessary values for calculating P-B4 regression matrices [developed by the authors]
N [X |Y x* |x x* Xy yx? y (Y-y)? (Y-yav)?
1 1 46408,45 1 1 46408,45 | 46408,45 46559,28 22750,44 4404699,09
2 2 42344,55 4 8 16 84689,10 |169378,20 41892,05 204753,99 |3861863,65
3 3 41523,6 9 27 81 124570,80 |373712,40 41976,10 204753,99 |7762422,86
4 4 46962,25 16 |64 256 | 187849,00 | 751396,00 46811,42 22750,44 7035955,19
> 10 17723885 |30 |[100 |[354 |[443517,35 |1340895,05 |177238,85 |455008,86 |23064940,80
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Table 7

Economic effect of using the proposed approach [developed by the authors]

Delivery routes Costs reduction, rub. Economic effect, %
S-B1 25286,7 5,1

S-B2 22126,6 8,8

S-B3 16146,7 26,9

S-B4 28017,9 10

S-B5 23121,1 16

S-B6 14084,5 5,6

S-B7 7257,5 6,1

In addition, it was possible to identify the
problem of not considering this dependence into
account by government authorities and the
business community. The lack of due attention
to the problem of high costs in direct delivery
compared to delivery through a TLC system
significantly reduces the efficiency of economic
activity of enterprises providing transport and
logistics services.

Knowledge and implementation of the
proposed approach within the framework of the
resource-saving strategy can help reduce the cost
of these services, which is economically
beneficial for all participants in the logistics
chain.

The main results of the study include the
developed scientific and practical approach to
reducing costs in the context of the resource-
saving strategy, which is based on the principle
of rational organisation of the spatial selection
of infrastructure facilities of the transport and
logistics network and the resulting economic
effect compared to direct delivery, shown in
Table 7.

The developed approach with the justification
of the rational quantity and location of TLCs,
ensuring the reduction of costs in the cargo
delivery system, can be used in making
management decisions and calculating delivery
costs for different configurations of the TLC
network with different numbers of TLCs.
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ABSTRACT

Railway transport is one of the most important modes of
passenger transportation in the Russian Federation. In 2023, it
accounted for more than 35 % of all travellers. At the same time,
long-distance transportation accounts for almost 37 % of the total
volume of transportation by rail. The analysis of the dynamics of
changes in passenger turnover and transportation volumes
suggests that the market has not only recovered from the
unprecedented decline of 2020 but continues to grow steadily. The
growth in passenger transportation volumes entails an increase in
the volume of work at passenger and passenger technical stations.
The load on station complexes increases (especially during periods
of mass transportation). Carriers are constantly working on new
transportation products that are distinguished by speed and level
of comfort. For example, today, JSC FPC alone offers its customers
about 90 combinations of offers that differ not only in the category
of train, type of car, but also in the range of services offered during
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the travel. In this case, obviously, the key requirement, regardless
of the class, is the high quality of preparation of trains for the trip
and the coordinated work of all passenger departments.

Currently, most studies of the passenger infrastructure of
railway transport are devoted to the study of its individual objects,
for example, to the design and operation features of transfer hubs,
the technology of passenger and passenger technical stations.
At the same time, little attention is paid to the integrated
functioning of the «passenger station — passenger technical
station — transport interchange hub as of a single system. The
article proposes a mathematical formalisation of the process of
rational sequence of servicing passenger trains using linear
programming methods, which allows solving a number of
operational problems and conducting research to assess the level
of influence of various factors on the performance of passenger
and passenger technical stations.
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INTRODUCTION

The functioning of the complex «passenger
station — passenger technical station — transport
interchange hub (hereinafter — TIH)» as a single
system is based, first, on the technology of
servicing passenger trains [1-5]. The procedure
for servicing passenger trains at stations is
fundamentally different from that of cargo trains.

Thus, with a certain load of «station service
devices» and uneven arrival of cargo trains for
servicing, a queue appears, depending on the
«capacity» of the arrangements that ensure the
transition of cargo cars from one service system
to the next one. The time spent by cargo cars
(cargo trains) at the station, unlike passenger cars,
depends on the «capacity» of the service
arrangements, the volume of car flows and is
often not tied to specific schedule threads.

In passenger traffic, based on the turnover
schedule, trains are tied to certain threads of the
train schedule for departure and their servicing
is subordinated to the main goal — departure of
a ready train with passengers at a fixed time,
according to the schedule. Under these conditions,
the load of servicing arrangements (shunting
locomotives, receiving and departure tracks,
equipment tracks, etc.) should not be formally
determined as a share of the time of the work
directly performed in relation to the time under
consideration (day or the value of the intensive
period of work). The preparation and delivery of
trains for departure according to the schedule
will assume certain intervals between the end of
operations with one train and the beginning of
work with another. If these intervals are of such

a duration that they cannot be used for the
locomotive to perform other operation, they
should also be attributed to the work time,
increasing the load of locomotives [6].

Then, with a fixed departure schedule, for
example, of long-distance passenger trains and
considering the actual volume of operations of
station arrangements, the workload of the
shunting locomotive will represent a certain
dependence on the number of trains dispatched
over a certain period of time (Pic. 1).

The analysis of the operation of shunting
locomotives at passenger stations showed [7]:

— There are periods in their work (the period
of intensive arrival and departure of trains, the
period before and after technical maintenance
(hereinafter referred to as TM) of the locomotive,
operations to change locomotive crews), when
the locomotive load is practically equal to one.
Thus, at Moscow-passenger Kazanskaya
station, the first locomotive with an average
daily load of 0,72 has two periods of 3,5 hours,
when there are not even small breaks in its work.
The second locomotive with an average daily
load of 0,65 also has two such periods lasting
six and five hours. Moreover, there are
practically no reserves for increasing the
volume of work of locomotives.

— In order to reduce the locomotive load
during such periods, the practices are to
«prematurely» withdraw trains to the receiving
and departure tracks (hereinafter referred to as
RDT) or later withdraw trains from RDT for
subsequent work with them in accordance with
the technological process (along the technological
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Pic. 1. General nature of changes in the load of a shunting locomotive depending on the number of passenger
trains served at the station [performed by the authors].
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line). Which, in turn, leads to an increase in the
duration of RDT occupancy.

In practice, it is usually necessary to answer
two questions at the same time:

1. Will the shunting locomotive cope with the
given volume of work?

2.1s it possible to implement the «premature»
withdrawal of trains to the receiving and
departure tracks and/or the withdrawal of trains
from RDT with a delay relative to the
technological time, reducing the unproductive
downtime of the shunting locomotive when
performing a given volume of work, based on
the existing number of RDTs and the arrival/
departure schedule of passenger trains (the given
number of passenger trains)?

The answer to these questions is actually
a solution to the problem of checking the
sustainability of shunting locomotives with
a given volume of work, technical and
technological capabilities of the station and
a fixed schedule of arrival and departure of
passenger trains to the station.

Let’s consider the conditions for a shunting
locomotive could perform a given volume of
work.

Formally, the average daily load of a shunting
locomotive can be determined by formula (1):

n tiopzr
(1440—%,;:0'1(,'%”, ’ )
where

17 — operating time of a locomotive with the
i-th train number, which is defined on the time axis,
subject to the increase of technologically justified
times for the start of operation with it (based on the
arrival and departure times of passenger trains and
mail and baggage trains, as well as the start times
of TM operations and crew rotation);

n — the total number of trains arriving and
departing per day, with which the shunting
locomotive works (moving trains between RDT
and the parking/equipment/repair/... tracks);

T,,.. —breaks in the operating time of
a shunting locomotive (the time that the
locomotive is not in the working yard during the
day);

K, — coefficient that considers possible
interruptions in shunting operations due to
failures of technical equipment (infrastructure
reliability coefficient)’;

Yiee =

! Methodology for assessing and monitoring the efficiency
of using shunting locomotives: approved by order of JSC
Russian Railways, dated December 1, 2017, No. 2485/r.

o, — the coefficient of hostility of
movements, which considers the duration of
operations that cause interruptions in the
performance of shunting work, within the total
duration of the day.

In cargo traffic, a queue of trains is formed
to perform operations. It can be larger or smaller
depending on the period of the day and the
intensity of work with trains. In any case, when
the locomotive load is less than 1,0 (and in
intensive periods it can be more than 1,0), the
locomotive on average performs a given volume
per day, only increasing the average time of
passage of trains along the technological line due
to queues [8; 9].

In passenger traffic, trains are tied to arrival
and departure times, and in all cases these
schedules must be respected. Therefore, the
condition y, <1 is necessary (hereinafter—NC),
but not sufficient.

Let us determine the sufficient conditions
(hereinafter — SC) for performing operations with
passenger trains for a shunting locomotive,
subject to a given fixed schedule for performing

operations.
Let be defined:
e — technologically justified times for

the start of operations of a shunting locomotive
with passenger, mail and baggage trains upon
arrival and departure (based on the arrival and
departure schedule of these trains);

i — the sequential number of the operation of
a shunting locomotive with trains, determined in
ascending order of times located on the time axis.

Then the daily time interval will be divided
into (n + 1) intervals, the boundaries of which
will be the adjacent start times of operations on
the time axis, including the start and end times
of the day.

Let us group the start times of the shunting
locomotive operations with trains into separate
non-overlapping calculation time periods Tp
(Pic. 2), the boundaries of which will be:

— start and end times of the total (cumulative)
period — day;

— start and end times of periods when
a shunting locomotive carries out work not
related to working with trains (technical
inspection, equipment, exchange of locomotive
Crews).

In the example shown in Pic. 2, there are four
calculation periods in a day:

1.From zero minute (conditionally) until the
start time of locomotive TM.
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Pic. 2. Periods of occupancy of a shunting locomotive during the day [performed by the authors].

2.From the time of completion of locomotive
TM to the time of the start of the first rotation of
the locomotive crew.

3.From the end of the first rotation of the
locomotive crew to the start of the second
rotation of the locomotive crew.

4.From the end of the second rotation of the
locomotive crew to 1440™ min (conditionally) —
the end of the estimated day.

The start times of operation (") , located
on the time axis segments that lack the
technologically justified working time of the
shunting locomotive in a given calculation period
(T&) (or they fall on a non-working time
segment for the locomotive), are transferred to
other calculation periods in accordance with the
following rules:

— hours of operations with trains upon
arrival — to the next (after the non-working
period) calculation period: 7 ™" =Tra";

— hours of operations with trains intended for
departures — to the previous (before the non-
working period) calculation period:

startoper. __ pend _ ,oper
ti.dep - Tper tr’ .

NC for the execution of a given volume of
operations by a shunting locomotive with
unconditional respect of the schedule of arrival
and departure of passenger trains should be
considered as compliance with inequalities for
each of such calculation periods ( Tr) . (2):
.

i=] <1

Toper -

er (2)

where k£ — the total number of locomotive
operating times within the time period of the
calculation period, including those carried over
to the given calculation period;

i — sequential number of the locomotive
operation in the time segment of the calculation
period, determined in ascending order of location
on the time axis.

SC consists in the fact that within each
calculation period (T;%) . all time intervals free
from operations are used by shifting the
technologically justified times of the start of
operations by a shunting locomotive with trains
(£ . within the permitted time interval,

located to the left or to the right on the time axis
from the technologically justified time of the start
of operation depending on the nature of the
operation (upon arrival or before departure).

SC must be fulfilled for all calculation
periods. Otherwise, a recalculation should be
carried out considering the transfer of the first
times of the start of operation (intended for train
departure) to the adjacent previous calculation
period and the last times of the start of operation
(intended for train arrival) to the adjacent
subsequent calculationeriod. This can achieve
a redistribution of the volumes of locomotive
work within the calculation periods, but to the
detriment of the total time of occupation of RDT
trains.

Analytically, SC for the calculation period
(without the permitted shift of the technologically
justified time of the start of operations with the
train) takes the form (3):

foper
n - _
tslarl oper __ tslan oper <1 Vn= k’k 1" Eh 1’ .
n+l n

A3)
where £ =T,

Let us consider examples of the execution of
NC and SC at > = 30 min® for two adjacent
calculation periods over a common time interval
of 600 min (Pic. 3).

The first calculation period ( 7,) :

.. 150
k =5, necessary condition vy = 240" 0,625

30
TR
240-210
30
210-210
30
210-150
30 .
150-120  °
30
> 120-60

n=5
n=4, «©, SC is not met;

n=3,

.5

n=2,

n=1 0,5,

The second calculation period ( 7,) :
0

.. 18
k =7, necessary condition vy = 220" 0,75

2 To solve the example, a random time is used to check the
progress of the calculations.
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Pic. 3. An example of performing NC and SC for adjacent calculation periods in a common time period [performed by the authors].
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n=35, —2 __15:SC is not met;
» 570 330 = >3 SC is not met;
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=4 -3 __ps-
n=4 550500
n=3, —2 ___15:SC is not met;
+ 500 _ago " 3+ SC is not met;
30
=9 Y  _.
n=2, Ro_as0 3
30
1. 3% 0467,
n=1, 750380

Failure to comply with SC (without the
permitted shift in the technologically justified start
time of operation with the train) does not mean that
the shunting locomotive will not perform work in
this calculation period. This will be possible if the
shift is permitted subject to an increase in the time
of occupancy of RDT by trains.

Let us assume (within the framework of this
local problem) that an unlimited increase in the
time of occupancy of RDT by trains is permissible
(i.e., RDT load is small and is not limiting).

The use (or imibility of using) of free time
intervals for the shunting locomotive to perform
operation in the calculation period depends on:

— he specified schedule of arrival and
departure of passenger trains at/from the station;

— the sequence of work in this period with
trains upon arrival and before departure, since
the possibility of shifting from the technologically
justified time of work with the train in these
variants is different (to the right or to the left on
the time axis).

Then the problem of the shunting locomotive
performing its operations is reduced to solving
the problem of finding the minimum of a linear
function under given constraints in the form of
equalities and inequalities. Let us state this
problem.

Designations:

n — number of passenger trains within the
period of time under consideration;

m — number of other trains requiring
locomotive shunting;

17" — the time of arrival of the i-th passenger
train at the station (time can be counted from any
time point). The duration of the calculation period
can be any (i is a sequential (conditional) number
of the train within a time period);

1#? — departure time of the i-th passenger
train from the station according to the schedule;

1" —time for removal (rearranging) of the i-th
passenger train from RDT on the servicing (storage)
track, including the time necessary for moving the
locomotive to the train and returning it to the
parking place, the time for rearranging the mail and
baggage cars to the loading and unloading places
(if necessary) and the time for additional assembling
of the train if an idle time is planned for it;

1 —time of delivery (relocation) of the i-th
passenger train from the parking tracks to RDT,
including the time of movement of the locomotive
to the train and its return to the parking place,
including the time for coupling mail and baggage
cars to the passenger train and additional
assembling of the train when it is relocated from
the parking tracks;

1Pt _the time of operation of the
locomotive with the arriving mail and baggage
train, including the time of the locomotive
moving to the train and returning it to its parking
place upon the arrival of the train;

£ schedule of arrival and
departure of the i-th mail and baggage train,
respectively;

gatorTnaT_ the shortest on the number axis
(the earliest) technologically justified time of
starting work with the i-th mail and baggage train

after its arrival (4):
t.slarl oper m-b arr - tiarr m-b + titech arr m-b (4)

i B
tech arr m—b

where —technologically necessary time
from the moment of arrival of the i-th mail and
baggage train until the moment the shunting
locomotive starts operation with it;

PP _ the time of operation of the
locomotive with the mail and baggage train,
including the time of the locomotive moving to
the train and returning it to the parking place
when the train departs;
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start oper m—b dep
ti

— the longest on the number axis
(the latest) technologically justified time of the
start of work with the i-th mail and baggage train
upon its departure (5):

start oper m—bdep __ (dep m-| tech dep m-|
t b d td b _ t h d b
i i i s

©))
where #°"“*™* _technologically necessary time
from the moment of completion of operation with
the i-th mail and baggage train until the moment
of its departure;

1" _the shortest on the number axis (the
earliest), technologically justified time of the start
of work with the i-th passenger train when it is
moved from RDT (6):
gnomran — gor 4 gdsm ()
where " — the time of disembarking of
passengers from the i-th passenger train (provided
that it is limiting in relation to technical
operations carried out with the train in parallel);

e the longest on the number axis (the
latest) technologically justified time of starting
work with the i-th passenger train by rearranging
itto RDT (7):
t[slan operdep _ tidep _ t[emb _ ti(ech , (7)
where #™ — time of embarking of passengers
into the i-th passenger train;

1" — technologically necessary time from
the moment of completion of boarding of
passengers until the moment of departure.

In addition, if there may be hostility at the
station when moving trains from RDT and back,
they must be considered as additional waiting
time (8):

T, = M[ng™ s ®)

For example, if 7. =0,2hour |
cross 0,1
M[ng]= [o, 075+ 0,2)"“"“ =0,575y,. .

If Ve =0.8, then M[nl™]=0,46, T =0,092
hour = 5,5 min.

If W, =0,7, then M[n™ ]=0,4025, T =0,08
hour = 4,8 min.

If Ve =076, then M[n™]=0437, T =
0,087 hour = 5,2 min.

This time should be considered when
calculating the total time of movement of trains,
if necessary.

The performance indicators of a single
«service system», which means the movement
of trains from RDT and back with significant
traffic loads on the routes, can be calculated using
the methodology described in [10-12]
differentially for different time periods depending
on the load of the route intersections, including
«overload» periods, i.e., when the demand for

using intersections exceeds their capacity. The
corresponding calculations are given in (9):

0,1(1+0,7517)

T\ym,npuo S s 0,8
QY2 = Yoy +0,2)0(140,757°)

M[n]= le
20(y2,, ~1,75 0, +0,77)

e
tﬂ(‘l‘

,when0,8<vy_ <1

> (9)
+15(W2 ~2,30,,,, 1.32),

whenl <y, <12
where M[n{™ ] —the mathematical expectation
(average number) of passenger trains waiting
extra time due to hostility;

Ve — load factor of the «service system»
(hostile train routes);

fwe. —average time of occupation of a hostile
route when moving trains, hours.

The duration of the periods of differentiated
calculation of the time of waiting for
a rearrangement may be less than the calculated
periods of operation of shunting locomotives
depending on the change in the intensity of
occupancy of routes with hostility and is
determined for specific passenger stations.

Let us set the problem for a single shunting
locomotive.

During the considered period, the locomotive
must perform the operation of moving
(rearranging) of (n) passenger trains on the
servicing (storage) track, of moving (rearranging)
them to RDT, and perform operations with (m)
mail and baggage trains upon arrival and before
departure.

At the same time, the sum of deviations of
the actual start times of operations with trains
from those dictated by the technological
processes of work with passenger and mail and
baggage trains and the schedules of their arrival
and departure must be minimal, which will
ensure the optimal balance of occupancy of RDT
and storage tracks with the unconditional
fulfilment of the specified volume of work.

Thus, this problem is a linear programming
problem of finding the minimum of the objective
function under constraints of the types of
equalities and inequalities type [13; 14].

The absence of a solution to this problem with
the given initial data will indicate the impossibility
of performing the given volume of operation for
the locomotive under the conditions of a fixed
schedule.

Let us represent the problem mathematically
with the above notations.

Let us introduce the numbering of the start
times of operations with arriving and departing
passenger and mail and baggage trains [15]. From
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here on, as the i-th arriving (departing) train we
will mean not a specific train that arrives at the
station (departs from the station), but a train that
arrives at the station (departs from the station)
along the i-th «thread» and is serviced at the station
in accordance with the accepted technology of
work with a train arriving at the station (departing
from the station) for a specific purpose of the i-th
«thread» of the schedule. The count can be started
from any moment accordingly with time passed.

The unknown (required) values in the
problem will be the actual recommended start
times for operation with passenger and mail-
baggage trains (Pic. 3).

The total minimum number of unknowns is
(2 m+ 2 n) depending on the value of the period
of time under consideration, i.e., x,i=1,..., 2
(m + n) (here the numbering is as defined above).

The constraints in the problem will be:

1. For all times determining the start operation
time of the shunting locomotive for removal of
passenger trains from RDT (10):
tistzn operarr X, < tistzm oper arr +v, (10)
where A—the maximum possible (established by
will or through other considerations) time
interval during which a train must vacate RDT.
This value may be established differentially for
different time periods or for each train depending
on the actual occupancy of the parking tracks at
certain periods of time.

2.For all times that determine the start
operation time of the shunting locomotive to
deliver a passenger train to RDT (11):
tistzm oper dep -, < x, < tisxan oper dep , (1 1 )
where A, — the maximum possible (established
by will or upon other considerations) time
interval that allows for the early relocation of
a train from the parking (servicing) track for
subsequent departure from the station. This value
can also be established differentially depending
on the actual occupancy of RDT, as well as on
the schedule of arrival and departure of trains,
primarily of transit ones.

