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OaH CTapT ABUXEeHUIo
6ecnunoTHbIX rpy3oBUKOB Nno

Tpacce M-11 «<HeBa»

B pamkax nmpoekra «becnmnoTHble JorucTHIe-
ckue xopunopsl» 14 uronsa 2023 roga cocrosics
3aIyCK JOCTaBKH IPY30B OSCIMIIOTHBIMH TATAYaMH
KAMAS3 no ¢enepanbhoii Tpacce M-11 «Hesay.
Crapt IBIXEHHIO «OeCIMIIOTHUKOBY Hai I1epBblii
3amectutens [Ipencenarens [IpaBurenscrea PO Al-
npeii benoycos. B MepornpuaTiuy pUHSIINA y4acTre
Munnctp Tpancmopra Buramuii Casenbes, ['yoep-
Hatop Cankt-IlerepOypra Anexcanzp bernos u Panc
Pecnyommmkm Tarapcran Pycrav MuHHHXaHOB, TIpeji-
ceqaTens IpaBiIeHsI [ ocynapcTBeHHOM KOMITAHIA
«ABTonop» Bsuecnas IleTymenko, reHepaabHbIA
nupekrop ITAO «KAMA3» Cepreii Kororus.

JBIDKEHHE BBICOKOABTOMATHU3UPOBAHHBIX TPAHC-
MOPTHBIX CPECTB Ha Tpacce M-11 3amyIeHo B pam-
Kax 9KCIIEpUMEHTAIBHOTO IpaBoBoro pexuma (J11P).
DopmupoBanue nporpammsl TP npoxoauio npu
noyiep kke MunTpanca Poccnn Ha momaake Ac-
conmanuu «L{udppoBoi TPAHCIIOPT U JIOTUCTUKAY.
[epBBIME CBOH TPY3BI B OSCITIIIOTHOM PEKHME TI0-
Be3IH KpynHeinme nepepozurky: [19K, Globaltruck,
«[aznpomHe(hTE-CHAGKECHHEY.

B pamkax skcnepriMenTa Oyaer anpoOupoBaHa
BCsI LIETIOYKA MPOLECCOB OECIMIOTHON MEPEBO3KU
B KOMMEPYECKOM PEKHME C yJacTheM HudpoBon
HH(PACTPYKTYpHl, YTO B UTOT€ MO3BOJIUT MAacCIITa-
OMpOBATh MPOEKT HA IPYTHE TPACCHL

B mansom JITP yyacTByrOT POM3BOAUTENH Oec-
mtotHoro TpaHcnopta (ITAO «KAMA3y), kpy-
Hewme niepeBo3urku (OO0 «I[mobdantpak Jlomku-
ctux», [TAO «Maruut»), [ocynapcTBeHHas KoMIia-
HUS KABTOZIOP», KOTOpast PEIOCTABILIET JOPOXKHYIO
MH(PACTPYKTYDY.

NMpaBuTenbcTBO YNPOCTUNO
nopsAAoK opraHu3auumn nonéTos

6ecnuNoTHMNKOB

[IpaButenscTBO Poccuiickoit denepanmnnu
MPOIOJKAET CO3/1aBaTh yCIOBUS IJIs1 PA3BUTH
6ecrmnorHoit aBuanuu. C 1 mapra 2024 roga amst
TPaKIAHCKUX OECHMIOTHUKOB OyAyT yIPOIIEHBI
MpoLenypsl opraHu3zanuu mnonéros. Heobxonu-
MBI€ JJISl 3TOTO U3MEHEHHUs BHECEHBI B (perepab-
Hbl€ NIPaBUJIa UCIIOIb30BaHUS BO3AYIIHOTO MPO-
CTpaHCTBa U yTBepxkaAeHbl [locTaHOBIEHUEM,
kotopoe noxnucan Ilpencenarens [lpaButens-
crBa Muxann Mumyctus. JIOKyMEHT OATOTOB-
neH Munrpancom Poccuu coBmectHO ¢ PocaBua-
LUAEH.

CoracHO OOHOBJIEHHBIM TPABUIIaM pa3pela-
€TCs 3aIyCKaTh OCCIMIOTHUKY HaJ HaceNEHHBI-
MU IIYHKTaMH Ha BbICOTe 10 150 MeTpoB OT 3eM-
JIA WX BOJOEMA B CBETJIOE BpeMs cyTok. [Ipu
5TOM O€CIMIOTHUK JOJDKEH HaXOAUTHCS B MpS-
MOW BUAMMOCTH BHEIIHETO IJIOTA U BHE 3aIpeT-
HBIX 30H. OTH 30HHI onpenenut Muntpanc Poc-
CUU IO NPEACTAaBICHUIO PETUOHAIBHBIX U MECT-
HBIX BiacTed. J[J11 opraHu3amiuy Takux MmojaEToB
OecrmIoTHHKaMU BecoM 10 30 KI SKCINTyaTaHTaM
He OoTpeOyeTcsl MoaBaTh IJIaH MepeMenIeHUs
AaBUAIIMOHHBIM BIIACTSAM.

VYhpomaercs mopsAI0K NPUMEHEHHUs IPOHOB
B CEJIBCKOM XO35IMCTBE, TaKXKE y IKCIIITyaTaHTOB
MOSIBUTCS] BO3MOXKHOCTh HalpPaBJIATh IJIAH IMOJIE-
Ta ¢ MOMOIIBI0 UGPOBOH TIATHOPMEI 0OecTe-
YEHHUsI NESATeIbHOCTH 110 UCIIOIb30BAHUIO BO3-
IyIIHOTO IpocTpaHcTBa Poccun u onepaTuBHO
MOJIyYaTh BCIO HEOOXOMUMYIO HH(POPMAIHIO JJIS
BBITNOJIHEHNUS TIOJIETA, BKIIIOYAS PAa3pPELIEHUS Op-
TaHOB MECTHOI'O CaMOYIIpaBIEHHUS.

ITo matepuasam Ipecc-nenTpa Mununcrepera Tpancnopra Poccniickoii ®enepanmm:
https://mintrans.gov.ru/press-center/news/10741, https://mintrans.gov.ru/press-center/news/10765

Domoepagpuu na obodickax: npecc-yenmpa Munucmepcmesa mpancnopma Poccuitickoit @edepayuu hitps://mintrans.gov.ru/press-center/news/10741.

Photos on the front and inner front and back covers: press centre of the Ministry of Transport of the Russian Federation https://mintrans.gov.ru/press-center/news/10741.
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FEO®U3UKA
N TPAHCMOPTHASA

WHOPACTPYKTYPA 6
|

OueHka 8USHUS 2e0(hU3UYECKUX
¢hakmopog Ha ycmoliyugoe
(hYHKUUOHUPOBAHUE MPaHCNOPMHbIX
cucmem U CUCMeMHbIU aHanu3

ux 8030elicmeusi Ha MPaHCNOPMHYHO
UHGhpacmpyKkmypy 8 apKmu4eCKux
wupomax.
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[eocdhmnsnyeckue npoueccbl B APKTUKE U CUCTEMHBIN
aHanu3 Ux BO34EeNCTBUA Ha (PYHKLIMOHMPOBaHUE
W pa3BUTUE TPAHCMIOPTHOWU UHIPACTPYKTYPbI

Anexceii TBULLIMAHU Urope PO3EHBEPT

DX 2 i.rozenberg@geosc.ru.

AHHOTALIUA

HayuHble uccnedosaHus, cmasuwue npedMemom paccmom-
PeHusT 8 aMol cmambe, €8s3aHbI C OUEHKOU 8USHUS 2e0¢hu3u-
yecKux ghakmopos Ha ycmoliyugoe (hyHKUUOHUPOBaHUE mpaHCc-
NOPMHBIX CUCMEM U CUCMEMHbIM aHanu3oM ux 8030elicmeust Ha
MPaHCNOPMHYI0 UHGPacMPyKmypy 8 apkmuyeckux wupomax.
OHu siensiomest HoBbIM HanpaesneHueM 8 obnacmu U3y4eHus
aKcnyamayuoHHoU Ha0EXHOCMU MPaHCNOPMHbIX cucmem
U Hay4H020 CONPOBOXOEHUS pa3sumusi mpaHcnopmHoU uHgpa-
cmpykmypbI & poccutickoll Apkmuke.

B pabome 3ampoHymbI 80npoChI HAOEXHOCMU U 803MOXHbIX
0MKa308 MexXHUYeCKUxX cpedcma nood 8nusHUEM KOCMUYECKOU no-
200s1. Takxe obcyxdaromces KOMnieKCHble npobiems! 6e3onacHo-
cmu u ahhekmusHOCMU Pa3gUMUS MPaHCNOPMHBIX CUCMEM
C y4émom HoebIX OaHHbIX O CMPOEHUU U cgolicmaax umoceepb,

Auatonuit CONIOBLEB

Anexceii /[picepmenosuu I'euwuanu’, Hzops Haymosuu Pozenoepe °, Anamonuii Anexcanoposuu Conoenés *

13 Teogpuszuueckuit yenmp Poccutickoti akademuu nayx, Mockea, Poccus.

2 Poccutickuil ynueepcumem mparncnopma, Mockea, Poccusi.

3 Huemumym ¢usuxu 3emnu um. O. FO. [lImuoma Poccutickoti akademuu nayx, Mockea, Poccus.

2 Hayuno-uccie0o8amenbCKuil u npoeKmHo-KOHCMPYKMOPCKULL UHCIMUMYym uHGopmamuzayuu, asmomamu3ayui
U ces3u Ha dncene3Hodopodxchom mpancnopme (AO « HUHAC»), Mockea, Poccus.

C8513aHHbIX C pacmensieHueM MHO20NemHeMEP3/TbIX Nopod U Mec-
mopoxdeHuli none3HsIx uckonaembIx. OmderbHbIli pa3desn noces-
WEH HOBbIM C8edeHUsIM O CelicMUYeCKOU aKmuBHOCMU U OUEHKe
celicMu4ecKoll onacHocmu 8 patioHax aKcniyamayuu U nepenex-
MUBHO20 pa3gUMUSs MPaHCNOPMHOL UHGhpacmpyKmypbI Apkmude-
ckoll 30Hb1 Poccutickoli @edepayuu (ASP®).
UnumennekmyansHbll y4ém, o606uwjeHue nomyyaembix
MEXOUCYUNNUHAPHBIX Pe3yibmamos U ux gu3yanusayus obec-
neyusaromcsi Memodamu 2eouHgopMamuku. B pabome makxe
npedcmaegneHs| pe3ynbmambl BHEOAPEHUST COBPEMEHHbIX CUCMEM
ynpaeneHus 6azamu 2e00aHHbIX, NPUMEHEHUSI COBPEMEHHbIX
MexHomo2uli 260N0pMaros U UHMEePaKMUBHbIX ChepUYECcKUX
gu3yanu3ayuil 0ns kayecmeeHHo20 npedcmagneHus HoBbIX
2e0(hU3UYECKUX 3HaHUU, Nomy4eHHbIX 8 xo0e uccredogaHull.

Krroyesble crioga: 2eomazHemu3m, celicMuyeckas ONacHoCb, 260(huU3UYECKLE NPOUECChI, 260/102UYECKUE CMPYKMYPbI, 260UH-
¢hopmamuka, apkmudeckasi 30Ha PO, mpaHCNopmHbIe CUCMEMbI, MpaHCNopMHas UHGhpacmpykmypa, yemoliyugoe pasgumue.

XKee3HO00POXH020 MpaHcnopma.

QuHaHcuposaHue: paboma ebinonHeHa npu noddepxke epaHma PH® Ne 21-77-30010 «CucmemHbili aHanu3 OuHaMuku
2eo0chbusuyeckux npoyeccos 8 pocculickoll Apkmuke u ux eosdelicmeue Ha passumue U (yHKUUOHUPOBaHUE UHGhpacmpykmypbi

Lns uumuposanus: Meuwuaru A. /1., PoseHbepe U. H., Conoebég A. A. [eoghusuyeckue npoyecchl 8 ApKmMuKe U cucmemHb Il
aHarnu3 ux eo3delicmeus Ha (PyHKUUOHUPOBaHUE U passumue mpaHcnopmHol uHgpacmpykmypel // Mup mpaHenopma. 2023. T. 21.
Ne 3 (106). C. 6-34. DOI: https://doi.org/10.30932/1992-3252-2023-21-3-1.
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The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

AKTHBHOE OCBOCHHE POCCHHCKON ApPKTHKH
B XXI Beke HEM30EKHO CBA3AHO C IIOBCEMECT-
HBIM BOBJIEYEHHEM BBICOKHMX TEXHONOTUM. Takue
TEXHOJIOTHH, B TIEPBYIO OYEPEAb, HEOOXOIMMBI
JUTs CTaOMIIBHOTO Pa3BUTHUS MPOMBIIIIICHHOCTH
W TPAHCIIOPTa B TPYAHOJOCTYITHBIX PETHOHAX
1 OKCTPEMATBHBIX KINMAaTHYECKUX YCIOBHSX,
HEOTBEMJIEMO CBOHCTBEHHBIX apKTHYECKOMY
pernony. OmHako, OyIydd yCTOWIMBBIME K TaH-
HBIM TIPHPOAHBIM (DAKTOPaM, CIOXKHBIE TEXHO-
JIOTHYECKHUE CHUCTEMBI 3a4acTyI0 CTaHOBSTCS
JyBCTBUTEIBHBIMHU K APYTMM HPHPOAHBIM PHUC-
KaMm.

Hampumep, npoTs>k€HHBIE TUHUM IEKTPO-
repenad (JISIT) u TpyOGomIpoBOABI B BEICOKOIIIH-
POTHBIX 00MacTsIX 3PPEKTUBHO CIPABIAIOTCS
C HU3KHUMH TEMIIEPaTypaMH, yBEPEHHO BBINOII-
HS1S1 CBOW (DYHKITHH HA OOIITUPHBIX TEPPUTOPHSIX.
Bwmecre ¢ TeM, yrpo3oif ux ycToiunBoMy QyHK-
LIMOHUPOBAHUIO CITY’KaT IKCTPEMAJIbHBIE ITPOSIB-
JIeHUs1 KocMuuecKoi orofsl. [Tocneaaue MoryT
TIPUBOANTH K YPE3MEPHBIM Harpy3KaM Ha 3JIeK-
TPOIHEPTETHUECKUE CHCTEMBI U YCTAaHOBKH,
00ecTeunBaloINe aHTUKOPPO3UIHYIO 3aIIHUTY
TpyOOIPOBO/IOB, BIUIOTH 10 MX ITOJTHOTO BEIXOJA
n3 cTpost. Takum 00pa3oM, TOMUMO KIIMMaTH4e-
CKUX U3MeHeHui [ 1], mernstii psg cyry0o reoio-
ro-reopu3nueckux (aKTOPOB MOIHKECH yUUTHI-
BaThCs KaK JUIl yCTOHYMBOTO (JyHKIIMOHHPOBA-
HUS YK€ UMEIOIINXCS BBICOKOTEXHOJIOTHIHBIX
CHCTEM B APKTHKE, TaK W IPH IIAHUPOBAHUN
JaJTbHEHIIEero pasBUTHSA yKa3aHHBIX HHOpa-
CTPYKTYD B €€ HEOCBOCHHBIX PETHOHAX.

CoBpeMeHHOE TEXHOJOTHYECKOe OOIIECTBO
MIPENCTABISIET COOOH CIOKHOE TEpEnIeTeHHE
3aBUCUMOCTEN U B3aMMO3aBUCHMOCTEN MEXIY
HECKOJIKIMH €TI0 KPUTHYECKH BaXXHBIMH HH(Pa-
crpykrypamu [2]. Tlo Mepe pocTa CIOKHOCTH
TEXHOJIOTUIECKUX HHPPACTPYKTYp JTF000€E Cepb-
€3H0€ HapyIIeHNe PadOTHI OMHOH N3 HUX MOKET
MMEThH MINPOKOMACIITAOHBIE MOCIEACTBUS IS
JPYTHX ¥ IPUBOAUTH K B3aNMO3aBHCHMBIM OT-
kazam [3]. Bo3nelicTBre Ha 3TH B3aUMO3aBUCH-
MbIe HHQPACTPYKTYPHI MOXKET MPOJOIKATHCS
B TEUYEHHE HECKOIBKUX JIET C BO3MOXKHOCTBIO
TIPOSIBIICHUSI 3HAYNTETBHBIX COIIMAIBHBIX U 9KO-
HOMHYCCKHUX BO3ACHCTBHI [4; 5].

PasBurne TpaHCTIOPTHONH MHPPACTPYKTYPHI
MMEET KPUTUIECKOE 3HAUCHNE KaK IIPH JacTHI-
HOM, TaK W IPH MOJHOMACIITaOHOM OCBOCHHUH
Apxrudeckoit 30HB Poccniickoit @eneparun
(A3P®D). Oto nmomuépkuBaet n «Ctparerus pas-
BuTHs ApkTudeckoid 30H6 Poccuiickoit dexe-
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parimu 1 00eCIIeYeHUs HAIIMOHAIBHOM Oe30mac-
HOCTH Ha mepuoj 10 2035 ronay, yTBepKAEHHAS
Vkazom Ilpesunenra Poccuiickoit deneparuu
ot 26 oktsi0pst 2020 . Ne 645. Cpenu npodero
JlaHHas CTparerust npegycMarpuBaer cylie-
CTBEHHOE Pa3BHUTHE TPAHCIIOPTHOH HH(pacTpyK-
TYpBI B LIEJIOM Psifie CEeBEpHBIX perioHoB Poccuu,
KOTOpOE BKJTFOYAET B Ce0sI CTPOUTEIHLCTBO HOBBIX
JKEJIE3HOAOPOXKHBIX MarucTpaiei, MeKperuo-
HaJIbHBIX aBTOMOOMJIBHBIX JIOPOT U a3POIIOPTOB,
CO3/IaHUE BOJHBIX ITyTel ¢ y4ETOM ILJIAHOB MO
OCBOEHHIO MHHEPAJIbHO-CHIPLEBOI 0a3bl MoJIe3-
HBIX MCKOIIAEMBIX U 00ECHEUEHHUIO CBSI3H MOP-
CKHX TOPTOB C BHYTPEHHUMH TEPPUTOPHIMU
crpanbl. KoMmiekcHoe, B3aMMOCBsA3aHHOE
U CHUCTEMHOE Pa3BHTHE MH(PPACTPYKTYpPBI MOP-
CKOT'0, BO3/IyILIIHOTO, YEJIEe3HOJOPOXKHOTO U aB-
ToMOOMIIBHOTO TpancmopTa ASP® mpemnonara-
€T MHTEHCUBHOE HapallMBaHUE CHCTEMHBIX
(byHIaMEHTaIbHBIX M MPHUKIIAIHBIX UCCIIEI0Ba-
HUIi B MHTEpecax U3y4eHHs U OCBOCHUSI APKTH-
KM, YYUTHIBAIOLINX SKCTPEMAIIbHBIE PUPOIHO-
KJIMMaTU4ecKue ocoOeHHOoCTH pernoHa. Hayd-
HOE€ CONPOBOXK/ICHHE PA3BUTHSI TPAHCIOPTHBIX
CHCTEM MpeJIojaraeT CUCTeMHO-aHAJIUTHU-
YECKYH0 KOHCOJIM/IAIMIO YCUIIUI CHIEUATCTOB
Pa3HbIX reopU3NIECKUX U CMEKHBIX HallpaBJie-
HUH, TAKUX KaK reoMarueTusm [6; 7], ceiicMoo-
I'Msl, KIIMMaTOoJIOTUsl, TEOTEKTOHUKA, TeOMH(pOP-
Martuka 1 ap. DQQeKTUBHBIN HHTEIUIEKTyaIbHbINA
y4€T 1 0000IICHHE TTOTyYaeMbIX MEKTUCIIUTLITH-
HapHBIX Pe3yJILTAaTOB 00eCIeYnBaroTCs Oarosa-
Psl CHCTEMHOMY aHAaJIH3Y.

B nacrosimieit pabore aBTOpBHI HaMepeHBbI
COCPEIOTOYHUTHCS HAa HECKOJIBKUX BAXKHBIX I'€0-
noro-reousnyueckux pesynsrarax. Kaxmupiii uz
HUX B OT/ICJIEHOCTH M BCE OHU B 1I€JIOM HUMEIOT
KPUTUYECKOE 3HAYeHUE U TPeOyIOT HECOMHEH-
HOTO y4éTa IpH IKCIUTyaTalluu U Pa3BUTHUHU
TpaHcoOpTHON MHppacTpyKTypsl B A3PD.
B nepBom paznene npHBOASTCS pe3ysIbTaThl
OLICHKU HEraTUBHOT'O BO3JCHCTBUSI KOCMUYECKON
MOro/Ibl Ha paboTy COBPEMEHHOW CUTHAIBHOMN
JKEJIE3HOIOPOXKHOI ANIEKTPOHUKH, JIEKTPOCHA0-
JKEHUE ¥ TOYHOCTb TIO3UIIMOHUPOBAHHS U HABU-
raiuu. Bo BropoM pazjere npeicrasiieHs HOBbIE
Ppe3yabTaThl 10 U3yUSHUIO KPYIHBIX T'e0JI0TnYe-
CKUX CTPYKTYp M ocaJo4HbIX OacceiiHoB. Ilo-
CJIE/IHUE MOTYT OBITH CBSI3aHBI C MECTOPOXK/IE-
HUSIMU YIJIEBOIOPO/IHBIX UCKOTIAEMBIX, & TaKkKe
JIPYTHX BOKHBIX re0(pU3NUECKUX XapaKTEPUCTHK
nurochepsl ApkTuku. B TpeTbem paznene npu-
BeJ/ICHbI HOBbIE Ba)KHBIE CBEJICHUS O CelicMuye-
ckoit aktuBHOCTH A3ZP®. UerBEpThill pazgen
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COZIEPXKHT Pe3yJIbTaThl B 00JacTH reonHpopma-
THUKH, IOJTy4aeMble HHTETPUPOBAaHUEM B €IMHOM
CpeJie HOBBIX IaHHBIX 10 TPEM IepPEeUHCIICHHBIM
HAaIpaBJIeHUsIM. DTO OTKPBIBAET BO3MOXXHOCTHU
KOMIIJIEKCHOIM 00paboTKH, CHCTEMHOTO aHaJIHM3a
Y BH3yaJM3al[H HOJyYEHHBIX Te0(ru3nuecKux
pe3ynsTaToB. B 3akiounTenbHOM paszelne cra-
TBY MPE/ICTABIICHBI BBIBOJBI.

Hayunble nccnenoBanusi, cTaBIIde IIpeaMe-
TOM 3TOH CTaTbu, SBIISIOTCS HOBBIM HallpaBlie-
HHEM B 00JIACTH DKCIUTyaTallMOHHON HaJEXHO-
CTH TPAHCHOPTHBIX cucTeM. Camble akTyaJbHbIe
BOITPOCHI ISl TPAHCIIOPTa — HAIEKHOCTh U 0e3-
OIACHOCTbD, B Pa3JIMYHBIX aCMIEKTaX MHOTOKpPAT-
HO paccMaTpUBAJIMCh BO MHOTHX ITyOJIMKaLUsIX
KypHasia «Mup tpancnoprta». Ho BinusHue
reousnyeckux (hakTopoB Ha yCTOWYNBOE PyHK-
LIMOHUPOBAHKE TPAHCIIOPTHBIX CUCTEM, CUCTEM-
HBII aHaJIM3 UX BO3JEUCTBHS HA TPAHCIIOPTHYIO
MHQPACTPYKTYpy B apKTHUYECKUX LIMPOTaX
NIPE/ICTaBJICHBI BIIEPBBIE.

PE3YNbTATbI

1. Bausinne KoCMHU4€eCKO# Imoroabl

Ha PYHKIHOHMPOBAHHE TPAHCIOPTHBIX
M BCIIOMOTaTeJIbHbIX MHKEHEPHbIX
CHCTEM B BBICOKHX HIMPOTAX
Poccuiickoii Pegepammun

1.1. Bozoeiicmsue 2eomacHumnol akmusHoCmu
Ha coou 6 pabome KHcene3HOOOPONCHOU
CUCHANIbHOU A8MOMAMUKU

KocMmugeckyro norogy B OCHOBHOM OTIpe/ie-
JISIFOT COJIHEYHBIE BCIBIIIKY, KOPOHAJILHBIE BbI-
Opochl Macchl, BBICOKOCKOPOCTHBIE MOTOKHU
IJ1a3Mbl M3 COJHEYHBIX JbIP, BHI3bIBAIOLINE
reoMarHuTHele OypH U cyo0ypu. OO1ee konu-
YECTBO SHEPTHUH, BBIJCISIOMIEHCS IPH MarHUT-
HOH Oype cpejHell MHTEHCUBHOCTH, COCTABIISIET
okoisio 1400 I'BT, uTo moyTH BABOE NMpPEBBIIIAET
MOIIHOCTH Beex anekrpoctanimii CIIA. Mudpa-
CTPYKTYPHBIE CETH OOJBbIION MPOTSHKEHHOCTH,
TaKHe Kak jKeJe3HbIe JOPOTH, PaclooKeHHbIe
B BBICOKHX IIUPOTAax, MOABEPIKEHBI BIHSIHUIO
TeOMAarHUTHBIX BO3MyIleHHH [8; 9]. Bo Bpems
TeOMarHUTHBIX Oypb MarHuTHOE Iojie 3eMIIH
MOXKET OBICTPO U CHIIBHO MEHSTHCSI BO BpEMEHH,
YTO MPOBOLUPYET BO3HUKHOBEHUE PA3HOCTH
SNEKTPUYECKUX MOTEHIIMAIOB A0 HECKOIbKHX
BOJIBT Ha KHJIOMETP, YTO B CBOIO OUepeb MpHu-
BOJIUT K MOSIBIICHUEO T€OMarHU THO-UHy IUPOBaH-
HbIX TOKOB (' T) B IpOTSHKEHHBIX TIPOBOTHUKAX.
I'''T MmoxeT oKa3bIBaTh CYIIECTBEHHOE BIMSIHUE
Ha paboTy HH)XeHepHbIX cucteM. C TOUKH 3peHHsT
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0e301acHOCTH Ha JKeJIe3HOH Jopore Hamboiee
B2)XHBIMH CHCTEMaMHM, Ha KOTOPbIE MOTYT I1O-
BIusATE [ YT, SIBASAIOTCS CUCTEMBI CUTHATIH3alUN
u ynpasieHus asuwxkenueMm [10]. Bo Bpems
CHJIbHBIX I'€OMarHUTHBIX BO3MYLICHHUH HaOI0-
JIAI0TCs CITy4Yan KpaTkoBpeMeHHOH (1—2 MUHYTHI)
JIO)KHOMW 3aHSITOCTH IyTeH, KOTOphIe MOTYT HO-
BTOPsIThCA B TeueHue 3—4 yacoB [11]. Bo3Huk-
HOBEHHE aHOMAJIMH CUTHAJIA OOBSICHSETCS MHAY-
LMPOBAHHBIMU TOKaMH B 3eMJIeé BO BpeMs
CHJIBHBIX T€OMarHUTHBIX Oypb. B 3THX ycioBusix
€CTECTBEHHOE MEKTPUIECKOE M10JI€ TOCTATOUHO
BEJIMKO, YTOOBI CHU3HUThH pabodee HarpsoKeHHe
Ha pene. B 3aBucumoctu ot Hampasinenus [ UT
B peJIbcax MOXKET 3aroparhesi Kak JIOKHBIN Kpac-
HBII CBET MPH CBOOOTHOM IYTH (JIF000€ HAIpaB-
nenune ['UT), Tak u JNOXHBIA 3eN€HBIN — PU
3ansitoM (IUT ¢ oOparubiM 3Hakom). Pazymeer-
cs1, HanboJiee OITaCHBIM SIBIISIETCS JIOKHBIH 3eE-
HBIH CBET.

HcTopruyeck nepBbIM ONMUCAHHBIM COOBI-
THEM, CBSI3aHHBIM C aBapuei Kele3HOTOPOKHON
CHTHAII3aLHH, SBUIAch «Oypst Horo-Mopkekoit
xene3Hoi goporu» 13 mas 1921 roga (New
York Railroad Storm) [12]. Bypst uckirounresns-
HOM CHJTBI MPOU30IILIA HA YETBEPTOM IOy MOCIIE
MmakcuMmyma 15-ro conmHeunoro umkia [13].
[Ipentogueii 3Toit MarHuTHO# OypH sIBUIIACh
JIBOMHas BCIbINIKa Ha iuMOe CoHIa, BUAUMast
Jlake HeBOOpYXEHHBIM IM1a3oM [ 14]. B xauecte
IIpUMepa COBPEMEHHBIX IIPOUCILIECTBUI IPUBE-
ném Oypro B uroie 1982 rona, koraa cbou B pa-
0oTe KeJNe3HOJOPOKHOW aBTOMATUKHU ObLIN
orMeueHsl Ha fore llIsenuu [15]. MarnuTtHas
oypst 13—14 urons 1982 roga pa3BuBaiach Ha
(¢oHe cnaja COJHEYHOIO LMKJIA M AOCTHIIIA
B MakcuMmyMe 3HadueHuil Dst=-325 uTn. Bo
BpeMs pa3BUTHUs Bo3mymeHust Ha llIBenckoii
JKEeJIe3HOH JI0pore ObUIN POOIEMBI CO CBETOBOM
CHUTHAJIM3alMeH: CUTHAJIbHBIN CBETO(Op Tepe-
KJTIOUAJICS. MEXKJLy KPACHBIM U 3€JIEHBIM CBETOM
0e3 BUIUMBIX IPUYHH.

B Poccuu uccnenoBanus CBSI3U aHOMaJIHH
B paboTe >KeJIe3HOAOPOKHONW CUTHAIN3ALHNH
C T€OMarHUTHBIMH BO3MYIIEHHSIMH HauaJIHCh
CpaBHUTENBHO HeAaBHO [16]. Tak, B [10; 17; 18]
HCCIIEe0BANIACh CTAaTUCTHYECKAs CBSI3b MEXAY
YPOBHEM reOMarHUTHOM aKTUBHOCTH U JJTUTEIb-
HOCTBIO cOOEB B paboOTe CHUCTEM aBTOMATHKHU
BocTouno-Cubupckoit xene3Hod goporu
B 2004 romy. bpiio mokazaHo, 4TO cymMMapHas
CyTOYHas JJIUTEILHOCTh aHOMAJIMM, HE CBS3aH-
HBIX C MEXaHUYECKUMHU MOBPEXKICHUAMH U Me-
TEOPOJIOTMYECKUMHU IPUYMHAMH, Ha BCEX y4acT-
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Kax JOPOTH MEHSETCSl B COINIACHU C Pa3BUTHUEM
reOMarHUTHOM OypH. DTa JUIUTENbHOCTh YBEIH-
YHBAETCS B TPU pa3a MpU AOCTHKEHUH ITHKa
F€OMarHUTHOW aKTHBHOCTHU M KOPpEIUpyeT
C JIOKaJIbHBIM MH/IEKCOM T'€OMarHUTHOW aKTHB-
HocTh. Tem cambIM, BO BpeMsl CHIIbHBIX Oypb
pocT uncna c6oeB HaOMIOaeTCs AaXe Ha Cpes-
HUX IIUPOTAX.

[Tpu ananuze c6oeB B paboTe CHCTEM CUTHA-
nu3aiuu Ha CeBepHoH xkene3Hoi gopore [11]
OBLJIO BBISIBJIEHO, YTO MPAKTUYECKH KaxKJas
CHJIbHAsl TeOMarHuTHas Oypsi u3 16 npoaHanu-
3UPOBAHHBIX SBWJIACH MPUYMHOW aHOMAJIUK
B paboTe cUrHaNbHO aBTOMaTKH. [lomyueHHoe
B paboTe pacrpeiesieHue 3aperucTpUPOBaHHBIX
AQHOMaJIMH OT MECTHOTO BPEMEHH COINIacyeTcs
C M3BECTHBIM PACHpPEENICHUsIM MEPUOIOB pa3-
Butus TUT [19; 20]. Coou B paboTe cucrem
ABTOMATHKH, B YACTHOCTH, JIOXKHbIE cpabarbiBa-
HUS CBETO(GOPOB, CBSA3BIBAINCH C HABOIKOW
ANIEKTPUYECKOTO OJIS Ha PEJIbChI MONEPEK My TH,
YTO MOIJIO BBI3BIBATh UMUTALIMIO MTPOILE/IIETO
JIOKOMOTHBA. AHanu3upys coou B pabore cur-
HaJbHOM aBToMarku CeBepHoii 1 OKTAOPbCKOM
xene3HbIx gopor 3a 2009-2010 roasr (23-i ok
COJIHEYHOI aKTMBHOCTH), aBTopamu [21] Obu10
YCTaHOBIICHO, YTO aHOMAJIUU B paboTe crcTeM
ABTOMAaTUKH Pa3BHMBAIOTCS MOYTH CHHXPOHHO
U B TECHOU CBSI3U C BO30Y>KAEHHEM 3HAYHUTEIb-
HBIX T€0IEKTPUUECKHX TOJICH.

Jnist yTouYHeHHs 3aKOHOMEPHOCTEH B IPOSIB-
JICHUW BO3JICUCTBHS F€OMArHUTHBIX BO3MYIIIe-
HUIl Ha pabOTy aBTOMAaTHKU XKeJIE3HBIX JOPOT
U MOUCKAa ITyTeHd OrpaHUYeHUs] BO3JIEHCTBUA
MIPEACTaBISIETCS LeNIec000pa3HbIM MOIPOOHOE
HCCIIeJOBaHUE aHOMAaJIMK B paboTe CHUCTEM aB-
TOMaTHKH M CUTHAJIM3AIM1 Ha yYacTKaxX JKeJe3-
HOJIOPOXKHBIX CETEH, PacIOI0KEHHBIX, B IEPBYIO
oyepe]b, B apKTHUECKON U cybapKTHUYeCKOU
30Hax. B 2Toif cBsI3u ObLI MpOaHATU3UPOBAH
OOILMPHBII apXMB KYpPHAJIbHBIX 3aITUCEH 3a1po-
TOKOJINPOBAaHHBIX COOEB B paboTe KeJIe3HON0-
POXKHOU aBTOMAaTuk Ha y4acTke OKTA0pbCKOit
xKeJie3Hoi joporu ot cr. Kanpanakma (67.15°
CI) no ct. Hukens-Mypmanckuit (69.4° CLI)
3a 2001-2006 rr. (puc. 1). ApxuB conepxan
unpopmanuio o 6onee 1800 3amucsx, U Takou
00beM rHpopMarmu 0 cO0sIX ObLI MPOaHATU3H-
poBaH BepBele [22].

B apxuBe [uis HEKOTOPBIX COOBITHH ObLia
yKa3aHa IpUYHHA, JUIS HEKOTOPBIX — HeT. [1pu-
YHHBI, YKa3aHHBIE B PAIlOpTax M )KypHaax >ke-
JIC3HOAOPOXKHBIX CIIYXk0, KaK MpaBuio, ObLIN
CBsI3aHBI C 00PBIBAMH, ylapaMU U MEXaHUYECKH-
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Puc. 1. Paccmampusaembiii yyacmok Okmsi6pbcKoll xenesHoll
dopozu (énmasi NyHKMUPHas UHUSI) U pacnosioxeHue
MazHumHol cmaHyuu «/losozepo» (IAGA-kod LOZ, kpacHbli yeem)
& MypmaHckoli o6nacmu [nod20moeneHo ¢ yyacmuem asmopos].

MU pa3pbiBaMH Kabeleil, ¢ METeOpOIOTHYECKHU-
MU OpUYUHaMM ([ONajaHue JibJa U Mecka
B CTpEJIKH), C BMELIATEILCTBOM OCTOPOHHUX
JIML, TO €CTh 3aBEIOMO HE OBUIH BBI3BaHbI Ieo-
MarHuTHbeIMH (hakTopamu. [ 10CKOHAIIBHOTO
CTaTUCTHYECKOI'0 aHajIM3a BECh apXUB ObLI
pa30uT Ha cllelyIoNIne TPH KaTeropum COOBITHIA:

1. mepuozns 6e3 cO0eB IUTUTENLHOCTHIO Oosiee
1 cyToK;

2. cOou Oe3 SIBHOI BHELIHEH MPUYHHBI;

3. cOou ¢ yKkazaHneM IPUYUHBI (Yallle BCEro
MEXaHUYECKUE MOBPEXKICHNUS, METEOPOJIOTHYE-
CKHE NPUYMHBI WM BMEIIATEIECTBO TOCTOPOH-
HUX JIHIT).

AnpUOpHO Tpearnoarajiock, 4to coou 6e3
SIBHOW BHEIIHEW NPUYMHBI (KaTeropus 2) ¢ 60Jib-
1Iell BEPOSTHOCTHIO BBI3BAHBI BO3MYILICHUSIMU
KOCMHUECKOH 1oroJisl. bblIo mpoBeneHo coro-
CTaBJICHUE MEPUOIOB COOEB C Pa3INUHBIMH TH-
MaM{ F€OMarHUTHBIX BO3MYIICHUH C TOMOIIBIO
YeThIPEX HE3aBUCUMBIX CTaTHCTHYECKUX TECTOB,
OCHOBaHHBIX Ha Pa3HbIX MpUHIMMNAX. J{1s oteH-
KU T€OMarHUTHOM BO3MYIIEHHOCTH HCIIOJIb30Ba-
JIUCh TEOMarHUTHBIE MHJIEKCHI aBpOpajbHOM
akTUBHOCTU AE M MeXIIaHEeTHOW MarHUTHOM
obnaynoctu El, a Taxke criekTpanbHas IJo0T-
HOCTbh F€OMarHUTHBIX MyJbcanuii Tuma PcS, 3a-
perucTpupoBaHHBIX Ha ONU3NexKaleil MarHur-
HoH oOcepBaropuu «JloBozepo» (IAGA-koxa
LOZ, Mypmanckas o0i1., puc. 1). AHanIu3 noka-
3aJI, 4TO BEPOSITHOCTB IOSIBJICHUS COOEB PacTeT
C YpPOBHEM I€OMarHUTHOW akTHBHOCTH. [Ipu
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Puc. 2. Yacmoma c6oee kamezopuli 1, 2 u cobbimutli ecex mpex kamezopuli (8epxHuli 2paghuk), 2eomacHumHbIe uHdekcnb! AE u El
(cpedHuii epachuk) u cnekmpansHas NIOMHOCMb 2e0MagHUMHBIX nynbcayull muna Pc5, 3apezucmpuposaHHbIX Ha Ma2HUMHOU cmaHyuu
LOZ, 3a nepuod utonb-dekabpb 2005 2. [nod20moesieHo ¢ y4acmuem agmopos].

9TOM, 3HAUMBIMH OKa3bIBAIOTCS] HHTEIPAJIbHBIE,
3a 2—4 nHs1, 3HaY€HHSI FeOMarHUTHBIX HHIEKCOB,
YTO COOTBETCTBYET CPEAHEH MPOJOIKUTENBHO-
CTH T€OMarHUTHBIX Oypb. BaxkHbIM pesynbraTrom
SIBUJIOCH U TO, YTO COOHM KAaTeropuH 3, Mpu4nHa
KOTOPBIX ObLIa SIBHO yKa3aHa B apXHBe, HE 00-
Hapy>KUBAIOT OTJINYUI B CTATUCTUUECKOM CBS3U
C TEOMarHUTHON aKTUBHOCTHIO. BO3MOXKHBIMHU
OOBSCHEHUSIMU 3TOTO MOTYT CIY)KUTb KaK TeX-
HHYecKue (haKTOpbI, CBI3aHHBIE C HETOUHOCTSIMU
B OTMCaHWU IPUYNH, TaK U puzndeckue haxro-
PBl, CBSI3aHHBIE C KOCBEHHBIM BIIMSHHEM reoMar-
HUTHOM aKTUBHOCTH uepe3 moroay. Ha puc. 2
NpUBE/ICHbI rpaduKH N3MEHUYUBOCTH T€OMarHuT-
HOW aKTUBHOCTH U 4acCTOThI COOEB JKENIE3HOI0-
POXXHOW CHUTHAJNBHOW aBTOMATHUKH 33 WIOJb-71e-
kabps 2005 rox. Ha rpaduke oTUETIMBO BUIHO
COBIAJICHHE BCEX MAaKCHMYyMOB aBPOPaJbHOU
AKTHBHOCTH ¥ JIOKAJIbHOW T'€OMarHUTHON BO3MY-
MEHHOCTH ¢ MAaKCUMyMaMH 4acTOThI aHOMaJIb-
HBIX COOBITHH.

Anamu3 ammmutynsl [UT (wanp., [23; 24])
1 cOOEB Ha KEJIEe3HOW JJOpOre MOKa3bIBaEeT, YTO
MCTOYHUKOM CaMbIX CHJIBHBIX BO3MYILCHUH SIB-
JISIeTCsl aBpOpaIbHBIN OBall, 8 UMEHHO, 00J1aCTh
JUCKPETHBIX BBICBIITAHUH, KOTOPasl TSATOTEET
OrKe K HKBATOpHUALHOM rpanuie oBana. [Ipu
9TOM Ba)KHO OTMETHTB, YTO YEM CUIIbHEE reoMar-
HUTHOE BO3MYUICHHE, TeM Ha Ooyiee HH3KHE
HIMPOTHI CMEIIAETCsl aBpOpajibHas 30Ha. Takum
00pa3oM, KpUTHUYECKOW 3a/iadeil sIBIIsIeTCsl BO3-
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MOKHOCTB ITPOTHO3a MOJIOKEHHUS OBaJla U aBpo-
PaNBbHBIX BhICHIMAaHU#. B 370 cBsi3u OBLIT pa3pa-
00TaH OHJIaliH-CEPBUC KPATKOCPOUHOT'O ITPOTHO-
32 MHTCHCHBHOCTHU U MPOCTPAHCTBEHHOI'O pac-
npeaelieHnusl MOJSIPHBIX cUusHUM (puc. 3).
BXosHBIMH TapaMeTpaMH SIBISIOTCS JIaHHBIC
B peaJIbHOM BPEMEHH C MEXKILTAHETHBIX CITyTHH-
KOB, PacrioJIOKEHHBIX B Touke JnOparmu L1, uro
obecreunBaeT NporHO3 ¢ ropuzoHToM 30-70
MUH. B ocHOBe pa3paboTaHHOW CHCTEMBI JISKUT
SMIHMpHUUYECKass MaTeMaTuueckas MOJIENb
OVATION-Prime [25], ycranaBnuBatormas cra-
TUCTUYECKHUE CBSI3M MEXIy MapaMeTpamH Coll-
HEYHOTO BETPa, MEXILJIAHETHOTO MAarHUTHOTO
TOJISL M IOTOKaMH aBPOPaIbHBIX YacTull. beuio
MOKa3aHo, YTO JI0JIs ITIOATBEPKAEHHOTO IPOTHO-
3a cUsiHHI cocraBset Oonee 86 % [26; 27].

1.2. ITooseporcennocmsp 2n00aIbHBIX CUCmeM
CHYMHUKOBOU HABUAYUU 8 A8POPANbHOTL
obracmu 2e0MazHUMHOU AKMUSHOCIU
TpaHCHOpPT B 3HAYUTENLHON CTETIEHU 3aBUCUT
OT HaJIM4Msl JIPYTUX KPUTUYECKU BaXKHBIX WH-
(bpacTpyKTyp, TAaKMX KaK CUCTEMBI JHEProCcHa0-
JKEHUsI, CHTHAIN3AIMH, CBSI3U U HABUTAIMHU JUTS
omnepanui U oNpeneeHUuss MECTOMOIOKEHUS,
U MpeNblIyIue UCCIEA0BAaHUS MOKa3alH, YTo
9TH TEXHOJIOTMH MOTYT OBITh HapyLICHBI BO
BpeMsi KocMHu4eckoi norojpl. biaronaps BHen-
peHHIo NU(POBBIX TEXHOJIOTHI Ha JKENE3HBIX
Jloporax, Takux kKak Oonplive aansble [28],
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Puc. 3. lpumep ModenuposaHusi NOOXeHUS a8POpPanbHO20 08a1a U UHMEHCUBHOCMU NONSIPHBLIX cusiHUll oHnalH (http://aurora-forecast.ru).

obcmyxuBanne 4.0 [29], Unteprer Bemueit (IoT)
[30], xubepdmsmueckue cucremsr [31], Takxke
MOTYT OBITE cOor B paboTe qpyroro muppoBoro
ANIeKTpOHHOTO oOopynoBaHus [32]. Takum 00-
pa3oM, TEXHOJIOTHYECKUE TOCTIDKEHUS YBENH-
YIIN PUCK HEOMArONpUATHBIX IMOCIEICTBUH,
BBI3BAaHHBIX COJHEYHOI Oypeil. OcTaHOBUMCH
Ooree moaPoOHO Ha BO3ACHCTBAN KOCMHUYECKOM
TIOTO/IBl HA CHCTEMBI CITyTHUKOBOM HaBHT'allHH.

I'moGanbHbIE HABUTAIMOHHBIE CITy THUKOBBIE
cuctemsl ('HCC) ncnone3yioT nepenady curaa-
Jla B IMana3oHe OT eAuHUL A0 AecsaTkoB [T oT
MarauToceproro crnytaHuka. O01acTe MarHu-
Tocepsl, IIe COCPENOTOUYCHO MaKCHMaJIBHOE
KOJIMYECTBO HABUTAIIMOHHBIX CITy THHKOB, BKITIO-
YaeT reoCTaIIOHAPHYI0 OpOUTY (PaccTOsTHUE 10
nentpa 3emun 6,6RE, rae RE — paanyc 3emMin)
1 MeHee BhICOKHE opOuThl. CaMa CIyTHHKOBAs
SJIEKTPOHUKA MTOABEPTacTCsl BO3AECHCTBUIO ObI-
CTPBIX 3apsDKCHHBIX YacTHI, IPEKIEe BCETO,
JJIEKTPOHOB PaJMallMOHHBIX ITOSCOB, U MOXKET
TIOBPEXKIATHCS BO BPEMS PE3KHX BO3PACTAHUH
3NIEKTPOHHBIX TOTOKOB. Ho KonmmaecTBo HaBuUra-
[MOHHBIX CIIyTHHKOB B HAcCTOSIIEE BpeMs Ha-
CTOJIBKO BEJIMKO, YTO ITOBPEXKACHHE WIIN Jaxe
MOTEpsI OAHOTO M3 CIYTHUKOB MOXKET TOJIBKO
HE3HAYNTEIHHO CKa3aThCs Ha KaYeCTBE HAaBHUTa-
WU B OONBIIMHCTBE paiioHoB. Tem He MeHee,
BOTIPOC O POCTE OIMUOKH, CBSI3aHHOM C YMEHB-
[IEHHEM YHCIa CITyTHUKOB JJIsi KOHKPETHOW
TOYKH IpHEMa, TpeOyeT OTAEITHHOTO HCCIIeI0Ba-
HUS, KaK ¥ MOJAEIMPOBaHHE MMOTEPH CUTHAJIa
OJIHOBPEMEHHO OT HECKOJIBKHX CITYyTHHKOB
B YCIIOBHAX SKCTPEMAIIBHBIX BO3PACTAHUH MOTO-
Ka 3J1eKTpoHOB. COBpEMEHHBIE CHCTEMBI HAaBH-
TaIy OCHOBAHbI Ha NCTIONB30BaHUH HECKOIIBKHUX
cuctem, Bkmrouas [HCC: GPS (CIIA),
ITIOHACC (Poccuiickas ®eneparus), Galileo
(EBpocoro3), BeiDou/Compass (KHP).
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B pexxnme aBTOHOMHOM HaBUTAIMH ITOTPENI-
HOCTb NO3UIIMOHUPOBAHMS COCTABIISET CMHHIIBI
MeTpoB. PaccMoTpuM (usndeckne MeXaHH3MBI
BIIUSTHUS BO3MYILEHUI KOCMUYECKOU ITOTOIbI HA
TOYHOCTH NMpHEMA HABUTALMOHHOTO CHTHAJA.
ITpu Bcem pazHooOpazuu 3(h(HheKTOB OHU yKiIa-
JIBIBAIOTCS B CJIEAYIOINE OCHOBHBIC TPYIIIBI:

1. yXyZaueHue OTHOIICHNS CUTHAJI-IIIYM H3-3a
MIPUPOIHBIX IIyMOB B pabo4eM Iuana3oHe n3iy-
gares;

2. IOBpEXK/ICHHE TIepelatoNiel anmapaTypsl
IIOTOKaMH OBICTPHIX 3apsDKEHHBIX YaCTHII;

3. BO3MYILEHHS Ha ITyTH PaclpOCTPaHEHHS
OT IepelaTINKa K IPHEMHHKY, TPEXK/IE BCETO 32
c4€T HOHOC(EepPHBIX HEOTHOPOTHOCTEH.

HcTouyHnKOM NepBO Ipynnbl UCKaKeHUN
SIBJISIIOTCSI BO3PACTaHMUSI MOTOKA COJTHEYHOTO
panvon3ITydeHns BO BpeMs BeTblniek. [loBpesk-
JICHUSI armaparypsl HA MAaTHUTOC(HEPHBIX CITYT-
HUKaX, OpOUTa KOTOPHIX JIGKUT BHYTPH MarHu-
Toc(eps! 3eMIH, CBA3aHBI C BO3PACTaHUSIMHU
IIOTOKOB OBICTPBIX 3apsDKEHHBIX YACTHIl KaK
COJIHEYHOTO, TaK U MarHUTOC(EPHOTO MPOHC-
XOXK/IeHHsA. MaKcHuMallbHbIE aMITIUTY/IBI HOHO-
c(hepHBIX HEOTHOPOTHOCTEH CBS3aHBI C 30HOM
TIOJISIPHBIX CUSTHUH U, IPEK/IE BCETO, MX TUCKPET-
HBIX (hOPM.

Taknm 00pa3oM, BOBMOXKHBIE KOCMHYECKHE
HCTOYHUKH OIMHOOK B paboTe HAaBUTAI[MOHHOTO
000pyIOBaHUS CBA3aHBI C COTHEYHBIMH BCTIBIII-
KaMH, COJTHEYHBIMH IIPOTOHHBIMH H 3JIEKTPOH-
HBIMH COOBITHSIMHU, BO3pacTaHUSIMH IOTOKOB
OBICTPHIX MEKTPOHOB B MarHUTOC(EPE U MOIII-
HBIMH aBpOpaJbHBIMU BO3MyIIeHHsIME. Hanbo-
Jiee CIIbHO 3()(hEKTHI, CBSI3aHHBIC C 3apsDKCHHBI-
MH YacTHUIAMH U MOHOC(HEPHBIMH HEOTHOPOI-
HOCTSIMH, TPOSIBIISIIOTCS BO BPEMSI CHIIBHBIX
MarHuTHHIX Oypb, KOT/Ia HE TOJNBKO PacTyT aM-
IUTUTYABI BO3MYIIEHHH, HO ¥ IIPOUCXOIHUT CMe-
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Puc. 4. lpumepbi coznacosaHHbIX 8apuayull owubKu
no3uyuoHupoeaHusi no doszome (ceepxy) u 8biIcome (CHU3Y)
Ha 6a3oeoli cmaHyuu SVTL (60.50 CLL, 290 B[, JleHurepadckasi
0611.) u eapuayuli MaeHUMHo20 nonsi Ha cmanyuu NUR
(60.50 CLLI, 25.50 BLJ, duHnsiHdus1) 8o epemsi 2naeHoli (ceea)

u 8occmarosumenbHoli (cnpasa) gha3 MazHuUmHoU 6ypu 12 mas
2021 2. AMnnumyda eapuayuli Ma2HUMHO20 NONsi HOPMUPOBaHa
no amnnumyde eapuayuii cMew,eHusi [nod20moeneHo ¢ yyacmuem
asmopos].

HeHUe MaKCHMMyMa BO3MYILICHHII B 00yiacThb
cpeqaux mmpor [33].

CouHIIe SIBJISETCS HCTOYHHKOM 3JIEKTpOMAr-
HUTHOTO M3Jy4€HHSI B HIMPOKOM JUAIA30HE JUTHH
BOITH, BKJIFOYAst ¥ YaCTOTHEIH IHAIa30H CUTHAJIOB
T'HCC (1-2 I'T'). DTO IpUBOIUT K YXYIIICHUIO
COOTHOIIICHHSI CUTHAJI/IIYM TIPH IPUEME CUTHA-

Mwup TpaHcnopTa. 2023

71a co ciryTHUKA. CTaTHCTHYECKUI aHAIN3 BIHS-
HUSI COTHEYHBIX BCIIBIIIEK HA OTHOILICHUE CHT-
HaJI/UIyM TOKa3all, 4To Hauboliee YsI3BUMBIMH
OKa3bIBAIOTCS NPUEMHUKH, paboTaromue Ha
yacrorax L2/L5, a KauecTBO CUT'HAJIA HA YaCTO-
te L1 mensiercs mano [34]. Ilpu 3ToMm yBennde-
HHE YHCIa CIyTHUKOB [UIS 3TOTO BU/IA TOMEX HE
MIPUBOANT K CYIIECTBEHHOMY YIIyUIICHHIO CH-
Tyanuu, Tak Kak POCT IIyMa, CBSI3aHHOTO CO
BCIBILIKOW, NEHCTBYET OJHOBPEMEHHO Ha BCE
BuanMEIe ciryTHUKH [35]. CymecTBeHHOE yiryd-
LICHHE OTHOLIEHHS CUTHAJI/IIYM IIPOHU30LLIO 32
Cu€T yBEIMYEHHS MOIITHOCTH MTOJIE3HOTO CUTHA-
J1a Ha HOBBIX TOKOJICHUSX CITyTHHKOB, 3TO I103-
BOJIIET COXPAHUTH PabOTOCHOCOOHOCTh IJIs
BCIIBIIIEK C IIOTOKOM PaJInON3ITydeHHs, TIPEBbI-
mrarortiM 20 000 exuHMII, KOTOpPBIE HAOTIONAIOT-
cs10T | 10 HECKOIBKHX Pa3 B TOJ] B 3aBHCUMOCTH
ot (¢a3sl conHeyHoro 1ukia [34]. CpaBHUTEb-
HBIM aHaym3 Biusiaus Benbimek 2011 12017 rr,
BBINOJIHEHHBIN B paboTe [36], mokasain cyie-
CTBEHHOE OCJIa0JIeHHe BIUSIHUS BCIIBIILEK COJI-
HEYHOTO PaJMOW3IydeHUs U1 HOBBIX Ooiee
MOIIHBIX CHCTEM.

Jlnst IpOBEpKY THIIOTE3bl BIUSHHS Te€OMar-
HUTHOW aKTUBHOCTH Ha TOYHOCTB T€OMO3UIIHO-
HHUPOBAHUS UCIIONB30BANUCH JaHHBIE OA30BBIX
craniuii THCC B aBpopalibHBIX 1 CyOaBpopalib-
HBIX mMpoTax. BpeMeHHoe pa3pemenne cocTas-
ssuto 30 ¢. CrangapTHasi nepBuUdHas 00paboTka
MI03BOJIMJIA KOMIICHCUPOBATh OOJNBIIYIO0 4acTh
noHocdepHbIx Bo3MyIIeHUH. [ 0a30BbIX
CTaHIM{ YHCIO CIIyTHHKOB BO BCEX CIydasx
coctaBmsuio 15 wimm 6onpmre. na mpoBepku
BIMAHUS HA TOYHOCTH I'€OMO3UIMOHUPOBAHHSA
ObL10 BHIOPAaHO 4 IPyYIbBI JHEH MO THUIIAM reo-
MarHUTHBIX BO3MYIIIEHHUH, JUIs1 KOTOPBIX HCIIOb-
30BAJIMCh CIEOYIOIINE KOMBL:

1. oTcyTCTBHE BO3MYIIEHHOCTH;

2. TeOMarHuTHbIC OypH;

3. aBpopasbHble cyOOypy OOJIBIION WHTEH-
CHBHOCTH;

4. CoNHEYHbIE PAANOBCIIBIIIKH.

[ KOHTPOJISI NOHUKEHHOW MarHUTHOM
aktuBHOCTH (kKon () paccMarpwWBaINCh JHH,
YIOBIETBOPSIONINE CICAYIOMUM YCIOBUAM:
OTCYTCTBHE COJTHEUHBIX PaJHOBCIIBIIIEK, OTCYT-
CTBHE MarHUTHBIX Oypb ¢ Dst<—50 T u Heno-
alaHue B 4-THEBHOE OKHO 10 OypH, OTCYTCTBHE
aBpopaibHbIX Bo3mymieHuit c AE>100 aTm. {ns
Ka)X[JOTO BO3MYILIEHHS 110 €T0 THITy U BPEMEHH
Havasa ObUIa onpezneneHa Haubonee BeposTHAs
reorpadrdeckas 30Ha (MHHIMAaJIbHBIE X MaKCH-
MaJIbHBIE ITUPOTHI U JOJITOTH) MAKCHMAIbHOTO
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Puc. 5. Cxema ¢hopmuposaHusi u npomekaHusi F'UT e JI3I [cocmaeneHo ¢ yyacmuem asmopos].

addekra. Beero 3a 2020-2023 ropsi 06110 OTO-
6pano 38 cobertmii ¢ xogom 0, 10 coObrTHit
¢ koaoM 1, 38 coObITHiI ¢ KOmOM 2 ¥ 5 COOBITHIA
C KOZIOM 3.

Amnanus 3¢dexra Bo3MyIIEHUH KOCMHYECKOM
ITOTO/BI HA BPEMEHHBIX MacIITabax OT HECKOJMb-
KHX MHHYT JI0 HECKOJIBKUX YacOB MOKa3aj, YTO
Jake Uit 6a30BOI CTAHIINY TIOCTIE IPUMEHEHHUS
anroput™a uddepeHransHoi Koppekimu [37]
B onpenenéaHoM o T HCC kaxymemcst 1onroT-
HOM W BEPTHUKAIBHOM CMEIIEHUH OCTAIOTCS Ba-
puanuu B nuamazoHe mepuoaoB 5-20 MUHYT,
COBIAJAIONIHNE TI0 YaCTOTaM C BapHaIUsAIMHU
TEOMAarHUTHOIO ITOJIS Ha OJMKaNIIeH MarHUTO-
METPHYECKOW CTAaHIINH. AMIUITUTYIBl STHX Ba-
puamuit st 6a30BBIX CTAHIUH BapbUPYIOTCS
B IIpezieNiaX HECKOIBKAX CAHTUMETPOB (pHc. 4).

s ucronp30BaHUs Pe3ylbTaTOB aHAIIN3a
curHaia Ha 6a30BOW CTaHIINH B PEaIHHBIX IPH-
JIOKCHUSAX HEOOXOINMO PEIICHHE CIETYIOIIIX
3a7a4:

1. y4€t pa3HUIIBI MKy PeaJIbHBIM KOITHYe-
CTBOM CITyTHHKOB Ha MeCT€ U Ha 0a30BOH cTaH-
HH;

2. moy4eHue JAaHHBIX C 00jee BBICOKUM
BpPEMEHHBIM pa3perIeHueM IS OLIEHKH BO3ZMOX-
HOCTH MX IPUMEHHTH K MOABIKHOMY OOBEKTY
(HampuMep, TOABMKHOMY COCTaBY);

3. HCKITIOYEHHE HCIIONIb3YeMOT0 TIpH CTaH-
JIAPTHOU MpeBAPUTENLHON 00paboTKe JTaHHBIX
B cern [HCC merona auddepeHunanbHoi
KOpPPEKIINH, TaK KaK OH HalleJIeH Ha 3aa4H Ie0-
Je3UH U MaKCHUMAaJbHO IOAABISIET BapHallUU
BHYTPH CYTOK, YTO Ja&T HECOIIaCOBaHHBIC Ha
pPa3HBIX BPEMEHHBIX MaciiTabax pe3ylbTaThl
(mexmy gasivu 0.1-10 M, BHYTpH aHS <1072 ™).

®  Mwup TpaHcnopTa. 2023. T. 21. Ne 3 (106). C. 6-34

1.3. Bo3deticmsue KocmMuyeckoll no2oovl Ha
21eKkmpocHadicenue

WHnynupyeMble B TIOBEPXHOCTHBIX CIIOSIX
3eMHOU KOPBI BAPHUAIINH T€0NICKTPUIECKIX TOKOB
3aMBIKAIOTCS depe3 3a3eMJICHHBIC dHepreTHie-
CKHe CHCTeMbI, BbI3bIBas mosieiieHre [ T [38; 39]
(puc. 5). B cBoro ouepens, [ YT npuBoxmsT K mme-
permagaM HampsHKeHUs, IeperpeBy CHIIOBBIX
TpaHc(OpPMaToOpOB M MOTEPE PEaKTUBHOMN MOIII-
HOCTH B BbICOKOBONBTHBIX JIDII [40]. B HacTos-
mee Bpemst ' U'T cranu nocTossHHOM yrpo30i i
BBICOKOTEXHOJIOTMYHBIX OOIIECTB M MPEICTABIIS-
IOT CEPbE3HYI0 OMACHOCTH JJISi PETHOHAIBHBIX
BBICOKOBOJIBTHBIX 2JIEKTPUIECKUX CeTeil, MHOTHE
13 KOTOPBIX IIEPECEKA0T HALMOHAIBHEIE TPAHHIIBI
[41]. dnst Toro, yTOOH mepenaBaTh OONbIINE
00BEMBI 3HEPTUH Ha OOJTBIIINE PACCTOSHUS, CTPO-
satcst Bce Oonee mpoTsokénaHbie JIDIL. OgHako
TaKue JUHUHA OCOOCHHO MOABEPIKEHBI BO3ICH-
crBuro 6ompmmx ['UT. D10 00CTOSTENBCTBO Jie-
JIAeT MEKTPUIECKUE CETH Bce OoJiee BOCIIPUUM-
YUBBIMH K BO3MYIICHUSM KOCMITYECKOU ITOTOJIBL.

3aBHCHMOCTP JKEJIE3HOIOPOKHOTO CEKTOpa
OT AIIEKTPOCETEH MPENICTABIET COOON KPUTHIC-
CKYIO YSI3BUMOCTB H3-32 €T0 HETIOCPEICTBEHHO-
TO BO3/ICHCTBHS Ha XKEJIE3HOAOPOKHYIO CETh, HO
c00i1 B 211eKTPOCHAOKESHIH TAK)KE MOYKET MTOBJIH-
STh Ha IPyTHe CUCTeMBI Ha cTaHuuu. Jlpyroe
JKeJIe3HOIOPOKHOE 000pyHOBaHHE, KOTOpOE
Tak)ke MOXET ObITh BocripuuMunBbIM K [ UT, —
3TO MPHUIOPOXKHBIE KaOeIIH, TeICKOMMYHHKAIIN-
OHHBIC 1 TMHEHHBIC LI, pE3EPBHBIC CHCTEMEI,
Oarapeu, CUCTEMbl MOHUTOPUHTA COCTOSHHUSI,
TOYCYHBIE [IEMTH B KOMMYTaIuu [42].

[Ipu nzyuennn Bo30yxaenus I UT B peans-
HBIX BEICOKOBOJIBTHBIX JIMHUSAX BaXKHBIM (DaKTO-

[Buwmnanu A. [l., PoseH6epr U. H., ConoBbEB A. A. [eochr3nyeckne npoLecchbl B ApKTUKe
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Puc. 6. Cxema J1311 «CeeepHbiii mpaH3um» Ha Konbckom nonyocmpoee: (a) pacnonoxeHue eé cegepHoli nodcmaHyuu «BeixodHol» (VKH),
2de nposodsmcs usmepeHust TUT; (6) pacnonoxeHue 6nusnexaujux 2eomMa2HUMHbLIX cmaHyull Ha meppumopuu Poccuu u ®uHAsHOUU
[cocmaeneHo ¢ yyacmuem asmopoe].

POM OKa3bIBaeTCsl HENIPEPBIBHASI PETUCTparIys
BO30YXKIIaeMbIX TOKOB B JEHCTBYIOLIUX CETX.
B Poccuu cymiectByer cuctemMa HENPEPhIBHOM
peructpanuu I'UT B mMaructpanbHOW JUHUH
«CeBepHBIi TPaH3UT», IPOXOASIICH OT CPETHUX
IIUPOT [0 apKTU4YeCcKoii 30HbI. CucTema padora-
€T JIeCATh JIET, U NIOJyUCHHBIE JTaHHBIE O Pa3BH-
tiu I'YT nipu pa3nu4HbIX YPOBHSAX T'€OMAarHUT-
HBIX BO3MYIIIEHUH MO3BOJIIOT OLIEHUTH BO3MOXK-
Hble 3HadeHus | T npu skcTpeManbHbBIX BO3MY-
meHusax. MakcumanbHbele 3HaueHus ITUT
B HeiiTpanu Tpancdopmaropa JOCTUTANIH
140 A Ha camoii ceBepHO# moacTaHIMU «BBI-
XOJIHO#» BO BpeMsi coObITHst 29 urons 2013 roxa.
DKcTpeManbHO 00JbIIOE 3HAYCHHE TOKa 00-
YCIIaBIMBAIOCh XapaKTEPOM BO3MYILEHHS, IIy-
TOM ITynbcanuii Tumna Ps6 mpu pasBUTHH CHITBHOMH
cy00ypu [43] u xoHUTypaLKeil MOIKITIOUeHHS
CHJIOBOTO 000PY/IOBaHUS Ha IIOACTAHIUH B YKa-
3aHHbIN nepuoa. [Ipu pa3BUTHM 3HAUUTENIBHBIX
T'UT B HeiiTpanu TpanchopmaTopa CyIecTBEH-
HO MOPTUTCSI Ka4eCTBO JIEKTPOIHEPTUH H3-32
TeHepaLyy FTapMOHUK OCHOBHOM 4acTOThI. FIMeH-
HO T'apMOHHKH MOT'YT SIBJIITCS IPUYMHON Hapy-
IICHUII B TEIUIOBOM PEXUMeE TpaHchopMaTopa,
HapylaTth pa0boTy 3aIIUTHBIX peje, Melarb
pabore amnmapaTyphl B CEeTSIX MOTpeOUTeNnei
AEKTPOIHEPTUH. Ymobbl nosnusme Ha pabomy
mpancghopmamopa, 00CmMamouno 8030YHcOeHUs.
TUT unmencugHocmuio 8ceco HecKonbko A.
Pacuér Bo3smoxkHbIX ypoBHel ' UUT npu Tu-
IHUYHBIX ¥ 3KCTPEMAaJIbHBIX MAarHUTHBIX Oypsx,
KOTOPBI MOXKET OBITH CIIOJIB30BAH OllepaTopa-
MH ceTeH JUIs IPUHATHSA HEOOXOIUMBIX Mep IS
CHIDKEHHS PUCKA KaTacTpOpHUUYECKHUX IMOCIen-
CTBUH, SBIISETCS UCKIIOYUTEIBHO aKTyalbHOMN
3a7a4eil. Pemienne 3a1a4 1o CHUKEHUIO PUCKA
BO3HUKHOBEHMSI U YMEHBILICHUIO TOCIEACTBUN

Mwup TpaHcnopTa. 2023

KaTacTpod HNPHUPOAHOTO MPOUCXOKIACHHUSA HE
CBOIUTCS POCTO K «MHKEHEPHOMY)» IIPHMEHe-
HUIO Pe3yJbTaTOB KOCMHYECKOH (UM3MKH VI
pacuéra I'UT B TEXHOJIOIMYECKUX CUCTEMAX,
a TpeOyeT U BbISICHEHUS! (PU3MUECKON MTPUPOJIBI
HEKOTOPBIX MarHuToc(hepHO-HOHOCHEPHBIX
siereHuit. J{ns adpdexTrBHOrO MPOrHO3a MHTEH-
CHBHOCTH U IIPOCTPAHCTBEHHOTO PACIIPEIEICHUS
I'NT tpebyercst JOCKOHAIBHOE U3Y4YEeHHUE pa3-
JMYHBIX THIIOB TPUTTEPHBIX BO3MYIIEHHUI reo-
MAarHUTHOTO IOJIs. MarHuTHBIE OypH SBISAIOTCS
Haubosee ucciiefoBaHHBIM HUcToYHUKOM I UT.
Hamu 6but0 mpoBeneno uccienoBanune ['UT,
TeHepHpyeMBIX BHE OypH, KOTOPOE ITOKa3ao, 4To
HanOosee YPPEKTUBHBIMH TPUTTEPAMH SIBIISIOT-
Csl TAKHE aBPOpPAJIbHbIE BO3MYIIEHHMS, KaK H30-
JIUPOBaHHBIE CyOOypH M FeOMarHUTHBIE ITyJIbCa-
1. [I71st 9TOro aHaIM3UPOBAIIMCH OJHOBPEMEH-
HO AaHHble cucTeMsl peructpauuu ['UT B Helt-
Tpanu TpaHchopmaropa Ha JIDII «CeBepHblit
Tpan3uT» (Konbckuii nomyoctpos, PecyOnuka
Kapemnus) (puc. 6 (a)) 1 reOMarHUTHBIE H3Mepe-
HMS, TOTy4YEeHHbIE Ha OMU3JIeKAIINX TeOMarHHT-
HBIX CTaHLUAX Ha Teppuropuu Poccun u Ous-
nsiHue (puc. 6 (0)), 32 2014-2018 rozp.

B pe3synbrare uccienoBaHuil ObLTH BbLENe-
HBI clienytomye Gpakropsl, Biustomue Ha [ UT-
3¢ PEeKTUBHOCTD Iy IbCAIHN:

1. mpocTpaHCTBEHHBIN MacIITao;

2. ¢hopMa crieKTpa;

3. monspu3aIys.

AHaJu3 TaHHBIX HECKOJIBKUX [€OMarHUTHBIX
CTaHIUH MO3BOJIAET UCCIEN0BAaTh IPOCTPaH-
CTBEHHOE pacHpeleseHue MO IyIbCallui.
Br110 nokazaHo, 4TO OfHA M Ta K€ aMIUIMTYAA
1 4aCTOTa BO3MYLIEHNH MOXKET IPHBOIUTH K pa3-
HBIM 3 dekram, 00yCIOBICHHBIM Pa3IMIHBIM
IIPOCTPAHCTBEHHBIM MacIITa0OM ITyJIbCaIUi
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[44]. BausiHre MpOCTpaHCTBEHHOTO MacmiTada
Ha [UT-3PpeKTUBHOCTL HADIIATHO MPOUILIIO-
CTpUpPOBaHO Ha puc. 7. VI3 pucyHka BHIHO, 9TO
oTHomeHue ammiautyasl 'MT k amnnutyne
MyJAbCALMK BO3PACTAET MPH YBEIMUYEHUU TIPO-
CTPaHCTBEHHOTO MacliuTada Ioisl MyJbCaluii,
COXPaHSIOIUX aMIUTUTYLY U 4YacTOTYy.

Bruto Takke MmokasaHo, YTO CHEKTPaNbHBINA
coctaB YHY-nynbcanuii siBIsieTCS 3HAUNTENb-
HbIM (hakTOpoM 3 GEKTUBHOCTH IIPH TeHEPaIUU
T'UT [45]. B aTOM OTHOIIIEHUH MYJIbTUTAPMOHH-
YEeCKHUE MyJIbCAIMH OKa3bIBatOTCs Oosiee 3 dek-
TUBHBIMH I10 CPAaBHEHHIO C OTHOTAPMOHUYECKH-
MU — B CJTy4yae MepBBIX OTHOLICHUE aMILTUTYIbI
T'NT x ammiurtyae myabcallud B HOJTOpa pa3a
6onbire. Ha puc. 8 crnpaBa cBepxy HoOKazaHb
CIEKTPBI BOCTOUHON Y-KOMITIOHEHTHI ITyJIbCalUil
u e€ npousBojHOM 1o BpeMeHu. Popma oboux
CIIEKTPOB MMEET SIPKO BBIPAXKCHHBIM IepeTHuil
(bpoHT, obecreunBaromi 3pPEeKTHBHOCTH Te-
Hepauuu ['UT. [Ipu 3ToM criekTp nopoxaaemMoro
TEeOMHyIIUPOBAaHHOTO TOKa (Tpaduk crpasa
CHHM3Y) UIMEET UAEHTH4HYI0 hopmy. BaxkHo u To,
YTO BO3MYLICHHUS B reoMarHuTHOM nosie u B ' T
COBIAJIAIOT U IO BpeMeHH (TpaduKu ClieBa).

IIpoananusupoBaHHbie UHTepBaIbI Pc5/Pi3
MyNbCAIUH, 3apeTUCTPUPOBAHHBIX OJJHOBPEMEH-
HO B reoMarautHoM nosie u I' T, mokazanu, 4to
g JIDIL, BRITAHYTOH B MEpUIMOHAIFHOM Ha-
MPaBICHUH, CBI3b CIEKTPalIbHOW MOITHOCTH
reoMarHuTHbIX mynbcanuit u U T nposiBrsieTcs
CHJIbHEE JIsl IUPOTHOH (V), ueM /It MepHIHo-
HaJIbHOH (X) KOMIOHEHTBI T€OMarHUTHOTO HOJISI.

Kpymmossacurradinee
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Puc. 7. 3aeucumocmb omHowieHusi amnnumyOdsl F'UT k amnnumyde
nynbcayuu om ee Yacmomal 01151 Pa3HbIX NPOCMPAHCMEEHHbIX
Macwma6o8 nynscayuli [n0020moeneHo ¢ yyacmuem agmopos].

OTO0 BBIpaXKaeTcs Kak B 0osree BEICOKOM K03 (hu-
IIUEHTE KOPPEISINN, TaK U B O0JIbIeM K03 hu-
LUEHTE JINHEWHOU perpeccu. IHbIMHU cioBaMy,
TIoTIepeyHasl MOJSIpU3anus MyJIbcanuii OTHOCH-
TestbHO poctupanust JISII B Hanbonbmei cre-
TIeHU BIWsieT Ha reHeparuio B Heit [UT [21].
Hcxons n3 aHann3a Tpex BBIICICHHBIX (ak-
TOPOB CIIETyeT, YTO HA BBICOKUX LIMNPOTAX BHE-
OypeBble MybCAllH C HE3HAYNTEIHHBIMU aM-
IUTUTYAMU SBISIOTCST BaXXHBIM HCTOYHUKOM
noreHuuanbHo onacHslx I'UT ¢ ammiutynamu
B HECKOJBKO J1eCATKOB A. JIeHCTBUTENBHO, KaK
cleyeT u3 puc. 8, MaKCHMaJIbHBIA pa3Max am-
IUTATYA TyJbcannii Bcero B 25 HTM mpuBoauT
k reHepanuu ['UT ammurynoit 10 A. Hanom-

2018, DOY = 137, UT = 06:50 _h,’.m“' Hi
TN — "ﬂ"-. ‘. normpkied
10 SO0
= s i
. 0 w3
= 2 a000
0 20040
X sob
4 - A
&2 300
-0 o 200
2 £
. 1o
.|
i
0 i 40 (L1l 1 ' 3 4 5

1, mimn

f, mHz

Puc. 8. lMpumep moyHo20 coenadeHusi 8peMeHHOII hopMbI (cr1e8a) u cnekmpoe (cnpasa) nynbcayuii 2eoMazHUMHO20 nosisl (ceepxy) u TUT
(cHu3y). Ha 2paghuke cnpaea ceepxy nokasaHbl cnekmpbI 803MywieHus! Y-KOMNOHeHMbI 260Ma2HUMHO20 NOJsl U ee NPou3800Holl N0 8peMeHU
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Puc. 9. Cxema ducmaHyuoHHol pezucmpayuu T e 1311
dugppeperyuanbHbIM memodom. P1 u P2 — moyku pacnosnoxeHusi
MazHUMoMempos, pPaccmosiHUs yKa3aHbl 8 Mempax
[nodzomoenena asmopamu].

HUM, 9T0 25 HTI — 3TO XapakTepHas aMIUIUTya
CIOKOMHOTO CYTOYHOTO XOZa T€OMarHUTHOTO
ToJIsl Ha CpeNHMX MmupoTax. [Ipomomxurerns-
HOCTB MCCIIEyEMBIX ITYJIbCAii MOXKET I0CTH-
raTb HEeCKOJNbKHMX 4acoB. CTONb UIMTEIbHOE
Bozzeiicteue [ YT Benmmuamnnoii ~10 A Ha cucteMy
AEKTPOCHAOKEHNS CTATHCTHYECKH OKa3bIBACT-
cs1 6oree omacHo, 4eM pasosble Berureckd [ UT
BesimanHOM ~100 A B HelTpasn, BO3HUKAOIIHE
BO BpeMsi Oypb 1 cyOOypb.

1.4. [Ipomomun agmoHOMHOU 2pa0UeHMHOU
YCMAaHo8KY 0151 OUCAHYUOHHOU
pecucmpayuu I'UT

IIpsiMble n3MepeHns TOKa B HEWTPaIy TPAHC-
(hopMaTopoB SIBIAIOTCS TEXHUIECKH CIIOKHBIMH,
TpeOyroT OONBIINX 3aTPaT U (HPU3MUECKOTO ITO/I-
KIIIOYEHHUS K TpaHc(opMaTopHOMY 000pynoBa-
HHIO, YTO BO3MOXKHO JIaJieKo He Bceraa. B aToi
cBsi3u 1na oueHkn BenuuuHbel ['UT kpaiine
TIEPCTIEKTUBHBIMHU M BOCTPEOOBaHHBIMH SIBIISIFOT-
Cs1 AMCTAHIIMOHHBIE METOIBI PETUCTPALNH KBa-
3UITOCTOSTHHBIX TOKOB B BBICOKOBOJBTHBIX JIOTT.
Takoli METOA B HACTOSIILIEE BPEMS IIMPOKO Te-
CTHpPYETCsl ¥ BHEZIPSIETCS TT0 BceMy Mupy. Ilep-
BBIE 9KCTIEPUMEHTHI ITpoBoIIich B 2016 roqy
B lOxHO#1 Adppuke [46], a 3aTeM U3MEPHUTEITEHBIC

YCTaHOBKH, OCHOBaHHBIE Ha 9TOM METOIE, ObIITH
CMOHTHPOBAHBI ¥ anrpoOMpoBaHbl B Benmnkoopu-
Tanuu, Mcnanuw, IlopTyranuu u ipyrux crpaHax
[47-50]. nes MmeTona COCTONT B YCTAHOBKE JIBYX
TPEXKOMIOHEHTHBIX MarHUTOMETPOB B HETIO-
cpeactBeHHOH Ommzoctu ot JIDII. IlepBrrid
MarHWTOMETp yCTAaHABIMBAETCS MO JINHHUEH,
a BTopoii — Ha pacctossHuH oT 100 10 300 MeTpoB
(puc. 9).

Brrancnenne pazHOCTH MEXIYy 3aIHCSIMH
MarHUTOMETPOB MO3BOJISIET YCTPAHUTh MPUPOI-
HBIE BO3MYILCHUS U [TOTYyYHTh BAPHALINH ITOJTHO-
TO BEKTOpa MAarHUTHOTO ITOJSI OT ITOCTOSTHHOTO
toka B JIOII. Ilpumensas 3akon buo-Casapa,
KOTOPBIH OTIpe/ieIIsieT BEKTOp MHAYKIIMU MarHAT-
HOTO TIOJISI, TOPOXKAAEMOTO TTOCTOSTHHBIM 3JIEKT-
pudeckuM TokoM [51], mocrosaubi ToK (I'UT)
B JIDII paccuntsiBaeTcs mo popmyie:

B=— Ho!
2nR’

rae B — u3MepeHHoe Mnoe,

R — paccrosiHue 10 MPOBOAHUKA C TOKOM.

Hamu Benéres pa3paboTka ycTaHOBKH, OC-
HOBAHHOW Ha ONHCaHHOM MeTofe. B kadecTse
MarHMTOMETPOB OBIIM BBIOPAHBI TaTYNKH HA
OCHOBE MUKPOITOJIOCKOBOTO PE30HATOpa ¢ TOH-
KOW MarHUTHOM Iu1éHKOH. Ha MarauTHO# 00cep-
Batopuu I'll PAH «KnumoBckas», ApxaHrens-
ckas 001. [52; 53], ObUTH HCIIBITaHBI TPEXKOM-
MMOHEHTHBIE COOPKHM YKa3aHHBIX JaTYMKOB
(puc. 10).

CpaBHEHHE TaHHBIX ATYMKOB CO IITATHBIM
KOMIIIEKTOM MarHUTOMETPHUYECKOTO 000pymo-
BaHUs 00CEpBaTOPUH MOITBEPANIIO, YTO UYB-
CTBUTEIBHOCTb M TOYHOCTb JATYMKOB OCTATOY-
HBI JJI1 U3MEPEHHS TOKOB, BO3HHUKAIOIIUX BO
BpeMs IPOTEKAHUS CPEAHUX U CUIIBHBIX TeoMar-
HUTHBIX Bo3Mymenuil (puc. 11). Kak 6su10
CKa3aHoO BHINIE, MOTEHIHAIbHO omacHble ['UT

(@

(6) (e)

Puc 10. O6cepeamopckue ucnbImaHusi 0am4yuKos: nosegble U3MepeHus 2padueHma nossi (a), ycmaHoeka 6 8apuayLUOHHOM NaguTbOHe 8Mecme
€O WMamHbIM 8bICOKOMOYHbIM 8eKMOPHbIM MazHUMomempom (6), 00uH u3 d8yx MazHUMoMempoe 2padueHmHol ycmaHoeku (8) [(pomo aemopos].
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Puc. 11. 3anucu 8ocmoyHoli Y-KOMNoHeHMbI 2e0Ma2HUMHO20 Nos 2padueHmHoOL ycmaHoekoll (CuHss [criokHOcocmagHasi]
Kpueasi, wkana cneea, B) u o6cepeamopckum macHUmMoMempoM (YepHasi [oOHONUHelHas ] kpueasi, wikana cnpaea, HTn)
[nodzomoeneHbI ¢ y4acmuem asmopos].

XapaKTepU3YIOTCS KOPOTKOIIEPHUOAHBIMU BapHa-
LUSIMU TOPU30HTAJILHBIX KOMITOHEHT MarHUTHO-
ro ot oT 10 u'Tn. B HacTosiee Bpemst Ben€rcs
pa3paboTKa MOJICBOT0 BapyuaHTa JJIsl apobannu
B peanbHBIX ycnoBusx Ha JIDII «CeBepHblit
tpau3ut (Pecriyonuka Kapenns u Mypmanckas
00acTe), 000pYIOBAHHOIO JaTYNKOM H3Mepe-
wus [UT uepes HeliTpasibp TpaHchopMaTopa.
Heo6xonnMbIM 11arom OyzeT sIBISTHCS KajlH-
OpoBKa TPaJMEHTHOW yCTAaHOBKH Ha HOpMallb-
HBII TOK B HMCCIIEAYEMOU 3JIEKTpOIHEpreThye-
CKOI cucTeMe.

2. HcciienoBanye KpynmHbBIX re010TrH4eCKUX
CTPYKTYP M 0CaJi0YHBIX 0acceiiHOB

HA 0CHOBE KOMILIEKCHOI0 aHAJIN3a
reoJIoro-reo(pu3nvecKux JaHHbIX

BakxHOCTh M3y4eHHns 0ca/louHbIX OacceifHoB
B A3P® oOycrnoBneHa OONBIIMMY 3aracamy To-
JIE3HBIX MCKOMAEMBIX (B TIEPBYIO OYepellb, yIle-
BOZIOPOJTHOTO CBIPBST) B 3TOM peruone. Pesynsra-
THI ICCIIEIOBaHNH JAFOT HOBYIO MH(OPMAIIHIO TSI
TIOMCKa ¥ pa3BeIKN He(DTEra3oBbIX MECTOPOK/IE-
HUW B KOHTUHEHTAJILHOW YacTH W Ha IIeib(e
B poccuiickoit Apkruke. ITouck, pa3senka u pas-
paboTKa MECTOPOXKICHUH YIIIEBOIOPOJHOTO ChI-
Pbs TPEOYIOT pa3BUTHS HEOOXOAMMON TPaHCIIOPT-
HOI MH(PACTPYKTYPBI B PETHOHE Ha JOCTATOYHOM
ypoBHe. B nanHOM pasnene npuBeaeHs! pe3yib-
TaTbl U3y4EHHUS KPYITHBIX T€OJOTMYECKUX CTPYK-
TYp, OCaJI0YHBIX 0AaCCEHHOB U MOCTPOEHHBIE Ha
WX OCHOBE IeOMH(OpPMAIOHHBIE MPOIYKTHI.
HecoMHeHHO, 3TH pe3yabTaThl JOJDKHBI yYHUTHI-
BaThCS ITPU Pa3BUTHH U TPOCKTHPOBAHUN HOBBIX
TPaHCHOPTHBIX IyTel coobmienns B A3PD, ko-
TOpBIE HEOOXOAMMBI IIPH peau3aliii POEKTOB
KaK Ha CTaJUM Pa3BEIKH MECTOPOXKACHUM, Tak
Y Ha CTAJIMU UX JKCILTyaTaluy.

Paznen Moxoposuunua (Moxo) — ofHa U3
BaXXHEHIIIMX I'PaHUI] B HEJpax 3eMIIu, AJIs KOTO-
poil XapaKTepHbI CHUJIbHBIE U3MEHEHHUS BCEX
¢u3NYecKUX mapameTpoB, MOAITOMY 3HaHHUE
DIyOuH 3aieranus pasaena Moxo upe3BbYaiHO
Ba)XXHO JIJISI MHOTHX Te0(U3NYECKUX MOAEIeH
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W JUIsl TOHUMaHHSI CTPOSHHUS M TMHAMUKH JIUTO-
coepsl. [Ipsimble nanHbIe 0 ITyOHHE MOXO MOX-
HO TOJIYYHTh TOJIBKO U3 CEHCMUYECKUX HCCIIe-
JIOBAaHWH, IOKPHITHE KOTOPBIX CHIIBHO HEOTHO-
ponHo, a B BoctouHoU yactu A3P®, xoropas
SIBIISIECTCS KpaifHe TPYAHOAOCTYTHOM TEPPUTOPH-
e, OHM MPAaKTUYECKH OTCYTCTBYIOT. HoBas
kapra Moxo ObUIa MOCTpOeHa Il BOCTOYHOU
yacTH poccuiickoit Apkrtuku (peruon 60—
75 °CIl, 110-190° B/) [54]. Januslit pernon
ObLT BEIOpaH Kak HaMeHee U3y4YeHHBIH B uepTe
A3P®, mosToMy NpeACTaBIIsieT 0COObI HHTEpEC.
Kapra ocHOBaHa Ha COBMECTHOI HHBEPCHH pa3-
JUYHBIX T€OQU3NYECKUX MOoJIeH, B MEPBYIO
o4epe/b, MOJIsl OCTATOYHBIX AHOMAJIMI U BEPTH-
KaJIbHBIX IPaIMEHTOB CHJIIBI TshKecTH. VicxonHast
kapta [55] OblU1a CKOPPEKTUPOBaHA B COOTBET-
CTBHH C STHMH HOJSMHU C JOTOJHUTEIbHBIMA
OTpaHMYCHUSIMHU U3 HECKOJIBKUX CEHCMUYECKUX
npodwmieii. HoBas monens Moxo (puc. 12 (0))
ObLIa IeTaIbHO COTOCTABIIEHA C UCXOTHOM MO-
nenbio (puc. 12 (a)) 1 1eMOHCTpUPYET HEKOTO-
pble MPUHIUMHUAIBHBIE 0COOEHHOCTH, OTCYT-
CTBOBABIIIME paHEe.

S

s

1 L (2 L L e e e

BT
w = = = L L
Moha deeth, s

Puc. 12. UcxodHas kapma 2nybuHbi Moxo (ceepxy)
U cKkoppekmuposaHHas kapma Moxo (cHu3y), 2ny6uHbI om yposHs
Mops [61] [nod2omoeneHb ¢ y4acmuem aemopoe].
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Puc. 13. UcxodHas modenb ocadoyHo20 Yexna (ceepxy, a)) u Hoeas
Modenb 0cadoyYHO20 YexJ1a, NOSTy4eHHasi C UCNob308aHueM
nodxoda dexoMneHcayUOHHbIX aHoManuil (CHu3y, 6)).
KpacHbimu koHmypamu ¢ yughpamu 0603HaYeHbI aHanu3upyemble
ocadoyHble 6acceliHbl: 1- Tacmaxckul, 2 - 3bIpsiHCKuL,

3 - lpumopckutl, 4 - Yaynckut, 5 - MeHxuHckul, 6 — [ycmopeykud,
7 - AHadbipckul [61] [nod2omoeneHbI ¢ yyacmuem agmopos].

Tak, B HOBOIl Mozenu nox BepxosHCKUM
XpeOTOM HAXOMUTCS KOPEHb JUTOChEphI NTyOH-
HOH 47 KM IO CPaBHEHHUIO C OTHOCHTEJIFHO He-
0OoIBLIMM TOHMKEHHUEM MOXO0 B HCXOTHOM Mojie-
. OOHapy»KeHO 3HAYMTENILHOE OTJIMYHE B IIIy-
6une Moxo (ot 25-40 o 3845 kM) B ceBepHOU
KOHTMHEHTAJIBHOM YacTH paifoHa uccienoBaHuil
1 Ha 1enbde. MbI npearonaraem, 4To 3T0 yTo-
IIEHHE 3eMHON KOPBI CBSI3aHO C aHAEPIICUTHH-
TOM H3-32 aKTUBHOCTH IUIIOMa, UMEBIIEH MECTOo
panee. Takxe monydeHa HoBast MH(OPMAIUs
o nryOuHe Moxo B akBaTopHOH 4acTi YyKkoTcko-
O MUKPOKOHTHHEHTA M I10]l PAacIO0KEHUEM
Amnanpipcko-Kopskekol ckiiaq4aToi CUCTEMBI.

CTpyKTypa oCaJlouHbIX OacceiHOB U3yya-
JIach B TOM e BOCTOUHOA3UATCKON apKTHUECKOM
30He. B pe3ynbrare pacuéra ekoMIeHcauoH-
HBIX aHOMAJIMH CHJIBI TSDKECTH ObLIa MmoryueHa
HOBAsl MOJIEJIb MOIIHOCTH 0CaJI04HBIX OTIOXKE-
HU 111 BOcTouHOro cekrtopa A3P®D [56], ko-
TOpasi AEMOHCTPHUPYET CYLIECTBEHHbIE HOBBIE
JeTalld O CTPYKTYype, IUIOUIa]y U IUIOTHOCTH
0CaJIOuHbIX OACCEHHOB 110 CPABHEHUIO C PE3YJIb-
TaTaMu Ie0JOrnYecKUX HccieoBanuii. B yacr-
HOCTH, HOBBIE IAHHBIE O MOLITHOCTH OCaJJOYHO-
ro yexJja ObUIM TOJYYeHBI Ui 3BIPSHCKOTO,
AmnanpIpckoro, YayHCKOTo M JPYTHX 0CaJ04HBIX
bacceitnos (puc. 13).

Jist tupKyMIossipHO#t ApKTHKH ObLIa 1oJTy-
YeHa HOBast MOZIEJ b Fe0TePMaJIbHOTO TEIIOBOTO
IIOTOKa HA OCHOBE MHBEPCUU CEHCMUYECKUX
WM MarHMTHBIX AaHHBIX [57]. [Ing moctpoeHus
HOBOW KapThl TEIJIOBOTO MOTOKA ISl UCCIIeye-
MOTO perioHa B Ka4eCTBE Ha4allbHOTO MPHOIIH-
JKeHUs1 ObLT KCIIOJIb30BaH KaTaJIor MexIyHaposI-
HOM KOMHCCHH II0 TEIUIOBOMY MOTOKY H JIBE
TEOPETHUECKUE MOJIEIH MPEIIIECTBEHHUKOB [58;
59]. Puc. 14 nemoHCTpupyeT CpaBHEHHE KOMITH-
JISIUH UCXOHBIX Mojienieit (puc. 14 (a)) ¢ HoBO#
Mozedbto (puc. 14 (6)). HoBas xapra no3sousier
OOHapyXHUTh HEKOTOPbIE 0COOEHHOCTH, KOTOPbIE
He ObUTM MIeHTU(HULINPOBAaHbI paHee — B 4acT-
HOCTH, 30HBI TIOBBIIIEHHOTO TEIJIOBOTO MOTOKA
B bepunrosom mponuse, UykoTckoM mope
U OCTaTOYHYIO0 aHOMaJHuio B pailone mops Jla-
Opanop, cesazannyro co CpeaunHo-JIabpamopc-
KHM XpeOTOM, akTHBHBIM B IajeoreHe. Takxke
BUJIHO YBEJIMYEHHE TEIJIOBOTO IOTOKA B IPEBHEH
pudToBoil 30He, paznensioumeil Boctounyro
u Cpenntoto Cubupsb.

Taxoke, ObUIH TOCTPOEHBI MOJIENHN YIPYTUX
XapaKTePUCTHK JIUTOCHEPHI — UBTHOHOM KECT-

Puc. 14. Ucxo0Has (cneea, a) u Hosas (cnpaea, 6) Modesu men108020 Nomoka 05151 YyupKymnonsipHol Apkmuku. CoKpaweHusiMu
o603HayeHbl: SC — Cubupckuli kpamoH; AP — AHa6apckoe lnamo; VO — BepxosiHckuli opozeH; SCO — CkaHOuHaeckuli kanedoHCKuUli Opo2eH;
LS - Mope Jlabpadop [nod2omoesieHbl ¢ yyacmuem agmopos].
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Puc. 15. KapmbI us2u6Holi xécmkocmu (ceepxy) u aghhekmueHoli ynpyeoii MousHocmu (CHU3Y) Tumoceghepbl apKmu4eckoli 30HbI
Poccutickoli ®edepayuu [nod20moeneHbI ¢ yyacmuem asmopos].

koctu (puc. 15 (a)) u spdexTuBHON ynpyroi
MomHOCTH (puc. 15 (6)) amsa nmutocdeps! mo
Bcel apkTuyeckoil 30He Poccuu. B nanHoM
HCCIIEIOBAaHNH UCTIONB30BAJICS METO OIPEIe-
JIEHUA YTIPYTUX MTapaMeTpoB JuTochepsl [60].
OH 0CHOBaH Ha KPOCC-CIEKTPATbHOM aHAIN3E
JaHHBIX O T'PAaBUTAIIMOHHOM IIOJI€ W TIPHUIIO-
BEPXHOCTHOMU Harpy3ke. BaxHbIM 10110JIHEHU-
€M I10 CPaBHEHHUIO C NPEIbIIYyIIUMHI pPaboTaMu
OBLIIO MCIONB30BaHME HE TOJBKO JaHHBIX
0 Tomnorpaduu B KauecTBE NMOBEPXHOCTHOH
Harpy3KkH, HO U IJIOTHOCTHBIX HEOJHOPOIHO-
CTel 0caJogHOTO Uexja. Y ToUHEHHAS MOACITh
3TUX HEOAHOPOAHOCTEH Obla MmojyueHa B pa-
6ote [56].

[To uroram npoxenanHo# pabOTHI OBLI OITyO-
JIUKOBaH COOPHHK TeO(PU3NICCKUX MONEH Ayt
A3PO® [61], Burrodaroruii B ce0s BEIICOMTUCAH-
HBIE PE3YyNBTaThl MOJICITUPOBAHNS APKTHUCCKOH
TUTOC(EPHI, a TAKKE P TaHHBIX, COOPAHHBIX
13 OTKPBITBIX MCTOYHHUKOB (HAIpUMeEp, CPe3bl
ceificMoToMorpaduIeckux MoaeNe ApKTHKH 10
paszena MeXIy BEpXHEW W HIDKHEH MaHTHEH).
B xozxe uccnenoBaHuil Mo JaHHOMY Hampa.Jie-
HUIO, JOTIOTHUTEIBHO OBUTH IOy Y€HbI CIEYIO-
e nnupoBbIe MaCCHBBI JAHHBIX:

* TPaBUTALMOHHBIN A(PPEKT KOPHI I BEpXHEH
MaHTHHU (TPaBUTAIIMOHHOE TIOJI€ M €TO BEPTH-
KaJbHBIC TPAHCHTHI);

* OCTaTOYHbIE «MAHTHUIHBIE» AaHOMAJINH CHIIBI
TSDKECTH, aHAJIOTUYHBIE aHOMAJIMH BEPTHUKAJIb-

®  Mwup TpaHcnopTa. 2023. T. 21. Ne 3 (106). C. 6-34

HBIX TPagWeHTOB M OCTAaTOYHAs Tomorpadus
(paspemenue 1°x1°);

* INIOTHOCTHASI MOZEITh KOHCOJUIUPOBAHHON
KopHI (pa3penienne 1°x1°);

* CKOpPPEKTHPOBaHHASI MOJIEITb BEPXHEN MaH-
THUU: 3HAYEHUSI CPENHEN IUIOTHOCTHU Ui CIOEB
Moxo-75 kM, 75-125, 125-175, 175-225,
225-275 u 275-325 kM Ha ceTkax 1°x1°;

* U3MEHEHUS IUIOTHOCTH, O0YCIOBICHHBIC
BapHaIUsIMH TEMIEPaTyphl U BapHALUIMHU CO-
cTaBa MaHTHH.

3. Onenka ceiicMM4eCcKOil AKTHBHOCTH
POCCUIICKOIl APKTUKH

A3P® Ha ceromHsSmHUN IEHb SBISETCS
MaJIOU3YYEHHBIM PETHOHOM C TOYKH 3pEHUS
OIIEHOK ceficMuueckoil omacHocTH. Cytie-
CTBYIOIIME AJISI Pa3HBIX YaCTEeH 3TOrO PernoHa
OILIEHKH B Psi/ie CIy4aeB 3HAYNTEIHHO OTINYa-
I0TCS OT peabHOTO NoNokeHus nein [62]. Tlpu
3TOM y4€T CEHCMUUYECKON aKTUBHOCTU UTPAET
KPUTHYECKYIO POJIb IPH SKCIUTYaTaIUH, TTaHH-
POBAaHNU W Pa3BUTHUH TPAHCHOPTHBIX CHCTEM
B peruoHe. B 3TOM OTHOIIEHUHU aKTyaJbHOU
SBIISICTCS 3a7jada CO3JaHMs CHCTEMHO-aHaH-
THYECKOTO KOMIUIEKCA ISl paclO3HaBaHUS
IIPU3HAKOB MECT BO3MOKHOTO BOSHHKHOBEHHUS
OTIaCHBIX CEHCMHYECKUX U APYTHX T€OIHMHAMHU-
YECKUX COOBITHI B APKTHKE U pacuéra ceiicMu-
YECKOH OMAaCHOCTH U CEHCMUYECKOTO PUCKA IS
3a/laHHBIX TEePpUTOpHIl M 00BekTOB. Ocoboe
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CoOTEeTCTBYHIINE I0HAM DL LILHOCTR
OCP-97A

Mpessmanme Gaasnects won CP-9T7A,
E KOTOPBIX 0HH FaCn e b

Puc. 16. Kapma OCP-97A u paccyumaHHble meopemuyeckue uzocelicmbl [n0d20moesieHa ¢ y4acmuem agmopoe].

BHHUMaHHE [IPU 3TOM YIEISAETCSI HCCIEI0BAHHIO
TaKUX JTUHEHHBIX 00BEKTOB, KaK >KEIIE3HBIC
JIOPOTH, aBTOMOOMIILHBIC TPACCHI, TMHUH SJICK-
Tporepenaq v TpyOOIpOBOIHL.

B xauecTBe Ha9aIBHOTO 3TAIa PACIO3HABA-
HUS 30H BO3MOYKHOTO BOSHUKHOBEHHS CHITBHBIX
3emiuerpsicennii B ABP® Ornlno mpoBeneHo
YHCIICHHOE cpaBHEHHE KapT Obmero celicMu-
yeckoro paiionuposanus (OCP) [63] ¢ Bo3neii-
CTBHEM OT 3eMJICTPSICEHNUH, (PaKTHIECKH COCTO-
SIBINUXCS TIOCIE MyONMMKannuu KapT. beuto BBI-
TTOJTHEHO CPAaBHEHHME TUIOIIAAH 30H OXKHIaeMOM
6amnpHOCTH Ha KapTe OCP-97A ¢ mimomansio
H30CeHCT 0T (PaKTHUECKH IPOU30IICAIINX 3EM-
nerpsicenui. Mcciaenopanue mokasanao, 4ToO
MJI0Iaab M30CEHCT B CpEeJHEM Ha MOPSIOK
MEHBIIIE, YEM OXHJAeTCs COTIacCHO KapTe
OCP-97A (puc. 16). Takum obpazom, B 00Ib-
IIUHCTBE PETHOHOB Poccuu oneHka ceiicMuye-
CKOM OITAaCHOCTH B CPEAHEM MOXKET OBITh 3aBBI-
meHa kak MUHIMYM B 10 pa3. O1o HaOmoneHune
ocobenHo BaxxHo mist A3P®, rne Ha ¢done
BecbMa c1aboro (paKTHIECKOTO CEHCMUYECKOTO
BO3ICHCTBUS 3HAUUTENbHBIE TeppUTOpUH Kob-
CKOTO ITOJTyOCTpOBa, apxurenaros Hosas 3emis
n Cesepnas 3emisi, HoBocubupckux ocTpoBos,
noxryoctposa TaliMbIp, a Takke ceBepa SAkyTun
7 UyKOTKH OTHECEHBI K 30HaM ¢ 0aUTbHOCTHIO
6 u BeIe. B yka3zanHO# crarthe [62] ObuTH
TIPEUIOKEHBI ITyTH COBEPIICHCTBOBAHUS OIle-
HOK CEHCMUYECKOH OMacHOCTH, HEOOXOIUMBIX

®  Mup TpaHcnopTa. 2023.

TP CHCTEMHOM aHAJIN3€ Te0PU3NIECKIX MPO-
11ecCOB B APKTHKE.

B mporecce moaroToBku Hanbosee MoJIHOTO
Karasora semsierpsicennit A3P® aBropamu 1 nx
KOJIJIETaMH OBUIH BBISBICHBI CYIIECTBEHHBIC
pa3nu4us B Karanorax MeayHapoJHOTo cei-
cmonormaeckoro mneHtpa (ISC) u Enunoit reo-
¢msmueckoii ciryx6s1 PAH (EI'C PAH). B sroit
cBs13u Karayor ISC OblT 1OTOMHEH COOBITHIMHA
n3 karanora ET'C PAH u npyrux poccuiickux
JIOKAJTbHBIX HCTOYHUKOB. [[j1s1 3TOT0 OBII CO3/1aH
OPHUTHHAIIBHBIN alTOPUTM OOBEJMHEHNS KaTaJIo-
TOB 3€MJICTPSICCHUH, OCHOBHAS 3a7a4a KOTOPO-
TO — HACHTUUKALUSA 00pasyroumxcs 1yonen
1 WX OTAENEHHE OT a)TEepPIIOKOB. ANTOPUTM
6asznpyercst Ha aBTOPCKOH MOAU(UKAIINK METO-
na Ommkaiimero cocena [64; 65] s myomneit. 3a
€ro MACHHYIO OCHOBY B3ST TOT (DAKT, UTO B OT-
JUYRe OT aTEepLIOKOB IyONIM HE MMEIOT IpH-
YUHHO-CJICICTBEHHON CBs3U. s coOBITHI U3
JIByX KaTaJIOTOB CTPOUTCS B3aMMHO-OTHO3HAYHOE
COOTBETCTBHE, MOCIE Yero kKiaccupukanus
3eMJICTPSICCHUIT HA yHUKaIbHbBIC M AyOIH mpo-
M3BOJUTCS C TIOMOINBIO ABKJINAOBON METPHKH
«rtura @ponuxa». Takum o6pa3om, pazpadboTaH-
HBI aITOPUTM II03BOJISIET aBTOMAaTH3HPOBAHO
00BEINHATH T1000€ KOTUIECTBO KaTaJOTOB
3eMIIeTpsiceHul [66].

D¢ deKTHBHOCTD aNTropuTMa BIIEpBHIE ObLITA
MIPOIEMOHCTPUPOBaHA Ha TIPUMeEpe 00beInHE-
Hus karaigoroB ANSS (USGS) nu JIMA (Japan

1. Ne 3 (106). C. 6-34
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Meteorological Agency) adrepiiokoBoii mocie-
JOBaTEJIbHOCTU 3eMIETpPsiCeHUss TOXOKY
2011 ronma (puc. 17). ITozxe B 2021-2022 rT.
AITOPUTM OBUT Pa3BUT U MOAMDUIIMPOBAH ISt
€ro HernoCpeJCTBEHHOr0 NMPUMEHEHUs K JaH-
HbeIM 1o A3P®. B pe3ynbrare BmepBbIe
B 2022 rony ObuI cO31aH HaubOoOJee MOJHBIN
00beIMHEHHBIN KaTaJor 3eMJIETPSICEHUI BO-
crouHoil yactu A3P® [67] u aBa karasora,
B CBOEM OOBEIMHEHHUU OXBATHIBAIOLIME BCIO
3ananHyro 4actb ASP®D, — 00bequHEHHBIN Ka-
Tanor 3anajnHoro cektropa A3P® u karanor
Xpeobrta Iakkens [68]. Bece Tpu co3maHHBIX
ABTOPCKHX KaTallora CHaOXeHbI CBOEW YHU(H-
LIMPOBAaHHOM MarHUTYAHOH mIkajgoi. Karamoru
3anaaHoro cexropa A3P® u Xpebra ['akkens
paslielieHbl Ha IBa MHOXKECTBA, YIOPSJOUEHHBIX
10 BPEMEHH, TaK KaK MX YHU(UIUPOBAHHBIC
MarHuTyJbl B3aMMHO HE COBMECTHUMBI.

Ha puc. 18 moka3zaHbl COOBITHS U3 CO3aHHBIX
00beIMHEHHBIX KaTaJIOroB JJIsl 3aI1aJHOTO U BO-
CTOUHOTO CeKTOpoB A3PD, koTOpHIe UHTErPU-
pyIoT B cebe Bce JOCTyIHbIE CEHCMUYECKUE
nanHele u3 ISC, poccuilckuX permoHaIbHBIX
karasnoroB EI'C PAH u psiia pyrux HCTOUHHUKOB.
Karanor Boctounoro cekropa A3P® (puc. 18
(0)) comepxkut 23254 cobbitus 3a 1962-2020
roasl, u3 kotopeix 7781 u3 ISC u 15473 u3
poccuiicKuX UCTOYHUKOB [69]. [l cozgaHHOrO
Karajora 3anagHoro cekropa A3P® (puc. 18 (a))
OblIa TpoBecHa paboTa Mo UACHTHU(PUKAIUU
U YIAJEHUIO B3PBIBOB U APYTHX COOBITHH, HE
SABIISIOIUXCSA 3EMJIETPSICEHUSAMU. 32 NEPHOJ
1998-2020 romoB, Korjua ¢ BICOKOM CTEIEHBIO
JIOCTOBEPHOCTH OBLIN YIaJIEHbI BCE TAKUE COObI-
THS, KaTajuor coaepkut 2 126 3amuceii. Beero 3a
nepuoa 1963-2022 ronoB KaTajaor COAEPKUT
uHpOpMaIHo 0 4 629 ceficMUYeCKUX COOBITHSIX.

140 142 142 145

Puc. 17. Kapma anuyenmpos kamanoza ANSS agpmepuwiokogoll
nocnedoeamenbHocmu 3emnempsiceHusi Toxoky 2011 2. KpacHbim
yeemom nokasaHbl cO6bIMUus, omcymcmeyroujue (NPonyujeHHbIe)

@ kamanoze JMA [paszpabomaHo ¢ yyacmuem aemopoe].

Karanor XpeOra ['akkenst comepKUT OKOIIO
17000 coObITHiA.

JlanpHeWe uccieaoBants ObIITN CBA3aHbI
C MPOCTPAHCTBEHHOW OLEHKOW CEHCMUYECKOU
aKTHBHOCTH IO ITaHHBIM M3 CO3JaHHBIX KaTaylo-
roB 3emiuerpsicenuii. Kak mepa sHepruu npu
9TOM HCIIONIB30BANIACH YKa3aHHAs! BBIIIE aBTOP-
cKkast MoxuGuIupoBaHHAs MarHuTyaa. s Bo-
cTouHOTO cekTopa A3P® OpTH paccYyUTaHBI
3HaYCHUS K0P PHUINEHTOB 3aKOHA TIOBTOPSIEMO-
ctu ['yrenbepra-Puxrepa Ha perymspHOii ceTke
¢ marom 0.1° mo mupote u gonrore. Ha puc. 19
(a) mpuBeneHa KapTa JOKAJIHHBIX 3HAUCHHUH
[IpEeCTaBUTENbHON MarHuTyasl. 1o 3TuM nas-

HUS LR I ]
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6)

Puc. 18. Kapms1 anuyesmpoe 06beduHeHHbIX kamanozoe A3P®: (a) — 3anadHbiii cekmop 3a nepuod 1998-2020 22.; (6) — 8ocmoyHbIli cekmop
3a nepuod 1962-2020 22. CuHum 0603HaYeHbI 3eMaempsiceHus u3 kamanoea ISC, kpacHbIM — cobbimusi u3 pocculicKux u Apy2ux UCMOYHUKO8
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[cocmaeneHo ¢ yyacmuem asmopos].
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Puc. 19. OyeHka celicMuyeckoli akmueHOCMU 80CMOYHO020 cekmopa A3P® no daHHbIM 06beAUHEHHO20 kKamasnoza 3emnempsiceHuli A3P®
[nodzomoeneHa ¢ yyacmuem aemopos]:
(a) - kapma ma2HUMydbI nonHol pezucmpayuu Mc 3a nepuod 1982-2020 22., nocmpoeHHasi My/bmu-macwmabHbiM Memodom
(MHo20y20/1bHUKOM OMMeyeHa ob1acmb, 2de 07151 8bI4UC/IEHUS NapaMempoe celicMuYHoCMmuU ucnonb3yromesi 3emnempsiceHusi ¢ M 2 3.0,
Ha ocmanbHol meppumopuu ucnonb3ytomes 3emnempsiceHusi ¢ M 2 4.0);
(6) - eapuayuu HaknoHa 2paghuka noemopsiemocmu (3Ha4yeHus b — value npuesizaHbl k cpeOHeMy NOMIOXeHUI0 3emiempsiceHull 8bI60PKU;

R = 300 km, Nmin = 50 cobbimuil; 6 mecmax Hu3Koli celicMuyeckol akmueHocmu

nosmopsiemocmu b = 0.924);

3yemcs [ Hoe 3Ha4yeHue apad)u:(a

(8) - celicmuyeckas akmueHocmb a(m6) e no2apugpmuyeckoll wkane (8apuayuu celicMuyeckoll akmueHocmu s 1106020 yPOBHS
MazHUMYyOb1 8bIYUCAIOMCS 8 CO0MBEMCcMeUU C /IokanbHbIM 3Ha4eHUeM HakloHa 2paghuka noemopsiemocmu a(M)=a(Mc) -b(M-Mc);
(2) - cpedHsisi npodykmueHocmb e kpyaax ¢ paduycom R = 300 km, DM = 1 (YepHbIMU Kpy2aMu ommeYeHbI 3NULeHMPbI 3emMnempsiceHul,

KomopbIe ucnonb308aHbl AN1s pacyema npPoOyKkmMueHocmu).

HBIM OBUIM ONpeJeNeHbl I'PaHUIBl 00JIacTH,
B KOTOpPOM B Ka4eCTBE MPEICTABUTEIBHON Mar-
HUTYABI MOXKET OBITh NPHUHATO 3HaucHUEe Mc =
3.0. B ocTanpHON 9acTH pernoHa 3T0 3HAYEHUE
cocrasisier Mc = 4.0.

Mertomom Oimkaiiiero cocena ObI0 PoBe-
JICHO pa3zielieHne KaTaiora Ha (JOHOBEIE U 3aBU-
cHMbIe coObITHSL. JlanbHeiiias oleHKa napameT-
POB CEHCMHYIHOCTH TPOBOANIACH IO KaTalory
(oHoBBIX coObIThil. Ha cetke ¢ marom 0.1° o
IIMPOTE U JOJTOTE OBIT BBIYHCICH MapaMeTp
cerficMuUeCKOH akTUBHOCTH a(m4) = log, v, THe
v — OLICHKA YHCIIa 3eMJICTPSICEHUH C MAaTHUTYIOH
M > 4.0, BeIUUCIICHHAS C YIeTOM (QpaKkTaibHON
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Pa3MepHOCTH pacupele]eHus] SIULEHTPOB.
B uTore ObuIM MOCTPOCHBI KapThl BapHAIlHid
HakJoHa Tpaduka moBropsieMocTH (b-value)
(puc. 19 (6)) 1 mapameTpa ceiicMUUECKOI aKTUB-
HoctH a(m6) = a(m4) — 2b (puc. 198). ITo meTo-
nuke [70] 6puT pon3BeiEH pacuET MPOLYKTHB-
HOCTH Ka)KIOTO 3eMJIETPSICEHHS B IIOJIOCE Mar-
HuTYD DM = 1. B pe3ynbrare, B Kpyrax pagmyca
R =300 kM OBITH pacCYUTAHBI 1 KAPTHPOBAHBI
3HAYCHHUS CpefHeH MPOAYKTUBHOCTH (puc. 19
(T)). OT0 TO3BOHIIO OTIPENETNTH PETHOHATIBHEIC
OLICHKH ITapaMeTpoB 3akoHa OMopH-YTCy, 110
koTopbiM ObTa chopmupoBana ['MIC-opuenTu-
poBaHHas 6a3a JaHHbIX.

Ne 3 (106). C. 6-34
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J1s MopenupoBaHusl CEHCMUYECKOTO TPO-
1ecca B UCCIIElyeMOM PETHOHE TOJIE3HBIM SIB-
JISIETCSI UCIIOJIb30BaHUE CHHTETHYECKOTO Kara-
Jiora 3emiieTpsiceHuii. Takoi karayior sBiseTcs
HOBBIM UCKYCCTBEHHO CO3/[aHHBIM MHOXKECTBOM
AHAJIOTOB CEHCMHUYECKHX ICEBIOCOOBITHIA,
Cr€HEPHUPOBAHHBIX 10 aHAJIOTHUU C 3aIHUCIMU
peanbHOro Katanora. CHHTETUYECKHI KaTaior
BOCIIPOM3BOJIUT OCHOBHBIE CBOICTBa peabHO-
O Karajora u reHepupyeTcs Ha IPOU3BOJIbHBIH
HWHTEpBaj BpeMeHHu. Hamu Obln pazpaboran
METOJI IIOCTPOEHHSI CHHTETHYECKOTO Karajora
3eMJIETPSICEHNUH, KOTOPBI OCHOBAaH HA CUHTE3€
TPEX IPYII MOJXOA0B K OIICHKE reoinHaMHuye-
ckoil onacHocTH. OCHOBHas HJiesi METoJa CO-
CTOMUT B NPEIINOJIOKEHUN O TOM, YTO 3aKOH
I'yrenbepra-Puxrepa BBINOIHSIETCS HA PEruo-
HaJIbHOM YPOBHE, a BO3MOXXHBIE JIOKAJIbHBIC
OTKJIOHEHHS] KOMIIEHCUPYIOTCS IIPH OCPETHEHUH
1o BceMy peruony. [Tosromy BpemeHa u mar-
HUTYABI (POHOBBIX COOBITHI B CHHTETHYCCKOM
Karajore ONpeAessIOTCS Ui BCEro peruoHa
HE3aBUCHMO OT MX MecTomnoioxeHus. [lapa-
METPBI IICEBI0COOBITHII TEHEPUPYIOTCS B COOT-
BETCTBUU C PErHOHAJILHBIM 3aKOHOM ITOBTOpSie-
MOCTH, @ UX MECTOIIOJIO)KEHUE OIpeAeseTcs
KaK BEKTOpHas CiydaiiHasi BEJIMYMHA C 3aJ]laH-
HBIM pacrpeelieHHeM 110 IPOCTPAHCTBY B 3a-
BUCHMOCTH OT MarHuTyabl. Pacupenenenue
CTPOMTCS JJIsl KQXKJIOT0 3HAYSHHS MarHUTYIbI
Ha OCHOBE JIOKaJIbHBIX OLIEHOK 3akoHa ['yTeH-
6epra-Puxrepa.

Jpyroe Ba)xxHOE MPEAIOJIOKEHHE COCTOUT
B TOM, 4TO HanOoJiee CHIIbHbBIE 3eMJIETPSICEHUS
MIPOUCXOJISIT B OTPaHUUEHHOM KOJIMYECTBE 30H
B IIpeJiesiax paccMarpuBaeMoro peruosa. s
OTIpeJIeJICHHsI ATUX 30H MCIIOJIb30BAIUCH METO-
Il Pacro3HaBaHUsl HAa OCHOBE CHUCTEMHOTO
aHaJiM3a Karajora 3eMJIeTPSICCHUH peruoHa —
FCAZ-pacnioznaBanue [71]. [Tocnennee ucce-
JIOBaHHE MMEET Ba)KHOE CaMOCTOSTEIbHOE
3HAa4YEHHUE KakK JUIsl YTOYHEHUS CEHCMUYECKOTO
pationupoBanust A3P®, Tak u 111 OpUEeHTHPOB-
KM IUIAaHUPOBAHUSI CTPOMTEIHCTBA 0OBEKTOB
TOBBIIIEHHOW OTBETCTBEHHOCTH, BKJIIOYAIOIINX
B ce0sl TPAaHCIIOPTHBIE MarucTpaid, MOPCKHE
U peuHbIE MTOPTHI, a3POIIOPTHI, HKEIE3HOTLOPOK-
HbIE€ U aBTOBOK3aJIbl U T.J.

B-Tperbux, a@Tepmoku BHOCAT cylie-
CTBEHHBIN MOTOJHUTEIBHBIA BKJIA] B OOIIYIO
CEMCMUYHOCTh U CEMCMUYECKYIO OMAaCHOCTb.
3a OCHOBY CTOXaCTHYECKOTO MOJIEIHPOBAHUS
aTEepLUIOKOB B METO/E MCIIOJIB3YETCS MOAECIb
ETAS [72]. B st1oit Mmoxgenu ceiicMu4ecKuit
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pPeXKUM HHTEPIPETHUPYETCS CyHepIo3uLneH
MOCJIEZIOBATEILHOCTEH, YOBIBAIOIIMX BO Bpe-
MeHH 1o 3akoHy Omopu-Ytcy. B mpocrtpan-
CTBEHHO-BpeMEHHOM BapuanTe moaenu ETAS
[73] yuutbiBaeTCsI CTEICHHO 3aKOH YOBIBaHUS
WHTEHCUBHOCTU a(pTEPIIOKOB C PACCTOSIHHEM
OT JMHUIIEHTpa ocHOBHOro toiluka. B ETAS
MOCTYJIUPYETCS, YTO YUCIO aTEepIIOKOB
Yy 3eMJIETPSICEHUN OJMHAKOBOW MArHUTYABI
onuHakoBo. OJTHAKO yCTaHOBJICHHBIH HEJJaBHO
3aKOH MPOJIYKTUBHOCTH 3emueTpsicenuit [70]
OIPOBEPraeT TOT MOCTYNAT, OAHOBPEMEHHO
JaBasi 00bsicHeHHEe (paKTy 3aBBILICHUS IPOTHO-
3UpyeMOi Ha OymyIue WHTEPBAJIbl BPEMEHHU
no moaenu ETAS MHTEHCHUBHOCTH MOTOKa
3eMiieTpsiceHuil. B npumeHnseMmoM metone
ucnonb3yercs moaens ETAS-e [70; 74], B xo-
TOPO¥ JIOMOJHUTENIHO YUTEH 3aKOH IPOJYK-
THUBHOCTH 3eMJIETpsACeHU. DTa MOJeIb Uc-
MpaBIisieT MaBHBIN HeqocTaToK Moaenu ETAS
[74]. ITo yxa3aHHOW METOAMKE ObLI MOATOTOB-
JIH CUHTETHYECKHI KaTaJlor 3eMIIeTPSICEeHHUH
Ha ycnoBHbIU nepuog 1000 ner s BocTou-
Horo cexktopa A3PO.

Pacno3naBanue MeCT BO3MOXKHOTO BO3HHK-
HOBEHUS CUJIBHBIX 3eMJeTpsiceHuld ¢ M > 5.5
B BOCTOYHOM cekrope A3P® ObL10 BBINOIHEHO
C HCIOJB30BAaHUEM YXKE YIIOMSHYTOTO BBIIIE
anroputma FCAZ [69; 75]. B kadecTBe 00b-
€KTOB PaclO3HaBaHUsl HCIIOJb30BAJIKCh DITH-
LEHTPBI 3eMJIETPSICEHUN U3 00BEeAMHEHHOTO
karanora 3emiueTpsicenuit A3P® (puc. 18 (0)).
Bb160p MarHuTyHOTO IOpora, Ha4YMHas C KO-
TOPOTO 3MULEHTPHI UCIOIb30BAINCH B Kaye-
ctBe 00bekToB FCAZ-pacnio3HaBaHus, poBo-
JIMIICS Ha OCHOBE aHaju3a rpadukoB MOBTO-
psemoctu. Pacno3snannsie FCAZ-30HbI X0poO-
10 COTJAacyHTCS C PacCHOJOXEHUEM
SMHULEHTPOB HCTOPHUECKUX U HHCTPYMEHTAJb-
HBIX CHJIBHBIX 3emieTpsicenuil (puc. 20) u,
B OCHOBHOM, NPUYpOYeHBI K rpaHuiam EB-
pasuiickoii, CeBepo-AMepukaHnckoid 1 OXoTo-
MOPCKOW TEKTOHMYECKHX ILUIMT. B 30He KOH-
TakTa Bcex TpEx miuut u OXOTOMOPCKOH
¢ CeBepo-AMepHKAaHCKONW OBLIH BBIJICICHBI
BecbMa KkpynHble FCAZ-30HbI, comepixamine
MOJIOBUHY HM3BECTHBIX B PErHOHE CHIIbHBIX
3emuerpsceHuii. FCAZ-30Hbl pacrno3HaHbI
TaKxe B npejesnax xpedra Uepckoro, sBisto-
LIErocsi OJIHOM M3 OCHOBHBIX I€OJIOTHYECKUX
CTPYKTYp pervoHna. B rpanunax storo xpedra
W3BECTHO JIOCTAaTOYHO OOJIbIIOE KOJIUYECTBO
WHCTPYMEHTAJbHO 3aperucTPUPOBAHHBIX
CUJIBHBIX 3eMIIeTpsceHuit [67].
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Puc. 20. FCAZ-30Hb1 803MOXH020 803HUKHOBEHUS 3emnempsiceHull ¢ M 2 5.5 8 eocmoyHom cekmope A3P® u anuyeHmpbi 3emnempsiceHull
¢ M2 5.0. Cxema moxem 6bimb pekomeHA08aHa K UCNOMb308aHUI0 07151 opueHMupoeku 6ydyuje2o cmpoumenbcmea u 3Kkcniyamayuu
mpaHcnopmHbIx Mazucmparell [pa3pabomaHo ¢ yyacmuem aemopos].

4. T'eouHdopManiuoHHOE CONMPOBOKIEHHE
CHCTEMHOT'0 aHAJIN3a reou3n4ecKux
NMPOLECCOB B POCCHIICKON ApKTHKe
OddEeKTUBHBIM CPEACTBOM IJIsi KOMILICKC-
HOTO aHaJI3a 1 KOMOMHHPOBAHHOW BU3yan3a-
IIMH TI0JTy4aeMbIX HOBBIX T'€0JI0TO-Te0(hH3HYEC-
KUX JTAaHHBIX 00 apKTHYECKOM PETHOHE CITyKar
reonH(popmanronHsie cucremsl (I'MC). BaxHo,
YTOOBI ITPU ITOM 00ECTIEUNBATIOCH BEICOKOYPOB-
HEBOE XpaHEHHe reorpapuueckux 0ObEKTOB
C HCIOJIb30BaHUEM OOBEKTHO-PEISIIUOHHON
CHCTEeMBI yripaBiieHus: 6azamu qanHbIX. [Ipume-
HEHHE COBPEMEHHBIX TEXHOJIOTHI I'e0IOpTaIOB
TIO3BOJISIET 0OECTIEYNTh MHTEPAKTHBHBIH OHJIAHH-
JIOCTYI K TIOJyYEHHBIM HAyYHBIM pe3yJbTaram
IUPOKOMY KpyTy uccienoBareneii. Kauectren-
Hasl BU3yalM3alys MpeACTaBisieT co0oi Moll-
HBI MHCTPYMEHT B 00JIaCTH MOJEITUPOBAHUS
U CHUCTEMHOTO aHaliu3a U, Kak CJIeJICTBHE, CTa-
HOBHTCSI 3HAYMMOH 4acTbi0 0OpabOTKM U Me-
He/DKMeHTa OONBIINX 00bEMOB JTAaHHBIX.
OnucaHHbIe B IPEABIIYIINX pa3esax uccie-
JIOBaHMSI TUIAHOMEPHO MOPOXKIAIOT HOBBIE JaH-
HBIE 10 CJIETYIOIIUM KPYITHBIM HayYHbIM HaITpaB-
JICHUSIM: TeOMarHeTH3M U KOCMHYeCKasi IToroJia,
CTPOCHHE 3eMHOH KOPHI U ceiicMuYeckas akKTUB-
HocTh. [lo Mepe UX TMONyueHHs pacuIupsieTcs
o0111ast, yHU(pHUIIUPOBaHHAsT 0a3a TeompOCTPaH-
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CTBEHHBIX JaHHKEIX 00 A3P®. Hanpumep, B 6a3y
OBl 100aBJIEHB! JaHHBIE MOJAEIHPOBAHUS
reoTepMalIbHOTO TEIIOBOTO IOTOKA, pAaCCUUTaH-
HBIE B paMKaX U3y4eHHs] CTPOSHHS 36 MHON KOPBI
B ApKTHKE, KapThl NTyOUH OCHOBHBIX I'€OJIOTH-
YecKUX IpaHull (TpaHuia MoxopoBH4n4a, BEpX-
HEl MaHTHH, TTOJOIIBEI OCAJIKOB U TPaHHIA JIU-
Tocepa-acTeHocdepa), KOTOPBIC UCIIOIB30Ba-
JIMCh TIPU pacuérax 3TOH HOBOW MOJENH, U3Ha-
YajabHas MOIIHOCTH OCAJOYHOTO dYexJa,
OCHOBaHHAsI HA KOMITWJISILIMM TAaHHBIX MOJEJeH
JUTSL aKBaTOpUH | CyIH, 3¢ GeKTUBHAS yrpyras
MOIIIHOCTb JIUTOC(EpHl, 00bEIMHEHHBIN KaTajior
3eMJIETPSACEHUIN POCCUICKOM APKTHUKY U MHOTHE
TpyTHE.

Jlto6as BcmoMorarenbpHas I'e0JIoro-reo-
¢dusnueckas uHpOpMaIKs, IpUBJIEKaeMast B XO-
Jle MCCIIe0BaHNM, TakKe BKIIIOYaeTcs B 0asy.
K takum maHHBIM, HAPUMED, OTHOCSATCS TAHHBIS
10 TeO0JOoruH (IIPOrHO3HO-MUHEpAreHuIecKas
kapta Mmacmraba 1:2500 000, reomorndeckas
kapra Macurraba 1:2 500 000, kapra MOITHOCTH
0CaJ0YHOTO YeXJjia), Teoe3un (Tomorpapuye-
ckas kapra Poccuiickoit @enepanun Macmradba
1:1100 000; nudposeie Moxenu penbeda
ETOPO u GEBCO), runponoruu (KapTel mepe-
pacrpejencHus 00bEMOB CHeTa, BPEMEHHOMN
HM3MEHYMBOCTH CHET03araca, CToKa MoA3eMHBIX

[Buwmnanu A. [l., PoseH6epr U. H., ConoBbEB A. A. [eochbr3nyeckme npoLecchbl B ApKTUKe
M CUCTEMHbIV aHann3 nx Bo3geucTBUA Ha (DyHKLMOHMPOBAHME U pa3BUTUE TPAHCMOPTHOWN

MHPaCTPYKTYphbI




AnOMaNLHAR COCTARNAIUWAR MATHWTHOMD Nana, dTa, HTh

ey b ha

w II'|'|

Y

WIvE o

Puc. 21. ®pazmeHm kapmbI aHOManbHol cocmasnsowiell MaeHUMHo20 nosi, nocmpoexHol no modenu [76] ¢ yyacmuem asmopos.

BOJI, CYMMapHOT'0 CTOKa PeYHBIX BOJ, CHEro3a-
raca, BapHaliii peyHOTro CTOKa, CTOKa TaJbIX
BOJI, MOTEHIIUAIBHOTO JIESTHOTO IIOKPOBa, yCTa-
HOBJICHUSI ¥ TAsTHUSI CHEYKHOTO TIOKPOBA), CETSIM
reohH3NUECKUX HAOMFOACHUIT (KapThl pacipese-
JICHUS1 00CEPBATOPHIA U CTAHIHI TeO()U3UUSCKUX
HaOJIIOICHNH), TIISIUOJIOTUN (KapThl TPAHMUII
BEYHOU MEp3JIOTHI, CTEIIEHH OJIe/IEHEHHS TEPPH-
TOPHH, TONIIMHBI JIEASHOTO MMOKPOBA, TeMIIepa-
TYpHOTO pEKUMa B 30HE BEYHOWH MEpP3JIOTHI),
MECTOPOXKJACHHUIM MOJIE3HBIX MCKOMAaeMBbIX
(KapThl KPYNHBIX ¥ YHUKAIBHBIX MECTOPOXKIe-
HUIl TI0JIE3HBIX UCKOIAEMBbIX), IOYBOBEJICHHIO
(KapThl KJIaCCOB M THIIOB NOYB), reodusuke
(KapThl aHOMAJILHOTO MarHUTHOTO TIOJISI 3eMJIH;
SIUILIEHTPOB 3eMIICTPSCEHNH; aHOMaITNI1 Teon1a;
AQHOMaJIMH CUITBI TSHDKECTH; ITyOUHBI JI0 TOBEPX-
HOCTH MoxopoBHYHMYa; CKOpOCTell celicMuye-
CKHUX BOJIH U JIp.), Onoreorpaduu (kapThl 3200-
JIOYUEHHOCTH TEPPUTOPHHA, PACTUTEIBHOCTH,
OMOKITUMaTHYECKUX 30H U PACTUTEIBHBIX 30H).
B kawyectBe mpumepa Ha puc. 21 npuBeneHBI
I'MC-cnou naHHBIX 0 IUTOC(HEPHOM MarHUTHOM
11oj1e 3eMJIH COTIaCHO MOIETIH Pa3JIOKEHUS IO
o ceprueckum rapmonrkam 10 1050 crenenu
[76]. Mozaenb mocTpoeHa Mo U3MEpPEHUsIM Mar-
HUTHOTO 1oJisi co ciryTHukoB CHAMP u Swarm,
a TakXe MO JaHHBIM O IPHIIOBEPXHOCTHBIX
CKaJSIPHBIX aHOMAJIUSX, ITOJIYYEHHBIX B XOJE
JIOKAJIBHBIX MOPCKUX U HAa3€MHBIX ChEMOK Mar-
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HUTHOTO 10JIsl. VITOroBbIe JaHHBIE MTPEACTaBIIe-
HBI Ha BCIO IUTaHeTy ¢ miaroM 0,1° mo mmpore
u foirote. B 6a3y reosaHHbIX BKITFOUeHa HH(OP-
Manusi 00 aHOMaJILHOM MarHUTHOM TOJIE U €T0
TpPeX OPTOrOHAJBHBIX KOMIIOHEHTax. J{ims kax-
JIOW U3 COCTABIISIONINX UMEETCS BapUaHT IOJIS
Ha BbIcoTe 0 KHIIOMETPOB ¥ MepeCYUTAHHBINH Ha
BBICOTY 5 KUJIIOMETPOB.

JomnonautensHo B ykazaHHoM [ MIC-xpaHu-
nvuie ObuT co3an pasnen «Hanpasnenus pa3Bu-
TSI APKTHKI», COACPKaIHI POCTPAHCTBEHHYO
nHpopManuio 00 yxe CO3IaHHBIX M TUIAHUpYe-
MBIX 00bekTax MHppacTpykTypsl A3PD. IIpen-
CTaBJICHHBIE B 3TOM paszjielie CJIOM JaHHBIX CO-
CTaBJICHBI B COOTBETCTBHH C YKa3oM [Ipe3unenTa
P® or 26 oxtsaopst 2020 . N 645 «Crparerus
pa3BuTHs ApKTHUYeCKOH 30HBI Poccuiickoit dene-
panuu U oOecrieueHus HaI[HOHAIBHOM Oe30mac-
HOCTH Ha nepuon 10 2035 roga» W BKIIOYAIOT
TPaHCIOPTHBIE O00BEKTHI (MTOPTHI, A3POMOPTHI,
ABTOMOOWJIbHBIE JJOPOTH U Kelle3HbIe JIOPOTH),
00OBEKTHI IHEPTETHKH, PA3BUBAIOIINECS TYPUCTH-
4eCKHe 00bEKThI, 00bEKTHI HayKH 1 00pa30BaHusl.
Ha nannbIii MOMEHT BCero B 6a3y BKITIOUCHO Ooj1ee
200 c10€B reoiaHHBIX MO 46 KaTeropusm.

JIJist IMPOKOTO JIOCTYNa K HaKarIMBaeMbIM
JIAaHHBIM OBLT pa3paboTaH M MPOJOIKAET Pa3BH-
BaThes reomnopraln «Apkrukay (https://arctic-gis.
gcras.ru/) ¢ OOIIMPHBIM MOJIB30BATEILCKUM HH-
tepdericom. Cpeau MpoUero B HEro J00aBICHBI
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Puc. 22. O6ujuli eud uHmepehelica 2eonopmana «Apkmukan: ceepxy — Kapma MOUsHoCMU 0cadoyHO20 Yexsa U 8bI308 KOHMEKCMHO20 MEHIO
¢ ampubymugHoli uHghopMayuell 0 8bI6PaHHOU celicMuYeckoll cmaHyuu; CHU3y — paboma ¢ ampu6ymugHol mabnuyel cnosi c kamanozom
3emnempsceruil Apkmuku. Cnucok docmynHbIx crioée npedcmaesieH 8 MeHI0 cnpaea [CHUMKU 3KpaHa nopmaina npedcmassieHbl asmopamu].

CllelyIolINe WHCTPYMEHTHI B3aUMOJCHCTBUS
C IPOCTPAaHCTBEHHBIMHU JaHHBIMHU: «M3MepeHue
PAacCTOSIHUIN, TTO3BOJIIONINN U3MEPATh JINHEH-
HOE PacCTOsIHUE MEXIY JIBYMs WII HECKOJIbKH-
MU O00BEKTaMH, a TaKKe M3MEPSATH IUIONIa]b
MIPOCTPAHCTBEHHBIX 00beKTOB; «KoopauHaTh»,
TIO3BOJISIONIMH YyTOYHUTH KOOPAWHATHI TOTO WIIN
nHOTrO O0BeKTa Ha Kapre; «OTOOop», KOTOpHIH
TI03BOJISIET BEIOpATh ONPEEIEHHBIN THI TAaHHBIX
BHYTpH O/IHOH KaTeropuy, a Takxe o0ecrednBa-
€T BBIBOJ] aTpHOY TUBHOM TaOJHIIBI, coeprKalen
TOJIBKO TOT THII J@HHBIX, KOTOPBIH HHTEpECyeT
moJb3oBatens (puc. 22).

KoHremnus HHTEpaKTHBHBIX chepuiecknx
Buzyanuzanui (ICB) — 310 n3yuenne ranerap-
HBIX POLIECCOB U SIBJICHUH U UX PEIIPe3eHTaTHB-
HOE IpEeJICTaBICHNE B MHTEPaKTUBHOW (hopme
C pa3HOOOPA3HBIX YCTPOUCTB Oe3 MPUMCHEHUS
crenmanuzupoBanHbix [ UC-unctpymenToB. Ha
cerogusHuN 1eHs ICB akTuBHO pa3BUBaOTCSA
B pamkax napaaurmel «Digital Earthy / «true-3D»
110 HaNpaBJICHUSIM anmnapaTHO-IPOTPaMMHBIX
KOMIIJIEKCOB CO C()epUUECKUM IKPAHOM M BHP-
TyanbHbIX IT0OycoB. [To anpecy data.sph.gcras.ru
ObLT pa3BepHYT MyOnMUHbIH daitn-cepBep THIa
NAS Ha 6a3e otkpsbiToii oneparontoi LINUX-
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Puc. 23. Unnrocmpayuu socnpouseedeHusi UCB «AemomobunbHbie dopozu» u «XenesHble dopoauy, npedcmasneHHble
nocpedcmeom komniekca ORBUS (a), a makxe UCB «Aaponopmbi» u «Mopckue nopmsi», 8binoHeHHbIe ¢ nomowbio ORBUS Web (6)
[npedocmaeneHb1 aemopamul].

cucreMbl OpenMediaVault. Pa3znen remartmue-
ckux gaHHBIX Mo A3P® pacmonaraercs mo aj-
pecy data.sph.gcras.ru/Arctic. Cepsep mpeno-
CTaBIIAET JOCTYII K CTPYKTYPHPOBAHHBIM HCXOI-
HBIM JaHHBIM aas kaumentos MCB mo
BBICOKOYPOBHEBBIM NPHUKJIAJHBIM MPOTOKOJIAM
FTP u SMB B pexxnme onaiia. JlomoaHATETHHO
XPpaHWINIIE SBISETCS ISYyNnc-CEpBEPOM, MO3BO-
JISFOIIMM BBITIONTHATE CHHXPOHU3AIMIO (aitiioB
1 KaTaJIOTOB 110 HACTPanBacMOMY PaCTIUCAHUIO.
[Iporotun enunoO¥ reonH(pOPMATIOHHOW CHC-
tembl ICB 6511 anpoOupoBaH 1myTéM BOCTIPOH3-
BeJCHUS C(EepUUECKHUX CIaiiloB Ha CETEBBIX
knmueHTax UCB mocpencTBOM KIHMEHT-
CEPBEPHOTO B3aWMOJECHCTBUS IO MPUHIIUIIAM
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BbIpabOTaHHOHN apXuTeKTypbl. Ha mpumepe op-
TaHH3aIMM TEMATHYECKUX NAHHBIX 10 A3PD
ObLTa peann30BaHa apXUTEKTypa (Habop Karajo-
ToB, (DaiiJIOB W MPUHIIUIIOB B3aUMOJCHCTBUS
¢ HUMH) cepBepHoii gactu cuctemsl ICB. Co-
3IaHHBIN (haiin-cepBep OpraHn3yeT yHUPUIIPO-
BaHHBIN TOCTYII K CHCTEME XpaHEHHS KOHTEHTa
JUTSL TIPOTPAMMHBIX TEXHOJIOTHH T'€0BU3yaIn3a-
nun. [IporoTun equHO TeonH()OPMAITMOHHOMN
cucremsl ICB 6511 arrpoOrpoBaH KIMEHTCKUMHA
npunoxerusimu ICB, paspabarsiBaembivu B 1]
PAH: annapaTHO-IIpOorpaMMHBIM KOMIIIEKCOM CO
cheprIecKrM MPOeKINOHHBIM 9kpanoM ORBUS
(puc. 23 (a)) ¥ BeO-IIPHIIOKEHUEM THIIA «BUPTY-
anpHbIN I100yc» ORBUS Web (puc. 23 (0)).
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OBCYXOEHMWE W BblBOAbI

Hanbomnee akTuBHBIE POSBICHUS TeOMar-
HUTHBIX BO3MYIIEHIH HAOIIOAAIOTCS Ha aBpO-
panbHBIX mHpoTax [77; 78], moaToMy 0cobyio
OTIACHOCTH 3TH (PAKTOPHI MIPEJOCTABISAIOT IS
0e301macHO# pabOTHl TEXHOJIOTHIECKIX CHCTEM
B A3PO®, Tak xak Poccuiickas Penepanms
pacmnoiaraeT caMbIMHU ITPOTSDKEHHBIMU He(Te-
ra3onpoBOAAMH, TUHUSIMH JIEKTPOTEpEad
¥ TPAHCHOPTHBIMH MarucTpairaMu. HecmoTps
Ha HCKJIIOYUTEIHHYIO BXKHOCTh TAKHX HCCIIE-
JIOBAaHUH, B OTE€YECTBEHHOW HOPMAaTHUBHOMU
JOKYMEHTAIlMW BIWSHHE T€OMAarHUTHO-
uHIynupoBaHHEIX TokoB (I'MT) Ha smexTpo-
SHEPreTHYECKHE CHCTEMBI M Ha HaAEKHOCTb
paboTHI 3IEKTPOOOOPYIOBAHUS IO CHX TTOP HE
yunThIBaeTcs. B TO Bpems kak B OOIBIIMHCTBE
HCCIICIOBAHUM, CBSA3AaHHBIX C KOCMHUYCCKOU
MOr0/0¥, OCHOBHOE BHHMAaHHE YACIACTCS
BINSHUIO Ha 3JIEKTPUUYECKUE CETH, ropa3io
MEHBIIIE BHUMaHUs 00paIanoch Ha HapyIie-
HUA pa0OTHI JKEJIE3HOJOPOKHOTO cexTopa [79],
XOTSI MEXaHU3M JTOTO BIUSHUS TOKa HEIOCTa-
TouHO mccienoBaH [80].

BwmecTte ¢ TeM aHOManuM B CHCTEMAax CHUT-
HaJIU3alii ¥ KOHTPOJS MOE30B, CBI3AHHBIC
C 3THM SIBJICHHEM, OBUIM HEOJHOKPATHO 3a]0-
kymeHTupoBaHs [81]. [IpencraBneHnsie B Ha-
CTOSIIIEH CTaThe PE3yIBTATHI MOATBEPKAAIOT,
YTO T€OMAarHUTHAs aKTHBHOCTHh Ha BBICOKHX
IIMPOTaxX — 3HAYMMasi IPUINHA, KOHTPOJINPYTO-
mas mosiBIeHne cO0eB B paboTe JKeIe3HOAO-
pOXXHOH curHanbHOHM aBTOMaTwkH [22]. Yco-
BEPIICHCTBOBAHUE TEXHUYECKOH 0a3bl, HaIe-
JIeHHOe Ha obecrnedeHne OecrepeOOWHON pa-
00THI cBeTO(OPOB, COMPOBOKIAETCI POCTOM
CIOXHOCTH TEXHOJIOTHYECKOW HMHGPACTPyK-
TYpHI ¥ IPUBOJUT K MPOTATAHHUIO OTHUX (-
(heKTOB W BOSHUKHOBEHHIO HOBHIX. OmHAKO
obmas ¢uzndgeckas npuarHa cboeB B paboTe
CHUTHAJIFHON aBTOMAaTHKH, CBSI3aHHAs C BO30YX-
nenueMm I'UT B npoTs:kEHHOM NMPOBOIHUKE,
ycTpaHeHa OBITH HE MOXKET.

Pabota TpaHCTIOPTHBIX CHCTEM 3aBUCHT B OT
JPYTHX, HOTEHINAIBHO MOABEPKEHHBIX BO3ACH-
CTBHMIO KOCMHUYECKOH MOT0/1bl TEXHOJIOTUM, Ta-
KHX KaK SHEpProcHaOXeHHE, CBSI3b, CHCTEMBI
MTO3UIIMOHNPOBAHMSI, HABUTAINN U CHHXPOHH-
3anuu BpeMeHH. [10CcKoIbKY IpH CHIIBHBIX Oy-
PSX BO3/EHMCTBUE BO3MYILEHUIN paclipoCTpaHs-
€TCsl IOCTAaTOYHO IIMPOKO M HOCHUT IUIAaHETap-
HBIH XapakTep, HeoOXoauMa KOOpPIWHAIUS
YCHJIUM MO MPOTHO3Y KOCMUYECKOM MOTr0JbI,
pa3paboTke Mep M0 0cIabICHHUIO IPSMBIX H KOC-

Mup TpaHcnopTta. 2023. T. 21. Ne 3 (106). C. 6-34

BEHHBIX BO3/IEHICTBHI BO3MYIIICHUI Ha CHCTEMBI
U CITy>KOBI, CBsI3aHHBIC ¢ (DYHKITHOHUPOBAHUEM
TPAaHCHOPTHBIX cUCTEM [42].

B pabore nponeMOHCTPUPOBAHO, YTO 1O
cTaTUCTUKE Oolee ciadble, HO YacThIe U IPO-
JIOJDKUTEJIbHBIC TEOMArHUTHBIC COOBITHS 10~
poxnaroT Oonee onacHsie ['UT, B oTiinume ot
PEIKUX, HO CHJIIBHBIX T€OMarHUTHBIX Oypb.
KiroueBbiMu (hakTOpaMu, BIUSIOMMUMH Ha
IT'T-3¢peKTUBHOCTh YKa3aHHBIX COOBITHIH,
SIBJISIFOTCSL UX MPOCTPAHCTBEHHBIH MacmiTao,
¢dopma crnexrpa u nonspusanus. C TOUKH
3peHus HeraTuBHOTO Bo3aeiicTBus ['UT Ha
CHCTEMBI AJIEKTPOCHAOXKEHHUS, TEOMETPHS
JIDII u e€ opueHTanus B IPOCTPAHCTBE UMeE-
10T KJII0oYeBoe 3HayeHue. Tak, yem 0oblIyto
npoTskEHHOCTh uMmeet JIDII, TeM HHTEHCUB-
Hee HaBeJACHHBIC TOKHM, BO3HUKAIONIME B HEH
B XOJ¢ T'€OMarHUTHOW aKTUBHOCTH, U ITO
00CTOSITEILCTBO, HECOMHEHHO, HEOOXOAMMO
HMETh B BUIY MpPHU MPOCKTHPOBAHUU HOBBIX
cereil. OMHUM U3 pelIeHU, KOTopoe mpuMe-
HSICTCS B PsJie CKAHIMHABCKUX CTPaH, MOXKET
O0bITh apobnenue JIDII Ha Oonee kopoTkue
CETMCHTBHI.

Jlyist monmHOMAacCmTAaOHOTO HAyYyHOTO 00O0C-
HOBaHUS MPEIYNPEKICHUS HETATUBHOTO BO3-
JNeUCTBUSI KOCMUYECKOM MOTObI Ha 3JIEKTPO-
SHEPreTHYECKHE CETH HeOoOXOIMMO pa3BUTHE
ceru mouutopunra ['T. B pabore npemioxe-
Ha IEPCICKTUBHAS aBTOHOMHAs yCTAaHOBKA Ha
OCHOBE I'DaJIUCHTHBIX MarHUTOMETPHYECKHUX
JIATYMKOB, CIIOCOOHAS AUCTAHIIMOHHO O0ecIe-
yuBath uzmepenue ['MT, Bo30yx)aaeMbIix
B JIDII. OcHOBBIBasICh Ha pe3yabTaTax CTaTU-
CTHYECKOr0 M KOPPENSIUOHHOIO0 aHalu3a
MIOKa3aHO, YTO JUCTAHI[MOHHOE 30HJUPOBaHNE
I'HT B BeicokomupoTHbIX JIDII mocpencTrom
HaOJIOJICHUSI TCOMAarHUTHBIX BO3MYIICHHI
XapaKTepHU3yeTCss OTHOCHUTEIbHON OMIUOKOM
B npeaenax 1,5 % ot pasmaxa 3nadenunii [UT
3a uccienyemelii nepuon. Takum obOpaszom,
BHEJIPCHHE TAKUX YCTAHOBOK B BEICOKOIIIAPOT-
HYI0 HaOJIIOJaTeJbHYI0 CEeTh BHECET Cylle-
CTBEHHBIN BKJIaJl B PA3BUTHE CUCTEMbI OIICHKHU
BO3MOXHBIX HEraTUBHBIX 3P PEKTOB KOCMUYE-
CKOM MOroAsl U KPAaTKOCPOUYHOTO IPOTHO3a
(3a 0,51 yac) BO3MOXHOCTH KPUTHYECCKUX
yposHeit 'UT. Takoii mpor{o3 MoxeT OBITh
HCIOJIb30BaH OlepaTopaMu IUIsl MPUHITHS
HEOOXOAMMBIX Mep IJIsi CHHKCHHS PHCKa Ka-
TacTpoPpHUUECKHUX TOCIEACTBUH.

HccnenoBanus NpocTpaHCTBEHHOIO pac-
npenenenust uctouHukoB 'UT nokazanu, 4to
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reorpapuuecKky OHH TATOTEIOT K 9KBATOPHab-
HOIi rpaHuLIe aBpOPaJILHOTO OBaJa, YTo Jieja-
€T 0C000 aKTyaJbHBIM IPOI'HO3 HHTEHCUBHO-
CTH BBICBITAHUN BBICOKOPHEPTUYHBIX YaCTHUIL
U TOJIOKEHHS TPaHUIl aBpOPAJILHOTO OBaJja.
Takoif mporHo3 kpaiHe BaXXeH U IOTOMY, 4TO
4YeM CHJIbHEe BO3MYILeHUEe, TeM Ha OoJiee HU3-
KHe LIMPOTHl CMELIAEeTCs dKBaTOpHAJbHAs
rpanuua opana. [lyus 9Tux uener Owuta paspa-
O6orana oHnaiiH-cuctema (http://aurora-
forecast.ru) Ha 6a3e sMmupUYECKOil MaTeMa-
tnueckoil mogenn OVATION-Prime u 'MC-
TEXHOJIOT'HH, 00eCIeunBaoIas TaKoi IPOrHO3
¢ ropu3onToM 30—70 MuH 1 3 pekTHBHOCTHIO
6onee 86 %. Kpome Toro, cuctema ocyIiecTs-
JIIET KOMIBIOTEPHOE MOJAEIMPOBAHHE MTHO-
BEHHOT'O IOJIOKEHUSI aBpOPaJIbHOTO OBalia
Y BU3yaJIM3al{Io0 IPOCTPAHCTBEHHOTO pacipe-
JeJIeHUs] PETPOCHEKTUBHBIX NaHHBIX. [Ipu
O0TOOpaXCHUM Ha BUPTYaJbHOM Io0yce Hc-
cleslyeMble apaMeTpbl HAKJIaJbIBalOTCS Ha
UM(POBYIO KaPTy OCHOBHBIX JKEJIE3HOIOPOXK-
HBIX MarucTpajiedl M APYrux TPaHCIOPTHBIX
cucteM Poccum.

JlonaroBpeMeHHBIH U OTIepaTUBHBIN IPOTHO3
JOCTYITHOCTH TpeOyeMbIX HaBHUTallMOHHBIX
XapaKTepUCTUK Ha MEepUOJ JEHCTBUS I'elno-
reOMarHUTHOTO BO3MYIIEHUS SIBJISIETCSl Hanbo-
Jiee CIOPHBIM M CJIOKHBIM HalpaBlIeHUEM
moaepuusanuu 'HCC. IlpuBenénHsie BbIIE
CBEJICHHS MOKa3bIBAIOT, YTO IKCTPEMajbHbIE
(akTOphl KOCMHYECKOH MOT0JbI MOTYT CTaTh
MIPUYNHON CYLIECTBEHHOW JAerpaganuy Kade-
ctBa pynkuuonuposanus HCC u ux ¢yHk-
LMOHAJILHBIX JIOIIOJHEHHH.

[TosryueHHbIE pe3yabTaThl HO3BOJISIOT CHe-
JIaTh CJIEAYOIUE NPeBAPUTEIbHbIC BHIBO/IBI.
CraniapTHas npoueaypa KOMIEHCaui HOHO-
c(hepHbIX BO3MYLICHUH HE TIOJHOCTHIO I10/1aB-
JISIeT BO3MYIIEHHSI, CBSI3aHHBIE C I'€OMarHUT-
HBIMH BapualUsIMH C IEPHOJAMU OT MUHYT 110
rnosiydaca (reOMarHuTHbIE NMyJbCAllUU U OyX-
ThI). BO3MOKHBIM HCTOYHHKOM 3TOTO SIBICHUS
SIBJISIETCSI MOJYJISILIMSL DJIGKTPOHHOW KOHIEH-
Tpalnuy B HOHOC(epe NOTOKAMH 3apsIKEHHBIX
YacTHII, KOTOpPbIE, B CBOIO O4Yepeab, MOIYJIH-
pytotcs oaem MIJ[-BoiHb B MarHuTochepe.
Orot addexT spusercs nupdepeHnnaIbHbIM
I10 BBICOTE, 3aBHCHUT OT SHEPTUH YaCTHII, B pe-
3yJIbTaTe Yero BOZHUKAET «HEJOKOMIICHCALIUS
MIPU UCIIOJIb30BAHMH CTAaHJAPTHBIX METOHOB
00pabOTKHN KaXKyIIerocs CMEIICHHUs MOJI0XKe-
Hus 6a30Boit craHuu. DPPeKT BOZHUKAET HE
JUIS BCEX F€OMarHUTHBIX ITyJIbCALUi OMHAKO-
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BOW aMIUTUTYABl M 4acToThl. st penieHus
BOIIPOCA O MPAKTUYECKOH 3HAYMMOCTH OOHa-
pyxeHHoro 3ddekra u neecoodpasHOCTH
JTbHEWITNX UCCIIeIOBaHUM HEOOX0IUM aHa-
JIU3 BapHaluil KaXyIlerocs CMeneHus nojo-
JKeHust o0bekra, onpenenéunoro no 'HCC,
¢ yuéTOM 4uCca CIIyTHUKOB M CKOPOCTH Iiepe-
MelIeHUs TPUEMHIKA, OJIU3KUM K pEeajbHOMY.

HoBele cBeieHHSI 0 MOIITHOCTH 0CaI0YHOTO
yexJia U CTPOCHHHU OCaJI0YHBIX OacceilHOB
B CaMOM TPYIHOAOCTYIIHOM PETHOHE KOHTH-
HeHTanbHOI A3P® — ceBepo-BOCTOUHOM YacTH
Poccuiickoit @enepanuu — NpeacTaBIsiOT
co00i meHHy HWH)OPMAIMIO O CTPOCHHU
1 yCJIOBUSAX (POPMHUPOBAHHSI TONIL OCATOYHBIX
MIOPOJI B PETHOHE, B TOM YHCIIE IIEPCIIEKTHBHBIX
JUISL TIOMCKOB M Pa3BEIKH MECTOPOXKICHUN
MOJIE3HBIX HCKONaeMbIX. B mepByio ouepens,
9TO BaXKHO JJISl TIOMCKOB 3aJIeXel YITIeBOIO-
pomHOTO ChIphs Ha mienbde CeepHoro Jlemo-
BUTOTO OKE€aHa, a TaKXe MEeCTOPOXKIEeHUI
Pa3IMYHOr0 MHUHEPAIBHOIO CHIPbSI B KOHTH-
HeHTaJdbHOU yacTu A3P® — MecTopoXaeHuUi
KaMeHHOTO0 yris (3bIpsHCKHUI Oacceiin), CTpou-
TEJIBHOTO CBIphA U T.14. IIpencraBneHHsle HO-
BBI€ MOJIENIM pa3zaesa Moxo U ynpyrux napa-
METPOB JIUTOC(HEPHI TAKKE MO3BOJISIOT YTOU-
HEHHE JaHHBIX O I'€0JIOr0-TEeKTOHHYECKOM
CTPOEHUU TEPPUTOPHH U €€ Pa3BUTHH, B TOM
yuciie 0 GOpMUPOBAHUHM MECTOPOXKIACHHH T0-
JIe3HBIX MCKOMAeMBIX B OTJEIBHBIX I'€OJIOTH-
YeCKUX CTpyKTypax. HpopMaTHBHOI C TOUKH
3peHus OIeHKU HedTerazonocHoctu A3PD
W M3YYEHHS TEPMaJIbHOTO MOJs crienudpuye-
CKHX reoMOP(OIOTHYeCKUX CTPYKTYP, CBSI3aH-
HBIX C 30HAMHM Jera3allid MaHTHUH, SBIISETCS
KapTa TEIJIOBOr0 MOTOKAa, COCTABIIEHHAs HE
TobKO st A3P®, HO U 71 BCel IUPKYMIIO-
napHOM Apktuku. Taxke 3Ta kapra moiesHa
JUISL OLIEHKH TUHAMUKHU BOJIHBIX PECYPCOB Jie-
JIOBBIX IIOKPOBOB.

ITonydeHHBIE pe3yabTaThl OLIEHKH COCTOSI-
Husl autochepsl (Kak perioHa B LEJOM, TaK
U OTACJIBHBIX CTPYKTYpP) SBISIIOTCS Ba)KHOU
reooro-reopu3nyeckoit HHPpopMaIme, KoTo-
PYI0 HEOOXOIMMO YUHUTHIBATH TP IPOEKTHUPO-
BaHUU W Pa3BUTHHM TPAHCHOPTHON mH(pa-
cTpykTypsl B A3P®. KapTsl rpaBUTaIlHOHHOTO
I10JIs1, MOIITHOCTH OCaJI04YHOT0 YexJja U cTpoe-
HUsl 0CaJIOYHBbIX 0acCeiHOB, YNPYrux mnapa-
METpPOB JUTOC(HEpPHl IPEJOCTABISIOT KOM-
TUIEKCHYI0 HH(OPMALIUIO 0 €€ reoIorHyeCcKOM
CTPOEHUH, T€OAUHAMHUYECKUX YCIOBHUAX
W 0 30HaX HampsDKeHHs. JTU JaHHbIE He00Xo-
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JIUMBI T BCECTOPOHHEH OIEHKH MPUTOIHO-
CTHU T'€0JIOTHYECKOM cpesibl sl MPOEKTUPOBa-
HUS JKeJIe3HBIX 0POT, aBTOAO0POT, a9POAPOMOB
U MOPCKHUX IOPTOB, a TaKkKe TPyOOIPOBOJIOB
Y JTUHUU CBSI3M U dnekTpornepenaun B ASPD.
Kapra temnoBoro moroka mHpopmMaTHBHA
C TOYKH 3PCHHS OLECHKU HHXKCHEPHO-
TEOJIOTHYECKUX U IKOJIOTHYESCKHUX PUCKOB MPHU
CTPOUTENBCTBE M MPOKJAJKe Maructpainei
B 30HaX PacHpoCTPaHEHUs] MHOTOJIETHEMEP3-
JBIX MOPOJ, a TaKKe JJis MPOTHO3UPOBAHUS
BO3MO)KHBIX U3MEHCHHI YPOBHS MOpPS BCIIe-
CTBHE TassHUSI JICAHUKOB, YTO BaYKHO MPH MPO-
SKTHPOBAaHUU MOPCKHUX MOPTOB. [loaydeHHbIE
pe3ynbTaThl Kak B KOMIUIEKCE, TaK U M0 OTJEb-
HOCTH 00JIaZlal0OT BBICOKOW NMpaKTH4YECKOU
3HAUMMOCTBIO A1 O0CBOeHMs pernoHa A3P®D
Y €ro pa3BUTHA.

IIpencTaBiaeHHBIE pPe3yabTaThl MO OLEHKE
celiCMUYeCKOl OIaCHOCTH B POCCUHCKOM ApK-
THKE UMEIOT cTparermdyeckoe 3HaueHue. Ilo-
CTPOEHHBIE JIIl BOCTOYHOTO cexkropa A3PD
FCAZ-30HBI onpenensioTr NpocTpaHCTBEHHBIE
obacTH, B peiesiax KOTOPBIX BO3MOXKHO B ITPO-
[IJIOM, HACTOSIIIIEM MM OyIyI[eM BO3HUKHOBE-
HUE MUIEHTPOB 3eMIICTPSICEHUI C MATHUTYI0M
M > 5.5 6annoB. B BISIBIECHHBIX 30HaX, OTME-
YeHHBIX KpacHo-3enéHbIM 1BetoM (FCAZ-30-
HbI) Ha puc. 20, ocob0oe BHUMaHUE NOJKHO
OBITh y/IeJaeHO 0e30macHOMY (YHKIIMOHUPOBA-
HUIO CYIIECTBYIOIINX U IJIAHUPOBAHHIO HOBBIX
TPAHCIOPTHBIX MyTed 1 00bekTOB. K HUM OT-
HOCATCSI cTposiuiics ceroqus CeBepHbIi mu-
poTHbIii X071 B SIMano-HeHenkoM aBTOHOMHOM
okpyre. [ToBBIIIICHHOE BHUMAHKE B OKOHTYPECH-
HBIX 30HAX JIOJDKHO OBITH yIeNIEHO CEHCMOCTOM-
KOCTH CTPOHUTEJIBCTBA HOBBIX aBTOMOOMIBHBIX
MarucTpalieil, MOPCKHUX M PEYHBIX MOPTOB,
a’pOIIOPTOB, )KEIE3HOIOPOKHBIX HHPPACTPYK-
Typ ¥ T.A. B pacno3HaHHBIX BBICOKOCEHCMHY-
HBIX 30HaxX CJIeAyeT CO3/4aTh CIelualbHbIe
MOHHMTOPHUHTOBBIC KOMILICKCHI, KOTOPbIC OyaIyT
rapaHTupoBath 3PQGEKTUBHYIO CBA3b yKa3aH-
HBIX 0230BBIX 00BEKTOB TPAHCIIOPTHBIX HH(ppa-
CTPYKTYpP C LEHTPAMHU HPUHITHS PEIUICHUS
MunTtpanca, PX]JI, Aspodnora u MUC.

C TOYKH 3peHus CEeIICMOIOTHYECKOTO acIeK-
Ta BBIMOJHEHHBIX HCCIIEIOBAHUN CIeAYyeT OT-
METHTb OCCIPEIEICHTHYIO BaXKHOCTh CO3TaHHs
00beIMHEHHOTO YHU(DUIIUPOBAHHOTO IO Mar-
HUTYyJe Karanora 3emuetpsicenuit ABP®, pea-
JIU30BAHHOTO B BHJIE TPEX HE3AaBUCHUMBIX HH-
(hOpMAIMOHHBIX MPOIYKTOB: 00BEIUHEHHOTO
Karajora BoctouHoi yactu A3P®, o0beauHEH-
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HOro Karaiora 3anajaHoii yactu A3P® u 00b-
eAMHEHHOTO Karajora 30Hbl Xxpedra ["akkes.
Co3znaHHbBIN OpUTHHATIBHBIN METOA HHTETPUPO-
BaHUs BOEJUHO KaTaJOTrOB 3eMJIETPSCEHHUM
Pa3JIMYHBIX areHTCTB MOXHO paccMaTpUBaTh
KaK CyILIEeCTBEHHOE NPOJBUKEHHE B HaCTH CE-
CMOJIOTHH, MOCBINIEHHON KaTaloru3anuu
ceficMuueckux coOpITHi. CO3MaHHBIA METOI
CHUCTEMHOTI'0 aHAJIN3a ABJISETCS BECOMBIM BKJIa-
JIOM B pa3BUTHE F€OMH(POPMATUKH.

3a npenIIecTBYONHE NeCATHICTHS YCHITUS-
MU IPOU3BOACTBEHHBIX OpraHU3alUii, HayYHO-
HCCIe0BaTeIbCKUX MHCTUTYTOB M rocynap-
CTBEHHBIX areHTCTB B Poccuu u 3a pyOexom
OBLIIM HAKOIUJIEHBI 3HAYUTENIbHBIE MaCCUBBI
MPOCTPAHCTBEHHOM T'€0J0r0-reou3ndecKkoit
MH(OPMAIIHMHU IO APKTUYECKOMY pernony. B mo-
cJelHUe TO/Ibl JTaHHBIN MPOIIECC CYIIeCTBEHHO
HWHTEHCH(UIIMPOBAJICS C paCIIMPEHUEM HAOII0-
JIaTeIbHOM CeTH U 3aIlyCKOM CIIeUaIN3UPOBaH-
HBIX KOCMUYECKUX armaparoB, Hampumep UC3
«Apxkrrka-M» [82]. CoBpeMeHHbIE TeonH(Op-
MallMOHHBIE CUCTEMBI MO3BOJIIIOT OCYIIECTB-
151Th 3 PeKkTuBHBIN cOOp, XpaHEHHE U UHTEI-
JIEKTyaJbHBIH aHalIU3 NPOCTPaHCTBEHHBIX
JIAaHHBIX 110 Pa3IMYHBIM JUCHHILIMHAM B 00-
JIACTH Hayk o 3emue (Hamp., [83; 84]).

C 1enpio CUCTEMHOTO aHaIN3a BO3eHCTBUA
reo(p)U3M4YECKUX MPOIECCOB HA COCTOSIHUE
U yCTOHYMBOE Pa3BUTHE TPAHCIIOPTHOU HHPpa-
CTPYKTYpHI B ApKTHKe Belnércs pa3zpaboTrka
reoMH(OpMaIIMOHHBIX METOJIOB M TEXHOJOTHIA
cOopa, aHanu3a, MPOrHO3a U MPEICTABICHUS
reoJioro-reoPpu3nYecKux U KIUMaTHYEeCKUX
JIaHHBIX B JAaHHOM perHoHe. [[nsa co3naHus
takoii 'IC Obu1 BHIOpAH KIIMEHT-CEPBEPHBI
MIOJIXOJI, p€aIM30BaHHBIN B BUE TEMATHIECKO-
r'o reonopTaa i B3auMoeCTBHA MOJIb30Ba-
TeJsl ¢ MPOCTPAHCTBEHHOW MHQoOpMaIuei,
CEPBEPHOI YaCTH, OCYIIECTBISIONICH QYHKITHO-
HUPOBAHUE BCEH CUCTEMBI, U 0a3bl reOlaHHbIX,
obecrnieynBaoIel XpaHeHHe NMPOCTPAHCTBEH-
Hol uHdopmanuu. B aToit Mogenu 6a3a reonan-
HBIX 00BeIMHSET HH(POPMALUIO TI0 PA3JIMIHBIM
JCLUIUTMHAM B 00JIaCTH T'€0JI0TUH, TeO(DU3UKH
1 KIIUMAaTOJIOTHU.

B xone uccrnenoBaHuit 3I1eKTPOMarHUTHBIX
MIPOIIECCOB OKOJIO3EMHOM CPENIBI U BO3ACHCTBHIA
KOCMHYECKOH MOTOABl Ha TEXHOJOTHYECKHUE
cuctembl B 60a3y ganHbix [ IC ObUH BKITFOYCHBI
JlaHHBIE TNI00ANBHOW BBICOKOTOYHOW MOJETH
JIUTOC(PEPHOTO MATHUTHOTO 1oJist 3emin. JlaH-
HBIE O IUTOC(HEPHOM MarHUTHOM I10JI€ HaXOISIT
MIPUMEHEHUE TIPU PEUICHUH 3a/lau HaBUTallUK
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o ¢usnueckuM nossiM 3emiid. B pamkax uc-
CJI/IOBAHHMS KPYITHBIX ['€0JIOTHYECKUX CTPYKTYP
1 0Ca/I0YHBIX 0acCeHOB Ha OCHOBE KOMILJIEKC-
HOTO aHaJIM3a IPaBUTAIL[MOHHOTO TIOJIS U APYTUX
reoJIoro-reo(Yu3n4ecKux XapakTepUCTUK ObLIH
coOpaHbl JIaHHBIE I10 JETaJbHOMY CTPOCHHUIO
U CBOWCTBaM JHUTOC(EpPHl 3eMIIHM B pErUOHE
poccuiickoii Apktuku. Cobpannsie B8 ['UC
JAaHHBIE OTPAXKAIOT CIIOXKHBIE JUHAMHYECKHE
MPOIIECCHI, MPOUCXOASIIINE B 3€MHOH Kope,
KOTOpbIE HEOOXOJMMO YUUTHIBATh IIPH Pa3BUTHH
WH)KeHepHOW MH(PaCTPYKTYphl B ITaHHOM pe-
ruoHe. B xone uccienoBaHuii Mo OLEHKE Cel-
CMHYECKOI M MHBIX T€0IMHAMUYECKHX OMACHO-
cTedl B pailloHaX MEpPCIEeKTUBHOTO Pa3BUTHUS
TpaHcnoptHoi uHdpactpykrypst A3P® B 'IC
ObUT BKITFOUEH HanboJIee MOHBIH YHUDHUITUPO-
BaHHBIN KaTaJoOr 3eMJIETPSICEHHH, He0OX01-
MBI JJIsl TPOCTPAHCTBEHHOM OLIEHKU CEMCMHU-
YECKOIl aKTUBHOCTH.

IIpu cozpanun I'MC no A3P® otnensHOE
BHUMaHUE YJIEJISeTCs NCCIIeIOBAHHIO KIIMMATH-
YECKUX MPOIIECCOB, KPUTHYHBIX JUIS Pa3BUTHS
TpaHCIIOPTHOW UH(PACTPYKTYphI B peruoHe. Ha
OCHOBE JIaHHBIX MHOTOJIETHUX M3MEPEHUH OC-
HOBHBIX KIIMMaTHYECKUX MapaMeTpoB (TemIe-
parypa Bo3ayxa y IOBEPXHOCTH, TeMIleparypa
MOYBBI, 00IIIEE KOJIMYECTBO OCAJIKOB, CKOPOCTh
BETpa y HOBEPXHOCTH 3EMJIU, BJIArOCO/IEPIKAHHE
TI0YBBI, BI&KHOCTH BO3/1yXa, TOJIIIMHA CHEXHO-
ro MOKpPOBa, U3MEHEHHE YPOBHS BHYTPEHHHUX
Boz U jip.) B cpeae ['MC Obiu mocTpoeHs co-
OTBETCTBYOLIHE TEMAaTHUECKHE KAPTHI U CXEMBI.
CoBMeCTHBIH aHAJIM3 LIMPOKOTO Habopa KiIH-
MaTHdeckux naHHbIX B cpene I'MIC mo3Bonser
OLIGHUTbH BO3JEHCTBUE TEKYIIUX KIMMAaTHYe-
CKHX M3MEHEHUI Ha OOBEKThl TPAHCIIOPTHOU
nHppacTpyKTyphl (Hampumep, pacTeIieHHe
MHOTOJIETHEMEP3IIBIX MOPOJ], YBEIHUUEHHE 30H
3aTOIUICHUS BO BpeMs maBojka). Takum obpa-
30M, copMHupoBaHHas 0a3a MPOCTPAHCTBEH-
HBIX JIaHHBIX, a Takxke mupokuit Habop 'MC-
WHCTPYMEHTOB X aHAIIN3a SIBJISIOTCS BaXKHBIM
WHCTPYMEHTOM OILICHKH HEraTUBHBIX (PakTOpoB
BO3/ICHCTBHS PA3IMYHBIX Fe0()U3NIECKUX PO-
LIECCOB Ha Pa3BUTHE TPAHCIOPTHOI MHOpa-
CTPYKTYPHI B POCCUHCKOM ApKTHKE.
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AHHOTALINA

O0Holl u3 Haubonee 6ypHO Pa38UBAIOUILXCA MPEHCNOPMHbIX
mexHosoauli 8 HaCMosILee 8peMs SBIIEMCs co30aHUe a8MOHOM-
HbIX (be33KunaxHbix) Ha080OHbIX Cydo8 O KOMMEPYECKO20,
MeXHUYECK020 U 8CnoMo2amebHo20 (hioma. Kioyesbiv 0npo-
com eé 8HedpeHus Agnsemcs co30aHue KOMNIEKCHOU cucmemb|
ynpasneHusi (KCY) 6e3onacHbim dguxeHuem 53C 8 asmomamu-
yeckom pexume no Mapwpymy. [1pu 3mom HyxHo umems 8 8udy

Mup tpaHcnopra. 2023. T. 21. Ne 3 (106). C. 3641

[locTaHoBKa 3agauv ynpaBneHus
aBTOHOMHbIM HaABOAHLIM CyAHOM
ANA BHYTPEHHUX BOAHLIX NyTeu

Lanumn MAXOTKWUH

Pachaans ANBA30B

Maxkcum Anexcandposuu Kyopos ', Kupunn Imumpueeuu Byxapog %,
[Manuun Pychanosuu Maxomkun 3, Pagpaine Cepzeesuu Aitgazos*

1234 Mockoeckuii ¢husuro-mexnuueckuti uncmumym (Hayuonanshwiii uccieoosamensckuil yuusepcumem), Mockea,

cneyughuky MOpCKol Hagu2ayuu U nnasaHusi No 8HYyMPEHHUM
800HbIM NymMsM.

MposedéH aHanumuyeckuli 0630p 6a3osbix anzopummos
ynpaesneHrusi no Kypcy u ckopocmu. CehopmynupogaHs! OCHOBHbIE
npobiemb| cO30aHuUst KOMNTEKCHOU cucmeMbl ynpasneHus 6e3aKu-
naxHbiM cyoHom. lMpueedeHa nocmaHoska 3adayu ynpasneHus
u onpedeneHbI Hanpasnerus darnbHelwux uccnedosaHul.

Knroyesble cnoga: 800HbIU mpaHcnopm, a8momamu3upogaHHas cucmema ynpaseHus, be3akunaxHoe cydogoxoeHue, Haguaayus.
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BBEOEHUE

B nacrosmee BpeMs cozanne 0e39KHIIax-
HbIX cynoB (BOC) ams koMMepuecKIX MOPCKHUX
MIePEeBO30K, TEXHUUECKOTO M BCTIOMOTaTeIIbHO-
ro ¢ora HaXxoANUTCS B (OKyce BHUMAaHUS Be-
JQYIIMX MOPCKHX JIEPIKaB, MOCKOJIBKY TT03BOJIUT
MOBBICUTH 0e30MacHOCTh U 3(PPEeKTUBHOCTD
cynoBoxaeHns. OQHUM U3 KITFOYEBBIX BOTIPO-
COB, KOTOPbIE HEOOXOIUMO PELINTh AJIS CO3/a-
HUS 0€39KNTIIaKHOTO CY/IHA, SIBJISIETCSI CO3/1aHue
KoMIUIeKCHOH cuctemsl ymnpasieHnus (KCY)
6e3onacHbIM ABMkeHneM bOC B aBTOMarnye-
CKOM pEXHMeE IO MapLIpyTYy.

CucteMbl aIalITUBHOTO YTIPABJIEHUSI IBHKE-
HueM (CAVY]]) sBIArOTCS MEpeaoBEIM KIIACCOM
ABTOMATU3UPOBAHHBIX CHCTEM YIpaBIICHUS
cynaoMm. Kak ormewaror I 3. OcTpenos
n JI. M. Kusiuko, aBTOpHI psiga paboT (B TOM
gmce, [ 1; 2]) K KOTOpsIM MBI Oy/ieM HEOIHOKpAT-
HO oOpamarbes, CAY]] criocoOHBI OIICHUBATH
rapameTphl IBHKEHUST U U3MEHSTH Kod(huiu-
€HTHI PETyYINPOBaHMsI B 3aBUCHMOCTH OT YCJIO-
BUi dKcIUTyaTanuu. OIHAKo Jayke COBPEMEHHbIE
CAY]l ucronb3yroTcsi B OCHOBHOM B OTKPBITOM
MoOpe, TZe HeT OrpaHUYeHUH 110 MaHEeBpHUpPOBa-
HUIO ¥ OTKJIIOHEHHIO OT Kypca. 3ajadya aBToMa-
THYECKOT'O YIIPABIICHUS CyTHOM B PEYHBIX aKBa-
TOPHSX ¥ TIPH PACXOXKACHHUH C IPYTUMH CyIaMH
B YCJIOBUSIX BOJIHEHUS, TEUSHUS U BETPA 10 CHX
TIOp MOJHOCTHIO HE PelleHa.

L{envio nccnenoBanus asisercs Gopmynu-
poBKa 0a30BBIX 3aJ1a4, CBSI3aHHBIX C ITOBBIIIE-
HUEM CTENeHU aBTOMATH3AaLUH YIPABICHUS
JUISL co37aHusl O€39KUIaXHBIX CY/l0B, B TOM
YHciIe 9KCIUTyaTHPYyEeMBIX Ha BHYTPEHHUX BOJ-
HBIX ITyTSX, U OTpeAeNeHIe AalbHeHIInX Ha-
MpaBJIeHUH UCCIENOBAaHUN B 3TOH o0macTH.

PE3YNIbTATHI
AHanuTH4YecKHil 0030p aAroOpUTMOB
ynpasJieHuUst

ABTOMaTHYeCKast TPOBOJIKA Cy/IHA 3 OHOM
TOUKH B JIPYTYIO SIBISETCA CIOXKHOM 3amaueit
yHpaBJeHHs, KOTOpas CTaBUJach U paHee
(manp.: [3]), HO mpuoOpena ceifyac Mo Mepe
Pa3BUTHSI aBTOHOMHOTO CYJOBOXJICHHUS 0CO-
Oyro akTyadbHOCTH (Hamp.: [4—7]).

JocTaTo4yHO IMIHPOKO MU3BECTEH MOAXO]
K YIPOIIEHUIO JaHHOM 3a7jauu MyTEM e€ pazfe-
JICHUSI Ha JIB€ OCHOBHBIE 32/1a4H, KOTOPhIE MOYXK-
HO paccMaTpHBaTh KaK CaMOCTOSITENbHBIE:
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— yIpaBlIeHHE TpaeKTOpUuen 1 KypcoM Cy-
Ha, HE YYUTHIBasi H3MECHEHHE CKOPOCTH XOAa;

— yIpaBJeHHE CKOPOCTHIO XO7a, KOTOPOe
JIOCTUTAETCSl U3MEHEHUEM pPeXHMa paboThl
IJIaBHOM JABUTATEIbHON yCTAaHOBKH.

IIpu TakoM pas3neneHUN MOKHO CHU3HTH
MOPSII0OK pacCMaTpUBaeMOi CUCTEMBI ypaBHE-
HUH JABWKCHUS M yIIPOCTHUTH IIPOLEAYPY CHH-
Te3a aJropUTMOB.

Aneopummul ynpasieHus no Kypcy

[lepBble aBTOpYJEBBIE CUCTEMBI padoTaNN
Ha ocHOBe mponopruoHanbHBIX (IT) 3aKkoHOB
ynpasieHusi, GopMyJibl KOTOPBIX IpencTaBlie-
HBI, HAlIpUMeEp, B YHOMSHYTOH BbIlIe padore
[1]. IIpu aTOM, KaKk 3TO OTMeUaeTcs B HEH, JH-
HelHbIi [1-3aK0H yrpaBieHus He 00ecreunBa
YCTOMUYMBOCTh 3aMKHYTOI CHCTEMBI aBTOMATH-
YECKOTO yNpaBlIeHHs JBIKCHUEM T10 Kypcy Ha
CPEIHETOHHAXHBIX CyJaX, U CyIHO HE MOIJIO
yIepKUBaTh 3aJaHHBIN Kypc 0e3 KoileOaHui
C aMILTUTYA0# 10 1BYX rpanycoB. Mcnonb3oBa-
HHE TaKHX aBTOPYJIEBBIX CHCTEM Ha KPYTTHOTOH-
HaXHBIX Cylax ObUIO HEBO3MOXHO [1].

B cBs3u ¢ 3TuM ObUTH pa3paboTaHbBI aBTO-
PYJIEBBIE CUCTEMBI C ITPOMOPLUOHAIBLHO-TU (-
¢epennansapM (I1/]) 3ak0OHOM yTIpaBIEHHUS.
DTH CHUCTEeMBI MoKa3aiau cebds Oonee srhdek-
TUBHBIMH B YCIIOBHSAX BOJTHEHHS ¥ OBUIN OCHa-
LICHBI JaTYNKaMU YIJIOBBIX CKOPOCTEH, a TaK-
K€ HaAE&XHBIMHM aHAJIOTOBBIMH 3JIEMEHTaMH.
B 3akoHe ynpaBieHUs MO-IPeXHEMY HCIIONb-
30BaJica KOAPGUIUEHT yCHIIeHHS K, HO Takxke
nobasisuics Aud G epeHIUaTbHbIA WICH, KOTO-
PBIii O3BOJISLT O0JIEE TOYHO YNIPABIATH KypCOM
cynna. @opmyia JuIst TAKOTO 3aKOHA yIpaBJie-
HUSA BBIIJSIOUT CIIEIYIONUM oOpazom [2]:

%:kloA(MkZ-‘;(f.

ABTOpYJIEBBIE Pa3pa0OTKH UMENN KOHed-
HOM LIebI0 cTabMIu3anuio Kypea cyana. s
3TOTO OBLT pa3paboTaH aBTOPYIEBO, KOTOPEII
HCTOJIB3YET MPONOPLUHOHATBHO-HHTET PAIEHO-
nupdepeHnaIbHbIE 3aKOHBl YIPaBICHUS
(ITN ), hbopMymupoBKa KOTOPBIX TaKXe COAEp-
x)uTcs B [1].

[Tpu pyuyHOM ynpaBieHHH PYJIEBBIM MpPH-
BOJZIOM KOJIMYECTBO IEPEKIIa 0K COCTABIACT He
6onee 100 B yac, HO IPH HECIIOKOWTHOM MOpE
oHo MoxeT gocturatb 1400 B gac, 9To KpaiiHe
HEXKeJaTeJIbHO.
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Jlyist yMEHBLICHUS TIeperpy3KH U Cpe3aHus
BBICOKOYACTOTHBIX COCTABJISIONINX MOPCKOTO
BOJIHEHUsI ObUT pa3pa0oTaH MpPOINOPLHOHAIBHO-
muddepernmansHO-prbTpoBanHbi ([1J]D) 3a-
KOH YTIPaBJICHUsI, KOTOPBII Cpe3aeT BHICOKOYaCTOT-
HBIE COCTABIIIIOIINE MOPCKOTO BOMHEHUS [ 1; 2].

3arem ObliIa cO3JjaHa aJanTHBHAS CUCTEMa
ynpasinerus nsuwxkeHneM (CAVY]l) ¢ Gioxkom
OLICHUBAHUS U3MEPSIEMBIX [TAPaMETPOB U «0I10-
KOM TOACTPOHKH KOA(PPUIIUESHTOB PEryaupo-
BaHUs IPU M3MEHEHHMH YCJOBHH DKCIUTyara-
nnn. Takue camonactpamBaromuecs CAY]]
C aBTOHOMHOW aJanTHBHON mepecTponkoil
NapamMeTpoB WM C MCIIOJIb30BaHUEM HH(OP-
Maluu 00 yCIOBHSX IUIABaHUS IS IEPECTPOii-
KU 3aKOHa YINpaBJIEHHUS, a TakXke ¢ OJOKOM
poruo3a (pa3oBOro COCTOSIHHUS Cy/IHA M TOJ-
CHUCTEMOH IMarHo3a HadalH BBIITYCKaThCS BO
BceM mupe» [1; 2].

ABTOpHI [2] co ccpuikoif Ha 3apyOexHBIE
WCTOYHHUKH PE3yJbTaTOB MOPEXOIAHBIX HCIIbI-
TaHHUH YKa3bIBAIOT, YTO IIOACTPOiika Kodphu-
LIMEHTa IepeJjaut k, CHUXKAET pacxo/ TOIIMBA
Ha 2 %, a NICIIOIb30BaHKE OIICHOK NP (HOpMHU-
pOBaHWU 3aKOHOB yIpPaBIIEHUs COKpallaeT
Bpems peiica Ha 2 %» [2].

VYnpaenenue osudsicenuem no mapuwpymy

B o6mewm ciydae MapmpyT nepeMenieHus
CyAHa COCTOMT U3 MOCIEI0BaTeIbHOCTH MpPs-
MBIX U KPUBBIX OTPE3KOB. TpebGoBaHUE K IPO-
XOXKICHUIO KQXK/I0r0 OTpe3Ka 0ObIYHO yCTaHaB-
JUBAETCS BETMYUHOMN JOITyCTUMOTO OOKOBOTO
OTKJIOHEHHS OT Hero. MoxkeT moTpedoBarhes
KOPPEKTUPOBKA BBIOPAHHOTO MapuipyTa, Ha-
pUMeD, I PACXOXKICHUS C IPYTUMU CyaaMu
WU W3-32 HEOIaroNMpHUATHRIX YCIOBUH B pai-
OHE JBI)KCHHUS.

ABTOMaTHYECKOE YIIPABICHHE ABIKCHHEM
cyJHa 0COOCHHO LIMPOKO HPUMEHSETCS Ha
OTKPBITOI BOZE, I7ie He TpedyeTcst aKTUBHOE
MaHeBpupoBaHue. OHAKO U IpU aBTOMaTHYe-
CKOM YNpaBJIECHHUHU CYIIECTBYET HEoOXoau-
MOCTh TapaHTHpPOBATh NONaJaHHE CyAHa
B 3aJaHHbIE TOUYKH MapIIPyTa, 0COOCHHO MPH
HaJUYUHU BHEIIHUX BO3MYIIEHUH, TaKUX Kak
BETEP U BOJIHBI, UTO CYILIECTBYIOIINE CHCTEMBI
ABTOMATHYECKOTO YIIPaBICHUS HE TrapaHTUPY-
0T paxe npu ucnoib3oBanuu [1M]] 3akoHa
ynpaeieHus (cM., Hamp. [1]).

C nosiBIIeHNEM CITy THUKOBBIX HABUTAIIMOH-
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HBIX CHUCTEM IOSIBUJIACH BO3MOXKHOCTH OIpe-
JeJINTh KOOPAMHATHI Cy[lHA B TIOO0H MOMEHT
BpEMEHHU, a, CJIe0BATEIbHO, aBTOMAaTU3HPO-
BaTh ABM)KEHHUE CyIHA [0 MapuUIpyTy, COCTOS-
eMy U3 Habopa TOYeK C U3BECTHBIMH KOOP-
JUHATaMU.

Texnonoruu ucnons3oanus CAYJI ¢ nmpu-
EMHHKOM CITyTHUKOBOI HaBUTAIMH MOIPOOHO
paccMarpuBaroTCs B LEJIOM psiJie HCTOUHUKOB
[1;2; 8].

C yuéroM paccMaTpuBaeMbIX 3a1a4 U OIIbI-
ta ucnonb3zoBanusgs CAVY]l, MOXHO clenaTh
BBIBOJI, UTO CUCTEMA YIPABIEHHS JI0JIXKHA aB-
TOMATHYECKH MOJICTPanBaTh KOIPHUIHCHTHI
IIPH XOXKACHUU HA MAJIBIX CKOPOCTSX U IITyOH-
HaX, I3MCHEHHH 3arpy3KH, a TAK)KE IPH CHITb-
HOM BOJIHEHUH.

Bapuanmut aneopummos
MpaeKmopHo20 YRPaeIeHUs.

TpaexTopHOE ynpaBlieHHE HAIIIO HIIHPOKOE
MPUMEHEHHE B Pa3jMYHbIX O0JIACTSAX, B TOM
gmcie B podotorexuuke [9; 10], aBuanmu, B ToM
yucne OecnuinotHo# [11], aHanusupoBacs
JIaHHBIM BOIIPOC MPUMEHUTEIHHO K MOPCKOMY
TPAHCIIOPTY U B PSAJE APYIUX, IOMUMO BBIIIIE-
yKa3aHHBIX, pabdot [12].

ANTOPUTMBI HABUTAIIMU — 3TO BBHIIIOJIHEHUE
JIBYETMHOM 3aJja41 OTIpEeICHHUS COOCTBEHHOTO
TIOJIOKEHHS B IPOCTPAHCTBE, T. €. OIIpe/IelICHHE
B KaX[Jbld TEKYIIMH MOMEHT BPEMEHHU MpPO-
CTPaHCTBEHHOTO YIVIOBOTO IOJIOXKEHUs (airo-
PHUTMBI OPUECHTAINH) ¥ ONIPEAETICHNE B KXKIBII
TEKYIINI MOMEHT BPEMEHH IPOEKIHI CKOPOCTH
1 KOOpPAMHAT (CUYUCICHUE CKOPOCTH M KOOPIH-
HaT) Ha OCH WHEPUHUAILHONH CUCTEMBI KOODPIH-
Har.

AJNTOPUTMBI YIIPABJICHHUS CIyXarT JUIs pac-
4yéTa TAKMX KOMaH]| yNpaBIeHUs sl IPUXOAA
B TOYKY MHTEpEca, TO €CTh JJIs BBIPAOOTKH
TPaeKTOpPUH, MPH KOTOPHIX OTHOCHUTEIbHBIC
KOOPJIMHATHI TPAHCHIOPTHOT'O CPEACTBA U KOHEY-
HOW TOYKHM €TO IBIIKCHHS OJHOBPEMEHHO 00-
palanuce Obl B HOJIb B HEKOTOPBI TEPMUHAIb-
HBIH (3aKIIFOYUTETHHBI) MOMEHT BPEMEHH.

ANTOpUTMBI CTAOWIM3AIMKU CIIyXKaT IJIst
TOr0, YTOOBI TIpeoOpa3oBaTh yHpaBIAIONINE
KOMaH/Ibl, PacCYUTHIBAEMbIE B HaBEICHUHU,
B CHTHAJIbI, BEI3BIBAIOIIME TOBOPOTHI PYJIEH, HIIH
W3MEHEHHSI [IOJIOKEHUsI IPYTHX OPraHoB yIpaB-
JICHHS, TO €CTh WHBIMH CIIOBaMH, YTOOBI PyIH
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B K2)XK/IbIil MOMEHT BPEMEHHU OTKJIOHSUTHCH TaK,
4TOOBI B KOHEYHBII MOMEHT BPEMEHH TPAaHC-
MOPTHOE CPEACTBO JOCTHUINIO KOHEYHOH TOYKH
(mamp.: [13-15]).

Memoo nagedenust no nonepeuHviMm
YCKOpeHUAM

Tpaexropuei NBUKEHUSI Ha3bIBA€TCS TaKas
HENpephIBHAS KPUBAS, B KAXKIOH TOUKE KOTOPOH
BEKTOP CKOPOCTH TPAHCIOPTHOI'O CpeACcTBa
HaIpaBJIEH 10 KacaTeIbHOHN K HEl.

Uto0Obl UBMEHHUTH TPAESKTOPHUIO, TO €CTh U3-
MEHUTbH HaIlpaBIICHUE IBIKCHUS TPAHCIIOPTHO-
IO CPEACTBa, HY’KHO IOBEPHYTh BEKTOP CKOPO-
ctu. IloBopaunBaTh BEKTOp CKOPOCTU MOXKHO
Pa3HBIMH CIIOCOOAMH.

Hanpumep, MOXHO co3aarh npupalieHue
BEKTOpa CKOPOCTH B IONIEPEYHOM HaIlpaBICHHUH,
TO €CTh, UHBIMH CJIOBAMHU, CO3JaTh OPTOrOHAJIb-
HOE K BEKTOPY CKOPOCTH YCKOpPEHHE.

[IpumeHsIOTCS Takke (B OCHOBHOM IS
JIeTaTeNbHBIX allapaToB) METOAbl HAaBEIEHUS
110 MTHOBEHHOMY IPOMaxy U MpOnopUUuOHAIb-
HOTO HaBEJCHHUS.

CyIeCTBEHHYIO CII0KHOCTD IPH PEATU3ALIIN
[T I-perynsaTopa yrmia Kypca IpeAcTaBisieT
HaJIM4Ke 3alIyMJIEHHOCTH U3MEPSIEMOI0 CUTHa-
JIa yriia Kypca BCJIEICTBHE BOJHEHHUSI MOPCKOM
noBepxHOCTH. Kpome Toro, B perymsarope yrna
Kypca HeoOXOJMMO 3HATh TaK K€ U CKOPOCTb
PBICKAaHUS; eclii e€ BEIMYUHY I0IydaTh IpO-
cThIM Au(depeHIrpoBaHUEM CHUTHAJIA yriia
Kypca, TO 3alIyMJIEHHOCTb CUTHaJIa OyZieT pacTy.

B ciyuae mpumeHeHHs MeTOAa YIIpaBICHHS
110 MTHOBEHHOMY IIPOMaxy K CyAaM BEKTOp IOJI-
HOTO yCKOpeHHsI OyleT UMETh OJHY HYJIEBYIO
KOMIIOHEHTY. YIpaBIeHUE CYJHOM IO MoNeped-
HOMY YCKOPEHHUIO TPYTHOpEaNIn3yeMo Ha Ipak-
THKE B CHITy OCOOCHHOCTEH OpraHOB yIIpaBJICHM,
HO BO3MOXXHO OCYILIECTBUTb NIEPECUET YCKOPEHHUS
B COOTBETCTBYIOLIYIO YIIIOBYIO CKOPOCTB PBICKA-
HUS U YIPABIATh Yepe3 3TOT apameTp.

Aneopummul ynpagienus 8 Kauaie ckopocmu
Bomnpocs! nocTpoeHus aIrOpUTMOB yIIpaB-
JIGHHUSI CKOPOCTHIO Cy[Ha B OTEYECTBEHHOM
JIUTEpaType HE PacCMOTPEHBI JOCTATOUHO I10-
IpoOHo. TpaMIIMOHHO, aJITOPUTM YTIPaBICHUS
00001IEHHBIM TAPAMETPOM — IKBHBAJICHTOM
TArH cTpoutcd Ha ocHoBe ITJI wnu ITH-pery-
nsTOpa 1o ckopoctu. Kanan ckopocty, 1o Beeit
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BUJIUMOCTH, HE NPEACTABIAET TPYAHOCTH IS
peryaupoBaHHUs.

BBuny aroro, 1enecoo0pa3HO UCIIONIb30Ba-
HHUE aJTOPUTMOB YIPaBJIEHHUS SKBUBAJIECHTOM
TSTH.

[IycTh u3BecTHA TeKyUiasi CKOPOCTh CYy.I-
Ha V 1 3a1aHHAas CKOPOCTh Va. Torma moxxHO
MOJIyYUTh 33JaHHOE U3MEHEHUE CKOPOCTHU

V,=R(p)(V,-V),tme R(p) —HeKoTOPBIi OMEpa-

TOp YIpaBJEHUs, Vanin <V, <V amax .

3areM (GopMuUpyeTCsl CUTHaJ yNpaBieHUs
SKBHUBAJICHTOM TSTH:

5, =z<lv;+£[v;—v'},
V4
<y, <o

rae 9," u 3, COOTBETCTBYIOT PEKMMAM «Ma-

JIBIA XOI» U «IIOJHBIN XO1». DKBUBAICHT TSTU
UCIIONB3YETCs VISl TOTO, YTOOBI MOJYUYHTh JIH-
HEHHYI0 cucTeMy. Jlanee ero Hy»HO Mepecun-
TaTh B peanbHyio Tary. Kosppuuuents K, u K,
MOTYT OBITH (PYHKIUSIMHU CKOPOCTH XOHa WU
HHBIX TTApPaMEeTPOB.

B03MOKHBI HECKOJIBKO CITOCOOOB IS TOBBI-
LIEHUS] YCTOWYUBOCTH:

— BBEJICHHEC B QJTOPUTMBI YIPABICHUS «Ts-
KEJI0ro» (UIIBTpa Ha YIPaBJISIOLIee BO3IEHCT-
BUE, IPUXOJISIIEe Ha IPUBOJ;

— HACHOJIB30BaHHUE ITONIEPEMEHHOTO BKIIFOUE-
HHUSA-OTKJIIOUCHUS NPHUBOJAA, O aHAJIOTHHU
¢ IIMM-ympaBieHneM (IIHPOTHO-UMITYIIbCHAS
MOJYITALIS ).

006a crocoba CHU3AT OBICTPOACHCTBHE CHC-
TEMBI U TIepe BHEAPEHHEM HeoOXOANMO olle-
HUTH 3G GEKTUBHOCTh UX MPUMEHECHHUS.

ITpuBenéHHbIil 0a30BBIN AITOPUTM YIpaBIie-
HUSI CKOPOCTBIO CyIHA MOXKET HCIIOIb30BATHCS
B KaueCTBE MIEPBOT0 NPHOIIKEHUS IIPH CHHTE3€
AJTOPUTMOB YIPABJICHHUS B KaHAJIE CKOPOCTH.

ITocranoBka 3a7a4u TPAEKTOPHOTO
ynpasJieHHus

ANTOpUTM J10JDKEH 00ecreunBarh BEIpadoT-
Ky KOMaHJ yIPaBJICHUs UCIIOIHUTEIBLHBIM Me-
XaHU3MaM JUIs CIIE[OBaHMS 110 MapUIpyTy, 3a-
JlaBaeMOMY I0CJIEI0BAaTEILHOCTBIO IPOMEXKY-
TOYHBIX ITyHKTOB MapmpyTa (I1IIM). ITocneno-
BatenbHOCTh [ITIM dopmupyercst Ha ocHOBe
MapIIpyTHOTO 33JaHus C Y4€TOM IPaBHJI HAaBH-
Tall{ U OKPYIKaIoIed 00CTaHOBKU. AJITOPUTM
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Puc. 1. lpuHyunuanbHas cxema pabomsI anzopumma ynpaesieHusi [cocmaenieHa asmopamu].

JIOJDKEH 00ecriedyrMBaTh MUHUMHU3ALIUIO OTKIIO-
HEHHUS CylHa OT OTPE3KOB, COCAUHIIOLINX
TITIM.

3a7a4n 3aKIII0YAr0TCS B CIICLYIOLIEM:

— YIpaBJeHUE PYISIMH, ABUTATENIIMU U IO~
PYJAMBAIOIIMM YCTPOHCTBOM;

— ympasieHue 0e3pa3MepHOi CKOPOCTHIO

_ ol R
phICKanus ©=—7==R";

— craOmm3ans 3a1aHHon N myTd (3J110D);

— nepexitouenue mMexay 3JII1 ¢ 6okoBbIM
ynpexaenuem paspopora (BYP).

B kaxp1ii TakT pabOTHI aJITOPUTM MOTyYacT
Ha BXOJI CJICAYIOLINE apaMeTphL:

— BEKTOPBI KOOPJIUHAT TPEX MOBOPOTHBIX
myakroB Mapmpyta (ITIIM) x1, x2 u x3, obpa-
3YIOUIMX JIBE 3aJlaHHble JUHUM NyTH (X1, X2)
u (x2, x3) (oT MonmyJs TUTAHUPOBAHUS MapIIl-
pyra);

— BEKTOp KOOPAHMHAT CyOHA X [M]; CKOPOCTH
PBICKAHHS [pan/c]; BexTOp IyTEBOI CKOPOCTH
V, [M/c] (oT cucTeMbl HaBUTamum).

BpIXomHBIMH TTapaMeTpaMy SIBIISIFOTCSI:

— 3aJIaHHOE IOJIOXKEHHE PYJIS HAIIPaBIICHUS
o, [rpan] (Ha npuBOJ PyJIs);

— CUTHAJIBI 33/IaHHBIX 000POTOB IOIPYIIH-
Baromiero BuHTa n [00/c] (Ha 010K ympaBieHUs
MOPYJIHBAIOIIMM yCTPOHCTBOM, B PEKHME
IIBapPTOBKN);

— CHTHAJIBI 3aJJaHHBIX 000POTOB JABUTrareseit
n [006/c] (Ha 3MEKTPOHHBIN OJOK yIpaBiIcHUS
JIBUTATEJIEM).

[IpuHuunuansHas cxema paboThI AJIrOpPUTMA
CJIEZIOBAHUS 110 MaplIpyTy NpelIcTaBieHa Ha
puc. 1. B anroput™ oT Moaysisl IJIAaHUPOBAHUS
MapLIpyTa IIOCTYIAOT TPOHKH IPOMEIKYTOUHBIX
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TOYEK MapiipyTa u ¢ar ext_reset, KOTOPbIi CHT-
HaJIU3UPYET AITOPUTMY CIEIOBAaHUS MO MapIll-
pyTy 0 nony4deHnu HoBoi Tporiku I1IIM. B cBoto
ouepelb, AITOPUTM CIEJOBAHUS 110 MapLIPYTy
nepenaéT B MOAYJNb MNIAHUPOBAHUS MapuIpyTa
¢mar nonreepxnerns PL_flag mpu mepexone Ha
BTOPYIO JINHUIO Iy TH.

HanpagsJieHust JaJIbHeHIINX MCCIeJ0OBAHUI

K ux yncmy otHOCATCS:

— pa3paboTKa aJanTUBHON MaTeMaTHIECKOM
MOJIeM AMHAMUKHU JBIDKEHUS CyAHA IS MOJ-
CTPOWKHU CHCTEMBI YIIPABICHNUS MO PA3IHMYHbIC
cyZa ¥ 1oJ| pa3IMyHyIo 3arpy3Ky Cy[qHa;

— peanu3anus peXxXUMOB YIIPaBICHHS Ha Ma-
JIOM XOJly JUIsl IIBAPTOBKHU C UCIOJIB30BAaHUEM
TIOZIPY/MBAIOIINX YCTPOHUCTB, a TAKKe IS yaep-
JKaHUA TOYKH U MaHEBPHUPOBAHUS B MIOPTY;

— COBMECTHOE YIPAaBJIEHHUE 110 KypCy U CKO-
POCTH IS MOBBIIIEHUS] TOUHOCTH PELICHUS 3a-
Jla4y YIpaBJICHHUS;

— OILIEHKA CKOPOCTH M HAIIPaBJICHUS JBIDKE-
HUSI, HAIPUMED, 110 JOIUIEPOBCKOMY JIary OTHO-
CHUTENIBHO JIHA A1 KOMIIEHCAI[UU IIyMOB IO
KypCy B CKOPOCTH;

— OLIEHKa CKOPOCTH M HAaIpaBJIEHUs BeTpa
1 TEYEHHs M0 NOTOIHBIM AATYMKAM IS IIPEy-
MPEKAAIOIEH KOMICHCALUN BO3MYIIICHUH;

— IIPUMEHEHUE BHEITHUX KOHTPOJUICPOB Ka-
YecTBa YIpaBlieHus JJisl 00HAPY>KEHUsI OTKa30B,
ONTHUMH3ALNHU pecypca NPUBOIOB YIPaBICHHS
Y TIOBBIIICHUS yCTOWYMBOCTH PEILICHMUS;

— COBMECTHasl ONTUMH3AINS XapaKTEPUCTHK
MIPUBOJIOB YNPABIEHHs MO PECYPCYy U CUCTEMBI
YIIPaBICHHS 110 TOYHOCTH BBIACP)KUBAHMS MapIll-
pyTa (4ucio NepeKIIoYeHUI NPUBO/A).

Kyapos M. A.; byxapoB K. [., MaxoTtkuH [1. P., AuBa3oB P. C. [locTaHOBKa 3agaiv ynpaBneHus

dBTOHOMHbIM HaABOAHbLIM CYAHOM AJiA BHYTPEHHUX BOOHbLIX nyTeﬁ




3AKNOYEHUE

[IpoBenén ananmuTHyeckuii 0030p aIroOpuT-
MOB M CHUCTEM YIpaBIIEHHS CYIHOM IO Kypcy
1 CKOPOCTH, BBIJIEJICHBI KITFOUEBbIE OTpaHUIEHHS
CYLLECTBYIOIIUX PELICHUH.

Ha ocHoBanunu aHanuTuyeckoro ob3opa
chopMyaHpoBaHa OCTAHOBKA 33/[a41 TPAECKTOP-
HOTO YIpaBJICHUS] aBTOHOMHBIM CYITHOM.

OmnpenesneHbl HaNpaBiIeHUs JajlbHEHIINX
HCCIICIOBAHUH (CO3/IaHHUE aJalITUBHON CHCTEMBI
Juis paboThl Ha pa3IMYHBIX Cynax, pabora Ha
MaJIOM X0y, COBMECTHOE YIIpPaBJICHHUE 110 KypCy
1 CKOPOCTH, HCIIOJIb30BAHUE AIIPHOPHOI HH(OP-
MalM{ OT JAaTYUKOB, YCTOHYMBOCTH CHCTEMBI,
(bubTpalKs ¥ KOPPEKIIUS CUTHAIIOB, OOHApYXKe-
HHUE OTKa30B).
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AHHOTALNA

HabpocHbie byHb! s8715H0MCs 0OHUM U3 MUNO8 COOPYXeHUl
UHXeHepHOU 3aumb| 3eMSHO20 NOIOMHa, Komopble 8 KoMN-
JIeKCe C BOMHORACAWUM NAIsKEM UCNOMb3yromes 0N 3awjumel
Kene3HoO0POXHO20 Nymu Om 80/1HO8020 8030elicmeUs.

Llenbto OaHHoU paboms| siensemcs nosbiweHue be3onacHo-
cmu 3Kcnyamayuu xenesHodopoXHO20 Nymu Ha NPUXUMHbIX
yqacmkax, nodsepxeHHbIX 80HosoMY 8o3delicmeuro. Mpu nony-
YeHUU KpUMepUes OUEHKU MeXHUYECKO20 COCMOSIHUS HaBPOCHBIX
6yH asmop ucnonb308a Memodb| IKCnepUMEHMaIbHbIX Uccre-
dosaHull u 06¢1e008aHUS.

Mo pe3ynbmamam obcnedosarusi HabPoCHbIX byH cOenaHbl
8b1800bI O HU3KOM Kayecmee cmpoumesiscmea U onpedeneHs|
0CHOBHble MunbI dehekmoe Kak COOPYXeHUL 8 UesloM, mak U ux

Mup Tparcriopra, 2023. T. 21. Ne 3 (106). C. 4249

OueHKa TEXHUYECKOro COCTOSIHMA HAbPOCHLIX OYH

Poman Mapamosuy Thagnun

Hayuno-uccnedosamenvckuii yenmp «Mopckue bepeza», obocobnennoe
noopasoenenue Llenmpanbho2o HAYUHO-UCCIE008AMENLCKO20 UHCIMUMYMA
mpancnopmuozo cmpoumenscmesa, Couu, Poccust.

B4 TlyavlinRM@ Tsniis.com.

anemeHmos. B 80nHosom bacceliHe Ha 2UOPOBOTHOBbIX MOAEISIX
8bINOMHEHbI 3KCNEPUMEHMArbHbIE UCCTe008aHUS N0 OUEHKE
nnsxeydepxusatoweli cnocobHocmu 6yH u ux yemodyusocmu
Kk 8onHogomy 8o3delicmsuto. [MpednoxeHo deneHue HabPOCHbIX
6yH Ha omOefbHble 3N1IeMEHMbI NO CMENeHU UX 8ecoMocmu
U noy4eHb! KpUumepuu mexHU4ecko2o cocmosHus no gudam Oe-
¢hekmos 05151 kaxd020 areMeHMa paccmMampugaeMoz0 Coopyxe-
HUS.

[Mony4eHHble no pesynsmamam obcnedogaHull U 3kcnepu-
MeHmarbHbIX uccrnedosaHull Kpumepuu MeXHUYECK020 COCMOS-
HUS N0380ISI0OM BbINOHSMb OUEHKY MEXHUYECKO20 COCMOSHUS
HabpocHbIX 6yH, Ymo nosbicum 6e3onacHoCcMb 3Kcnyamayuu
Kee3Ho00POXHO20 Nymu.

Knroyesbie criosa: bepezosauyumHbie COOPYXeHUs!, 80THOBOU 6acceliH, Xene3HO000POXHbIU NYyMb, 3eMISHOE NOOMHO, UHXEHep-
Hasi 3awuma, obcredosarue, HabpocHas ByHa, KpUMepPUU MEXHUYECKO20 COCMOSIHUSI, SKCNEPUMEHMaTbHbIE UCCTEA08aHUS.

[nsa uumuposanus: TnsenuH P. M. OueHka mexHu4ecko2o cocmosHus HabpocHbix 6yH // Mup mpancnopma. 2023. T. 21. Ne 3
(106). C. 42-49. DOI: https://doi.org/10.30932/1992-3252-2023-21-3-3.

MonHb1i mekcm cmambu Ha aH2nuUlICKOM si3bIKe ny6uKyemcsi 0 emopoll yacmu 0aHHO20 8bInycka.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

AOpa3roHHBIE TTPOIIECCH HA MOPCKUX 1mode-
PEKBSIX MPUBOAAT K 3HAYUTEIILHBIM MaTEePHaIIb-
HBIM TOCIIEACTBHSM U CHIDKAIOT OE3011acHOCTD
9KCIITyaTaIlliy 3EMJITHOTO TOJIOTHA JKENE3HBIX
JIOpOT.

B Poccuiickoit @enepannn xene3Hsle 10po-
TH IOCTPOEHBI M 3KCILTYyaTUPYIOTCS B YCIIOBHSX
BOJTHOBOW a0pa3ny Ha NMPIDKAMHBIX ydacTKax
BIOJIE ToOepesxunit YepHoro Mopst, 03epa baiikan
n octposa CaxanuH. {7151 3aIIUTH TPHKAMHBIX
YYacTKOB JKEJIE3HBIX JOPOT OT BOJHOBOTO BO3-
JEUCTBUSI IPUMEHSIOTCS COOPYKEHHS HHXKECHED-
HOM 3amuThl (Oepero3ammTHEIE COOPYKEHHS),
B COCTaB KOTOPBIX BXOAAT M KAMEHHOHAOPOCHbIE
Oynbl. KamenHOHAOpOCHBIE OYHBI OTHOCST K aK-
TUBHBIM O€pPETO3aIUTHBIM COOPYKEHHAM, IIpei-
Ha3HAYCHHBIM JUTS yAEPKAHHS IUISHKEBOTO MaTe-
puana. VICKyCCTBEHHBIN IUISK SIBISETCS «He-
QJIBHBIM» BOJIHOTACAIINM COOPYXEHHEM, HO Ha
HEKOTOPBIX yJacTKax Oepera 0e3 IILspKeyaepKu-
BaIOIINX COOpYXeHuH (OyH) CymecTBOBaTh HE
MOXET, TaK KaK MHTCHCHBHO Pa3MbIBAETCSI, BO-
BJIEKasICh BO BIOJIHOEPETOBOM IMMOTOK HAHOCOB.

KOpHEBast 9acTb OyHBI

B coorBerctBuu ¢ CIT1277.1325800.2016!
OYHBI MOAPA3ICISAIOTCS MO MPOHUIIAEMOCTH,
10 KOHCTPYKITUH, [10 MaTepuajam, U3 KOTOPBIX
OHH BO3BOJSTCS, U IO CIIOCOOY MPOIMyCKa Ha-
HOCOB. [10 KOHCTPYKIIMU KaMEHHOHAOPO CHBIE
OYHBI MOTYT CTPOMTHCS U3 IITYYHOIO KaMHS
(puc. 1) wnu ¢ siapom U3 60JIee MEJIKOTO KaMHS.
IIpu 3TOM SAPO AOHKHO OBITH 3AIMUIEHO OT
pa3MbIBa 00Jiee KPYIHBIM OJHOPOIHBIM IIITY Y-
HBIM KAMHEM C TOJIIUHO 3aIIUTHOTO CJI0S HE
MeHee TPEX TUaMEeTPOB KaMHsl. YKJIOH OTKOCOB
OOKOBBIX IrpaHeil KaMEHHOHAaOpOCHBIX OYH
JTOJDKEH OBITh He Kpyde ueM 1:1,5, a rojoBHO-
ro yuyactka — He kpyue dyem 1:2. KopHeBas
4acTh OYyHBI, KaK IIPABUIIO, IPUMBIKACT K BOJI-
HOOTOOMHOM CTEeHe.

ABTOpPOM IO pe3yibTaTaM 3KCIECPUMEH-
TaJIbHBIX HCCIIEJOBAaHUI B BOJIHOBOM Oacceii-

'CI1277.1325800.2016 Coopy>xeHust MOPCKUE Gepero3amiur-
Hble. [IpaBuia npoexkruposanus. Y1B. [Ipukazom MuHnucrep-
CTBa CTPOUTENBCTBA M JKMITUIIHO-KOMMYHAJIBHOTO X035/CTBa
Poccuiickoit ®eneparu Ne 963/mp ot 16.12.2016 . — M.:
Texuopma. 2017. — 58 c. [DnexrpouHsIit pecypc]: https://
standartgost.ru/g/%D0%A 1%D0%9F _277.1325800.2016.
Joctyn 24.05.2023.

T'OJIOBHasA 4acCTb 6yHLI
e I

| |

Puc. 1. KamenHoHa6pocHas 6yHa Ha ckanbHbIX 2pyHmax: a — npodosibHoe ceveHue; 6 — nonepeyHoe ceveHue 1-1; 8 — nonepeyHoe ceyeHue
2-2; 1- npogpunb 6yHbl; 2 - eonHoomboliHasi cmeHa; 3 - ckanbHoe Ho; 4 — cyujecmeayrowee dHo; 5 - o6pamHas 3acbinka; 6 — nnskesbii

Mamepuan; 7 - ypoeeHb 800bI; 8 — WMy4HbIli KaMeHb [8bINOTHEHO a8MOPOM].
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2 KOpHeBas 4yacTh OyHBI
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Puc. 2. Kom6uHupoeaHHasi HabpocHas ByHa: a — npodosibHOe ceveHue; 6 — nonepeyHoe ceveHue 1-1;
1- npogpune 6yHbI; 2 - 6onHoom6oiiHasi cmeHa; 3 - ckanbHoe dHo; 4 -cywecmeyroujee HO; 5 - yposeHb 800bI;
6 — wmyYHb Il KameHb; (hacoHHble Maccuebl (mempanodbi) [8bINOIHEHO agmopoMm].

HE Ha JKCIICpUMEHTaJIbHOW 0aze Punnana
AO IIHUUNC «HUIL| «Mopckue depera»
¥ HaTypHOTo 0oOcleOBaHMS HA ydacTKe XKe-
ne3Hoit goporu Tyamnce — Annep [1] mHOTO-
KpaTHO (PMKCHPOBAIHCH Pa3pyLICHUS TOJIOB-
HBIX YacTell KAMEHHOHAOpOCHBIX OVH.

B pabore [2] oTmedaeTcs, 4TO OQHOH U3
OCHOBHBIX IIPUYNH Pa3pyIHICHUS KAMEHHOHA-
OpoCHBIX OyH SIBISIETCSI KAU€CTBO UX CTPOH-
TEIBCTBA, YTO MOJATBEPKAAETCS U B paboTax
[3, 4].

st ycuneHust ToJIOBHBIX YacTeil Habpoc-
HbIX OyH MOXET BBINOJHATHCS HaOpocka U3
TETpamojoB, Kak ImpaBuuo, maccoi 5,0 T
Taxue HaOpocHbBIE OyHBI HA3BIBAIOTCSI KOMOM-
HHUpOBaHHBIMU. THIIOBOE pelIEHUE 110 CTPOH-
TEIbCTBY KOMOMHUPOBAHHBIX OyH MpE/CTaB-
JIEHO Ha puc. 2.

W3BecTHAa KOMOMHMpPOBaHHAS KOHCTPYK-
nusi HabpocHo# OyHBI, Korga (PacOHHBIMH
OGeTOHHBIMH OJIOKaMH, HalIpUMEpP TETparoaa-
MH, YCUIIMBAETCA HE TOJIHKO TOJIOBHAS YacTh
OyHBI, HO 1 OOKOBbIE TOBEPXHOCTH 110 KOHTY-
py coopyxenus [5]. B nannoi pabote mis
JIOTIOJIHATENIBHOW YCTOWYNBOCTH OCTOHHBIE
6yiokM Tmpemyaraercs Mpu HEOOXOIUMOCTH
COC/IMHSTH KaHATaMHU.

B paborax [6, 7] onucaHBl METOABI HAYY-
HOTO 00OCHOBaHHMS HOPMAaTHBHBIX TpeOOBa-

Mwup TpaHcnopTa. 2023

HUW W BBINIOJIHEHO 000CHOBaHHE HEOOXOaM-
MOCTH pa3pabOTKH HOPMAaTHBHOTO JOKYMEH-
Ta MO0 MCHOJIb30BAHUIO MPUPOAHOTO KaMHS
B THJIPOTEXHUYECKOM CTpouTenscTBe. Ilpu-
BeJIEH MUPOBOI ONBIT CTPOUTEIHCTBA THIPO-
TEXHUYECKUX COOPYKCHHMH M3 KaMHS W TOJ-
TBEPXKACHA I1e1eCO00pa3HOCTh €ro MpuMeHe-
HUS.

L]envio OMMCaHHOTO B CTAThE HCCIICAOBAHNUS
SIBIISICTCS TIOBBIIIIEHNE OE30MIaCHOCTH HKCIIIya-
TalUM KeJIe3HOAOPOKHOTO ITyTH HA MPHKIM-
HBIX y4YacTKax, IMOABEPKECHHBIX BOJHOBOMY
BO3zeiicTBUIO. PaccmarpuBaloTcsi BOIPOCH!
pa3pabOTKN KpUTEPHUEB Ul OLEHKH TEXHHYE-
CKOTO COCTOSIHUSI coopykeHui. K oCHOBHBIM
Memodam, Ha OCHOBaHMM KOTOPBIX CHEJIAHBI
BBIBO/IBI TIPH TIOJTyYE€HUH KPUTEPUEB TEXHHUYE-
CKOTO COCTOSIHUSI HAOpOCHBIX OyH, HEOOXOANMO
OTHECTH: SKCICPUMEHTAIbHbBIC HCCIECAOBAHHS
B BOJIHOBBIX OacceliHaX, BEITTOJTHEHHBIE HA 9KC-
nepuMmeHTansHOM 0a3ze HULL «Mopckue Gepe-
ray», a TaKke 00CIieI0BaHNE ¥ HaTypHBIE HaOJIIo-
JICHUsI Ha y4acTKe Kele3Hoi noporu Tyance —
Annep. Meton pu3mdeckoro MOAETUPOBAHUS
B3aMMOJICHCTBUS BOJH C THJIPOTEXHUYECKUMHU
COOPYKEHHSMHU SIBISIETCSI HanboJiee J0CTOBEp-
HBIM C TOYKH 3PEHUS TOIYYCHHSI HE TOIBKO
KaueCTBEHHBIX, HO ¥ KOJIMYECTBEHHBIX PE3yiIb-
TaroB [8—12].
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Puc. 3. Bud dehopmupoeaHHbIX KaMeHHOHabPOCHbIX 6yH [(homo aemopa 07.02.2008].

Ipu paspa6orke TOCT P 59241-2020? ag-
TOpOoM ObLiIa NMpeIoKeHa U OMyOIMKOBaHa Me-
TOJIMKA OLIEHKU TEXHUYECKOTO COCTOSIHHUS COOPY-
JKEHUI MHXEHEPHOM 3allUThl B YCIOBUSX BOJI-
HOBOTO Bo3jeiicTBus [13—15], roe moapoOHO
paccMOTpeHbI OETOHHBIE OyHBI U BOJIHOTACSIIINE
COOPY)KEHHUS TaKHE KaK: 3al[UTHbIE BOIHOTaCs-
[[Me TPUKPBITHSI U3 OCTOHHBIX OJIOKOB HJIH
MIPUPOTHOTO KAMHSI, BOJIHOTACSIIIMIA IJSDK U Ha-
o6pocHbie OepMbl. [Ipu 3TOM BOIIPOCHI OIICHKH
TEXHUYECKOTO COCTOSIHUSI HAOPOCHBIX OYH B pa-
6otax [13—15] He paccMaTpUBAIIUCH.

PE3YNbTATbI

Ha yuacTke xene3noit noporu Tyamnce — An-
JIep MepBble KAMEHHOHAOPOCHBIE OyHBI ObLTH
noctpoensl B 2005 roxay Ha 1933 kM Ha nepero-
He YemurokBamxe — SxopHas [lens B paiione
pexu Ocoxoii o MPOeKTy, BEIONHEeHHOMY 3A0
«Kasrumporpancy. st co3aHusi BOJIHOTACS-
LIETr0 TaJIeYHOrO IJIshKa, CHOCOOHOTO MOTacUTh
SHEPIHIO [ITOPMOBBIX BOJIH, ITepe]] BOJIHOOTOOM-
HOH CTEHOH IIPOEKTOM IIpelycMaTpuBaiach OT-
CHIIIKA TaJIEYHOr0 Marepuala co CpeHe Kpy-
HocThI0 40—70 MM. B xadecTBe IspKeyIepKu-
BaIOUIMX COOPYKEHHH ObLIM NPUMEHEHBI Ha-
OpocHble OyHBI JUIMHON 45 M 10 TpedHI0 U3
WTYy4yHOTO KaMHs. OTMETKH KOPHEBBIX 4acTei
HaOpOCHBIX OYH JIOJDKHBI OBUIM COCTAaBISThH
+2,6 M otHOCcuTenbHO BC (BanTuiickoii cuctemMbl
BBICOT), a Toj10BHBIX — +0,8 M. BokoBbIe rpanu
OyH BBITIOJIHSUIMCH B BHJE OTKOCAa C YKIOHOM
1:1,5 B KOpHEBOH YaCTH, MJIABHO MEPEXOASIIAM

2TOCT P 59241-2020 BeperosamurHbie COOPYKEHUSL.
IIpaBuna ob6cnenoBaHUsS U MOHHTOPUHTa TEXHHYECKOTO
cocrostHus. — M.: Cranmaprundopm. 2020. — 28 c.
[DnextponHslit pecypce] https://standartgost.ru/g/%D0%
93%D0%9E%D0%A1% D0%A2_%D0%A0_59241-2020.
Hoctyn 24.05.2023.
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B YKJIOH 1:2 B T0J0BHOM YacTu. | 0JI0BHBIE YacTH
KaMEHHOHAaOpOCHBIX OyH CBOMMH OTKOCaMH
BBIXOJWJIM Ha ITyOWHBI, IpeBbImaonme 3,5 M,
T7ie BOJIHBI BBICOTOI Oonee 3 M o0pymianuch Ha
Hux. [y obecrieyeHus] yCTOMIMBOCTH KaMeH-
HOHAOPOCHBIX OyH K BOJTHOBOMY BO3JCHCTBHIO
B IIPOEKTE OBUT MPUHAT ITYYHBII KAMEHb Maccou
OT 3 10 5 T KaKIbIii.

[Tocne cTpouTenbCTBA 3a IEPBBIE TPU roa
mITOPMaMH KaMEHHOHAOpPOCHBIC OyHBI OBLITU
3HAYHUTENILHO Je(pOPMUPOBaAHbI (pHC. 3).

ITo pesynbsraram oOcnenoBaHus AeOpMUPO-
BaHHBIX COOPY)XEHHH CHENaHBI BBIBOJBI, YTO
MIPUYMHOM pa3pyLIeHHUS SBIISUIOCH HEKaueCTBEH-
HO€ CTPOUTENHCTBO. K OCHOBHBIM HapyIICHUSAM
HE0O0XOMMO OTHECTH CIIEAYIOIIee: HECOOTBET-
CTBUE T€OMETPHH ITOCTPOCHHBIX KaMEHHOHA-
OpOCHBIX OYH MPOEKTY, HE BBIACPKAHBI YKIIOHBI
OTKOCOB, 3aHW)KCHBI OTMETKH B KOPHEBOH U To-
JIOBHOW YacTsx OyH, IIMpUHA OyH 1O TpeOHI0
MEHee ILIECTU METPOB, KPYITHOCTh KaMHsI 3HAUH-
TENBHO HIKE, IPEIYCMOTPEHHOI! B IPOEKTE.

Bcero na yuactke xenesnoit noporu Tyan-
ce — Annep 3a nepuog ¢ 2005 mo 2017 roas
ObLIO MOCTPOEHO 153 KaMEeHHOHAOPOCHBIX OYHBbI,
n yxe K xoHiy 2017 roma 62,7 % tpeboBann
pemonra [1, 16, 17].

Ha puc. 4 nmokasan mpouecc u3MepeHus
KPYITHOCTH KaMH$, IPUMEHSIEMOTO TIPH CTPOU-
TEJILCTBE KaMEHHOHAOpOoCcHBIX OyH. 1o pe3yis-
TaraM M3MEpPEeHHH MOJy4YeHO, YTO CPEaHSS
KPYIHOCTb KaMH4 B Tese OyH coctaBiser ot 0,5
mo 1 M, a Macca COOTBETCTBEHHO OT 150 mo
1300 kr. A B mpoexTe OBLIO NPeryCMOTPEHO
CTPOMTENBCTBO M3 KaMHSI KPYMHOCTBIO OKOJIO
1,5 M 1 Maccori oT 3 10 5 T.

Heo6xonuMo oTMETHTH €Ié W HEeCOOTBET-
CTBHE KayeCTBa CAMOTO KaMHs MIPOEKTY, 4YacTo
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Puc. 4. OyeHKa KpynHOCMU KaMHs1 8 KaMeHHOHabPOCHbIX 6yHax [(homo aemopa 20.07.2007].

UCIIONB3YETCs KAMEHb HU3KOM IPOYHOCTH U C CO-
OTHOIIIEHHEM CTOpPOH Oonee Tpéx. B cooTBeT-
creun ¢ FOCT P 70021-20223 npu cTpouTeb-
CTBE Oepero3aliuTHBIX COOPYKEHHI He0OX0/IH-
MO NPUMEHSATH OJHOPOJHBIN 10 COCTaBy Helle-
maaHelid KaMeHb. OTHOIIEHHE MaKCUMalIbHOTO
pa3Mepa Ka)xIoro KaMHs K MHHUMaJbHOMY He
JIOJDKHO TPEBBINIATh 3. DT0 TpeboBaHHEe 00-
YCIIOBJICHO YCTOHYMBOCTBIO KaMHs Ha OTKOCE
IIpY BOJIHOBOM Bo3zelicTBUU. M3BecTHEI ciyyau,
KOT/Ia COOPY)XEHHE, IOCTPOEHHOE U3 KaMHs
TUINTYaTON (POPMBI, pa3pyLIaoch, XOTS 110 pa3-
Mepy KaMeHb COOTBETCTBOBAJI pacyéraMm.

J1J1st npoBEpKH BIMSHUS JIEIAaTHOCTH KaMHs
Ha yCTOMYMBOCTH OyH K BOJHOBOMY BO3[Eii-
CTBHIO ObLIa MPOBENIEHa CePHsl IKCIIEPUMEHTOB
B Cpe/IHeM BOJIHOBOM OacceiiHe Ha DKCIIepHUMEH-
tanbpHO# 6aze HUI] «Mopckue 6eperay.

DKCrepUMEHTANIbHBIE UCCIIEIOBAHNS BBINO-
HSUTUCh B COOTBETCTBHHU C OOIIEM3BECTHON Me-
TOIMKOM, ONMUCaHHOW B paborax [8, 18-20],
B OCHOBE KOTOPOH 3aJI0)KE€Ha TEOpHsl MOA00UsL.
[Ipu ymeHblIeHUH 00BEKTa MOACIHUPOBAHUS
JIOJDKHO 00€CIeYHBaThCSI TEOMETPUYECKOE T10-
nobue, momodre BOJTHOBOIO PEXHMMa, MOBEPX-
HOCTHBIX M 00BEMHEIX cuil. Korma Ha momenu
U B HaType OfHA M Ta K€ KMIKOCTh (BOJa),
Hellb3s1 OJIHOBPEMEHHO 00eCIIeUUTh MOJ00He MO
yncnam Peiinonbaca u @pyna. OnHako 1is pe-
IIEHHUS MHOTHUX 3aJ1a4 U He TPeOyeTcsl OJJHOBpe-
MEHHOE 1mo100ue Mo 06oum mapamerpam [21].

DKCrIepUMEHTANIbHBIE UCCIIEIOBAHNS BBINO-
Hsutich B MaciuTatoe 1:30. PacrionoxeHue roios-

3TOCT P 70021-2022 KameHb MPUPOAHBIH 17151 MOPCKHX
Oepero3amuTHBIX U OTPaAUTENbHBIX COOPYKEHHI.
Texnnueckue ycnosuss. — M.: Poccuiickuii MHCTUTYT
crannapruzamuu. 2022. — 10 c¢. [DnekTpoHHBIN pecypc]:
https://standartgost.ru/g/%D0%93%D0%9E%D0%A1%D
0%A2_%D0%A0_70021-2022. Toctyn 24.05.2023.

®  Mup TpaHcnopTa. 2023

HBIX YacTe OyH, MOJBEPIKEHHBIX HANOOJbILIEMY
BOJIHOBOMY BO3/JEHCTBHIO, COBIIAAJIO C IMHUEH
nocJieIHero o0pyIIeHus: BOJH. Bricora BONH
cocTasisuia 3,6 M, a cpeaauit nepuon — 10,2 c.
B3aumopnelicTBre HCXOHOIO BOJHEHHUS C KAMEH-
HOHAOPOCHOI OyHOM TIpe/ICTaBIeHO Ha pUC. 5.

B pesynbrare npoBeneHUsl IKCIEpUMEHTA
MOJIy4eHO, YTO KaMEHb IUTUTYaTOi (OpMBI, OT-
CBINIAHHBIN B TOJIOBHOM 4acTy OyHBI, [0 CPaBHE-
HHUIO ¢ KaMHEM, 110 (opMe MPUOTHKCHHBIM
K LIapy, MEHEE YyCTONYMB K BOJJHOBOMY BO3J€EH-
CTBHIO, U COOPYIKEHHUE, IOCTPOSHHOE U3 TAKOTO
KaMmHsi, paspymiaerca. Ha puc. 6 mokasan Buj
Mozeiu 0e3 BO/IbI 10 OKOHYAHHH OTTbITa. [ 0110B-
Hasl YacTh KAMEHHOHAOPOCHOM OyHBI IPOTSHKEH-
HOCTBIO 22 M OblIa paspylieHa. DTO MPUBEIO
K TOMY, YTO TUISDKEYICPKHUBAOLIAsi CTIOCOOHOCTD
OyHBI YXY/IIMJIACh, U IIMPHHA IUISKA C TIPOEKT-
HBIX 35 M yMeHbInmiach 1o 15. Takum obpaszom,
OCHOBHas! (pyHKIUS OyHBI — yliepKaHHe TUIsDKe-
BOTO MaTrepuala — He BBIIIOJIHSIETCS.

Y4uTHIBast ONBIT HAOIIONCHUS 32 TIOCTPOCH-
HBIMU HaOpOCHBIMH OyHaMH M BBITIOJIHEHHBIC
9KCIIEPUMEHTAIIbHBIC HCCIIEOBAHUS 110 YCTOM-
YUBOCTH HAOPOCHBIX COOPYIKEHUH K BOJTHOBOMY
BO3JCHCTBUIO, CACIaH BHIBOJ, YTO OCHOBHOM
IPYNIOIl 2JIEMEHTOB SIBJIsETCS HaOpocka U3
KaMHs1 WJIM OETOHHBIX MaCCHBOB, TaK KaK OTeps
YCTOHYMBOCTH OTJCIBHBIX HJIEMEHTOB HAOPOCKHU
BIIMSIET HA IUISHKEY/IEPIKUBAIOLILYIO CIIOCOOHOCTh
HaOpOCHOI1 OyHBI B LIEJIOM.

[Ipennaraercst aeneHre HAOPOCHBIX OyH Ha
OT/ICJIBbHBIE AJIEMEHTHI [0 CTEIEHU UX BECOMO-
ct. B cocraBe HAOpOCHBIX OyH MOXKHO BbIJie-
JIUTh JIBE OCHOBHBIE I'PYIIIIBI AJIEMEHTOB C COOT-
BETCTBYIOUIMMHU K03(p(UIIMEHTaMU BECOMOCTH
b,: nabpocka u3 KaMHs WM MacCuBOB b, = 80 %
U 1HO Tepe] coopyxenueM b, = 20 %. Ilepe-

03 (106). C. 42-49
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Puc. 5. Bsaumodelicmeue 80JH ¢ kameHHOHabpocHoli 6yHoll [(homo asmopal.

Puc. 6. Bud kameHHoHabpocHoii 6yHbI N0 OKOHYaHUU 3KcnepuMeHma [(homo asmopal.

yniyOneHue AHa, B TOM YHUCIE W JIOKAJIBHOE,
MOKET MPHUBECTH K YBEJINYECHHIO BOJHOBOTO
BO3JICHCTBHS HA COOPY>KEHHUE U K IIOTEPE yCTOH-
YHBOCTH OT/EJIbHBIX JIEMEHTOB HAOPOCKHU.

Jnist OLEHKHM TEXHHMYECKOTO COCTOSTHHS Ha-
OPOCHBIX COOPYKEHUI [T0 METOIUKE, OMTHCAHHOM
B [13—15], HEoOXoAMMO HE TONBKO Pa3[eIUTh
HaOpocHble OyHBI HA OTAEJIbHBIC DJIEMEHTHI 10
CTEIIeHU X BECOMOCTH, HO U MOIYyYUTh KPHUTE-
PHYH TEXHUYECKOTO COCTOSIHUS 110 BUAaM aedex-
TOB JIJIsl K&XKJIOTO AJIEMEHTa PaccCMaTpHBaeMoro
coopyxeHus. B coorserctBuu ¢ [15] TexHuue-
CKO€ COCTOSIHHE COOPY)KEHUS IOApa3AemsieTcs
Ha IISITh TPYIIL: OT HOPMATUBHOT'O (MCIIPABHOTO)
COCTOSIHUS 10 TIpeliesibHoro (aBapuiiHoro). Ko-
3¢ GHUIMEHT COXPAHHOCTHU COOPYIKEHHUS, OTIPEIe-
nsieMblit o popmyse 4.22, i HOPMATHBHOTO
(MCIIPaBHOTO) COCTOSHMA COCTaBJIACT a, = I,
a Juis peziesibHorOo (aBapuiinoro) —a, = 0.
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s onpenencenus ko3hduUIMEHTa COXpaH-
HOCTH TPYMIIBI OJHOPOIHBIX 3JIEMEHTOB @, 110
dopmyse 4.1? pu BHIMOIHEHHH KOMILIEKCHOTO
o0cneoBaHMsl MyTEM DKCIIEPTHOW OLICHKH He-
00X0ZIMMO HAa3HAYUTH YACTHOE 3HAYCHUE KOI(-
¢buIIeHTa COXPAHHOCTH OTAESIBHOTO IEMEHTa
a.. B cnyuae Qukcaiun 10KanbHOro nepeyriyo-
JICHUS JHA TIEPE COOPYKEHHEM Ha TIIyOUHY He
6osee 0,2 M 1 Ha yyacTke JUIMHOH He Oosee 0,25
OT JMaMeTpa KaMHS WJIH BBICOTBI OETOHHOTO
MacCHUBa IIPUCBanBaeTcsl paboToCHOCOOHOE CO-
CTOSIHHE JIEMEHTA C @, = 1,0-0,8. llpenensHoe
(aBapuitHOE) COCTOSTHHE C a, = 0,2-0 npucsau-
BaeTCs MpU (UKCALUH JOKATIBHOIO Mepeyrnyo-
neHus Ha nyOuHy Gonee 0,5 M 1 Ha y4yacTKe THa
npoTsk€HHOCThIO Oonee 0,25 oT nuamerpa
KaMHSI WM BBICOTBI OETOHHOTO MacCHBA.

KoadduuneHT coxpaHHOCTH OTIEIBHBIX
3NIEMEHTOB HAOPOCKHU U3 KAMHS WK GETOHHBIX
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1. Beimonsmte meneHne HADpOCHEIX OVH Ha OTHENBHEIE
ATEMEHTEL
anement 1. Habpocka 1z xaMua n/iom 0STOHHE MACCHEOR;
amemenT 2. JJHO nepes coopyKeHIeM

2. INpysate ko3dPMIRIEHT BECOMOCTH bi TPYIIT WIEMEHTOE E COCTABE COOPYKEHIT
B cooTBeTCTBMM ¢ Tabmmiat 4.6 TOCT P 59241-2020

3. Onpepenyrs ko3 GHMIIMEHT COXPAaHHOCTH IDYTINEI 0THOPOIHEIX NIEMEeHTOE 110
dopuyne 4.1, 8 cooteercTeim ¢ Tabmmiedt 4.5 u npurosennem A TOCT P 59241-2020

4. Onpepenurs kosd GrLpIeHT COXPAHHOCTH 4 HabpocHoil OVHEL B enom no dopuymne 4.2
TOCT P 59241-2020

5. To xoad dHImMeHTY COXPAHHOCTH @» MPUCBONTE B TEXHMHYECKOr0 COCTOAHMA HabpocHo#
Oyue! o Tabmine 4.5 TOCT P 59241-2020: HopmameHoe (McrpaeHoe), paboTocniocobuoe,

orpasHIHeHHO paboTocnocobHoe, HepaboTtocmocobHoe, MpefensHoe (aBapHiiHoe)

6. [To BMOY TEXHMYECKOrO COCTOAHNA HAOPOCHOi OYVHEI OIpenenTs MepOorpHATHA 10
obecriegernroed pabotocrocobrHocTi o Tabmimie 4.5 TOCT P 59241-2020

Meponpiatia | | Bueouepensoit mm | | Kanuranese:nt
He TpebyroTea TeKy MMt peMOHT PEMOHT

Jamena wm
Crmcasre

Boccranoenere

Puc. 7. Bnok-cxema 0ns onpedeneHusi MeXHUYecKo20 COCMOsHUS U mpeGyembix

A

ponpusimuti no yeHuto pabomocnoco6Hocmu

HabpocHbIX 6YH [8bINONHEHO a8MOpPOM].

MacCHMBOB HEOOXOAMMO HA3HAYaTh MO BUAAM
JIe(eKTOB: pa3MBIBBI M OIIOJI3HH OTKOCOB, OT-
KJIOHEHHE MAacCChl M OTKJIOHEHHWE NMPOYHOCTH
KaMHEH MM OETOHHBIX MaCCHBOB B MEHBIIYIO
cropony. K paboTocrnocoOHOMY COCTOSHHIO
ca, = 1,0—0,8 He0OX0TUMO OTHOCHTB 3JIEMEH-
TBI COOPY>KCHHSI, TP KOTOPBIX OTCYTCTBYIOT
Pa3MBIBBI M OTIOJI3HH OTKOCOB HaOpOCKH, Mac-
Ca 3JIEMEHTOB HAOPOCKH OTIMYACTCS B MECHb-
IIYI0 CTOPOHY OT MPOEKTHON Ha BEINUHHY HE
6omee 5 %, 1 OTKIIOHEHHE TPOYHOCTH HIIEMEH-
Ta OTJINYAETCS] B MEHBIIYIO CTOPOHY OT TIpO-
eKTHOW Ha BenmuuMHy He Oosee 7 %. K mpe-
JeNbHOMY (aBapHHOMY) COCTOSIHHIO C a, =
0,2—0 cCOOTBETCTBEHHO OTHOCAT 3JIEMEHTHI
COOPYXEHUSI C OTKJIOHEHHEM MacChl HIEMEHTOB
6oxee yem Ha 10 %, a ¢ OTKIOHEHHEM ITPOY-
HOCTH — Oonee yeM Ha 20 % B MEHBIIYIO OT
MIPOEKTHBIX BeIHYNH cTOpoHy. Koadpumuent
COXPaHHOCTH IS pa3MbIBa U OMOJI3HEH OTKO-
Ca OTPEACIAETCS IKCIEPTHBIM ITyTEM B 3aBH-
CUMOCTH OT WX BEJINIHHBI.

BbIBOAbI

Ha ocHOBaHMH MPEATIOKEHHBIX KPUTSPHEB
MOCTPOCHA OJIOK-CXeMa ISl OTPEICICHUS TeX-
HUYECKOTO COCTOSTHHS U TPEOYEMBIX MEPOITPHSI-
THH TI0 00eCIIeYeHNI0 PabOTOCITIOCOOHOCTH Ha-
OpOoCHBIX OyH U3 KaMHS 1/¥ITi OSTOHHBIX MacCH-
BOB (puc. 7).

®  Mup TpaHcnopTa. 2023.

[IpennoxxeHHBIC aBTOPOM KPUTECPHUU IS
OIICHKH TEXHUYECKOTO COCTOSHHS HAOPOCHBIX
OyH BKJIIOYECHBI B pa3paboranublii HayuHo-
HCCIICIOBATEILCKUM TIeHTpoM «Mopckue Oepe-
ra» TOCT P 59241-20207, 3T0 O3BOJIUT IIOBEI-
CUTh 0€30IaCHOCTh IKCILTyaTalllt KEJIEe3HOI0-
POXKHOTO MyTH Ha y4acTKaX, MOJABEPIKCHHBIX
BOJIHOBOMY BO3/I€HCTBUIO.
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AHHOTALIUA

Ha cemsx xenesHbix 0opoe akcniyamupyemcs 60buioe
YUCIO UCKYCCMBEHHBIX COOPYXEeHUl, MOCmos, nymenpogodos,
mpy6, nomkoe. MckyccmeeHHble COOPYXeHUs! paccyumaHbl Ha
OnumerbHbIe COOKU KChyamauyuu, 8 Xo0e Komopol OHU Hyxda-
fomes 8 kanumanbHOM PEMOHME USTU PEKOHCMPYKUUU C npume-
HEHUeM Co8pemeHHbIX Mamepuarog U mexHonozul. B cospemen-
HbIX YCrIosUsIX paseumus xenesHbix dopoe npoucxodum pocm
0CesbIX Hagpy30K U ckopocmel OBLXKEHUSI, YMO nosbiwaem ak-
myanbHOCMb peweHus 3aday, cesi3aHHbIX ¢ OUHaMUYECKUM 803-
Oelicmeuem noe3008 Ha UCKYCCMBEHHbIE COOPYKEHUS U 3eMIsHOe
nomomHo. B cuny cneyucbuku cmpoumenbemea U codepxanus
y4acmkoe Xene3Hod0pOXHO20 nymu Ha nodxodax K MOCMOosbIM
COOPYXEHUSM Cesi3aHHasi ¢ HUMU npobremamuka mpebyem om-
0erbH020 PacCMOMPEHUS.

WccnedosaHue, pesynbmams| KOmopo2o npueedeHbl 8 cma-
mbe, Ob1T0 NOCBAUEHO BNIUSHUI aHU30MPONUU 8EPXHE20 CMPOe-
HUSt nymu Ha napamempb] duHamu4eckol ocadku npedMocmoshIx

OuHamuyeckuli npoaub.
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BnusHne aHM30TPONHLIX CBOUCTB BEPXHErO
CTPOEHMSA Xene3HOAO0POXHOro NyTH Ha NnapamMeTpbl
AUHAMWYeCKOW 0CaaKu NpeaMOCTOBbIX Y4aCTKOB
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y4acmkog nepexo0HoU XECMKOCMU, yCMPOEHHBIX C NPUMEHEHU-
em 6e300HHbIX KOpobos.

B nposedéHHom uccredosaHuu xene3Ho00pOXHbIL nymb 8
npedenax nepexodHoe20 yyacmka npednazaemes Modenupogams
8 gude Habopa NMOCKUX 3/1eMeHMOo8 NOCMOSHHOLU MOAWUHbI,
Kax0b I U3 KoOmopbIx npedcmasneH aHu30mponHoU nnacmuHoU,
onupatowelicss Ha 0eghopmupyeMoe 0CHOBaHUE CO C80UMU na-
pamempamu degpopmamusHocmu. [lokaszaHo, ymo, 3adasas
2paHuU4Hble ycrogus 0n1si omOenbHbIX hpazMeHmos KOHCMpYK-
Yuu nymu u eapbupys KoaghgpuyueHms| aHu3omponuu, onpede-
NAI0WUe COOMHOWEHUST €€ MeXaHUYecKux Xapakmepucmuk 8
PpasHbIX HanpaereHusix, MoxHo nodobpame mpebyemble napa-
Mempbl XECMKOCMU Xene3HoA0POXHO20 nymu & npedenax
npedmocmosozo yyacmka, Ymo no3gonisem e 0anbHelwux uc-
cnedosanusnx nepelimu K pacCMOMPEHUID KOHCMPYKMUBHbIX
ocobeHHocmel npoekmuposaHus u ycmpolicmsa 0aHHbIX KOH-
cmpyKyud.

Kniouesble crioga: xenesHble 00poau, UCKYCCMBEHHbIE COOPYXeEHUs, NepexodHol yyacmok, Modysb ynpyaocmu, 6e300HHbIE KO-
poba, yacmoma cobcmeeHHbIx KonebaHutll, aHusomponHas niacmuHa, Memod 0ekomnosuyull, useubHas u cogu208as xécmkocmu,
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3a UEHHble cosemb! U MHeHUs npu HanucaHuu cmambUu.
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BBEOEHUE
IMocTanoBka npodseMbl

Ha ceru xene3nsix nopor Poccuiickoi @e-
JIepalnu HKCILTyaTHpyeTcst OKolo 83 ThICSY
nckyccTBeHHBIX coopyxkennit (MCCO), n3 Hux
MOCTHI ¥ ITyTEIPOBOABI COCTABISIOT 37 %, Ha
JIOJTIO TPYO 1 JIOTKOB mpuxoauTcst 59 %. Muorue
13 MCKYCCTBEHHBIX COOPYXCHHH HYKIArOTCA
B HEOTJIO)KHOM KallMTAJIBHOM PEMOHTE JINOO
PEKOHCTPYKIMU C TIPUMEHEHHEM COBPEMEHHBIX
MarepuaioB u TexHosoruil. Kpome sroro, no-
BBINICHUE OCEBBIX HArPy30K M CKOPOCTEH JBH-
KEHUS TPeOyeT yTOUYHEHHS W JeTalu3anuu
CIIOXKHMBIIUXCS TOAXOM0B K PEIICHHUIO 3a/ad,
CBSI3aHHBIX C JUHAMHYECKHUM BO3JEHCTBHEM
noe310B Ha 006ekThl MCCO u 3eMIISTHOTO TI0-
notHa. [Ipn 3ToM ykazaHHast mpobiemMa mpen-
CTaBISICTCS AKTyaJbHOMN IS KEIE3HBIX JOPOT
OOJBITMHCTBA CTPAH B CHITY OOJBIION ATUTEIh-
HOCTH cpokoB dkciuryarannn MCCO u coBpe-
MEHHBIX TCHICHIINN Pa3BUTHUS KEIEIHOTOPOXK-
HOTO TPaHCIIOpTa.

MecTa CONpsKEHUS JKEIE3HOAOPOKHOTO
myTta ¢ UICCO gBNSIOTCS OMHUM U3 OCHOBHBIX
Y9IacTKOB PE3KOTO M3MEHECHHS BEPTHKAIbHOMN
XKECTKOCTH My TH, YTO MPUBOAUT K YCKOPEHHOMY
BBIXO/ly M3 CTPOS 2JIEMEHTOB BEPXHETO CTPOE-
aus mytu (BCII), yBenndeHnio BpeMeHH! U pe-
CypCOB, HEOOXOIMMBIX IS TEXHUIECKOTO 00-
CITy’)KUBaHHUS y4acTKa, a TaKkke TpeOyeT mpume-
HEHUSI CICIHAIbHBIX TEXHOJIOTHI CTPOUTEIH-
cTBa  conepkanus [ 1-8].

IIpn ycTpolicTBE y4yacTKOB NEPEMEHHOM
XKECTKOCTH MCIOIB3YIOTCS pa3InIHbIE KOH-
CTPYKIIMH, PEKOMEH/IOBAaHHEIE, B TOM YHCIIE
1 B paMKaxX MEXTyHapOIHBIX OpraHU3alHi,
Hanpumep OCXK/, aist co3ganns mocTeneHHo-
TO HUBEJINPOBAHMSA )KECTKOCTH HOAPETHCOBOTO
ocHoBaHus Ha oaxozae k UCCO [9].

OnHako pOCT OCEBBIX HArpy30K, yBEIHUE-
HUE TIOJINTOHA TSKEJIOBECHOTO M CKOPOCTHOTO
JIBVKCHUS CTaBAT 3aAady Oojiee AETATBHOTO
HCCIE0BaHM TUHAMHIECKOTO BO3ACHCTBHSA
MTOJIBIKHOTO COCTaBa Ha KOHCTPYKIHIO y4acT-
KOB NIEPEXOHOM )KECTKOCTHU C LIEJIbIO UX ONTH-
MU3aIIH.

B menom, ¢ Toukm 3peHust chopMHpPOBAB-
IIUXCSI TOAXON0B K HAyYHOW METONOJOTHH
1 TIPOBEICHHUIO MHKEHEPHBIX PacuEéToB, MPOO-
JIEMBI AMHAMHYECKOTO BO3JCHCTBUS Ha ydacT-
Kax pas3janyHOM KECTKOCTU MOIAPEITbCOBOIO
OCHOBAHHMS PacCMaTpUBAIOTCA ITyTEM MOICIH-
pOBaHMUS C HCITONIb30BaHNEM AU PepeHITHaTb-
HBIX pacuéToB, KOTOPBIE TIPOBOIATCS IS ABYX
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CErMEeHTOB, COEIMHEHHBIX IEPEXOAHBIM YUaCT-
KOM.

B pabotax [10—17] o pe3ysibraram aHaju-
3a IPOBEAEHHBIX HATYPHBIX JIKCIEPUMEHTOB
OBbLIM CMOJEIMPOBAHBI KEIE3HOIOPOKHBIC
MEPEXOIHbIC 30HBI JJIsi IPOTHO3UPOBAHUS MX
KpPaTKOCPOYHOTO U JIOJITOCPOYHOTO MOBEACHUS
1071 IOBBILICHHOW NOE31HOW Harpyskoil. Pe-
3yJBTaThl MOKa3ajH, YTO MPOTHO pernbca Ha
MEPEXOHOM Y4acTKe C HACHIKA Ha MOCT OKa-
3bIBAET 3HAYMTEIBHOE BIMSHUE HA BEIMYUHY
JIMHAMHUYECKOTO BO3JICHCTBUSI KoJieca Ha pellbC,
a TaK)Ke ero BepTUKAIbHOE YCKOPEHHUE, BEJH-
YHHa KOTOPOTO B MOMEHT NpOX0Ja Kojeca
4yepe3 KOHTPOJIbHOE CeueHHe He JOJDKHA Mpe-
Boimath 0,1g, rie g — yckopeHue cBoOOHOTO
naaeHus. [[poBen€HHbIN NTMHAMUYECKUI aHa-
nu3 JeGopMalMOHHBIX CBOMCTB MOCTOBOTO
nepexojga ¥ xapakTepa B3aMMOAEHCTBUS
MEX]y COCTaBOM H ITyTEM, IIO3BOJINII BBISIBUTh
OCHOBHBIE ()aKTOPBI, BIUSIONINE HA TUHAMHUKY
npoiecca: CKOpOCTh MOE3/I0B MO y4acTKYy,
nedopmaruio ot mporuda penbca, H3MEHEHUE
HKECTKOCTHBIX XapaKTEPUCTUK TOAPEITHCOBOTO
ocHoBaHus u 1p. [Ipu aTOM 3aryxaHue BepTH-
KaJbHBIX HampspkeHni coctapiseT 40 %—60 %
Ha ryoune 0,6 M, 80 %—-90 % Ha royOune
2,5 m [18-21].

eab ucciienoBaHust

Ilenbro HaCTOSIIETO UCCIICIOBAHHMS SIBIISIIOCH
pelIeHrne 0CECUMMETPUIHOH 3a]1a91 MOICTTHUPO-
BaHHS KOHCTPYKIUH ydacTKa IEpPEeMEHHOM
KECTKOCTH M3 OE3OHHBIX KOPOOOB, COOTBET-
CTBYIOIIECH MPSIMOMY YYacTKY XKeJIe3HOIOPOXK-
HOTO NyTH. ['MmoTe30i MccienoBaHus ObLIa
BO3MO)KHOCTb ITOI00PAaTh MPH 3a1aHHOM MaKCH-
MaJbHOM 3HAUY€HUHU BEPTUKAJIBLHOTO TIepeMelie-
HUsl TpeOyemble MmapaMeTpbl KECTKOCTH KOH-
CTPYKLIMHU Y4YacTKa IEPEMEHHOMN KECTKOCTH
B TPEX OCHOBHBIX HalPABICHUSIX aHU3O0TPOIIHH,
4TO B JiaJIbHEHIIIEM O3BONISET C(HOPMYITUPOBATh
0COOCHHOCTH HPOCKTUPOBAHHS U yCTPOHCTBA
JIAHHBIX KOHCTPYKLIMH.

PE3YNbTATbI
MeToauka uccjie10BaHUA

JI71s1 yuaCTKOB ITOBBILIEHHON OCEBOM Harpys3-
KU TIpe[yiaraeTcsi IpuMeHeHUe 0e3OHHBIX KO-
po0OB, 3aMOTHAEMBIX OATIIACTHBIM MaTEPHAIOM
(puc. 1). Beicota xopo6oB BappupyeTCcsa MO
JUTMHE TIEPEXOTHOT0 YYacTKa OT MaKCHMaJIbHON
(oK0JI0 yCcTOS MOCTa) 10 MUHUMAJIBHOH (B MecTe
COTPSDKEHHS ¢ OOBIYHBIM MYTEM) B Ipejenax
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£
”?Fi 2,5-0,8 m. [Tpu 3TOM MOIyITH Iehopmaltiu OyaeT

- cHUXartbes oT MecTa conpsibkenuss UCCO ¢ nog-
XO/IaMU TIO JJIMHE BJIOJIb MyTH 10 25 M ot 130
MIla no 80 MIla (puc. 2).

[Ipennaraercs paccMOTpeTh U3MEHEHHE
YaCTOTBI COOCTBEHHBIX KOJIEOAHU T KOHCTPYKLIUH
y4yacTKa IepexoHOM IKECTKOCTH JUIsl MOJIENIbHO-
rO IUIOCKOTO 3JIEMEHTa C y4€TOM B3anMMOJIEHi-
CTBUSL C JPYTHMU DJIEMEHTaMH KOHCTPYKIIMH
IyTH, aHU30TPOIHBIX CBOWCTB M Pa3JIMYHBIX
TpaHW4HBIX ycaoBuii [22-25]. ITpu 3ToM BepxHee
CTpPOEHHE KEJIC3HOOPOXKHOTO MY TH U 3eMJISTHOE
TIOJIOTHO HIOJ1 HUM Ha BCIO BBICOTY HACBIIH TPe]-
CTaBJSIETCSl B BUJIE HabOpa CJIOEB MMOCTOSHHOM

. ] TOJIIMHBI, INIOTHO IPHJIETAIOIIHX APYT K APYTY.
| B oredecTBeHHO# 1 3apyOeKHOM TUTEpaType
MOYKHO BBIICJIMTH JBa MOJX0Ja K MaTeMarHye-
CKOMY MOJICJIMPOBAHHIO TaKUX COOPYKEHUH.
[lepBbIii MOAX0O/ 3aKITI0YAETCS B arperupoOBaHUH
TUIOCKHX MOCIOWHBIX MOJIeNIer C pa3HOOOpa3HbI-
MU CBOHCTBaMHU B €JIMHYIO MHOTOCIJIOHHYIO
KOHCTpPYKIHIO. BTOpoii moaxox 0CHOBaH Ha HC-
CJIeIOBAaHUU OJHOCIIOMHON KOHCTPYKLUH, AJSA
KOTOPOH YUUTHIBAIOTCS| aHHU30TPOITHBIE CBOMCTBA
B Pa3jMYHBIX HANPABICHUAX aHU3O0TPOIHH.
dakTHuecKr U3MEHEHNE MEXaHUUECKUX XapaK-
TEPUCTHK Marepualia MOo3BOJISIET HOCPEACTBOM
UCIIONIb30BaHMsI IPUBEAEHHBIX BEIUYUH MOJIE-
JIUPOBATh HEOIHOPOAHBIE cperbl [26—28]. Mo-
JIeJIH, ONPEAEISIOINNEe HCIOIb3yEeMble IS
JTJIbHEUIINX pacy€TOB ypaBHEHHS, U B [IEPBOM,
U BO BTOPOM Cilyyae HEOOXOAWMO JOIOJHSTH
IPaHUYHBIMH YCJIOBUSIMH Ha TPAHSX U CONIPUKaA-
CaIOIIUXCS TOBEPXHOCTSAX, a TAKXKE C TIOMOIIBIO
HaydaJbHBIX yCIIOBUH 3a/laBaTh 0COOEHHOCTH
MIPUIOKEHUST AMHAMUYECKOW Harpy3Kd OT I10-
JIBHDKHOTO COCTaBa.

B Hacrosiiem ncciejoBaHnY 32 OCHOBY B3SIT
BTOpPOI monxo1. JKene3HoAopOXKHbIH My Th MPe-
JIaraeTcsi MOAEIMPOBATh INIOCKUMU 3JIEMEHTaMHU,
Ka)XXJbIil U3 KOTOPBIX NPENCTaBIECH aHU30TPOII-
HOW ITACTUHOIA, OITUparoIeiics Ha aedopmupye-
MOE OCHOBaHHE CO CBOMMH IIapameTpamu jedop-
MaruBHOCTHU. [10 KOHTYpY MOTYT OBITH UCIIOJIb-
30BaHbI pa3JIMuHbIE KPaeBbIE YCIOBUS, BAPbHPYS
KOTOpBIE, MOYKHO JOOUTHCSI XOPOLIETO COOTBET-
CTBHS PEAIbHON KOHCTPYKLIUH KEJIEe3HOI0POXK-
HOTO MyTH U e€ Marematnueckoit mozxenu. Oc-
HOBHBIMH y4aCTKaMH JKeJIE3HOAOPOXKHOTO ITyTH,
IUJIS KOTOPBIX MOJXOAAT TaKHe, B I[EJIOM He
TPUBHAJIbHBIE TOAXOJBI, SBISIOTCS YYaCTKH
NIepPEMEHHOI1 KECTKOCTH Nepe]] U MOCIIe UCKYC-
CTBEHHBIX COOPY)KEHHH Ha JIMHEHHBIX 00BEKTaX
TPaHCIOPTHOM UH(PACTPYKTYPBI.
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= i NNaM TENa XeNne3H0ZopoxMOrD NoNoTHE
G N
™| nnax Tena XeneIHOADPOMHOID NOMGTHA HA NEPEXDZHOM yHacTre 80'1 100 120"MPa
-E 90"} 1107 130"MPa
v v b}
_‘[_wucrwn YOIN 8HUA NOAWNANLHOMD a b & H

3esn AHOE NONOTHO
60" 80" 100" MPa
nonpaska Tonw kbl K yenory 1.1

IEMIBHOE DCHOBAHNE
40°, 607 B0"MPa

Puc. 2. Tpe6oeaHue K KOHCMPYKYUU nepexo0H020 y4acmka 0nsi Mocma ¢ 6e36annacmibiv nonomHom [9, puc. 23].

B kagecTBe MaTreMaTnuecKoi MOJIENH, OITHCHI-
BAIOLIEH MHAMUYECKOE [I0BE/ICHHE TPAHCBEPCAIIb-
HO-HM30TPOIHO# TUIACTHHBI, JIeKamel Ha aedop-
MHPYEMOM OCHOBAaHHMHU ¥ WCIIBITHIBAIOIICH BO3-
JIeiCTBUE BHEIIHEH HOPMAJIbHOW HArpys3KH, UMH-
TUpYIOLIEH BO3AEHCTBHE MOABMKHOTO COCTaBa,
IpeuIaraeTcs UCIOIb30BaTh ypaBHEHNE IoNepey-
HBIX KOJIeOaHH 1151 TPAaHCBEPCATbHO-U30TPOITHOM
TUIACTUHBI TIOCTOSHHOM TOMIINHBL, XKECTKO ONEPTOI
T10 BCEM YeThIpEM cTopoHaM. FIMeHHO Takoe mpet-
CTaBJICHHE SIBJIAETCS Hanbosee MpUOIMKEHHBIM
TIPH MCTIOIb30BaHUU KOHCTPYKIMH JKeNe300€TOH-
HBIX KOPOOOB, OrpaHUYMBAIONIMX HEPEMEILCHHS
Marepuaia, HaXOASIIErocs BHyTpH 000JIOUKH, 110
BCEM HarpasieHusM. [I[puHnMaem, 4to 10 Hadasa
MPHIOKEHUS HATPY3KU IUIOCKUI 3IEMEHT pactio-
JIOXEH B 001acTu cleyronmx koopausar {0 <x
<1;0 <y <l;-h <z <hj},aypaBHeHue konebanuit
MOXKHO TIPE/ICTABUTh B BHJIE:

1527[/§/+A2 64’1{/ —A, a—zzAW+A4A2W+P(W) =0, (1)
ot ot ot
rae W — nomnepeyHoe CMEICHUE TOYEK CPEeUH-
HOW IIJIOCKOCTH TUIACTHHBI;
A — oneparop Jlamnaca.
[Ipu sToM KO3 PHUIMEHTH aHU30TPONHH

HUMCIOT BU!:
A1 =P

o2 41 -1 ﬁ
A, =p (A33 +3A44) b’

4= {‘pl (224,45 =3( A3~ 4,4, ) A4, A5 }}%2

A, =2A;;(A”A33—A,23)h7;;
A =2%pl;

A, =2S—hplh72(p1A4_: +34));
4, =—42£hplA”A;;,

TA€ BBEACHBI CICAYIOIINE 0003HaYCHHS:
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3
PW)= A, %+ A, a@lg/ + AA% — OTTIOD;

p, — TUIOTHOCTB;

b — cKOPOCTB TIOTIEPEYHO BOJTHBI;
A,=A4,=...= A, — xoodPuImeHTs anu-
30TPONHH, OIPEEISIONIIE COOTHOILCHNS MeXa-
HHYECKHX XapaKTEPUCTHK 3IIEMEHTOB KOHCTPYK-
IIUH B pa3HBIX HAPABICHUSX.

B HacrofIeM uccieqoBaHUN BBIAEISIOTCS
TPH OCHOBHBIX HAIPaBICHUS H3MEHEHUS MeXa-
HUYECKHX M T€OMETPHUYECKUX XapaKTEPUCTUK
KOHCTPYKIMH: TOPU30HTAIBHOE — BIOIb PEIIb-
COBBIX IUIETEH, MONEPEYHOE — BIOJb IIMNAal,
a TaK)KE BEPTHKAIBHOE HAIIPABJICHUE — BHU3 OT
YPOBHSI TOJIOBKH PEIbCa.

I'parndHBIC yCIOBHS U1l OTACNBHBIX (hpar-
MEHTOB KOHCTPYKLIH ITyTH B 3TOM CITydae IpH-

HUMAaIOT BH

W:%:O;xzo,ll, W:%:O;yzo,lz.
ox oy

2

Pemenne ypaBuenwus (1) cTpouTcs B crenyro-
IIEM BHJIC:

W (x,p,t)= W(x,y)exp(i%j , 3)

e § — 9acToTa COOCTBEHHBIX KOJEOaHHH IIa-
CTHHEI.

Torna ypaBHeHue (1) MOXKHO MPENCTAaBUTH
B BUJIEC:

W(x, y)(A*+ B A+ B,)=0. (4)
3nech
1 beY ., (BE)].
g =A4[‘A3 () (h)]’
(5)

2 4 3
w5 () (5 4))
A Uh h h h
Jlist yno6cTBa MpeaCcTaBICHHS TIEPEMEHHBIX
BEJINYMH M HAXOXKICHUS TEOMETPHIECCKHUX COOT-

HOUICHUH HMCIIONb3yeM Oe3pa3MepHbIC KOOP/IH-
HaThl ¥ QYHKIMK TIpOTHoda:
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l

b I
x=—ay=2EW (xy)=V(ewp) ;. (6)

VYuursiBas Oe3pa3MepHbIe KOOPIHHATHI H CO-
OTHOIIEHKe N =/, /1, ompenensroliee ypaBHEHHE
MOKHO MPECTABUTH B CICAYIOLIEM BUJE:

o o o
T '
oL soiopt " opt
V (a,p) =0.
NEEARYA
+B - >+1 +B,~;
-\ oo 6B T

st pemienust ypasaeHus (7) BOCIONb3yeM-
sl METOZIOM JICKOMIIO3HIIMIHA, PE/IIMOIAral0IIiM
paszeneHue oOIiel 3a1a4yd Ha TPU BCIOMOTa-

TCJIbHBIX, MOCJIC PCIICHUA KaXKJa0# u3 KOTOPBIX
PE3YIbTAT MpeAIaracTcda arperupoBaTh:

(M

o', V
o fi(aB) ¥, =0 a=0,mn
0%, _ _5V2_ -0
5[34 _f;(a’ﬁ) Vz_ 6B _OB_Oa T, (8)
, o
a0 20p”
LVt ht =0

2 2 2
n ( Oo 6[3 n
CornacHo METOAY JEKOMMO3UIIMiA, OyneM
MpUONMIKEHHO 10JIaraTh, 4TO

1
Vvt =5 (),

©

a B 33IaHHBIX TOYKAX IUIACTUHKHU IIPOU3BOJIbHbIC
(dyHKIMK OyeM HCKaTh B BUIE:

fi(0uB)= X @), sin(na)sin (mp) (10)
n,m=1

e a,(,fzn — NPOU3BOJIbHBIE IOCTOSIHHBIE, TAE | =

1,2.

OO1iee penieHne BCIIOMOTATeIbHBIX 3a/1a4

Oy/ieM uckarb B BUJIE:
w )

Vi(ep)= 3 e sin(na)sin (mp) +
i (B)+ 5w (B) + v (B) + v (B):

e .
V,(o,B)= n;} n“n,;:“ sin (na)sin (mB) +[%(|>1 (a)+ .

2 () 0, (o) 0, (@),

rae y (B) u ¢ (o) — npousBoNIbHEIE QYHKIHUH.
VnoenerBopsist 001Iee PeIeHIe TPaHNIHbIM
YCIIOBHSIM M YYHTHIBAsI BCOMOTaTeIIbHBIC 33/1a-
9H, MOXXHO OIIPEICIUTh BCE HPOHU3BOJIBHEIC
Gyuxuun ¥ (B) u ¢ (o) uepes cucremy:

(1) (2) _
ey + iy’ =0
{ . (12)

L =B Tznz[_l +

n
i $ -z —Lz —1+E +1;
2ont nt 4) n b

€= 1

c,, =—Im*

HewnsBecTHbIC BETMYMHBI, BXOASIINAE B CUC-
TeMy OIPEIeNIoNMX (YHKINOHATHHBIX YpaB-
HEHHH, IMCIOT HE HYJIEBOE 3HAYCHHE TOJIBKO IIPH
PaBEHCTBE HYIIO TIIABHOTO ompeaenurtens. c-
XOJISl M3 9TOTO YCIOBHS, MOYKHO TIOJTyYHTh Xapak-
TEPUCTHUYECKOE YpaBHEHHE, pa3peniaeMoe OTHO-
CUTEIIbHO 9aCTOT COOCTBEHHBIX KOJICOaHUU
MIOCKON KOHCTPYKIIHU:
d1a4 +d2§3 +d3§2 +d&+d; =0,

(13)

Ecnu 3aMeHnTh 0€CKOHEUHBIN MPOTKEH-
HBIH TUIOCKUH 3JIEMEHT Ha IIACTHHY C KOHEU-
HBIMHU pa3sMepaMH, TO K ONMHCAaHHBIM ypaBHE-
HUSIM MOXKHO JOOaBUTH KPaeBBIE YCIOBHS IO
TpaHsIM, B 3TOM CIy4ae MOXHO MOIYYUTh Xa-
PaKTEpUCTUYECKOE YPABHEHHE OTHOCUTENBHO
4acTOT COOCTBEHHBIX KojeOaHui. Bappupys
napaMeTpel 4, U IPUBOJISL HX B COOTBETCTBUE
C TEOMETPUUYECKUMH 1 MEXaHUYECKUMU XapakK-
TEPUCTHUKAMH PEaTbHON KOHCTPYKIUU JKEIE3-
HOJOPOXKHOTO MYTH, MOXHO MOJIY4YHUTh HE
TOJIBKO MaTE€MaTH4YECKOE PEIIEHUE WHKEHEP-
HOM 3a71a41 1e(pOPMUPOBAHUS BEPXHETO CTPOE-
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Puc. 3. I'paghuku 3agucumocmu IM N0 dnuHe yyacmka nepexodHoll xécmkocmu:
a) x=0-3M; 6) x=3-9Mm; 8) y=9-15M; 2) x = 15-24 M npu 3HaveHusx A11=2, A1=1,A33=2uAd4=2
[epachuku nocmpoeHsbI npu yyacmuu aemopaj:
A - koaghgpuyueHm aHusomponuu; eepmukanbHas ock (W) - eenuyuHa npozuba penbca, MM;
20pu3oHmarnbHas ocb (X) — koopduHambl MOYKU 3amMepa Ha peslbcoaoli nemu om Hayana paccMampueaeMo2o Ce2MeHma, M.

HUS MYTH NOJA NOABUXHON JUHAMUYECKOU
Harpy3Kkoi, HO M anmpoOUpOBaTh pa3linYHbIC
3JE€MEHTHl U MPOIEaYyPHl TEXHOIOTHYECKUX
MIPOIIECCOB COAEPKAHUA >KEIE3HOJOPOKHOTO
myTH [29-30].

[ocne ompezeneHus: 4acToT cOOCTBEHHBIX
KOJIeOaHHH MOYKHO TIOCTPOUTH U IIPOAHATH3HPO-
Barh rpauIecKue 3aBUCUMOCTH ISl BEPTHKAIIb-
HOTO TIepeMeIeHHsI TOYeK MEJHAHHON MTOBEPX-
HOCTH IIJIOCKOTO 3JIEMEHTa, MOIEIHPYIOIIEro
CETrMEHT KeJIe3HOJOPOKHOTO My TH. BepTuxains-
HOE IIepeMeIIeHHe BBIUYHCIIETCS COIIacHO CO-
oTHoIeHusM (3) 1 1o (aKTy MpeiCTaBIsIeT Co-
00 CyMMy BCEX BO3MOXHBIX BEPTHKAJIbHBIX
nepeMenieHui (mpocaaka, ocaaka, mepekoc,
MIPUBEIEHHBINA K OMHOW U3 HUTEH U T. 11.). [lomy-
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YEeHHbIE 3HAYEHNS MOTYT OBITh CPaBHEHBI C CyM-
MapHbIMH 3HaUEHUSIMH HEKOTOPBIX BEJINUHH,
BHOCSIIIUX BKJIAJ] B BEPTUKAILHOE IEpEMELIICHIE
TOYEK NYTH U ONpeeasseMblX BarOHOM-
Iy TEU3MEPUTENIEM.

OBCYXOEHUE

OnucaHHas BbIIIE MaTeMaTHYECKas MOZIENb
OblIa MPUMEHEHa I [IPOBEACHHS IIpaKTHYe-
CKUX pacd€ToB KOHCTPYKIMHU MYTH B Mpenenax
y4yacTKa IepeMeHHOH xkécTkocTu. IlepBbie u3
MOCTPOCHHBIX rpadrKoB (puc. 3a, 0) HoKa3bIBa-
0T 3aBUCUMOCTb BEPTHKAJIBHOTO IIEpEMEILIEHHS
OT KOOPJMHATHI MECTOIONOXKEHHS HCCIETyeMON
TOYKH KOHCTPYKIIMU BJIOJb PEJIbCOBOM IIETH.
ITomyueHHble pe3yabTaThl MO3BOJSAIOT ONpee-

®asunosa 3. T. BinsAHWe aHN30TPONHbLIX CBOMCTB BEPXHETO CTPOEHMUSA KENE3HOAOPOXHOro NyTH
Ha napaMeTpbl AMHAMUYECKON 0CaAKu NPeaMOCTOBBIX Y4aCTKOB
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a

Puc. 4. F'pacpuku 3agucumocmu: a) W, u 6) W,

AL AL AM-L b5

—— Al —— Al S ——A -]

6)

npu pa3sHbix Habopax 3HayeHuli A11 [2pagpuku nocmpoeHbl npu yyacmuu asmopaj:

A - koahhuyuenm aHuzomponuu;
eepmuranbHasi ock - a) (W, ) - sasucumocmb npozuba om 3HayeHus nepemeujeHus edonb penbcoeoil yenu, mu; 6) (W, ) - 3asucumocms
npozu6a om 3Ha4eHUsi 8EPMUKaNbHO20 NEPEMEUEHUS, MM;
20pu3oHManbHas ocb (X) - K0OpPAUHaMbI MOYKU 3amMepa Ha Pesbcosoll niemu, M.

ini ]

Ad1=10

al1=9

I

Puc. 5. Fpacpuk W,

) NPU U3MeHeHuU A11 [2pachuk nocmpoeH npu

yyacmuu asmopaj:

A - KoaghhuyueHm aHU3OMpPONUU; 8EPMUKaNbHasi 0Ch — (W(y) -
3aeucumocms npozuba om uamMeHeHus kécmkocmu 800/l
penbCcosoll nnemu, MM; 20puU30HMabHas och (y) - koopduHama!
movyKu 3aMepa 8 NonepeyHoOM HanpaesieHuu om ocu nymu, M.

JIUTh MECTa HaNOOJBIINX ¥ HAUMEHBILIHX Iepe-
MEIIEHUN MPH MPUIOKESHUU AUHAMUYECKOU
Harpy3Kku, a Tak)e BBIYHCIHUTH ONTHMAaJIbHbIN
pa3Mep cerMeHTa KOHCTPYKIHH HKEeJIe3HOIOPOXK-
HOTO MyTH (3TO MOXET OBITh JKeJIe300eTOHHAs
IUTATa, KOPOO, KECCOH U T. 1.) C TOYKHU 3PEHHUS
MUHHMHU3ALUU NepeMeIleH!i pu PpuKcanuuu
MEXaHU4YeCKUX (MOJY/b YNPYTrOCTH, MOAYJb
caura, koapdunuenr [Tyaccona u T. 1.) u xécT-

KOCTHBIX (M3rHOHAs, CABUTOBas XECTKOCTH,
LHUITMHPUYECKast KECTKOCTh U T. J1.) NapameT-
POB, YTO SIBJISIETCS] OIHOM U3 OCHOBHBIX Xapak-
TEPHUCTUK IKCIUTyaTalluy HKeJIe3HOIOPOXKHOTO
MyTH.

Jns 3amaHHBIX NpU pacu€rax mapameTrpoB
(U1 BEPTHKAJIBHOTO TIEpEMEIIeHHsI MOYKHO HC-
T10J1b30BaTh MaKCUMaJIbHbIC 3HAUCHUSI, yKa3aH-
HBbIE B OTEYECTBEHHBIX M 3apyOe)KHBIX HOpMa-
TUBHBIX JIOKYMEHTAX; OHHU COCTABIISIOT OPSIKA
10 MM) Haubonbmuit mporud HabIIOZANICS
B TOYKE C KOOPAWHATON 3 M, a HAUMEHbBIINUN —
B TOUKE C KOOPAUHATOH 6,8 M: B 9TOM JTMana3oHe
U JIOJDKHBI HAXOIUTHCS Pa3Mepbl B IUIAHE JUIS
9JIEMEHTOB KOHCTPYKIMH, YCHIMBAIOIINX y4a-
CTOK HYTH IMEpei WM MOCJe UCKYCCTBEHHOTO
COOPYIKEHHSI WITH B UHBIX MECTaX C YBEJIUYCHHON
0CaJIKOM HKEeJIE3HOOPOKHOTO MyTH.

Cepust qpyrux rpaguyeckux 3aBUCUMOCTEN
O0Ka3bIBAET BIMSHUE HA BEPTUKAIBHBII TPOTHUO
K03 GHUINEHTOB AaHU30TPOITHH B TPEX OCHOBHBIX
HampaBleHHsIX. B kadecTBe apryMmeHra, Kak
1 B IIPEIBIIYIIEM CIIy4ae, BBICTYNAeT KOOPJHHA-
Ta UCKOMOW TOYKU KOHCTPYKIMH, OTCUHTHIBAC-
Masi BJI0JIb PEIbCOBOM IIETH OT Havaa paccMar-
puBaeMoro cermMeHTa ((hakTHYSCKH, 3TO HAYAJI0
Ke1e300eTOHHOT0 Kopo0a). CpaBHUBASI OTICIIb-
HbI€ KPHUBbBIE, MOXXHO OTMETUTb BKJIAJ| aHU30-
TPOITHBIX CBOMCTB KOHCTPYKILIMH JKEJIE3HOAOPOK-
HOTO ITyTH B UTOTOBOE 3HA4YEHHE BEPTUKAILHOTO
nepemerienus. [Tpu atom BuaHO (puc. 4 a), 4To
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YBEIHUCHNE MPHUBEAEHHOTO ITapaMeTpa aHh30-
TPOIUH BJIOJIb PEIBCOBOI IUIETH AaXe B ABa
pasa MaJo BIUsET Ha oOlee 3Ha4eHHe poruoa.

IIpu yBenm4ueHnn :kECTKOCTH BAOIb PEIBCOB
3aBUCHUMOCTD IEPEMEIICHUS] OT KOOPAMHATHI
C MOMEHTa BO3HHKHOBEHHSI MaKCHMaJIbHOTO
3Ha4YeHUs (PAKTHUECKU MapajuleibHa XapakKTe-
PUCTHKE C MPEIBIIYyIINMU 3HAUYCHUSMHU, 3TO
TOBOPHT O JTMHEHHOCTH BIMSHUS H3MEHIEMBIX
rapaMeTpoB. BimsHIEe aHN30TPONTUK B BEPTH-
KaJbHOM HampasieHuu (puc. 4 6) 6onee uHTeE-
PECHO C TOYKH 3pEHUS MoBeneHus (GpyHKIUU
mporn6a: mpeacTaBIeHHbIC TPaduKN W, mepe-
CEKaITCs MEXIy COOOM MPaKTHUECKH B OTHOM
TOYKE, BEJMYMHA MPOTHda B KOTOPOI MpaKTH-
YECKH HE 3aBHCHT OT MapaMeTpPOB CLCTUICHHS
TOPU30HTAIBHBIX CIIOEB MEXKAY C000i (MMEHHO
3Ty XapaKTEPUCTHKY MOXHO YBEIHYUTH, HC-
TIOJIB3YS CBaW MM MHbBIE KOHCTPYKIIMU Harelb-
HOTO XapakTepa), a 3aBHCHT OT IMJIMHIpHYE-
CKOH XECTKOCTH CaMOro )KeJe300€TOHHOTO
KopobOa.

I'padux W, mpu u3menenuu All (puc. 5)
TaK)kKe TIOKa3bIBAE€T HE3HAYNTEIBHOE BIHSHHE
M3MEHEHUS )KECTKOCTHU BIOJIb PENIBCOBOM IIIE-
TH Ha WTOTOBYIO BEIMYHHY BEPTHUKAJIBHOTO
Mporuda, NHTEPECHBIM PE3YIIETATOM SIBIISICTCS
TOYKa paBEHCTBA HYIIO Mporuda, Gpakruueckn
OHa 03Ha4YaeT reOMETPHUYECKUI pa3Mep Kopoba
B IUIAaHE M MOXET BapbHPOBATHCS AJISL OXHO-
MTyTHOTO M JIByXITyTHOTO Y4YacTKa JXEeJIE3HOH
JOpOTH.

3AKINIOYEHUE

YeTpoiicTBO yyacTKa NEpeXoIHOM )KECTKOCTH
Ha MOAXOJaxX K NCKYCCTBEHHBIM COOPYXCHUSIM
SIBIIIETCS HEOOXOMMBIM 3JIEMEHTOM, MTO3BOJISIO-
MM CHU3HUTH PHCK BOZHUKHOBEHHUS OCTATOYHBIX
nedopmanuii ¥ Co3MAOIMMUM IMPEIOCHUTKH
K COKpAILCHHIO PACX0/I0B HA TEKYIIEE COAeprKa-
HUE KEIE3HOAOPOKHOTO IyTH B 30HE MOAXOI0B
k MCCO. YcTpoHCTBO TakMX KOHCTPYKIHH
0COOCHHO aKTyaJbHO Ha y4acTKaX BBICOKOCKO-
POCTHOTO ¥ TSDKEIOBECHOTO ABHKEHHSL.

B pabote paccMoTpeHa oceCUMMETpHYHAS
3a/a4a MOJICTUPOBAHNS KOHCTPYKIIUH y4acTKa
TIEPEMEHHOI KECTKOCTU M3 OE30HHBIX KOPO-
060B, COOTBETCTBYIONIAsA MPSIMOMY yYacTKY
KEJIE3HOJOPOXKHOTO ITyTH. 33/1aBast MAKCHMaTb-
HOE 3HAYCHNE BEPTHUKAIBHOTO MEPEMEICHHUS,
YKa3aHHOE B OTEUCCTBEHHBIX M 3apYOEKHBIX
HOPMAaTHBHBIX JOKyMEHTaX, MO>KHO 1TO00paTh
TpeOyemble mapaMeTphl KECTKOCTH KOHCTPYK-
MU y4acTKa MEPEMEHHON JKECTKOCTH B TPEX
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OCHOBHBIX HAaIPaBICHHUSIX AHU30TPOIHH, YTO
MO3BOJIUT B JalbHEHUIINX HUCCIETOBAaHUIX Ie-
pEeWTH K PacCMOTPEHHUIO KOHCTPYKTHBHBIX
0coOeHHOCTEeH MPOSKTUPOBAHUS U yCTPOHCTBA
JTAHHBIX KOHCTPYKLIUH.
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Pa3rpy3o4Ho-cerperaluoHHas yCTaHOBKa
nec4aHMKoOBOro 0yTta ¢ 3HeproHe3aBUCUMbIM
NPVMBOAOM KOMMMEKTYHOLWero 06opyaoBaHus

Anéna NALEHKO

AHHOTALIUA

[insi a8mo0opoxHoU ompacnu 8axHbI CHUXEHUEe cebecmou-
mMocmu U 3HepaonompebneHus, a makxe pekynepayus sHepauu
8 MexXHoMo2UYeCKUX ycmaHoskax. s peweHust amoll npobrems!
8 00HOM U3 NPOU3BOACMBEHHbIX 386HbE8 OMpPAc/U — NPoU38o0-
cmee webHsi, KomopbIll A8nSemcs 8aXHbIM CMPOUMESbHBIM
mamepuanom 8 asmodopoxHol ompacnu, — npednazaemcs
c030aHue aBMOHOMHbIX SHEP2EMUYECKUX YCMaHOBOK, OCHO8aH-
HbIX Ha peKynepayuu KUHemu4yeckol sHepauu asmocamocsarnos,
a UMEHHO pa3epy304HO-ceapeealitioHHoll yemarosku JCK ¢ sHep-
20HE3a8UCUMbIM NPUBOOOM KoMNniekmyrw,e2o 060pydosaHus.

OHepeoHe3asucuMas pasepy304HO-CeepeeayUoHHast yemaHoe-
Ka ocywjecmesnisem pasdenieHue UCX00H020 Chbipbs Ha Ha4anbHOU
cmaduu npoussodcmea npu 3HEP2OHE3aBUCUMOM PEXUME SKChiTya-
mayuu, ucnonb3ys PeKkynepauuro KuHemuyeckol 3Hepauu pasepy-
Xaembix asmomobunel. llocne 3aepysku necyaHuKogoeo byma
8 NpUéMHbIUi byHKep, ycmaHoeKka akmueu3upyem npoyecc ceape-
2ayuu Mamepuara Ha KpynHyro U Menkyio opakyuu. lomyyeHHble
¢hpakyuu nodaromes Ha coomeemcmsyrowjue numamenu 05t no-
cnedyroweli mexHonoaudeckol nepepabomku. [peumywecmeom
YCMaHoBKU A8/sSiemcsi aBmoHOMHOCMb npugodos gubpamopa

Anéna IOpvesna Jlamenxo

Llaxmuncxuti asmooopodichviit uncmunmym (puauan) FOxcno-Poccuiickoeo
2ocyoapemeennozo noaumexnuyeckozo ynusepcumema (HIIA) umenu M. U. I[Ihamosa,
Illaxmul, Pocmosckas obnacms, Poccus.

b4 alyona_lyashenko@mail.ru.

ORCID 0000-0001-8581-7156

u numamenel, Yymo cnocobcmeyem pocmy 3ghgekmusHocmu
npouecca pasepy3ku U cespeaayuu NecYaHuKo8o20 byma, CHuXe-
HUI0 3Hepeo3ampam Ha npou3sodcmeo 20moeo20 Npodykma.

OueHka (hyHKUUOHaNbHbIX 803MOXHOCMEl 3Hep2OHe3a8Uu-
cumozo eudponpugoda pa3zpy304HO-cespezayuoHHol ycma-
HOBKU 8biNoHeHa 0115 2uOPOMOMOPO8 cezpeaayloHHO20
u mpaHcnopmupytowe2o obopydogarus. B kavecmee 6a3080-
20 obopydosaHuss npuHsm nnacmuHyamsii numamens KM
[17-2—10-606, komopsIli cnocobeH obecneyums HenpepbIBHy0
U pagHoMepHyio nodayy UcxodHo20 cbipbs. PaccyumaH 06bém
paboyeli xudkocmu e 2udpoakkymynsmope, nodaya kKomopou
obecnequgaemcs 2udpodomkpamamu. Pesynbmambi nokasanu,
ymo 0sa 2udpodomkpama ¢ 3adaHHbIMU napamempamu cno-
cobHbI obecnequms Heobxodumyt nodayy. Konuyecmso
3Hepauu, Hakannueaemol 8 2udpoakKymynsimope npu 3agpys-
ke mamepuana, onpedeneHo. PaccyumaHHas MOWHOCMb
2udpomMomopa no3gossiem e2o ucnosb308aHue 8 numamere.
OueHeHa aKkOHOMUYeCKas 3hekmugHOCMb yCmMaHOoBKU ¢ as-
MOHOMHbIM NPUBOAOM, y4yumbigas pexuMm pabombl, Komu-
Yecmeo cMeH U mapuch Ha 3eKmpPO3Hep2UIo.

Kntodesble crioga: a8momMobusibHb I mpaHcnopm, A0PoXHOe CMpPoUmesibCmeo, NecyaHuKoeb Il 6ym, ApOBUITBHO-COPMUPOBOYHOe
o06opydosaHue, pa3apy304HO-Ce2pe2ayLOHHash yCmMaHo8Ka, NPoUece cezpegayull, NPOUECC PeKyNepayuL, asmoHOMHbIe 3Hep2emuye-

CKue ycmaHosKuU.

[na yumuposarusi: Jlawerko A. F0. Pasepy304Ho-ceepeaalioHHasi ycmaHoeKka nec4yaHukog8o2o byma ¢ 3HepeoHe3agUCUMbIM
npugodom komnnekmyrowe2o obopydosanus // Mup mpaHcnopma. 2023. T. 21. Ne 3 (106). C. 59-64. DOI: https://doi.org/10.30932/1992-
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BBEOEHUE

ABTOIOPOKHAS OTPACib SBIAETCS OXHON M3
BaKHEHILINX OTpacield SKOHOMUKH IPAKTHYECKH
T000# CTpaHBL, T UMEIOTCSI aBTOMOOHMIIEHBIC
nmoporu. 1llebens — Hanbomnee MHUPOKO UCTIONb-
3yEMBbIi aBTOOPOKHON OTPACIIbIO MPOLYKT J10-
OBIYM 1 IepepaboTKH HEPYIHBIX CTPOUTEIBHBIX
MarepuanoB. TeXHOMOTHs IPOU3BO/CTBA MEOHS
BKJTIOYAET B ce0sI IBa OCHOBHBIX 3Tara: IIEPBBIA
3Tl — 3To 100bI9a KaMEeHHOTO OyTa, a BTOPOH —
riepepaboTka Oyta Ha medeHs. [ nepepaboTkn
JIOOBITOTO KapbEePHBIM CII0COOOM ITeCIaHUKOBO-
r0 OyTa MPUMEHSIOTCS APOOMIIEHO-COPTUPOBOY-
svele ycraHoBkH (JCY). ICY mpennazHaueHa
JUTSL IEPBUYHON TepepabOTKH M MOATOTOBKH
JIOOBITOTO TIECYAHUKOBOTO OyTa K MIPOMBITIIIICH-
HOMY HCIIOIb30BAHUIO.

CHmkeHne ce0eCTOMMOCTH eIMHHIIBI ITPOH3-
BOANMON KOMITIIEKCAMH IPOOHITEHO-COPTUPOBOU-
HOTO0 000pyI0BaHMS IPOIYKIIMHN KaK TPUOPUTET-
HOE HalpaBIICHNE, Pean3yeMoe pH pa3padoT-
KE& HOBOW TEXHWKH, HapaBHE C IMOBBIIICHHEM
KOHKYPEHTOCIIOCOOHOCTH BEAET M K POCTY
cOBITa BBICOKOIIPOYHOTO IIEOHS 1 MecKa U3 OT-
CEBOB JIPOOJICHNUS IECIaHUKOBOTO OyTa. AHAIH3
pemraeMsIX 3amad B 00nacTH APOOHIBHO-
COPTHPOBOYHOTO OOOPYIOBaHMS ITOKA3bIBACT,
YTO COKpAIICHNE PACXOJ0B Ha YHEPronoTpedie-
HHE SBISETCS HauOosee 3HAYUMON 3amadeit’ 2.
Bens mMEHHO 3HEpPro3arparsl COCTABIAIOT
HanOOJNBIIYIO 0N B 00mIel cebecTomMOoCTH
€IMHUIIBI TIPOU3BOANMON TIPOayKuuH [1; 2].

! Duepreruueckas crparerusi Poccuiickoit denepaunn Ha
nepuon 10 2035 roma // Pacniopsbkenmue [paButenscrsa Poc-
cuiickoit @enepauun or 9 urons 2020 r. Ne 1523-p. — M.,
2020. — C. 93. [DnexrponHslit pecypc]: http://publication.
pravo.gov.ru/Document/View/0001202006110003. Hoctyn
28.05.2023.

2 KapbepbI-IIPOM3BOANTENH 1IeOHs ecuyaHnka B PocTos-
cKoil obmactu. [DaekTponHblit pecypc]: https:/nedra61.ru/
proizvoditeli-shebnya-peschanika. [lJoctyn 28.05.2023.

OnHuM 13 3 PEKTUBHBIX CIIOCOOO0B CHIDKCHHS
9HEpronoTpebiieHUs] NPOIECCOB 00OTalICHNUS
T0JIE3HBIX MCKOIMAEMbIX SIBJISETCS peallu3aliys
rpolecca peKkylnepalnud B TEXHOJIOTHYECKUX
YCTaHOBKaX, KOTOPast IO3BOJISIET COXPAHHUTD YaCTh
SHEPIUH B BUJIE TEHEPUPOBAHHOI U aKKyMYJIHPO-
BaHHOM KMHETHYECKOW YHEPTrUH U BEPHYTH €€
00paTHO B TEXHOJIOTHYECKYIO IETOUKyY™ *.

VYBenuueHne 00bEMa peKyTiepupOBaHHOM SHEP-
MY 3aTPyITHEHO HECKOJILKUMU (haKTOpamMu, CpeIu
KOTOPBIX MO’KHO BBIACIIUTH CIEAYIOLIHE: OTCYT-
CTBUE MPUEMHHUKOB SHEPT UM PEKYTIEPALIMH B HEKO-
TOPBIX CIIyYasiX ¥ HEZI0CTATOYHOE HCTIONB30BaHNE
HMEIOLINXCS PE3EPBOB PEATH3YEMbIX TEXHOJIOTHA.

Co3znanue 1 BHeJpEHUE aBTOHOMHBIX HEpre-
THUYECKUX YCTaHOBOK, OCHOBAHHBIX HA PUHIIMIIE
peKyTepanuy KHHETHIECKON SHEPTHY aBTOCaMO-
CBaJIOB, TPOU3BOISIIUX JOCTABKY IECYAaHUKOBO-
ro OyTa B PUEMHBII OyHKEp KOMILICKCA JIPOOHIIb-
HO-COPTUPOBOYHOTO 00OpPY/IOBaHHUS HA Iepepa-
0O0TKY, OJJMH M3 MHHOBAIIMOHHBIX ITyTEH peLIeHHs
TIOCTABJICHHOM 3a1auH.

L]en» craTbu — IIPECTABUTh PE3YJIBTAThI pa3-
PpabOTaHHBIX aBTOPOM IPEIIOKEHHUH I10 CO3IaHHUIO
SHEPrOHE3aBHCHMOTO THIPOIIPUBO/IA PA3TPY304HO-
CerperalMoHHON YCTaHOBKM Ha IpHMeEpe JIBYX
THIPOMOTOPOB CETPETAMOHHOTO U TPaHCIIOPTH-
pyrolIero 000pyaoBaHusl, AaTh OLEHKY (yHKIIMO-
HaJIbHBIX BO3MOYKHOCTEH MpeyiaraeMoro pelie-
HUSI, IPEACTABUTH COOTBETCTBYIOIIHE TEXHUYECKUE
U 9KOHOMHUYECKUE PaCUETHI.

* Kopuesckuii A. H., Hasumko E. 1., Cepadumosa JI. 1.,
Haymenxo B. I'. IloarotoBuTenbHbIe IpoLeccs Mpu obora-
IIICHHUH TIOJIC3HBIX UCKOMaeMbIX. JIpobieHue, H3MeIbYeHNUE,
rpoXoueHue M Kiaccupukanus: YdaebHoe nmocooue. — Jlo-
Herk, 2017. — 180 c. [DnextponHslii pecypc]: https:/www.
geokniga.org/books/18315. Joctym 28.05.2023.

* TuxonoB O. H. Teopus paszaeneHuss MUHEepaoB: Y4eb-
HUK ais By3oB. — CII6.: CIITTHU (TY), — 2008. — 514 c.
ISBN 978-5-94211-309-4. [DnexkTpoHHBII pecypc]:
https://www.geokniga.org/books/19923. Toctym 28.05.2023.

Tadanma 1

I'panynoMeTpryecKHuii COCTaB NeCYAHNKOBOro OyTa NpH nacnopTe Ha ypeHne CKBaKUH
crankamu tuna CBY-100I' u CBIII-250 MH [3]

CBY-100I" CBIII-250 MH
Pa3mep dpakuun, Mm Coneprxanue Pasmep dpakuun, Mm Coneprxanue
¢dpaxuun, % ¢dpaxuun, %
0+5 2 0+10 1
5+20 9 10+20 2
20+40 12 20+25 1
40+60 9 25+60 3
60+70 60+100 5
7080 3 100+150 6
80+180 22 150+200 4,7
180 1 6onee (o 300) 39 >200 77,3
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PE3YNbTATbI

Onucanue npeaiaraeMon
JHEProHe3aBHCHMON Pa3rpy304Ho-
cerperanMoHHOI YCTAHOBKH

B necuyannkoBoMm OyTe 1751 MPOU3BOACTBA
meOHs KOJIMIECTBO KYCKOB, HE MPEBBIMAIOIINX
cpenHmii pasmep, gocrturaetr 50 % B obmem
00béme (Tabm. 1) [3].

DOKOHOMHMYECKH HEIeIecOo00pa3HbIM SBIIS-
€TCs TIofiada BCETO UCXOIHOTO ChIPhS NMUTAaTE-
JeM 3arpy304Horo OyHKepa KOMIUIEKca Apo-
OMIBHO-COPTHPOBOYHOTO 000PYAOBAHUS
B IPOOHIIKY IEPBUIHOTO APOOICHUS, BKITIOYAs
KYCKH, KOTOpPBIEC HE TPEBBIMAIOT CPEIHUH pa3-
mep [4-15].

TexHU4YecKui pesynpTaT IpeniaraeMou
pa3paboTku — moBHIIIEHHE 3(PPEKTUBHOCTH
npuéMHOTO OyHKepa 3a c4ET TpaHCchopMauu
B Pa3rpy3049HO-CETPETANNOHHYIO YCTAaHOBKY,
OCYIIECTBIISIIONIYIO CETPEranuio UCXOMAHOTO
CBIpbsSl Ha Ha4aJIbHON TEXHOJIOTHYECKOH CTa-
JIVH TIPOM3BOJICTBA TIECYAHUKOBOTO IEOHS NTPH
9HEPTrOHE3aBUCHMOM PEXHUME IKCIUTyaTalluH
3a CU€T peKynepanuu KUHETUYECKOU SJHEpTUU
pasTpy’kaeMbIX aBTOMOOHUIICH.

B npennaraemoii sHEProHE3aBUCUMOI pa3-
IPy309HO-CETPETAIIIOHHON yCTaHOBKE 3CTaKa-
Ia ansg moxbe3na aBToTpaHcmopra (puc. 1),
BBITTOJIHACTCS B BHJIE TOBOPOTHOH TUIAT(GOPMBI
1 v ontmpaeTrcs Ha THAPOTOMKpATHI 2. B mpuém-
HOM OyHKepe 3 ISl peaxu3alii cerperanuoH-
HOHM ()YHKITMOHAJTBFHOCTH CITyCKHOH CTEHKH 4
HCIIONTB3YETCSl NU30THYTasl MOBEPXHOCTH S-00-
pasHoit (OopMBI, KOTOpas 3aKperursieTcs Ha 00-
KOBBIX CTEHKaX OyHKepa C TOMOMIBIO MapHHpa.
Hns 6onee 3pPEKTUBHOTO U MJIABHOTO CITyCKa
MaTepuana CIlyCKHas CTeHKa 4 o0opynoBaHa
aMOPTH3aTOPOM 5 C BHOPAaTOPOM, KOTOPBIi
BKJIFOYAET THAPOMOTOD 6 1 fiebananc 7 Ha Bay.
Jnst perynupoBaHUs CKOPOCTHOTO pEXKHMa
YacTHI], CKaTBIBAIOLINXCS IO CITyCKHOM CTCHKE
4, Ha paBHOM pacCTOSHUH APYT OT Apyra 3a-
KpeIUICHBI TTONepedyHbIe 37eMeHTH /7. B koH-
BeiiepHoM gHume 8 mpuéMHOro OyHKepa 3
peanm3yercs qByXnuTareiabHas cucrema 9 u /0
C IpUBOJIaMU B BUIE THAPOMOTOpOB [/ m 12.

T'unponoMkpatsl 2 mOBOpOTHOH TumaTdop-
MBI [ rugpoxmHuei /3, ocHamEHHONW 00par-
HBIM KJIartlaHoM /4, depe3 TpEXIMO3UIINOHHBIT
pacupenenuTensd /5 COeInHEHBI C THAPOAKKY-
MyIATopoM /6.

IIpuémuo-cerperaiiuoHHas ycTaHOBKa
HCIIONB3yeTCs caexylomumM obpasom. [lepen
HagajoM paboTel MPUEMHO-CETpeTrannoOHHON

® Mwup TpaHcnopTa. 2023. T. 21. Ne 3 (106). C. 59-64

Puc. 1. KoncmpykmueHo-audpaenuyeckas cxema pa3apy304Ho-
cezpe2ayUoHHOI 3Hepaemuyeckoll yCmaHoBKU: a — UCX00HOe
cocmosiHue; 6 — 3a2py3ka npuémHo20 6yHKepa; 8 — mo xe, ud A.

YCTaHOBKH IITOKH THAPOJOMKPATOB 2 BBIIBH-
HyThL. [ToBOpoTHas nnardopma / ycTaHOBIEHA
MO YIJIOM K TOPH30HTY. TpEXMO3UIIMOHHBIN
pacupenenuTens /5 HaAXOAUTCA B HEUTpaAIb-
HOM TTOJIOKEHHH, YeM 00€CTIEUNBAETCS COCIH-
HEHHUE THIPOAOMKPATOB 2 ¢ THAPOAKKYMYIIS-
TopoM /6.

ITon BecoM aBTOTpaHCIOPTA C MCXOTHBIM
MaTepHanoM, HoJaBacMoro 1o ICTakaae K Me-
CTY 3arpy3K# IpuéMHOTO OyHKepa 3, TOBOPOT-
Hasg rardopMa / BO3NEHCTBYET Ha IITOKH
THUAPOAOMKPATOB 2, IPUBOJNT UX B IBH)KECHUE,
U ITOKK BTATHBatoTcs. [Ipu 3Tom pabouas
JKUAKOCTH BBITECHSETCS U3 MOPITHEBOH 1TOJIO-
CTH W IO THJPOJIMHAN /3 TOCTYIIAeT B THAPO-
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akKymyJsitop /6, uem obOecrieuuBaeTcs €ro
3apsaka.

ITocne 3arpy3ku HMCXOJIHOTO MaTepuaia
B IIpUEMHBIN OyHKep 3 aBTOTPAHCIIOPT Che3xkKa-
eT ¢ actakajsl. [Ipu 3ToM 00paTHEI KiamnaH /4
3anUpaeT TUAPOIMHUIO U UCKIIIOYaeT CaMOIIpO-
H3BOJIBHYIO Pa3pSIKy THAPOAKKyMyJissTopa /6.

JIs akTHBHU3aIMK MPOIecca CKaThIBAHUS
YaCTHUI[ UCXOJHOTO Marepuaja Mo CIIYyCKHOM
CTeHKe 4 pacupelenuTesb /5 mepeBOaUTCA
B JIEBYIO pa0OYyI0 MO3ULUI0. DTUM 0becreqn-
BAaETCsl COCNMHEHHE THApPOAaKKyMmyjsiTopa /6
gyepes3 pacupeneauTens /5 ¢ THAPOMOTOPOM 6
U Jajnee ¢ THAPOJOMKparamMu 2 U UCTEUCHHUE
paboueil )KUIKOCTH U3 IUIpOaKKymyisitopa /6
B ruipoaoMKpathl 2. IlIToku THAPOIOMKPATOB
2 HaYMHAIOT BBIABUTATHCS, Tu1aTdopma / — 1mo-
BOpavyHMBaThcs. Bubpatop B Buie rTHAPOMOTOpa
6 c yCTaHOBIGHHBIM Ha Baiy jnebanaHcoMm 7
co3naét BuOpanuoHHbie koebanus. Komeba-
HUS IIepealoTcs 4epe3 aMopTU3aTop 5 CIycK-
HOI1 cTeHKke 4.

ITon Bo3aeHiCTBUEM IPaBUTAIIMOHHON CHIIBI
HCXOJHBIN MaTepuaj ¢ KPYIMHBIMUA U MEITKHMHU
YacTHUIIAMH JABUKETCS BHU3, 32 CUET BUOpAITH
U TPEHHsI KPYIHBbIC YaCTHI[bI MOJHUMAIOTCS,
TOTJIa KaK MEJIKKE OCTAIOTCS Ha TOBEPXHOCTHU
cnyckHOM cTeHkHU 4. [lonepeuHbie 3eMEHTHI
17, pactioNioxXeHHbIE Ha BCEM MyTH JABUKEHUS
MEJIKHX YaCTHIl, 3aMEJISIIOT HX CKOPOCTh, YTO
CITIOCOOCTBYET YIYUIICHHIO Cerapaiiy U 1mo-
BBINICHHIO KaYeCTBa KOHCUHOTO MPOAYKTa.

B pesynbrare Takoro mpouecca MeJKHe
YaCTUIbI, TOCTUTAs HUKHEH rpaHu CIIyCKHOMN
CTEHKHU 4, IEPEMEIAIOTCS C MEHbIIIEeH CKOpO-
CTBIO, B OTJIMYHUE OT KPYITHBIX KyCKOB, KOTOPBIE
CKaThIBAIOTCS CO 3HAYUTEIBHO OOJBIICH CKO-
POCTBIO. 3a CYET 3TOr0 MEJIKME YaCTHUIBI T0-
MaJaroT Ha MUTATEeNb 9, 8 KPYIHbBIC YaCTHUIIbI —
Ha nuTtatenb /0, KOTOpbIE OCYIIECTBISIOT
oJ1a4y COOTBETCTBYIOIUX (QPaKIUil MaTepra-
J1a Ha KOHBeHepsl Mocienyonieil TeXHOIOTH-
yeckoii nenovyku. [Ipu sTom nurarens 9 npe-
Ha3Ha4YeH IS MMOJaYu MarepHuaa, He MPEBbI-
IIAIOIIETO CPEJHMI pa3Mep, B TO BpeMs Kak
nurtareiab /(0 obecredrBaeT mojady KpymHOH
(dhpakiuu Marepuana.

Jlnst nogaum nutarensmu 9 u 10 npomeaiie-
TO Cerperayio Marepuana pacrupeneanTens /5
MEPEBOJUTCS B MPaBylo pabo4ylo MO3HMIHUIO.
DTUM 00eCIeunBacTCs COSTUHCHUE THPOAKKY-
Myssitopa 16 depes pacrpeneiaurens /5 ¢ rui-
pomotopamu /] u /2 1 fnajee ¢ THAPOAOMKpaTa-
mu 2. HakoruieHHast B TuApoakkymynsrope /35

®  Mup TpaHcnopTa. 2023

SHEPrusl MOTOKOM paboueil KUIKOCTH odectie-
YHBAET IMyCK I'MIPOMOTOpoB /] u /2 1 KuHema-
THUYECKHU CBS3aHHBIX C HUMH TPAaHCIIOPTHPYIO-
ux opraHoB nurtatenent 9 u 10.

Taxum 0Opa3om, pearaemas pa3rpy304Ho-
CerperalnMoHHasl YHEpreTuyecKkas yCTaHOBKa
C KOHCTPYKTUBHBIMH 3JIEMEHTaMH F€HEPUPOBaHUS
1 aKKyMYJIMPOBAHUSI SHEPTHH B IPOLIECCe 3arpy3-
KU UCXOZHOTO ChIPbsi B OYHKEP BBITOJIHO OTJINYa-
€Tcs OT CYIIECTBYIOIIMX aHAJIOTOB TEM, UTO TaKoe
e McrnonHeHue oOecreunBaeT BHIIIOJHEHUE
MIPUBOZIOB BUOpaTOpa U IUTareseiil aBTOHOMHBIMH
U CHOCOOCTBYET CHIIKEHHIO dHEprosarpar Ha
TIPOM3BOJICTBO €AMHUIIBI TOTOBOTO MPOIYKTA.