The value A= 0 and or A, = 0 adopted in the
calculations means that, due to the dense
occupancy of RDT (parking) tracks, deviations
from the technological schedule for operations
with passenger trains are not permitted.

3.For all times that determine the start time
of operations of the shunting locomotive with
the arriving mail and baggage train (12):
tistznopermfbarr Sx,. Stjstartc»permerr +v, , (12)
where A, — the maximum possible (established
by will or upon other considerations) time

interval during which operation must begin with
the mail and baggage train upon arrival.

4.For all times that determine the start time
of the shunting locomotive’s operation to
assemble and rearrange the mail and baggage
train when it departs from the station (13):
tislart oper m—b dep —v,<x, < tistan oper m—b dep , (1 3)
where A, —the maximum possible (established
by will or upon other considerations) time
interval that allows for early commencement
of operation with a mail and baggage train
before departure. The explanations for the
values A and 4, may also fully apply to the
values A, and 4.

S5.For all times that determine the start of
technical maintenance, exchange of shunting
locomotive crews (14):
tend maint - ts(zrl maint + Cj, (14)
where C, —fixed time for performing technical
maintenance, changing locomotive crews for the
J-th operation.

These values are not variables, they are given
as initial information: @ maint,

In some cases, a slight shift in time for the
values of tswrtmaint and the duration of the
maintenance itself may be allowed.

The next group of constraints concerns
ensuring the possibility for a shunting locomotive
to start work with the next train after completing
operations with the previous train.

6.For all times determining the start time of
the shunting locomotive’s operations with the
next train after completion of operations with the
previous train to remove (rearrange) the passenger
train from RDT on the servicing (parking) track
(15):
xtt <X (15)
7.For all times determining the start time of the
shunting locomotive’s operations with the next
train after completion of operations with the
previous train to deliver (rearrange) a passenger
train from the parking tracks to RDT (16):

Xt Chari S Xippe (16)

Constraints 6, 7, 8 and 9 provide the necessary
«sparsenessy in the operation of the locomotive.

8.For all times determining the start time of
the shunting locomotive’s operations with the
next train after completion of operations with the
previous train (mail and baggage train) upon
arrival (17):

X FgopermeaT<x . (17)
9.For all times determining the start time of

the shunting locomotive’s work with the next

train after completion of work with the previous
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Pic. 4. Fragment of the placement of searched values on the time axis [performed by the authors].

train (mail and baggage train) before departure
(18):
XA < (18)

10. For all times defining the time before
the start of technical maintenance (exchange of
crews) of the locomotive (19):

X, Pl el 19)

Constraint 10 similarly (like all the constraints
of this group) determines the possibility of
completing operations with trains before the start
of a technological break in the operation of the
locomotive.

Let us consider a specific example that
corresponds to the general pattern of train arrivals
and departures shown in Pic. 3.

Initial data:

1= i=2,....,8 — 20 min.

Calculation is made for A=A, =0, 5, 10 min.

£ — 60 min,

TS =240min.

In this case, the formal load of the shunting
locomotive is 0,83, and the direct operating time
is 200 minutes.

The analytical criterion for this problem has
the following form (20).

f(x,.’i=1,...2(m+n))=
=min[ (e 3 ()| (20)

ieMgy ieM

where M, — a subset of natural numbers that
define in a numerical sequence the numbers of
the shunting locomotive’s operations for delivery
of passenger trains to RDT and the operations
with mail and baggage trains for their dispatch

for the calculation period,

M, —asubset of natural numbers that define in
a numerical sequence the numbers of the shunting
locomotive’s operations on removal of passenger
trains from RDT and operations with mail and
baggage trains upon arrival for the calculation period.
In this example (21):
z (_xl_ +tistarloperdep )+

i=2,4,78

+ Z (_t[stanoperan' +x,') , (21)

i=13,5,6

f(x,i=1,...8)=min

tlslanoperarr =0 ; t;lanoperdep =65 ; tstan operart _ gy ;

3

tzlanoperdep =110 ’ tsslan.operan =120 , téslanoperarr =140 ,

t7stanoperdep — 175 ; t;&an oper dep — 190 .

T = 240min,

Constraints when A = 10:

x, = 0;

X, 20,x,20,x <A;

X, =65 —A, x, <65, x,—x,=20;

X, = 80, x, <80 + A, x, —x,>20;

x, = 110 -A, x, <110, x, — x, 2 20;

X, > 120, x, <120 + A, x, —x,> 20,

X, > 140, x, < 140 + A, x, — x,=> 20,

x, =175 -A, x, <175, x, —x,2 20;

X, = 190 — A, x, <190, x, — x> 20; x, <
240-20 = 220.

Criterion:

(65-x,)+(110-x,) +(175-x,) + (190 —x,)

(-0 +x)+ (80 +x,) +(-120 +x,) + (-140
+ X))

The reduced form of the criterion and
constraints (with a fixed value of A and finite
values of the constant):
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Table 1

Solution when A =10

x20, x,<10

265-10 ) x,<65 x,—x220;
X280 x,<80+10, x,—x,>20;

2110-10, x, <110 | x, —x;>20;
X;2120, x,<120+10, x5 —x,>20;

2140 | x,<140+10  x,—x;>20;
x,2175-10 , x,<175  x, —x,>20;
X2190-10 | x, <190 x; —x,>20;
X, <240-20=220,

x, =0,
X, =60
x; =80
x, =100 |
x5 =120,
X, =140 |
x, =170
X, =190

s

min: X, — X, ¥ X, — X, + X, + X, — X, — X, +200.

The solution is shown in Table 1.

Minimal value of the criterion: min /= 20.

The sufficient condition without the
permissible shift (A= 0) is not satisfied. With the
permissible shift A = 5, the solution to the
problem for the given initial data is also absent.

Let’s change the initial data, namely, reduce
the calculation period: Tgy =200min and shift the
start of operations with the departing passenger
train £ *" =170 min .

The solution is shown in Table 2.

Minimal value of the criterion: f'= 35.

Inthis case y, = 1.Thelocomotive operates
at maximum capacity and any delay of the train
can «break» the entire schedule of arrival and
departure of passenger trains, and the time of
additional occupation of RDT by passenger trains
increases by 75 %.

When several locomotives are operating, it
is necessary to distribute the work between them
according to the following algorithm:

1.1t is necessary to preliminarily determine
the required (needed) number of shunting
locomotives (22):

S aET,
M = 1440 ’ (22)
where n — number of all operations of shunting
locomotives per day;

1" — duration of the i-th operation of the
locomotive;

ST, —total time (per day) of breaks in the
operation of shunting locomotives associated
with their technical inspection and crew
exchanges (possibly, variant of calculations will
be required, since technical inspection is not
carried out every day).

2. All start times of operations shall be marked
on the daily time scale and transferred in relation

to the calculation periods for the first shunting
locomotive (see the previously specified rules).

3.For each calculation period for the first
shunting locomotive, based on the analytical
sufficient condition (3), it is necessary to carry
out the removal and placement of the locomotive’s
operations from the time scale of the first
locomotive to the time scale of the second
locomotive according to the condition (23):

s = A, 1 (23)

In this way, the transfer of operations that are
in the most «constrained» conditions is carried
out. Such transfer for each calculation period
(separately) is carried out until the analytically
sufficient condition is met.

4.1t is necessary to make iterative transfers
from the time axis of the first locomotive to the
time axis of the next locomotive until the work
is distributed relatively evenly across all time
axes of all locomotives used.

5.The distribution of operations must be
confirmed by solving the problem for each
locomotive and for each of its calculation periods
for a certain permitted shift in operations’ start times
associated with the additional occupation of RDT.

*kk

Under the conditions of mandatory performance
of operations by shunting locomotives intended for
the removal of passenger trains arriving at station’s
RDT and the rearrangement of passenger trains on
RDT for departure at a high average daily load, it
is necessary to resort to:

— alater time of removal of trains (in relation
to the technologically justified time) from RDT
tracks;

—an earlier time of delivery of trains
(in relation to the technologically justified time)
on RDT tracks.
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Table 2

Solution when A =10

x20, x,<10

X, <200-20=180 .

X,265-10, x,<65, x,—x,220;

x; 280, x,<80+10, x;—x,>20;

x,2110-10 | x,<110 , x, —x;220;
x;2120, x,<120+10, x,—x,>20;
X, 2140 | x,<140+10 | x, —x5=>20;
x,2170-10 | x,<170 | x, —x,>20;
X3 2190-10 | x,<190, x; —x,>20;

x =0,
X, =60,
x; =80,
x, =100 |
x; =120,
x, =140 |
x, =160,
x, =180,

Pic. 5. Time axis [performed by the authors].
— The line corresponds to the occupancy of the tracks without the permitted shift (the locomotive does not respect the schedule).
— The line corresponds to the occupancy of the tracks with the permitted shift (the locomotive respects the schedule).

This leads to an increased (per day) time of the track to be free after the train starts moving

the total occupation of RDT tracks by trains.

Such an increase in certain periods of time
can lead to a shortage of RDT to fulfil the
schedule of arrival and departure of both transit
(passing) trains and passenger trains for which
the station is final destination.

Therefore, after determining the start times
of shunting locomotives with terminal trains, it
is necessary to check the sufficiency of RDT
capacity to fulfil the general schedule of arrival
and departure of passenger trains at the station.

The initial data for such a check are:

1. For the increase in the number of occupied
tracks:

— the arrival time of transit (passing) trains
and passenger trains for which the station is final
destination, adjusted for the time of preparation
of the route for receiving a train on the track

ttransit arr tﬁnal arr
i s i s

— the time of the actual start of the shunting
locomotive’s operations to move a train to RDT,
adjusted for the time necessary for locomotive
arrives to the train ™" (X, + 7, ) .

2. For the decrease in the number of occupied
tracks:

— the departure time of (passing) trains and
passenger trains for which the station is final
destination, adjusted for the time necessary for

transit de final dej
t P I P .
i s i s

— the actual start time of the shunting
locomotive’s operation to remove the passenger
train for which the station is final destination
from RDT, adjusted for the time necessary for
the locomotive arrives to the train being removed:
1™ (X, + 1,44 ) and for the time necessary for the
track to be free after the train starts moving.

All the specified times are plotted on the
time axis (per day or per calculation period) in
ascending order, and the graph displays the
change in the number of occupied tracks over
time (with a step of t = 6 min) as shown in Pic. 5.

If at certain intervals the specified number of
tracks is exceeded (in this example — 6), then the
schedule will also not be respected, and it is
necessary to change the schedule of arrivals and
departures of passenger trains.

CONCLUSIONS

The proposed methodology is aimed at
mathematical formalisation of the process of
determining the rational sequence in the
operations of shunting locomotives with
passenger trains at stations. It can be used to solve
several operations’ problems, including:

* adjusting the results of calculating the
number of shunting locomotives at a passenger
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technical station under conditions of their
maximum loads;

* improving and adjusting the schedule of
arrival and departure of passenger trains when
assigning additional passenger trains during
periods of larger transportation periods;

* increasing the efficiency of shunting
locomotives considering the use of additional
backup locomotives provided for the periods
when RDTs are unoccupied;

* determining reserves in the operation of
shunting locomotives in case of possible delays
in the arrival of passenger trains at the station.

The methodology allows solving these
problems both fragmentarily in individual
periods of time and for a «daily segment».

The paper formalises the concepts of
a necessary condition and a sufficient condition
for shunting locomotives to perform a given
volume of operations, both in general and for
individual busiest periods of trains’ arrival and
departure.

Using the linear programming apparatus
allows solving both specific problems and
conducting research to assess the level of
influence of various factors on the performance
indicators of passenger and passenger technical
stations, determining the reserves for using
shunting locomotives and their rational use in
the context of the problem of a shortage of
shunting locomotives.
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ABSTRACT

The choice of the model is one of the determining factors within
the concept of assessing the efficiency of equipment during its full
life cycle.

The objective of this work is to justify the application of
the methodology for assessing the competitiveness and
quality of equipment as applied to road construction
machines, improved by the authors and proposed for
selecting machines under conditions of partial uncertainty
and lack of information.

The article methodologically substantiates the information sets
fo assess the equipment at the selection stage, presents the results
of studies of changes in the cost of road construction machines in
the secondary market of the Russian Federation, offers assessment
approaches to determining the quality and performance of products,
and provides a final algorithm of an integral assessment based on
individual competitiveness indicators. Methodologically, the
proposed method may be of interest when assessing other types
and classes of equipment under similar assessment condlitions.
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INTRODUCTION

Modern domestic and foreign scientific
research literature widely considers selected
issues of assessing the quality, productivity and
competitiveness of equipment in general and road
construction machines (RCM) in particular.

The work [1] compares economic indicators
of using hydraulic excavators and rope shovels
at Russian mines. It was found that the cost of
owning an EKG-12K rope shovel is lower than
that of hydraulic excavators. The work [2]
develops indicators of the efficiency of digging
with a hydraulic excavator and software for their
calculation. The work [3] studies a strategy for
operating a group of machines to balance fuel
consumption and productivity, determines
optimal parameters for minimising operating
costs. The paper [4] analyses the use of RCM for
completion of large government projects, such
as the Kaleswaram Lift irrigation system project
and the Polavaram project. The results of
monitoring of the operations of stone crushers
and quarries, as well as an analysis of the
technical characteristics of the machines, help to
optimise marketing strategies for sale of
excavators and loaders. The work [5] refers to
selection of the most effective models of
earthmoving machines for the soil conditions of
the Republic of Kazakhstan. The study [6]
analyses the evolution of methods for assessing
the competitiveness of machines and equipment,
identifying their applicability in modern market
conditions.

The study [7] describes the expertise of PT
Citra Mitra Sehati, an open pit mining company
in Ulok Kupai district, Bengkulu, Indonesia. The
equipment used, including a Dossan Dx 500
excavator and ten Hino 700 dump trucks, has
a high wear rate, which reduces productivity and
increases operating costs. The study aims to
compare the use of old and new equipment
considering economic parameters. The results
show that the new equipment is more efficient in
production, but there are significant differences
in maintenance and production costs between the
old and new equipment. The paper [8] discusses
the importance of equipment condition diagnosis
and life cycle management to minimise additional
costs and time associated with unexpected
breakdowns. The life cycle cost analysis of the
320C excavator from 2010 to 2017 helps
determine the optimal equipment replacement
time and the cost of its ownership.

The article [9] highlights the results of the

analysis of the current state and directions of
development of the road construction equipment
sector in Russia at the turn of 2023. The study is
based on the study of statistical information, as
well as on the developments carried out by the
Institute of Transport Problems of the Russian
Academy of Sciences, the NTMT Scientific and
Production Company and the Department of
Highways of St. Petersburg State University of
Architecture and Civil Engineering in various
periods, supplemented by information obtained
from the Internet. The article highlights that the
key problem of the domestic road construction
industry lies in the significant wear and tear of
equipment, reaching 50 %, the main reason for
which is the insufficiently high level of its
renewal.

The authors of [10] discuss the importance
of road machinery productivity as a criterion
linking all stages of the life cycle of roads and
machines. The study is aimed at determining the
relationship between the volume of work and the
performance of road machines used at sites. The
objective of the article was to analyse the
technical, operational and actual productivity of
machines when operated at specific sites.

The article [11] considers the issue of the
efficiency of road machinery operation, with the
main emphasis on the technical operation system.
It highlights as the main drawback of the current
approach the lack of accounting for the volume
of work performed when maintaining the
technical condition of machines, which is
considered necessary for more efficient operation
of machines. The article [12] is aimed at
identifying the relationship between the life
cycles of machines and roads and discusses
factors influencing the formation of road machine
fleets, considering the specifics of operation and
renewal of equipment. A new approach to the
formation of machine fleets is proposed based
on the feedback from the life cycle of the road
and the machine, which can improve the
efficiency and rationality of equipment use.

In the modern practices of road machinery
operation, many previous tasks have lost their
scientific significance [13]. This is due to
introduction of the latest regulations, development
of CALS technologies, introduction of advanced
monitoring systems and efforts to automate work
processes. In this regard, there is a need to
reassess and structure scientific issues related to
the study of the life cycle of road machines using
mathematical modelling, analysis of influencing
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factors and expert assessments for analysis.
Industry methods and the ERA-GLONASS
system are actively used in the field of road
construction. The conducted study emphasises
the key aspects of the modern system of the life
cycle of road machinery and highlights the
specifics of their study. Recommendations and
implementation of tracking systems in road
machinery contribute to scientific developments.
The article proposes methods for solving current
scientific problems, considering new trends in
operation of road machinery, which contributes
to a more accurate and reasonable formulation
of scientific problems.

Article [14] examines changes in the
consumer qualities of road construction machines
from 1993 to 2018. The study based on expert
assessments of various sources highlights that
over the past 25 years, the requirements for
machines have changed. At the beginning of the
period under review, more valued were the
characteristics related to formation of machine
fleets and ensuring operability. As the market
developed and with growing volumes of
construction, qualities that determine the
efficiency of machine operation became more
important.

The article [15] discusses the need to assess
the efficiency of vehicle operation in the agro-
industrial complex (AIC) and proposes a multi-
criteria model for this purpose. The main
property of the model is credibility, which is
achieved without the use of expert assessments.
The article [16] also presents a decision tree for
a vehicle quality assessment system, which helps
to streamline the search for solutions.

The article [17] describes a new approach to
determining consumer preferences when
choosing road construction equipment among
the options available on the market. This method
is based on the application of one of the
mathematical strategies for multi-criteria
optimisation, which is the zoning method, and
consists of analysing all possible combinations
of priorities following assessment characteristics.
The use of these techniques significantly
improves the clarity and accuracy of the
assessments. The effectiveness of the method is
demonstrated using the example of analysing the
technical features of bulldozers and comparing
the obtained data with the assessments made
using one of the classical approaches, expert
cluster analysis based on significant operational
characteristics.

In this regard, we set the following objective
for the study: to propose an improved
methodology for assessing RCM based on
technical and economic indicators, suitable both
for equipment with technical characteristics that
are confusingly close, and in the case of partial
or limited information on the results of operation
(new or fresh models), also relatively free from
subjective assessments of the decision maker.

RESULTS. SUGGESTED METHODOLOGY

The suggested methodology for assessing
road construction machinery by technical and
economic indicators was based on the
methodological approaches for passenger cars,
considered in the thesis work of P. I. Smirnov
[18] and tested for logging and cargo equipment
[19; 20]. The process of purchasing a road
construction machine is similar to investing in
production assets, which reflects the key interests
of commercial structures aimed at acquiring
RCM for their operational needs.

This approach allows us to consider the
selection, acquisition and operation of RCM
considering the economic principles and criteria
that are usually used in assessing the effectiveness
of investment projects. When determining the
most suitable RCM model for specific operating
conditions, the main attention is paid to the
technical and economic parameters of the
machines. This category includes technical
characteristics that affect the efficiency of
equipment operation, as well as indicators related
to the costs of its operation.

During the initial phase of RCM assessment,
these parameters are grouped according to
criteria that allow them to be collected into
a single analytical category (by type, purpose,
availability of additional equipment and other
characteristics).

When selecting a road construction machine
for commercial use within an organisation,
a critical aspect, along with compliance of
technical parameters with established standards,
is a comparison of the «useful effect of operation»
with the costs of obtaining it throughout the entire
life cycle (LC) of the equipment.

This principle is key to assessing the
competitiveness of the RCM in terms of the set
of technical and economic characteristics:

1. Operation efficiency: This refers to the
ability of the machine to perform the required
work with maximum productivity and minimum
time costs.
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2. Operating costs: Includes all costs for
maintenance, repairs, lubricants and refuelling
materials throughout the entire life cycle of the
equipment.

3. Dependability and durability.

4. Residual value: This is an estimate of the
value of the machine at the end of its operational
period, which can significantly affect the overall
economic benefit from its use.

5. Convenience and safety of operation:
Includes an assessment of how convenient and
safe it is to work with a given machine, which
can also affect labour productivity and staff
training costs.

The choice of RCM considering these
parameters allows organisations to maximise the
return on investment and ensure high
competitiveness in the market.

This condition determines the assessment of
the level of competitiveness based on technical
and economic indicators:

E,/C, — max, )
where E_ — beneficial effect of using RCM
throughout the entire life cycle;

C, —total costs of achieving a beneficial effect
throughout the entire life cycle.

In the future, we will designate this ratio as
an integral indicator of product quality based on
technical and economic indicators — Q.

QTEI = E):/ Cz‘ @

To assess the economic benefit from using
road construction machines, the methodology
developed by S. V. Repin is used as a basis. This
approach involves not only the use of an integral
indicator for comparing RCM by their technical
and economic characteristics, but also the
calculation of specific costs for performing
a certain amount of work. Such costs are
expressed through specific costs per unit of
transport work, designated as C,, with
a preference for using the indicator in rubles per
hour of machine operation.

The calculation of specific costs per unit of
work can be carried out based on the actual life
cycle of the machine, or on a conditional LC,
provided that there are no operational data, for
example, assuming 10000 hours of machine
operation. This approach allows for a more
objective comparison of different models of road
construction machines and making informed
decisions when choosing the most suitable
equipment, considering its long-term economic
efficiency.

Our approach to the analysis of road

construction machines at the stage of comparing
them by technical and economic indicators
includes the possibility of using an additional
analytical module. This module is designed for
a detailed assessment with individual specific
criteria that may be critically important in certain
operating conditions or for specific consumer
preferences. Such criteria include, for example,
engine parameters, traction characteristics,
features of the working area, lifting capacity,
level of convenience and ergonomics of the
operator’s workplace, as well as the specifications
of individual important machine components.

Assessments using these criteria are formed
based on a comparative analysis of available
RCM options. For objective comparison and
selection of the best option in the presence of
several similar alternatives and in conditions of
limited information or uncertainty, it is proposed
to use the zoning method. This method was
further improved by A. V. Terentyev [21] and
allows for the effective solution of multi-criteria
selection problems, optimising the decision-
making process in complex conditions.

The introduction of such an additional
module allows for an in-depth analysis of each
aspect of the proposed equipment, considering
the unique requirements and preferences of the
consumer, which makes the process of selecting
road construction machinery more targeted and
rationale.

The inclusion of additional evaluation criteria
and the use of mathematical methods to integrate
these results into a common integral indicator is
a significant step forward in the methodology for
analysing and selecting road construction
machinery. This approach not only reduces the
subjectivity that often accompanies the evaluation
process but also increases the credibility and
reliability in determining the competitiveness of
various RCM models.

The integral technical and economic indicator
of product quality, designated as Q,, plays a key
role in this process, as it summarises various
aspects of the efficiency of machine operation
into a single generalised numerical expression.
This allows consumers and organisations to make
an informed choice based on a comparison of the
maximum return on investment.

However, like any comprehensive method,
the proposed approach requires access to
extensive and accurate data on technical
parameters, operating costs and potential income
from equipment operation, as well as the ability
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Pic. 1. Flow chart for assessing analysed RCM according to TEI [developed by the authors].

to correctly interpret this information in the
context of specific operating conditions. This
may pose some challenge, especially for new
models of RCM, for which there may not be
sufficient operational data.

The flow chart of the proposed method for
assessing RCM based on technical and economic
indicators is shown in Pic. 1, the algorithm for
calculating Q. and CSp for assessing RCM at the
stage of decision-making on acquisition is given
below.

Step one. Creation of a database for the
studied group of road construction machines
based on information from Internet resources and
on experimental data obtained from users and
operators.

Step two. To calculate and determine the total
operating costs of road construction machines
throughout their entire life cycle, it is necessary
to calculate the following component items to
determine the total costs C_

Cpron— cost of equipment in rubles;

C,..ime — initial acquisition costs, in rubles;

constanme — cONditionally constant annual
costs, in rubles per year;

T, . — number of years of use within the life
cycle under consideration, in years;

C,, — maintenance costs, in rubles;

N,.—average fuel consumption rate, in litres
per hour of operation;

C,,, — fuel cost, in rubles per liter;

C,., — loan payments, lease payments, in
rubles;

L, — the value of the expected operating
time or the value equal to the operating time
within the conditional life cycle.

Step three. We determine the final total costs
for operation of RCM throughout the entire life
cycle:
C

const.annual

Niex Ly xChy

x Tu:e + CM + loan 5 rub. (3)

Step four. Calculation of specific costs:
C_=C, 'L, rub/hour. @)

Step five. Calculation of the beneficial effect
from operation of RCM throughout the entire life
cycle of E. As the latter, one of the following
values in rubles/hour is taken:

comoper the specific value of the expected
income from commercial operation is determined
in rubles per hour of work.

I, — specific alternative income is defined as
the difference between the cost of services for
providing the organisation with RCM for rent
and the projected costs of its own machines,
reduced to one hour of RCM operation.

The value of the latter is determined by
solving the system (5):

Lt =2 O (1) = 220, (1)
I alt > 0’ lf to [tpayback e tservice :I ( 5)
t <t

payback > service

Step six. Calculation of individual components
of costs for achieving a beneficial effect
throughout the entire life cycle of RCM Ci:

C, — labour costs;

C,,. — fuel costs;
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Pic. 2. Regression models of changes in the cost of 3-ton loaders [performed by the authors].

C__ —purchase of spare parts and tires;
spare

C.,... — costs of consumables;

C_, — maintenance and repair costs;

C,, —overhead costs;

C,., — loan payments, lease payments;

I, the price of selling RCM, when used to
the limit state, can be taken as equal to the
liquidation value or considering the application
of the mathematical model of changes in the
residual value, given below.

Step seven. Calculation of total costs for
achieving a beneficial effect throughout the entire
life cycle of RCM E:

E;= Cl + Cfuel + Cspare + Coper + Cmr + Cov+Cloan7
o TUD. (6)

Step eight. Calculation of the integral
indicator for TEI Q_,:

QTEI = (EE X Ltotal) / CZ' (7)

Step nine. Recording the calculated values of
CSp rub/hour and Q_,, in the final table of RCM
assessment. If necessary, one should proceed to
assessing the next RCM from the analysed group
(transition to Step two).

In the above method, the value of I is of
particular interest which is the cost of selling
RCM, when used to the limit state, which can be
taken as equal to the liquidation value or
calculated using the obtained mathematical
models. To find them, an analysis of statistical

Table 1

I

Mathematical models
of changes in the cost of RCM

@ Regression Coefficient of
EO equation determination
A | y=15.794x2-404.68x + 4576.9 R2=0.7117
B |y=10.492x>-356.58x +4512.4 R2=0.7606
C |y=13.598x>-388.92x +4337.8 R2=0.8171

data was performed. For the calculation, data
from such ad aggregators as Avito, excavator.ru,
Avto.ru were used. Offers for the sale of three
front end wheel loaders of manufacturers from
the PRC with a lifting capacity of 3—5 tons were
analysed, from newly manufactured to the oldest
ones, while the price and operating time in engine
hours (if available) were recorded.

Based on the collected data, statistical
dependencies of the cost of RCM in the
secondary market from their age were obtained,
shown in Pic. 2. Herewith, there is a clear
understanding that the price announced on portals
of advertisements for sale of equipment and the
real price of equipment on the secondary market
can often differ significantly. At the same time,
this is partly compensated by both the volume of
collected records and the peculiarity of the
excavator.ru advertisement portal, in which
records on sold equipment go to the archive
allowing their further viewing. Records from the
archive, as a rule, consider the decrease in the
price declared by the seller in the process of
displaying the advertisement on the site and
therefore are much closer to the real cost of
selling equipment on the secondary market. In
the total share of statistical information, the share
of such advertisements is about 34 %.

Regression models were calculated for the
obtained statistical data on the cost of equipment
(see Table 1), for which sufficiently significant
coefficients of determination R? were obtained.
The highest value R?=0.8171 was obtained for
the data on the cost of loaders of model B with
a lifting capacity of three tons due to the largest
volume of collected data.

A similar model was constructed for the
loaders of the company «C» with a lifting
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Pic. 3. Regression model of change in the cost of 5-ton loaders [performed by the authors].

capacity of five tons, shown in Pic. 3. The
regression model has the form: y = 22.119x2—
659.99x + 7114.4 with a coefficient of
determination R* = 0.7075.

In addition, during data collection, records of
equipment operating time were recorded, which
allowed us to obtain additional rather interesting
results. Thus, for loaders with a lifting capacity
of 3-5 tons of the company «C», the average
operating time in engine hours per year of
operation was 921 engine hours/year, for model
«B» — 780 engine hours/year and for model
«A» — 674 engine hours/year.

DISCUSSION AND CONCLUSIONS

As the analysis of statistical data on the cost
of RCM on the example of loaders of different
brands manufactured in the PRC has shown, the
nature of the change in their cost is similar and
does not show a significant difference irrespective
of a specific manufacturer either model. The
curves and models constructed in this case are
similar to those obtained by S. V. Repin for RCM
of European and American manufacturers [21].

Atthe same time, if several years ago in similar
studies conducted by the authors, equipment
manufactured in the PRC compared to RCM of
European and American manufacturers greatly
lost in value on the secondary market starting from
the first year, now we do not find this.

At the same time, despite the absence of
differences in the dynamics of the decrease in the
cost of RCM on the secondary market between
loaders of different PRC manufacture companies,
it was found that the average operating time in
engine hours/year of loaders of one of the brands
is 15 and 27 % higher than that of loaders of two
other companies. In our opinion, the latter may
indicate a potential opportunity to operate the
equipment more intensively, as well as shorter

delivery times for spare parts and possibly
potentially higher quality of the equipment.
The suggested calculation technique can be
used to assess RCM of manufacturers regarding
whose products there is still few information on
the service life of units and assemblies, and on
the entire maintainability and repairability.
Thus, the methodology we propose, the
essence of which is shown in Pic. 1 and described
in the algorithm above, comprising the application
of the results of statistical studies on the cost of
equipment on the secondary market, can be used
to select RCM for purchase, considering the
existing uncertainty and the lack of operating
data and data on the resource and service life of
equipment. The set of information for assessing
the cost and availability of spare parts for
equipment deserves special attention, which will
be considered by the authors in a separate study.
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ABSTRACT

Within the task to open a separate enlarged group of specialties
and degrees in the field of transport education, the authors, based
on many years of pedagogical and industrial experience, developed
an exclusive project of a synchronised training program in the
specialty «Roads and Aerodromes» to be included into the above-
mentioned enlarged group.

The article presents, also for the purpose of discussion by the
professional community, a modular scheme of the synchronised
main professional educational program «Roads and Aerodromes»
and examines the specifics of structuring each module and filling
it with disciplines.

Particular attention is paid to the well-known problem of the
relationship between the number of humanitarian and technical
disciplines in the educational process. Upon showing main reasons
for inclusion of an increased number of humanitarian disciplines
into engineering-focused general professional educational
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programs, proposals have been made on mechanisms for
eliminating existing imbalances.

The article highlights main problems in the system of training
in engineering specialties in terms of programs’ funding, of covering
the programs of the developed enlarged group of specialties «Road
Sector» with requirements of professional standards, of providing
the educational process and research work of departments
responsible for graduation with research / laboratory equipment
and road machines.

Suggesting one of the possible ways of introducing the «Roads
and Aerodromes» program into the practice of professional training
of the system of higher educational institutions of the Russian
Federation, the authors substantiate the opinion that the most
promising solution would be creation of Interdepartmental Scientific
and Educational Centres of regional significance (ISECR), assigned
to specific road and climatic zones.
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INTRODUCTION

The training of engineering and technical
personnel is one of the fundamental factors in
intensification of economic development and
strengthening of the national sovereignty of the
Russian Federation in the field of technology and
industrial production. The general theory of training
engineering and technical personnel and organisation
of educational process attires attention at various
levels'>*; a significant number of scientific works have
been devoted to this problem, namely, [1-8]. Issues
of training engineering personnel for the transport
industry are considered, for example, in [9—12]. At the
same time, there are very few publications in scientific
periodicals concerning the real problems of training
personnel for the road construction industry (they
include, for example, [13]).

The development of higher education in the
field of road sector received additional impetus
following the meeting of the Presidium of the
Government Commission on Transport on April 10,
2023. It approved the proposal of the Ministry of
Transport of Russia on formation of a federal
project «Development of human resources in the
transport industry» for the period 2026-2035%. As
stated, «its purpose is to provide the necessary
funding, implement educational programs and train
the required number of specialists, including for
new distinct directions of studies.., which the
Ministry of Transport proposes to introduce through
formation of a separate enlarged group of «Road
Sector» specialties and directions of studies for
training in the field of education «Transport»*. Two
specialties, which are inseparable, in our opinion,
namely, «Roads and Aerodromes», «Bridges and
Transport Tunnels» were highlighted within this
enlarged group.

Currently, in accordance with the Russian
Classifier [Classification] of Specialties in

! Podtserob, M. In Russia, there are constantly talking about
the shortage of engineering personnel // Vedomosti, 25
July2023 [In Russian]. [Electronic resource]: https://www.
vedomosti.ru/management/articles/2023/07/25/986739-v-
rossii-postoyanno-govoryat-o-defitsite-inzhenernih-kadrov.
Last accessed 15.11.2023.

2 Indicators of education 2023. Statistical collection.
[In Russian]. National Research University Higher School of
Economics, 433 p., P. 36. ISBN 978-5-7598-2746-7.

3 Data of the Ministry of Science and Higher Education
of the Russian Federation. [Electronic resource]: https://
publications.hse.ru/pubs/share/direct/269677991.pdf. Last
accessed 27.12.2023.

4 Andrey Belousov held a meeting of the Government
Commission on Transport. [In Russian]. [Electronic
resource]: http://government.ru/news/48205/. Last accessed
27.12.2023.

Education OK 009-2016 (OKSO)?3, training of
personnel for the road construction industry in the
sections III, IV, V of the directions of studies in
higher education, referring, respectively, to
training bachelors, masters, and specialists (via
specialties of higher education), is now classified
within field of education «Engineering, technology
and technical science», within the enlarged group
of specialties 08 (EGS) «2.08.00.00 Engineering
and construction technologies.» Within the
framework of this EGS, training of bachelors
(08.03) and masters (08.04) for the road
construction industry is implemented within the
same direction of studies 2.08.03(04).01
«Construction», and training of specialists via
specialties of higher education (08.05) is
implemented within specialty 08.05.02
«Construction, operation, renovation and technical
protection of roads, bridges and tunnels».

The current situation creates many problems
for educational institutions of higher education
regarding organisation, implementation and
synchronisation of the educational process at
different levels of education (bachelor’s, master’s,
specialist’s training). Training of specialists
within the program 08.05.02 «Construction,
operation, renovation and technical protection of
roads, bridges and tunnels» does not fit with the
with the direction of bachelor’s and master’s
studies. The title of the specialty program
includes the phrase «renovation and technical
protection», borrowed from military terminology,
but there is no mention of activity regarding
survey, design, construction, operations,
maintenance and repair, which are significant for
modern road construction sector from
technological, industrial, organisational and
managerial point of view. In general, there is an
almost insoluble problem of synchronising
training programs for specialists, on the one hand,
and bachelors and masters, on the other. This
uncertainty regarding the distribution of
professional competencies and their level in the
educational process affects even the employment
of graduates at enterprises and organisations in
the road construction industry.

At the same time, another problem is
associated with the OKSO code for bachelor’s
and master’s studies 08.03(04).01, and that
problem is faced by absolutely all universities
and higher education institutions that have

5 [Electronic resource]: https://www.consultant.ru/document/
cons_doc LAW_212200/.
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several structurally separated educational units
at the level of faculties or institutes providing
training using this code. This problem is related
to the peculiarities of allocating places for
enrolment subsidised from the federal budget
[further on referred to as «budgeted places»]. The
Ministry of Science and Higher Education of the
Russian Federation allocates budgeted places
dedicated for studies within an enlarged group
of specialties (08.00.00) for different levels of
education (08.03 or 08.04) and for a specific
specialty. The current OKSO codes provide for
only one specialty —08.03(04).01 «Constructiony.
Accordingly, when distributing admission quotas
even between two structurally separated
educational units, in charge, at the same higher
education institution, e.g., for studies,
respectively, in industrial and civil engineering,
and in road construction, problems arise that can
lead to closure of certain areas of training in one
of those educational units. For example, at
Northern-Eastern Federal University in Yakutsk,
such a situation arises annually when distributing
budgeted places between the Engineering and
Technical Institute, focused on industrial and
civil engineering, and the Road Transport
Faculty, which trains personnel for the road
construction industry, and it is not always
resolved in favour of the Road Transport Faculty.
This problem can be traced also in developing/
financing laboratory and empirical bases of
structurally separated educational units.

OBJECTIVE OF THE RESEARCH

To prepare implementation of the decisions of
the Government Commission on Transport dated
April 10, 2023, and considering the provisions of
the Decree of the President of the Russian
Federation «On some issues of improving the higher
education systemy, dated May 12, 2023, No. 3436,
the authors submit some proposals to be discussed
by the professional community on organising
synchronised education and training of specialists
for the road construction industry regarding the
direction of studies «Roads and Aerodromes». The
proposals have been prepared based on many years
of teaching experience within bachelor’s, master’s
and specialty directions of studies at the Department
of Roads and Aerodromes of the Road Transport
Faculty of Northern-Eastern Federal University in
Yakutsk.

6 [Electronic resource]: http://www.kremlin.ru/acts/
news/71118.

RESULTS AND DISCUSSION
Synchronised Education Scheme

To solve the problem of choosing a specific
specialty/direction of studies by students within the
framework of the planned EGS «Road Sector» and
to synchronise various levels of higher education
within the specialist training program «Roads and
Aerodromesy, the authors have developed an
enlarged scheme of the main professional
educational program (Pic. 1).

It should be noted that Module 5 «Ph.D.
studies» is not organisationally included in the
«Roads and Aerodromes» program. Ph.D. studies
are carried out based on an independent accredited
general professional educational program (GPEP).
A separate article should be devoted to problems
associated with training of highly qualified research
personnel.

In general, the proposed scheme of synchronised
training within the direction of studies «Roads and
Aerodromes» has several advantages compared to
the existing system, enlisted below.

1. It is amenable to regulation and control by
the state and educational organisation in terms of
the number of required/trained personnel of
a certain qualification, even at the level of individual
regions/universities. At the state level, the Ministry
of Science and Higher Education of the Russian
Federation, together with the Ministry of Transport
ofthe Russian Federation, annually forms quota for
admission of specialists of various levels in the form
of allocation of budgeted places distributed among
specific universities. The educational organisation
fulfils this state commission guarantying quality of
knowledge and the scope of competencies for each
level of education: basic specialist’s, master’s,
specialist’s studies.

2. There emerges an unambiguous division
according to the level of knowledge, practical skills
and competencies between basic specialist’s,
master’s and specialist’s studies.

3. Module 1 («Basic compulsory») (Pic. 1) is
identical for all specialties and directions of training
of the EGS «Road Sector» being formed. The only
exceptions are the extended course «Introduction
to the Specialty» and disciplines for which the
curriculum provides for summer internships after
the first year of studies. The structure of the module
harmonises as much as possible the training of
first-year students within all directions of training.
It allows students to timely decide on the choice of
specialty and, in case of dissatisfaction, without
numerous retakes, switch to another specialty,
including other educational institutions, within the
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Pic. 1. Scheme of the synchronised main professional educational program «Roads and Aerodromes» [performed by the authors].

framework of the EGS «Road Sector». As a result,
the most motivated students are retained at each
direction of training after the first year of studies.

4. Module 2 («Basic specialist’s studies»). All
disciplines of the module are of general professional
nature, related exclusively to survey, design,
construction, operation and maintenance of roads.
The fundamental feature of this module is
integration into it of educational courses for
obtaining professions at the level of secondary
vocational education (driver of licensed categories
A, B, C, D; tractor driver; grader operator; asphalt
paver operator; road roller operator; asphalt
distributor operator; front-end loader driver;
geodesist, etc. Obtaining additional professions is
carried out based on the «Elective disciplines» set.
As aresult, upon completion of three years of study,
students will have additional professions (from
three to six, depending on duration of the training
course).

5. Module 3 («Specialist’s studies»). The core
focus of the module is development of skills,
including practical ones, in engineering creativity,
carrying out experimental design, design and
construction based on acquired knowledge and
scientific training, as week as organisation and
management of processes in the road construction
industry. It allows to implement individual trends
in training with expanded knowledge and practical
skills in certain areas of professional activity.
Individual educational trajectories are formed based
on the modules of elective disciplines provided for
in the Federal State Educational Standards, optional
classes, research activities of students at
departmental/institute laboratories, as well as by
involving students in carrying out research and

experimental design under government contracts
and business contracts. Individual trends in student
education are implemented to train selected
specialists for whom there is an urgent current need
at the regional level.

6. Module 4 («Master s studies»). The master’s
studies are included in the specialist’s studies
program as a separate level of education. Currently,
program accreditation and training are carried out
independently of the «Roads and Aerodromes»
direction of studies. At the same time, the master’s
studies constitute the most important component of
the proposed synchronised training system and
should be included in the single federal state
standard along with modules 1-3. Its presence in
the educational process makes it possible for
graduates of the basic specialist’s studies, after
gaining some experience of practical work at
manufacturing enterprises, to continue their
education at a higher level. On the other hand,
specialists who have received education within
other enlarged groups of specialties, for example,
economists, managers, specialists in transport
systems, materials science specialists, etc., can
enrol in master’s programs as well. The principles
of training organisation are identical to those of
module 3 «Specialist’s studies». The specifics of
the master’s studies are research and development
activities, development of new technologies and
materials, training of specialists with expanded
competencies in monitoring, expert and rule-
making areas.

7. Depending on the current needs for personnel
of a certain qualification both in the entire industry
and in regional / municipal enterprises and
organisations, the proposed education system
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makes it possible to quickly train the required
number of highly specialised personnel through
organisation of courses of additional professional
education (APE) at the levels of basic specialist’s,
specialist’s and master’s studies.