Ouenka (pyHKUMOHAJBHBIX BO3MOKHOCTE
IHEProHe3aBHCHMOT0 I'MIPONPHBOAA
Pa3rpy304HoO-cerperaiuoOHHoON YCTAHOBKHU

J171s1 OLleHKM BO3MOYKHOCTH OCHAILICHHS TH/I-
POMOTOpaMH CErperaloHHOrO0 U TPaHCIIOPTHU-
pymouiero o00pya0BaHUs YCTAHOBKH IIPU €ro
9HEProHEe3aBUCUMOM PEXHUME IKCIUTyaTaluu
BBINOJIHEH pacuéT napamMeTpoB JIEMEHTOB aBTO-
HOMHOTO Tuaponpusoaa’ (puc. 2).

B kauectBe 6a30BOr0 000pyAOBaHUS IPUHST
miactuHYareld nmurarens KM TTTT-2-10-606°
(puc. 2).

ITnactunuarerii murarens KM II1-2-10-60b
HCIIONIB3YETCsl TOPHOPYAHBIMHU, TOPHO-000TaTH-
TEJLHBIMH M CTPOUTEIBHBIMHU MPEANIPUSTHIMHI
JUIs oOecTieyeH st HeTIPEphIBHOM U paBHOMEPHOM
T10/1a4H CHIITyYUX KPYITHOKYCKOBBIX, [NTMHUCTBIX
MaTepuasioB 0e3 MpeaBapUTEIbHOTO 0TOOpa
OoJiee MEITKUX KyCcKOB (Tabm. 2).

st obecniedenust 3aJaHHOW CKOPOCTH Bpa-
IEHUs TMAPOMOTOpA 71, HEOOXOAUM PacXo
paboueii xunkoctu O (cM’/MuH):

g, =nc v/,

rae n = 500 — 4ncio 060pOTOB rHAPOMOTOPA
(06/mMun); ¥ = 10 — 00béM paboueil kamepbl
ruApoMOTOpa (331a€TCs B mpenenax ot 5 cm? 10
250 em’); m = 0,9 — kodhduurenT 00BEMHBIX
notepb (KIIT) (a7t TuaApOMOTOPOB OH HAXOIUT-
cs B quanasone 0,85+0,95).

> Tlomosa O. U., IMonioa M. 1., Hosokienos C. JI. Pac-
4€t 00BEMHOTO ruApoNprBoaa: YuebHoe nmocobue [Diaekr-
POHHBI pecypc]. — DIEKTPOH. TEKCTOBbIE U Ipad. TaHHBIE
(2,0 M6). — Boporexx: ®I'bOY BO «Boponexckuii rocy-
JIapCTBEHHBIH TEXHUUYECKUH yHUBepcuteT», 2019. — 88 c.
[Onexrponnstii pecypc]: https://bf.cchgeu.ru/upload/iblock/
eal/g8hwpv5Syeupy482r9biehlfoh13rzwy3/UP_Raschet-
gidroprivoda MZHiG.pdf. Joctyn 28.05.2023.

¢ Kaumam KM III1-2-10-60 b: TexHHYecKHe XapakTe-
PUMCTHKH, ONHUCaHue, 0030p. [DNeKTpOoHHBIH pecypc]:
https://exkavator.ru/excapedia/technic/kanmash_km_pp-2—
10-60_b. Joctyn 28.05.2023.
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IToncraBuB 3HAYCHUS, TOTYIaCM:
0., =(50010)/0,9 = 5555 cm*/mun.

Bpemst pabotel nurarens T, 1o Bbliade u3
OyHKepa KPYITHOKYCKOBOT'O CBIITy4Yero Marepua-
J1a, 3arPy’KEHHOTO OJIHUM aBTOCAaMOCBAJIOM,
orpezaensercst no popmyie (MUH):

T =60-M /op °I1 ,

n p n it
e Mrp = 15210 — macca epeBO3UMOro aBTO-
camocBanom rpysa’, kr; p, = 2500 — 06bEMHBIH
BEC INECYaHMKA B PA3PBIXJIEHHOM COCTOSHUH,
Kr/M3; Hn =75 — IpoOU3BOJUTENHLHOCTH TJIACTUH-
YaTOro MUTATEJNS, M>/4.

IToncraBuB 3HAYCHUS, TOTYIaCM:

T =6015210/752500 = 4,87 = 5 muH.

O0BEM pabouei xuAKOCTH V. B rHIPOAKKY-
MYJISITOpE, 00eceyrBaloIInii paboTy THAPOMO-
TOpa B TeueHue BpeMeHH T , onpezensercs mo
hopmyite (cm?):

V =0 T =5555x5=27775cm’.
ra ™ n

ITonaya paboueii >KUAKOCTH B THAPOAKKYMY-
JIATOP 00ECICUYMBACTCS TUAPOJOMKPATAMH.

CrenoBarenbHO, 00bEM paboyel KHUIKOCTH
V. B THAPOAKKyMyISTOpPE JOIKEH COOTBETCTBO-
BaTh CyMMapHOMY OOBEMY MOPIIHEBBIX IMOJIO-
CTEH TUAPOIOMKPATOB EVm:

V =%V =0,25nD «S *N ,

ra hyi s n n 9IS
riae D — qnaMeTp NOpIIHA THIPOJOMKpPaTa, CM;
S, — XOJ{ IIOPIIHS TMAPOAOMKpaTa, ¢M; N — KO-
JINYECTBO THIPOIOMKPATOB.

IIpu xonuyecTBe THAPOAOMKpAToB N = 2
1 XOJI€ TIOPIIHSA TUAponoMKpara S = 60 cm nua-
METP NOPIIHSA THAPOAOMKpara D onpesenseTcs
o popmyse (cm):

4.Vra \/4-27 775
D = 2 = 2
n TeSTIe NI 106002

=17 cm= 20 cm.

Kax BugHO M3 pe3ynpraToB pacdyéToB, ABa
THIPOIOMKpATa ¢ KOHCTPYKTUBHBIMHU IIapaMeT-
paMu: IMaMETPOM MOPLIHS HAPOIOMKpaTa D
= 200 MM; XOIOM TIOPIIHS THAPOAOMKpara S =
600 MM — CTOCOOHBI 00ECTIEUUTh HEOOXOAUMYIO
nofady paboueit JKUAKOCTH B THAPOAKKYMYIIS-
TOP.

Paccunraem konuuecTBO 3HEepruu £, Hakar-
JINBAEMOH B TUIPOAKKYMYJISITOPE NIPEJIaraeMoit
YCTAHOBKH TIPH 3arpy3ke marepuana B OyHKep,
o ¢opmye (Ix):

E=M,eg°S,

rme M, = 26500 — monHas macca aBTOMOOMIIS,
Kr; g = 9,8 — yckopeHue cBOOOIHOTO MajIeHUs,
m/c?; S = 0,6 — X0 OpIIHA THAPOIOMKpATA, M.

7 ABTOMOOMITBHBII 3aBOA «Ypam»: MonenpHbli psig 60pTo-
BEIX aBTOMOOWIIEH. [DnekTpoHHEIi pecypc]: https://uralaz.
ru/models/. Toctym 28.05.2023.
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Puc. 2. PacuémHas cxema 2udponpueoda ninacmuH4yamozo
numamens.

[MoxcTaBuUB 3HAYEHHUSI, TTIOTYIAEM:
E =26500°9,840,6 = 155820 Ix.
HaxorieHHOEe B THAPOAKKYMYJISITOPE KOJTH-
YEeCTBO DHEPruU 00eCreynBaeT paboTy THIPO-
MOTOpa TUTaTeNs MomHocTeio N, (BT):
N,, = E/(60-T ) = 155820/(60+4,87) =
533,26 BT = 0,5 xBT.

IxoHOMHUYecKas IPPeKTHBHOCTH

OreHunBast PJKOHOMHYECKYIO 3P (HEKTUBHOCTD
YCTaHOBKH C aBTOHOMHBIM ITPUBOIOM TLTACTHH-
4aToro MUTAaTENs, MpuHAMaeM: J[ — pexum
paboTHI YCTAaHOBKH B o1, 260 NHEH; NCM — KO-
JIMYECTBO CMEH B CYTKH, 2 ¢M; t_ — IPOIOIIKH-
TENBHOCTh CMEHBI B CyTKH, 8 wac; T, — Tapud
Ha 2JIEKTPOdHEpTHI0 cocTaBiseT 5,1 pyo./
kBreuac.

TonoBast sxoHOMUYECKast 3PPEKTHBHOCTH D
OT BHEIIPCHUS YCTAHOBKU C aBTOHOMHBIM TIPHU-
BOJIOM IIJJACTHHYATOTO MUTATENsI COCTaBIISIET,
pyo0./rox:
O = NJl*N_-t
10608 py6./rox.

T, = 0,5926022¢8¢5,1 =

™M

Tadauna 2
TexHuYecKkas XapaKTePUCTHKA
maacTuayaroro nurareas KM

MI1-2-10-60b
Emrocts 6ynkepa, kKy6. M 20
MakcumanbHblil pasmep Kycka 500
TPaHCIOPTUPYEMOTO MaTepuaa, MM
TIpousBoauTenbHOCTD, M*/4 75
[Iupuna monoTHa, MM 1000
CKOpOCTB JBHKCHUSI TIOJIOTHA, M/C 0,08
MormHOCTh ABUTaTEINS, KBT 2,8
(ABYXCKOpPOCTHOI)
Yucio 060poToB, 00/MHH 500
Penyxrop 1 L12V-250-

40-12 Y2

Macca nurarens (¢ npuBoaoM u 6e3 16000
OyHKepa), KT
PaccrosHue Mexay OCSIMU ITPUBOTHOTO 6000
1 HAaTSDKHOTO BAJIOB, MM
Bricora — 6e3 OyHkepa 3300
[Iupuna — 6e3 GyHkepa 3580
JlnuHa — 6e3 OyHKepa 7800
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BbIBOAbI

1. IIpepnaraemast pa3rpy3o4Ho-cerpera-
IIHOHHAs PHEPreTUUECKasi YCTaHOBKAa KOMILIEKCa
JIPOOHITEHO-COPTHPOBOYHOTO 00OPYIOBaHMS, 00-
Jajasi KOHCTPYKTHBHOI HOBM3HOM, B Ipolecce
TIOZIaYH TI0 ACTAKa/Ie aBTOTPAHCIIOPTA K MECTY 3a-
TPY3KH IPUEMHOTO OYHKEpa IT03BOJISIET TEHEPHUPO-
BaTh U aKKyMyJIMPOBATh KHHETHUYECKYIO SHEPTHU
U B IIOCJIEYFOLIEM BO3BpAILaTh €€ 00paTHO B TEX-
HOJIOTHYECKYIO IICTIOUKY.

2. Peanuzanus nporiecca peKyrnepauum B pas-
TPY30YHO-CETPEralluOHHON IHEPreTHIeCKOn
YCTaHOBKE 00€CIICUNBACT BBHITIOTHEHHE TIPHBOIOB
BUOparopa W muTarenell OyHKepa CO CITyCKHOM
BHOPAIMOHHO-CErPEraliOHHOM CTEHKOI aBTOHOM-
HBIMH M CIIOCOOCTBYET CHIDKEHHIO SHEprosarpar
Ha TIPOM3BOJICTBO €JMHUIIBI TOTOBOTO MPOIYKTA.

3. Ilpu ycTaHOBJIEHHOM Ha IIUTATENe JBUTaTe-
JIe MOIITHOCTHIO 2,8 KBT HakarmBaeMoii B THIIPO-
AKKyMYJIATOPE MpeyIaraéMoi yCTaHOBKH SHEPT N
E sBHO HepoctatouHo. IlomyueHHsIi pe3ynsrar
TIPEIITONAraeT IIOUCK HOBBIX PEIIICHHH MOBBIIICHHS
SHEPreTHYECKON COCTaBILIIOIICH MpeyIaraeMoro
ABTOHOMHOTO TIPHBOZA ITACTUHYATOTO MTUTAaTeNIsL.
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Wnbsa YPIOMUH

AHHOTALINA

TpaHCnopmHble cucmeMbl, 8 YacmHOCMU, aguayuoHHas,
3aHUMaKM 8aXHOE MECMO 8 pPasguMUU 106020 COBPEMEHHO20
2ocydapcmea. ShehekmugHOe nPoeKkMUpPoO8aHUe Makux cucmem
0Ka3bigaem nonoXUmesnbHOe 8UAHUE Ha COYUanbHO-
9KOHOMUYECKYI0 cocmasnstowyto moboll cmpaHsl. Kayecmeo
mpaHcnopmHoU cucmems! Moxem bbimb OUEHeHO Yepe3 eé do-
cmynHocmb Ons Hacenenus. B Hacmoswee epems 00HoU U3
8aXHbIX Npobiiem 00/120CPOYHO20 Pa38UMUS aguampaxCcnopmHoU
cucmemb! Poccutickoli ®@edepayuu siensemes onpedeneHue
YHUBEPCabHO20 Nokazamers, N038OSIOWE20 OUEHUMb MPaHC-
nopmHyto docmynHOCMb U €€ 803MOXH L Uenesoli cmaxdapm.

B cmamebe npednazaemcs nodxod K oyeHke aguampanc-
nopmuol docmynHoOCMuU npu NOMOWU Mamemamuyecko2o

Hnova Baoumosuu Yponun

Mup TpaHcnopta. 2023. T. 21. Ne 3 (106). C. 66-73

Onpeaenexne cTaHAapTa TPAHCNOPTHOM
[OCTYNHOCTH ANSl BHYTPEHHUX
NaccaXMpCKNUX aBuanepeBo3ok

Dedepanvhblil ucciedosamensckuil yenmp « ngopmamura u ynpaenenuey
Poccuiickoti akaoemuu nayxy (ULl 1Y PAH), Mockea, Poccus.

ORCID 0000-0001-7258-754x

modenuposaHus. B kayecmee kpumepus ucnonb3yromces 08a
nokasamens: NomeHyuanbHoe Yucno naccaxupog 8 30Hax
nodbopa kax0020 asponopma U 8pems naccaxupa 8 cuc-
meme. PaspabomaHa memoOuka onpedeneHus npednazaembix
uHAukamopos. [pumeHeHue nodxoda No oueHKe aguampaHc-
nopmHol docmynHocmu deMoHCmpupyemcs Ha cemu
2019 2o0a.

Takxe npusedéH npumep uenesoll (Modenupyemoli) cemu
8HYMPEHHUX NACcCaXUPCKUX asuanepeso3ok, nogonstowel cy-
WeCcmeeHHO nosbicums aguampaHcnopmHyto docmynHocms. Ha
OCHOBE NOJy4eHHbIX Pe3ynbmamog 8 pabome npedoxeHb! ye-
11esble cmaHOapMb| 3HaqeHull aguampaHcnopmHol docmynHocmu
0nst Poceutickoli @edepayuu.

Kntoyesbie criosa: aguampaHcnopmHas cucmema, mpaHcnopmidas 00CmynHoCMb, MamemMamuyeckoe MoOenuposaHue.

[na uumuposanus: Ypionux . B. OnpedeneHue cmaxdapma mpaHcnopmHol 0ocmynHocmu Oisi 8HYMPEHHUX NAcCaxupCKUxX
asuanepeso3ok // Mup mpaxcnopma. 2023. T. 21. Ne 3 (106). C. 66-73. DOI: https://doi.org/10.30932/1992-3252-2023-21-3-6.

MonHbIli mekem cmambUu Ha aH2nulickoM si3bike ny6auKyemcst 80 mopoii Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

CounanabHO-9KOHOMUYECKHH yCIeX JIIo0on
CTpaHbl HAPSMYIO 3aBUCHUT OT Pa3BUTHS 1 d(-
(eKTUBHOCTH €€ TPaHCIIOPTHBIX cucteM [1; 2],
B YaCTHOCTH aBUALMOHHOW. OJJHUMHU U3 KJIIO-
YEBbIX XapaKTEPUCTUK TPAHCIIOPTHOMN CUCTEMBI
SIBJIsSIETCSL €€ MOCTYMHOCTh [3; 4] U CBA3HOCTH
[5-7]. U3BecTHaA 1O MeHbIIEH Mepe oJHa MO-
TIBITKA FOCYAapCTBEHHBIX OPraHOB 33/1aTh KPH-
TEPUH IOCTYITHOCTH TPAHCIIOPTHOM YCITyTH JUIs
JIOJITOCPOYHOTO Pa3BUTHS TPAHCIIOPTHOM CHUC-
TeMbl. Harpumep, B TOKJ1a1€,' TOBOPHTCSI O TOM,
yto K 2050 . 90 % rpaxnman EBpomeiickoro
Coto3a TOJDKHBI UIMETh BO3MOXKHOCTH COBEp-
LIMTH HOE3/IKY «OT JBEPH 10 ABEpH» He OoJee
4yeM 3a 4eThlpe 4yaca. B ToMm Buie, B KOTOpOM
chopMynHpOBaHa 1eIb Pa3BUTHS €BPOIICHCKOM
TPaHCIIOPTHOM CHCTEMBI, 3aJI0KEHO TPH (HaKTo-
pa: NepBbIii — IPUHLUI «OT JIBEPH JI0 ABEPH» —
OTpa)kaeT TaK Ha3bIBa€MBbI XOJUCTHYECKUU
MOJIX0J] K MPOEKTUPOBAHUIO TPAHCHOPTHBIX
cucreM [8]; BTOpOil — 1ieJieBO€ 3HAYEHUE HE
pacrpocTpaHsieTcs Ha BCE HacesieHue (IopsiaKa
50 MIIH. YenoBeK OyayT HaxXOOUThCS 3a MpeJe-
JIaMH YCTaHOBJICHHBIX CTaHJApTOB); TPETUH —
BBIOOP a0COFOTHOTO BPEMEHHOTO 3HAYCHUS —
SICHO OTpa)kaeT reorpaduyeckue 0CoOEHHOCTH
peruoHa. PaccrosiHue Mexy 4eThIpbMs Kpai-
HUMHM CTOJIMI]AMH B KOHTUHEHTaJIbHOI EBpore
(JTuccabon, TaminH, XenbcMHKN U AQHUHBI) HE
npesbimaer 3400 kM (ISATh Y4acOB MOJETHOTO
BpEMEHH).

B ommume ot 3apy0exxHbIX cTpaH, B Poccnii-
ckoit deneparyy Moka He CIOKHIOCh €UHOTO
MIPE/ICTABIICHUS O KPUTEPUSIX OLIEHKH KauecTBa
TPaHCIOPTHOM CHCTEMBI, HU B M30JIMPOBAHHOM —
TOJIBKO aBHALIMOHHBIA CEIMEHT, HU B 00LIEM,
BKJIIOYAIOIIEM Ha3eMHble y4acTku, Buue. Opu-
LUaJIbHO yTBEPKIEHHBIE [TOKA3aTEeNH JUIs aBUa-
tpancrnoptHoii cuctembl (ATC)? — Hampumep
YpOBEHb MOOWJIBHOCTH, KOJIMYECTBO JHHHIA,
obneraromx MOCKBY — SIBJISIOTCS BayKHBIMH, HO
HEJIOCTAaTOYHO YETKO OIPEACISIONINMH TPAHC-

! European Commission, Directorate-General for Mobility
and Transport, Directorate-General for Research and
Innovation, Flightpath 2050: Europe’s vision for aviation:
maintaining global leadership and serving society’s needs,
Publications Office. — 2011. [DnexTpoHHBbI pecypc]:
https://op.europa.eu/en/publication-detail/-/publication/
2962a9bd7-fef9—4ae8—82c4-a21ff48be673/language-en.
Joctyn 23.04.2023.

2 TpancnoptHas ctparerus Poccuiickoii Demeparun Ha mepu-
ox 10 2030 rosa ¢ mporuo3om Ha nepuoa 10 2035 roga. YTB.
pacnopsbkenueM IlpaButensctBa Poccuiickoit @eneparn
ot 27 Hostopst 2021 1. Ne 3363-p. [DnexTpoHHBIH pecypc]:
https://mintrans.gov.ru/file/473193. Joctym 23.04.2023.
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MOPTHOE Ka4eCTBO HAIIMOHAIBHOM CETH IOKa3a-
Tenamu.’

B Hacrosiiee Bpemst 9KCIIEpTHBIM CO00IIIe-
CTBOM TOJIBKO 0OCY>K/IAI0TCSATIONXOABI K OTIpe/ie-
JICHUIO YHHBEpCcalbHOTO KpHutepus [9—-11], ko-
TOPBINA MOT ObI 00BEKTHBHO OLIEHUTH TPAHCIIOPT-
Hy0 noctynHocTh [12] ATC u 3amaTh eé mene-
BbIC 3HAYCHMSI.

L]envio nccnenoBaHus SABISETCS pa3paboTka
METOJMYECKOTO MOX0AA K OLEHKE TPAHCIIOPT-
HOHN JOCTYIHOCTH MACCAKUPCKUX aBHAIIEPEBO-
30K JUIsl OPEEIICHU €€ 1IEJIEBbIX 3HAYCHUM.

B kadecTBe €IMHOTO KpUTEPHS TPAHCIIOPT-
HON JOCTYHMHOCTH BHYTPEHHHX MacCaXUPCKUX
aBHAIEPEBO30K aBTOPOM IpeJIaraeTcs paccmar-
pHBaTh JBa AOTOIHSIIONIMX APYT Apyra MoKa3a-
TEJISI: NOMEHYUANbHOE HUCLO NACCANCUPOB
" 8pemsa naccadicupa @ cucmeme. IlepBblil moka-
3aTenb XapakTepUu3yeT caMy IT0 ceOe BO3MOXK-
HOCTb JIOJIETETH /10 HY)KHOTO €My ITyHKTa Ha3Ha-
YEHUS: @3POTIOPTHI M B HAYaIbHOM, ¥ B KOHEYHOM
IIYHKTax AOCTYIIHBI U 1O HUX MOXKHO J00paThes
TI0 IOPOTe; CYIIECTBYIOT MIEPEBO3YNKH, KOTOPBIE
BBITTOTHSIOT PEHCHI B/H3 TIEPBOTO ¥ IIOCIIEAHETO
a3poIIoPTa, a Ha MAPILIPYTE CIECAOBAHNS BO3MOXK-
HO COBEPIINTH OTHY WJIN HECKOJIBKO ITEPECaIoK.
BpeMenHoii ke oka3aresib ONMCHIBAET CII0CO0-
HOCTh ATC mOCTaBUTH Maccakupa W3 OIJHOTO
ITyHKTa Ha3HA4YEHUs B APYroil 3a onpenenéHHoe
BpeMs U ¢ He Ooiee 4eM 3apaHee 3aJaHHBIM
YHCIIOM HIEPECATIOK.

Ha ocaoBe mamemamuueckoeo mooenuposa-
nus [13; 14], c mcnons30BaHIEM CTATUCTHYSCKIX
JTaHHBIX, pa3padoTaHa METOANKA PacuEToB Mpel-
JaraeMpIX IMOKas3aTeJaed eIMHOT0 KPUTEpPHUS
TPaHCHOPTHOMU AOCTYNHOCTH. [TomyueHna oneHka
aBHaTPaHCIOPTHOH noctynHocTH cetn 2019 ro-
na. Beroop 2019 rona 000CHOBBIBaETCS TEM, UTO

3 Kpome ormeueHHBIX aBTOpoM, TpaHCIOpTHast cTparerus
COZICP)KHT OOIBIIOE KOMUYECTBO MOHATHH U MHIHKAaTOPOB
pa3BUTHS TPAHCIOPTHON CHCTEMBI, MOOMJIBHOCTH Hace-
JIeHHsI, B TOM uHcie aBHanuoHHoi. Tak, B TpancnopTHoi
CTpaTeruy BIEPBBIC OIPE/IeNICHbI TAKUE IIOHSTHS, KaK «aBHa-
LMOHHAS MOJBIKHOCTBY, KMECTHAs BO3/IYIIIHAs IEPEBO3KAY,
«OTIOpHAsI CETh a3pPOIPOMOB (adPOMOPTOB) IPAXKITAHCKOU
aBHAIUNY, KPETHOHAIIBHAS BO3AYIIHAS IIEPEBO3KAY, «COLH-
AJIBHBIH CTAHIAPT TPAHCIIOPTHOTO OOCITY)KUBAHIS TPaXKIAH,
«TPaHCIOPTHAs JOCTYIHOCTHY U Apyrue. B uncie nporso-
3UPYEMBIX HTOTOB peanu3aunu TpaHCIIOPTHOM CTpaTeruu:
«TPaHCTIOPTHAS JOCTYIHOCTH CTOJHUIIBI COCEAHET0 CyOBbeKTa
Poccuiickoit denepanuu — He Goaee 5 4acoB»; «BO3MOXK-
HOCTh MEpeMEIIeHUs B Tpezenax 12 yacoB MEXAy BCEMH
roponamu Poccuiickoit denepannn ¢ HaceaeHneM Gonee
100 ThIC. yenoBek». Cpequ MHAMKATOPOB AOCTIKECHHUS LIENeH
TpaHCIIOPTHOH CTpaTeruy, B YaCTHOCTH, «aBHALMOHHAS
MOABIDKHOCTD JKUTENCH yNaNéHHBIX H TPYIHONOCTYIHBIX
paifioHOB» C COOTBETCTBYIOIIMMH IOKA3aTeNsIMH, U APY-
THE. — IIPUM. pefl.

YpronuvH WU. B. OnpeaeneHne ctaHAapTa TPaHCMOPTHOW AOCTYMHOCTU ANsi BHYTPEHHUX

NacCaXXMpCKNUx aBmarnepeBoO30K




Puc. 1. UnmocmpamueHbIii npumep ghpacMeHma kapmsi oCMUXUMOCMU HaCeNEHHbIX NYHKMO8 [8bINOIHEHO a8MOPOM].

OH HamOoJiee TOIHO OTPaXaeT yCTOSBIIYIOCS
ATC P®. IMocnenyromme 2020-2021 rr. mms
ATC xapakTepH3yroTcsl HI3MEHEHHUSIMH, CBS3aH-
HBIMH C BHEUIHUMH (DAaKTOpaMu, B TOM YHCIC
COVIDI19.

IIpuBenén npumep MOIEIUPOBAHUS LIETEBOU
cetn Ha 2035 T0J, MO3BONISIONINH YITydIINTh
I0Ka3aTeN! TPAHCTIOPTHOH JOCTYITHOCTH OTHO-
curenbHO ypoBHA 2019 roma u 3amath nx BO3-
MOXXHBIH LIENIEBOM CTaHIapT.

PE3YNbTAThI
Metoauka onpeneseHnsi TPAHCIOPTHOM
JOCTYIHOCTH

Pa3zpaboTaHHBIH METOAMYECKUH MOIXON
K OIpEICICHUIO TPAHCIIOPTHOM MOCTYIHOCTH
roJpa3ymeBaeT ABa dTana. Ha mepBom srame,
C MTOMONIbIO MOJIEIMPOBAHMS 30HBI MOAOOpa
KaXXJIOTO a’3poIopTa, OMPENENsIeTCs] TOTCHIH-
anpHOE uncio nmaccaxupoB B ATC. TTox «30HO0#
roa0opa» IMOHUMAETCS TIOTEHINAIFHOE YHCIIO
MaCCaXMPOB, KOTOPOE MOXKHO OTHECTH K KOH-
KpeTHOMY a’ponopty. Bropoit sran nocssmén
pacuéry BpeMEHHbIX 3aTpaT MacCaXnpa KOHKpeT-
HOTO a3pOIopTa.

1. llomenyuanshoe uucno naccasicupos PP,
asporiopra X, i = 1,..., N — onpezensercs Kak
YHUCITO JKUTEINEH (B JONAX OT 0OIIETro HaCeICHUS
CTpaHbl), KOTOPBIM JAOCTYITHA HAIMOHAJIBHAS
aBUATPAHCIIOPTHASI CHCTEMA!

Z, .
= L i=1..
Popy,

,- LN, Q)
rie Pop,,. — YHCIEHHOCTh Hacenenus Poccuii-
cxoit denepanny;

Z,— 30Ha TIo100pa i-0r0 a’poropTa;

N € N — MHOXeCTBO BceX aspornoprtoB PO.

[oTeHnmabHOE YHCIIO TACCAXKHUPOB B [IETIOM
st ATC PO MoxeT OBITH OIIPEAeTIeHO KaK:

PP=iPP,., NeN'. 2)

i=l
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B ofmem ciydae 4nCICHHOCTh HACEICHHS
HaceJIEHHOTO ITyHKTA, PAIOM C KOTOPBIM PacIio-
JIOXKEH a’pOIOpT, HE COBMAJACT C €T0 30HOM
nogbopa. Kpome Toro, 3agacTtyio psiioM ¢ Hace-
JIEHHBIM ITyHKTOM MOXXET HaXOIHUThCS HECKOJIBKO
asponioptoB. [ToaTomy ompenenenue pazmepos
30H monbopa Z, i = 1,..., N BBIIENAETCS Kak
OTAENbHas MoA3a1a4a.

Jl7st oripesieneHust HaceNeHUsI B 30HaX MOA00-
pa TIpUMeHseTCsl MaTeMaTHdeckas Moaens [15],
B KOTOPO#l B Ka4eCTBE OCHOBHOM MeEpHI MPEOIO0-
JICHUSI TIPOCTPaHCTBa OepéTcs BpeMsI O[BO3a 10
asponopra. BpeMs moe3aku oT HaceaEHHOIrO
IyHKTa JI0 a3pozipoMa OTIPEACIISETCS ¢ YIETOM
MPOTSHKEHHOCTH CYLIECTBYIOIIEH JOPOKHON CETH.
B kauecTBe BepXHEH rpaHHIBI YIAIEHHOCTH Ha-
CENEHHOTO IyHKTa OT a’poapoma Oepércst pac-
crostare B 500 kM 1o oprogpoMun. MakcuMalb-
HOE JIOITyCTUMOE BPEMSI B JIOPOTE J0 adsporopTa
OTPaHUYHMBAETCS MATHIO Yacamu. BriOop Takoro
BPEMEHHOTO OTPaHUYUCHUS 00y CIIOBIICH OOJBIIION
MIPOTSKEHHOCTHIO TeppuTopun Poccuiickoit de-
JIepaIyy, a TAKXKE HEPaBHOMEPHBIM PaCTIpEsIeIie-
HHUEM HaceJIeHHUS U 00BEKTOB Ha3eMHON MH(pa-
CTPYKTYpbI. B KauecTBe prMepa MOXKHO TIpHBE-
CTH TeppuTOopHI0 EBpeiickoro aBTOHOMHOTO
OKpyTa, TIe OTCYTCTBYIOT asponopThl. Hanbomnee
KPYIHBIM 1 OJT3KHM a3pOTIOPTOM SIBIISETCST Xa-
0apoBCK, HAXOSIIMICS B IPYTOM PETHOHE, ITPU
9TOM aBTOMOOWITBHAS TTOE3/IKA TOTPEOyeT mopsia-
Ka IIITH YacoB, YTO MOATBEP)KIAET BEINUHHY
BBIOPAHHOTO BEPXHETO OTPAaHNYCHHSI.

[Ipn MozenMpoBaHMH C IOMOIIBIO BECOBOH
¢byukimH [ 15] Takke YIUTHIBAIOTCS HAXOISIIIHC-
cs1 B paauyce 500 kM anbTepHATHBHBIE a3POIPO-
MbI. [IpuBIIeKaTenbHOCTD TOTO WIIM HHOTO a3po-
JIpoMa ISl HaceJIEHHOTO MyHKTa 3aBHCUT OT
4acTOTHI PEHCOB U YIaNEHHOCTU U BBIPAXKaeTCs
B BHJI€ BECOBBIX KO((HUINECHTOB, 32 CIET YETO
TIPOMCXOANT pacTpeaeIeHIe HACEIeHNUS 10 30-
HaM 1o100pa a3poIopTOB.
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Ha puc. 1 mpencrasneH B kKauecTBE MILIIO-
CTPaTUBHOIO Npumepa (GparMeHT NOoNydeHHOU
ABTOPOM KapThl JOCTIXKUMOCTH (B paMKax MATH
4acoB IMOE3JKHU 10 a3pomopTa) HaceIEHHBIX
ITYHKTOB JI0 MyHKTOB Nosi€Ta. CHHUMH U pHoie-
TOBBIMH TOYKAMHU* 0003HAYCHBI a3POJAPOMBI
U BEPTOPOMBIL. 3eJIEHBIMU, KENTHIMH, OpPaHKe-
BBIMH U KPAaCHBIMH TOYKaMH — B 3aBUCHMOCTH
OT yIal€HHOCTU — OKpalleHbl HaceJEHHbIE
MyHKTHL. IS KpacHBIX TOYEK IOCTH)KMMOCTH
a’poropra OTCYTCTBYET WM COCTaBIIseT Oojee
ISITH 4acoB. 3eNEHBIMU 0003HAYEHBI ITYHKTBI,
HaXOJSALIMECS] B HEIMOCPEACTBEHHON OJIM30CTH
OT a3pOAPOMOB.

Pewrenue 3ama4n BbIeNeHUs] 30H moabopa
JUTA KaKIO0TO U3 a3POIIOPTOB CTPAHbI O3BOJISET
peIINTh OCHOBHYIO 3a/1auy — OIpENEIeHUe Cy-
LIECTBYIOIIETO WM EPCHEKTUBHOTO JHana3oHa
3HAUEHUH TPAHCHMOPTHOM TOCTYIHOCTH HAILMO-
HanbHOM ATC.

2. Bpemsa naccaxcupa 6 cucmeme TS, nns
aspomiopra X, i = /,..., N onpeznensercss Kak
MaKCHMAaJIbHOE 3HAYEHHUE W3 MHUHUMAaJIbHBIX
BpEeMEH, 3a KOTOPOE W3 JAHHOrO X, a’sporopra
MOYKHO JOJIETETH 1O JIFOOOro Xj j=1..,.M
aspornopTa u3 MHOXKecTBa M < N—I TOCTYIHBIX
a’pONOPTOB ¢ He DoJIee ueM 3a/IaHHbIM KOJIHue-
CTBOM k mepecajiok Ha [ MapiipyTax:

15, = may, min T, 3

i=1,.,Nj=1.,MI=1.,LNMLeN.

B dpopmyme (3) T,-,- — BpeMs, 3aTpayuBaeMoe
Ha IepeBO3Ky K3 X, asporiopra B Xj ¢ He Ooiee
4yeM k epecasikamu; L — MHOXKECTBO BO3MOXKHBIX
MapIIPyTOB JOCTIDKMMOCTH a3ponopra X, u3
3aJJaHHOTO.

Ou4eBUAHO, YTO NMPHU HUKCUPOBAHHOM Kk
CYILIECTBYET BEPOIATHOCTh MOMACTh U3 X, B Xj
HECKOJIBKMMHU criocobamu. HeemnHCTBEHHOCTD
CBSI3M XapakTepHa M AJS MPSIMOTO MapIIpyTa
(k = 0), Tak KaK BO3MOYKHO HaJIU4IHe HECKOJIb-
KHX PelicoB, OINYAIOIINXCA KaK 110 BpEMEHH
BBINTOTHEHHUS, TaK U IO BPEMEHH Iepenéra
(puc. 2).

Munnmmzanus B (3) obecrieunBaeT MOUCK
JIyIIETO BPEMEHH NepenéTa Cpey BCeX Maplil-
PYTOB C Pa3HBIM JOIYCTHMBIM KOJIHYECTBOM
TepecagoK A napbl X, — Xj A MakcUMM3aLUsg
TI03BOJISET MOJIYyIHUTh BEPXHIOIO OLICHKY BPEMEHH
TIEPEBO3KU CPEIH JTyUIINX (MUHUMAIBHBIX) IS
aspornopra X,.

*1lBeTHast BepcHs IOCTynHa Ha Beb-caiiTe xypHana. —
[PUM. pefl.
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Puc. 2. Unmocmpayus HeeduHcMeeHHOCMU Mapwpymos u3 X,
8 X; (e finAemcs pesys-maimom, HOCUM U/TIOCMPamueHbI,
nosicHsarOWull xapakmep [co30aHa agmopom].

Ob6mee Bpems nepeBosku T, ; AT OZTHOTO U3
BO3MOXHBIX / MapumIpyToB C k mepecaakamMu
MOYKHO OTPEICITUTh KaK:

k

=2 0,+7,), 4)

TIe £, — BPEMs EPENETA Ha OJJHOM M3 CETMEHTOB
MapuipyTa;

T — BpeMs OXKHJIaHUs pefica.

B paBenctse (4), eciu BpeMs IPsIMOTO Tiepe-
n€Ta MEeXIy JByMs JIIOOBIMU a3pOIIOpPTaMU MO-
KeT OBITh MOJYYEHO M3 CTAaTHUCTHYECKHX JIaH-
HBIX, HallpUMEpP, PETYyIIPHOr0 PACHHUCAHUS
BHYTPEHHHX aBHAIEPEBO30K, TO OIpEeICHUE
JOMYCTHMOTO BPEMEHU Ha OXKHJaHUE pelica T,
CTAaHOBUTCSI TOTIOTHUTEIBHOM 3a1a4uei.

Taxk, BpeMst oxxuaHus peiica nepea noiacTom
1 CeTMEHTAaMHU MapIIpyTa MO)KHO PACCUUTATh U3
TOJIOBBIX YacTOT Ha JIMHMAX JUIS X, asporopra
OTIIPABJICHUS KaK OTHOIICHNE KOJTHMUYECTBA JHEH
B roly K KOJIMYECTBY BBITIONHEHHBIX IIEPEBO3OK.
Toraa Bpemst oxxugaHus peiica asis i-ro asporop-

Ta MOXXHO OIIPEJICINTD KaK:
365.-T

T, R, . 5)
B (5) T = {0;12;24} — xoadduruent mpo-
ITyCKHOM CITOCOOHOCTH (OOIIUIt T CHCTEMBI);
R, — KONMM4ECTBO PEHCOB HA CETMEHTE MapIl-
pyTa (k>0) uu ipsimoi uawn (k = 0) u3 X, BX.
KoaddumueHT nponyckHoi crmocoOHOCTH
TIO3BOJISIET TIOJYYUTh BpeMsl OXKHIAHUS B TPEX
cpesax: npu 0 — BpeMs Ha OXHUIaHHUE peiica oT-
CYTCTBYET; IpH 12 — Bpemsl 0XKHJaHUS, PABHOE
CpenHeMy BpeMeHHM; IpH 24 — MaKCHMaJIbHOE
BpeMs OXuaaHus. HBIMH clioBaMu, 3TH TpH
cpe3a COOTBETCTBYIOT: IEPBBIH — HAEAIBHO
CHHXPOHU3UPOBAHHOMY PACHHCaHHIO 110 BCEH
cucreme (6e3 yuéra oXXugaHus), BTOPOil — CHH-
XPOHU3UPOBAHHOMY YaCTHYHO (MHOTOCETMEHT-
HBIE TEpeNIETHl C CETEBBIM IIEPEBO3YMKOM HA
OOIBIIMHCTBE CETMEHTOB); TPETHI — MaKCUMaJTh-
HO pa30alaHCHpOBaHHOE paclucanue (KoMMep-
YyecKasi CBA3HOCTh CETH IOJHOCTBIO OTCYT-
CTBYET).
B kadecTBe albTepHATUBHOM OLIEHKU BpeMe-
HU OXHJaHUS peiica MOXKET HCIOIb30BATHCS
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nmuarazoH 3HaueHu# ot 40 no 180 munayT. Co-
DJTaCHO®, HWKHSS TPaHUIA MepecagoqyHoro OK-
Ha — MUHAMAIIFHOE CTEIKOBOUHOE BpeMs (MCT —
minimum connection time) COCTaBISET MOPsIIKa
30—40 mMuHyT. BepxHsa rpaHuna HampsMylo
3aBUCHUT OT CTAHAAPTOB, MPUHATHIX KaXKIIbIM
a3pOTIOPTOM M aBUAKOMMIAHUSIMU. 1715 KPYITHBIX,
COBPEMEHHBIX a9POIIOPTOB BPEMS HA [IEPECAIKY
B CPEIHEM COCTaBIsIeT mopsiaka 1-3 4acos.
OnHaKo MpH TaKOM ITTOXO0/Ie HEOOXOANMO yUH-
THIBaTh BPEMsI OTIIPABICHHUS KaXJIOTO peiica
B K2)KJIOM a3pOIOpPTE Ha OCHOBE PETYISIPHOTO
pacnucaHus acCcaXNPCKUX aBHAIICPEBO3OK.

Kpowme ompeneneHust BpeMeHH OXKHAAHMUS,
B)KHBIM ITApaMeTPOM IS pacuéra BpeMEHHOTO
TIOKa3aTeNs TMOKPBITHS CETH SBISETCS MaKCH-
MaJbHOE JOMYCTUMOE YHCIO Tepecasok — k.
CoBpeMeHHbIE CHCTEMBI OpOHIPOBAHMS OMIICTOB
JIOITYCKafOT PEHCHI ¢ He Ooliee 4eM TpeMs Iepe-
caakamu. OnHAKO ¢ y4ETOM reorpaduyecKux
0COOEHHOCTEH CTPaHbI, a TAKYKE HEPABHOMEPHO-
TO pachpene’IeHus] YHUCICHHOCTH HACEICHHS
TpeasaracTcsl MOAHATh OTPAaHUYCHUE YHUCITa
BO3MOXXHBIX ITE€PECaIOK JIO TISTH.

ITonck Beex Tij OCYIIECTBISIETCS C TIOMOIIBIO
(hopMHpOBaHUST MHOKECTBA BCEX BO3MOXHBIX
MapIIpyToB U3 X, B IPYTHE adpOIOPTHI CETH.
MHOXECTBO BCEX MapUIpyTOB ITONTydaeTcs W3
00BeIMHEHNS TIPSAMBIX MApIIPYTOB C MapIipy-
TaM¥, UMEIOIIMHE OITHY 1 OoJee mepecanok. s
TIOTYYEHHS MapIIPyTa C IePECaaKON UCTIONb3Y-
eTcs IeKapTOBO MTPOU3BEACHHE IPSIMBIX PEHCOB
(cBA3p «MHOTHE KO MHOTHMY»). [Tocne Ha moiy-
YEHHBIC MapIIPyThl HAKIIAABIBAIOTCS OTpaHUYe-
HUSL:

* COOTBETCTBHE a3pOIOPTA MPHOBITHS OTHO-
CHUTEJIFHO a3poIopTa BhIIETA:

(X, > X1 X, > X,.X,, > X,,n=m}; (6)

¢ UCKITFOYE€HHNE MUKIJIOB OAHOT'O NI HECKOJIb-
KHMX CCTMCHTOB B MapuIpyTe:
X > X1 X=X} 7

MapuipyTsl, peichl 10 KOTOPBIM HE YAOBIIE-
TBOPSIOT YKa3aHHBIM KPUTEpHUSM, HE paccMa-
TpuBaroTcs. /IBa asponopra, Ans KOTOPHIX HE
HAIIUIOCh HA OHOTO MapIIPyTa, YIOBJIETBOPSIO-
IIETO KPUTEPHUSIM, CUUTAIOTCA HEIOCTHKHUMBI-
Mu. [y moiydeHus MapuipyToB ¢ Gonee yem
OJIHOM IIEPECaTKON UCIIONB3YETCS YBEIUUECHUE

5 International Air Transport Association (IATA). Minimum
Connect Time (MCT) User Guide. [9nexTpoHHSBIi pecypc]:
https://www.iata.org/contentassets/638f0938b3dd451b87
2a1d8357755421/minimum-connecting-time-user-guide
version-1.1.pdf. Jocrym 24.04.2023.
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YHclla JEeKapTOBBIX MPOW3BEICHUN TPAMBIX
peticoB ¢ yuéroMm orpanndeHuit (6), (7) mis
Ka)JIoro HOBOTO Iiedya. K uroroBomy MHOXe-
CTBY BCEX PEICOB, COAEPIKAIINX MAPIIPYTHI C k
=0,1,...,5 nepecagkaMu, IpUMEHSIETCS BEIOOP-
Ka, TO3BOJIAIONIAs TOMYYUTh JTydine (MAHHU-
MaJIBHBIE IO BPEMEHH 10 KaXI0TO X].) perichl
I KaXXJI0To XI Takoke AJI KaXA0ro MyHKTa
BBIJICTA CTaBUTCSA B COOTBETCTBHE HACEJICHHE,
HaxoJisIeecs B 30He Mo00pa — MOTEHIINAIBHOE
qmrcIo maccaxupos (PP). Jlanee ocymecTsis-
eTcst BEIOOp MAaKCHMalbHOTO BPEMEHH, 3aTpa-
YEHHOTO Ha ITEPEBO3KY, CPEI ITYHKTOB BBLICTA,
00eCneYnBAaONINX ONPENEICHHYIO I0JI0 Hace-
nenus Poccun.

B ormuume or PP, BpeMeHHO! MOKa3arenb
TS unu «CcrmocoOHOCTE» NOJNETETh HE UMEET
Yy€TKO 3aJaHHOTO rana3oHa 3HaueHuil. [pexne
BCETO MOTOMY, UTO €r0 HeNlb3sl PacCMaTpHuBaTh
B OTpBIBE OT TeorpapuyecKkux XapaKTEePUCTHK
CTpaHbI ¥ 0COOCHHOCTEH pacCeNICHUs HACEICHHS
1o € Teppuroprn. OpTOAPOMHUUECKOE PacCTOsI-
HHUE MEXAY AByMs CAMBIMHU YIAIEHHBIMH a3pO-
nopramu (Cumdeponons n Menzaeneeso (0.
Kynammp)) cocrasister 8067 kunmomerpos. [Ipn
CpenHel MapHIpyTHOH CKOPOCTH PEaKTUBHOIO
BC 800 kM/9ac BpeMs B Iy TH MEXIY 3THM JIBY-
Ms IIYHKTaMH COCTaBHT, C YYETOM peaIbHOTO
MapuipyTa, He MeHee 12 yacoB. DTo 3Ha4YeHHE
3a1a€T HEKUI OPUEHTUP MUHUMAJIBHOTO TEOPE-
Tryeckoro 3HadeHus 1S mist 100 % rpaxnax
Poccuiickoit ®enepanuu.

OueHka TPaHCNOPTHOM JOCTYIHOCTH
cern 2019 roga

Jlns onpenieneHys Auana3oHa pealuCTUYHBIX
3HAYEHUI TOKAa3aTeleil JOCTYITHOCTH aBUaTpaHC-
mopTHOM cuctembl Poccun Oblta mpoBeaeHa
JINarHOCTHKA YK€ JOCTUTHYTHIX €€ TapaMeTpoB.
B kadectBe 06a30BOW TPaHCHOPTHOW CHCTEMBI
JUTS pacu€TOB MOKa3aTeseH T0CTyITHOCTH BBIOpa-
Ha ATC 2019 roma. KomngecTBO HOCTYIHBIX
nepecagok OrpaHUYeHo MAThI0. BpeMs oxuna-
HUS pelica ONpeNeNIeHO HCXOO U3 CPEIHUX Io-
noBeIx actot (7= 12). Harpaduxe (puc. 3) aB-
TOPOM INIPEJCTABIEH PE3yNbTaT pacy€ToB Mpe-
JlaraeMbIX TIOKa3aTeNei TOCTYITHOCTH — rpad K
3aBucumMoct PP ot TS s Beeit ATC.

Pezynerarsl MoeIMpOBaHNS TTOKa3alH, YTO
TIPY 33/IaHHBIX TPAHMYHBIX YCIOBHUAX HE CyIIe-
CTBYET a3pOIOpTa, KOTOPHIi OB OBI CBsI3aH CO
BCEMH JIPYTUMH a3pOIOPTaMHU CTPAHBI.

Kax BuaHO U3 rpaduka, mogoBrHa HaceNEHHS
CTpaHBI HAXOANTCS PYT OT APYyTa B BOCBMH Yacax
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MapIlIpyTHOTO BPEMEHH NPH IEePEeJBUKCHUH
TOJIBKO aBUAIIMOHHBIM TpaHcropToM (0e3 yuéra
HA3EeMHOTO cerMeHTa). 3aTeM Halmonaetcs Oyp-
HBIH POCT CBSI3HOCTH CETH: NPH YBEIHYCHHH
BPEMEHHU HaXOXKJCHHS MacCakupa B IIyTelle-
crBur Ha 20 % (1o 10 yacoB), JOJs CBS3aHHOTO
aBHaIel HaceseHust pacTer 6onee yeM Ha 40 %.
3areM MoTeHnrai noxoopa naccaxupoB Ha OTHO-
CHTEJIFHO KOMITAKTHOW M T'yCTOHACENEHHOW YacTh
CTpaHbl HCUEPIIBIBACTCS, U HEJIOCTATKH CIIOKUB-
medicas ATC HauyuMHAIOT NPOSBIATHCS CaMBIM
OYEBHHBIM 00pa3oM. B mpenenax 3asBleHHOTO
paHee opueHtupa — 12—15 gacoB XHUBET MeHee
3/4 rpaxxnan Poccun. B To xe Bpems, Ooiee
19 muH vesnosek (13 %) >kUBET HA AUCTAHIIUU
Oonee 24 4acoB OT OCTAIBHOI YacTH CTPaHBI.

PesepBbl MOBBILIEHUs JOCTYITHOCTH COCpe-
JIOTOYEHBI B JIBYX HarpaBieHHsX. Bo-mepBbIx,
CMeIlleHHe KPUBOW pacIpelesieHus BIEBO, TO
€CTh COKpAILlEHHEe BPEMEHHOTO 110Ka3aTeIsl 110-
KPBITHS, U BBEPX — YBEIMYEHHE J0JIH HACEICHHS
¢ QUKCHPOBAaHHBIM BPEMEHEM OKa3aHUsI TPAHC-
TIOPTHOM YCIIYTH.

OueHka TPaAaHCHOPTHO AOCTYNHOCTH
nesaesoii ceru 2035 roga

Bwmecre ¢ oneHkol TpaHCHOPTHOH AOCTYI-
Hoctu ATC 2019 roma paccMOTpeHO MpUMEHe-
HUE [Ipe/iIaraeMpIX IoKa3aresiel TpaHCIOPTHOM
JOCTYITHOCTH Ha LIEJIEBOH (MOIEIHPyEeMOii)
MapuipyTHoit cetr 2035 rona. MonenupoBanue
CEeTH BHYTPEHHHX aBUAIlEPEBO30K OCHOBHIBACT-
Csl Ha YHCJIe UMEIOIIUXCS cefyac CBsized KOH-
KPETHOTO a’poriopTa ¢ APYTHMH a’poropTaMH
cTpaHbl. [TIaBHBIM KpUTEpHUEM KauecTBa COBO-
KyITHOW MapUIPyTHOW CeTH sIBIIsieTcs: obecreye-
HUE MUHUMAJILHOTO BPEMEHHU My TeIECTBUS JUIs
MaKCHUMaJIbHO BO3MOXXHOW JIOJIM HacCeJeHUs
CTpaHBI.

LeneByo aBUaTPaHCIIOPTHYIO CUCTEMY IPe-
JlaraeTcs paccMaTpuBaTh Kak TPEXPAaHTOBBIH
rpad. [TyHkThI monéra nepBoro panra oopasyot
«OIIOPHYIO» CETh H IMEIOT CBSI3H JIPYT C APYTOM
10 TPUHINITY «KXIBIH ¢ KaXAbIM». B atot
CerMeHT oTHeceHbl 12 aspomnoproB (Mockaa,
Canxkr-IlerepOypr, ExarepunOypr, KpacHomap,
Hosocubupck, Omck, KpacHosipck, SIkyTck,
Camapa, Pocros-na-Jlony, Upkyrck, Xaba-
POBCK), Ha KOTOpbIE MPUXOAMUTCS OOJNBIIHHA
MaCCaKUPOIIOTOK KaK MEK/y CAMUMH a3pOIIop-
TaMM OIOPHOW CETH, TaK M TPAH3UTHBIA U3
npyrux cermeHToB ATC.

Ko BTOpomMy panry otHocsTcs 133 aspomnop-
Ta, CBSI3aHHBIX C y3J1aMH | paHra, 4aCTU4HO APYT
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Puc. 3. JocmueHymbie nokasamenu aguampaHcnopmHou
docmynHocmu Ha 2019 2. [pesynbmam ModenuposaHus
nokazameneli asuampaxHcnopmHoii docmynHocmu Ha 2019 2.,
nony4eHHbIl agmopom].
C IPyroM M a’poriopTamu 3 paHra. JTa rpyria
SIBIISIETCS IPUHIIMITUATILHO BaKHBIM CETMEHTOM,
00eCIICYMBAIOIIUM CKOPOCTh MIEPEABHIKCHUS 110
Bcel ceTu.

OcranbHble MyHKThl MapIIpyTHOH CETH CO-
CTaBIIAIOT TPYMITy 3 paHra, KOTOPHIE CBA3AHBI
TOJIBKO C @3pONOPTaMU BTOPOTO PAHra U HE UMe-
IOT TIPSIMOI CBSI3U C CEThIO MapIIPyTOB MEPBOTO
paHra. A3pomopThl 3TOTO CETMEHTa SBISIOTCA
«TYIHKOBBIMU» M 3aMBIKIOT (OTKPBIBAIOT) COOOM
TOJIBKO MOCIeHEee (TIEPBOE) TUICYO B MAPIIIPYTHOU
cetu cTpanbl. IToT cerMeHT ATC xapakrepusy-
eTcs 247 a’porpoMaMul ¥ OCaI0YHBIMH IUIOIIAA-
kaMu. PamxupoBaHHOE MpeiCTaBIeHNE ITYHKTOB
mosiéra ObUIO Pa3pabOTaHO TAKXKE B BUIIC KAPTHI,
WLTFOCTPATHBHBIN ()parMEHT KOTOPOH IPEICTaB-
JieH Ha puc. 4.

[Ipennaraemas peopraHu3zaius aBHaTpaHC-
MTOPTHOM CETH MOIPa3yMeBacT MePeXo]l K «xa0o-
BOI» CHCTEME, TO €CTh COKpAIlleHHE dKCILTyaTa-
LMY IPSIMBIX JIMHHUM B TIOJIB3Y PEUCOB C Tiepeca-
kamu. [Tpu TakoM moaxo/ie MpOUCXOAUT OTKA3 OT
IKCIUTyaTaluy 0ECIoCa[0YHbIX TMHUH C MaJIbIM
TpauKOM, OTHOBPEMEHHO C YeM POPMHUPYIOTCS
HOBBIE€ aBUACBS3M HA MapIIpyTax, I7e B HACTOSI-
LM MOMEHT MPsIMOE aBHACOOOIIECHUE OTCYT-
CTBYET, HO MTOTEHI[MAJIBHOIO NACCaKUPOIOTOKA
JIOCTATOYHO JUIsl ©KETHEBHOTO pefica.

OreHka MOTEHIMATLHOTO MACCAKUPOIIOTOKA
MEXAYy ropoAaMy ONpeAeisieTcs C MOMOIIbIO
MHOXXECTBEHHOH perpeccuu [16]. B mepeuens
BIIMSIFOIIUX (PAKTOPOB BOIILIM CTAHIAPTHBIC JIJIS
MOJJOOHBIX MOJIENIeH TeHepaluu Tpaduka ypo-
BEHb JI0XOJIOB M YHUCIEHHOCTHh HacCeJeHUS
B ITyHKTaX BbUIETA U MpUJIETA.

[Ipu MoaenupoBaHuy CETH U TIepepacipee-
JIEHUU MOTOKOB MPHUHSITHI CIEAYIONIUE TOMyIIIe-
HUSL:

* OKCIUTyaTallysl JIMHUU 0053aTeILHO OoIpa-
3yMeBaeT BBINOJIHEHHE Kak MUHUMYM 300 peii-
COB B T0JI;

* JKCIUTyaTalusl JUHUM HAYUHAETCS C BO3-
NYIIHBIM CYAHOM MHHHMAaJIbHO JOCTYMHOM
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HacenemHue myHKTs
= Tperui panr

* Bropoi pawr

® MNepauid pasn

Puc. 4. TeppumopuasnbHoe pacnonoxeHue NyHKMoe noaéma no paHzam [8bINOTHEHO a8MOPOM].
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Puc. 5. ®akmuyeckue u yenesbie 3Ha4yeHUs nokasamenel
asuampaxcnopmHoli docmynHocmu aguampaHcnNoOpmHoU cucmemb|
Poccuu [umozoes!ii pe3ynbmam, nosyyeH U 8bINOTHEH a8MOPOM].

naccaxnpoBMmecTuMocTH (19 mMecT s nuHNM,
poTsHKEHHOCTHIO 10 800 KM);

* IIPH AOCTH)KEHNH ITIAHOBOTO YPOBHS KO-
(unmenTa 3arpy3ku CyJHa Ha JIMHUHM BBOIUTCS
BTOPOU pENiC, a HE YBEINYUBAETCS ACCAXKHUPO-
BMECTHMOCT;

* 3aMEHa BO3AYNIHOTO CygHa Ha OombIiee
TIPOM3BOUTCS TIPH YBEJIMUEHHUHN NTACCAXKHUPOTIO-
TOKA JI0 YPOBHSI HACBIIICHNUS IByX PEHCOB B JICHD;

* MakCHUMaJIbHasi pacyEéTHas 4acToTa Ha JIH-
HUH — He OoJiee YeThIPEX eXKEITHEBHBIX PEHCOB;

* IJMHUM U3 a3POIIOPTOB 3 paHra 3aKaHIMBa-
JOTCSI B @3pOMNOpTax 2 paHra; JUIs HOBBIIICHHS
YPOBHSI KOMMEPUYECKOH 3arpy3Kn JOITyCKAeTCS
JIO IBYX MIPOMEKYTOYHBIX MOCAMIOK;

* CBSI3M MEX/Ty IBYMS a3pONIOPTaMH 2 paHra,
HaXOJIIIUMHUCS B apeajie OJJHOTO ¥ TOTO JKe Xxaba
(mo 1000 xM), OPTaHMU3YIOTCS CO CTBIKOBKOH
B Xa0be B TOM cIlyJae, €CJIM acCcaXnpPOIOTOK Ha
HUX HEAOCTATOUCH AJISI IIPSMOTO peica;

* YBEIWYEHHE MPOTSHKEHHOCTH IYTH HE
JIOJDKHO TipeBhImath 50 %;

* CBSI3W MEXIy asporopramu 2 U | panra,
CYIIECTBOBABIIKE B MEPBBIH TOA MOAEIHPOBA-
HUSL, COXPAHSIOTCS Ha BECh TIEPHO].

B pesynbrare U3MEHEHHs CTPYKTYpHl aBHa-
TPAHCIIOPTHOM CHCTEMBI, TOKa3aTENN TPAHCIIOPT-
HOM JOCTYITHOCTH OBIIN CYIIECTBEHHO MOBBIIIIE-
HBI (puc. 5). HecmoTps Ha TO, 4TO 1OOMTHCS

®  Mup TpaHcnopTa. 2023

MIOJTHOM CBSI3HOCTH BCEH CETH HE YIAJIOCh, KOIH-
4ecTBO rpakiad Poccnu, KOTOpbIe HE MOTIH OBl
BOCIIOJIB30BAThCS JOCTYIIOM KO BCEM 0€3 HCKITIO-
YEeHHS a3poropTaM CTpaHbl, yMeHbIMTcs. Ecnm
B HACTOAIIEE BPEMs NMPH JOBOJBHO MSITKHX
OTPaHMYCHHUSX Ha Ka4eCTBO Iepenéra Bes a3po-
TIOPTOBAs CeTh HeocTynHa 10 MITH 4enoBek, To
(hopMHpOBaHHE IMMPOTHON IIEMOYKN XaOOB 1 KOH-
LIEHTpanys pErHOHATLHOTO TOTOKA B HUX CHU3UT
9TOT IOKa3aTel b OoIee 4eM B TPH pasa.

Emgé Oornee 3HaUMTENbHBIC YTydIICHHUS Ha-
CTYIST B CETMEHTE HE SKCTPEMANIBHO AJTHMHHBIX
W CIIOKHBIX aBHAIMOHHBIX cBs3ed. g 50 %
HaceJICHUs BpeMs MyTEUIECTBUS IPYyT 0 ApyTa
cokparuTcs o4ty Ha 1 gac 20 munyT, a 111 91 %
BMECTO CETOMHAIIHUX 73 % BpeMs HaXOXKACHHUS
B CaMOJIETE M OXKUJIAaHMS B a9POIIOPTaX CyMMap-
HO HE NPEBBICHUT 15 Jacos.

Ha ocHOBe mosmy4eHHbBIX pe3yabTaToB MOJIe-
JIMPOBAHMS aBUATPAHCIIOPTHON CHCTEMBI, IIeJIe-
BbI€ CTaHJApTHl TPAHCIIOPTHON IOCTYIHOCTH
MOTYT OBITh yCTAaHOBJICHBI B CIICITYIOIINX Mpesie-
Jax:

7 gacoB < (PP = 90 %) < 15 gacos.

YcraHoBIeHHE HIDKHETO npesiena 7.5 peciie-
JIyeT IeIb CTUMYJIPOBATh Pa3BUTHE aBHATPAHC-
MIOPTHOHN CHCTEMBI B 3allaJHOW YacCTHU CTpPaHbI.
JocTmxeHne 3Toro nokasaresst OyaeT o3HavyaTh
CHIDKEHHE MapIIPyTHOTO BPEMEHH MPAaKTHIECKH
Ha 15 % I MONOBUHBI HACEJICHHS CTPAHBIL.
YcraHOBNCHNE W JOCTHXEHUE BEPXHETO Iiele-
BOTO TToKa3aress 7.5 MpuBenET K TOMY, 9TO BO3-
MOKHOCTBIO TTOJTy9€HHS TPAHCIIOPTHON YCIYTH
B Ipejieniax 15 4acoB ¢cMOTYT BOCIOJIB30BaThCS
Ha 25 MIJTH YeJIOBEeK OOJIbIlIe, YeM B HACTOSIICe
BpeMsI.

KPATKWE BbIBOObI
B pabote mpencTaBieHa METOIMKA OLCHKH
aBUATPAHCIIOPTHON JAOCTYMHOCTH BHYTPEHHUX

YptonvH U. B. OnpeaeneHne ctaHaapTa TPaHCNOPTHOW [OCTYMHOCTY ANSA BHYTPEHHUX
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MMACCAXUPCKUX MIEPEBO30K, OCHOBAaHHAS Ha JBYX
KPUTEPUAX: MOTCHIMAITEHOM YHCIIC TACCAKUPOB
1 BpeMeHH naccaxxupa B cucreme. C moMouipto
MIPEAJIOKEHHOTO MOJIX0/1a TOJyYeHa OLeHKa
TPaHCHOPTHOMN TOCTYITHOCTH /I aBUaTPAHCIIOPT-
Hoii cetnt 2019 u 2035 ronos. Pesynbrats! moka-
3amm, uto B 2019 romy mist 50 % mporeHToB Ha-
CEJICHHS CTPAHbI BpeMs OKa3aHUS TPAHCIIOPTHOM
YCIIyTH (BpeMsl accakupa B CHCTEMe) HaXOIUTCS
B Mpejenax 8 4acoB, 1 75 % HaceneHus BpeMs
BO3pacTaer A0 16 yacos, a it 90 % BepxHssA
rpaHuna coctaBut 28 yacoB. JlJisi MOBBIIEHUS
KauecTBa TPAHCIIOPTHOM JOCTYITHOCTH U OTIpee-
JIeHUs €€ 11eIEBbIX 3HAUCHHUI IPOBEJEHO MOJIEIIH-
pOBaHUE LENIEBOM aBUATPAHCIIOPTHOW CUCTEMBI
Ha 2035 rox. [Ipennoxena TpéxpaHroBast MOZIEIb
cetu. OIleHKa TPaHCIIOPTHOM TOCTYITHOCTH MO-
nenupyemoii cetu Ha 2035 ro mokaszana, uto Jyis
50 % HaceneHUs BpeMsl B CHCTEME MOXET OBITh
CHIKEHO J10 7 9acoB, a it 90 % Bpemsi B cucTeMe
orpaHuuuTcs 15 yacamu, 4To MPaKTUIECKH BIBOE
yaaydinaeT otieHKy cetu 2019 roxa. Iomyuennsie
3HAUCHHUS [TOKa3aTelell MOTYT PacCMaTPHBAThCS
B paMKax NpPUBENEHHOW MOAEIU KaK LIEJEBBIE
CTaHAAPTHI ABHATPAHCIIOPTHOM JOCTYITHOCTH.
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AHHOTALINA

[MpednosxeH opueuHarbHb It NoAX00 K UCCTeA08aHUKD (OYHKUUO-
HUPOBAHUS C8A3YI0WE20 U Npeobpa3yioue2o 38eHa Mybmumodass-
HOU mpaHCNOPMHO-II02UCMUYECKOl CUCMEMb, Pearnu3yemoeo xe-
1e3HO00POXHBIMU 2py30nepesoskamu. Memodosoauyeckyto 0cHosy
uccriedosaHuli cocmaensom KITacCu4ecKUe NPUHLYUNbI 32anumapus-
ma 8 meopuu 651a20coCMOAHUS, NO38OMAIOUUE HA OCHO8E OUEHKU
MPaHCNOPMHO-MEXHON02UYeCKOl UHGpacmMpPyKmypb! NoAUOHa
U mapUchHb X CMasoK Cmpoume Mamemamu4eckue Modesu, Sensio-
L4UECS! IKOHOMUYECKU 0B0CHOBaHHB MU, KITUEHMOOPUEHMUPO8aHHb -
MU U8oCcmpebosaHHs MU 8 ynpasrieHuu Npoueccamu 2py30nepeso3oK.

B cpede cucmembl aHanumuyecKux ebMUCTeHUl paspabomar
anaopumm peLeHust MHO20KpUMepUabHoU U MHO209KCmpemarb-
Holl 3a0ayu UenoyUCIeHHO20 UHElH020 NPo2PaMMUPOBaHUs
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AHann3 KOHKYpeHTOCNOCOOHOCTM ManbIX NOPTOB
A30B0-YepHomopckoro 6accermHa B MynbTUMOAANbHbIX
nepeBoO3Kax: TEXHONOrMYecKue acnekTbl, ONTUMU3ALMOHHAA
3afja4ya TPaHCMOPTHOro TMna
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€ HabopoM CMOUMOCMHBIX UenesbIX OyHKYUU. BbiuciumensHbil
3KCNepUMEHM UCNOMb3yemcs 8 Kadecmee HanpagIAIoWe20 36puU-
CMUYeCcKo20 UHCMPYMeHma npu Haxox0eHUU ONMuMasnbHO20
YPOBHS Op2aHU3auyUU U 3KOHOMUYECKOU aghghekmueHOCmU Npo-
yecca epy3onepeso3ok. C nomowib kpumepusi [apemo HaliOeHb!
onmumarbHble codemanus pacnpedesnerull yucna omnpasumers-
CKUX Mapwpymos no CraHyusiv No2py3Ku U OMHOCSUWUXCS K HUM
nnaHos nepego3ok 8 adpec cmaHyull nepezpysku. HalideHHble
3HaYeHUs CMOUMOCMHbIX NoKa3ameneli npedocmaesnisom yyacm-
HUKaM nepeso304YHO20 NPOYEcca BO3MOXHOCTL 8b160Ppa KOHKY-
PEHMOCNOCOBHBIX 8apUaHMO8 8 CXeMaX NepPeso30K, UCNOIb3YHo-
Wux Marble npunopmosbie cmaHyuu nepeapysku A3080-
UepHomopckozo bacceliHa.

Knroyesbie criosa: MynbmumodarbHbie 2py308bie Nepesosku, CMOUMOCMHbIE nokazamenu, onmumMu3ayus, kpumepud [lapemo,
«CMyneHu» 8 «ONMUMU3aYUOHHOU NIECMHUUEY, «obiacmu enusHuUs» cmaHyull No2Py3KU, npunopmosble cmaHyuu nepeepy3sKku.

[ns uumuposarus: Konecrukos M. B., boeayeg B. A., 3adopoxHuti B. M., bakanos M. B. AHanu3 KoHKypeHmocnocobHocmu Masbix
nopmog A3080-HepHomopckoz2o bacceliHa 8 MynbmuMoOasibHbIX NePeso3Kkax: MexXHOI02UYeCKUe acnekmb|, ONMUMU3ayuoHHasi 3adaya
mpaHcnopmHoeo muna // Mup mparcnopma. 2023. T. 21. Ne 3 (106). C. 74-84. DOI: https:/doi.org/10.30932/1992-3252-2023-21-3-7.

MonHb1i mekcm cmambu Ha aH2nuUlICKOM si3bIKe ny6uKyemcsi 0 emopoll yacmu 0aHHO20 8bInycka.
The full text of the article in English is published in the second part of the issue.

® © KonechukoB M. B., Boraues B. A., 3agopoxHuit B. M., Bakanos M.




BBEOEHUE
ITpn m3yyennn (yHKIMOHHPOBAHHMS HKENE3-
HOZOPOXXHOTO TPAHCIIOPTA, MPECTABIISAIOIETO
coboii cBs3ylomee u IMpeodpasyromee 3BEHO
B JIOTUCTHYIECKOH LIETTN MYyIGTUMOIATIBHBIX TPY-
30II€PEBO30K, aKTyaJIbHBIM U IIEI€CO00pa3HbIM
SIBIISIIOTCSI Pa3BUTHE CYIIECTBYIOIIHNX 1 pa3padoT-
Ka HOBBIX ITO/IXO/I0B K ONTHMHU3aIINH TPAHCIIOPT-
HO-JIOTHCTUYECKUX IPOIIECCOB C HETBIO TTOBHIIIIE-
HUS uX 3P QEeKTHBHOCTH U SKOHOMHH PECYPCOB.

B obmieM, ontumm3anus B TPaHCIOPTHBIX
3a/jayax — 3TO MPOIECC MONUCKA HAMITYYIIETO
peLIeHNS UT IEPEBO3KHU IPY30B HIIH MTACCaXKHU-
poB Ha TpaHcmopre [1].

OnuH 13 METOJI0B PELICHHS ONTHMH3AIOH-
HBIX 33/1a4, OTHOCSIIIIUXCSI K KEIE3HOIOPOKHOMY
TPAHCIIOPTY, — ONTHMH3ALNS MapIIPyTOB 1 Ipa-
(uKOB ABIDKEHUS MOe370B [2—5]. D10 MOXeT
BKJIIOYaTh M3MEHEHHE PACIHUCAHUS IBIKCHUS
TI0€37I0B JUTS yBEINIEHHS KOJIMIECTBA TPY30BBIX
1 MacCAXUPCKHUX MOE3/I0B B NMMHKOBBIEC YaCHI,
a TaKke Oonee paBHOMEPHOE pacIpeicicHHe
Harpy3KkH. YKa3aHHbIE MEPbI O3BOJISIOT COKpa-
TUTBH BPEMs MPOCTOS MOE370B Ha CTAHIUIX,
CHM3WTb 3aTPaThl HA X SKCIUIYaTalHIoO.

Emé ogun meton pelieHus yKa3aHHBIX 3a-
Jad — ONTHUMU3AINI BECOBBIX XapaKTEPUCTHK
moe31oB [6].

WuTerparms nHPOPMATMOHHBIX TEXHOIOTHHA
7 A(GPOBBIX CHCTEM ITO3BOJISIET ITOBBICUTH (-
(heKTHBHOCTH (DYHKITMOHUPOBAHHUS KEIEIHOHO-
POXKHOTO TPAHCHOPTA, CHU3HUTH 3aTPaThl Ha €r0
9KCILTyaTaluIo ¥ 00CITyKIBaHHE, a TAKXKE YITyd-
IIATh KaIeCTBO OOCITYKMBAHHS IPY30BBIX KITH-
eHtoB [7]. Kpome Toro, NOIKHBI YIHTHIBATHCS
SKOJIOTMIECKHE aCIEeKTHI TPy30IepeBO30K [§].

Ha ocnoBe 0030pa paboT, mMOCBAMEHHBIX
aHaJIM3y PHIHKA 36PHOBBIX IEPEBO30K, OTMETHM,
YTO 3HAYNUTEITHHOE BHUMAHHE yACIACTCS aHAH-
3y WH(QPACTPYKTYPHl U JOTHUCTHKH, BKIIOYAS
mpoOIeMBl JOCTYHHOCTH, d()PEKTHBHOCTH
¥ KOHKYPEHTOCTIOCOOHOCTH TPAHCIIOPTHON MH(D-
pactpykrypsr [9].

Taxoke B IUTEpaType MO’KHO HalTH UCCIIENO0-
BaHHUSA, MOCBAMIEHHBIC OTACIBHBIM aCIEKTaM
PBIHKA 3€pHOBBIX TTepeB030K. Hamprmep, HeKo-
TOpBIE WCCIICAOBAHMS aHATM3UPYIOT BIUSHIC
M3MEHEHUH KJIMMara Ha 36pHOBBIC MEPEBO3KH
[10], BrTrOUas m3MEHEHHNE TPAHCIIOPTHBIX MapIII-
PYTOB ¥ yBEIHUYECHHUE 3aTPaT Ha TPAHCIIOPTHPOB-
Ky 3epHa. [lpyrue uccinenoBanus GOKyCHpPYIOT-
Csl Ha aHaJIM3€ U3MEHEHNH Tapu(OB Ha TIEPEBO3-
Ky 3€pHa, BKITF04Yas BIMSAHIE H3MCHEHHS CIIpoca
¥ TIpeIIoKeHus Ha TieHsl [11].
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B wnenom, nporuozupoBanue tapudoB mpu
9KCILTyaTallMd TPy30BbIX BaroHOB SIBIISIETCS
Ba)KHBIM HHCTPYMEHTOM, UCIIONIB3YEMBbIM JKeJle3-
HOZIOPOKHBIMU KOMITAHUSIMU U MX KJIHEHTaMHU,
IIPY YNPaBJICHUU TPAHCHOPTHBIMHU PacXoJiaMu
1 3 (HeKTHBHOM IJTAHUPOBAHUH CBOEH JESTEIb-
HoctH [12; 13].

B psine uccnenoBaHuii aHATU3UPYIOTCS TEX-
HOJIOTUYECKUE aCHEKThl 36PHOBBIX MEPEBO3OK,
BKJIFOUatoIye B ce0st pa3paboTKy HOBBIX TEXHO-
JIOTMH U MHHOBALIMOHHBIX PEIICHUH JJIsl yiyd-
eHust 9 QEeKTUBHOCTH IEPEBO30K U CHUYKEHHMS
3arpar [14; 15].

Llenv uccnenoBanus — pa3paboTKa HOBBIX
MOJXOJNO0B B ONTUMH3ALMU TPAHCIOPTHO-
JIOTHCTHYECKUX TIPOLECCOB JJIsl TTIOBBILICHHS HX
3 PEeKTHBHOCTH U IKOHOMHH PECYPCOB.

Memoodonozuueckyro 0ocHogy UCCICIOBAHUI
COCTABJISIFOT KJIACCHYECKUE TPUHIIMIIBI SrajIuTa-
pH3Ma B TEOpHH OJIar0COCTOSTHHMSI, [TO3BOJISIOIINE
Ha OCHOBE OLIGHKH TPaHCIIOPTHO-TEXHOJIOTH-
4ecKoi MH(PPACTPYKTYPHI ITOJIUIOHA U TAPUPHBIX
CTaBOK CTPOMTh MAaTeMaTH4eCKUE MOJENH, SIB-
JSIOUIMECs] YKOHOMHYECKH 000CHOBaHHBIMY,
KJIMEHTOOPUEHTUPOBAHHBIMU 1 BOCTPEOOBaHHbI-
MM B YIIPABJIEHHUH IIPOLIECCAMU TPY30IIEPEBO3OK.

PE3YNbTATbI
1. AHaJIM3 PBIHKA 3¢PHOBLIX NEPEBO30K

PBIHOK 3€pHOBBIX TPY30IIEPEBO30K UIpaeT
BEChbMa 3HAUYMMYIO POJIb B MUPOBOW SKOHOMUKE.
[Mocnennue rogsl axkcnopT 3epHa n3 Poccuiickoit
Odenepanuy XapaKTepuU3yeTcsl CyIIeCTBEHHBIM
POCTOM (XOTS U MOJBEP>KEHHBIM KOJEOaHUSIM).
IIpu sTom moutu 90 % 3epHa MPOXOAUT uepe3
MOpCKuUe MopTHI U mouTt 81 % — uepe3 mopThl
AzoBo-YepHomopckoro 6acceiina (AUB). OTme-
THM, YTO B Htojie—nekaope 2019 . cyiiecTBeHHO
COKpaTWJIUCh OTI'PY3KH B moprax banTukw,
a Taxke B Takux noprax AYb, kak Kaskas u Ta-
MaHb. [Ipu 3TOM ObUT OTMEUEH POCT OTIPY3KHU
B opty Tyarice (+37 %), B Masbix noprax AUb
(+24 %), a Taxke B noprax Kacnms (+27 %).
JlaHHBIE B OTHOILIEHWU OCHOBHBIX HaIPaBJICHUH
9KCIIOPTa POCCUHCKOTO 3€pHa MPECTaBICHbI Ha
puc. 1.

B TpancniopTHoii cucteme, obecnieunBaroen
MYJIBTUMOZAJIbHBIE TIEPEBO3KM 3€pHa Ha Iore
Poccun, BbIIENMM CIIEYIOIIIE Y3I0BBIE COCTaB-
nsionire: r1yookoBogHbie moptel: HoBopoc-
cuiick, Tamanp u Tyarce (1o3BoJIsIFOIINE TIPH-
HHUMarh cyna Tunopasmepa Handysize, Suezmax,
Panamax); Manbie nopThl A30BCKOI'O MOPS;
peunbie opTel Bonru u loHa.
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[rusagrotrans.ruyupload/Pycazpompatc '3A 2020.pdf. Jocmyn 15.01.2023].

2. ITocTaHoBKA 32/1a4M M MaTeMATHYeCKAas
Mo/ eJb Mpeodpa3yloero 3peHa
JIOTHCTHYECKOH CHCTEMBbI

B 00uiyro MeTomonoruyeckyro OCHOBY HC-
CJIeI0BaHUH MOJIOKEHBI SraTUTapHbIe MPUHLIUIIBI
Teopun Onarococtosaus [16]. K pemenuro
TPaHCIOPTHO-JIOTHCTUYECKUX 334a4 MBI ITOJXO-
JIUM C TIO3UIUN OJAHOTO U3 OCHOBHBIX NPaBHII
SrajuTapu3Ma — MPUHINUIA €IUHOIIACUs B OT-
HOIIEHUU BCEX PacCMaTpUBAEMBIX Y4aCTHUKOB
MIepEeBO30YHOI0 TpolLiecca (Clenyst TEepMUHOIIO-
ruu [16], umenyeM ux arenramu). st MyJsTu-
MOJIAJIbHBIX CUCTEM IPy30IEPEBO30K KOOPMHA-
IUs 1eMCTBUN KOONEPUPOBAHHBIX areHTOB,
a TaKXke YPOBEHb B3aUMHOTI'0 JAEJI0BOTO TOBEPHS
UMeloT ocoboe 3HaueHue. [loaTomy B KaxkaoM
3BEHE JIOTUCTUYECKOW CHUCTEMBI peanu3arus
MHTEPECOB JII000r0 areHTa He JOJDKHA POUCXO-
JIUTH My TEM NPSMOTO UIIH KOCBEHHOTO yIleMe-
HUSI UHTEPECOB IPYTUX areHTOB.

Pa3zpaboranHas MeTonMKa ONTHMHU3AIUOH-
HOT'O MOJIEJIMPOBAHMUS MPOLIECCA TPY30IIEPEBO30K
Ha TPAHCTIOPTHOM IOJIMTOHE HE UMEET HeToCpe -
CTBEHHOTO OTHOIIEHHSI K TEOPUH UTp (KaK H3-
BECTHO, 3Ta TEOPHsI MaTeMaTU4YEeCKUX Mojeneit
MOCBSIIIIEHA HAXOXKICHUIO ONTHMANBbHBIX pellie-
HUH B ycnoBusix KoH(aukToB [17]). MbI He
paccMaTpuBaeM CTpaTeTHil UTPOKOB, a UX B3au-
MOOTHOIIIEHUS] HE MPEACTaBIAIOTCA aHTaroHU-
CTHUYECKUMHU, IOCKOIbKY UHCTPYMEHTOM ONTHU-
MU3aLUH pacipeieNIeHnH rpy30I0TOKOB, TAaK WU
uHadve, siBngercs kpurtepuil [Tapero.

IIepeliném k mocTaHOBKE 3a/1auu, B KOTOPOH
paccMaTpuBaeTcs KJI04eBoe Ipeodpasyrolnee
3BEHO MYJIBTUMOJAIBHON JTOIHCTHYECKON CHC-
TEMBI, IIPEJCTABICHHOE >KEJIE3HOAOPOKHBIMU
rpy3onepeBo3kaMu. VIMeroTcst m cTaHuuit mo-
Tpy3KHU U 1 IPUNIOPTOBBIX CTAHIUH eperpy3KH.
Ha xaxxmoii cTaHIMM NOTPYy3KH (OPMUPYIOTCS

®  Mup TpaHcnopTa. 2023

OTHPABUTEIbCKAE MapIIPYThl C HEKOTOPBIM
rpy3oM. IIpu 3ToM HeHa rpysa Ha CTaHIOUAX
pasnas. CTaHIMy EPETPY3KHM TAKOBBI, UTO 71, U3
HHX OTHOCATCS K ITyOOKOBOHBIM MOPTaM, & 11, —
K MaJbIM moptam (n,+n,=n). B oTHomeHnn
CTaHIIM{ MTOTPY3KH MOHAJO0O0UTCS BBHITOIHHUTH
MaTeMaTU4eCKUE U OPraHn3alOHHbIE TIOCTPOe-
HUSL.

ITycts B — 3a1aHHOE LIENOE NOT0KUTENBHOE
yncio. BBeaém MHokecTBO D, 311€MEHTHI KOTO-
pOTO MpPEACTaBIAIOT COO0W BCEBO3MOXKHEIE
yHOpSI0YeHHbIE HAOOPHI (4;), , TIE a, — uenbie

HEOTPULATCIIBHBIC YHUCJIa, YAOBJICTBOPAIOIINE
YCIIOBHIO:

.Ms

a,=8B. (1

i

1

MHoxkecTBO D ABASETCS MOAMHOXKECTBOM
THIIEPIUIOCKOCTH, 3a/1aBaEMOH B ITPOCTPAHCTBE
R™ paBenctBoM (1), TOYKH KOTOPOTO MMEIOT
HEOTPHUIATEIbHBIE IIETOYNCICHHBIE KOOPANHA-
ThI. C TOUKM 3peHMs] KOMOMHATOPHKH KaKIbIi
9JIEMEHT MHOXECTBA D MOXKHO IIPEACTaBUTD, KAK
pasMenieHne B Hepa3InuuMBIX MEXIy coOoit
MPEeIMETOB MO m suekKkaM. B cuimy m3BecTHON
¢dopmysl [ 18] moryyaem, 4To YMCIIO 3JIEMEHTOB
D pasno:
ez, =Ermll @

Bl(m—1)!

W3 mpasoit vactu paBeHCTBa (2) BuzHO, KaK
OBICTPO pacTyT 3Hauenus Cy,,, C YBEIMUEHUEM

3HAYEHUH KaXI0To U3 MapaMeTpoB m U B.
BepHéMcs k peAcTaBIeHHOMY KeIE3HOAO0-
POXHBIMHU I'PYy30I1E€PEBO3KAMH 3BEHY JIOTHCTHYE-
CKOH Lienmu, Mpeamnoyiaras, 4To ciaeayrollee
(Tarxoke mpeobOpasyroliee 3BEHO) peannu3yercs
MOpPCKHM TpaHCIOpTOM. B naHHON cuTyanuu
BBEAEHHBIC BBIIIC YIOPSATOUYCHHBIE HAOOPHI
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(), € D mpencTaBnsIOT cO6OM BCEBO3MOKHbIE

BapHAaHThI PACTIPECIICHHS TI0 /1 CTAHIHAM TI0-
TPY3KH 4HCIa @, OTHPABUTENBCKMX MapIIPYTOB.
DTH MapuIpyThl HAPABJISIOTCS B aJpeC KaKuX-
1100 (MM KaKoif-nmn0o) U3 cTaHnuii meperpy3ku
1 B 00LIEH CIIOKHOCTH 00eCTIeunBatoT (hOpPMU-
pOBaHUeE MOJHOW CYyJOBOM MAapTHUU, UMEIOIIEH
3aJjaHHbIIl 00bEM B.

anee Oyaem paccMaTpuBaTh MHOXKECTBO D,
B [IEPBYIO 0YEPE/Ib, B CBA3U C COBOKYITHOCTBIO 77,
CTaHIUl Mmeperpy3Kn, OTHOCSIUXCS K MajbiM
moptam. BBenéM iBa CTOMMOCTHBIX TIOKa3aTelns,
KOTOPBIE XapaKTEPU3YIOT MPOIECC TPY30IIePEBO-
30K HETTOCPEICTBEHHBIM 00Pa30M HITH KOCBEHHO
Y MO3BOJISIFOT OIICHUTh COOTBETCTBYIOIIYIO 9KO-
HOMHUECKYIO 11€1€CO00Pa3HOCTb.

ITycTh p, — CTOMMOCTB TPy3a, KOTOPEIM (op-
MHPYETCSI OJIMH MapIIpyT, OTIHPABISIEMBbIH C i-i
CTaHIUM MOTpy3Ku [ =1,2,..., m. [{nst kaxxaoro
pacnipenenenus (4,), € D uucia MapLIpyTOB 110

m CTaHUOUAM MOT'PY3KHU MOJIOKUM!
P=Ypa . 3)
i=1

3HaueHus 1eNeBoit PyHKUnH P npeacrasis-
0T CO00Ii CTOMMOCTB BCETO I'Py3a, KOTOPBIH MpH
pacnpenenenuu (4,), OTIPaBUTENLCKUX MapII-

PYTOB IO CTAHIUSAM NOTPY3KHU OyIET epeBe3cH
B aJIpec KakoW-1100 cTaHIMH (MK KaKUX-TH00
CTaHIWH) neperpy3ku. Beenenune nmokaszarens P
00yCIIOBJIEHO TeM, YTO 1IeHa Ipy3a, HaXomslie-
rocsl Ha Pa3HbIX CTAHNOUAX NOTPY3KH, pa3Hasl.
enesoii ¢yHkiueii (3) npeacraBieH «BHEII-
HUl» (110 OTHOLICHHWIO K OM3HEC-IIPOLECCY
Ipy30I€PEBO30K) KOMMEPUECKUH MOKa3aTelb,
MIOCPEZCTBOM KOTOPOTO JIOTUCTHYIECKOE COIEp-
JKaHUE 33/1a4 TPAHCIIOPTHOTO THUIIA Pa3BUBACT-
Csl, B IIEPBYIO OYEPE/b, B OTHOIICHUU KJINCHTA.

BBeném tenepnr Habop mokaszarenei, npen-
Ha3HAYCHHBIX JUIS TOTO, YTOOBI, PYKOBOJICTBYSICh
KaKHUMHU-THOO0 COOOPa)KEHUSAMH, BBIIENATh TE
WM UHBIE U3 PACCMaTPUBAEMBbIX CTAHIUHN Mepe-
IPY3KH. DTH MOKa3aTeN SIBISIFOTCS aHAJIOTaMH
LesIeBO (DYHKIMU B KJIACCHUYECKOU TPAHCIOPT-
HOW 3aJja4e U UMEIOT BUJ:

C = icil.ai . 4

31eck ¢, — CTOMMOCTB MEPEBO3KH OJHOTO
OTIIPAaBUTEIHCKOTO MapIIpyTa Ha YU4acTKe MEXKIY
i-¥ crannumen norpy3ku (i=12,...,m) uj-i craH-

uell meperpy3knd B MyNBTHMOJIANBHOM TpaHC-
MMOPTHO-JIOTUCTHYECKON 1enu (j =12,...,n) .

® Mwup TpaHcnopTa. 2023. T. 21. Ne 3 (106). C. 74-84

3anaueil HaCTOAIINX UCCIEA0BaHUN SBIISET-
s TIOCTpOeHHE (B paMKaXx yKa3aHHBIX IIOKa3are-
JIeH) ONTUMH3AIMOHHON MOJIEITN MPeoOpasyro-
IIET0 3BEHA JIOTHCTHYECKON CHCTEMBI, a TaKkxkKe
pa3paboTka aJropuT™Ma peleHus COOTBETCTBYIO-
e MHOTOIIENIEBOl 1 MHOTOIKCTpPEMaIbHON
3a7a4n. Mozenb nMeeT KOMILIEKCHBIH XapakTep
U TPEICTaBIeHa B3aMMOCBS3aHHBIMHU «BHEII-
Hel» U «BHYTpPEHHEW» dacTaMu. «BHemHel»
YacTH MOZIEJIM COOTBETCTBYET ONTUMHU3ALIOHHAS
3aj1a4a HaXOKJEHUs pacrpenesienuii (4,)), or-

MPABUTEIBCKUX MapIIPYyTOB MO CTAHIHAM I10-
IPY3KH, MPH KOTOPBIX AOCTHraeT MUHUMYyMa
nenesast Gpynxuus (3). «BuyTpenHeit» yactn
MOJIEIIH COOTBETCTBYET ONTHMH3AIIMOHHAS 3312~
ya (MPOUCTEKAOIIAs U3 MpeablayLieit), B KOTO-
poii ans kaxaoro pacnpenenenus (4;);, (Bapb-

UPYEMOT0 BO «BHEIITHEW) YacTH MOJICIIN) HaX0-
JATCS IJIaHbl IEPEBO30K, 0OecleuynBaouiue
MHHUMaJIEHOE 3HaYeHHE CYMMapHOH CTOUMOCTH
NepeBo30K (c neneBsIMU QyHKIMsIMU (4)) B af-
PeC n, CTaHIMH MEPETpy3Kn (HAOMHUM, 9TO
paccMaTpHBaeMbl€ B COBOKYTTHOCTH 72, CTAHIIHH
neperpy3ku o0pasyoT MyJIbTUMOAATbHBIN
TPAHCIIOPTHBIN y3€J1 ¢ MallbIMU IopTamiu). B oc-
HOBE MHOTOIIEIEBON ONTUMH3AIIUH JIEXKUT KPH-
tepwuii [lapero, mocpencTBoM paszindHbIX Gopm
KOTOPOTO YUYHMTBIBAIOTCSI MHTEPECH PacCcMaTpH-
BaeMBIX areHTOB.

B cooTBeTcTBUM CcO CKa3aHHBIM BBEIEM
B PACCMOTPCHHE ILIAHbI EPEBO3OK (xX,), rae
X, — YHCIIA MapIIPyTOB, OTMPABISEMBIX C i-if
CTaHIMH MOTPY3KH B aJpec j-i CTaHIUU nepe-
TPYy3KH, KOTOPBIE JIOJDKHBI YIOBIETBOPATH pa-
BEHCTBaM:

gx[/:a‘. (i=12,...m). %)

HanomHuM, 4TO 4ucna a, y10BJIETBOPAIOT
ycnosmio (1).

3. AKTYyaJIbHOCTD NMPOEKTAa MPUJIOKEHHS
pa3padoTaHHON METOTUKHM M €ero
XapaKTepUCTHKHU

B kagecTBe 00BEKTa MPIIIOKEHHS pa3pa-
0OTaHHON METOIMKH PACCMATPUBACTCS TPAHC-
noptHo-TexHonorndeckas cuctema (TTC)
nonmrona Cesepo-KaBka3ckoit xene3Ho# 10-
poru (CKXK]I), mpumBbIKaromias K TITyOOKOBO/I-
HBIM MOpTaM Ha mnobdepexbe UEpHoro mops
U MaJbIM moptaM B TaraHporckom 3ajuBe.
BceneacTBue HHTEHCUBHOM 3KCIUTyaTaluu Ke-
JIE3HOAOPOKHBIX U aBTOMOOMIBHBIX MTOJIX0/I0B
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Taoauna 1

CToMMOCTHBIE XaPaKTePUCTUKHU I'PY30IIOTOKA 3€PHOBLIX [Bl:ll'lOJ'l]-leHO aBTOpaMI/l]

Ne | Crannym Ilena 3epHa Ha CTaHIMAX CTONMOCTB TTePEBO3KH, MITH py0./MapI

o mOrpysKi, MITH py0./Map1 TmH 1 Hepc2 |Tm3 Ex 4 Tr 5 A3 6
1 |[Tm1 46,20 1,39 1,28 1,39 1,28 1,60 1,44
2 |An2 43,84 2,45 2,37 2,04 2,66 2,45 2,37
3 [3p3 45,12 2,05 1,98 2,12 1,44 1,23 1,05
4 |Cn4 49,60 2,05 1,89 1,97 1,74 1,55 1,39
5 |Tus 43,84 2,57 2,45 2,56 1,89 1,74 1,60
6 [PmM6 45,12 2,45 2,37 2,36 2,12 1,89 1,82

K TITyOOKOBOJHBIM ITOPTaM MpPEACTaBISAETCS
BEChMa aKTyaJIbHON pa3paboTKa aJbTePHATHB-
HBIX BapHAHTOB JJIs TPE0OPa3yIOMINX 3BECHbEB
JIOTUCTUYECKHUX [EMNeH, KOTOPhIE B paccMaTpH-
BaEMBIX YCIIOBHUIX MOTYT OKa3aTbCsl KOHKYyPEH-
TOCTIOCOOHBIMH.

Jl1st yucneHHo# peanu3anuy MOCTPOESHHOM
B CTaThe ONTHMHU3AIMOHHON MOJEH Oynem nc-
XOIHTH U3 CIEAYIONINX MPEATTOI0KCHNH:

* CTaHIWSMU IOTPY3KH 36PHOBBIX SBIISIOTCS
Tumamesckas (1), Aomronckas (2), 3epHorpan
(3), Canbek (4), Tarunckast (5) u Pemonthas (6);
MIPANOPTOBBIMH cTaHIMsAME — Tamansb (1), Ho-
Bopoccwuiick (2), Tyamnce (3), Eiick (4), Taraapor
(5) n AzoB (6);

* MapUIpyTHBIH oe3z1 chOpMHUPOBAH B CPEa-
HeM u3 50 BaroHOB Ipy30H0ABEMHOCTBIO 64 T;

* B ITyOOKOBOJHBIEC TIOPTHI KPYIIIOTOIMIHO
MOTYT 3aXOJJUTh TPy30BbIe cyna (Tuna Panamax)
nenseritom 10 80 000 ToHH.

Taxum 00pa3oM, TSI IOTHOH 3arpy3KH OJHOM
CyIOBO# mapTiu TpedyeTcst poBHO B = 25 Mapmi-
PYTOB.

OTMeTHM, 4TO MOJUTHKA IOy CTHMOTO JE]-
BEHTa MOXXET U3MEHATHCSI CO BPEMEHEM U B 3a-
BUCHUMOCTH OT MHOTHX ()akTOpoB (rimyOnHa
TIOPTOB M UX COCTOSIHHUE, THIBI CY/OB, IIPaBH-
TENILCTBEHHBIE HOPMBI M YKa3aHHS PETYISATOp-
HBIX OpPTaHOB). YUHTHIBas MECTOIOJIOXCHHE
mmopra A30B, COOTBETCTBYIOIIYIO >KEJIE3HOMIO-
POXHYIO HHPPACTPYKTYpY, a TaKKe BOIPOCHI
PanMOHATEHOCTH TEXHOJIOTHH ITOABOIA TIOE3/I0B,
MIPEAIIoIaraeM, 9To B pacCMaTprBaeMOM CUTya-
MM B YKa3aHHBIA aJpec MOXET CJIel0BaTh
(co Bcex yKa3aHHBIX CTaHIUH IIOTPy3KH B COBO-
KYIHOCTH) He 0oJiee YeTHIPEX MapIIpyTOB. DTO
OTpaHWYECHUE COOTBETCTBYET TOMY, YTO B MOPT
A30B MOTYT 3aXOIUTh MOPCKHE Cy/a IEBEHTOM
IO CEMH THIC. TOHH (TaKuM 00pa3oM, OJJHO CYIHO
TIPAaKTHIECKH 3aITOTHSICTCS ABYMSI OTIIPABUTEIb-
CKUMH MapIIpyTamH).

®  Mup TpaHcnopTa. 2023.

YucaeHHbIe JaHHBIE, TT03BOJISIONINE BBITOJ-
HUTH COOTBETCTBYIOIINE PACUETHI OTUMH3AIIH-
OHHOM MOJIETH TPY30IEePEBO30K, MPHUBEICHEI
B Tabm. 1.

4. IlpenBapuTe/ibHbIe Pe3yJIbTaThI

J1nis mporpaMMHO# peann3aiyy pa3paboTaH-
HOTO B CTaTbe ONTHMH3AIMOHHOTO alTOPHTMa
B JIOTUCTHYECKOM MOJCIMPOBAHUH TpoIecca
TPY30IIE€PEBO30K M BBIMOIHEHNS BEIYUCIATEIb-
HBIX TIPOLIEAYP MBI oOpamiaemes K cpene Maxima
(Free Ware). B nannom nozpasjienie IpUBEAEM
PE3YIBTaThl COOTBETCTBYIOIIMX MaTEMaTHIECKIX
9KCTIEPUMEHTOB, KOTOPbIE HOCAT NMPOOHBIN Xa-
pakrep. Ucxoast n3 coobpaxkeHuit cOamaHcupo-
BaHHOCTH pacpe/IeTICHUH YHCIIa MApIIPYTOB IO
CTaHIUAM TOTPY3KH, a TaKXKe IMPHHHUMAs BO
BHHMaHHE 00BEM CYIOBOI apTHH (CM. TTOApa3-
nen 3), 37ech U janee MpearoiaraeM, 4To Ha
Ka)KJJOH CTaHIIMH MTOTPY3KH MOXET OBITH c(op-
MHUPOBaHO He 0ojiee 4yeM AECSITh MapIIpyTOB
C 3€PHOM.

Kak yxe cka3aHo, 0OBEKTOM MPHUIOKCHHS
pa3pabortannoit Mmetoauk siBisieTcst TTC momm-
rora CKXK/I, KoTopsIii BKITIOYAeT MPUIIOPTOBEIE
cranin Elick, Taranpor u A30B (paccMmarpu-
BaeMbI€ B JAHHOM HCCIIEIOBAHUH B COBOKYITHO-
ctr). BBerémM cymMMapHBIi CTONMOCTHBIN TIOKa-
3aTelb:

S=P+C, ©)
e C=C,+C+C,(cm. (4)).

Hauném ¢ MUHMMHU3a1UH 3HAaYE€HUH TOKa3a-
Tenst S, Habmonas Takke M3MEHEHHsI, KOTOpBIE
TPOMCXOJIAT C NPYTMMH Tokaszarensamu: P, C,,
C,, C,u C. B Tabn. 2 nIpuBeIeHbI BOCEMb pac-
TIpeNeNICHUH YHCiIa MapuIpyToB MO CTAHIHSIM
MOTPy3KH, COOTBETCTBYIOIINE UM IUTAHBI TIepe-
BO30K B aJpeC yKa3aHHBIX TPEX CTaHLMN Iepe-
TPy3KH, a TaK)Ke 3HAUCHHUS PacCMaTPHBAEMbIX
rokasareneil. Mbl 0CTaHOBHIIM IPOLECC BBIYHC-
nennit nociue 40-i nreparyn, pyKOBOACTBYSICH

. Ne 3 (106). C. 74-84
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Tadauma 2

Pacnpenesienusi 4yucja MapuipyToB, IUIAHBI EPEBO30K M 3HAYEHUSI TIOKa3aTeJei
P,C,C,C,CusS [BoinojHeHbI aBTOPaMHu|

Ne Topt/ IITaxmaTka Moe310MOTOKOB, INT. P C, C S
Cr Tm1 |Am2 |[3p3 |[Cin4 |[Tu5 |Pm6
TIOTPY3KH

1 Bcero 0 0 0 5 10 10
Ex 4 0 0 0 0 0 0 1137,6 |0 43,41 1181,01
Tr5 0 0 0 1 10 10 37,85
A3 6 0 0 0 4 0 0 5,56

2 Bcero 0 0 1 4 10 10
Ex 4 0 0 0 0 0 0 1133,12 |0 43,07 1176,19
Tr5 0 0 0 1 10 10 37,85
A3 6 0 0 1 3 0 0 5,22

3 Bcero 0 0 2 3 10 10
Ek 4 0 0 0 0 0 0 1128,64 |0 42,73 1171,37
Tr5 0 0 0 1 10 10 37,85
A3 6 0 0 2 2 0 0 4,88

15 Bcero 0 3 9 0 10 4
Ex 4 0 0 0 0 0 0 1112,64 |0 40,21 1152,85
Tr5 0 2 5 0 10 4 36,01
A3 6 0 0 4 0 0 0 42

16 Bcero 0 2 10 0 10 3
Ex 4 0 0 0 0 0 0 1112,64 |0 39,75 1152,39
Tr5 0 0 8 0 10 3 32,91
A3 6 0 2 0 0 0 6,84

38 Bcero 0 8 7 0 10 0
Ek 4 0 0 0 0 0 0 1104,96 |0 44,89 1149,85
Tr5 0 8 3 0 10 0 40,69
A3 6 0 0 4 0 0 0 42

39 Bcero 0 9 4 0 10 0
Ex 4 0 0 0 0 0 0 1103,68 |0 46,11 1149,79
Tr5 0 9 0 0 10 0 41,91
A3 6 0 0 4 0 0 0 42

40 Bcero 0 10 5 0 10 0
Ex 4 0 0 0 0 0 0 11024 |0 47,33 1149,73
Tr5 0 10 1 0 10 0 43,13
A3 6 0 0 4 0 0 0 4,2

HECKOJIIBKMMHU cOoOpakeHusMHU. [T1aBHast Ipu-
YHHA OCTAHOBKH BBIYHCIICHUI SIBISCTCS MTO3H-
THUBHOH 1 3aKJIIOYAETCS B TOM, YTO JOCTHTHYTO
MUHUMaJIbHOE 3HAaYCHHE CTOMMOCTH P Bcero
TIEPEeBO3MMOTO 3€pHa, KoTopoe paBHo 1102,4
MJIH pyO. (Takol BBIBOJ MOXKHO CAEJaTh HETIO-
CPEACTBEHHO M3 YNCIOBBIX JaHHBIX, COEPKa-
muxcsa B Tabn. 1). [Ipn HamoXXeHHBIX OrpaHU-
YEeHUAX Ha 0O0BEMBI 3€pHA, BBIBO3UMOTO CO
CTaHIMH MOTPY3KH, 00ECIEeUNBAIOIINMHU yKa-
3aHHOE 3HAYCHNE CTAHIUAMHU SBISIOTCS ATON-
noHckasi, TanuHcKas n 3epHOTpan (OTMETHM,
YTO BMECTO CTaHIWHU 3epHOTPaa B yKa3aHHOM
Ka4eCcTBE MOXKET BBICTYNaTh CTaHIUs PeMOHT-
Has). Utak, (cM. Ne 40 B Tabm. 2), Ha cTaHINH
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Anomnonckass u TauuHCKass TPUXOAUTCS 1O
JIECSATh MapIIPyTOB, a Ha CTAHITHIO 3epHOTPAI —
IIATH MapIIpyTOB.

s 40-it urepanuy 3HaYCHHE CYMMAapHOTO
CTOMMOCTHOTO ITOKA3aTelIs S 0Ka3aI0Ch pAaBHBIM
1149,73 mnu py6. B nmponecce MuUHUMHA3AINH
ATOTO TIOKA3aTelsl CTOMMOCTD mepeBo3ku C BO3-
pocna 6omnee yeM Ha 9 % (oTMETHM, YTO COOT-
BETCTBYIOIIHE N3MCHEHHS HE OBLUTH MOHOTOHHBI-
MH) U gocturia 3HadeHus 47,73 muH pyo6. Ilo-
JyYCHHOE 3HAYCHUE TIOKA3aTelIs S IPEICTaBIICT
HWHTEpEC, B MIEPBYIO OYepe.b, s KiIMeHTa. Be-
nuyuHa mokazarenss C (Kak ¢ TOYKH 3pCHUS
YBEIUYCHUS, TaK M YMCHBIICHUS CTOUMOCTHU
TIEPEBO3KHU) TPEICTABISACT HHTEPEC TAKKE IS

KonecHukoB M. B., bora4yeB B. A.; 3agopoxHuu B. M., bakanos M. B. AHanu3
KOHKYPEHTOCNMOCODOHOCTM Marnbix NOpToB A30B0O-YepHOMOPCKOro baccenHa B MynbTUMOAANBHbIX

nepeBo3Kax: TEXHOJNTOrn4YeckKne acrnekTbl, oNTUMN3aUNOHHAA 3aAaY4a TPAHCNOPTHOIoO Tuna




Tadauua 3

Pacnpenesnenusi yucjia MapuipyToB, ILIAHbI EPEBO30K U 3HAYEHHs OKa3aTeJiei
P,C,C,C,CusS [Boinonnensl aBTopamu|

No Tlopt/ IITaxmaTKa 1Mo€e3/10MOTOKOB, IIIT. P C, C S
Cr. norpysku Tm1 |[An2 |3p3 |[Cn4 |Tu5 |[Pm6

1 Bcero 0 10 0 0 10 5
Ex 4 0 0 0 0 0 0 11024 |0 51,35 1153,75
Tr5 0 10 0 0 10 5 51,35
A36 0 0 0 0 0 0 0

2 Bcero 0 10 0 0 10 5
Ex 4 0 0 0 0 0 0 11024 |0 51,28 1153,68
Tr5 0 10 0 0 10 4 49,46
A3 6 0 0 0 0 0 1 1,82

3 Bcero 0 10 0 0 10 5
Ex 4 0 0 0 0 0 0 11024 |0 51,21 1153,61
Tr5 0 10 0 0 10 3 47,57
A3 6 0 0 0 0 0 2 3,64

19 Bcero 0 10 1 0 10 4
Ex 4 0 0 0 0 0 0 1102,4 |0 50,09 1152,49
Tr5 0 10 0 0 7 4 44,24
A3 6 0 0 1 0 3 0 5,85

20 Bcero 0 10 2 0 10 3
Ex 4 0 0 0 0 0 0 11024 |0 39,75 1152,43
Tr5 0 10 2 0 10 3
A36 0 0 0 0 0 0

60 Bcero 0 10 5 0 10 0
Ex 4 0 0 0 0 0 0 11024 |0 47,41 1149,81
Tr5 0 10 3 0 8 0 42,11
A3 6 0 0 2 0 2 0 53

61 Bcero 0 10 5 0 10 0
Ex 4 0 0 0 0 0 0 11024 |0 47,37 1149,77
Tr5 0 10 2 0 9 0 42,62
A3 6 0 0 3 0 1 0 4,75

62 Bcero 0 10 5 0 10 0
Ex 4 0 0 0 0 0 0 11024 |0 47,33 1149,73
Tr5 0 10 1 0 10 0 43,13
A36 0 0 4 0 0 0 4,2

BIIaZienbIa HHPPACTPYKTYPHl U IEPEBO3UHKA
(HampuMep, ecIi MCXOAUTH M3 COOOpaKeHUi
KOHKYPEHTOCIIOCOOHOCTH JKEIE3HOAOPOKHBIX
MIEPEBO30K MO OTHOLIEHHUIO K aBTOMOOMIBHBIM).
OTMeTHM, YTO BO BCEX MTEPAIMAX CTAHIHS Te-
perpy3ku Eiick okazanack JIMIEHHON OCTyIIAK0-
mMX B e€ aZipec MapHIpyToB, YTO TAKKe AOIY-
CKaeT Pa3INYHYyI0 WHTEPIIPETAlUIO B OTHOIIE-
HUH areHTOB.

C 1enpi0 MOTyYEeHHs NMPEABapUTEIbHBIX
PE3yIBTaTOB PACCMOTPUM €IIE MPOLECC MUHH-
MU3AIMN 3HAYCHUH CTOMMOCTHOTO ITOKa3aTeIs
C, mpearonaras, 4TO IPHU 3TOM 3HAUCHHUS TTOKa-
3arensi P HE MEHSIOTCA M OCTAalOTCS PaBHBIMU
MHUHUMaTbHOMY 3HaueHuio 1102,4 miH pyo.
(OtMeTnM, 9TO MOXKHO OBLTO MUHUMH3HPOBATh

3HaueHus mokasarens ). CoOTBETCTBYIOIIHE
Ppe3yIbTaThl IPUBEACHHI B Ta0II. 3.

[Momy4eHs! Te e 3HAYSHHs, YTO U B IIPEJIBI-
JyIIEeM SKCIIepUMEHTe (Cp. MOCICIHUE CTPOKH
B Tabx. 2 u 3). Takum 00pa3zoM, 71t aT€HTOB, YbH
HHTEPECHI COCPEIOTOYCHBI, B IEPBYIO OYepellb,
Ha MUHHAMH3AIUd CyMMapHOTO CTOMMOCTHOTO
moKasates S, IpUBEACHHBIE PE3YIIBTaTHI (B paM-
KaX NOCTaBJICHHBIX OIPaHUYECHUI ), T0-BHANMO-
MY, SIBIISIOTCS HE YITyYIIaeMBbIMH.

5. BciomoraresibHbI€ Pe3yJibTaThl

[pyroii npuurHON OCTAHOBKHM Ipoliecca
MOJTy4eHHS TIPEIBAPUTEIBHBIX PE3YIETATOB SIB-
JIIeTCsl OONBIION O0BEM BBIUMCICHUM, BBIMIOJ-
HSIEMBIX [TPU PEIICHUH PACCMATPHBACMBIX OTITH-
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Puc. 2. Kapmuxa meppumopuanbHo20 pbIHKa NepPe8o30K 3epHa [8bINOHEHO asmopamul].

MHU3aIUOHHBIX 3a1a4. 13 hopmyisl (5) crnenyer,
YTO YUCIIO JIOMYCTUMBIX IJIAHOB MEPEBO30K (xij)
B PacCMaTpHBACMOM MPOEKTE OLICHUBACTCS CHHU-
3y YHCIIOM:

o™l

B+m-1 Bny-l

301-27!

——— == =50019606.
(251) +51-2!

(7

Yr1oOBlI HAWTH OMOJHHUTEIBHBIE U SBJISIO-
myecs: 000CHOBAaHHBIMH OTPAaHHYCHUS HA MHO-
JKECTBa JOMYCTUMBIX TJIAHOB MIEPEBO30K, 00pa-
TUMCS K pa3paboTaHHOI paHee aBTOpaMu reo-
MeTprdeckoi eBkmunoBoi Mogenu ('EM) Tep-
PHUTOPHATFHOTO OJINTOTIONMCTHYECKOTO PBIHKA
I'Py30II€pEBO30K, CO3JaBAEMOT0 CTaHIUIMH
norpy3ku. [1o3Bonstoniuii MOCTPOUTh YKa3aH-
HYIO0 MOJIEITb METOJ 3KOHOMHKO-T€0T paIIECKOTo
pasrpaHWYeHusT 00IacTeil BIMSHUS CTAHIIUH
TIOTPY3KH NopoOHO m3noxeH B [19-21]. 3nech
TIPUBOASATCS JIUIIb COOTBETCTBYIOIINE PE3YIIbTa-
TBI, KOTOPBIE ITOTYYEHBI Ha OCHOBE (HANICHHBIX
C TIOMOII[BI0 METOa HAMMEHBIINX KBaJPaTOB)
BBIPKCHUH 3aBHCUMOCTH CTOUMOCTH C TPY30-
TEPEeBO30K IS pacCMaTpUBAEMBIX CTAHIHH
TOTPY3KH (cM. TabmI. 4).

B nmanHOM cnydae TMHHSAMH, pa3rpaHHYH-
BAIOIMMH «0OJIACTH BIMSHUSD CTAaHIIUHA HOTPY3-
KH B TyOTIOJMCTHYECKUX CUTYAIHSIX, SBISIOTCS
BETBH THIIEpOOIT (9aCTH ITUX BETBEH N300paske-
HBl CUCTEMOW aHAIUTHYECKUX BBIUMCICHUN
Maxima Ha puc. 2). B «obnacts BIusgaus»
cranimn Tumarmesckas (1) monaay IpUITOPTO-
Bble cTtanuuu Tamanb, HoBopoccuiick, Tyarce
u Elick, a B «00nacTh BIUSHUS» CTAHINU 3ep-
Horpaj — ctanuuu Taranpor u A3zoB. Takum
00pa3zom, B «00ITacTH BIMSHUS» OCTAJIbHBIX
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Tabauua 4
Boipakenus 3aBUCUMOCTH CTOMMOCTH
NnepeBO3KHU [BHINOJHEHO ABTOPAMH]|

1 TumarreBckast ¢=0,0021+0,819
2 AnoiioHcKas ¢=0,0021+0,912
3 | 3epHorpajn ¢=0,0021+ 0,830
4 Canbek ¢ =0,0021 + 0,892
5 TaruHckas ¢=0,0021 + 0,833
6 PemMoHnTHast ¢=0,0021 + 0,959

4eTBIPEX CTAaHIUH MMOTPYy3KH HE MoI1aja HH OlHa
U3 PacCMaTPUBAEMbBIX MPUIOPTOBBIX CTAHIIHUI.
ITockombKy CTOMMOCTH HadaJbHO-KOHETHBIX
oTieparii Ha CTAaHIUSX MTOTPY3KH ITOTIAPHO pa3-
TYHEI (CM. Ta0n. 4), yKa3aHHBIE PE3yNIbTaThl HE
CJIE/TYTOT U3 MIPOCTHIX reorpapuIeckux coodpa-
JKEHUH.

OTMeTHM, YTO HCIONB30BAHUE B MPUKIAM-
HBIX UCCIIEJIOBAaHUSIX PA3IMYHBIX 10 MaTeMaTH-
4ECKOHM MMPUPOAE METOIOB MO3BOIISET HOBBICUTh
CTETEHb JOCTOBEPHOCTH IMOITy4aeMbIX PE3YIIb-
taroB. [Ipu 3TOM yacTo ynaércsi CyLECTBEHHO
COKPaTHTh 00BEM BBIYNCIUTENBHBIX IPOLIETYP,
BBINOJIHAEMBIX PU PEIIEHHN COOTBETCTBYOIINX
ONTHUMHU3AIMOHHBIX 3afa4. Ommpasice Ha 'EM
TEpPPUTOPUATBHOIO PBIHKA IPY30IEPEBO30K,
HaJIO)KUM Ha MHOXKECTBO JOITyCTHMBIX IUIAHOB
MEepPEeBO30K CleNyIoKe orpanuueHus. bynem
MIPEAIoNaraTh, YTo B aApec IMPUITOPTOBOH CTaH-
nuu EWck co Bcex CTaHIUHI MOTrpy3KH, KpoMe
TumamnieBckast (1), MOXXET HampaByIATHCS HE 00-
nee Tpéx MapupyToB. Kpome Toro, ¢ ykazaHHOM
CTAHIIUN MOTPY3KH HE MOXKET HAIpPaBISATHCS
Oornee TpEX MapIIpyTOB B aJpec CTaHIMK Taran-
por.
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Taoauua 5

Pacnpenesnenusi Yucjia MapuipyToB, ILIAHbI EPEBO30K U 3HAYEHHs OKa3aTeJiei
P,C,C,C,CusS [Boinonnensl aBTopamu|

Ne  |ITopt/ IITaxmaTKa Moe3/10MOTOKOB, IIIT. P Ci C S
Cr.morpysk#t | Tyl |[Am2 [3p3 [Cn4 |TuS |Pm6

1 Bcero 0 10 0 5 0 10
Ex 4 0 0 0 0 0 0 1137,6 0 50,83 1188,43
Tr5 0 6 0 5 0 10 41,35
A36 0 4 0 0 0 0 9,48

2 Bcero 0 10 0 5 0 10
Ex 4 0 0 0 0 0 0 1137,6 0 50,75 1188,35
Tr5 0 7 0 4 0 10 42,25
A3 6 0 3 0 1 0 0 8,5

3 Bcero 0 10 0 5 0 10
Ex 4 0 0 0 0 0 0 1137,6 0 50,67 1188,27
Tr5 0 8 0 3 0 10 43,15
A3 6 0 2 0 2 0 0 7,52

52 | Bcero 0 9 9 0 1 6
Ex 4 0 0 0 0 0 0 1115,2 0 45,48 1160,68
Tr5 0 9 5 0 1 6 41,28
A36 0 0 4 0 0 0 4,2

53 | Bcero 0 10 10 0 1 4
Ex 4 0 0 0 0 0 0 111392 |0 45,48 1159,4
Tr5 0 9 7 0 1 4 39,96
A36 0 1 3 0 0 0 5,52

94 | Bcero 0 5 10 0 10 0
Ex 4 0 0 0 0 0 0 1108,8 0 41,43 1150,23
Tr5 0 3 8 0 10 0 34,59
A3 6 0 2 2 0 0 0 6,34

95 | Bcero 0 5 10 0 10 0
Ex 4 0 0 0 0 0 0 1108,8 0 41,33 1150,13
Tr5 0 4 7 0 10 0 35,81
A36 0 1 3 0 0 0 5,52

96 |Bcero 0 5 10 0 10 0
Ex 4 0 0 0 0 0 0 1108,8 0 41,23 1150,03
Tr5 0 5 6 0 10 0 37,03
A3 6 0 0 4 0 0 0 4,2

6. Odcy:xnenue

IlepelinéM K MHOTOKPUTEPHATIBHON ONTHMU-
3allMU ITPoLECcca TPY30IEPEBO30K B aIPEC CTaH-
nui neperpysku Elick, Taranpor 1 A30B, KOTO-
pBIe paccMaTpHBAIOTCS B COBOKYITHOCTH. ONTH-
Mu3anys OyJeT IpPOBOJUTHCS HAa OCHOBE ATaJIH-
TapHOTO TTOIX0/1a B TEOPHUH ONarococTostHus [16]
B paMKax BBEJEHHBIX B IOZIpa3ziene 2 CTOMMOCT-
HBIX TIoKkazareneit P n C. UHcTpyMeHTOM, pea-
JIU3YIOIIHAM MPUHIUN €IWHOIIIACHUS, ABISETCS
kputepuii [1apero.

Kaxnomy pacnpeneneHuto yncia Mapupy-
T0B (4,), € D 1O M CTAHIMAM NOTPY3KHU U KakK-

JIOMY OTHOCSIIIEMYCS K HEMY TIaHy MEPEBO30K
(xl.j) B aJIpeC pacCMaTpHUBAEMBIX CTaHIUH Ie-
perpy3KH IOCTaBUM B COOTBETCTBHE BEKTOP

{P. C}, Ha3pIBaeMBIil BEKTOPOM TIOJIE3HOCTEH.
OnTUMaabHBIM COYETAHHEM pPaclpeleICHUs
YHCJIa MapLIPYTOB M IUIaHA IEPEBO30K HA30BEM

Takoe couetanne (4) u (x,) c BekTOpoM

v * *
nosiesHocreid {P’, C*}, 4To HEe CyIIEeCTBYeT
couetanus (¢)", u (x;), KOOpJAUHATH BEKTOPA

mone3Hocter {P, C} KOTOpOTO YIOBICTBOPSIOT
ycnoBuio (P<P®, C<C") unu ycnosuto (P<P

u C<C.
3 BbIpaKCHUA CeHTeHL[I/IOHaJILHOP'I CBA3KHU:
(P<P'AC<C)v(P<P A C<C), 8)

CJIE/IYET, 4TO B MPOIECCE ONTUMH3AINH HE ITPO-
HCXOIUT TIOTEPHU MOJIE3HOCTH HU JUISI OJIHOTO U3
areHTOB, 3aMHTEPECOBAHHBIX B MHHUMU3AIINU
nokazateneit P u C.
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Taoauma 6

Pacnpenesienus yuciaa MapiipyToB 4 3HaYeHus1 nokasaresneii P, C, u P+C,
[cocTaBaenbl aBTOpamu]|

Ne KomaecTBo MapmpyToB, c(hOpMHUPOBAHHBIX Ha CTAHIUSIX B C, S

TOTPY3KH

Tml An2 3p3 Ca4d Tus Pm6

0 0 0 5 10 10 1137,6 60,45 1198,05
2 0 0 1 4 10 10 1133,12 60,45 1193,57
3 0 0 2 3 10 10 1125,64 60,45 1189,09
37 2 10 10 0 1 1114,8 55,37 1170,17
38 3 6 9 0 7 0 1114,6 55,31 1169,91
48 6 10 3 0 6 0 1114,0 54,41 1168,41
49 7 9 1 0 8 0 1113,8 54,39 1168,19
50 7 10 1 0 7 0 1113,8 54,27 1168,07

B Tabn. 5 npuBeneHB! BOCEMb KOMIUICKTOB
YUCJOBBIX JaHHBIX U3 96 «CTyneHeK», Hal1eH-
HBIX Maxima M cOCTaBISIOMINX COOTBETCTBYIO-
LIy «ONTHMH3aIMOHHYIO JIECTHHILY».

Jln1st onTUMalIbHOTO COYETaHMsI pacipesierne-
HUSI YHCIla MapIIPyTOB 110 CTAHIIUSM ITOTPY3KH
U IJaHa TepeBO30K okasbiBaeTcs (cM. Ne 96
B Ta0J. 5), 4TO HA CTaHIMH ATIOJUIOHCKAs Clie-
nyeT copMHUpOBaTh MATH MapHIPYTOB, a Ha
cTaHIMsAX 3epHOrpaja u TanuHCKast — 10 JecsTh
MapuipyToB. [Ipu sTom 3Ha4YeHue nokazarens S
okazpiBaeTcs paBHbIM 1150,03 mutH py0., To ecTb
MIPaKTHYECKH COBMAJIAET C MOIYYEHHBIM B IO~
paszaene 4 3aauenuem 1149,73 mH py6.. OmHa-
KO, 3HauYeHHe TNoka3zaresisi C OKa3bIBacTCs paB-
HbIM 41,23 muH py6., To ecTh Ha 6,1 MiH pyo.
MEHBIIINM, YeM B IIPEJIBIAYIIEM CciTydae (pa3sHula
cocrasisier outd 13 %).

Wtak, B ONTUMAIEHOM COYETAaHUU C TOUKH
3pEeHUs! KIIMEHTA [T0KA3aTeNId He YCTYMaloT Ipe-
JBIIYIINM, 3 B OTHOLICHUH NepEeBO3UMKa, BIla-
JieTIblIa TPAHCIIOPTHON MH(PACTPYKTYPHI U OlIe-
paTopcKoil KOMIaHWU MOTYT OKa3aTbesi Ooiiee
MIPEIITOYTUTECITHHBIMH.

Jis cpaBHEHUS! pacCCMOTPHUM pE3yJIbTaTh
OIITHMU3AIMN TPY30IIE€PEBO30K, BHITOIHAEMBIX
B ajipec NIyOOKOBOJHOW CTaHIMH ITE€PErpy3KH
Tamanb. 3nech ucnoneiyercs kpurepuit [lapeto
¢ nokasarensamMu P u C,. B Tabn. 6 npuBenens
BOCEMb KOMIUIEKTOB YHCIIOBBIX JAHHBIX U3 50
«CTYTICHEK», COCTABIISIOLINX COOTBETCTBYIOILYIO
«ONTUMH3AMOHHYIO JIECTHHILY».

st onTUMaNBHOTO pacmpesieNieHusT Yrcia
MapIIPyTOB 10 CTaHIMAM IOTPY3KH (3aMETUM,
YTO OHO CYIIECTBEHHO OTIIMYACTCS OT pacipe-
JIeTICHUH, TTOJyYEeHHBIX JUISi COBOKYITHOCTH Ma-
JIBIX TIOPTOB) IOJYYHMJIUCh 3HAYCHHSI PaBHBIE:
P=1113,8 mun py6., C,=54,27 mnn pyo.
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1 S=P+C =1168,07 M py0. B nannom cirydae
CTOMMOCTS TepeBo3kH Ha 13,04 mitH py0. 60I1b-
111e, YeM JUIsS IEPEBO30K B aJJpeC MaJIbIX OPTOB
(pa3Huna cocrapiusiet modtu 32 %).

3AKNIOYEHUE

Pa3paboTan 0CHOBaHHBIN Ha ATaTUTAPHBIX
MPUHITUIIAX TCOPUU OJIATOCOCTOSHUS TTOIXOT
K U3yYCHUI0 (PYHKIIMOHUPOBAHUS KIFOUEBOTO
CBSI3YIONIETO M NMPeoOpa3yromero 3BeHa JIOTH-
CTUYECKOHN CUCTEMBI, KAKOBBIM SIBIISIOTCS TPY30-
MEPEBO3KHU, OCYIECTBIIIEMBIE KEIE3HOAOPOXK-
HBIM TpaHCIOpTOM. Maremaruueckasi MOJEIb
MEePEBO30YHOTO MpPOLEcca, PacCMaTpuBaeMOro
B paMKax Habopa CTOMMOCTHBIX IHOKa3arelyeH,
MPEACTABISICT COO0W MHOTOKPHTEPHAIBHYIO
Y MHOTOPKCTPEMAJIbHYIO 3a]1a4y 1IeJI0YHCICHHO-
ro JUHEHHOTO MporpaMMUpoOBaHus. Beumy
0Cc000# BAKHOCTH JUTSI MyTBETHMOIATBHBIX CHC-
TeM TPy30NEPEBO30K KOOPAUHAIIUU JE€HCTBUIMA
KOOIIEPUPOBAaHHBIX areéHTOB U YPOBHS UX JEJO-
BOTO JIOBEpHS peasiu3alisl HHTEPECOB JIF000Tro
are’Ta He JOJDKHA MPOUCXOAUTh MYTEM YIIEM-
JIEHUS] THTEPECOB IPYTHUX.

Haiinens! ontumanshele o [lapero couera-
HUSl paclpeneseHui 4yucia MapuipyToB IO
CTaHUMAM MOTPY3KH U OTHOCSIIUXCS K HUM
IJIAHOB IPy30IIE€PEBO30K B aipeC CTAHIUH repe-
rpy3ku. COOTBETCTBYIOIIME 3HAYEHHUSI CTOMMOCT-
HBIX TOKa3aTeliell MpeaoCTaBiIsIOT areHTaM
BO3MOKHOCTH BBIOOpA aJbTEPHATHBHBIX BapH-
aHTOB B CX€MaX IMEpPEeBO30K C TOUYKU 3pEeHUS
KOHKYPEHTOCIIOCOOHOCTH MaJIBIX IPUITOPTOBBIX
CTaHIUU MEePEerpy3KH MO OTHOIICHHIO K Ty0O0-
KOBOJHBIM CTaHIIHSIM.

[IporpammHuas peanu3zaiusi ONTUMHU3ALUOH-
HOTO aNropuT™Ma (PYHKIIMOHUPOBAHUS paccMar-
pUBaeMOro 3BeHa JIOTUCTHUYECKONH CHUCTEMBI
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BBINIOJIHEHA B CPEJE CUCTEMbl aHAJIMTHUECKUX
BeryHciIeHnH. OOpaleHne K BEIYUCIUTEIbHBIM
JKCIEPUMEHTaM CO3JaéT BO3MOXHOCTU IS
IIeJICHAIPaBICHHOTO ONIEPUPOBAHUS 3HAYCHUAMHU
HeneBbIX (YHKIHMH ¥ OrpaHUuSHUSIMH B 3a]a4e
TPaHCIIOPTHOT'O THIIA C LIEJIBIO BBISIBICHUS OITH-
MaJIbHOTO YPOBHSI OpPraHW3allii U 3KOHOMHYE-
cKoii 3p(heKTUBHOCTH MEPEBO30YHOTO IpOIIECca.
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AHHOTALINA

BosHukatowull 3anpoc Ha ynmyqweHue nompebumensckux
napamempos Xene3Ho00pOXHbIX Naccaxupckux nepeso3ok
npugodum Kk HeobX00UMOCMU COOPYXEHUS Cneyuanu3upogaHHol
XKene3Ho00pOoXHOU UHpacmpykmypbl O nponycka naccaxup-
CcKUX n0e3008 CO CKOPOCMAMU, Ha 0OMOEIbHbIX ydacmKax npeebl-
watowumu 250 km/4. Bbicokasi kanumanoémKocmb npoeKkmos
passumus cneyuanu3uposaHHol UHpacmpykmypsl Haknadbiea-
em 3HayumernbHble 02pPaHUYEHUsI Ha Cghepy UX NPUMEeHeHUs
u guHaHcosol 060cHogaHHOCMU. [eoepachuyecku 0emepMuHU-
PposaHHOe pacnonoxeHue 20podcKuUX aznomepayull 8 eaponetickux
U @3uamckux cmpaHax npueesio K obpa3oeaHul MHOXecmea
nodxo008 k mpaccuposke AUHUL 0N 8bICOKOCKOPOCMHbIX nacca-
JKUPCKUX Nepeso3ok.

Paspabambigaemble 8 pasnuyHbIX CmpaHax npoekmbl pas-
8UMUST CNeyuanu3upos8aHHbIX 8bICOKOCKOPOCMHbIX Xee3H000-
POXHbIX Mazucmpaneli omauyalmesi No C8OUM MEXHUYECKUM,
MeXHOM02UYECKUM U 3KCNIyamayuoHHbIM Xapakmepucmukam.
lMpumeHeHue MHO2006pa3sHbIx N00X0008 npueeno K pasnuyHol
aghchekmusHOCMU CHOPMUPOBAHHOZ0 NACCaxUPCKo20 cooblye-
HUSA, 8bIPaXeHHOU 8 CNPOCce Naccaxupos Ha NepesoskKy.

B cmambe no umozam cmpyKmypHO20 aHasnu3a Cywecmaylouux
NPOEKMOB 8bICOKOCKOPOCMHb IX NEPEBO3OK 8b I8/1EHb 1 06LLIE 3aKOHOMEP-
Hocmu ux pa3sumust. [1o Korudecmey 803HUKaKOUUX SKCIITyamayUOHHBIX
3aday npu nponycke noe30o8 3manbI pa3gumusi coobLeHus bbuTu pas-
OeneHb! Ha NuHeUHbIl, OpesosudHb I u cemesoll. Tak npu nepexode om
JIUHEUHOU cmpyKmypb! 8bICOKOCKOPOCMHOU Xene3HoA0poxHOU Maau-
cmpanu 8o3HuKaem AononHUMenbHast 3adaya OMKITOHEHUs N0e3008 om
MaeucmparibHo20 y4acmka, a npu nepexode Ha cemesoll yposeHs Mo2ym
803HUKaMb NapanelbHbIe MUHUL MeXdy 20pOOCKUMU a2ToMepauusMU.

[ins 0606weHuUs onbima 3Kcnmyamayuu 8bICOKOCKOPOCMHbIX
cucmem 8 MUpe 8 Cmambe onucaH paspabomakHbIli Memod, n03eosIsko-
Wi cpasHUBaMb Pa3uYHbIe NPOEKMbI Op2aHU3aLUL 8bICOKOCKopOCM-
Ho20 coobueHuUst Mexdy coboll. CpagHeHue npou3godUMCs N0 OCHOBHbIM
Xapakmepucmukam Co0BUEHUS: 8pEMEHU 8 NYymU MEXOy pa3desibHbIMu
nyHKMamu Ha nuHuY, obecnedugaemoli ckopocmu coobuieHus1, obujel
NPOMSIKEHHOCMU NUHUU. BbIsieneHue 3akoHoMepHocmel, 3aI0KEeHHbIX
8 Pa3/UYHbIX NPOEKMax passuMust 8bICOKOCKOPOCIMHO20 COOOLYEHU],
No3807sieM CONOCMAasUIMb MEXHOMO02UYECKUE NapamMempbl IMUX JIUHUU,
8bIS8UMb CHEPY UX PAULOHAIBHO20 NPUMEHEHUS! U 30HbI KOHKYPEHUUU
€ Npoyumu 8udamu MazucmparbHo20 mpaHcnopma.

Kntoyesble cnosa: xenesHoA0POXHbIL mpaHCnopm, NaccaXxupckue NepegosKu, CKopOCMHoe OBUXEHUE, 8bICOKOCKOPOCMHOE d8LXKEHUe,

cneyuarnusuposaHHas naccaxupckas masucmparib.

[ns uumupogarus: Bakynetko C. I1.,, Pomexckuii . O., KanuHur K. A. Tunusauyusi npoexkmoe pa3gumusi 8bICOKOCKOPOCMHb X XEE3HOO0POXHBIX
mazucmpanel // Mup mparcnopma. 2023. T. 21. Ne 3 (106). C. 85-94. DOI: https://doi.org/10.30932/1992-3252-2023-21-3-8.

MonHbili mekcm cmambU Ha aH2UlICKOM si3bIike ny6ukyemcs 60 mopoli yacmu 0aHHO20 ebInycKa.
The full text of the article in English is published in the second part of the issue.

® © BakyneHko C.

., PomeHckun [. 0., KanunuH K. A., 20

YIHPABJIEHV/E A SKOHOMUKA



BBEJEHUE

JKene3zHomnoposkHbIe MarucTpaiy, crienma-
JU3UPOBAHHBIE I CKOPOCTHBIX IEPEBO30K
MacCaKUPOB, OTINYAIOTCS 110 CBOUM JKCILTya-
TAlMOHHBIM XapaKTEPUCTHKAM OT MPOYUX
BUJIOB JKEJIE3HOJAOPOKHBIX MepeBo30kK [1; 2].
st ocyuiecTBIeHUs CKOPOCTHOTO coo01e-
HUsl TpeOyeTcsi coopyXeHHue HOBOW MH{ppa-
CTPYKTYPBI, OTJIMYAIOUIEHCS MOBBIIIEHHBIM
ypoBHEM TpeOOBaHHH K MPOGUII0 U KOH-
CTPYKIIMH BEPXHEr0 CTPOEHUs IyTH, Ha KO-
TOPOM MAaCCaXHUPCKHUE Moe3/1a CMOTYT pa3BHU-
BaTh MapHIPYTHYIO CKOPOCTb COOOIIEHUS
MEXJy OCHOBHBIMH NYyHKTaMH Ha3Ha4eHUs
Boime 180 KM/4, 9TO COOTBETCTBYET Hpei-
CTaBJICHUSAM O COBPEMEHHOH IMaccaxupckoit
BBICOKOCKOPOCTHOM, MEXPEruoHaIbHOMI
TpaHCIOPTHOH cucteMe. CymniecTByromas
nH(ppacTpyKkTypa HE MO3BOJSIET OCYIIECTB-
JIATH MPOMYCK NAaCCAXKUPCKUX MOE30B B CKO-
POCTHOM HJIM BBICOKOCKOPOCTHOM peXHMe
13-32 HAJIM4UsI UHPPACTPYKTYPHBIX OIPaHHU-
YEeHUH, TAKMX KaK KPUBBIE MaJIbIX PaJIUyCOB.
MupoBas mpaKTHKa CBUIETEIBCTBYET O clie-
JIYIOMIMX TPUHIHMIHAIBHBIX crlocobax opra-
HH3aIMU BBICOKOCKOPOCTHOTO COOOIIEHUS
U eT0 B3aUMOJEHCTBUSA C cyllecTByromei
CETHIO JKEJIEe3HOIOPOKHBIX EPEBO30OK:

* 000coOeHEe coopykaeMoi HH}pa-
CTPYKTYPHI U 00pa3yeMbIX MapUIpyTOB CKO-
POCTHBIX WJIM BEICOKOCKOPOCTHBIX IEPEBO30K
OT OCTAJILHOH CETH JKEJIEe3HBIX AOPOT IO
MpUYMHE HEOOXOIUMOCTH (U3HUECKOU H30-
JSIUUU KEJIE3HOAOPOKHBIX JIMHUH, KOTOpHIE
00J1a1al0T Pa3IMYHON MOMYyCTUMON OCEBOM
Harpy3Koil M pa3iIuYHONW HMIHPUHON KOJeH,
a Tak)ke JIMHUI ¢ pa3audHOI MpUHAIIEKHO-
cThio uHppacTpykrypsl [3]. [Ipumeps! npo-
1ecca 000co0IeHNs CETH BBICOKOCKOPOCTHBIX
JUHUHN OT MPOYMX JKEJIE3HOAOPOIKHBIX yHacT-
KOB MOKHO Habmtoznate B Slnonuu u Caynos-
ckoit Apasuu [4];

* CO3/1aHUE BBIJICIICHHO HHPPACTPYKTYPHI
CKOPOCTHBIX ITACCaXUPCKHUX MEPEBO30K C Ha-
JUYHEM CHhe3J0B Ha CYN[ECTBYIOUIYIO HE
CKOPOCTHYIO XEJIe3HOJIOPOXKHYI HHppa-
CTPYKTYpY, IIpHU IOCJIEJ0BaTEeIbHON Mozep-
HU3AILWU 3TUX JTUHUH [5; 6];

* BKJIIOYCHHE BHOBH CO37]aBaEMBIX y4acT-
KOB CKOPOCTHBIX U BBICOKOCKOPOCTHBIX Iac-
CaXXUPCKUX MEPEBO30K B EAMHYIO MaplipyT-
HYIO CETh C CYIIECTBYIOIMMH JIMHUSMHU TIPU
o0ecreueHN BO3MOKHOCTH ChE3/10B BBICO-
KOCKOPOCTHOTO THOJBHXHOTO COCTaBa Ha

®  Mup TpaHcnopTa. 2023

Y4acTKH, HE IpelHa3HadYeHHBIE I CKOPOCT-
Horo nBwxeHus. [Ipumepom peanmszanuu
TaKUX pemeHui ABnsATcsa cetu dpaHuuu
u I'epmanuu.

Bo Bcex cnydasx co3gaHue KOHUENIUN
1 IUIaHOB ()OPMHUPOBAHUS CETH MapIIpyTOB
BBICOKOCKOPOCTHBIX IIEPEBO30K OCHOBBIBACT-
Cs Ha TOTOJOTUHU M ONbITe (PyHKIHOHUPOBA-
HUS UMeEoleiicst MmarucTpaibHoil cetu. Kak
CIIEJICTBUE, Pa3TUIAIOTCSI MACIITA0BI U O0BE-
MBI HTHBECTHLIMH B CO31aHNE U COBEPIICHCTBO-
BaHHUE BBICOKOCKOPOCTHOM JKEJIe3HOAOPOKHON
nHppacTpykTypsl [7].

[Ipu pa3BuUTHHM KEIE3HOAOPOXKHON MH(-
PacTpPYKTYpBl OCHOBHBIX TPY30- U IacCaxH-
pOHANPSHKEHHBIX KEJIE3HOAOPOKHBIX Maru-
cTpainei B Poccuu BO3HUK BOIIPOC cieUanu-
3aIlM XO/I0B C BBIACJIEHUEM CHEIHATH3NPO-
BaHHOH MH(PACTPYKTYPHI AJIsI CKOPOCTHOTO
NpONMyCKa MaccaXxupckux noeszmos' [8].
dopmupoBaHne MapuIpyTHOIl ceTn oOparie-
HUS MacCaXUPCKHUX MOE30B B JAIbHEM CO-
oOmeHnn TpedyeT HeNPEPHIBHOTO COBEPIICH-
CTBOBAHHUS METOJOJOTHYECKHX IOIXOTOB
U TEeXHUYECKHX CPEJCTB OOECIEUeHUS JIBH-
KEHUS, a KOHEUHOH I1eNbl0 ()OPMUPOBAHUS
KapKaca BBICOKOCKOPOCTHBIX XKeJIe3HBIX JOPOT
SIBJIIETCS YIOBJIETBOPEHHE CIIPOCa Ha MEeXpe-
THOHAJIbHBIE IIEPEBO3KH ITaCCaXXHPOB, ¢ 0bec-
MIeYeHNEM YPOBHS KauyecTBa, O3BOJISIOIIETO
3¢ (HeKTUBHO KOHKYPHUPOBATh C MPOYNMU BH-
JlaMu MarucTpalbHoro Tpancnopra [9; 10].

AHanm3 IpOeKTOB Pa3BUTHUS CIICIHAIN3H-
pPOBaHHOH Maccakxupckoil MHPpacTPpyKTyphl
B MHpE [T03BOJISIET, KaK HAMH YK€ OTMEUaIoch
B Oonee paHHHX NMyONMKAaIHAX, BBIIBUTH
OonpeaeIEHHYI0 3aKOHOMEPHOCTh 3TAIHOI'O
Pa3BUTHUS BBICOKOCKOPOCTHBIX JKEJIE3HO0-
poxxHbIX Maructpaieit (BCXXM) or ennnny-
HBIX PEKOHCTPYHPOBAHHBIX YHYAaCTKOB 10
pa3BETBIEHHON CETH, OXBATHIBAIOIIEN BCE
OCHOBHBIE arjaoMepanuy, reHepupymue
MacCaXupomoTokK [3].

L]envo naHHOW CTaThH, OTpaXxarwuUleu
Pa3BUTHE UCCIIEIOBAHUS TUIIN3AIH BEICOKO-
CKOPOCTHBIX JKEJIE3HBIX JOpOT, SIBISETCA
YTOYHEHHUE paHee BBIABJICHHBIX ATAIOB MPH-
MEHHUTEIBHO K peaJln3alii IPOEKTOB pa3BH-

! Bakynenxo C. I1., Kynukosa E. b., Mamsap O. H. Ilacca-
JKHPCKUE MEPEBO3KYU Ha JKEIE3HOLOPOXKHOM TPAHCIOPTE.
OpraHu3anus epeBo30K MacCaXUPOB B KPYHMHBIX TPaHC-
MOPTHBIX y3JaX IPH HAa3HAYCHUH JOMOIHHUTEIBHBIX OCTa-
HOBOK MMACCAXUPCKUM moe3nam: YuebHoe mocobue / Ilox
pen. C. II. Bakynenko. — M.: Poccuiickuii yHHBEpCHTET
TpaHcnopta, 2021. — 148 c. ISBN 978-5-7876-0395-8.
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Puc. 1. Jluneiinas cmpykmypa pa3sumusi BCXM [[3], ebinonHeHo asmopamu].

THS U JaibHe#mas pa3paboTka MeTona WX
CpPaBHEHUS C BBIJICICHHEM OCHOBHBIX Xapak-
TEPHUCTHUK.

PE3YNbTATbI

PaccMoTprM 3Talbl 3BOSIOIIMOHHOTO Pa3BH-
st BCOKM Gonee moapoOHO.

B kauectBe nepsoro stama passutist BCKXKM
KIIACCUDUITIPYETCS dTA pa3eumus JuHeuHou
ungpacmpyxkmyput [3]. Ha 3ToMm 3Tamne npowncxo-
IUT BBIJCIICHUE HANPABICHUS MW y4acTKa
¢ HauOOJBIINM IEPCHEKTHBHBIM CIIPOCOM Ha
CKOPOCTHBIE ¥ BEICOKOCKOPOCTHBIE TTIEPEBO3KH,
MIPOMCXOANUT COOPYKEHNE BBICICHHOTO Maru-
crpanbHOro yyactka BC)KM nnwm 3HaunTensHas
MOJEpHU3AIMS CYIIECTBYIOIEH HHPPACTPyK-
TYpbl. DTOT Y4aCTOK, KaK IPABUIIO, PELIaeT 3a-
Jladqy BEICOKOCKOPOCTHOMH CBS3aHHOCTH CTOJHIIBI
CTpaHbl, KPYIHEHIIIETO MErarnojiuca ¢ Ipyroi u3
HMEIOIINXCS KPYTTHBIX TOPOJCKHX aTJIOMEPALHH.

[IpuBeném paspaboTaHHOE CXEMaTHYECKOE
n3obpaxenne auHeHON Tomonornn BCXM
(puc. 1), xoTOpas IEMOHCTPHPYET MarHCTPAIb-
HBII yYacTOK, CBA3BIBAIOIINN HAYAIBHYIO ()
¥ KOHEYHYIO (A) TOUKY, TPOMEKYTOUHO MIPOXOIST
yepe3 o0pasyrolee yrnopsi04eHHOE MHOKECTBO
ONpeAeIEHHOE KOJIMYECTBO HACEIEHHBIX ITyHK-
TOB. DTO TpeOyeT MOJACPHHU3ALNN ITyTEBOTO
Pa3BUTHUS BCEX HAXOAAIIMXCS HA MapUIpyTe
BCXM mnacca)xupcKux CTaHIUH, KOHEYHBIX U
TIPOMEXKYTOUHBIX, JUI 0OpaIIEHHs BHICOKOCKO-
POCTHBIX ITACCAXKUPCKUX MOE3/I0B B 3aBHCHMO-
CTH OT MHTEHCHBHOCTH MACCaKUPCKOH pabOTHI
¥ TEXHOJIOTUIECKUX 0COOCHHOCTEH 00CITyKIBa-
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HUS TIOABIDKHOTO cOCTaBa [3], COOTBETCTBYIO-
IIME [EJIeBBIE CXEMBI pa3paboTaHbl U OTEde-
CTBEHHOM Hay4IHOM mikomoi>3 [11].

Takasi TuHelHasI CTPYKTYpa BECbMa XapakTep-
Ha [T cTaun 3apoxaeHus cereit BCXKM B ctpa-
Hax-NMHOHEPax BBICOKOCKOPOCTHOTO JIBHKEHHUS —
®paHuyy, SANOHNH, TAKKE TMHEHHYIO CTPYKTYPY
UMEIOT HOBBIE JIMHUU IACCAKUPCKOW MH(ppa-
cTpykTypbl B Mapokko u Typuuu (puc. 2). [Tocne
(hopMHpPOBaHMS YCTOHYIHMBOTO CIIPOCa Ha TIEPEBO3-
KU T10 COOPY>KEHHOW JIMHENHOM BBICOKOCKOPOCT-
HOU MH(PACTPYKType MPOUCXOIUT TallbHEHTIIee
Pa3BUTHE BEICOKOCKOPOCTHON HH(PACTPYKTYPHI.

Bropoii atan pazsutus BCXKM — stan dpe-
606UOHOU mononozuu uHgpacmpykmypsi [3].
Kax criemyeT 13 HCIIONIb30BaHHOTO HA3BaHMS, HA
9TOM 3Tare MPOUCXOANT NPOJICHNE HAaYaIbHON
JIMHUH, HA9WHAeTcs 3Tan crponTtenscTsa BCKM
13 CTOJIMIIBI B PYTHE METaIloJINChl 3a TIpe/ierna-
MH Ha4aJbHOTO MapLIPyTa, CTPOSITCS «IIHTAr0-
ey, GunepHble TUHAH, 00eCIIeUnBaIONINe
0BO3 MaccakupoB K muann BCXKM [3].

OtnuaneM (UAEPHBIX YYaCTKOB OT Maru-
CTPAJbHBIX SIBISETCS MX MEHbINAs OCHANIEH-

2 MMazoiickuii 10. O., Casenbes M. 10., Cuapakos A. A.
[n mp.]. Kene3HOTOPOXKHBIE ITACCAKUPCKHE TIEPEBO3KH (M3~
Opannsbie maBbl): Jst crynenToB cnenuansaoctu 23.05.04
«DKCIUTyaTaIys JKeJIe3HbIX Jopor» U HanpasiaeHuit 23.03.01
«TexHONmorus TpaHCHOPTHBIX mpoueccoBy» 23.03.02 «Me-
Heprment» / Tlox pen. FO. O. TTazoiickoro. — M.: Poccuiickuii
YHHUBEpCHUTET TpaHcnopta, 2020. — 407 c.

’Amarres B. 1., Bakynenxo C. I1., Tonmosana A. K. [u ap.].
XKene3HomopoXXHBIE CTAHIMM U y37bl: Y4eOHUK. — M.:
Y4eOHO-MEeTOqUUECKUN LEHTP MO0 00pa30BaHUIO HA Ke-
JIE3HOOPOXKHOM TpaHcnopre, 2014. — 856 c¢. ISBN 978-5-
89035-674-1.
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Puc. 2. Tononozus nepeoli BCXM Mapokko ¢ 0603Ha4yeHueM cyu,ecmeyrouux TUHUl HeckopocmHoli xenesHol dopozu [[3], 8bINOHEHO
aemopamu ¢ Ucnosb308aHUEM 2e0N000CHO8bI U3 OMKPLIMO20 UCMOYHUKa — cepauc openrailwaymap].

Puc. 3. ipesosudHas cmpykmypa paseumusi BCXM [ebinonHeHa asmopamu].

HOCTbB, MEHBIIHE TPEOOBAHMSA K TPOQHUITIO ITyTH.
Ony npejHa3HAYEHBI VIS TIEPEBO30K 3HAUUTEITb-
HO MEHBIIIETO YUCIIa MACCAKMPOB I10 CPABHEHHIO
¢ 00BEMOM TNEPEBO30K HA MAaruCTPaIbHbIX JIH-
HUsIX. MeHbIIMIH CIPOC Ha IEPEBO3KY CONPOBOXK-
JaeTcs MEHBIIMMHU pa3MepaMH JBHKCHUS IO
Y4YacTKy U, KaK CJIEACTBHE, YBEITHUCHHBIMHU HH-
TepBaJlaMH MeXIy noesgamu. [Ipu paspaborke
IIPOEKTOB (PUICPHBIX YIaCTKOB BOSHUKALT 33/1a-
ya MMUHUMH3AIHUN BIOKEHUH B Pa3BUTHE WIH
PEKOHCTPYKIIHIO JKEIe3HONOPOXXKHOH HHppa-
cTpyktypsl. 1o aToii mpuunHe B paspsin puaep-
HBIX JIMHUH MEPEBOJSTCS CYIIECTBYIONIUE
Y4acTKH, PEKOHCTPYyHUpPyEMbIE ISl IPOIyCcKa
1Moe3/0B co ckopocTsmu Bbime 140 km/4. Ot-

JeTEHBIM BOIIPOCOM VISl PACCMOTPEHHS SIBILSET-
sl IepCIeKTHBA IPUMEHEHHS Ha TAKHX Y9aCcTKaxX
C MaJIOUHTEHCHBHBIM JIBIDKCHHEM OTHOIYTHBIX
YYacTKOB 110 aHAJIOTHH ¢ TEXHUYECKUMH pelle-
HHUSAMH, IPUMEHSIEMBIM Ha CKOPOCTHBIX JTHHHSX
B Ucnanuu [12-14].

CxemarH4eckoe H300pakeHHe IPeBOBUTHOM
toronoruu BCXXM mnipencrasneno Ha puc. 3, oHa
NPEeICTaBISET U3 ce0st MarHCTPANIbHBIN YIacToK,
AHAJIOTUYHBINA IMHEHHON CXeMe, a TaK)Ke YeThI-
pe GUIepHBIX y4acTKa, KOTOPBIE COCAMHSIOT
OT/ZIeNIbHBIE CTAHIIMN MHOXKECTBA @ H arjioMepa-
LK, He BoleAINX B chepy o0CIyKUBaHUS
MarucTpajbHOr0 y4yacTka. MapmpyTHas ceTb
IpelCcTaBlIeHa KaK MapLIPyTOM, COSANHSIOMIUM
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Puc. 4. Tononozus cemu BCXM UcnaHuu (cneea) u ®paHyuu (cnpasa) ¢ 0603Ha4eHUeM cyujecmeyouux TUHUl He CKOPOCMHOU Xene3Hol
dopozu [8bIN0AHEHO agMopamu € UCNO/b308aHUEM 260N1000CHOBKI U3 OMKPLIMO20 UCMOYHUKA — Cepauc openrailwaymap].

Mormia

Puc. 5. Tononozusi cemu BCXM IOxHoii Kopeu (cneea) u MUmanuu (cnpaea) ¢ 0603HayeHuem cyujecmeyoujux TUHUL He CKOPOCMHoU
KenesHol dopozu [8bINOAHEHO agMopamu C UCNOJIb308aHUEM 260N1000CHOBbI U3 OMKPLIMO20 UCMOYHUKA — Cepauc openrailwaymap].

HavyaJbHYI0 ¥ KOHEYHYIO TOUKH, TaK U MapIIpy-
TaMH, CIICIYIOITIMHA Ha OTBETBIICHHS (Ha (humep-
HBIE JINHUH).

PaszBerBnénnyro cers BC)KM MoxxHO HabImIO-
JIaTh Ha JKEJIE3HBIX JOPOTax CTpaH, KOTOPbIe Ha
TIPOTSKEHNN JECATHIETHH COBEPUICHCTBYIOT
W pa3BUBAIOT CBOIO CETh BBICOKOCKOPOCTHBIX
MACCAKHUPCKUX MEPEBO30K, MPUMEPAMH TaKUX
cTpaH MOTyT ObIT SmoHus, @pannus, Mcnanns,
Wramus, Typuns n FOxnas Kopes (puc. 4-5).

ITocne popmupoBaHust yCTOWINBOTO CIIpoca
Ha MEPEBO3KU MO COOPYKEHHON APEBOBHIHON
BBICOKOCKOPOCTHOHM HH(PACTPYKTYpE POUCXO-
JIUT fanbHeHIIee pa3BUTHE BEICOKOCKOPOCTHOH
HHPPACTPYKTYPHI.

Tpernii otan pa3sutis BCXKM —atan cereoit
TOToJIOTHH MH(pacTpykTyps! [3]. OH mpemmona-
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raer crpoutenscTBo JuHUKH BCXKM, kotopsie
MOTYT 00pa30BBIBATh TAPAJLIETBHbIE XA, TO €CTh
obecreunBaTh COSTMHEHHE JIBYX ITyHKTOB MEK/TY
co0oti OoIee 4eM OIHIM BapHAHTOM IPOCIIEI0Ba-
HUS TACCAXUPCKOTO roe31a. CTPOUTETBCTBO HAET
B HOBBIX, HEOXBAaUYC€HHBIX BBICOKOCKOPOCTHBIM
COOOIIEHNEM TIpH JIPEBOBUTHOM Pa3BUTHH CETH
PETHOHAX, IPONUCXOIUT J00ABIIECHHE HOBBIX MapIII-
PYTOB, GHICPHBIX YUACTKOB M HOBBIX MarucTpaib-
HBIX XOJIOB, CO3JAIOIINX 3a7ady yHpaBICHUS
JIBIKCHUEM Ha MTapajlIebHBIX XOIaX.

CereBas Tomonorus BCXKM npuseneHa Ha
puc. 6. /IBa MarucTpaibHBIX X012 00pa3yioT
MapajuieIbHOE COEJUHEHNE IBYX NMYHKTOB
(am A), a Takxe GUACPHBIX JTUHUH, COCTAB-
JIAOMUX pa3BeTBIEHHYI0 ceTb BCXKM. Ot-
MpaBJIeHNE U Ha3HAYeHHE B TAaKOW MapIIpyT-
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Puc. 6. Cemesasi cmpykmypa paseumusi BCXXM [ebinonHeHo aemopamu].
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Puc. 7. Tononozusi cemu BC)XM epmMaHuu [8bIN0/IHEHO agMoOpamMu ¢ UCNosb308aHUEM 2e0N1000CHOBbI
U3 OmKpbIMO20 UCMOYHUKa — cepauc openrailwaymap].

Puc. 8. Tononozausi cemu BCXM ceseprozo Kumas (cnesa) u yenmpanbHo2o Kumas (cnpasa) [8binosiHeHo asmopamu
C UCNosIb308aHUEM 260N1000CHOBbI U3 OMKPKIMO20 UCMOYHUKA — Cepauc openrailwaymap].
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KonnuecTBo naccaxupckux cTaHUMH, S

Puc. 9. Konuyecmeo 06pa3yembix Naccaxupckux MpaHCnoPMHbIX KopPecnoHAeHyuil, 8 3aeUcuMocmu om o6ue20
qucna naccaxupckux cmanyull Ha nuHuu BCXM [[9], ebinonHeHo asmopamu].

HOH CETH MOXXET NMPOUCXOAUTH U3 J1000r0
y351a I OTIOPHOW MaccaXMpCKOil CTaHIUH,
obecrieunBaomEell yCTONIUBBINA MTaccakupo-
MMOTOK M3 KPyNHEHINNX arIioMepanuili B paMm-
KaX paccMaTpuBaeMOro TPAHCIIOPTHOTO KO-
punopa [15; 16].

[TomoOHyI0 CTPYKTYpY pa3sBUTHS CHIEIHATH-
3UPOBAaHHOM MacCCaKUPCKON MH(PACTPYKTYPHI
MOXHO BCTpeTUTh B I'epmanuu u Kurae
(puc. 7-8).

Jns ananmsa u cpaBHeHus cereit BCXKM
B Pa3IMYHBIX PETHOHAX MHUpa BAKHOE 3HAYCHHUE
MMEET OIICHKa TEXHOJIOTHYECKOW TPacCHpPOBKH
JIMHUH.

[ omeHKW mapaMeTpoB TPAcCHPOBKH
BCXM wu BeIsBIEHUS 0COOCHHOCTEH MpPOEKTa
Ha paccMaTprBaEMOM MHOKECTBE aryIoMepanuii,
yepe3 KoTopsie mpoxonut nuHus BCXM
(B manbHEEM MHOXKECTBO @ =[12,..., A]), MyHK-
THI OTHPABJICHUS N HA3HAYCHHS 0XapaKTePU3yeM
KOOpAAMHATAMU X, U Y, , IPH 3TOM TOYKa Hadaja
oTcuéTa Ha MECTHOCTH MOXET OBITh NMPHHATA
npou3BonsHO. Jlmaus BCXKM, npoxons depe3
ropona [17] paccmarprBaeMoro MHOKECTBA d,
o0pa3yeT ymopsio4YeHHOE MOAMHOXECTBO
s=[12,...,5], T. e. a2s. KoImM4ecTBO MyHKTOB
1 MTaCCaXXNPCKUX CTAHINH, Yepe3 KOTOpHIE ITPo-
xomut nuaus BCXKM, BIuseT Ha KOJIHYECTBO
00pa3yeMbIX TPaHCIOPTHBIX KOPPECTIOHACHIINH
[18; 19].

B cBoro ouepens yBenmuueHue 4ucia Koppe-
CHOHJIeHIMH T7; IPOUCXOIUT HETMHEIHO, 3aBH-
CHMOCTB OOIIIEro Yuciia TPaHCHOPTHBIX KOppe-
CTIOHJICHIIMH OT KOJINYECTBA Pa3ACINbHBIX ITyHK-
TOB, BOBJICUEHHBIX B cepy oOparieHus BBICO-
KOCKOPOCTHBIX TTO€3/10B, TIPHBEACHA Ha pHc. 9
u onpenesiercs o Gopmyie:
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Tr,, =05+8-05-¢8. 1)

Tak xak cetu BCJXKM B pasHBIX cTpaHax
OTIIMYAIOTCSI CBOEH MPOTAKEHHOCTBIO, CTPYK-
TYypoOH, pa3snIU4YHUsIMHU B TEXHOJOTHYECKOU
TPacCUpPOBKe, IJIsl Ledeld JajlbHeNIlero aHa-
JM3a HE0OX0AMMO IIPOU3BECTH HOPMUPOBAHHE
apaMeTpPOB PACCMaTPUBAEMBIX CETEH.

[Ipennaraemblii Ajist 3TOr0 AJIrOPUTM, OC-
HOBaHHBIH Ha METO/I€ CTPYKTYPHOI'O BBIPAB-
HUBaHUS NIPU TEXHOIOTUYECKOU TPACCUPOBKE
CHeIMaIN3UPOBAHHON acCaXKNPCKOH HHpa-
CTPYKTYpHI, ObIT HAMHU paHee omucaH B [3].
Ero ocHOBHEIE ATanbl CaeAyOLINUE.

Ha HavanpHOM 3Tamne Juist paccMarpuBae-
MOH CETHU NPOUCXOAUT BBISBICHHE JUPEKTHB-
HON KOpPPECHOHAECHIUU MaplIpyTa, KOTopas
IpeacTaBiIsieT co00H MPAMYIO, COEIHUHSIIO-
Y0 OCHOBHOM ITYHKT OTTIpaBieHus (0003Ha-
yaeMblii /) 1 OCHOBHOW HYHKT Ha3HaYCHHUS
(o6o3Havaembli J). DTy HPSIMYIO MOXHO
onucarb KaHOHHYECKHM ypaBHEHUEM IIpsi-
MOI:
X =%

Yo =N
e @
T€ X, ¥ y, — KOOP/IMHATHI ITyHKTa OTHPABJICHH
1 OTHOCHUTENIFHO MPOM3BOJILHO MPHHATON TOUKU
Hayaja oTuyéTa;

X, My, — COOTBETCTBEHHO KOOPJMHATEI OC-
HOBHOTO ITyHKTa Ha3Ha4YeHHUs J.

«ITocne 3T0r0 HEOOXOANMO YCTPAHHUTH CBO-
OOMHBIA KOA(PPUIMEHT JIUHEHHOTO YpaBHCHUS,
JUTSL 9TOTO HEOOXOJMMO MPOBECTH CMEIECHHE
Hayajia KOOPJIMHATHOW OCH B Ha4YaJbHYIO TOUKY
JUPEKTUBHON KOppecoHAeHIMY [3]:

[x; xx, 5

Vo=V 0
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Puc. 10. BoipagHueaHue koopduHam eduHuyHol cemu BCXKM [ebinonHeHo asmopamul.

ITociie KOPPEKTHUPOBKU MOJOKECHHSI BCEX
paccMaTpuBacMbIX TOYEK, XapaKTEPU3YIOMINX
MOJIOKCHUE PA3/IeNIbHBIX TYHKTOB Ha MJIOCKOCTH
(bYHKITHS, OMICHIBAOIIAS OMIPEICIISIONILYIO KOP-
pecroHACHIHIO (2), MPUMET BUJI:

y=2ax, )

T7Ie COCTABIAIOMAs Y /X , XapaKTEPU3YET TAHTEHC
yIIa OTKJIOHEHUs (PYHKIMU AUPEKTHBHOU KOp-
PECIOHAEHUMH OT OCH abcuuce, Toraa s
ONpe/IeNIEHHs yIila HAKJIOHA B PaJUaHax:
o= arctgy—‘ . (5)
X4

«J17151 TIOJTy YE€HHUS MTOTOBBIX KOOPIAMHAT TOYEK
PaccMaTpHBAEMOTO MACCHBA MOTEHIMANI000pa-
3YIOIIUX IyHKTOB HEOOXOIUMO YCTPAHHUTE YTIIO-
BYIO COCTaBIISIFOILYIO TUPEKTUBHON KOPPECIIOH-
JeHnur. JIjis 3Toro, B Clydae eciid KOHeuHas
TOYKA JUPEKTHUBHON KOPPECIOHIEHIIMH HAXO-
mures B 1 (x,>0,y,>0) un IV (x, >0, <0)

YETBEPTH KOOPAMHATHOI IIOCKOCTH, HTOTOBBIE
KOOPIMHATHI TOUEK OYIyT ONPEIENAThCS KaK:

®  Mwup TpaHcnopTa. 2023

l:x; =x, *(cos(-a)) -y, (sin(-a)) 6)

v, =X, (sin(-a))+y, (cos(—cx)).
B city4ae ecnm koHeYHasI TOUKa JUPEKTHBHOM
Koppecnon ieHmu Haxoautes B 11 (x, <0;y, >0)

unu I (x, <0;y, <0) yeTBEpPTU KOOPAUHATHOI

IJIOCKOCTH UTOTOBBIE KOOPIMHATHI [TOTy4aeMBbIX

TO4eK HeoOxonuMo nHBepTupoBarby [3] (7):

{x; =—(x, *(cos(-a)) - y,(sin(-at))) @
¥, ==(x,(sin(—a)) + y, (cos(—a))).

BelinonHeHue CTpyKTypHOIO BIpaBHUBaHHS
nns enuanuHoi cetu BCXM npuBeneHo Ha
puc. 10. Ha cxeme 10a mpeacTaBieHo HCXOTHOE
MHOXXECTBO TOYEK, 0TOOPAKAIOIIUX MOJIOKEHUE
pa3zienbHBIX MYHKTOB Ha KapTe. Ha pucyrke 100
MIPOM3BEICHO CMEIIEHNE KOOPMHAT STUX TOYEK
OTHOCHTEJIHO TOukH 0TcuéTa (3), a Ha puc. 10B
MIPEACTaBIEH PE3yJbTaT CTPYKTYPHOTO BBIPaB-
HUBaHUSI MHO)KECTBA TOYEK.

[Ipu aHann3e HECKOIBKUX CHCTEM BBICOKO-
CKOPOCTHOTO cOoOo0IIeHus (Kaxaas cucrema Oy-
JIET SIBIIATHCS DJIEMEHTOM MHOXecTBa f = [1, 2,
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Puc. 11. BoipagHugaHue koopduHam MHoxecmea cemeli BCM [ebinonHeHo asmopamu].

..., F]) xoopauHaTHl MOMOXKEHUS Pa3aeNIbHBIX
myHKTOB Ha cet BCOKM pa3inuyHbIX f1ieneco-
00pasHo paccMaTpuBaTh Kak X, y, . [Ipime-
HEHHUE OIMCaHHOTO aJTOpUTMa JUIsl F 3JIeMEHTOB
MHOXKECTBa f TIO3BOJIUT UCIIOIB30BaTh METOJIBI
CTaTHCTHYECKOTO aHAJN3a [UIS BBISIBIICHHUS 3aKO0-
HOMepHocTell mpoekToB pa3sutus BCXM
W BIUSIHHUS OCOOCHHOCTEH TPacCUPOBKH Ha 00-
IIYI0 KOHKYPEHTOCIOCOOHOCTh BEICOKOCKOPOCT-
Horo cooOmeHus. [Ipumep ucnonb3oBaHus
pa3paboTaHHOTO MeTo/Ia Tl F' = 3 MpUBEIEH Ha
puc. 11, rie npencraBiaeHsl TpU aOCTPaKTHBIX
MHOXecTBa Touek cereit BCXKM, f1, 12, /3.

KPATKWE BbIBO[bI

BrlsiBIeHHE 3aKOHOMEPHOCTEH, 3aJI0KEH-
HBIX B Pa3JIMYHBIX IPOEKTAX PA3BUTHS BEICOKO-
CKOPOCTHOI'O COOOILIEHUsI, IO3BOJIUT COIOCTa-
BUTh TEXHOJOTUYECKHE MapaMeTphl STUX JIH-
HUH, a Takxke u3yduts pons BCOXKM B Tpanc-

MOPTHON cHUCTEMe CTpaHbl, chepy HX
palMOHAIIBHOTO TPUMEHEHUSI U 30HBI KOHKY-
PEHLUU C MPOYUMHU BUAAMH MarucTpaibHOTO
TpaHcnopra. ONyMCcaHHbIN METO UCCIIEOBAHUS
MO3BOJISICT BBISIBUTH OOIHE 3aKOHOMEPHOCTH
MIPOXOXKICHHSI yUaCTKOB CIIEIIMAIM3UPOBAHHON
MacCaXXUPCKoi MHMPACTPYKTYPHI Yepe3 Hace-
JIEHHBIE MyHKTHl MHOXECTBA d, TeHEPUPYIOIIHE
MacCaXXUPOMOTOK JJISI MAaruCTpaJibHBIX BHUIOB
Tpancnopra. [loaydyeHHsle 3HAUCHUS IE€MOH-
CTPUPYIOT Pa3INYUs MPOECKTOB Pa3BUTHUS BBICO-
KOCKOPOCTHOTO COOOIICHUS JKEIC3HOOPOKHBIX
ceTell MHOXKECTBA f, HAPaBJICHHBIX Ha o0ecrie-
YEHUE YCTOMYMBOM CBSA3U KaxJAO0W Maphl MyHK-
TOB OTHPABIICHUS i U HA3HAYCHUS j, BCeX oOec-
NIEYUBAEMBIX KOPPECIOHACHIUN T] Ty Ha ocno-
B€ MOJYYEHHBIX PE3YyJIbTaTOB MOXKHO CTPOUTH
MPEAUKTUBHBIE MOJENH ONPEJeIeHUs] Crpoca
Ha BBICOKOCKOPOCTHBIE KEJIE€3HOAOPOKHBIE
nepeBo3ku B Poccuu.
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AHHOTALIUA

B mupe cywecmayem 1800 3aKoHO8 06 U3MEHEHUU Kumama.
B nocnedHue 20061 cmpemMumenbHbili pocm ebiI6pocos yenepoda
8b138as1 21106a/IbHOE NOMenseHue U 3aeps3HeHue Knumama, Ymo
HaHocum cepbe3Hblili 8ped passumuto obwecmsa u 300p08bI0
yenogeka. CokpaeHue 8b16pocos yanepoda npusrekaem 6orb-
woe sHumaHue. lMocne nodnucanus Kuomckozo npomokona
u Mapuxckoeo coznawerust MHoaue cmpaHb! NPeANPUHSIU ycurusi
no cokpauweHuro 8b16pocoe yanepoda.

B cmambe 0aHo onucaHue MexoyHapoOHbIX NPOUEccos pe-
2ynuUpo8aHUs NapHUKOBbIX 8bI6POCO8, 8 MOM Yucre peaynupye-
MO020 pbiHKa kK8om U A06P0BOILHO20 PhiHKa COKPALEHUS 8bIGPO-
€08 NapHUKOBbIX 2a308. AKUeHM cOenaH Ha e8ponelickux U poc-

Mup tpaHcnopra. 2023. T. 21. Ne 3 (106). C. 96-105

Pa3Bunku yrnepoaHoro perynmpoBaHus

Hukonain UCAUH

Angpeit OXOTHUKOB

| bopuc Anexceesuu Jléeun |1 , Buxmop SAxoenesuu Ileemros?,
Huxonait Bnaoumuposuu Heaun’, Andpeii Jleonuoosuu Oxomnuros*
- 2Poccutickuil ynusepcumem mpancnopma, Mockea, Poccusi.

cutickux MexaHu3max keomuposaHusi. [TpueedeHbI amanb! passu-
musi mpaHcepaHuyHo20 y2nepo0Ho20 peeynuposaHus e EC.
OmmeyeHo, Ymo e Poccuu nudepom 8 npuMeHeHUU Kpumepues
ESG sbicmynaem OAO «P)[» kak komnaHusi, Komopas nocie-
dosamesibHO OCyWecmesnsiem nepexod K peanusayuu NPUHYUNO8
ycmouyugozo pa3gumusi.

MpedcmasneHb! 6b1800bI 0 MEXOYHAPOOHbIX MEHOEHUUSX
passumusi y2nepoOHO20 peaynuposaHus, a makxe npednoxeHs!
peweHusi 05151 npobIeMHbIX aCnEKMOo8 HO8020 POCCULICKO20 yerle-
POOH020 3aKoHoOamenbemea. [10 MHEHUK aemopos, uenesbim
cyeHapuem ocmaemcs nepexo0 Ha HO8bIl MexXHomoau4YecKull
yKnao ¢ peasnbHbIM CHUXEHUeM yenepo0Ho20 creda.

Kntouesble cnosa: mpaHcnopm, ycmoliyugoe pa3sumue, 3Kk0moaust, yenepodHsili pbIHOK, yenepodHsie 8bi6pockl, ekapboHu3ayus,
Knumamudeckas nogecmka, napHukoeble 2asbl, 8bi6pocs! CO,, ESG.

[ng uumuposanus: f1éeun b. A., Lisemkog B. 5., Micaur H. B., OxomHukos A. J1. Passunku yenepodHozo peeynuposanus // Mup
mparcnopma. 2023. T. 21. Ne 3 (106). C. 96-105. DOI: https://doi.org/10.30932/1992-3252-2023-21-3-9.
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The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

B HacTosmee BpeMsi TEpMHUHBI «IIPUHIIUIIBI
ycToitunBoro passutus», «ESG-kpurepun», «yr-
JIEPOJHBIN clesy, «KIMMaTHYeCKHE MPOEKThIY,
«KBOTBI», «TAPHUKOBBIE I'a3b» WIH «IeKapOOHU-
3anus MHUPOKO 3asBIISIOTCS CPEeICTBAMHI Macco-
Boit uHdopmaruu. [lapanneabHO NPOBOAATCS
pasIHYHbBIe TEMaTHYECKUE M OTPaciIeBbIe MEPO-
IPUATHS U GOPYMBI IO 3TUM aKTyaJbHBIM TeMaM
YCTONYMBOTO pa3BUTHUA. 3allyCKalOTCS HOBBIE
o0Opa3oBaTenbHble IPOTPaMMBbl ¥ KYPChI, B TOM
YHCJIC B BBICIIUX yU4eOHBIX 3aBEICHUSAX U KOPIIO-
PaTHBHBIX Hay4YHBIX MHCTUTYyTaX. Pa3nensl mo
YCTOWYMBOMY Pa3BUTHUIO BXOJST BO BCE CTpare-
TUU U IPOTPaMMBbl Pa3BUTHUS KPYyIHEHIINX KOM-
nanuii Poccuiickoii ®@enepanuu. Bo mHOTOM
nuaepoMm B npuMmeHeHuu kpurepueB ESG sBis-
ercst OAO «PXI» kak omeparop camoro 3Koio-
THYECKH YUCTOTO BHJA TPAHCIIOPTa C BBIOPOCAMH
CO,, coctapmsatommnmu Beero 0,7 % OT Beex BbI-
OpocoB TpaHncnopTHOro cekropa Poccum [1].
Xonnuar «PXKJI» onHUM 13 3HAYUMBIX aCTIEKTOB
JOCTHXEHHUS CBOUX CTPATErHYECKUX Lienel BbI-
JIeJISIeT TIOCIeIOBAaTEIbHBIN MepeXxo]l K peannsa-
LMY TPUHIMIIOB YCTOWYMBOTO Pa3BUTHS B COOT-
BeTcTBUU ¢ kputepusmu ESG: Environment
(OTBETCTBEHHOE OTHOULIEHHE K OKpYyXKarollel
cpene), Social (Bbicokas counanbHass OTBET-
CTBEHHOCTBH), Governance (BBICOKOE KaueCTBO
KOPIIOPaTHBHOTO YIPABICHHUS).

Llenvio nccnenoBanHus SIBISETCS aHAIU3 HOBOTO
POCCHICKOTO 3aKOHOIATEILCTBA B 00IACTH CHIKE-
HUS MAPHUKOBBIX BBIOPOCOB M 0030p TEKYILIEro
COCTOSIHUS Pa3BUTH IPOLIECCOB YCTOHYMBOTO pas-
BUTHA B oOnactu JexkapOoHu3anuu. OCHOBHBIMU
Memooamu UCCIeIOBaHUsI SIBIISTIOTCS CTaTUCTHYE-
CKHM, CPaBHUTEJIbHBINA, KAYECTBEHHBIN U CHCTEM-
HBII aHAIN3.

Crarbs npeiaraeT ornMcaHue MeK1yHapOTHbIX
MIPOLIECCOB PETyYIMPOBAHUS TAPHUKOBBIX BEIOPOCOB
1 TIPENCTABILIET OOLINE Pe3YIBTaThl UCCIISOBAHMS
I10 TEKYIIeMY CTaTyCy Pa3BUTHS IIPOLIECCOB yCTOM-
YHBOTO PA3BUTHUS B 00IACTH JeKapOOHU3AINK KaK
rnaBHoro kputepus ESG ¢ Touku 3peHus peryms-
TOPHOTO BO3/eHcTBUsA. B cTarbe cocpenoToueHo
BHUMaHME Ha Pa3BUIIKaX yIIEPOJHOTO PETYIHPO-
BaHUS ISl CTPATETHUYECKOTO U OIEPAI[IOHHOTO
IUTAHUPOBAHUS «3€1EHOI SIKOHOMUKI» CYyObEKTOM
BBIOPOCOB MAPHUKOBBIX Ta30B B PO.

PE3YJIbTATbI
Me:xayHapoaHbie Ponecchl

MextyHapoHbIe MTPOLECCHl PETYIUPOBAHUS
MTAPHUKOBBIX BEIOPOCOB HAXOASATCS B IBYX IIOCKO-
CTSX: PErYAHPYEMBIil pBIHOK KBOT U JOOPOBOJIBHBIM
PBIHOK COKpaIIeHHs BEIOPOCOB ITaPHUKOBBIX I'a30B.

MupoBoit 060pOT PEeryIUpyeMOro phlHKa KBOT
(manpumep, CTK — cucrema TOPrOBIH KBOTaMH)
npuMepHo B 150 pa3 Gosbiiie J0OPOBOILHOTO PhIH-
Ka B JICHS)KHOM BEIpaKeHUH. [1J1s1 TOHUMAaHHUS Mac-
mTaboB AAHHBIX IPOLECCOB OTMETUM, UTO 3a
2021 rox mupoBoii o6opot peinka CTK cocraBui
oxkosto 260 mupn nomapos CIIA. OcHoBHOI 11e-
JIbIO BBEZICHHSI KBOTUPOBAHUSI SIBIISICTCS] CHUOKCHHUE
BbIOPOCOB APHHUKOBLIX ra3oB Ha 55 % k 2030 .
U JOCTUXEHUE YITIEPOJHOH HEUTpPalbHOCTH
k 2050 rozy, 4TO peryaupyercs Mex1yHapoJHbIMU
o0s13aTeNIbCTBAME CTpaH B paMkax Kuorckoro mpo-
Tokoua u [lapmkckoro cormamienns. Beimyck KBoT
B o0pallieHHe B psie CTpaH GOPMHUPYET JOXOTHYIO
YacTh OIOKETHON CUCTEMBbI, @ BTOPUYHBIH PHIHOK
HEHCIIOIb30BAaHHBIX KBOT — BEIPYYKY KOMMepUe-
CKHX OpTraHu3alui.

Ksots! B EC n3HauanbHO BeliaBanuch Oecrar-
Ho. [Tpu 5TOM TMMHT OGeCcIaTHBIX KBOT OyIeT CTpe-
MUThCS K Hyiro k 2032-2035 rr. EcTb o01mmas no-
CTENEHHAas TeHJICHIMS YBEIIMUEHUS] UX CTOMMOCTH
B CTK npu yMeHbIIeHHN (hH3UYECKOTO IPEIOXKE-
Hust. O0a 3TUX GakTopa NOCTENEHHO MOBIMSIIH Ha
YBEIIMUCHHE CPETHEH IIEHBI pa3pelIeHNs Ha BEIOPO-
cbl B EC 10 90 nonnmapos CIHIA 3a 1 ToHHY napHH-
koBoro rasa CO,-okBuBanenTa. B HeKoTOpBIX CTpa-
HaX BMECTO KBOTHPOBAHHUS HCIOJIB3YIOTCS TOJIBKO
mTpadbl 32 BBIOPOCHI, €CTh U THOPU/IHBIC BApHUaH-
ThI — KBOTa IUTIOC IITpad Npu €€ NPpeBBILICHUH.
B mo6omM cimydae, 1o pa3IM4HbIM IIPOrHO3aM, CTOU-
MOCTb KBOT WJIH IITPadoB 3a BEIOPOCHI CTPEMUTCS
k 100 nomiapam u Oosnee 3a TOHHY BBIOPOCOB Iap-
HUKOBBIX Ta30B CO,-3KBUBAJIEHTA.

B mupe npencraBieHo 25 HalMOHAIBHBIX CHC-
TeM KBOTHPOBAHHS, YTO OLPEACISIET UX HU3KYIO
COBMECTHMOCTb B ClTyyae BBEJICHHS TPAHCHAIINO-
HaJIBHBIX HAJIOTOB, IIaTeXel, COOpOB HIIH CIIeIH-
aNBHBIX YITIEPOIHBIX cepTuduKaToB. Ha mpakruke
9TO O3HAYaeT, HapHMep, HEBOSMOXKHOCTB UCIIONb-
30BaTh YIIEPOIHYIO KBOTY TPEThEH CTPaHBI WK €€
JIEHEe)KHBIN SKBUBAJICHT BMECTO MOKYIIKU €BpOIIEii-
CKOTO YIJICPOAHOTO cepTU(HKaTa. DTOT CLIEHAPHUI
OyZ#eT aKkTyalbHBIM B Cllyyae BBEJECHUS TPaHCHa-
LMOHAJIBHBIX cOOpOB 3a BBO3 Ha pbrIHOK EC uHoO-
CTPAHHOM NPONYKIUU C OOIBIIUM YIIEPOAHBIM
CcJIeIoM IIpHU ee npou3BoAcTe. CIHUCOK MPOAYKIUH
yiKe u3BecTeH, ¢ 2025 roga BO3MOXKHO pacIIpeHue
nepeuns umnoptupyemoil EC npoaykuuu, noamna-
JTAIOIIEH MO/ TPAHCHAIIMOHAIBHBIH COOP.

Taxoxe coxpansiercs mpobiiemMa JBOMHOTO cuéra
B MHUPOBOM Macmitabe npH 3a4éTe KBOT Pa3HBIMH
crpanamu. Hanpumep, ceituac co ctoponsl Munu-
cTepcTBa SKOHOMHUYECKOro pa3Butus PO BexyTcs
paboTHI IO MPEAOCTABIECHHIO JOCTYIIAa MEXIyHa-
POMHBIM Bepu(pHUKaTOpaM Ha PHIHOK P®D, mpexe
Bcero co ctoponsl KHP. 910 no3Bout poccuiickum
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OMHTEHTaM PETUCTPHPOBATh CBOU KIMMAaTHIECKUE
TIPOEKTHI 10 KUTANCKUM cTaHaapTam. Kuralickas
CTOpOHA KYIHUT | 3a4TET ceOe BBIMyLICHHbIC B PD
€AMHUIIBl COKPAIIEHUsI BEIOPOCOB B PE3yiIbTaTe
peanu3anyy onpeaeIeHHOr0 KIMMaTHIeCcKOoro mpo-
ekTa. B To e Bpems, PO 3autér cebe cokparieHne
BBIOPOCOB 10 ATOMY K€ KIUMAaTHYECKOMY ITPOEKTY.

B pasButue eBponeiickoil cuCTeMbI KBOTHPO-
BaHusl 3anyuieH Mmexanusm CBAM (Carbon Border
Adjustment Mechanism) — TpaHCTpaHHYHOE yTIIe-
POIHOE PErynupoBaHue, pa3pad0TaHHOE B PaMKax
TpHHATOH «3enéHoi cuenkm» (Pemenne EBporneii-
ckoro napnamenTa 1 CoBera 00 yTBEp)KICHHH Me-
xaan3ma CBAM) [2]. DTOT MeXaHN3M aNTrOPUTMHU-
3UpYyeT B3UMaHKE yIIEPOTHOTO HajJora B pamMKax
TPAHCTPAHUYHOTO YIIEPOAHOTO PErYINPOBaHHS
(nanee — TYP) u odpuumanibHO OPHEHTHPOBAH Ha
CTUMY/IUPOBaHNE TOPIOBBIX TAPTHEPOB COKpPAIATh
SMHCCHIO TapHUKOBbIX Ta3oB (I1IN), a Takxe yrie-
POIHBIN cliesl B 3HEPrOEMKON MPOLYKIIMH, TIOCTaB-
JIsIEMOH Ha 3KCIOPT, B EPBYIO ouepes, B EBpormy.

Oransl pa3BUTHsL TPAHCTPAHUYHOIO YIIEPOJ-
Horo perynuposanus B EC Ha ceronHsmHuii 1eHb
HaXOIATCA B CIEAYIOLIEM COCTOSHHU:

1. Ha mepuox 2023-2025 rr. mexanuzm TYP
HalleJICH Ha eXEeKBapTalbHBIA COOp JTaHHBIX 00
00BeMe «IPSIMOTOY YIIIEPOIHOTO CIIE/Ia OT IPOU3-
BOZICTBA OT/AENBHBIX BUIOB HMIIOPTHPYEMOIt Ipo-
IyKIOUH (Kenesa, CTalli, allOMHHHUS, LIEMEHTa,
yRoOpeHHH, SIEKTPOIHEPTUHU) U HE NIPEAIIONaraeT
ymiary cO0poB.

2. K xonny 2025 r. EBpoxomuccus npoBeaér
oueHKy cucteMbl TYP u npumer pemnienue o pac-
MIMPEHHH Cchepbl IPUMEHEHNUS MEXaHU3Ma Ha JIpy-
THE TOBapHI.

C 2026 r. TYP npenmnonaraeT o0s3aTeNbHYIO
3aKyIKy MOCTABIIMKAMH CePTH(HHUKATOB HA BEIOPO-
CBI TAPHHUKOBBIX Ta30B B COOTBETCTBHH C yIJIEPO-
JTOEMKOCTBIO HX MPOLYKIHH, TIe CTOUMOCTD €1~
HUIIBI BEIOPOCOB OyJIeT ONpenensThCs BHYTPEHHEH
€XKEHEIeNIbHOM cpeHel ayKIIMOHHOW 1IeHOH Hal-
06aBOK B paMKaX CHCTEMBI TOPTOBIU BbIOpocamMu
EC. ITpu 5TOM B TEOpUU UMIOPTEPHI CMOTYT Y4U-
TBIBAaTh YIUIAYEHHYIO CTOUMOCTh YIVIEPOJa B paM-
KaX HallMOHAJILHOM cucTeMbl y4éTa BHIOPOCOB BO
n30exaHue IBOHHOTO HaJI0T000I0KEHHUS.

B nenom, ucxons u3 Mex1yHapoIHbIX TEH/ICH-
LU, OTMETUM BO3MOJKHBIE MTOCTIEICTBUS pean3a-
muu TYP i1t TpeTsux cTpaH:

* B JaJbHEHIIEM HE HCKIIIOYAeTCsl BKIFOUYCHHUE
B chepy TYP mponykuuu HedTenepepaboTKu
1 HepTEXUMUH 110 HCTEUESHHUH MIEPEXOTHOTO TIEPHO-
na B 2025 rony. Haumenee npourpaBmmumMu oka-
JKYTCs Te KOMIIAHHH, KOTOpbIe 3 (HEKTUBHO pacio-
pAAsTCS BpeMEHEM, KOTOpoe OCTaéTcst 10 BBOJA
cbopa;

®  Mup TpaHcnopTa. 2023

* KOMITAaHHSIM CIIEyeT HayaTb U3MEPSTh CBOH
YIJIEPOAHBIH ClIe]T, OTCIICKUBATH CTOUMOCTD yIJIe-
POMHBIX BEIOPOCOB 1 MX BIMSHHE Ha 00IIME 3aTpa-
THI, IUIAHUPOBATH IEHCTBHS MIPU PA3TMIHBIX CLIe-
HapUsIX Pa3BUTHS COOBITHIA;

* HEOOXOIUMO OIPEAENIUTh CEKTOPa, B KOTOPBIX
MPOAYKIHUS UMEET YIIIepOJOEMKOCTD BBILIE, YEM
Y OCHOBHBIX KOHKYPEHTOB-IIOCTABIIMKOB Ha PhIHOK
EC, 1 nmpoaHanu3upoBaTh, KaK CHUXATh yIIepo.l-
HBIU Clle]l TPOAYKLUH;

* OJIH U3 cIIOcO00B yxoza oT miarexxeid TYP —
Hepexof] K 3KCIOpTy HOMEHKIIAaTyphl TOBapoB Ooree
BBICOKHX TIEPEIENIOB M YXOJ OT AKCIOpTa 6a30BOTO
CBIPbs1 U MaTeprasoB. [[pyruMy BO3MOXKHBIMH Mepa-
MH MOT'YT OBITh IIePEKIIaIbIBAHNE IOTIOTHUTENBHBIX
n3ziepkek Ha norpedutens (yu€r TYP npu 1eHoo6-
Pa30BaHMH, €CIIH JOIYCTUMO) WM CHIDKEHUE IPOUHMX
H3IEPHKEK UIsI KOMIIEHCAIMU HeraTUBHOTO d(dexTa
OT TPAHCTPAHUYHBIX YIVIEPOHBIX ILIATEXKEH.

TeMm He MeHee, IIeTIEBBIM CLIEHAPUEM OCTaeTCst
IIepeX0]] Ha HOBBIN TEXHOJIIOTMYECKUH yKIIaJ C pe-
aJIbHBIM CHIXKEHHEM YIIIEPOIHOIO ClIeaa.

J1oOpOBOIIBHEIH PHIHOK, B OTJIMYHE OT PEryJiu-
PYEMOT0 IOCYIapCTBOM PbIHKA KBOT, HE SIBIISETCS
o0s13arenbHBIM. COOTBETCTBEHHO, BBIXOJ IMUTCH-
TOB Ha JOOPOBOJILHBIH PBIHOK MOYKET HCXOAUTD H3
X JUYHOH MOTPeOHOCTH CTaTh YIJIEPOIHO-
HEUTPaNIbHBIM W/UITH KETaHHEM CO30aBaTh «3eNé-
HYI0» IPEMUAIBHYIO IIPOIYKIIHIO.

B nepBoMm ciydae, K IpeuMMyIIEeCTBaM cTaryca
YIIEPOAHO-HEUTPAIbHOM KOMIIAHUU MOXHO OTHEC-
TU PEHTHHIOBBIE NpeEePEHIINY, JIbIOTHOE (PHHAH-
CHPOBAHUE WK JOIIyCK HAa PaHEE 3aKPbIThIH PHIHOK
(MHAHCHPOBAHMS, B TOM YUCIIC Yepe3 BBIIYCK «3e-
JIEHBIX» OOJIUTALi, @ TAK)KE UMHUJIKEBBIC HCTOPUU
JUTS ITyOJIMIHONM KOMIIAHUH.

Bo Bropom ciydae, nepexon K BhIITYCKY «3emé-
HO» MPOTYKIIMN MOKET TIO3BOJUTD YBEIHUHTh €€
CTOUMOCTH ¥ KOHKYPEHTOCIIOCOOHOCTh M B TOM
YHcIie 00ECTIeUNTh BEIXO Ha HOBBIE PHIHKH COBITA,
YTO, TOYHEE, 03HAYaeT OTCYTCTBHE 3alPETOB Ha
TIPEeKHUE MTOCTABKHU B paMKaxX MUPOBOHU «3€TIEHOI
nosecTkH. ITo cyTy, BbITyck JOOPOBOIBHBIX yIIe-
poanbix enunu (nanee, YE) B oOpaiieHue cBsizan
€ TeM, YTO KOMIIaHUs, [UTaHUPYIOIasi HUBEIUPO-
BaTh yNJIEPOJOEMKOCTE CBOEH MPOMYKIHH, TIPHOO-
peraet nobposonbHEle YE y npyro# xoMnaHum,
peann30BaBIIeH KIMMAaTHIECKHI IPOEKT (manee —
KII), B pe3ynbrare KOTOPOro BEIOPOCH TAPHUKOBBIX
ra3oB OBUTH MPEAOTBPALICHBI MU IOTIOMICHEI.
B pesynbrare Takoit cemKy KOMITAHHS, BKJIaIbIBasI
CpPeICTBA B PEaN3aLHIO APYTHMH OPTraHU3aLIAMH
KII, nonyuaer ¢opManbHO HEHTpPaIbHO- WU
HU3KOYTJICPOIHBIN TOBap, TaK KaK BBLICICHHBIN
IIPU €r0 IPOU3BOACTBE 00BEM IMapHUKOBOTO ras3a
ObLII KOMIIEHCUPOBaH MOIIOLICHUEM UM COKpaIlle-
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HHUEM BBIOPOCOB TAKOTO K€ KOJHYECTBA MApHHUKO-
BOTO ra3a B IpyroM IIPOEKTe.

OO01mas «3enéHasy cxema JeKapOOHU3AIIUH Clie-
OyIoIIasi: KOMIIAaHUSI HHBECTUPYET B DKOIPOEKT,
HanpuMep, 03eJIeHEHHEe TEPPUTOPUU UM CTPOU-
TEIbCTBO ra30BOM KOTEJIBLHOW BMECTO YIOJIBHOM,
PEerucCTpUpys MPOEKT KaK KJIMMATUYECKHUN MO BbI-
OpaHHOMY J1I0OPOBOJIBHOMY CTaHJAPTY, Aajee Bbl-
IIyCKaeT oNpeeaéHHbII pacuéTHbIl 00bEM yIule-
POIHBIX €IMHUIL], KOTOPBI MoJy4aer 3a C4€T co-
kpamenus Beiopocos CO, [3]. M nanee, co cBoero
YIJIEPOIHOTO CUeTa MOXKHO NPOAABaTh BHITYIICH-
HBIE €IMHHIBI COKPAIICHUSI BBIOPOCOB MIIH COpa3-
MEPHO YBEITMYHUTH CTOMMOCTB CBOEH, TENeph «IIpe-
MHAJIBHOWY, IpoxyKiun. Knmumarndaeckuil mpoext
He 00513aTeNbHO PeaIn30BbIBATE B CBOSH KOMITAaHUH
B paMKax OCHOBHOM nesitensHocTH. HukTo He Me-
IIaeT 3acaluTh BeIpyOIeHHbIe Jeca B VIHnoHe3un
WM YBEIMYHUTH ONIOLICHHS TTAPHUKOBBIX Ia30B 32
CUET JIECOIOCAOK B TyHApe. OCOOEHHO ITO aKTy-
AJBbHO /711 JOOBIBAIOIINX OTpaciieil, BOSMOKHOCTH
cHU3UTb BbIOPOCckl CO, B KOTOPHIX CYIECTBEHHO
HIDKE, YeM B IIPOUMX OTpacisiX. Hanpumep, BRIHYX-
JEHHBII BBOJ JOKUMHOH KOMIIPECCOPHON CTaHLIUU
moxeT B 10 pa3 ysenuuuth BeIOpockl CO, rasono-
OBIBAOIIEH KOMITAHUHU.

B mupe cymectByet okoso 30 100pOBOSIBHBIX
nporpamm cepridukanuu (cranaapro) YE, cpeau
KOTOPBIX BBIIEISIIOTCS KpyTHEeHIIHe:

1. Verified Carbon Standard (VCS), CIIA —
ouprka / BaeOuprkensie mwioniaaku (OTC);

2. The Gold Standard (GS), CIIA — OTC;

3. Global Carbon Council (GCC), Karap —
OTC;

4. China GHG Voluntary Emission Reduction
Program (CCER), KHP — 6upxa;

5. Clean Development Mechanism (CDM),
OHH - OTC.

Croumocts YE npu ux BhIIycKe B 0OpalieHue
110 Pa3HBIM CTaHAApTaM KOJIeOIeTcs B IUana3oHe
ot 3 1o 20 pomapos CIIA 3a 1 tonny CO, u ne
3aBHUCHUT OT 00bEMa HHBECTULIUH B KIIMMATHUECKUIT
1poekT. C TOUKH 3peHHs MPSIMOK OKYNaeMOCTH TIPH
BBIIIyCKe M peasinzauuu YE, ¢ y4eToM HemanbIx
3arpaT Ha KIMMaTH4eCKUN IPOEKT, HEOOXOIMMBIH
o6beM cokpanienus Beiopocos CO, JOMKeH JOCTH-
rarb He MeHee 200-300 teicsia ToHH. IIpu aToM
B 3aTpaThl HY)KHO emé 3aKJIaJbIBaTh CTOUMOCTD
PETHCTPAaIMHU KIMMATHYECKOTO MPOEKTa U BBITyCKa
VE. [ns eBponeiicKux U aMepuKaHCKUX JT00po-
BOJIHBIX CTaHAAapPTOB CTOMMOCTH BhIITycka Y E Mo-
ket coctaBuTh 200-250 tIcsty momapos CIIIA 3a
1 KII.

K ocHOBHBIM c11ab0CTAM HOOPOBOIBHOTO yIIe-
POIHOTO pPhIHKA CTOUT OTHECTH HEOIHOPOAHOCTH
BhITyckaeMblx YE (BBUY CYIIECTBEHHBIX pa3iiH-

YU B PEryJTUPOBaHUH MEXIYHAPOJHBIX CTaHIAP-
TOB U TOPTOBBIX IUIOIIAIOK), HETOCTATOYHYIO JIU-
KBHIHOCTH M HETIPO3padHOCTh 00pa3oBaHuUs IeH
Ha YE [4]. Craagapts! Beitycka YE OOH un CIHA
3ampelaT UCTIOIB30BaTh 100poBobHbIE YE B 3a-
4y€T 00s3arenpHBIX KBOT. B KHP B 3TOM ciyuae
4yTh 0OJIBIIE JIOSUIBHOCTH — 10 5 % OT BBINYIIECH-
HbIX YE kutaiickas KOMIIaHUSI MOKET UCIIOJIB30-
BaTh B 3a4€T KBOT.

Poccuiickast mpaKkTHKa

B pamkax BBITIONTHEHUS MEXITYHAPOIHBIX 0051~
3arenbeTB PO mmaHupyeT CHIDKATh BEIOPOCHI HMap-
HMKOBBIX Ta30B Ha 1,5-2 % eXeromHo BIUIOTH JI0
2060 roga. B ommnane ot EC, B PD ecth 6ombI10i
pecypc MOTIONICHHUs TAPHUKOBBIX T'a30B 3a CUET
3€MJIEIIONIb30BAHMSI U JIECHOTO X03sicTBa. DTOT
pecypc Hallla CTpaHa X04eT HCIOIb30BaHuUs B 3a4€ET
CBOMX BBIOPOCOB, YaCTUYHO YMEHBIIUB UX, YTO
JIeNIaeT HAIIK TOIXOAbI K IeKapOOHU3aLUH CXOKH-
MU ¢ CeBepHOI AMEPHKOH, TJIe TOXKE BBICOK IOTIIO-
TUTEJBHBIA IPUPOHBII pecypc. COOTBETCTBEHHO,
B HacTtosiee BpeMs Poccuiickas denepanus Haxo-
JTATCS] B aKTUBHOW CTauK ()OPMHUPOBAHUS HALIO-
HaJbHOW HOPMATHBHO-TIPaBOBOM 0a3bl YIIIEPOIHO-
ro perymupoBanus (3a nepuoxn ¢ 2021 mo 2022 rox
MIPUHSATO 0K0JI0 30 HOPMATHBHO-TIPABOBBIX AKTOB),
CHUCTEM HE3aBUCUMON Bepu(UKaIMK, 0OpaleHHs
YIIEPOAHBIX SAWHHUI] ¥ IMHHUL] BBHITOITHEHHS KBOTHI
(xory1a BEIOPOCOB MEHBIIIE KBOTHI).

B urone 2021 roga B Poccuu Obu1 IPUHSAT 11ep-
BB Kito4ueBoll knumaruueckuid @3 Ne 296
«O0 orpaHu4eHHH BHIOPOCOB MAPHUKOBBIX Ta30B)»
(nanee — ©3-296), npennonararomuii peryaupona-
HUE CHUXXCHHUSI YPOBHsI BEIOPOCOB MapHUKOBBIX
ra30B, BBEACHHE «3€JICHBIX» CEPTH(HUKATOB U KITU-
MAaTHYECKHUX IPOEKTOB [5]. JlaHHbIH HOPMATUBHO-
MPaBOBOH aKT He MPEIIONAaraeT akTHBHOTO HCIIONb-
30BaHHS HHCTPYMEHTOB 00S3aTEIbHOTO KIIMMATH-
YEeCKOTO PETYIUPOBAaHUS (B TOM YHCIIe BBEACHUE
YIJIEPOJHOTO HAJOTa WM KBOTHPOBAHHUS BHEIOPO-
coB) Ha (enepalibHOM ypoBHE. B To jxe Bpems yua-
ctue B KII, co3nanue 1 rocynapcTBeHHas OIEPIK-
Ka KOTOPBIX MPEAYCMOTPEHBI JOKYyMEHTOM, MOXKET
OBITh MPUBJIEKATEIBHBIM ISl KOPIIOPATUBHOTO
cekropa. [Ipu 3TOM, B COOTBETCTBUU C 3aKOHOM,
YYaCTHUKH TaKUX IIPOEKTOB MOTYT Ilepe/iaBaTh yr-
JIEPOIHbIC SAUHULIBI IPYTHM IOPHIHMIECKAM JIHLAM,
YTO 3aKJIaJbIBAET OCHOBAHUS JUIs Toprosiu YE.

B pamMkax pa3BuTHSI pOCCHHCKOM CHCTEMBI TOP-
roriu YE 26 cents6ps 2022 roza cTapToBa mep-
BBIE€ POCCUIICKHE TOPTH Ha TOBapHBIX ayKIMOHAX,
MpoBOIUMBIX HalmoHanbHOW TOBapHOW Oupkei
(HTB, rpynna «MockoBckast Oupxkay). I1o utoram
HIEPBOTO JHS ObUIH 3aKJIIOUEHBI IBE CIEIIKH KyILIH-
nponaxku o6mum odsemom 20 YE. Cpennen3se-
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nIeHHas [ieHa nponaxu cocrasmia 1000 pyoneii 3a
1 VE [6].

BaxHO OTMETHTB, UTO B CiIydae peaan3anui
KII Ha Ttepputopun Poccuu u Bepudukanmu ero
Pe3yabTaToB MO0 POCCUHCKOMY HAallMOHAIBLHOMY
CTaHAapTYy, BelyIneHHble YE He OynyT npu3HaHbI
Ha MEXIYyHapOJHOM PBIHKE H, COOTBETCTBEHHO,
HE CMOT'YT OBITh PeaNN30BaHbI HA MEXKTYHAPOTHON
oupike. [y BRIX0Oa Ha MEXKIYHAPOJHBIH PHIHOK
s npopaxu YE Tpebyercs ceprudukanys mo
MEXYHApOJHBIM CTaHAapTaM, COOTBETCTBEHHO,
B HACTOsIIEE BpeMs IEHCTBYIOLINM 3aKOHOAATEIb-
ctBoM Poccuiickoii denepaln He yCTaHOBJIEHA
BO3MOXXHOCTH Mpu3HaHus Y E, BRIMyIEHHBIX WIH
prOOpETEHHBIX 3a pyoexkom. Heobxomumo Takxke
OTMETHTD, YTO C YIETOM TEeKYIIEH MOTUTHIECKON
CUTYallMH, BO3MOXXHOCTb BBIXOJa POCCHHCKHUX
KOMITAaHUH Ha MEXIYHapOIHble OUPKH MOXKET
OBITH OrpaHHYCHA U YCIIOXKHCHA.

B maprte 2022 ropa Obl1 NIPUHAT BTOPOH KIIH-
Marndeckuii kitoueBoit @3 Ne 34 «O nposexe-
HUH SKCIIEPUMEHTA 110 OTPAaHNYEHUIO BEIOPOCOB
MAPHUKOBBIX T'a30B B OTICIBHBIX CyObekTax Pdy
(mamee — ®3-34), cormacuo kotopomy CaxanmH-
CKas 00JIacTh CTaHEeT MWIOTHBIM PETHOHOM, B KO-
TOPOM yTJIepoaHasi HEHTPaIbHOCTh OyneT Jo-
crurayrta k koHiy 2025 roga [7]. B xauectse
KJIFOUEBBIX 3a/a4 HKCIIEPUMEHTa 0003HAYCHBI
(hopMUpOBaHUE CHCTEMbI HE3aBUCUMOHN Bepudu-
KallUU ¥ CO3[JaHUE CUCTEMbI OOpalieHus yrie-
POIHBIX AMHUI] U AUHUI] BHITIOJHEHUS KBOTHI
(mpeBbIlICHHE pa3Mepa KBOT Haja BEIOpocaMn)
[8]. [Ipennonaraercs, 4TO B MEPCIIEKTUBE KCIIE-
PUMEHT OyIeT MPOAOIDKEH Ha TEPPUTOPHUSIX HHBIX
cyobekroB Poccuiickoil ®denepanuu.

OTMeTuM, 4TO NEpBBIH SKCIEPUMEHTAIbHBIH
pernon, CaxanuHckas o0imacTb, popMupyer
12,3 M ToHH BeIOpocos CO,-5KBUBAIEHTA IPH
noromeHusx 11,1 miaH. ToHH. YHCTBIM HETTO-
BBIOpPOC (BBIOPOCHI MUHYC MOTIIOIIEHHUS ) COCTAB-
aser 1,2 min Tonn CO,-3kBuBanenta [9]. B pam-
Kax skcrepuMenta 70 % HeTTo-BEIOpOCOB Oyner
Opatb Ha ce0st cyObeKT (peanusanus OHIKETHBIX
IPOEKTOB M0 BO30OHOBISEMOH 3HEPreTHKE, Ta-
3u(UKALMH, SFHEPTOCOEPEHKESHUIO U YTHIIN3AINH
orxonoB). Ocrtansubie 30 % pacnpeneauiu mno
SMHTEHTaM, KOTOpEIe GOpMUPYIOT B cymMme 75 %
BEIOpOCcOoB. HoBEIe pernonsl PO, koTopsie 3asBH-
JIM O CBOEM JKEJIaHWU YYacCTBOBATh B IKCIIEPH-
MEHTE 10 KBOTUPOBAHHIO, YK€ UMEIOT OTpHUIIa-
TEeJNbHBIC HETTO-BBIOPOCHI (HampuMmep, UpkyTckas
00acTh) 1100 Ha rPaHUIIEC TIOJTHOTO MOTJIOUICHHUS
B 1-3 mun Tonn CO, (Kanuuuurpazackas o6-
nactb, XabapoBckuii kpail, Pecrrybnuka Bamkop-
TocrtaH, Hmkeroponckas obnacts). [Tonygaercs,
YTO MJIaHbI O 3aIyCKy SKCICPUMEHTA M OTpa-
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00TKE METOAMKH KBOTHPOBAHHS KacaroTcs,
MIPEKE BCETO, CYOBEKTOB C HEOOJIBIIUMHU HETTO-
BeiOpocaM. Kaxkablii peruoH, KOTOpbId Oyner
MIPUCOECTUHATHCS K SKCIIEPUMEHTY, MOKET HMETh
CBOM KPUTEPUU AJIS OLIPECIICHUs CIIMCKA Mpes-
IPHUATHH, yJacTBYIOUIMX B KBOTHpOBaHuU. [lo-
9TOMY YCTaHABIMBATh UX JJIS KAXKIOTO CYOBEKTa
Oynet enepalibHOE IPABUTEIBCTBO, TPOCYUTHI-
Bas JIy4IIyI0 MOAENb JUIS BBIXOJAa CyOBeKTa Ha
YIIIEPOAHYIO HEUTPaIbHOCTb. J{J1s1 3TOro CyOBeKT
Poccuiickoii denepanuu T0HKEH IPOBECTH HUH-
BEHTapH3aIHIO BHIOPOCOB U IMOTIIONICHUS ITapHHU-
koBbIX ra30B (I1I'), OlEeHUTH MOCIICACTBHS YKCIIC-
puMeHTa i Oro[KeTa peruoHa u Ou3Heca, mpo-
MIHCATh OKHAAEMYI0 TPACKTOPHUIO CHIDKCHUS
BBIOPOCOB MAPHUKOBBIX TA30B M MOAXOIBI K pac-
MIPENIEICHUIO KBOT MEXAY PEerHOHAIbHBIMH pe-
TYIUpYeMbIMU opranuzanusiMu. CoriacHO yTBep-
WIEHHBIM «KPUTEPHUSAM OTHECCHUSI FOPUAMICCKUX
qun 1 UIT K perynupyeMbIM OpraHHu3aiisM OT
14.03.22 Ne 355» ¢ 01.01.2025 . mox perynupye-
MbI€ TIOANAAAI0T NPEANPUITHS ¢ BeiOpocamu [T
6onee 50 Thic. TonH CO,-3kBUBaneHTa B rog [10].
C 01.01.2025 rona peryaupyemsle OpraHU3aluu
OyayT 00s13aHBI €XKETOJHO (OPMUPOBATH U BEPH-
¢unupoBare OtyeT 0 BeiOpocax III" 3a mpeabl-
JIyIIAH TOA.

B uenom no P® 3a 2020 rox BeidOpocs T
cocrasuiu 2,1 minpa Tonn CO,-3kBuBanenTa. Ha
IIOTJIONIEHHE 32 CUET 3eMJICTIONB30BAHUS U JIeC-
HOTO X03siicTBa mpunuiock 0,5 MaApA TOHH
CO,-okBuBanenta. Takum oOpazom, HETTO-
BbIOpOCH! B Poccuu coctaBunyu 1,6 MiIp[ TOHH.
KonuuecTBO CyOBEKTOB, rlie BHIOPOCHI OOMbIIIE
MOTIONICHUS (TMTOJIOKHUTENbHBIE HETTO-BBIOPOCHI)
cocTasiseT okono 10 peruoHos. Tem He MeHee,
OCTaJbHBIM PETHOHAM C OTPHUIIATEeIbHBIMHI HETTO-
BBIOpOCamu, eciu cyobekT Poccuiickoit @enepa-
uuu noriomaet 6osbiie 100 % cBoux BIOPOCOB,
HEepacIpoCTPaHEeHNE PeKUMa KBOTHPOBAHUS HE
rapaHTHpyeTCcs. DTO SBISETCS BIIOJIHE JIOTHYHBIM
1 3aKOHOMEPHBIM, TaK KaK «XOpOIINe» MO HETTO-
BBIOpOCaM CYOBEKTHI ABJSIFOTCS TAKOBBIMHU B CH-
JIy CBOEr0 MCTOPUYECKOTo reorpaduyueckoro
PAacCIIOIOXKCHU, a He U3-3a CBOCH IIeIeBOH HHBe-
CTULIHOHHO! peruoHanbHOW monutuku. 1 6e3
YYacTUsl «XOPOUIHX» CyOBEKTOB B PEXKUME KBO-
TUPOBAHUS JOCTUYb YIIEPOAHONH HEUTPAIbHOCTH
B Poccwmiickoit ®enepaunn OyaeT IpakKTHYECKH
HEBO3MOXHO. COOTBETCTBEHHO, MOXKET OTPeOO-
BaThCs KOMIIEHCALMOHHBIN MEXaHU3M pacrpene-
JIGHWSI KBOT Ha PETHOHBI C OTPHULATEIbHBIMHU
HETTO-BBIOpOCAMH.

OpnHuM 13 c10co00B (HOPMATLHOTO CHIKCHHS
BBIOPOCOB IKCTIOPTOOPUCHTHPOBAHHBIMH TIPS/ -
MPUATHAME PACCMATPUBACTCS PECTPYKTYPU3AIHS
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nopTdeneit aKTUBOB, HCXO/Sl M3 HHTEHCHBHOCTH
BBIOPOCOB yIJIEKUCIIOTO Ta3a.

Taxoxe B mocieJHUE TOABI AKTHBHO Pa3BHBAET-
Cs M CTAHOBHTCS aKTyaJbHBIM IIPIMEHEHUE KPUTE-
pueB ESG, xotopsie B Poccuiickori denepariiu
peanu3yloTcs B BUJIE «3€IEHOM TakcoHOMUM». [laH-
Has cucTeMa Oblia pazpaboTaHa IPU Yy4acTHH
BOB.P® B kauecTBe METOJOIOIMYECKOTO IIEHTPA
110 (PUHAHCOBBIM HHCTPYMEHTAM yCTOHUUBOIO pa3-
BUTHS W HAaIpaBJcHA Ha 00ECHEeUYCHUE IIepeToKa
MHBECTULIMI U3 BBICOKOYIIIEPOIHBIX OTpacieil 3ko-
HOMMKH B HU3KOYIJIEPOJHBIE, B TOM YHUCIIE 32 CUET
TIPEJOCTaBICHUS:

* JIBTOTHOTO «3€JIEHOT0 (PMHAHCHPOBAHHUSD KO-
IIPOEKTOB;

* OAaHKOBCKMX TapaHTUIl A «3€IEHBIX» MPO-
€KTOB;

* yuét ESG peliTuHra sSMUTEHTa B €r0 PEUTHH-
e 3aeMIIUKa.

BOB.PO ¢ yuerom muposoii npaxtuxu (ICMA,
CBIL, IDFC, EBponetickuii Coto3) pa3paboTan cTaH-
JApTHI «3eIEHOr0» (hPHHAHCUPOBAHMUS (TpeOOBaHHS
K CHCTeMe BepHU(HKaNK) U CHCTEMY KPHTEPHEB
UL «3€J1EHBIX» MIPOEKTOB, BKJIIOYAIOIIYIO B TOM
gucne [11]:

* COKpalieHie BHIOPOCOB YIIICKHCIIOTO rasa;

* TIOBBIIIEHHE BTOPUYHOTO 000pOTa MaTepHa-
JIOB;

* 3aIIUTY U BOCCTAHOBJICHUE OMOPa3HOO0pa3us
U IIPUPOJHBIX OOBEKTOB.

Hamnpumep, amst peanuzanuu «3ea&Horoy mpo-
€KTa MOXET IPEeNOCTaBIAThCS cyOcunus u3 dene-
pasbHOro OIOJKeTa B BUJI€ KOMICHCALUU 4aCTH
IIPOLIEHTHOH CTaBKH Ha NEPHO]] HHBECTULIUOHHON
¢a3zsl mpoekTa. TakiM 00pa3oM, cicTeMa «3eIEHOI
TaKCOHOMHUU» CTUMYJIHPYET HHBECTOPOB K pealiu-
3alUH KIMMAaTHIECKUX IPOEKTOB U SIBISIETCS OJI-
HUM U3 JIeHCTBYIOIINX MEXaHU3MOB CHUKCHHUS
BoiOpocos I1I" B Poccun.

3HaKOBBIM NTPUMEPOM BHEIPEHHS «3EIEHBIX)»
TEXHOJIOTHI B HECHIPHEBBIX OTPACIIAX SBISIETCS IIPO-
€KT OPraHU3aIMH JKEeJIE3HOMOPOKHOTO COOOIIEHHS
C IPUMEHEHNEM I0€3/10B Ha BOJOPOIHBIX TOIIUB-
HBIX 2n1eMeHTax Ha Caxanuse. [To uroram paccMoT-
peHMs KOHUENIUU U Pe3YNIbTaTOB KOMILIEKCHOM
(PMHAHCOBOH MOJENH MPOEKTa PA3BUTHS JKEJIC3HO-
JIOPOKHOTO COOOIIEHMS Ha BOXOPOIHBIX TOIUTHBHBIX
anemenTax OAO «PXK]», IIpaBurenscrBo Caxanus-
ckoit obmactu, ['ockopmopanus «PocaTtom»
u AO «TpaHcManIXoIauHr MOAMUCAIN TPOTOKOI
0 TIPU3HAHUH BOIOPOIHOTO MPOEKTA Lenecoodpas-
HBIM M TEXHIYECKH OCYIIECTBUMBIM. 3aIycK racca-
JKHPCKOTO COOOIIEHNUS C HCTIONB30BaHUEM BOIOPOJ-
HBIX 10e3710B Ha CaxanuHe MperonaraeTcst ocyle-
cTBUTH J10 KoH@a 2025 roxa. [Ipencrout co3nark
HEnocpeACTBeHHO Ha CaxaluHe MaJOTOHHAXHOE

MIPOM3BOJICTBO BOAOPO/A M CETh TOILTHBO3AIIPaBOY-
HBIX KOMIUIEKCOB, C(HOPMHUPOBATH MIIOTHBIH IO~
TOH U 3aIlyCTHTh PETYISPHOE TAaCCAKUPCKOE JKeTe3-
HOJIOpOXKHOE coobuieHue. Ha 6aze ocTpoBHOTO
YHHBepcuTeTa OyJeT CO3AaH LEHTP KOMIICTeHIIUH
JUIS IOATOTOBKH HEOOXOMMBIX KaJIpOB.

B cTparerndeckoM uiane, 4To0bI OICHUTH CTe-
MeHb Pa3BUTHUS KOMIIAHUH («KaK €CTh ceiuacy
U «KyJia UATH») B 00JNACTH YCTOWYHUBOTO Pa3BUTHS,
B TOM YHCJIE B YaCTH YKOJOTHIECKOI COCTaBIISIO-
[Iei, MOXKHO TIOWTH IBYMS HE MCKITIOYAIOIIMH
JPYT OpyTa Iy TSIMH:

1. CaMOCTOSTENLHO OIEHUTE MacIITa0kI «Oe-
CTBHSD) TIPH HAIMYUK KOMIIETCHIUH BHYTPH KOM-
TIaHUH.

2. C moMomIpio0 BHEIIHETO KOHCYABTAHTa Clie-
JIaTh PEHTUHTOBYIO OLIEHKY I10 BCEM TPEM CEerMeH-
TaM YCTOWYMBOTO Pa3BUTHUS (SKOJIOTHS, COLIMOIIO-
WS, YIPABJICHNE) B OHOW U3 HECKOIBKUX POCCHIA-
CKUX PEUTHHTOBBIX KOMITAHHUH C YYETOM KPUTEPH-
eB U TpebOOBaHHI K cUCTeMe BepUHUKALHH
MIPOEKTOB YCTOMUMBOIO pa3BuTus B Poccuiickoit
Deneparn. MeTOIONOTHH, KOTOPIE HCIIOIb3YIOT
PEHUTHHTOBBIE KOMITAHUH, TIPEACTABICHBI B OTKPHI-
TOM JIOCTYITIE Ha CaliTaX COOTBETCTBYIOIINX Opra-
Hm3anui [12, 13].

Ba)kxHO OTMETHTB, YTO OTCYTCTBHE SIBHBIX ITpS-
MBIX 3(QEKTOB OT YHaCTHS B «3€JIEHOI TOBECTKE
JUIS HEOOJNIBIINX KOMIIAaHWH HE CHUMAeT Ul HUX
AKTyaJbHOCTb 3TOM TEMBbI, KAK MUHUMYM II0 JIBYM
MpUYHHAM:

* Jlerue cpa3y HEOONBIIYI0 KOMIAHUIO WU
CTapTan IMOCTaBUTh Ha MPABHJIBHBIC PENBCHI, UM
MOTOM Pa3BOPAYUBATh HJIH NEPECTPYKTYPUPOBATH
KPYTIHEIH OH3HEC.

* DKOJIOTUUECKHUI CETMEHT JIJIsI OM3Heca sBIIs-
€TCsl BaXXHOM COCTAaBIIAIONIEH OOIIEro MmoHsITHS
«yCTOWUYHMBOE pa3BUTHE» WiN mpuHIUTIOB ESG.
Brnaropaps cTpyKTypHpOBaHHIO BCEX TPEX CErMEH-
toB (Environment, Social u Governance) a5 Kom-
MIAHUHM MOTYT OTKPBITHCSI HOBBIC TOPH30HTHI POCTA
1 BO3MOXKHOCTH U1l ONITUMM3AIMU OU3Heca.

JInist CTPYKTYpHUPOBAHUSI POCCHUCKHX TPOIIeC-
coB obpaienus YE (ymieponHsle eanHHILIbL, 00pa-
3YIOTCSl Ha TOOPOBOJILHOM PBIHKE COKPALICHHS
BbIOpocoB I1I") u EBK (eauHu1bI BBIIOTHEHUS
KBOTBI, 00pa3yroTcs B 00beMe COKpAILEHHS BEIOPO-
COB HIDKE KBOTHI) ¥ BBIOOpA LIEIEBOTO CLEHAPHS
MOHETH3aIHY TAPHUKOBBIX BEIOPOCOB MOKHO pac-
CMOTPETh CICAYIOILYI0 cXeMy (PUCYHOK HUXKE).
Bo3morkHa KOMOMHAINS CLIEHAPHEB B 3aBUCHMOCTH
OT IWHAMUKH COOTHOIIEHUS BEIOPOCOB M KBOTEI
HMHUTEHTA B KaXJIOM OTAEIHHOM Cllydae.

B o0miem Buze npeuMyInecTsa 1i1s 11000 KoM-
MAaHUK MPU GOPMHUPOBAHHUH «3ETEHON IKOHOMHUKI
CclleyIomue:
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* SIKOpHBIE KIIMCHTBI: COOTBETCTBUE KOMITAHUH
3€JIEHBIM IIPHHIUIIAM OTKPBIBAET JIOCTYII K JIBIOT-
HOMY (MHAHCHUPOBAaHUIO, MacIITaOUPOBAaHUIO
1 BO3MOXHOCTSIM OKa3aThCsl B IIETIOYKE OCTABOK

y IMJEPOB OTPACIIU, B TOM UHUCIIE Y KPYITHBIX XOII-
JUHIOB U KOPIIOpalUii ¢ roCylapCTBEHHBIM yua-
CTHEM.

£Odd HB3 W 3£
shnatned o nededah sy

» Kaapsl: BeIOOp cTpaTeruut «ObITh B TPEHIC»
HO3BOJIAIET IIOJTyYaTh JIyUIIHe aMOUITMO3HBIC KaJpbI
7 0CTaBaThCs MIPUBIICKATEIBHBIM PaboOTOAATEIEM.
B 3TOM ciydae dpasa «kagpbl pemaoT Beéy» BIIOI-
HE yMECTHA.

* KoHKypeHTOCIIOCOOHOCTh: CTpaTernIecKui
IUTIOC — TOJIepKaHue KOHKYPEHTOCIIOCOOHOCTH,
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MIPEK/IE BCETO 3aBTPAIIHEro JHsI, KOT/Ia O4epeTHOM
TEXHOJIOTYECKHH IIUKIT yOepET C PhIHKA KOMITAHHH,
KOTOPBIE CETOIHS HE XOTAT BKJIAIbIBATHCSI B OTBET-
CTBEHHOE BEJICHHE CBOETO OM3Heca.

 Kanmnranusamuys: Bce KOMIIAHUU € JOITOCPOd-
HBIMH LI€JSIMU Pa3BUTHUS BCETNla OPUEHTUPYIOTCS
(ue Bcerna myOINYHO) HA KaKylO-HUOYAb JMHUIO,
Muccuro uiu ¢unocopuro nekeHus. Jaxe eciau
0e3 4ETKHX TpaHuIl ¥ (OPMYIHPOBOK — ITO BOIPOC
BpeMeHU. ESG-noBecTKa ¢ 9K0I0rH4ecKoii cocTaB-
JISTFOLIEH TI03BOJISIET KOMITAHHY MTYOJIYHO BBITOTHO
3asBUTH 00 3TOM. ECTh OIIeHKH, YTO KarkTaIH3aris
KxoMnaHu#, orBevaronux ESG-kpurepusm, pactér
ObICTpEE BCEX MPOYHX.

Takoke Helb3s 3a0bIBaTh O POCCHICKOM CMeKaJl-
Ke, KOTOpast yMeeT aKKypaTHO 3aMeIlaTh OTHO Apy-
THM, YKJIIOHSISACH OT MPSAMOTO BO3AEHCTBUS PeryIs-
TOpOB. MHOTI'HE POCCUHCKHE MPOMBIIIICHHBIE
KOMITaHHUH BIIOJIHE CIIPABEAIMBO 3aMEHSIOT MOHS-
THE «3KOJIOTHS CIIOBOM «0e30macHoCTby. 1 31ech
HE TOCIOpUlllb, TaK KaKk 0e301acHOCTb PabOoThI
IIPOMBIIUICHHOTO 00OPYOBAHHS U JIIOJEH Ha pa-
00unx MecTax SABISETCS HE MEHEe BaYKHBIM JIEJIOM
7 PUCKOM JIJIsl KOMITAaHUH, YeM BBIOPOCHI TApHUKO-
BOTO rasa.

B wacTHBIX 3a1auax mpeaBapUTENHHON OLIEHKH
YPOBHS BO3MOXKHOM KBOTBI AJISI PETHOHAILHOM pe-
TYAUPYEMOH OpraHu3aliy PEKOMEHAYETCS YUUTHI-
BaTh CICAYIONIIE aCIIeKThI:

1. ®opmyra pacuéra KBOTHI ISl IEPBOTO POC-
CHICKOTO KBOTHUPYEMOro pernosa, CaxannHCKOH
001acTy, MOXET COXPaHUTh CBOIO IIEPBOHAYATIBHYIO
METONUKY JUisl Apyrux cyopextoB PD [14]. Otme-
THM, YTO METOJMKA IIPOXOMIIA ITyOIUUHYIO CTaAUIO
00CYXIIeHHS, KOT/Ia PETYISITOPOM paccMaTpuBa-
JIUCHh 3aMEYaHusl SMUTEHTOB. Tak 4TO HU YTO HE
MeIlaeT 3Ty METOANKY TPAaHCIMPOBATh Ha BCE pe-
THOHBI — KTO XOTEJ, TOT YK€ 03ByUYHJI 3aMEUaHusl.
B ciiyuae ecnu amst Kaxxaoro cyobekTa OyneT ycra-
HAaBJIMBATLCS pa3Has METOJMKA pacyeT KBOT, TO
B K&)XIOM Cllyyae IPOEKT 3TOH METOAUKHU Oyner
IPOXOIMUTH HTAIl MPEABAPUTEIBHOIO MIyOIMYHOTO
COIVIACOBAaHMS M KOPPEKTUPOBOK I10 3aMEUAHUSIM
smuTeHToB. OKHO Nepuosa myOIudHoro o0cyxe-
HUS COCTaBJIIET BCETO0 HECKOIBKO HEJENb; 3[€Ch
IIaBHOE JJIs1 SMUTEHTA BBIOpOCa 3apaHee BbIpabo-
TaTh COOCTBEHHYIO MO3HIIMIO U IIPH 3TOM OIlepa-
THUBHO TPAHCIMPOBATH 3aMEUAHUSI PETYISTOPY WUITH
pa3paboTunKy MeToauKH [15].

2. [Noman€T mu KOMIaHus OA KBOTHPOBAHUE,
3aBUCHT HE TOJIBKO OT BBIOPOCOB ITAPHUKOBBIX T'a-
30B, HO | OT NO3UIMHU cyOBbekTa u [IpaBuTennpcTBa
Poccwuiickoit denepanuu. Tem He MeHee, Ha TEKy-
M MOMEHT MMEeT CMBICIT OLU(POBaTH BO3ZMOXK-
HBIE 3aTPaThl KOMIIAHUH B CITy4ae Ha3HAYECHHS KBOT,
YTOOBI yUECTh B OFOPKETE HACTYMAIOIINE PUCKH.

3. Kpome sToro, B MeTofiiike pacuéra KBOT HA
BEIOPOCHI TTAPHUKOBBIX Ta30B HE MPOIHUCAH ajro-
PUTM y4€Ta U pacrpeneineHus KBOT IPH HATNIUH
YIIIEPOIHOTO CIea OXHOM KOMIITaHUH Ha TEPPHUTO-
puH pasHeIx cyObekToB Poccuiickoit denepanum,
HalpuMep, He pacCMOTPEHA BO3ZMOXKHOCTD 3auéTa
MPEBBILICHHS KBOT B OTHOM PErHOHE HAKOILIICHHbI-
MU €MHUIIAMH BBIIOJIHEHUS KBOT JAPYTOT0 peruo-
Ha B paMKax JeATeIbHOCTH OJJHOTO FOPHINYECKOTO
JUIa. 31ech Uil CTPAaTerHueckoro aHajim3a TOXe
JydIre OpaTh B pacueT «XyALINiD CleHapHid, Korna
HET BO3MO)KHOCTH HMCIIOJIb30BaTh B3aUMO3auET.

4. Ecnut pesxuM KBOTHUPOBaHHMs OyIeT pacipo-
CTpaHAThC Ha Bce cyObekThl Poccuiickoit dene-
paLuy, MOXET MOTPeOOBaTHCSI ONEepexaroIast pas-
paboTka COOCTBEHHO KITMMATHUYECKOM CTpaTeruu
KOMIIaHUH, YUUTHIBAIONIEH MPOrHO3HYIO pacuér-
HYIO KBOTY Juis oMuTeHTa. OT™METHM, 4TO Ha 2022 I
0 KJIIMMaTHYECKHX TJIaHaX MO CHHYKEHUIO BEIOPOCOB
MAPHUKOBBIX T'a30B 3asBIEHO OoJjiee YeM B COTHE
W3BECTHBIX POCCUHCKHUX KOMIIAHUM, YTO MOBJICYET
KOPPEKTHPOBKY UX IUIAHOB M CTPATETH MpH pac-
MPOCTPaHEHWU HAa HHUX KBOT. 3aTparhl Ha 3TH JIO-
MIOJTHUTEJBHBIE PA0OTHl HY)KHO TOXE YYUTHIBATD,
€CJIM TIPHHUMATD KJIMMaTHYECKYIO CTPaTeruio pa-
Hee, YeM TOSBUTCSI KBOTHPOBAaHHE B perHoHe. Bos-
MOKHO, C€Iac CTOUT 3aKpEeNUTh 3a JOJDKHOCTHBIM
JIMLIOM KOMITAaHHWH BECh CIIEKTP «3eNEHBIX)» KOMIIE-
TEHIIMH U OLICHUTh BCE PUCKH. DTO TIO3BOJIUT OBITH
TOTOBBIM K PE3KOMY Y)KE€CTOUCHHUIO YIIIEPOJHOTO
peryaupoBaHHus, HaIIPUMEpP, K KOPOTKUM CPOKaM
JIOCTIDKEHUS YIJIEPOIHON HEUTPaIbHOCTH AIMUTEH-
Ta BEIOPOCOB.

5. B cimyuae pacrpocTpaHeHus peskuMa KBOTH-
pOBaHMS Ha COOTBETCTBYIOLIUI PETHOH MPHUCYT-
CTBHS KOMITAaHUH, IUTAHUPYEMBIEC paHee MepOTIpHsI-
THUS TIO CHIDKEHHIO BHIOPOCOB MapHHUKOBBIX Ta30B
JKeJaTeNIbHO PealM30BhIBaTh yiKe MOCIIe Onpeee-
HUS KBOTHI. 3a cueT 3¢ (eKra «BBHICOKOH 0a3bi»
MOKHO Cpa3y BBICBOOOINTH €ANHHUIIBI BHITOJTHEHUS
KBOTBI, KOTOPBIE IOTOM MOJKHO HCIIOJIB30BATh B 3a-
4&T OyIylLIero NpeBbIEHUs] KBOT MM, KaK Bapu-
aHT, rponarb. K MOMEHTY pacnpoCcTpaHEeHHUs! KBOT
Ha BCE PErHOHBI PIHOYHBIC MHIMKATUBBI Ha UX
CTOUMOCTB yXe JAaiyT O ce0e 3HaTh, IO3TOMY IPOO-
JIEM C JIMKBUIHOCTBIO HE JIOJDKHO OBITh.

Jis pa3Butusi TOOPOBOJIBHOTO YIIIEPOTHOTO
PBIHKA OTMETHM HIOAHCBI:

1. OueHka NOTpeOHOCTH PeaNn30BHIBATH KIH-
MaTHYECKHE MPOEKTHI TOJDKHA YIUTHIBATH HE TOMb-
KO TPSIMOil 3KOHOMHUYECKHit 3P ekt (mpomaxka
[PeMUAIbHON MPOAYKINH, PeaTnu3anysl BHITYICH-
HBIX YIJIEPOAHBIX €IMHUII, 3KOHOMHMS Ha mTpadax
3a BEIOPOCHI MJIM CHIKEHUE IUIATHI 32 [IPEBhILICHNE
BBIOPOCOB HaJ| KBOTOM) MJIM MMHUIXKEBBIE TUTIOCHI,
HO ¥ KOCBEHHBIE IPEUMYIIECTBA HA KAYECTBEHHOM
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YPOBHE, KOTOPBIE Ceiyac HEBO3ZMOXKHO TIPOCUHTATD
C IOCTaTOYHOU JJOCTOBEPHOCTEIO (BO3MOKHOCTH HE
MOTEPSATh PHIHOK COBITA B OyayIleM, yaepiKaHue
MPOTPECCUBHBIX aMOUIIMO3HBIX COTPYIHHUKOB, OY-
ayliee yKecToueHue (GUCKaIbHON MOIUTHKH CO
CTOPOHBI PEryIATOPOB, HAJIOTOBBIE MpedepeHIIUN
W JIbIOTHOE (PMHAHCHPOBaHUE B Oy/yIiem, TeHAep-
HBIE MPOXOHbIE OAJUIBI U TIpOYee).

2. B ciayudae peanuzanuu KIMMaTHY€CKOTO
MPOEKTA C 0OPOBOJIBHBIM BBITYCKOM YIIEPOIHBIX
enuHun [16], mocneaHne MOXKHO TyCTUTH B 3a4ET
MPEBBIIEHIS] BEIOPOCOB HaJl KBOTAMH HJIU MPO-
J1aTh, YTOOBI MCKIIIOUMTE IBOMHOM cuét. To ecTh
€CJIM PEerHOHAJTIbHASL PEryIupyeMasi OpraHu3aIHs
BBIITYCTHJIA YIJIEPOIHBIE €ANHHIBI M CHA3WIIA BBI-
OpOCHI HIKE KBOTBI, CPOPMHUPOBAB EAMHHUIIBI BbI-
MIOJTHEHUSI KBOTBI, TO PETYISATOP He 3a4TET Ha Y-
JIepOIHBIA CUET B peecTpe OAHOBpeMeHHO U YE,
u EBK. [Ipunércs BoIOMpaTh, HCXO N3 KOHBIOHK-
TYpBI PbIHKA, — YTO 00JIafiaeT OoJbIIeH TUKBU]-
HOCTBIO U cTOUT Aopoxe [17]. B ciydae Beidopa
EBK mocTaTouHO peann3oBaTh MEpONpHsTHE 03
perucTpanuy KIMMaTHIeCKOTO IPOEKTa JIIsl 9KO-
HOMHWH Ha PETHCTPALMOHHBIX COOPaX — HECKOIBKO
MUJITHOHOB pyOJel 3a KaXKIbIH KITMMaTHYeCKUH
MPOEKT (BaJlUAALHUS TUTIOC BepUPHUKAIUS KIIUMa-
THYECKOTO MPOCKTA).

3. IIpexne, ueM MPOEKTUPOBATh KIIMMAaTHIECKOe
MEpPOIPHUSTHE, CTOUT YOSIUTHCS, YTO OHO MOJTIAJAeT
0] KPUTEPUH KIIMMAaTHYECKOTO IIPOEKTa.

TIpuMeHHTENBHO K KEJIE3HOIOPOKHOM OTpaciu
KOPOTKO MOIYEPKHEM KITFOUEBbIE HAITPABIICHHS pea-
JIM3alMU TPUHIIUTIOB «3EIEHONW SKOHOMHKI:

1. moBbIIICHHE YPOBHS 3()(EKTUBHOCTU HCIIONb-
30BaHUs PECYPCOB,;

2. yMEHbIIEHHE HEraTUBHOTO BO3AEHCTBUS Ha
OKpYKafOLIyI0 CPEAy;

3. obecrieueHre COOTBETCTBHSI IPHUPOIO0XPAHHON
JESTeTEHOCTH COBPEMEHHOMY YPOBHIO PA3BUTHS Ha-
YKH U TEXHUKH;

4. CHIKEHHUE MTOTCHINAIBHBIX PUCKOB B 00IACTH
OXPaHBI OKPY KAOLIEH cpe/ibl ¥ SKOIOrnUecKoi 6e3-
OIACHOCTH TPH OCYIIECTBICHUH JIESITENIbHOCTH;

5. COBEpIICHCTBOBAHUE CHCTEMBI yIPABICHUS
B 00J1aCTH OXpaHbI OKPYXKAIOIIEH Cpelibl U SKOJIOTH-
4ecKol 6e30MacHOCTH;

6. TIOBBILIIEHNE IPUOPUTETHOCTH BOIIPOCOB KO-
JIOTHYECKOH OE30MacHOCTH U OXPAHBI OKPYKAIOLICH
cpenpl;

7. MOBBIIICHHE KYJBTYPhI 3KOJIOTHYeCKOH 0e3-
OITaCHOCTU MPOM3BOJICTBEHHBIX IPOLIECCOB.

B nenom, y4ér npuHIMIIOB YCTOYHBOTO pa3BH-
THS TTO3BOJISIET KOMITAHUSIMH MUHUMI3UpoBath ESG-
PHCKH — PUCKH O€30TBETCTBEHHOT'O MOX0MA K OKPY-
JKaroIlel cpeze, CouaaTbHOM MOMUTHKE U KOpropa-
TUBHOMY ympasieHuto. Henoonenka ESG-puckos

®  Mup TpaHcnopTa. 2023

BJIEUET 3HAYMMBIE TIOTEPH B PA3NHUYHBIX cepax
JESTENHHOCTH KOMITAHHH: 9TO PEIyTalOHHbIE PHC-
KH, ocJ1a0JIeHue TTO3HIMiA KOMITAHUH Ha PBHIHKE TPaHC-
TIOPTHO-JIOTHCTHYECKUX YCITYT, CHYDKEHUE PHBIIEKa-
TENBHOCTH ISl TOTEHIMATIBHBIX HHBECTOPOB, B TOM
YHCTIe B IUIAHE PeaTN3aLMH «3eIEHBIX)» TEXHOIOT Ui
1 1 poBoOii TpaHCHOPMAIMY, HAPYIICHUE LIETIOUEK
MOCTaBOK U TEXHOJIOTHYECKOE OTCTABAHME OT KOMITa-
HHUH-aHAJIOTOB HA MUPOBOM PBIHKE.

C y4eToM JHIUPYIOMIUX MO3ULIUN XONIUHTa
«PXX]T» B TpaHCHIOPTHOW CHCTEME CTPaHBI H TIPHH-
LIMIIOB YCTONYHMBOTO Pa3BUTHSI OCHOBHBIMU HAIPaB-
JeHusAMH peanusarun kpurepue ESG B nepeniexTu-
Be 10 2030 r. aBirsgroTcs:

* B yacTu ()OPMHUPOBAHUS «3€JIEHON IKOHOMH-
KIM» — YMEHBIIICHHE HEraTUBHOTO BO3ICHCTBHS Ha
OKPY’KaIOILYIO cpefy 3a CYET MOAEPHU3ALMH HH(pa-
CTPYKTYPBl U BHEAPEHUS HAWIYUIINX JOCTYIHBIX
TEXHOJIOTHI B MPUPOJOOXPAHHOMN JEATEIBHOCTH,
a TaKKe MOBBIIICHHE YPOBHS 3PHEKTUBHOCTH HC-
TIONIb30BAHMS PECYPCOB C MOCTETICHHBIM BHEJIPESHHEM
9NIEMEHTOB SKOHOMUKH 3aMKHYTOTO IIUKJIA;

* B YaCTH COLMATIEHON OTBETCTBEHHOCTH XOJIUH-
ra «PX]I» — obecrieyeHre 6e30MacHOCTH JIBHKCHHS
0€3710B, TeXHOC(EepHO Oe30MacHOCTH, CHIKSHUE
YacTOTHl BOSHUKHOBEHUSI aBapUid U SKOJIOTHIECKHX
KaracTpod, NpoaBIKEHNE IIEHHOCTEH 1 IIPUHIIUIIOB
30POBOTO 00pa3a XKU3HH KaK HIEMEHTa KOPIOpATHB-
Ho# KynsTypbl OAO «PX]I»;

* B 00J1aCTH KOPIIOPATUBHOTO YIIPaBICHUS — J10-
CTIDKEHHE TEXHOJIOTHYECKOTO CyBEPEHUTETA TI0 KITHO-
YEeBbIM HAMPaBJICHUSAM HAyYHO-TEXHOJIOTHYESCKOTO
Pa3BHTHS, BOBJICUCHUE PAOOTHUKOB, KIIUEHTOB H I10-
CTaBIMKOB B JICSTEIBHOCTh MO OCYIIECTBICHHIO
TIPUHIIUIIOB YCTOHYHBOTO Pa3BHUTHSL.

BblBOAbI

B nacrosmee Bpems cymectsyer 1800 3ako-
HOB 00 m3MeHeHun kiumara [18]. Poccuiickas
KJINMaTHYeCcKasi TOBECTKA KaK COCTaBIISIOIIAS
IIPOLIECCOB YCTOWYMBOTO PAa3BUTHSI OAKPEILICHA
MEXyHApOJIHBIMU 00s13aTenbcTBaMu Poccuiickoii
Denepaunu U IBYMs KIIOYEBBIMH POCCUHCKUMHU
¢denepanbubiMu 3akoHaMu oT 2021 u 2022 rona.
HecmoTps Ha MHOTOYHCIICHHBIE IPOTHBOPEUHBHIC
MHEHHUSI 0 HEOOXOUMOCTH BOBJICUCHUS POCCHIA-
CKOTO OM3Heca B KJIMMAaTH4YeCKHE IMPOILECCH
B paMKax YCTOHYMBOTO Pa3BUTHUS €CTh YETKHE
CHUTHAJBbl, YTO 3TO HE BPEMEHHBIE IPOILECCHI,
a ycroifumBas mapagurma obmecTsa. Jlydymmm
TOMY NOATBEPKCHUEM OyIeT PUHATHE TOCynap-
CTBOM KJIHMMAaTHYECKOTO IaKeTa JOKYMEHTOB.
B pesynbrare npenMymecTBo Ha KOPIIOPaTHBHOM
pBIHKE OyZIeT 0CTaBaThCs 38 CHCTEMOOOPa3yOIIH-
MU KOMIIaHUSIMH C MUHUMAJIBHBIM YIJIEPOAHBIM
cienoM. JIOKOMOTHBOM B 3TOM BOIIPOCE Ha OTeYe-
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cTBeHHOM pbiHKe BbicTynaer OAO «PXKI» kax
nuzep peanusanuu kputepues ESG.

VYu€r pe3ynbTaToB JaHHOTO HCCISIOBAHHS MOT
Obl II03BOJIUTH POCCUMCKUM KOMIIAaHHUSAM, OCYILE-
CTBJISIFOILIMM OCJIEJOBATENbHbIN MEPEXOA Ha Pellb-
CBI «3eNEHOI SKOHOMUKNY, CHOKYCHPOBATE CBOIO
KIIMMaTHYECKYIO IIO3UINIO IPU Y)KECTOUECHUH yT-
nepoxHoro perynmupoBanus B Poccuiickoit dene-
panuu, ObITh TOTOBBIMH OIIEPATUBHO NPUHUMATH
CTpaTeTHYECKH BEPHbIE PEILICHUS.
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HopmaTuBHas 6a3a obecneyeHns 6esonacHoun
aKCnyaTauum XenesHoAoPOKHON TEXHUKM
MO pecypcy HeCyLMX KOHCTPYKLUN

Banepuin KOCCOB

Omutpuii KHA3EB

(A0 «BHUKTH»), Konomna, Poccus.

0 ? knyazev-da@vnikti.com.

AHHOTALINA

Mepesod akcnmyamayuu xene3Ho00pOXHOU mexXHUKU Ha do-
2080pbI KU3HEHHO20 YuKna U nodmeepxdeHue coomaemcmeus eé
be3onacHocmu ompaciiesb M MeXHUYECKUM peanameHsmam 8 ycrio-
8usix omcymcmeusi 3akoHodamerbHol 6a3bl o om3bigy Hedobpo-
Ka4ecmeeHHoU npodyKyuu enekym 3a coboli Heobxodumocme bonee
muwamesibHO20 aHanu3a pecypCcHbIX nokasamenel KOHCMpyKmue-
HbIX cCOCMasnsoUux NOOBLXHOZ0 COCMasa U 8epXHE20 CMPOeHUS
nymu. 1od makum y2rom 3peHusi paccMompeHbl COCMOSHUE
umerowelics HopmamusHoll 6a3bi nodmeepxdeHus: Kpumepues
NPOYHOCMU U PEcypca HECYUX IEMEHMO8 NOOBLXKHO20 COCMaga
U nymu, enusiHue peaynsimopHol «2uibomuHbi» U 06uuli nepexod
om cucmemsi cosemekux FOCTo8 u HOPM NPOYHOCMU K COBPEMEH-
HbIM No0Xx00aM K cepmugbukayuu u pa3deneHur0 makux NoHsImu,
Kak «cmaHdapmy u «noddepxusarowjuli cmaHOapmy.

Ha npumepax nposodumbix paHee pabom no obecneyeHuto
6e3onacHocmu akcnnyamauuu pambsl menexku 3P200 u pabom
no nepexody Ha 0me4yecmeeHHble KaccemHble NOOWUNHUKU
8 pamkax UMnopmo3ameweHus, npogodUMbIX 8 Hacmoswee

Hukonait KPACIOKOB

Hukonain MAXYTOB Muxaun FAQEHWUH

Banepuit Ceménosuu Koccos ', /Imumpuii Anexcanoposuu Kunzes?,
Huxkonau ®edoposuu Kpaciokos *, Huxonaii Anopeesuu Maxymos *, Muxaun Mameeesuu I'ndenun °
12340 «Hayuno-uccnedosamensckuti u KOHCMPYKMOPCKO-MEXHON0SUHECKUI UHCIMUMYM NOOBUICHO20 COCIABAY

“3 Unemumym mawunosedenust um. A. A. Brazonpasosa Poccuiickoti akademuu nayk (MMAILL PAH), Mockea, Poccusi.

gpemsi Onsi pasHbIX MUN08 NoJBUXHO20 COCMaga, NoKasaHbi
meHOeH|UU omxoda om Kaccudeckux mMemo0os cmeHA08bIX
ucnbimanutl, 8HeGpeHue pecypcHo20 nodxoda ¢ oueHKol deghekm-
Hocmu.

OcHogblgasick Ha amux Hoebix Memodax u nodxodax, 803-
MOXHO paccMampugams 6oree dnumerbHbie Nepuodsbi skcniya-
mayuu, 060cHo8aHHO dagamb OUEHKY NPOOSIEHUID CPOKa CITyKOb!
UnU Ha3Hayamb PeCcypcosoCccMaHasuBaUWyo mexHonoaui,
obecneyugas OanbHeliwyto 6e3onacHyto akcniyamayur. B pamkax
3MUX HO8bIX MEHOEHLUL OCywecmersiemes Nepexod K cogpemeH-
HbIM Memodam ModesupogaHusi OLeHKU 6eonacHocmu npodyK-
yuu, 8HeOPSOMCS Makue NOHSMUSI, KaK «8upmyaribHb I amyuk»
U «gUpmyarnbHasi cucmema «noe3d — nyms». lokasaHo, Ymo pa-
3YMHOE COYemaHue HamypHbIX SKCNTyamayUOHHbIX UchbimaHul
U supmyasnbHo20 yugposoeo ModenuposaHus No3gossom
8 Camble cpoku damb 00CMOBEPHbIE OUEHKU nokazamenel pe-
cypca u 6ezonacHocmu Ha cmadusix NPOEKMUPOBaHUS U 3KcniTya-
mayuu.

Krrouesbie criosa: xene3Ho00poxHb It mpaHenopm, NPOYHOCMb, HagpyKeHHOCMb, PECYPC, NOABLXXHOL COCMas, HamypHbIe CMeH-
0osble U 3KCNTyamayuOHHbIe UCNbIMaHUs], 8UpmyarbHbie Yugposble Modenu u ucnsimaxusi, nodmeepxdeHue besonacHocmu.

Lna uumuposanus: Koccoe B. C., Knsizes [. A., Kpacrokoe H. @., Maxymos H. A., ladeHur M. M. HopmamueHas 6a3a obecneyeHus
6e3onacHoll aKkcnlyamayuu Xene3HoO00pPOXHOU MEXHUKU O Pecypcy Hecywiux koHecmpykuyut // Mup mpaxcnopma. 2023. T. 21. Ne 3
(106). C. 106-114. DOI: https:/doi.org/10.30932/1992-3252-2023-21-3-10.

© KoccoB B. C., Knsases [I. A., Kpa

MonHb1li mekem cmambu Ha aH2nulicKoM si3bIke nyb6IuKyemcsi 0 emopoll yacmu daHHO20 8bInycka.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

IlepeBon B Poccuiickoii @eneparyin sKCITya-
TaIAH JKEIIe3HOTOPOKHON TEXHUKH Ha JJOTOBOPHI
J)KM3HEHHOTO IIMKJIa U HeOOXOAUMOCTH IO/I-
TBEPXKACHHUS COOTBETCTBHS e€ 0e30MacHOCTH
OTpPACIIEBBIM TEXHUUECKIM PETIaMeHTaM B yCIIO-
BHSX OTCYTCTBHS 3aKOHOIATEIBbHOH 0asbl 1Mo
OT3BIBY HETOOpOKaYeCTBEHHOW MPOMYKIHH
BIIEKYT 3a CO0OH HEOOXOAMMOCTH Ooliee TIIa-
TENBHOTO aHallM3a PeCypCHBIX IOKa3aTeei
KOHCTPYKTHBHBIX COCTABIISIONINX MOABIKHOTO
COCTaBa M BEPXHETO CTPOCHUS IyTH.

Pa3paboTka MeTOHOIOTHH KOMILIEKCHOTO
Ppacd€THO-IKCIEPUMEHTAIBHOTO 000CHOBAHUS
HaEXHOCTU BEAETCS B paMKaxX COIVAlleHUs
mexxy OAO «PXKI» u PAH.

BaxxHoe 3HaueHWE UMEIOT MPUKIIAIHBIC 3a-
JIavy Ha IIpUMepe MOABIKHOTO COCTaBa, KOTOPBIE
pemens! yaéasivu AO «BHUKTW», AO « BHU-
MXXT» coBmectno ¢ UMAIILI PAH.

BBuny orcyrctus B Poccuiickoit @enepa-
MU 3aKOHA 00 OT3BIBE HEHOOpPOKAYeCTBEHHOMH
TIPOAYKITNH y’Ke Ha CTAIMIX 3aKIIOYCHHUS JI0TO-
BOPOB JKU3HEHHOTO ITMKJIa BOSHUKAET HEOOXOIH-
MOCTBh PECYPCHOTO aHallM3a W B JaibHEHIIeM
BHECCHHS MOJIYYCHHBIX B XOJI€ HETO OIICHOK
B JIOTOBOPHI M TPOIIECC YIIPABICHHUS PECypCOM
SKCIUTyaTallnd 0OBEKTOB IMOIBIKHOTO COCTaBa
7 KEIIe3HOIOPOKHOTO TPAHCIIOpTa Ha OCHOBE
TaKAX JOTOBOPOB. Bce 3T0 cBA3aHO ¢ 3aKOHOM
0 TEXHHMYECKOM PEryJIHpOBaHUU', U3 KOTOPOTO
OpTaHMYECKH BBITEKAIOT TEXHUYECKHE peria-
MEHTEHI, CTaBsIIIe KOHKPETHBIC 3a/1adi 1o 0e3-
omacHocTHU. [logBIAETCS MOHITHE «PHUCKY,

!. ®enepanbHbIi 3akoH «O TEXHHYECKOM PETyIHPOBAHUI
Ne 184-03 ot 27 nexabps 2002 1. — 129 c. [DneKTpOHHBII
pecypc]: https://www.consultant.ru/document/cons_doc_
LAW_40241/?ysclid=Inbusufwwa679963992. Noctyn
24.05.2023.

olieHMBaeMoe 4epe3 pecypc. B 3akoHe o craH-
JAPTH3AINH, K COXKAICHHIO, IEPECTaH IPUCYT-
CTBOBAaTh HOPMBI TPOYHOCTH’.

B cBs3u ¢ atum OAO «PXK/I» Oblita HHUIUH-
poBaHa uWcclexoBareibckas pabora, rue
AO «BHUKTW» Ha ocHOBE 0000IIIEHHS OTpac-
JIEBOTO OIBITA MIPUMEHEHHS HOPMBI TIPOYHOCTH
co31aét 6a3y /st MOSIBIICHHUSI HOBOTO JIOKyMEH-
Ta — HHPOPMAMOHHO-TEXHUUECKOTO CIIPaBOY-
HUKa, YTO MPEIYCMOTPEHO 3aKOHOM O CTaHZap-
tuszauu (puc. 1)

L]envro paboThl sIBJIsSETCS 0000IIEHHE PE3YJIb-
TaToB Pa3pabOTKH METO/I0JIOT MU KOMILJIEKCHOTO
pacy€THO-IKCIIEPUMEHTAIILHOTO 000CHOBAHUS
Han&KHOCTA U (HOPMUPOBAHUS HOPMATHBHO-
npaBoBoi 0a3bpl O€30MACHOM JKCIUTyaTalUuU
JKEJIE3HOJIOPO’KHOM TEXHUKH T10 Pecypcy Hecy-
[IUX KOHCTPYKIIH.

PE3YNbTATbI

Pecypc 1 6e30nacHOCTb IOIKHBI TOJTBEPK-
JIaThCsl HA OCHOBE Pacy&TOB M MCIBITAHUH C HC-
MOJIb30BaHMEM alpOOUPOBAHHBIX METOJOB
(puc. 2). IIpu 3TOM HEOOXOAMMO yMETh Kaue-
CTBEHHO, C OLICHKOW BEPOSTHOCTH, PACCUUTHIBATH
pecypc Ha CTaJuM IIPOEKTUPOBAHHSA. DTO
JIOJDKHO 3aKJIaIbIBaThCsl IPU TIPOU3BOJCTBE, BO
BCEHl TEXHOJIOTMYECKOW 0a3e U B MHCTPYMEHTA-
PHH, TIOJ/IEPKUBATHCS HA CTA/IUH SKCILTyaTalluK
BCEMH METOJaMH JIMarHOCTHKH U 00CIyKHBa-
HUSL.

2 ®epepanbhblii 3ak0oH «O crangapTusanuu B Poccuiickoit
OGenepauun» Ne 162-d3 ot 29 urons 2015 r. — 74 c.
[OnexTponnsiit pecypc]: https://www.consultant.ru/
document/cons_doc LAW_181810/?ysclid=Inbuuhjt
mn504679735. Joctyn 24.05.2023.

* HopMmsl [uis pacyeTa M OLEHKH MPOYHOCTH HECYIIUX
3JIEMEHTOB, TUHAMUUYECKUX KaueCTB U BO3JICHCTBUS Ha ITyTh
SKHMITXXHOU 4aCTH JIOKOMOTHBOB ene3HbIx gopor MIIC PO
xonen 1520 mm. — M.: MIIC, 1998. — 145 c.
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Puc. 1. CmpykmypHas cxema 3auMOCesi3u 3aKkoHodamesbHbIX U HOPMamueHbIX akmoe

no 6esonacHocmu Ha mpaHcnopme [3deck u danee cxembl u duazpamMmbl N0O20MOBIIEHbI C y4acmuem agmopos].
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Taoauna 1

AHAJIU3 COCTOSTHUSA TOCYIaPCTBEHHBIX CTAHAAPTOB, MOIAEPKHBAIOLINX
TeXHHYEeCKHe PerJIaMeHThl 00beKTOB TeXHHYeckoro peryauposanus (OTP)
JKeJIE3HOIOPOKHOT0 TPAHCIIOPTA, M0 HAMYHIO NOKA3aTe el HAXEKHOCTH
U MeTO/10B OLleHKH pecypca 00bexToB OTP

Texauyeckuit ITonnepxuBaronye OTP

periamMeHT CTaHIapThI (KOMH4YEeCTBO)

TaMOXCHHOTO Texuudeckue | MeTozsl

Cows) TpeOOBaHHUS | KOHTPOJIS

TP TC 001/2011 173 167 TTonBuxHOI CocTaBHbIE YaCTH -
cocraB TIC
(17) (44)

TP TC 002/2011 98 116 CocTtaBHbIE DIIeMEHTBI CocTaBHbIC YaCcTH
4JacTu uHppa- COCTaBHBIX YacTeit BBICOKOCKO-POCTHOTO
CTPYKTYpBI HHOPACTPYKTYPBHI MOJIBMXKHOTO COCTaBa
(20) (54) 67)

TP TC 003/2011 76 84 Cocras- DIeMEHTBI
HbIE YaCcTH COCTaBHBIX YacTei
HH(PaCTPYKTYpHI | HHYPACTPYKTYPHI
(30) (64)

Hroro 347 367 67 162 67

714 296

B Tabn. 1 B paMKax CyIIeCTBYIOIINX MOJ-
XOJIOB K CEepTU(UKALUU U ITPOBEJCHHIO MpHe-
MOYHBIX HCHBITAHUH BBIJAEIECHBI TOHITHS
«CTaHAAPT» U IIOJAEPKUBAIOIINN CTAaHIAPT.
[onnepxuBatomuii craHaapt HecéT B cebe
ceprudukannonnsle TpedoBanus. OH peaiu-
3yeTcs yepe3 710-e pemenne Mexrocyaap-
CTBEHHOU Komuccuu TaMOXEHHOTO coro3a‘.
Bcero co3nano oxono 900 cranmaproB, npu
9TOM 10 HaJI&KHOCTH MX Bcero 24, 1o npod-
HOCTU U pecypcy — 18, a mo MeTonukam Ux
o4ty HeT. HopMaTHBHAs «THIILOTHHA» OTCEK-
na HopMBI npouHoctu ¥ MHorue 'OCTHI, ko-
topseie 0butH B CCCP. OTCrona He00X0AUMOCTh
BO3BpAIIaThCs K ITOMY, Ha YTO M HalleJIeHa
coBmectHas pabora AO «kBHUKTHU» ¢c UMAIIL
PAH.

OCHOBHBIE CTAaHJAPTHl IO UCHBITAHUSM,
MPOYHOCTH U PECYpPCY KEIE3HOIOPOKHOTO
TpaHcHopTa:

1. TOCT 16504-81. Cuctema rocyaap-
CTBEHHBIX HCIBITAaHUH NMpoayKIuH. Mcmeita-
HUS ¥ KOHTPOJIb Ka4yecTBa MpoayKiuu. OCHOB-
HbIE TEPMUHBI U OTIpEEIICHHUS.

2.T'OCT P 53076-2008. PenscoBbslit TpaHC-
nopT. TpeOGoBaHUS K IPOYHOCTH KY30BOB XKe-
JIE3HOJIOPO’KHOTO MOJBUKHOTO COCTABA.

4 Pemenne Komuccnn TamokeHHOTO coro3a «O MPUHATHH
TEXHUYECKNX pernaMeHToB TamoxkeHHOTO coro3a «O 6e3-
OIMACHOCTH HKEJIC3HOJOPOXKHOTO MOABUXHOTO COCTaBay,
«O 6e30macHOCTH BBICOKOCKOPOCTHOTO XKEJIE3HOJOPOXK-
HOro Tpancmopta» u «O 6e30macHOCTH HHPPACTPYKTYPBI
JKEJIE3HOAOPOKHOTO TpaHcmopTayy Ne 710 or 15 urons
2011 r. 82 c. [DnexrpounsIit pecype]: https://www.alta.ru/
tamdoc/11sr0710/?ysclid=Incutwnj2j999365223. Jloctyn
24.05.2023

®  Mup TpaHcnopTa. 2023.

3. T'OCT 31373-2008. KonecHble mapsl Jio-
KOMOTHBOB M MOTOPBAarOHHOTO MOABUKHOTO
coctapa. PacyéThl 1 MCIIBITAHUS HA TIPOYHOCTb.

4. TOCT 31846-2012. CnernuanbHbIi 1MO-
JIBIOKHOM cocTaB. TpeOOBaHUS K MPOYHOCTH HE-
CyIIUX KOHCTPYKIUH M TUHAMHUYECKUM Kaue-
CTBaM.

5. TOCT P 55495-2013. MotopBaroHHsI!
MTOJIBMKHOM cocTaB. TpeOoBaHUS K MIPOYHOCTH
1 JUHAMHYECKUM KadyeCTBaM.

6. 'OCT P 55513-2013. JlokomoTuBsL. Tpe-
0OBaHMS K MPOYHOCTH U TUHAMUYCCKUM Kaue-
CTBaM.

7. TOCT P 55514-2013 JlokomotuBsl. Me-
TOJIMKA TUHAMUKO-TIPOYHOCTHBIX UCTIBITAHUH.

8. 'OCT 33211-2014. Barons! rpy30BBbI€.
TpebOoBaHUs K MPOYHOCTH U JUHAMUYECKUM
KadecTBaM.

9. 'OCT 33788-2016. Baronsl rpy3oBsie
U maccaxxupckue. MeTos UCTbITaHu# Ha MpoY-
HOCTb ¥ TUHAMUYECKHE KaueCTBa.

10.TTOCT 33272-2015. Be3omnacHOCTh MallIuH
u 00opynoBanus. [1opsa0K yCTaHOBIEHHS U TIPO-
JUTCHUS Ha3HAYCHHBIX PECYPCOB, CPOKA CITYKOBI
U cpoka xpaHeHust. OCHOBHBIC MOJIOKCHUSI.

11. TOCT P 57445-2017. YKene3znogopox-
HBIC TEXHUUECKHUE cpecTa. OOIue TpedoBaHus
K METOJIaM OMpeeIICHHs pecypca.

12. TOCT P 15700.10-2018. Yucnenunoe
MoJIeTTHpOBaHKEe GU3NUSCKUX TporieccoB. Ompe-
JIeIeHUE HaNPsHKSHHO-IC(OPMUPOBAHHOTO CO-
crosiHusl. Bepudukaius u Banugamnus 4ucicH-
HBIX MOJICJICU CIIOKHBIX JJIEMEHTOB KOHCTPYK-
LU B yHIpyroi oonacTH.

Ne 3 (106). C. 106-114
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Puc. 2. UcxodHble nonoxeHusi TP TC 001/2011.

MNpumeyaHue: TexHuyeckuil peziameHm TamoxeHHo20 coro3a 001/2011 «O 6ezonacHocmu Ha ene3HOO0POKHOM mpaHcnopme»
(TP TC 001/2011). Mpuxsm peweHuem EIK Ne 710 om 15 utons 2011 2., 59 c. [dnekmporHbIli pecypc]: https://www.rst.gov.ru/portal/
gost/home/standarts/technicalregulationses?portal: isSecure=true&navigationalstate=JBPNS_rO0ABXdSAAZhY3Rpb24AAAABABJ
JjaGFuZ2VTa2luVmizdWFsbHkABXRoZW1IAAAAAQAcbGI3LWJsYWNrLXNob3ctcHRzYW5zLWxzWmVybwAHX19FTOZfXw**&portal:

componentld=abfaa8e6-70cc-47aa-8946-0fd2b2df47b3. Jocmyn 24.05.2023.

JIto0oi M3 3TUX CTAHIAPTOB, €CIU €ro
CPaBHHBATh C paHee JefiCTBOBABIIMMHU HOpMa-
MU TPOYHOCTH?, HAMHOTO Kopoue. Hopmer
MIPOYHOCTH — ITO JIOKYMEHT 00BEMOM OKOJIO
200 c. BmecTo 30-50 c., KOTOpBble UMEIOT CTaH-
JapThl. B HUX PUBOIATCS TOJNBKO OCHOBHBIE
KpUTEepHaIbHble COOTHOLIEHHSI, HO BCS METO-
nuueckas 0aza oTcyTCTByeT. PaHble cTpyKTy-
pa NpOMBIIIJIEHHOCTH OblJa OJHOPOJIHA,
ynpasasanack ComunoM CCCP, a ceituac,
B CBSI3M C TIOSIBJICHHEM KOHKYPEHILIUU KOMIIa-
HUH, BONIPOC MpaBUi pacuéra, CONOCTaBICHUSA
pacuéToB CTaHOBUTCS Bce OoJiee aKTya bHBIM.
HyxHo, 4T0OB W pabOTHHK 3aBoja-
W3TOTOBHTENS, ¥ yYEHBIH, U pabOTHHUK JKC-
nnyaranuu OAO «PXX]» npumepHO o oJHUM
MpaBWJIaM paccMaTpUBaAJIM BOIPOCH pecypca
U ero odecrieyeHusl.

Tak, B HacTosiIIee BpeMsi 3aKOHUEHBI HCTIbI-
TaHMS MATH 00BEKTOB OYKCOBBIX MOALIMITHUKOB
KacCeTHOTI'0 THIIa, B TOM YHCJIE TPEX KHTAHCKUX
TIPOM3BOANTENICH U IBYX OTEUECTBEHHBIX IIPOH3-
BoauTesei. [TomydyeHsl TOOKUTENBHBIE PE3YITh-
TaThl UCIBITAHUN Ha 0a3e, BOCIPOU3BOIAIICH
400 ThIC. KM npoOera. Celfuac BeIyTCs UCITBITa-
HUSI KACCETHOTO ITO/IIIUITHUKA Ha DJIEKTPOBO3aX
23C6 mpouszBoactea OO0 «YpanbCcKue T0KOMO-
THUBBD, TAKXKE MPOXOJST UCIBITAHUS TOIIINTI-
HUKOB KaCCETHOTO TUIIA IPy30BBIX BATOHOB yKe
MPAKTUUECKH TOJIHOCTBIO C POCCUHCKON KOM-
TUIeKTaluel (KoJiblia BHyTPEHHHE, HApY>KHBIE,
Kpenéx, cMaska). B 2023 roxy npencrosT uembl-
TaHMS KACCETHBIX TOIINITHUKOB ISl TPY30BBIX
BaroHOB C Harpy3Koif 25 Tc yxe B IOJIHOH poc-
CHICKOM KOMITJIEKTAINH, TPEACTOST UCTIBITAaHUS
TIOALIHUITHUKOB JIJISl BBICOKOCKOPOCTHOTO OTeue-
CTBEHHOT'0 IOJBM)XHOTO cOCTaBa Ha 0ase
600 ThIC. KM TIpo0Oera, OyayT MPOBOIUTHCS UC-
TIBITAHUS TTOIIMITHIKOB CKOPOCTHOTO 3JIEKTPO-
Bo3a OI120.

Ha ocHoBe BBISIBIIEHHBIX TEHIEHIUI OymyT
BEIpa0OTaHbl METOJIUKH, MTO3BOJISIOIINE aHAH-

3UPOBAaTh PECYPC HA BCEX CTAAUSIX KU3HECHHOTO
IUKITaS,

Ha puc. 3 npencrasnena ucropusi [ 1] pa3su-
THUSI HAYKU O TPOYHOCTH KOHCTPYKIUI MaIlnH,
HaYHHas C COMPOTHBIICHUS MATEPHUAIIOB, Pa3BH-
THSI MOJIeJIeH, TEOPHU YIIPYTOCTH, JI0 BOIIPOCOB
JKHBYYECTH, O€30MAaCHOCTH, PHCKOB M OIICHKH
9THX MapamMeTPOB.

B Tabn. 2 mpencrasiieHa OleHKa TPOYHOCTH
U pecypca Mo JOMYCKAaeMbIM HAIMPsDKCHUSIM,
ko3 durpentam 3amaca. Ha cragusx mpoekTu-
POBaHUsI, IPEIBAPUTEIBHON MPOPAOOTKH KOH-
CTPYKIIUH, IPUHATHS TabapPUTHBIX PEIICHHUIA,
WHKEHEPHOTO BHUJICHUS MPOEKTa TaKas OICHKa
Heobxonmuma [2].

3arem creyet oneHnBath pecype. st ato-
r0 HEOOXOIMMO MOCTPOUTH KPUBYIO YCTAIOCTH
C OmpejeNeHHEeM Mpejesia BEIHOCIUBOCTH
U OIIEHKOH NoBpeskaaeMoctH [2] (puc. 4). Pacuér
pecypca nperosaraeT HakoIIeHUEe TOBpeX/Iae-
MOCTH TI0 Mepe HapabOTKH JAETaIH U JOCTHXeE-
HUsSl pa3pyllamiero yucia mukiaos. damee
MOXHO MEPEeHTH K OIEHKEe pecypca B rogax
aKcmTyararui. Ho 970 TONBKO Ha 3Tare pa3BUTHs
PeCypCHOTO MOIX0/a.

PasBuTHE OAX01a 3aKITIOYAETCS B TOM, YTO
HY)XHO OIICHHBATh U Ae(eKTHOCTh. KpymHoro
BaroHHOTO JIUThs 0e3 nedekroB He ObiBaeT. Ha
pHC. 5 MOKa3aH MpUMep MOJISITH MEXaHUKH pa3-
pPYLICHHS C Pa3BUTHEM TPEUHHOMOTO0OHOTO
nedekra, TaHbl COOTBETCTBYIOUINE OLCHKH.
371ech peICTaBIICHbI AIEMEHTHI MOJICTUPOBAHHS
Je(heKTOB, HCCIEIOBAHUS HATPY)KEHHOCTH, YUET
HapabOTOK B 00JACTH MEeXaHWKH Je(opMupo-
BAHHOTO TeJa, MEXaHHKHU Pa3pyIICHHUs C OIICHKOH
qrcia IMKIOB, Mpobera U mepeBoja B TOIbI
9KcIuTyaTanuu (tabi. 3).

STOCT 57445-2017. Xene3HomOpoXKHbIE TCXHHIECKUE CPEI-
crBa. O6mMe TpeOOBaHUs K METOaM OIPENeIICHHs pecyp-
ca.—M.: Crangaprundopm, 2017. —26 c. [neKTpOHHBIH pe-
cypc]: https://files.stroyinf.ru/Data2/1/4293746/4293746291.
pdf?ysclid=Incv2au9ff644715443. loctym 24.05.2023.
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Puc. 3. CoepemeHHoe CcocmosiHue U amankl pa3eumusi Hay4HbIx dueyunnux npoyHocmu, pecypca u 6e3onacHocmu.

Tadauua 2

YcaoBust NMPO4YHOCTH 110 HeﬁCTBymmﬂM HOpMaM

THII TOABUIKHOTO OLeHKa CTATHIECKOMN IIPOYHOCTH OLICHKA COIPOTHBIICHNUS YCTAIOCTH
cocrasa 110 JIOIYCKaeMbIM HAIPSHKCHUSIM 110 JI0IyCKaeMOMy KO3 HIHEHTY
1 pexxum III pesxum RNEIE 1)
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Puc. 4. OyeHka pecypca 60kogoli paMbI 2py308020 8a20Ha Ha
3mane npoeKMuPoBaHusi:
1%, 5 % — noepexdaemocmu.

Ha puc. 6 mokazaH koMIIIIeKC padoT, mpoBe-
IEHHBIX 1Mo pame Tenexkn DP200 B mepuon,
KOTJ]a OCTPO CTOSUT BOmpoc obecrieueHus Oe3-
OTIACHOCTH JKCIUTyaTaIll1 3JIEKTPOIOE3/1a B Te-
YyeHne 2—3 JIeT 10 BBEACHHS B SKCIUIyaTaIHIO
noe3n0B «Carrcan». J1a paboTa OblIa YCIEIIHO
npoBenena AO «BHUKTHU» cosmecTHO
¢ AO « BHUWXT» u UMAILI PAH. Bera cop-
MHpOBaHa THCTOTPaMMa SKCINTyaTallHOHHOH
HAarpy>eHHOCTH, MPOBEAEH PACUET, BBISBICHBI
HamOoJiee Harpy)>XeHHBIC 30HBI, YCTAHOBJICHBI
KOHIICHTPATOPHI, ONPE/IEJICHBI YPOBHH OCTATOU-
HBIX HanpspkeHUH. [ U3JI0KEHHBIX yCIOBHI
ObLTa BBITOTHEHA OICHKA YHCIa MOE3/0K HIICK-
Tpomoe3na DP200 B 3aBHCHMOCTH OT BETMYHNHBI
OCTaTOYHBIX HampspkeHu# (Tadm. 4). B mocie-
JTYIOIIIEM MPOBOAMIICS MTOCTOSHHBIA OCMOTP 3THX
paMm TenexeK, X MOHUTOPHHT, CBOCBPEMEHHOE
BOCCTaHOBJICHHE (PDEMOHT) HJIH U3BATHE.

®  Mup TpaHcnopTa. 2023.

TENH yXKe HaYMHAIOT OTXOIUTH OT KJIACCHYECKHX
TIOJTXO/IOB COIIPOTUBIICHHS MaTEPHAIIOB M KPHBBIX
YCTaJOCTU C TOPU3OHTAILHON MpaBOd BETBHIO
M3-32 TOTO, YTO JIaXKe NPH HapabOTKaX, COMOCTa-
BUMEBIX ¢ 40 TOmaMu SKCILTyaTalliH U BBIIIE, TTOM-
XOJIbl, OCHOBaHHbIE Ha HEOTPAaHWICHHOW BBIHOC-
JTUBOCTH JieTanu, He paborator (puc. 7). Torma
TIpaBast BETBb rpadika yCTaJIOCTH UMEET HaKJIOH,
BXOJUT B 30HY THUTAalMKIOBOW ycTanmocTu. s
TIpUMEpa OIIEHKH OBUTH B3SATHI MOE3AKU T0e31a
«Carrcany, dKCITyaTHpyeMbIe Ha MapIIpyTe
Mocksa — Cankr-IlerepOypr. st aToro moesna
CpOK ciryx0b1 TY ycTaHOBIIEH B 15 MitH KM TIpo-
oera wmu 30 ser skcroryaranyy. [ToMHBIH KT
Harpy>kKeHHs 3a YKa3aHHBII CPOK CITyXOBbI — 3TO
4ucio 060potoB koinec (5x10°). Takoit 00bEM Ha-
PpaboTKH, JTaxe B CTEHIOBBIX yCIOBHSAX — 3TO TOIBI
WCTIBITAHNH TIPY UMEIOIMXCS TEXHIYECKHX BO3-
MokHOCTIX. 3a 65 et B AO «BHUK T ipoBenm
WCTIBITAHNE BCETO TMOPSJIKA IISTH 00pasIoB Ocer
Ha 0ase 10%, KoTOpBIC MO3BOJIMIIM JIaTh OLCHKY
YOIy HakJIOHA MPaBOM BETBU KPUBOH yCTaIOCTU
[3]. Y Teneps, ocHOBBIBasICH Ha ITHX pa3padOTKaX,
MOKHO TOBOPHTB O JUTUTENBHBIX MEPHOIAX HKC-
IUTyaTaliid 1 00OCHOBAHHO JIABaTh OIICHKY IPO-
JUICHHIO CPOKa CITy>KOBI MM Ha3HAYaTh PECYPCO-
BOCCTaHaBJIMBAIOINIYIO TEXHOJIOTHIO U 00ecIIeqH-
BaTh JAJBHEHIYI0 OE30MaCHYI0 AKCIITyaTaIlHIo.
AO «BHUKTW» coBmectro c UMAII PAH
pa3paboTaH BhIIIEyKa3aHHBIH TpoOIEeMHO-
opuentupoBanubiit [OCT?, kxoTopsiii 3aaéT
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Taéauna 3

3aBHCHMOCTD pecypca oT pas/in4YHbIX )_Ie(l)EKTOB B JIMTBIX 3JICMEHTAX

Iepeuens uccienyeMbix GakTopos Pecypc

Yucno nuknos | [Ipober Jler

(mpu 120 ThIC. KM/TOT)

TToHmKeHHas IaCTUYHOCTE JIUTOM ctanu 201 JT: 2,70x10° 3118 26
— OTHOCHUTENbHOE yaiuHeHue 7...16 % Bmecto 18 %;
— OTHOCHUTEJNIbHOE cyxeHue 8...19 % Bmecro 25 %
OtcyTcTBHE TEPMOOOPAOOTKH IIPU 3aBapKe TUTSHHBIX 279x10° 322 2,7
nedexros B paguyce R55
Hannune BHyTpeHHUX Ne()eKTOB JIHUTHS (Ta30Bas 1opa, 13,8x10° 153 1,3
TpeluHa) B 30He R55

Pacuer
KHHETHER
FETANGETHER
TReuHM

Puc. 5. U d pecypca numoli 6 i pambl MeNEXKU 2pYy308020 8a20HA.
Taoauna 4
BeanyuHbI MAKCHMAJIbHBIX 0CTATOYHBIX Hanpmlce}mﬁ
30Ha KPOHIUTEI{HA TATOBOTO IBUTATEIIs 30Ha OyKCOBOTO KpOHIITEHHA
Ocrarounsie Pecypc Ocraro4ynsie Pecypc
Hanpsbxenns, MIla Yuciao noe3nok Jler Hanpsbxenns, MIla Yucio Hoe3n0K Jler
240 320 3,1 240 308 3,0
200 460 4,4 200 420 4,0
150 852 8,0 150 544 5,0

Ernaxki HATEy e

%Ej_‘u:ﬂ_ﬁn_

I .
DT AT O T FEin PR¥CHMER

T e i i SR TMEO T

Boma MpoMLToRRS TRrOROrs anerarenn

Puc. 6. OyeHka ocmamoyHozo pecypca pam menexek P200 dns yyacmka dsuxeHusi Cankm-llemep6ypa — Mockea.

OCHOBHBIE HAIIPABJICHUS PabOT W ONpeaeisieT
TpeboBaHus K pacyéTy pecypca. B Hem ykazano,
YTO, TIPEXJIE BCETO, BaKEH BOMPOC 00 ompere-
JICHAH HECYIIUX M CHIIOBBIX cHcTeM (puc. 8).
Pecypc oOycnoBieH BceMH 0COOCHHOCTIMHU
9KCIITyaTallid, TO €CTh HEOOXOANMO pPEIICHHE
TEXHUKO-IKOHOMHYECKOH 33/1a4H: OTHN OOBEKTHI
JIOJDKHBI 00€CTIeIUTh aOCOMIOTHBIN Pecypc ¥ MO-
ryT 0€30IacHO 3KCIUTyaTHpPOBATHCS, a APYTHE
JIOJDKHBI OBITH CBOEBPEMEHHO U3bSITHI, OTPEMOH-
THPOBaHBl WM YTHIN3MpOBaHbl. Ho B mobom
ciaydae 00BEKT JOJDKEH paboTaTh HamEXHO
MEXXIY IIaHOBEIMH PEMOHTaMH.

Bo Bcex CHOXKHBIX PacU4€THBIX MpOrpaMMax
€CTb MTOHSATUE «BUPTYaJIbHBIN AaTuuKk». [lomemas
€T0 B JTI00YTO HHTEPECYIOILYIO 30HY, @ 3T0, IPEXKIE
BCET0, 30Ha KOHIICHTPAIM HANPsHKEHNH, Hanoomee
Harpy>K€HHas 30Ha, Ha CTaJAWH BHPTYyalbHOTO
MOJIEIIUPOBAHUS MTOTy4aeM BHUPTYalIbHYIO Harpy-
JKEHHOCTb. DTy Harpy>KEHHOCTb MOXHO ITEPEBECTH
B OJIOKM HAIPSDKEHWH, U, COTTOCTABISIA X C KPH-
BBIMH YCTaJIOCTH MaTepHaIOB MIH OOBEKTOB, JIe-
TaJel, OIIEHNBATh PECypC ¢ HEOOXOAMMO# TOTHO-
cThio. JlocTarouHass TOYHOCTH ¢ HEOOXOIUMOMN
BEPOSITHOCTBIO HEPA3PYIICHHS 00eCIeunBaeTCs
COMNOCTABIICHUEM YUCIECHHBIX BUPTYaJIbHBIX JKC-
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TIEPUMEHTOB C HAKOTLJICHHBIMH OIBITHBIMU JTAHHBI-
MH 110 pe3yJibTaTaM IpPOBEAEHHBIX CTEHIOBBIX
Y TIOE3/JHBIX UCTIBITAHUIL.

IIpu MozeMpoBaHUY HAPS Iy C TBEPAOTEIb-
HBIMH COCTAaBHBIMH YaCTSIMH TTOJBHIKHOTO CO-
CTaBa CO3/1aI0TCsl KOHEYHO-OJIEMEHTHBIE YIIPyTHE
MOJIENIN HCCIIEyeMbIX KOHCTPYKLH (Ky30BOB,
pam, netanei, TAroBoro MpyuBojAa | JIp.), 10CTa-
TOYHO IOJIHO OTPaKalIUe CHIOBOIM MOTOK
HECYILel CHCTEMBI WU NIepeiady CHJIbI TSTH.

®  Mwup TpaHcnopTa. 2023

B ]

Puc. 7. Mpumep pacyema pecypca 6OKOSUHbI paMbl MENEKKU: M, U M., — Noka3amenu yana HaklioHa kpugod ycmanocmu;
P — eepossimHocms paspywenus; N, N*— 6a3bl ucnbimaHud; 0 — npedesibl 8bIHOCIUEOCMU demanu.

A

Puc. 9. CxemamuyHbIl npumep peanusayuu nodxoda ¢ ucnonb3oeaHuem yugposbix Modesel Ansi onpedeneHusi IKcnTyamayuoHHoU
HazpyeHHocmu: a — meepdomenbHasi Modenb dsuwkyujezocs noesda; 6 — ynpyaas K3-modenb menexku nokomomuea; 8 — ynpyaas
K3-modens 2py3oeozo eazoHa; 2 — pacnpedeneHue 6okoebix (Y,) u eepmukanbHbix (P,) cun om Konec Ha pesbCbl.

Ha puc. 9 nokaszan oOruii Bux chopMHUpOBaH-
HBIX JUIS pacy€TOB OJIOKOB HArPy30K M MX Pa3BepT-
ku [4], OTy4eHHBIX B MOJACIBHBIX M HaTypPHBIX
JKCIIepuMeHTax. BaaumoneiicTBre «mmoe3n — myTh»
B COYETAHUH C BO3ICIHCTBHEM PEaTbHO 3aMEPEHHBIX
Ha y4acTKe SKCIUTyaTaliy, HarpumMep Boctogynom
TIOJIMTOHE, HEPOBHOCTEH, OTKIIOHEHHH, PUXTOBOK
IyTH, TIOBPEKIIEHHUIH KOJIEC MO3BOJISIET TIOTY4YHUTh
PeaTBHYIO HarPY)KEHHOCTb U JJOCTHYb HEOOXOIMMO#
BEPOSITHOCTH OLICHKU PECYPCHBIX TIOKa3aTeNei.
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Puc. 11. CmeHd Onsi ucnbimaHuli ocell U KOJlec Ha ycmanocmb YUKIUYECKU U3MEHsIIUWUMCS Kpy208biM us2ubom: a) obwjuii eud
HamypHo20 cmeHOa; 6) eupmyasbHbIl aHasnoa cmeHda 07151 UCNbIMaHull «KOJIECO — OCbY».

Tabnuna 5
CpaBHelme HOPMATHUBHBIX TOKYMEHTOB 110 0a3e MCNBLITAHUH
TpeboBanus cranaaptoB B EBporne TpeboBanus cranaapToB B Poccun
bBaza ucnbrranuii Hopmarususie baza ucnbrranuii Hopmaruszsie
JIOKYMEHTBI JIOKYMEHTBI

IoxnTBepxaeHue npeaena DIN EN 13260 IoxnTBepxaeHue npeaena T'OCT 33783
BBIHOCJIMBOCTH OCell Ha Gasze 107 BBIHOCJIMBOCTH OCeii Ha 6a3e T'OCT 11018

107 T'OCT 4835
TonrBepxaenue npenena DIN EN 13262 ToarBepxaenue npenena
BBIHOCIIHBOCTH KoJtec Ha Gaze 107 BBIHOCJIMBOCTH KOJIeC Ha 0a3e

107

Ha puc. 10 paccmarpuBaroTcs aBa oObeKTa:
OOKOBHHA TEIEKKH TPy30BOTO BaroHa M pama Te-
JIeKKH dMekTporioesna IP200. Dtor momxon ceit-
yac aktuBHO peammsyercs B AO «BHUKTHW»
C UCHOJIb30BAHUEM NPUBEIEHHBIX BBIIIE MOAENIEH
C MHTETPUPOBAHUEM HX B IIN(PPOBYIO TEXHOJIOTHIO.

B 2023 roxy u nanee AO «BHUKTW» momna-
raeT LeJIeco00pasHbIM COCPEIOTOYNTHCS Ha
BBISIBJICHUY IITyOMHHON B3aMMOCBSI3H KOHEYHO-
anemenTtHoro (K3), peanbHO MEXaHHCTHYECKOTO
TIOAXO/a U CTATHCTHIECKUX MOAEIEH, BKITIOUast
HelpoHHbIe ceTH. CaMu 10 cebe MeXaHUIEeCKHe
MOJICITH SIBIISIFOTCS HCTOYHUKOM 0a3bl OONBIIIX
JAHHBIX, HO X HY’KHO COTIOCTaBIIATh U KOPPEK-
THPOBATh B COOTBETCTBHUHM C JAHHBIMHU IKCILTya-
Tanuu [5].

Ha puc. 11 noka3zan npumep UCIIBITAHHS OCEH
1 KoNéc KaKk BO3MOJKHOCTH pa3pabaTsiBaTh BHP-
TyaJbHBIC CTCH/IBI U ucbITanms [6, C. 61-65].

B Tabn. 5 mpuBeneHBI OLEHKN KOITHYECTBA
LIMKJIOB /10 Pa3pyllIEHUs1, COIOCTABIEHHE MOITY-
YaeMBIX PE3YyJIbTATOB C HOPMATUBHOM 0a30M.

BblBOAbI

OCHOBBIBasICh Ha M3JIOKEHHOM, MOJKHO CJie-
JIaTh BBIBOZ O TOM, YTO BUPTYaIIbHBIC HCITBITAHUS
JKENE3HONOPOKHON TEXHUKH MYTEM YHCIIEHHOTO
MOJeTUpOBaHus (pa3pabOTKA U UCCICIOBAHUS
a/ICKBaTHBIX IT()POBBIX MOZEIIEH ) IMEIOT BaYKHOE
3HaueHHE 15 0€30MTaCHOCTH ABFKEHUST, TO3BOJISIS
nmocturars nenei [7, C. 69-72; 8, C. 27-29]:

— OIEHKH XONIOBBIX M JMHAMHUYECCKHX Ka-
YEeCTB, IPOYHOCTH, pecypca u 0e30MacHOCTH
moaBkHOTO cocrasa (I1C);

— WCCIIC/IOBAaHMS XapaKTEpPUCTHK U paboTo-
CHOCOOHOCTH IIyTH;

—uccnenoBanus 3anmopeiicteus [1C, myTw,
WX HaTrpy>KEHHOCTH.

®  Mwup TpaHcnopTa. 2023. T. 21. Ne 3 (106). C. 106-114

KoccoB B. C., KHsazes [1. A., KpactokoB H. ®., MaxyToB H. A.; T'apneHnH M. M. HopmatnBHas 6a3a
obecnevyeHuss 6e3onacHou IKcnyaTaunm }erne3HOoAO0POKHOMN TEXHUKMN MO pecypcy HeCyLnUX

KOHCTPYKLMN




Kpome Toro, BUpTyanbHble UCIIBITAHUS T10-
MOTafOT PEIUTh 3a/1a4H:

— uccnenoanus HJIC KoHCTpyKIUH Kpym-
HOraGapUTHBIX U CIOKHOHArPYKEHHBIX 00BEK-
TOB;

— MCCIIEZIOBaHMS KOHLIEHTPALMN HAIIPSHKEHUH
(B TOM 4YHCIIE C UCTIONB30BAaHUEM BHPTYAJIBHBIX
JIaTYNKOB) B 2JIIEMEHTaX KOHCTPYKIMH, CBAPHBIX
M JINTBIX JIeTalc;

— MOJIEIMPOBAHUSI SKCTPEMAIIBHBIX U aBapHii-
HBIX YCJIOBUH U BUJOB HATPY>KeHUsS! 00BEKTA;

— MOJICTIMPOBAHMSI COBMECTHBIX Y OT/ICJIBHBIX
KOMIIOHEHTOB M BHJIOB BO3/EHCTBUH CIIOXHO-
Harpy>KeHHBIX OOBEKTOB (MEXaHWYECKHUX, Tell-
JIOBBIX U JIp.).

MeToapl HCIOJIB30BaAHUS MPOrPaAMMHBIX
CPEJICTB:

— BBIOOp ¥ 00OCHOBAaHUE MOJICTICH B 3aBHCH-
MOCTH OT IIOCTaHOBKH 3aJla4M (CTaTHKa, KHHE-
MaTuKa, AMHaMHUKa) 1 00JIaCTH PeLIeHMs;

— cO3/IaHKe KOHEUYHO-3JIEMEHTHEIX 3D-Mmome-
JIel MCCIlelyeMbIX 00BEKTOB;

— noBogka KO-mopeneli ¢ yueToM KOHCTPYK-
THBHBIX 0COOEHHOCTEH 00BEeKTa (CTEPKHH,
IUTACTHHBI, 000JIOUKH U TIp.);

— BBIOOp 1 00ocHOBaHue KD-ceTku;

— MOJATBEPXKJIEHUE COOTBETCTBUS MOJEIH
IIOCTABJICHHOW 3aj1aue ¥ UCCIIeI0OBAaHUE TPAHUIL
TIPUMEHUMOCTH PEIICHHUS;

— BepUQHKaAIMS U BaJIMJalUs MOJIEIH U pe-
3yJIBTaTOB.
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AHHOTALINA

B cmambe npedcmasneHbi pesynbmams| Hay4HO20 uccrie-
0osaHusi akmyarbHbIX 860NPOCO8 ynpasnieHus puckamu, c8s3aH-
HbIMU ¢ 06ecneyeHueM be3onacHoll akcnmyamayuu 6ecnunomHbIx
asmomobureli, nonyyeHHble a@mopamu 8 pe3ynbmamax peanu-
3ayuu 8MOPO20 d3Mana Hay4Ho20 npoekma, noddepxaHHo20
Poccutickum Hay4HbiM ¢hoHOOM. Bbigodsl, npedcmasneHHble 8
cmambe, 0CHO8bIBAIMCS Ha pe3yibmamax uccnedosaHus npa-
808bIX U Op2aHU3ayUOHHbIX npobiem obecnedeHusi 6e3onacHo2o
ucnonb3o8aHusi 6ecnunomHbIx asmomoburieli 8 ycrogusix Meaa-
nonuca, ocyuecmeneHHo20 8 nepuod nepeoeo 3mana npoexkma.

B xode uccnedosaHus nodmeepdunocs npednonoxeHue
aBmopos, Ymo peweHue 3adaqu obecneyeHus 6e30nacHoeo uc-
nonb308aHust 6ecnUNoOmHbIX a8moMobuseli 03MOXHO Ha 0CHOBE
Hay4Ho20 uccnedosaHust PUCKO8, BO3HUKaIOWUX NPU UX 3Kcniya-

mauyuu. O60cHo8bIBaeMCs, YMo 8bisisnieHuUe, dupdepeHyuayus,
MOHUMOPUHE pUCcKos, 0eMepMUHUPOBaHHbIX NOSIBNEHUEM Ha ag-
momobustbHbIx dopozax becnunomHbix asmomobuned, sensemcs
Heobxo0umbiM ycroguem Onsi 8bipabomku Hay4HO 060CHO8aHHOL
cucmeMb| npagosbix mep obweli u YacmHoU npeseHyuU, 8KITo-
yatowieli MepbI topuduyeckol omeemcmeeHHOCMU 3a coomeem-
Ccmeyloujue npasoHapyLeHUs, 0CHOBaHHOU Ha kameaopuposaHuU
PUCKOB U Y203 HapyweHus obsizamenbHbix mpebogaHul, ycma-
HaernusaembIx 8 uensx obecneyeHus 6e30nacHocmu Ha mpaHc-
nopme u op2aHu3ayuu O0POXHO20 BLXKEHUS C LUCNOTb308aHUEM
mako2o poda mpaHcnopmHbIx cpedcme.

Mpoaxanu3uposaHb! NPUHYUNUAMBHBIE NOMOXEHUS, 3/T0XEH-
Hble 8 OCHO8Y NPUMEHEHUSI PUCK-OPUEHMUPO8aHH020 nodxoda 8
00HOPOOHbIX U 00HO8UA0BbIX 0BUIECMBEHHDIX OMHOLWIEHUSIX.

Knmtoyeeble crioga: mpaHCnopmHoe npaso, 3akoHodamebcmeo, becnuiomHble asmomMobusl, mpaHcnopmHas 6e30nacHocmb,

DUCK, PUCK-OPUEHMUPO8aHHbIL N0OX00.
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BBEOEHUE

CrenyeT coriacuThes C yTBEPHKACHUEM O TOM,
YTO COLMANIbHASI AKTUBHOCTD YeNOBeKa U HopMu-
pyroIrecs: AesTeIbHOCTHBIC MPAKTUKK B HACTOS-
miee BpeMst Bc€ Ooliee CBA3aHbI C CaMBIM ITHPOKUM
BHEJIDEHUEM B MPAKTHKY OOIIECTBEHHOH >KU3HH
Y UCTIONIb30BAaHUEM BBICOKHMX TEXHOJIOTHI U BBICO-
KOMOOWJIBHBIX MJIM aBTOMaTH3UPOBAHHBIX TEXHU-
gecknx cpeacts [1, c. 62]. B momHo# mepe 3tu
MIPOLECCHl BU3YAIU3UPYIOTCS B (HYHKIIMOHUPOBA-
HUU TPAHCIIOPTHOW OTpAaCiH, obecreyrBaromen
JIOTUCTUYECKHE MPOLECCH, HEOOXOAUMBIEC IS
(YHKIIMOHUPOBAHUS UHBIX OTpacied SKOHOMUKH,
o0ecrieueHus! CBI3aHHOCTH TEPPUTOPUH CTPAHHI [2,
c. 45], 060poHOCTIOCOOHOCTH U HAIIMOHAIBHON
6e3onacHocty rocyaapcersa [3, c. 101].

BHenpeHe MHHOBAIIMOHHBIX TEXHOIOTHI 0Cy-
LIECTBISCTCS. HA (DOHE pa3pacTaHus U MOSBICHUS
KaueCTBEHHO HOBBIX BHI30BOB U YIPO3 KaK TEXHOJIO-
THYECKOT0, TaK ¥ BOGHHOTO M OOLIECTBEHHOTO Xa-
paktepa [2, c. 163]. CnefyeT cOrIacUThCs C MHEHHU-
€M O TOM, YTO I100aJbHble HUBUIN3alHOHHEIC
«BBI3OBBI, TIEpe/l KOTOPBIMU CTOHT UYeJIOBEYECTBO,
COTIPOBOK/IAFOTCS OTCYTCTBHEM HIEH OTHOCHTEIBHO
€ro JaimpHeWIero nBrxeHus. B momHoi mepe 310
KacaeTcsl ¥ Takoro peHOMeHa, Kak mpaso» [4, c. 5].
K aHanorn4HbIM BBIBOJAM MIPUXOAUT 3HAYUTEIBHOE
YHUCIIO MPEACTaBUTENEeH pOCCUIICKOM ITpaBOBO Ha-
YKH, TIPEAMET UCCIEA0BAaHUS KOTOPBIX HAXOMUTCS
B PA3JIMYHBIX OTPACIIIX IIPABOBOIO 3HaHMA [ 5, c. 18;
6,c.9;7,c.5;8,c. 278], uT0, IO HAaLlIEeMy MHEHHIO,
TOJIBKO MOAITBEPIKAAET OOLIMI XapaKTep yTBEpxkIie-
HUSI, COIVIACHO KOTOPOMY HCIIONb30BaHHE BBICOKHX
TEXHOJIOTHII 3aKOHOMEPHO BJIedeT 3a co00il cyIe-
CTBEHHBIE IPOOJIEMBI JUIS IPABOBOW HAYKHU U MIPaK-
THKH MPABONPUMEHEHHS 1 TIPABOUCTIONTHEHHSI.

B paborax mpexacraBuTeneil TpaHCIOPTHO-
MIPaBOBO HAYKW HEOJHOKPATHO U BIIOJTHE OCHOBA-
TENBHO KOHCTAaTHPOBAJIOCh, UTO pa3paboTka U Bce
OoJee MHUPOKOE HCIOIb30BaHNE aBTOMATH3UPOBAH-
HOW CHCTEMbI BOXKAEHHS, BBOI B JKCIUIyaTaIHIO
VMHHOBAIIOHHBIX TPAHCIIOPTHBIX CPEICTB Mpecie-
IYIOT CBOEHI LIeNbIo, B TIEPBYIO OUYEPENb, peLIeHUE
IIEJIOT0 KOMIUIEKCA TaKMX 3HAYMMBIX IJISI COBpe-
MEHHOH 3KOHOMMKH 3a71a4, KaK CHIJKCHUE TPAHC-
MIOPTHBIX PACXOAOB, 3a CUET COKpalIeHUs PoHaa
OIUIaThl TPyJda BOAMTEIEH M COMYTCTBYIOIIUX
pacxomoB, ONTUMH3ALNHU 3aTpaT Ha COIEp)KaHUE,
aMOPTH3aLIMIO, PEMOHT U CTPaXOBaHKE TPAHCIIOPT-
HBIX CPEJCTB, 3KOHOMHUH TOILIMBA 32 CYET aBTOMA-
THYECKOW MaHepsl BoxkaeHus [9, c. 18], obecneye-
HUsI 0€30MIaCHOCTH Ha TPAHCIIOPTE 33 CUST MUHU-
MU3alMU BIUSHUS YeloBedeckoro Qgaxropa Ha
aBapuifHOCTH Ha Joporax [10, c. 71] u mp.

OpnHako, CymecTByeT U «oOpaTHasi CTOpOHa
MeJIaJny»: BHEPEHHE BEICOKOABTOMATH3HPOBAHHBIX
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aBTOMOOMJIEH B TPAHCIIOPTHBIH KOMIUIEKC CTPaHBI
CTaBUT Iepe]] IIPaBOM KaK OOIIECTBEHHBIM PeTYIIs-
TOPOM psI CephE3HBIX BBI30BOB [11, c. 15], uro,
HECOMHEHHO, TpeOyeT ux yuéra B mpouecce HOp-
MotBopuecTBa [12, c. 131].

B cBs13u ¢ 3TUM HEOOXOAUMO KPUTHUYECKH OLie-
HUTH CTETICHb COOTBETCTBHS NIPUHSATHIX IPaBOBBIX
AKTOB NMOTPEOHOCTSIM NPAKTUKH, MPUHLUIAM CHU-
CTEMHOCTH U B3aMMHOH HENPOTHBOPEYHUBOCTH.
Penienne yka3zaHHO# 3a/1a4¥ TO3BOJIHUT CHOPMYJIH-
pOBaTh HalpaBJIeHHs JajbHEHILEro UCCIIeA0BaHUS,
BBIpa0OTaTh MPEJIOKEHUS 110 COBEPIICHCTBOBA-
HUIO CHCTEMBI IPABOBOTO PEryJIMPOBAHUS OTHOILLIE-
HW, CBS3aHHBIX C BHEJPEHUEM OCCIHMIOTHBIX aB-
TOMOOWIIEH, YTO MOXKET CIIOCOOCTBOBATh PEIICHHUIO
3a]a4 He TOJIBKO TEOPETHYECKOT0, HO U MPaKTHYe-
CKOTO XapaKTepa, BO3HUKIIHNX B IPOLiecce BHEpe-
HUS B TPAHCIIOPTHYIO CHCTEMY Poccru MoTHOCThIO
ABTOMATH3UPOBAHHBIX aBTOMOOMIICH.

CriocoOCTBOBATh PEIICHUIO YKa3aHHOM 331241
MOJKET NMPUMEHEHHE PHUCK-OPHUEHTHPOBAaHHOTO
[I0IX0/1a, OCHOBAaHHOTO Ha MPOIPaMMHO-LIEJICBOM
MIOZIXOZI€ U TOJIyYMBIIErO pacupoCTpaHEeHue B ca-
MBIX Pa3IHYHBIX cepax OOIIEeCTBEHHOH XKU3HHU,
HarpHuMep, B IPOEKTHOH IeATeTbHOCTH; (HPUHAHCO-
BoM oOecrieuennd [13, ¢. 16; 14, c. 34]; GromxkeTH-
poBaHUU M (HUHAHCOBOH NEATEIBHOCTH TOCYIap-
ctBa[15, c. 48-49]; 6usnec-npoueccax [16, c. 39];
rOCYAapCTBEHHOM YIIPaBICHUH U TOCY/1apCTBEHHOM
koHTpote (Hanzope) [17, c. 54]; npoTrBOAEHCTBIH
teppopusmy|[ 18, c. 13] u xoppynumu [19, c. 52; 20,
c. 50]; npexynpexneHun pacupoCTpaHEHHs HH-
(bekroHHbIX 3a0oneBanwii [1, c. 7; 21, c. 17; 22,
c.456;23,c.161]u T n.

[TornManue 3Ha9UMOCTH IPOOITEM, CBI3aHHBIX
C THIIOJIOTHU3alNEH, BU3yann3anuel, MOHUTOPHH-
TOM H HOCIEAYIOUIMM YNpaBiIeHHEeM PHCKaMH Ha
TpPaHCIOPTE, JEMOHCTPUPYET LEINbIH sl poCCHii-
CKUX M HHOCTPAHHBIX HCCIIE0BaTEIeH.

Taxk, BbI3bIBaCT 000CHOBaHHBII HHTEPEC Kilac-
cudukanys puCKOB M yrpo3 MHGOpPMalUOHHON
6€30MacHOCTH, BO3HUKAIOIINX B MPOIIECCE UCTIONb-
30BaHUs OECNHMIIOTHBIX BO3AYLIHBIX CYAOB [5,
c. 44], yuutslBarolas akTyalbHble BOIIPOCHI 00ec-
IIEYECHUS! YTOJIOBHO-IIPABOBOH 3aIlIUThI B YKa3aHHOU
ctepe [24, c. 119]. [Ipu 3TOM OTMeuaeTcs, 4TO
ocoboe 3HaYCHHE MMEET pelIeHHe BOIpoca 00
OTBETCTBEHHOCTH 3a BHEIIHEE BMEIIATEIHCTBO
B IIPOIIECC YNpaBIeHUS U (YHKIHOHUPOBAHHS
aBTOMATH3UPOBAHHON CHCTEMOMW BOXKIICHHS OECITH-
JIOTHOTO aBTOMOOHJISL.

[MpennpuHUMaIOTCS 3aCIy’KUBAIOIINE BHUMA-
HUSI M TIOAJIEP>KKU HOMBITKH (HOPMUPOBAHUS KOH-
LENTyaJbHOH OCHOBBI YIIPABICHUS PUCKAMHU Ha
TPaAHCIIOPTE KaK 0COOOI pasHOBHIHOCTU yIpaB-
JICHYECKOH NIeATeTbHOCTH, UMEIOIICH CTaquiHbIN

3emnuH A. U., MatBeeBa M. A_, lowi E. B. YnpaBrieH1e pyckamu 6e3onacHoro
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U cUcTeMHbI xapaktep [16; 25, c. 34; 26. c. 19
u ganee].

PaccmarpuBaeTcst HEOOXOTUMOCTB YI&€Ta BEpoO-
SITHBIX PHCKOB O€30I1aCHOTO MCIOJIB30BAHUS 00b-
€KTOB TPAHCIIOPTa B MHTEPECAX BHEIPEHHS KOH-
TPaKTa JKM3HEHHOTO ILHKJIAa B MAacCaXHUPCKOM
KOMILIEKCE JajabHero ciemoBanus [27, ¢. 88].

CrnenuanuctaMu 0co00€ BHUMaHUE YAEISIeTCs
HCCIIEIOBAHUIO BOIIPOCOB COONIOICHUSI HOPM TY-
MaHUTAPHOTO TPaBa MPU MPUMEHEHUHU PA3ITUIHBIX
OecioTHRIX cucTeM [28, ¢. 218; 8, ¢. 277], a Tak-
JKe OCYIISCTBICHUIO MOHUTOPHHIa PUCKOB UX HC-
IOJTb30BaHUS B PA3IMYHBIX YCIOBHIX 00CTAaHOBKH
[29, c. 118; 3, c. 98].

3apyOerKHbIE CIIEIUATUCTH aKTHBHO HCCIIEY-
IOT PHUCKH, CBSI3aHHBIE C BO3pAacTaHUEM 3aTpar,
BBI3BAaHHBIX NEPETrpyKEHHOCTBHIO JAOPOT B CBS3H
C BHEZIpEHHEM OeCTMIIOTHBIX aBTOMAPKOB, CYIIe-
CTBEHHO BJIMSIOIIMX Ha TOPOICKYIO0 MOOWIEHOCTD
[30], akueHTUpyrOT 0cob0€ BHUMaHHE Ha TIpo0ie-
Max, CBSI3aHHBIX C PUCKAaMH AJsI KadeCTBEHHBIX
TOPOJICKUX IPOCTPAHCTB U AKTHBHOIH MOOMIIBHOCTH
HaceJIeHHs, OTMeuasl IIPH 3TOM, UTO HECMOTPsI Ha
oxxugaemMoe Oynyliee BHeIpeHHE OeCIUIOTHBIX
TPaHCIIOPTHBIX CPE/ICTB B TOPOJIaX, UMEETCs Kpaii-
HE MaJl0 MCCJIC0BAHUH, aHAIU3UPYIOIIUX MPOO-
JIEMBI, CTOSIIKE TIePe] TOPOJICKUM IUTAHHPOBAHUEM
[31].

HmMeroTcest mpencTaBIsIoNe HHTepec paboThl,
MTOCBSIIEHHBIC IPOTHO3UPOBAHUIO PUCKOB TOPOXK-
HO-TPAHCIIOPTHBIX NPOUCIIECTBUHA C YIETOM pas-
JMYHBIX (PAKTOPOB, B TOM YUCIIE — BKIIOYAIOIINX
PYICKH, CBSI3aHHBIE CO BCE OoJiee IUPOKUM PacIpo-
CTpaHEHHEM OCCIIIIOTHBIX aBTOMOOMJICH, a TaKKe
paccMaTpHBalOIIre BOIPOCH OLIEHKH PUCKa He-
CYACTHOTO CITy4asi Ha OCHOBE HCTOPHHU TPAEKTOPHIA
BOJKIICHHMSI, COOBITHI BOXICHHS M 3allUCEH O BO3-
nevcteum [32].

Taxoxe HeOE30CHOBATEIFHO OTMEYaeTcst HeoO-
XOIUMOCTh pa3pabOTKH METOIOJIOTHU OLICHKH
PHUCKOB JIOPOXHO-TPAHCIIOPTHBIX MPOUCIIECTBUI
C y4acTueM OeCIMIOTHBIX aBTOMOOMIIEH, TOAKIIIO-
YEHHBIX U aBTOMAaTU3UPOBAaHHBIX TPAHCIOPTHBIX
CPEICTB B IETIOM. 3apyOeKHbBIC CIICIIHANUCTHI TIPH
9TOM IPEUIATaloT UCXOIHUTh U3 TOTO, YTO aBTOMa-
TH3UPOBaHHbIE TPAHCIIOPTHBIE CPEACTBA TPAHCHOP-
MHUPYIOT aBTOMOOMJIBHBIN TPAaHCIOPT, H B paMKax
9TOH TpaHC(HOPMAIMU CTPAXOBIIUKH aBTOTPAHC-
TIOPTHBIX CPEICTB SIBIISFOTCS OHUMH U3 KITFOYEBBIX
3aMHTEPECOBAaHHBIX CTOPOH [33].