As emphasised in paragraph 12 of Section II
«Current state of staffing and education for the road
sector» of the «Concept for development of road
education until 2035»7, approved by the Minister
of Transport of the Russian Federation V. G. Savelyev
on February 15, 2023, educational programs for
training of road builders are overloaded with «...
humanitarian disciplines that are not related to
formation of development of professional
competenciesy». This well-known problem in the
engineering education system is associated with the
peculiarities of staffing of the educational and
methodological units of universities. Having
a predominantly humanitarian educational
background, employees of educational and
methodological departments, when developing
basic (BC) and detailed («working», DWC)
curricula for engineering specialties, because of
their background competencies, are not able to
create balanced curricula. As a result, during the
first four semesters (two study years) students study
disciplines that are mostly not related to the
problems of survey, design, construction, operation
and maintenance of roads and aerodromes. During
senior study years, the same humanities disciplines
almost completely fill the modules of elective
disciplines and are also present in the modules of
general professional and professional disciplines.

From a formal point of view, the proposed
synchronised training scheme can eliminate an
unreasonably large number of humanities disciplines
in the educational programs of engineering GPEPs.
However, the fundamental solution lies in the
organisational plane.

First, in accordance with the Federal Law of
December 29,2012, No. 273-FZ «On Education in
the Russian Federation»® and regulatory documents
of educational institutions (charter, regulations for
educational units), organisation and implementation
of educational processes within the directions of
studies is entrusted to educational units and
departments of the corresponding profile.
Consequently, the decision on the disciplines taught
within the framework of GPEP, necessary for

7 [Electronic resource]: https://dor-obr.ru/
files/007/601/233/7601233/original/Konnenmus_pas-
BUTHUS_JIOPOXKHOTO_00pa3oBanus_no 2035 _roma.pdf.

8 [Electronic resource]: https://www.consultant.ru/ document/
cons_doc LAW_140174/.
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training of qualified personnel, should be made by
the departments responsible for graduation.
Educational and methodological units should not
interfere in formation of the list of taught disciplines
due to their lack of the required competencies. Their
main role is methodological and technical support
for departments responsible for graduation in
preparation of BC and DWC, primarily through
distribution of disciplines/hours per semester and
shaping electronic document formats.

Second, the federal state educational standards
of the third generation (Federal State Educational
Standards 3, 3+, 3++), as well as the layout of the
fourth generation® Federal State Educational
Standard, clearly prescribe the number and scope
of compulsory humanities disciplines. All recent
generations of standards indicated no more than
five disciplines in humanities, including physical
education and sports. Clause 2.5 of the draft layout
of the fourth generation Federal State Educational
Standard also contains the following disciplines:
philosophy, foreign language, life safety, history of
Russia (at least 4 credits or, respectively, 144 hours),
physical education and sports, with a volume of at
least 328 academic hours.

Based on basic legal documents, we can draw
a fairly clear conclusion: the oversaturation of
GPEP of engineering disciplines with humanities
is associated with the peculiarities of the internal
organisational structure of higher educational
institutions, when the filling of BC and DWC with
disciplines is carried out not by departments
responsible for graduation, development and
implementation of GPEP, the quality of training
specialists, but by educational and methodological
units of universities that do not have sometimes the
required qualifications and knowledge in the field
of engineering sciences.

We can quote the example of «Life safety»
discipline. From the standpoint of natural science
and humanities the problem is relevant for
technogenic safety, environmental protection,
resource use, social and economic relations,
interethnic, cultural, linguistic, religious
interactions, pedagogy and andragogy. In the
engineering sciences and, in particular, within the
GPEP «Roads and Aerodromesy, the relevance of
the discipline is shifting to specific areas of human
interaction with technical means, processes and
technologies (production base, road machines and
mechanisms, structural materials, safety

9 [Electronic resource]: https://fgosvo.ru/uploadfiles/fgos4/
Maket FGOSVO_4.pdf?ysclid=lhev18fg6p700616569.
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precautions) considering implementation of
environmental protection against factors of
production activity of both society and nature.

Accordingly, the problem is solved by bringing
the organisational structure of educational
institutions and of the procedure for formation of
BC and DWC into compliance with the requirements
of basic regulatory documents.

A significant number of disciplines in humanities
are included in the BC and DWC due to the presence
of regulatory requirements for inclusion in the
educational process of mandatory blocks/modules/
disciplines that reflect regional specifics: the
so-called «regional component». Based on the
authors’ many years of experience, we can propose
a solution to the problem — to add a clause to the
Federal State Educational Standard requiring that
the regional component be formed exclusively by
general professional and professional disciplines.
For example, for the direction «Roads and
Aerodromes» of the department of the same name
at the Road Transport Faculty of Northern-Eastern
Federal University in Yakutsk, the regional
component should be aimed at solving a number of
problems in the road construction industry:
construction technologies on permafrost soils, land
winter roads, ice roads and crossings, stability of
road construction equipment, materials and
structures at extremely low temperatures, logistics
problems of the permafrost zone, etc.

Basic problems and risks of implementing
a synchronised training program

The synchronised system of training specialists
in survey, design, construction, operation and
maintenance of roads and road infrastructure
proposed for discussion by the professional
community can be implemented when authorised
bodies carry out several organisational, legal,
financial and economic actions. The main ones are:

1. Funding should be focused on the training
program.

Currently, funding of the activities of departments
is carried out on a «per capita» basis: departments
responsible for graduation receive allocated funds to
form a full-time teaching staff at the rate of 1 full-time
teacher per 12 students studying at the department.
This approach is justified by «economic feasibility».
On the one hand, in practice, such an approach leads
to a significant decrease in quality of education,
because with emergence of low-budget/incomplete
groups a number of measures are being taken to
reduce budget expenses (e.g., at NEFU in 2022-2023
academic group was considered as a less complete

group with fewer than 20 students in the specialist’s
academic group, less than 22 students in the
bachelor’s group, less than 12 students in the master’s
group). It may result in the transfer of teaching staff
to extra-budgetary rates, the transfer of students to
study on a paid basis, the transfer of a significant part
of classroom hours (lectures, laboratory and practical
classes) to the column of DWC «Individual work of
students» (IWS). These are natural consequences of
the «per capita» principle of financing. In accordance
with the current Federal State Educational Standards
and DWC, the volume of teaching hours in five
specialty courses is about 10800 hours (300 credit
units or 60 credit units per course). At NEFU, with
a standard annual teaching load of 900 hours for
assistant lecturers, senior lecturers and associate
professors, 12 staff positions are required to
implement the curriculum. Accordingly, the number
of students should be at least 144 people or, on
average, 29 students in each course. As practical
experience shows, for example, if 26 students are
enrolled the first year, by the fifth year there are
15-16 people left in the group, i.e. about 61,5 % of
the contingent remains. Consequently, to retain full-
time teaching staff, educational departments are
forced to transfer about 40 % of classroom hours
(lectures, laboratory, practical) to student’s individual
work or extra-budgetary rates. On the other hand,
the concept of «economic feasibility» is incompatible
both with social phenomena in general and with
educational processes in particular. If the need for
personnel of a certain qualification by issuing
licensing and accreditation documents is confirmed
and the required number of these specialists
(allocated budgeted places) is determined, then the
question of the «economic feasibility» of fulfilling
the state commission should not arise. The educational
organisation represented by the department
responsible for graduation should prepare the
required number of personnel with the required
specialisation for the road construction industry.

The amount of funding for an entire synchronised
program is determined quite simply. Let’s consider
this using the example of the proposed education
scheme, considering the standard annual teaching
load of teaching staff adopted at NEFU — 900
hours/year (this load varies in universities) and the
volume of the annual program of 60 credit units
(2160 hours).

The total hourly load of teaching staff is:

* At the basic specialist’s studies level (modules
1, 2, Pic. 1) — 2640 hours.

* At the specialist’s studies level (module 3,
Pic. 1) — 3240 hours.
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* At the master’s studies level (module 4, Pic.
1) — 4320 hours.

The total number of hours required for quality
training of students within a synchronised program
is 10200 hours. To implement the program,
10200/900~11,4 teaching staff rates are required.
Considering the presence of professors on the staff
of any department, who often have a smaller annual
hourly load, to implement the in-class program, the
department must have about 12 staff positions of
assistant lecturers, lecturers, associate professors
and professors. In addition to these rates, the
department should be allocated staff positions for
engineering and technical workers (depending on
the availability of specific laboratories), as well as
rates for industrial training trainers to conduct
classes within the vocational training system (VTS)
integrated into the basic specialist’s training
program.

2. At the level of professional standards,
unambiguous labour functions should be formed
for each level of education — basic specialist,
specialist’s and master s studies.

To date, only one professional standard!® has
been approved for road industry specialists with
higher education. Despite the date of'its publication,
its structure cannot in any way contribute to
development of GPEP and Federal State Educational
Standard, adequate to modern requirements and
challenges. First, it describes the labour functions
of bachelors as a basic element of the educational
structure. Second, section III «Characteristics of
generalised labour functions» lists positions/
professions/specialties and labour functions related
exclusively to road construction, organisation and
management of road construction processes and
monitoring the quality of their implementation.
Entire sets of operations and responsibilities have
been removed from the labour functions of a road
employee, in particular:

—Road surveys. For example, on the territory
of the permafrost zone they should include about
two dozen surveys. In accordance with the
requirements of regulatory documents, mandatory
surveys include: climatic characteristics of the
operation area; geomorphological characteristics
and relief; geobotanical characteristics; hydrological
conditions; geological structure, lithological

10 Order of the Ministry of Labour and Social Protection
«On approval of the professional standard «Specialist in
organising construction of road facilities», dated March 20,
2023, No. 182n. [Electronic resource]: http://publication.
pravo.gov.ru/Document/View/0001202304190017. Last
accessed 15.11.2023.

®  World of Transport

composition of soils, their age and genetic
characteristics; tectonic conditions; hydrogeological
conditions; areal distribution of permafrost and
thawed soils; thickness and vertical structure of the
permafrost; depths of seasonal thawing and freezing
of soils; temperature regime of soils; temperature-
strength state of soils (hard-frozen, plastic-frozen,
loose-frozen, frosty); characteristics of soil heaving;
cryogenic soil textures; permafrost physical and
geological processes and phenomena; physical,
thermophysical and mechanical characteristics of
soils; soil salinity; characteristics of seismicity of
the operation area and recurrence of seismic impacts
in it, as well as the increment of seismicity (positive
and negative) of construction sites (in seismic
areas).

— Design of roads considering data from the set
of surveys.

— Operation/maintenance of roads considering
transport and logistics, natural-climatic and
engineering-geological characteristics of specific
regions. For the permafrost zone, for example, there
is the need for specialists in land winter roads, ice
roads and crossings.

— Control, maintenance and repair of road
construction machines operating in specific natural
and climatic conditions.

— Operation and maintenance of road
construction industrial bases (quarries for extraction
of road construction materials; asphalt concrete,
cement concrete, crushing plants, monitoring sites,
repair bases, etc.).

— Laboratory/scientific support of road
construction (road laboratories, incoming inspection
laboratories, expert laboratories, etc.).

— Research work on development of new
construction technologies and road-building
materials; examination of ongoing work and
analysis of the condition of roads, systems for
organising scientific research and reporting;
organisation and conduct of research work at
experimental and production sites, etc.

— Construction and operation of the road
infrastructure, which includes culverts and drainage
structures, lighting, traffic lights, video cameras,
energy supply, signs, horizontal markings, noise
protection, pedestrian crossings, sidewalks, etc.

— Monitoring of the condition and inspection of
roads.

The paradox is that in the absence of professional
standards, in training programs for specialists
within the direction of studies 08.05.02
«Construction, operation, renovation and technical
protection of roads, bridges and tunnelsy, all the
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above tasks/specialisations/qualifications are
present in the form of separate disciplines.

The need for professional standards is dictated
by the requirements of the Federal State Educational
Standards and GPEP and DWC developed on their
basis, in accordance with which, in turn, the
educational process is organised. The Federal State
Educational Standard also presents three types of
competencies: universal (UC), general professional
(GPC) and professional (PC) competencies. The
content of the UC is stipulated in the Federal State
Educational Standard, and they are the same for all
disciplines, all levels of higher education and all
enlarged groups of specialties. This is one of the
main factors of disproportionately large number of
humanities disciplines within engineering directions
of studies, because the educational and
methodological units of universities believe that
general professional and professional engineering
disciplines do not contain these educational
disciplines. As a rule, in DWC, universal
competencies are tied exclusively to the humanities.

General professional and professional
competencies must be developed in accordance
with professional standards, which have not been
developed for the road construction industry. For
such a case, the Federal State Educational Standard
contains an explanation: «(if available)». What to
do if there are no professional standards, no
explanation is given. In this regard, when preparing
documentation that contains formulations of these
competencies (GPEP, BC, DWC, detailed work
programs in specific disciplines), definitions of
general professional and professional competencies
for bachelor’s, master’s and specialist’s degrees are
developed indeed by the faculty of the department
based on the existing pedagogical expertise,
production experience and as agreed with
employers. The current situation indicates, if not
the complete formality of the concept of
«competence,» then the pointlessness of linking
educational «competencies» to professional
standards, at least for road specialists, for the
coming decades. Since it is impossible to abolish
professional standards, there is only one way out:
exclusion of the concept of «competence» from the
Federal State Educational Standard.

As many years of teaching experience show,
within the educational process, the lack of
professional standards is mitigated solely by
professionalism of the teaching staff of educational
organisations in close cooperation with regional
production enterprises and organisations. However,
at the level of state planning of the occupational

structure and determining the capacity of the road
construction industry, reflected, in particular, in
allocation of budgeted places for educational
institutions, the problem of the lack of professional
standards is of paramount importance. The regulator
of professional road construction activities is the
Ministry of Transport of the Russian Federation
represented by the Federal Road Agency
(Rosavtodor). Only these institutions have the rights
and competence to draw up long-term plans for
staffing in the industry and to develop requirements
at the state level for quality and quantity of required
specialists with various competencies. Requirements
for quality of specialists of various levels of training
and a set of their competencies are formalised at
the level of professional standards. Educational
institutions, in accordance with the requirements of
the Federal State Educational Standard, train
personnel that meet the needs of the industry as set
out in professional standards. With the advent of
the Association of Road Education and its proposal
to create an educational and methodological centre
[13], there is hope that in the near future the
regulator in the field of road infrastructure will
develop professional standards at various levels that
are so necessary for educational processes.

3. The problem of providing the educational
process and research of departments responsible
for graduation with research/laboratory equipment
and road machines.

The scheme of synchronised training in the
specialty «Roads and Aerodromes» proposed for
consideration by the professional community is
aimed at training professional personnel for the road
construction industry at all levels of education.
A high degree of professionalism presupposes not
only that students have in-depth knowledge of the
subjects taught and interdisciplinary relationships,
but also the consolidation of this knowledge in
laboratory and practical classes. An important
aspect of the educational process is acquisition by
students of practical skills in surveying, design,
construction, operation and maintenance of roads.

Students can obtain practical skills either during
training sessions (practical and laboratory work),
or during educational and industrial internships
conducted at production enterprises.

Industrial internships are the most effective
mechanism for consolidating the knowledge
acquired during study and gaining real practical
experience. However, they are subject to strict
restraints related both to the specifics of the
mandatory time for in-class training, determined
by the Federal State Educational Standard, and to
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the peculiarities of organisation of work in the
industry. In the Republic of Sakha (Yakutia), for
example, the active phase of road construction
works begins in May and continues until the end of
September. In general, the road construction season
lasts about five months. The educational process at
the department of «Roads and Aerodromes» of
Road Transport Faculty of NEFU, in accordance
with the requirements of the Federal State
Educational Standard, begins on September 1 and
ends, depending on the level of education, within
the period from June 10 through June 30. Even if
the department has agreements on organising
practical training with almost all road construction
enterprises of the Republic of Sakha (Yakutia), due
to formal reasons, students can actually start
working only in the last ten days of June. By this
time, only positions of road workers remain vacant
at production enterprises, and trainees are hired for
these job positions. The possibility of trainees’
participation in the production process is limited to
two months (July—August). With a very busy
schedule of construction work, students, especially
after the second year of study, do not have time to
obtain higher qualifications, and the employer has
neither the opportunity nor the right (no license for
educational activities) to train trainees. Accordingly,
the knowledge acquired by students during
industrial internship is consolidated only at the level
of qualification of a road worker.

On the other hand, students cannot, in principle,
acquire practical skills in construction, maintenance
and operation of land winter roads, ice roads and
crossings.

The problem is solved within the framework of
the proposed synchronised training system. The
acquisition of additional specialties and the
acquisition of practical skills in them for all types
of practical activities of students is carried out
during the educational process, starting from the
first year when mastering elective disciplines,
disciplines related to the regional component,
elective classes, research activities and specialised
club-like classes. Moreover, the additional
specialties and qualifications of various levels
obtained must be confirmed by documents issued
in conformity with state-approved format (driver
license of a specified category, licenses, certificates,
diplomas, letters of confirmation, etc.).

In the future, it is possible to adopt a system of
personnel retraining, which has been practiced for
along time in educational institutions and industrial
enterprises of water transport. Upon completion of
training at the vocational training level, graduates

are issued, in addition to a diploma of completion,
a working seafarer’s diploma, which is the basis for
admission to work. The validity period of a working
diploma is five years. Managers also undergo
specialised retraining courses once every five years
with the issuance of a state-approved certificate.

The main principle of transferring practically
significant skills to students in working with modern
equipment should be systematic reorganisation of
educational laboratories of universities into real
research laboratories, organisationally structured
by analogy with laboratories of academic institutes
and manufacturing enterprises. The organisation of
the proposed principle of training in the specialty
«Roads and Aerodromes» involves formation and
acquisition for the educational institution:

— Several accredited research stationary
laboratories and offices, provided with a full set of
modern equipment and full-time staff (the priority
list should include laboratories in: soil science, road
materials science, testing of asphalt concrete and
road bitumen, geodesy/geoinformation systems/
digital technologies).

— A fully equipped road laboratory.

— A laboratory for road inspection/monitoring
equipped with a full set of equipment.

— Road construction equipment for training and
practice of students within the framework of the
second module «Basic specialist’s studies» (Pic. 1).

— Construction of arace track, experimental and
industrial field sites for research and testing of
materials, technologies and road construction
equipment, which is especially important for natural
and climatic conditions of the permafrost zone.

— Providing tools and equipment with premises
and repair facilities.

Replacing the very limited teaching and
laboratory base of educational institutions with
industrial research facilities is an extremely
expensive undertaking. Unmanned aerial vehicle
(UAV) of a professional type can be called one of
the most «budget» devices, necessary for students
to learn digital technologies and to acquire practical
skills in remote sensing and digitisation of roads,
creating digital terrain models, condition
monitoring, building 3D models, creating databases
of automated traffic control and computer-aided
design. The cost of the UAV itself ranges from 23
million rubles, not considering software and
computer support. The cost of a fully equipped
mobile laboratory for examining the condition of
roads according to 2022 data is 27 million rubles.
A laboratory for testing asphalt concrete, equipped
in accordance with new regulatory requirements,
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costs about 16—18 million rubles. Even for these
three positions, the total amount of funding exceeds
the allocated annual budget funds per a department
of a federal university.

Proposals for an organisational scheme
for synchronised learning

Based on the analysis, it becomes obvious that
there is a certain, and not entirely natural
contradiction. Educational institutions, even at the
federal level, having a license to conduct training
and human resources, cannot ensure system
scientific research and high-quality training of
personnel with practical skills and road specialties,
due to the lack of necessary equipment, which is
due, first, to the lack of financial resources.
Manufacturing enterprises, having both equipment
and financial resources at their disposal, have
neither the right nor the time opportunity to improve
the qualifications of student trainees above the level
of a road worker.

Consolidation of opportunities and capacity of
educational institutions and enterprises of road
construction industry (taking in mind Ministry of
Science and Higher Education and Ministry of
Transport of the Russian Federation and its regional
institutions) is possible through creation of already
known entities: scientific and educational centres
(SEC).

One of the possible comprehensive solutions to
a significant part of the existing problems could be
creation of several (in accordance with the existing
road and climate zoning of the Russian Federation)
Interdepartmental Scientific and Educational
Centres of Regional Importance (ISECR).

The Road Transport Faculty of the North-
Eastern Federal University in Yakutsk is a unique
ground for creating an ISECR for the first road-
climatic zone. This conclusion is based on the
following features of the educational unit:

* Localisation of an educational unit of road
construction in the territory of permafrost (in terms
of uniqueness of localisation, it is the only one in
Russia).

* Availability of a license for educational
activities, accreditation of currently existing
bachelor’s, specialist’s and master’s programs in
road construction.

* Availability of teaching staff who not only
have unique knowledge and experience in teaching
disciplines considering the extreme conditions of
the Far North, but also have practical job experience
and experience in organising technological
processes in cryolithozone conditions.