AHanmn3 pe3ylbTaToB BIEYATISIIOIIEH NCCIIe0-
BaTeNIbCKOW aKTUBHOCTH NPe/ICTaBUTENIeH pa3iny-
HBIX HAay4YHBIX HAIIPABJICHUH 1 LIIKOJI, CIICLIMAIICTOB
B 00J1aCTH TPaHCIIOPTA MO3BOJISICT C/AENATh BHIBOJ
00 aKTyaJIbHOCTH ¥ 3HAYUMOCTH MPOOIIEMBI, OIpe-
JICNIUBIICH LIEJb HCCIICAOBaHUS, a TAKXKE OIpe/e-

JIUTHh KPYT HEIOCTaTOYHO M3YYECHHBIX BOIPOCOB,
YTO TO3BOJISIET CHOPMYITHPOBATH HCCIIENOBATEIb-
CKH€ 3a[a91 U ONPENEUTHCS B METONOIOTUH HC-
cienoBaHus, copMynupoBaTh YMO3aKIIOUSHHS
1 000CHOBAaTh aBTOPCKHE BBIBOIBI, PeaTH3alus
KOTODBIX, T10 HallleMy MHEHHIO, MO>KET CLIOCOOCTBO-
BaTh MUHMMH3ALUH PUCKOB 0€30IaCHOTO HCIHOJIb-
30BaHMS BHICOKOABTOMATH3UPOBAHHBIX TPAHCIIOPT-
HBIX CPEICTB.

L]env uccienoBaHus, BaXKHbIH 3Tall KOTOPOIo
M3JIOKEH B CTaThe, — BEIpaO0TKa KOHLIENTYaJIbHBIX
MIPEIOKEHUH 10 COBEPLUICHCTBOBAHHUIO CHUCTEMBI
IIPaBOBOTO PErYJUPOBAHUS YIPABICHUS PUCKAMU
0€30IacHOT0 UCTIONH30BAHUS BBICOKOABTOMATH3H-
POBaHHBIX TPAHCIIOPTHBIX CPEJICTB.

PE3YNbTATbI
HcxonHble runoresbl

Vcnone3ys monydeHHBIE paHee pe3yJabTaThl,
W3JI0)KEHHBIE B HAYYHOH JHTEpaType, aBTOPEHI
B IIPOLIECCE MCCIEOBAHNUS HCXOANIN U3 THIIOTE3bI
0 TOM, YTO BBICOKAs CTEIIEHb COLUAIbHON, SKOHO-
MHYECKOH, 000pOHHON 3HAYUMOCTH TPAHCTIOPTHOU
cucreMbl Juist Poccun [17, c. 52], ya3BUMOCTH
9JIEMEHTOB TPAHCIIOPTHOTO KOMILUIEKCa ISl aKTOB
He3akoHHOTO BMeniatenscTsa [34; 10, p. 71] xéct-
KO IETEPMUHHUPYIOT HEOOXOAUMOCTD yIITyOIEHHON
HAy4HO# MPOpabOTKH UCTOYHUKOB TIPOHCXOMKICHHS
Y THIOJIOTH3ALUH PUCKOB, BEPOSITHBIX yrpo3 Oe3-
OITacHOMY (ByHKIIMOHHPOBAHHIO TpaHcmopra [10,
p. 74], BBIpaOOTKH Ha 3TOI OCHOBE CHCTEMBI TIpa-
BOBOTO PETYITMPOBAHHS TPAHCIOPTHBIX OTHOIICHUIH
C UCIIOJIb30BaHUEM HHCTPYMEHTApHs ITyOIHIHO-
MIPABOBOTO PETYIHPOBAHUSL.

Panee aBTopamu ObLT Takke 000CHOBAH TE3HC
[35; 29], cormacHO KOTOpOMY B3aUMOCBSI3b MEXKIY
MOSIBICHNEM MHHOBALIMOHHOTO TPAHCIIOPTA U 3HA-
YUMOCTBIO IPABOBOTO 00ECIIEYEeH S IPOLIECCOB UX
BHEJ/IPCHUS U UCTIONb30BaHus [36, ¢. 263], HeoOxo-
JMMOCTh UX NIPAaBOBOTO yPETYJIHPOBAHUS B UHTeE-
pecax obecrniedeHust 6e30MaCHOCTH Ha TPAHCIIOPTE
B 11€JI0M [ 2, ¢. 46], MUHUMU3AIIMY PUCKOB, CBSI3aH-
HBIX €O BCE Oosee MHUPOKUM HCIOJIB30BaHHEM
TPaHCIOPTHBIX cpencts [37, c. 4], B TOM yucie, —
OCHAUIEHHBIX aBTOMAaTHU3UPOBAHHON CUCTEMOM
BoXzieHus [38, c. 29], cnenyeT npu3HaTh UMEroLIeH
3aKOHOMEPHBIN XapaKkTep U BIIOJHE HAyYHO 000C-
HOBaHHOM [35; 39].

ITpu 3TOM pe3ynbTaThl CHCTEMHO-IIPaBOBOTO
1 HOpMaNBHO-JOrMAaTHYECKOTO aHAIHM3a OTede-
CTBEHHBIX HOPMATHUBHBIX MPaBOBBIX aKTOB U UX
MIPOEKTOB CBHUIETENBCTBYIOT O HEJOCTAaTOYHOCTH
Mep, PEIIPHHIMAEMBIX B [ETSIX YPETYIHPOBAHUS
BO3HMKAIOIIMX NMPU BHEAPSHHH MHHOBAIIHOHHOM
TexHuku oTHomeHnuit [38, c. 91]. Takxe panee
HaMu 00OCHOBAHO YTBEPKIEHHE O TOM, YTO HOP-
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MOTBOpYECKas JeATEIEHOCTh B YKa3aHHOM HaIIpaB-
JICHUH OCYIIECTBISIETCS C CYIIECTBEHHBIM OI03/1a-
HHUEM U C HEIOCTATOYHOH CTENEHBIO CHCTEMHOCTH
[38, c. 94].

BaxHBIM [T HACTOSILIIETO HCCIECIOBAHUS SIB-
JSIETCSI YMO3AKIIIOYEHHE O TOM, YTO HEOOXOOMMO
UCIIONB30BaHUE MOTEHIMAIa 3aKOHOAATeIbCTBA
0 TEXHUUECKOM PETYIUPOBAHUH, KOTOPOE OJIKHO
paccMaTpuBaThCs UIMEHHO KaK TPaBOBOE PETyiIH-
pOBaHUE OTHOIICHHUH B OOJIACTH YCTaHOBJICHUS,
MPUMEHEHUS ¥ UCTIOTHEHHS 00s13aTebHBIX TPeOo-
BaHHUH K MPOAYKIMHU, POU3BOJACTBY, CTPOHUTEIb-
CTBY, MOHTa)Ky, HaJlaJ{Ke, SKCIUTyaTalluy 1 yTUIU-
3al¥H, a TaKKe B 00J1acTH IPUMEHEHHS Ha J00po-
BOJIEHOM OCHOBE TPeOOBaHMI K yKa3aHHBIM 00BEK-
TaM W IPaBOBOTO PETYIUPOBAHUS OTHOLICHHM
B 00JIaCTH OLICHKH cOOTBeTCTBUS [34; 40, ¢. 35].

ABTOpBI 000CHOBBIBAIOT HEOOXOAUMOCTD U BOC-
TpeOOBAaHHOCTh C TOYKH 3pPEHHS OOIIECTBEHHOM
MPaKTHKH, 11€71eCO00pa3HOCTh 1 000CHOBAaHHOCTD
B KOHTEKCTE [IPABOBOH TEOPHH IPUMEHECHHUS PUCK-
OPHEHTHPOBAHHOTO IOIXO0/A B LIENSAX Pa3padOTKH
Mep IIPaBOBOI'O XapakTepa B MHTepecax obecreye-
HUsI 6€30MTaCHOCTH HCIONB30BaHHs OCCITHIOTHBIX
ABTOMOOWIIEH, B CBSI3M C YeM B HCCIICIOBAHUH HC-
MOJTb30BaH UCTOPHUKO-TIPABOBOM MOIXOM, HHCTPY-
MEHTapUii MPaBOBON TepMEHEBTHKH, METOIOIOTHS
(hopMaTbHO-OrMaTHYECKOTO U CHCTEMHOTO O/~
XOZIOB.

ToxyueHHBIe B MpoIIECCe UCCIIEIOBATENbCKOM
paboThI pe3yNbTaThl MO3BONSIOT C JAOCTATOYHOM
CTENEHBIO TIOCTOBEPHOCTH YTBEPIKAATb, UTO BHICO-
Kasi BOCTpeOOBAaHHOCTh M IOTEHIIMAIbHASI TIPHMe-
HUMOCTb PHUCK-OPHEHTHPOBAHHOTO MOAXOA B Ca-
MBIX Pa3HbBIX 00JaCTAX OOIICCTBEHHOW KH3HU
BITOJIHE 000CHOBaHA TEOPETHUECKU U PyHIUPOBA-
Ha NOTPEOHOCTAMH IIPAKTHKH, IOCKOJIBKY HAYYHO
00ocHOBaHHAas 1 SPPEKTUBHO PYHKIIMOHUPYIOIIAS
CHCTEMa OLIEHKHU 1 YNIPABJICHUS pUCKaMU B TOH HIIH
UHO# cepe MO3BONIAET CBOCBPEMEHHO BBISIBUTD
(haxTOpBI prCKa U MPUHATH aJICKBATHBIE MEPbI 00-
e ¥ YaCTHOMN MPEBEHIIUH JIJIS KX MTOJTHOTO YCTpa-
HEHUs TM00, IO MEHbIIIeH Mepe, MUHUMHU3ALIUH JI0
MPUEMJIEMOTO, JOMYCTUMOTO JJIsi HOPMaJIbHOTO
(YHKIIMOHUPOBAHHUS CUCTEMBI YPOBHSIL.

JlocTynHBIe TSl U3y 9eHUS U IPEICTABIISIOIINe-
Cs1 BITOJIHE OCHOBATEIHLHBIMHU PE3YIBTAThl HCTOPH-
YEeCKOT0, CEMaHTHYECKOTO, CEMHOTHIECKOTO aHa-
TM3a, MOMYYeHHBIE MHOTOYHCICHHBIMH IIPUBEP-
JKEHI[AMH TEOPHH NPUHATHS PELICHUH U TEOPUH
HTP, OCBOOOXKIAIOT, IO HAIlIEeMy MHEHHUIO, aBTOPOB
OT HEOOXOAMMOCTH MOJIPOOHOTO PaCCMOTPEHUS
KaTerOpUU «PHUCK», OTHOPOIHBIX U MPOU3BOAHBIX
TEPMMHOB U IIOHATHH, PAaBHO KaK 1 0003HaUaeMBbIX
MMH SIBJICHUI B pPaMKaxX T€PMEHEBTUKH M THOCEO-
JIOTHH.

®  Mup TpaHcnopTa. 2023

Bmecrte ¢ TeM cienyeTr UMeTh B BUIY, YTO
MMEHHO BBISIBIIEHHE €TMHOTO, COBITAJAIOIIETO BO
BCEX KOHLEMIHIX PHCK-OPUEHTUPOBAHHOTO MO~
X0J1a B pa3NUYHbIX chepax AesiTeTbHOCTH IT03BO-
JISI€T BBIWWICHUTHh THIUYHBIE CYIIHOCTHBIE MPH-
3HAKH MCCIIeyeMOTo HaMHU SBICHHS, UMEIOLINE
IpUHIUIIMAIbHOE 3HaueHue. HeoOxonumocTs
TaKOTO POAA UCCIIEIOBAHMSI BUAUTCS B BAXXHOCTH
omnpezeneHus KOHIENTYalbHbIX MOAXO0/I0B, Ha
6a3uce KOTOPBIX Ipenrnoiaraerca GopMmyaupo-
BaTh MPaBOBbIE U OPraHU3al[MOHHBIE OCHOBBI
MIPUMEHEHUS PUCK-OPUEHTUPOBAHHOIO MOJIX0/1a
B LEJISAX BBISBICHHS CTEIICHH (Mepbl) yrpo3 6e3-
OTIaCHOCTH HCIOJIb30BaHMs OCCHIIIOTHBIX aBTO-
MOOWIIeH B MHTEepecax MoCIeayonei BhpadoT-
KM YIPaBJIEHYECKOTO PEIICHUS [0 UX MUHHUMH-
3a1MH.

Puck-opueHTHPOBAHHBII MOAX0
K OPraHM3alUHU rocyIapcTBEHHOI0 KOHTPOJIS
(Hag3opa)

B pamkax cuCTeMHO-TIPaBOBOTO HCCIEJOBAHUS
PHCKOB 0€30I1aCHOT'O UCTIOIb30BaHHS BEICOKOABTO-
MAaTH3UPOBAHHBIX (OECIMIOTHBIX) TPAHCIIOPTHBIX
CpencTB HauboJsiee 3HAYMMBIMH UISI CPABHHUTEIb-
HOT'O MCCJICIOBaHUS B CBS3U C BO3MOXHOH IIpUMe-
HUMOCTBIO OTIBITA SIBJISIFOTCSI, TIO HAIIIEMY MHEHHIO,
MIPAaBOBBIC OCHOBBI PUCK-OPHUEHTHPOBAHHOTO IO/~
X071a B psijie 00IACTeH, K YHUCITy KOTOPBIX CIEIYET,
B IEPBYIO OYepe/b, OTHECTH 3aKOHOAATEIbCTBO
0 rOCYAapCTBEHHOM KOHTpOIIE (HaA30pe).

[pu 3TOM cltenyeT, eCTeCTBEHHO, YUUTHIBATH,
9TO 3aJI0JITO 0 OCYIIECTBICHHUS PUCK-OPUEHTHPO-
BaHHOTO TTOJXONa K OpraHM3aliH TOCYyAapCTBEH-
HOTO KOHTPOJISI ¥ HaA30pa CHCTEMa YIPaBICHUS
PHCKaMH HCIOJIB30BAJIACh B TAMOYKEHHOM H HaJIO-
TOBOM KOHTDOJIE, OfHAKO, Hanbojee MOJHO Kak
[IPUHLOUIHAIBHEIE, TaK U MIPOLEAYPHBIE aCIIEKThI
IIPUMEHEHUS YKa3aHHOTO NTOAX0/1a HAIIUI! IMEHHO
B 3aKOHOJATEIbCTBE O FOCYAAPCTBEHHOM KOHTPOJIE
(man3ope).

BeposTHO, KOHIIETIINS PHCK-OPHEHTHPOBAHHO-
IO IOJIX0/1a B TOCYJapCTBEHHOM KOHTpoJIe (Haa30-
pe) MOXKET OBITh MPU3HAHA OHOPOIHOM JUIST PUCK-
OPHEHTHPOBAHHOTO MOAXOJa B LEJSX BBISBICHHS
CTEIIeHH (MepEbI) yTpo3 OE30IIaCHOCTHU HCIIONE30Ba-
HYsI OECIIMIIOTHBIX aBTOMOOMIIEH, YeM 00ycIoBIIe-
HO 3HaYeHHUE NpelIaraeMbIX HIDKE Pe3yIbTaToB
HCCIIeIOBAHMS CHCTEMBI IIPABOBOTO PETYINPOBAHUS
KOHTPOJIS 3a COONIOZICHuEM 00s13aTeNbHBIX TPeOo-
BaHMiA. B 11en1s1X OoJbIel CTENeHN aKTyalnu3aliu
H3JI0KEHHOTO MOX0/1a IPUMEHUTENBHO K IIpeMe-
Ty UCCIICIOBaHMUS aHAIN3 Oy/IeT MPOBEAEH C YUETOM
crielinUKA KOHTPOJILHON (HAI30pHOM) JesTelb-
HOCTH, OCYLIECTBISIEMON B LEIIX oOecredeHus
TPaHCIOPTHOH 0E30I1aCHOCTH.
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CornacHo 1. 2 c1. 1 BCTYNHMBLIETO B CHILY
¢ 1 moms 2021 roga denepanpHOTO 3aKOHA OT
31 mrons 2020 1. Ne 248-D3 «O rocynapcTBEHHOM
KOHTpoOJIe (Ha30pe) U MyHHUIIUIIATBHOM KOHTPOJIE
B Poccuiickoii @eneparmy (nanee Takxke — 3aKOH
0 KOHTPOJIE) TOCYIapCTBEHHBIH KOHTPOJIB (HA/130D),
MYHHULUNAIBHBINA KOHTPOIb A0KHBI ObITH HAIIPaB-
JICHBI Ha JTOCTHXXEHHUE OOIICCTBEHHO 3HAYMMBIX
Pe3yNbTaToB, CBA3aHHBIX C MUHUMH3ALIUEH pucKa
IpuduHeHus Bpena (yiep6a) oXpaHsIeMbIM 3aK0-
HOM IICHHOCTSIM, BBI3BAHHOTO HAPYIICHUSIMH 00sI-
3aTeJbHBIX TpeOoBaHuii. Takum 00pa3oM, aHaIH3
JIETIM30BAHHOTO TIpeTHa3HauYeHHS FOCYJapCTBEH-
HOTO KOHTPOJISI CBU/IETENILCTBYET O TOM, YTO KaTe-
TOPUS «PUCK» UMEET CYIIIHOCTHOE, OTIPEIEIIIoNIee
7 LeNb, H CI0CO0 OCYIIECTBICHHS KOHTPOJS,
3HAYCHHE.

HecmoTps Ha ycTaHOBIIEHHE OOIIUX YCIOBHMA
BHEJPEHHsI CHCTEMBI YIIPaBJICHUS pHCKaMH Ha 3a-
KOHOAATEIIbHOM YPOBHE B IOJIOKEHHSX IJIABBI 5
3akoHa O KOHTpOJIE, IPAaBOBOE PETYINPOBaHHE
YIpPaBJIEeHUs PUCKaMH Ha TPAHCIIOPTE KaK pa3Ho-
BUJIHOCTH YIPaBJICHYECKOH AEATEIbHOCTH UMEET
(parmenTapHbiii Xapakrep. [Tomrmo Toro, oTcyT-
CTBYET 00111ast TEOPETHKO-IIPaBOBasi MOJICIIb YIIPaB-
JICHUS] PUCKaMU Ha TPAHCIIOPTE, KOTOpast ITOCITYXH-
J1a Obl KOHIENTYyalbHOH OCHOBOM IOCTPOCHUS
CHUCTEM Ha KOHKPETHBIX BHJIaX TPAHCIIOPTa, COOT-
BETCTBYIOIIMX OpPTraHU3allMd KOHTPOJIbHOH (Ham-
30pHOM) feaTebHOCTH PocTpancHaa30pa ¢ yueTom
€r0 HOBBIX IOJTHOMOYHH ¥ CYILECTBEHHBIM 00pa3oM
BO3POCHINX KOJIMYECTBEHHO U M3MEHUBILIUXCS CO-
JIepKaTeIbHO PUCKOB 00eceueHus: 0€30MacHOCTH
KaK B IIeJIOM JJIsl TPAaHCTIOPTHOM cucteMbl Poccnn,
TaK M Ha OTJEIBHBIX BUIAX TPAHCIIOPTA.

IIpaBoBbIe MeXaHU3MBI YIIPABJIEHUs] PUCKAMH
JJISl BUIOB TPAHCIIOPTA

HexkoTopble IpaBOBbIE MEXaHU3MBbI YIIPaBICHUS
pHcKaMH ChOPMHUPOBAHBI U BHEIPCHBI HA OT/EIb-
HBIX BUJIaX TPAHCIIOPTA.

Tax, Ha >KeJIe3HOAOPOKHOM TPAHCIOPTE JeH-
CTBYyeT MeXTrocynapcTBEHHBIH CTaHIapT
I'OCT 33433-2015 «be3onacHOCTb (yHKIHOHAb-
Has. YIIpaBIeHHE PHCKAMH Ha XKEJIC3HOIOPOKHOM
TPAHCMOPTE»', B KOTOPOM I10]] YIIPaBICHHEM pHC-
KaM{ MOHUMAeTCs COITTACOBAHHAS JCSTEIBHOCTD,
HaNpaBJIeHHas Ha YHOPaBICHHE U PYKOBOICTBO
IpEANpHUsITUEM B OTHOLIEHUM PUCKOB (1. 3.33).
IIpomecc ynpaBieHs pUCKaMH BKIIIOIAET CIIEYIO-
IMe CTaJuu: ONpeeeHne 00NacTH IPUMEHEHHS;
OIpezieNieHne KPUTePHsT PUCKA; HIICHTU(HUKALUIO
PpHCKa; aHaJIU3 YaCTOT; aHAJIN3 MOCIIECTBUM; oIIpe-
JIeJIeHHE YPOBHSI PHCKa; OLICHUBAaHUE PUCKa; 00pa-

! BeezeH B feiictBue [Ipukasom Poccranmapra ot 04.12.2015
Ne 2108-cr.

0OOTKY pHCKa; MOHHTOPHHT U TIEPECMOTP PHCKa
(m. 5.1).

Ha BozmymHOM TpaHCcmopTe AEHCTBYET psif
CTaHAApTOB, B 4acTHOCTH, HarmoHanbpHbBIN cTaH-
napt 'OCT P 55846-2013 «Bo3mymHsrii TpaHc-
nopt. CucremMa MeHeIKMEHTa 0€30MacHOCTHU
aBHALMOHHOM AesiTenbHOCTU. [Ipremnemslii puck.
[TpuHLIUIBI U METOABI ONIPEAETECHHS IPUEMIIEMOTO
pHCKa 71 TOCYapcTBa U MOCTABIIUKOB 00CITYXU-
BaHHs»?. YNPaBICHHE PUCKOM Ha BO3AYLIHOM
TPaHCIIOPTE MPEICTaBIIET COOOI Iponece, aHaIo-
THYHBIH YIIPaBICHUIO O€30MaCHOCTEIO, B Y3KOCIIE-
OUATH3UPOBAaHHOM HAIpPaBICHHH O0ECIIeYeHHS
0€301acHOCTH Ha OCHOBE M3MEPEHUS 3HAYHMOCTH
PHCKOB, CHIDKEHHS TSHKECTH TOCIIEICTBUI OT BO3-
JIeWCTBHS Ha CHCTeMY (aKTOPOB PHCKA U YKIOHE-
HUS CUCTEMBI OT (akTopoB pucka (1. 3.1.9).

Taxoke clieyeT OTMETUTE, YTO OCHOBY pa3iiny-
HBIX KOHLIENIUH yIPaBICHUS PUCKAMH COCTaBIIS-
tor nonokenus cnenyromux [OCTos: TOCT P
HCO 31000-2010 «MenemxkmenT pucka. [Ipun-
LUIIBI U PYKOBOJCTBOY, yTBYPKIEHHBIH IPUKA30M
DenepabHOIO areHTCTBA 10 TEXHUYECKOMY pe-
IyIUPOBaHUIO U MeTposioruu ot 21 nekadps
2010 r. Ne 883-cT; 'OCT P MCO 310102011
«MeHemKMeHT prcka. MeTonbl OIIEHKH PUCKay,
YTBEPKAEHHBIA MpHKa3oM DenepaabHOro areHT-
CTBA 10 TEXHUYECKOMY PETYIUPOBAHUIO U METPO-
goruu ot 1 mexabps 2011 r. Ne 680-crt;
T'OCT 33433-2015. MexrocynapcTBeHHBIH CTaH-
napt. bezonmacHocTh QyHKIMOHANIBHAS. YIpaBie-
HHUE PUCKaMU Ha JKeJIe3HOAOPOKHOM TPAHCIIOPTE,
yTBepXAEHHBIH npuka3zoM Poccrammapra ot
04.12.2015 Ne 2108-ct u mp. B T0 ke Bpems us-
ydeHHe JIOKaJIbHBIX MOJIeNICH YIIpaBIeHUs PUCKa-
MU CBHJAETEIbCTBYET 00 OTCYTCTBUU €JUHOTO
KOHIIENITYyalbHOTO U KaTerOpUHHO-NOHATUIIHOTO
[IOJIXO/la B BONPOCE YNpaBIEHUS PUCKaMHU Ha
TpaHcnopre. B uactHOCTH, B pa3pabOTaHHBIX
KOPITOPAIMSIMH KOHIEIIUSX® UCIIONB3YIOTCS Ta-
KM€ TIOHATHS, Kak: (pakTop pucKa, puck-pakrop,
MHUKATOP PUCKa, IOKA3aTeNlb PUCKA, OIIACHOCTH,
UCTOYHHUKH PUCKOBBIX COOBITHH U T. 1.

CdopmynupoBaHHas Ha KEIE3HOJOPOKHOM
TPAHCIOPTE KOHLENLHUS YIPaBICHUS PUCKAMU
HMMeeT CTauiHbIN XxapakTep. Tak, mpouecc ynpas-
JIEHUS] PUCKAMHU Ha JKEeJIE3HOIOPOKHOM TPAHCIIOPTE
COCTOUT U3 CIEIYIOUIUX 3TAINOB: a) BHIIBICHUE

2 VreepskaeH [pukazom Poccrangapra ot 22 HostOops 2013 1.
Ne 1878-ct.

3 Pacmopsikenne OAO «PXI» ot 13.01.2020 Ne 18/p
«O0 yTBeprKIeHIN MeTOIMKY OLIEHKH KPUTEPHUEB IPHHSTHS
PpeLIeHuii TpH pa3paboTKe MEPONIPUSATHI N0 CiTy4yasiM Hapy-
HICHUSI 0€30ITACHOCTH JIBIDKCHNUSI HA OCHOBE aHAJIM3a PHCKOB
B 001aCTH O€30MACHOCTU ABIDKCHUS U CHIDKCHUS TSDKSCTU
MOCJIEACTBUI JIOPOKHO-TPAHCIIOPTHBIX MPOUCLIECTBUN Ha
JKEIe3HOJOPOXKHBIX TIepee3naxy.
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PHCKOB; 0) aHAJIN3 U OIIEHKA PUCKOB; B) BO3/IEHCT-
BH€ Ha BBISABICHHBIE PHCKH; T) MOHUTOPHHT U TIe-
pecMoTp; ) ooMeH HHpopmanneii 1 KOHCYIBTHPO-
Banue (1. 2.10. MP).

ITpu 5TOM MEeTOIMKA BEISBICHUS PHCKOB IIPE-
TMOJIaraeT TAKXKE U aHaJIU3 MPUYHH (PUCK-(DAKTOPBI,
MCTOYHHMKH) PUCKOBOTO coObITus. [loa puck-dak-
TOpaMH MOHMMAIOTCSl BHYTPEHHUE WM BHEIIHHUE
(haxTOpBI, KOTOPBIE OTJACTBHO MM B KOMOWHAIIUH
C MHBIMH (haKTOPaMHU MOTYT MPUBECTH K peann3a-
nuu prucka. Kpome Toro, Ha aTare aHaian3a U OlleH-
KM PHCKOB B IEJNSAX JabHEHIIEr0O MOHUTOPUHTA
U TIEPEeCMOTpa PUCKOB BIAJIENbIIBI PUCKOB pa3pa-
0AaTHIBAIOT KJIIOUEBBIC HHAWKATOPBI JUTS BHISBIICH-
HeIX puckoB (KUP) (m. 4.7.1. MP). KUP ucnons-
3yIOTCSL JJIsI 00ECIIEUeHUs] PAaHHETO OMOBELICHHS
0 BO3PACTAIOIIeH BEPOITHOCTH pealn3aliuy pUcKa
Y IPUHATHS IPEBEHTUBHBIX MEPOTIPHUATHH IO BO3-
JEWCTBHIO HAa PUCK WM NPU3HAHUA (aKTa peanu-
3alUM PUCKA U MPUHATUS MEp N0 MUHUMH3ALUH
nocyencTBuil. OHU He SABIAIOTCS ONMCAaHUEM
pHCKa, a CIy’>KaT HHIUKATOPOM AJIsl PACCMOTPEHUS
HEOOXOIMMOCTH U3MEHEHUsI TEKYIIUX MEepOIIpus-
THUH TIO BO3AEUCTBUIO HA PUCK.

B03MOKHOCTH M 1IeJIM MPHUMEHEeHHSI
PHCK-OPHEHTHPOBAHHOTO MOIX01A
K YNPaBJIeHHI0 0eCIUJI0THBIMHU
TPAaHCHOPTHBIMH CPeACTBAMH

B pesynbrare MOTyYeHHBIX NAQHHBIX CUUTAEM
BO3MOXXHBIM YTBEPXAATh, YTO HCIIONH30BAHHE
MOJTYYUBILIETO IHPOKOE PAcIpOCTPaHEHUE PUCK-
OPHUEHTHPOBAHHOTO MOAXO0JAa MPEACTABIACTCS
Hanbosiee aZeKBAaTHBEIM CIIOCOOOM BBISIBICHHUS
crereHu (Mepbl) yrpo3 6e30MacHOCTH HCIONb30Ba-
HMS OECHMIOTHBIX aBTOMOOMIIEH B IIENISIX ITOCTE-
JyIoIel BHIpaOOTKH TPABOBBIX MEp M MPUHSATHS
YIPaBIECHYECKOTO PEIICHHUSI B MHTEPECax HX MUHU-
MH3AIHH.

YkazaHHBIH TOAXO] MO3BOJIAET OCYIECTBUTH
MOHHUTOPHHT U BU3YAITU3AIINIO PUCKOB, UX mudde-
PEHITHAIIHIO, YTO SIBJISIETCS OCHOBOM /IS pa3paboT-
KH Y MOCTICAYOIIEH peann3alii Mep, B TOM YHCIIE,
nyOJUYHO-TIPAaBOBOTO (aAMUHHUCTPATUBHO-
MPaBOBOTO) U YaCTHO-TIPABOBOTO (IpakIaHCKO-
MPaBOBOTO) XapaKTepa, HAIPaBJICHHbIX Ha MPEy-
MpeXJICHUE U YCTpaHeHHe TH00 MHHUMHU3AIIHUIO J10
MIPUEMIIEMOTO YPOBHS PHCKOB U YIpo3 6e30macHo-
CTH MCIOJB30BaHU OCCIMIOTHBIX aBTOMOOMIIEH
B YCJIOBUSIX METaroJuca.

MOosKHO caenars BEIBOI O TOM, YTO aHaJIM3 OC-
HOB MUHHMH3AI[HH PUCKOB OE30MACHOTO MCIIONb-
30BaHMs OECITMIIOTHBIX aBTOMOOMIICH Mpe/ioara-
€T BBIJICJICHUE COBOKYITHOCTH MPUHIIUIIOB TOCTPOE-
HUS ¥ QYHKIIMOHHUPOBAHUS CHCTEMBI YIIPABICHUS
YKa3aHHBIMU PHCKAMH.

®  Mup TpaHcnopTa. 2023

[ocTpoenue cucTeMsl yrpaBiIeHHs pUCKaMH,
CBSI3aHHBIMH C JOMYCKOM K 9KCIUTyaTaluH C I10-
CIeNyIONIMM HCIOJb30BaHUEM O€CIHIOTHBIX
aBTOMOOMJIEH, TOMHMO HMMEIOLIEro 0o0Iee 3Ha-
YeHHEe NPUHINIIA CHCTEMHOCTH, B COOTBETCTBUH
C KOTOPBIM yIpaBieHHUE yKa3aHHON KaTeropuen
PUCKOB paccMaTpUBAETCsI KaK COCTABJISIOIAS
0osee CIOXHBIX CHCTEM, UMEIOLIUX BHA0BOE
3HaYeHHUe, JOJDKHA 00JIafaTh ONpeaeeHHON
CTPYKTYpOii, CBOHCTBOM aJaNTUBHOCTH, JHHA-
MHUYHOCTH, ycToH4YMBOCTH U T. A. OHa AOJKHA
CTPOUTHCS Ha OCHOBE CHEIMAJIbHBIX IPUHIIUIIOB,
BKJIIOYAIOUINX HPUHIUIIBI HAYYHOCTH, BCECTO-
POHHOCTH, O0BEKTUBHOCTH, KOHKPETHOCTH (CH-
TyaTUBHOCTH) U IIp.

Kparkuii anajiu3 TpedoBaHMil YaCTHBIX
NpUHIHMNOB: T depeHIHPOBAHHOCTH
U MPABOBasi ONpeIeTéHHOCTD

VYuér npunanuna auddepeHupoBaHHOCTH, IO
HaleMy MHEHUIO, IPEATIoNaraeT HeoOX0AUMOCTb
THUIIOTOTM3AlUH PUCKOB I10 CTETICHH NX 3HAYUMOCTH
JUist 0E30MACHOCTH MCIIOJIb30BaHUS O€CIHIOTHBIX
aBTOMOOMJIEH, BBISIBICHHS CTEIICHH BIMSHUS COOT-
BETCTBYIOIIMX YIPO3 Ha 6€30MaCHOCTh JOPOKHOTO
JBIDKCHUSI C y4acTHeM OSCMMIOTHBIX aBTOMOOU-
neil. Boiaenenue HaMHu TAHHOTO MPUHIHUNA 00-
YCIIOBJICHO BO MHOTOM OCOOBIM €r0 3HAUCHUEM JIJISI
pELICHUs] BOIPOCOB, CBSI3aHHBIX C KOMILICKCHBIM
aHaIM30M (haKTOPOB, BIUSIONIMX Ha OE30MaCHOCTD
9KCIUTyaTaluH OSCIMIIOTHBIX aBTOMOOHIIeH HMEH-
HO B MeTaroimcax.

IIpaBoBas onpenenéHHOCTh KaK NMPUHIIAI
MOCTPOCHHS CHCTEMBI yIPaBICHUS PHCKAMH,
CBSI3aHHBIMH C JOMYCKOM K JKCIUTyaTalluu ¢ TI0-
CIIEAYIOIINM HCIIOIb30BaHHEM OeCIMIOTHBIX aB-
TOoMOOMIIEH, peanoaaraeT HeoOXOAUMOCTh YET-
KOTO ¥ AOCTaTOYHO PUTOPHUYHOIO HOPMATHUBHOTO
IIPaBOBOT'0 YPEryIUPOBaHUS BCEX BOSHUKAIOIIUX
IIPH 3TOM 00IECTBEHHBIX OTHOIICHUH [11, c. 16;
12, c. 118;]. Peub uaét o He0OOXOMUMOCTH OIHO-
3HAQYHOTO 3aKPEIUICHHS B MO3UTHBHOM IpaBe
MIPOLIETYP BBISIBJICHHS PUCK-(PAKTOPOB, BOSHHKAIO-
[IMX B MpOIecce TOMyCcKa K IKCILTyaTalliuu, dKC-
IUTyaTanuy OSCIMIOTHBIX aBTOMOOWIIEH, MOHUTO-
pUHTa PUCKOB, OTBETCTBEHHOCTH 32 COOTBET-
CTBYIOIIME TPABOHAPYIICHHS U T. 1.

BbIBObI

Pe3ynbrars! IPOBEIEHHOTO UCCIIEAOBAHIS IO~
3BOJIFUIH TIOATBEPANTE BHICOKYIO CTETIEHD TIPAKTH-
9eCKOM MPUMEHUMOCTH H TIOJIE3HOCTH PHCK-OPH-
E€HTUPOBAHHOTO TIOIXO0/A B IEIIX MHHUMH3AIIUH
YTPO3, BO3HUKAIONIMX B MPOIIECCE JAOMyCKa K dKC-
TUTyaTaIiK, YKCIUTYaTal[iK OSCITUIOTHBIX aBTOMO-
Outeid.
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DopMHUPOBAHHUIO HOBEHIIIEH KOHIICTIIINH YTIPaB-
JICHUS] PUCKaMH Ha TPAaHCIOPTE JOJDKHA ITpe/rie-
CTBOBAaTh paboTa 1o pa3paboTke 00IIei TEOPETHKO-
[IPaBOBOW MOJIENH YNpPaBIeHHsS PUCKaMH, BO3HHU-
KaIOIMMH B TpoIiecce AOMyCKa K AKCIUTyaTaluy,
IKCIUTyaTalluu OeCIMIOTHBIX aBTOMOOHIICH.

Kpurnueckoe 0CMBICICHHE MapaaurMaabHbBIX
OCHOB IIPUMEHEHNS] PUCK-OPHEHTHPOBAHHOTO IOIXO-
J1a B Pa3IMIHbIX chepax oOIeCTBEHHOTO IPOU3BO/-
CTBA M COLUATBHO-DKOHOMUYECKHUX OTHOIIICHHH MO-
3BOJIUJIO ONPEIEIUTh CUCTEMY U OTYACTU CTPYKTYDY,
cOpMYIUPOBATH TPUHIMIIBI TOCTPOCHHUS CHCTEMBI
YIpaBJICHUs] PUCKAMH, CBSI3aHHBIMH C JIOIYCKOM
K OKCILTYaTaIlH ¢ MOCIIEAYIOIIM UCTIONIb30BaHHEM
OECITIIIOTHBIX aBTOMOOMIICH.

Jleram3arust B MO3UTUBHOM POCCHUHCKOM TIpaBe,
TIPAKTUKE AESITeIILHOCTH OPTaHOB YIIPABJICHHS TPaHC-
IIOPTOM U CyOBEKTOB TPAHCTIOPTHBIX OTHOIIECHHUMH
TPeIIoKEHIH, CHOPMYITMPOBAHHBIX 110 PE3yIIBTaTaM
IIPOBEAEHHOTO HCCIIEJOBAHMUS, ITO3BOJIUT 33 CUET
ONTHMM3ALMY CHCTEMBI YIPABICHUSI PUCKAMU, KOMIT-
JIEKCHOTO HCTIOIB30BaHM IPABOBBIX CPEICTB MUHHU-
MH3HPOBATh PUCKH IKCILIyaTaluu OCCIUIOTHBIX
aBToMoOmIIell Ha JOPOrax OOIIEro MOJIL30BAHUS, UTO
HMeeT He TOJIBKO HayuyHOoe, HO ¥ IIPUKJIaIHOE 3Hade-
HUe 111 obecrieueHus 3 HeKTUBHOCTU U OE30I1acCHO-
CTH UX (DYHKIIMOHHPOBAHHMS, MOYKET CIOCOOCTBOBATH
HMHHOBALMOHHOMY Pa3BUTUIO TPAHCIIOPTHOM CHCTEMBI
B KOHTEKCTE OOCSCIICUCHUs Pa3BUTHSI POCCHUICKOM
9KOHOMHMKH, JOCTHKECHUS HAI[HOHAJBHBIX el
Y CTPaTernyecKoro o3unmuoHrposanust Poccuiickoii
®denepanun B COBpEMEHHOM MUPE.

IIpencraBiennrpie B HACTOSIIEH CTAaThe aBTOP-
CKH€ BBIBOJIBI HE TIPETEHAYIOT Ha 3aBEPIIEHHOCTD
1 OKOHYATEIbHOCTh, HO, II0 HAlleMy MHEHHIO,
MOTYT IOCITY>KUTh OCHOBOH KaK JIJIsl HAyYHOH J¥iC-
KyCCUH, TaK U I JAJbHEHIIEro MCClIel0BaHHs
npobaeM npaBoBOro obecrnedeHus 0€30MacHOro
UCIIOJIb30BAaHMs OECIIMIOTHBIX aBTOMOOMIICH.
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AHHOTALIUA

Llenb uccriedosaHusi cocmoum 8 yCmaHo8meHUU NPOUCXOX-
OeHus U 380MIOUUU MePMUHa «102ucmukay, NOHUMaemol Kak
ynpaeneHue MamepuansHbIMU NOMOKaMu U 3anacamu. Mcnosb-
308aH UCMOPUKO-2eHeMUYeCKULl Memod u KOHmeHm-aHanu3
8 U3YYEHUU UMEIOWUXCS UCMOYHUKOB.

[Noka3aHa HecocmosmesbHOCMb NPeONoIoXeHut 0 npouc-
XOKOEHUU HaUMEHOBAHUS «/102UCMUKa» 8 COBPEMEHHOU mpaK-
moeke u3 aHmuyHol peyuu u BusaHmutickol umnepuu. Takxe
omcymemeyem ces3b paspabamsieaemoli Jleli6HUuemM Mamema-
mudeckol 102uKu ¢ codepxaHuem S102UCMUKU 8 IKOHOMUKe
U 80eHHOM Oerie. YcmaHosseHa HenpagomMepHOCMb 0GbSCHEHUS
380MOUUU MEPMUHA «r102ucmuKay cryyalHbIMu cosnadeHusMu
CI108, SIB/ISHOUUXCS OMOHUMAMU U OMHOCALYUXCS K PasHbIM UCMo-
PUYECKUM 3n0Xam U cmpaHam.
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ModmeepxdéH npuopumem I, B. XKomuHu e chopmysnuposke
NPUHYUNO8 N102UCMUKU 8 €20 pabomax no 80EHHOMY UCKYCCmay,
HanucaHHbIX noce amuzpayuu 8 Poccutickyto umnepuro. bnazoda-
psi pacnpocmpareHuto mpydos KoMUHU 8 cmpaHax Mupa loeucmu-
Ka cmarna pa3susambCsi 8 COBDEMEHHOM 8UOe, NepeoHaYabHO
8 80EHHOU Chepe, a 3amem 8 IKOHOMUYECKOU desmenibHOCMU.

Cucmemamu3uposaHbl NPUYUHbI, KOMOPbIe NPUBEsU K UH-
MEHCUBHOMY Pa3sumuIo 1102UCMUKU 80 8pems Bmopot Muposoii
80LliHbI U 8 NOCIe8oeHHoe 8pems. MccredogaHb| pasiuyus 8 npuo-
pumemax 8 amu nepuodbl 8 cmpaxax mupa. BbiseneHb! 0ge oc-
HOBHbIE MeHOeHYUU, 00Ha U3 KOMOPKIX COCMOsNA 8 UCNO/b308a-
HUU KOHKYPEHMHbIX NPeUMywecms f02UCmuKu 8 PbIHOYHOU
cpede, a Opyaas — 8 0becnedeHuU NPOCMPaHCMBEHHOU C8A3HOCMU
U mpaHcnopmHol docmynHocmu meppumopud.

Knroyesbie cnosa: mozucmuka, mepMUHOIO2Us, OHMO02UST, UCMOPUKO-2eHemuyeckutl memoo.
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BBEJEHUE
W3BecTHO HECKONBKO JECSTKOB OIMpEIEIe-
HUW TIOHATHS <«JIOTHCTHKA», COICPKALINXCS
B yueOHMKaX, y4eOHBIX MOCOOMSIX, MOHOTpadu-
SIX ¥ IPYTHX MyOnukanusax. Takoe pacxoxaeHne
B IIOHMMAaHUH, YTO TAKOE JIOTUCTHKA)», MOKHO
BOCIIPUHHUMATh KaK KypbE&3, Tak KaK OpraHu3a-
Mel MaTepHATbHBIX NMOTOKOB U XpaHCHHEM
3aI1acoB JIOY 3aHAMAIOTCS, HAYNHAsI C BO3HHK-
HOBEHUS TOBAPHOTO MPOU3BOJICTBA, TO €CTH CO
BpeMEH HEOJNMTUYECKON peBomonuu. Bmecre
C TEM TBOpYECKasi aKTHBHOCTH aBTOPOB ITyOIIH-
KyeMBIX MaTepHajoB, CIMTAIONINX ceOs cre-
[UAIACTAaMH B JOTHCTHUKE, UMEET O] COOOH
00BeKTHBHOE OCHOBaHME. Benp Mano KoMy
MIPUXOJUT B TOJIOBY COCTAaBJIATH OIPEICICHHS
(M3UKH, aCTPOHOMHUHW WA MaTEeMaTHKH. DTH
OTpaciy 3HaHUH yke chOopMUPOBATICE.

OO6wunne omnpeneneHnii TOBOPUT O TOM, 9TO
JIOTHCTHKA, BO3HUKIIAs] B Hadalle pPa3BUTH
IUBUIU3AIUN OJHOBPEMEHHO C TOSBICHHEM
TIPOU3BOISIETO XO3SIMCTBA M TOPTOBBIX OTHO-
IIeHnH, crana (opMHUpOBaThCA KaK HayKa OT-
HOCHUTEIBHO HenaBHO. HavansHEIHM STar 110001
HayKH — 3TO (opMHpOBaHHE €€ OHTOJIOTHH,
TepMHUHOIOTHYeCcKol 0a3pl. TpagunuonHOE
MMOHMMAaHHUEe OHTOJIOTHUHU Kak 00yacTu ¢uioco-
¢un, uccnenyrorie oOmIe KATETOPUN U 3aKO0-
HOMEPHOCTH OBITHSA, BCE HaIle JOTONHICTCS
KOHKPETHO-TIPEIMETHBIMU ACHEKTAMH B COOT-
BETCTBYIOIIHUX OOnacTax Hayku. OHTOIOTHS
OTIpEIeIIIeT MPEAMETHYIO 00JIaCTh NCCIIEA0BA-
HUS1, OCHOBHBIE IIOHATHS 1 CBA3H MEX/ly HIMH.
B sTom cMbIcne oHTONOTHS OIH3Ka IO CBOEMY
3HAYEHUIO K TEPMUHY «Te3aypyc» [1].

BMmecte ¢ TeM MOHITHE «OHTOJIOTHH» MO-
XKET UMETh 00Jiee CI0XKHYIO0 MHOTOYPOBHEBYIO
HepapxuuecKyio cTpykTypy. CormacHo OHTO-
JIOTHH, TIOHATHS B BEIOpAHHOM cdepe AesTenb-
HOCTH PacHpEeACIISIOTCS MO0 IpyIIaM, KOTOpbIe
HaXOJSTCS MEXIy cO0OH B TOPH30HTAIBHBIX
1 BEPTUKAIBHBIX CBS3AX. XapaKTCPH3YIOTCA
OTHOILIEHUS W THUIBlI B3aNMOJCHCTBUSI MEKIY
MOHATHAMH. VIcceoBanne OHTOIOTHH UMEET
3HAaYCHHUE IS YTOYHECHUSI CEMAaHTUKH (CMBIC-
JIOBOTO HAIOJHCHHMS) TOW WU WHOU 00JacTH
NIeATEeIFHOCTH, CIIOCOOCTBYET €IMHOOOpa3HO-
MYy TMOHMMaHUIO TEPMHUHOJIOTHH JOTHCTUKH
1 YCTaHOBJICHHIO B3aUMOCBSI3€H MEXIy Tep-
MuHaMH [2].

L]enb viccnenoBaHMSI COCTOUT B YCTAaHOBIIE-
HUU TIPOMCXOXACHUS M 3BONIOIUN TEPMHUHA
«JIOTUCTHUKA», TIOHUMAEeMOH KaK yIpaBJICHHE
MaTepHaIbHBIMH TOTOKAMH.

PE3YNbTATbI

OnepanynoHHas AesiTeJIbHOCTh

B JIOTHCTHKE U HECOCTOATEIbHOCTh
MPeNoJIoKeHUH 0 MPOUCXOKIEHUU
e€ Ha3BaHMS U3 FPeYecKoro si3biKa

ITpu popMupOBaHUU OHTOIOTHH JTOTHUCTH-
KM OfHA M3 3aAad COCTOUT B YCTAHOBJICHHH
MIPOMCXOXKICHHSI CAMOTO Ha3BaHUS 3TOH Cepshl
NEATENbHOCTH. B myOnukanmusx pa3mudHbIX
aBTOPOB OZHOBPEMEHHO MOTYT MPEAJIaraThCs
B3aMMOMCKITIOUAIOIINE BepcHn. [TaBHOE naxe
HE B TOM, YTO 3TH BEPCHH B3aHMOHCKIIOYA0-
M€ ¥ MOTYT Pa3MeIaThbCsl PAIOM, HallpHMeED,
B OJIHOM y4eOHHKEe WIH y4eOHOM mOoCOOwH.
ITpo6nema B TOM, YTO IPUBOANMEIC B JINTEPA-
Type CBEICHHUS AAJIEKO HE BCETAA MMEIOT OT-
HOIICHNE K KOOPAWHAIMH B3aUMOAECHCTBUSA
YYaCTHUKOB LIEMH TIOCTABOK, ABMKEHHUIO MaTe-
PpHAIBHBIX TOTOKOB, (HOPMUPOBAHUIO 3aI1aCOB,
CKJIQJICKOMY XPaHEHHIO U APYTUM BHIAM Jes-
TETBHOCTH, KOTOpbIE MPHUHATO CBSI3BIBATH
C JIOTHCTHKON B COBPEMEHHOM €€ MOHUMaHUU.

OnHUM U3 IPEMEPOB TAKOTO TTOIXO/A SIBIIS-
eTcsd MOWCK HCTOKOB TEPMHHA (JIOTHCTHKA»
B IPEYECKOM sI3bIKE. B 4acTHOCTH, €ro mpoucxo-
JK/ICHHE CBSA3BIBAIOT C IPEBHETPEIECKUM CIIOBOM
AOYLOTIKY| [JIOTHCTHKE] — «CIETHOE HCKYCCTBOY»
[3]. B Apunax norucramu Ha3bIBaIH BEIOOPHBIX
KOHTPOJEPOB, OCYHIECTBISBIINX (DUHAHCOBYIO
MIPOBEPKY ACSATEIBHOCTH TODKHOCTHBIX JIHIL.
Ecnu BBISBISUINCEH 3710yNOTPEOICHNS, TO JIOTH-
CTBI TOTOBHJI MAaTEPHAITBI K CYJcOHOMY paccMo-
tpernto [4]. [Tocie arenus Tpakrara ApucToTe-
151 (384-322 ropel 10 H. 3.) [4], TIE yITOMUHAIOT-
Csl aHTHYHBIE «ayAUTOPBI» U «J03HABATEIN»,
CTaHOBHTCSI SICHO, YTO OHH HE NMEJTH OTHOIIICHUS
K TPaHCIOPTHUPOBKE, YIPABICHHUIO 3alacaMu
1 BBINTOJTHEHHUIO APYTUX OIEpanuii, CBSI3aHHBIX
C TOBapoABMKeHHEM. [IprMepHO Tak ke Heslb3s
roBoputb, uTo HopOept Bunep (1894-1964),
OITyOJTMKOBAB CBOIO 3HAMEHUTYTO KHUTY «Knbep-
HETHKa WM yNPaBICHUE U CBA3b B )KHBOTHOM
1 MalIvHe», MTOCBATHI €€ BompocaM Kopaoie-
BOXKJCHHUS, TaK KaK I'PEYECKOE CIOBO
KvfepvnTiKi [KubepHeTHKe | 03HAYaeT «UCKYC-
CTBO YNPABICHUS CYJHOM», KUCKYCCTBO KOPM-
YETOo».

IleHHBIM HCTOPUYECKUM HCTOUYHUKOM SIB-
JSIOTCS BU3AHTHICKUE TUTEPATyPHbIE TaMST-
HUKH. B acTHOCTH, COUYMHEHNE MMIIEpaTopa
Koncrantnna VII Barpsaopognoro (ITopdu-
porerera) (905-959) «O6 ympaBieHIN UMITE-
pueit» BkimouaeT raBy «O pocax, OTIIPaBIsIO-
muxcs ¢ MoHokcuiiamu u3 Poccun B Koncran-
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THHOIIOJIBY», B KOTOPOH COJNEPIKUTCS HEPBOE
JIOKyMEHTaJIbHOE ONHCAaHHE TPAHCIOPTHOTO
obecrieueHus1 MeXIyHApOIHONH TOProBIU Ha-
nrei crpansl ¢ Boctounoit Pumckoii umnepueit
[5].

B BuzanTuiickoit uMnepuu rocyapcTBeH-
HBIM SI3bIKOM ObLI Ipeueckuii. Ha HéM, cniycTst
TBICSYY JIET MOCjie APUCTOTENs, HAMCAHO
COYMHEHUE BU3AHTUICKOTO MMIeparopa
JIsBa VI (866—912) «O Taktuke» [6], KoTOpoe
TOXE YaCTO B COBPEMEHHOM JINTepaType Hasbl-
BAaIOT OJIHUM M3 MCTOYHHKOB TOSIBJICHHS TEP-
MHUHA «JIOTUCTHKA» NMPUMEHHUTEIHHO K BOCH-
Hoii cepe. [leficTBUTENLHO, UMIIEPATOP ITH-
IET O JIOTMCTUKE, HO MMEET B BUJly pElLICHHE
KaJpOBBIX U (PMHAHCOBBIX BOIIPOCOB obecrie-
YEeHHS apMUH, a HE IIepeMellleHUe BOICK U BO-
MHCKOTO cHapshkeHus. O0ecreynBarb JBUKE-
HUE BH3aHTHHCKOW apMUU Ha Mapiie, MpoBe-
PATH COCTOSIHUE JIOPOT U IEPEeNpaB JOJKHBI
OBIIM HE «JIOTHCTBI», @ AHTHUKEHCOPHI
(avtikévop). B ux GyHKIMY BXOIUIIO TAKKE
omnpejejgeHue MOTPeOHOCTH B IMPOBHAHTE
Y CHApSDKEHHU J1J1s Be/IEHHsI 00EBBIX JCHCTBUIMA.
AHTHUKEHCOPBI BMECTE C MUHCOPaMU (UjVe®pP)
WIH, B APYrOM HalMCaHUW, MUHCYpPaTOpPaMH,
OpraHU30BBIBAIIN Pa3MeEIIEHUE BONCK JIarepeM.
CHabxeHuyeckue (yHKIIMM BO3Jarajinch Ha
najIdKapueB (rolMKaplov unu 7dAME),
CIY)XHUBIIUX B 0003¢ (TODAO0G [TOYIM0C]| MK
T0UAS0V [TOyamoH]). UToObl yOeaUTHCS, YTO
BU3aHTHHCKHUE «JIOTHCTH HE 3aHUMAJIHCh TEM,
YTO CErojHs MOHUMAETCS MOJ JIOTUCTHKOM,
B TOM YHCJI€ IPUMEHUTEIHHO K BOCHHBIM BOII-
pocaM, 10cTaToyHo mpouuTars Tpyx JIsBa VI
[6].

JIOBOJIBHO 4acTo B JIUTEpaType IO JIOTH-
CTUKE YIIOMHHAIOT, YTO BEJIMKUH MaTeMaTHK
n punocod I'ordppun Bunbrenasm JleOHUI
(1646—1716) ucnonb30Ba CIOBO «JIOTHCTHKAY
JUTSI HA3BaHUSI MATEMAaTHYECKOM JIOTHKH — pa3-
pabaTpiBaeMOT0 UM HOBOTO HalpaBJICHHS
B Hayke. B uém cmbicn ynomuHanus JleiOouu-
11a B COBPEMEHHOH JINTEpaType 10 JOTHCTUKE
— HEsICHO, TaK KaK OYeBUIHO, YTO CJIOKHBILIEE-
Csl B HACTOsII[EE BPEMS COJIepIKaHUE JIOTUCTH-
KM HMKaK He CBS3aHO C MaTeMaTH4ecKoH (To-
BOPSI [10-JIPYTOMY, CUMBOJIBHO# Wit hopmab-
HOW) JJOrMKO#. MOXKeT ObITh, HEKOTOpBIE aBTO-
pBl NpeAnoarapT, 4TO yKa3aHHE HUMEHU
y4EHOTO-9HIUKJIIONIEANCTA, CO3/IaBIIero He3a-
BucuMo oT HrroToHa nuddepennuanbHoe
Y UHTETPAJIbHOE UCUUCIICHUE, IPUIACT COBpe-
MEHHOU JIOTUCTUKE OOJIBIINI aBTOPUTET?

Mup TpaHcnopTa. 2023

JIOTIOJIHUTENBHO MOXHO OTMETHUTB, 4YTO
Tpyabl JIeHOHMIIA 0 MaTEMAaTUYECKOH JIOTHKE
IIPU €ro JKU3HU He MyOJIMKOBAJINCh U ObUIH
MPaKTUYeCKH Heu3BecTHHI. Jlornueckue uc-
YHUCJIEHUS] OBLIM CO3/IaHbl CITYCTS OYTH I10JI-
TOPBI COTHH JIeT mociie cMeptH JleiOnuma,
U Hayajio paboT B 3TOM HalpaBJICHHH CBS3bI-
BAaIOT C BBIXOIOM B CBET B 1847 I. crarbu
Jxopmxka Bynsa (1815-1964) «Maremaruye-
ckuii ananu3s moruxku» [7]. 1. Byns, y3HaB, uto
I. JIeitOHUI IPEIBOCXUTHII €r0 OTKPBITHUS,
MIOYYBCTBOBaJ, «Kak Oynro Jlenouun npumeén
U MOoXaJl eMy pyKy depe3 crosnetus» [7]. 910
JieNiaeT 4YeCTh aHINIMHCKOMY MaTeMarTuKy, HO He
HMMEET OTHOIICHUS K JIOTUCTHKE, KaK OHa TPaK-
TyeTcs ceiuac.

TouyHO TakXke He UMEEeT OTHOLICHUS K JIO-
TUCTHUKE KaK YIpPaBJCHUIO MaTepHaIbHBIMU
IMOTOKAaMHM TO OOCTOSATENLCTBO, 4TO B 1904 1.
T10 TPEJIOKEHUIO YHaCTHUKOB PHi10co(hCKOro
koHrpecca B JKeHere (OMH U3 MPEITIOKHBIINX
ObLT BRIXOALIEM U3 Poccum) 3a MareMaTnyecKoi
JIOTHKOH OBLIO 3aKPETICHO Ha3BaHUE, HCITOJb-
30BaBlIeecs: B pykonucsx JleitOuuna, — «io-
ructuka» [8]. DTOT ¢akT nomnana B COBETCKYIO
«DUII0COPCKYIO FHIUKIIONEANIO, BBILISAIIYIO
B 1960-1970 rr., u ¢ Tex mop BOT yke Oojee
I0JTyBEeKa BOCIIPOU3BOJUTCS OTTY/Ia B pa3JIny-
HbIX n3nanugx [8]. B HacTosmee Bpems, eciu
IIOCMOTPETH JUTEPATypy 10 MaTeMaTH4eCcKou
soruke [9; 10], To MOXXHO yBUJETh, YTO MPHU-
MEHHUTEJIBHO K HEH TEPMHUH «JIOTHCTHKA»
MPaKTHYECKH HUKOTJa He ucnoib3yercs. Tak
YTO COOBITHS KEHEBCKOTO KOoHrpecca 1904 r.
MOTYT IIPEACTABISATh UHTEPEC I U3YUCHUS
ucTopun GUIOCOPCKON MBICIU, HO HE JAJA
MTOHMMaHUS1 SBOJIIOLIMH JIOTUCTUKH Kak cepsl
SKOHOMHYECKOH JIeSTEIBHOCTH.

Ecnu ObI aBTOpBI COBPEMEHHBIX MyOIHKa-
LU 10 JIOTUCTHKE B IOUCKAX IPOUCXOKACHUS
9TOr0 TEPMHHA YIIIYOMJIUCH B aHTUYHYIO (U-
sn0cou0, ToO OHM MOIJIU ObI, ONUpAsCh Ha
aBTOPUTET APUCTOTENSA, NPEAT0XKUTH el
OJIHy Bepcuio. AHTHUYHBIN (unocod coznan
CUCTEMY IEIYyKTHUBHBIX YMO3aKIIOUYEHHH, KO-
TOpPYI0O Ha3BaJ CUJUIOTUCTUKOHN (OT rpeu.
cvAAoyilopal — paccUMTHIBAO, CUUTAIO)
[10-12]. K cuacTblo, mOKa e1é JOTUCTUKY, KaK
OpraHHu3aIio TOBAPOABIIKEHUS, HE CBI3bIBA-
10T C CHJUIOTUCTUKOM.

Tax)ke 1oKa HeT MOIBITOK CBS3aTh IPOKC-
XOXKJCHHE TEPMHHA «JIOTHCTUKA» C MOJIYy4YeH-
HbIM B 1838 r. OenbruiickuM MaTeMaTHUKOM
[Teepom Dpancya GepxronbcTom (1804—1849)
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JIOTUCTHYECKUM YPaBHEHUEM, KOTOPOE HAIILIO
MIPUMEHEHHUE I MOJISIMPOBAHNS YUCIEHHO-
CTH HacCeJeHHUsI, ONUCAHUS IKOHOMUYECKOU
JUHAMHKH, B OKOJIOTUU U B APYTUX 00JIACTIX
[13; 14]. YuuTsiBast yHUBEpCAJIbHBIHA XapaKkTep
JIOTUCTUYECKOTO YPaBHEHHUS U TOIYISIPHOCTH
OMHUCHIBAEMON UM JIOTUCTUUECKOW KPUBOU
(curmMoupl, CHTMOBUIHOM KPHUBOii, S-00pa3-
HOI KpUBOI1), Hal0 OTNATh JOHKHOE CEPIKaH-
HOCTH aBTOPOB IYOJIMKALUI O JOTMCTHKE.

3akaH4MBast 0OCYXJIEHUE OTCYTCTBUS CBsI-
3eil MPOMCXOXKICHUS TEPMHUHA «JIOTHCTHKA»
C TOPOJACKUM camoyrnpaBieHneM AQuH 3a
TPUCTa JeT N0 Hauled 3pbl, BU3AHTUHCKON
apmueil Pannero CpenHeBEeKOBbs, CO3IaHUEM
OCHOB MaTeMaTH4eCKOH JIOTMKU Ha pyOexe
XVII-XVIII BB. 1 pritocodpcKkuM KOHIpeccoM
B Hayasne XX B., yMECTHO IIPUBECTH OJUH U3
3aKOHOB JIOTHKH, KakK ero chopmynupoBan
ApHCTOTENb — aBTOP ITOTO 3aKOHA: «3HAYUTH
HE OJJTHO — HMYEro He 3HaYuTh. A eclii UMeHa
JIMIIEeHbl 3HAYEHUH, TO HEBO3MOXHO JIpyr
C IpyrOM BECTH pa3roBop, a IO IPaBe U C ca-
MHM c000ii... ITak, Kak MbI U TOBOPHUJIU B Ha-
yaje, UM YTO-TO 3HAYUT M 3HAYUT YTO-TO
onno» [15, C. 89-90].

ITonbITKH OOBSICHUTH TEPMHUH «JIOTHCTHKAY
CIIy4alHBIMH COBIAJICHUSIMH CJIOB, UMEIOLINX
Pa3IUYHBIA CMBICT ¥ OTHOCSLIMXCS K Pa3HBIM
HUCTOPUYECKUM dI0XaM, SBJISIOTCS OecIiof-
HBIMU. B pa3inyHbBIX sI3bIKax MPUCYTCTBYIOT
OMOHHMMBI — CJIOBA, OJMHAKOBBIEC 11O HaIlKCa-
HUIO, HO pa3Hble 110 3HaueHuro. Hanpumep,
B PYCCKOM SI3bIKE €CTh CIIOBO «Kaphep» B 3Ha-
YEHUH «KAaMEHOJIOMHS» (mepenuio ot ¢paH-
I[y3CKOTO carriére) U ecTh CIOBO «Kapbep»
B 3HAYCHUU «TaJIol Jouaany (MMeeT B OCHOBE
UTAIBSHCKOE Carro B 3HAYCHUH «KOJIECHULIAY,
«IOBO3Ka» U 00Pa30BaHHOE OT HETO UTAJIbSIH-
CKO€ carriera — «OBICTPBIN O€r JIoImaamny).

YroObl yCTaHOBUTH IPOUCXOXKICHHUE ITOHSI-
THSI «JIOTHCTUKA», HaJ0 HAWTH, KOrIa OHO
CTaJlo, 10 BBIPAXXEHHIO APHCTOTENs, «3Ha-
YUTHY» TO K€, UTO U Ceiuac, To eCTh KOrja ero
coJiep)KaHHe CTal0 OJIM3KUM K COBPEMEHHOMY
MOHMMAHUIO ¥ CTAJI0 03HAYaTh KOOPAMHALUIO
JeHCTBHUI BCEX CTOPOH, Y4acTBYIOIIHUX B Op-
raHu3aluy MaTepUalIbHBIX IMOTOKOB; BBIIOJ-
HEHUE TPaHCIOPTHBIX ONepaluii; XpaHEeHHe
U pacrpeielieHle 3a11acoB U IPyTue CBsI3aHHbIE
¢ 9TuM onepanuu. [Ipuuém nox MaTepuanbHbI-
MU IIOTOKaMH HaJl0 TOHMUMATh HE TOJBKO JBH-
JKEHHE PA3JIMYHBIX I'PYy30B, HO TAK)XE U Iepe-
MelIeHHe JIoeH.

Poas I'. B. )KoMuHH B CO31aHNH JOTUCTHKH
KaK COBPeMeHHOIl HayKn

Bo03HMKHOBEHHE JTOTUCTUKH KaK HayKH CBSI-
3aHO ¢ nMeHeM [ eHpuxa Beanammaosnaa XKo-
muHH (1779-1869). ITockonsky YKomuHH OBLT
npohecCHOHATBHBIM BOGHHBIM, TO OH pa3pada-
TBIBAJI JIOTHCTUKY KaK OAHY W3 COCTABIISIOLINX
BOEHHOT'0 ICKYCCTBa, B KOTOPOM 0CO00 BBIIEIHIT
CTpaTeruio, TAKTUKY ¥ JIOTUCTUKY [ 16, c. 29-30;
134;140-141]. He GonpIiie 1 HE MEHBIIIE: TIO €T0
MHEHUIO0, YTOOBI IOOEIUTE B 00EBBIX IEHCTBHUSIX,
HY>KHO BJIaJIETh CTpaTeruel, TAKTUKOW U JIOTH-
crukoit. Jlornctuky XomuHmN ompemensn kax
MIPaKTHYECKOE MCKYCCTBO ABHUIATh apMUH, JIE-
TAJIBHYIO OpraHU3alliI0 Mapllel, yCTPOMCTBO
Jlarepe, pasMelleHre BOMCK Ha KBapTUPax, — BCE
9TO 00ECTICYNBAET AOCTIKEHUE CTPATETHUECKUX
u Taktudeckux meneit [16, C. 140-141]. Tocne
TpynoB JKOMHUHU TEPMHH «JIOTUCTHKa» CTal
B CBOEM COBPEMEHHOM 3HAYEHUH YIOTPEONIATH-
Csl CHauala B BOGHHOM JieJie, a [TOTOM U JUIf
0003Ha4YeHUS] COOTBETCTBYIOIIEH 0OIACTH KO-
HOMHYECKOH AEATETBHOCTH.

Co3narens HayKHd O BOGHHOH JIOTUCTHKE, U3
KOTOPO# IOTOM BBIPOCIIa COBPEMEHHAs TPk IaH-
CKast JOTUCTHKA, 3aCITy>KHBACT XOTSI ObI HECKOITb-
KHX CJIOB JJISl OTIMCAHUS €0 )KU3HEHHOTO ITyTH.
B nureparype JKoMuHM HEpEOKO HA3BIBAIOT
(GpaHIy3CKMM BOCHHBIM TEOPETHKOM. YIUBH-
TEJIbHO, HO MHOT/IA B OTEYECTBEHHBIX M3/IaHUAX
MO’KHO BCTPETHTH JaK€ aHITIOS3BITHOE HaINCa-
HUE ero haMuIn — «JKOMIHNY.

B nefictBurensHocTH AHTyaH-AHpH JKOoMu-
uu (Antoine-Henri Jomini, Takum OBLTO €10 UM
IIPU POKJIEHUN) POAMIICS B COCTOATEIBHOU
mBennapckoil cembe. B IlIBeinapuu noctymnuin
Ha BOCHHYIO CIry’k0y. Bckope, Oymyun coBcem
MOJIOJIBIM Y€JIOBEKOM, OH HaINCall ABYXTOMHBIHA
TpyH, Ha3BaHUE KOTOPOTO HE MOXKET HE BIIEUar-
JISITH 1a)Ke B KPaTKOM BOCTIpOM3BEACHUU: Traité
des grandes opérations militaires... («Tpakrar
0 OOJTBITIX BOCHHBIX JCHCTBUSAX. ..»). JKemas ero
n3AaTh, oH Hobwics B 1804 1. aymueniin y ppan-
my3ckoro Mapmana Hes. Tot Beimennit HeoOXo-
JIMMBIE CPEICTBA U IPUIIACKII FOHOTO IIBEHIIap-
11a k ce0e Ha cimyx0y. Tak Hagamach ero Kapbepa
B Hamoneonosckoit apmun. Tpakrar KomuHn,
BIIOCJIEZICTBUU JIOMOJHEHHBIH, HEOTHOKPATHO
nepeusaaBaics, B ToM uucie B Poccuu, bpura-
i, Amepuke [17].

B 1813 r. mpown3sommén koH(IuKT 34-neTHe-
ro JKomuun, yxe nmesmrero ¢ 1811 r. 3Banue
OpuragHOTO reHepaa, ¢ Ha4yaJbHUKOM IuTada
¢bpannysckoit apMun Mapuaiom bepTbe.
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B utore oH pemni smurpuposars B Poccuro,
e eMy IPUCBOWIIA YUH TeHepaj-IeiiTeHaHTa.
Nwmsa I'eapux BeHnaMuHOBUY OH MPUHSII, -
peiias B mpaBociiaBue, U Ha MPOTSKEHUH
56 neT ocraBalcs POCCUMCKUM MOAAAHHBIM,
BILUIOTH JI0 cBoel koH4uuHBI. JXKuBs B Poccuu,
TPY/IbI OH IIPOJOJIKAI ITHCATh O-(PPaHIy3CKH,
MOCKOJIBKY PYCCKHH $I3BIK TaK M HE BBIYUHII.
B »TOM He OBUIO HEOOXOAMMOCTH, TTOCKOIBKY
B POCCHICKOM BBICIIEM OOIIeCTBE (paHIly3-
CKHH s13bIK ObLI 00MIeynoTpeduTeneH. Tem He
MEHee, ero TPY/bl NEPEBOAMINCH U N3/1aBaJINCh
Ha pycckoM s3bike. CaMoil 3HaUUTeNbHON pa-
6oroii sBisiercst «Kparkoe HauepTaHHe BOCH-
HOTO UCKYCCTBa», HanucaHHasg B 1837 . mep-
BOHAYaJILHO «JJIsl HACTABIICHHSI aBI'yCTEHUIIETO
auuay [16, c. 1] (nacnenHuka mpectona AJek-
canzapa Hukonaesuua, Oyayliero uMmmeparopa
Anexcangpa II). B 1840 1., uepe3 27 net nocie
smurpauuu Komuuu B Poccuio, ona Oblia
u3JlaHa Ha pycckoM s3bike [16]. KHura nocro-
SIHHO JIOTIOJIHSJIACh ¥ CYIIECTBEHHO Tiepepada-
THIBAJIaCh aBTOPOM, IPHOOPETS OMYJISIPHOCTD
B pa3nu4HBIX cTpaHax. B 1939 r. mox Ha3Ba-
HueM «O4yepKku BOEHHOI'O HMCKYCCTBa» OHa
Obl1a u3gaHa HapkomaroMm obopoust CCCP
(mepeBojn ¢ opuruHana 1855 r. Ha dpaHIy3-
ckoM s3bike) [18]. IMeHHO BO BTOPOM ToMe
9TOW KHUTH M COAEPIKHUTCS Haubosiee MojHoe
Y TOYHOE U3JI0KEHUE MpeacTaBieHuit JKomuuu
0 BOCHHOW JIOTHMCTHKE, KOTOPOH MOCBsIIEHA
rnaBa VI «O noructuke, uia 0 NpakTHYECKOM
UCKYCCTBE NMPHUBOAUTH apMUU B JIBH)KEHHUEY.
B XXI Bexe xHura I'enpuxa BennamunoBuga
Komunu He 3a0bITa U IPOJOIDKAET TIepen3a-
Batbes [19].

T'oBOpst 0 pa3BUTUU JOTUCTHKU B Hallen
ctpane B XIX Beke, yMECTHO BCIIOMHUTH, YTO
eé HasBaHue ObLITO BKItoueHo B. U. Jlaxem
(1801-1872) B ero 3HamMeHUTHINA «TOIKOBBII
ci10Bapb» (B MOSICHEHUH K cTaThe «Jlorukan):
«Jlorucruka... 4acTh TaKTHKH, O NEPEIBUKE-
Huu Boick» [20, C. 262]. 3Has o npyxbe
u mocTosHHOM ob6menuu B. U. ans
u A. C. Ilymkuna, MOXXHO NIPEANION0XKHUTb, UTO
B TBOPYECKOM HACJIEJIMH BEJIHKOIO 1M03Ta KO-
raa-HUOY/b OTHIETCS U TEPMUH «JIOTUCTHKAY.

JKoMuHUM He mpeyBeNMYMBal U HE Ipe-
YMEHbIIaJ CBOM BKJIaJ B JJorucTuky. OH oTMe-
YaJl, YTO [EPBOE CUCTEMATUYECKOE ONUCaHHE
BOCHHOM JIOTUCTHKH («IIEPBBIH OMBIT O JIOTH-
cruke») nan Xak-®pancya ne llactewne,
Mmapku3 e [Troucertop (1656—-1743) [16, C. 2],
aBTOp TpakTara «ICKycCTBO BOIHBI», KOTOPBIH
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ObLIT M3J1aH YXKe Mocie ero cMeptu B 1749 1.

IIpu «Kopone-Conuuey, Jlronouke XIV,
[Troucerop 3aHUMan NOJKHOCTh maréchal
géneral des logis, 94TO TMEPEBOAUTCS HA PycC-
CKHH S3BIK IIPUMEPHO KaK «IJIaBHBIA Mapuia
KBapTUp». B myOnukanuax no ¢paniy3ckoi
BOEHHOW HCTOPUHU OTMEYAETCS, YTO CO BTOPOU
nosioBrHbI X VI Beka B hyHKIIMH 3TOTO BOCHa-
YaJIbHUKA BXOAMJIA OPTaHU3alMs MapIuen ap-
MHH, OpTaHU3alUs U BO3BEJCHHE Jareps,
cHa0OXeHue MPOBUAHTOM U OOempHIIacaMH.
[TpuOnu3uTENHHO TaK MOHUMAIOTCS B apMUSX
JIpYruX CTpaH (YHKLUWHU HayajbHHKA InTada.
Kak TobKO I71aBHOKOMaH YOI Onpeiesit
KOHEYHBIW MyHKT Ha3HAYCHHS apMUU, TIIaBHBIN
Mapiuan kBaptup (maréchal général des logis)
MIPOBOJINJI PEKOTHOCLUPOBKY MECTHOCTH, U3-
yuaJ COCTOSIHHE JOPOT U [Iepenpan, ONpeesis
MecCTa yCTpOMCTBa jarepeil U pa3MeuieHHus
coCTaBa apMUU Ha KBapTHUPBI, IIOPSIOK obec-
MeYEHHUs] TIPOBUAHTOM U Ooempunacamu, co-
CTaBJISUI KapThl, MOCJIE 4ero paspadarsiBal
MapiIeBbIe IPUKA3bI — TOAPOOHBIE MAPIIPYTHI
JBMOKEHHMSI JUISl KaKOW KOJOHHBI. OmuoKu
MOTJIM IPUBECTH K IIPOUTPHIIITY BOSHHOW KaM-
naHuu [21].

CKOHIIEHTPUPOBATH IPEBOCXOISLINE CHIIBI
Ha CamMOM Ba)KHOM HalpaBlieHUU B HYKHOM
MECTe U B HYy>)KHOE BpeMsl, 00€CIIeUnB peliao-
IUH nepeBec HaJ MPOTHBHUKOM, — TaKOB
MIPUHIHKIT TT00EbI BCEX BBINAIOLIMXCS MOJIKO-
BOJIEB: AJllekcaHapa MakenoHckoro, ['aHHU-
6aina, Llesaps, Pymsniesa, Hamoneona, CyBo-
posa, Kyry3oBa. CrpaBe/yinBo Takxe oopar-
HOE: CTpaTeruyecKue MpoCcUEThl B JIOTUCTHUKE
IIPUBO/IAT, B KOHIIE KOHILIOB, K BOGHHOMY TOpa-
xenuto. [To aToit npuunne annuban 15 ner
no0ex1a puMJiIsiH B MiTanmuu, HO ObLII BBIHY K-
JIeH 3BaKyHpOBaTh OTTy/Ja CBOU Bolcka. Uepes
JIBE ThICSIUM JieT nociie ['anHnOaa HeBO3MOXK-
HOCTb JIOTUCTHYECKOTO 00ecredeHusl apMUn
Hanosneona npuBena, B COBOKYITHOCTHU C ApY-
rUMH QakTopamu, K €€ IMOJIHOMY YHHUYTOXE-
uuto B Poccuu. Hamoseon Opocus ocrarku
cBoux Bo¥ick u Oexan B [lapuxk. K cioBy
cKa3aTh, MOpo3bl B 1812 rogy Haganuce Tornaa,
Korna (paHiry3ckasi apMusi IPaKTHUECKH YKe
nepecraia cyuectBoBarb. Haponnas maMsare
coxpanuia cioa M. U. Kyty3oBa B obpare-
HUHM K BoMickaM: «BoiiHa OKOHY€Ha 33 TIOJIHBIM
ucTpeOIeHneM HEeTPUsTENS.

Onupasich Ha OMBIT MPEAINIECTBEHHUKOB,
YKomuuu nucan: «CioBO «JIOTHCTHKA», Kak
H3BECTHO, MMPOUCXOTUT OT Major general des
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logis (MO-HEMEIKH TEPEBOIUMOI0 KKBapTHUP-
MEHCTEep»), TO €CTh OT HAa3BaHUS TOM KaTero-
puu opuIEepOB, 00SI3aHHOCTh KOTOPBIX KO-
IJ1a-TO COCTOsIa B PACIOJIOKEHUH BOWMCK IO
KBapTHpaM HJIM B JIarepsx, B HamnpaBlIeHUH
KOJIOHH U B PaCIIOJIOKCHUHU UX HA MECTE. DTUM
U OTpaHWYMBANACh BCS JIOTHCTHKA, KOTOpas
BCE ke, KaK BUJIUM, BKJII0YaJia B ce0sl yCTpoii-
CTBO OOBIYHBIX Jiarepeii. Ho mocne Toro xak
YCTaHOBUJICSI HOBBIW CIIOCO0 BOWHBI Oe3 yare-
peil, IBMIKECHUS CTalu 0OJiee CIOXKHBIMHU,
a MOTOMY M INTa0Bl MONYYHJIM TaKxke Oonee
HIUPOKHUE MpPaBa U OOA3aHHOCTH... MPEKHIA
cTapas JIOTHCTHKa YXe He sBIseTcs Ooiee
JIOCTaTOYHOM M 0003HAUEHUSI HAYKU WITa-
OOB... eil Hy)KHO NpUJATh APYroe pa3BUTHE
U caenath u3 He€ HOByI0 Hayky» [18].
3aciyra JKoMUHU COCTOUT B TOM, YTO €rO
KHHTA Ja€T SICHBIM M OJHO3HAYHBIA OTBET Ha
BOIPOC O IPOHCXOXKACHUH TEPMUHA «JIOTHCTHKAY.
TepMUH «JIOTUCTHKA» B COBPEMEHHOM MOHH-
MaHHU MPOMCXOAUT OT (PPAHITy3CKOTO CJIOBA le
logis — xxunume. ITOT TEpMUH CBsI3aH € HEOOXO0-
JUMOCTBIO 00ECIICUHTh JKUILEM apMHIO TIpU €€
MEPEMEIICHUSIX BO BpeMs mapiieid. [ToctenenHo
COZIEp)KaHUe JIOTUCTUKU PaCIIUPUIOCh, U OHA
cTtajna, roBopsi cioBamu JKOMHHH, «HOBOW Ha-
yKoi» [18].
Bo ¢paHI1y3cKOM sI3BIKE €CTh U IpyTHe CIOBa
C OTHUM K€ KOPHEM M OJU3KMMHU 3HAYCHUSAMH,
Harpumep, loge — 10Xka, KOMHaTa, Kamepa, IloMe-
uieHue; le logement — xuiné, kBaprupa. B Hemerr-
KU# S3bIK W3 (DPaHIy3CKOTO IOMNAajo CIOBO das
logis — xwumuie [22, C. 54]. B HemenkoM si3bIke
€CTh TaKXKe cJoBa logieren — (BpEMEHHO) )KUTb;
KBapTHPOBATh; TIOCEIISTh; YCTPAUBATH HA KUTEIIb-
CTBO; das lager — cxnap, narepb, XpaHHIHIIE,
MarasuH. CymecTByIOT OJIHOKOPEHHBIE CIIOBa
AHAJIOTUYHOTO 3HAYCHHUS B PYCCKOM SI3BIKE U JAPY-
TUX CJIABSHCKUX S3BIKAX: JIOTOBO, JOTOBHIIIE,
OepJiora, JIOT, JISKOUIIIEe, JI0XKE, JIekKaTh. MOKHO
MIPEATOIOKHNUTh, YTO KOPEHB «JIOr» WU «log»
XapaKTepH3yeT dTHMOJIOIMUYECKUE CBSI3H CIIOB
B 3BIKAX UHIOEBPOIEHCKOM CeMbH (B YaCTHOCTH,
(paHIly3CKOM, HEMEIIKOM, PYCCKOM U APYTUX
SI3BIKAX 3TOM CEMBH) CO 3HAYCHUAMH (OKUITHIIIEY
(kax A71s1 JTFONeH, TaK U JUIS dKUBOTHBIX ), «MECTO
PacHONIOKEHUs», «IOMEIIEHne» U T. 1. MOoXKHO
TIPEIIONIOKHUTE, YTO MONOOHOE MTPOUCXOXKICHUE
HMEET TaKXke JIATHHCKOE CJI0BO [ocus (MECTO).
TepMUH «JIOTHCTHKA» MOSBHIICS BO (hpaH-
1y3CKO# apMuu co BTopoii nmoioBuHbl X VI Be-
Ka, 3agoiro a0 JKoMuHH, Ans 0003HAUYEHHS
OpraHU3alUU MEPEMEIICHHUH BOWCK, X pa3Me-

LICHHS Ha KBapTUpPax U B Jlarepsx, MoCTaBoOK
MPOJIOBOJILCTBHSL U BOGHHOI'O CHAPSIKEHUS.
Henpexonsimee 3Hauenue Tpyaa JKoMuHu co-
CTOUT TaKXe B TOM, YTO OH C(HOPMYITHPOBAI
3a/1aul «HOBO JIOTHUCTUKHU, KOPEHHBIM 00pa-
30M OTJIMYAIOIIEHCS OT «CTapOil» JOTUCTHUKH,
OT IIPEXKHUX MPENICTABICHUHN 0 €€ COJepIKaHUM.
Upes3BbluailHO Ba)XHO, YTO BCE€ ATH 3ajJayu
OUYEHB JIETKO WHTEPIPETHPYIOTCS MPUMEHH-
TEJIbHO K 3KOHOMHUUYECKOU JEATEIbHOCTH
B rpaxkaanckoii cdepe [23, C. 16—17], xoTs
caM OH, Kak mpo¢eCCHOHAIbHBINA BOCHHBIMH,
BEpOsITHEE BCEro, 00 3TOM He 3ayMbIBAJICS.

JlokTop HCTOpHH, aABIOHKT-TIpodeccop
ucrtopun YHuBepcurera mrara duopuna
(CIIA), Ommanyun M. Boecu (Eman Vovsi),
JIETaJIbHO PACCMOTPEBIINN JESITEIbHOCTD
I B. )KoMiHH B HECKOJIBKAX HAYYHBIX pabo-
Tax, MPUBOJUT CBEJICHHUS, YTO €r0 «KIIPUHIIH-
bl BOGHHOTO UCKYCCTBaY ... 3aJI0)KHJIIU OCHO-
BY MJIsl IPO(eCCHOHAIBLHOIO BOGHHOro 00pa-
3oBaHus B Poccun, a Takke B ctpanax EBporb
n CesepHoit Amepuku XIX-XX BB.» [17].
IMocne Xomuuu noructuka mpuodOpena cBoé
COBpPEMEHHOE 3HaueHHe, CHavyaja B BOSHHOU
o0JacTH BeJyLUMX CTpaH MHpa, a 3aTeM
B rpakIaHckoi cdepe.

PacnipocTpaHeHue JJIOrMCTHYECKUX
TEXHOJIOTUI U3 BOEHHOH cdepbl B IKOHOMHKY
nocJie Bropoii MupoBoii BoiiHbI

Penrenue norucTuueckux 3a1ad B BOGHHOU
cdepe HanboIeE BAXKHO JUIS CTPaH, BBIHYKJICH-
HBIX 00€CIIeYNBaTh 1 KOOPINHUPOBATH OOEBBIE
JIEHCTBUS Ha YIANEHHBIX U OOIIMPHBIX TEPPH-
Topusix. Bo Bpems Bropoil MmupoBoii BOWHBI
Takasi He0OXOJJUMOCTh 0COOCHHO OCTPOH ObLiIa
y I'epmanuu u SIlnoHuu, ¢ OJHOW CTOPOHHI,
U y oTpaxawuux ux arpeccuto CoBeTCKOro
Coroza u CIIA, ¢ npyroi cTOpOHBI.

I'epmanus u Coserckuii Coro3 Ha MpoTsKe-
HUU TOYTH YETHIPEX JIET BEJIM JPYT MPOTUB
JIpyra, B OCHOBHOM, Ha3eMHbIE OINEpaluy Ha
JIMHUAYW OTPOMHOM MPOTSHKEHHOCTH C TIPUBJIEYE-
HUEM MHOTOYHCJICHHBIX apMeiickux Gopmupo-
BaHUN, HYXAAIOIHUXCI B MPOAOBOILCTBUU
U CHapsDKeHHMH, B Ooenpuiiacax ¥ BOCHHOU
TexHuke. TpeOoBanoch co3JaHHe 3aacoB
U TpaHcropTHoe obecneyenune. Heobxonumo
ObL10 AP PEKTUBHOE YIIPaBICHUE JOTUCTHKOM,
OpraHu3alus B3auMoAencTBus ppoHTa U ThLJIA.

B nauansHbIN nepuon BoitHB CoBeTCKHA
Co103 yCHEIHO OCyIecTBII OecrpeneeHT-
HYIO 110 MacmTabam ¥ CpoKaM JIOTHCTUYECKYIO
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olepalyio dBaKyaluu 6oee moxyTopa ThICSY
MPOMBILUIEHHBIX NpeanpusTiii B [loBomxkbe,
Ha Ypai, B CuOUpb U COIO3HBIE PECIyOIUKU
Cpenneit Azuu.

CIIIA nomkHBI OBUTH peliaTh 3aJa4d MOp-
CKON BOEHHOH JIOTUCTUKM B BOHHE ¢ SnoHuei
B IOro-Bocrounoii A3uu u B TuxoMm okease,
a TaKKe CO3/1aBaTh yCIIOBHUS JUIsl BEACHHS OOEBBIX
neiictBuii Ha cyue B EBponie u CeBepHoit Ad-
puke. ClIOXKHbBIE JIOTUCTHYECKUE 3a7a4M IMPO-
rpammel JeHa-nmu3a CIIA pemianu cOBMECTHO
¢ CCCP u BenukoOpuranued. 3 3anagHoro
nomymrapus noctasku B CoBerckuit Coro3 ocy-
MIECTBISIMCH 110 TUXOOKEAHCKOMY MapUIpyTy
(uepe3 BrmaguBoctok, nanee mo TpanccuOy),
yepe3 noptsl [lepcuickoro 3anuBa u Ha3eMHYIO
TpaHCHOPTHYIO ceTh Mpana, nanee cynamu Kac-
MUICKOM BOEHHOH (IIOTHIINH, a TaKXe 4epe3
MypMaHCK apKTUYECKUMU KOHBOSIMH, Yepe3
Ansicky u UepHoe Mope.

OnHoOM M3 KpyHNHEHIINX JTOTHUCTUYECKHUX
orepanuii aMmepuKaHO-OpUTaHCKUX BOOPYIKEH-
HBIX CHJI CTaJIO JiecaHTupoBanue B Hopmanaun
(1944 r., oneparust «OBepiopa»).

Ha npotsxenun Bcelt BONHBI Yy AMepUKH
ObL1a MOCTOsSIHHAS 33/1a4a obecrieunBarh P hex-
TUBHYIO MOPCKYIO Y Ha3eMHYIO JIOTHCTHKY Ha
Tearpax 00eBBIX ICHCTBUIA, PACIIOIOKEHHBIX Ha
3HAYUTENFHOM YJaJICHUH OT CBOEH TEPPUTOPHH.

CiioXHBIE JOTHCTHYECKHE 3aJlayHl Iociie
Bropoii MupoBoii BoitHbI crosiu nepen CLIA
BO BpeMsi oKkKynauuu 'epmanuu u Snonuw,
a Taxxke B koH(ukTax B Kopee (1950-1953), Bo
Bpemsi JluBanckoro kpusuca (1958), Bo Bpemst
BOWHBI BO BrerHame (1955-1975) u B mpyrux
paiioHax 3eMHOro IIapa.

[IpakTuuecku cpaszy nociie BOWHBI cTajia
CO3/1aBaThCs CETh aMEPHKAHCKMX BOSHHBIX 0a3,
KOTOpasi B HACTOsIIIIEE BPEMsI HACUUTHIBAeT Oojiee
ThICSIUM 00bekTOB B 150 cTpanax [24]. Ux unp-
pacTpyKrypa pazpacraercs ¥ TpeOyeT MOCTOsIH-
HOT'0 JIOTHCTHYECKOTO CONTPOBOKACHHUS C TEPPU-
topuu CIIA.

HenpeprpiBHOE yciioKHEHHE 3a/1a4 BOCHHOM
JIOTUCTHKH MIPUBEJIO K HEOOXOIUMOCTH UCTIONb-
3oBaHus apmueit CIIA HaygHOro moreHIuana
YHHBEPCUTETOB, HCCIIEIOBATENILCKUX LIEHTPOB
Y KOHCAJITMHTOBBIX KOMITaHMid. BoeHHas joru-
CTHKa Ha4yaja IPOHHUKATh B IPAXAAHCKYI0 chepy,
a HapaOOTKU B KOOPJAMHAIIMHM MaTepUaIbHBIX
MIOTOKOB, YIPaBJICHUH 3allacaMH, BEIOOPE ONTH-
MalbHBIX TPAaHCIOPTHBIX CBsi3eil cranu
B 1950/60-x romax MCIIOIb30BaThCs HE TOJIBKO
apMHeH, HO TaKke U B OM3Hece JUIsl COBEpIICH-
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CTBOBaHMsI CHAOXKCHHUS, OPraHU3aI[|H [TPOU3BOJI-
CTBa U COBITA TOTOBOM MPOAYKIUH, IS IEPEXO-
JIa OT PEIICHHUS YaCTHBIX 33/1a4 K KOMIUICKCHOMY
YIPABJICHUIO JBH)KCHHEM TOBApPOB OT IOCTaB-
IIMKOB JI0 KOHEYHBIX MOTPEOUTEIICH.

BMmecre ¢ JIOTUCTHYSCKUMH TEXHOJIOTUSIMU
KOOPJIMHAITUH TPAHCIIOPTHBIX U CKIIAJICKUX OTIe-
paruii, HHTETPUPOBAHHOTO YIIPABJICHUS MaTCPH-
aJbHBIMU MTOTOKAMH PACIPOCTPAHIACH COOT-
BETCTBYIOIIIast TepMuHOJIOTHs. CTasia u3aBarh-
cs uTeparypa 1o Jioructuke. OTHOM U3 epPBhIX
nybnukanuii O0s1a craths Pos Ongepcona
«IhGEKTUBHOCTh MAPKETUHTA U HPUHIIMIT OT-
JIO)KEHHOU TTOCTaBKmM» [25].

[MosiBUIHCH PO eCcCHOHANIbHBIC 00bEINHE-
HUS1, OMTHOM U3 33]1a4 KOTOPBIX CTajia pa3paboTka
rioccapueB U yHU(UKAIUS TEPMUHOIOTHH.
B 1963 1. 6bu1 co3gan HarnmoHanbHBIA COBET
mpobseM ynpasieHus GU3NISCKUM pacipeie-
nenueM (National Council of Physical
Distribution Management), peopraHn30BaHHBIH
B 1985 . B CoBeT TOrHCTUYECKOTO MEHEPKMEHTA
(Council of Logistics Management — CLM).
C 2004 r. oH omsATh CMEHWJI Ha3BaHUE U B HAC-
Tosmee BpeMs pyHkmuoHupyet kak CoBer
npodecCHOHAaIOB B 00JIaCTH YIIPaBICHHS LIS~
mu nocrtaBok (Council of Supply Chain
Management Professionals — CSCMP) [26].

Iporecc B3anMoIeiicTBIS OM3HECA U ApMUH
B CHIA 651 iBycTOpoHHMM. Hanpumep, npen-
npuHuMaren b Mankom Makiua (1913-2001)
B 1954 1. co3nman nepBy0 MyJIbTHMOAAIBHYIO
CXeMy MIePEBO30K B KOHTEHHEPaX COBPEMEHHOIO
Tumna. A OypHOe pa3BUTHE IPUMCHECHHUS KOHTCH-
HEpOB MPOM30IILIO, KOTJ]a BO3HHUKIIA HEOOX0IH-
MOCTb 00€CIIeUnBaTh BOCHHBIC ICHCTBUS aMepH-
KaHCKO# apmuu Bo BeeTHame, u MakiuH mnoiy-
YHJT KPYIHBIH 3aKa3 Ha BHIMOJHCHHUE TPAHCIIOP-
TUPOBKH OT BOeHHOro BeaomcTBa CIIA.
JIOBOJIBHO CKOPO 3Ta TEXHOJIOTHUS PacipoCcTpa-
HUJIACh 110 MUPY U ITOIYYHJIa HA3BAaHHUE «KOHTEH-
HEPHOM PEBOITIOLIUI.

[IpuoOpeTeHnI0 KOMITETECHIIUI U HABBIKOB
B JIOTHCTHKE CIIOCOOCTBOBAJIM TaKXKe OOJbIIHE
pasmepsl Tepputopuu CIIIA 1 OTKPBITBIN BBIXOA
B Tuxuif 1 ATIaHTUYECKUN OKEaHbl C MHOXe-
CTBOM HE3aMeP3aIOIINX IOPTOB Ha POTHKEHHON
OeperoBoil TUHUU.

ITepuon 1950-60-x rT. XapakTepeH HE TONb-
KO akTuBH3anueil B3zaumonercTBus B CIIA
apMHU, HAyKU U OM3Heca B 00JIaCTH JIOTUCTHKH.
B 310 Bpems Hayama MEHATHCS YKOHOMHUKA.

AmMepuKa cTana OIHOW M3 CaMbIX OOraThIX
cTpaH mupa. B Heil npoxuBaio 6 % HaceneHus
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TUIAHETBI, @ IPOM3BOAMIIOCH M TOTPeOIIsIoch 66 %
BCEX BBIITyCKaeMbIX B MUpeE TOBapoB. CTaHIapToM
CpelHell aMepHKaHCKOl CeMbU C HECKOJIbKUMU
JIETbMH CTaJI0 HaJIM4Ue OJIaroyCTpOEHHOTO IoMa
B [IPUTOpPOJE, BIaJeHHE ABYMsI WK Oojiee aBTo-
MOOWISIMH, BO3MOYKHOCTh IPHOOpPETaTh pasiiiny-
HBIE TOBaphl M IMOJIB30BaThCS Pa3HOOOPAa3HBIMH
ycayramu. CTpOHITUCH yIOOHBIC aBTOMOOHIIBHBIC
nopory. TTosBISINCh U UHTEHCHUBHO PACILUPS-
JINCh PO3HUYHBIE CETH C KPYITHBIMH TOPTOBBIMHU
LIEHTPaMH1, OJHUM M3 NPHUMEPOB KOTOPBIX CTall
ocHOBaHHEIH B 1962 . Walmart [27].

3T0 03HaYaNO0 HE TOJBKO POCT OJIarococTos-
Hus rpaxnaan CIIA. J{s skuTeneid 3aropoaHbIX
JIOMOB B 3HAUUTEJIBHO OOJIBILEH CTENICHU, YeM
JUIS )KUBYILUX B KBAPTUPAX, XapaKTEPEH MOBbI-
LIEHHBII CIIPOC Ha aBTOMOOMIIH, OBITOBYIO TEX-
HUKY, Me0enb. OHY IOKYIal0T HHCTPYMEHTBI JITs
JIOMAIIHETO MCIOJIb30BAHMS, CPEACTBA IS
yXoJla 3a ra3oHaMH ¥ [[BETHHUKaMH, MEJIKOTO
pemonTa u T. 1. [loaTOMy yBenHn4eHue CTpou-
TEJNbCTBA UHIMBUAYAIBHBIX JIOMOB MPHUBOIUT
K PacCIIMPEHHIO TOPTOBJIH M MOTPEOHOCTH B 10-
CTaBKe pa3HO00pa3HBIX TOBAPOB HA BCE OOBEKTHI
TOBAPOIIPOBOSAIIEH CETH, BILIOTH 10 KOHEYHBIX
MOTpeOUTENEH.

Konkypennus B OM3HEce crajia CMelarbes
B 0011acTh OOpHOBI 32 MOKYIATesl, HOBBICHIOCH
ACCOPTHMEHTHOE IPEUIOKEHUE TOBAPOB, pac-
MIPOCTPAHSUIIOCH MOCIENPOAAXKHOE 00CITyKHBa-
Hue. CrajM yBeJIMUMBAThCA 3allachl, PaCTH M3-
JIEPIKKU Ha MPOJIBUIKEHNE TOBAPOB K TIOKYIaTe-
JISIM, BO3HHKJIa HEOOXOAMMOCTh COBEPILIEHCTBO-
BaHMs1 JIOTHCTUKH. J[J1s1 pereHus ynpaBieH4eCKux
3aJa4 CTaJli HUCIO0JIb30BATHCS IKOHOMHUKO-
MaTeMaTH4eCKHUe METOIbl U BBIYMCIUTEIbHAS
TexHHKa. JIorucTHKa cTasa HeoOXOMUMOM B KOH-
KypeHTHOH OOpb0e NpennpusTuii B phIHOYHOM
cpexne cHagana B CIIIA, a moToM BO BCéM MHUpe.

BbIBOAbI

1. AHanu3 NepBOMCTOYHUKOB, KAaCaIOIINXCA
TOpOJCKOTo camoympasieHus B Adpunax IV Beka
JI0 H. 3. M BU3aHTHUICKOW apMun pyoexka [X—X Be-
KOB, YCTaHOBWJI, YTO MPEIIONOXKEHHS O Irpede-
CKOM IPOUCXOXKIE€HUY HANMEHOBaHUS JIOTHCTH-
KM, TOHUMAaeMOM KaK OpraHH3alus MaTepuab-
HBIX TOTOKOB M yTNpaBieHHE TOBApHBIMU 3ala-
CaMH, HEOCHOBATEIIbHBI.

2. TepMUH «IOTMCTHKA» CTaJ CKJIaJbIBaTh-
Csl MepBOHAYaIbHO BO (DpaHIy3CKOW apMHHU
B XVI-XVII BB. 1 ObLI CBsI3aH C KOMIUICKCHBIM
pelIeHneM 3a/1a4 NepeIBHKEeHUs BOMCK: opra-
HU3alKel Maplie u Jiarepei, obecrnedyeHrneM

BOCK XHJIbEM, CHAO)KEHHUEM TPOTOBOILCTBH-
emM, OoerpuIiacaMy 1 BOMHCKUM CHapsHKEHUEM.
JIOIKHOCTD PYKOBOAMTEIS CITYKOBI TeHEepaib-
HOTO 111Ta0a, 3aHUMAaBLIETOCS ATUMH 33/1a49aMH,
HasbIBaNack maréchal général des logis, 4to
MEPEBOANTCS Ha PYCCKHIA S3bIK KaK «IJIaBHBIN
MapIiai KBapTup» (0T GhpaHIy3CKOTo cJioBa le
logis — xwuunie).

3. IlpuHIMIB BOCHHOM JOTUCTUKHU B CO-
BPEMEHHOM IIOHMMAaHUU BIlepBbIe ObLIH cop-
Myauposansl I. B. JKomunu B ogHON U3 rm1aB
kHuru «Kparkoe HauepTaHne BOGHHOTO HCKYC-
CTBa», HAIMCAHHOW MOCJE ero dMUrpanuu
B Poccuio, u3naHHOW Ha PYyCCKOM S3BIKE
B 1840 r. 1 mepBOHaUaIbHO NpeIHA3HAYABIICH-
¢ sl o0ydeHHs OCHOBaM BOEHHOTO Jelia
HacJIeIHUKA MTPeCTolIa, OyaylIero uMneparopa
Anexcanapa II. BnocneacTBuu KHUTa HEOJHO-
KpaTHO Mepen3iaBanach U OKa3ajaach BOCTpe-
60oBaHHOW B MPO(ECCUOHATBLHOM BOCHHOM
o0Opa3oBaHHH He TONBKO B Poccuu, HO 1 B cTpa-
Hax EBponsl u CeBepHOt AMEpHUKH.

4. AKTHBHOE pa3BUTHE BOCHHAs JIOTHCTHKA
MoJIy4uJia Bo BpeMsa BTopoit MUpoBoOii BOHHBI,
KOrJ1a BeJIUCh OOEBbIE ACHCTBHS NPAKTUYECKU
BO BCEX pernoHax zemuHoro mapa. Ocoboe
3HaYeHHEe BOCHHAs JIOTUCTHKA MMesa JJis
CIIIA B cBsI3M ¢ HEOOXOJUMOCTBIO 0OecIeyn-
BaTh 00€CrOCOOHOCTh CBOMX BOOPYXEHHBIX
cun B FOro-Boctounoii A3uu, TuxoM okeane,
B EBpone, CeBepHoii Appuke U OCYIIECTBIATh
MIOCTaBKHU IO MPOrpaMMe JIEHI-JIH3a.

5. ITocne Bropoii MupoBO# BOHHBI BOEHHAs
noructuka B CIIA npojokana HHTEHCUBHO
pa3BUBATHCS B CBSI3M C BOGHHBIMU JACUCTBUSIMHU
UX BOOPYKEHHBIX CHJI B Pa3sHbIX pPeruoHax
IJIaHeTHl, OKKynanue ['epmanun u SAnonuu,
CcOo3JaHUeM OOUIMPHON CETH BOCHHBIX 0a3
B 150 crpanax mupa. [IpuBnedeHune Hay4yHO-
HCCIIEA0BATEIBCKUX OpraHU3alMM IS COBEp-
LIEHCTBOBAHMS BOCHHOMN JIOTUCTHKH CTaJIO
MPUBOANUTH K PACIPOCTPAHEHUIO €€ NMPUHIIH-
OB U3 BOCHHOI1 c(epbl B 3KOHOMUKY. Ocy1ie-
CTBIISLIICSL Tak)Ke OOpaTHBIN mpoliecc, Korna
pa3paboTku Ou3Heca B 00JIACTU JIOTUCTHKU
ucnons3oBanuck apmueit CIIA.

6. PocT GiarococrosiHust HaceneHus u oyp-
HOE pa3BUTHE SKOHOMHUKH MTPUBEIH K TOMY, YTO
B KOHKYPEHTHOMH 00pb0e MpenpusTHil aKIeHT
CMECTHUJICSI B CTOPOHY JIOTUCTUKH CHaudania
B CIIIA, a moToM B Opyrux cTpaHax MHpa.
Cranu co3naBarbces npodeccuoHanbHbie 00b-
eIMHEHHS U IyOJIMKOBAThCs JUTEpaTypa I10
JIOTUCTHKE U YIPABJICHHIO LIETISIMH [TOCTaBOK.
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WeHa npoeKnty CMpoUmenbCmea H#enesHOOOPONHCHOU IUHUL, CEA3bIBAIOWell PEUHYIO cemb
3 : Cubupu (npumepno, om nvinewnezo Canexapoa na Obu) c Apkmuueckum nobepesicoem
6 paiione Bapanoesi, 20e npednonazanocs cmpoums MOPCKou nopm.

Bre 3asucumocmu om mo2o, 4mo paszeumue mpaHcnopmuou UHGpPacmpykmypbl
3anonspnozo VYpana u Cesepa Esponeiickoii uacmu Poccuu nowino 6 umoee opyeum
Nnymeém, UsMeHUNACh SKOHOMUYECKAs 2e02paqus, 6HeuHemop2ossill 6ananc, cmamos
UHMepecHa 8 UCMOPUYECKOM ACneKme CIOHCUBUUMCs yxce bonee 110 nem nasao
COANAHCUPOBAHHBIM U BbIEEPEHHBIM NOOXOOOM K BCECMOPOHHEl OYeHKe KOMNLEKCHbIX
MPAHCNOPMHBIX NPOEKMOS U UX MEXHUKO-IKOHOMUYECKO20 060CHO8aHUs. A8mopbl
PAccMampusaemMozo npoeKma yuumuleanu npu apeymMeHmayuu MHOJICecmeo paxmo-
Po8 — cmpamezuyeckozo xapakmepa (passumue Cubupckoeo pecuona, CHUdMCeHUue
MPAHCNOPMHOU HAZPY3KU HA ONOPHYI0 Mpancnopmuylo cemv Eeponeiickou vacmu
CMpansl, MUHUMUSAYUIO KOHKYDEHYUU MEXCOY OMe4ecmeeHHbIMU NPOU3800Umensimu
HA Nymu NpoXodiCOeHUs MOBAPONOMOKOS), 6HEUHEMOP208ble NOMOKU, Ce30HHOCMb
Hasueayuu no pexam u CeBepHOMY MOPCKOMY NYMu, MEXHUYECKUe U IKOHOMUUECKUe
acnexmul CIMpoumenbCmea, pacnpeoeneHue Yacmnbix U 20CYOapCmeeHHbIX UHBECHIULY
npOCHO3UpyeMble ONMUMATbHbIE MAPUDBL U HANO200010%4CEHUe, CPOKU OKYNAEMOCIU
€ y4émom blnaamel OUBUOEHO08 U MHO2Ue Opyaue.

Koneuno, cooeporcanue yuumuiéaemvix pakmopos u MemoouKu OYeHKu ¢ mex nop cyuje-
cmeenHo usmenunuco. OOHUM U3 NAPAOOKCOB AGNAEMCSA MO, YN0 HECMOMPS HA HOBbLE
MEXHON02UU, COBPEMEHHbIE UHHCEHEPbL VIHce SHAYUMENbHO 6blUle OYEeHUBAIOM PUCKU
U CLOJICHOCU CIMPOUMENbCMEA 8 NPUNONAPHOL 30He, KOMOPYIO 6 HAYane NnpouLnozo
6eKa CUUMany 4ymo u He 1E2KUM U YOeule8IEHHbIM 8APUAHMOM OISk CIPOUMENbCMEA
Jicene3noll 00poacu.

B yenom sice naoo omoams 00nACHOE ABMOPAM 3a KOMILEKCHOCb UX NOOX0008 C YUé-
mom 8pemenu, Ko2oa OHU ObLIU COeNAHbL.

Ilpu socnpouseedenuu nyorukayuy MaKCUManbHO COXPAHeHbl CMUlb, NYHKMYayus
U JIeKCUKA 020 BPeMEeHU.

Kriroyesnle crioga: mpaHcnopm, UCmopusi mpaHenopma, UHgpacmpyKmypHbIl npoekm, npunonspHbIl Ypar, Apkmudeckas 30Ha.

[ns uumuposarus: CegepHbiti Cubupckuli mopaosbIti nym u lMonspHo-Yparbckast xenesHas dopoea. Yacms 2// Mup mpaxcnopma.
2023. T. 21. Ne 3 (106). C. 133-144. DOI: https://doi.org/10.30932/1992-3252-2023-21-3-13.

BrazodapHocme. pedakyus 8bipaxaem npusHamenbHoCMb compyOHuKkam Gubnuomeku Pocculickozo yHugepcumema mpaHenopma
3a nomoub 8 N0d20Moeke Mamepuarna.

Tekcm apxueHoll cmambu Ha aHesulicKoM si3bike ny6ukyemcst 60 8mopoli Yacmu 0aHHO20 8bInycka.
The text of the archival article in English is published in the second part of the issue.
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Paiion Bausinus u rpy3sl ero. Ha ocHo-
BaHHMH BeCbMa 0OTraToro, HO, K COXAJIEHHUIO,
Ppa3dpOCaHHOTO CTATHCTUYECKOTO MaTepHuaa
0 TPOU3BONUTENBHBIX criiax 3anmagHoi Cu-
OupHU, MOTYT OBITH CJACJIAHBI CICAYIOIIHUE
BBIBOJbI: €)KETOAHBIH H30BITOK TIIaBHEHIINX
MECTHBIX MPOAYKTOB 3a MOCJEIHUE TOJBI
cocTaBisn '

1. TImeHubl, pKu, SUMEHs U OBCa:

a) B Tomckoii ry6epuuun ot 8 300 000 xo 20200 000 myx
6) « To6onbcekoit ry6. « 10700 000 « 23 000 000 «

B) « AKMOJIHCKO# 0011. « 2000 000 « 11800 000 «

r) « Cemunanarunck « 2000 000 « 11 800 000 «

Bcero ot 21000 000 o 55000 000 myx.

Cp. unc. — « 38000 000 myx>.

II. JIbHA, MEHBKU M KYIEIMH ..o eneneeneeaenans ceaens 500000 «
II1. JIBHSHOTO CEMEHH ....o.vnvnninniinenennnns 700000 «
IV. Macia KOPOBBETO......vueneniiiniiineneninenennens 2000 000 «
V. XKusoro ckota (10 200 T. TOJOB) .....vvvvvnenennn 1600 000 «
VI. Cana M CBHHUHBL. ........ovuiiiiiiiiiiiiinanans 800000 «
VII. IlepcTn, KOXKU U MYyIIHHHBL ..........evveeennen. 550000 «
VIII. Msica colieHOTO U MOPOXKEHOro U AWM. .....2 800 000 «
IX. PBIOBI B PA3HOM BHIC......covnvvneeneenaenanns o 300000 «
X. TIpECCOBAHHOTO CEHA. . ..uuunennanineneniiannenn 2000 000 «
XI. Pyn, METannoB U KAMEHHOTO YIIIS .......cccv..n.. ?

XII. TIpOYHX TOBAPOB .....ceeevveerreeeeenereaenennen... 1 000 000 «
Hroro B rog (kpome ct. XI) He MeHee................. 50250 000
myn.

KD Hetiii 50000 000%»°

OueBUIHO, YTO U3 YKa3aHHOTO KOJIUYe-
CTBa CHOMPCKOTO CHIPHSI HEMAJIO OHOTO OYy-
JIET BBIBO3UTHCS M BIpeIb Ha Ypan u Ja-
Jee — K ApXaHTeJIbCKY U Ha 3amaj 1o cyle-
CTBYIOIIMM IyTsAM coobmenus. He moaine-
KHUT TAKXE COMHEHHIO, UTO HEKOTOpBHIC
rpy3bl OyayT IPOJOIKATh HANIPABISITHCS U3

! ITo manubiM Cubupckoro otaena Wmm. I'eorp. O6rie-
CTBa, TIPOBEPEHHBIM | TomonHeHHBIM E. A. JKepHakoBbiM
u W. U. UrnaroBeiM. BecbMa 1IeHHbIE yKa3aHUsI IPUBEICHbI
TaKXke B HCT. ouepke: «Cubupckasi . Jopora B € mpoIuioM,
u Hacrosiuem», coctT. C. Cabiepom u Y. CoCHOBCKUM, MO
L. pex. cT.-cekp. Kymomsuna. CIIb., 1903 r, ctp. 402415,
u B cratbe B. I'puropresa: «Urto Ham Moxet nath Typkecra-
HOo-Cunbupckast k. nopora». BectHuks myt. c006. 1905 r;
NeNe 25 u 26.

2 DTO KOJMYECTBO €XKETOIHOTO 3amaca CHOMPCKOro xieba
MOATBEPIKAACTCS TAKIKE ITOHECEHUSIMH MECTHBIX ryOepHa-
TOPOB U HA4aJbHUKOB 00NAacTeil 3a MOCIeNHUE NECATh JIET
(c 1894 o 1904 r.).

3 C mobaBneHueM ke Py, METAUIOB U KAMEHHOTO YISl —
ceime 80 MutH myn. Cp. OTCYeTH TPY30BOTO JBHIKCHHUS
CubupcKoii K. JOPOrH.

Mwup TpaHcnopTa. 2023

3amaguo#t Cubupu B Boctounyro. [Ipunu-
Masi, 0JJHaK0, B cooOpakeHHe OOUIMpHBIE
MPOCTPAHCTBA IIJI0OPOAHEH e YepHO3EeM-
HO¥M TOYBHI B mpejenax 3amaanoi u LleH-
TpanbHOo Cubupu, kK o6paboTke Koei
MPUCTYIUIEHO JHIIb B MOCJIEIHEE BpeMs,
C pa3BHTHEM IEpPECEIeHYECTBa, a TaKKe
U TO 00CTOATENHCTBO, YTO YBEJIUYEHUE TIPO-
W3BOJUTEIBHOCTH Kpas HaXOIHUTCSA B Mpsi-
MOH 3aBUCHMOCTH OT cIpoca H ynoOcTBa
BBIBO3a COOTBETCTBEHHBIX MPOAYKTOB K Me-
CcTaM Ha3HaYeHUs, HET COMHEHHSI, UTO TJIaB-
Hasl 4acTh IIOMMEHOBAHHBIX BBINIE TOBAPOB
OyAeT TATOTETh K €BPOMEHCKHM pBIHKAM,
u30paB cebe MyTeM BBIBO3a CaMBIi yI00OHBIH
U nemeéBblil, T.e. paccMaTpuBaeMblii CeBep-
HBI CHOUPCKHUI TOPTOBBIN MYTh.

OCHOBaTEJIbHOCTh MOAOOHOTO MPEJIO-
JIO)KEHUS MOJTBEPKIACTCSA CIENYIOMIUM
pacueToM.

MecTHbie LieHBl B 3amagnoir Cubupwu,
Hamp., Ha NIIEHUILY KOJIEOIIOTCS B HACTOSI-
uiee BpeMs ot 35 o 45 kom. 3a myx, cpeaHss
Ke IeHa myaa mimeHuisl B JlongoHe* co-
cTaBJjsia B OCieaHUE Toabl, Kp.4. 107 xor.
Het comHenwus1, 4To, ¢ OTKpBITHEM obecrie-
YEHHOTO NMYyTH COBITa NPOU3BENCHUSIM 3a-
naanoit Cubupu B EBpony, cudbupckoe coi-
pbe B3JOpoOXKaeT, B BHIY 4Yero paszHHIa
CTOMMOCTHU TOH e CUOMPCKOW IMIIEeHUIIBI
B MeCTax NMPOU3BOACTBA U MOTPeOIeHUA
oynet He 107-40=67 xom., a, OBITH MOXET,
Bcero 50 xon. CTOMMOCTB K€ MPOBO3a OJi-
HOTO ITy/ia MIIEHUIBI [0 pACCMAaTPUBAEMOMY
MyTH, BKJIIOYHUTEIBHO C HaKIaJHBIMH pac-
XO0JJaMH, COCTaBUT:

1) Bomoro oT c¢T. «O0b» 10 cT. «Co0ObY,
2400 B. BHU3 11O Te4YeHHUIO...» 7,00 xom>.

2) no ITonsipHO-Ypanbsckoii K. 1opore OT
cT. «CoOb» 10 Mopckoro nopta «Bapaunaeit»
(400 Bep.), CO CTOMMOCTBIO MEPETPY30K
U IPOYHUX Pacxogos... .12,00 kom®,

4 HPDKerI/IBOI[HMLIe BBIBOJIbI IPUMEHUMBI U K 60J'IBIHI/IHCTBy
OCTaJIbHBIX PBIHKOB.

5 1o 3asIBJIEHHIO TIOMEHCKHX TTapOXOa0BIAICIIBIIEB.

® A HIMEHHO:

a) cOOCTBEHHO CTOMMOCTB MpoBo3a 400x'/,, =

kp.d. 9,00 xorm.

6) IOTIOTHUTEIBHBIC JKETE3HOMOPOKHBIE COOPBI, 3aMEHSIe-
Mble uts [lonspHo-Ypanbckoit k.21 0OINM «IKCTICTHIH-
OHHBIM cOopom» B 1,50 kor.

B) 3a IIPOIYCK 3epHA Yepe3 JBa dJIeBaropa...... 1,50 xor.
Bcero ... 12,00 xom.
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3) mopToBbIe pacxosbl..3,50 korm’.

4) 3a mMpoOBO3 3epHA MOPEM OT MEAUHCKOTO
nopra 1o JloHnoHa, ¢ pacxonaMu cTpaxoBa-
Hus..10,00 xom®.

Beero.................. 32,50 kor.,

a TIOTOMY Pa3HHUIIA B IIEHAX MIICHUIbI, IIPH BbI-
Bo3e e€ o CeBepHOMY CHOMPCKOMY ITYTH, 1aCT
Ha Myx enie cBOOOMHBIN (MOJE3HbIN) 3amac
B 50-32,50=17,50 xom’.

B napaiutens k cemy, IpoBo3 xJieba B 3epHe
ot cT. «O0b» 10 JIoHI0HA, Yepe3 IVIaBHbIE TOPTHI
EBporneiickoii Poccuu obxomurest:

C myzna B Koneikax:

uepes Apx. Cnb6. Pegenn Pura JIn6asa
a IMEHHO:

1. TIpoBo3Hast 35,26 54,88 57,43 57,81 59,29
J1aTa 1o xK.J1."

2. ®paxTsl pey- 13,50% 6,00 6,00 5,00 4,50
HbIE U MOPCKHE.

3. Haknaznusie 6,23 6,23 6,23 6,23 6,23

pacxozsr®

Bcero 54,99 67,11 69,66 69,04 70,02

31ech yMECTHO 3aMETHTh, YTO Ha CyIIe-
CTBYIOIIMX JX. JOPOTaX JOMOJIHHUTEIbHBIE
KEJIE3HOJOPOXKHBIE COOPBI COCTABISIOT IJIS
XJeOHBIX Tpy30B — 1,23 kom. ¢ nmyxa (B T. 4
c00. ctanunonusie pacxonasl — 0,50 kom.; 3a
Harpy3Ky ® BBITpY3ky — 0,33 kom. 3a B3Be-
muanue — 0,20 xom. u 3a c6op B '/, KOMm. —

7 s HonsipHO-YpaibCcKOH K JOPOTH, yIHparoleiics,
C O/IHOM CTOPOHBI, B MOpCKoii mopt (Bapanzeit), a ¢ npyroii —
B peUHYIO0 raBass (CT. «Co0Ob»), CHabkKaeMble HEOOXOHUMBIMH
THAPOTEXHHYCCKUMH COOPYKEHUs U 000pyI0BaHHs, — KaK
COCTaBHBIE YaCTHU JOPOTH — Ha CpeIcTBAa YaCTHOTO O0IIEeCTBa,
nonyAHbId cOop mpeanaraercs ycraHoBuTh Ha 0,50 kom.
BBIIIIE, YEM B [IPOYHX MOPTaX, T.. B pazmepe ot 0,75 Kor. 10
1,50 kom., WK B CpeJHEM, — 110 OIHOM KOII. CO BCEX I'PY30B,
MIPOXOJIINX Yepe3 06a KOHEUHbIE IyHKTa JOPOTH; UTO JKe
KacaeTcsi COOCTBEHHO KopabenbHOro c6opa, To TAKOBOH MO-
JKET COCTaBUTH Ha KPYT, MPUOIU3UTEINBHO, 2,50 KoII. ¢ Imyna,
a OTOMY TIOJIHBIH MOPTOBBIN cOOp st Oymyiuero Meaus-
ckoro mopra Beipasurcst 3,50 kom. Taxoit pasmep obmiero
MOPTOBOTO COOpa HE MOXET CYMTATHCS MPEYBEIMUCHHBIM,
€CJIM IPHHATH BO BHUMAHHE 3HAYUTENILHBIC PACXOMEL, C KO-
TOPBIMH OYIIET CBA3aHO YCTPOICTBO, COICPKAHKE, PEMOHT
Y IIOCTETICHHOE PAa3BUTHE PEYHOI raBaHU M MOPCKOTO OPTa
€ MX IPHHA/UIKHOCTAMH (3CTaKa[aMu, KpaHaMH, TapoXozia-
MH, JIGZOKOJIAaMH H TIp.), a TaKKe MoTralleHHe HeOOXOMUMBIX
Ha TO JICHE)KHBIX CPEICTB.

8 TIpuMEHUTEIBEHO K COCTOSIBIIEMYCS C TOJUTaHACKUM Top-
roebiM JJomom «William Ch. Miller & C°» coramieHuo, Ha
OCHOBAHHU KOETO O3HAYEHHBIH Tapr( yCTAHOBIICH AJIS BCEX
MOPCKUX TPaHCIIOPTOB MEKAY ApPXaHIeJIbCKOM, C OJHOM
cTopoHsl, 1 PorTepaamom, AMcTepaaMoMm, AHTBEPIICHOM,
Bpemenom, I'amGyprom, Jlongonom, I'ymnem, Herokectiem
u JlefiToM — ¢ Apyroi.

° B IeCTBUTEIBHOCTH O3HAYCHHAS Pa3HHIIA JODKHA OKa-
3aThCs elle OOMbIIeH, Tak Kak MPOBO3 3ePHA IO X.. 10POraM
B CHIITy4eM BHJIE TAKCUPYETCs HIXKeE, 4eM 1101/45 kort. ¢ myna
U BEpPCTHI.

0,20 xom., Bcero — 1,23 kor.), a JJIs MPOYUX
TOBAapOB — COOTBETCTBEHHO UX KJlaccu(puka-
uuu — ot 0,97 no 1,48 xomn. 3a mya. Ho Tak
KaK paccMmarpuBaemas jgopora OyaeT Haxo-
JIIUTHCSI B UCKITIOUUTENIBHBIX YCIOBUAX, TPe-
OYIOIMX BO3MOXKHOTO YIIPOIICHUS €€ Ipy30-
BBIX OIlEpalMii U pacueToB, TO O3HAUYCHHbBIE
CTaBKH MPEJMOJOXKEHO 3aMEHUTh OJHUM
00IIUM 3KCHEIUIIMOHHBIM cOopom, B 1,50
KOI. C MyAa JJjisi rpy30B XJeOHbIX u B 1,75
KOT. JUISl OCTJIBHBIX I'PY30B.

IMpubasnss k aTuMm craBkam 107-50=57
KOII., COOTBETCTBYIOLIUX IPUHSITOMN BBILIE CP.
LeHbl CHOUPCKOM MImeHUIbl Ha CT. «O0bY,
cTouMOoCTh €€ Ha JIOHIOHCKOM PBIHKE MOJTY-
yunau Obl Bcero... 111.99-124,11-126,66—
126,04—-127,02, T.e. oHa Obl1a OBl BEINIE
CYIIECTBOBABUIMX TaM 3a MOCJEIHHUE TOIbI
cpenHux 1eH Ha xom. 4,99 | 17,11] 19,006|
19,04| 20,02.

OTUMU BBIBOJAMU OOBSCHIETCS, MEXKAY
MPOYUM, OTHYETO CUOUPCKUM XJeO, MPH BBI-
BO3€ €ro 3a 'PaHuIly JaxKe 10 caMOMy Kpart-
YalleMy U3 CyLIECTBYIOMIMX TPaH3UTHBIX
nyTei, yepe3 Yensbunck, Kotiac u Apxas-
rejibCK, NOCTyIaeT Ha PBHIHKU 3amajHoil
EBponbl B CpPaBHUTENBHO OTPaHUYEHHOM
xonuuecTBe (Bcero ot 1'/, no 3 mian myxm.
B TOJ1) ¥, IPUTOM TOJILKO TOT/Ia, KOT/Ia 3aKyTI-
Has 1leHa ero Ha MeCcTe NMPOU3BOJCTBA HE
npeBbimaet 46 10 48 komeek '°.

Brlime He Ob1II0 YIIOMSIHYTO 00 3KCropTe
CHOMPCKOTO Jeca NOTOMY, YTO A0 CHUX IIOP
OH (aKTHUECKHU He cyuiecTBoBas. He non-
JIEKUT OJHAKO COMHEHHIO, UTO, C OTKPBITH-
eM ynoOHOro u JIeméBoro nyTu cobiTa ero
3a TPaHUIly, OH MOXET COCTaBUTh OJHY M3
Ba)XXHEHIIUX cTaTel BHIBO3HON TOPTOBIH
Cubupu.

Ha ocHoBaHWM HcclenOBaHUMN, POU3BE-
néuubix B 1898—1903 romax CamapoBCKUM
necanuuM A. A. Jlynun-T'opkaBudyeM o co-
CTOSIHUM Ka3E€HHBIX JIECOB B CEBEPHOU YacTu
ToGonbckoii TybepHuH !, a paBHO O AaHHBIM,
MPUBOAMMBIM HH)KEHEPOM NyTel cooOIIeHus
C. A. XoukoBckuM B ero oOpomrope «O0b-
EHnucelickuilt BOIHBIN IyTh U €r0 3KOHOMHUYE-
cKoe 3HaueHue» 2, necHpie moniaau Cudbupu
B Oacceitnax O6u u EHunces 10 Toro oGmMpHBI,

10 TIpu 5THX IIeHAX HA POLIEHTHI HA 00OPOTHBIM KAITMTAI U HA
GapBbIIIN 0CTAETCs BCEro OT 6 10 4 KOII. ¢ my/a.

" Uzsectust M-Ba. 3emnenenus. 1903 . Ne 41.

12 «(Marepuabl 11si OIIMCAHHUSI PYCCKUX PEK U HCTOPHH YITyd-
LICHHS MX CYIOXOIHBIX ycioBuit». Beim. 1. 1903 .
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YTO HE HAXOMAAT ce0e MOAXOIAIIEr0 CPABHEHUS
naxe ¢ Kananoii 1°. [lpuHrMas B pacder JIUIIb
caMple OJIU3KHUE K pacCMaTPUBACMOMY PEJIbCo-
BOMY IYyTH JieCOHAcCaxaeHUs1 bepe3oBckoro
u CypryTtckoro ye3nos ToOonbckoii ryoepHum,
TOAMYHBIN OTIYCK U3 HUX JIECa, TOJII, OT 9 110
12 Bepiil, Ha BBICOTE TPY/IH, MOKET OBITH OITpe-
nenén B 1700 000 wt. 6peBen ', win B 061¢-
JIAaHHOM BHUJE, Kp. 4 B 51 MiaH ky0. ¢yT.
(310000 cranz.), BecAuIux CTOIBKO ke ITYJO0B.

CTOMMOCTH BBIPYOKH, MIOABO3KH U J0CTAaB-
ku Jieca mo O6u u e€ nputokam 70 cT. KCobby,
CO BKJIFOUEHHEM HAKJIaIHBIX PACX0JI0B, COCTA-
BHT Ha KpYT, 0K0JI0 4,75 py0. c OpeBHa, a ¢ pac-
MUJIOBKOW U o0nenkoii — 6,10 pyo, T.e., ¢ KyO.
¢yra unu nyna — 6,10:30=20 komn., Toraa Kak
[IPOBO3 IIy/a MOAEIOK 0 3arPaHHYHBIX MOP-
TOB, CO BCEMH JIOTTOJHUTEIbHBIMHU PACXOAMH,
oboitnercs He qopoxe 40 kor. Takum 00pazom,
CTOMMOCTh CHOMPCKOTO Jjieca, B 00/1eIaHHOM
BUJIE, HA peIHKaX AHrnH, @panuun u ['epma-
HHUU HE MPEBBICUT ¢ KyO. PpyTa 60 KOII., MEX Iy
TeM, KaK HbIHEIIHUE IIEHbI Ha JIECHBIE TOBAPHI
KoJ1e0III0TCst TaM Meskay 76 u 115 ko . C npy-
roifl CTOPOHBI, TaK KakK MOCTPOiKa JOPOTH
norpedyeT okoio 3'/, J1eT, To, yikKe 10 OKOHYa-
Hus e€, Ha cT. «CoOb» MOXET ObITh JOCTAaBJIC-
HO 3HAYMTEIbHOE KOJUYECTBO Jieca'®, KoTo-
PHIii, B BUY YCHJIUBAIOIIETOCS HA HETO CIIPO-
ca 3a rpaHMIEei, ¢ IEPBOTO XKE roja OTKPBITUS
[0 JIOpore MpaBHJIBHOIO JBHXEHHUs Oyaer
HMETh BO3MOKHOCThH HAIPABUTHCSA K MECTaM
cObITa.

13 TInouiap 00C/IE0BaHHBIX B HACTOSILEE BPEMS JIECHBIX
3apocieif Tobombekoii ry6. ucuucnsercst 8 16 520000 gec.,
a TakoBas 4eThIpex ye3n0B Ennceiickoid ry0., COCTaBIIsIOMNX
miute'/ |, 9acTe Beelt TyGeprum, — B 8 Mun. aec. IIpuanmast
e B COOOpa)KeHHE BBICKA3bIBAEMBIE 110 CEMY HPEAMETY
3ameuanust uHXK. C. A. JKOUKOBCKOTO, paBHO KaK yKa3aHUs
A. A. Paguunra B ero kHure: «Jlec u necHoe X03s1iCTBOY,
1901 r., ecTs OCHOBaHHE HPEMINONAraTh, YTo JECHBIE IIPO-
crpaHcTBa EHmcelickoit ry0. cocramsitor cBbime 100 mu.
nec. ITo pa3HbIM cOOOpaXKeHUAM, OCHOBAHHBIM Ha IIOZICYETaX,
MBI OCTAHABJIMBAEMCS Ha CIIELYIOMUX 1udpax:

YHCTBIX JIECHBIX MocaxkaeHnid B Tobonbckoii ry6. 20 000 000
aec.

« » « » Tomckoit « 11 200000 »

« » « » Enucelickoit « 32 800000 »

Bcero ...64 000000 »

4Cwm. A. A. ynun-Topkaeny. « Tobonbckuii Ceepy». 1904 .

15 Cm. C. A. XK6ukosckuii. «O6b-EHuceiickuii BOgHBIHI
myTte». Ctp. 35.

16 351eCh, KCTATH 3aMETHTb, YTO OTITYCK JIECHBIX MaTepHAJIOB
3a rpaHuUIly U3 ApXaHTeIbCKOro opTa cocTaBisier: B 1862 T

...... 184000 crang.
B1900Tr...... 1240000 crang,.
« 1890 « ...... .366.000 »

« 1905« ...... 1.590.000 ».
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Ocraercst MPUCOBOKYITUTH, YTO BKIFOUECHHBIE
B BBILICNIPUBEAEHHYO LieHy 4,75 py0. HoneHHbIe
[runaTa B ka3Hy 3a 4KCIIO CpyOSICHHBIX IEPEBHEB,
«ITHEW» — MPUM. PEAAKLIHH | IEHbIY COCTABIISIOT,
B cpenHeM, He MeHee 1,15 py0. Ha nepeBo, a 1mo-
CeMy OUEBHIHO, UTO C OCylecTBiIeHneM [lomsp-
HO-YPaJbCKOM K. TOpOTH, JOXOABI FOCYIapCTBa
C Ka3eHHBIX JIECOB MOTYT IPUHSTH HeObIBaJIbIe
pa3mepsl.

Ha ocHoBaHMM IpHBEIEHHBIX JTaHHBIX I10-
3BOJIMTEIBHO MPEATIONIOKHUTD, UTO, C OTCTPOUKON
paccMaTpuBaeMoit KeJIe3HO! JJOPOTH U ¢ yCTa-
HOBJICHHEM MPaBHILHOTO MAPOXOJHOTO CO0OIIIe-
Hust 1o O0H, U3 BBILLIEYKa3aHHOTO OOILETO KOJIU-
YyecTBa CHOMPCKUX rpy30B (50 MIIH 1myj., Kpome
jleca ¥ METaJllIoB) K BbIBO3y B EBpomelickyro
Poccuto u 3a rpanuny, depe3 Bapanaeiickuit
MIOPT, B MEPBBIE )K€ TOJbl IKCIUTyaTaluu Oyner
noctynate He MeHee 50 %, T.e. 10 25 MIH,
a BMECTE C JIECCHBIMH TOBapaM1 M METaJLIaMHU — OT
55 a0 70 MuIH TyAOB.

Uro kacaeTcst BBO3HBIX B CHOMPH TOBapoOB,
TO, 110 OTHOLIECHUIO K paccMaTpUBaeMoMy co00-
LIEHHIO, TOYHBIX BBIBOJIOB [10KA C/IENATh HEJIb3s,
HO J1a0bl OCBETUTb, HACKOJIBKO BO3MOXKHO, ¥ 3Ty
cTopoHy Oyaymiell nesitensHocT CeBEpHOTO
TOPTOBOTO ITyTH, MPUBOIUM HHKECIEAYIOIINE
COOOpakeHUsI.

Ho coopyxenust Benukoid CUOUPCKOM K.
noporu BBo3Hble B Cubups u3 EBponeiickoii
Poccuu rpy3bl, BKIIIOYHTENIBHO C 3arpaHUYHBIMHY,
HATPABJISUIMNCH OONBIICIO YacThio Ha HrkHuiA-
Hogropoga, 3arem no Bonre u Kame B Ilepms,
a orTtyzaa 1o Ilepmb-TroMeHcKo# k. fopore B Up-
out (Ha sSpMapKy) U jaajee, Mo CUCTeMaM PeK
Hpteima u O0H, WK 5Ke 10 CTapOMy CHOUPCKO-
My TpakTy, BHyTph kpas. Ho ¢ 1897 rona, no
OTKpBITHIO J1BHKeHHs Ha CpenHe-CnbupckoM
y4yacTKe, yKa3aHHbIA BBO3HBIN Iy Th yepe3 [lepmb
MIOCTENEHHO OCTAEeTCsl B CTOPOHE, CIIy)Ka HbIHE
JIMIIb JUIS TIEPEBO3KH IPOMO3JKUX HPEIMETOB
U TaKoTo pojia TOBApPOB M U3J/IENNIi, KOU HE Tpe-
OYIOT CPOYHOM JIOCTaBKH K MECTAM Ha3HAYEHHSL.
B Buny cero, [uisi BEISICHEHHUS Oy/IyIIETo MOJO-
JKEHUsI CHOMPCKOTO MMIIOPTa, CHavyala CleayeT
c/ienarb CpaBHeHUE Tapr(PHBIX CTABOK, YCTaHOB-
JICHHBIX JUII CHOMPCKON MariucTpaiH, ¢ poBO3-
HBIMH ILIaTaMH, KOTOpbIe OyIyT UMETh MECTO
st CeBepHOro TOproBoro myTH. Jliist Oosnbiiei
SICHOCTH Y YIPOIIEHHS Pacy€ToB, B HUKETIOME-
1aeMoil TabiuIe MPUBENEHbI UTOTU PACXOJ0B
JIMLIB TIO TPEM CaMbIM BBITOIHBIM (KpaT4aiIiM)
HarpapJIeHHUsIM PACCMaTPHBAEMBbIX ITyTEH, MEMKILY
C.-IletrepOyprom u MOCKBOH, ¢ OTHOM CTOPOHBI,
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u crannusiMu «O6b» u UpkyTek, — ¢ apyroit!’.
Kpowme Toro, ¢ 1ienbro 00JeryeH st pa3HbIX KOM-
MEpPYECKHX KOMOMHAIM, CTOUMOCTH MPOBO3a
UMIIOPTHPYEMBIX B CHOMPH TOBApOB OIIpeielie-
Ha MO KlaccaM Tapu(HOro UX pasrpaHUYeHUs,
BBEJIEHHOTO B jeicTBue 1-ro sHBapst 1901 1.
(U3n. msaroe).

Tabnuia NIpOBO3HBIX IUIAT C MyJa B KOIEH-
Kax '® [IpUBOANTCS LIS MILTFOCTPALIUH].

W3 HacTosIIEero CONOCTaBICHUS IPOBO3HBIX
IUIaT HE TPY/HO BHIBECTH 3aKIIIOYECHHE O 3HAYCHUH
CeBepHOro TOProBOrO MYTH Ui CHOUPCKOTO
umnopra. [IpuHsSB K TOMy BO BHUMaHUE, 4TO,
KpOME HEKOTOPBIX MaHy(paKTypHBIX TOBapOB
Y TKAalKKX U3JEJIHMH, caxapa 1 caxapHoro Iecka,
Oakayien, Tabaka (MaxopKH), CBe4YeH, KepOCHUHa
U He(TSHBIX OCTATKOB, IIEMEHTA M HEKOTOPBIX
JPYTUX MarepHajoB, OOJNBIIMHCTBO HOTPEOHBIX
Juiss Cubupu TOBapoOB JIOCTABISETCS TyAA yiKe
HbIHE U3-3a rpanuiel, yepes C.-[lerepOypr, Mo-
CKBY ¥ UesII0MHCK, ¥ 4TO BBO3 Ceii (a BMECTE C TeM
1 BBIBO3) IS TPY30B MEPBBIX BOCHMH KIIACCOB JIO
11 xom. ¢ myna OymeT OOXOAUThCS JCIICBIIC TIPH
HampaBJIeHNH ero yepe3 Bapawpeiickuii mopt',
CTaHET ellle MOHATHEE TO MPeo0IIaiatolee BIns-

'7 A umenno, o nuausM: 1) C.-IlerepOypr—MockBa—Ilen-
3a—Py3aeBka—Yensabunck—ct. «O66» 1 HUpkyrck; 2) Mo-
ckBa—C.- [TerepOypr—Bapanzeiickuii mopt — cT. «CoOb» U CT.
«O0b»; 3) ot C.-IletepOypra u Mockser, uepe3 Bapanneii 1o
c1. «Cobb», 3arem o O6u u UynsiMy 10 AYHHCKA U Janee
o Cpenue-cubupckoii x. nopore, depe3 KpacHosipck 1o
Hpkyrcka.

'8 TIpu 9TOM NPHUHATHL B PacdyéT CIEAYIOLINE OTACIbHBIC
CTaBKU:

a. 32 IIPOBO3 TOBAPOB M0 K. A0POraM — HEIHE AEHCTBYIOIIHIe
TapuQHbIe MIIaThl, COOTBETCTBEHHO MPOTHKCHHIO JIMHHUI;
6. JonoNHUTEIbHEIE cOOpHI — 110 1,23 KOIL. ¢ IMyza, 3a KaXKIbIH
HEHPEPBIBHBII MyTh CIEIOBaHHUS IPy3a MO XK. A0POTraM,
3a uckioyeHueM IlonspHo-Ypanbsckold, Uit KOTOPOH 03Ha-
YEHHbIE PACXOJIbl 3aMEHAIOTCS OOIIMM «3KCHEAHIMOHHBIM
c6opom» B 1,75 kom. ¢ mypa, Ui BceX Tpy30B, KpoMe XJieh-
HbIX (cM. Tp. 2 B Ne 33 «Ken.-nop. nenay c.r. Ha cTp. 195);
B. Mopckoii ¢paxt ot C.-Iletepbypra no Bapangetickoro
nopta — 10 xom., a pyuHsie ¢paxtel: oT cT. «Cobb», BBEPX
mo O6m 110 ct. «O0b» — 8 Kom.; OT TOit ke cT. «Co0b» 10
Tomcka — 9 kor., a 10 AunHcka — 10 KoOII.; HAKOHeII,

. o01mii MOpTOBBIN pacxox s peiicoB mexay C.-Ilerep-
Oyprom u Bapanzeiickum nopTom, B CpeiHeM, — 4 KOIL.

!9 PagHuma B CTOMMOCTH HPOBO3a BBO3UMBIX B CHOHPH
TOBApOB Ha Jiene OyeT HeCPaBHEHHO GOJIbIIAst, €CIIH IPHU-
HSTh BO BHUMaHHE TE KOCBEHHBIE PACXOJbI, C KOTOPHIMH
CONPSIKEHO IPY30BOE JBIKEHUE 110 JJIHHHBIM JKEIEC3HO-
JIOPOXKHBIM JIHHUSIM. He roBOps yKe 0 4aCTbIX U MPOJIOJI-
JKHTEJIBHBIX 3aCTOSIX BArOHOB, PHUCYIIUX [IEPEBO3KaM IO
TaKUM JIHHHUAM, B CONPOBOXKACHUH C HEPEIKOIO MOPUYEIO
TOBapa, IIaBHBIC IPUYMHBI YBEIUYCHHUSI CTOMMOCTH IIPO-
BO3a 3aKJIIOYAIOTCS B TOM, YTO CPOKH J0CTABOK CTAHOBATCSI
KpaiiHe HEeOIPE/ICIICHHBIMHU, BCICACTBUE Yero HE TOJBKO
BO3PACTAIOT MPOLEHTHl HAa 3aTPAavyeHHBIH KamuTal, HO
1 CaMH TOProBbIe KOMOWHALMH MTOABEPTatOTCs GONBIIHM
epeMeHaM.

HUE, KaKoe JOJDKHO OKa3aTh OCYIIECTBIEHHE
IomnsipHO-Ypanbckoil . JOPOTH Ha pa3BUTHE HE
Tonbko 3ananuoi M Llentpansaoit CubupH, HO
W IIPUJIETAIOINX K HUM O0JIacTel.

BbI3BaB B JIaHHOM cily4ae ONaroTBOPHYIO
KOHKYPEHILIMIO BO BHelIHel Toprosie Cubupwy,
YKa3aHHOE BJIMSHHE BBIPA3UTCs, NPEXK/IE BCETO,
yAeIIeBIeHUEM IPEIMETOB IIEPBOI HEOOXOUMO-
CTH JUII MECTHOTO HAaceJIeHHs M B TOM YHCIIe
3eMJIE/ICNIBIECKUX OPYMi 1 MallliH, 0€3 KOTOPBIX
HEMBICIINM OYyILHH yCIeX CEBCKOTO X03sHCTBA,
a BMECTE C TEM U KYJIBTYpPHOE Pa3BUTHE CTPaHBI.

Ho He B 3TOM TOJIBKO OyleT 3aKI04aThCs
3ajJlaua IPOCKTUPYEMOTO MyTH: HE B MEHb-
el Mepe OH MOCIYXHUT K NPOOYKIESHHUIO
1 Pa3BUTHIO IPOU3BOAUTEIBHBIX CHJI Hallle-
ro Cesepa kak co ctopoHbl EBpomeiickoii
Poccuu, Tak u co ctopons! 3anmagHoit Cuou-
pu. B aTOM oTHOIIEHHH obJieryeHue u yxe-
LnIeBJIEHUE, NIPU MOCPEACTBE CEro MyTH,
BB03a HEOOXOAMMENHIITUX BCIIOMOTaTEIbHBIX
CHaps 0B U IPHUCIIOCOOICHUH 11t pa3paboT-
KM HETPOHYTBIX MOKa OOraTCTB I[apCTB pa-
CTHUTENBHOTO M HCKOTaeMoro 2° v st yrops-
JIOYEHHs] 3BEPUHOTO U PBIOHOTO MPOMBIC-
JIOB — cpa3y OXHUBUT Bech noapHbi Cesep,
4YTO, B CBOIO OYEpPE/lb, OTPA3UTCS TaKKe Ha
YBEJIIMUYEHUH UMIIOPTA.

Ha ocHOBaHUM JJaHHBIX, 3aMMCTBOBAaHHBIX
13 DKCILTyaTalMOHHBIX 0T4eTOoB CHOHpCKOU
K. goporu?!, konuyecTBo BBO3UMBIX B CH-
Oupb, MO cemMy NyTH, TOBApOB JOCTHIIIO
B 1902 r. 18 muiH mya?; HO BBHIY TOTO, YTO
pa3Mep BBO3a IPSIMO MPOIMOPIUOHAIEH HO-
KYITHOH CIOCOOHOCTH Kpasi, KoTopas, Kak
W3BECTHO, 3aBUCHUT TJaBHBIM 00pa3oM OT
Oosiee niM MeHee 0OJIETUEHHOTO U obecrie-
YEHHOTO COBITa MECTHBIX CEJIbCKOXO3sM-
CTBEHHBIX NPOU3BEJCHUN (X1e0a U MPOayK-
TOB CKOTOBOJICTBA) MOXHO HaJesIThCs, YTO
¢ otkpsiTueM 1o IlonspHo-Ypanabckoil x.
Jlopore MpaBUIBLHOTO JIBM)KEHHS M BO BHH-
MaHUH K U3J0KECHHBIM BbIIIE COOOpaXKEHU M,
KOJIMYECTBO €)XXETOJHOTr0, 10 03HAYCHHOMY

2 Jleca ¥ JIECHBIX MOAOJIOK; METAJUIOB U PY/ (PaCCHITHOTO
30510Ta, cepedpa, Me/ii, CBUHIIA, MAPTaHIIOBBIX H XKEIE3HBIX
pyn u mp.); rpadura; KaMeHHOro yrist Hetd u mp.; Cm.
A. A. dyuun-TopkaBuu «To6oabckuit CeBepy. 1904 r.;
H. Tlonpesckuii. «O moe3nke Ha CeBepHbIl Yparb JeToM
1892 r.» (ITo nHeBHuKam ChIpOMSTHUKOBA M AHJpEEBa);
u B. C. Peyrosckuii. «Ilone3nsre uckonaemsle CHOHPHY.
CIIb., 1905 .

2! Crar. M-Ba I1. C. Bem. 84, 1904 ., Ta6. II1, ctp. 33.

2 Hauunasi ¢ 2,5 MutH y/1. B 1897 rozty — BpeMeHH OTKPBITHUS
0 I0pOTe JABMKEHHS.
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MyTH, BBO3a COCTABUT B MEPBBIC K€ TOABI
skcmryaranuu — He meree 6 000 000 mymos 2.

[TogBoast UTOT BCEMY BBILICH3JIOKEHHOMY,
rpy30Bble 00OPOTHI JOPOTH HOJIY4YHM B Clie-
JyIOILEM BUJIE:

1. TTo BEIBO3Y cHOMpPCKHX IPOLYKTOB. Beex
BBIBO3HBIX, B OJIMKaiilee Bpemsi, Tpy30B HMe-
JI0Ch B BULY, OT 65 110 70 mutH nya. B rof. Takas
nudpa, oJHAKO, KaK MOKa3bIBAET OINBIT Ha
JIPYTHUX JIOpOrax, MOXET OBITh JOCTHTHYTa
JUUIb 110 IPOINEeCTBHH 4—5 JeT, Toraa Kak
C MEPBOro rojja OTKPHITHs ABM)KEHHUS BBHIBO3
OyzeT 1o BCell BEpOITHOCTH MEHbIIHIL. B BuIy
Cero, B pacueT BBOJUTCS MOKa TOJBKO
24 000 000 mymoB 24,

2.ITo BBO3y TOBapoB U u3nenuil. Konngecrso
BBO3HMBIX TPYy30B YCTAHOBJIEHO BBIIIE B CTOJIb
YMEpPEHHOM pa3Mepe, YTO HET OCHOBAHUS K IIpe/l-
MOJIOKEHHIO, YTO OHO HE OyJeT MMeTh MecTa
B TIEPBBI K€ 01 SKCILTyaTal|H.

Takum 00pa3oM, 0 0OOMM HarpaBICHUSIM
JBUXKCHHS B pacueT NPUHHUMAETCs BCEro
30000 000 myz. rpy3oB2.

VYenoBus e€ ocymectBiaeHus. Ilepexons
K pa30opy 3KOHOMHUYECKOW CTOPOHBI Ipej-
OPUATHSL U K Pe3yJibTaTaM, KOTOPBIX MOXHO

% BechMa MHTEPECHBIC JaHHBIC O Oyaylieil BHEIIHEH Top-
roBnu Cubupu npuBogut B Pyccko-anrnuiickom ['opHOM
Becrauke 3a 1900 rox H. T'. I'yncon, myTemecTsoBaBmmit
1o Cubupu B Ka4ecTBE MPEICTaBUTEINS KOMITaHUH « Epmax».

24 K ceMy KOJIMYECTBY BBIBO3a CIICI0BAJO OBl IPUPABHATH
1 MIPOBO3HYIO CIIOCOOHOCTh AOPOTH, T.€. YUCIIO IPOBO3HBIX
CTOIJI, NOABMKHOIO COCTaBa U MacTepckux. IIpunumas,
OJIHAaKO, BO BHUMAHHME, YTO IIPUTOK Ha JIOPOTY IPY30B MOXKET
OBICTPO BO3PACTH, IIPOBO30CIIOCOOHOCTH €€ paccuuTaHa Ha
40 MuL. 1MyJ. B TOJ B OZAHOM HaIIPaBICHHH.

25 Jloka3aTeIbCTBOM TOTO, UTO [E(pa CHsl HE MOXKET CUUTATH-
Csl [IPEYBEIIMYCHHON U, HA0DOPOT, CKOpee HHKE BEPOSITHOM
HOPMBI, MOTYT CITyXHTb CJe/l. O(HI[MaTbHbIC CTATUCTHYC-
CKH€ JaHHBIE O JABIKEHHUH Ipy30B 110 CHOMpPCKOii XK. Topore:
TlepeBeseHo Bcero, U3 HUX XJ1€0, Tp.

BISOTLKp ..covvnenenn 21078000 myz. 13 739 000 myz.

« 1898 « ... 37027000 « 19825000 myx.
« 1899 « ... 40004000 « 18735000 myxn.
«1900 « ... 42841000 « 17452000 myx.
« 1901 « ... 50590000 « 20972000 myx.
«1902 « ... 63379000 « 23504 000 myz.
« 1903 « ... 64293000 « 19587000 myxn.
«1904 « ... 65221000 « 24583 000 myx.

Eme penLe(bHee pHCYeTCs POCT TPy30BOro (TPaH3UTHOIO)
JBYOKEHHUS 110 TUHUH Pei0nHCK-TIcKkoB. JIMHUS 3Ta COeqUHAET
Kak M3BECTHO, p. Bonry ¢ Bantuiickum mopem (Puroit), kaxo-
Bas mpsamas cBsa3b 10 1897 roza, T.e. 10 OTCTPOMKHU yyacTka
Bonoroe-IIckoB, He cymecTBoBana. C 03HaUEHHOTIO Xke rojia,
o0111ee KOJIMYEeCTBO IPy30B, MPOLICAINX TPAHZUTOM MEKILY
PriounckoM 1 IIckoBOM, BBIpaXkaeTcst B CISAYIONMX Udpax,
3aMMCTBOBAHHBIX M3 FOJJOBBIX OTUETOB MPABJICHHS:

B 1897 1. kp, Bcero 418 000 myx.

« 1898 « ... 13920000 myx.
«1899 « ... 16415010 myn.
« 1900 « ... 21087000 myx.

Mwup TpaHcnopTa. 2023

0XHUAAaTh OT 3Kcniayarauuu IloxasipHo-
VYpanbckoii K. JOPOTH, CIeAyeT CHaYana Koc-
HYTBhCSl YCIOBUH, C KOTOPBIMHU CBS3aHO €&
OCYIIECTBIICHUE.

[IpoexTupyemas xenesHas 1opora pe3ko
OyJeT BBLACIATHCS M3 psifa CYLIECTBYIOMINX
PEIbCOBBIX COOOLIEHN, HE TOJBKO BCIEA-
cTBHe €€ reorpaduueckoro MoOJOKEHUs, HO
U MOTOMY, YTO yCJIOBHS €€ KCIIIyaTalluu BO
MHOTOM OyJIyT COBEPLICHHO MHbBIE, YEM IPO-
YUX K. J.

Bolmre Obuta 1ana oOmiast xapakTepucTuKa
e€ 3HauYeHMsI, a TAKXKE BIUSIHHS, KOTOPOE OHa
JIOJDKHA OKa3aTh Ha OOIIMPHBIN palioH 3amas-
HOlt CubupH c npuseraroiuMHu 00JaACTAMU:
CeMmunanatuHckoil 1 AkmonuHckoit u bepe-
30BcKUM okpyrom Toboisibckoil rybepHUH,
NpU4éM yKa3bIBajJOCh U Ha TO, YTO MHUCCHUSA
€€, KaK 3BeHa BBIAAIONIEr0Cs TPAH3UTHOI'O
IyTH, OyZIeT TECHO CBs3aHa HE TOJBKO C HYX-
JaMu U TpeOOBaHHUSIMHU IOCTOSHHO BO3pa-
cratomiero HaceneHuss CuOupu B IEHTpalIb-
HBIX €€ 4YacTsIX, HO M 3aJlaHUsIMU MHUPOBOM
ToproBiu. YTo Xe KacaeTcsi COOCTBEHHO €&
MECTHOI'O 3HAUEHHUS, TO B 3TOM OTHOIICHHH
OHa OyJeT HaXOAUTHCS B COBEPIIEHHO HCKITIO-
YUTEIHHOM IOJIOKEHUHU, TaK KakK 110 HeH He
MIPEBUIINTCS HU BHYTPEHHETO TOBAPHOTO, HU
00513aTeIBHOTO (€KEAHEBHOTO) TACCAXKUPCKO-
ro JBM)XEHHs. Takoe OTIMYHUTENbHOE CBOW-
CTBO, OJJHAKO, HE MOCIYXHUT el B yuiepo;
HaNpOTHUB TOTO, SIBJISISICH B JIAHHOM Ciyuae
€CTECTBEHHBIM IOCJIEACTBUEM OBITOBOTO Xa-
pakTepa HOJSPHBIX CTPaH, OHO JOCTAaBHUT
MIPOCKTUPYEMOMY ITYTH BHICOKHE TIPEUMYIIIe-
CTBa Iepej APYTMMH PElbCOBBIMH COOOIIIe-
HUSIMU. DTH IPEUMyIIecTBa OyAYyT 3aKiIIO-
4aThCsl:

1) B oTHOIIICHUU CaMOTO COOPYIKEHUS J0-
poru:

a) B CPaBHHUTEJIbHOM JCIIEBU3HE SKOHOMUHU
e€ mocTpoiiku (53 T.p. Ha Bep.), TaK KaK st
Heé He moTpedyeTcs BOOOIIE BO3BEICHHSI TTac-
CaXXHUPCKHX 3/1aHUH, CO BCEIO pa3HOOOPA3HOIO
nX 00CTaHOBKOH, a Ha TPOMEKYTOYHBIX CTaH-
LHUSAX — HU TOBApHBIX IIATPOPM, NAKray30B
U MPOYMX COOPYKEHHH, BBI3BIBAEMBIX MECT-
HBIM JABW)KEHHEM, — HH JUIMHHBIX 3allacHbIX
Iy Tei (3a UCKITIOYEHUEM OJTHOTO Pa3be3IHOTO
Ha Ka)KI0M OCTaHOBOYHOM ITyHKT€), HH, HAKO-
Hell, — CJIOKHBIX CHUTHaJbHBIX MPHCIIOCo0IIe-
HUH;

0) B COKpAIIEHUHU YHCIIa TPOMEKYTOUHBIX
CTaHIUIl U pa3be310B, a TAKKE — IIOIBHXKHOTO
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COCTaBa, KOTOPBIH OYJET COCTOSATH IPEUMYyIIie-
CTBEHHO U3 TOBapHBIX BaroHOB M IapOBO30B
HOBei1Iero Tuma?s.

2) B oTHOUIEHHH HKCIUTyaTallUu:

a) B YIIPOILEHHH TAKOBOM, CBEICHUEM CTaH-
LMOHHBIX MaHUNYJSIIHUKA U YUCJa CIyXKaluX
JI0 KpaiiHero (pa3yMHOT0) MUHUMYMa;

0) B COKpallleHUH BPEMEHHU CTOSHOK I10e3-
JIOB Ha CTaHUMSIX U pazbeszax, YTo, B CBOIO
odepellb, yCKOPUT KPyrooOopoT Moe3aoB
U, CIeloBaTeNIbHO, TOBEJIET K Ooyee panuo-
HaJbHOMY HCIIOJB30BAHHUIO MOJABUKHOTO CO-
CTaBa;

B) B YBEJIIMYEHHUH JJOXOJHOCTH JIOP., BbIJIE-
JICHMEM M3 JKCIUTyaTalud MaJloJAOXOHBIX,
€CJIM He YOBITOYHBIX B OOJIBIIMHCTBE CIIy4aeB,
CTaTei: MpaBUIIBHOTO NaCCaKUPCKOTO M MECT-
HOTO TOBApHOTO JIBUXKCHHS; HAKOHEII,

T') B COBepUICHHEeH el yTrnn3anuu [3¢ dex-
TUBHBIM HCIIOJIb30BaHHEM — IPUM. PEJI. ] caMmoro
Ty TH, IPOBO30M I'py30B IO Beeit ero mne B 400
Bep., KaK B OJIHY, TaK 1 B 0OPAaTHYIO CTOPOHY.

Kak ycmarpuBaercst fajee U3 MPOEKTHBIX
JaHHBIX, coopyxeHue [lomspHo-Ypansckoil x.
JIOPOTH T10 HAIPAaBJICHUIO, JJIsl He€ HbIHE HaMe-
YEeHHOMY, a UMEHHO: OT BHazeHus p. Codu
B bonbuiyto O0b, yepe3 T.H. Enerkuit Bomopas-
nen, 1o Bapanpeiickoro nopra, He OyzieT cBsi3a-
HO C KaKUMH-JIMOO O0COOBIMH 3aTPyJAHEHHSIMH;
npe/ieNbHble €€ CKIOHBI He OyayT MpeBbIIIaTh
0,008, npu HanMeHbBILIEM paguyce 3aKpyTIICHHUS
kpuBbIx B 300 cax.; camast TUHUS Oy/IeT MpoJie-
rarh, OOJIBIICIO YACTHIO, 10 POBHBIM IMOJISPHBIM
TyHJApaM, MPEACTABISIONIUM MIPEBOCXOJHOE,
B CTPOMTEJILHOM OTHOILICHUH, U BIIOJIHE HAJIEHK-
HOE€ OCHOBaHUE JIJIsl BO3BE/ICHHS ITOJIOTHA JIOPO-
I'M; UICKYyCCTBEHHBIX M [TPOYHX JIMHEWHBIX COOPY-
YKEHUI CPaBHUTEIEHO HEMHOTO; HAKOHEII, [ICHBI
Ha CTPOUTEIIbHBIE MaTepralbl BOOOILE yMEpeH-
Hele. C npujaHueM e BEpXHEMY CTPOCHHIO
ITyTH KpaiiHe COJMIHOI KOHCTPYKLUH (C peiib-
camu Bec. 24 GyH. B 11. QyTe U CO CKPEIICHUSIMU
HOBEHILIEro aMepuKaHCKOro THIIAa «continuous
jointy, 2000 momepeunHaMu Ha BEpCTy MyTel
U C IpUMCHEHHEM Oayuiacta U3 IieOHs, TOJIIII.,
cnost B 0,22 cax.), BBIIIIEOTOBOPEHHBIE IPEUMY-
LIeCTBa Mojy4ar emé OoJibliee 3HaYEHUE U OT-
passTcs HECOMHEHHO BBITOJHO Ha BCEM KOHO-
MHUYECKOM CTPOE pacCMaTpHUBaEMOr0 PEIbCOBO-
T'O COOOIIEHUSL.

26 Tax, BaroHbl TOBapHbIE [PE/ITOJI0XKEHBI C IPY30IIOIEEMHOI0
cwioto B 37 T. = 2296 nyn. u Taporo B 17 . = 1055 myn.,
a BCEro B rpyx. cocT. 54 T. = 3350 myx., BciaeACTBUE YEro
YHCIIO X CPABHUTEIBHO OrPaHHYCHHOE.

C npyroii CTOpOHBI, IPOEKTUpYeMast XK. J10-
pora norpelyeT 11e10ro psifa J00aBOYHBIX CO-
OpY)XE€HHH 1 003aBEJICHUI, BEI3bIBAEMBIX KaK €€
reorpapuyeCcKUM MOJOKEHUEM, TaK U yCIOBUSI-
MU e€ Oynynuiei skcruryaranuu. K cum coopyke-
HUSIM ¥ 003aBEJIEeHUEM OTHOCSTCS:

1. [IpuyanbHble U pa3HbIe NEPErpy304HbIe
MPUCIIOCOOJIEHHS NTPU KOHIEBBIX CTAaHILHMIX
Y MOPCKOTO KOMMEPYECKOTO IOpTa U PEUHOM
raBaHH, a TaKKe pa3Hble, BXOISAIIUE B COCTaB
OHBIX MEXaHU3MBI; MapOXOAbl, OAPKH, JOIKU
U TpOYMe NMPUHAUICKHOCTH MOPTa M TaBaHH;
HaKOHel, HeOOXOIMMBIH JUIsI MECTHBIX Pabounx
apreneil ”HBEHTaph U Ip.

2. DneBaTopbl Ha KOHLEBBIX CTaHIUAX, CO
BCEMH OTHOCSILIMUCS K HUM IIPUCIOCOOICHUSI-
MU JUJIs BBICYLIKH, OYUCTKH U COPTHUPOBKH,
a TaKk)Ke — CKOpeHIIel meperpy3ku XJeOHbIX
U pa3HbIX CEMEHHBIX MTPOJYKTOB.

3. YCTpoHCTBO IBYX AJIEKTPUYECKUX CTaH-
LU KaK JUIsl IpUBEIEHHS B JICHCTBUE MEXaHH-
YECKUX HPUBOJIOB 1JIEBATOPOB, KPAaHOB U IIp.,
TaK PaBHO U JUIsl OCBEICHUS KOHEYHBIX CTAaHLIUH
U TIOCEJIKOB, CHaO)KEHHSI SHEPTUEH AIeKTpruYe-
CKHX TpaMBaeB U Ui APYTHX MOTPEOHOCTEM.

4. YCTpOHCTBO IPOBOJIOYHOTO U OECIIPOBO-
JIOYHOTO TeJerpadoB, B CBA3HU C TeICPOHHBIMU
cooOuieHns MU Mex 1y Bapanneiickum noprom
u c. Ycrb-1lputeMoid, Ha Ieuope?’, u ct. «CoOb»
u ¢. CamaposckoM (mipu ycthe UpThima)? ¢ 1e-
JbI0 COEIMHEHUS MPOEKTUPYEMOH JOPOTH
C CETBhIO PYCCKHX M 3arpaHUYHBIX TeJerpadHbIX
JIMHWUH, PAaBHO KaK JJIs yIIOPSAJOYEHUS PEYHOTO
cynoxoncTsa Baosib Oou.

5. ITocTpoiika 1BYyX MOCENKOB B OKOHEYHBIX
IYHKTaX JIOPOTH, KaK Ul HaJOOHOCTEH MeCT-
HOM aIMMHUCTPAIMHU U €€ PA3HOPOJHBIX YUPExK-
JICHUH, TaK ¥ JUIs YIOOHOTO pa3MeleHHs Ciy-
Kalux 1 pabounx, HEe TOJIBKO JKEIe3HOIOPOXK-
HBIX, HO U TaKOBBIX Oyayliel TaMOXXHU U Jpy-
I'MX BEJOMCTB U pa3HbIX, IPUYACTHBIX K JIEIY,
JIUIL.

Haxoner, k 100aBOYHBIM IPUHAIIEKHOCTSIM
paccMarpuBaeMoOro TOProBOro IyTH AOJDKHO
NPUYKCIINTD TAKKe BO3BENIEHUE camoro Bapan-
neiickoro kommepueckoro nopra u Co0ckoii
peuHoi raBanu. Cuu COOpy»KeHHs1, KaK HE OTHO-
CSILLIUECS] HETTOCPE/ICTBEHHO K JKEJIE3HOAOPOIKHO-

27 Orcropa mpoJieraeT Mo4YToBbIi TpakT yepes [lunery
K ApXaHTeNbCKy, BIOIb KoToporo ¢ 1895 r. Yers-1lpubma
COCIIMHEHa TeserpaHbIM MPOBOAOM ¢ 001Iel0 ceTbio M-
MIepUH U C 3aTPAaHUIHOIO.

2 DTOT IyHKT COSMHEH YiKe HbIHE ¢ TOOOJIBCKOM H, ITOCEMY
MIPUHAIIICKHUT TAKXKe K 0011ei TenerpadHoit ceTu.
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MY HPEIIPHSITHIO, B CBS3U C IIOCTPOWKOIL Oymy-
111eif TAMOYKHH M CO BCEMH IIPOUMMHU ITPUHATIIEHK-
HOCTSIMH TIOPTa U TaBaHH, HE BBOASATCS B paclie-
HOYHYIO BEZIOMOCTb CTOMMOCTH COOPYKECHHS K.
JIOPOTH, HO UMEIOT COCTAaBHUTh MPEIMET 0c000ro
C [IPaBHUTEIBCTBOM COIVIAILICHUSL.

Pesynbrarsl pacuenodnoil Begomoctu. Ha
OCHOBaHHMH PACIICHOYHOM BEIOMOCTH, MMOTPEO-
HBI COOCTBEHHO Juis coopyxeHus [lomsipHo-
YpanbcKoil K. JOPOTH CTPOUTENbHBIN KauTal
omnpezensercst B 21200 000 py0., 4yto coctaBuT
Ha BepcTy — 53 000 py6.

K cemy nobasnsiercs:

1. Ha pa3HbIe CTaHIMOHHBIE Pa3rpy304HbIC
MPUCIIOCOOJICHNUS, Ha TPUOOPETEHHE HHBEHTAP-
HOTO MMYIIECTBA [IOPTa U TaBaHU U Ha yCTPOii-
cTBO peuHbIx npuctaneit — 3 000 000 pyo6.

2. Ha ycTpoiicTBOo 3neBatopoB — 4 000
000 py6.

3. TOXe — DIEKTPHUYECKUX CTAHIHUA —
800000 py6.

4. Toxe — TenerpadHbIX U TeIePOHHBIX CO-
O0ILIeHN T MEXTy KOHIIEBBIMHU CTAHLIUSIMH, YCTh-
Hpuiemoro u ¢. Camaporckum — 500 000 pyO6.

5. Ha yCTpOHCTBO JABYX mocenkoB — 2800
000 py6.

Bcero 11100 000 py6.

6. oboporHsbIit kanutan — 500 000 py6.

7. Ha ynjiary IpOLEHTOB U IOrallieHne Karu-
Taja 1Mo OOJUTalUsIM B IPOJODKCHUE 31/2 JIeT
coopyxenust goporu — 2700 000 py6.

8. pacxoipl 110 BUMHEHHUIO MPEIIPHUITUS
U peajM3aliy CTPOMTENBLHOTO KaruTaia u npo-
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LIEHTHl HA aKIU{d BO BPEeMs IIPOM3BOJACTBA pa-
6ot — 4500 000 py6.

Bcero — 40000 000 py6.

i Ha Bepety goporu — 100000 py6.

Kanmran ceit umeeTcs B Buy peain3upoBarh:

a) BbimyckoM 20000 akiuid, Hap. LEHOK M0
500 py0. kaxnaasi, Ha OOLIYyIO

cymmy — 10000 000 py6.;

0) BbirryckoM 120000 11T. He rapaHTHPOBAHHBIX
MIPaBUTEILCTBOM OOJMranui, u3 5 % uHrepeca
U ToraleHus, Hap. LeHow 1o 250 py0. kaknas
Ha — 30000 000 pyo.

HUroro — 40000 000 pyo.

Ocraércsi NPUCOBOKYIUTh, YTO U3JIOKEHHbIE
BBIIIIE COOOPaKEHHS 1 BBIBOIbI OCHOBAHBI, MEXK/TY
TIPOYXM, Ha TOPOOHBIX M3bICKAHMSIX, IPOU3BEICH-
HbIX B 1900 romy, kak /s BbIOOpa OKOHEUYHBIX
MYHKTOB? U YCTAHOBJICHHS OOIIETO HAPABIICHHSI
[TomsipHO-Ypanbckoi K. JTOPOTH, TaK PaBHO IS
BBISICHEHHSI S)KOHOMHYECKHUX YCIIOBHH €€ COOpyKe-
HUS, U YTO, TAKMM 00pa3oM, UIMEETCsl YoKe TBepast
TI0YBA K TOMY, 4TOOBI OTHECTHCH K paccMaTpHBae-
MOMY BOIIPOCY C MOJHOK 0OBbEKTUBHOCTBIO, 0€3
KOTOPO#1 HEMBICJIMIMO YCIIENIHOE HAYMHAHKE U, TEM

2 Kak MpUBEICHO BBINIC, B MEPBBIN IO MO0 OTKPHITHH Ha
JIopore IBHKCHUS TIPEAIIOI0KEHO epeBe3TH Beero 24 MITH
IyA. OTIYCKHBIX TPy30B. OTHOCS Ha OO 3€PHOBBIX IPO-
JIyKTOB, JIeca, METAJUIOB U T.11. Tpy30B 60 %, T.e. 14 400000
My[I., IPOBO3HASI TTaTa UX MOXET ObITh mpHHsTa B 1/45 K.
C ITy/10-BEPCTEI, TOIa KaK st ocTanbHbIX 9 600 000 myx. oHa
COCTaBHT Ha Kpyr1/24 k. DTomy OyaeT COOTBETCTBOBATH, 3a
BCE PAcCTOsIHUE, MoMyaHas 1m1ata B 9 u 17 xom. [pubasmsis
K CHM CTaBKaM 9KCIIeIUIIHOHHBIH cOop, B pasmepe 1,50 u 1,75
KOIL. (cM. IpHJL. 4-0¢), TIOJTHBIE TPOBO3HBIE IIATHl COCTABST:
10,50 u 18,75 xom. 3a myz.
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Goree, OCYIIECTBICHHE CTOIb CEPhE3HOTO Tpel-
TIPUATHS, KaK MPEZCTOsIIEE.

@DuHaHCOBBIE pe3yIbTaThl SKCILTyaTaryu. Co-
IJIaCHO MPHUBEACHHBIM BBIIIE COOOpPaX]KECHHUIM
1 IAaHHBIM, OXKMAAEMBIE T10 SKCTITyaTalll1 JICHEK-
HBIE 000POTHI IPEACTABATCS B CIISYIOIIEM BHII:

Basosoii noxon.

1. Beipyuka oT mpoBO3a IO A0POTe, MPOTSHKE-
nuem 400 Bepcr:

a) TPY30B OTITyCKHBIX', 8 HMEHHO: Pa3HBIX
XJIEOHBIX I'PY30B, Jeca, KaM. YIIIs

n up. 14400 000 . x 10,50 xom. = 1512
000 pyo®.

OCTAJIBHBIX TPY30B BBIBO34,

9600 000 1. x 18,75 xom. = 1800 000 py®.

6) Tpy30B BBO3HBIX,

6400 000 1. x 28,75 korr**.= 1725 000 pyO6.

Bcero ot ipoBo3a 30 mita 1y — 5037 000 pyo©.

2. Pa3Hble JOMOJHUTENBHBIE TOXOOBI3! —
250000 py6.

3 O3HaueHHBIe Ipy3bl TakcHpyHOTCs 110 1 1o VII k1. obmiero
tapuda, T.e., Kp.4., 101/15 Kom. ¢ mymo-BepcThl, 4TO, 32 BCE
paccrosiue, coctaBut: 27 xor. +1,75 kor.=28,75 xor.

3! Crofa m1aBHEIM 00pa3oM oTHocsITest: 1) cOop ¢ mepeBo3ok
B CIy)KEOHBIX TMOE€3[aX: MacCcaXxupoB, Oaraxa, MOCHUIIOK
U TOBapOB GOJIBIION CKOPOCTH; C MOIITYYHBIX MEPEBO3OK;
3a EPEBO3KY MOYTHI H BOMHCKOH KJIa/H; C )KUBOTHBIX U TIp.
(60000 py6.); 2) pa3Hble CTaThH AOXOIA: 32 MOJNH30BAHHE
BOJJOCHAOKEHHEM, TOBAPHBIMH M71aT(HOPMaMH, CTAHIIHOHHbI-
MU JIBOPAMH, Ty TSIMH U TIP.; 38 OTAAYY B HAEM ITOMELICHUI
U 3eMeJIb; cO0p ¢ IMHEeHHOro Tenerpada; 10Xo/ OT MPOJaKH
cTaporo uMmymecTsa u apyrue nocryrmienus (50 000 pyo.);
3) noxox o (GUHAHCOBBIM H AOMONHHUTENBHBIM 060POTaM
n npexnpusaTusm (40000 py0.); 4) 10X0x OT TAKCUPOBKH
cayxeOHbIX mepeBo3ok (80000 py6.), u 5) noxon ¢ Te-
nerpaHo-TeneGOHHOr0 COOOIIEHNUs] IO HOBOH JINHUHU
(20000 py6.), — Bcero 250000 pyo.

3. Jloxo1 OT IPOITyCKa rPy30B Yepe3 HEBATOPHI
1 OT IPOYUX MEXAHUUECKUX MAHUITYIISILIAI:

14400 000 11. x 2,00 kor. = 288000 py0.

Bcero— 5575 000 pyo.

4. Tenerpacublii cOOp OT MOOOYHBIX JTMHMI
(Bapanneii—Ycrp-Lpummbma u «Cobonms»—Camapo-
B0 —40000 pyO6.

Hroro — 5615 000 pyo.

Ha Bepety — 14037,50 pyo.

Pacxon.

TaxoBoi, COOCTBEHHO TT0 SKCILTYaTaIIIH JOPOTH,
NpUHEMaeTCst Ha KpyT B 50 % OT BaJioBOro 1oxona*
(xpome TernerpapHOro coopa OT ITOOOIHBIX JTMHHI)
u oceMy coctasut: 5575 000 py6. x 0,50 kor. =
2787 500 pyo.

Ha conepskaHue u peMOHT CTaHIIMOHHBIX
Meperpy304HbIX IPHCIIOCOOICHNI B OKOHETHBIX
ITYHKTax JIOPOTH, PEYHBIX MPUCTAHEH, a TaKkxKe

32 Takoil pazmep 0OOIIEro pacxofa HE MOXKET CUUTATHCS,
B JIAHHOM CITy4ae, IIPEyMEHBIICHHBIM, €CIIN NPHHSTH B CO-
0o0OpaskeHHUEe HE TOJILKO SKOHOMHYECKHI CTPO AKCILTyaTaliu
IMonspHO-Ypanbckoii *. JOporkn — B 0COOCHHOCTH ke eé
CITy>kObI ABMKCHHS U TSTH, C CPABHUTEIBHO OTPAHUYCHHBIM
JIMYHBIM COCTAaBOM, BCJIEJICTBHE MCKIIOUECHHUS U3 Kpyra e
JIeATebHOCTH IPAaBUIBHOTO ACCAXKUPCKOTO U BCIKOIO MECT-
HOTO JIBUJKEHUSI, — HO U IPYTHE KPaifHe BBITOJHBIC YCIIOBHS,
MPHUCYIIHE PACCMaTPUBAEMOMY ITyTH: BO3MOXXHOCTH CaMOH
WHTEHCHUBHOH YTHIIN3AIMH MOJIBUKHOTO COCTaBA TPOBO30M
OTITyCKHBIX ¥ BBO3HBIX I'PY30B 10 BCEH ANMHE TOPOTH; yMe-
PCHHBII PacXoj Ha COAEpPIKaHUE U PEMOHT IMyTH, 00yCIIOB-
JICHHBIN COJIMJHOIO0 KOHCTPYKIMEH MOCIEIHET0, H IPOUHX
COOPYKEHHI JOPOTH; CPaBHUTEITBHYIO JACIICBU3HY TIIABHBIX
CTPOUTENbHBIX MATEPHANOB U TOILIMBA; HAKOHEI — U Ha
3TO JIOJDKHO OBITH MOJOXKEHO 0C000€ ylapeHne — IONHY0
H30JIMPOBAHHOCTh PAacCMAaTPUBAEMOIl JOPOTH H, IOCEMY,
HE3aBUCHMOCTh €€ OT MHOTHX (pAKTOPOB, CTECHSIOIINX
XO3AHCTBO MPOYMX XK. JOPOT.
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n0604HbIX TenerpadHsix guauit — 200 000 py6.*
utoro — 2987 500 py0.
Ha Bepcty — 7468,75 py0.

YuCTBIA TOXOM.

Bcero 5615 000 py6. — 2987 500 py06. =
2627 500 py6.

Ha BepcTy — 6 568,75 pyO.

Pacnpenesnenne 4ucTOTO 10X0AA.

Ha ynnaty 5 % uHTepeca u morameHus
KamuTala no OOIUTramusiM B CyMMe
30000 000 py6. — 1500 000 py6.

B 3anacusiit kanuran (10 % ot uucroro
JIOXO07Ia):

2627 500 py6. x 0,10 = 262750 py0.

Bcero — 1 762 750 py6.

a IOTOMY OCTaTOK YHCTOU MPUOBLTH COCTABHUT:
2627 500 py6. — 1762 750 py6. = 864 750 py0.
a Ha 10 MiH py0. aKIIMOHEPHOTO KamuTana —
8,65 %.

Ecnu Takoii pe3ysbTart, ¢ IepBOro e roaa
OTKPBITHS 110 IOPOTE IBUKEHHSI, 3aCTyKUBACT
BHHMaHUS, B 0OCOOCHHOCTHU PU TOW OCTOPOXK-
HOCTH 3a/IaHU#i, KOTOpas MOCTABJICHA B OCHO-
BY pacdyeToB, TO €CTh OCHOBaHHE MPENNoia-
rarth, 4T0, C yBeJTHUCHHEM BHKCHHSI, YUCTHIH
JIOXOJI IOPOTH CO BPEeMEHEM TaK)Ke BO3PACTET,
U TeM CKOpee, YeM YCIelHee pa30BbeTCs Ma-
POXOZICTBO 110 CHOMPCKUM BOJHBIM COOOIICHHM-
sMm 1 CeBepHOMY MODIO, B CBSI3U C pacuiupe-
HUEM MOPCKOIo KOMMepueckoro nopra (B Ba-
panzeiickoit 0yxrte) u OOCKO#M raBaHu, ¢ pas-
IPY30YHBIMH B HUX MPHUCIIOCOOICHUAMH.

K Bonpocy o coopy:keHHH MOPCKOTro moprta
W peyHoii raBaHN B KOHEYHBIX MYHKTAaX

Berlmre ObUIO yKa3aHO, YTO K YHCIy A00a-
BOUYHBIX COOPYXEHUH U paboT, BBI3bIBAEMBIX
MECTHBIMU YCJIOBUSIMHU Oynyled SKcIuryara-
UM PacCMaTpUBAEMOro PeJIbCOBOrO IMYTH,
OTHOCHUTCS TakXke ycTpoiicTBo B Bapanmeii-
ckoit 0yxre CesepHoro JlegoBuroro okeana
MOPCKOI'0 MOPTa, a B MPOTUBONOJ0KHOM
KOHIIe opory, npu BrajgeHuu p. Coos B boib-
mryto O0b, peuHoii raBaH.

OTH KanuTajgbHble COOPYXKECHHUS HE ObLIN
BBEJICHBI B PaclIEHOUHYI0 BeaoMocTh [lomsip-
HO- YpaJbCKOM XK. TOPOTH Ha TOM OCHOBAaHUU,
YTO OHU HEOOXOJUMBI HE TOJBKO JIsi Ham00-
HOCTEH YaCTHOTO NMPEANPHUITHS, HO, IJIaBHBIM
o0pa3oM, JUIsl pa3BUTHS CYIOXOJACTBAa M TOP-

3 113 HUX COOCTBEHHO Ha COACPIKAHUE H PEMOHT CTaHIHOH-
HBIX Pa3rpy304HbBIX MPUCIOCOOICHHH, HHBEHTaPHOTO UMY-
mectBa U np. — 100000 py0. 1 CTONBKO ke Ha COAepIKaHue
MOOOYHBIX TeaerpadHbIX JTHHHA.
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roBJM Ha ceBepe Poccuu, U moToMy cCHM CO-
OpYKEHHM MPUCYIL XapakTep oduierocynap-
CTBEHHBIX MOCTPOEK, BO3BOJIUMBIX, B 00JIb-
LIMHCTBE CJIy4YaeB, CAMHUM IIPABUTEIbCTBOM.

[Tpy HOpMaJIBHBIX YCIIOBHSIX 3TO, BEPOSITHO,
HMeIo Obl MECTO M B HACTOSILIIEM CITydae; pH-
HUMasi OJJHAKO BO BHUMaHHE HBIHEUIHee (u-
HAHCOBOE ITOJIOKEHHE TOCYIapCTBa, a C IPyron
CTOPOHBI — HEBO3MOXKHOCTh BEICHUS IIPABUIIb-
HOI 10 yKa3aHHOMY ITyTH dKCILIyaTaluu, 0e3
CHA0XEHHsI €T0, B TO K€ BPEeMs, TAKUMH MPH-
CIIOCOOJICHUSIMH, KOTOPBIe 00ecTeunBain Obl
3a HUM OeCIpEensTCTBEHHBIH BBIBO3 M MOJIBO3
I'Py30B BOJIOI0, OCTA€TCS OAMH JIMIIb HCXOJ:
MIPEIO0CTABUTD BBINOJIHEHHE CKa3aHHBIX COOPY-
JKEHHUM Tak)Ke YaCTHON MHUIIMATHBE.

[TonsiTHO, YTO MOTPEOHBIE AJIS CEro 3HAYH-
TeJbHBIE JICHEKHbIE 3aTPaThl HE MOTYT OBIThH
OTHECEHBI Ha CYET CTPOMUTEIHHOTO KaluTaia
[HonsipHO-Ypanbckoit k. AOPOTH, TaK KaK CO-
OTBETCTBEHHBIC CYMMBI IpeJHa3HAYEHBl HC-
KJIFOUUTEJBHO /I yCTPOWCTBA PEIIbCOBOTO
IIyTH, CO BCEMH, 1 O€3 TOr0, MHOTOUHCIICHHBI-
MU 100aBOYHBIMU COOPY)KEHUSIMU U 003aBe-
JICHUSIME >4, TOT/Ia KaK MOPCKOH MOPT U peyHast
raBaHb, K KOTOPBIM, OBITh MOXeET, OyzieT MpH-
coellMHEeHa M TaMOXHS, CYyTh IIOCTPOUKH Ipa-
BUTENLCTBEHHOM *°, OJIeKalIKe BO3BEACHUIO
Ha 0Cco0BIE PEeCypCHI.

K takum pecypcam Bcero npaBuiIbHEE OT-
HECTH T.H. IOPTOBBIE JOXOJbl, @ HMEHHO: IO-
MyAHBIH COOp CO BCEX NMPOIYCKAaeMBIX depes
MOPCKOH HOPT I'PY30B, U KOpaOenbHBIH —
€ KaXJ0r0 M3 NPUXOAALINX B HOPT U U3 HETO
OTXOJSIIIMX CYIOB. DTH COOpBI, B3UMaeMble
¢ 1902 roga Bo Bcex moprax Mmmepum Ha
OJIMHAKOBBIX HauyajlaX M 110 PaBHBIM CTaBKaM,
COCTAaBIIAIOT HBIHE: IEPBBIN, T.€. MOMYAHBIN —
ot 0,25 10 1,00 xom. u kopabeabHBIN — Ha KPYT
2,50 xom. uiau B CIOKHOCTH — OT 2,75 1o 3,50
KoIlL., ¢ yaa. C yBeJIM4eHUEM Ke MOIYyIHOTO
cbopa st Bapanaeiickoro nopta Ha 0,50 xorr.,

3% Kak ycMaTpHBaeTcsi U3 PacleHOYHON BEJOMOCTH, CTOH-
MOCTB YCTPOHUCTBA COOCTBEHHO CaMOM JOPOTH HE IIPEBBICUT
¢ BepeTsl 53 000 py0., Torna kak Ha 106aBOYHbIE TTOCTPOH-
KH, 003aBeJIeHUsI U PAacXOAbl MPEABHICHO, CBEPX TOTO,
11 100000 py6., unmu Ha Bepery — 27750 py6., T.e. 50 %
CTPOHUTETBHOH CTOMMOCTHU JOPOTH.

35 HeoqHOKPAaTHO BBICKA3bIBAJIACH JKENATEIBHOCTD PACIiO-
narate Ha CaMoeICcKoM No0epekbe MOPCKMM OIOPHBIM
ITYHKTOM, KaK JUIsl Pa3BUTHS HALIEro PHIOHOTO U 3BEPHHOTO
MIPOMBICIIOB, TaK U ISl COAEHCTBUS MOPCKHUM JKCIEIH-
musiM st ucenenoBanus Cesepa Cubupu. B cnx Bumax
Bapanpeiickuii mopt OyneT uMeTh BbIIAIOIIECECs 3HAUYCHHUE,
B 0COOCHHOCTH €CJIM NIPUHATH BO BHUMaHHUE OJIM30CTH €ro
K yctbio Iledopsr u x Kapckomy mMopro.
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CpeIHui MOPTOBBIN cOOp COCTABUTH Kp.4. 3,50
Ko %,

Tax xak B HacTosiI[ee BpeMsI HEBO3MOXHO
OTIPEJIENIUTh C TOYHOCTHIO HEOOXOAUMBIN 1151
MTOCTPOMKN MOPCKOTO KOMMEPYECKOT0 IopTa
U peYHOW raBaHU Pacxoj, T.e. CTOUMOCTH
paboT MHOYTIYOUTENBHBIX a TAK¥KE, MOJIOB,
pa3rpy304HbIX Aam0, JOKOB, MasKoOB M Mp.,
PaBHO CTOMMOCTb Pa3HbIX 003aBeJeHUH, KaK
TO 3eMJiedepIiaTeIbHbIX MalliH U 3eMJIECO-
COB, MAPOXO0B, 0apoK, JIEIOPE30B U NPOUHX
CHapsII0B M IPUHAJIE)KHOCTEH 1TOPTa U TaBa-
HU, KpOMe BBEIEHHBIX YK€ B PACLEHOYHYIO
BEJIOMOCTb COOCTBEHHO Il HajoOHOCTEH
JKEJIe3HO# JOpOru, — TO O3HAYEHHBIH pacxos
ycTaHaBlIMBaeTcs 1moka B pazmepe 10 MiH
pyO., BKIIFOUUTENBHO pacxojia Ha aJMUHHU-
CTpalMIO ¥ OTYHCICHU Ha YILJIaTy, 3a Bpems
MIPOMU3BOJICTBA PabOT, MPOIEHTOB U IOTallle-
HUA Ha 3aTpadyeHHbI kanuTal. [IpuHumas 3a
CHM MOPTOBBIE N0X0ABl Kp.4. B 3,50 xom.
C myna, a cpeaHuit rpy3oo6opor B 30 mMutH
y[1., BAJIOBOM MOPTOBOM cO0Op Oyzmer cocras-
a1k He meHee 1 000 000 py0. B ro.

IIpu rakux ycnoBusx O6mectso [Tomsp-
HO-YpanbCKOHM K. JOPOTH, C MPUHATHEM Ha
ce0s yCcTpolcTBa MOPCKOTO 1OPTa U PEYHOU
raBaHd, B COCTOSIHHH OyleT — He oOpeMeHsis
rocyJapCTBEHHOTO Ol0JXeTa — BO3BECTH
U 000pynoBaTh O3HAYEHHBIE COOPYKEHUS
OJTHOBPEMEHHO C NMOCTPOUKOMN jKele3HOH 10-
poru, 4to, B JaHHOM clly4ae, SIBIsSETCS He
TOJIBKO JKEJIaTeJIbHbIM, HO U HENPEMEHHBIM
YCIOBHEM OCYILECTBICHHUSI paccMarpuBae-
MOTO MPEIINPUSITHS, TAK KaK HHAYe TIPABUIIb-
Has OKCILTyaTanus Obljia Obl HEOCYIIECTBUMA.

Ocraércst NPUCOBOKYIIUTD, YTO COIJIACHO
BBIIIEU3JIOKEHHOMY, caMasi OTYETHOCTH 110
NPOU3BOJCTBY COOTBETCTBEHHBIX paboT
U CBSI3aHHBIX C HUMH PAacX00B A0JKHA OBITh
OT/IeJIEHA OT TAKOBO MO COOPYKEHUIO Kelle3-
HOW JOporH; HO, nabbl HE OOpPEMEHSITH,
BMECTE C TeM, X0Ja padoT U3NIUIIHUME (Hop-
MaJbHOCTSIMH, Ka3aJ0Ch Obl BCEI'O YMECTHEe,
0 COCTaBJEHUIO MOAPOOHBIX NMPOEKTOB
U CMET yCTPOMCTBa MOPCKOTO OPTA U PEYHOU
raBaHu, U 110 PACCMOTPEHUU U YTBEPKACHUH
UX MPaBHUTENbCTBOM, IpeaocTaButh OO1e-
ctBy IlonspHo-Ypanbckoi *. ZOPOTH MPaBO
CaMOCTOSITEJIBHOI'O PACIIOPSKEHUS YCTaHOB-
JICHHBIMH KpEAUTaMU, HapaBHE C NMPOU3BOJ-

3¢ Cm. BBIHOCKY 1-f0 Ha cTp. 228 B «XKen-nop. [ene» c..
NeNe 37-38.

CTBOM PAcXO0/I0B I10 IOCTPOMKE CaMOii xkele3-
HOIl IOpOrH, ¢ Te€M, 4TOOBI CyMMBI, IIpEeIHA-
3HaYeHHBIE JUIS TIOPTA, TaBaHU M MUX MPUHAJI-
JIEXKHOCTEH, OTHIONb HE YNOTPEOIsUINCh ISt
MOCTOPOHHUX HamoOHOCTEH .

bnwxaiimue, Mo ceMy npeameTy omnpenue-
JIEHUS ¥, B TOM YHCJE, NOPS/I0K B3UMaHUS
MOPTOBBIX COOPOB, UMEIOT OBITH OrOBOPEHBI
B ycraBe O011ecTBa 1M H3JI0)KEHBI B 0COO0M
K HEMY J100aBJICHHH.

JlokJ1agHast 3aMCKa HHKEHeP-MeXaHuKa
E. K. Knoppe, npeacrasjiennass MuHucTpy
IyTeii Coobmenus

Bor e€ conepxanue, oObsICHsSIONMEE KaK
orHouienue r. KHoppe k r-ny ['oyioxBactoBy,
TaK U OTHOLIEHUE Ir-Ha ['0oXBacToBa K JaH-
HOMY JIeIy.

«Ccplnasich Ha HEOJHOKpaTHbIE XOJaTaii-
CTBa CBOM O pa3pellleHUH YCTPOUCTBA Keles-
HOW JOPOTH OOLIEro Mojb30BaHUS MEXKAY
Camoenckum Oeperom CeBepHOTro MoOps
u yctbeM p. CoO0M 1 IpUHUMast TAK)KE BO BHH-
MaHHe BeChbMa Ba)KHOE 3HAYCHHE CEd JIMHUM,
B 0COOEHHOCTH B HACTOsIIIIEe BpeMs, KOTria OHa
Moriia Obl 0Ka3aTh rOCyAapCTBY, 1axe 10 T0J-
HOTo €€ OKOHYaHHs1, OOJIBLIYIO YCIIYTY, 00Jer-
YeHHEeM BOMHCKHX NepeBo30ok ¢ JlanpHero
BocTtoka B EBpomnetickyto Poccuto, mpenocras-
JICHUEM MHOTHM ThICS4aM pabO4YMX BEPHOTO
3apab0o0TKa W pa3BUTHEM IIepeceeHYeCTBa
B CubupH, HIKENOJIUCABIIMNCS MTO3BOJISIET
cebe cHoBa OecrokouTh Bame CusATEIbCTBO
MOYTHTEIbHEHIIICI0 TPOCK00I0 00 OKa3aHUU
BO3MOXKHOT'O COACHCTBHS K CKOpEHIIeMy 0Cy-
LIECTBJICHUIO YKa3aHHOTO MYTH COOOIEHUS.

«PaccuursiBas, naxe IMpU HACTOSIIEM
MOJIOKEHUHU JIEHEXHOTO PhIHKA, Peanu3upo-
BaTh CTPOMUTEJNIbHBIN KaruTan 0e3 BCAKOH ra-
PaHTHUHU CO CTOPOHBI IIPABUTENHCTBA, HUXKE-
MOJITUCABIINNCS OIPAHUYNBAETCS UCIIPOIIIE-
HUEM JIMIIb NpaBa Ha OECHOIIJIUHHBIA BBO3
M3-3a TPaHULBI TOTPEOHBIX AJIsI COOPYKEHUs
JIOPOTH CTPOUTEIBHBIX MaTepHUalioB U MpH-
HaJJIe)KHOCTEH, OCHOBBIBAsICh Ha TAaKOW Ke
nbrote, Bricouaitie naposanHoii 1. ['ooxsa-
cToBy. [lanpHelne 0OCHOBHBIE ONPENEICHUS
ycTaBa 001IecTBa HUCKOJIBKO HE Pa3HATCS OT
YCJIOBH, YCTaHOBJIEHHBIX JJIsl MPOYHX YacT-
HBIX XXeJIE3HBIX Jopor MMmepuny.

37 Takoi MOPSIIOK YoKe IIPUMEHEH TP pacIIupeHH Prkcko-
0 HopTa, paboThI [0 KOEMY MPOH3BOMIIICH U MPOIOIIKAIOT
TIPOU3BOIUTECS, INIABHBIM 00Pa3oM, PacIopsKeHUEM MeCT-
HOTO OMP)KEBOrO KOMHTETA.
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«Ha ocHoBaHuu nmpousBeaeHHBIX B 1900 1.
WH)XEHEPOM I1.C. [ eTTe U3bICKaHHii, CTOUMOCTh
MPeNIpPUATHS OTIPEAeIUIach, IPU BCEH 0CTO-
POXHOCTHU 3aJjlaHUi, B KpallHe yMEpEeHHBIX
pa3mepax: cCOOCTBEHHO JKEJIE3HOIOPOXKHBII
nyTh, NpoTskeHueM 400 BepcT, pacieHUBaeT-
csiB 51 ThIC. py0. ¢ BepcThl (Bcero B 20400 000
P-); CO CTOMMOCTBIO )K€ TIOPTOBBIX MPUCIIOCO0-
JICHUIA, 371€BaTOPOB, DIIEKTPUUECKHUX CTAHIIHI,
TeserpadHoro coodrienus ¢ ¢. YcTb-L{puibMoro
1 ToOOIBCKOM M YCTPOHCTBOM B OKOHEYHBIX
MYHKTaX JIOPOTH JIBYyX ITOCEJIKOB OTpedyercs
75425 py0. Ha BepcTy, a BCEro ¢ pacxoiaamMu
Ha KypCOBbI€ TIOTEPH U Ha YIUIaTy NPOLEHTOB
10 OOJIUTalusM BO BPEMsI COOPYKEHHUs JOPO-
i — 36 maH pyOsei. [Ipu aToM nponyckHas
CHOCOOHOCTB MPOESKTHPYEMOH JINHUU PACCUH-
TaHa Ha 120 MJIH TyJ. B roj, a MIPOBO30CIIO-
coOHOCTb — Ha 40 MJIH TyZIOBY.

«K ceMy HIKENOIIMCABIINNCS TO3BOJISET
cebe MPHUCOBOKYNHUTb, YTO MOCJEAOBaBIIEE
B YETBEPTHI pa3, B cuily Bricouaiimero pas-
peuweHus, npoasieHue r-Hy lojoxBacToBy
IpaBa Ha COOpYXXEHHEe W dKcIuryaranuto O0-
CKOM JK. IOPOTHM YaCTHOTO IOJb30BaHUsS 00-
YCIIOBJIGHO MPEICTABICHUEM UM Pe3yJIbTaTOB
u3blckaHui ko 2 anpens 1906 roxa; a Tak Kak
K MPOU3BOACTBY CHX H3bICKaHMi I. ['onoxBa-
cTOB — nocie 18-ymeTHero Oe3nmeiicTBus — BCe
elle He MPUCTYIHI, TO — KaK 3TO JJOKa3bIBaeT
ero mociejHee X0JaTalCcTBO — OH HUKOUM
00pa3oM He B COCTOSHHMH OyIeT UCIOJHUTH
CBOMX 00513aTeIbCTB K YKa3aHHOMY BPEMEHH,
TOYHO TaK e, KaK 3TO UMEJIO MECTO U PaHeey.

«Mexay TeMm, ¢ MPUCTYIIOM K HEOOXOmu-
MBIM MEPOIPHUITUSIM HBIHEUIHEI OCEHbIO,
obpasyemoe Oo6mectBo I[MonspHo-Ypanbckoit
K. JIOpOTH OOIIEro MOJIb30BAHUS MOTYUYHIIO ObI
BO3MOXHOCTH HCIOJIb30BaTh BeCh pabounid
nepuoz Oyyero rojia, Kak Jyist IpoU3BOJICTBa
OKOHYATEJbHBIX U3BICKAaHUI1, CO CHEMKOMH H U3-
y4eHHEM COOTBETCTBEHHOI! yacTu CamoencKko-
ro moOepexnpsi, TaK U I MOCTPOUKH MOCEII-
KOB, TIPOBE/ICHUs TejerpaQHbIX JIMHUHI U TIp.,
0e3 4ero Helb3s ObIIIO OBl OTKPBITH CTPOUTEb-
HBIX paboT, ¢ MOJHOK T'apaHTHEH UX ycrell-
Horo ucnoiHeHus. [IpucoBOKymIsAs K cemy:
1) uto npennonoxeHubiit OOCKUN MyTh YacT-
HOTO IIOJIb30BAHHSI HE MOXET MMETh HH JIs
rocyaapcTBa, Hu Juist Toproeiau Cubupu cyiie-
CTBEHHOTO MHTEpeca, TaK KaK MCKIIYaeT
BO3MOXHOCTB I10JI30BaThCSI UM KOMY OBI TO
HU OBLIO, 32 UCKIIIOUEHHEM COOCTBEHHUKA,
u 2) 4ro npenocrasiieHHoe I. [010XBacToBy
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paspenieHrne Ha MOCTPOWKY YacTHOW JOPOTH
He jumaeT [IpaBUTENbCTBO MTpaBa Ha BbIAAYY
KOHIIECCHU Ha COOPYKEHHE M IKCIUTyaTaluio
MyTel MapaJijieNIbHbIX U C IEePBOI0 KOHKYPH-
pYIOLIUX, — KaK 3TO OTOBOPEHO B MEPBOM
JnaHHOM TI. ['0J10XBacTOBY pa3pelleHUH Ha
OCYIIECTBICHHUE €ro MPEeANpUsTUS, — HUXKE-
MONKCABIINICS TOKOPHEeHIIe npocuTh Bame
CHATENbCTBO HE OTKA3aTh B YPaBHEHHUH IIPaB
BCEX NMPUYACTHBIX K JIENy JIML, HCIIPOLICHHEM
Bricouaiimero I'ocynaps Mmneparopa paspe-
LICHHUS K JOIYIIEHUIO ero o0pa3oBarh HbIHE
xe yactHoe O6mectBo [lonspHo-Ypanbckoi
XK. JIOPOTH U, [0 YTBEP)KACHNUHU B Y3aKOHEHHOM
nopsiike ycrtaa OOmiecTBa IPUCTYUTD BCIIE]
3aTeM K IPOU3BOACTBY paboT».

[TocnenHsist qoKIJIaAHAs 3aIIMCKA OTHOCHTCS
enle Ko BpeMEHHU OBITHOCTH MHMHHCTPOM II.C.
kHA381 M. U. Xunkosa. JIbrotsl, 0 KOTOPBIX
npocut B 3To 3anucke E. K. Knoppe, npuzna-
HBI OBUIM BO3MOXXHBIMH U 1L1€1€CO00pa3HBIMHU
KoMuccueil 0 HOBBIX )KeJIE3HBIX JOpOrax
B mapte 1907 rona (cm. XKen.-nop. Heno c.r.
ctp. 214), T.e. yKe IIpU BTOPOM IPEEMHUKE
MoKoWHoro KHs34. HeiHemHni MuHuCTp my-
teit coobmenus, Ct. Cekp. C. B. Pyxinos,
B yBaxkenue Tpynos 1. D. ['erte okazan mory-
LIECTBEHHYIO MOJAJEPKKY BIIOBE €ro r-iKe
I'erte mo Hau€éram l'ocynapctBenHoro Konrt-
poasi. 13 3TuX (hakToB MOXKHO, OYEBHIHO, 3a-
KJIFOYUTB, YTO KakK TudHble Tpyas! I1. 3. 'ette,
Tak u coBmectHbIe ¢ E. K. KHoppe, o o6memy
UM JIelly, YIOCTOUBAINCH COUYyBCTBHS CO CTO-
POHBI MPAaBUTENBCTBA, U €CIU 3a00THI ATUX
BBICOKOIOYTEHHBIX NpEANpPUHUMATENCH He
OCYILIECTBUIINCH Ha JieNie, TO HEYCIeX UX IPo-
exta [lonsipHO-Ypanbckod k. JOPOTH HANO
HCKaTh BHE MX — B MPENSTCTBUAX, YNHHUMBIX
UX KOHKYPEHTOM I'-M ['0JI0XBaCTOBBIM, HUYETO
Cephe3HO HE CJHENIaBIIUM IO COCTaBJICHUIO
CBOETO0 IPOEKTA U TOJBHKO 3JI0yNOTPEOUBIINM
Bricouaiinie 1apoBaHHBIMU €My MUJIOCTSAMH
o orcpoukam. Ocraercs UCKPEHHO KeJaTh,
YTOOBI TAKUX JIKI] B )KEJIC3HOJOPOKHOMN TIpeI-
MIPUMMYUBOCTH HE SIBIISLIOCH, YTOOBI Cyab0a
nana HakoHenl E. K. Knoppe ocymecTBuTh
[MonsipHo-Ypaibckoe Jesio ero u 4To0bl 1axe
roMelIéHHasl [B )KypHae]| 3aMeTKa O MapoXoj-
HBIX MYTSX B CEBEPHBIX BOJAX MOCIYXHJIA IO
BO3MOYKHOCTH €My Ha IT0JIb3Y.

(«/Keneznooopoacnoe /[eno» 1912 200,
Ne 33 C. 194-196, Ne 37-38 C. 227-230,
Ne 40 C. 239-243) @
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ABYKBAUN/I Xycam A66ac Moxcun. Cosep-
IIEHCTBOBAHHE TOPOACKHX TPAHCHOPTHBIX
cucrem HMpaxa / ABroped. Auc... KaHA. TeXH.
Hayk. — CII6., [TetepOyprekuii rocynapcTBeH-
HbIi YHHUBepcHTeT myTeii coodumenust Mmnepa-
Topa AJiekcanapa I, 2023. — 19 c.

PasButue nr0060ro ropojia BO MHOTOM 32BHCHT
OT COBEPILICHCTBOBAHHS TOPOICKUX TPAHCIIOPTHBIX
cucteM (I'TC). MexxayHapoaHBIi ONBIT MOTUEPKHU-
BA€T B)KHOCTh Pa3BUTHS U PETYIUPOBAHUS CEKTO-
POB OOLIECTBEHHOTO TPAHCIIOPTA, TAK KaK OHH
UTPAIOT XKU3HEHHO BAXKHYIO PONb B PAa3IHYHBIX
acrekTax coBpeMeHHOH xu3Hu. ConpanbHast ¥ 9K0-
HOMHYECKast ISITENbHOCTh BCE B OONbIIIEH cTerne-
HM 3aBHCHT OT Pa3BUTHS TPAHCTIOPTHBIX YCIYT [T
YIOBICTBOPEHHUs OTPEOHOCTEH B MEpPEBO3Ke OT-
JICTBHBIX JIHIL.

AKTyanbHOCTb pabOThl COCTOUT B HEOOXOHU-
Mmoctu cosepiieHcTBoBanus ['TC Upaxka. Mccre-
noBanus B oomactu I'TC B ipake HEeMHOTOYHCIICH-
HBl U HegocTatouHsl. CymiecTByeT cepbé3Has
npo0neMa, CBsI3aHHasI C ITTAHKPOBAHUEM TIEPEBO30K
OOIIECTBEHHBIM TPAHCIIOPTOM H3-32 YBETMYEHUS
YHCIICHHOCTH HACEJICHUS B CBSA3H C €T0 IIPUPOCTOM
€XerofHo Ha 2,5 %, BBICOKHM CIIPOCOM Ha Iepe-
BO3KH, 3HAUYUTEIBHBIM POCTOM HACEJIEHNUS TOPOJIOB
H M POKUM HCIIONB30BAHIEM JTUYHBIX TPAHCIOPT-
HbIX cpenctB. C 2003 roga KOMMUECTBO YaCTHBIX
TPAHCIOPTHBIX CPENCTB yBENUUMIOCh Ha 122 %.
Kpome Toro, cymiecTByoT ce30HHbIE POOIEMBbI
C TPAHCTIOPTOM H3-32 HAILIBIBA TYPHUCTOB B HEKO-
TopbIx Toponax Mpaxa, Takux xak Kepoena n Han-
xad.

Llenbro uccienoBanus crajia pa3paboTka MeTo-
JVKH COBEPLICHCTBOBAHUS CTPYKTYPHI YIUYHO-
JOPOXKHOM CETH U CHCTEMBI TOPOJACKOTO TPaHC-
nopta, obecrneuynBaromei 3hHEeKTUBHOCTD UX
(byHKUMOHUpOBaHUs B roposiax Mpaka.

Mup TpaHcnopTa. 2023

ABTOpecepaThl aucceptTaunm

[poananmn3upoBaHbl ¥ H3YYEHBI XapaKTEPUCTH-
K1 roponoB Mpaxa: YHCIEHHOCTh W IUIOTHOCTh
HACeNIeHNs, IUIOIMAAN TOPOIOB, YPOBEHb aBTOMO-
Ounu3anyy, MaKCUMalbHas TPOTKEHHOCTD Tep-
putopur. Ha ocHOBE BBINOIHEHHOTO aHAIH3a CO-
BPEMEHHOT0 (DYHKIIMOHUPOBAHHUS TPAHCHOPTHBIX
CHCTEM yTOYHEHA KJIacCH(HKAIIKs TOPOIOB C y4é-
ToM crienuduku Mpaka.

IpoBenéH aHanu3 MccIe0BaHUi MO BBIOOPY
BuoB ['OT u pazpadorana knaccupuKamus psiion
BMECTHMOCTH TIOABMKHOTO COCTaBa M BapHAHTHI
I'OT nns roponor Mpaka, BBIIOTHEH pacuéT 00nE-
Ma IIepEeBO30K Ha KayK bl THII HOABIKHOTO COCTaBa
B MPOLIEHTaX, BEIOPAHBI Ps/IBI BMECTUMOCTEH 110-
JBI)KHOTO COCTaBa, PACCUUTaH 00BEM MEPEBO3OK,
MIPUXOJAIINICS Ha KaKIbII THI MOJBUKHOTO CO-
CTaBa.

OTKOppPEKTUPOBAHBl TPAHUIIEI HHTEPBAJIOB
cpelHel HanpsKEHHOCTH MAcCaKUPOTIOTOKA Jis
rpyI ropofoB Mpaxa, 4To mo3BoJSIET BHIOMpATh
Bug 'OT u ero om0 mMepeBO30K i KaXKao0To
THIA MO/IBIYKHOTO COCTaBa.

Ipom3BeneHa KOMILIEKCHAs OIIEHKa (P (HEKTHB-
HOCTH TPAHCIOPTHBIX CHCTEM B COBPEMEHHBIX
YCIIOBHSIX IT0 3KOHOMHYECKHM, COLIHAIBHBIM U 3KO-
JIOTMYECKHIM MOKa3aTensiM, pa3paboTana OIok-cxe-
Ma aJrOpUTMa OIpeeNIeHNUsS dKOHOMHYECKHX,
9KOJIOTHYECKHUX U COIMATBHBIX 3((PEKTOB.

B pesynbrare pac4éToB 5KOHOMUUYECKHX, KO-
JIOTHYECKUX U COIMANBHBIX TTOKa3aTeael A ro-
pomoB Mpaka oTMeueHo, 9TO 3TH TTOKa3aTelu He-
JI0CTaTo4HO d(H(PEKTHBHBI B HEOOXOIMMO COBEp-
IICHCTBOBAHUE YITHYHO-IOPOXKHOM CETH, TOITOMY
PacCMOTPEHB! BO3MOXKHBIC BapHAHTHI COBEPIICH-
CTBOBAHUS CTPYKTYPHI TOPOJICKOH CETH.

BoinonHeH aHanu3 uccienoBaHUM 1O COBEp-
IMICHCTBOBAHHUIO TOIMOJIOTHUECKOH CTPYKTYpPHI
TPaAHCIOPTHBIX ceTell roposoB. [Ipenyioxken anro-
PHUTM IUIAHKPOBAHUS CBI3HOCTH U 3G(PEKTUBHOCTH
YIUYHO-IOPOKHOM CETH C MCTIONB30BaHUEM HHIEK-
COB Ha OCHOBE TOIIOJIOTHYECKHUX XapaKTePUCTHK.

Pa3paborana KOMIUIEKCHasE METOIMKA COBEp-
menctBoBanus ['TC Mpaka, KOTOphIil BKIIOUAET
B ce0s 4yeThIpe 3Tana. Ha mepBoM arane 000CHO-
BBIBAIOTCS H OTPEJIETAIOTCS OCHOBHBIC XapaKTepH-
CTHKH TOPOJIOB, a TAKXkKe pa3JeleHune Moe3q0K Mo
BpeMeHH, NOTpeOHOCTSIM U yciyraM. Ha Bropom —
MPOU3BOIUTCS KOMILICKCHAS OIICHKA 3 (PEKTUBHO-
CTH TPAHCIIOPTHBIX CHCTEM B COBPEMEHHBIX yCIIO-
BUSIX TI0 SKOHOMHUYECKUM, COI[HANBHBIM U IKOJIO-
IHYECKUM NoKazatensiM. Ha TpeTbeM srarne BbIOU-
paetca Bug I'OT. Ha uwerBEpTOM 3Tame
BBINIONIHACTCS aHAJIH3 M COBEPIICHCTBOBAaHUE




CTPYKTYpbI TPaHCIOPTHHIX ceTell. [lepBbie Tpu
ONPEIeNIOT METOAMKY BbIOOpA BH/Ia TPAHCIIOPTA,
a 4eTBEPTHIH — COBEPIICHCTBOBAHHUE CTPYKTYPBI
TPAHCIIOPTHBIX CETEH.

Pa3paboraHbl peKOMEHJAlUK 10 Pa3BUTHIO
TpaHcnopTHO# cetu ropona Hamxkad. s nanHo-
T0 TOpO/ia MPEACTaBIEHO 000CHOBaHUE U BHIOOD
BusioB ['OT, npoBezieHb! HCCIeA0BaHUS 110 OLIEHKE
9((EKTUBHOCTH U COBEPLICHCTBOBAHUS YIIMYHO-
JIOpOXHO# cetu. Pazpaborana Tononoruyeckas
KapTa ropoyia, Ha OCHOBE KOTOPOH BBIIIOJTHEH pac-
YT OLIEHKH CBSI3BHOCTH Y 3 (PEKTUBHOCTH YIIHIHO-
JIOPOXKHOM CETH U pa3padOoTaHbl PEKOMEHIAIIUH 10
€€ COBEPIICHCTBOBAHUIO.

PekoMeH10BaHO yBENMYHUTh JI0JTI0 OOIIECTBEH-
HOTO TpaHcopTa u npu Beidope BuaoB 'OT yun-
TBIBATb HE TOJIHKO SKOHOMUUYECKHUE TOKa3aTeNH, HO
1 9KOJIOTHYECKHUE U COLUATbHbIE.

[NepcniexkTrBBI HasbHENIIIEH Pa3paOOTKU TEMBI
HaxonsTcs B cepe pa3BUTHs MPAKCKHUX TOPOICKHX
CHCTEM U OTKPBITHSI IEPCIEKTUB COTPYAHUYECTBA
B 9TO# 00nactu Mexay Poccueit u Mpaxom, a Tak-
e CBS3aHBI C COBEPIIICHCTBOBAHUEM METO/I0JIOTHU
MPOEKTHPOBAHUS TOPOJICKUX TPAHCIOPTHBIX CHC-
TEM.

2.9.1 — Tpancnopmuvie u mpancnopmuo-
MEXHON02UYeCKe CUCTEMbL CHIPAHDL, €€ PecUOHO8
U 20p0008, Op2aHU3AYUsL NPOU3BOOCIBA HA MPAHC-
nopme.

Paboma svinonnena u sawuujena 6 Ilemepbype-
CKOM 20CY0apCcmeeHHOM yHusepcumenie nymet
coobwenusi Umnepamopa Anexcanopa 1.

3yoxoB B. B. MeTonoJorusi gopMupoBaHus
TPaHCIOPTHO-HH(OPMAIIHOHHOTO MPOCTPaH-
CTBA B YCJIOBHSIX KJIACTEPHOI0 Pa3BUTHS PHIHKA
KOMILIEKCHOI TpaHcnopTHO# ycayru / ABToped.
JAMC... TOKT. TeXH. HayK. — ExaTepunoypr,
YpI'VIIC, 2023. - 48 c.

Pa3BuTHE 5KOHOMUKH, B 4aCTHOCTH, IM(PPOBOIi
HKOHOMHKH, TIOBBIIIAET OTPEOHOCTH B TPAHCIIOPT-
HbIX ycnyrax. TpaHcnopT npeaocTaBiisieT BO3MOXK-
HOCTb HU(POBOrO PIHOYHOTO OOMEHA, IPH ITOM
PBIHOYHBIE BUPTYaJIbHBIE B3AUMOJICHCTBHUS CTUMY-
JIMPYIOT pa3BUTHE KaK TPAHCIIOPTHOHW CHCTEMbI
CTpaHbl (pa3BUTHE KIIACTEPOB KOMIUIEKCHOH TpaHC-
MOPTHOW YCJIYIH), TaK ¥ COBEPIICHCTBOBAHUE
MHPOBOT'O TPAHCIIOPTHOTO KOMILIEKCA.

Opranu3aiys NpoleccoB U YIpaBiIeHUEe UMU
IIPU PHIHOYHOM (HOPMUPOBAHUHM TPAHCIOPTHBIX
1 TIPOU3BOJICTBEHHBIX YCIIYT HAXOMATCS B 00J1aCTH
KOOP/AMHALMOHHBIX BO3JCHCTBUH PEryasTOPOB
(peruoHanbHbIX, MEXPETHOHANIBHBIX U (hesiepatb-

HBIX BJIacTei) Ha CYOBEKTHI TPAHCHOPTHO-
MPOU3BOJICTBCHHON JEATENbHOCTH, COI[HATbHON
1 SKOHOMHYECKOH aesaTenbHOoCTH. Bo3mencTBus
PEryJIATOPOB HAPABICHBI HA BOBJICYCHUE OOJIBIIIC-
r0 KOJHYECTBA CYOBEKTOB B COLHAILHO-IKOHO-
MHYECKOE MPOCTPAHCTRO, a TAKXKE Ha AP PEeKTUBHOE
UCTIOJIb30BaHKUE UMEIOIUXCSI PECYPCOB sl IOATAIl-
HOTO U IJTAHOMEPHOTO Pa3BUTHUS PETHOHATbHBIX
U MEKPETHOHAIBHBIX B3aUMOOTHOLICHU U 9KOHO-
MHYECKHX CBsI3€i, 00€CTICUNBAOIIHX JOCTIKECHUS
HAUBBICIIIETO YPOBHS Pa3BUTHS PETHOHOB (CyObEK-
ToB Poccuiickoii deepaniin) v rocynapcTsa B 1ie-
JIOM Yepe3 MPU3MY MOBBIIICHHUS POCTA KUZHECS-
TEIBHOCTH HACEJICHUS CTPAHBI.

Bo3zeiicTBue perynsTopoB OCHOBBIBaeTCS Ha
HOPMATHBHO-IIPABOBO# IEATEIBHOCTH, PECTPYKTY-
PU3UPYIONIMX (QYHKIHAX, METOAX M MEXaHU3Max
YIPAaBICHHUS MPU COOMIOICHHUH IIEEBBIX YCIOBHIA
BO3/IEHCTBYIOIINX (DAKTOPOB.

Pa3BuTHe Ki1acTepoOB — 3TO MHOTO3TAIHbII
H CJIOXKHBIH POIIeCC, (POPMUPYIOMIHUICS HE TOIBKO
C TOYKHU 3PEHHUSI COBEPIICHCTBOBAHUS MPOU3BOJ-
CTBCHHBIX MPOIIECCOB U IOBBINICHUS KaueCcTBa
VAOBICTBOPEHHS MOTPEOUTENBCKOTO CIpPOca, HO
U C TOYKH 3PCHHS COLUAIBHO-IKOHOMHYECKOTO
pa3BUTHs OOIIECTBA, TAK KaK CTPYKTYPUPOBAHKE
U TMHAMHKA POCTa OOIIECTBEHHOM Cpebl HAMps-
MYIO 3aBHCST OT YPOBHS PE3y/IbTaTHBHOCTH SKOHO-
MHYECKHUX MPOIECCOB.

B nacrosiiee Bpemst 60j1ee BCeX Pa3sBHBAIOTCS
MPOMBIILICHHBIC KIIACTEPhI, BKIIOYAIONIHNE B ce0s
YYaCTHUKOB OCHOBHOT'O TIPOM3BOICTBEHHOTO TPO-
ecca, HeoOXOIUMBIE JUTs TIPOM3BOJCTBA PECYPCHI,
HAOOPBI MOAMPOLECCOB JEATEIBHOCTH, KOTOPBIE
CBSI3aHbI MKy COOOM €IMHBIMH IETSIMH U 3a/a-
YaMH COBEPIICHCTBOBAHHS, IOCTPOCHHS KOMILICKC-
HOTO TEXHOJIOTMYECKOTo Mpollecca U eIUHON 3a-
IIUTBI OT BO3ACHCTBYIONMX (PAKTOPOB KOHKYPEH-
HH.

Pa3BuTHE MPOMBIIIIIEHHBIX KJIACTEPOB CO3MAET
OPEJNOCHUTKHU TS ()OPMUPOBAHUS PETHOHATBHBIX
KJIaCTEpPOB, B YACTHOCTH, KJIACTEPOB KOMILICKCHON
TPAHCHOPTHOW YCIYTH, TaK KaK MPOU3BOJICTBO
HPONYKIMU U ¢€ JOCTaBKa TECHO CBS3aHBI C IMO-
TpeOJIcHUEeM BUJIOB TPAHCIOPTHBIX YCIIYT.

Knacrep xommiaekcHON TpaHCIIOPTHOW yciy-
T'M — 3TO YKOHOMHYECKHU PAIIMOHATIBHOE HATIPABIIC-
HHE Pa3BUTHS IPOMBIILICHHOTO U TPAHCIIOPTHOTO
CErMEHTOB SKOHOMUKH, TIOBBIIICHUE )KU3HECIIOC00-
HOCTH HaceleHusi cTpanbl. OCHOBHOM HMCTOYHUK
Pa3BUTHUSI TPAHCIIOPTHBIX KJIACTEPOB — 3TO HHTE-
rpanus MPOU3BOACTBCHHBIX M TPAHCIOPTHBIX
HPOIIECCOB, HA OCHOBE KOTOPOIl MPOMCXOIHT I0-
CTPOCHHE CTAOMIIBHBIX SKOHOMHYECKHX B3aHMOOT-
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HOIIGHUI MeXAy CyObeKTaMH NMPOU3BOJCTBA,
CyOBEKTaMH TPAHCIIOPTHBIX YCIYT U COLMAIBHO-
9KOHOMHYECKUMU CYOBEKTaMU.

Llenpio nuccepTalMOHHOIO MCCIEN0BAHUS
SIBIISIOCH PA3BUTHE METOJOJIOTHH (POPMHUPOBAHUS
TPaHCIOPTHO-UH(OPMALIMOHHOTO MPOCTPAHCTBA
B YCJIOBUSIX KJIACTEPHOTO Pa3BUTHS PHIHKA KOMII-
JIEKCHOM TPaHCHOPTHOM YCITyTH.

B xone npoBenEHHBIX MCCIIE0OBaHNH UCIIONb-
30BaJIUCh METOJbI CUCTEMHOTO aHAIU3a, TEOPUS
AKTHBHBIX CHUCTEM, TEOPHS YIPABICHHS, TEOPHS
CaMOaJIaNITUBHbIX, CAMOOPTaHU3YIOIIUXCS ¥ CAMO-
HO/ICPIKUBAIOIIMXCS CUCTEM, TEOPHst HH(POpMAIU-
OHHOTO 0011IeCTBa 1 U(PPOBOI IKOHOMHUKH, TEOPHS
Pa3BUTHS KJIACTEPOB, TEOPHs CHHEPreTUYECKOrO
HOJIX0/1a ¥ OLIEHKU UHTETPUPYIOLIHUX TIPOLIECCOB.

HccnenoBanue 0o MOCTPOSHHUIO METONOIOTHH
(opMUPOBaHUS TPAHCIIOPTHO-HH(POPMALIIOHHOTO
HPOCTPAHCTBA B YCIOBHSX KJIACTEPHOTO Pa3BUTHS
PBIHKA KOMIIJIEKCHOM TPaHCIIOPTHOM yCIIyTH AAET
BO3MOXKHOCTb 00OCHOBAaTh BBIBOJIBI U KOPPEKTH-
pytoliue JeHCTBUs, BEKTOP KOTOPBIX HaNpaBieH
Ha (hOpMHpPOBaHHE KOHCOJIUIMPOBAHHON CTpare-
T'MU pa3BUTHS CyObekTOB PO.

B pesynbrare aHanuza (GyHKIHOHHPOBAHUS
JIeHCTBYIOIIEH MOJIENI TPAHCIIOPTHBIX YCIYT Ha
PBIHKE I'PY30IEPEBO30K B XKEIE3HOJOPOKHOM
OTpaciii YCTaHOBJIEHO, YTO T'apaHTHPOBAaHHAA
OTBETCTBEHHOCTb 32 BHIIIOJIHEHNE IVIABHBIX MTOKa-
3areneil kauecTBa 0OecrieunuBaeTCs TOIbKO B Ipa-
HUIIaX OTBETCTBEHHOCTH KEJIE3HOJIOPOXHOTO
KOMILIEKCa, IIPH 3TOM He 00€CIIeunBalOTCs KOOp-
JIMHALUS ¥ B3aMOBIIUSHUE HA KPUTEPUH KauecTBa
TPaHCIIOPTHBIX YCIIYT B IPYTHX BUAX TPAHCIIOPTa
B 0011IE# TPAaHCIIOPTHOM CHCTEME, YTO YAOPOKAET
TOTOBYIO MPOAYKIMIO U IPUBOJUT K HEKOHKYPEH-
TOCHOCOOHOCTH MOTPEOUTENeH TPaHCIIOPTHBIX
YCIIyT.

Pa3zpaboraHa MeTOAMKA OLIEHKH KauecTBa
TPAHCIIOPTHOTO 00CITY)KUBAHHS B MOJIENH KOMII-
JIEKCHOM TPaHCTIOPTHOM YCIYTH, KOTOpas MO3BO-
JSI€T MPOCIENUTh U OLECHHUTh BIMSHUE KAXKIOTO
cyObekTa Ha oOecreyeHne KauecTBa yCiyr IpH
HOMOIIK MAKCUMaJIbHBIX 3HaYeHUH K03 purneH-
Ta KauecTBa.

Paspaboran MeTon AeTanu3aluu CTPYKTYphI
BO3/ICHCTBUS CyOBEKTOB KJIacTepa KOMILUIEKCHOM
TPAHCIIOPTHOH YCJIyrH Ha MOBBINIEHHE KauecTBa
00CITy)KUBaHUSL, KOTOPBIH ONPEIENSET CTENIEHb HX
OTBETCTBEHHOCTH 3a COOMIONCHHE [IaHA OKA3aHUs
TPAHCIIOPTHBIX YCIIYT, KOTOPBIE PACCUUTHIBAIOTCS
JUISL KXKJIO¥ KaTeropyuu MepeBo3oK.

PaspaboTana MeToMKa ONITUMHU3AINH TPAHC-
HOPTHO-IPOU3BOCTBEHHBIX IIPOIIECCOB KIlacTe-
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pa KOMIUIEKCHOH TPaHCIIOPTHOH yCITyrH, KOTOpast
MI03BOJISIET ONPEALNATh CyMMapHbIe HAaUIy4Ilne
(onTHManpHbIe) BApHAHTHI TAPAMETPOB MTPOLIEC-
ca peaju3alMy BUJOB TPAHCIOPTHBIX YCIYT,
KOTOPBIE OINPE/ENSIOTCS U PACCUUTHIBAIOTCS Ha
OCHOBE HaWIY4IINX (ONTHMAlIbHBIX) BAPUAHTOB
napameTpoB, BXOJSIIMX B OCHOBHOI Imporecc
HO/NPOLECCOB.

Paspaborana cpaBHHUTEIbHAsE MOJENb OMNTH-
MaJIbHOTO BApUAHTa ONTUMH3ALMU TPAHCIIOPTHO-
JIOTHCTHYECKOTO TIpoLiecca, NO3BOJISIONIas Hccie-
JI0BaTh CBOWCTBa TPAHCHOPTHO-IPOU3BOACT-
BEHHBIX IIPOLIECCOB (POPMUPOBAHHUS U pEATU3ALNH
KOMIUIEKCHOW TPaHCHIOPTHOM yCIIyr'M Kak OCHOB-
HOI IPOIYKIIMY TPAHCIIOPTHON OTPACIH.

Pa3paborana METO/10JI0T 1S TIOCTPOCHUSI BUP-
TYaJbHOM CHCTEMbl MHTErpaluu, KoTopas obec-
MIEYMBAET PALMOHAIBHOE U JIOTHYECKH 3aBHCHMOE
NPOEKTUPOBaHUE HanOONee BaXKHBIX apXUTEKTY-
POOOpa3yIONIKX IEMEHTOB HAMpPaBJICHHON (KBO-
THUPOBAHHOMN ) MHTEJIEKTYaIbHOW CHCTEMbI MEX-
PErHOHAJIBHOTO M PETHOHAIBLHOTO YPOBHEH.

Pa3paborana koHLeNTyanbHas MOJENb B3au-
MOJIEUCTBHS HH()OPMAIIMOHHBIX TOTOKOB KJIacTe-
pa KOMIUIEKCHO# TPaHCIIOPTHOM yCIIyrH, KOTOpast
obecrieyrBaeT MoJyueHHe ONbITA U 3HAHUH U3
TPaHCHOPTHO-MH()OPMAIIMOHHON CPEe/bl OT pea-
JIM3YEMBIX TIPOLIECCOB U (POPMUPOBAHHE TEXHOIO-
Tl UX IPUMEHEHUSL.

Pa3paborana METOH0JIOrHS TIOCTPOCHHUS MaT-
pHILBI IOKa3aTeNel, oTpaxarolel pakTnieckue
U IIPOTHO3HBIE 00BEMBI KOMIIEKCHOI TPaHCTIOPT-
HOI{ YCIIyTH 10 pErMOHaM CTPaHBbl, CTPYKTYPHUPY-
€T PErnoHaJIbHbIE, MEKPETHOHAJIbHBIE, IKCIIOPT-
HbIe ¥ UMIIOPTHBIE KOMIUIEKCHbIE TPAHCHIOPTHBIE
YCIIYTH C pa3feeHueM UX 110 BUAaM TPaHCIIOpTa.

Pazpaborana meromosorus Qopmanauzanuu
MH(OPMALMOHHBIX TIOTOKOB KIIACTEPa KOMILIEKC-
HOH TPaHCIIOPTHOW YCIIYT'H, B3aUMOYBS3bIBaIO-
I1asi TPAHCTIOPTHO-TEXHOJIIOTMYECKUE MTPOLIECCHI
(moxmpoueccs) MexIy cyObeKkTaMu Kiactepa
U UCTIOJHUTENISAMH TPOIECCOB (TIOAIPOLECCOB)
Ha OCHOBE IOJIyYCHHBIX 3HAHUI 00 001aCTAX UX
peaM3alyu U peCypCHBIX BO3MOKHOCTSX CyOb-
€KTOB KJlacTepa, 00eCIeunBaloas yCIoBuUs AJIs
3¢ heKTUBHON ONTUMHU3ALUHK POLecca YIpaBiie-
HHS TPAHCIIOPTHO-JIOTHCTHYECKUMHU CHCTEMaMHU
U KJIaCTEPOM KOMIUIEKCHOHW TPaHCIOPTHOM yc-
JYTH.

Pa3paborana MexoTpacieBast HHQOPMAIMOH-
HO-HMHTEJUIEKTyaJIbHasl MOJENb MHTErPAalu HH-
(hOpMaIMOHHBIX MTOTOKOB CyOBEKTOB MEXPErro-
HaJIbHOTO YPOBHSI, HAKAIUIMBAIOIIAs U KOHLIEHTPH-
pytouas uHGOPMALMOHHbIE 3HAHUS B €AMHOM




TPAHCTIOPTHO-MH(OPMAI[HOHHOM TPOCTPAHCTBE
U NIPeJCTaBIIAoNIas co00ii KBOTUPOBAHHYIO MH-
(hOpMalMOHHO-MHTEIUIEKTYaIIbHYIO CHCTEMY.

Pa3paboTana MeTO0IOTHSI HOCTPOCHHS MEK-
OTpacieBoi HHHOPMALOHHO-MHTEIIEKTYa bHON
MOJIENTH UHTETPALUK HHPOPMAIHOHHBIX TTOTOKOB
cyObEKTOB MEKPETHOHAJIBLHOTO YPOBHS, KOTOpAst
o0ecrieyrBaeT KOHLEHTPALHIO B OHOM [IEPUMETPe
HH()OPMAIHOHHBIX TOTOKOB, HCXO/ISAIINX U3 HHTE-
TPUPYIOIIHX HHPOPMAIMOHHBIX CHCTEM CYOBEKTOB
MEXOTPacIeBOT0, MEXPETHOHAJIBHOTO YPOBHEH,
(benepanbHBIX PETyIATOPOB M OU3HEC-00BeaU-
HEHHI1, M IPpeoCTaBIseT BO3MOXKHOCTD O€3 BIIHs-
HHS YeJIOBEKa peain30Barh LEHTPATH30BaHHBIHA
y4€T, aHaJIM3 ¥ KOHTPOJIb 32 peanu3anueit u Gax-
THYECKHM COCTOSHHEM MPOLECCOB MPHUHSITHS OTI-
THMAJIBHBIX YIPABICHICCKUX PEIICHUH.

Pazpaborana meromonorus GpopMUPOBAHUS
BHPTYaJIbHON CHCTEMbI HHTErPAI[H COTACOBAH-
HOTO CyOBEKTHOTO COTPYIHHYECTBA HA PErHOHAb-
HOM M MEXPETHOHAIBHOM YPOBHSX, KOTOpas
obecrieynBaeT (POPMUPOBAHUE KBOTUPOBAHHBIX
HH()OPMAIHOHHO-HHTEIUICKTYAlIbHBIX POTYKTOB,
HAMpaBJICHHBIX HAa OMpeJeleHHe ONTHMATbHbIX
KOODAMHAIMOHHBIX, YIPABICHICCKUX PELICHUH
B KOHTEKCTE KJIACTEPHOTO PA3BUTHS PHIHKA KOMII-
JIEKCHO! TPaHCIIOPTHOM yCIyTu.

Pa3paborana MeTOONOrHS OLIEHOUHBIX JIeH-
CTBHH 110 ONIPE/IENICHHIO CHHTE3a B3aUMOACHCTBHS
W HHTErpaluy CyObEeKTOB TPAHCIOPTHO-UHPOP-
MalMOHHOTO IPOCTPAHCTBA, HA OCHOBE KOTOPOii
MPEACTABUTEIH OPIaHOB BIACTH (CyObEKTHI- pery-
JSTOPBI) HOPMHUPYIOT KOMILIEKCHBIE POTPAMMBI,
MOTHBHPYIOIINE TPOLECChl HHTETPAINH, BUPTY-
aIbHOTO COTPYAHUYECTBA U MPOLECCHI PA3BUTHS
KJTaCTePOB KOMIUIEKCHBIX TPAHCIIOPTHBIX YCIYT
U pa3BuTUs cyobekToB PO.

2.9.1 — Tpancnopmuvie u mpancnopmuo-
MEXHON02UYeCKe CUCTEMbL CHIPAHDL, €€ PecUOHO8
U 20p0008, Op2aHU3AYUsL NPOU3BOOCIBA HA MPAHC-
nopme.

Paboma evinonnena u sauuwgena 6 Ypanvckom
20Cy0apCmeeHHOM yHusepcumeme nymeii cooouye-
HUA.

Ierpos A. B. Biiusinue HU3KUX TeMIeparyp
HA KECTKOCTb Y3JIOB PeJIbCOBBIX CKpernJeHui
0e30a/1acTHOW KOHCTPYKUMHU yTH / ABTOpEd.
JHUC... KaH/. TexH. Hayk. — M.: PYT (MUUT),
2023.-24 c.

Pa3BuTie BEICOKOCKOPOCTHOTO JKEI€3HOAOPOXK-
HOTO COOOIIEHMS B HAIlleW CTpaHe IpeJroiaraeT
CTPOUTENHCTBO HOBBIX BBIIEJICHHBIX KEIE€3HO0-

POXKHBIX JIMHUH AT BBICOKOCKOPOCTHOTO JKele3-
HOJIOpOXKHOTO ABMKeHus. Hanbonee nepcrnexkTus-
HOM B HacTosIIee BpeM ABIISETCS BBICOKOCKOPOCT-
Hast MarucTpaib (nanee BCM) «Mocksa — CaHKT-
ITerepOypr» co ckopocTsimMu Brskenust 10 400 kv/4.
Bce mpoextst BCM npennonarator npuMeHeHUe
HOBBIX TEXHOJOTHYECKHX M WH)KEHEPHBIX pelle-
HUH, 00eCIeUYNBAONINX BBICOYAUIINN YPOBEHD
HaIEKHOCTH 1 O€3011aCHOCTH IEPEBO30K [ACCAKHU-
POB ¥ IPY30B, KOTOPBIE 00eCIeyaT HeOOXOIUMBIi
KOM(OPT 15 acCaXKHPOB.

MupoBoii OIBIT CTPOUTENBCTBA M 3KCILTyaTa-
nuu nuauit BCM noarBepaui 3¢ ¢exkTHBHOCTD
NpUMeHeHus 0e30a/IacTHOH KOHCTPYKIUH ITyTH
(manee BKII). Hanpumep, npopaboTka mpoekra
BCM «Mockga — Kazanby nozgpazymenana npumMe-
HeHHe B KauecTBe 0a30B0i 0e30aJ1acTHYIO TUIHUT-
Hyto koHcTpykimio mytd CRTS III RUS, apantu-
POBAHHYIO TOJ] POCCHICKHE YCIOBHS 3KCILTyaTa-
1mu. M3BectHO, uto B BKII penbcoBbie ckperieHns
C IPOMEXYTOUHBIM AITACTUYHBIM CJIOEM SIBIAIOTCS
IJIaBHBIM 3JIEMEHTOM, YIPYyTHE CBOICTBA KOTOPBIX
dopmupyroT ot 80 10 95 % ynpyrux cBOWCTB Beei
KOHCTPYKIHUH IyTH B LIEJIOM. DTO MIOATBEPAKIACTCA
HaTypHBIMH M3MEPEHMSIMU Mporuda penbca moj
BO3ZI€ICTBHEM HAarpy30K OT NMOABIKHOTO COCTaBa.

3apyOexxHasi HOpMAaTHBHO-TEXHUYECKAs JIOKY-
MEHTALUs PETIaMEHTHPYET TPEOOBaHUS K yIIPYTUM
XapaKTepUCTHKaM PebCOBBIX CKPEIIEHHH ¢ Mpo-
MEKYTOUHBIM dacTHYHbIM cioeM st BKII, yuu-
TBHIBasl BIMSIHUE HU3KHMX Temmeparyp. Huxuue
MIOPOTOBBIE 3HAYEHHUS HCIIBITATEIbHBIX TEMIIEPATyp
B HEMEIKHUX U KUTaHCKUX HOPMATHUBAX yCTaHOBIIE-
HbI, cooTBeTcTBeHHO, Kak —20 °C u -35 °C. Co-
IJIACHO TPEOOBAHUSM IPEIIPOEKTHON JIOKYMEHTa-
st iuand BCM «Mocksa — Cankr-IletepOypry,
JUIsL POCCUICKHX YCIIOBUH JKCIUTyaTaluy HeoOXo-
VMO YYUTBIBaTh MUHHMAJbHYIO TEMIIEpaTy-
py =50 °C. Takum 00pa3oM aKTyalbHBIMH CTaHO-
BATCS BOIIPOCHI YCOBEPILIEHCTBOBAHUS PACUETHON
MOJIENH ONpEeNeHHs YIIPYToro mporuba pejbca
OT BO3JIEMCTBUS MONBUKHOTO cocTaBa Ha BKII
C y4éTOM BIMSHUS HU3KUX TEMIEpaTyp C Hocle-
JyoImM (GOpMHUPOBaHUEM TPEOOBAHMUI K YIIPYTHM
XapaKTepUCTHKAaM PeTbCOBBIX CKPEIIEHHH ¢ Mpo-
MEXYTOUHBIM d1acTHYHBIM ci1oeM 1511 BKIT, pabo-
TAIOIIMX B YCIOBUSX poeKTUpyeMoit muaun BCM
«Mocksa — Cankr-IletepOypr» npu Bo3neicTBUM
HU3KUX Temneparyp 10 —50 °C; 1 1o KoppeKTHPOB-
K€ METO/IOB TOJTBEPIKIACHHUSI COOTBETCTBUS 3TUM
TpeGOBaHHUSIM.

Llenp muccepTralioHHON pabOTHI 3aKITIOYAETCS
B ONpPEAENCHUN BIMAHUSA HU3KHX TeMIIeparyp Ha
JKECTKOCTH Y3JI0B penbcoBbiX ckperuieHuid bKII,
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paboTaloNIMX B YCIOBHAX MPOEKTHPYEMOH JIMHUN
BCM «Mocksa — Cankr-IlerepOypr».

OrnpezienieHo BIMSIHUE HU3KUX TEMIIEpaTyp Ha
JKECTKOCTH Y3JI0B penbcoBbIX ckperuieHuii bKII.
VYTouHeHa pacuéTHasi MOZIEIIb OIIpeNeNICHus YIIpy-
roro nporuda penbca OT BO3IEHCTBHS TOIBHKHOTO
cocrasa Ha BKII nocpencTBom BBeneHus ko3 du-
[[MEHTOB, MO3BOJISIOIUX YUYUTHIBATh BIUSHHE
HHU3KHX TeMIlepaTtyp Ha M3MEHEHHE XECTKOCTH
PENBCOBBIX CKPEIUIEHHIH C MPOMEXYTOYHBIM Jia-
CTHYHBIM CJIOEM.

Ornpenenenbl K03QGUIMEHTH U3MEHEHHS CTa-
THYECKOH ¥ IMHAMUYECKON KECTKOCTHU ATACTUYHBIX
npokianok u3 mMarepuanos EPDM u Byrel B co-
CTOSIHMM 3aBOJICKOTO HM3TOTOBJICHHSI B Mara3oHe
temmeparyp ot —50 °C go +50 °C, nomy4yeHHble
B JIa0OPATOPHBIX YCJIOBUSX. DKCIEPHUMEHTAILHO
HOJTBEPIKACHO, YTO C IIOHKEHHEM TEMIIEpPaTyPbl
10 —50 °C s 5MacTUYHBIX MPOKIAA0K U3 Mare-
puana EPDM u Byrel npoucxonut, coorBer-
CTBEHHO, yBEJINYEHHUE CTATUUECKOW KECTKOCTH
B 2,11 u 3,57 paza, a TakxKe MPOUCXOTUT COOTBET-
CTBEHHO YBEJMYCHHE JUHAMHYECKOH KECTKOCTH
3NMaCTHUYHBIX MPOKJIANoK U3 Marepuana EPDM
u Byrel B 17,54 u 9,06 paza.

[TpoBeneHb! UcIbITaHKS HA DKCIIEPUMEHTAb-
HoM koiblle AO BHUMXT no ompenenenuto
nporuda pesibca Ha yuyacTke 6e30a1acTHOTO Ty TH
koHcTpykuuu Feste Fahrbahn Boegl. AnekBarHocTh
pacué€ToB MOATBEPKIEHA YAOBIETBOPUTEIHHON
CXO/IMMOCTBIO C IKCHIEPUMEHTAILHBIMH JJAHHBIMHU.
CXoIuMOCTh pacu€THBIX Pe3yJbTaTOB C IKCIEPH-
MEHTaJILHBIMH TaHHBIMU cocTaBuia 94,8 %.

CdopmupoBaHbI IOTOTHUTEIBHBIE TPEOOBAHUS
K YIPYTUM XapaKTEPUCTHKaM PEJIbCOBBIX CKper-
nennii BKII nyist poccuiickux ycnoBuii 3kcIuTyara-
MK TSl YYaCTKOB BBICOKOCKOPOCTHOTO KeJIe3HO-
JIOPOXKHOTO COOOIIEHHS CO CKOPOCTSIMH JIBUIKEHUSI
1o 400 km/4 npoekTupyemoil nuauun BCM
«Mocksa — Cankrt-IlerepOypr», pekoMeHIyeMble
quist BimroueHus B TOCT 32698:

— BEpPTHKAIbHAs JKECTKOCTh Yy3J1a PEeJIbCOBOTO
CKpEIUICHHs I0JDKHA OBITh B TIpeneiax, KH/mm —
1627,

— N3MEHEHHUE CTaTHYECKON KECTKOCTH JIaCTHY-
HBIX MPOKIJIAJIOK, IKCIUTYaTUPYEMbIX B YCIIOBHSX
Hu3kux Temreparyp (ot —50 °C no +23 °C), He
JIOJDKHO MPEBBIIATh KoddpuuueHt — 4;

— COOTHOLIEHHE TMHAMHYECKOH KECTKOCTH
K CTaTHYECKON KECTKOCTH IIACTHYHBIX ITPOKIIAIOK,
HE JIOJDKHO IMPEBBILATh KOAPQUIHEHT: TIPU TeM-
neparype 23 °C — 1,5; npu remmneparype 0 °C —2,0;
npu Temneparype —10 °C — 2,5; npu Temmepary-
pe —20 °C — 3,0; npu temneparype —30 °C — 3,5;
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npu Temneparype —40 °C — 5,0; npu temnepary-
pe —50 °C - 18,0.

Pa3paboTaHbl peKOMEHIAIUU 110 METOAAM
OTIpe/IeNieHHs YIPYTUX XapaKTEPUCTHUK y3J1a Pelib-
COBOTO CKpEIUICHUS C TIPOMEXYTOYHBIM dJIaCTHY-
HbM ciioeM st BKIT ¢ yuérom BiausHUS HU3KHX
Temmeparyp.

INepcniekTnBOM NanbHenIel pa3pabOTKU TEMBI
SBJIIETCS MPOBEACHUE UCCICIOBAHUNA PabOTHI
PENBbCOBBIX CKPEIUIEHUH ¢ TPOMEXKYTOYHBIM 3Jia-
ctuunbiM cinoeM BKII Ha peanbHBIX CKOPOCTIX
JIBIDKEHUSI IO/ HArpy3KaMH OT PEeabHOTO BBICOKO-
CKOPOCTHOTO MOJIBUKHOTO COCTaBa Ha BEICOKOCKO-
POCTHOM TOJIMTOHE, KOTOPBIM JIOJKEH CTaTh y4a-
crok K BCM «Mocksa — Cankr-ITetepOypry.

2.9.2. )Keneznooopooichvlil nymo, usblcKanue
U NPOEKMUPOBAHUE JICENE3HBIX Q0POC.

Paboma svinonnena u sawuwena 6 Poccutickom
VHUSEpcumeme mpaLcnopmd.

Yyuun B. B. [Iporno3npoBanue 0e3omnac-
HOI1 3KCIUIyaTalMu KoJIéc rPy30BbIX BATOHOB
MeTOAAMHU MEeXaHNKH pa3pyumienus / ABroped.
ANC... KaH]. TexH. Hayk. — M.: PYT (MUAUT),
2023.-24 c.

AHanu3 yCcioBUH SKCIUTyaTal[i1 ¥ CTaTUCTUKH
OTKa30B eJIe3HONOPOXKHBIX KOJIEC OKA3bIBAET, 4TO
KPUTEPHHU IPOYHOCTH, YKa3aHHBIE B ICHCTBYIOIINX
CTaHJ[apTaxX, He MOTYT MOJHOCTbIO FapaHTUPOBATh
uX 0€30TKa3HOCTh JKCIUTyaTallMH, OTCYTCTBYIOT
TpeOOBaHMS U COOTBETCTBEHHO METOIMKH 10 OLIEH-
K€ CTaJuu pa3BUTUS TpeluHsl. [Ipu HenocTaTou-
HOIl BA3KOCTH MeTa/lla U BBICOKOM €ro yyBCTBH-
TEBHOCTH K KOHIIEHTPATOpaM HalpsHKeHHI MOXKET
Ha4aTh PaClpOCTPaHATHCS YCTAJIOCTHAS TPEIMHA
BIUIOTH JI0 KPUTUUECKON €€ AJMHBI, YTO OMACHO
U3-32 BO3MOJKHOCTH XPYIKOTO pa3pyIIEeHHUs Kojieca
BCJIE/ICTBHE BIIMSHHUS CE30HHBIX (haKTOPOB.

Pa3paboTunku Konéc Ha Tane NpOeKTHPOBAHUS
HE IPOTHO3UPYIOT CTAAUIO PA3BUTHS YCTAIOCTHBIX
TPELIUHBI 10 HACTYIUICHHUS TPEAEIBHOIO COCTOS-
HUSL. MeXpeMOHTHBIE IIPOOeTrn BaroHa, Kak paBu-
JI0, YCTaHABIMBAIOT UCXOMS U3 MEPHUOAA TeXHUYe-
CKOTO 00CITY>KMBaHHSI JIETaJIeil, y3JI0B U HE YUUThI-
BAIOT )KUBYYECTh OCHOBHBIX HECYIIUX AJIEMEHTOB.
Tax, HarpuMep, PH YBETUYEHUH 0CEBOI HArPy3KH,
NPUMEHEHUH HOBBIX MaTE€pHAJIOB ¥ KOHCTPYKLHUH,
BO3PAacTaeT BEPOSITHOCTD U3JIOMOB.

B HacrosIee BpeMsi akTHBHO 00CyXIaeTcs
BONIPOC O BO3MOXKHOCTH 3KCIUTyaTalluM JIUTHIX
KOJIEC B YCIOBUSIX POCCHHUCKHUX JKEIE3HBIX JOPOT.
Ho yuuThIBas, 4YTO TEXHOJOTHs MPOU3BOACTBA
JIMTBIX KOJIEC HE OJpa3yMeBaeT IPOBEICHUE MHO-




roCTaguitHOrO ropstyero aehopMupoBanusi, a Gop-
MHPOBaHHE KOJIeCa POM3BOAUTCS yTEM OTIIUBKU
MeTaJuia oji AaBiaeHueM B popmy. Takas TexXHOIO0-
TS U3TOTOBJICHUS OOYCIABIMBACT PAX OTIHYHIA
B CBOMCTBAX U KaueCTBE METaJlIa JIUTHIX KOJEC MO
CPAaBHEHHUIO C II€IbHOKATAHBIMHU KOJIECAMHU.

Taxum 00pa3oM, IS HCKIFOUCHHUS BO3MOYKHBIX
PHCKOB BO3HHKAET HEOOXOAUMOCTh B pa3paboTKe
€IIMHOI METOIUKH OLICHKHU CTaJM{ Pa3BUTUSA TPe-
IIMHBI OT IMHAMUYIECKHX BO3ICHCTBHUIM B SKCILTya-
TaI[MK, TPOBEICHUN UCCICIOBAHUN MOBEICHUS
MeTajia Koléc MPU CHIKCHHH TeMIICPaTyphl
10 —60 °C, ompenienenue CTeneHn U3MEHEH S CBOM-
CTB U IIapamMeTpoB paspyuieHus. [1o pe3ynsraram,
KOTOPBIX JIOJDKHBI OBITH ONPE/ICIICHBI TIOKA3aTeIH ,
BIISIONIME Ha Oe30macHylo paboty Kosieca, U Io-
JIyYCHbI MX MHUHHUMAJIBHO JOMYCTUMBIC 3HAYCHUS
JUISL POCCHHCKUX YCIIOBHH SKCILTyaTaliu.

Ienpto Mccnea0BaHus SABIACTCS 00CCICUCHUE
0€30MaCHOCTH KCIUTyaTallik BaroHa myTéM Mpo-
THO3UPOBAHHUS €ro Mpodera Mociie BO3HUKHOBEHHS
YCTAJIOCTHON TPELIMHBI B JMCKE Kojieca J0 ero
U3JI0Ma, 3a CYET OIpe/IeNieH s HayYHO 000CHOBaH-
HBIX TPeOOBaHHUI K MEKPEMOHTHBIM TIpoOeram.

AHanu3 HOPMaTUBHOH, HAyYHO-TEXHUUIECKOH
JIOKYMEHTAIIUK TTO0Ka3aJl OTCYTCTBUE TPeOOBaHMMI
U, CJICIOBATEIbHO, METOIUKH OICHKHU JKUBYYECTH
KoJéc, a TaKKe yuéTa HU3KUX KIUMATHYSCKUX
TEMIIEPaTyp, MPU KOTOPHIX M3MCHSIIOTCS MEXaHH-
YecKue CBOMCTBA MeTallla KOJIEC, U YBeTMIUBAETCS
xéctkocTh MyTH. st obecriedenust 6e30macHoit
9KCIUTyaTallii YCTAHOBJICHA HEOOXOMUMOCTb MPO-
THO3MPOBAHUs MPodera BaroHa 1mocje BO3HUKHO-
BEHUSI TPEIIUHBI B KOJIECE, OCOOCHHO TPH yBEITH-
YEHUH OCEBOM HArpy3Ku 0 27 TC, CHUKEHUU Beca
Tapbl BaroHOB Ha 25 % ¥ MPUMEHEHUU HOBBIX
MaTepUaaoB U KOHCTPYKIIHH.

[IpoBenéHHbIC WCCISIOBAHUS MMOKA3AJIH, YTO
HanOoJIee OMACHBIMH SABJIAIOTCS IS(PEKThI MeTaIlIa
KOJIEC, PACIIONIOKEHHBIC B 30HE MaKCHMAJIbHBIX
AMIUTATY]T OKCILTyaTAIIMOHHBIX HAIPSHKEHHUHN, KOTO-
pble C OIpeaeNIEHHON BEPOSTHOCTBIO MOTYT OBITh
He BbIIBICHBI poBeneHneM HK, uro mpusenér
K POCTY TPEIIUHBI, MUHYSI 3Tall HAKOIUICHHS yCTa-
JIOCTHBIX TIOBPEKICHHUI 1 YCKOPSHHOMY pa3pyliie-
HHIO.

IpoBenéHHbBIC IKCIIEPUMEHTATBHBIC UCIIBITA-
HUS CTaHIAPTHBIX 00Pa3I0B, BRIPE3AHHBIX U3 KO-
11EC, U3TOTOBJICHHBIX 110 PA3INYHBIM TEXHOIOTHYC-
CKHM TIPOLIECCaM U M3 PasHBIX MapOK CTajei st
JUTOTO Kolieca u3 ctanu mMapku AAR B, a mns
LETBHOKATAHOTO — M3 CTAJId MapKH 2 MOKAa3alH,
YTO XapPAKTEPUCTHKU IUKITMYCSCKOM BI3KOCTH pas-
pYyIIEHUS METaJJIOB pa3IMyaloTCs: JUisl CTajlu

LeTbHOKATaHOoTO Kosieca npu Temneparype 20 °C
BBIIIIC, YEM IS CTAJIM JINTOTO, HO TPU CHIKCHUU
temneparypsl 1o —60 °C 3Ha4eHUSI CTAHOBSTCS
COU3MEPHMBIMH.

ITpoBenéHHBIA aHAIU3 METOJOB MO OLEHKE
MPOYHOCTH BAarOHHBIX KOJEC MOKa3al, 4To MpU
MPOBEJICHUU UCTIBITAHUI METOZIOM KPYrOBOTO H3-
ruba ux Harpy)xeHue siBisieTcs: Haubosee nmpuoiu-
JKEHHBIM K IKCILTyaTaroHHOMY. [TomydeHsl 3kc-
MEPUMEHTANIbHBIC KPUBBIC KUBYUCCTH, IPU ITOM
KOJIMYECTBO IIUKJIOB JI0 Pa3pyIICHUS [eIbHOKATa-
HBIX M JUTBIX Konéc coctaBuid 8,1 u 1,0 miH.
IIMKJIOB HATPYXKEHHUI COOTBETCTBEHHO.

Pa3paborana BupTyanbHasi MOZIeIIb CTEH 1A JJIs
UCIIBITAHUH KOJIEC KPYTOBBIM IIUKJINYCCKUAM H3TH-
0OM JJIsI YMCIICHHOTO MOJICITUPOBAHUS PA3BUTHS
TPEIIMHBI B JIUCKE JUTOTO H IICIHOKATAHOTO KO-
Jieca OT HavyalbHOro AedekTa s pacyéra 3Hade-
uuit KMH, cornacHo koTopsiM 000CHOBaHA HEO0-
XOIUMOCTb OI[CHKH MOMEHTA CTPAaruBaHUs TPEIIH-
HBI 1 u3joMa konéce no 3HaueHusM KI Ha ¢ponTe
TPEIMHBI COOTBETCTBYIOIIEMY | THITY PaCKpBITHSL.

Pa3paborana quHaMIYecKas MOJIENb IPY30BO-
T'0 BaroHa ¢ ympyrou KoJa€cHOH napoii, ¢ HepIH-
OHHBIMH, XECTKOCTHBIMH, YIOPYro-
JICCUTIATUBHBIMH M T€OMETPUUCCKUMU MapaMeT-
paMu, COOTBETCTBYIOIUMHU SKHIIAKY IPY30BOTO
BaroHna. [lo pe3ynpraraM XOJOBBIX THHAMHKO-
MPOYHOCTHBIX UCIIBITAHUI MOJCTIb UMEET YIOBIIC-
TBOPHUTENBHYIO CXOMUMOCTD M0 JUHAMHYECCKHM
MOKA3aTeNIsIM M aJICKBAaTHO OIMCHIBACT JBIIKCHHE
BaroHa B dKCILTyatanuu. [IpeioxeHHas METOUKa
no3BouiATh onpenenats HJIC konécHolt mapsl rpy-
30BOr0 BaroHa, OI[EHHBATh MPOYHOCTh, PECypPC
1 JKUBYYECThb PA3JIMYHBIX KOHCTPYKIIHI OCEH U KO-
JEC U MOXKET OBITh IPUMEHEHA Ha ITare MPOSKTH-
POBaHU ISl IPOTHO3KUPOBAHKUS [ICPHUOJIA PA3BUTHS
TPEIIUHBI B KOJIECE C LeJbI0 00ECIeYeHus! ero
0e30MacHoOi SKCILTyaTaluu.

ITo pe3ynbraTaM MOICTHPOBAHUS MOTYYCHBI
CYMMapHBIE TUarpaMMbl Paclpe/eICHUs aMILTATYI
JMHAMHYECKUX HANPSDKEHHH OT 4aCTOThI X BO3-
HUKHOBCHHS B JINTOM U I[CJIbHOKATAHOM KOJEcax.
JKuBydecTh JTUTOrO W IENLHOKATAHOTO KOJieca
B 3KCIUTYaTalUH, TO €CTh POCT TPEIIHHBI OT HAYalTh-
Horo Jedekra 10 u3noma npu temmeparype 20 °C
cocraBuia 944,2 teic. kM U 671,8 ThIC. KM, a TIpH
temneparype —60 °C — 283,8 Thic. KM
1 669,6 TBIC. KM COOTBETCTBEHHO.

Jli1s Ge30macHoOM dKCILTyaTaliy rpy30BbIX Ba-
TOHOB TIPEJJIaraeTcsi YCTAHOBUTh MHHUMAIIbHBIN
JIOITYCKAeMbIi KOI(MHUIIMEHT 3araca 1o )KHBYYeCTH
konéc, paBubiii 2,0. Takum 00pa3zom, 0€30MacHOCTh
9KCIUTyaTal[My TPY30BOr0 BarOHa C JINTHIMH KOJIE-
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camu OyneT 00ecreunBaThCsl Ha MEKPEMOHTHOM
npobere 110 Thic. KM, pu 3TOM KO3 dHIHEHT
3amaca o KMBYy4eCTH COCTaBUT 2,58, ¢ 1IebHOKa-
TaHbIMH Kos€camu — 210 ThIC. KM, TIPU ITOM KO3(-
(UIMEHT 3am1aca 1o KMBY4YeCTH coCcTaBuT 3,19.

TTony4eHHbIe pe3yabTaThl MOTYT OBITH UCIIOb-
30BaHbI JJIS YCTAHOBJICHHS TPEOOBAHHUI K MEKpeE-
MOHTHBIM TPOOeraM KOJECHBIX Map IPYy30BbIX Ba-
TOHOB.

HOBbIE KHU'K O TPAHCIOPTE

Cnucok Ha aHanutickom si3bIke ny6nukyemcst
80 emopoil Yacmu daHHO20 ebInycka

The list of titles in English is published
in the second part of the issue

Bumbepekos I1. A. Hcrionb3oBaHie TEOPETHIECKUX 1 M-
MUPUYECKHX METOJOB IPU MOCTPOCHUH MOJENCH B 3a/a4ax
BOJHOTO TpaHcropra: Yueb. nocodue. — HoBocubupek: CI'YBT,
2023.—354 c. ISBN 978-5-8119-0874-5:

Benokypos B. I1.. Benokypos B. I1., Kopa6nes P. A., By-
capuH 3. H. [IpunsTre onTUMAaIbHBIX PELICHUH B TEXHOIOTUH
TpPaHCIIOPTHBIX IPOIIeccoB: Yueb. mocodue. — Boponex: Bo-
POHEXCKUH TocC. JecoTexHuYeckuil yH-1, 2023. — 183 c.
ISBN 978-5-7994-1057-5.

Boponun A. @., bunenxo I. M., boponuna E. B., Ky3ne-
nosa T. I. Yrpasnenue sxcrutyaranuonHoii pabotoid. Oprann-
3a11ist pabOThI COPTUPOBOYHOM CTaHIMm: Yueb. mocobue / mox
penakuyei k. T. H. A. @. Boponuna, I M. bunenko. — M.: PYT
(MUUT), 2023. — 246 c. ISBN 978-5-7473-1162-6.

Byunk Bykan P. Tparcriopt B ropoziax, ynoOHBIX JUTs 5KH3-
HH: TopaboranHoe u3nanue / nepeeoxn ¢ aum. Jl. ITomosoit. —
M.: Anermna ITPO, 2023. — 675 c. ISBN 978-5-206-00045-0.

[Haneiikun FO. B. Yiipapienue pa3BUTHEM BBICOKOTEXHO-
JIOTHYHOTO MPOMBIIIIEHHOTO KoMIniekca: Monorpadus. — M.:
MH®PA-M, 2023. — 282 c. ISBN 978-5-16-018126-4.

Emmdanos B. B., Obmmsankna M. 10. KayecTtso TpaHc-
MOPTHBIX YCIYT B CHCTEME OOILIECTBEHHOTO aBTOMOOMIIBHOTO
TpaHcnopra: MoHorpadus. — Ynesaosck: Yul'TY, 2023. —
270 c. ISBN 978-5-9795-2295-1.

XKypasnes H. I1., IToranos U. I1., Casenses M. 1O. ITpo-
MBILIICHHBIH JKENE3HOAOPOXKHBII TPAHCIIOPT: COCTOSIHUE U Tep-
CIIeKTHBHI pa3BUTWSL: Y4ed. mocobue. — M.: PYT (MUMNT),
2023. - 144 c. ISBN 978-5-907710-81-8.

Komapos B. M., Akumosa B. B. JIronu 1 TpancIiopt: ropox
utst sku3HA: Monorpadust. — M.: Usn. nom JEJIO, 2023. —
158 c. ISBN 978-5-85006-479-2.

Konosanogsa T. B., Korenrosa 1. H., Cenunn U. C., [Jom-
6posckuii A. H. YcToiiunBoe pa3BuTHE roposICKO# TPaHCTIOPT-
HO# cuctembl: Monorpadus. — KpacHonap: W3narensckuii
nom — 10, 2023. — 230 c. ISBN 978-5-91718-731-0.

Komnsirenkosa O. U., Bunek M. @., Anues O. T. [u np.]
TToBbImeHHe 6€30MaCHOCTH TPY/a PAOOTHHKOB JIOKOMOTHBHBIX
6puran. — M.: ABropckast Mmactepckast: JlaBryHeHko A. A.,
2023. - 165 c. ISBN 978-5-907450-53-0.

Kpacusnckas O. B. CoBpeMeHHbIe TeH/ICHIIMH OpraHu3a-
LN HAy9HO-TEXHOJIOTMYECKOTO PA3BUTHS B IPOMBIIIIICHHOCTH:
Mowuorpadust. — M.: Ruscience, 2023. — 277 c. ISBN 978-5-
466-01683-3.

Ky6pun C. C., SInnapos E. P., isano U. M. Paquocssss
7 TeleKoMMyHHKanun: YueOHuk. — M.: PYT, 2023. — 311 c.
ISBN 978-5-00166-900-5.
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HoBkle KHUIM o TpaHcnopTe

JlanbHeli1e nepcrneKTUBBI HCCIEeI0BAaHNIA MOTY T
OBITH CBSI3aHBI C BOIIPOCOM YTOYHEHHs TPeOOBaHHH
K Iopory uyBcTBHTeNbHOCTH MeTonoB HK, mpume-
HAEMBIX IIPU OOHAPY>KEHUHU Je(eKTOB KOJIEC.

2.9.3. — [loosudicHoui cocmae dicenesHvix 00poe,
msiea noe3008 u ANeKMpPUPUKAYUL.

Paboma svinonnena u sawuwena 6 Poccutickom
VHUGepcumeme mpaLcnopma. °

Kynpssues E. M., I'apunenxo A. B., Jlxadpapu Mo-
crada. MomenupoBaHie BHYTPEHHUX YCHIHN B METAIIO-
KOHCTPYKITUAX MOJb€MHO-TPAHCIIOPTHBIX MaIlINH (Ha paH-
HUX JTamax MpPOeKTUPOBaHU:): Yueb. mocobue. — M.:
W3n-Bo ACB, 2023. — 337 c. ISBN 978-5-4323-0460-5.

Jlo6anoga 0. U. O4epku pedieKCHBHOM MICHXOIOTHH
cTuneit: (Ha mpuMepe cTHiIeil aBToBOXAeHNU): MoHOoTpa-
¢usi. — CII6.: CIIGIACY, 2023. — 309 c. ISBN 978-5-9227-
1300-9.

Munnuxanos P. H., )Kankasues C. B., Auukun U. B.
[1 np.] MHTENNeKTyanbHEIe TPAaHCIIOPTHBIE CHCTEMBL: Y4eo.
nocobue. — Kazanb: Wnen-Ilpecc, 2023. —239 ¢. ISBN 978-
5-4494-0160-1.

Mockanenko M. A., Idpy3p U. b., MockaneHko
B. M. OcobeHHOCTH BIHSHHS y3JI0B COCAUHEHHS Habopa
Ha HECYILYI0 CIIOCOOHOCTb OOPTOBBIX MEPEKPHITUH CYIOB
nexoBoro miaBaHus: Monorpapus. — M.: UHOPA-M,
2023.—194 c. ISBN 978-5-16-017729-8.

Hosuko A. H., Epemun C. B, lllesunosa A. I'. ITytn
MOBBIICHHS 6€30MaCHOCTH (PyHKIIMOHHPOBAHUS 001Ie-
CTBEHHOTO TPAHCIIOPTA B YCIIOBHAX MEPCIEKTHBHOTO pa3-
BuTHs ropona: Monorpadus. — benropon: Usn-so BI'TY
nMm. B. T Illyxosa; Opén: Uzn-Bo OI'Y nm. U. C. Typrene-
Ba, 2023. — 238 c. ISBN 978-5-361-01180-3.

Hocxo A. JI. D¢ddexTuBHBIi BEIOOp U MIpaKTHYECKUE
PEKOMEHALINH T10 COBEPIICHCTBOBAHHMIO KOHCTPYKIMIT TOP-
mo30B I'TIM: Mororpadus. — M.: HayuHslit ”HHOBaIMOH-
HBIA LEHTP MeXIyHapOIHbIIl HHCTUTYT CTPATETHUYECKUX
uccienoBanuid, 2023. — 135 ¢. ISBN 978-5-907682-22-1.

Opyu T. A., Toman K. M. MeToponoruyeckie 0CHOBBI
MHHOBAIIOHHO-TEXHOIOTUYECKOTO PA3BUTHUS IPOMBIIIIICH-
HOW PEerHoHalIbHOI SKOHOMHYECKOM CUCTEMBI B YCIOBUSAX
umropro3amenienus: Monorpagus. — Kypck: YHuBepcu-
TeTcKas Kuura, 2023. — 226 c. ISBN 978-5-907710-49-8.

Ierpos A. U., Urnatrorun B. A., 3axapos /I. A. Cne-
urduueckue GOpMbI TPAHCIIOPTHOTO OOCITY)KHBAHUS HAce-
JIEHUsI KPYITHBIX TOpofioB: Y4eb. mocobue. — Tromens: TUY,
2023. - 125 c. ISBN 978-5-9961-3070-2.

Pynuesa JI. H., I'ypeea M. A., Kopsikuna E. A. [n 1p.]
CoBpeMeHHast HHAYCTPHalIbHAs SKOHOMHUKA: yCIIOBHS pa3-
BuTHA: Monorpadus. — Tromens: TUY, 2023. — 231 c.
ISBN 978-5-9961-3076-4.

CepeopsikoB A. C. TexHHYeCKast THarHOCTHKA ITOBIK-
HOro cocTaBa. KOHTpOIb IMaBHOM U30JISIIUU TATOBBIX JJIEK-
Tpoasurarenei. — M.: Jlamp, 2023. - 292 c.
ISBN 9785507450282.

Xauarpsan H. K. Monennposanue npouecca opraHusa-
L[1H KEIE3HOIOPOXKHBIX IPy30IepeBo30k: MoHorpadus. —
M.: MAKC Ilpecc, 2023. — 164 c. ISBN 978-5-317-
07005-2.

Iyposa H. K., JIu B. H. O6ecneuenne 3¢ dexrnBHO-
CTH KCILTyaTall¥ CUCTEMBI 3JICKTPOCHA0KECHHS XKEIE3HBIX
JIOpOT TIEPEMEHHOT0 TOKa PEryIHPOBaHUEM IIOTOKOB peaK-
THUBHO# MOIIIHOCTH B YCJIOBHUSIX POCTa rpy30000pora: Mo-
Horpacdwus. — Xabaposck: Uzn-o JABI'YIIC, 2023. — 117 c.
ISBN 978-5-262-00953-4.

Cocrasnaa H. OJIEMHUK @
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BEOPUC ANEKCEEBUY NEBWH
(11.08.1949 - 30.06.2023)

30 nioHsa 2023 roaa Ha 74-M roay XWU3HW YILEN U3 XU3HN NPE3NAEHT
Accoumnauumn By3oB TpaHcnopTa, npe3uaeHT Poccuickoro
yHUBepcuUTeTa TpaHcnopTa, ObiBwKKA pekTop MoCKOBCKOro
rocyaapcTBeHHOro yHmBepcuteTta nyteu coobwenua (MUUT),
NPU3HAHHbLIA POCCUMICKNIA YYEHDBIW, AOKTOP TEXHMYECKUX HaYK,
npocheccop JIéBuH Bopuc AnekceeBuu.

®  MWP TPAHCIMOPTA. 2023. T. 21. Ne 3 (106)

WORLD OF TRANSPORT AND TRANSPORTATION, 2023, Vol. 21, Iss. 3 (106)




Bces npodeccnonansHast, HayqHAs # 00-
paszoBarenbHas AesITenbHOCTh bopuca Asek-
ceeBnua JIEBMHA, BBIAAIOLIETOCS TOCYAAp-
CTBEHHOTO M OOIIECTBEHHOTO JESTEINs, Py-
KOBOZUTES, YYEHOTO U ME1arora, BHECILIETO
rpOMaJiHBIN BKJIa] B Pa3BUTHE U MOBBIIIC-
HUE MEXITYHapOAHOTO MPECTHXA OTede-
CTBEHHOTO 00pa30BaHMS W HAyKH, CBA3aHA
¢ MUUNT.

Iocme oxonuanms B 1973 rory MUUT
T10 CHIEINATBHOCTH «ABTOMATHKA U TETIEME-
XaHWKay paboTa MHXKEHEpOM Kadeapsl
«ABTOMaTH3MPOBAHHBIE CHCTEMBI YIIpaBIIc-
HUSD», TAPAJUIEIIBHO C KOMCOMOJIBCKOH 1 Op-
TaHU3AIIMOHHOM PaboTOM 3aKOHYMII acIh-
paHTypy, a ¢ 1977 roma BO3IIIaBUII €€ B Ka-
gecTBe 3aBenyromero. B 1989 roxy mo
WHULMATUBE U NI0A pyKoBOACTBOM b. A. JIE-
BHHA Ha 0a3e acmUpaHTypHl OB co3mMaH
OTpacneBoil LEHTpP MOATOTOBKH HAyYHO-
nenarorudeckux kaapos. B 1990 romy
b. A. JIéBuH 3amuTIII JOKTOPCKYIO THICCEp-
Tamuio 1o Teme «HempepsIBHOE COBEpIIICH-
CTBOBAHNE U BOCIIPOM3BOACTBO KaJApPOBOTO
MOTEHI[Malla, OCHOBHOTO (haKTOpa OpTaHH-
3aI1N YCTOMYUBON 1 O€30IIaCHOM AEATENb-
HOCTH OTpaciin», a B 1992 rony emy npu-
CBOEHO ydéHOe 3BaHHE mpodeccopa.
C 1991 ronma — pexrop BcecorozHoro mHCTH-
TyTa MOBBIIEHNUS KBAIN(HUKAINN PYKOBO-
JUTENEH U CHEIHATICTOB JKEIE3HOMOPOXK-
HoTO TpaHcmopTa (¢ 1995 roga — Poccnii-
CKasl aKkaJIeMus ITyTe COOOIIeHN ), a ¢ Map-
ta 1997 rona — pexrop MUUT, a 3aTem
Poccuiickoro yHuBepcuTeTa TpaHCIOpTa
(MHUUAT).

ITon ero pykoBOJICTBOM yHHBEPCHTET
AKTHBHO YYaCTBOBAJ B PEAJIN3AINH LIEJIOTO
psina KpyIHBIX POEKTOB KaJApOBOTO obec-
MEYEHHUS] U HAyYHOTO CONPOBOXKICHHUSI
TPaHCIIOPTHON OTpaciH, pean3aliy CTpa-
TETUYECKNX JTOKYMEHTOB PAa3BUTHS TpaHC-
MOpTa ¥ TPAHCHOPTHOTO CTPOUTENHCTBA,
COBEPILNJ FPAHIUO3HBIN IPOPHIB B CBOEM
HCTOPHYECKOM Pa3BUTUH, BIEPBBIC B HCTO-
pHHM TPAHCTIOPTHOTO 0OPA30BaHMS MOTYIHIT
(henepabHBINA CTAaTyC M CETONHS SBIAETCS
CaMbIM MEPEIOBBIM HayIHO-00pa30BaTEIb-
HBIM KOMIIJIEKCOM, O€3yCIIOBHBIM JTHIEPOM
TpaHCHOPTHOTO oOpa3oBaHus B Poccun.
C mos6pst 2018 roga — mpesunent PYT
(MHUUAT).
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B teuenne muorux net boprc AnekceeBid
JIésuH Bo3maBsu1 CoBeT IO 00pa30BAHUIO
n Hayke npu KoopamHAIIMOHHOM TpaHC-
MOPTHOM COBEIIAHHH TOCYJapCTB-YIaCTHH-
koB CHI, Acconmanuro By30B TpaHCIIOPTA,
MexIyHapoqHyO acCOIMANNIo TPAHCIOPT-
HBIX YHUBEPCUTETOB, MHOTOUYNCIICHHbIE
9KCIIEPTHBIE COBETHI B c(hepe TPaHCIOPTA,
TPAHCIOPTHOHW HayKH W 00pa30BaHMUS.

C MomeHTa co3naHus KypHana «Mup
Tpancnopra» bopuc AnekceeBuu JIEBUH
OeccMeHHO BO3MIIABIISLI ero paboTy B Kade-
CTBE TpeCeaaTeNs PEAAKIIHOHHOTO COBETA
1 maBHOTO penakropa. b. A. JI€BuH ynemsn
HEM3MEHHOE BHIMAHHE Pa3BUTHIO HAYIHO-
MyOJINKAIMOHHOM e TENPHOCTH YUEHBIX
TPAHCIIOPTA, BXOJWI B PEIaKIIMOHHBIE KO-
JIETHH LEJIOTO psiia IPYTHX OTPACIEBBIX
JKYPHAJIOB.

bopuc AnekceeBuu JIEBUH sBIsIETCSA
aBTopoM Ooree 530 Hay4dHBIX TpyAoB. UM
MOATOTOBIEHH! 21 kaHauaaT u 12 7oKTopoB
HayK, pa3paboTaHbl MEXaHU3MEI cONIKe-
HUS y9eOHO-METOINIECKON IeATENbHOCTH
TPAHCIIOPTHBIX BY30B CTPaHbI, HHTETPAIIN
CYIIECTBYIOIINX U BBEACHUS HOBBIX TPaHC-
MOPTHBIX CNENHAIBHOCTEH, MOATOTOBKHU
JUISL TPAaHCIOPTHOTO KOMIIJIEKCAa CTPaHBI
CIIEIMATNCTOB HOBOTO IOKOJEHHUSA IO
YIPaBICHUIO B3aNMOACHCTBUEM pa3iInd-
HBIX BHJIOB TPAHCIOPTA, IPOBEICHHS CEP-
THQUKAIUN MEPCOHANA TPAHCHOPTHBIX
OTpaCIEH.

3acnoyru bopuca AnekceeBuda JI€BuHa
B Pa3BUTUH TPAHCIIOPTHOTO 0Opa30BaHUS
W HayKH OTMeueHbl npemusmu [IpaButers-
ctBa Poccuiickoit @eneparmn (2004 romy —
B 00NIaCTH HAayKW M TeXHUKH, B 2010 romy —
B obmactu oOpazoBanus). b. A. JIEBuH ObIT
Harpax1€H rocyIapCTBEHHBIMH HarpagamMH,
B TOM umcite, B 2016 roxy — opreHOM AJek-
canzpa Hesckoro, B 2021 romy — opaeHOM
«3a 3acayru niepen OredectBom» 111 creme-
HH, MHOTOYHCIICHHBIMH BEIOMCTBEHHBIMHU
Harpazamu — Menaibto [1aBna MenbHuKOBa,
Memanbio [lerpa ['yOoHmHa, Menanpio AB-
ryctuHa betankypa, Menanpio «3a 3aciayru
B Pa3BUTUH TPAHCIIOPTHOTO KoMIuiekca Poc-
CHUM», HArpyAHbIMU 3HaKamu «Ilo4€THbIi
pabotHuK TpaHcnopra Poccum» u «llouét-
HBIH KETE3HOJOPOKHUKY.
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ABSTRACT

The scientific research that has become the subject of
consideration in this article is related to assessment of the
influence of geophysical factors on sustainable functioning of
transport systems and the system analysis of their impact on the
transport infrastructure at the Arctic latitudes. The research is
a new direction in the field of study of operational reliability of
transport systems and scientific support for development of
transport infrastructure in the Russian Arctic.

The paper touches upon the issues of reliability and possible
failures of technical equipment under the influence of space
weather, and also discusses multifaceted problems of safety and
efficiency of development of transport systems considering new
data on the structure and properties of the lithosphere referring
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to thawing of permafrost and mineral deposits. A separate section
is devoted to new information on seismic activity and seismic
hazard assessment in areas of operation and promising
development of the transport infrastructure of the Arctic zone of
the Russian Federation (AZRF).

Intellectual accounting and generalisation of the obtained
interdisciplinary results together with their visualisation are
provided by geoinformatics methods. The paper presents also
the results of adoption of modern geodatabase management
systems, of the application of modern technologies of geoportals
and interactive spherical visualisations for qualitative
presentation of new geophysical knowledge obtained in the
course of research.
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INTRODUCTION

The active development of the Russian Arctic
in the 21* century is inevitably associated with
widespread involvement of high technologies.
Such technologies, first, are necessary for stable
development of industry and transport in hard-
to-reach regions and under extreme climatic
conditions inherent in the Arctic region. However,
being resilient to these natural factors, complex
technological systems often become sensitive to
other natural risks.

For example, extended power lines (PL) and
pipelines in high-latitude areas effectively cope
with low temperatures, confidently performing
their functions over vast areas. At the same time,
their sustainable functioning is threatened by
extreme manifestations of space weather. The
latter can lead to excessive loads on electric
power systems and installations that provide
anti-corrosion protection of pipelines, up to their
complete failure. Thus, besides climate change
[1], anumber of purely geological and geophysical
factors should be taken into account both for
sustainable operation of existing high-tech
systems in the Arctic, and when planning further
development of these infrastructures in still
insufficiently developed regions.

The modern technological society is
a complex interweaving of dependencies and
interdependencies between several of its critical
infrastructures [2]. As technological
infrastructures become more complex, any major
disruption to one of them can have wide-ranging
consequences for others and lead to interdependent
failures [3]. The impact on these interdependent
infrastructures can last for several years with
a probability of manifestation of significant social
and economic impacts [4; 5].

The development of transport infrastructure
is of critical importance for both partial and full-
scale development of the Arctic zone of the
Russian Federation (AZRF). This is also
emphasised by the «Strategy for development of
the Arctic zone of the Russian Federation and
ensuring national security for the period until
2035, approved by Decree of the President of
the Russian Federation of October 26, 2020, No.
645. Besides other points, this strategy provides
for a significant development of transport
infrastructure in a number of northern regions of
Russia, which includes construction of new
railways, interregional roads and airports,
creation of waterways, taking into account plans
for development of the mineral resource base and

ensuring the connectivity of seaports with the
country’s inland territories. The integrated,
interconnected, and systemic development of the
infrastructure of maritime, air, rail and road
transport in the Russian Arctic implies an
intensive build-up of systematic fundamental and
applied research in the interests of studying and
developing the Arctic, considering the extreme
natural and climatic features of the region.
Scientific support for development of transport
systems involves a system-analytical
consolidation of the efforts of experts of various
geophysical and related areas, such as
geomagnetism [6; 7], seismology, climatology,
geotectonics, geoinformatics, etc. Effective
intellectual accounting and generalisation of the
obtained interdisciplinary results are provided
through system analysis.

In this paper, the authors intend to focus on
several important geological and geophysical
results. Each of them individually and all of them
on the whole are of critical importance and
require undoubted consideration for the purposes
of operation and development of transport
infrastructure in the Russian Arctic. The first
section presents the results of assessment of the
negative impact of space weather on operation
of modern railway signalling electronics, power
supply, and positioning and navigation accuracy.
The second section presents new results on the
study of large geological structures and
sedimentary basins. The latter may be associated
with hydrocarbon deposits, as well as other
important geophysical characteristics of the
Arctic lithosphere. The third section provides
new important information about the seismic
activity of the Russian Arctic. The fourth section
contains the results in the field of geoinformatics,
obtained by integrating new data in a single
environment in three listed areas. This opens up
the possibility of complex processing, system
analysis and visualisation of the obtained
geophysical results. The conclusions are
presented in the final section of the article.

Scientific research, which has become the
subject of this article, is a new direction in the
field of operational reliability of transport
systems. The most pressing issues for transport —
reliability and safety, have been repeatedly
considered in various aspects in many publications
of the World of Transport and Transportation
journal. But the influence of geophysical factors
on sustainable functioning of transport systems,
a systematic analysis of their impact on the
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transport infrastructure in the Arctic are presented
for the first time.

RESULTS
1. Influence of space weather on functioning
of transport and auxiliary engineering
systems at the high latitudes of the Russian
Federation
1.1. The impact of geomagnetic activity on
failures in operation of railway signal
automation

Space weather is mainly determined by solar
flares, coronal mass ejections, high-speed plasma
flows from solar holes that cause geomagnetic
storms and substorms. The total amount of energy
released during a medium-intensity magnetic
storm is about 1400 GW, which is almost twice
the capacity of all US power plants. Long-
distance infrastructure networks, such as railways
located at high latitudes, are affected by
geomagnetic disturbances [8; 9]. During
geomagnetic storms, the Earth’s magnetic field
can change rapidly and strongly over time, which
provokes the appearance of an electric potential
difference of up to several volts per kilometer,
which in turn leads to the appearance of
geomagnetically induced currents (GIC) in
extended conductors. GIC can have a significant
impact on operation of engineering systems.
From a railway safety point of view, the most
important systems that can be affected by GIC
are signalling and traffic control systems [10].
During strong geomagnetic disturbances, cases
of short-term (1-2 minutes) false occupancy of
tracks are observed, which can be repeated for
3—4 hours [11]. The occurrence of signal
anomalies is explained by induced currents in
the earth during strong geomagnetic storms.
Under these conditions, the natural electric field
is strong enough to reduce the operating voltage
across the relay. Depending on the direction of
the GIC in the rails, both a false red light can
light up when the track is free (any direction of
GIC), and a false green light can light up when
it is occupied (GIC with the opposite sign). Of
course, the false green light is the most dangerous.

Historically, the first reported event associated
with a railway signalling failure was the New
York Railroad Storm on May 13, 1921 [12].
A storm of exceptional strength occurred in the
fourth year after the maximum of the 15" solar
cycle [13]. The prelude of this magnetic storm
was a double flash on the limb of the Sun, visible
even to the naked eye [14]. As an example of

modern incidents, let’s take a storm in July 1982,
when failures in operation of railway automation
were noted in southern Sweden [15]. The
magnetic storm of July 13—14, 1982 developed
against the background of a decline in the solar
cycle and reached a maximum of Dst =-325 nT.
During development of the disturbance on the
Swedish Railways, there were problems with
light signalling: the signal traffic light switched
between red and green light for no apparent
reason.

In Russia, studies of the relationship between
anomalies in operation of railway signalling and
geomagnetic disturbances began relatively
recently [16]. So, in [10; 17; 18] the statistical
relationship between the level of geomagnetic
activity and duration of failures in operation of
automation systems of the East Siberian Railway
in 2004 were studied. It was shown that the total
daily duration of anomalies not associated with
mechanical damage and meteorological causes
on all sections of the road varies in accordance
with development of a geomagnetic storm. This
duration increases three times when the peak of
geomagnetic activity is reached and correlates
with the local index of geomagnetic activity.
Thus, during strong storms, an increase in the
number of disruptions is observed even at middle
latitudes.

When analysing failures in operation of
signalling systems on the Northern Railway [11],
it was revealed that almost every strong
geomagnetic storm out of 16 analysed was the
cause of anomalies in operation of signal
automation. The distribution of registered
anomalies per local time slots obtained in the
work is consistent with known distributions of
the periods of GIC development [19; 20].
Failures in operation of automation systems, in
particular, false alarms of traffic lights, were
associated with induction of an electric field on
rails across the track, which could cause an
imitation of a passed locomotive. Analysing
failures in operation of the signal automation of
the Northern and Oktyabrskaya Railways for
2009-2010 (the 23" cycle of solar activity), the
authors of [21] found that anomalies in operation
of automation systems develop almost
synchronously and in close connection with
excitation of significant geoelectric fields.

To clarify the regularities in manifestation of
the impact of geomagnetic disturbances on
operation of railway automation and to find ways
to limit the impact, it seems appropriate to study
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Pic. 1. The considered section of Oktyabrskaya railway (yellow dotted line) and the location of Lovozero magnetic station (IAGA code LOZ, red)
in Murmansk region [prepared with participation of the authors].

in detail anomalies in operation of automation
and signalling systems in sections of railway
networks located primarily in the Arctic and
subarctic zones. In this regard, an extensive
archive of log records of logged failures in
operation of railway automation was analysed at
the section of Oktyabrskaya railway from the
station Kandalaksha (67.15° N) to the station
Nickel-Murmansky (69.4° N) for 2001-2006
(Pic. 1). The archive contained information on
more than 1800 records, and such a volume of
information about failures was analysed for the
first time [22].

In the archive, for some events, the reason
was indicated, for some — not. The reasons
indicated in the reports and records of the railway
services, as a rule, were associated with breaks,
shocks, and mechanical breaks in cables, with
meteorological reasons (ice and sand getting into
the turnout switches), with intervention of
unauthorised persons, that is, they were obviously
not caused by geomagnetic factors. For
a thorough statistical analysis, the entire archive

was divided into the following three categories
of events:

1. Periods without failures lasting more than
1 day.

2. Failures without an obvious external cause.

3. Failures with an indication of the cause
(most often mechanical damage, meteorological
reasons or interference by unauthorised persons).

It was a priori assumed that failures with no
apparent external cause (Category 2) were more
likely to be caused by space weather disturbances.
Interruption periods were compared with
different types of geomagnetic disturbances using
four independent statistical tests based on
different principles. Geomagnetic disturbances
were estimated using the geomagnetic indices of
auroral activity AE and interplanetary magnetic
cloudiness EI, as well as the spectral density of
Pc5 type geomagnetic pulsations recorded at the
nearby Lovozero magnetic observatory (IAGA
code LOZ, Murmansk region, Pic. 1). The
analysis showed that the probability of occurrence
of failures increases with the level of geomagnetic
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Pic. 2. Frequency of failures of category 1, 2 and events of all three categories (upper graph), AE and El geomagnetic indices
(middle graph), and spectral density of Pc5-type geomagnetic pulsations recorded at LOZ magnetic station for the period
July-December 2005 [prepared with participation of the authors].

activity. At the same time, integral values of
geomagnetic indices over 2—4 days turn out to
be significant, which corresponds to the average
duration of geomagnetic storms. Another
important result was that category 3 failures, the
cause of which was clearly indicated in the
archive, do not show differences in the statistical
relationship with geomagnetic activity. Possible
explanations for this can be both technical factors
associated with inaccuracies in the description
of the causes, and physical factors associated
with the indirect influence of geomagnetic
activity through the weather. Pic. 2 shows graphs
of variability of geomagnetic activity and the
frequency of failures of railway signal automation
for July-December 2005. The graph clearly
shows the coincidence of all maxima of auroral
activity and local geomagnetic disturbance with
the maxima of frequency of anomalous events.
The analysis of the GIC amplitude (e. g., [23;
24)) and failures on the railway shows that the
source of the strongest disturbances is the auroral
oval, namely, the region of discrete precipitation,
which gravitates closer to the equatorial boundary
ofthe oval. It is important to note that the stronger

is the geomagnetic disturbance, the lower are the
latitudes to which the auroral zone shifts. Thus,
the critical problem is the possibility of predicting
the position of the oval and auroral precipitation.
In this regard, an online service for short-term
forecasting of intensity and spatial distribution
of auroras was developed (Pic. 3). The input
parameters are real-time data from interplanetary
satellites located at L1 libration point, which
provides a forecast with a horizon of 30—70 min.
The developed system is based on the empirical
mathematical model OVATION-Prime [25],
which establishes statistical relationships
between the parameters of the solar wind, the
interplanetary magnetic field, and auroral particle
fluxes. It has been shown that the proportion of
confirmed aurora forecasts is more than 86 %
[26; 27].

1.2. Exposure of global satellite navigation
systems in the auroral region to geomagnetic
activity

Transport relies heavily on availability of
other critical infrastructures such as power,
signalling, communications and navigation
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Pic. 3. An example of modelling the position of the auroral oval and the intensity of auroras online (http:/aurora-forecast.ru).

systems for operations and positioning, and
previous research has shown that these
technologies can be disrupted during space
weather. Due to introduction of digital
technologies in railways, such as big data [28],
service 4.0 [29], the Internet of things (IoT) [30],
cyber-physical systems [31], there may also be
failures in operation of other digital electronic
equipment [32]. Thus, technological advances
have increased the risk of adverse effects caused
by a solar storm. Let us dwell in more detail on
the impact of space weather on satellite navigation
systems.

Global navigation satellite systems (GNSS)
use signal transmission in the range from units
to tens of GHz from a magnetospheric satellite.
The region of the magnetosphere where the
maximum number of navigation satellites is
concentrated includes the geostationary orbit
(distance to the center of the Earth 6,6R,, where
R, is the radius of the Earth) and lower orbits.
The satellite electronics itself is exposed to fast
charged particles, primarily the electrons of
radiation belts, and can be damaged during sharp
increases in electron fluxes. But the number of
navigation satellites is currently so high that
damage or even loss of one of the satellites can
only slightly affect the quality of navigation in
most areas. Nevertheless, the question of the
increase in the error associated with a decrease
in the number of satellites for a particular
receiving point requires a separate study, as well
as modelling the loss of a signal from several
satellites simultaneously under conditions of
extreme increases in the electron flux. Modern
navigation systems are based on the use of
several systems, including GNSS: GPS (USA),

GLONASS (Russian Federation), Galileo
(European Union), BeiDou/Compass (PRC).

In the autonomous navigation mode, the
positioning error is a few meters. Let us consider
the physical mechanisms of the influence of
space weather disturbances on accuracy of the
navigation signal reception. With all the variety
of effects, they fit into the following main groups:

1. Deterioration of the signal-to-noise ratio
due to natural noise in the operating range of the
emitter.

2. Damage to the transmitting equipment by
streams of fast charged particles.

3. Disturbances on the propagation path from
the transmitter to the receiver, primarily due to
ionospheric inhomogeneities.

The source of the first group of distortions is
the increase in the flux of solar radio emission
during flares. Damage to equipment on
magnetospheric satellites whose orbit lies inside
the Earth’s magnetosphere is associated with
increases in fluxes of fast charged particles of
both solar and magnetospheric origin. The
maximum amplitudes of ionospheric
inhomogeneities are associated with the zone of
auroras and, above all, their discrete forms.

Thus, possible cosmic sources of errors in
operation of navigation equipment are associated
with solar flares, solar proton, and electron
events, increases in fast electron fluxes in the
magnetosphere, and powerful auroral
disturbances. The effects associated with charged
particles and ionospheric inhomogeneities are
most pronounced during strong magnetic storms,
when not only the disturbance amplitudes
increase, but the disturbance maximum shifts to
the mid-latitude region [33].
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Pic. 4. Examples of consistent positioning error variations in
longitude (top) and altitude (bottom) at SVTL base station (60.50
N, 290 E, Leningrad region) and magnetic field variations at NUR

station (60.50 N, 25.50 E, Finland) during the time of the main (left)
and recovery (right) phases of the magnetic storm on May 12, 2021.

The amplitude of the magnetic field variations is normalised by the
amplitude of the displacement variations [performed by the authors].

The sun is a source of electromagnetic
radiation in a wide range of wavelengths,
including the frequency range of GNSS signals
(1-2 GHz). This leads to a deterioration in the
signal-to-noise ratio when receiving a signal from
the satellite. Statistical analysis of the effect of
solar flares on the signal-to-noise ratio showed

that receivers operating at L2/L5 frequencies are
the most vulnerable, and the signal quality at L1
frequency changes little [34]. At the same time,
an increase in the number of satellites for this
type of interference does not lead to a significant
improvement in the situation, since an increase
in noise associated with a flare affects all visible
satellites simultaneously [35]. A significant
improvement in the signal-to-noise ratio occurred
due to an increase in the power of the useful
signal on new generations of satellites, which
makes it possible to maintain operability for
flares with a radio flux exceeding 20000 units,
which are observed from 1 to several times
a year, depending on the phase of the solar cycle
[34]. A comparative analysis of the effect of flares
in 2011 and 2017, performed in [36], showed
a significant weakening of the effect of solar radio
flares for new, more powerful systems.

To test the hypothesis of the effect of
geomagnetic activity on geopositioning accuracy,
we used data from GNSS base stations in auroral
and subauroral latitudes. The time resolution was
30 s. Standard primary processing made it
possible to compensate for most of ionospheric
disturbances. For base stations, the number of
satellites in all cases was 15 or more. To test the
impact on accuracy of geopositioning, 4 groups
of days were selected according to the types of
geomagnetic disturbances, for which the
following codes were used:

1. lack of disturbance.

2. geomagnetic storms.

3. auroral substorms of high intensity.

4. solar radio flares.

To control the low magnetic activity (code
0), we considered days satisfying the following
conditions: the absence of solar radio flares, the
absence of magnetic storms with Dst<-50 nT
and missing the 4-day window before the storm,
and the absence of auroral disturbances with
AE>100 nT. For each disturbance, the most
probable geographic zone (minimum and
maximum latitudes and longitudes) of the
maximum effect was determined by its type and
onset time. In total, 38 events with code 0, 10
events with code 1, 38 events with code 2, and
5 events with code 3 were selected for 2020-
2023.

The analysis of the effect of space weather
disturbances on time scales from several minutes
to several hours showed that even for a base
station, after applying the differential correction
algorithm [37], in the apparent longitudinal and
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Pic. 5. Scheme of formation and flow of GIC in power lines [compiled with participation of the authors].

vertical displacements determined from the
GNSS, variations remain in the range of periods
of 5-20 minutes, coinciding in frequencies with
geomagnetic field variations at the nearest
magnetometric station. The amplitudes of these
variations for base stations vary within a few
centimeters (Pic. 4).

To use the results of signal analysis at the
base station in real applications, it is necessary
to solve the following tasks:

1. Consideration of the difference between
the actual number of satellites in place and at the
base station.

2. Obtaining data with a higher temporal
resolution to assess the possibility of applying
them to a moving object (for example, rolling
stock).

3. Exclusion of the differential correction
method used in standard data preprocessing in
the GNSS network, since it is aimed at geodesy
problems and maximally suppresses variations
within a day, which gives inconsistent results on
different time scales (between days 0.1-10 m,
within a day <102 m).

1.3. Impact of space weather
on electricity supply
Variations of geoelectric currents induced in
the surface layers of the earth’s crust are closed
through grounded energy systems, causing the
appearance of GIC [38; 39] (Pic. 5). In turn, GIC
leads to voltage drops, overheating of power
transformers and loss of reactive power in high-
voltage power lines [40]. Currently, GIC have
become a constant threat to high-tech societies
and pose a serious threat to regional high-voltage

electrical networks, many of which cross national
borders [41]. In order to transmit large amounts
of energy over long distances, more and more
extended power lines are being built. However,
such lines are particularly susceptible to large
GIC. This circumstance makes electrical
networks more and more susceptible to space
weather disturbances.

The dependence of the railway sector on the
electricity grid represents a critical vulnerability
due to its direct impact on the railway network,
but a power outage can also affect other systems
in the station. Other railway equipment that may
also be susceptible to GIC are roadside cables,
telecommunications and line circuits, standby
systems, batteries, condition monitoring systems,
point circuits in switching [42].

When studying the excitation of GIC in real
high-voltage lines, an important factor is
continuous recording of excited currents in
operating networks. In Russia, there is a system
of continuous registration of GIC in the main line
«Northern Transity, passing from the middle
latitudes to the Arctic zone. The system has been
operating for ten years, and the obtained data on
development of GIC at various levels of
geomagnetic disturbances make it possible to
estimate the possible values of GIC during
extreme disturbances. The maximum GIC values
in the transformer neutral reached 140 A at the
northernmost substation Vykhodnoy during the
event on June 29, 2013. The extremely large
value of current was determined by the nature of
the disturbance, the train of Ps6 type pulsations
during development of a strong substorm [43],
and the configuration of connection of power
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Pic. 6. Scheme of the Northern Transit power line on the Kola Peninsula: (a) location of its northern substation
Vykhodnoy (VKH), where GIC measurements are carried out; (b) location of nearby geomagnetic stations on the territory
of Russia and Finland [compiled with participation of the authors].

equipment at the substation during the indicated
period. With development of significant GIC in
the neutral of the transformer, quality of
electricity deteriorates significantly due to
generation of harmonics of the fundamental
frequency. It is the harmonics that can cause
disturbances in the thermal regime of the
transformer, disrupt operation of protective
relays, and interfere with operation of equipment
in networks of electricity consumers. To
influence operation of the transformer, it is
sufficient to excite GIC with an intensity of only
afewA.

The calculation of possible GIC levels during
typical and extreme magnetic storms, which can
be used by network operators to take the
necessary measures to reduce the risk of
catastrophic consequences, is an extremely
urgent task. Solving the problems of reducing
the risk of occurrence and reducing the
consequences of natural disasters does not come
down simply to the «engineering» application of
the results of space physics for calculating GIC
in technological systems, but also requires
elucidation of the physical nature of some
magnetospheric-ionospheric phenomena. An
effective prediction of GIC intensity and spatial
distribution requires a thorough study of various
types of trigger disturbances in the geomagnetic
field. Magnetic storms are the most studied
source of GIC. We conducted a study of GIC
generated outside the storm, which showed that
the most effective triggers are such auroral
disturbances as isolated substorms and
geomagnetic pulsations. To do this, we analysed
simultaneously the data of the GIC registration
system in the neutral of the transformer on the
Northern Transit power line (Kola Peninsula,

Republic of Karelia) (Pic. 6 (a)) and geomagnetic
measurements obtained at nearby geomagnetic
stations in Russia and Finland (Pic. 6 (b)), for
2014-2018.

As a result of the research, the following
factors were identified that affect the GIC-
efficiency of pulsations:

1. Spatial scale.

2. Shape of the spectrum.

3. Polarisation.

The analysis of data from several geomagnetic
stations makes it possible to study spatial
distribution of the pulsation field. It was shown
that the same amplitude and frequency of
perturbations can lead to different effects due to
different spatial scales of pulsations [44]. The
effect of spatial scale on GIC efficiency is clearly
illustrated in Pic. 7. It can be seen from the
picture that the ratio of GIC amplitude to the
pulsation amplitude increases with an increase
in the spatial scale of the pulsation field, which
preserves the amplitude and frequency.

It was also shown that the spectral
composition of ULF pulsations is a significant
efficiency factor in generation of GIC [45]. In
this regard, multiharmonic pulsations turn out
to be more efficient than single-harmonic
ones — in case of the former, the ratio of the
GIC amplitude to the pulsation amplitude is
one and a half times greater. Pic. 8 shows the
spectra of the eastern Y-component of the
pulsations and its time derivative at the top
right. The shape of both spectra has
a pronounced leading edge, which ensures the
efficiency of GIC generation. In this case, the
spectrum of the generated geoinduced current
(the graph on the bottom right) has an identical
shape. It is also important that disturbances in
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Pic. 7. Dependence of the ratio of the GIC amplitude to the pulsation amplitude on its frequency for different spatial scales of pulsations [44].
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Pic. 8. An example of an exact match between the temporal shape (left) and spectra (right) of geomagnetic field pulsations (top) and GIC (bottom). The
top right graph shows the perturbation spectra of the Y-component of the geomagnetic field and its time derivative m [45].
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Pic. 9. Scheme of remote registration of GIC in power
lines by differential method. P1 and P2 are the points
of location of magnetometers, the distances are given in meters
[compiled by the authors].

the geomagnetic field and in the GIC also
coincide in time (graphs on the left).

The analysed intervals of Pc5/Pi3 pulsations
recorded simultaneously in the geomagnetic field
and GIC showed that for a power line extended
in the meridional direction, the relationship
between the spectral power of geomagnetic
pulsations and GIC is stronger for the latitudinal
(Y) than for the meridional (X) component of the
geomagnetic field. This translates into both
a higher correlation coefficient and a larger linear
regression coefficient. In other words, the
transverse polarisation of pulsations with respect
to the strike of a power line has the greatest effect
on generation of GIC in it [21].

Based on the analysis of three selected
factors, it follows that, at high latitudes, oft-storm
pulsations with insignificant amplitudes are an
important source of potentially dangerous GIC
with amplitudes of several tens of A. Indeed, as
follows from Pic. 8, the maximum range of
pulsation amplitudes of only 25 nT leads to
generation of GIC with an amplitude of 10
A. Recall that 25 nT is the characteristic

(@

amplitude of the quiet daily variation of the
geomagnetic field at middle latitudes. The
duration of the investigated pulsations can reach
several hours. Such a long-term effect of GIC of
~10 A on the power supply system is statistically
more dangerous than single bursts of GIC of
~100 A in the neutral that occur during storms
and substorms.

1.4. Prototype of autonomous gradient
installation for remote registration of GIC

Direct measurements of current in the neutral
of transformers are technically complex, require
high costs and physical connection to the
transformer equipment, which is not always
possible. In this regard, remote methods for
detecting quasi-direct currents in high-voltage
power lines are extremely promising and in
demand for estimating the GIC value. This
method is currently being widely tested and
implemented around the world. The first
experiments were carried out in 2016 in South
Africa [46], and then the measuring installations
based on this method were installed and tested
in the UK, Spain, Portugal, and other countries
[47-50]. The idea of the method is to install two
three-component magnetometers in close
proximity to power lines. The first magnetometer
is installed under the line, and the second — at
a distance of 100 to 300 meters (Pic. 9).

The calculation of the difference between the
records of magnetometers makes it possible to
eliminate natural perturbations and obtain
variations in the total magnetic field vector from
direct current in the power line. Applying the
Biot-Savart law, which determines the induction
vector of the magnetic field generated by a direct
electric current [51], the direct current (GIC) in
a power line is calculated by the formula:

(b) (c)

Pic. 10. Observatory tests of sensors: field measurements of the field gradient (a), installation in the variation pavilion together
with a standard high-precision vector magnetometer (b), one of two magnetometers of the gradient installation (c) [authors’ photo].
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Pic. 11. Recordings of the eastern Y-component of the geomagnetic field with a gradient setup (blue [composite] curve, scale on the left, V) and
an observatory magnetometer (black [single-line] curve, scale on the right, nT) [prepared with participation of the authors].
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where B —measured field, R — distance to current
conductor.

We are developing an installation based on
the described method. Sensors based on
a microstrip resonator with a thin magnetic film
were chosen as magnetometers. At the magnetic
observatory of the State Center of the Russian
Academy of Sciences «Klimovskaya»,
Arkhangelsk region [52; 53], three-component
assemblies of these sensors were tested (Pic. 10).

A comparison of these sensors with the
standard set of magnetometric equipment of the
observatory confirmed that sensitivity and
accuracy of sensors are sufficient to measure the
currents that occur during the flow of medium
and strong geomagnetic disturbances (Pic. 11).
As mentioned above, potentially dangerous GIC
are characterised by short-period variations in
the horizontal components of the magnetic field
from 10 nT. Currently, a field version is being
developed for testing in real conditions on the
Northern Transit power line (Republic of Karelia
and Murmansk region), equipped with a GIC
measurement sensor through the transformer
neutral. A necessary step will be calibration of
the gradient installation for normal current in the
electric power system under study.

2. Study of large geological structures
and sedimentary basins based
on a comprehensive analysis
of geological and geophysical data

The importance of studying sedimentary
basins in the Russian Arctic is due to the large
reserves of minerals (primarily hydrocarbons) in
this region. The research results provide new
information for prospecting and exploration of
oil and gas fields in the continental part and on
the shelf in the Russian Arctic. Search,
exploration, and development of hydrocarbon

deposits require development of the necessary
transport infrastructure in the region at a sufficient
level. This section presents the results of studying
large geological structures, sedimentary basins
and geoinformation products built on their basis.
Undoubtedly, these results should be considered
in development and design of new transport
routes in the Russian Arctic, which are necessary
for implementation of projects both at the stage
of exploration of deposits and at the stage of their
operation.

The Mohorovichich (Moho) section is one of
the most important boundaries in the bowels of
the Earth, which is characterised by strong
changes in all physical parameters, therefore,
knowledge of the depths of the Moho section is
extremely important for many geophysical
models and for understanding the structure and
dynamics of the lithosphere. Direct data on the
Moho depth can only be obtained from seismic

Moo depth, km

Pic. 12. Original Moho depth map (top) and corrected
Moho map (bottom), depth from sea level [61] [prepared
with participation of the authors].
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surveys, the coverage of which is highly
heterogeneous, and in the eastern part of the
Russian Arctic, which is an extremely inaccessible
territory, they are practically absent. A new Moho
map was constructed for the eastern part of the
Russian Arctic (region 60-75° N, 110-190°
E) [54]. This region was chosen as the least
studied within the Russian Arctic, and therefore
is of particular interest. The map is based on the
joint inversion of various geophysical fields,
primarily the field of residual anomalies and
vertical gravity gradients. The original map [55]
was corrected according to these fields with
additional restrictions from several seismic
profiles. The new Moho model (Pic. 12(b)) has
been compared in detail with the original model
(Pic. 12(a)) and demonstrates some fundamental
features that were absent before.

Thus, in the new model, under the
Verkhoyansk Ridge, there is a lithospheric root
47 km deep compared to the relatively small
Moho depression in the original model.
A significant difference was found in the Moho
depth (from 25-40 to 38—45 km) in the northern
continental part of the study area and on the shelf.
We suggest that this thickening of the Earth’s
crust is related to underplating due to plume
activity that took place earlier. New information
was also obtained on the Moho depth in the water
area of the Chukotka microcontinent and under
the location of Anadyr-Koryak fold system.

The structure of sedimentary basins was
studied in the same East Asian Arctic zone. As
aresult of calculation of gravity decompensation
anomalies, a new sedimentary thickness model
for the eastern sector of the Russian Arctic [56]
was obtained, which demonstrates new significant
details about the structure, area, and density of
sedimentary basins in comparison with the results
of geological studies. In particular, new data on
the thickness of the sedimentary cover were
obtained for Zyryansk, Anadyr, Chaun, and other
sedimentary basins (Pic. 13).