» The faculty has infrastructure facilities and
a laboratory base, including two racing tracks,
a full-scale test site with an area of 72 hectares,
a variety of simulators, a fleet of passenger cars,
a bus, road construction equipment (asphalt paver,
grader, tractor, front-end loader, mini-loader,
trucks), geodesy, materials science and soil science
laboratory, as well as a complete set of equipment
for a laboratory for testing asphalt concrete (the
laboratory plans to receive accreditation in 2024).

* The Department «Roads and Aerodromes» of
the NEFU Road Transport Faculty is in close
cooperation, including contractual obligations, with
majority of organisations and enterprises in the road
construction industry of the Republic of Sakha
(Yakutia). Scientific cooperation has been
established with the Institute of Permafrost Science
named after P. I. Melnikov of the Siberian Branch
of the Russian Academy of Sciences.

Creation of the Interdepartmental Scientific and
Educational Centre (ISECR) for the first road-
climatic zone based at the grounds of the Road
Transport Faculty of the North-Eastern Federal
University in Yakutsk will significantly speed up
both creation of such a structure and optimise costs.

CONCLUSION

The scheme of synchronised training in the
specialty «Roads and Aerodromes» presented for
discussion by the professional community, despite
the apparent difficulty of implementation in existing
higher educational institutions, is in fact already
working, at least in educational departments
focused on road construction. The proposed scheme
is fundamentally different from the current teaching
structure by:

— The second module, which is a bachelor’s
program with a system of qualifications/working
specialties of secondary vocational training
integrated into it.

— System of organisation and integration of
different levels of education into a single
synchronised program.

— A relatively clearer division of areas of
professional activity according to the amount of
knowledge acquired at each stage of training.

The presence of a basic scheme of the
educational process provides the basis for
development of the Federal State Educational
Standard for the specialty «Roads and Aerodromes»
and the subsequent formation of GPEP.

The fundamental positions of the presented
training scheme, considering the specifics, can be
applied to development of main professional
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educational training programs for any engineering
specialty.

The proposed organisational structure of
training which is Interdepartmental Scientific and
Educational Centres of Regional Importance
(ISECR) can be formed, depending on the tasks
assigned to them and the problems of specific
territories, at the level of governments of the
constituent entities of the Russian Federation or,
what seems more reasonable, offices of
plenipotentiary representatives in Federal Districts.
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From the editors. I is possible that some of the authors’ proposals and judgments may seem quite radical and at least highly

debatable, but they are certainly aimed at improving the quality of training specialists, dictated by the established experience of implementing
programs for training road specialists, and are reasoned and structured. Along with this, and in addition to assessing the main content
of the proposals, in the editors’ opinion, it is necessary to discuss and validate the authors’ opinion on the ubiquity and predominantly
internal organisational reasons for oversaturation of GPEP of engineering disciplines with humanities ones, given that it is important and
especially relevant to search for a balanced approach to the role of humanities, their selectivity, both considering adaptation to the tasks of
training highly qualified specialists, and necessarily taking into account the growth of their relevance in solving educative tasks in relation
to students. It seems that some conclusions, including those regarding the role of educational and methodological units, are dictated by
local conditions and are far from those inherent, for example, for transport universities. It also seems overly pessimistic to conclude that
it is inappropriate to use a competency-based approach in the context of highlighted need for professional standards in the road industry
and given the broad opportunities for any interested organisations to develop them.

At the same time, the authors themselves repeatedly indicate in the article that the purpose of the work is to submit the proposals for
discussion, which is what this publication serves. In this regard, the editors count on the professional opinion of road industry employees
and higher education experts.
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ABSTRACT

Due to the high speed of technical progress in the maritime
industry, seafarers need to constantly improve their professional
competences and not lose sight of important prospects. To study
the experience of developing foreign language professional
competence of seafarers, the authors consider the conditions for
using a wide range of educational tools, including simulators, at
the maritime university and find the rationale of the logics of
development and application of simulation modelling. The article
reflects descriptions of various research methods (theoretical
analysis of scientific literature, questionnaires, ranking and
comparison, discussion and interviews, collection of statistical
data, ascertaining and formative experiments).

Analysis of educational expertise through the prism of the
competence approach and the results obtained at different stages
of activity prove that the effectiveness of developing foreign
language communicative competence increases when applying
an integrated interdisciplinary approach and modern high-tech
teaching aids, a special place being dedicated to simulators. The
authors emphasise the need for appropriate methodological
follow-up, when the technological approach involves special
scenarios of simulator training, situational algorithms using
standard IMO phrases, considering many factors, both related to
the technical features of the devices themselves, their software,
and the situational component.
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INTRODUCTION

According to statistics, today about 90 % of
all cargo is transported by sea vessels. This proves
the high importance of this mode of transport in
the global economy. To ensure efficient and
uninterrupted operation, almost all procedures on
board the ships are regulated. There are
international conventions and national codes, ship
safety management systems, instructions and
guidelines containing norms and rules, articles,
provisions and appendices. It is extremely
important to comply with all of them in general
and with individual ones under certain
circumstances.

Working in the international maritime industry
means being disciplined and competent, which is
vitally important, since any vessel can instantly
become dangerous if personnel do not comply with
all mandatory procedures. There are many factors
that must be constantly monitored, especially
during navigation. These can be both external
circumstances and those related to the vessel:
weather and navigation conditions, type of cargo,
information received from the shore or other
vessels in the vicinity, operating conditions of
various equipment, external and internal
procedures performed, etc.

The training of any specialist is aimed at
developing a certain set of competences for
working according to profession obtained. The
paper analyses creative approaches and identifies
leading trends in formation and development of
professional competences [1, pp. 250-251]. The
competence maps used at the maritime university
are based on international and state requirements
specified in the STCW Convention' and state
educational standards. All competences are
considered, distributed and designated in the
educational and methodological packages intended
for individual disciplines. Thus, each discipline is
aimed at forming a set of certain competences,
while general and professional competences being
distinguished, their content and planned results of
mastering the disciplines specified. Identifiers
detail the description of the set of required
competences through a set of knowledge, skills
and experience, as well as behavioural indicators
that can be tracked and assessed. The specification
of minimum requirements reflects different levels

! International Convention on Standards of Training,
Certification and Watchkeeping for Seafarers Part 3—1 —
Principles to be observed in keeping a navigational watch.
IMO, 2021. [Electronic resource]: https://www.imo.org. Last
accessed 23.03.2023.
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of training, relevant positions and specialties.
Competence is specified through the designated
knowledge, comprehension and professionalism.
The methods of demonstrating competence are
supplemented by criteria for their assessment.
They serve the basis for development of funds of
assessment tools. The latter contain an extensive
database of test materials and assignments for
midterm and final assessments in disciplines.
Competences are closely related and determine
interdisciplinary interactions. The analysis of the
digital educational environment of the maritime
university indicates the effectiveness of the use of
interdisciplinary innovative pedagogical
technologies [2]. Thus, the specifics of the minimum
«requirements for officer in charge of a navigational
watch on ships of 500 gross tonnage or more»
indicate several competences, including «use of
[IMO] standard maritime communication phrases,
and use of English in written and oral forms». This
implies adequate knowledge of the English
language to enable the officer to use charts and other
nautical publications, to understand meteorological
information and messages concerning ship’s safety
and operation, to communicate with other ships,
coast stations and VTS centres and to perform the
officer’s duties also with a multilingual crew,
including the ability to use and understand the IMO
Standard Maritime Communication Phrases (IMO
SMCP). Methods of demonstrating competence are
examination and assessment of evidence obtained
from practical instruction. The criterion for
assessing competence is that English language
nautical publications and messages relevant to the
safety of the ship are correctly interpreted or
drafted. Communications are clear and understood'.
Modern forms of educational and
methodological work involve the development of
a multi-level didactic electronic package of
educational, methodological and research
materials [2]. To ensure high-quality training of
specialists, the training program / development of
competences should reflect the entire diversity of
communicative situations, and this is possible only
in conditions of close interdisciplinary cooperation.
Thus, all teachers of the Department of Foreign
Languages have access to educational and
methodological packages and manuals on related
disciplines of a special study cycle. They regularly
undergo courses of training and practice as
instructors and assessors, in accordance with the
requirements of the International Convention
STCW (regulations 1/6, 1/8), where, in conditions
of close professional cooperation, they have the
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opportunity to discuss both the training process
and assessment procedures involving the use of
simulators with representatives of other
departments. The working language of the
international maritime industry is English and
most of the information available is in English,
and when performing his duties, the officer in
charge of navigational watch must be attentive to
any situation and circumstances, as well as to the
applicable instructions and operations that are
being performed or planned to be performed.
There are many sources of information that need
to be monitored at all times. «The officer of the
watch is the master’s representative and his
primary responsibility at all times is the safe
navigation of the vessel. He must at all times
comply with the applicable regulations for
preventing collisions at sea» !. Not only the
navigational situation, but also the general internal
and external environment must be kept under
constant vigilance and control.

An important component of a specialist’s
training is his ability to work with modern warning
systems. While on duty, an officer must not lose
sight of any detail of the constant flow of
information coming from various sources. At any
time, an officer is ready to receive and transmit
the necessary general communications,
instructions, discuss the navigation situation,
warning and distress signals, etc. in English. There
are a number of devices that help the officer on
watch manage the safety of the vessel and take
into account many factors and conditions.
A seafarer’s developed foreign language
competence presupposes the ability to perceive
and reproduce oral and written speech using these
devices and/or their readings. An electronic
navigational chart display and information system
provides a detailed overview of the surrounding
area, detailing the distances between objects, to
the coastline and sea depth, as well as navigational
warnings. It is usually connected to a radar and an
automatic information system that provides more
detailed information about other vessels (including
their bearings, coordinates, speed, course,
distances between vessels). The global positioning
system is used to specify the course and speed of
the vessel relative to the ground. Another way is
to measure the speed with a log, which allows for
amore accurate measurement of the current speed.
Other means are also used in combination, such
as gyro- and magnetic compasses, VHF radio,
course recorder, various panels (signal, deck/
navigation lights, fire alarm), echo sounder,

computer (informing about the operation and
possible malfunctions of the engine room
equipment), ship’s computer, telegraph, bow and
stern manoeuvring thrusters, ship and satellite
phones, radio room with various equipment,
Inmarsat (international maritime satellite
communication and distress alert system),
GMDSS (Global Maritime Distress and Safety
System), e-mail and NAVTEX (international
automated alert system), etc. Not to mention the
need to know and strictly follow the regulations
provided for by international conventions, national
legislation and rules adopted by shipping
companies. Thus, in addition to issues of ship
safety, environmental protection is also under
control, since the prevention of pollution from
ships, both in normal and emergency situations,
is included in the requirements of key industry
conventions.

The officer of the watch is thus in a situation
of constant multitasking and the need for increased
attention to many factors. To prepare a seafarer
for an activity (for example, to stand watch on
a bridge), it is necessary, but not sufficient to
practice the skills and abilities of working with
individual elements (exchange of information in
various situations, their assessment, risk analysis,
resource allocation, application of instructions,
use of systems and individual devices and tools,
etc.). The integration of a set of competences
considering foreign language communication
requires step-by-step preparation and the use of
special training tools, such as simulators.

All elements are practiced in Russian and, at
the same time, at the Department of Foreign
Languages, in English. At first, even when solving
familiar situations, students face problems and are
forced to overcome the language barrier. This is
reflected in reduced rates of decision-making and
task completion speed, compared to exercises in
Russian. The process of integrating competences
determines step-by-step professional development.
Comprehensive formation of competences and
training of skills is implemented using information
technology in general, language laboratory
equipment and simulators.

We assumed that to overcome the language
barrier when solving operation problems using the
simulator, to implement system approach and
increase efficiency, it is necessary to develop not
only special scenarios, but also a set of situational
algorithms using standard IMO phrases.

The objective of the study is to analyse the
experience of developing and using simulation
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modelling to form the professional foreign
language competence of seafarers in the context
of using a wide range of educational tools,
including simulators.

METHODS AND ORGANISATION
OF THE RESEARCH

Based on experience, «the procedure of
pedagogical design is implemented at the levels:
conceptual level, development technology, its
implementation and the level of assessment and
correction. Developing the concept of the project,
we define the functions and levels of competences,
as well as the standards for their implementation.
At the level of technology development, the
situation is analysed, goals are set, competence
tasks for the performer, content, types of educational
activities of students, functional features of subjects
of study, potential capabilities of teaching aids are
determined, a conceptual model is built.

At the next stage, ways of implementing the
model are determined, ensuring successful
development of the necessary competences, taking
into account the identified conditions. At the next
level, an analysis of the effectiveness of simulation
modelling, the content of training is carried out and
a final assessment is made. The content of the
exercises is adjusted and adapted considering the
level of training of cadets» [3].

At different stages of the research, different
methods were used: theoretical analysis of scientific
sources, questionnaires, analysis, ranking and
comparison, discussion and interviews, collection
of statistical data, ascertaining and forming
experiments, etc.

Modern maritime education is focused on
prospects, responding to the challenges of reality,
considering the specifics of management. In order
to work effectively, modern maritime universities
must comply not only with the general requirements
for training students for professional activities [4],
but also with a number of regulations and
requirements set by international conventions. One
of them is the use of a wide range of training tools
and equipment, including ship simulators equipped
with modern information technologies. The
development of training materials takes into
account detailed recommendations for the use of
simulators?, which provide various training in
organising activities on board, including navigation
watch in normal and emergency modes of operation,

2 IMO Model Course 1.22 Ship simulator and bridge
teamwork; etc.
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communication, the use of various technical means
and documentation, environmental protection, etc.
[5]- To work effectively with the equipment, it is
necessary to consider the latest developments and
prospects, analyse and adjust activities at each
stage, create a high-quality educational information
environment not only for work in classes, but also
for distance learning and self-development [6].
Used in maritime education, simulators can transfer
people to a virtual world with full immersion in the
circumstances of various navigation and weather
conditions, normal and emergency situations, where
sensory receptors are maximally included in the
learning process. Seafarers must develop the skill
of concentrating on completing a task, despite the
presence of many factors.

The software allows setting up various scenarios,
simulating the work of officers on the ship’s bridge
in conditions where the cadet not only observes the
surrounding picture at 360 degrees, but also
experiences real pitching in accordance with the
programmed storm level on the Beaufort scale. At
the same time, access to real bridge equipment,
operating in strict accordance with the selected
scenario, increases the effectiveness of seafarers’
training. Groups of cadets, working together on this
virtual bridge, can improve the entire range of
competences, since they have to perform their duties
as a real team, where everyone is responsible and
interaction is ensured through communication that
occurs both on the bridge, between crew members,
and with other ships and the shore.

The Department of Foreign Languages of the
Maritime University has to prepare people to work
as part of a mixed crew, using the working language
of the industry which is English. For this purpose,
educational technologies and teaching and
methodological complexes aimed at developing
foreign language professional competence are
developed and regularly improved, along with
others specified in the international STCW
Convention and in the State Educational Standards
for deck, engineering or electrical personnel. «In the
process of teaching professional maritime English,
the capabilities of existing computer training
complexes, basic and mobile computer systems,
network, information and communication and cloud
technologies are widely used» [7]. «Elements of
distance learning are used at all stages of the cadet’s
professional training, designed to ensure high-
quality feedback and organise full-fledged
methodological support for the educational process.
Almost all types of educational and research work
at all stages, from design and modelling to
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presentation of results, control, data processing and
adjustments, are performed using computer
technologies» [3].

When working with simulators, a set of
methodological techniques and means of special
and basic training of a specialist is used. High-
quality content with integrated technical solutions
is necessary to provide cadets with well-organised
working conditions, where cadet self-organisation
programs make it possible to consider individual
needs [8].

An individual approach to teaching professional
proficiency in a foreign language is manifested
through the introduction of flexible educational
programs [9], the use of distance learning
technologies, the actualisation of interactive
teaching methods and self-processes. The electronic
educational platform, as justified, acts as a means
of organising, as well as independent work of cadets
[10, pp. 221-223].

The task of developing and applying situational
algorithms based on standard phrases of the IMO
affected several disciplines. The technology of
interdisciplinary interaction is not only in demand
and necessary in a foreign language environment
[11, pp. 351-356.], but also in the modern
conditions of digital transformation is an integral
part of the training of a specialist with higher
education [12, pp. 48-50]. In particular, many
disciplines of maritime specialties aimed at forming
the leadership qualities of future seafarers,
developing the skills of effective teamwork,
implementing effective communication in
conditions of work in a mixed crew, as well as
managing social and labour relations, are conducted
exclusively in English. Cadets take lectures and
practical courses, where the focus is on
communication situations on board a ship, in
a mixed crew [13], as well as between ships and
between the ship and the shore. Each course has its
own objectives, aimed at forming a specific set of
competences, which determines the set of topics
and the specifics of teaching. The development of
communication skills is carried out in conditions
where language is not the goal, but a means of
studying a wide range of communication issues
with colleagues on and off the ship, and shore
service personnel. Each course includes elements
of simulator training for both standard and
emergency and search situations; cadets have access
to various sources of information, including those
that allow them to implement a professional self-
organisation program, working with lectures and
additional materials in video and audiovisual

distance format, in the educational environment of
the university [14].

The presented courses are divided into blocks,
which, in addition to work in the classroom, suggest
a distance format, where the courses contain
materials of a lecture presentation with audio and
video accompaniment, to find gaps in understanding
and eliminate barriers through clarification and
elaboration of the material at an individual pace, as
well as practical and creative tasks, additional
materials, ship documents, examples of situational
communication, links to previous and current
discussions in the distance maritime English club,
which is supervised by the department. After
completing each of the blocks, the cadet must pass
testing.

The system allows automatic creation of
individual tests and suggested answer options for
each cadet from a question bank, which is regularly
updated. The tests must be completed by at least
80 % so that the cadet can access the next block of
studying the discipline. If the required score is not
scored, the system returns the cadet to the previous
block.

In 2022-23, two versions of the courses were
launched: for the control group (176 people), using
standard, proven methods of teaching and
professional development, and for the experimental
group (149 people). The methodological material
for the experimental group was supplemented with
specially developed scenarios and situational
algorithms based on standard IMO phrases for
additional development. In both groups, the entire
range of technical training tools was actively used.

The language labs where all practical classes
on these courses are held are equipped with
a modern Linko-v8 system. It makes it possible to
use elements of simulator training, situational
scenarios and decision-making algorithms in
a dialogue format and individually, include cadets
in various forms of activity, create dialogue and
group communication, use oral and written speech,
monitor the development of each cadet in almost
all types of educational activities, and make timely
adjustments if necessary.

RESEARCH RESULTS AND THEIR DISCUSSION

In the process of professional self-organisation,
while developing foreign language competence, the
question of self-confidence plays an important role.
An officer on a ship, being a leader, must instil this
feeling in his subordinates and colleagues. This is
associated with other qualities, such as
determination, enthusiasm, conscientiousness,
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social activity and, of course, cannot exist in
isolation from communicative activity. When it
comes to foreign language activities, solving not
only educational problems, but also overcoming
one’s own complexes becomes a priority. A special
case of self-confidence is a positive adequate level
of self-assertion and self-esteem.

According to the study, in the 2022-2023
academic year, there was a stable trend of a positive
adequate level of self-aspiration and self-esteem in
communicative foreign language activities (thus, at
the stage of preparation for the included activity, the
positive adequate level of self-aspiration and self-
esteem was about 57 % in both the control and
experimental groups, while after completing
simulator training, business games and courses
taught in English, 86 % of cadets in the experimental
group and 70 % of the control group showed such
a result), where the growth of the indicator, to
a greater extent, was due to the acquisition of positive
experience by cadets in applying the formed
competences and, as a result, increased self-
confidence. At the same time, a positive effect of the
inclusion of situational activity algorithms was noted.

Another important effect of the application of
the developed algorithms is reflected in the obtained
results. The intermediate control, organised in
standard conditions, where the cadets are tested,
answer theoretical questions and solve situational
problems using analytical methods, with reference
to current documents and theoretical course
material, did not show a significant discrepancy,
both in the score received and in the quality of the
answers of the students from the control and
experimental groups.

However, when including elements of simulator
practice in the examination tests, an increase in the
speed of decision-making and task completion by
23 % was noted in the experimental group compared
to the control group.

The study of these indicators, based on solving
professional problems, allows us to conclude in
favour of the growth of cadets’ confidence in
professional competence in the conditions of quasi-
professional activity, and the use of the developed
situational algorithms accelerates the execution of
tasks and increases self-confidence. During the
survey, all cadets unanimously noted the
effectiveness of training on simulators, primarily
while practicing professional communication, the
formation of teamwork algorithms.

Analysing the obtained results, we could not
help but highlight the technical component as one
of the most important and influencing the content

and procedure of any stage. In addition to focusing
on increasing the level of responsible professional
self-development, we organised an open discussion
on the Internet and, based on the results obtained,
prepared a questionnaire. 160 people took part in
the 2023 survey. The largest number of participants
were cadets/sailors of the full-time department of
the Maritime University. The overwhelming
majority of respondents were men aged 18-27. The
assessments were taken as a percentage and ranked
according to their repeatability.