For the circumpolar Arctic, a new model of
geothermal heat flow was obtained based on
inversion of seismic and magnetic data [57]. To
construct a new heat flow map for the region
under study, the catalogue of the International
Heat Flow Commission and two theoretical
predecessor models [58; 59] were used. Pic. 14
shows a comparison of compilation of the
original models (Pic. 14(a)) with the new model
(Pic.14(b)). The new map reveals some features
that have not been previously identified — in

particular, zones of increased heat flow in the
Bering Strait, the Chukchi Sea and a residual
anomaly in the Labrador Sea region associated
with the Paleogene-active Mid-Labrador Ridge.
An increase in heat flow in the ancient rift zone
that separates Eastern and Central Siberia is also
visible.

Also, models of the elastic characteristics of
the lithosphere were built — flexural stiffness (Pic.
15 (a)) and effective elastic power (Pic. 15 (b))
for the lithosphere throughout the Arctic zone of
Russia. In this study, we used the method for
determining the elastic parameters of the
lithosphere [60]. It is based on cross-spectral
analysis of data on the gravitational field and
near-surface load. An important addition
compared to previous works was the use of not
only topography data as a surface load, but also
the density inhomogeneities of the sedimentary
cover. A refined model of these inhomogeneities
was obtained in [56].

As a result of the work done, a collection of
geophysical fields for the Russian Arctic was
published [61], which includes the above-
described results of modelling the Arctic
lithosphere, as well as a number of data collected
from open sources (for example, sections of
seismic tomographic models of the Arctic before
the division between the upper and lower
mantle). In the course of research in this area,
the following digital data arrays were additionally
obtained:

* Gravitational effect of the crust and upper
mantle (gravitational field and its vertical
gradients).

* Residual «mantle» gravity anomalies
similar to vertical gradient anomalies and
residual topography (1°x1° resolution).

* Density model of the consolidated crust
(1°x1° resolution).

* Corrected upper mantle model: mean
density values for the Moho layers —75 km,
75-125, 125-175, 175-225, 225-275 and 275-
325 km on 1°x1° grids.

» Changes in density due to variations in
temperature and variations in mantle composition.

3. Assessment of seismic activity in the
Russian Arctic

The Russian Arctic today is a poorly studied
region in terms of seismic hazard assessments.
Estimates for different parts of this region in
some cases differ significantly from the real
situation [62]. At the same time, accounting for
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Pic. 13. The original sedimentary cover model (top, a)) and the new sedimentary cover model obtained using the decompensation anomaly
approach (bottom, b)). Red contours with numbers indicate the analysed sedimentary basins: 1 - Tastakhsky, 2 - Zyryansky, 3 - Primorsky, 4 -
Chaunsky, 5 - Penzhinsky, 6 - Pustoretsky, 7 — Anadyrsky [61] [prepared with participation of the authors].
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Pic. 14. The original (left, A) and new (right, B) heat flow models for the circumpolar Arctic. Abbreviations denote:
SC - Siberian Craton; AP - Anabar Plateau; VO - Verkhoyansk orogen; SCO - Scandinavian Caledonian orogen;
LS - Labrador Sea [prepared with participation of the authors].
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Pic. 15. Maps of flexural stiffness (top) and effective elastic power (bottom) of the lithosphere of the Arctic zone
of the Russian Federation [prepared with participation of the authors].
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Pic. 16. GSR-97A map and calculated theoretical isoseisms [62].
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Pic. 17. Epicentre map of the ANSS catalogue of the aftershock sequence of the 2011 Tohoku earthquake.
Events missing in the JMA catalogue are shown in red [developed with participation of the authors].

seismic activity plays a critical role in operation,
planning and development of transport systems
in the region. In this regard, the task of creating
a system-analytical complex for recognising
signs of places of possible occurrence of
dangerous seismic and other geodynamic events
in the Arctic and calculating seismic hazard and
seismic risk for given territories and objects is
relevant. Particular attention is paid to the study
of such linear objects as railways, highways,
power lines and pipelines.

As an initial step in recognising zones of
possible occurrence of strong earthquakes in the

AZREF, a numerical comparison of the maps of
the General Seismic Zoning (GSR) [63] was
carried out with the impact from earthquakes that
actually took place after publication of the maps.
A comparison was made of the area of zones of
expected intensity on the GSR-97A map with the
area of isoseisms from actually occurred
earthquakes. The study showed that the isoseism
area is, on average, an order of magnitude smaller
than expected according to the GSR-97A map
(Pic. 16). Thus, in most regions of Russia,
assessment of seismic hazard on average can be
overestimated by at least 10 times. This
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observation is especially important for the
Russian Arctic, where, against the background
of a very weak actual seismic impact, significant
areas of the Kola Peninsula, the Novaya Zemlya
and Severnaya Zemlya archipelagos, the New
Siberian Islands, the Taimyr Peninsula, as well
as the north of Yakutia and Chukotka are assigned
to zones with an intensity of 6 and higher. In the
article [62], ways were proposed to improve
seismic hazard assessments necessary for
a systematic analysis of geophysical processes
in the Arctic.

In the process of preparing the most complete
catalogue of earthquakes in the Russian Arctic,
the authors and their colleagues identified
significant differences in the catalogues of the
International Seismological Centre (ISC) and the
Single Geophysical Service of the Russian
Academy of Sciences (EGS RAS). In this regard,
the ISC catalogue was supplemented with events
from the EGS RAS catalogue and other Russian
local sources. For this, an original algorithm for
combining earthquake catalogues was created,
the main task of which is to identify the resulting
duplicates and separate them from aftershocks.
The algorithm is based on the authorial
modification of the nearest neighbour method
[64; 65] for takes. Its ideological basis is the fact
that, unlike aftershocks, duplicates do not have
a causal relationship. For events from two
catalogues, a one-to-one correspondence is built,
after which the classification of earthquakes into
unique and duplicates is performed using the
Euclidean metric of the «Frolich typey». Thus, the
developed algorithm makes it possible to
automatically combine any number of earthquake
catalogues [66].

The efficiency of the algorithm was first
demonstrated by combining the ANSS (USGS)
and JMA (Japan Meteorological Agency)
catalogs of the aftershock sequence of the 2011
Tohoku earthquake (Pic. 17). Later in 2021-2022
the algorithm was developed and modified for
its direct application to AZRF data.

As aresult, for the first time in 2022, the most
complete integrated catalogue of earthquakes in
the eastern part of the Russian Arctic was created
[67] and two catalogues, in their unification
covering the entire western part of the Russian
Arctic: the integrated catalogue of the western
sector of the Russian Arctic and the catalogue of
the Gakkel Ridge [68]. All three authorial
catalogues are provided with their own single
magnitude scale. The catalogues of the western

sector of the Russian Arctic and the Gakkel Ridge
are divided into two sets ordered by time, since
their single magnitudes are mutually incompatible.

Pic. 18 shows the events from the created
combined catalogues for the western and eastern
sectors of the Russian Arctic, which integrate all
available seismic data from ISC, Russian
regional catalogues of the EGS RAS and
a number of other sources. The catalogue of the
eastern sector of the Russian Arctic (Pic. 18(b))
contains 23254 events for 19622020, of which
7781 are from ISC and 15473 are from Russian
sources [69]. For the created catalogue of the
western sector of the Russian Arctic (Pic. 18 (a))
the work was carried out to identify and remove
explosions and other events that are not
earthquakes. For the period 1998-2020, when all
such events were deleted with a high degree of
certainty, the catalogue contains 2126 entries. In
total, for the period 19632022, the catalogue
contains information on 4629 seismic events.
The Gakkel Ridge catalogue contains about
17000 events.

Further studies were related to the spatial
assessment of seismic activity using data from
the created earthquake catalogues. As a measure
of energy, the authorial modified magnitude
indicated above was used. For the eastern sector
of'the Russian Arctic, the values of the coefficients
of the Gutenberg-Richter law of repeatability
were calculated on a regular grid with a step of
0.1° in latitude and longitude. Pic. 19 (a) shows
a map of local values of the representative
magnitude. Based on these data, the boundaries
of'the region were determined, in which the value
Mc = 3.0 can be taken as a representative
magnitude. In the rest of the region, this value is
Mc=4.0.

The nearest neighbour method was used to
divide the catalogue into background and
dependent events. Further evaluation of
seismicity parameters was carried out using the
catalogue of background events. On a grid with
a step of 0.1° in latitude and longitude, the
seismic activity parameter a(m4) = log v was
calculated, where v is an estimate of the number
of earthquakes with a magnitude M > 4.0,
calculated considering the fractal dimension of
distribution of epicentres. As a result, maps of
variations in the slope of the recurrence plot
(b-value) (Pic. 19 (b)) and the seismic activity
parameter a(m6) = a(m4) — 2b (Pic. 19c) were
constructed. According to the method [70], the
productivity of each earthquake was calculated
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Pic. 18. Maps of the epicentres of the combined catalogues of the Russian Arctic: (a) the western sector for the period 1998-2020; (b) Eastern
sector for the period 1962-2020. Blue indicates earthquakes from the ISC catalogue, red indicates events from Russian and other sources
[compiled with participation of the authors].
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Pic. 19. Estimation of seismic activity in the eastern sector of the AZRF according to the integrated earthquake
catalogue of the AZRF [prepared with participation of the authors]:
(a) - map of the magnitude of the full registration of Mc for the period 1982-2020, built by the multiscale method (the polygon marks the area
where earthquakes with M 2 3.0 are used to calculate the seismicity parameters, earthquakes with M 2 4.0 are used in the rest of the territory);
(b) - variations in the slope of the recurrence plot (the values of b - value are tied to the average position of the earthquakes in the sample; R =
300 km, Nmin = 50 events; in places of low seismic activity, the regional value of the slope of the recurrence plot b = 0.924 is used);
(c) - seismic activity a(m6) on a logarithmic scale (variations in seismic activity for any magnitude level are calculated in accordance with the
local value of the slope of the recurrence graph a(M)=a(Mc) -b(M-Mc);
(d) - average productivity in circles with radius R = 300 km, DM = 1 (black circles mark the earthquake epicentres used to calculate
productivity).
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in the band of magnitudes DM = 1. As a result,
in circles with a radius of R =300 km, the values
of average productivity were calculated and
mapped (Pic. 19 (d)). This made it possible to
determine regional estimates of parameters of
the Omori-Utsu law, according to which a GIS-
oriented database was formed.

To model the seismic process in the region
under study, it is useful to use a synthetic
catalogue of earthquakes. Such a catalogue is
a new artificially created set of analogues of
seismic pseudo-events generated by analogy with
the records of a real catalogue. A synthetic
catalogue reproduces the main properties of
areal catalogue and is generated for an arbitrary
time interval. We have developed a method for
constructing a synthetic catalogue of earthquakes,
which is based on the synthesis of three groups
of approaches to assessment of geodynamic
hazard. The main idea of the method is the
assumption that the Gutenberg-Richter law is
fulfilled at the regional level, and possible local
deviations are compensated for by averaging over
the entire region. Therefore, times and magnitudes
of background events in the synthetic catalogue
are determined for the entire region, regardless
of their location. The parameters of pseudo-
events are generated in accordance with the
regional law of recurrence, and their location is
determined as a vector random variable with
a given spatial distribution depending on the
magnitude. The distribution is constructed for
each magnitude value based on local estimates
of the Gutenberg-Richter law.

Another important assumption is that the
strongest earthquakes occur in a limited number
of zones within the region under consideration.
To determine these zones, recognition methods
based on a system analysis of the region’s
earthquake catalogue, FCAZ recognition, were
used [71]. The latter study is of great independent
importance both for clarifying the seismic zoning
of the Russian Arctic and for orienting the
planning of construction of high-risk facilities,
including highways, sea and river ports, airports,
railway, and bus stations, etc.

Thirdly, aftershocks make a significant
additional contribution to the overall seismicity
and seismic hazard. The ETAS model [72] is used
as the basis for stochastic aftershock modelling.
In this model, the seismic regime is interpreted
as a superposition of sequences decreasing in
time according to the Omori-Utsu law. The
spatiotemporal variant of the ETAS model [73]

considers the power law of decrease in intensity
of aftershocks with distance from the epicentre
of the main shock. ETAS postulates that the
number of aftershocks for earthquakes of the
same magnitude is the same. However, the
recently established law of earthquake
productivity [70] refutes this postulate, at the
same time explaining the fact that the intensity
of the earthquake flux predicted for future time
intervals by the ETAS model is overestimated.
The applied method uses the ETAS-e model [70;
74], which additionally considers the law of
earthquake productivity. This model corrects the
main drawback of the ETAS model [74]. Using
this method, a synthetic catalogue of earthquakes
was prepared for a conditional period of 1000
years for the eastern sector of the Russian Arctic.

Recognition of the places of possible
occurrence of strong earthquakes with M > 5.5
in the eastern sector of the Russian Arctic was
performed using the above-mentioned FCAZ
algorithm [69; 75]. Earthquake epicentres from
the integrated earthquake catalogue of the
Russian Arctic were used as recognition objects
(Pic. 18 (b)). The choice of the magnitude
threshold, starting from which the epicentres
were used as objects of FCAZ-recognition, was
carried out on the basis of the analysis of
frequency graphs. The recognised FCAZ zones
are in good agreement with the location of the
epicentres of historical and instrumental strong
earthquakes (Pic. 20) and are mainly confined to
the boundaries of the Eurasian, North American,
and Sea of Okhotsk tectonic plates. In the zone
of contact of all three plates and the Sea of
Okhotsk with the North American, very large
FCAZ-zones were identified, containing half of
the strong earthquakes known in the region.
FCAZ zones are also recognised within the
Chersky Ridge, which is one of the main
geological structures in the region. A fairly large
number of instrumentally recorded strong
earthquakes are known within the boundaries of
this ridge [67].

4. Geoinformation support
for system analysis of geophysical
processes in the Russian Arctic

An effective tool for complex analysis and
combined visualisation of new geological and
geophysical data obtained about the Arctic region
are geographic information systems (GIS). It is
important that this provides high-level storage
of geographic objects using an object-relational
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Pic. 20. FCAZ zones of possible occurrence of earthquakes with M 2 5.5 in the eastern sector of the Russian Arctic and epicentres
of earthquakes with M 2 5.0. The map can be recommended for the use as a reference during further construction and operation
of transportation roads [developed with participation of the authors].

database management system. The use of modern
technologies of geoportals makes it possible to
provide interactive online access to the obtained
scientific results to a wide range of researchers.
High-quality visualisation is a powerful tool in
the field of modelling and systems analysis and,
as a result, becomes an important part of
processing and management of large amounts of
data.

The studies described in the previous sections
systematically generate new data in the following
major scientific areas: geomagnetism and space
weather, the structure of the earth’s crust, and
seismic activity. As they are received, a common,
integrated database of geospatial data on the
Russian Arctic is expanding. For example,
geothermal heat flow modelling data, calculated
as part of the study of the structure of the earth’s
crust in the Arctic, depth maps of the main
geological boundaries (Mohorovichich boundary,
upper mantle, sediment bottoms and lithosphere-
asthenosphere boundary) were added to the
database, which were used in the calculations of
this new model, the initial thickness of the
sedimentary cover, based on the compilation of
these models for water areas and land, the
effective elastic thickness of the lithosphere, the
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integrated catalogue of earthquakes in the
Russian Arctic, and many others.

Any auxiliary geological and geophysical
information involved in the course of research is
also included in the database. Such data, for
example, include data on geology (forecast
mineralogical map at a scale of 1:2500 000,
a geological map at a scale of 1:2500 000, a map
of the thickness of the sedimentary cover),
geodesy (a topographic map of the Russian
Federation at a scale of 1:1100 000); ETOPO
and GEBCO digital elevation models), hydrology
(maps of redistribution of snow volumes,
temporal variability of snow cover, groundwater
runoff, total river runoff, snow stock, river runoff
variations, meltwater runoff, potential ice cover,
establishment and melting of snow cover),
networks geophysical observations (maps of
distribution of observatories and stations of
geophysical observations), glaciology (maps of
the boundaries of permafrost, the degree of
glaciation of territories, the thickness of the ice
cover, the temperature regime in the permafrost
zone), mineral deposits (maps of large and unique
mineral deposits), soil science (maps of classes
and types of soils), geophysics (maps of the
Earth’s anomalous magnetic field; earthquake
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Pic. 21. Fragment of the map of the anomalous component of the magnetic field, constructed according
to the model [76] with participation of the authors.

epicentres; geoid anomalies; gravity anomalies;
depths to the Mohorovichic surface; seismic
wave velocities, etc.), biogeography (maps of
swampy areas, vegetation, bioclimatic zones and
vegetation zones). As an example, Pic. 21 shows
GIS data layers on the Earth’s lithospheric
magnetic field according to the model of field
expansion in spherical harmonics up to the 1050
degree [76]. The model was built based on
magnetic field measurements from the CHAMP
and Swarm satellites, as well as data on near-
surface scalar anomalies obtained during local
marine and terrestrial surveys of the magnetic
field. The final data are presented for the entire
planet with a step of 0,1° in latitude and
longitude. The geodatabase includes information
about the anomalous magnetic field and its three
orthogonal components. For each of the
components there is a variant of the field at
a height of 0 kilometres, and recalculated to
a height of 5 kilometres.

Additionally, in the specified GIS-repository,
the section «Directions for development of the
Arctic» was created, containing spatial
information about the already created and
planned infrastructure facilities of the Russian
Arctic. The data layers presented in this section

were compiled in accordance with Decree of the
President of the Russian Federation of October
26, 2020, N 645 «Strategy for development of
the Arctic zone of the Russian Federation and
ensuring national security for the period up to
2035» and include transport facilities (ports,
airports, roads, and railways), energy facilities,
developing tourist facilities, objects of science
and education. Now, the database includes more
than 200 layers of geodata in 46 categories.
For wide access to the accumulated data, the
Arctic geoportal (https:/arctic-gis.gcras.ru/) with
an extensive user interface was developed and
continues to be developed. Among other things,
the following tools for interacting with spatial
data have been added to it: «Measuring
distances», which allows measuring the linear
distance between two or more objects, as well as
measuring the area of spatial objects;
«Coordinates», which allows clarifying the
coordinates of an object on the map; «Selection»,
which allows selecting a specific type of data
within one category, and also provides the output
of an attribute table containing only the type of
data that the user is interested in (Pic. 22).
The concept of interactive spherical
visualisations (ISV) is the study of planetary
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Pic. 22. General view of the interface of the geoportal «Arcticy: at the top — a map of the thickness
of the sedimentary cover and a call to the context menu with attributive information about the selected seismic station;
on the bottom — work with the attribute table of the layer with the catalogueof earthquakes in the Arctic. The list of available layers is shown in
the menu on the right [portal screenshots provided by the authors].

processes and phenomena and their representative
representation in an interactive form from
a variety of devices without the use of specialised
GIS tools. To date, ISV is being actively
developed within the framework of the «Digital
Earth» / «true-3D» paradigm in the areas of
hardware and software systems with a spherical
screen and virtual globes. At data.sph.gcras.ru,
apublic NAS-type file server was deployed based
on the open LINUX operating system
OpenMediaVault. The thematic data section for
the Russian Arctic is located at data.sph.gcras.
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ru/Arctic. The server provides an access to
structured source data for ISV clients via high-
level FTP and SMB application protocols online.
Additionally, the storage is an rsync server that
allows synchronising files and directories
according to a custom schedule. The prototype
of a single ISV geographic information system
was tested by playing spherical slides on ISV
network through client-server interaction
according to the principles of the developed
architecture. On the example of organising
thematic data on the Russian Arctic, the
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(b)

Pic. 23. Reproduction illustrations of ISV «Roads» and «Railways» presented using the ORBUS complex (a),
as well as ISV «Airports» and «Seaports» made using the ORBUS Web (b) [provided by the authors].

architecture (a set of directories, files and
principles of interaction with them) of the server
part of the ISV system was implemented. The
created file server organises single access to the
content storage system for geovisualisation
software technologies. The prototype of the ISV
single geographic information system was tested
by the ISV client applications developed at the
GC RAS: the ORBUS hardware-software
complex with a spherical projection screen (Pic.
23 (a)) and the ORBUS Web «virtual globe» web
application (Pic. 23 (b)).

DISCUSSION AND CONCLUSIONS

The most active manifestations of
geomagnetic disturbances are observed at auroral
latitudes [77; 78], therefore, these factors pose
a particular danger for safe operation of
technological systems in the Russian Arctic,

since the Russian Federation has the longest oil
and gas pipelines, power lines and transport
routes. Despite the exceptional importance of
such studies, the influence of geomagnetically
induced currents (GIC) on electric power systems
and on the reliability of electrical equipment is
still not considered in domestic regulatory
documentation. While most space weather
studies have focused on the impact on electrical
networks, much less attention has been paid to
disruption of the railway sector [79], although
the mechanism of this impact has not yet been
sufficiently studied [80].

At the same time, anomalies in train signalling
and control systems associated with this
phenomenon have been repeatedly documented
[81]. The results presented in this article confirm
that geomagnetic activity at high latitudes is
a significant cause that controls the occurrence
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of failures in operation of railway signal
automation [22]. The improvement of the
technical base, aimed at ensuring smooth
operation of railway signal, is accompanied by
an increase in complexity of the technological
infrastructure and leads to disappearance of some
effects and emergence of new ones. However,
the general physical cause of failures in operation
of signal automation, associated with excitation
of GIC in an extended conductor, cannot be
eliminated.

The operation of transport systems also
depends on other technologies potentially
affected by space weather, such as power supply,
communications, positioning, navigation and
time synchronisation systems. Since during
strong storms the impact of disturbances spreads
quite widely and is of a planetary nature, it is
necessary to coordinate efforts to predict space
weather and develop measures to mitigate direct
and indirect impacts of disturbances on systems
and services associated with operation of
transport systems [42].

The paper demonstrates that statistically
weaker, but frequent and prolonged geomagnetic
events generate more dangerous GIC, in contrast
to rare but strong geomagnetic storms. The key
factors affecting the GIC efficiency of these
events are their spatial scale, spectrum shape,
and polarisation. From the point of view of the
negative impact of GIC on power supply systems,
the geometry of the power transmission line and
its orientation in space are of key importance.
So, the greater is the length of a power line, the
more intense are the induced currents that arise
in it during geomagnetic activity, and this
circumstance, of course, must be borne in mind
when designing new networks. One solution,
which is being applied in a number of
Scandinavian countries, could be to split the
power lines into shorter segments.

For a full-scale scientific substantiation of
prevention of the negative impact of space
weather on electric power networks, it is
necessary to develop a GIC monitoring network.
The paper proposes a promising autonomous
installation based on gradient magnetometric
sensors, capable of remotely measuring GIC
excited in power lines. Based on the results of
statistical and correlation analysis, it is shown
that remote sensing of GIC in high-latitude power
lines by observing geomagnetic disturbances is
characterised by a relative error within 1,5 % of
the range of GIC values for the study period.

Thus, the introduction of such installations into
a high-latitude observing network will make
a significant contribution to the development of
a system for assessing possible negative effects
of space weather and a short-term forecast (for
0,5—1 hour) of the possibility of critical GIC
levels. Such a forecast can be used by operators
to take the necessary measures to reduce the risk
of catastrophic consequences.

Studies of spatial distribution of GIC sources
have shown that geographically they gravitate
towards the equatorial boundary of the auroral
oval, which makes it especially relevant to
predict the intensity of precipitation of high-
energy particles and the position of auroral oval
boundaries. Such a forecast is also extremely
important because the stronger is the disturbance,
the lower are latitudes to which the equatorial
boundary of the oval shifts. For these purposes,
an online system was developed (http://aurora-
forecast.ru) based on the OVATION-Prime
empirical mathematical model and GIS
technologies, which provides such a forecast with
a horizon of 30—70 min and an efficiency of more
than 86 %. In addition, the system performs
computer simulation of the instantaneous
position of the auroral oval and visualisation of
spatial distribution of retrospective data. When
displayed on a virtual globe, the studied
parameters are superimposed on a digital map of
main railway lines and other transport systems
in Russia.

The long-term and operational forecast of
availability of the required navigation
characteristics for the period of the helio-
geomagnetic disturbance is the most controversial
and complex area of GNSS modernisation. The
above information shows that extreme space
weather factors can cause significant degradation
of the quality of GNSS and their functional
additions.

The results obtained allow drawing the
following preliminary conclusions. The standard
procedure for compensating ionospheric
disturbances does not completely suppress
disturbances associated with geomagnetic
variations with periods from minutes to half an
hour (geomagnetic pulsations and bays).
A possible source of this phenomenon is
modulation of the electron density in the
ionosphere by charged particle fluxes, which, in
turn, are modulated by the field of the MHD wave
in the magnetosphere. This effect is height-
differential, particle energy-dependent, resulting
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in «undercompensation» when using standard
techniques for processing the apparent shift in
the position of the base station. The effect does
not occur for all geomagnetic pulsations of the
same amplitude and frequency. To resolve the
issue of practical significance of the detected
effect and feasibility of further research, it is
necessary to analyse variations in apparent
displacement of the position of the object,
determined by GNSS, taking into account the
number of satellites and speed of the receiver,
which is close to the real one.

New data on the thickness of the sedimentary
cover and the structure of sedimentary basins in
the most remote region of the continental Russian
Arctic — the northeastern part of the Russian
Federation — provide valuable information on the
structure and conditions for formation of
sedimentary rock strata in the region, including
those promising for prospecting and exploration
of mineral deposits. First of all, this is important
for the search for hydrocarbon deposits on the
shelf of the Arctic Ocean, as well as deposits of
various mineral raw materials in the continental
part of the Russian Arctic —coal deposits (Zyryansk
basin), building materials, etc. The presented new
models of the Moho section and the elastic
parameters of the lithosphere also make it possible
to refine data on the geological and tectonic
structure of the territory and its development,
including formation of mineral deposits in
individual geological structures. The heat flow
map compiled not only for the Russian Arctic, but
for the entire circumpolar Arctic, is informative
in terms of assessing the oil and gas content of the
Russian Arctic and studying the thermal field of
specific geomorphological structures associated
with mantle degassing zones. Also, this map is
useful for assessing the dynamics of water
resources of ice sheets.

The obtained results of assessing the state of
the lithosphere (both of the region as a whole and
individual structures) are important geological and
geophysical information that must be considered
when designing and developing transport
infrastructure in the Russian Arctic. Maps of the
gravity field, the thickness of the sedimentary
cover and the structure of sedimentary basins, and
elastic parameters of the lithosphere provide
comprehensive information about its geological
structure, geodynamic conditions, and stress
zones. These data are necessary for comprehensive
assessment of suitability of the geological
environment for design of railways, roads,

airfields, and seaports, as well as pipelines and
communication and power lines in the Russian
Arctic. The heat flow map is informative in terms
of assessing engineering-geological and
environmental risks during construction and
laying of highways in permafrost areas, as well as
for predicting possible sea level changes due to
glacier melting, which is important when
designing seaports. The results obtained, both in
combination and separately, are of high practical
importance for development of the Russian Arctic
region and its development.

The presented results on assessment of seismic
hazard in the Russian Arctic are of strategic
importance. The FCAZ-zones constructed for the
eastern sector of the Russian Arctic define spatial
regions within which the occurrence of epicenters
of earthquakes with magnitude M >5,5 is possible
in the past, present, or future. In the identified
zones marked in red-green colour (FCAZ-zones)
in Pic. 20, special attention should be paid to safe
operation of existing and yet planned new
transport routes and facilities. These include the
Northern Latitudinal Railway currently under
construction in the Yamalo-Nenets Autonomous
District. Increased attention in contoured areas
should be paid to the seismic resistance of
construction of new highways, sea and river ports,
airports, railway infrastructures, etc. Special
monitoring complexes should be created in the
identified seismic zones that will provide reliable
communication of the above transport
infrastructure facilities with decision-making
centres of the Ministry of Transport, Russian
Railways, Aeroflot Russian Airlines, and the
Ministry of Emergency Situations.

From the point of view of the seismological
aspect of the studies performed, it should be noted
the unprecedented importance of creating an
integrated earthquake catalogue of the Russian
Arctic, single in magnitude, implemented in the form
of three independent information products: the
integrated catalogue of the eastern part of the Russian
Arctic, an integrated catalogue of the western part of
the Russian Arctic, and an integrated catalogue of
the Gakkel Ridge zone. The original method of
integrating the catalogues of earthquakes of various
agencies, which was created, can be considered as
a significant advance in the part of seismology
dedicated to the cataloguing of seismic events. The
created method of system analysis is a significant
contribution to development of geoinformatics.

Over the previous decades, the efforts of
industrial organisations, research institutes and
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government agencies in Russia and abroad have
accumulated significant arrays of spatial geological
and geophysical information on the Arctic region.
In recent years, this process has been significantly
intensified with expansion of the observational
network and the launch of specialised spacecraft,
for example, the Arktika-M satellite [82]. Modern
geoinformation systems allow efficient collection,
storage, and intelligent analysis of spatial data in
various disciplines in the field of earth sciences
(e. g.[83; 84)).

To systematically analyse the impact of
geophysical processes on the state and sustainable
development of transport infrastructure in the
Arctic, geoinformation methods and technologies
for collecting, analysing, forecasting and
presenting geological, geophysical and climatic
data in the region are being developed. To create
such a GIS, a client-server approach was chosen,
implemented in the form of a thematic geoportal
for user interaction with spatial information,
a server part that operates the entire system, and
a geodatabase that stores spatial information. In
this model, the geodatabase combines information
from various disciplines in geology, geophysics,
and climatology.

In the course of studying the electromagnetic
processes of the near-Earth environment and the
effects of space weather on technological systems,
data from a global high-precision model of the
Earth’s lithospheric magnetic field were included
in the GIS database. Data on the lithospheric
magnetic field are used in solving problems of
navigation through the physical fields of the Earth.
As part of the study of large geological structures
and sedimentary basins, based on a comprehensive
analysis of the gravity field and other geological
and geophysical characteristics, data were
collected on the detailed structure and properties
of the Earth’s lithosphere in the Russian Arctic
region. The data collected in GIS reflect the
complex dynamic processes taking place in the
earth’s crust, which must be considered in
development of engineering infrastructure in the
region. In the course of studies on assessment of
seismic and other geodynamic hazards in the areas
of promising development of the transport
infrastructure of the Russian Arctic, the GIS
included the most complete integrated catalogue
of earthquakes necessary for spatial assessment
of seismic activity.

When creating a GIS for the Russian Arctic,
special attention is paid to the study of climatic
processes that are critical for development of

transport infrastructure in the region. Based on
the data of long-term measurements of main
climatic parameters (air temperature near the
surface, soil temperature, total precipitation,
wind speed near the earth’s surface, soil moisture
content, air humidity, snow cover thickness,
change in the level of inland waters, etc.),
relevant thematic maps and diagrams were built
in GIS environment. Joint analysis of a wide
range of climate data in a GIS environment
makes it possible to assess the impact of current
climate changes on transport infrastructure
facilities (for example, permafrost thawing,
increase in flood zones during seasonal floods).
Thus, the formed database of spatial data, as well
as a wide range of GIS tools for their analysis,
is an important tool for assessing negative factors
of the impact of various geophysical processes
on the development of transport infrastructure in
the Russian Arctic.
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ABSTRACT

Development of autonomous (uncrewed) surface vessels
for commercial, industrial, and auxiliary fleet is currently one of
the most rapidly advancing transport technologies. The key issue
of its implementation is creation of an integrated control system
(ICS) of safe navigation of uncrewed surface vehicles (USV) in
automatic mode along the route. Then, it is necessary to keep

in mind the features of maritime navigation and inland
navigation.

A performed analytical review of basic heading and speed control
algorithms allowed revealing the main problems referring to development
of an integrated control system for an USV. The statement of the control
problem is followed by enlisting directions for further research.
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INTRODUCTION

Currently, development of uncrewed surface
vessels (USV) for commercial marine industry,
industrial and auxiliary fleets is in the focus of
attention of leading maritime powers since it will
improve safety and efficiency of navigation. The
key issue of its implementation is creation of an
integrated control system (ICS) of safe navigation
of uncrewed surface vehicles (USV) in automatic
mode along the route.

Adaptive motion control systems (AMCS) are
an advanced class of automated ship control
systems. As noted by G. E. Ostretsov and
L. M. Klyachko, the authors of several works
(including [1; 2]) to which we will refer repeatedly,
AMCS can evaluate motion parameters and change
control coefficients depending on operating
conditions. However, even modern AMCS are used
mainly on the open sea, where there are no
constraints on manoeuvring and deviating from the
course. The problem of automatically controlling
a vessel in river waters and when diverging from
other vessels under the conditions of waves,
currents and wind has not yet been completely
solved.

The objective of the study is to formulate basic
tasks related to increasing the degree of control
automation for development of uncrewed vessels,
including those operating on inland waterways, and
to determine further directions for research in this
area.

RESULTS
Analytical Review of Control Algorithms

Automatic navigation of a vessel from one
point to another is a complex control problem
which has been stated earlier (for example: [3]) but
has now acquired high relevance regarding
development of autonomous navigation (for
example: [4-7]).

A widely known approach of simplifying this
problem is to divide it into two main tasks, which
can be considered separately:

— Control of the trajectory and course of the
vessel, not considering changes in speed.

— Speed control, which is achieved by changing
the operating mode of the main propulsion system.

Proceeding with the described separation, it is
possible to reduce the order of the considered
system of equations of motion and simplify the
procedure for synthesising algorithms.

Course control algorithms

The first autopilot systems operated based on
proportional (P) control laws, the formulas of
which are presented, for example, in the above-
mentioned work [1]. At the same time, as noted

in it, the linear control P-law did not ensure
stability of a closed-loop system of automatic
course control on medium-tonnage vessels, and
the ship could not maintain a given course
without yaw with an angle amplitude of up to
two degrees. The use of such autopilot systems
on large-tonnage vessels was impossible [1].

In this regard, autosteering systems with
a proportional-derivative (PD) control law were
developed. These systems proved to be more
effective when sea is heavy and were equipped
with angular velocity sensors, as well as reliable
analogue elements. The control law still used the
gain k, but also used an additional differential
term that allowed more precise control of the
ship’s heading. The formula for such a control

law is as follows [2]:
ds do

— =k Ap+k,o—.

ar TRy

Autopilot developments had the ultimate goal
of stabilising the ship’s course. For this purpose,
an autopilot was developed that uses
proportional-integral-derivative control laws
(PID), the formulation of which is also contained
in [1].

When the steering gear is manually
controlled, the rudder is put over no more than
100 times per hour, but in rough seas this number
can reach 1400 per hour, which is extremely
undesirable.

To reduce overload and cut off high-
frequency components of sea waves,
a proportional derivative filtered (PDF) control
law was developed, which cuts off high-
frequency components of sea waves [1; 2].

Then an adaptive motion control system
(AMCS) was created with a unit for estimating
measured parameters and a «unit for adjusting
control coefficients when operating conditions
change. Such self-adjusting automatic control
systems with autonomous adaptive adjustment
of parameters or using information about
navigation conditions to rearrange the control
law, as well as with a unit for predicting the
phase state of the vessel and a diagnostics
subsystem, began to be produced all over the
world» [1; 2].

The authors of [2], with reference to foreign
sources of seaworthiness test results, indicate that
«adjusting the gear ratio k, reduces fuel
consumption by 2 %, and the use of estimates in
formation of control laws reduces voyage time
by 2 %» [2].

Route-following control
In general, the route of a vessel’s movement
consists of a sequence of straight and curved
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segments. The requirement for moving through
each segment is usually established by the amount
of permissible lateral deviation from it. It may be
necessary to adjust the selected route, for example,
to diverge from other vessels or due to unfavourable
conditions in the navigation area.

Automatic vessel motion control is especially
widely used in open water, where active
manoeuvring is not required. However, even with
automatic control, there is a need to ensure that
the vessel reaches the specified points on the
route, especially in the presence of external
disturbances such as wind and waves, and is not
guaranteed by existing automatic control systems
even when using the PID control law (see, for
example, [1]).

With emergence of satellite navigation systems,
it became possible to determine the coordinates of
a vessel at any time, and, consequently, to automate
the movement of a vessel along a route consisting
of a set of points with known coordinates.

Technologies for using AMCSs with a satellite
navigation receiver are discussed in detail in several
sources [1; 2; 8].

In view of the tasks under consideration and the
experience of AMCS operation, one can conclude
that the control system should automatically adjust
the coefficients when sailing at low speeds and
depths, changing the load, as well as in strong
waves.

Variants of trajectory tracking control algorithms

Trajectory tracking control has found wide
application in various fields, including robotics [9;
10], aviation, including unmanned [11], this issue
was also analysed in relation to maritime transport
and in several other works, in addition to the above
mentioned [12].

Navigation algorithms constitute an
implementation of a dual task of determining one’s
own position in space, i. €. determination at each
current moment of time of the spatial angular
position (orientation algorithms) and determination
at each current moment of time of projections of
speed and coordinates (reckoning of speed and
coordinates) on the axis of the inertial coordinate
system.

Control algorithms are used to calculate such
control commands to arrive at a point of interest,
that is, to develop trajectories in which the relative
coordinates of the vehicle and the end point of its
movement would simultaneously turn to zero at
some terminal (final) moment in time.

Stabilisation algorithms serve to convert control
commands calculated during guidance into signals
that cause steering wheel or rudder turns or changes
in the position of other controls, that is, in other
words, so that the rudder at each moment in time

deflects so that at the final moment in time the ship
reaches the end point (e. g.: [13—15]).

Transverse acceleration guidance method

A motion trajectory is such a continuous curve,
at each point of which the vehicle’s speed vector is
directed tangentially to it.

To change the trajectory, that is, change the
direction of movement of the vehicle, it is necessary
to rotate the speed vector. It is possible to rotate the
speed vector in different ways.

For example, it is possible to create an
increment of the speed vector in the transverse
direction, that is, in other words, to create an
acceleration orthogonal to the speed vector.

Instantaneous zero miss and proportional guidance
methods are also used (mainly for aircraft).

A significant difficulty in implementing the
heading angle PID-controller is the presence of
noise in the measured heading angle signal due to
sea surface roughness. In addition, in the course
angle regulator it is also necessary to know the yaw
rate; if its value is obtained by simply differentiating
the heading angle signal, then the noisiness of the
signal will increase.

If the instantaneous zero miss control method
is applied to vessels, the total acceleration vector
will have one zero component. Controlling a vessel
by lateral acceleration is difficult to implement in
practice due to the specific features of the controls,
but it is possible to convert the acceleration into the
corresponding angular yaw rate and control it
through this parameter.

Control algorithms in the speed channel

The issues of building vessel speed control
algorithms have not been considered in sufficient
detail in the domestic literature. Traditionally, the
control algorithm for a generalised parameter, the
traction equivalent, is built based on a PID or PI
speed controller. The speed channel does not appear
to be difficult to be controlled.

In view of this, it is advisable to use traction
equivalent control algorithms.

Let the current speed of the vessel V" and the set
speed v, be known. Then it is possible to get a set

change in speed Vg =R(p)(Vg—V) , where R(p) is
some control operator, V'gmi,, 2 S I{,,,,,u .

Then a traction equivalent control signal is
generated:
E,g=1<yg+£[v'g_vj,
p
EM<E, <E™
where E/™ and E™ correspond to the «low speed»

and «full speed» modes. The traction equivalent is
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Pic. 1. A schematic diagram of the control algorithm operation [performed by the authors].

used to obtain a linear system. Next, it needs to be
converted into real traction. Coefficients K| and K,
can be functions of actual speed or other parameters.

There are several possible ways to increase
stability:

— introduction of a «heavy» filter into control
algorithms for the control action coming to the
drive;

— use of alternating on/off switching of the
drive, similar to PWM control (pulse-width
modulation).

Both methods will reduce system performance
and their necessity must be assessed before
implementation.

The given basic algorithm for controlling the
speed of a vessel can be used as a first
approximation when synthesising control
algorithms in the speed channel.

Setting Task of Trajectory Control

The algorithm must ensure the generation of
control commands to actuating units for following
the route specified by three intermediate waypoints
(IWP). The consequence of IWP is developed in
accordance with the route and considering
navigation rules and environment. Algorithm
should provide for minimum vessel’s deviation
from the legs of route linking IWP.

The tasks are as follows:

— Control of rudders, engines and thruster.

— Control of dimensionless yaw rate
_ oL i
o=—=R",

Vv

— Stabilisation of a set course line (SCL).

— Switching between SCL with lateral lead turn
(LLT).

At each cycle of operation, the control system
receives the following parameters as input:

— Vectors of coordinates of three IWP x1, x2
and x3, forming two given course lines (x1, x2) and
(x2, x3) (from the route planning module).

— Vector of vessel coordinates x [m] (from the
measurement system); yaw rate o, [rad/s]; actual

speed vector V, [m/s] (from the navigation system).

The output parameters are:

— Specified rudder position §_[deg] (to the
rudder drive).

— Signals specifying speed of thruster n [r/s]
(to the thruster control unit, in the mooring mode).

— Signals specifying engine speed # [1/s] (to the
electronic engine control unit).

A schematic diagram of the route-following
algorithm is shown in Pic. 1. The algorithm receives
from the route planning module of the control system
triplets of intermediate waypoints and the ext_reset
flag, which signals the route-following algorithm
about a new triple of IWP. In turn, the algorithm for
following the route transmits the PL flag of
confirmation to the route planning module when
moving to the second line of the route.

Directions of Further Research

The directions of further research include:

— Development of adaptive mathematical model
of the dynamics of ship’s motion for adjustment of
control system for different vessels and different
load.

— Implementation of control modes for low
speed for mooring using thrusters, also for dynamic
positioning and manoeuvring in the port.

— Course and speed simultaneous control to
increase the accuracy of solution of control
problem.

— Evaluation of speed and direction using
Doppler lag relative to seabed to compensate for
noise regarding speed and course.

— Evaluation of current and wind speed and
direction using weather station sensors to
preventively compensate for disturbance.

— Application of external quality control
controllers to detect failures, optimise resources of
control drives, and raise the stability of solutions.

— Common optimisation of features of control
drives regarding resources and of control system
regarding accuracy of following the route (number
of drive activation).
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CONCLUSION

An analytical review of the methods and
algorithms of vessel’s speed and course control was
performed that also allowed highlighting key
constraints on existing solutions.

Based on analytical review, the statement of the
problem of trajectory tracking control of
autonomous ship was formulated.

Directions of further research were identified
that include development of adaptive control
system that could be operated on different vessels,
navigation at lower speed, simultaneous control of
speed and course, application of a priori data from
sensors, system stability, filtering and correcting
the signals, failure recognition.
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ABSTRACT

Spur dikes are one of the types of structures for engineering
protection of the roadbed, which, in combination with a wave-
damping beach, are used to protect the railway track from wave
action.

The objective of this work is to improve safety of coast railway
track operation in areas subject to wave action. The author used
the methods of experimental research and survey for obtaining the
criteria for assessing the technical condition of spur dikes.

Based on the results of the survey of spur dikes, conclusions
were drawn about low quality of construction, and the main types
of defects were identified both in entire structures and in their
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elements. Experimental studies on hydrowave models were carried
outto assess the beach-holding capacity of the spur dikes and their
resistance to wave action in the wave basin. It was proposed to
divide the spur dikes into separate elements according to the degree
of their significance, and the criteria for the technical condition by
types of defects for each element of the structure under
consideration were obtained.

The technical condition criteria obtained from the results of
surveys and experimental studies make it possible to assess the
technical condition of spur dikes, which will increase railway
operation safety.
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INTRODUCTION

Abrasion processes on seacoasts lead to
significant material consequences and reduce
safety of railway roadbed operation. Railways in
the Russian Federation have been built and
operated under the conditions of wave abrasion
on the coastal sections along the shores of the
Black Sea, Lake Baikal, and Sakhalin Island. To
protect the coastal sections of railways from
wave action, engineering protection structures
(shore protection structures) are used, which also
include gravel-and-stone (or stone, or rock-fill)
dike spurs. Rock-fill spur dikes are classified as
active coastal protection structures designed to
retain beach material. An artificial beach is an
«ideal» wave-damping structure, but in some
parts of the coast it cannot exist without beach-
retaining structures (spur dikes), as it is
intensively eroded, being drawn into the
alongshore sediment flow.

2 root part of the spur dike

In accordance with SP [Construction rules]
277.1325800.2016!, dikes are subdivided by
permeability, by design, by the materials from
which they are built, and by the method of sediment
passage. By design, stone spur dikes can be built
of dimension stone (Pic. 1) or with a core consisting
of smaller stones. In this case, the core must be
protected from erosion by a larger homogeneous
dimension stones with a protective layer thickness
of at least three stone diameters. The angles of the
slopes of the side faces of stone spur dikes should
not be steeper than 1:1,5, and the head section
should not be steeper than 1:2. The root part of the
spur dike, as a rule, adjoins the sea wall.

'SP 277.1325800.2016 Coastal protection structures. Design
rules. App. by the Order of the Ministry of Construction and
Housing and Communal Services of the Russian Federation,
No. 963/pr, dated December 16, 2016. Moscow, Tekhnorma
publ., 2017, 58 p. [Electronic resource]: https://standartgost.
ru/g/%D0%A1%D0%9F_277.1325800.2016. Last accessed
24.05.2023.

. head part of the spur dike

3

Pic. 1. Stone spur dike on rocky soils: a - longitudinal section; b - cross section 1-1; ¢ - cross section 2-2; 1 - spur dike profile; 2 - wave wall;
3 - rocky bed; 4 - existing bed; 5 - backfill; 6 - beach material; 7 - water level; 8 - dimension stone [performed by the author].
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2 root part of the spur dike

. head part of the spur dike

b)

Pic. 2. Combined spur dike: a - longitudinal section; b - cross section 1-1; 1 - spur dike profile;
2 - wave wall; 3 - rocky bed; 4 - existing bed; 5 - water level; 6 - dimension stone; shaped arrays (tetrapods) [performed by the author].

The author, based on the results of
experimental studies in the wave basin at the
testing facilities of the branch of Sea Coasts
Scientific Research Centre of the JSC Central
Research Institute of Transport Construction and
of the field survey on the section of Tuapse —
Adler railway [1], repeatedly recorded the
destruction of the head parts of rock-fill spur
dikes.

In [2], it is noted that one of the main reasons
for destruction of rock-fill spur dikes is their
construction quality, this is also confirmed in
(3, 4].

To strengthen the head parts of spur dikes,
they can be filled with tetrapods, as a rule,
weighing 5,0 tons. Such spur dikes can be called
combined spur dikes. A typical solution for
construction of combined spur dikes is shown in
Pic. 2.

A combined design of a spur dike is known,
when shaped concrete blocks, for example,
tetrapods, strengthen not only the head part of
the spur dike, but also the side surfaces along the
contour of the structure [5]. In this paper, for
additional stability, it is proposed to connect
concrete blocks with ropes if necessary.

The works [6, 7] describe the methods of
scientific substantiation of regulatory
requirements and substantiate the need to develop
aregulatory document on the use of natural stone

in hydraulic engineering. They also offer the
description of the world experience in
construction of hydraulic structures made of
stone and confirm the expediency of its
application.

The objective of the research described in the
paper was to improve safety of railway track
operation at coastal sections subject to wave
action. The article considers issues of developing
criteria for assessing the technical condition of
structures. The main methods that allowed
drawing the conclusions when obtaining criteria
for assessment of the technical condition of spur
dikes, should include: experimental studies in
wave basins carried out at the testing facilities
Sea Coasts Scientific Research Centre, as well
as survey and field observations on Tuapse —
Adler railway section. The method of physical
modelling of interaction of waves with hydraulic
structures is the most reliable in terms of
obtaining not only qualitative, but also
quantitative results [8—12].

When developing GOST [State Standard] R
59241-2020, the author proposed and published
a methodology for assessing the technical
condition of engineering protection structures
under wave action conditions [13—15], that
considered in detail concrete spur dikes and
wave-damping structures, such as protective
wave-damping screens made of concrete blocks
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Pic. 3. View of deformed stone spur dikes [photo by the author, 07.02.2008].

or natural stone, wave damping beach and fill
berms. Though, the issues of assessing the
technical condition of spur dikes were not
considered in [13-15].

RESULTS

The first stone spur dikes were built in 2005
at the 1933 km of the section of Tuapse — Adler
railway between Chemitokvadzhe and Yakornaya
Shchel stations in Osokha River area according
to the project carried out by CJSC Kavgiprotrans.
To create a wave-damping pebble beach, capable
of neutralise the energy of storm waves, the
project provided for the dumping of pebble
material with an average size of 40-70 mm in
front of the wave-break wall. As beach-retaining
structures, spur dikes were used made of
dimension stone. The length of the spur dikes
was of 45 m along the ridge. The freeboard at the
root parts of spur dikes should have been +2,6 m
relative to the Baltic height system, and +0,8 m
for head parts. The side faces of the spur dikes
were built as slopes with gradient 1:1,5 in the
root part smoothly passing to the gradient of 1:2
in the head part. The head parts of the rock-fill
spur dikes attained with their slopes the depths
exceeding 3,5 m, where waves over 3 m high fell
on them. To ensure stability of stone spur dikes
to wave action, dimension stones weighing from
3 to 5 tons each were to be used in construction.

During the first three years after the
construction, the stone spur dikes had been
significantly deformed by storms (Pic. 3).

Based on the results of examination of the
deformed structures, it was concluded that the
cause of destruction was poor-quality
construction. The main deviations should include
discrepancy between the geometry of the
constructed stone spur dikes and the project, the
gradients of the slopes were not respected, the
marks in the root and head parts of the spur dikes
were lower than designed, the width of the spur
dikes along the ridge was less than six meters,
the size of the stone was much lower than that
provided for in the project.

In total, 153 stone spur dikes were built on
the section of Tuapse — Adler railway during the
period from 2005 to 2017, and by the end of
2017, 62,7 % needed repair [1, 16, 17].

Pic. 4 shows the process of measuring the
size of the stone used in construction of stone
spur dikes. According to the results of
measurements, it was found that the average size
of a stone in the body of a spur dike is from 0,5
to 1 m, and the weight, respectively, from 150 to
1300 kg, while the project provided for that spur
dikes will be built of stones with a size of about
1,5 m and a weight of 3 to 5 tons.

It should also be noted that the quality of the
stone itself does not correspond to the project
specifications, a stone of low strength and with
an aspect ratio of more than three is often used.
In accordance with GOST [State Standard] R
70021-2022, in construction of shore protection
structures, it is necessary to use rock that is
homogeneous in composition and not subject to
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Pic. 4. Assessment of stone size in stone spur dikes [photo by the author, 20.07.2007].

flakiness. The ratio of the maximum size of each
stone to the minimum one should not exceed 3.
This requirement is due to the need for stability
of'the stone on the slope under wave action. There
are cases when a structure built of slab-shaped
stones was destroyed, although the size of the
stones corresponded to the calculations.

To test the effect of stone flakiness on
resistance of spur dikes to wave action, a series
of experiments was carried out in the middle
wave basin at the testing facilities of Sea Coasts
Scientific Research Centre.

Experimental studies were carried out in
accordance with the well-known methodology
described in [8, 18-20], which is based on the
theory of similarity. When reducing the modelling
object, geometric similarity, similarity of the wave
regime, of surface and volumetric forces must be
ensured. Meanwhile when the same liquid (water)
is present in the model and in reality, it is impossible
to simultaneously ensure similarity according to
Reynolds and Froude numbers. However, solving
many problems does not require simultaneous
similarity according to both parameters [21].

Experimental studies were carried out on
a scale of 1:30. The location of the head parts of
the spur dikes, subject to the greatest wave action,
coincided with the line of the last wave breaking.
The wave height was 3,6 m and the average period
was 10,2 s. The interaction of the initial wave with
the stone spur dike is shown in Pic. 5.

As a result of the experiment, it was found
that a slab-shaped stone, placed in the head part

of a spur dike, is less resistant to wave action
compared to a stone shaped rather like a ball, and
a structure built from such stones is destroyed.
Pic. 6 shows the model without water at the end
of the experiment. The head part of the stone spur
dike with the length of 22 m was destroyed. This
resulted in deterioration of the beach-holding
capacity of the spur dike, and the width of the
beach decreased from the designed 35 m to 15
m. Thus, the main function of the spur dike to
hold the beach material was not fulfilled.

Considering the experience of monitoring the
constructed spur dikes and the experimental
studies on stability of rock-fill structures to wave
action, it was concluded that the main group of
elements is a rock-fill or bulk concrete structure
since the loss of stability of individual elements
of that structure affects the beach-holding
capacity of the entire spur dike.

It is proposed to divide the spur dikes into
separate elements according to the degree of their
significance. Spur dikes comprise two main
groups of elements with the corresponding
significance rate b: the rock-fill or bulk concrete
structure with b, = 80 % and the bed in front of
the structure with b, = 20 %. Depression,
including local one, can lead to an increase in the
wave action on the structure and to the loss of
stability of individual elements of the structure.

To assess the technical condition of rock-fill
structures according to the method described in
[13—15], it is necessary not only to divide the
rock-fill spur dikes into separate elements
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Pic. 5. Interaction of waves with the stone spur dike [photo by the author].

Pic. 6. View of the rock-fill spur dike at the end of the experiment [photo by the author].

according to their significance rate, but also to
obtain criteria of technical condition by types of
defects for each element of the structure under
consideration. In accordance with [15], the
technical condition of the structure is divided
into five groups from the condition compliant
with standards (operable) to the limiting
(emergency) condition. The safety factor of the
structure, determined by formula 4.22 for the
standard (serviceable) state is a, = /, and for the
limiting (emergency) —a, = 0.

To determine the safety factor of a group of
homogeneous elements g, according to formula
4.1%, when performing a comprehensive survey
by means of an expert assessment, it is necessary
to assign a special value of the safety factor of
an individual element a. Incase of fixing a local

depression of the bed in front of construction by
not more than 0,2 m in depth and within a section
with a length of not more than 0,25 of the
diameter of the stone or the height of the concrete
unit, the operable state of the element with a,=
1,0-0,8 is assigned. The limit (emergency) state
with a. = 0,2-0 is assigned when fixing a local
depression of more than 0,5 m in depth and on
a bed section with a length of more than 0,25 of
the stone diameter or the height of the concrete
unit.

The safety factor of individual elements of
a rock-fill or bulk concrete structures must be
assigned according to the types of defects:
erosion and landslides of slopes, mass deviation
and deviation of the strength of stones or concrete
units to a smaller side. It is necessary to refer to
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1. Carry out the division of spur dikes into separate elements:
element 1. Fill with stone and / or concrete masses;

element 2. Bottom in front of the structure

2. Accept the weight coefficient bi of groups of elements in the composition of the
structure in accordance with Table 4.6 GOST R 59241-2020

3. Determine the safety factor of a group of homogeneous elements i according to formula
4.1 in accordance with table 4.5 and Appendix A of GOST R 59241-2020

4 Determine the safety factor an of a spur dike as a whole according to the formula 4 2 GOST R
59241-2020

5. According to the safety factor an, assign the type of technical condition of the spur dike according
to table 4.5 of GOST R 59241-2020: normative (serviceable), operable, limited operable,
inoperable, limiting (emergency)

6. By the type of technical condition of the spur dike, determine the measures to ensure its
performance according to table 4 5 of GOST R 59241-2020.

Measures are

Extraordinary or
not required

ongoing repairs

Owerhanl

Replacement or

Recovery
disposal

Pic. 7. Block diagram for determining the technical condition and the required measures to ensure operability of the spur dikes
[performed by the author].

the operable state with a,=1,0-08 the elements
of the structure, in which there are no erosion
and landslides of the slopes of the structure, the
mass of the elements of the structure differs from
the design one by no more than 5 % and the
deviation of the strength of the element differs
to the smaller side from the design value by no
more than 7 %. The limiting (emergency) state
with a. = 0,2—0, respectively, includes elements
of the structure with a deviation in the mass of
elements by more than 10 %, and with a deviation
in strength by more than 20 % down from the
design values. The safety factor in case of erosion
and landslides of the slope is determined by an
expert, depending on their respective magnitude.

CONCLUSIONS

Based on the proposed criteria, a block
diagram was constructed to determine the
technical condition and the required measures to
ensure operability of the rock-fill or bulk concrete
spur dikes (Pic. 7).

The criteria proposed by the author for
assessing the technical condition of the spur dikes

are included in the GOST R 59241-2020°
developed by Sea Coasts Scientific Research
Centre, allowing further improvements in the
safety of railway operation in areas subject to
wave action.
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ABSTRACT

Numerous artificial structures, bridges, overpasses, tubes,
channels, chutes are operated on railway networks. Artificial
structures are considered to have a longer life cycle and thus will
need during it overhaul and reconstruction with the use of modern
technology. Currently, there is an increase in axial load and traffic
speed, the makes even more relevant the solution of tasks
referring to dynamic impact of trains on artificial structures and
superstructure. See the features of construction and maintenance
of rail track sections at the approaches to bridges, the respective
problems merit special consideration.

The research which results are presented in the article was
dedicated to the impact of the anisotropy of the track superstructure
on the parameters of the dynamic settlement of sections of
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transitional stiffness located at the approaches to bridges and
built using bottomless box culverts.

The research proposed to model the railway track within the
transitional section as a set of flat elements of constant thickness,
while each of them is regarded as a anisotropic plate supported
by deformable foundation with its own deformability rates. By
setting boundary conditions for individual fragments of the track
structure and varying the anisotropy coefficients that determine
the ratio of mechanical characteristics in different directions of
anisotropy, it is possible to select necessary rail track stiffness
rates for a section at bridge approaches, that paves the way to
further research on structural features of designing and
arrangement of those structures.
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INTRODUCTION
Statement of the Problem

About 83 thousand artificial structures are
operated on the railway network of the Russian
Federation, of which bridges and overpasses
account for 37 %, pipes and chutes account for
59 %. Many of the artificial structures are in
urgent need of major repairs or reconstruction
using modern materials and technologies. In
addition, an increase in axial loads and traffic
speed requires more detailed analysis and
refinement of existing approaches to solving
problems associated with the dynamic impact of
trains on artificial structures objects and the
roadbed. The problem indicated is relevant for
the railways of most countries because of long
duration of operation of artificial structures and
modern trends in railway development.

The sites of junction of the railway track with
the artificial structures is one of the main areas
of sharp changes in vertical stiffness of the track,
which engender an increased failure rate of track
superstructure elements, time and resources
needed for maintenance of a section, and requires
special technology of construction and
maintenance [1-8].

When constructing sections of variable
stiffness, various designs are used, recommended,
in the framework of international organisations,
e. g., OSJD, to create a gradual levelling of the
stiffness of the under-rail base on the approach
to the artificial structures [9].

Nevertheless, the increase in axial loads and
the increasing operation of heavy and high-speed
traffic poses the task of a more detailed study of
the dynamic impact of the rolling stock on the
design of the transition stiffness sections to
further optimise it.

In general, from the point of view of existing
approaches of scientific methodology and
engineering calculations, problems of dynamic
impact on the sections of variable stiffness are
considered by modelling with the use of
differential calculations regarding two segments
connected by a transition section.

In works [10—17], based on the results of an
analysis of field experiments, railway transition
zones were modelled to predict their short-term
and long-term behaviour under increased train
load. The results showed that the deflection of
the rail in the transition section from the
embankment to the bridge has a significant
impact on the magnitude of the dynamic impact
of the wheel on the rail, as well as on its vertical

acceleration, the value of which at the moment
the wheel passes through the control section
should not exceed 0,1g, where g is the free-fall
acceleration. The dynamic analysis carried out
on the deformation properties of the bridge
crossing and the nature of the interaction
between the train and the track made it possible
to identify the main factors influencing the
dynamics of the process: the speed of trains
moving along the section, deformation from rail
deflection, changes in the stiffness characteristics
of the under-rail base, etc. In this case, the
attenuation of vertical stresses is 40 %—60 % at
a depth of 0,6 m, 80 %90 % at a depth of 2,5
m [18-21].

The Objective of the Research

The objective of the study was to solve an
axially symmetric problem of modelling the
design of a section of variable stiffness built of
bottomless box culverts and corresponding to
a straight track section. The hypothesis of the
research was that it was possible to select the
required parameters of the stiffness of a section
of variable stiffness in three directions of
anisotropy with preset maximum value vertical
displacement since it will further allow to
formulate features of construction and
maintenance of above structures.

RESULTS
Research Methodology

For sections subject to increased axial load,
it is proposed to use bottomless box culverts filled
with ballast materials (Pic. 1). The height of the
boxes varies along the length of the transition
section from the maximum (near the bridge
abutment) to the minimum at the junction with
the conventional track within 2,5-0,8 m. In this
case, the deformation modulus will decrease
from the junction of the artificial structures with
rail approaches along the length of the track up
to 25 m from 130 MPa to 80 MPa (Pic. 2).

It is proposed to consider the change in the
natural vibration frequency of the structure of
the transition stiffness section for its model flat
element, considering the interaction with other
elements of the track structure, anisotropic
properties, and various boundary conditions
[22-25]. In this case, the superstructure of the
railway track and the roadbed underneath it for
the entire height of the embankment are
represented as a set of layers of constant
thickness, tightly adjacent to each other.
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In domestic and foreign literature, two
approaches to mathematical modelling of such
structures can be distinguished. The first
approach consists of aggregating flat layer-by-
layer models with various properties into a single
multilayer structure. The second approach is
based on the study of a single-layer structure, for
which anisotropic properties in different
directions of anisotropy are considered. In fact,
changing the mechanical characteristics of the
material allows one to model inhomogeneous
media using the given values [26-28]. In both
the first and second cases, it is necessary to
supplement the governing equations with
boundary conditions on the faces and contacting
surfaces, and, using the initial conditions, to
specify the features of the application of dynamic
load from the rolling stock.

This study is based on the second approach.
The railway track is proposed to be modelled
with flat elements, each of which is represented
by an anisotropic plate resting on a deformable
base with its own deformability parameters.
Various boundary conditions can be used along
the contour, varying which it is possible to
achieve good compliance with the real structure
of the railway track and its mathematical model.
Such generally non-trivial approaches are mainly
suitable for the railway track sections of variable
stiffness in front of and behind artificial structures
at linear transport infrastructure facilities.

As a mathematical model describing the
dynamic behaviour of a transversely isotropic
plate lying on a deformable base and experiencing
the influence of an external normal load,
simulating the effect of rolling stock, it is
proposed to use the equation of transverse
vibrations for a transversally isotropic plate of
constant thickness, rigidly supported on all four
sides, since this representation is the most
approximate when using reinforced concrete box
structures that limit movement of the material
inside the shell in all directions. We assume that
before the load is applied, the flat element is
located in the area of the following coordinates
{0<x</;0<y<l;-h<z<h},and the vibration
equation can be represented as:

oW o'w o’ )
—+ —A,— AW+ AANW + PW)=0,
Lo 4 or* Asatz ¢ #)=0.(1)

where W is transverse displacement of points on
the middle plane of the plate; A — Laplace
operator.

In this case, the anisotropy coefficients have
the form:

Abutment axis

Drain channel

Geotextile

Box culvert

Embankment
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Pic. 1. Design of a section made of bottomless box culverts [the scheme was compiled with participation of the author].
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A=ps 2 W (x,.1)= W(x,y)exp(e,%) : 3)
h
=p* (A4} +34))—;
A =pi (43 +34,) b where & — natural frequency of the plate.
A= {—Pl [2_ 24 A - 3( y ) A4 J} hz’ Then the equation (1) can be represented in
. b the form:
A, =247 (4,4, - A@)'Z : W(x, y)(A*+ B A+ B)=0. “)
s Here
A =—p; ’
> 2h P B, -4 —4, (ﬁ) +4, (ﬁj ;
s B, 4, h h
A= by S P (p1A4_4 +34; ) b b
: (s e
A, =—4——p 4, A331, = 1 h
Zh 2Ty R
where the following notations are introduced: 4 (7) A [7)
63W ow .
PW)= 4 —+ A~ T A, - —resistance; For the convenience of representing variables
. and finding geometric relationships, we use
— density; . . . .
dimensionless coordinates and deflection
b — transverse wave speed; .
. . functions:
A,=A4,=...=4, -anisotropy coefficients ! I 1
that determine the ratio of mechanical x=;10t; y=;2ﬁ; W(x,y):V(a,ﬁ)?, 6)
characteristics in different directions of L . . .
. Considering the dimensionless coordinates
anisotropy.

and the relationn =1 /1, the governing equation

In this study, three main directions of change . .
Y & can be represented in the following form:

in the mechanical and geometric characteristics

of the structure are identified: horizontal — along ( 644 +2n? ‘24 ~+n' o ]
. oo [oloAte)s] 6’B

the rails, transverse — along the sleepers, and v (a,p) =0. (7
. . . ? I o 62 5

a vertical direction — down from the level of the +B | Oy e

rail head. oa® " op?)

The boundary conditions .for .individual To solve equation (7), we will use the
fragments of the track structure in this case take  decomposition method, which involves dividing
the form: the general problem into three auxiliary ones,
w-W_ =0;x=0,/, after solving each of which the result is proposed

o (2) tobe aggregated'
w=_oy-01, o, _
oy ot = (B) ¥ =0 0=0,m

The solution to equation (1) is constructed in y 84 o,

the following form: =/f.(B) V; P = =0p=0,m (®)
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o 1| 6o 1*
2n26a26ﬁ2+B‘# . e +BZ# V,+f+ f,=0.

op’

According to the decomposition method, we
will approximately assume that

1
Vv =5 (1),

)

and at given points of the plate we will look for
arbitrary functions in the form:
f(aB)= i a) sin(n)sin (mp)

1

n,m=|

(10)
)

where aﬁf,,, are arbitrary constants, where i = /,2.

We will look for a general solution to
auxiliary problems in the form:

w40

Vo (B)= 3 o sinr)sin () + v, (8)+

n,m=1

5w (B) oo, (B) + v (B):
)
V,(a.B)=>" ni””;l"‘, sin(not)sin (mB)+

B

6

where v (B) and ¢ () are arbitrary functions.
Satisfying the general solution to the

boundary conditions and considering auxiliary

problems, we can determine all arbitrary

functions ‘¥ (B) and ¢ (o) through the system:

¢,V +c,a? =0

{ 11711 12711 (12)

(1) (2 _o”’
Cothy + €ty =0

(11)

+

¢1(a)+ﬁ—22¢2(0c)+ B, (o) + 0, (01

where

4
+B2L4%[1—Ej—%(—l+gj+l
2 4) n m

c, =1

c,, =—1m-.

The unknown values included in the system
of defining functional equations have a non-zero
value only if the main determinant is equal to
zero; based on this condition, it is possible to
obtain a characteristic equation that can be
resolved with respect to the natural vibration
frequencies of a flat structure:
dlE.:4 +d2§3 +d3&oz +dg+d; =0,

(13)

where

If we replace an infinite extended flat element
with a plate with finite dimensions, then we can
add boundary conditions along the faces to the
described equations; in this case, we can obtain
a characteristic equation for the natural
frequencies. By varying the parameters 4, and
bringing them into line with the geometric and
mechanical characteristics of the actual structure
of the railway track, it is possible to obtain not
only a mathematical solution to the engineering
problem of deformation of the track superstructure
under a moving dynamic load, but also to test
various elements and procedures of technological
processes for maintaining the railway track
[29-30].

After determining the frequencies of natural
vibrations, it is possible to construct and analyse
graphical dependencies for vertical movement
of points on the median surface of a flat element
modelling a segment of a railway track. Vertical
movement is calculated according to relations
(3) and in fact represents the sum of all possible
vertical movements (subsidence, settlement,
skew brought to one of the track rails, etc.). The
obtained values can be compared with the sum
of some values that contribute to the vertical
movement of waypoints and are determined by
the track-measuring (geometry) car.

DISCUSSION

The described mathematical model can be
applied for practical calculations of the design
of the track within a section of variable stiffness.
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Pic. 3. Graphs of dependence of W(x) on the length of a section of variable stiffness:
a)x=0-3m, b) x=3-9m, c) x=9-15m, d) x = 15-24 m for the values A11=2, A1=1, A33 =2 and A44 = 2 [graphs are constructed with
participation of the author]:
A - anisotropy coefficient; vertical axis (W)- value of rail deflection, mm; horizontal axis (X) - coordinates of the measured point on the track
rail counted from the start point of the considered segment, m.

The first graphs (Pic. 3a, b) show the dependence
of vertical displacement on the location
coordinate of the studied point of the structure
along the rail line. The results obtained make it
possible to determine the locations of the largest
and smallest displacements under a dynamic
load, as well as to calculate the optimal size of
a segment of the railway track structure (this can
be a reinforced concrete slab, box culvert,
caisson, etc.) from the point of view of minimising
displacement when fixing mechanical (elastic
modulus, shear modulus, Poisson’s ratio, etc.)
and stiffness (flexural, shear stiffness, cylindrical
stiffness, etc.) parameters, which is one of the
main characteristics of operation of the railway
track.

®  World of Transport and Transportation, 2

For the parameters specified for calculations
(as values of maximum displacement the
maximum values indicated in Russian and
foreign regulations can be used; they are about
10 mm), the largest deflection was observed at
a point with a coordinate of 3 m, and the smallest
was recorded at a point with a coordinate of 6,8
m; thus, this is the range, where the dimensions
in plan for structural elements reinforcing the
section of the track in front of or behind an
artificial structure or in other places with
increased draft of the railway track should be
located.

A series of other graphical dependencies
shows the influence of anisotropy coefficients in
three main directions on the vertical deflection.
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Pic. 4. Graphs of dependence of: a) W(x) and b) W(y) on different sets of A11 values [graphs are constructed with participation of the author]:
A - anisotropy coefficient; vertical axis - a) (W(x)) - dependence of the deflection on the value of displacement along the rail, mm; b) (W(y)) -
dependence of the deflection on the value of vertical displacement, mm; horizontal axis (X) - coordinates of a measured point on the rail, m.
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Pic. 5. Graph of W(y) when changing A11 values [graph is constructed with participation of the author]:

A - anisotropy coefficient; vertical axis — (W(y)) - depend

of the deflecti

h

on the

ge in stiffness along the rail, mm; horizontal axis

(y) - coordinates of a measured point in direction transversal from the track axis, m.

The argument, as in the previous case, is the
coordinate of the desired point of the structure,
measured along the rail line from the beginning
of the segment in question (in fact, this is the
beginning of the reinforced concrete box culvert).
By comparing individual curves, one can note
the contribution of the anisotropic properties of
the railway track structure to the final value of
the vertical displacement. It can be seen in Pic.

®  World of Transport and Transportation, 2023, Vol.

4a that even doubling the normalised anisotropy
parameter along the rail has little effect on the
overall value of the deflection.

With an increase in stiffness along the rails,
the dependence of the displacement on the
coordinate from the moment the maximum value
occurs is actually parallel in its characteristic
feature with the previous values; this indicates
the linearity of the influence of the changed
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parameters. The influence of anisotropy in the
vertical direction (Pic. 4b) is more interesting
from the point of view of the behaviour of the
deflection function; the presented graphs of W
intersect with each other at almost one point, the
magnitude of the deflection at which practically
does not depend on the parameters of adhesion
of horizontal layers to each other (this
characteristic exactly can be increased by using
piles or other dowel structures), but depends on
the cylindrical stiffness of the reinforced concrete
box culvert itself.

The W, graph when changing A1l (Pic.
5) also shows the insignificant influence of
changes in stiffness along the rail line on the final
value of the vertical deflection. An interesting
result is the point where the deflection is equal
to zero; in fact, it means the geometric size of
the box culvert in plan and can vary for a single
track and a double-track section of the railway.

CONCLUSION

The arrangement of a section of transitional
stiffness at the approaches to artificial structures
is a necessary element to reduce the risk of
residual deformations and to create prerequisites
for reducing the costs of the current maintenance
of the railway track in the areas of approaches to
the artificial structures. The installation of such
structures is especially important in areas of
high-speed and heavy traffic.

The paper has considered the axisymmetric
problem of modelling the design of a section of
variable stiffness built with bottomless box
culverts, corresponding to a straight section of
a railway track. By specifying the maximum
value of the vertical displacement specified in
domestic and foreign regulatory documents, it is
possible to select the required structural stiffness
parameters for a section of variable stiffness in
three main directions of anisotropy, that will
allow to proceed with further research on the
structural features of the design and construction
of these structures.
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ABSTRACT

For the road industry, it is quite important to reduce costs and
energy consumption, as well as energy recovery in process plants.
To solve this problem at one of the stages of the industrial process,
which is production of road metal, an important material for road
construction, it is proposed to develop autonomous power unit
based on recuperation of the kinetic energy of dump trucks, namely
a unloading and screening unit of crushing and screening plant with
non-volatile drive of auxiliary equipment.

A non-volatile unloading and screening unit separates the
feedstock at the primary stage of production in a non-volatile
operating mode, using recovery of the kinetic energy of trucks
been unloaded. After loading rubble sandstone into the receiving
hopper, the unit activates the process of material segregation
into coarse and fine fractions. The respective fractions are fed
to the appropriate feeders for subsequent technological
processing. The advantage of the unit is the autonomy of the
vibrator and feeders’ drives, which helps to raise the efficiency

process, recovery process, autonomous power plants.
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of the process of unloading and separation of the rubble
sandstone and reduce energy costs for production of the finished
product.

The evaluation of the functional capabilities of the non-volatile
hydraulic drive of the unloading and screening unit was carried out
for hydraulic motors of the screening and conveying equipment.
The apron feeder of KM PP-2—10-60B type providing a continuous
and uniform supply of feedstock was assumed as the basic
equipment, and the volume of working fluid in the hydraulic
accumulator supplied by hydraulic jacks was calculated. The results
showed that two hydraulic jacks with the specified parameters can
provide the required flow and allowed determining the amount of
energy stored in the accumulator during feedstock loading. The
calculated power of the hydraulic motor allows its use in the feeder.
The economic efficiency of the installation with an autonomous
drive is estimated considering the mode of operation, the number
of shifts and the tariff for electricity.
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INTRODUCTION

The road industry is one of the most important
sectors of the economy of any country possessing
motorways. Crushed stone or road metal is the
most widely used product of extraction and
processing of non-metallic building materials in
the road industry. The crushed stone production
technology includes two main stages: the primary
stage is extraction of rubble stone, and the second
is the processing of rubble stone into crushed
stone.

Processing quarried rubble sandstone
involves crushing and screening plant (CSP).
CSP is designed for primary processing and
preparation of the extracted rubble sandstone for
industrial use.

Reducing the unit cost of products of
crushing and screening plants is a priority task
implemented during development of new
equipment. Its solution along with a growth of
competitiveness leads to an increase in the sale
of high-strength crushed stone and sand
separated during rubble sandstone crushing
process. The analysis of the tasks to be solved
in the field of crushing and screening equipment
shows that reducing energy consumption costs
is the most significant one 2. After all, it is

! Energy strategy of the Russian Federation for the period up
t0 2035. Decree of the Government of the Russian Federation
of June 9, 2020, Ne 1523-r. Moscow, 2020, 93 p. [Electronic
resource]: http://publication.pravo.gov.ru/Document/
View/0001202006110003. Last accessed 28.05.2023.

2 Quarry producers of crushed sandstone in Rostov region.
[Electronic resource]: https://nedra61.ru/proizvoditeli-
shebnya-peschanika. Last accessed 28.05.2023.

energy costs that make up the largest share in
the total cost of a unit of manufactured products
[1;2].

One of the effective ways to reduce the energy
consumption of mineral processing processes is
implementation of the recovery process in
technological installations, which makes it
possible to save part of the energy in the form of
generated and accumulated kinetic energy, and
return it back to the technological chain®*.

The increase in the amount of recuperated
energy is hampered by several factors, among
which the following can be distinguished: the
lack of recuperation energy receivers in some
cases and the insufficient use of available
redundant capacity of technologies being
implemented.

The development and implementation of
autonomous power plants based on the principle
of recovery of kinetic energy of dump trucks
delivering rubble sandstone to the receiving
hopper of the crushing and screening plant for
further processing is one of the innovative ways
to solve the problem.

The objective of the article is to present the
proposals developed by the author to create non-

3 Korchevsky, A. N., Nazimko, E. L., Serafimova, L. L.,
Naumenko, V. G. Preparatory processes in mineral processing.
Crushing, grinding, screening and classification: Study guide.
Donetsk, 2017, 180 p. [Electronic resource]: https://www.
geokniga.org/books/18315. Last accessed 28.05.2023.

4 Tikhonov, O. N. Mineral Separation Theory: Textbook
for High Schools. St.Petersburg, SPSSI (TU), 2008,
514 p. ISBN 978-5-94211-309-4. [Electronic resource]:
https://www.geokniga.org/books/19923. Last accessed
28.05.2023.

Table 1

Granulometric composition of rubble sandstone specified for drilling boreholes
with rigs of SBU-100G and SBSh-250 MN types [3]

SBU-100G SBSh-250 MN
Fraction size, mm Fraction content, % Fraction size, mm Fraction content, %
05 2 0+10 1
5+20 9 10+20 2
20+40 12 2025 1
40+60 9 25+60 3
60+70 4 60+100 5
7080 3 100+150 6
80+180 22 150+200 4,7
180 and more (up to 300) |39 >200 77,3
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volatile hydraulic drive of unloading and
screening unit using examples of two hydraulic
motors of screening and conveying equipment,
to assess functional capability of the proposed
solution, followed by relevant technical and
economic estimate.

RESULTS
Description of the Proposed Non-Volatile
Unloading and Screening Unit

In rubble sandstone used for production of
crushed stone, the number of pieces that do not
exceed the average size reaches 50 % in the total
volume (Table 1) [3].

It is economically inexpedient to supply the
entire feedstock by the feeder of the loading
hopper of the crushing and screening plant to the
primary crusher, particularly pieces that do not
exceed the average size [4—15].

The technical result of the proposed
development is an increase in the efficiency of
the receiving hopper due to its transformation
into an unloading and screening unit that
separates the feedstock at the initial technological
stage of crushed rubble sandstone production in
a non-volatile operating mode due to recovery
of the kinetic energy of unloaded vehicles.

In the proposed energy-independent
unloading and screening unit, the platform for
the entrance of vehicles (Pic. 1) is made in the
form of a turntable platform / and rests on
hydraulic jacks 2. In the receiving hopper 3, to
implement the separation functionality of the
descent wall 4, a curved S-shaped surface is used,
which is fixed on the side walls of the hopper
with a hinge. For a more efficient and smooth
descent of the material, the descent wall 4 is
equipped with a shock absorber 5 with a vibrator,
which includes a hydraulic motor 6 and a balance
weight 7 on the shaft. To regulate the speed of
particles rolling down the descent wall 4,
transverse elements /7 are fixed at an equal
distance from each other. In the conveyor bottom
8 of the receiving hopper 3, a two-feed system 9
and /0 is installed with drives which are
hydraulic motors // and /2.

The hydraulic jacks 2 of the turntable
platform / are connected by a hydraulic line /3,
equipped with a non-return valve /4, to
a hydraulic accumulator /6 through a three-
position distributor /5.

The receiving-segregation unit is used as
follows. Before the start of operation of the
receiving separation unit, the rods of hydraulic
jacks 2 are extended. Turntable platform / is set
at an angle to the horizon. The three-position
distributor /35 is in the neutral position, which
ensures the connection of the hydraulic jacks 2
with the hydraulic accumulator /6.

Under the weight of dump trucks with the
feedstock, while they are moving on the platform
to the point of loading of the receiving hopper 3,
the turntable platform / acts on the rods of the
hydraulic jacks 2, sets them in motion and the
rods are retracted. At the same time, the working
fluid is displaced from the piston cavity and
enters the hydraulic accumulator /6 through the
hydraulic line /3, which ensures its charging.

After loading the feedstock into the receiving
hopper 3, the vehicles move off the platform. At
the same time, the non-return valve /4 closes the
hydraulic line and prevents spontancous
discharge of the hydraulic accumulator /6.

To start feedstock particles roll along the
descent wall 4, the distributor /5 is transferred
to the left working position. This ensures the
connection of the hydraulic accumulator /6
through the distributor /5 with the hydraulic
motor 6 and further with the hydraulic jacks 2
and the outflow of the working fluid from the
hydraulic accumulator /6 into the hydraulic jacks
2. The rods of the hydraulic jacks 2 begin to
extend, the platform / turns. A vibrator in the
form of a hydraulic motor 6 with a balance weight
7 installed on the shaft creates vibrations. The
vibrations are transmitted through the shock
absorber 5 to the descent wall 4.

Under the influence of gravitational force, the
feedstock with large and small particles moves
down, due to vibration and friction, large
particles rise, while small ones remain on the
surface of the descent wall 4. Transverse
elements /7, located along the entire path of
movement of small particles, slow down their
speed, which improves separation and improves
the quality of the final product.

As a result of this process, small particles,
reaching the lower edge of the descent wall 4, move
at a lower speed, in contrast to large pieces, which
roll down at a much higher speed. Due to this, small
particles fall on the feeder 9, and larger particles —on
the feeder /0, which feed the corresponding fractions
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View A
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Pic. 1. Structural-hydraulic scheme of the unloading and screening power unit: a -
initial state; b - loading of the receiving hopper; ¢ - the same, view A.
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Table 2
Technical characteristics of the KM PP-2—10—60B plate feeder

Hopper capacity, cu. m 20

Maximum size of a piece of transported material, mm 500

Productivity, m*/h 75

Bed width, mm 1000

Bed speed, m/s 0,08

Engine power, kW (two-speed) 2,8

Number of revolutions, rpm 500

Reducer 1 C2U-250-40-12 U2
Feeder weight (with drive and without hopper), kg 16000

Distance between the axes of the drive and tension shafts, mm 6000

Height — without hopper 3300

Width — without hopper 3580

Length — without hopper 7800

of the material to the conveyors of the subsequent
technological chain. In this case, the feeder 9 is
designed to supply material that does not exceed the
average size, while the feeder /0 ensures the supply
of a larger fraction of the material.

To supply separated material by feeders 9 and
10, distributor 75 is transferred to the right
working position. This ensures the connection of
the hydraulic accumulator /6 through the
distributor /5 with hydraulic motors // and /2
and further with the hydraulic jacks 2. The energy
accumulated in the hydraulic accumulator /5 by
the flow of the working fluid ensures the start of
the hydraulic motors /7 and /2 and the conveying
bodies of feeders 9 and /0 kinematically
associated with them.

Thus, the proposed unloading and screening
power unit with structural elements for generating
and accumulating energy in the process of
loading feedstock into the hopper differs
favourably from existing analogues in that its
design ensures that the vibrator and feeder drives
are autonomous and thus helps to reduce energy
costs for production of a unit of finished product.

i

/‘l |

\I
|

-\I

Evaluation of Functionality
of a Non-Volatile Hydraulic Drive
of the Unloading and Screening Unit

To assess the possibility of equipping the
separation and conveying nits of the plant with
hydraulic motors in its non-volatile operating
mode, the calculation of the parameters of the
elements of an autonomous hydraulic drive’ was
performed (Pic. 2).

The plate feeder of KM PP-2-10-60B type
was taken as the basic equipment® (Pic. 2).

The KM PP-2-10-60B plate feeder is used
by mining, ore-dressing and construction
enterprises to ensure continuous and uniform

5> Popova, O. I., Popova, M. 1., Novokshchenov,
S. L. Volumetric hydraulic drive calculation: Study guide
[Electronic resource]. Electronic text and graphical data (2,0
Mb). Voronezh, FSBEI Voronezh State Technical University,
2019, 88 p. [Electronic resource]: https://bf.cchgeu.ru/
upload/iblock/eal/g8hwpvSyeupy482r9bich1foh13rzwy3/
UP_Raschet-gidroprivoda_ MZHiG.pdf. Last accessed
28.05.2023.

¢ Kanmash KM PP-2-10-60 B: technical characteristics,
description, review. [Electronic resource]: https://exkavator.
ru/excapedia/technic/kanmash_km_ pp-2—-10-60_b. Last
accessed 28.05.2023.

Pic. 2. Calculation scheme of the hydraulic drive of the plate feeder.

World of Transport and Transportation, 2023, Vol. 21, Iss. 3 (106), pp- 206-212

Lyashenko, Alyona Yu. Rubble Sandstone Unloading and Screening Unit with NonVolatile

Auxiliary Equipment Drive




supply of loose large-sized, clay materials
without preliminary selection of smaller pieces
(Table 2).

To ensure the given speed of rotation of the
hydraulic motor n, , the flow rate of the working
fluid 9, = (cm*/min) is required:
th: nhm. th/.rlv’
where n, = 500 — number of revolutions of
the hydraulic motor (rpm); ¥, =10 —volume
of the working chamber of the hydraulic
motor (set within the range from 5 cm? to 250
cm’); 1 = 0,9 — volume loss coefficient (for
hydraulic motors it is within the range
0,85+0,95).

Substituting the values, we get:

0, = (500¢10)/0,9 = 5555 cm*/min.

Feeder operation time T, for delivering of
bulky bulk material from the hopper, loaded by
one dump truck, is determined by the formula
(min):
T=60-M

cargo

/*p P,
where Mo = 15 210 — weight of cargo
transported by dump truck,” kg; p, = 2500 —
volumetric weight of sandstone in loosened state,
kg/m*; P =75 — plate feeder performance, m*/h.
Substituting the values, we get:
T,=60+15210/752 500 = 4,87 = 5 min.

The volume of working fluid ¥, in the
accumulator, which ensures the operation of the
hydraulic motor during the time T , is determined
by the formula (cm?):

Vo= 0, T= 5555%5= 27775 cm’.

The supply of working fluid to the accumulator
is provided by hydraulic jacks.

Therefore, the volume of the working fluid
¥, in the hydraulic accumulator must correspond
to the total volume of the piston cavities of the
hydraulic jacks XV, :

Via =2V, = 0,257t-D2p-Sp-Nhj,

where D - hydraulic jack piston diameter, cm;
Sp —hydraulic jack piston stroke, cm; N, number
of hydraulic jacks.

With the number of hydraulic jacks N, = 2
and the piston stroke of the hydraulic jack S _60
cm, the diameter of the piston of the hydraulic
jack D _is determined by the formula (cm):

4+Vha 427775
= =2 =17 =
Dp i/ Sp+ Vhj \/ 602 17 cm = 20 cm.

7 Automobile plant «Ural»: Lineup of high-sided vehicles.
[Electronic resource]: https://uralaz.ru/models/. Last
accessed 28.05.2023.

®  World of Transport and Transportation, 2023, Vol.

As can be seen from the calculation results,
two hydraulic jacks with design parameters —
hydraulic jack piston diameter D = 200 mm;
hydraulic jack piston stroke S =600 mm are able
to provide the necessary supply of working fluid
to the hydraulic accumulator.

Let us calculate the amount of energy E
accumulated in the hydraulic accumulator of the
proposed unit when loading material into the
hopper, according to the formula (J):
E=M,°g-S,
where M, = 26 500 — vehicle gross weight, kg;
g= 9,8 —acceleration of gravity, m/s% Sp= 0,6 —
hydraulic jack piston stroke, m.

Substituting the values, we get:

E =265009,80,6 =155820 J.

The amount of energy accumulated in the
hydraulic accumulator ensures the operation of
the feeder hydraulic motor with a power of N, |
(W):
N,,=E/(60°T)=155820/(60+4,87)=533,26 W=
0,5 kW.

Economic Efficiency

Assessing the economic efficiency of the unit
with an autonomous drive of the plate feeder, we
accept: D, — operating mode of the unit per year,
260 days; N, —number of shifts per day, 2 shifts;
t,, — duration of a shift per day, 8 hours; T, — the
tariff for electricity is 5,1 rubles / kWh.

The annual economic efficiency E, from
introduction of an installation with an autonomous
drive of the plate feeder, is, rub. / year:
E=NgD, Nt T, =0,5:260+2+8+5,1=10608
rub./year.

CONCLUSIONS

1. The proposed unloading and screening power
unit of the crushing and screening plant, having
a constructive novelty, in the process of supplying
vehicles along the platform to the place of loading
of the receiving hopper, allows generating and
accumulating kinetic energy and subsequently
returning it back to the technological chain.

2. The implementation of the recovery
process in the unloading and screening power
unit ensures that the drives of the vibrator and

the feeders of the hopper with the descent

vibration and separation wall are autonomous
and thus helps to reduce energy costs for
production of a unit of the finished product.
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3. With a 2.8 kW motor installed on the
feeder, the energy E accumulated in the hydraulic
accumulator of the proposed unit is clearly not
enough. The result obtained involves the search
for new solutions to increase the energy
component of the proposed autonomous drive of
the plate feeder.
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ABSTRACT

Transport systems, in particular civil aviation, occupy an
important place in development of any modern state. The effective
design of such systems has a positive impact on the socio-economic
component of any country. The quality of the transport system can
be assessed through the population’s access to it. At present, one
of the important problems of long-term development of the air
transport system of the Russian Federation is definition of
a universal indicator that allows assessing access to transport and
its possible target standard.

The article proposes an approach for assessing access to
air travel using mathematical modelling. Two indicators are used
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as a criterion: a potential number of passengers in the gravitation
zones of each airport and a passenger’s time being in the
system. A methodology for determining the proposed indicators
has been developed. The application of the approach of
assessment of access to air travel is demonstrated on the 2019
network.

An example of a target (simulated) network of domestic
passenger air transportation is also given, which allows to
significantly increase access to air travel. Based on the results
obtained, the paper proposes target standards for the values of
access to air travel for the Russian Federation.
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INTRODUCTION

The socio-economic success of any
country directly depends on development and
efficiency of its transport systems [1; 2], in
particular, of civil aviation. One of the key
characteristics of the transport system is
availability of access to it [3; 4], and
connectiveness [5—7]. There is at least one
known attempt by government authorities to
set the criteria for availability of transport
services in view of long-term development of
the transport system. For example, the report'
states that by 2050, 90 % of citizens of
European Union countries should be able to
travel door-to-door in no more than four
hours. In the form in which the goal of
developing the European transport system is
formulated, there are three factors: the first
principle «from door to door» reflects the
so-called holistic approach to the design of
transport systems [8]; the second — the target
value does not apply to the entire population
(about 50 million people will be outside the
action of established standards); third — the
choice of an absolute temporal value clearly
reflects the geographic features of the region.
The distance between four capitals in
continental Europe farthest from each other
(Lisbon, Tallinn, Helsinki, and Athens) does
not exceed 3400 km (five hours of flight
time).

Unlike other countries, the Russian
Federation has not yet developed a single
understanding of the criteria for assessing the
quality of the transport system, either in an
isolated sense — the aviation segment only, or
in a general form, including ground sections.
Officially approved indicators for the air
transport system (ATS),” for example, the
mobility rates, the number of routes without
transfer in Moscow, are important indicators,

! European Commission, Directorate-General for Mobility and
Transport, Directorate-General for Research and Innovation,
Flightpath 2050: Europe’s vision for aviation: maintaining
global leadership and serving society’s needs, Publications
Office. — 2011. [Electronic resource]: https://op.europa.eu/
en/publication-detail/-/publication/296a9bd7-fef9—4ae8—
82c4-a211f48be673/language-en. Last accessed 23.04.2023.

2 Transport strategy of the Russian Federation for the period
up to 2030 with a forecast for the period up to 2035. Approved
by the Decree of the Government of the Russian Federation,
dated 27.11.2021, No. 3363-r. [Electronic resource]: https://
mintrans.gov.ru/file/473193. Last accessed 23.04.2023.

but they do not clearly define the transport
quality of the national network.?

At present, the expert community is only
discussing approaches to definition of
a universal criterion [9—-11], which could
objectively assess the transport accessibility
[12] of ATS and set its target values.

The objective of the study is to develop
a methodological approach for assessing the
access to air travel to determine its target
values.

As a single criterion for access to
domestic air travel, the author proposes to
consider two complementary indicators: the
potential number of passengers and the time
of a passenger being in the system. The first
indicator characterises the very possibility
of flying to the desired destination: airports
at both the initial and final points are
accessed and can be reached by road; there
are carriers that operate flights to / from the
former and latter airport; it is possible to
make one or more transfers while travelling.
The time indicator describes the ability of
ATS to deliver a passenger from one
destination to another in a certain time and
with no more than a predetermined number
of transfers.

Based on mathematical modelling [13; 14],
using statistical data, a methodology for
calculating the proposed indicators of a single
access criterion has been developed. An
assessment of the access to air travel as for the
network in 2019 was obtained. The choice of
2019 is justified by the fact that it most fully
reflects the established ATS of the Russian
Federation. Next years of 2020-2021 are

3 Ed. note: Besides those emphasised by the author, the
Transport strategy highlights many definitions and indicators
of development of the transport system, population
mobility, including aviation mobility. Thus, the Transport
strategy has defined for the first time such terms as «air
mobility», «local air transportation», «backbone network
of airdromes (airports) of civil aviation», «regional air
transportation», «social standard on transport services
provided to citizensy, «access to transport», etc. Forecasted
results of implementation of the Transport strategy include:
«the capital of neighbouring federal entity of the Russian
Federation should be accessed in no more than 5 hours»,
«possibility of travelling within 12 hours between all the cities
of the Russian Federation with population over 100 000».
Indicators of the achievement of the goals of the Transport
strategy comprise «aviation mobility of the inhabitants of
remote and difficult-to-access areas» with respective target
values, etc.

®  World of Transport and Transportation, 2023, Vol. 21, Iss. 3 (106), pp. 214—-221

Uryupin, llya V. Defining Standard of Access to Domestic Air Travel




Pic. 1. Exemplification of a map of access of settlements to airfields and heliports [developed by the author].

characterized regarding ATS by changes
associated with external factors, e. g., Covid-19.

An example of modelling the target network
for 2035 is offered, which makes it possible to
improve the values of indicators of access to
transport relative to the level of 2019 and set their
possible target standard.

RESULTS
Methodology for Determining
Access to Transport

The developed methodological approach to
determining access to transport involves two
stages. At the first stage, by modelling each
airport’s coverage area, the potential number of
passengers entering the ATS is determined. The
«coverage arean’ refers to the potential number
of passengers that can be attributed to a particular
airport. The second stage is devoted to the
calculation of the time spending per a passenger
of a particular airport.

1. The potential number of passengers PF,

of the airport X.,i=1...,N is determined as the

number of residents (as a share of the total

population of the country) who have access to

the national air transport system:
Z N

= j=1,..
Popy,.

(M

where Popy— population of the Russian

i

Federation;
Z,- coverage area of the i-th airport;

N eN - set of all airports in Russia.

4 Ed. note: the term used by the author is to some extent
beyond the gravity model but is closer to the meaning of areas
for the inhabitants of which an airport is within the reach in
reasonable time and, with nuances added, can ensure travel
to certain point within a specified time, literally meaning
an area where passengers can be collected and transported
to the airport, thus terms «airport coverage area» either
«airport gravitation zone» are used for translation just in
the above sense.

The potential number of passengers in general
for the ATS of the Russian Federation can be
determined as:

N
PP=YPP, NN

i=1

@

In the general case, the size of population the
settlement, next to which the airport is located,
does not coincide with its gravitation area. In
addition, often there may be several airports near
the settlement. Therefore, determining the size
of the coverage zones Z,,i=1,...,N is singled out

as a separate subtask.

To determine the population in the coverage
areas, a mathematical model is used [15], in
which the time to get to the airport is taken as
the main measure of overcoming space. The time
of a ride from the settlement to the airfield is
determined considering the length of the existing
road network. As the upper limit of remoteness
of the settlement from the airfield, a great-circle
distance of 500 km is assumed. The maximum
allowable travel time is limited to five hours. The
choice of such a time limit is due to the large
extent of the territory of the Russian Federation,
as well as to uneven distribution of the population
and ground infrastructure facilities. An example
is the territory of the Jewish Autonomous
District, where there are no airports. The largest
and closest airport is Khabarovsk, which is
located in another region, while the car trip will
take about five hours, which confirms the value
of the chosen upper limit.

When modelling, using the weight function
[15], alternative airfields located within a radius
of 500 km are also considered. The attractiveness
of an airfield for a settlement depends on
frequency of flights and remoteness, and is
expressed in the form of weight coefficients, due
to which the population is distributed among the
coverage zones of airports.
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Pic. 1 shows as an exemplification a fragment
of the map developed by the author and referring
to the access of settlements (within five hours by
road to get to the airport) to flight points. Blue
and purple dots indicate airfields and heliports.
Green, yellow, orange, and red dots® indicate
settlements depending on the distance. For red
dots, the airport is not reachable or is reachable
in more than five hours by road. Points in the
immediate vicinity of airfields are marked in
green.

Solving the problem of identifying gravitation
areas for each of the country’s airports allows
solving the main problem: to determine the
existing or prospective range of values regarding
the access to domestic air travel.

2. Time of a passenger being in the system
TS, for the airport X,,i=1...,N is determined as

the maximum value of the minimum times,
during which it is possible to fly from the given
X, airporttoany X, , j=1...M airport from the
set M < N -1 of available airports with at most
a given number k of transfers on / routes:

TS, = max mig T, 3)

oo i1,
i=l,...,N,j=1...M,I=1,..,L, N,M,LeN"

In the formula (3), 7
transportation from X, airportto X, airport with

is the time spent on

no more than k transfers; L is the set of possible
routes to reach the airport X; from the given one.

Obviously, for a fixed , there is a probability of
getting from X, to X, inseveral ways. The non-

uniqueness of the connection is also typical for
the direct route ( k£ =0, since there may be several

flights that differ both in schedule and in flight
time (Pic. 2).

Minimisation in (3) provides a search for the
best flight time among all routes with different
allowable number of transfers for the pair
X, - X,. And maximisation allows getting the

upper estimate of the transportation time among
the best (minimum) for the airport X; .

The total travel time 7, for one of the possible
[ routes with & transfers can be determined as:

Ty =20, +1,), “

n=0
where 1, — flight time on one of the route

segments;

S Ed. note: coloured version is available on the Website.

Pic. 2. An exemplification of the non-uniqueness of routes

from X; to X (itis not a result, but explanatory illustration

[compiled by the author].

7, — flight waiting time.

In equation (4), if time of a direct flight
between any two airports can be obtained from
statistical data, for example, the regular schedule
of domestic air transportation, then determining
the allowable waiting time for a flight =,

becomes an additional task.

So, the flight waiting time before the flight
and route segments can be calculated from the
annual frequencies on the lines for X; airport of

departure as the ratio of the number of days in
a year to the number of flights performed. Then
the flight waiting time for the i-th airport can be

determined as:

36547
T, = z (5)

i

In (5) 7={0;12;24}- is transit capacity

(throughput) factor (total for the system);
R, - number of flights on a route segment (

k>0) or adirect line (k=0) from X, to X, .

The transit capacity coefficient allows getting
the waiting time under three aspects: at 0 — there
is no waiting time for the flight; at 12 — waiting
time equal to the average time; at 24 — the
maximum waiting time. In other words, these
three aspects correspond: the first to a perfectly
synchronised schedule throughout the system
(without waiting), the second to partially
synchronised (multi-segment flights with
anetwork carrier on most segments); the third is
the most unbalanced schedule (commercial
connectivity of the network is completely
absent).

As an alternative estimate of the flight waiting
time, a range of values from 40 to 180 minutes
can be used. According to,° the lower limit of the
transfer window, that is MCT — minimum
connection time, is about 30—40 minutes. The
upper limit directly depends on the standards

¢ a International Air Transport Association (IATA). Minimum
Connect Time (MCT) User Guide. [Electronic resource]:
https://www.iata.org/contentassets/638f0938b3dd451b87
2a1d8357755421/minimum-connecting-time-user-guide
version-1.1.pdf. Last accessed 24.04.2023.
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Pic. 3. Obtained values of access-to-air-travel indicators for 2019 [the result of modelling of indicators of access
to air travel for 2019 obtained by the author].

adopted by each airport and by airlines. For large,
modern airports, the average transfer time is
about 1-3 hours. However, with this approach,
it is necessary to consider the departure time of
each flight at each airport based on the regular
schedule of passenger air transportation.

In addition to determining the waiting time,
an important parameter for calculating the
network coverage time indicator is the maximum
allowable number of transfers k. Modern
ticketing systems allow flights with no more than
three transfers. However, considering the
geographical features of the country, as well as
uneven distribution of the population, it is
proposed to raise the limit on the number of
possible transfers to five.

The search forall 7; is carried out by forming
a set of all possible routes from X; to other
airports within the network. The set of all routes
is obtained from the integration of direct routes
with routes having one or more transfers. To
obtain a route with a transfer, the Cartesian
product of direct flights (many-to-many
relationship) is used. After that, the following
restrictions are imposed on the received routes:

* Correspondence of the airport of arrival to
the airport of departure:

X, >X|X >X,X, —>X, n=m).

(6)
* Exclusion of cycles of one or more segments
in the route:

(X, > X | X, #X,).

O]
Routes, flights along which do not meet the
specified criteria, are not considered. Two
airports for which no route matching the criteria
was found are considered unreachable. To obtain
routes with more than one transfer, an increase
in the number of Cartesian products of direct
flights is used, considering restrictions (6), (7)
for each new shoulder. To the final set of all
flights containing routes with £=0,1...5

transfers, a selection is applied that allows getting
the best (minimum time to each X ) flights for
each X, . Also, for each departure point, the
population located in the gravitation area is put
in correspondence with the potential number of
passengers ( PP ). Next, the choice of the
maximum time spent on transportation among
the points of departure, providing a certain
proportion of the population of Russia.

Unlike PP, TS or «ability» to reach the
destination point does not have a well-defined
range of values. First, because it cannot be
considered in isolation from the geographical
characteristics of the country and the peculiarities
of the population distribution across its territory.
The great-cycle distance between the two most
remote airports (Simferopol and Mendeleevo
(Kunashir Island)) is 8067 kilometers. With an
average jet aircraft cruise speed of 800 km/h, the
travel time between these two points, considering
the actual route, will be at least 12 hours. This
value sets a certain benchmark for the minimum
theoretical value of 7' for 100 % of the citizens
of the Russian Federation.

Assessment of Access to
Domestic Air Travel in 2019

To determine the range of realistic values for
access indicators to domestic air travel,
diagnostics of its already achieved parameters
were carried out. ATS of 2019 was chosen as the
basic transport system for calculating access
indicators. The number of transfers available was
limited to five. Flight waiting time is determined
based on average annual frequencies (7 =12).
On the graph (Pic. 3), the author presents the
result of calculations of the proposed access
indicators: a graph of the dependence of PP on
TS for the entire ATS.

The simulation results showed that, under
given boundary conditions, there is no airport
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that would be connected to all other airports in
the country.

As can be seen from the graph, half of the
country’s population is eight hours apart from each
other when travelling only by air (excluding the
ground segment). Then there is a rapid increase in
network connectiveness: with an increase in the
time spent by a passenger on a journey by 20 %
(up to 10 hours), the share of the population
connected by air transport grows by more than
40 %. Then the potential to gather and transport
passengers in a relatively compact and densely
populated part of the country is exhausted, and the
shortcomings of the existing ATS begin to manifest
themselves in the most obvious way. Less than 3/4
of Russian citizens live within the previously stated
benchmark of 12—15 hours. At the same time, more
than 19 million people (13 %) live at more than 24
hours from the rest of the country.

Possibilities to increase access rate are
concentrated in two directions. First, the shift of
the distribution curve to the left, that is,
areduction in the time indicator of coverage, and
upwards — an increase in the share of the
population with a fixed time for provision of
transport services.

Assessment of Access to Domestic
Air Travel in 2035

Along with the assessment of the access to
ATS in 2019, application of the proposed
indicators of the access was considered for the
target (simulated) route network for 2035.
Modelling of the domestic air transportation
network is based on the number of connections
a particular airport has with other airports in the
country. The main criterion for the quality of the
total route network is to ensure the minimum
travel time for the largest possible share of the
country’s population.

The target air transport system is proposed to
be considered as a three-rank graph. Airports of
the first rank form a backbone network and have
connections with each other following the
principle of «each with each». This segment
includes 12 airports (Moscow, St. Petersburg,
Yekaterinburg, Krasnodar, Novosibirsk, Omsk,
Krasnoyarsk, Yakutsk, Samara, Rostov-on-Don,
Irkutsk, Khabarovsk), which account for a larger
passenger flow, as between the airports of the
core network, as well as for transit flows from
other segments of ATS.

The set of the second rank includes 133
airports connected with nodes of the 1 rank,

partially with each other and with airports of the
3 rank. This group is a fundamentally important
segment that ensures the speed of transit
throughout the entire network.

The remaining points of the route network
make up a group of the 3™ rank, which are
connected only with airports of the second rank
and do not have a direct connection with the route
network of the first rank. The airports of this
segment are «dead end» destinations and close
(open) only the last (first) shoulder in the
country’s route network. This segment of the ATS
is characterised by 247 airfields and landing sites.
The ranking of airports and airfields was
developed also in the form of the map, an
exemplification is shown in Pic. 4.

The proposed reorganisation of the air
transport network implies a transition to a «hub»
system, that is, a reduction in operation of direct
lines in favour of flights with transfers. This
approach renounces to operation of non-stop
lines with low traffic, at the same time new air
links are being formed on routes where there is
currently no direct air service, but there is enough
potential passenger traffic for a daily flight.

The assessment of potential passenger traffic
between cities is determined using multiple
regression [16]. The list of influencing factors
included the income rate and the population at
the points of departure and arrival those factors
being standard for such traffic generation models.

When modelling the network and
redistributing flows, the following assumptions
were taken:

* Operation of the route necessarily implies
implementation of at least 300 flights per year.

* Operation of the route begins with an
aircraft with the minimum available passenger
capacity (19 seats for routes up to 800 km long).

* When the planned level of the aircraft’s load
factor is reached, the second flight starts to be
operated instead of changing aircraft for
increasing passenger capacity.

* Replacement of an aircraft for a larger one
is carried out with an increase in passenger traffic
to the level of full booking of two flights per day.

* Maximum calculated frequency on the route
is no more than four daily flights.

* Routes from the 3" rank airports terminate
at the 2™ rank airports; to increase the commercial
load, up to two intermediate landings are
allowed.

+ Connections between two airports of the 2"
rank located in the area of the same hub (up to
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Pic. 4. The territorial location of the airports and airfields by rank [developed by the author].
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Pic. 5. Actual and target values of indicators of access to air transport system of the Russian Federation
[final result is obtained and performed by the author].

1000 km) are organised with a connection in the
hub if the passenger flow on them is insufficient
for a direct flight.

* Increase in the length of the route should
not exceed 50 %.

» Connections between airports of the 2" and
the 1% ranks that existed in the first year of
modelling are preserved for the entire period.

Because of changes in the structure of the air
transport system, values of indicators of access
to domestic air travel have been significantly
increased (Pic. 5). Even though it was not
possible to achieve full connectivity of the entire
network, the number of Russian citizens who will
not have access to all airports in the country
without exception will decrease. If at present,
with rather mild restrictions on the quality of the
flight, 10 million people have no access to the
entire airport network, then formation of
a latitudinal chain of hubs and concentration of
regional traffic in them will reduce this indicator
by more than three times.

Even more significant improvements can be
awaited in the segment of not extremely long and
complex air links. For 50 % of the population,
the travel time to each other will be reduced by
almost 1 hour and 20 minutes, and for 91 %,

instead of today’s 73 %, the time spent on board
the aircraft and waiting at airports will not exceed
15 hours in total.

Based on the obtained results of the air
transport system modelling, the target standards
for access to domestic air travel can be set within
the following limits:

7 hours <(PP=90%)< 15 hours.

Setting of the lower limit of 7' is intended to
stimulate the development of the air transport
system in the western part of the country.
Achieving this indicator will mean a reduction
in travel time by almost 15 % for half of the
country’s population. Setting and meeting the
upper 78 target will result in 25 million more
people than currently who will get access to
transportation services within 15 hours.

BRIEF CONCLUSIONS

The paper presents a methodology for
assessing the access to domestic air travel, based
on two criteria: the potential number of passengers
and the time of a passenger being in the system.
Using the proposed approach, an assessment of
access to air transport network of 2019 and 2035
was obtained. The results showed that in 2019
for 50 % of the population of the country, the
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time for obtaining a transport service (passenger
time being in the system) was within eight hours;
for 75 % of the population the time increased to
16 hours, and for 90 % the upper limit was of 28
hours. To improve the quality of access to
transport and to determine its target values,
modelling of the target air transport system for
2035 was carried out. A three-rank network
model was proposed. An assessment of the access
to domestic air travel in the simulated network
showed that for 50 % of the population, the time
in the system can be reduced to 7 hours, and for
90 %, the time in the system will be cut to 15
hours, which improves the assessment of the
network in 2019 almost by twice. The obtained
values of indicators can be considered within the
simulated model as target access standards.
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INTRODUCTION

When studying the functioning of railway
transport, which is a connecting and transforming
link in the logistics chain of multimodal cargo
transportation, it is relevant and expedient to
develop existing and new approaches to optimise
transport and logistics processes to increase their
efficiency and save resources.

In general, optimisation in transportation
problems is the process of finding the best
solution for transportation of goods or
passengers [1].

One of the methods for solving optimisation
problems related to railway transport is
optimisation of train routes and schedules [2-5].
This may include rescheduling trains to increase
the number of cargo and passenger trains during
peak hours, as well as more even load distribution.
These measures make it possible to reduce the
downtime of trains at stations and reduce the cost
of their operation.

Another method for solving these problems
is optimisation of the weight characteristics of
trains [6].

The integration of information technologies
and digital systems makes it possible to increase
the efficiency of railway transport, reduce the
cost of its operation and maintenance, and
improve the quality of service provided to freight
customers [7]. Environmental aspects of cargo
transportation should be also considered [8].

Based on a review of works devoted to the
analysis of the grain transportation market, we
note that considerable attention is paid to the
analysis of infrastructure and logistics,
including the problems of access to the
transport infrastructure, its efficiency and
competitiveness [9].

Also, it is possible to find studies on certain
aspects of the grain transportation market. For
example, some studies analyse the impact of
climate change on grain transportation [10],
including changing transport routes and
increasing grain transportation costs. Other
studies focus on the analysis of changes in grain
transportation tariffs, including the impact of
changes in supply and demand on prices [11].

In general, forecasting of tariffs for operation
of cargo wagons is an important tool used by
railway companies and their customers in
managing transportation costs and effectively
planning their activities [12; 13].

Several studies analyse the technological
aspects of grain transportation, including

development of new technologies and innovative
solutions to improve transportation efficiency
and reduce costs [14; 15].

The objective of the research is to develop
new approaches to optimisation of transportation
and logistics processes to increase their efficiency
and save resources.

The methodology of the research is based on
classical principles of egalitarianism in the theory
of welfare, which allow, based on assessment of
the transport and technological infrastructure of
the rail network segment and tariff rates, to build
mathematical models that are economically
justified, customer-oriented and in demand
regarding management of cargo transportation
processes.

RESULTS
1. Analysis of the Grain Transportation
Market

The grain transportation market plays a very
significant role in the global economy. In recent
years, grain exports from the Russian Federation
have been characterised by significant growth
(albeit subject to fluctuations). Almost 90 % of
grain passes through seaports and almost 81 % —
through the ports of the Azov-Black Sea basin
(ABB). It should be noted that in July—
December 2019, shipments in the ports of the
Baltic Sea, as well as in such ABB ports as
Kavkaz and Taman, significantly decreased. At
the same time, there was an increase in
shipments in the port of Tuapse (+37 %), in
small ports of ABB (+24 %), as well as in the
ports of the Caspian Sea (+27 %). Data on the
main directions of Russian grain exports are
shown in Pic.1.

In the transport system that provides
multimodal transportation of grain in the south
of Russia, we will single out the following key
components: deep-water ports of Novorossiysk,
Taman and Tuapse (allowing to receive ships of
Handysize, Suezmax, Panamax standard sizes);
small ports of the Sea of Azov; river ports of the
Volga and Don.

2. Statement of the Problem
and Mathematical Model
of the Transforming Link
of the Logistics System

The general methodology of the research is
based on egalitarian principles of welfare theory
[16]. We approach the solution of transportation
and logistics problems from the standpoint of
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Pic. 1. Main directions of export of grain cargoes. Source: data of Rusagrotrans
[rusagrotrans.ru’upload/Pycazpompatc '3A 2020.pdf. Last accessed: 15.01.2023].

one of the basic rules of egalitarianism which is
the principle of unanimity in relation to all
considered participants in the transportation
process (following the terminology of [16], we
call them agents). For multimodal transportation
systems, coordination of actions of cooperating
agents, as well as the level of mutual business
trust, are of particular importance. Therefore, in
each link of the logistics system, implementation
of the interests of any agent should not occur
through direct or indirect infringement on the
interests of other agents.

The developed methodology for optimised
modelling of the process of cargo transportation
within the segment of transport network is not
directly related to game theory (as is known, this
theory of mathematical models is devoted to
finding optimal solutions in conflict conditions
[17]). We do not consider the strategies of
players, and their relationships do not seem to be
antagonistic, since the tool for optimising
distribution of cargo flows, one way or another,
is the Pareto criterion.

Let’s move on to the statement of the
problem, which considers the key transformative
link of the multimodal logistics system,
represented by railway cargo transportation.
There are m loading stations and n port reloading
stations. At each loading station, departure trains
are assembled with some cargo. At the same time,
the price of cargo at the stations is different. The
transshipment stations are such that n, of them
are deep water ports and », are small ports
(n,+n,=n). Regarding loading stations, it will be
necessary to perform mathematical and
organisational constructs.

Let B be a given positive integer. Let’s
introduce a set D, whose elements are all sorts

of ordered sets (4,);, where a, are non-negative

integers satisfying the condition:
Z“f =B. (1
i=1

The set D is a subset of the hyperplane
defined in the space R" by the equation (1), whose
points have non-negative integer coordinates.
From the point of view of combinatorics, each
element of the set D can be represented as an
arrangement of B indistinguishable objects in m
cells. By virtue of the well-known formula [18],
we obtain that the number of elements D is equal
to:

. (B+m—1)!
CB+ml m (2)

It can be seen from the right side of the
equation (2) how quickly the values Cj.,,

increase with increasing values of each of the
parameters m and B.

Let us return to the link of the logistics chain
represented by railway cargo transportation,
assuming that the next (also transformative link)
is implemented by sea transport. In this situation,
the ordered sets ()], €D introduced above

represent all possible options for distributing the
number a, of departing trains over m loading
stations. These routes are sent to the address of
a single or any of the transshipment stations and
in total ensure the formation of a complete ship
lot with a given volume B.

Further, we will consider the set D, first, in
connection with the set of 7, transshipment
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stations related to small ports. We introduce two
cost indicators that characterise the process of
cargo transportation directly or indirectly and
allow us to assess the corresponding economic
feasibility.

Let p, be the cost of the cargo that fills the
train sent from the i-th loading stationi =1,2, ...,
m. For each distribution ()", € D of the number

of trains over m loading stations, we put:
P=>pa, . (3)
i=1

The values of the objective function P
represent the cost of the entire cargo, which,
when the dispatched trains are distributed (4,)",
among the loading stations, will be transported
to the address of some station (or any stations)
of transshipment. The introduction of the
indicator P is due to the fact that the price of
cargo located at different loading stations is
different. The objective function (3) represents
an «external» (in relation to the business process
of cargo transportation) commercial indicator,
through which the logistical content of
a transportation-type task is developed, first, in
relation to the client.

Let us now introduce a set of indicators
guided by some considerations and designed to
single out one or another of transshipment
stations under consideration. These indicators
are analogues of the objective function in the
classical transportation problem and have the
form:

C = Zm:ci,a,. . 4)

Here ¢, is the cost of transportation of one
departing train in the section between the i-th
loading station (i =1,2,...,m) and the j-th reloading

station in a multimodal transportation and
logistics chain (j=1,2,...,n) .

The task of this research is to build (within
the specified indicators) an optimisation model
of the transforming link of the logistics system,
as well as to develop an algorithm for solving
the corresponding multi-purpose and multi-
extremal problem. The model has a complex
character and is represented by interconnected
«external» and «internal» parts. The «external»
part of the model corresponds to the optimisation
problem of finding distributions (4,)", of

departing trains over loading stations, at which
objective function (3) reaches a minimum. The
«internal» part of the model corresponds to an

optimisation problem (derived from the
previous one), in which for each distribution
(4);, (varied in the «external» part of the

model) transportation plans are found that
provide the minimum value of the total cost of
transportation (with objective functions (4)) to
n, transshipment stations (let us recall that the
transshipment stations considered in the
aggregate n, constitute a multimodal transport
hub with small ports). Multi-objective
optimisation is based on the Pareto criterion,
through various forms of which the interests of
the agents under consideration are considered.

In accordance with the above, we introduce
transportation plans (xij), where X, are the
numbers of trains sent from the i-th loading
station to the address of the j-th reloading station,
which must satisfy the equalities:

n

> x;=a, (i=12,...m).

J=1

)

Let us recall that the numbers a, satisfy the
condition (1).

3. The Relevance of the Project
of Application Project of the Developed
Methodology and Project’s Features

The developed methodology has for an object
of application the transport and technological
system (TTS) of the segment of the rail network
of the North Caucasian Railway (NCR), adjacent
to deep-water ports on the Black Sea coast and
small ports in the Taganrog Bay. Due to the
intensive exploitation of railway and road
approaches to deep-water ports, it seems very
relevant to develop alternative options for
transformative links of logistics chains, which
under the conditions under consideration may
turn out to be competitive.

For the numerical implementation of the
optimisation model constructed in the article, we
will proceed from the following assumptions:

* Grain loading stations are Timashevskaya
(1), Apollonskaya (2), Zernograd (3), Salsk (4),
Tatsinskaya (5) and Remontnaya (6); port
stations are Taman (1), Novorossiysk (2), Tuapse
(3), Eisk (4), Taganrog (5) and Azov (6).

* A block train is formed on average of 50
cars with a carrying capacity of 64 tons.

* Cargo ships (of the Panamax type) with
a deadweight of up to 80000 tons can call at
deep-water ports year-round.

Thus, exactly B = 25 trains are required to
fully load one ship lot.
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;;’f? a Table 1
1H3 Cost characteristics of grain cargo traffic [performed by the authors]
‘ No. | Loading station | Grain price Cost of transportation, mln rub./train
:tt alt(i)gg:,l%nln Taman 1 Novorossysk 2 | Tuapse 3 | Eisk 4 | Taganrog 5 | Azov 6
rub./route
1 Timashevskaya 1 | 46,20 1,39 1,28 1,39 1,28 |[1,60 1,44
2 | Apollonskaya2 |[43,84 2,45 2,37 2,04 2,66 |2,45 2,37
3 | Zernograd 3 45,12 2,05 1,98 2,12 1,44 (1,23 1,05
4 | Salsk 4 49,60 2,05 1,89 1,97 1,74 [ 1,55 1,39
5 | Tatsinskaya 5 43,84 2,57 2,45 2,56 1,89 [ 1,74 1,60
6 |Remontnaya 6 45,12 2,45 2,37 2,36 2,12 1,89 1,82

It is to note that the allowable deadweight
policy may change over time and depending on
many factors (port depth and condition, types of
ships, government regulations and regulatory
guidelines). Considering the location of the port
of Azov, the corresponding railway infrastructure,
as well as the rationality of technology of train
submission for unloading, we assume that in the
situation under consideration, no more than four
trains can go to the specified address (from all
the indicated loading stations in the aggregate).
This constraint corresponds to the fact that sea
vessels with a deadweight of up to seven
thousand tons can call at the port of Azov (thus,
one vessel is practically filled with cargo
transported by two trains).

Numerical data that allow performing the
corresponding calculations of the optimisation
model of cargo transportation are given in
Table 1.

4. Preliminary Results

For the software implementation of the
optimisation algorithm developed in the article
for the logistic modelling of the process of cargo
transportation and execution of computational
procedures, we turn to the Maxima (Free Ware)
environment. In this section, we present the
results of the corresponding mathematical
experiments, which are of a trial nature. Based
on considerations of balanced distribution of the
number of trains by loading stations, and also
taking into account the volume of the ship lot
(see Section 3), hereinafter we assume that no
more than ten trains with grain can be formed at
each loading station.

As already mentioned, the object of
application of the developed methodology is the
TTS of the North Caucasus Railway range, which
includes the port stations of Eisk, Taganrog and

Azov (considered in this study in the aggregate).
Let’s enter the total cost indicator:
S=P+C,

where C=C, +C+C, (see (4)).

Let’s start by minimising the values of the
indicator S, while also observing the changes that
occur in other indicators: P, C,, C;, C,, and
C. Table 2 shows eight distributions of the
number of trains by loading stations, the
corresponding transportation plans to the
indicated three transshipment stations, as well as
the values of the indicators under consideration.
We stopped the computation process after the
40-th iteration, guided by several considerations.
The main reason for stopping the calculations is
positive and lies in the fact that the minimum
value of the cost P of the entire transported grain
has been reached, which is equal to 1102,4 mIn
rubles (such a conclusion can be drawn directly
from the numerical data contained in Table 1).
With constraints imposed on the volume of grain
exported from loading stations, the stations that
provide the indicated value are Apollonskaya,
Tatsinskaya and Zernograd (note that instead of
Zernograd station, Remontnaya station can act
as the departure station as well). So, (see No. 40
in Table 2), there are ten trains each at
Apollonskaya and Tatsinskaya stations, and five
trains at Zernograd station.

For the 40-th iteration, the value of the total
cost indicator S turned out to be 1149,73 min
rubles. In the process of minimising this
indicator, the cost of transportation C increased
by more than 9 % (note that the corresponding
changes were not monotonous) and reached
a value of 47,73 min rubles. The obtained value
of the indicator S'is of interest, first, to the client.
The value of the indicator C (both in terms of
increasing and decreasing the cost of
transportation) is also of interest to the owner of

(6)

®  World of Transport and Transportation, 2023, Vol. 21, Iss. 3 (106), pp. 222—232

Kolesnikov, Maxim V., Bogachev, Victor A.; Zadorozhniy, Vyacheslav M., Bakalov,
Maxim V. Analysis of Competitiveness of Small Ports of the Azov-Black Sea Basin in Multimodal
Transportation: Technological Aspects, Transportation Problem Optimisation




Table 2
Distribution of trains, transportation plans and value of indicators P, C, C,, C,, C and §
[performed by the authors]

Port/ Grid of connections of train flows, pcs.
No. Lsfaiiﬁ? Tml | Ap2 | Zt3 | S14 | Te5 |Rm6 P ¢ ¢ S

Total 0 0 0 5 10 10

1 Ek 4 0 0 0 0 0 0 0
Tg5 0 0 0 1 10 10 1137,6 37,85 43,41 1181,01
Az 6 0 0 0 4 0 0 5,56
Total 0 0 1 4 10 10

2 Ek 4 0 0 0 0 0 0 0
Tg5 0 0 0 1 10 10 1133,12 37,85 43,07 | 1176,19
Az 6 0 0 1 3 0 0 522
Total 0 0 2 3 10 10

3 Ek 4 0 0 0 0 0 0 0
Tg5 0 0 0 1 10 10 1128,64 37,85 42,73 | 1171,37
Az 6 0 0 2 2 0 0 4,88
Total 0 3 9 0 10 4

s Ek 4 0 0 0 0 0 0 0
Tg 5 0 2 5 0 10 4 1112,64 36,01 40,21 1152,85
Az 6 0 0 4 0 0 0 4,2
Total 0 2 10 0 10 3

16 Ek 4 0 0 0 0 0 0 0
Tg 5 0 0 8 0 10 3 1112,64 32,91 39,75 | 1152,39
Az 6 0 2 2 0 0 0 6,84
Total 0 8 7 0 10 0

- Ek 4 0 0 0 0 0 0 0
Tg 5 0 8 3 0 10 0 1104,96 40,69 44,89 | 1149,85
Az 6 0 0 4 0 0 0 4,2
Total 0 9 4 0 10 0

39 Ek 4 0 0 0 0 0 0 0
Tg 5 0 9 0 0 10 0 1103,68 41,91 46,11 1149,79
Az 6 0 0 4 0 0 0 4,2
Total 0 10 5 0 10 0

40 Ek 4 0 0 0 0 0 0 0
Tg 5 0 10 1 0 10 0 1102,4 43,13 47,33 | 1149,73
Az 6 0 0 4 0 0 0 4,2

the infrastructure and the carrier (for example, The same values were obtained as in the

based on considerations of the competitiveness
of railway transport in relation to road transport).
Note that in all iterations, Eisk transshipment
station turned out to be devoid of trains arriving
at it, which also allows for different interpretations
in relation to agents.

To obtain preliminary results, we will also
consider the process of minimising the values of
the cost indicator C, assuming that the values of
the indicator P do not change and remain equal
to the minimum value of 1102,4 (million rubles).
(Note that it was possible to minimise the values
of the exponent S). The corresponding results are
shown in Table 3.

previous experiment (compare the last rows in
Tables 2 and 3). Thus, for agents whose interests
are primarily focused on minimising the total
cost indicator S, the given results (within the
limits set) seem to be unimprovable.

5. Auxiliary Results

Another reason for stopping the process of
obtaining preliminary results is the large number
of calculations performed when solving the
optimisation problems under consideration. It

! Here and after the stations will be indicated by abridged
names and numbers according to the Table 1 and the text. —
Ed. note
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Table 3

Distribution of the number of trains, transportation plans and values of indicators
P,C,C, C,Cand S [performed by the authors]

No. | Port/ Grid of connections of train flows, pcs P C, C S
Loa'ding Tml |Ap2 (3p3 |Cad4 |[Tu5 |Pm6
station

1 Total 0 10 0 0 10 5
Ek 4 0 0 0 0 0 0 1102,4 0 51,35 1153,75
Tg5 0 10 0 0 10 5 51,35
Az 6 0 0 0 0 0 0 0

2 Total 0 10 0 0 10 5
Ek 4 0 0 0 0 0 0 1102,4 0 51,28 1153,68
Tg5 0 10 0 0 10 4 49,46
Az 6 0 0 0 0 0 1 1,82

3 Total 0 10 0 0 10 5
Ek 4 0 0 0 0 0 0 1102,4 0 51,21 1153,61
Tg5 0 10 0 0 10 3 47,57
Az 6 0 0 0 0 0 2 3,64

19 | Total 0 10 1 0 10 4
Ek 4 0 0 0 0 0 0 1102,4 0 50,09 1152,49
Tg5 0 10 0 0 7 4 4424
Az 6 0 0 1 0 3 0 5,85

20 | Total 0 10 2 0 10 3
FEk 4 0 0 0 0 0 0 1102,4 0 39,75 1152,43
Tg5 0 10 2 0 10 3
Az 6 0 0 0 0 0 0

60 | Total 0 10 5 0 10 0
Ek 4 0 0 0 0 0 0 1102,4 0 47,41 1149,81
Tg5 0 10 3 0 8 0 42,11
Az 6 0 0 2 0 2 0 53

61 | Total 0 10 5 0 10 0
Ek 4 0 0 0 0 0 0 1102,4 0 47,37 1149,77
Tg5 0 10 2 0 9 0 42,62
Az 6 0 0 3 0 1 0 4,75

62 | Total 0 10 5 0 10 0
Ek 4 0 0 0 0 0 0 1102,4 0 47,33 1149,73
Tg5 0 10 1 0 10 0 43,13
Az6 0 0 4 0 0 0 4,2

follows from formula (5) that the number of
admissible transportation plans (x;) in the
considered project is estimated from below by
the number:

oni ot _301227!
(251)"+51+21

Bm-l  ~Bn,-l

=50019606. 7

To find additional and reasonable constraints
on the sets of admissible transportation plans, we
turn to the geometric Euclidean model (GEM)
developed earlier by the authors for the territorial
oligopolistic cargo market created by loading
stations. The method of economic-geographical
delimitation of the areas of influence of loading
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Pic. 2. A picture of the territorial grain transportation market [performed by the authors].

stations, which makes it possible to construct this
model, is described in detail in [19-21]. Only the
corresponding results are presented here, which
were obtained based on (found using the least
squares method) expressions for the dependence
of the cost ¢ of cargo transportation for the
loading stations under consideration (see
Table 4).

In this case, the lines delimiting the «fields
of influence» of loading stations in duopolistic
situations are the branches of hyperbolas (parts
of these branches are depicted by the Maxima
analytical computing system in Pic. 2). The «area
of influence» of Timashevskaya station (1)
included the port stations Taman, Novorossiysk,
Tuapse and Eisk, and the «area of influence» of
Zernograd station included the stations of
Taganrog and Azov. Thus, none of the considered
port stations fell into the «field of influence» of
other four loading stations. Since the costs of
start-end operations at loading stations are
pairwise different (see Table 4), these results do
not follow from simple geographical
considerations.

Note that the use of methods of various
mathematical nature in applied research makes
it possible to increase the degree of reliability of
the results obtained. In this case, it is often
possible to significantly reduce the number of
computational procedures performed when

Table 4
Expressions of dependence of transportation
cost [performed by the authors]

1 Timashevskaya ¢=0,0021+ 0,819
2 | Apollonskaya ¢=0,0021+0,912
3 Zernograd ¢=0,0021+ 0,830
4 Salsk ¢ =0,0021+ 0,892
5 Tatsinskaya ¢=0,0021+ 0,833
6 Remontnaya ¢=0,0021+ 0,959

solving the corresponding optimisation problems.
Based on the GEM of the territorial cargo market,
we impose the following constraints on the set
of admissible transportation plans. We will
assume that no more than three trains can be sent
to Eisk port station from all loading stations,
except for Timashevskaya (1). In addition, more
than three routes to Taganrog station cannot be
sent from the specified loading station.

6. Discussion

Let’s move on to the multi-criteria
optimisation of the process of cargo
transportation to the transshipment stations
Eisk, Taganrog and Azov, which are considered
together. Optimisation will be carried out on the
basis of the egalitarian approach in welfare
theory [16] within the framework of the cost
indicators P and C introduced in Section 2. The
tool that implements the unanimity principle is
the Pareto criterion.
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i?i @ Table 5
113 Distribution of the number of routes, transportation plans and values of indicators P, C,,
| C,, C, Cand S [performed by the authors]
No. |[Port/ Grid of connections of train flows, pcs P C C S
Loading  [Tml [Ap2 |[Zr3 |[SM4 |Tc5 |Rmé6
station
1 Total 0 10 0 5 0 10
Ek 4 0 0 0 0 0 1137,6 0 50,83 1188,43
Tg5s 0 0 5 0 10 41,35
Az 6 0 0 0 0 0 9,48
2 Total 0 10 0 5 0 10
Ek 4 0 0 0 0 0 1137,6 0 50,75 1188,35
Tg5 0 0 4 0 10 42,25
Az6 0 0 1 0 0 8,5
3 Total 0 10 0 5 0 10
Ek 4 0 0 0 0 0 0 1137,6 0 50,67 1188,27
Tg5 0 8 0 3 0 10 43,15
Az 6 0 2 0 2 0 0 7,52
52 | Total 0 9 9 0 1 6
Ek 4 0 0 0 0 0 0 1115,2 0 45,48 1160,68
Tg5s 0 9 5 0 1 6 41,28
Az 6 0 0 4 0 0 0 42
53 | Total 0 10 10 0 1 4
Ek 4 0 0 0 0 0 0 1113,92 0 45,48 1159,4
Tgs 0 9 0 1 4 39,96
Az 6 0 1 0 0 0 5,52
94 | Total 0 5 10 0 10 0
Ek 4 0 0 0 0 0 0 1108,8 0 41,43 1150,23
Tg5 0 3 8 0 10 0 34,59
Az 6 0 2 2 0 0 0 6,84
95 |Total 0 5 10 0 10 0
Ek 4 0 0 0 0 0 1108,8 0 41,33 1150,13
Tg5 0 4 0 10 0 35,81
Az 6 0 1 0 0 0 5,52
96 | Total 0 5 10 0 10 0
Ek 4 0 0 0 0 0 0 1108,8 0 41,23 1150,03
Tg5 0 5 6 0 10 0 37,03
Az 6 0 0 4 0 0 0 42
To each distribution of the number of trains  of the utility vector {F, C} that satisfy the
(a,), €D over m loading stations and to each ~condition (P<P’, C<C") or a condition (P<Pand
related plan of transportation (x ) to the <0 1 .

. . N From the sentential link expression:
trar_lsshlpment stations under con51d.e.rat10n, we ( P<P AC< C*)v( P<P A C< C‘) , )
assign a vector {P, C}, called the utility vector.

An optimal combination of distribution of the it follows that in the process of optimisation there
number of trains and a transportation plan is  isno loss of utility for any of the agents interested
such a combination of (¢')" and (x,") with the i Minimising the 1n§llcators Pand C. .

Table 5 shows eight sets of numerical data
utility vector {P’, C’}, that there is no  from 96 «steps» found by Maxima and making up
combination of (4,)], and (x,), the coordinates  the corresponding «optimisation ladder».
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Table 6

Distribution of the number of trains and values of indicators P, C, and P+C,
[performed by the authors]

No. Number of trains formed at loading stations P C, S
Tml Ap2 Zr3 Sl4 Tc5 Rm6
1 0 0 0 5 10 10 1137,6 60,45 1198,05
2 0 0 1 4 10 10 1133,12 60,45 1193,57
3 0 0 2 3 10 10 1125,64 60,45 1189,09
37 2 10 10 0 2 1 1114,8 55,37 1170,17
38 3 6 9 0 7 0 1114,6 55,31 1169,91
48 6 10 3 0 6 0 1114,0 54,41 1168,41
49 7 9 1 0 8 0 1113,8 54,39 1168,19
50 7 10 1 0 7 0 1113,8 54,27 1168,07
For the optimal combination of distribution CONCLUSION

of the number of trains by loading stations and
the transportation plan, it turns out (see No. 96
in Table 5) that five trains should be formed at
Apollonskaya station, and ten trains at each
Zernograd and Tatsinskaya stations. At the
same time, the value of the indicator S turns
out to be equal to 1150,03 mln rubles, that is,
it practically coincides with the value of
1149,73 mln rubles obtained in Section 4.
However, the value of indicator C turns out to
be 41,23 min rubles, that is, 6,1 mln rubles less
than in the previous case (the difference is
almost 13 %).

So, in the optimal combination, from the
point of view of the client, the indicators are
not inferior to the previous ones, but in relation
to the carrier, the owner of the transport
infrastructure and the operator company, they
may turn out to be more preferable.

For comparison, let’s consider the results
of optimisation of cargo transportation
performed to Taman deep-sea transshipment
station. Here we use the Pareto criterion with
indicators P and C,. Table 6 shows eight sets
of numerical data from 50 «steps» that make
up the corresponding «optimisation laddery.

For the optimal distribution of the number
of trains by loading stations (note that it differs
significantly from the distributions obtained
for the aggregate of small ports), the following
values were obtained: P=1113,8 mlin rubles,
C,=54,27 min rubles and S=P+C=1168,07
min rubles. In this case, the cost of transportation
is 13,04 mIn rubles more than for transportation
to small ports (the difference is almost 32 %).

An approach based on egalitarian principles
of the theory of welfare has been developed in
studying the functioning of the key connecting
and transforming link in the logistics system,
which is cargo transportation by rail. The
mathematical model of the transportation
process, considered within the framework of a set
of cost indicators, is a multicriteria and
multiextremal problem of integer linear
programming. In view of the special importance
for multimodal cargo transportation systems of
coordinating the actions of cooperating agents
and the level of their business trust,
implementation of the interests of any agent
should not occur by infringing on the interests
of others.

Pareto-optimal combinations of distributions of
the number of trains by loading stations and related
plans of cargo transportation to the reloading stations
are found. The corresponding values of cost
indicators provide agents with the opportunity to
choose alternative options in transportation schemes
in terms of competitiveness of small near-port
transshipment stations in relation to deep-sea stations.

The program implementation of the
optimisation algorithm for the functioning of the
considered link of the logistics system is made
in the environment of the analytical computing
system. Appeal to computational experiments
creates opportunities for purposeful operation
with the values of objective functions and
constraints in a transportation-type problem to
identify the optimal level of organisation and
economic efficiency of the transportation
process.
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ABSTRACT

The emerging demand for improving consumer parameters of
rail passenger transport leads to the need to build a dedicated
railway infrastructure for passenger trains with speeds exceeding
in some sections 250 km/h. The high capital intensity of dedicated
infrastructure development projects imposes significant restrictions
on their scope and financial feasibility. The geographically
determined location of urban agglomerations in European and Asian
countries has led to formation of many approaches to the routing
of lines for high-speed passenger transportation.

The projects for development of dedicated high-speed
railways being developed in various countries differ in their
technical, technological, and operational characteristics. The
use of different approaches has led to different efficiency of the
passenger traffic, expressed in the demand of passengers for
transportation.

A structural analysis of existing high-speed transportation
projects allowed revealing general patterns of their development.

By the number of operational tasks arising with regard to movement
of trains, the phases of traffic development were divided into linear,
tree-like and network stages. Thus, when moving from the linear
structure of a high-speed rail, an additional problem arises of trains
passing from the main track to the secondary one. The transition
to the network stage can result in emergence of parallel passages
rail tracks between urban agglomerations.

To generalise the experience of operating high-speed systems
in the world, the article describes the developed method that allows
comparing different projects for organising high-speed rail with each
other. The comparison is made according to the main characteristics
of traffic: travel time between separation points, the traffic speed,
the total length of the railway line. Identification of the patterns
inherent in various projects for development of high-speed rail will
make it possible to compare their technological parameters, to
identify the scope of rational use of high-speed lines and areas of
competition with other core types of transport.
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INTRODUCTION

Railway lines intended for high-speed
transportation of passengers differ in their
operational characteristics from other types of
railway transportation [1; 2]. The implementation
of high-speed traffic requires the construction of
a new infrastructure, which is characterised by
increased requirements for the profile and
structure of the track superstructure, which
enables passenger trains to develop a route speed
between the main destinations above 180 km/h,
which corresponds to the concept of modern
passenger high-speed, interregional transport
system. The existing infrastructure does not
allow the movement of passenger trains in speed
or high-speed mode due to the presence of
infrastructural constraints, such as small radius
curves. World practices testify to the following
fundamental ways of organising high-speed
transportation and its interaction with the existing
railway transportation network:

» Separation of the infrastructure under
construction and the formed routes of higher- or
high-speed transportation from the rest of the
railway network due to the need for physical
isolation of rail tracks that have different
permissible axle loads and different gauges, as
well as of lines with different infrastructure
affiliation [3]. Examples of the process of
separating the network of high-speed lines from
other railway sections can be observed in Japan
and Saudi Arabia [4].

* Creation of a dedicated infrastructure for
higher-speed passenger transportation with exits
to the existing non-higher-speed railway
infrastructure, with consistent modernisation of
those lines but a significant reduction in speed
of high-speed rolling stock when following them
[4;5].

* Inclusion of newly created railway sections
for higher- and high-speed passenger
transportation into a single route network with
existing lines, while providing the possibility of
high-speed rolling stock to use sections not
intended for higher-speed traffic. The most
prominent examples of implementation of such
solutions can be found in Germany and France.

In all the cases, development of concepts and
plans for creation of a HSR route network is
based on topology and expertise drawn from
operation of the existing network of mainline
railways. Consequently, there is a difference in
scale and volume of investment in creation and
upgrading HSR infrastructure [7].

The development of the railway infrastructure
of the main cargo and passenger railway lines in
Russia resulted in a question of creation of
dedicated tracks, with allocation of specialised
infrastructure for high-speed passenger trains'
[8]. The formation of a route network for
circulation of passenger trains in long-distance
traffic requires continuous improvement of
methodological approaches and technical means
of ensuring traffic with the ultimate goal to
develop the backbone of high-speed railways to
satisfy the demand for interregional passenger
transportation, while ensuring a quality level that
allows effectively competing with other types of
mainline transport [9; 10].

The analysis of projects for development of
dedicated passenger infrastructure in the world,
as it was highlighted in our previous works,
makes it possible to identify a certain regularity
in the stage-by-stage development of high-speed
railways from single reconstructed sections to an
extensive network covering all major
agglomerations that generate passenger flow [3].

The objective of the article, that reflects the
advancement of the study on the typification of
HSR, is to update the types of stages previously
revealed but regarding implementation of
development projects and to further develop the
method to compare them while specifying main
features.

RESULTS

Let us consider the stages of evolutionary
development of HSR in more detail.

The first stage in development of HSR is the
stage of development of the linear infrastructure
[3]. At this stage, a direction or section with the
greatest prospective demand for speed and high-
speed traffic is identified, a dedicated main
section of HSR is built or existing infrastructure
undergoes a significant modernisation. This
section, as a rule, solves the task of connecting
the capital city of the country with one of the
major agglomerations.

Let us demonstrate a developed schematic
representation of HSR line topology (Pic. 1),
which indicates the main section connecting the
starting point a and the end point 4 passing

! Vakulenko, S. P., Kulikova, E. B., Madyar, O. N. Passenger
rail transportation. Organisation of passenger transportation
in large transport hubs when assigning additional stops to
passenger trains: Textbook. Ed. by Vakulenko, S. P. Moscow,
Russian University of Transport, 2021, 148 p. ISBN 978-5-
7876-0395-8.
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Pic. 1. Linear structure of HSR development [[3], performed by the authors].

through a certain number of intermediate
populated areas that form an ordered set. This
requires modernisation of the track development
of all the passenger stations, of terminal and
intermediate ones as well, for circulation of high-
speed passenger trains, depending on the
intensity of passenger work and technological
features of rolling stock maintenance [3].
Relevant target schemes were developed by the
domestic scientific school® [11].

Such a linear structure is most characteristic
of the beginnings of development of HSR
networks in the pioneer countries of high-speed
traffic which are France and Japan, and of new
lines of passenger infrastructure in Morocco and
Turkey (Pic. 2). After formation of a stable
demand for transportation on the constructed
linear high-speed infrastructure, there is a further
development of high-speed infrastructure.

The second stage of HSR development is the
stage of tree infrastructure topology [3]. As it
follows from the name itself, at this stage initial

2 Pazoisky, Yu. O., Saveliev, M. Yu., Sidrakov, A. A. /et al].
Railway passenger transportation (selected chapters): For
students of the specialty 23.05.04 «Operation of railways»
and education profiles 23.03.01 «Technology of transport
processes», 23.03.02 «Management». Ed. by Pazoisky,
Yu. O. Moscow, Russian University of Transport, 2020, 407 p.
3 Apatsev, V. 1., Vakulenko, S. P., Golovnich, A. K. [ef al].
Railway stations and nodes: Textbook. Moscow, Training

methodological center for railway education, 2014, 856 p.
ISBN 978-5-89035-674-1.

line is extended, a construction of HSR from the
capital city to other megapolises beyond the
boundaries of the initial route starts followed by
the construction of feeder lines, providing
transportation of passengers from other sites
towards HSR [3].

The difference between the feeder sections
and the main ones is their lower provision in
equipment, lower requirements for the track
profile. They are designed to carry a much
smaller number of passengers compared to the
volume of traffic on the main lines. Less demand
for transportation is accompanied by smaller
traffic on the section, and, as a result, increased
time intervals between trains. When developing
projects for feeder sections, the problem arises
of minimising investments in development or
reconstruction of the railway infrastructure.
Therefore, existing reconstructed railway lines,
updated to enable passage of trains with speeds
above 140 km/h, can serve as feeder sections.
A separate issue for consideration is the prospect
of using single-track sections on such segments
with low-intensity traffic, by analogy with the
technical solutions used on high-speed lines in
Spain [12-14].

A schematic representation of the tree
topology of HSR is shown in Pic. 3, it consists
of a main section similar to a linear scheme, as
well as four feeder sections that connect
individual stations of the set a and of
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Pic. 2. Topology of Morocco’s first high-speed railway, showing existing non-high-speed railway lines [[3], performed by the authors using
an open-source topographical survey at the openrailwaymap].

Pic. 3. Tree structure of HSR development [performed by the authors].

agglomerations that are not included in the
service area of the main section. The route
network is represented both by a route connecting
the start and end points, and by routes following
to branch lines (to feeder lines).

An extensive HSR network can be observed
on the railways of countries that have been
improving and developing their high-speed

®  World of Transport and Transportation, 2

passenger transportation network for decades,
Japan, France, Spain, Italy, Turkey and South
Korea can be good examples of such countries
(Pics. 4-5).

After formation of a stable demand for
transportation through the constructed tree-like
high-speed infrastructure, there is a further
development of high-speed infrastructure.
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Pic. 4. The topology of the HSR network of Spain (left) and France (right) with the designation of existing non-high-speed railway lines
[performed by the authors using an open-source topographical survey at the openrailwaymap].

Pic. 5. High-speed railway network topology of South Korea (left) and Italy (right) showing existing non-high-speed rail lines
[performed by the authors using an open-source topographical survey at the openrailwaymap].

Pic. 6. Network development structure of HSR [performed by the authors].
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The third stage in development of HSR is the
stage of the infrastructure network topology [3].
It supposes construction of high-speed railway
lines, which can form parallel tracks where trains
can run parallel to each other, i. e., ensure the
connection of two points with each other by more
than one option for a passenger train traffic.
Construction is performed in new areas not
covered by high-speed rail during the tree-like
development of the network; new routes, feeder
sections, and new main tracks are being added,
creating the task of controlling traffic on parallel
tracks.

The network topology of HSR is shown in
Pic. 6, the diagram shows two main tracks
connecting the starting point a and the end point
A, which form a parallel connection of two
points, as well as feeder lines that make up an
extensive HSR network. Departure and
destination in such a route network can be
scheduled from any node or backbone passenger
station that provides a stable passenger flow from
the largest agglomerations within the considered
transport corridor [15; 16].

Such type of development of dedicated
passenger infrastructure can be found in
Germany and China (Pics. 7-8).

To compare HSR networks in different
regions of the world, it is important to assess
technological mapping of the lines.

To evaluate the mapping parameters of HSR
and identify the features of the project on the
considered set of agglomerations through which
the HSR line passes (hereinafter, the set
a=[1,2,...,A]), letus mark the points of departure

and destination with coordinates x, and v, ,

while the reference point on the ground can be
taken arbitrarily. The HSR line, passing through
the cities [17] of the considered set @, forms an
ordered subset s=[1,2.....8], i. e., a2s. The

number of settlements and passenger stations
through which the HSR line passes affects the
number of generated origin-destination routes
[18; 19].

In turn, the increase in the number of origin-
destination routes 77; occurs non-linearly, the

dependence of the total number of origin-
destination routes on the number of separation
points involved in the circulation of high-speed
trains is shown in Pic. 9, and is determined by
the formula:

Tr,, =0,5°8>-0,5-5 . (1)

sum

Since networks of different countries differ
in their length and structure, different
technological mapping, it is necessary to
normalise the parameters of the networks under
consideration.

A proposed algorithm, based on structural
alignment method for technological mapping of
dedicated passenger infrastructure, has been
described by us previously [3]. Its main steps are
as follow.

At the initial stage, for the considered
network, the directive origin-destination link of
the route is identified, which is a straight line
connecting the main point of origin (denoted by
1) and the main destination (denoted by J). This
straight line can be described by the canonical
equation of the line:

X=X _ Y= N

X4=% _yA_yl ’ @
where x, and y, —coordinates of the point of
departure [ relative to an arbitrarily accepted
reference point;

x, and y, are respectively the coordinates

of the main destination J.

«After that, it is necessary to eliminate the
free coefficient of the linear equation, for this it
is necessary to shift the origin of the coordinate
axis to the starting point of directive
correspondence» [3]:

X, =X, —X,
A 3
|:ya = ya - yl, ( )

After adjusting the position of all considered
points characterising the position of individual
points on the plane, the function describing the
defining correspondence (2) will take the form:
y=itx, “)

X4

where component i’—" characterises the tangent
A

of the angle of deviation of the directive origin-

destination function from the abscissa axis, then,

to determine the angle of inclination in radians:

o= arcl‘gy—’i . &)
X,

«To obtain the final coordinates of the points
of the considered array of potential-forming
points, it is necessary to eliminate the angular
component of the directive origin-destination
link. For this, if the end point of the directive
origin-destination link is in the 1% (x} >0;, > 0),

or 4™ (x,>0;y,<0) quarter of the coordinate
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Pic. 8. Topology of the HSR network of northern China (left) and central China (right) [performed by the authors using an open-source

topographical survey at the openrailwaymap].
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Pic. 9. Number of generated passenger origin-destination routes, depending on the total number of passenger
stations on the HSR line [[9], performed by the authors].
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Pic. 10. Alignment of coordinates of a single HSR network [performed by the authors].

plane, the final coordinates of the points will be
determined as:
{x; = x, *(cos(-a)) -y, (sin(-at))

¥, =x,(sin(-a))+y, (cos(-a)).

(6)

Ifthe end point of the directive correspondence
is in 20 (x, (0:%,)0) or 3% (x, <0y, <0) quarter

of the coordinate plane, the final coordinates of
the received points must be inverted» [3] (7).
{x; =—(x,* (cos(—a)) =, (sin(-a))) ;

v, =—(x, (sin(—(x)) + y{; (cos(—oc))). Q)

Structural alignment for a single HSR
network is shown in Pic. 10. Scheme 10a shows
the initial set of points that reflect the position of
individual points on the map. In Pic.10b, the

coordinates of these points are shifted relative to
the reference point (3), and Pic. 10c shows the
result of the structural alignment of the set of
points.

When analysing several HSR systems (each
system will be an element of the set f =[1,2,...,F])

the position coordinates of separation points on
the HSR network of different f should be
considered as x;, and y,,. The application of

the described algorithm for the elements F of the
set £ will allow using the methods of statistical
analysis to identify patterns in development of
HSR systems and the influence of mapping
features on the overall competitiveness of a high-
speed traffic. An example of using the developed
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Pic. 11. Alignment of the coordinates of the set of HSR networks [performed by the authors].

method for F=3is shown in Pic. 11, which

presents three abstract point sets of HSR
networks, f1,/2,/3.

BRIEF CONCLUSIONS

Identification of the patterns inherent in
various projects for development of high-speed
railways will allow comparing the technological
parameters of these lines, as well as to study the
role of HSR in a country’s transport system, the
scope of rational use of HSR and areas of
competition with other modes of mainline
transport. The described research method allows
identifying the general patterns of passage of
sections of dedicated passenger infrastructure

World of Transport and Transportation, 2023, Vol. 21, Iss. 3 (106), pp- 233—-242

through the settlements of the set @ generating
passenger flow for main modes of transport. The
obtained values clearly demonstrate the
differences in projects for development of high-
speed traffic of railway networks of the set f,
aimed at ensuring the stable connection of each
pair of points of departure i and destination j, all
provided origin-destination links 77;. Based on

the results obtained, it is possible to build
predictive models for determining the demand
for high-speed transportation in Russia.
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ABSTRACT

There are 1800 climate change laws around the world. In
recent years, the rapid increase in carbon emissions has caused
global warming and climate pollution, causing serious harm to social
development and human health. Reducing carbon emissions is
getting a lot of attention. Since the Kyoto Protocol and the Paris
Agreement, many countries have made efforts to reduce carbon
emissions.

The article describes the international processes intended to
adopt regulations on greenhouse gas emissions, including the
regulated market for quotas and the voluntary market for reducing
greenhouse gas emissions. The emphasis is on European and

greenhouse gases, CO, emissions, ESG.
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Russian quota mechanisms. The stages of development of
transhorder carbon regulation in the EU are highlighted. It is noted
that in Russia, the leader in application of ESG criteria is JSC
Russian Railways, as a company that is consistently pursuing the
transition to implementing the principles of sustainable development.

The conclusions on international trends in development of
carbon regulation are followed by proposals on solutions regarding
problematic aspects of the new Russian carbon legislation.
According to the authors, the target scenario remains the transition
to a new technological structure ensuring a real reducing the carbon
footprint.
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INTRODUCTION

Nowadays, the terms «principles of
sustainability», «kESG criteria», «carbon footprint»,
«climate projectsy, «quotasy, «greenhouse gases»
or «decarbonisation» are widely used in the media.
In parallel, various thematic and sectoral events and
forums are held on these current topics of
sustainable development. New educational
programs and courses are being launched, including
those initiated by higher educational institutions
and corporate scientific institutes. Sections and
chapters on sustainable development are included
in all development strategies and programs of the
largest companies in the Russian Federation. In
many aspects, the leader in the application of ESG
criteria is JSC Russian Railways, as the operator of
the most environmentally friendly mode of
transport with CO, emissions of 0,7 % of all
emissions from the Russian transport sector [1].
Russian Railways Holding company identifies one
of the significant aspects of achieving its strategic
goals as a consistent transition to implementation
of the principles of sustainable development in
accordance with ESG criteria: Environment
(responsible attitude towards the environment),
Social (high social responsibility), Governance
(high quality of corporate governance).

The objective of the study is to analyse new
Russian legislation in the field of reducing
greenhouse emissions and review the current state
of development of sustainable development
processes in the field of decarbonisation. The main
research methods are statistics, comparative,
qualitative, and system analysis.

The article offers description of international
processes of regulating greenhouse emissions and
presents the general results of the study on the
current status of sustainable development processes
in the field of decarbonisation, as of the main ESG
criterion from the point of view of regulatory
impact. The article focuses on bifurcation analysis
of carbon regulation from the point of view of
strategic and operational planning of the «green
economy» by the persons releasing greenhouse gas
in the Russian Federation.

RESULTS
International Processes
International processes for regulating
greenhouse gas emissions are in two planes:
a regulated market for quotas and a voluntary
market for reducing greenhouse gas emissions.
The global turnover of the regulated quota
market (for example, the QTS —the quota trading

system) is approximately 150 times larger than
the voluntary market in monetary terms. To
understand the scale of these processes, we note
that in 2021 the global turnover of the QTS
market amounted to about 260 billion US dollars.
The main goal of introducing quotas is to reduce
greenhouse gas emissions by 55 % by 2030 and
achieve carbon neutrality by 2050, which is
regulated by the international obligations of
countries under the Kyoto Protocol and the Paris
Agreement. The release of quotas into circulation
in a few countries forms the revenue side of the
budget system, and the secondary market for
unused quotas forms the revenue of commercial
organisations.

Quotas in the EU were initially issued free of
charge. At the same time, the limit of free quotas
will tend to zero by 2032-2035. There is
a general gradual tendency for their value in the
QTS to increase with a decrease in physical
supply. Both of these factors have gradually
contributed to an increase in the average price of
emission allowance in the EU to 90 US dollars
per tonne of greenhouse gas CO, equivalent. In
some countries, instead of quotas, only emissions
penalties are used; there are also hybrid options —
a quota plus a fine if it is exceeded. In any case,
according to various forecasts, the cost of quotas
or fines for emissions tends to be 100 US dollars
or more per ton of CO, -equivalent greenhouse
gas emissions.

There are 25 national quota systems in the
world, which determines their low compatibility
in case of introduction of transnational taxes,
payments, fees, or special carbon certificates. In
practice, this means, for example, that it is not
possible to use a third country’s carbon credit or
its monetary equivalent instead of purchasing
a European carbon certificate. This scenario will
be relevant in case of introduction of transnational
fees for the import into the EU market of foreign
products with a large carbon footprint during
their production. The list of products is already
known; from 2025, the extension of the list of
products imported by the EU that are subject to
the transnational tax is possible.

The problem of double counting on a global
scale also persists when quotas are offset by
different countries. For example, now the
Ministry of Economic Development of the
Russian Federation is working to provide access
to international verifiers to the Russian market,
primarily from the PRC. This will allow Russian
issuers to register their climate projects according




to Chinese standards. The Chinese side will buy
and credit emission reduction units issued in the
Russian Federation as a result of implementation
of a certain climate project. At the same time, the
Russian Federation will take credit for reduction
in emissions under the same climate project.

In the framework of development of the
European quota system, the CBAM (Carbon
Border Adjustment Mechanism) mechanism was
launched — transboundary carbon regulation
developed within the framework of the adopted
«Green Deal» (Resolution of the European
Parliament and the Council approving the CBAM
mechanism) [2]. This mechanism algorithmizes
the collection of carbon tax within the framework
of transboundary carbon regulation (hereinafter
referred to as TCR) and is officially aimed at
encouraging trading partners to reduce
greenhouse gas (GHG) emissions, as well as the
carbon footprint of energy-intensive products
exported, primarily to Europe.

The stages of development of transboundary
carbon regulation in the EU today are as follow:

1. For the period 2023-2025 the TCR
mechanism is aimed at quarterly collection of
data on the volume of «direct» carbon footprint
from production of certain types of imported
products (iron, steel, aluminium, cement,
fertilisers, electricity) and does not involve
payment of fees.

2. By the end of 2025, the European
Commission will assess the TCR system and
decide on expanding the scope of the mechanism
to other goods.

Since 2026, the TCR will require suppliers to
purchase greenhouse gas emissions certificates
based on the carbon intensity of their products,
where the cost per unit of emissions will be
determined by the internal weekly average auction
price of the EU emissions trading system. In theory,
however, importers would be able to account for
the carbon price paid within the national emissions
accounting system to avoid double taxation.

In general, based on international trends, we
note:

* In the future, the inclusion into the list of
TCR regulated products of oil refining and
petrochemical products after expiration of the
transition period in 2025 is not excluded. The
least losers will be those companies that
effectively manage the time remaining before the
levy is introduced.

» Companies should start measuring their
carbon footprint, track the cost of carbon

emissions and their impact on overall costs, and
plan actions for various scenarios.

« [t is necessary to identify sectors in which
products have a carbon intensity higher than
those of the main competitors supplying the EU
market and analyse how to reduce the carbon
footprint of products.

* One of the ways to avoid TCR payments is
to switch to the export of a range of goods of
higher value added and avoid the export of basic
raw materials and materials. Other possible
measures could be passing on additional costs to
the consumer (considering TCR in pricing, if
acceptable) or reducing other costs to compensate
for the negative effect of transboundary carbon
payments.

However, the target scenario remains the
transition to a new technological structure with
a real reduction in the carbon footprint.

The voluntary market, unlike the state-
regulated quota market, is not mandatory.
Accordingly, issuers’ entry into the voluntary
market may be driven by their personal need to
become carbon neutral and/or a desire to create
green premium products.

In the first case, the benefits of a carbon-
neutral company status include rating preferences,
preferential financing, or access to a previously
closed financing market, including through the
issuance of «green» bonds, as well as image
background for a public company.

In the second case, the transition to production
of «green» products can increase their cost and
competitiveness and, among other things,
provide access to new markets, which, more
precisely, means the absence of bans on previous
supplies as part of the global «green» agenda. In
essence, the release of voluntary carbon units
(credits, offsets; hereinafter, CU) into circulation
is associated with the fact that a company
planning to level out the carbon intensity of its
products acquires voluntary CU from another
company that has implemented a climate project
(hereinafter, CP), as a result of which greenhouse
gas emissions were prevented or absorbed. As
a result of such a transaction, the company,
investing in implementation of CP by other
organisations, receives a formally neutral or low-
carbon product, since the volume of greenhouse
gas released during its production was offset by
absorption or reduction of emissions of the same
amount of greenhouse gas in another project.

The general «green» decarbonisation scheme
is as follows: a company invests in an eco-
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project, for example, landscaping an area or
building a gas boiler house instead of a coal one,
registering the project as climate-friendly
according to the selected voluntary standard, then
releases a certain calculated volume of carbon
units, which it receives by reducing CO,
emissions [3]. And further, from its carbon
account it is possible to sell the issued emission
reduction units or commensurately increase the
cost of its now «premiumy» products. A climate
project does not have to be implemented in the
company as part of its core business. No one is
stopping people from replanting deforested
forests in Indonesia or increasing absorption of
greenhouse gases by planting forests in the
tundra. This is especially true for extractive
industries, where the ability to reduce CO,
emissions is significantly lower than in other
industries. For example, the forced commissioning
of a booster compressor station can increase the
CO, emissions of a gas production company by
10 times.

There are about 30 voluntary CU certification
programs (standards) in the world, among which
the largest ones stand out:

1. Verified Carbon Standard (VCS), USA —
exchange / over-the-counter platforms (OTC).

2. The Gold Standard (GS), USA — OTC.

3. Global Carbon Council (GCC), Qatar —
OTC.

4. China GHG Voluntary Emission Reduction
Program (CCER), PRC — exchange.

5. Clean Development Mechanism (CDM),
UN - OTC.

The cost of CU when released into circulation
according to different standards ranges from 3 to
20 US dollars per 1 ton of CO, and does not
depend on the volume of investment in the climate
project. From the point of view of direct payback
on production and sale of CU, considering the
significant costs of the climate project, the required
volume of CO, emissions reduction should reach
at least 200-300 thousand tons of CO,. At the same
time, the costs must also include the cost of
registering a climate project and issuing CU. For
European and American voluntary standards, the
cost of issuing CU can be 200-250 thousand US
dollars per 1 CP.

The main weaknesses of the voluntary carbon
market include the heterogeneity of issued CU
(due to significant differences in regulation of
international standards and trading platforms),
insufficient liquidity and opacity of pricing for
CU [4]. UN and US CU issuance standards
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prohibit the use of voluntary CU to offset
mandatory quotas. In China, in this case, there
is a little more loyalty —a Chinese company can
use up to 5 % of issued CU to offset quotas.

Russian Practices

As part of fulfilment of international
obligations, the Russian Federation plans to
reduce greenhouse gas emissions by 1,5-2 %
annually until 2060. Unlike the EU, the Russian
Federation has a large resource for absorbing
greenhouse gases through land use and forestry.
Our country wants to use this resource to offset
its emissions, partially reducing them, which
makes our approaches to decarbonisation similar
to North America, where absorption of natural
resources is also high. Accordingly, the Russian
Federation is currently at the active stage of
developing a national regulatory framework for
carbon regulation (about 30 legal acts were
adopted during the period from 2021 to 2022),
systems of independent verification, circulation
of carbon units and quota fulfilment units (when
emissions are less than the quota).

In June 2021, Russia adopted the first key
climate Federal Law No. 296 «On Limiting
Greenhouse Gas Emissions» (hereinafter referred
to as FZ-296), which involves regulations on
reduction of greenhouse gas emissions,
introduction of «green» certificates and climate
projects [5]. This legal act does not imply the
active use of mandatory climate regulation
instruments (including introduction of a carbon
tax or emission quotas) at the federal level. At
the same time, participation in CP, creation and
state support of which are provided for in the
document, may be attractive to the corporate
sector. At the same time, in accordance with the
law, participants in such projects can transfer
carbon units to other legal entities, which lays
the foundation for trade in carbon units.

As part of development of the Russian CU
trading system, on September 26, 2022, the first
Russian trading started at commodity auctions
held by the National Commodity Exchange
(NTB, Moscow Exchange group). At the end of
the first day, two purchase and sale transactions
were concluded with a total volume of 20 CU.
The weighted average selling price was 1000
rubles per CU [6].

It is important to note that if the CP is
implemented on the territory of the Russian
Federation and its results are verified according
to the Russian national standard, the issued CU
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will not be recognised on the international market
and, accordingly, cannot be sold on the
international exchange. To enter the international
market for the sale of CU, certification according
to international standards is required; accordingly,
at present, the current legislation of the Russian
Federation does not establish the possibility of
recognising CU issued or purchased abroad. It
should also be noted that given the current
political situation, the possibility of Russian
companies to enter international exchanges may
be limited and complicated.

In March 2022, the second key climate
Federal Law No. 34 «On conducting an
experiment to limit greenhouse gas emissions in
certain constituent entities of the Russian
Federation» (hereinafter referred to as FZ-34)
was adopted, according to which Sakhalin region
will become a pilot region in which carbon
neutrality will be achieved by the end of 2025
[7]. The key objectives of the experiment are
formation of a system of independent verification
and creation of a system for circulation of carbon
units and quota fulfilment units (the excess of
quotas over emissions) [8]. It is expected that in
the future the experiment will be continued in
the territories of other constituent entities of the
Russian Federation.

Note that the first experimental region,
Sakhalin region, generates 12,3 million tons of
CO,-equivalent emissions with absorption of
11,1 million tons. Pure net emission (emissions
minus absorption) is 1,2 million tons of CO,
equivalent [9]. As part of the experiment, 70 %
of net emissions will be borne by the subject
(implementation of budget projects on renewable
energy, gasification, energy saving and waste
disposal). The remaining 30 % was distributed
among emitters, which together account for 75 %
of emissions. New regions of the Russian
Federation that have declared their desire to
participate in the quota experiment already have
negative net emissions (for example, Irkutsk
region) or are on the border of complete
absorption of 1-3 million tons of CO, (Kaliningrad
region, Khabarovsk region, Republic of
Bashkortostan, Nizhny Novgorod region). It
turns out that the plans to launch the experiment
and develop the quota methodology concern,
first, entities with small net emissions. Each
region that will join the experiment may have its
own criteria for determining the list of enterprises
participating in quotas. Therefore, the Federal
Government will set them for each constituent

entity, calculating the best model for the it to
achieve neutrality. To do this, a constituent entity
of the Russian Federation must conduct an
inventory of emissions and absorption of
greenhouse gases, assess the consequences of the
experiment for the region’s budget and business,
word the expected trajectory for reducing
greenhouse gas emissions and approaches to
distribution of quotas between regional
organisations subject to regulation. According to
the approved «criteria for classifying legal
entities and individual entrepreneurs as
organisations subject to regulation, dated
14.03.22, No. 355» from 01.01.2025, enterprises
with GHG emissions of more than 50 thousand
tons of CO, equivalent per year fall under
regulation [10]. From 01.01.2025, organisations
subject to regulation will be required to annually
issue and verify a GHG Emissions Report for the
previous year.

In general, in the Russian Federation in 2020,
GHG emissions amounted to 2,1 billion tons of
CO, equivalent. Absorption through land use and
forestry accounted for 0,5 billion tons of CO2
equivalent. Thus, net emissions in the Russian
Federation amounted to 1,6 billion tons. The
number of constituent entities where emissions
exceed absorption (net positive emissions) is
about 10 regions. However, for other regions with
negative net emissions, if a constituent entity of
the Russian Federation absorbs more than 100 %
of its emissions, non-proliferation of the quota
regime is not guaranteed. This is quite logical
and natural, since constituent entities that are
«good» in terms of net emissions have got that
position due to their historical geographical
location, and not because of their targeted
regional investment policy. And without
participation of «good» entities in the quota
regime, it will be almost impossible to achieve
carbon neutrality in the Russian Federation.
Accordingly, a compensation mechanism for
distributing quotas to regions with negative net
emissions may be required.

One of the ways to formally reduce emissions
by export-oriented enterprises is to restructure
asset portfolios based on the intensity of carbon
dioxide emissions.

Also, in recent years, the use of ESG criteria
has been actively developing and becoming
relevant, being implemented in the Russia
Federation in the form of a «green taxonomy».
This system was developed with participation of
VEB.RF as a methodological centre for financial
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instruments for sustainable development and is
aimed at ensuring the flow of investments from
high-carbon sectors of the economy to low-
carbon ones, including through the provision of:

* Preferential «green financing» for eco-
projects.

* Bank guarantees for «green» projects.

* Consideration of the issuer’s ESG rating in
its borrower rating.

VEB.REF, considering world practices (ICMA,
CBI, IDFC, European Union), has developed
standards for «green» financing (requirements
for the verification system) and a system of
criteria for «green» projects, including [11]:

* Reduction of carbon dioxide emissions.

* Increasing the rate of recycling of materials.

* Protection and restoration of biodiversity
and natural sites.

For example, for implementation of a «green»
project, a subsidy from the federal budget may be
provided in the form of compensation for part of
the interest rate for the period of the investment
phase of the project. Thus, the «green taxonomy»
system encourages investors to implement climate
projects and is one of the existing mechanisms for
reducing GHG emissions in Russia.

A landmark example of introduction of
«greeny» technologies in non-resource sectors is
the project for organising railway traffic using
trains powered by hydrogen fuel cells on
Sakhalin. Based on the results of consideration
of the concept and results of a comprehensive
financial model of the project for development
of railway transportation using hydrogen fuel
cells, JSC Russian Railways, the Government of
Sakhalin region, Rosatom State Corporation and
JSC Transmashholding signed a protocol
recognising the hydrogen project as expedient
and technically feasible. The launch of passenger
service on hydrogen trains on Sakhalin is
expected to take place before the end of 2025. It
is necessary to create a small-scale hydrogen
production facility and a network of fuelling
complexes directly on Sakhalin, form a pilot site
and launch regular passenger rail service.
A competency centre will be created at the
island’s university to train the necessary
personnel.

In a strategic plan, to assess the degree of
development of the company («as it is now» and
«where to go») in the field of sustainable
development, including in terms of the
environmental component, it is possible to take
two non-mutually exclusive paths:

1. Independently assess the scale of the
«disaster» if there are the competencies within
the company.

2. With the help of an external consultant,
make a rating assessment for all three segments
of sustainable development (Environment,
Sociology, Governance) in one of several
Russian rating companies, considering the
criteria and requirements for the verification
system of sustainable development projects in
the Russian Federation. The methodologies used
by rating companies are publicly available on the
websites of the relevant organisations [12, 13].

It is important to note that the absence of
obvious direct effects from participation in the
«green» agenda for small companies does not
remove the relevance of this topic for them, for
at least two reasons:

1. It’s easier to immediately put a small
company or startup on the right track than later
to turn around or restructure a large business.

2. The environmental segment for business
is an important component of the overall concept
of «sustainable development» or ESG principles.
By structuring all three segments (Environment,
Social and Governance), new growth horizons
and opportunities for business optimisation can
open for the company.

To structure the Russian processes of
circulation of CU (carbon units, formed on the
voluntary market for reducing GHG emissions)
and QFU (units of quota fulfilment, formed in the
volume of emissions reduction below the quota)
and selecting a target scenario for the monetisation
of greenhouse emissions, the following scheme
can be considered (Figure below). A combination
of'scenarios is possible depending on the dynamics
of the ratio of emissions and the issuer’s quota in
each individual case.

In general, the advantages for any company
in creating a «green economy» are as follows:

* Anchor clients: the company’s compliance
with green principles opens access to preferential
financing, scaling and opportunities to be in the
supply chain of industry leaders, including large
holding companies and corporations with public
participation.

* Personnel: choosing the «be on trend»
strategy allows receiving the best ambitious
personnel and remaining an attractive employer.
In this case, the phrase «employees decide
everythingy is quite appropriate.

» Competitiveness: a strategic advantage is
maintaining competitiveness, especially for
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Circulation scenarios of
CU and QFU of RRO
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tomorrow, when the next technological cycle will
remove from the market companies that today
do not want to invest in the responsible conduct
of their business.

* Capitalisation: all companies with long-
term development goals always are guided (not
always publicly) by some kind of line, mission,
or philosophy of movement. Even if without clear
boundaries and formulations, it’s a matter of
time. An ESG agenda with an environmental
component allows a company to publicly declare
this advantageously. There are estimates that
capitalisation of companies that meet ESG
criteria is growing faster than all others.

We also must not forget about Russian
ingenuity, which knows how to carefully replace
one thing with another, evading the direct
influence of regulators. Many Russian industrial
companies quite rightly replace the concept of
«ecology» with the word «safety». And you can’t
argue here since safety of operation of industrial
equipment and people in the workplace is no less
important and risky for the company than
greenhouse gas emissions.

While setting the task of preliminary assessing
the rate of a possible quota for a regional
organisation subject to regulation, it is
recommended to consider the following aspects:

1. The quota calculation formula for the first
Russian region with approved quota, which is
Sakhalin region, may retain its original
methodology for other constituent entities of the
Russian Federation [ 14]. Note that the methodology
went through a public discussion stage when the
regulator considered the comments of issuers. So,
nothing prevents this methodology from being
broadcast to all regions — those who wanted it,
have already voiced their comments. If a different
methodology for calculating quotas is established
for each entity, then in each case the draft of this
methodology will go through the stage of
preliminary public approval and adjustments
based on the comments of issuers. The public
comment period window is only a few weeks; the
main thing here is for the emission issuer to
develop its own position in advance and at the
same time promptly transmit comments to the
regulator or the developer of the methodology
[15].

2. Whether a company will be subject to
quotas depends not only on greenhouse gas
emissions, but also on the position of the
constituent entity and the Government of the
Russian Federation. However, now, it makes

sense to digitise the company’s possible costs in
case of assigning quotas to take into account
upcoming risks in the budget.

3. In addition, the methodology for calculating
quotas for greenhouse gas emissions does not
specify an algorithm for accounting and
distribution of quotas in the presence of a carbon
footprint of a company in the territory of different
constituent entities of the Russian Federation, for
example, the possibility of offsetting the excess
of quotas in one region with the accumulated
units of quota fulfilment of another region within
the framework of the activities of one and the
same legal entity. Here, for strategic analysis, it
is also better to consider the «worst» scenario,
when it is not possible to use offsets.

4. If the quota regime will apply to all
constituent entities of the Russian Federation, it
may be necessary to proactively develop the
company’s own climate strategy, considering the
estimated quota for the issuer. It should be noted
that for 2022, more than a hundred well-known
Russian companies have announced climate
plans to reduce greenhouse gas emissions, which
will require adjustments to their plans and
strategies when quotas are applied to them. The
costs of this additional work must also be
considered if a climate strategy is adopted before
quotas appear in the region. Perhaps now it is
worth assigning to an official of the company the
entire range of «green» competencies and
assessing all the risks. This will make it possible
to be prepared for a sharp «tightening» of carbon
regulation, for example, for a short time frame
for achieving carbon neutrality for the emitter.

5. If the quota regime is extended to the
corresponding region of the company, it is
advisable to implement previously planned
measures to reduce greenhouse gas emissions
after the quota has been determined. Due to the
high base effect, quota fulfilment units can be
immediately released, which can then be used to
offset future quota overruns or, alternatively,
sold. By the time quotas are extended to all
regions, market indicators for their value will
already make themselves felt, so there should be
no problems with liquidity.

For development of the voluntary carbon
market, we note the nuances:

1. An assessment of the need to implement
climate projects should take into account not only
the direct economic effect (sale of premium
products, sale of issued carbon units, savings on
emissions fines or reduction in fees for emissions
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exceeding the quota) or image benefits, but also
indirect benefits at a qualitative level, which now
cannot be calculated with sufficient reliability
(the ability not to lose the sales market in the
future, retention of developing, ambitious
employees, future tightening of fiscal policy by
regulators, tax preferences and preferential
financing in the future, tender passing scores,
etc.).

2. In case of implementing a climate project
with the voluntary release of carbon units [16],
the latter can be used to offset the excess
emissions over quotas or be sold to avoid double
counting. That is, if a regional organisation
subject ot regulation issued carbon units and
reduced emissions below the quota by forming
quota fulfilment units, then the regulator will not
credit both the CU and the QFU to the carbon
account in the register. You will have to choose
based on market conditions — which has greater
liquidity and costs more [17]. If QFU is chosen,
it is enough to implement the event without
registering a climate project to save on registration
fees — several million rubles for each climate
project (validation plus verification of the climate
project).

3. Before designing a climate event, it is
worth making sure that it falls within the criteria
of a climate project.

Regarding railway industry, we will briefly
highlight the key areas of implementing the
principles of the «green economy»:

1. Increasing the level of efficiency in
resource use.

2. Reducing the negative impact on the
environment.

3. Ensuring compliance of environmental
activities with the current level of development
of science and technology.

4. Reducing potential risks in the field of
environmental protection and environmental
safety when carrying out activities.

5. Improvement of the management system
in the field of environmental protection and
environmental safety.

6. Increasing the priority of environmental
safety and environmental protection issues.

7. Improving the culture of environmental
safety of production processes.

In general, consideration of the principles of
sustainable development allows companies to
minimise ESG risks: the risks of an irresponsible
approach to the environment, social policy, and
corporate governance. Underestimation of ESG

risks entails significant losses in various areas of
the company’s activities: these are reputational
risks, weakening of the company’s position in
the market of transport and logistics services,
decreased attractiveness for potential investors,
including the implementation of «green»
technologies and digital transformation,
disruption of supply chains and technological lag
from comparable companies on the world
market.

Considering the leading position of the
Russian Railways holding company in the
country’s transport system and the principles of
sustainable development, the main directions for
implementation of ESG criteria in the future until
2030 are:

* In terms of creating a «green economy» —
reducing the negative impact on the environment
through modernising infrastructure and
introducing the best available technologies in
environmental activities, as well as increasing
the level of efficiency in resource use with
gradual introduction of elements of a circular
economy.

* In terms of social responsibility of the
Russian Railways holding company — ensuring
safety of train traffic, technological safety,
reducing the frequency of accidents and
environmental disasters, promoting the values
and principles of a healthy lifestyle as an element
of the corporate culture of JSC Russian Railways.

* In the field of corporate governance —
achieving technological sovereignty in key areas
of scientific and technological development,
involving employees, clients and suppliers in
activities to implement the principles of
sustainable development.

CONCLUSIONS

There are currently 1800 laws regarding
climate change [18]. The Russian climate agenda,
as a component of sustainable development
processes, is supported by the international
obligations of the Russian Federation and two
key Russian federal laws of 2021 and 2022.
Despite numerous conflicting opinions about the
need to involve Russian business in climate
processes within the framework of sustainable
development, there are clear signals that these
are not temporary processes, but a sustainable
paradigm of society. The best confirmation of
this will be adoption by the state of a climate
package of documents. As the result, the
advantage in the corporate market will remain
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with systemically important companies with
a minimal carbon footprint. The driving force in
this matter in the domestic market is JSC Russian
Railways, as a leader in the implementation of
ESG criteria.

Analysis of the results of the study might allow
Russian companies making a consistent transition
to a «green economy» to focus their climate position
as carbon regulation in the Russian Federation
becomes more stringent, and to be ready to quickly
make strategically correct decisions.
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ABSTRACT

Switching the operation of railway equipment to life cycle
contracts and confirming its safety compliance with industry technical
regulations in the absence of a legislative framework for the recall of
substandard products entails the need for a more thorough analysis
of resource indicators of structural components of rolling stock and
track superstructure. From this point of view, the state of the existing
regulatory framework for confirming the strength and service life
criteria of load-bearing elements of rolling stock and track, the
influence of the regulatory «guillotine» and the general transition from
the system of Soviet state standards GOSTs and strength rules to
modern approaches of certification and differentiation of such
concepts as «standard» and «supporting standard.

Trends in moving away from classical bench testing methods
towards introduction of a resource-based approach with defectiveness

tests, safety confirmation.
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assessment are shown using examples of previously carried out
research on safe operation of ER200 bogie frame and on the transition
to domestic cassette bearings as part of import substitution, currently
carried out for different types of rolling stock.

Based on the new methods and approaches, it is possible to
consider longer periods of operation, reasonably assess the extension
of service life, or introduce resource-restoring technology, ensuring
further safe operation. As part of these new trends, a transition is
being made to modern modelling methods for assessing product
safety, concepts such as «virtual sensor» and «virtual train-track
system» are being introduced. It is shown that a reasonable
combination of full-scale operational tests and virtual digital modelling
makes it possible to offer reliable estimates of service life and safety
indicators at the design and operation stages in a short time.

Keywords: railway transport, strength, load, resource, rolling stock, full-scale bench and operational tests, virtual digital models and

For citation: Kossov, V. S., Knyazey, D. A., Krasyukov, N. F., Makhmutov, N. A., Gadenin, M. M. Regulatory Framework for Ensuring
Safe Operation of Railway Equipment Based on the Service Life of Load-Bearing Structures. World of Transport and Transportation,
2023, Vol. 21, Iss. 3 (106), pp. 254-262. DOI: https://doi.org/10.30932/1992-3252-2023-21-3-10.

The text of the article originally written in Russian is published in the first part of the issue.
Tekcm cmambu Ha pycckom si3bike ny6nukyemcs e nepeoli Yacmu daHHo20 8bInycka.

® © Kossov, V. S., Knyazey, D. A., Krasyukov, N. F., Makhmutov, N. A., Gadenin, M. M., 2023




INTRODUCTION

The introduction of the life cycle contracts to
be used as basis of operation of railway equipment
in the Russian Federation and the necessity to
confirm the compliance of the safety of equipment
with industry technical regulations in the absence
of a legislative framework for the recall of faulty
products entails the need for a more thorough
analysis of resource indicators of structural
components of rolling stock and track
superstructure.

The development of a methodology for
a comprehensive computational and experimental
substantiation of reliability is carried out within the
framework of an agreement between JSC Russian
Railways and the Russian Academy of Sciences.

Of great importance are applied problems
regarding the rolling stock which were solved by
researchers from JSC VNIKTI, JSC VNIIZhT
together with the Institute of Mechanical
Engineering named after A. A. Blagonravov of
Russian Academy of Sciences (IMASh RAS).

Since there is no law on the recall of
substandard, faulty products, already at the stages
of concluding life cycle contracts there is a need
for resource analysis and further inclusion of these
assessments in contracts and resource management
process regarding operation of rolling stock and
railway transport facilities through life cycle
contracts. All this relates to the law on technical
regulation,' from which technical regulations that
set specific safety objectives organically follow.

!. Federal Law «On technical regulation» Ne 184-FZ,
dated December 27, 2002, 129 p. [Electronic resource]:
https://www.consultant.ru/document/cons_doc_
LAW_40241/?ysclid=Inbusufwwa679963992. Last accessed
24.05.2023.

The concept of «risk» appears, assessed through
a resource. In the standardisation law,?
unfortunately, strength standards disappear.’

In this regard, JSC Russian Railways initiated
research, during which JSC VNIKTI summarises
industry experience in applying the strength
standard rule [norm] and creates the basis for
emergence of a new document, an information
and technical directory, which is provided for by
the law on standardization (Pic. 1) 3.

The objective of the research is to summarise
the results of development of a methodology of
comprehensive computational and experimental
substantiation of reliability and of a legal and
regulatory base for safe operation of rail equipment
as for service life of load-bearing structures

RESULTS

Service life and safety must be confirmed
based on calculations and tests using proven
methods (Pic. 2). Also, it is necessary to be able
to qualitatively, with an assessment of probability,
calculate the service life at the design stage. This
should be laid down during production regarding
the technological base and tools and be supported
at the operation stage by all methods of diagnostics
and maintenance.

2 Federal Law 3akon «On standardization in the Russian
Federation» Ne 162-FZ, dated June 29, 2015, 74 p.
[Electronic resource]: https://www.consultant.ru/document/
cons_doc_LAW_181810/?ysclid=Inbuuhjtmn504679735.
Last accessed 24.05.2023.

* Standard rules [norms] for calculating and assessing the
strength of load-bearing elements, dynamic qualities and
the impact on the track of the undercarriage of locomotives
on 1520 mm gauge railways of the Ministry of Railways
of the Russian Federation. Moscow, Ministry of Railways,
1998, 145 p.

Lawsz of the Ruzsian Federation |

v

3

| 16-FZ"On

390-FZ "On e 161-FZ "On
E Ao o i strategic planning I:"’-“-‘].N:""‘_ standardization in
Russian in the Russian SEEET the the Russian
Federation" Federation" Russian Federation"

| | Federation"

18-FZ "Charter of 184-FZ "Om technical

17-FZ "Omn railway

!

railway transport in regulation in the tranzport in the "Standard" |
the Ruszian Ruszsian Federation" Russzian Federation"
Federation" l
l Article 2, paragraph 3:
Baszic characteristics | . "' An informntion and technical reference
Safety ) document of the national standardization
1 regulations w =vstem, approved by the federnl evecutive bady
‘ Operational zafety (RISKS) =l —3 -5 & | |inthe field of standardization, containing
J TRETS 0012011 B E systematized datn in a certain aren and
,L ) TR TS :g:: E g | |including a description of technologies,
Development of railway transport taldng into account — RIS ..r=1l E e = I S

indicators and RESOURCE management

data"

Pic. 1. Structural diagram of the relationship between legislative and regulatory acts on transport safety and security
[here and after pictures have been developed with participation of the authors].
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Table 1

Analysis of the state of state standards [GOST] that support technical regulations for
railway facilities subject to technical regulation (TRF), based on availability of reliability
indicators and methods for assessing the service life of TRF

Technical Supporting standards TRF

regulations qf the [Technical Control (quantity)

Customs Union requirements | methods

TR TS 001/2011 | 173 167 Rolling stock Components of rolling stock | —
17) (44)

TR TS 002/2011 |98 116 Components of Elements of components of Components
infrastructure infrastructure of high-speed
(20) (54) rolling stock

67)

TR TS 003/2011 |76 84 Components of Elements of components of
infrastructure infrastructure
(30) (64)

Total 347 367 67 162 67

714 296

In table 1, within the framework of existing
approaches to certification and acceptance testing,
the concepts of «standard» and «supporting
standard» are highlighted. A supporting standard
contains certification requirements. It is being
implemented through the 710" decision of the
Interstate Commission of the Customs Union.* In
total there have been developed about 900
standards, while only 24 of them concern
reliability, 18 — strength and service life, and
almost none concern methods and methodology.
The regulatory «guillotine» cut off the strength
standard rules [norms] and many state standards
[GOST] that existed in ex-Soviet Union. Hence,
anecessity to come back to those issues, which is
what the joint work of JSC «VNIKTI» with
IMASh RAS is aimed at.

Basic standards for testing and regarding
strength and service life of railway equipment:

1. GOST 16504-81. System of state testing of
products. Testing and quality control of products.
Basic terms and definitions.

2. GOST R 53076-2008. Rail transport.
Requirements for the strength of railway rolling
stock bodies.

3. GOST 31373-2008. Wheel sets of
locomotives and multiple-unit rolling stock.
Calculations and strength tests.

4. GOST 31846-2012. Special rolling stock.
Requirements for the strength of load-bearing
structures and dynamic properties.

4 Decision of the Customs Union Commission «On the
adoption of technical regulations of the Customs Union
«On safety of railway rolling stock», «On safety of
high-speed railway transport» and «On safety of railway
transport infrastructure» No. 710, dated July 15,2011, 82 p.
[Electronic resource]: https://www.alta.ru/tamdoc/11sr0710/
?ysclid=Incutwnj2j999365223. Last accessed 24.05.2023

5. GOST R 55495-2013. Motorised rolling
stock. Requirements for strength and dynamic
properties.

6. GOST R 55513-2013. Locomotives.
Requirements for strength and dynamic properties.

7. GOST R 55514-2013 Locomotives.
Methodology of dynamic strength tests.

8. GOST 33211-2014. Cargo wagons.
Requirements for strength and dynamic properties.

9. GOST 33788-2016. Cargo and passenger
wagons. Test method for strength and dynamic
properties.

10. GOST 33272-2015. Safety of machines
and equipment. Procedure for establishing and
renewing assigned resources, service life and
storage period. Basic provisions.

11. GOST R 57445-2017. Railway technical
means. General requirements for residual life
determination methods.

12. GOST R 15700.10-2018. Numerical
modelling of physical processes. Determination
of stress-strain state. Verification and validation
of numerical models of complex structural
elements in the elastic domain.

Any of these standards, if compared with
previously existing strength standards?, is much
shorter. The strength standard rules are a document
of about 200 pages instead of 30-50 pages of
standards. They provide only the main criterion
relationships, but the entire methodological base
is missing. Previously, the structure of industry
was homogeneous, managed by the USSR Council
of Ministers, but now, due to the emergence of
competition among companies, the issue of
calculation rules and comparison of calculations
is becoming increasingly relevant. It is necessary
for both the manufacturing plant employee, the
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Pic. 2. Initial provisions of TR TS 001/2011
[Translation of official text in Russian is for exemplification only].

Note: Technical Regulations of the Customs Union 001/2011 «On safety in railway transport» (TR TS 001/2011). Adopted by EEC decision
No. 710 of July 15, 2011, 59 p. [Electronic resource]: https://www.rst.gov.ru/portal/gost/home/standarts/technicalregulationses?portal: isSecure
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Accumulation
of fmowledge

At L L L e

[ P - N A

Machine survivability

at e N T

Reliability

ice life of machines

T g

Fatigue and durability

Strength according to permissible stres

T T T T
1950 1960 1970 1880

T
1980

2000 2010 2020 2030 Years

Pic. 3. Current state and stages of development of scientific disciplines of strength, resource and safety.

scientist, and the operation employee of JSC
Russian Railways to consider the issues of the life
cycle and its provision according to approximately
the same rules.

Thus, tests have now been completed on five
cassette-type axle-box bearings, including three of
Chinese manufacturers and two of domestic
manufacturers. Positive test results have been
obtained based on reproduction of 400 thousand
km of mileage. Testing of cassette bearings on
electric locomotives 2ES6 produced by Ural
Locomotives LLC is currently underway, as well
as tests of cassette-type bearings on cargo cars
wagons which are almost completely equipped with
domestic units and parts (inner and outer rings,
fasteners, lubrication). In 2023, tests of cassette
bearings for cargo cars with a load of 25 tf fully
manufactured in Russia will be carried out, tests of
bearings for high-speed domestic rolling stock will
be tested through reproducing 600 thousand km of
mileage, and bearings of the high-speed electric
locomotive EP20 will be tested as well.

Based on the identified trends, methods will
be developed that will allow analysing the
resource at all stages of the life cycle.’

Pic. 3 presents the history [1] of development
of the science on the strength of machine

> GOST 57445-2017. Railway technical means. General
requirements for resource determination methods. Moscow,
Standartinform publ., 2017, 26 p. [Electronic resource]:
https://files.stroyinf.ru/Data2/1/4293746/4293746291.
pdf?ysclid=Incv2au9ff644715443. Last accessed 24.05.2023.
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structures, starting from the strength of materials,
the development of its models, the theory of
elasticity, to issues of survivability, safety, risks
and assessment of these parameters.

Table 2 presents an assessment of strength and
service life based on permissible stresses and
safety factors. At the stages of design, preliminary
design development, decisions on dimensions, and
engineering vision of the project, such an
assessment is necessary [2].

The resource should then be assessed. To do
this, it is necessary to construct a fatigue curve
with determination of the endurance limit and
assessment of damageability [2] (Pic. 4).
Calculation of the resource assumes accumulation
of damage as the part is used and the destructive
number of cycles is reached. Next, it is possible
to proceed to estimating the resource in years of
operation. But this is only at the stage of
development of the resource approach.

The development of the approach is that defects
also need to be assessed. There is no large wagon
casting without defects. Pic. 5 shows an example
of a fracture mechanics model with development
of a crack-like defect, and corresponding estimates
are given. Here elements of defect modelling, load
studies, considering developments in the field of
mechanics of a deformed body, fracture mechanics
with an assessment of the number of cycles, mileage
and conversion to years of operation are given
(Table 3).
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Table 2

Strength conditions according to current standards

Rolling stock type [ Static strength assessment as for permissible stresses Fatigue resistance rating
I mode TIT mode as for permissible safety factor n
Locomotives 0:<[c]=0,90-c 0,;<[c]=0,55-c ne o, -
K, o,+y-c,
Wagons _ .
04 <[0]=0,60- n=—22_>14.18
o . cae

il | . i
(18 /1/,/' —
//f

5 _ //ff.-
:Em} l"ﬂ/// %
;,_,I.‘S] /tl,-"

b " E
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Miesge, mln km  (durabiliety, vear)

Pic. 4. Assessment of the resource of the side frame of a cargo car at
the design stage: 1 %, 5 % - damageability.

Pic. 6 shows the complex of works carried
out on the frame of the ER200 bogie during the
period when the issue of ensuring safe operation
of the electric train was acute for 23 years before
the introduction of Sapsan trains into operation.
This work was successfully carried out by JSC
VNIKTI together with JSC VNIIZhT and IMASh
RAS. A histogram of operational load was
generated, a calculation was carried out, the most
loaded zones were identified, concentrators were
installed, and the levels of residual stresses were
determined. For the stated conditions, an estimate
was made of the number of trips of the ER200
electric train depending on the magnitude of the
residual stresses (Table 4). Subsequently, these
bogie frames were constantly inspected,
monitored, and promptly restored (repaired) or
removed.

Switching to the resource approach,
researchers have already started to move away
from the classical approaches of material strength
and fatigue curves with a horizontal right branch
due to the fact that even with testing period
comparable to forty years of operation and above,
approaches based on unlimited endurance of the
part do not work (Pic. 7). Then the right branch
of the fatigue graph has a slope and enters the
gigacycle fatigue zone. As an example of
assessment, trips of Sapsan train on Moscow-St.

Petersburg route were studied. For this train, the
service life according to specifications is set at
15 million km of mileage or 30 years of
operation. The full loading cycle for the specified
service life is the number of wheel revolutions
(5x10°). Such a volume of operating time, even
in bench conditions, means years of testing with
the existing technical capabilities. Over 65 years,
JSC VNIKTI tested only about five samples of
axles based on 108, which made it possible to
estimate the angle of inclination of the right
branch of the fatigue curve [3]. And now, based
on these developments, we can state about long
periods of operation and reasonably assess the
extension of service life or assign resource-
restoring technology and ensure further safe
operation.

JSC VNIKTI together with IMASh RAS has
developed a problem-oriented state standard?,
which offers guidelines and shows the main
directions of work and determines the
requirements for calculating the resource. It
states that, first of all, the issue of determining
the load-bearing and power systems is important
(Pic. 8). The resource is determined by all the
features of operation, that is, it is necessary to
solve a technical and economic problem: some
objects must provide an absolute resource and
can be safely operated, while others must be
promptly removed, repaired, or disposed of. But
in any case, the facility must operate reliably
between scheduled repairs.

All complex computation programs have the
concept of «virtual sensor». By placing it in any
zone of interest, and this is, first, the zone of stress
concentrations, the most loaded zone, at the
virtual modelling stage we obtain a virtual load.
This load can be converted into stress blocks,
and by comparing them with the fatigue curves
of materials or objects, parts, the service life can
be assessed with the required accuracy. Sufficient
accuracy with the required probability of non-
destruction is ensured by comparing numerical
virtual experiments with accumulated
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Table 3

Dependence of resource on various defects in cast elements

List of factors under study Resource
Number of Mileage Years
cycles (mileage is assumed as
120 thous. km/year)
Reduced ductility of cast steel 20GL: 2,70x10° 3118 26
— relative elongation 7...16 % instead of 18 %;
— relative narrowing 8...19 % instead of 25 %
No heat treatment when welding casting defects within 279x10° 322 2,7
a radius of R55
Presence of internal casting defects (gas pore, crack) in the | 13,8x10° 153 1,3
R55 zone

Calenlation
of Farigae
crack
kinetics

Pic. 5. Life study of the cast side frame of a cargo wagon bogie.

Table 4
Values of maximum residual stresses
Traction motor bracket area Axle box area
Residual stresses, MPa Resource Residual stresses, MPa | Resource
Number of trips Years Number of trips | Years

240 320 3,1 240 308 3,0

200 460 4.4 200 420 4,0

150 852 8,0 150 544 5,0

Loading blocks

I

i =]
HHEHHH
Residual stresses

ikl

| Strength limits

| Traction motor bracket area

| Axle box area |

Pic. 6. Estimation of the residual life of ER200 bogie frames as for St. Petersburg-Moscow section.

experimental data based on the results of bench
and train tests.

When modelling, along with the solid
components of the rolling stock, finite element
elastic models of the structures under study
(bodies, frames, parts, traction drive, etc.) are
created that sufficiently fully reflect the power
flow of the supporting system or the transmission
of traction force.

Pic. 9 shows a general view of the load blocks
formed for computations and their development
[4], obtained in model and full-scale experiments.
The «train — track» interaction, combined with
the impact of unevenness, deviations, track
alignments, and wheel damage actually measured
at the operating site, for example, the Eastern
segment of the railway network, makes it
possible to obtain the real load and achieve the
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Pic. 7. An example of calculating the service life of a bogie frame sidewall: m1 and m2 - indicators of the slope angle
of the fatigue curve; P — probability of destruction; NO, N* — test bases; o — endurance limits of the part.
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Pic. 8. Basic elements that determine the service life and operational safety of a locomotive.

a) b)

Pic. 9. A schematic example of implementation of the approach using digital models to determine the operational load:
a - solid-state model of a moving train; b - elastic FE model of a locomotive bogie; ¢ - elastic FE model of a cargo car;
d - distribution of lateral (Yb) and vertical (Pv) forces from the wheels to the rails.
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Pic. 10. Generalised scheme of risk analysis of load-bearing elements of rolling stock.

a)

Pic. 11. Equipment for testing axles and wheels for fatigue by cyclically changing circular bending:
a) general view of the full-scale stand; b) a virtual analogue of a «wheel-axle» test bench.

Table 5
Comparison of regulatory documents regarding testing base
Standard requirements in Europe Standard requirements in Russia
Test base Regulatory Test base Regulatory documents
documents
Confirmation of the endurance limit | DIN EN 13260 Confirmation of the endurance GOST 33783
of axles on the base 107 limit of axles on the base 107 GOST 11018
Confirmation of the endurance limit | DIN EN 13262 Confirmation of the endurance GOST 4835
of wheels on the base 107 limit of wheels on the base 107

required probability of estimating resource
indicators.

In Pic. 10, two objects are considered: the
sidewall of the cargo wagon bogie and the bogie
frame of the ER200 electric train. This approach
is now being actively implemented at JSC
VNIKTI using the above models and integrating
them into digital technology.

In 2023 and further on, it would be advisable
for JSC VNIKTI to focus on identifying the deep
relationship between the finite element (FE),
truly mechanistic approach and statistical
models, including neural networks. Mechanical
models themselves are a source of big data, but
they need to be compared and adjusted in
accordance with operational data [5].

Pic. 11 shows an example of testing axles and
wheels and how it is possible to develop virtual
stands and tests [6, pp. 61-65].

Table 5 shows estimates of the number of
cycles before failure and a comparison of the
results obtained with the regulatory frame-
work.

CONCLUSIONS

Based on the foregoing, we can conclude that
virtual testing of railway equipment through
numerical modelling (development and research
of adequate digital models) is important for traffic
safety, allowing to achieve the goals [7, pp 69—
72; 8, pp- 27-29] of:

— Assessment of running and dynamic
qualities, strength, service life and safety of
rolling stock (RS),

— Study of the characteristics and performance
of the track.

— Study of the interaction of RS, tracks, their
load.
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Besides, virtual tests help solve the following
problems:

— Study of the stress-strain state of structures
of large-sized and heavily loaded objects.

— Study of stress concentration (including
using virtual sensors) in structural elements,
welded and cast parts.

— Modelling and simulation of extreme and
emergency conditions and types of object
loading.

— Modelling of joint and individual
components and types of impacts for complexly
loaded objects (mechanical, thermal, etc.).

Methods of using software:

— Selection and justification of models
depending on formulation of the problem (statics,
kinematics, dynamics) and the solution area.

— Creation of finite element 3D models of the
objects under study.

— Fine-tuning of FE models taking into
account the design features of the object (rods,
plates, shells, etc.).

— Selection and justification of the FE mesh.

— Confirmation of the model’s compliance
with the task and study of the limits of applicability
of the solution.

— Verification and validation of the model and
results.
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The article presents the results of a scientific study of current
issues of risk management associated with ensuring safe operation
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by the Russian Science Foundation. The conclusions presented in
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based on scientific research into the risks arising during their
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monitoring of risks determined by appearance of unmanned vehicles
on highways is a necessary condition for development of
a scientifically based system of legal measures of general and
private prevention, including measures of legal liability for relevant
offenses, based on categorisation of risks and threats of violation
of mandatory requirements adopted to ensure transport safety and
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INTRODUCTION

We should agree with the statement that
human social activity and emerging activity
practices are now increasingly associated with
the widest introduction into the practice of
social life and the use of high technologies and
highly mobile or automated technical means [1,
p- 62]. These processes are fully visualised in
the functioning of the transport industry, which
provides logistics processes necessary for
functioning of other sectors of the economy,
ensuring the connectivity of the country’s
territory [2, p. 45], defence capability and
national security of the state [3, p. 101].

The introduction of innovative technologies
is carried out against the backdrop of growth
and the emergence of qualitatively new
challenges and threats of both a technological,
military, and social nature [2, p. 163]. We must
agree with the opinion that the global
civilisational «challenges that humanity faces
are accompanied by a lack of ideas regarding
its further movement. This fully applies to such
a phenomenon as lawy» [4, p. 5]. A significant
number of representatives of Russian legal
science come to similar conclusions, the subject
of their research is in various branches of legal
knowledge [5, p. 18; 6,p.9; 7, p. 5; 8, p. 278],
which, in our opinion, only confirms the general
nature of the statement according to which the
use of high technologies naturally entails
significant problems for legal science and the
practice of law enforcement.

In the works of representatives of transport
legal science, it has been repeatedly and quite
thoroughly stated that development and
increasingly widespread use of an automated
driving system, commissioning of innovative
vehicles is aimed, first of all, at solving a whole
complex of problems that are significant for the
modern economy, such as reducing transport
costs by reducing the driver’s wage fund and
related costs, optimising the costs of
maintenance, depreciation, repair and insurance
of vehicles, saving fuel due to automatic driving
style [9, p. 18], ensuring transport safety by
minimising the influence of the human factor
on road accidents [10, p. 71] etc.

However, there is also an «other side of the
coinx: the introduction of highly automated cars

into the country’s transport complex poses
a number of serious challenges to the law as
apublic regulator [11, p. 15], which undoubtedly
requires their consideration in the rule-making
process [12, p. 131].

In this regard, it is necessary to critically
evaluate the degree of compliance of adopted
legal acts with the needs of practice, the
principles of consistency and mutual conformity.
Solving this problem will make it possible to
formulate directions for further research and
develop proposals for improving the system of
legal regulation of relations related to
introduction of unmanned vehicles, which can
help solve problems not only of a theoretical
but also of a practical nature that arose in the
process of introducing fully automated cars into
the Russian transport system.

The use of a risk-based approach can help
solve this problem. This approach is based on
a program-targeted approach and has become
widespread in various spheres of public life, for
example, in project activities, financial activity
[13, p. 16; 14, p. 34]; budgeting and financial
activities of the state [15, p. 48—49]; business
processes [16, p. 39]; public administration and
state control (supervision) [17, p. 54]; countering
terrorism [18, p. 13] and corruption [19, p. 52;
20, p. 50]; preventing the spread of infectious
diseases [1, p. 7; 21, p. 17; 22, p. 456; 23, p.
161] etc.

Understanding the significance of problems
associated with typology, visualisation,
monitoring and subsequent risk management in
transport is demonstrated by a number of
Russian and foreign researchers.

Thus, there is a justifiable interest in
classification of risks and threats to information
security that arise during the use of unmanned
aircraft [5, p. 44], considering current issues of
providing criminal legal protection in this area
[24, p. 119]. It is noted that of particular
importance is resolution of the issue of liability
for external interference in the process of
control and operation of the automated driving
system of an unmanned vehicle.

There are attempts being made that deserve
attention and support to form a conceptual basis
for risk management in transport as a special
type of management activity that has a staged
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and systemic nature [16; 25, p. 34; 26. p. 19 and
onwards].

The need to consider the probable risks of
the safe use of transport facilities is considered
in the interests of introducing a life cycle
contract in the long-distance passenger complex
[27, p. 88].

Specialists pay special attention to the study
of compliance with humanitarian law when
using various unmanned systems [28, p. 218; 8,
p. 277], as well as monitoring the risks of their
use in various environmental conditions [29, p.
118; 3, p. 98].

Foreign experts are actively exploring the
risks associated with increasing costs caused by
road congestion due to introduction of unmanned
vehicle fleets, which significantly affect urban
mobility [30], focusing special attention on
problems associated with risks for high-quality
urban spaces and active mobility of the
population, noting that despite the expected
future adoption of autonomous vehicles in
cities, there are very few studies analysing the
challenges that faces urban planning [31].

There are works of interest devoted to
predicting the risk of road accidents considering
various factors, including the risks associated
with the increasingly widespread use of
driverless cars, considering the issues of
assessing the risk of an accident based on the
history of driving trajectories, driving events
and records of influence [32].

It is also not unreasonable to note the need
to develop a methodology for assessing the risks
of road accidents involving unmanned vehicles,
connected and automated vehicles in general.
Foreign experts propose to proceed from the
fact that automated vehicles are transforming
road transport, and as part of this transformation,
vehicle insurers are one of the key stakeholders
[33].

Analysis of the results of the impressive
research activity of representatives of various
scientific fields and schools, specialists in the
field of transport, allows us to draw a conclusion
about the relevance and significance of the
problem that determined the purpose of the
study, as well as to determine the range of
insufficiently studied issues, which allows us to
formulate research tasks and determine the

research methodology, formulate conclusions
and justify the authors’ conclusions, the
implementation of which, in our opinion, can
help minimise the risks to the safe use of highly
automated vehicles.

The objective of the study, an important
stage of which is outlined in the article, is to
develop conceptual proposals for improving the
system of legal regulation of risk management
for the safe use of highly automated vehicles.

RESULTS
Initial Hypotheses

Using previously obtained results from the
scientific literature, the authors proceeded in the
research process from the hypothesis that the
high degree of social, economic, and defence
significance of the transport system for Russia
[17, p. 52], vulnerability of elements of the
transport complex to acts of illegal interference
[34; 10, p. 71], strictly determines the need for
in-depth scientific study of the sources of origin
and typology of risks and possible threats to
safe functioning of transport [10, p. 74],
developing on this basis a system of legal
regulation of transport relations using the tools
of public legal regulation.

Previously, the authors also substantiated
the thesis [35; 29], according to which the
relationship between the emergence of
innovative transport and the importance of legal
support for the processes of their implementation
and use [36, p. 263], the need for their legal
regulation in the interests of ensuring transport
safety in general [2, p. 46], minimising the risks
associated with the increasingly widespread use
of vehicles [37, p. 4], including those equipped
with an automated driving system [38, p. 29],
should be recognised as having a natural
character and completely scientifically
substantiated [35; 39].

At the same time, the results of a systems,
legal and formal-dogmatic analysis of domestic
normative legal acts and their projects indicate
the incomplete adequacy of measures taken to
resolve the relations that arise during
implementation of innovative technology [38,
p- 91]. We also previously substantiated the
statement that rule-making activity in this
direction is carried out with a significant delay
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and with an insufficient degree of systematicity
[38, p. 94].

Important for this study is the conclusion that
it is necessary to use the potential of legislation
on technical regulation, which should be
considered precisely as the legal regulation of
relations in the field of establishing, applying and
fulfilling mandatory requirements for products,
production, construction, installation,
commissioning, operation and disposal, as well
as in the field of application on a voluntary basis
of requirements for these objects, and legal
regulation of relations in the field of conformity
assessment [34; 40, p. 35].

The authors substantiate the need and
relevance from the point of view of social
practice, feasibility and validity in the context of
legal theory of using a risk-based approach to
develop legal measures in the interests of
ensuring safety of the use of unmanned vehicles,
and therefore the study uses a historical and legal
approach and tools of legal hermeneutics,
methodology of formal-dogmatic and systemic
approaches.

The results obtained in the process of research
work allow us to assert with a sufficient degree
of certainty that the high demand and potential
applicability of the risk-based approach in
various areas of public life is completely justified
theoretically and supported by the needs of
practice, since a scientifically sound and
effectively functioning system of risk assessment
and management in that or other area allows us
to timely identify risk factors and take adequate
measures of general and specific prevention to
completely eliminate them or, at least, minimize
them to an acceptable level that is permissible
for normal functioning of the system.

The results of historical, semantic, semiotic
analysis, accessible for study and appearing to
be quite solid, obtained by numerous adherents
of decision theory and game theory, free, in our
opinion, the authors from the need for a detailed
consideration of the category «risk»,
homogeneous and derivative terms and concepts,
as well as the phenomena they designate within
the framework of hermeneutics and epistemology.

At the same time, it should be borne in mind
that it is precisely identification of common,
coinciding in all concepts of the risk-oriented

approach in various fields of activity that allows
us to isolate the typical essential features of the
phenomenon we are studying, which are of
fundamental importance. The need for this kind
of research is seen in the importance of defining
conceptual approaches based on which it is
supposed to formulate the legal and organisational
basis for applying a risk-based approach to
identify the degree (measure) of threats to safety
of the use of unmanned vehicles in the interests
of subsequent development of management
decisions to minimise them.

Risk-Based Approach to Organisation of
State Control (Supervision)

Within the framework of a systemic legal
study of the risks of the safe use of highly
automated (unmanned) vehicles, the most
significant for comparative research in
connection with the possible applicability of
experience are, in our opinion, legal foundations
of a risk-based approach in a number of areas,
which include, first of all, legislation on state
control (supervision).

It should, of course, be considered that long
before implementation of the risk-oriented
approach to organisation of state control and
supervision, the risk management system was
used in customs and tax control, however, both
fundamental and procedural aspects of
application of this approach were found most
fully in the legislation on state control
(supervision).

Probably, the concept of a risk-oriented
approach in state control (supervision) can be
considered homogeneous for a risk-oriented
approach to identify the degree (measure) of
threats to safety of the use of unmanned
vehicles, which determines the significance of
the results of the study of the system of legal
regulation of control over compliance with
mandatory requirements proposed below. To
better update the stated approach in relation to
the subject of the study, the analysis will be
carried out considering the specifics of control
(supervisory) activities carried out in order to
ensure transport security.

According to p. 2 of Art. 1 of Federal Law of
July 31, 2020, No. 248-FZ «On state control
(supervision) and municipal control in the Russian
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Federation» (hereinafter also referred to as the
Control Law) state control (supervision), municipal
control should be aimed at achieving socially
significant results related to minimising the risk of
harm (damage) to legally protected values caused
by violations of mandatory requirements. Thus, an
analysis of the legalised purpose of state control
indicates that the category «risk» has an essential
meaning that determines both the purpose and the
method of exercising control.

Despite the establishment of general
conditions for implementation of a risk
management system at the legislative level in
the provisions of Chapter 5 of the Control Law,
the legal regulation of risk management in
transport as a type of management activity is
fragmented. In addition, there is no general
theoretical and legal model of risk management
in transport, which would serve as a conceptual
basis for building appropriate systems on
specific modes of transport, corresponding to
organization of control (supervisory) activities
of Rostransnadzor [Federal Agency of Transport
Supervision], taking into account its new
powers and the risks, which significantly
increased quantitatively and changed in content,
for ensuring safety both for the Russian
transport system as a whole and for individual
modes of transport.

Legal Risk management Mechanisms for
Modes of Transport

Some legal mechanisms for risk management
have been formed and implemented in certain
modes of transport.

Thus, in railway transport the Interstate
standard GOST 33433-2015 «Functional
safety» is in force. Risk management in railway
transport»,! in which risk management is
understood as coordinated activities aimed at
managing and directing an enterprise in relation
to risks (clause 3.33). The risk management
process includes the following stages: defining
the scope; definition of risk criterion; risk
identification; frequency analysis; impact
analysis; determining the level of risk; risk
assessment; risk treatment; monitoring and
review of risk (clause 5.1).

! Put into effect by Order of Rosstandart dated December 4,
2015 No. 2108-st.

There are a number of standards in force in
air transport, in particular, the National Standard
GOST R 55846-2013 «Air transport. Aviation
safety management system. Acceptable risk.
Principles and methods for determining
acceptable risk for government and service
providers».’Risk management in air transport
is a process similar to safety management, in
the highly specialized direction of ensuring
safety based on measuring the significance of
risks, reducing the severity of consequences
from the impact of risk factors on the system
and avoiding the system from risk factors
(clause 3.1.9).

It should also be noted that the basis of
various risk management concepts is the
provisions of the following GOST [state
standards]: GOST R ISO 31000-2010 «Risk
Management. Principles and guidance,
approved by Order of the Federal Agency for
Technical Regulation and Metrology dated
December 21, 2010, No. 883-st; GOST R ISO
31010-2011 «Risk management. Risk
assessment methodsy, approved by Order of the
Federal Agency for Technical Regulation and
Metrology dated December 1,2011, No. 680-st;
GOST 33433-2015. Interstate standard.
Functional security. Risk management in
railway transport, approved by Order of
Rosstandart dated December 4, 2015, No.
2108-st, etc., at the same time, the study of local
risk management models indicates the absence
of aunified conceptual and category-conceptual
approach to the issue of risk management in
transport. In particular, the concepts developed
by corporations?® use such concepts as: risk
factor, risk indicator, hazards, sources of risk
events, etc.

The risk management concept formulated in
railway transport has a staged nature. Thus, the
risk management process in railway transport
consists of the following stages: a) risk
identification; b) risk analysis and assessment;

2 Approved by Order of Rosstandart dated November 22,
2013 No. 1878-st.

3 Order of JSC Russian Railways dated January 13, 2020
No. 18/r «On approval of the Methodology for assessing
decision-making criteria when developing measures in cases
of violation of traffic safety based on an analysis of risks in
the field of traffic safety and reducing the severity of the
consequences of road accidents at railway crossings».
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c¢) impact on identified risks; d) monitoring and
review; f) exchange of information and
consultation (clause 2.10. MR).

At the same time, the methodology for
identifying risks also involves analyzing the
causes (risk factors, sources) of a risk event. Risk
factors are understood as internal or external
factors that, individually or in combination with
other factors, can lead to risk realization. In
addition, at the stage of risk analysis and
assessment, for the purpose of further monitoring
and review of risks, risk owners develop key
indicators for identified risks (KIR) (clause 4.7.1.
MR). KIR are used to provide early warning of
the increasing likelihood of risk occurrence and
take preventive measures to address the risk or
recognize the fact of risk occurrence and take
measures to minimize the consequences. They
are not a description of the risk but serve as an
indicator for considering the need to change
current activities to address the risk.

Opportunities and Goals of Applying a Risk-
Based Approach to Driving Unmanned Vehicles

As a result of the data obtained, we believe
it is possible to assert that the use of the widely
used risk-oriented approach seems to be the most
adequate way to identify the degree (measure)
of threats to safety of the use of unmanned
vehicles for the purpose of subsequently
developing legal measures and making
management decisions in the interests of
minimising them.

This approach allows for monitoring and
visualisation of risks, their differentiation, which
is the basis for development and subsequent
implementation of measures, including those of
apublic law (administrative law) and private law
(civil law) nature, aimed at preventing and
eliminating or minimizing to an acceptable level
the risks and safety threats of using unmanned
vehicles in a metropolis.

We can conclude that the analysis of the
fundamentals of minimising the risks of the safe
use of unmanned vehicles involves identifying
a set of principles for construction and operation
of a system for managing these risks.

Construction of a risk management system
associated with admission to operation of the
subsequent use of unmanned vehicles, in addition
to the general principle of consistency, according

to which management of this category of risks is
considered as a component of more complex
systems of specific significance, must have
a certain structure, the property of adaptability,
dynamism, sustainability, etc. It should be built
on the basis of special principles, including
scientific principles; comprehensiveness;
objectivity; concreteness (situational), etc.

Brief Analysis of the Requirements of Private
Principles: Differentiation and Legal Certainty

Considering the principle of differentiation,
in our opinion, implies the need to typologize
risks according to the degree of their significance
for safety of using unmanned vehicles, identifying
the degree of influence of the corresponding
threats on road safety involving unmanned
vehicles. Our highlighting of this principle is
largely due to its special significance for
resolving issues related to a comprehensive
analysis of factors affecting safety of operating
unmanned vehicles in megacities.

Legal certainty as a principle for constructing
a risk management system associated with
admission to operation of the subsequent use of
unmanned vehicles presupposes the need for
a clear and fairly rigorous regulatory legal
settlement of all social relations arising in this
case[11,p. 16; 12, p. 118;]. We are talking about
the need to unambiguously establish in positive
law procedures for identifying risk factors that
arise in the process of admission to operation,
operation of unmanned vehicles, risk monitoring,
liability for relevant offenses, etc.

CONCLUSIONS

The results of the study made it possible to
confirm the high degree of practical applicability
and usefulness of the risk-based approach to
minimise the threats that arise during the process
of admission to operation and operation of
unmanned vehicles.

The formation of the latest concept of risk
management in transport should be preceded by
work on development of a general theoretical
and legal model for managing risks arising in
the process of admission to operation and
operation of unmanned vehicles.

A critical understanding of paradigmatic
foundations of the application of a risk-based
approach in various spheres of social production
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and socio-economic relations made it possible
to determine the system and partly the structure,
to formulate the principles of constructing a risk
management system associated with admission
to operation and the subsequent use of unmanned
vehicles.

Legalization in positive Russian law, the
practice of the activities of transport management
bodies and subjects of transport relations of the
proposals formulated based on the results of the
study will allow, by optimising the risk
management system and the integrated use of
legal means, to minimise the risks of operating
unmanned vehicles on public roads, which has
not only scientific implications, but also applied
significance for ensuring the efficiency and
safety of their operation, can contribute to
innovative development of the transport system
in the context of ensuring development of the
Russian economy, achieving national goals and
strategic positioning of the Russian Federation
in the modern world.

The author’s conclusions presented in this
article do not pretend to be complete and final,
but, in our opinion, can serve as the basis for
both scientific discussion and further research
into the problems of legal support for the safe
use of unmanned vehicles.
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ABSTRACT

The objective of the study is to establish the origin and
evolution of the term «logistics», understood as management of
material flows and stocks. The historical-genetic method and content
analysis were used in the study of available sources.

The inconsistency of assumptions about the origin of the
name «logistics» in the modern interpretation from ancient
Greece and the Byzantine Empire is shown. There is also no
connection between the mathematical logic developed by
Leibniz and the content of logistics in economics and military
affairs. The illegitimacy of explaining the evolution of the term
«logistics» by random coincidences of words that are homonyms
and related to different historical eras and countries has been
established.
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INTRODUCTION

There are several dozens of definitions of
«logistics» contained in textbooks, manuals,
monographs and other publications. Such
a discrepancy in understanding what «logistics» is
can be perceived as a curiosity, because people have
been engaged in organisation of material flows and
storage of stocks since emergence of commodity
production, i. e. since the Neolithic Revolution. At
the same time, creative activity of the authors of
published materials, who consider themselves
specialists in logistics, has an objective basis. After
all, few people think of compiling definitions of
physics, astronomy, or mathematics. These
branches of knowledge have already been formed.

The abundance of definitions suggests that
logistics, which arose at the beginning of
development of civilization simultaneously with
emergence of a manufacturing economy and trade
relations, began to take shape as a science relatively
recently. The initial stage of any science is formation
of its ontology, terminological base. The traditional
understanding of ontology, as a field of philosophy
that studies general categories and patterns of being,
is increasingly being supplemented by specific
subject aspects in the relevant fields of science.
Ontology defines the subject area of research, basic
concepts and relationships between them. In this
sense, ontology is close in its meaning to the term
«thesaurusy [1].

At the same time, the concept of «ontology»
can have a more complex multi-level hierarchical
structure. According to the ontology, the concepts
in the chosen field of activity are divided into groups
that are in horizontal and vertical relationships with
each other. Relations and types of interaction
between concepts are characterized. The study of
ontology is important for clarifying the semantics
(semantic content) of a particular area of activity,
contributes to a uniform understanding of the
terminology of logistics and establishment of
relationships between terms [2].

The objective of the study is to establish the
origin and evolution of the term «logistics»,
understood as management of material flows.

RESULTS
Operational Activities in Logistics
and Inconsistency of Assumptions
about the Origin of its Name from
the Greek Language

When forming the ontology of logistics, one
of the tasks is to establish the origin of the very
name of this field of activity. In publications of
different authors, mutually exclusive versions
may be offered at the same time. The main thing

is not even that these versions are mutually
exclusive and can be placed side by side, for
example, in one textbook or study guide. The
problem is that the information given in the
literature is by no means always related to the
coordination of interaction between participants
in the supply chain, movement of material flows,
formation of stocks, warehousing and other
activities that are commonly associated with
logistics in its modern sense.

One example of this approach is the search
for the origins of the term «logistics» in the Greek
language. In particular, its origin is associated
with the ancient Greek word Aoywetuc [logistics]
— «counting art» [3]. In Athens, logisticians were
elected controllers who carried out financial
verification of the activities of officials. If abuses
were detected, the logisticians prepared materials
for judicial review [4]. After reading the treatise
of Aristotle (384-322 BC) [4], which mentions
the ancient «auditors» and «interrogatorsy, it
becomes clear that they had nothing to do with
transportation, stock management and other
operations related to commodity circulation.
Approximately also it is impossible to say that
Norbert Wiener (1894—1964), having published
his famous book «Cybernetics or Control and
Communication in Animal and Machiney,
devoted it to the issues of navigation, because
the Greek word kvBepvntuki [cybernetics]
means «the art of steering the ship», «the art of
the helmsmany.

Byzantine literary monuments are a valuable
historical source. In particular, the work of
Emperor Constantine VII Porphyrogenitus
(905-959) «On the Administration of the
Empire» includes a chapter «On the Dews
Departing with Monoxyls from Russia to
Constantinople», which contains the first
documentary description of the transport support
of our country’s international trade with Eastern
Roman Empire [5].

Greek was the official language of the
Byzantine Empire. A thousand years after
Aristotle, the work of the Byzantine Emperor
Leo VI (866-912) «On Tactics» [6] was written
based thereon, which is also often called in
modern literature one of the sources for
appearance of the term «logistics» in relation to
the military sphere. Indeed, the emperor writes
about logistics, but he has in mind the solution
of personnel and financial issues of supporting
the army, and not movement of troops and
military equipment. To ensure movement of the
Byzantine army on the march, to check the
condition of roads and crossings, it was not the
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«logistics», but the antikensors (Gvtikévewp)
that were supposed to. Their functions also
included determining the need for provisions and
equipment for combat operations. The
antikensors, together with the minsors (uvoop)
or, in another spelling, the minsurators, organized
the placement of troops in the camp. Supply
functions were assigned to the pallikari
(moaAlikaprov or maAAE), who served in the
wagon train (todAdog [touldos] or TodAdoV
[touldon]). To make sure that the Byzantine
«logistics» were not engaged in what is today
understood as logistics, incl. in relation to
military matters, it is enough to read the work of
Leo VI [6].

Quite often in the literature on logistics, it is
mentioned that the great mathematician and
philosopher Gottfried Wilhelm Leibniz
(1646—-1716) used the word «logistics» to name
mathematical logic, a new direction in science
he was developing. What is the meaning of the
mention of Leibniz in modern literature on
logistics is not clear, because it is obvious that
the current content of logistics is in no way
connected with mathematical (in other words,
symbolic or formal) logic. Perhaps some authors
suggest that the indication of the name of the
scientist-encyclopedist, who created differential
and integral calculus independently of Newton,
will give modern logistics greater authority?

Additionally, it can be noted that Leibniz’s
works on mathematical logic were not published
during his lifetime and were practically unknown.
Logical calculus was created almost one and
a half hundred years after Leibniz’s death, and
the beginning of work in this direction is
associated with the publication in 1847 of the
article by George Boole (1815-1964)
«Mathematical Analysis of Logic» [7]. D. Buhl,
having learned that G. Leibniz anticipated his
discoveries, felt «as if Leibniz came and shook
his hand through the centuries» [7]. This does
credit to the English mathematician, but has
nothing to do with logistics, as it is now
interpreted.

In the same way, the fact that in 1904, at the
suggestion of the participants in the Philosophical
Congress in Geneva (one of the proposers was
a native of Russia), the name used in Leibniz’s
manuscripts was assigned to mathematical logic
is just as irrelevant to logistics as the management
of material flows, — «logistics» [8]. This fact was
included in the Soviet «Philosophical
Encyclopedia», published in 1960-1970, and
since then, for more than half a century, it has
been reproduced from there in various editions

[8]. At present, if you look at the literature on
mathematical logic [9; 10], it can be seen that the
term «logistics» is almost never used in relation
to it. So the events of the Geneva Congress of
1904 may be of interest for studying the history
of philosophical thought, but not forunderstanding
the evolution of logistics as a sphere of economic
activity.

If the authors of modern publications on
logistics, in search of the origin of this term,
delved into ancient philosophy, then they could,
relying on the authority of Aristotle, offer another
version. The ancient philosopher created
a system of deductive reasoning, which he called
syllogistic (from the Greek cvAhoyilopar —
I count, I think) [10—12]. Fortunately, logistics,
as organization of goods movement, is not yet
associated with syllogistics.

Also, there are no attempts yet to connect the
origin of the term «logistics» with the logistic
equation obtained in 1838 by the Belgian
mathematician Pierre Frangois Verhulst
(1804-1849), which has been used to model
population, describe economic dynamics, in
ecology and in other areas [13; 14]. Given the
universal nature of the logistic equation and the
popularity of the logistic curve described by it
(sigmoid, sigmoid curve, S-curve), we must pay
tribute to the restraint of the authors of
publications on logistics.

Finishing the discussion of the lack of
connections between the origin of the term
«logistics» and the city government of Athens
three hundred years before our era, the Byzantine
army of the Early Middle Ages, the creation of
the foundations of mathematical logic at the turn
of XVII-XVIII centuries and the Philosophical
Congress at the beginning of XX century, it is
appropriate to cite one of the laws of logic, as
formulated by Aristotle, the author of this law:
«To mean more than one thing means nothing.
And if the names are devoid of meanings, then
it is impossible to have a conversation with each
other, and in truth with oneself ... So, as we said
at the beginning, the name means something and
means one thing» [15, pp. 89-90].

Attempts to explain the term «logistics» by
random coincidences of words that have different
meanings and refer to different historical eras are
fruitless. In different languages there are
homonyms — words that are the same in spelling,
but different in meaning. For example, in Russian
there is the word «quarry» in the meaning of
«quarry» (transferred from the French carriere)
and there is the word «quarry» in the meaning of
«horse gallop» (it is based on the Italian carro in
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the meaning of «chariot», «wagon» and the
formed from it the Italian carriera — «fast running
horse»).

To establish the origin of the concept of
«logistics», it is necessary to find when,
according to Aristotle, it began to «mean» the
same as now, i. €. when its content became close
to modern understanding and began to mean the
coordination of actions of all parties involved in
organization of material flows; execution of
transport operations; storage and distribution of
stocks and other related operations. Moreover,
material flows should be understood not only as
movement of various goods, but also as movement
of people.

The role of G. V. Jomini in Creation
of Logistics as a Modern Science

The emergence of logistics as a science is
associated with the name of Genrikh
Veniaminovich Jomini (1779-1869). Since
Jomini was a professional military man, he
developed logistics as one of the components of
military art, in which he emphasized strategy,
tactics and logistics [ 16, pp. 29-30; 134;140—-141].
No more and no less: in his opinion, in order to
win in hostilities, it is necessary to master the
strategy, tactics and logistics. Jomini defined
logistics as the practical art of moving armies,
the detailed organization of marches, the
arrangement of camps, the placement of troops
in apartments — all this ensures achievement of
strategic and tactical goals [16, pp. 140-141].
After the works of Jomini, the term «logistics»
began to be used in its modern meaning, first in
military affairs, and then to designate the
corresponding area of economic activity.

The creator of the science of military
logistics, from which modern civilian logistics
later grew, deserves at least a few words to
describe his life path. Jomini is often referred to
in literature as a French military theorist.
Surprisingly, sometimes in domestic publications
you can even find the English spelling of his last
name — «Jomini».

In fact, Antoine-Henri Jomini (Antoine-Henri
Jomini, that was his birth name) was born into
a wealthy Swiss family. He entered the military
service in Switzerland. Soon, as a very young
man, he wrote a two-volume work, the title of
which cannot fail to impress even in a brief
reproduction: Traité des grandes opérations
militaires... («Treatise on great hostilities ...»).
Wanting to publish it, he achieved in 1804 an
audience with the French Marshal Ney. He
allocated the necessary funds and invited the

young Swiss to his service. Thus began his career
in the Napoleonic army. Jomini’s treatise,
subsequently supplemented, was repeatedly
reprinted, incl. in Russia, Britain, America [17].

In 1813, the 34-year-old Jomini, who already
had the rank of brigadier general since 1811, had
a conflict with the chief of staff of the French
army, Marshal Berthier. As a result, he decided
to emigrate to Russia, where he was promoted
to the rank of lieutenant general. He adopted the
name Genrikh Veniaminovich, having converted
to Orthodoxy, and for 56 years remained
a Russian subject, until his death. While living
in Russia, he continued to write his works in
French, since he never learned Russian. This was
not necessary, since French was the common
language in Russian high society. However, his
works were translated and published in Russian.
The most significant work is the «Brief outline
of military art», written in 1837, originally «for
the instruction of the august person» [16, p. 1]
(heir to the throne Alexander Nikolaevich, future
Emperor Alexander II). In 1840, 27 years after
Jomini’s emigration to Russia, it was published
in Russian [16]. The book was constantly
supplemented and substantially revised by the
author, gaining popularity in various countries.
In 1939, under the title «Essays on the Art of
Wary, it was published by the People’s
Commissariat for Defense of the USSR
(translated from the original in 1855 in French)
[18]. Tt is in the second volume of this book that
the most complete and accurate presentation of
Jomini’s ideas about military logistics is
contained, to which Chapter VI «On Logistics,
or on the Practical Art of Setting Armies in
Motion» is devoted. In XXI century, the book of
Genrikh Veniaminovich Jomini is not forgotten
and continues to be republished [19].

Speaking about development of logistics in
our country in XIX century, it is appropriate to
recall that its name was included by V. 1. Dahlt
(1801-1872) in his famous «Explanatory
Dictionary» (in the explanation to the article
«Logicy): «Logistics ... a part of tactics, about
movement of troops» [20, p. 262]. Knowing
about the friendship and constant communication
between V. 1. Dahl and A. S. Pushkin, it can be
assumed that the term «logistics» will someday
be found in the creative heritage of the great poet.

Jomini did not exaggerate or underestimate
his contribution to logistics. He noted that the
first systematic description of military logistics
(«the first experience of logistics») was given by
Jacques-Francois de Chastenet, Marquis de
Puysegur (1656—1743) [16, p. 2], author of the
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treatise The Art of War, which was published
after his death in 1749.

Under the «Sun King», Louis XIV, Puysegur
held the position of maréchal général des logis,
which translates into Russian approximately as
«chief marshal of apartments». In publications
on French military history, it is noted that from
the second half of XVI century, the functions of
this commander included organizing army
marches, organizing and building a camp,
supplying provisions and ammunition. This is
approximately how the functions of the chief of
staff are understood in the armies of other
countries. As soon as the commander-in-chief
determined the final destination of the army, the
chief marshal of apartments (maréchal général
des logis) carried out reconnaissance of the area,
studied the condition of roads and crossings,
determined the places for setting up camps and
placing the army in apartments, the procedure
for providing food and ammunition, compiled
maps, after which developed march orders —
detailed routes for each column. Mistakes could
lead to the loss of a military campaign [21].

To concentrate superior forces in the most
important direction in the right place and at the
right time, ensuring a decisive advantage over
the enemy — this is the principle of the victory of
all outstanding commanders: Alexander the
Great, Hannibal, Caesar, Rumyantsev, Napoleon,
Suvorov, Kutuzov. The opposite is also true:
strategic miscalculations in logistics lead, in the
end, to military defeat. For this reason, Hannibal
defeated the Romans in Italy for 15 years, but
was forced to evacuate his troops from there. Two
thousand years after Hannibal, the impossibility
of logistical support for Napoleon’s army led, in
combination with other factors, to its complete
destruction in Russia. Napoleon abandoned the
remnants of his troops and fled to Paris. By the
way, the frosts in 1812 began when the French
army had practically ceased to exist. The people’s
memory has preserved the words of M. I. Kutuzov
in an address to the troops: «The war is over for
the complete extermination of the enemy».

Based on the experience of his predecessors,
Jomini wrote: «The word «logistics», as you
know, comes from Major general des logis
(translated in German as «quartermaster»), i. .
from the name of that category of officers whose
duty once consisted in placing troops in
apartments or in camps, in the direction of the
columns, and in placing them on the spot. This
was the end of all the logistics, which, as we see,
included the arrangement of ordinary camps. But
after the new method of warfare without camps

was established, the movements became more
complex, and therefore the headquarters also
received wider rights and duties ... the old
logistics is no longer sufficient to designate the
science of the headquarters ... it needs to be given
a different development and make a new science
out of ity [18].

The merit of Jomini is that his book gives
a clear and unambiguous answer to the question
of the origin of the term «logisticsy.

The term «logistics» in the modern sense
comes from the French word le logis — dwelling.
This term is associated with the need to provide
housing for the army when it moves during
marches. Gradually, the content of logistics
expanded, and it became, in the words of Jomini,
«a new science» [18].

In French, there are other words with the
same root and similar meanings, for example,
loge — a box, a room, a cell; le logement —
housing, apartment. From French, the word das
logis meaning dwelling, came into the German
language [22, p. 54]. In German, there are also
words logieren — (temporarily) to live; lodge;
settle; arrange for residence; das lager —
warehouse, camp, storage, store. There are
cognates of a similar meaning in Russian and
other Slavic languages: lair, log, rookery, bed,
lie. It can be assumed that the root «log»
characterizes the etymological connections of
words in the languages of the Indo-European
family (in particular, French, German, Russian
and other languages of this family) with the
meanings of «dwelling» (both for people and for
animals), «location», «roomy, etc. It can be
assumed that the Latin word locus (place) also
has a similar origin.

The term «logistics» appeared in the French
army from the second half of 16" century, long
before Jomini, to refer to organization of troop
movements, their placement in apartments and
camps, the supply of food and military equipment.
The enduring significance of Jomini’s work also
lies in the fact that he formulated the tasks of the
«newy logistics, which is fundamentally different
from the «old» logistics, from the previous ideas
about its content. It is extremely important that
all these tasks are very easily interpreted in
relation to economic activity in the civilian
sphere [23, pp. 16—17], although he himself, as
a professional military man, most likely did not
think about it.

Doctor of History, Associate Professor of
History at the Florida State University (USA),
Eman Vovsi, who examined in detail the activities
of G. V. Jomini in several scientific papers, cites
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information that his ««principles of military art
« ... laid the foundation for professional military
education in Russia, as well as in the countries
of Europe and North America in XIX-XX
centuriesy [17]. After Jomini, logistics acquired
its modern significance, first in the military field
of the leading countries of the world, and then in
the civilian sphere.

Spread of Logistics Technology
from the Military to the Economy
after World War 11

The solution of logistical problems in the
military sphere is most important for countries
that are forced to provide and coordinate military
operations in remote and vast territories. During
the Second World War, such a need was
especially acute for Germany and Japan, on the
one hand, and for the Soviet Union and the
United States, reflecting their aggression, on the
other hand.

For almost four years, Germany and the
Soviet Union waged against each other, mainly
ground operations along a huge line with
involvement of numerous army formations in
need of food and equipment, ammunition and
military equipment. It required creation of stocks
and transport support. It was necessary to
effectively manage logistics, organize the
interaction of the front and rear.

In the initial period of the war, the Soviet
Union successfully carried out a logistic operation
of evacuation of more than 1500 industrial
enterprises in Volga region, the Urals, Siberia
and the union republics of Central Asia,
unprecedented in scale and timing.

The United States had to solve the problems
of maritime military logistics in the war with
Japan in Southeast Asia and the Pacific, as well
as create conditions for combat operations on
land in Europe and North Africa. The complex
logistical tasks of the US lend-lease program
were solved jointly with the USSR and Great
Britain. From the Western Hemisphere, supplies
to the Soviet Union were carried out along the
Pacific route (via Vladivostok, then along the
Trans-Siberian Railway), through the ports of the
Persian Gulf and the land transport network of
Iran, then by the ships of the Caspian military
flotilla, and also through Murmansk by Arctic
convoys, through Alaska and the Black Sea.

One of the largest logistical operations of the
US-British armed forces was the landing in
Normandy (1944, Operation Overlord).

Throughout the war, America had a constant
challenge to provide efficient maritime and land

logistics in theaters of operations located at
a considerable distance from its territory.

Difficult logistical tasks after the Second
World War faced the United States during the
occupation of Germany and Japan, as well as in
conflicts in Korea (1950-1953), during the
Lebanese crisis (1958), in Vietnam (1955-1975)
and in other parts of the globe.

Almost immediately after the war, a network
of American military bases began to be created,
which currently has more than a thousand
facilities in 150 countries [24]. Their infrastructure
is growing and requires constant logistics support
from the United States.

The continuous complication of the tasks of
military logistics has led to the need for the US
Army to use the scientific potential of universities,
research centers and consulting companies.
Military logistics began to penetrate into the
civilian sphere, and developments in coordination
of material flows, inventory management, and
the choice of optimal transport links began to be
used in the 1950/60s not only by the army, but
also in business to improve supply, organize
production and market finished products, to move
from solving particular problems to integrated
management of movement of goods from
suppliers to end consumers.

Along with logistics technologies for
coordination of transport and warehouse
operations, integrated material management, the
corresponding terminology was spread. Literature
on logistics began to be published. One of the
first publications was an article by Roy Alderson
«Marketing effectiveness and the principle of
delayed delivery» [25].

Professional associations appeared, one of
the tasks of which was development of glossaries
and unification of terminology. In 1963, the
National Council of Physical Distribution
Management was created, reorganized in 1985
into the Council of Logistics Management
(CLM). Since 2004, it has changed its name again
and currently functions as the Council of Supply
Chain Management Professionals (CSCMP)
[26].

The process of interaction between business
and the army in the United States was bilateral.
For example, the entrepreneur Malcom McLean
(1913-2001) created the first multimodal
transportation scheme in modern containers in

1954. And rapid development of the use of h

containers occurred when it became necessary
to support military operations of the American
army in Vietnam, and McLean received a large
order for transportation from the US military
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department. Pretty soon, this technology spread
around the world and was called the «container
revolutiony.

The acquisition of competencies and skills in
logistics was also facilitated by the large size of
the United States and open access to the Pacific
and Atlantic oceans with many ice-free ports on
a long coastline.

Period of 1950—60s is characterized not only
by intensification of interaction in the US army,
science and business in the field of logistics. At
this time, the economy began to change.

America has become one of the richest
countries in the world. 6 % of the world’s
population lived in it, and 66 % of all goods
produced in the world were produced and
consumed. The average American family with
several children has become the standard for
having a comfortable suburban home, owning
two or more cars, and being able to purchase
a variety of goods and use a variety of services.
Convenient roads were built. Retail chains with
large shopping centers appeared and intensively
expanded, one example of which was Wal-Mart
founded in 1962 [27].

This meant not only an increase in the well-
being of US citizens. Residents of country
houses, to a much greater extent than those living
in apartments, are characterized by an increased
demand for cars, household appliances, and
furniture. They buy tools for home use, lawn and
flower garden maintenance, minor repairs, and
the like. Therefore, an increase in construction
of individual houses leads to an expansion of
trade and the need to deliver a variety of goods
to all objects of the commodity distribution
network, up to final consumers.

Competition in business began to shift to the
area of struggle for the buyer, the assortment of
goods increased, and after-sales service spread.
Stocks began to increase, the costs of promoting
goods to buyers increased, and there was a need
to improve logistics. To solve managerial
problems, economic and mathematical methods
and computer technology began to be used.
Logistics has become indispensable in the
competitive struggle of enterprises in the market
environment, first in the United States, and then
around the world.

CONCLUSIONS

1. The analysis of primary sources concerning
urban self-government in Athens in IV century
BC and the Byzantine army at the turn of IX—X
centuries, he established that the assumptions
about the Greek origin of the name of logistics,

understood as organization of material flows and
management of commodity stocks, are
unfounded.

2. The term «logistics» began to take shape
initially in the French army in XVI-XVII
centuries and was associated with acomprehensive
solution to the problems of troop movement:
organizing marches and camps, providing troops
with housing, supplying food, ammunition and
military equipment. The position of the head of
the service of the General Staff, who dealt with
these tasks, was called maréchal général des
logis, which translates into Russian as «chief
marshal of apartments» (from the French word
le logis — dwelling).

3. The principles of military logistics in the
modern sense were first formulated by
G. V. Jomini in one of the chapters of the book
«A Brief Outline of Military Art», written after
his emigration to Russia, published in Russian
in 1840 and originally intended to teach the
basics of military affairs to the heir throne, the
future Emperor Alexander II. Subsequently, the
book was repeatedly reprinted and proved to be
in demand in professional military education not
only in Russia, but also in Europe and North
America.

4. Military logistics received active
development during the Second World War, when
military operations were conducted in almost all
regions of the globe. Military logistics was of
particular importance for the United States in
connection with the need to ensure the combat
capability of its armed forces in Southeast Asia,
the Pacific Ocean, Europe, North Africa and to
carry out deliveries under the Lend-Lease
program.

5. After the Second World War, military
logistics in the United States continued to
develop rapidly due to the military operations of
their armed forces in different regions of the
planet, the occupation of Germany and Japan,
and the creation of an extensive network of
military bases in 150 countries of the world. The
involvement of research organizations to
improve military logistics began to lead to the
spread of its principles from the military sphere
to the economy. The reverse process was also
carried out, when business developments in the
field of logistics were used by the US Army.

6. The growth in the welfare of the population
and rapid development of the economy have led
to the fact that in the competitive struggle of
enterprises, the emphasis has shifted towards
logistics, first in the United States, and then in
other countries of the world. Professional
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associations began to form and literature on
logistics and supply chain management began to
be published.
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Northern Siberian Trade Route
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g R T - A reproduced article published in the journal «Zheleznodorozhnoe deloy in 1912

i e e is devoted to a project to build a railway line linking the river network of Siberia

(approximately from the current Salekhard to the Ob) with the Arctic coast in
Varandey region, where it was supposed to build a seaport.

Regardless of the fact that development of the transport infrastructure of the Polar
Urals and the North of the European part of Russia eventually went the other way,
the economic geography, the foreign trade balance changed, the article is interesting
in the historical aspect by the balanced and verified approach to the comprehensive
assessment of complex transport projects that was developed more than 110 years
ago and their feasibility study. The authors of the project under consideration took
into account, when arguing, many factors — of a strategic nature (development of the
Siberian region, reduction of the transport load on the backbone transport network
of the European part of the country, minimization of competition between domestic
producers along the route of goods flows), foreign trade flows, seasonality of
navigation along rivers and the Northern Sea Route, technical and economic aspects
of construction, distribution of private and public investments, projected optimal
tariffs and taxation, payback periods, taking into account payment of dividends, and
many others.

Of course, the content of factors taken into account and assessment methods

have changed significantly since then. One of the paradoxes is that, despite new
technologies, modern engineers already assess the risks and difficulties of building
in the subpolar zone much higher, which at the beginning of the last century was
considered almost an easy and cheaper option for building a railway.

In general, we must give credit to the authors for complexity of their approaches,
taking into account the time when they were made.
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Area of influence and its cargoes. On the
basis of a very rich, but, unfortunately, scattered
statistical material on the productive forces of
Western Siberia, the following conclusions can be drawn: the
annual surplus of the main local products in recent years has
been':

1. Wheat, rye, barley and oats:

a) in Tomsk province from 8300 000 to 20200 000 p.

b) « Tobolsk province «10700 000 «23 000 000 «

¢) «Akmolinsk province « 2000 000 « 11800 000 «

d) «Semipalatinsk « 2000 000 « 11800 000 «

Total from 21000 000 to 55000 000 p.

Av. number — «38000 000 p.

II. Flax, hemp and tows ................c..cceeee 500000
IIL Flaxseed ......c.ovvvveieininiiiiiinn, 700000
IV. Cow butter..........cooeuuevuiinniinenns oon 2000 000
V. Live cattle (up to 200 thous.)................1600 000
VI. Bacon and pork................. .... 800000
VII. Wool, leather and furs...................... 550000
VIII. Meat salted and frozen and game...... .2800 000
IX. Fish in different forms..................... 300000
X.Pressedhay.........oooeviiiiiiiiinnns 2000 000
XI. Ores, metals and coal .....................7

XII. Other goods .......cccoceveeeerererenene... . 1000 000

Total per year (except item XI) not less than 50250 000 p.

Kr. ch...... 50000 0003

It is obvious that a lot of this amount of
Siberian raw materials will continue to be
exported to the Urals and further to Arkhangelsk
and to the west along the existing communication
routes. There is also no doubt that some cargo
will continue to be sent from Western Siberia
to Eastern Siberia. However, taking into account
the vast expanses of the most fertile chernozem
soil within Western and Central Siberia, the
cultivation of which has only recently begun,
with development of resettlement, as well as the
fact that an increase in productivity of the region
is directly dependent on demand and ease of
export corresponding products to their

! According to the Siberian Department of Imp. Geogr.
Society, verified and replenished by E. A. Zhernakov and
1. I. Ignatov. Very valuable indications are also given in hist.
essay: «Siberian railway, the road in its past and present»,
comp. S. Sabler and I. Sosnovsky, under ch. ed. senior
secretary Kulomzin. St.Petersburg, 1903, pp. 402-415, and
in the article by V. Grigoriev: «What can the Turkestan-
Siberian railway give us». Vestnik putei soobshcheniya 1905;
Nos. 25 and 26.

2 This amount of the annual supply of Siberian bread is also
confirmed by the reports of local governors and heads of
regions over the past ten years (from 1894 to 1904).

3 With addition of ores, metals and coal — over 80 million
pounds. Average cargo traffic counts of the Siberian railway.

destinations, there is no doubt that the main part
of the above-mentioned goods will gravitate
towards European markets, choosing for
themselves the most convenient and cheapest
way of export, i. e., the considered Northern
Siberian trade route.

The validity of this assumption is confirmed
by the following calculation.

Local prices in Western Siberia, for
example, for wheat fluctuate at present from
35 to 45 kop. per pood, the average price of
a pood of wheat in London* in recent years
has been kr. ch. 107 kop. There is no doubt
that, with the opening of a secure route for
the sale of Western Siberian products to
Europe, Siberian raw materials will rise in
price, which means that the difference in the
cost of the same Siberian wheat in the places
of production and consumption will not be
107-40 = 67 kop., but, perhaps, only 50 kop.
The cost of transporting one pood of wheat
along the route under consideration, including
overhead costs, will be:

1) water from st. «Oby to st. «Sob», 2400 v.

dOWNSIIEAM. ..o 7,00 kop.®

2) along Polar-Ural railway from st. «Sob» to the
seaport «Varandey» (400 ver.), with the cost of reloading
and other expenses...12,00 kop..¢

3) POIt EXPEISES. e neeneineint it et et et etariiinaenanans
.3,50 kop.”

4 The following conclusions apply to most other markets
as well.

5 According to Tyumen steamship owners.

¢ And namely:

a) actual transportation cost 400x1/45= kr. ch. 9,00 kop.

b) additional railway costs substituted for Polar-Ural Railway
of railway «forwarding fee» in........c.ccccceeunnee .1,50 kop.

c) for passing grain through two elevators...... 1,50 kop.
TOtal . 12,00 kop.

"For Polar-Ural railway, which rests, on the one hand, on the
seaport (Varandey), and on the other hand, on the river harbor
(Sob station), supplied with necessary hydraulic structures
and equipment, — as components of the road — at the expense
of private society, it is proposed to set the collection fee at
0,50 kop. higher than in other ports, i. e. in the amount of
0,75 kop. up to 1,50 kop., or on average, one kop. each from
all cargo passing through both end points of the road; as
for the actual ship dues, this can amount to approximately
2,50 kop. per a pood, and therefore the full port dues for the
future Medynsky port will be 3,50 kop. This amount of the
total port dues cannot be considered exaggerated if we take
into account the significant costs that will be associated with
construction, maintenance, repair and gradual development of
the river harbor and seaport with their accessories (flyovers,
cranes, steamers, icebreakers, etc.).), as well as repayment
of the necessary funds.
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4) for transportation of grain by sea from Medynsky
port to London, with insurance costs ............ 10,00 kop.?

Total.....coooiviiiiiiiiiiiiiceeeeeeeeee.. 32,50 kop.
and therefore the difference in the prices of wheat,
when it is exported along the Northern Siberian
route, will give a still free (useful) stock of 50—
32,50 = 17,50 kop. per pood.’

In parallel to this, transportation of bread in
grain from st. «Ob» to London, through the main
ports of European Russia costs:

From a pood in kopecks:

through Arkh. | Spb. |Revel |Riga |Libava
and namely:

1. Carriage fee | 35,26 | 54,88 | 5743 |57,81 [59,29
for railway.!

2. Freight river | 13,50%|6,00 |6,00 (5,00 [4,50
and sea.

3.Overheads® |[6,23 (623 [623 623 |6,23
Total 54,99 | 67,11 | 69,66 |69,04 |70,02

Here it is appropriate to note that on the
existing railways, additional railway fees for
grain cargoes amount to 1,23 kop. from a pood
(including cumulative station expenses — 0,50
kop.; for loading and unloading — 0,33 kop.; for
weighing — 0,20 kop.; and for a fee of '/, kop. —
0,20 kop., total — 1,23 kop.), and for other
goods — according to their classification — from
0,97 to 1,48 kop. for a pood. But since the road
under consideration will be in exceptional
conditions, requiring the possible simplification
of its cargo operations and calculations, it is
proposed to replace the aforementioned rates
with one general forwarding fee of 1,50 kop. from
a pood for grain cargo and 1,75 kop. for other
cargoes.

Adding to these rates 107-50=57 kop.,
corresponding to the above av. Siberian wheat
prices at st. «Oby, its value on London market
would have received only ... 111,99 | 124,11 |
126,66 126,04 ] 127,02, 1. e. it would have been
higher than the average prices for kop. that
existed there in recent years 4,99 | 17,11] 19,06]|
19,04| 20,02.

8 With regard to the event held with the Dutch Trading House
«William Ch. Miller & C°» agreement, on the basis of which
the indicated tariff is established for all sea transports between
Arkhangelsk, on the one hand, and Rotterdam, Amsterdam,
Antwerp, Bremen, Hamburg, London, Hull, Newcastle and
Leith, on the other.

? In reality, the indicated difference should be even greater,
since transportation of grain by railway in bulk is taxed at
a rate lower than 1/45 kop. from a pood and a verst.

®  World of Transport and Transportation, 2

These conclusions explain, among other
things, why Siberian bread, when exported
abroad, even along the shortest of the existing
transit routes, through Chelyabinsk, Kotlas and
Arkhangelsk, enters the markets of Western
Europe in a relatively limited amount (only from
1'/, to 3 million poods a year) and, moreover,
only when its purchase price at the place of
production does not exceed 46 to 48 kop..!°

It was not mentioned above about the export
of Siberian timber because, until now, it actually
did not exist. However, there is no doubt that,
with the opening of a convenient and cheap way
to sell it abroad, it can become one of the most
important items in the export trade of Siberia.

Based on research carried out in 1898—1903
by the Samarovsky forester A. A. Dunin-
Gorkavich on the state of state forests in the
northern part of Tobolsk province,!! as well as
according to data cited by the railway engineer
S. A. Zhbikovsky in his brochure «Ob-Yenisei
waterway and its economic importance»,'? the
forest areas of Siberia in the basins of the Ob and
Yenisei are so extensive that they cannot even be
compared with Canada.” Taking into account
only the forest plantations of Berezovsky and
Surgut districts of Tobolsk province that are
closest to the rail track under consideration, the
annual vacation of forests from them, thickness,
from 9 to 12 versh, at breast height, can be
determined at 1700 000 pieces logs,' or
trimmed, kr. ch. in 51 million cubic meters foot.
(310000 standard), weighing the same number
of poods.

The cost of felling, transportation and
delivery of timber along the Ob and its tributaries

10 At these prices for interest on working capital and on profits,
only 6 to 4 kopecks remain from a pood.

1 Tzvestiya M-va. Zemledeliya. 1903 Ne 41.

12 «Materials for the description of Russian rivers and the
history of improving their navigation conditions». Iss. II.
1903.

'3 The area of currently surveyed forest thickets of Tobolsk
province is estimated at 16 520000 des., and that of the four
counties of the Yenisei province, which make up only 1/10
of the entire province, is 8 mil. dec. Taking into account the
remarks made on this subject by Eng. S. A. Zhbikovsky, as
well as the instructions of A. A. Radzing in his book: «Forest
and Forestry», 1901, there is a reason to believe that the
forest spaces of the Yenisei province are over 100 mil. des.
For various reasons based on calculations, we stop at the
following figures:

pure forest plantations in Tobolsk province 20 000000 des.
« « Tomsk « 11 200000

« « Yenisei « 32 800000

total ..........64 000000

14 See A. A. Dunin-Gorkavich. «Tobolsk North». 1904.
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to the station «Soby, including overhead costs,
will be about 4,75 rubles per circle from a log,
and with sawing and lining — 6,10 rubles, i. e.,
per cubic meter or pood — 6,10:30 =20 kopecks,
while transporting a pood of handicrafts to
foreign ports, with all additional costs, will cost
no more than 40 kopecks. Thus, the cost of the
Siberian timber, in a processed form, in the
markets of England, France and Germany will
not exceed for a cubic feet 60 kopecks, while the
current prices for forest products fluctuate there
between 76 and 115 kopecks.'> On the other hand,
since construction of the road will require about
3!/, years, then, already before its completion, at
st. «Soby a significant amount of timber '® can be
delivered, which, in view of the increasing
demand for it abroad, from the very first year of
opening along the road of correct movement will
have the opportunity to go to the places of sale.

It remains to add that 4,75 rubles included
in the above price per-stumps [payment to the
treasury for the number of trees cut down,
«stumpsy — ed. note] money is, on average, not
less than 1,15 rubles per a tree, and therefore it
is obvious that with implementation of Polar
Ural Railway, state revenues from state-owned
forests can take on unprecedented proportions.

15 See S. A. Zhbikovsky. «Ob-Yenisei waterway». p. 35.

' Here, by the way, it should be noted that sale of timber
materials abroad from Arkhangelsk port is:

in1862 ...... .184000 stand.

in 1900 ...... 1 240000 stand.

« 1890 « ..... 366.000 «

« 1905 «...... 1.590.000 «.

: ! i |
i 362 63160,49 1021
| 23,0221 53 2210

On the basis of the given data, it is possible
to assume that, with rebuilding of the railway
in question and with establishment of the correct
steamship communication along the Ob, out of
the above total amount of Siberian cargo (50
million poods, except for timber and metals) for
export to European Russia and abroad, through
the Varandey port, in the very first years of
operation, at least 50 %, i. e., up to 25 million,
and together with forest products and metals —
from 55 to 70 million poods, will flow.

As for the goods imported into Siberia, it is
not yet possible to draw exact conclusions with
respect to the communication under
consideration, but in order to illuminate, as far
as possible, this side of the future activity of the
Northern Trade Route, we present the following
considerations.

Before construction of the great Siberian
railway goods, imported to Siberia from
European Russia, including foreign ones,
were sent for the most part to Nizhny
Novgorod, then along the Volga and Kama to
Perm, and from there along the Perm-Tyumen
railway to Irbit (to the fair) and further, along
the systems of the Irtysh and Ob rivers, or
along the old Siberian highway, into the
region. But since 1897, upon opening of
traffic in the Central Siberian section, the
indicated import route through Perm has
gradually been left aside, now serving only
for transportation of bulky items and such
goods and products that do not require urgent
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delivery to their destinations. In view of this,
in order to clarify the future position of
Siberian imports, one should first compare
the tariff rates established for the Siberian
railway with the freight charges that will take
place for the Northern Trade Route. For
greater clarity and simplification of
calculations, the table below shows the totals
of expenses only for three most profitable
(shortest) directions of the routes under
consideration, between St. Petersburg and
Moscow, on the one hand, and the Ob and
Irkutsk stations, on the other.!” In addition, in
order to facilitate various commercial
combinations, the cost of transporting goods
imported to Siberia is determined by the
classes of their tariff differentiation, which
was put into effect on January 1, 1901 (Fifth
ed.).

Table of freight charges from a pood in
kopecks.!®

From this comparison of freight charges, it
is not difficult to draw a conclusion about the
significance of the Northern Trade Route for
Siberian imports. Bearing in mind that, in
addition to some manufactured goods and
weaving, sugar and granulated sugar, groceries,
tobacco (shag), candles, kerosene and oil
residues, cement and some other materials, most
of the goods needed for Siberia are delivered
there already now from abroad, through
St. Petersburg, Moscow and Chelyabinsk, and
that this import (and at the same time export)
for goods of the first eight classes for 132 to 11
kop. from a pood will be cheaper if it is sent

'7Namely, along the lines: 1) St. Petersburg—Moscow—Penza—
Ruzaevka—Chelyabinsk—st. «Oby» and Irkutsk; 2) Moscow—St.
Petersburg—Varandey port — st. «Sob» and st. «Oby; 3) from
St. Petersburg and Moscow, through Varandey to the station
«Soby, then along the Ob and Chulym to Achinsk and further
along the Central Siberian Railway, through Krasnoyarsk
to Irkutsk.

¥ The following individual rates have been taken into
account:

a. for transportation of goods along railway lines — the current
tariffs, according to the length of the lines;

b. additional charges — 1,23 kop. from a pood, for each
continuous route of cargo along railways, with the
exception of Polar-Ural, for which the indicated costs are
replaced by a general «forwarding fee» of 1,75 kop. from
a pood, for all cargoes, except for grain (see pr. 2 in No. 33
«Zheleznodorozhnoe deloy this year on p. 195);

c. sea freight from St. Petersburg to the Varandey port — 10
kopecks, and hand freight: from st. Sob, up the Ob to st.
«Ob» — 8 kopecks; from the same st. «Sob» to Tomsk — 9
kopecks, and to Achinsk — 10 kop.; finally,

d. the total port charge for voyages between St. Petersburg
and the port of Varandey, on average, is 4 kopecks.

through the Varandey port,' it will become even
clearer that the predominant influence that
implementation of Polar-Ural railway should
have for development of not only Western and
Central Siberia, but also the areas adjacent to
them.

Having caused in this case beneficial
competition in the foreign trade of Siberia, this
influence will be expressed, first of all, by
cheaper necessities for the local population,
including agricultural tools and machines,
without which the future success of agriculture
is inconceivable, and at the same time cultural
development of the country.

But this will not be the only task of the
projected path: it will no less serve to awaken
and develop the productive forces of our
North, both from European Russia and from
Western Siberia. In this regard, the facilitation
and cheapening, through this path, of
importing the most necessary auxiliary shells
and devices for developing the wealth of the
plant and fossil kingdoms?? that are still
untouched and for streamlining the animal
and fisheries will immediately revive the
entire polar North, which, in turn, will also
affect increase in imports.

Based on data borrowed from the
operational reports of the Siberian Railway,?!
the number of goods imported to Siberia along
this route reached 18 million poods in 190222;
but in view of the fact that the size of imports
is directly proportional to the purchasing
power of the region, which, as you know,
depends mainly on the more or less facilitated
and secure sale of local agricultural products
(bread and livestock products), we can hope

! The difference in the cost of transporting goods imported
into Siberia will actually be incomparably greater if we take
into account the indirect costs associated with freight traffic
along long railway lines. Not to mention the frequent and
prolonged stagnation of cars inherent in transportation along
such lines, accompanied by frequent damage to goods, the
main reasons for the increase in the cost of transportation are
that delivery times become extremely uncertain, as a result
of which not only interest on costs capital, but the trading
combinations themselves are subject to great changes.

2 Forests and forest subblocks; metals and ores (loose gold,
silver, copper, lead, manganese and iron ores, etc.); graphite;
coal oil, etc.; See A. A. Dunin-Gorkavich «Tobolsk Northy.
1904; N. Podrevsky. «About a trip to the Northern Urals in the
summer of 1892» (According to the diaries of Syromyatnikov
and Andreev); and V. S. Reutovsky. «Mineral resources of
Siberia». St.Petersburg, 1905.

2! Stat. M-va P. S. Vyp. 84, 1904, tab. III, p. 33.

2 Starting from 2,5 million poods in 1897 — the time of
traffic opening.
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that with the opening of Polar-Ural railway
of correct movement and in attention to the
above considerations, the number of annual
imports along the designated route will be at
least 6 000 000 poods? in the very first years
of operation.

Summing up all of the above, the cargo
turnover of the road will be obtained in the
following form:

1. For the export of Siberian products. All
exported, in the near future, cargo was meant,
from 65 to 70 million poods per year. Such
a figure, however, as experience on other
roads shows, can only be achieved after 4-5
years, while from the first year of traffic
opening, the export will most likely be less.
In view of this, only 24000 000 poods are
entered into the calculation so far..?

2. On the import of goods and products. The
quantity of imported goods is set above in such
a moderate amount that there is no reason to
assume that it will not take place in the first year
of operation.

Thus, in both directions of movement, only
30000 000 poods of cargo are taken into
account.”

2 Very interesting data on the future foreign trade of
Siberia are given in the Russian-English Mining Bulletin
for 1900 by N. G. Hudson, who traveled around Siberia as
a representative of the Ermak company.

2* The carrying capacity of the railway, i. e., the number
of stalls, rolling stock and workshops, should be equated
to this quantity of export. Taking into account, however,
that the influx of goods on the road can increase rapidly, its
carrying capacity is calculated at 40 mln poods per year in
one direction.

% The following official statistics on movement of goods
along the Siberian Railway can serve as evidence that this
figure cannot be considered exaggerated and, on the contrary,
is rather below the probable norm:

Transported, of which bread, gr.

in1897 ............ 21 078000 pood 13 739 000 pood

« 1898 «... 37027 000 « 19825 000 pood

« 1899 «... 40004 000 «18735 000 pood

«1900 « ... 42841 000 « 17452 000 pood
« 1901 « ... 50590 000 « 20972 000 pood
«1902 « ... 63379 000 « 23504 000 pood
« 1903 « ... 64293 000 « 19587 000 pood
« 1904 « ... 65221 000 « 24583 000 pood

The growth of cargo (transit) traffic along Rybinsk-Pskov line
is even more vivid. This line connects, as you know, the Volga
with the Baltic Sea (Riga), which had no direct connection
until 1897, that is, before construction of Bologoe-Pskov
section, did not exist. Since the same year, the total amount
of cargo transited between Rybinsk and Pskov is expressed
in the following figures, borrowed from the annual reports
of the board:

in 1897, total ... 418 000 pood

« 1898 « ... 13920 000 pood
« 1899 « ... 16415010 pood
« 1900 « ... 21087 000 pood

Conditions for its implementation. Turning
to the analysis of the economic side of the
enterprise and the results that can be expected
from the operation of Polar-Ural Railway, it is
necessary to touch first on the conditions with
which its implementation is associated.

The projected railway will stand out sharply
from a number of existing rail communications, not
only because of its geographical location, but also
because the conditions for its operation will be
completely different from those of other railways.

Above, a general description of its significance
was given, as well as the impact that it should have
on the vast region of Western Siberia with the
adjacent regions: Semipalatinsk and Akmolinsk
and Berezovsky districts of Tobolsk province, and
it was also indicated that its mission, as link of an
outstanding transit route, will be closely connected
not only with the needs and requirements of the
ever-increasing endowment of Siberia in its central
parts, but also with the tasks of world trade. As
for its proper local significance, in this respect it
will be in a completely exceptional position, since
it does not foresee either internal commodity or
mandatory (daily) passenger traffic. Such
a distinctive property, however, will not serve it
to the detriment; on the contrary, being in this case
a natural consequence of the everyday nature of
the polar countries, it will deliver high advantages
to the projected route over other rail
communications. These benefits will include:

1) With regard to construction of the railway
itself:

a) in the comparative cheapness of the
economy of its construction (53 thousand rubles
per ver.), since it will not require the construction
of passenger buildings at all, with all their diverse
furnishings, and at intermediate stations — nor
goods platforms, warehouses and other structures
caused by local traffic, — nor long sidings (with
the exception of one siding at each stopping
point), nor, finally, complex signaling devices;

b) in reducing the number of intermediate
stations and sidings, as well as rolling stock,
which will consist mainly of cargo cars and steam
locomotives of the latest type.?

2) With regard to operation:

a) in simplifying it, reducing station
manipulations and the number of employees fo
an extreme (reasonable) minimum;

26 Thus, cargo cars are assumed to have a carrying capacity
of 37 tons = 2296 poods and a container of 17 tons = 1055
poods, and in total in laden state 54 tons = 3350 poods, as
a result of which their number is relatively limited.
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b) in reducing the time trains stop at stations
and sidings, which, in turn, will speed up the
circulation of trains and, therefore, lead to a more
rational use of rolling stock;

¢) in increasing the profitability of railways,
separating out of operation low-income, if not
unprofitable in most cases, items: regular
passenger and local goods traffic; finally,

d) in the most perfect utilization [effective
use — ed. note] of the route itself, transportation
of goods along its entire length of 400 ver., both
in one direction and in the opposite direction.

As seen further from the design data, the
construction of Polar-Ural railway in the
direction that is now planned for it, namely: from
the confluence of the river Sob to the Bolshaya
Ob, through the so-called Yelets watershed, to
the Varandey port, will not be associated with
any special difficulties; its maximum slopes will
not exceed 0,008, with the smallest radius of
curvature of curves being 300 sazhen; the line
itself will run, for the most part, across flat polar
tundras, which represent an excellent, in terms
of construction, and completely reliable
foundation for construction of the road surface;
there are relatively few artificial and other linear
structures; finally, the prices for building
materials are generally moderate. C mpunanuem
)K€ BEPXHEMY CTPOEHHIO Iy TH KpaiHe couoHol
KOHCTPYKIMHU (C peibcamu Bec. 24 dyH. B I
(yTe 1 Co CKpETUICHUSIMH HOBEHIIIEr0 aMepHKaH-
ckoro tumna «conWith the track superstructure
being given an extremely solid structure (with
rails weighing 24 pounds per foot and with
fastenings of the latest American «continuous
Jjointy type, 2000 crossbars per verst of track and
using ballast made of crushed stone, thickness
layer of 0,22 sazhen), the above-mentioned
advantages will become even more important
and will undoubtedly have a beneficial effect on
the entire economic structure of the rail service
under consideration.

On the other hand, the projected the road will
require a number of additional structures and
facilities, caused both by its geographical
location and the conditions of its future operation.
These buildings and facilities include:

1. Mooring and various transshipment
devices at terminal stations at the commercial
seaport and river harbor, as well as various
mechanisms included in them; steamships,
barges, boats and other accessories of the port
and harbor; finally, the inventory necessary for
local workers’ artels, etc.

2. Elevators at the end stations, with all
related equipment for drying, cleaning and
sorting, as well as the speedy reloading of
grain and various seed products.

3. Construction of two electric stations
both for driving the mechanical drives of
elevators, cranes, etc., as well as for lighting
terminal stations and settlements, supplying
energy to electric trams, and for other needs.

4. The arrangement of wire and wireless
telegraphs, in connection with telephone
communications between the Varandey port
and the village Ust-Tsylma, on Pechora,?” and
st. «Sob» and the village Samarovsky (at the
mouth of the Irtysh)?® in order to connect the
projected road with a network of Russian and
foreign telegraph lines, as well as to streamline
river navigation along the Ob.

5. The construction of two settlements at
the end points of the road, both for the needs
of the local administration and its diverse
institutions, and for the convenient
accommodation of employees and workers,
not only railway, but also those of the future
customs and other departments and various
persons involved in the case.

Finally, the construction of the Varandey
commercial port itself and the Sobskaya river
harbor should also be included among the
additional accessories of the trade route under
consideration. These structures, as not
directly related to the railway enterprise, in
connection with the construction of the future
customs house and with all other accessories
of the port and harbor, are not included in the
cost sheet for the railway construction, but
are subject to a special agreement with the
government.

Cost sheet results. Based on the cost sheet,
what is actually required for construction of
Polar-Ural railway construction capital is
determined at 21 200 000 rubles, which will
amount to 53 000 rubles per verst.

The following is also added:

1. for various station unloading facilities,
for acquisition of inventory property of the
port and harbor and for construction of river
piers — 3000 000 rubles.

¥ From here runs the postal route through Pinega to
Arkhangelsk, along which, since 1895, Ust-Tsylma has been
connected by telegraph wire to the general network of the
Empire and to the foreign one.

8 This point is already connected to Tobolsk and therefore
also belongs to the general telegraph network.
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2. for construction of elevators — 4000 000
rubles

3. the same — of electric stations — 800000
rubles

4. the same — of telegraph and telephone
messages between terminal stations, Ust-Tsylma
and the village Samarovsky — 500 000 rubles

5. for construction of two settlements —2 800
000 rubles

Total 11 100 000 rubles

6. working capital — 500000 rubles

7. for payment of interest and repayment of
capital on bonds during 3'/, years of road
construction — 2700 000 rubles

8. expenses for setting up the enterprise and
selling construction capital and interest on shares
during the execution of work —4 500 000 rubles

Total — 40000 000 rubles

or per verst of a road — 100000 rubles

This capital is meant to be realized:

a) through issuance of 20000 shares, adv.
priced at 500 rubles each, for the total amount —
10000 000 rubles;

b) issuance of 120000 pcs. of non-government
guaranteed bonds, from 5 % interest and
redemption, adv. priced at 250 rubles each for —
30000 000 rubles.

Total — 40000 000 rubles.

It remains to be added that the above
considerations and conclusions are based,
among other things, on detailed surveys carried
out in 1900, both for selecting terminal points?

2 As stated above, in the first year after traffic opening, it
is planned to transport only 24 million poods of sold cargo.
Attributing 60 %, 1. e. 14 400 000 poods, to the share of grain
products, timber, metals, etc. of cargo, their freight charge
can be accepted at 1/45 kopecks per pood-verst, while for the
rest 9 600000 poods it will be 1/24 kopecks per circle. This
will correspond, for the entire distance, to a fee of 9 and 17
kopecks. Adding to these rates an expedition fee of 1,50 and
1,75 kopecks (see Appendix 4), the full freight charges will
be: 10,50 and 18,75 kopecks for a pood.

and establishing the general direction of Polar-
Ural railway, as well as clarification of
economic conditions of its construction, and
that, thus, there is already solid ground for
approaching the issue under consideration with
complete objectivity, without which
a successful undertaking and, moreover,
implementation of such a serious enterprise is
unthinkable, as upcoming.

Financial results of operation. According
to the above considerations and data, the
expected operating cash flows will be presented
in the following form:

Gross income.

1. Revenue from transportation along a road
400 versts long:

a) cargo sold*, namely: various grain
cargoes, timber, coal etc.

14400 000 p. x 10,50 kop. = 1512 000 rub.

other exported goods,

9600 000 p. x 18,75 kop. = 1800 000 rub.

b) cargo imported,

6400 000 p. x 28,75 kop.**= 1725 000 rub.

Total from transportation of 30 mln poods —
5037 000 rub.

2. Various additional income?®' — 250000
rub.

3 The indicated cargo is taxed at 1st to 7th class general tariff,
i. e., kr. ch., 1/15 kop. from pood-verst, which, for the entire
distance, will be: 27 kop. + 1,75 kop. = 28,75 kop.

31 This mainly includes: 1) fee from transportation on service
trains: passengers, luggage, parcels and high-speed goods;
from piece transportation; for transportation of mail and
military luggage; from animals, etc. (60 000 rub.); 2) various
items of income: for the use of water supply, commodity
platforms, station yards, tracks, etc.; for the rental of
premises and land; collection from line telegraph; income
from the sale of old property and other income (50 000
rub.); 3) income from financial and additional turnover and
enterprises (40000 rub.); 4) income from taxing business
transportation (80000 rub.), and 5) income from telegraph
and telephone communications on a new line (20000 rub.), —
total 250000 rub.
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3. Income from processing goods through
elevators and from other mechanical manipulations:

14400 000 p. x 2,00 kop. = 288 000 rub.

Total — 5575 000 rub.

4. Telegraph fee from side lines (Varandey—
Ust-Tsilma and Sobol-Samarovo — 40000
rub.

Total — 5615 000 rub.

per verst — 14 037,50 rub.

Expense.

Such, in fact, for operation of the road, is
accepted for a circle of 50 % of the gross
income?*? (except for the telegraph fee from
side lines) and therefore will be:

5575 000 rub. x 0,50 kop. =2 787 500 rub.

For maintenance and repair of station
reloading devices at the end points of the
road, river piers, as well as side telegraph
lines — 200 000 rub.*

total — 2987 500 rub.

per verst — 7468,75 rub.

Net income.

Total 5615 000 rub. — 2987 500 rub. =
2627 500 rub.

per verst — 6 568,75 rub.

Net income distribution.

32 This amount of total expenses cannot be considered, in this
case, to be underestimated if we take into account not only the
economic structure of the operation of Polar-Ural railway —
especially its traffic and traction services, with relatively
limited personnel, due to the exclusion of regular passenger
and any local traffic from the range of its activities — but also
other extremely favorable conditions inherent in the route
under consideration: the possibility of the most intensive
utilization of rolling stock by transporting sold and import
cargo along the entire length of the road; moderate cost of
maintaining and repairing the track, due to the solid design
of the latter and other road structures; comparative cheapness
of main building materials and fuel; finally — and special
emphasis should be placed on this — the complete isolation
of the road in question and, therefore, its independence from
many factors that constrain the economy of other railways.
The fact that consumption is not underestimated is confirmed
by direct calculations. From the reporting data of operated
Russian railways (Stat. collection. Min. p. s. 1904, issue 85, p.
37)itis seen that the average total of expenses for 1900-1904
was per 100 train-versts of all roads kr. ch., — 140,40 rub., and
the Siberian railway — 169,50 rub. For Polar-Ural railway,
with an annual transportation of 30 million poods, the sum
of all train versts will be equal to 1 108800. Dividing the
total expense accepted above —2 787 500 rubles by the latter
value, we get 251,40 rubles per 100 train-versts, or only
35,55 % of the gross income, i. e. the rate is incomparably
more profitable than on all other railways. It remains to be
noted that on American roads operating costs for goods
traffic, amounting to 45 % of gross income in 1897, dropped
in 1902 to 40 %. (Report by engineer E. E. Noltein, board
Moscow-Kazan railway, 1902).

¥ Of these, the actual maintenance and repair of station

unloading devices, inventory property, etc. — 100 000 rubles
and the same amount for maintenance of side telegraph lines.

®  World of Transport and Transportation, 2

To pay 5 % of interest and repay capital on bonds
in the amount of 30000 000 rub. — 1500 000 rub.

To reserve capital (10 % of net income):

2627 500 rub. x 0,10 = 262750 rub.

total — 1762 750 rub.

therefore the remainder of the net profit will
be:

2627 500 rub. — 1762 750 rub. = 864 750 rub.

and for 10 mln rub. of share capital — 8,65 %.

If such a result, from the very first year of
traffic opening along the railway, deserves
attention, especially given the caution of the tasks
that are the basis of the calculations, then there
is a reason to assume that, with an increase in
traffic, the net income of the road will also
increase over time, and thus shipping along the
Siberian waterways and the North Sea will
sooner and more successfully develop, in
connection with the expansion of the commercial
sea port (in Varandey Bay) and the Ob harbor,
with unloading facilities in them.

On the issue of construction of a seaport and
river harbor at the final points.

It was indicated above that the number of
additional structures and works caused by the
local conditions of the future operation of the rail
track in question also includes the construction
of a seaport in the Varandey Bay of the Arctic
Ocean, and at the opposite end of the road, at the
confluence of the river Sob in Bolshaya Ob,
a manual harbor.

These capital structures were not included in
the cost sheet of Polar-Ural railway on the
grounds that they are necessary not only for the
needs of a private enterprise, but, mainly, for
development of shipping and trade in the north
of Russia, and therefore these structures have the
character of national buildings, erected, in most
cases, by the government itself.

Under normal conditions this would probably
be the case in the present case; However, taking
into account the current financial situation of the
state, and on the other hand, the impossibility of
carrying out the correct operation along the
indicated route, without supplying it, at the same
time, with such devices that would ensure the
unimpeded export and delivery of cargo by water,
there remains only one outcome: to leave the
implementation of the said structures also to
private initiative.

It is clear that the significant monetary costs
required for this cannot be attributed to the
construction capital of Polar-Ural railway, since
the corresponding sums are intended exclusively
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for construction of a rail track, with all the
already numerous additional structures and
facilities,* while the seaport and river harbor, to
which, perhaps, a customs office will be attached,
are the essence of government3® buildings,
subject to construction using special resources.

It is most correct to include the so-called
port revenues to such resources, namely: the
by-product tax on all cargo passed through the
seaport, and the ship tax — from each of the
ships arriving at the port and departing from
it. These fees, levied since 1902 in all ports of
the Empire on the same basis and at equal rates,
are now: first, that is, by-product — from 0,25
to 1,00 kopecks and ship — per circle 2,50
kopecks or in complexity — from 2,75 to 3,50
kopecks, per a pood. With an increase in the
by-product fee for the port of Varandey by 0,50
kopecks, the average port dues will amount to
kr. ch. 3,50 kop..3¢

Since at present it is impossible to determine
with accuracy the cost required for construction
of a sea commercial port and river harbor, i. e.
the cost of dredging work, as well as jetties,
unloading dams, docks, lighthouses, etc., is equal
to the cost of various facilities, like that; dredging
machines and dredgers, steamships, barges, ice
cutters and other equipment and accessories of
the port and harbor, except for those already
included in the cost sheet for the needs of the
railway — then the said expense is set for now at
10 million rubles, inclusive of administration
costs and deductions for payment, during
production of work, interest and repayment on
the capital expended. Taking the port income as
kr. ch. at 3,50 kop. per pood, and the average
cargo turnover is 30 million poods, the gross port
dues will be at least 1000 000 rubles per year.

Under such conditions, the Society of the
Polar-Ural Railway, with the assumption of the
structure of the seaport and river harbor, it will
be possible — without burdening the state

3* As can be seen from the cost sheet, the cost of constructing
the railway itself will not exceed 53 000 rubles per verst, while
additional buildings, facilities and expenses are expected to
be in addition 11 100000 rubles, or per verst—27 750 rubles,
i. €. 50 % of the construction cost of the road.

3 The desirability of having a maritime stronghold on the
Samoyed coast has been repeatedly expressed, both for
development of our fishing and animal industries, and for
facilitating sea expeditions to explore the North of Siberia.
In these respects, the Varandey port will be of outstanding
importance, especially if we take into account its proximity
to the mouth of the Pechora and the Kara Sea.

3 See note 1 on page 228 in «Zheldor. Deloy» of this year
No. 37-38.

budget — to erect and equip the said structures
simultaneously with construction of the railway,
which, in this case, is not only desirable, but also
an indispensable condition for implementation
of the enterprise in question, since otherwise
proper operation would be impossible.

It remains to be added that, in accordance
with the above, the reporting on performance of
the relevant work and related expenses should
be separated from that on construction of the
railway; but, in order not to burden the progress
of work with unnecessary formalities, it would
seem most appropriate to provide the Society of
Polar-Ural Railway with preparation of detailed
projects and estimates for construction of
a seaport and river harbor, and after their
consideration and approval by the government,
grant the Society of Polar-Ural railway the right
to independently dispose of established loans, on
a par with production of expenses for construction
of'the railway itself, so that the amounts intended
for the port, harbor and their accessories are not
at all used for extraneous needs.’’

The closest definitions on this subject,
including the procedure for collecting port dues,
should be stipulated in the Society’s charter or
set out in a special addendum to it.

Memorandum by mechanical engineer
E. K. Knorre, presented to the Minister of
Railways.

Here is its content, which explains both
Mr. Knorre’s attitude towards Mr. Golokhvastov
and Mr. Golokhvastov’s attitude towards this
case

«Referring to our repeated petitions for
permission to construct a public railway between
the Samoyed coast of the North Sea and the
mouth of the river Sob and also taking into
account the very important importance of this
line, especially at the present time, when it could
provide the state, even before its complete
completion, with a great service by facilitating
military transport from the Far East to European
Russia, providing many thousands of workers
with reliable income and development of
resettlement in Siberia, the undersigned allows
himself to again disturb Your Excellency with
arespectful request for possible assistance in the
speedy implementation of this route of
communicationy.

37 This procedure has already been applied during the
expansion of the port of Riga, work on which was carried
out and continues to be carried out mainly by order of the
local exchange committee.
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«Expecting, even in the current state of the
money market, to sell construction capital
without any guarantee from the government,
the undersigned is limited to requesting only
the right to duty-free import from abroad of
the building materials and accessories required
for construction of the road, based on the same
privilege, Your Highest granted to
Mr. Golokhvastov. Further basic definitions of
the company’s charter do not differ at all from
the conditions established for other private
railways of the Empire».

«Based on the surveys performed in 1900
by the engineer Gette, the cost of the enterprise
was determined, with all the caution of the
assignments, in extremely moderate amounts:
the railway track itself, 400 vertsts long, is
estimated at 51 thousand rubles from a verst
away (total 20400 000 rubles); with the cost
of port facilities, elevators, power stations,
telegraph communication with the village Ust-
Tsylma and Tobolsk and construction of roads
in two settlements at the end points will require
75425 rubles per verst, and in total with
expenses for exchange rate losses and the
payment of interest on bonds during
construction of the road — 36 million rubles.
At the same time, the throughput capacity of
the designed line is designed for 120 million
poods per year, and carrying capacity — by 40
million poods».

«To this, the undersigned allows himself to
add that the subsequent, for the fourth time,
by virtue of the Highest permission, extension
of Mr. Golokhvastov’s right to construct and
operate the Ob railway of private use due to
the submission of survey results by April 2,
1906; and since Mr. Golokhvastov, after 18
years of inactivity, has still not begun to carry
out this research, then — as his last petition
proves — he will in no way be able to fulfill his
obligations by the specified time, exactly just
as it happened before».

«Meanwhile, with the start of necessary
activities this fall, the Polar-Ural Railway
Society of public use being formed would have
the opportunity to use the entire working
period of the next year, both for carrying out
final surveys, with surveying and studying the
corresponding part of the Samoyed coast, and
for building settlements, laying telegraph lines,
etc., without which it would be impossible to
open construction works, with a full guarantee
of their successful execution. «Adding to this:

1) that the proposed Ob route for private use
cannot be of significant interest either for the
state or for trade in Siberia, since it excludes
the possibility of using it by anyone except the
owner, and 2) that the permission granted to
Mr. Golokhvastov for construction of a private
road does not deprive the Government of the
right to issue a concession for construction and
operation of routes parallel and competing with
the first, — as stipulated in the first permission
given to Mr. Golokhvastov for implementation
of his enterprise — the undersigned humbly
request Your Excellency not refuse to equalize
the rights of all persons involved in the matter,
by asking the Highest Sovereign Emperor for
permission to allow him to form the now
private Society of Polar-Ural Railway and,
upon approval of the Society’s charter in
a legal manner, then begin work».

The last memorandum dates back to the
time when the prince M. 1. Khilkov was the
minister. The benefits that E. K. Knorre asks
for in this note were recognized as possible
and expedient by the Commission on New
Railways in March 1907 (see Zhel.-dor. Delo
of this year, p. 214), i. e. already under the
second successor of the late prince. The current
Minister of Railways, St. Secret S. V. Rukhlov,
in respect of the works of P. E. Gette, provided
powerful support to his widow, Mrs. Gette,
according to the accounts of the State Control.
From these facts we can obviously conclude
that both the personal works of P. E. Gette and
those joint with E. K. Knorre, in their common
cause, received sympathy from the government,
and if the concerns of these highly respected
entrepreneurs were not realized in reality, then
the failure of their project for Polar-Ural
railway must be sought outside of them — in
the obstacles caused by their competitor,
Mr. Golokhvatov, who did nothing seriously
to draw up his project and only abused the
Most High favors granted to him for delays. It
remains to sincerely wish that such persons
would not appear in the railway enterprise, that
fate would finally allow E. K. Knorre to carry
out his Polar-Ural business, and that even the
note published [in the journal] about steamship
routes in the northern waters would serve him,
if possible, to his benefit.

«Zheleznodorozhnoe Delo», 1912,
Iss. 33 pp. 194-196, Iss. 37-38 pp. 227-230,
Iss. 40 pp. 239-243 @
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ABUJWAID Hussam Abbas Mohsin. Improving urban
transport systems in Iraq. Abstract of Ph.D. (Eng) thesis
[Sovershenstvovanie gorodskikh transportnykh sistem Iraka.
Avtoref. dis... kand. tekh. nauk]. St. Petersburg, Emperor
Alexander I St. Petersburg State Transport University,
2023,19 p.

The development of any city largely depends on
improvement of urban transport systems (UTS). International
experience highlights the importance of developing and
regulating public transport sectors as they play a vital role in
various aspects of modern life. Social and economic activity
increasingly depends on development of transport services to
meet the transportation needs of individuals.

The relevance of the work lies in the need to improve the
hydraulic system of Iraq. Research on hydraulic structures in
Iraq is few and insufficient. There is a fundamental problem
associated with planning transportation by public transport
due to the increase in population due to its annual growth of
2,5 %, high demand for transportation, significant urban
population growth and widespread use of personal vehicles.
Since 2003, the number of private vehicles has increased by
122 %. In addition, there are seasonal transport problems due
to the influx of tourists in some Iraqi cities such as Karbala
and Najaf.

The purpose of the study was to develop a methodology
for improving the structure of the road network and urban
transport system, ensuring the efficiency of their functioning
in the cities of Iraq.

The characteristics of Iraqi cities are analysed and studied:
population size and density, city areas, level of motorization,
maximum extent of territory. Based on the analysis of the
modern functioning of transport systems, the classification of
cities was clarified, considering the specifics of Iraq.

An analysis of research on the selection of types of urban
public transport (UPT) was carried out and a classification of
rolling stock capacity rows and UPT options for Iraqi cities
was developed, the volume of transportation for each type of
rolling stock was calculated as a percentage, rows of rolling
stock capacities were selected, and the volume of traffic per
each type of rolling stock was calculated.

The boundaries of the intervals of average intensity of
passenger traffic for groups of cities in Iraq have been adjusted,
which allows selecting the type of UPT vehicle and its share
of traffic for each type of rolling stock.

A comprehensive assessment of efficiency of transport
systems in modern conditions was conducted based on
economic, social, and environmental indicators, and a block

diagram of an algorithm for determining economic,
environmental and social effects was developed.

As a result of calculations of economic, environmental,
and social indicators for the cities of Iraq, it was noted that
these indicators are not effective enough and it is necessary to
improve the road network, therefore possible options for
improving the structure of the urban network were considered.

The analysis of research on improving the topological
structure of urban transport networks was conducted. An
algorithm is proposed for planning the connectivity and
efficiency of the road network using indices based on
topological characteristics.

A comprehensive methodology has been developed for
improving the Iraqi UTS, which includes four stages. At the
first stage, the main characteristics of cities are justified and
determined, as well as the division of trips by time, needs and
services. At the second stage, a comprehensive assessment of
the efficiency of transport systems in modern conditions is
conducted according to economic, social, and environmental
indicators. At the third stage, the type of UPT is selected. At
the fourth stage, the structure of transport networks is analysed
and improved. The first three determine the methodology for
choosing a mode of transport, and the fourth — improving the
structure of transport networks.

Recommendations have been developed for development
of the transport network of the city of Najaf. For this city,
justification and selection of types of UPT safety standards are
presented, and studies have been conducted to assess the
effectiveness and improvement of the street road network.
A topological map of the city was developed, based on which
an assessment of the connectivity and efficiency of the street-
road network was calculated and recommendations for its
improvement were developed.

It is recommended to increase the share of public transport
and when choosing types of UPT, to consider not only
economic indicators, but also environmental and social ones.

Prospects for further development of the topic are in the
area of developing Iraqi urban systems and opening prospects
for cooperation in this area between Russia and Iraq and are
also associated with improving the methodology for designing
urban transport systems.

2.9.1—Transport and transport-technological systems of
the country, its regions and cities, organization of production
in transport.

The work was performed and defended at Emperor
Alexander I St. Petersburg State Transport University.

Chunin, V. V. Forecasting the safe operation of cargo
car wheels using fracture mechanics methods. Abstract of
PH.D. (Eng) thesis [Prognozirovanie bezopasnoi ekspluatatsii
koles gruzovykh vagonov metodami mekhaniki razrusheniya.
Avtoref. dis... kand. tekh. nauk]. Moscow, RUT (MIIT)
publ., 2023, 24 p.

The analysis of operating conditions and failure statistics
of railway wheels shows that the strength criteria specified in
the current standards cannot fully guarantee their failure-free
operation; there are no requirements and, accordingly, methods
for assessing the stage of crack development. If the viscosity
of the metal is insufficient and its sensitivity to stress
concentrators is high, a fatigue crack may begin to propagate
up to its critical length, which is dangerous due to the possibility
of brittle fracture of the wheel due to the influence of seasonal
factors.
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At the design stage, wheel developers do not predict the
stage of development of fatigue cracks before the onset of the
limit state. As a rule, the time between repairs of a car is
established based on the period of maintenance of parts and
assemblies and does not consider the survivability of the main
load-bearing elements. For example, with an increase in axial
load and the use of new materials and structures, the likelihood
of fractures increases.

Currently, the issue of the possibility of using cast wheels
in Russian railways is being actively discussed. But considering
that the technology for production of cast wheels does not
imply multi-stage hot deformation, and the formation of the
wheel is conducted by casting metal under pressure into a mold.
This manufacturing technology causes a number of differences
in the properties and quality of the metal of cast wheels
compared to solid-rolled wheels.

Thus, to eliminate possible risks, there is a need to develop
a unified methodology for assessing the stage of crack
development from dynamic influences in operation, conducting
studies of the behaviour of wheel metal when the temperature
drops to —60 °C, and determining the degree of change in
properties and fracture parameters. Based on the results,
indicators that affect the safe operation of the wheel must be
determined, and their minimum acceptable values for Russian
operating conditions must be obtained.

The purpose of the study is to ensure safe operation of the
car by predicting its mileage after the occurrence of a fatigue
crack in the wheel disk before it breaks, by determining
scientifically based requirements for overhaul intervals.

The analysis of regulatory, scientific, and technical
documentation showed the absence of requirements and,
therefore, a lack of methods for assessing survivability of
wheels, as well as taking into account low climatic temperatures,
at which the mechanical properties of the metal of the wheels
change and the rigidity of the track increases. To ensure safe
operation, it has been established that it is necessary to predict
the mileage of a car after a crack occurs in the wheel, especially
with an increase in the axle load to 27 tf, a reduction in the tare
weight of cars by 25 % and the use of new materials and
structures.

The studies have shown that the most dangerous are wheel
metal defects located in the zone of maximum operational
stress amplitudes, which with a certain probability may not be
detected by NDT, which will lead to crack growth, bypassing
the stage of accumulation of fatigue damage and accelerated
destruction.

Experimental tests of standard samples cut from wheels
manufactured using different technological processes and from
different steel grades for a cast wheel made from AAR B steel,
and for a solid-rolled wheel from grade 2 steel showed that the
characteristics of the cyclic fracture toughness of metals differ:
for solid-rolled steel wheels at a temperature of 20 °C are higher
than for cast steel, but when the temperature drops to —60 °C
the values become comparable.

The analysis of methods for assessing the strength of car
wheels showed that when testing using the circular bending
method, their loading is closest to the operational one.
Experimental survivability curves were obtained, and the
number of cycles before failure of solid-rolled and cast wheels
was 8,1 and 1,0 million load cycles, respectively.

A virtual model of a stand for testing wheels by circular
cyclic bending has been developed for numerical modelling
of development of a crack in the disk of cast and solid-rolled
wheels from the initial defect to calculate the SIF values,

according to which the need to estimate the moment of crack
starting and breaking of the wheels is justified based on the K7
values at the crack front corresponding to type 1 opening.

A dynamic model of a cargo car with an elastic wheel set
has been developed, with inertial, rigidity, elastic-dissipative
and geometric parameters corresponding to the vehicle of the
cargo car. According to the results of running dynamic and
strength tests, the model has satisfactory convergence in terms
of dynamic indicators and adequately describes car movement
in operation. The proposed methodology makes it possible to
determine the SSS of a cargo car wheel set, evaluate the
strength, service life and survivability of various designs of
axles and wheels, and can be applied at the design stage to
predict the period of development of a crack in a wheel in order
to ensure its safe operation.

Based on the modelling results, summary diagrams of
distribution of dynamic stress amplitudes versus the frequency
of their occurrence in cast and solid-rolled wheels were
obtained. The survivability of cast and solid-rolled wheels in
operation, that is, the growth of a crack from an initial defect
to a fracture at a temperature of 20 °C was 944,2 thousand km
and 671,8 thousand km, and at a temperature of —60 °C —283,8
thousand km and 669,6 thousand km, respectively.

For safe operation of cargo cars, it is proposed to set the
minimum allowable safety factor for wheel survivability to
2,0. Thus, safe operation of a cargo car with cast wheels will
be ensured over a time between overhauls of 110 thousand
km, with a survivability safety factor of 2,58, and with solid-
rolled wheels — 210 thousand km, with a survivability safety
factor of 3,19.

The results obtained can be used to establish requirements
for the overhaul intervals of cargo car wheel sets.

Further research prospects may be related to the issue of
clarifying the requirements for the sensitivity threshold of NDT
methods used to detect wheel defects.

2.9.3. — Railway rolling stock, train traction and
electrification.

The work was performed and defended at Russian
University of Transport.

Petrov, A. V. The influence of low temperatures on the
rigidity of rail fastening units of a ballastless track
structure. Abstract of Ph.D. (Eng) thesis [Vliyanie nizkikh
temperature na zhestkost uzlov relsovykh skreplenii
bezballastnoi konstruktsii puti. Avtoref. dis... kand. tekh.
nauk]. Moscow, RUT (MIIT) publ., 2023, 24 p.

The development of high-speed railway traffic in our
country involves construction of new dedicated railway lines
for high-speed railway traffic. The most promising at present
is the high-speed rail (hereinafter HSR) «Moscow —
St. Petersburgy with speeds of up to 400 km/h. All high-speed
rail projects involve the use of new technological and
engineering solutions that ensure the highest level of
reliability and safety of passenger and cargo transportation,
which will provide the necessary comfort for passengers.

World experience in construction and operation of high-
speed lines has confirmed the effectiveness of using
ballastless track design (hereinafter referred to as BTD). For
example, development of Moscow—Kazan HSR project
implied the use as a base of a ballast-free slab track structure
CRTS III RUS, adapted to Russian operating conditions. It
is known that in BTD, rail fastenings with an intermediate
elastic layer are the main element, the elastic properties of
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which form from 80 to 95 % of the elastic properties of the
entire track structure as a whole. This is confirmed by field
measurements of rail deflection under the influence of loads
from rolling stock.

Foreign regulatory and technical documentation
regulates the requirements for the elastic characteristics of
rail fastenings with an intermediate elastic layer for BTD,
considering the influence of low temperatures. The lower
threshold test temperatures in German and Chinese standards
are set at —20 °C and —35 °C, respectively. According to the
requirements of the pre-design documentation for Moscow—
St. Petersburg HSR line, for Russian operating conditions it
is necessary to consider a minimum temperature of =50 °C.
Thus, the issues of improving the calculation model for
determining the elastic deflection of the rail from the influence
of rolling stock on BTD, taking into account the influence of
low temperatures, with the subsequent formation of
requirements for the elastic characteristics of rail fastenings
with an intermediate elastic layer for BTD operating in the
conditions of the designed HSR line Moscow — St. Petersburg
when exposed to low temperatures down to —50 °C; and to
adjust methods for confirming compliance with these
requirements.

The purpose of the dissertation work is to determine the
influence of low temperatures on the rigidity of rail fastening
units of BTD operating under the conditions of the designed
HSR line «Moscow — St. Petersburg.

The influence of low temperatures on the rigidity of BTD
rail fastening units has been determined. The calculation
model for determining the elastic deflection of a rail from
the influence of rolling stock on BTD has been refined by
introducing coefficients that allow considering the influence
of low temperatures on the change in rigidity of rail fastenings
with an intermediate elastic layer.

The coefficients of change in the static and dynamic
stiffness of elastic gaskets made of EPDM and Byrel materials
in a factory-made state in the temperature range from —50 °C
to +50 °C, obtained in laboratory conditions, were
determined. It has been experimentally confirmed that with
a decrease in temperature to —50 °C for elastic gaskets made
of EPDM and Byrel material, there is a corresponding
increase in static stiffness by 2,11 and 3,57 times, and there
is also a corresponding increase in the dynamic rigidity of
elastic gaskets made of EPDM and Byrel materials by 17,54
and 9,06 times.

Tests were conducted on the Experimental Ring of JSC
VNIIZhT to determine the deflection of the rail on a section
of the ballast-free track designed by Feste Fahrbahn Boegl.
The adequacy of the calculations is confirmed by satisfactory
convergence with experimental data. The agreement between
the calculated results and the experimental data was 94,8 %.

Additional requirements have been formed for the elastic
characteristics of BTD rail fastenings for Russian operating
conditions for sections of high-speed railway communication
with speeds up to 400 km/h of the projected HSR line
«Moscow — St. Petersburgy, recommended for inclusion in
GOST 32698:

— the vertical rigidity of the rail fastening unit must be
within the range, KN/mm — 16-27.

— the change in the static rigidity of elastic gaskets
operated at low temperatures (from —50 °C to +23 °C) should
not exceed a factor of — 4.

—the ratio of dynamic stiffness to static stiffness of elastic
gaskets should not exceed the coefficient: at a temperature
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of23 °C—1,5; ata temperature of 0 °C —2,0; at a temperature
of —10 °C — 2,5; at a temperature of —20 °C — 3,0; at
a temperature of —30 °C — 3,5; at a temperature of —40 °C —
5,0; at a temperature of —50 °C — 18,0.

Recommendations have been developed on methods for
determining the elastic characteristics of a rail fastening unit
with an intermediate elastic layer for BTD, considering the
influence of low temperatures.

The prospect for further development of the topic is to
conduct research into the operation of rail fastenings with an
intermediate elastic layer of BTD at real speeds under loads
from real high-speed rolling stock at a high-speed test site,
which should become a section of Moscow—St. Petersburg
HSR line.

2.9.2. Railway track, survey, and design of railways.
The work was performed and defended at Russian
University of Transport.

Zubkov, V. V. Methodology for formation of transport
and information space in the conditions of cluster
development of the market for complex transport services.
Abstract of D.Sc. (Eng) thesis [Metodologiya formirovaniya
transportno-informatsionnogo prostranstva v usloviyakh
klasternogo razvitiya rynka kompleksnoi transportnoi uslugi.
Avtoref. dis... dok. tekh. nauk]. Yekaterinburg, UrGUPS
publ., 2023, 48 p.

The development of the economy, in particular the digital
economy, increases the need for transport services. Transport
provides the opportunity for digital market exchange, while
market virtual interactions stimulate development of both the
country’s transport system (development of clusters of
integrated transport services) and improvement of the global
transport complex.

The organization of processes and their management
during the market formation of transport and production
services are in the area of coordination influences of regulators
(regional, interregional, and federal authorities) on the subjects
of transport and production activities, social and economic
activities. The influence of regulators is aimed at involving
a larger number of subjects in the socio-economic space, as
well as at the effective use of available resources for gradual
and systematic development of regional and interregional
relationships and economic ties, ensuring achievement of the
highest level of development of regions (territorial entities of
the Russian Federation) and the state as a whole through the
prism of increasing the growth of life activity of the country’s
population.

The influence of regulators is based on regulatory
activities, restructuring functions, methods, and mechanisms
of management, subject to compliance with the target
conditions of the influencing factors.

The development of clusters is a multi-stage and complex
process that is formed not only from the point of view of
improving production processes and improving the quality of
meeting consumer demand, but also from the point of view of
the socio-economic development of society, since structuring
and dynamics of growth of the social environment directly
depend on the level of performance of economic processes.

Currently, industrial clusters are developing most of all,
including participants in the main production process,
resources necessary for production, sets of sub-processes of
activity, which are interconnected by common goals and
objectives of improvement, construction of an integrated
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technological process and unified protection from current
competitive factors.

The development of industrial clusters creates the
prerequisites for formation of regional clusters, in particular,
clusters of integrated transport services since production of
products and their delivery are closely related to consumption
of types of transport services.

The cluster of integrated transport services is an
economically rational direction for development of the
industrial and transport segments of the economy, increasing
the vitality of the country’s population. The main source of
development of transport clusters is integration of
production and transport processes, based on which stable
economic relationships are built between production
entities, transport service entities and socio-economic
entities.

The purpose of the dissertation research was to develop
amethodology for formation of the transport and information
space in the conditions of cluster development of the market
for complex transport services.

During the research, methods of system analysis, the
theory of active systems, control theory, the theory of self-
adaptive, self-organizing and self-sustaining systems, the
theory of the information society and digital economy, the
theory of cluster development, the theory of the synergetic
approach and assessment of integrating processes were used.

The study on constructing a methodology for formation
of a transport and information space in the conditions of cluster
development of the market for complex transport services
makes it possible to substantiate conclusions and corrective
actions, the vector of which is aimed at formation of
a consolidated development strategy for the constituent entities
of the Russian Federation.

As a result of the analysis of functioning of the current
model of transport services in the cargo transportation market
in the railway industry, it was established that guaranteed
responsibility for implementation of the main quality indicators
is provided only within the boundaries of responsibility of the
railway complex, while coordination and mutual influence on
the quality criteria of transport services in other types of
transport in the general transport system is not ensured, which
increases the cost of finished products.

A methodology has been developed for assessing the
quality of transport services in a model of integrated transport
services, which tracking and evaluate the influence of each
subject on ensuring the quality of services using maximum
values of the quality coefficient.

A method has been developed for detailing the structure
of the impact of subjects of a complex transport service cluster
on improving the quality of service, which determines the
degree of their responsibility for compliance with the plan for
provision of transport services, which are calculated for each
category of transportation.

A methodology has been developed for optimizing the
transport and production processes of a complex transport
service cluster, which makes it possible to determine the total
best (optimal) options for the process parameters for
implementation of types of transport services, which are
determined and calculated on the basis of the best (optimal)
options for the parameters included into the main process of
subprocesses.

A comparative model of the optimal option for optimizing
the transport and logistics process has been developed, which
allows studying the properties of transport and production

processes for formation and implementation of complex
transport services as the main product of the transport industry.

A methodology has been developed for constructing
a virtual integration system that provides rational and logically
dependent design of the most important architectural elements
of a directed (quoted) intelligent system at the interregional
and regional levels.

A conceptual model of interaction of information flows
of a complex transport service cluster has been developed,
which ensures the acquisition of experience and knowledge
from the transport information environment from the
processes being implemented and the formation of
technologies for their application.

A methodology has been developed for constructing
a matrix of indicators that reflects the actual and forecast
volumes of complex transport services by region of the country,
structures regional, interregional, export and import complex
transport services, dividing them by mode of transport.

A methodology has been developed for formalizing
information flows of a cluster of complex transport services,
interlinking transport and technological processes (subprocesses)
between cluster subjects and executors of processes
(subprocesses) based on the acquired knowledge about the areas
of their implementation and the resource capabilities of cluster
subjects, providing conditions for effective optimization of the
process of managing transport and logistics systems and a cluster
of integrated transport services.

An intersectoral information and intellectual model for
integrating information flows of subjects at the interregional
level has been developed, accumulating, and concentrating
information knowledge in a single transport and information
space and representing a quota-based information and
intellectual system.

A methodology has been developed for constructing an
intersectoral information-intellectual model for integrating
information flows of subjects of the interregional level, which
ensures concentration in one perimeter of information flows
emanating from integrating information systems of subjects
of the intersectoral, interregional levels, federal regulators and
business associations, and provides the ability, without human
influence, to implement centralized accounting, analysis and
control over implementation and actual state of the processes
of making optimal management decisions.

A methodology has been developed for formation of
a virtual system of integration of coordinated subject
cooperation at the regional and interregional levels, which
ensures formation of quota-based information and intellectual
products aimed at determining optimal coordination and
management decisions in the context of cluster development
of the complex transport service market.

A methodology for assessment actions has been developed
to determine the synthesis of interaction and integration of
subjects of the transport and information space, on the basis
of which representatives of government bodies (regulatory
subjects) form complex programs that motivate the processes
of integration, virtual cooperation and the processes of
development of clusters of integrated transport services and
development subjects of the Russian Federation.

2.9.1— Transport and transport-technological systems of
the country, its regions and cities, organization of production
in transport.

The work was performed and defended at Ural State
University of Railway Transport. [ ]
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Driverless trucks started
the first journey along Neva
M-11 highway

First cargo delivery with driverless KAMAZ trucks
started on June 14, 2023, on Neva M-11 highway.

First Deputy Prime Minister of the Russian
Federation Andrey Belousov gave the start. The event
was attended by Vitaly Saveliev, Minister of Transport,
Alexander Beglov, Governor of St. Petersburg, Rustam
Minnikhanov, Head of the Republic of Tatarstan,
Vyacheslav Petushenko, Chairman of the board of
Avtodor state company, Sergey Kogogin, General
Director of JSC KAMAZ.

The traffic of highly automated vehicles on Neva
M-11 highway was launched within the framework of
experimental legal regime (ELR). The ELR program
was developed with the support of the Ministry of
Transport and coordinated by Digital transport and
logistics association.

Largest carriers PEC, Globaltruck, Gazpromneft-
Snabzhenie were the first to forward their cargo with
driverless trucks.

In the framework of experiment, the entire chain
of driverless commercial delivery enhanced by digital
infrastructure will be tested, the results are expected to
allow scaling the project to other highways.

Manufacturers of driverless vehicles (JSC
KAMAZ), largest carriers (Globaltruck Logistics,
Magnit JSC), Avtodor state company, providing road
infrastructure, contribute to the activity within the
framework of ELR.

The Government has
simplified the procedures
for organisation of UAV flights

The Government of the Russian Federation
continues to create better conditions for
development of UAV aviation. Since March 1,
2024, civil UAVs will be subject to simplified
procedure to organise flights. Necessary
changes were made to federal rules on the use
of air space and approved by the Governmental
decree signed by Mikhail Mishustin, Chairman
of the Government. The document was prepared
by the Ministry of Transport together with
Federal Air Transport Agency. According to
updated rules it is allowed to launch UAV over
the settlements at the altitudes not exceeding
150 m during the daylight hours. UAV should
be in the range of direct visibility of the external
pilot and outside restricted areas. Those areas
shall be defined by the Ministry of Transport
upon proposals of regional and local authorities.
The operators will not need to submit flight plan
to aviation authorities for the UAV with
a weight not exceeding 30 kg.

The procedures to use drones for agricultural
purposes become easier, the operators will also
have possibility to send a flight plan with the
help of a digital platform intended for activity
for the use of air space of Russia and to receive
information necessary for flights including the
permissions of local governing bodies.

Based on the information of the press centre of the Ministry of Transport of the Russian Federation:

https://mintrans.gov.ru/press-center/news/10741, https://mintrans.gov.ru/press-center/news/10765
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