The survey showed that three most popular
prospects for business games using information
technology and simulator training for cadets are
«gaining positive experience of foreign language
professional communication» (30 %), «teamwork
in solving professional problems, the ability to
change roles» (28 %), «increasing efficiency when
working with sources of information in English,
activating analytical potential» (24 %). Other
popular answers included: «activation of mental
activity in a foreign language, without internal
translation» (18 %), «development of decision-
making skills, coping with anxiety when completing
timed tasks» (15 %), «increased reactivity» (12 %),
«strengthening self-processes, including, first of all,
self-control, self-organisation, self-development,
etc.» (12 %). Support from teachers and high-
quality methodological support were also noted,
including through accompanying online courses,
with access to a wide range of materials and the
possibility of self-control, and a friendly atmosphere
in the classroom.

When analysing potential problems and
shortcomings, the most popular answer among
those who noticed them was «there are not enough
lessons in the course» (52 %), and this was true for
any of the courses presented. Others pointed out
that it would be much easier to complete some tasks
without time restrictions (12 %). Others pointed out
the intensity of the course and the need to spend
a lot of time at home, preparing for classes (6 %).

This experience has shown that for the effective
use of technical support during the professional
training of a seafarer for work in a mixed crew,
a technological approach is needed, where all
elements of the educational system are involved
and considered significant, the priority tasks include
established communication between all subjects of
activity, where the development of foreign language
competence plays a crucial role. At the same time,
all elements of a complex interdisciplinary system
can influence the development of training scenarios,
especially when self-organisation is logically
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implemented in the training procedures. Thus,
cadets at each stage feel their responsibility for the
process and the result. The use of an integrated
modular approach to the design of didactic support
for a professionally oriented course [15] allows for
the effective use of technical teaching aids and the
use of a wide range of the entire system of the
university’s educational environment, including
simulator training.

The use of situational algorithms of
communication activities with elements of standard
IMO phrases allows to increase the speed of
completing tasks and contributes to formation of
positive self-confidence, overcoming
communication barriers, especially in standard
communication situations, which are practiced
according to the requirements of conventions.

For the first time, cadets have to try their
developed communication skills in a foreign
language outside the alma mater during an interview
in crewing companies before the first practice, as
a result of which the best are selected for further
practice on ships operating on international
voyages. This high-order motivation encourages
cadets from different countries to do everything
possible to speak maritime English fluently. Thus,
while studying at the university, the guys spend at
least a year working on board real ships before they
can complete theoretical training and receive an
academic diploma, based on which a working one
is subsequently issued.

The effectiveness of the foreign language
training program is actualised and demonstrated
at the state examinations, which are organised
using business games on simulators, where it is
assumed that the watch will be handed over, a plan
for the vessel’s pilotage and navigation in
conditions of dense traffic will be drawn up, where
everyone has a task set before them and controls
their vessel. Navigators must be attentive to the
constant flow of incoming information and radio
calls. All participants are ready to report on the
situation at any time upon request of the external
«coastal VTS», simulated by the teacher in
English, and to request the necessary support.
Stable «final results» of the state examinations
indicate a sufficiently high level of professional
competence. Cadets cope with the tasks set before
them, and the overall average indicator steadily
remains at a level above 90 %, while it is accepted
that if it falls within the range of 85 % to 100 %,
then this indicates the effectiveness of the training»
[3]. These results are confirmed by statistics
obtained after interviews of cadets in English in

crewing companies, which, following the
provisions of the Maritime Labour Convention,
check the qualifications of job candidates from
various angles and in strict accordance with
international rules and national recommendations.

CONCLUSIONS

Established communication is a vital part of the
effectiveness of any ship’s crew. It is an absolute
requirement for safe navigation and all cadets have
to work hard on their English during their studies
at the university. Constant attention to development
of professional self-organisation, harmoniously
included in the process of activity, allows stimulating
the individual component of the entire process of
professional development, where training is the
most important, but not the only factor. Simulator
training helps to activate analytical activity, which
allows to expand the possibilities of long-term
planning and design at the research stage.

Since the work of the ship’s crew is impossible
without established effective communication,
special attention in the process of training specialists
for work at sea is paid to professional foreign
language competence. The results of the study
confirm the effectiveness of the use of various
means, including simulators, allowing to transfer
language material from the educational sphere to
quasi-professional activity, taking into account
a wide range of influencing factors. Conducting
state examinations on simulators close to the harsh
conditions of the sea shows a high level of readiness
of cadets to perform duties on board. The
implementation of developed scenarios of simulator
training and situational algorithms using standard
phrases of the IMO in educational practice allows
to increase the efficiency of activities by overcoming
communication barriers, increasing self-confidence
and speed of decision-making and task execution.
An important element of simulator training is the
advantage of using high-tech technologies in order
to block risks when practicing professional
teamwork of the crew in situations potentially
dangerous to the environment and human life,
during which it becomes possible to timely gain
experience and practice decision-making skills in
standard and stressful situations of professional
activity.
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ABSTRACT

The article is devoted to assessment of the role of transport
in development and integration of the Eurasian continent in ancient
times. Upon analysing the role of water (river and sea) transport in
establishing connections between remote regions of Eurasia, it is
highlighted that, given the geographical features of Eurasia, its
integration could not be achieved based on the use of water
transport alone. Attention is focused on the importance of land
transport innovations (the use of horses for riding and the
emergence of wheeled carts), thanks to which previously
inaccessible areas in the steppe zone of Eurasia became suitable
for use and the productivity of cattle breeding increased. It resulted
in strengthening of intergroup interaction and development of
integration institutions that determined both the life of individual
societies and the interaction between them.
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New transportation opportunities, increased spatial mobility,
and the growing complexity of public institutions gave rise to new
social and material needs, stimulated migration and development
of interregional exchange. At the same time, not only was there
an exchange of surplus products, but production expanded to
increase exchange, becoming a commodity manufacture. Al this
contributed to implementation of the geographical advantages of
Eurasia and provision of a higher population density and economic
productivity of the use of the territory there compared to the world
average.

The synergetic development of water and land transport
vehicles and transportation and the long-distance trade based on
their use resulted in the transformation of Eurasia by the beginning
of Il millennium BC into a single system of interconnected cultures.
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INTRODUCTION

Eurasia is the largest continent, occupying almost 36 %
of the earth’s land. At the same time, its demographic and
economic share is even more significant. According to
A.Maddison’s estimates [1], the share of Eurasia in both
the world population and the world GDP at the beginning
of our era (these are the deepest estimates in chronological
terms) was almost 90 %, and at the beginning of this
century, respectively, over 72 % and over 65 %. Thus, the
higher population density and economic productivity of
Eurasia, compared to the world average, were already
formed in ancient times, which makes it relevant to consider
the factors that influenced this.

J. Diamond explains the initial successful development
of Eurasia by natural and geographical factors, in particular,
its latitudinal orientation, which facilitated the spread of
innovations between similar geographical zones located at
the same latitude [2]. However, although natural and
geographical factors are important, they are not sufficient
in themselves to ensure successful development [3-5].
Therefore, it is necessary to analyse other factors.
Considering that several studies, in particular [6—11], have
revealed a significant influence of transport on development
of ancient societies, a reasonable fask is to assess the role
of transport in integration and development of the Eurasian
continent in ancient times, based on the method of
historical analysis.

RESULTS

The settlement of Eurasia by modern humans was
completed in the Upper Palaeolithic, about 30 thousand
years ago, including the Arctic and the islands of Southeast
Asia [12; 13]. The latter fact leads to an «important
conclusion: the material culture of the people of that time
made it possible to create the first waterborne vehicles and
use them to cover significant distances by sea» [12, P. 191].

Data from archaeological excavations in Voronezh
region, where Kostenki Upper Palaeolithic site complexes
existed more than 40 thousand years ago, indicate the use
of «stone, which could only be found 100-150 km from
the site» and shells, which «could only have been brought
from the Black Sea coast, located more than 500 km away»
[13, P. 371]. This demonstrates the deep antiquity of the
elements of interregional integration, including movement
of both people and material goods. However, they covered
only neighbouring regions and were fragmentary. In
conditions of extremely primitive means of transportation
[6], integration processes could not reach large scales either
in distance or intensity.

Significant improvements in transport occurred
during the Mesolithic (10"-7* millennia BC) and
Neolithic (7"-3" millennia BC), especially during its
final division, the Eneolithic (4"-3" millennia BC), when
metal processing began: processing of copper, gold, and
then bronze — an alloy of copper with arsenic or (which
gave the best result) — with tin [4; 6; 14]. Considering
the dispersion and rarity of metal sources, their
significant remoteness from the most ancient economic

centres with the highest concentration of population,
improvement of means of transportation and development
oftrade and transportation activities based there-on were
necessary conditions for development of production and
use of metals, which played a key role in formation of
ancient civilisations.

Water transport development

First, it is necessary to note development of water (river
and sea) transport, which ensured the greatest carrying
capacity and low cost of transportation [15]. It is no
coincidence that the most ancient civilisation not only in
Eurasia, but also in the world — the Sumerian — was formed
in Southern Mesopotamia, where two of the «great
historical riversy [16] — the Tigris and Euphrates — flowed
into the Persian Gulf, which gave the Sumerians the
opportunity to trade both with regions located in the
gravitational zone of the Tigris and Euphrates in their
northern reaches, and with regions on the shores of the
Persian Gulf and, further, of the Indian Ocean. This was
extremely important, since in Southern Mesopotamia there
were practically no minerals (no stone, no metals), and
either no wood [14]. All this had to be brought form
hundreds (and sometimes thousands) of kilometres away.
So, without long-distance trade, the material basis of which
was improvement of transport vehicles, this ancient
civilisation could not have existed.

It is worth noting the innovative approach to solving
the problem of return (empty) movement of river vessels
that delivered goods downstream of the Tigris and
Euphrates to the urban centres of Mesopotamia. These
vessels were made of skins stretched over a wooden frame.
After unloading, the frame was sold along with the cargo
or thrown away, and the skins were folded and transported
back, loaded onto donkeys, to be used later for the
construction of new boats [15; 17]. Considering that the
problem of empty movement of vehicles is one of the
fundamental ones for transportation activities in our time,
its original solution in ancient times is an illustrative
example of innovative transport development.

The importance of regular and reliable supplies of raw
materials was so great for the Sumerian civilisation that
already in the 4" millennium BC Sumerian trading posts
were established in Northern Mesopotamia [4]. This was
of great importance for interregional integration.

In 3" millennium, development of navigation led to
establishment of stable trade and transport links between
Mesopotamia and the Indus Valley, where the Harappan
civilisation arose (very likely under the influence of
these links) [14; 17], englobing the entire Indus Valley
(which was also an important transport artery) and the
coast of the Arabian Sea [18]. Thus, a unified trade and
transport system was formed, including Mesopotamia
(up to the mountainous regions at the sources of the
Tigris and Euphrates), the Persian Gulf region, the
Arabian Sea coast and the Indus Valley [15], within
which a stable movement of goods was carried out,
allowing individual regions to specialise in the
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production of goods that suited local conditions and to
conduct effective exchange with other regions.

In the neighbouring Eastern Mediterranean, navigation
also developed, which was facilitated by the appearance
of long multi-oared boats at the end of 4" — beginning of
3" millennium BC, which could accommodate from 20 to
40 rowers [4]. Archaeological data suggest that with their
help, contacts were also established with the Northern
Black Sea region.

Thus, following development of river and sea transport
in the Eneolithic era, connections were established between
very remote regions of Eurasia. Where transportation by
water was unavailable, pack donkeys were used [15].

Trade relations over significant distances could be
carried out not directly, but through intermediaries. A good
example of developed intermediary trade is the port of
Dilmun, located on an island in the Persian Gulf and
providing trade and transport interaction between
Mesopotamia and the regions of Arabia and India [11; 19].

However, all these trade and transport links covered
only a small part of the Eurasian continent. Most of it was
inaccessible to the listed transport means. It is not surprising
that the spread of agricultural culture in Europe in the early
Neolithic proceeded at about the same rate as the settlement
of Upper Palaeolithic Cro-Magnons about 40 thousand
years earlier [13]. In inland areas, interaction even between
neighbouring cultures developed rather slowly [4].

Land innovations

The situation changed qualitatively after the emergence
of a few land transport innovations. Probably, at the end
of 5" millennium BC, in the Black Sea-Caspian steppes,
where the horse had been domesticated before for the first
time, the use of horses for riding began [4]. Horseback
riding dramatically increased the productivity of shepherds,
the scale and efficiency of cattle breeding, and, accordingly,
the volume of surplus product produced. The increase in
herds required the use of new pastures, which was
associated with the need to regulate land use issues with
other clans or tribes, stimulated the expansion of contacts
and the development of gift exchange and the «prestigious»
economy — important integrative mechanisms [20].

In the middle of 4" millennium BC, wheeled carts
appeared in Mesopotamia and that was another important
transport innovation [14]. Initially, oxen or donkeys were
harnessed in them. Several centuries later, wheeled vehicles
spread to the Black Sea-Caspian steppes, but here horse
traction was used [4]. The appearance of horse-drawn carts
meant the emergence of a fundamentally new means of
transport, which became the basis of land transport for the
next five millennia. And at that time, this led to a radical
transformation of steppe pastoral societies. The synergy of
horse-drawn wheeled carts and horseback riding made it
possible to move to a mobile (without permanent
settlements) form of cattle breeding, which made
previously inaccessible (due to remoteness from
settlements) steppe regions suitable for use, made it
possible to further increase the livestock population,
strengthened intergroup interaction and contributed to

strengthening and development of integration institutions
that determined both the life of individual societies and the
interaction between them. (First of all, it is necessary to
highlight the institution of mutual hospitality and the
patron-client relationship [4]).

New transport opportunities, increased spatial
mobility, new social and material needs, and the increasing
complexity of social institutions stimulated migrations of
the Proto-Indo-European tribes inhabiting the Black Sea-
Caspian steppes both in the western and eastern directions.

In the latter case, new cultures formed in the steppes
of the Southern Trans-Urals at the end of 3 — beginning
of 2" millennium BC, characterised by fortified settlements
and metal processing «on a scale unprecedented for the
steppe zoney» [4, P. 560]. Metallurgical production was
largely export-oriented. Its «launch occurred as a result of
contact with the markets of urban civilisations [located
further south — authors note], but the increase in metal
smelting led to an increase in its consumption in the steppe
and forest-steppe zone, marking the beginning of an intra-
European cycle of exchanges, which after 2100 BC led to
a boom in metal production in the Eurasian steppes» [4,
P. 589]. The resulting Eurasian steppe metallurgical
province spread «in 2™ millennium BC from the Dnieper
basin to the upper Ob and from the foothills of the
Caucasus, Pamir and Tien Shan ... to the taiga zone of
Eurasia» [21, P. 514], occupying an area of up to 7-8
million sq. km. It should be noted that it had «close
interpenetrating contacts with the centres of the East Asian
and European metallurgical provinces» [21, P. 514].

There is an assumption that some settlements in the
steppes of the Southern Urals specialised in breeding horses
for export [4]. This is consistent with archaeological data,
according to which «stable supplies of horses [to the regions
of Central and Western Asia—author § note] began between
21002000 BC» [4, P. 569]. Soon, chariots invented in the
steppe zone appeared in all regions of the Middle East.
«Chariots... were the first type of wheeled carts designed
for fast travel, and this innovation changed land transport
forever. The main element that made high speed possible
was the spoked wheel» [4, pp. 540-541]. (Previously
existing carts had solid wheels).

Due to the transport innovations implemented in the
steppe zone, in 2™ millennium BC «for the first time in
history, a chain of broadly similar cultures spread from the
borders of China to... Europe. Innovations and raw
materials began to move across the continent» [4, P. 591].
Thus, «the transformation of Eurasia from a series of
isolated cultures into a single, communicating system» [4,
P. 618] took place, the catalyst for which was the innovative
development of transport.

Socio-economic aspects

Having revealed the role of transport innovations in
Eurasian integration in the ancient period, it is necessary
to pay attention to a series of important socio-economic
aspects of the issue under consideration.

A modern interpretation of the relationship between
nomadic tribes and ancient states of Eurasia at the turn of
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3 and 2" millennia BC, based on archaeological data,
indicates that the ancient urban civilisations of Western
and Central Asia depended on steppe cattle breeders [4].
Urban civilisations needed supplies of metals from the
steppe zone, and then of horses. At the same time, the
inhabitants of the steppes were, for the most part, self-
sufficient in satisfying their basic needs. They produced
the necessary amount of meat and dairy products (gathering
was the source of plant food), mined ore and independently
manufactured metal products. However, socio-economic
developments led to the emergence of new needs that went
beyond the basic ones, including the need for luxury goods.
Such goods, for example, bronze mirrors and semi-precious
stones, apparently fabrics, as well as thin-walled ceramics,
were received by the inhabitants of the steppes from the
south, in exchange for metals and horses. Thus, in one of
the steppe settlements in the territory of northern
Kazakhstan, 12 % of the ceramics found were imported,
thin-walled ceramics, made in the south of Central Asia,
and 88 % were produced locally [4].

Around the same period, on the island of Santorini
in the Aegean Sea, which was one of the centres of the
Minoan civilisation, the structure of origin of ceramics,
according to archaeological excavations, was almost the
same: 85 % were produced locally and 15 % were
imported [22]. It can be concluded that development of
a «prestigious» economy and transport capabilities in
different regions of Eurasia by the beginning of 2™
millennium BC led to the fact that «in the course of trade,
not only goods were imported that were not produced in
a given place or could not be produced in sufficient
quantities ..., but also goods that ... made the satisfaction
of increased effective demand more diverse and
sophisticated» [22, P. 8].

Equally indicative are the same results of cessation
of trade relations for different regions. The collapse of
the ancient Sumerian system of long-distance trade due
to internal problems in Southern Mesopotamia at the end
of 4" millennium BC led to the demise of the Maykop
culture, which had flourished in the North Caucasus due
to the supply of metals to Mesopotamia in exchange for
highly valuable handicrafts [4]. And at the beginning of
2" millennium BC, the degradation of the highly
developed Harappan civilization in the Indus Valley
began, ending in its complete collapse. This was
apparently caused by a combination of various factors,
including ecosystem degradation and external invasions.
There is reason to believe that one of the most important
reasons was the sharp weakening of trade relations with
Mesopotamia after the collapse of Sumer [23]. In any
case, such an explanation fits into the paradigm of the
implementation of the ««advancement effect»» based on
trade and transport links (which was fully manifested for
the Harappan civilisation in the middle of 3" millennium
BC due to the beginning of intensive trade with Southern
Mesopotamia) and decline in the event of the cessation
of such links [11].

How had the Eurasian world changed as a result of
thousands of years of development, stimulated by

transport innovations and exchange, by the beginning of
the period of the continent’s most ancient integration?
According to modern estimates, the population of Eurasia
increased 30-fold from 2 to 60 million people between
10000 BC and 2000 BC [24]. In other words, a dramatic
increase in population density was achieved, which was
a key condition and result of successful socio-economic
development [25; 26]. Although the average annual
population growth rate was small, only 0,043 %, this is
approximately twice as high as, for example, in 1%
millennium AD [1]. In the era under consideration,
population growth was the main result of economic
growth (and, at the same time, an incentive for it). Almost
all the increase in gross domestic product in the long term
was absorbed by population growth, which was an
essential feature of the prevailing so-called «Malthusian
economy» [27].

However, in parallel with the increase in population
density, there was also an increase in per capita
consumption, called «Malthusian singularity» [28, P. 18].
If we assume that on average about 90 % of the increase
in gross product was absorbed by population growth and
only about 10 % became the source of growth in per capita
consumption (i.e., the per capita gross product grew by
at least 0,005 % per year — a negligible amount), over an
eight-thousand-year period, per capita consumption
should have increased by 1,5 times. Taking into account
the formation and, by the end of the period under
consideration, the strengthening of social inequality, such
per capita growth created the opportunity for a radical
increase in the well-being of the upper classes of society,
which, on the one hand, was stimulated by development
of transport and trade, and on the other, within the
framework of the «prestigious economy», prompted the
intensification of gift exchange, from which commodity
exchange grew [25].

CONCLUSION

The analysis shows that development of both water
and land means of transportation in ancient times played
an important role in the integration of the Eurasian space
and the economic progress of the peoples living there.
This made it possible to implement the geographical
advantages of Eurasia and ensure a higher population
density and economic productivity of the territory
compared to the world average.

Such results were achieved largely due to the
synergy of a number of transport innovations and the
development of various types of transport: river, sea and
land transportation, which made it possible for regions
with different geographical locations to join long-
distance trade networks and ensure their effective
specialisation within the framework of the interregional
division of labour.

Already in ancient times, transport innovations
increased the productivity of economic activity, allowing
new resources to be involved in it and increasing labour
productivity, a clear example of which is the development
of an effective pastoral economy in the Eurasian steppes.
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At the same time, a surplus product was created that
could be used for exchange; there was a growing
complexity of social organisation and the development
of institutions, which also stimulated exchange. There
was no longer a simple exchange of surplus products —
production expanded with the aim of increasing exchange,
becoming a commodity manufacture.

Thus, the first, but very important steps were taken
on the long path of progressive development, which led
to the era of modern economic growth and the formation
of modern society, at all stages of which transport played
a very important and ever-increasing role.
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Press archives

In 1912, the Rail Business journal published a material that was, in fact, a statement
of the approaches that had developed at that time to the expediency and pace of further
development of the railway network, including the uniformity of this pace, as well as, in
modern terms, to the transport connectivity of the country s territory, the socio-economic
effects of its growth, and sources of investment. Three points of view were presented: that
of the chairman of the High Commission for the Study of the Railway Business; that of his
opponent under the initials A. F. whose name remained unknown, but, who, apparently,
had the authoritative opinion; and that of the editorial board of the journal itself.

Despite the radically changed economic conditions and technological structure,
which have led to the loss of relevance of some of the issues discussed, some other
fundamental points raised in the discussion in absentia on the pages of the journal being
adapted to modern realities may be of some interest, including, possibly, in the aspect of
the implementation of modern large infrastructure projects.

The reprinted, slightly abridged text preserves as much as possible authentic
punctuation, vocabulary and abbreviations commonly applied at the time of initial
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publication.

Keywords: railways, transport connectivity, development of transport infrastructure, history of transport.

«Extent and duration of construction of
indispensable railways». Under this title, Novoye
Vremya in its NeNe 12822 and 12823 published an
article by N. P. Petrov, the Chairman of the High
Commission for the Study of Railway Affairs in
Russia, devoted to the topical issue of expanding the
railway network.

«If, with too much haste in developing the
network», says N. P. Petrov, «the population does not
sufficiently increase their needs for railway services,
and they, not receiving all the work they need, will
not be able to pay all the interest on their construction
capital, then the population will be forced to assume
the payment of the entire missing amount of interest.
Such a deficiency can amount, according to previous
examples, to hundreds of millions of rubles. If, on the
contrary, with too much caution in construction of rail

tracks, the construction will proceed slowly and the
length of tracks per 10000 inhabitants will increase
less than the increase with which the population, with
benefit for itself, could deliver to the roads the work
they need, it will suffer a major loss in its industrial
productivity».

The author further calculates how much the
work of railways, expressed in gross income, would
have decreased if by 1925 the network length per
10000 inhabitants, for example, will have attain not
6, but only 5 versts. The loss of gross income, it
turns out, would have reached 209 million rubles.
«The cost of works that will not be transported, and
therefore will not be produced, should, according
to N. P. Petrov, be considered 7 or 8 times higher
than the cost of transportationy, i.e. approximately
1 % billion rubles.
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It is impossible to agree with this thought,
repeated twice in the article (what is not transported,
is not created). For clarity, we present our objection
using the following specific example. Due to
improvement of transport, the Englishman finds it
more profitable, instead of sowing grain in England,
to eat bread collected in the Samara steppes. Here
we do not have creation of a new product, but only
relocation of production points. But reduction in price
of a product also increases the demand for it,
depending on which more advanced transport is
a factor in creation of new products. Thus, the railway
creates a product not to the extent that it transports
it, but because it makes it cheaper. And consequently,
of the quantity of products transported, additional
due to development of the network, part falls on the
newly created product, and part falls on the one
created at new places of production to replace the
previous ones. Which part exactly is it in both
cases? — hardly anyone will be able to answer.

Moving on to determining the norm for the
required construction, the author of the study bases it
on construction of the nineties. During the period of
1892-1900 our construction proceeded at the most
accelerated pace, namely: annually per 10000
inhabitants the network of European Russia increased
by 0,14 versts, reaching 3,61 versts by 1900.

N. P.Petrov considers this growth rate of 0,14
versts necessary and safe to allow in the future. But
development of railways with an annual increase in
the norm of more than 0,14 versts may turn out, in the
opinion of N. P. Petrov, to be a risky business, «unless
some particularly favourable circumstances are
discovered in the economic life of European Russia
that justify the risk».

Based on the norm of 0,14, it turns out that to
achieve the level of railway service for the population
that Austria-Hungary now has (8,9 versts per 10
thousand inhabitants), European Russia will need 35
years, and during this period it would be necessary to
build 143 thousand versts in the amount that cost 16
billion rubles. Investigating the relationship between
the length of the network, its gross income and
population growth!, N. P. Petrov found an empirical
formula for the period 1888—1902 according to which
the residents’ expenditure on railway services is
determined as follows: [it is necessary to] multiply 1
rub. 64 k. per number of versts per 10000 inhabitants,
and subtract 1 rub. 39 k. from the resulting product.
Using this empirical formula, it is easy to determine
the gross income of the future network and check its
financial capacity.

We note that N. P. Petrov’s formula can be
paraphrased as follows: gross income per verst is
16.400 r. — 13.900//, where [ is the number of versts
per 10.000 inhabitants.

' N. P. Petrov. Criterion for railways and its application.
[Footnote in the original text].

Since now /= 3,67, then income per 1 verst should
now be equal to 16.400 r. — 13.900/3.67= 12 858 rub.
With development of the network, this income should
grow, reaching its limit of 16.400 r. per a verst. But,
as every railway employee knows, even the norm of
12.858 rubles, generally speaking, is completely
sufficient for the break-even existence of railways.
Consequently, further development of network density
per unit of population should promise great and rich
favours... if the empirical formula is extrapolated
beyond the time of observation.

The question, therefore, comes down to whether
one can be sure that at the rate of network development
that took place in 1892—-1900 (0,14 versts per year per
10 thousand inhabitants), newly constructed lines will
be paid for by the population according to the above
(in the empirical formula) calculation? And if we can
have this confidence, then shouldn’t we, in addition,
expect that such «particularly favourable
circumstances» will be found in the economic life of
the country that would justify the risk of network
development above the norm of 0,14?

The first question must be answered very carefully.
Although the development rate of 0,14 is taken from
nature, we must not forget that it ended with the
network falling into shortfall. This shortfall was due
to both increased operating costs and a decrease in
traffic density. The number of pood-versts per a verst,
which increased continuously from 1890 to 1900,
changed the law of growth after 1900: as if fatigue had
set in the network, severe interruptions began. This
crisis had occurred two years earlier than the crisis
in network growth, which began to slow down only in
1902°. As for another reason for the deficiency
regarding growth in expenses, despite significant
improvements in recent times in railway management,
the rate of operation of the network of European
Russia, due to the rise in prices of labour and materials,
in 1910 turns out to be still less favourable than the
average for five-year period 1895-1900 (0,62 versus
0,60). So, we cannot draw courage for the future from
the past. Let’s turn to the future directly and see if it
promises us any particularly favourable hopes in
economic terms. I would like to answer this in the
affirmative.

Is it really possible to close our eyes to the fact
that a tremendous shift has taken place in the fate of
our fatherland, all the consequences of which are now
impossible to take into account! Already in the early
stages of the new order of things, a colossal reform of
communal land ownership was carried out (law of
November 9). There is no doubt that within a relatively
short time there will be a complete mobilisation of
land ownership. The so-called hunger standards will

2 A fact clearly visible from the chart attached to the document
submitted to the State Duma on February 8, 1911, regarding
programs of railway and economic research. [Footnote in
the original texst].
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be replaced by labour standards. Instead of possession
that allows the use of some one-tenth of the owner’s
labour energy, there will be possessions that use this
energy entirely. This process of concentration of land
in the hands of «strong» workers will be accompanied
by the release of a mass of workers who will require
new applications. These essentially creative forces,
under certain conditions, can turn into destructive
forces. The instinct of self-preservation of the nation
must direct the liberated energy to productive work.
The increase in the well-being of agriculturists, as
a consequence of concentration of previously
fragmented plots of land, will cause a corresponding
demand for items of the manufacturing industry and
will require new labour force for it. Thus, the
incentives for an enhanced and sustainable economic
recovery of the country are undeniable. In connection
with this circumstance, it is possible for the railway
network to develop not only at the pace of the nineties,
but even a very faster pace of construction does not
seem implausible. However, it is not within our means
to foresee an exact and definite number of versts, the
construction of which will satisfy financial and
economic interests in the best possible way. We are
even inclined to admit that this financial and economic
function is not an unambiguous function. The variety
of interested factors is so enormous, and their
interaction is so complex, that there is nothing
impossible in the assumption that the complex of
financial and economic interests will be equally well
satisfied by both the decision, for example, on 3000
versts of annual construction, and on 4000 versts, and
consequently, on all intermediate ones.

It seems to us that it is not so important to guess
this figure exactly as it is important to establish the
possible uniformity of construction over time. If, for
example, in one construction period we build 3000
versts a year, in another — 4000 versts, and in the third
again 3000 versts, then this would be a great evil.
Changes in the norm are inevitable, but they should
not be abrupt but should be smooth. The front of
construction and plant production, deployed over 4000
versts, can then shrink to 3000 versts only at the cost
of great economic upheaval. This upheaval is of the
same order as the consequences of crop failures. But
if we still do not know how to repel the adversity sent
by the elements, then we have the right to demand
from railway policy that it no longer periodically send
disastrous droughts to our labour field.

A F

From the editors [of the Rail Business journal].
We are deeply grateful to the Chairman of the High
Commission for the Study of Railway Affairs in Russia
for raising his conclusions on the issue of the order of
future development of the railway network for general
discussion. The highly respected Nikolai Pavlovich,
presenting his thoughts and conclusions, remained

invariably faithful to numerical combinations,
although they led him to a rather sad conclusion for
the state. We are also grateful to his opponent, Mr. A.
F., who pointed out the possibility and validity of hopes
for a better future in this matter and those dangerous
decisions that could harm it. A state that wants to live
and be powerful, as well as its neighbours, should
know that it can be powerful at any time, or at least
not in the very distant future.

We count ourselves among those publicists who —
judging by the first paragraph of the article in question,
although popular, but weighty — caused it.

We began discussing this very important issue
about the future development of the railway network
back in 1882, and we followed its growth without
ceasing?. Therefore, we hope that His Excellency will
kindly allow us to give some thoughts about the
significant, in our opinion, omissions in his article,
published in Novoye Vremya and interpreted here.

1. This article is based mainly on the size and
activity of the population. But the state consists not
only of the population, but also of the territory with
all its riches, given to it by God and the labours of
many previous generations. In the «Comparative
Table» of 1882, this was expressed in average values
per kilometre of railway length: of the number of
inhabitants, as in the article under consideration, but
in the opposite ratio, and the number of square
kilometres of space, which is not in it. Meanwhile, this
last ratio is precisely the value by which one can judge,
in general, the difficulty of transporting local products
to the railway and transporting goods arriving by rail
to places of consumption — if we do not lose sight of
the fact that the entire population has the right and
wants to use the railways — and which can free the
population from the accusation of inactivity provided
for in the article, of non-compliance with the needs of
the railway, while these qualities are easily explained
by the special range of horse-drawn transportation.

2. The very concept of non-use of railways by the
population, correct, so to speak, in a cash sense, is
hardly so significant in relation to the state, if the
population correctly understands the principle that
railways are built and operated for them, and not they
grow and develop for the railways. But this situation
is undoubtedly correct. Otherwise, all the burdens of
the actual occupation of the rich parts of the state, but
remote from the centre, would lie on the settlers, and
not on the state, perhaps even until the time when their
numbers and activities in the new place of settlement
would exactly correspond to the needs of the railways.
No matter how great the contrast is between the size
of'the railway networks of the North American United
States and ours, it is not so much the absolute size of
their network that these states should serve as an
example to us, but rather the consideration in railway

3 It is enough to point to NeNe 5 and 6 of Rail Business of 1882
and Ne 2 of 1906 [Footnote in the original text].
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construction that they showed in relation to their
settlers. The settlers rewarded them for this with their
entrepreneurship and labour. The consequences of the
lack of such consideration are a completely
inappropriate delay in occupying the mentioned parts
of'the state, leaving them unsettled economically and,
in the end, forced consent to the occupation by their
neighbours. Unfortunately, there are examples of this.

3. The article being discussed, devoted to the
economic issue, divides Russia into two huge parts,
mutually opposite in space and population: one has
a larger population, the other has more space, i.e.,
European Russia with the Caucasus and all Asian
possessions, with the exception of southern part of the
Caucasus; but the division is only geographical, and
its application in this case is hardly correct. It would
seem that, for the sake of homogeneity in relation to
the degree of supply by railways, Arkhangelsk
province, part of Vologda province and the southern
part of the Caucasus should be considered along with
Siberia and Central Asia.

Finding Arkhangelsk and Vologda provinces and
the southern part of the Caucasus in the same account
or in the same group with other parts of European
Russia, and not with other parts of the Asian
possessions, with a separate calculation of the number
of railways for these groups and with the dominance
of'the principle of the population in these calculations,
can, obviously, lead the named provinces to a constant
loss: their shares in distribution of funds for
construction of railways, which they could receive
according to the principle of space, will have to go to
strengthening the railway network in other parts of
European Russia, which is not at all desirable.

4. In the article being interpreted, the sequential
construction of new railways in European Russia and
Transcaucasia is calculated over five-year periods even
until 1947. Such a detailed calculation for the Asian
possessions is not given in the article but is explained
only based on the principle of population, that by 1946
it is necessary to add 16.000 versts of railways to the
existing 10.000 versts there, on the assumption that
the population growth there will be close to its growth
to Europe Russia. But apparently, this calculation does
not consider the ongoing movement of population from
European Russia to Asian Russia, which with the
construction of new railways in the latter should even
intensify. If we count this population movement, then
it will be necessary to reduce the number of versts of
new railways assigned to European Russia, and those
assigned to Asian Russia with Arkhangelsk and
Vologda provinces can be added, which, in the fair
opinion of the author of the article, will only be to the
benefit of the general affairs.

«Firstly, since the population moving beyond the
Urals from European Russia will be located closer to
the new railways and will therefore use them more.
Secondly, because the Trans-Ural railways will

provide new, additional and therefore profitable freight
transportation to the railways of European Russia».

These words of the highly respected author are
very opportune for our goal of promoting the
construction of railways from the centre to the outskirts
of the state and within these outskirts to protect them
from their neighbours and to develop the wealth
available there. It was not for their neighbours that the
previous generations of the Russian people worked
and shed blood to acquire them. The author of the
article has the same opinion:

«This last and, of course, most important need is
what publicists most often discuss. They are not
mistaken in this, placing it on the first place.

5. Thus, it is desirable to change the order of the
sequential construction of railways set out in the article
being interpreted somewhat, and if it is not possible
to increase the allocations for this construction at all,
then it is better to base the increase in allocations for
the outskirts on the reduction of allocations for
European Russia without Arkhangelsk and Vologda
provinces and the southern parts of the Caucasus,
rather than leaving the outskirts in their unprotected
and unsettled state.

European Russia is so well provided with railways
that it has already begun to move on to straightening
lines, to constructing roads of the shortest direct route
with a gain of several hours in time, and this can be
considered a comparative luxury, when neither
Yakutsk, nor Przhevalsk, nor even Murman is not yet
connected to the centre of the state by rail and it is too
early to talk about connecting Kamchatka with the
centre of the state in this way, according to even the
State Council®.

6. The article under review also does not give any
space at all to the possibility of using, in order to reduce
costs, other types of railways, except for the Russian
normal one, developed by technology and suitable for
the outskirts... Why not extend the type of 3'/,-foot
gauge railway to Arkhangelsk province? Why not use,
to the east of the future main line connecting Siberia
with Turkestan, for example, a gauge of 3 or 2,5 feet,
and in other, most difficult places, as in Yakutia region
and Kamchatka, also a single-rail railway, whose verst
in Alaska, according to newspaper reports, will cost
6.000 rubles (Rail Business, 1911, Ne 27)?

And in European Russia there are such deviations
from the normal gauge.

Of course, many people object to transfers and
transshipments, regardless of those who demand
a normal gauge at all costs. But there may be cases
when one must put up with the circumstances that
cause such movements of passengers and cargo, and
not only put up with them, but also prefer them...

Without a doubt, these questions deserve the
attention of the High Commission for the Study of

4 See Rail Business, 1908, NeNe 15-16, p. 68 d. [Footnote
in the original text].
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Railway Affairs in Russia and a detailed, but quick,
study. The 8" Department of the Technical Society has
already dealt with similar issues, even with participation
of representatives of the military department, and
could assist in this study.

*kk

So it seems to us, firstly, that the question of the
indispensable railways, indicated in the title of the article
being treated, is presented in it in a completely one-sided
way, namely, about the roads necessary for the
population only in accordance with its proven
adaptability in the last decade; and the railways
necessary to the state for the people’s well-being in
terms of the wealth of their regions, including for
political and strategic purposes, are apparently left by
the author of the article without the corresponding
calculations, and, secondly, that the very recognition of
the need for railways for the population is made
dependent only on whether the population provides the
income the railways need or does not, that is, depending
on the circumstances, is a completely conditional value,
at least for the first years of operation of the railwyas,
both from the actual and speculative side.

The North Donetsk railway, which showed itself
to be profitable from the very first day after the opening
of traffic on it, is perhaps the only one; and statements
by the highest representatives of the state in 1842
against the construction of St. Petersburg-Moscow,
now Nikolaevskaya, railway and articles in the
«Moskovskie Vedomosti» in 1879 against the
construction of the Ekaterininskaya Railway, i.e.
against the construction of railways that are now very
profitable ones, have been even condemned by history.
Relatively recently, condemnations of the construction
of both the Siberian railway were heard, and the State
Control classified it as unprofitable, attributing an
increase in the income of European railways from
transportation of Siberian goods to the merits of
European railways, and not of Siberian one.

The proportion of construction of new railways
derived from calculations of 0,14 versts per every
10.000 population annually, leaving the sparsely
populated outskirts of the state for a long time without
railways or with only a small number of them, cannot,
it seems, under the influence of the third-party reasons
explained by us, expect exact fulfilment or do without
amendments, all the more necessary since the author
of the article himself states:

«Whichever direction the construction of
economically necessary railways deviates, whether
towards surplus or towards shortage, the population
is exposed to huge losses».

We hope that the losses are only calculated and,
in case of excess, easily corrected.

The cursory examination carried out here of the
method for determining the length and construction
period of the railways necessary for Russia, set out by

the Chairman of the High Commission for the Study
of Railway Affairs in Russia, obviously does not
promise to this method a long period of application
without changes. We regret very much that, probably,
the size of the popular article did not allow its author
to be critical of another method of determining
resources for expanding the railway network, first
recommended in our country by I. S.Bliokh [Ivan
Stanislavovich Bliokh] in his special work (Rail
Business, 1906, Ne 2, P. 18) and repeated in the Rail
Business several times:

«According to the research of the engineers
[Charles de] Freycinet, [Jules] Dupuit and [Léon]
Leygue, the monetary savings delivered to the country
by the railways are estimated at 2 to 4 times the gross
income of the railways».

We believe that this formula is applicable to all
nationalities and is broad enough to be able to protect
the population of the state that uses it from actual losses
for construction of railways. It shows both the benefit
the population receives from railways and their ability
to pay for new railway services. In the article reviewed,
the considerations are based on gross income taken
only once, i.e., only in the amount in which the
population has already paid for railway services. It
would seem that the amendment here is very simple —
for the first step, it is enough to double the figure of
0,14 versts per 10.000 inhabitants proposed in the
article and carefully check the feasibility of this in
practice.

To this, however, an objection can be made
approximately as follows:

«In 1910, the annual cost of maintaining Russian
railways (operation and interest on capital) approached
1 billion rubles. Fortunately, the gross income is close
to the same billion. But what would happen if, with
an expenditure of a billion, the income would be only
half a billion, and the deficit — also half a billion —
according to Freycinet, Dupuit and Leygue — would
have to be found in those indirect savings that the
population receives from railways? Obviously, in
addition to the existing indirect taxes (vodka, tobacco,
kerosene, trade certificates, stamp duty, etc.), another
halfa billion would have to be collected! This is where
the consideration would be justified: population is for
the railways.

No matter how true the idea is that railways cause
an increase in values greater than their income, but we
must not forget that these added values are not for free.
If, for example, we assume that now, due to railways
that directly create a billion worth value, values are
also created indirectly, also worth a billion, then this
second billion, just like the first, is allocated according
to the expense items of the corresponding enterprises:
for labour, administration, materials, payment of
capital, taxes, etc.

Thus, of this additional billion, only what was
included by enterprises in the expenditure heading
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«taxes» ends up in state resources, probably from 5 to
10 %. Only this share can be used to cover railway
shortfalls.

However, even such use of tax resources will result
in a slowdown in improvement of other parts of the
state mechanism with all undesirable consequences
for the overall progress of the nation. In a word, one
cannot say: since this tax was received due to the
railways, it must be spent on the railways. Taxes must,
in a certain pattern, satisfy all state needs, regardless
of considerations about the sources of the tax».

In this objection, regardless of the fact that the
formula of Freycinet, Dupuit and Leygue indicates the
third and even the fourth billions of people’s savings,
four points actually deserve special attention:

1) about a billion-dollar expenditure with an
income of half a billion;

2) an indication of the need to levy a new tax as
a justification for the situation that the population is
for railways;

3) an indication of government resources that can
be used to cover railway shortfalls, and

4) on slowdowns in improvements in other parts
of the state mechanism.

The first point is obviously of a hyperbolic nature,
since with the tendency of gross income to reach only
half a billion, spending a billion on the railways is
completely unacceptable, and at present it is
impossible, due to the experience of the administrations.
It will be prevented, and the deficit will be much
smaller. The source for covering the possible shortfall
is indicated in accordance with the 3™ of the points
given here. The success of such deficiency payment
depends on the wisdom of the administrators.

The second point in this case gives grounds to
recognise the correctness of the stated position, and
railways in this regard are no exception among all the
needs of the state.

The third point, as already explained, is in
accordance with the first point.

Finally, the fourth point, which seems to us the
most serious, raises the question, what state needs
should be given priority in satisfaction? We will not
go into a detailed consideration of this issue and will
limit ourselves to our opinion regarding the state’s
need for railways, that everyone and everything needs
satisfactory routes of transportation and that, having
such routes, the state can succeed much better in all
other respects. By reducing travel time, such routes
increase for those using them, as well as for the entire
state, time and money to satisty other vital and cultural
needs. This is no longer an indirect, but a direct benefit
delivered to the population by means of transportation,
and paying it in one amount or another with taxes, in
addition to fares and transportation, cannot be
considered injustice in any respect.

We also believe that the formula of Freycinet,
Dupuit and Leygue has not been refuted by the

considerations of our imaginary opponent; but, in
addition to it, we also have, as if in reserve, a fair and
interesting proposal by E. Yu. Stoll, published in Rail
Business, 1907, Ne 42, under the title «Special taxes
of the Ministry of Railways», unfortunately, attracted
little attention four years ago. Perhaps it will deserve
the attention of supporters of improvement in Russian
railway economy now. We will not repeat this article
here, but will only cite a postscript to it from the
Editorial Board of Rail Business (P. 477):

«It would be reasonable to assume that this article
(by E. Yu. Stoll) was inspired by its venerable author
by those cries of our press about shortages of railways
that impede the construction of new railway lines and
dictate to our financial department, as well as to the
State Control, a constant reduction in allocations for
maintenance of railways that are already in operation.
The author pointed out a way by following which it
would be possible to directly cover these deficits. This
path, which has not yet occupied our ruling spheres,
is indeed similar to the treasures revealed to Peter the
Great by Prince Romodanovsky, preserved by him,
and obtained by Tsar Alexei Mikhailovich. And if we
add to it the accumulation of that wealth in the
population of Russia, which was discussed in the
article «On railway construction in Russia according
to the lessons of history» (Rail Business, 1906,
Ne 2) and to which it owes railways, then the treasures
accumulated in our country, thanks to railways and
navigated waterways, will undoubtedly, in many, many
times exceed in size the treasures preserved by Prince
Romodanovsky. But, of course, the path indicated by
the author must be developed in detail by those who
will manage it.

«Thus, in our opinion, there is no reason to bemoan
the lack of funds in Russia for maintenance and
expansion of railways or waterways and to deny the
Ministry of Railways (as well as other departments) the
allocations it needs, but it is only necessary for wise
rulers — «profit-makers» to find the key to the indicated
funds and, having removed the seal of oblivion or
ignorance from them, establish the correct use of them
and not be afraid of their use, since they are constantly
increasing while the population lives and works».

In any case, the most successful solution to the
question raised by the article of the highly respected
Nikolai Pavlovich currently lies not behind treasures,
not behind the population and not behind the technical
press, but behind the «profit-makers» of the newest
system of the Russian State. They should first of all
abandon their financial non possumus and then turn to
the keys to the country’s treasures and give the latter
to its population in the form of new railways, as well
as in the form of a consistency that is necessary for
everyone and ensures quick success.

Rail Business [«Zheleznodorozhnoe deloy],
1912, Ne 10-11, pp. 70-74 ®
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Baronaite, R. A. Determining prospective need for
track works in the short and medium term depending on
the track operating conditions. Abstract of Ph.D. (Eng)
thesis [Opredelenie perspektivnoi potrebnosti v provedenii
putevykh rabot na kratkosrochniy i srednesrochniy period
v zavisimosti ot uslovii ekspluatatsii puti. Avtoref. dis...kand.
tekh. nauk]. Moscow, JSC VNIIZhT, 2024, 24 p.

The increasing complexity of operating conditions
caused by the increase in the number of heavy trains in
circulation, the use of high-power locomotives, the growth
of train traffic density and subsequent intensification of
processes of cumulation of track deteriorations, leads to the
need to adjust the existing track maintenance system.

According to existing approaches, work on prompt
elimination of emerging deteriorations is carried out based
on the results of processing information on the actual track
condition after passage of track measuring cars, and planning
of alignment work for the medium term is based on the
deadlines for assigning work differentiated by criteria and
track classes. Planning of repair intervals on several sections
of particularly busy lines is carried out mainly in accordance
with the train schedule and available resources.

The objective of the thesis research is to develop
a scientifically based system for organising and planning
alignment work on sections with high cargo traffic density,
based on a multi-variant forecast of changes in indicators
characterising the track condition, and to clarify the procedure
for assigning the frequency of monitoring the main
parameters of the track gauge geometry under various
operating conditions on the network.

The experimental component of the research included
the results of a network experiment to determine the intensity
of the growth of the amplitudes of individual irregularities
on the railway network using an array of data obtained from
the results of the passage of track measuring cars over a two-
year period.

The reliability of results of the scientific research is
determined by the results of statistical processing of an array
of data on the condition of the track on sections with different
operational characteristics with a length of more than 5
thousand km over a two-year observation period.

The results of scientific research on improving the system
for organising and planning alignment work on sections with
high cargo density, based on a multi-variant forecast of
changes in indicators characterising the condition of the track,
are summarised.

The patterns of accumulation of general track
deteriorations at various stages of the life cycle under
conditions of especially heavy-duty lines and the intensity
of growth of the amplitudes of individual irregularities under
various operating conditions on the network are revealed.

The main provisions of the method of two-component
statistical assessment of stability of a track section by
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parameters simultaneously distributed along the length and
in time (by tonnage) are presented.

The patterns of change in stability indicators of a track
section by parameters distributed along the length and in time
(passed tonnage) are established based on the developed
method.

The influence of operating conditions and the system of
organising technical maintenance on occurrence and
development of general track deteriorations is proven.

Additional criteria for determining the need for prompt
work are obtained and proposed based on the provisions of
the theory of emissions within random processes considering
the rate of increase in the amplitudes of individual
irregularities.

A methodology for multi-variant forecasting of the track
condition for the medium term is created depending on the
scheme of organising technical maintenance on a specific
section and at specific stage of the track life cycle.

Provisions on the need to forecast the condition of the
track when determining the need for track maintenance work
and proposals to clarify the criteria for assigning preventive
track alignment on particularly busy lines have been
introduced into the regulatory documentation.

The prospects for further development of the research
topic are linked to determining options for using scheduled
preventive alignment in the general system of track
maintenance to extend the periods between repairs under
various operating conditions.

2.9.2. — Railway track, survey and design of railways
(technical sciences).

The work was performed at JSC Railway Research
Institute of JSC Russian Railways (JSC «VNIIZhT»),
defended at Russian University of Transport.

Dubinova, O. B. Fretting wear of vibration-loaded
flange joints. Abstract of Ph.D. (Eng) thesis [Fretting-
iznashivaniie vibronagruzhennykh flantsevykh soedinenii.
Avtoref. dis...kand.tekh.nauk]. Moscow, National
University of Oil and Gas «Gubkin University», 2024, 24

A significant part of the equipment and structures of the
gas transportation industry is operated using flange joints.
Flange joints are widely used in complex gas treatment units,
in the main transport system, at compressor stations (CS) and
gas distribution stations (GDS). The increase in the volumes
and speed of gas transportation in the last decade leads to an
increase in the number of failures due to depressurisation of
flange joints. According to statistics, the main reason for the
loss of tightness in 40 % of cases is a high level of low-
frequency vibration that occurs during transportation of the
gas flow.

Increasing the reliability and safe operation of flange
joints at gas complex facilities requires expanding the range
of calculation methods that allow considering the negative
impact of vibration on their individual elements and the entire
joint. Thus, research aimed at increasing the service life of
flange joints of pipeline manifold and gas transportation
system equipment subject to fretting wear under vibration
conditions are relevant and promising.

2.5.3. — Friction and wear in machines.

The work was carried out at National University of Oil
and Gas «Gubkin University» and defended at Rostov State
Transport University.

Kurilkin, D. N. Increasing the energy efficiency
of autonomous locomotives by improving the methods
of operational traction calculations. Abstract of D.Sc
(Eng) thesis [Povysheni energoeffektivnosti
avtonomnykh lokomotivov za schet sovershenstvovaniya
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metoov opereativnykh tyagovykh raschetov. Avtoref.
dis...dokt.tekhn.nauk]. St.Petersburg, PGUPS publ.,
2024, 32 p.

The main problem solved in the thesis research was to
increase the energy efficiency of autonomous locomotives
by improving the methods of operational traction calculations
based on the analysis of the current state of the power plant
according to the data of on-board microprocessor control and
diagnostic systems.

The objective of the study was to reduce fuel consumption
for train traction and increase the accuracy of traction
calculations by considering the actual state of the power plant
of an autonomous locomotive when determining energy-
optimal modes of train operation along a section.

As aresult of the study of the current state of the issue
of energy-optimal control of train traffic, it was found that,
despite availability of information on the actual technical
condition of the power plant of modern locomotives, this
information is practically not used when performing variant
and optimisation traction calculations, which reduces the
accuracy of calculations and, as a consequence, the efficiency
of rationing energy consumption for train traction and
planning transportation work.

It has been established that the data recorded by
microprocessor control and diagnostic systems of modern
locomotives makes it possible to determine the components
of the energy balance of the locomotive power circuit in
various modes of its operation and to calculate the current
traction characteristic corresponding to the current technical
condition of the locomotive power plant.

A method has been developed and tested for determining
the power consumption for the most significant auxiliary
loads of the locomotive energy circuit, namely:

« for excitation of traction and auxiliary generators of
diesel locomotives with various excitation unit circuits
(2TE116U and TEP70BS);

« for driving electric and hydrostatic motor-fans of the
diesel cooling device according to MSU-T (P, E, A) data;

« for driving the brake compressor;

« for recharging the battery.

A method for determining power losses in the elements
of a diesel locomotive’ power circuit has been developed and
tested, circuit including traction generator, switcher, traction
electric motor, traction gearbox, wheelset.

A method for determining the actual circuit resistance
and load characteristics of the traction electric motor based
on MSU-T(P, E, A) data has been developed and tested.

Algorithms and software for calculating the actual
traction characteristics of a locomotive have been developed;
the actual traction characteristics of 2TE116U diesel
locomotive have been calculated. When testing the software,
it was shown that using the actual traction characteristics of
locomotives allows for a more than twofold reduction in the
error in determining the speed curve and the running time
per haul.

A method for accounting for transient processes in the
locomotive power plant caused by a change in the position
of the driver’s controller has been developed during traction
calculations. It has been established that transient processes
do not affect fuel consumption while simultaneously
reducing the average power and operation of the diesel
generator set.

A method for multidimensional search for an energy-
optimal train trajectory has been developed and tested,
considering the actual characteristics of the train, predicted
climatic conditions, and the actual state of the locomotive’s
energy circuit. It has been established that implementation
of the energy-optimal trajectory of train movement, found
using the proposed method, allows to reduce fuel consumption
by 57 % compared to the control modes used by drivers in
ordinary operation.

A method for determining the modes of stopping and
adjusting braking and a technique for calculating the
braking forces of a train during pneumatic and
electropneumatic braking, considering the inertia of the
brake circuit, have been developed and tested. An
empirical dependence for determining the friction
coefficient of the brake linings of disc brakes of a high-
speed train has been proposed and substantiated.

The scientific and practical novelty of the proposed
technical and software solutions is confirmed by patent
for invention No. 2015108825/11, certificates of state
registration of computer programs No. 2022616927,
2019663752, 2019666370, 2018613898.

2.9.3 — Rolling stock of railways, train traction and
electrification.

The work was performed and defended at Emperor
Alexander I St. Petersburg State Transport University.

C. Wang. Manufacturing technology and material
properties of composite sleepers (for Chinese
conditions). Abstract of Ph.D. (Eng) thesis [Tekhnologiya
izgotovleniya i svoistva materiala kompozitsionnykh
shpal (dlya uslovii Kitaya). Avtoref. dis...kand.tekh.
nauk]. Moscow, RUT publ., 2024, 24 p.

The objective of the thesis research was to develop
a manufacturing technology and determine the physical
and technical properties of the material of composite
sleepers intended for use in China.

The scientific novelty and the most significant results
of the studies include establishing:

— the optimal content of nanoparticles (= 1 % by
weight) in polyvinyl chloride, due to occurrence of two
competing processes associated with ordering (due to the
formation of crystallites) and loosening of the polymer
structure;

— the influence of intrinsic stresses within the polymer
composite on the nature of destruction and its behaviour
under load with formation of block structures during
destruction;

— the properties of the material of the composite
sleeper, considering their operation in the system
«roadbed — ballast prism — sleeper — rail — rolling stock»;

— a multi-level approach (from the atomic-molecular
to the macro level which is sleeper design) to control of
the most important properties of the composite sleeper
material: the modulus of elasticity and the value of the
linear thermal expansion coefficient.

Analysis of the work of domestic and foreign scientists
has shown the prospects for introduction of composite
(composite, polymer, plastic) sleepers in railway transport
due to the use of various large-tonnage household waste,
by-products of industry and agriculture for their
production, and thanks to availability in a number of
countries, in particular, in China, of a local raw material
base in the form of fast-growing bamboo; at the same time,
the use of composite under-rail bases helps to solve
a number of environmental problems.

It has been established that one of the main obstacles
to the widespread use of composite sleepers for railways
is the high rate of linear thermal expansion of the polymer
matrix.

Multi-level modification of polyvinyl chloride, the
matrix polymer of the composite sleeper, was carried out
at five structural levels: atomic-molecular (with polymers),
nano- (with carbon nanotubes), micro- (with fine chalk
and wood flour), meso- (with bamboo fibre) and macro-
level (with bamboo rods), as a result of which the value
of the rate of linear thermal expansion ¢, <25,3¢10°°C !,
was achieved, which enables the possibility of their use
in most provinces of China.
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The most important physical and technical properties of
the developed material of composite sleepers of optimal
composition, determining their long-term operation in the
railway track, have better indicators than the material of the
industrially developed composition: the value of the rate of
linear thermal expansion is 1,6 times lower, and water
absorption is 7,8 times lower; in this case, to establish the
latter dependence, a new method for determining ultra-low
water absorption for high-density materials was used, based
on establishing a change in the volume of a sample upon its
contact with water using electron-correlation speckle
interferometry.

Contactless measurement of the deformation field by
laser interferometry made it possible to establish the block
nature of the destruction of samples of the material of
composite sleepers under load, and using laser interferometry
according to the developed method for assessing natural
stresses, to show that the plastic nature of destruction of
samples of optimal composition is due to a decrease in the
level of natural stresses in it; Russian Federation patents
No. 2672192 and No. 2710953 were received for devices
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Artyakov, V. V., Chursin, A. A., Ostrovskaya, A. A.
Innovation Management. Methodological Tools: Textbook
[Upravienie innovatsiyami. Metodologicheskiy
instrumentariy: Uchebnik]. 2™ ed., rev. and enl. Moscow,
INFRA-M publ., 2024, 295 p. ISBN 978-5-16-019241-3
(print).

Belyakov, V. V., Vakhidov, U. Sh., Kolotilin, V. E. Engines
of Special Transport and Technological Machines: Study
guide [Dvizhiteli spetsialnykh transportno-tekhnologicheskikh
mashin: Ucheb. posobie]. Nizhny Novgorod, Nizhny
Novgorod State Technical University named after
R. E. Alekseev, 2024, 259 p. ISBN 978-5-502-01785-5.

Bugakova, N.Yu., Gruntov, A. V., Zorchenko, N. K.,
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Chursin, A. A., Abueva, M. M.-S. Innovation
Management: Textbook [Upravienie innovatsiyami:
Uchebnik]. Moscow, INFRA-M publ., 2024, 330 p.
ISBN 978-5-16-017566-9 (print).

Degtyarev, V. S. English-Russian marine dictionary
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publ., 2024, 1196 p. ISBN 978-5-00246-010-6.
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Fire Safety of Electrical Installations: Study guide
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for determining sample deformations during loading using
a contactless laser interferometry method.

Technological schemes have been developed for
extrusion (Russian Federation patent No. 2738498) and
injection (Russian Federation patent No. 2737711)
manufacturing of not only composite sleepers for various
types of railway tracks, but also of bridge and switch beams,
and of developed (Russian Federation patent No. 2707435
and People’s Republic of China patent No. 20862218.6)
innovative design of a composite sleeper reinforced with
bamboo rods with adjustable load-bearing capacity and
a reduced (up to 11 % of the maximum permissible) value
of the rate of linear thermal expansion. The life cycle
assessment of the composite sleeper confirms the
competitiveness of the proposed composite sleeper design
relative to wooden sleepers in terms of environmental
sustainability.

2.1.5. Construction materials and products.
The work was performed and defended at Russian
University of Transport. [ ]

[Pozharnaya bezopasnost elektroustanovok: Ucheb.
posobie]. Moscow, INFRA-M publ.; Krasnoyarsk, SFU publ.,
2024, 195 p. ISBN 978-5-16-019590-2.

Ergashev, U. E., Suslov, O. A., Begmatov, N. I. Features
of laying welded rails of a continuous track using hinged type
technological equipment: Monograph [Osobennosti ukladki
svarnykh relsovykh pletei besstykovogo puti s primeneniem
tekhnologicheskoi osnastki navesnogo tipa: Monografiya).
Ufa, Aeterna publ., 2024, 131 p. ISBN 978-5-00177-958-2.

Grechanik, A. V., Zamukhovsky, A. V., Semenov, E. V.
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guide [Proektirovanie i raschet relsovoi kolei: Uchebno-
metod. posobie]. Moscow, Pero publ., 2024, 58 p. ISBN 978-
5-00244-215-7.
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Korostovenko, V. V., Medved, N. V., Galayko, A. V.
Organisation of industrial and production safety: Study guide
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Vorobyov, S. A. Operation of transport and technological
machines and complexes: Study guide [Ekspluatatsiya
transportno-tekhnologicheskikh mashin i kompleksov:
Ucheb. posobie]. St.Petersburg, Naukoemkie tekhnologii,
2024, 193 p. ISBN 978-5-907804-25-8.
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INTELLIGENT SYSTEMS
FOR CITIES

he introduction and development of
Tintelligent transport systems continues in the

Russian regions within the framework of the
«Safe High-Quality Roads» national project.
Today, these measures are being implemented in
56 regions of the country and 62 urban
agglomerations within them.

«The number of urban agglomerations
participating in the implementation of the program
for the introduction of intelligent transport systems
is growing. If last year there were 57 of them in
51 regions of the country, then this year there are
already 62 in 56 regions. In addition, 18 urban
agglomerations have reached the first of the six
ITS maturity levels, of which Krasnoyarsk and
Tyumen have reached the second,» said Minister
of Transport Roman Starovoit.

He also recalled that «smart» systems have
been introduced in urban agglomerations with a
population of over 300 thousand people since
2020. «The creation of an intelligent transport
system will optimise the movement of public
transport, which will increase the average speed
of cars, increase the capacity of city roads, and
reduce the number of congestions. And, of course,

the safety of all road users will grow. This year,
for the first time, within the framework of the
national project, ITS began to be introduced in the
Republic of North Ossetia-Alania, Primorsky Krai,
Smolensk and Kurgan regions, as well as in
Sevastopol,» said the head of the Ministry of
Transport.

The program for the introduction of «smart»
systems is being implemented within the framework
of the «System-wide measures for the development
of the road sector» federal project, which is part
of the national project. Funds from the federal
budget are provided for these purposes.

The introduction of various modules and
subsystems helps to collect, deliver, store, analyse
and visualise information received from photo and
video recording systems, vehicle detectors
installed in the street-and-road network. Based on
this data, the system will offer solutions to optimise
traffic management.

Compiled based on the news released by press
service of the Ministry of transport of the Russian
Federation: https://mintrans.gov.ru/press-center/
news/11364 o
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